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0B 1CCneaoBaHUs onepaumin

6. CoctaBuTtenb nporpammbl: AsapHoBa TaTbsaHa BacunbeBHa, 4.T.H., npodeccop
kadpegpbl MaTemaTMyecknx MeTogoB uUccnefoBaHusa onepauun dakyneteta npuknag-
HOW MaTemMaTuKMU MHPOPMATUKN U MEXAHUKU

7. PexomeHpgoBaHa: HMC dakynbTeTa npuknagHon mateMaTukn, MHQPOPMaTUKN U Me-
XaHukn, npoTtokon Ne6 ot 17.03.2025

8. YueOHbIN roa: 2027/2028 CemecTp: 6



9. lenu n 3apa4u y4eO6HOM ANCLUNSINHDI:

Llenbo ocgoeHusi y4ebHolu QucyunnuHbl ABNaeTca npuobpeTteHne 3HaHun B obnactu
cuctem mnckyccreeHHoro uHtennekra (MA) n npuHatua pewenun (MNP); coBpeMeHHbIX
Hay4HbIX U MPaKTUYECKMX METOLOB MPOEKTUPOBAHUSA N pa3paboTkn MHTENNeKTyanbHbIX
MHPOPMALMOHHBIX CUCTEM AN pasHbiX NpeaMeTHbIX obnacten; nlyvyeHus CoBpeMEH-
HOrO COCTOSIHUSA TEOPUUN HEYETKOW NOMMKU, MATKUX BbIYUCIIEHUN U UHTENNEKTyanbHbIX
cMcTeM Ha 6a3e MHCTPYMEHTOB HEYETKOWN NOTUKN.

3adayu y4ebHou QuCUUNIUHbI:

- O3HAKOMUTb  C KOHLUEMNUUSMN U MeTOAaMKN, COCTaBMASOLWMMN OCHOBY ANs1 NMOHMMaHUS
COBPEMEHHbIX JOCTUXEHNA NCKYCCTBEHHOIO UHTENNEKTA;

- 03HAaKOMUTb C COBPEMEHHbIMU 0BMacTAMN UCCREeAoBaHUSA MO UCKYCCTBEHHOMY WH-
TEennekTy;

- 03HAaKOMUTb C OCHOBHbIMW MOAENAMWN NPEACTABEHNS 3HAHUN;

-03HaKOMUTb C OCHOBHbIMW MeTO4aMu MOCTPOEHUS N UCNOSIb30BaHUSA MHTENNeKTyanb-
HbIX WHCPOPMALMOHHBIX CUCTEM (B TOM 4YMCrie B 3KOHOMWKE), NPUKNagHbIMK 3agadvyamu
NPUMEHEHNSA UCKYCCTBEHHOIO WHTENSeKTa, TEeOpeTUYeCKUMU U  OpraHM3aLMOHHO-
9KOHOMUYECKMM BOMNPOCaMU MOCTPOEHUST U PYHKLMOHUPOBAHMSA CUCTEM, OCHOBAHHbIX
Ha 3HaHUSX;

- chopMmupoBaTb 3HAHWA MO OCHOBHbLIM pa3fenam TeopUn HEYETKUX MHOXECTB;

- OCBOUTb MeTOoAbl 06paboTKM HEYETKOM U NIMHIBUCTUYECKOM MHpOopMaLnK;

- MONYYNTb HaBbIKN MPUMEHEHNA MoAeNen n MeTo40B HEYEeTKOM NOTMKM NS peLleHns
NpUKNagHbIX 3aday;

- 03HAKOMUTb C MHTENMEKTyanbHbIMKU CUCTEMaMMK, BaA3NPYOLMMUCA HA MOAENSAX U Me-
ToOgax He4yeTKOM NOTUKN.

10. MecTo y4yebHOM AucuMnnuHbI B cTpykType OOIl: y4yebHas gucumnnuHa OTHO-
CUTCA K YacTu, hopmMmpyemMon yyacTHMKamu obpasoBaTesnbHbIX OTHOLWEHM, broka 1
y4yebHoro nnaxa.

11. MnaHupyemble pe3ynbTaTbl O00y4YeHMA nNoO AucuunnuHe/moayno (3HaHUSA,
YMEHUA, HaBblKM), COOTHECEHHbIe C MMaHUpyeMbiMU pe3yribTaTaMu OCBOEHUS
obpasoBaTeNnbHOW NporpamMmbl (KOMNEeTEHUUSAMU) U UHOAUKATOPAMU UX AOCTUXKE-
HUSA:

Kon HazBanue Kon(s1) WNuaukarop(sl) [Tnanupyemble pe3yabTaThl 00y4eHUs
KOMIIETEHINH
[1K-1 Crnocoben IIK-1.1. | [IK-1.1. Obecne- | 3namu:

MPOBOJUTH pa-
60THI IO 00pa-
00TKE U aHa-
IM3y Hay4dHO-

yuBaeT cobop, 00-
paboTKy, aHamu3 U
obobmenne  pe-
3yJlbTaTOB JKCIIe-

- COBpEMEHHbIE MeTOoJbl cOopa, oOpa-
00TKH, aHaIM3a U 0000ILEH s pe3ybTa-
TOB DKCIIEPUMEHTOB U HMCCIIEOBaHUI Ha
OCHOBE MHCTPYMEHTOB HEYETKOH JIOTH-

TEXHUYECKON PUMEHTOB M HC- | KH;

nH(poOpMaIUU U CIIEIOBAaHUA B CO- | - 00JaCTH NMPUMEHEHUS WHCTPYMEHTOB
pe3yabpTaToB OTBETCTBYIOILIEH HEUYETKOU JIOTUKHU;

HCCIIEIOBAHUI o0acTu 3HaHUU -[IPOrpaMMHBIE CpPEICTBA U1 MOJIEIU-

POBaHMS 3a/1a4 HEUETKOM JIOTUKH;

-UHCTPYMEHTAJIbHBIE HWHTETPUPOBAHHBIE
MporpaMMHBIE  Cpefibl  Pa3pabOTYNKOB
JUIl TPUMEHEHHUS MOJENEd HEYETKHUX




MHO’KECTB U HEUETKOH JIOTUKH;
-TE€XHOJIOTUIO CO3/IaHUSI U HCIOJIb30Ba-
HUSl MHTEJUIEKTYalIbHBIX CUCTEM Ha 0a3ze
TEOPUU HEUYETKOM JIOTUKU;

Ymemy:

- paboTaTb ¢ HHCTpyMEHTaMu (OopMau-
3allUd TPUKIAIHBIX 3a/ad Ha SI3bIKE
TEOPUH HEUETKUX MHOXKECTB U HEUETKOU
JIOTUKH;

-MCIO0JIb30BaTh WHCTPYMEHTAJIbHbIE
GYyHKIMM ~ MHTETPUPOBAHHBIX  IIPO-
IPaMMHBIX CpeJl Pa3pabOTUYUKOB HEYET-
KO JIOTHKY,

- OCYIIECTBIISAITb MPOECKTUPOBAHHE WH-
TEJUIEKTYaJIbHBIX UH()OPMALIMOHHBIX CH-
CTEM, OCHOBAHHBIX HA HEYETKOMU JIOTHKE;
Braoemy:

- UHCTPYMEHTaMHU TEPBUYHOTO aHAIHN3a
U 0000IICHUST OTEYECTBEHHOTO U MEXK-
JIYHapOJHOTO OIbITa B O0JIACTH MPOEK-
TUPOBAHUS WHTEIUICKTYAJIbHBIX HH(DOP-
MAI[MOHHBIX CHUCTEM.

[1K-6 Crnocoben
MIPOBOJTUTH
00paboTKy

aHaJn3

HUEM
CTBYIOLIEH

TypBI

00JIb-
UX JAHHBIX C
HCITOJIB30Ba-

cylie-

OpraHu3aluu
METO/IOJIOTH-
YEeCKOM MU TeX-
HOJOTHYECKOH

UHPACTPYK-

I1K-6.2

I1K-6.2. Ocy-
IIECTBISIET TUIaHU-
pOBaHHE, OpraHu-

3aIlMI0 W TOJTO-
TOBKY JAHHBIX IS
MPOBEACHUS  aHa-
JUTUYECKUX  pa-
00T, B TOM YHCIIC,
C HCIOJIb30BaHUEM

TEXHOJIOTUN
OONIBIINX MaHHBIX,
a TaKxke  ocCy-

LIECTBISIET ~ BHI-
MOJTHEHHUE yKa3aH-
HBIX paloT.

3uame:

-OCHOBHBIC CTaJUU IPOBEICHUS HCCIIe-
JIOBAaHUW B 00JIACTH TPOSKTHUPOBAHHMS
WHTEJUICKTYabHBIX CHCTEM, 0a3upyIo-
IIMXCS HAa UHCTPYMEHTaX HEYETKOH JIo-
THKU,

- TEXHOJIOTHIO TIAHUPOBAHUS IKCIICPH-
MEHTOB B OOJIACTH PpEIICHHS MPUKIIAI-
HBIX 33714 C MOMOIIBI0 WHTEJUIEKTYalb-
HBIX CHCTEM,

Yumemn:

- CTaBWThH 3aJ]a4d HCCJICJOBAHUS C MPHU-
MEHEHUEM HMHCTPYMEHTOB HEYETKOU JIO-
THKU ¥ UHTEJIEKTYaJIbHBIX CUCTEM,
-OCYIIECTRIISITh JKCIIEPUMEHTHI TIO0 pe-
[IEHUIO TIPUKIATHBIX 33]a4 C TMpUMEHe-
HUEM HHCTPYMEHTOB HEYETKOW JIOTHUKU
Y MHTEJUIEKTYaIbHBIX CHCTEM;

Bnaoemy:

- CpelCcTBaMU COCTaBIIEHUSI OTYETOB IO
pe3ysibTaTaM TMPOBEACHUS SKCIICPUMCH-
Ta, HAMpaBJIICHHOTO Ha pEIICHUE MpH-
KIQJHBIX 3a7ad C NPUMCHCHHEM HWH-
CTPYMEHTOB HEUYETKOW JIOTUKHU U WHTEI-
JICKTYaJTbHBIX CHCTEM

12. O6bemM AMCUMNNMHBbI B 3a4eTHbIX eAuHuuax/yac.(B COOTBETCTBUN C YY4EOHbIM

nnaHom) — 144/4.

dopma NpoMeXXyTOHHOM aTTecTaunmn(3adeT/ak3amMeH) aK3aMeH

3




13. TpyAoeMKoCTb NO BuAam y4ebHom paboThl:

TpynoeMKocThb
Bun yae6HO# paboThl Beero Cenectp 6
KonTaktHas pabora 48 48
JICKIUU 32 32
B TOM YHCJIE:

MIPAKTHYECKHE
nabopaTopHbIe 16 16

paboThI
CamocrosiTenpHas padbora 60 60
[TpomexyTouHast aTTecTalus 36 36
Htoro 144 144

13.1 CopepxaHue pa3fenoB AUCLUNIIUHDI.

Ne Peanu3a-
/o U pas-
Jiena auc-
HaumenoBanue pas- IUTUTHHBI
nena Copepxanue pasjenna JUCHUILTUHBI C IOMO-
JCITUTLIAHBI IIbIO OH-
JIalH-
Kypca,
OYMK
1. Jlekuun
1 | bazoBbie nonsTuss u | [lonsitue wuckyccrBeHHoro wuHremwiekra. OcHoBHble | OYMK
OCHOBHBIE HaIlpaB- HaIpaBJIEHUs] Pa3BUTHS UCKYCCTBEHHOTO MHTEIUIEKTa. | Msrkue
neHus pa3BuTus uc- | Jlanuole u 3HaHus. CBOMCTBA, XapaKTEPUCTUKHU 3HA- | BbIUMCIIE-
KYCCTBEHHOTO HH- nuit. [Ipouenypusie u neknapatuBHble 3HaHud. Kiac- HUS;
temiekra (M) n cuduKays 3HaHUH 10 TIyOuHe, 1o xectkoctH. Pop- |  HuTen-
UHTEJUIEKTYaJIbHBIX | Malu3anus 3HaHui. DopMasbHbIe S3bIKU. SI3BIKU (MO- |  JIEKTY-
cucreMm (UN) JeNn) TpeacTasienus 3HaHui. Kimaccudukamust Moge- | ajmbHBII
nell 3HaHu| ¥ JaHHbIX. OnpeneneHne UHTEUIEKTyallb- | aHAJIN3
HbIX cucteM. OCHOBHbIE HMCTOYHMKM HAay4YHO- | JAaHHBIX
TEXHUYECKON HMH(OpMaIMK 10 OCHOBHBIM HaIlpaBJie-
HUSM, METOAAaM, MOJENSM W HHCTPYMEHTAJIbHBIM
CpEICTBaM KOHCTPYWPOBAHUS UHTEIIEKTYalbHBIX CH-
creM. @opmanuzanusi 3HaHUH B MHTEIUIEKTYalbHBIX
cucremax (MC) Knaccuduxamus MC. OOGoOmEHHas
¢yakuonansHas crpykrypa MC. OcHoBHble (0azo-
BbI€) CBOMCTBAa W BO3MOXHOCTH. OOO0OMIEHHAs THIO-
JIOTUSI UHTEIIJIEKTYaJIbHBIX CHCTEM.
2 | OcHoBbl HeueTkoro | HeueTkne MHOXecCTBa, HEYETKHE BEIMYUHBI, HEYET- OVYMK
aHaiusa kue uncia. OCHOBHbIE TUIIBI HEYEeTKHUX yucen. Onepa- | Msrkue
MU HaJ HEYETKUMH yuciaamMu. CpaBHEHUE HEYETKUX | BBIUMCIIE-
yncen. [louarue neuerkoir pynkuuu. Ilpumeps! mpu- HUS;
KJIaJHBIX 3a7a4 ¢ HeuyeTkod uHpopmarmei. 3amava | Muren-
HEYETKOW KJIaCTepU3alllu. JEKTY-
aJbHBIN
aHaIN3
TAHHBIX




JInurBucTHYECKas
MOJIEJIb MPECTaB-
neHus nadopmanuu

JlunrBuctuueckass mnepemeHHas. JIMHrBHCTHMYECKas
IIKaJia. HpI/IHLII/IH «HCYCTKOI'O 60JIBH_II/IHCTBa)> H JIUHI-
BHCTHYECKHE KBAHTOPHI. JIMHIBUCTHUYECKHE OTEpaTo-
pbl arperupoBaHus uMHpOpManuu. Heuyerkue cucre-
MBI: CTPYKTYpa, 0a3a 3HaHU, MEXaHU3M BBIBO/IA.

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

Heuertkas joruka

IlonsaTe HEYETKOrO BBICKA3BIBAHHMS W HEYCTKOI'O
npenvkara. Hedetkune npenukatbl. OCHOBHBIE JIOTH-
YECKUE OIEpalu C HEYETKUMHU BBICKA3bIBAHUSIMH.
Jlorndyeckoe OTpUIlaHWE HEYETKUX BBICKA3bIBAHMIA.
Jlorndeckas KOHBIOHKIIMS HEUETKHUX BBICKA3LIBAHUIA.
Jlormyeckas JU3BIOHKIMSA HEYSTKHX BBICKA3LIBAHHH.
Heuerkas mmmukanus. HedeTkas SKBHUBaJICHTHOCTb.
[IpaBuna HeueTkux nmpoxaykuuid. [Ipsmoit u oOpaTHbIHA
METOJBI BBIBOJA 3aKJIIOUYCHHUM B CHCTEMaX HEUCTKHUX

NIPOAYKIHN

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

CucreMbl HEUETKO-
ro BBIBOZIA

bazoBasi apXWTEeKTypa CHCTEM HEYETKOrO BBIBOJA.
OcHOBHBIE 3Talbl HEYETKOrO BbIBOIa. DOpMUpPOBaHUE
0a3pl MpaBUJI CHCTEM HEYETKOro BbiBoja. daszzudu-
kauus (Fuzzification). ArperupoBanue (Aggregation).
AKTUBH3AIUS (Activation). AKKYMYJISIITUS
(Accumulation). [edaz3udukanus (Defuzzifica tion).
OCHOBHBIE AITOPUTMBI HCUETKOTO BBIBOJIA. AJTOPHTM
Mamaanu  (Mamdani).  Anroputm  Ilykamoto
(Tsukamoto). Anroputm Jlapcena (Larsen). Auro-
put™m Cyreno(Sugeno). [Ipumeps! ucnonbp30BaHUs CH-
CTEM HEYETKOTO BBIBOJIA B 3a/1a4aX YIIPaBICHUS

OYMK
Msrkue
BBIYHCIIC-
13076:
WUnren-
JEKTY-
AJTLHBIN
aHaJn3
JTAHHBIX

Heuetkoe monenu-
poBaHMUe B cpejie
MATLAB

OcnosHble 211eMeHThl cucteMbl MATLAB. OcHoBHBIE
npuemsl padotel B cucteme MATLAB. Penakrtop cu-
creM Heuerkoro BeIBoja FIS. Pemakrop ¢yHkimit
MIPUHAJUIEKHOCTU. PeakTop nmpaBuil CUCTEMBI HEYET-
Koro BbIBoza. IIporpaMmMa mpocMoTpa nmpaBHII CUCTE-
MBI HEYETKOro BbIBOAA. lIporpamma mpocmotpa mo-
BEPXHOCTH CUCTEMBI HEYETKOI'O BBIBOJIA.

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

«HeueTkas xnacre-
pusauus B Fuzzy
Logic Toolbox»

OO0mas xapakTepuCcTHKa 3a/1a4 KJIACTEPHOTO aHAIU3a.
3aJaya HEUETKON KJIACTEpU3allMM M aJITOPUTM €€ pe-
menust. Obmas gopmanbHas MOCTAaHOBKA 3a/lauM He-
YETKOr0 KJIACTEPHOTO aHaln3a. YTOYHEHHas IOCTa-
HOBKa 3aJaud HEYETKOW KiacTepu3aluu. AJITOpPUTM
pelleHns 3a7aul HEUeTKON KJIacTEpU3all METOJO0M
He4yeTKuX c-cpeaHux. CpeicTBa perieHus 3aJ1ayu He-
YeTKoW Kiactepusanud B Tmakere Fuzzy Logic
ToolBox.

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




TexHomorus co3na- | Hambomee pacnpocTpaHeHHBIE WHTEIUICKTYaIbHbIE OYMK
HUS ¥ UCII0JIb30Ba- cucTeMbl Ha 0a3e TeoOpuH HEYeTKOH Jioruke. TexHomo- |  Msrkue
HUS UHTEIICKTY- TUsl CO3JAHMS U UCIOJB30BAaHUS HMHTEJUICKTYAJIBbHBIX | BBIUMCIIC-
aJIbHBIX CUCTEM Ha CUCTEM Ha 0a3e Teopuu HEYETKOM JOoruku. OCHOBHBIE HUS;
0a3e TeOpUM HEYET- | COBPEMEHHBbIE HANpPaBICHMUsS pa3BUTHS MHTEIUIEKTYy- | MHrten-
KOU JIOTUKU QJIBHBIX CUCTEM Ha 0a3e TeOpUU HEUETKOU JIOTHKE. JIEKTY-
aJIbHBIN
aHaIu3
JAHHBIX
2. JIaGopaTopHble 3aHATHS
bazoBbie nousituss u | [lonarue wuckycctBeHHOro wuHreiekta. Jlannsie u | OYMK
OCHOBHBIE HAIIPaB- 3HaHud. CBolcTBa, XapakTepucTuku 3HaHui. [Ipoue- | Msrkue
JIeHUs Pa3BUTUA UC- | AypHble U JeKinapaTuBHble 3HaHus. Kiaccuduxanus | Bbruucie-
KYCCTBEHHOI'O MH- 3HaHUHI MO TIyOWHE, MO KEeCTKOCTH. Dopmanu3arus HUS;
temtekta (M) n 3HaHui. DopMabHbIe A3bIKH. S3bIkHM (MOaenu) npen- |  MHTen-
MHTEJUIEKTYaJbHBIX | cTaBleHHs 3HaHui. Knaccudukauus moneneit 3HaHuid JIEKTY-
cucrem (MN) n naHHbIX. ONpeneneHue UHTEIUIEKTYaIbHbIX CHUCTEM. | albHBIN
@opManu3anus 3HAaHUM B MHTEIUICKTYaJbHBIX CUCTE- | aHAJIN3
Max (MUC) Knaccudukamus MC. O606ménnas GyHK- | HTaHHBIX
nuoHanbHas crpykrypa MC. OcHoBHble (0a30BbIC)
CBOWCTBA U BO3MOXKHOCTH. OOOOIIEHHAS THUIOIOTHUS
VMHTEJUIEKTYAIBHBIX CUCTEM.
OcHoBbl HeueTkoro | HeueTrkne MHOKeCTBa, HEUETKHE BEIMYMHBI, HEYET- OVYMK
aHanusa kue uncia. OCHOBHbIE TUIIBI HEUEeTKUX yuces. Onepa- | Msrkue
LMY HaJ HEYETKUMH yuciamMu. CpaBHEHUE HEYETKUX | BBIUUCIIE-
yucen. [lonarue neuerkoir pynkuuu. Ilpumeps! npu- HUS;
KJIQJHBIX 3a7ay ¢ HedyeTKoM uHpopmanumeil. 3amava | HWHTen-
HEYETKOU KJIACTEPU3ALINH. JIEKTY-
aJbHBIN
aHaIu3
JAHHBIX
JImnreucTnyeckas JImnrBucTyeckass INepeMeHHas. JIMHrBucTHYecKas OVYMK
MOJIeJIb PEACTaB- mkana. [IpuHIun «HeyeTkoro 0OJIbIIMHCTBAa» U IUHT- | Msrkue
JeHusl tHQOpMalMM | BUCTUYECKHE KBAaHTOPHI. JIMHIBUCTHYECKUE ONEPATO- | BBIYUCIIE-
pbl arperupoBanus uMHpopmanuu. Hewerkue cucre- HUS;
MBI: CTPYKTYpa, 6a3a 3HaHUN, MEXaHU3M BbIBOJIA. Huren-
JEKTY-
aJbHBIN
aHaJIN3
JAHHBIX
Heuerkast noruka IloHsiTHE HEYETKOrOo BBICKA3BIBAHUA U HEYETKOIO OVYMK
npenukara. Heuerkue npenukarsl. OCHOBHBIE JOTH- |  Msrkue
YECKUE Olepall C HEYETKMMM BBICKA3BIBAHMSMM. | BBIUMCIIE-
Jlornueckoe OTpUIIAHWE HEYETKUX BBICKA3BIBAHUM. HUS;
Jlornueckasi KOHBIOHKLIMSI HEYETKUX BBICKa3bIBaHWM. Wnren-
Jlormueckasi TU3BIOHKIMS HEYETKHX BbICKa3bIBaHUI. JEKTY-
Heuerkas nMnnukanus. HedeTkas SKBUBaJIEHTHOCTb. | aJIbHBIN
[IpaBuna HeueTkux npoaykuuid. [Ipsmoit u oOpaTHsIi aHaln3
METOJIbl BBIBOJA 3aKJIOUEHUI B CUCTEMAaX HEYETKUX | JIaHHBIX

MPOIYKIIHI




5 | Cucremsl He4eTKO- | bazoBas apxXuTeKTypa CHCTEM HEUETKOrO BBIBOJA. OYMK
r'O BBIBOJIA OcHOBHBIE ITaIbl HEYETKOTO BhIBOIa. DopMupoBanue | Msrkue
0a3pl MpaBUJ CHCTeM HeyeTKoro BbiBoja. Mdasz3udu- | BbIUHCIE-
kauus (Fuzzification). ArperupoBanue (Aggregation). HUS;
AKTUBH3aIUs (Activation). Axkymynsmus | WMuaTen-
(Accumulation). Jledas3udukanus (Defuzzifica tion). JCKTY-
OcCHOBHbIE aNTOPUTMBI HEUETKOTO BbIBOJIa. AJITOPUTM |  alIbHBIH
Mamaaan  (Mamdani).  Anroputm  Ilykamoto aHaIu3
(Tsukamoto). Anroputm Jlapcena (Larsen). Anro- | maHHBIX
put™m Cyreno(Sugeno). Ilpumepsl HcHOIb30BaHUS
CHCTEM HEYETKOTr0 BBIBOJA B 3a/1a4axX yNpaBJICHUS
6 | Heuerkoe monmenu- Ocnognble a1eMenTsl cucteMbl MATLAB. OcHoBHBIE OYMK
pOBaHUeE B cpesie npueMbl padotel B cucteMe MATLAB. Penaktop cu- |  Msrkue
MATLAB cteM Hederkoro BeiBoma FIS. Pemaktop ¢yHKIMi | BBIYHCIIE-
MPUHAJICKHOCTH. PejakTop mpaBuil CUCTEMbI HEYET- HUS;
koro BbiBoja. IIporpamMma mpocMotpa npasuil cucre- | Muten-
MBI HEYeTKOro BbIBOAA. [Iporpamma mpocmotpa 1o- JCKTY-
BEPXHOCTH CHCTEMbI HEYETKOTO BBIBOJIA. QJTBHBIN
aHaIIn3
JTAHHBIX
7 | «Heuerkas knacte- | OOImas xapakTepUCTHKA 3a/1a4 KJIACTEPHOTO aHAIIK3a. JYMK
pusanus B Fuzzy 3azaya HEUYETKON KJIacTepU3alli U alIropuT™m ee pe- | Msrkue
Logic Toolbox» mennst. O6mas gopmanbHas MOCTAaHOBKA 3a/layd He- | BBIYUCIIE-
YETKOro0 KJIACTEPHOI'O aHaju3a. YTOYHEHHasl IOCTa- HUS;
HOBKa 3aJaud HEYeTKOW Kiacrepusauuu. AnroputMm | Huten-
pelieHust 3aJa4i HEYETKOW KJIACTepHU3allud METOJIOM JEKTY-
HeYeTKuX c-cpeqHux. CpeicTBa perieHus 3aJayu He- | alIbHBIN
YeTKOW KJacTepusanmuu B Tmakere Fuzzy Logic aHaINn3
ToolBox. JTAHHBIX
8 | Texnonorus co3na- | TexHONOrHsA CO3MAHHS U HCIOJIB30BAHHUS HHTEIUICK- OVYMK
HUS ¥ UCTIOJIb30Ba- | TyaJbHBIX CHCTEM Ha 0a3e TeOpur HEUYETKOMN JIOTHKH. Msirkue
HUS UHTEIICKTY- BBIYHCIIC-
ANbHBIX CUCTEM Ha HUS;
0a3e TeopuM HEUeT- Huren-
KOH JIOTUKH JEKTY-
aJbHBIN
aHaIn3
JTAHHBIX

13.2. Tembl (pasgensl) AUCUUNIIUHBI U BUAbI 3aHATUN:

Ne |HaumenoBaHue TeMsl (pas- Bupl 3aHsTHI (KOJTMYECTBO YaCOB)
Jiena) TUCHUUTIIINHBI Jlaboparop- | Camocros-
IIpakTrue- Bcee-
Jlexuun HbIE TeJIbHas pa-
CKHe ro
6ota
1 |ba3oBble MOHATHSA U OCHOB-
HBIC HAIIPABIICHUS Pa3BUTHS
MCKYCCTBEHHOI'O MHTEIIJIEKTA 4 2 10 16
(M) n uHTEMNEKTyaIbHBIX
cuctem (M)
2 |OCHOBBI HEYETKOTO aHAIH3a 4 2 5 11




3 |JIuHrBHCTHYECKAS MOAEID

npezcTaBieHus nHpopma- 4 2 ) 11

UK
4 |Heuerkas noruka 6 2 10 18
5 |CucTeMbl HEYETKOTO BBIBO-

na 4 2 10 16
6 |Heuerkoe MmonenupoBanue

B cpene MATLAB 4 2 10 16
7 |«Hederkas kimacrepu3anus

B Fuzzy Logic Toolbox» 4 2 S 11
8 |TexHomnorus co3nanus u

UCTIOJIb30BaHUs] HHTEIIJICK-

2 5 9
TyaJbHBIX CUCTEM Ha 0a3ze 2
TEOPHH HEYETKOM JIOTHKH.
Uroro: 32 16 60 108

14. MeToau4yeckue ykasaHusi Ansi oby4varoWwMUXcA NO OCBOEHUIO AUCLMUMNIIUHDI:
JIEKUMOHHbIE 3aHATUSA (NEKUMN) peannsyrTca B TpaguumMoHHON dopMe B COOTBETCTBUM
C KaneHngapHbIM nraHoM-rpadukom yYteHmsa nekuun. LlenecoobpasHo nekumm conpo-
BOXAATb MPaKTUYECKUMUM 3aHATUAMU ONSA fydlero noHMMaHus martepuana n doopmu-
POBaHUSA HaBbIKOB U YMEHUN NS pelleHns 3a4a4d, OTHOCALWMNXCA K MATKUM BbIYUCIIEHU-

AM.

15. NepeyeHb OCHOBHOW M AONONHUTENBHOM NUTEepaTypPbl, UHTEPHET-PECYPCOB,
HeobXoAUMbIX ANsi OCBOEHUSI AUCLUMNIIUHbI

a) OCHOBHasl TUTepaTypa

Ne /it WcTounuk
Scuuukui, JI. H. UnTennekryanbHble cucteMsl : yuyeOnuk / JI. H. ScHunkuit. — 2-e
1 3. — Mocksa : Jlabopatopus 3uanuid, 2020. — 224 ¢. — ISBN 978-5-00101-897-
1. — Texkcr : snexTpoHHbIl / JlaHb : 3nekTpoHHO-OMONMMOTEeYHas cuctema. — URL:

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

benozeposa, I'. UI. HeueTkas noruka 1 HEHpOHHbIE CETH : yueOHOe ocobue : B 2 yacTsx
/ T'. N. benozeposa, [I. M. Cxyanes, 3. A. Kononoa. — Jlunenx : Jlunemnkuii I'TTY, [6.

2 r.]. — Yacte 1 — 2017. — 64 c. — ISBN 978-5-88526-875-2. — TeKcT : 31€KTpOH-
HBIH // Jlanb : IIEKTPOHHO-OMOIMOTEUHAs cucTema. — URL:
https://e.lanbook.com/book/111969
TuxomupoBa A.H. Heuetkne monenu nuckperHoir marematuku / A.H. Tuxommposna,

3 M.T'. KneiimenoBa. — M. : HUAY MU®DU, 2011. — 108 c.

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

0) JONOJHMTENbHAS IUTEpATypa:

Ne /1t

Uctounuk

5

Kucenes, B. 0. Teopus He4ETHBIX MHOKECTB 1 HEUETHAs JIOTUKA. 3a/1a4¥ U yIPaKHE-
Hus : yuebnoe noco6ue / B. FO. Kucenes, T. @. Kanyruna. — WBanoso : UT' DY, 2019.

— 72 c.— Tekcr : anexTpoHHBIN // JlaHb : 3MeKTPOHHO-OMOIMOTEYHAs cUcTeMa. —
URL.: https://e.lanbook.com/book/154561

JleneneBa T.M. O6pabotka HedeTkoit mHpopmaruu / T.M. JleneneBa. — Boponex :
UIIL BI'Y, 2006. — 233 c.




7 Hosak B. Maremarnueckue npuHnumnbl HeueTkor joruku / B. Hosak, U. Tlepduinena.
— M. : ®dusmatiut, 2006. — 352 c.
Pexxum moctyna: http://e.lanbook.com/books/element.php?pll_id=2747

8 Hemunosa, I'. JI. Perynsatopel Ha OCHOBE HEYETKOM JIOTMKM B CHCTEMaXx YIIPaBJICHUS
TeXHUYECKUMH O0OBbekTamu : yueOHoe mocooue / I'. JI. Jemunona, 1. B. JlykuueB. —
Cankr-IlerepOypr : HUY UTMO, 2017. — 81 c.— Tekcr : 3nexTponHsblii // Jlanp :
aJIeKTpOoHHO-O0nOmoreynas cucrema. — URL.: https://e.lanbook.com/book/110432

B) HH(OPMAITMOHHBIE 3JIEKTPOHHO-00pa30BaTEIbHbBIE PECYPCHI:

Ne i/t Hcrounuk
1 www.lib.vsu.ru — 3onanbHas HayuHas Oubsmoreka BI'Y
2 edu.vsu.ru
3 9BC Jlaub
4 | BBC IOPAUT

16. NMepeyeHb y4eOHO-MeTOANYECKOrO obecneyvyeHuns

Ne /i1 | Ucrounuk

1 WntennekryanpHble cucteMbl: ydebHoe mocobue / A.CemenoB, H. Conosses,
E. Uepnonpynosa, A. LlpirankoB; OpeHOyprckuil rocyiapCTBEHHBbIH YHUBEPCHUTET. —
OpenOypr: OpeHOyprckuii rocyaapcTBeHHbI yHuBepcuret, 2013. — 236 c. — Pexum
noctyna: o nmoanucke. — URL: https://biblioclub.ru/index.php?page=book&id=259148.
— TekcT : 371eKTPOHHBIM.

17. ObpasoBaTtenbHble TEXHONOMNNU, UCNOoNb3yeMble NpU peanusauum y4yeoHomn
OUCLUUNIUHBI, BKITIOYaa AUCTaHLUUOHHbIe oOpa3oBaTefibHble TEXHONOIMU, 3NeK-
TPOHHOEe 0by4yeHue, cMellaHHOe obGy4eHue.

Mpwu peanusauuu AVCLMNIUHBI MoryT MCMNONb30BaThLCA TexHonornm
ONEKTPOHHOro  0ByyYeHUss W AOUCTaHUMOHHble ObGpasoBaTenbHble  TeXHOMoruu
Ha 6ase nopTtana edu.vsu.ru, a Takxke Apyrne OOCTYMHbIE PecypcCbl CETU.

18. MaTepuanbHO-TeXHM4YECKOro obecnevyeHns AUCLUMUNIUHDLI: JlekumoHHas ayanTo-
pus  OO/MKHa ObiTb OCHALLEHHOW COBPEMEHHbLIM KOMMbIOTEPOM C MOAKMHOYEHHbBIM K
HEMY NMPOEKTOPOM C BMAEOTEPMMHANA Ha HaACTEHHbIN 3KpaH. NpakTnyeckne n nabopa-
TOpHblE 3aHATUA AOSMKHBbI NPOBOAUTBLCA B CNeunanu3npoBaHHOW ayauMTOpMM, OCHa-
LLIEHHON COBPEMEHHbLIMWN NEPCOHaNbHbIMK KOMMbOTEPAMM N NPOrpaMMHbLIM obecneye-
HMEM B COOTBETCTBUW C TEMATUKOM M3y4aeMoro maTepuana: KoMMnbloTep npenogaBa-
Tens, KOMNbOTEpPbI ydawmxea (14 wr.), mynstumeana obopyaoBaHue (MpOEKTOp, cpea-
CTBa 3BYKOBOCMNPOU3BEOEHMS), [OCKA MapKepHasi, cneynannsnpoBaHHasa mebens.

19. OueHo4HbIe cpeacTBa AN NPOBeAEeHUA TeKyLLen U NPOMEXYTOYHOM aTTecTa-
umnu

MopAOoK OLEeHKN 0CBOEHMS 0By4atoLmMmcs y4ebHoro matepuana onpenenseTcs co-
[epXXaHvuem crieayoLmx pasaenos AUCLUUNIHLI:

HaumenoBanue pas- WNuanukaTop(bl
No CHO C pas Kowmme- A op(b1) 0
Ieiaa JUCIHUILINHBI JOCTUXKECHUSA LICHOYHBIC CPEICTBA
n/m TeHIUA(H)
(MomyJst) KOMIIETEHIIMHU
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http://www.lib.vsu.ru/
https://biblioclub.ru/index.php?page=book&id=259148

1. |2 3 4 5

ba3oBbie MOHATHS U
OCHOBHBIC HaITpaBJie-
HUSI pa3BUTHS UCKYC- [K-1 IK-1.1.
1. | CTBEHHOTO UHTEJIEK- I1K-6 I1K-6.2 Jlaboparopnas pabota 1
ta (M) u uaTEIIIeK-
TyaJIbHBIX CUCTEM

(1H)
OCHOBBI HEYETKOTO [K-1 IK-1.1.

2. | anaimsa I1K-6 I1K-6.2 Jlaboparopuas pabota 2
JlunrBucTuyeckas IK-1 IK-1.1.

3. | Mozenb npeacTaBie- I1K-6 I1K-6.2 Jlaboparopuas padota 3
HUS MHQOpMaIH
Heuetkas noruka IK-1 [K-1.1.

4, I1K-6 I1K-6.2 JlabopaTtophast pabora 4
CucTemMbl HEYETKOTO IK-1 IK-1.1.

5. | BbIBOZA I1K-6 I1K-6.2 Jlaboparopnas pabota 5
Heuetkoe moaenupo- IK-1 IK-1.1.

6. | BaHue B cpene I1K-6 I1K-6.2 Jlaboparopuas pabota 5
MATLAB
«Heuerkas kiacre- IK-1 IK-1.1.

7 | puzanus B Fuzzy I1K-6 I1K-6.2 Jlaboparopuas pabota 6

Logic Toolbox»

Texnosnorug co3na-
HHUS U UCIIOJIL30Ba-

IK-1 IK-1.1.
g, | M HHTCLICKIyAIb- I1K-6 [1K-6.2 Jlaboparopuas padota 7
HBIX CHUCTEM Ha 0aze
TEOPHH HEYETKOM JI0-
THKHU
[TpomexyTouHas aTTecTanus [Tepeuens BompocoB
(dbopma KOHTPOJIS - dK3aMEH [TpakTyeckoe 3a1aHue

20 TunoBble OLEHOYHbIe CpeacTBa U MeToAnYeCKMe MaTtepuanbl, onpegensiowme
npoueaypbl OueHUBaHUsA
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20. TunoBble OLeHO4YHbIe CpeacTBa U MeToauYeckne MaTepuanbl, onpegensitowme
npouenypbl oLleHUBaHUA

20.1 TeKkywWwMin KOHTPOSb yCNeBaeMoCTH
KoHTporb ycneBaeMocTu No ANCUUMIIMHE OCYLLECTBMSETCSA C NMOMOLLbIO CrneayroLmnx
OLIEHOYHbIX CpeaCTB:

JlaboparopHuas padora 1 (mpumep 3axaHus)

3amanue.
[IpeacraBuTh nekiapaTUBHOE 3HaHKUE O TOHATHH «KBapTupay 4eThIpbMsi MOJCISIMU TIPE/I-
CTaBJICHUS 3HAHUA:
1. B BUIe CEMaHTHUYECKOU CETH.
. B BUjie (ppeiimMoB.
. B BUJIE JIOTUYECKON MOJICIIH.
. B BUJIE IPOAYKIIMOHHON MOJICIH.
KBaptupa cocrour us:
. Kyxns.
. 'octunas.
. [Tpuxoxas.
. CnasipHs.
. JleTckas.
. Canurapnslii y3en (Tyaner).
. Bannas xoMmHara.
. KitagoBka.
9. l'apnepoOHas.
10. KomHara otapixa (MrpoBasi KOMHATa).
11. CnopTuBHas KOMHATa (TpeHaKEpHas).
12. beiToBasi KOMHara.
JlomonHUTENbHBIE 3aJaHHsI: KOMITBIOTEPHBIN KJIaCcC; KOMIBIOTEPHBIN KITYO0.
[TopsioK BHIMIOTHEHUS U PE3YJIHTATHI.

CTyneHTsI 110 BapUaHTaM (BapUaHT - YaCTh KBAPTHUPBI) CAMOCTOSITETTFHO BBITIONHSIOT 3a-
naHue B paboueit TeTpaau (Jrydile cHavaia Ha YepHOBUKAX). MIcmonb3yeTcs KOHCTIEKT JIeK-
UMA WM peKoMeHayemas nuteparypa. CeMaHThuueckas CeTh J0JHKHA COJEPKATh HE MEHEe
20 BepIlIMH C pa3HbBIMU TUIIAMHU cBA3eil. dpeliMoBas MoJiesb 10JIKHA COJIepKaTh HE MeHee 6
(bpeiiMoB, CBA3aHHBIX IBYMsI TUIIAaMU CBSI3H. B MPOIyKIINKM OTpa3suTh BCE COCTaBIsAOMUE. B
nporuecce padoThl KaKIbli CTYIEHT MPEJOCTaBISET MPENo1aBaTEeN0 COCTABICHHbBIE MOIEIIH.
[IpenogaBaTens Co CTYIEHTOM OOCYXAAIOT U YTOUHSIOT MOJENH, TIPU HEOOXOTUMOCTH MO-
nenu gopabaTeIBatoTCs. 3aTeM 00y4yaeMble COCTaBIISAIOT OOIIYI0 CEMaHTUYECKYIO CETh U CETh
¢bpeiimoB noHsaTHs «KBapTHpPa» HA JOCKE U 3apUCOBBIBAIOT €€ B TeTpab. Pe3ynbTaT:ueTsipe
MoeNu (COTIIaCHO BapHaHTa) U JIBE 00IIMe MOJIENH B pabodeil TeTpaiau.

N

01N DN B~ WK =

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. IlycTh 3a1aHbl HEYETKHE MHOYKECTBA
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 yObIaIOWUM TEHEpaTopoM. HempephIBHAS, CTpOro Bo3pacTaromas (yHKIUS
¢:[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 BO3pACTAIOIMM H/WiIH YObIBaromuM rereparopom. [loarBepaute rpaduuecku 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 aHanmm3a KadecTBa KWIbsl ObLIH
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, cnyxicoOa KOHCbepic, OXPAHd, 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} npencrasicHbI B TaOIHUIIC.

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 3peHusi, mocTpoiiTe 0000IIeHHBIC OIEHKN Ha OCHOBE (DYHKIIMH TTOPSIKOBO-
ro B3BenieHHoro arperupoBanust (OWA) ¢ BeKTOpOM BecOB, MOTyYECHHBIM HAa OCHOBE KBAaHTOPA
Q(x)=x*. KakoBa ctparerus arperupoBanus? Kakoii 00beKT ABIsETCS TydIInM?

JlabopaTopnasi padora 4 (mpuMep BapuaHTA)

. Oyhkuuu Hewerxkux OyneBRX MEPEMEHHBIX 3afaHL  (OPMynaMu:

- _— — — ————
Sxxnn)=xvavix, fi{x,x,x5)=x,vavnox, Si(x Xy X)) = X X2y v XXy,

fu(x, %, x5)=xivava v, .

1) Ynpocthre dopmynsl.
2) Ha#inure 3Havenns QyHxkumid, ecnu x, =04, x,=06, x,=09.

2. OyHKuMy HeveTKHX GyNneBbiX NEpeMeHHbIX 3a1ansl GopMynamu:

Si(x.x)= nv x1;| v, f(x,x)= x,;n v x,;;. Si(x,x;)= x,_x, VXX, filx.x)=xv x,x,;z 5
fi(x,x,)= x,;;;u vx,.

1) YnpocTtrte popMyns! (¢CnK ITO BOIMOKHO).

2) lNoctpoiire Tabnuue! 3HayeHui yHKUMH.

3) 3anuwmKTe MHOXECTDA HCTHHHOCTH NMpeaHKaToB f €[0.4,08) i=12345 H
NaiTe HX FrEOMETPHYECKYIO HHTEPIPETALMIO.

4) TlocTpoiiTe CXeMBl peanH3aUHH Kaxaod QYHKUHH, ecnH x, €[0.2,0.5],
x, €[0.5,0.9).

3. BucTynas B ponH 3KCMEpTa, OUEHHTE HCTHHHOCTH M JIOXKHOCTD
cneAyiolero peknaMHoro Tekcra: "3mecs Bmi moxere npuobpectw ToBap no
Bawemy BKycy M 04eHb HeJlOpOro”, eclid 3aKal4HKH PeKsaMbl TaK OUEHMBAIOT AOC-
TOBEPHOCTH €€ BhICKA3biBAHHMH:

p="Bw momeme npuobpecmu moeap no Bawemy exycy"e[0.6,08],

q="Bu moxeme npuobpecmu mosap ovens nedopozo "€[0.3,09].

C nomousio dpopmyn (5.11) u (5.12) paccMoTpHTE HECKONBLKO 3HAYEHWHA napa-
merpa a,. Chopmynupyiite Bawm 3aKmoyeHHs C MOMOWBIO MOAH(HUHPOBAHHBIX

TepMOB "ucmuna" u " roxcs".
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JlaGopaTropHasi padora (mpumep padoThl)
[IpoexktupoBanue Heuetkux Mammanu (Mamdani), Ilykamorto (Tsukamoto), (Larsen), Cyre-
HO(Sugeno). B xadecTBe npumepa pacCMOTPEHO MPOSKTUPOBAHUE HEUETKUX cucTeM MamaaHu.

Ilpoexmupogsanue neyemxux cucmem Mamdanu

B cpene MatLab npucyTcTBYIOT CASAYIOIIME MAThH OCHOBHBIX CPEACTB rpadu-
4eckoro uHrepdeiica moapb3oBaTens, KOTOPbIE 00€CneuMBalOT MPOLECC HEYETKOro
MOJICTHPOBAHHS.

Peoaxmop cucmembl Hewemko2o 6vl800a NMPEANONATAET BBOJ H PEJAKTHPOBA-
HHME KOJIMYECTBA BXOAHBIX M BBIXOIHBLIX MEPEMEHHBIX H HAMMEHOBAHMIT TEPEMEHHBIX.

Peoakmop ¢hynxyuu npunaonexdcrnocmu MCNONb3yeTcs s onpeaenenus Gop-
MbI (PYHKLIHH TPHHAUICKHOCTH, ACCOLMMPOBAHHOI C KaXK/IbIM TEPMOM JTHHIBHCTHYE-
CKO# MEPEMEHHOMN.

Peoaxmop npaeun 6pi600a NPUMEHSAETCA U1 PEAAKTHPOBAHMS CIIMCKA MPaBuIl,
ONHCHIBAIOIIMX MOBEACHNUE MOJCIMPYEMOI CHCTEMBI.

Cpedcmeo npocmompa npasun 861600a UCNOIL3YETCH B LENSIX AHATHOCTHKH U
MOXKET MOKa3blBaTh, HANPHMEP, AKTHBHOCTD NPABUI MIH (POPMY BIHAHHS OTACIBHBIX
(yHKUMI NPUHAIEKHOCTH Ha PE3YJIbTAT HEYETKOTO BLIBOJA.

Cpedcmeo npocmompa nogepxHocmu 6616004 NCTIOIL3YETCS Ul OTOOPaKEHHS
3aBHCHMOCTH BBIXOJHOI NEPEMEHHOIT OT OZIHOI WM ABYX BXOAHBIX MEPEMEHHBIX.

OTH cpeacTBa CBA3AHBI MEXKAY CO00I AMHAMHYECKH, H IMPOM3BOJAMMBIC H3ME-
HEHHSA B OJTHOM M3 HHX BIEKYT H3MCHEHHS B APYIHX.

PaccmoTpuM OCHOBHBIE JTanbl NPOSKTUPOBAaHMS HEUETKHX cucTteM Mampaann
Ha MPUMEPE CO3/aHMS CHCTEMbI HEHYETKOIO JIOTHYECKOr0 BBIBOJA, MOJCIHPYIOIEH
3aBHCHMOCTh

y=x!sin(x,—1), x,€[-7,3], x,e[-44,1.7],
JUIs IPEICTABICHHS TPEXMEPHOrO H300PaKEHHsT KOTOPOI HCMONB3YEM CIEAYIOMIYIO
nporpammy:

% [MocTpoexue rpaduka pyHkunm y=x12*sin(x2-1)
% B obnactu 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 pesynbTare BHINMOJHEHHS MPOTPAMMBI MONY4YHUM rpaduyeckoe n3odpakeHune
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Target

Puc. 1

[TpoekTHpOBaHHE CHCTEMBI HEYETKOrO JOIMYECKOrO BbIBOAA, COOTBETCTBYIO-
HIei MpUBEACHHOMY rpa(MKy, COCTOMT B BLINOMHEHHN CIAEAYIOIIEH NMOCIEI0BATEb-
HOCTH L1aroB.
Llaz 1. Jns 3arpy3ku ocHoBHOTO fis-peaakropa BBeaeM komanay fuzzy B komanaHo#
crpoke. [Tocne 3Toro oTkpoercs HoBoe rpaMuecKkoe OKHO, MOKa3aHHOE Ha puc. 2.
a2 2. JlobaBuM BTOPYIO BXOAHYIO niepeMennyio. [ls aroro B menio Edit BeiGupaem
komanay Add input.
llaz 3. llepenmenyeM NMEpPBYI BXOAHYIO nepeMmeHHylo. Jlns aToro caenaeMm oamMH
IIETYOK JIEBOH KHOMKO#H MbImM Ha Onoke inputl, BBeaem Hosoe obo3nauenue x1 B
noJie peAAKTHPOBAHUA UMEHH TEKYlIeH nepeMenHoi 1 HaxmeM <Enter>.
lllac 4. llepenmenyeM BTOPYIO BXOAHYI0 nepeMeHHyio. Jlas 3roro caenaem OamH
HIETYOK JIEBOI KHOMKOH MbIM Ha Onoke input2, BBeaeM HOBoe 0003HaucHue x2 B
NoJie PeAAKTHPOBAHMS HMEHH TEKYIIEH nepeMeHHoi 1 HakmeM <Enter>.
llaz 5. TlepenmenyeM BBIXOAHYIO nepeMeHHylo. Jlis 9Toro caenaeM OAMH IIETHOK
NeBOIT KHOMKOI MbIlM Ha Onoke outputl, BBeseM HOBOEe 0003HAUEHHE Y B MONE pe-
JNAaKTHPOBaHHA MMEHM TEKyLIei nepeMenHoii n HaxmeM <Enter>.
llaz 6. 3apanum ums cuctemsl. Jlns storo B menio File BeiOupaem B noamenio
Export xomanay To disk u BBogum nms (aiina, nanpumep, first.
llae 7. llepeiinem B peaaxkrop (yHkumii npuhamiexsoctH. Jlns storo caenmaem
JBOITHOM 1ETYOK JIEBOH KHONKO# Mbin Ha 610ke x1.
Ilae 8. 3apanum auanazoH n3MeHenus nepemennoii x1. /s sroro BBeaem -7 3 B no-
ne Range (puc. . 3) u naskmem <Enter>.
llaz 9. 3apannm GyHKUMH NPHHAUICKHOCTH niepeMenHoit x1. Jns nuarBucTHYECKOI
OLICHKH JTOi MepeMeHHOo OyeM HCNOob30BaTh 3 TEPMA C TPEYTrOIbHBIMH (PYHKIHS-
mu npuHaiexHocTu. Jlna storo B menio Edit Beibepem xomanay Add MFs... B pe-
3yAbTaTe MOABMTCS AMATOTOBOE OKHO BbIOOpA THIA M KOJIMYECTBA
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370 MEHID NOSBONAET COXPAHATE, IBIPYRATE M
PRAINTUPORATY CHCTRMM HEUGTKOrO AOTHYRCKOTO
BbIBOAS

HMua cncress
HEverkoro
NOrUNEcKoro
sbigona. Onma
H3MEHEHUR
WIEHY HCNONL-
3yHTE KOMAHRY inputt
Save as..

Lol wenyok NO3BONAET 0TKPLIT
peasTop DYHKLMIR NPHHAZNEXHOCTH

HeoiHoR Wenwox oTkprIBSRT
pepakrop Bazw ananui

Unttled /
(mamdard)

cutput!

FIS Name: Unttled

Metro

FIS Type:

NOZEOARKT

YCTAHOBMTE
NApaMeTPL

Cuirent Variable

HENETKON
CHCTEME!

Name

Type

Range

M cucreme,

KonuvecTeo

I Input

BXOAHBIX
BbIXOAHEX

j
|
H
|
=

NEPLMEHHEY 1

KONWSecTso
npagma

Systen “Unliled™ 1 input, 1 cutpud, and 0 rules

Onanason vemeneHnA TeKY el Nepemersod

None peaskTMpoBaNNA HMENK TEKYLLER NePeMeHHo

Puc.

2. Okno peaakropa FIS-Editor




Membership Function Editor: First

FIS Variables Membership function plots

= =

L —

Puc. 3. OyHkumm npHHAAICKHOCTH NEPEMEHHOI X |

L/



(Gyuxkunii npunaexsoctu. [lo ymonuanuio 310 3 tepma ¢ TpeyroibHeiMH (yHK-
unaMH npuHaiexktocty. IToaromy npocro Haxkumaem <Enter>.

llaz 10. 3anaamm HauMeHOBaHUsA TepMOB nepemenHoii x1. Jls sroro aenaem oauH
WENYOK JIeBOi KHONKOM Mbiin no rpadguky neppoil (pyHKUMH NPHHAUIGKHOCTH
(puc.  .3). 3arem BBOJAMM HAMMEHOBAHHE TEPMa, HANpUMeEp, Huzkui B nojse Name
1 Haxmem <Enter>. [locne nenaem oauH WEMYOK JIEBOH KHONKOM M 110 rpadu-
Ky BTOPOii )yHKUMH NPHHAUICKHOCTH U BBOJMM HAMMEHOBAHHE TEPMa, HalpuMmep,
cpeonutt B none Name n naxmem <Enter>. Ewe pa3 genaem oauH menyok Jiesoit
KHONKOM Mbin 110 rpaguky Tperbeil (PyHKUHM NPHHAUICKHOCTH U BBOAUM HauMe-
HOBAHUE TepMa, Hanpumep, evicokull B noje Name u Haxvem <Enter>. B pesynbra-
TE NOIY4HM rpaduyecKoe OKHO, H300paKeHHOE Ha puc. 3.

Hlae 11. 3anaamm QYHKUMH NPHHAUICAKHOCTH TEPMOB Juis nepemenHoii x2. Jlis
JIMHIBHCTHYECKOI OLEHKH JTOi nepeMeHHoi Oy1eM HCnoib30BaTh 5 TEPMOB ¢ rayc-
COBBIMHM (DYHKUMAMH NpUHAUIEAKHOCTH. [L1s 5TOr0 aKTuBH3HPYEM NEPEMEHHYIO X2 ¢
NOMOLIBIO HIENYKA JIeBOH KHONKH MbllM Ha O0ke X2. 3a/aauM Hana3oH HiMeHe-
Hus nepemennoii x2. /lna sroro Beeaem -4.4 1.7 8 none Range (puc.  4) n Ha-
#Mmem <Enter>. 3atem B menio Edit suibepem komanny Add MFs.... B nossusmimm-
€A JMANOroBoM OKHe BbIOMpaeM T (YHKUHM NpHHAIeKHOCTH gaussmf B nose
MF type u § repmos B nose Number of MFs. [Tocsie sroro naxumaem <Enter>,
Hlaz 12. 1o ananoruu ¢ wazom 10 3anaaum cieayomme HAMMEHOBAHNA TEPMOB I1e-
PEMEHHOMN X;. HUZKUL, HUMNCE CPEeOHe20, CPeOHull, 8vluie cpednezo, evicokull. B pe-
3ynbTaTe noayuuM rpaduueckoe okHo, n3o0paxkeHHoe Ha puc. 4.

Hlae 13. 3anaaum GyHKUHH NPHHAVISKHOCTH nepemeHHoit y. Jlns auHreucTiye-
CKOIf OUEHKH ITOi nepemeHHoii Oyaem HCNONL30BaTh 5 TEPMOB € TPEYrOibHLIMH
QyHKuUMAMH NpUHAUIEKHOCTH. JLIs 9TOr0 aKTHBH3MPYEM IMEPEMEHHYIO ¥ € NOMO-
WbIO LEIYKA JIEBOH KHOMKK MbILKM HA O0Ke y. 3a1auM JIHANa30H W3IMEHEeHHUA I1e-
pemennoi y. Jlna sroro seeaem -50 50 B nose Range (puc.  5) u HakmeMm
<Enter>. 3atem B menio Edit Buibepem komanny Add MFs.... B nossusmmmes aua-
norosom okHe BuiOupaem 5 repmos B nose Number of MFs. Tlocae storo naxmma-
em <Enter>,

Hlaz 14. Tlo ananoruu ¢ wazom 10 3anaaum creayoumme HAMMEHOBAHUA TEPMOB Te-
PEMEHHON Y. HUZKUl, HUXCe CpeoHe2o, Cpeonull, evliue cpeonezo, evicokuti. B pe-
3yALTATE NOJYYHM IPaUYECcKOe OKHO, H300paKEeHHOE Ha puc. 5.

laz 15. Tlepeiinem B penaxrop 6assl 3nauuii RuleEditor. [lns sroro B menio Edit
sbibepem komaunay Edit rules....

llaz 16. Ha ocHose Bu3yainbHOro HabmojeHus 3a rpadukom, u300pakeHHbIM Ha
puc. .1, chopmyaupyem cieayomne AeBATh NPaBHIL.

1. Ecnu x1=cpedrul, T0 y=cpedHull.
2. Ecnu x1=Hu3kul v X2=Hu3Kul, TO y=bICOKUL.
3. Ecnu x1=Hu3skul n x2=8bicoKul, TO y=8bICOKUL.

4. Ecnu x1=gbicokull u x2=ebicokull, TO y=eblwe cpedHez0.
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Member ship Function Editor: Frst

FIS Variables

Membership function plots Pk pointi 181
1] 1 T T L 1
Hml«d HumeCpeanero CpegHis BoiweCpeghern Buchﬁ
1
05 -
o =

Puc.

4. DyHKUNUY NPHHAUICKHOCTH NEPEMEHHO# X2
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Membership Function Editor: |

FIS Variables

XX XY

0s

1 ! i l'o | = I ! a;u |"°

Puc.

5. OYHKUNH NPHHAIEKHOCTH NEPEMEHHOI Y

[4v)




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
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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
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Puc. 8. IloBepxnocts “Bxoani-Bbixoa” B okHe SurfaceViwer
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Ecnu x1=ebICcokul n X2=HU3KUU, TO y=ebiwe cpedHeao.
Ecnu x1=ebicokul n x2=cpedHul, TO y=cpeOHul.
Ecnu x1=Hu3kul v x2=cpedHull, TO y=HU3KUL.

Ecnu x1=ebicokull n x2=ebiwe cpedHea0, TO y=cpedHull.

® o© N O O

Ecnu x1=ebicokull n x2=Huxe cpedHe20, TO y=cpedHul.

Jlns BBOZMA mpaBuia HEOOXOAMMO BBIOPATH B MEHIO COOTBETCTBYIOUIYIO KOM-
OuHauui0 TepMOB M HaxkaTh KHONKY Add rule. Ha puc. 6 n300paxkeHo OKHO pe-
naktopa 0asbl 3HaHMII MOCJIE BBOAA BCEX JAeBATH mpaBuia. Yucno, nmpuBeacHHOE B
CKOOKax B KOHIIE KaXKJ0ro npaBuia, npeactasiaser coboil BecoBoi kod(duimenHt
COOTBETCTBYIOILETO MPaBUIIa.

Ilae 17. Coxpanum co3aannyio cuctemy. [lns atoro B menio File Buibupaem B noj-
menio Export komanay To disk.

Ha puc. 7 npuBeaeHO OKHO BH3yanu3allMH HEYETKOTO JIOTHYECKOrO BHIBO-
Aa. JTo OKHO akTHBH3MpyeTcs Komanaoit View rules... menio View. B none Input
YKa3bIBAIOTCS 3HAYEHMS BXOHBIX NMEPEMEHHBIX, /Il KOTOPBIX BBIMOIHAETCS IOrHYe-
ckuii BeiBOA. Ha puc.. 8 npuBenena noBepxHOCTHL “BXO/BI-BBIXOA, COOTBETCT-
BYIOIIAs CHHTE3HPOBAHHOI HeveTKoit cucteme. JUis BbIBOJAA 3TOrM0 OKHA HEOOXOAMMO
ucnonb3oBath koManay View surface... menio View. CpaBHMBas noBEpXHOCTH Ha
pHuc. | muapuc. .8, MOKHO CA€/aTh BBIBOJ, YTO HEUETKHE MPAaBHiIA JOCTATOY-
HO XOPOILO OMHCHIBAKOT CIOKHYIO HETHHEHHYIO 3aBHCHMOCTb.

JlabopaTopHasi pabora 6 (mpumep padoThbI)

Heuemkan kracmepusauqus

Heuerkas knactepusaums aanHbiX B cpeae MatLab ocymiecTBasercs ¢ noMo-
mpio pacummpennss Fuzzy Logic Toolbox. B »TOT naker BXOAMT Mporpamma
Clustering, kotopas sBISETCS HEKOTOPOIl BH3YaIM3MPOBAHHONH Cpeaod s
OCYLIECTBICHHS KJIACCH(IMKAIMH JAHHBIX C MOMOMIBIO anroputMmoB Fuzzy C-means
and Subtractive clustering.

1. /lna BeizoBa nporpammel Clustering nabepure xomanay findcluster, B pe-
3yABLTATE YEro MOSIBUTCA HOBOE OKHO.

2. IlepeiianTe B HOBOE OKHO M HAXKMHUTE KHOMKY 3arpy3ku qaHHeix Load Data
(mannbie 3arpyxkaiorcs B popmarte *.dat, popmar JaHHBIX: MATPHLA OOBEKT-NPU3HAK,
CTONOBI COOTBETCTBYIOT MPH3HAKAM, CTPOKH — OOBEKTAM, YHC/IA PA3ACHAIOTCS MPo-
Oenom, ApoOHas 4acTh OTACAAETCA TOUKOIT).

3ameuanue. Maiin * dat moxHO noaroToBuTh cpeacTsamu MatLab. Kak oaun u3
Croco00B MOKHO MPETOKNTL CIIETYIOLIHIL:
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~ B komanHoil crpoke HaOparts >> data = []; (B pabouem npocrpancrse
Oyner co3ana nepemenHas data THIIA MACCHB, C IYCTHIM COJACPIKHMBIM).

~  OTKpBITH PEAAKTOP MACCHBA (JUIS HTOrO NEPEKIIOYHTCA B [1AHEb
Workspace u kinkHyTh ABak bl 10 nepemenHoii data).

—  Vka3zars pazMepHOCTb MaccHBa B noasx Size u By ¢ yuerom nynkra 2

3a/1aHHA — CTPOKA 00BEKTHI, CTONOLb! — IPH3HAKH.

— Tlocne BBOAA BCEX MAHHBIX 3AKPbITh PEAAKTOP U B KOMAH/IHOH CTPOKE

HaOpartb

>> save <nyrb\ums (paiina.dat> data — ASCII

3. B okHe nporpaMmbl NOABUTCS JBYMEPHas BH3yalu3auus JaHHLIX, KOTOpas
BO3MOJKHA TOJILKO B Cilydae BeIOOpa ABYX [MPH3HAKOB, MOITOMY LeaecoodpasHo
KOMOMHHMPOBATL  pas/iMuHbIE  napbl  Npu3HakoB, 4ro0bl  Oonee  nOJHO
NPOAHAIN3UPOBATL CTPYKTYPY AAHHbIX.

4. Buibop anropurma KJacTepu3aluy OCYLIECTBISAETCH € NOMOIBI) KHOIKH
Method. Buibepure meron fem (anropursm Fuzzy C-means).

5. 3anaiire napamerpel knaccuukauun uim merosa fem: Cluster num —
KOJIMYECTBO MCKOMBIX HedeTkux knacrepos; Max iteration# - makcumanbHOe
KonmyecTBo urepaumii (no ymomuanuio — 100); Min Improvement — napamerp
cxoquMoct  amropurma (no ymomwanmw —  0.00001);  Exponent -
IKCHOHCHUHAILHBIH  BEC 18  pacyera Marpullbl Heyerkoro pasOuenus (no
ymonuauuio — 2). Ecan napaMerpsl CneuHaibHO HE ONpeaensiTh, TO MX 3HAYCHHUS
Oy/AyT BBICTABJICHBI 10 YMOIYAHUIK).

6. Haxmure kuonky Start. Ha puc. | npexacrasneHa knaccuukanms
naunbix Merogom Fuzzy C-means. YepubiMu  TOukamMyu u300pakeHbl LEHTPHI
wiacrepos (ux 5). Uamenss napamerpe! Cluster Num u Exponent, MOXHO yBH/IETD,

o ) Clusterir g 1 -In| xl H3IMEHHIACh
Flle Edt View Insert Tooks Window Hep kaaccudu-
Kalus,
o0 : Load Data
‘5 1 Mathods
A0+
Chatler Num
3%
30 E} Max teratontt
> zh) Min_ lmgcovermen
2010 -5

Exponenl

is
A ‘%@

=
0 ) ORQEe @ @ o0 o )
o 00% 001 005 0m  00%

X
Xem [y = Yem [ =] b
[Jaratic couri = 73 b fon = 36,3759 1 | Do |
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7. Teneps ¢ nomomsio kHonkn Method seibepure Subtractive (meron
Subtractive clustering). 3anaiite cieAylolMe napaMeTpsl U8 TOr0 alropurMa:
Influence Range — paanyc (uucno uz [0,1] (118 HOPMAIH3OBAHHBIX JAHHbIX) WIH
BEKTOpP, Kak/1as KOMIOHEHTa KOTOPOro mnpeacrasiser coboit  paamyc Juis
COOTBETCTBYHOLIEH KOOPAMHATHI JAHHBIX, €C/IM 3a/aTh OJHO YHCO, TO PaanyC Ul
BCeX mnpu3HakoB Oyjaer cuMmrtatecs oauHakoseiM), Squash Factor — ¢haxmop
no0agneHua — WCNONbIYETCH JUIA PACIIMPEHUS «Chepbl BIMAHUA» BbIICICHHOIO
LUEHTPA KJIACTEPA /U1 YMEHBLIUCHUS MOTEHUHANA TOYEK, OTHOCALMXCA K JAHHOMY
wiacrepy (no ymonuanuio - 1.25); Accept Ratio — xoaghpuyuenm npunsmus —
YCTAHABIMBAET BO CKOJIBKO pa3 JoaxeH ObiTh OOJblUE MOTEHUMAN CAEAYIOLIEro
KJIACTepa N0 OTHOWEHHIO K NEPBOMY, 4TOOB! €ro MOXKHO ObLI10 O0BABHTL LEHTPOM
HOBOrO knacrepa (no ymonyanuio - 0.5); Reject Ratio — xoaghpuyuenm omrronernus
- YCTAHAB/IMBACT NOTEHUHAI KaK HacTh OT NOTEHLHAIA LEeHTPa NepBoro Kiacrepa:
eC/IM NMOTEHUMA! TOHKM HHXKe KOYPPHUMEHTA OTKIOHEHHA, TO EMEHT JIAHHLIX He
Oyner OOBABIATLCH LEHTPOM Kiiacca (no ymonuauuio pasex (.15).

8. Hamwmure knonky Start. Ha puc. 2 npejacrasineHa knaccupuxaumus
AaHHbIX MeTonoM Subtractive clustering.

) Clustering

File Edit View Insert Tools Window Help.

e
D
45
A0+
st
D
Wt
> 26 _@
b ol
15
2 g@
ST{)OC‘- .
o SEQUY @ @D oD o0
0 0.005 oo 0015 0a2
x‘
Hoaas data_1 - Yeaus I“‘-:’ vl
fresy

Puc. 2

Or™MeTHM HEKOTOpPbIE BO3MOKHOCTY, npefocrapasemste cpenoit Clustering.

1. Jlas Oonee AeTANIbHOrO M3y4eHHst CTPYKTYPbl JAHHLIX MOXHO OCYIIECTBUTH
BPAILECHHE JAHHBIX B TPEXMEPHOH CHCTEME KOOPAMHAT C MOMOLIbIO (PYHKIHH
Tools/ Rotate 3D u Tools/ Move Camera (puc. 3).
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2. C nomowsio Tools/Basic Fittings MOxkHO BhIOPaTh NOAXOAALLYIO 3aBHCH-
MOCTB JUIsl JIAHHBIX HIH JUIA UeHTpoB knactepos. [as 3toro B Select data Bei-
Opars MeToa noadopa 3aBUCHMOCTH. B pesyiibraTe BuIBOJANTCS BHJ 3aBHCHMO-
cru (ypasHenue M rpaduk), nadeHus k0dPPHLUHEHTOB, HOPMA OCTATKOB, &
TAKKe NPOrHO3 OJIHOIO WIIH HECKOJILKHX 3Ha4eHuil. B aTOM pexume MOKHO
noao0dpaTs BIA 3aBHCHMOCTH, KOTOPasA HAWIYYLINMM 00pPa30oM anfpoKCHMUPYET
nanseie (puc.  4un 5).

™ spdine irterpolant

™ shape-prasenwng irteroc = pL*x'S + p2turd 4
meat PITRAT 4 PARAZ 4 |
pS™x*l + pt

‘ cefficients:

[ &th degree potmomial pl = -2.7519e3041

v ' p2 « 1554824010

. smm-_mmm | B3 = -3.239900008
pd = 3.0753e+006
ps = -13236
pE = 22.673
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File Edit Vew [nsert Tools Window Help
B0
O data
' ~  5th degree Mathod
4 o data2
LChastat N
-0
) M ax Nosationt
0 B GO~ O}
> \\
-_m.
m |
&0}
g oos ool oo oo
X
Moy ldﬂn‘_l " Y“ ’dua_j .l
[ court =2 cb fen = o
Puc. §

3. Pacuer ocHoBHLIX cTatHeTHK ¢ noMoisio Tools/Data Statistics:  mMuHHMaNb-
HOS M MAKCHMAIBHOE 3HAYEHMUS, CPEJHEE, MEAHAHA, CPEAHEKBAAPATHYECKOE
[crannaprHoe] OTKAOHEHHE, AMANA30H H3IMEHEHHS (max-min) A8 Kakaoi Ko-
Op/HHATBL 3HAYEHUs CTATHCTHK MOKHO NpeiCTaBuTh rpaduyeckn (puc. 6
1) )

4. Pepakruposanue u3o0pamenuil ¢ nomousio nynkros MeHio Insert/ X,Y,Z
Label, Title, Legend, Colorbar, Arrow, Text, Line, Axes, Light.

) Data Statistics - 1 i [=1E|
Statistics for |data 2 ~|
- Check to plot statistics on figure
X Y
min o 1,084
max 0.0212( 49.5("
mean | 0.006092 % | 4.918 ("
median 0.0044 " 2.431|"
std 0.005077 W 8.041 "
range 0.0212 48.42
i | |»
Savotoworlespaee;-..l Help l Close [
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B .
.:)' | O data2
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Kaacendurauus B pexume KOMaHIHOMH CTPOKH

Dynkuua fem oCyUECTBISET KIACTEPH3ALUKIO ¢ UCMONL30BAHHEM AITOPHTMA

Fuzzy C-means v 3anichiBacTCs CIEAYIOLMM 00Pa3OM:

[C,U,obj_fen|=fem(data, cluster_n, options),

rae data - MaTpuua JaHHbLIX, KGKABI CTON0EL KOTOPOIl COOTBETCTBYET OJHOMY M3
npu3HaKos, a crpoka — odwvexty, Cluster_n — uucio kaacrepos; Options — sekTop
Hacrpoek: Options(1) - sxcnoneHunansHeii sec, Options(2) - MAKCHMANLHOE YHCI0
nrepaunii, Options(3) — napamerp cxoaumocts, Options(4) - 1 (ecan Tpedyercs
BBIBOJAHTH HHPOPMALHIO Ha KakA0H wrepaund) wm O (8 nporusHom cnydae). Ecin
aprymest Options OnyieH, T0 HCNONB3YIOTCA YCTAHOBKH 110 YMOTYAHHIO.

Oyukuns fem posspamaer: C — MaTpiua UEHTPOB KAACTEPOB (CTPOKH COOT-
BETCTBYIOT LICHTpaM, CTOAOLBI COOTBETCTBYIOT kKoopaunaram); U - marpiua crene-
Heil npunaanexnocti; obj_fen — 3nadenne uenesoil GyHkUHN, onpeaensioniee Ka-
YECTBO KNACTEPH3ALMH.

Oyuxums subclust ocyniecTsaseT KAACTEPH3AUMIO ¢ HCMONL30OBAHHEM A/IT0-
put™a Subtractive clustering v 3anHCLIBACTCS CREAYIOLLHM 00pazOM:

[C]=subclust(X, radii) wan [C,S[=subclust(X, radii, xBounds, options),
rie X — HabOp OKCOCPHMEHTANLHBIX JAHHBIX (CTOAOUBI  COOTBETCTBYIOT
NEPEMEHHBIM, CTPOKH — OKCHIECPHMEHTANLHBIM JlaHHBIM), radii — BexkTop,
onpenensionmi  «o0nacTH BAMAHMA» HEHTPOB KIACTEPOB MO KakA0H BXOAHOM
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nepeMeHHoMN (eci JaHHbIH apryMEeHT 3a/iaH Kak CKaudp, TO 10 BCEM NEPEMEHHBIM
VCTAHABIMBACTCA OJIMH M TOT ke pasMep «o0aacTi BIHAHUSY ), XxBounds — matpuua
pasmeprHocTH 2x N | yeraHasaHsawas rpaHuisl odnacrell onpeieeHns BXOAHbBIX
NEPEMEHHBIX (M0 YMOMYAHHIO OEPyTCH rPAHHLBI H3IMEHEHHS NPU3HAKOB), rapaMerp
options umeer creaywue 3HaueHus: options(l) — Squash Factor (daxrop
nojasieHus); options(2) - Accept Ratio — xoadupuument npunstus; options(3) -
Reject Ratio — koaduunent orknonenus; options(4) - verbose (noapobHoCcTH) -
€CNIH ITOT IEMEHT paseH |, 10 Belgaerca nojapodxas uudopMauus o mpouecce
HAXOXACHHA LEHTPOB KIACTEPOR, N0 ymMormaHuio — .

Gynkuns subclust sozspamaer: C - MaTpHUA UEHTPOB, S — BEKTOP, KOTOPbIii
COACPAUT INEMEHTBI, ONPEACASIONINE HANA30Hb! BINSHHS LUEHTPOB N0 KaxkA0il ne-
PEMEHHON (15 BCEX UEHTPOB TH JHANA30HB! OIHHAKOBLI).

[locnenoBareabHOCTs ACHCTBHI B PEKHME KOMAHIHOH CTPOKH CISTYHOLIAS.

1. 3arpyxaem npeasapHTeIbHO NOArOTOBACHHLIC JaHHkIE ((aiin Forex.dat) u
NPHCBAHBAEM UX NepeMeHHOH X:
>> |oad Forex.dat;
>> X=Forex.
. OcyuiecraaseM KnaccH(pHKALHIO ¢ NOMOLLLIO (PYHKUHH
>> [C,U,obj_fen] = fem(X,2)
WIH
>> [c,s]=subclust(X, radius).
3. Buioj rpadmueckoro u3odpaxeHns knaccHukamun

>> plot(X(:,1), X(:,2), '0');

hold on;

plot(C(:,1),center(:,2),'0",'color’,'r").

[3%]

NabopaTopHasa paboTa 8

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

. uieHTU (UK,

. KOHIIEeNTyaau3alus,

. hopmanm3zanus,

. BBIIIOJIHCHHE,

. TECTUPOBAHHUE,

. OIIBITHAS SKCIUTyaTalus.

NN B WN —

Kputepun oueHKM KOHTpPONbHOW paboTbl: nabopaTopHas paboTa 3a4vTteHa, ecrnu
BbINOJSTHEHbI BCE 3aJaHus.

20.2 NMpomexyTo4yHan aTrectauus

lMpomexyTodHas aTTectaums NPoBOANTCA B (hOpME NMUCbMEHHOMO 3K3aMeHa, Ha KOTo-
pbin otBoanTCca 120 MuHYT. 3atem paboTbl NPOBepPSOTCA npenogasaTtenem, U nony-
YeHHble OLEHKM BbICTaBNATCA B BEAOMOCTb M B 3a4eTKy. Ecnu nmeetca Heobxogu-
MOCTb B YTOYHEHUW peELUEeHNdA 3adadv, UM BO3HMKAET CropHas cuUTyauusi, TO MOXeT
ObITb NPOBEAEHO JONONHUTENBHOE cobecenoBaHMe.

MNMepeyeHbL BONpOCOB ANsi NPOMEXYTOYHOWN aTTecTaumm (3K3aMeH)

1. lNoHATME UCKYCCTBEHHOIO MHTENMEKTA.
2. [aHHble 1 3HaHKS.
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3. CeowcTBa, xapakTepucTukuM 3HaHuW. [NpouedypHble U gekrapaTuBHblE 3HAHUA.

Knaccudumkaumsa s3HaHum no rinybuHe, no xectkoctn. opmanmaaumnsa 3HaHUN.

dopmarnbHble A3bIKN. A3blkM (MOgenu) NpeacTaBrieHnUst 3HaHUN.

Knaccudgukauuna mogenemn sHaHum 1 JaHHbIX.

OnpepeneHne nHTennekTyanbHbIX cucteM. dopmanusaunsa 3HaHUN B UHTENIIEK-

TyanbHbIX cuctemax (MNC).

7. Knaccudukauyusa UC.

8. O606LwWeHHasn dyHKLuMoHanbHasa ctpyktypa UC.

9. OcHoBHble (6a3oBble) CBOMCTBA Y BO3MOXHOCTU.

10. OB606LLEHHAA TUNOMOrUS MHTENNEKTYanbHbIX CUCTEM

11. HeyeTkne MHOXeCTBaA, HeYeTKME BENUYMHBI, HeYeTKME Yucna.

12. OCHOBHbI€ TUMbl HEYETKNX YnCen.

13. Onepaunn Hag, HeYEeTKUMU YMUCIiaMu.

14. CpaBHEHME HEYETKMX YnCen.

15. loHATME HeYeTKOoM (PYHKLUMN.

16. Npumepbl NpuKkNagHbIX 3a4a4y ¢ HEYETKON MHGbOPMaLMEN.

17. 3apaya HevyeTKON Knactepusaunu.

18. JluHrencTmnyeckas nepemMeHHas.

19. JluHrenctmyeckas wkana.

20. MpuHUMN «HEYEeTKOro 6ONbLUMHCTBa» U NMIMHIBUCTUYECKNE KBAHTOPLI.

21. JInHrBucTnyeckmne onepaTopbl arpernpoBaHus HGoOpMaLuuu.

22. HeyeTkue cuctembl: CTpykTypa, 6asa 3HaHUN, MexaHn3M BbiBOAA.

23. MNoHATNE HeYeTKOro BbiCKasbiBaHUS U HEYETKOro npeaukara.

24. HeyeTkne npeagukaTbl.

25. OCHOBHbIE nornyeckue ornepaunn ¢ HeYeTKUMMN BbiCKa3bIBAHUAMM.

26. Jlornyeckoe oTpuLaHMe HEYETKNX BbiCKa3bliBaHUN.

27. Jlornyeckas KOHbHOHKUNA HEYETKNX BbiCKa3blBaHUMN.

28. Jlornyeckas OU3bIOHKLMA HEYETKUX BbICKa3blBaHWNA.

29. HeveTkas umnnmkaumsa. HeyeTtkasa aKBMBaNeHTHOCTb.

30. MNMpaBuna HeYeTKUX NPOaYKLUMNA.

31.Tpsimon 1 obpaTHbIN MeToAbl BbiBOAA 3aKMOYEHUA B CUCTEMAxX HEYeTKUX Mpo-
AYKLUNIA

32. ba3oBas apxuTekTypa CUCTEM HEYETKOro BbiBOAA.

33. OCHOBHbIe 3Tanbl HEYETKOro BbiBOAA.

34. dopmupoBaHue 6asbl NpaBui CUCTEM HEYETKOro BbIBOAA.

35. ®aszsndumkaumsa (Fuzzification). ArpermpoBanue (Aggregation).

36. AktnBmnsaumsa (Activation). Akkymynaumusa (Accumulation).

37. Dedaszsndukaunsa (Defuzzifica tion).

38. OCHOBHbIEe anropuTMbl HEYETKOrO BbIBOAA.

39. Anroputm Mamaanm (Mamdani).

40. Anroputm LlykamoTo (Tsukamoto).

41. Anroputm JlapceHa (Larsen).

42. Anroputm CyreHo(Sugeno).

43. TpuMepbl NCNONb30BaHUSA CUCTEM HEYETKOro BbiBOAA B 3aJadax yrpaBreHus.

44, ObLwasa xapakTepucTuka 3agad KnactepHoro aHanmsa.

45. 3agaya HeYeTKOW Knactepusaunm n anroputm ee peLLeHust.

46. ObLwasa hopmanbHas NOCTaHOBKA 3a4a4M HEYETKOro KnacTepHOro aHanuaa.

47. YTOUYHEHHasi MOCTaHOBKA 3afa4v HEYEeTKOW KrnacTtepusaunu.

48. ANropuT™M peLleHnsa 3afjaynm He4vyeTKOM Knactepumsauum MeToOOM HeYeTKUX C-
CpeaHuXx.

49. TexHOoMnornma co3gaHus U UCMNOoJSIb30BaHUS WMHTENNEKTyarnbHbIX cMCTeM Ha 6ase
TEOPUM HEYETKOWN NOTUKM.

o ok
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1.

2.

KoHTponbHO-u3MepuTtenbHbIN MaTepuan (npumep)

TexHonorna co3gaHusa M MUCMNONb30BaHUA MHTENNEKTyanbHbIX cUCTeM Ha 6Gase
TEOPUM HEYETKOWN NOTUKM.
OCHOBHbIe florMyeckme onepauumn ¢ HeYeTKMMUN BbICKa3bIBAHUAMM.

[ns oueHMBaHMsA pe3ynbTaToB OOy4YeHMs Ha 3K3aMeHe WCMNOoNb3yTCca crepyloLime
nokasaTenu:

1)
2)
3)

4)
5)

6)
7

8)

3HaHne y4ebHOro matepuana n BnageHue MOHATUMHBIM annapaToM Mo Kypcy
«He4eTkas nornka n UHTENNEKTyanbHbIEe CUCTEMBIY;

3HaHMEe COBPEMEHHbIX HanpaBneHun nccnegoBaHni B 06acTtn MCKYCCTBEHHOMO
WHTENMNeKTa;

BNaZieHne TEeXHONOrMsaMmn nraHNpoBaHNA 3KCMNEPUMEHTOB B 0Onactu pelleHus
NpuUKNagHbIX 3a4a4 C MOMOLLBLI0 UHTENNEKTyarbHbIX CUCTEM

BflageHne  HasblkaMu ucnosnb3oBaHnda naketa MATLAB ansa pelweHna sagad;
BNnageHne HasblkaMu Mcnosib3oBaHusA naketa Fuzzy Logic Toolbox pansa pe-
LleHna 3apav;

BnazeHne HaBblkaMy paboTbl C COBPEMEHHbLIMU UHTENNEKTyanbHbIMU MHGOPMa-
LMOHHbIMM cMcTeMaMmn B 06nacTy HEYETKOWM NOTMKN

BNaZeHne HaBblkaMu HanMcaHus OTYETOB MO pesynbTataM NPOBEAEHHOro 3KC-
NEePUMEHTA;

BNaZieHne HaBblkaMW MHTeprnpeTauun MOMyYEeHHbIX pe3ynbTaTtoB B TepMUHaX
npuKnagHom obnacTu ¢ Lenbio NoNy4YeHUst HOBbIX 3HAHUI U BbIBOOOB.

[ns oueHuBaHWs pes3ynbTaToB OOy4YeHMs Ha 9K3aMeHe ucnosnb3yeTcs 4-6annbHas
Lana: «0TNMYHOY», XOPOLLIOY, «YAOBNETBOPUTENBHOY», «HEYAOBNETBOPUTENBHOY.
CooTHOLLEHNe NokasaTenewn, KpUTEPMEB U1 LUKasbl OLLEHUBaHNUSI pe3ynbTaToB 00yYeHus.

Kpurepun ornieHnBaHus KOMIIETEHIIUN chopmupo- [ITxana oueHok

YpoBeHb

BaHHOCTH
KOMIIETEHIINI

OOyuaromuiics B MNOAHOM Mepe BiazeeT NOHATHHHBIM | [loBbleHHBIH | OTINYHO

anmnapaTtoM JaHHOW o01acTu Haykd (TEOpPETHUYECKMMHU OCHOBaMH | YPOBEHb
JUMCLUIUIMHBIL), cJ1all Bce JabopaTopHbIe padoThI.

OOyuaromuiicss BiajJeeT TMOHATUHHBIM ammaparoM JaHHOM | ba3oBblit Xopomo

ob0nacTu HayKu (TEOPETHMUYECKUMU OCHOBAMHU TUCIUIUIMHBI), HO | yPOBEHBb
HE cAaJl OHY J1abopaTopHyro paboTy.

OOywarommiics ~ AeMOCTpUpyeT  HeyBepeHHoe  BiajeHue | [loporossiii VY nosnerBopu-

MOHATHITHBIM arnmapaToM JTAaHHOM obyactu HAayKH | YPOBEHb TEJIbHO

(TEOpEeTUYECKUMHU OCHOBaMH TUCIUIUIMHBI), HE CcHOal JBe
nabopaTopHbIE PAOOTHI.

OOyuaromuiics AEMOHCTPUPYET OTPBIBOUHBIE, (parMEeHTapHbIC | — Heynosnersopu-

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

71a00paTOPHBIX PadoT.
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20.3 ®oHA OUEHOYHbIX cpeacTB CPOPMUPOBAHHOCTU KOMMETEHUUN CTYAEHTOB,
pekomMeHAayeMbIN Ana npoBeAeHUA AUarHOCTUYeCKUxX padort

NMK-1 CnocobeH npoBoaAUTb paboTbl NO o0OpaGoTKe M aHanu3ly Hay4Ho-
TEXHMYECKOWN MHpopMaLMm 1 pe3ynbTaToB UccnefoBaHUN

BOHpOCbI C BapuaHTamMmu oTBeToB

1. HeuyeTknm MHOXECTBOM Ha3blBaeTCs:

1. coBokynHocTb nap {<x,Ma(X)>|x € U}

2. MHOXEeCTBO 3Ha4YeHumn (byHKLI,I/II/I NnpUHaONEeXXHOCTU

3. MHOXECTBO 3JIEMEHTOB, Ybsl BEPOSATHOCTb 06NnagaHns JaHHbIM CBOMCTBOM Gornblue
Hyns

4. MHOXECTBO 3MTEMEHTOB, Ybsi BEPOSATHOCTb 06r1agaHns AaHHbIM CBONCTBOM GorbLue
0.5

2. OyHKUMSA NpUHAONEXHOCTU UCNONb3yeTcs Ans:

1. BblpaXxeHus cTeneHn NpUHaAneXHoOCTU AfieMeHTa AaHHOMY HeYeTKOMY MHO-
KecTBy

2. BblpaXXeHWsi CTENeHN NPUHAANEXHOCTM HEYETKOro MHOXECTBa AaHHOMY Knaccy
00beKToB

3. Bblpa>XeHnA BepoATHOCTU nonagaHnAa AaHHOro anemMeHTa B 3agaHHOe He4YeTKoe
MHOXECTBO

4. OueHKM KOMNAaKTHOCTU HEYETKOrO MHOXeCTBa

3. CteneHbto NPUHaAONEXXHOCTU SJIEMEHTA X HAa3bIBAE€TCA:

1. xapakTepucTuKa, nokasbiBaroLlas B KaKoOM CTeneHu X ABNSAETCA 3/IeMEHTOM
AAaHHOIro He4eTKoro MHoXxecTtBa

2. BEPOATHOCTb obnagaHusi aNeMeHTOM X CBOMCTBOM, Xapakrtepnsywowmm gaHHoe He-
YeTKoOe MHOXeCTBO

3. BEpPOSATHOCTb He 06ragaHns aNeMEHTOM X CBOMCTBOM, XapaKTepusyoLwmmM AaHHoe
HeYyeTKoe MHOXeCTBO

4. 3Ha4YeHne OTOaneHHOCTN afieMeHTa X oT LeHTPpa HEYETKOro MHOXXeCTBa

4.  Aa-ypOBHEM HEYETKOro MHOXecTBa A Ha3blBaeTcs:

1. MHOXeCTBO BCEX 35IeMEHTOB, CTeneHb NMPUHAANEXHOCTN KOTOPbIX MHOXECTBY
A He MeHblle a

33



2. MHOXXECTBO BCEX 31IEMEHTOB, CTENEHb NPUHAAIEXXHOCTN KOTOPbIX MHOXECTBY A
oonbLle o

3. MHOXXECTBO BCEX 3NIEMEHTOB, CTEMNEHb NPUHAAIEXHOCTUN KOTOPbIX MHOXECTBY A He
oonbLle o

4. MHOXECTBO BCEX 3NIEMEHTOB, CTEMEHb NPUHAANEXHOCTN KOTOPbIX MHOXECTBY A
paBHa a
5. To4kon nepexona Ha3blBaeTCS:

1. anemeHT, cTeneHb NnpunHagnexHoCTn KOTOPOro paBHa BbICOTE AAHHOIO HEYETKOIro
MHOXeCTBa

2. 9NIeMeHT, CTeneHb NnpunHagneXxHoCTn KOTOPOro paBHa nosyioBMHe BbICOTbl AAHHOIO
HEe4YeTKOro MHOXecCTBa

3.3MeMeHT, cTeneHb NPUHAANeXHOCTU KoToporo paBHa 0,5

4. 3NeMeHT, He anHa,qne»(aLu,MM HOCUTESO AaHHOIo HEe4YeTKoro MHoXXecTtBa

6. Kakue cBonCTBa He BbIMOMHATCA ANA MAaKCUMUHHBLIX onepauuin?

1. accoumaTUBHOCTU

2. AUCTPUOBYTMBHOCTM
3. MOEMNOTEHTHOCTU

4. ncKn4eHun TpeTbero

7. Kakve cBoMCTBa He BLINOMHAKTCA AN anrebpanyecknx onepaumin?

1. accounaTMBHOCTb

2. AUCTpUBYTUBHOCTb
3. MOEMMOTEHTHOCTb

4. ncKn4eHun TpeTbero

8. UYTo Takoe BbiCOTa HEYETKOrO MHOXecTBa?
1. HavMeHbluee 3HayYeHne PYHKLMN NPUHALNEKHOCTM

2. Hambonbllee 3Ha4YeHUe (PyHKLMN NPUHAANEXKHOCTH
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3. Pa3HOCTb MeXny HanBoMNbLWUM N HAUMEHBLUVUM 3HA4YEHNEM beHKLl,I/IVI npuHagnex-
HOCTU

4. YyeTKOe NOOMHOXECTBO YHUBEPCANIbHOro MHOXECTBA, Ha KOTOPOM (PYyHKUMS NpuHaa-
NEeXHOCTWN paBHa eanHWLE
9. Kakoe HeuyeTKOe MHOXeCTBO Ha3blBaeTCs HOpMasbHbIM?
1. y KOTOpOro HocuTenem ABMSETCH HEMYCTOE MHOXECTBO
2. Y KOTOpoOro BbicoTa paBHa 1
3. Yy KOTOPOro BbiCOTa MeHbLUE eANHULbI

4. He4YeTKoe MHOXeCTBO, onpepneneHHoe Ha MHOXeCTBe AENCTBUTENbHbIX Yncen

10. Kakoe He4yeTkoe MHOXeCTBO Ha3blBaeTcHd CybHOpManbHbIM?
1. y KOTOPOro HoCUTENeM SBSIETCHA HEMYCTOE MHOXECTBO
2. Yy KOTOpPOro BbicoTa pasHa 1
3. He4yeTKOe MHOXEeCTBO, onpefeneHHoe Ha MHOXECTBE AeNCTBUTENbHbIX YMCEN

4. Y KOTOpPOro BbiCoTa MéHbLle eanHULbI

11. Kakoe He4yeTKoe MHOXECTBO Ha3blBaeTcs BbII'IyKJ'IbIM?

1. nmerolee BbINYKNYHO (*)yHKLI,VIIO npUHaanexHocTun

2. Y KOTOPOro HOCUTENEM SBNSIETCS HEMyCTOe MHOXECTBO

3. NOAMHOXXeCTBO YHMBEpPCanbHOrO MHOXECTBA, Ha KOTOPOM (PYHKLIUS MPUHAANEXHO-
CTVU paBHa eauHuLe

4. C*)yHKLI,I/IFI npuHagnexHoCTn KOTOPOro He MMeeT JNToKalsibHbIX MUHAMYMOB

12. bBasoBoe MHOXEeCTBO He4YyeTKOro ymcna OOJTKHO ObiTb:

1. ntoboe YncnoBoe MHOXECTBO

2. MHOXeCTBO HaTyparbHbIX YNUCen
3.MHOXeCTBO AeUCTBUTESIbHbIX YMcen

4. MHOXeCTBO, M3MeprMOe B abCONOTHOW LuKane

Bonpockl ¢ KpaTKUM OTBETOM
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13. [JO/mKHO N HEYETKOE YMCIO YOOBNETBOPATL CBOMCTBY BbIMNYKIIOCTN? (YKaXUTE:
Aa Unu HeT)

a.pa
14. [ormkHO N He4YeTKoe YMCIo YAOBMETBOPSITL CBOMCTBY CyOGHOPManbHOCTN?

(YykaxxuTe: Aa nnm Her)
a. HeT

MNMK-6 Cnoco6eH npoBoaguTb 06paboTKy U aHanNM3 60NbLMX AAHHbLIX C UCMNOJb30-
BaHMEM CYyLLeCTBYHLEeN B OpraHu3aumum MeToaosiorm4eckom U TeXHONOrM4ecKkomn

MH(pPaACTPYKTYpPbI

1. HeueTkoe uncno HasblBaeTcs YHUMOOaJ1bHbIM, €CIln:

1. ero BbicoTa paBHa eauHuLe

2. cywecTBYyeT eAMHCTBEHHas TOYKa, CTeneHb NPUHAANEXHOCTU KOTOPOM
AAHHOMY He4YeTKOMY YUCny paBHa eguHULe

3. CylLecTBYeT eAUHCTBEHHAs TOYKa, CTeNeHb NPMHAONIEXXHOCTN KOTOPOW AaHHOMY
HeYyeTKOMY Ymncny Gornblue, YeM CTENEeHb NPUHAANEXHOCTN BCEX OCTalbHbIX TOYEK

4. HocuTenb coBnagaeT Co BCEN YNCNOBOW MPsIMOM

2. HeueTkoe 4ncno HasbliBaeTCs NONOXUTENBHBLIM, €CIN:

1. ero HocuTenb COCTOUT U3 MOJIOXKUTENbHbLIX YUcern

2. TOYKN, CTENEHb NPUHAANEXHOCTN KOTOPbLIX paBHa 1, ABNSAOTCA NOMOXUTENbHBIMMU
3.0HO NMeeT eQMHCTBEHHYIO TOYKY Makcumyma

4. 6onee 50% HocuTenda COCTaBNAIT NOMOXUTENbHbIE YMcna

3. HeueTkoe 4Mcno HasbiBaeTCs HyneMm, ecrnu:

1. oHO ABnsieTCH NYCTbIM HEYETKUM MHOXECTBOM

2. ero Hocutenem sapnseTcsa MHoxecTBo {0}

3. ero ¢pyHKUMA NPUHAANEXHOCTU NPUHMMaET CBOe MaKCMManbHoe 3Ha4YeHue B
TOoukKke X=0

4. x=0 BXOOUT B HOCUTENb HEYETKOro MHOXEeCTBa

4. HeuyeTkoe 4Mcno HasbiBaeTcs oTpuLaTernbHbIM, ECIN:

1. ero HocuTenb COCTOUT U3 OTpULaTeNbHbLIX YuCen
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2. TOYKN, CTeneHb NPUHAANEXHOCTN KOTOPbIX paBHa 1, ABMASAOTCA OoTpuUaTENbHBIMU

3. OHO MMeeT HEeCKOSIbKO TOYeK MakcumMyma

4. 6onee 50% HocuTeNsa CoCTaBnAT oTpULaTenbHble Yucna

5. Kakve 13 cnegyrowmx BbiCKasblBaHUAN MOXHO hopMann3oBaTb HEYETKUM Tpe-
YrofNbHbIM YUCNom?

1. "okono 5"

2. "He meHbLue 5"
3. "HemMHoro b6onbLe 5"

4. "mexagy 5 n 6"

6. Mopgon He4yeTkoro TPEeyrosfibHoOro 4Ymcria Ha3biBaeTCA:

1. 4yucno, cteneHb NPUHAANIEXXHOCTU KOTOPOro AaHHOMY HeYeTKOMY Yucny
paBHa 1

2. KO3PDULMEHT, NOKa3bIBAKOLWNIA CTENEHb PA3MbITOCTU HEYETKOrO Yncna

3. yncno, HaxoasiLeecs B cepeanHe HocuTens

4. k03P PMUMNEHT, NOKa3bIBAOLMNIA CTENEHb KOMMNAKTHOCTU HEYETKOro Ynucna

7. B meToge HevyeTKMx nepeceyeHuin anst OLeHKM anbTepHaTMBHbLIX BAapUaHTOB peLle-
HWIA B KAYeCTBE ONTUMaribHOM anbTepHaTUBbI MW anbTepHaTMB BblOMpaeTcs:

1. anbTepHaTUBa UNu anbTepHaTUBLbI, KOTOPbIE B NepecevyeHne BXOAAT C caMOM
6onbLWOoN MepoOr NPUHAANEKHOCTH

2. anbTepHaTMBa WUNN anbTepHaTUBbI, KOTOpble B NMepeceyeHne BXOAST C CaMoOn Ma-
NEeHbKOW MepOoW NPUHAONEXHOCTU

3. anbTepHaTuBbI, KOTOpPbIE HE MMET Mep NPUHAANEKHOCTU NO OTAENbHLIM KPUTEPU-
SIM, HUXKE HEKOTOPOro nopora.

4. anbTepHaTUBbI, KOTOPbIE HEe UMEHT Mep NPUHAANEXHOCTU MO OTAENbHBIM KPUTEPU-
SIM, BblLLE HEKOTOPOro nopora

8. Kakue 13 cnefgyowmx BbiCKasbiBaHUA MOXHO hopManu3oBaTb HEYETKUM Tpe-
YroflbHbIM YNUcnom?

1. "okono 7"

2."oonbwe 7"
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3. "HemMHoro bonbLe 7"

4. "ot 7mn10"

Bonpochbl ¢ KpaTKUM OTBETOM
10. JomKHO N HeYEeTKOE YMCIO YOOBIETBOPATL CBOMCTBY HOPMAnbHOCTU? (YKaxuTe:
Aa UInun HeT)
A. pa

11. CywwecTBYIOT NN HEYETKNE YMCNa, KOTOPbIE HE ABMNSAOTCA HU MONOXUTENbHbIMU, HU
oTpuUaTeNbHbIMU, HA HYNeM? (yKaXkuTe: ga unm HeT)

a. ga

12. Mpw pelueHnn 3agayum MeTo4oM HEYETKMUX NepeceyeHunin nonyyeHa cneagyowas pe-
3ynbTupytowas Tabnuua, cogepkalias Mepbl NPUHAAMNEXHOCTU NO KPUTEPUSIM:

Ansreprar | Croumocts | O6beM O6bem Bec (rp) CxopocTb
uBa RAM SSD paboTh!
Al 1 1 0.03 0.41 0.7

A2 0.4 0.86 0.17 0.82 0.8

A3 0.7 0.65 0.46 0.23 0.6

A4 1 0.97 0.17 0.1 0.7

AS 0.9 0.2 0.03 0.05 0.6

Kakas anbTepHaTuBa S$BMSIETCA pelleHMeM Ans  AaHHoro metoga? (Ykaxute Homep
anbTepHaTMBbI)

a.3

13. lNMpwn oueHKe anbTeEPHATUB MO KPUTEPUAM, M3MEPSEMbIM B JIMHIBUCTUYECKON LLKanNe
(VL-o4eHb Hu3kun, L-Hu3kun, M-cpegHuin, H-Bbicoknin, VH-04eHb BbLICOKMIA), BaXXHOCTb
KOTOPbIX TOXE M3MEpPEHa B 3TOW Xe NIMHIBMCTUYECKOWN LUKane, NosyyeHbl crieayroume
pesynbTaThbl:

AnsrepHar | Croumoct | O0bem Ob6bem Bec (rp) | Ckopoctb
uBa b RAM SSD paboTs!
Baxnoctb VH H M M H
KpUTepus
OTtpunanue VL L M M L
BaYKHOCTH
Al M VL M M H

Kakon pesynbtat nonyyuTcs B pesynbTaTe NpuMeHeHusa K anstepHatnee A1 onepato-
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poB LMAX 1 LMIN. (ykaxuTe B Kpyrfbix CKOBKax yepes 3anaTyto 3HauYeHus ABYX Tep-
MOB, CHa4ana 3HadeHue no LMAX, 3atem no LMIN).
a. (H,L)

14. ABnsetca nn xapaktepucTnyeckas (pyHKUMs onst 06bIMHOr0 MHOXECTBA aHarorom
Mepbl NPUHAANEXHOCTM ANS HEYETKOro MHOXeCTBa? (yKaXuTe: Aa Unm HeT)

A. a
Kputepum n wkanbl oueHnBaHua 3agaHm ®0OC:

[1nsa oueHnBaHUs BbINONIHEHNS 3a4aHUN Mcnonb3yeTcA OannbHas wkana:
1) 3aKpbITble 3ag4aHuNsa (TECTOBbLIE C BapuaHTaMu OTBETOB, CPEAHUN YPOBEHb CITOXHO-

CTH):
. 1 6ann — ykasaH BepHbIN OTBET;
o 0 6annoB — yka3aH HeBepHbI OTBET (MOMHOCTbLIO UMW YaCTUYHO HEBEPHbIN).

2) OTKPbITble 3aaHuA (TECTOBble C KPaTKMM TEKCTOBbIM OTBETOM, MOBbILWEHHbIA YPO-
BEHb CIOXHOCTW):

. 2 Banna — ykasaH BEpHbI OTBET;

o 0 6annoB — yka3aH HeBepHbIN OTBET (MONTHOCTLIO UMW YaCTUYHO HEBEPHbIN).

3apaHusa pasgena 20.3 peKkoMeHAYHTCA K MICNONIb30BaHUIO NPU NpoBeAeHUU auna-
FHOCTUYECKUX paboT C Lenbl OUEeHKUM OCTaTOYHbIX pe3yribTaTOB OCBOEHUS AaH-
HOM AUCLMNSINHDbI (3HAHUWA, YMEHUN, HaBbIKOB).
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