MHUHHUCTEPCTBO HAYKHU U BBICIIIETO OEPA3OBAHUS
POCCHUICKOH ®EJEPAIINN
(I)enepa.ﬂbﬂoe rocyiapCcrB€HHO€ aBTOHOMHO€ OﬁpaSOBaTeJIbHOC YUYpPEKIACHUE
BbICIIIEr0 00Pa30BaAHUA
«CEBEPO-KABKA3CKHWH ®EJIEPAJIBHBIN YHUBEPCUTET
HEBUHHOMBICCKHH TEXHOJIOT MYECKUH UHCTUTYT (PUJIHAJ)

Meroanueckue ykazaHusi K BBITIOJHEHHUIO TaOOPATOPHBIX padoT
JUISl CTY/ICHTOB HaIlpaBJICHUS
15.04.04 «<ABTOMATH3aIUSl TEXHOJOTHYECKHUX MPOLECCOB U NMPONU3BOICTB)»
0 JUCIUIIIINHE

«MHTEJVIEKTYAJIBHBIE CUCTEMBI YIIPABJIEHUS

Hesunaomsicck, 2024
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CIIMCOK PEKOMEHIyeMO# nuTeparypbl. PaboThl mogo0paHbl M pacloyioKeHbl B COOTBETCTBUU C METOJIHU-
KOH M3y4eHus: AUCHUITUHBI « IHTeIIeKTyalbHbIe CUCTEMBI YIIpaBieHus». O0beM U MOCIIeA0BAaTEIbHOCTh
BBINOJIHEHUS pabOT ONpEeAEISAIOTCS MPErnoaaBaTesieM B 3aBUCUMOCTH OT KOJIMYECTBA YacCOB, IIPEIYCMOT-
PEHHBIX Y4eOHBIM IUIAHOM AMCLUIUINH.

Mertoanyeckue ykazaHusi pazpaboransl B cooTBeTcTBUU ¢ TpeboBanmsivu @I'OC BO B wactu co-
JIEp’KaHUsl U YPOBHS MOJATOTOBKHM BBIMYCKHUKOB HampasieHust 15.04.04 — « ABToMatusanus TeXHOJIOTH-

YCCKHUX IIPOLCCCOB».
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BeedeHue

[enbro kypca "NHTEIIEKTyalbHbIE CUCTEMBI YIIPABICHUS" ABISETCS O3HAKOMJICHUE CTY-
JIEHTOB C MPOOJIEeMATUKON MPEACTaBICHUS 3HAHWA B MH(OPMAIIMOHHBIX CHCTEMaX, 00JIacTIMU
WCIIOJIb30BAaHUS CUCTEM UCKYCCTBEHHOT'O MHTEJUIEKTA, IPUMEHEHUE MHTEIIEKTYaJbHbIX CUCTEM
B CHUCTEMaxX yMNpaBJICHUsI, OCBEIICHUE TEOPETUUECKUX U OPraHU3aI[MOHHO-METOJUYECKUX BOIPO-
COB MOCTpOeHUS U (HYHKIMOHUPOBAHUS CUCTEM 00paOOTKH 3HAHUI, IPUBUTHE HABBIKOB MPAKTHU-
YECKUX padOT MO MPOEKTUPOBAHUIO UHTEIICKTYAIbHBIX CUCTEM YIIPABIICHHUS.

3ajaun U3y4eHus JUCUUIIIUHBIL:

- IpHOOpETEeHUE CTYJACHTAMHU 3HAHUI U NPAKTHYECKUX HABBIKOB B 00JIACTH, OTIpE/IeIisie-
MO# OCHOBHOM IIEJIbI0 JUCIUTIINHEI;

- OCBOUTb METOJIbI MOJICPHU3AIIMU U aBTOMATH3AIUU JACHCTBYIOLUIUX U IMPOCKTUPOBAHUE
HOBBIX aBTOMAaTU3UPOBAHHBIX U aBTOMATUYECKUX MMPOU3BOJCTBEHHBIX U TEXHOJOTMYECKHUX IPO-
I[ECCOB C UCIOJB30BaHNEM aBTOMATH3WPOBAHHBIX CHCTEM Ha 0a3e MHTEIUICKTYaIbHBIX TEXHOJIO-
TUi;

- COBEpIICHCTBOBAHUE CITIOCOOHOCTH K a0CTPaKTHOMY MBILUICHUIO, aHATU3Y U CUHTE3Y;

- HAYYHUTHCS MPOBOJUTH MAaTEeMaTHYECKOE MOJCIMPOBAHHE MPOIECCOB, 00OPYIOBAHMUS,
CPE/ICTB U CHUCTEM aBTOMATH3allUU, KOHTPOJIS, TUATHOCTUKUA U YNPABICHUS C UCIOJb30BAaHUEM
COBPEMEHHBIX UHTEJUIEKTYaJIbHBIX CUCTEM U TEXHOJIOTHH.

[Tnanupyemblie pe3yiabTaThl

00y4YeHHS 110 TUCIIUTUTHHE
(MOymI0), XapaKTepu3yko-
ue 3Tanbl (OPMUPOBAHUS
KOMIIETEHIINH, HHINKATOPOB

Kon, popmynuposka

Kox, popMyanpoBka HHIMKATOpa
KOMITETEHI[MH 11, opmy.mp it p

OIIK-5. Criocoben paspa-
0aThIBaTh AaHATUTUYECKHE
Y YHCJICHHBIC METOIBI TIPH
CO3/IaHUU MaTeMaTHhye-
CKHMX MOJIENICH MaIlliH,
IPUBOJIOB, 000PYI0BAHUS,
CUCTEM, TEXHOJIOTHICCKHIX
IPOIIECCOB

W/I-1omnk-s

Hcrosb3yer aHaTMTHYECKHE U YHC-
JIEHHBIE METOBI IS OJTyYEHUS
MareMaTHYeCKUX MOJIEIEH MallliH,
NPUBOJIOB, 000PYIOBAHUSI, CUCTEM,
TEXHOJOTHYECKHX MTPOLIECCOB

Hcnons3yer coBpeMeHHOE
IPOrpaMMHOE U amlapaTHoe
oOecrieueHre aBTOMaTHU3H-
POBaHHBIX CUCTEM, aHATUTHU-
YeCKUE U YUCIIEHHbIE METO-
JIbl UICHTU(HUKAIIMY MAIllUH,
IIPUBOJIOB, 000PYI0BaHMS,
CHCTEM, TEXHOJIOTHYECKUX
IPOLIECCOB.

N-20mk-s

Cosnmaer MaTeMaTHYECKUE MOIETN
MallI¥H, IPUBOJIOB, 000PYI0BaHMS,
CUCTEM, TEXHOJIOTHYECKUX TIPOTIeC-
COB

[TpuMeHsieT aHAIUTHUKO-
YUCJIICHHBIC ME€TOAbI 1 KOM-
TJIEKCHI TPOTpaMM IS TO-
JIYYCHUA MAaTCMATHYCCKUX
MoJieJIel U UCCIeI0OBaHus
MaIliH, TPUBOIOB, 000Py-
JIOBAHMsI, CHCTEM, TEXHOJIO-
TMYCCKUX MPOICCCOB




JlTabopamopHas paboma Ne1. Yacmb 1. CemaHmudyeckue cemu

He.ﬂb paﬁ()TbI: HayLII/ITBCSI HCII0JIB30BaTh CEMAHTUYCCKUEC CETHU IAJId MPECACTABJICHUA 3HA-
HUM B HHTCJUICKTYAJIbHBIX CUCTCMAX.

1. Teoperuyeckasi 4acTh
CeMaHTHYecKasi CeTh — 3TO OJIMH U3 CIIOCOOOB IMpeacTaBiIeHus 3HaHUi. V3HauanbHO ce-
MaHTHYECKas CeTh ObLlIa 33 JyMaHa KaK MOJICTb IPECTABICHUS IOJITOBPEMEHHOW IMaMSTH B TICH-
XOJIOTUH, HO BIOCIEACTBHUH CTaja OJHUM U3 CIIOCOOOB npezacTaBieHus 3Hanui B 9C.
CeMaHTHKa — O3HA4YaeT OOIIME OTHOIICHHS MEXKIY CHMBOJIAMU U OOBEKTAMHU U3 ITHX
CUMBOJIOB.

E€MKOCTb
KJ1acc
METaITUNYECKHUM,
YAWHHUK CBOUCTBO | (hap(pOpOBEIii U T. 1.

IDUMED dapdopoBbIit

Puc. 1. IIpocmetiwuii obpazey cemanmuueckou cemu.

BepmuHbl — 3T0 00BEKTHI, AYTH — 3TO OTHOIIEHU. CeMaHTHYecKast MOJIENIb HE PACKPHI-
BaeT cama 1o cede KakuM 00pa3oM OCYIIECTBIsIeTCs NpezcTaBieHne 3HaHui. [loaTomy ceman-
TUYECKasi CEeTh pacCMaTpUBAETCS KaK METOJ MPECTAaBICHUs 3HAHUNW U CTPYKTypHUPOBAaHUS 3Ha-
Hull. [Ipy pacmpeHnn CEMaHTUYECKOM CETU B HEM BOSHUKAIOT APYTUE OTHOLIECHHUS:

IS —A (npunamiexut) u PART OF (sBisieTcst 4aCThl0) OTHOILIEHUE:!

LIeJI0€ —> YaCTh.

Jlacrouka IS — A nrtuna, «<aoc» PART OF «reno». Hanpumep:

IOKA |. :
is-a— JlacToYyKa [Hs-a NTUIA
!
| part of
BIIAZICET
THE3II0
Hayajo
BECHA KPBLIbS
KOHEII
OCCHbB

Puc.2. Pacwupenue cemanmuueckoii cemu

MoryT ObITh U Apyrue OTHOUICHU: BiajaeeT. Toraa ceMaHTuyeckas CeTh pacliupsiercs
UepapxuyuecKku (BeplirHa UMeeT JABe BeTBU). Kpome Toro, Mo>KHO pacuIMpuTh CETh U IPYTHM OT-
HOILIEHUEM:

IIEPHOJ, —> «BECHA — JIETO.

[Tonyuaercst uepapxudeckas ctpykrypa nouaruss FOKO. MoxHO pa30UTh Ha MOJICXEMBI.
Bbonbuoit mpobieMoil a1 ceMaHTUYECKUX CEeTel SBIIETCS TO, UTO PE3yJIbTaT BbIBOJA HE rapaH-
TUPYET JOCTOBEPHOCTH, TaK KaK BBIBOJI €CTh IIPOCTO HACJIEIOBAHNE CBOMCTB BETBU iS-a.



Jlisa oToOpaskeHusl nepapXUueCKUX OTHOIICHUN Mexay oObeKTaMU U BBEJICHUS €IUHOU
CEMAHTHKU B CEMAaHTUYECKHE CETU OBLIO MPEIOAKEHO MCIONIb30BaTh mpoleaypHble cetu. CeThb
CTPOUTCS] Ha OCHOBE KJjlacca (MOHATHSA); BEPLIMHBL, AYTH U IPOLEAYPbl MPEACTABICHBI KaK 00b-
€KTHI.

BapuanTsl 1a0opatopHoii padotsl Nel
Bapuanrt 1

Kommnanusi, B koTtopoit Bl paboraere, monyuymia 3ajaHue Ha pa3pabOTKy CHpPaBOYHOM
CHUCTEMBI 10 KypHaiam u3aarenbcrBa «M3narensctBo Meutsl». JlaHHAs KOMIaHUsS BBITYCKAaeT
pa3MYHBIC 110 LEJIEBOM ayIMTOPUH, IEHOBON KAaTErOpUHU U 00bEMY CTPaHUI] )KYPHAIIBIL.

Bam HeoOxoauMoO MOCTPOUTH MOAYJIb Ha OCHOBE CEMaHTHYECKOW CETH, MO3BOJISIONIMIMA
ONPEAEIUTH LEJIEBYIO ayAUTOPHUIO IS Pa3JIUYHBIX )KYPHAJIOB, a TAKXKE IS KOO IPEAHA3HAYEHO
U3JIaHUE U €r0 CTOMMOCTb. Bara 3ajaua nocTpouTh CEMaHTHUECKYIO CETh Ha OCHOBE HH(popMa-
[IMU, IPEICTaBIICHHON B Tabyuiie 1.

Tabmuna 1
Ha3zBanmue OcHoBHast CtoumocTh O0bem cTpanul Kakas ungopma- Bo3Mmoixkna
JKypHaiIa nejeBas O/IHOTO HOMe- JKypHaJa [HUsl MpeACcTaBJIeHa | JU MOANMMCKA
ayIuTOpHs pa, pyo. B JKypHaJe HA JKypHAJI
TroHUr aBTOMO- My:>x4uHbI 140 170 CoBpeMeHHbIE TeX- HET
Ouneit HOJIOTHH TIOHUHTA
aBTOMOOMIIEH
Mona JKenuunsr 90 90 Hogeimue Tennes- za
IIMH MOJBI
KomnerotepHesie | MyKUuHBI U 65 60 Bce o kommnbroTep- HET
U BHJICO UTPHI KCHIIMHBI HBIX ¥ BUJIEO UTPAX
Pykonenue JKeHIUHbBI 45 50 JKCKJIIO3UBHBIE BE- Ia
M CBOMMH PYKaMH
®dororpadus My>XuuHBI U 100 95 OCHOBBI U CEKPETHI na
YKCHIITIHBI ¢dororpaduun
Kuno u my3bika | MyX4uHBI U 30 30 Tonpko akTyaabHas HET
KEHIINHBI nHpopManus U KHHO
1 MY3BbIKE
B noctpoeHHON CEMaHTUYECKON CETU ONPEIEIUTD:
1. Kaxkoit sxypHan npegoctaBisieT UHPOPMALUIO O COBPEMEHHBIX TEXHOJOTUH THO-
HHMHTa aBTOMOOMJIEH?
2. Kakwue xxypHasbl npeiHa3HaYeHbl AJ1s1 MY>KUUH?
3. Kakue xypnansl crosat 100 py6uieit?
4. Ha xakue »ypHaibl MOXHO 0OPMUTH OJIUCKY?
Bapuanr 2

Bama 3agauya cocTouT B co3aaHuu skcnepTHOM cucteMbl ACY mpeanpusitvsi, aBTOMaTH-
3UPYIOIIEH KOHTPOJIb 3a BBINOJTHEHUEM 3aJa4 KoJUIeKTUBOM mnpenmnpusitus. ACY cunemyer mo-
CTPOUTH B BUJIE CEMAHTUYECKOU CETH.

Cucrema J0JKHA ONKCHIBATH CTPYKTYpPY MPEANPHUATHS, B TOM YHCIE PYKOBOJCTBO M
CTPYKTYpPY OTJIEJIOB.

Cucrema Tak ke J0JKHA ONUCHIBATh BBINOJIHSAEMbIE TPEANPUIATHEM 33/I1aHUSI, B TOM UYHUC-
JIe:

1. HaumeHnoBanue 3aanusl.

2. CpoxkH €ro BBINOJTHEHUS.

3. OTanbl BBIOJIHEHUS 3aJJaHUSI U UX OUYEPETHOCTb.



,HJ'I?I KaXXJ010 3Talia OITMChIBACTCA:

1. Otaen, BEITOJHAIONIUN dTaIl.
2. OTBETCTBEHHOE JIUII0, OOBIYHO — PYKOBOJAMTEIb OT/ICJIa WJIU T0Ipa3ICTICHUsI.
3. Cpoxku Hauana ¥ OKOHYaHUS dTarla.

[Ipennpusitue, aist koroporo ctpoutcsi cucrema — OO0 «Co3Be3iue»:
HMupexrop: MBanos 1.1.

Otnen pazpabotku, Hay. otaena — [lepos ILII.

B cocragse oTnena pa3paboTku:

bropo mocranoBku 3aaa4, Had. 6ropo — Cugopos C.C.

Bropo nporpammupoBanus, Had. 610po — bpaitan Kepauran

bropo conpoBoxaeHus, Had. 6ropo — brmt et

Otnen mapkeTuHra, Had. otaena — Tommuko Smana

3ananus B pabore:

1. Pa3zpaborka TexcroBoro penakropa «Co3Be3nuey», Tamnbl — [IOCTAHOBKA 3a/1ayH,
IPOrpaMMUPOBAHKE, IPOABMKEHNE HA PHIHOK, MOJIEPHKKA.
2. Pa3zpaborka MurtepHer - Opayszepa «CozBe3aue», 3Tamnbl — MOCTAHOBKA 3a/ayH,

IIPOrpaMMHUPOBAaHUE, IPOJBUKEHNE HA PBIHOK, IOIJIEPKKA.

B noctpoeHHON CEMaHTHYECKON CETU ONPEIEIUTH:

1. KTo siBnsieTcst HaYaIbHUKOM OT/ieJIa MapKETUHTA?

2 Kakue 3amanus seimoaageT OO0 «Co3sesauey?

3. Yewm 3anumacetcs Msanos U.1.?

4 Kaxkue cpoku BbINoSHEHU 3a/1aHbl 111 pa3padoTku UHTepHeT - Opaysepa?

KOHTpOJIbeIe BOIIPOCHI

1. Yro Takoe cemMaHTHUYEeCKas CETh U JUISl UEro €€ MPUMEHSIOT?

2. B uem cocToUT uies co3JaHusl CEMAaHTUYECKOM ceTn?

3. Kakum 006pa3om mpecTaBisiOTCs JaHHBIE B CEMAHTHYECKOUN ceTh?

4. CymecTByIOT M OTPaHUYEHUs HAa YUCIIO CBSI3€H DIIEMEHTOB, CBOMCTB MU CIOXHOCTb
IIPU IOCTPOEHUH CEMaHTHUECKOM ceTn?

5. Kakue oTHOLIEHUS MPEIIOKEHBI B KAYECTBE ONIEPATOPOB OTHOLIEHUS IJIs IPYyIIINPOB-
KW BEpIIUH?

JlabopamopHasi paboma Ne1 Yacmb 2. Ucnonb3oeaHue ¢hpelimoe Osist npedcmasrie-
HUs1 3HaHUU

Heab padorsl: HayunThes ncnonb30BaTh GpeidMsbl 1715 IPEICTaBICHNS 3HAHUN B UHTEI-
JIEKTyaJIbHbIX CUCTEMAX

1. TeopeTuueckas 4acThb

@peiiMbl - 0IMH U3 PACIPOCTPaHEHHBIX (HOPMATU3MOB MpescTaBieHus 3HaHui B OC.
@peiitM MOXHO MPeJCTaBUTh ce0e Kak CTPYKTYpY, COCTOSIIYIO U3 Habopa siueek - cioToB. Kaxk-
JBIA CJIOT COCTOMT M3 UMEHU U aCCOLIMUPYEMbIX C HUM 3Hau€HUH. 3HaYeHUsS MOTYT IpE/ICTaB-
JATh cO000H NaHHBIE, MPOLEAYPHI, CCBUIKM Ha JApyrue (GpeiiMbl uiu ObITh MyCTHIMH. Takoe Io-
CTpOEHHE OKa3bIBAE€TCA OYEHb YAOOHBIM ISl MOJEIIMPOBAHUS aHAJIOTUI, onucaHus obnacreit ¢
POOBUIOBBIMU CBSI3IMHU NOHSITHN U T.II.

JIro00i1 (peliM COCTOUT M3 HEKOTOPHIX COCTABJISIFOIINX, HMEHA U COJCPIKAHHUE KOTOPBIX
OIMCAaHO HUXKE:!



1. Ums dpeitma. D10 naenTudukatop, mprucBauBaeMbiii ¢hpeiimy, GppeiiM T0KeH UMETh
UM YHUKQJIBHOE B JaHHOW (hpeliMOBOM cucTeMe.

2. ms cnota. OT0 uaeHTUGUKATOP, TPUCBAUBAEMBIN CIOTY; CIOT JIOJDKEH UMETh YHU-
KaJbHOE UMs BO (periMe, K KOTOPOMY OH NMPHHAUICKHUT. OOBIYHO UM CIIOTa HE HECET HUKAKOU
CMBICJIOBOM HArpy3KHU U SIBJISIETCS JUIIb UASHTU(PUKATOPOM JIaHHOTO CIIOTA.

3. VYkazarenu HacieloBaHMA. OJTH YKa3aTelIM KacaloTCsl TONBKO (DPEHMOBBIX CHCTEM
UEPapXUUYECKOT0 THUIIA, OCHOBAaHHBIC HA OTHOILIEHUSX “abCTpaKkTHOE-KOHKPETHOE”, OHU MOKa3bl-
BaIOT, KaKyr0 HHQOpMAIHIO 00 aTpulyTax CIOTOB BO ()peiiMe BEPXHETO YPOBHS HACIEAYIOT CIIO-
Thl C TAKUMH K€ UMEHaMU BO (ppeiiMe HUKHETO YpOBHs. TUIHMYHBbIE yKazaTelau HacleAOBaHUS
Unique (U: - yaukansHbiid), Same (S: takoit xe), Range (R: ycranoBnenune rpanuir), Override
(O: urnopupoBatp) u T.11. U moka3piBaeT, 4To GpeiM MOXKET UMETh CIOTHI C Pa3HBIMU 3HAUYEHU-
SMU: S - BCE CIIOTHI IOJDKHBI UMETh OJJMHAKOBbIC 3HaueHUs, R - 3HaueHue cioToB (peiima HIK-
HEro YpOBHS JIOJDKHBI HaXOJIUTHCS B MpeJeax, YKa3aHHbIX 3HAUEHUSMHU CIOTOB (peiiMa BepX-
Hero ypoBHs, O - pH OTCYTCTBUU yKa3aHUs 3HaYCHHE cJoTa (peiiMa BEpXHEro YPOBHS CTAHO-
BUTCS 3HAUE€HUEM cJoTa peliMa HUXKHEro YpOBHS, HO B ClIyyae ONpeesIeHUs HOBOTO 3HAUCHUS
CJI0TOB (ppeliMOB HIYKHUX YPOBHEH yKa3bIBAIOTCS B KAUECTBE 3HAUYCHUMN CIIOTOB.

4. Yxa3aHue TUNa JaHHBIX. YKa3bIBA€TCS, YTO CJIOT MMEET YHMCIECHHOE 3HaueHue, JTudo
CIIy)KHT yKazarenem Jpyroro (ppeiima. K Trmam qaHHBIX OTHOCSTCS:

FRAME (yxazarenn), INTEGER (uensiit), REAL (neiictButenshsiii), BOOL (6yneB),
LISP (nmpucoenunennas mnpouenypa), TEXT (texct), LIST (cmucox), TABLE (tabnuna),
EXPRESSION (BbipaxkeHue) u ap.

5. 3nauenue cinora. IIyHKT BBO/Ia 3HaU€HUs ca0Ta. 3HAUEHUE CJIOTa JOHKHO COBIANATh C
yKa3aHHBIM THIIOM JaHHBIX 3TOTO CJIOTa, KPOME TOTO JOJIKHO BBHIMOJIHATHCS YCIOBHE HACIEO-
BaHUS.

6. [emon. 3nece naercs omnpenenenue jnemoHoB tuna IF-NEEDED, IF-ADDED, IF-
REMOVED u t.4. /IleMoHOM Ha3blBaeTCsl IpoLEeAypa, aBTOMAaTUUECKH 3aIllycKaeMasi [Py BbINOJ-
HEHUHM HEKOTOPOTO YCIOBHUS. JIEMOHBI 3aMTyCKAIOTCS MIPH OOPAIIEeHUH K COOTBETCTBYIOLIEMY CJIO-
Ty. Kpome Toro, 1eMoH siBisieTcss pa3HOBHIHOCTBIO IPUCOETMHEHHOM MPOLIETypHI.

7. IlpucoenunenHas nponenypa. B kauecTse 3Ha4€HHUs €10Ta MOXKHO HCIOJIB30BATh MIPO-
rpaMMy mpoueaypHoro tumna. Korga Mbl TOBOpHM, YTO B MOJENSAX NPEJCTABICHUS 3HAHWM
dpeiimamu 00BEIUHAIOTCS MPOLIEAYPHBIE U ACKJIAPATUBHBIE 3HAHUS, TO CYMUTAEM JIEMOHBI U TIpU-
COEIMHEHHBIE TPOLEAYPHI IPOLEAYPHBIMU 3HAHUSIMHU.

OCOOEHHOCTBIO HEPAPXUUYECKON CTPYKTYpBI SABJISIETCS TO, YTO MHPOpManus o6 atpudy-
Tax ¢peiiMa Ha BEpXHEM ypOBHE COBMECTHO HCIIOJIb3YETCS BCeMU (peliMaMu HUKHUX YPOBHEH,
CBSI3aHHBIX C HUM.

Hanpumep: @peiimoBoe npesncraBieHne KOHDepeHIUH.

Hepapxuueckue ¢ppeiMoBbIE CTPYKTYpbl 0a3uMpyIOTCS Ha OTHOLIEHHAX IS — A mexay
¢dpeiiMaMy, ONMUCHIBAIOIIMMU HEKOTOPYIO KOH(pepeHuuo. Bee gppeliMbl JOKHBI cofepKaTh UH-
dopmaruio o JJIATE, MECTE, HABBAHWUM TEMbI, JOKJIAJJUUKE. Takum obpazom, Ha ca-
MOM BepxHeM ypoBHe omnpeaeneH ¢pperim KOHOEPEHIUA.

Kondepennuu pasznenstorcs Ha KOMMepUecKrue M Mo pa3BuTHIO. OHHM COCTaBIAIOT JO-
yepHue ¢ppeiimMbl. B HUX MOTyT OBITH 10OABIEHBI CIOTHI: 00BEM TOPTOBIHU U OIOJIKET.




KoHepeHLHA

Hama

Mecto
TeMa

IS -A IS -A
KOMM@P‘IE‘JI@/\ TI0 PA3BHTHIO

Hama Hama
Mecto Mecto
Tema Toprorns Tema
JIoKnag4uHK JOKITaAuHE

IS -A

02.01.92 4 KoH{(epeHIHA

Hama

MecTo KoHpepemi-3an FK3EMITISD
Tema

HoxmamuHk | Amako

Puc.3. IIpumep ¢petimosoii mooenu
2. IlopsinoK BHINOJIHEHUS Pa0OTHI:

1. M3y4nuTh TEOPETUUECKYIO YACTh MO MPUBEICHHBIM BBIIIE JAHHBIM U JAOMOJHUTEIHLHON
JUTEpaType.

2. IIpocMOTpeTh AEMOHCTPALIMOHHBIN TPUMED.

3. IMonyuuTs y mpenoaBatesst BAPUAHT 3aJIaHUS JIJIS1 BBITIOJHEHUS.

4. TlocTpouth PpeliMOBYI0 MOJENH 33JaHHOTO 0OBEKTA;

5. PeanuzoBaTh mporpamMmy ¢ UCIOIb30BaHUEM (PpeMOBON MOEIH

3. BapuanTtsl 3a1aHuii
Hcnone3ys (peiiMoBYI0 MOJENb MpeACTaBICHHUS 3HAHUN PeaTn30BaTh CTPYKTYpPy OTHO-
IICHH, OTTMCHIBAIONINE CIICAYIONIUE CUTYAIUH:

1. 9K3aMEH M0 JUCLMIUIMHE 32 CEMECTpP y NPENoJaBaTelis MPU COCTABIAIOIINX: Ce-
MECTp, 9K3aM€H, IPEeIo1aBaTesb, OLEHKa, CTYJCHT, 10JIy4aTh.

2. BEJJOMOCTb IIPH COCTABJISIFOIIMX: TUCLUIUIMHA, CTYJEHT, 3K3aMEH, CEMECTp, IIpe-
110/1aBaTelb, OIICHKA.

3. KOH(epeHIMs MO0 KOMMEPYECKHMM BOINPOCaM IPH COCTABIAIONIUX: JaTa, MECTO
IIPOBEJICHUS, TEMA, 11€JIb BBICTYIAIOLIHE.

4. IIOJIyYE€HUE OLEHKU MPU COCTAaBJISIIOIIMX: IPENOoJaBareib, CTYJEHT, OLICHKA, I10-
JTy4aTh.

5. UCTIOJIb30BAaHUS M3/ENUS MIPU COCTABIISAIOIIMX: OpraHU3alys, pa3paboTka TeXHO-
JIOTHYECKOT0 pelIeHus, uccaeaoBanne «pundeckoro 3¢dexra», METOAbl CO3IaHUS U3IEIHSL.

6. uHpopMalMoHHas cTpykTypa b/l B MalIMHOCTPOEHUHU MPU COCTABISIOMINX: (u-

3uyeckrue 3PQPeKThl, TEXHUUECKHE PEIlIeHus, U3/eIusi, 0ObEKT MOCTAaBKH U3JIeNHsl, IPUOOpHl U
CTEH/Ibl, HOPMATHUBBI.

7. KJIacCU(UKalMs MPOIYyKTa MMPU COCTABISAIONINX: HAa3BaHUE, 00JIaCTh MPUMEHEHHS,
croco0 XpaHeHus, Coco0 TPaHCIOPTUPOBKH.

8. aynuTopus (OMMcaHue) MPU COCTABISIONINX: BMECTUMOCTb, Ha3HAYEHHUE, COCTaB-
JSAIOLINE, MECTOHAXOXKICHHE.

9. JKUBOTHBIH MHUP MPHU COCTABJIAIOIIMX: BUI, TUII, cpeAa OOUTAaHUS, OCOOEHHOCTH
MOBE/ICHUS.



4. KoHTpO/IbHBIE BONPOCHI

UYro nmpencrasinseT U3 ceds (peiiM, ero cocraBHbIC 4acT?

UTo Takoe CI0T U U3 KaKMX 4acTel OH COCTOUT?

Jlnst gero cimy»at ums ¢ppeiima u ums ciuora?

Jlis1 "ero ciy»kaT yKa3zaTellu Hacjael0BaHus?

JUISL 9€TO CIy>KaT yKa3aHUe TUIa JaHHbIX, JIEMOH?

J1s1 "ero ciy»kaT MpUcOoeIMHeHHas Ipolielypa U 3HaueHue cioTa?

S e

JlabopamopHast paboma Ne 1. Hacmsb 3. OnucaHue npedmemHou obnacmu. Pa3pa-
6omka 6a3bl ghakmoe u npasusi UHMesIeKmyasnbHoOU cucmembl

Heab paGorsl: Hayuntbest CTpOUTh MOJIEHh MPEIMETHOM 001acTH, OMUCHIBATH pellae-
MYIO 337249y MPaBUIaAMH IIPOTyKIIMOHHON CHCTEMBI U (DOPMATU30BaTh MCIIOJIb3yEeMbIC 3HAHUS.

1. TeopeTuueckas yacTb

B nannoii paboTe MBI pacCMOTpUM MOCTpOEHUE 0a3bl 3HAHWI HA OCHOBE CBEICHH, IO-
Jy4YEHHBIX OT 3Kcnepra. [Ipolecc ee mocTpoeHnue COCTOUT U3 JIBYX ITAIOB:

® ONHUCaHUE MPEAMETHON 00JIaCTH;

e BBIOOP METOJA U MOJICTH TIPE/ICTABICHUS 3HAHU;

WNnxenep 3HaHUI JOHKEH KOPPEKTHO cHOPMYIUPOBATh 3a7ady. B To jxe BpeMs oH J0I-
KEH YMETh Paclo3HaTh, YTO 33jJadya HE CTPYKTYPHPOBAaHA, U B 3TOM CIIydae BO3AEP)KATHCS OT
MOMBITOK €e (opManu30BaTh WM MPUMEHHUTh CHUCTEMAaTHYECKHWE METOAbl perieHus. ['nmaBHas
[eJIb HAYaJIbHOTO ATalla MOCTPOSHUs 0a3bl 3HAHWH - ONPEICTUTh, KaKk OyAeT BBITJISAETH OMUCa-
HUE TPEMETHON 00J1aCTH Ha Pa3IUYHBIX YPOBHSX aOCTpaKkIUu. DKCHEpTHAs CUCTEMa BKJIIOYAET
0a3y 3HaHMI, KOTOpas co3gaeTcs myTeM GopMaliu3alluid HEKOTOPO PeIMETHON 00J1acTH, a Ta B
CBOIO OUYE€pe/b SIBIISIETCS Pe3yJbTaTOM a0CTparupoBaHMs ONPENETICHHBIX CYIIHOCTEH peallbHOro
MUpa.

ITocne Toro kak npeaMeTHast 00JIacTh BblJeNIEHa, MHKEHEP 3HAHUH JT0JKEH ee (opMalib-
HO omucatk. J[Jig TOro eMy HE0OX0IMMO BhIOpATh KaKOM-IMOO0 CIOCcO0 MpEeACTaBICHHS 3HAHUN
0 Heil (Mozenb mpencTaBieHMs 3HaHMM). B. Hacrosiiee Bpems OTCyTCTBYeT oOuuil crocol
IpeJICTaBICHNs 3HAaHUM, KOTOPBIA OBl roawics /Ui GopMaau3aluy IpeIMETHBIX 00JacTell Jito-
6011 mpupozbl. IHKeHep 3HaHUH JTOJKEH BOCIIOJIb30BaThCsl TOW MOJIENbIO, C TOMOIIBIO KOTOPOH
MO>HO JTydIlle BCEr0 0TOOpa3uTh crienuduky mpenmerHon obnactu. Kormga Oyner co3gana o0-
11as TeOpUs MpeCcTaBIeHUs 3HaHUM (ecau 3To BooOIIe KOrja-HuOyAb MPOU30MIET), €€ MOKHO
OyzeT MpUMEHSITH i (hopMaTu3allii HOBBIX MPEAMETHBIX 00yiacTeil 6e3 ydera uX 0COOEHHO-
CTEH.

Onpenenenue xapakrepa pemiaeMbix 3a/1a4

OOpatumcs K mpUMepy U3 MEAUIIMHCKONW MPAaKTHKHU. [IpeArnoaoKum, 4To Mbl XOTUM TIO-
CTPOHTH JKCIIEPTHYIO CHUCTEMY, TPEIHA3HAYCHHYIO Ui 00paOOTKH Pe3ybTaTOB XMMHUYECKOTO
aHaJM3a KPOBH, BBINIOJIHEHHOTO B j1aboparopuu. MHxeHep 3HaHuil mpex/ie Bcero o0si3aH MpoBe-
CTH OIPOC 3KCIEpPTa U TOJBKO IMOTOM MPHUCTYIATh K OCTPOEHUIO CUCTEMBL. DKCIEPT, O€3yCI0B-
HO, JTOJDKEH OBITh CIIEIUAIUCTOM B TOH 00jacTu, B KOTOpoil Oyzaer paborats cuctema. [lepBsim
JIeIIOM HEoOXOJUMO OIpeNeInTh IielieBoe HazHaueHue cucteMbl. Kakue, coOCcTBeHHO '3ajmauu
NPEJCTOUT pellaTh CUCTeME, OCHOBAHHOW Ha 3HaHWAX? Llemn pa3paboTKM CHCTEMBI Cieryer
chOpMyIHpPOBATH TOYHO, TIOJIHO U HENPOTHBOPEUYNBO. Hanpumep, Ui TMarHOCTUYECKON CHUCTE-
MBI 3TO MOKET OBbITh [TOJyYeHHE OTBETOB Ha TaKHUE BOIIPOCHL:

1. 3nopoB nu nanueHT (McnpaBHa Ju cuctema)? Eciau HeT, TO Kakoe UMEHHO Yy Hero 3a-
6oneBanue? Ecin umeere» HECKOIBKO 3a00JI€BaHMA, TO KaKO€ U3 HUX HanboJjiee OmacHo?



2. Kakne u3MeHEHHs B IMETE M PALMOHE MUTAHUS CIICAYEeT PEKOMEHIOBATh M, KaKHe U3
HUX CUUTAIOTCS 0COOEHHO BaXKHBIMH?

3. Kakue nabopaTopHble HCCeI0BaHUs HEOOX0IMMO IPOBECTH AOTOIHUTEIBHO U, KaKue
U3 HUX SBJISIIOTCS IEPBOOYEPETHBIMU ?

4. Kak Hy’>KHO M3MEHHTH 00pa3 KHM3HM MAIMECHTa WIN KIMMAaTHUECKUE YCIOBHS, B KOTO-
PBIX OH HaxoauTcAa?

5. HyxHO 5n HanmpaBUTh NanueHTa Juisi 00CiIeI0BaHus K BpauaM-CHEIUAUCTAaM U €CIIH
na, To K kakuM uMmeHHo? [logymaiite, Ha Kakue emie BOMPOCHI JOJDKHA YMETh OTBEYaTh —Halla
JIMarHOCTUYECKast cucrema’?

[Tocne Toro xak 1enb pa3pabOTKU CUCTEMBI ONpe/esieHa, NHKEHEP 3HAaHUN MPUCTYIIACT K
(GOopMyITUPOBAaHUIO MOJUENEH. JTO MMOMOXKET €My YCTAaHOBUTH MEPApXUUECKYI0 CTPYKTYpY CH-
CTEeMBI M pa3OUTh ee Ha MOyJIu. BBeJleHne TeX WM MHBIX Mojleneil 00yCcIOBIMBACTCS HAINYH-
€M CBs3el MEXIy OTJeNnbHbIMH (pparmeHTamu 3HaHui. [Ipobiema cBoauTCs K pa3dHeHuto 3a1a-
YM Ha JBE WJIM HECKOJIBKO I10/133]1a4 MEHBIICH CII0)KHOCTHU U TOCIEAYIOUIEMY MTOUCKY UX pelle-
Huii. [Ipn HeoOX0AMMOCTH, TTOTyYeHHBIE B pe3yIbTaTe pa3OHeHus MoA3a1aul MOTYT APOOUTHCS
U JlanblIe.

BroisiBiieHre 00beKTOB NpeIMeTHOM 00J1aCcTH

CraenyromumM I11aroM MOCTPOEHUs: 0a3bl 3HAHUH SIBIIETCS BbLAEICHHE OOBEKTOB INpeEj-
METHOI 001acTH, WJIM B TEPMHUHAX TEOPUU CUCTEM YCTaHOBIIEHHE TpaHull cucTeMbl. Kak u ¢op-
MaJIbHasi CUCTEMa, COBOKYNHOCMb BbIJICIIEHHBIX MOHATHH TOJDKHA OBITH TOYHOM, MOJHOW M He-
NPOTHBOPEUYNBON. MTak, Kakue KOHKPETHO J1a0OpaToOpHbIC aHAIM3bl HEOOXOIUMO MPOBECTH?
Crnenyer nu oOpaTUThCS K UCTOpUM OOJIE3HM MAIMEHTa M €CIM Ja, TO Kakue JaHHble B Hel
HauOosee BaxHbl? Kakue ellle cBeeHns O NallMeHTe MOTYT IPEACTaBIsATh UHTEPEC (Harpumep,
OTMEYAJIMCh JIU PAaKOBble 3a00JI€BaHUS Y POJCTBEHHUKOB)? HyXHO 1M y4MTHIBaTh JIEKapCTBa,
KOTOpbIe OOJILHOM MPUHUMAJI paHee, a TaKKe MpeablayIIue Ha3HaueHus Bpayeil? Urpaet nu ka-
KyI0-HUOYJIb POJIb POJ 3aHATHH U 00pa3 *HU3HU OOJBHOIO, KIMMATUYECKUE YCIOBHUS M PEXHUM
nutanus? Kakue cumMnToMsl y Hero HaOroAaroTcst (roJ0BHbIE O0IH, Kap U T.1.)?

YcraHoB/IeHHe B3aUMOCBsI3eil MeK1y 00beKTaMu

[Tocne BbIsIBIEHUST OOBEKTOB MPEIMETHOW OO0JIACTH HEOOXOIMMO YCTaHOBUTH, KaKHe
MEXIy HUMHU UMEIOTCs CBsi3u. Hampumep, HU3Koe coliepkaHUEe TUPEOTPOITHOTO TOPMOHA B KPO-
BHU MOKET CBUJETEIHCTBOBAThH O MOBBIIIEHHON aKTUBHOCTH MOJXKETYI0YHOU JKeJe3bl, HO MOXKET
03HauyaTh U HeuTo jpyroe. CieayeT CTPEeMHUTHCS K BBISIBICHHIO KaK MOXHO OOJBIIET0 KOJUYe-
CTBa CBSI3€H, B Uji€alie - BCEX, KOTOPHIE CYIIECTBYIOT B IPEIMETHOM 0OIACTH.

dopMmanu3anusa 3HAHU I

[TonydyeHHOE KaueCTBEHHOE OMHUCAHUE MPEAMETHON 00JIaCTH JOJKHO OBITh MpejcTaBlie-
HO CpeICTBaMU KaKOTo-I1100 (OpMaIbHOTO SI3bIKa, YTOOBI MPUBECTH ITO OMKUCAHUE K BUAY, M103-
BOJISIIOIIEMY TIOMECTUTH €ro B 0a3zy 3HaHUU cucTeMbl. [l pelieHus 3Tou 3a7auu BBIOMpaeTcs
MOAXOMASAIIAsT MOJIENb MPEICTABICHUS 3HAHUM, C MOMOIILI0O KOTOPOW CBENEHUSI O MPEIMETHON
007acTi MOKHO BBIPA3UTh (HOPMATBHO.

PaccmoTpum nipumep.

[Moaxonsmieit 3agaueld, Tpu PEHIEHUH KOTOPOM MOKHO MCIHOJI30BaTh MPOAYKIIMOHHYIO
MOJIeNIb, MOKET OBITh 3aJlaya, BBHITEKAIOIIAs W3 CICAYIONIEH CHUTYyallud: K JUPEKTOPY KPYITHOM
TEXHUUYECKOH (UPMBI IPHUILEN YETOBEK, JKEIAIINA YCTPOUThCS Ha padoty. JlupekTop pacmona-
raeT CBEJICHHUSIMU O €T0 KBATU(HUKAIINN, O MOTPEOHOCTIX (UPMBI B CTICIIHAIMCTaX M OOIIEeM TO-
JoXeHuu nien B pupme. EMy HY)KHO pemmTh, Kakyro JOHKHOCTh B (PUPME MOXKET 3aHSTh MOCe-
TUTEITb.

Paccmotpum mogens «IloceTutensy, BEIIBUM HEOOXOAUMBIE aTpHOYTHI ISl MPUHS-
THUS PELIEeHUs O IpUeMe Ha paboTy.
OOBEKT: MOCETUTETT.
ATpuOyTHI:
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YuCHas CTCIICHDb

HaJIN4YME YYEHOTO 3BaHMS

CTaXX pabOTHI MO CIIEUUATBHOCTH
HOCETUTENb CJe1all BAXKHOE OTKPBITHE
cpenHuil 6an noceTutens 3a BpeMs yueOsbl

cpenHuit 6an OTKPBITHS

caciall

IIOCCTUTCIIb

paboTan

Puc.4. Mooenv npeomemnou obracmu

2. llopsiiok BbINOJHEHUS Pa0OThI

1. Ilpoananu3upoBaTh NOITYYEHHOE 3aJJaHNE

2. OmnpenenuTs XapakTep peraeMon 3a1aqu.

3. Boiienuth 00BEKTHI TPEAMETHOM 00IaCTH.

4. BriOpatb aTprOyThl, CBOMCTBA XapaKTEPU3YIOIINUE OOBEKTHI.

5. YcTaHOBHTH CBSA3M MEXI1y 00BEKTaMH B BUJIE IPABUJI MTPOTYKIIMOHHOW CHCTEMBI

3. BapuaHTsl 3a1aHuil
Omnucatp npeaMeTHY 0 00JacTh I CAEAYIOIINX 3a/1ay:

=
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JUArHOCTHKA HEHCIIPABHOCTEN AIIEKTPOHHOHN amnmapaTypsl
JIMarHOCTUKA HEUCIPABHOCTEH aBTOMOOMIIS

JTUArHOCTHKA 3a00J1eBaHuil (110 BBIOOPY)
IIPOrHO3UpPOBaHUE (10 BHIOOPY)

CHIOPTUBHBIX MEPONPUITUN

Tenenepenay

MPUPOJIHBIX KaTaKITU3MOB

KJaccupukanus o0beKToB (110 BEIOOPY)

3a/1a4i UH(QOPMAIIMOHHO-COBETYIOILEr0 XapakTepa (1o BbIOOpY)
MOMOIIIHUK 3aBE/IYIOIIETO CKIaaa

MOMOIIIHUK anTeKapst

TIOMOIITHUK OTepaTopa CIIPaBOYHOM CITyKOBI

BBIOOP JTOJKHOCTH

NPOBE/ICHUE OTITYCKa

OHTPOJIbHBIE€ BOIIPOCHI
. Kakue MOZCIIN TPCACTABICHUA 3HaHUH I/ICHOJIL3YIOTC}I?

2. Tumnsl 3a/1a4 3KCIEPTHBIX CUCTEM?
3. Uem xapakTepu3yIOTCsl 0OBEKThI IPEeIMETHOM 001acTH?
4. Kak mMoryT ObITh IpesicTaBieHbl GpakTsl B DC?



JlabopamopHasi paboma Ne 2. Hacmsb 1. Ucnonb3oeaHue npasusn npodykyuu onsi
npedcmaesieHusi 3HaHuUll. NPsiMasl yerno4vka paccyxoeHul
ean pabdoThl: HayuuThcs MCIONB30BaTh METO IIPABHIT MPOAYKIIUH JIJIsI TPEACTABICHHS
3HAHUHI HA OCHOBE NPSIMOM LIEIIOYKHU PACCYKACHUM.

1. TeopeTnueckas 4acTh
[IpencraBienue 3HaHUN C MOMOUILIO MPABUI OPOAYKIIMH — camas paclpoCTpaHEHHas
dopma peanuzanuu b3. C moOMONIbIO TPOAYKIIMA MOKHO OMKCATh MPAKTUYECKH JIIO0YIO CHCTEMY
3HAHUU.
[TpaBwia mpoayKIMi peACTaBICHBI B BUE HMILTAKAIINN:

pi:si > di,
IJIe Pi - MPABUIO TPOAYKIIHH,
Si - YCJIOBUEC IIPUMEHCHUA ITIpaBHJia,
di - pe3ynbpTaT MPUMEHEHHUS MTPaBUIIA.
A D
-
B
B

Puc.5. Ilpumep ucnonvsosanus npasun npooyKyuu.:

1. Ecnu ecTh 11eHBI Ha BBIITyCKaeMble u3aenus (A) - 3aBoj OTIyckaeT npoaykiuio (D).

2. Ecnu 3aBoA BBITyCKAeT MPOAYKIIMIO M BBIMONHSET 1iaH 1o ee peanusanuu (C) - pabo-
yue nosryqaroT npemuto (F).

3. Ecnu paboune nony4aroT NpeMUI0 U pacTeT MPOU3BOJAUTENBHOCTE ITpou3BoAcTBa (B)-
3aBOJI MPOU3BOJIUT MIPOIYKIIMIO CBEPX Tu1aHa (7).

PaccMmoTpuM 11enodku BEIBOJIOB.

Ipsmoit ciocob paccyxaeHusl.

ITo u3BecTHBIM (haKTaM OTBHICKUBAETCS 3aKJIIOUEHUE, KOTOPOE CIEAYET U3 ATUX (PAaKTOB U
HaKaruimBaeTcs padoyast MaMsTh.

DTO NPUBOAUT K BHIIIOJHEHUIO 2 MTPpaBUIIa.

C & D— F, u dakr «F» nomemaercs B pabouyro namstb. Toraa onsiTb MpOBEPSIOTCS
npaBuia U3 0asel. [lepBoe mpaBuIIO BBIMOIHSAETCS F & B — Z, Bcneactsue 3toro Z 3a-
HOCUTCA B pabouylo MaMATh. A Tak Kak Z SIBISETCS LENb0, TO MOUCK 3aKaHYMBAETCS. IJTOT Me-
TOJI Ha3bIBAETCS MPSIMOI LIENOYKOM paccykKAeHUH, MOCKOJIbKY MOUCK HOBOM MH(pOpMaIMu mpo-
VCXOJIUT B HANIPABIICHUN CTPEJIOK, Pa3IEIAIONINX JIEBBIEC U ITPABbIE YaCTH MTPABHIL.




F&B—>Z F&B —>Z

C&D—>F C&D—->F
A — D A —- D
TP aBH.Ia TITPABHITA IIPAaBH.JId

" Puc.6. Hpi;Mep peanuzayuu }’l[;}lMOZZ Yenouxu paccy;fcde;t_uﬁ

O0001EéHHBIH ANTOPUTM PadOThl CHCTEMbI, PEATU3YIOIINIA NPAMYIO ENOYKY pac-
CYK/IeHHI, MO’KHO CBECTH K CJIeAyouemMy :

1. OnpenenauTb UCXOIHOE COCTOSHUE.

2. 3aHecTH NMEPEMEHHYIO YCIIOBUSI B OYE€pe/lb IEPEMEHHBIX JIOTMYECKOTO BbIBOJA, a €€
3HAYCHHE - B CIIUCOK MIEPEMEHHBIX.

3. IIpocMoTpeTh CIMCOK NEPEMEHHBIX U HANTH Ty NEPEMEHHYI0, UMsI KOTOPOM CTOUT B
Hayajie O4Yepe/ld MEePEMEHHBIX JIOTHUYECKOTro BbIBoAa. Ecnu mepemeHHas HaiijieHa, 3amucaTh B
yKa3aTelb IEPEMEHHBIX YCIOBHS HOMED npaBuia ¥ yucio 1. Eciu nepemeHHast He HailieHa, ne-
peiTH K mary 6.

4. IlpucBouTh 3HAYEHUS HE NPOUHHMLIMAIU3UPOBAHHBIM NEPEMEHHBIM YCIOBHOW YacTH
HaWJIEHHOTO TIpaBuja (€clid Takue €cTh). MiMeHa mepeMeHHBIX COAep)KaTCsa B CIUCKE MepEeMEH-
HBIX ycnoBus. [IpoBepuTh Bce yCIOBUS MpaBUiia U B Clydyae UX UCTUHHOCTU OOPATUTHCS K 4acTH
TO npaBuna.

5. IlpucBouTh 3HaUEHUE NTEPEMEHHOM, BXoas1el B yacTh TO npaBuia, U MOMECTUTD €€ B
KOHEII 0YepeId IEPEMEHHBIX JJOTUYECKOTO BHIBO/IA.

6. Y1anuTh nepeMeHHyl0, CTOAILYI0 B Hayaje O4epeau MEPEMEHHBIX JOTUYECKOTO BBI-
BOJIa, €CITM OHA OOJIBIIIE HE BCTPEUYAETCS B YCIIOBHOM YaCTH KaKOT0-JIM0O MpaBHIIa.

3aKOHYUTh MPOLECC PACCYKACHUH, KaK TOJBKO OMYCTEET OUYepeb MEPEMEHHBIX JIOTHYE-
CKOro BbIBOJIa. Ecin ke B ouepeu emi€ ecTh epeMeHHbIe, BEPHYTHCS K IIary 3.

2. ITopsinok BbINOJIHEHHs PadOTHI:

1. 3y4nTh TEOPETHUYECKYIO YaCTh IO MPUBEJECHHBIM BBIIIE JaHHBIM M JOTIOJIHUTEIBHON
JauTEeparype.

2. IIpocMOTpeTh AEMOHCTPALMOHHBIN IPUMED.

3. [omyuuTs y npenojiaBaTelis BApUAHT 3a/1aHUs JUI BHIIOTHEHUS.

4. TlocTpouTh NpsAMYIO LETIOUKY PacCy ACHUN

5. Peanu3oBarh nporpaMmy Juisi IpSIMOU LETIOYKH PACCyKIACHUN

3. BapuaHTbl 3a1aHuii

Peann3oBaTh NpsAMYIO IETIOUKY PACCYXKIAECHUHN IS CIEAYIOMINX 3a/1a4:
1. IIPOTHO3MPOBAHNE HEUCITPABHOCTEH IIEKTPOHHOM anmapaTypbl
IPOTHO3UPOBAHNUE HEUCIIPABHOCTEH aBTOMOOMIIS
IIPOrHO3MpOBaHKe 3a00seBaHul (TI0 BEIOODY)
IPOTHO3UpPOBaHUE (110 BEIOOPY)

CTIOPTHUBHBIX MEPOTIPHSTHN

e



b. Tenenepenaay

c. MPUPOIHBIX KaTaKIIN3MOB

U T.II

5. KIaccudukanus 00bEKTOB (110 BHIOOPY)

6. 3a/1a4u WH(HOPMAITMOHHO-COBETYIOIIETO XapakTepa (1o BEIOOPY)
a. MOMOIITHUK 3aBEIYIOIIETO CKIaaa

b. MIOMOIITHUK arTeKapst

C. MIOMOIITHHK OIlepaTopa CIPpaBOYHOM CITYKOBI
d. BBIOOP JTOKHOCTH

e. MIPOBEJICHUE OTITyCKa

U T.II

4. KOHTpOJIbHBIE BOIIPOCHI

1. Yro Takoe nmpaBuiia NPOAYKLIHMH U B YEM UX CYIIHOCTb?

2. B 4yem oTiudme npsMoii EeTOYKH PacCyKIAeHUH OT 00paTHOM LETTOYKH PacCyKIeHUN?

3. U3 xakux yacTeil COCTOUT MPOAYKIIMOHHAS cucTeMa?

4. 3HaueHue ¥ NPUMEHEHHUE YacTel MPOJYKIIMOHHON CUCTEMBI JUIsl IPEICTABICHUS 3HA-
HUN?

JlabopamopHasi paboma Ne 2. Yacmb 2. Ucnonib3oeaHue npaesus npoldykyuu ons
npedcmaesieHusi 3HaHull obpamHasi yerno4yka paccyxoeHuul

Hean pabdotbl: Hayunutbest CTpouTh AEpEBO 1Lieiel U pa3pabaThiBaTh aJrOpUTM
Pemennii Ha ocHOBe OOPATHOM ETIOYKHU PacCy KICHUI.

1. TeopeTnyeckasi 4acTh

[Tpsimoit MeTox paccyxaeHuil umeer cienyromuil HeaocTatok. [Ipu OonbiIomM Kosuye-
CTBE IPaBWJI, YTOOBI HATH MH(OPMALHIO, CBI3aHHYIO C Z, HY)KHO BBIIOJIHUTh MHOTO IPaBHII,
He CBA3aHHBIX ¢ Z. [Ipr 5TOM METO1 0Ka3bIBACTCS HAIIPACHOM TPATOM BPEMEHU U JICHET.

B takux cutyanusx 0osiee peHTabenpHOM sBigeTcs o0paTHasl IerovKa pacCyKACHUN.

ITar 1 HTar 2 ITar 3

= = =

JHeCh
F&B 7 F&B 7 F&B 7
C&D—F C&D—F C&D—F Hy3%HO C
A - D A - D A > D o
l'lp dBHJII4a l'I[gaEH.]'Ia ! [}3 dBHIIA

Puc.7 Ilpumep peanuzayuu o6pamuoil yenouxku paccyiHcoeHutl

[Ipu 3TOM MeTo/Ee cUCTeMa HAYMHAET C TOTO, YTO HYXKHO J0Ka3aTh, HAIPUMEP, YTO CUTY-
anus Z CyIIeCTBYET, M HY)KHO BBIMIOJHUTH TOJIBKO T€ MpaBUjIa, KOTOPHIE OTHOCSTCS K yCTaHOB-
JICHUIO 3TOTO (haKTa.



Ha mare 1 cucreme roBopuTcsi, 4TOOBI OHA YCTAaHOBHWJA, YTO CHUTyalus Z CYIIECTBYET.
Omna nmer Z B 6a3e, a eciy €ro HeT, OyJIeT UCKaTh MPABUJIO, IPUBOSAIINEE K YCTAHOBICHHUIO Z.
OHa HaxoJIUT MPaBUIIO

F&B—->Z

U penaeT, 4YTo Hajo ycTaHoBuTh F u B.

Ha mare 2 cucrema nwitaercss Hailtu (pakt F winu B 6a3e MaHHBIX WM CPEeId MPABUIL.
Haxomut npasuiio C & D— F u pemraer, 4T0 HEOOX0AMMO YCTAHOBUTH CYIIECTBOBAaHUE (DaKTOB
CubD.

Ha marax 3-5 cucrema nHaxogut C, 3aTeM HaXOJUT A MIPExX/Ie, YEM MOIYUUT 3aKITHOUYCHUE
oD.

Ha mrarax 6-8 cucreMa BBITIONHSET TPEThE MPABUIIO, YTOOBI YyCTaHOBUTH D, 3aTeM ucmnod-
HSIET BTOPOE IMPaBWIIO, YTOOBI YCTAHOBUTH F U HaKoHel — mepBoe MpaBuilo, YTOObl YCTAHOBUTH
OCHOBHYIO IIeJIb — (JaKT CYIIIeCTBOBaHUS Z.

Teneppb HyX)HO HariasAHO €€ MpeAcTaBUTh. J[Jis onucaHus MOJOOHBIX 3a7a4 OOBIYHO HC-
M0JIb3YIOTCS IUarpaMMbl, KOTOPbIE HA3bIBAIOTCS depesbamu peuienuil. JlepeBbsi pelieHnil JaroT
HEOOXOUMYI0 HATJISITHOCTD U MTO3BOJIAIOT MPOCIEANUTD X0 PACCYKICHHIMA.

JnarpaMMbl Ha3bIBAIOTCS IEPEBbSIMH PEIICHUI MMOTOMY, YTO, MOJJOOHO HACTOSIIIEMY Jie-
pEBY, UMEIOT BETBU. BeTBU /1€peBbEB PEIICHUI 3aKaHYMBAIOTCS JIOTMYECKUMH BbIBOJaMH. Jlis
paccMaTpuBaeMoro MpUMepa BBIBOJ| 3aKJIIOYACTCS B TOM, MPEAJIOKHUT JIM TUPEKTOP JAOJKHOCTD
nocTynaroieMy Ha paboTy, U eclH Ja, TO Kakyto. MHorue 3afaud CIOXHBI, © UX HEMpPOCTO
MPECTaBUTh (WK IS UX PEHICHHs] He coOmparoTcsi ucnoib3oBath JC). JlepeBo penieHuit mo-
MOTA€T MPEOI0IETh 3TH TPYIHOCTH.

IToceTHTemn = 2 = 2 I e A0 EETE
OTEAZATE ot * IIoceTITRED
)] AOICHHOCTE
METHEHeP A II0
< 3.5 CEOMEED 8T BKcm?aTm
paboTan (0
Tl oceTeremo TIOCETHTEIE II0
Her OTEATATE CITELTELATIE HO CTH 7

(41

Crpe e

Bosnaomsso, B arm =735
TI0CEeTHTETE Ha TI0C ETHTEILE :
ByaeT 54 BpenIa

IIPEELAT Ha yueber?

paboTy =)

k3

[T emmosseTE ITiegnozzre

TIO ¢ & TETEIIED IO C B TECTEITED

AOIDFIIOCTE AOIDFEHOCTE

HE.‘_EI"—I['IDI‘D I*CII‘DI{EHEP'&

B -KOHCTRFETOpA
(6 (2

Puc. 8. /lepeso pewenutl 0ns vi60pa 0ondxicHocmu.

Ha puc.8 nokaszano aepeBo pemieHuit s npumepa ¢ npuéMom Ha padoty. Bunno, uro
quarpaMma COCTOMT M3 KPYXKKOB M NPSIMOYTOJIBHUKOB, KOTOPbIE HAa3bIBAIOTCS BEpIIMHAMH.
Kaxxnoli BepimmHe npucBauBaeTcsi HoMep. Ha BepIIMHBI MOKHO CCBIIATBHCS IO 3TUM HOMEPAM.



JluHuun, coenuMHSAIONME BEPUIMHBI, HA3BIBAIOTCS JyraMu WiM BeTBAMH. Kpykku, conepxkamine
BOIIPOCHI, HA3bIBAIOTCS BEpIIMHAMHU perieHuil. [IpaMOyTroabHUKN coaepkaT e AuarpaMmbl U
03HaYyaroT JIOTMYECKHE BbIBOJBI. JIMHWM NMOKa3bIBAIOT HANPABICHHUE AUarpaMMbl. MHOrue Bep-
IIMHBI UMEIOT Cpa3y IO HECKOJIBKO BETBEH, CBS3BIBAIOLINX UX C APYTUMH BeplinHamu. Beibop
BBIXOJSIEH M3 BEPILIMHBI BETBU OIPEACIACTCS IMPOBEPKOM YCIOBHS, COAEpIKALIErocs B BeEp-
[IMHE.

Hamnpumep, Bepmmna 5 (cM. Puc.8) cogepkuT Bompoc, Ha KOTOPBIH €CTh 1Ba BO3MOXKHBIX
OTBETa, ¥ TIOITOMY Yy He€ J1Ba MyTH B 3aBUCHMOCTH OT CPEIHEro Oajuia IMOCEeTUTENs 3a BpeMs
y4€O0bI, TO €CTh BO3MOXKEH BBIOOP OJHOW M3 IBYX BeTBel. Ecnu cpemnuii 6amn pasen 3.1, To Oy-
JeT BbIOpaH NepBblid MyTh, Tak Kak 3.1 menpmie 3.5. B mporpamMe noj cpennuil 6an cHadana
OTBOJIUTCS IIEPEMEHHAs, a 3aT€M €Ul IMpHCBauBaeTCs 3HauyeHHe. MOXKHO CKa3aTh, YTO BEPIIMHBI
COJIepKaT MEPEMEHHBIE, a IIyTH - 3TO YCJIOBUS, B COOTBETCTBUM C KOTOPBIMH IIEPEMEHHBIM IIPU-
cBauBatoTcsa 3HaueHus. [locie Toro kak ans mpobieMHoi obmacTu cHopMyIHpOBaHbI MIPaBUIIA,
3TH ycaoBUs cTaHOBATCA ycinoBHbIMU dacTaMu (ECJIN) npasuna. IIpsiMoyronbHUKHM conepkar
YyacTHbIE WK 0011Me BeIBOAbL. Hanmpumep, mpsMOyroibHUK Ha pUC.] MOXKET colepKaTh OTBET Ha
BOIIPOC, OYyJIeT JIM TIOCETUTEIIO MpejiokeHa padbora. O0Ias 1eyib CUCTeMbI, B KOTOPOH pealin-
30BaHbl 00OpaTHBIE PACCYXkACHUS, - TTOTYYUTh OKOHUATENbHBIN OTBET. JIOKaIbHOM IENIbI0 MOKET
OBITH COAEpIKAIIMICSA B MPSIMOYTOJIbHUKE Ha PHUC.8 OTBET Ha BOMPOC, OyIET JIM MOCETHTEIIO
IpeasiokKeHa T0KHOCTh. OHAKO 3Ta BEpLIMHA UMEET U UCXOSAIINE BETBU, U, CIEJOBATEIbHO,
yepe3 He€ MOXKET MPOXOAUTH MyTh K CIEAYIOIIEMY JIOTHUECKOMY BbIBOAY. B mociennem ciyuae,
MIOCKOJIBKY UCXOJISIasi BETBb HE COAEPKUT YCIOBHS U OHA TOJIBKO OJIHA, TOBOPSIT, YTO BEPILIMHA
COAEPKUT JTOKAJIBHBIN BBIBOJL JJISI APYTOM 1esu. JIOKabHbIM BBIBOJI - 3TO TAK)KE COCTABJISIOIIAS
YCJIIOBHOW YacTH IPaBUIIA.

O000IEHHBIHA AJITOPUTM PAOOTHI CHCTEMBI C
00pPATHON IEeNMOYKO0 BHLIBOIOB.

Cucrema, peanusymolas 0OpaTHYIO LIETIOUKY PacCyJACHUN, JOHKHA BBIIOJIHATH Clie-
JIYIOLIUE I1Iary :

1. OnpenenauTs NEpeMEHHYIO JOTHYECKOTO BBIBO/IA.

2. B cnucke 10rn4eckux BBIBOJOB MCKATh MEPBOE BXOXKJAEHHUE 3TOM mepemMeHHOW. Ecin
IIepeMEHHasl HaliJIeHa, B CTEK JIOTUYECKHUX BBIBOJIOB IIOMECTUTH HOMEP COOTBETCTBYIOIIEIO IIpa-
BWJIa U YCTAaHOBUTH HOMEp ycioBUA paBHbIM 1. Eciu nepemenHas He HaiijieHa, COOOIUTH MOb-
30BaTeII0, YTO OTBET HAUTH HEBO3MOXKHO.

3. IIpucBonTh 3HaYEHMS BCEM NIEPEMEHHBIM YCIIOBHSI U3 IaHHOTO IpaBUJa.

4. Ecnu B cucKke NMepeMEeHHBIX YKa3aHo, YTO KaKOW-1100 MepeMEeHHOM yCIOBUS HE MpH-
CBOEHO 3HAaY€HHUE U €€ HeT CpeAM MEePEeMEHHBIX JIOTHYECKOT0 BbIBOJIA (€€ HET B CIMCKE JIOTHYe-
CKHX BBIBOJIOB), 3aIIPOCUTH €€ 3HAUEHHUE Yy MOJIb30BATES.

5. Ecnu xakas-nu0o nepeMeHHasi yclIoBHs BXOAUT B IEPEMEHHBIE JIOTHYECKOTI'O BBIBOJIA,
IIOMECTUTH B CTEK HOMED IIpaBUja, B JOTMYECKHUM BBIBOJ KOTOPOTO OHA BXOJMT, U BEPHYTHCS K
niary 3.

6. Ecnu u3 npaBuiia Henb3s ONPENEINTh 3HAYEHHE EPEMEHHOM, yIAUTh COOTBETCTBY-
IOLUNA €My DJIEMEHT U3 CTE€Ka U B CIIMCKE JIOTUYECKUX BBIBOJOB IIPOJOJIKUTH IIOUCK IPaBUIA C
ATOM MEPEMEHHOM JIOTUYECKOTO BBIBO/IA.

7. Ecnm Takoe mpaBuiio Hal€HO, MEPENTH K 1ary 3.

8. Ecnu nepemeHHas He HailIeHa HU B OJJHOM M3 OCTaBIIMXCS MPABUJI B JIOTHYECKOM BBI-
BOJIE, IIPABUJIO JUIS IIPEABIAYILErO BbIBOAA HE BEPHO. Eciu NpeaplayInero BEIBOAA HE CYIIECTBY-
€T, COOOLIUTh MOJIb30BATENI0, YTO OTBET IMOJIYYUTh HEBO3MOXHO. Eciu mpeasiayniuii BIBOJ
CYILLIECTBYET, BEPHYThCS K 1Iary 0.

9. Onpenenuth 3HaYEHUE MEPEMEHHON M3 MpaBUia, PACIOIOKEHHOTO B Hayalle CTEKa;
IIPaBUJIO U3 CTEKA yIanuTh. Eciau ecTh emme nepeMeHHbIe JJOTHYECKOTO BBIBOIA, YBEJIMUUTD 3HA-
YEHUE HOMEPA YCJIOBUS U JJIA NMPOBEPKU OCTaBLIMXCS MEPEMEHHBIX BEpHYThCS K mary 3. Eciou



0OobIle HET NEPEMECHHBIX JIOTMYCCKOIr'0 BbIBOJA, COO6H_[I/ITI> MIOJI30BATEIII0 OKOHYATCILHBINA BBI-
BOJ.

2. Ilopsnok BbINOJTHEHNS padoThI:

BriOpats no 3aganHoii Teme 15-20 npaBui1 IPUHATHS PEIICHUS;
YopsaouuTh UX 1O CTENEHU Ba)KHOCTH;

[TocTpoutsb nepeBO MPUHSATHS PEILICHNUS;

[TocTpouTh CIUCOK NEPEMEHHBIX JIOTUUECKUX BBIBOJIOB;

Hanucats nporpammy aiis peanuzanuu oOpaTHOMN HETOYKU PacCysKISHUI

Nk W=

3. BapuaHTbl 3a1aHuii
PeanuzoBath npsiMyIo [IENOYKY PACCYKICHUN I CIEAYIONIUX 3a0a4:

1. JIMarHOCTUKA HEUCIPABHOCTEH JICKTPOHHOM anmaparypbl
2. JTUArHOCTHKA HEHCIIPABHOCTEH aBTOMOOWIIS

3. JMarHOCTHKA 3a00JIeBaHUH (110 BEIOOPY)

4. AHanmn3 o0beKTa (110 BBIOOPY)

a. CHIOPTHUBHBIX MEPOIIPHUITUI

b. Tenenepenaay

C. NPUPOIHBIX KATAKIU3MOB

U T.II

5. 3aa4i WH()OPMALIMOHHO-COBETYIOIIETO XapakTepa (1o BEIOOPY)
a. MOMOIITHUK 3aBEIYIOIIETO CKIaaa

b. MOMOIIIHUK arTeKapsi

C. MTOMOIITHHK OIepaTopa CIPaBOYHOU CITYKOBI

d. BBIOOP JTOKHOCTH

e. MIPOBEJICHUE OTITyCKa

U T.II

4. KoHTpOJIbHBIE BONIPOCHI

1. YeM oTnuyaroTCs «mpsiMasi» U «00paTHas» LENOYKH pacCy X AeHUNH?
2. Kaxue BuabI IpaBUil CyIIECTBYIOT?

3. Kak xoHTponupyetcs BbIBOA npasui u3 b3?

4. Kak yunTsIBaeTCsl JOCTOBEPHOCTD 3aKIFOUUTEIBHON YacTH IIpaBuiia?

JlabopamopHast paboma Ne 3. Ucnonb3oeaHue Simulink npu nocmpoeHuu HelpoH-
HbIX cemedl.

Lenbto pa®oTHI SABISETCS U3yUeHHE OCHOBHBIX OJIOKOB BHU3YaJIBHOTO NMPHIIOKEHUS Sim-
ulink mporpammuoii cpene MATLAB 6.0, ucnons3yemMbIx Ipu MOCTPOSCHUH HEWPOHHBIX CETeH,

npuoOpeTeHne OIbITa MOJICIMPOBAHUS HEHpoceTeBBIX cucTeM yrpasieHus cpeast MATLAB
6.0.

TeopeTnyeckas 4acThb

bubmmoreka 0JIOKOB TOCTPOESHU HEUPOHHBIX cerel B Simulink.

[Taket Neural Network Toolbox comepxut psi 6;10KOB, KOTOPBIE MOTYT OBITh HEMOCPEI-
CTBEHHO MCIIOJIb30BaHbI JJIs1 MOCTPOCHUsI HEHMpOHHBIX cered B cpene Simulink, 6o npume-
HATBHCS BMecTe ¢ (pyHKuuel gensim [1].



Jlst BBI30Ba Habopa OJI0KOB, B KOMaHIHON CTpPOKE HEOOXOAMMO HaOpaTh KOMaHIy neu-
ral, mocie BBINOIHEHNSI KOTOPO MOSABISAETCS OKHO BUa puc. 1.

o
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Puc. 1. OcHoBHEIe HelipoceTeBbie 010k Simulink

Kaxnpiif U3 mpencTaBieHHbIX Ha puc. | OJOKOB B CBOIO Odepenab SIBISETCS HAOOpOM
(6ubMOTEKOI ) HEKOTOPBIX 0JIOKOB. PaccMoTpuM ux.

-loix]
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et oo [ ofFF A4S P 4F 75

compet  hardlim  hardlims  logsig poslin purelin

A D A A A

radbas zatlin zatlins softmax  tansig tribas

Puc. 2. bubnuoteka pyHKIMHA aKTUBALUU

broku dyuknmu aktuanuu (Transfer Functions). /[BoitHON mIen4oK KHONKHU MBIIIM HA
6soke Transfer Functions npuBoaUT K mosiBIeHUIO OMOIMOTEKH (QYHKIUMI akTuBauuu (puc. 2).
Kaxplif 13 3TX OJ0KOB JaHHOM OMOIMOTEKH IpeoOpas3yeT moJaBaeMblil Ha HEro BEKTOP B CO-

OTBETCTBYIOIIMNA BEKTOP TOM k€ pazMepHOCTH (Tabd. 1).
Tabnuua 1. Ilepeuenb GpyHKIUI aKTHBALIMM HEHPOHOB

Ha3Banue Popmyiia O06nacTh 3HAUYCHUH
IToporosast
0, s<0, 0,1
f(x)=
1, s>0
3HaKoBas
(curnarypHas) 1, s>0, -1,1
fx)=1 "
-1, s<0
CurmouajibHast 1
(JToTUCTHHUYHCKAS) f(x)= D (0,1)
l1+e
[Tonynuneiinas
s, $s>0, (0,)
fx)=1"
0, s<06




Jluneitnast f(x)=s
(-O0,00)
Paguanbnas _ s
Oa3ucHas (rayccosa) f(x)=¢ (0,1)
Ilonynunelinas ¢ Hacbl1e-
HHEM 0, s<0, (0,1)
f(x)=4s, O0<s<l,
1, s>1
JIuneinas
C HaCBICHHEM -1, s<—1, (-L1)
f(x)=1s, —1<s<],
1, s>1
l'unepOonuecknii TaHTeHE ¢S _e S
(curMowuaabHast) f(x)=—— -1,1)
e’ +e”°
TpeyromnbHas
I-|s|, [s|£6 (0,1)
o LR
I, |sp1

bnoku mpeoOpa3oBaHus BXOJOB ceTd. [IpoBOSI aHATOTMYHYIO PAcCMOTPEHHOW orepa-
o, HO ¢ 61o0koM Net Input Functions, nmpuném k 0nbauoreke 6JOKOB BHJA, IPEICTABICHHOTO
Ha puc. 3 [1].

NI=TE
Fil= Edit Wiew Format
Help
TP W P
netzum netprod

Puc. 3. bubnnoteka 6;10k0B mpeoOpa3oBaHUIl CUTHAJTIOB
brioku nanHOW OUOIMOTEKH pEATU3YIOT PACCMOTPEHHBIE BHINIEC (YHKIIMH ITPeoOpaso-
BaHUS BXOJIOB CETH.

EjLihrar'r: NE ;lglﬂ
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w w w w

2R 2R 2R 2R
p p P P
dotprod dist negdist normprod

Puc. 4. bubnnoteka 6;10k0B BeCOBBIX KO3(PPHUIIHEHTOB
brnoku BecoBbIX ko03dduienToB. TouyHO Tak ke (HO IIeNKas JIEBOl KHOMKOW MBIIIH
1o uKoHke ¢ Haanuckio Weight Functions) mpunem k 6ubnanoreke G1I0KOB (puc. 4), peanusyro-
X HEKOTOPBIE PYHKIINH BECOB H PACCTOSTHUH.




OTMeTHM, YTO TIPH 33JJaHUU KOHKPETHBIX YMCIIOBBIX 3HAUCHUH, IIPH OINEpaIlii CO BCEMH
MPUBEICHHBIME OJIOKaMu BBUAY ocoOeHHocTed Simulink BeKTOpbI HEOOXOIMMO MPECTABIATH
KaK CTOJIOIbI, @ HE KaK CTPOKH (KakK 3TO OBLIO 10 CHUX TIOD).

_iBix)
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Meural Nehmob

R |100% [ | |ode4s 4
Puc. 5. Coznannas HeiipocereBas Mojaenb Simulink
dopmupoBanue HeipocereBblx Mozeneid. OcHoBHOW GyHKIuEH ans ¢GopMUpOBaHHE
HelpoceTeBbIx Mozened B Simulink siBisercs pyHKIus gensim, 3anvceiBacMasi B hopme
gensim(net,st),
rae net — nmsa coznanHoi HC, st — untepsan auckperuszauuu (ecau HC He umeer 3anep-
JKEK, aCCOLMUPOBAHHBIX C €€ BXOJaMU WM CJIOSIMH, 3HaYCHHE JAHHOTO apryMeHTa yCTaHaBJIH-
BaeTcs paBHBIM -1) [2].

IIpumep 1. Coznanue nocreiiieil HEHPOHHON CETH.

[TycTb BXOHOM U 11€JI€BOM BEKTOPHI UMEIOT BU]T

p=[12345];

t=[135709].

Coznanum nuneiinyto HC u npotectupyem ee:

»p=1[12345];

»t=[13579];

» net = newlind(p,t);

» y =sim(net,p)

y=1.0000 3.0000 5.0000 7.0000 9.0000

3arem 3amyctuM Simulink komanon

» gensim(net,-1)

DTO IPUBEIET K OTKPBITUIO OJIOK-THarpaMMsl (puc. 5).

Jl11s mpoBeieHUs] TECTUPOBAHUSI MOJEIH IIETIKHEM JBaK/bI MO JIEBOM UKOHKE (C HAIIMH-
ceto Input 1, 1. e. Bxoa 1), 4To mpuBeAeT K OTKPHITHIO TUAJIOTOBOTO OKHA (puc. 6).



Block Parameters: pf1} |

— Conztant

Output the constant specified by the 'Constant value' parameter. If
'Conztant walue' iz a wector and 'Interpret vector parameters az 1-0° iz on,
treat the constant value az a 1-00 array. Othenwize, outpuk a matris with the
zame dimensions as the constant value.

— Parameters

Constant walue:

(] I Cancel Help Apply

Puc. 6. lnanorosoe okHo 3aganus Bxomga HC
B nmannom citydae 6ok Input 1 siBisieTcss craHIapTHBIM OJIOKOM 33aHHUST KOHCTAHTBI
(Constant). M3mMeHuM 3HadyeHHe MO ymoidaHuio Ha 2 u HaxkmeM kHonky OK. 3arem Haxkmem
KHOIKY Start B MEHIO MOJETUpOBaHUs. PacyeT HOBOTro 3HAUEHHUS CETHIO MPOU3BOJIUTCS IMpPaK-
TUYECKH MTHOBEHHO. JlJi ero BbIBOJa HEOOXOJMMO JBAXKIbI HIENKHYTh MBIIIBIO MO MPaBOi
ukoHke (0soky y(1)). Peaynbrat BeramcineHuii oroopaxaercst puc. 7 — OH paBeH 3, Kak U TpeOy-

| =
H%I!ﬁ@ﬁ’lﬁ%l&r

Puc. 7. OxHo ¢ BeixogoM HC
OtmeTnM, 4TO, ABAXK/BI LIENKas JIEBOM KHOMKOM MbIu 1o 61oky Neural Network, 3atem
— 1o 6moky Layer 1, MOXXHO TONYYHTH JIETANbHYIO TpauUuecKyro HHPOPMAIUIO O CTPYKTYpe

cetu (puc. 8).

Celays 1

p{1}

Puc. 8. Ctpykrypa coznannoit HC
C co3aHHOI CeThI0 MOKHO TIPOBOJAUTDH Pa3IUYHbIE IKCIIEPUMEHTHI, BO3MOKHBIE B Cpelie
Simulink; BooOIIE ¢ MOMONIBPIO KOMAHIBI ZEeNsSim OCYIIECTBISETCS HWHTETPAIUs CO3IaHHBIX
HelipoceTell B OJIOK-AHarpaMMbl 3TOTO MaKeTa — ¢ UCMOJIB30BAHNEM MMEIOIIUXCS MPU 3TOM HH-
CTPYMEHTOB MOJICIIMPOBAHUS PA3JIMIHBIX CHCTEM (HAIpUMeEp, BCTPAWBaHHUE HEUPOCETEBOTO pe-
TYJSTOpa B CHCTEMY YIIPABIICHUS U MOJISTUPOBAHUE MTOCIETHEHN U T. 11.).

DIEMEHTEI MATEMATHYSCKOI0 MOJASIUPOBAHNS HEMPOCETEBhIX




CHCTEM VvIpaBicHUA B nporpaMMuoii cpene MATLAB 6.0

bubmuorexa nncrpymentoB naketa MATLAB 6.0 mo3BosisieT MOJIEIMPOBaTh CyNEepBHU-
30pHBIA PEKUM PabOTHI MHOTOCIIOWHOW HEHPOCETH B COCTaBE CHUCTEMBI JHHAMHYECKHM OOBEK-
TOM, 33/IaHHBIM YpaBHEHUSIMU cocTosiHUs. Peanuzanus sToro pexuma odecrieunBaeTcst Heiipoce-
teBbIM KOHTposuiepoM Model Reference Control, npeacrasisitomium co00i CTPYKTYpy, KOTO-
pasi BKJIIOUAeT JIBE MHOTOCJIOWHBIE HEHPOHHBIE CETH: YIPABIAIOILYI0 U HICHTU(UKALUOHHYIO.
Kaxxnasi cetb O6710Ka COEPIKUT OJMH CKPBITBIN CIIOW, KOJIMYECTBO HEHPOHOB B KOTOPOM BBIOMpa-
€TCs B 3aBUCUMOCTH OT CJIOKHOCTHU 33J1auM yIpaBieHus [2].

bnok Model Reference Control naxonutcst B Oubnuoreke uancrpymentoB MATLAB B
nanke Neural Network Blockset/Control Systems.

Hactpolika koHTposiepa oCyliecTBIseTCs B JBa dTamna. Ha mepBoM 3tamne npoBOAMUTCS
uneHTu(UKanus oO0beKTa ympaBiieHHs (0OydeHHe HACHTU(PUKAIMOHHON MHOTOCIOWHON
Heiiponnoii cetn (MHC)), a Ha Bropom — oOyuenue ynpasisitonieirt MHC Tak, uToObl moBeeHHE
3aMKHYTOH CHCTEMBI «KOHTPOJUIEP — OOBEKT» yIpaBlieHUs! ObLJIO Obl UJIEHTUYHBIM MOBEICHUIO
3apanee BbIOpanHoW mojenu (reference-monenu). Takum o6pa3om, B JaHHOM KOHTPOJLIEpPE pea-
JU3yeTcsl cTpaTerus o0y4eHHs «C yuuTenemy». B mporecce o0yueHus: mo3TarmHO MPOU3BOAUTCS
HACTPOHKa BECOBBIX K03((PHUIIMEHTOB HEWPOHOB CETH IO BBEIOpaHHOMY anroputmy. Ilog ogHuM
YPOKOM 00yueHUsI TOHUMAETCsl MePEHACTPOIKa BCEX BECOBBIX KOA(P(DUIIMEHTOB CETH.

IIpu otkpeitun Onoka Model Reference Controller nosiBiasieTcss OKHO HAacTpPOWKH
ynopagisitoieit cetu. [lis Toro uro6sl nepeiitu k uaentudukanun OY, He0OX0AUMO HaXKaTh Ha
kHomKy Plant Identification, pacnosoxeHHyIO B IEBOM HUKHEM YTy okHa. [Ipu 3TOM mosiBUTCS
HoBoe okHO Plant Identification (puc. 9), B koTopoM MOXXHO OyJeT 3a/aTh MmapaMeTphbl, He00-
XOJIMMBI€ [T HACTPOWKH MUACHTU(PHKAIIMOHHON CETH.

Wnentudukanus o0beKTa yrpaBlieHUs IPOUCXOIUT B TPHU CTAIHH.

IlepBas cragusi — BeIOOp cTpykTyphl uaeHTHGUKannonHoit MHC (6iox Network Ar-
chitecture Ha puc. 9). OHa BKJIIOYaeT B ce0s1 BHIOOP CIIEAYIOIIUX TapaMETPOB:

Size of Hidden Layer — xonnyecTBO HEHPOHOB B CKpbITOM ciioe (ucronb3yercs MHC ¢
OJTHUM CKpBITBIM CJIOEM). DTOT HapaMeTp cleAyeT BhIOMpPATh C yYETOM CIIOKHOCTH OOBEKTa
ynpasneHusi. CineayeT yuyecTb, YTO CeTh ¢ OOJBIIMM KOJIMYECTBOM HEMPOHOB B CKPBITOM CJIO€
Oyzner obecrieunBarh 0osiee BBICOKHE KaueCTBEHHBIE MOKa3aTeNU 3a MEHbIIIee KOJIMYECTBO ypo-
KOB, HO IIPH 3TOM BO3PACTET CJI0)KHOCTh BBIYUCIIEHUH, T. €. OJUH YPOK OyAeT 3aHUMaTh OoJbIlIee
BpeMsL.

Sampling Interval — nepuon AUCKpeTU3auu (B CEKyHIaxX).

No. Delayed Plan! Inputs — KOIM4YecTBO JJIEMEHTOB 3aJepKKU Ha BXOJaX HJICH-
TU(UKALIMOHHON CeTH.

No. Delayed Plant Outputs — KOTUYECTBO 3JEMEHTOB 3aJIeP’KKU Ha BBIXOJaX WIEHTU(DU-
KAaIllMOHHOW CETH.

Normalize Training Data — HopMalu3anusi JaHHBIX B mpouecce o0yuyenus. [Ipu Bei6ope
ATOrO MapameTpa JaHHbIe, UCIIOJIb3YEeMbIE B Ipoliecce 00yueHus, OyAayT IPUBEACHBI K OTPE3KY
[0; 1].

Bropas cragusi — 3TO moslyueHue AAHHBIX JUISl OOy4yeHUsS UACHTU(UKAIIMOHHON ceTH
(610x Training Data na puc. 9). Ha a3Tom sTane BO3MOXKHO UMIIOPTHPOBaHUE AaHHBIX 13 MAT-
¢aiina wim HemocpeACTBEHHO U3 pabouero npocrpanctBa MATLAB, a takke gopmupoBaHue
JTAaHHBIX Ha OCHOBE 3apaHee MOJrOTOBICHHOM MO/ienH 00beKTa yIpaBiIeHus.

Mopenb 00beKTa ympaBlieHUs BBITOMHSAETCS B Buae otnenbHoro ¢aina SIMULINK u
oopmIsieTcs ¢ MOMOIIBIO BBIJICIIEHHBIX BXOJla U BBIXOAa 00BEKTa (MCIoib30BaTh O0oku Input
Port u Qutput Port).

B mporecce ¢gopmupoBaHUS JaHHBIX Ha OCHOBE IPEJICTaBIEHHOW MOJENu OO0beKTa
yIOpaBJI€HUS MPOBOJUTCS HKCIIEPUMEHT, B KOTOPOM Ha BXOJI 3TOM MOJIENH MOIaeTCsl MOCle0Ba-
TEJILHOCTh MPSIMOYTOJIBHBIX UMIYJILCOB (B AajibHeiiemM OyneM Ha3blBaTh €€ TECTOBBIM CHTHA-
JIOM), TapaMeTPbl KOTOPOH 3aJJat0TCs CIEAYIOIUMHU 3HAYSHUSIMU:
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Generate or import data before training the neural network plant.

Puc. 9. Hactpoiika npouecca uieHTuduKannu o0beKTa yrpaBieHUs

Training Samples — KOIMYECTBO AMCKPETHBIX OTCYETOB B TECTOBOM IOCIEOBaTe-
JHHOCTH. 3HAYEHHE FTOr0 MapameTpa ClieyeT BhIOMpPaTh UCXOs U3 CIOXKHOCTH OOBEKTa yIpaB-
JICHMUSL.

Maximum Plant Input — MakcuMallbHasi BEIMYMHA CUTHAJIA.

Minimum Plant Input — MUHUMAaIbHAS BETUYMHA CUTHAJIA.

Maximum Interval Value — MakcuManbHas JUIMTEIbHOCTh OJHOTO UMITYJbca (B CEKyH-
Jax).

Minimum Interval Value — MUHUMaNbHas AIUTEIBHOCTh OJTHOTO UMITYJIbCa (B CEKYHJaX).

OTU 3HaYEHUs CleAyeT BBIOMPATh TAKMMH, YTOOBI TECTOBBIM CUTHAI MPEJOCTaBIS Obl
KaK MOKHO 00J1bIIy10 HH(pOpMaIHo 00 00bEKTe, T. €. ObLT OBl JOCTATOYHO Pa3HOOOPa3HBIM.

Limit Output Data — orpaHu4eHHe BbIXOJa MoAeNd. [Ipu Mcnonap30BaHUM 3TOTrO mapa-
MeTpa OyJleT NpeaokKeHO BhIOpaTh MUHUMAJIBHOE U MaKCUMAaJIbHOE 3HAUEHUs, KOTOPbIMU OyJeT
OrpaHHu€Ha peaklius 0ObeKTa yNpaBIeHHs Ha TECTOBBIN CUTHAI.

Simulink Plant Model — 3necy Heo6xoaumo ykazaTh HazBanue mozaenu SIMULINK. ITpu
Ha)kKaTUU Ha KHOMKY Browse OyAeT npeayioxkeHo yKazaTh paclojio’KeHUE 3apaHee MOTOTOBIIECH-
Horo (aiina ¢ MoJIenbio (U1 KOPPEKTHOM pabOTHI My Th, IO KOTOPOMY HaxoAuTcs (aili, He J0II-
’KEH CO/IepKaTh PYCCKUX CUMBOJIOB).

ITocne BbIOOpa Bcex 3HaueHW HeoOXoAMMO HaxkaTh KHONKY Generate Training Data.
[Ipu sTOM TIpoIIecC BBIpAOOTKA MOCIEAOBATEILHOCTH OYyJIeT OTOOpPaKEeH B IrpauuecKOM OKHE
Plant Input-Output Data. [Iponiecc MoXHO npepBaTh, HaXaB Ha KHONKY Stop Simulation.



[Tocne oxoHwanus OyaeT mMpeaIoKeHO TuO0 MpuHITH AaHHBIE (Accept Data), 1u6o ot-
kJIoHUTH uxX (Reject Data).

Ecian mo kakuM-TO NMpuYMHAM IOJYYEHHBIE JAHHbIE HE MOJIXOJAT, TO MPU HAXKATUM Ha
kHONKY Reject Data okHO 3akpoercsi, © MOKHO OyJeT 3a7aTh OpyrHe MapaMmeTpbl TECTOBOH IMO-
CJIEIOBATENbHOCTH, IPYTYI0 MOJIEb WIM UMIIOPTUPOBATh AaHHbIE 3 MAT-¢aiina wiu u3 pado-
yero npocrpanctesa MATLAB.

[Ipu npunsTun nanHbIX KHOMKa Generate Training Data 3amensiercst Ha Erase Generated
Data. Takum o6pa3om, Ha JTFOOOM dTare MOKHO OCTAHOBUTHLCS M CPOPMHUPOBATH TECTOBYIO TO-
CJI€1I0BATEIbHOCTh 3aHOBO.

Knonka Import Data ciayxut g uMIopra TECTOBBIX JaHHBIX M3 COXPAHEHHOI'O paHee
MAT-¢aiina unu u3 padodero nmpocrpanctea MATLAB. Kuomnka Export Data npegnaznauena
JUISL OKCTIOPTa TECTOBBIX AaHHBIX B MAT-daiin nnu B pabouee npoctpanctsBo MATLAB B Buze
CTPYKTYpBbI IaHHBIX WJIA MacCHBa.

[Tocne momydeHUs TECTOBOM MOCIEIOBATEIBHOCTH HEOOXOAWMO TEPEHTH K 3aKIIio-
YUTEIBHOU cTaiuu — o0y4eHuto uaeHTuukamonnon MHC.

Jli1st 5TOr0 HE0OXOAMMO OTPEACIHUTD CIEAYIONINE TapaMeTPHI:

Training Epochs — KOTU4eCcTBO YPOKOB 00y4YeHHs. 3HAUEHHUE HTOrO Mapamerpa HeoOXo-
JUMO BBIOMPATH JOCTATOYHO OOJIBIIUM, YTOOBI OIMMOKa 00ydeHus: Obla Obl IOCTATOYHO Maa.
Opnnako, HAYUMHAB C HEKOTOPOIO MOMEHTa BPEMEHH, AalibHeiliee o0ydyeHUue CeTH CTaHOBUTCS
IPAKTUYECKH OECIOJIE3HBIM, U MO3TOMY KOJIMYECTBO YPOKOB HE JOJKHO OBITH CIMIIKOM OO0JIb-
mmmM. [ naHHoro npumepa o0yueHUue MOKHO MPEKpaTUTh, KOrjaa rpaguk OMMOKH BBIAACT Ha
JUTMHHBIN MMOJIOTHI Y4aCTOK.

Training Function — BbIOOp anroputMa oOyueHus. [[is maHHOro mpuMepa peKo-
MEH]TyeTCs KCTIOJIb30BaTh aJITOPUTM trainlm.

Use Current Weights — Nci0oib30BaTh YXKe MOJIYYEHHbIE BECOBbIe KOA((UIIMEHTHL. DTOT
napamMeTp MOXKHO BBIOMPATh MPH MOBTOPHOM OOYUYEHHH CETH.

Use Validation Testing Data — tipu BbIOOpe ITHX mapamMeTpoB 25% TECTOBBIX JaHHBIX
OyJIeT UCIOJIB30BaHO JJIsi pAaHHETo 3aBeplIeHHs] 00y4eHUsl U/UU MIPOBEPKU ceTH. B HMkHel ya-
CTH OKHAa CHHUM LIBETOM O0TOOpakaeTcs MOJCKa3Ka.

[Tocne BbIOOpa Bcex mapaMeTpoB HEOOXOIMMO HakaTh Ha KHomKy Train Network (oOy-
yeHue cet). Ilpu 3ToM MosSBUTCS HOBOE OKHO, B KOTOPOM OYJET HarjsHO OTOOpaXaThCs XOJ
oOyudeHus, T. e. OyJeT moka3zaHa omnOKa oOyueHus Ais Kaxzaoro ypoka. IIpouecc oOyuenus
MOYKHO IIpepBaTh, HaXkaB Ha KHOMKY Stop Training.

[Tocne 3aBepuienus mporecca 00ydeHus OyJeT MoKa3aHO JBa HOBBIX OKHa — Training
data for NN Model Reference Control u Testing data for NN Model Reference Control (ec-
nu 6611 BIOpan napametp Use Testing Data).

ITocne ycnemHoro oO0yueHus: HAEHTH(PHUKAIIMOHHOM ceTH HE0OX0IMMO MepenTH K o0yue-
HUIO ynpasJistonieit cetu. st atoro B okae Plant Identification HyHO HaxkaTh Ha kKHOnKy OK.

Jlnst HacTpoMKM mporecca oOydeHus: ynpasisiolel ceTu nmpeqHazHaueHo okHO Model
Reference Control (puc. 10).
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Perform plant identification before controller training.

Puc. 10. Hactpoiika mporiecca 00yueHus ynpaBIsitonien ceTiu

[Tporecc 0OyueHust KOHTpOIIEpa TAKKE MOKHO Pa3OUTh HA TPH CTAIHUH.

IlepBas craaus — BIOOP KOH(UTYpAILIUK YIPABIAIOLIEH ceTH

3necy mapamerpsl Sampling Interval u Normalize Training Data BeiOMparoTcsi TaKuMu
e, Kak U IIpu 00y4eHNHU UJIeHTU()UKALIMOHHONW CETH aBTOMAaTHUYECKH.

No. Delayed Reference Inputs — KOTU4YECTBO PJIEMEHTOB 33JIEPKKU Ha BXOJI€, Ha KOTOPBIN
II0JIa€TCs TECTOBBIA CUTHAIL.

No. Delayed Controller Outputs — KOTU4ECTBO 3JIEMEHTOB 3aJIEpP’KKH Ha BBIXOJIE€ yNpaB-
JISAIOLIEN CETH.

No. Delayed Plant Outputs — KOJIWYECTBO JJIEMEHTOB 3aJI€p>KKM Ha BBIXOJE HJCH-
TU(PUKAIIMIOHHOHN CETH.

Bropasi craaus — nosny4yeHre JaHHBIX JUIsl 00y4YeHHUs.

Ha »T0i1 ctanuu, kKak U npu 00y4eHUH UACHTU(PUKAIIMOHHON CEeTH, BO3MOXKHO MMITOPTH-
poBanue naHHBIX U3 MAT-(aiina wim HenocpeACTBEHHO U3 pabouero npocrpanctsa MATLAB,
a Takxke (opMupoBaHHE JAHHBIX Ha OCHOBE 3apaHee IMOArOTOBIEHHOW 3TanoHHOH (reference)
MOJIEJH.

Reference-mooens — 310 MOJEINb, KOTOPast, OMUCHIBACT jKeJaeMOe MOBEJCHUE 3aMKHYTOM
CUCTEMBI KOHTPOJIEP-00bEKT yrpasieHus. OHa 3aaeTcs Tak ke, Kak 1 MOJIeJIb 00bEKTa yIpaB-
JICHUs Ha dTare uAeHTUHUKAIMY, T. €. B Buje (aitna Ha rpadpuueckom s3pike SIMULINK.

Controller Training Samples — KONUYECTBO AUCKPETHBIX OTCYETOB a TECTOBOM CHUTHAJIE.
OHO 0KHO OBITh, KaK U MPU UICHTU(DUKAIUN 00BEKTa, JOCTATOYHO OOJIBIINM.

Bce mapamertpbl, kak u caMm mpoiecc (GpOpMHUPOBAaHUS TECTOBOW IMOCIIEIOBATENbHOCTH,
aHAJIOTUYHBI UCIIOJIb3YEMBIM Ha dTare UACHTU(PHUKAIMY 00BEKTa yIpaBICHUS.



Tperbsi cTaausi — oOyueHne KoHTposuiepa (ympasisromiei cet). Jins oOydenus HeoO-
XOJMMO 33/1aTh CIEAYIOIINE TapaMeTphl:

Controller Training Epochs — KONA4eCTBO YPOKOB. 3HaYCHUE ITOTO MapaMeTpa HENb3s
OTIPENIeNIUTh 3apaHee, MOITOMY €ro He00X0IMMO o00paTh B mporecce 00ydeHus..

Controller Training Segments — KOJIMYECTBO CETMEHTOB, Ha KOTOPbIE OyIyT pa3ieicHbI
TECTOBBIC NaHHbIE. [Ipu 3TOM Ui KaXX0ro cerMeHTa OyeT MPOBEACHO yKa3aHHOE KOJIMYECTBO
ypokoB. JXKenatensHo pa30MBaTh JaHHBIC HA CETMEHTHI TAKMM 00pa30oM, YTOOBI KaXK/IbIi CETMEHT
cojiepxaJt XOTs Obl OJIMH MEPEXOJIHBIN MPOLECC.

Use Current Weights — ucnonp30BaTh TeKylIue BecoBble K0d(hduUIMeHTsl. B nmpotuBHOM
cirydae BecoBbie Ko (pHUIMEeHTHI OyayT BRIOPAHBI CTydallHBIM 00pa3oM. DTOT mapaMeTp cleayeT
NPUMEHSTH TPU TOBTOPHOM OOYUYCHHH.

Use Cumulative Training — nipu BbIOOpE 3TOr0 MapaMeTpa MepBOHAYAIbHOE O0yuYeHUE
OyZeT BBIIIOJHEHO C MEPBBIM CETMEHTOM TECTOBBIX IAaHHBIX, a TPU MOCIEAYIONIEM O0yYeHHH
OCTaJIbHBIE CETMEHTHI OyIyT M00aBIATHCA K JAaHHBIM, MCIOJB3yEMbIM Ha TMPEABIIYIIEM dTare
0o0yuenusi. Takum 00pazoM, Ha UHATBLHON cTaguu 00y4YeHUs OyJeT MCIOJb30BaH BeCh HAOOP
TECTOBBIX JTAHHBIX. DTOT MapaMmeTp CIEIyeT MCIOJIb30BaTh C OCTOPOKHOCTBIO, TaK KaK OH yBe-
JMYUBACT BpeMsi OOyUeHUsI.

[Tocne 3aganust Bcex napameTpoB HEOOXOAUMO MPUCTYNUTh K OOYUEHUIO YIpaBIISIOLIEH
CEeTH, JISl Yero Hy»KHO HakaTh Ha kHomKy Train Controller. [Ipu 3ToM OTKpoeTCst OKHO, B KOTO-
poM OyzeT HarJsAHO OTOOpaXKaThCs Mporecc o0ydeHus (Tak ke, KaKk U Ipu 00y4eHUH WICHTH-
dukannonnoi cetn). [Iporecc 00ydenust MOKHO IpepBaTh, HAXKaB Ha KHOMKY Stop Training.

Buumanue! IIponecc oOyueHHs] MOKET 3aHMMATh UIUTEIBFHOE BpeMs (0 HECKOJIBKUX
4acoB), U [IPH 3TOM MPOTrpaMMa MOKET HE pearupoBaTh Ha HaxkaTue kHotku Stop Training.

[Tocne 3aBepuienus oOydyeHus: oTkpbiBaeTcss okHO Plant Response for NN Model Refer-
ence Control, B KoTOpoM 0TOOpa)karoTcst pe3yiabTaTbl 00ydeHus. MIX MOXHO MPOCMOTpeTh 00-
Jiee eTaibHOo, BeIOpaB B MeHIO MyHKT View/Figure Toolbar. IIpu 3ToM moa cTpokoil MeHo To-
SBUTCS MaHEIb UHCTPYMEHTOB, C TOMOIIbIO KOTOPOH MOKHO MaHMITYJIMPOBATh U300paKEHUEM.

ITocne ycnemHoro 3aBeplieHusi mporecca oOydyeHHs YNpPaBISIOMIeH CeTH KOHTPOJLIEp
TFOTOB K MCIIOJIb30BAaHUIO B COCTABE CUCTEMBI YIIPABICHUSI.

Bo3MoxxHBIE HDO6J’I€MI)I B IMMPONECCC MOACITUPOBAHNA.

1. TIpomiecc 0OyuyeHUs: UAECHTU(PUKAIMOHHON CETH HAET MEIJIEHHO WM TpPEeKpaliaeTcs
CaMOIPOM3BOJILHO, YTO ONPEAEIAETCS 0 TOMY, YTO OIIMOKa 00y4YeHUs! HE YMEHBILAETCs C KaKo-
ro-nmu0o ypoka.

OT0 MOXKET MPOUCXOIUTH B CIEAYIOIUX CIydasax:

* HeBepHO BbIOpaHa koH¢urypamuss MHC2 — nHeoOxoaumo 3amath OOJblIee YHCIIO
HEHUPOHOB B CKPBITOM CIIOE;

* HEBEpHO 3a/laH Habop TECTOBBIX JAHHBIX, HE «BO30Oyxnatoumx» OV, — cienyer BbI-
OpaTh apyrue 3HaueHus mapaMeTpoB B O0ke training data;

* BBIOPAHO CJIMILIKOM Majoe YHUCIIO YPOKOB OOyUEHHUS U €ro HE0OXO0AUMO YBEITUUHTb.

2. Ipouecc oOyuenust ynpasisrorniero koutpoiepa (cetu MHC1) unet kpaiine mensieH-
HO ¥ oIIMOKa 00y4YeHHUs MPAaKTUYECKH HE YMEHBIIAeTCs.

3TO MOXKET MPOUCXOIUTH B CIETYIONIUX CITydasK:

* HeyJayHO 33/1aHbl MapaMeTpbl TECTOBOM MOCJIEIOBATEILHOCTH NMPH HUIACHTU(DUKALIIH
0o0BeKTa 1 He0OXOMMO MOBTOPUTH Tporiecc oOyuenus cetu MHC2 ¢ npyrumu napamerpamu B
Onoke training data; cremyer MCIONB30BaTh OJIU3KKE MO GopMe U TapaMeTpaM TeCTOBBIE CUT-
Haubl pu o0ydenuun obenx MHC;

* BHIOPAHO CJIMIIKOM Majoe YHCJIO 3JIEMEHTOB B CKPBITOM CJIO€ U €ro He0OX0IMMO yBe-
JTYUTh.



3. IIpsiMble MOKa3aTean KauecTBa MOAEIUPYEMOM CUCTEMBI CYIIIECTBEHHO OTJIMYAKOTCS OT
AQHAJIOTUYHBIX MTOKa3aTesIel JUIsl 3TATIOHHOW MOJENH.

3TO0 BO3MOXHO B CIEIYIOUINX CIyqasX:

* uaeHTHUdUKalKg OOBEKTa MPOU3BEACHAa HEYJIAayHO, IOSTOMY CIEAyeT IOBTOPUTH
HacTpoiiky MHC2, yunTthiBas paHee AOMYLICHHbIE OIIMOKHM 3KCIIEPUMEHTa, HampuMmep, BbIOOp
HEJI0OCTaTOYHOTrO Ynciia ypokoB 00yueHus MHC2, yncia HEHpOHOB B CKPBITOM CJIO€ CETH,

* koHbwurypamnus ynpasistonieid cetu MHC1 He mo3BoJIsieT pemath BO3JIOKEHHYIO Ha
Hee 3aJady yNnpaBieHHUs U HEOOXOIMMO IMOBTOPUTH OOyYEHHE C YBEIMYEHHBIM KOJIUYECTBOM
AJIEMEHTOB B CKPBITOM ciiog€ [2].

Ipumep 2. Cuctema aBTOMAaTHYECKOTO YIPABICHUS C HEHPOCETEBBIM PETYIATOPOM Ha
OCHOBE ATAJIOHHOM Mojienu [3].

B kauectBe nmpumepa MoaenupoBaHus B cpeie Simulink cucteM ynpaBlieHUS! ¢ UCTIONb-
30BaHUEM HEHPOCETEBBIX PEryJISTOPOB HCIOJIB3YEM JIEMOHCTPALIMOHHBIA MpUMEp Makera, Wi-
JTIOCTPUPYIOIIANA CHCTEMY YIIPABICHUS C dTATOHHON MOJICIBIO 3BEHOM («PYKOI») poboTa U BBI-
3bIBaeMbIii ¢ momorbio myHkToB Help/Demos mento MATLAB (cm. puc. 11).

File Edit “ew Go Faworites Deskiop ‘Window Help

X 4= 5 & dh

Title: I Meural Metwork Demo: mirefrobotarm Vl

Caortents | Index | Search | DE"‘USE

ok Genetic Algorithrn and Direct Search
& ok Image Acquisition mrefrobotarm.mdl Open this model
o Image Processing
o Instrument Contral
o Link for Code Composer Studioftm)
(=] i 1
ﬁ kf;r;t;;innrgMudeISm Open this model
ﬂ\ todel Predictive Control
= <k Meural MNetwork

& [ Meurans

[Z1 Perceptrons

& [ Linear Netwoarks

[ Backpropagation

# [C1 Radial Basis Metworks

([0 Selforganizing Netwarks

F 23 LWV Metwarks

[ [Z3 Hopfield Metworks

E [C3 Application Examples

E [ Cantral Systems

'Q Predictive control of a tank reactor (sim)
‘Q MARMA-LZ cantrol of a magnet levitation system (sim)

3

Reference control of a robot arm
(sim)

ence control of 3 robot anm {
& [ Other Demos
4\ OPC
<k Optimization
® <k Partial Differential Equation 3
s

Puc. 11. Oxno cnpaBku MATLAB

[Ipu otkpbITHH MonenH (¢ moMoIbio MbIKK yHKTa Open this model (OtpeiTh 3TY MO-
JIeNb)) B MPaBOM 4acTH OKHa, OTKpbIBaeTcs okHO Simulink ¢ HazBanuem mrefrobotarm (puc.
12).
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Puc. 12. Ctpykrypa HelipoceTeBoii CUCTEMBI yIIpaBieHus B cpene Simulink

[Ipu peanuzanuu CUCTEMBI UCIOJB30BAaHbl 2 HEWPOHHBIE CETU — JUISl PETYJATOpa U JUIS
MOJIeNIM 00bEKTa YIIpaBICHHS.

B 3TOM n€MOHCTpallMOHHOM NpHUMeEpE LEIb 3aKIF0YAECTCS B YIIPABICHUH ABUKEHUEM OJ1-
HOTO0 3B€Ha po00Ta, CXeMaTUYHO MIOKAa3aHHOro Ha puc. 13.

Puc. 13. CxemaTnuHOe n300pakeHHe ABMKEHUS 3B€Ha poOoTa

praBHeHI/Ie ABWIKCHUS 3BCHA IIPEACTABIICHO COOTHOILICHUEM:

d’ . d
= —1051n¢—2—¢+u,
dt dt
I7Ie ¢ — YroJ MOBOPOTa 3BeHA, U — MOMEHT, Pa3BHBAEMBIil [BUTATENIEM ITIOCTOSHHOTO TO-

Ka.
CooTBeTcTBYIONIAs TUHAMUYECKas MOJICNb, peau3aBanHas B cpene Simulink, mpusese-
Ha Ha puc. 14.
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Puc. 14. CtpykrypHas quHaMuuyecKas MoJielb 3BeHa poboTa

Ilenp 0Oy4eHHs peryJsiTopa COCTOMT B TOM, YTOOBI JBUKCHHE 3BEHA COOTBETCTBOBAJIO

BBIXOY 3TaJOHHOH MOJCIIN:

rne ), — BbIXOJ 3TAJIOHHOM MOJENH, I — 33/Ial0LI1i CUTHAI Ha BXOJIE€ MOJECIIH.

CrpyKTypHasi cxema, MOSACHAOIAs MPUHLUI ITOCTPOEHUSI CUCTEMbl yNPABICHUS C 3Ta-

JIOHHOM MOJIENbI0, MOKa3aHa Ha puc. 15.

Puc. 15. Cucrema ynpaBieHus ¢ 3TaJOHHON MOJAEIIBIO

Ha pucynke:
Command Input — 3anaroniuii curxan,
Reference Model — sTanmonnas Mmozensb,

NN Controller — HeitpoceTeBoOM perymisTop,
NN Plant Model — HeiiponHas ceTb MO/IETTH O0BEKTA,

Plant — oObekT ynpaBieHus,

Model Error — ommoka Moaemu,
Control Error — ommn6ka ynpaBieHus,
Plant Output — BbIx0 00BEKTA.

B npuBeneHHOI CTpYKType ClleyeT BBIIEIUTh STAIOHHYIO MOJIEb, KOTOpas 3a/1a€T JKe-
JaeMy0 TPAeKTOPHUIO JIBUKEHHUS 3B€Ha PoOOTa, YJOBIETBOPSIONIEMY BTOPOMY M3 IPHBEICHHBIX
muddepeHIMaNbHBIX YPaBHEHUH, @ TaK)Ke HEHPOHHBIE CETH, PEATU3YIOLIUE PETYIATOP U 0OBEKT

yIpaBJIeHUs.

B nannom cnyuae apxurekrypa HC perynstopa onuceiBaercs mnpoduiem 5—13-1
(5Bx0/10B, 13 HEMPOHOB CKPHITOTO CJIOS U OJIMH BBIXOJ), T. €. COJAEPIKUT JBa CJIOSI HeWpoHOB. M3
JIBYX CJIOEB COCTOUT U HEHpOHHAs ceTh Mojeian 00bekTa. JIMHUM 3a1ep>KKH, UCTIONIb3yeMble IS
dopmuposanus BxogoB HC, nmerot takt quckpersoctu 0.05 c.

Jlisa Hadana paboOThl C JIEMOHCTPAIMOHHBIM MPUMEPOM HEOOXOJIMMO aKTHMBU3WPOBATH
6ok Model Reference Controller (cMm. puc. 12) 1BOWHBIM IIETYKOM JIEBOWH KHONKY MbIIIH. [1o-

SIBUTCSI OKHO, ITOKa3aHHOE Ha puc. 16.



Puc. 16. OxHo HacTpoek
HEHUPOCETEBBIX MOJEIIEN

-} Model Reference Control g@@

File ‘Window Help

Model Reference Control

Metwork Architecture
Size of Hidden Layer 13 Mo. Delayed Reference Inputs 2

Satmpling lateralisec) Mo, Delsyed Controller 1

o e b e

Mo. Delayed Plart Outputs 2

Training Data

Maxitnum Reference alue 07 Cortroller Training Samples 5000

Minimum Reference Walue | g7

Minitaurm Interval Yalue (sec) 01 robatret

Generate Training Data ] [ Import Data ] [ Export Data I

Maimum Interval Yalug (sec) 2 Reterence Model:

Training Patameters

Cortraller Training Epochs 10 Contraller Training Segments a0

Use Current Wieights [ Uze cumulative Training

Piant Identification

| Perform plant identification before controller training.

Fle Window Help

Plant Identification

Metwark Architecture
Size of Hidden Layer 10 Mo. Delayed Plart Inputs 2

Sampling Interval (sec) | g Mo. Delayed Plant Outputs [ 2

[ Marmalize Training Data

e ]
,

Training Data

Training Samples | 1ppog Litnit Output Deta

Maximum Plant Ingput 15 Mazxitaum Plant Output a1

Mirimun Plant Ingut 15 Minitum Plant Output 31

Maxirum Interval Yalue (sec) 2 Simulink Plant Model
Miniraumm Interval Yalue (sec) 01 robotarm
Generate Training Data ] [ Import Data ] [ Export Data ]

Training Parameters
Training Epochs 300 Training Functian  4qinm j

Use Currert Weights Use Validation Data Use Testing Data

Cancel

=enerate or import data before training the neural network plant.

Puc. 17. OxHo 11 OCTpOECHUS

HelpoceTreBoi Mozenn OY

Oco0eHHOCTh paccMaTpUBAEMON CHCTEMBI YIPABIEHUSI COCTOUT B TOM, YTO CIIEIYyeT MO-
CTPOUTH JIBE HEMPOHHBIE CETU — MOJIENIb 00BEKTA YIPaBIEHUS U camMoro peryistopa. Haunem c

MNOCTPOCHUA MOICIN 00BeKTa YHpaBJICHU,

Identification. I[Ipu 3Tom otkpoercs okHo Plant Identification, koTopoe nokaszano Ha puc. 17.

BbIOpaB B OKHE HacTpoek KHomky Plant



lant Input-Output Data

Plant Input

a 100 200 300 400
time (s)
Plant Qutput

4 L L L L
] 100 200 300 400
time (s)
Simulation concluded.
[ AcceptDats | [ RejectData |  Please Accept or Reject Data to continue.

o AEE

Fil= ‘window Help

Plant Identification

Metwork Architecture
Size of Hidden Layer 10 Mo. Delayed Plant Inputs 2 -~

Mo. Delayed Plant Cutputs 2 -~

[] Mormalize Training Dt

Training Data

Eraze Generated Data ] [ Impoart Data ] [ Export Data ]

Training Parameters

Training Epochs 200 Training FUnction |yaism j

Use Current Wsights Use Yalidation Data Use Testing Data
| R |
Puc. 18. Curnan OY Puc. 19. MoaudunupoBaHHOE OKHO
B PCIKUMC €TO I/II[CHTI/I(I)I/IKEIHI/II/I AJIsL TIOCTPOCHUS MOJCIN ov

Jns mocTpoenus HelipoceTeBoit moenu OV cienyet BoiOpaTh kHONKY Generate Training
Data. OTo npuBezieT k ToMy, 4To OyJ€T 3ammylieHa nporpaMma reHepalunun o0yJarolei nocieno-
BaTeNbHOCTH Ha uHTepBane 500 ¢ 11 MOJeNn paccMaTpuBaeMoro oobekra ympasieHus. [Ipo-
rpaMMa TeHepHpyeT 00ydarolllie JAaHHbIE MyTeM BO3JIEHCTBUS pAla CIydalHBIX CTYINEHYaThIX
curHasioB Ha Mozenb Simulink o6bekta. ['paduku BXOIHOTO M BBIXOJHOTO CUTHaja OOBEKTa
BBIBOJISITCS HA dKpaH (puc. 18).

ITo 3aBepIeHnU TeHepaluu o0yJarolel Mocae10BaTeIbHOCTH MOJIb30BATENI0 Mpe/yiara-
ercst mnbo puHATh qaHHbIe (Accept Data), mnbo oTtkazatbcest ot HUX (Reject Data).

IIpumem maHHBIE, TIOCTE YETO MPHUJIOKEHNE BO3BPATUT HAC K HECKOJIBKO U3MEHEHHOMY
okHy Plant Identification (puc. 19). 3nech yacTh OkHa HeocTyNHa, a kKHonka Generate Training
Data 3amenena Ha xHomnky Erase Generated Data, 4To mo3BONsieT yJIaluUTh Cr€HEpUPOBAHHBIE
JTaHHBIE.

Tenepb MO’XHO HauaTh 0Oy4YeHUE HEHPOHHOM CETH.



Jly1st ATOTO CleyeT BOCIONb30BaThesl KHOMKOM Train Network (OOGyunth ceth). Hauner-
cs1 oOyueHue HeipocereBoir Moaenu. Ilocie 3aBepiieHns 00y4eHUs: ero pe3ysbTaThl 0TOOpaxka-
I0TCS Ha rpadukax, Kak 3To moka3zaHo Ha puc. 20 u 21, rie nocTpoeHbl COOTBETCTBYIOIIUE pe-
3YyJIbTAThbL O6y‘I€HI/ISI N TCCTUPOBAHHA HA KOHTPOJIbHOM MHOXCCTBC.

<) Training data for NN Model Reference Control g@@
File Edit ‘Wiew Insert Tools Desktop ‘Window Help "

Input Plant Output

0 100 200

o

100 200

«10*  Error NN Output

2
1] 100 200 1] 100 200
time (s) time (s)

<) Validation, data for NN Model Reference Control g@@
File Edit Wiew Insert Tools Desktop Wwindow Help ]

Input Plant Output

20
10 -
i 0
10 B
g 0 100

ot Error NN Output

1] 50 100

0 a0 100 1] 50 100
time (s) time (s)

Puc. 20. Pe3ynbTaT 00yueHus: MOJeNN Puc. 21. Pesynprar TectupoBaHus
Ha 00y4aroleM MHOKECTBE MOJIETN Ha KOHTPOJIBHOM MHOKECTBE

Texymee cocrosiaue ormeueHo B okHe Plant Identification (puc. 22) coolmenuem
«O0yuenue 3aBepuieHO». Bbl MOXeTe CreHepupoBaTh WM UMIIOPTUPOBATH HOBBIC JIAHHBIE, TTPO-
JOJKUTHh 00YUYEHHE UM COXPAaHUTH MOJTYUYEHHBIE pe3yabTaThl, BBIOpaB kHomku OK umm Apply.
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File ‘Window Help £

Plant Identification

Metweork Architecture

Size of Hidden Layer 10 Mo. Delayed Plant Inputs 2 -~
Samplinglrteral (sec) Mo, Delayed Plant Outputs | 2«
[ Mormalize Training Data
Training Data
Traifing Samples
I Eirriarrs Blant | Rt IlEitrarr Plant St
ffiraitrire Pl mpt Fefiraitrirr Pl St
Ielencitnae mter el Walue (ses) Sitrutlitik Flart Madel:
fititrrn ey sl v alie (sec)
Eraze Generated Data ] [ Import Data ] [ Export Data ]
Training Parameters
Training Epochs 300 Training FUNCHon gaimim j
Use Current Weights Use Yalidation Data Use Testing Data
[ Train Metwork ] [ OK ] [ Cancel ] [ Apply ]

Training complete. You can generate or import new data, continue training or
save resulis by selecting OK or Apply_

<} Plant Response for, NN Model Reference Control g@@
File Edit View Insert Tools Desktop Window Help ]
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Puc. 22. Oxno unentudukanuu oobexTa Puc. 23. Beixoa dTaIOHHOM MOIEIN
¢ cooOmieHrneM 06 OKOHYaHUU TTPOLIEAYPBI 1 00BEKTa YIpaBICHUS

Bribepem kaonky OK. B pesynbraTe nmapameTpbl HelipoceTeBOi Moienu 00beKTa yrpas-
nenus OyayT BBeneHbl B 010k Model Reference Controller cucremsr Simulik, mocne gero mpo-
uzoiner Bo3BpaT B okHO Model Reference Controller (puc. 23).

Tenepr ans oOydeHus perynsropa cienyer BblOpaTh KHONKY Generate Training Data,
4TOOBI CreHeprupoBaTh OOydarolMe JaHHbIe. DTU JAHHBIE B BUJE IPa(UKOB MOSBATCS B OKHE
Input-Output Data for NN Model Reference Controller u cHoBa HE0OXOAMMO MOJITBEPAUTH
WIM ONPOBEPTHYTH TH JaHHbIEe. Ecinu nanHele npuemiemsl, To B okHe Model Reference Con-
troller cienyet BeiOpaTh kHOTNIKY Train Controller (OOyuuTth perynsarop). [locie Toro kak o0y-
YeHUe 3aKOHYUTCS, TpapUKH BBIXOJA0B ATAJIOHHOW MOJIENIN U 00BEKTa YIpaBlIEHHUs BHIBOJISATCS HA
sKkpaH (puc. 24). 3ameTuM, 4To OOyUEHHUE PETYJSITOpa 3aHUMAET, B CHIIy IPUMEHSIEMOI0 ajiro-
puTMa 0oOydeHHs (IMHAMHMYECKOrO BapHaHTa MeToJa OOpaTHOrO paclpoCTpaHEHHs OLIMOKH),
BEChbMa 3HAYUTEILHOE BpEMSI.



[To oxoH4yaHuM 00yUeHHS PETyIATOpa He0OOXOAMMO HakaTh Ha KHONKY OK, BepHYyThCS K
mogaenu Simulik (puc. 12) u HauaTh MOAETMPOBaHKE, BBIOpaB onmuio Start u3 MeHio Simulation.
I'pacduku 3TaIOHHOTO CUTHANA M BBIX0Ja 00BbEKTa YIpaBIeHHUs OKa3aHbl HA puC. 25.
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Puc. 25. I'padpuxu 3TanoHHOr0 curHana (CTyNeHYaThli mporecc)
Y BBIXOJIa 00BEKTA

W3 aHanu3a NoJy4YeHHBIX JaHHBIX CIEIYeT, YTO peakIUsl CUCTEMbl Ha CTyNEHUYaThle BO3-
JeMcTBUS CO CiydyalfHON aMITIMTYA0H HOCUT MOHOTOHHBIM XapakTep U oOpabaTbiBaeTcs B Ipe-
nenax 3...4 c. OTo cBUIETENbCTBYET O XopoleM KauecTBe peryisitopa Model Reference Con-
troller u1st ynpaBieHus: 3B8€HOM poOOTa-MaHUITYJIATOPA.

IIporpamMmma padoThl M MeTOANYECKHE YKAZAHUS

1) BrinmonnuTe BCe npuMeEpsl, IpeiaraéMble B TEOPETHYECKON YaCTH.

2) Jlna npumepa 2 nccnenyiTe B MOAEIUPYEMON CXEME HEHPOCETEBOM aJalTUBHOM
CUCTEMBI BJIMSHHE [TapaMeTPOB HEMPOCETH U YKciIa YPOKOB 00yUeHHs Ha IOKa3aTeNId KauyecTBa
npoiiecca uJeHTHU(GUKauu 00beKTa (MepBbIil 3Tan aJanTUBHOTO yIpaBJIeHUs ) U mpolecca 00y-
yenust cetu MHCI1 (BTopoit 3Tan aganTUBHOTO yIPaBICHUS).

3) OTto06pazuTe pe3ynpTaThl 00ydeHus (U1 mpuMepa 2) A pa3IuyHOro Yucia
HEHPOHOB B CKPBITOM CJIO€.

JlabopamopHasi paboma Ne 4. paghuyeckuli uHmepghbelic 2u6pPUOHbIX cucmem
Hean pa6orsl. Co31aTh THOPUIHYIO CUCTEMY 10 paHee BHITIOJIHEHHOW 3aBUCHMOCTH Y =

I'papuueckuii uHTEpdeiic TUOPUAHBIX (HEYETKUX) HEHPOHHBIX CHUCTEM BBI3BIBACTCS
byukuueil anfisedit (U3 pexxuma KOMaHIHOW cTpokH). Vcnonb3oBanue (QyHKIUU NPUBOIUT K
nosBIeHUIO OkHa penakTopa rubpuansix cuctem (ANFIS Editor, ANFIS-penaxtop).

C moMomIpi0 JaHHOTO PEAAKTOpa OCYIIECTBISIOTCS CO3JaHME HIIM 3arpy3Ka CTPYKTYPHI



TUOPUAHON CHCTEMBI, MPOCMOTP CTPYKTYphI, HACTPOWKa €€ MapaMeTpoB, MpOBEpKa KauecTBa
(GYHKIIMOHUPOBAaHHS TakoW cuctembl. Co3llaHuEe CTPYKTYpBI, HACTPOHKA MapaMeTpoOB U IPO-
BEpKa OCYIICCTBIIIOTCA MO BbIOOpKam (Habopam maHHBIX) — oOydaromieit (Training data),
npoBepouHoii (Checking data) u tectupyromeii (Testing data). [IpeaBapuTenbHO OHU JOJKHBI
OBITH TpEACTaBIIEHbl B BUJIE TEKCTOBBIX (pailnoB (¢ pacmmpenuem dat v pa3genuTensiMu-
TaOYJSIUSIMK ), TIEPBBIE CTOJOMBI KOTOPBIX COOTBETCTBYIOT BXOIHBIM MEPEMEHHBIM, a MOCIE/-
HUW (TpaBbIii) — E€IWHCTBEHHOW BBIXOJHON IMEPEMEHHOM; KOJMYECTBO CTPOK B Takux (haii-
JaxX paBHO KOJMYECTBY 00pasioB (mpumepoB). Tak, oOydwaromias BeIOOpKa, CHOPMHUPOBAHHAS
no Tabu. 1, mpencraBisercs B Buie Proba. dat

Crporux pexkoMeHJanuid 1Mo O0beMaM YKa3aHHBIX BBIOOPOK HE CYIIECTBYET; IIO-
BUJUMOMY, JIy4Yllle BCEr0 MCXOIUTh U3 MPHUHIUNA «4UeM OOJbIle, TeM JIyYIle).

OOyyaromiass ¥ MPOBEPOYHAST BBIOOPKH HEMOCPEICTBEHHO 3a/ICWCTBYIOTCS B IpOIIECCe
HACTPOMKK mapameTpoB rubpuaHoi cetu. [IpoBepounas — s BBISICHEHHUS CUTyalluu, HE
MPOUCXOJIUT JIM TaK HA3bIBAEMOTO nepeoOyuenuss CETH, TIPU KOTOPOM OIIMOKa JJisi 00yJaromien
MOCIIE0BATEIHLHOCTU CTPEMUTCS K HYIN0. {7 MpoBEpOYHON — BO3pacTaeT; BIPOUYEM, HAJH-
Yhe MPOBEPOUYHOU BHIOOPKHM HE SIBISIETCS CTPOrO HEOOXOJMMBIM, OHO JIMINb KpaiHE jKema-
TenbHO. TecToBasi (WM TeCTUPYIOIIAsi) BRIOOpKA MPUMEHSIETCS AJisl MPOBEPKU KauecTBa (PyHK-
[IUOHUPOBAHKS HACTPOCHHOU (00ydeHHOi) ceTr. [10sSICHUM MTyHKTHI MEHIO | OTIIMH PEIaKTOpPA.

Mento File u View B o0meM uaeHTHYHBI aHajgormdHeiM MeHIO FIS-pemaktopa 3a Tem
UCKITFOYCHUEM, YTO 37IeCh paboTa MOXKET MPOHUCXOIUTh TOJIBKO C aJTOPUTMOM HEYETKOTO BBIBOIA
Sugeno. Menio Edit conepxxut enqunctennyto komanay — Undo (OTMEHUTH BBINOTHEHHOE JIeii-
creue). HabGop ommmii Load data (3arpy3ka qaHHBIX) B HIDKHEH JICBOM 4acTH OKHA pemaKTopa
BKJTIOYAET B ce0sl:

* tun (Type) 3arpyxaembix maHHbIX (s oOydeHust — Training, [uis TECTUPOBAHUS
— Testing, nns nposepku — Checking, nemoncrpanuronnsie — Demo);

* MeCTO, OTKYyJa OJIKHBI 3arpykarbcs naHHble: ¢ qucka (disk) nmm u3 paboueii obnactu
MATLAB (workspace).

K maHHBIM ONIMSAM OTHOCSTCS JBE KHOIKH, Ha)KaTHE Ha KOTOpBIE MPUBOAMUT K Tpebye-
MbIM nerictBusiM Load Data (3arpy3uts nannsie) u Clear Data (Creperb naHHbIe).

Crnenytomass rpynna omnuii (B cepenuHe HuxkHed yactn okHa ANFISpemaktopa)
oobenuuena moa uMmeneMm Generate FIS (Co3manne HeueTkoW CHCTEMBI BBIBOJA). JlaHHas
TpyIra BKIIFOYAeT B ceOsl CeIyIOIHe OMINU:

. 3arpy3Ky CTpyKTyphbl cucteMsl ¢ qucka (from disk);

. 3arpy3Ky CTPYKTYpbl CHCTeMbl U3 paboueit obmactu MATLAB (from
worksp.);

. pa3z0uenue (neneHue) obnacrtell onpeneneHus] BXOJHbBIX NEPEMEHHbIX (apryMeH-
TOB) Ha 10/100JaCTH — HE3aBUCUMO AJIs Kaxkaoro aprymenTa (Grid partition);

. pa3OueHue Bcell 00JaCTH ONpeNIeeHUsl apryMEHTOB (BXOJHBIX NEPEMEHHbBIX) Ha

110100J1aCTH — B KOMIUIEKCE JUIsl BceX apryMeHToB (Sub.clustering),

Kpome Toro, umeercst takxke kHomka Generate FIS, Haxartue KOTOpOil MpUBOIUT K
IpoIIecCy CO3AaHus THOPUAHON CUCTEMBI C TOYHOCTBIO JIO PsiJia ITapaMeTpoB.

Crnenytomas rpynma onuuid — Train FIS (O0yueHue HedeTkol cHCTEMBI BBIBOAA) —
MO3BOJISIET OMPENEUTh MeTo T «00yueHus» (Optim.Method) cucTemsr (T. €. METOT HACTPOUKH €€
napametpoB) — ruOpunabiii (hybrid) mim obparnoro pacnpoctpanenus ommoku (backproba), a
Tak)K€ YCTAaHOBUTH YPOBEHb TEeKyIllel cymMMapHoO (1o BceM obOpasuam) omuoku oOyuenus (Er-
ror Tolerance), mpu TOCTH)KEHUH KOTOPOTO MpoIlecc 00y4YeHHs 3aKaHYMBAETCS U KOJIUYECTBO
nukioB o0yuenus (Epochs), T.e. KOTW4ecTBO «mpOroHOB» BceX 0OpasmoB (WJIM MPUMEPOB)
oOyuaromei BeioopkH. Ilporecc oOydenusi, Takum o0pa3oM, 3aKaHUMBAETCs JIMOO MpPU JTOCTH-
KEHUH OTMEUYEHHOTO YpPOBHS OMIMOKM OOydeHHus, JTUOO Mocie MPOBEAeHUS 3aJaHHOIO KoJnye-
CTBa IIMKJIOB.

Knonka Train Now (Haware oOydeHwue) 3amyckaer mporecc OO0ydeHHus, T.€. MPOIEcC



HACTPOWKH MapaMeTPOB THOPUTHOM CETH.

B npaBom Bepxnem yriy okHa ANFIS-penakropa Bwimaercs undopmanms (ANFIS
Info) o mpoexTupyemoii cucteme: KOJIUYECTBO BXOJIOB, BBIXOJOB, (YHKIMI MPUHAIEKHOCTU
Bx0/0B. Haxkatue kHomku Structure (CtpykTypa) NO3BOJSET YBUIAETh CTPYKTYpPY CETH.
Knonka Clear (OYHCTUTB) TO3BOJISET CTEPETh BCE PE3yJIbTATHI.

Onmun Test FIS B nmpaBoM HMKHEM YTy OKHA IO3BOJISIOT IMPOBECTH IIPOBEPKY U Te-
CTUPOBAaHUE CO3/IaHHOM M OOYYEHHOH CHCTEMbI C BBIBOJIOM pE3yJbTaTOB B BUJIE TI'padUKOB.
CoortserctBytomme rpaduku ans oOyuaromeii Boidopku — Training data, Tectupyromieii BbI-
6opku — Testing data u npoBepounoii BeiOOpku — Checking data. Knonka Test Now mo3-
BOJISIET 3AIlyCTUTh YKAa3aHHbIE IIPOLIECCHI.

3aoanue k nabopamoproii pabome 2

2
PaboTy ¢ pemakTopoM paccMOTPHM Ha IPUMEPE BOCCTAHOBJIECHHS 3aBHCHUMOCTH J = X
no naHHbM Tadin. 1. Ipeamonoxum, 4To 3TH JaHHBIE TOATOTOBJICHHI B (aitne Proba. dat. Co-
371aHKe U MPOBEPKY CUCTEMBI, KaK U PaHbIIIe, IPOBEIEM I10 dTaIlaM:

1.B oxne ANFIS-penakTopa BEIOEpEM THII 3arpyKaeMbIX AaHHbIX Training ¥ HaxmeM
kHonKy Load data. B mocnenyromem cTraHIZapTHOM OKHE JMANIOTa YKaXXeM MECTOIIOJIOKEHHE
u ums (aiina. Ero oTkppITHE NPUBOAUT K MOSBICHUIO B rpa@uecKOil 4acTH OKHA PelaKkTopa
Habopa TOYEK, COOTBETCTBYIOIIUX BBEICHHBIM JAHHBIM.

2.B rpynme onnuii Generate FIS no ymon4anuro aktusuzuposad Bapuant Grid parti-
tion. He Oyznem usmensars u HaxxmeM kHomky Generate FIS, mociie yero nosiBUTCst 1uasioro-
BOEC OKHO JJIs 33/IaHUsl YUCJIa M TUMOB (PYHKIMHA mpuHaAiexHocTH. CoXxpaHUM Bce YCTaHOBKHU
[0 YMOJIYaHMIO, COTJIaCUBIINCH ¢ HUMU HaxkaTueM kHonku OK. ITpousoiiner Bo3BpaT B OCHOB-
Hoe okHO ANFIS penakrtopa. Tenepb cTpyKTypa rUOpHUIHON CETH co3aaHa, U ee rpaduyeckuit
BUJI MO>KHO [IPOCMOTPETH C NOMOILIbIO KHONIKK Structure.

3. Ilepeiinem k ommmsam Train FIS. He Gynem MeHATH 3a1aBaeMble 110 YMOJIYAHHIO
MeTos HacTpoiku napamerpoB (hybrid — rubpuansiil) 1 ypoens ommoku (0), HO KOJIMYECTBO
LUKJIOB 00yueHus u3MeHuM Ha 40, rmociie 4ero HaKkMeM KHOTIKY 3aIlycKa Ipoliecca 00y4ueHus
(Train Now). [Tomyuusncs pe3ynbraT B BUJe rpaduka OMIMOKN CETH B 3aBUCUMOCTH OT YHCIIA
MIPOBEICHHBIX ITUKIIOB 00yUYeHHUs (M3 KOTOPOTO CIEAYET, UTO (PaKTUYECKU 00yueHHe 3aKOHUYHU-
JOCh TOCJE TMATOTO LUKIIA).

4. Teneps HaxatneMm kHonku Test NOw MOXHO Ha4aTh IPOIECC TECTUPOBAHUS 00Y-
YEeHHOH CeTH, HO, MOCKOJBKY MCIOJIb30BaNach TOJIbKO 0/1HA (00yyJaroias) BbIOOpKa, HUYETro
0COOEHHO MHTEPECHOTO 0XKUJIATh HE MPUXOAUTCS. J[eMCTBUTENBHO, BBIXO OOYYEHHON CH-
CTEMBI MPAKTUYECKU COBMAJAET C TOUKAMU O0yJaroeil BHIOOPKH.

5. CoxpanuMm pa3pabOTaHHYIO CHCTEMYy Ha Jucke B (aiie ¢ mmenem Probal (c
pacuupeHueM fis) u I MCCIIeIOBAaHUS pa3paO0TaHHOW cucTeMbl cpenactBamu FIS-
penakropa u3 komanaHoil ctpoku MATLAB BeimosnnuM komanny Fuzzy, a 3atem uepes
nyHkTbl MeHIo File | Open FIS from disk otkpoem coznannsiii ¢aitn. C coznaHHol cucTeMoit
MOYKHO TEeIepb BBINOJIHATH BCE MPHEMbI peIaKTUPOBaHMS (M3MEHEHNE UMEH IIEPEMEHHBIX U T.
1l.) ¥ HCCIIeIOBaHNUs, KOTOpbIE ObUIM PaCCMOTPEHHI BhIlIe. B pe3ynbTaTte yoexxaaemcsi, 4To Kade-
CTBO aNlMpPOKCUMAIUH CYIIECTBEHHO HE YJIyYIIWIOCH — CIIMILIKOM MaJlo JaHHbIX. YTO MOKHO CKa-
3aTh Npo 3P PeKTUBHOCTD HCTONIb30BaHUs THOpHUIHBIX cucteM U ANFIS-penakTopa?

B nanHOM ciyuae ucnonb3yeTcs TOJBKO OJUH aJrOpPUTM HEYETKOrO BbIBOJA — Sugeno
(HyJIeBOr0 WJIM TNEPBOTO MOPSAKOB), MOXKET OBITH TOJILKO OJIHA BBIXOJHAS MEpPEMEHHas, BCEM
IpaBUjIaM TPHUIKCHIBAETCS OJUH M TOT K€ €IMHUYHBIA Bec. BooOuie roBops, BO3HHUKAIOT
3HaYUTeNbHble Mpo0jemMbl Mpu OosbiioM (6osee 5-6) KOIM4ecTBE BXOIHBIX IEPEMEHHBIX. JTO
— OTpaHMYEHUsI U HEIOCTATKU IOJIX0/a.

Ero HecoMHeHHble NOCTOMHCTBA: MPAKTUYECKH IIOJIHAs aBTOMAaTH3alMs Ipolecca
CO3/aHMUs HEYEeTKOH (rMOpUAHON) CHUCTEMbI, BO3MOXHOCTbh MPOCMOTpa CGHOPMHPOBAHHBIX



npaBuji M TMPUJAHUS UM COAEPKATENbHOM (JIMHTBUCTHUYECKON) MHTEpPNpPETaln, YTO MO3-
BOJISIET, KCTaTH TOBOPSI, pacCMaTPUBaTh ammapar THOPUIHBIX CETeH Kak CpPEeACTBO H3BIIE-
YeHUsi 3HAHUU M3 0a3 JaHHBIX M CYUIECTBEHHO OTJIMYAeT JAaHHBIE CETU OT KJIACCUYECKHUX
HEUPOHHBIX.

Pexomenayemas o01acTh MPUMEHEHHS: IIOCTPOSHUE AMMPOKCUMATOPOB 3aBUCUMOCTEH 10
IKCIIEPUMEHTAIBHBIM JAHHBIM, TIOCTPOCHUE CHCTeM Kiaccupukanuu (B ciydyae OMHApHOU WA
JTUCKPETHOW BBIXOJIHOM MEPEMEHHO), N3yYCHHE MEXaHU3Ma SIBJICHHH.

3areM paboTy ¢ peIaKTOPOM PacCMOTPUM Ha IIPUMEPE 3aBUCUMOCTH ) OT X, 3aJaHHOU IO
BAPUAHTaM.

JlabopamopHasi paboma Ne 5. HYacmsb 1. Ucnonb3oeaHue epaghudecko2o uHmepgpelica
9151 NocmMpoeHus1 HeyemkoU annpokcumupyrouieli cucmemsbl

Heab padoTsl. [TocTpoeHne HEUETKON 3KCIIEPTHOU CUCTEMBI.

PaccMoTpuM METOMKY NOCTPOEHHMS HEYETKOM HKCIEPTHOM CHCTEMBI, KOTOpas JOJDKHA
IIOMOYb I10JIB30BATENII0 C OTBETOM Ha BOIPOC: CKOJIBKO JAaTh HAa 4Yai OQUIMAHTY 3a 0OCIYkKH-
BaHUe B pecTopaHe?

Ha ocHoBaHMM Kakux-TO YCTOSBILMXCSI OObIYa€B W HUHTYUTUBHBIX NPEICTaBICHUMN
OPEINONI0KHUM, YTO 33Jadya O YaeBbIX MOXKET ObITh OINHMCAaHA CIEAYIOIIMMU IPEII0KEHUIMU.

1. Ecin o6cimyxuBanme 1iioxoe WM €1a MOArOPEBIIas, TO YaeBble — MallCHbKHUE.
2. Eciu 06¢i1y)KUBaHHE XOPOILEE, TO YAEBBIE — CPEIHHE.

3. Eciu o6cnyXuBaHWE OTIMYHOE WIM €12 MPEBOCXOHAs, TO YAEBbIE LIEAPHIE.

KagectBo oOciyxuBanusi u ensl Oyaem oueHuBath mo 10-6amrpHoii cucteme (0 —
HauxXyAmas oueHka, 10 Haumyuas).

bynem nmpennonarate faiee, 4To Majble 4aeBble COCTABISAIOT OKOJIO 5% OT CTOMMOCTH
obena, cpeanue — okoio 15 % u meapsie — npumepHo 25 %.

3aMeTuM, YTO MpeJCTaBICHHONM WHGOpMaluu, B MPUHLUIE, JAOCTATOYHO JUISl MPOEK-
TUPOBaHMsI HEYETKOM HKCIEepTHOM cUcTeMbl. Takas cucremMa OyaeT uMeTh 2 BXojaa ( KOTO-
pble MOXKHO YCIIOBHO Ha3BaTh «CEPBUC» U «ea»), OJUH BBIXOJ («4aeBBIe»), TPH IpaBUia
TUIA €CIH....TO (B COOTBETCTBHM C TpeMs INpPHUBEIECHHBIMHU MPEUIOKEHUSAMH) U MO TPU 3Ha-
yeHus: (coorBercTBeHHO 0 GamioB, 5 Gamio, 10 6amnoB u 5%, 15%, 25%) nnst 1eHTpoB
(GYHKUIMH NMPUHAUIEKHOCTH BXOAOB M BBIXOAOB. [loCcTpouM AaHHYIO CHCTEMY, UCIOJb3Ys all-
roput™ Mamaanm, onuceiBasi Tpedyemble IEHCTBUS 110 TyHKTaM.

3aoanue k nabopamopnoii pabome 4

1. Komannoii Fuzzy 3amyckaem FIS-penaktop. [lo ymonuanuto npesuiaraercs allrOpuT™
Mampaanu (0 yeM roBOpUT HAANHUCH B LEHTPAJILHOM OesloM OJIOKE), 3/1eCh HUKAKMX M3MEHEHUM
He Tpedyercsi, HO B CHCTEME JOJDKHO OBITh JBa BXO0Ja, MOITOMY uepe3 MyHKT MmeHio Edit>
Add Variable Input noGasisieM B cHucTeMe 3TOT BTOPOM BXOJ (B OKHE peAaKTOPa MOSBIISETCS
BTOpOI1 JkenThIit 010k ¢ umeHneM Input 2). [lenas nanee ogHOKpaTHBIN menuoK Ha Oinoke Input
1, MeHseM ero MMs Ha «CEpBHMC», 3aBepllas BBOJ HOBOTO HMEHU Ha)KaTUEM KIIABUILU.
AHaJOrMYHBIM 00pa30oM yCTaHaBIMBaeM UMs «ena» 6ioky Input 2 u «4aeBbie»

- BbIXoJiHOMY Onioky QOutput 1(cnpaBa BBepxy). IIpucBoum cpazy xe u ums
Bceil cucreme, Hanpumep TIP  FIO. 3amagum Tenepb (yHKIMH NPUHAAICKHOCTH IMEPEMEH-
HbIX. [Iporpammy — penakTop (pyHKUIMU NMPUHAAIEKHOCTH MOXKHO OTKPBITH TpeMs CIoco0aMu:
BbIOepeM mepBbli uepe3 MyHKT MeHI0 View> Edit membership function. 3amanue u pe-
JaKkTUpoBaHWe (DYHKUMH MPUHAIIEKHOCTH HaYHEM C MepeMeHHON «cepBuc». CHavasa B MOJISIX
Range u Display Range yctaHoBuM aMana3oH M3MEHEHHUs M OTOOPa)KEHHs 3TOM MepeMEHHOM
— ot 0 mo 10 (6anmoB), moaTBep Xk aasi BBOJ HaxkaTHeM KiaBuiu Enter. 3atem uepe3 myHKT Me-
uio Edit/Add MFs niepeiinem k 1uanoroBomy okHy Ha pucC. 2.



) FIS Editor: TIP e -10f x|
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FIS Name: TIP FIS Type: mamdani
And method min v Current Variable
Or method o = Name | caevie
Implication min = Typs outed

Range [01]
Agaregation max -
Defuzzification I centroid vl Help I Close
Renamed FIS to "TIP"

Puc. 2. Bung oxkna FIS Editor

Kak mokazano Ha puc. 3, 3aganmuMm Tpu (GYHKIUM TPHUHAMIEKHOCTH TayccoBa THIIA
(gaussmf). Haxxmem knonmky OK u Bo3BpaTHMCs B OKHO pelakTopa (pyHKIMH MpHUHAIIEK-
HocTH. He m3MeHss pa3max M MOJIOKEHHE 3aJaHHbIX (DYHKIHMA, 3aMEHHM TOJIBKO MX HMEHa
Ha «IUIOXOH», «XOpPOIIMH» M «OTIM4HbI». [llemukom Ha 3Hauke «ema» BOWAEM B OKHO pe-
JTAKTHPOBaHUS (YHKUUH MPUHAIIICKHOCTH JJIS 9TOW MMEepeMeHHON. 3a/1aluM CHavaja JAuana3oH
ee m3menenus ot 0 mo 10, a 3aTem, mocTynas Kak paHee, 33JaauM ABe (PYHKIMU IPUHAIIICHK-
HOCTH TpaneueuaanbHoi ¢opmbl ¢ mapamerpamu cooTBercTBeHHO [0013]u[7 910 10]n
UMEHAMU «IOJrOPEBLIAs U «IIPEBOCXOIHAN.

=

Add membership functions

MF type

Number of MFs | 3 L]

oK | Cancel | |
Puc. 3. OxHo 3aganus PyHKIMH TPUHAAIICKHOCTH MTOJIH30BaATENS

JI71s1 BBIXOJHOW TMEPEMEHHOW «4aeBble)» YKakeM CHadvajia auarna3oH m3MmeHeHus (ot 0 1o
30), moroMm 3amaauM Tpu (YHKIMU MPUHAIIEKHOCTH TPEYTOJbHOW (OPMBI ¢ MMEHAMU «Ma-
JBIe», «CPEelHUEe» U « IIepble» TaK, Kak MpeAcTaBiIeHo Ha puc.4. 3aMeTUM, 4TO MOXKHO, pa3y-
MeeTcs, 3a/1aTh U Kakue-In0o Apyrue (pyHKIMH WU BEIOPATh Jpyrue napaMeTphl.

[lepeiinem k KOHCTpyHpoBaHHIO MpaBui. /s aToro Beioepem nmyHKT MeHI0 View>Edit
rules. Jlanee BBOJ MpaBHJI MPOU3BOAUTCS B COOTBETCTBUHU C IMPENJIOKEHUSIMH, ONHUCHIBAIOLIM-
MU 3aja4y. 3aMETUM, 4YTO B MEPBOM U TPEThEM IpaBUiIaX B KAUECTBE «CBA3KW» B MPEINOCHLI-
Kax MpaBujIa HeoOX0AUMO UcHoib30BaTh He «M» (and), a « MJIN» (or); mpu BBOJE BTOPOTO Mpa-
BUJIA, TJIE OTCYTCTBYET NEpEMEHHasl «ela», JUlsl Hee BblOMpaeTcs: omnuus none. B pesynbrare
(bopmupyeTcst UTOTOBBIM HAOOp MPaBHUIIL.



) Membership Function Editor: TIP
File Edit Wiew
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FIS “ariables Membership function plots  Plot points: 181

0 I

cervic caevie

el chdiir

eda

0
0 o 5 5

N
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output variable "caevie"

Current Variable Current Membership Function [click on MF to select)

Name caevie Name I chedr

Type output Type I trimf :']
Flange W Params l [15 30 45]

DisplayRange  ['030] | Help | Close | |

I Renaming MF 3 to "'chedr" I
Puc. 4. ®ynkumu npruHaAJICKHOCTH IEPEMEHHOM «4aeBbIC»

Takas moppoGHast (verbose) 3amuch NpencTaBiseTCs JOCTATOYHO IMOHATHOH; eIMHULA
B CKOOKax MOCJe KaXJOTo IMpaBHja yKa3beiBaeT ero «sec» (Weight), T.e. 3HAUUMOCTH TpaBU-
na. JIaHHBIM BEeC MOKHO MEHATbH, MCIIONB3Ysl COOTBETCTBYIOLIEE IOJIE€ B JIEBOM HUKHEW YacTH
OKHa pepakTopa npaBui. [lpaBuina npenacrtaBieHbl M B JApyrux (QopmMax — CHUMBOJUYECKOU
(symbolic) n unnekcnoi (indexed), mpu 3ToM mepexoa OT OAHON (HOPMBI K IPYTOl MPOUCXOIUT
¢ nomomrsio MeHro Options™> Format pemakropa mpaBuwi. BoT Kak BBITTISAAT pacCMOTPEHHBIC
IpaBuiia B CUMBOJIMYECKOH popme:

1) (cepeuc==nnoxoi)I(ena==noaropespiuas )=>(qacBbie==maiubie)(1);

2) (cepBuc==xopoumii)=>(uaeppie==cpeauue)(1);

3) (cepBuc==oTmunbIi)](ega==npeBocxoanas)=>(uaesbie==mmeaprie)(1). IIpaBuna
MIOHSITHBI.

Hakonen, cambiii cxaTelii opmaT NpeCTaBICHUS NMPAaBUI — HHAEKCHBIA — SBISETCS
TeM (hopMaTOM, KOTOpBIH B JEMCTBUTENBHOCTH MCIOIB3yeTCs Mporpammoil. B atom dopmate
IIPUBE/ICHHBIE MTPaBUJIa BBITIAIAT TAK:

ol1,1(1):2

020,2(1):2

032,3(1):2

3nech nepBas KOJOHKA OTHOCHUTCSI K NEPBOM BXOJHON IMEPEMEHHOM (COOTBETCTBEHHO
nepBoe, BTOPOE WM TPEThbe BO3MOXHOE 3HA4YeHHE), BTOpass — KO BTOPOM, TpeThs (Iocie
3amsTol) — K BBIXOJHOM NepeMeHHOH, nudpa (mociae ABOETOUMS) YKa3bIBaeT TUIT «CBSI3KI» (1
s «Wy, 2 morst «JTA»).

Ha 3TOoM COOTBETCTBEHHO KOHCTPYMpPOBAaHUE 3KCHEPTHOM cucTembl 3akoHueHo. Coxpa-
HUM €e Ha JUCKe Mo BeIOpaHHbIM uMeHeM TIP.

Tenepr camoe Bpems mpoBepuUTh cucteMy B AeiicTBuu. OTKpoem (uepe3 MyHKT MEHIO
View > View rules) okHO pocMOTpa NpaBuJI U YCTAHOBUM 3HAUY€HUs NIEPEMEHHBIX: cepBUC = 0
(To ecTh HHMKyJa He rofHbli), ega = 10 (TO ecThb MpeBOCXOAHAs). YBUIAUM OTBET: YaeBble =
15 (Tto ectb cpennue). Hy uro x, ¢ cUCTeMOil He HOCHOPHILb, HAO MIATUTh.

Mo’xHO poBEpUTH U Ipyrue BapuaHThl. B uacTHOCTH (MOXKET ObITh, HE 0€3 YIUBJIECHHUS),
BBISICHUTCSI, YTO Halleld CHUCTEMOH OOCIy>XKMBaHHME LIEHUTCS OOJIbIlle, YeM KayecTBO €/Ibl: MpU
Habope «cepuc = 10, ega = 3» cuctemMa COBETYeT ONPENSIUTh pa3Mep 4daeBbix B 23,9 %, B
TO BpeMsi Kak Habopy «cepBuc = 3, ema = 10» pa3mep YaeBbIX 110 PEKOMEHJALMU CHUCTEMBI
— 16,6 % (ot croumocTu obesna). BripoueM, HUYETO yIUBUTEIBHOTO 37€Ch HET: 3TO MBI CaMH
(He 0coOeHHO mo03peBasi 00 ATOM) 3aI0KUIM B CHCTEMY COOTBETCTBYIOLIUE 3HAHUS B BUJC
COBOKYITHOCTH MPUBEJCHHBIX MPABUJI.



[TonTBepkieHMEM OTMEYEHHOM 3aBHCMMOCTH BBIXOJHOM TEPEMEHHOM OT BXOJHBIX
MOJKET CIY>KUTh BHJ MOBEPXHOCTH OTKIMKA, KOTOPBIM MPEJCTABISACTCS MPH BBIOOpPE MYHKTA
MeHO View/View surface; oOpaTuTe BHUMaHHE, YTO C IOMOIIBIO MBIIIKH I'pauK MOXKHO IO-
BOPaYMBaTh BO BCE CTOPOHBI.

B oTkpeiBIIEMCS OKHE, MEHssI MMEHa NEpPeMEHHBIX B moyisx BBoja (X (input) m Y
(input)), MOXXHO 3a7aTh M MPOCMOTP OJHOMEPHBIX 3aBHCHMOCTEH, HAIPUMEP «YaeBBIX» OT
«eIbD».

[To mpuBeneHHOMY BBINIE PUMEPY MOATOTOBUM CBOI0 IKCHEPTHYK) CHCTEMY, IPOTe-
CTHpYyeM ee U coxpanuMm noja umenem ECFio, opopMuB OTUET B BUJE, TPEICTABJICHHOM B Hayale
naboparopHoit paboThI 4.

JTabopamopHasi paboma Ne 5. Yacmb 2. Co30aHue nosib3oe8amesibCKux hyHKyul npu-
HadnexHocmu
Heas padotbl. Padora ¢ Fuzzy Logic Toolbox B pexxnMe KoOMaHIHOW CTpoku. Bo3s-
MOXKHOCTH paOOThl B pEKUME KOMAHAHOM cTpoku. (DDYHKIMH CHUCTEM HEYETKOro BHIBOJA.
DYHKIMA COXPAHEHUs, OTKPBITHS U MCIOJIb30BAHUS CO3JaHHOMN CUCTEMBI.
[Taker Fuzzy Logic Toolbox pacrnonaraer 6oipiuM HabopoM (GYHKIMH, HCHOIHsE-
MbIX U3 KoMaHIHOM cTpokd MATLAB 1 mo3BosIONMIMX HE UCIIONIB30BATh IPU pabOTEe C CUCTE-
MaMM HEYeTKOro BBIBOJIa PACCMOTpPEHHbIE Iporpammbl rpaduueckoro uHrepdeiica. Bce
(GYHKIMM JENATCS Ha CIEAYIONUE TPYIIIbL:

1) BBI30B IIPOrpaMM rpaduueckoro uarepdeiica;

2) 3aanus QYHKLMI TPMHAJIEKHOCTH;

3) CO3/IaHHE, PENAKTUPOBAHKE, TIPOCMOTD, OTKPHITHE M COXPAHEHHE CUCTEM He-
YETKOTO BBIBOJIA;

4) JIOTIOTHUTENbHBIE;

5) CEPBHCHBIE;

6) BBI30B JINAIOTOBBIX OKOH HHTEpdeiica;

7) onoxu Simulink;

8) JIEMOHCTPAIIMH BO3MOYKHOCTEH T1aKeTa.

DynKyuu 6613064 NPOZPamm zpaguueckozo unmepdpeiica

K aToif rpynme oTHOCATCA cnenyromye GyHKIIUH:

* fuzzy — Br130B FIS-penakropa;

* mfedit — BbI30B peakTopa GyHKIMNA IPUHAUIEKHOCTH;

* ruleedit — BBI30B pelakTOpa NpaBUI;

* ruleview — BBI30B IpOrpaMMBbl IPOCMOTpPA MPABUIL;

* surfview — BBI30B IPOrpaMMbl IPOCMOTPA TOBEPXHOCTH OTKJIMKA;

* anfisedit — Bb130B FIS-penakTopa (TONBKO AN CHCTEM, MCIOJB3YIOLUIMX aAJITOPUTM
Sugeno u nMeroIUX OJJHY BBIXO/IHYIO IEPEMEHHYIO);

* findcluster — BbI30B IporpaMmbI KJ1aCTEpU3ALIUH.

Hcnonb3oBanue mepBhIX mecTd (QyHKIUM ¢ aprymeHToMm (Hampumep, fuzzy(a), roe a
— UMS TNepeMEHHOW paboyero MpOCTPAHCTBA, MPHUCBOEHHOE CHCTEME HEYETKOro BHIBOJIA)
OTKPBIBAET COOTBETCTBYIOIIYIO IPOrpamMMy C OJHOBPEMEHHOH 3arpy3koil B Hee paccMaTpuBa-
emoii cucrembl. @ynknus findcluster (ums daiina) oTkpeIBaeT Hporpammy KiacTepu3aluu
C OJTHOBPEMEHHOM 3arpy3Koi YKa3aHHOTO (aiiyia JaHHBIX.

UreHue, UCIIOJIb30BAHUE U COXPAaHEHUE Ha JUCK CO3JaHHOW CHCTEMbl HEUETKOTO BBIBO-
Jla B peKUMe KOMaHHON CTPOKH OCYILECTBIISIETCS CICAYIOUIMMU (YHKIUAMU:

readfis (‘ums_(paiina’)

evalfis (BekTop napaMeTpoB, UMsl)

writefis (ums) v writefis (ums.'ums_¢aiina')



3nech ums_(haiina — HaMMEHOBaHME (aiijla ¢ HAMCAaHHOM cucTeMoi (0e3 ykazaHus
pacupeHusi), UMs — HUACHTU(HUKATOP, KOTOPBIA MaH cucteme B paboueir cpene MATLAB.
BexTtop mapamerpoB — HabOp 3HAaYEHMI BXOJOB, MAJII KOTOPBIX TPEOYETCsl pacCUUTATh BBIXO]
(BO3MOXHa M MaTpula MapaMeTpoB, TOI/IA PE3ybTaT PaCYETOB — BEKTOP B CIy4yae OAHOM BbI-
XOJTHOW MepEeMEHHOM WIM MaTpHIla PU HECKOJIbKUX TAKUX IIEPEMEHHBIX ).
3adanus k rabopamopnoii pabome

1. Ha npumepe panee co31aHHOM ¥ COXPaHEHHOM Ha AUCKE B BUJE (aiina ¢ umeHeM Tip
HKCTIEPTHOM CHCTEMBI JJIS 33[]a4M O YaeBBIX MCIIOJIb30BAaTh CUCTEMbI HEYETKOTO BHIBOJA C I1O-
Mo1ibto Tpadudeckoro uHTepdeiica, NPUBEJECHHOTO BBIIIE:

>>a = readfis ("Tip');

>>out = evalfis ([1 2],a) out=

<pe3yiabTar>

>>writefis (a, “Tip’)

BriOpartp crnepyromme (yHKIMU HCIIOJNB30BAaHHS IpaUuecKoro OKHa, KOTOPbIE I103BO-
JSIOT UCMOJBb30BaTh 3JEMEHTHI TpadUuecKHX H300paKeHHl BHE MPOrpaMM C rpaduueckum
uHTepdeiicom.

Komanna (pynxims) plotfis (a) BbzoBer nosieienue rpaguyeckoro okHa MATLAB c mue-
MOHHYECKHM TPE/ICTaBICHUEM pa3pabOTaHHOM CUCTEMBI (puc. S5.1).

-} Figure No. 1 B _l_l— 0f x|

File Edit View Insert Tools Window Help

D==E& " A ~» - | 22 2

X

cervic (6) TP

(mamdani)

3rules
% o

eda (5)

System TIP: 2 inputs, 1 outputs, 3 rules

Puc 5.1. MHeMoHM4YecKOe MpeicTaBIeHIe CUCTEMBbI HeueTKoro BeiBoja Komanna (pyHk-
uus) gensurf (a) genaer To ke camoe, HO MPUMEHHUTENIBHO K TOBEPXHOCTH OTKJIMKA (pHC. 5.2).



Figure No. 1 =J=2/Es

®arin MNpaeska Bwua BcrasuTe YTuanTel OkKHo [MNoMowe

D& X A A/ 2 5

cena

coctoiynie godvipucka

Puc.5.2. Pesynprar BeinonHenus GpyHkium gensurf (ums)

2. Jlasnee BBINOJHUTH IPUMED TOCTPOEHUS SKCIIEPTHON CUCTEMBI JUIS 33144 O YAEBBIX,
UCIIOJIB3YSl (DYHKIUU CO3JJaHUS, IPOCMOTPA CTPYKTYPBI M PEIAKTUPOBAHUS CHCTEM HEYETKOTO
BbIBOsa: GyHKIMu newfis (HoBas cuctema), addvar (mo6aButh nepemennyo), addmf (moda-
BUTh (DYHKIUIO MpHUHAIeKHOCTH) U addrule (100aBUTH MpaBUIIo).

3. CKOHCTPYHpOBATh CUCTEMY HEYETKOTO BBIBOJA LIEIMKOM B PEXMME KOMaHIHOM
crpoku MATLAB.

= newtfis('tipper']
addvar (a, 'input! ' =serwice! [0 10] ) »

addmt (&, 'input! 1, 'poor! [ 'gaus=smt!' , [1.5 O]
addmf (a, 'input!' 1, 'good!' ,'gaussmt' , [1.5 5] -

= gaddmf (a, 'input’' 1, 'excellent!' [ 'gaussmt' , [1.5 10] ) :
lotmfL(a, 'input’' 1]

o
LTl
Al

=1
=1
a
a
a
B

3areM TOYHO TakK )K€ yKa3aTh BCE IS «EIbD» U JUIS «9aeBBIX», TOJIBKO 3aMEHHTH ‘input’
Ha ‘output’.

ruleList=[ 11111

12211];

a = addrule(a,ruleList).

Jlanee pu HEOOXOUMOCTH MPOCMOTPA IIEMEHTOB CTPYKTYPhI (CUCTEMBI ¢ HUIECHTU(U-
KaTopoM a) B pPEXUME KOMAHJIHOM CTPOKH CJeIyeT BBECTH KOMaHIy BHIa a. Ilapamerp,



Harpumep

>> a.type Ilomyunm oTBeT: ans = mamdani.

[Tonyuyenrne MHPOPMALIMU TIO BCEM 3JIEMEHTaM CTPYKTYpbI oOecrieunBaeTcst (QyHKIHEH
getfis (a).

Oynkiust setfis (a) B onpeneieHHOM CMBICIIE TPOTHBOIOIOXKHA (PYHKITHH

getfis (a) u MO3BOJISIET UBMEHSTH MAPAMETPBHI.

[TomHBIH POCMOTP CTPYKTYPHI CUCTEMBI HEYETKOTO BBIBOJA OCYIIECTBIISACTCS (DyHKIH-
eit showfis (a).

[TpocMOTp TIpaBHII, BKIFOUEHHBIX B CHCTEMY HEYETKOT'O BBIBOJIA, OCYIIECTBIISIETCS C 110~
motipio pyHkiu showrule (a).

a = readfis ('tipper'); showrule (a,1)

ans =

1. If (service is poor) or (food is rancid) then (tip is cheap) (1) showrule (a,2)

ans =

2. If (service is good) then (tip is average) (1) Showrule (a,[3 1],'symbolic")

ans =

3. (service==excellent) | (food==delicious) => (tip=generous) (1)

1. (service==poor) | (food==rancid) => (tip=cheap) (1) Showrule(a,1:3,'indexed")

ans =

11,1(1):2

20,2(1):1

32,3(1):2.

4. TloBTOpUTH BECh MpOIlECC C NMPUMEHEHHWEM YKa3aHHBIX HPOTPaMM ISl CBOCH DKC-
NEPTHOW CHUCTEMBI, CO3/IaHHOW B J1Ta0OpaTOpHOU padoTe 4, Ha MpUMepe TOCTPOCHHUSI CUCTEMBI B
3aJa4e O YaeBbIX.

JlabopamopHasi paboma Ne 6. Yacmb 1. Heuemkue MHO)XXecmea. onepayuu Had He-
YemKuMu MHOXXxecmeamu

HevyeTkue MHOXecTBa U HeUyeTKas fioruka
Heyerkum MHOKECTBOM A Ha3bIBAETCH COBOKYITHOCTb

A= {fx, ,LIA[I}:::-‘X € U}, raeu,— (byHI{uHH NpUHAAIEIKHOCTH, T.€. u,:U—[0]],
Xapakrepuctuueckas GpyHnkuus MHOKeCTBa A < U , 3Ha4eHHUsl KOTOPOH YKa3blBaIOT,
ABIISICTCS JIU x € U 27IEeMEHTOM MHOXKecTBa A, U - Tak Ha3pIlBaEMOE YHUBEPCAIILHOE
MHOKECTBO, M3 DJIEMEHTOB KOTOPOro o0pa3oBalbl BCE OCTAIbHbIE MIOKECTBA,
paccMaTrpHBaeMBIC B IAHHOM KlTacce 3aaay.

3payenue  u,(x)Ha3bIBaCTCsA CTENEHBIO IMPUHAUICKHOCTH JIJIEMEHTa X

HCHYCTKOMY MHOMKCCTBY A.



Onepayuu Had HeYeMKUMU MHOXecmeamu
AHAJIOrMYHO 4YETKUM MHOKECTBaM HaJl HEYETKHMHM MHOKECTBAMU MOMKHO
[POU3BOAUTE Psijl  Olepauuii, KOTopele MOryT onpejelsTecs 3 crocodamu
(Tadbnuna 12).
Tadauwa 12, Budst onpedenenun onepayui Hao HewemxKum MHONCECMEAMU,
Hoyp (x) = maxy p, (x), 1y (X))},
B (x) = mind g, (x), 1z ().

MakcHMHHHEIE

ﬁ",d.u-ﬁ(x] = Hy (x)+ J“H(x)_ Hy (l) . aun‘(x}:
Moanp (X) = p (X) - pg (x).
Mg (x) = min{ lal”{f{xj + ,LIH(I)},

1 (%) = Max{0, i, (x) + 41, (x)~1}.

Anrebpanueckue

OrpannucHHBIC

JlonojHeHe HEYETKOr0 MHOMKECTBA BO BCEX TPEX CIIydasX OMNpejlelsiercs
OJMHAKOBO:
H(x)=1—p,(x).

ITpu rpaduueckom OnpeJIeNICHUH ynknii NMPUHAJUICKHOCTH
00BEAMHEHHOTO MHOKECTBA HEOOXOJAMMO B KAKIOH TOYKE MHOMKECTBA BbIOpATh
MaKkCHManbHOE 3HAaueHWe M3 JBYX (TOYKy Toro rpadmka, KOTOPBIH BbIIE) W
00BE/IMHUTDL BCE TIOJIYYEHHBIE TOYKH B rpaduk, KOTopelil 1 Oyjer orobpaxkeHuem
HOBOWH (yHKIMKM npuHaUIeKHOCTH, Tlepecedenne anajorudHo 00BEAMHEHHIO,
TOJILKO BbIOMPAETCss MUHMMAaJILHOE 3HAa4YeHMe B Kaxa0i To4yke. Ilpn nocrpoennn
AOTIONMHEHHNA HEOOX0ANMO 3€pKanbHO 0TOOPa3uTh rpaduk OT OCH, MapanieabHOH
ocu abeuuce U npoxosieit yepes Touky 0,5 ocu opanHar,

Mpumep peweHuna 3agavm
3agaua. /lano 3 Hewerkux MmHOxectBa A, B, C (3aganbl ux (yHKUE
npunayiesxksoctu).  Ilocrpouts  QYHKUMKO — NPHHALICIKHOCTH  HEYETKO!



MuoxkecTBa D = An(4uCuUB) 1 OIIpede)IiTh CTEHCHL IPHHANICKHOCTH OLHOI

JIEMCHTA MHOKECCTBY D:_ HCIIONB3YA METO OFpaHH‘IEHHﬁ.

r 3
Ha Hp He
1 1 1L
0,5 0,5
/\ 025 /\
02 8 13 X 0l 3 5 X 02 g 9 14 X
Quucanne  mpomecca  pemennsi. Jlns  nocrpoenns byHKiK

NPHHAINICKHOCTH HOBOT'O MHOXKCCTBA HEOGXO;‘]HMU:

1)
2)

3)

4)

1)

2)

3)

Onpeie/ U Th 10CIEI0BATENILHOCTH BLIIIOJIHEHNS Onepaiuii B hopmyiie.

nDCTpOHTl: Ha OTACILHBIX rpadmxax NPOMCKYTOHYHBIC MHOMKCCTB

COrjlacHO  ONpejie/ieHHONH  nochejoBaresibHocTn  jaecrBuil.  Csect

MPOMEXYTOUYHBIE MHOXKECTBA HA OJIHOM rpaduke M ONpeJiesNThL UTOrOBY]
(DYHKIMIO TPUHATJIEKHOCTH.
Hcenone3ys onpeeneHHblil

B 3a/1a4¢ METOJ, ONpEaciiuTh aHAIUTHYEC

CTCINCHb TPUHAJICKHOCTH BJICMCHTA, BXOAALLIECIro B AAPO HTOIOBC

MHOXKECTRA.
rpadu

BBIMHCJICHUA 110 TOCTPOCHHOMY

[IpoBepuTs aHaIUTUYECKHUE
(HYHKIIN TPHHATICHKHOCTH,
Pemenne.

MuoskectBo D = 4n(4UCuU B), 3HAYUT, 110CIIE/I0BATEIILHOCTD oneparl

Oyaer cneayromeit: 4, AUCUB, An(AuC U B).

IlocTtpouMm corjlacHO 3TOH  1OC/IEAOBATE/IBHOCTH olepauuil  rpadgu
GYHKUUH TPUHAJICHKHOCTH:
— A A
KA Hiwcur [y
L 1L 1
0.5 T~ 0.5
0 8 3 X o0'2 5 X 0l2 8 13 X

Anpo muosxecrsa D cocrout u3 3neMeHToB U3 uHTepsaia (2,13). Beibep
3JIeMeHT §.



1, (8)=05;

g (8)=1,

He(8) = 0.5

p-(8)=1-1,(8)=1-05=0.5;
p=(8)=1—p-(8)=1-05=0.5;

H - (8)y=min{l . (8)+u,(8)} =min{l0.5+0.5)} =1,

Haocop®) =min{l g, o (8)+ uy(8)} =min{L1+1)} =1,
(8) = max{0, 4= (8) + f1,_c.p(8)—1} = max{0.0.5+1-1}=0.5.

Ari AT LR

4)  p,®)=05;

3apaum
1) Mano 3 weuetkmx wmuoxectBa A, B, C (3agansl ux ¢QyHxkuun
npunaiexknoctu).  lloctpouts dyHKUMIO NPUHANIEHKHOCTH HEYETKOIo
MHOkecTBA D = AU B~ C W ONPeAeuTh CTENEHb NMPUHA/IJIEKHOCTH OJIHOTO

JIEMCHTA MHOKECTBY D, UCITOJIB3VA MAaKCHUMHHHBIH Ccl10co0.

'y A A
Ha Hn Mg

/A N

>

ol 3 s X ol 3 5 X 0 5 X

2) Jlano 3 wewerkux wmuoxectsa A, B, C (3agasbl uX (QyHKUUHA
npunaiexknoctn).  Iloctponts QVYHKIMIO NPHHANIEKHOCTH HEYETKOTrO
MHOXkecTBa D = AU B~ C U ONpeNenuTh CTENEHb NMPUHAANEKHOCTH OJHOTO
a7eMeHTa MHOKeCTBY D, uenonn3ys anredpanveckuit crnocod.

Ha, He He

=
(]
=]
L
o
=]
(8]
=]
]
=
e
=]
=
L
=1
=]
oy



3) Jlano 3 Heuerkux mHoxkectTBa A, B, C (3a1aHbl uX QyHKUMUU [IPUHAIEHKHOCTE
[TocTponThk QyHKIMIO NMPUHAIEKHOCTH HEYETKOrO MHOKecTBa D = AU BN C
OIpedeNIUTh CTElEeHb IPUHAINEKHOCTH OJHOIO 3JIEMEHTAa MHOXKECTBY |
HCTIONB3Ys METO/T OTPaHUYECHHI.

A A
Ha U He
11 I 1
0,5
0.25 /\
0l 89 14X 0 5 X ol 35 X
4) Jano 3 Hewerkux MHoxkectBa A, B, C (3azanbl ux QyHKUY

npunaiexkHoctu).  Iloctpours QYHKUMK [PUHAUICKHOCTH  HEYETKO!

MHOkecTBa D = AUBAC u OIIpPEOC/INTE CTCHCHE IPHHAANICHKHOCTH OIHOI

AJIEMEHTA MHOXECTBY D: UCITOJIB3YA MaKCUMMHHBIN CI10C00.

A r 9
Ma He He
1L /7 14 |
R x ol 33 X 0! 5 X
5) JMano 3 wHederkux wmHoxkecrBa A, B, C (3agaubl ux dyHKUM
npuHaaiexkHoctu). lloctpoute GYHKUUMIO NPUHALICHKHOCTH  HEYETKOI
MHOKeCTBA D = AUB N C W ONpPeIesIuTh CTENEHb PUHAIIEKHOCTH OJHOI
3/1eMEeHTa MHOXeCTBY D, ucnonn3ys anredpanueckuii cnocoo.
A A A
Ha Ha He
1= 11 11
0.5 0,5
T N 025| "N
0ols 8 13 X 0l 89 14X ol 45 78 X
6) Jlano 3 wHewerkux MHoxkectBa A, B, C (3ajanbl ux  (QyHKIF
npunauiexknocTu). Iloctponts (GYHKUMIO NPUHAUIEKHOCTH HEYETKO!

MHOXkecTBa D = AUB NC ¥ ONpeesiuTh CTeNneHb NPUHAMIEKHOCTH O/HOI

2JIEMCHTA MHOJKCCTBY D, HCITOJIE3YA MCTO/T orpalmqermﬁ.
A A A

Ma He

X 0 5

Ha

- 14

j=l=]
[ 1]
L=

o
(o*]
Q0
WO
“y
o
L]
Lh



JlabopamopHast pa6oma N26. Yacmb 2. npoekmupoesaHue cucmemMbl HE4eMmKo20 8bI60-
da

Ilenv pabomwi: 0CBOUTH MPOESKTUPOBAHME HEUETKUX CUCTEM B makere Fuzzy Logic Toolbox
u Symbolic Math Toolbox BeraviciutenbHOM cpenpl MATLAB.

[Topsimok BeINONMHEHUS pabOTHI
I. [TomryunTh 3a1aHUE IO OTHOMY M3 BApUAHTOB TaOIHIIBI (11. 4).

2. [TonroToBUTH HEYeTKHE NpaBUIA B COOTBETCTBUU C IpaMUeCcKuM Ipen-
cTaBieHueM QYHKIUHI 3a0aHusl.

3. TpexmepHoe H300pakeHHE BBIOPAHHOW 3aBUCUMOCTH IOCTPOUTH, BOCIIOJIB30-
BaBILIKCh IPOrpaMMHBIMHU cpencTBaMu MATLAB.

IIpu 3TOM MOXHO PYKOBOJCTBOBATBHCSI IPOrPAMMOM HMKEIIPHUBEAECHHOIO IPUMEPA, KOTO-

past MOZIENUPYET 3aBUCUMOCTb ) =X Z-Sin(x -1).

% IlocTtpoenne rpadpuka pynkuuu y=x1"2*sin(x2-1)

% B obaactu xI =[-6, 4], x2=[-4.4, 1.7].

n=15; % Koau4ecTBO TOUYEK TUCKpeTu3auum xI=linspace(-6, 4, n); x2=linspace(-4.4,
1.7, n); y=zeros(n, n);for j=1:n

(2 )=x1.*2 *sin(x2(j)-1); end surf(x1, x2,y)

xlabel('x_1"); ylabel('x_2"); zlabel('y'); title('Uckomasi 3aBUCUMOCTH')

Cdopmupyem HEYeTKHE IpaBWIIa, COOTBETCTBYIOIIME 3aBHCHMMOCTH BBIXOIHOM EPEMEHHOM OT

BXOJIHBIX 10 TOJTyYEHHOM IOBEPXHOCTH puC. 1.

WMckoman saeucnmocTs

T
:

Puc. 1. I'paduueckoe npeacrainenne GyHKIUH y=x 2 sin(x2-1)
Mo>kHO BOCIIONIB30BaThCsl M BO3MOXKHOCTSIMU nlaketa Symbolic Math Toolbox, BBens,
HarpHuMep, caelyroIue KOMaHIbl:
syms x y % co31aeM CUMBOJIbHbIE TepeMeHHbIe
z=x"2*sin(y-1); ezsurf(z,[-2,2])



JI1s1 TMHTBUCTUYECKOM OIICHKH BXOJHBIX TIEPEMEHHBIX X1 1 X2 BbIOEpEM 1O TpU TepMa - HU3KUH,
CPEeIHUM, BBICOKHM; JUISI BBIXOJHOW y TSATh TEPMOB HUBKULL, HUJCE CPEOHe20, CPeOHUll, 6blule

cpeonezo, BblCOKUI.
[Momyunm, Hapumep, CIICTYIONIUE PaBHIIa;

1) ECJIN x] = nuskuu Y x2 = nuskuii, TO y = gvicokui;

2) ECJIN x] = nuskutt 1 x2 = cpeonuii, TO y = nuzxuii;

3) ECJIN x] = nuskuu U x2 = gvicoxuii, TO y = evicokuil;

4) ECJIA x] = cpeonuii, TO y = cpednuii,

5) ECJIN x] = svicoxuti U x2 = nuzxuii, TO y = ebiue cpeoneeo;
6) ECJIN x] = svicoxuti U x) = cpeonuii, TO y = nuoice cpeonezo;
7) ECJIN x] = svicoxuti U x2 = evicokuti, TO y = gviuse cpedrnezo.

4. CHpOCKTI/IpOBaTL HCYCTKYKO CHUCTEMY, BBLIIIOJHHUB CICAYIOINYH IMOCJICOO0BATCIIb-
HOCTH 1I1aroB.

1. Orxpoirs FIS-penakTop, Hareyaras CIIOBO fiizzy B KOMAHIHON CTPOKE.

2. B nosmuBiemcs rpaseckoM okae FIS Editor 106aBiM BTOPYFO BXOIHYEO lepeMeHHy0. [Tt
3TOro0 B MeHI0 Edit BbIOpaeM koMaH Iy Add input.

3. TIlepeuvenyeM mepByro BXOAHYHO TepeMeHHy:0. [ljisl 3TOro cjeaeM MemdoK JIeBOil
KHONKOW MBbIIIM Ha Osioke [nput I, BBeZeM HOBOe OO0O3HAYEHHE X| B IOJIE PElaKTUPOBAHMS
MMEHHU TEKyLIEH NEPEMEHHON U HaxmeM <Enfer>.

4. TlepermMeHyeMBIOPYEO BXOIHYIO IIGPEMEHHYEO, BBEJISLX) Ha OoKe fput 2.

5. TlepeuMeHyeM BBIXOJHYIO TepeMeHHYH. J{Is 3TOro IIENKHeM
MBIIIKON Ha Osioke QOutput 1. BBemem HOBOe 0003HA4Y€HHE ) B MOJIE€ PEAAKTUPOBAHUS
VMMEHU TEKYILEeH IEPEMEHHON; HAXKMEM <Enfer>.

6. 3amamuM ums cucteMsl. Js 5Toro B MeHio File BbIGEpeM B MOAMEHIO Export ko-
Mauny 7o File v BBeneM ums (aitna, Hanpumep, Lab 2.

7. TepeiineM B pemaxkTop (YHKIMI TPUHAMISKHOCTH. JIIs STOrO CIenaeM IBOHHOI
HIETYOK JIEBOM KHOMKON MBIIM Ha OJOKe X/ W 3aJaJuM JHAara3oH U3MEHEHHs MEepEeMEHHOH X J,
Harieuaras -6 4 B osie Range (puc. 2).

8. 3BagaguM (QyHKIMH NPHHAUICKHOCTH IEPEMEHHOH x7. Jis JTMHIBHCTHYECKO:H
OLICHKH 3TOH IepeMeHHOI Oy/eM HCIO0Ib30BaTh TPH TepMa

C TPEYroJbHBIMU (DYHKIMSIMHU MPHUHAUICKHOCTH. DTU (PYHKIUHM YCTAaHOBJIEHBI [0 YMOJ-
YaHMIO, TI0ITOMY IIEPEXOAHUM K CIACAYIONIEMY LIary.



} Membership Function Editor: lab_1
File Edit Wiew

FIS Variables Memberzhip function pletz plot points: 181

n_iz_kil zrednii visokii

X,

D AN ~

Y 1 1 T 1

-2 -2 0 P E

inout warighle "x

Current Yariahle Current Membership Function (click on MF to select)

Marme %1 Mame wigolii

Type T Ty trimf b
Range 6 4] Params [048]

Display Range [-5 4] Help | Close
Renaming MF 3 to "vizoki"

Puc. 2. ®yHKIMM NpUHAATICKHOCTA IEPEMEHHOM X |

9. 3amamum HamMeHOBaHUS TEPMOB MEPEMEHHON X]. JlJIS 3TOro MIETKHEM MBIIIKOU

no rpaduky nepBod (yHKIMH MOpuHaIexKHOCTH (cM. puc. 2). I'padux aktuBHOU (yHKUIMU
IPUHAJJIEKHOCTH BBIAEISETCSl KPaCHOM >KUpHOW JMHUEH. 3aTeM BBEJEM HaMMEHOBaHUE TepMa
Huskwii B mone Name u HaxkmeM <Enter>. lllenkHeM MBIIIKON 10 rpaduKky BTOpoi (PpyHKUIUU
NPUHAJUIEKHOCTH, BBEIEeM HauMeHoBaHue TepMa Cpenuuii B none Name W HaxXMeM
<Enter>. lllenkHeM MbIIIKOM 1O TpaduKy TpeThbell (QYHKIMU MPHHAICKHOCTH, BBEIEM
HaMEHOBaHME TepMma Bplcoknii B none Name u HaxMmeM <Enter>.

10. BamaguM dyHKIHE NPUHAITIEGKHOCTH MEpPeMEHHOH x2. JUI 9TOro aKkTHBH3HPYEM
MIEPEMEHHYIO X2 TIETYKOM MBIIIKOKH TO OJIOKY Xx)2. 3agaiuM auana3oH W3MEHEHUs MepeMEHHON
x2. Hns sroro HaneuataeM -4.4 1.7 B nmone Range w Haxmem <Enter>. JInsi TMHIBUCTUYECKOU
OLIEHKM 5TOW TepeMEeHHOM OyleM HCMONIb30BaTh, Kak W paHee, TPU TepMa C TPEYTOIbHBIMU
GYHKIMAMA TIPUHAIIKHOCTH. OHU YCTAHOBJICHBI 110 YMOJTYAHHIO, TO3TOMY TIEPEXOUM K CIIeIy-
IOLLEMY LIary.

I11. To amamormu ¢ marom 9 3amaguM cieayiolMe HAHMEHOBAHHS TEPMOB Iepe-
MeHHOH x 2. Huskuit, Cpennuii, Beicokuii.

12. Bamamum QysKIMM NpHHAIIEGKHOCTH HepeMeHHOH y. JUis TMHIBUCTHUECKOH OLEHKH
9TOM TIEpeMEHHOI Oy/IeM MCMOJIb30BaTh TISITh TEPMOB C TAYCCOBBIMU (DYHKITMSIMUA TIPUHAICKHOCTH.
JInst 3TOro IeTYKOM MBIIM M0 OJIOKY ) aKTUBHM3UpPYEM MEpPeMEHHYIO V. 3aJaiuM Auara3oH H3-
MEHEHUS Tie-

pemenHo#t y. [lnst storo Hameuataem -50 50 B mone Range (puc. 1.3) u Haxxmem <Enter>.
3arem B MeHIO Edit BeiOepeM komaHay Remove All MFs nnsi ynaneHuss YCTaHOBJICHHBIX IO YMOJI-
yanuto (yHkumii npuHamiexHoct. [locne 3toro B MeHio Edit Boibepem komanny Add MF B mo-
SIBUBIIEMCSI JTUAJIOTOBOM OKHE BhIOEpEM THIT (DYHKIMH TPUHAIICKHOCTH gaussmf B none MF type
U 1T TepMOB B monie Number MFs. Ilocne BBoma (yHKUIMI HPUHAIIEKHOCTH PENAKTOP AKTUBU-
3UpyeT NEePBYIO BXOAHYIO MEPEMEHHYIO, IO3TOMY JUISl MIPOJOIDKEHHS pabOThI MIEIKHEM MBIIIKON 10
IUKTOIpaMMe p.

13 . Ilo ananoruu ¢ marom 9 3alaIuM CIICAYIOINE HAMMCHOBAHU TCPMOB HCpCMCHHOfIyZ



Husxuii, Huorce cpeoneco, Cpeonuii, Boiue cpeoneco, Boicoxuii. B pe3ynbrare nomyunm rpadudeckoe
OKHO, n300pakeHHoe Ha pHc. 1.3.

} Membership Function Editor: lab_1 E]E|E|
File Edit View
FIS Variahles Membership function plotzalat points: 181
nigkii nigeSrednego sre::lnii visheSrednego vizpkKii
XAV
TN
. 5
o L
putnut variable ™
Current Yariakle Current Membership Function (click on MF to select)
Matme y Mazme sredni
Tvpe output Type gaussmf w
Params 10620
Range [-50 50] [ ]
Dizplay Range [-50 50] Help | Cloze
Fenaming MF 5 to "visakii"

Puc.3. ®yHkuuu npuHaaneKHOCTH IEPEMEHHOM Y

14. Tiepeiinem B pemaxrop 6a3sl 3Hanmii Rule Editor. Jlnst storo B Mento Edit BbI-
O6epem xkomaHny Rules... Jlns BBoAa mpaBuiia BHIOMpPaeM B MEHIO COOTBETCTBYIOIIYIO KOMOU-
HAIMIO0 TEPMOB M HaKUMaeM KHoOTKy Add rule. Ha puc. 1.4 n3o0pakxeHo OKHO pegakTopa 0a3bl
3HAHUU MOCIIe BBOJA BCEX CEMHU MpaBui. B KoHIE mpaBuil B CKOOKAaX yKa3aHbl BECOBHIE KO-

3¢ huLmeHTHI.



J} Rule Editor: lab_1
File Edit Wiew Options

2.1 (x_1 is nizkil) and (x_2 is srednii) then (y is nizkii) (1)
3.0 (x_1 is nizkil) and (x_2 is visoki) then (y is visoki) (1)
4 1f (x_1 is srednii) and (x_2 is srednii) then (y is srednii) (1)
3.0 (x_1 is visokii) and (x_2 is nizkii) then {y is nigeSrednego) (1)
6. If (x_1 is visoki) and {x_2 is srednii) then (y is nigeSrednegao) (1)
T If (x_1 is visoki) and (x_2 is visoki) then (v is visheSrednega) (1)
W
If and Then
® 1is ¥ 2is iz
nizkil - nizkii - nizkii -
srednii srecdnii nigesrecdne
visokii visokii srednii
none naone vizhaSradn
“ w £ >

[ ]not [ ] not [ ]not
r Connection Weight:

_Jar

(+) and ' 1 | [Deleterulz ] Addrule | Change rule|

| The rule iz changed | | Help | Close ”

Puc. 4. Heuetkas 6a3a 3nanuit Mamdani
Ha puc. 5 mpuBeneHo OKHO BU3yallM3allMd HEYETKOro BbIBOAA. OKHO aKTHBH3UPYETCS
KoMaHsi0i Rules mento View. B mone Input yka3piBalOTCsl 3HAYCHHUS BXOJHBIX TEPEMEHHBIX,
JUISL KOTOPBIX BBIMOJHSACTCS HEUETKUU JIOTUYECKHUI BBIBOJ.

) Rule Viewer: lab_1
File Edit WView Options

®_1=-2.48 ®_Z=-1.38

(58]

il
\
/
H

£

en

(1]

-S0 50
Ingoit: |[_3_4?7 -1.378] | HPII:It points: 109 ‘ Move:  |eft | right |down| up | ‘
‘ Opened system lab_1, 7 rules ‘ | Help | Close | ‘

Puc. 5. Buzyanuszauus HeueTkoro BeiBoa Mamdani
Ha puc. 6 npuBeneHa MOBEPXHOCTh «BXOJbl BBIXO/J», COOTBETCTBYIOIIAS CHHTE3UPO-
BaHHOW HedeTkoil cucrteMe. OKHO BBIBOAUTCS MO KoMaHje Surface meHIO View.



EBX

-} Surface Viewer: lab_1
File Edit Wiew Options

A [input): %1 g | 1 (IMEILIEY ¥ 2 s | £ [OUELEY: ¥ o
X grids: 15 N grids: 15

Fef. Input: Help | Close |
Ready

Puc. 6. IToBepXHOCTH «BXO/bI BBIXO» 1Jis Oa3bl 3HaHUM B Surface Viewer

15. Coxpanum cosnaunyio cucremy. Jlist 5Toro B MeHio File BhIGepeM B IIOMEHIO
Export xomanny To File.

[Tpu cpaBHeHHMM MOBEpXHOCTEH Ha pUC. | M 6 MOKHO CAEIAaTh BBIBOABI OTHOCHTEIHHO
Ka4decTBa OMHMCAHUS HEYETKHMHU IPABHJIAMH MOIETHPYEMOU HEIMHEHHOMN 3aBHCUMOCTH.

BapuanTel 3a1anmit
Tab6muua [BumgzaBucumoct /{nana3oH u3m.
i B 7 =x.2-y 2 X,y [-11]
2 7 =x./3+y. "2 X,y [-11]
3 7 = exp(-x."2-y."2) X,y [-11]
4 7 = exp(-x."2+y."2) X,y [-22]
5 Z = x*y*sin(x"2+y”"2) X,y [-22]
§ 7 =x."2%sin(y-1) X,y [-22]
7 7 =y.~2%sin(x) X,y [-22]
8 7 =y."2*cos(x) X,y [-2 2]
9 7 =y 2%cos(x)"2 X,y [-1,1]
10 7 = 4*cos(x)/y X,y [0.5 3.14]
11 7 = (x-y)/(x+y) X,y [110]
12 7 = exp(-x."2)+exp(-y."2) X,y [-1 1]




Conepxanue oTuera

Hcxonnas hyHKIMS BapruaHTa 33JaHIs U eeTpagruecKoe peicTaBlIeHHE.
JIMHrBUCTUYECKHE ITPABUIIA PELLICHU.

Onucanue MocnenoBaTebHOCTU JEHCTBUM MPU NPOEKTUPOBAHUM HEUETKON CHCTEMBI.
Amnanus pe3ynbTaToB HEYETKOIO BBIBOJIA.

OueHKa KadyecTBa ONWCAHWsS HEYCTKMMH IpaBWIaMd MOJIEIMPYEMON HEIMHEWHOU

3aBUCHUMOCTH.

kW=

JlabopamopHasi paboma Ne 7. [TocmpoeHue HeyemkoU annpokcumupyrouw,eli cucmemsl 8
nakeme Fuzzy Logic Toolbox

Ilenvy pabomwl: u3yueHue OCHOBHBIX (yHKIMH makera Fuzzy Logic Toolbox mpo-
rpaMMHOM cpenpl MATLAB, a Taxxe IpUOOPETEHNE HABBIKOB IOCTPOEHUS HEUETKON alIpOKCH-
MUPYIOIIEH CUCTEMBI.

[Topsok BeIMOTHEHHS paOOTHI

Komangoi (bynkiueit) Fuzzy u3 pexxrmMa KOMaHTHOM CTPOKH 3aMycKaeTcs OCHOBHAsI MH-
tep(eiicHas mporpamma nakera Fuzzy Logic — penakTop HEYETKOH cucTteMbl BbiBOaa (Fuzzy
Inference System Editor, FIS Editor, FIS-penakrop).

Bun oTkpriBarolerocs npu 3ToM oOkHa IpuBeJieH Ha puc.l. ['maBHOe MeHI0 pejakTopa co-

JEPIKUT TO3UIUH:

File — pabora ¢ daitiamu Mojenelt (X co3IaHue, COXpaHEeHUEe, CYNTHIBAHUE U 11€9ATh);

Edit — onepauuu pegakTupoBaHus (H00aBI€HHE U HCKIIOYEHUE BXOJTHBIX U BBIXOJIHBIX
NIEPEMEHHBIX);

View — mepexo/1 K TONOJHUTEIbHOMY HHCTPYMEHTAPUIO.

J |FIS Editor: Untitled E@@

File Edt “iew
Urititled
[mamdani)
4 output
FI5 M arme: Untitled FIS Tupe: marndari
And method | min ﬂ Current VY ariable
Or method [ - [ | »
L T inpt
Implication | il j s S
: R ange [01]
Aggregation | - j
D efuzzification | centroid j Help | Cloze
O pening Memberzhip Function Editor

Puc. 1. Bug okna Fis Editor
[TopoOyem CKOHCTPYHUpPOBATh HEUETKYIO CUCTEMY, OTOOPAKAIONIYI0 3aBUCUMOCTb MEX-



Iy TIEpEMEHHBIMU X U Y, 3a/IaHHYI0 C TIOMOIIIbIO Tabn. 1 (JIerko BUAETH, YTO MPEICTABICHHBIE B

2
Ta6J'II/IHe JaHHBIC OTPAXKAKOT 3aBUCUMOCTD )y = X )

Tabmuna 1. 3HaueHus x u y

X -1 0.6 0 0.4 1

y 1 0.36 0 0.16 1

TpebyeMmbie neiicTBUS 0TOOpA3UM CIIeTYIOIIMMHU ITyHKTaMHU.

1. B nosumuwm mero File Beioupaem ormwro New Sugeno FIS (HOBast ciicTeMa THIIa Sugeno), Tpu
9TOM B ONOKe, OTOOpaKacMoM OCJbIM KBAIPaTOM, B BEPXHEH YaCTH OKHA PEIAKTOPA MOSIBUTCS HAIHCH
Untitled? (Sugeno).

2. IllenKHeM JeBOi KHOMKOM MBILIH O GIOKY, o3aryiaBieHHoMy input | (Bxox 1). 3aTem
B MIPaBOM YacTH peJakTopa B Moje, o3ariasieHHoM Name (Mwms), BMecTo input 1 BBeneM 0003Ha-
YEeHHE HAIero apryMeHTa, T.e. X. OOpaTuM BHUMaHKE, 4TO €CIIU Teleph CeaTh rie-HUOyab (BHE
OJIOKOB peZlakTopa) OTHOKPATHBINA MIETYOK MBIIIN, TO UM OTMEYEHHOTO OJI0Ka M3MEHHUTCS Ha X; TO
e JIOCTUTAeTCsl HAKATUEM TTOCIIC BBOIA KIIaBUILH Enter.

3. JIBakabl IIEIKHEM IO 3TOMy O1OKy. Ilepel HaMH OTKPOETCS OKHO pPenaKTopa
byHkuMii npuHagiexxHoctu — Membership Function Editor

(cm. puc. 2.2). Boiinem B mo3umuio MeHI0 Edit MTaHHOTO pelakTopa W BbIOEPEM B HEM
omuuto Add MFs (Add Membership Funcions — Jlo6aButh (yHKUMi npuHauiexuocTn). [pu
3TOM MOSBUTCS TUAIOTOBOE OKHO (pHc. 2.3), mo3BoJstoniee 3a1ath Tul (MF type) u KOIU4eCTBO
(Number of MFs) ¢dbyHKIMi NpUHAIICKHOCTH (B JTAaHHOM CIIydae BCE OTHOCHTCS K BXOJHOMY
CUTHaly, T. €. K mepeMeHHOU x). BoiOepeM rayccoBbl (YHKIMH MPUHAMICKHOCTH (gaussmyf),
a WX KOJIMYECTBO 3aJ1a/IMM PaBHBIM IIATH — 10 YUCTY 3HaYeHHWH aprymeHTa B Tabmn. 1. IToxrsep-
M BBOJ MH(popMalmu HaxkatueM kHomku OK, mocie yero mpousoiieT Bo3BpaT K OKHY pelak-
TOpa (PyHKUMHA NPUHAJICKHOCTH.



J) Membership Function Editor: Untitled

File Edit Wiew
FIS “Yariahles Memberzhip function plots plot points: 181
mJH r . . . m%z . . r . A
X
|
® outputl
05 —
o 1 ) ) L 1 1 1 1 1
] 0.1 02 0.3 0.4 0.5 06 0.7 0. 09 1
input variakle "x"
Curment Y ariable Current kembership Function [click on kMF ta zelect]
M ame " Namne | il
Type inpt Type | rirnf ﬂ
Params 04004
Fange | [01] | [ ]
Dizplay R ange | [@1] Help | Clogze |
Feady

Puc. 2. OxHo penakropa GyHKIMIA TPUHAIICKHOCTH

4. B none Range (JluanasoH) ycTaHOBHM JHMANa30H M3MeHeHHs x oT -1 10 +1, T.e. aua-
nma3oH, cooTBeTcTByronmi Tadm. 1. IllenkHem 3aTem J€BOM KHOIKOM MBIIIN TIe-HUOYAb B TOJIE
penakTopa (WM HaxMeM kiaBuily BBoga Enter). OOpaTuM BHMMaHHE, 4TO TIOCJI€ 3TOr0 Mpo-
M30UJIET COOTBETCTBYIOIIEE U3MEHEHHE Auana3oHa B nose Display Range (Jlnanazon aucruies).

5. O6parumcs K rpadukaM 3aJaHHBIX HAMH (QYHKIWIT TIPUHAVIEKHOCTH, H300PXKCHHBIM B
BEpPXHEH YacTH OKHa pelakTopa (DYHKIMH MPUHAUIEKHOCTH. 3aMETHM, YTO Ul YCHEIIHOrO pelle-
HUS TIOCTABJICHHOM 33/1aud HEOOXOJMMO YTOObI OpAMHATHI MAKCUMYMOB 3THX (DYHKIIMII COBHAIAU C
3aJJaHHBIMU 3HAYEHUSIMU apryMeHTa x. J{Jist 1eBoi, 1ieHTpaabHOM 1 1paBoil (yHKIMI Takoe yCIIOBHE
BBIIIOJIHEHO, HO [IBE JPyrHe HEOOXOAMMO «IIOABMHYTH» Boib ocu abcuucc. «llepensrokka» nena-
eTcsl BECbMa IPOCTO: MOJBOAUM Kypcop K HY)KHOM KPHBOW M HIENKAEM JIEBOM KHOMKOW MbIM. Kpu-
Bas BBIOMPAECTCS, OKPAIIMBASCH B KPACHBIM LIBET, IIOCIIE YErO ¢ MOMOLIBIO Kypcopa €€ M MOXKHO I10-
JIBUHYThb B HY>KHYIO CTOPOHY (00Jiee TOUHYIO YCTaHOBKY MOYKHO MPOBECTH, U3MEHSISl YMCIIOBBIE 3HAUe-
Hus B none Params (IlapameTpbl) — B JaHHOM cllydae KaXIOM (DyHKIMU MPUHAICKHOCTH COOTBET-
CTBYIOT /IBa MapaMeTpa, IIPA 3TOM IIEPBBIN ONpENeNsIeT pa3Max KpHBOM, a BTOPOM — IOJIOKEHUE €€
ueHTpa). Jns BbIOpaHHOM KpHBOM, KpoMe 3Toro, B mosie Name MOXHO M3MEHSTh UM (3aBepluast
BBOJI K&X/IOr0 MIMEHH Ha)kaTreM KiaBuim Enter).



J Membership Functions E@@

Add membership functions

MF tupe | tririif

=
=

MHumber of kMF= | 1

k. | Cancel |

Puc.3. JInanoroBoe 0KHO 3ajaHuUs TUTIA U KOJIMYECTBA (YHKIMI TIPHUHAISKHOCTH
[Iponemnaem TpeOyeMble MmepeMeleHrss KPUBBIX U 3aJaUM BCEM IISITH KPUBBIM HOBBIC
MMEHa, HallpuMep:

- camoii neBoi — bn,

— cleaymwolIlen — n,

— LIEHTPAJILHOM — Z,

— ClenyIollel 3a Hel cripaBa — p,

— camoii eBol — bp.
Haxmem kHomnky Close u BblifieM U3 penakropa (YHKUUI NPUHAUIEKHOCTH, BO3Bpa-
TUBIIUCH IIPU 3TOM B OKHO pefaKkTopa HedeTkol cucreMsl (F1S Editor).

6. CrenaeM OJHOKPATHBIN LIETYOK JIEBOI KHOIKOM MBI MO TOIyOOMy KBampary
(610Ky), o3arnmaBieHHOMY output | (Beixon 1). B okomke Name 3amenum ums output | Ha y
(Kak B IMyHKTE 2).

7. JIBaxkapl IIENKHEM IO OTMEYEHHOMy OJNOKY M IepeiiieM K IporpamMMme — PeIaKTopy
byHKIMi npuHaaIexHocTd. B nosummn Menio Edit Beibepem omuumio Add MFs. Tlosmrsiomeecs
JMATOTOBOE OKHO BHJIA PHC. 3 TIO3BOJSIET 3a1aTh TEIeph B KauecTBE (DYHKIWMH TMPHHAUICKHOCTH
TOJBKO JIMHEHHBIE (/inear) Miv MOCTOSIHHBIE (constant) — B 3aBUCUIMOCTH OT TOTO, KaKOI allrOpUTM

Sugeno (1-ro wimu 0-ro mopsiika) Mbel BeiOMpaeM. Eci B BallieM KOMITBIOTEPE YCTaHOBJIEHA
BepCHs, B KOTOPOW HET JaHHBIX (PYHKIMI MPUHAICKHOCTEH, TO MOXHO OCTABHUThH MO YMOTYAHHIO
— trimf. DTO, KOHEUHO, MMOBJIMSCT HA PE3YJILTAT, TTOATOMY MOXKHO TMOIKCIICPHMEHTHPOBATE, M3MEHSS
TUN QYHKIMHA TPUHAIICKHOCTH.

B paccmarpuBaeMoil 3amaue HEOOXOJUMO BBIOpAaTh MOCTOSIHHbIE (YHKIMU MPHUHA[-
JEKHOCTH ¢ oOmmuM uuciaoM 4 (10 4YMciay pa3inuyHBIX 3HaueHud ) B Tabm. 2.1). Iloarsep-
UM BBEJICHHBIC JaHHbIE HaxarneMm kHomku OK, mocie yero mpou3oiaeT BO3BpaT B OKHO pe-
nakTopa GYyHKIUH TPUHAIEKHCTH.



J Membership Function Editor: Untitled

B=1E3

File Edit Wiew
FIS “Yariahles Membership function plots POk paints: 181
n'fhl 01e 0.36 1 mfa
TOTd] i
x Y
05 —
0 I I I L 1 1 1 1 1
] 0.1 0.2 0.3 0.4 05 0E 07 0.5 0g 1
output variakle "y
Current % ariable Current Memberzhip Function [click on MF ta zelect]
M ame y M arne | 0
Type output Type | rirnf ﬂ
Params [0.400.4]
Range | [01] |
Dizplay R ange | [@1] Help | Cloze |
Selected wariable "y

Puc. 2.4. Tlapamerpsl pyHKIMI NPUHAIIICKHOCTH TIEPEMEHHON )

8. OOpatum BHMMaHUE, YTO 3/€Ch quana3oH (Range) W3MEHEHUs, yCTaHaBIMBAEMBbII
no ymomyanuto — [0, 1], MeHATs He HykHO. M3MeHMM numb uMeHa (QYyHKIMH NpUHAIIIEK-
HOCTH (I/IX l"paq)I/IKI/I IIpru HMCIOJB30BAHUH AJIr'OPUTMA Sugeno JJIs1 BBIXOAHBIX IMEPEMCHHBIX HE
NPUBOJATCS), HApUMeEp, 33JaB HUX KaK COOTBETCTBYIOLIME 4YHCIOBbIE 3HaueHus ), T.e. 0,
0.16, 0.36, 1; ogHOBPEMEHHO 3TH K€ YUCIIOBbIE 3HaU€HUE BBeneM B mose Params (puc. 2.4).
3areM 3aKpoeM OKHO HakatueM KHomnku Close u BepHeMcs B OKHO FIS-penakropa.

9. JIBaxel wienkHeM NEBOM KHOIKON MBI IO cpemHeMy (Oemomy) 610Ky, IpH 3TOM
packpoeTcsi OKHO €I1le OJHOM Tporpammbl — penaktopa npasui (Rule Editor). BBeneMm coOTBETCTBY-
foiye npaswia. [Ipy BBosie KaXk1oro mnpaBuiia HEOOXOIMMO 0003HAUMTh COOTBETCTBUE MEKTY KaK-
NOi (PyHKIMEH TMPUHAUISKHOCTH apryMEHTa X W YMCIOBBIM 3HadeHHWeM y. Kpusas, o0o3HaueHHas
Hamu bn, cooTBETCTBYeT x = -1, T.e. y = 1. Bribepem, mosToMy B JIeBOM ToJe (C 3arOJIOBKOM X i§
bn), a B mpaBom 1 u HaxxmeM KHOTIKY Add rule (J106aBuTh npaBmio). BBeneHHOE MPaBUIIO MOSIBUTCS
B OKHE IpaBWJI M OyIeT HpeJCTaBIATh COOOH 3amuCh:

If (x is bn) then (yis 1)

AHAJIOrMYHO MOCTYIUM JUIS BCeX JIPYIHX 3HAYEHUH X, B pe3ysbrare uero chopmupyercs Habop
u3 5 mpaBwi (cM. puc. 2.5). 3aKpoeM OKHO PEIaKTopa TPaBWII U BO3BPATUMCS B OKHO FIS-pemakTopa.
[Toctpoenue crcTeMbl 3aKOHYEHO U MOKHO HauaTh HKCIIEPUMEHTHI 110 €€ MCCIIEI0BAHUIO. 3aMETHUM, YTO
OOJIBIIIMHCTBO O BEIOMPATIOCH HAMH IT0 YMOTYaHHIO.



J Rule Editor: Untitled D@@

File Edit Miew Options

118 [ iz br) then [wiz 1] (1]

2 1F [= 1= ) then [viz 0.36] [1]

31 [ iz 2) then [vis O] (1]

4. 1f [ iz p) then [y iz 0.16] [1
f [ iz ph) then [yis 1] (1]

none W

[ mot

Connection Wwieight:
- ar

fe and 1 Delete rule Add rule Change rule I il il

The e is added Hep | Close |

Puc. 2.5. OxHo penakropa npaBui

10. Tpempaprrermsio coxparmm Ha AHCKe (MCTIONB3ys YHKTHI Merio File/Save o disk as...) cosmantyio
CUCTEMY IO KAKUM-TTMOO IMEHeM, Haripumep, Proba.

11. BeiGepem mosummio mMemio View. Kak BUAHO M3 BBIIAJAIOIIErO IIPH STOM IOJI-
MEHIO, C TIOMOIIbI0 TYHKTOB Edit membership functions u Edit rules MOXHO COBEPIIUTH
nepexo/l K JBYM BHIIIE PACCMOTPEHHBIM MpOrpaMMaM — peAakTopam (pyHKIHUNA TpUHAITIEK-
HOCTHU U IIpaBHJI (TO ke

MOJKHO cJliefaTh U HaxatueM knaBuil Ctr/+2 wnm Ctrl+3). Ho ceituac Hac OyayT uHTe-
pecoBarth ABa Apyrux nyHkrta — View rules (Ilpocmotp npaBui) u View surface (Ilpocmotp mo-
BepxHOCTH). BriOepeM nyHKT View rules, mpu 3TOM OTKpOETCS OKHO (cM. puc. 2.6) eme of-
HOU TIporpammbl — npocMmoTpa npasuil (Rule Viewer).



J Rule Viewer: Untitled Q@@

File Edit Wiew Options

x=0
y =0.198

2 é//\
: .
VAN

0 1

Input: | Flat poirts: 1m Move: gt | right | downl up |

Dpered system Untitled, 5 rules Help | Cloze |

Puc. 2.6. OxHO mpocMoTpa npaBuil

12. B mnpasoii wactu oksa B rpaduueckoii dopme mnpeacTaBieHb QYHKIMH MPHU-
HAJIJICKHOCTU apryMEHTa K, B JIEBOW — MEPEMEHHOW BBIXO/a y C MOSICHEHUEM MeXaHH3Ma IpH-
HATHs pemieHus. KpacHas BepTuKaidbHAs 4epTa, IepeceKaromas rpaguki B MpaBOW YacTH OK-
Ha, KOTOPYI0 MOXXHO IEpeMellaTh C MOMOIIbI0 Kypcopa, MO3BOJISET W3MEHATh 3HAUeHMs Iie-
pEeMEHHOM BXxoja (9TO e MOXKHO JIeNlaTh, 3a/1aBasi YMCIOBbIE 3HaueHus B moie Input (Bxon)),
IPU 3TOM COOTBETCTBEHHO M3MEHSIOTCS 3HAUYEHHUS ) B NPaBOM BepXHEW yacTW OKHA. 3ajajuM,
Haripumep, x — 0.5 B mosie /nput 1 HAXXMEM 3aTeM KIaBHIy BBoja (Enter). 3naueHue y cpaszy
u3MeHuTcs U craHet paBHbIM 0.202. Takum 00pa3oM, ¢ HOMOLIbIO TOCTPOEHHON MO/IETM U OKHA
MPOCMOTpa MPABWJI MOKHO pPENIaTh 3aJladyy MHTEPIOJALNH, T.€. 3aa4y, PEIIEHHE KOTOPOM |
TpeOoBanoch HalWTu. M3MeHeHue aprymMeHTa MyTeM MepeMelIeHUs KPacHON BepPTHKAIbHOM
JIMHUW OYCHb HArJIAAHO ACMOHCTPUPYET, KaK CUCTEMA OIIPEACIIACT 3HAUCHM A BBIXOAA.

3aKxpoeM OKHO MPOCMOTPa MPABUI U BHIOOPOM ITYHKTA MEHIO

View/View surface nepeiieM K OKHY IPOCMOTpa MOBEPXHOCTH OTKIIMKA (BBIXOJA), B HAIleM
cilydae — K MpOCcMOTpy KpuBOH y(x) (cM. puc. 2.7). BuaHo, 4To cMOAEIMpPOBAHHOE CUCTEMOM 110 Tal-

JIMIIE TAHHBIX (Talu. 2.1) oToOpaskeHHe He OYEHBb-TO HAIIOMUHAET (PYHKIIIO x2. Hy uro x, Huuero yau-
BUTEJIEHOTO B 3TOM

HET: YHMCII0 SKCIEPUMEHTAIBHBIX TOYEK HEBENHKO, /1 W TapameTpbl (pyHKIMH MpHUHAIICKHO-
CTH (1711 Xx) BBIOpaHbI, CKOpee BCEro, HEONTUMATBLHBIM 00pa3oM. Huske Mbl paccMOTPHM BO3MOXKHOCTh
YITyHIIEeHHS KadecTBA TOI00HOM MOJIEITH.



J Surface Viewer: Untitled E@@

File Edit Wiew Options

0.5

0.7+ 8

05 -

05+

04

0.3+

0.2+

0.1 : : :
K -05 0 05 1

2 [input]: ” - | T [Input]: — - | £ [output]: y -
* grids: 15 ¥ grids: 15 Evalliste |

R ef. [nput; | Help | Cloze |

Ready

Puc. 2.7. OxHO mpocMOTpa MOBEPXHOCTU OTKIIMKA
B 3akirodueHne paccMOTpPEHMS IPUMEpPA OTMETHUM, YTO C IIOMOIIBIO BBIIIEYKA3aHHBIX
IporpaMM peAaKTOpOB Ha JIHOOOM 3Tame MPOSKTHUPOBAHMS HEYETKOH MOJENUM B HEE MOXKHO
BHECTH HEOOXOJUMBbIE KOPPEKTHUBBI, BIUIOTH /10 3aJaHMsl KaKOH-TMO0 OCOOEHHOM I0JIb30Ba-
TeJIbCKOM (yHKIMM OpHUHAINIEKHOCTH. M3 omumid, ycraHaBiauBaeMbelx B FIS-pemaktope mo
YMOJTYaHHUIO TPY UCIIOJIb30BAHUH aJITOPUTMa Sugeno, MOKHO OTMETHUTH!

— JIOTUYECKHUI BBIBOJI OPTaHU3YETCS C MOMOIIBIO ONepaluu YMHOXEHUS (prod);

— KOMITO3UIMST — C TIOMOIIBIO OMNEpaIy JIOTHYECKOW CyMMBI (Be-
positHocTtHOTO UJIU, probor);

— TIPUBEICHUE K YETKOCTU — JIUCKPETHBIM BAPUAHTOM LIEHTPOMIHOIO METONA (B3BELICHHBIM
cpermHnM, wiaver). Vcnionb3yst COOTBETCTBYFOLLIE OIS B JIEBOI HIDKHEH YacTH OKHA F1S-peiakTopa, JAHHBIE OITLIH
MOYKHO, ITIPHKEITAHHAN, I3MEHHTD.

NunuBuayanpHOE3a1aHUE

CKOHCTPYUpPYHTE HEYETKYIO CUCTEMY, OTOOPaKAIOIIYIO 3aBHCHMOCTh MEXIy IepEeMCH-
HBIMH X U ), 33JlaHHyI0 ¢ TomoIlbio Tabn. 2. Ilo pesymbraTam paOOTHI OMPEAENUTh TUIT KPH-
BOM.

BapuanTel 3a1anuit
Tao0mmra 2.

3HaueHue apryMeHTa u QyHKUUU

1 X -1 -0.5 0 0.2 1
y 1 0.25 0 0.4 1




D x| 0.6 0.2 0.4 1
v 1 [1.67 5 D5 1
3 X |1 0.5 0 0.3 1
v 1 10.13 0 027 |1
4 X |1 0.6 0 0.3 1
vy |0 0.8 1 095 |0
5 X |1 0.5 0 0.2 1
v I 0.125 0 0.008 |l
6 X |1 0.6 0.2 0.4 1
vy [0 [0.64 (096 084 0
7 X |1 0.5 0 0.3 1
R B 1 04 |l
8 X |1 0.6 0 0.3 1
vy 05 10.09 0 0.0225 0.5
0 X |1 0.5 0 0.2 1
v 0.5 0.03125 o 0.0008 0.5
10 LI 0.6 0.2 0.4 1
vy L1 D.78 D5 625 |1
11 X |1 0.5 0 0.3 1
v L1 1.8 3 3.6 5
12 x|l 0.6 0 0.3 1
v 1 0216 0 0.027 |1
13 X |1 0.5 0 0.2 1
vy 2 L5 1 08 |0
14 |1 0.6 0.2 0.4 1
o L2 0.4 D5 1
15 X |1 0.5 0 0.3 1
vy 0 0.25 0.5 065 |l
16 x |1 0.5 0 0.3 1
vy L1 [1.75 1 031 [0

JlabopamopHasi paboma Ne8. Yacmb 1. ModenupoeaHue He4yemkol cucmemMbl yrnpae-
JIeHuUs1 8 eHMUJISIMOPOM

eab padoThI:

- HU3YUYCHHUEC OCHOBHBIX onpeneneHHﬁ TEOpHUHU HCUCTKHUX MHOXCECTB U TCOPUH HE-
YETKOI'O JIOTUYCCKOI'O BBIBOJIA,

— O3HAKOMJIEHME C COCTaBOM M BO3MOXKHOCTSIMU HHCTPYMEHTapusi HEUYETKOU
noruku Fuzzy Logic Toolbox, Bxonsmiero B maker nporpamm MATLAB,

— nproOpeTeHrne NPakTUYECKUX HaBBIKOB paboThl B makete Fuzzy Logic Toolbox n
CO3/1aHHE HEUETKON MOJIENIN YIIPaBJICHUS.
Xox padoTbl

1. Ilocmanoeka 3a0auu



OnpenenuThecsi ¢ KOJIWYECTBOM BXOJHBIX, BBIXOJHBIX MapaMeTpoOB, MOIYUYUTh CTPYK-
TYPHYIO CXEMY CUCTEMBI yIpaBiieHus. Peann3oBaTh MOJeNb YIIpaBICHHUS.
2. Ilocmpoenue mooenu
Co3nanuM AByMEpHYIO MOJIENb KOHAUIIMOHEPA:

.} FIS Editor: Untitled

File Edit View

it

Untitied

(mamdani)

inpud2

outputt

output2

FI5 Name:

Untitled

FIS Type:

marndani

And method

Or methad

Implication

Aggregation

Defuzzification

[ nin

&=

[ nin

&=

Current Variable

Name

Type

Range

inputl

input

[1635]

| centroid

Help

Close

Ready

Bxoansle nmapamerpsl: TemMneparypa BHYTPU IOMEIIEHHAS U CKOPOCTb U3MEHEHUsS TEM-

1epaTypsl B IOMELEHHUE

BoixoaHble mapamMeTphl: CKOPOCTh BPALIEHHsI BEHTWIIATOPA U Pacxof OXJIaKJaroulen

KHUIKOCTHU.

3. Cozoanue mepmos

Z[J'ISI KaXI0ro mnmapamMerpa co3iaiuM TCPMBbI:

Ha nannom rpaduke ykazaH BXOJHOW CUTHAII «TEMIIEpaTypa BHYTPH TOMEIICHUS




) Membership Function Editor: Untitled

plot points: el

Membership function plats
T T T T

tmaloe tsred tholsh

FIS Variahles

Input variable "input1”

638]
(16 35] ’7 ’—

Ha nanaom rpaguke ykazaH BXOJHON CUTHAJ «CKOPOCTh U3MEHEHUS TEMIIEPaTypPhI B
MTOMEIICHUE)

J Membership Function Editor: Untitled =181 %

plat pairts: 181
Membership function plots
FIS Wariables - = - 2 - -
tmaloe tared thalsh

E
o

| 1 1 = | | 1 1 1

16 18 Pl 22 24 26 26 el 32 34

InLt variable "inputt™

(8416236

[1638]

Ha manHOM rpaduke yka3zaH BRIXOIHOW CHTHAT «CKOPOCTh BPAILICHHUS BEHTUIISITOPA



) Membership Function Editor: Untitled

plot poirits: el

Membership function plats

FIS Variahles | | | | |
wmaloe wisred whilsh
XX 1
inputt
- 05 —
input2 output2
i
| | 1 = I I | 1 I
100 200 300 400 500 00 700 600 00 1000

output veriable "otput!”

wmalog

[-330 50 430)

[ ]
-

Ha nannom rpaduke ykazaH BBIXOJHOW CHUTHAJ «PacXo]l OXJIAXKIAIOLIEH KUIKOCTH

) Membership Function Editor: Untitled

plot points: 181
FIS “ariables ] Metmnbership fl\.ll'\ﬂmn plats I :
inputt output!
XX .ﬁ*&
Input2 output2
L |

a o1 02 03 04 05 08 o7 08 08 1
autut variable "output2”

fow —

[04004)

e

4. Cosoanue npasu
JLi1st pasIMUHBIX CUTYalUil CO3a MM MPaBUIA 3aJaHUs PeKUMa PaOOThI



)} Rule Editor: Untitled

File Edit Wiew Options

1.1 [input? 1z vmaloe| then [output] 1z whaloe] [1]
AF [input? iz wared) then [output] iz wared] (1]

AF [input? iz wholzh] then [output] iz whaolsh) 1]
AF [input? iz wmaloe] then [output? iz Omaloe] [1]
AF [input? iz wared) then [output? iz Czred] (1]

AF [input? iz wbaolzh) then [output? iz Qbalgh) [1]
AF [inputT iz trmaloe] then [output? iz Bmaloe] [1]
AF [input] iz tzred] then [output? iz Qened] [1]

AF [input] iz thalsh) then [outputs is Qbalsk) [1)

OO0 - O T e G [

OTH MpaBUIIa MOYKHO MPEICTABUTH TpahuIecKu:

) Rule Viewer: Untitled
File Edit Wisw Options

input! =255 input2 =0

outputt = 525

naainnm

IR
VL

TNTTTTTT

12550] Plot points: 01 Move

Opened system Unliled, 3 ules

Ha sTom rpadguke Mbl H3MEHUIIN BXOHBIE CUTHAIIBI



LLLIT Y

N -
.
Y
S .
o
S .
S
o
o —

LRV E
H
)

Input: I 127,34 03223 Plot peints: 100 Mave: » ‘ o | ;
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5. Ananus noayuennoil mooenu
[TocTpoum rpaduku 3aBUCUMOCTH CKOPOCTH BpaIlleHUs] BEHTHIISATOPA, TEMIIEPATyphI B
MOMEIICHUE U CKOPOCTU U3MEHEHHS TEMIIEPATYPHI.



Conep:xanue oT4yeTa
Ienb paGoTHI.

Omnucanue HEYeTKOW MOJIeTM YIpaBiIeHHs (IIark peajn3alid, pe3yIbTHPYIONHe pa-
ukm)

ITpoBecTr MccleIOBaHMs Pe3y IbTATOB MOJICITMPOBAHHS TIPH PA3TTYHBIX BXOJIHBIX YCIIOBUSIX
(ITpuBecTy TaONMHIIBI 3HAYEHNUH, TOBEPXHOCTH OTKIIMKA).

Br1Bo1BI TIO padore.



JTabopamopHasi paboma Ne 8. Yacmb 2. Heyuemkasi 3kcnepmHdasi cucmema c as2o-
pummom eblieo0a Mamdani

Henn u 3apaum padorel: [locTpoeHne HEUETKOM SKCIIEPTHON CUCTEMBI C AJITOPUTMOM
BbIBOJAa Mamdani.

3aganue

1. Co3nars HEUETKYIO SKCIEPTHYIO CHCTEMY C alrOPUTMOM BhIBOga Mamdani, korto-
pasi ToJKHA OLICHUTh YPOBEHb pabOThl MPEeaNpUATUsl 00IIecTBeHHOro nuTaHus. Mcnomab3oBarh
2 Bxoja, 1 BbIxof, 3 nmpaBuiia TUIA «ECHH... TO», «ECIH... WIH...TO».

2. [TocTpouTh yCI0KHEHHBIM BApUAHT HEYETKOM DKCIIEPTHOM CUCTEMBI ISl OLEHKH
paboThI MPEANPUITUS UK APYTOro 00BbEKTa (YMCIO BXOAOB U MPABUII JIOJKHO COOTBETCTBOBATH
3aJIaHHOMY BapuaHTy). Mcrmosnp30BaTh mpaBuiia THUIMA «ECIH... TO», «ECIH... WIH...TO», «eC-
JU... U...To». CaMOCTOSTENbHO MPEIIOKUTh BXOAHBIE NIEPEMEHHbIC U MPAaBUJIAa BEIBOJA.

BapuanTsl 3a5aHuii:

Onenka KBapTUPHI AJ1s1 OI0p0 OOMEHa KUITbs: 5 BXOJOB, 7 MpaBHII. Y POBEHb 00CITYKUBa-
HUS B TACCAXKUPCKOM Moe3ie: 4 Bxoza, 6 mpasmil. OIeHKa yCIIeBaeMOCTH CTYIEHTOB: 3 BX0Ja, 5
IpaBuIL.

MeToanueckue ykazaHust
[Tpu pemienuu n.1 MOryT OBITH 3a[IaHBI CIETYIOIINE HHCTPYKIIUU.

1. Ecnu cepuc mioxoii nim e1a HECBEXKas, TO OIIEHKA HU3Kasl.
2. Ecau 06ciy)KuBaHUE XOPOIIIEE, TO OLEHKA CPEIHAS.

3. Ecnu cepBHC OTIMYHBIN WK €]1a BKYCHAs, TO OLIEHKA BBICOKAS.

[Ipu co3maHum HOBOM CHUCTEMBI HEUETKOTO BBIBOJIA MO YMOIJYAHHUIO CO3MACTCS CHCTEMa
¢ anroputMoM BbIBojla Mamdani. KauecTBo oOcimyxuBaHus W enpl OyJeM OLIEHUBATh IO 5-
OayIbHOM cucTeMe.

B nynkre mento EditVariable/Input 1o6aButh BTOpOi BXOJ (MOSBUTCS BTOpOH OJIOK ¢
uMeHeM input2). OZHOKpPATHBIM MICIYKOM JIEBOM KHOIKOW MBIIIHM 0 OJOKy inputl 3aMeHHTH
€ro UMs Ha «servicey, input2 — Ha «food», output] — Ha «grade».

3agath (QYHKIUU TPUHALISKHOCTH. [[1s mepeMeHHoW «service» B moyiix Range u
DisplayRange ycTaHoBUTH AMana3oH M3MEHEHHMsS U OTOOpakeHHs 3TOoi mepeMeHHo — oT 0 1o
5 (moxTBepiKmasi BBOJ HakKaTWeM KIaBUIIW Enter). YnanmuTh 3aJaHHBIE IO YMOJYAHUIO (yHK-
UM [PUHAIIEKHOCTH ¢ ToMolbio MbImd. Yepe3 myHKT MeHio Edit/AddMFs 3anate QyHk-
UM TPUHAAJIEKHOCTH TayccoBa Tumna (gaussmf) B komuuectBe 3. 3aMEHUTh MX MMEHA Ha
«bad», «good» u «excellenty.

[emuxkom wmpimm mo «food» 3amare auamazon u3meHeHust or 0 mo 5. Tlocnme ypanme-
HUS 33JIJaHHBIX 110 YMOJIYaHUIO (YHKUUI NMPHHAIJICKHOCTH 334aTh JIBe (QYHKLIMU MPUHAIIIEK-
HOCTH TpanerneuaaibsHoi ¢popmel trapfm ¢ mapamerpamu [0 0 1 3] u

[2 4 5 5] u umenamu «notfresh» u «nicey.

Jlst BEIXOHOM mepeMeHHol «grade» ykazaTth auana3oH [0 5], 3amate Tpu QyHKIUM TIPU-
HaJIIeKHOCTH TPEYToibHOM GopMbl ¢ nMeHaMu «bady, «goody, «excellenty.

KoncrpyupoBanue mpasui peann3zoBano B myHkre meHio Edit/Rules. B mepBom u Tpeth-
€M TpaBWIaX UCHOJb30BaTh «OM (EJMHMIIA B CKOOKaxX MOCie KaXJOro IMpaBUia YKA3bIBAET €TO
«BECY», KOTOPBIN HY)KHO OCTaBUTh paBHBIM 1). [Ipu BBOIe BTOpOTO MpaBmIIa, I/i€ OTCYTCTBYET ITe-
pemenHast «food», BEIOpaTh OMIIMIO NONe.

W3 nynkra menio View/Rules BbI3bIBaTH OKHO rpaduueckoro otoOpaykeHus (QyHKIHU-
OHUPOBAHMS CHCTEMBI, IJl€ MOXKHO 3a/1aBaTh 3HAUYEHUS BXOJHBIX IEPEMEHHBIX B COOTBET-
CTBYIOIIMX IOJISIX, OTBET OTOOpakaeTcs B MPaBOW 4acTH OKHA. MOXHO Takxke mepeMeniarh oT-
METKY LIKaJIbl ¢ TOMOIIBIO MBIIIIH.



N3 mynkra menro View/Surface BbI3BaTh OTOOpa)k€HHUE NBYMEPHOM (DYHKIMH OIICHKH
paboThI IPEAPUATHUS OOIIECTBEHHOT'O TUTAHUS.

CoxpanuTth co3nannyto cucteMy Ha aucke: File/Export/Todisk.

[Ipu BeIMOTHEHMH 3aMaHMsl 1.2 HYKHO YCIOXKHUTH CO3JAaHHYIO JKCIEPTHYIO CHCTEMY:
BBECTU 33/JIaHHOE YHCIIO MPaBWJI U BXOAOB. DKCIIEPTHas CUCTEMa JOJDKHA OBITH JOCTATOYHO
MPOAYMaHHOW U UMETh MIPAKTHYECKOE 3HAYCHHE.

Hcnonp3yemblie oneparopbl 1 KOMaHabl: fuzzy — peaakTop HeYeTKON CUCTEMBbI BHIBO/IA.
[Iporpammuoe obecnieuenne: MATLAB

JlabopamopHasi pa6oma Ne 9. Yacmb 1. Paboma Fuzzy Logic ¢ 6nokamu Simulink

Heawb padorel: npuodpeTerne HaBbIKOB PaboTer Fuzzy Logic ¢ 6mokamu Simulink.
TeopeTnyeckasi 4acThb

Cucrtema HEYETKOTO BBIBOJA, CO3JAaHHbBIE TEM WJIM MHBIM O0Opa3oM C IOMOUIBIO IaKeTa
Fuzzy Logic Toolbox, nomyckaioT HHTerpauuio ¢ HHCTpyMeHTamu mnakera Simulink, uro
MO3BOJIIET BBINOJHATH MOJCITUPOBAHME CHCTEM B paMKax IocienHero. Paccmorpum 3T0 Ha
pUMepe KOHTPOJIS ypOBHS BOJIbI B Oake [3].

Ipumep 1. KoHTposb ypoBHS BOIBI B Oake.

Ha puc. 1 uzo0OpaxkeH o0bEKT yIpaBieHUs B BHJE Oaka ¢ BOJIOH, K KOTOPOMY HOJXO-
JAT 1B TPYOBI: yepe3 oaHy TpyOy, CHaOKEHHYIO KpaHOM, BOJla BTEKaeT B 0akK, uepe3 ApYyryro —
BeITekaeT. [logauy Boabl B 0ak MOXHO peryiupoBarh, OOJbIlI€ MM MEHbIIE OTKpPbIBas KpaH.
Pacxon Boabl ABNSIETCS HEKOHTPOJIMPYEMBIM M 3aBHCHUT OT JIUaMETpa BBIXOJHOW TpPyOBl (OH
(UKCHpPOBaH) U OT TEKYLIEro YpPOBHs BOJbl B Oake. Eciu moHMMAaTh MOJ BBIXOAHOW (perysu-
pyeMoii) mepeMeHHON YpPOBEHb BOJBI, a MO/ PETYJIHPYIONMM 3JIEMEHTOM — KpaH, TO MOXHO
OTMETUTh, YTO MOAOOHBIH OOBEKT PEryJIMPOBAaHUS, C TOUKU 3PEHHUS €ro MaTeMaTH4eCKOro
OTIMCAHMUS, SBISETCS NTUHAMUYECKAM M CYIIECTBEHHO HEJTMHEHHBIM.

OmnpenenuM 1enb yOpaBieHUs 371eCh KaK yCTAaHOBJIEHHE YPOBHs BOABI B Oake Ha Tpely-
eMOM (M3MEHSIONIEMCsI) YPOBHE U MOMPOOYEM PEUINTh COOTBETCTBYIOIIYIO 3a/1a4y YIIPABICHUS
CpeACTBaMH HEYETKOW JIOTHUKH.

OueBuHO, B PETyNSATOP, OOECHEUMBAIOIINI JOCTHIKEHUE IIENH YIIPABICHHUS, JOJDKHA
HOCTYNaTh MH(POPMALUS O HECOOTBETCTBHM (Pa3HOCTH) TpeOyemMoro u (haKTHUECKOro ypOBHEH
BOJIBI, TIPH 3TOM JAaHHBIN PETYISATOP IOJDKEH BHIPAOATHIBATH YIPABISIONINA CHUTHAT HA PETyIIH-
PYIOLIMH 3JIEMEHT (KpaH).

Water Level Contraol

Puc. 1. Cxemarudeckoe npeacTaBieHe 00bEKTa YIIPaBICHUS
(6aka c BOJIOi).



B nepBoM mpubnmxeHun (yHKIMOHHPOBAHHE PETYISTOPA MOXKHO OIMHCATh HaOOpOM
U3 CIICAYIOIINX MTPABUIL:
If (level is okay) then (valve is no_change) (1)
If (level is low) then (valve is open_fast) (1)
If (level is high) then (valve is closefast) (1)
If (level is okay) and (rate is positive) then (valve is close _slow) (1)
If (level is okay and (rate is negative) then (valve is openslow) (1),

YTO B [IEPEBOJIC O3HAYALT:

1. Ecau (ypoBeHb COOTBETCTBYET 3alaHHOMY ), TO (KpaH 0e3 u3menenus) (1)

2. Eciu (ypoBeHb HU3KHMIA), TO (KpaH OBICTPO OTKPHITH) (1)

3. Ecau (ypoBeHb BBICOKHIA), TO (KpaH GbICTPO 3aKkphiTh) (1)

4. Ecmu (ypoBeHb COOTBETCTBYET 3aJaHHOMY) M (ET0 IPUPOCT — IOJOKHUTENBHBIN), TO
(kpaH HaJI0 MeIJIEHHO 3aKphIBaTh) (1)

5. Ecau (ypoBeHb COOTBETCTBYET 3aJ@HHOMY) M (€ETO MPUPOCT — OTPHMIATEIBHBIN), TO
(KpaH Ha/10 MEJJIEHHO OTKpbIBaTh) (1)

Mopenbs crcTeMbl yIpaBlIeHHsS YPOBHEM BObI B 0aKe ¢ HEUETKHM PETyJSATOPOM, OCHO-
BaHHBIM Ha MPHUBEICHHBIX NPABHUJIAX, SBISCTCS OAHON W3 JIEMOHCTPAIMOHHBIX MOJIEICH ImaKe-
toB Fuzzy Logic u Simulink.

Nk =

——»{ FID
FIC Contraller
Tl iz
1 -1 WATER
VALVE el L hof 2 S-Function
Constan + — const
_ . b Switch | Syubsystem 1 1
oooo ] = tank 2
Fe) Sumi LT
ot ] Seoped Comparisan
Signal Fuzzy Logic 05
Generator Cantroller '
Scopel?
» ] tank max
inflow

change

Try the demo seope
"sltanhz"
—  dufdt e
change Crerivative

Puc. 2. brok-auarpaMMa MoJie/I CUCTEMBI YIIPaBJIEHUs yPOBHEM BOJIbl B OaKe HEUETKUM
peryasaTopom

Ee M0kHO BBI3BaTh U3 KOMAaHJHOM CTPOKH KOMaHIOU sltank, 4ToO MpUBEAET K OTKPBITHIO
okHa Simulink ¢ 67ok-ararpammoit ykazaaHou Mozenu (puc. 2).

OnnoBpemenno 650k Fuzzy Logic Controller 6yzet comoctaBieH ¢ CHCTEMOW HEYETKOTO
BBIBOJIA, 3aMMCaHHOM B (paitne tank.fis.

s m3ydeHus mporecca (QYHKIIMOHUPOBAHUS CHUCTEMBI HEOOXOAMMO HaXKaTh KHOIKY
Start maHeMm HHCTPYMEHTOB OJIOK-THArpaMMbl MOJETH W JIBAX/IBI MICITKHYTH JIEBOH KHOITKOW
Mpimu 1o 650Ky Comparison (CpaBHeHue). B mosiBuBIieMcst OKHE 3TOro 0joka OyAyT Mmoka-
3aHbI U3MEHSIOIIAECS BO BPEMEHU CHUTHAJIBI 33JIaHHOTO (ITOCIIEOBATEIbHOCTh UMITYJIBLCOB TIPSI-
MOYTOJBHON (Qopmbl) U akTUdeckoro ypoBHed Bojwl (puc. 3). Kak BUIHO, epexXoIHBIN Mpo-
IIECC B CHUCTEME MUMEET anepruoJndecKyro (GopMy W 3aKaHUMBAETCS JOCTATOYHO OBICTPO, T. €.
KaueCTBO PEryJIMPOBAHUS CIIEAYET MPU3HATH XOPOIIUM.



ITocTpoeHne HeYeTKOMH MOIeJIH € MCIOJIb30BaHueM 0J10k0B Simulink.

Jlist TOCTpOeHUsI KaKOW-TO COOCTBEHHOW MOJENUPYIOIIEH CUCTEMBI C HCIOJIb30BaHHEM
CpPEICTB HEYETKOW JIOTMKH M OsokoB Simulink pexoMeHgyeTcs MpoCcTO CKOMUPOBATH OJIOK
Fuzzy Logic Controller u3 paccmoTpeHHO# cucteMsl sltank (uim kakoro-inbo Apyroro J1eMoH-
crpanronHoro npumepa MATLAB) u moMecTuTh €ro B

OJIOK-MarpaMmy pa3padaTbiBaeMoii CUCTEMBI. V3 KOMaHTHOW CTPOKU KOMAaHION
fuzblock MOXHO TaKXe OTKPBITh OMOIMOTEKY HEYeTKHX OJIOKOB makera Simulink, KoTopbie Mo-
T'yT OBITH MCIIOJIB30BAHBI TOYHO TaK K€, IPH HEOOXOIUMOCTH — C JONOJTHUTEIFHBIM PEIaKTUPO-

BaHUEM.

OtmeTnM, 4TO (PYHKIIMOHUPOBAHHUE YKA3aHHBIX OJOKOB OCYIIECTBIISICTCS C HCIIOIb30Ba-

HUeM cucteMHOU S-pynkiuu sffis.mex. 3amuce 31Ol QyHKIIMHM TaKoBa:

RI=TEY
|lzE e 2 ABE

Puc. 3. Pe3ynbpraTsl MOJEIUPOBAHUS CUCTEMBI YIIPABICHUS C HEUETKUM PETYIISITOPOM.

output = sffis(t,x,u,nag,nsmat),

rre output — BBIXOJ HEYETKOro perymsropa, t, X u flag — cranmapTHeie apryMeHTHI
cuctemHoil gynkuuu Simulink, fismat — unenTudukatop (MMs) HEYETKOW CHUCTEMBI BBIBOJA,
¥ BXOJIHOM CHUTHAJ (BEKTOP BXOJIHBIX CUTHAJIOB) PETYJISATOPA.

ITo cmbicy naHHas (QYHKIUS aHAJOTMYHA PAacCMOTPEHHOH Bbllle (YHKIUU

evalfis, Ho oHa onTUMM3MpPOBaHa 1 paboThl B cpene Simulink.

JleMOHCTpPaMOHHBIE MPHUMEPbI Pad0ThI ¢ MAKETOM
Fuzzy Logic Toolbox.

Jnst o3HakomuteHus ¢ nmakeroM Fuzzy Logic Toolbox MOXHO UCIONIB30BaTh ClAEIYIOIIHE
GbyHKIMM (KOMaH]Ibl) B PEKUME KOMaHAHON CTPOKH:

defuzzdm — 0630p MeTOJ0B IPUBEAECHUS K YETKOCTH (edaszuduxanun),

fcmdemo — nemoHcTpanus anroputma kiactepusauuu Fuzzy c-means (2-D

rpaduka),

fuzdemos — nemonctpanus rpadpuueckoro nntepgeiica makera Fuzzy Logic,

gasdemo — 1eMOHCTpalysl UCTIOIb30BaHMS armapara TMOPUIHBIX CeTel sl peleHus 3a1a-
YH 0 BEIOOpE aBTOMOOHIISI, HANO0JIee SKOHOMHUYHOTO IT0 PAaCXO/Ty TOTIJIHBA,



juggler — neMoHcTpanys CHUCTEMBI >KOHTJIMPOBAHUS MSYOM C HCIIOJIb30BAHHEM HEYeT-
KOT'0 PeryJsTopa,

invKkine — 1eMOHCTpaIusi HEUETKOTO yIPaBIEHUS BIKEHHEM POOOTaMaHUITYJISTOPA,

irisfem — nemoHcTpanus anroputMma kinacrepusauuu Fuzzy c-means,

noisedm — geMoOHCTpalus penieHus 3a7add (UIbTpallMd Ha OCHOBE METOJIOB HEueT-
KO JIOTHKHU,

slbb — neMoHcTpanus 3agaun «ap Ha Kauessxy,

slep — neMoHcCTpaIyst HEYETKON CHCTEMBI YIIPABJICHUS IEPEBEPHYTHIM MasSTHUKOM,

sltank — nemoHcTpanusi CUCTeMbI YIIpaBIEHUSI YPOBHEM BOJbI B 0ake C HEYETKUM pe-
TYJISITOPOM,

sltankrule — To >xe, 4T0 B mpenblIyIIeM Cllydyae, HO C JOMOJHUTEILHBIM MIPOCMOTPOM
HEYCTKHUX MPaBUIL,

sltbu — nemoHcTpanus QyHKIMOHMPOBAHUS HEUETKOW CHCTEMBI YIIpaBJICHUS TPYy30BU-
KOM.

C KaXIpIM W3 OTHX MPUMEPOB CBs3aH M-daitn, fis-daiin umu/u OmoK-gHarpamma
Simulink, 3amyck KOTOPBIX MPOU3BOIUTCS C MMOMOIIBIO OJTHOW M3 YKa3aHHBIX KOMaHJl. TekcT mo-
SCHEHUIl B MpUMepax — Ha aHIVIMHCKOM si3bIke. [laHHBIE mpUMephl JOCTYIHBI M 4Yepe3 TJIaBHOE
menio MATLAB (nmynkr Help/Examples and Demos, pasmen Toolboxes/Fuzzy Logic). [o-
MOJTHUTEIbHYIO HH(POPMAIMIO MOKHO MOJTYYHTh, UCTIONB3Ys KomaHay help fuzzy.

IIporpamma pa6oTsl U MeToANYECKHE YKA3AHUS
Onummre HAOOPOM M3 MPaBWI (HYHKIIMOHUPOBAHKUE PETYIIATOPA, IPEACTABICHHOTO B CO-
OTBETCTBYIOIIEM JEMOHCTPAIMOHHOM npuMepe (cM. Tabm. 1), mpen-
CTaBbTE PE3YJIbTAT MOJACIUPOBAHMSL.

Tabmuma 1
Bapuant JleMOHCTpallMOHHBIA IPUMEDP
1 juggler
2 invkine
3 slbb
4 slcp
5 sltbu

Conep:xanue oT4yera

— 1eb paboThl;

- 3a/1aHHE;

— KpaTKoe ONMMCaHHue ASHCTBHIA MO IyHKTaM;
— rpadUKH 110 BCEM ITyHKTaM IPOTPaMMBbl;

— BBIBOJIBI IO paboTe.

JlabopamopHasi pa6oma Ne 9. Yacmb 2. Pa3zpabomka2ub6pudHbix UHmMesiiekmyasnbHbIX
cucmem e cpede Matlab

Heans paGorei: MccinenoBanuwe mporecca pa3paOOTKUA aJanTHBHOM CHUCTEMBI HEHPO
HEYETKOTO BBIBOJA JUISl alllPOKCUMALIMKM 3aBUCHMOCTH, OMUCHIBAEMOU HEKOTOPOU MaTemMaTHye-



CKOM (DyHKITHEH.

[Tops ok BeImoIHEHUS pabOTHI

C IIOMOIIIBIO aHaHTHBHOﬁ CCTH HCYCTKOI'O BBIBOJA AIIIPOKCHUMHPOBATH (1)}’HKI_[I/IIOZ_)/ =

2x2.

OyHKIMA 3a7aeTcs B BHJE Map 4YHCEN, KOTOpbIC 3amUChIBAOTCS B (haili ¢ pacmmpe-

HueM .dat (puc. 1.)

Jnst co3manusi THOPUIHOM MOJENH, 3arpyxaeM mnpuioxenue Fuzzy Logic Toolbox ma-
kera MATLAB v co3naem MOJelb TUIA Sugeno, UMEIOIIUNA OJIMH BXOJ Y OJIUH BBIXO/I, KaK MOKAa3aHO

Ha puc. 2.

Bo Bxianke Edit BeiOupaem penaktop Anfis, HaxumaeM Load Data w ykasbBaeM IyTh K
co3aHHOMY (haifly TaHHBIX. Pe3ynbrar mepeurclIeHHBIX BBIIIE ICUCTBUM MPEICTABICHBI HA PUC.2.

-inix]

Mpaeka Qopuat Bra Cnpaeka

dafn

.00
.30
.00
.50
ey
.50
.00
.30
ey
.50
.00
.30
.00
.50
ey
.50
.00
.30
.00
.50
10,00

Kl

WD o o e o B B rd rd BRSO

.00 -
0,50
2,00
4,50
5. 00
12.50
18.00
2450
32.00
40,50
50.00
60,50
72.00
84.50
98,00
112,50
128.00
144,50
162.00
180,50 —
200,00

-

A 7

Puc..1. Mcxonubie nanHble Ui 00y4eHus: HeUpoceTH

Hanee BuiOupaem Grid partition, TIOABISIETCS OKHO BBOJA IMapaMETPOB METOJA PEIICTKU
(puc. 3), B KOTOpOM HY>KHO YKa3aTh KOJMYECTBO TEPMOB IJIsi KaXIIOW BXOIHOW TEPEMEHHON W
TUN (YHKUMI TPHHAUISKHOCTU JUIS BXOJHBIX U BBIXOJHOM IepeMeHHbIX. BbiOepeM Bee, kak ykasa-

HO Ha puc.4.3.



J Anfis Editor: Untitled

File Edit View
Training Data (ooo) — ANFIS Infa. —
200 &
o o # of inputs: 1
1507 o # of outputs: 1
= o° :
g_ 100+ ,DC' # of input mfs:
| ] o 0 3
e ot Structure
(IRCeSTate L ' ' ' ' | Clear Plot
0 5 10 15 20 25
Aot s mmd el

[ Load data [ Generate FIS — - TrainFlI= — 1 TestFls

Type: From: Cpatirm. Methoc:

(%) Training () Load from file hryharidl + | | | Plot against:

() Testing (#) file {1 Load from wor... || Error (%) Training data

() Checki... () worksp. {#) Grid partrtmr? o & Testlnu-:_q data

) Demo {1 Sub. clustering 3 {3 Checking data

ipEd etz Clear Data | Generate FIS ... | Train Mow | Test Mow |

train data loaded [ Help ] [ Close ]

Puc. 2. Orobpaxenne qaHHbIX

—IMPUT
Mumber of MF=: MF Tope:

~
trapmf
ghbellmf

gaussmf
To az=ign a different gauss2mf

number of MFs to each pimt
input, use spaces to dsigmf
separate these numbers. psigmf

—OUTPUT

constant

Fa
MF Type:
b

Cancel

Puc.3. OxHo BBOAA MapameTpoB MeTo1a pemeTkn CTpyKTypa HEMpOCETH UMEET BU,
IIPEJICTaBJIEHHBINA Ha puc.4.



-} Anfis Model Structure -0l =|
ingut inputmt rule outputmt output
f
& {2} &
Laogical Operations

and
. ar

it

Click on each node to see detaled information Update | Help | Cloze |

Puc.4. CtpykTypa HEHpO HEUETKOM ceTh

Ilocne storo, TpeHupyem certb, i 3Toro B mone Irain FIS BBomMM OIIMOKY, KOJIYe-

CTBO 3M0X (pUC. 5) M HAKUMAEM KHOTIKY 17ain Now.
-} Anfis Editor: Untitled
File Edit View
Training Error — ANFIS Infa. —
07
# of inputs: 1
0.6k # of outputs: 1
Foy . [P
— -H'-H_ .
=] Hok # of input mfs:
= i ﬁ-}ﬁ*
ﬁﬁﬁ 3
0.4 B ﬁ%ﬁ
ﬁ%ﬁ* Structure
t : : ! Clear Plot
0 10 20 a0 40
| ey L
[ Loaddata — GenersteFIS — | TrainFIs —j[ TestFIS ]
T':I,-pe: From: Op‘tlm hethod:
(3) Training () Load from file hybricl w | | | Plot against:
() Testing file ) Load from wor... || Error () Training data
() Checki.. () worksp. ) Grid partrtmrjl e (+) Testlng data
) Demo (%) Sub. clustering 40 {1 Checking data
_oad Data..| Clear Data | Generate FIS ... | Train Mow | Test Mow |
Epoch 40:error= 0.534057 [ Help ] [ Cloze ]

Puc. 5. Ilpouecc oOyueHust HEHPOHHOU CETH
[ocne Haxxatust kHoriku Train Now, B 007acTH BU3yaM3allil OTOOpakaeTcsl TMporiece o0yde-

HUSL: YncIIo 310X — 40, 3HaueHne ormoku — 0.34057.

HOBerHOCTB COOTBETCTBYIOIICIO HEYETKOI'O BbIBOJAA W IIpaBUIA,
CI'CHCPUPOBAHHLIC B ITPOLIECCE 06yquI/151 TH6pH,I[HOI>'I CHUCTCMBbI IPCACTABJICHBI HA PUC.

6,7.



J} Surface Yiewer: Untitled

File Edit View Options
200
150 g
100 g
3
S0 1
|:| 4
50 1 1 1 1
0 2 4 5 g 10
iod
X linput): inl s | 1 CiMpLEY: _none - s < loutputl SRR "
X gricls: 15 W oricls: 15
Ret. Imput: Helg | Close |
Ready

Puc.6. IloBepXHOCTH CHCTEMEI HEUETKOI'O BbIBOJIa

J Rule Viewer: Untitled

File Edit Wiew Options
int =277
outl = 15.1
1 I
2
1
K
0 10
L.
-156.5 477 3
‘Input: 2774 ||PIO’[ points: 101 HMDVEZ left | right| dao...| up |
‘ Opened system Untitled, 3 rules ‘ ‘ Help | Close | |

Puc.7. HeueTkue npaBuia, Hoay4yeHHbIE IPU 00yUEHUN

I/IHIII/IBI/II[ya.TIBHOC 3aJaHHue

Cormaco BapuianTy (TaQil. 4.1), co3nmars THOpHIHYI0 MOIENb armpokcrMain  (pyHkiwm. [poBecv @
00yueHH e 1 CPABHUTEITBHBIN aHATIB Pe3yIIBTATOB 00yueHns. B clydae HeoOXOmMOCTH (€M OTIJIOHEHHE OT 3aJIaH-
HOM (PYHKLMM COCTABISIET 00Mig 5%0) POBECTH KOPPEKIIEO 00YUEHHs], 3AMEHHB KOJMYECTBO M TvIa (DyHKIMIA Ipy-
HAJJIOKHOCTH, a TAKKE KOJAYECTBA 310X 00y4eHrst ceT. [ lonydeHHble pesysbTars! opopMUTh B (hopMe TabIHIIH Tpa-

(DMKOBOIIIMOOK.
BapuanTel 3a1annit
Tabnuma 4.1.
\X(7)  |Y(i) BapmaHT
1 2 3 4 S 6 7 3 9 10
0 3,323 0,62 [1,249 [B466  [5,926 3,599  [1,796¢ 1,333 [1.,821  [1,024




0.1 3,332 0,403 |1,834  |4,352 5,587 4,228 2,036 4,775 1,301 1,67
0.2 3,714 0,981 2,108 14,29 6,68 4,521 1,533 5,251 1,834 0,97
0.3 4,073 0,918 [2,37 4,456 7,33 4911 1,259 5,829 1,522 0,988
0.4 4,057 1,248 |1,542 5,588 7,877 5,497 1,766 6,655 1,571 1,873
0.5 4,754 1,18 1,584 5,882 9,055 5,571 1,933 7,749 1,614 1,826
0.6 5,389 0,606 |1,808 6,129 9,821 6,255 1,692 7,761 2,212 1,6
0.7 5,734 1,268 2,359 5,667 10,282 6,378 2,353 8,544 2,274 2,241
0.8 5,279 1,128 |1,888 6,832 11,054 7,37 2,43 10,423 2,079 1,972
0.9 6,516 0,777 12,379 7,249 12,314 7,753 1,813 11,12 3,036 1,855
1 6,652 1,159 2,9 7,148 13,465 9,055 2,299 12,024 2,565 1,872
1.1 6,815 1,285 2,954 (7,548 14,8 9,633 1,923 13,829 3,441 2,006
1.2 6,966 1,332 2,093 7,253 16,087 11,102 2,059 14,581 3,611 2,035
1.3 7,615 1,077 2,284 7,972 17,636 12,305 2,010 16,651 3,65 1,878
1.4 8,321 1,359 2,597 8,344 20,35 12,845 2,873 18,157 3,942 2,611
1.5 8,969 1,653 2,394 8,218 22,002 14,082 2,774 20,967 4,422 1,954
1.6 9,734 1,395 2,988 8,248 24,146 15,769 2,75 22,352 |5 2,642
1.7 10,562 0,972 2,394 9,276 26,169 17,774 3,334 25,132 (5,063 2,38
1.8 10,929 1,328 2,815 9,228 29,249 20,072 3,044 27,685 [5,016 2,696
1.9 11,704 1,977 3,202 19,436 31,622 21,353 2,966 31,204 (5,369 2,288
[Tpogomxenue Tabn.4.1.
X(7) Y(i) BapuasT
11 12 13 14 15 16 17 18 19 20
0 2,283 2,046 P,343 [,799  W,512 1,414 4,235 1,149 (1,821  [1,024
0.1 2,949 2,072 2,677 2,468 4,481 1,134 5,024 1,389 1,301 1,67
0.2 2,761 2,041 2,997 2,961 4,54 1,466 5,338 1,622 1,834 0,97
0.3 3,471 2,411 2,754 (3,217 5,309 0,879 5,856 1,805 1,522 0,988
0.4 3,768 2,734 3,168 3,057 5,652 1,885 6,516 2,786 1,571 1,873
0.5 4,667 3,422 2,9 3,402 5,765 1,378 7,392 2,988 1,614 1,826
0.6 4,908 4,164 2,924 3,784 6,416 1,704 8,338 2,978 2,212 1,6
0.7 5,896 3.673 PB,729 3,626 5,989 1,463 19,008 0535 [274 P41
0.8  [5,984 394 P97  [3315 6,473 2,103 10,189 3,086 [P,079 [1,972
09 [7,467 4565 B,973 [4,118 6,682 1,728  [10,883  [3,192  B,036  [1,855
1 7,977 4,594 3,423 4,359 7,527 1,443 12,436 3,053 2,565 1,872
1.1 9,184 4,541 3,899 3,871 7,439 1,779 13,47 3,785 3,441 2,006
1.2 10,035 4,252 3,744 4,201 7,912 1,991 15,144 3,507 3,611 2,035
13 (11,029 [269 PB991  [,799  [o,113 D172 [16,796 3,275  PB.65 1,878
1.4 12,435 4,886 14,181 5,127 9,039 2,056 18,275 3,596 3,942 2,611
1.5 14,496 4,568 14,494 5,081 10,078 2,452 20,166 3,746 4,422 1,954
1.6 16,015 4,086 14,231 5,314 9,872 2,076 22,719 3,945 5 2,642
1.7 18,504 4,004 4,281 5,426 10,533 1,913 24,82 3,238 5,063 2,38
1.8 20,568 3,888 14,662 6,201 11,097 2,019 28,174 3,160 5,016 2,696
1.9 21,457 3,34 4,592 7 12,557 2,783 30,512 3,002 5,369 2,288
Conepxanue oTyeTa

1. Lenb paboTHLI.
Onucanvie THOPUTHOM MOJIENTN alMPOKCHMAITK (DYHKIIMM U aHATN3 PEe3yJILTAaTOB alllPOKCHUMAa-
I M KOPPEKIIMK MOJIENH (TaONHIIbL, Tpadukn).

3. BwBogb o pabore.
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BBEAEHUE

I[I/ICI_[I/IHJ'H/IHa «I/IHTCJIJIGKTyaJ'H)HLIC CUCTCMbI YIIPABJICHUA» CTABUT CcBOEH OCJIbIO

(dbopMHUpOBaHKE CIETYIONUX KOMIIETCHIIMA Oy IyIIero MarucTpa Mo HarnpaBJIECHUIO TTOATO-

ToBKH 15.04.04 — ABTOMAaTH3aIMsI TEXHOJOTUUYECKUX MTPOIECCOB U MPOU3BO/ICTB.

Kon, dopmynupoBka
KOMITETEHIIUU

Kon, popmynupoBka nnankatopa

[Tnanupyembie pe3yIbTaThl
0O0ydYeHUs IO TUCITUTLTHHE
(MonyJII0), XapaKTepu3y-
IOIIHE dTarnsl popMHupoBa-
HUST KOMIICTCHIIUHN, WH]IU-
KaTopoB

OIIK-5. Cnocoben pa3-
pabaTbiBaTh AaHAIUTHYE-
CKH€ W YHCIICHHBIE Me-
TOABI TPU CO3/IaHUU Ma-
TEMAaTHUYECKUX MOJEIEH
MaIlliH, MPUBOJIOB, 000-
pPyIOBaHMSI, CHUCTEM,
TEXHOJIOTUYECKUX IpOo-
LIECCOB

W/I-1onks

HUcnons3yer aHamuTHYECKUE U
YUCJIEHHbIE METOJIbI JJISl TIOJIyYe-
HHAA MaTeMaTHYECKUX MOJIEIEn
MaIllliH, TPUBOAOB, 000pYyAOBa-
HUS, CHUCTEM, TEXHOJOTHYECKHX
MPOIIECCOB

Hcronb3yeT COBpPEMEHHOE
IpOrpaMMHOE M arrapar-
HOe oOecIleYeHHE aBTOMa-
THU3UPOBAHHBIX CHCTEM,
AHAINTHYECKUE WU YHCIIEH-
HbIC METOJbI HACHTH(HKA-
MM MAalluH, TPHBOJIOB,
000py/IOBaHUs,  CHCTEM,
TEXHOJIOTHYECKHUX TIPOIIeC-
COB.

N-2omxk-s

Cozmaer MaTeMaTUYCCKHUE MOJIC-
JU MAIllUH, MMPUBOJIOB, 000PY/I0-
BaHHs, CHCTEM, TEXHOJIOI'HYE-
CKHX MPOIIECCOB

[Ipumensier  aHaJIUTHKO-
YUCJICHHBIE  METOABl U
KOMIIJIEKCHI TPOTPaMM ISt
MOJIyYCHHSI ~ MaTeMaTHde-
CKHUX MOJECJICH M HCCIENO-
BaHWUS MAaIllMH, TPUBOJOB,
000py/IOBaHUsl,  CUCTEM,
TEXHOJIOTUYECKHUX TPOIIEC-
COB

33):[&‘11/1 HU3Yy4YCHUS JUCHUITIIIMHBI 3aKJITIOYar0TCA:

- puoOpeTeHne CTyICHTAMU 3HAHUM U MIPAKTUYECKUX HABBIKOB B 00JIACTH, ONpee-

JIIEMOM OCHOBHOM I1€JTBIO TUCIMILIMHEI,

- OCBOUTBH METOABI MOACPHU3AIIMKM U aBTOMATHU3allHU ﬂ@ﬁCTByIOH.IPIX " IMMPOCKTHUPOBA-

HHC HOBBIX aBTOMATHU3HPOBAHHBIX M dABTOMATHYCCKHUX IIPOU3BOIACTBCHHBIX W TCXHOJIOTH-

YECKHUX IMPOLHECCOB C HUCIIOJIIL30BAHUEM aBTOMATU3UPOBAHHBIX CUCTCM Ha 0a3e MHTEIICK-

TyaJIbHBIX TGXHOJ’IOFHﬁ;

- COBCPHICHCTBOBAHUC CITOCOOHOCTH K a6CTpaKTHOMy MBIIIJICHUIO, aHAJIN3Y U CUHTC-




3y,

- HAYYUTHCS MPOBOJUTH MAaTEMaTUYECKOE MOJEIUPOBAHHUE MPOIECCOB, 000pya0Ba-
HUSI, CPEJICTB M CUCTEM aBTOMATU3aIlMU, KOHTPOJIS, AMAaTHOCTUKU U YIIPABIICHUS C UCIIONb-
30BaHHUEM COBPEMEHHBIX MHTEIUICKTYaIbHBIX CUCTEM U TEXHOJIOTHA.

CryneHT nociie u3y4eHus: TUCHUIUINHBI « IHTeeKTyanbHble CUCTEMBbI YIIPABICHUS»
JIOJDKEH

e lcnonb3yeT COBpeMEHHOE MPOTrpaMMHOE U allllapaTHoe oOecreYeHue aBTOMATH-
3UPOBAHHBIX CHCTEM, AHAJUTHYCCKHE W YHCICHHBIE METOJbI MIACHTHU(UKAIIMN MAIlWH,
IIPUBOJIOB, 000PYI0BaHUS, CUCTEM, TEXHOJIOTUUECKUX MTPOIIECCOB.

o [IpumeHsieT aHATUTUKO-YUCIEHHBIE METO/IbI ¥ KOMIUJIEKCHI POrpamMM JIJisl MOoJTyyde-
HUSI MAaTEeMaTUYECKUX MOJEJECH U UCCIAEAOBAaHUS MAIllMH, TPUBOJOB, 00OPYJOBAHUS, CHU-
CTEM, TEXHOJIOTHYECKHUX MPOIECCOB

Mertoanyeckue yka3zaHus MpeHa3HaueHbI IS BBIMOJHEHUS CaMOCTOSATEIBHOM pabo-
Thl MO0 JucHUIUIMHE «HTEIeKTyalbHbIe CUCTEMBI YIIPABICHUS» C YYETOM TPEeOOBaHUIA
®I'OC BO pia HanpasiaeHus: noarotoBku 15.04.04 — ApTomaru3zanusi TEXHOJIOTHUECKUX
MPOIIECCOB U MPOU3BOJACTB. OHU CIIOCOOCTBYIOT JyUIlIEMYy YCBOEHHUIO CTYJICHTaMU TEOpe-
TUYECKHUX TMOJIOXKEHUN M 00eCIeunBaeT MPUOOPETEHNE MPAKTUUECKUX HABBIKOB O UCCJIE-

AOBAHHUIO 3JICMCHTOB M CUCTCM dBTOMATHYCCKOI'O PCTYJIHNPOBAHUA U YIIPABJICHHA.

1. OBIIASI XAPAKTEPUCTUKA CAMOCTOSTEJIBHOM PABOTHI
OBYYAIOIIUXCA ITPHU N3YYEHUU JUCHUIIJIMHBI
«AHPOPMALNNOHHAS BE3OITACHOCTDB U 3ALHIUTA JAHHbBIX»

CamocrositenbHas pabora cryaeHToB (nanee — CPC) sBrnsercs HeoTheMIIeMOi co-
CTaBJISIONIEH 00pa30BaTEIILHOTO MpoIlecca B Y HUBEPCUTETE U SBIICTCS 005S3aTeIILHOM IS
kaxaoro crynenta. OcHoBHas 1enb CPC — ocBoeHHe B OJIHOM 00beMe 00pa3oBaTelib-
HOU TIporpaMMbl U TIoceoBaTeNIbHOe (popMuUpoBaHue KoMITeTeHIIUH 3P PEeKTUBHOM camo-
CTOSITEILHON Mpo(decCHOHANBHOM (MTPAKTUYECKON M HAyYHO-TECOPETUUECKOMN) JeATeIbHO-
ctu. CaMocTosITeNbHasE paboTa KOHKPETHA 10 CBOCH MPEIMETHON HAMpaBIIEHHOCTH U CO-

IMPOBOXKAACTCA HCIIPCPBIBHBIM KOHTPOJICEM U OHeHKOﬁ CC PC3yJIbTATOB.



KonuyecTBo 4yacoB, OTBOJMMOE Ha CaMOCTOSTEIbHYIO paboTy, onpenensercs yueo-
HBIM IUIAHOM HaIlpaBieHust noaArotoBku 15.04.04.

ConepxatensHO camocTosTenbHas pabota cryaeHToB ompeaensercs OI'OC BO
HarpaBJieHus ToAroToBkU 15.04.04, nmporpamMmoii U1 y4eOHO-METOIUYECKUM KOMILIEKCOM
JTUCHUTUIHBI « MTHTENNEKTYalIbHbIE CUCTEMBI YIIPABICHUS».

Meroanka opraHu3alud CaMOCTOSITEIbHONW PabOThl CTYACHTOB 3aBUCUT OT CTPYKTY-
pBI, XapakTepa U OCOOCHHOCTEH MUCHUIUIMHBI «VHTeNneKkTyanbHble CUCTEMBI YIpaBJie-
HUs», 00bEMa YacoB Ha ee u3ydeHue, Buaa 3aaanuit 1jist CPC, uHANBU Ty aTbHBIX BO3MOXK-
HOCTEH CTYJCHTOB U YCJIOBHM y4eOHOMU JeSTEIHHOCTH.

DopMBbI CaMOCTOSITEIBLHON PabOTHl CTYJIEHTOB ONPEICISIOTCS COAEPKAaHUEM JTHUCIIH-
uHbl «IHTENNIeKTyallbHbI€ CUCTEMbI YIIPABJICHUS», CTETICHBIO MOATOTOBIEHHOCTH CTY-
neHToB. OHU MOTYT OBITh TECHO CBS3aHBI C TEOPETUUECKUM KYpPCOM U UMETh YUE€OHBIN WK
y4eOHo-HccienoBaTebckuii  xapakrep. dopMy caMoOCTOATENbHOW pabOThl CTYJECHTOB
onpenenstor kadenpa MCOA npu pa3zpaboTke mporpamMmbl TUCHUTIIMHBL « UHTEIIIEKTY-
aJIbHBIE CUCTEMBI YIIPABICHUS.

CamocTosiTennbHas padoTa MOXKET OCYIIECTBISATHCS WHIAWBUIYAIbHO WM TPYIIIaMU
CTYJICHTOB B 3aBHCHMOCTU OT LI€JH, 00beMa, KOHKPETHOM TEMAaTUKH CaMOCTOSTEIbHOMN
paboOThI, YPOBHS CJIOKHOCTH, YPOBHSI YMEHUM CTYJICHTOB.

CPC, ne mpemycMmoTpeHHasi 00pa30BaTeIbHOW MPOTPAMMOM, y4eOHBIM IIJIaHOM H
y4eOHO-METOIMYECKUMH MaTepuaiaMi, PacKpPhIBAIOIMMUA M KOHKPETH3UPYIOIIMMH HUX
COJIEp>KaHMEe, OCYILECTBIISIETCS CTYJCHTaMU HMHUIIMATUBHO, C LEJbIO peaau3aiuu coo-
CTBEHHBIX YY€OHBIX U HAYYHBIX HHTEPECOB.

B yuebGHOM mporiecce BBIACSAIOT ayUTOPHYIO U BHEAYAUTOPHYIO CAMOCTOSITEIHHYIO
pabory.

AyautopHasi caMmocTosATeNbHas paboTta o gucruiuinie «HTemeKkTyanbHbie CucTe-
MBI YTIPABJICHUS» BBIMOJHSICTCS Ha YUEOHBIX 3aHATUAX (JICKIHUAX, MPAKTUUECKUX, Jabopa-
TOPHBIX 3aHATHUSAX M KOHCYJbTALMIX) MOJl PYKOBOJCTBOM MpENoiaBaTeisl U MO ero 3aja-
HUIO.

BueayautopHas camocTosiTenbHas padoTa CTYJICHTOB BBITIOJHSIETCS BO BHEAYIUTOP-
HOE BpeMsl 10 3aJ]aHUI0 U TP METOJUYECKOM PYKOBOJICTBE M KOHTPOJIE MPENoiaBaTes,

HO 0e3 ero HenocpeacTBeHHoro yyactus. CPC Bkitouaer B cebsi:



®[10/IFCOTOBKY K ayJIUTOPHBIM 3aHSATUSIM (JIEKIIMOHHBIM U MPAKTUYECKUM) U BBITIOTHE-
HUE COOTBETCTBYIOIIUX 3aJJaHUH;

®paboTy HAJl OTJAEIBHBIMU TEMAaMU YUYE€OHBIX NUCHMUIUIAH (MOJYJIeH) B COOTBETCTBUU
C y4eOHO-TEeMaTUIECKUMU TJIaHAMU;

® BBITIOJIHEHUE KOHTPOJIBHBIX padoT;

®[10JIFCOTOBKY KO BCEM BHJIaM MPOMEKYTOUHBIX U UTOTOBBIX KOHTPOJIbHBIX HCIIBITA-

HUMU.

1.1. IToaroroBKka K JeKIUAM

['maBHOE B mepuoja MOATOTOBKH K JICKIIMOHHBIM 3aHATUSM — HAYYUTHCA METOJAM
CaMOCTOATEJIBHOTO YMCTBEHHOT'O TPYJa, CO3HATEIbHO Pa3BUBaTh CBOM TBOPYECKHUE CIIO-
COOHOCTH M OBJIaJI€BaTh HABbIKAMHU TBOPYECKOW padOThI. /{151 3TOro HEOOXOAUMO CTPOTO
coOI01aTh AUCHUIUIMHY y4eObl U MOBeAeHUs. UeTKoe IIaHMPOBAHHE CBOEro padboyero
BPEMEHH U OTJbIXA SIBJIAECTCS HEOOXOAMMBIM YCIOBHEM JUIsl YCIEIIHOW CaMOCTOSITENIbHOM
paboThl. B OCHOBY €ro Hy>XHO NOJIOXKHTh padoyre MPOrpaMMbl U3y4aeMbIX B CEMECTPE
JTUCLUIUIVH.

Kaxnomy cTyaeHTy ciielyeT COCTaBIATh €XKEHENEIbHbI U CEMECTPOBBIN IUIaHBI pa-
00THI, a TaK)Xe IJIaH Ha KaXJbIil padounii neHb. C Beuepa Bceraa Hajlo paclnpeesarTh pa-
00Ty Ha 3aBTpalllHUi JeHb. B KOHLIe Kak0ro AHS 11eJ1ecO00pa3HO MOABOIUTH UTOT pado-
ThI: TIIATEJIBHO MPOBEPUTH, BCE JIM BBIIOJIHEHO MO HAMEUYEHHOMY IIJIaHy, HE ObLIO JIM Ka-
KUX-TH00 OTCTYIUICHHH, a e€Cu ObUIM, 10 KaKOW MPUYMHE 3TO Mpou3onnio. HyxHo ocy-
HIECTBIIATh CAMOKOHTPOJIb, KOTOPBIN SBJISETCS HEOOXOAUMBIM YCIOBUEM YCIIEUIHON yue-
Obl. Eciii 4T0-TO OCTanoch HEBBINMOJIHEHHBIM, HEOOXOJUMO HM3bICKAaTh BpeMs IS 3aBEp-
IIEHUsI 3TOM yacTu paboThl, HE YMEHbIIast 00beMa HEeIBbHOTO IJIaHa.

Crnymianve Y 3amuch JIGKIUHA — CJIOXKHBIA BUJ BY30BCKOW ayJIMTOPHOW pabOTHI.
BuumarenbHOe ciyllaHhe M KOHCIEKTUPOBAHUE JIEKIMI MpeAnojaraetT MHTEHCHUBHYIO
YMCTBEHHYIO J€ATEIbHOCTh CTyJAeHTa. KpaTkue 3anmucu JIEKUUH, MX KOHCIIEKTUPOBAHME
MIOMOTaeT yCBOUThH y4ueOHbI Marepuan. KoHCHEeKT sBisieTcsl moJIe3HbIM TOI/Ia, KOrja 3a-
IIACAHO CaMO€ CYLIECTBEHHOE, OCHOBHOE M CIENaHO JTO CaMUM CTyldeHToM. He Hamo

CTPCMUTHCA 3allCaTb AOCIIOBHO BCIHO JICKIHIO. Takoe «KOHCIICKTHUPOBAHHC) IIPHHOCHUT



OoJbIIIE BpEa, YEM MOJIb3bI. 3aMUCh JIEKIIUI peKOMEHIYETCS BECTH MO0 BO3MOKHOCTH CO0-
CTBEHHBIMHU (hopMmyrpoBKaMu. JKenaTeabHO 3aMuch OCYIECTBIATh Ha OJHOM CTpaHUIE, a
CJIEYIOIIYI0 OCTaBJATH Ui MPOpabOTKH yd4eOHOro MaTepuana CaMOCTOSITENIbHO B JIO-
MAaITHUX YCIOBUSIX.

KoHcmekT nmekmuit Jrydine moapas3iessaTh Ha MyHKTHI, maparpadsl, coOmroaas Kpac-
HYIO CTPOKY. DTOMY B OOJIBIION CTENEeHU OyayT criocoOCTBOBATh MyHKTHI TUIAHA JIEKIIUU,
NpeaioKeHHbIE TpenoaBaTesisiM. [[puHIMNUaIbHbIe MecTa, onpeneneHus, GpopmMybl U
Apyroe CleayeT COMPOBOXKIATh 3aMEUAHUSIMH «BAXKHOY», «OCO00 BAXKHO», «XOPOIIO 3a-
MOMHHUTBY» U T.I. MOXHO JieiaTh 3TO U C MOMOIIBbIO PA3HOIBETHBIX MAapKEPOB WIIM PYUEK.
Jlyumie ecnu oHM OynyT COOCTBEHHBIMH, YTOOBI HE MPHUXOAUIIOCH MPOCHUTH UX Y OJHO-
KYPCHUKOB M TEM CaMbIM HE OTBJIEKAaTh MX BO Bpems Jekiuu. llenecoobpaszno pazpabdo-
TaTh COOCTBEHHYIO «MapKorpaguio» (3HauKku, CHMBOJIbI), COKpalleHus cioB. He numHum
OylleT U U3ydyeHHe OCHOB cTeHorpaduu. Paboras Hajg KOHCIIEKTOM JICKIIUMA, BCET/1a HEOO-
XOJMMO HCIIOJIb30BaTh HE TOJBKO YUEOHUK, HO U Ty JUTEPATypy, KOTOPYIO TONOJHUTEIb-
HO peKOMeH10Bal JiekTop. FIMEeHHO Takas cepbe3Hasi, KporoTinBas padboTa ¢ JEKIIMOHHBIM

MaTCcprajIOM IMO3BOJIUT FJ'I}’6OKO OBJIAJACTh 3HAHUSAMMU.

1.2. IloaroroBKa K NPAKTHYECKUM 3aAHATHAM

[ToAroTOBKY K KakKIOMYy MPAKTUYECKOMY 3aHATHUIO CTYJIEHT JOJKEH Ha4yaTh C O3Ha-
KOMJICHUSI C METOJIMYECKUMH YKa3aHWSIMH, KOTOpbIE BKIIOYAIOT COJAEp)KaHWE padOTHI.
TrrarensHOE TIPOYMBIBAHME M M3YYCHHE BOIPOCOB OCHOBBIBACTCS HA MPOPAOOTKE TEKY-
IIeT0 MaTepuaa JEKIMH, a 3aTeM U3YUYeHUs 0053aTeNbHOM U JOTIOJHUTEIBHOM JINTEpaTy-
pBI, PEKOMEHIOBAaHHYIO K JaHHOU Teme. Ha 0CHOBE MHIMBUAYaIbHBIX MPEIMOYTCHHH CTY-
JIEHTY HEOOXOIMMO CaMOCTOSTENIBHO BBIOpATh TEMY JOKIaja Mo MpoOaeMe U 10 BO3MOXK-
HOCTH TIOJTOTOBUTH MO HEMY MPE3CHTAIIUIO.

Ecau mporpamMmoit JUCITUTUIMHBI MPETyCMOTPEHO BBITIOJIHECHHE TIPAKTHYECKOTO 3a]1a-
HUS, TO €r0 HEOOXOJUMO BBITIOJIHUTH C YYETOM MPEIOKEHHON MHCTPYKIUHU (YCTHO WIIH
MMCbMEHHO). Bce HOBBIE MOHATHSA TIO M3y4aeMOil TeMe He0OXOMMO BBIYYUTh HAM3YCTh U
BHECTH B TJIOCCApUi, KOTOPBIN 11€1ec000pa3HO BECTH C CaMOT0 Hayayia W3y4deHHs Kypca.

Pesynbrar Takoi pabOThI TOJDKEH MPOSIBUTHCSA B CIIOCOOHOCTH CTYJIEHTa CBOOOJHO OTBE-



TUTh Ha TEOPETHUYECKHE BOMPOCHI CEMUHApPA, €ro BBICTYIUICHUH M YYAaCTUU B KOJIJICKTHB-
HOM OOCYXJICHHH BOTPOCOB M3y4aeMOUW TEMbI, MPABUILHOM BBITIOJHEHUU MPAKTHUECKUX
3aJIaHUi U KOHTPOJILHBIX PadoT.

B 3aBucuMocTH OT coaepkaHusl U KOJUYECTBA OTBEJACHHOTO BPEMEHU HA M3YyUCHHE
Ka)XJ1I0M TeMbI MPAKTUYECKOE 3aHATUE MOXKET COCTOSITh U3 YETHIPEX-TISITU YACTEH:

1. OGcyxaeHre TEOPETUUECKUX BOMPOCOB, OMPEEICHHBIX MPOrpaMMON AUCIIUILIN-
HBI.

2. Jloxnaa u/viid BRICTYTUICHHUE C TIPE3CHTAIIMSIMU TI0 BRIOPAHHOU TTpodIeme.

3. OGcy>k1IeHHEe BBICTYIUICHU 110 TEME — JUCKYCCHSL.

4. BpInoNIHEHUE TPAKTUYECKOTO 3aJaHus C MOCIEAYIONUM pa30o0poM MOITYUYEHHBIX
PEe3yJbTAaTOB WM 00CYXICHUE TPAKTUUECKOTO 3aaHusl.

5. IloxpBeneHne UTOrOB 3aHATHS.

IlepBasi yacTh — OOCYKJIEHHE TEOPETUUECKUX BOMPOCOB — TMPOBOJUTCS B BUJIC
(dbpoHTaNbHOM Oeceqbl CO BCEHl IPYIION U BKIIOYAET BHIOOPOYHYIO MTPOBEPKY IMPEMNo/iaBa-
TEJIEM TEOPETUUECKUX 3HAHUU CTYJIeHTOB. [IprMepHas mpogoIKUTEIbHOCTh — A0 15 Mu-
HyT. BTOpas 4acTh — BBICTYIUICHUE CTYJEHTOB C JOKJIaJaMH, KOTOPBIE JOJKHBI COIPO-
BOXKJAThCSl MPE3CHTALMAMU C LEIbI0 YCUJIEHUS HATJIITHOCTH BOCIIPUATHS, IO OJJHOMY M3
BOIPOCOB MPAKTUYECKOT0 3aHsATHs. O0s3aTeIbHBIN AIEMEHT JOKJIaa — MPEICTaBICHUE U
aHaJIN3 CTAaTUCTUYECKHUX JTaHHBIX, 0OOCHOBAHUE COIMAIBHBIX MOCIEACTBUI JIIOOOTO JKO-
HOMHUYECKOTO (akTa, siBJieHus WK npoiiecca. [IpumepHas npogomxuTenbHOCTh — 20-25
MuHyT. [locnie nokamoB cieayeT ux oOcCyxiaeHue — Jauckyccus. B xome sToro srama
MPAKTUYECKOTO 3aHATHS MOTYT OBITh 3a7aHbl YTOUHSIOIIME BOIMPOCHI K JOKJIAIYUKAM.
[TpumepHast mpoaOBKUTENBHOCT — 10 15-20 munyT. ECiiu mporpammMoii mpeaycMOTPEHO
BBITIOJTHEHUE MTPAKTUYECKOIO 3aJlaHusl B paMKaX KOHKPETHOW TEMbI, TO MPEroiaBaTeIsiMU
OTIPEIENSIETCS €T0 COACpPIKAHWE M JACTCS BPEMS Ha €ro BBHINIOJHEHHE, a 3aMeT UIET 00-
CyXJIeHUE pe3ynbTaToB. [loaBeeHEeM UTOTOB 3aKaHUMBACTCS MPAKTUYECKOE 3aHSITHE.

B mporiecce moAroToBKH K MPaKTUUECKUM 3aHSATUSAM, CTyJIEHTaM HeoOxoaumo obpa-
TATh 0CO0O€ BHHUMAHHE Ha CAMOCTOSITEIHHOE H3YYCHHE PEKOMEHJOBAHHOW y4eOHO-
METOJIMYECKOM (a TakKe HayYHOUM U MOMyJsipHOi) nuTepaTypbl. CamocTosiTebHas padoTa
C y4eOHUKaMH, Y4eOHBIMHU TTOCOOUSIMU, HAYYHOM, CIPABOYHON U TOMYJISIPHOM JIUTEpaTy-

pOﬁ, MaTcpruajiaM IMEPpUOJUICCKHUX I/ISJIaHI/Iﬁ u I/IHTCpHeTa, CTaTUCTUYCCKUMH OJaHHBIMH



sBIIsieTCS HanboJee 3(h(HEKTUBHBIM METOIOM TOTYYCHHUS 3HAHUH, MIO3BOJISIET 3HAYMTEIIHHO
aKTUBU3UPOBAThH TPOIIECC OBJIAJIEHUs HWH(POPMAIMEH, CIOCOOCTBYeT Oojiee TIIyOOKOMY
YCBOCHHIO U3yYaeMOro MaTepuraia, GOpMHUPYET Y CTYJACHTOB CBOE OTHOIIICHHUE K KOHKPET-
HOM mpobisieme. bosiee riry0oKoMy pacKphITHIO BOIIPOCOB CIIOCOOCTBYET 3HAKOMCTBO C JIO-
MOJTHUTEIBHON JTUTEpaTypoOl, PEKOMEHJIOBAHHOW TpenoaBaTelieM M0 KaKIOW TeMe ce-
MHHAPCKOTO WJIM TPAKTUYECKOTO 3aHATHUS, YTO MO3BOJISICT CTYICHTaM MPOSIBUTH CBOIO MH-
JIMBHUIyaJIbHOCTh B paMKaxX BBICTYIUICHUS HA JaHHBIX 3aHATHUSX, BBISBHTH IIMPOKHIA

CIEKTP MHEHUI IO U3y4yaeMoi polieme.

1.3. CamocTosiTeJIbHOE H3y4YeHHEe MATePUAJIa TeM

Koncnekr — nHaubosiee coBepiieHHas U Haubosee cioxHas ¢opma 3anucu. CioBo
«KOHCTEKT» MPOUCXOJUT OT JIATUHCKOTO «conspectus», 4To O3Ha4aeT «0030p, M3II0XKe-
HUE». B TIpaBMIIBHO COCTaBIEHHOM KOHCIIEKTE OOBIYHO BBIJICIICHO CAMOE OCHOBHOE B HM3Y-
4aeMOM TEKCTE, COCPEIOTOYCHO BHUMAHHWE Ha HamOoJiee CYIIECTBEHHOM, B KPaTKUX U
4eTKUX (HOPMYITHUPOBKaX 000OIIECHBI BAXKHBIE TEOPETUUECKUE TTOTOKEHUS.

KoHcnekT npencraBisger co00l OTHOCUTENBHO MOAPOOHOE, MOCIEAOBATEIBHOE W3-
JIO’)KEHHE COJIepKaHusl pounTaHHOro. Ha mepBhIx mopax 1enecoo0pa3Ho B 3amUCsIX Oiu-
Ke JIepkKaThCs TEKCTy, MpUOeras 3a4acTyl0 K MPSIMOMY ITMTUPOBAHHMIO aBTOpa. B mamb-
HEeHIeM, 1Mo Mepe BhIPaOOTKH HABBIKOB KOHCIIEKTUPOBAHMS, 3alTMCH OyAyT HOCUTH OoJiee
CBOOOIHBIN M CIKATBIM XapakTep.

KoHcrekT kHuTH 00BIYHO BeJETCs B TeTpaau. B camoM Hadaie KOHCIIEKTa yKa3biBa-
eTcst (haMuITusl aBTOPA, MOJTHOE Ha3BaHUE MPOU3BEIEHUS, U3IATEIBCTBO, TOJ U MECTO U3-
nanus. [Ipyu muTrpoBannm o0s3aTeNbHAS CCHUIKA HA CTPAHUIY KHHUTU. Eciu nurara B3siTa
13 cCOOpaHUsl COYMHEHUM, TO HEOOXOAMMO yKa3aTh COOTBETCTBYIOMUM ToM. ClieryeT moM-
HUTbH, YTO YETKas CChUIKA HA MCTOYHUK — HEMPEMEHHOE MPABUJIO KOHCIIEKTUPOBAHMSI.
Ecnm koHCTIEKTHPYETCS CTaThsl, TO YKa3bIBAeTCS, T/I€ M KOT/Ia OHA Obljla HareJyaTaHa.

KoHcnekT moapasaensercss Ha 4acTh B COOTBETCTBUU C 3apaHee MPOyMaHHBIM IIjia-
HOM. [IyHKTHI MJIaHa 3aMMCHIBAIOTCSA B TEKCTE WM HA MOJAX KOoHcmekTta. [lucath ero pe-
KOMEH/TyEeTCSl YETKO U pa300pUMBO, TaK KaK HEOpExKHas 3aIUCh C TCUCHHEM BPEMEHH CTa-

HOBHUTBCSI MAJIOMOHSITHOU 1 €€ aBTOpa. CYI]_IGCTByeT IIpaBHUJIO: KOHCIICKT, COCTaBJICHHBIN



11 ce0s1, TOJKEH OBITh IO BO3MOYKHOCTH HAMUCAH TaK, YTOOBI €ro JIETKO MPOYUTAT U KTO-
00 IPYTOM.

@DopMBI KOHCTIEKTa MOTYT OBITh Pa3HBIMUA W 3aBHUCSIT OT €r0 IEJIEBOTO Ha3HAYCHUS
(u3yueHue MaTepuraia B IEJIOM WJIH TI0J] OTPEACICHHBIM YTJIOM 3PSHHS, TIOJATOTOBKA K JI0-
KJIaTy, BBICTYIUICHUIO HA 3aHSATHU H T.J.), a TAKXKE OT XapakTepa Mpou3BeAcHUs (MOHO-
rpadus, cTaThs, JOKYMEHT U T.IL.). ECIU peub UAeT MpoCcTO 00 M3IOKCHHH COACPKAHWSI
paboThI, TEKCT KOHCIIEKTa MOXET OBITh CIUIOIIHBIM, C BBIJCIICHHEM 0CO00 Ba)KHBIX TOJIO-
KEHUHN TIOTYEPKUBAHUEM WM PA3TUIHBIMUA 3HAYKAMHU.

B cnyuae, korga He OTpaHHYMBAIOTCS MEPEIIOKEHUEM COJIEpPIKaHus, a PUKCUPYIOT B
KOHCIIEKTE U CBOM COOCTBEHHBIE CYXICHHS IO JAaHHOMY BOMPOCY WM JOIOJHSIOT KOH-
CIIEKT COOTBETCTBYIOIIMMH MaTepHaIaMu UX JAPYTUX UCTOYHUKOB, CICITYyET OTBOJAUTH Me-
CTO JIJISl TAKOTO pojia 3amuceil. PekomeHayeTcs pa3nenuTh CTPaHUIIbl TETPAIH MOIOJIAM 10
BEPTUKAJIA U B JIEBOM YaCTH BECTH KOHCIEKT MPOU3BEICHUS, a B TIPaBOl CBOM JIOTOJTHU-
TEJIbHBIC 3aITMCH, COBMEIIAs UX IO COJIEPKAHUIO.

KoHncnekTupoBanue B 60JbIIIEH Mepe, UeM Ipyrue BUJIbI 3allUCei, TOMOTaeT Bhipada-
THIBATh HABBIKWA MPABUIILHOTO M3JI0KEHUS B TUCHMEHHON (popMe BaKHBIC TEOPETHUCCKUX
U TIPaKTUYECKHUX BOIPOCOB, YMEHUE YETKO UX (POPMYJIHPOBATH U SICHO U3JIaraTh CBOMMU
CJIOBaMH.

Takum oOpa3oM, cOCTaBJICHUE KOHCIEKTa TpeOyeT BIyMUYUBON pabOThI, 3aTpaThl
BPEMEHHU M TpyJla. 3aTO BO BpeMsi KOHCTICKTUPOBAHUS MPUOOPETAIOTCS 3HAHUS, CO3/IaeTCs
dhoHp 3anucei.

KoHcnekT MokeT ObITh TEKCTyaJbHBIM WM TeMaTH4YeCKUM. B TeKCTyaabHOM KOH-
CIIEKTE COXPAHSIETCS JIOTUKA U CTPYKTypa U3ydaeMoro MPOU3BEICHUS, a 3aliCh BEACTCS B
COOTBETCTBHHM C PACIOJIOKCHHEM MaTepuana B KHUTE. 3a OCHOBY TEMaTHYECKOTO KOH-
CrieKTa OepeTcs He IUIaH MPOU3BEICHUS, a COJICPIKAHNE KaKOW-TMO0 TEMbI WA TTPOOIIEMBI.

TexcTyanbHBIA KOHCIICKT JKEJATeIbHO HAYMHATH TOCIIe TOTO, KaK BCS KHUTA TPOYH-
TaHa W TpOJyMaHa, HO 3TO, K COKaJleHHWI0, HE BCErJa BO3MOXHO. B mepByro odepesnn
HEOOXOJMMO COCTaBUTh TUIAH MPOU3BEACHHS MUCHMEHHO WM MBICIICHHO, TTOCKOJIBKY B
COOTBETCTBHH C 3TUM IIJIAHOM CTPOUTCS JaiabHekmas padora. KoHCIeKkT BKiIFOUaeT B ce0s
TE3HUChI, KOTOPHIE COCTABIISIIOT €ro OCHOBY. Ho, B oT/iiuMe OT T€3MCOB, KOHCIIEKT COJEP-

JKUT KPATKYIO 3allMCh HC TOJIBKO BBIBOJOB, HO M N0KA3aTCJIbCTB, BIIJIOTH 10 (baKTI/I‘IeCKOFO



MaTepuana. MlHade ToBops, KOHCIIEKT — 3TO PaCIIMpPEHHBIC TE3HCHI, JOMOJHEHHBIC pac-
CYXXIIEHUSMH U JIOKA3aTeJIbCTBAMU, MBICTISIMUA U COOOPKCHHUSIMU COCTABUTEIIS 3AITUCH.

Kax mpaBuio, KOHCIIEKT BKJIIOYAET B c€0s M BBIMUCKHA, HO B HETO MOTYT BOWTH OT-
JeNIbHBIC MECTa, IUTHPYEeMbIe JOCIOBHO, a Takke (DaKThl, MPUMEPHI, ITUQPPHI, TAOTHUIIBI U
CXEMBI, B3sThIe U3 KHUTH. ClleyeT MOMHUTh, YTO pad0Ta HaJ KOHCIIEKTOM TOJIBKO TOT/Ia
OyZeT TBOPYECKOM, KOTJ]a OHa HE OTpaHWYeHa TEKCTOM M3ydaeMoro mpousBeneHus. Hyx-
HO JIOTIOJTHATH KOHCIIEKT JaHHBIMH U3 IPYTUX UCTOYHUKOB.

B xoHcmekTe He0O0X0IMMO BBIJICTATH OTACIBHBIE MECTa TEKCTA B 3aBUCUMOCTH OT UX
3HaYUMOCTH. MOKHO TIOJIb30BaThCS PA3TMYHBIMU CIIOCOOAMMU: TIOYEPKUBAHUSIMHU, BOIIPO-
CUTEHHBIMA ¥ BOCKJIMIIATEIILHBIMU 3HAKaMH, PETUIMKAMH, KPAaTKUMHU OIEHKaMH, MHUCaTh
Ha TIOJIIX CBOMX KOHCIICKTOB CJIOBA: «BAKHOY, «OUYEHb BAKHO», «BEPHOY, «XapaKTCPHOY.

B KoHCHEKT MOTyT MOMENIAThCA TUarpaMMbl, CXEMbI, TaOJIHUIIbI, KOTOPhIE MPUIATYT
€My HarJISTHOCTD.

CocTaBieHHI0 TEMaTUYECKOr0 KOHCIEKTa MPEANIeCTBYET TIIATEIbHOE H3y4YEeHUE
BCEH JIMTEpaTypbl, MOJOOPAHHOM Il paCKPBITUS TaHHOW TeMbl. bbIBaeT, 4To Kakas-J1u0o
TeMa pPacCMaTPUBACTCS B HECKOJBKHUX TJIaBaX WX B Pa3HBIX MECTaX KHUTU. A B KOHCTICKTE
BECh MaTepuall, OTHOCSIIUICS K TeMe, OyJeT COCPEAOTOUEH B OJTHOM MecTe. B rutane koH-
CIIEKTa PEKOMEHIYETCs JeNlaTh MOMETKH, K KaKUM HCTOYHUKaM (BIUIOThH JO CTPAHUIIBI)
MPUACTCS OOPATUTHCS JIJIST PACKPBITHS BOMPOCOB. TeMaTUYECKU KOHCIIEKT COCTaBIIsICTCA
OOBIYHO JJISI TOTO, YTOOBI TIy0Ke U3YUUTh OIMpPEAESIEHHbIN BOMPOC, MOATOTOBUTHCS K J0-
KJIaTy, JICKITUU WU BBICTYIUICHHIO Ha CEMUHAPCKOM 3aHATHH. Takoi KOHCTEKT IO COAep-
KAHUIO TIPUOIIMKAETCS K pedepary, ToKIaay o u3bpaHHON TeMe, 0COOEHHO €CITU BKITIO-

4aeT U COOCTBEHHBIN BKJIAJ] B U3YyUCHHUE MPOOIEMBI.

2. CPEACTBA OHIEHUBAHMUSA YPOBHA COPOPMUPOBAHHOCTHU
KOMIIETEHIIUA OBYYAIOIINXCSI ITPH U3YUEHUU TUCIIUILIAHBI
«(ITPOEKTUPOBAHUME CUCTEM ABTOMATHU3ALINN»

Bonpocs aist codeceroBaHusi



Tema 1. OcHOBBI MHTENIEKTYAIbHOTO YIPABIEHUS CIOKHBIMUA JTUHAMHUYECKUMH 00b-

E€KTaMH.

1. [TosicauTh mporiecc GOpMUPOBAHUS BUPTYAIbHBIX U (DU3UICCKUX aJPECOB Ce-
™ CMAC.

2. Ha yeM oCHOBBIBaCcTCS CIOCOOHOCTh HEHPOHHOM CETH 00y4aThCs C UCIIOJIB30-

BAaHHUEM IPEABIIYIIETO ONbITA?

3. 3a cuer yero cokpaujaercs oobem namatu cethu CMAC mo cpaBHEHHUIO C
KJIACCUYECKHUM CIIOCO00M XpaHeHUs PYHKIUN TaOIudHON aprudMeTHKN?

4. [TokazaTh 3aBHCUMOCTHh HH(POPMAITMOHHOW EMKOCTH CETH OT €€ MapaMeTPOB.

3. OObsicHUTE COJEpKaHHE 3aJaud alpPOKCUMAaluu (PYHKIMH MHOTHX Iepe-
MEHHBIX HA MHOTOCJIOMHOW HEUPOHHOMU CETH.

6. B dyem coctouT sTam MOATOTOBKH JAHHBIX JJisi 0Oy4Y€HHUsSI MHOTOCIOWHOU

HCprOHHOfI CCTHU B 3aJ1a4C aIllllpOKCHUMall1 Q)YHKHI/II/I MHOI'IX HGpGMGHHBIX?

Tema 2. YmpaBieHue TMHAMUYECKUMU OOBbEKTaMH HAa OCHOBE TEXHOJIOTHUU IKCIEPT-

HBIX CHUCTEM.

1. OOBsicHUTE coAepKaHUE 3a7a4M MIPOTHO3a BPEMEHHBIX PSAOB Ha MHOT'OCIIOM-
HOW HEMPOHHOM CETH.

2. B dem cocTtouT 3Tanm MOATOTOBKM MAHHBIX i OOY4YEHHUS MHOTOCIIOWHOM
HEWPOHHOM CETH B 33Ja4€ MPOTHO3a BPEMEHHBIX PAJIOB?

3. OObsicHUTE cofiepKaHKe 3a7aul KJIaCCU(PUKAIUMU JAHHBIX Ha MHOTOCJIOWHON
HEUPOHHOM CETH.

4. B yem coctouT sTanm MOATOTOBKM JAHHBIX JJisi OOYYE€HHUS] MHOTOCJIOWHOM
HEHWPOHHOU CETH B 3aJlaue KJIacCU(UKAITUU TaHHBIX ?

S. Kaxoil kputepuil ucnosib3yercsi Ipu pelIeHU 3a/1auu KiIacCU(PUKaLUU J1aH-
HBIX C IIOMOIIbI0 MHOTOCJIOWHOW HEMPOHHOU ceTn?

6. Kakue mpaBuna octanoBa mpoiecca o0ydennss MHC npumeHstoTcs B mpak-

THYCCKHUX HpHJ’IO)K@HI/IHX?



Tema 3. YnpasieHue 1MHaMUYECKUMU OOBbEKTAaMH Ha OCHOBE TEXHOJIOTUU HEWpoce-
TEBBIX CTPYKTYD.

I. B gyem cocTout yHKIMOHATRHAS 33a7a4a JOTMOIHUTEIIBHOTO OJIOKA TIPHHITHS
peuienus Ha Boixoje MHC npu ucnosnp30BaHuM €€ B KaueCTBE KJIacCU(PUKATOPa JaHHBIX ?

2. [Touemy upe3MepHOE yBEIMYECHHE YMCIIa HEMPOHOB CKPBITHIX cioeB B MHC
[IPY PELICHUH 3aJ]a49M ANNPOKCUMALIMM MOXKET YXYAIINUTh TOYHOCTHBIE MIOKA3aTEIN CETU?

3. Kakoe cBOWMCTBO HEMPOHHOM CETU UMEETCS B BUAY?

4. [Touemy Ha 3amaun KiIaccU(PHUKAIMU JAHHBIX W MPOTHO3a BPEMEHHOTO psiaa
pacnpoCTpaHAIOTCA T€ ke peKOMEeHauu 1o BeiOopy apxutektypsl MHC, uto 1 B 3agaue
anmpoKCUMAIUHU (PYHKIIMH MHOTUX TIEPEMEHHBIX ?

3. Kakne Bbl MOXeTe NMPEMIOKNTh HEMPOCETEBBIE PELICHMS 3aJadd MPOTHO3a
BPEMEHHOT0 Psiia OJHOBPEMEHHO HA HECKOJIBKO IOCIIE0BATENBHBIX BPEMEHHBIX TAKTOB?

6. [IpensioxkuTe BapuUaHT IMOCTPOCHHSI HEWPOCETEBOro KiaccuPpUKaTopa MpH
YHClIe KJIAcCOB 4 C UCNOJIb30BAHUEM MHOTOCIOMHBIX HEMPOCETEBBIX KIaCCU(PUKATOPOB Ha

2 kiacca?

Tema 4. Ynpasienue 1MHaMUYeCKUMU O0ObEKTaMH Ha OCHOBE TEXHOJIOTUU HEWpoce-

TEBBIX CTPYKTYD.

1. Kakue ocobenHOCTH (QYHKIIMOHUPOBAHUS OMOJIOTHYECKOTO HEUPOHA YUTEHBI
[IPU TOCTPOCHUU MAaTEMATUYECKON MOJEIHN TEXHUUYECKOTIO HeMpoHa?

2. Hanumure ypaBHeHHE (PYHKIIMOHUPOBAHUSA TEXHUUECKOTO HEHpPOHA.

3. Urto Ha3bIBaeTCs aKTUBAIIMOHHOW XapaKTEPUCTUKOH (MepeaaTouyHou pyHKIIH-
eil) Heiipona? IlpuBeaure npumepsl.

4. Kakumu cBolicTBaMu 0071a1al0T CUTMOU/IAJIbHBIC HEJIMHEWHBIE MpeoOdpa3oBa-
tenu? IIpuBeaure npumepsl.

5. Uro Ha3bIBaeTCSd CHUHANTUYECKUMH KO3(DPUIMEHTOM Wij MareMaTH4eCcKOou
MO/IeJIM HEHPOHHOM ceTu?

6. Hanummre ypaBHeHHs, XapakTepu3yrOlMe AWHAMUKY HEHPOHHOW CETH B
JTMCKPETHOM BpeMeHH (cKaysipHas hopma).

7. Hanummure BEKTOPHO-MaTPUYHBIE YPAaBHEHUS, XapAKTEPU3YIOIINE TUHAMUKY

HEUPOHHOM CETU B JUCKPETHOM BPEMEHU.



Tema 5. YnpaiieHne AMHAMUYECKUMU OOBEKTAMH HAa OCHOBE TEXHOJOIM acCOLMA-

TUBHOMU MMaMATH

1. Kak 3anuceiBaroTcs HayaabHbBIE YCIOBHS I YPABHEHUIN TUHAMUKH HEUPOH-
HOU cetu?

2. [TocTporiTe MaTeEMaTUYECKOE ONIMCAHUE HEUPOHHOW CETH, ITPEJICTABIICHHOW Ha
PHUCYHKE a.

3. Kakas HelipoHHasi ceTh Ha3bIBA€TCSI PEKYPPEHTHON?

4. OObsicHuTe 0COOEHHOCTH (YHKIMOHUPOBAHUS HEHPOHHOM CETH MPSMOTO
pacnpoCTpaHEHUS.

5. Kakumu ocoOeHHOCTSIMU 00J1aJlaeT MaTeMaTUYECKOE OMKMCaHUE MHOTOCIOM-

HOW HEHUPOHHOU ceTH?

6. OO0bsicHUTE NPUHLINI (PYHKITMOHUPOBAHUS CTOXACTHYECKOTO HEUPOHA.

7. Kakas akTuBallmOHHAsE XapaKTepUCTUKa JOJDKHA OBITh HCIIOJIB30BAHA B Jie-
TEPMHUHUPOBAHHOM HEMPOHE, KOTOPBIA BOCIIPOM3BOIUT CPEJHEE 3HAUCHHUE BBIXOJ1A CTOXA-
CTUYECKOTr0 HEWpOHA?

8. B uem cocrout 3aaua pacno3zHaBanusi o0pa3on? Kakas nndopmanus 1omkHa

OBITH Mpe/icTaBIeHA 00 00BEKTE MPU PELICHUN 3a]]a4 paclio3HaBaHUs 00pa30oB?

Tema 6. Ynpapienue TUHAMHUYECKUMU OOBEKTAMH Ha OCHOBE TEXHOJIOTH accoIlua-

TUBHOM IMaMSITH

1. Kakyro 3agauy peurer cetb XeMMHUHTa?

2. B kakoil popme npeacTaBieHbl XapaKTEPUCTUKU O0OBEKTOB MPU PEIICHUN 3a-
Jla4 pacro3HaBaHus 00pa30B ¢ MOMOIILI0 CETH XEeMMUHTA?

3. Kakum criocoboM 3a/1aHbl KIIACChl MPU PENICHUH 3a7]a4d paclio3HaBaHUsS 00-
Pa30B C MOMOIIBIO CETH XeMMUHTa?

4. ChopmynupyiiTe KpUTEpHii ONTUMATLHOCTH OTHECEHUSI 00BEKTA K OJTHOMY U3
KJIACCOB IPH IPUMEHEHNUH CETU XEMMMUHTA.

5. Kakoe conep:kaHue MMEIOT BBIXOJIHBIE 3HAYEHUsI HEUPOHOB paboyero cios

ceTtu XemMmuHura?



6. CKobKO HEHWPOHOB COMEPKUT pabouunii ciaoil cetn XemmuHra? KakoBbl ux

AKTHUBALIlMOHHBIC XapaKTepI/ICTI/IKI/I?

Tema 7. YopaBieHnue AMHAMUYECKUMHU OOBEKTAMH Ha OCHOBE TEXHOJOTHM HEUETKOU
JIOTUKHU

1. Kakumu crnocobamMu MOXKHO pelath 3agady Houcka mMakcumyma cpeau K
3HAYEHUH MTPU OCTPOCHUU CETU XEMMUHTa?

2. Hapucyiite cxemy HEHpOCETEBOTO KOMITapaToOpa Ha JBa BXOJa M OOBSICHUTE
ero pabory. Kakue akTHBaIllMOHHBIE XapaKTEPUCTUKU HEUPOHOB HCIIONB3YIOTCS B CXEME
HEWpOCEeTeBOro Kommnaparopa?

3. O0bscaute npunuun nocrpoenus: cetu MAXNET npsimoro pacnpoctpane-
HUS [IPU TPOU3BOJIBHOM YMCJIE BXOJOB C MCIIOJIB30BAHUEM HEHPOCETEBOI0 KOMIIApaTopa
Ha J1Ba BXOJA.

4. Hapucyiite cxemy pexyppenTHoil cetnt MAXNET. Kakue HauanbHbIE yCI0-
BHS yCTaHABIIMBAIOTCS HA CETU?

5. Kaxkoii mapamerp pexypperTtHoilt cetu MAXNET MmokeT BIusITh Ha €€ ObICT-
ponericTBue?

6. OObsicHuTe NpUHLKI padoThl pekyppeHTHoM cett MAXNET.

Tema 8. [IpuMeHEeHNE MHTEIUIEKTYaJIbHBIX TEXHOJOTHI B 33/1a4ax yIpaBICHUS
1. Uto Ha3pIBaeTCS aBTOACCOUMATUBHOM NaMAThIO? [IpuBeauTe mpumep.
2. Urto Ha3bIBaeTCS aTTPAKTOPOM JUHAMUYECKON cUCTeMbl? OOBSCHUTE MPHUH-
LAIl PUMEHEHUS TUHAMHUYECKHX CHCTEM C MHOKECTBOM aTTPAKTOPOB ISl TOCTPOCHMS

aCCOIIMaTUBHOU MaMSATH.

3. Harnuimute ypaBHeHHs] TMHAMUKY ceTU Xonduiaa.
4. Yemy paBHO Ha4YaJIbHOE COCTOSIHUE HEMPOHOB ceTu Xonduiaa?
5. OOBbscHUTE pa3Iuyie CUHXPOHHOTO M aCUHHXPOHHOTO PEXHUMOB (DYHKIIMOHH-

pOBaHUSI PEKyppEeHTHOUN HeipoHHOU ceTn. Kakoil u3 pexxuMoB (yHKIIMOHUPOBAHUS HC-
nojb3yeTcs B ceTu Xonduiaa?
6. KakuM BbIpakeHHEM OTpeeieH dHEepreTHUeckuil (yHKIMOHAT B TIpoliecce

paboTsl cetn Xondunaa?



7. [ToueMy Bpemsi JOCTHXKEHHUS CEThIO XomMpuijga OJHOTO W3 aTTPAKTOPOB M3
MIPOU3BOJIBHOTO HAYAJIBHOTO COCTOSIHUSI KOHEYHO?

8. Kak paccunthiBaeTcs MaTpuila CHHANTHYCCKUX KO3(PPUIMeHToB ceTu XOII-
dbunna? Kakumu cBolictBamu oHa o6J1agaet?

9. Kak npubnmxeHHOo oleHnBaeTcsl 00beM NamsaTu ceTy Xonduiaa?

KpuTtepun onieHnBaHusi KoMIeTeH M

OueHka «3a4TeH0» BBICTABISETCS CTYIEHTY, €CJIM OH TBEPAO 3HAET Marepual, rpa-
MOTHO U IO CYIIIECTBY M3JIaraeT €ro, NpaBUIbLHO MPUMEHSET TEOPETHUYECKUE TOTO0KEHUS
NP PEIICHUU MPAKTUYECKUX BOMPOCOB U 3ajad, BiIaJeeT HEOOXOAMMBIMU HAaBBIKAMU U
MpUEMaMU UX BBINOJHEHUA. J{OMyCcKalTCsl HEKOTOPbIE HETOYHOCTH, HEAOCTATOYHO Mpa-
BUWJIbHBIE (DOPMYIIMPOBKU B U3JIOKEHUU MTPOTPAMMHOTO MaTepuaia, 3aTpy/IHEHUs TIPU BbI-
MOJIHEHUH MPAKTHYECKUX PadoT.

OneHKa «He 3a4TEeHO0» BBICTABJISAETCS CTYACHTY, €CJIM OH HE 3HAET 3HAUUTEIILHON Ya-
CTH MPOrpaMMHOTO MaTepuaja, JOMYCKAeT CYIIECTBEHHBbIE OIIMOKH, HEYBEPEHHO, C

OOJIBIITUMHA 3aTPYAHCHUAMM BBIITIOJHACT IMTPAKTUYCCKHUC 3a1aHN.

3. OTHETHOCTD IO JUCHUIT/IMHE

VYcneBaeMocTh CTYJIEHTOB MO AMCLMIUIMHE OLICHUBAETCS B XOJI€ TEKYLIEr0 KOHTPOJIS
YCIIEBAEMOCTHU ¥ IPOMEKYTOUYHOM aTTECTALIMH.
JUIst CTYJIEHTOB OYHO-3209HOM (OpMbI OOY4YEHHsS] PEUTHHIOBas OLIEHKA 3HAHWUW HE

MpeayCMOTpPEHA
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