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MeTtoamaeckue yka3zanus pazpaboransl B coorBeTcTBHM ¢ TpeboBanmiMu OI'OC BO B wacrtu co-
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BeedeHue

B nocnegnue ronbl aKTUBHO HCTIONB3YKOTCS MOJENU U METO/bl, OCHOBAHHbIE HA TEOPUM HEYETKHX
MHOXKECTB, THOPHIHBIX U HEMpOHHBIX ceTeil. CHucTeMbl MCKYCCTBEHHOI'O MHTEIUICKTA TNPUMEHSIOTCS JJIS
peleHus 3a7a4 aImpoKCHUMAlH, KIaCTepU3allH, paclio3HaBaHUs 00pa30B, a TAKKE MPUHATHSA PELICHUNA U
yIpaBJIeHUs MPH HeYeTKoW M HedopMalnM30BaHHON McXomHoW uHpopMmalmu. B Hacrosiiee Bpems cdop-
MHpPOBaHa COBOKYITHOCTh METOJIOB M TPUEMOB MCTIOJIb30BAHMSA HCKYCCTBEHHOTO MHTEJUIEKTA, JIOKa3aHa ee
3(HeKTUBHOCTH U MPAKTHUY€CKasl 3HAYUMOCTb.

JlanHoe y4eOHO-METOAMYECKOe MOCOOME MpeJHA3HAYEHO I M3Y4YEHMsI CTIOCOOOB MPAKTUIECKON
peanm3alyy HeUeTKUX M THOPHIHBIX CUCTEM, HEHPOHHBIX CeTel B CUCTEMaX YIpPaBJICHHS.

B pesynbraTe BBINONHEHUS TMPECTABICHHBIX JaOOPaTOPHBIX pabOT CTYACHTHI M3ydaT CTIOCOOBI
MOCTPOCHHUST CHUCTEM HEYETKOrOo BBIBOAA M TOCTPOCHMS AaJaNTHBHBIX HEYETKUX CHUCTEM (TMOPHIHBIX
HelpoHHbIX ceTel). [lomydyeHHple NpakTUYECKUe 3HAHWS TMO3BOJAT CTyAeHTaMm HampaBieHus 15.04.04 —
«ABTOMATH3AIMS TEXHOJIOTMYECKHUX MPOLIECCOB» pa3paldaThiBaTh HHTEIUICKTYaJbHbIE CUCTEMBI YIpPaB-
neHus Ha 6ase anmapaTa HeYeTKOM JIOTUKA M HEMPOHHBIX CeTeil.

Kon dopmyIHpOBKa
OK-1 Crnoco0HOC T K a0CTPAaKTHOMY MBIIUICHHIO, QHAITU3Y U CHHTE3Y
I1K-16 Crtoc 06HOC TH TIPOBOIUTH MAaTEMATUIECKOE MOICTUPOBAHKE MPOIIECCOB, 000PY/I0-

BaHUS, CPEJICTB U CUCTEM aBTOMATU3AIMK, KOHTPOJIS, UArHOC TUKH, UCTIBITAHUN |
YTIPaBJICHHS C UCIIOIb30BAHUEM COBPEMEHHBIX TEXHOJIOT M HAYYHBIX HCCJIEeJ0Ba-
HHH, pa3padaTeiBaTh AITOPHTMHYIECKOE U IPOTPAMMHOE 00eCTIeYeHHE CPENICTB U
CUCTEM aBTOMATU3aLMHU | yIPABJICHHUS




JlabopamopHast paboma Ne1. HYacmb 1. CemaHmuyeckue cemu

]_[e.m) paﬁoTbl: Hay‘II/lTBCH HCIIOJIb30BATh CEMAHTHICCKHE CCTH I NMPEACTABIICHUA 3HAHUM B UH-
TCIJUICKTYAJIbHbIX CHUCTCMaAXx.

1. TeopeTnyeckas yacTb
CemaHTH4ecKkasi CeTh — 3TO OAMH M3 CTOCOOOB Tpe/ICTaBICHNs 3HaHMIL. VI3HauanpHO ceMaHTHYE-
CKasg ceTh OblIa 3aJlyMaHa Kak MOJEJb NPeJCTABICHHS JOITOBPEMEHHOM MaMSITH B NICHXOJIOTHH, HO BIIO-
CJIEICTBUM CTaJla OJIHUM U3 CIIOCOOOB mpeacTasieHus 3HaHuid B DC.
CeMaHTHKa — 03HayaeT OOIMe OTHOIICHUs MEXAY CUMBOJIAMHU M 00bEKTaMH M3 3THX CHUMBOJIOB.

€MKOCTb
KJIacc
METATUYCCKUM,
JanHUK CBOUCTBO | (haphOpOBBIii U T. 1.

npuMeD N hapdopoBbiit

Puc. 1. I[Ipocmetiwuii obpazey cemanmuyeckol cemu.

BepumHbl — 370 00BEKTHI, IyTH — 3TO OTHOIIeHUs. CeMaHTUIecKasi MOJeNb He pacKphIBaeT cama
no cebe KakuM o0pa3oM OCYIIECTBISETCS Mpe/CcTaBlicHHe 3HaHMA. [lo3TOMy ceMaHTHUecKas ceTh pac-
CMaTpHUBAETCS KaK METOJ MPEJACTAaBIEHUS 3HAHUA U CTPYKTypupoBaHus 3HaHuil. [Ipu pacumpenun ce-
MaHTHYECKON CETH B HEH BO3HHMKAIOT JPYrHie OTHOIICHUS:

IS —A (mpyHannexxur) u PART OF (sBisieTCsl 4acThIO) OTHOIICHHUE:

LIeJI0e —> YacTb.

Jlactouka IS — A nrumia, «Hoc» PART OF «reno». Hampumep:

IOKA |. :
$-8— JjacTouka HHS-a [ITHUIIAa
|
| part of
BJIaACCT
THE3I0
Ha4daJio
BCCHa
KOHE KPBLIbs
OCCHb

Puc.2. Pacwupenue cemanmuueckou cemu

MoryTt OBITH U Apyrve OTHOLICHMS: BiajaeeT. Torga ceMaHTHuecKkas CeTh PacIIMpsIeTCs Uepapxu-
YeCKH (BeplUIMHa UMeEeT JiBe BeTBU). KpoMe TOro, MOXKHO pacIMpUTh CETh U APYIMM OTHOIICHHUEM:

MepHoJ] —> «BECHA — JIETOM.

[Momywaercst nepapxudeckas cTpykrypa nousatust FOKO. MoxxHo pa30urh Ha mopcxeMbl. bomnbImoi
npoOJIEMOi ISl CEMAaHTHYECKHUX CETE SBISIETCS TO, UTO PE3Yy/IbTAT BHIBOAA HE TApAaHTHPYET 1O0CTOBEPHO-
CTH, TaK KaK BBIBOJ €CTh MPOCTO HACJICAOBAHIE CBOWCTB BETBH IS-a.

st oroOpaxeHusi uepapXUdeCKUX OTHOIICHUHA MEXIy OObEKTaMU W BBEJCHHS €JIMHON CEMaHTU-
KA B CEMaHTHYECKHE CETU OBUIO MPEeJJIOKEHO MCIONB30BaTh NpoueaypHble ceTu. CeTh CTPOWTCS Ha OC-
HOBE KJIacca (TOHATHS); BEPIIMHBI, TYTU ¥ MPOLEAYPHI TPECTaBICHB KaK O0bEKTHI.




Bapmuanr 1

BapuanTbl 1a6oparopHoii padoTnl Nel

Kommnanwsi, B xoTopoii Bel paGoraere, noiyuwna 3ajaHue Ha pa3paOOTKy CHPaBOYHON CHCTEMBI
10 JXKypHajaM m3natenbcTBa «M3paTenscTBo MeuTh». JlaHHas KOMIAHUS BBIMYCKAET pas3iMYHbIE IO Lie-

JIEBOM ayJIUTOpHH, LIEHOBOM KaTEropuu U 00BbEMY CTPaHHI] )KypHAIIBI.

Bam HeoOXoAMMO TOCTPOMTH MOAYJL HAa OCHOBE CEMAaHTHYECKOW CETH, TIO3BOJITIOIIMI OIpejie-
JUTh LEJIEBYIO AYJUTOPUIO JUIS pa3JIMUHBIX JKYpHAJIOB, a TAaKXKe JJIs1 KOro MpeHA3HAYEHO M3JaHUE U €ro
CTOMMOCTh. Bara 3amada mocTpouTh CEMaHTHUECKYIO CE€Th Ha OCHOBE HMH(BOpMAIH, TPECTABICHHON B

Tabmuue 1.
Tab6mma 1
Hazsanue OcHoBHas CroumocTh O0beM cTpaHuL Kakas ungopma- Bosmoxna
JKypHaja neJieBasi OHOT'0 HOMe- JKypHaja 1M MPE/ICTABJIEHA | JIM MOAMHUCKa
ayIuTOpHs pa, pyo. B JKypHAJIe HAa KYpHAJI
TioHuraBTomo- | My>K4uHBI 140 170 CoBpeMEHHBIE TEX- HET
Omeit HOJIOTUH TIOHWHTA
aBTOM OO MIIEH
Mona JKeHmuub! 90 90 Hosgeiiue tTenneH- na
UK MOJIBI
Kommbroteprsie | My»X4uHbBI 1 65 60 Bce o kommbroTep- HET
Y BUJICO UIPBI YKEHIIUHBI HbBIX M BUJICO MIPAX
Pykonenme KeHnmuel 45 50 DKCKIIIO3UBHBIE BE- na
Il CBOUMH PYKAMHU
®Dotorpadus My>X4uHBI U 100 95 OCHOBBI U CEKPETHI Ja
YKEHIIMHBI ¢dbororpadun
KuHo 1 My3bika | MyKYHHBI 1 30 30 TonbKo akTyaibHas HET
KCHIINHBI HHOpMAITHS U KHHO
Y MYy3bIKE
B nocTpoeHHON ceMaHTHYECKOW CETH OMpPEeIEIINUTh:
1. Kakoii xypHanm mpenocTaBisieT HWHPOPMAIMIO O COBPEMEHHBIX TEXHOJOTMH TIOHMHTA aB-
TOMOOMIE?
2. Kaxkue ypHainbl npeaHa3Ha4eHbl 11 MYXKUKH?
3. Kaxkwe xypHaier ctosat 100 pyoseid?
4. Ha xakwue xypHaibl MOXHO O(OPMUTH TMOATIUCKY?
Bapuanr 2

Bama 3agaya coctour B co3ganuu skcniepTHor cucteMbl ACY mpeanpusiThsi, aBTOMATH3UPYIOIICH
KOHTPOJIb 32 BBINOJHEHHEM 3a/1ad KojulekTuBoM mpefmnpusatusd. ACY crienyeT NoCcTpOUTh B BHAE CEMaH-

TUYECKOU CETH.

CucteMa JODKHA OMMCHIBATH CTPYKTYPY MNPEANpPUSATHS, B TOM UMHCIE PYKOBOJICTBO U CTPYKTYPY

OTJIEJIOB.
Cucrema Tak e AO0JKHA OMCBIBATD BBIMNIOJIHACMBIC TMPCANPHUATHEM 3aJaHUdA, B TOM YHUCJIIC:
1. HaunmeHoBanue 3amanus.
2. Cpoku ero BBITIOTHSHIS.
3. OTarnbl BHINOJIHEHUS 3a/1aHUsA U UX OU4EPETHOCTD.
JIng ka)knoro 3ramna OnvchbIBAETCS:
1. OTaen, BBIMOMHAIONMNA JTaIl
2. OTBETCTBEHHOE JIMIIO, OOBIYHO — PYKOBOJIUTENH OTENa WIH MO pa3/IeIICHUS.
3. Cpoku Havana ¥ OKOH4YaHUs 3Tara.

[Ipennpusitre, nist koroporo crpourcs cucrema — OO0 «Co3Besnue»:
Hwupexrop: MBanos 1.U.
Otnen pazpabotky, Had. otaena — [lepos I1.I1.
B cocrase oraena pa3paboTku:



bropo noctaHoBku 3amad, Hau. 6topo — Cumopos C.C.
bropo nporpammupoBanusi, Hay. 610po — bpaiian Kepnuran
bropo conpoBoknenus, Had. 6ropo — b [Neiire

Otnen MmapkeTuHra, Hau. otaena — Tommko fImana

3aganus B pabore:

1. Pa3zpaborka TexcToBoro penakropa «Co3Be3nue», ITalbl — MOCTAHOBKA 3a/1auH, POrpaM-
MHUpPOBAHKE, MPOABWKECHUE HA PHIHOK, MOJJEPIKKA.
2. Pazpaborka MurepHet - Opaysepa «Co3Be3que», 3Tarnbl — MOCTAHOBKA 3aJa4H, MMPOrpaM-

MHUPOBAHUC, TIPOABIKCHHC HA PBIHOK, TOAJCPIKKA.

B nocTpoeHHO CeMaHTUYECKOU CETH ONPEAEIINUTD:

1. KTo siBiIsieTcsl HAYaJIbHUKOM OT/IeJia MapKeTHHra?

2. Kakue 3amanusa BemonasaeTr OO0 «Co3se3nue»?

3. Yewm 3anmmaeTcs MBanos 1.1.?

4. Kaxue cpoku BBITIONHEHUSI 3a7aHbI i pa3padorku MaTepreT - Opaysepa?

KOHTpOJILHbIe BOIIPOCHI

1. Yrto Takoe ceMaHTHUECKasi CETh U /ISl YETO €€ NPUMEHSIOT?

2. B uem cocTout unest co3naHus CeMaHTHIECKOM ceTn?

3. Kakum oOpa3zom mpencTaBIsIFOTCS JaHHbIE B CEMaHTHIECKOM ceTn?

4. CymecTBYIOT JId OrpaHAYCHUS HA YUCJIO CBS3EH 2JIEMEHTOB, CBOMCTB M CJIOXKHOCTH TIPH TIO-
CTPOEHUH CEMAHTUYECKOH CEeTH?

5. Kakue orHoleHus TpensioKeHbl B KaueCcTBE ONEPaTOPOB OTHOIICHWS JJISi TPYIIHMPOBKHU BEp-
MH?

JlabopamopHast paboma Ne1 Yacmb 2. Ucnonb3oeaHue ¢hpelimoe Ossi npedcmaesieHuUsl 3Ha-
Huu

Heas padorsl: Hayuurbcs ucnonb3oBaTh (QpeiMbl A MpeACTABICHUS 3HAHHMI B MHTEIUICKTY-
aJbHBIX CHUCTEMax

1. TeopeTHn4eckast 4acTh

@peiiMbl - OWH W3 PaCNpPOCTPaHCHHBIX (popMamm3MOB TpejacTaBieHus 3Hanud B DC. Dpeim
MOJKHO TIPE/ICTaBUTh ce0e KaK CTPYKTYpY, COCTOSIIYIO W3 Habopa sueek - cioToB. Kakablil c10T cocTouT
U3 UMEHU M aCCOLMMPYEMBIX C HUM 3HAY€HHMIL. 3Hau€HUs MOTYT MpeCTaBIATH COOOM JaHHbIE, NPOLEIY-
pbl, CCBUIKM Ha Apyrue (ppeilMbl Wik OBITH MyCTBIMU. Takoe MOCTPOCHHE OKAa3bIBAETCSI OYEHb YAOOHBIM
JUI1 MOJIEJIMPOBaHUs AaHAJIOTWH, OMMCaHusA 00JIaCTel ¢ POOBUIOBBIMU CBSI3IMM MOHATUN U T.IL

JIr060ii (peliM COCTOMT M3 HEKOTOPBIX COCTABISIONINX, UIMEHA M COAEP)KaHHE KOTOPBHIX OMUCAHO
HIDKE !

1. Ums ¢peitma. D10 naeHTudukaTop, npucBanBaeMblid ¢peimy, ¢peiiM T0DKeH UMETh UMsl YHU-
KaJIbHOE B JJaHHOW (hpelMOBOM CHCTEME.

2. Umsa cnora. D10 WIEeHTUUKATOpP, NPUCBAUBAEMBII CJIOTY; CJIOT JOJDKEH UMETh YHHKAJIbHOE
uMs BO (¢peiiMe, K KOTOpOMY OH NpuHaJJIeKUT. OOBIYHO MMS CJIOTa HE HECEeT HHMKaKOM CMBICIIOBOM
HArpy3Kd U SIBJISIETCS JIMIIb WACHTU(DHKATOPOM JITAHHOTO CJIOTA.

3. Vka3zarenu HacJieIOBaHKsI. JTH YKa3aTelM KacaloTcs TOJIbKO (pEeHMOBBIX CHUCTEM HepapXxuye-
CKOIO THIIA, OCHOBAHHBIE HAa OTHOIICHUAX ‘a0CTpaKTHOE-KOHKPETHOE”, OHHM TOKA3bIBAIOT, KAKYIO WH-
dopmarmro 06 aTpuOyTax ClIOTOB BO (ppeiiMe BEpXHETO YPOBHS HACIEIYIOT CJOTHI C TAKUMH K€ MMEHAMHU
BO (peiiMe HIDKHeTO ypoBHs. TwrmuHble yka3aTenu HacienoBanusi Unique (U: - yHukanbHend), Same (S:
takoit ke), Range (R: ycranosienue rpanmi), Override (O: urnopupoBath) u T.m. U mokasbIBaeT, 4TO
¢bpeiiM MOXXET UMETb CJIOTHI C Pa3HBIMU 3HAUYCHWSIMU: S - BCE CIJIOTHI JOJDKHBI MIMETh OJIMHAKOBBIC 3HAaUe-



HusA, R - 3HaueHue cnoToB (peiiMa HIKHETO YPOBHS JOJDKHBI HAXOAWTHCS B Mpeesiax, yKa3aHHBIX 3Ha-
YeHWSIMU CIIOTOB (peiiMa BepxHero ypoBHsi, O - MpM OTCYTCTBMM yKa3aHUs 3Hau€HHME cJioTa (Qpeiima
BEpPXHETO YPOBHS CTAHOBUTCSI 3HAUGHHEM clioTa (peliMa HIKHETO YpPOBHS, HO B CiIydyae ONpeJeNICHUs
HOBOT'O 3HAUYCHHUS CJIOTOB (h)peMOB HIDKHHX YPOBHEH YKa3bIBAIOTCS B KAUECTBE 3HAUCHHUI CJIOTOB.

4. Vka3zaHue THNA JQHHBIX. YKa3bIBa€TCS, YTO CJIOT MMEET UYMCIICHHOE 3HaueHHUE, JTMOO CITY>KUT
ykaszaTeseM Jipyroro ¢peiima. K Tumam gaHHBIX OTHOCSATCA:

FRAME (ykazatems), INTEGER (uensrit), REAL (aetictBurenpneiii), BOOL (Gynes), LISP
(mpucoenvHenHas mporieaypa), TEXT (tekcr), LIST (crmcok), TABLE (ta6mmma), EXPRESSION (BbI-
pa’keHHe) U Ap.

5. 3Hauenue cnora. [IyHKT BBO/a 3HAUEHMS CJIOTA. 3HAUYEHHE CJIOTA JTOJDKHO COBMAAATh C yKa3aH-
HBIM THIIOM JIaHHBIX 3TOrO CJIOTA, KPOME TOTO JIOJDKHO BBIMONHATHCS YCJIOBHE HACJIEIOBAHUS.

6. Jlemon. 3necw maercs onpenenenre aemonoB turma |IF-NEEDED, IF-ADDED, IF-REMOVED u
T.A. JleMOHOM Ha3bIBaeTCsl MpoOLENypa, ABTOMATHUECKU 3allycKaeMmas NpU BBIIOJIHEHHMH HEKOTOpPOro
YCJIOBMSI. IEMOHBI 3aIlyCKalOTCsl MPU O0paLeHH K COOTBETCTBYIOIIEMY cJI0Ty. Kpome Toro, 1eMoH sBJIs-
€TCsI Pa3HOBUIHOCTHIO NPUCOEAUHEHHON IPOLETYpPHI.

7. IlpucoenuneHHas mpoueaypa. B xadecTBe 3HaueHMs CJI0Ta MOYKHO HCIIOJIB30BATh NPOrpaMMy
npoueypHoro tuma. Korzma mMbel TOBOpUM, YTO B MOJEJSIX MPEACTaBICHUS 3HaHMI (ppedMamMu 00beuHs-
IOTCSA TpOLEIypHble U JCKIApaTUBHbIE 3HAHUA, TO CUYUTAE€M JEMOHbI M IPHCOEAMHEHHbIE IPOLEAYPhI
MPOLIEAYPHBIMU  3HAHUSIM UL

OCO00EHHOCTBIO MEePAPXMUECKON CTPYKTYpHI SIBIAETCS TO, YTO MHOpMaIms 00 aTpudyTax ¢peima
Ha BEpPXHEM YPOBHE COBMECTHO HCTIONB3YETCSI BCeMU (peiiMaMy HIDKHHX YPOBHEH, CBSI3aHHBIX C HUM.

Hamnpumep: @peitmoBoe mpeacTaBieHie KOHPEPEHIUH.

Hepapxnaeckue (ppeiiMoBbIe CTPYKTYphl 0a3HWpyroTCs Ha OTHOIICHWIX 1S — A mexny ¢peiimamy,
OTMCHIBAIOIIMMU HEKOTOPYIO KOH(pepeHimoo. Bce ¢peiiMbl qomkHel comepxath uapopmaimio o JJATE,
MECTE, HA3BAHUU TEMBbI, TOKJIAJUUKE. Takum o6pa3om, HAa caMOM BEpXHEM YpOBHE OIpejie-
neH ¢peiiv KOHOEPEHIMAL.

Kondpepenimm pasgensiorcss Ha KOMMepUeckue U 1o pa3Burvio. OHM COCTaBIISIIOT JOYEpHHE
¢bpeiiMbl. B HUX MOTyT OBITH JOOABICHBI CIIOTHI: 00HEM TOPTOBIH U OIOJIKET.

c

KoH(epeHI s
Hama
Mecto
Tema
Is-A IS -A
KOMMep4ecK: I10 PA3BHTHIO
Hama Hama
Mecto Mecto
Tena Toproemns Tema PaszeHrHe
JoKTaagHK JOKTaIHK
IS-A
02.01.92 4 xoHtepeHLHA
Hama
MecTo Konjepem-san SK3EMITISID
Tema
Hoxmaa4gHk | Amako

Puc.3. IIpumep ppetimosoti mooenu

2. Ilopsinox BHINOJIHE HUSI PA0OTHI:

1. 3yunrp TEOpETHUECKYIO YaCTh MO NPUBEICHHBIM BBIIIE JaHHBIM U JONOJHUTEIBHOM JIMTEpa-

TYype.
2. IIpocMOTpeTh 1EMOHCTPAIMOHHBINA TPHMED.



3. IMomyuurs y npernonaBaTelisi BApUaHT 3aJaHus JJIs1 BBITIOTHEHUS.
4. TloctpouTh (GpeMOBYI0 MOJEIb 33JaHHOIO O0BEKTA;
5. Peanm3oBaTh mporpaMmy € HCIIOIb30BaHMEM (peiiMOBOH MOEIN

3. BapuanTsl 3a1anuii
Hcnonb3ys QpeliMOBYI0 Monenb NpeACTaBICHUS 3HAHMM PEaju30BaTh CTPYKTYPY OTHOIICHHIA,
OIMCBIBAIOIIKUE CJICAYIOLIAEC CUTYyaLMH:

1. 9K3aMEH M0 JWCIMIUIMHE 332 CEMECTpP Y MPEToAaBaTesl MPH COCTABIITIONINX: CEMECTP, K-
3aMeH, Npero/iaBaTelib, OlleHKa, CTYJIEHT, NONTyJaTh.

2. BEJIOMOCTh TPH COCTABJIIOIIMX: JMCIMIUIMHA, CTYJEHT, 9K3aMEH, CEeMECTp, MperojaBa-
TeJlb, OIICHKA.

3. KOH(pepeHIWsT M0 KOMMEPYECKHM BOMpPOCAaM MPH COCTABIBIIONIMX: JaTa, MECTO MpOBEJE-
HUSI, TEMA, LIeJIb BBICTYTIAIOIIHE.

4. MOJyY€HHUE OLICHKU INMPHU COCTABJIAIOLIMX: MPENoaBaTellb, CTYACHT, OLEHKA, TOTy4aTh.

5. WCTIONIb30BaHMSI MBJCIUA TPU COCTABIBIIONIMX: OpraHm3alys, pa3pa0doTKa TEXHOJIOTHYe-
CKOT0 pelieHus1, uccienoBanre «pmmaeckoro 3pdexrar», METOIBI CO3IaHUS WU3/ICIIHS.

6. mHpopmaimonHass cTpykrypa b/l B MalIMHOCTPOGHMM IPHU COCTABISIOIIMX: (U3HUYECKUS
3(heKTsl, TEXHUMIECKUE PelIeHUs, M3/1eus, 00bEKT TIOCTABKU W3/1EJHs, IPHOOPBI U CTEHIbl, HOpPMATHUBBI.

7. Kiaccupukamys TPOAYKTa TMPH COCTABIIIIONINX: HAa3BaHHE, 00JIACTh NMPUMEHEHHs, CIIOCO0
XpaHEeHUs, CIOCO0 TPAHCTIOPTHPOBKHUL.

8. ayauropus (OIMKCaHWE) TMPH COCTABJISIONIMX: BMECTUMOCTh, HAa3HAUCHHE, COCTABJISIOIIHC,
MECTOHAXOX/ICHHE.

9. ’KMBOTHBIN MHp MPU COCTABJIIOLUMX: BUI, THI, cpeda OOUTaHUs, OCOOCHHOCTH TOBEICHUS.

4. KoHTpO/ILHBIE BONPOCHI

Uto mpencraBisieT m3 ceds PppeiiM, ero CocTaBHbIC YaCTH?

UTo Takoe CIOT U U3 KAKUX 4acTel OH COCTOUT?

Jliist gero ciykaT uMs ¢peiiMa U uMs ciota?

Jnst 4ero ciyxaT yka3aTes HacJie10BaHUs ?

JIJIsl 9€T0 CIYKaT yKa3aHWe THIA JaHHBIX, JEMOH?

JIis yero ciry>kaT MpUCOEIUHEHHAsT TPOLEelypa M 3Ha4YeHue ciora?

S~ wbdE

JlabopamopHasi paboma Ne 1. Yacmb 3. OnucaHue npedmemHoli obnacmu. Pazpabomka 6a3bi
¢hakmoe u npaeus1 uHmMesIIeKmyasnbHol cucmemsl

Heab paboTsi: Hayuurbcest cTpours MOJI€b IPEIMETHOM 00J1aCTH, ONMCHIBATh PELIaEMYIO 3a7a4y
NpaBWIAMHU NPOIYKIMOHHON CHCTEMBI M (JOPMAIM30BATH UCTIONB3YyEeMbIE 3HAHUS.

1. TeopeTHn4eckasi 4acTh

B nannOM paGoTe MBI pacCMOTpUM TIOCTPOCHME 0a3bl 3HAHMI HA OCHOBE CBEJICHUM, TMOTYYEHHBIX
ot akcrepra. IIponecc ee nocTpoeHre COCTOMT U3 JBYX 3TallOB:

® OIMMCaHWe TPEeIMETHOU 00IaCTH;

e BEIOOp METO/IA ¥ MOJIEIH NPEICTaBJICHHS 3HAHUIA,

WNmxeHep 3HaHMI JODKEH KOPPEKTHO CPOpMYIMPOBATH 3a7ady. B To e BpeMs OH JOKEH yMETh
pacmo3HaTh, YTO 3a/la4ya He CTPYKTYPUPOBAHA, U B 3TOM CJIyuyae BO3JEP)KAaThCS OT MOIBITOK ee (hopMau-
30BaTh WIM NPUMEHUTh CUCTEMAaTUYECKHE METOJbI pellieHus. ['laBHasi Lesib HauaJlbHOrO 3Tana MocTpoe-
Hust 06a3bl 3HAHWN - OMpeeNUTh, KaK OyJeT BBINIAETH ONMCAHUE MPEeAMETHON OOJNACTH Ha pas3lMIHBIX
YPOBHAX a0CTpakimu. OKCIepTHAs CUCTeMa BKIIoYaeT 0a3y 3HaHWM, KOTopasl co3gaercs myreM Qopma-
JM3aLMM HEKOTOPOI MpeAMeTHON 00JIaCTH, a Ta B CBOIO OYepe]b SIBISIETCS Pe3ylbTaToM abcTparupoBa-
HUSI OTPE/IENIEHHBIX CYIIHOCTEN peajbHOro Mupa.

[Tocne Toro kak mpeameTHasi 00JACTh BBIJEJICHA, UIKEHEP 3HAHMN JODKEH ee (PopMasbHO OIU-



catb. [l 3TOro emy HeoOXOnMMO BHIOpAaTh KaKOW-TMOO CTIOCOO TpescTaBiIeHUs 3HAHWNA O Hell (Mozelb
NpeCTaBlICHU 3HaHMH). B. HacTosiee BpeMsi OTCYTCTBYET OOLM Croco0 MpeacTaBICHUS 3HAHHH, KO-
TOpBIA OBl ToAWICS I dopMaTM3alyy NMpeIMETHBIX obyacTeld mo0oi mpupoasl. NmkeHep 3HAHMK J10JT-
JKEH BOCIIONIb30BATHCS TOW MOJIEJIBIO, C MOMOIBI0 KOTOPO MOXKHO JIy4IlIe BCETO OTOOpPa3UTh CHELMPUKY
npenMmeTHo ob6nactu. Korma OymeT co3maHa obOmiasi Teopwsl MpeACTaBlICHUS 3HAHWN (€CJM 3TO BOOOIIE
KOI'Z1a-HUOY/Ib TIPOM3OWIET), €€ MOXKHO OyJeT NMPUMEHATH I (popMaiM3almy HOBBIX MPEAMETHBIX 00Ja-
cTelt 6e3 yueTta uX 0COOCHHOCTEH.
OnpejeJieHne XapakTepa pelaeMbIX 3a1a4

OOpatuMmcst K mpuMepy W3 MEIMIMHCKOM NpaKTHKH. [Ipennonoxum, 4TO MBI XOTHM HOCTPOHTH
HKCTIEPTHYIO CHCTEMY, MpEHa3HAUCHHYIO i1 00paOOTKH pe3y/lbTAaTOB XMMHMUECKOr0 aHajiu3a KpOBH,
BBINOJIHEHHOTO B JlabopaTopuu. MmwkeHep 3HaHWil mpekie Bcero o0s3aH MPOBECTH ONPOC IKCHepTa U
TOJIKO TIOTOM TPUCTYNAaTh K MOCTPOCHHIO CUCTEMBI. DKCIEPT, 0€3yCIOBHO, JODKEH OBITh CIEIMAINICTOM
B TOM o0nacty, B KOTOpoi Oyner paborarh cuctema. [IepBbIM JenoM HeOOXOIUMO OIpeleNIUTh LIeJIeBOe
Ha3HaueHwe cucteMmbl. Kakue, COOCTBEHHO '3a/1auM MpeJCTOUT pellaTh CHCTEME, OCHOBAHHOM Ha 3HAHU-
ax? Lem pa3paOOTKu CHUCTEMBI clieyeT chOpMYIMpOBaTh TOYHO, TIOJIHO M HEMPOTHMBOpeurBO. Hampu-
Mep, IS TUarHOCTUYECKOH CUCTEMBI 3TO MOXKET OBIThH MOJTyYEHHE OTBETOB HA TaKHUE BOMPOCHI:

1. 3n0opoB mu mampeHT (ucrpaBHa i cuctema)? Eciu HeT, TO Kakoe MMEHHO y Hero 3aboneBanue?
Ecm nmeeTe» HecKoIbKO 3a001€BaHMi, TO KaKOoe W3 HUX Haubosee onacHo?

2. Kakve m3MeHeHus B JUETE M pallMOHE IUTAHMS CIENyeT PEKOMEHA0BaTh M, KAKHUE U3 HUX CUU-
TAIOTCS OCOOEHHO Ba>KHBIMU?

3. Kakue nabopaTopHble HCCIIEOBaHUSI HEOOXOAMMO IPOBECTH JOTOJHUTENILHO W, KaKhe W3 HHX
SBISIFOTCS TIEPBOOY €PEIHBIMU?

4. Kak Hy)XHO M3MEHMTh 00pa3 W3HU NAIMEHTa WIM KIMMaTHYECKHUE YCJIOBHS, B KOTOPBIX OH
Haxoaurca?

5. HyXHO 51 HanpaBWTh MalMeHTa JUisd oOclieIoBaHMsA K BpayaM-CIIELMAICTaM M €ClM Aa, TO K
KakuM uMeHHo? I[lomymaiire, Ha Kakue ele BOIPOCHI JODKHA YMETh OTBEYaTh Hallla JAMATHOCTHYECKas
cucrema?

ITocne Toro kak nesib pa3pabOTKU CHCTEMBI ONpe/eiIeHa, NIKCHEP 3HAHUN MpPHUCTYNaeT K (Gopmy-
JIMPOBAHMIO MOJIEJICH. DTO MOMOXKET €My YCTAHOBUTh HEPAapXUUECKyI0 CTPYKTYPY CHUCTEMBI U pa30OuTh
ee Ha MoJyiu. BBeneHue Tex wiM MHBIX ToAlENeil 0OyCIIOBIMBAETCS HAJIMYUEM CBA3EH MEXAy OTIesb-
HbIMU (parMeHTamu 3HaHui. [IpoOnema cBonuTcs K pa30HeHMIO 3aa4y Ha JABE WIM HECKOJIBKO MoJ3aau
MEHBIIECH CJIOXKHOCTH U TOCIENYIOIEMY MOUCKY HMX pelneHuid. [Ipy HeoOX0aMMOCTH, TIOTy4YEHHbIE B pe-
3yabTaTe pa3OMeHus NMoj3aaduu MOTyT IpOOUThCS U Jajblie.

BroisiBjieHMe 00beKTOB NpeAMe THO 00J1acTH

CrnenyiomyM IaroM MOCTPOeHUss 0a3bl 3HAHMN SIBISICTCS BBIJETCHHE OOBEKTOB MPEIMETHON 00-
JacTH, WIM B TEPMHHAX TEOPUM CHUCTEM YCTaHOBIICHHWE Tpanul] cucTeMbl. Kak u dopmanpHas cuctema,
COBOKYNHOCMb BBIICJICHHBIX TIOHSITHHA JODKHA OBITH TOYHOM, MOJHOM M HENPOTHMBOpeurMBOW. MTak, kakue
KOHKPETHO JIa0OpaTOpHBIE aHAM3bl HE0OXoauMO mpoBecTU? ClenyeT Ji o0paTUThCA K UCTOpUM OOoJie3-
HU TIAIMEeHTa U €CJM J1a, TO KaKue JaHHble B Hell HamOonee BakHbl? Kakue emne cBeleHWs O MAlMEHTE
MOTyT MPEeACTAaBISTh HUHTEpeC (HAampuMep, OTMEYaJHCh JIM PaKOBble 3a00NeBaHUS Y POJCTBEHHUKOB)?
HyXHO 71 y4uTHIBaTH JIeKapcTBa, KOTOpble OONLHONM MpUHMMAJ paHee, a Takke Mpeblayllue Ha3Haue-
Hus Bpauei? UrpaeT mm Kakyloo-HHOYAb pONb PO 3aHATHHA W 00pa3 KM3HM OOJNBHOrO, KIMMAaTHICCKUE
yCIoBUS U pexxuM muranus? Kakue cuMITOMBI y Hero HaOmoaarTcs (TONOBHbIE 00, Kap U T.1.)?

YcTaHoBJIeHHE B3aHMOCBsA3eH MeK1y 00be KTaMu

[Tocne BeIABNICHMS OOBEKTOB MPEAMETHOH 00JIACTH HEOOXOIUMO YCTAHOBHUTH, KAKHE MEXIY HUMU
UMEIOTCA CBs3W. Hampumep, HU3KOE COAEpyKaHUE TUPEOTPOIHOIO T'OPMOHA B KPOBHM MOXKET CBUIETEIIb-
CTBOBaTh O MOBBIIICHHOW AKTHUBHOCTHU MOMKEIYIOUHON JKeJe3bl, HO MOXKET O3HauaTh U HEYTO JIPYroe.
CrnenyeT CTpeMUTHCS K BBISIBICHUIO KAK MOXHO OOJIBIIEr0 KOJIMYECTBa CBSI3EH, B Heajie - BCeX, KOTOpbIe
CYILIECTBYIOT B MPEIMETHON 00JACTH.

@ opMasM3anus 3HAHU I

[TomydyeHHOE KaueCTBEHHOE OMNMCAHHE IMPEAMETHOM O0JIACTH JOJDKHO OBITH MPEICTaBJICHO CpPell-

CTBaMHU KakKoro-imoo (popMasbHOrO si3blka, YTOOBI MPUBECTU 3TO ONMCAHUE K BHY, NMO3BOJSIOUIEMY IO-



MECTUTh €r0 B 0a3y 3HaHMW cUCTeMBbL. [[is pelieHust 3TOi 3ajadu BhIOWpaeTcs MOAXOASIIAs MOJIETb
NpECTABICHHUS 3HAHM, C MOMOIIBIO KOTOPOM CBEICHMS O MPEIMETHOH 00JacTH MOXKHO BBIpa3uTh (op-
MaJIbHO.

Paccmorpum mpumep.

[Monxonswen 3amgayeit, Mpu PELIEHHM KOTOPOW MOXKHO HCIOIb30BaTh IMPOAYKIMOHHYIO MOJEJb,
MOXeT OBITh 3a/aua, BhITEKAIOIash U3 CICAYIOIEeH CUTyallMi: K JAUPEKTOPY KPYNHOW TEXHMIECKOU (up-
MBI TIPUIIENT YEJIOBEK, JKeNAaIoUMii YCTpouThcsa Ha pabory. [lupekrop pacmonaraeT CBEAEHUSIMU O €ro
KBaJM(UKAIMH, O MOTPEOHOCTAX (UPMBI B CTICIMAIMCTaX M OOIIEM TOJIOKeHMH el B pupme. EMy Hyx-
HO PEIIUTh, KaKylO JOJDKHOCTH B (PUpME MOXET 3aHATH MOCETUTEb.

Paccmorpum mozeins «IloceTuresnby, BEIIBUM HEOOXOJUMbIE aTpHOYTHI ISl IPUHATHS pellie-
HUS O TIpUeMe Ha padory.
OOBEKT: IOCETHUTEIIb.

ATpuOyTHI:

1. HaJIMYMe YYEHOrO 3BaHUS

2 CTaX pabOTHI 10 CTICTMAILHOCTH

3. MOCETHUTEJIb CJIEJIall BAXKHOE OTKPBITHE

4 cpeaHuii 0as moceTuress 3a BpeMs yueOsl

cpeaHuil 6an OTKPBITHS

caciaan

IIOCCTUTCIIb

paboTan

yYuc€Has CTCIICHb

Puc.4. Mooenv npeomemnoti ob6racmu

2. Ilopsigok BbINOJIHE HUSI PA0OTHI

1. IIpoananu3upoBaTh TOITYYEHHOE 3aJlaHUE

2. Ompenemrs XapakTep pemaeMon 3a1aum.

3. Beigenurs 00BEKTHI IPeIMETHON OOJIACTH.

4. BoiOpaTh aTpuOyThI, CBOICTBA XapaKTEPU3YIOLME OOBEKTHI.

5. YCTaHOBUTH CBSI3U MEXKAY OOBEKTaMU B BUIE NPABWI MPOJYKLIMOHHON CHUCTEMBbI

3. BapuanTsl 3aganuii

Omnucath nMpeIMEeTHYI0 00JIaCTh I CIAEIYIONMX 3aay:
JMATHOCTUKA HEHCTIPABHOCTEW SJIEKTPOHHOW ammapaTypbl
JIMaTHOCTHKA HEHCTIPABHOCTEH aBTOMOOWIA

JIMaTHOCTHKA 3a0o0JieBaHuii (TI0 BHIOOPY)
MPOTHO3UpOBaHKE (IO BHIOODY)

CTIOPTUBHBIX MEPOIpPHATHIA

TeJenepeaayd

TPUPOIHBIX KaTaKIM3MOB

=
=

KIaccudukaims 00BHEKTOB (10 BHIOOPY)
3a7a4u MHPOPMAIMOHHO-COBETYIOIIETO XapakTepa (Tio BEIOOPY)
TIOMOIIHUK 3aBEJYIOIIETO CKIIaaa

POUREOTE AN E



b TIOMOIIHUK anTeKaps

c MIOMOIIHUK OMepaTopa CIPaBOUYHOM CITYKOBI

d. BBIOOp JTOJDKHOCTHU

e. NPOBEJICHUE OTITyCKa

U T.IL

4. KoHTpoOJ/IbHBIE BONIPOCHI

1. Kakue Moaenu npecTaBiIeHUs] 3HAHUN HCTIONb3YIOTCS ?
2. Tumbl 3aa4 3KCTIEPTHBIX cUCTEM?

3. Uem xapakTepmyrTcsi 00BEKThI PeIMETHON 00acTu?
4. Kak moryt ObITh npesicTaBieHsl (paktel B DC?

JlabopamopHasi paboma Ne 2. Hacmb 1. Ucnonb3oeaHue npaesus npoldykyuu Onsi npedcmas-
JIeHuUs1 3HaHul. NpsiMasl yenoy4yka paccyoeHul
ean padoTsi: Hayunrbcst BCTONB30BaTh METOJ MPAaBWI NMPOAYKIMHU VIS TPEICTABICHUS 3HAHUIA
HA OCHOBE NPSIMOM LIETIOYKH PACCYHKIECHHUM.

1. TeopeTunyeckas yacThb
[IpencrapneHre 3HAHMI ¢ TIOMOIIBIO NPABWI NPOAYKIMM — caMasi paclpocTpaHeHHast ¢opma pea-
mampy b3. C noMoIpio npoJyKIMu MOXKHO OMUCATh MPAKTUIECKU JIFOOYI0 CUCTEMY 3HAHHIL
[TpaBwna mpomyKImii mpencTaBiIeHbl B BUIE UMIUTHKAIIAH:
pi:si —di,

rae Pi - OpaBWiIo MPOAYKINH,
Si - YCJIOBHE NPHMEHEHHS TIPABUIA,
di - pe3ysabTaT NpUMEHEHUs MPABWIA.

A D
J
T e —
B

Puc.5. Ilpumep ucnonvzosanus npagui npooyKyuu.

1. Ecaum ecTh nieHbI Ha BhIycKaemble m3aeimst (A) - 3aBox ormyckaeT npoaykmpro (D).

2. Ecnu 3aBOJ BBIMYCKAeT MPOAYKIMIO W BBIMOMHACT IUIaH 1o ee peammaimu (C) - pabouwne mo-
ay4aroT npemuto (F).

3. Eciu pabourie momydaroT MPEMHUIO W PACTET MPOM3BOAUTEIHLHOCTH mpomsBoacTBa (B)- 3aBon
NPOM3BOJUT TPOAYKIMIO CBEpX IwiaHa (Z).

PaccmoTpuM LIETIOUKU BBIBOJOB.

TIpsamoii crmocod paccyKIeHus.

[To m3BecTHBIM (haKTaM OTHICKMBAETCS 3aKIIOYEHHE, KOTOPOE CIEAYET U3 3TUX (PaKTOB U HaKall-
TMBaeTCs pabodasi maMsTh.

OTO NPUBOIMT K BBHINIOJHEHUIO 2 NPaBUWIA.

C & D— F, u paxr «F» nomemniaercst B pabouyio maMsth. Toraa onsTh NPOBEPSIIOTCS MpaBUiIa U3
6a3bl. [lepBoe mpaBWIO BHIIOIHAETCS F & B — Z , Bciieactsue 3Toro Z 3aHocurcsi B pabouyro
naMsaTh. A Tak Kak Z SBIAETCS LEJbI0, TO NIOUCK 3aKaHUMBAETCS. OTOT METOJ Ha3bIBaeTCs MPAMOM Lie-
NOYKON PacCyXICHUH, TMOCKOJIBKY IOMCK HOBOM HH(OpMalMM NPOUCXOAUT B HAIMPABICHUU CTPEJIOK,
pa3aessIoIIMX JIEBbIE U NPaBble YaCTH MPaBUIL




F&B - 7 F&B - 7 F&B » 7
C&D—=TF | C&D—->F C&D—>F
A — D A —= D A — D

IpagHia [pagMia ITpagHIa

Puc.6. ﬁpumep peaﬂu3audu NPAMOU Yenouku ;;acc;/:;fcd_euuﬁ

O06001mE HHBIH AJITOPUTM PadOThI CHCTEMbI, Ppe ATM3YIOLMH NPAMYIO Lie I0YKY pacCyieHui,
MO’KHO CBECTH K CJIeIyIoIeMy :

1. Onpenemurb UCXOAHOE COCTOSTHUE.

2. 3aHeCTH NMEPEeMEHHYIO YCJIOBUS B Ouepellb MEePeMEHHBIX JOIMUYE€CKOro BhIBOJIA, a €€ 3HAYCHHUE -
B CIINCOK TIEPEMEHHBIX.

3. IIpocMOTpeTh CIMCOK MEPEMEHHbIX M HAWTH Ty MEPEeMEHHYyIO, MMsl KOTOPOH CTOWT B Hadale
oyepeaH TEPEeMEHHbIX JIOTMIECKOro BbIBOJA. Ecim mepeMeHHas HalifieHa, 3amicaTh B yKa3aTelsb Iepe-
MEHHBIX YCJIOBUs HOMED NpaBwia W uucio 1. Ecim nepemeHHas He HalileHa, IEPEUTH K miary 6.

4. IlpucBoMTh 3HAYEHWsSI HE NPOMHUIMAIM3HPOBAHHBIM II€PEMEHHBIM YCJIOBHOM 4acTH HaWIEHHO-
ro npaBwia (eciim Takue ecTh). MiMeHa NepeMeHHbIX COAEepXkaTcs B CIMCKE MepeMeHHbIX ycioBus. [Ipo-
BEPUTH BCE YCJIOBUS NPAaBWIA M B CJIy4ae UX UCTUHHOCTH oOpaturhes K yacTu TO mpaBwia.

5. IlpucBourh 3HaUEHHE MEpeMEHHOHW, Bxosiiel B yacTh TO mpaBwia, U MOMECTUTh €€ B KOHEI]
O4epeIu IEPEMEHHBIX JIOTHIECKOTO BBIBOAA.

6. Yiaiure nepeMeHHyro, CTOALIYI0 B Hayaje O4epeaH NMEePeMEHHBIX JIOTMYECKOro BBIBOAA, €CIIH
OHa OOIbIIIe HE BCTPEYAETCS B YCIOBHOM YacTH KaKOrO-MOO TpaBUia.

3aKOHUMTH IPOLECC PACCYXKIECHUM, KaK TOJIbKO OIMYCTEET OYepEeb NEPEMEHHBIX JIOTHUECKOIO BbI-
Boza. Eciu ke B ouepenu emi€ €cTh NEpeMEHHbIE, BEPHYTHCA K 1ary 3.

ITopsinoK BbINOJHE HUS PA0OTHI:
N3yunurp TEOpeTHUECKYH0 4YacTh IO MPUBEIECHHBIM BBIIIE JAHHBIM U JIOMOJIHUTEJILHOM JIUTEepa-

=N

Type.

[IpocMOTpeTh AEMOHCTPALIMOHHBINA TPUMED.

[Tomyuurs y npenionaBaTens BapyaHT 3aJlaHus 11 BBIIOJHEHUS.
ITocTpouTh NpAMYIO LETIOUKY PACCYXKIEHUN

Peam3oBats nmporpaMmy 1t IpSIMOM LIETIOUKH PACCYKICHUN

arwWN

3. BapuanTsl 3aganuii

PeanmmzoBaTh NpAMYIO LIETIOUKY PACCYXXIEHHM ISl CIIEIYIOUMX 3ajay:
MPOrHO3UPOBAHUE HEUCTIPABHOCTEMN IEKTPOHHOW ammapaTypbl
MPOTHO3UPOBAHME HEUCIIPABHOCTEH aBTOMOOWIS
NPOTHO3MpOBaHKE 3a0oneBaHuil (10 BHIOOPY)
MPOTHO3UPOBaHKE (IO BBHIOOPY)

CMOPTUBHBIX MEPOIPUSITHI

Tenenepenay

NPUPOAHBIX KAaTaKIM3MOB

aE oo krowbdE

Kkinaccupukammsi 00bEKTOB (110 BHIOOPY)



3a/1a4u MHPOPMAIMOHHO-COBETYIOIIIETO XapakTepa (1o BBIOOpY)
MOMOIIIHYK 3aBEAYIOIIEro CKaaa
MOMOIIHYK anTeKaps
MIOMOIIHUK OMEepaTopa CIPaBOYHONU CITyKObI
BBIOOpP JOJDKHOCTH
IPOBEJICHHE OTIIyCKa
T.IL

Sooo0oTe o

4. KoHTpo/IbHBbIE BONPOCHI

1. Yro Takoe mpaBwWia MPOAYKIMH M B YEM HX CYIIHOCTH?

2. B yeM ormdue mpsMoi METIOYKH PAcCYKIASHHH OT 0OpaTHOM IETIOYKU PACCYKIACHHIA?

3. U3 xakux yacTeil COCTOUT MPOAYKIMOHHAS cHcTeMa?

4. 3HaveHre Y MPUMEHECHUE YacTel MPOAYKIMOHHOW CHUCTEMBI JJIs MPEACTABICHUS 3HAHMUIA?

JlabopamopHasi paboma Ne 2. Hacmb 2. Mcnonb3oeaHue npaesusi npoldykyuu Onsi npedcmas-
JIeHus1 3HaHull obpamHasi yerno4yka paccyxoeHul

Heas padoTei: Haydurbcs cTpouTh AepeBo 1ejel u pa3pabaTbiBaTh alrOpUTM
Pemennii Ha ocHOBE OOpaTHOM IIETIOYKH PACCYKICHHUM.

1. TeopeTnyeckas yacThb

[IpssMoli MeTOA pacCyKICHUH MMEET CJCIYIONMH HeaoCcTaTOK. IIpu GONBIIIOM KOIMYECTBE Tpa-
BWI, YTOOBI HAaWTH MH(OPMAIIO, CBSI3aHHYIO ¢ Z, Hy)KHO BBITIOTHUTH MHOTO TIPaBWI, HE CBSI3aHHBIX C Z.
IIpu 3TOM METOA OKa3bIBAE€TCS HANPACHOM TPATOW BPEMEHHU U JICHET.

B rakux curyaimsix Oonee peHTaOenbHOU SIBIsIeTCS 00paTHAS IIETIOYKa PACCYKISHHI.

ITar 1 HTar 2 HTar 3

= = =

Jaech
F&B > Z F&B > 7Z F&B > 7Z
C&D->F C&D->F C&D>F HysxHo C
A = D A - D A - D o
l'[p dBHIIA HI;aEH.ﬂa ! !}3 dBHITAa

~ Puc.7 deMep peanuzayuu 0oOpamHou L;ednowcu paccyaicoenuil

[Ipu sTOM MeTOAe cucTeMa HAYMHAET C TOrO, YTO HY)KHO J10Ka3aTh, HATIPUMED, YTO cUTyarms Z
CYILIECTBYET, M HY>KHO BBITIOJIHATH TOJILKO T€ TMpaBWIa, KOTOPHIE OTHOCATCS K YCTAHOBICHUIO 3TOrO (hak-
Ta.

Ha mare 1 cucteme roBopurcsi, 4ToObI OHa YCTAHOBWIA, YTO curyaiwst Z cymiecTByeT. OHa HILET
Z B 0aze, a ecJm ero HeT, OyJIeT WCKaTh MPaBWIO, PUBOJISIEE K ycTaHoBNIeHUIO Z. OHa HAXOAUT TpaBU-
JI0

F&B—->Z

U peIIaeT, YTo HaJlo ycTaHoButh F u B.

Ha mare 2 cuctema mneitaercs Haitu dakt F wm B 0a3e gaHHBIX WM cpeau npaBwl. Haxomur
npaBwio C & D— F u pemaer, 4To HEOOX0MMO yCTaHOBUTH cymiecTBoBanue ¢akrtoB C u D.

Ha marax 3-5 cuctema Haxonur C, 3aTeM HaXonuT A Mpexze, 4YeM MOoIyduT 3aKmodeHde o D.



Ha marax 6-8 cucTema BBINOMHAET TPEThe MpaBWIO, YTOOBI yCTaHOBUTH D, 3aTeM McmonHsAeT BTO-
poe TpaBWIO, YTOOBI YCTAaHOBUTH F M HaKOHEI] — MepBOE MPaBWIO, YTOOBI YCTAHOBUTH OCHOBHYIO LiEJb —
daxkr cymecTBoBaHus Z.

Tenepb HyXHO HarjsiiHO €€ mpencTaBuTh. (s onmcaHus MOAOOHBIX 3ajlady OOBIYHO HCHONb3Y-
IOTCSI TUarpaMMbl, KOTOPbIE HA3BIBAIOTCS depesbamu peulenuil. JIepeBbsi pelieHri Tal0T HeOOXOANM YO
HaIJIJHOCTh Y TMO3BOJIIIOT NPOCJIENUTH XOJI PACCYKIEHUIL.

JuarpaMMbl Ha3bIBAIOTCS JIEPEBBSIMU pEUICHHH TOTOMY, YTO, MOJOOHO HACTOSIIEMY JE€pPEBY,
UMEIOT BeTBU. BeTBU NepeBbeB pellieHnid 3aKaHYMBAIOTCS JIOTMMECKUMU BhIBOoAaMu. [l paccMmaTpuBae-
MO0 IpUMEPA BBIBOJ 3aKIIOYAETCS B TOM, MPEJIOKHUT JIM JUPEKTOP JODKHOCTH MOCTYMAIOIIEMY Ha pa-
00Ty, U eciu J1a, TO KaKylo. MHOrve 3a/a4u CJIOXKHBI, U MX HETPOCTO NPEJCTABUTH (WIM JJI MX PEILCHHST
He cobupatorcs ucnons3oBaTh IC). [lepeBo perieHnii moMoraeT MpeoioieTh 3TH TPYIHOCTH.
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Puc. 8. lepeso pewenuii 015 66160pa 00AAHCHOCHUL.

Ha puc.8 nokazaHo gepeBo perenuii ans npuMepa ¢ npuémoM Ha padoTy. BumHo, uTo quarpamMmma
COCTOUT W3 KPYKKOB U TPSIMOYTOJIbHUMKOB, KOTOpBIE HA3bIBalOTCs BepuMHaMU. Kaxioil BepiivHe mpu-
cBauBaeTcss Homep. Ha BeplIMHBI MOXHO CChUIATHCS IO 3TUM HOMeEpaM. JIMHuM, coeIMHAIOUME BEpIIU-
HbI, HA3bIBAIOTCA AYyraMH WM BeTBAMU. KpyXKH, comepkalye BOIPOCHI, HA3bIBAKOTCS BEPIIMHAMH pe-
menuid. [IpsmMoyrompHUKM coaepkaT LeJd AuarpaMMbl M O3HAYalOT JIOTMMECKHE BBIBOABL. JIMHMM MOKa-
3bIBAIOT HAIpPABJICHWE JuarpaMMbl. MHOTME BEPIIMHBI UMEIOT Cpa3y IO HECKOJIbKO BETBEH, CBSA3BIBAIO-
IIMX MX C JIPYTUMHU BeplMHaMH. BbIOOp BBIXONAIIEH M3 BEpIIMHBI BETBU OINpEEIsIeTCsl MPOBEPKON yCIIo-
BHSI, COJEPKAILErOCs B BEPILMHE.

Hampumep, Bepumna 5 (cMm. Puc.8) comepxwur Bompoc, Ha KOTOPBIM €CTh JBa BO3MOXHBIX OTBETA,
Y TIO3TOMY y He€ JiBa MyTH B 3aBUCUMOCTHU OT CpeaHero 0ajuia moceTuresst 3a BpeMs yu€Obl, TO €CTh BO3-
MOXEH BBIOOp ONHOW M3 NByX BeTBeil. Ecnmu cpennumii 6amn pasen 3.1, To OyneT BbIOpaH NEpBBIH MyTh,
Ttak kak 3.1 menpme 3.5. B mporpamMmme noja cpemHuid 6ayur CHavasga OTBOIMTCS MEPEeMEHHas, a 3aTeM €i
MPUCBAMBAETCS 3HaUYE€HUE. MOXHO CKa3aTh, YTO BEPILIMHBI COAEPKAT MEPEMEHHBIE, a MyTH - 3TO YCJIOBUA,
B COOTBETCTBHMH C KOTOPBIMH TIEPEMEHHBIM TPHCBAMBAIOTCS 3HaueHws. [locie Toro xak st mpoOIeMHOM
o0nacTu copMynupoBaHbl TMpaBWia, 3TH YCJOBHUS CTAHOBATCS ycioBHbIMU dacTsamu (ECJIN) mpaBuna.
[IpssMOyTONBHUKK CONEpKAaT YacTHBIC WIM OOIIME BBIBOABL. Hampumep, mpsMOyroibHUK Ha puc.l mMoxket
colepkaTh OTBET HA BOMPOC, OYAET JIM MOCETUTEIO MpejiokeHa padora. OO0mmas neib CUCTEMBI, B KOTO-



poii pean3oBaHbl OOpaTHBIE PACCYXKICHUS, - MOMYYHTh OKOHYATENbHBIH OTBET. JIOKaJIbHOW IENBI0 MO-
XKeT OBITh COAEepKALIMICS B MPSIMOYTOJbHUKE HA PUC.8 OTBET HA BOIPOC, OYJET JIM MOCETUTEIIO TPEeIJIo-
JKEHA JODKHOCTH. OJIHAKO 3Ta BEPIIMHA UMEET U UCXOASIIME BETBH, U, CIEI0BATEIBHO, YEPE3 HEE MOKET
IPOXOUTh IyTh K CJEAYIIIEMY JOTMU4ECKOMY BBIBOAY. B mocienHem cilydae, MOCKOJNBKY HCXOISINAs
BETBb HE COJCPXKUT YCJIOBHS M OHA TOJILKO OJIHA, F'OBOPAT, YTO BEPIIMHA COMEPKUT JIOKAJIBHBIA BBIBOJ
JUISL Ipyrod Leiu. JIOKaJibHbIA BBIBOJ - 3TO TAKXKE COCTABJISAIOLIAS YCIOBHOM YaCTH IPaBWIA.

O0001IE HHBIH AJITOPUTM PAOOTELI CHCTEMBI C
00paTHOM ENMOYKOH BLIBOJIOB.

Cucrema, peanmsyroasi OOpaTHYIO IIETIOUKY pPacCYKIEHWH, JODKHA BBIMONHATH CJIEIYIOIIE
Iary :

1. Onpenemurhs MepeMEHHYIO JIOTHIECKOrO BBIBOJA.

2. B crmcke noruueckux BBIBOJOB HCKATh MEPBOE BXOXKICHUE 3TOM mepeMeHHoW. Ecim mepemen-
Hasl HalJeHa, B CTEK JIOTMYECKUX BBIBOJOB IIOMECTUTh HOMEP COOTBETCTBYIOIIETO NpaBWia U YCTAHOBUTH
HoMep yclioBusi paBHbIM 1. Ecnmm mepemeHHass He HaWmeHa, COOOIIUTH TOJIH30BATEIIO, YTO OTBET HAUNTH
HEBO3M O)KHO.

3. IlpucBouTh 3HAYEHHS BCEM MEPEMEHHBIM YCIIOBUS M3 JAHHOTO TPaBIIIA.

4. Ecii B CIMCKE TIEPEMEHHBIX yKa3aHO, YTO KAaKOW-TMOO TMEPEeMEHHOW YCJIOBUS HE TPHCBOCHO
3HAYEHHE M €€ HEeT CpeJy MEPEeMEHHBIX JIOTMYECKOro BbIBOJAA (€€ HeT B CIHCKE JIOTMYECKHX BBIBOJOB),
3aMpOCUTh €€ 3HAUYEHUE y NOJIb30BaTEIS.

5. Eciu kakas-mubo mepeMeHHasi YCJIOBHSI BXOAUT B TIEPEMEHHBIC JIOTMUECKOrO BBIBOZAA, MOME-
CTUTh B CTEK HOMEp MpaBWia, B JIOTMIECKUN BBIBOJ KOTOPOrO OHA BXOAWT, U BEPHYTHCS K LIary 3.

6. Ecnu w3 mpaBWia HeNb3sl ONPENIENUTh 3HAUCHHE MEePEeMEHHOW, YAAIUTh COOTBETCTBYIOIIHI eMy
AJIEMEHT W3 CTEKAa U B CIMCKE JIOTMYECKHX BBIBOJOB MPOJIOJDKHUTH TMOKMCK IMpaBWIA C 3TOW MEepeMEeHHOM JIo-
TMYECKOr0 BBIBOAA.

7. Ecmm Takoe mpaBWIO HaWIEHO, TIEpEeTH K mary 3.

8. Ecim mepeMeHHasi He HaiiieHa HM B OJHOM U3 OCTaBIIMXCS TNPABWI B JIOTMIECKOM BBIBOJE,
NPaBWIO MJIsl TPEIBIAYIIEro BBIBOJA HEe BepHO. Eciu mpeaplayliero BbIBOA HE CYIIECTBYET, COOOIIMTH
T0JIb30BATEJNI0, UTO OTBET MOJYYUTh HEBO3MOXKHO. EciM mpenblayluii BEIBOJ CYLIECTBYET, BEPHYThCS K
mary 6.

9. Ompenenurh 3HAUYCHUWE TNEPEMEHHOM W3 TPaBMIa, PACIOJIOKEHHOIO B Hadalle CTEKa; MpaBWIO
m3 cTeka yaamurb. Ecam ecTh emé nepeMeHHblEe JIOTMYECKOro BbIBOJA, YBEJIMUWUTH 3HAUECHUE HOMEpA
YCIIOBUSL U JIJIS1 TIPOBEPKH OCTABILMXCS MEPEMEHHBIX BEpHYThCs K miary 3. Ecim Oonblile HET mepeMeHHbIX
JIOTUYECKOT0 BbIBOAA, COOOILIUTH MOJIb30BATEI0 OKOHYATEIbHBIA BBIBOJI.

2. llopsanoK BbINOJHE HUS PA0OTHI:

BriOpaTh mo 3aganHoi Teme 15-20 mpaBuil NPUHATHS PEIICHUS,

Y Hops0uuTh UX MO CTETEHU Ba)KHOCTH;

ITocTpours nepeBO NPUHATHSA PELICHUSA;

[TocTpouTh CIHCOK TEPEMEHHBIX JIOTHUECKUX BBIBOJIOB;

Hamicats nporpammy 11 peamm3aimii 00paTHOM IIETIOUKH PacCyKIeHHI

arwNE

3. BapuanTsl 3a1aHui

Peamm3oBaTh NpSIMYyIO TIETIOUKY PACCYXKICHHH IS CIICAYIONIMX 3a7ay:
JTMATHOCTHKA HEWCTIPABHOCTEH JJIEKTPOHHOHM armapaTypbl
JVAaTHOCTHKA HEWCTIPABHOCTEH aBTOMOOWIS

JMAarHOCTHKA 3a0omeBaHuii (TIo BEIOOPY)

Ananm3 o0BbekTa (1Mo BeIOOPY)

CTIOPTHBHBIX MEPOTIPHSTHI

TeJenepeaayd

NPUPOIHBIX KATaKIM3MOB

oo AR

3a7a41 MHPOPMAIIMOHHO-COBETYIOIETO XapakTepa (Tio BEIOOPY)



MOMOIIHYK 3aBEAYIOIIEro CKIaaa
NOMOIIIHUK anTeKaps

MOMOIIHUK ONepaTopa CHPaBOYHOM CITy>KObI
BBIOOp JTOJDKHOCTHU

IPOBEJICHHUE OTIIyCKa

S®Poo0oTw

T.IL

4. KoHTpOJIbHBIE BONIPOCHI

1. Uewm ornmuaroTcs «mpsiMas» U «o0paTHasy LETIOYKH PacCyKICHUA?
2. Kaxue Bunbl MpaBWI CYIIECTBYIOT?

3. Kak xoHrponmpyeTcst BbIBOJ npaBmwi u3 b3?

4. Kak yuyurbIBaeTCsl JOCTOBEPHOCTD 3aKIIOUMTEILHON YacTu NpaBmwia?

JlabopamopHasi paboma Ne 3. Ucnonb3oeaHue Simulink npu nocmpoeHuu HeliPOHHbIX ce-
medu.

enpto paboTHI SIBISCTCS M3YYEHHME OCHOBHBIX OJIOKOB BH3yaJbHOro mnpmiokenns Simulink mpo-
rpammHoii cpeae MATLAB 6.0, ucnonb3yeMbIX NHOpu NOCTPOSHWHM HEHPOHHBIX CeTel, mprodpeTeHue

OIBbITa MOJICJIMPOBaHKS HeHpoceTeBhIX cucTeM ympasieHus cpeast MATLAB 6.0.

TeopeTnyeckas 4acTh

Bubmoreka OJIOKOB TTOCTPOEHMSI HEWPOHHBIX ceTel B Simulink.

ITaker Neural Network Toolbox comepxur psia GJI0KOB, KOTOPbIE MOTYT OBITH HEMOCPEICTBEHHO
UCTIONIb30BaHbl I TOCTPOCHMS HEHMpOHHBIX ceTeil B cpexe Simulink, mibo mpumensaThcs BMecTe C
byrkmpein gensim [1].

Jlnst BeI30Ba Habopa OJIOKOB, B KOMAaHIHOM CTPOKE HEOOXOIMMO HaOpaTh Komanmy neural, mocie
BBITIOJIHCHUST KOTOPOiA TIOSIBJISICTCS] OKHO BHa puc. 1.

i

File Edit Wiew Format Help
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Transfer Functions Met Input Functions Mieight Functions

“H

Cantrol Systems=

Meural Netwok Toolbox Blodk Librane
Copyright 1992-2001 The MathWWods, Inc.

Puc. 1. OcHoBHble HelipoceTeBsie Oyoku Simulink

Kaxxnplit u3 npencraBieHHbIX Ha puc. 1 GJIOKOB B CBOIO odepespb sBIsieTcss Habopom (Oubimore-
KO#) HEKOTOpBIX 0JIOKOB. PaccMoTpuM ux.
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cb oo [ b b AP 4k A5

compet  hardlim  hardlims  lagsig paslin purelin

FA R VA B = N T Y

radbasz =atlin zatlins  softmax tans=ig tribas

Puc. 2. bubmmoreka (QyHKImMH aKTHUBALMH

broku ¢dynkipm aktusaimm (Transfer Functions). J[BoiHOM IETYOK KHOIKKA MBIIIM Ha OJIOKE
Transfer Functions npuBoxuT K TOSABICHHUIO OMOIHOTEKH (yHKIWI akTuBarpu (puc. 2). Kakaslid w3 3THX
OJIOKOB JTaHHOM OMOJIMOTEKH MpeoOpa3yeT MoJaBaeMblii HA HETO BEKTOP B COOTBETCTBYIOLIMIA BEKTOP TOM
Ke pazMepHocTH (Tadu. 1).

Tabmmia 1. [lepeuenp QyHKIMI aKTHBAIMK HEWPOHOB

HazBanue ®dopmyia O0nacTh 3HaYCHHIA
Iloporosas
0, s<0, 01
f(x)=
1 s=0
3HaKoBast
(curHatypHas) 1, s>, -11
f(x)=
-1, s<0
CurmouaasHas 1
(JTOTUCTHHUYHCKAS) f(x)= s 0,2)
l+e
[onymiuelinas
s, $>6, (0,)
f(x)=
0, s<0
JInneiinas f(x)=s
(-O0,00)
PamgnanpHas _=?
OasucHas (rayccosa) f(x)=¢ 0,1)
[TonymHuelinas ¢ HachIlIe-
HHEM 0, s<0, 0.1)
f(x)=<s, 0<s<1],
1 s>1
JIuneitnas
C HACBIIIICHUEM -1 s<-1, (-1,1)
f(x)=<s, —1<s<],
1 s=>1
IMunepOonmyeckuii TAHTEHC s —s
(curmouanbHas) f(x) = £-e (-11)
et +e”®




TpeyronpHas
1-|s|, |s|£6, 01)

1 |sp1

biioku npeoOpa3oBaHus BXOMOB ceTH. [IpoBOIS aHANOTMIHYIO PACCMOTPEHHOW OINEpaIio, HO C
omokom Net Input Functions, mpuném k 6ubimoTrexke 0JIOKOB BHIA, IMpeACTaBACHHOr0 Ha puc. 3 [1].

-I0ix
Fil=  Edit Wiew Format
Help

+

P W op

netsum netprod

Puc. 3. bubmmoreka 6JI0KOB TpeoOpa3oBaHuii CHUTHAJIOB
broku nanHON OMOMHMOTEKHM peamBYIOT pPAcCMOTPEHHBIE BBINIE (YHKIMU TMPpeoOpa30oBaHUs
BXOJIOB CETH.

[~ Library: ne -10] x|
File Edit “ew Formak Help
1] w 1] w
R b F4 )
p p p p
dotprod dist negdist normprod

Puc. 4. bubnmoreka GJ0KOB BECOBBIX KOI((DHIIHE HTOB
biioku  BecoBBIX _ KO3((UIMESHTOB. TouHo Tak ke (HO IIeNKasl JIEBOW KHOMKOW MBIIIH TIO
ukonke ¢ Hammickio Weight Functions) mpumem k Oubimoreke 0JokoB (puc. 4), peajm3yrolux HEKO-
TOpble (PYHKIMK BECOB M PacCTOSHUM.
OTMeTuM, 4TO TPHU 3aJ[aHMM KOHKPETHBIX UYKCJIOBBIX 3HAUCHHUIA, MPH OMEpaIMi CO BCEMU TpPUBE-
JEHHBIMHU OJlokaMK BBHAY ocoOenHocTedt Simulink BekTopsl HEOOXOIMMO TMPEICTABIATH KaK CTOJOIDI, a

HE KaK CTPOKH (Kak 3TO OBLIO JI0 CHX TOp).

_ibix
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pi{1} w1}
Meural Metmam

R [100% [ [ |ode4s 4
Puc. 5. Co3nanHast HelipoceTeBas Mozaensb Simulink
PopMHpOBaHUE HEHMPOCETEBbIX Mozeneil. OcHOBHOM (yHKIMeH s (GOpMHUpPOBAHHE HEMpoceTe-
BIX Mojesieii B Simulink steisietcst Gyskimst gensim, 3amiceiBacmas B opme
gensim(net,st),
rae net — mmsa coszganHoit HC, st — unTepBan auckpermaimm (ecoi HC He nMmeeTt 3anepxex, ac-
COIMMPOBAHHBIX C €€ BXOJaMU WIH CJIOSMH, 3HAUCHHE JaHHOIO apryMEHTa yCTaHABIMBACTCS PABHBIM -1)

2.

Ipumep 1. Co3nanue nocteuiiei HEUPOHHOU CETH.



[IycTh BXOZHON M LIEJIEBOM BEKTOPHI UMEIOT BUI

p=[12345];

t=[13579].

Coznanmm muneinyro HC u mporectupyem ee:

»p=[12345];

»t=[135709];

» net = newlind(p,t);

»y =sim(net,p)

y=1.0000 3.0000 5.0000 7.0000 9.0000

3atem 3anyctum Simulink komanmoi

» gensim(net,-1)

DTO MpHUBEIET K OTKPHITUIO OJIOK-THUarpaMMel (puc. 5).

Jns poBeieHUsT TECTUPOBAHKS MOJEIN MISTKHEM JBXK/IbI 10 JIEBOM MKOHKE (C Haamuchio Input
1, T. e. Bxon 1), 4To mpuBeeT K OTKPHITHIO JUAJIOTOBOrO OKHA (puc. 6).

Block Parameters: p{1} #]

— Conztant

Cutput the constant specified by the 'Congtant walue' parameter. [f
'Constant walue' iz a vector and ‘|nterpret vector parameters az 1-00° iz on,
treat the constant walue az a 1-0 amay. Othenwize, output a matris with the
zame dimenszionz as the constant value.

— Parameters

Constant value:

| ] 4 I Cancel Help Apply

Puc. 6. JInanoroBoe okno 3aganus Bxoma HC
B nmanHOM ciydae 6ok Input 1 siBisieTcst ctaHAapTHBIM OJIOKOM 3agaHus KoHcTaHThl (Constant).
V3MeHnM 3HaYeHHE TI0 yMOMaHWIO Ha 2 W HaxkMeM kHonky OK. 3aTeM HakmMeM KHOmNKy Start B MeHro
MOJIeTIMpOBaHMs. PacdeT HOBOTO 3HAUEHMS CETHIO MPOM3BOIUTCS TPAKTUIECKA MTHOBEHHO. [IJIs1 ero BhI-
BOJIa HEOOXOAMMO JIBaXK/bI IICJKHYTh MBIIIBIO N0 MpaBoil MKoHKE (Os0Ky y(1)). Pe3ynbrar BhruncieHuit
oTo0OpaxkaeTcsi puc. 7 — OH paBeH 3, Kak U TpeOyeTcs.

-1olx
lemlocppo HABE| O &

Puc. 7. Okso ¢ Beixomom HC
OTMeTHM, 4TO, ABAXKIBI INEJKAs JIEBOM KHOMKoOM MbIimm 1o O0soky Neural Network, 3atem — 1o
670Ky Layer 1, MOXXHO TONYy4YUTH JAETaNbHYIO Tpadudeckyro HHPOPMAIMIO O CTPYKTYpe ceTH (puc. 8).



pii} Lrelays 1

netzum purelin

Puc. 8. Crpykrypa co3nannoir HC
C co31aHHOI CETHI0 MOXKHO TPOBOIWUTH PA3MYHBIC SKCIICPUMEHTHI, BO3MOXHBIE B cpene Sim-
ulink; BoOOIIE ¢ mMOMONIBEIO KOMaHABI QENSiM OCYLIECTBISIETCS HMHTErpalys CO3JaHHBIX HedpoceTei B
OJIOK-TMarpaMMBbl 3TOTO IMAKEeTa — C HCIONB30BAaHHEM HMMEIOIMXCS IPH 3TOM HHCTPYMEHTOB MOJEIHUPO-
BaHUA pa3MYHBIX CHCTEM (HAlpHUMep, BCTPaMBaHUE HEHWPOCETEBOrO PErysiTOpa B CHCTEMY YNPaBICHHSA
¥ MOJIEJIMPOBAaHNE TOCTCTHEH U T. IL.).

DJeMeHTEI MaTEMAaTHIECKOI0 MOIEIIMPOBAHIS HEMPOCETEBBIX
cucTeM vipasieHust B mporpammuoin cpeae MATLAB 6.0

bubmorexa wuHcTpymenroB maketra MATLAB 6.0 mo3BomsieT MoaenvpoBaTh CYIEpPBU3OPHBIN
pekuM pabOThl MHOTOCJIOWHOM HEHWpOCEeTH B COCTAaBE CUCTEMbI JIMHAMHUYECKUM OOBEKTOM, 3aJlaHHBIM
ypaBHEHMSIMU COCTOsHMS. Peammsammst sToro pexnMa oOecreuuBaeTCsi HeHpOCETEBBIM KOHTPOLIEPOM
Model Reference Control, npexcrasmsiommm co00i CTPYKTYpY, KOTOpast BKIIFOYAET JABE MHOIOCIIONHBIE
HEHPOHHBIE CETH: YNPABISIONIYI0 M WICHTUDHKAIMOHHY. Kaxkmas ceTh OJIoKa COJNEPKHUT OJHMH CKpbI-
THII CJIOH, KOJIMYECTBO HEMPOHOB B KOTOPOM BbIOMpAaeTCsl B 3aBHCUMOCTHU OT CJIOHOCTHU 3aJlauM yIpaB-
nenust [2].

broxk Model Reference Control maxomurcs B 6Gubmoreke wHcTpymMenroB MATLAB B manke
Neural Network Blockset/Control Systems.

Hacrpoiika KoHTposuiepa ocymiecTBiIseTcs B J1Ba 3Tana. Ha mepBoM srtane NmpoBOAWTCS WIEHTU-
¢ukampss  oObexkTa ynpaBieHWs (0OydeHHWEe WICHTU(PUKAIMOHHOM MHOTOCJIOWHOW HEMpOHHOW ceTH
(MHC)), a ma BTOpoM — oOyuenue ynpamistomieir MHC Tak, 4ToObI TIOBEJ€HHE 3aMKHYTOW CHUCTEMBI
«KOHTpOJUIEp — OOBEKT» yINpaBiicHUs ObLIO ObI MICHTHYHBIM TOBEJICHHIO 3apaHee BBIOPAHHOW MOIEIU
(reference-momenu). Takum 00pa3oM, B JaHHOM KOHTPOJUICPE PeamM3yeTCsl CTpATErHs OOYUEHHS «C yUu-
tenem». B mponecce o0ydeHus MO3TAIHO MPOM3BOIUTCS HACTPOWKA BECOBBIX KOA((UIMEHTOB HEHPOHOB
CeTH Mo BBIOpaHHOMY airopurmy. [Ton omHMM ypokOM OOYyYeHHMs TOHMMAETCs TIEPEHACTpPOMKa BCEX Be-
COBBIX KOA((UIIMEHTOB CETH.

ITpu orkpeiTum 610ka Model Reference Controller nosiBisieTcsi OKHO HACTPOMKH yTIpaBIISIFOIICH
cetu. lns toro 4To0Ob! nepeiiru k unenrudukamm OV, HeoOXxoauMo HaxaTh Ha kHorky Plant ldentifica-
tion, pacrosoKeHHYI0 B JI€BOM HIDKHEM yriy okHa. IIpu sTom mosiBurcs HoBoe okHo Plant Identifica-
tion (puc. 9), B KOTOpOM MOXHO OYAET 3a/1aTh MapaMeTphl, HCOOXOAUMBIE I HACTPOMKH MIEHTH(pUKA-
IIMOHHOM CETH.

Wnenrndukaims o0bEKTa yrpaBieHHs MPOUCXOAHUT B TPU CTAIHML

IlepBast cragus — BeIOOp cTpyKTyphl Haenrudukammonsoir MHC (6ox Network Architecture
Ha puc. 9). OHa BKIIIOYAeT B ce0s1 BRIOOP CICTYIONHX MapaMeTPOB:

Size of Hidden Layer — xommuecTBO HEHPOHOB B CKpbITOM cjioe (ucmonb3yercss MHC ¢ ommim
CKPBITBIM CJIOEM). DTOT MapaMeTp CIeNyeT BhIOHMpPAaTh C YYETOM CJIOKHOCTH 00beKTa ympasienus. Cre-
JyeT y4eCTh, YTO CETh C OOJBIIMM KOIMYECTBOM HEHPOHOB B CKPBITOM clioe OyneT obecreumnBaTh Oonee
BBICOKHE KA4YEeCTBEHHBIC IOKA3aTeNM 32 MEHbIIEee KOJIMYECTBO YPOKOB, HO NPH 3TOM BO3PACTET CJIOXK-
HOCTbH BBIYHCJICHHH, T. €. OMH YPOK OyJIeT 3aHMMaTh OOJbIlee BpeMs.

Sampling Interval — neprion nuckpeTm3ammu (B CEKyHIaX).

No. Delayed Plan! Inputs — xoianuecTBO 37€MEHTOB 3aJePKKHA Ha BXOAaX HIACHTUDHKAIMOHHOMN
CEeTH.

No. Delayed Plant Outputs — konu4ecTBO 3IEMEHTOB 3aICPXKKH HA BBIXOAAX WICHTH(PUKAIMOH-
HOM CETH.

Normalize Training Data — Hopmamm3ammst [JaHHBIX B mporiecce oOydenws. [Ipu BeIOOpe 3TOro
napaMeTpa JaHHbIe, UCTIONIb3yeMbIe B MpoIecce 00ydeHus, OyIyT mpuBeaeHsl K oTpe3ky [0; 1].

Bropas cragus — 3TO TOMy4YeHHME MAaHHBIX I OOYYEHHs WICHTU(PUKAIMOHHON ceTH (OJiok
Training Data Ha puc. 9). Ha srom srame BO3MOXXHO MMTOpTHpoBaHMEe AaHHbIX M3 MAT-daiina wm



HeTocpeICTBEHHO m3 pabouero mpoctpanctBa MATLAB, a Taxke ¢GopMupoBaHHE JaHHBIX HA OCHOBE
3apaHee TIOJTOTOBJICHHON MOJIENM 00hEKTa YIpaBICHUS.

Monens oO0bekTa ympaBlieHHs BhIMONHSIETCS B BHae otraensHoro (daima SIMULINK u odopmis-
€TCS C TIOMOIIBIO BBIJICJCHHBIX BXOIa M BbIXoJa oOBekTa (Mcronb3oBaTh Oyiokm Input Port m Output
Port).

B mporecce ¢dopMupoBaHMsS MaHHBIX HA OCHOBE TPEACTABICHHOW MOJAEIH OOBEKTa YIpaBICHUS
MPOBOAUTCSI SKCIIEPUMEHT, B KOTOPOM Ha BXOJ 3TOM MOJENH TOoJaeTcsl MOCHeI0BATELHOCTh MPSIMO-
YrOJbHBIX MMIYJbCOB (B JaJibHeWieM OyneM Ha3blBaTh €€ TECTOBBIM CHUIHAJIOM), ITapaMeTpbl KOTOPOI
321aI0TCSI CJICYIONMM U 3HAYCHUSIM U

| Plant Identification E]@ )
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Generate or import data before raining the neural network plant.

Puc. 9. HacTpoiika npouiecca uaeHTUhHKauu 00BbEKTa YIpaBlIeHUS

Training Samples — konMYeCcTBO TUCKPETHBIX OTCYETOB B TECTOBOM MOCIICI0BATEILHOCTH. 3HAUE-
HUE ATOTO MapaMeTpa CleAyeT BRIOUPATh UCXOJS M3 CJIIOKHOCTH 00BEKTA YIPABIICHHS.

Maximum Plant Input — makcuMasbHast BeJIMYHHA CHTHAJIA.

Minimum Plant Input — MuHIMaITbHAS BEJIMMKMHA CHTHAJA.

Maximum Interval Value — makcumainbHast JUIMTEILHOCTH OTHOTO UMITyJIbCa (B CEKYHIaX).

Minimum Interval Value — MuriMasbHasl IJIMTEIILHOCTD OTHOTO UMITYJIbCA (B CEKYHIAX).

OTH 3HAYCHHS CIICAYET BHIOMpPATh TAKUMHU, YTOOBI TECTOBBIN CHIHAJ MPEIOCTABIISLT ObI KAK MOXKHO
OombIIyI0 HHGOPMAIMIO 00 00BEKTE, T. €. OBLI OBl JOCTATOYHO Pa3HOOOPA3HBIM.

Limit Output Data — orpanndenre Bbixoma Mojaesd. [Ipyu UCMONB30BaHMK STOrO MapaMeTpa Oymer
NPE/IJIOKEHO BBIOPaTh MUHMMAJIbHOC M MAaKCHMAaJbHOC 3HAUCHMS, KOTOPHIMU OYIET OrpaHHYCHA PEaKIs
00bEKTa YNPaBIICHKS HAa TECTOBBIN CUIHAIL

Simulink Plant Model — 3neck HeoOxonumo yka3aTh HazBanue Mozaesr SIMULINK. Tlpu Haxatun
Ha KHOTNKy Browse Oymer mpeajiokeHO yKas3aTh pacIlojOKEeHHE 3apaHee TOJATOTOBJICHHOro (¢aiina ¢ Mo-



Jeblo (111 KOPPEKTHOM paboThl MyTh, MO KOTOPOMY HaXOAWTCs (aiil, He JOIDKEH CONEPKaTh PYCCKUX
CHMBOJIOB).

ITocne BBIOOpa Bcex 3HaueHM HEOOXOomaMMO HakaTh KHOmky Generate Training Data. ITpu sTom
nporiecc BeIpabOTKA TIOCIIEI0BATEIHLHOCTH OymeT oTodpaxeH B rpaduueckom okue Plant Input-Output
Data. I[Tporiecc MOXKHO TpepBaTh, HAXaB HA KHOMKY Stop Simulation.

[Tocne oxoHuanws OynmeT MpeasioKeHo OO MpuHATH AaHHble (Accept Data), mibo OTKIOHUTH X
(Reject Data).

Ecim mo xakuM-TO TMpUYHHAM TIONMYYEeHHBIEC JaHHBIC HE TMOIXOAT, TO TPU HAXKATHUM HAa KHOIKY Re-
ject Data okHO 3akpoeTcsi, 1 MOXXHO OyIeT 3aJaTh Apyrue mapameTpbl TECTOBOW MOCIIEI0BATEIbHOCTH,
Opyryl0o MoOIeNb WIM HUMIOPTHpoBaTh JaHHble w3 MAT-¢aina wm u3 pabodero mnpocTpaHCTBA
MATLAB.

[Mpu mpumsiTin nanHbIx KHomka Generate Training Data 3amensiercs Ha Erase Generated Data.
Takum o0pazoM, Ha JIOOOM 3Tane MOXHO OCTaHOBUTHCS M C(OPMHUPOBATH TECTOBYIO IOCIJIEIOBATEIb-
HOCTb 3aHOBO.

Knorka Import Data ciyxur naist mMmopTa TECTOBBIX JaHHBIX W3 COXpaHeHHOro panee MAT-
¢aitna wm w3 pabouero mpoctpanctBa MATLAB. Knomka Export Data mpemgna3zHadeHa mjis 3KcTiopTa
TeCTOBBIX JaHHbIX B MAT-daiin wm B pabouee mpoctpanctBo MATLAB B Buzme CTPYKTypbl JaHHBIX
WIA MacCHUBA.

[Tocne momy4yeHusi TECTOBOM MOCIEA0BATEILHOCTH HEOOXOIUMO TEPEUTH K 3aKIIIOYUTEIIHHON CTa-
nui — ooyueHnto uneHtudurkammonnoit MHC.

J1st 3T0r0 HEOOXOIUMO OMPENIEIUTh CIEIYIOLIHE MapaMeTphlL:

Training Epochs — konmmgecTBO ypokoB oOydeHHs. 3HAUCHHE 3TOr0 mapameTpa HeOOXOIUMO BbI-
OMpaTh JOCTATOYHO OOJBIIIMM, YTOOBI OMMOKA 00y4YeHus OblIa ObI JocTaTOUYHO Masia. OHaKO, HAYMHAB C
HEKOTOPOro MOMEHTa BPEMEHH, JlajibHeilee o0ydyeHne CEeTH CTAHOBUTCS NMPAKTHUECKH OECTONe3HbIM, U
MOTOMY KOJIMYECTBO YPOKOB HE JOJDKHO OBITH CIMIIKOM OonbimmM. [ JaHHOrO mpumepa o0ydeHHe
MOYKHO TPEKpPaTHUTh, KOTJa Ipa(uK OMMOKH BBIAIET HA JJIMHHBIN TIOJOTMA Y4acTOK.

Training Function — BeiGop amropurma oOydenwss. J[s JaHHOrO mMpUMepa PEKOMEHIYETCS HC-
H0JIb30BaTh ayropurM trainim.

Use Current Weights — ucrionb3oBaTh yKe MOTy4eHHBIE BECOBBIE KOIPMHIMEHTBI. DTOT MapaMeTp
MOKHO BBIOMpATh MPU NMOBTOPHOM OOYUEHHH CETH.

Use Validation Testing Data — npu BeiOOpe 3THX mapamMeTpoB 25% TECTOBBIX JaHHBIX OYAET HC-
TMOJIb30BAHO Il PaHHErO 3aBepHICHWs] OOydeHWsl WWIM TPOBEPKHA CETH. B HIDKHEH YacTH OKHAa CHHIM
IIBETOM OTOOpakaeTcsl MoACKa3Ka.

[Tocne BBIOOpa BCeX mapaMeTpoB HEOOXOIMMO HakaTh Ha KHOMKy Train Network (oOydenue ce-
TH). [Ipy 5TOM MOSIBUTCSI HOBOE OKHO, B KOTOPOM OYAET HAIISIAHO OTOOpakaThCsl XOJ o0y4deHus, T. €. Oy-
JIeT TIOKa3aHa OIMOKa OOydeHWs Uil Kaxxaoro ypoka. Ilpormecc oOydeHus MOXKHO TIpepBaTh, Ha)KaB Ha
kHOKy Stop Training.

[Mocne 3aBepuieHust mporecca o0ydeHust OyaeT MOKa3aHO 1Ba HOBBIX OKHa — Training data for
NN Model Reference Control u Testing data for NN Model Reference Control (eciu 6511 BIOpaH
nmapametp Use Testing Data).

ITocne ycmemmHoro oOyueHus WICHTUDHUKAIMOHHOW CETH HEO0O0XOJUMMO MepeiTH K 00y4eHHIo
ynpasisitoreit cetu. [ atoro B okre Plant Identification myxHo HaxxaTh Ha kHOmKy OK.

JIst HaCTPOWKK Tporiecca 00yveHws YIpaBIIIoNIeH ceTn npeaHasHadeHo okHo Model Reference
Control (puc. 10).
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Puc. 10. HacTpoiika nporecca 0O0y4deHus ynpaBsIomed CeTH

[Ipouiecc o0yueHHst KOHTPOIUIEPA TAKKE MOXKHO Pa30UTh HA TPU CTa WM.

IlepBasi cragusi — BBIOOP KOHQUryparwyl yrpaBIsiioIIed CeTH

3necy mapamerpsl Sampling Interval u Normalize Training Data BbiOuMparoTcsi TakKMMH Ke, KaK U
npu 00y4eHHN WIeHTUDUKAIIMOHHON CEeTH aBTOMATHIECKHU.

No. Delayed Reference Inputs — koiau4ecTBO 31€MEHTOB 3aI€P)KKU HA BXOJIE, HA KOTOPBIi MO/1aeT-
Cs1 TECTOBBII CUTHAJL

No. Delayed Controller Outputs — xoinMuecTBO 3J€MEHTOB 3aJCPXKKH Ha BBIXOJEC YIPABJISIOMICH
CeTH.

No. Delayed Plant Outputs — koiMM4ecTBO NMEMEHTOB 3aJICPXKKH HA BBIXOJE HMIICHTUDHKAIIMOHHOM
CEeTH.

BTopasi cTagus — NoTyYeHHe TaHHBIX NI 00 yd eHHs.

Ha oroii cranmm, kak ¥ mpu OOy4YeHHH HWICHTHU(PUKAIMOHHOW CETH, BO3MOXKHO HMMIIOPTHPOBaHUE
nanHbiXx 13 MAT-¢aiina wmm HerocpencTBeHHo w3 pabouero npoctpanctBa MATLAB, a taxke (opmu-
pOBaHHE TaHHBIX HA OCHOBE 3apaHee MOJAr0oTOBJICHHOH sTanonHoi (reference) momenm.

Reference-mooens — 310 MOJIEIb, KOTOPAsi, ONKMCHIBACT JKEJIAEMOE TTOBEICHHUE 3aMKHYTOH CHCTEMbI
KOHTpOJUIep-00beKT ynpaBienus. OHa 3aJaeTcst Tak ke, KaKk U MOJeNb 00BbEKTa YNpaBJICHUs Ha dTane
uineHrudukauy, T. €. B Bune (Qaitia Ha rpaduueckom s3pike SIMULINK.

Controller Training Samples — komMuecTBO AWCKPETHBIX OTCYETOB a TECTOBOM curHaje. OHO
JIOJDKHO OBITh, KaK ¥ TIPU WICHTUPHUKAIMA O0BEKTA, TOCTATOYHO OOJIBIINM.

Bce mapameTpsl, kKak U caMm npouecc (opMUpPOBaHHUS TECTOBOW MOCIE10BATEILHOCTH, aHAJIOT MY HBI
UCTIONIb3yEMbIM Ha 3Tane WICHTU(PUKAIUN OO0BEKTa YIpaBJICHHUS.

TpeThsi cTagus — oOydeHue KOHTpoJuiepa (ympapisiromei ceTn). s o0ydeHnss HeoOXoauMo 3a-
JIaTh CIEIYIOIHE IapaMeTphl:

Controller Training Epochs — koimuecTBO ypokoB. 3HAUYCHHE ITOr0 MapaMeTpa Hellb3s ompeie-
JUTH 3apaHee, MO3TOMY €T0 HeOOXOIUMO TMOA00paTh B MPOIECcCe 00YICHUS.



Controller Training Segments — koM¥ecTBO CErMEHTOB, HA KOTOPBIE OYIyT pa3/esieHbl TECTOBBIC
nannble. [Ipu 3TOM 1718 Ka)X1oro cerMeHra OyJaeT MpOBEICHO yKa3aHHOE KOIMYECTBO YpPOKOB. XKenaTemb-
HO pa30MBaTh JTaHHbIE HA CETMEHTHI TaKMM 00pPa3oM, YTOOBI KaXKIBI CETMEHT COIEpKall XOTs Obl OIHH
MIEPEXOAHBIN TpoLECC.

Use Current Weights — ucronp3oBaTh Tekymme BecoBbie Kod(hduimeHTsl. B mporuBHOM citydae
BeCOBbIe KO3(PUIMEHTH! OyIyT BBIOpaHBI CydaiHbIM 00pa3oM. DTOT mapaMeTp cieayeT NPUMEHITh MpU
TIOBTOPHOM O0YYEHHH.

Use Cumulative Training — npu BeIOOpe 3TOro mapamerpa IepBOHAYaIbHOS 00y4eHHe OY/IeT Bbi-
TMOJIHEHO C TIEPBBIM CETMEHTOM TECTOBBIX JaHHBIX, @ TIPU TIOCJIEIYIOIEM O0yYEHNN OCTaJbHBIE CETMEHTHI
OynyTr n00aBIATBCSA K JIaHHBIM, MCTIONB3YEMBIM Ha MpenbiaymeM stane oOydenus. Takum oOpas3om, Ha
(uHaTBEHON cTaanu 00y4eHHs Oy/eT MCTIONB30BaH BECh HAOOP TECTOBBIX JAHHBIX. DTOT MapaMeTp Ciedy-
€T UCTIONIb30BaTh C OCTOPOXKHOCTBHIO, TAK KaK OH YBEJIMUMBACT BPEMS 00YICHUS.

[Tocne 3amanus BCex mapaMeTpoB HEOOXOIMMO MPHUCTYNUTh K OOYUYESHHIO YIpaBIISIOLIEH CeTH, I
Yero Hy)KHO HakaTh Ha KHorky Train Controller. IIpu 3ToM OTKpOETCSl OKHO, B KOTOPOM OyJIET HATJISTHO
0TOOpakaThCs Mpolecc OO0ydeHus (Tak ke, Kak W Npu oOydeHnH uiaeHTuduKaimonHoi cetw). [Ipomecc
00ydYeHHsT MOXKHO TPEepBaTh, HAXKAB HA KHOMKY Stop Training.

Buumanue! Ilporecc oOyueHHst MOXKET 3aHUMATh JUIMTEILHOE BpeMs (10 HECKONBKHX YacoB), U
IpY STOM TporpaMMa MOXKET He pearupoBaTh Ha HakaTue KHomku Stop Training.

[Tocne 3aBepienns o0yueHus oTkpeiBaetTcs okHo Plant Response for NN Model Reference Con-
trol, B xoTopoM OTOOpa)Xar0TCs pe3ysbTaThl 00yueHUs. X MOXHO TPOCMOTpPETh OoJiee JeTabHO, BbI-
OpaB B Mmenro nyHkr View/Figure Toolbar. Ilpu 3ToM mox CTPOKOH MEHIO TOSIBUTCSI MAHEIb HHCTPYMCH-
TOB, C MOMOIIIBI0 KOTOPOH MOXKHO MAaHHITYJIHPOBATh W300pa’keHUCM.

[Tocne ycmenmHoro 3aBeplIeHUs Tporecca OOYYCHHS YIPABISIONIEH CETH KOHTPOJUIEP TOTOB K HC-
TMOJIb30BAaHUI0 B COCTABE CHCTEMBbI YIPaBJICHUS.

Bo3MoxHBIE POOJIEMEI B IIPOLIECCE MOJETUPOBAHI.

1. Ilporecc o0y4yeHHs WICHTU(PUKALMOHHON CETH HAET MEIJICHHO WIM NMPEKpaIlaeTcs camoIpo-
M3BOJILHO, YTO ONPEIEAETCs 10 TOMY, YTO OIIMOKa 00Y4YEeHHUs HE YMEHBIIAETCS C KAaKOro-1mbo ypoka.

3TO MOXKET MPOUCXOHUTH B CIICIYIONIMX CITydasx:

* HeBepHO BbIOpaHa KoHpurypaimsi MHC2 — neoOxomumo 3amaTh Oonblliee YHCIO HEHPOHOB B
CKPBITOM CJIOE;

* HEBEpHO 3aJlaH HAaOOp TECTOBBIX JAHHBIX, HE «BO30YXHatommx» OY, — cieayer BBIOpaTh Apy-
r've 3HaYeHus mapamMeTpoB B OJoke training data;

* BBIOpPAHO CIMIIIKOM MaJjio€ YHUCJIO YPOKOB OOYYEHHS M €T0 HEOOXOIUMO YBEJIMUYUTh.

2. Ilpomecc oOyuenms ympapistoriero kourpomiepa (cetu MHC1) wumer kpaiiHe MEIJICHHO U
OIIMOKa 00YYEHMSI TPAKTHIECKH HE YMEHBIIACTCS.

DTO MOXKET MPOUCXOIHUTH B CICAYIOUIMX CIIydasix:

* HEyIayHO 3aJlaHbl MapaMeTpPbl TECTOBOW MOCIIECIOBATEIBHOCTH MPH WICHTHPUKAIMU 00BEKTa U
HEO0OXOIMMO TOBTOpUTH Tporiecc oOydenus cetd MHC2 ¢ apyrumu mapamerpamu B Osoke training
data; cuenyeT ucronb30BaTh OJM3KKE MO (OpPME M MapaMeTpaM TECTOBBIE CHTHAJBI MPH 00y4eHUH o0e-
nx MHC;

* BBIOPAHO CIMINKOM MaJIO€ YHCIIO AJIEMEHTOB B CKPHITOM CJIO€ U €r0 HEOOXOAMMO YBEIIMYHTb.

3. IlpsMble moka3aTend KauecTBa MOJEIHPYeMON CUCTEMBI CYIIECTBEHHO OTJIMYAIOTCS OT aHajo-
TUYHBIX MOKa3aTeseil sl ATAJOHHOW MOEITN.

OTO BO3MOXHO B CIEYIOUMX CIIy4asx:

*  waeHTHPUKAIMA OOBEKTa TNpPOM3BEJEHA HEYAayHO, MOITOMY CJIEyeT TOBTOPUTH HACTPOUKY
MHC2, yuurbiBasi paHee JOMYIIEHHbIE OIIMOKU SKCIIEPUMEHTA, HAMpUMeEpP, BHIOOP HEJOCTATOYHOTO YMHC-
na ypokoB o0ydennsit MHC2, uncia HEeWpOHOB B CKPBITOM CJIOE€ CETH;



* koH(purypamms ympasisitomeit cett MHC1 He mo3BonsieT periaTh BO3JIOKEHHYIO Ha Hee 3a7ady
yIpaBJIeHUs. U HEOOXOAMMO TMOBTOPUTH OOYYEHHE C YBEJMUYECHHBIM KOJIMYECTBOM SJIEMEHTOB B CKPBITOM
cioe [2].

pumep 2. CucteMa aBTOMATHUYECKOIO YIPaBICHUSI C HEMPOCETEBBIM PETYISITOPOM HAa OCHOBE
ATAJIOHHOW Mojen [3].

B kauecTBe mpumepa MmomenupoBanus B cpeae Simulink cuctem ympapnenus ¢ ucTionb30BaHHEM
HEHPOCETEBBIX PEryJSITOPOB HCHONB3YEM JE€MOHCTPAIMOHHBIA MPUMEpP MAaKeTa, WUTIOCTPUPYIOUMN CH-
CTEMY YIpPaBICHHUS C 3TAJOHHOM MOJEINBIO 3BEHOM («PyKOiD) poOOTa U BBI3BIBAEMBIH C TIOMOIIBIO MyHK-
toB Help/Demos menro MATLAB (cM. puc. 11).
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Puc. 11. Oxno cnpasku MATLAB

ITpu orkpeiTH Momenu (¢ momoripio Mbiikd nyakra Open this model (OtpeiTh 3Ty Momens)) B
NpaBOM 4acTH OKHA, OTKpbiBaeTcs okHO Simulink ¢ wazsanmem mrefrobotarm (puc. 12).
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selaction in the "Simulation” pull-down menu
Ready 100% odeds

Puc. 12. CtpykTypa HeMpoceTeBOW CUCTEMBI ynpasiaeHus B cpeae Simulink
[Ipu peamm3aimy CHUCTEMBI HCTIONIb30BaHbI 2 HEHPOHHbIE CETH — JUI PETYISTOpa M SISl MOJEU
00BEKTa ynpaBJICHHUS.
B 3TOM JeMOHCTpaIOHHOM TpUMepe IeJIb 3aKII0YaeTCsl B YIPaBJICHAN JBIDKEHAEM OJTHOTO 3BE-
Ha poboTa, CXeMaTHYHO TOKa3aHHOrO Ha puc. 13.

Puc. 13. CxemaTtuuHOe M300pakeHUEe ABWKECHUS 3BEHA poOoTa

YI'[paBJ'IeHI/Ie ABWKCHMA 3BCHA IMPECACTABJICHO COOTHOLICHUCM

d? . d
Zj :—105|n¢—2—¢+u,
dt dt
r7ie (¢ — yroj IoBopoTa 3BeHa, U — MOMEHT, pa3BUBACMBbIii JIBUraTENIeM NIOCTOSHHOTO TOKA.
CoOTBeTCTBYIOIIAS TUHAMHUYECKask MOJIelb, peanm3aBanHas B cpeae Simulink, mpuBenena Ha puc.
14.

i=1 mrefrobotarm/Plant (Robot Arm) : E|[z|

File Edit Wiew Simulation Format Tools Help

O =S 4 B0 |Nom

1 1
z L
Welocity Foszition Y
2 }‘
Friction
A0 sinul 1) —
Gravity
F100%: odeds

Puc. 14. CtpykrypHasi TuHaMH4ecKas MoJeJb 3B€Ha podoTa



Lens oOyueHust peryasTopa COCTOMT B TOM, YTOOBI JIBIDKEHHE 3BEHA COOTBETCTBOBAJIO BBIXOIY
STAJIOHHOU MOJIEJIN:

d’y . dy

- =-9siny, -6 dtr

dt?

+9r,

rae Y, — BBIXOA 3TAJOHHOM Mojeny, I — 3aaroliHil CUrHaja Ha BXOZE MOJEJIN.

CrpykTypHasi cxema, HOSICHSIOIIAs] MPUHLMI MOCTPOSHHUS CUCTEMBbI YIPABJICHHS C 3TAJIOHHOM MO-
JleJblo, MoKa3aHa Ha puc. 15.

Puc. 15. Cuctema ynpaBieHuss ¢ 3TaJOHHOH MOAEIBIO

Ha pucynke:

Command Input — 3agarormii Cursa,

Reference Model — sranonnast moxes,

NN Controller — HeifpoceTeBoii perynsTop,

NN Plant Model — Helipornast ceTh MOEH 00BEKTA,

Plant — o0bexT ynpasieHus,

Model Error — ommbxa momeny,

Control Error — ommoxka ynpasieHus,

Plant Output — BeIxom 0ObekTa.

B mpuBeneHHON CTPYKType Clie[yeT BBIIEIUTh 3TAJIOHHYIO MOJEJb, KOTOpas 3aJacT >KeIaeMyHo
TPACKTOPHIO JBIDKEHUSI 3BEHA POOOTa, YIOBIETBOPSIONIEMY BTOPOMY W3 MPUBEICHHBIX TUDGhepeHIHAIh-
HbIX YpaBHEHHH, a TaKKe HEHPOHHBIE CETH, PealBYIOIINE PETYISITOP U 00BEKT YIpaBICHUS.

B nanHom ciyuae apxurekrypa HC perymstopa omuceiBaeTcsi mpodmwiem 5-13—-1 (5Bxomos, 13
HEWpPOHOB CKPBITOrO CIIOS M OJTMH BBIXOM), T. €. COACPIKHUT JIBA CJIOS HEWpOHOB. M3 IBYX CJIOEB COCTOHT H
HEWpOHHAsI CeTh Mojenu oObekTa. JIMHMM 3aJepXKKH, UCTONb3yeMble it (opmupoBanms BxomoB HC,
nMeroT TakT auckpetHoctH 0.05 c.

Jlnst Hayasma paboOThI C JIEMOHCTPAIMOHHBIM MPUMEPOM HEOOXOIMMO aKTHBM3HUpOBaTh 010k Model
Reference Controller (cm. puc. 12) ABOMHBIM IIETYKOM JICBOW KHOIKK MBIIIM. [TOSIBUTCS OKHO, MOKa-
3aHHOEe Ha puc. 16.

File Window Help File ‘Window Help
Plant |dentification
Model Reference Control
: Metwork Architecturs
At AT T Size of Hidden Layer 10 Mo. Delayed Plart Inputs 2 -
Size of Hidden Laver 15 Mao. Delayed Reference lnputs 2 - —
= Sampling Interval (zec) 0.05 Mo. Delayed Plart Outputs 2 -
Mo, Delayed Cortroller 1 - —
Tt - [ marmalize Training Deta
Mo. Delayed Plant Cutputs 2 -
- Training Deta
Training Data Training Samples | 4gopg Litnit Output Data
Maximum Reference Yalus ik Cortraller Training Samples B000
Maxirum Plant [nput 15 Maxirnurm Plart Output a1
Minimum Reference Yalue a7
. Minirum Plant Ingput 15 Minirum Plant Output 31
hdaiturn Interval Yalue (sec Reference Model:
(sec) 2 Macirmum Interval Yalue (sec) 2 Sitnulink Plant Mocel
Wit Interyal Yalle (sec
(sec) 0.1 rokotref Miriirur Ieteryal Yalle (sec) 04 ——
Geneatellranno et ] [ aHiets ] [ Exnonibats ] Generate Training Data ] [ Import Data ] [ Export Data ]
Training Parameters Treining Parameters
Cortraller Training Epochs 10 Cortrallzr Training Segments 30 Traitirig Epocts 200 Training FURCon [trainim j
Use Current Wieights [ Use Cumulatiye Training Lise Current Weights Lise Walidation Data Use Testing Data
Plart Idertification
| Perform plant identification before controller training. | | Generale or import data before training the neural network plant. |
Puc. 16. OxHo HacTpoek Puc. 17. OxHO 11 oCTpOeHUs
o o o o
HEMPOCETEBBIX MOJIENEH HelipoceTeBoi Moaenu OY

OcCo0EHHOCTh paccMaTPHBAEMOW CHUCTEMBI YIPABJICHUS COCTOHUT B TOM, YTO CJEAYET MOCTPOUTH
JIBE HEHpPOHHBIE CETH — MOJENb O0BEKTa YNpaBJCHUS M CaMoro peryisitopa. HauHeM ¢ mocTpoeHus Mo-
Je 00beKTa ympaBiieHus, BEIOpaB B OkHe HacTpoek kHorky Plant ldentification. ITpu sTom oTkpoeTcs
okHo Plant ldentification, koropoe nokazano Ha puc. 17.
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File ‘Window Help

=) Plant Input-Output Data

Plant Identification
Plant Input
20 r r Metwork Architecture
Size of Hidden Layer 10 Mo, Delayed Plant Inputs 2 -~
10 -
i No. Delayed Plant Outputs | 2
I ot
o | [ Mormalize Training Ciata
-10F Training Data
a0 . . . .
100 200 300 400
time (s)
Plant Qutput
4 . -
2
ol I Erase Genersted Data ] [ Irport Data ] [ Export Data ]
|‘ Training Parameters
2y Training Epochs 300 Training FURCHIn |gqimim j
4 L L L . Use Currert Weights Use Yalidation Data Use Testing Data
R e
Simulation concluded. Your training data set has 10000 samples_
[ AcceptDats | [ RejectData |  Please Accept or Reject Data to continue. ‘You can now train the network.
Puc. 18. Curgan OY Puc. 19. MogudurmpoBaHHOE OKHO
B PEKUME €T0 UIeHTU(pUKaIK 11 ocTpoeHus Mmozaenu OY

Jlns moctpoenus HelpocereBord Moneim OV crenyer BbiOpaTh kHorky Generate Training Data.
DTO0 mpUBENIET K TOMY, YTO OYAET 3amyllieHa IporpaMMa TeHepaliy 00y4Jarole mocie10BaTeIbHOCTH Ha
unarepBaie 500 ¢ s MoJeNu paccMaTpuBaeMoro o0bekTa ympasieHus. [Iporpamma reHepupyeT ooyda-
IOIIME JTaHHBIC MyTEM BO3ACHCTBUS psja CAydaWHBIX CTYNCHYATHIX CHIHAJIOB Ha Moaens Simulink o0b-
ekrta. ['pamky BXOHOrO M BBIXOJIHOTO CHMTHaja OOBEKTa BBIBOASATCS Ha dKpaH (puc. 18).

[To 3aBepiieHnH TeHepaImy 00yJYaroIIel TOCIIeI0BaTEILHOCTH TIOJIB30BATEIIO MPEIIAraeTCs Moo
npussiTh AanHbie (Accept Data), imbo orkaszathes ot Hux (Reject Data).

[Tpumem naHHBIC, TIOCJIC YETO MPWIOKECHHE BO3BPATUT HAC K HECKOJIBKO M3MEHEHHOMY OKHy Plant
Identification (puc. 19). 3nech yacTh OKkHa HeJOCTYIHA, a KHomka Generate Training Data 3ameneHa Ha
kHorky Erase Generated Data, uTo mo3BossieT yiaanTh CreHepUpOBaHHbIE aHHBIE.

Tenepb MOXKHO HAYATh OOyUCHHE HEHPOHHOW CETH.

Jlnst aToro ciienyet Bocnonb3oBaThes KHomkoit Train Network (O6yuurs ceth). HauneTcst o0y4e-
HUe HelpocereBor moxenu. [locne 3aBeprieHMs 00y4eHHs €ro pe3yJbTaThl 0OTOOpaXkaloTCs Ha rpadukax,
KaK 9TO Toka3zaHo Ha puc. 20 u 21, 1€ MOCTPOSHBI COOTBETCTBYIOIINE PE3YJIbTAThl O0YIEHHSI U TECTUPO-
BaHUS HA KOHTPOJLHOM MHOKECTBE.



<) Training data for NN Model Reference Control E@@
File Edit Wiew Insert Tools Desktop  Window  Help L <} [Validation data for NN/Model Reference Control E@@

File Edit ‘Wiew Insert Tools Desktop window Help L'l
Input Plant Output
20 Input Plant Qutput
20
2
10
1o 2
0 1]
] a
-10
2 .
10 -
_EDD 100 200 0 100 200 20
0 a0 100 a a0 100
-4
5 ¥ i~ el 12 e w10t Errer NN Output
1
1 : 2
0
0 0 0
-1
-1 5 5
2 -2
o] 100 200 o] 100 200 o 50 100 i} 50 100
time (s) time (s) time (s) time (s)
Puc. 20. Pe3ynpTaT 00y4eHus Moienu Puc. 21. Pe3ynbrat TecTHpoBaHUsA
Ha O6y‘laIOH_ICM MHOXCCTBC MOJCJIM HAa KOHTPOJIbHOM MHOXCCTBEC

Texymee cocrosiarie orMmeueHo B okHe Plant ldentification (puc. 22) coobuiennem «O0yucHue
3aBepIICHO». Bbl MOXETE CreHepHpOBAaTh WIM UMIIOPTUPOBATH HOBBIC JAHHBIC, MPOIODKHTH 00Yy4CHHE
WIA COXPAaHUTh TOJy4YEHHBIE pe3y/bTaThl, BbIOpaB kHomku OK i Apply.

<} |Plant Identification E@E <} |Plant Response for NN Model Reference Control E@E

File ‘Window Help File Edit ‘Wiew Insert Tools Desktop Window Help L]

Plant Identification Reference Model Input

Metwork Architecture 1

Size of Hidden Layer 10 Mo, Delayed Plant Inputs 2

-
- 0.5
Mo, Delayed Plant Outputs 2 -~ ‘

]
[ Mormalize Training Cata }
Trairing Data 05
R L L L L L
0 a0 100 150 200 250
time (s}
Reference Model Qutput {blue), Neural Network Output (green)
1 T T . T .
Erase Generated Data ] [ Import Data ] [ Export Data ] ok I |
Training Parameters i (Ml gy S Nl l.' TNy
Training Epochs 300 Training Function [y v j 5 L | I 1 1
Use Currert Weights Use Validation Data Use Testing Data -1 L 1 L L L
[ Train Metwork ] [ Ok ] [ Cancel ] [ Apply ] U U Ly tirr;]BSD(S) <AL 2ol
‘ Training complete. You can generate or import new data, continue training or
aave resultz by selecting OK or Apply.
Puc. 22. OxHo uneHrudpukanuu oObeKTa Puc. 23. Brixon 3TajIoOHHON MOAEIN
C COO6H_ICHI/ICM 00 OKOHYAHWU Ipoucaypbl 1 00bEKTA YIIpaBJICHUA

Bribepem knonky OK. B pesynbTaTe mapameTpbl HEMpOCETEBOW MOAEIH O0BEKTA YIpaBIICHUS
oynyt BBenensl B 610k Model Reference Controller cuctemsr Simulik, mociie uero npomsoiaeT Bo3BpaT
B okHo Model Reference Controller (puc. 23).

Tenepb s 00Oy4deHus: perynsTopa clielyeT BriOpaTh KHonky Generate Training Data, 4To0s! cre-
HEepHpOBaTh OOyYaroIlie JaHHbIe. DTHU JaHHbIE B BUIe TpadukoB mosiBaTcs B okHe |nput-Output Data
for NN Model Reference Controller u cHoBa HEOOXOAMMO MOATBEPAMTH WIM ONPOBEPTHYTH TH JIaH-
uele. Eciu mannpie npremiemMsl, To B okie Model Reference Controller ciaenyer BeiopaTs kHomky Train



Controller (O0yuurs perynsrop). Ilocie Toro kak o0y4eHHEe 3aKOHUHMTCS, TPa(UKU BBIXOIOB STAJIOHHOH
MOJIeJIM B 00BEKTa YMpaBICHUs BBIBOASTCS Ha dKpaH (puc. 24). 3ameTuM, 4To 00y4eHre perynsTopa 3a-
HUMAeT, B CWIy NPHMEHIEMOro airopurMa oOydeHus (IMHAMHYECKOTrO BapHaHTa METOJa OOpaTHOro
pacrmpocTpaHeHUs OIMIMOKH), BECbMa 3HAUYHUTEIHLHOE BPEeMSI.

[To oxoHuaHmM 00y4eHUs peryiiaTopa HeoOXonuMo HaxkaTh Ha KHonky OK, BepHyThCS K Monenu
Simulik (puc. 12) u Hauate MonemMpoBaHue, BbIOpaB ompro Start w3 menro Simulation. I'padguxu sta-
JIOHHOTO CHUT'HAJIA M BBIXO/Ia O0BEKTA YNpaBJICHMS TOKa3aHbl HA puc. 25.

-) X(2Y) Graph M=E3

File Edit “iew Insert Tools Desktop  Seindow  Help N
DedE K RaAO® © 0B 5O
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Puc. 25. I'padukm sTamoHHOro curHana (CTYINEeHYATHIA MPOLECC)
Y BbIXOIa 00BEKTa

W3 aHanm3a MoJydeHHBIX JAHHBIX CIEIYET, YTO PEAKIMs CUCTEMbI HA CTYNECHYAThIC BO3ICHCTBHS
CO CJIy4alHOM aMIUIMTYJOM HOCHT MOHOTOHHBIM XapakTep M oOpabarwiBaeTcsi B mpeaenax 3...4 c. Oto
CBUIETEIILCTBYET O XopouieM kadecTBe perymsitopa Model Reference Controller nis ynpasnenust 3seHoM
poboTa-MaHHIYJISTOpA.

IIporpamma paéoThbl 1 MeTOANYE CKHE YKA3ZAHUS

1) BrimonauTe Bce mpuMephl, MpesiaraeMble B TEOPETHIECKOM YacTH.

2) Jlng npuMepa 2 uccieayure B MOASIUPYEMOM CXeMe HEMpOCETEBOM aIallTUBHOM CHCTEMBI
BIMSIHUE NapaMeTPOB HEMPOCETU U UMCJIAa YPOKOB OOYUEHHUs HA MOKa3aTesM KauecTBa MpoLecca UIeHTH-
¢dukaipm o0BbeKTa (TIePBBIN ATAl aJaNTHBHOTO yIpaBieHws) | mporiecca ooydenmst cett MHC1 (BTopoit
9Tam aJalTUBHOTO YIPaBICHIS).

3) OTtobpasure pe3yapbTaThl 00ydeHus (IJIs1 mpuMepa 2) s pa3IMuHOrO YHUCJia HEHPOHOB B
CKPBITOM CJIOE.

JlabopamopHasi paboma Ne 4. (paghuveckuli uHmepgbelic 2ubpuBHbIX cucmem

. 2
Heuab pa6oTsl. Co3aaTh THOPUITHYIO CUCTEMY TI0 PaHEe BBIMOIHEHHON 3aBUCHMOCTH y = X .

I'paduueckuii mHTepdeiic THOpHAHBIX (HEYETKHX) HEMPOHHBIX CHCTEM BBI3BIBAECTCS (DYyHKIMEH
anfisedit (m3 pexuma KomMaHTHOH CTpokH). Mcronb3oBanue QYHKIMM TPUBOIUT K TOSIBICHHIO OKHA
penakropa ruopunsbix cuctem (ANFIS Editor, ANFIS-penakrop).



C moMoIIpI0 TaHHOTO PeIaKTOpa OCYIIECTBIAIOTCS CO3[aHHE WIM 3arpy3ka CTPYKTYpbl THOpHII-
HOW CHCTEMBI, NMPOCMOTP CTPYKTYphl, HACTPOWKAa €€ NapaMeTpoB, MPOBEpKa KadecTBa (YHKIMOHUPO-
BaHusg Takod cucTeMbl. Co3[laHHEe CTPYKTYphI, HACTPOIMKA TAPaMETPOB M MPOBEPKA OCYIIECTBISIFOTCS
no BeIOOpKam (HaOopam maHHBIX) — oOyuatomiei (Training data), mposepounoii (Checking data) u Te-
crupytomein (Testing data). IlpenBapurenbHO OHM JODKHBI OBITH TPEJCTABICHBI B BHIE TEKCTOBBIX
¢aiioB (¢ pacmmpenuem dat W pa3genUTENIMU-Ta0yJIAIMAMU), TIEPBBIE CTONOIBI KOTOPBIX COOTBET-
CTBYIOT BXOJIHBIM TIEPEMEHHbIM, a TMOCJCIHWNA (TIPaBblii) — €IWHCTBEHHON BBIXOIHOM TIEPEeMEHHOM;
KOJIMYECTBO CTPOK B Takux (hailax paBHO KOJIMUECTBY oOpasuoB (mpumepos). Tak, oOywaromiasi Bbl-
Oopka, chopmupoBanHass 1o Tabu. 1, mpencrasnsieTcs B Buume Proba. dat

Crporux pekoMeHmaIMii No o0beMaM YKa3aHHBIX BBIOOPOK HE CYIIECTBYET; TMO-BHIUMOMY,
Jydlie BCEro WCXOAWTh W3 TPHHIIMIA «4eM OOJbIIe, TEM JIydIle).

OOyuaromasi ¥ MpoBepoYHAsi BEIOOPKH HETIOCPEICTBEHHO 3aJICHCTBYIOTCS B TIPOIIECCE HACTPOUKH
napaMeTpoB THOpuHON ceTu. [IpoBepounasi — xSl BBIACHEHMS CUTyallMd, HE NPOUCXOIMT JHU Tak
HA3bIBAEMOTO nepeobyueHnus CeTH, TPH KOTOPOM OIIMOKa I 00ydaromei mociie0BaTeIbHOCTH CTpe-
MUTCSI K Hymo. JIns TpoBEepoYHOM — BO3pacTaeT; BIPOYEM, HAJIMYUE MPOBEPOUYHON BBIOOPKH HE
SABJIIETCA CTPOr0 HEOOXOAWMBIM, OHO JIMIIIb KpaWHe KejiaTeiabHo. TecToBas (WIM TeCTHUPYIOIIas)
BBIOOpPKA TPUMEHSETCS JJISI TPOBEPKM KadyecTBa (DYHKIMOHMPOBAHMS HACTPOCHHOM (00Y4eHHOM) CEeTH.
[TosicHUM TIyHKTBI MEHIO U OIMIIMH pPeaaKkTopa.

Memro File u View B 001ieM HaeHTHYHBI aHaIOrHMUHBIM MeHIO FIS-pemakTopa 3a TeM HcKiroue-
HUEM, 4TO 3/IeCh paboTa MOXET MPOUCXOAHTH TOJIBKO C aJrOPUTMOM HEYETKOro BbIBOIA SUgeno. Menro
Edit conepxur enuncTBeHHYt0 komaHIy — UNdo (OTMeHUTH BBINOJIHEHHOE neiicTBue). HabGop ormmit
Load data (3arpy3ka JaHHBIX) B HIDKHEH JIEBOW YAaCTH OKHA PEIaKTOpa BKIIOYAET B CEOSI:

* tun (Type) 3arpykaeMbIX HaHHBIX (IIg oOyuenms — Training, aas TECTHUPOBAHUSI —
Testing, nns mposepku — Checking, nemoncTpammonHsie — Demo);

®* MeCTO, OTKyJa MAODKHBI 3arpykatbcs maHdeie: ¢ gucka (disk) wm w3 paboueii obaacTu
MATLAB (workspace).

K nmaHHRIM OmmsiM OTHOCSTCSI JABE KHOIKH, HAa)KaTHWe Ha KOTOpbHIC TPUBOIUT K TPeOyeMbIM i
ctBusM Load Data (3arpy3urs nannbie) u Clear Data (CtepeTh qaHHbIC).

Crnenyromas rtpymra ommii (B cepeauHe HwkHeld dyactu okHa ANFISpenakropa) o0bemuHe-
Ha tion mmereM Generate FIS (Co3manne HeueTkol cHcTEeMBI BEIBOA). JlaHHAS TpyITa BKIFOYAET B ceOs

CJICOYIOMIHNE OIMINN:

. 3arpy3Ky CTpyKTypbl cuctembl ¢ aucka (from disk);

. 3arpy3Ky CTPYKTYpbl cuUcTeMbl w3 paboueit oonactu MATLAB (from worksp.);

d pazOuenue (nmeneHue) oOJacTed OmpejeNiCHWs] BXOJIHBIX TEPEMEHHBIX (apryMEHTOB) Ha
1o00J1aCTH — He3aBUCHUMO s Kakmoro aprymenra (Grid partition);

. pa3OueHue Bcell 00JacTH OMpesesieHns apryMeHTOB (BXOIHBIX NEPEeMEHHbIX) Ha Mopobia-

CTH— B KOMIUIEKce 1 Bcex aprymenros (Sub.clustering),

Kpome Toro, mmeercs Ttakke kHonka Generate FIS, HakaTwe KOTOpOW NMPHBOIHT K TPOIEC-
Cy CO3/IaHMs THOPWIHON CUCTEMBI C TOYHOCTBIO J0 psifia TapaMeTpOB.

Crnenyromnas rpymma ommii — Train FIS (O0y4ueHne HeueTKO#H CHCTEMBbI BBIBOJIA) — TO3BOJIS-
eT onpeaeaurh Meton «ooyuerus» (Optim.Method) cucTemsr (T. €. METOI HACTPONKHM €€ MapaMeTPOB) —
rubpunabiii (hybrid) wm obpaTHoro pacnpoctpanenms ommoku (backproba), a Ttakke ycraHoBHTH ypo-
BEHb TEKylleil cymmapHoil (mo Bcem obOpasnaMm) ommoku oOydenus (Error Tolerance), mpu mocTioke-
HUM KOTOpOrO TMpolecc OOydeHWs 3aKaH4YMBaeTCs WM KOMMYEeCTBO IMKIOB oOydenws (Epochs), T.e. ko-
JMYECTBO «IPOTOHOB» BCEX 00pPa3loB (Wi mpuMepoB) oOydaromied BeIOOpkH. Ilporecc oOydenms, Ta-
KM 00pa3oM, 3aKaHYMBAETCS JIMOO TPU JOCTIKCHWM OTMEUYEHHOTO YPOBHS OIIMOKH OOYy4YeHUs, JIMOO
TI0CJIe TIPOBEICHHS 3aJIaHHOTO KOJMYECTBA IHKIIOB.

Kuoomka Train Now (Hauath o0OyueHue) 3amyckaeT TMpolecc OOydeHws, T.e. TPOIECC
HACTPOMKH MapaMeTPOB THOPUIHON CETH.

B mpaBom Bepxuem yrimy okHa ANFIS-pemakropa Beimaetcs mapopmarms (ANFIS Info) o mpo-
€KTUPYEMOIl cHCcTeMe: KOJMYECTBO BXOJOB, BBIXOAOB, (YHKIMI MpHHAJJIECKHOCTH BXoAoB. HaxaTue
kHorku Structure (Crpykrypa) NO3BOJMISIET YyBUAETH CTpPyKTypy ceTtH. Kuomka Clear (O4ucTurb)
TIO3BOJISIET CTEPETh BCE PE3YJIbTATHI.

Ompm Test FIS B mpaBoM HIDKHEM YIJly OKHA TO3BOJISIOT TPOBECTH MPOBEPKY M TECTHUPOBAHUE



CO3JJaHHOM W OOYYEHHOW CHCTEMBI C BBIBOJOM pPE3yJbTaToOB B BHae IpadukoB. COOTBETCTBYIOIIHE Ipa-
¢duku s oOyuaromeit BeIOOopku — Training data, tectupyromeii Beioopku — Testing data u mpose-
pounoii BeIOOpkH — Checking data. Krorka Test NOW mo3BosiseT 3amycTUTh yYKa3aHHBIE POLIECCHI.

3adanue xnabopamopuoiipabome 2

Pabory ¢ pemakropoM paccMOTpUM Ha TIpUMEpe BOCCTAHOBJIICHHS 3aBHCHMOCTH p = x2 1o JTaH-
HeIM TaOi. 1. TIpenmnonoxuM, 4TO 3TH JaHHBIC TOATOTOBICHBI B (aiie Proba. dat. Cozmanue u npoBepky
CUCTEMBI, KaK U paHbllle, TPOBEJEM IO FTanaMm:

1. B oxne ANFIS-penakTopa BeIOEpEM THII 3arpy:KaeMbIX IaHHBIX Training U HakMeM KHOIKY
Load data. B nocnexyromeM cTaHIapTHOM OKHE JMAlora YKa)kKeM MECTOINOJIOKCHHE W UMs (haiina.
Ero oTKpbITHE NPHUBOIMT K MOSIBICHUIO B rpaMuecKod 4acTH OKHA pelakTopa Habopa TOYeK, COOT-
BETCTBYIOILMX BBEJIC€HHBIM JJAHHBIM.

2.B rpymme ompii Generate FISno ymomuanmo aktusmsuposan Bapuanr Grid partition. He
OyneM mMeEHITh U HaxMeM KHomky Generate FIS, mocrie dero mosBUTCS JUAloroBoe OKHO IS 3a-
JaHWs YHClia U THNOB (YHKIMH mpuHAexKHOCTH. CoXpaHMM BCE YCTAHOBKM 0 YMOIYaHHUIO, COIJIa-
cuBIIMCh ¢ HUMH HaxkaTheM kHormku OK. Ilpomsoiiner Bo3Bpat B ocHoBHOe OkHO ANFIS pemakropa. Te-
nepb CTPYKTypa FMOPHIHOM CEeTH CO3/1aHa, U €€ TpaguuecKuii BUJ MOXHO MPOCMOTPETH C TIOM OLIbIO
KHOIKM Structure.

3. Tepeiinem k ommsim Train FIS. He 6yneM MerATh 3a7aBaeMble IO YMOTYAHHAIO METOJ
HacTpoiiku mapameTpoB (hybrid — rubpuasbii) u ypoBenb ommOku (0), HO KOIMYECTBO IMKIOB 00Yy4e-
Hus mi3MeHnM Ha 40, mocnie Yero HaKMeM KHOIKY 3amycka mnpouecca oOydenus (Train Now). ITomy-
ywics pe3ysbTaT B BUIE Irpaduka OMMOKM CETH B 3aBUCMMOCTH OT YHUCJIa NMPOBEJIEHHBIX IMKIOB O0yue-
HUsL (M3 KOTOpPOTO CJIEYET, YTO (paKTHUIeCKU 00ydeHHEe 3aKOHYWIOCH IIOCJIE MSATOro IMKIIA).

4. Teneps HaxaTueM KHONKHM T1€St NOW MOKHO HAauaTh MPOLECC TECTHPOBAHHA 00YYEHHOM
CEeTH, HO, TIOCKOJIbKY HCTIONb30Bajach TOJbKO ofHa (0Oyuaromas) BBHIOOpKA, HUYETrO0 OCOOEHHO HHTE-
pECHOro OXuaaTh He Mpuxoaurcs. JleHcTBUTEIbHO, BBIXOJ OOYYEHHOM CHCTEMBbI MPAKTHYECKU COB-
MajaeT ¢ TOYKaMU 00y4aromie BHIOOPKH.

5. CoxpammM paspaboTaHHyI0 cHcTeMy Ha jucke B (aiine ¢ mmenem Probal (c pacmmpe-
aneM fiS) m st wiccenoBanms pa3pabOTaHHON CHCTEMBI cpeacTBamu FIS-pegakropa M3 KoMaHTHON
ctpoku MATLAB Beinonaum  komanny Fuzzy, a 3atem depe3 nynktsl Menro File | Open FIS from
disk orkpoem co3gannbiii (aitt. C cO37JaHHOM CHUCTEMOM MOYKHO TEIEPh BBINIONHATH BCE MPUEMBI pe-
JAKTUpOBaHUS (M3MEHEHHE MMEH MEPEMEHHBIX U T. I1.) U UCCIIEIOBAHMS, KOTOPbIE OBLTH pacCMOTPEHbBI
BbIlle. B pesynbTare yoexaaemcs, 4To KaueCTBO alMpOKCUMALMM CYIIECTBEHHO HE YIIyYIIWIOCh — CJIMII-
KOM MaJo JaHHBIX. YTO MOXXHO CKa3aTh PO APPEKTUBHOCTH HCTIONH30BAHKS THOPUIHBIX CHUCTEM H
ANFIS-penakropa?

B nanHOM cilydae UCTONB3YyeTCs TONBKO OJWH ajJrOPUTM HEYETKOro BbIBOJAa — SUQJENO (Hyse-
BOTO WIM TIEPBOrO TMOPSJKOB), MOXKET OBITH TOJBKO OJIHA BBIXOJHASl INEpPEMEHHas, BCEM MpaBWIaM
NPUITCHIBAETCSI OJWH W TOT JK€ €JMHMYHbI Bec. Boobiie roBops, BO3HHMKAIOT 3HAYUTEIIbHbIE
npobsieMbl  Tpu  OoibioM (Oornee 5-6) KomMuecTBe BXOIHBIX NEPEMEHHBIX. DTO — OrPAHMYCHUS H He-
JOCTATKU MOJXO0/A.

Ero HecOMHEHHbIE JOCTOMHCTBA: MPAKTUYECKH TMOJNHAsi aBTOMAaTH3alMs Ipolecca CO3JaHUsd
HEUETKON (THOPUIHOM) CHUCTEMBI, BO3MOXHOCTH MPOCMOTpa CGHOPMHUPOBAHHBIX TMPABWI W TPUITAHUS
UM COIEp)KaTEeNbHOW (JIMHMBUCTUYECKOW) WHTEpNpEeTaly, YTO TO3BOJISIET, KCTaTH TOBOpS, pac-
CMaTpuBaTh ammapaT THOPUIHBIX CETeH KakK CpeJCTBO W3BJICUCHMS 3HAHMI W3 0a3 JaHHBIX U CYy-
IIECTBEHHO OTJMYAET JAHHbIE CETH OT KJIACCHYECKUX HEHUPOHHBIX.

Pexomennyemass o0jacTh NMPUMEHEHUS: MOCTPOCHUE AIMPOKCMMATOPOB 3aBHCUMOCTEH MO SKCIIe-
pPUMEHTAJIbHBIM JJaHHBIM, TOCTPOCHHE CHUCTeM Kiaccupukaimu (B ciaydyae OMHApPHOW WIM JHMCKPETHOU
BBIXOJTHOM TIEPEMEHHOM), M3yYCHHE MEXaHHM3Ma SIBJICHHUM.

3aTeM paboTy ¢ pelaKTOPOM PacCMOTPUM Ha NPUMEPE 3aBUCUMOCTH Y OT X, 3a/JaHHOM MO BapHaH-
Tam.



JlabopamopHasi paboma Ne 5. HYacmb 1. Ucnonb3oeaHue epaghudecko2o uHmepdgpetica Ossi no-
CcmpoeHUs1 He4yemkou anrnpoKkcumupyrouweu cucmembl

eab padoThl. [locTpoeHHe HEYETKOM AIKCTIEPTHOM CUCTEMBI.

Paccmorpum MeTOOMKY TOCTPOSCHMS HEYETKOW SKCIIEPTHOM CHUCTEMBI, KOTOpas JODKHA TOMOYb
TOJIL30BATEJII0 C OTBETOM Ha BOMPOC: CKOJBKO JaTh HA 4ail opuIMaHTy 3a 00CITy>KMBaHWE B pecTOpaHe?

Ha ocHOBaHMM KaKHMX-TO YCTOSBIIMXCS OOBIYa€B M WHTYHTUBHBIX MPEJACTABICHUN TpPEIIo-
JIO)KMM, YTO 3aJladya O YaeBBIX MOXET OBbITh OMKCaHa CIieAYIOUUM U IIPe/JI0KEHASIM K.

1. Eciu obcnyxuBanue IUoxoe WIM e1a HNOATOpeBlIas, TO 4YaeBble — MajeHbKHE.

2. Ecnu 06CITyK1MBaHiE XOpOIIEe, TO YaEBbIE — CPETHUE.

3. Ecmn obciykuBaHME OTJIMYHOE WIM €1a TPeBOCXOHAS, TO YaeBble IIE/pHIE.

KauectBo oOcnmyxuBanust u enbl OyneM onenuBaTh 1o 10-OammbHoii cucteme (0 — Hamxymias
onenka, 10 Hamtyumas).

Bbynem mpenmnonarath najnee, 4TO MaJjible 4aeBble COCTABISIOT OKOJO 5% OT CTOMMOCTH obena,
cpennrie — okojo 15 % u meapeie — npumepHo 25 %.

3aMeTuM, UYTO TpEACTAaBICHHOM HWH(OpPMAIWM, B TPUHIMIE, JOCTATOYHO JJISI TPOSKTHPOBA-
HUS HEYETKOW OKCMEepTHOW cucTeMbl. Takas cucrema OyaeT umeTh 2 Bxoma ( KOTOpbIE MOXKHO
YCIIOBHO Ha3BaTh «CEpPBUC» U «ela»), OIUH BbIXOJ («4aeBble»), TpU MpaBWiIa THUMIA €CIHU....TO (B
COOTBETCTBUM C TpeMs MPHBEICHHBIMH TPEIJIOKCHIIMH) M TI0 TPH 3HaueHus (coorBeTcTBeHHO 0 Oasr-
noB, 5 OamwioB, 10 GamoB u 5%, 15%, 25%) nnst neHTpoB (YHKIMKA MPUHAIJIC)KHOCTH BXOJOB U BbI-
xonoB. [locTponMm naHHYIO cUCTeMYy, HCHONb3ys anroputM MamaaHM, onvchiBas TpeOyeMmble JeicTBUs
IO MyHKTaM.

3aoanue xknabopamopnoii pabome 4

1. Komanmoit Fuzzy 3amyckaem FIS-penaxrop. Ilo ymomuanmo mpeanaraercst aiaropurm Mam-
AaHM (0 Ye€M TOBOPUT HAJIMCH B IIEHTPAJILHOM OesioM OJIOKe), 3/1eCh HUKAKMX M3MEHEHWH He TpeOyeTcs,
HO B CHCTEME JODKHO OBITH JBa BXOZa, ModToMy uepe3 nyHkr memio Edit> Add Variable Input mo-
0aBisgeM B CHUCTEME STOT BTOPOM BXOJ (B OKHE peJaKTOpa MOSBIISIETCS] BTOPOU KENThI OJIOK ¢ UMEHEM
Input 2). [lenas manee oqHOKpaTHBIN ImiequoK Ha Ojoke INput 1, MeHseM ero uMms Ha «CEpBHUCY, 3aBEp-
mias BBOJA HOBOIO HMMEHHM Ha)KaTHEM KJIABMIIM. AHAJOTMYHBIM 00pa3oM YCTAHABIMBAEM WM «€la»
omoky Input 2 u «gaeBbIe»

- BeIxogHOMY Onoky Output 1(cmpaBa BBepxy). IlpucBomMm cpasy ke U UMs BCel cH-
creme, HanpuMmep TIP_ FIO. 3amagum Temepp (yHKIMM TpHUHAIJIC)KHOCTH TIepeMEHHBIX. [Iporpammy —
penakTop (YHKIMH TMpPUHAIIE)KHOCTH MOXKHO OTKpPBITH Tpemsi crmoco0aMu: BBIOEpEM TepBBI depe3
nynkt MeHio View> Edit membership function. 3amamse w penakrtupoBanue (YHKIMHA TPHUHA-
JIOKHOCTH HAaYHEM C mepeMeHHoM «cepBuc». CHavana B momsix Range u Display Range ycraHoBum
JMaTia30H M3MEHECHUs W OToOpakeHus dTok mepemenHod — ot 0 mo 10 (GammoB), moaTBepkaast BBOJ
HaxkaTveM KiaaBumm Enter. 3atem uepe3 mynkr menro Edit/Add MFs mepeiineM K auaaoroBoMy OKHY Ha
puc. 2.
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Puc. 2. Bun oxna FIS Editor

Kak mokazano Ha puc. 3, 3agaamM Tpu (YHKIMH NPHUHAJJICKHOCTH rayccoBa Ttuma (gaussmf).
Haxvem knomky OK ¥ Bo3BpaTuMCs B OKHO peaakTopa (QYHKIMI NpHHAIICKHOCTH. He m3Menss
pa3Max W TIOJIOKCHHWE 3a/JIaHHBIX (YHKIMI, 3aMEHMM TOJIBKO HMX HMMEHA Ha «IUIOXOW», «XOPOLIMD» WU
«ormmusbliy. lllemykoM Ha 3HauKe «ea» BOWIAEM B OKHO PEIAaKTHPOBAHWS (YHKIMH TPHHAIJICKHO-
CTH JJIsI 3TOW TepeMEHHOM. 3ajajnM cHadaia nuara3oH ee mMeHenns or 0 mo 10, a 3arem, moctymas
KaK paHee, 3aJaJAuM JB€ (YHKIMM NpPUHAJJIC)KHOCTH TpaneuennaabHoil (opMbl ¢ mapaMeTpamu
coorBeTcTBeHHO [00 1 3] u[7 9 10 10] 1 mMeHAMH «IIOATOPEBINAN» M KIPEBOCXOIHASD).

ol

Add memberzhip functions

MF type

Murnber of MFz I 3 ﬂ

‘ ak. | Cancel | ‘
Puc. 3. OxHo 3amanus (pyHKIMM TPHHAIICIKHOCTH TOJTE30BATEIIS

JInsi BBIXOIHOW TIEPEMEHHOM «4aeBble» yKakeM cHavana auana3oH mwmMenenus (ot 0 mo 30),
HOTOM 3aJaZiM TpPU (QYHKIMM TPHHAIJIC)KHOCTH TPEYTONBHON (DOPMBI C MMEHAMH «Mallbley, «CPEITHHCH
U « IeApbIe» TakK, KaK MpeJcTaBlIeHo Ha puc.4. 3aMEeTHUM, UYTO MOXKHO, pa3yMeeTcs, 3aaTh U KaKue-110o
JIpyrue (QyHKIMU WIM BBIOpATh Apyrue napaMmeTphl.

[epeiinem k KOHCTpyupoBaHWiO mpaBmi. st sToro BeiOepeM myHKT Menro View>Edit rules.
Jlanee BBOA MpaBWI NPOM3BOAWTCS B COOTBETCTBHM C NPEJIOKCHUSMH, ONMCHIBAIONIMMU 3ajady. 3a-
METHM, YTO B TEPBOM U TPEThEM IpaBWIAX B KAUECTBE «CBSI3KM» B MPEITOCHLIKAX MpaBHia HEOOXOIHU-
Mo wHcrions3oBaTh He «M» (and), a «JIW» (Or); mpu BBOjIe BTOPOro MpaBWia, IJIe OTCYTCTBYET MepeMeEH-
Has «ezay, Uil Hee BelOupaeTcs ommsi none. B pesynbrate GopMupyeTcsi UTOroBbIii HAOOp MpaBHIL.
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| Renarming MF 3 to "chedr” |
Puc. 4. ®yHKIMM MPUHAJICKHOCT U TIEPEMEHHON «4aeBBIE

Takas moxpoOHasi (verbose) 3ammch mpeacTaBiseTcss AOCTATOYHO MOHATHOW; €IMHHMIA B CKOO-
Kax MOCJie KaXIoro mpaBwia ykasbiBaeT ero «sec» (Weight), T.e. 3HaummocTh mpaBmwia. JlaHHBIA Bec
MOXKHO MEHSTB, HCTIONB3Ysl COOTBETCTBYIONIECE IOJIE B JICBOW HIDKHEH YaCTH OKHA PEJaKTOpa TpaBWIL
[lpaBwia mnpeacTaBieHsl U B Jpyrux ¢opMax — cumBoimdeckoit (Symbolic) u wmHmexcHoii (indexed),
1Py 3TOM TEePeXO OT OJHOW (OPMBI K JAPYroil MPOMCXOAWT C ToMOIIbI0 Meno Options> Format penak-
TOpa MpaBWI. BOT Kak BRITBSIST pacCMOTPEHHBIE MPABIUIA B CUMBOJIMMECKOH (popme:

l) (cepBuc==mioxoi)l(ena==noaropesias )=>(yaeBbie=—Mainie)(1);

2) (cepsuc—xopommif)=>(uaeBrre=—cpeuue)(1);

3) (ceppuc==otmunbli ) |(e a==npeBocxoHas)=>(4aeBbe==eapbic)(1). IIpaBuia NOHATHLI.

HakoHeri, caMblii ckaThlii (hopMaT MpeACTaBICHUS TPaBWI — MHICKCHBIA — SBJIAETCS TeM (op-
MaToOM, KOTOPBIi B JICWCTBUTEIBHOCTH HCTIONB3YETCsl TporpamMMmoi. B aTtom ¢opmare npuBeeHHbIE
NpaBWIa BBITJBIAT TaK:

011,1(1):2

020,2(1)2

032,3(1):2

3nech TepBas KOJOHKAa OTHOCHTCS K TIEPBOM BXOJHOM TMEPEMEHHOM (COOTBETCTBEHHO TIEPBOE,
BTOPOE WIM TPEeThE€ BO3MOXHOE 3HAUEHHE), BTOpasi — KO BTOPOW, TpeThs (TOCJE 3amsToN) — K BBI-
XOIHOM TiepeMeHHOH, Imdpa (Hocae IBOETOYMS) yKasbiBaeT THIT «CB3Kkmy (1 mimst «», 2 ms « T »).

Ha 3TOM COOTBETCTBEHHO KOHCTPYMPOBAHHE SKCIIEPTHOM CUCTEMBbI 3akoHUEeHO. COXpaHMM €€ Ha
JTUCKE TIOJ] BRIOpaHHBIM MMeHeM T IP.

Tenepp camoe BpeMsi MpOBEpHTh cHcTeMy B aeiicTBui. OTKpoeM (Yepe3 IyHKT MeHio View >
View rules) okHO pocMOTpa MpaBWI U YCTAHOBHM 3HaYeHMs TepeMeHHbIX: cepBruc = 0 (TO ecTh HUKyIa
He roaubii), eqa = 10 (To ecTh mpeBocxoiHas). YBHAUM OTBET: 4aeBble = 15 (TO ecTh cpemnme). Hy
YTO XK, C CUCTEMOM He TIOCTIOPHIIb, HAJIO IUIATHUTh.

MOXHO TIPOBEpHUTH U ApPYTrHMe BapuaHThl. B yacTHOCTH (MOXET ObITh, HE 0€3 YAMBICHUS), BBISAC-
HUTCSI, YTO HAIICH CHCTEMOW OOCIy)KMBaHME IICHUTCSI OOJbIE, YeM KauyeCTBO €Ibl: TpU Habope «cep-
Buc = 10, ema = 3» cucteMa COBETyeT OmpeesmMTh pa3Mmep 4aeBbiXx B 23,9 %, B To BpeMs Kak Habopy
«cepuc = 3, eqa = 10» pa3mep 4aeBBIX 10 pekoMeHIamu cucteMbl — 16,6 % (ot cTouMocTr obena).
Brmpouem, HMUETO yIMBUTEIILHOTO 3[1€Ch HET: 3TO MbI caMM (He OCOOEHHO TOA03peBasi 00 ITOM) 3aJI0XKHU-
JM B CUCTEMY COOTBETCTBYIOIIME 3HAHUS B BHIIE COBOKYITHOCTH TPHBEICHHBIX TPaBHIL.

[TonTBepKICHHEM OTMEYCHHONM 3aBHUCUMOCTH BBIXOIHOW TIEPEMEHHOH OT BXOJHBIX MOXKET
CITy)KUTh BHJ| TIOBEPXHOCTH OTKIJIMKA, KOTOPBIA MpEJCTABISICTCS MpU BhiOOpe myHKTa MeHo View/View
surface; oOparure BHAUMaHHE, YTO C TOMOIIBIO MBIIIKK IPAQUK MOXHO MOBOPAYMBATEH BO BCE CTOPOHBI.

B oTkpeiBIIEMCST OKHE, MEHSISI UMEHa TepeMeHHbIX B moisx BBoga (X (input) u Y (input)), Mox-
HO 3a/IaTh W MPOCMOTP OJHOMEPHBIX 3aBHCUMOCTEH, HATIPUMEP «IaEBBIX» OT «EIbD).

[lo mpuBeAeHHOMY BHIIIE TPHMEPY MOATOTOBHM CBOIO IKCIEPTHYH CHCTEMY, IPOTECTHPYEM



ee u coxpanuMm non mMenem ECFIo, opopMuB oTdeT B BuIE, MPEJCTABICHHOM B Hadalie JIaOOpaTOpPHOM
pabots1 4.

JlabopamopHasi paboma N2 5. Hacmb 2. Co30aHue nonb3oeamesibCKUX ¢hyHKUUU npuHaosex-
Hocmu

Hean padornl. PaGora ¢ Fuzzy Logic Toolbox B pexume komaHmHON CTpOKH. B03MOXKHO-
CTU paboThl B peKUME KOMAHIHOM CTpOoKH. DyHKIMM CHCTEM HE4eTKOro BbiBoja. DyHKimm coxpa-
HEHVS, OTKpPBITHS M HWCIOJIb30BaHWS CO3/IaHHOM CUCTEMBI.

[Maker Fuzzy Logic Toolbox pacnonaraer Gosbimm HaOOpoM (YHKIMIA, HCTIONHIEMBIX U3 KO-
MaHaHOU cTpokd MATLAB 1 no3BoMsIONIMX HE UCTIONB30BATh MPU paboTe C CUCTEMaMM HEUYETKOrO BbI-
BOJIa PacCMOTpEHHbIE TMporpaMMbl rpaduueckoro uHrepdeiica. Bee dyHkimm nensrcs Ha ciemyromme
IpyIIIbL:

1) BBI30B [IPOrpaMM rpauaeckoro uarepdeiica;

2) 3a7aHns QyHKIMH TPUHAIIEKHOCTH;

3) CO37aHKe, PeJaKTUPOBAHHE, TPOCMOTP, OTKPHITHE M COXPAHEHHE CHCTEM HEUETKOro
BBIBOJIA;

4) JIOTIONTHUTETHHBIE;

5) CEPBHUCHBIE;

6) BBI30B JIMAJIOTOBBIX OKOH MHTepddeiica;

7) 6ok Simulink;

8) JIEMOHCTpAITAN BO3MOKHOCTEH TaKeTa.

DyHKYUU 6613064 NPOZPAMM ZpaduuecKozo unmepgeiica

K aT0ii rpynme oTHOCATCS creayronwe (QpyHKIMu:

* fuzzy — Be130B FIS-pegakropa;

* mfedit — BbI30B perakTopa PyHKIMI MPHUHAIICKHOCTH;

* ruleedit— BBI30B pegaKTOpa NPaBu;

* rule view— BBI30B mporpaMMBbl IPOCMOTPa TIPaBUIT;

* surfview — BBI30B IpOrpaMMBbI IPOCMOTPA TMOBEPXHOCTH OTKJIMKA;

* anfisedit — Br130B FIS-penakTopa (TOJBKO Ul CHCTEM, WCTIONB3YIOIIMX aJITOPUTM SUQENO U
UM EIOIMX OJIHY BBIXOJIHYIO TIEPEMEHHYIO);

* findcluste r — BBI30B IpOrpaMMBbl KJIaCTEPU3ALIHHL

Hcnonp3oBanne mepBbIX miecTH (yHKIm ¢ aprymenrom (Hampumep, fuzzy(a), roe a — wums
NepeMEeHHOM pabovyero MpOCTPaHCTBA, NPHCBOGHHOE CHUCTEME HEYETKOrO0 BBIBOJA) OTKPBIBAET COOT-
BETCTBYIOIIYIO IIPOrpaMMy C OJHOBPEMEHHOM 3arpy3Kod B Hee paccMaTpuBaeMou cucteMsl. DyHKIps
findcluster (uMs_aiina) OTKpbIBaeT mNpOrpaMMy KIACTEPU3alMU C OJIHOBPEMEHHOH 3arpy3Koil yka-
3aHHOTO (hailyia JaHHBIX.

UreHue, UCTIONB30BAHUE U COXpaHEHME HA JHUCK CO3/IaHHOM CHCTEMbI HEUETKOro BHIBOJAA B pe-
KUME KOMAHIHOW CTPOKH OCYHIECTBIIICTCS CIEAYIOMMMHU (DYHKIMSAMH:

readfis (‘ums_haiina’)

evalfis (BekTop_mapaMeTpoB, UMsi)

writefis (vms1) wim writefis (umst.'ums_daiina' )

3necy umsa_(aina — HamMeHoOBaHME (hailfla ¢ HANMCAHHOM cucTeMoil (6e3 yKazaHus paclimpe-
HUS), WUMsS — WICHTHPHKATOP, KOTOpHIM 1aH cuctemMe B paboueir cpene MATLAB. Bek-
TOp_TapaMeTpoB — HaOOp 3HAYEHWH BXO/OB, IJII KOTOPBIX TPEOYETCsS pacCUUTaTh BBIXOJ (BO3MOXKHA U
MaTpHIia APaMEeTPOB, TOT/Ia Pe3yIbTaT PacuyeTOB — BEKTOP B CIIydae OJHOM BBIXOHON IIEPEeMEHHON WIH
MaTpHIA TPU HECKOIBKUX TaKUX NEPEMEHHBIX).

3aoanus k rabopamophoil pabome

1. Ha npumepe pasee co3maHHOM M COXpaHEHHOM Ha JuCKe B BHIE (aiina ¢ nmeneM Tip sKc-
NEPTHOM CHCTEMBI JJI 3a]1a4l O YaeBBIX UCTIONIb30BATh CHCTEMBI HEUETKOIO BBIBOA C TIOMOLIBIO T'pa-
¢uueckoro vHTEpdeiica, NPUBEIEHHOTO BBILIE:

>>3 = readfis ('Tip');



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

<pe3ylbTaT>

>>writefis (a, ‘Tip’)

Boibpath crenyronme (QyHKIMHA HCTIONB30BaHMS IpaMuecKOro OKHA, KOTOpbIE IO3BOJISIIOT HC-
MOJIb30BATh DJIEMEHTHl TPapUueCKUX W300paKCHUMH BHE MpOrpamMM C rpaduaecKuM HHTepdeiicoM.

Komanma (dymxapst) ploths (a) BemoBer mosrieHe rpademeckoro okHa MATLAB ¢ mHeMOHMHeE-
CKFM TIpe/ICTARIEHHEM pa3paboTaHHO# crcteMsbl (prc. 5.1).

=} Figure Mo. 1 = |I:I!
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Swyatem TIP: 2 inputs, 1 outputs, 3 rules

Puc 5.1. MHeMOHMYECKOE TPEe/ICTaBJICHAE CUCTEMBI HeueTKoro BbiBojia Komanna (yHkIms)
gensurf (a) nemaer TO ke caMoe, HO PUMEHUTEIILHO K TIOBEPXHOCTH OTKIMKa (puc. 5.2).
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@adn  Mpaska Bra BoTaskTe  ¥THAMTEL OkHO  [omMouls

O EHS A A, | &2

cena

coctaiynie

godvipucka

Puc.5.2. Pe3ynbraT BeimonHenus QyHkimn gensurf (nmst)
2. Jlanee BBITOMHUTL TIPUMEP MOCTPOSHHS SKCTIEPTHOM CHCTEMBbI [ 3a]1a4H O 4aeBbIX, HCTIONb-

3ys QYHKIMU CO3[@HUs, POCMOTPA CTPYKTYPhl M PEAaKTHPOBAHKMS CHUCTEM HEYETKOTrO BBIBOJAA: (DYHK-
i newfis (HoBasi cuctema), addvar (mobasurh nepeMennyto), addmf (1o0aBuTh QyHKINIO TpUHAIT-
nexuoctr) u addrule (nobaBurh npaBwiIo).

3. CKOHCTPYMpOBATh CHCTEMY HEUETKOTO BBIBOJIA IETHKOM B PEKMME KOMAHIHOH CTPOKH
MATLAB.
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newfis('cipper' ) :

addwvar (a, ' input!',
= addmf (s, ' inpuc!' 1,

addmf (a, 'input!' 1, 'good’' [, 'gaussmt' , [1.5 5] :
addmwt (s, ' inpuc' . 1,
lotmE (a, 'input!' [ 1]

'serwvice!' [0 10713 ;

'poor!' ,'gau=ssmE!'  [1.5 O] :

'excellent! [ '‘gaussmt' [1.5 1071

TR VU [V
Il

3aTeM TOYHO TaK XK€ yKa3aTh BCE JUIA «EIbD» M JJISI «4aeBBIX», TOIHKO 3aMEHHUTH ‘INPUt’ Ha ‘Out-

ruleList=[ 11111

12211];

a =addrule(a,ruleList).

Jlanee mpu HEOOXOIMMOCTH NMPOCMOTPA NEMEHTOB CTPYKTYPBI (CUCTEMBI ¢ HIESHTUDHKATOPOM a)

B peXXKMMe KOMAaHIHOW CTPOKH CJIelyeT BBECTU KOMaHIy BHAa a. [lapamerp, Hampumep

(a).

>> a.type IMoayuum orBeT: ans = mamdani.

[Tonyuenre uHbOpMAIMHK TIO BCEM dJIEMEHTAM CTPYKTYphl oOecnieunBaeTcst (ynkimei getfis (a).
Gyt setfis (a) B onpeneseHHOM CMBICIIE TPOTUBONIONIOKHA  (PYHKIMH

getfis (a) umo3BONISICT M3MEHATH MAPAMETPHI.

[TonmHBIH MPOCMOTP CTPYKTYPhI CHCTEMBI HEUETKOTO BbIBOJA ocyiiecTBiseTcs GyHkimeii showfis

HpOCMOTp npaBuWjl, BKIIFOYCHHBIX B CUCTEMY HCUYCTKOI'O BbIBOAd, OCYHICCTBIIACTCA C TIOMOLIBIO

by 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. TloBropuTh BECh MpOLECC C MNPUMEHEHHEM YKa3aHHbIX IPOrpaMM JJIs CBOEH SKCTepTHON

CUCTCMBI, CO3,Z[8.I-H—IOI>1 B na60paTopH01“4 pa60Te 4, Ha IPUMEPE TOCTPOCHMA CHUCTEMBI B 3a/1a4€ O YaCBbIX.

JlabopamopHasi m6oma Ne 6. Hacmb 1. Heyemkue MHoO)Xecmea. onepayuu Had HeYemKuMu

MHO)ecmeamu



HevyeTkue MHOXecTBa U HeYeTKas fioruka
Heuerkum MHOKECTBOM A Ha3bIBAETCH COBOKYIIHOCTb nap

A= {(x,yA(x}}‘x = U},, raeu,— QyHKIusS TpHHAAIEKHOCTH, T.e. u, U —[01],

XapakrepucTuieckas GyHkuusa MHOMKeCTBA 4 = U, 3HA4YeHHS KOTOPOH YKa3bLIBaIOT,
ABIISETCA U x € U 3JIEMEHTOM MHOkKecTBa A, [/ - Tak Ha3blBa€MO€ YHHUBEPCAIbHOE
MHOKECTBO, M3 DJJEMEHTOB KOTOpOro o0pa3oBaHbl BCE OCTAlIbHBIE MHOKECTBA,
paccMarpHBaeMBbIe€ B JAHHOM Kilacce 3aad.

3HaueHHe u,(x)Ha3bIBACTCH CTENEHBI NPHHA/UIEKHOCTH JJIEMEHTa X

HCYCTKOMY MHOMKECTBY A.

Onepayuu Had HeYyemMKUMU MHOXecmeamu
AHAIIOrMYHO YE€TKUM MHOXECTBAM HAaJl HEYETKUMH MHOKECTBAMH MOMXHO
IPOU3BOJIUTE Psij]l Olepaluii, KOTOpble MOIYT Onpejelarscs 3 crocodamu
(Tabnuna 12).
Tabnuuwa 12. Buos onpedenenuil onepayiii Hao HeYyemKumu MHONCECMEAMIL.
Hp (x) = max g, (x), g (%)},
Mg (X) = mind g, (x), 5 (x)}.

MakcHMHHHEIE

g (X) = p (X) - pg(x).
Hyop(x) =min{ 1, g (X) + ptg(x) .
M g5 (x) = max i, g, (x) + pry (x) =1}

Anrebpanueckue

OrpannucHHBIC

JlononHeHue HEYETKOr0 MHOMKECTBA BO BCEX TPEX CllydasX OLpejlelsercs
OIMHAKOBO!
p(x)=1—p,(x).

IIpn rpauyeckom Onpe/IeIeHnN dyHKImii MPUHAJUIEKHOCTH
00BLEJIMHEHHOTO MHOKECTBA HEOOXOJMMO B KaxJI0H TOYKE MHOMKECTBA BLIOpATH
MakCHManbHOE 3HA4YeHWe W3 JABYX (TOYKY TOro rpaduka, KOTOPBIH BbIE) W
00BLE/IMHNTE BCE MOJYYEHHBIE TOUKH B rpaduk, KOTOPEIH 1 OyaeT orobpakeHnem
HOBOW (yHKIMM npuHajuiexkHocTH. llepeceuenne aHaIOTHMYHO OOBEIMHEHHIO,
TOJILKO BblOMpaeTcs MUHMMAIILHOE 3HAYeHHe B Kax10i Touke. llpu nocrpoenun
JIOMONMHEHUS HEOOXOAMMO 3epKankHO 0TOOPa3uThk rpadMk OT OCH, MapanneabHON
ocu abcumnce ¥ npoxoasieii yepes Touxy 0,5 ocn opanHar.

Mpumep peweHnsa 3agaumn
3agaga. Jlano 3 Hederkux MHOkectBa A, B, C (3amaHel UX (yHKUHH
npuHamiexxksoctu).  [locrpouts  (YHKUMIO — IPHHALJICHKHOCTH — HEYETKOI'O



MHoxkecTBa D = AN(AUCUB) 0 OIpPEICNIHTEL CTENCHb IPHHAIICIKHOCTH OIHOI0

INEMCHTAd MHOMKECTBY D, HCIIONIB3VA METO OFpaHHIIEHHI‘:I.

Ha g He
1 1 1
PN o
0ola s 13X ol 3 5 x 0ls §9 14X
Onucanne  nponecca  pemennsi. Jlns  nocrpoenus hyHkUHuH

MPUHA/IIEKHOCTH HOBOTO MHOKECTBA HEOOX0IMMO:!

1) OnpenennTs NoC/eI0BaTeNILHOCTEL BBIMOIHEHWS Onepaluii B GopmyJie.

2)  ITloctponth Ha OTAENBHBIX TpaduKax MPOMEKYTOUHBIE MHOMKECTBA,
COIJIACHO  ONpeje/eHHol  nocnenoBaTensHocTH  jeiictBuii.  CBectu
MPOMEKYTOUHbIE MHOXECTBA Ha OJHOM rpaMKe W ONpPEIeTNTh HTOTOBYIO
(PYHKIVHO TPUHAJITI@KHOCTH.

3) Hcnonb3ysa onpejieneHHplii B 3ajavye METOj, ONPEAENIUTh AHAIMTHYECKH
CTENEeHb NPUHAUIEHKHOCTH HJIEMEHTA, BXO/SIIEro B SJIPO  MTOIOBOIO
MHOKECTBA.

4) IIpoBeputh aHaIUTUYECKNE BBIYUCICHUS 110 I[OCTPOCHHOMY TIpaduKy
(YHKIIMK TPHHAIEIKHOCTH.

Pemenmne.
1) MuoxectBo D = A~ (AU CuU B), 3HAYMUT, 110CIE/I0BATE/ IBHOCTD olneparuii

Oyner cnegyrouieit: A, AUCUB, An(AuCUB).
2) Iloctpoum corjlacHO 3TOH  110CJIE/I0BATE/ILHOCTH  Ollepaluil  rpaduku

(pYHKUMA NIPUHA/ICHKHOCTH

— &
HaA HioCcuB Up
L 1 i
0.5 \/_ 0.5
0 8 13 X o0'2 5 X 012 8 13 X

3)  Hapo muoxkecrBa D cocrout u3 snemeHToB U3 uHTepBaia (2,13). Beidbepem

3JIEMEHT .



,(8)=0.5;

Hy(8) =1,

He(8) =05,

p-(8)=1-1,(8)=1-05=05;
pU=(8)=1-pu-(8)=1-05=05;

1, - (8)=min{l i (8)+ 1,(8)} = min{1,0.5+0.5)} = 1,

Hoacos (8) = min{L, 4, o (8)+ p1, (8)) = min{ LI+ 1)} =
(8) = max{0, 4= (8) + f,_c_(8)—1} = max{0.0.5+1-1} = 0.5.

Ari AT LR

4)  p,®)=05;

3apaum
[) Jano 3 mweuwerkux wmuHokectBa A, B, C (3amansr ux dyHkuuu
npunamiextoctu). Ilocrpouts GYHKUMIO NPUHAUIEKHOCTH  HEYETKOIo
MHOkeCTBA D = AU BNC W ONpeaenuTh CTENEHb NMPUHAIEKHOCTH OJHOTO

AJIEMEHTA MHOMKECTBY D, HCITOIIB3YH MaKCHUMUHHBIN CII0C00.

F 9
Ly Ha e
3 5 X 0l 33 0l 5 4

0 X

.
L

X

2) Jano 3 wmeuwerkux wmuoxkectBa A, B, C (3agasbl uX QyHKUUHA
npunajiaexnoctn). IloctponTs QVHKIMIO NPHHANIEKHOCTH HEYETKOTrO
MHOXkecTBa D = AU B~ C ¥ onpelenuTh CTENEHb NPUHAANEKHOCTH OJHOTO

aneMeHTa MHoecTBY D, ncnonn3ys anredpandeckuit cnocod.

A A
o B He

1
0.5 0,5 ’ \




3) Jlano 3 Hederkux mHoxkecTa A, B, C (3a1aHbl UX QyHKUUH IPHHAIJICIKHOCTH ).
[TocTpouTh GyHKIMIO NPUHALICKHOCTH HEHETKOro MHokecTBa D = AUBNC u

Olpcic/IuTe CTCICHE NPHHALICHKHOCTH OIJHOI'0 3JICMCHTA MHOMKCCTBY D,

HCITOIB3VA MCTO Ol“paHH'-IEHHfI.

'y 'y A
Ha Hi

1L 14

A~ I\

[
L

P 89 14 X 0 5 X 0

o
Fatn
Ln

.
™

3 5 X
4) Jlano 3 wHeuerkux wmuHoxecta A, B, C (3a1aHbi
npunamiexHoctu).  Ilocrpours  QyHKUUIO

=]

ux  (GyHKUMU
[IPUHA/UICI)KHOCTH  HEYETKOI'o

MHOXKecTBa D = AUuBA~C u ONpeaCciIMTE CTCICHE NPHHAIJICHKHOCTH OIHOI0

SJIEMEHTa MHOMKECTBY 1_), UCITOJIB3Y A MaKCHMHHHBIH ¢c110c00.

s A

A
Ha e Mg

ol 3 5 X ol 3 5 X 0 5 X

5) Mano 3 wnewerkux wmuoxecrsa A, B, C (3azaHbl

ux  QyHKuuu

npuHaanexkHoct). lloctpouts GYHKUUIO NPUHALIEIKHOCTH  HEYETKOro

MHOXkecTBa D = AUBNC QIPEAC/IUTE CTCICHL NMPHHAAICHKHOCTH OJIHOIO
d1eMeHTa MHOxeCTBY D, ncnonb3ys anrebpanyeckuii cnocod.

A A
Ha Mg

He

1 14 14
0.5 0.5

TN 025) N

02 8 13 X 02 8§ 9 14 X 0ol 45 738 X

6) Jlano 3 wHeuwerkux MHoxkectBa A, B, C

npunaiexnoctn).  Iloctpouts  Gynkumio

(3aj1aHbl - UX  (PYHKIMU

MPUHAVIEKHOCTH  HEYETKOTO

MHOXkecTBa D = AU B NC ¥ onpejieNuTh CTeNeHb NPUHAIEKHOCTH OJIHOTO
DJIEMEHTAa MHOXKECTBY D, HCITOJTB3YSA METOJT OTpaHuHYeHHIH.

A A

Ha He He

I 14 1

0!, 89 14 X 0 5

“y

0 3

wn
-

Jla6opamopHasi m6oma N26. Yacmb 2. npoekmupoeaHue cucmeMbl He4emKo20 ebie00a



Ilenv pabombr: OCBOMTH TIPOCKTHPOBAHE HCUCTKMX crcteM B rmakere Fuzzy Logic Toolbox wu
Symbolic Math Toolbox BermcmrensHoi cpenpt MATLAB.

[Topsinok BbIMoNHEHNST PabOTHI

1. [Tosyuurs 3a1aHKe TI0 OJJHOMY U3 BapHaHTOB TaOmIp! (11 4).

2. [logroToBuTh HEueTKHE TpaBUJA B COOTBETCTBHM C TpaduueckuM TNpe/ICTaBICHHEM
dyHKIMIA 3a1aHUS.

3. TpexmepHoe wm300pakeHHEe BBHIOPAHHONM 3aBHCUMOCTH TIOCTPOUTH, BOCTIOIb30BABIINCH

nporpaMMHbIME cpencTBamu MATLAB.

[Ipu 3TOM MOXHO PYKOBOJCTBOBATHCS MPOrpaMMON HIKETIPUBEIEHHOIO PUMeEpPa, KOTOpas MoJie-

JIMPYET 3aBUCUMOCTH Y =X 2-Sin(X -1).

% IlocTpoenne rpapuka pynkuun y=x1°2*sin(x2-1)

% B obsacTu X1 =[-6, 4], x2=[-4.4, 1.7].

N=15; % koam4e cTBO TOuek nuckpern3anmu X1=linspace(-6, 4, n); x2=linspace(-4.4, 1.7, n);
y=zeros(n, n);for j=1:n

y(j,:)=x1.72*sin(x2(j)-1); end surf(x1, x2,y)

xlabel(*x_1"); ylabel("x_2"); zlabel(’y"); title('Mckomas 3aBucumMocTh")

CdopmipyeM HEUeTKE TPABWIA, COOTBETCTBYIOIE 3aBUCHMOCTH BBIXOHOM TEPEMEHHOM OT BXOIHBIX
TI0 TIOJy4EHHOM TOBEPXHOCTH pic. 1.

Mckoman 3aBucUMocTs

Puc. 1. I'paduaeckoe npencrapienne QyHkmmn Y=Xx1 8in(x2-1)

MOXKHO BOCTIONIb30BaThCs M BO3MOXHOCTsIMU TlakeTa Symbolic Math Toolbox, BBens, Hanpumep,
CIIeAYIOIIMe KOMaH/bI:

syms Xy % co3gaem cMMBOJIbHbIE lepeMeHHble

z=x"2*sin(y-1); ezsurf(z,[-2,2])
JUi TMHrBUCTHYECKOM OLIEHKM BXOIHBIX NEepeMeHHbIX X1 U X2 BbiOepeM Mo Tpu TepMa - HU3KHIL, cpef-
HUM, BBICOKUM; JJI1 BBIXOJJHOM Yy ISITh TEPMOB HUSKULL, HUMCE CPEeOHe20, CPeOHUll, Bbliie CpeOHe20, 8bl-
COKUU.

[Tonyuum, HanpuMep, cleayroIue MpaBuia;

1) ECJIN x1 = nuskuti 1 x2 = nuskuii, TO y = gvicokuti;



2) ECJIN x1 = nuskuti U x2 = cpeonuii, TO y = nuskuii;

3) ECJIA x1 = nuskuu U x2 = swvicoxuti, TO y = gvicokuii,

4) ECJIN x1 = cpeonuii, TO y = cpeonui,

5) ECJIA x1 = svicokutt U x2 = nuskuii, TO y = gviue cpedrneco;

6) ECJIA x1 = svicokutt U x2 = cpeonuii, TO y = Huoice cpedneco,

7) ECJIN x1 = svicoxuu U x2 = svicokuii, TO y = eviuwe cpeoneeo.

4, CrnpoeKTHpoBaTh HEYETKYIO CHCTEMY, BBINOJHUB CJIEAYIONIYIO TIOCJIEI0BATEIHHOCTh Ila-
TOB.

1. Orxpers FIS—penakrop, maredaras cioso fUzzy B KOMAHIHON CTpOKE.

2. B nossusieMcs rpadeieckom okee FIS Editor nobaeuv Bropyro BXOTMHYRO TepeMenHyro. [l sToro B
merro Edit BeiOMpaem komanmy Add input.

3. [lepeumeHyeM TepBYIO BXOAHYIO TepeMeHHyro. [lJis 9Toro cruenaeM MIETUOK JIEBOM KHOIKOM
MbIl Ha Osioke Input 1, BBemem HOBoe 0O0O3HAUEHME X] B MMOJI€ PEAAKTHPOBAHMS MMEHH TEKYIIEH Iie-

pemeHHol U Haxxmewm <Enter>.
4, IepenvieHyeM BTOpyro BXOIHYIO TRPSMEHHYFO, BBEISX2 Ha Onioke Input2.

5. Tlepenmenyem BBIXOJIHYIO TiepeMeHHytro. /[l 3Toro mesiaxHeM

MbIKor Ha Osoke Output 1. BBenem HOBoe 00O3HAUEHHE y B TOJIE PEIAKTHPOBAHMSI UIMEHU TEKY-
e nepeMeHHOM; HaxkmeM <Enter>.

6. 3amagmv mvs cucremsl. [l storo B Merro File BbIOEpEM B monMeHro Export komanmy TO
File u BBegeM ums ¢aiina, Hanpumep, Lab_2.

1. [lepetinem B pemaxTop (PpyHKIMI NMpuHAIICKHOCTH. JlJIs1 3TOrO cienaem JIBOMHOM IMISTYOK Jie-
BOIl KHOTIKOW MBIIIN Ha OJIOKE X] W 3aJaJiuM JTHAaTia30H U3MEHEHMs TIePEeMEHHOH X1, HarleyaTas -6 4 B mone
Range (puc. 2).

8. 3Bamammm GYHKIMM  TIPUHAJICKHOCTH TIepeMeHHOM x1. [l JIMHMBUCTHYECKOW OICHKHU
ATOM MEepeMeHHON OyaeM HUCTIONb30BaTh TPU TEpPMa

C TpEeYroJibHBIMU (YHKIMAMH TPUHAJICKHOCTA. OTH (YHKIMHU YCTAHOBJICHBI TI0 YMOTYAHHUIO,
MO3TOMY NEPEXO/IUM K CIIEAYIOIIEMY Ilary.

J} Membership Function Editor: lab_1
Filz= Edit View

FIS Variables Memberzhip function pletz plot points: 181
nizkil ' " sredni ' visbkii
ST
X
}{: =l /\ \ |

— 1 1 T 1

- -2 0 2 2
inout warighle “x
Current Yariahle Current Membership Function (click on MF to select)
Mame %1 Mame wigokii
Type impLit Type trimf w
Params
Range [-5 4] [d 48]
Dizplay Range [-6 4] Help | Close
Renaming MF 3 to "vizoki"




Puc. 2. ®ynkimM npuHAJICKHOCTH TIEPEMEHHON X1

0. BagamuM HamMeHOBAaHMS TEpMOB TepeMeHHON x1. JUI STOrO MIEKHEM MBIIIKOM MO Tpa-
¢GrKy nepBoi (YHKIMH MPUHAIICKHOCTH (CM. puc. 2). I'paduk akTHBHOM (BYyHKIMM NpPHHAIICKHOCTH
BBIJIEJIIETCSl KPAacCHOM KMpHOW JMHMEN. 3aTeM BBeAeM HauMeHoBaHue TepMma Humskuii B mone Name u
HaxMmeMm <Enter>. IllenkneM Mbplmkod 1o rpaduky BTOpod (YHKIMM TPUHAAJIC)KHOCTH, BBEAEM
HamMeHoBanne Tepma Cpennmii B mone Name u Haxkmem <Enter>. IllenkaeM MBIIKOH 1o Tpaduky
TpeThel (QYHKIMM TpPUHAJIE)KHOCTH, BBEJEM HaWMEHOBaHME TepMma Breicokuii B moine Name u
HaxxMmeM <Enter>.

10. 3azagmm (yHKIMM TIPUHAJIC)KHOCTH TIEPEMEHHOM x2. [ 3TOro akTHBIBHpYyEeM TepeMeH-
HyI0 X2 IIEJTYKOM MBIIIKOH 10 OJIOKy x2. 3aJaluM AHWana3oH M3MEHEHHs nepeMeHHou x2. J{ig sroro

HarieuataeM -4.4 1.7 B mone Range u Haxkmem <ENnter>. J[ns JMHTBHCTHYECKOH OICHKH 3TOH MepeMeH-
HOW OyleM HCTONb30BaTh, KaK M paHee, TPU TepMa C TPEYTOJIbHBIMHU (YHKIMSIMU TPUHAJIC)KHOCTH.
OHH yCTaHOBIICHBI TI0 YMOTYAHHUIO, TIOATOMY TIEPEXOJUM K CIIeAYIOIIEMY IIIary.

11. Tlo amamorms ¢ marom 9 3amasmuM CleIyIONHE HAMMEHOBAHWS TEPMOB IICPEMEHHON X2
Huskuii, Cpennuii, Beicokuid.

12. 3apamm (yHKIIMM TIpUHAJIEKHOCTH IIepeMEeHHOH . JJ1sl TMHrBUCTHY €CKOM OLIEHKU 3TOH nepe-
MEHHOM Oy/1eM UCTIONb30BaTh IATh TEPMOB C TayCCOBBIMHA (DYHKIWMSAMH TPHHAJICKHOCTH. J{1s 3TOro miemd-
KOM MBI TI0 OJIOKY y aKTHBM3HpYEM MEepeMEHHyI0 ). 3aJaluM JHana30H M3MEHEHUs Iie-

pemennoi y. Jisa aroro Haneuaraem -50 50 B mone Range (puc. 1.3) u Haxxmem <Enter>. 3atem B
menro Edit Beibepem komanny Remove All MFs nist ynanenus yCTaHOBJACHHBIX M0 YMOTYAHUIO (DYHKITHIA
npuHa1uieskHocTH. [Toce atoro B Mento Edit Beioepem komanny Add MF B nosiBuBIIeMcst 1MaioroBoM OKHE
BbIOEpeM THIT GYHKIMK TPHHAIICKHOCTH Jaussmf B oiie MF type u math TepmoB B moae Number MFs.
[Tocne BBOma (yHKIMI NPHUHAMJIEHKHOCTHU PEIAKTOP AKTHUBU3HPYET NIEPBYIO BXOIHYIO NIEPEM EHHYO, TIOITOMY
JUTSL TIPOJTOJDKEHUSE paOOTHI MIETIKHEM MBIIIIKOH 10 IMKTOrPaMMe .

13. Tlo ammormu ¢ warom 9 3axamm CIICAYIOIIE HAMMEHOBAaHMS TEPMOB IEPEMEHHON ) Huskuii,
Huoice cpeonezo, Cpeonuil, Boiuie cpeoneco, Bvicokuii. B pesynbrate momydmM TpadHecKoe OKHO, FBOOPKEHHOE
Ha puc. 1.3.

-} Membership Function Editor: lab_1

File Edit View
FIS Wariahles Memberzhip functien plotalot points: 181
: m nizk nigeSrednege sleclnu vigheSrednego izpkii
X, ;
outnut .-==|r|s||'~l-I= '
current Yariakle current Membership Function (click on MF to zelect)
Matme Y Mame srednii
Type: oLttt Type gaussmf L3
Params 10620

Range [-50 50] [ ]
Dizplay Range [-50 50] Help | Close
Renaming MF 5 to "vizaki"




Puc.3. ®@yHkimM npuHaJIe)KHOCTH NEPEMEHHON Y

14. Tepeiinem B pemaxrop Gassr 3Hanmii Rule Editor. Jims sroro B menro Edit BEIGepem
xomaHny Rules... [ng BBOma mpaBwia BhIOMpaeM B MEHIO COOTBETCTBYIOIIYIO KOMOHMHAIIMIO TEPMOB U
HakumaeM kHorky Add rule. Ha puc. 1.4 m300pakeHo OKHO pemakTopa 0a3bl 3HaAHHMI TIOCJIE BBOJA BCEX

ceMu mpaBwl. B KoHIE mMpaBWiI B CKOOKaX yKa3aHbl BECOBBIE KOI(P(MHIMECHTHI.

) Rule Editor: lab_1

File Edit Wiew Options
1.1f (x_1is nizkil) and (x_2 is nizkii) then (y is visokii) (1 S
2.0 (x_1 iz nizkil) and (x_2 is srednii) then (y is nizkii) (1)
3.0 (x_1 is nizkil) and (x_2 is visokii) then (y is visakii) (1)
4. 1f (x_1 is srednii) and (x_2 is srednii) then {y is srednii) (1)
S (x_1 is visaokii) and (x_2 is nizkii) then (y is nigeSrednego) (1)
6. 1f {x_1 is visokii) and (x_2 iz srednii) then {y is nigeSrednego) (1)
7. {x_1 is visokii) and (x_2 is visokii) then (y is visheSrednego) (1)
~
If and Then
®x 1is x 2is =S
nizkil s nizkii e nizkii s
srecdnii srednii nigeSredne
visoki visokii srednii
noneg none visheSredn
W W
[ ]not [ |not [ ]mnot
Connection Wigight:
{Jor
(+) and 1 Delete rule Add rule | Change rulz |
| The rule iz changed | | Help | Close ||

Puc. 4. Heuerkast 6a3a 3vanmii Mamdani
Ha puc. 5 npuBeneHO OKHO BM3yaslM3aliM HEYETKOro BbIBOJA. OKHO aKTUBM3HMPYETCS KOMaHION
Rules menro View. B mone Input yka3piBatoTCs 3HAYCHHS BXOJAHBIX MEPEMEHHBIX, JJISI KOTOPBIX BbI-
NOJIHACTCS HEYETKUM JIOTMYECKUN BBIBOJ.

J Rule Viewer: lab_1
File Edit WView Options

-50 50
‘Input: [-3.477 -1 378 HPIDt paoirts: 109 | |MD\.-'EZ left | right |:ﬂown| up | |
‘ Opened system lab_1, 7 rules | | Help | Close | |

Puc. 5. Bizyammsaims sedeTkoro BeiBoga Mamdani
Ha puc. 6 mpuBemeHa TIOBEPXHOCTh «BXOJBI BBIXOI», COOTBETCTBYIOIIAS CHHTE3UPOBAHHOU
HeueTkor cucteMe. OKHO BeIBOAMTCS IO KOomaHue Surface menro View.



EBX

-} Surface Viewer: lab_1
File Edit Wiew ©Options

X input; %1 g | T (ML) ¥ 2 | Z [OutpLt): y v
X grids: 15 N grids: 15

Ref. Inft: Help | Close |
Ready

Puc. 6. TToBepXHOCTH «BXOMIBI BBIXOM» Ui Oa3bl 3HaHui B Surface Viewer

15. Coxpammm cosmammyio cuctemy. Jinst storo B menio File Beibepem B moxmerio Export
xkomanny 7o File.

[Ipu cpaBHeHMM MoBepxHOCTEW Ha puc. 1 M 6 MOXKHO CIejaTh BBIBOIBI OTHOCHTEIFHO KadyecTBa
OIMCaHUs HEYETKUMU IPaBWIAMHU MOIECIMPYEMOM HEJIMHEMHOM 3aBHCUMOCTHU.

Bapuanrs! 3a1anuii

Tab6imua [Bug3aBucuMoctu JnanasoH m3M.
i B Z = x"\2-y "2 xy  [11]

2 7 = X"\3+y A2 xy  [11]]

3 Z =exp(-x"2-y."2) XY [-11]

4 Z =exXp(-x"\2+y "2) xy [22]

5 Z =X*y*sin(X*2+y"\2) xy [22]

6 Z =x"2*sin(y-1) XY [-22]

7 Z = y.~2*sin(X) XYy [-22]

3 Z = y.72*c0os(X) xy [2 2]
9 Z =y.N2*Ccos (X2 xy  [-1,1]
10 Z = 4*cos(X)/y xy  [05 3.14]
11 Z = (xy)(xty) xy [110]
12 Z =exp(-x"2)+exp(-y.~2) xy [l 1]

Conepxxanuie oryera
1. UcxomHas QyHKImsI BapriaHTa 3aaHust ¥ ee rpadruecKoe MpeICTaBICHIE.



JIMHrBUCTHY €CKUE IPaBWIA PELLICHHUIA

Anamni PE3YJIILTATOB HCUCTKOI'O BHIBO/IA.

oo

MOCTH.

JlabopamopHasi pa6oma Ne 7. MocmpoeHue He4emkol annpokcumupyroujeli cucmemsl 8 nakeme

Fuzzy Logic Toolbox

Ilenv pabomwi: wByueHwe OCHOBHBIX (yHKIMI Tmaketa Fuzzy Logic Toolbox mporpammHoit
cpeast MATLAB, a Takxe nproOpeTeHHe HABBIKOB TOCTPOCHHS HEUETKOH alMpOKCUMUPYIOLIEH CHUCTEMBI.

[Topsiiok BeIMONHEHUST pabOTHI

Komannoit (¢yskimeit) Fuzzy w3 pexxuma KOMaHIHOW CTPOKM 3aIllyCKaeTCs OCHOBHAS HHTEp-
deiicas nporpamma maketa Fuzzy Logic — pexgakrop HeueTkoit cuctembl BbiBoja (Fuzzy Inference

System Editor, FIS Editor, FIS-pegakrop).

Bun oTkpbIBatolerocs npu 3TOM OKHa TpuBeAEH Ha puc.l. ['TaBHOE MEHIO peJaKTOpa COAEPKUT

TIO3ULIUHN:
File — pabora ¢ daiimamu Mmozesneit (UX CO3/1aHue, COXPAaHCHUE, CUMTHIBAHUC U NICYATH);
Edit — omepaimm pemakrtupoBaHust (700aBJIeHHE W HCKIIOYCHHE BXOIHBIX M BBIXOIHBIX IEpe-
MEHHBIX);

Ornmcanue nocie10BaTENbHOCTH JEUCTBUI NIPU NMPOEKTUPOBAHUM HEYETKON CUCTEMBL

OueHka KayecTBa OMMCAHWS HEYETKUMH TpaBWIaMu MOJIEIIMPYEMOM HEJIMHEWHOM 3aBUCH-

View — nepexoj1 K JIONOJHATEIBHOMY HHCTPYMEHTaPHIO.

J FIS Editor: Untitled

EBX

Filz Edit  View
Untitled
[matnckani)
4 altputl
FI5 M arne: U ntitled FIS Type: marndaii
And method | il j Current Yariable
0r methaod | f— j Mame W
o T input
Implication | il j o s
. Fange [a1]
Aggregation | - j
D efuzzification | centraid j Help | Cloze
O pening Memberzhip Function Editor

Puc. 1. Bug oxna Fis Editor

[TonpoOyeM CKOHCTPYHMpOBATh HEUYETKYIO CHCTEMY, OTOOPAXKAIOIIYI0 3aBUCUMOCTH MEXKIY Tepe-
MEHHBIMH X W V, 3aJlaHHYI0 C TIOMOIIpI0 Ta0a. 1 (Jlerko BHAETH, UTO Mpe/ICTABICHHBIC B TaOJMIE JaH-

2
HbIC OTPAXKAIOT 3aBUCHUMOCTH J = X ).

Tabmmia 1. 3HaueHus x u y




-1 0.6 0 0.4 1
0.36 0 0.16 1
TpeOyemble nevicTBrsl 0TOOpa3uM CJIeTYIOIIMMHE IyHKTaMU.

1. B mosmmm meno File BbIOMpaeM ormpro New Sugeno FIS (Hosast cuctema T SUQENO), mpy 3TOM B
Ooke, oroOpakaeMoM OeNbIM KBaJIpaToM, B BEPXHEl YaCTHOKHA peziakTopa roseurcs Haammes Untitled2 (Sugeno).

2. IlleJKHEM JIBOI KHOIKO}M MBILLIH TI0 0J10Ky, o3arnasineHHomy input | (Bxom 1). 3atem B mpaBoii
JaCcTH peJakropa B ose, o3arasieHHoM Name (Mms), BMecTo input | BBenem o003HaUeHHE HAIIIETO ap-
ryMeHra, T.e. x. O0paTuM BHUMaHHeE, YTO €CJIU TeNeph CAeNaTh I1e-HuoyAb (BHE OJIOKOB pelaKTopa) OIHO-
KPaTHBI IIETI0K MBIIIH, TO UMSI OTMEUYEHHOTO OJIOKa I3MEHUTCSI Ha X; TO )K€ IOCTUraeTCs HaXKaTHeM TIocTie
BBOja KiaBum Enter.

3. JBakapl mejakHeM TO 3ToMy OJioky. llepen HamMu OTKpOETCS OKHO pelakTopa  (PyHKIWMIA
npuHaiekHoctd  — Membership Function Editor

(cM. puc. 2.2). Boiinem B mosmpo meHio Edit manHoro penakropa u BeIOEpEeM B HEM OILIMIO
Add MFs (Add Membership Funcions — Jlo6aBurs (yHKIMIA TpUHAIEKHOCTH). [Ipr 5TOM MOsIBUTCS
nuajoroBoe okHo (puc. 2.3), mospomstomiee 3agath twn (MF type) m xommaectso (Number of MFS)
(yHKIMIA TPUHAJICKHOCTH (B TAHHOM CJIydae BCE OTHOCUTCS K BXOIHOMY CHTHANY, T. €. K NEPeMEHHOM
x). BpiOepem rayccoBbl (YHKIHH MpUHAICKHOCTH (gaussmf), a ux KoIMuecTBO 3a4a/J MM PaBHBIM ISTH
— [0 4YHKCJTy 3HaYeHuit aprymenra B Ta0u. 1. TTonTBepmumM BBOX MHpOpMaimn HaxkaTrem kHorku OK, mocie

Yero MpPOM30MIET BO3BpAT K OKHY peJakTopa (PyHKIWMH TpHHAIJICKHOCTH.
J Membership Function Editor: Untitled E@@

File Edit Wiew
FIZ “Yariahles Memberzhip function plots plat paints: 18
mh r . . . m%z r . . . 1.
7Y
X0 !
® oLtpt
05+ 1
0 1 ) ) b 1 1 1 1 1
] 0.1 0z 0.3 0.4 05 0.6 0.7 0.5 ns 1
input variable "x"
Current YW arable Current Membership Function [click on MF to select]
Mame b MName | i1
Type input Type | i |
Pararns 04004
R ange | 01 | [ !
Dizplay Range | [@1] Help | Close |
Ready

Puc. 2. Oxno penakropa QyHKIHI TPHUHAIICKHOCTH

4. Bmone Range (/Inana3oH) ycTaHOBUM JWania30H M3MEeHEeHUs x oT -1 1o +1, T.e. Auama3oH, co-
orBeTcTBytommid Taos. 1. IllenkHem 3aTeM JIeBOM KHOIKOW MBIIIH TJe-HUOYAb B TOJe pefakTopa (Wi
HaXXMeM KiaBuiny BBoga Enter). OOpatum BHHMaHKE, YTO TMOCJE 3TOrO IMPOM3OMIET COOTBETCTBYIOIICE
mMeHeHue nuana3ona B none Display Range ([luana3on nucruies).

5. ObpariMcst K Tpa¥iaM 3aJAHEBIX HAMH (YHKIFH TPUHAUIGOKHOCTH, IBOOPOKSHHBIM B BEPXHEH
YacTW OKHA pefakropa (QYHKIMA TpYHAJIOKHOCTH. 3aMETHM, YTO JJIsI YCTRHIHOTO PEIICHM TOCTARJICHHOM



33149 HEOOXOMUMO YTOOBI OpIVHATEI MAaKCHMYMOB STHX (YHKIWA COBMRIQM C 3a[aHHBIMH 3HAYCHBIME ap-
rymenra x. Jlis 7eBoi, IEHTpajbHOM M TpaBoM (YHKIMIA Takoe YCTOBME BBIIOIHEHO, HO JBE Jpyre HeoOXo-
MO «TIOTIBUHYTH» BAOJNb ocu abciwce. «llepenpiwkkay nenaeTcs BechbMa MPOCTO: MOMBOIMM Kypcop K HyX-
HOM KpHMBOW W IIEJIKAEM JIEBOM KHOMKOW MbIIM. KprBasi BbIOMpACTCS, OKpaIllMBasCh B KPACHBIA IBET, TIOCIC
Yero ¢ TNOMOIBIO Kypcopa €€ M MOKHO TOIBUHYTH B HY)KHYIO CTOPOHy (OOriee TOYHYIO YCTaHOBKY MOYKHO TIpO-
BECTH, M3MEHsIs YICNOBble 3HAueHwsi B monie Params ([lapamerpbl) — B JaHHOM Clydae Kaxkmod (DyHKIWM Tpve
HAJIJIKHOCTH COOTBETCTBYIOT JIBa TApaMeTpa, MPU 3TOM TepBbIi OMpesiesiieT pa3Max KpUBO, a BTOPOM — TONo-
JKeHe €€ TeHrpa). Jlis BhIOpaHHOM KpuBOM, KpoMe 3r1oro, B mosie Name MOXHO IBMEHITh MM (3aBepiias
BBOJ] KKJIOMO MMCHA HAKATHEM KiaBui Enter).

J Membership Functions E@@

Add membership functions

MF type | trirnif

~|
Murmber of MFz | 3 j

k. | Cancel |

Puc.3. /lyanoroBoe OKHO 33/1aH/I THIA M KOMUECTBA (PYHKIMNA TIPHHAIJICKHOCTH

[Mponenaem TpeOyembie MepeMelIeHHs] KPUBBIX W 33aJaJM BCEM IISITH KPUBBIM HOBHIE MMECHA,
Harpumep:

- caMoi neBsoii — bn,

- ciaenyroumen — n,

- LEHTpaJIbHOW — Z,

- cIeyrolIeH 3a Hell cripaBa — p,

- caMoii IeBoit — bp.
Haxmem xnormky Close u Beilinem w3 penakropa (YHKIMI NMpHHAJICKHOCTH, BO3BPATHBIIKCH
Ipy 5TOM B OKHO peaakTopa HeueTkoit cuctemsl (FIS Editor).

6. Cuenaem OJTHOKPATHBII IIETUOK JIeBOM KHONKOM MBIIIM MO roixyooMy KBajpary (OJIOKy),
o3zarnaBieHHoMy output | (Beixox 1). B okomike Name 3amenum mmst output | va y (kak B myHKTE 2).

7. JIBaxibl MIEJKHEM MO OTMEYEHHOMY OIIOKY ¥ MepeiiieM K IporpamMMe — peaakTopy dyHKIpit
npuHa Ie)KHOCTH. B no3mimm menro EditBeioepem ommiro Add MFs. TTosiBistrorieecst AuaioroBoe OKHO BHa
puc. 3 NoO3BOJSIET 3a/1aTh TENeph B KauecTBe (DyHKIMI IPHUHAJIC)KHOCTH TONIBKO JiHeiiHbIe (linear) wiu no-
crosiHHbIe (CONStant) — B 3aBUCHMOCTH OT TOT0, KAKOH aJIrOPUTM

Sugeno (1-ro wm 0-ro nopsiika) Mbl BeIOHpaeM. Ecii B BallieM KOMIIbIOTEPE YCTAHOBIICHA BEpPCHS, B
KOTOPOH HET JaHHBIX (DYHKLMH INMPUHAJIC)KHOCTEH, TO MOXKHO OCTaBUTh 1O yMomdanuto — trimf. 3o, ko-
HEYHO, TIOBJIFSIET HA PE3yNbTaT, IOATOMY MOXKHO TO3KCIIEPUMEHTHPOBAThH, M3MEHSS THI (DYyHKIMI TpHUHAT-
JIeIKHOCTH.

B paccmarpuBaeMoil 3amade HEOOXOIMMO BBIOPATh MOCTOSHHBIC (DYHKIMHM TIPHHAIJIC)KHOCTH C
o0mmM yucioM 4 (10 YMCIy pa3JIMdHBIX 3HauYeHHd ) B Tabm. 2.1). [loaTBepmuM BBeIEHHBIC TaH-
Hele HaxxatTneM kHormku OK, mociie 4yero mpomsoineT BO3BpaT B OKHO penakTopa (yHKIWMH TpHUHAT-
JIeIKHCTH.



J Membership Function Editor: Untitled

File Edit Wiew
FIS “Yariahles Memberzhip function plots plat pairits: 181
n'tL'-l 016 0.36 1 mfa
XAy
# ¥
0.5 s
0 I I I T 1 1 1 1 1
1] 0.1 0.2 0.3 0.4 05 0.6 0.7 0.5 09 1
output variakle "y
Current % ariable Current kMemberzhip Function [click on MF to zelect]
M amie y M amne | 0
Type output Type | Erirnf ﬂ
Farams | [04004]
Range | 01
Display R ange | [01] Help | Close I
Selected vaniable "y

Puc. 2.4. TlapameTpsl GyHKIMIA NPUHAICIKHOCTH TIEPEMEHHOU Y

8. OGparmv BHEManMe, 4TO 31eCh AuanasoH (RANQGe) M3MEHEHNs, YCTAHABIMBASMBIH [0 YMOJI-
yanmo — [0, 1], MeHaTh He HyXHO. M3MeHnM I, mMMeHa (DYHKIWMH MPHHAIIEKHOCTH (MX Tpaduku
NPH KMCTIONB30BAHMM aJITOpUTMa SUQENO I BBIXOAHBIX MIEPEMEHHBIX HE MPUBOISATCS ), HATIPEMED, 3a]1aB
X KaK COOTBETCTBYIOIIME dYHCJOBBIe 3HaueHus y, T.e. 0, 0.16, 0.36, 1; omHOBpEMEHHO 3TH € YHCIIO-
BbIC 3HAUCHHE BBeJeM B mojie Params (puc. 2.4). 3aTteM 3akpoeM OKHO HakatueM kHonku Close u
BepHeMcs B okHO FIS-penakTopa.

0.  JIBaskup! menkHeM 71eBOIl KHOIIKOM MBI TI0 cpeHeMy (Ge1oMy) GIOKY, IpH 3TOM pacKpo-
€TCsI OKHO €eIIle OJ[HOM mporpaMMBbI — peaakropa npaswi (Rule Editor). BBegeM cooTBETCTBYIOMIHE MPaBIA.
[Tpu BBOZE KaXIOr0 MpaBmia HEOOXOAMMO 0003HAYUTH COOTBETCTBHE MEXKIY KaXKIoW (YHKIMEH TpHUHAJI-
JIXKHOCTH apryMEHTa X ¥ YHUCJIOBBIM 3HaueHueM y. KpuBasi, 00o3HaueHHast Hamu bn, coorBeTcTByeT x = -1,
T.¢. y = 1. BeiOepem, mosromy B JieBoM rosie (¢ 3aroioBkoM X IS bn), a B mpaBom 1 u Haxkmem kHomnky Add
rule (Iobasurs mpaBwio). BBeeHHOE MPaBWIO MOSBUTCS B OKHE MPaBWI U OYAET MHPeACTaBIATh COOOM 3a-
TUCh:

If (x is bn) then (y is 1)

AHTIOTVMHO TIOCTYIMM U BCEX JAPYIWX 3HAYCHMA X, B pe3ylbrare 4dero chopmepyercs mHbop w3 5
mpaBwl (cM. prc. 25). 3akpoeM OKHO pelakTopa MpaBwl M BosBpaTiMcs B OkHo FIS-pemaxropa. TToctpoenre
CCTEMBI 3aKOHYCHO W MOKHO HA4aTh JKCTEPUMEHTBI 10 €€ FWCCIICIOBAHMO. 3aMETHM, YTO OQNBIIMHCTBO ONMIA
BBIOMPAJIOCh HAMU 10 YMOITYaHHEO.



J |Rule Editor: Untitled

File  Edit

View Options

EEX

1. 18 [# iz br] then [wiz 1) [1]
2 1F[# 1= 1) then [wiz 0.36] [1]
31 [% iz 2) then [wis O] (1]

4. 1F [ iz p] then [yi

iz 0.16] 1
| then [vis 1] [1]

by ~
n
z
nane W
[ not
Connection “Wwieight:
" ar
i+ and 1 Delete rule Add rule Change e I o | S |
The rule iz added Help I Close I

Puc. 2.5. OkHo penaxTopa npaBwil

10. Ipenpapuremsro coxparmM H arcke (MCrob3yst MyHKTHE Mekro File/Save 1o disk as...) cosnarmyro crerenmy
TI0/T KaKnM-JTHOO MIMEHeM, Harpumep, Proba.
11. Beibepem mosmpro Meno View. Kak BWIHO W3 BBINAJAIOUIETO MPH TOM TOAMEHIO, C
nomoripio mynkroB Edit membership functions u Edit rules moxHO coBepmmTh TEpexox K ABYM

BBIIIE PACCMOTPEHHBIM TPOrpaMMaM — peaakTopaM (YHKIMA TPUHAIJIEKHOCTH | MPaBmWI (TO ke
MOXHO cienath u Haxkatwem kiaapwin Ctrl+2 wm Ctrl+3). Ho ceiiuac Hac OyayT mHTEpecOBaTh

nBa npyrux nyakta — View rules (ITpocmorp mpaswi) u View surface (ITpocmorp moBepxHocTH). Bbi-
O0epem nynkt View rules, mpu sTom oTKpoeTcs OKHO (cM. puc. 2.6) ere OTHOW MPOrpaMMbl — MPO-
cmotpa npasun (Rule Viewer).



J |Rule Viewer: Untitled Q@@

File Edit “iew Options

®=0
y=0198

2 /\
’ .
N VAN

0 1

Input: | o Flot paints: ’T Move: | [oft | fight | downl up |

Dpened system Untitled, 5 ules Help | Cloze |

Puc. 2.6. OxHo npocMoTpa HpaBwil

12. B nmpaBoi dYacTu OKHa B rpadudeckoil ¢dopme mpeacTaBleHbl (YyHKIMW TPUHAIIICHK-
HOCTH apryMeHTa X, B JICBOM — MEPEMEHHOM BBIXO/Ia ) C TOSACHCHHEM MEXaHM3Ma NPUHATHS PEIICHUS.
KpacHast BepTukanpHasi 4epra, mepecekaromnias rpaukd B MpaBOM YaCcTH OKHA, KOTOPYIO MOXHO TIie-
peMelnaTh C TMOMOIIBI0 Kypcopa, TO3BOJSIET HM3MEHATHh 3HAUCHHS TNEPEeMEHHOW BXoaa (3TO jK€ MOXKHO
JleNlaTh, 3aJ1aBas 4UCJIOBble 3HaUYeHus B mojie Input (Bxom)), mpu 3TOM COOTBETCTBEHHO HM3MEHSIIOTCS
3HAUEHMS ¥ B TpaBOM BEpXHEH yacTH OKHA. 3ananum, HampuMmep, x — 0.5 B mone Input u Haxkmem 3a-
teM kinaBuiry BBoxa (Enter). 3Hauenwe y cpasy msMmenurcs u ctaHeT paBHbIM 0.202. Takum oOpa3om, ¢
TIOMOIIBIO TIOCTPOCHHOM MOJIENIM W OKHA TPOCMOTpa TNpaBWI MOXKHO pellaTh 3ajady MHTEPIOJSALNH, T.C.
3ajayy, pelleHHe KOTOpoil U TpeboBanoch HaiiTh. I3MeHeHMe aprymMeHra IyTeM IepeMeIleHHs]
KpPaCHOM BEPTUKAJbHOM JIMHAM OY€Hb HATJIAJIHO JIEMOHCTPUPYET, KaK CHCTeMa ONpe/essieT 3HAaUCHUs BbI-
Xofa.

3aKPOEM OKHO TIPOCMOTpa TPABWJ U BHIOOPOM TYHKTA MEHIO

ViewNiew surface repeiiiem K OKHy NPOCMOTpa TOBEPXHOCTH OTKMKA (BBIXOZIA), B HAIGM CJydac — K
TPOCMOTPY  KpuBOH V(%) (cM. puc. 2.7). Bummo, 4To CMOIEIMpOBAHHOE CHCTEMOH MO TAOJMIE JAHHBIX (TAOL

2.1) oroOpakeHrE HE OYEHH-TO HANOMHHACT (DYHKIIMFO X2. Hy 410 %, HIEro yavBUTEIEHOTO B 3TOM

HET: YICIIO OKCTEPUMEHTAIBHBIX TOYCK HEBCJIMKO, Jla W TRpaMeTpbl (DyHKIW TpUHAUIKHOCTH (BT X)
BBIOpaHbI, CKOPEE BCETO, HEONTMMAIbHBIM 00pasoM. Hipke MBI paccMOTpUM BOSMOXKHOCTH YITydINICHA KauecTBa
TIOZIOOHOM  MOIEIH.



J Surface Viewer: Untitled E@@

File Edit Wiew Options

0.3

0.7+ 1

0.6 +

0.3

0.4t

0.3+

0.2r

|:|-1 L L L
-1 -0.5 1] 0.5 1

# [InpLt]: ” w | T [INpLES: e — w | & [OUEPLIEL: y -
X grids: 15 ' grids: 15 Sral e |

R ef. Input: | Help | Cloze |

Ready

Puc. 2.7. OxHO npocMoTpa MOBEPXHOCTH OTKJIMKA
B 3akmoueHwe paccMOTpeHHs IpUMepa OTMETHM, YTO C TIOMOIIBIO BBIIMICYKa3aHHBIX IIPO-
rpaMM peJakTOpOB HA JFOOOM STare MPOSKTUPOBAHKMS HEYETKOW MOJIEIM B HE€ MOXKHO BHECTH HEOOXO-
JUMble KOPPEKTHUBbI, BIUIOTH N0 3aJaHusi KaKoW-TMOO OCOOEHHOM MOJib30BAaTENbLCKOM (DYHKIMM Ipu-
HaJUIeKHOCTH. M3 ommii, ycTtaHaBmuBaeMbIXx B FIS-pemakTope mo ymMomuaHHMIO MPU MUCTIONBH30BAHUM al-
ropurmMa SUgeno, MOXHO OTMETHTh!

- JIOTMYECKUH BBIBOJI OPraHM3yeTCs C TIOMOIIBIO ornepaimn ymHOKeHus (prod);

- KOMIIO3MISI — C TOMOIIBIO ONEepamyy JIOTHIECKOH CyMMBI (Be-

positHocTHoro WJIN, probor);

- IPUBEZICHE K YCTKOCTH — JIUCKPETHIM BAPHAHTOM I[HTPOMITHOIO METOMA (B3BCIICHHBIM CPETHIM,
wtaver). Vicrions3yst COOTBETCTBYIOIIME TIVT B JICBOM HIDKHEH yacTr okba FIS-petakropa, TaHHbIe ONpi MOYKHO, IPHKea-
HUAM, FBMCHT.

NunuBunyansHOE 3a1aHue
CKOHCTPYHpYHTE HEUETKYIO CHCTEMY, OTOOPaKAIOIIYIO 3aBUCUIMOCTh MEXKAY TEPEeMEHHBIMU X U
V, 3aJlaHHyl0 C Tiomomplo Ta6d. 2. [lo pe3ynbraTam pabOTHI ONPEICIUTh THIT KPUBOIL

Bapuanrs! 3ananuii

Tabmmua 2.
3HaueHue apryMeHTau QyHKIUU
1 X |1 0.5 0 0.2 1
y L 0.25 0 0.4 1
2 X |1 -0.6 0.2 0.4 1
v |1 -1.67 5 2.5 1




3 x |1 |05 0 0.3 1
v 1 013 027 [
4 x L 0.6 0 0.3 1
y 0 0.8 1 095 [0
5 X 1 |05 0 0.2 1
vy L -0.125 |0 0.008 |1
6 X 1 |06 02 .4 1
YA -0.64 [0.96 084
7 X 1 |05 0 0.3 1
y 3 2 1 0.4 |1
8 X 1 0.6 0 0.3 1
y 0.5 ]0.09 0 0.0225_[0.5
0 x |1 |05 0 0.2 1
v 05 [0.03125 [0 0.0008 0.5
10 x L 0.6 02 .4 1
y 1 [2.78 25 6.25 |1
11 X 1 |05 0 0.3 1
vy 1 |18 3 3.6 5
12 X 1 0.6 0 0.3 1
v 1 [0.216 [0 0.027 |1
13 X 1L |05 0 0.2 1
v 2 |15 1 0.8 |0
14 X 1 0.6 02 .4 1
y 2 |12 0.4 25 1
15 x |1 |05 0 0.3 1
Y 0.25 05 065 |1
16 x |1 |05 0 0.3 1
v 1 175 F1 031 o

JlabopamopHasi ppa6oma Ne8. Yacmb 1. ModenuposaHue Heyemkol cucmeMbl yrnpaesieHus
8eHmuJsisimopomM

ey padoThI:

- M3YYCHHC OCHOBHBIX 0Hp€[[€J'I€HVII71 TEOpHUKM HCYCTKUX MHOXKCECTB W TCOPHU HECYCTKOI'O
JJOrm4€CKOIro BbIBO/J4,

- O3HAKOMJICHHE C COCTABOM M BO3MOXKHOCTSIMH HHCTPYMEHTApHsl HEYETKOH JIOTHUKU
Fuzzy Logic Toolbox, Bxoasiiero B maker mporpamm MATLAB;

- NpUOOpETEeHIE TPAKTUIECKUX HABBIKOB paboThl B makeTe Fuzzy Logic Toolbox u co3na-

HHE HEYETKON MOJIEJIN YIIPABIICHUS.
Xox padoThI

1. Ilocmanoéka 3a0auu

Omnpenenurbesi ¢ KOMMUIECTBOM BXOIHBIX, BBIXOAHBIX TAPAMETPOB, MOIYYHUTh CTPYKTYPHYIO
CXEMY CUCTEMBI yrpaBiieHus. Peanm3oBaTh MOEIb YIPaBICHS.

2. Ilocmpoenue moodenu

Co3nanuM ABYMEPHYIO MOJIEITh KOHUIIMOHEPa |
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BXoJIHBIE TIApaMEeTphI: TEMIIEPATypa BHYTPH TIOMEIICHHS M CKOPOCTh M3MEHEHHsS TEMIEpaTyphl B
ToMeIleHYe

BEIXOJHBIE MAPAMETPBI: CKOPOCTh BPAICHHS BEHTWIATOPA M PACXOJ OXJIAKIAIONIEH KIIKOCTH.

3. Cozdanue mepmos

JI1s1 Ka)k7a0ro mapaMeTpa co3AaanuM TEPMBI:

Ha naHHOM TpaduKe yKa3aH BXOJHOH CHIHAJ «TeMIepaTypa BHYTPH HOMEIICHHS)
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Ha manHoM rpadmke yka3aH BBIXOJHOW CHIHAJI «PAacXOJl OXJIaKHAIOMICH KIITKOCTI
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) Rule Editor: Untitled

File Edit Wiew Options

A [input2 i1z wered] then [output] s wered)] [1]

N [input? iz wholzh] then [output iz wholzh) [1]
Af finput? iz vmaloe) then [output? iz Bmalog) [1]
AF [input2 iz wered] then [output? s Czred] [1]

N [input? iz wholgh] then [output? iz Qbolzh) [1]
Af [input] iz tmaloe] then [output? iz Qmaloe] [1]
Af [input] iz tzred] then [output? iz Wsered] (1]

AF finput] iz thalsh) then [outputs is Qbalzk) (1)
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AHanu3 nonyuennoi mooenu

[TocTporm rpaduky 3aBUCHMOCTH CKOPOCTH BpAIllEHHUs] BEHTWISTOPA, TEMIIEpaTyphl B [IOMEIIECHHE
Y CKOPOCTHU M3MEHEHUsI TEMIIEPATYPHI.
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Coaep:xkanue oTyeTa
[ems paboTHI.

Onmucanve He4yeTKOW MoOJeiu ympapieHus (IIard peanu3aliy, pe3yJbTHpYoIe Ipadukn)
IpoBecTH MccnieIoBaHUSL Pe3yibTaToOB MOIE/MPOBAHUSA TIPU pa3MHbIX BXOMHBIX ycioBwix (IIprsectu
TAOMMIB! 3HAYCHUN, TIOBEPXHOCTH OTKIIHKA ).

BriBonbl o padore.



JlabopamopHass pa6oma Ne 8. Yacmsb 2. Heuemkasi akcriepmHasi cucmema ¢ aj1i20pummom 6bl-
eoda Mamdani

]_le.JII/I " 3aa9u paﬁon: HOCTpoe}H/Ie He‘leTKofI SKCHepTHOﬁ CHUCTCMBI C aJITOPUTMOM BbLIBOJ1a
Mamdani.

3ananue

1. Cosnars HEYETKYIO IKCIICPTHYIO CHCTEMY C ajropurMoM BbiBozma Mamdani, koropas m0/mK-
HA OICHUTH YPOBEHb PAaOOTHI MPEANPHATH OOIIECTBEHHOrO mmranms. Vcmonmp3oBaTh 2 Bxona, 1 BBIXOZ,
3 mpaBWIa THUMA «ECJHH... TO», «ECIIH... WIH. ..TO».

2. TlocTpouTh YCTIOKHEHHBIH BAPMAHT HEYETKOH DKCIIEPTHOM CHCTEMBI I OUEHKH PaboThHI
NPEANPUATHS. WIA JAPYroro o0bekTa (YHUCJI0 BXOJ0B U MPaBWI JIOJDKHO COOTBETCTBOBATH 3aJlaHHOMY Ba-
puanry). Mcnonb3oBaTh NpaBWia THMA «ECIH... TO», «ECIU... WIH...TO», «ECIH... H...To». CamocTos-
TEJIbHO TPEJIOKUTH BXOJHBIE IIEPEMEHHBIE U NPAaBWIA BBIBOAA.

BapuanTtsbl 3a1anuii:

OueHka KBapTHUPHI s 010pO 0OMEHa KWIbs: S BXOAO0B, / IPaBWI. Y POBEHb OOCITYy>KMBAHUS B TAC-

CaxxupckoM noesze: 4 Bxona, 6 npaBwi. OLeHKa yCTeBa€MOCTH CTYJEHTOB: 3 BXO/1a, S MPaBHIL
MeToanyeckne ykasanus

[Tpu pemennn 1.1 MOryT OBITH 3a1aHBI CJIEYIOIINE HHCTPYKIIUN.

1. Ecmu ceppuc mwioxoii WM eaa HecBekasi, TO OLCHKA HH3Kasl.

2. Ecmu obcmyskuBaHMe XOpolliee, TO OLEHKA CPEHss.

3. Ecmu cepBuc OTIMYHBIA WM €713 BKYCHAS, TO OLIEHKA BBICOKAS.

[Ipy co3maHuMM HOBOWM CHCTEMBI HEYETKOIO BBIBOJA IO YMOJTYAHHIO CO3[Ia€TCSI CHCTEMa C aJro-
purmom BeiBoga Mamdani. KauectBo oOciykuBaHus U €abl OyaeM OIEHHMBATH M0 5-0aiulbHOM CHCTE-
Me.

B nyskre mento EditVariable/Input mo6aBurh BTOpO BXOHA (NOSBHTCS BTOPOM OJIOK C HMEHEM
iNput2). OJHOKpaTHBIM IICTYKOM JICBOM KHONKOW MBIIMKM MO OJIOKy iNputl 3aMeHWTh ero mMsi Ha
«service», input2 — ma «food», outputl — Ha «grade».

Bamath (QyHKIMM TOpuHAUICKHOCTH.  JIisi  mepeMeHHOM — «Service» B moimax  Range
DisplayRange ycTaHOBUTH IMamna3oH M3MCHEHUS W OTOOpakeHus 3Toi nepemenHord — ot 0 mo 5 (mox-
TBEpXkIas BBOJA HakaTWeM Kiapuiu Enter). VY nmanaure 3amaHHbIe MO YMOMYaHUIO (DYHKIMH TPHHAIJICHK-
HOCTH ¢ miomompio M. Yepes mnyskr Menio Edi/AddMFS 3amate (QyHKIMH HpUHAIEKHOCTH
rayccoBa tuma (gaussmf) B kommuectBe 3. 3aMeHUTh MX MMeHa Ha «bad», «good» u «excellent».

Hlemakom Mmpimu mo «food» 3amaTe nuana3oH mwMenenus ot 0 mo 5. [locie ynasenus 3amaH-
HBIX [0 YMOJYaHMIO (YHKIMIA TPHHAJIC)KHOCTH 3a/aTh JIBe (YHKIMM TPHHAIIC)KHOCTH Tparene-
unaneHoi (opmel trapfm ¢ mapamerpamu [0 0 1 3] u

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

Jlnst BBIXOJHOW miepeMeHHoM «grade» ykaszath nauamaszod [0 5], 3agaTh Tpu (QyHKIMH MpUHATIEK-
HOCTH TpeyroibHoi (opMbl ¢ nMeHamu «bad», «good», «excellent».

KoHcTpynpoBanre mpaBwi peanr3oBaHo B myHkTe MeHro Edit/Rules. B mepsom u TpeTheM mpa-
BWIAaX HCIIOJb30BaTh «Or» (EIMHHIIA B CKOOKAaX MOCJE Ka){Oro NpaBWiIa YKa3bIBA€T €ro «BEC», KOTO-
pbIif HY’)KHO ocTaBuTh paBHbIM 1). IIpu BBOmE BTOpOro mpaBWia, Ijie OTCYTCTBYET nepemeHHas «food,
BBIOPATH OMIMIO NONE.

W3 nynkra menio View/Rules BbI3bIBaTH OKHO TpaduIecKOro OTOOpaXKeHHs (yHKIMOHHPOBA-
HUS CUCTEMBI, TJI¢ MOXKHO 3a/1aBaTh 3HAYCHUS BXOJHBIX MEPEMEHHBIX B COOTBETCTBYIOIIUX TIOJAX, OT-
BET OTOOpa)KaeTCsl B MPABOi YacTH OKHA. MOXKHO TakKXke MepeMellaTh OTMETKY IIKaJbl ¢ MOMOIIBIO MbI-
IIIH.

N3 nynkra menro View/Surface Be3BaTh 0OTOOpajkeHWe IBYMEPHON (DYHKIMHM OIEHKH paOOThI
NpeANPHUATHS OOIIECTBEHHOIO TIMTAHKS.

Coxpannrh co3iaHHyto cucteMy Ha aucke: File/Export/Todisk.

[Tpy BBIMONHEHMM 3aJaHKsd 1.2 HY)XHO YCIOKHUTH CO3JJaHHYIO O3KCIICPTHYIO CHCTEMY: BBECTH
3aJlaHHOC YHUCJIO TPaBWI W BXOJOB. DKCIIEPTHAS CHCTEMa JODKHA OBITh JOCTATOYHO MPOAYMAHHOW U
UMEeTh MPAKTHIECKOE 3HAUCHHE.



Hcnone3yeMble onepatopbl U koMaHIbl: fUzzy — pemakTop HEUETKOM cucTeMbl BbiBozA. [1po-
rpammHoe obecnieuenne: MATLAB

JlabopamopHasi m6boma Ne 9. Yacmb 1. Paboma Fuzzy Logic ¢ 6rokamu Simulink

Iean padoTel: npruobpeTenre HaBbIKOB Pabotrhl Fuzzy Logic ¢ 6mokamu Simulink.
TeopeTnyeckasi 4acTh

Cucrtema He4E€TKOrO BBIBOAA, CO3[aHHBIE TEM WIM MHBIM 00pa3oM ¢ MOMOIIbI0 Takera Fuzzy
Logic Toolbox, momyckaror wHTerpammro ¢ wuHCTpymMeHTamu makera Simulink, ¥To mnosBosser BbImon-
HATH MOJICJIMPOBAHHE CHCTEM B paMKax MOCiIeAHero. PaccMoTpuM 3TO Ha mpuMepe KOHTPOJISI YPOBHS BO-
1bl B Oake [3].

Ipumep 1. Konrposnb ypoBHs BOabI B Oaxe.

Ha puc. 1 m3o0pakeH OOBEKT ympaBieHuWs B Buae Oaka C BOJOH, K KOTOPOMY TMOAXOMAST IBE
TpyOBI: yepe3 OfHy TpyOy, CHaOKEHHYIO KpaHOM, BOIa BTEKaeT B 0ak, dyepe3 Apyryio — BeITeKaeT. [lo-
Jady BOIBI B 0aK MOXKHO PEerylipoBaTh, OONBIIE WIM MEHbIIE OTKpbIBas KpaH. Pacxom BOABI SBISIETCS
HEKOHTPOJIMPYEMBIM M 3aBHCUT OT JHaMeTpa BBIXOAHOW TpyObl (OH (DMKCHUpPOBaH) M OT TEKYIIETo
ypoBHS Bonbl B Oake. Ecim moHMMarth Toj BBIXOIHOM (peryimpyeMoil) MepeMEHHOM YpOBEHb BOJBI, a
N0 PEryJMPYIOLIMM 3JIEMEHTOM — KpaH, TO MOXKHO OTMETHTh, YTO TOAOOHBIH OOBEKT peryJmpoBa-
HUS, C TOYKM 3PEHUS €ro MaTeMaTHYECKOro ONHMCAHWs, SBISACTCS TUHAMHYECKUM U CYIIECTBEHHO He-
JIVHEVHBIM .

OmnpenenuM 1e1b yIpaBieHWsI 3[€Ch KaK YCTaHOBJIEHHE YPOBHS BOJbI B Oake Ha TpeOyeMoM (13-
MEHSIOIIEMCS) YPOBHE M TOMpPOOyeM pPEHIMTh COOTBETCTBYIOIIYIO 3aJady YNpaBICHHS CPEeACTBAMH He-
YETKOU JIOTUKH.

OueBuHO, B PEryssTOp, 00CCMEUMBAIONMIA JTOCTIDKECHUE IEJM YIPABICHUS, JOJDKHA MOCTYNATh
uHpOpMAIWSI O HECOOTBETCTBUM (Pa3HOCTH) TpebyeMoro u (paKTHHIECKOro ypoOBHEH BOJIBI, TPU 3TOM
JIaHHBIN PETYISITOp JIOJDKEH BBIpaOaThIBATH YNPABISIOUIMI CHTHA HA PETYJIHMPYIOUMI 3IeMeHT (KpaH).

Wyater Level Control

Puc. 1. CxemaTuueckoe npeacTaBieHre 00bEKTa YIpaBICHUS
(baxa ¢ BOmOWA).

B mepBom mpuOMmDKeHNE (DYHKIMOHUPOBAHHME PETYISITOpA MOYKHO OINMCATh HAOOpOM M3 Clie-
JYIOIMX TPAaBUIL
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),

g



YTO B NIEPEBOJIC O3HAYAET:

1. Ecim (ypoBeHb COOTBETCTBYET 3a7aHHOMY), TO (KpaH Oe3 mmeHerns) (1)

2. Ecrm (ypoBeHb HU3KHiA), TO (KpaH GBICTPO OTKPHITH) (1)

3. Ecmm (ypoBeHs BBICOKHIA), TO (KpaH OBICTPO 3aKphITh) (1)

4. Eciu (YpoBEHb COOTBETCTBYET 3a[aHHOMY) M (€T0 HPUPOCT — MONOKUTENIbHBIN), TO (KpaH
HAJI0 MEJIJICHHO 3aKpbiBaTh) (1)

5. Ecmu (ypoBeHb COOTBETCTBYET 3aJAHHOMY) U (€ro TPUPOCT — OTPUIATENBHBIH), TO (KpaH
HAJ10 MEJIJICHHO OTKphIBaTh) (1)

Mozenb cUCTEMBI YIpaBICHUS YPOBHEM BOJIIBI B 0aKe ¢ HEUETKHUM PETYIISITOPOM, OCHOBAHHBIM Ha
NPUBEICHHBIX TPAaBIIAX, SBISICTCS OIHOW W3 JEMOHCTPAIMOHHBIX Mojesel makeToB Fuzzy Logic u
Simulink.

— N ]

FIC Controller
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oooo ] M tank 2
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Puc. 2. brok-guarpaMma MoJIeNi CHCTEMBI YIIPaBJICHUS YPOBHEM BOJIBI B 0aKke HEUETKUM PeTyJIsi-
TOPOM

Ee MOXHO BBI3BaTh W3 KOMAaHIHOW CTPOKHM KoMaHmoi Sltank, 4To mpuBemeT K OTKPBITHIO OKHA
Simulink ¢ 6J10k-THarpaMMoii yka3aHHOH Mozaend (puc. 2).

OnnoBpemento 6ok Fuzzy Logic Controller OymeT conocTaBiieH ¢ CHCTEMOW HEYETKOrO BBIBOJIA,
3anmcaHHOM B (aiine tank.fis.

Jnst m3ydennst mporecca (pyHKIMOHMPOBAHUS CHCTEMbI HEOOXOAMMO Ha)kaTh KHOMKYy Start maxe-
JM MHCTPYMEHTOB OJIOK-IMAarpaMMbl MOJEIM M JIBaXIbl IICJIKHYTh JICBOW KHOIKOH MBIIIK TIO OJIOKY
Comparison (CpaBHenue). B mosiBUBIIEMcCsI OKHE 3TOro 0OJioka OyayT TMOKa3aHbl M3MEHSIOIHMECS BO
BPEMEHH CHIHAJBI 33/JIaHHOTO (TOCJICA0BATEIHLHOCTh HWMITYJHCOB TMPSIMOYTOJIbHOM (OpMBI) M (haKTHUe-
ckoro ypoBHed Bombl (puc. 3). Kak BHIHO, MEpPEeXOHBIN MPOIECC B CHCTEME HMMEET anepHOIUICCKYIO
bopMy M 3aKaHYMBAETCS J1OCTATOYHO OBICTPO, T. €. KAYECTBO PETYJIMPOBAHMS CIENYET MPU3HATH XOPO-
IIIUM.

IMocTpoeHne Heye TKOW MOI€JIM ¢ HCIOJIb30BaHNeM 06J0K0B Simulink.

JIJi1 moCcTpoeHUsT KaKOH-TO COOCTBEHHOW MOJICIMPYIONIEH CUCTEMBI C HCTIONb30BAaHAEM CPEJICTB
HEYETKOW JIOTMKK ¥ 0sokoB Simulink pexoMenmyeTcst mpocTo ckormupoBaTh Osiok Fuzzy Logic Controller
W3 PACCMOTPEHHOW cucTeMbl Sltank (Wwm Kakoro-imoo Jpyroro JEeMOHCTPAIMOHHOTO —TpUMepa
MATLAB) u omecTurs €ro B

OJI0K-TarpaMMy pa3pabaTbiBacMoi cucTeMbl. M3 komaHmHO#M cTpoku komanmnon fuzblock moxk-
HO TaKXe OTKPBITh OMOJIMOTEKY HeueTKHX OJ0KoB makeTa Simulink, KoOTOpble MOTYT OBITH UCTIONIH30BAHBI

TOYHO TaK K€, IPU HEOOXOAUMOCTH — C JIOTIOJHUTEIILHBIM PEIaKTHUPOBAHHUEM.

OTtmeTnM, 94TO (PYHKIIMOHUPOBaHUE YKA3aHHBIX OJIOKOB OCYIIECTBISICTCS C UCTIONIH30BAHUEM CH-

ctemHoM S-dyrkimu STiS.meX. 3ammck 3Toi QyHKIMM TakKoBa:
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Puc. 3. Pe3ynLTaTH MOJIEJTMPOBAHUA CUCTEMBI YIPABIICHUSI C HEUETKAM PETYIATOPOM.

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

rae output — BeIxoJ HedeTKoro perysstopa, t, x u flag — cranmaprebie aprymeHTsl CHCTEM-
Hoi (ynkipm Simulink, fismat — wunenTudukaTop (MMs) HEUETKOW CHUCTEMBI BBIBO/A, M BXOIHOHM CHI-
HaJl (BEKTOP BXOJHBIX CHTHAJIOB) PETYJIATOPA.

[To cmbicmy nanHas (yHKIWS aHAJOTMYHA PACCMOTPEHHOM BbIIIEe (DYHKIMH

evalfis, Ho oHa onruMEBUpOBaHa 711 paboTHI B cpeae Simulink.

JleMoHCTpallMOHHBIE NIPHMeE Pbl PAa00THI ¢ MAKETOM
Fuzzy Logic Toolbox.

Jnst o3HakoMJieHus ¢ maketoM Fuzzy Logic Toolbox MokHO HCTONB30BaTh Cleayronme (GyHKImn
(KOMaHIIbI) B pe)KUME KOMaHIHOW CTPOKH:

defuzzdm — 0630p MeTOIOB NpUBEICHNT K 4eTKOCTH (e ha3udrKkaimn),

fcmdemo — nmemoncTpaimst ajaropurma Kiaactepmsammm Fuzzy c-means (2-D

rpacuka),

fuzde mos — nemoncTpammst rpaduueckoro uaTrepdeiica makera Fuzzy Logic,

gasdemo — 1eMOHCTpaIWsl UCTIOb30BAHKS alnapaTa THOPHIHBIX CETeH IS PeICHUS 321291 O BbI-
Oope aBTOMOO WIS, HANO OJIee IKOHOM UIHOT'O 10 PACXOJTY TOIUTHBA,

juggler — nemoHCTpaIMs CUCTEMBI )KOHIJIMPOBAHUS MSYOM C HCIIOJB30BAHHEM HEYETKOrO pe-
TyJasaTOopa,

invkine — neMoHCTpalmst HEYETKOrO YIPaBICHHUs JBIKCHHEM POOOTaMaHHITYJISTOPA,

irisfcm — gemoHcTparms anropurma Kiactepmaimn Fuzzy c-means,

noisedm — neMOHCTpalmsi pelleHHs 3aaadu (QWIbTpali Ha OCHOBE METOJOB HEYETKOMH JIOTH-
KW,

slbb — memoncTpalms 3agaun «aap Ha Kadessax»,

slcp— nemMoHCTpalms HeueTKOW CHCTEMBI YIPABIICHUS TIEPEBEPHYTHIM MasITHUKOM,

sltank — meMoOHCTpammsi CUCTEMBI YIPABICHHUS YPOBHEM BOJIbI B 0aKke ¢ HEUETKHM PETYISITOPOM,

sltankrule — To sxe, 4TO B mpenbIayIEeM Ciydae, HO C JOMOJHHTECIHHBIM MPOCMOTPOM HEYeT-
KUX TIPaBHII,

sltbu — nemoHcTpammsi QYHKIMOHMPOBAHUS HEUYETKOW CHCTEMBI YIIPABICHHSI TPY30BUKOM.

C xaxabpIM W3 3TUX npuMepoB cBsizaH M-cdaitn, fis-daitn wm/m Gnok-nuarpamma  Simulink, 3a-
MYCK KOTOPBIX MPOM3BOIMTCS C MOMOIIBIO OMHON M3 yKa3aHHBIX KoMaHA. TeKCT MOSCHEeHWH B mMpuMepax



— HA aHNMICKOM s3bike. JlaHHBIE TpEMepbl MOCTYNmHBI M uepe3 miaBHoe MeHio MATLAB (myHkT
Help/Examples and Demos, pasamen Toolboxes/Fuzzy Logic). JlonomHuTenbHYIO HHDOPMAIMIO MOYKHO
HOJTy4YuTh, MCTONb3ys koMmaHay help fuzzy.

IIporpamMmma padoThl U MeTOMYE CKUE YKA3AHUS
Omummre HaOOpoM M3 MpaBWI (YHKIMOHUPOBAHUE PETYJIATOpPA, MPEACTABICHHOTO B COOTBET-
CTBYIOIIEM JIEMOHCTPAIOHHOM mpuMepe (cM. Tabu. 1), mpen-
CTaBbTE PE3yJIbTAT MOACIUPOBAHMS.

Ta6mmma 1
BapuaHT /leM OHCTpalMOHHBI TpUMEP
1 juggler
2 invkine
3 slbb
4 slcp
5 sltbu

Conep:xkanue oTyeTa

- 1IeJIb paOOTHI;

- 3aJlaHKe;

— KpaTKOE OIMCaHUe JICWCTBUH 10 MyHKTaM;
— rpauky 1O BCEM IMyHKTaM TMPOrpPaMMBbI;
— BBIBOJIBI TI0 padoTe.

JlabopamopHasi m6oma Ne 9. Hacmb 2. Pa3pabomka 2u6puHbix uHmesnseKmyasnbHbIX CUCMEM
e cpede Matlab

Heas padorbi: MccnenoBanue mnporecca pa3paOOTKU aJanTHBHOM CHUCTEMBI HEHMpO HEUETKOrO
BBIBOZA ISl aImpOKCHMAllMM 3aBUCHMOCTH, OIHMCHIBAEMOW HEKOTOPO MaTeMaTHyeCKOU (PyHKIMEH.

[Topsi1oK BBIMONHEHUS pabOTHI

C noMoIpl0 aJanTUBHOM CETH HEUETKOro BHIBOAA AaIMpPOKCHUMHUPOBATH (YHKLHMIO: Y = 2X2.

Oyukipg 3ajaeTcs B BHIAC AP YHKCEN, KOTOpbIE 3ammchiBaroTCs B (hailn ¢ pacmmpenneM .dat
(puc. 1.)

Jnst co3maHuss THOpPUIHOW MOIENH, 3arpykaeM mnpwiokenne Fuzzy Logic Toolbox makera
MATLAB u coznaem Mozaens Tarna SUJeNn0, MMEIOIIMKA OIMH BXOJI 1 OJIMH BBIXO/T, KaK TIOKa3aHo Ha puC. 2.

Bo Brianke Edit BeiOupaem pempaktop Anfis, Haxxumaem Load Data u ykaspiBaeM IyTh K CO37aH-
HOMY (hailny naHHBIX. Pe3ynpTaT mepedmCciIeHHbIX BBIIIE TEUCTBHI PEICTaBICHBI HA pHC.2.
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Puc..1. VUcxomgubie nanawie 11 00ydeHus: HeHpoceTH
Hanee Beioupaem Grid partition, nosiisieTcst OKHO BBOJIA APaMETPOB METONA pemeTku (puc. 3), B
KOTOPOM HY)KHO YKa3aTh KOJMYECTBO TEPMOB I KakKIOW BXOJHOM MEPEeMEHHOM W TN (DYHKIMI IpH-
HAJIJIC)KHOCTH JIJI1 BXOJTHBIX M BBIXOHOM NIepeMeHHbIX. BriOepem Bce, kak yka3aHo Ha puc.4.3.

) Anfis Editor: Untitled

(=1

File Edit View
Training Data {ooo) — ANFIS Infa. —
200 £
D{} # of inputs: 1
150 'S # of outputs: 1
- o
= 100l DO # of input mis:
=
o
> Cﬁj 3
50 F o) ] -
ODDG Structure
|Jm=t=tatolt : ' : ; Clear Plot
0 ] 10 15 20 25
st b tm el
— Load data [ Generate FIS — | TrainFIS — [ TestFIS
T':pre: Fram: Dptlm Method;
. () Load from fil hybrid ~ + | | |Plot against:
(%) Training
() Testing file () Load from war... Errar (%) Training data
() Checki.. () worksp. (%) Grid pﬂl"tl‘tlﬂrjl e i@ Testln.g dlata
() Demo {1 Sub. clustering () Checking data
smEd Tt Clear Data | Generate FIS ... | Train Mow | Test Mow |
train data loaded [ Help ] [ Close ]

Puc. 2. Otobpaxkenue qJaHHBIX



trimf

linear

Puc.3. OxHo BBOZIa mapaMeTpoB MeTona pemeTkl CTpyKTypa HEMpOCETH MMEET BUJ, IPEICTaB-
JICHHbIN Ha puc.4.

J Anfis Model Structure

Puc.4. Ctpykrypa HeMpo HEYETKOHN ceTn
ITocne artoro, TpeHupyem ceThb, st 3Toro B moje Train FIS BBoamM omMOKY, KOMMIECTBO 30X
(puc. 5) n Haxxumaem KHoOrKy Train Now.



J Anfis Editor: Untitled

Fil= Edit View
Training Error _ ANFIS Info. —
0.7y
# of inputs: 1
0.6 gy # of outputs: 1
_ Ho
o ﬁ-ﬁ- # of input mfs:
= 04&¢ ﬁ-}ﬁ#_
Fage 3
*’H&*-
0.4 B ﬁ%ﬁﬁ_
Tty Structure
: : : ! Clear Plat
0 10 20 30 40
| ™y Lo
[ Load data [ Generate FI= — [ TrainFls —j TestFls ]
Tvpe: Fram: Ciptitn. hethod:
(3) Training () Load from file hykrid s | | | Plot against:
() Testing file () Load from wor... || Error () Training data
- s I:l .
& T @ () Grid partrtlur? o O Testlng data
() Demo {*) Sub. clustering 40 (") Checking data
_oad Data..| Clear Data | Generate FIS ... | Train Mow | Test Mow |
Epoch 40:error= 0.34057 [ Help ] [ Cloze ]

Puc. 5. [Iponecc oOyueHuss HEMpPOHHOM ceTu

sox — 40, smuenve oumdOku — 0.34057.
[ToBepXHOCTh COOTBETCTBYIOLIETO HEUETKOrO BBIBOJA M IPABUIA,

IMocre mekarwst keorku Train NOW, B 00JNacTH BIBYanBaIdH OTOOPKACTCS TIPOLECC OOYHEHUS: HKCIIO

CT€HEpUPOBAHHBIE B TMpoliecce 0O0y4eHUs THOPHUIHOM CUCTEMBI MpeacTaBlIeHbI HA puc. 6, 7.

) Surface Viewer: Untitled

File Edit View Options
200
150 1
100 1
E
S0 1
|:| -
-50 1 1 1 1
0 2 4 5 g 10
o
X linput): in | 1 CipLEY: _none - e < loutput) B v
M gricls: 15 ol 15
Ret. Imput: Help | Close |
Feady

Puc.6. [ToBepXHOCTh CHCTEMBI HEUETKOIO BBIBO/IA
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<) Rule Viewer: Untitled

File Edit Wiew Options

int1 =277
outl =151

%]

L

0 10 :
L.
-156.5 477.3
|Input 2774 ||PI01 point=: 101 ||M0ve:ﬂMMﬂ|

| Opened system Untitled, 5 rules | | Help | Close | |

Puc.7. HeueTkue npaBuia, NoMydeHHbIE TPU 00YyYCHUN
NuauBuayanbHoe 3a1aHue

Cormmcro BapraHry (radn 4.1), co3nars mOpuIHY0 Moneb anrpokcuMarym (ysxiw [IpoBecTre oOydeHe 1
CpaBHUTEIBHBIA AHAKB Pe3y/bTaToB 00ydeHM L. B cryuae HeoOXQMAMOCTH (@I OTKIDHCHVE OT 33/JaHHOM (DYHKLIAM COCTAB-

et Oarg 5%) IpOBECTH KOPPEKIIEO 00YHEH!H, 3aMEHIB KOTMECTBO U THIA (DYHKLIA TPHHAITESKHOCTH, & TAKOKE KOTMYECTBA
anox 00ydeHr ceTh. [ lomyaenase pesybTaThl 0hopMHrs B (popMe Ta0 T TPAGHKOB OLIHOOK.

Bapuanrs! 3aganuii
Ta0Omma 4.1.

X(@)  [Y(i) Bapuant
1 2 3 4 5 6 7 8 9 10
0 3,323 0,62 1,249 3,466 5,926 3,599 1,796 4,333 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 4,911 1,259 5,829 1,522 0,988
0.4 4,057 1,248 [1,542 5,588 1,877 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 11,888 6,832 11,054 7,37 2,43 10,423 2,079 1,972
0.9 6,516 0,777 (2,379 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
11 6,815 1,285 2,954 7,548 14,8 9,633 1,923 13,829 3,441 2,006
12 6,966 1,332 (2,093 7,253 16,087 11,102 2,059 14581 [3,611 2,035
13 7,615 1,077 2,284 7,972 17,636 12,305 2,010 16,651 [3,65 1,878
14 8,321 1,359 [2,597 8,344 20,35 12,845 2,873 18,157 3,942 2,611
15 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 22352 5 2,642
17 10,562 0,972 (2,394 9,276 26,169 17,774 3,334 25,132 [5,063 2,38
18 10,929 1,328 (2,815 0,228 29,249 20,072 3,044 27,685 [5,016 2,696
19 11,704 1,977 13,202 9,436 31,622 21,353  |2,966 31,204 [5,369 2,288
[Tponomkenre Tabm.4.1.
X(@i) [Y(i) BapuanT
11 12 13 14 15 16 17 18 19 20
0 2,283 2,046 2,343 2,799 4,512 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 2411 2,754 3,217 5,309 0,879 5,856 1,805 1,522 0,988
0.4 3,768 2,734 3168  [3,057 5,652 1,885 6,516 2,786 1,571 1,873
0.5 4,667 3422 |29 3,402 5,765 1,378 7,392 2,988 1,614 1,826
0.6 4,908 4164 2924  |3,784 6,416 1,704 8,338 2978 2,212 1,6
0.7 5,896 3,673 3,729 (3,626 5,989 1,463 9,008 2535 |2,274 2,241
0.8 5,984 394 2,97 3,315 0,473 2,103 10,189 3,086 2,079 1,972
0.9 7,467 4565 (3973 4,118 6,682 1,728 10,883 3,192  [3,036 1,855
1 7977 4594 13423 4,359 7,527 1,443 12,436 3,053  [2,565 1,872
1.1 9,184 4541 (3,899 [3,871 7,439 1,779 13,47 3,785  [3,441 2,006
1.2 10,035 4252 3,744 |4,201 7,912 1,991 15,144 3,507 3,611 2,035
1.3 11,0,29 4269 (3991 4,799 9,113 2,172 16,796 3,275  [3,65 1,878
1.4 12,435 4,886 4,181 [|5,127 9,039 2,056 18,275 3,596 (3,942 2,611
1.5 14,496 4568 (4,494  [5,081 10,078 2,452 20,166 3,746 |4,422 1,954
1.6 16,015 4086 (4,231 [5314 0,872 2,076 22,719 3,945 b 2,642
1.7 18,504 4,004 (4,281 |5426 10,533 1,913 24,82 3,238 5,063 2,38
1.8 20,568 3,888 |4,662 16,201 11,097 2,019 28,174 3,160 [5,016 2,696
1.9 21,457 334 4592 |7 12,557 2,783 30,512 3,002 [5,369 2,288

Lo

ConepxaHuie oT4eTa

enb paboTHI.

Orwcanve THOPWITHOM MOJEIM armpoKCHManuy (YHKIMK W aHAIB Pe3y/IbTaToB aImMPOKCHUMAIN H KOp-
KM MOTIEIH (TaOMMIBI, TpaduKn).

. BeiBogsl o pabore.
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BBenenue

3a mocneguue 25-30 mer B oOmactu WHQPOPMATUKU JTOCTUTHYTHI
3HauuTeNbHbIe ycrexu. HapaBHe o0 n3BeCTHBIMU 0a3aMU IAHHBIX, OTIEPUPYIOIIUMHU
C KOHKPETHBIMU BEIWYMHAMU U (DaKkTaMu, BO3SHUKIM TaK Ha3blBacMble 0a3bl
3HAHUU, ONPEACISIONINE U XPAHSIINE BHYTPEHHUE OTHOIICHUS U CBSI3U MEXKILY
TEMU UJTU UHBIMU SIBJICHUSIMH, COOBITHSMH U (PaKTaMu, MPEIONPEIESIONNe TEM
CaMbIM TMPUHIUMNUAIBHBIA HOBBIM MOAX0A B 00paboTke HHGOpPMAUUU U
NPOBOJAIIME K €€ WHTEJUICKTyan3aluv. Bo3HWKIAa HOBasl CIEUAIbHOCTh
«MHKEHEP 10 3HAHUSAMY, SIBJISIOUIASICS OCHOBHOM YaCThIO HAYYHOTO HallpaBJICHUS
moj1 o0muM Ha3zBaHueM « CHCTeMbl HCKYCCTBEHHOTO nHTeekTa» (CUN).

Bomnpocsl onucaHuss 3HaHUM W MOJEIM HMX MPEACTaBIEHUS, MOJEIU
pPa3IUYHOTO poJa MHTEIUIEKTYalbHBIX IPOILIECCOB - JIOTMYECKOTO BHIBOJA,
OPUHATUS PEUICHUM, TPOrHO3UPOBAHUS U T.I., a TaKXke pa3paboTKa Ha 3TOU
OCHOBE HOBBIX CHUCTEM M MH(POPMALMOHHBIX TEXHOJOTHUN — COCTABJSIOT CYTh
TUCHUIUINHBI IHTEIeKTyaabHble CUCTEMBI YIIPABIICHHUS.

B MeTtommueckux ykazaHWUSX IS TPOBENCHUS KOHTPOJBHBIX padboT
PacKphITHl 0COOEHHOCTH TPOTrpaMMUpOBaHUs B MaTkazie, pacCMOTpEeHa METOIUKa

PCHIICHUA 3aaa4 KOHTpOJ’IBHOﬁ pa6OTBI N IIPUBCACHBI BAPUAHTBI CAMHUX SaI[aHI/Iﬁ.

Kon dopmyarpoBKa
OK-1 CriocoOHOCTh K a0CTPAKTHOMY MBIIUICHUIO, QaHATT3Y U CUHTE3Y
I1K-16 CrnocoO6HOC TS IPOBOIUTH MaTEMaTUUECKOE MOJICIIMPOBAHKE MIPOLIECCOB,

000py10BaHus, CPEACTB U CUCTEM aBTOMATU3ALMK, KOHTPOJISL, IMarHOC TUKH,
UCTIBITAHUN U YIPaBJICHHUS C UCIIOJIb30BAHUEM COBPEMEHHBIX TEXHOJIOT Ui
Hay4HBIX HCCJIEJOBaHUM, pa3paldaTsiBaTh aJrOPUTMHUYECKOE U TIPOTrPAMMHOE
obecreueHne CpesICTB U CUCTEM aBTOMATU3ALUU U YIIPaBJIECHUS]




Ocol0enHocTH NporpaMmMupoBanusi B Martkane

B Markane uMeercss BCTPOEHHBIN A3bIK IMPOTPAMMHUPOBAHUSA. JTO S3BIK
0oJiee BBICOKOTO YpoBHS, 4eM belicuk u Ilackaiib, OH MO3BOJSET MPOU3BOIUTH
00BEKTHO-OPUEHTUPOBAHHBIE TporpaMMmel. IIporpamma B Markane sBisercs
O0OBIYHO TOJIBKO YacThlO OOJBIION 3aJauM, peliaeMoil, B OCHOBHOM C ITOMOIIBIO
BCTpOEHHBIX (QyHKI M. [[epeMeHHbIe, NCTIOIb3yEMbIE B TPOrpaMMe, Ha3bIBAIOTCS
JokanbHbBIMU. [lepemMenHbIe BHE MporpaMMbl Ha3bIBAtOTCs T100anbHbIMU. HOTIA
OHHU MOTYT COBIIaJATh.

Jl1 cocTaBiieHUs MpOTrpaMM HEOOX0IMMO, MPEXKIIE BCEro, BhI3BAThH MaHENb
IPOrPaMMHUPOBAHUSL.

JInsg aToro cimemyer Ha MareMaTUYECKOW IaHENIM HaXaTh KHOIIKY C

U300paKEHUEM CTPENIOK, MPSMOYTOJIbHUKA U poMOa.

Pucynok 1.1 — MaTemaTtndeckas maHesb

IlossBUTCA HOBas MaHeldb — MHaHE]b nporpaMmMupoOBaHusd, COCTOAIIAsA U3

KHOIIOK:

Programming X

Add Line —
it otherwise
far wehile
break continue

return an errar

PucyHnok 1.2 — ITanenp nporpaMMupOBaHHUs

I.Knonka ADD LINE- no6aBb cTpoky. [Ipu ee Haxatum BO3HUKaET

BEpTHKAJIbHAS TUHUS, OOBEAMHSIIONIAS JIBa oriepaTopa B OJIOK C OJTHUM BXOJIOM U



onHUM BBIXOJOM. [l oObeauHeHHs OOJBIIETO Yucia OMepaTopoB KHOMIKY
cieayeT HaXMMaThb HECKOJIBKO pas.

2.KHonka——  — 3TO omepaTop NpUCBOEHHs, Hampumep A— B .
JlokanpHOU MepeMEHHOW A mpucBauBaeTcs 3HaueHue B.

Knonka IF ananormyna oneparopy ycJIOBHOTO mepexoja B si3blkax bericuk

u Ilackans, Hanpumep, Beipaxkenne C < D If A>E ospagaer , uto , ecin A>B,
to C mpucBauBaercs 3HaueHue D.

Ecii B 3aBUCHMOCTH OT YCJIOBHSI CIEIyeT BBIIOJHUTH HECKOJIBKO
OIIEpPaTOpPOB, TO 3anKCh OYIET UMETh BHI:

if A>B
E«F
F«G

[Tpu nabope if caeayer cnayana HaOpaTh camy QyYHKITHIO If 1 TOJIBKO ITOTOM

A>By C« D

3. Knonka OTHERWISE naer BO3MOXXHOCTH clieiaTh BBIOOp (aHaor
ELSE B beiicuke u [Tackane).
C«~DIifA>B
E < F otherwise
Ecniu A>B, to C npucBaupaercs 3Hauenue D, B mpoTuBHOM ciiyuae E
npucBanBaeTcs 3HaueHue F.
4.Kaonka FOR BBOIUT B mporpaMmy IUKJI ¢ mapamMeTpoM ( Korja 3apaHee
W3BECTHO, CKOJIBKO ITMKJIOB HEOOXOAMMO BBIMOJHHUTH). KoIMYecTBO IMKIIOB
3aJ1aeTCsl HECKOJIBKUMHU CIIOCO0aMH:

for A €5.47.8,9,7.310 °

for iel..1C

for A eV

(V- BekToOp)



5.Knonka WHILE - o6pasyer 3aronoBok 1iukJia ¢ npeaycioBuem. Takoit
OUKJ HCHOJIB3YETCS, €CIM Mbl 3apaHee HE 3HAEM, CKOJbKO IMKJIOB HaMm
HE00XO0IMMO CJIeNIaTh JIJIsl PEIICHHUS 3a/1a4H (aHaJIOTHYHBIC ONIEPATOPBI UMEIOTCS B
beticuke — oneparop WHILE —WEND wu B I[lackane — onepatrop WHILE - DO).

B Markane nabupaercs:

WHILE < noruueckoe ycimoBue>
< omepaTophbl, KOTOPHIE JOKHBI BBITOTHSATHCS .

Huxe npusopsrcs snemeHThl nporpamMm B Matkazae. CTyAE€HT JOJKEH
Ha0paTh UX U pa3o0paThCs ¢ MPUHIUITIOM PAOOTHI.

IIPUMEP 1. 3agano 3HadyeHue X. B 3aBUCHMOCTH OT ATOro 3HAa4Y€HUS Z
npuHUMaet 3Hauenue 0 unm 3.

[Ipu nsmenenun X mensercsa Z

X =-1
z=10 if x=0

3 otherwise
Z=3

HNPUMEP 2. 3agano 3Hauenue X. 3HaueHue Y MO-MPEKHEMY 3aBUCHT OT X,

HO BAPUAHTOB 3]IECh YK€ TPH.

x:=11

y:= |x if x<0

x2 if 0<x<:

e otherwise
4
y = 5.987 x 10
IPUMEP 3. 3agano HaiTH CyMMY IEPBBIX IECATH HATypalbHbIX urce. /o

Ha4daJia CJIcayCcT IPUCBOUTL CYMMC S HYJICBOC 3HAYCHUC. Tak kak 4ucio IUKJIOB

U3BECTHO, UCIoJb3yeM oneparop FOR.



S« 0
for xe1..10

S<S+X

17
1l

s=5b5

e JlonosHUTENBHBIE 3aAaHuA K pumepy Ne 3
1. Usmenute nHaubonbiiee 3aauenue X g0 100 ,

2. Cymmupyiite kBaapatsl X.

INPUMEP 4. CymMa cocTaBisieTcs B 3aBUCMMOCTH OT BEJIMYUHBI X

S« 0
for xe1..10

s« sSs+x If x<5b

7
1l

S« s+sin(x) if 5<x<

S < S+ cos(X) otherwise

s=9.161

INPUMEP 5. Ilpumenenue oneparopa WHILE. CymmupoBats
HaTypaJbHBINI psAJ CIEAyET 1O TEX 0P, MOKAa CyMMa He npeBbicuTunciio 30. 3nech
ucnonp3ytorcss aBe auHu ADD LINE. Ilpexnae Bcero ycranaBiauBarorcs
HavajapHble 3HaueHus S u X. 3arem mumercs oneparop WHILE u Bo BTOpoM
UK€ — caMO HakamnuBaHue. Hwxkusas OykBa S mokaspiBaeT, MO Kakou
NEePEMEHHOM MPOU3BOAUTCS OIEpaIHsl.

[TopsiTOK BBIUMCIEHUM CIIETYIOIIHIA:

1. YcranaBnuBarwTcs HadaabHbIe 3HaueHUs S u X.

2. OcymiecTBsieTCsl MpoBepKa ycloBHs. Tak Kak OHO BBINMOJTHSETCS,

npousBoAuTCs onepanus S=S + X = 0+1.
3. IlpoBepsercs ycnopue S<30

4. Tlpou3BoauTCs BBIYUCICHHE S.



N Ttak nmanmee. To ectb mpoBepka npousBoautTca IO Berumcinenuid. Iloatomy
pe3yJibTaT MpeBbINIaeT 3aianHbii. [IpoBepka To npoBoaunack JIO BeUKCICHUS,
Toraa oputo S<30, a mocye BeuncieHus crano S>30 Ha odepenHon X.

Omneparop WHILE mnposepsier ycaopue ( S<=30) /10 odepeaHOro MUKIIA.

S:= s« 0

X<« 1

while s < 30
S« S+X

X< Xx+1

s=236



MeToguuyecKkre yKa3aHUS BHINOJHEHUS KOHTPOJIbHOM pPadoThI

KoHnTponbHast paboTta COCTOMT OJHOTO TEOPETUUECKOTO BOIMPOCA U TPexX
3amad. Homep BapraHTa TEOPETUUECKOTO BOMIPOCA OMPEACIISETCS MO MOCIeTHEH
nudpe mmdppa. Homep BapruanTa nNpakTUYECKON YaCTH ONPEICNIICTCS M0 JABYM
nocienqHuM nudpam mudpa. Ecnu Homep mudpa Menbiie 33, TO BBITOIHSIETCS
COOTBETCTBYIOUIMI BapuaHT. Eciaum Homep mudpa Oosblie uinu paBeH 33, TO
Oepetcst octatok oT aeneHus Ha 33. Hanpumep, mia mudpa 719 BeimonHsercs
BapuanT Nel9, nnsa mudpa 743 Bemosnusercs Bapuant NelO.

B 3aganuu Nel HeoOxoAMMO OTBETUTHh MUCBMEHHO Ha TEOPETUUYECKHUI
BOIpoc. MaTtepuan MOKHO HCTIONB30BaTh U3 yUeOHBIX TOCOOMN Ha AMCKE WM Ha
caiite punmana.

B 3aganum  No2 HeoOX0AMMO YIOPOCTHTH BBIPAXKEHHE U JOKa3aTh
MPaBUJIBHOCTh YIPOIIEHUS MPU TOMOIIN TaOJIUIBI UCTUHHOCTU. YTIPOIIEHUE
OCYIIECTBIISCTCS, UCTIOJIb3YsI OCHOBHbBIC IOTUYECKHUE 3aKOHBI:

KommyTtaruBHbIe:

X1 AaX2=X2A X1, X1 v X2=Xov X1,

JuctpuOyTUBHBIE:

X 1A (X 2 vX 3) = (X 1A X 2) v(Xl A Xg),

X1 v(X 2 A X3) = (X1 vX 2) /\(X 1 vX 3);

AcconuaTuBHBIE:

Xp A (X2 AX 3) = (X1 AX 2) A Xs,

Xi v (X2 vX3) = (X1 vX2) vX3;

3akonsbl /le Moprana:

(X AX)=X VX, (XVX)=XAX,

3aKOH JIBOMHOIO OTPUIIAHUS:

X = X.

Kpowme Toro, cipaBeuyinBbI CIEAYIONINE COOTHOUICHUS:

XA0=0, xaAl=x, xaX=0. xvli=1 Xv0=X, xvx=1.
9



Crnoxuble QOpMyIibl, KaK MPaBUIO, MOXXHO YIPOCTUTh. [ 3TOr0 MOXKHO
HCII0JI30BAaTh CICAYIOIIME SKBUBAJICHTHOCTH
X VX AX =X,
_ - IIpaBu1JIa MOITIOIICHUS;
X A XV X)) =%
X AX, VX AX, =X~ IPABHJIO CKJIICUBAHMUS;
X, A X, VX =X, A X — IIPaBUJIO BBIYCPKHBAHUS.

Hx A0Ka3aTCJIbCTBa OCYHICCTBIIAKOTCA ITYTCM ITOCTPOCHUA COOTBCTCTBYIOIINX

Ta6J'II/II_I HNCTHUHHOCTH.

[Ipu ynpoIieHuu JIOTHYIeCKOTO BBIPAKEHHU ST HEOOXOAMMO YUUTHIBATH IIPUOPUTET
BBITIOJTHEHU ST JIOTUYECKHUX OTIEPALIHIA:
— OTpHULAHHUE;
— JIOTUYECKOE YMHOXXEHUE A |
— JIOTUYECKOE CIIOKEHUE \/ .

Paccmotpum npumep ynpouieHus toruueckoi pyHkiuu. [lyctsb

f=((X AX)VX)A[LV (X, AX,))

HOCJ’I@I[OB&TGJIBHOG NPUMCHCHHUC ITPUBCACHHBIX BBIIIC IIPABUJI AACT:

F=((AX) V)ALV (K AX )= (X AKX ) VX v [Lv (X aX,))=
=(%, A%, AX)V @AV (X5 AX,))=(X VX, AX,)vi=1,

Jloka)keM pacCMOTPEHHOE YIPOIIEHHUE TPH MOMOIIU TaOIUIbI UCTUHHOCTH:

10



Tabmauua 2.1 — Tabnuia UICTUHHOCTH

X | X | Xs| X AXy| (X AX) VX X X5 AX,| 1V (X; A X, m) * AR [k xk
* 1 *ok
0({0|0 0 0 11 0 1 0 0 1
0(0]1 0 1 01 0 1 0 0 1
0(1]0 0 0 11 1 1 0 0 1
0Oj1(1 0 1 0|1 0 1 0 0 1
110]0 0 0 11 0 1 0 0 1
1101 0 1 0|1 0 1 0 0 1
111]0 1 1 111 1 1 0 0 1
1111 1 1 0|1 0 1 0 0 1

3 Ta6J'II/IHI>I HCTHUHHOCTH BUAHO, YTO YIIPOLICHUC BBIITIOJIHCHO, BCPHO.

B 3amanuu No3 HeoOxoanmo B MaTtkajie COCTaBUTh POrpaMMy BBIYUCIICHUS

U BbIJa4d HA Ie4YaTh CyMMbI (Wiu npousBeneHusi) N aieMeHTOB OECKOHEYHOTO

YHCJIOBOTO psija.

[Tpumep Nel. Boraucnuts cymmy psima y=1+6+11+16+21+...

Hcnonb3ys cpencTra nporpaMMupoBanus Markaaa, OnMCaHHbBIE B IEPBOU

IJIaB€, COCTaBUM IIPOIPAMMY:

y<«1 =18
s« 0
for iel.3

S« S+Yy

y<«<Vy+5

[Tpumep No2. Boruncnuth cymmy psiga y=-1+6-11+16-21+...

Hcnonw3ys cpencTsa mporpaMMupoBanus MaTkaza, OMcaHHbIe B IEPBOU

TJIaBe, COCTaBUM IIPOrpamMmy:

11




y<«1 =-6
s« 0
for iel.3

S« S+ (—1)i~y

y<«<Vy+5

[Tpumep Ne3. Borunciauts cymmy psiia
y=(1/2-2/5)+(3/3+4/10)+(5/4-8/15)+(7/5+16/20)-...

Ucnone3ys cpenctea nporpaMmupoBanus Markana, ONMCaHHBIE B IEPBOU
IJIABE, COCTaBUM IIPOIPAMMY:

a<«1 = 2217
b« 2

C<« 2
d«5
s« 0
for iel.3

a ¢
S¢S+ | —+—

3+%)
a<—a+2
beb+1

Cc « c(-2)
d«d+5

B 3apanuu Nod Heob6xonumo B MaTkazie COCTaBUTb TPOTPaMMYy BBIYUCIICHU S

U BblJAUM HA IMe4yaTh CyMMbl (Min npou3sBeneHus1) N 351eMeHTOB OECKOHEYHOTO

YU CJIIOBOIO pAla.

ITpumep Nel. Bpruncnute CymMMy BCEX HEUETHBIX IOJIOKUTEIBHBIX YHCEIL.
Hanpumep, ecin A={2,4,-3,0,5,1,6}, pe3ynprat: 5+1=6.

Hcnonw3ys cpencTsa mporpaMMupoBanusa MaTkaza, OIMCaHHbIE B IIEPBOU

IJIaBe, COCTaBUM IIPOTrpamMmy:

12



a <

» = 01 O

S« 0
for 1€0..6

S¢S +a, if mod(ai,z)zl/\ ai>0

[Ipumep Ne2. BbluncauTh cpenHeapupmMeTHUecKoe 3HAYEHHUE BCEX
TIOJIOXKHUTENbHBIX urcel. Hampumep, ecmn A={2,4,-3,0,5,1,6}, pesynbrat: 5+1=6.
Hcnonw3ys cpencrsa nporpaMMupoBanusa MaTkaza, OMcaHHbIe B IEPBOMN

TJIaBe, COCTaBUM IIPOrpamMmy:

SN

a <« =36

o = 01 O

s« 0
k<0
for i€0..6
if ai>0
s<—s+ai

ke k+1

ol K%
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3ajaHuA K KOHTPOJILHOU padore

3aganue Nel.

0. [IpyuuHBI MOSIBICHUS TPOU3BOJCTBEHHBIX CHCTEM HCKYCCTBEHHOTO
VHTEIUICKTA.

1. Ucnonb30BaHWE 3HAHUN, HAKOIUICHHBIX YEJIOBEYECTBOM B CHCTEMax

HMCKYCCTBEHHOT'O MHTEJJIEKTA.

[lenu co3manus CUCTEM UCKYCCTBEHHOTO MHTEIIEKTA

OCHOBHBIE THUIIBI ATCHTOB.

[Ipsimas menoyka pacCyXIACHUM.

OOparHas 1enovKa pacCyXACHUM.

Busl moncka 1eseBBIX COCTOSIHUM.

Jlornka npenukaroB. KBaHTOpBI.

OcHOBHBIE onepaluu anreOpbl JOTUKU

© o N o gk~ w DN

Heuerkasa noruka.

3apanue No2.
Yrpoctuth BbIpakeHHE. [IpoBepuTH pe3ysbTaT C IMOMOIIBI0 TaOIUIIBI
WCTHHHOCTH.
0. Yy=XAQVX)AX VX,

1L y=XAQVX)AX VX

2. Y=XAAVX)AX VX,

3 V=X VXA AX,)

4. Y=X VX V(X AX)

5. Y=X; AX, VX,

6. Y =X, A (X, AXy)

14



7. Y=% A0 AX)

8. Y=X AX VX,

9. Y=X AX VX,

10.Y =% A X VX

11y =% A% V(X VX)

12,y =% A% V(X VX)

13.y=;1/\xi/\xlvx2

14.Y =X AX AX VX,

5. Y =X AX AX, VX,
16.Y =X A X AX,
17.Y =% AX A X,

18.y=X1vx_1v X,

l9.y=X1vZ/\X1vX2

20. Y =X VX A X VX

2Ly =X, VX, AX V X,

22.Y =X VX VX VX

23.y=x2vx_2/\x1vx2

24.Y =% A (X A %)

25.Y =% A (% AX,)

26.y=X1/\X_1/\X2

27.Y =% Vv (X A (% V X,))
15



28.Y =X VX V(X VX,)

20.Y =% AX VX VX

30.Y =X, AX, A X A X))

3LY=X VX VX VX

32.Y =X A Xy V (X, V Xy)

3amanue Ne3.

CocTaBuTh IIporpaMmMy BBIYMCJIICHUA W BbLJJd4YW Ha IICYATb CYMMBbI (I/IJ'II/I

npousBeneHus) N 3J1eMeHTOB OECKOHEYHOTO YMCIIOBOTO Psfa.

y=1-6+11-16+21-...
y=-2+5-8+11-14+...
y=60-53+46-39+32...
y=-4+8-16+32-64...
y=16(-8)4(-2)1...
y=85-80+75-70+65-...
y=42-40+38-36+34-...
y=-20+15-10+5-0+...
y=3-9+27-81+243-...
y=70-65+60-55+50-...
10.y=125(-25)5(-1)0.2...
11.y=32(-16)8(-4)2...
12.y=1(-3)9(-27)81...
13.y=-18+20-22+24-...
14.y=(-3)6(-9)12(-15)...
15.y=(3+1-1/81)(5-2+1/27)(7+3-1/9)(9-4+1/3)...

© o N o g bk~ w Db PO
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16.y=(-2+1/80)(4-2/40)(-8+3/20)(16-4/10)...
17.y=-(20+1/1)+(18+2/3)-(16-3/5)+(14+4/)...
18.y=-(1/2-2/5)+(2/3+4/10)-(3/4-8/15)+(4/5+16/20)-...
19.y=-(3/16+1+2)+(3/8-2+4)-(3/4+3+6)+(3/2-4+8)-...
20.y=(2/16+8)(2/8-10)(2/4+12)(2/2-14)...
21.y=(2+1/81)-(4-2/27)+(8+4/9)-(16-8/3)...
22.y=(7+2/2)-(6-3/4)+(5+4/8)-(4-5/16)...
23.y=(-24)12(-6)3(-1.5)...

24.y=256(-64)16(-4)1...

25.y=4(-6)8(-10)12...

26.y=125(-25)5(-1)0.2...

27.y=(-10)8(-6)4(-2)...

28.y=(-1)4(-16)64(-256)...

29.y=-243+81-27+9...

30y =12+ 23+ 34 +45 ...

3ly=42-40+38-36 ...

32.y=4-6+8-10+12...

3ananue Ne4.
Nwmeercs maccuB A u3 N nipousBoibHbIX uucel - A(N), cpeir KOTOPbIX €CTh
IIOJIOKUTEIIbHBIC, OTpPULIATENBHBIE W paBHbIE HYJHO. COCTaBUTH IMPOrpPaMMy,

pEelIaKoIyIO0 3a7a4y B COOTBETCTBUU C BAPUAHTOM.

0. BbI4rcIUTh CyMMy BCEX YETHBIX MOJOKUTEIIBHBIX unces. Hanpumep, eciu
A={2,4,-3,0,5,1,6}, pe3yiabrar: 2+4+6=12.

1. BBIYHCIUTB KOJIMYECTBO YHCET, KBAJApaT KOTOphIX MeHbIe 10. Hampumep,
eciu A={2,4,-3,3,5,-2,1}, pesynbrar: 5 (310 uncia 2,-3,3,-2,1).

2. BpraucianTh KOIUYecTBO HyJIeBbIX uncesl. Hampumep, ecnu A={2,4,-3,3,5,-

2,1}, pesynbrar: HyneBbiX — 0 (HET).

17



3. OTBeTUTH Ha BOIPOC: ITPaB/ia JIM YTO CPEIU YU CET UMEIOTCS OTPUIIATEIIbHBIE
(oTBeT JoMKeH OBITH B Buje ciioBa «JIA» nmu « HET»). Hanmpumep, ecnu
A={2,4,-3,3,5,-2,1}, pesynbrar: 1A (-3,-2).

4. HaneyaTaTh BCE 4HClIa U3 OYEPEU, KBAIpaT KOTOPBIX MPEBBIIIAET 7, HO
menbire 50. Hanpumep, ecou A={2.,4,-3,3,5,-2,8}, pe3ynbrar: uncna 4,-
3,3,5.

5. BeunciauTh mpou3BeACHHE BCEX IMOJOXKHUTEIBHBIX yucesl MeHbie 20.
Hampumep, ecou A={2,24,-3,6,5,-2,33}, pesyabrar: 2*6*5=60.

6. CymmupoBarh 4ymciaa J0 TeX IOp, MOKa HE BCTPETUTHCS YHUCIO 2.
Hanewarare mnosyuyuBmyrocss cymmy. Ecinm nBOoMKa HeE BCTpeTUinach,
HaIe4yaTaTb TEKCT «I[BOPIKH HET». Hanpumep, eciu A={7,4,-3,2,5,-2,1},
pesynbpTar 7+4-3=8.

/. CyMMHpOBATbh KBAJIpaThbl YHCEI JI0 TEX MOP, TOKa cyMMa He npeBbicut 40.
HamneuaTtaTh, Ha KOTOPOM IO CUETY YKCIIe 3TO Mpou3onuio. Hanpumep, ecnu
A={25,4,-3,3,5,-2,1}, pe3ynbTaT 5 (cymma kBaapatoB npeBbicuia 40 Ha
IATOM 10 cueTy uuciie 4+16+9+9+25=63).

8. BBISCHUTH, KAKUM 110 CUETY B OYEPE]Id CTOUT YUCIIO 3. €CIIi TPOEK MHOTO,
Hac MHTEpecyeT TOJIbKO mepBas U3 HUX. Eciaum Tpoek HET coBcew,
HareuaraTh «0». Hanpumep, ecmm A={2,4,-3,3,5,-2,1}, pe3ynbrar: 4.

9. IloxcunTaTh KOJIUYESCTBO OTPUIIATENBbHBIX uncell. Hanpumep, ecmu A={2,4,-
3,0,5,-2,5}, pesynbrart: 2.

10.HaiiTu cymMmMy U KOJMYECTBO BCEX UETHBIX 3JIeMEHTOB. Hampumep, eciau
A={2,4,-3,0,5,-2,6}, pesynbrar: 12 u 4 (2,4,0,6).

11.Haiitu HOMEP  MOCJIEIHEr0  OTPULATENBHOTO  JJIEMEHTAa B
nocinenoBarenbHocti. Hanpumep, ecin A={2,4,-3,0,5,-2,5}, pe3ynbrar: 6
(aucio -2).

12.HameuaraTh TOJIBKO T€ YMCIIA U3 MAacCCHBA, KOTOpPbIE 00pa3yloT pacTyIIyiO
nocieaoBaTenbHocTh. Hampumep, ecmim A={2,4,-3,4,2,-2,5}, pesynbrar 2,4
u-3,4u-25.
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13.CymMMupoBaTh 4mciIa 10 JOCTUXKEeHUs 3HaueHus >15. Haneuarats cymmy u
caenarb ee =0. Onsare ODpomOKUTH CymmupoBaHue A0 >15. CHoBa
HareyaTaTh CyMMy M T.J. 10 KOHIIa MaccuBa. Eciam cymma okasanach
MeHblle, newatath ¢pasy «Cymma <15». Hamnpumep, ecnu
A={8,6,4,3,5,12,5}, pesynbrat: 8+4+6=18 u 3+5+12=20 u 5.

14 HameuaTaTh TOJIBKO T€ YHCJIa U3 MACCHUBA, KOTOPBIC OOJIBIIE MPEABIIYIIETO
yucna. Hanpumep, ecnmu A={2,4,-3,0,5,7,5}, pesyaprar:4 (4>2) u 0 (0>-3) u
5(5>0)u 7 (7>5).

15.HamevataTh T€ 4YHClIa U3 MAacCHBa, KOTOpbIE 00pa3yroT YOBIBAIOIINE
nocieaoBarensHocTu. Hanmpumep, ecnmu A={2,4,3,0,2,5,-2,5}, pe3ynbTar:
4,3,0 u 5,-2.

16.CxnazapiBath uncina o Bcrpeuu 0. Hanewyarats cymmy. CHOBa CyMMHPOBATh
1o 0, HareyaTaTh HOBYIO CYMMY U T.JI. 10 KOHIIa MaccuBa. Hampumep, eciu
A={2,4,0,-6,5,-2,0,7}, pesynbTar: 2+4=6 u -6+5-2=-3 u 7.

17 HaiiTu cymMMy BCEX HEUETHBIX TOJIOKUTENbHBIX uncell. Hanpumep, ecnu A=
{9,4,-3,0,5,1,-7}, pe3ynprar: cymma =9+5+1=15

18.Haiitn MakcuMaabHOE U MUHUMAaJIbHOE YMcia. Hamedyararh Te 3J1eMEHTHI
MaccuBa, KOTOPbIE B MACCHMBE HaXOAATCS MeXIy HUMH. Hampuwmep, eciu
A={2,4,-3,0,2,5,-2}, pesynbrar: -3,0,2,5 (max=5, min=-3).

19.HaiiTu HOMEp mMOCIETHEro TOJIOKUTEIBHOTO JJIEMEHTa B MAcCCHBE.
Hanpuwmep, eciu A={2,4,-3,0,2,5,-2}, pe3ynbrat: 6 (1mociaeaHee ynucio S).

20.HaiiTu HOMepa MepBBIX ABYX CTOSIIUX OJMHAKOBBIX 2JIEMEHTOB B MacCHUBE.
Hanpuwmep, ecnu A={2,6,4,4,2,5,5,4}, pe3ynbratr: 3 u 4 (OIUHAKOBBIC
3HadueHus 4 u 4).

21.BBIICHUTB, €CTh JIM OJWHAKOBBIE 3JIEMEHTHI B MaccuBe. OTBeT 1-«ga»/ 0-
«uer». Hanmpumep, ecnu A={2,4,3,0,2,5,4}, pe3ynbpraT: 1 (0AMHAKOBBIE
3HA4YEeHUs 2 U 2).

22 HaliTn MaKCHMaJIbHBIM YETHBIA dJIEMEHT B MaccuBe. Hampumep, ecim

A={2,4,-3,6,2,9,-2}, pe3ynbrar: 6.
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23.HaiiTu mpon3BeieHN e YETHBIX DJICMEHTOB, HaXOAIINXCSA B TMama3oHe OT 3
no 13. Hanpuwmep, ecnmu A={2,4,5,2,6,-2,20,8}, pesynbTat: 4*6*8.

24 HaliTu MakcUMajdbHOE W MHHUMAJIBHOEC HEYETHBIC YHCIA U UX CpeIHEe
apudmetnyeckoe. Hampumep, ecnmm A={8,4,-2,6,2,7,-5} ,pe3yapTatr: 71 -5 u
(7-5)/2=1.

25.Haiitu cymMy 3J1IeMEeHTOB KpaTHBIX TpeM. Hanmpumep, eciu A={2,4,9,2,6,-
12,0}, pesyabrat: 9+6-12=3.

26.Hamevarath cymMMy 3J1€MEHTOB IPE/IIIECTBYIOIIMX MAaKCUMAJILHOMY YHCITY.
Hanpuwmep, ecniu A={3,4,9,2,11,-12,3}, pe3ynbtat: 3+4+9+2=18.

27 .HaiiTu HOMEp MaKCHMaJIbHOTO YETHOTO 3JIEMEHTa B MaccuBe. Hampumep,
eciiu A={2,4,-3,6,2,9,-2}, pe3ynbTart: 4.

28.Hameuatath HOMEpa 3JIEMEHTOB KPaTHBIX OJHOBPEMEHHO TBYM M TPEM.
Hampuwmep, ecim A={3,6,9,2,12,2,24}, pesynbrar: 6,12,24.

29.Hameuatath MpPOU3BEACHUE DJIEMEHTOB CICIYIONIUX 32 MHHUMAIbHBIM
gucnom. Hampumep, ecmm A={3,4,9,2,-5,2,3}, pe3ynbrat: 2*3.

30.HaiitTu mpom3BeneHHE D3JIEMEHTOB KpaTHBIX TpeM. Hampumep, ecim
A={2,4,9,2,6,-3,0}, pe3synbrar: 9*¥6*(-3)=-162.

31.Hameuatath B OOpaTHOM TMOPSJIKE BCE TOJOKUTEIbHBIC SJICMCHTHI.
Hampuwmep, ecm A={2,4,-9,5,6,-3,2}, pe3ynbrar: 2,6,5,4,2.

32.Hamedarars CyMMy 3JIEMEHTOB TPEIICCTBYIOMUX MUHUMAILHOMY YHCITY.

Hanpuwmep, eciu A={3,4,9,2,-5,2,3}, pesynbrat: 3+4+9+2=18.
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TEXHOJIOTHIECKUMHU oOBbekTamu [Dnexkrponnblii pecypc] / B. b. Tpodwmmos, C. M.
KynakoB. — DnekTpoH. TeKcToBble naHHble. — M. : Mubpa-Umkenepus, 2016. — 232
€. — 978-5-9729-0135-7. — Pexwum moctyna: http://www.iprbookshop.ru/51726.html

[lepedeHb MOMONHUTENLHON JUTEPATYPHI:

3 MHurennexryanbHas cucrema yTIpaBJICHUS NPOM3BO/ICTBEHHBIM LIEXOM
MAaIIMHOCTPOUTEIIHHOTO TPEATPUSITHS [DIEKTPOHHBIA pecypc] : yueOHoe mocobue / E. B.
CumonoBa, I1. O. CkoGenes, 1. B. MaiiopoB [u ap.]. — DIEKTPOH. TEKCTOBBIE JaHHEIC.
— Camapa : IloBOWKCKMI TOCYIapCTBEHHBbIM YHHUBEPCUTET TEJICKOMMYHUKALMHA |
wHpopmatuky, 2014, — 183 c¢. — 2227-8397. — Pexwm pmocryna:
http//www.iprbookshop.ru/73824.html

4 VlHTennmekTyallbHbIE CHUCTEMBI [DJIEeKTpOHHBIH pecypc] : yuebHoe mocodue / A. M.

CemenoB, H. A. ConoBreB, E. H. YepnonpynoBa, A. C. IlpIraHkoB. — ODJEKTPOH.
TeKCcTOBble nmaHHple. — OpeHOypr : OpeHOYprcKuii roCcyJaapCTBEHHBIM YHHUBEPCHTET,
ObC ACB, 2013. — 236 ¢ — 2227-8397. — Pexum jgocTyma:

http//www.iprbookshop.ru/30055.html

[lepeueHp yueOHO-METOAMYECKOrO 00ECTIeYeHUsI CAMOCTOSTEIbHON PaboThl 00yUarOIMXCS 10
JTUCIMIUIMHE (MOJYJIIO)

TuxonoB 3.E. Metoguyeckas pazpaboTka K J1a00paTOPHBIM 3aHATHAM I CTYIEHTOB
HanpaBienust 15.04.04 ABroMaTu3almsi TE€XHOJIOTMYECKUX TPOLIECCOB U MPOU3BOJCTB.
Huctymiaa «VHTeIUIeKTyalbHbIE CHCTEMBI YIPABJICHIS»: YaeOHO-METOIHIEeCcKoe TIocooue /
9.E. TuxonoB. — Hepunnombicck: CKDY, 2018
TuxonoB D.E. MeTonmdueckas pa3paboTka K MPAKTHIECKUM 3aHATHAM JJI CTYICHTOB
HanpaBienust 15.04.04 ABroMaT3aiysi TE€XHOJIOTMYECKUX IPOLIECCOB U MPOU3BOJICTB.
Jucimminaa «VHTeIUIeKTyalbHBIE CUCTEMBI YIIPABICHUS»: YIeOHO-METOAMIECKOe Tiocooue /
D.E. TuxonoB. — Hepunnombicck: CKDY, 2018

[Tepeuens pecypcoB HHGOPMAIMOHHO-TEJICKOMMYHHUKAa IIMOHHON ceTH «HTepHeTY,
HEOOXOAUMBIX JIJISI OCBOCHUS JIVCIIAIUTIHBI (MOJTYJIS ):

http//biblioclub.ru/ — DBC «YHauBepcureTcKas OHOIHOTEKA OHIAKH.
http//catalog.ncstu.ru/ — saeKTpOHHBIN KaTajor aCCOIMALMKA JJICKTPOHHBIX OHOJIHOTEK
y4eOHbIX 3aBeaeHuil u opranmampii CKPO

http://window.edu.ru/ — eauHoe OKHO IOCTyIa K 00pa3oBaTEIbLHBIM PECYPCaM.
http://www.exponenta.ru/ — o0pa3oBaTesbHbI MaTEMaTUICCKUI CAMT JJIsl CTYICHTOB.
http//www.intuit.ru/ — WHrepHeT yHHBEpPCUTET MHPOPMAIMOHHBIX TEXHOIOI M
http://www.iprbookshop.ru — 9BC.
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Metonuueckue yKazaHus TpeaHa3HAYeHbl JJIg CTYACHTOB HAampaBJICHUS
15.04.04«ABTOMaTH3aIMs TEXHOJIOTHUECKHUX MTPOIECCOB U MPOU3BOJCTB» M JPYTUX TEX-
HUYECKUX cienunanbHocTer. OHU coepKaT PEKOMEHAAIMU IO OpPraHU3alluu CaMOCTOS-
TeNBbHBIX  paboT  crymeHta Ha npaBiaeHus 15.04.04 nand  OUCHMIIIMHBI
«MHTEJUIEKTY AJIBHBIE CUCTEMBI VIIP ABJIEHUS».

Meroauueckue ykazaHus pazpaboTaHbl B COOTBETCTBUM ¢ TpeboBaHusmMu OI'OC
BIIO B wactu cojaepaHusi W YPOBHS TOJATOTOBKH BBIMTYCKHHUKOB HAampaBJICHUS
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1 IToaroToBKa K JeKIUAM

['maBHOE B mepuoJl MOArOTOBKHU K JICKIIMOHHBIM 3aHATUSIM — HAYYUTHCA METOJIaM
CaMOCTOSITEJIBHOTO YMCTBEHHOTO TPYy/la, CO3HATEILHO Pa3BUBaTh CBOM TBOPUYECKUE CITO-
COOHOCTH U OBJIaJIeBaTh HABBIKAMH TBOPYECKOU pabOThL. J{i1s1 3TOro HE00X0AUMO CTPOTO
cOOMIOAATh JUCHUIUIMHY y4eObl U ToBeleHUs. YeTkoe MIaHupOBaHUE CBOEro pabovero
BPEMEHU U OT/bIXa ABJISIETCSI HEOOXOIMMBIM YCIOBUEM AJIs1 YCIEUTHOM CaMOCTOATEIbHOM
paboThl. B OCHOBY €ro HY>XHO MOJIOKHUTH padoyue MPOrpaMMbl U3yYaEMbIX B CEMECTPE
JUCLUTIMH.

Kaxnomy cTyeHTy ciaeayeT COCTaBISATh €KEHEACIbHBIM U CEMECTPOBBIN ILJIaHbI
paboThI, a TAKKe TUIaH Ha KAl pabounii qeHs. C Beuepa Bceraa Halo pacipeiemsiTh
paboTy Ha 3aBTpalTHUM JeHb. B KOHIIE Ka)KA0T0 JHS 11eJeCO00pa3HO MOABOIUTH UTOT pa-
OOTHI: TIIATETFHO MPOBEPUTH, BCE JIU BBHIMOJIHEHO 110 HAMEUYEHHOMY TUIaHy, HE OBLIO JIn
KaKuX-T100 OTCTYIUICHUM, a €cly ObUIH, MO KaKOW Mpu4uHe 3TO nmpou3sonuio. HyxHo
OCYILECTBJISATh CAMOKOHTPOJIb, KOTOPBIH ABISETCS HEOOXOAMMBIM YCIIOBUEM YCIIEIIHOM
yueObl. Eciii 4T0-TO 0CTanoCh HEBBIMOJHEHHBIM, HEOOXOAMMO U3BICKATh BpEMS JUIs 3a-
BEPILIEHUS 3TON YaCTH padOThl, HE YMEHbIIIasi 00beMa HEJIETbHOIO MIaHa.

Cnymianue W 3amuch JEKIUN — CIOKHBIM BUJ BY30BCKOW ayIMTOPHON PabOTHI.
BHumMartenbHOe ciyliaHWe U KOHCIIEKTUPOBAHUE JIEKIIUNA TPEANO0IaraeT MHTEHCUBHYIO
YMCTBEHHYIO JIEATEIIHOCTh CTyIeHTa. KpaTkue 3anucu JeKuii, UX KOHCIEKTUPOBAHUE
MIOMOTaeT YCBOUTH yueOHbIN MaTeprall. KOHCIIEKT SBIsIETCS MOJIE3HBIM TOT/Ia, KOT/a 3a-
MHACAaHO CaMOE CYIIECTBEHHOE, OCHOBHOE M CHIEJaHO 3TO CaMUM cTyJaeHToM. He Hano
CTPEMUTBCS 3aMMCATh JOCIOBHO BCIO JIEKIUIO. Takoe « KOHCIIEKTUPOBAHUE» MPUHOCHUT
0o0J1bIlIe Bpe/ia, YEM MOJIB3bI. 3aMUCh JIEKIIUN PEKOMEH Ty EeTCSI BECTH IO BO3MOKHOCTHU COO-
CTBEHHBIMU (OpMyIHpOBKaMU. JKenaTesbHO 3a1IMCh OCYIIECTBIIATH HA OJJHOM CTpaHUIIE, a
CJICYIOLIYIO OCTABJIATH JJI MPOPabOTKH Yy4eOHOro mMarepuana caMOCTOATENbHO B JI0-
MalTHUX YCIIOBUSIX.

KoHcneKkT nexuuii Tyuiie noapa3aessiTh Ha MyHKTHI, aparpadbl, co0Iroaast Kpac-
HYIO CTPOKY. DTOMY B OOJIBIIION CTeNEeH! OyyT CIOCOOCTBOBATh MyHKTHI TIJIaHA JICKIIMH,
npeUIoKeHHbIe TpenoAaBaTesaM. [IpuHIunuansuble MecTa, onpeaesieHus, GopMybl U
Jpyroe cleyeT COMPOBOKAATh 3aMEUaHUSIMH «BaXKHO», «0CO00 BaXKHO», «XOPOLIO 3a-

MMOMHUTBH» U T.11. MOXHO ACJIATH 3TO U C ITIOMOIIBIO PAa3HOUBCTHBIX MAPKCPOB HUJIN PYUCK.



Jlyumie ecnu oHU OyJayT COOCTBEHHBIMH, YTOOBI HE MPUXOAUIIOCH MIPUCUTH UX Y OJIHO-
KYPCHUKOB M TEM CaMbIM HE OTBJIEKATh UX BO BpeMs Jekuuu. LlenecoobpasHo paszpabdo-
TaTh COOCTBEHHYIO « MapKorpaduioy» (3HaYKH, CHMBOJIBI), COKpallieHus cjoB. He numHum
OyzaeT u u3yueHue ocHOB cTeHorpaduu. PaboTast Hal KOHCIIEKTOM JIEKIINH, BCEria HeoO-
XOJIMMO HMCTIOJIb30BaTh HE TOJIBKO YUYEOHUK, HO U TY TUTEPaTypy, KOTOPYIO TOTIOJTHUTEIIb-
HO PEKOMEH,I0BaJI JIeKTOP. IMEHHO Takasi cepbe3Hasi, KpOIOTINBas padoTa ¢ JIEKITHOHHBIM

MaTCpruaioOM IIO3BOJIUT FJ'IY6OKO OBJIaJCTh 3HAHUAMMU.

2 IToaroToBKa K J1a00PaTOPHBLIM 3aHITUIIM

Jyis Toro yToOBI JaOOpaTOpPHBIC 3aHATUS MPUHOCUIM MaKCHUMAIBHYIO TMOJb3Y,
HEO0OXOMMO IOMHHUTb, UTO YIIPAXKHEHHUE U PEIICHUE 3a]a4 MPOBOISATCS MO PACCMOTPEH-
HOMY Ha JICKIIUSIX MAT€pUaly U CBSI3aHbI, KaK MPaBUIIO, C I€TaIbHBIM pa300poM OTAEIb-
HBIX BOITPOCOB JIEKIIMOHHOTO Kypca. ClaeayeT MoJ4EPKHYTh, YTO TOJBKO MOCJE YCBOCHUS
JIEKIIMOHHOTO MaTepualia ¢ ONpeIeICHHON TOUKH 3peHUs (2 UMEHHO C TOM, C KOTOPOU OH
M3JIaraeTcs Ha JICKIMSIX) OH OYJIET 3aKPENJISITHCA CTY/IEHTOM Ha Ja00PAaTOPHBIX 3aHATUAX
KakK B pe3yJsibTaTe OOCYKICHUS U aHalu3a JEKIIMOHHOTO MaTepuaia, Tak U C MOMOIIbIO
penieHus IpoOJIEMHBIX CUTYAIU i, 3aa4. [[pu 3TUX yCIOBUSIX CTYIEHT HE TOJIHBKO XOPOIIO
YCBOMUT MAaTE€PHUAIL, HO U HAYYUTCA IPUMEHATH €70 HAa MPAKTUKE, & TAKKE MOITYUHT JOMOJ-

HUTEJIBHBIA CTUMYJI (M 9TO OYCHBb BaXKHO) JIJIsi aKTUBHON MPOPaOOTKHU JICKITUH.

[Tpu camocTOSATENHHOM PEIICHUH 33]1a4 HY>KHO OOOCHOBBIBATh KaX/IbIH ATaIl pelie-
HUSL, UCXOJS U3 TEOPETHUYECKUX TOJ0KEHUN Kypca. ECIM CTyIeHT BUIUT HECKOJIBKO ITy-
Tel pereHus npo0aembl (3a71a41 ), TO HY’KHO CPAaBHUTH UX M BBIOPATh CaMbIil pariuoHa b-
HbIi. [lone3H0 10 Hauasa BHIYUCIEHUN COCTaBUTh KPATKUIA IJIaH pelIeHUs TPOoOIeMsbl (3a-
naun ). Pemenue mpoOieMHBIX 33124 WK PUMEPOB CIIEIYET U3JIaraTh Moapo0HO0, BEIYUC-
JIEHUS PACIIOJIaraTh B CTPOTOM MOPSIAKE, OTAEISSA BCIIOMOTaTEIbHbIE BBIYUCIEHUS OT OC-
HOBHBIX. Penienns npu HeoOX0AMMOCTH HY>KHO COITPOBOXKIATh KOMMEHTAPHUSIMU, CXeMa-

MM, 9YCPTCIKaAaMHU 1 PUCYHKaMH.

CrnemyeT HOMHUTD, UTO PEIICHUE KAKI0N yueOHOM 3a1au TOJDKHO TOBOJIUTHCS 10
OKOHYATEIHHOTO JIOTHYECKOTO OTBETA, KOTOPOTO TPEOYET YCIOBUE, U IO BO3MOXKHOCTH C

BBIBOJIOM. [10TyueHHBI OTBET ClIeyeT MPOBEPUTH CIOCOOAMU, BBHITEKAIOIIUMH U3 CyIIe-



CTBa JaHHOU 3a1aun. [Tosme3Ho Takxke (ecii BO3MOXKHO) pelIaTh HECKOIBKUMHU CITOCOOaMU

N CPAaBHUTD ITOJTYUYCHHBIC PC3YJIbTATHI. Pemenue 3a1a49 JaHHOTI'O TUIIa HYKHO ITPOAOJIZKATH

a0 HpI/IO6p€TCHI/IH TBCPAbIX HABBIKOB B UX PCIICHHMH.

3 CamocTosiTeJIbHOE H3yYeHne TeMbl. KoHcmekT

KoncnekT —Hanbosee copepiieHHas U Haubosee cioxHas Gopma 3anucu. CioBo
«KOHCIIEKT» TPOUCXOAUT OT JATHHCKOTO «CONSPECtUS», 9To 03HAYaeT «0030p, U3IIOKe-
HHE». B mpaBubHO COCTaBICHHOM KOHCIIEKTE OOBITHO BBIZIEJICHO CAMOE OCHOBHOE B M3Y-
4aeMOM TEKCTE€, COCPEIOTOUEHO BHUMaHUE Ha HamboJiee CyIeCTBEHHOM, B KPAaTKUX U
4eTKHX (popMynHpoBKax 000O0IEHBI BaXKHBIC TCOPETHICCKHUE MTOJI0KCHHUSI.

KoHcnekT mpeacTaBiseT co00i OTHOCHUTEIBHO MOAPOOHOE, ITOCISIOBATEIIBHOE U3~
JI0’KEHHE COIepKaHUS TpoUnTaHHOTO. Ha IepBBIX mopax menecoo0pa3Ho B 3aUCIX OJIH-
JKE JIepKAThCSA TEKCTy, IMPUOETas 3a9acTyi0 K MPsSIMOMY IUTHPOBAHMIO aBTOpa. B maib-
HEHIIeM, 110 Mepe BEIPaOOTKH HaBBIKOB KOHCIIEKTHPOBAHMS, 3aIIUCH OyIyT HOCHTH OoJiee
CBOOO/IHBIN U CXKaTHIN XapakTep.

KoncnekT kHur 00pI4HO BeAieTCs B TeTpaau. B caMom Hadasie KOHCIIEKTa yKa3biBa-
eTcst aMUIIis aBTOPA, MOJIHOE Ha3BaHUE TPOU3BEICHUS, U3AATEIbCTBO, TOJ U MECTO U3-
nanus. [Tpu nutTupoBaHuy 00s3aTeNIbHAS CChUTKAa HA CTpaHuIly KHurd. Eciou nurara B3sita
13 COOpaHUs COYMHEHUM, TO HEOOXOIMMO yKa3aTh COOTBETCTBYIONIMM ToM. ClieIyeT MoM-
HUTB, YTO YETKas CChUIKA Ha HCTOYHUK — HETIPEMEHHOE MPaBUJIO KOHCTIEKTHUpoBaHus. Ec-
JIM KOHCIIEKTHPYETCSI CTaThs, TO YKa3bIBAeTCs, IIe M KOTJa OHa ObLTa HaleJaraHa.

KoHcnekT moapasnmensercs Ha 9acTH B COOTBETCBTHHU C 3apaHee MPOTyMaHHBIM
nianoM. [IyHKTHI IJIaHa 3aMUCHIBAIOTCS B TEKCTE WJIM Ha MOJIAX KOHcmekTa. [lucaTs ero
PEKOMEHIYETCS YeTKO 1 pa300pUnBoO, Tak KaKk HEOpEKHAs 3aIMUCh ¢ TCUYCHUEM BPEMEHH
CTAaHOBUTHCSA MAIOTIOHATHOM 171 ee aBTopa. CyIecTByeT MpaBuUilo: KOHCTIEKT, COCTaBJICH-
HBIN 1715 ce0s1, TOJHKEH OBITH M0 BO3MOYKHOCTH HAITMCAH TaK, YTOOBI €0 JIETKO MPOYnTal U
KTO-JINOO APYTOM.

DopMBI KOHCITEKTa MOTYT OBITh pa3HBIMHU M 3aBHCST OT €TO0 IICJICBOTO Ha3HAUCHUS
(M3ydyeHHe MaTepraia B IEJI0M HIIH 101 OIIPEICIICHHBIM YTJIOM 3pEHHS, IIOJITOTOBKA K JI0-

KJIaJly, BBICTYIJICHUIO Ha 3aHSATHUH U T.J.), @ TaKXKe OT XapakTepa Mpou3BeAeHus (MOHO-



rpadusi, CTaThs, JIOKYMEHT U T.11.). Eciu peub uzmer npocto 00 U3I0KEHUHN COACPKAHUS
PpaboThI, TEKCT KOHCTIEKTAa MOKET OBITH CIIJIOIIHBIM, C BBIJICJICHHEM 0CO00 BaXKHBIX IOJIO-
KEHUH MOTYSPKUBAHUEM WUJIM PA3IMYHBIMU 3HAUYKaAMH.

B ciyuae, korma He orpaHUYMBAIOTCS ITEPETIOKEHUEM COJIep KaHusl, a QUKCUPYIOT B
KOHCIIEKTE i CBOM COOCTBEHHBIE CY)KICHUS 110 JAHHOMY BOIIPOCY WUJIM JTOTIOJIHSIFOT KOH-
CIEKT COOTBETCTBYIOIIUMH MaTepUATAMH UX JJPYTUX UCTOYHUKOB, CIIEIYET OTBOJAUTH Me-
CTO JJIs1 TAKOTO poja 3anuceid. PexoMennyeTcs pa3ieiuTs CTpaHULIbl TETPAIH IOTOJIAM IO
BEPTUKAJIM U B JIEBOI 4YaCTH BECTU KOHCIIEKT MPOU3BEJICHHUS], a B IPABOIl CBOU JOIOIHU-
TEJIbHBIC 3aMUCH, COBMENIAs UX MO COACPKAHUIO.

KoHncnektupoBanue B 00:1bI11€H Mepe, YeM IpyTHe BUbBI 3aMKCEl, TOMOTaeT BhIpa-
0aThIBATh HABBIKU TPABUJIBHOTO U3JI0KEHUS B TUCbMEHHOU (hOpMe Ba)KHBIE TEOpETUYE-
CKHX U TPAKTUUYECKUX BOITPOCOB, YMEHHE YETKO UX (POPMYIIMPOBATH U SICHO U3JIaraTh CBO-
MU CIIOBaAMH.

Takum o0pa3om, coCcTaBJI€HHE KOHCIIEKTa TPeOyeT BIlyMUUBOM pabOThI, 3aTpaThl
BPEMEHU U TPYya. 3aTO BO BPEMs KOHCIIEKTUPOBAHKS TPUOOPETAIOTCS 3HAHUS, CO3/ACTCs
dboH I 3amrcei.

KoHcnekT MoXkeT ObITh TEKCTYabHBIM WJIM TEMaTUYECKUM. B TeKCTyallbHOM KOH-
CIIEKTE COXPaHSETCS JIOTUKA U CTPYKTYpa U3y4aeMOTo IPOU3BEICHUS, a 3aITUCh BEJETCA B
COOTBETCTBUHU C PACTOJIOKEHUEM MaTepHuasa B KHUTE. 3a OCHOBY TEMaTUYE€CKOTO KOH-
CIleKTa OepeTcs He MIaH MPOU3BEICHNS, a COIepKaHN e KaKOH-TMO0 TEMbI MU IIPOOJIEMBI.

TekcTyanbHbIM KOHCIIEKT JKeJIaTeIbHO HAYMHATH ITOCJIE TOT0, KaK BCSI KHUTA MPOYH-
TaHa W MPOJAyMaHa, HO 3TO, K COXKaJCHHWIO, HE BCErJa BO3MOXKHO. B mepByto ouepenb
HEO0OXOJMMO COCTaBUThH IJIaH MPOU3BEICHUS TMCbMEHHO UJIA MBICICHHO, TOCKOJIBKY B
COOTBETCTBHHU C 3TUM ILJIAHOM CTPOUTCA JalibHeas pabota. KoHcnekT BkitoyaeT B ceost
TE3HChI, KOTOPBIE COCTABIISIOT €10 OCHOBY. Ho, B OT/i4Me OT T€3UCOB, KOHCIIEKT CO/AEp-
KHUT KPATKYIO 32U Ch HE TOJIBKO BBIBOJIOB, HO U JIOKA3aTEIbCTB, BIJIOTh 10 (DAKTUUECKOTO
MmaTepuaia. lHaue roBops, KOHCIEKT — 3TO paCUIUPEHHBIE TE3UCHI, TOTIOJHEHHBIE pac-
CY>KICHUSIMU U JI0KA3aTEIbCTBAMH, MBICIISIMA M COOOPaKEHUSIMU COCTABUTENSL 3aIUCH.

Kak mpaBuii0, KOHCIEKT BKJIIOYAET B c€0s1 M BBIITUCKU, HO B HETO MOTYT BOWUTH OT-
JICJIbHBIC MECTA, IIUTUPYEMBIE IOCIIOBHO, & TaKXKe (PaKThl, MPUMEPHI, ITU(PHI, TAOIHUIIHI 1

CXCMbI, B3ATBHIC U3 KHUTI'U. CJ'IGJIy@T IIOMHUTB, UYTO pa60Ta HaJd KOHCIICKTOM TOJIBKO TOraa



OyJeT TBOpUYECKOM, KOT/1a OHA HE OTPaHMYeHa TEKCTOM M3y4yaeMoro npousseaeHus. Hyx-
HO JIOTIOJIHSITh KOHCIIEKT JaHHBIMH U3 JPYTUMH UCTOYHUKOB.

B koHCIIekTe HE0OX0AUMO BBIACISTH OTAEIbHBIE MECTA TEKCTA B 3aBUCUMOCTH OT
MX 3HAUUMOCTH. MOXKHO M0JIb30BAThCSI PA3JIMYHBIMU CIIOCOOAMU: MO TYEPKUBAHUSAMU, BO-
MPOCUTEIBHBIMU U BOCKJIUIIATEIIbHBIMU 3HAKAMU, PETIMKaMHU, KPATKUMHU OLICHKaMU, MH-
CaTh HA MOJISIX CBOUX KOHCIIEKTOB CJIOBA: « BA’KHOY», « OUEHBb BAXKHO», « BEPHOY, «XaAPAKTEP-
HOY.

B KOHCHEKT MOTYT HOMEIATHCS TUarpaMMbl, CXeMBbI, TAOJIUIIbl, KOTOPBIE MPUAATYT
€My HaIlIAIHOCTb.

CocTaBlEHNIO TEMAaTUYECKOIO KOHCIIEKTA MPEAIIECTBYET THIATEIbHOE U3YUYECHHUE
BCE InTepaTypbl, M0J00paHHOM ISl pACKPBITHS JaHHOU TeMbl. bpiBaeT, uyTo Kakas-inu0o
TE€Ma PacCMaTPUBACTCS B HECKOJIBKUX IT1aBAX UJIM B PA3HBIX MECTaX KHUTU. A B KOHCIIEKTE
BECh MaTepuaj, OTHOCSIIUICS K TeMe, OyIeT COCPEIOTOUEH B OJTHOM MecTe. B miiane KoH-
CIIEKTa PEKOMEHyEeTCs JenaTh MOMETKHU, K KaKUM UCTOYHUKaM (BIUJIOTh 10 CTPAHUIIbI)
MPUJIETCS 00PATUTHCA JUIsl PACKPBITHUS BOPOCOB. T eMaTnuecKkuii KOHCIEKT COCTaBIISIETCS
OOBIYHO AJIs1 TOTO, YTOOBI IITy0>kKe M3YUUTh ONIPEICIICHHBIA BOIIPOC, MOJATOTOBUTHCS K JI0-
KJIaay, JICKIIUU UM BBICTYIUIEHUIO HA CEMUHAPCKOM 3aHATHH. T akoi KOHCIIEKT IO COAEP-
YKaHWIO IPUONIMKaeTCs K pedepaTy, ToKIaay 1o u30paHHOU TeME, OCOOSHHO €CTA BKITIO-

YaeT U COOCTBEHHBIN BKJIA]] B U3YyUCHHE MPOOJIEMBI.

4 TloaAroTOBKA K IK3aMeHYy

DK3aMeHAIIMOHHAs CECCHUS — OYSHbB TSHKEIIIN epuo]] paboThl ISl CTYIEHTOB U OT-
BETCTBEHHBIN TPy I IIperoaaBaresei. [ maBHas 3a1aya 5K3aMEHOB — IIPOBEPKA Kade-
CTBa YCBOEHMS COJICPKAHUS TUCLUATIIINHBI.

Ha ocHoBe Takoil mpoBepKu OlleHNBaeTCA yueOHas paboTa He TOJIBKO CTYJCHTOB, HO
Y TIIPEnoiaBareseii: o pe3ybTaTaM 3K3aMEHOB MOKHO CYJIUTh U O KA4ECTBE BCEro y4eo-
HOro nporecca. [Ipu moaroTtoBke K 3K3aMeHy CTYAEHTHI IOBTOPSIOT MaTepUal KypCcoB,
KOTOPBIE OHU CITYIIANM U U3y4YaJld B TEUEHUE CEMECTpPa, 0000IIaI0T MOJIyYEHHbIC 3HAHMUS,
BBIJICJISIIOT [NIABHOE B TPEAMETE, BOCTIPOU3BOIAT OOIILYI0 KAPTUHY JJI TOTO, YTOOBI SICHEE
MOHSATH CBSI3b MEXKIY OTJEIbHBIMU 3JIEMEHTAMH U CLUTIINHBIL.

[Ipy MOAroTOBKE K DK3aMEHaM OCHOBHOE HAIPaBJICHUE AT MPOrpaMMbI Kypca U

KOHCIIEKT, KOTOpPbIE YKa3bIBAIOT, YTO B Kypce HamOosiee BakHO. OCHOBHOW MaTepual



JIOJIKEH MPOopabaThIBATHCS MO YYEOHHUKY, TOCKOJIbKY KOHCIIEKTa HEAOCTATOYHO IS U3Y-
YEHU I IUCIIUTUINHBL. Y YeOHUK JTOJKEH ObITh MpOopabOTaH B TEYEHUE CEMECTpPA, a MEpe
HK3aMEHOM BaXKHO COCPEIOTOUUTh BHUMAaHUE HAa OCHOBHBIX, Han0OOJIee CI0XKHBIX pa3jie-
nax. [ToaroToBKy no KkaxaoMy paszeily CileayeT 3aKaHYMBaTh BOCCTAHOBJICHUEM B ITAMSITH
€ro KpaTKoro COJICpKaHUs B JIOTHYECKON MOCIEA0BATEIBHOCTH.

Jlo sk3ameHa OObIYHO MPOBOAMUTCS KOHCYJIbTAIMSI, HO OHA HE MOYKET BO3MECTUTH
OTCYTCTBHS CUCTEMAaTUYECKON pabOThI B TEUEHHE CEMECTPA U IOMOYb 32 HECKOJIBKO YacOB
OCBOMTH MaTepuai, TpeOyrouuiics K 3k3ameHy. Ha KoHCynbTalluu CTYJEHT MOJIy4aeT
JIMILIb OTBETHI HA TPYAHBIEC UIIM OCTABIIMECS HEACHBIMU BOIIPOCH!. [losb3a OT KOHCYIIbTa-
uu OyAET TOJIBKO B TOM CIIy4ae, €Ciu CTYJIEHT 10 Hee mpopaboTaeT Bech MaTepuan. Hano
YUHUTHCS 33/1aBaTh BOMPOCHI, BHIPA0ATHIBATH MPUBBIUKY IMOJB30BATHCS CIIPABOYHUKAMH,
SHUMKJIONEIUSIMHU, a HE ObITh Ha MKIIMBEHUH y MPETIOaBaTeNel, KOTOPbIA HEe BCETAa MO-
KET TYT e, «C XOJIy» Ha3BaTh Kakoh-11oo (paxt, ums, coObiTre. Ha sx3aMeHe HYKHO T0-
Ka3aTh HE TOJIBKO 3HAHUE MTPEIMETA, HO U YMEHHUE JIOTUUECKH CBS3HO MMOCTPOUTH YCTHBIN
OTBET.

[ToyunB OuieT, HaIO0 BIyMaThCs B TOCTABJICHHBIE BOMIPOCHI JIJIsi TOTO, YTOOBI Mpa-
BUJIBHO MMOHATH UX. HEpEAKO CTYIEHT OTBEYAET HE HA TOT BOIIPOC, KOTOPBIN MOCTABJIEH,
WJIU B IPOCTOM BONPOCE ULIET CKPHITOro cMbiciia. He moHsiB Boripoca u He 00AyMaB IjiaH
OTBETA, HE CIIEAYET HAUMHATh McaTh. KOHCIIEKT CBOETO OTBETA HAZ0 PacCMAaTPUBATh KAK
IJIaH KPaTKOro cOOOIIeHUs Ha JaHHYIO TEMY U COCTAaBJISATh OTBET HYKHO Kpatko. [lpu
3TOM HEOOXOAMMO MOKa3aTh YMEHUE BhIPAXaTh MbICIb YETKO U JTOXOYHUBO.

OTBeuaTh HY>)KHO CITOKOWMHO, YETKO, MPOAYMaHHO, 0€3 TOPOIIIIMBOCTH, TPUIEPKHUBA-
ACh 3aIIMCU CBOETo oTBeTa. Ha 3k3aMeHax CTyA€HT MOKa3bIBAET HE TOJBKO CBOM 3HAHUS,
HO M YYUTCS BlIaZeTh co0oii. [locne oTBeTa Ha OMIeT MOTYT CJIeI0BATh BOMPOCHI, KOTOPBIE
MMEIOT 1[EJIbI0 BBISICHUTH MTOHUMAHHE IPYTUX PA3AeNoB Kypca, HE BOIICANINX B OUJIET.
Kak mpaBuiio, Ha HUX MOYKHO OTBETUTbh KPAaTKO, TOCTATOYHO ITOKA3aTh 3HAHUE CYTH BO-
npoca. YacTto CTyIE€HTHI IPU OTBETE HA IOMIOJHUTEIBHBIE BOIPOCHI MPOSBIISIOT MOCIIEII-
HOCTB: HE IOHSB CMBICJIA TOTO, YTO Y HUX CIIPAIIMBAIOT, HAUMHAKOT OTBEYATh U HEPEIAKO
TOBOPSAT HE IO CYTH.

CrnenyeT HOMHUTb, UYTO HEOOXOAUMBIM YCIOBUEM MPABUIBLHOTO pEeXUMa padOTHI B

Iepuona BKBaMeHaHHOHHOfI CCCCHUU ABJIAACTCA HOpMEU'IBHBIfI COH, ITIO3TOMY ITOATOTOBKA K K-



3aMeHaM He JI0JDKHA ObITh B yHIEpO CHY. Y CTaHOBJIEHO, YTO CHJIBHOE SMOLIMOHAIBHOE
HalnpspKEHUE BO BPEMs 9K3aMEHOB HEOJaronpusTHO OTpakaeTcsl Ha HEPBHOW CUCTEME U
MHOTHE CTYACHTHI U3-32 BOJHEHU I HE CIISIT HOUM Tepe]l Sk3ameHaMu. OOBIYHO B CECCHIO0
CTYJIEHTY He 70 O0JIE3HHU, TaK KaK BECb OpraHn3M 03a004€H OJHUM - CAATh 3k3aMeHbL. Ho
JTO €11I€ HE 3HAYUT, YTO MTOCIJIEACTBUS HENPABUJILHO OPTAaHU30BAHHOIO TPYJIa U 4Ype3Mep-
HOW 3aHSTOCTH HE CKaXyTCsa NOTOM. [103TOMY KaXblil CTY I€HT TOMHUTBH O BAXKHOCTH pa-
MOHAJILHOIO paciopska paboyero JHs U O CBOEBPEMEHHOCTH CHATHS MJIM YMEHbILICHUS

YMCTBCHHOI'O HAIIPAKCHU .

CHI/ICOKJII/ITepaTypbl N pecypcoB l/IH(l)OpMaIII/IOHHO-TeJIeKOMMyHI/IKalII/IOHHOﬁ ceTn
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