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BBEJEHHUE

B pesynbrare mM3ydeHUs NAHHOW IUCLMUIUIMHBI CTYyACHTHI HA OCHOBE
NpUOOPETEHHBIX 3HAHUM, YMEHUW U HABBIKOB JOCTUTAIOT OCBOEHUSI KOM-
NETEHINI Ha ONpEe/IeJIeHHOM YpOBHE COTJIaCHO Y4e€OHBIM IJIaHaM U pado-

YUM IIpOorpaMmMamM BBIHICIICPCUN CIICHHBIX HaHpaBHeHI/IﬁZ

v’ CIIOCOOHOCTH pa3pabaTeiBaTh MPOrPaMMHOE 00ECIIEUeHHE, BKIIO-
yasi IPOEKTUPOBAHUE, OTJIAJIKY, MPOBEPKY pabOTOCIIOCOOHOCTH U

MOAU(DUKAIINIO TPOTPAMMHOT0 00ECIICUCHUS;

v CIIOCOOHOCTh MOHHMATH IMPUHIUIIBI pa6OTBI COBPEMCHHBLIX HH-
(bOpMaHI/IOHHI)IX TEXHOJIOTUH M HCHOJIL30BaTh MX HJIsL pCHICHUA

3a/1a4 Mpo(PeCcCUOHATBLHON JIEITEILHOCTH.

OcBoeHHe CTyJIEHTaMHM ATHUX KOMIIETEHIIMI MPEenoiaraeT UCIOIb30-
BaHUE MPU X 00YUYEHHUH CHELHAIbHBIX MaKETOB MPUKIIAIHBIX IPOrpaMM, B
KOTOPBIX UMEETCA MUPOKUNA CIEKTP METOAOB MAaTEMAaTUUECKOT0 aHAIN3a U
mozenrpoBaHud. OJHMM U3 TAKUX IAKETOB SBISETCA MaTEMaTUYECKHM
nakeT Scilab ¢ OTKpBITON JNHIIEH3UEN, B KOTOPOM AJISl IPOrPaMMUPOBAHUS
UCIIOJIb3YETCS CBOM SI3bIK BBICOKOI'O YPOBHSI.

[Taker Scilab nmeeT oOmMPHBIA HAOOP MHCTPYMEHTAJBHBIX CPEJCTB
KaK JJis BBINIOJIHEHUS MAaT€MaTUYECKUX PACUETOB M aHaIW3a, TaK U AJiA

MOJICTTUPOBAHUS Pa3IMYHBIX TUMOB cucteM. B Scilab moaenupyrotcs



ANEKTPUUECKNE U MEXAHUYECKUE CUCTEMBI, a TAK)KE€ CUCTEMBI YIIPABICHUS
1 MHOXXECTBO ApPyrux cucrem. Kpome Toro, B kauecTBe NOMOIIH IS ITOJIb-
30BaTeNeH, JAHHBIA MAKET COMPOBOXKIAETCS OOLIMPHOM HHTEPAKTUBHOMN
JOKyMEHTAIlMEe!, coAeprKallel moApoOHbIe CIPABKU C MPUMEPAMHU 110 BCEM
MPUMEHIEMbIM MOAYJISIM U (PYHKIIHSIM.

CocraB nakera Scilab ¢ OTKpbITON NHIIEH3UEW TPAKTUYECKH aHAJIOTU-
YeH COCTaBy KoMMepueckoro mnakera Matlab, HO st ocBoeHMs MakeTta
Scilab u ucnonb30BaHMUsI MHTEPAKTUBHOW JOKyMEHTalMW 3HaHue Matlab
He o0s3arenbHo. CBOOOJHO pacnpoCTpaHsIEMYIO MOCIEAHIOI0 BEPCUIO Ia-
KeTa BMECTE C MOJIHOW JIoKyMeHTanue B ¢popmare .pdf MOKHO MOTYyUUTH

no odunnanbHomy aapecy URL: http://www.scilab.org/

B 6a3oBoii komriekTanuu Scilab — 3T0 cucTemMa KOMIBIOTEPHON Ma-
TEMAaTHUKH, KOTOpas MpeIHa3Ha4YeHa JJIS BBITIOJHEHUS Pa3IMYHBIX HHKE-

HEPHBIX U HAYYHBIX BBIYMCIICHUHN, HAIIPUMED TAKUX KaK:

- PEUICHHE HEJIMHEUHBIX YPABHCHUN U CUCTEM;
- pelleHMe 3aj1a4 JMHEUHON anreophl;

- permieHue 3a7a4 ONTUMH3AINN;

- nuddepeHupoBaHue U THTETPUPOBAHNUE;

- 00paboTKa PIKCIEPUMEHTAIBHBIX JJAHHBIX;

- pemieHue OOBIKHOBEHHBIX AU (PEepEeHIINATBHBIX YPAaBHCHH.

Kpome Toro, Scilab mpegocrapisieT mMpoKrue BO3MOKHOCTH TIO CO3-
TAHUIO U PEIAKTHPOBAHUIO PA3TMYHBIX BUIOB IPAPUKOB KaK TUIOCKUX, TaK
u 00beMHBIX. HecmoTpst Ha TO, uTo Scilab coaepXUT AOCTAaTOYHOE KOJIU-
YECTBO BCTPOCHHBIX KOMAaHJ, OMEpPaTOpOB U (PYHKIIWUN, OTIIMUYUTEIIbHAS €€
gepTa — 3T0 THOKOCTh. Ilob30BaTe b MOKET CO37aTh JIO0YI0 HOBYIO KO-
MaHy uin (YHKIIMIO, a 3aT€M UCII0Ih30BaTh €€ B CBOMX MTpOrpaMMax.

K ToMy ke mMeeTcsi BOSMOKHOCTh PacIIMpATh (PYyHKIIMOHAT TaKeTa
Scilab depe3 3arpy3Ky ¥ yCTaHOBKY HOBBIX MoAayJied Atoms. [yt BeImoJI-
HEHUS JIa0OPAaTOPHBIX PadoT Mo aucHuiuinHe « CUCTEMBI MCKYCCTBEHHOTO

HHTCIIJICKTa» Tpe6y10TC$I ciacayromue J0IMOJHUTCIBHBIC MOIYJIIN Atoms:


http://www.scilab.org/

o ANN Toolbox (MHCTpyMEHTHI 151 pabOThI C HCKYCCTBEHHBIMU

HEUPOHHBIMHU CETSIMU);

o Scilab Neural Network Module (Moayb HEHpOHHBIX CETEl);

o Fuzzy Toolbox (MHCTpyMEHTHI HEYETKOM JIOTHKH).

[Taker Scilab cBOGOAHO pacnpoCTpaHSIETCS BMECTE ¢ UCXOIHBIMU KO-
JaMH, TO €CTh €r0 MCIO0JIb30BaHKE, KOMMUPOBAHUE, U3MEHEHNE U JalbHEH-
mee pachpocTpaHEeHHWe HE MpeaycMaTpUBaeT KaKHe-THOO OrpaHUYCHHS.
OTOT MakeT 3alUIIeH CTeIHATbHON JTUIIEH3UEH, OCHOBHOE OTJIMYKE KOTO-
pou ot craggaptHod GNU nuneH3nu, 1o yTBepKICHUIO aBTOPOB, ONpeac-
JISIETCS CTPEMIICHUEM M30e)KaTh MOSBIICHUS KIIOHOB.

CymectByror Bepcuu Scilab kak mis mmardopm Linux, Tak m s
Windows. Bo muorue miargopmel Linux maker Scilab BkitoueH B cTaH-
naptHyo noctaBky, Hanpumep B Ubuntu, Red Hat u openSUSE. Hcxon-
HbI€ TEKCTHI, paboyas Bepcus 1t Windows ¥ JOKyMeHTalus JOCTYIIHBI B
JIOKaJIbHOM CETH YHUBEPCHUTETA.

[Taket Scilab mpegycmarpuBaeT unrepdeiic B3auMoaeHCTBUS ¢ TIPU-
KJIaJHBIMU TIporpamMMamu. Hampumep, nMeeTcsi BO3MOXKHOCTh HCIIOIb30-
BaTh OTKOMITHJIMpOBaHHBIC PyHKINHA s1361K0B C 1 Fortran.

B nmannoe ydueOHOE mocobure, TOMHUMO JOTIOJHUTEIBHON TEOPUH K OC-
HOBHBIM JICKIIUSIM, BXOJUT Ja0OpPAaTOPHBIN LUK, coaepxkanui 8 adopa-
TOPHBIX PabOT MO M3YUYEHHUIO KaK OOIIMX METOJOB MPOTPAMMHUPOBAHUS B
Scilab, Tak u ¢yHKIIMOHANA TOTOBBIX MOMAYJEH, UCIOIB3YIONIUX MaTeMa-
THYECKHE METOIbI HEUETKOM JIOTUKH, NCKYCCTBEHHBIX HEHPOHHBIX CeTel M
TCHETUYECKUE aJITOPUTMBI.

OcHOBHOE Ha3HauY€HHE MOCOOus — oOecrieueHrue HeoOXOAMMOU Teo-
pueit 1abopaTOPHOTO MPAKTUKyMa MUCHUTUIMHBI «CHCTEMBbl MCKYCCTBEH-
HOTO WHTEJUICKTa» JJIA CTYJCHTOB BHIIICTICPEUNCICHHBIX HAIpPaBJICHUM,
OJIHAKO OHO MOKET OBITH IMOJIE3HBIM M JIJII CAMOCTOSITEIbHONW MOATOTOBKH
aACIIUPaHTOB M MArvCTPAHTOB, MPUMEHSIONIUX MAaTEeMaTHYECKUE METOIbI

dHAJIN3a U MOICIIMPOBAHUS B CBOEH pa60Te.



PA3JEJI 1. OCHOBbBI MATEMATHYECKOI'O ITAKETA SCILAB

1.1 Ocnognbie nonamus, npocmeule QyHKyUu

B maremarnueckom nakete Scilab Bce 4yMCIOBBIE JaHHBIE pacCMaTpH-
BAIOTCA B BHUJEC MaTpull. BEeKTOp MNpeAcTaBisgeTCs] KaK YaCTHBIM Clly4dau
MaTpuilbl (MaTpUla-CTpOKa WM MaTpuila-ctoyioei). Tum pe3yiaprara Bbl-
YHUCJICHUS ONPEESAETCs aBTOMAaTUYECKH 110 BUTY BBIPAKECHHUS.

NnentudukaTtopbl MOJDKHBI O0ECIEYUBATh XOPOIIyI0 WH(OpPMATHB-
HOCTh MEPEMEHHBIX, TO3TOMY BBICOTA MX OYKB MMEET CYLIECTBEHHOE 3Ha-
yeHue. C 3TON 1Eenbl0 PEKOMEHAYETCs Il UMEH IMPOCTBIX MEPEMEHHBIX
BBIOMpATh CTPOYHBIE OYKBBI, a JJIsi CTPYKTYPUPOBAHHBIX IMEPEMEHHBIX
(BEKTOPHI M1 MAaCCUBBI) — MPOIMUCHBIC OYKBHI.

JIns 3anucu BEKTOPOB UCIOJIB3YIOTCSL KBAJIpAaTHbIE CKOOKH, B KOTOPBIX
3aMKUCBIBAIOTCS AJIEMEHTHI BEKTOpA, pa3/iesieHHbIE 3alAThiIMU (WK Tpooe-
namu). Hanpumep, BeKTOp MOXKHO 3anucath Tak: V=[1,2,3].

MaTpuiisl TakKe 3alUCHIBAIOTCS C TOMOIIBIO KBaIPATHBIX CKOOOK,pU
ATOM CUMTAETCS, YTO MATPHUIIA B KAYECTBE CTPOK COJIEPKUT KOMIIO- HEHTHI
BEKTOpOB. CTpoKHU (BEKTOpa) pa3feistoTcs Mex1y coOOM 3HAKOM TOYKa C
3ansiton (). [lpumep 3anucu marpunsl: V=[1,2,3; 4,5,6; 7,8,9].

Ecnu naHHbIE, KOTOpBIE TpeOyeTcsd 3amucaTh B MaTPUYHOM (opme B
BUJIE HECKOJIbKUX CTPOK, HE YMEIAIOTCS MOCTPOUYHO, TO KaXIYIO CTPOKY
MOXHO OTOOPa3UTh HECKOJBKUMHU CTPOKAMH, HCIONB3Ys pa3/eluTelb B
BUJIC€ MHOTOTOUYHMS (HE MEHEE TPEX TOYEK).

3HaYeHUs U3BECTHBIX MATEMaTUUYECKUX KOHCTAHT 3aJal0TCsl C IMOMO-
npl0 3Haka mnpoueHta (%). Hampumep, 4uciio @ 3amaeTcss CUCTEMHOM
KOHCTaHTOM ¢ UMeHeM %opl.

JInsi mpaBUJILHOTO BBI30BA M MCHOJIb30BAHUSI BCTPOCHHBIX (DYHKIUN
pekoMeHtyeTcst Jaie oOpamiathesi kK «CripaBoyHOM cucteme». B manenu
OrJIaBJICHUS CJIEBa HY>KHO BBIICJIUTh HY>KHBIM pasnen (Ha puc. 1.1 Bbige-
neH paznen «OCHOBHbIE (DYHKIIMU»), MPU ATOM B IpaBoil maHenu OyaeT

0TOOpaXXaThCsl CIUCOK JOCTYITHBIX (PYHKIIUN U X Ha3HAYCHUE.
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Puc. 1.1. [Ipumep BbIBOAA copepx aHus pas3iena

J171s1 moydeHust CIpaBKU B IPABOM OKHE HY)KHO HAWTH U IIEIKHYTHIIO
Hy)XHOM ¢yHKIMH. B mpaBoil maHenw oOTOOpa3uTCs €€ ONMUCAHUE C
dbopmatom oOpalieHuss U MpuMepaMu ucrnosib3oBanusa. Ha puc. 1.2 moka-

3aHO oOpallleHre K CIIpaBKe Mo (PYHKIMK cydyalHbIX yucen rand.

Blcvee:s ooy - mEs Lums s T
Qaiin UHctpymenTel Cnpaeka
I | R 3
We) 3
@' ‘*‘% ‘ == ones BnemMeHTapHbIe MaTpiLbl Squarewave >
(=1 |, OcHoBHEle dyHKLYM - 2
G- NoGuTossie onepaLym Cnpaeka Scilab => OCHOBHbIE (YHKLMM > BNeMEHTapHLIE MATPULE! > rand
[+ |, KomMnnekcHeie Yicna
[ |, [OMCKPETHAR MaTEMATHKE A
= ., DNeMEHTAapPHbIE MATPHLE! 3
pod) rand
. eye
® ind2sub ~
® linspace CnyyaiHble uucna
# logspace
® meshgrid nOCﬂeROBaTEJ'II:HOCTb Bbl3oBa
I # ndarid
® ones r = rand()
(1 - r = rand(ml,m2,...)
® squarewave r = rand(ml,m2, ..., key)
® sub2ind r = rand(x)
(| ® testmatrix r = rand(x,key)
® toeplitz
® zeros 8 = rand("seed")
\ [} |, norapudM - IKCNOHEHTa - CTeNeHD rand("seed", s)
[ |, MNnasarowan sanatan
(| [ |, TpeacTasneHme LenbIx Yncen rand (key)
(4} [, MaHMY ALK C METPHLEMI key = rand("info")
[+ |, MaTpiyHble onepaum
{l [+ |, TOMCK M COPTUPOBKE
[+ |, Onepawym ¢ MHOKECTBaMA APWMeﬂTbl
f [#- |, CurranecHan obpafoTka
. [#+ |, CuMBONEHOE BblMMCNEHNE - m1, m2 -
(] (el I ] » < [ »
——— —_—— = 4

Puc. 1.2. Ilpumep BbIBOAA CTIpaBKU 1O GyHKIIUH



PaboTta B MaremarnueckoMm makete Scilab MOXET OCyIIECTBISTHCSA B

OJJHOM U3 JIBYX BO3MOKHBIX PCIKUMOB!

" B KOMaHJHOM OKHE, KaK C KaJIbKYJATOPOM (B 3TOM CIIy4yae KaxKJ10€
NEUCTBUE Cpa3y ke UCTIOTHICTCS );
" B peIakTope mporpaMm (B 3TOM Ciydae mporpaMma BBOJHUTCS Kak

0OBIYHO, a UCTIOJIHSIETCS 110 KOMaH/I€ BCTPOEHHOT'O OTJIauMKa).

Korpaa BeiOpana paboTta B pexxume KalbKyJsATOpa, TO BCE BhIpaKEHUS

MOI'YT BBOOUTLCA!

" B npsamoil popme, Torja mocjae 3aBeplieHrs BBOJA OTBET OY/IET BbI-
BE€JICH 110]1 BCTPOCHHBIM CUCTEMHBIM UMEHEM ans (IIepeMeHHas CITUM
MMEHEM BCETrJla XPAHUT PE3YIbTAT MOCIEAHETO BBIUUCICHUS );

" B (hopMe omeparopa OPUCBOCHHUSI, KOT/Ia IEPEMEHHON C BHIOPAHHBIM
MMEHEM IPHUCBANBACTCS 3HaUCHHUE BhIpaXE€HUsI (OTBET B ATOM Cllydae

BBIBOJIUTCS 110J1 KUMEHEM ATOM MEPEMEHHOM ).

Ecnu BbIyucisieTcs: 3HaueHUE TIEPEMEHHOM ¢ BBIOPAHHBIM UMEHEM I10
3aIaHHOMY BBIPQXXEHHUIO, TO PE3yJbTaT OYyJEeT BBIBOAUTHCS IOJ WMEHEM
ATOW NMEPEMEHHOU B CIIEAYIOUIEN CTPOKE. UTO KacaeTcs BEKTOPOB, TO OHU
BBIBOJSITCS. B CTPOKE C MpoOenamMu, a MaTpUIllbl BBIBOJSATCS IMOCTPOYHO,
MpUYEM Kaxkaasi CTPOKa COJEPKUT BEKTOP.

[Ipu paGore B mporpaMMHOM PEXKHUME PE3YJbTaThl YUCICHHBIX BbI-
YUCJICHUI BBIBOJASITCS B KOMaHJIHOE OKHO CTPOKH, a MOCTPOEHHbIE Tpadu-
KU BBIBOJIATCS B OTJieJIbHbIE OKHAa. KOMaH/IHO€ OKHO BMECTE C OKHOM pe-
JaKTOpa MporpamMM MoKas3aHbl Ha puc. 1.3.

BriBog pesynbpTaTa MOXHO 3a0JIOKMpOBATh, €CIM B KOHIIE CTPOKHU
BBOJIa BBECTH 3HAK TOYKA C 3arsiTou (;). 3HaUCHHE TIEPEMEHHOM, KOTOpOU
pe3yabTaT MPUCBAUBAETCS, XPAHUTCS B paboueit o0IacTu.

[Ipu pabote ¢ MaccuBamMu OMNpPENEIICHbI ONEPATOPHI MOUYJIEHHOTO BbI-
noJiHeHus. B HUX mepej; CMMBOJIOM OIlepaliy BBOJUTCS TOYKA (.).

CuMBOJI TPUCBOEHUS — 3HAK paBeHCTBa (=). PaBeHCTBO, Kak omepaTop

OTHOHICHHUA B YCIIOBUAX, BBOOIUTCA KaK ,ZIBOI>’IHO€ PaBEHCTBO (::).



Ha puc. 1.3 npeacraBieHbl COBMEIIEHHBIE OKHA PEIAKTOPA POTrpaMMm
Y KOMaHJTHOE OKHO.

- —
KomaHgroe okHo Scilab 5.5.2
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Puc. 1.3. OkHO penakropa nporpamm 1 KOMaHJJHOE€ OKHO

Ha3naueHnune KHOIOK IaHeIu HHCTPYMCHTOB B IOPAAKE CJICBA HAIIPABO!:

4 _ OTKpBIBaeT penaktop SciNotes
= — orkpsitie nmetomerocs daiia

g% — BEIPE3aTh (PPArMeHT

) — cxormpoBats pparmenT

O — perasurs bparmeHT

L

' — OYMCTKa KOMaHJHOTO OKHA
[l — meyaTh JOKYMEHTA

= _ ynpasieHue Moayisimu Atoms

@ _ MoJenupoBaHue B XCOS

o o .
& — HacTpoku Scilab
% — neMOHCTpaLOHHbIE IPUMEPBI

@ — CIIpaBO4YHas CUCTEMaA

10
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@ CoxpaHWuTe OKpYKEHME. ., Ctrl+5
(B Cmenuts Tekywmii katanor...

OtoBpaznTe TEKYLUWA KaTanor
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= Mevats.. Ctrl+P 1552

Bexog Ctrl+Q B demﬂ?

Version: 1.6.0

E'ﬁ Daitne Outiook ‘ ‘Start moc toolbox - (0.3.1)

Puc. 1.4. Ilynkt «®ann»

B nynkre «®anny (puc. 1.4) umerorcs cpeacta padoThl ¢ GaiaaMu
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Hassz OunctuTe Bydep oGmeHa

...... e |§| Belgenute Bcé Ctrl+4

E!ﬁ Mokazate/cKpeITe N3HENE MHCTPYMEHTOE

@ﬁ OUncTUTE #ypHAN KoMaHg —

E‘ﬁ ?j‘; OYWCTUTE KOMAHAHDE OKHOD

E‘ﬁ% Hacrpoiikn -6.0
E‘"ﬁ'm‘“’m Start moc toolbox — (0.3.1)
Load macros

Puc. 1.5. Ilynkr «lpaBkKa»

B nynkre «MpaBkay (puc. 1.5) onpeaeneHsl cTaHgapTHBIE CPEACTBA

peAaKTUPOBAHUS MPOTPAMMHOIO KOJIA.
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[ i

KomangHoe okHo Scilab 5.5.?‘

|_¢!a|ﬁn Mpaeka |Ynpasnenune | MHcTpymenter Cnpaeka Mogynm

% B o

QfospeEaTEND @ 33BEPLUNTE

;C:\U: ‘

Puc. 1.6.

B stom nynkre (puc. 1.6)

JIEHUSI IPOTrPaMMOM.

[> BozoBHoBWTE

MpwocTaHoBnTE

JEILK

1 JoKymMEHT 1 - SciMotes

1 aokyMeHT 1

[IyHKT «YnpaBneHue

MpcaACTaBJICHBI OCHOBHBIC CPCACTBA YIIPAB-

S
KomaHgHoe okHo Scilab

G520 e

nbaﬁn Mpaeka Ynpaenenwe [WHcTpymentel | Cnpaska Mogynu

OfospeEaTEN: halinds A X

TekcToeelld pesakTop SciMotes

|

EwzyaneHoe mogenmpoeaHue Xcos

cw v &

HaszsaHue
E Documents

-
EF_I Arduino

w-{f5) Camtasia Studio
wEors

{5 IPRbooks
f-[E5) LTspiceXvII

. T,

Puc. 1.7.

OT1oT yHKT (puc. 1.7) onpeaensieT UHCTPyMEHTAJIbHBIE CPEJICTBA.

MpecGpazoeanue nz MATLAE e Scilab
= V¥npaenenue mogynamun Atoms

OBo3pesaTent NEpeEMEHHBIX

Kypran komang

OBo3pesatent gainos

!

ITyHKT «MAHCTPYMEHTbI»

n Komangroe okHo Scilab 5.

52T

[@aﬁn Mpaeka Ynpasnenne Wrctpymentsr |Cnpaeka| Mogynu
% B ‘ o EHOE Y S | = | | ®) Cogepxanne F1
OfospeeaTens hand® A X BesbiMAHHBLIN Aot
. - & MNpumepe
W - | & BeskMAHHEIN A0
- Beb-pecypce
HassaHue 4t
Documents Scilab Enterprises
- & ..
{5 Arduino O Scilab Shift+F1

e o S Ty PR

Puc. 1.8 IlynkT «CnpaBKa»

B stom mynkre (puc. 1.8)

ompeieNieHa crpaBoyHas nHpoOpMaIus,

MPUMEPHI U CBEJICHUSI O ITpOorpaMMe.
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H KumaH,chE okHo Scilab 5.5.2

I'I'avu'l Mpaeka ana&.newe I-"IH:_-rp],rMEHTbl Cnpaska |M0,q].rnn|

IE‘I?::H&. GD“" r_'||@|m|@f<|§}ﬁ metanet 0.6.2 |

OR0speEaTeEN: QaMndE A X BesbiAHHEE LOKYMEHT 1 icdelay 0.4.3

Puc. 1.9. Ilynkt «Moaynny
OtoT nyHKT (puc. 1.9) naer undopmainuo o MOIyIAX.

UtoObl MOCMOTPETHh AEMOHCTPALIMOHHBIE MPUMEPHl THUIOBBIX MPO-
rpamm Scilab yepe3 MeHIO, HY)KHO HCIOJL30BaTh KoMaHay «CnpaBKa =>
MpuMepbl», THO0 HAKATh HA KHOMIKY  [aHEIM HHCTPYMEHTOB.

B sToM ciydae OTKpOIOTCS MEepapXHYEeCKH CBS3aHHBIE OKHA BBIOOpA
HaIJISITHBIX IPUMEPOB padboThHI TporpamMMel Scilab.

Ha puc. 1.10 nokazan npumep, B KOTOPOM IOCJIE€IOBATEIILHO BHIOU-

parotcs «Fpapumka» => «2D u 3D rpadmukn» => «hist3d».

-
Harnagrbie npumepsi @Eﬂ
Harnagubie npuMepbi Ipadmka 2D n3D rpadmukn
BeefeHue: Hawano paboTel € Scilab »  » plot2d -
MogenupoBEaHie » || |6azoesle dyHKUMM + plot2d1 (1) b
CWCTeMbl YIPABNEHHA » AHUMALMA » plot2d3
[OWHEMUYECKaA KOMMOHOBKE * KOHEYHbIE 2NEMEHTH * plot2d1 (2)
ONTHMWEALUMA M MOAENHPOBAHKE » KpHBbIe M NOBEPXHOCTH Bezke » plotyy
MONUHOMBI * BOMble NOBEPXHOCTEN » plotyyy
OBpaboTka cMrHanos » KoMnnekcHele 3neMeHTapHele GyHkumn » | |histplot
YnpasneHne 3eyKoBeM daiinom » £ || |cronfuatas rucTorpamma
CnyyaiHele BRIMYUHEN * ApPNbIKW OaHHBIX * fplot2d
3nekTpoHHaRA Tabnuua » LaTeX/MathML » param3d (1)
XML = OCeeleHHe » param3d (2)
Tclf Tk » PazHoe plot3d
Mpacbudecknid nHTepdeic » LieeToBan KapTa fplot3d
EETEE | vatpiot - plot3d1 .
Xcos » fplot3dl
indelay toolbox » contour
Metanet » fcontour
ANN Toolbox 0.4.2.5 » contourf
Lolimaot » contourf 2
Neuronal Network » x champ
fchamp
grayplot
farayplot
® polarplot
S C 1 2 L errbar
abague T
zgrid
geom3d
contour (3d) 2 2
b (AN D

Puc. 1.10. Bei6op npumepa noctpoenust rpapuka

13



B pesynbTaTe 3TOr0 BBIBOOUTCS TPEXMEpPHAS THCTOTpaMMa pacupese-

JICHUS, TIOKa3aHHas Ha puc. 1.11.

hist3d: Average monthly temperatures in french cities o | E |-
Daiin WMucrpymentol [paska Cnpaska -- MNpocmoTp koga --
% @O YN

w

hist3d: Average monthly temperatures in french cities

hist3d: Average monthly temperatures in french cities

Agen

Bastia

5 Chamonix

- N | :| | | Cognac
= B3 Hyeres

Le Mans

Le Puy

Lille

Laorient

Mende

Mapr

Arvmmapt,
Madt

Mo,
Mo,

Dem .
Anpe,
AnryveT
CeTadipt,
Handipt,

ClotrTatipt,

Aeafipt,
Cpe e

Puc. 1.11. IIpumep BbIBOIa TPEXMEPHON THCTOTPAMMBI pacipeieIeHus

[IporpammupoBanue ciieHapueB B Scilab MOXXHO OCYIIECTBIISTh Kak
yepe3 KOMaHIHOE OKHO, TaK M C MOMOIIbI0 penakTopa Scipad. Bropoii Ba-
pUAHT MPEJNOYTUTENbHEE, TaK KaK B PEAAKTOPE COACPKUTCS BCTPOCHHbBIN

OTJIQTYUK, OOJIErJaIOIMINK OTIIAJIKy CIICHAPHEB.
B niepBoii mabopatopHoii paboTe 1ar0TCs HaBBIKK MPOrpaMMHUPOBAHUS

BBIYMCIICHUS IBYX (DyHKIuM. Pe3ynbTaTshl BHIBOASTCS B BHUJIIE JABYMEPHBIX

rpauKOB C UCTIOJIb30BaHNE TpaPUIeCcKuX GyHKIINA BHICOKOTO YPOBHS.
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3aoanus k pabome

3aganue 1.

= B 3aronoBke porpaMmbl BBECTU TCKCT B BUJAC KOMMCHTApUS, B KOTO-

poM 0TOOpa3uTh CBOKO (HaMWIHIO C MHHUIMATIAMH, TPYIITY, a TaKXKe

HOMED BapHaHTa, HA3HAYEHHBIN MPENoJaBaTeIEM.

= BpectH HNCXOOHBIC JaHHBIC CBOCTO BapHUaHTa.

» 3ajaTh U3MEHEHHUE apTyMEHTa PYHKITUH.

* BpIUUCIUTh 3HAUCHUS (bYHKI_II/IPI lu?2 JJIA 3HAa4YCHUU AprymcHTa B 3a-

JaHHOM HHTCPBAJIC.

* BriBectu rpaduku o0enx QyHKIUN Ha 0JIHOM rpaduKe B AEKaPTOBBIX

KoopAuHaTax (it rpaKOB UCOJIb30BAThH PA3HBIE TUIIBI JIMHUN).

3amanue 2. [ToBToputh 3ananue 1, HO rpaduku PYHKIMNA BHIBECTH B ABYX

MOJIOKHAX B CTOJIOUKOBOM hopMarte.

3amanue 3. [loBTopuTh 3aganue 1, HO rpaduKu BBIBECTH B 4-X MOJOKHAX

(M0 2 MOJOKHA HA KXyl (PYHKIHMIO) C Pa3HbIMU CTUJISIMH JIMHUHN (UC-

nosib3oBaTh pyHkImu plot2d, plot2d2, plot2d3, plot2d4).

Bapuanmeur 3a0anuti

No Oynknns | OyHKUMA 2 a b h

1 y = 2sin(X) z=exp(x+4)/100 - 10 -2pi 2pi pi/10
2 y = cos(X) z=0.lexp(5-x)-6 -2pi 2pi p1/20
3 y = [sin(x)| + 1 z=(1+x)"2 -2pi 2pi pi/10
4 y=x"2-1)/10 z = 1+3sin(x) -2pi 2pi pi1/20
5 y=(x"3-2)/100 z = 5cos(x) -2pi 2pi p1/10
6 y=x"2-100 z=0.0lexp(-1.5x) -5 5 0.2
7 y = 3sin(x) - 2 7z=0.025x"3 -6 6 0.3
8 y =4cos(x) + 1 z=0.05x"2 -4 +4 0.1
9 y = 0.2exp(1 - x) z =2 - sin(x) -2pi 2pi pi/10
10 y =cos(2x) - 1 z=(5+x)"2-20 -5 5 0.1
11| y=(3x"2+100)/10 z=cos(3x)+2 -2pi 2pi pi/10
12 y =|cos(4x)| - 1 z = 0.5exp(-3.5x) -6 6 0.2

15



Memoouueckue yrazanusi

Bce nosicHenus B BUAe TEKCTa BBOJATCS B IPOrpaMMy KaKk KOMMEHTA-
puii. CHHTaKCUYE€CKM KOMMEHTapUil HAYMHAETCA C CUMBOJIOB //, KOTOpPbIE
pacriojaraercs B IepBOM MO3ULMUA CTPOKU. Hy>XKHO MOMHUTB, 4YTO KOMMEH-
Tapuy — 3TO MPOCTO TEKCT, U B HETO HE BKIIFOYAIOT CUMBOJIBI OIEPALUH.

UtoObl chopMupoBaTh ABYMEPHBIA Ipaduk B KoopjauHatax XY, He-
00XOMMO BBITIOJIHUTH CJIEAYIOIINE ONEpaLUU:

" 3ajnarh apryMeHT B popMare X=<Hayaso>:<lar>:<KoHeL,>.
» Brruncauts QyHkiumio, Hanpumep, y=f(x).

Jlanee ocyecTBISIOT BbIBOA rpaduka, HaIpuMep, ¢ MOMOIIbIO IPO-
nenypsl plot(x,y,s). Ota mporenypa prcyer rpaduk npsMbIMH OTPE3KaMH
JMHUN MEXIY BBIYMCICHHBIMH TOYKaMHU. ApPryMEHT § — 3TO CTPOKOBas
KOHCTaHTa, 3a/al0l1asi mapaMeTpbl JUHUM (LIBET, TUIl TOYKH, TUI JIMHUH).
IIpu ee oTCyTCTBMM HapameTpbl JUHUU BBIOMPAIOTCS MO YMOJIYAHUIO.

Onpenenensl CaeayONIMe 3HAYCHUST apryMeHTa S:

LlBeT nmuHUMN Twum Touku Twum TuHuN
y | &KenTeii . | Touka - | crutonHas
m | QuoNeTOBBII 0 | KPYXKOK : | IBOMHOM IYHKTUP
c | roy0oit X | kpecT -. | mTpUXIyHKTHP
r | KpacHbIU + | muroc -- | mwrpux
g | 3eyeHbIn * | 3Be3mouka
b | cunnit S | kBazgpar
w | OenbIit d | pom0
k | gepHbIit A | TpeyroJapHUK BBEPX
V | TPEyroJIbHUK BHU3
< | TpEyroJbHUK BIIEBO
> | TpEYroJabHUK BIPABO
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B ciyyae HeoOXoAMMOCTH OTOOpa)K€HHsI Ha OJHOM rpaduKe He-
CKOJIbKO (yHKIUH, Hanpumep, Y1=f(x) u y2=f(x), ux BHauame BEIYUCIISIOT,
a 3aTeM BBIBOIAT mpolueaypoi plot(x,yl,'sl',x,y2,'s2"...). B kaudecTBe ma-
pamMeTpoB A KaKIO0M (PYHKIHMH CIEAYIOT CTPOKH CHMBOJIOB B MPOU3-
BOJIBHOW TOCJIEIOBATEIBHOCTH, KOTOPBIE OMPENCNSIOT THUI JUHUH, THI
TOYKH U I[BET JTUHUMU.

UtoO0bI co3aaTh B OJHOM I'papuecKOM OKHE HECKOJIBKO MOJIOKOH, IS
BbIBOJIa I'pa)MKOB HUCHOJB3yeTcs mporeaypa subplot(m,n,p), raoe mapa-
METp M — YHUCJIO MOJIOKOH B OKHE II0 TOPHU30HTAIU (YMCJIO CTPOK), Mapa-
METP N — YKCJIO MOJIOKOH MO BEPTUKAIU (YUCIIO CTOJOIOB), a p — HOMEP
NOJIOKHA, UCII0JIb3YyEeMOr0 /I lajJbHenIero BeiBoia rpapuka. Hymepanus
HAYMHAETCS C €AMHUIIBI ClIeBa-HAMPABO U CBEPXY-BHUS3.

st popmupoBanusa rpaduka B cTOJIOMKOBOM (hopme (KaxaOMYy BbI-
YHCIEHHOMY OTCUETY COOTBETCTBYET JOCTATOYHO IIHUPOKAsi BEPTHKAIbHAS
M0JIOCKA) HY)KHO HCIOJIb30BaTh mporeaypy bar(x,y). [Ipu BbiBoae Takoro
rpaguka B KOJE MPOrpaMMbl JOJKHBI OBITH 3a/1€MCTBOBaHbI (DYHKIUMU
subplot(m,n,p) u bar(x,y).

Ecnmu mHyxHO chopmupoBath rpaduku B popMe ¢ pasHBIMH THIIAMU
AVMHUM (CIUIONIHAS, CTyNeHYaTasi, BEpTUKAIbHBIE TTOJIOCKH, CO CTPEJIKAMU),

TO HY>KHO MCTI0JIb30BaTh GyHKIuu plot2d, plot2d2, plot2d3, plot2d4.

[Ipumep 1

3aoanue
] Oynknus 1 y = 2%*sin(X)
] OyHknus 2 z=0.02*x"3
] HavanbHOe 3Hau€HHE apTyMEHTa a=-8
1 KonHewHOE 3HaUYCHHE apTyMEHTA b=38
] Ilar n3mMeHeHHs apryMeHTa h=0.5
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Jlucmune npoepammeol

()

xgrid

X,Z,":*r');
-ﬁl

]
’

A A A e
- --T---r--Aa---r---

e gy i

riinliaty Baliake ~Aaketi; Ealialiat diakeks S-Rale’ Salinle

e L < vl -

=T T T T
Rl i iy e e

pymentel [Npaeka Cnpaska

0.02*X."3;

12

WHe

5| @& G| V|

MpadKryeckoe okHD 1

8; h=0.5;

Daiin

B

[ S
A0 = - -
12

Puc. 1.12. BeiBox rpadmKoB ¢ 0TMHAKOBBIM THIIOM JIMHUH Pa3HOTO I[BETA
18

// QuanasoH u war

8; b
// 3ajaHune apryMeHTa

a:-

X=a:h:b;
// PacyeTt dpyHKLUMi

2*sin(X); Z
// BblBOA, C TUMAaMM MO YMOJIHaHUIO B OKHO 1

scf(1); plot(X,Y,X,Z); xgrid()

Y=

// BblBOA, C BbIGBUPAEMbIMU TUMAMW B OKHO 2

scf(2); plot(X,Y,'-gx

[Tocne 3amycka mporpaMMbl BRIBOASTCSA rpauKu B OTACIBHBIX OKHAX,

H [padwyeckoe okHo 1

Kak nmokaszaHo Ha puc. 1.12 u 1.13.




% Tpadmueckoe okHo 2

pymenHTel [Npaska Cnpaska

Daiin WHcT|

B 8|V

Mpatwuyeckoe okHD 2

12

7 @
bR 1 1 1 n 1 1 1 1 1 1
1 J.m_ 1 1 £ 1 1 1 1 1 1
1 ™, 1 1 1% 1 1 1 1 1 1
*: 1 [ B . =
y 1 1 1
1 1 1
I iE o
1 1 1
1 1 1
1 1 1
T SR e I w
1 1 1
1 1 1
1 | I LRy e T
1 1 1 1 1
1 1 1 1 1
1 1 1 1 1
1 + |t et ottt et bt bt m
1 1 1 1 1
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1 i 1 1 1
I | I 1 i 1 I [ I ™
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Puc. 1.13. BoiBoa rpaduKoB ¢ pa3HbIM THIIOM JIMHUM U Pa3HOTO LIBETa

2

Ilpume

Jlucmune npoepammbi

// MopokHa n GyHKums bar

a=0;
b=20;
h=1;

// 3aj,aHue apryMeHTa

X=a:h:b;

// PacyeT GyHKUMI

Y=2%*sin(X);

0.02*X.13;
// BbiBoa, Y cToN6MKamMm B NOA0KHO 1

subplot(2,1,1);

/=
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bar(X,Y);
// BKJIloOYEHWNE KOOPANHATHOM CETKM

xgrid()

//BbiBOf, Z CTON6UKaMM B NOAOKHO 2

);

2

subplot(2,1,

bar(X,2);
// BKNtoYeHne KoopaMHATHOM CETKN

xgrid()

[Tocne 3amycka mporpamMmbl BBIBOASITCS T'pa@UKU B JABYX MOJOKHAX

KaK MOKa3aHo Ha puc. 1.14.

OJIHOT'O OKHA,

B
|
4

©

-

P

pymenTel [Npaska Cnpaska

WHeT|

Mpadwm-eckos okHO O

H Ipadwueckoe okno O

Tain

150 = - - - -
100 4 - - - -

20

¥ 8 9 10 1112 13 14 15 16 17 18 19

Puc. 1.14. BoiBox rpadukoB B ABYX MOJAOKHAX OJHOTO OKHA
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[pumep 3

// TloaoKHa 1 GYHKUUM CO CTUNSMU IMHUI
a=0;

b=20;

h=1;

// 3afaHne apryMeHTa

X=a:h:b;

// PacyeT GyHKUMI

Y=2*sin(X);

// BbiBoA Y B NOJOKHO 1
subplot(2,2,1);

plot2d(X,Y);

// BKAOUNTb KOOPAUHATHYIO CETKY
xgrid()

// BbiBog, Y CTYNEHbKOW B MOAOKHO 2
subplot(2,2,2);

plot2d2(X,Y):

//BKJIO4UTbL KOOPAMHATHYHO CETKY

xgrid()

// BbiBOg, Y BEPTUKANbHbIMM NOJIOCKaMU B NOAOKHO 3

subplot(2,2,3);

plot2d3(X,Y);

// BKNHOUUTb KOOPAMHATHYHO CETKY
xgrid()

// BbiBog, Y CO CTpenkamMu B NOAOKHO 4
subplot(2,2,4);

plot2d4(X,Y);

// BKNIOYUTb KOOPAMHATHYHO CETKY

xgrid()

Jlucmune npocpammeol

ITocne 3dllyCKa IIporpaMmbl BBIBOISATCS l"pa(bI/II(I/I B YCTHIPCX ITOAOK-

HaxX OJIHOTO OKHA, KaK MoKazaHo Ha puc. 1.135.
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Puc. 1.15. BeiBoa rpaduikoB B IByX MOJAOKHAX OJTHOTO OKHA

Konmponvnwvie 6onpocwi

1.

A S A A o

CrtpykTypa okHa penakTopa Scilab.

[IpaBuiia BBOJ1a KOMaHI.

[IpaBuna BBoJa GyHKIMI U OTIEPAHIOB.
[IpaBuia BBOJA BEIPAKECHUM.

Opranuzanus UKJIOB.

[IpaBuiia BBOga KOMMEHTAPUEB.

[IpaBuiia mpocMOTpa pe3yJIbTATOB OIEPALIHM.
[IpaBuna co3ganus JByMEpPHBIX I'paUKOB.

3amyck 1 0TJaKa Iporpamm.
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1.2 IlIpocmpancmeennsle Kpusvle U HOBEPXHOCHIU

[Tpu mporpaMMHupOBaHUM CIIEHAPUEB B TaHHOMU JIaOOpaTOpHOI padoTe
UCIONB3yeTCsl peaakTop Scipad, kak u B nepBoi padote. C mMOMOIIbIO pe-
naktopa gopmupyetcsi ¢aiia mporpaMmbl, B 3aroJIOBKE€ KOTOPOTO B BHUIE
KOMMEHTapus oToOpaxaercss ¢aMmivs ¢ WHUIMAJIAMU, TPYyNIa, a TaKxKe
HOMEp BapuaHTa, HA3HAYCHHBIN IIPENoaaBaTelIeM.

Ota mabopaTopHas paboTa COCTOMT M3 JABYX YacTeH, KaKaas U3 KOTO-
pBhIX UMEET CBOIO TabJuIly BapuaHTOB. COOTBETCTBEHHO, B MEPBOM UYaCTH
paccMaTpUBAIOTCA JIBa 3a/IaHUs, MOCBSIIIEHHBIE MPOCTPAHCTBEHHBIM KpH-
BbIM, @ BO BTOPOM YacCTH PacCMATPUBAIOTCS J[BAa 3aJ[aHUsI, MOCBSIICHHbBIC
ITOCTPOEHHIO TOBEPXHOCTEM.

Yacte mepBasg. Buauange paccMOTpUM MpoIECC MPOrpaMMUPOBAHUS

BBIYMCICHUIN (DYHKIMI, HEOOXOANUMBIX IJIsi MOCTPOECHUSI MPOCTPAHCTBEH-
HbIX KpuBbIX. [Ipenmnosaraem, 4ro pe3ysbTaThl BBIYUCIECHUN JTOJIKHBI BbI-
BOJUTHCS B BUJIE TPEXMEPHBIX TPa(PUKOB C UCIOIB30BAHUEM I'papUUEeCcKUX
¢dbyHKIMI BRICOKOTO ypoBHsI param3d u param3di.
®opmupoBanue 3aaaHuid. [1o nepBoi yacTu pabOThI MPEyCMOTPEHBI
JIBa 3a/laHusl, B KaX/JOM W3 KOTOPBIX BBIYMCISAETCA (PYHKIIMH, OMUCHIBAIO-
1€ MPOCTPAHCTBEHHbIE KPHUBBIE, U CTPOSATCA OObEMHBIE IrpadUKu C HUC-
MOJIb30BAaHWEM pa3lUyHbIX rpaduyeckux (yHkiui. B nepBoM 3amaHuu
pUCYETCs OJIHA KpUBas, a BO BTOPOM 3aJaHUU JBE KPUBBIE.
Jlnst popMupoBaHus MIPOCTPAHCTBEHHBIX KPUBBIX HEOOXOIUMO:
® 33]1aTh YMCJIO TOYEK M0 KoopAuHaTaM X U Y;
®  BBIYUCJIUTH DJIEMEHTHI BEKTOPOB KoopAuHar X, Y;

" co31aTh TpadIecKoe OKHO 1 BHIBECTU I'PpauK BHIOPAHHOTO THIIA.

3aoanus k pabome

3ananue 1. DyHKIMKM MPOCTPAaHCTBEHHBIX KPUBBIX (PyHKIMS param3d).
= BBecTH UCXOJHBIE JaHHBIC BAPUAHTA.
* BbIYUCIAUTH KOOPAUHATHI MPOCTPAHCTBEHHON KPUBOM.

* BpIBeCTH 3Ty KPUBYIO B BUJI€ TPEXMEPHOTO rpaduka.
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3apanue 2. DyHKIMU NPOCTPAHCTBEHHBIX KPUBBIX ((yHKIMS param3dl).

Bgectu HCXOOHBIC JaHHBIC BAPpHUAHTA.

Breraucauts KOOPpAHWHATHI ABYX ITPOCTPAHCTBCHHBIX KPHUBbLIX.

BriBecTr 00€ KpUBBIE B BUJE TPEXMEPHOTO rpaduka.

B tabnuiie Hke 3amar0Tcs ABe QYHKIUM JJIs pacdyeTa MPOCTPAHCT-

BEHHBIX KoopauHaT X, Y. [[7s BeIMOTHEHMS 3aJaHusl 1 HY>KHO MCIOJIb30-

BaTh TOJIBKO OJIHY MEPBYIO (DYHKIIUIO.

Bapuanmui 3a0anuii no nepsou wacmu

Kpusas 1: x=sin(t), y=cos(t),

Ucnonb3yercs dyukius param3d.

24

Ne X Y t

1 | sin(t), sin(2t) cos(t), cos(2t) 0:0.1:5*%pi
2 | sin(1.5t), sin(2t) cos(1.5t), cos(2t) 0:0.1:4*%p1

3 | sin(2t), sin(3t) cos(2t), cos(3t) 0:0.1:3*%p1

4 | sin(2.5t), sin(4t) cos(2.5t), cos(4t) 0:0.1:2*%pi

5 | sin(t), sin(2t) cos(t), cos(2t) 0:0.1:5.5*%pi
6 | sin(1.5t), sin(2t) cos(1.5t), cos(2t) 0:0.1:4.5*%p1
7 | sin(2t), sin(3t) cos(2t), cos(3t) 0:0.1:3.5*%pi
8 | sin(2.5t), sin(4t) cos(2.5t), cos(4t) 0:0.1:2.5*%%p1
9 | sin(t), sin(2t) cos(t), cos(2t) 0:0.1:6.5*%pi
10 | sin(1.5t), sin(2t) cos(1.5t), cos(2t) 0:0.1:5.5*%pi
11 | sin(2t), sin(3t) cos(2t), cos(3t) 0:0.1:4.5*%pi
12 | sin(2.5t), sin(4t) cos(2.5t), cos(4t) 0:0.1:3.5*%pi

IIpumep 1




Jlucmune npocpammol
// ®yHKUMA param3d, NpocTpaHCTBEHHAsA KpUBasl
t=0:0.1:4*%pi;
param3d(sin(t),cos(t),t/10,35,45,"X@Y@Z",[2,3])
e=gce() // 06paboTunk 3D NOAUAUHUM
e.foreground=color('red');
a=gcal(); // 06paboTumK ocei

a.rotation_angles=[35 90];

Onucanne aprymeHToB (pyHkiuu param3d wmmeeTcs B CIpaBOYHOU
cucteme. OHAaKO M1 Oosiee TTyOOKOro MOHMMAHMS MX Ha3HAUCHUS PEKO-

MCHAYCTCA C HUMU ITOSKCIICPUMCHTHUPOBATD.

r p— - T N
Ipagw4eckoe okHo 0 — l =6 —S:hl
@aiin WHctpymenTel [paska Cnpaska

NG

Mpadmyeckoe okHo 0

Puc. 1.16. BeiBoa kpuBO# ¢ mapaMeTpamu 1Mo yMOI4aHuto (03 mociiefHuX 4-X CTPOK)
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rE paduyeckoe okHo 0 [ = | = B&f
@aiin Wrectpymedter Mpaeka Cnpaska
T NERIG)

Mpadudeckoe okHo O

Puc. 1.17. BbiBo IpOCTPAHCTBEHHOW KPUBOM MO MOJHOMY JIUCTUHTY

Hanpumep, n3 ananmusa mosiHOro nauctuHra u puc. 1.17 MoxHO cre-
JaTh HEKOTOPHIE TOJIE3HBIE BBIBOJBI O HA3HAYEHHUH JABYX YTJOBBIX Mapa-
meTpoB theta u alpha.

N3menenne mapametpa alpha no 90 rpamycoB mpuBOIUT K OpHEHTa-
IIUW TUIOCKOCTU Y Z TEPHeHIUKYISIPHO TJIOCKOCTH dKpaHa. 3Hauut alpha
OTBEYaeT 3a MOBOPOT yriia 0030pa B TOPU30HTAIBHOM MIOCKOCTH OTHOCH-
TEJIHHO OCH Z. AHAJIOTMYHBIN SKCIIEPUMEHT C YIJIOBBIM mapameTpoM theta
MIPUBOJAMT K BBIBOAY, YTO 3TOT MapaMeTp OTBEUYAET 3a MOBOPOT yIJia 0030pa

B BEPTUKAJIBHOU IUIOCKOCTH OTHOCUTEINIBHO IIJIOCKOCTH XY .
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ITpumep 2
Kpusas 1: sin(t), cos(t). Kpusas 2: sin(2*t), cos(2*t).
Ecnu ucnone3yercs pynkius param3d1, To 3T0 MO3BOISIET HAPUCO-

BaTh Cpa3y HECKOJIBKO MPOCTPAHCTBEHHBIX KPUBBIX.

Jlucmune npocpammuoi
// ®yHKumsa param3d1, NpoCcTpaHCTBEHHbIE KPUBbIE
t=[0:0.1:5*%pi]'";
param3d1([sin(t),sin(2*t)],[cos(t),cos(2*t)],..
list([t/10,sin(t)],[3,2]),35,45,"X@Y@Z",[2,3])

s T . |
B rpaduueckoe okHo 0 o | E e
Daitn WHctpymenter [Npaeka Cnpaska

CCERIE

Mpadrdyeckoe okHo O

Puc. 1.18. BbiBoJ1 ABYX IPOCTPAaHCTBEHHBIX KPUBBIX

27



Yacte BTOpas. Bo BTOpO# yactu paboThl MPOrpaMMHUPYIOTCSI BBIYHUC-
neHuss QYHKIUKA Ui moBepxHocTei. [Ipu 3ToM mpesronaraeTces, 4To Bce
Pe3yJIbTaThl BBIYMCIIEHUN JOJDKHBI BBIBOJUTHCS B BHJIE TPEXMEPHBIX I'pa-
(UKOB C HUCMOJIB30BaHUEM IpadUyecKuX (PYHKUIUNA BBICOKOTO YPOBHS, Ta-
kux kak plot3d, mesh, surf u contour.

®opmupoBaHue 3agaHuii. Bo BTopoil yactu paboThl MpeayCcMOTPEHbI
TAaKXKE J1Ba 3aJaHUA, B KAKIOM H3 KOTOPBIX BBIYUCIACTCS JBYMEpHas
(GyHKLMS, ONUCHIBaKOIas 00bEMHYIO (PUTYpPY, U CTPOSITCS MOBEPXHOCTHBIE
U KOHTYpHBIE rpauKU C UCIOJIB30BAHUEM NEPEUUCICHHBIX IpaduUyecKux
¢ynkumii. B mepBom 3amaHuM KaxXabld I'pa@UK BBIBOJUTCA B OTIAEIBHOE
OKHO, a BO BTOPOM 33/IaHUU B MIOJIOKHA OJTHOTO OOIIEro OKHA.

[ToBepxHOCTHBI M KOHTYpHBIH Trpaduku. Jnsa ¢dopmupoBanus mo-
BEPXHOCTHOI'O UJIM KOHTYPHOr0 rpadvka He00X0IUMO:

" 33/1aTh YMCJIO TOYEK 10 KOOpAUHATaM X U Y

" C03/aTh BJIOKEHHBbIE HUKIBI MO X M Y C BBIYUCICHHEM (QYHKIUHU
7=f(X,Y);

" BBECTU HOMEp IpadruecKoro OKHa M BBIBECTH B HErO IrpadukK BBI-

OpaHHOTO THIIA.

CrnenyeT UCmoap30BaTh rpaduKu:
" TpexMepHbIi ¢ akcoHoMeTpuel, pyukuus plot3(X,Y,Z);
" TpexXMEpHBIH ¢ QYHKIMOHAIBHON OKpackoi, ¢pyHkius mesh(X,Y,Z);
" TpexMepHbIH ¢ QYHKITMOHATBLHONW OKPACKOM M MPOCKIIUEH, PyHKIIHS
surf(X,Y,Z);

" KOHTYpHBIH, pyHKIHs contour(X,Y,Z).

3amanwme 1. Tpexmepnas rpaduxka (pynakuun plot3d, mesh, surf, contour).
» BsecTu HCXOHBIC JaHHEIC.
" BeMUCIUTH QYHKIIHIO.

* BriBecTu QyHKIMIO B BUAE TPEXMEPHBIX TpaUKOB pa3HOTO TUIIA.
3ananue 2. [loBToputh 3amanue 1 ¢ oToOpaxkeHueM rpaduKoB B MOJIOKHAX.
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Bapuanmui 3a0anuii no émopot yacmu

[Ipenensr usmMeHeHUA

No | @ynkums X y
1 | z=sin(x)cos(y) ot -6 10 6 oT -6 10 6
2 | z=sin(x/2)cos(y) oT -2pi 10 2p1  |oT -2pi 10 2pi
3 | z=sin(2x)cos(y) oT -6 110 6 oT -6 110 6
4 | z=sin(x)cos(y/2) oT -2pi 10 2pi  |oT -2pi 10 2pi
5 | z=sin(x/2)cos(2y) oT -6 110 6 oT -6 110 6
6 | z=sin(2x)cos(2y) oT -2p1 10 2pi  |oT -2pi 10 2pi
7 | z= (1+sin(x)/x)(sin(y)/y) oT -6 110 6 oT -6 110 6
8 | z=(sin(x)/x)cos(y) oT -2p1 10 2pi  |oT -2pi 10 2pi
9 | z=sm(2x)cos(y/3) oT -6 110 6 oT -6 110 6
10 | z = sin(x/2)cos(4y) oT -2pi A0 2p1  |OT -2pi 110 2pi
11 | z=sin(3x)cos(2y) ot -6 10 6 oT -6 10 6
12 | z= (2+sin(x)/x)(sin(y)/y) oT -2pi A0 2p1  |OT -2pi J10 2pi
ITpumep 1
DyHKIUA A

Jlnama3oH apryMmeHToB -2pi...2pi

// ®yHKumm plot3d, mesh, surf, contour
N=40;
h=%pi/20;
// PacyeT MaTtpuLbl
for n=1:2*N+1

if n==N+1

A(n)=1;
else A(n)=sin(h*(n-N-1))/(h*(n-N-1));

end;
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end;

for n=1:2*N+1
form=1:2*N+1

Z(n,m)=A(n)*A(m);

end;

end;

// 3apaHue nnowagKku

X=-N*h:h:N*h;

Y=-N*h:h:N*h;

scf();

plot3d(X,Y,Z*100);// OkHo 1. 3d rpadmMK c MOHOTOHHOW OKPaCKOM

scf();
mesh(X,Y,Z);// OkHo 2. 3d rpaduK, Kapkac
scf();

surf(X,Y,Z);// OkHo 3. 3d rpadpuK ¢ pyHKLMOHANIBLHOMN OKPaACKOM

scf();

contour(X,Y,Z,3);// OkHo 4. 3d rpad K, KOHTYPbI

[Tocne 3anmycka mporpaMMsbl nojydaem pesyibtar (puc. 1.19) B Buje
Fpa(l)I/IKOB, KOTOpBIe HpeI[CTaBJIeHLI B OTACJIbBHBIX OKHAX.
@ Tpadmieckoe oo 0 b=l [ | rpadmecroe oo 1 (=l E s
| @aiin Wncrpymenter Npaska Crpaexa Qaiin WHctpymentst Mpaeka Crpasxa
B ORIV @ I =R )
Mpaduqeckoe okHo 0 Mpadiieckos okHo 1

6)

Puc. 1.19. BeiBox 3D rpadukoB: a) C MOHOTOHHOM OKpacKoi; 0) Kapkac
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- 5
Tpageckoe okwo 2 =8 B Mpagmccxoe oxo 3 [E=gEE
@aiin Wnctpymentsr [lpaska Cnpaska @aiin Wnctpyments [paska Cnpaska
BB TV @ B BQTV O

Tpathiideckos okHo 2 Tpathideckos okHo 3

Puc. 1.20. BeiBoa 3D rpadukos: a) ¢ GyHKIIMOHATBHOW OKPACKOIL; 0) KOHTYPBI

ITpumep 2
Jlucmune npocpammol

// ®yHKkuum plot3d, mesh, surf, contour. Ucnonb3yroTcs nogokHa.
N=40;
h=%pi/20;
// Pacyet MaTtpuLbl
for n=1:2*N+1

if n==N+1

A(n)=1;

else A(n)=sin(h*(n-N-1))/(h*(n-N-1));

end;
end;
for n=1:2*N+1

for m=1:2*N+1

Z(n,m)=A(n)*A(m);

end;
end;
// 3apaHue nnowagKku
X=-N*h:h:N*h;
Y=-N*h:h:N*h;
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subplot(2,2,1); // NoaokHo 1. 3d rpadpmk ¢ MOHOTOHHOI OKPaCKoW
plot3d(X,Y,Z*100);

subplot(2,2,2); // MopokHo 2. 3d rpaduk, Kapkac

mesh(X,Y,Z);

subplot(2,2,3); // MopaokHo 3. 3d rpadmK ¢ GyHKUMOHANBHON OKPaCcKom
surf(X,Y,2);

subplot(2,2,4); // NopokHo 4. 3d rpaduK, KOHTYpbI

contour(X,Y,Z,3);

[Tocne 3amycka nmporpaMmel nojiydaem pesyibTar (puc. 1.21), B koTo-

poM rpaduKku 0OTOOpaKEHbI B OT/ICJIBHBIX MOJJOKHAX OJHOTO OOIIET0 OKHA.

r T B
& Tpaduueckoe okho 0 I =HE= i;?-l

Qaiin WiHctpymenTer [paska Cnpaeka

B 8BRE| ODVYO@

Puc. 1.21. BeiBog 3D rpadukoB B o10KHaX 00IIIET0 OKHA
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Koumponvuwvie 6onpocwi

1.

e A

9.

10.
11.

CiacC

Opranusanys BJI0KEHHBIX [IUKJIOB.
[IpaBuna 3a1aHUsE MHOTOMEPHBIX (DYHKIUH.
CBs13b IBYMEpHOUM (PyHKLIUH ¢ MAaTPULEH I BBIBOJA I'PaUKOB.
Tpexmepnas rpaduka B akCOHOMETPHH.
®ynkuusa param3d.
Oynkiusa param3d1.
[IpaBuna 3ajaHrss MHOTOMEPHBIX (PYHKIIUH.
CBsi3b ABYMEpPHON (PYHKIMH ¢ MaTpULIel AJi BbIBO/A IPa(hUKOB.
TpexmepHas rpaguka B akCOHOMETPUHU.
TpexmepHas rpaduka ¢ GyHKIMOHAIBHON pacKpPacKou.

Kontypnas rpaduxa.

1.3 Pewenue ypasnuenuii

Pemenune cuctembl u3 N IMHEHBIX ypaBHeHUM B Scilab npousBoaut-

HCII0JIb30BAHNCM MATPHUYIHOI'O ACJIICHHAA. PGB}U’ILT&T PCIICHUA CUCTCMBI

JIMHENHBIX YPAaBHEHUN BBHIBOJUTCA B KOMaHJIHOE OKHO. Yucna mpencrtas-

nst0TCs B hopMate ¢ IiIaBaroIiei 3amsTom.

3aganue 1. Pemenne cucremspl JIMHEWHBIX YPABHEHHM.

Co3nath nporpaMmy pemieHusi CUCTEMbI U3 N JIMHEUHBIX YpaBHEHUM
B penakTope Scipad.

3ajgaTh MaTpUIly A TMOCTOSHHBIX KOA((PUIIMEHTOB CUCTEMBI JINHEH-
HBIX YPaBHEHUU. DJIEMEHTBI MAaTPULIBI A OMPENEHSAIOTCS YMHOXKEHU-
€M MaTpulbl A mpuMepa | Ha HOMep BapuaHTa, 3aJJaHHbIA Ipenoaa-
BarenieM. [locTositHHBIE KOA(PGUITMEHTHI pa3MeNatoTcs 0 CTOJI0aM
MaTpuubl. YUCI0 CTPOK B MaTpuile paBHO N.

3agaTh BEKTOp npaBoy yactu B pazmepom N.

Haiitu pe3ynbTaT o gpopmyie X=B/A.

[IpoBeputh otBeT 1o dopmyne B1=X*A. B pesynbraTe npoBepku

TOJKHO TTonyuuTbes: B1=B.
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ITpumep 1
Jlucmune npocpammol
// PelleHne CUCTEMbI IMHENHbIX YPaBHEHMI
// Matpuua KoadpPULMeHTOB
A=[1,4;2,3]
// BeKTop npaBoit 4actm
B=[10,20]
// PeweHune
X=B/A
// TMpoBepKa
B1=X*A

——->// PemeHMEe CHMCTEMH NIMHEMHHX VpaBHEeHMHNA
——>// MarTpmua xozddMuMeHTOE

——>xhA=[1,49:2,3]
A =

;%]
(]

-/ BerTop npaBof& HacTH

——>B=[10,20]
3 =

10. 20.

——>// PemeHNMe

——>¥=B/L
X o=

(%]
19

——=// TpoBepEa

—->B1=X*A

81 =

10. 20.

Puc. 1.22. BeiBoz pe3yJIbTaTOB PEIICHUS CUCTEMBI JINHEUHBIX YPaBHEHUIN
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Pemrenne Henuueiinoro ypasuenus suaa f(x)=0 B Scilab moxHo pea-

In30BaTh ¢ nomoielo ¢yHknuu fsolve. MeTton perieHrs OCHOBaH Ha TO-

VCKE KOPHS B OKPECTHOCTH MpeamnonaraeMoro ero 3Hauenust X0. [Ins ero

OHPCACIICHUA IIPOBOAUTCS JIOKAJIN3AllWA pemeHHﬁ I10 IIPCABAPUTCIILHO I10-

crpoenHomy rpaduky f(x). Pe3yabTarsl pemieHust MOTYT BBIBOJUTHCS KaK B

KOMaHJIHOE€ OKHO, TaK M B CTPOKY 3arojioBka rpaduka.

3aganue 2. Perenne HEMMHEWMHOTO YpaBHEHHS.

Coznatp mporpaMMy pelieHrs HeTUHEHHOTO ypaBHEHUHN B pellakTope
Scipad.

B nporpamme onpeaenuts Gyuknuo f1(x).

BeiBectu y1=f1(x) B Buge XY rpaduka u mo HEMy ONPEICIUThH MPH-
OnmkeHHO KOopHU ypaBHeHus Y1(x)=0. Eciu kopHu Ha rpaduike He
MPOCMATPUBAIOTCS, TO HEOOXOJUMO MOA00paTh MPEAeiabl U3MEHEHUS
apryMeHTa ¥ TTIOBTOPUTH OTEpaIiu.

JIist KaX10ro KOpHS HAMTH TOYHOE 3HAYEHUE, MCIOJIb3Ys (PYHKIIHIO
fsolve. Ilepen pacueTamu 3a1aTh TPUOIMIKEHHOE 3HaYeHNE KOPHS XO.
CdopMupoBaTh CTPOKY C pe3yJbTaTaMH U BBIBECTH €€ B 3ar0JIOBOK

OKHa rpaduxka.

3aganue 3. Permienue cuctemel U3 ABYX HEJTMHEWHBIX YPABHEHHM.

Coznmath mporpaMMmy pelieHus HEIMHEWHBIX YpaBHEHUN B pelaKTOpe
Scipad.

B nporpamme onpenenuts Gpyuakuuu f1(x), £2(x), £3(x)=f2(x)-f1(x).
Beisectu y3=fl(x) B Buge XY rpaduxka. [lo Hemy onpenenuts npu-
OommxkeHHO KopHU ypaBHeHus y3(x)=0. Ecnu xopHu Ha rpaduke He
IPOCMATPUBAIOTCSA, TO M3MEHUTH MPEJEebl U3MEHEHUS apryMeHTa U
MOBTOPUTH OTIEPAITUH.

JIist KaXA0ro KOpHS HAaWTH TOYHOE 3HAUYCHHE, UCIONB3Ys (HYHKIIHIO
fsolve. Ilepen pacueramu 3a1ath NpuOIMKEHHOE 3HaYeHUE KOPHS XO0.
CdopMupoBaTh CTpOKY C pe3yJibTaTaMH U BBIBECTH €€ B 3arojOBOK

OKHa rpaduxka.
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Bapuanmwi onsa 3a0anuu 2 u 3

f1(x) - mommHOM 3-ii CTENEHH C
Ne kod(purueHTaMu a f2(x)
a3 a2 al a0

110 -1 3 -2 0.1exp(x) - 80

2 (0 4 -2 -5 20|cos(x)|

310 2 4 -1 10In(x + 2.5)

410 9 -8 -70 40|sin(x)|

510 -4 4 50 30cos(x)

6 (0.1 -5 3 40 2exp(]0.01*x[) - 50
7 10.2 -3 2 30 10sin(4x)

8 10.3 -2 1 50 exp([x|)sin(4x)

9 (0.4 6 -7 -70 90|sin(x))|

101]0.5 -2 4 50 50cos(x)

1110.1 -7 8 40 10exp(]0.1*x]) - 90
1210.2 -5 5 30 20sin(3x)

[Tpu perieHnn HETUHEHHOTO YpaBHEHHS 3a1aHusl 2 OHO (hOpMHUpyeTCs
n3 Ta0auibl BapuanToB Kak f1(x)=0. I[Ipu perieHnn CUCTEMbI U3 JIBYX He-
JVMHEHHBIX YpaBHEHUH 3aaHusi 3 U3 TaOJMUIbl BapuaHTOB (POpMUPYETCS
ypaBuenne f3(x) = f1(x) - f2(x) = 0.

Jlokanuzanus KOpHEH. YpAaBHEHUE WM CUCTEMa YPABHEHHU MOKET
MMETh HECKOJIBKO KOPHEM, KaXIbI U3 KOTOPBIX MIIETCS OTAEHbHO. [lpn
ATOM JIJIsI KaXKJIOr0 KOpPHS HEOOXOJMMO 3a/ilaBaTh JUAIa30H aprymMeHTa, B
KOTOPOM PACIOJI0KEH UIMEHHO 3TOT KOPEHb.

OTO OCYWIECTBISAETCS C MOMOIIBIO JIOKANIU3aluu KOopHA. g 3Toro
HY>)KHO BBIYUCJIUThH 3HauUe€HMs] (YHKIHMA B 3aJlaHHOM HMHTEpBaJie, a 3aTeM
NOCTPOUTH UX Tpaduku. HauanbHOe 3HaAUCHUE NJIs PEIICHUSI OJTHOTO ypaB-

HEHUs — Touka nepecedyeHus: rpadpukom (yHkiuu ocu X. I'paduk BBIBO-
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JIUTCS TIPOLENYPOM, B KOTOPOU apryMEHTHI — MEPEMEHHAs X U AHAIU3HU-

pyemast pyHkmus. PekoMeHIyeTcsl BKII0YaTh KOOPJAHMHATHYIO CETKY:
plot(x,f1(x)); xgrid();

HavanbHoe 3HaueHME 1l pEIICHUS] CUCTEMBI U3 ABYX YpaBHEHUHN — 3TO
TOYKAa B3aUMHOTO TiepeceueHus rpadukoB s3tux (Qynkumil. ['paduxu
BBIBOJSITCSL TIPOLIETYPOM, B KOTOPOM I KaXKI0ro rpaduka cieayer rpyi-

I1a HapaMeTPOBI
plot(x,f(x),x,f2(x)); xgrid();

Oynkuus fsolve. Ota QyHKIMS UCTIONB3YETCS ST HAXOXKACHUS KOPHS
HEJIMHEHHOTO YPABHEHUS 110 €ro NpUOJMKEHHOMY 3HaYEHHUI0, 1 OHA UMEET

cleayrommii popmar 3amucu: <umsa pesynbrata>=fsolve(x0, f1)

[Ipumep 1
Jlucmumne npocpammol
// PelueHne HeJIMHEMHOro ypaBHEHUS
function y1=f1(x); // ®yHxkums f1
y1=x+3*(x-1)"2-2;

endfunction

x=0:0.1:2;

plot(x,f1(x)); xgrid; // Tpadpukm
x0=0.2;

x1=fsolve(x0,f1) // KopeHsb 1
x0=1.4;

x2=fsolve(x0,f1) // KopeHb 2
rezult="x1 = "+string(x1)+' x2 = '+string(x2);

title(rezult);

B 3101 mporpamMme OCyIIECTBISAETCS TTOUCK JIBYX KOPHEN HEIIMHEWHO-
ro ypaBHeHus. [Ipubnmkennsie 3Hauenust kopueid 0.2 u 1.4 ompeneneHsl
10 MIPEABAPUTENBHO IOCTPOEHHOMY I'pauKy HeIMHEWMHOW (pyHKuMH. Tou-
HbI€ 3HAYCHUSI KOPHEHN BBIBOASTCS B OKHE Tpaduka QyHKIUH.
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@aitn WHcrpymenter [paeka Cnpaeka

BNEG|TVY @

Madudeckoe okHo 0

x1=0.2324081 x2 = 1.4342585

Puc. 1.23. BbIiBOJ pe3yJbTaTOB PEIICHUS HEIMHEHHOTO YPaBHEHHUS

ITpumep 2
Jlucmune npocpavmui
// PellleHne cucTeMbl HEJIMHENHbIX YPaBHEHUI

function y1=f1(x); // ®yHkums f1
y1=x+3*(x-1)"2-2;

endfunction

function y2=f2(x); // ®yHkuus f2
y2=x-1;

endfunction

function y3=f3(x); // ®yHkuusa 3
y3=f1(x)-f2(x);

endfunction

x=0:0.1:2;

plot(x,f1(x),x,f2(x)); xgrid; // T'padpukm
x0=0.4;

x1=fsolve(x0,f3) // KopeHb 1
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x0=1.5;
x2=fsolve(x0,f3) // KopeHb 2

rezult="x1 = "+string(x1)+' x2 = '+string(x2); title(rezult);

[IporpamMma OCymIECTBIISIET TOMCK ABYX KOPHEW CHUCTEMBI U3 JIByX HE-
AuHEeNHbIX ypaBHeHu#. [Ipubnmkennsie 3Hauenust kopuei 0.4 u 1.5 ompe-

JeseHbl rpagudecku. TOUHBIN pe3yiabTaT NPUBEJCH B rpa@uuecKoM OKHE.

Qaiin WuctpymenTol [Ipaska Cnpaska

B|EOG TV @

Mpaduyeckos okHo O

x1=0.4228487 x2 = 1.5773503

Puc. 1.24. BeiBoa pe3ysIbTaToOB pELIEHUS IBYX HEJIMHEWHBIX YPaBHEHUN

Koumponvnwvie 6onpocsi
1. Metonbl penieHusi CHCTEMBI TUHEVUHBIX YPABHCHUMN.
BBoj koaduiineHToB 1 BHIBO] OJIYYEHHOTO PEIICHHS.
3aganue QyHKIUU MOJIB30BATEII.
Jlokanu3anus peleHnii ypaBHEHUS.
Pemenne nenuHelHOTO ypaBHEHUs ¢ ToMoibio GpyHKInu fsolve.

Jlokanu3anus pemeHnii CUCTEMBI U3 IBYX YPABHEHUM.

A A B

Pemenune cucremsl U3 AByX ypaBHEHUN.
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PA3JAEJI 2. HEYETKHUE MHO’KECTBA
2.1 @ynkyuu npunadnexcuocmu u 6a3oevie onepayuu

Jlnst paboThl ¢ HeweTkou Jyiorukoit (HJI) B MaTremarnueckoM Mmakere
Scilab npennasnauen cnenuanbHbii Moaysb Fuzzy Toolbox, B coctaB ko-
Toporo BxoauT peaakrop SciFLT.

JlaHHBIN MOZYJb COIEPKUT B CBOEM COCTaBe Oosiee JECSITH BCTPOCH-
HBIX TUIIOB ()YyHKYUli npuHaonedxcHocmu, GOpMUPYEMbIX HA OCHOBE KyCOY-
HO-JIMHEWHbIX (PyHKIUHM, pactpenenenus ['aycca, CUrMOMIHOW KPHUBOH,
KBaIpaTUYECKUX U KyOMUECKHX MOJMHOMHUAIIBHBIX KPUBbIX.

JIunelinple GYHKIMU TPUHAAIECKHOCTH SIBJIAIOTCS Hanuboyiee MpOCThI-
MU, YTO SIBJISIETCSI UX HECOMHEHHBIM JTOCTOMHCTBOM. DTUX (PYHKIMI mpu-
HajIexHOCTH B Monyne Fuzzy Toolbox Bcero nuinb jaBe: TpeyroiabHas u
TparneuueByIHAs.

TpeyronpHas ¢yHKIMsS npuHamiIexkHocTd — trimf (oT aHrImMiickux
cioB triangle membership function) B mapameTpuueckom BUJIE MPEACTaB-
JsieT co0Ooi He YTO MHOE, KaK Habop Tpex TOYEK, COOTBETCTBYIOUIUX BeEp-
muHaM. C moMOIIIbIO 3TOro Habopa TpeX TOYEK MOKHO 0Opa30BbIBATH Pa3-

JIMYHBIE BUJIBI TPEYTOJIHHUKOB.
Onucanue QyHKINH:
y = trimf(x, [a b c]).

Bektop X B 1aHHOM BBIpAXKEHUU MPECTaBIsICT 0a30BO€ MHOMXKECTBO,
Ha KOTOpOM ormpeaensiercss (yHKIUsS NPUHAIJICKHOCTH. APryMEHTHI B
KBaJIpaTHBIX CKOOKax a W C OMNPEAENsIIOT TOJIOKEHUE OCHOBAHMS Tpe-
yTOJIbHHKA, a b — ero BepmmHy.

Ha pucynke 2.1 npeacraBieHsl IPUMEPHI TPEX PA3TUYHBIX TPEYTOJIb-

HBIX (QYHKIIUH IPUHAJIEKHOCTH, IOCTPOEHHBIX HA OCHOBE NnpumMepa 1.
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B rpaduueckoe okvo 1 = | B .
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Daiin MHctpymentel [Ipaska Cnpaeka
BRIV O

Mhadudeckoe okHO 1

Mpumeps TpeyroneHe dyHKUHA NPHHA ANEXHOGTH

rmu)

Puc. 2.1. TpeyronbHbie GyHKUMN TPUHAICKHOCTH

AHaTUTUYECKH TPEyTOabHAS PYHKINS MPUHAJIC)KHOCTH MOKET OBIThH

3aJ1aHa CJIEAYIOIUM 00pa3oM:

0, x<a
Ix —a
Ib , a<x<b
f(x/ a, b/ C) = ( C__ax b < <
Ic=b "’ srs¢
|0, xX>c

PaccmoTpuM mpuMepbl HCTIONB30BaHUS PA3IMYHBIX (DYHKITUN MpHU-

HAJIEKHOCTH, BXOAAIIMNX B COCTAB MOJYJISI HEUETKOM JIOTUKH.

[pumep 1. Ilporpamma ucnonb3oBanus trimf (pesynbraT Ha puc.2.1)
x=linspace(0,1,100)"; //3a,aeéM MHOXECTBO X

y1=trimf(x,[0 0.2 0.4]); //vi TpUN TpeyrosibHbIX GYHKLMN HA HEM
y2=trimf(x,[0.2 0.5 0.9]); y3=trimf(x,[0.5 0.6 0.9]);
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scf(); clf(); plot2d(x,[ly1 y2 y3],leg="yl@y2@y3");
xtitle("MpuMmepbl TpeyronbHbix GyHKUMIA NpuHaaaexHoctn","x","mu(x)");
TpaneuueBuanas GyHKIUs npuHaiexkHocTd — trapmf (oT aHrnumii-
ckux cyioB trapezoid membership function), oTuyaercs oT TpeyroiabHON
(GYHKIIUY JTUIITH TEM, YTO UMEET BEPXHEE OCHOBAHUE.
Omnwucanune pyukmuu: Yy = trapmf(x, [a b c d]),
r7ie apryMeHThl a u d 3a7al0T HUKHEEe OCHOBaHHE, b 1 ¢ — BepxHee ocHoO-

BaHME Tpanenuu (puc. 2.2).

-
Ipaduueckoe okHo 0 =HASN X
| @aiin Wncrpymenter [paska Cnpaska

T8IV @

Mpaduyeckoe okHo O

MpHMeps Tpaneyne LanbHEX BYHELHI NPHHAANEXHOGTH

mu(x)
o
<}
1

Puc. 2.2. Tpaneuenaanbabie GYHKITUN TPUHAIICKHOCTH

AHaNMTUYECKH TPANlCUMEBUAHYIO (PYHKIMIO 3alIUCHIBAIOT TaK:

ngla x<a
e a<x<b
flx,a,b,cd) = (er_x b<x<c
| — c<x<d
0, x>d
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[Ipumep 2. IIporpamma ncnonb3zoBanus trapmf (pesynbrat Ha puc. 2.2)

x=linspace(0,1,100)";
y1=trapmf(x,[0 0.2 0.4 0.6]);
y2=trapmf(x,[0.2 0.5 0.6 0.9]);
y3=trapmf(x,[0.5 0.6 0.8 0.9 ]);

scf(); clf(); plot2d(x,[y1 y2 y3],leg="y1@y2@y3");

xtitle("Mpumepsbl TpaneuenaanbHbix GyHKUMIA NpuHagnexHoctm”,"x", " mu(x)");

Ha ocnHose ¢ynkuuu ['aycca B Scilab MOXHO NOCTpOUTH (PyHKUIUU
MPUHAAJICKHOCTH JIBYX BHJOB: MpocTyro (yHkiuio ['aycca gaussmf u
JIBYXCTOPOHHIOK (yHKIHIO ['aycca gauss2mf, koTopas oOpa3zoBaHa AByMsI
dbyHkIusaME ["aycca ¢ pa3HbIMU TapaMeTpamMHu.

Onucanue npoctoit pynkuuu ["aycca:
y = gaussmf(x, [ ? , c]).

[Tpocras dbyukiusa ["'aycca 3aBUCUT TOJIBKO OT 2-X MapaMeTpoB ? u C:

~(x—c)?
f(x,0,c) =e 257 .

JIBycTOpOoHHs4 (DyHKIMS NpUHAANIExKHOCTH ["aycca:
y = gauss2mf(x,[ ? 1, c1, ? 2, c2]).

DTO BBIpaOXKEHHE sBJseTCs KoMmOuHamued aByx ¢GyHkiui ["aycca c
paznuuHbIMU napamerpamu. llepBas QyHKuMs ompenensieTcs mapaMmeTpa-
Mu ?1 u cl u 3agaer popMy JIEBOM CTOPOHBI, a BTOpas C MmapaMeTpamu
? 2u c2 3amaer hopmy IIpaBoO CTOPOHBI (DYHKIIMH MTPUHAIICKHOCTH.

Ecnu ¢l < ¢2, To pynkuus gauss2mf qocturaeT MakKCUMaJIbHOTO 3HA-
YEHHUS, PABHOT'O €IMHUIIE, B MPOTUBHOM CIy4a€¢ MAaKCHMaJIbHOE 3HAUYECHUE
GbyHKUIMY OyAET MEHBIIE €IUHUIIBI.

Ha puc. 2.3 npencrasnensl rpaduku KpuBbix gaussmf u gauss2mf,
KOTOpBIE 33JJaI0TCS B IIPOrpaMMe U3 npumepa 3.
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Puc. 2.3. T'ayccoBbl KpuBBIE
[Ipumep 3. [Iporpamma ucmonas3oBanus GyHKIHH gaussmf
x=linspace(0,1,100)";
y1=gaussmf(x,[0.1 0.3]);
y2=gauss2mf(x,[0.1 0.2 0.2 0.5]);
scf(); clIf(); plot2d(x,[y1 y2],leg="y1@y2");

xtitle("MpuMepbl pyHKUMM NpuHagnexHoctu Faycca","x","mu(x)");

B niepBoii cTpoke ompeneneHuss 6a30BOro MHOKECTBA X UCTIOJIb3yETCS
CHUMBOJI « ' », MIOKA3bIBAOIINMA, YTO 3TO MHOKECTBO TPAHCITIOHUPOBAHO.

Crnenyromas (GpyHKIMS Ha3bIBaeTCA «0OOOIIEHHBIM KOJOKOM» M OHAa
MO3BOJISIET TPENICTABIIATh HEUETKHE CYOBEKTHBHBIE TpeamouTeHus. Ee
0COOEHHOCTB — HAJIMYKE TPETHEr0 MapaMeTpa, KOTOPBIH ITO3BOJISIET CACIATh

IJIaBHBIN nepexoa OT HCUCTKOI'O MHOKECTBA K YCTKOMY.
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Onucanve QyHKIMU:
y = gbellmf(x, [a b c]).
AHaIMTUYECKOE BBIPAKEHHE ST PYHKIIUU «OO0OIICHHBIM KOTOKOIDY:

1
f(x,a,b,c) =

X —=—C 2

1+ |

o |
/i€ TapaMeTp ¢ OMPEAEIIACT PACIIONIOKEeHNUE IIEHTPa PYHKIIUU MPUHAJICHK-

HOCTH, TapaMeTphl @ U b onipenenstoT popmy KpuBon (puc. 2.4).

& Tpaguueckoe okHo O . O bt

Qaiin WHcrpymenter [paska Cnpaexa

B 8a| 0 @

Mpumepw hyHkuH NnprHagnexHocTh OBofweHHwi konokon

Puc. 2.4. ®ynkuuu npuHaiexHocTH « O000IIEHHBIA KOJTOKOI

[pumep 4. IIporpamma ucnonb3oBanus gbellmf
x=linspace(0,1,100)";
y1=gbellmf(x,[0.5 2 0.5]);
y2=gbellmf(x,[0.4 4 0.4]);
y3=gbellmf(x,[0.2 3 0.3]);
plot2d(x,[y1y2y3] leg="yl@y2@y3");

xtitle("Mpumepbl GyHKLMU NpuHaaNexHocTn O606LWeHHbIN Konokoa","x","mu(x)");
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OyHKIMU MPUHAJIEKHOCTH ['aycca M «0OO0OIMIEHHBIM KOJIOKOI» OT-
JAUYAIOTCS TIAAKOCThIO U MPOCTOTOM 3alKCH, a TAKXKeE SBIISAIOTCS Haubosee
UCIIOJIb3YEMBIMU IIPH OMMCAHUHA HEUETKUX MHOKECTB.

OnHaKO OHU HE MO3BOJSAIOT (POPMUPOBATH ACUMMETPUYHbBIE (DYHKIIHH.
JIist 3TUX 1enel UCHob3YI0T CUTMOUIHBIE (DYHKIIMH, KOTOPbIE MOTYT OBbITh
OTKPBITHI KaK CJIEBA, TAK U CIPABa.

CuMMeTpHUYHBIE U 3aKPbIThIE (PYHKLINN CUHTE3UPYIOT C IOMOIIBIO BYX
JOTONHUTENbHBIX curMona. OCHOBHasE curmMougHas (QyHKOUS 000-

3Hagaetcs sigmf, a normoaauTenbpHBIe — dsigmf u psigmf.
Onucanue OCHOBHOM CUTMOUTHOM (DYHKITUU:
y = sigmf(x, [a c]).

AHanmuTH4YecKas 3amuch CUTMOUAHON (yHKIHU sigmf nmeeT BUI;
1
1+ et—0)

f(x,a,c) =

B 3aBucumocTu oT 3Haka napamerpa a GyHKuus OyJeT OTKpbITa CIipaBa
Wik cneBa (cM. puc. 2.5), 4TO MO3BOJIUT MPUMEHATH €€ IPHU ONuca- HUU

HEYETKUX MOHSATUN «OUYEHBb OOJIBIIOINY, «KpalHe MaJIbIi» U T. II.

Onrcanue AOMOJHUTEIIFHON CUTMOMIHOW (PYyHKITHH:
y = dsigmf(x, [a; c1 a3 ¢5]).

®II dsigmf 3aBucuT ot yeThipex mapamMeTpoB dy, €y, dz, C; U ONpPEJIe-
JISI€TCSl pa3HOCTHIO AIBYX CUTMOMAHBIX QYHKIUM: f1(X, a1, ¢1) — fo(x, az, ¢2).

Onucanue JONOJHUTEIbHON CUTMOUIHON PYHKIUU:

y = psigmf(x,[a1 ¢1 a2 ¢o]).

@II psigmf Taioke, kak 1 npeapAyas GyHKIMS, 3aBUCUT OT YEThIPEX
NIapaMeTpPOB a1, C1, A2, C; ¥ ONPEACISIETCA KAK IPOU3BEACHUE ABYX CHUTMO-

uaHbIX GyHKIUN: f1(x, a;, ¢1) - f2(x, az, ¢3).
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Qain WMucrpymenter [paska Cnpaseka
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MpUMEPE CHIMOUAHEX DYHELMA NPHHAANEXHOCTH
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Puc. 2.5. Curmouubie PyHKIIUN TPUHAIJICKHOCTH

IIpumep 5. IIporpamma UCHOJIb30BaHUS CUTMOUAHBIX (DYHKIIMMA

x=linspace(0,1,100)';

sigl=sigmf(x,[12 0.3]);

sig2=sigmf(x,[ -12 0.7]);

psig=psigmf(x,[15 0.5 -15 0.7]);

dsig=dsigmf(x,[15 0.1 15 0.3]);

plot2d(x,[sigl sig2 psig dsig],leg="sigl @sig2 @psig@dsig");

xtitle("Mpumepbl curMouaHbIX GYHKUMIM NpuHaanexxHoctn","x","mu(x)");

Moxuo popmupoBath ®@II Ha OCHOBE MOJMHOMHAIBHBIX KPUBBIX. DTO
Z-byuxuun (zmf), PI-pyuakmuu (pimf) u S-pyakuun (smf). Oyakmaus zmf
— aCUMMETpHUYHAsl KpUBasi, OTKpbITas cieBa, GyHkiusa smf — ee 3epkaiib-
HOe oToOpaxkeHue. OyHkius pimf paBHa HyJIO cripaBa M CJieBa M paBHA

€JMHUIIE B CEPEAUHE HEKOTOPOIro OTpe3Ka (CM. puc. 2.6).
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Onucanve QyHKIMU:

y = zmf(x, [a b]).

[TapameTpsl @ u b onpenensoT 3KCTpeMaibHble 3HAYEHUSI KPUBOM.

Onucanue QpyHKUIUU:

y = pimf(x, [a b cd]).

[Tapametrpsl a u d 3ama0T nepexoa (PyHKUMU B HYJIEBOE 3HAYECHUE,
napameTpsl b ¥ ¢ — B €IUHUYHOE.

Onucanue QyHKIUU:

y = smf(x, [a b]).

[TapameTpsl @ 1 b onIpeeNsIOT SKCTPEMATIbHBIE 3HAYEHUS KPUBOIA.

B rpagmueckoe okHo 0 - o X

aiin WMHcrpymenTel [Ipaeka Cnpaeka

B|@ae v e

Mpadmeckoe okHo O

HPHMEPH NOAMHOMWANBHBE KPHEB

0.8 -

0.8

0.7

0.6

mu(s)

0.5—-
0.4-_
0.2
0.2

0.1

Puc. 2.6. [lonnHOMuanbHble KPUBBIE

[Ipumep 6. [Iporpamma ncnonb30BaHUS TOTUHOMUHAIBHBIX KPUBBIX
x=linspace(0,1,100)";

pi=pimf(x,[0.1 0.5 0.7 1.0]);

z=zmf(x,[0.2 0.4]);

s=smf(x,[0.6 0.8]);
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plot2d(x,[pi z s],leg="pi@z@s");

xtitle("Mpumepbl noaMHoMManbHbIX Kpuebix","X", " mu(x)");

Kpome paccMoTpeHHBIX BbIlIE (DYHKIHM, MO3BOJSIONIUX MPECTaB-
J5Th HedeTkue MHOkecTBa, B SCIFLT mMoxHO ¢opMHupoBaTh COOCTBEHHBIE
(GYHKIMY PUHAIICKHOCTH, @ TAKKE MOAU(DUIIMPOBATH BCTPOCHHBIE.

Cpenu 6a3oBbix onepanuii B Moaysie SCIFLT BoiiensitoT Tpu jgoruye-
CKHE ONEpalMi: KOHBIOHKIIMIO, JTU3BIOHKIIMIO W JIOTMYECKOE OTPHUIIAHHUE.
[Ipu 3TOM CyHIECTBYET BO3MOXHOCTH OIPEACHATh KOHBIOHKTUBHBIE H
JTM3BIOHKTUBHBIE ONIEPATOPHI Pa3IMYHBIMUA METOAAMH.

Konbronknus, uiau T-HOpMa, npeacTaBisieT coO0M HaXO0XKICHUE JIOTH-

yeckoro M. OHa npecraBieHa ciaeayoluMU OepaTOpaMu:

x1x2
[max (x1,x2, w

if class is dubois

%1 —min [1, (1 = x1)¥ + (1 — x2)*)"W] if class is yager

I xlifx2=1
tnorm([x1, x2], class, w) = x2if x1=1 if class is dprod

0 otherwise
x1x2

%2 o g pe; if class is eprod

Ix1x2 if class is aprod
| min(x1, x2) if classis min

Onpenenenue GyHKINUU:
y = tnorm(x, class [,class_par]),

TJ€ X — MaTPHUILA, PAa3MEPHOCTHIO [m,n]; y — MaTpuiia, pa3MepHOCThIO [m,1];
class — ctpoka, koTtopas 3amaer BUA T-HOPMBI (MPUHUMAET 3HA4Ye- HUS:
«dubois» nns T-mopm [HroOya-Ilpana, «yager» nnsa T-nopm Arepa,
«dprody» st BepositHocTHOTO U, «eprody aiist mpousBeieHus: DUHINTEHHA,
«aprod» s anredpanveckoro MPOU3BEACHUS W «Miny IS ONepaIluy MH-
HUMyMa); class _par — ckamspHas BenuuuHa st T-HopMm «dubois» u
«yager.
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JIN3BIOHKLINS WM S-KOHOpMa MpeAcTaBisieT co0oil sornyeckoe MJIN

1 MOXET OBITh HalJIeHa C MIOMOIIBIO CIEAYIOIIUX OIEPATOPOB:
x1 + x2 — x1x2 — min(x1, x2,1 — w)

] if class is duboi
I max (1 —xt,T—x2,w
]I/Icilgiglr [11, (x1% + x2¥)"w] if class is
[ x1ifx2=0
snorm([x1, x2], class, w) = {x2if x1=0 if class is dsum
1 otherwise
Ix1+x2
% T if class is esum
Ix1 + x2 — x1x2 if class is asum
| max(x1, x2) if class is max

Omnpenenenne QyHKIUU:

y = snorm(x, class [,class_par]),
IJ€ X — MaTpulla, Ppa3MEPHOCTHIO [M,Nn]; y — MaTpula, pa3MEpPHOCTHIO
[m,1]; class — cTpoka, 3amaer BUJ S-KOHOPMbI (IPUHUMAET 3HAYEHUS:
«dubois» ms S-xonopmer Hio0ya-Ilpana, «yager» nns S-xkoHopmsl Arepa,
«dsumy mist BepositHocTHoro WMIJIU, «esumy st cymmbl DWHIITEHHA,
«asumy JJis anredpandeckor CyMMBbI U «Maxy ISl OTiepaliiyd HaX 0K ICHUSI
Makcumyma; class_par — ckanspHas BeIM4MHA I S-KOHOpM «dubois» u

«yagery.

[Ipumep 7. IIporpaMma BCIOIB30BaHUS OTIEpAIld mMin X max
x=[0:0.1:10]";

yl1=gaussmf(x,[1.2 3]);

y2=gaussmf(x,[1 7]);

yyl=tnorm([y1y2],'min');

yy2=snorm([y1 y2],'max');

yy3=tnorm([y1 y2],'dprod');

yy4=snorm([y1 y2],'dsum');

subplot(3,1,1);

plot2d(x,[y1 y2],leg="'mfl@mf2',rect=[0 -0.1 10 1.1]);
xtitle('"Member Function Evaluation','x','mu(x)'); subplot(3,1,2);
plot2d(x,[yy1 yy3],leg="min@dprod',rect=[0 -0.1 10 1.1]);
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xtitle('AND OPERATION','x','and(mf1,mf2)"); subplot(3,1,3);
plot2d(x,[yy2 yy4],leg="max@dsum',rect=[0-0.1 10 1.1]);
xtitle('OR OPERATION','x','or(mf1,mf2)");

B rpaduueckoe okHo 0 - a *

Qaiin WMHcTpymentel [lpaska Cnpaska

B a0V e

Mhadkdeckoe okHO O

Member Function Evaluation

mu)
o
m
1

— mf1l %
— mif2
AND OPERATION

and(mf1,mf2})
o
m
]

min x

— dprod
OR OPERATION

onmfl,mf2})
o
n
]

T T T T T T T T T 1
o 1 2 3 4 5 G 7 =] a 10

— max x

dsum_

Puc. 2.7. Pe3ynbraTsl paboThl TporpaMmbl ipuMepa 7
MuHuMaKcHass WHTEpIpeTanus HauOojee Y4acTO HCIOJB3YeTCS MpU
MIOCTPOCHUU HEYETKUX cucTteM. OHAKO Ha MPAKTUKE TAK¥KE PacripocTpa-
HEHA U AJIBTEPHATUBHAS BEPOSATHOCTHASI MHTEPIIPETALUSA KOHBIOHKTUBHBIX
Y IU3bIOHKTUBHBIX OIEPATOPOB.
Ornepanusi «JIOMOJTHEHUE» €CThb HE YTO MHOE, KaK MAaTEMaTHYECKOE
npejcTaBiieHue BepOanbHOro BhIpakeHuss “HE A”, rme A — Hedetkoe
MHO’KECTBO, OIKUCHIBAIOIIEE HEKOTOPOE PAa3MBITOE CYXKJICHUE.

Onucanue onepanuu TOTMOJIHEHUS:
y=complement(x, class [,class_par]),

TJ€ X, Y — MaTpUIbl, pa3MEPHOCTHIO [m,n];
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class — cTpoka Buja omeparopa (3HAYEHUS: «ONe» JUIsi OOBIYHOrO JI0MOJI-
HEHUs, «sugenoy ais qonojHenus no CyreHo u «yager» 11 Srepa);
class_par — ckamusip, UCTIOJIb3YEMBIN B S-KOHOPMAX «SUZENO» U «yager.

AHanmuTUYECKH (PYHKIMIO TOTIOJHEHMS 3aMTMChIBAIOT TaK:

| 1-x if class is on
lement(x, class, w) Lo if class i '
complement(x, class, w) = —
p (1+wx if class is sugeno if
1(1 - x™)¥w classis yager

[pumep 8. [Iporpamma ncnoIb30BaHUS ONIEPALNH JOTOJIHEHUS
x=[0:0.1:10]";

y1=gaussmf(x,[1.2 3]);

y2=complement(y1,”one”);

plot2d(x,[y1 y2],leg='mf1@Not_mf1',rect=[0-0.1 10 1.1]);

xtitle('"Member Function and Inverse','x','mu(x)');

H Mpatuueckoe okHo O — O i
@aiin Muctpymentol [Ipaska Cnpaska
2 EaIv e
Mpaprdeckos okHo O
Member Function and Inverse
1.1
'1_
0.9
0.2
0.7
0.6
£ ps4
E
0.4
0.3
0.2
0.1
o4
0.1 T T T T T T T T T 1
0 1 2 3 4 5 g 7 g ] 10

mf1
Mot_mf1

Puc. 2.8. @yHK1MS 1OTIOTHEHUS
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Koumponvnwvie 6onpocwi
1. HeueTkoe MHOXKECTBO U €r0 OTJIUYHE OT OOBIYHOTO MHOYKECTBA.
2. OyHKIMSA IPUHALJIEKHOCTH U €€ CBOMCTBA.

3. KOHBIOHKTUBHBIC U AU3BIOHKTHUBHBIC OIICPATOPLI.

2.2. Mooenupoeanue Heuemkux cucmem

Llenv pabomul: N3y4nuTh METOJ MOCTPOCHUSI HEUETKOW CUCTEMBI B MO-

nyne SciFLT cpensr Scilab.

B SciFLT peanuzoBaHbl Bce OCHOBHBIE (DYHKIIMU, HEOOXOAUMBIE IS
CO3JIaHUs U1 MOJAU(PUIIMPOBAHUS CHCTEM HEUETKOTO BBIBO/IA.

[Tepen mocTpoeHHEM CHCTEMBI HEYETKOTO BHIBOJA HEOOXOIMMO BHa-
yajie B KOMaHIHOH CTPOKE OCHOBHOTO OKkHa Scilab HaGpaTs koMmaHy editfls.
C moMoInIpi0 3TOM KOMaH[IbI BBI3BIBACTCS TPaPUUECKUN PEIaKTOpP CHCTEM

HEUYETKOr0 BBIBO/IA, KaK [MOKa3aHO HA PUCYHKE 2.9.

& sciFLT fls Editor — O x
Eile View Help

scCiFLY fls Editor

E4]

Welcome ‘

Puc. 2.9. I'paduuecknii pegaktop cucrem HeueTkoro BeiBojia (CHB)
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Peoaxmop CHB. [locmpoenue neuwemkux cucmem

B mento nyxHo BeiOpaTh File — New fls — Ttun cucremsr (Mamaanu
win CyreHo). Belbupaem cucteMy HEYETKOro BbIBOJA o MamaaHu, mpu
3TOM B JICBOM IMMAHEIIM MOSBUTCS JIEPEBO CO3/1aBAEMON HEYETKOW CUCTEMBI.

CHauania BeiOMpaeM B HeM MyHKT Description u 3amnoiHseM MOsSIBUB-
myrocs crpasa Gopmy. B Hell HE0OX0AMMO yKa3aTh UMSI CUCTEMbI, KOM-
MeHTapuu (He 00s13aTeIbHO), BUBI T-HOPMBI U S-KOHOPMBI, THII OTIEPaTO-
POB JIOTIOJIHEHUSI, UMIUTUKAIIMY, arperaiuu u MeTo1 aedaz3udukamm.

s cuctemsl Mo Mamaanu BeIOepuTe onepaTopsl (cM. puc. 2.10).

7& sCiFLT fls Editor — O *
File Wiew Help

fls Editor

]
"It
o

IL LU

[=] 15 Pro-Mamdani (s

des Description
[+ it Inputs name:|Pro—Mamdani
[#edt Outputs comment : |

nfeRules

rinformation :

rType:
" Takagi-Sugenc ¥ Mamdani

r5-Morm Class:
" Dubois-Prade " Yager " Drastic sum

" Einsteinsum { Algebraic sum * Maximum

Parameter:‘[ll
~T-Morm Class:
" Dubois-Prade " Yager " Drastic product

" Einstein product © Algebraic product ' Minimum

Parameter:|[lI
rComplement :
 One " Yager {" Sugeno

Parameter:|Cl
rlmplication Method :
" Minimum & Product ¢ Einstein Product

rAggregation Method :
* Maximum ¢ Sum  Prob. OR ¢ Einstein Sum

rDefuzzification Method :
% Centroide " Bisector

" Mean of Maximurn " Shortest of Maxirnurm ¢ Largest of Maximurm

=l

Welcome

Puc. 2.10. Onucanue BHIOpaHHBIX ONIEPATOPOB
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3aTeM ompesensieM COCTaB BXOJHBIX U BBIXOJHBIX MEPEMEHHBIX. [[is
3Toro BbiOMpaem TyHKTHl Inputs u Qutputs cooTrBeTcTBEHHO. B OKHE
CIIpaBa MOSIBUTCSI YUCJIO MEPEMEHHBIX, UX CIHCOK, a Takxke KHonku Add,
Delete u Exit. Jlo6aBnsieM HOBBIE nepeMeHHbIe KHOKON Add.

CoxpaHeHHe MPOCKTUPYEMOM CUCTEMBI B pabouee IPOCTPAHCTBO Cpe-
1wl Scilab ocymectBisitor komanaoi File — Export — to workspace. [1pu
ATOM JaHHBIC COXPAHSAIOTCA IO OKOHYaHMS ceaHca pabotel ¢ Scilab. s
COXpAaHEHUs JaHHBIX Ha JIUCK TOCJIE OKOHYAHUSI ce€aHca pPabOThl MpH-

MEHSIETCSl COOTBETCTBYIOIIMI MTyHKT TOTO k€ MeHio — to fls file. ...

Peoaxmop nepemennuvix

JInst penakTUpOBaHUS MEPEMEHHBIX (IIEPEUMEHOBAHUS, 3aJlaHus JTha-
Na30Ha 3HAYCHUM, CBSI3bIBAHMS (PYHKIUSIMH MPUHATIEKHOCTH) HEOOXO -

MO BBI6paTB B CITMCKC BXOAHBIX HJIN BBIXOJHBIX IICPCMCHHbBIX HYKHYIO.

Torna B mpaBoM OKHE MOSIBUTCS PEAAKTOP NEPEMEHHOM:

74 sciFLT fls Editor - O *
File View Help
SHEFE E fls Editor
[ 814 Pro-Mamdani | -EDIT vARIABLE
dé5 Deccription rInformation :
[l i# Inputs name : |disc0unt
== discount range:|5 50
[#edt Qutputs
nieRules MNro. Member Function :ﬁ
~Member functions:
narre : type: par :
™ [small [trimf Z[0.05.0275 =
™ |middle [trimf $[5.027.550.0
I~ |big [trimf £1[27.550.0 55.0
< | _>|"|
Add I Delete (checked) I
|We|come ‘

Puc. 2.11. PegakTop nepemMeHHbIX (BXo1Has nepemeHHas discount)
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1) B penakTope Hy>KHO 3a]1aTh UMS;
2) nuana3oH JIOMYCTUMBbIX 3HAYEHUM;
3) ¢ momompio KHONIKM Add BHM3Y OkHa J00aBUTH (PYyHKIIMU IPHUHAI-

JexHOCTHU (yAaISIIOT UX HaxkatueM kHonku Delete).

PenakTop mepeMeHHbIX — HHCTPYMEHT, MO3BOJISIONINN OTOOpaXkaTh U
penaktupoBath Jt00bie DII, accormuupoBaHHbIE (CBS3aHHBIE) CO BCEMU
BXOJIHBIMHU U BBIXOJIHBIMU NIE€pEMEHHBIMU pa3padatsiBaemoii CHB.

Penaktupyror @Il Tekyiiern nepeMeHHON U3MEHSS €€ XapaKTEPUCTHU-
KU (MMs1, TAII U 4YUCIIOBbIe mapameTpsl). To ects npu nocrpoenun CHB
HY>KHO C moMouisto peaakropa @I onpeneanTs COOTBETCTBYIOMINE PYHK-
WA 7151 KQKJI0W U3 BXOAHBIX U BBIXOJHBIX IEPEMEHHBIX.

Peoaxmop npaesun evi6o0a

ITocne yka3zaHWsI KONMMYECTBAa BXOJHBIX M BBIXOAHBIX IMEPEMEHHBIX,
oTpeJielieHUs] X HauMEeHOBaHus U BeIOOpa cooTBeTcTByonux ®I1, 8 CHB
BKJIFOUAIOT MpaBUjia BbIBOJIA C TOMOIIBLIO ITyHKTa Rules.

OCHOBBIBAsICh Ha OMHMCAHUSAX BXOJHBIX M BBIXOJHBIX TNEPEMECHHBIX,
onpeneyieHHbIX B peaaktope DI, pemakTop mpaBui BbIBojga (GOPMUPYET
CTPYKTYpY HpaBuja aBToMaTthdeckd. OT IMOab30BaTelsl TPEeOyeTCS JIMIIb
CBsI3aTh 3HAYCHHS BXOJHBIX M BBIXOJHBIX MEPEMEHHBIX, BEIOUPAS U3 CITH-
cka 3ajaHHbIX panee DII, u onpenenuTh JOTUUYECKHE CBA3KH MEXKy HUMHU.
Takxe qomyckaercsti ucnolib3oBanue jgorudeckoro orputianus (HE) u u3-
MEHEHHE BECOB MpaBui B quanazone ot 0 go 1.

[IpaBwta BBIBOAA OTOOpaKarOTCS B OKHE B CIIEAYIOINICH dhopme:
if (input_1 is [not] mf_1j1) < and, or >... (input_i is [not] mf_ij;) ... <and, or >
(input_n is [not]mf_nj,) then (output_1 is [not]mf_n+1j,+1) < and, or > ...
(output_k is [not]mf_k+nji.,) <and,or>...(output_m is [not]mf_m+njmn.)(w),

r7e i — HoMep BXOJHOM mepeMeHHoi; j; — Homep DIl i-it mepemeHHol;
k — HOMep BBIXOAHOW IMEPEMEHHOM; N — KOJIMYECTBO BXOIHBIX IIEPEMEH-
HBIX; M — KOJIMYECTBO BBIXOJHBIX MEPEMEHHBIX; W — Bec mpaBwmiia. Kpyr-
JIbI€ CKOOKH 3aKJTIOYAIOT 00s3aTeIbHbIC MTapaMeTphl, KBaJApaTHBIE — HEOOs-

3aTeNIbHBIC, a YIJIOBBIC — aJIbTEpHATUBHBIC (OJMH Ha BBHIOOD).
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[pumep 1. Cozoanue CHB

B kauectBe mpumepa, WLIOCTpUpyromero Meroq nocrtpoenuss CHB,
PaccCMOTpPUM CIEAYIOLIYI0 cuTyanuo. HeodXoaumMo OLlEHUTh CTENEHb HH-
BECTUIIMOHHON MPUBJIEKATEILHOCTH KOHKPETHOTO OM3HEC-NPOEKTa Ha OcC-

HOBAaHHWH NJAHHBIX O CTABKC TUCKOHTHUPOBAHUA U IICPHUOJAC OKYIIACMOCTH.

[llaz 1. BezeiBaeM peaaktop st co3nanus CHB, Habupas B komaH/I-
HOU cTpoke editfls. B osBUBIIEMCSI OKHE PEIaKTOpa CO3/1aéM HOBYIO CHC-
TeMy 10 MamaaHu. 3anojiHsgeM ONKcaHue Kak nokas3aHo Ha puc. 2.10. lo-
OaBysieM 2 BXOJHBIE TIEPEMEHHBIC M 1 BBIXOAHYIO ITIEPEMEHHYIO.

B pesynprare monywaem cuenyromryto ctpykrypy CHB: nBa Bxona,
MEXaHM3M HEYETKOro BhIBOAA MO MamjaHu, oauH BbIxoA. OObsBIsIEM
NEPBYIO0 NEPEMEHHYIO Kak discount, a BTopyro — period, KOTOpble, COOT-
BETCTBEHHO, OYyIyT NpPEACTaBISATh CTaBKY JHUCKOHTUPOBAHUS U TMEPHUO]L
OKyIaeMoCTH On3Hec-npoekTa. HauMeHoBaHNE BBIXOIHOW TEPEMEHHOM, Ha
OCHOBAaHHUH KOTOPOU MPUHUMAETCSI PEIICHUE O CTENIEHU NHBECTUI[MOH- HOM
MPUBJICKATEILHOCTH OW3HEC-TIPOEKTa, 3axaercs kak rate. CoxpaHuM
co3/1aBaeMyto MoJielib 1o uMeHeM Invest. Ha puc. 2.13 npeacrasieHo co-

crosinue okHa penakropa CHB nocne coxpaHeHus.

Llaz 2. Kaxnoi BXOJIHOW M BBIXOJHOW MEPEMEHHON MOCTAaBUM B CO-
otBeTcTBHE HAabop DII. [na discount onpenensem auarna3zoH 0a30BOM Me-
pemeHHoM oT 5 1o 50 (enuHUIIA U3MEPEHUS — MPOLIEHTHI). Takoi ke aua-
Ma3oH BbIOMpaeM i ee oToopakeHus. [lo6aBum tpu OII, T KOTOPBIX —
trimf, u npucBouM UM HauMeHoBaHus — small, middle, big, cooTBeTCTBEH-
HO, HEOOJIBIIION, CpeTHEN U OOJIBIION CTaBKE TUCKOHTUPOBaHUS (puc. 2.2).

[lepemenHoit period nuana3on 6a30BOi MEPEMEHHON OMpe/eeH paB-
HbIM [3, 36] (enrHUIIa U3MEPEHHS — MECSLIBI), TOCTABIICHBI B COOTBETCTBHE
Tpu @Il Tuna gaussmf ¢ HaumenoBanusiMmu — short, normal, long. Takum
o0pa3oM, MepeMeHHas CpoKa OKYyMaeMOCTH OHW3HEC-IIpOeKTa OyJeT Ipu-
HUMAaTh CIEAYIOUIME 3HAYEHUS: KOPOTKUMA, OOBIUHBIA U JITTUTEIbHBIA CPOK

okynaemoct (puc. 2.12).
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74 sciFLT fls Editor

= O x
File View Help
SCIFLY fls Editor
51 41% Pro-Marmdani _~| -EDIT vARIABLE :
dé5 Description rInformation :
[l it Inputs name: [period
:2f discount s [3 %
:.* period
[F] et Outputs MNro. Member Function : E
%.f var_name ~Member functions:
Rules name: type: par:
™ |short \gaussmf  3[3.05.0 =]
- Imedium lgaussmf i”13.0 8.0
I~ |long \gaussmf  ={[36.0-5.0
< | i
_l Add | Delete (checked) |
Welcome

Puc. 2.12. Bxonnas nepemennas Period

Hakonen, ana nmepemeHHo#l rate ompenensieM: 0a3oBas mepeMeHHas

& sciFLT fls Editor

U3MEHseT 3HaueHue B nuanazone [0, 1], ceMaHTHKa OMMCHIBACTCA TPEMS

@I Tuna trimf ¢ HaumenoBanusimu: bad, normal, good (puc. 2.13).

== O x
File V¥iew Help
SCiFE T fls Editor
5412 Pro-Mamdani =] -EDIT vARIABLE :
dé5 Description ~Information :
[ it¥ Inputs name:: |rate
s discount range:|01
:." period
[Fleit Outputs Nro. Member Function : E
5" rate ~Member functions:
e Rules name: type: par:
I~ |bad |trimf Z[o00005 =]
I~ [normal [trimf 000510
™ [good [trimf Zfos1.010
Kl I _>I_I
Add | Delete (checked) |
=l
Welcome

Puc. 2.13. BeixonHas nepemeHHast Rate
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Member functions for input number 1 named discount

pymMeHThl [Ipaska Cnpaeka
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FpatMieckoe orHo 0
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B rpa¢guueckom Buje nepeMeHHbIe peACcTaBiIeHbl Ha puc. 2.14 u 2.15
L
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Puc. 2.15. I'padnyeckoe npeacTaBiieHHe BEIXOAHO




lae 3. 3aximrounTenpHbM dTanoM nocrpoennss CHB sBnsercs onpe-
nejeHre Habopa mpaBuil, KOTOPhIE 3a4al0T CBSI3b BXOJHBIX NEPEMEHHBIX C
BBIXOJHBIMU. {7151 3TOTO B pelakTope TPABUII BBIBOJIA OTIPEICTTUM:

ECJIN discount = small U period = short TO rate = good

ECNU discount = HE small U period = long TO rate = bad

ECJIN discount = middle W period = normal TO rate = normal

ECJIN discount = big W period = short TO rate = normal

CocTosiHHE OKHA pelaKTopa MpaBuil BbIBOJA OKA3aHO HA puc. 2.16.

& sciFLT fls Editor

- O x
File View Help
pr— i B o .
SCiFL i fls Editor
= £1# Pro-Mamdani ;l rRULE EDITION
des Description R1:

IF {discount IS small} AND {period IS short} THEN {rate IS good} weigth=1.0 [
IF {discount ISN'T small} AND {period I5 long} THEN {rate I5 bad} weigth=1.0
IF {discount IS middle} AND {period IS medium} THEN {rate IS normal} weigth=1.0

R2:
= !E’l Ir!puts R3:

z.* discount R4:
1% period

IF {discount IS big} AND {period IS short} THEN {rate IS normal} weigth=1.0 T
[H e6t Outputs | 3
5.t rate IF THEN
nleRules discount is: period is: rate is:
‘(-)’) big él [(1) short ii ‘(2) normal j]
[~ not I~ not ™ not
& AND Weight
C OR 1.0
K1

_l Delete rule Add rule | Change rule I

Welcome

Puc. 2.16. Penaktop npaBui BeIBOJIa
Cpedcmeo npocmompa nogepxHoCcmu 8b1800a
g storo cymectByer pyHkuus plotsurf, koropas BbI3bIBa€TCA U3
KOMaHJTHOM CTpOKH OKHa Scilab u umeer cnenyromune nmapaMmeTpsl:

plotsurf (fls [, ivar, ovar, vivar [,npart [,mod]]]).

Omnucanue napaMmeTpoB GyHKIIUU:

fls — ums fls-cTpykTyphr;

ivar — BEKTOp BXOJHBIX MEPEMEHHBIX (3a/1at0TCS MOPSIKOBBIE HOMEpA
BXO/IHBIX TIEPEMEHHBIX, KOTOPbIE HEOOXOAUMO MTOCTPOUTH);

ovar — CKaJsp, HOMEp BbIXOJHOM IMEPEMEHHOM;

vivar — BEKTOp 3HAaYEHUH BXOJIHBIX IEPEMEHHbIX;
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npart — BEKTOp, YUCJIO pa3/IeoB IS KaX/I0H BXOTHOU MEPEeMEHHOM;
mod — ckamsp, BUJI OTOOpakeHUsI MOBEPXHOCTU Ha skpane (1 —
grayscale, 2 — jetcolormap, 3 — hotcolormap, 4 — internal color

map).

[Tpumep 2.
fls=loadfls("E:\Tmp\Invest.fls");

plotsurf(fls,[1 2],1,[0 0]);

HOBerHOCTB BbBIBOJAd, KOTOPAsA COOTBCTCTBYCT IIpaBHUJIaM BBIBOJA H3

npuMepa 1, noka3ana Ha pucyHke 2.17.

& Tpaguueckoe okHO O — O bk
pad

®aiin Anctpymentel [paeka Cnpaska
B8 IV @

Ipagiqeckos okHo O

iy

[UR=]

0B

rate

0.4

0.2

50

30

25 discount

Puc. 2.17. TloBepXHOCTh HEYETKOIO BHIBOJIA
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llocmpoenue neuemxux cucmem muna Cyodceno

Urto6sl noctpouts CHB Tina Cymxeno, HyxHo B MeHto File BoIOpaTh
New fls — Takagi-Sugeno. KonnuecTBo nepeMeHHBIX ONPEACISETCS TaKk
xe, KaKk 1 rpu noctpoenun CHB tuna Mampanmu.

Jnsa CHB tuna CymkeHO U3MEHEHUs KAaCatTCs TOJBKO CXEMBI ONpe-
nenenust OII nng BeixogHbIX nepemeHHbIXx. B Scilab moxxHO pazpabaThi-
BaTh JIBa BUJA HEYETKUX Mozenel. [lepas Moienb — 3TO HEUETKask MOJENb

CymxeHo HYJIEBOTO MOPSJIKa ¢ HEYETKUM MTPABUIIOM BBIBOJA!
if xis Aandyis B thenz =k,

rae A u B — HeyeTkne MHOKECTBA aHTEIENEHTA; K — UeTKO 3aJaHHast KOH-
CTaHTa KOHCEKBeHTa. JIJIsi MOCTpOeHHMs TakoW MOJEIU TpH JT00aBICHUU
®II BpIOMparOT TUN — KOHCTaHTa (constant) ¥ 3a/Jal0T €€ YUCICHHOE 3Ha-
yeHue. Bropas mozaens — HeueTrkas Mmojienb CyIKEHO MEPBOTO MOPSIKA.

J1141 HEee HeYeTKOoe MPaBuiIo BbIBOJA UMEET CIIEAYIOLINN BU/I:
ifxisAandyisBthenz=pex+qey+r,

TJie P, U T — KOHCTAHTEHI.

B nannom ciyuae tun @I — nuneiinasa 3aBucumocts (linear). s on-
penenenus napameTpoB @I He0OX0IMMO BBECTU BEKTOP, IJIEMEHTHI KOTO-
POTO COOTBETCTBYIOT YMCIICHHBIM 3HAYCHHSIM KOHCTAHT KOHCEKBEHTA.

Pabota ¢ pemakTopoM mpaBuil BHIBOJA, a TAKXKE CO CPEACTBAMU IPO-
CMOTpa MPaBUJI U MMOBEPXHOCTH BHIBOJIA BBHIMOJIHACTCA aHATIOTUYHO CIyYaro
noctpoenusi CHB o Mampaanu.

OCHOBHOE OTJINYKE HEUETKOro BbiBOJA MO CyIKEHO C UCIOJIb30BaHU-
€M HEYETKOW MOJIeJIM HYJIEBOrO MOPSJIKAa W MPaBWJ BBIBOJA, ONMpPE/CIICH-
HBIX BBIIIE, 3aKJIFOYACTCS B TOM, YTO BBIXOJIHAS MEPEMEHHAas UMEET TPH
3HadyeHus: bad, normal, good, KOTOphIE 3a4aI0TCS COOTBETCTBEHHO TPEMS

koHctanTamu: 0, 0.5, 1.

Konmponvnvie sonpocwi

1. CtpykTypa TUIIOBOW CHCTEMBI HEYETKOTO BBIBOJA.
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2. Otrnnune MeToaa HeYeTKoro BbiBojAa 1Mo CyIKEHO OT METOJIa HEYETKO-
ro BBIBOJIAa 110 MaMaaHH.
3. ®opMUpPOBAHUE AHTEUEICHTH U KOHCEKBEHTHI JIJI1 HEUETKOIrO MPaBUJIa

BBIBOJIa B Scilab.

2.3. Anzopumm Heuemkou Kiacmepuzayuu

Llenv pabomwi: N3y4uTh AITOPUTM HEUETKOW KIlACTepU3ALUM, MOJY-

YUTb HABBIKM PCHICHUA 3a1a4 MCTOJaMHU HCUETKOM JIOTUKHU.

FCM aneopumm krnacmepusayuu

AJITOpUTM HEYETKOM KiacTtepu3auuu HaspiBaroT FCM-anroputmom
(Fuzzy Classifier Means, Fuzzy C-Means). Ero uensto sBisieTcsi aBTomMa-
TUYECKasi KiacCU(PUKAIMs MHOXECTBA OOBEKTOB, 3a7]aBAEMBIX BEKTOPaMHU
MPU3HAKOB B MPOCTPAHCTBE MPHU3HAKOB. Llenb mocturaercs Tak: BHAYaie
ATOT JITOPUTM OTPEIETSET KIACTEPhI, a 3aTeM KJIACCU(PUIIUPYET OOBEKTHI.
Kiactepsl mpeacTaBiasitoTCsl HEYETKUMH MHOXKECTBAMM, MPUYEM TPaHULIbI
MEXKY KIACTEPAMU TAKKE SIBIIAFOTCS HEUETKUMU.

FCM-anroputm KiacTepu3alldd MPEIoiaaracT, 4ro OOBEKThl MNpH-
HaJIJIe’)KaT BceM kiactepaM ¢ onpeaeneHHo @II. Ctenens NpuHALICKHO-
CTH OMPENENAETCS PACCTOSHUEM OT OOBEKTa 10 COOTBETCTBYIONIUX KJla-
CTEPHBIX LEHTPOB. [[aHHBIN AITOPUTM C MOMOILIBIO UTEPALUNA BBIYUCIAET
IEHTPHI KJIACTEPOB U HOBBIE CTETICHU MPUHAJIEKHOCTH OOBHEKTOB.

Jlia MHOkecTBa K BXOIHBIX BEKTOPOB X; U /N BBIAEIAEMBIX KJIACTEPOB
¢j IPEATIOJIAraeTCs, 4To JII000H X MPUHAMIEKUT JTF000MY ¢; C IPUHAIIICHK-
HocThIO wj; B [0,1], roe j — Homep kiactepa, a k — BxoaHoro Bekropa. [Ipu-

HHUMAaroTCsA BO BHUMAHUC CICAYIOIIHMC yCJIIOBHSA HOPMUPOBAHHWA JUIA U jf.
N

Eyjkzlr ‘A’kzl,...,K,
j=1
K
0< Y up <K, *j=1,..,N.
k=1
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L{enp anropuTMa 3aKJIFOYaeTCs B MUHUMHU3AIUNA CYMMBI BCEX B3Be-
meHHbIX paccrosuuii llx; — ¢ll:

N K

q :
XX k) lxp —gll - min,
j=1k=1

re ¢ — GUKCUPOBAHHBIN MapaMeTp, 3aJaBaeMblii IEPe] UTEPALUIMH.
UTOoOBI 1OCTUTHYTH YKa3aHHOU LIeTU PabOThl, HEOOXOIUMO PEIIUTh

CIEIYIOLIYI0 CUCTEMY YPaBHEHUI:

N K

Aok Tk ) lx  —gll) =0,
=1 k=1
N K

A B )l —gll) =0.
j=1k=1

COBMECTHO € yCI0BUAMU HOPMHUPOBAHUSA Ui aHHAs cucTeMa audde-

PEHLMAIBHBIX YPABHEHUN UMEET CIEAYIOLIEE PELICHUE:

Y€ () x
k=1 k5 k
P (ij)

k=1

(B3BELICHHBIN LIEHTP TPABUTALINN) U

V@D
Ui = 1/Mxy chI

j _
B e~ M

AJIFOpI/ITM HEUYETKOH KIIACTCPU3AIIUHN BBIITOJIHACTCA 110 IIaraM.
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a2 1: Hhuyuanuzayus

BriOupatorcs ciaeayomnye napaMmeTpsl:

" HeoO0XO0JIUMOEe KOJIMYeCTBO KiactepoB N, 2 <N <K;
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" MeEpa pacCTOAHUN, KaKk EBKIMI0BO pacCTOSIHUE;
" (uKCUpOBaHHBIN MapaMeTp g (00bIYHO ~ 1.5);
* navanbHas Marpuia npuHaiexHoctd U® = (1) o6bekToB x4 ¢ yue-

TOM 3aZlaHHbIX HaYaJIbHBIX IICHTPOB KJIACTCPOB C;.

Lllae 2: Pecynuposanue nosuyuii q(t) YEeHmMpo8 K1acmepos

Ha ¢-m mare utepamuu npu uzsectnoil marpuue () Beraucnsercs ¢
jk j

B COOTBETCTBUU C pelIeHHeM cucTeMbl AU epeHIINaTbHBIX YpaBHCHHMH,

KOTOPOE MPUBEJEHO BBILIE.

Llaz 3: Koppexmuposeka 3naueruli nPUHAOIeHCHOCU [

Yuursisas ussectrbie ), Beraucnstores u, ecnm x; # ¢;, B mporus-
j jk

HOM CJIy4acC 3HAQUYCHUC ITPUHAMJICIKHOCTH OIIPCACIIACTCA TAK:
¢ LI=],
k 0,

llae 4: Ocmanoska ancopumma

AJ'IFOpI/ITM HEUETKOH KIIaCTCpu3alnuu OCTAHABJIIMBACTCA IIPU BbIIIOJI-

HCHHUHU CJICAYIOIICTO YCIOBUA:

I — Ul < s,

rie - — MaTpu4Has HopMma (Hampumep, EBkiuioBa Hopma), a Bl — 3apaHee

3a71aBa€Mbli YPOBEHb TOYHOCTH.

Pewenue 3a0ay knacmepuzayuu 6 Scilab

B Scilab orcytcTBYIOT roTOBBIE CpelcTBa IS pPEIICHUS 3ajay Kia-
crepuzanuu. [loatomy st maHHOM JabopaTopHOU pabOThI HEOOXOIUMO
pa3paboTaTh NPWIOKEHUE, PEATU3YIOLIee ANTOPUTM KJIacTepHU3alUU, KO-
TOPBIN OB ONMUCAH BbIle. JJaHHBIA aNTOPUTM JOHKEH 00ecreynuBaTh Bbl-

YUCJICHUC (bYHKI_[I/II/I HaXOXACHU LHCHTPOB KJIACTCPOB.
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Onucanue pyukuuu: [center, U, obj fcn] = fem(data, cluster n).

AprymMeHTamMu TaHHOU (YHKITUH SIBIISIOTCS:

data — MHOXECTBO JaHHBIX, MOJJIEKAINX KJIacTepU3aIluy, KaxKiaas
CTpOKa OMUCHIBAET TOUKY B MHOTOMEPHOM MIPOCTPAHCTBE XapaKTEPUCTHK;

cluster n — KOIW4eCTBO KJacTepoB (0oJiee OJHOTO).

JleBas yacTh QyHKIIMU (B KBAaJIPATHBIX CKOOKAX) COJAEPKHUT MapameT-

PBI BBIBOJIA, KOTOPBIE 3Ta (PYHKIIKS BO3BPAIIAET:

center — MaTpUlla LIEHTPOB KJIACTEPOB, Ka)KJasi CTpOKa KOTOPOMl Co-

JEP)KUT KOOPAWHATHI IEHTPa OT/IETLHOTO KJIacTepa,;
U — pesynprupytomas marpuina DOlI;
obj fcn — 3HaudeHwue 11e1eBOM QYHKIIUM HA KAX0M UTEpaIiU.

st pa®oTel gaHHOM (GYHKIMM HEOOXOAMMO OOECHEUYUTh 3arpy3Ky
JaHHBIX, KOTOPBIE MOJUIEkKAT KIACTEPU3ALUUA. ITY ONEPALUIO MOXKHO OCY-
IIECTBUTH JTMOO U3 3apaHee MOATOTOBJICHHOro (aitna, nub0 obOecnednTh
PYYHOM BBOJI JAHHBIX C TTIOMOIIBIO KJIABUATYPHI.

Takxe HEOOXOIUMO MPETYCMOTPETh BO3MOKHOCTh BBI30Ba (PYHKIIUU
KJIACTEPU3ALMH ITPU 00ECTICUEHUH €10 JOMOJHUTEILHOTO Habopa napamer-
pos: fcm(data, cluster n, options):

= options(1) — nokazarens crenenu Marpuilsl U (o ymomdanuto 2.0);
= options(2) — MakcuMalibHOE Yncio uTeparuii (mo ymomuanuro 100);
= options(3) — mar U3MEHEeHUs 1eIeBOU PyHKIMU (M0 yMOT4aHuto 1e-5);

= options(4) — oToOpakeHne Ha KaXKI0M Iare (o yMoa4aHuto 1).

3amanue. B Tabnuiie BapuaHTOB, KOTOpas MPUBEACHA Ha CIIEIYIONIEH
CTpaHMIIE, IJIs KaXXJ0r0 M3 BAPUAHTOB MPEJCTABICHBI CBEPXY BHU3 KOOP-
nuHaThl 20-T TOYeK (mepBasi KOOpAMHATA MO Ocu X, BTOpas 1Mo ocu Y).
Heo0xoaumMo BBIMOMHUTE MX KiacTepu3auuio. UYUCIo KIacTepoB HYXKHO
noao0parh Tak, 4ToObl OBUIM SIBHO BHUJIHBI paszfessieMble 00iacTu (peKko-
MEHJIOBaHHOE 4YnCio KiactepoB 3...5). Kaxaas Touka OTIEIbHOTO KilacTe-

pa u €ro OCHTP AOJKHBI OBITH npeacTaBJICHbl CBOMM LIBETOM.
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Tabnuna BapuaHTOB

1 2 3 4 5 6 7 8

0.1964506 62.254684 2.3218025 18.953749 59.145097 89.41365 5.1847671 T77.075744
50.752213 8.225833 T2.654473 25.839815 68.067427 34.903639 41.492418 24.352242
40.T76043 T5.429888 15.340586 9.8787374 T.3929611 11.053652 T2.212356 21.261149
84.080461 54.547881 23.552638 6.1990272 94.336947 20.233778 T.7462539 10.992342
50.172657 T2.86016 8.7973828 4.0349683 12.863307 13.04691 58.558784 69.814808
891.287808 2.5259695 T1.059537 74.001472 20.150808 85.73953 37.079446 41.509065
44.357295 40.251685 8.887276 61.626601 19.693034 63.780164 21.161167 50.298188
59.83784 9.8313199 65.953195 65.835834 89.286902 40.711227 19.032685 75.116068
TT.418426 26.086253 8.151161 25.145971 46.17919 66.919379 56.079538 99.401472
79.220083 36.363423 39.049¢66 38.433501 62.512917 20.426016 94.247916 18.287624
55.046049 17.466178 15.869047 43.964602 70.597066 83.104313 8.177248 30.219174
40.850437 92.341395 62.40715 65.407369 70.181696 1.221633 27.34241 37.854864
T72.174381 T6.051409 63.760356 58.781064 40.879957 48.844617 20.717754 71.531986
47.685359 56.402041 42.70488 60.208319 6.3622138 95.498771 19.379388 95.241537
63.930579 37.970852 10.716815 4.5350203 6.5739339 5.8743121 67.978376 47.039186
99.638653 87.762262 23.8229¢66 20.294443 53.310041 82.584649 58.836574 18.709417
15.T74T7883 82.174258 94.629474 78.442738 3.3158187 29.807416 93.317538 25.571879
53.506937 67.8T0581 45.7T66BE53 26.375362 31.578356 T.7575968 55.091229 44.350661
21.290646 8.2200981 89.644787 43.832764 37.858232 58.460923 80.40547 72.340782
55.914506 25.527314 44.384705 86.64859 46.1595234 75.287136 10.744887 87.619101
43.04966 T4.444567 80.8595682 37.821421 62.873658 5.172258 T4.038251 3.7332086
2.2805485 22.695036 68.317985 T6.687161 28.785153 59.586251 56.103317 42.934664
57.614588 8.369308 3.4019315 60.066213 32.920487 38.337053 T6.61155 31.572331
71.491304 93.650726 23.805456 T78.567356 47.19233 49.002203 78.306589 36.824773
93.21636 50.530174 94.920116 73.871156 33.537696 82.727851 14.388315 14.587743
12.326993 25.248146 21.827886 55.442603 55.530697 6.8894547 16.471925 67.683793
28.655522 68.188398 61.546878 99.2914%96 11.960808 88.430778 31.774142 52.619794
1.2479957 28.363682 83.135434 97.574285 76.139997 71.912938 50.265956 40.036257
57.694048 14.094857 T7.340126 37.096223 47.909885 6.9425958 69.204961 0.2910803
39.386961 67.591086 42.44191 30.322382 28.169693 11.522096 T0.065794 30.681815
8.885837 45.126776 T2.62126 95.195201 23.800978 48.626807 88.70612 79.026939
97.023218 75.430292 70.999773 71.278581 32.942055 T&.T15826 &69.797695 95.779504
85.157643 13.702143 47.45746 11.923701 23.08728 8.8052981 67.989912 66.892712
33.933045 66.082405 94.386921 50.091632 21.362966 TO.085613 36.1593898 29.29616
87.725318 38.900542 14.596486 32.800535 40.549898 18.791388 26.739977 82.238994
11.314025 T0.018205 T7.1410105 48.089468 30.953712 20.178856 T7.7368706 1.798455
52.641283 91.680057 67.337386 33.036%6 67.629716 40.628213 14.9541003 87.107014
52.873541 21.2249 65.369247 63.044754 97.069163 40.96657 32.0183891 31.810243
92.917561 26.978331 19.968961 21.171908 54.417966 17.695645 20.260546 57.244733
97 .654303 31.998894 6£0.141252 44 _ 860231 2.0474797 33.1249312 44 _QRAELAT 57.386581

Koumponvnwvie 6onpocwi

[ToHsTHS KIacTepa U €ro 0COOEHHOCTH.
Ha3znadenue anroputMa HEYETKON KIIaCTePU3AIIHH.

YcnoBust HopMUpOBaHUs PYHKIIUU TPUHAIIICKHOCTH.

1.

2.

3.

4. IloHATHE CyMMBI B3BELIEHHBIX PACCTOSIHUU.

5. CojaeprkaHue 11aroB AJITOPUTMa HEYETKOHN KJIaCTEpU3alINH.
6.

OyHKIWS HAX0KAEHUS [IEHTPOB KJIACTEPOB U €€ MapaMeTpPhl.
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PA3JIEJ 3. HEUPOHHBIE CETH

3.1. Odyuenue knaccugpukayuu HeupoHHOU cemu

Llenv pabomul: n3yunTh npuMep KiaccupUKauu 0O0BEKTOB C IMTOMO-
IIbI0 HEHPOHHOM CEeTH, a TaKKe IMOJYYUTh HABBIKM PEIICHUs MpaKThye-
CKHX 3a7a4 KJacCU(pUKAIUU.

Ha caiite mogyneii ATOMS mnakera Scilab umeercs pykoBOACTBO ¢

onuvcaHueM mpumepa ucnosibzoBanus MoayJyis Neural Network Module.

DTOT MoAydb pazpadoran kutaiickuii mporpaMMmucT Tan Yun Jlyx Ha oc-
HOBE aQHIJIOSI3BIYHOM KHUTM W3BECTHOT'O AMEPUKAHCKOrO CIEIUAIMCTa 10

HelpoHHBIM ceTaM Maptuna T. Xarana Neural Network Design [9].

B nannoil pabote i KilacCUPUKALMK UCIIONIb3YETCS TOTOBBII Ha0Op

JAHHBIX, KOTOPBIN TpeOyeTcs 3arpy3uTh MO TPUBOJAUMON CCHIIKE: CSV.

Hmnopm oannwvix

OtoT HabOp MaHHBIX TpeacTaBiseT coboit 100 oOpasioB, KOTOpHIE
OAPA3ESIOTCS Ha IBa BUja, Kak O win 1 (XpaHUTCS B TPEThEU KOJIOHKE),
0 JBYM TapameTpaMm (XpaHsaTcs B MEPBOM U BTOPOM CTosOLax daiiia
data_classification.csv). HemocpeacTBEHHO AaHHbIE HMIOPTUPYIOTCA B

Scilab ¢ moMoreo cieayromnie KOMaH/IbI:

t=csvRead("data_classification.csv");

lIpeocmaenenue oannvix

OyHKIYs peanu30BaHa B MOAYJIb HEUPOHHOM CETH ISl YIPOILICHUS
MOCTPOCHUSI 2-X TPYII TOUEK JAHHBIX, KOTOphIE MOKa3aHbl Ha puc. 3.1.
Hcrounuk nannusix (P) u nens (T) pazneneHsl, a JaHHbIE TPAHCTIOHUPYIOT-

csl B TpeOyeMblil (hopmMaT MOIyJIs.
P=t(:1:2)";
T=t(:3);
plot_2group(P,T);
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Puc. 3.1. Ucxonnble JaHHBIE 17151 KJIacCU(PUKAITTU

Aneopumm 06pamuo2o pacnpocmpanerus

C 2paoueHmuol QyHKyueu ooyueHus

[TonHBINM CHHTAKCUC aJITOpUTMa OOPATHOTO PACHpPOCTPAHEHHUS C Tpa-
JTUEHTHON (QyHKIIHMEHN TaKoil:

W = ann_FFBP_gd(P,T,N,af,Ir,itermax,mse_min,gd_min),
rae P — UCTOYHUK BXOJHBIX JIAHHBIX JJIsi 00y4eHus; T — MOArOTOBIICHHAS
1eib; N — 4UCIIO HEUPOHOB B CJIOSAX, BKIIFOYAsi BXOAHOW U BBIXOJIHOU CIIOU;
af — QyHKIIUSI aKTUBAIIUU OT CKPBITOTO CJIOS K BBIXOJHOMY CJIOIO; Ir — CKO-
pPOCTh 00yUeHHs; itermax — MakcUMaJIbHOE BpeMsl 111 00y4YeHUs; mse_min
— MUHMMaJIbHas OmMoOKa (JocTuraemas 1eis) u gd_min — MU- HUMaJIbHBIN
TPaJIUCHT JIJIsl OCTAHOBKU OOYUYEHUSI.

C neBoii ctopoHsl W MpeicTaBiIseT BEC BBIXO/Ia U CMEIIICHUE.

JIist mpOCTOTHI WILTIOCTPALMU OyJeM HMCIOJIb30BaTh TOJBKO TEPBbIC
TpU 0OSA3aTEIBHBIX MO, a JAPYrHe MOJs OCTaBUM MYCTBIMU, YTOOBI HC-

MOJIB30BAJINCH 3HAYEHUS 110 yMoayaHuto. Kox mporpammsi:
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clear W; tic();
W = ann_FFBP_gd(P,T,[2 3 1]);
toc(); y = ann_FFBP_run(P,W);

sum(T == round(y))

KonconpHbIl BeIBO Scilab:
-->clear W;
-->tic();
-->W = ann_FFBP_gd(P,T,[2 3 1]);
->toc();
ans =
31.655
-->y =ann_FFBP_run(P,W);
-->sum(T == round(y))
ans =
74

Pesynbrar paboThl mporpaMmsl MpeAcTaBieH Ha puc. 3.2 u puc. 3.3.

Neural Network Training

MSE:
1.438 1.0D-05
0.24373
Epoch:
0 450
450
Gradient:
0.003 1.0D-05

0.00017

Puc. 3.2. [TapameTpsl 3anycka rpaiIM€HTHON QYHKIIUU O0yUeHUs
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Puc. 3.3. Jlannble knaccupuKaluu ¢ rpaJueHTHON QyHKIMENH 00ydeHUs

Aneopumm obpammno2o pacnpocmpanenus
¢ epadueHmuol yHKyuel CKopocmu U MOMeHmMa 00)YeHUs.

JIist TOro 4TOOBI YIYUITUTh CXOANMOCTh TPAIUEHTHOTO OOyYCHHS, B
kaure «Neural Network Design» [9] npensiaraercsi HECKOJIBKO METOOB.
JIns maHHOTO TIpUMEpa HCIOJB3yeTCs codeTaHue (DYHKIMM anantaiuu
CKOPOCTH 00yUY€HHUSI U MOMEHTa 00yUYEeHHUHI.

Ko mporpaMmbl BRITJISIIUT CIETYIOMUM 00pa3oM:
clear W; tic();

W = ann_FFBP_gdx(P,T,[2 3 1]); toc()

y = ann_FFBP_run(P,W); sum(T == round(y))

D710 00yueHHe CXOIUTCS OBICTpPEE, €CIIM CPAaBHUBATH C MPEABLIYIIAM
pUMEpOM O0yUEHHUS.

KouconbHusii BeIBOA Scilab:

-->clear W;

-->tic();

-->W = ann_FFBP_gdx(P,T,[2 3 1]);

-->toc()

72



ans

38.829
ann_FFBP

.
’

run(P,W)

-->sum(T == round(y))

__>y =

ans

89.

ining

Neural Network Tra

MSE:

1.0D-05

3.150

0.99873

Epoch:

450

205

Gradient:

1.0D-05

0.88a
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Puc. 3.4. [TapameTtpsl 3amycka rpaJieHTHON (PYHKIIMU CKOPOCTH U MOMEHTa 00y4eHHUs
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Puc. 3.5. BoixoHble JaHHBIE TPaAUEHTHON (QyHKIIMEH CKOPOCTH U MOMEHTa 00ydYeHUs

73



Aneopumm 0bpamno2o pacnpocmpareHus
¢ pynxyueu 06yuenus Jlesenbepea-Mapkyapoa
Eme Oosiee OBICTPHIM aJITOPUTMOM CXOJUMOCTU SIBJISICTCSI aJITOPUTM
JleBenOepra-Mapkyapa, KOTOPbIN CXOJUTCS MOCIE HECKOJIBKUX JECATKOB
utepanuid. Ero Ko BRITJISIAUT CASTYIONUM 00pa3oMm:
clear W; tic();
W =ann_FFBP_Im(P,T,[2 3 1]); toc()
y =ann_FFBP_run(P,W); sum(T == round(y))
Kouconbusiii BeiBOA Scilab:
-->clear W;
-->tic();
-->W = ann_FFBP_Im(P,T,[2 3 1]);
-->toc()
ans =
4.565
-->y = ann_FFBP_run(P,W);
-->sum(T == round(y))
ans =
90

Neural Network Training

MSE:
1.231 1.0D-05
0.05833
Epoch:
0 450
70
Gradient:
4.522 1.0D-05
9.1D-06

Puc. 3.6. [Tapamerpsl 3anycka juist pyHKIHH o0ydeHus JleeenOepra-Mapkyapa
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Puc. 3.7. Beixogusle nanubie pyHkiuu oOydenus JleBeno6epra-Mapkyapa

Buszyanuzayusa pezyromamosg

['panuily HEMPOHHOM CETH CJIOKHO OINMKCATh MAaTEMAaTUYECKH, OCOOCH-
HO TpY OOJBIIOM YHUCIIE€ HEUPOHOB CKPBITOTO CIIOSl WJIM MPU YBEIMUYCHUU
YHUCJa CI0€B, TO3TOMY BU3yalll3allvs 3TOM IPaHULIbI 3aTPYIHEHA.

Ucnonb3yem 1151 BU3yanu3auy Habop JaHHBIX, KOTOPBIM OXBAThIBAET

HEKOTOPHIN AuaIia30H, HMEIOIINI 00J1aCTH WIIH TPAHUIIBI CETH.

clf(0); scf(0);

// NMocTpoeHne Habopa AaHHbIX

plot_2group(P,T);

// Co3paHune CeTKM BXOAHOro AManasoHa

nx = 20; ny = 20;

xx = linspace(0,10,nx); yy = linspace(0,10,ny);

[X,Y] = ndgrid(xx,yy);

// cnonb3oBaHne NN ans knaccndmKaumm aaHHbIX CETKU
P2 = [X(:);Y(:)'];

y2 = ann_FFBP_run(P2,W);
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// VI3BnevyeHune gaHHbIX B COOTBETCTBUM C KAaTEropUsMM
GO = P2(:,find(round(y2)==0))
G1="P2(:,find(round(y2)==1))

// TlocTpoeHue rpaHuu, obnacten ans rpynn
plot(G0(1,:),G0(2,:),'g0");

plot(G1(1,:),G1(2,:),'bo');
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Puc. 3.8. I'paduueckoe OKHO ¢ MOCTPOCHHO rpaHuIeii 0OnacTei rpymnm

OyHKIUA MOyl HEUPOHHBIX CETEW ITOCTABISIOTCS C KPATKUM OIIH-
CaHUEM, K KOTOPOMY MOXHO IOJYYWUTh JOCTYyH 4depe3 nomoiub Scilab.
[loncTaHOBKa pa3HBIX NAapaMETPOB JA€T pa3Hble pe3yJibTaThl. CIOKHBIE

Ha0OPbI JAHHBIX TPEOYIOT YBEIWUYEHHUSI YK CIIa HEHPOHOB WM CIIOEB.

Konmponvnvie sonpocwi
1. IToHATHS HCTOYHHMKA JAHHBIX U LEIH.
2. IlapameTtpsbl GyHKIIMU aaropuT™Ma 0OpaTHOTO PacpOCTPaHEHUS.

3. YcnoBus BU3yalin3aliuy pe3yibTaToB KiIacCU(pUKAIUH.
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PA3JEJ 4. TEHETUYECKUE AJI'OPUTMbI

4.1. Hccneoosanue zeHemuueckoz2o ai2opumma

Llenv _pabomsi: M3y4nuTh NapaMeTpbl U OCOOCHHOCTH T€HETHYECKOIO

aJIropuT™Ma M 1noJy4YnuThb HABBIKHU €I'0 HUCII0JIb30BaHM.

B Scilab umeercsa roroBas ¢yHKUMS s peuieHus 3a1ad ONTUMU3a-
IIMHA C UCIOJh30BaHUEM T€HETHUECKOTo ajaropurMa. B manHo# mabopaTop-
HOIl paboTe Ha OCHOBE MpPHUMEpPA UCCIEAYETCS BIUSHUE UCXOJHBIX Iapa-
METpPOB 3TOM (QYHKIIMU HAa POPMUPOBAHUE ONTUMATILHOM MOMYJISLIUU.

IlocnedosamenvrHocms 613084 QyHKYUU
[pop opt, fobj pop opt,pop init,fobj pop init] =
optim moga(ga f,pop size,nb generation,p mut,p cross,Log,param)

Apaymenmul

ga_f — ONTUMU3UpPYyeMas PYHKIUS, KOTOpask UMEET CIASAYIOIINI TUIL:

y = £(x)
501051
y = list(f,pl,p2,...).
Eﬁ)BTOpOM cliydac Cco3aacTCA CIIMCOK 1list C DJICMCHTAMH IIPOU3-

BOJIbHBIX OOBEKTOB (matrix, list...). Twm oObekTa list paBeH 15.

ITpumep

// OBBABJIEHME OCHOBHOI'O CIMCKAa C 3JIeMeHTOM Tuia double
// M BEKTOPOM IBYX CTPOKOBBIX 3HAUEHUNA
1 = 1list (1, ["a"™ "b"])

size (1) // pasMmep paBeH 2
// 1(0) — He cymectTByerT!
1(1) // mocTyn k sHaueHuo Turna double
1(2) // OOCTYyHn K BEKTOPY CTPOKOBHIX SHAUEHUN
size (1(2)) // pasmep paBeH 1,2
// BCTaBka B HauaJjio cnmucka 1(0) - no-mpexHeMy He CYIEeCTBYeT
1(0) = "foo"
1(1) // paBHO "foo"
1(s+1) = "hello" // BCcTaBKa B KOHEl CIMCKAa
1(2) = "toto" // mepeszanmuch 3HaueHus Twuna double
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1(3)
1(3)

// OOBABJIEHME HOBOTO CIMCKA

rand (1, 2) // mnepesanuchb BEeKTOpa CTPOKOBHIX SBHAUYEHUMN

null () // ynarieHue TpeTbLeTo 3JIeMeHTa

lbis = list ("gewurtz", "caipirina" ,"debug")
lter = lstcat(l,lbis) // chamMgHMe OBYX CIMCKOB

size(lter) - size(lbis) - size(l) // momxeH OBITH HOJb

pop_size pazMmep nonyJsiuu (3HaueHue 1o ymosuanuto: 100).

nb generation YHUCJIO MOKOJEHUHN UM UTepanuii (o ymomdanuto: 10).

p_mut BEPOSITHOCTh MyTaluu (1o ymonayanuto: 0,1).
p_Cross BEPOSITHOCTh KpoccoBepa (1o ymosdanuto: 0,7).
Log eciu %T, To GyHKIMS BbIBOAA OyJET BHI3BIBATHCS B

KOHILIE KaKI0M UTepaluu, CMOTpUTE «output funcy
IO/ IEPEMEHHOM param HUKE.
param CIIMCOK ITapaMCTpPOB:

" «codage func»: QyHKIMS KOOUPOBAHHUA U JEKOAUPOBAHUS MH-
AUBUAYYMOB (II0 YMOJIUaHUIO: coding ga identity);

" «init func»: QyHKIMS MHULOUAINW3ALMU MOMYJSIIMUA (IO YMOJI-
YaHMIO: init ga default);

" «dimension», «minbounds» H «maxbounds»: NapaMeTPbI
(GYHKIUU MHULMAIU3ALUHA, UCIOJb3yEeMble ISl OINpeaeNieHusl Ha-
YaJbHOW COBOKYITHOCTH,;

" «crossover func»: QyHKUUS CKPEUIMBAHUSA MEXAY IBYMs WH-
IUBUAAMH (II0 YMOJIYAHUIO: crossover ga default);

" «mutation func»: QYHKOUS MyTalud OJHOIO WHAMBHIA (11O
YMOJYaHUIO: mutation ga default);

" «selection func»: QyHKIMS BbIOOpa MHAMBHUAOB B KOHIIE IO-
KOJICHMS (IT0 YMOJIYaHUIO: selection ga elitist);

" «nb couples»: KOJIWYECTBO Map, KOTOpPbIE OyAyT BBIOpAHBI IJIs

BBITIOJTHEHHSI KpOCCOBepa U MyTauu# (1mo ymondanuto: 100);
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" «pressurey: 3HaueHUE FPPEKTUBHOCTU HAUXYIIIETO WH]IUBU-
nyyma (3HaueHnue o ymondanuro: 0,05);
" «output funcw»: (QyHKUUS BBIBOJAA, BbI3bIBa€Mas IIOCIIE I'E€HEPA-
Uy, eciau Log $T (MO yMOIYaHuio output moga default).
pop_opt TIOMYJISAIIHAS ONTUMAIBLHBIX WHINBHIYYMOB.
fobj pop opt  HAOOpP 3HAYECHHI MHOTOIEICBON (DYHKIIUU, CBSI3AHHBIX C
pop_ opt (HEOOS3aTEIBHO).
pop_init HayajbHasl MOMYJISLHSA UHAUBUIYYMOB (HEOO0s3aTEIBHO).
fobj pop init MHOXECTBO MYJbTU3HAYECHUN 1IEJIEBON (PYHKIIUU, CBA-

3aHHBIE C pop 1init (0 )KEJaHUIO).

[Ipumep
function f=deb 1(x) // onrtmMmsmpyemas QyHKUMA
f1 x1 = x(1);
g x2 = 1+9*sum((x(2:3)-x(1))."2)/ (length(x)-1);
h = 1l-sqgrt(fl x1/g x2);

£(1,1) = £f1 x1; // 1-11 3JIeMeHT MHIOMBUIYyMa
£(1,2) = g x2*h; // 2-¥ 3JeMeHT UHIMBUIYyYMa
endfunction
PopSize = 100; // pasMmep MNOnyJauumn
Proba cross = 0.5; // BepoOsSTHOCTb KpOCCOBEpa
Proba mut = 0.3; // BEpPOATHOCTL MYyTaLUU
NbGen = 4; // uyucio urepauuit (MOKOJIEHUN)
NbCouples = 110; // Yuucyo mnap OJjsd KpoccoBepa M MyTaluu
Log = %T; // BEIBOI BHAUEHUN I[IOCJIe KaXIOM UTepalmnn
nb disp = 10; // umcnio oToOpaxeHMiI M3 ONTUMAJIbLHON COBOKYIHOCTM
pressure = 0.1; // 25bbeKTMBHOCTL HAUXYINETO MHIUBUIYYMA
ga _params = init param(); // uMHMUMAIM3ALUMS HAYAJBLHOM MONYJISLMNA

ga_params add param(ga_ params, 'dimension',2);

ga_params = add param(ga params, 'minbound', zeros(2,1));

ga_params add param(ga params, 'maxbound',ones(2,1));
[pop opt, fobj pop opt, pop init, fobj pop init] =..
optim moga (deb 1, PopSize, NbGen, Proba mut, Proba cross, Log,

ga_params)
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Puc. 4.3. [Tonynsauus onTUMaIbHBIX HHIUBUYYMOB Ha (JOHE HAYAILHOM MOy JISIIH

3ajganue

Jlns BapuwaHTa, 3aJaHHOTO TIPEnojaBaTesieM, HCIOIb3ysl IPUBEICH-
HBIN TIpUMEp B KadecTBe 00pasiia, UCCAS0BATh BIMSHUE MCXOIHBIX MMapa-
METPOB Ha 3HAYEHUSI ONITUMATbHON MOMYJISIUU.

BapuanTel 3a1anuii

Nopap

1

2

3

9

10

11

12

P _cros

0.7

0.6

0.5

0.7

0.6

0.5

0.7

0.6

0.5

0.7

0.6

0.5

P mut

0.05

0.15

0.25

0.35

0.05

0.15

0.25

0.35

0.05

0.15

0.25

0.35

N gen|

4

5

6

6

5

4

9

press

0.1

0.05

0.1

0.05

0.1

0.05

0.1

0.05

0.1

0.05

0.1

0.05

Cooepoicanue omuema

1. BapuaHrt 3amanus.
2. JIuCTUHT IPOTrpaMMBlI.

3. I'padpuk HavaIbHOM MOIYJISAIIUH.
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4. I'paduk nonyiasiiuy ONTUMATBHBIX UHAUBUTYYMOB.
5. CoBmecTHBIH rpaduk Ha4aIbHON U ONTUMAJIbHOW TTOMYJISIIHM.

6. BbIBOJIbI IO padoTe.

KOHI’I’IpOJZbH ble€ 60npocCsvl

1. TloHsATHS MHAMBUAYYMA U HOMYJISLIUU.
2. XapakTepucTHKa olepauuu oToopa.
3. CkpenmBaHue U MyTallls U UX [TAPAMETPBI.

4. Tlonmynsuus ONTUMAIbHBIX UHIUBUIYYMOB.
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3AK/IIOYEHHUE

YueOHoe mocobue BKIOUAET B ce0s TOMOTHUTEILHYIO TCOPHIO K OC-
HOBHBIM JIEKLIMSIM, a TAK)K€ 3aJaHus JJabOpaTOpHOro MpakTUKyma, Colep-
JKaIlEero BOCEMb J1a0OpaTOPHBIX PaboT.

Temaruka 1ab0OpaTOPHBIX pabOT BKIIKOYAET KaK OOIIME METOMbI MPO-
rpammupoBaHust B Scilab, Tak U QyHKIIMOHAJI TOTOBBIX MOJYJIEH, UCTIONb-
3YIOIIUX MaTeMaTHYEeCKHE METOJbl HEYETKOW JIOTHKH, HCKYCCTBEHHBIX
HEUPOHHBIX CETEU U T€HETUYECKUE aITOPUTMBI.

JlaGopaTopHbIi TPAKTUKYM MPOBOJUTCS Ha MEpcOHAIbHBIX DBM ¢
npuMeHeHrneM 0a30BOro Maremarudeckoro nakera Scilab Bepcum 5.5.2, a

TAKXKE JOMOJTHUTEIbHBIX MOTYJICH:

* ANN Toolbox (MHCTpyMEHTHI AJi1 pabOThI C UCKYCCTBEHHBIMU
HEUPOHHBIMHU CETSIMU);
= Scilab Neural Network Module (Moay1s HEeHpOHHBIX ceTe);

* Fuzzy Toolbox (MHCTpyMEHTHI HEUETKOU JIOTHUKH).
[Tocobue maeT BO3MOKHOCTH CTyJCHTaM Ha MPAKTUYECKHUX MpUMEpax

YCBOUTD ITOJIOKCHUA U IPUHLUIIBI CUCTEM UCKYCCTBCHHOI'O MHTCJUJICKTA, 4

TaK)Ke CIIOCOOBI aHAJIM3a 3aJ1a4d B 3TOI 00JIacTH.
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