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VYcnoBus 1 TOPSAAOK BBITTOJIHEHUS paOOThI:

1 V3yuuTh METOAMYECKHE PEKOMEH AU 110 BBHIOJIHEHUIO MPAKTUYECKUX 3a-
HATUM.

2 OTBeTUTH Ha MepeueHb BOMPOCOB, HEOOXOIUMBIX /JIsl BBIMOJIHEHUS 3a/1aHUH.

3 UByuuTh copepkaHue 3aJlaHuii U MPUCTYNHUTH K BHITIOJHEHUIO.

4 KoHCYNbTallMIO MO BHITIOJIHEHUIO pa0OThI MOJIYYUTh Y IPENO/IaBaTelIs.

5 PaboTa ouieHuBaeTcs B 1IEJIOM, 10 UTOTAM BBITIOJIHEHUSI PaOOTHI BHICTABIISICT-
Cs OLICHKA.

3amuTa TPOBOAUTCS MyTeM HHAMBHUIYaTbHON Oeceapl WM BBITIOJHEHHS 3a-
YETHOTO 3aJaHUsl.

[Tpouecc BBINOIHEHUS MPAKTUUECKUX 3aJaHUIl HampaBieH Ha (GOPMUPOBAHUE
komneTeHnu [IK-1 — CiocoGeH ocyiiecTBIsATh TpoBeeHHe padboT 1Mo o0paboTKe U

aHaJlM3y HAyYHO-TEXHUUECKON MH(POPMAIIMU U PE3yIbTaTOB UCCIIECTOBAHUI



1 TIlpaktuyeckoe 3ansaTue Nel. Kiuaaccudpukanusi 3HaHWMIA.

HccnenoBanue npeaMeTHon 001acTu

Heab 3aHATHA: U3YYUTH 33JaHHYIO MPEAMETHYIO 00JIaCTh U MOCTPOUTH MO-
7IeNh 3HAHUH B BUJIE Tpada.

Kparkue Teopernueckue cBeieHUs

OcHOBHas 1Ie7b MPEICTABICHNS 3HAHUN B MHTEIUICKTyaIbHOW MH(OPMAIIUOH-
HOI CMCTEME COCTOUT B OpPraHU3alu €€ B TaKoi opme, YTOObI ObLIT BO3MOKEH JIeT-
KU JIOCTYN K 3HaHUAM Il 3((PEKTUBHOTO MPHUHATHS PEIICHHUM, pacro3HaBAHUS
00BEKTOB U CUTYaIlUH, BBIBOJIA 3AKITIOYCHUHN U MPOYNX KOTHUTUBHBIX (DYHKIIHM.

CemaHTHUECKasl CETh B CAMOM OOIIEM CIIy4ae MPEJICTABIsAET COOOW OPUEHTH-
POBaHHBIN rpad, BEPIIMHAMH KOTOPOTO SIBJISIIOTCS 00OOIICHHBIC MTOHSATHUS, COOBITHS,
CBOMCTBa OOBEKTOB WJIM JIeWCcTBUA. Bepimnbl rpada coequHsI0TCs Ayrou, eciu co-
OTBETCTBYIOIIUE WH(POPMAIIMOHHBIE €TUHUIIBI HAXOAATCA B KAKOM-JIMOO B3aUMO/IEH-
cTBuU. [yru, Takum oOpa3oM, XapaKTepU3yIOT OTHOIICHUS, CBSI3U MEXIy OOBbeKTa-
MU, SBJICHUSIMH.

B ocHOBe ceMaHTHMYECKUX MOJENEHN MPEICTABICHUS 3HAHUM JIE)KUT KOHCTPYK-
[IMs1, HA3BaHHASl CEMAHTUYECKOUN ceThi0. CEMAHTUUYECKUN NTOAX0]I TPUMEHSIETCS B CH-
CTeMax pAaclO3HaBAHUS €CTECTBEHHOIO S3bIKa, B PA3JIMYHBIX MPEAMETHO-
OPUEHTUPOBAHHBIX HCCIIEA0BATEIBCKUX CUCTEMAX, B BOIPOCHO-OTBETHBIX CUCTEMAX.

Boo011ie, TepMUH «ceMaHTHUYECKas» O3HAYAET «CMBICIOBAs, BEJlb CEMAHTHKA
— HayKa, KOTOpasi yCTaHaBJIMBAET OTHOIICHUS MEXy 00beKTaMU U 0003HAYAIOIITUIMHU
UX CHMBOJIAMH, T.€. ONPEICIISIONIasi CMbICJIOBOE 3HaUCHKE 3HAKOB [1].

B ceMaHTHUYECKOM CeTU TYTH MOXKHO ONPEACIIUTh PA3IMYHBIMU METOJIaMH, BbI-
00p KOHKPETHOTO0 METO/a 3aBHCHT OT BHJIa MPEJCTaBIsIeMbIX 3HaHHWM. YacTo myru,
WCMOJIb3YEMbIE I MPEICTABICHUS UEPAPXUH, BKIIFOYAIOT AYTHU TUMA «MHOXKECTBOY,
«MOJIMHOYKECTBO», «3JIEMEHT». EClIn CeMaHTHUYECKasi CETh NMPUMEHSETCA B KaYECTBE
MOJIEIU MPEACTABIICHNUS] 3HAHUM MPU ONMKHCAHUU €CTECTBEHHBIX SI3BIKOB (II€PEBOIUU-

KI/I), HCIIOJIB3YIOT AYI'H THUIIA <<O6’b€KT)>, «arcHT™», NJinl «PCUUuITMCHT.
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[ToHsATHSAMU B CEMAaHTUYECKON CETH MOTYT BBICTYIaTh OOBEKTHI (a0CTPaKTHBIC
WM KOHKPETHBIC), & OTHOUICHUSMU — CBSI3U HAIOAO0HUE «ATO» («is»), «MMEeT Ya-
cTeio» («has party), «npuHamekuT». YToOBI ceTh ABISLIACH CEMAaHTUUECKOM, 00s13a-
TEJIbHO MPUCYTCTBUE TPEX THUIIOB OTHOILICHHI: «CBOMCTBO — 3HAYEHUE», «KJIACC —
AJIIEMEHT KJlaccay, «IPUMEp AJIEMEHTa Kiaccay.

OCHOBHBIE XapaKTEPUCTUKU CEMAHTHUYECKUX CETEe Kak MOJEeNel mpeacTaBie-
HUS 3HAHUM:

— 00BEKTHI OMHICAHbl HA ECTECTBEHHOM $I3bIKE;

— BCE€ 3HAHMS HAKOILJICHBI B OTHOCUTEIBHO OJTHOPOJHOU CTPYKTYpE MaMSITH;

— Ha CETAX OMpeJiesieHbl YHU(MUIIMPOBAHHBIE OTHOIIECHUS MEXKIY OOBEKTaMu,
UM COOTBETCTBYIOT YHU(PHUIIUPOBAHHBIE METO/IbI BBIBOJIA;

— METObI BHIBOJIa B COOTBETCTBHUH C 3alIpOCaMU OMNPEACIAIOT YYaCTKU CEMaH-
TUYECKOTO 3HAHUS, UMEIOIIET0 OTHOIIEHUE K MOCTaBIIEHHOHW 3ajauye, hopMyaupys
aKT MMOHMMAaHUS 3a1poca U HEKOTOPYIO LIEMb BBIBOJIOB, COOTBETCTBYIOIINX PEUICHUIO
3a/1ayu.

NmeroTcs pa3nuunblie KiacCupUKAIMN CEMAaHTHUYECKUX CETEH.

[1o KOTMYECTBY TUIIOB OTHOLIEHUN:

— OJIHOPOJIHBIE (B CETU UMEETCS €TMHCTBEHHBIN TUI OTHOIIICHUH);

— HEOJIHOPOJIHBIC (B CETU UMEIOTCS PA3IMYHbIE TUITBI OTHOIIICHUN).

[To TMIaM OTHOLIECHMIA:

— OuHapHbIE (B 3TOM CITy4ae OTHOIIEHUSIMU CBSI3aHBI JIBa O0HEKTA);

— mapHbie (€CTh CIEHUAIbHBIC OTHOIICHHS, KOTOPHIE CBS3BIBAIOT O0Jiee IBYX
TIOHSATHI ).

B cemaHTHUYECKUX CETSAX Yallle BCEro UCHOJb3YIOTCS CIIEIYIONINE OTHOLICHHUS:

— CBSI3M «4aCTh — IIeJI0e» («AJEMEHT — MHOXKECTBO», «KJIacC — MOAKIACCY, U
T.11.);

— KOJIMYECTBEHHBIC ((MEHBIIIEY, «OO0JIBIIEY», «PABHO» U T.II.);

— IPOCTPAHCTBEHHBIE («OJIHU3KO 0T, «JIAJIEKO OT», KHAI», «33», KIOI» U T.IL.);

— (hyHKIIMOHATIEHBIE CBSI3H (OOBIYHO OTMPEACIISIEMbIC TJIAr0JIAMH «ITPOU3BOIUTY,

«BIMSET» U T.I1.);



— BPEMEHHBIE («PaHBIIEY», KIO3XKE», «B TCUCHUE» U T.IL.);

— aTpuOyTUBHBIE CBSI3M («UMETh 3HAYCHUE», KMMETh CBOMCTBOY» U T.I1.);

— JIOTUYECKHUE CBA3U («W», KUIN», «HEM) U JP.

[Ipu pemieHun 3aad B CEMaHTUYECKHX CETSIX MpoOJieMa MOKMCKa pPElIeHUs B
0a3e 3HaHUI CBOAMTCS K 3ajjaue€ HaXOXACHHs (parMeHTa CETH, COOTBETCTBYIOILIETO
HEKOTOPOM MOJICETH, KOTOPasi OTHOCUTCS K IMOCTaBIEHHOMY Bompocy [2].

MeToauueckue ykazanus K padore

JI71st mocTpoeHusl MOJICNM MPEICTABIICHUsI 3HAaHUN B BUjE rpada HEoOX0auMO
MOCJIEA0BATEIBHO BBITTOJHUTE CIEAYIONIUE IIaru:

1 OrnpenenuTs 1eNeBble JEUCTBUS 3a/1a4t (SIBIISIOMIUECS PEIICHUSIMHA).

2 OnpenenuTs NPOMEKYTOUHBIE JEUCTBUS WU LETIOYKY NEUCTBUM, MEXKITY
HayaJbHBIM COCTOSIHUEM U KOHEYHBIM (MEXIY T€M, UTO UMEETCS, U LIEJICBBIM Jeii-
CTBUEM).

3 OnepenuTh yCIOBUS ISl KaXKJI0TO AEHCTBHS, IPU KOTOPOM €ro LEIeco-

00pa3HO ¥ BO3MOKHO BBHITIOJTHUTb.

4 OnpenenuTs MOPsAI0K BBITIOTHEHUS TCUCTBUM.
5 Jo0aBUTH KOHKPETHBIE (PAKTHI, UCXOA U3 CHOPMYITUPOBAHHOMN 3a/1a4u.
6 [IpeoOpazoBarh MOTYyYEHHBIN TMOPSIIOK NEUCTBUI UM COOTBETCTBYIOIIHE

UM (DaKThI, YCIOBUSI U ICUCTBUSI.

7 JIns TpoOBEpKH MPABUIBHOCTH MOCTPOEHUSI 3aMUCATh ILEMOYKH, SIBHO
MPOCIIEANB CBSI3U MKy HUMU. [1o100HBINH HAOOp IIaroB MPEAroaraeT JBHKCHHE
MIPY TTIOCTPOECHUHU MOJIEJIM OT PE3yJbTaTa K Ha4aJIbHOMY COCTOSIHUIO, HO BO3MOKHO U

JBIDKEHHUE OT HAYaJIbHOTO COCTOSIHUS K pe3yJibrary (maru 1 u 2).

8 [TpucBouts 0603HaueHus hakram O, npapunam I1, geiictBusm 1.
9 [ToctpouTts rpad npeamMeTHOI 00acTH.
Ipumep

[TocTpouTh MOACHH MPENCTABICHUS 3HAHUU B MpeaMETHOM oOmactu «Pecrto-
paH» (ToceIIeHue pecTopaHa).
J{ns mocTpoeHusi MOJENW MPEACTABICHUS 3HAHUKW HEOOXOJMMO BBIOJIHUTH

CIICAYIOIIME IIIaru:



1 Onpenenuts 1e1€BbIE ACUCTBUS 3a/1a4u (SIBJISIOUIMECS PEIICHUSIMU).

2 Onpenenuth NPOMEXKYTOUYHBIE JCUCTBUS WM LIEMOYKY JEUCTBUN, MEKITY
HAaYaJIbHBIM COCTOSTHUEM M KOHEUYHBIM (MEXIY TeM, YTO MUMEETCs, U IIEJIEBbIM JeH-
CTBHUEM).

3 OnepeauTsb yCIOBUS JUIsl KXJIOTO JEUCTBUS, MPU KOTOPOM €ro IejIecoo0-
Pa3HO M BO3MOKHO BBINMOJIHUTH. ONpenenuTh OOMIMI MOPSAOK BBITOJIHEHUS -
CTBUH.

4 J1o0aBUTh KOHKPETUKH MPU HEOOXOAMMOCTH, UCXOJS U3 MOCTABJICHHON 3a-
Ja4u.

5 IIpeoOpa3zoBaTh MOTYyYECHHBIM MOPSAJIOK JACHUCTBUM M COOTBETCTBYIOIIHME UM
YCJIOBHS B POAYKIIHH.

6 Jlns mpoBepKH MPABUIBHOCTH MOCTPOCHHS MPOAYKITUH 3alHucaTh IETIOYKH
MPOAYKIUI, SBHO NPOCIEIUB CBSI3U MEXKIY HUMHU.

OToT HA0Op MIArOB MPEANOJaraeT JBMXKEHUE MPU MOCTPOCHUU MPOTYKIIMOH-
HOM MOJIeTU OT pe3ysibTaTa K Ha4aJlbHOMY COCTOSIHUIO, HO BO3MOYKHO U JIBHXKCHHUE OT
Ha4YaJIbHOTO COCTOSTHUS K pe3ynbTarty (1maru 1 u 2).

PaccmoTpum peliieHre MocTaBiIeHHOM 3a7auu MO0 BCEM MEPEUYUCICHHBIM MYHK-
TaM.

1 O6si3atenbHOE JIEHCTBHE, BHITIOJIHIEMOE B PECTOpPAHAX — IMOTJIOMICHUE TTUIIU
U ee orulata. 3HA4uT, €CTh YK€ JBa LEJEBBIX NEUCTBUS «CHECTh NMHUILY» U «OILJIa-
TUTH», KOTOPBIE B3aUMOCBSI3aHbI U CIEAYIOT APYT 3a IPYTrOM.

2 Ipexae uem 4To-11u00 CheCTh B PECTOPAHE, TY/Ia HYKHO TTPUNTH, JOXKIAThCS
obunMaHTa U crenath 3aka3. Kpome toro, Hy»kHO BbIOpaTh, B KAKOW UMEHHO PECTO-
paH MONTH. 3HAYUT, I[EMOYKa TPOMEKYTOUHBIX ICUCTBHI: «BBIOOP pecTOpaHa U MyTh
Tya», «cIIeTaTh 3aKka3 OQUIIUAHTY.

3 Tlpexxae yem UATH B pECTOpaH, HEOOXOIUMO yOEIUThCS, YTO €CTh HE0OXO-
auMasi cymMMa JieHer. Beioop pectopaHa MOXeT 00yCIaBIMBATHLCS MHOTUMHU MPUYH-
HaMH, BbIOEpEM TepPUTOPUATIBLHBIN MPU3HAK — K KaKOMY OJIMkKe B TOT U uieM. B pas-
HBIX PECTOpaHax pabOTarOT pa3HBIC JIFOAH, TIOSTOMY B 3aBUCHMOCTH OT BhIOOpa pe-

CTOpaHa, OpUIIMaHThI OyAyT pa3HbIE.



Kpome Toro, pazHele pecTopaHbl CIEHHAIA3UPYIOTCS Ha Pa3HbIX KyXHSX, MO-
ATOMY 3aKa3aHHbIC OJt0/1a OyIyT B pa3HBIX pecTOpaHaxX OTJINYAThCs. 3HAUUT BHAYase
UAYT ACUCTBUS, MO3BOJIAIONINE BHIOPATh PECTOPAH, 3aTEM XapaKTEPU3YIOIIHUE PECTO-
paHbI, a y’Ke MoCJe 3aKa3, €/1a U OIUIaTa 3aKasa.

4 Tlycts B 3amade OyayT paccMaTpHUBaThCs JIBa pecTopaHa: «BkycHas ena» u
«Bkycusatunay. [lepBbiil — mabd u 3aka3bl MPUHOCAT OBICTPEE, YEM BO BTOPOM, BTOPOU
— nuuuepusi. B nepsom pabortaer opunmant Cepreii, a Bo BTopoM oduimantka Ma-
puHa. IleTp — 310 KIIMEHT.

5 Bellie onvcaHHOE MOKHO MPeoOpa3oBaTh B CIEIYIOUIUE MPEIJIOKEHUS THIIA
«Ecmm, To»:

Ecnn cyObeKT X04eT ecTb U y CyOBbeKTa €CTh JIOCTaTO4YHas CyMMa JIEHEr, TO
CyOBEKT MOXET IOWTH B PECTOPAH.

Ecnu cyObekT O6nmxke Kk pecropany «BkycHas ena», yem k pecropany «Bxkyc-
HATUHA», U CYOBEKT MOKET IIOWTU B PECTOpPaH, TO CyOBEKT UJIET B pecTopaH «Bkyc-
Has e1a».

Ecnu cyObekT 6mmke K pectopany «BkycHATHHAY, 4eM K pecTopany «BkycHas
efa», U CyObEeKT MOKET MOWTU B PECTOPaH, TO CYOBEKT UAET B pecTopaH «BKyCHSTH-
Hay.

Ecnu cyOwbekT uget B pecropad «BKycHATHHA», U B pecTopane « BkycHATUHA»
paboTtaeT opuinnant Mapuna, T0 y cyObeKkTa MpuHUMaeET 3aka3 MapuHa.

Ecnu cyonekT unet B pectopan «BkycHast ena», u B pectopane «BkycHas ena»
pabotaet odunuant Cepreii, To y cyobekTa mpuHuMaeT 3aka3 Ceprei.

Ecnu cyObekT BpiOpan 0011, 1y cyObeKTa NpuHUMaeT 3aka3 MapuHa, To 3a-
Ka3 nIpuHeCyT yepe3 20 MuH.

Ecnu cyOnekT BeiOpan Otoa, U y cyObekTa npuHuMaeT 3aka3z Ceprei, To 3a-
Ka3 npuHecyT yepe3 10 muH.

Ecnu 3aka3 npunecyt uepe3 20 MUH. WM 3aka3 npuHecyT uepe3 10 MuH., TO
CyOBEKT MOXKET €CTh.

Ecnu cyOBeKT MOXKET eCcTh, TO MOCIIE €bl CYOBEKT 0053aH OIIaTUTh 3aKa3.

Brenem o603nauenust ais pakros (D), aeiicteuii (1) u mponykmuit (IT), Toraa:
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CyOwext = Iletp;

®1= cyOBEKT XOUET eCTh;

®2=y cyObeKTa ecTh I0CTaTOYHAsi CyMMa JICHET;

®3= cyOnekT 6nmxe K pecropany «BkycHas efga», ueM K «BKycHSATHHAY;

®4=g pecropane «BkycHsiTuHa» paboTaeT opunantT MapuHa;

®5=8 pecropane «BkycHas ega» paboraer opunmant Cepreii;

®6= cyOnekT BbIOpan 6moaa;

JI1= cyOBEeKT MOXET MOUTU B PECTOPAH;

J12=cyObeKT uner B pectopan «BKycHas efiay;

J13=cyObeKT uner B pectopan « BKycHATHHA»;

J14=y cyObekTa npuHUMaeT 3aKka3 MapuHa;

J15=y cyObekTa npuHumaet 3aka3 Ceprei;

J16=3aka3 nmpuHecyT uepe3 20 MUH.

J7=3aka3 npunecyt uepe3 10 muH.

JI8=mocne eapl CyOBEKT NOHKEH OTUIATUTh 3aKas3.

JI71st IpOIyKIIMK YCTAaHOBUM MPUOPUTET (B CKOOKAX Iepe 3arsTon, YeM BBIIIEe
MPUOPUTET, YEM PaHbLIE MPOBEPSAETCS MPABUJIO).

[11(4 , ®1 u ©2)= /11,

[12(5, ®3 u A1)= 12;

[13(4 , ne ®3 u {1)=13;

143 , 13 u ®4)= J14;

[15(3 , A2 u ®5)= /15;

[16(2 , 14)= 16;

72, A5)= A7,

I18(1 , 46 wim 17)= 18;

6 Jlnst oToOpaXkeHHs B3aMMOCBSI3U MPOIYKIIHA ocTpouM rpad (pucyHok 1).
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Pucynox 1 — I'pad monenu 3nanuit

3amanue

BrBIMOIHUTE 3a1aHUS COTJIACHO YKa3aHHOMY BapHUAaHTY.

1 BapuaHT: IOCTPOUTH MOJIENb MPEACTABICHUS 3HAHUN B MIPEAMETHON 001a-

ctu «Kenesnas gopora» (rmpojaaxa OUIETOB).

2 BapuaHT: mOCTpOUTHh MOJCIb TIPE/ICTABIICHUS 3HAHUN B MPEIMETHOM 00a-

ctu «ToproBelit IeHTP» (OpraHU3aIus).

3 BapuaHT: mocTpouTh MOJCIH NIPEICTABICHUS 3HAHUNA B MPEIMETHOM 00a-

CTH «ABTO3amnpaBka» (0OCITYKUBAHHE KIIMEHTOB).

4 BapuaHT: TOCTPOUTH MOENb NIPEICTABICHUS 3HAHUI B MPEIMETHOM 00a-

ctu «KoMmrmbroTepHsie ceTuy» (opraHu3aiiys).

5 BapuaHT: nocTpouTh MOJEIb NPE/ICTABICHUS 3HAHUN B MPEIMETHON 00a-

CTH «YHUBepcUTeT» (yueOHBIN MPOIECC).

12



6 BapuaHt: mocTpoUTh MOJETH MPEACTABICHNS 3HAHUI B MPEAMETHON 00-
nactu «KommbroTepHas 6€301macHOCTHY (CpEICTBA U CITOCOOBI €€ 0OCCIICUCHMS ).

7 BapuaHT: NOCTpOUTHh MOJEIIb NIPE/ICTABIICHUS 3HAHUI B MPEIMETHOM 00a-
ctu «KommbroTepHas 6€301macHOCTEY (YTPO3BI).

8 BapuaHT: nocTpouTh MOJEIb NPE/ICTABIICHUS 3HAHUN B MPEIMETHOM 00a-
ctu «uTepHeTkade» (opraHuzaiys U 00CTy>KUBaHUE).

9 BapuaHT: TOCTPOUTH MOJIEIb MPEACTABICHUS 3HAHUN B MIPEIMETHOM 001a-
ctu «Pa3paboTka MH)OPMALIMOHHBIX CUCTEMY (BEACHHE MHPOPMALMIOHHOTO MPOEK-
Ta).

10 BapuaHT: mOCTpOHUTH MOJIEh MPEICTABICHNS 3HAHUH B IPEIMETHON 00I1a-
cti « TypucTrueckoe areHTCTBO» (paboTa C KIMEHTaMu).

11 BapuaHT: NOCTPOUTH MOJIEb NMPEACTABICHUS 3HAHUN B MIPEAMETHOU 001a-
cti «KyXHsD» (IpUrOTOBIIEHNE TTUILIN).

12 BapuaHT: mOCTpOUTH MOJIEb NIPEICTABICHNS 3HAaHUN B PEIMETHON 00J1a-
ctu «bonbHULIa» (TpUeM OOJIbHBIX).

13 BapuaHT: MOCTPOUTH MOJIETb MPEJCTABICHUS 3HAHUHN B MIPEAMETHON 00J1a-
cti «KuHonpokat» (aCCOPTUMEHT U paboTa ¢ KIMEHTAMH).

14 BapuaHT: MOCTPOUTH MOJIETb MPEJCTABICHUS 3HAHUN B MIPEAMETHON 00J1a-
ctu «IIpokat aBromMoOmMIIEN» (aCCOPTUMEHT U paboTa ¢ KIIMEHTaMH).

15 BapuaHT: NOCTPOUTH MOJIENb MPEACTABICHUS 3HAHUN B MIPEAMETHON 00J1a-
ctu «OnepanuoHHbIe CUCTEMBD ((PYHKITMOHUPOBAHHUE).

16 BapuaHT: MOCTpPOUTH MOJIENb MPEACTABICHUS 3HAHUN B MIPEAMETHON 00J1a-
ctu «HpopMalimoHHbIE CUCTEMBI (BUABI U (PYHKIIMOHUPOBAHHUE).

17 BapuaHT: MOCTPOUTH MOJIECTh MPEJCTABICHUS 3HAHUN B MPEAMETHOM 00a-
ctu «IIpeanpusitue» (CTpyKTypa U PyHKIIMOHUPOBAHKE).

KoHTposbHBIE BONIPOCHI U 32 JaHUS

1 YUto Takoe ceMaHTUYeCKasl CETh?

2 YUTO MOXKET BBICTYIATh MOHSATUEM B CEMAHTUUYECKOU CeTU?

3 Ilepeuncnure OCHOBHBIE XapaKTEPUCTUKNA CEMAHTHUYECKHUX CETEH.

4 HCpC‘H/ICHI/ITC 9Tallbl IIOCTPOCHUA CEMAHTHUYECKOM CETH.
13



2 TlpakTuyeckoe 3anaTue Ne2. BoifiBjieHHe 3HAHWH B cHCTEMAaX
HCKYCCTBEHHOro wuHTesiekTa. Hederkasi Jioruka. d®@opmmupoBaHue
(GyHKUMH NPHUHANIEKHOCTH B mnporpammHoii cpexe Fuzzy Logic

Toolbox

Heab 3aHATHS: 03HAKOMUTCS CO CIIOCOOAMU U CPEICTBAMHU ONKUCAHUS HEUET-
KHX MHOXECTB M MPOAYKIIMI B CHCTEME HEUYETKOTO BHIBOJA B MHTEPAKTUBHOM pe-
KMME HCIIOJIb30BaHMs Tpaduueckux cpeacTB makera Fuzzy Logic Toolbox (B co-
craee MATLAB R2008b).

KpaTkne TeopeTuyeckue cBeieHUs

Jlnst paccMOTpeHus: pe3yIbTaTOB pa3pa0bOTKU U (PYHKIIMOHUPOBAHHS CHUCTEM
HEYETKOM JIOTMKK OyJIeM MCIOJIb30BaTh rpaduueckue cpeacrtna nakera Fuzzy Logic
Toolbox. DTH e cpeacTBa UCHOIB3YIOTCS U NMPU pa3pabOTKE CUCTEM HEUYETKOIO BbI-
BO/a Kak TpaduvecKrii 0ObEKTHO-OPUEHTHPOBAHHBIN SI3BIK aBTOMATHUYECKOTO MPO-
IrPaMMHUPOBAHMUS.

B coctaB 3TuX cpeicTB BXOJAT:

— penakrop cuctem Heuétkoro BeiBoga FIS Editor (FIS) — penakrop dbynkimii
NPUHAIISKHOCTH crucTeM Heu€Tkoro BeiBoga Membership Function Editor (MFE);

— pemakTop mpaBui cUCTeM HeuéTkoro BeiBoja Rule Editor;

— MmporpaMmma MpocMOoTpa MpaBmIl CHCTEMBI HeU&TKOTO BhIBosa Rule Viewer;

— MporpaMMa mpocMOTpa MOBEPXHOCTU HEUETKOro BhiBosia Sur-face Viewer.

it onrcaHus HEUETKUX BBICKA3bIBAHUM MCITOJBb3YIOTCS HEYETKUE JIMHTBUCTH-
yeckue nepemennbie (JIIT).

JIIT — »TO MMEHOBaHHAs TIEPEMEHHAsI, KOTOpasi MPUHUMAET CBOW 3HAUYCHUS W3
MHOJKECTBa JIMHTBUCTHUYECKUX TEPMOB, T.€. CUMBOJIbHBIX BeNWYHWH. J[7s1 Heu€TKOU
JIIT TepM-MHOXKECTBO 3a/1a€TCsl KaK HEUETKOE MHOXKECTBO. DTOT IPOLIECC HA3bIBACTCSA
(hazzudukanuen.

daz3udukanys ABIAETCS OJHON M3 MPOOJIEMHBIX 3a/a4 ONMUCAHUSA HEUYETKOTO

BbIBOJAA U OTPAXKACT MHANBUAYAJIbHBIC SMIIMPUYCCKHUC 3HAHUS aBTOpA. HeuéTtkue BhI-
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CKa3bIBaHUS B YCJIOBHOW YacCTH HEUETKOHN MPOIYKIMU MOTYT OBITh COCTABHBIMHU, CO-
enMHEHHBIMH cBsi3KaMu «W» u/umm «AJIW». OTu cBsI3KM NpU UCUMCICHUN BBICKA3bl-
BaHUW peaM3yIOTCs JIOTMUYECKUMU WM apu(PMETUUECKUMHU OIEpalusiMH Iepeceye-
HUS WK 00BEAMHEHUS, COOTBETCTBEHHO.

[Ipu nostydeHun pe3ybrara Mo KakJI0My NpaBuily HEOOXOAUMO JIaTh OLEHKY
CTEIEHH €r0 UCTUHHOCTH. JTa OIIEHKA 3aBUCHUT OT CTEIIEHU NCTUHHOCTH BBICKA3bIBa-
HAW YCIOBHOM 4acCTW IIPaBHJIA, CTEIIEHW MCTUHHOCTU OTHOILIECHMS, IOJIOKEHHOIO B
OCHOBY IIpaBWJIa, MEXKIY UCXOJHBIMHU YTBEPKACHUSIMU (IIOCBUIKON) U 3aKIIOYCHHUEM,
T.€. CTENIEHN UCTUHHOCTH MUMIUIMKALWU, U CTEIIEHM MCTUHHOCTH BBICKA3bIBAHUSA OT-
HOCHUTEJIBHO 3HAYEHUS U3 TEPM-MHOKECTBA BO3MOXKHBIX PE3yJIbTAaTOB, IPUBEAECHHOTO
B IIpaBuiie. IloyyeHne OIeHKU CTENEHN UCTUHHOCTH 3aKJIFOYEHUs, IIOJIYYEHHOIO 110
ITPaBUITY, HA3bIBAIOT AKTUBHU3ALIUEH.

B ciydae HEOOXOAMMOCTH MOJIy4€HUS YETKOIO KOJMYECTBEHHOI'O 3HAUYEHUs
pe3ysibTaTa OHO MOXET ObITh MOJIy4€HO HAa OCHOBAHMM (YHKIIMM NPUHAAJICKHOCTH
TEPM-MHOKECTBA Pe3yJIbTaTa Pa3IuYHbIMU CIIOCOOAMH MO ANTOPUTMaM, Ha3BaHHBIM
o uMeHam ux aBTopoB (Mamaanu, Cyreno, LlykamoTo u T.11.), 4TO ONpEaeNseT TUII
CHUCTEMBbI HEUETKOTO BbIBOJIA. DTa orepaius Ha3biBaeTcs Aedaz3udukaiuei.

Penakrop dbyHKIMNA MPUHAIICKHOCTH B TPAPUIECKOM PEKUME 00ECIICUNBACT
3aJ]JaHue U U3MEeHEeHHe (YHKIUU MPUHAAICKHOCTH JTr00bIX TepmoB JIIT cuctem He-
yerkoro BeiBoja (CHB) [3].

Meroanuyeckue ykazanusi K padore

Jns dazzudukanuu nunreuctuyeckor nepemenHod CHB cnexyer BeiienuTh
ee U300pakeHue — MMEHOBAHHBIN MPSMOYTOJIbHUK B JIEBOW BEPXHEW YacTU OKHa pe-
JaKTopa.

B okne penakropa BeIBOIATCA rpaduku QYHKIUN TPUHAIIECHKHOCTH JIJIST BCEX
3HaueHu# BoiaeaeHHo# JIIT (mo yMmonyanuto 1j1st TpEX 3HaYEHUN ).

Jlst onvcanus (PyHKIIMM TMPUHAIISKHOCTUA Kaxkaoro 3Hadenus JIIT ucnonsiy-
torcs Tpu nosisi: Name, Type u Params. OnucbiBaeMasi (PYHKITHS BBIICTISETCS IIIEITU-
koM 1o e€ rpaduky. B mone Name ycranaBnuBaercs 3nauenue JIII. B mone Type,

BBIOOPOM 3JIEMEHTa MEHIO, YCTAaHABIMBAETCA UMsI HYXKHOW (QPYHKIMU TPUHAIJIEHKHO-
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ctu (ogHOM m3 11-Tm BcTpoeHHbIX). B mone BBoma Params ykaseiBaroTcsi HEOOXOu-
MBIE TTapaMeTphl (PYHKIIUU MPUHAIJICKHOCTH, KOTOPHIC ONPEACIISIOT MOJIOXKEHUE €€
MOJIaJIbHBIX 3HAYCHHUI Ha YUCIIOBOM IIKaJe, JUara30H U3MEHEHHUs] KOTOPOM yKa3bIBa-
eTcs B moyisix BBoga Range u Display range.
DOTH omneparyy BBITIOJIHSAIOTCSA HaJl BCEMU 3HAYCHUSIMU M3 TEPM-MHOXKECTB
JUHTBUCTHYECKUX TTepeMeHHbIXx CHB.
JloGaBnenue HoBoro 3HavyeHus JII1 co BcTpoeHHON (DyHKIMEH MpHUHAIEKHO-
CTH MPOM3BOIUTCS 10 KOMaHe ocHoBHOro meuio Edit > Add MF.
VY nanenue HenyxxHoro 3HadeHus JIII nmpousBoauTcs HaxkaTueMm kiaBuiud De-
lete, mocne BeImeneHus rpaduka GyHKIMKA TPHHAIICKHOCTH 3TOTO 3HAYCHUS.
Hpumep
Komannoit (bynkuueit) FUzzy u3z pexkruma KOMaHJIHOM CTPOKH 3alyCKaeTcs
OoCHOBHas MHTep(elicHas nporpamma makera Fuzzy Logic — pemgakTop HedeTKoi
cuctembl BeiBojia (Fuzzy Inference System Editor, FIS Editor, FIS-penakrop).

Bun oTkpeiBaroiierocs npu 3TOM OKHA MPUBEJIEH HA PUCYHKE 2.

J FIS Editor: Untitled @@@

File Edit View

Untitled

(mamdani)

output1

FIS Mame: Untitled FIS Type: mamdani
And method | min LI Current Variable
Or method [max ] e IE
Implication | min L] Type P

Range a1
Agaregation l — L,
Defuzzification | centroid | Help Close
Opening Membership Function Editor

Pucynox 2 — Bun okna Fis Editor
16



['maBHOE MEHIO peAaKTOpa COACPKUT IMOZUIINU:

File — pabota ¢ daiinamu Moaeneli (MX CO3IaHNEe, COXPAaHCHHE, CUNThIBAHHUE U
neyarThb);

Edit — onepanun penaktupoBaHus (100aBJICHHE M HWCKIIOUCHUE BXOIHBIX H
BBIXOJTHBIX MTEPEMEHHBIX );

View — repexo/1 K JIOMOJIHATEILHOMY HHCTPYMEHTAPHIO.

HyxHo pa3paboTaTh HEUYETKYIO CUCTEMY, OTOOPaKAIONTYIO0 3aBUCUMOCTh MEXK-
Iy TIEPEMEHHBIMH X W Y, 33JIaHHYIO C TIOMOIIBIO TaOIHILl |, TIpeCcTaBICHHBIC B

2
Ta6J'II/II_I€ JAHHBIC OTpa)KaroT 3aBUCUMOCTh y = X,

Tabmuua 1 — 3HaueHus x U y

X -1 -0.6 0 0.4 1

y 1 0.36 0 0.16 1

TpeOyembie neicTBHSI HEOOXOIUMO OTOOPA3UTh CIEAYIOIUMU MTyHKTAMHU.

1 B mosuiun meno File BeiOpats ommmio New Sugeno FIS (HoBast cuctema
Thma SUgeno), mpu 3Tom B OJ0Ke, 0TOOpakaeMoM O€JIbIM KBaJpaToM, B BEpXHEH ua-
CTH OKHa pelakTopa nosiButcs Haanuchk Untitled2 (sugeno).

2 1llenkHyThH JIGBOM KHOIIKOW MBIIIH TIO OJIOKY, o3ariaBieHHoMy Inputl (Bxon
1). 3arem B mpaBoii yacTu peaakTopa B moJje, o3ariasieHHoM Name (Mms), BMecTo
inputl BBecTH 00O3HAUEeHHME apryMeHTa, T.e. X. Eciu Tenephb cienaTth Ijie-HUOYIb
(BHE OJIOKOB peAaKkTOpa) OJHOKPATHBIN IIETYOK MBIIIN, TO UM OTMEUEHHOTO OJloKa
M3MEHHUTCS Ha X; TO e JIOCTUraeTcsl HaKaTHUEM Iocie BBoJa Kinasuiu Enter.

3 JIBakIpl IIEIKHYTH MO 3TOMY OJIOKY. B 3TOM cilydae OTKpoeTcs OKHO pe-
nakropa GyHkuuil npuHaiexxHoctd — Membership Function Editor (cm. pucyHok
3). HeoOxomumo Boiitr B mo3uiuio MeHio Edit naHHOTO peakTopa v BEIOpATh B HEM
oo Add MFs (Add Membership Funcions — Jlo0aBuTh GyHKIHI NPHUHAIIIEKHO-
ctu). [Ipu 5TOM nOsSIBUTCA TMAIOrOBOE OKHO (PUCYHOK 4), TO3BOJISIIONIEE 334aTh THII
(MF type) u konuuectBo (Number of MFs) dbynkuuii npunaiexHocTy (B JaHHOM

cllyyae BCE OTHOCHUTCSI K BXOJIHOMY CHTHaIy, T. €. K mepeMeHHou x). Heooxommumo
17



BBIOpATh rayccoBbl (PYHKIUHM MPUHAIIEKHOCTH (gaussmf), a X KOJUYECTBO 3aja-
UM PaBHBIM IISITU — 110 YUCITY 3HaUEHUH aprymeHTa B Tabnuie 1. 3atem HeoOxoau-
MO MOATBEPAUTH BBOA MH(OpMannu HaxkatueM kHonku OK, mocse dyero npous3onaer

BO3BpaT K OKHY pellakTopa (pyHKIKN TPUHAICKHOCTH.

J Membership Function Editor: Untitled

File Edit View

FIS “ariables

L] xR

= outputl

Membership function plots  Plot points:

mrz

//\

= 1
0.4 0.5
input variable “x*

03 06 0.7 oS

Current “ariable
MName

Type

Range

Display Range

Current Membership Function [click on MF to select]

MName

Type

Params=s

| mf

| trimf

| [[(0400.4]

Help I Close

I Ready |

Pucynoxk 3 — OkHo pepakTopa QyHKIHMI MPUHAIIC)KHOCTH

) Membership Functions

Add membership functions

MF type trimnf

MNumber of MF=

ak. Cancel

Pucynok 4 — JluanoroBoe OKHO 3afaHHsl THMAa M KOJWYECTBA (DYHKIUH

MMPUHAJIC)KHOCTHU
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4 B nosie Range (/lnana3oH) HYy>)KHO YCTaHOBHUTH JIMANa30H U3MEHEHHS X OT -1
1o +1, T.e. AManaszoH, cooTBeTcTBYIOMMI Tabnuie 1. [llenkHyTh 3aTeM JI€BON KHOII-
KOM MBIIIN TJe-HUOYAb B MOJIe penakTopa (MM HaxaTh KiaBuiny BBoja Enter). ITo-
ClIe ATOrO MPOU30MIET COOTBETCTBYIOIIEE M3MEHEHHE auama3oHa B moie Display
Range (JInanazon gucries).

5 OOpatuMcs Kk rpadukaMm 3agaHHBIX (QyHKIUN TpuHamIeKHOCTH. Jlis
YCHEIIHOTO PEIICHUs MTOCTABICHHON 3aJjaul He0OX0AUMO, YTOOBI OPAMHATHI MAKCH-
MYMOB 3THX ()YHKLHI COBIAJAIN C 3aJJaHHBIMU 3HAYEHUSAMH apryMenta x. Jljis ne-
BOH, LIEHTPAJIbHOU M MpaBoil (YHKIUNA TakOe yCIOBHE BBINOJIHEHO, HO JIBE JPYTUE
HEOOXOJMMO «IOABUHYTH» BIOJb ocu adcuucc. «llepeaBuxkka» aemaercs BecbMma
MPOCTO: MOABECTU KypCOP K HYKHOM KPUBOM M IIEJIKHYTH JIEBOW KHOMKOW MBIIIIH.
KpuBas BbiOMpaeTcs, OKpalmBasch B KPaCHBIM IBET, MOCIE YETro ¢ MOMOIIBIO Kyp-
copa €€ U MOKHO MOJBUHYTh B HY’KHYIO CTOPOHY (00Jiee TOUHYIO YCTAaHOBKY MOYHO
MPOBECTU, U3MEHSSI YUCIIOBbIe 3HaueHus B mosie Params (IlapameTpbl) — B JaHHOM
ciydae Kaxaod (yHKIMUA TPUHAIEKHOCTH COOTBETCTBYIOT JBa TMapameTpa, Mpu
ATOM MEPBBIN ONpeEseT pa3Max KpUBOM, a BTOPOMl — MOJOKEHUE ee HeHTpa). s
BBIOPAHHON KPHUBOM, KpOM€ 3TOro, B nojie Name MOKHO U3MEHSTh uMs (3aBepluast
BBOJI KXKI0I0 MIMEHHU Ha)kaTHeM KiaBuiu Enter).

Jlanee HeoOX0aMMO 3a7aTh BCEM TISITH KPUBBIM HOBBIC UMEHA, HAIPUMED:

— caMoli JieBoi — bn,

— CIIEAYIOLIEH — N,

— LIEHTPAJIIBHOU — Z,

— cIeayrollel 3a Hell cipaBa — p, caMoit JaeBoii — bp.

Haxare xHonky Close u BeIiTH M3 pemakTopa (QYHKIMH NMPUHAUICHKHOCTH,
BO3BPATUBIIKCH IIPH 3TOM B OKHO penakTopa HeueTkoi cuctemsl (FIS Editor).

6 Cnenatb OJHOKPATHBIM MIETYOK JIEBOM KHOMKOM MBIIIK MO TOJIyOOMY KBaj-
paty (0J0Ky), o3ariaBienHomy outputl (Beixon 1). B okomke Name 3aMeHUTh UMs
outputl Ha y (kak B myHkTe 2).

7 JIBaxapl MIETKHYTh TT0 OTMEYEHHOMY OJIOKY W MEpEeHTH K Iporpamme — pe-

AaKTOpy (YHKIME mpuHamIexkHoCcTH. B mosunuu Mento Edit BeiOpats omuio Add
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MFs. TlosiBasitomeecs: AMaoroBoe OKHO BUA MO3BOJISET 33/1aTh TETEPh B Ka4eCTBE
byHKIMK TPUHAIIISKHOCTH TOJIBKO uHewHbIe (linear) wmm noctosiHHbIe (CONnstant) —
B 3aBUCHMOCTH OT TOT0, Kakoil ajaroputMm Sugeno (1-ro uau 0-ro mopsiaka) HE0OXO-
auMo BbIOpaTh. B paccmarpuBaeMoil 3amaue HEOOXOIMMO BBIOPATh MOCTOSHHBIC
GYHKIIUN TPUHAUIEKHOCTH ¢ OOLIMM YKCIOM 4 (110 YHCITy pa3TuYHbIX 3HAYCHUH Y B
tabsuiie 1). HeoOxoauMo moaTBepIuTh BBEJCHHBIC JaHHbIe HaXxkaTHeM KHomnku OK,
MOCJIE Yero MPOU30MAET BO3BpAT B OKHO pelakTopa (QYHKIUH MPUHAIJICHKHOCTH.

8 B mmamnazone (Range) u3aMeHeHus1, ycTaHABIMBaeMbIi 110 ymMoimdanuio — [0,
1], MeHsTh HE HyX)HO. M3MEHUTh HEOOXOAMMO MMEHA (DYHKIMI MPUHAIICKHOCTH
(ux rpaduKu MpU UCIOIH30BAHUU ANTOPUTMA SUQJENO 71l BBIXOJHBIX MEPEMEHHBIX
HE TIPUBOJIATCS ), HAPUMED, 3a/1aB UX KaK COOTBETCTBYIOIINE YNCIIOBBIC 3HAUYCHUS ),
3aremM HEOOX0UMO BEPHYThCA B OKHO FIS-pengakropa.

9 JIBaxkIibI IIENKHYTH JICBOM KHOMKOW MBIIIU MO cpenHeMy (Oeromy) OJIOKY,
IPH ATOM PAacKpOETCS OKHO €Ile OJHOW IporpaMMbl — peaakTopa mpasui (Rule
Editor). HeoOxomumo BBECTH COOTBETCTBYIOIME MpaBuia. lIpu BBOIE KaKIOTO
npaBuia HE0OXOJAMMO O00O03HAYWTh COOTBETCTBHE MEXKIY KaXIoW (DyHKIHEH mpu-
HAJJICKHOCTH apTYMEHTa X U YHCIIOBBIM 3HAYCHHUEM ).

AHANTOTHYHO HEOOXOAMMO TMOCTYMUTH ISl APYTUX 3HAYCHHM, B pe3yJbTaTe
chopmupyercst Habop u3 ATy npasuil. [locTpoeHue cucTeMbl Ha 3TOM 3aKOHUYEHO.

3ananue

Jlns monmyuyeHHOro BapuanTa (cM. mpakthyeckoe 3amanue Nel, ctp. 9-10) u
paspaboranHoro rpaga [IpO chopmMupoBaTh TMHIBUCTUUECKUE NTEPEMEHHBIE U MOITY-
YUTH T HUX QYHKIIUW TTPUHAIICKHOCTH.

KoHTposbHbIe BONPOCHI U 3aIaHUS

1 Yto Takoe TMHTBUCTUYECKAS IEpEMEHHAs?

2 Yo Takoe (azzudukamms?

3 YTo TaKkoe aKTUBHU3ALIM?

4 Kak MOXeT ObITh OJIY4eHO YETKOE KOJIMUYECTBEHHOE 3HAUCHUE pe3yibTaTa?
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3 IlpakTuueckoe 3ansaTue Ne3. Iloctpoenune mojesieil B cucremax

HCKYCCTBEHHOI'0 HHTEJLIEKTA (IeKJIapaTHBHBIN s3bIKk Prolog)

Leapb 3aHATHSI: W3YyYUTH cpeay Bu3yanbHOW paspadotku Visual Prolog. Co-
311aTh MPOEKT M 3aITyCTUTh €T0 Ha BHIMOJHEHUE.

KpaTkue Teopernueckue cBeaeHus

[Tposor 61T paspabotan B MapcenbCkoM yHUBEpcHuTeTe BoO Opanimu AJdHOM
Konmepos u aApyrumu uieHaMu «rpymibl KCKYCCTBEHHOTO UHTEIUIeKTa» B 1973 romy.
JlanHas KoMaHa SHTY3UACTOB pa3padoTayia mporpamMmy, IpeaHa3HAYeHHYIO IS J10-
KazaTenbcTBa TeopeM. Hammcana ona Opuia Ha DopTpaHe, U MCMOIB30BaNACh MPH MO-
CTPOEHHUHU CUCTEM 00pabOTKHU TEKCTOB HA €CTECTBEHHOM si3bike. PaboTana mporpamMmma
JIOBOJILHO MEJIJIEHHO U Ha3Bayiack Prolog (ot Programmation en Logique Ha ¢paHit.).
[Tporpamma mociysxuia mpooodpasom Prolog .

SI3BIK JIOTMYECKOTO MporpamMmmupoBanus Prolog — aekmapaTuBHBINA, YTO O3HA-
9aeT, 4To MporpamMma, HalMcaHHas Ha HeM, BRITJISIUT KaK HaOOp JJOTHYECKUX OTHCa-
HUH, ONIPEACISAIONINX €, PAJX KOTOPOU OHA U HAIMCAaHA.

B ocHoBe Prolog nexur pasgen MaTeMaTH4eCKOH JIOTMKH, Ha3bIBae-
MBIH ucuucnenue npeduxamos. Ero 6aszuc cocTaBisieT mpolenypa I0Ka3aTeIbCTBA
TEOPEM MemoOoM pe30aoyUU U1 XOPHOBCKUX OU3LIOHKINOG.

Jloruka mpeauKaTtoB — 3TO MPOCTEHIIMKI cOoco0 OOBACHHUTH, KaK «paboTaeT»
MBIIIICHHUE.

[To cytu, Prolog mpencrasisier co00ii HE CTOJBKO SI3BIK ISl MPOTPaMMHUPOBA-
HUS, CKOJIBKO CPEACTBO ISl ONTMCAHUS JTaHHBIX U JIOTUKHA UX 00paboTku. [TockonbKy
SI3BIK HE aJITOPUTMUYECKHH, TO W IporpamMMa Ha Prolog He comep)kuT SBHBIX alro-
PUTMUYECKUX KOHCTPYKITUH THUTIA YCIIOBHBIX WJIM IHKJIMYECKUX OIEpPaTOpOB, T.C. HE
SIBJIIETCS TPOrpaMMOM B KJIacCHYecKoM MoHuMaHuu. HamucanHas wa Prolog, ona
MpeacTaBiIsieT co0oi Mojenb (parMeHTa MpeaIMeTHON 00JIacTH, Ha pPEIIeHUEe MPo-

OJIEeMBI KOTOpOﬁ M HallpaBJICHA 3a7aya.
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http://labs.org.ru/logic-programming/

CaMmo pelieHue 3a7aud 3aMUChIBACTCd HE B TEPMHHAX KOMIIBIOTEPA, KaK 3TO
MNPUHATO B UMIEPATUBHBIX S3BIKAX, a B TEPMHUHAX MPEIMETHON 00JacTH periaeMoit
3aJ1auu, 1o CyTH, B 1yXe 00BEKTHO-OPUEHTHPOBAHHOTO NMPOrPaMMHUPOBAHHS.

Prolog Bkimoyaer MexaHW3M BBIBO/IA, KOTOPBIH OCHOBAaH Ha COIOCTaBJICHUU
o0pa3oB, ¢ MOMOUIbI MOJ00pa OTBETOB HA 3alpOChl OH H3BJIEKAET XPAHSILYIOCS
(u3BecTHYIO) nHpopMarmio [4].

Meroanueckue ykazanusi K padore

Jns Toro, uroObl 3amyctuTh Visual Prolog, Heo6X0IuMo BBITOJHUTH CIEAYIO-
mme neiictBust: [lyck | [Tporpammst | Visual Prolog 5.2 | Visual Prolog 32. ITpu atom

OTKPBIBACTCSI OCHOBHOE OKHO, KOTOPOE Ha3bIBAETCS OKHOM TaskK (pucyHOK 5).

S isual Prolog Licensed to itha op

File Edit Project Purchase “web Options Window Help

Ol [s[=| =[EE Earl#e] [REE[F]

Buy

online

- Messages

Pucynok 5 — Okno Task
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http://labs.org.ru/obektno-orientirovannoe-vizualnoe-programmirovanie/

Oo6bryHo B manHoM okHe goctynHbl MeHio File, Edit, Project, Options, Help u
Window, HO mpu aKTUBHM3AIIMH HEKOTOPHIX APYTHMX OKOH B MEHIO MOTYT IMOSBUTHCS
JOMOJTHUTEIbHBIC TyHKTHI.

YacTo HCmonb3yeMble KOMaHAbl MEHIO MOTYT OBITh BBITIOJHEHBI U MIPHU MTOMO-

1A KHOTIOK Ha MaHeJIn HHCTPYMEHTOB (PUCYHOK 6).

ool EE REE CEREs BEREE  [EE

Pucynox 6 — [1anenas HHCTpyMEHTOB

Kaxxnmass m3 muKkTorpaMM Ha MMAaHEId WHCTPYMEHTOB BBIMOJHSET Ty K€ (yHK-
IIMI0, YTO U COOTBETCTBYIOIIAs KOMaHa MEHIO.

B HmxHeit yactu okHa Task pacrnosnoxkena ctpoka nojckasku. OHa pasjeneHa
Ha JIBE YaCTH.

JleBoe moJie UCIoIB3yeTCs ISl OTOOpaKEHUsT KOHTEKCTHO-3aBUCUMOUN HMH(DOP-
MaIlliy, HarpuMep, MOJCKA30K ISl KOMaHIHBIX KHOIOK Ha TAHEIM WHCTPYMEHTOB
WM WH(OpMAIUU O TEKYIIEM dJIEMEHTE YIIPaBJICHUS B PEIaKTOPE TUAJIOTOBBIX OKOH
U T. ]I

KpaiiHee mpaBoe 1moJjie UCIOb3yeTcs mocTpouTeaeM nporpamMm (make facility)
JUISE OTOOPaKEHUSI COCTOSIHUM TeHEepaluu/KOMIUISIINN/KOMIIOHOBKHA TEKYIIIETO pe-
cypca.

Jlnst co3manus TpoekTa TpedyeTcs OMpeNeIuTh HEKOTOphIe (HEempemornpese-
neHHble) onuuu komnuistopa Visual Prolog. [Jlnms sToro HeoOXOAWMO BBITIOTHUTH
CIICIYIOLINUE JECUCTBUA:

1 3amycTuTh cpeny Bu3yalbHOM pazpabotku Visual Prolog. [Ipu mepBom
3anycke VDE () mpoekT He OyaeT 3arpyxeH, 1 0ToOOpa3uTCs OKHO, IMOKa3aHHOE Ha
pucyske 4. Taxke mocTynuT HHGOPMAIIHS, YTO 110 YMOJYAHUIO CO3/IaH MHUITHATH3a-
uoHHbIN (aitn ns Visual Prolog VDE.

2 Co3aaTh HOBBIN TTPOECKT.
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BreiObpats komangy Project | New Project, akTuBU3upysi OUANIOroBOE OKHO
Application Expert.

3 Onpenenuth 6a30BbII KaTaJor U UMS IPOEKTA.

Nwms B mosne Project Name cnenyer onpeaenuts kKak «Testy. Jlanee HeoOxomu-
MO IIETKHYTh MBI BHYyTpH nois Name of . VPR File. Takxe ycTraHOBUTH (hiiaxok
Mulltiprogrammer Mode u menknyTh Mblbio BHyTpu nosis Name of.PRJ File. Ilo-

sBuTCst M3t (paiina mpoekra Test.prj (pUCYHOK 7).

Apphcation Expert =

General | T arget | YPI Options | Other Options | User Info | Help Maker I

Project Name | TestGoal

Name of VPR File: ITestGoal.vpr

— Support for Source Control Systems and Multiprogrammer Projects ——
[V Multiprogrammer Mode

Name of .PRJ File: ITestGoal.pri

Base Directory: IC: WIPADOCAE xamples\TestGoal Browse. .. I

Create Cancel Help
[ Creste | |

Pucynok 7 — O6uue yctaHOBKH JauanoroBoro okna Application Expert

Omnpenenuts nens npoekra. Ha Bknanke Target pekomeHnayercs BbIOpaTh ma-

paMeTpbl, OTMEUEHHbIE Ha PUCYHKE 8.
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Apphcation Expert =

Seneral l T arget I Pl Options | COther Options | User Info | Help Maker |

Platform | Windows32 i

Ul Strategy

T arget Type Iexe LI

k4 ain Proaram IProlog Ll
Create I Cancel I Help I

Pucynok 8 — YcranoBku Ha Bkiaake Target muanoroBoro okHa Application

Expert

Haxatp xkHomKy Create ajisg Toro, 4To0bl co37aTh (Dailyibl MPOeKTa Mo yMoI4a-
HUIO.

4 VYcTaHoBUTH TpeOyemble ONMIMKU KOMITUJISTOPA IJIsi CO3JAaHHOTO TPOEKTA.
Jlns aktuBu3anmu auagoroporo okHa Compiler Options BeIOpaTh komMaHy Options |
Project | Compiler Options. OTkpbITh BKIaAKy Warnings. BeINOJHUTE clieqyronime
JIICUCTBHUS:

- YCTaHOBUTH NepekitouaTesib Nondeterm. DTo HyXHO AJii TOrO, YTOOBI
koMruisaTop Visual Prolog npuHuMan no yMoia4aHHio, 4YTO BCE ONPEACICHHbBIE MOJTb-
30BaTeeM NpeauKaThl — HEJIEeTEPMUHUPOBAHHBIE (MOTYT MOPOJUTH OOJ€e OJHOTO
peuieHus);

- cusath ¢uakku Not Quoted Symbols, Strong Type Conversion Check u
Check Type of Predicates. 3to Oyzaet moaaBiIsITh HEKOTOPBIE BO3MOXHBIC MPEAYIIPEe-
KICHUS KOMITUJISITOPA;

- HaxaTh KHOMKY OK, 4T0OBI COXpaHUTh YCTAHOBKH OMIIUN KOMIUISATOPA.
B pesynbraTe aTux neictBuii nuanorooe okHo Compiler Options OyJeT BBITISIETb,

KaK IMOKa3aHo Ha pUCyHke 9.

25



Compiler Options

Pucynok 9 — YcTaHOBKM onuuii KOMIMIATOpa
JlJig IpoBEpKH HACTPOMKHU CHUCTEMBI JOJLKHBIM 00pa3oM, CleAyeT BBIIOIHUTD
CIEYIOIINE NEUCTBUA:

1 B okHe nmpoekTa OTKpBITh (aitn test.pro (pucynok 10)

SProgram Files\VIPS2N\EXAMPLESS ] I=] E

]
e
=
—
—
==
—
—
=

Pucynok 10 — OkHo mpoekTa

2 B pasgene GOAL nabpats ¢ knaBuatypsl write («Hello worldy), nl .
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3 Haxarp Ha maHeNW WHCTPYMEHTOB KHOMKY (MO0 KOMOWHAIIMIO KIJIABHII
<Ctr[>+<G>, nubo aktuBupoBaTh koManay Project | Test Goal). B Tepmunonoruu
a3pika [Iposor 3To HazpiBaeTcss GOAL, U 3TOro 10CTaTOYHO AJIsE MPOTPAMMBbI, YTOOBI
OHa MorJja ObITh BBINONHEHA. Ecnu cucreMa ycTaHOBIIEHA MPAaBUIBLHO, TO SKPaH MO-

HUTOpa OYyJIeT BHITJIAIETh, KaK TTOKa3aHO Ha pucyHke 11.

o
o
X

+~ TestGoal.vpr - ¥isual Prolog Licensed to ilia op
File Edit Project Purchase Web Options Window Help

Gl (SISl SNy o] mEE

<= D-\VIPADOCAExamples\T estGoal
Vodde = a TestGoal =

Dialog

Window

Menu

Toolbar

String

Icon

! [Inactive D:\VIPADOCAE xaMplL eS\TeS TGoal \OBJAGOAL $000_EXE | M [=] B3

Hello world =

Cursor

Bitmap ye SI -
- AR

Generating 'Obj\goal$000.5YM'
Linking Target Object

] B >

Pucynok 11 — TecroBas nmporpamma «Hello worldy

Pe3ynbTar BBINOSHEHUS MPOrpamMMbl OYAET PacloiokKeH BBEPXY B OTIEIbHOM
OKHE, KOTOpOe HE0OXOAMMO 3aKPBITh MEPe]l TeM, Kak TecTupoBaTh Apyryro GOAL.

YTunura cpeapl BusyanbHOM pa3pabotku unTeprperupyer GOAL kak crnenu-
aJbHYIO MPOrpamMMmy, KOTOpas KOMIWIMPYETCA, KOMIIOHYETCS, TEHEPUPYETCS B HC-
nonHsieMbldd dain u Test Goal 3amyckaeT ero Ha BBITIOJHEHUE. JTa YTUJIWTA BHYT-
penne pacmmpser 3agaHHbii kox GOAL, 4ToOBl creHepupoBaHHas Tporpamma
HaxoJWIa BCE BO3MOJKHBIE PEIICHUS M IMOKA3bIBaja 3HAYECHHS BCEX HCIIOJIb3YEMBIX
nepeMeHHbIX. YTunura Test Goal KOMIUIMPYET 3TOT KOJ ¢ UCIOIb30BAaHUEM OMIIUNA
KOMIWISITOPA, 3aJaHHbIX ISl OTKPBITOTO MPOEKTa (PEKOMEHIyeMbI€ OIMIUU KOMITHU-

nstopa juist TestGoal-nipoekta onpenenuiu paxee).
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Yrunura Test Goal koMOUIUPyET TONBKO TOT KO, KOTOPBINA ONpEAEeH B aK-
TUBHOM OKHE peAakTopa (Kol B IPYTUX OTKPBITHIX PEAAKTOpPaX WU MOJYJISIX MPOCK-
TOB, €CJIM OHU €CTh, HTHOPUPYETCS).

[Tpu kommoHoBke wucmoiHsemoro ¢aina TestGoal mcmonb3yeTr cTpaTreruio
EASY WIN. Henp3s onpenenuts Kakue-a1u00 Oy KOMIIOHOBKY Jj1s TestGoal, T.k.
UTHOpUpYIOTCs JtoObie ycTanoBkU Make Options, 3ajaHHbIe 11 OTKPBITOTO TPOEK-
ta. [Toatomy TestGoal HEe MOXET KMCMONB30BAaTh HUKAKHUE TNIOOAIBHBIE MPEIUKATHI,
OTPENICIICHHBIC B IPYTHX MOJYJISIX.

YTunura uMeeT OrpaHMYEeHHE Ha KOJIUYECTBO NMEPEMEHHBIX, KOTOPHIE MOTYT
ObITh ucnosib3oBanbl B GOAL. Ha nanubiii MoMeHT ux 12 st 32-pa3psiiHON Cpefibl
BU3YaJIbHON pa3pabOTKH, HO ATO YHCIO MOXKET ObITh U3MEHEHO 0€3 JOMOJIHUTEIbHBIX
YBEIIOMJICHHM.

Ecnu nomytieHsl omuOKu B MpOrpaMMe U OCYIIECTBIISIETCS MOIBITKA CKOMITH-
JUPOBATh €€, TO Cpella BU3yallbHOU pa3paboTku otoOpa3ut okHo Errors (Warnings),
KOTOpOE OYJEeT coJiepKaTh CIIMCOK OOHAPYKEHHBIX OIITUOOK.

JIBaXX1pl MIENKHYB Ha OJHOW M3 3TUX OIIMOOK, MOXXHO TOMACTh Ha MECTO
OIIMMOKM B UCXOIHOM TeKcTe. MOKHO BOCIIOJIB30BaThCs KiaBuier <F1> misg BeIBoIa
Ha SKpaH MHTEPAKTHUBHOM cripaBouHO# cuctembl Visual Prolog. Korna okno momoru
OTKpPOETCS, HEOOXOANMO IIETKHYTh 10 KHOMKE Search, HaOpaTh HOMep OIMMOKH, U Ha
AKpaHe MOSIBUTCA OKHO OMOLIM ¢ OoJiee MoaHOM nHpopManuen o Heil.

Komanowvl nocmpoenus

1 Komanna Project / Compile Module

Ota kxoMmaHaa (eft cooTBeTcTBYeT KoMOuHarus kinaBuil <Ctrl>+<F9>) nemaet
MOMNBITKY KOMIIUJIUPOBATh MOYJIb, COJEPKAIIUN PEJAKTUPYEMbIA B TAHHBIA MOMEHT
(haitn. BeimomHeHne KOMaH bl 3aBUCUT OT CJISYIOIIUX CBOUCTB haiia:

— ecnu (haity1 UMeeT pacIIMPEeHUe Pro U SBJISIETCS MOTYJIEM TEKYIIEro MPOEKTa,
to VDE mpiTaeTcs KOMIUIMPOBaTh 3TOT (hai;

— ecnu (pailn He sIBIsIETCS MOAYJIEM TEKYIIEro MPOEKTa U €ro paclIupeHue —
pro, pre, inc, con uian dom, To VDE mbITaeTcs HaliTH MOAyJIb MPOEKTa, KOTOPHIi

BKJIIOYAET 3TOT (Paiisl, U OTKOMIIMINPOBATH NEPBHIN HAMIEHHBI MOIYIIb;
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— BO BCEX OCTAJIBHBIX ciaydasx VDE melTaercss KoMnuiaupoBaTh MOJYJIb, BbI-
Opannblii B okHe ipoekTa. VDE He MoxkeT koMmunupoBath (paiin, KOTOpPBINA HE SBIIS-
€TCSl YaCThIO OTKPBITOrO MpoekTa. Bmecto aroro ¢aitna VDE OGyner koMmnuinpoBaTh
MOJ1yJ1b, BBIOpaHHBIN B OKHE MPOCKTA.

Ecnu B VDE He OTKpBIT HU OIMH MPOEKT, TO HUKaKue (ailiibl KOMIHINPOBATh-
cs He OynyT. Komanna mento Project | Compile Module 3a610kupoBana; komOuHa-
s knaBumm <Ctrl>+<F9> ne pabortaet. ENTMHCTBEHHO BO3MOXHOE JEHCTBHE — ITO
3amyctuth yTriaty Test Goal.

2 Komanna Project / Build

Ecnu co BpeMeHU MOCIEAHEro MOCTPOCHUS MPOEKTa ObLTM MU3MEHEHbI KaKue-
a100 pecypcehl, TO KCHEPTHI KOJa MOTYT OOHOBUTh HEKOTOPHIE CEKIIMHM B UCXOAHBIX
(haitsiax mepes; IoOCTPOSHUEM.

Ota xomaHAa (el COOTBETCTBYET KoMOMHamMs kinaBum <Alt>+<F9>) crpout
IIPOEKT, IPOBEPSISt METKU BPEMEHH BCEX UCXOAHBIX (PailyIoB B IPOEKTE, IOITOMY E€CIIU
UCXOJIHbIE (pailnbl (WK (Dailibl, KOTOpPblE B HUX BKIIFOUEHBI) SIBISIOTCS 00Jiee HOBBI-
MH, 9eM 3aBucuMble OBJ-daiiiabl, To COOTBETCTBYIONIHNE MOIYJIH MTPOCKTA OYaAyT Te-
PEKOMITHIIMPOBAHBI.

Komanna Build Takxke crpout @aitnbl pecypcoB W (aiil HHTEPaKTUBHOM
CHpaBKH (€ciIu HE00XOAUMO). 3aTeM MPOEKT KOMIIOHYETCS JJIsi T€HEpalUU 1IeJIEBOro
MoAyJs (McnosHsieMast mporpamMma unu DLL).

3 Kowmanpga Project / Rebuild All

Ota xomaHza (ei cooTBeTcTBYeT KoMOuHarus kinaBuin <Ctrl>+<Alt>+<F9>)
BBITIOJTHSIET TO ke JeicTBue, uto u Project | Build, mpuuem Bce daiinbl OyayT mo-
BTOPHO CI€HEPHPOBAHbI WJIA OTKOMIIMIMPOBAHBI U CKOMIIOHOBAaHbI HE3aBHCHMO OT
UX METOK BPEMEHHU.

4 Komanna Project I Stop Building

Ota komaH/a (el cooTBeTCTBYeT KoMOuHanwms kiaaBuil <Alt>+<F10>) ucmomnb-
3yeTcsl JUIsl OCTAHOBKHM KOMIIMIISIIIUN/KOMITOHOBKHU.

5 Kowmanna Project [ Run
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Ecnu HeoO6xoanmo, To 3Ta KoMaHaa (efl COOTBETCTBYyeT kiaBuina <F9>) BbI-
nonHuT aevicteue Project | Build u 3atem 3amycTuT creHeprupoBaHHBIA UCTIOTHAEMBIN
(aii.

6 Kowmanna Project I Link Only

Ota komaHna (ed cooTBeTcTByeT KoMmOuHanus knaBum <Shift>+<F9>) wuc-
MOJIB3YETCsI JIJIs1 BBIMIOJIHEHUSI KOMIIOHOBKHM. B 3TOM ciydae mocTpouTens mporpamMm
BBI3BIBAET KOMIIOHOBIIIMKA M HE TPOBEPSET, HY)KHO JIM MOBTOPHO KOMIMJIMPOBATH
Kakue-1100 MOJIYJIH MPOeKTa (WK JJa)Ke BIEPBbIE KOMITMIIUPOBATH).

7 Kowmanpga Project / Test Goal

Ota KoMaHJia (ei cOOTBETCTBYEeT KoMOMHanus kiapui <Ctrl>+<G>) ucnomnb-
3yeTcsi Juisl TecTupoBaHus mpocThix nener (Goals). IlporpaMmma koMomiupyercst u
KOMIIOHYETCS B CHICIIUAIIBHOM PEXHUME, M 3aT€M 3aITyCKaeTCsl COOTBETCTBYIOIINNA HUC-
MIOJTHSIEMBIN (paii.

Yrunuta Test Goal uniet Bce pelieHus sl ONpeeIeHHONW B IPOrpaMMe IIEIIH.
Jlns xaxnoro pemenust Test Goal oroOpakaeT 3HaUe€HHS BCEX MEPEMEHHBIX U3 CEK-
1 GOAL u gmcio pemieHuii. 9Ta 0COOEHHOCTh — YJI00HBIN CIIOCO0 MPOBEPUTH JIO-
KaJIbHBIC TIPEINKATHI B MOYJIE.

Hanpumep, cneayromas nenb: GOAL X =2; X =1, Y = X + 1 npuBener k Ta-

KOMY pe3ynbTaty (pucyHok 12).

: [Inactive C:\PROGRAM FILES\VIP52\... IN|=] E3
X=2 |
xX=1,Y=2

2 Solutions

i »

Pucynok 12 — BeiBoa pexxrma TECTUPOBAHUS 1I€TTH
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8 Kowmanna Resource | Build Resource Only

Korma okHO mpoekTa akTUBHU3MPOBAHO, B MEHIO Project mosiBisieTcs KomaHaa
Resource. Ilpu BbIOOpe 3TOro myHKTa (MM HaXXaTUW KOMOWHAIMK KIJIABMIII
<Alt>+<F8>) renepupyroTcst BbIOpaHHbIe (Daliibl C paCHIMPEHUSIMU I'C U reS U HeOoO-
XOJIMMbIe (haiiIbl KOHCTAHT.

IIpumep

3arpy3uTh porpaMmMmy B cpeay BU3yaiabHOU pa3pabotku Visual Prolog u 3amy-
ctuth ee yrunutont Test Goal.

predicates

likes(symbol,symbol)

clauses

likes(ellen,tennis).

likes(john,football).

likes(tom,baseball).

likes(eric,swimming).

likes(mark,tennis) .

likes(bill,Activity):-likes (tom, Activity) .

goal

likes(bill, baseball).

Yruura Test Goal orBeTut B oKHe TpUyIoKeHUs: Yes (1a)

[Torpo6oBats cieayronuii 3anpoc B GOAL-paznene: likes(bill, tennis). YTu-
nuta Test Goal oTBeTUT: no (HET).

Komanpa Project | Debug 3anyckaet nporiece otiaaku. OTIaauuK TaKkxKe MOXK-
HO 3amycTuTh couetanueM kiaBuil CTRLASHIFT+FO.

[Tpu momomu nuamora View MOXHO OTKDBIBAaTh JIOMOJHUTEIbHBIC HH(OpPMa-
[IMOHHBIE OKHA, KOTOPHIE OTOOPAKAIOT PA3IMYHBIE COCTOSIHHS CPEbl U MIEPEMEHHBIX
B PEKUME OTIAIKU:

View — Call Stack (OtkpsiBaeT nHGOPMAIMOHHOE OKHO CT€Ka BbI30Ba) View
— Local Variables (OTkpsiBaeT nuH(POPMAITMOHHOE OKHO JIOKAJIBHBIX TIEPEMEHHBIX )

I[JISI BBIIIOJIHCHH IIAaroB OTJIAaAKKW UCIIOJB3YIOTCA CICAYIOINUE KOMaH/bl:
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Run — Trace Intro [F7]

Run — Step Over [F8]

Run — Run to Cursor [F4]

3aganue

[Togrorouts mporpammy Ha s3bike I[IPOJIOIT gns mostydeHHOro BapuaHTa
(cM. mpaktudeckoe 3amaanue Nel, ctp. 9-10). 3anycTuth nporpammy B cpene Visual
Prolog B pexxume oTiaaKy.

KoHTposbHBbIE BONIPOCHI M 321aHUS

1 Yto Takoe JTOTHKa MPETUKATOB?

2 JlaWiTe XapakTepHCTUKY s3bIKY Prolog.

3 HazoBuTe 0COOCHHOCTH 3alMCH PEIICHUS 3a7auu Ha s3bike Prolog.

4 OnuIIMTe MEXaHW3M BBIBOJIA, PEATM30BAHHOTO B s13bIke Prolog.
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4 IIpaktuyeckoe 3anarue Ned4. Ilpoxykmum B cucremax

HCKYCCTBCHHOI'0O HHTECJIJICKTA

Heab 3aHATHA: N3yYEHHE MEXAHNU3Ma BbIBO/JIA B MPOJAYKIIMOHHBIX CHCTEMAX.

KpaTkue Teopernueckue cBeAeHUs

OCHOBHOM OCOOEHHOCTBIO MHTEJIEKTYyaJIbHbIX CUCTEM SIBJISIETCSl TO, YTO OHHU
OCHOBaHbI Ha 3HaHUAX, 4 BEPHEE, HA HEKOTOPOM UX MPEICTaBICHUU. 3HAHUS NOHU-
MaroTcs Kak XxpaHuMmas (¢ nomouibto 9BM) undopmanus, popmannsoBaHHas B COOT-
BETCTBUM C HEKOTOPBIMHU IIPABUJIAMH, KOTOPYI0 OBM MOXKET HCIIONIb30BaTh IPH JIO-
TMYECKOM BBIBOJIE MO ONpenesieHHbIM anroputMaMm. Haunbonee ¢pyHnameHTanbHOU U
BaYKHOU IPOOJIEMOI1 SIBJISIETCSL ONMMCAHUE CMBICIIOBOTO COJAEP KAHUS TPOOJIEM CaMoro
IIMPOKOIo JHAana3oHa, T.€. TOJKHA UCIOJIb30BaThCs Takas (hopMa ONHCaHUs 3HAHUM,
KOTOpasi TapaHTUpoOBaia Obl MPABUWIbHYIO 00pabOTKYy MX COAEPKUMOIO MO HEKOTO-
peIM (hopMaNbHBIM TpaBWIaM. JTa MpobdiieMa Ha3bIBaeTCsl MPOOIEeMON TIpeicTaBlie-
HUs 3HaHui [5].

[TpoaykuuoHHBIE TpaBUia — Haubosee MPOCTON Croco0 MpeAcTaBlIeHUs 3Ha-
Hui. OH OCHOBAH Ha MPEACTABICHUH 3HAHUI B (pOpMe MPABUII, CTPYKTYPUPOBAHHBIX
B cooTBercTBUU ¢ 00paszuoM «ECJIM — TOx». Yacte npaBuna «ECJIN» Ha3biBaeTcs
nocbuTKoM, a «TO» — BEIBOJIOM wiH JericTBueM. [IpaBuiio B oO1ieM BHjI€ 3amUChIBa-
eTCs Tak:

ECJIN A4, Ay, ..., A, TO B.

Takas 3amuch O3Ha4aeT, 4YTO «eciau Bce ycioBus oT Al 1o An sBISAIOTCS HC-
TUHHBIMH, TO B Tak)ke MCTUHHO» UJTU «KOTJa Bce yciaoBuUs OT Al 10 An BBITONHSIOT-
Csl, TO CJIENYET BBIIIOIHUTD JeUCTBUE By.

[lepemenHbie X, y U I MOKa3bIBAIOT, YTO MPABUIIO COJAEPKUT HEKOE YHUBEpP-
cajibHOE, 0011Iee 3HaHUE, A0CTPAruPOBAaHHOE OT KOHKPETHBIX 3HAYEHUN MEPEMEHHBIX.
OpHa 1 Ta )Xe IepeMeHHasi, UCIIOJIb30BaHHAs B BBIBOJE M PA3JIMYHBIX IOCBIIKAX, MO-

JKCT MMOJIy4YaTh Pa3JIMYHbIC KOHKPCTHBIC 3HAYCHMA.
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3HaHus, PEJCTaBICHHBIC B MHTEUICKTYaIbHON cucTeMe, o0pasyroT 0a3y 3Ha-
HUW. B WHTEIUIEKTyalbHYIO CHCTEMY BXOJUT TaK)K€ MEXaHU3M BBIBOJIOB, KOTOPBIHA
MI03BOJISIET HA OCHOBE 3HAHMI, UMEIONINXCS B 0a3e 3HAHUH, TOTyJYaTh HOBBIC 3HAHMSI.

dopmanu3zoBaHHas MPOIETypa, UCIOIB3YIOAsl CONMOCTaBICHUE (TIPU KOTOPOM
yCTaHABIIUBAETCS, COBIAIAIOT JIM MEXKIY COOOW MBe (DOPMBI TIPEICTaBICHUS, BKITIO-
qasi TIOJICTAHOBKY BO3MOXXHBIX 3HAYCHHI MEPEMEHHBIX), MIOUCK B 0a3e 3HAHH, BO3-
BpaT K MCXOAHOMY COCTOSIHHIO TPH HEYIadyHOW TOMBITKE PEIICHUS, MPEACTABIISICT
co00i1 MeXaH13M BBIBOJIOB.

[IpocToTa W HATASAHOCTH TPEACTABICHUS 3HAHWNA C TOMOIMIBIO MPOAYKIUN
00yCIIOBMIJIa €0 MPUMEHEHHE BO MHOTHX CHCTEMax, KOTOPHIE HA3bIBAIOTCS MPOAYK-
IIUOHHBIMU [6].

MeTtoauyeckue ykazaHusi K padore

[IpoyKIiMOHHAsI CUCTEMA COCTOUT M3 TPEX OCHOBHBIX KOMIOHEHTOB. [lepBriii
U3 HUX — 3TO Ha0Op MpaBUJI, UCIIOJIb3YEeMbIH Kak 0a3a 3HaHWI, HHOT/a €T0 €Il Ha3bl-
BalOT 0a3oi mpaBui. BTopoil KOMIOHEHT — 3T0 6a3a (akToB WM padoyas NaMaTh —
MaMATh ISl BP€MEHHOTO XPaHEHHUs, B KOTOPOW XPaHATCS MPEANOCHUIKH, Kacarolue-
Csl KOHKPETHBIX 3aJ1a4 MPEeIMETHONW 00JIaCTH, M Pe3yJabTaThl BHIBOAOB, MOTyYacMbIe
Ha MX OCHOBaHUU. TpeTuil KOMIOHEHT peain3yeT MEXaHH3M JIOTMUECKOro BHIBOJA,
00pabaThIBAIONINI MpaBUiia B COOTBETCTBHH C COJIEpKaHUEM paboveil mamsTH; JIpy-
roe Ha3BaHHE ATOT0 KOMITOHEHTA — MAIlIMHA JIOTHYECKOTO BBHIBOJIA.

CymiecTByeT W Apyroil crmoco0 BBIBOAA, HA3bIBAEMbI OOpPATHBIM BBIBOJIOM.
[Tpu ero UCOIB30BAaHUH CHCTEMa HAYMHAET paboTy ¢ GOPMYIUPOBKH TOTO, YTO Tpe-
OyeTcst JoKa3aTh, HAMPUMEP, MPEAToiarasi, YT0 CUTyallusl MPUCYTCTBYET, M BBIMOJ-
HSET TOJBKO T€ MpaBujia, KOTOPhIE UMEIOT OTHOIICHHE K JOKA3aTeIbCTBY MPEIIOJIo-
KCHUSI.

Ecnu Ha kaxa0M 3Tare JOrH4ecKOTO BBIBOJIA CYIIIECTBYET MHOKECTBO MIPUMeE-
HSEMBIX TPABWI, TO 3TO MHOXXECTBO HOCHUT Ha3BaHWE KOH(JIMKTHOTO Habopa, a BHI-
00p OJTHOTO U3 HUX Ha3bIBaeTCs paspenieHneM KoH(ukTa. YToObl MOBBICUTH 3¢ deK-
TUBHOCTh MPOAYKIIMOHHOW CHUCTEMBI, HEOOXOJIMMO PEIIUTh MPOOJIeMy yIpPaBICHUS

IMOCJaCaA0BATCIbHOCTEIO IPUMCHCHU ITPABUII UJIN YIIPABJICHHA BBIBOAOM.
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IIpumep

baza npasu:

— ecmuBuCuD,T10A;

— ecau F u G, o B;

— ecmHu D, 10 E;

— ecmu E, To A.

— pabouas namats G, H, D, F.

Paccmotpum, kakum o6pazoMm «paboTaroT» npasuiia. CucreMa nocTpoeHa Tak,
YTO OJIMH pa3 BBHIOPAHHOE MPABHJIO W3 0a3bl MPABUJ BBINOIHATHCA OYAET TOJIBKO
onuH pa3. OHO Kak Obl «BbIropaer». IlepBbIM Beiropaet npasuiio «F "G”B»,a pa-
Oouast maMAaTh onoaHuTCcs paktom B, 3arem oOpadareiBaeM mpaBuiio «H "D E» B
pabouyro mamsaTh Oyzaer momemieH (axt E. [lanee BbI3bIBaeT BBITOpaHUE IpaBUIIA
«B"Cc" D™ A», U, KaK CIeJICTBUE, BEIBOAUTCS CUTyalusi A, U OHA 3aHOCUTCS B 0a3y
TaHHBIX U TocheaHee mpaBuino «E ™~ Ay,

[Tocne yero cucrtemMa OCTAaHOBUTCS, TaK KaK MpPaBWJI JJIsl BBIIOJHEHUS OOJIbIle
He OyeT.

Takoil cnoco0 nosrydeHHsI HOBBIX (DAKTOB HA3bIBAETCS MPSMBIM BBIBOJOM HWIIH
BBIBOJIOM OT JaHHBIX K LI€JIM IOTOMY, YTO ITOMCK HOBBIX CBEJACHMI 31€Ch IPOUCXOINUT
B HaIlpaBJICHUM CTPEJKHU, pa3/AelAIollei JeBble W MpaBble YyacTu NpaBuil. BeIBOJ B
JAHHOM CJIy4ae IPOBEACH B YETHIPE dTalla.

Ecnu peub uzmer o BbIBOJE €AMHCTBEHHOI'O KOHKPETHOro (pakTa, TO B 3TOM
cilyyae MpsIMOil BBIBOJ MOXKET OKa3aTbcad Hed(p(eKTHBHBIM. B Takoil cuTyauuu, c
TOYKHM 3pEHHUsl 3aTpar, Oojiee 1eIeco0O0pa3HbIM MOXKET OKa3aThCsl HCIOJIb30BaHHUE
npolienypbl o0paTHOro BeiBoja. [Ipy MCHONB30BaHUM TaHHOTO crioco0a BBIBOJIA CH-
cTeMa HauMHaeT paboTy ¢ BbIBOJA A.

[ar 1. B cucreMy nmocrynaeT ykazaHue o Heo0xoauMocTH BeiBoja A. CHaua-
J1a OCYILIECTBISIETCS MpPOBEpKa Hamuuust A B 0a3e (PakToB W MOCIE OTPULIATETHLHOTO
OTBETAa MOMCK MPaBWJI, 3aKaHYMBAIOLIMXCS HA A, TO €CTh UMEKIIHUXCA A crpasa OT

n A
crpenku. Cucrema Haxomut aBa npaswia «B C D™ Ay, «<E™ A» u npuHuMaer
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pELIEHUE O TOM, YTO JJI MOATBEPKACHUSA A HEOOXOIUMO YCTaHOBUTH HAJIMYME WU
BuCwuD, umm E.

[ar 2. Cucrema nblTaeTcsl yCTAaHOBUTH B B pe3ynbrare npoBepku cHavana 0a-
36l (DAaKTOB U MOCJEIYIOIIEr0 OOHAPYKEeHU MpaBui, npuBoAiIIuX K B. OOHapyxeHO
IIPaBUIIO «F" G™ B». Cucrema OPUXOJUT K PELUICHUIO O TOM, YTO JUISl MOJTYyYCHUS
BBIBOJIa O IpUCYTCTBUM B et HeoOxoaumMo yctaHoBUTh Hannuue F u G.

[ar 3. Cucrema obHapyxuBaeT F u G B 6a3e (paxToB, MOATBEPANB BO3MOXK-
HOCTE BBIBOJA B.

[ar 4. Cucrema npiTaeTcs yCTaHOBUTH E B pe3ysbTare npoBepku cHauyajia Oa-
3bl (PAKTOB U MOCIEAYIOIIEr0 OOHAPYKEHUS ITpaBuJil, npuBoadmux K E. O0HapyxeHO
OJIHO TAaKO€ IPABUIIO: «H" D™ E». Cucrema MPUXOJUT K PELIECHUIO O TOM, 4TO JJIS
MOJIyY€HUs BbIBOJIA O MpUCYTCTBUH E eif Heooxoaumo ycranoBuTh Hanmmuue H u D.

[ITar 5. Cucrema BoImonHAET paBwio «H "D E»m ycraHaBiauBaeT ¢akT E.

[ITar 6. Cucrema BBITONHSAET IPaBUWIIO «F "G”Bru ycTaHaBiauBaet (akt B.

IIar 7. Cucrema BeInoNHsET TpaBuiio «E ~ A» U ycraHaBiuBaer Gakr A.

[ITar 8. Cucrema BbITIONHSET MpaBuiio «B "C" D7 Avu yCTaHaBJIMBaeT (pakT
A.

CdopmupoBaHHas B JaHHOM Cily4ae LEMOYKa JJOTMYECKOTO BbIBOJA HE OTJIHU-
yaeTcs OT 00pa30BaHHOW MpHU BBIMOJIHEHUH HPOLEAYpPHI MPSMOro BbiBoAa. Paznnune
IBYX MOJIXOJOB CBSI3aHO CO CIIOCOOOM, C MOMOIIBID KOTOPOrO OCYIIECTBIISIETCS TMO-
UCK (PaKTOB U TPABUIL

Ecnu Ha Ka)Xa0M 3Tare JOrH4ecKOoro BhIBOJA CYLIECTBYET MHOXKECTBO IIPUMeE-
HSIEMBIX MPABUJI, TO 3TO MHOXECTBO HOCHUT Ha3BaHHWE KOH(IMKTHOro Habopa, a BbI-
00p 0JIHOTO U3 HUX Ha3bIBaeTCA paszpenieHueM KoH(umkTa. YToObI MOBBICUTH I heK-
TUBHOCTb MPOAYKLIMOHHONW CHUCTEMBI, HEOOXOAMMO PEIIUTh MpoOJieMy YIpaBJICHUs
MOCJIEIOBATEILHOCThI0 MPUMEHEHUs] MpaBWJl WIM YyIOpaBieHHUs BbIBOJOM. Hike
IIPEICTABIIEH IPUMEP ONPEAECICHHON paHee NPOAYKIMOHHOW CUCTEMBI C MATHIO Ipa-

BUJIaMH MpH BBIBOJIE pakTa A (pucyHok 13).
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Pucynox 13 — IlpaBuina nipu BeiBojzie (hakTa A

K ¢akty A moxHO npoiTu, ucxoas u3 padoueit namatu H, Du F, Gu B, C, D,
B 3TOM M 3aKJIIOYAeTCs KOH(IHUKT, TO €CTh Ha JAHHOM JTare JIOTUYECKOro BhIBOJA
CYIIIECTBYET MHOYKECTBO MTPUMEHSIEMBIX MPaBUJI, €CIIM BBIOpATh OJHO M3 HUX, TO Oy-
JIET pa3peleHne KoH(IuKTa.

N3 rpada BUIHO, 9TO IS JOTUYECKH MUHHUMAJIBHOTO BBIBOJA (hakTa A TpeOy-
eTcs Habop MpaBUJI B CIAEAYIOUIEM MOPSIKE:

— ecmHD,T0E H" D> E

— ecmE, ToA E— A

3aganune

baza npaBun u paboyas mamsTh B MPOAYKIIMOHHON CHCTEME UMEET COJICPHKH-
Moe, 3a/laHHOe B BapuaHTaX (cM. mpaktuueckoe 3aganue Nel, ctp. 9-10). IIpowmiro-
CTPUPOBaTh rpaUUEeCKd MEXaHWU3M MPSIMOTr0 U OOpPaTHOrO JIOTHUYECKOTO BBIBOJAA
dakTta A. O6paTuTh BHUMaHKUE HA U3MEHEHHUE COMCPKUMOTO paboueit maMsTH B TPO-
1ecce BbBoa. [IpoBecTu ynopsimoueHue mpaBmil BeIBoJa. PaccMoTpeTh BO3MOKHBIE
KOH(JIUKTBI TPU NPSIMOM U 0OPAaTHOM BBIBO/IE.

KoHTposibHbIE BONPOCHI U 3aIaHUS

1 HazoBHTE OCHOBHYIO OCOOEHHOCTh UHTEIJIEKTYaIbHBIX CUCTEM.

2 B dyem cyTh ipo0ieMbl MIPEACTABICHUS 3HAHUN?
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3 Yrto Takoe mpOoAyKIIMOHHBIE ITpaBuiia?

4 OnuuuTe MEXaHU3M BBIBOJIA B CUCTEME MPOAYKIIUMN.
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5 IIpakTnueckoe 3ansaTHe NeS. @peiiMoBble  MOAEIHN

NMpeaACTABJICHUS 3HAHUH

Henb 3aHATHSA: U3YUYCHHE MPEACTABICHHS CTaTUYECKUX 3HAHUN Ha OCHOBE
bpeitmoB.

Kparkue Teoperndeckue cBeieHUs

@peiiMoBasi MOJENIb OCHOBaHa Ha KoHIenuu MapBuHa Muncku (Marvin
Minsky) — mpodeccopa MaccauyceTcKoro TeXHOJIOTHYECKOTO HHCTUTYTA, OCHOBATE-
751 1a00paTOpUU MCKYCCTBEHHOI'O MHTEJUIEKTa, aBTOpa psiAa (pyHIaMEHTAIbHBIX pa-
0o0t1. ®OpeliMoBas MOJIeNIb MPEJACTABISAET COOON CHCTEeMaTU3UPOBAHHYIO TICHUXOJIOTH-
YECKYIO0 MOJEJIb ITAMSITH YEJIOBEKA U €0 CO3HAHMUSI.

Opeiim (anri. frame — pamka, kKapkac) — CTPYKTypa JIaHHBIX ISl TIPEeACTaBIe-
HUS HEKOTOPOro KOHUENTyaIbHOro 00bekTa. MHpopManus, oTHOCIasCs K Gppeimy,
COJIEPKUTCS B COCTABJISIFOLIUX €r0 CJIOTaX.

Crnot (anrn. slot — mens, npope3b) MOXET ObITb TEPMUHAIBHBIM (JIUCTOM
Mepapxuu) WIN MPEACTABISATH CO00M (ppeiiM HIKHETO YPOBHSI.

Kax b1l ppeiiMm cocTOUT U3 TPOU3BOJIBHOTO YUCHA CIIOTOB, IPUYEM HECKOIBKO
U3 HUX OOBIYHO OMPENEISAIOTCS CaMOM CUCTEMOM /Jis BBIMOJIHEHUS CleUU(PUUECKUX
GyHKIUI, a OCTaJIbHbIE ONPEACIIAIOTCS MOJIb30BATEIEM.

@peiimMbl 00pa3ytoT uepapxuto. Mepapxus Bo GpeiiMOBBIX MOJIETSAX MOPOKIA-
€T €UHYI0 MHOTOYPOBHEBYIO CTPYKTYPY, OIMHUCHIBAIOIIYIO JINOO OOBEKT, €CIIH CIOTHI
OIUCHIBAIOT TOJIBKO CBOMCTBA 00BEKTa, IMOO CUTYAIMIO WM MPOIIECC, €ClId OTEb-
HbIE CJIOTHI SIBJISIOTCA UMEHAMHU IPOLETYp, MPUCOSAUHEHHBIX K PpeiiMy U BbI3bIBaE-
MBIX IIPH €r0 aKTyaJIU3aLHu.

dopManbHO PpeiiM — 3TO TUIT AaHHBIX BUJA!

F =< N, 51, 52, 53>

N

S

— UM OOBEKTA;
1 MHOXeCTBO CJIOTOB, cojepKaiuXx (akThl, OMPEAEIIONINE AeKIapaTuB-

HYIO CEMaHTUKY (peiima;

39



T
52 _ Muoskectso CJIOTOB, 00OECTIEUMBAIOIIUX CBSI3U C ApyruMu Pperimamu (Ka-

Y3aJIbHBIC, CCMAHTHYCCKHC U T. I[.);

53 — MHOKeCTBO CJIOTOB, 00€CIIEYMBAIOIIMX MPE0OPA30BAHMS, ONPEAEISIONINE
IpOLEAYPHYIO CEMAaHTHKY (pperima.

OperMBbl MOAPA3CISAIOTCS Ha:

—  ¢peiM-3K3eMIUIAp — KOHKpETHas peanu3anus QpeiiMa, omuchIBaromias Te-
KYLIEE COCTOSIHUE B MIPEAMETHON 00JIaCTH;

— (¢peiimM-oOpazel — madIoH IS ONUCAaHUSI OOBEKTOB WM JOIYCTUMBIX CH-
Tyalui MpeIMETHON 00J1acTH;

— (peliM-Ki1acc — ¢ppeilM BEpXHEro ypOBHS ISl NMIPEACTABICHHUS COBOKYITHO-
cTu (ppeiMoB 0OpasIoB.

CoctaB (QpeiiMOB U CIOTOB B KaXJI0W KOHKPETHOU (HpeiiMOBOM MOJIETTH MOXKET
OBITh pa3HbIil, OJJHAKO B paMKax OJHON CHCTEMbI LIEIECO00PA3HO €IMHOE MPEICTaB-
JIEHUE I YCTPAHECHHUS JINIIHETO YCIO0KHEHUS.

Pa3HoTunHbIE 00BEKTHI WM OOBEKTHI, COOTBETCTBYIOIIME KOHLEMIIMH «MHO-
KECTBEHHOCTH MUPOBY», 3aKIIFOYAOLIEHCS, K IPUMEPY, B TOM, YTO JIOIIAAb — )KUBOT-
HO€ OecKpbuIOoe Uil OJTHOTO (peajbHOro) Mupa U oJHOBpeMeHHO KpbliaTtoe (Ilerac B
MU(PHUUECKOM MUpPE) AJIA APYroro, MOTYT ONMCHIBATHCS OTJIMYAIOLIIMMUCS APYT OT
apyra ¢gpeiimamu.

B uenom ¢peiiMmoBas Mozenb A0MyCKaeT MPeICTaBIEHNE BCEX CBOMCTB JIeKIIa-
PaTUBHBIX U MPOLEAYPHBIX 3HAaHUH. ['TyOMHA BIOXEHHOCTH CJIOTOB BO (hpeiime (uuc-
JI0 YPOBHEI) 3aBHCUT OT MPEAMETHOM 00JIaCTH U SA3bIKA, pEaTU3yoIero MoJelsb [7].

MeToanyeckue ykazanus K padore

@perM UMEET ONPENCIICHHYI0 BHYTPEHHIOK CTPYKTYPY, COCTOSILIYH0 U3 MHO-
’KECTBA AJIEMEHTOB, HA3bIBAEMBIX CJIOTAMH, KOTOPBIM TAaK)XE MPHUCBAMBAIOTCS UMEHA.
3a cnoTamu CIeayrOT ALK, B KOTOPBIE TOMEIIAIOT JaHHBIE, TPEACTABISIOIINE TE-
KyLIME 3Ha4eHMs CI0TOB. KaKIplid CIOT B CBOKO OY€pEe]b MPEACTABISAETCS OIpeJe-
JIEHHOW CTPYKTYpOH NaHHBIX. B 3HaueHue ciaoTta moacTaBisieTcs: KOHKpeTHast HHPop-

Mallus, OTHOCAIAsACS K OOBEKTY, ONMUCHIBAEMOMY 3TUM (PperMOM.
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CtpykTypy ¢peiiMa MOKHO MPEACTABUTH TaK:

1M1 ®PEVIMA:

(ums 1-ro cnorta: 3HaueHue 1-ro ciora),

(uMs 2-TO cioTa: 3HaUYECHHE 2-TO CJIOTA),

(umst N-To ciora: 3HaueHue N-To cJoTa).

Mogens gpetiMa sBISETCS JOCTATOYHO YHUBEPCATBHON, TOCKOIBKY TO3BOJISET
0TOOpa3uTh BCe MHOT0OOpa3ue 3HaHUN O MUpE:

— 4epe3 PperMbI-CTpYKTYpHI, Jisl 0003HaUEHUsI OOBEKTOB U MOHATHH (3aeM,
3aJ10T, BEKCEJIb);

— 4epe3 (ppeiiMbI-poiu (MEHEeIKep, KacCUp, KIIUEHT);

— uepe3 ¢peiiMbI-clieHapuu (0aHKPOTCTBO, cOOpaHHe aKIIMOHEPOB, MPa3THO-
BaHUE UMEHUH);

— 4epe3 ¢peilMbl-cuTyaluu (TpeBora, aBapusi, padounii pexxuM yCTpPOICTBA)
v Jp.

3HauYEHHEM CIIOTa MOXKET ObITh MPAKTHYECKH YTO YrOJHO: Yucia, GopMyIbl,
TEKCThl Ha €CTECTBEHHOM S3bIKE WJIM MPOrpaMMBbl, MTpaBujia BbIBOJA WM CCHUIKM Ha
JpyTHE CIOTHI JaHHOTO ¢peiima win Apyrux ¢peiiMoB. B kadecTBe 3HaUEHUS CIIOTa
MO>KET BBICTYNaTh HAOOP CIOTOB 00Jiee HU3KOIO YPOBHS, YTO MO3BOJISIET PEATU30BbI-
BaTh BO (PpeHMOBBIX NPEACTABICHUSIX IPUHLUI MaTpemkw». CBsa3u mexay (pei-
MaMH 3a/IaF0TCSl 3HAYEHUSIMH CIIEHUAIIBHOTO CJI0Ta ¢ UMeHEM «CBS3b».

B oO1eM ciiydae cTpykTypa JaHHBIX dpeiimMa MOXKET cofepKaTh Oosiee MIHpOo-
Kuii Habop UHQpOpPMaIUH.

IHpumep

Paccmotpum npumep (GpeiMOBOM CHCTEMBI, OMUCHIBAIONIEH HEKYHO ayJIUTO-

puto (pucyHok 14).
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v ®Dpelim J1eBOIl cTEHBI
Dpeiim aya.

JIeBasi CTOpOHa Dpeiim

ISA ayIUTopHs pasas CTOPOHY o | MeerH

HEHTP

MTOTOJIOK
JUTHHA

o " =
®peliM NpaBoil CTEHBI

KHO 1
3aIHss CTeHA OKHO_

OKHO 2

JieBas CTeHa OKHO_3

JUIMHA
IIpaBasi CTeHa .—/
o—
0

TepeHas | | ®peiim nepesreii cremb!
CTeHa -
BBICOTA Opeiim
BMECTUMOCTD 3 KJIACCHOU
JUTAHA JIOCKH
Ha3HaA4YCHUE qTeHH? LCHTp Q—/
JICKIHH

Pucynok 14 — ®peiim aynuropuun

3ananue

[TocTpouTs (hpelimMbl 17151 CIHEAYIONUX TTOHATHA:
1 Bapuanrt 1. [TousTHe «CTYIEHT.

2 Bapwuanr 2. [Tonstre «mpodeccopy.

3 Bapuanr 3. Tlonsarue «mkad.

4 Bapuanrt 4. [loHsTHE «KOMITBIOTEPY.

5 Bapuanr 5. TlonsiTre «cTomy.

6 Bapuanr 6. [lonstre «xypHam.

7 Bapuanrt 7. IloHsITHE «KHUTaY.

8 Bapuanr 8. [lonsitre «pebeHOK.
KoHTpoJibHBIE BONPOCHI H 3aJaHUS

1 Yro Takoe ppeitm?

2 HazoBuTe cocTaBHBIC IEMEHTHI (hperiMa.
3 HazoBute BubI GpeiiMoB.

4 Ot 4ero 3aBUCHUT ITyOMHA BIIO)KEHHOCTH CJIOTOB BO (ppeiime?
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6 IlpakTnuyeckoe 3ansitue Ne6. HeiipoHHble ceTm B cucremax
HCKYCCTBEHHOI0 MHTE/UIEKTA. ANNPOKCUMALM GYHKIMH HePOHHOH

ceTn

Heab 3aHATHA: U3yYEHUE NPOLIECCAa TOCTPOEHUSI U OOyUYEeHHs] HEMPOHHOU ce-
TH JJIS alPOKCUMAIUU TaOJIMYHO 33/1aHHOM (PYHKIIHH.

Kparkue Teoperndeckue cBeieHUs

HelipoHHble ceTd — 3TO OAHO M3 HANpPABIECHUN HCCIEJOBAaHUN B 00JacTH HC-
KYCCTBEHHOI'0O MHTEJUIEKTa, OCHOBAHHOE HA IOINBITKAX BOCIPOU3BECTU HEPBHYIO CH-
CTEMY 4YeJIOBE€Ka. A MMEHHO: CIIOCOOHOCTh HEPBHOM CHCTEMbI 00y4YaThCsl U UCHpPaAB-
JATh OWIMOKHU, YTO AOJHKHO MO3BOJIMTH CMOJEIUPOBAaTh, XOTA M JAOCTaTOYHO rpy0do,
paboTy 4enoBEeYECKOro Mo3ra.

HelipoHHBIE ceTH TOCTPOEHBI U3 MPOCTHIX AIEMEHTOB — HEUPOHOB. MaremaTu-
Yyeckas MOJIENIb HEMPOHA COCTOUT U3 TPEX DJIEMEHTOB — CHHAICOB, CyMMaTOpa U He-
JUHEHHOTO TpeoOpa3oBaTeis. B kauecTBe HENMMHEHHBIX TTPEOOpa3zoBaTEICH HUCTIOb-
3YIOTCSl, B YaCTHOCTH, 3HAKOBasl, IOPOTOBasi, CATMOUIaIbHAs U APYyTrUe PyHKIUH.

CHHarChl OCYIIECTBIIOT CBSI3b MEXAY HEMpoHaMH. OHU YMHOXKAKOT BXOJHOM
CUTHAJI Ha BECOBOM KOA(DPUIIMEHT CUHAICA, T.€. HA YUCIO, XapaKTEPU3YIOIIee CUITY
cBs3u [8].

Hetiponbl, 00beIMHEHHBIE B OMPENEICHHYIO CTPYKTYpPY, 00pa3yrT HEUpOH-
HYI0 ceTb. HeKoTOphIe 3a1a4uu MOTYT pelIaTbCsi HEUPOHHOM CEThIO, €CIIM OHA COJED-
KUT HECKOJIbKO COT HeHpoHOB. [[ns pemenus cinoxubix 3agady HC momxna conmep-
KaTh JECATKA MUJJINOHOB HEUPOHOB.

CymiecTByeT 00JIbIIOE KOJMYECTBO MOJENe HEeWpoHHBIX ceTeil. Cpeau HUX:
MHOT'OCJIOWHBIC TTepcenTpoHbl, ceTn Xonduiaa, Koxonena, Kocko, I'poccoepra, ko-
THUTPOH, HEOKOTHUTPOH, ceTb CMAK u apyrue. XapakTepucTUKd HEMPOHOB MAJIO
BJIMSIIOT HA CBOMCTBA HEUPOHHOU ceTH. OCHOBHBIMHU (haKTOpPaMU, ONPEACISAIONIMMHU
CBOMCTBA CETU SBISAIOTCA €€ KOH(UTYpalus WIH, KaK IPUHATO TOBOPUTH, «TOMOJIO-

T'Us» HEUPOCETH, U MpaBUiia OOyUYEeHHUS.
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C TOUYKM 3peHHUs TOMOJIOTUU BBIACISIOT CIEAYIOIINE OCHOBHBIE TUIIBI MOJEIIEH
HEUPOHHBIX CETEN: MHOTOCJIIOMHBIE, TOJTHOCBS3HBIE, C JIOKAJbHBIMU CBSI3SIMH.

Y HEMPOHHBIX CETEN MHOI'O BaXKHBIX CBOMCTB, HO KJIFOUEBOE U3 HUX — 3TO CIIO-
coOHOCTh K 00ydyeHuto. OOydeHre HEHPOHHON CETH B TIEPBYIO OUYEPEb 3aKII0YACTCS

B U3MCHCHUM «CHUJIbD» CHHAIITUYECKHUX CBI3EH MCIKIOY HCﬁpOHaMH.

Ha cerogusinuii IeHr HEHPOHHBIE CETH SBIISIOTCS OJHUM W3 MPUOPUTETHBIX
HAIPaBJICHUH MCCIICA0BaHNN B 00J1aCTH UCKYCCTBEHHOT'O HHTEIDICKTa [9].
MeToauyeckue ykazaHusi K padore

Bb160op Tuna cetu oToOpakeH Ha pUCYHKe 15.

[ EeN ] Neural Time Series (ntstool)

777 Welcome to the Neural Network Time Series Tool.

Solve a nonlinear time series problem with a dynamic neural network.

Introduction Select a Problem

Prediction is a kind of dynamic filtering, in which past values of one or
more time series are used to predict future values. Dynamic neural . R . R
networks, which include tapped delay lines are used for nonlinear filtering Predict series y(t) given d past values of y(t) and another series x(1).
and prediction.

x(t) u/" U YO = fix(t-1),...x(t-d),
There are many applications for prediction. For example, a financial analyst ( g Yt Dy (t-d)
might want to predict the future value of a stock, bond or other financial "

instrument. An engineer might want to predict the impending failure of a jet
engine.

Nonlinear Autoregressive with External (Exogenous) Input (NARX)

Nonlinear Autoregressive (NAR)

Predictive madels are also used for system identification (or dynamic Predict series y(t) given d past values of y(1).
modelling), in which you build dynamic models of physical systems. These

dynamic models are important for analysis, simulation, monitoring and yi©) = fyit-1),..ylt-d))
control of a variety of systems, including manufacturing systems, chemical
processes, robotics and aerospace systems.

This tool allows you to solve three kinds of nonlinear time series problems

Nonlinear Input-Output
shown in the right panel. Choose one and click [Next]. P 3

Predict series y(t) given d past values of series x(t).

Important Note: NARX solutions are more accurate than this solution. Only
use this solution if past values of y(t) will not be available when deployed.

x(t) _P—LDQ_I y(t) = flu(t-1),...x(t-d))

@ Choose a problem, then click [Next].

&2 Neural Network Start M4 Welcome = Back  Next @ cancel

Pucynok 15 — DkpaH npuBeTCTBUS YTHIHMTHI htstool

Ha mpaBoii manenu HaX0UTCs TaHEbh BRIOOpA THIIAa HEUPOHHOU CETH:
— HeJIWHEHHAs aBTOPETPECCUOHHAS C BHEITHUM BXOJIOM;
— HEJIMHEHas BXOJ-BbIXo]1 (0€3 00paTHBIX CBS3EH);

— HEJUHEHHas aBTOPErpeccuoHHasi (reHepaTop).
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OI[HaKO C NMOMOHIBIO IMPOIrPaMMHOI'0 KOJZa MOKHO PCain30BaTb 0OJIbIIIEE KO-
JIMICCTBO apXUTCKTYpP CCTH.

HpI/IMep CO31aHuA HQprOHHBIX ceTen ¢ IIOMOIIBIO KOaA.

inputDelays = 1:10;

feedbackDelays = 1:10;

hiddenLayerSize = 20;

Heliponnble cetu 6€3 00paTHBIX CBA3EH

netx = narxnet(inputDelays,feedbackDelays,hiddenLayerSize);

net = narnet(feedbackDelays,hiddenLayerSize);

Heliponnble ceTu ¢ 0OpaTHBIMU CBSI3IMHU

netxc = closeloop(netx);

netc = closeloop(net);

Jlns mpocMoTpa MOJIyYEeHHBIX CETEM:

view(net).

Bb160p gaHHBIX AJ11 00y4YeHUs1, U UX MOATOTOBKA 0TOOpaXKEHbI B OKHE BHIOOpA

napameTpoMm (pucyHok 16).

[ ] [ ] Meural Time Series (ntstool)

Select Data
\’ What inputs and targets define your nonlinear autoregressive problem?

Get Data from Workspace Summary

Input time series x(t). No inputs selected.
B Inputs: (none) d

Target time series, defining the desired output yit). Mo targets selected.
@ Targets: (none) <]

Select the time series format. (tonndata)

Time step: © fmlCell column [wi] Matrix column [E] Matrix row

Want to try out this tool with an example data set?

Load Example Data Set

@ Select inputs and targets, then click [Next].

& Neural Network Start |44 welcome @m Back | Wb Next @ cancel

Pucynox 16 — OxHo BeIOOpa mapaMeTpoB
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B ytunure ntstool BEIOOp JaHHBIX AJI O0YUYEHHS HE COCTaBIISIET MpoOeM, mo-
ATOMY PacCMOTPUM BBIOOP IapaMeTpPOB B KOJIE.

OyHKIMA preparets mnoAroTaBIMBaeT BPEMEHHBIC PSAbI 1J11 YaCTH CETH, U3ME-
HSST BpeMs 0 MHHHMYMa, YTOOBI «9yBCTBOBATh)» BXOJHBIC JAaHHBIC W BHYTPCHHHE
nepeMeHHble. Mcnonb3oBaHue preparets mo3BosisieT OCTaBUTh MCXOHbIE BPEMEHHbBIE
pAIbl HEU3MEHHBIMH, JIETKO HACTpauBasl UX JJIsl CETH C Pa3HBIMU pa3Mepamu 3ajep-
EK KaK JJISI OTKPBITHIX, TAK U 3aKPBHITHIX HEUPOHHBIX CETEH.

CUHTaKCUC KOMAaH/IbI:

[Xs,Xi,Al,Ts,EWSs,shift] = preparets(net,Xnf, Tnf, Tf,EW).

ApryMEHTHI:

Net —HeliponHas ceTp,

Xnf — He Bo3BpariaeMble BXOHbIC JaHHBIC,

Tnf — He Bo3BpaiaemMbie BEIXOAHBIC JaHHEIC,

Tf — BeIxouble JaHHEIC,

EW — Bec ommb6ok (Ilo ymonuanuto = {1});

Bo3Bpaiiaembie 3HaUEHUS:

Xs — [lepeMeliieHHbIE BXO/IHI,

Xi — M3HayanbHbIC COCTOSIHHS BXOIHBIX 3aCPIKEK;

Ai — M3HavajibHbBIC COCTOSHUS CKPBITHIX HEHPOHOB;

Ts — IlepemenieHHBIE BBIXO/IHI,

EWSs — IlepeMemennbie Beca OMMOOK;

Takoke, mepes; npuMeHeHueM preparets Moxxet moTpedoBaThCs UCIIOIH30BAHUE
¢byakuu tonndata, koTopas KOHBEPTHUPYET JOaHHbIC B CTAHJAPTHBIA THIT JJIs
HEUPOHHBIX CETEU.

CuHrakcuc komaHasl tonndata:

[y,wasMatrix] = tonndata(x,columnSamples,cellTime)/

ApryMeHThI:

X —Martpuiia Win siuerika — MaCCMB MaTpPUL;

cqumnSampIes — True, ecnu UCXOMHBIE JaHHBIE IIPEACTABJICHBI B BUJE KOJIO-

HOK, false, eciu B BUJie CTPOK;
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cellTime — True, eciu WCXOHBIC JAaHHBIC MPEICTABICHBI B BHJIE KOJIOHOKAMHU

sT9eeK MaTpullbl, false, eciii B BUIe MaTpPHIIHI.
Bo3sBpaiaempie 3HaUCHUS
y — cxonHbpie qaHHBIC, KOHBEPTUPOBAHHBIC B CTAHIAPTHBINA BHI;

wasMatrix — True, eciau HCXOIHbIE JaHHBIC TIPECTABICHBI B BUIEC MATPHII.

Bb160op Ha3HaueHUS JaHHBIX OTOOpakKeHbI HA pUCYHKe 17.

o0 e

MNeural Time Series (ntstoal)
Validation and Test Data
Set aside some target timesteps for validation and testing.
Select Percentages

Explanation

a Randomly divide up the 10 target timesteps: & Three Kinds of Target Timesteps:

@ Training: 70% 6 target timesteps = W Training:

_ These are presented to the network during training, and the network is
@ validation: 15% ﬁ 2 target timesteps | adjusted according to its error.
W Testing: 5% B 2 target timesteps | @ Validation:

These are used to measure network generalization, and to halt training
when generalization stops improving.

i’ Testing:

These have no effect on training and so provide an independent measure of
network performance during and after training.

Restore Defaults

ﬁ> Change percentages if desired, then click [Next] to continue.

& Neural Network Start |44 welcome 4@ Back | =) Next Q cancel

Pucynox 17 — OxHO BbIOOpa MPOIIEHTHOTO COOTHOIIIEHUS

Kak u npeapiaymuye maru, pabora ¢ ntstool ouens npocra u TpedyeT MpocToro
BBIOOpA 3HaUCHM. B TOM ciydae, HEMpOHHAsI CETh TPOCKTUPYETCS ¢ TIOMOIIBIO TPO-
rPaMMHOTI'0 KOJ1a, HEOOXOAMMO MPUMEHSThH CIICIYIONINE KOMaH/IbI:

net.divideParam.trainRatio = 85/100; %TpenupoBka,

net.divideParam.valRatio = 15/100; %IIposepka;

net.divideParam.testRatio = 5/100; %TectupoBanue.

[Tocneaaum 1rarom mepes oOydeHueM cetd B Ntstool ssisiercss BBIOOp KOJH-

4eCTBa CKPBITHIX HEHPOHOB M KOJIMUYECTBA HEHPOHOB 3aJIePKKH (PUCYHOK 18).
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[ o ] Neural Time Series (ntstool)

EH Network Architecture

Choose the number of neurons and input/feedback delays.

Architecture Choices Recommendation

Define a NARX neural network. (narxnet) Return to this panel and change the number of neurons or delays if the

network does not perform well after training.

MNumber of Hidden Neurons: 10
The network will be created and trained in open loop form as shown below.

Number of delays d: 2 Op_er! loop (single-step) is more efficient than closed I_aap (multi-step)
training. Open loop allows us to supply the network with correct past

outputs as we train it to produce the correct current outputs.
Problem defi

y(©) = fix(t-1),... x(t-d),y(t-1)....y(c-d))
After training, the network may be converted to closed loop form, or any
other form, that the application requires.
Restore Defaults

Neural Network

Hidden Layer with Delays

Output Layer

10

ﬂ Change settings if desired, then click [Next] to continue.

& Neural Network Start |44 welcome

4 Back | | ® Next| | @ cancel

Pucynox 18 — OkHoO BEIOOpa pa3mepa ceTH

3aMeTUM, 4TO pa3Mepbl CETU INPHU NPOECKTUPOBAHUHM B INPOIPAMMHOM KOZE

OIIPCACIIAIOTCS Ha IICPBOM IIare.

OO6yuenue HelipoceTn 0TOOpakeHO Ha pucyHKe 19.

Meural Time Series (ntstool)

Train Network
Train the network to fit the inputs and targets.

Train Network Results
Choose a training algorithm: & Target Values MSE R
Levenberg-Marquardt @ Training: 6 B B
@ validation: 2 - -

This algorithm typically requires more memory but less time. Training @ Testing: 2
automatically stops when generalization stops improving, as indicated by SHLER . .
an increase in the mean square error of the validation samples.

q q A o Plot Error Histogram Plot Response
Train using Levenberg-Marquardt. (trainim) 2l 2

Wy Train Plot Error Autocorrelation Plot Input-Error Correlation

imes will generate different results Mean Squared Error is the average squared difference
due to different initial conditions and sampling. between outputs and targets. Lower values are
better. Zero means no error.

Regression R Values measure the correlation between
outputs and targets. An R value of 1 means a close
relationship, 0 a random relationship.

o Train network, then click [Next].

@ Neural Network Start | |44 Welcome @ Back | W Next @ cancel

Pucynok 19 — OxHo 00y4eHust HeHPOHHOI ceTu
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Omneparust 0Oy4eHHs KOJOM BBITJISIIAT TaK:
[net,tr] = train(net,inputs,targets,inputStates,layerStates)/
Jli1s 00y4eHHs ceTd B 000MX ClIydasx HUCIOJb3yeTcs nntraintool, okHo koTopo-

ro oroopaxeno Ha pucynke 20.

[ ] [ ] Neural Metwork Training (nntraintool)

Neural Network

Algorithms

Data Division: Random (dividerand)
Training: Levenberg-Marguardt (trainlm)
Performance: Mean Squared Error (mse)
Calculations:  MEX

Progress
Epoch: o £ iterations | 1000
Time: 0;00;00
Performance: 13.6 [NITE2E=Co N 0.00
Gradient: 50.6 2.51e-14 1.00e-07
Mu: 0.00100 1.00e-03 1.00e+10
Validation Checks: o (s 6
Plots
Performance (plotperform)
Training State (plottrainstate)
Error Histogram (ploterrhist)
Regression (plotregression)
Time-Series Response (plotresponse)
Error Autocorrelation (ploterrcorr)
Input-Error Cross-correlation (plotinerrcorr)
b } 1 epochs
Plot Interval: W g

v Opening Time-Series Response Plot

@ Stop Training B Cancel

Pucynox 20 — OkHo nntraintool

[Tpu moMouM KOTOPOro MOKHO MOJIYYUTh pa3InyHble rpaduKu, XapaKkTepu-
3YIOIIME MPOIIECC U KaueCcTBO 00yueHus ceTu. ['paduku Takske MOKHO BBI3BIBATh C
IIOMOIIIBKO KOMAaH:

outputs = net(inputs,inputStates,layerStates);

errors = gsubtract(targets,outputs);

performance = perform(net,targets,outputs)
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Jlst Gonee moapoOHOM MHPOPMAIIUU O TOTIOJTHUTEITFHBIX BO3MOYKHOCTSIX train,
BOCITOJIB3YUTECH OPUITHATBHBIM PYKOBOJICTBOM (BO3MOXKHOCTEH TaM MHOTO).
it paboThl ¢ 00YUCHHON CEThI0 HEOOXOAMMO BBIMIOJTHUTH YKCIOPT TMOTYUYCH-

HOU HewpoceTH (prCyHOK 21).

[ JoN ] Neural Time Series (ntstool)

f Deploy Solution

L :-;1 Generate deployable versions of your trained neural network.

Application Deployment

Prepare neural network for deployment with MATLAB Compiler and Builder tools.

Generate a MATLAB function with matrix and cell array argument support: (genFunction)  <f\ MATLAB Function
Code Generation

Prepare neural network for deployment with MATLAB Coder tools.

Generate a MATLAB function with matrix-only arguments (no cell array support): (genFunction) | <f\ MATLAB Matrix-Only Function

Simulink Deployment

Simulate neural network in Simulink or deploy with Simulink Coder tools.

Generate a Simulink diagram: (gensim) | Y Simulink Diagram
Graphics
Generate a graphical diagram of the neural network: (network /view) | & Neural Network Diagram

@ reploy a neural network or click [Nextl.

& Neural Nerwork Srart 44 welcome 4@ Back | ®p Next D cancel

Pucynoxk 21 — OkHO 3KcriopTa HEHPOHHOMU CETH

['maBHBINM BOMPOC, KOTOPBIM BCTAET HA 3TOM IIAre: MOXKHO JIM YCTAHOBUTH KOH-
KpPETHOE BpeMsl JUCKPETH3AllUM i1 HeHpoHHON cetu. OTBET: /1a, MOXKHO, HO HE C
HCIIOJb30BaHueM ntstool, riae Bcerna Oyner mar JUCKpeTu3anuu 1 cekyHa.

Jlist monmydennst Simulink Mozenu mocne Bcex omeparuii Haa HEHpOHHOM ce-
TBIO C KCITOJIb30BAaHMEM KOJa, HEOOXOIMMO BBI3BaTh (PyHKIMIO: gensim(net,time),
rie time — BpeMs AMCKpeTH3alnH, a Net — HeWPOHHAS CETh.

[Tocne BbI3OBa Oyner monydeHa mojenb B Simulink, ¢ 3agaHHON YacTOTOM
JTUCKPETU3ALINH.

IIpumep

[IpuBenem mpuMep CO31aHUS HEUPOHHOM CETH CO CIEAYIOIIMMHU JTaHHBIMU

(Tabnwma 2).
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Tadbnuma 2 — cxonuble JaHHBIE

Xi

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

f(xi)

2.86

2.21

2.96

3.27

3.58

3.76

3.93

3.67

3.90

3.64

4.09

['paduk ucxoanoi GyHKIMKU 0TOOpaKEH Ha pUCYHKE 22.
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Pucynok 22 — I'padux ucxoaHoi GyHKIIH

Coznanve 1 00y4yeHre HEHPOHHOUW CETH:

x=[00.10.20.30.40.50.60.70.80.9 1];
f(x)=[2.86 2.21 2.96 3.27 3.58 3.76 3.93 3.67 3.90 3.64 4.09];
net=newff([0 3],[10,1],{'tansig’,'purelin'},'trainbfg");

net.trainParam.epochs=300;
net.trainParam.show=>50;
net.trainParam.goal=1.37e-2;
[net,tr]=train(net,x,y);
an=sim(net,x);

plot(x,y,'+r' x,an,'-g'");

hold on;

xx=[0.1850.86];
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v=sim(net,xx);
plot(xx,v,'ob’,'MarkerSize',5,'LineWidth',2)

ITporecc 00y4,eHus CETU MPEACTABIIEH Ha PUCYHKE 23,
4\ Neural Network Training (nntraintool) B =)

Neural Network

- Eel (=l

Algorithms
Training: BFGS Quasi-Newton (trainbfg

Performance: Mean Squared Error  (mse)

Derivative: Default (defaultderiv) |l
Progress

Epoch: o [ 37 iterations 300

Time: 0:00:05

Performance: 108 0.0133 0.0137
Gradient: 180 [INNNNUZ0NN | 1.00e-06
Validation Checks: 0 0 6

Resets: 0.00 | 0.00 4.00

Plots

1 epochs

Plot Interval: [ J

«f” Opening Performance Plot

Pucynok 23 — O0OydeHue ceTu

B nporniecce 00yuenus cetu moayuusics rpauk 3aBUCUMOCTH XapaKTEPUCTUKA
TOYHOCTH OOYUYEHMSI CETH OT KOJIMUeCTBa dSIMOX (LUKJIOB), U BBIUUCICHHUE CpEIHE-

KBapaTU4HOM ommnoOku cetu coctapiseT 0,013305 3a 37 uukiioB (pucyHok 24).

~

-
n MNeural Network Training Performance (plotperform), Epoch 37, Performance go... = (1 . S

~

Eile Edit View Insert Tools Desktop Window Help
Best Training Performance is 0.013305 at epoch 37

10°

Train |

Mean Squared Error (mse)

0 5 10 15 20 25 30 35
37 Epochs

Pucynok 24 — XapakrepucTuka TOUHOCTH OOy4€HHUS B 3aBUCUMOCTH OT KOJIH-
4yecTBa 310X 00y4eHus
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Jlanee HEOOXOAMMO CPaBHUTH IPAPUKU UCXOAHON (QYHKIIMH U alllIPOKCUMALIUN

(pucyHok 25).
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Pucynoxk 25 — CpaBHeHue rpaukoB UCXOTHON (GYHKIIUU U alllTPOKCUMAIIUN

AMNNPOKCUMUPYEM BXOJAITUN HAOOP TOYEK METOJOM HaWMEHBIIIUX KBAIPATOB.

PesynbpTaT 11 Habopa MpeACTaBICH Ha pUCYHKE 26.

B Figure 1 = ] x i
File Edit View Insert Tools Desktop Window Help 1'5
DEade | M RALVDLA-E 0B e
b
i E — T — T i
H H H ' H H H H H 3
e e s S e S e e

3.8
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34
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Pucynok 26 — AnmpoxcuMariis BXOJASIIET0 Habopa TOYEK METOJA0M HauMEHb-
X KBAJPaTOB
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[To monmyuyeHHBIM pe3yibTaTaM anmpOKCUMAIMH 33JaHHOTO0 Habopa 3HAYCHUU
(GYHKIIUM YCTaHOBIIEHO, YTO HEHPOHHAsI CETh HAMHOTO JIy4llle anmpOKCUMHUPYET HC-
XOJIHOE 3HaYeHHE (PYHKIINU, 9eM METO]l HAMMEHBIIINX KBAAPATOB.

3aganue

B cpene MatlLab Heo0Xx01uMO MOCTPOUTH U 00YUNUTh HEHPOHHYIO CETh JIS afl-
IPOKCHUMAITUHU TaOJIMYHO 3a/T1aHHON QPYHKIIHH.

J51s 3TOTO0 HEOOXOIMMO CO3/1aTh TAOIHILY SKCIEPUMEHTATbHBIX JaHHBIX:

Xj — 3aJ1aHO BapUaHTOM;

f(x;) — BeIUMCHsACTCS MO cinenyromen Gopmyne: Xi=a+ h;, i= 0,1, ,10, h = (b -

a)/10 Ha oTpe3ke [a,b].

Xi

f(xi)

BapuanTel 3anaHuii:

1 BapuanT 1: x=[00.10.20.30.40.50.6 0.7 0.8 0.9 1], a=2; b=12.
2 BapnanT 2: x=[11.1121.314151.61.71.81.92], a=7; b=27.
3 BapuanT 3: x=[00.20.40.60.811.21.41.6 1.8 2], a=2; b=12.
4 Bapuanr 4: x=[00.10.20.30.40.50.6 0.7 0.8 0.9 1], a=4; b=14.
5 BapuanT 5: x=[00.511.522.533.544.5 5], a=6; b=21.

6 BapuanT 6: Xx=[00.10.20.30.40.50.6 0.7 0.8 0.9 1], a=8; b=18.
7 Bapuant 7: x=[11.11.2131415161.71.81.9 2], a=9; b=29.
8 BapuanT 8: x=[00.10.20.30.40.50.6 0.7 0.8 0.9 1], a=1; b=16.
9 Bapuant 9: x=[00.20.40.60.811.21.41.6 1.8 2], a=6; b=21.
10 Bapmant 10: x=[00.511.522.53 3.54 4.5 5], a=9; b=29.
KoHTpoJsbHBIE BONPOCHI U 32/1aHUA

1 Yrto Takoe HEUPOHHBIE CETU?

2 HazoBuTe cocTaBHbIE 3IEMEHTHI HEUPOHHBIX CETEH.

3 HazoBute ocHOBHBIE (haKTOPHI, OMPEIEISIONTNE CBONCTBA HEHPOHHON CETH.

4 OnuuuTe KJI0YEBOE CBOMCTBO HEMPOHHBIX CETEH.
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