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PABOYASA NPOrPAMMA YYEEHOW OUCLUUNNUHBI
B1.B.06. HeueTkasa noruka n nHTennekTyanbHble CUCTEMbI

1. Kog wm HaMMeHOBaHMWe  HanpaBJieHusi noarotoBku/cneumanbHOCTH:
01.03.02 MpuknagHas matemaTvka U MHpopmaTUka
2. Mpodunb noarorosku/cneunanmnsauma: MHpopmaumoHHas aHanUTUKa u

o6paboTka 60nbwNX AAHHbIX

3. KBanudukauma BbinyckHuka: 6akanasp
4. dopma o6y4eHus: o4yHas

5. Kachegpa, oTBevarowasa 3a peanuMsaumio AUCUUNIUHBLIE: MaTemaTu4eckux MeTo-
0B MCCneaoBaHUs onepaumin

6. CoctaBuTtenb nporpammbl: AsapHoBa TaTbsaHa BacunbeBHa, A4.T.H., npodeccop
kadpegpbl MaTemaTMyecknx MeTogoB uUccnefoBaHusa onepauun dakyneteta npuknag-
HOW MaTemMaTuKnU MHPOPMATUKN U MEXAHUKU

7. PexomeHpgoBaHa: HMC dakynbTeTa npuknagHon mateMaTukm, MHQPOPMaTUKN U Me-
XaHukun, npotokon Ne8 ot 15.04.2022.

8. YueOHbIN roa: 2024/2025 CemecTp: 6



9. lenun v 3agayum y4e6HON ANCLUNIIUHDI:

Lenvio oceoeHus yuebHoU ducyuniuHbl SBISETCS MPUOOPETeHNE 3HAHUN B 00JIACTH CHCTEM HC-
kycctBeHHoro uHTesuiekta (M) u npunastus pemennii (I1P); coBpeMeHHBIX HaAyYHBIX U MTPAKTH-
YECKUX METO/IOB MPOCKTHPOBAHUS U Pa3paOOTKH MHTEIICKTYaIbHBIX HH()OPMAITMOHHBIX CHCTEM
JUTSL pa3HBIX MPEAMETHBIX 00JacTeil; N3y4eHHs COBPEMEHHOTO COCTOSHUSI TEOPUH HEUETKOH JIo-
TUKU, MATKAX BBIYUCICHUM W MHTEJUIEKTYaJbHBIX CHCTEM Ha 0a3e MHCTPYMEHTOB HEYETKOU JIO-
TUKU.

3adauu yuebHou QucyunIuHbL:

- O3HAKOMHTH C KOHIICTIIHUSIMHA U METOJIaMH, COCTABISIOLIMMHU OCHOBY JUIsl MTOHHUMAaHHsI COBpe-
MEHHBIX JIOCTHKEHUN UCKYCCTBEHHOI'O MHTEJUICKTA;

- 03HaKOMHUTh C COBPEMEHHBIMU 00JIACTSMU UCCIIEJOBAHUS 10 HICKYCCTBEHHOMY UHTEIIJICKTY;

- O3HAKOMHUTbH C OCHOBHBIMU MOJIEJISIMU TIPEICTABJICHUS 3HAHUI;

-03HAKOMHUTH C OCHOBHBIMU METOJAaMH MOCTPOCHHUS U UCIOJIB30BAHUS UHTEJUICKTYalbHBIX MH-
(hOpMaIMOHHBIX CHCTEM (B TOM YHCIIE B SKOHOMHUKE), MPUKIIATHBIMU 33/1a4aMU IPUMEHEHUS UC-
KYCCTBEHHOT'O HMHTEJUIEKTa, TEOPETUYECKUMU M OPTraHU3allMOHHO-3KOHOMHUYECKUM BOIIPOCAMU
MOCTPOCHUS U (YHKITHOHUPOBAHUS CUCTEM, OCHOBAHHBIX HA 3HAHUSX;

- chopMHpOBaTh 3HAHMS 110 OCHOBHBIM pa3fieliaM TEOPHH HEYETKUX MHOXKECTB;

- OCBOHUTH METOJIbI 00PAaOOTKH HEYETKOW U JIMHIBUCTHYECKON MH(POPMAITUH;

- TOJYYUTHh HAaBBIKM IMPUMEHEHUs MOJelied U METOJOB HEUeTKOH JOTHKHU Ui PelleHHs Mpu-
KJIAJIHBIX 3a/1a4;

- O3HAKOMHUTD C UHTEJIEKTYyalIbHBIMH CHCTEMaMH, 0a3uPYIOLIMMUCS Ha MOJIENSIX U METO/IaXx He-
YETKOM JIOTHUKHU.

10. MecTo y4ye6HOM AucumnnnHbl B cTpykType OOI: [Tucuumimna «Hederkas ioruka u
WHTEJICKTYaTbHBIC CUCTEMBI» OTHOCHTCS K OO0SI3aTCIIbHBIM JIUCIUIUIMHAM BapHATHBHOW 9acTH
6azoBoro 1ukina (6mok b1). Jlns usydenus kypca HEOOXOAMMBI 0a30BbI€ 3HAHUS JAUCKPETHOU
MaTEMATHKH, JTHHCHHON anreOpbl, MaTeMaTHYECKOTO aHaIn3a, TCOPUU BEPOSATHOCTEH, MareMa-
THYECKOM CTATHCTHKH, METOIOB ONITHMHU3AIIHH.

11. MnaHunpyemble pe3ynbTaTbl OOy4YeHMA MO AUcuUNIMHe/MoAaynio (3HaHuUA,
YMEeHUsl, HaBblK1), COOTHECEHHble C NNaHUpyeMbiMU pe3ynbTaTaMuM OCBOEHUA
obpa3oBaTenbHOM NporpaMmmMmbl (KOMNETEHLUMAMU) U MHOUKATOpPaMU UX OOCTUXKe-
HUSA:

Kon HasBanne Kon(sr) WNuaukaTop(sl) [Inanupyemble pe3yabTaThl 00yUeHUS
KOMIIETEHIINH
[1K-1 Crniocoben [1K-1.2. | [IK-1.2. Ananusu- | 3namo:

MPOBOJIUTH pa-
00THI TI0 00pa-
0OTKe U aHa-
U3y HAy4HO-

pyer Hay4YHO-
TEXHUYECKYIO0 HH-

¢dopmanuio, Kaca-
IOMIyIOCS  TIepesio-

- COBPEMEHHBIC HAIIPaBJICHUSA UCCIIENO-
BaHUN B 00JIACTH HMCKYCCTBEHHOTO HH-
TEJUIEKTA;

-OCHOBHBIE€ METOJIbl U AITOPUTMBI 00pa-

TEXHUYECKON BOTO OTEYECTBEH- | OOTKM MH(POPMALIUU CPEICTBAMH TEOPUHU
nH(popMaluu u HOTO M 3apyOeX- | HeYEeTKMX MHOKECTB U HEUETKOH JIOTH-
pE3yJIbTaTOB HOTO OIBITa pe- | KH;

HCCIIEN0BAHUMI mIeHusl 3aJad4 B | - 00JACTH MPUMEHEHHUsS] HHCTPYMEHTOB

obmactu mpodec-
CHUOHAJbHON  Jies-
TEJILHOCTH

HEYETKOM JIOTHKH,;

-pOrpaMMHBIE CPEJICTBA ISl MOJEIH-
pOBaHMsI 3a/1a4 HEUETKOM JIOTUKH,
-MHCTPYMEHTAJIbHbIE HWHTErPUPOBAHHBIE
porpaMMHBbIE cpelibl  pa3paboTUMKOB
JUIsl TIpUMEHEHHUsS] MoJesiedl HEeYEeTKHX
MHO’KECTB U HEUETKOH JIOTHUKH,




-TEXHOJIOTUIO CO3JaHMUS W HCHOJIb30Ba-
HUSl MHTEJUICKTYaIbHBIX CUCTEM Ha 0a3e
TEOPUHU HEUYETKOM JIOTUKH;

Ymemy:

- paboTaTh ¢ HHCTpyMEHTaMu (HOopMalIH-
3allMd TPUKIATHBIX 3324 Ha SI3bIKE
TEOPUU HEYETKMX MHOXKECTB U HEUETKOU
JIOTUKH;

-HCIIO0JIb30BATh MHCTPYMEHTAaJIbHbIE
GYHKIIMM ~ WHTETPUPOBAHHBIX  TIPO-
IrPaMMHBIX Cpell pa3pabOTYMKOB HEYET-
KOM JIOTHKWH;

- OCYIIECTBISITh TMPOCKTHPOBAHUE WH-
TEJUIEKTYaJIbHBIX UH()DOPMAIIMOHHBIX CH-
CTEM, OCHOBAHHBIX Ha HEUETKOMH JIOTHKE;
Braoemy:

- UHCTPYMEHTaMH MEepPBUYHOTO aHaIH3a
1 0000IICHUST OTEYECTBEHHOTO U MEXK-
JIyHapOJTHOTO OIBITa B 00JIACTH TPOCK-
TUPOBAHUSA HHTEJUIEKTYyaJIbHBIX HH(DOP-
MAITMOHHBIX CHUCTEM.

[1K-3

Crniocoben
OCYILIECTBUTH
BBITIOJTHEHUE
JKCIIEPUMEH-
ToB u odop-
MUTh  Pe3yiib-
TaThl HCCIIEO0-
BaHUU W pas-
paboTok

[1K-3.2

[1IK-3.2.  Ilpume-
HieT mnpu oOpa-
0OTKe JIAaHHBIX
CTaHJIapPTHOE u
OpPUTHHAIILHOE
MPOrpaMMHOE
obecrnieueHue.

Buame.

-OCHOBHBIE CTAJIMM TPOBEACHUS HCCIIC-
JIOBaHWK B 0OJACTH TIPOCKTUPOBAHUS
MHTEJJICKTYadbHBIX CHCTEM, O0a3upylo-
IIMXCS HAa MHCTPYMEHTaX HEUYETKOU JI0-
THKH;

- TEXHOJIOTHIO TIAHHPOBAHMS JKCIICPHU-
MEHTOB B 00JIACTH PEUICHUS TPHUKJIAI-
HBIX 337249 C MOMOIIBI0 WHTEIUICKTYalb-
HBIX CHCTEM,

Ymemn:

- CTaBHUTbH 3aJ]a4d HCCJIEJOBAHUS C MPHU-
MEHEHUEM MHCTPYMEHTOB HEYETKOU JIO-
THKU ¥ UHTEJIEKTYaJIbHBIX CUCTEM,
-OCYIIECTBISATh JKCIIEPUMEHTHI TO pe-
[ICHUIO TTPUKJIATHBIX 33]1a4 C TIPUMEHE-
HUEM HMHCTPYMEHTOB HEUYETKOW JIOTHUKU
Y MHTEJUICKTYaTbHBIX CHCTEM;

Braoemy:

- CpelICTBaMU COCTaBJICHUS OTYETOB IIO
pe3ynbTaTtaM MPOBEACHUS DKCIIEPUMEH-
Ta, HANPABJICHHOTO Ha pEIICHUE TPH-
KIAJAHBIX 3a7ad C MPUMEHEHHUEM WH-
CTPYMEHTOB HEUYCTKOW JIOTUKH W WHTEII-
JIEKTYaJbHBIX CHCTEM

[1K-5

Crnocoben wuc-
MOJIb30BaTh

COBpPEMEHHBIE
METOABl  pas-
paboTKH U pe-
anM3anuy - an-
TOPUTMOB Ma-

[1K-5.3

I1K-5.3 Paspala-
TBIBaET H COBEp-
IIEHCTBYET METO-
Ibl aHaIM3a Mac-
COBBIX  KOJIMYe-
CTBEHHBIX W He-
YHCIIOBBIX JaHHBIX

3namu:

-METOJIbI 00pabOTKH pPE3yJbTaTOB HC-
CIIeIOBaHUS C TMPUMEHEHHEM WHCTPY-
MEHTOB HEYCTKOM JIOTUKU;

-MeTO/Ibl 00pabOTKM 3HAHUH, MOTy4YeH-
HBIX B pe3yibTare paboThl C MHTEIUICK-
TyaJIbHBIMA WH()OPMAIIMOHHBIMUA CHCTE-
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IIUHHOTO 00Yy-
yeHusl Ha 0Oase
COBPEMEHHBIX
SI3BIKOB  TIPO-
rpaMMHpPOBa-
HHS U ITaKETOB
TIPHUKIIAHBIX
mporpaMm Mo-
JeTUPOBAHHS

MaMH, 0a3HpYIOIIUMHUCS Ha UHCTPYMEH-
Tax HEYSTKOM JIOTHKHU,

Ymemo:

-IIPUMEHSThL B HCCICAOBAHUSAX CTaH-
JIAPTHOE U OPUTHHAILHOE MPOrPaMMHOE
oOecrieyenue, Oasupyrolieecss Ha UH-
CTPYMEHTaX HEYETKOMN JIOTHUKH.
Bnaoems:

-HaBbIKaMHU pPabOThI C COBPEMEHHBIMU
WHTEJUICKTYalbHBIMA ~ MH(OPMAIUOH-
HBIMH CHCTEMaMH B 00JIACTH HEUYETKOM
JIOTHKH.

12. O6bem aucunMnnHbI B 3a4eTHbIX eAuHMLUax/vyac.(e coomeemcmeuu ¢ y4ebHbIM
nnaHom) — 144/4.

dopma NpoMeXXyTOHYHOM aTTecTauumn(3ayem/sKk3amMeH) dk3aMeH

13. TpyaoemKocTb No BUAaM y4ebHoMn paboThbl:

TpynoeMkocTb
Bun yuebHoit paboThl Beero Cemectp 6
KonTaktHas pabora 48 48
JIEKIIUHA 32 32
B TOM YHCJIE:
MIPaKTUYCCKHE
nabopaTopHbIe 16 16
paboThI
CamocrosiTenbpHas paboTa 60 60
[TpomexxyTouHas aTTecTanus 36 36
Hroro 144 144
13.1 CogepxaHue pa3genoB AUCLMNIIUHBI.
Ne Peammza-
/o s pas-
JeJia Iuc-
HaumenoBanue pas- UUATUTAHBI
Jena Cogepxanue pasaena JUCIUILTAHBI C TIOMO-
JIACITUILIHHBI HIBI0 OH-
JIalH-
Kypca,
DYMK
1. Jleknuu




bazoBbie nousiTuss u | [lonarue wuckycctBeHHOro wuHremiekTa. OcHoBHble | OYMK
OCHOBHBIE HAIpPaB- HalpaBJieHUsl Pa3BUTHSI MCKYCCTBEHHOTO MHTEJIEKTA. | Msrkue
neHus pa3BuTus uc- | Jlanuele n 3HaHus. CBOICTBA, XapaKTEPUCTUKH 3HA- | BBIYMCIIC-
KYCCTBEHHOI'O UH- Hui. [IpouenypHeie u nexnaparuBHble 3HaHuA. Kiac- HUS;
temiekta (M) n cuduKaIys 3HaHUK 10 TIIyouHe, 1Mo xectkocTu. Dop- | MHTen-
MHTEJJIEKTYaJbHBIX | Masn3auus 3HaHui. dopmanbHble S3bIKU. SI3bIKH (MO- JIEKTY-
cucreMm (MN) JIeNH) TpeacTaBieHus 3HaHui. Kinaccudukanus Moje- | aabHBII
Jei 3HaHui U AaHHbIX. OnpeseneHne HHTEUIEKTyallb- aHaiu3
HbIX cucTteM. OCHOBHbIE HCTOYHUKHM HAy4dHO- | JaHHBIX
TEXHUYECKON WHGOpPMAIUU MO OCHOBHBIM HAaIlpaBlie-
HUSIM, METOJaM, MOJENSIM M HHCTPYMEHTAIbHBIM
CpelcTBaM KOHCTPYHUPOBAHUSI MHTEIICKTYaJIbHBIX CH-
creM. dopmanu3anuys 3HAHWM B WHTEUIEKTYaJbHbIX
cucremax (MC) Kmaccudukammss MC. O6GobOmEnHas
¢bynkunonansHas ctpykrypa MC. OcHoBHble (06a30-
BBIC) CBOWCTBAa W BO3MOXHOCTH. OO00OMmIEHHAS THIIO-
JIOTHSI HHTEJJICKTYaJIbHBIX CUCTEM.
OcHoBBI HeYeTKOTO | HedeTkne MHOKECTBA, HCUSTKHE BEIWYMHEI, HEUCT- DOYMK
aHajau3a kue yucia. OCHOBHBIE TUIIBI HEUETKUX unces. Onepa- |  Msrkue
UMM HaJ HEYeTKUMH yuciiamu. CpaBHEHHE HEUYETKUX | BBIUMCIIE-
yucen. [lonarue neuerkoir pynkuuu. [lpumeps! mpu- HUS,
KIAQIHBIX 3a7ad ¢ HedeTkod mHpopmanmend. 3amagda | HuaTen-
HEUYETKOMN KJIACTEPU3aALIUHU. JEKTY-
aJIbHBIN
aHaIu3
JTAHHBIX
JInHrBuCTMYECKas JlunrBuctuyeckas nepemeHHas. JIMHrBHCTHYECKAs OVYMK
MOJIENb MTPECTaB- mkana. [IpuHIUI «HEeYeTKOro OONBIINHCTBA) U TUHT- |  Msrkue
neHust tHQOpMaIMK | BUCTUYECKUE KBAaHTOPHI. JIMHIBUCTUYECKUE OMEPATO- | BBIYUCIIE-
pBl arperupoBanus wHpOpManuu. Hederkue cucre- HUS;
MBI: CTPYKTYpa, 6a3a 3HaHUN, MEXaHU3M BBIBOJIA. Huren-
JIEKTY-
aJbHBIN
aHaIu3
JTAHHBIX
Heuerkas noruka [ToHsiTHE HEUYETKOro BBICKA3bIBAHUS M HEYETKOrO OYMK
npeaukara. Heuetkue npeaukarbl. OCHOBHBIE JOTU- | Msrkue
YECKUE OIEpaly C HEYETKUMHU BBICKA3bIBAHUSMH. | BBIYHMCIIE-
Jlornueckoe OTpULIAHWE HEYETKUX BbICKA3bIBAHUU. HUS,
Jlorndeckasi KOHBIOHKIHSI HEUETKUX BBICKA3bIBAHHIA. Huten-
Jlornueckasi TU3BIOHKIMS HEUYETKUX BBICKA3bIBAHUU. JEKTY-
Heuerkasa nmrumkanus. HeyeTkas 5KBUBaJ€HTHOCTb. aJbHBIN
[IpaBuna HeueTkux npoxykuuit. Ilpsmoii u oGpaTHbIi aHau3
METO/Ibl BBIBOJA 3AaKJIIOUYEHUH B CHCTEMax HEUYETKUX | JaHHBIX

MPOIYKLIHI




CucTeMBl HEUYETKO-
'O BBIBOJIA

bazoBasi apxuTekTypa CHCTEM HEYETKOrOo BBIBOJA.
OcCHOBHBIE ITaIbl HEYETKOTO BhIBOa. DOpMUpPOBaHUE
0a3pl MpaBUJI CHCTEM HEYeTKOro BbiBoja. daszzudu-
kanus (Fuzzification). ArperupoBanue (Aggregation).
AKTUBH3aIUs (Activation). AKKYMYJISIITAS
(Accumulation). Jledas3udukanus (Defuzzifica tion).
OCHOBHBIE aITOPUTMBI HEUETKOTO BbIBOJIAa. AJITOPUTM
Mamaaan  (Mamdani).  Anroputm  Ilykamoto
(Tsukamoto). Anroputrm Jlapcena (Larsen). Aunro-
put™m Cyreno(Sugeno). IIpumeps! ucnonb30BaHus Cu-
CTEM HEYETKOTr0 BBIBOJA B 33/1a4axX yNpaBICHUS

OVYMK
Msrkue
BBIYHCIIC-
HHUS;
HnTen-
JIEKTY-
aIIbHBIN
aHaIu3
JTAaHHBIX

Heuetkoe moaenu-
pOBaHUeE B cpesie
MATLAB

Ocnoguble a1emenTsl cucteMbl MATLAB. OcHoBHBIE
npueMbl padotel B cucteMe MATLAB. Penakrop cu-
creM HeueTrkoro BeiBoja FIS. Pemakrop ¢yHkimii
MIPUHAJUIEKHOCTU. PeakTop nmpaBuil CUCTEMBI HEYET-
Koro BeIBoja. [IporpaMmma mpocmMoTpa mpaBuil CUCTE-
MBI HEYeTKOro BbIBoAa. lIporpamma mpocmotpa mo-
BEPXHOCTH CHUCTEMbI HEUYETKOT'O BHIBO/IA.

OYMK
Msrkue
BBIYHCIIE-
HUS,
Wuren-
JEKTY-
AJTLHBIN
aHaJnu3
JTaHHBIX

«Heuerkas knacre-
pusanus B Fuzzy
Logic Toolbox»

OO0mas xapakTepucTUKa 3a/1a4 KJIACTEPHOTO aHAIu3a.
3ajavya HEUYETKOW KIIACTEPHU3allUd U aJTOPUTM €€ pe-
menust. O6mas popmanbHas MOCTAaHOBKA 3a/layu He-
YETKOr0 KJIACTEPHOTO aHajln3a. Y TOYHEHHAs MOCTa-
HOBKa 33J]aul HEUYETKOW KJIaCTepU3aLMH. AJTOPUTM
peILIEeHHs 3a]a4yi HEYETKOW KJIaCTEepU3aluyd METOA0M
HEYEeTKUX c-cpenHux. CpelacTBa peuieHus 3a1auu He-
YeTKOW KJacTepusanmuu B Tmakere Fuzzy Logic
ToolBox.

OYMK
Msrkue
BBIYHCIIE-
HHS;
Huren-
JIEKTY-
aJIbHBIN
aHaIu3
JTaHHBIX

TexHomorus co3ma-
HHS ¥ UCIIOJIb30Ba-
HUS UHTEJUICKTY-
aJIbHBIX CUCTEM Ha
0a3e TeopuM HEUeT-
KOM JIOTUKHU

Haunbonee pacnpocTpaHeHHBIE WHTEIUICKTYalbHBIC
CUCTEeMBI Ha 06a3e TeopuH HeueTKoi joruke. TexHomo-
U CO3JIaHMS M HCMOJIb30BAHHUS HHTEIUIEKTYalIbHBIX
cucTeM Ha 0a3e Teopur HEYETKOU JOruku. OCHOBHBIE
COBPEMEHHBIE HAMNPABJIEHUS PA3BUTHUS HHTEIUICKTY-
AIbHBIX CUCTEM Ha 0a3e TEOPHH HEYETKOU JIOTHKE.

OYMK
Msrkue
BBIYHCIIC-
HHUS;
Wnren-
JIEKTY-
ATLHBIN
aHamm3
JTAaHHBIX

2. JIaGopaTopHble 3aHATHSA

bazoBrle oHITHS U
OCHOBHBIE HAIpPaB-
JICHUS Pa3BUTHS UC-
KYCCTBEHHOT'O UH-
temekta (M) n
MHTEJUICKTYaJbHBIX
cuctem (MN)

[ToHsiITHE MCKYCCTBEHHOTO HWHTEJUIEKTa. JlaHHBIE H
3HaHuA. CBOMCTBa, XapakTepucTUKH 3HaHui. [Ipoue-
TypHBbIE W JekiapaTuBHble 3HaHUs. Kiaccudukanus
3HaHUW TO TIyOMHe, mo kecTkocTu. Dopmanuzarus
3HaHU. DopMabHbIE S3BIKH. SI3BIKH (MOJENH) Mpe-
cTaBieHus 3Hanuid. Knaccudukanus Moaeneit 3nanuit
1 na"HbIX. OnpeaeneHne NHTEUIEKTYaAIbHBIX CUCTEM.
dopmManuzaius 3HaHUN B MHTEJUIEKTYaJbHBIX CHCTE-
max (MC) Knaccudukamus MC. O600ménnas QpyHK-
nuoHanbHas crpykrypa MC. OcHoBHble (0a30BbIC)
CBOMCTBa U BO3MOXXHOCTU. OOOOMIEHHAS] THIOJIOTHUS
VHTEJUIEKTYaJIbHBIX CUCTEM.

OYMK
Msrkue
BBIYHCIIC-
13078:
WUnren-
JIEKTY-
AJTLHBIN
aHamm3
JTAaHHBIX




OCHOBBI HEUETKOT'O
aHaian3a

Heuerkne MHOKecTBa, HEUYCTKHE BEIWYMHBI, HEUET-
kue yncia. OCHOBHBIE THIBI HEUETKUX uncel. Onepa-
MM HaJ HEYEeTKUMHU yuciaamu. CpaBHEHHUE HEUETKUX
yncen. [lonarue Heuerkort ¢pynkuuu. Ilpumeps! mpu-
KJIAJIHBIX 3a7a4 ¢ He4eTKoW wuHpopmarmei. 3amaya
HEYETKOMU KJIACTEPU3ALIMH.

OVYMK
Msrkue
BBIYHCIIC-
HHUS;
HnTen-
JIEKTY-
aIIbHBIN
aHaIu3
JTaHHBIX

JInnreucrtuyeckas
MOJIeJIb IPeCTaB-
JeHus: HHPOpPMaLUN

JlunrBuctuueckas mnepemeHHas. JIMHrBHCTHYECKAs
mikana. [IpuHIun «He4eTKOro OOJIBIIMHCTBAY U JIMHT -
BUCTUYECKUE KBAHTOPBL. JIMHIBUCTHYECKHUE OIEpPATO-
pel arperupoBaHusi mHpopManuu. Hederkue cucre-
MBI: CTPYKTYpa, 0a3a 3HaHUii, MEXaHU3M BBIBO/IA.

OYMK
Msrkue
BBIYHCIIE-
13078:
Huren-
JIEKTY-
AJTbHBIN
aHaJnu3
JTaHHBIX

HeueTkas noruka

IlonsiTHE HEYETKOrOo BBICKA3BIBAHUA U HEYETKOIO
npenvkara. Heuetkue npenukarbl. OCHOBHBIE JIOTH-
YECKUE OlEepalil C HEYETKMMH BBICKA3BIBAHUAMM.
Jlornueckoe OTpULIAHWE HEYETKUX BBICKA3BIBAHUM.
Jlornyeckas KOHbIOHKLIMSI HEYETKHUX BBICKA3bIBaHUM.
Jlornueckass TU3BIOHKIMS HEYETKUX BBICKA3BIBAHUU.
Hederkas nMnnukanus. HedeTkas SKBUBaJIEHTHOCTbD.
[IpaBuia HeueTkux npoaykuuid. [Ipsmoit u oOpaTHbIN
METOJIbl BBIBOJA 3aKJIOUEHUH B CUCTEMAaX HEUYETKUX
MPOAYKIHIA

OVYMK
Msrkue
BBIYHCIIE-
HHS;
HNuren-
JIEKTY-
aJIbHBIN
aHaIu3
JTaHHBIX

CucremMbl HEYETKO-
T'0 BBIBOJAa

bazoBas apxuTekTypa CHCTEM HEYETKOIO BBIBOAA.
OCHOBHBIE ATaITbl HEYETKOTO BhIBOIa. DopMupoBaHUe
6a3bl IpaBUJI CUCTEM HEYEeTKOro BeiBoAa. Paszzudu-
karus (Fuzzification). ArperupoBanue (Aggregation).
AKTUBM3aIUA (Activation). AKKyMynsius
(Accumulation). ledassudpukauus (Defuzzifica tion).
OCHOBHBIE AITOPUTMbI HEYETKOT'O BBIBOJA. AJITOPUTM
Mamaanun  (Mamdani).  Anroput™  IlykamoTto
(Tsukamoto). Anropurm Jlapcena (Larsen). Aunro-
put™m Cyreno(Sugeno). [Ipumepsl HCHOIB30BaHUS
CHCTEM HEYETKOI'0 BhIBOJIA B 331a4ax YIPaBICHHUSI

OYMK
Msrkue
BBIYHCIIC-
HHS;
HNuren-
JEKTY-
aJIbHBIN
aHaIu3
JTAaHHBIX

Heuetkoe moaenu-
pOBaHMUE B Cpele
MATLAB

OcHosHble 351eMeHThl cucteMbl MATLAB. OcHoBHBIE
npuemsl pabotsl B cucteme MATLAB. Penakrop cu-
cteM Heuerkoro BbiBoAa FIS. Pemaktop ¢ynkumii
MIPUHAIEKHOCTH. PejakTop IpaBUiI CUCTEMBI HEUET-
Koro BbIBoja. [IporpaMmma mpocMoTpa mpaBHil CUCTe-
MBI HEYETKOro BbIBOAA. [Iporpamma mpocmotpa 1mo-
BEPXHOCTH CHUCTEMbI HEYETKOTO BBIBO/IA.

OYMK
Msrkue
BBIYHCIIC-
13078:
WUnren-
JIEKTY-
ATLHBIN
aHamm3
JTAaHHBIX




7 | «Heuerkas xknacte- | OOmas xapakTepUCTHKA 3a/1ad KJIACTEPHOTO aHan3a. OYMK
pusauus B Fuzzy 3azaya HEUYETKON KJIaCTEpU3allMM M aIropuTM ee pe- | Msrkue
Logic Toolbox» menus. O0mas dopmaibHas MOCTAHOBKA 3aJayll He- | BBIUMCIIE-

YETKOTr0 KJIACTEPHOTO aHaiM3a. Y TOYHEHHAas IOCTa- HUS,

HOBKa 3a7]aud HEYETKOW Kiactepuszauuu. Anroput™m | Huren-
pelieHust 3aJa4l HEUETKOW KIIACTEepPU3alUh METOJI0M JIEKTY-
HEYETKUX c-cpenHuX. CpelacTBa peuieHus 3a1aud He- |  albHbIN
YeTKOW KiacTepusanuu B Tmakere Fuzzy Logic aHaINn3
ToolBox. JTAHHBIX

8 | Texunonorus co3na- | TexHONOrHUs CO3MAHMS M MCIOJIB30BAHUA HHTEIUICK- OVYMK
HUS ¥ UCIIOJIb30Ba- | TyaJbHBIX CHCTEM Ha 0a3e TeOpUr HEUYETKOMN JIOTHKH. Msirkue
HUS UHTEJUICKTY- BBIYHCIIC-
aJbHBIX CUCTEM Ha HUS,
0a3e TeopuM HEUeT- Huren-
KO JIOTUKH JIEKTY-

aJIbHBIN
aHaIu3
JTAHHBIX

13.2. Tembl (paszgenbl) AUCUUNIIUHBLI U BUAbI 3aHATUN:

Ne | HaumenoBanue temsl (pasz- Buibl 3aHsTHIA (KOJTHYECTBO YaCOB)

JieN1a) TUCHUIIIINHBI Jlaboparop- | Camocros-

Jlexuun Hparire- HBIE TenbHas pa- Bee-
CKHE ro
oota

1 |ba3oBbie MOHATHUS U OCHOB-

HbIC HAIIPABIICHUS Pa3BUTHS

HCKYCCTBEHHOT'O MHTEIIJICKTa 4 2 10 16

(M) n uHTEMIEKTyaIbHBIX

cucreMm (MN)
2 |OCHOBBI HEYETKOTO aHAIN3a 4 2 S) 11
3 |JIuHrBUCTHYECKAsI MOJIENb

npeJcTaBieHus nHpopma- 4 2 3) 11

012031
4 |Heuetkas jgoruka 6 2 10 18
5 |CucTtemMbl HEUETKOIO BBIBO-

hit| 4 2 10 16
6 |Heuderkoe MonenupoBanue

B cpene MATLAB 4 2 10 16
7 |«Heuerkas knactepu3anus

B Fuzzy Logic Toolbox» 4 2 S 11
8 |TexHomorHs CO3AaHUS U

UCTIOJIb30BAaHUS MHTEIJIeK- 2 5 9

TyaJbHBIX CUCTEM Ha 0a3e 2

TEOPHH HEYETKOM JIOTHKH.

Hroro: 32 16 60 108

14. Metoauyeckme ykasaHusi onsi obGy4yalrowmMxcsi N0 OCBOEHUK AUCLMUMIIUHbI:

JIEKUMOHHbIE 3aHATUSA (NEKUMKn) peannsyroTca B TpaguumMoHHON oopMe B COOTBETCTBUM
C KaneHgapHbIM MNnaHoM-rpacoMkoM YTeHus nekuun. LlenecoobpasHo nekuum conpo-
BOXAATb MPaKTUYECKUMUN 3aHATUAMU ONA fy4dlWwero noHMMaHus matepuana n goopmu-
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poBaHnA HaBbIKOB U yMeHI/II7I ana peweHna 3agad, OTHOCALLUUXCA K MATKMM BblHUCIEHU-

AM.

15. NepeyeHb OCHOBHOWN M AONONHUTENBLHOM NUTEepaTypPbl, UHTEPHET-PECYPCOB,
Heob6XoAUMbIX ANsi OCBOEHUSI AUCLUMNIIUHbI

a) OCHOBHAsI IUTepaTypa

Ne i/ Ucrounuk
Acuunukwuii, JI. H. MaTemnekTyanpabie cuctemsl : yueonuk / JI. H. ScHunkuit. — 2-¢
3. — Mocksa : JlaGoparopus 3nanuii, 2020. — 224 c¢. — ISBN 978-5-00101-897-
1 . .
1. — Tekcr : snextpoHHbI / JlaHb : 35MeKTpoHHO-OMOMMOTEUHass cuctema. — URL:

https://e.lanbook.com/book/151510

benozeposa, I'. N. HeueTkas noruka 1 HEHpOHHBIE CETH : yueOHOE 1MOCcoOHe : B 2 4acTAX
/ T'. N. benozeposa, [I. M. Ckyanes, 3. A. Kononoa. — Jlunenx : Jlunenkwuii I'TTY, [6.

2 r.]. — Yacte 1 — 2017. — 64 c. — ISBN 978-5-88526-875-2. — TekcT : 31eKTpOH-
HBIH // Jlanp : 3JICKTPOHHO-OMOIMOTEYHAS cucrema. — URL:
https://e.lanbook.com/book/111969
TuxomupoBa A.H. Heuetkune monenu auckperHoir matematuku / A.H. Tuxomupona,

3 M.I'. Knetimenosa. — M. : HUAY MU®U, 2011. — 108 c.

Pexxum noctyna: http://e.lanbook.com/books/element.php?pll 1d=75836

0) TONOJIHUTENbHAS TUTEPATYpa:

Ne i/m HcTounuk

S) Kucenes, B. 0. Teopusi HeU€THBIX MHOXKECTB U HEUETHAs JIOTUKA. 3aJ1a4M U yIpaxHe-
Hus : yuebHnoe nocobue / B. FO. Kucenes, T. @. Kanyruna. — WBanoso : UT'QY, 2019.
— 72 c¢.— TexkcT : 3neKTpoHHBIH // JIaHb : AIEKTPOHHO-OMONIMOTEYHAs CUCTEMa. —
URL.: https://e.lanbook.com/book/154561

6 JleneneBa T.M. OO6pabotka HeueTkoi mHpopmaruu / T.M. JleneneBa. — BopoHex :
I BI'Y, 2006. — 233 c.

7 Horak B. MaremaTtuueckue npuHIHIE HedeTkol ioruku / B. Hosak, 1. [lepdunbesa.
— M. : ®dusmatiut, 2006. — 352 c.
Pexxum noctyna: http://e.lanbook.com/books/element.php?pll_id=2747

8 Hemunosa, I'. JI. Perynsatopel Ha OCHOBE HEYETKOM JIOTMKHM B CHCTEMax YIpaBJICHUS

TeXHHUYECKUMH o0bekTamu : yueOHoe mocobue / I'. JI. Jlemunosa, /. B. JlykuueB. —
Cankr-IlerepOypr : HUY UTMO, 2017. — 81 c.— Tekcr : anexkTpoHHsblil / Jlans :
ANeKTpOHHO-OnbOMoTeunas cucrema. — URL: https://e.lanbook.com/book/110432

B) MH(OPMAIIMOHHBIE 3JIEKTPOHHO-00pa30BaTENIbHbIE PECYPCHI:

No /it Hctounuk
1 www.lib.vsu.ru — 3onanbHas HayuHas Oubimoreka BI'Y
2 edu.vsu.ru
3 ObC Jlanb
4 | DBC IOPAUT
16. NMepe4yeHb y4eOHO-MeTOaNYECKOro obecneyeHuns
Ne i/ | UcTounmk
1 WntennekryanpHble cuctembl: ydeOHoe mocobue / A. CemenoB, H. ConoBses,

E. UepnonpynoBa, A. LlpirankoB; OpeHOyprckuii rocy1apCTBEHHBIH YHUBEPCHUTET. —
OpenOypr: OpeHOyprckuii rocynapcTBeHHbIH yHuUBepcuTet, 2013. — 236 ¢. — Pexum
noctyna: o nmoanucke. — URL: https://biblioclub.ru/index.php?page=book&id=259148.
— TeKcT : 31eKTPOHHBIN.



http://www.lib.vsu.ru/
https://biblioclub.ru/index.php?page=book&id=259148

17. O6pa3soBaTenbHble TEXHOMOMMMU, UCNonb3yeMble Npu peanusaumm y4eoHom
OVUCLMNIINHBI, BKIIOYasA AUCTaHLMOHHbIe OOpa3oBaTefibHble TeXHOJOrnu, Inek-
TPOHHOE O0by4yeHue, cmellaHHOe obyyeHume.

HpI/I pcai3alun JUCITUITIINHBI MOI'yT HUCIIOJIB30BaThCA TEXHOJIOI'NHU
AIIEKTPOHHOTO 00yueHus u JMCTAHIIMOHHbIC oOpa3oBarelibHbIe TEXHOJIOTHU
Ha 0a3e moprana edu.vsu.ru, a TakKe Ipyrue JOCTYIHbBIE PECYPChI CETH.

18. MaTepunanbHO-TeXHUYECKOro obecnevyeHUss AUCLMNINHBLIL: JIeKIHOHHAsS ayIuTO-
pHs J10JDKHA OBITH OCHAIICHHON COBPEMEHHBIM KOMITBIOTEPOM C MOJAKIIOUEHHBIM K HEMY IPOEK-
TOPOM C BHJCOTEpMHUHAJa HAa HACTEHHbIM HKpaH. [IpakTHueckue M nabOpaTOpHBIC 3aHATHA
JOJIKHBI IPOBOJUTHCS B CIIEHUATU3UPOBAHHON ayJAUTOPHUH, OCHAIIIEHHON COBPEMEHHBIMH Iep-
COHAJIBHBIMM KOMITBIOTEpAMH M HPOTPAMMHBIM OOECIIEYEeHHUEM B COOTBETCTBUU C TEMAaTHUKOH
uzydaeMoro marepuana. [Ipenmnomnaraemoe o0opyaoBaHuE IJii KOMIIBIOTEPHBIX KIJIACCOB: KOM-
IBIOTEPBI B COCTaBe:cucTeMHbIH Os10K: mporece Intel(R) Core(TM) i3-4160 CPU @ 3.60GHz,
oneparuBHas namsate 8106, HDD 500I'6, Buneokapta NVIDIA GeForce GTX 750; monuTop:
Acer V226HQL; mynsrumenuna-nmpoextop ViewSonic PA5S03W. Kommyratop HP ProCurve
Switch 1400-24G; mynsTumenuiinas akyctuueckas cucrema SVEN SPS-702

19. OueHou4HbIe cpeAcTBa ANl NPoOBeAEeHUA TEKYLLEeN U NPOMEXYTOYHOM aTTecTa-
umn

MopAnoK OLEHKN 0CBOEHMS 0BydatoLmnMmcs y4ebHoro matepuana onpeaenseTcs co-
[epXkaHvem creayLwmnx pasaenos AUCUUNIVHGI

No HaumenoBanue pas- Komue- NunukaTop(sl)
/i Iejaa TUCIUILINHBI TeHIMS (1/1) JTOCTUXKCHUSA Onenounsle CpeaCTBA
(Moy1ist) KOMITCTCHITMH
1. |2 3 4 S
ba3oBbie moHsATHS U
OCHOBHBIE HaITpaBJie-
HUS pa3BUTHSA UCKYC- IK-1 [K-1.2.
1. | CTBEHHOTO UHTEJICK- I1K-3 [1K-3.2 JlaGopatopnast pabora 1
ta (M) u unTemex- IIK-5 ITK-5.3.
TYaJTbHBIX CUCTEM
(1H)
OCHOBBI HEYETKOTO IK-1 IK-1.2.
2. | aHanm3a IK-3 [TK-3.2 JlaboparopHuas padota 2
ITK-5 ITK-5.3.
JInHrBUCTMYECKas [K-1 IK-1.2.
3. | Mozenp mpencrasie- IK-3 I1K-3.2 JlaGopatopHas pabora 3
HUs MH(OopMaIu ITK-5 I1K-5.3.
Heuetkas moruka IK-1 IK-1.2.
4. I1K-3 I1K-3.2 JlaGopatopHnas pabora 4
ITK-5 ITK-5.3.
CucTeMbI HEUYETKOTO IK-1 IK-1.2.
5. | BBIBOJA IK-3 ITK-3.2 JlaboparopHuas padoTa 5
ITK-5 ITK-5.3.
Heuerxoe monenupo- IK-1
6. | BaHue B cpejie IK-3 IK-1.2. JlaGopaTtopHnast pabota 5
MATLAB I1K-5 I1K-3.2
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No HanmenoBanmue pas- Kome- NunukaTop(sr)
_ JeNa JUCIUTLTAHBIL JOCTUKEHUS OrneHOYHBIE CPENICTBA
/T TEeHIHSI(H)
(MoyJst) KOMIIETEHITUU
1. |2 3 4 5)
ITK-5.3.
«Heuertkas knacre- IK-1 [K-1.2.
7 | puzauus B Fuzzy I1K-3 I1K-3.2 Jlaboparopuas padota 6
Logic Toolbox» I1K-5 I1K-5.3.
TexHonorus co3na-
HUS ¥ HCTIOJIb30Ba-
HUS UHTEIIEKTYallb- TK-1 IK-1.2.
8. HBIX CHCTEM Ha 6a3e I1K-3 I1K-3.2 JlabopartopHnas padota 7
. IIK-5 [IK-5.3.
TEOpUHU HEYETKOH JIO-
TUKU
IIpomexxyTouHas arrecranus Ilepedyens BOonpocoB
(bopma KOHTPOJIIS - FIK3aMEH [TpakTrueckoe 3agaHue

20 TunoBble OLEHOYHbIe CpeacTBa U MeToAnYeCcKMe MaTtepuansol, onpegensioLime
npoueaypbl oLeHUBaHuUs
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20. TunoBbIe OLIEHOYHBbIE CPEACTBA U METOAMYECKIE MAaTepHaJbl, ONpeAesiioIne npoie-
AypHI OLleHMBAHUS

20.1 Tekyuuii KOHTPOJIb YCIIEBAEMOCTH
KoHTponb ycneBaeMOCTH 110 JUCIUILIMHE OCYILECTBIISIETCS C TOMOUIBIO CIETYIOIINX OLEHOY-
HBIX CPEJICTB:

JlaGopaTopHas padora 1 (mpumep 3agaHus)

3anaHue.
[IpeacraBuTh nekaapaTUBHOE 3HaHHUE O NOHATHHU «KBapTupa» 4eTbIpbMs MOJEISIMU IIPEI-
CTaBJICHUS 3HAHUM:
1. B BUIe cEMaHTUYECKOU CETH.
. B BUjie GperiMoB.
. B BUJIE JIOTUYECKOW MOJEIIH.
. B BUJE TPOAYKIIMOHHON MOJIETIH.
KBaptupa cocrout u3s:
. Kyxns.
. 'octunas.
. [Ipuxoxas.
. CnasnpHs.
. Jletckasi.
. Canurapnslit y3en (Tyaner).
. BanHas xoMmHara.
. KimagoBka.
9. l'apnepoOHas.
10. KomHara otzpixa (MrpoBasi KOMHATa).
11. CnoptuBHast KOMHaTa (TpEHAXKEPHAsT).
12. beiTOBasi KOMHaTA.
JlomomHUTEIbHBIC 3aJaHHS: KOMITBIOTEPHBIN KJIACC; KOMIIBIOTEPHBIN KITYO.
[TopsA0K BBINOMHEHUS U PE3YNbTATHI.

CryzneHTsI 110 BapuaHTaM (BapHaHT - YaCTh KBAPTUPHI) CAMOCTOSITENHHO BBITTOIHSIOT 3a-
naHue B pabodeil TeTpaau (Jydlle cHavyala Ha YepHOBUKaXx). Mcronb3yeTcss KOHCIEKT JIeK-
WA WM peKoMeHayeMmas nuteparypa. CeMaHTHuecKasi CETh JOKHA COJIEPKaTh HE MEHEe
20 BepIIMH C pa3HbIMU THUNaMU cBsA3eil. DpeliMoBast MOJENb TOKHA COAEPKATh HE MEHee 6
(bpeitMoB, CBA3aHHBIX JBYMS TUIIAaMU CBSI3U. B mpoayKuuu oTpa3uth Bce cocTapisitonue. B
nporecce padoThl KK CTYIEHT MPEJOCTaBISET MPENOo1aBaTEI0 COCTABICHHBIE MOIEIIH.
[IpenomaBaTenb co CTyIEHTOM OOCYXAAIOT U YTOYHSIOT MOJIENH, TP HEOOXOAMMOCTH MO-
nenu gopabaTeIBarOTCs. 3aTeM 00ydaeMble COCTaBISAIOT OOIIYI0 CEMaHTHYECKYIO CETh U CETh
¢peiimoB noHsTHs «KBapTHpa» HAa JOCKE U 3apUCOBBIBAIOT €€ B TETpab. Pe3ynbpTaT:ueTsipe
MoJieTH (COTJIacHO BapHaHTa) U JIBe 00IMe MOJIeNr B paboueit TeTpai.

EENRVS I O]

03N LN kW~

JlaGopaTopnas pabGora 2 (npuMep BapHAHTA)
3adaua 1. Tlyctb pyHKIIMM MTPUHAICKHOCTH HEYETKMX MHOKEeCTB A 1 B 3amanbl B Bue
1-e*, eciu x<0, 1
x)= X)=—.
luA ( ) luB( ) 1+ 3X2

l1-e*, ecu x>0.
[Moctpoiite rpaduku GyHkIwid npuHaiexnocty AUB, ANB, A\B.
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3adaua 2. JIns HEUETKOTO MHOXKECTBA C (PYHKIMEH MPHUHAICKHOCTH
1 1.
—+=sin(z-(x+15)),-2<x<-1

1, -1<x<1],
:“A(x): 1 1.
E—Esm(n-(x—l,S)),leSZ,

0, unaue,

HaWIUTe JIMHEWHBIN HHAECKC HEUETKOCTH.

3adaua 3. IlycThb 3a1aHbl HEUETKUE MHOXKECTBA
A={(a/0),(b/0.3),(c/0.7),(d /0.1),(e/0),( f /0.2)},
B={(a/0.4),(b/1),(c/0.5),(d/0.8),(e/1),(f/0.5)}.

HaiinuTe HeYeTKOE MHOKECTBO, SIBJISIOIICECS UX CPEIHUM apU(PMETHUECKUM.

3adaua 4. HenpepbisHas, crporo yobBatomas Gyrkumst ¢ :[0,1] — [0,00), Takas uro ¢(1)=0,
Ha3BIBAeTCA yObIIOWUM TEHEpaTopoM. HempephIBHAS, CTPOro Bo3pacTaromas (yHKIMS
¢:[0,1] > [0,0), Takas uto ¢(0) =0, HasbIBacTCS 603pACMAIOWUM TEHEPATOPOM.

1
Haiitu ycnoBusi, npu KOTOPBIX (DYHKIHSA (p(x) =t \/_ arcz‘g[x\/E ] +C ( s 0) AB-
oy a y

JSIETCsl BO3pACTAIOMIMM H/WJH YObIBatomuM reaeparopom. [loarBepaute rpaduueckn Bamm BbI-
BOJIBI.

Jladoparopnasi pabdora 3 (mpuMep BapHAHTA)

3agaHue
Kommnanust «Tpancdept», 3aHUMAOIMAsCS Tepenpogakeld KBapTHp, pelmia mpruoOpecTn He-
CKOJIbKO KBapTHUP B HOBBIX JKHUJIBIX KOMIUIEKCax ropoja. J[is aHamm3a KadecTBa >KUJIbs ObLIN
BBIOpAHBI CIEAYIONINE KpHUTepuu: xapaxkmepucmuxa pationa (XP), penymayus komnanuu-
s3acmpotiwura (P), uneecmuyuonnasn npusnexamenvnocmo (UI1), nnanuposxa (I1), 6uo uz oxua
(B), nanuuue emewmneti ungpacmpykmypor (BU), maruuue asmonommoii ungpacmpyxmypol
(napkume, cnyxHcoOa KOHCbEpHC, OXPAHA, NACCANCUPCKULL U 2PY3080U Tudm, npogheccuoHaibHoe
ynpasnenue komniexcom) (AN), ckudku ona noxkynameneu u vieoonvle ycnosus kpeouma (CK),

cpeonsa cmoumocmov 1 k. mempa omcunvsa (C). OLEHKH KMIIBIX KOMIUIEKCOB B INIKaje S =
{N, VL, L, M, H,VH,P} nipescraBieHbl B TaOJIHIIE.

Kunoii XP | P (Ul | nn B |BH | AH | CK | C
KOoMnJ1eKc

Tpu 6oecamuvips VH H | VH H M | VH | VH | VH | VH
CesepHas Kopona M H M M H M L M M
Jlecnas nonana M M M H | VH L H H H
Apka H M | VH | M M L L H H
Ilemposckuii naccaoic VH | H M | VH | H H | VH| H | VH
Cunsis nmuya M M H M H M M M M
Anvie napyca L H M H | VH L L M M
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Bribepure u3 TaObMUIIBI Ba KMWIBIX KOMIUIEKCA U IO JIIOOBIM TpeM MoKa3aTessiM, Haubosee Bax-
HBIM ¢ Bamieii Touku 3peHus1, mocTpoiTe 0000IICHHBIE OIIEHKH Ha OCHOBE (DYHKIIMH TIOPSIKOBO-
ro B3BemeHHOro arperupoBanus (OWA) ¢ BeKTOpOM BECOB, MOJIYYEHHBIM Ha OCHOBE KBaHTOpa
Q(x)=x*. KakoBa ctparerus arperupoBanus? Kakoii 00beKT ABIsETCS TydIInM?

JlabopaTopnasi padora 4 (mpuMep BapuaHTA)

. OyHKuMH HedeTkHX GyNeBHX NEPEMEHHBIX 3aaHhl  (OPMYNaMH:

- — _—— === ———m—
Silma ) =x v e v nx,, fix.xn)=xvavog, Jilx,xy.x) = nxx, v,

Suxmx)=nvavavin,.

1} ¥npoctHTe dopmMynsl.
2) Hafinure 3navenns dyHKUmHi, ecan x =04, x,=06, x,=09.

2. DyHKUHMH HeveTKHX GyNeBsIX NepEMEHHBIX 3A0aHb (POPMYNAMH:

flx,x)= x) vxlil W Ky, j}{x,.r,}:r,?. v.:r,;:. _ﬁ(.rt,x,]wﬁv:,x,, Silx,5)=x, v.:,I..;: )
filx.x)=xxnv,

1} ¥npocTiTe dopMyns! (6CNH 3TO BOIMONHO).

2) lNoctpoiite Tabnuue! sHagenni dyHxuHil.

3) 3anMwHTe MHOMECTDA HCTHHHOCTH NpemHKaToB f e[0.4,08) i=12345 H
JDalTe HX reOMETPHYECKYIO HHTEpMpPETALMIO.

4) IllocTpoiiTe cxembl peanMIauHH Kawpgod ¢QyHEUMH, ecnd x, €[0.2,0.5],
x, €[0.5,09).

3. Buictynas B PONH D3KCMEPTa, OLEHHTE HCTHHHOCTE W NOMHOCTD
CREAYOIEro peknaMHoro Tekcta: “3aece Bl Mowere npuobpectw ToBap no
Bawewmy Brycy W O4eHB HENOPOro", €CHH JAKAIYHKH PEKNAME! TaK OUEHHMBAIOT AOC-
TOBEPHOCTE €€ BLICKAIBIBAHHI:

p="Bot someme npuofipecmu mosap no  Bawesy axyey"e [0.6,0.8],

§="Bw smomeme npuolipecmu mosap ovews nedopoze "€[0.309].

C nomowsio dopmyn (5.11) 1 (5.12) paccMOTPHTE HECKONBKO IHAYEHWHA mapa-
metpa a. Chopmynupyiite Bawm s3akmodeHHs ¢ MOMOLWbIO MOAHGHUHPOBAHHBIX

TepMOB "ucmuna® U " aoxce”.
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JlaGopaTropuasi padora (mpumep padoThbl)
[IpoexktupoBanue Heuetkux Mammanu (Mamdani), Ilykamorto (Tsukamoto), (Larsen), Cyre-
HO(Sugeno). B xadecTBe npumepa pacCMOTPEHO MPOSKTUPOBAHUE HEUETKUX cucTeM MamaaHu.

Hpoexmuposanue neyemrux cucmem Mamdanu

B cpene MatLab npucyTCTBYIOT CIEAYIONIME NATH OCHOBHBIX CPEICTB rpadu-
geckoro uHTepdeiica MoaL30BaTeNd, KOTOpbE 00SCHEYHBAOT MPOLECC HEYETKOro
MOACTHPOBAHHA.

Peodaxmop cucmemst Hewemkozo ebisoda NPEANONATaeT BBOA M PeJaKTHPOBA-
HHE KOJIMYECTBA BXO/HBIX H BEIXOIHBIX NEPEMEHHBIX H HAHMEHOBAHHIT NEPEMEHHBIX.

Peoaxmop pyrryuu npuxnadiexcHocmu MCIIONB3YETCA 404 onpeaencHus gop-
MBI (PYHKLHH NPHHALIEHKHOCTH, ACCOIHHPOBAHHOIN ¢ Ka#ABIM TEPMOM JIHHIBHCTHYE-
CKOil MepEMEHHOI.

Pedaxmop npasun épisoda NpuMeHSeTCA 118 PeAAKTHPOBAHHS CIHCKA TPABHI,
OMHCHIBAIOLIMX MOBEIEHHE MOJETHPYEMO CHCTEMBI,

Cpedecmeo npocmompa npasui 6s1600a NCIONB3YETCH B LEIAX AHATHOCTHEH H
MOKET MOKA3LIBATH, HAMPUMED, AKTHBHOCTE MPABKUI MM (POPMY BIHAHHSA OTACIBHBIX
(hyHKIUHIT TPHHAUIEKHOCTH HA PE3YIILTAT HEYETKOTO BLIBOJA.

Cpedemeo npocMompa noOGEPXHOCMU 6616004 UCTIONB3YETCA 1A 0TOOpaKEeHHS
3aBHCHMOCTH BBIXOJHOH MEPEMEHHOH OT OHOH HIIH IBYX BXOJHBIX NEPEMEHHBIX.

OTH CPeACTBA CBA3AHBI ME#AY coDOH IHHAMHYECKH, H NPOH3BOJMMEIE H3Me-
HEHHS B OJTHOM H3 HHX BJIEKYT H3MEHECHHS B JIPYTHX.

PaccMOTPHM OCHOBHLIE JTarbl NPOSKTHPOBAHHA HEYeTKHX cucTeMm Mamaanu
Hd MPHMEPE CO3JAHHA CHCTEMBl HEYETKOTO JOTHYECKOr0 BBIBOJA, MOACTHPYHOLIEH
3aBHCHMOCTD

y=x;-sinlx,-1), x,e[-7.3], x,e[-4.4.1.7] ,
JUIS TIPEICTABICHHA TPEXMEPHOro M300paKeHHa KOTOPOH MCNONB3YEM CIEAYIOUIYH)
MpoOrpaMMy:

% MocTtpoeHwe rpadrka dyHKUMK y=x1"2*sin(x2-1)
% B obnactw x1e[-7,3] n x2e[-4.4,1.7].
n=15;

x1=-7:10/(n-1):3;

x2=-4 4:6.1/(n-1):1.7;

y=zeros(n,n};

forj=1:n

y(j..)=x1.42%sin(x2(j)-1);

end

surf(x1,x2.y)

xlabel{"x1")

ylabel('x2")

Zlabel('y")

title("Target");

B pesynbrare BHINOMHEHHS NMPOrPaMMEI MOIYYHM rpadHueckoe n3odpakeHHe
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[IpoexTHpOBaHME CHCTEMBI HEYETKOrO JOTMMECKOTO BBLIBOJA, COOTBETCTBYIO-
el NpUBEIEHHOMY rpadHKy, COCTOMT B BBIMOMHEHHH CHEAVIOWIEH MOCIEI0BATENb-
HOCTH IIATrOB.
[Jaz 1. Ina 3arpy3ku ocHosHOro fis-penakropa Beenem komauay fuzzy B komanaHoit
crpoke. [locne sToro oTkpoercs HOBOE rpa)H4ecKOe OKHO, MOKA3aHHOE HA pue. 2.
gz 2. lobagum BTOpYIO BXOAHYI0 nepeMennyio. [lns storo 8 menio Edit Beibupaem
komanay Add input.
laz 3. Tlepenmenyem MepBy) BXOJAHYIO nepemennyio. Jlng storo cienaem ogHH
HIGTHOK NEBOH KHOMKOH Mbimin Ha Omoke inputl, BBegem Hosoe obo3znaucHue x1 B
noJie peAakTHPOBAHMUA HMEHH TEKYLIEiH nepeMennoil n HaxmeM <Enter>,
Hlaz 4. Ilepenmenyem BTOPYK BXOAHYK nepemeHHyw. [ns storo caenaem oamH
HIETYOK NEBOH KHOMKOH MBIIH Ha Onoke input, BBeaeM HoBoe 0003Ha4YeHHE X2 B
noJie PeAakTHPOBAHHSA HMEHH TeKyLIeH nepeMennoil 1 nakmeM <Enter>.
IJaz 5. llepenmenyeM BLIXOAHYIO NepeMeHHYI0. [l1s 9Toro caenaeMm OIMH LIETYOK
JIeBOI KHONKOH MbImH Ha Onoke outputl, BBenem Hosoe 0003HAYEHHME ¥ B MONIE pe-
JAKTHPOBAHHA HMEHH TEKYILEH nepeMeHHol n HamMeMm <Enter>.
gz 6. 3ananum uma cucremel. Jlna storo B menio File Buibupaem B noamenio
Export xomanay To disk u BBoaum nms daiina, nanpumep, first.
Hlaz 7. llepeiinem B penaktop (ryuxkumii npunaane:kHocTH. [na storo caenaem
JIBOHHOI 1EM4H0K 1eBOiH KHONKOI My Ha Onoke x1.
gz 8. 3apanum aHana3oH W3MeHeHus nepeMenHoii x1. Jlna storo eseaem -7 3 B no-
ne Range (puc. . 3) n nasmem <Enter>.
gz 9. 3apanum GyHKIHE TPHHALISKHOCTH nepemennoi x1. Jna nuursuctugeckoi
OLIEHKH JTOH NEpPeMEHHOI OyaeM HCNONL30BATE 3 TepMa ¢ TPEYTONbHLIMU (IYHKLHA-
mu npuHagnexuoctu. [na storo B menio Edit seidepem xomanay Add MFs... B pe-
3yABTATE MMOABHTCA IUATONOBOE OKHO BRIOOpA TUNA W KOMHYECTBA
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e T
‘:'l |.|_. b e

PEASTOD OYHELYE NPHHAENEXHOCTH

[ Jeofs0f Wenvor NO3E0NAST OTKPLTE

ingad1

DeofiHof WEn0sE OTKpRIBSET
pepaktop Gase sHaHui

autput!

FIS Type:

ranmdani

NOZEOARKT
YETAHOBNTE
NapaseTpe
HEVETEDRN -

-
CHCTEME: [

F .

MmMA cHCTeme,
KONKYBCTED
EXOHBIE ¥

Erbl X0 HENK e
NEPEMEHHEN 1
KONWYECTED
Mpagnn

Agegation

Disfuzzilization
H‘_._

Cuuirent 'V arnable

ame

Fange

’ inputl
inpud

01}

T 1 5 71 I

/T

—

T

Fid
[ o= |
r i
F i

/

e
Spstemn “Unititld 1 input, 1 cutput, and 0 rulss /

F i

__‘nﬁ'"

[ﬂuunuuu MERIEHEHUA TEKYLLLER n!puunﬂ-ﬂ:ﬁ]

Puc.

F i

Nane peasTHPoBaHIA WMEHA TEKYLLEN NepeiseHHaR ]

2. Oxno penaxtopa FIS-Editor



Membearship Function Editor: First

plot paints: 181
FIS Yariables : . . Mfmbersr#: f'lunclinn pimls . -
Huas CpegHi
XX *
FAWAN

x1 ¥
xe

0 1 [l 1 1 1 1 T

Puc. 3. OyHKUMH NPHHAIIEKHOCTH MEPEMEHHOI X 1
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yuxumii npunaexnocti. [lo ymonyanuio 510 3 TepMa ¢ TPeyroibHbBIMH (PYHK-
uMAMH npuHaanexsocT. [loaromy npocto naxuMaem <Enter>,

Illaz 10. 3anaamm HauMeHOBaHUA TepMmoB nepemennoii x1. na sroro nenaem oanu
WENYOK NeBoi KHONKOH MbIUM no rpaduky nepBod (yHKUMH NPHHAIEKHOCTH
(puc.  .3). 3arem BBOAMM HAMMEHOBAHME TEPMA, HANPUMEP, Huzkull B none Name
1 Hammem <Enter>. [locne nenaem oaun menyok nesoii KHONKOH MbIH no rpafu-
Ky BTOpoii (/WHKUHH NPHHA/IEKHOCTH H BBOJMM HAMMEHOBAHHE TEPMA, HAIpPUMEp,
cpednuit B none Name n naskmem <Enter>. Ewe pa3s nenaem oMH WemHok nesoi
KHONKO#H Mely no rpagmky tpetseil QyHKUHN NPUHALNEKHOCTH H BBOJMM HAaMME-
HOBAHHE TEPMa, HANpUMep, esicokull B noje Name u Haxmem <Enter>. B peaynera-
Te NOAy4uM rpaduueckoe 0KHO, H300paKeHHOe Ha puc. 3.

Hlaz 11. 3anaamm QyHKLUHH NPHHALIEAKHOCTH TEpMOB A0 nepemedHoii x2. Jlna
JHHIBHCTHYECKON OLIEHKM 3Tl nepemeHHoii OyaeM HCNoNb30BaTh 5 TEPMOB € rayc-
coBLIMK (hYHKUHAMH npuHaUexHocTH. [ 3Toro akTuBHIMpYeM nepeMeHHyo X2 ¢
NOMOLIBI) HIENYKA NeBOi KHONKH MbIH Ha Onoke x2. 3a1a1uM MANA30H HIMEHe-
HuA nepementoil x2. [lna sroro seenem -4.4 1.7 B none Range (puc.  4) u Ha-
#meM <Enter>. 3arem B Meno Edit seidepem komanny Add MFs.... B noasusimmm-
cd IMANorosoM okHe Beibupaem THn QyHkuMM npuHaexHocty gaussmf B none
MF type u 5 tepmos B none Number of MFs. [locne storo namumaem <Enter>,
gz 12. Tlo ananoruu ¢ wazom 10 3ana1um caeaylomme HAMMEHOBAHHUA TEPMOB Te-
PEMEHHON X, HUIKUIL, HUNCE CPeOHEe0, CPeOHUll, ebluie cpednezo, ewicokui. B pe-
JyNbLTaTE NONY4UM rpaduueckoe okHo, niodpaxkeHHoe Ha puc. 4.

IHlaz 13. 3anamuM GyHKUHH NPHHAIEKHOCTH nepeMeHHoi y. Jlna auHreucrige-
ckoil oueHKM 3TOl nepeMeHHON OyleM HCNONBL30BATE 5 TEPMOB C TPEYro/ibHLIMH
yuxumamu npuHaanexsocTn. Jlna 3Toro aKTMBMIMPYEM NEPEMEHHYIO ¥ ¢ NOMO-
LWk WETYKA JEBOH KHOMKH MbIIKM HA Ol0Ke Y. 3a1aMM JIHANa30H HIMEHEHUA ne-
pemennoii y. Jlna sroro sesenem -50 50 B none Ramge (puc.  5) n Hammem
<Enter=. 3arem B menw Edit sribepem komanny Add MFs.... B noseusmmmes qua-
N0rosoM okHe Beldupaem 5 tepmoe B none Number of MFs. [locne storo namuma-
em <Enter>.

Ilaz 14. 1o ananoruu ¢ wazom 10 3anaauM CneayOIMe HAMMEHOBAHHA TEPMOB 1€-
PEMEHHO Y. HuIKUl, HUMNCE cpedHezo, cpedHull, evie cpednezo, ewicoxuil. B pe-
JyNbTaTe NONY4YHM rpadmyeckoe okHo, niodpaxkeHHoe Ha puc. 5.

[liaz 15. Tlepeiinem B penakrop Gasel 3Hanuii RuleEditor. [Ins sroro B menio Edit
seibepem komanay Edit rules....

Illaz 16. Ha ocHoBe BU3yanbHOro HaOmoAeHMs 3a rpa(ueoM, H300paKeHHBIM HA
puc. .1, chopmyaupyem caeayonme AeBaTh NpasHiL.

1. Ecnw x1=cpedsull, To y=cpedHul.

2. Ecnw x1=Huskul w Xx2=Hu3Kul, TO y=ebICoKuL.
3. Ecnw x1=Huskuld v x2=abicokull, TO y=abicOkU.
4

Ecnw x1=esicokud v x2=eeicokui, To y=eeiwe cpedHezo.
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Membership Function Editor: First

plot paints: 181

FIS Variables : . N'IMMVSW mrmnr plotz . |
Hiasfewin HumeCpeanero Cps - Blal waCpEgHE 0 EH:L&M
XX| N
%1 Y
XX
XX _
- {
n L 1 | 1 L 1

ET I |

o
Em— | T E—

Puc. 4 OyHKuMH NPHHAICKHOCTH MEPEMEHHO# X2
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Membership Function Editor: First

FIS Variables : . _ Membershipfunction pats . : :
m Huitaasn HuseCpegHen Cpe it BriweCpegHeno Bricoxmii
XX ‘
x1 y
x2

Puc. 5. MyHKUMH NPUHAINEAKHOCTH NEPEMEHHOI ¥
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Rule Editor: First

(%1 is Cpearua] then [y is Cpearnai] 1]

(=7 iz Hizeai) and (22 i Husewis) then [y iz BracokaiE) (1)

[#7 iz Hizeai) and (22 1= Beicoks) then [y i Boicokwsi) (1]

[1 iz Beicowmid) and (2 is Beacorkwia) then [y is BraveCpeaneral (1)
[H'I iz Bricokui) and (22 i iz Hiasta) l:I'If:n[y i Bhlulal_'.‘pmm] ]

fl= -|| 1] ther [y is | |.-.I|| [1
B 1F 1 i Bmm] and [nE ] Emuﬁpmwu] then [y is Cpegrsi] (1]
3. 1F 7 iz Beacorwmit) and [42 is HukeCpeanerol then [y is Cpenrai) (1]

Puc. 6. basa snanmii 8 RuleEditor

£O



J Rule Viewer: First

Fie Edit View Opbons

x1=-4 ¥2=-2 y=-112
] | I [t |
2 | N
S | | ] | e
s . /\
5| | [ | | PN
B — s N
¢ — a L
0 | ] ~ L~ ]
7 a 44 17 I
50 50
L [ R [101 Mo e | i | dow | |
el Help | Close |
Puc. 7. Busyanusauus HedeTKOro noruueckoro seieoga B RuleViewer

L4



Puc. 8. IloBepxHocTb “BXOABI-BEIX0A” B 0KHe SurfaceViwer
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Ecnu x1=gbicokuld v Xx2=HU3Kkul, TO y=abilue cpedHezo0.
Ecnu x1=ebicokuld n x2=cpedHud, To y=cpedHud.
Ecnu x1=Hu3kud v x2=cpedrud, TO Yy=HU3KUL.

Ecnw x1=esbicokul v x2=gsiwe cpedHez0, TO y=cpedHull.

© o N o o

Ecnw x1=esbicokul v x2=Huxe cpedHez0, TO y=cpedHul.

Jlna BBOAa mpaBuna HeoOXOIMMO BLIOPATL B MEHIO COOTBETCTBYIOUIVIO KOM-
OuHaHoo TepMoB U HaxaTh KHONKY Add rule. Ha puc. 6 u300pameHo OKHO pe-
Jaxkropa 0a3el 3HAHMI MOCNe BBOAA BCeX AeBATH mpasuia. Uucno, npuBencHHOE B
CKOOKAX B KOHLE KaiI0ro npaBuia, npeiactasnser codoil BecoBoil koadpuunent
COOTBETCTBYIOLIETO MPaBHia.
gz 17. Coxpanum co3ganHyio cHetemy. Jas storo B menio File Beibupaem B noa-
meni Export komanay To disk.

Ha puc. 7 npHBEIEHO OKHO BH3VAIH3ALMH HEYETKOrO JIOTHYECKOTO BBIBO-
Aa. O1o OkHO akTHBH3HpyeTca komanaoi View rules... menwo View. B none Input
VKa3bIBAIOTCSA 3HAYEHHS BXOHBIX MEPEMEHHBIX, IS KOTOPLIX BBIMOMHAETCH JTOrHYe-
ckuii BeiBoa. Ha puc.. 8 npuBeneHa noBepXHOCTH “BXOILI-BBIXOI , COOTBETCT-
BYIOIIAA CHHTE3MPOBAHHOI HeueTkoll cucreMe. JIng BLIBOAA 9TOr0 OKHA HEOOXOIHMO
Henonbiosath komanay View surface... menro View. CpaBHuBas nmoBepxHOCTH HA
pHc. | uwHa puc. 8, MOXKHO CIENAThL BRIBOJ, YTO HEYETKHE MPABHIIA JOCTATOY-
HO XOPOIIO ONHCHIBAKT CIOMKHYH HEMHHEHHYIO 3aBUCHMOCTb.

JlabopaTopHasi pabora 6 (mpumep padoThbI)

Hevuemran KIICHEPUIALIA

Heuerkas knactepusaums JaHHbIX B cpene MatLab ocyuiecTsasercs ¢ momo-
mpt0  pacummpenus Fuzzy Logic Toolbox. B 310T naker BXOAUT mnporpamma
Clustering, koTopasi #BASETCs HEKOTOPOH BH3YVAIH3HPOBAHHOH cpenoil ans
OCYLIECTBICHHA KIACCH(HKALMH JAHHBIX C NOMOIBK anroputmoe Fuzzy C-means
and Subtractive clustering.

1. Jlna BeizoBa nporpammel Clustering naGepure komanay findcluster, B pe-
3YALTATE YETO MOABHTCH HOBOE OKHO.

2. llepeiianTe B HOBOE OKHO M HAKMHTE KHONKY 3arpy3ku naHueiX Load Data
(mannble 3arpyxaroTca B hopmare *.dat, GopMar 1aHHBIX: MaTpHLIA O0BEKT-NPH3HAK,
cTONOLB COOTBETCTBYIOT MPH3HAKAM, CTPOKH — OOBEKTAM, HHCIA pa3IensioTcs npo-
Oenom, apo0OHas 4acTk OTAENAETCA TOUKOMH).

3ameuanne. Maiin * dat moxHo noarotoBuTs cpeacteamu MatLab. Kak oaun u3
cnoco00B MOKHO NPEITOKHTE CAEIYHOLITHIA
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~ B xomannnoii crpoke HaOpats >> data = []; (B pabouem npocrpancTee
Oyner cosnana nepemenHan data THNA MACCHMB, ¢ NYCTBIM COJIEPHUMEIM ).

~  OTKpHITE PEIAKTOP MACCHUBA (JUIA 3TOr0 NEPEK/IYHTCA B NaHEIb
Workspace n kIHKHYTE JBAXKLI N0 nepeMeHHoI data).

— VkalaTe paMepHOCTE MACCHBA B nonsx Size u By ¢ yuerom nyHkra 2

33JaHHA — CTPOKA 00BEKTHI, CTONOLBI — NPH3HAKH.

— Tocne BBoaa BCeX JAHHBLIX JAKPEITE PEIAKTOP H B KOMAH/IHOH CTpoKe

Habpars

== save <nyre'\uma aiina.dat> data — ASCII

3. B oxHe nporpaMMel NOABUTCH JBYMEPHAA BHIYVAIMIALMA JAHHEIX, KOTOpaA
BOIMOIKHA TONBKO B Clydae BIOOpPA JBYX MNPHIHAKOB, MOITOMY LenecoodpazHo
KOMOMHMPOBATE  PalIMYHBIE  Napel  NPU3HAKOB, yrodel  Dolee  NOIHO
NPOAHATHIHPOBATE CTPYKTYPY JAHHBIX.

4. Beibop anropurMa KIACTEPH3ALMH OCYILECTBIAETCA C MNOMOLILK) KHOTMKH
Method. Bubepure metoa fem (anropurm Fuzzy C-means).

5. 3apaiite napamerpul knaccuuraumu ans meroga fem: Cluster num -
KOIMHECTBO HMCKOMBIX HedeTkMx knactepos, Max iteration# - makcumanbHOe
konnuecTro urepaumii (no ymonuanuwo — 100); Min Improvement — napamerp
cxoquMocT  anropurMa  (no ymomganmw —  0.00001);  Exponent -
SKCIOHEHUMANBHEI  BeC 8 pacuera MArTpullel HeweTkoro paibumenus (no
ymomanuo — 2). Ecnn napamerpel CneUHaNbHO HE ONPEeNaTs, TO HX 3HAYECHUA
OyAYT BRICTAB/IEHE! 110 YMOTHAHHK).

6. Hanemure xnonky Start. Ha puc | npencraenena knaccudukanns
AaHHeIX  MeToaoM  Fuzzy C-means. YepHeiMM  TOuKaMM  H300pamKeHbl LUEHTPEI
knacrepos (ux 5). Mavenss napamerpet Cluster Num 1 Exponent, MOXHO YBUIETE,

KakK ; {_:ll_l*_,leril-lu -IEIEI H3MEHHIIACh
File Edit View Insert Tools Window Help Knaccuu-

KALlHA.
E Lioad Data
Mathod:
Chuster Hum

[ Pl Ibg bl

Mir I

i}
o

m&.é
ZI%{}%-‘ oD © ap o0 om J

000 0.01 0.5 002 0.025
¥

iz Idala_1 v| i m

Imm-ﬁuuu.m ]
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7. Teneps ¢ nomowsr kaonkw Method seibepute Subtractive (Meron
Subtractive clustering). 3anaiite cneayromme napaMerpsl U STOM0 ANTOPHTMA:
Influence Range — paauye (uncno w3 [0,1] (ans HOPMANHIOBAHHEIX JAHHBIX) HIH
BEKTOp, Kajk/1dad KOMIIOHEHTa KOTOPOro mnpeactasiser coboii  pamuyc ans
COOTBETCTBYIOLLEH KOOPAWHATH! JAHHBIX, €C/IM 3a/aTh OJHO YMCIO, TO PaaHyc s
BCEX NPUIHAKOB Oyaer cuMtathes ojMHakoBeiM), Squash Factor — gdaxmop
nooasieHus — MCNOABIYETCH [UIA PACIIMPEHHMA «Chepbl BIMAHMA» BhUIEIECHHOIO
LUEHTPa KIACTEpa J/IH YMEHLIIEHUA MOTEHIHANA TOYEK, OTHOCALIMXCA K JaHHOMY
KracTepy (no ymonuanuw - 1.25); Accept Ratio — xosgpduyuenm npursamus -
VCTAHABIMBAET BO CKONBKO paz jaomxeH OblTe Oonblle NOTEHLMAN CHENYIOUEro
KJIACTEpa 10 OTHOWEHHK) K NepeoMy, 4TO0R ero MomHO ObU0 00BABHTE LIEHTPOM
HOBOro Knactepa (no ymonganuio - 0.5); Reject Ratio — kosghgpuyuenm omxnonenus
~ YCTAHAB/IMBAET MOTEHIMAN KAK Y4aCTh OT NMOTEHIMANA LIEHTPA [ePBOro KIacTepa:
eCli NOTEHLMAT TOYKM Hike Ko3pQUUMeHTa OTKIOHEHNA, TO JIEMEHT JAHHBIX He
Oyaer 00BABIATECA LEHTPOM Kilacca (no ymomuaumio pases (0.13).

8. Hammure knonky Start. Ha puc 2 npeacrasneHa knaccuguKalms
NaHHBIX MeToaoMm Subtractive clustering.
J Clustering

Flle Edit ‘“iew Ineert Tools ‘Window Help

=

s data_1 - -ams

Puc. 2
OrMeTHM HEKOTOpPbIE BOIMOKHOCTH, npejoctapnseMele cpenoii Clustering.

1. dna Gonee AeTanbHOrO H3Y4EHHH CTPYKTYPHl JAHHBIX MOMKHO OCYIUECTBHTH
BpALLEHHE JIAHHBIX B TPEXMEPHOI CHCTEME KOOPAMHAT C NOMOLLI (YHKLMK
Tools/ Rotate 3D u Tools/ Move Camera (puc.  3).
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2. C nomowsio Tools/Basic Fittings MoxHO BbIOpaTh MOAXOAAIUIYIO 3aBHCH-
MOCTb JUIsSl IAHHBIX WM JUIs 1eHTpoB knacrepos. [Lus atoro B Select data Bui-
Oparb MeToA noadopa 3aBUCHMOCTH. B pesyiibraTe BHIBOJANTCS BHJ 3aBHCHMO-
cTH (ypaBHeHue  rpamk), 3HaveHHs Ko3(QHLUHEHTOB, HOPMA OCTATKOB, a
TaKKe NPOTHO3 OHONO HJIH HECKONLKHX 3HaueHMii. B 9TOM pexiume MOKHO
noAo0dpaTs B 3aBHCHMOCTH, KOTOPasA HAWIYYLIHM 00pPa30oM anipoKCHMHUPYET
nanueie (puc.  4u 5).

interpolant .
[~ shapa-presemng irsen
near
™ quadraic
cubic
[ &th degree polmamial ‘ pl = -2.7519es011

¥ Sth degres il p2 « 1.5548e4010
- wmm'_:‘ p3 = -3.2399e+008
P4 « 3.0753e4006
pS = -13238
pE = 22.679
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File Edt Vew Insert Tools Window Help
B0
O datal
we  5th degree Mothods
A +_dats2 —|
Chuster Num
0
Max Hesahiondt
0 e A
- \ Mh
a0t
£ xponant
-‘_0’
-B0 }
80y 0005 001 0016 002
X
Xt [datal = Yaue [dwa3 =]
[mﬁmﬂm.m
Puc. 5

3. Pacuer ocHoBHBIX cTatHeTHK ¢ nomouisio Tools/Data Statistics:

MHHHMaIb~

HOC M MAKCHMAIBHOE 3HAYCHUS, CPEJHEE, MEIHAHA, CPEAHEKBAAPAaTHYECKOE
[cranaaprHoe] OTKAOHEHHE, AHANA30H M3MEHEHHA (max-min) Aas Kaxaoil Ko-

OpJAMHATEL. 3HAYCHHS CTATHCTHK MOXKHO NPEACTaBUTL rpaduuecku (puc.

o, T

6

4. Pepakruposanue n3o0paxenuil ¢ nomoubio nyHkros MeHwo Insert/ X,Y,Z
Label, Title, Legend, Colorbar, Arrow, Text, Line, Axes, Light.

J Data Statistics - 1 }._|I:I| X|
Statistics for |data 2 ~]
- Check to plot statistics on figure
X X
min | o 1.084|"
max 0.0212 /" 49,5
mean 0.006092 4.918 "
median 0.0044 2.431|C
std 0.005077 ¥ 8.04L1|
range 0.0212 48. 42
«| |»
Bavotoworkspace...l Healp l Close l
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Kaacendurauus B pexume KOMAHIHOI cTpoKH

DOyukuua fem OCYECTBIAEST KIACTEPHIALKID ¢ HCMONLIOBAHHEM ANTOPHTMA

Fuzzy C-meagns W 3aMUCLIBAETCA CIEAVIOLIMM 00pa3oM:

[C, U obj fenj=fem({data, cluster n, options),

rae data - MaTpula JaHHBIX, kaseil crondel] koTopoil COOTBETCTRYET OIHOMY H3
npuzHakoe, a cTpoka — o0sexTy, Cluster n — umeno knacrepog; Options — sexTop
Hactpoek: Options(1) - 3xcnonenunanseii gec, Options(2) - MakCHMANBHOE YHCID
utepaunii, Options(3) — napamerp cxogumoctd, Options(4) - 1 (ecnu tpedyerca
BRIBOIHTE HHPOPMALMK HA Kamaoil urepanun) wm 0 (B npotusnom ciyyae). Ecnon
aprymedt Options onymieH, To HCNIONL3YOTCA YCTAHOBKH N0 YMOIHAHHIO.

Gyukuua fem pozepawaer: C — MaTpHua UEHTPOB KAACTEPOR (CTPOKH COOT-
BETCTBYIOT LigHTpaM, cTondLel cooTReTCTRYIOT KoopauHatam), U - marpuua crene-
Heil npunagnexHoctd; obj fen — navedie uenesoil gyHkuMH, onpeendOLiee Ka-
YECTBO KNACTEPHIALMH.

Dyukuma subelust oCcylECTRASET KIACTEPHIAUMKD ¢ HCMONBIOBAHHEM ANro0-
putma Subiractive clustering u 3ANHCEIBACTCA CIEAVIOWIHM 00pazOM:

[Cl=subclust(X, radii) wi [C.S[=subclust(X, radii, xBounds, options),
rie X — Ha0op OIKCNEPHMEHTANBHEIY JAHHBIX  (CTOAOUB  COOTBETCTBYHIT
NepeMeHHBIM, CTPOKH — 3KCHEPHMEHTANLHEIM  JaHHeIM), radii — BexTOp,
onpelendommii «odNacTH BIHAHKA» LEHTPOB KIACTEPOB MO KamAoi BXoAHON
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nepeMeHHoi (eciH JaHHbI apryMeHT 3alad Kak CKAIAp, TO 00 BCEM NEepeMeHHBIM
VCTAHABIMBASTCA OJMH H TOT e pazmep «o0nacti BnuaHuay), xBounds — matpuna
pazmepHocTH 2x N | yeTAHABIHBAIOWAA PAHHIL o0nacTedl onpejeneHus BXOIHEIX
NEPEMEHHEIX (M0 YMOTMAHHI0 DEPYTCA TPAaHHIB HIMEHEHHA NPHIHAKOB), NapaMmerp
options WMeeT clenywline 3Hadenus. epfions(l) — Squash Factor (daxrop
nojasneHud); options(2) - Accept Ratio — koadduument npunatua; options(3) -
Reject Ratio — koadduunenT otknonenns; opfions(4) - verbose (noapobHocTH) -
ECNH ATOT ANeMeHT pased 1, To BelgaeTca noapodHas uaQopManusa o npolecce
HAXOGKIEHHA UEHTPOR KIACTEPOR, N0 yMOTHaHHK — .

DOyukupa subclust sozspaaet: C - MaTpHLUA USHTPOB, S — BEKTOP, KOTOPbIH
CONEPMNUT WEMEHTEL, ONPEIeNIIIHE THANATOHE BIHAHHA LEHTPOR MO Ka#ka0i ne-
PEMEHHOI (14 BCeX UEHTPOR 3TH AHANATOHE! OHHAKOBEL).

[MocnenoparensHOCTE AeHCTRHIL B pemiMe KOMAHIHOH CTPOKH COSTYHLAS.

l. 3arpyxaesm npesapHTelsHO NOAMOTOBNEHHLIE NaHHLIE (haiin Forex dat) u

NpPHCBAHBACM HX NepeMeHHO X:
== |oad Forex.dat;
== ¥=Forex.

2. OcymecTRAAEM KNACCHPHKALNED ¢ NOMOLIEK yHKIHK

>> [C,U,obj_fen] = fem(X,2)
HIIH

== [g,s]=subclust(X, radius).

3. Brison rpadurveckoro n3aodpameHnd K1acciUrann
== plotX(:,1), X(:.2), "o');
hold on;
plot(C(:, 1), center(:,2).'s’ "color,'r").

NabopaTopHasa paboTa 8

Omnwucarp CO3aHUE IKCIIEPTHON CUCTEMBI 110 BRIOPAaHHOMY CTYZACHTOM HAIPAaBJICHUIO, BKIIIOYA-
IOLLEE CIEAYIOIINE [ark:

. uAeHTU(UKAIUA,

. KOHIIEeNTyaau3alus,

. hopmanm3zanus,

. BBIIIOJIHCHHE,

. TECTUPOBAHHUE,

. OIIBITHAS SKCIUTyaTalus.

NN B W

Kputepun oueHKM KOHTpPONbHOW paboTbl: nabopaTopHas paboTa 3a4vTteHa, ecrnu
BbINOJIHEHbI BCE 3a4aHWS.

20.2 NMpomexyToyHana aTrectaums

[IpomexyTouHas arrecranus NpoBOIUTCS B (opMe MUCbMEHHOTO SK3aMeHa, Ha KOTOPBIN OTBO-
mutes 120 MuHyT. 3aTeM paboThl MPOBEPSIIOTCA MPENoAaBaTeeM, U MOJyYeHHbIE OLEHKH BbI-
CTaBJIIIOTCA B BEIOMOCTb U B 3a4YCTKY. Ecimun mmeeTcs HGO6XO)II/IMOCTI) B YTOUHCHHWH PCUICHUA
3aZla4, WJIW BO3HUKACT CIIOpHAaA CUTyallHsd, TO MOXKCT OBITH MMPOBCACHO JOIMOJIHUTCIIEHOC cobece-
JIOBAHMUE.

ﬂepequb BONpocoB And I'IpOMe)KyTO‘-IHOVI aTTecrtauummn (3K33MeH)

1. TloHATHE UCKYCCTBEHHOI'O MHTEIIJIEKTA.
2. JlaHHbBIE U 3HAHUS.
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o g

CaoiicTBa, XxapakrtepucTuku 3HaHui. [IpouenypHele u nexnapatuBHble 3HaHUA. Kinaccu-
dbuKarus 3HaHHUI 10 TIIYOUHE, 1O XKeCcTKOCTH. Dopmanu3anus 3HaHUH.

@dopMalibHBIE SI3bIKU. SI3bIKM (MOJENN) NPEACTaBICHUS 3HAHUH.

Kinaccudukanms moneneit 3HaHul U JaHHBIX.

Omnpenenenre NHTEIEKTYalbHBIX cucTeM. @opmanin3anys 3HaHUI B MHTEIJIEKTYaIbHbIX
cucremax (MC).

Knaccudukanus UC.

O600mennas pynkuonanbuas crpykrypa UC.

OcHoBHbIe (0a30BbIC) CBOMCTBA U BOZMOKHOCTH.

. O600UIEHHAS TUIIOJIOTUS UHTEIUIEKTYaIbHBIX CUCTEM

. HeueTkue MHOXeCTBa, HEUETKUE BEIIMYMHBI, HEUETKHUE YHCIIA.

. OCHOBHBIE TUITBI HEYETKHX YHCETI.

. Onepanu HaJl HEUETKUMHU YU CIIAMU.

. CpaBHEHHE HEYETKHUX YHCEI.

. [TonsiTne HEUETKON PYHKIIHH.

. [Ipumephl NpUKITaAHBIX 3a7a49 ¢ HEYETKON nH(pOopMaIuei.

. 3a71aya HEUETKOM KilacTepU3aLuu.

. JluarBUCTUYECKAS TIEPEMEHHAS.

. JInHrBuCcTHYECKAs 1IKana.

. [IpuHIMN «HEYeTKOro OOJIBIIMHCTBA» U JTMHTBUCTUYECKUE KBAHTOPBI.

. JIuHrBHCTHYECKHUE OIIEpaTOPbl arperupoBaHus HHHOPMALIUH.

. HeueTkue cucteMsl: cTpykTypa, 0a3a 3HaHUN, MEXaHU3M BBIBOJIA.

. [loHsiTHE HEUETKOTO BBICKA3bIBAHUS U HEUETKOIO IIPEINKATa.

. Heuetkue npeaukaTsi.

. OCHOBHBIE JJOTMYECKHE ONEpPALlMU C HEYETKUMU BbICKa3bIBAHUSIMH.

. Jlornyeckoe oTpuIiaHUE HEYETKUX BBHICKA3bIBAHUM.

. Jlornyeckasi KOHbIOHKIMSI HEUETKUX BBICKa3bIBaHUM.

. Jlornyeckasi TU3bIOHKIUS HEUETKUX BBICKA3bIBAHUIA.

. Heuetkas ummuinkanus. Heuetkasi 3KBUBaJI€HTHOCTD.

. IIpaBuiia HEUETKUX IPOLYKLIUH.

. [Ipsimoii 1 0OpaTHBIN METOBI BEIBOJIA 3aKIIOYEHHUI B CCTEMaxX HEYETKUX MPOYKIUI
. bazoBas apxuTeKTypa CHCTEM HEYETKOIO BBIBOJIA.

. OCHOBHBIE ATalnbl HEYETKOTO BBIBOJIA.

. @opmupoBaHue 0a3bl MPaBUII CUCTEM HEUYETKOTO BBIBOJIA.

. ®azsudukanus (Fuzzification). Arperuposanue (Aggregation).

. AxtuBu3anus (Activation). Akkymynsus (Accumulation).

. Hedazzudukanus (Defuzzifica tion).

. OCHOBHBIE aITOPUTMBI HEYETKOTO BBIBOJA.

. Anroputm Mamaanu (Mamdani).

. Anroput™ Lykamoto (Tsukamoto).

. Anroputm Jlapcena (Larsen).

. Anroput™ Cyreno(Sugeno).

. [Ipumeps! Hcnonb30BaHMs CHCTEM HEUETKOI'O BBIBOJIA B 3aJja4ax YIIPaBIICHHUS.
. O61mas xapakTeprcTuKa 331a4 KJIaCTepHOrO aHalu3a.

. 3a71a4a HEYETKOW KJIACTepU3alii U AJITOPUTM €€ PEIICHHUS.

. O6mas GpopmanabHas MOCTAaHOBKA 3a/]a4ul HEYETKOrO KJIACTEPHOTO aHAIIN3A.

. YTOuHEHHasl OCTaHOBKA 3aJ]aul HEYETKON KIIaCTepU3alIUU.

48.
49.

AJTOpUTM pelieHus 3aJ1a4yi HEUETKOM KIacTepu3alui METOI0M HEYETKHUX C-CPEIHHUX.
TexHOMOTHS CO3/TaHMS U UCTIOJIH30BAHUS MHTEIIEKTYAIbHBIX CUCTEM Ha 0a3e Teopuu He-
YETKOU JIOTHUKH.
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1.

2.

KonTposbHo-n3MepuTe/ibHbIIT MaTepua (mpumep)

TexHOMOTHs CO3IaHUS U UCTIOJIB30BAHUS MHTEIUICKTYAIBHBIX CUCTEM Ha 0a3ze Teopuu He-
YETKOU JJOTUKH.
OCHOBHBIE JIOTHYECKHE OTICPAIIMH C HEUETKMMH BBICKA3bIBAHHSIMHU.

I[JISI OLICHUBAHUWA PC3YJILTATOB 06y‘ICHI/ISI Ha 3K3aMCHC MCIIOJIb3YIOTCA CICAYIOIINEC ITOKA3aTCIIN:

1)
2)
3)

4)
5)

6)
7)

8)

3HaHWE y4eOHOTO MaTepHuasa M BJIaJICHHE TIOHATHHHBIM anmapaTroM 1o Kypcy «Heuerkas
JIOTUKA Y UHTEJJICKTYaJIbHbIE CUCTEMBI»;

3HAaHUE COBPEMEHHBIX HaIpaBJICHUN HMCCICIOBAaHWUN B 00JACTH MCKYCCTBEHHOTO HMHTEII-
JICKTA;

BJIQJICHUE TEXHOJOTHUSAMH TUIAHUPOBAHUS SKCIICPUMEHTOB B O0JACTH PELICHUS MPUKIIAJI-
HBIX 33/1a4 C TOMOIIBIO UHTEIJIEKTYaIbHBIX CUCTEM

BJIaJICHUE HaBBIKaMH Mcroib3oBanus nakera MATLAB s pemenus 3anay;
BJIa/ICHUE HaBBIKAMHU HcTIONb30BaHus makera Fuzzy Logic Toolbox mist pemenus
3aj1ad;

BJIaJICHHE HAaBBIKAMU PAa0OTHI C COBPEMEHHBIMH MHTEIUICKTYaJIbHBIMU HH()OPMAIIMOHHBI-

MH CHCTEMaMHM B 00JIACTH HEYETKOM JIOTUKH

BJIaJICHUE HaBbIKAMM HAMKMCAHUSI OTYETOB IO pe3yJbTaTaM MPOBEACHHOTO SKCIEPUMEH-
Ta;

BJIaJICHUE HABBIKAMH WHTEPIPETALMH MOJYUYEHHBIX PE3yJbTaTOB B TEPMUHAX MPHUKIAJI-
HOM 00JIaCTH C LIEIbI0 MOJTYYEHHS HOBBIX 3HAHUN U BBIBOJIOB.

I[J'ISI OLICHUBAHWA PE3YJIbTATOB O6y‘IeHI/IH Ha DJK3aMCHC HCITOJIB3YCTCA 4-OajuibHasg IIaja:
«OTIUYHO», «XO0POII0», KYAOBJICTBOPUTCIIBHO», «HCYJOBJICTBOPUTCIILHO).
CooTHoIIEeHHE HOK&B&TCJ’ICﬁ, KpUTCPUCB U IIKaAJIbl OICHUBAHUA PC3YJIbTATOB o6yquI/1$[.

Kpurepun orieHnBaHus KOMIIETCHIIUN chopmupo- [ITxana oueHok

YpoBeHb

BaHHOCTH
KOMIIETEHIINI

OOyuaromuiics B MNOMHOH Mepe BiageeT NOHATHHHBIM | [loBbieHHBIH | OTINYHO

anmnapaTtoM JaHHOW o01acTu Haykd (TEOpPETHYECKMMHU OCHOBaMH | YPOBEHb
JVCLUIUIMHBIL), cJjall Bce JabopaTopHbIe paboThI.

OOyvaromuiicss BiajgeeT TMOHATUHHBIM ammaparoM JaHHOU | ba3oBblit Xopouio

001acTH HAayKH (TEOPETHYECKMMH OCHOBAMH JTUCIUILINHBI), HO | YPOBEHb
HE cJjaJl OJJHY J1ab0paTOPHYIO paboTy.

OOyvarommiics ~ AeMOCTpUpyeT  HeyBepeHHoe  BiajeHue | [loporossiii VY nosnerBopu-

MOHATHIHBIM arnrapaToM JTAaHHOM obnactu HAayKH | YPOBEHb TEJIbHO

(TEOpETUYECKUMHU OCHOBAMH JTUCIUIUIMHBI), HE CcHOal JBe
nabopaTopHbIE PaOOTHI.

OOyuaromuiics AEMOHCTPUPYET OTPHIBOUHBIE, (parMEeHTapHbIE | — Heynosnersopu-

3HaHUA, JOIYyCKaeT rpyOble omuOKd, He caan Oojee ABYX TEJIbHO

71a00paTOPHBIX PadoT.
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