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BBEOEHUWE

Co3nanre KOMIBIOTEPHON TEXHUKH CTAJIO HE TOJBKO IIIaroM Ha IyTH MOBBIIIICHUS
() (PEKTUBHOCTH BBIYMCIICHUH, HO M BBI3BAJIO K KU3HU HOBBIC TEXHOJIOTUH 00paOOTKH
uH(OpMAIH B Pa3IMYHBIX 00JIaCTAX.

WNuTtennexryanbupie nHGpopMannoHHbie cucteMbl (MUC) SBsIOTCS €CTeCTBEHHBIM
pEe3yAbTATOM Pa3BUTHSI OOBIYHBIX WH(OPMAIIMOHHBIX cCTeM. CHCTEMBI IPUMEHSIOTCS
JUIsL  pelIeHUs HECTPYKTYPHUPOBAHHBIX WM  CIA0OCTPYKTYPHUPOBAHHBIX  3ajad,
OnMpasch Ha 3aJ0KEHHbIE B HUX 3HaHUS NpeaMeTHoil oOnactu. Takum o0Opaszom,
NPUMEHEHUE WHTEIUIEKTYaIbHBIX CHCTEM IO3BOJISET aBTOMATHU3UPOBATh HE TOJBKO
IPOIIECCHl  TIOATOTOBKM WHGOPMAIMU JJI TPUHATHAS PENICHUH, HO M CJIOXKHBIS
MPOIIECCHI BEIPAOOTKH PEIICHUI.

Henpto wusyuenus kypca «VHTemnekryaabHbie HHPOPMALMOHHBIE CHUCTEMbD»
ABIIgEeTCS. GOPMHUPOBAHUE Y CTYIEHTOB TEOPETUUECKON M MPAKTUUECKOM MOATOTOBKH B
obnmacTu  pa3pabOTKM M BHEAPEHUS  MNPOPECCHOHAIBHO-OPUEHTUPOBAHHBIX
UH(OPMAITMOHHBIX CHCTEM C YY€TOM COBPEMEHHBIX M MEPCIEKTUBHBIX TEXHOJOTUN U
METO/IOB.

Marepuasi JaHHOTO TTOCOOHMSI OCHOBAH Ha Kypce JICKIIUW, MPOYUTAHHBIX aBTOPOM
JUISL  CTYIEHTOB, oOydJarommxcs 1o crenuainbHoctn «llpukimagnas wHbOpmaTHKa
(3KOHOMUKA)».

[TocoOue cocTOUT U3 CEMH IJIaB.

B nepsoii 2nase ompenenensl ocHoBHbie ToHsTHS WUWUC, paccMmoTpena
knaccupuxanus MUC, a taxke Buabl 3a1ay, pemaembix UUC.

Bo semopoii enase nano oOriee ompeneneHne CUCTEM, OCHOBAHHBIX Ha 3HAHUSX,
puBEJCHA CTPYKTypa CTAaTHYECKUX M JIUHAMHYECKHX OHKCIepTHhIX cucteM (DC),
npuBeAeHa ux kiaccudukanus. B 9TOM ke TiaBe paccMOTPEHBI  BOIPOCHI
POEKTUPOBAHUSI SKCIIEPTHBIX CUCTEM.

Tpemuvs 2nasa TOMHOCTBIO TOCBSIIEHA BOMPOCAM MPEJCTABICHUS 3HAHUU B
WHTEJUIEKTYaJbHBIX CHUCTEMax. PaccMOTpeHbI BOMPOCH! OTIMYMS 3HAHWUW OT JTAaHHBIX,
Kjaccuukanusi 3HaAHUW, JTOCTATOYHO MOAPOOHO PACCMOTPEHBI OCHOBHBIC MOJIETHU
MPEICTaBIICHUS 3HAHU: TIPOIYKIIMOHHBIC TIPAaBUIIa, CEMAHTHUECKHE CeTH, (hperiMoBoe
MPEICTaBIICHUE 3HAHWI W MOJICJIH, OCHOBAHHBIC HA UCYHCIICHUH TIPEIUKATOB MIEPBOTO
MOpsIIKA.

B enase uemwipe onucanbl METOABI M CTpATETMH MOMCKA PEIICHUN B CHUCTEMaX,
WCTIOJIB3YIOIINX Pa3TUnIHBIC MOJCIIH MPEACTABICHUS 3HAHUM.

BOABIMHCTBO 3KCIEPTHBIX CUCTEM MCTIOIB3YIOT MPOAYKIIMOHHYO MOJIEbh 3HAHUH.
[loaTomMy B nsamoiti enage 00CYXHArOTCI OCOOEHHOCTH pabOThl MHTEpIpeTaTopa
MPOJYKIMOHHOM CUCTEMBI, a TaKkKe KPaTKO OXapaKTepU30BaHbl CHUCTEMbI C JIOCKOM
0OBSBIICHUN U CUCTEMbl, OCHOBAHHbBIEC Ha MpeleaeHTax. JlonoaIHUTeNbHO Ha TpUMepe



cuctembl (G2 paccMaTpuBalTCs TpeOOBaHUS, TPEABIBISEMbIE K OSKCIEPTHBIM
cucTeMaM JTMHAMHYECKOTO THUIIA.

1 mostydyeHusi pelieHus B CUCTEMAaX, OCHOBAHHBIX HA HEUYETKUX W HEIMOJIHBIX
3HAHUSIX, TPUMEHSIOTCA pa3JIMuHble METOAbl. B wecmou 2nage onuchbIBarOTCs
HEKOTOPBbIE W3BECTHBIE METOJbl HEYETKOrO0 BBHIBOAA: 0aleCOBCKHME BEPOSITHOCTHOE
pacCyKJI€HUE U €Tr0 PaCIIUPEHUs, TEOPUS] YBEPEHHOCTH, HEUETKas JIOTHKA.

W, nakoHen, cedvmasn enasa TMOCBsIIeHA HEHPOHHBIM ceTsiM. KpaTko ommcana
dbopmanbHas MOJENIb HEHpOHa, apXUTEKTypa W aJlrOpPUTMbl OOy4YeHHUS HEHPOHHBIX
CeTeH.

Kaxxmas rimaBa mocoOus COEPIKUT BBIBOBI, @ TAK)KE BOIPOCHI IS CAMOIIPOBEPKH.
Onrcanre MHOTHX TEOPETHUYECKUX BOIIPOCOB CHAOKEHO MOSICHSAIOIIMME ITPUMEPaAMH.



1. OCOBEHHOCTU U NPU3HAKU
UHTEJINEKTYAJNIbHBIX AHOOPMALIMOHHBLIX CUCTEM

1.1. OnpegeneHne nHTeneKkTyanbHbIX MHPOPMALMOHHbBIX CUCTEM

WupopmanmonHass cucreMa — 3TO HaO00p HMHQPOPMAIMOHHBIX TEXHOJIOTHH,
HaIpaBJIEHHBIX Ha MOAJEPKKY KU3HEHHOr0 LIMKJIa HH(OPMALIMU U BKIIIOYAIOIIETO TPU
OCHOBHBIX ITIporecca: oOpabOTKy JaHHBIX, yIpaBieHUE HH(OpMaLUEld U yIpaBiIeHUE
3HAHUSIMU.

OaHuM U3 METOJOB (opMaNM3alMKM 3HAHUNA SBISETCS aNTOPUTMHUUYECKUN WIH
npoueaypHbli moaxoa. HeoOxomumpiM yclioBHEM pelleHHs] 3alad B paMKax
IPOLEIYPHOIO MOJAXO0JA SBJSETCS HAIWYUE YETKOIO0 AJITOPUTMA, 4YTO BO3MOXKHO
TOJIBKO U1 (POpPMATM30BaHHBIX 33]1a4, IOATOMY 3HAHUS BBIPAXKAIOTCS B BUJE KECTKON
NOCJIEOBATENBbHOCTA JIEUCTBUI, KOTOpbIE O(OPMIISIFOTCS B BHJE KOMIIBIOTEPHOMH
IPOrPAMMBI.

OO01muMe HeAOCTaTKU TPAJAULMOHHBIX MH(POPMALMOHHBIX CUCTEM 3aKIHYalOTCA B
cnaboi ajantalud K WM3MEHEHUSIM B MPEeIMETHON o0nacth M MHGOPMALMOHHBIM
NOTPEOHOCTSIM MOJIb30BaTEEH.

Cy1ecTByeT Kilacc 3a/1a4, Ha3bIBa€MbIX He(QopMan30BaHHbIMU. VX ocoGeHHOCTH
[11]:

®  AJITOPUTM PELICHMS 3a/ladyd HEU3BECTEH WM €r0 HEJb3sl UCIIOJIb30BaTh M3-3a
OrPaHUYEHHOCTH PECYPCOB KOMIIBIOTEPA;

®  33/1a4y HeJb3s ONPEJEIUTh B YUCIOBON opMe;

e [IENM 33Ja4M HEJb3s BBIPA3UTh B TEPMHUHAX TOYHO OINPEICICHHOW ILEJIEBOU
byHKIUH.

IlonbITKK pelieHUss HEQOPMAIN30BAHHBIX 3aJad, a TAK)KE IOIMbBITKU YCTPaHWUTH
HEIO0CTaTKH MPOLEYPHOro NOJAX0/a IPUBEIU K (POPMUPOBAHUIO UHIICEHEPUU ZHAHUU.
CucreMbl, OCHOBaHHbBIE HAa  3HAHUAX, HA3bIBAKOTCA  UHMELNEKMYANIbHbIMU
UHGOPMAYUOHHBIMU CUCTNEMAMU.

CornacHo omnpenenenuto  J[.A. ITocrienioBa [12], uHTEIUIeKTyalbHasi  CUCTEMA
MOXKET:

1. HakannmuBaTh 3HaHUS 00 OKPY’KAIOLIEM MHUpPE, WHUIMUPOBATH MPOLECCHI
NOJIyYE€HHS] HOBBIX 3HAHUU.

2. IlonomHAT 3HAHUSA C TOMOIIBK JIOTMYECKOIO BBIBOAA, OTPAKAIOLIETO
3aKOHOMEPHOCTH B OKPY>KaIOIIEM MHpE, MOoJy4aTb 0OOOIIEHHbIE 3HAHUS HA OCHOBE
0o0Jiee YaCTHBIX 3HAHUH U JIOTHYECKH TIAHUPOBATH CBOIO J€ATEIbHOCTD.

3. 00marbcss € YEJIOBEKOM Ha S3bIKE, MAaKCUMaJIbHO TMPUOIMKEHHOM K
€CTECTBEHHOMY YEJI0BEUYECKOMY SI3BIKY.

4. ®opmupoBath 00BSICHEHHE COOCTBEHHOH 1€ATEIBHOCTH.



5. Oka3bIBaTh MOJIH30BATEIIO TIOMOIIL 3a CYET TEX 3HAHWM, KOTOPHIE XPAaHATCS B
MaMSTH, ¥ TeX JJOTUYECKUX CPENICTB PACCYKICHNUN, KOTOPHIE TPUCYIITH CUCTEME.

WNHTennekTyanbHple  MHGQOPMAIIMOHHBIE CHUCTEMBI pENIalOT TaK Ha3bIBacMbIC
WHTEJUICKTyalabHble 3amaud. KakoBel ux mpusHaku? [IpuHATO cuuTath, dYTO
WHTEJUICKTYaJIbHOM 3aadeil sBIsSETCA 3a7ada OTHICKAHWS paHee HEU3BECTHOTO
QITOPUTMA PEIICHUS PAKTUYCCKON MU TEOPETHUECKONW NPOOJIEMBI, YHUBEPCATBLHOTO
Ha MHOJKECTBE CBOMCTBEHHBIX 3TOW NpOOJIEeME MCXOJHBIX AaHHBIX. [locie Toro, kak
JITOPUTM HaMJICH, TPOIECC PEIICHUS 3a/1a4 MOYKHO MOPYYUTh JTHOOOMY HCTIOTHUTEITIO
(4eoBeKy WJIM aBTOMATy). 3aJaud, CBS3aHHBIC C OTHICKAHHUEM aJTOPUTMa PEIICHUS
JIPYTUX 3a/1a4d, Oy/IeM Ha3bIBaTh UHMELIEKIMYANbHbIMU.

CymiecTByeT MHOXKECTBO ONPEACIICHUN HHTCIUICKTYyaIbHBIX HH()OPMAIIMOHHBIX
cucteM. MpI OyJieM HCIIOJIB30BaTh Clieyromee onpeaeiacHue [15].

Onpenenenune

WNurennexryanbnas wunopmarmonHas cuctema (MMC) — 310 KommbroTepHas
MOJIENIb MHTEIUICKTYaJIbHBIX BO3MOXHOCTEN YEJIOBEKA B LIEJICHAIIPABICHHOM ITOMCKE,
aHaJIu3€ U CUHTE3e TeKylled uHdopmanuu o0 OKpYKarIiel NelCTBUTEILHOCTH IS
MOJIyYEHUSI O HEW HOBBIX 3HAHUM U PELICHUs HA 3TOM OCHOBE PA3JIMYHBIX )KU3HEHHO
Ba)XHBIX 3aJ1a4.

[IpuBenem o00O0OIIEHHBI TIEpeUeHb KJIACCOB 3ajad, KOTOpPBIE YXKe ceidac
pelIaTCs ¢ HOMOIIbIO MHTEIUIEKTYaIbHbIX HHPOPMAIIMOHHBIX CUCTEM:

— paspaboTka cpeAcTB, oOecrieunBaromux 3(PGEeKTUBHOE OOIIEHHE YEIOBEKa C
MAaIIMHOM (aBTOMATOM) Ha €CTECTBEHHOM sI3bIKE B (popme pedeBoro oomMeHa U (HIIN)
oOMEHAa TeKCTaMHU;

— aBTOMATUYECKHI MEePEeBOJl TEKCTOBOW M peyeBOM MH(OPMALIUU C OJHUX S3BIKOB
Ha JIpyTHE, B TOM YUCIIE — C €CTECTBEHHBIX SI3bIKOB Ha BHYTPUMAIIMHHbBIE U 00paTHO;

— aBTOMATUYECKUH KOHUENTYalIbHbIA aHAIU3, MOUMCK U MHTEPHpPETALHMs TaHHBIX U
3HAHMHU;

— pa3paboTKa aJIrOpUTMOB M METOJOB MOJACPKKH NPHUHITHS PEIICHUH IO
1eJ1eco00pa3HOMY YIpaBJIEHUIO (B TOM YHCJIE€ — B pEaJlbHOM MacuiTabe BpEeMEHH)
pa3NMYHBIMM CHUCTEMaMH, OOBEKTaMH W TPOLECCaMU B Pa3IMYHBIX OTPACIAX
XO35IUCTBA C YyYETOM HEONPEIEIEHHOCTH B peain3aluu (HakTOpOB BHEUIHEH Cpelbl U
CBSA3aHHBIX C 3TUM PUCKOB;

— pa3paboTKa aJropuTMOB U METOJOB MOHUTOPUHIA W JAMATHOCTUKH COCTOSIHUSA
CUCTEM, OOBEKTOB U MIPOLIECCOB;

— aBTOMAaTHUYECKOE MPOEKTUPOBAHUE CUCTEM M YCTPOMCTB C ONTHMAJIbHBIMU Ha
MHOYECTBE CUTYyal[uil CBOMCTBAMU;

— pa3paboTKa aIropuTMOB JIOTUYECKUX BBIBOJIOB U JI0KA3aTEIBCTBA TEOPEM;

— pa3paboTKa MOBEAEHYECKUX AJITOPUTMOB B YCIOBHUSX HEONPEIEICHHOCTH W
pHUCKa;

— aBTOMAaTUYECKOE paclio3HaBaHue 00pa30B PA3TMUYHON TPUPOIbL;

— CO3/1aHME ABTOMATHYECKH 00YUYaIOIINXCS CUCTEM.



1.2. Knaccudgmkauma nHTennektTyanbHbIX MIHPOPMaLNOHHBIX CUCTEM

Wutennexryansupie  uHpopmannonusie cuctemsl (MUC) xapakrepusyroTcs
HaJIMYUEM CIEAYIOIIMX MPU3HAKOB.

HmeroT pa3BuThie KOMMYHHKATUBHBIE CTIOCOOHOCTH.
VYMeI0T petiarh CI0KHBIE II0X0 (hopMau3yemble 3aJauu.
CriocoOHBI K CaMOOOYUYEHHIO.

O0azaroT aganTUBHOCTLIO.

Kommynuxamusnvie cnocoonocmu NNC xapaktepusyroT crnocod B3auMoAeHCTBUS
(uaTepdeiic) KOHEUHOro IMOJIb30BATENsl C CUCTEMOM, B YacCTHOCTH, BO3MO>KHOCTh
dbopmyaupoBaHMs MPOU3BOJILHOTO 3anpoca B auanore ¢ MAC Ha a3bike, MakCUMalIbHO
NPUOINKEHHOTO K €CTECTBEHHOMY SI3BIKY.

Cnoorcnvle ninoxo ¢hopmanuzyemvle 3a0auu TPeOYIOT MOCTPOEHUS OPUTHHAIBLHOTO
aJITOPUTMA PEUICHHs] B 3aBUCUMOCTH OT KOHKPETHOM CUTyalluu, AJii KOTOPOH MOTyT
OBITh XapaKTEPHbI HEONPEIEICHHOCTh U JUHAMUYHOCTbh UCXOJIHBIX 3HAaHUHN U TaHHBIX.

Cnocobnocmev K 00y4enuio TPOSBISETCS B BO3MOXKHOCTH aBTOMAaTHYECKOIO
U3BJICUCHHS 3HAHUM M7 PEIIEHUs 3a7ad W3 HAKOIUICHHOTO OMNBITa KOHKPETHBIX
CUTYaLUH.

Aoanmuenocms — 3TO CHOCOOHOCTh K PAa3BUTHIO CUCTEMBbI B COOTBETCTBHM C
00BEKTUBHBIMU U3MEHEHUSAMH MOJIEIH MPEIMETHON 001acTH.

B pasznuunbix UUC nepeudncieHHble TpU3HAKM MHTEIJIEKTYalbHOCTU PAa3BUTHI B
HEOJIMHAKOBOM CTENEHH U PEAKO, KOrja BCE YEThIpe IMpHU3HAKA pPeau3yrOTCs
OJIHOBPEMEHHO. YCJIOBHO KaXJIOMY IMPU3HAKY HUHTEJUIEKTYaJIbHOCTH COOTBETCTBYET
cBoii kitacc MUC (puc. 1.1):

e (Cucrembl ¢ UHTEIUIEKTYaJIbHBIM HHTEP(PEicoM.

e  DKCIEPTHBIE CUCTEMBI.

e (Camo00yyarnmecs CUCTEMBI.

e  AJIalITUBHBIC CUCTEMBI.

Mpb1 npuBeneM KpaTKyr XapaKTepUCTUKY OCHOBHBIX THIIOB HMHTEIIEKTYaJIbHBIX
UH(POPMAITMOHHBIX CUCTEM.

CucreMbl ¢ HHTEJVIEKTYAJILHBIM HHTEPdeiicoM

EcTtecTBeHHO-53bIKOBBIN UHTEPPEHC UCTIONB3YETCS IS

® JI0CTyNa K MHTEJUIEKTYaJbHbIM 0a3aM JaHHbBIX;

® KOHTEKCTHOTI'O MOMCKA JJOKYMEHTaJIbHON TEKCTOBON MH(pOpMALUY;

® T0JIOCOBOTO BBOJA KOMAaH] B CUCTEMAX YIPABICHUS;

¢ MAaIIMHHOIO NEPEBOJA C UHOCTPAHHBIX SI3BIKOB.

l'unepmexcmosvie cucmemvl TPEAHA3HAYEHBl JUISI pPEANM3alMM  IIOMCKAa 10
KJIIOYEBBIM CJIOBaM B 0a3ax TekcToBoM uHpopmanuu. HWHTeNIEeKTyalbHbIe
TUIIEPTEKCTOBBIE CUCTEMBI OTJIMYAIOTCA BO3MOXKHOCTBIO CJIOKHOW CEMaHTUYECKOU
OpraHM3aliyd KIIOYEBBIX CJIOB, KOTOpas OTpPa)XaeT pas3jIu4Hble CMBICIOBBIE
OTHOLIEHUSI TEPMHHOB. BoO3MOXeH NOHMCK MyJIbTUMEIUHHON  HMHpOpManuu,
BKJIFOYAIOIIEH MOMUMO TEKCTOBOM M LM(DpoBOil nHPopManuu rpadpuyeckue, ayauo u
BUJI€0-00pa3bl.



. —

A Pemenne cosHBx
- P 2373y Camoobyuarongiecs ApanTueHEe
HEIH HHTepdEfic -
(3nCTepTHEIR CH CTEMEL CHCT MBI
CHCTEME)
—p| HHTEMIERTVEATEHER o Fnacarprnpyroume HEpVKIHEHBIR
D&EI DAHHBL CHICT EMBI — CHICT EMBI
— E crecTEesHD
AIBKOEBTT oorp eg enaronpe L Heiporssie cetn
HHTepdeic = CHICT EMEL
—p T[imeprencroese - Tpanc opn ey e CHcT enbl Ha
CHCT VBT CHETEMET == M ErEAeHTAY
Crerenpr
— -
K.OHTEK CTHOH DvIsor oar eHTHER
TTOMCTH —x CHCT 8MBI
Kormmmmiesas
» rpadika

Puc. 1.1. Knaccudukanust HHTEIIEKTYadIbHBIX CHCTEM

Cucmemvl KOHMEKCMHOU NOMOWU MOKHO PacCMaTpHUBAaTh KaK YaCTHBIA Clydail
WHTEJUICKTYaJIbHBIX THIIEPTEKCTOBBIX M €CTECTBEHHO-SI3LIKOBBIX CHCTEM. B crucremax
KOHTEKCTHOW TOMOIIM TOJIH30BAaTENh OMUCHIBAET MPOOJIEMy, a CHCTeMa C MOMOIIBIO
JIOTIOJTHUTEIHPHOTO  JUAJIOTa €€ KOHKPETHU3UPYeT U cama BBINOJHSIET IOUCK
OTHOCSIIIUXCS K CHTyallul peKoMeHmanuid. Takue CHUCTEMBI OTHOCSTCS K KiIaccy
cucreM pacmpoctpaneHuss 3Hanuii (Knowledge Publishing) u co3garorcst kak
MPWIOKEHUE K CUCTEMaM JIOKyMEHTAITUH.

Cucmembl  KOCHUMUBHOU 2paguku  TIO3BOJSIOT  OCYIIECTBIATh HHTEpdeiic
nosib3oBatens ¢ UMC ¢ momornisio rpadudeckux o0pa3oB, KOTOPHIE TEHEPUPYIOTCS B
COOTBETCTBHH C TPOUCXOASAIIMMHU COOBITHSAMHU. Takue CHUCTEMBI HMCHOIB3YIOTCS B
MOHUTOPUHTE W YIPaBICHUH ONEpaTUBHbIMH Tporieccamu. OHM TakKe HAILIN
MUPOKOE NMPUMEHEHHE B OOYYAIOIINX W TPEHAXKEPHBIX CHUCTEMax, I/e TpaduaecKue
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00pa3pl MOJEIUPYIOT CUTYyallud, B KOTOPHIX HEOOXOJUMO MPUHUMATh PEUICHUS U
BBITIOJIHSATH OIPEICIICHHBIC 1€MCTBUS.

IkcneptHblie cucteMbl (IC)

Ha3Hauenue 5SKCHEPTHBIX CHUCTEM COCTOMT B pELICHUM 3aJady Ha OCHOBE
HaKariMBaeMou 0a3bl 3HaAHUM, OTPAXKAIOIIEH OMBIT PabOThl IKCIEPTOB B HEKOTOPOU
npo6sieMHOM 00s1acTu. JIOCTOMHCTBO MPUMEHEHUS SKCHEPTHBIX CUCTEM 3aKIIIOUYACTCS
B BO3MOXXHOCTH IPUHATHUS PEUICHUNM B YHUKAJIBHBIX CUTYyalUHMsX, U1 KOTOPBIX
JITOPUTM 3apaHee HEU3BECTEH M (OPMHUPYETCS HO MCXOJIHBIM JaHHBIM B BHUJE
LENOYKU pacCyX ACHUN (IpaBWJl MPHUHATHS pelieHuil) u3 0as3bl 3HaHMU. Pemenue
[IPEAIIOIaraeTcs OCYLIECTBJIATh B YCIOBUAX  HEIMOJIHOTHI, HEIOCTOBEPHOCTH,
MHOTO3HAYHOCTH UCXOJIHOM MH(OPMALINK U KaYECTBEHHBIX OLIEHOK MPOIIECCOB.

Camoo0y4yaroimmecs CUCTEMBI

B ocHOBe camMOOOy4arIUXCS CHCTEM JIEKAaT METOAbl ABTOMATHYECKOU
KJIacCHU(PHUKAIMN PUMEPOB CUTYalUH peaJbHOU MPAKTHKHU (0O0ydeHHsI Ha mpuUMepax).
B pesynaprare o0oO0yueHHS CHUCTEMBI aBTOMAaTHYECKH (HOPMUPYIOTCS  3HAHUA,
UCIOJIb3yEeMbI€ MTPHU PELIEHUH 3a]1a4 KJIacCU(UKAIIMU U MIPOTHO3UPOBAHMUS.

CylecTByIOT HECKOJBKO KJIACCOB CaMOOOYyYarOUIUXCsl CUCTEM: WHIYyKTHUBHbIE
CUCTEMBI, JEAYKTUBHBIE CHCTEMbl, HEHPOHHbBIE CETH, CHCTEMbl, OCHOBAHHbIE Ha
npereneHTax. B HameM Kypce Mbl MOAPOOHO M3y4YHMM HEWPOHHBIE CETH, a ceiuac
JTaJUM KPaTKyI0 XapaKTEPUCTUKY KaXJI0Tr0 MPEACTABUTENS ITUX CUCTEM.

Unoykmusnvie cucmemol. Ilpu HMHAYKTUBHOW oO0paboTke wuHGOpMAIUU Ha
OCHOBAaHUU MPAKTHUUECKOTO OMbITA U OTOKOB JAaHHBIX CO3JIAI0TCS 001Me MI1a0JI0HBI U
npasuwia. OO00IIeHHE TPUMEPOB MPOUCXOIUT IO MPUHIIMITY OT YACTHOTO K 00IIeMy U
CBOAMTCS K BBISIBJICHUIO ITOJMHOKECTB INPUMEPOB, OTHOCSIIHUXCSA K OJHUM M TEM XKe
NOJIKJIACCAM, U OIPEIEICHUIO ISl HUX 3HAYUMBbIX [PU3HAKOB.

[Ipouecc knaccuduray NpUMEPOB OCYIIECTBIISETCS CIETYIOINUM 00pa3oMm.

1. Beibupaetcs mpu3Hak Kiaccuukaimm.

2. Ilo 3HayeHHnI0 BHIOPAHHOTO MPHU3HAKA MHOXECTBO MPUMEPOB pa3OMBaeTCs Ha
MOJIMHOKECTBA.

3. BoinosiHsieTcsl  MpOBEpKa, NPUHAMICKHUT JM  Kaxzaoe oOpa3oBaBIIeecs
MOJIMHOXECTBO IPUMEPOB OJHOMY KJIACCy.

4. Ecnu kakoe-TO MOJAMHOKECTBO MPUMEPOB MPUHAIICKUT OJHOMY MOJKIACCY, TO
npolece Kiaccu(pukanuy 3aKaHqYMBaETCSl.

5. dnsa MOJIMHOXECTB IPUMEPOB C HECOBIAAAIOITUM 3HAYECHHUEM
KJ1accoo0pa3yoIIero nmpu3Haka Mnpouecc KiaccuuKaluyd NpoaosKaeTcsl, HauuHas C
nyHKTa 1.

IIpomecc knmaccudukauu MPEICTABISICTCS B BUIE JepeBa pelieHuid. B HeM
IIPOMEKYTOUHBIE  y3Jbl COJAEP)KAT 3HAYEHUS [PU3HAKOB  IOCJIEA0BATEIBHON
KJacCu(UKAMU, a B KOHEUYHBIX Y3J1aX — 3HAYEHUs IPU3HAKA IPUHAJJICKHOCTU
onpeaeneHHoMy Kiaccy. [IpuMep noctpoeHus AepeBa pelieHuil Ha OCHOBE (pparMeHTa
TabnuLbl npuMepoB (Tadu. 1.1) nokasax Ha puc.1.2.
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AHanu3 HOBOH CUTyalUu CBOAMTCS K BBIOOPY BETBH J€pEBa, KOTOPAsk MOJHOCTHIO

omnpenenser curyanuroo. [louck  pemeHuss OCYIIECTBISIETCA B pe3yJibTaTe
MOCJIeI0BATEILHOM IPOBEPKHU NMPU3HAKOB KJIacCUPUKALIIY.
Tabmuma 1.1
Kiaccoobpasyroutnit [Tpuznaku knaccudukauu
IIPU3HAK
Ilena Cupoc Konkypennus | U3aepxku KauecTBO
Hwuzkas Hwuzkuit Hesrnicokas Hwuzkue Hwuskoe
Bricokas Hwuzknit Hesrnicokas bonpmmue Bricokoe
Bricokas Bricoxuit | HeBricoKkas bonpmmue Hwuskoe
Bricokas Bricokuii | HeBbicokas Huzkne Bricokoe
Bricokas Bricokuit | HeBricokas Hwuzkue Hwuzkoe
Bricokas Bricoxuit | HeBricoKkas bonpmmue Bricokoe

BRICOKITT __p, [MEHA BEEOEAS]

[copoc] _[
ki [Epepxxa]
p[EHa EEaE]

Puc. 1.2. ®parmeHT nepeBa pemieHnn

OomEmue — v [ryema ERICoKaI]

HIZEIE

Kaxnas BeTBb JepeBa COOTBETCTBYET OJHOMY MPABUIY pPEUICHUS, HAMpPUMED,
TaKOMY:

Ecmu Cnpoc = «auskuin»y u M3nepxkn = «HU3KHIE»
To llena = «HU3KaD»

Ilpu oedyxkmuenoti 006paboTke WHOOPMALMH JJISI OMPEACIICHUS KOHKPETHBIX
(bakToB HCHONB3yIOTCA 001ue npaBuiaa. OO0ydeHrue Ha OCHOBE MOA00US MTPEICTABIISET
co00M MHIYKTUBHBIN IIPOLIECC, a A0KA3aTeIbCTBO TEOPEM — JI€TYKTUBHBIN, TOCKOJIBKY
OMUPAETCS HAa U3BECTHBIC AKCUOMBI U YK€ JIOKa3aHHbIE TEOPEMBI.

Heiipounvie  cemu  SBASIOTCA ~ TEXHOJOTHEW  00pabOTKU
BJIOXHOBJIEHHOM M3YYE€HHUEM MO3ra U HEPBHOW CUCTEMbI YETIOBEKA.

Hetiponnsie ceTr MO3BOJISIOT pelIaTh 3a7a4d TPOTHO3UPOBAHUS, KIIACCU(PUKAIINH,
MOMCKA ONTHUMAJIbHBIX BAPUAHTOB, U COBEPIICHHO HE3aMEHUMBI B T€X CIIyyasx, KOrjaa
B OOBIUHBIX YCJIOBUSIX PEIICHUE 3a/1aud OCHOBAHO HAa MHTYUIMU WJIM OIBITE, a HE HA
CTpPOroM (B MaTeMaTUYECKOM CMBICIIE) €€ OMUCAHUU

Bbonee noipoOHO 0 HEWPOHHBIX CETSIX Mbl TOTOBOPUM I03/IHEE.

bazvi 3nanuii cucmem, ocrosamnvix Ha npeyedenmax (Case-based reasoning)
CoJIeprKaT OMUCAaHUS pa3HOOOpa3HbIX cuTyalui. [louck pemienus: mpoOIeMbl CBOIUTCS
K TOWCKY MO aHanoruu (aboykmueHomy BBIBOAY OT YacCTHOTO K YacTHOMY)
MOXOSIIEH CUTYaIIMU U BKIIOYAET CJIEIYIOLIUE Iary.

1. [Tonyuyenue noapoOHOM nHGOPMAIIMK O TEKYLIEH podiieme.

2. ComocTaBieHue TOJy4eHHOW UWHGOpPMAIMM CO 3HAYCHUEM
MPEIEICHTOB U3 0a3bl 3HAHUM.

uH(bOopMaIu,

IMPHU3HAKOB
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3. BeiOop mpenenenta u3 0as3bl 3HaHUHN, Hanbosee OJIM3KOTO K paccMaTpUBaeMOil
npobieme.

4. B cnydyae HEOOXOIMMOCTH BBIMOJIHSAETCS aanTalus BBIOPAHHOTO MPELeIeHTa K
TeKylIiel npoodieme.

5. IIpoBepka KOPPEKTHOCTH KaXKIOI'0 NIOJIYYEHHOTO PELLICHUS.

6. 3aHeceHue MHPOPMAIMK O OJIYYECHHOM PELlIEHUH B 0a3y 3HaHUH.

B oTnnMuune oT MHyKTUBHBIX CUCTEM JOIYCKAETCSI HEUETKUN IOUCK C MOJIy4YEHUEM
MHO’KECTBA JJOMYCTUMbIX aJIbTEPHATUB, KaXJ1asl U3 KOTOPBIX OLIEHUBAETCS HEKOTOPHIM
KO3(pPUIUEHTOM yBepeHHOCTH. OOydeHHE CHCTEMbl CBOJUTCS K 3allOMUHAHMIO
KOKI0M HOBOW 00pabOTaHHOW CUTyalluu C TPUHATHIMU pelieHusIMA B 0ase
IPELEICHTOB.

OTU CHCTEMbl TPUMEHSIOTCS KakK CHUCTEMbl pPAcCIpOCTPaHEHHs] 3HAHUM C
pacIIMpeHHBIMU BO3MOKHOCTSMH WJIM KaK CHCTEMbI KOHTEKCTHON TTOMOIIIH.

AI[aHTI/IBHbIe CUCTEMBI

AnpoMm adanmuenvix cucmem SIBISETCS TIOCTOSIHHO pa3BHBaeMasi MOJECIb
npoOJIeMHOM 001acTH, OAJIepKUBaeMas B ClielUalibHON 0a3e 3HaHUM — PEeO3UTOPUH,
Ha OCHOBE KOTOPOTO OCYIIECTBJISIETCSI T€HEpaIvs UM KOHPUTYypalus TpOrpaMMHOTO
obecnieueHusi. Takum o0pa3oM, MPOCKTUPOBAHUE W aJanTallds CHUCTEMbl CBOJUTCS,
MPEXKJIE BCETr0, K MOCTPOCHUIO MOJEIHU MPOOJIEeMHON 00JIACTH M €€ CBOEBPEMEHHOM
KOPPEKTUPOBKE.

[Ipu npoexkTupoBaHUM aJANTUBHON CHCTEMbI OOBIYHO MCIIOJIB3YETCs J1Ba MOIX0/a:
OPUIMHAJIBHOE WIM THUIIOBOEC MNPOEKTUPOBaHUe. [lepsviii TOAXOJ MPEAIOIaraet
pazpaborky HNHUC ¢ «uuctoro mnucta» B COOTBETCTBUU C TpeOOBaHUSIMU
PKOHOMHYECKOTO 00bekTa. OH peanusyercs C  HCIOIb30BAHUEM  CHUCTEM
aBTOMATU3UPOBAHHOTO MPOEKTUpoBaHUS HHPpopMannoHHbIX cucteM wuinu CASE-
TexHOJOrui. CorinacHo 3TOM TEXHOJOTMU KaXKIbli pa3 MpU U3MEHEHUH MpPOOJIEeMHON
00JlacTH BBITIOJHSECTCS TeHepalus mporpaMmHoro obOecneuenus. Ilpu emopom
NOAXOJE BBIMOJHSAETCS aJanTalus TUIOBBIX Pa3pabOTOK K OCOOEHHOCTSAM
PKOHOMUYECKOTO 00bekTa. OH mpenoiaraeT UCIoJIb30BaHUE CUCTEM KOMITIOHEHTHOTO
(cOOpPOYHOTr0) MPOEKTUPOBAHUSL.

O6a mnoaxona OPUEHTUPYIOTCA Ha TINATEIBHOE HW3YUYEHHE HSKOHOMHYECKOTO
obbekTa W ero mojaenupoBanue [15]. OTnuume MeXay HUMHU 3aKIHOYaeTCS B
cienyromeM: npu ucnosibzoBaHuu CASE-TeXHOJIOrMM Ha OCHOBE PENO3UTOpHs IPHU
BO3HMKHOBEHUU WM3MEHEHUs BBIMOJHSAETCS TeHepalusi MpOrpaMMHOI0 OOeCreUeHUs;
IpU  HCTOJIB30BAHUKM COOPOYHOM TEXHOJOTUU — KOH(QUTYpaIUs MPOrpaMMHOTO
obOecrieueHUss U TOJIBKO B PEIKHX CIydasx BBIMOJNHACTCA WX TNepepadoTKa ¢
ucnoJyibzoBanuem CASE-cpencTs.
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1.3. CBs3b MHTEJINEeKTYyalrbHbIX VIH(bOpMaLI,MOHHbIX cncremMm
C UCKYCCTBEHHbLIM NHTEJIJIEKTOM

Ntak, Mbl KpaTKO OXapakTepHU30Bald Pa3IUYHBbIC KJIACChl HHTEIUICKTYalbHBIX
MH()OPMAIIMOHHBIX CUCTEM. ITHU CUCTEMBI CTPOSTCS HA MPUHIUIIAX, Pa3paO0TaHHbBIX B
obsiactu UCKyccTBeHHOTO uHTemiekra (MN).

Onpenesienune

NN — nayynas qucuMIUIMHA, OCHOBHOM 3a/Jaueil KOTOPOM SBJsETCS pa3padoTKa
napajurM  WJId ~ aJFOPUTMOB,  OOECHEYMBAIOLIUX  KOMIIBIOTEPHOE  pelIeHUe
KOTHUTUBHBIX 33/1a4, CBOMCTBEHHBIX YEJIOBEYECKOMY MO3TY.

Cnenyer 3aMeTUTh, 4YTO 3TO OIPEACIEHHE HMCKYCCTBEHHOI'O HHTEIUIEKTa HE
SIBJISIETCS €IMHCTBEHHO BO3MOXKHBIM.

C camoro Havasa ucciaeoBaHUI B 00JIaCTH MOJETUPOBAHMS MTPOLIECCA MBILLIICHUS
(xonery 40-x rom0B) BBIAECTWINCH JBa JO HEAABHEIO0 BPEMEHU MPAKTHUYECKU
HE3aBUCUMBIX HAIIPaBJICHUS: JOTUYECKOE U HEMPOKUOEPHETHUECKOE.

llepsoe  (TpaAMIIMOHHOE)  HANpPAaBJIEHHE  CBSI3aHO C  MOJIEIMPOBAHHEM
MBICIIUTEIBHON JIESATEIBHOCTH YEJIOBEKAa IPU PEIIEHUHM KOHKPETHBIX 3aJad B
ornpeereHHON MpoOieMHON 00J1acTh (IKCIEPTHBIE CUCTEMBI; CUCTEMbI, OCHOBAHHbIE
Ha 3HaHUsX). VcciienoBanusi, HCTOIB3YIONIKME 3TO HallpaBieHUe, 0a3UpyOTCs HA ABYX
THUIIOTE3aX: TUIIOTE3¢ CUMBOJIMYCCKHUX CUCTEM U rumoTe3e moucka [11].

[lepBass rumore3a B YNPOUIEHHOM BHUJE YTBEPKIAET, YTO 3HAHUA MOXKHO
IPENCTaBUTh C ITOMOIIBIO CHUMBOJBHBIX CTPYKTyp. CorimacHo BTOpOH THIIOTE3€
CUMBOJIMYECKUE CUCTEMBI PEIIAIOT 3aa4i C IIOMOLIBIO IONCKA, T.€. OHU T'€HEPUPYIOT
NOTEHIUANbHBIC PEIICHUS W TOCTENEHHO MX MOIU(PUIUPYIOT, MOKa pEHICHHUS He
OyZyT yAOBIJIETBOPATH 33JJaHHBIM YCIOBUSIM.

B panbhHeliieM 53TO HampaBi€HUE BBUIMJIOCH B HaIpaBlIeHUE HWHPOPMATUKU
«MHKEHEPUS 3HAHWI», 3aHMMAIOLIEECS CO3JAHUEM TaK HaA3bIBAEMBIX «CHUCTEM,
ocHoBaHHbIX Ha 3HaHUAX» (Knowledge Based Systems).

Takum  oOpa3oMm, mepBO€  HampaBJIE€HUE  pacCMaTpUBAeT  pe3yJibTar
WHTEJUIEKTYaJbHON JEATEIbHOCTH YEJNOBEKA, H3Y4aeT €ro CTPYKTYpy (BBLIEISS
pa3IMYHbIC MPOSIBJIICHUS HMHTEIUIEKTYaJlbHOM JEATEIbHOCTH — pEIICHHE 3aj1ad,
JI0OKa3aTeIbCTBO TEOPEM, UIPbI) M CTPEMUTCS BOCIPOU3ZBECTH ITOT MPOAYKT
cpeactBamu OBM. VYcnexu storo Hampasiienuss UM TecHO cBsi3aHbl C pPa3BUTHUEM
OBM u HCKycCTBOM MNpOrpaMMupoBaHus. JTo HampaiieHue MU dacto Ha3bIBaroT
MAUUHHBIM UHMETIeKMOM.

Bmopoe wnanpaBieHue — HEHPOKHMOEPHETUYECKOE — OCHOBAHO HAa MOCTPOCHHH
CaMOOPTaHMU3YIOIIUXCA  CHUCTEM,  COCTOAIIMX M3  MHOXKECTBA  DJIEMEHTOB,
(yHKUIHMOHAIBHO MOJOOHBIX HEHPOHAM T'OJIOBHOTO MO3ra. JTO HalpaBJICHUE HAYAJIOCh
¢ koHmemmmu ¢GopmarbHOTO Helpona Mak-Kamnoka—Ilutrca u  wuccnenoBanuit
PozenOnarra [17] ¢ pa3nuyHbIMU MOJAEISIMU MEPCENTPOHA — CUCTEMBI, 0Oydaronieics
pacno3HaBaHuio  oOpa3zoB.  Pa3Burue  3TOro  HampaBji€HHUS,  HA3bIBAEMOI'O
UCKYCCMBEHHbIM ~ paA3yMOM, TECHO CBA3aHO C YCIEXaMH HayK O YeJIOBEKeE.
XapakTepHbIM B JaHHOM Clly4ae SIBJISETCS CTPEMIICHHE K BOCIPOU3BEICHUIO Ooliee
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IIMPOKOI0, YE€M B MAIIMHHOM HWHTEJUIEKTE, CIEKTpa MpOSBICHUN pa3syMHOU
NEeSATENbHOCTH YEJIOBEKA.

O6a ocHoBHbIX HanpasyieHus U cBsizaHbl ¢ MOJIETUPOBAHUEM: B IEPBOM Cllydae —
C UMUTAMOHHBIM MOJIEJIMPOBAHUEM, & BO BTOPOM — CO CTPYKTYPHBIM. B ynpoiienHom
BU/JIE CTPYKTYypa OCHOBHbIX Hanpaienuid MW, nzobpaxena Ha puc. 1.3.

—| HeryocoTEeHHBET HHTEMTEKT

¥
MMopgemtpoEamie pesyIbTATOE
HHTEIeKTYANbHO 1 AT IbHO CTH.

ManmrEn Nt HHTEITRKT. Mogemiposarmie biomorirecam

CHCTEM.
HexyecTeeHHBDT pasymL ‘

L

MogemipoEarile MeXaFIEMOE.
Heftponogobibie ceTi.

Mopemiporarmte HHbOPMAITHOHEED
TP OLIECCOE.
SEpPHCTIMEeCKO e TP OTPaMb I OEIHIE.

)

FonmmercHeNT momro.
JEPHCTHHECKOS
MOTEIp OEaHIe

L4

Puc. 1.3. CtpykTypa OCHOBHBIX HampapjieHui pabot B o6i1actu NN

JIOCTOMHCTBaMH JIOTUYECKOTO HAIIPABJICHUS SIBJISFOTCS:

1. BO3MOXHOCTh OTHOCHUTEJIBHO JIETKOI'0 OHUMAaHHUs pabOThl CUCTEMBI.

2. IOCTH)KMMOCTb ~ OJIHO3HAYHOCTH  TIOBEJICHHMSI CHCTEMBI B  OJIMHAKOBBIX
CUTyalUsX.

Henocrarkamu 31010 NOAX01a ABJISIIOTCS:

1. TpyITHOCTh 1 HEECTECTBEHHOCTh peaInu3alii HEYETKUX 3HAKOB (00pa30B).

2. TpynHOCTh (MM JaXKe HEBO3MOKHOCTh) pealn3aliy aIeKBaTHOTO IMOBEJICHUS B
YCIIOBUSX HEONPENEIEHHOCTH (HEIOCTATOYHOCTH 3HAHUM, 3aIIyMJIEHHOCTH JAHHBIX,
HE TOYHO MOCTaBJICHHOM €U U T.I1.).

3. TpyaHoctb U HE3(PPEKTUBHOCTh pacnapaijIeIMBaHuUs MIpoLiecca PELICHUs 3a1ay.

JlocTouHCTBa ~ HEUPOKUOEPHETHUECKOTO HaIIPaBJICHUS — 3TO OTCYTCTBHUE
HEJIOCTAaTKOB, CBONCTBEHHBIX JIOTMUYECKOMY HAIlPaBJICHHIO, & HEIOCTAaTKU —
OTCYTCTBHUE €ro JIOCTOMHCTB. KpoMe TOro, B HEHpOKHMOEpHETUYECKOM HaIlpaBJICHUU
MIPUBJIEKAET BO3MOKHOCTh IMOJYYHUTh CUCTEMY, HACTPAUBAIOUIYIOCA HA CKOJIb YTOJHO
CJIO’KHOE IIOBEJICHUE U aJIEKBAaTHOE peiaeMon 3anaue. [IpuueM ee cir0KHOCTb 3aBUCHT
TOJIBKO OT KOJTMYECTBEHHBIX ()aKTOPOB MOJICTTN HEHPOHHOM CETH.

Eme ogHMM AOCTOMHCTBOM B Clly4yae amnmnapaTHOW pealn3aluyd HEMPOHHOM CETH
SBIIIETCSI €€ KUBYYECTh, T.€. CIOCOOHOCTh COXPaHATh MpueMieMyro 3()PEeKTUBHOCTD
pELICHUS 3aJla4d IIPU BBIXOJIE U3 CTPOS JIEMEHTOB CETH. DTO CBOMCTBO HEMPOHHBIX
CeTell JOoCTHraercs 3a cyeT H30BITOYHOCTU. B ciiywae mporpamMMmHON peain3anuu
CTPYKTypHasi H30BITOYHOCTh HEHPOHHBIX CETEH MO3BOJISIET UM YCIHEIIHO paboTaTh B
YCIJIOBUSIX HEIMOJIHOW MM 3allyMJIEHHON MH(MOPMALIH.
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1.4. BbiBOAbI

1. UndopmalilioHHbIE CHUCTEMBbI, OTKIMKAsACh Ha 3alpochl MOJIb30BaTENEH,
Pa3BUBAIIMCH B HAIIPABIICHUM YCJIOKHEHMS Kiacca pelaeMbIX 3azad. B Hacrosmiee
BpeMsl IIMPOKOE TMPUMEHEHHE HaXOJAT MHTEIUIEKTyalbHble WH(GOPMAIIMOHHbIE
CHUCTEMBL.

2. IHTeniekTyanbHble CUCTEMbI MPUMEHSIOT 3HAHUS, UCIOJIb3yEMBbIE YEIOBEKOM
P PEUICHUU CIOXKHBIX TJI0XO0 POopMaIu3yeMbIX WU HE (OpPMANTU3yEeMbIX 3a/au.

3.B MUHTEJUIEKTYaJIbHBIX MHOOPMAITMOHHBIX cUCTEMAX IPU3HAKU
WHTEJUIEKTYaJbHOCTH  pPAa3BUThl B  HEOJMHAKOBOM creneHu. (COOTBETCTBEHHO
pa3ianyaloT CUCTEMbl C HHTEIUIEKTYaJbHBIM HHTEp(dercoM, SKCIEPTHHIE CHUCTEMBI,
MOJCIMPYIOIIME  PACCYKIECHMS  4YEJIOBEKa-dKCIepra IIpM  pEeuIeHuH  3ajad,
caM000y4YaroIIuecs CUCTEMbI U a/IalITUBHBIE CUCTEMBI.

4.B OCHOBY WHTEUIEKTYaJIbHBIX HWH(DOPMALUMOHHBIX CHCTEM  IOJIOXKEHBI
OPUHIUIBL, pa3padaTbiBaéMble B HCKYCCTBEHHOM HHTeUlekTe. COINIacHO 3TUM
IPUHLANAM HUHTEJUIEKTYaJIbHbIE 33/1a4d MOYKHO PEIIaTh, MAHUITYJUPYS] CUMBOJIAMHU C
IIOMOIIIbI0 MEXAHU3MOB IIOUCKA PELIEHU.

5.B Hacrosmee BpeMs pa3BUBACTCA HOBOE HAIIPpaBICHUE B IOCTPOCHUU
UHTEJUIEKTYaJbHBIX CHUCTEM. B Takux cucTemMax MOJENIHPYIOTCS OHOJIOrHYEeCcKue
HEWPOHBI, COCTABJISIIOLINE OCHOBY YEJIOBEYECKOIO0 MO3ra.

1.5. Bornipochkl a5 caMoKOHTpons

1. Jlaifte onpenenieHre UHTEIUIEKTYyIbHBIX HH()OPMAIIMOHHBIX CUCTEM. Y KaXKUTE
UX OTJIMYMS OT TPAAUIIMOHHOTO MPOTrPAMMHOI0 00ECIICUEHUSI.

2. HazoBute mNpu3HAKU UHTEIUIEKTYaJIbHOCTH HH(POPMAIIMOHHBIX CUCTEM.

3. OxapakTepusyiTe CUCTEMbI C HHTEIUIEKTyalIbHBIM UHTEP(EHCOM.

4. Kakue 3amauM pelIalOTCAd C NPUMEHEHHEM OJKCHEpTHBIX cuctem? [laiite
XapaKTepUCTHUKY 3TUX 3a]ad.

5. VkaxuTe OCHOBHBIC KJIACCHI CAMOOOYUAIOIIUXCSI CUCTEM.

6. Onuimure KpaTKo NPUHLKN PaOOThl UHAYKTUBHBIX CUCTEM.

7. W3BecTHO, 4YTO CYHIECTBYIOT CHCTEMbI, OCHOBaHHbIE Ha mpeneaeHrax. K
KaKkoMy Kjaccy HMH(POPMAlMOHHBIX CHCTEM OHHM OTHOcATcA? OxapakrepusynTe
OPUHIMI UX pad0Thl. YKaXXHUTE UX TJIABHOE OTJIMYUE OT UHIYKTUBHBIX CUCTEM.

8. Kakue 3agaum pemarTcs ¢ TOMOIIbIO aallTUBHBIX cucTeM? YeM 3TOT Kitacce
3a7a4 UHTepeceH? B 4eM cOoCTOST TPYAHOCTH IMPU MPOEKTUPOBAHUU CUCTEM 3TOTO
KJjiacca?

9. Pa3paboTrku B 00JaCTH MHTEIUICKTyIbHBIX HMH(POPMAIMOHHBIX CHCTEM
OCHOBAHbBI Ha MPUHIUIIAX, BEICKA3aHHBIX B 00JIACTH MCKYCCTBEHHOTO MHTEIJIEKTa. UTO
u3yyaer 3Ta Hayka? KpaTko yKaKUT€ OCHOBHBIE IMPHUHLMIIBI, JIEKAIIUE B OCHOBE
WHTEJUJIEKTYaJIbHbBIX CUCTEM.

10. Onummre OCHOBHBIE HANpPaBICHUS PA3BUTUSA HMCKYCCTBEHHOTO HWHTEJUICKTA.
Kakpne ximaccel cuCTEM, MO BalleMy MHEHHIO, Pa3BUBAIOTCA B pPAMKaX 3THUX
HaIlpaBJICHUM?
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2. CUICTEMbI, OCHOBAHHbIE HA 3HAHUAX

2.1. OnpegeneHne aKCnepTHbIX CUCTEM

K cucremam, NOJHOCTBIO OCHOBAaHHBIX HAa 3HAHUAX, OTHOCATCA JIBa KJIACCa CUCTEM:
skcnepTHble cuctemMbl (DC) M MHTEIVIEKTyaJbHbIE MAKEThl MPUKIAAHBIX MPOTrpaMMm
(MIIIIII). CtpyKTypa Takoro nakera rnpusejeHa Ha puc. 2.1 [16].
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Puc. 2.1. Ctpyxrypa UIIIIII

UIIIII pmatoT BO3MOXKHOCTH KOHEYHOMY IOJIb30BATENI0 PEIAaTh MNPUKIIAIHBIC
3aJ1a4¥ 10 WX OMHCAHUSAM U UCXOJHBIM JIaHHBIM 0€3 TPOrpaMMHUPOBAHUS — TeHEpaIUs
(«cOopKa») MporpamMmsbl IO 3a/a4y» OCYIIECTBISETCS aBTOMAaTUHYECKU MEXaHU3MOM
jgoruueckoro BbiBoja. baza 3uanmit B UIIIIIT Moxer cTpouthcs mo J0OOMY U3
U3BECTHBIX ABPUCTHUYECKUX METOJOB (YaCTO HCIOIB3YIOTCS CEMAHTUUYECKUE CETH U
¢peiimbl), 4TOOBI HacTpauBaeMasi MAIllMHOW JIOTMYECKOTO BbIBOJA Iporpamma Oblia
s deKkTUBHA I pelIeHUs] TOCTABICHHON 3a/1a4u.

Opnako HamOoJblIEE PACHPOCTPAHEHHE MOJYy4MSid dKcrnepTHbie cuctembl (DC)
paznuyHbiXx TUNOB. Orpomubiii uHTepec Kk OC 00yCIOBIEH TpeMsi OCHOBHBIMU
00CTOSITETHLCTBAMM.

1.9C opueHTHpOBaHBl Ha pEIICHUE I[IMPOKOTO Kpyra 3aJad B paHee
HehopMaIU3yeMbIX  OOJACTSAX, KOTOPHIE CUMTAIUCh  MAaJOJOCTYIMHBIMUA IS
UCI0JIb30BaHus DBM.
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2.9C mnpenHa3Ha4YeHBl I PEIICHUS 3aJad B JIAAJOTOBOM PEXHUME CO
CHEIUATNCTaMH, OT KOTOPBIX HE TPeOyeTCs 3HAHWS MPOTPAMMHUPOBAHUS — 3TO PE3KO
pacmmpsier cepy HCIOIB30BAaHUS BBIYUCIUTEILHON TEXHHKH, KOTOpas B JaHHOM
ClTy4ae BBICTYIIaeT KaK HMHCTPYMEHT IMOJICPKKH IMaMSTH CTICITHAINCTA U YCUIICHHS €TO
CIIOCOOHOCTEH K JIOTUUECKOMY BBIBOY.

3. Cnenmainuct, ucnoyib3yromiuit IC s pelIeHns CBOMX 3aJ1a4, MOYKET JOCTUTATh,
a WHOTJa M MPEBOCXOJUTH IO pe3yJbTaTaM BO3MOXXHOCTH 3KCIEPTOB B JIaHHOH
00JIaCTH 3HAHHMM, YTO TIO3BOJIIET PE3KO TIOBBICHTH KBaJU(UKAIIUIO PSIOBBIX
CHEIUAIMCTOB 3a CYET aKKyMyJisanuu 3HaHui B DC, B TOM 4YHCIIC 3HAHUH JKCIIEPTOB
BBICITICH KBaJIU(UKAIIUH.

Onpenesenune

Ilon sxkcnepmmuou cucmemoti IOHUMAETCS. IPOTPAMMHAsi CUCTEMA, BBIMOJIHSIOMIAS
JICUCTBUSI, AaHAJIIOTUYHBIE TEM, KOTOPHIE BBIMIOJIHAET KCIEPT B HEKOTOPOU MPUKIIATHON
pPEeIMETHON 00JIacTH, Jienasi Ompe/IeICHHBIC 3aKIIOUCHUS B XOJI¢ BBIJAYM COBETOB U
PEKOMEH TAIUN.

OKCHEpTHBIE CHUCTEMbl TMpeJAHA3HAYEHBbl Il PEIICHHs TaK Ha3bIBAEMBIX
HeopMaIM30BaHHBIX 3a7ad. PaHee Mbl yxke Jaiu TOHATHE HehOpMalIM30BaHHBIX
3a/1a4, a TaKKe ONpPEAeNIUIN UX CBOWCTBA.

DKCHepTHAsi CUCTeMa OTJIMYAETCS OT MPOYUX MPHUKIATHBIX MPOrpaMM HATUYUEM
CJIeIYIOIUX MPU3HAKOB.

e  Mouenupyer MmexaHuzmM MblUleHUus Yen068eKd, YMEIOLEro penarb 3aJadu
ONPENEICHHOU npobsieMHoit  obnactu. (OCHOBHOE BHUMAaHUE  YyJENSETCS
BOCIIPOU3BEICHUIO KOMITBIOTEPHBIMA CPEACTBAMU METOJIUKH PEIICHUS MPOOIEMBI,
KOTOpasi IPUMEHSIETCSI IKCIIEPTOM.

e (Cucrema, MOMHUMO BBITIOJIHEHHS] BBIYMCIUTEIBHBIX oOmepanuii, GopMHUpyeT
OTIpeIeTICHHbIE CO0OpadiceHUus U 8bl800bl, OCHOBBIBASICh HA T€X 3HAHMSX, KOTOPHIMU
OHa pacroJyiaraer.

e [lpu pemieHun 3a1a4 OCHOBHBIMH SIBIISIOTCSL 98pUCTMUYECKUE U NPUOTUNHCEHHbLE
Memoobl, KOTOPhIE, B OTJIUYKE OT AJITOPUTMUYECKUX, HE BCET/la TapaHTUPYIOT yCHEX.
OBpHUCTUKA — 3TO 3HAHHUE, MNPUOOPETEHHOE 4YEJIOBEKOM II0 Mepe HAKOIUJICHUS
MPAKTUYECKOTO  OMbITa  pemieHuss  mpooOsieM. Takue  METOIBI  SBISFOTCS
NPUOJU3UTEILHEIMH B TOM  CMBICIIE, 4YTO, BO-IIEPBBIX, OHH HE TpPeOyIOT
WCYCPITBIBAIOIICH UCXOIHON MH(POPMAIIUH, U, BO-BTOPHIX, CYIIECTBYET OMpeeIcHHAs
CTENEHb YBEPEHHOCTH (WJIM HEYBEPEHHOCTH) B TOM, YTO NpEIjaraéMoe peuieHue
SIBJISIETCSI BEPHBIM.

B oCHOBY 3KCHIEPTHBIX CUCTEM MOJOKEHBI TPU NMPUHIIHUIIA.

1. Boamoxknocts OC 10 pEemIeHUI0 MPAaKTHYECKUX 3a/1ad 00YCIIOBJIEHA B TIEPBYIO
odepeib 00beMOM 0a3bl 3HAHUN U BO3MOYKHOCTBIO €€ ITOTIOTHEHHUS.

2. 3nanus, no3poJstonue IC MoTyyuTh KaueCTBEHHBIC U d(PPEKTUBHBIC PEIICHUS,
SIBJISIFOTCST. B OCHOBHOM JBPUCTHYCCKUMH, AIKCIIEPUMEHTATbHBIMH. [IpuyumHa 3TOTO
3aKJIFOYAETCs] B TOM, YTO peIIaeMbie 3a7add SIBISIOTCS HE(POPMATU30BAHHBIMU HIIA
cnabo (QopmanuzoBaHHbiMH. HeoOxommmMo Takke MOMYEPKHYTh, UYTO 3HAHUS
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JKCIIEPTOB HMMEKT HWHAUBUIAYAJIBHBIA XapakTep, T.€. CBONCTBEHHbl KOHKPETHOMY
YEJIOBEKY.

3. YuutsiBass HedOpPMaIU30BaHHOCTh PEIIAEMBIX 33a4 M 3IBPUCTHUYECKUH,
JMYHOCTHBIN XapaKTep HCIOJIb3yEMbIX 3HAHUM, MOJIb30BATENb (IKCHEPT) JIOJKEH
UMETh BO3MOKHOCTh HETIOCPEACTBEHHO B3aMMOJICHCTBOBATH C IKCIIEPTHOU CUCTEMBI B
BU/JIE AMAJIOTA.

ApxurexTypa AKCIIEPTHOM CUCTEMBI BBITEKAET u3 PUHITUIIOB,
chopMyIUpPOBaHHBIX BhINIE. B COOTBETCTBUM C TEpBbIMU JBYMs mnpuHiunamu OC
BKJIIOYAET B ce0s 1Ba KOMIIOHEHTA: pewamens (IpOUEAYpY BbIBOJA) U JUHAMUYECKU
U3MEHIEMYIO a3y 3HaAHUI.

Tpetuii IpUHIIUTT TPEABABIISIET K CUCTEME CIICYIONTNE TPeOOBAHUS.

1.9C nmomxkHa OBITH CIOCOOHAa BECTH AUAJOT O pEIIaeMOM 3ajade Ha S3bIKe,
yA0OHOM MOJIB30BATENIO (IKCIEPTY), U, B YACTHOCTH, NPUOOpPETaTh B XOJ€ JIUalora
HOBBIE 3HAHUS.

2.9C pomxHa OBITh CHOCOOHA TPH pEIICHUH 33aJaydl  CIEAOBaTh JIMHUU
paccyXaeHus, MOHATHOM MOJIb30BATEIO (SKCIIEPTY).

3.9C nomxHa OBITh cHOCOOHAa OOBACHATH XOJ CBOErO PACCYXKACHHUS, YTO
HEO0OXO0MMO KaK IPHU MCIOJIb30BAHUM, TaK U IPU COBEPILIEHCTBOBAHUH CHUCTEMBI.

[TepBoe TpeOoBaHUE peann3yeTcs JUATOroBbIM KOMIOHEHTOM DC U KOMIOHEHTOM
npUOOpETeHHs] 3HaHMM, a JUIsl BBIMOJHEHUS BTOPOro M TpeThbero tpedoBanuii B DC
BBOJUTCSL OOBSICHUTENbHBIA KOMIOHEHT. Kpome Toro, BTOpoe TpebGoBaHUE
HaKJIa/bIBa€T OrPAHUYEHHUs] HA CHOCOO pelieHHs 3a7aud: XOJl PacCyXJIEHus B
IPOLIECCE PEIICHUS JOJDKEH OBITh MOHATEH MOJIB30BaTENIO (IKCIIEPTY).

Crpykrypa cmamuueckou IC nipuBe/ieHa Ha puc. 2.2.
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Puc. 2.2. CTtpykTypa cTaTH4ECKON SKCIIEPTHOU CUCTEMBI

basza 3nanuii — 370 COBOKYIHOCTh €IMHULL 3HAHUM, KOTOPbIE MPEJCTABISAIOT COO0i
(GbopManM30BaHHOE C TMOMOUIBI0 HEKOTOPOro METO/AA IMPEACTABICHHUS 3HAHUMN
OTpaKeHHE 0OBEKTOB MPOOJIEMHON 00JIACTH M MX B3aMMOCBS3EH, a TaKKe JCHCTBUM,
BBITIOJTHSIEMBIX HaJ OOBEKTaMH.
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Jlunesucmuueckuii npoyeccop TpeNHAa3HAuYeH JUIsl obOecrneueHus KOoM(OPTHOTro
B3aHMOJICMCTBUSL MEXIYy KOHEYHbIM mnoJib3oBareneM u ODC. B HeM peanu3yroTcs
npoueaypbl MOp(OJOrMYECKOro, CHHTAKCHMUYECKOT0 M CEMaHTHUYECKOrO KOHTPOJIS
NOCTYMAIOIIKUX B CUCTEMY 3alpPOCOB U MPUBEJIEHUE MX K BUAY, «IOHATHOMY» DBM.
[Ipu Bblgaue OTBETHOM MHQPOpPMALUU OCYIIECTBISIETCS OOpaTHas omnepamus —
3aKJIFOUCHUE «IIEPEBOJUTCS» HA OrPAaHUYEHHBIA E€CTECTBEHHBIN S3bIK, IMOHSITHBIM
KOHEUYHOMY I10JIb30BATEIO.

Mexanuzm (mawuna) noeuyeckoeo 6vigooa — 4dactb DC, peanusyromias aHaIu3
nocrynatomieid B 9C u umeroieics B Hei nHpopmanuu 1 GopMupoBaHue (BbIBOJ) Ha
€€ OCHOBE HOBBIX 3aKJIIOYEHUN (CYXKIEHUI) B OTBET Ha 3anpoc K cucteMe. CHHOHUMBI:
pewamens, 0eOYKMUBHAS MAUUHA, DJIOK 102U4eCK020 8bl800A.

Pabouass namams — wyactb OC, mnpenHazHayeHHas Uil WH(GOPMALMOHHOIO
oOecrieueHus: pabOThl MEXaHM3Ma JIOTMYECKOTO BBIBOJA, IPEXKIE BCEr0 B YacTH
XpaHeHus: ¥ 00pabOTKM MOCTYNUBIIMX (AKTOB (CYKIEHUH) U MPOMEKYTOUHBIX
pE3yJbTATOB JJOTUYECKOIO BHIBOJA.

Komnonenm npuobpemenus 3naumuil TpeHA3HA4YeH [Jis1 obOecriedeHus padoThl
VH)KEHEpAa 3HAHUM 10 IIOAJEP)KAHUI0 MOJEIHW 3HAHWUM, aJeKBATHOM peaJbHOU
npeaMeTHONM obOsactu (reHepanuu 0a3bl 3HAHWM, €€ TECTUPOBAHMS, IOMOJHEHUS
HOBBIMH 3HAHUSIMHU U T.II.).

Hanuuue  xomnonenma  obvsicHenuu,  00€CHEUMBAIONIETO IO  3aIpoOCy
MOJIb30BaTeNsl BblAady HHGOPMALMM O XOJIe M pe3yibTaTe JIOTUYECKOTIO BBIBOJA,
OpUHIMIHAIBHO oTiinyaeT JC OT BCeX APYrux MporpammHbIX cucteM. OH IMOSICHSET,
KaK CUCTEMA NOJIy4YMJIa PELIeHHE 3a1aun ( WIH noyemy NOJy4YHIa TAKOE PELICHHUE) U
Kaxkue 3HAHUS OHA MPHU 3TOM HCIOIb30BaJIa, YTO O0JIErYaeT KCIEPTy TECTUPOBAHUE
CUCTEMBI U MOBBIIIAET JIOBEPHUE MOJIB30BATENSA K NOJYYEHHOMY pe3yibpTaTy. OTBET Ha
BOIIPOC «KAK» — 3TO TPACCHUPOBKA BCETrO MPOLECCA MOJYUYECHHs PELICHUS C YKa3aHUEM
UCIOJIb30BaHHBIX (parMeHToB b3, T.e. Bcex maroB nenu ymoszakirodenii. OTBeT Ha
BOIIPOC  «IIOYEMYH — CCBhUIKA Ha YMO3aKJIIOYEHUE, HEMOCPEIACTBEHHO
IPEAIIECTBOBABILIEE MTOJIYYEHHOMY PELICHHMIO, T.€. OTXOJ Ha OJMH Il1ar Ha3a/l.

CTpykTypy, OPUBEACHHYIO Ha PUC. 2.2, HA3BIBAIOT CMPYKMYPOU CMAmMu4eckou
IC. OC [1aHHOrO THIIA UCIOJB3YIOT B T€X MPWIOKEHUAX, IIE MOXKHO HE YUUTHIBATH
WU3MEHEHHUS OKPYXKAIOIIEro Mupa, MPOUCXOIAIINE 3a BpeMs pelleHus 3agaur. OHH
HalUTM IPUMEHEHHE B IIMPOKOM KJIACCE MPUITOKEHU.

B ounamuueckux sxcnepmmuuix cucmemax 3HaHUSI MEHSIOTCS BO BpeMeHu. Kpome
TOTO 3TU CHCTEMbI JIOJDKHBI BbIpaOaThiBaTh pPEIICHHS B pPEAJbHOM BPEMEHU U
MOJIEJIMPOBAaTh  PA3JMYHBIE COCTOSIHMS OKpy»Karomero wmupa. [lostomy oHu
CHaAOXKaIOTCS O10KAMU MOOENUPO8AHUs BHEIIHETO MUpPA U CONpAXCEeHUs C BHEITHUM
MupoM (puc. 2.3).

Iloocucmema conpsdicenus ¢ HeWHUM MUpPOM OCYILIECTBIIAET CBA3U C BHEIIHUM
MHUPOM 4Yepe3 CHUCTEMY NaTYMKOB U KOHTPOJUIEPOB. Takue KOMIOHEHTHI Kak 0Oa3za
3HAaHMM M MallMHa BBIBOJA CYILIECTBEHHO M3MEHSIOTCS, YTOOBI OTPa3uTh BPEMEHHYIO
JIOTUKY COOBITUH, MPOUCXOSAUIUX B pEATbHOM MUPE.
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Puc. 2.3. ApxutekTypa ITMHAMUYECKOU IKCIIEPTHON CUCTEMBI

Iloocucmema mooenupoganus 6Hewine20 Mupa Ha OCHOBAHUU IOKa3aHUM
JATYMKOB U 3HAHMM, XpaHAIIUXCS B 0a3e 3HaHUW, MOJEIUPYET MOBEICHUE CUCTEMBI B
peaJlbHOM MacIITade BPEMEHHM M IMBITAETCS MPEACKa3aTh IOBEACHUE CUCTEMBI B
Oyymiem.

Cnenyer yuectb, yTo peanbHas JC MOXKET UMETh 0oJiee CIOXKHYI CTPYKTYpY,
OJIHaKO OJIOKH, N300pakeHHbIE Ha pUcC. 2.2 U puC. 2.3, HEIPEMEHHO MPUCYTCTBYIOT B
10001 SKCNEPTHOW CHCTEME, MOCKOJIBKY MPEACTABISIIOT COOOW CTaHIAPT CTPYKTYpPhI
coBpemeHHoi IC.

2.2. Knaccbl 9KCnepTHbIX CUCTEM

Cyl1ecTBYIOT pa3iMyHble OCHOBAHMs KJIacCHU(PHMKAIMKM 3KCHEPTHBIX CUCTEM. Mbl
MIPUBEJEM HEKOTOpPBIE U3 HUX (puc. 2.4).

IIo cnoco0y ¢opMupoBaHMs pelIeHHMs] DKCIIEPTHBIE CHUCTEMBI PAa3JEISIFOTCS Ha
JBa KJacca: aHaiumuyeckue W cunmemuyeckue. B aHaIMTHUECKUMX cHCTEMax
IPEIOIAraeTcsl BHIIOJIHATh BBIOOp PEIICHUN U3 MHOKECTBA U3BECTHBIX albTEPHATHB
(ompenesieHHE XapaKTEPUCTUK OOBEKTOB). B CUHTETHUECKUX CUCTEMAaX IT€HEPUPYIOTCS
HEU3BECTHBIE perieHus (POpMUPYIOTCS OOBEKTHI).

IIo cmoco0y ydera BpeMeHHOro (paxkropa >KCHEPTHBIE CUCTEMBI MOT'YT OBIThH
cmamuyeckumu WM Ounamuyeckumu. CTaTUUYECKUE CUCTEMbl PEIIAIOT 3a7auyd Ipu
HEU3MEHSIEMBIX B MPOLECCE PEIICHUs] JAHHBIX M 3HAHUSX, JUHAMUYECKHUE CHUCTEMBbI
JOMYCKAIOT Takue u3MeHeHus. CTaTUYeCKUE CHCTEMbl OCYIIECTBIISIFOT MOHOTOHHOE
HENPEPBhIBHOE pEIIEHUE 3aJayd OT BBOJAA JAHHBIX JI0 KOHEYHOI'O pe3ysbTara,
JUHAMMUYECKHUE CHUCTEMBl NPENyCMaTpUBAIOT BO3MOXHOCTh IEPECMOTpPA B Ipolecce
pEeLIeHNUs IOJyYEHHBIX paHee Pe3yJIbTaToB.

Ilo BuaaM HCHOJAB3yeMBIX 3HAHHA M JAHHBIX J3KCIEPTHBIE CHCTEMBI
KJIACCU(PHUIUPYIOTCSI HA CUCTEMBI C OemepMUuHupo8anHvimu (4€TKO OIpeIeICHHBIMN)
3HAHUSMU U HeonpeoenieHHbIMU 3HAHUSAMHU.
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OKCIepTHBIE
CUCTEMBbI

[To uucny
ITo cnocoby Io criocoby Io Bunam HCIIONIB3YEM
GopmupoBanus ydeTa 3HaHMH U LIX SHAHMI 1
peleHus BPEMEHHOTO JAHHBIX AHHBIX
IpH3HAKa

Ananutnd Cratuue Hetepmun Onun
eCKue | ckue | UpOBaHHBI UCTOYHUK
e
CunreTnue JuHAMAY
CKHE | eckue Heompene Msoro
JICHHBIC UCTOYHHUKO

Puc. 2.4. Knaccuduxanus KCIIepTHBIX CUCTEM

Ilo 4ucay MCnoOab3yeMbIX HMCTOYHHUKOB 3HAHMN HKCIEPTHBIE CHUCTEMBI MOTYT
OBITH IMOCTPOEHBI C MCIIOJIB30BAHUEM 00HO20 WU MHOJCECH8a NCTOYHUKOB 3HAHUU.
W cTouyHNKY 3HaHUH MOTYT OBITh AIbTEPHATUBHBIMU WIIN JOTOIHSAIOMKUMU APYT APYyTa.

B cooTBeTcTBUM C mepednCICHHBIMU PU3HAKAMU Kilaccu(UKaIiy, KaK MpaBUio,
BBIICIIAIOTCS CIIEIYIOLIUE YeThIpe OCHOBHBIX Kitacca DC (tada. 2.1).

Tabnuma 2.1
AHanamn3 Cunre3
JleTepMHUHMPOBAHHO Kiaccuduim- Tpanchopmu- OauH MCTOYHHK
CTh 3HAHUI pyroue pyromue 3HAHUM
MHoxkecTBO
Heonpenenennoctb Joonpenensito-
N MHoroareHTHbI€ HCTOYHUKOB
3HAHUH e .
3HAHUM
CraTnka JInnamuka

Kuaccupuumpyromue 3KcnepTHbie CHCTEMbI

K knaccuuuupyromuyM aHaIUTHYECKUM 3a7adyaM, MPeXJe BCEro, OTHOCATCA
3aJlauM paclo3HaBaHUS PA3NMYHBIX CUTYyalUi, KOrja 1o Habopy 3alaHHbIX (AaKTOPOB
BBISIBIISIETCS CUTyallMs, B 3aBUCUMOCTH OT KOTOpPOHl BBIOMpAeTCsi OIlpe/eeHHast
IOCJIEI0BATENbHOCTh JIeHCTBUN. B kadecTBe OCHOBHOTO MeToAa (HOpMHUpOBaHMS
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pemeHHﬁ B OTHX CHCTCMAaxX MCIIOJIIB3YyCTCs MCTOA JIOTUYCCKOIro ACAYKTHUBHOI'O BbIBOJd
oT O6H_ICFO K 9aCTHOMY, Korjga 1yTeM IMOACTAHOBKH MCXO/JHBIX JAaHHbBIX B HCKOTOPYIO
COBOKYIIHOCTb B3aMMOCBS3aHHBIX O6IIII/IX yTBCp)KI[CHI/Iﬁ MMOJIy4acTCd 4YaCTHOC
3aKJIIFOYCHHUC.

I[oonpene.mnoume IKCIIEPTHBIC CUCTEMbBI

bosiee CnOXKHBIM TUN AHAJIUTHUYECKUX 3aJ1ad MPEACTABIIIOT 3a7ayd, KOTOPbBIE
pEeLIatOTCsl HA OCHOBE HEONPEAECIICHHBIX UCXOAHBIX JAHHBIX U IPUMEHSAEMbIX 3HAHUM.
B kadectBe MeT0m0B pabOThl C HEOINPEACICHHOCTIMU MOTYT HCIIOJIb30BATHCS
0aifeCOBCKUN BEPOSTHOCTHBIA TMOAXO0MA, KOI(PPUIMEHTh YBEPEHHOCTH, HedeTKas
JIOTHKA.

JIisi aHAMUTHYECKUX 3a7ad KIACCU(DHUIIMPYIOMIET0 U JOOIMPEACISIONIer0 TUIIOB
XapaKTEPHBI CIEAYIONINE MPOOIEMHBIE 00IACTH:

o Unmepnpemayusi oanHvix — BBIOOpP pelieHUs: U3 (HUKCUPOBAHHOTO MHOXKECTBA
aJIbTEpHATUB Ha 0a3ze BBEACHHOW HMH(OpMAUU O TEKylled cuTyaluu. TUNHYHBIM
npumMepoM siBisercst DC aHanuza GUHAHCOBOTO COCTOSTHUS MPEPUATHS.

e Jluachocmuka — BbBIBICHHE TMPUYMH HeUcnpaBHOCTH oObekta. Ilox
HEUCIIPABHOCTBIO TMOHUMAETCS JII000€ OTKJIOHEHHWE OT HOpPMBL. Takas TpakToBKa
IIO3BOJISIET C €IMHBIX TEOPETUUYECKUX IMO3UIIMK paccMaTpuBaTh U HEUCIPABHOCTH B
TEXHUYECKUX CHCTeMax, M 3a00JieBaHUS >KUBBIX OPTraHU3MOB, M BCEBO3MOYKHBIC
IIPUPOJHBIE AaHOMAJIUU.

e Koppexkyus — JWArHOCTUKA, JOTNOJHEHHAs BO3MOXKHOCTBIO OLEHKH U
PEKOMEHIAIMU JAEHUCTBUM I10 UCITPABJICHUIO OTKJIOHEHHH OT HOPMAaJbHOTO COCTOSHUSA
paccMaTpruBaeMoOm CUTyalHH.

Tpanchopmupyomue IKCEPTHbIE CHCTEMbI

B otnnuue ot ananutuyeckux cratudeckux IC, CUHTE3UPYIOUIME JUHAMUYECKUE
OC mpenmnonaraloT MOBTOpsIOLIEEcs MpeoOpa3oBaHUe 3HAHUN B IMPOIIECCE PELICHUs
3a/lay, 4YTO CBSI3aHO C XapaKTepoM pe3yibTaTa, KOTOPBIM HENb3s 3apaHee
MPEIONPENEIUTh, @ TAKKE C TMHAMHUYHOCTBIO CaMO MTPOOJIEMHOM 001acThIO.

MHoroareHTHbI€ CHCTEMbI

JUis MHOTOAareHTHBIX JAMHAMUYECKUX CHCTEM XapaKTepHa HHTerpauus B 0Oaze
3HAHUM HECKOJBbKHMX PAa3HOPOJHBIX HMCTOYHHKOB 3HAHUM, OOMEHUBAIOIIMXCA MEXKIY
co00H NOJly4aeMbIMU pe3yJibTaTaMH Ha IMHAMHYECKOW OCHOBE.

JI7is MHOTOAreHTHBIX CHCTEM XapaKTEPHBI CIEAYIOIINE 0COOCHHOCTH.

1. IlpoBeneHne aIbTEPHATUBHBIX pACCYKICHHM HAa OCHOBE HCIIOJIb30BaHUS
Pa3JIMYHBIX UCTOYHUKOB 3HAHUM C MEXAHU3MOM YCTPAHEHUS TPOTHUBOPEUHIA.

2. PacnipeniesieHHOe pelieHue MpoOsieM, KOTOpble pa30MBAIOTCS Ha MapajlieIbHO
peniaemMble  MOANPOOJIEMbI, COOTBETCTBYIOIIME CAMOCTOSITENIbHBIM ~ HCTOYHHKAM
3HaHUMU.

3. IlpuMeHeHne MHOKECTBA cTpaTeruii padoThl MEXaHU3Ma BbIBOJIA 3aKIFOUEHUN B
3aBHCHUMOCTH OT THIIA PEIIaeMOil MpoOIeMBbl.
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JIJIsl CHHTE3UPYIOMNUX TUHAMHYECKUX AKCIIEPTHBIX CUCTEM HamOoJiee MPUMEHUMBI
cieayoonme npoOieMHble 00JIaCTH:

e Monumopune — CIKEHHUE 3a TEKYILIEW CUTyallMel ¢ BO3MOKHOM MOCIIEYIOLIEH
KOPPEKTHUPOBKOM.

o [Ipoexmuposanue — omnpeacieHne KOHHUTyparud OOBEKTOB C TOYKH 3PCHHS
JOCTHKEHUS 3aJaHHBIX KpUTEepHeB 3PHEKTUBHOCTH M OTPaHUICHUH.

e [IpoeHo3zuposanue — NpeJICKa3aHUE TMOCIEICTBUIA HEKOTOPBIX COOBITUM WU
SIBJICHUM Ha OCHOBAHMHU aHAJIN3a UMECIOIMXCS TaHHBIX.

e [Inanupoeanue — BBIOOP TMOCIEAOBATEILHOCTH JEUCTBUN IOJIH30BATENS I10
JIOCTHIKEHHIO TOCTABJICHHOM I1CIIH.

2.3. TexHonorusa pa3paboTkn aKCNEPTHLIX CUCTEM
Kosusiexktus pazpadorunkos IC

[Ton KOMIEKTUBOM Pa3pabOTUYUKOB HKCHEPTHHIX CUCTEM OyaeM MOHUMATh IPYIILY
CIEIUAINCTOB, OTBETCTBEHHBIX 3a co3manue DC.

B cocraB kosiekTuBa pa3pabOTIYNKOB BXOIST, MO KpallHE Mepe, YeThIPe YeIOBEeKa
— I0JIb30BAaTellb, FIKCIEPT, IPOrPAMMUCT W WHKEHEP MO 3HAHUSM.

PykoBogutenem rpynmnbl NpU OTCYTCTBUU CIELMAIBHOTO MEHEIDKEpA SIBISETCA
unocenep no sHawusam. Ilonvzoeamens — 3TO OOBIYHO 3aKa3YUK CHUCTEMBI.
HeoOxoaumo, 4YTOOBI  MMONB30BaTENb HMMEN  HEKOTOPbIA  0a30Bblil  ypOBEHBb
KBJIM(PUKALKUU, KOTOPbIMA O3BOJIUT MY MPaBUIBHO UCTOIKOBATh pekomeHaanuu JC.

Oxcnepm — 4pe3BbIYAMHO Ba)kHasi GuUrypa B rpymnne KOJUIEKTHBA pa3paboTUMKOB.
Ero mnoaroroBka ompenenseT ypoBeHb KoMIeTeHUMH Oaszbl 3HaHuid. IlomMumo
BBICOKOT'O IpoQeccruoHanu3Ma B BbIOpaHHONW NpPEeAMETHON 00JIaCTH, KEJIATENIbHO
3HaKOMCTBO JKCIIEPTa C OCHOBHBIMU MOHATHSIMH TEOPUH UCKYCCTBEHHOT'O MHTEIJIEKTA
U DKCIEPTHBIMM CUCTEMAMM JJIsi TOTO, YTOOBI ATAll W3BJIEUEHUS 3HAHWM MpoOILE
YCIEIIHO.

IIpocpammucm nOMKEH OBITH 00S3aTENbHO 3HAKOM C OCHOBHBIMHU CTPYKTYpamu
IPEICTABICHU 3HAHMM M MEXaHW3MaMHU BbIBOJA, COCTOSHHEM OTEYECTBEHHOIO M
MHPOBOTO PbIHKA IPOTrPAMMHBIX IPOYKTOB AJi pazpadotku JC.

Camble BBICOKHE TpPeOOBaHUS MPEABABISAIOTCA K KBaMU(UKAMKA HHXKEHEpa IO
3HaHMSIM, MO0 OT €ro KOMIIETCHIIMM 3aBUCUT YCHEIHOCTh pa3pabotku OC.
Wnxenepusi 3HaHUN MPUHAJUICKUT K TAKOMY BUAY NPOPECCUOHAIBHON e TENbHOCTH,
JUISL KOTOPBIX MPUPOJIHbIE KadecTBa JIMYHOCTH HUMEIOT XapakTep a0COJIIOTHOIO
MOKA3aHMs WIM MPOTUBONOKA3aHUS K TakuM 3aHATUsAM. [lo paznuuHbiM oneHkam [4]
3TO OJIHA U3 CaMbIX MAJIOYMCIEHHBIX, BBICOKOOIUIAUMBAEMBIX U AEPUIMUTHBIX B MUPE
CHEIMATIBHOCTEH.

WHxeHep 1o 3HaHUSAM «3aJaeT TOH» B OOLLEHUH C HKCIIEPTOM, OH BEJAET JUAJIOT, U
OT HEro, B KOHEYHOM CYETE, 3aBUCHUT €ro NPOAYKTUBHOCTb.

B mpodeccuonanbHolt 001acTH WHXKEHEP MO 3HAHUSAM JIOJDKEH OBITh 3HAKOM C
ICUXOJIOTUEH U Ccroco0amMu NPEACTABICHUS TMOHATHI B MaMATH YEJIOBEKa, C
Pa3IMYHBIMM  CIIOCOOAMM  aKTUBM3Al[MM MBIIIJICHUS; JOJDKEH HMETh IIHUPOKYIO
o0LIeHay4YHY0 MOAroTOBKY. JlJIsi MOJEIMpOoBaHMs 3HAHUKA €My HEOOXOAMMO 3HaTh
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METOJOJIOTHIO IPEACTABICHNUS] 3HAHWM, CHCTEMHBIM AaHAIW3, TEOPUIO IO3HAHWS,
KJIacTepHBI ¥ (AKTOPHBIN aHANW3; W3Y4YHTh amnmapaT (OpPMaabHOW JIOTUKH U
COBPEMEHHBIE S3bIKH MPEICTABICHUS 3HAHUU.

Br10op noaxoasimei npoodsaeMbl

Dtan BeIOOpa moaAXo el MpoodieMbl BKItOUaeT B ceos [S]:

e ormpeseracHue mpoodIeMHOM 00IacTH U 3a/1a4u;

® HaxOXJIEHUE YKCIEPTa, JKETIAIOMEro COTPYIHUYATh MPU PEIICHUHU MPOOJIEMBI, U
Ha3HAYEHNE KOJUICKTUBA Pa3pabO0TUYNKOB;

e omnpeneieHUE NPEIBAPUTEIHLHOTO TI0IX0/1a K PEIICHUIO TPOOJIEMBI;

® aHaJU3 PacxoJ0B U NpUOBLIEH OT pa3padOTKU;

® [IOATOTOBKY MOJPOOHOTO IJIaHa pa3padoTKH.

[IpaBunbHBI BBIOOP TPOOJIEMBI MPEACTABISIET CaMyK) KPUTUYECKYIO YacTh
pazpabotku B 1eiom. [Ipu BbIOOpe 00JacTH MPUMEHEHUsS CIEAyeT yYHUTHIBATh, YTO
€CIM  3HaHWe, HEoOXOIWMOe Il  pemieHus 3a7a4, TOCTOSHHOE, YETKO
chOpPMYITMPOBAHO H CBS3aHO C BBIYUCIHUTEIHLHONH 00pabOTKON, TO OOBIYHBIE
AITOPUTMHUYECKHE MTPOTPAMMBI, BEPOSITHO, OYIyT CaMbIM IIEIECO00pa3HBIM CITOCOOOM
pemieHus mpodseM B 3Toi obmactu. Ho ecnu pe3yiabTaTUBHOCTH 3a7a4d 3aBHCHT OT
3HAaHMSI, KOTOPOE SBIIACTCS CyOBEKTHUBHBIM, HW3MCHSIONIUMCS, CHMBOJIBHBIM HIIN
BBITCKAIOIIMM YaCTHYHO W3 COOOpaXEHUH 3ApaBOro CMBICNIA, TOT/a MOXKHO
000CHOBAaHHO pa3palaThIBaTh IKCIIEPTHYIO CUCTEMY.

OOBIYHO  DKCHEPTHBIE  CHUCTEMbl  pa3palaThIBAIOTCA  IyTEM  MOJYy4YEHUS
cnenuduUyueckux 3HaHUM OT 3kcmepta. B mpouecce pa3paboOTKM U MOCIETYIOIIETO
paCHIMpPEeHUs] CUCTEMbl MHXKEHEP MO 3HAHUSIM U IKCIEPT OOBIYHO pabOTalOT BMECTE.
[TooToMy Ha mnpeaBapUTEIBHOM JTalme HEOOXOIWMO OILEHUTh BO3MOKHOCTh
TBOPYECKOM COBMECTHOM PabOThI HAJl TPOEKTOM.

[Tocne Toro, Kak HHKEHEp 0 3HAHUSAM YOCIHUJIICS, UTO:

® JAHHYIO 33J1a4y MOXHO PEIIUTh C IIOMOIIBIO AKCIIEPTHON CHCTEMBI;

® DOKCIEPTHYIO CUCTEMY MOKHO CO3/aTh Mpe/jlaraéMbIMU Ha PHIHKE CPEJICTBAMU;

® UMeeTCs MOIAXOSIINI DKCIEPT;

® MIPEIIOKCHHBIC KPUTEPUHU TTPOU3BOIUTEIHLHOCTH SIBJISIOTCS PA3yMHBIMU;

® 3aTpaThl ¥ CPOK OKYNAEMOCTH MPUEMJIEMBI JIJIS 3aKa34UKa,

OH COCTaBJIseT IIaH pa3pabotku. [ImaH ompenenseT mard mpormecca pa3paboTKU U
HEO0OXOIMMBIE 3aTPaThI, & TAKIKE 0JKHUIAEMBIE PE3yJIbTATHI.

Jransl pazpadorku IC

B xone pabGor mo cozmanuio OC cloXWIACh OINpPEACICHHAs] TEXHOJOTUS HX
pa3paboTKH, BKIIOYAIOIIAs [IECTh 3TAroB (puc. 2.5).

[IpuBeneM KpaTKyro XapaKTEPUCTUKY ITHX ITAIOB.

Ha »srtane uoemmuguxayuu mpoOremMbl yTOUHSAETCS 3ajada, IJIAHUPYETCS XOJ
pa3pabOTKH MPOTOTHUIA SKCIIEPTHON CUCTEMBI, ONIPEACIISIIOTCS:

® HEOOXOJUMBIE PECYPCHI;

® HCTOYHHMKHU 3HAHUM (KHUTH, JOTIOJHUTENbHBIC SKCIIEPThI, METOIUKHN);
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® HMCIOIINECS aHAIOTHYHBIC YKCIIEPTHBIC CUCTEMBI;

® [[eJIM CO3JaHMSI SKCIIEPTHON CUCTEMBI.

3aoaua >tana uoenmuguxayuu — 3HAKOMCTBO M OOyUYCHHE WICHOB KOJIJIEKTHBA
pa3paboTUMKOB, a TAKKe co37aHue HehopManbHOU (HOPMYITHUPOBKU MTPOOIIEMBI.

VAN

nn
Hauaino
[TepedopmymupoBanme
OnbITHAs
TectupoBanue
SKCINTyaTalusd
P
Wnenuduxarms 3aBepuiieHue
YcoBepieHCTBOBaHKE

TpeboBanus

IlepexoHCTpyHpOBaHUKE

Konuenryanu3zamus

®opmanuzanus Peannzanus

[Tonstus CrpykTypa 3HaHUI

Puc. 2.5. DTansl co3aaHusi 3KCOEPTHOM CUCTEMBbI

Bropoii stanm TexHoMOTHM pa3pabOTKU SKCHEPTHBIX CHUCTEM HA3BIBACTCS 3TAIOM
cmpykmypupoganus (Konyenmyaniusayuu) 3HaHUN. Pa3nenenue ctaanii M3BIEYCHUS U
CTPYKTYPUPOBAaHMS 3HAHWUW SBJISCTCS BEChbMa YCJIOBHBIM, ITOCKOJIBKY XOPOIIUH
WHKEHEp TO 3HAHUAM, VYK€ U3BJIeKas 3HAHWS, HA4YMHACT paboTy I0o
CTPYKTYypHUPOBAaHUIO 3HAHHIA.

Ha orame mnocTpoeHUs: KOHIENITyaJIbHOM MOJENTH CO3JIAaeTCs IEeTOCTHOE U
CUCTEMHOE  OINHCaHWE  WCIOJB3yeMBIX  3HAHWH,  OTpa)karoliee  CYIIHOCTb
(YHKIIMOHUPOBAaHUS TPEeIMETHONH obOsiactu. Ha sTOM 3Tame BBIABISETCS CTPYKTypa
MOJIYYCHHBIX 3HAHUW O MPEJAMETHON OOJACTH, T.€. ONPEACNACTCS CIHMCOK OCHOBHBIX
NOHATUH U aTpuOyTOB, XaPAKTEPU3YIOIIMX MPEIMETHYIO 001acTh; BBISBISIOTCS
OTHOIIEHUS MEXAY MOHSATUSIMHU, CTPYKTYpa BXOJIHON M BBIXOAHOU MH(OpMAIUH U T.1I.

3adaua »otana xowyenmyanusayuu — pazpaboTka HEPOPMAIBHOTO OMHCAHUS
3HAHUM O MPEAMETHOW O00JacTH, KOTOPBIC OTPAKAIOT OCHOBHBIE KOHIICMIIUA W
B3aMMOCBSI3H MEXKy TIOHATHSIMH MPEIMETHON 00IaCTH.

OT kadecTBa MOCTPOCHUS KOHIENTYaIbHONW MOJEIM MpoOJeMHONW 00JacTH BO
MHOTOM 3aBHCHT, HACKOJIPKO YacTO B JAJBHEHIIIEM MO Mepe pa3BUTHS MPOEKTa OyIeT
BBITIOJTHATHCS TIEPETIPOCKTUPOBAHUE 0a3bl 3HAHUN. XO0poIas KOHIENTyaIbHasI MOJICTh
MOXKET TOJBKO YTOUHATHCS (IETATM3UPOBATHCS WJIM YIOPOINATHCSA), HO HE
NIepeCcTPanBaThCS.

Pesynprar KOHIENTyalW3allMd CTAaTUYSCKOW  MPOOJIEMHON 007acTH OOBIYHO
oToOpakaloT rpadudyeckn Ha OOBEKTHOM UM (PYHKIMOHAIBHOM  YPOBHSX
MOJIETTUPOBAHMUSI.

Obvekmnas MmoOenlb OINUCHIBAET CTPYKTYpYy TMpeAMETHOM oO0JacTu  Kak
COBOKYMHOCTH B3aUMOCBSI3aHHBIX OOBEKTOB.
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DyukyuonanvHas Mooeab OTPaXaeT JEHUCTBUA M NpeoOpa3oBaHUs  HaJ
00BEKTaMHU.

OObekTHas MOJIeNb OTpaxkaeT (haKTyallbHO€ 3HAHME O COCTaBe OOBEKTOB, HX
CBOMCTBAax U CBsI3ed. DIIEMEHTAPHON eAMHULEH CTPYKTYPHOTO 3HAHUS SBIIAETCA (aKT,
OMUCHIBAIOIINI OAHO CBOMCTBO MJIM OAHY CBSI3b 00BEKTA, KOTOPHIN MPEICTABISAETCS B
BUJIC TPUILIIETA npeduxam (00vekm, 3HaveHue).

Ecnu mnpenukaTr omnpeaenser Ha3BaHUE CBOWCTBA OOBEKTa, TO B KadyecTBe
3HAYEHHUS BBICTYNMAET KOHKPETHOE 3HAUYE€HHE HTOr0 CBOMCTBA, HampuUMep, npogeccus
(«Hsanosy, «dxoHomucmy).

Ecnu mnpenukar omnpegenser Ha3BaHHME CBSI3M  OOBEKTa, TO 3HAYEHUIO
COOTBETCTBYET OOBEKT, C KOTOPHIM CBSI3aH IEPBBIH OOBEKT, HANIPUMED, pabomaem
(«Heanosy, «byxecanmepus»).

B kauecTBe BaXKHEWIINX TUIMW3UPOBAHHBIX BUJOB OTHOILICHUN PAaCCMATPUBAKOTCS
CJIeIyIOLME OTHOUICHUS:

® (IEJN0e» — «4acThy (arperamus);

(IPUYUHAY» — «CIIEJICTBUEY;

«IEIIb» — «CPENICTBOY;

«PYHKIUS» — «apTyMEHTY;

«accouuanus» u ap.
DyHuKyuoHanvbHas Mooensb OINHCHIBaeT MpeoOpazoBaHus (AKTOB, 3aBUCUMOCTHU
MEXAYy HHUMH, T[IOKa3blBalollie Kak OJHU (akThl 00pa3yroTcs U3 APYrux.
@OyHKIIMOHAJIbHAS 3aBUCUMOCTh MEXAY (pakTaMu BBIpa)KaeTcs B CIEIYIOIIEM BUJIE:

A] NAR N ...AAn:> B.

OTa 3amuchk 03HAYAET, umo gakm B umeem mecmo monvko 6 mom ciyyae, eciu
umeem mecmo KOHbIOHKYUs pakmos unu ux ompuyanuti A;, As, ..., A, Hanpumep:

covim (mosap, «ciradwiiin) U npubsiie (mosap, «nuumosicnasy) M

nompebumenu (moeap, «irodbumenu Hosozo») M

YUCNO _ KOHKYPEeHmo8 (mosap, «Hebobuioey) =

JHCUBHEHHDIU YUK (MOB8Ap, «8bl8eOeHUEe HA PHIHOKY).

OYHKITMOHAIBHYIO 3aBUCHUMOCTh (DAKTOB MOXXHO TPaKTOBAaTh KaK OTPAKCHUE
CJIEYIONUX OTHOIICHUH MEXTy (haKTaMH:

® IIPUYHUHA» — «CIEICTBHUEN;
® «(CPEIICTBO» — «IIENbY;

® «apryMeHT» — «(PYHKITUI»;
® (CUTyalMs» — «IECHCTBUEY.

OyHKIMOHANIbHAS MOJICNIb CTPOUTCSA IMyTEM IMOCIEA0BATEILHON JIEKOMITIO3UIIUU
nenu Ha noxauenu. Kaxgoi wuenu (MOALENHM) COOTBETCTBYET HEKOTOpas 3ajaya
(mom3agava), KoTopas HE MOXET OBITh pelleHa, MOKa He OyAyT IOCTUTHYTHI €€
HUKECTOSIIME TMOAUENH (peueHsl nojazanayu). Takum oOpazom, ¢GyHKIHOHAIbHAs
MOJIeNIb OTpa)kaeT B 000OIIEHHOW QopMe Mpoliecc penieHus] XapaKTepHbIX IJIs Hee
3az1ay.

OOb1yHO (YHKIIMOHATHHBIC 3aBUCUMOCTH (DAKTOB MIPEICTABIAIOTCS Tpauuecku B
BHJIC JIepeBbeB 1eneil niau rpadon «-NIJIN».
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[Tocne Toro kak cocraBieHa 0ObEKTHas U (PYHKIMOHAIbHAS MOACIHU MPEIMETHOM
00J1aCTH MOKHO NIEPEXOAUTH K ATAIy hopmanuzayuu 3Hanuil O IPeIMETHON 001acTH.

Ha o»tane Qopmanuzauuu BbIOMpaeTcs S3bIK NPEJICTABICHUS 3HAHUN H
OCYLIECTBJISIETCS MPOECKTUPOBAHUE JIOTUYECKOM CTPYKTYphl 0Oa3bl 3HaHWM. 3aodaua
Tana — paspabomams 0a3y 3HaHUU HA S3bIKE, KOTOPbBIA, C OJHOH CTOPOHBI,
COOTBETCTBYET CTPYKTYpE 3HAHUM, a C APYrod — MO3BOJSET peaju30BaTh MPOTOTHUI
CUCTEMBI.

Ha stane peanusayuu cTpouTcsi IpOTOTUI SKCIIEPTHOM CUCTEMBI. 3adaua sTamna —
pa3paboTka  MOPOrpaMMHOrO0  OOECHEYEeHMs]  KOMIUIEKCA,  JIEMOHCTPHUPYIOILIErO
AKHU3HECIIOCOOHOCTh MOIXO0a B LIEJIOM.

Ha srtame peanuzanuu mpoucXoauT (HU3MYECKOE 3aroTHeHHEe 0a3bl 3HAHUA |
HACTpPOWKa  BCEX  MPOTPaMMHBIX  MEXaHH3MOB B  paMKax  BBIOpaAHHOTO
UHCMPYMEHMANbHo20 CPEACTBA, a TMPU HEOOXOJUMOCTH U TMPOTrPaMMHPOBAHUE
CIIEHMAIU3UPOBAHHBIX MOIYJIEH MPOTPAMMHOT0 HHCTPYMEHTA.

[lon uncmpymenmanvuvimu cpeAcTBaMu pa3pabOTKHA 3KCHEPTHBIX CHCTEM
MMOHUMAETCSI COBOKYITHOCTb TEXHUUECKUX U TPOTPAMMHBIX CPEJCTB.

I[Ipu co3pannun OC HCHONB3YIOTCS TaKUE MPOrpaMMHBIE CPEACTBA, KaK
CHUMBOJIbHBIC SI3BIKM JIOTUYECKOTO MPOrpaMMUPOBAHMS, SI3BIKM WHXKCHEPUU 3HAHHM,
nmporpaMmHoe obecrieueHre Ha 0a3ze MpoOJEMHO- U MPOLETyPHO-OPUEHTUPOBAHHBIX
S3BIKOB  MIPOrPAMMHUPOBAHMS, HWHCTPYMEHTAJbHBIE KOMIUIEKCHI IS Ppa3padOTKu
WHTEJUIEKTYaJbHbIX CHUCTEM, 000JIOYKU CUCTEM.

Kak u nmro6yro nporpammy, 9C MOXKHO HalucaTh Ha MAIIMHHO-OPUEHTUPOBAHHOM
A3bIKE€ WJIM Ha SI3bIKE BBICOKOTO YPOBHS. 3ayeM K€ HYKHbI CHEIUaIU3HUPOBAHHBIC
cpeactBa? IlpakTuka moKa3bIBaeT, 4YTO THpolecc mporpammupoBanus OC Ha
CIIELIMAJIN3UPOBAHHBIX CPEJICTBaX 3aHMMAaeT B 2—3 pa3a MEHbUIE BPEMEHU, YEM Ha
yHHBepcaibHbIX. OnHAKo cienyer moHuMmarb, yto OC, peanu3oBaHHbIE Ha 0Oasze
CHEIHMATU3UPOBAHHBIX CPEICTB, paboTaroT MeHee 3(h(HEKTHUBHO, YeM pealn30BaHHBIC
Ha 0a3e YHHBEPCATBLHBIX CPEJCTB.

[Toatomy mnportorunsl DC CTPOST C HCMIOIB30BAHUEM CIELHUATU3HUPOBAHHBIX
CpPEICTB, a NPOMBIIUICEHHAas CHUCTEMa «IEPENHUChIBACTCS» HAa TPaJULHUOHHBIX
IPOTrpaMMHBIX CPEJICTBAX.

Hcnonb3oBaHue s3b1K08 NpedCmasieHus 3HaHull, TaKUX KakK S3bIK JIOTMYECKOIro
nporpammupoBanuss PROLOG, s3bik GpyHKIMOHAIBHOTO TNporpammupoBanus LISP,
S3bIK  OOBEKTHO-OPUEHTHPOBAHHOTO  mporpammupoBanus  SmallTalk,  s3bIk
IpOAyKIMOHHBIX mpaBuil OSP5 u npyrux moBsImaeT THOKOCTH pa3pabaTbiBaeMOit
CUCTEMBI ¥ OJJHOBPEMEHHO yBEIMYUBACT TPYJAOEMKOCTh Pa3padOTKH.

HUncmpymenmanvrvle Komnjiekcbl COCTOAT M3 HAOOpa TPOrPaMMHBIX CPECTB,
HEOOXOMMBIX JUTSI BBITIOJHEHUS 0a30BBIX (PYHKIUH MO CO3JJaHUI0 MHTEIUIEKTYaTbHBIX
cucteM. IIpumepom siBisiercs CLIPS, conmepxkawmmii cpeny st paspadotku OC u
BBITIOJTHSIEMbBI MOJTYJIb.

B HacTosiiee BpemMsi 4acTO HMCHOJB3YIOTCS obOonouku IC, T.e. MpOrpaMMHBbIE
CpelCTBa, KOMIUIEKCHO peanu3ylolmme (yHKIUHU, KaK CHEUATbHbIX A3BIKOB, TaK U
NAKETOB MIPOrpamMM aBTOMAaTH3alUUU MPOeKTUpoBaHUs. O00JI0UKM coliepKaT CpeAcTBa
W3BJICUCHUS 3HAHUMN, UX TECTUPOBAHUS, PEAKTUPOBAHUS U HAKOTUICHUS.
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bonee pa3BuThl 000710YKH ISl MPOAYKIIMOHHONW MOJENU MPEICTABICHUS 3HAHUM.
B coctaB o6onouek Brimouaror CYBJl, snexkTpoHHbIE TaOIUIbI, MAaKEThl JEI0BOM
rpaduku. [Tpumepom Takux odomnouek sBisitorcs MultiLogic, Crystal, EXSYS.

TexHuueckue cpeicTBa MOCTPOEHUS SKCIEPTHBIX CUCTEM pa3leisieTcs Ha TpH
KaTEerOpUH:

e cnenuanuzupoBanHeie (Jlucn-mamuuel B CHIA, Ilponor-mammunel B SAnonuw,
00BEKTHO-OpUEHTUPOBaHHbIE B EBporie);

e Jlucm-comnpoueccopsi;

® TpaJMIMOHHBIE TEXHUYECKUE CPENICTBA, TAKUE KAK NEPCOHAIbHBIE JIEKTPOHHBIE
MalllMHbI, paboure CTaHIIUH.

Ha »srtane mecmuposanuss oleHUBaeTCs M MpoBepseTcs paboTra NpOTOTHUMA
DKCIIEPTHOM CUCTEMBI C LIEIBIO IIPUBEACHUS B COOTBETCTBUE C PEaIbHBIMU 3aIIpOCaMU
I10JIB30BaTENICH. BBIAEISIOTCS TPHU aCEKTa TECTUPOBAHMUS.

1. TectupoBaHue HCXOIHBIX JAHHBIX C LENbI0 MPOBEPKM Habopa (QaxToB,
aexamux B ocHose OC.

2. Jlornueckoe TecTUpoBaHHUE 0a3bl 3HAHUN, KOTOPOE 3aKIIOYACTCS B BBISIBICHUU
HOJIHOTHI U HEMPOTUBOPEUUBOCTU MpaBmil. Bo3MoXkHbIE OIIMOKH HOCAT (POpPMaIbHBIHI
XapakTep, MO3TOMY 3TOT 3Tall MOKHO aBTOMaTU3UPOBATh.

3. KoHuenryanbHOE TECTUPOBAHUE MPOBOAMUTCS AJI MPOBEPKU OOLIEH CTPYKTYpPHI
CUCTEMBI M y4eTa B HEHl BCEX acHEeKTOB peniaemMoil 3amauu. Ha 3tom stame crnenyer
IIpUBJIEKaTh nosnb3oBaress JC.

Ha stane onvimmoii 3KCIuTyaTallid OCYUIECTBIISIETCSl pPELIEHUE peajbHbIX 3ajad,
BBITNIOJIHAETCS OLIEHKAa CTOMMOCTH cucteMbl U ee 3¢ddextuBHOCTh. [lo pesynpTaTam
JKCIUTyaTallid MOKET MOHAaJA00UThCA MOAM(PUKALMS CUCTEMbl. MOXXHO BBIACIUTH
CJIeyIOIINE BUbI MO (UKALIMM CUCTEMBI.

e Vcosepwencmeosanue MpoOTOTUIIA OCYIIECTBIISIETCS B MIPOLIECCE LIMKIMYECKOTO
IIPOXOKJEHUS Yepe3 3Tallbl pEAIN3alUuy U TECTUPOBAHUS C LEIbI0 OTIAAKN IPABUI U
IIPOLIETYPbI BBIBOJIA.

e [lepekoncmpyuposaHue  TPENCTABICHUS  3HAHUM  BBINOJHAETCA  IOCHE
BBINIOJIHEHUS TECTUPOBAHUS U TpeOyeT Bo3BpaTa K 3Tany (popMain3aluu.

Ecnu Bo3HUKIIKME MpOOJEMbl OYEHb CEpbE3HbIE, TO IOCIE HEyJaud Ha 3Tare
TECTUPOBAHUSI MOKET IOHAJAOOUTHCA BO3BpAT K 3TalnaM KOHILENTyalu3aluu U
uaeHtudukanuu. B stom cinyyae 9C cTpouTcst 3aHOBO.

CTaIlI/II/I CYmIeCTBOBAHUA IKCIIEPTHBIX CUCTEM

BriensroT nath cTaauil CylecTBOBaHUS SKCIEPTHBIX cucteM [S]. [lepBoHadanbHO
cTpouTCsl demoHcmpayuonusi npoToTun IC. DTO yceueHHas BEpPCHUsl AKCIEPTHOU
CUCTEMBI, CIIPOCKTHUPOBAHHAS [UJIi TPOBEPKHU MPaBUIBLHOCTH (DAKTOB, CBs3ed U
CTpaTEeruil pacCyXACHUMN IKCIIEPTA.

OO0BbeM OpOTOTUIIA — HECKOJBKO JECATKOB mpaBuia. OH NOMKEH YIOBJIETBOPSTH
JBYM TPOTHUBOPEUUBBIM TPEOOBAHUSIM: C OJHOM CTOPOHBI OH JOJKEH pellaTh
TUMHWYHbIC 33Ja4¥ JAHHOTO MPUIIOKEHUS, C JIPYrod — TPYAOEMKOCTh €r0 CO3JaHuUs
JOJKHA ObITh MUHUMAJILHOM.
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Ileny co3maHust O0eMOHCMPAYUOHHO20 NpOMOmMuna — TPOAEMOHCTPUPOBATH
IPUMEHUMOCTh METOJOB WHXCHEPUU 3HAHWUW AJI1 JAHHOTO MpHIOXKeHus. B ciyuae
ycrexa dKCIepT ¢ MOMOIIBI0 MHKEHEepa M0 3HaHUSAM pacIIMpseT 3HAHHS MPOTOTHUIIA O
npeaMmeTHor obnactu. Ilpu Heymaue MoxkeT noTpedoBaThbesi pa3paboTKa HOBOTO
POTOTHIIA.

Hccneooeamenvckuii POTOTUI pelIaeT OOJNBUIMHCTBO 3ajlad, HO HEYCTONYUB B
paboTe U He MOJTHOCTHIO MPOBEPEH (COAEPKUT HECKOIBKO COTEH MPABUI U IOHATHUH).

eticmeyrowuti TpOTOTUI HAJIEKHO PEIIaeT BCE 3aJa4Yl Ha pealbHbIX MpPHUMEpax,
HO JJIS1 CJIO’KHOM CUCTEMBI TpeOyeT MHOTO BPEMEHH U MaMSITH.

Ilpomviunennas cucreMa O0ECIIEUMBAET BBICOKOE KayeCTBO PELICHUN MpH
MUHUMH3ALUU TPeOyeMOro BpEMEHH U MaMATH; MEPENHUChIBAETCS C HCIOIb30BaHUEM
3¢ (HEKTUBHBIX CPEACTB NMPEICTABICHUS 3HAHUH.

Kommepueckas cuctema — 3TO MPOMBIIIJICHHAs] CUCTEMa, MPUTOAHAS K MPOJAXKE,
T.€. XOPOIIIO JOKYMEHTUPOBAaHHAs U CHAOKEHa CEPBUCOM.

2.4. BbiBOAObI

1. OkcneptHas cucrtema (IC) — aro UUC, npennasnaueHHas AJisi pemieHus ciaado
dbopManu3yeMbIXx 3aja4 Ha OCHOBE HAaKaIUIMBAaeMOro B 0a3e 3HAHUU OmbITa padOThI
HKCIIEPTOB B IPOOIEMHOM 00J1acTH.

2. Tunnunas apxutektypa IC BKIKOYAET B CBOM COCTAB CIEAYIOIIUE KOMIIOHEHTHI.
baza 3nanuit (b3) — 3T0 XpaHunuUIEe €AUMHUI] 3HAHWM, OMUCHIBAIOIIUX ATPUOYTHI U
JENCTBUSA, CBSI3aHHbIE ¢ 00BEKTaMHU MPOOJIEMHONM 00acTH, a TaKkKe BO3MOKHbBIC MpHU
TOM HEOMNPEAEICHHOCTH. JTO LEHTPaIbHbIM KOMIOHEHT DC, KOTOPBIN ONpenesnseT
1ieHHOCTh JC U ¢ KOTOPHIM CBS3aHBI OCHOBHBIE 3aTPAThl HA pa3pabOTKy.

Mexanu3M BbIBOZa — 3TO OOOOIEHHAs TMpoIeaypa IMOUCKA PEIICHHs 3aJauu,
KoTopasi Ha ocHoBe b3 W B COOTBETCTBMM C HH(OPMALMOHHOW MOTPEOHOCTHIO
[I0JIB30BATENISI CTPOUT LEMOYKY pPACCYKICHUH, MNPUBOMSAILYI0O K KOHKPETHOMY
pe3ynbTary.

MexaHu3M npuUOOpPETEHUsT 3HAHUM — 3TO MpOoLEAypa HAKOIUIEHHs 3HaHUU B Oaze
3HaHWM, BKJIIOYAIOLIAsh BBOJ, KOHTPOJIb MOJHOTHl U HENPOTUBOPEYMBOCTH E€IUHUIL
3HAHUM U, BO3MOXXHO, aBTOMAaTUYECKHUM BBIBOJI HOBBIX €AWHMI] 3HAHUN U3 BBOJAUMOU
uH(popMaIuu.

MexanusM  OOBSCHEHMSI —HTO  MPOLEIypa,  BBINOJHAIOIMAS  0OOCHOBaHUE
MIOJIyYEHHOI'O pe3yJibTaTa.

NHTennekTyanbHbINd uHTEpPENC — 3TO npoueaypa, BBITTOJTHSFOLLIAS
WHTEPIPETALMIO 3alpoca TOoJb30BaTeNs K 0aze 3HaHUM W (QopmMupymomas OTBET B
ya00HOM 151 HEero opMme.

3. Haznauenne 3C — KOHCYJIbTUPOBAHUE U O0yUYECHHE HEOTBITHBIX MOJIb30BATEIICH,
MOMOIIIb SKCIIEPTaM B PEIICHUU 3a]]a4, COBETHI IKCIIEPTAM 10 BOIPOCAM U3 CMEKHBIX
oOnacrei.

4. KomnexktuB paszpadorunkoM OC OOBIYHO BKJIIOYAaET B ce€Osl HMHXKEHEpa IO
3HAaHMSIM, DBKCIepTa, NpPOrpaMMHCTa U ToJib3oBaTend. KiltoueByro poJib Urpaer
WHXKEHED T10 3HAHUSIM.
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4. TexHOJIOTHSI CO3JIaHUS DKCIEPTHBIX CHUCTEM BKJIKOYAeT B ce0s 3Talbl:
uAeHTU(UKAIKS, KOHLENTyanu3anus, GopMain3aius, peanus3aius, TeCTUpOBaHuEe U
ombITHAasA dKcIuTyaTaus. Ha kaxxaom srare pemaroTcsi CBOU 3aauH.

5. Co3anue 3KCIEepTHBIX CUCTEM — 3TO Mpolecc T0padOTKU AEMOHCTPALMOHHOTO
IPOTOTUNA 10 KOMMEPUYECKOro NPOAYKTa.

2.5. Bonipochbl ans caMoKoHTpons

1. Ykaxxutre OTIWYUS DKCHEPTHBIX CHUCTEM OT OOBIYHOTO MPOTrPaMMHOTO
obecrieueHusl.

2. JlaiiTe onpeneneHue 3KCIEepTHOW CUCTEMBL. UTO B 3TOM OIPEIEIECHUN SABIISIETCS
OCHOBOIIOJIArarINuM?

3. OxapakTtepu3yiTe NPUHLUIIBI, TOJIOKEHHBIE B OCHOBY 3KCIIEPTHBIX CHCTEM.
Kakue TpeGoBaHUs 3T TIPUHIIUIIBI TPEABSBISIIOT K SKCIIEPTHBIM CUCTEMaM ?

4. JlaiiTe XapakTEpUCTUKY OCHOBHBIX MOJYJIEM CTaTHYECKOW W JUHAMUYECKOUN
HKCHEPTHBIX CUCTEM.

5. YKaxuTe OCHOBHBIC OTJIHWYUS AQHAJUTUYECKUX HKCHEPTHBIX CHUCTEM OT
CUHTETUYECKUX.

6. Kakue 3a1aun pemaroT KI1acCUPUIUPYIOIINUE SKCIEPTHBIE CUCTEMbI?

7. Kakue 4epThl NpUCYIIH TOONPEAEISIOUUM IKCIIEPTHBIM CUCTEMAM?

8. JlaiiTe XxapakTEepUCTUKY KOJJIEKTUBY Pa3padOTUYUKOB SKCIIEPTHBIX CUCTEM.

9. Bpl u3ywyanu ncuxosioruto. KakumMy uepramMu JIMYHOCTH C TOYKH 3pPEHUS
MICUXOJIOTHUU JIOJIKEH 00JaAaTh MHKEHEP MO 3HAHUSAM?

10. U3ydyenne Kakux JUCHUIUIMH 1O  Balleil  CHEHUAIbHOCTH  MOXKET
CIOCOOCTBOBATH Balllel TJI0IOTBOPHON pabOTe B 00JIaCTH HHKCHEPUU 3HAHUI?

11. Onpenenute 1eNu U 3a/1a41 dTana UACHTUPUKALUYA TPEAMETHOM 00JIaCTH.

12. B gem 3akimrogaeTcs KOHIEMIIHUS OBICTPOTO MPOTOTHIA?

13. Onmummre nemn W 3aJayd  dTana KOHUENTYyalu3aluyd I[pPU  IMOCTPOCHUU
DKCIEPTHOU CUCTEMBI

14. Kakue cBoicTBa IpeIMETHOM 00IacTH OTpaxaeT 0ObeKTHas Mozenb? Kak oHa
crpoutcs?

15. Kakue cBsi3u Mexay oOOBbeKTaMU MpPEeAMETHOM o00yiacT  oToOpaxaer
(GyHKUMOHANIbHAS MOJIETh?

16. Ilepeuncaure STanbl NPOEKTUPOBAHUS SKCHEPTHBIX cucTeM. Ha3oBute wnenu,
CTOSIIIIKE Nepe] pa3padOoTUMKaMU CUCTEMBI Ha KaXKJIOM JTarle.

17. HazoBUTE MHCTPYMEHTAIBHBIE CPENCTBA, UCIIOJIB3YEMBIE NP MPOECKTUPOBAHUU
AKCHEPTHBIX CUCTEM.

21. JIns 9ero UCToJb3yITCS 000JI0YKH IKCIIEPTHRIX cucTeM? UTO MOXKET BXOIUTh
B UX COCTaB?

22. MOXHO 1M OpH NPOECKTUPOBAHUU SKCHEPTHBIX CHCTEM HCIOIb30BaTh S3BIK
C++? OtBer 0OOCHYITE.
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3. METOObI NPEACTABIIEHUA 3HAHUA

3.1. 3HaHu4a 1 ux ceoncTea

[Ipu pabore ¢ UHTENIEKTyaJbHBIMM  HMH()POPMALMOHHBIMU  CHUCTEMaMH
TPaJUIMOHHO BO3HHUKAET BOIPOC O TOM, KaK COOTHOCSTCSI MOHATHS «JaHHBIE» U
«3HAHUD.

[TombITaemMcsi OTBETUTH Ha BOIPOC, YTO K€ TAKOE 3HAHMS U YeM OHU OTIMYAIOTCA
0T OOBIYHBIX JaHHBIX. Bo3bMeM 3a pabodyto OCHOBY Takue omnpeneiaeHus [4].
Omnpenesienue

Jlannvie — 510 uWHGMOpManus, MONy4YEHHAss B pe3yibTaTe HAOIIOACHUN WM
U3MEPEHUMN OTACIBHBIX CBOMCTB (aTpUOYTOB), XapaKTEPU3YIOIIUX 0OHEKTHI, TPOIIECCHI
U SIBJICHUS MIPEAMETHOM 00JIacTH.

Wuaye, maHHbIE — 3TO KOHKPETHBIC (DAKTHI.

3HaHUA OCHOBAaHBI Ha JaHHbIX, IIOJYYCHHBIX OMIIMPHUYCCKHUM IIYTCM. OHnu
NpCACTABIIAIOT CO60ﬁ pe3yybTaTr OIIbITa U MBICIIUTEIbHON ACATECIIBHOCTU YCJIOBCKA,
HaIpaBJIeHbl Ha 0000IIEHNE ATOTO OMbITA, MOJTYUYEHHOTO B Pe3yJibTaTe MPAKTUYECKOU
ACATCIIBHOCTMU.

Onpenesienne

3Hanus — 3TO CBA3M M 3aKOHOMEPHOCTHM NPEIMETHOM o00JacTH (IMPUHLMIIBI,
MOJIENIM, 3aKOHbI), IOJYYEHHbIE B pe3yjbTaTe NPAKTUYECKON AESITENIbHOCTH U
po(ecCHOHaTBHOTO OIbITa, MO3BOJISAIONIME CIELMAIINCTaM CTaBUTh U pPellaTh 3a/1auu
B JJAHHOM O0JIaCTH.

YacTo uCnoJib3yeTcs TaKOE OMPEICICHUE 3HAHUM.
Onpenesenune

3HaHus — 3TO XOPOILIO CTPYKTYPUPOBAHHBIC JaHHBIEC, WM JAHHBIC O JAHHBIX, WU
METaJaHHBIE.

CymiecTByeT MHOKECTBO CIOCOOOB orpeAensaTbh NoHATHsS. OAuH U3 MIHUPOKO
IpUMEHSIEMBIX CITIOCOO0B OCHOBAH Ha MJiee MHTEHCHOHANa [5].
Onpenesienune

HHnmencuonan NOHATHSL — 3TO OINPEIEIECHUE €ro Yepe3 COOTHECEHHUE C MOHSATHUEM
00J1ee BRICOKOTO YPOBHS aOCTpaKIMK ¢ YKa3aHUEM CHEIU()UIECKIX CBONCTB.

HNuTencnonansl (GopMupyroT 3HaHUS 00 oObekrax. Jpyroi crnoco0 ompenenser
MOHSTUE YEPe3 COOTHECEHUE C MOHATUSAMU 00Jiee HU3KOrO0 YPOBHS aOCTpaKLUU WU
nepeurciaeHue GakToB, OTHOCSIIUXCS K ONPEAesieMOMY HOHSTHIO.
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Onpenesienue

Oxcmencuonan ONpCACIIACT MOHATHA UCPC3 NaAHHBIC.

Ha puc. 3.1. wuntencuoHaaoM mnoHATUS «CoOaka» SBIISICTCS OIIPCACIICHUC €C
CBOMCTBA «I[OMaU_IHGC JKUBOTHOC, KOTOPOC JIACT», IKCTCHCHUOHAJIOM 3TOI'O ITOHATHA
ABJEACTCA IICPCUUCIICHUC IIOPOA.

Jomammee
KMBOTHOE,

EOTOPpOE JIAaET

Tepeep Toman JlabpaTtop

Puc. 3.1. UateHcroHal U dYkcTeHCruoHaI noHsaTus «Cobakay

Jlnst XpaHeHUs AaHHBIX HMCHOJIB3YIOTCS 0a3bl JA@HHBIX (Uil HUX XapaKTepHbI
00sb1I0M 00BEM M OTHOCHUTENIbHAsI HEOOJbIlas yjAelbHas CTOMMOCTh MH(OpMaLUn).
Jlnst XpaHeHus: 3HaHUM — 0a3bl 3HAHUN (MCKIIFOUUTEIBHO JOPOrue MH(pOpMAMOHHBIE
MaccuBhbl). basza 3HaHM — OCHOBA JTI000M MHTEIIEKTYaTbHOW CUCTEMBI.

Kakue ke CcBOWCTBa IpeBpalllalOT JaHHbIe B 3HaHuA? IlepeduncimM U KpaTko
0XapaKTepU3yeM OCHOBHBIE CBOMCTBA 3HAHUI (YacTh U3 HUX MPUCYILA U JAHHBIM).

1. BuyTpennsiss unTepnperanus. CylleCTBEHHbIM OTJIMYMEM 3HAHUN OT JTaHHBIX
SBJISIETCSL UX MHTEpHpeTupyeMocTb, Eciu 11 uHTepnpeTaunn JaHHBIX HEOOXOAMMBbI
COOTBETCTBYIOILIME TMPOTrpaMMbl U CaMH MO ce0e OHM HE HECYT COJepKaTelbHOI
uHGOpMaIUK, TO 3HAHUS BCETJa COACPKATEIbHBI.

DTO CBOMCTBO mpeamnosiaraet, 4ro B OBM XpaHATCA HE TOJBKO COOCTBEHHO
JaHHble, HO W JIaHHbIE O JIAHHBIX, YTO I[IO3BOJSIET COJAEPKATEIbHO HX
UHTEpHpEeTUpoBaTh [16].

IIpennpustue MecTo HaX0XKACHUs YTo BBIITYCKaAET
3aBog uMm. XpyHuuena | MockBa KocMmuueckyro TEXHUKY
HITO «2Queprus» Kopones KocMuueckyro TEXHUKY
HITO «Komeray» MockBa KOHCTPpYKTOPCKYIO IOKYMEHTALIUIO

Nmes takyro nH(OpMaILNIO, MOKHO OTBETHUTH Ha BOMpockhl Tuma: «I'1e Haxoaurces
3aBoag WM. XpyHuueBa?», unm «Kakue npeanpusaTHs BBITYCKAIOT KOCMHYECKYIO
TeXHUKY?». [Ipu 3TOM B mepBOM CTPOKE HAXOIATCA NAHHBIE O METAJaHHBIX, & B
OCTaJIbHBIX — CAMH JITaHHBIE.
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2. CTpyKTypuUpOBaHHOCTBL. MH(DOpManMoOHHbIE €AUMHUIIBI JIOJKHBI  00J1a1aTh
rubkoii crpykrypoil. CTpykTypa 3HaHUW 3aJaeTCsi C MOMOIIBIO OTHOIICHUH,
CYHIECTBYIOIIMX MEXKAY €IWHHUIAMH 3HaHUW. Pasnuyaror creayroonme THUIlbl
OTHOILLICHUM:

® OTHOILIEHHUS CTPYKTypH3allMu, KOTOpBIE 3aJal0T HEepaApXHUI0 MHOOPMAIMOHHBIX
eaunuil. Hanmpumep, B OTHOLIEHUU UEPAPXUU HAXOIATCS 00BEKTHI (DaKyJIbTET — KypeC —
y4eOHas rpyIina — CTyJIeHT;

e (yHKIIMOHANBHBIE OTHOIIEHHWS, HECYIIHMe MPOLCAypHYIO HWHGOPMAIIHIO,
MO3BOJIAIONLYI0 HAXOAUTh OJHU UH(OPMALIMOHHbBIE €IUHULIBI YEPE3 JIPYTHUE;

® Kay3aJbHbIC OTHOILICHUS, 3aJAI0IIUE MPUUUHHO-CIEACTBEHHbBIE CBSI3H;

® CCMAaHTUYECKUE OTHOLICHMS, KOTOPbIE COOTBETCTBYIOT BCEM OCTAJIbHBIM
OTHOLIEHHUSIM.

3. CuTyaTHBHBbIE CBSI3U. JTO CBOMCTBO XapaKTEPU3YET CUTYAIMOHHYIO OJIM30CTh
WHOOPMAITMOHHBIX eAWHUIl. Ee MOXHO Ha3BaTh OTHOIICHHEM PEJIEeBAHTHOCTH,
KOTOPOE JAeT BO3MOKHOCThH BBIJICJIATh THUIIOBBIE CUTyalluu (HampuMmep, MOKYTIKa,
OaHKPOTCTBO, MPOU3BOJICTBO). DTO CBOWCTBO MO3BOJSET HAXOAWTH B 0a3ze 3HAHMIA
3HaHWUSI, OJTM3KHUE 0 CMBICITY.

4. AxktuBHOCTD. [Tpu pabore ¢ 9BM nannbie macCUBHbBI, KOMaH/bl AKTUBHBI U BCE
nporeccel, nporekaromue B 9BM, naunuupytorcs komanaamu. B UMC Beimonnenue
JNENUCTBUN JOJKHO MHUIIMMPOBATHCS TEKYIIUM COCTOSIHUEM 0a3bl 3HAHUH.

Pe3koil rpaHuiubl MEXIy AaHHBIMU U 3HAHUSAMMU HET, U C Pa3BUTUEM CPEICTB
MH(POPMATUKU OTINYMSI 3HAHUM OT TAaHHBIX CriIakuBaroTcs (puc. 3.2.)

HubopMalOHHEIE CHCTEME]

TpaguIHOHHEIE HHTennekTyansHEIe

3HaHHA (IpOLEAyPHEIE)

ANTOPHTMEI 3HaHHA
"pacTEOpPEHBI" B ANTOPHTIMAX

JHauuA obocoONeHEl, 3a0aHbl

B ABHOM BHIE, HX MOXKHO BBIIEIUTE,
OTpPeNaKTHPOBaTh, H00ABHTE

0e3 U3MeHeHNA HCXOOHOTO KOOa

Puc. 3.2. OcoO0eHHOCTH 3HAHUN

[lepeuniciieHHbIE OCOOEHHOCTH ONPENEISA0T TIpaHb, 32 KOTOPOW JaHHbIE
IpEeBpaIIaoTCs B 3HAHUS, a 0a3bl JaHHBIX B 0a3bl 3HAHUH.
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Creyer OTMETUTD, YTO B CUCTEMAX, OCHOBAHHBIX HA 3HAHUSAX, 3HAHUSA OTACIICHBI
OT aJrOPUTMOB, MOTYT OBITh BBIBEJICHBI B SBHOM BHUJIE, OTPEIAKTUPOBAHBI, TOTIOJTHEHBI
0e3 BMELIaTeNbCTBA B UCXOJHBIN KOJI CAaMOM IPOrPaMMBbI.

5. lIkanupoBanue. Ilpennosaraer BBEACHHUE OTHOLICHUW MEXIY pPa3IM4YHBIMU
UH(OPMAIIMOHHBIMU  €MHUIAMU (T.€. MX H3MEpPEeHHEe B KakKoW-1uMbO IIKane —
HOPSAJKOBOM, KIACCU(PUKALMOHHON, METPUYECKOW U T.II.) M  YHOPSAJOUYEHHE
MH(POPMALIMOHHBIX €JUHUI] ITyTEM U3MEHEHHS] MHTEHCUBHOCTH OTHOLIEHUM U CBOICTB.

IIpumep

«I'pynna DuY-425 3aHuMaeT NepBO€ MECTO Ha Kypce M0 yCIEBAEMOCTH.

3.2. Knaccndmkaumns moaeneun npeacraBrieHnsa 3HaHUN

JU7is ucnonb30BaHus 3HaHUN B MH(OPMALIMOHHBIX CUCTEMaX, X HAJ0 MPEACTaBUTD
B BHJE onpeneneHHo wMonenu. Ilpu npoekTupoBaHMKM MOJENIH IPEACTaBICHUS
3HaHUM HEOOXOJUMO YUUTHIBATh JIBa TPEOOBAHUS:

® OJIHOPOAHOCTH MPECTABIICHUS;

® [IPOCTOTa NOHUMAaHHUS.

Boinonnenue 3tux TpeOOBaHWI MO3BOJSET YNPOCTUTh MEXaHU3M JIOTHYECKOIO
BBIBOJIA U MPOLIECCHI MPUOOPETEHNS 3HAHUN U YTIPABICHUS UMHU.

Mopaenu npeAcTaBieHus] 3HAaHU MOYKHO YCIIOBHO Pa3/iesIuTh HA OeK1apamusHvle 1
npoyeoypHule.

Hctopuueckun  mepBbIMH  OBLTM  MPOILEAypHbIE  3HAHWS, T.€.  3HAHHUA,
«pacTBOpeHHbIe» B airoputMax. OHM yHpaBIsUIM JAaHHBIMHU. [[1s UX u3MeHeHus
TpeOOBaIOCh U3MEHATh IMporpammbl. OpHAKO C pa3BUTHEM HUCKYCCTBEHHOI'O
UHTEJUIEKTa TPUOPUTET AAHHBIX IOCTENEHHO HM3MEHSJICA, U BcCe OoJbplIas 4acTh
3HaHUU COCpEeAOTOuYMBajIach B CTPYKTypax JaHHbBIX, T.€. YBEJIMYUBAIACh pOJIb
JeKIapaTUBHBIX 3HaHUH.

Mognenu mnpencTaBieHUsT 3HAHMW, KpPOME TOro, MENATCA Ha Jo2uyeckue W
sspucmuyeckue Mojend. B OCHOBE JIOTMYECKMX MOJENed JIeKUT TOHATHE
¢opmanbHOi cucteMbl (Teopuu). Kak mnpaBuio, HCHONB3YyeTCS HCUHUCICHUE
IIPEIUKATOB NEPBOrO MOPSAKA, JOMOJHEHHOE PAIOM IBPUCTUYECKUX CTPATEruil. ITH
METO/IbI SIBJSIOTCS CUCTEMAaMHM JIEYKTUBHOIO THUIIA, T.€. B HUX HUCIIONB3YETCS MOJIEb
NOJIYYEHHs] BBIBOJA M3 33JaHHOM CHCTEMBI MOCBUIOK C MOMOUIbIO (PMKCUPOBAHHOU
CUCTEMBI MPaBWI BbIBOJA. Pa3BUTHEM IPEAMKATHBIX CHUCTEM SIBIISIFOTCS CHUCTEMBI
WHIYKTUBHOI'O THIIA, B KOTOPBIX IPAaBHUJIA BHIBOJA MOPOXKIAKOTCS CUCTEMOM HAa OCHOBE
00pabOTKN KOHEYHOI'0 YuciIa 00y4Yarux IpUMEpPOB.

B ornuune oT QopManbHBIX MoOAENEed IBPUCTUUYECKHME MOJEIU HUMEIT Habop
CpPEeACTB, TMepefarolux crenupuyeckue OCOOCHHOCTH MpoOJIeMHON  00J1acTH.
[TooToMy OHM @pPEBOCXOIAT JIOTMYECKME KaK IO BO3MOXHOCTH aJ€KBATHO
IOPEICTaBIATh MPEIMETHYIO 00JIacTh, TaKk M 1O 3(PPEKTUBHOCTH MCIOIb30BAHUS
npaBusl BbIBOAA. K 3BpHUCTHYECKMM MOJEISIM OTHOCST CeTeBble, (PpeiiMOBBbIE,
IPOAYKIMOHHBIE U 00BEKTHO-OPUEHTUPOBAHHBIE MOJCIIH.

3HaHUSA MOXKHO TaKXKe pa3JeNIUTh Ha NOG8EPXHOCMHble W 21yOuHHble. 1 TyOuHHbIE
3HaHUA — aOCTpaKUUH, AHAJOTUHU, CXEMbI, OTOOpaXKAIOLIUEe CTPYKTYpPy U INPUPOAY
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MIPOIIECCOB, TPOTEKAIOIINX B MPEAMETHOW 00JIaCTH. DTH 3HAHUS OOBSICHSIOT SBICHUS
U MOTYT HCIONB30BAaTbCS Ui  IPOTHO3UPOBAHMS ~ TMOBEACHHUA  OOBEKTA.
[IoBepXHOCTHBIE — 3HAaHUS O BHUIAUMBIX B3aUMOCBA3SAX MEKIY OTAEIbHBIMU
cOOBITUSIMU U (haKTaMU PEIMETHOM 00JaCTH.

B cBowo ouepenr Bce MHOMXKECTBO MOJENEH MOXHO pa3efuTh Ha JB€ OOJbILINE
IpYNIbL: MOOYIbHbIE U Cemesble.

MosysibHbIE MOJAENN ONEPUPYIOT OTAEIbHBIMU (HE CBA3aHHBIMHU) 3JEMEHTAMHU
3HaHUH, OyJb TO MpaBUiIa UM AKCUOMBI IIPEIMETHON 00IaCTH.

CereBble MOJENU NMPEAOCTABISIIOT BO3MOXKHOCTh CBSA3bIBATh (PparMEeHTHI 3HAHUMN
4yepe3 OTHOUICHHSI B CEMaHTUYECKHE CETU WM CeTH (PperMOB.

CoBpeMEeHHbIE IKCIEPTHBIE CUCTEMBI Pa0OTAIOT, B OCHOBHOM, C IIOBEPXHOCTHBIMH,
npo(eCCUOHATIbHBIMU, SIBHBIMM 3HAHUAMU. OJTO CBA3aHO C TEM, YTO Ha JAaHHBIH
MOMEHT HET YHHBEPCAJIbHBIX METOAUK, MO3BOJSIOIIMX BBISIBIATh TIJIyOMHHBIE U
HESIBHBIE CTPYKTYpPBI 3HAaHUU U pabOTaTh C HUMH.

Knaccudukanus Hanbosiee mNONYJSAPHBIX MOJAENEH MPEACTABICHUS 3HAHUU
MoKa3aHa Ha puc. 3.3.

Mogenn
OpEeICTAENEHHA SHAHHHA

IlopepuHocTHLE
SHAHHA

Tnybunune s nagma

Il oynk HELE CETEELIE
TopuaneHo- CEMAHTHYECKHE .
IIpapnna Dpefne
NOTHYECK HE S ——— CETH
MO ETH poRy

Puc. 3.3. Knaccudukamus mozeneit npeacTaBiecHus 3HaHUM

3.3. Jlornyeckas mogenb npeacTtaBneHnst 3HaHUN
Jloruka npeaMKaTroB NepBoro MNOpsaKa

Onpenesienune

B ocHOBe nmornueckux MOJENEH JICKUT MOHATHE (DOpMaNbHOUM TEOpUH, KOTopas
3amaeTcs koprexem: S = <T, P, A, F>, 31ecb T — KOHEYHOE€ MHOXKECTBO 0Oa30BBIX
JIeMeHTOB  (andaBUT) CHUCTEMBbI, P — MHOXECTBO CHHTAKCHYCCKUX TIPABUII,
MO3BOJISIONTUX U3 1 CTPOUTH CHHTAKCHUYECKH MPaBUIbHBIC BhIpakeHUs ((hopmyien); 4
— MHOXECTBO allPUOPHO UCTUHHBIX (GOpMYJT (aKCHOMBI); F' — CeMaHTUYECKHUE TIPaBUIa
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WJIM TIIpaBuJila BbIBOJIA, IIO3BOJIAIOIIUC IIOJYYHUTH CI)OpMy.]'IBI, KOTOPBLIC CUMTANOTCA
HUCTHUHHBIMHU B I[aHHOI‘/’I TCOPHUHU.

Haunbonee pacnpoctpaneHHoid ¢GopMaabHOH CHUCTEMOM, HCIOJB3yeMON s
IPE/ICTaBIICHUS 3HAHUW, SBJISETCS MCYMCICHUE TMPEJUKATOB IEPBOr0 MOPSIKA.
AndaBuT UCUKCIECHUS TTPEAUKATOB IEPBOTO MOPSIKA COCTOUT U3 CIEIYIONIEro Habopa
CHUMBOJIOB:

® 3HAKOB NMyHKTyauuw {(, )};
MPOMO3UIIMOHATIBHBIX CBA30K {—, A, —, V},
3HAaKOB KBaHTOpOB {7, V};
CHUMBOJIOB NMEPEMEHHBIX Xi, kK = 1,2,...;
N-MECTHBIX (DYHKIIMOHAIBHBIX CHMBOJIOB i, k > 1, n >0, (f;’ — koHCTaHTHas
OykBa);
® 71-MECTHBIX NPEIUKATHBIX CHMBOJIOB py" , k> 1, n > 1.

N3 cumBosiOB andaBuTa CTPOSAT BBIPAXKEHUS, CPEId KOTOPBIX BBIJICISIOT mepmbl,
anemenmapmvie Qopmyavl U NPABUILHO NOCMpOeHHble Gopmyasl (WA TPOCTO
Gopmynol).

Onpenesnenus

Bcesikuit cumMBO TIepeMEHHOM WM KOHCTAaHTHOW OykBbl — mepm. Ecnu t,...t, —
tepMm (n > 1), 10 fi" (14,...1,) — TEPM.

Ecnu p;" — npeaMkaTHbIil CHMBOIL, A f},...1, — TEPM, TO p;" (1, ...t,) — dnemenmaphas
Gopmyna (amom). ATOM — 3TO TIPaBUIILHO MOCTPOCHHAS (OopMyIIa.

Ecnu 4, B — 3T0 npaBMIIbHO MOCTPOEHHBIE (POPMYIIBI WU TPOCTO Gopmyisl, TO —A,
AAB,A vB, A —> B — ecTb NpaBUILHO MOCTPOCHHBIC (DOPMYJIBI.

Eciu 4 — ¢popmyna, a x — nepemeHHast B A, TO KOHCTpyKuuu Ix(4) u Vx(A) —
dbopmybl. BeipaxkeHue siBIsieTCS MPABUIBHO MOCTPOCHHON (POPMYIION, TOIBKO €CIu
OHO MOJIY4YEHO C COOII0/ICHUEM TPUBEICHHBIX BBIIIE IIPaBUIL.

Jns npuganust GopMysie COACpXKaHUS €€ UHmepnpemupyiom Kak yTBEp:KICHUE,
Kacaroleecsi paccMaTpuBaeMod mpenMeTHoil obmactu. Ilycte D — obracme
unmepnpemayuu. I1og MHTEPIpPETALIUEN TOHUMAIOT BCAKYIO CUCTEMY, COCTOSLIYIO U3
HEMyCTOro MHOXeCTBa D W Kakoro-indo COOTBETCTBUS, OTHOCSILErO Kaxaou
npeuKkaTHON OykBe p;' HEKOTOpOE K-MECTHOE OTHOIIeHHEe B D; KaxIoh
(GyHKIHOHATBHONH OYyKBE f;° HEKOTOPYIO 7-MECTHYI0 (YHKIHIO, OTOOpPaXKaroIlyro
D" — D; xaxa0i KOHCTaHTHON OyKBe fko HEKOTOPBIN 3neMeHT u3 D. Ilpu 3amaHHoON
UHTEPIIPETallud  BCSKOM dJIEMEHTapHOW (opMmyse MNPUIKCHIBACTCS 3HAYCHHE
«MCTUHHO» WIH «JI0KHO».

[punuceiBaHNE 3HAUCHHS dIIEMEHTApHON Gopmyite p;" (14,...1,) OCYIIECTBISIETCS IO
CJIeIyIOLEMY MPaBUITY: €CIM TEPMbl IPEIUKATHON OYKBbI COOTBETCTBYIOT 3J€MEHTaM
u3 D, yIOBJIETBOPAIOLIMM OTHOLIECHUIO, ONIPEACIAEMOMY JaHHOU MHTEPIPETALUEH, TO
3HAYEHUEM dBJIEMEHTapHOU (QopMyisbl OyleT MCTHHA, B MPOTUBHOM Clydyae — JIOXKb.
3HaueHUE HEAIEMEHTApHON (POPMYJIbl BBIUUCISAETCA PEKYPPEHTHO, UCXOAS U3 TaOIuIl
UCTUHHOCTH. OYeBUAHO, 4YTO 3HA4Y€HUs (OPMYIT MOTYT OBbITh HMCTUHHBIMHU WM
JIOHBIMU B 3aBUCUMOCTH OT BBIOpaHHON MHTEpIIPETALIUU.
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OcHOBHOM 3amayel, pelmaeMod B paMKaxX HCYUCICHUS NPEIUKATOB, SIBISACTCS
BBISICHEHHE MCTUHHOCTH WJIM JIOKHOCTHU 3a/laHHOM (hOpMyIIbI HA HEKOTOPOW 00sacTu
uHTeprnperanuu. GopmMybl, SBASIOMIKMECS WUCTUHHBIMU TPU 000N WHTEpIpETalNH,
ABIIAIOTCS 00we3HayumbviMu, a (QOpMyIibl, JOXKHbIE NPHU JIIOOOH HHTEpPHpPETALUH —
HEeBbINOTHUMBIMUL.

CrnpaBenuBa cienyrolas oCHOBoOIoNarawmas meopema dedykyuu: «Ilyctb gaHbl
dbopmynsl B;, ..., B, u popmyna A. ®opmyna A SBISIETCSA J02UUECKUM CLeOCMBUEM
B;,...,B, Torma u TONBKO ToOrma, korma Qopmyna B;AByA ... AB,DA
oO1ie3HauyuMa». A JOTHYecKu cienyer u3 By, ..., B, Tormga u TOJIBKO TOTHa, Korjaa
BCsKasg uWHTepnperauus [, ynosiuerBopswoomas B; A ... A B, ynoBiaeTBopseTr U A.
®opmynbl By, ..., B, Ha3bIBalOTCA nocwvlikamu, A — 3axnoueHuem JIOTHYECKOTO
cieaoBaHUs U 0003Ha4YawT B, ..., B, |= A.

Wtak, mpu uCnoyib30BaHUU JAHHOTO TPEICTABICHUS HEOOXOAMMO OKa3bIBAThH
o0me3HaunMocTh GopMynsl B; A By A ...A B, D A unu HEBBIOTHUMOCTH (HOPMYIIBI
B ... A B, A—A.

JUis ucuMcieHusl NpeauKaToB MEPBOro MOpsiiKa HE CYLIECTBYET OOIIEro mMeroja
YCTaHOBJICHHUSI OOIIE3HAYMMOCTH JIIOOBIX (OPMYJ, T.e. HCUYUCICHHE TPETUKATOB
nepBoro mopsaka HepaspemmnmMo. Ho eciau Hekotopas ¢gopmyna obiie3Hayuma, TO
CYILIECTBYET TMpolenypa Uisi TpoBepku dToro ¢akra. Hambomee wu3BeCTHBIMU
IPUMEHSEMBIMU METOJIAMH SIBJIIFOTCS METOJIBI pe30oyuu i 00pamHbulil METO.

[IpuBenem mpumep 3amucu HEKOTOporo (akta B BuAe (HOpMysbl HCUMCICHUS
pEeIUKaTOB:

JATb(MUXAWJI, BIAAUMUPY, KHUT'Y);

(@X)(BJIEMEHT (x, COBBITUE-IATH) A UCTOUHUK(x, MUXANI)
ANAIAPECAT(x, BTAAUMUMP) A OB BEKT(x, KHUT' A).

3nech omnucaHbl JABa cnoco0a 3amucu ojaHoro (Gaxra: «Mwuxausn Jan KHUTY
Brnagumupy».

[Touck pemieHus pu MCHOJIB30BAHUM MCUYUCIIEHUS MPEAUKATOB MEPBOTO MOPSAIKA
paccMaTpUBaEeTCs Kak J10Ka3aTelIbCTBO TEOPEMBI.

PaccmoTpum npeacTaBieHHE 3HAHHWM C UCIIOIb30BAHUEM HMCUMCIICHHS MPEIUKATOB
NIEPBOr0 MOPSJIKA HA IPOCTOM IIPUMEDE.

ITpumep

Huxkakoli Toprosel; nogepxaHHbIMU aBTOMOOMIISIMH HE TOKYIaeT aBTOMOOUJIIb 1S
cBoer cembu. Hekotopele rOaM, KOTOpPBIE IOKYMAKT aBTO [JII CBOHUX CEMEW,
a0COJIIOTHO HEYeCTHbIE JIOAU. JloKa3aTh, YTO HEKOTOpPHIE a0COJIOTHO HEYECTHBIE
JIXOJIA HE SIBJISIOTCS TOPTOBLAMM NOJEP/KAHHBIX aBTO.

Joka3aTeabcTBO. BBeiem cienyronyie 0003HaYeHus:
npeaukaT P(x) o3HayaeT u4To X — TOProBel] MoJIep>KaHHBIMU aBTO;
npeaukar Q(x) — x Kynui Mojep>kaHHOe aBTO JJII CBOCH CEMbH;
npeaukaT R(x) —x abCOIFOTHO HEYECTEH.
Torpa nmerorcs Gopmybl:

BI: {Wx} (P(x) = —0Q(x))
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B2: {3} Q) AR(x)

JlokazaTp, 4To A: {7} (R(x) A —P(x)) sBsgeTCca UCTUHHON (HOPMYIIOH.

[Ipenmonoxum, yto B/ 1 B2 uctuHHBI B nHTEepnpeTanuu / ¢ obnacteio D. Tak kak
B2 uctunna B I, T0 {Z}! € D Takoi, uro x = a u popmyna Q(a) A R(a) uctunua B 1.
CnenoBarenbHo, (O(a) uctunHa B [, T.e. —Q(a) noxHa B I. @opmyiny Bl MOXKHO
3anucarthb Tak: { Vx} (=P(x) v =Q(x)). Tak kak BI uctunHa B I, a —(Q(x) noxHa B I, TO
—P(a) nomxHa ObiTh uctuHHa B [. OTcioga ciexyer, uto dopmyna R(a) A —P(a)
sBisieTcst uctTuHHOM B [. Takum obpaszom, Gopmyna {7} (R(x) A —P(x)), uctuaHa B 1.
CnenoBarenbHo, hopMyna A ABISETCS JIOTUUECKUM clieficTBUueM Gopmyn Bl u B2.

OCHOBHBIM JTJOCTOMHCTBOM HCIIOJIb30BaHUSI MCUYUCIIECHUS MPEIUKATOB B KAaYECTBE
MOJIETTM TIPEJICTABIICHUS 3HAHUUW SBISETCS HAIMYKME €IuHOOOpa3HON (opMaTbHON
POLIETyPhI JoKa3aTeabcTBa TeopeM. OHAKO BBICOKAs CTENEHb eIMHO00pa3Us BICUET
3a 000 M OCHOBHOHM HEIOCTATOK JAHHOTO IMOAXO0/Ja — CJIOKHOCTH WCITOJIb30BAHUS
MpU J0KA3aTeJIbCTBE IBPUCTHUK, OTPAKAIONIUX CHEU(DUKY KOHKPETHOM MpeIMETHOM
obmactu. K npyrum HemoctatkoM (OpMaIbHBIX CHCTEM CIIEIyeT OTHECTH WX
MOHOTOHHOCTb, OTCYTCTBHUE CPEICTB JJIsI CTPYKTYpPUPOBAHHUS HCHOJIb3yEMBbIX
3JIEMEHTOB U HEAOMYCTUMOCTh TPOTUBOPEUHIA.

Jloruka npenMKaToB TMEPBOrO MOPSAJIKA MCIOIB3YETCd KakK OCHOBA s
KOHCTpYUpOBaHUsI 00Jiee CIOKHBIX U yAOOHBIX JIOTMYECKUX METOJOB MpeACTaBICHUS
3HaHWil. B 3TOM KkadecTBe OHA MCHOJB3YeTCd B MOJAIBHBIX U TICEBIOPU3NYECKUX
JIOTUKAX.

MoaajabHble JJOTHKH

[IepBoii MONBITKOW pPacIMPUTH BO3MOXKHOCTH JIOTMKHM IPEIUKATOB IEPBOTO
MOPSAKA SIBUJIOCH IOSIBICHUE MHOECTBA MOOAIbHLIX JIOTUK, B KOTOPBIX BBOJMIIKCH
pa3iMuHble KBAHTOPHI (MOJAIBHOCTH) W AKCHUOMBI, OTpaXarollhe TOT WJIM WHOU
aCIeKT peaJbHOro Mupa. MojanabHble TMOHATHS, WIM MOAAIBHOCTH, CIy>KaT s
OLCHKM BBICKA3bIBaHWM, JAHHBIX C TOW WIM WHOM TOYKM 3peHusa. OnHu
KOHKPETU3UPYIOT KAYECTBEHHBIN XapaKTep CBA3MU, yCTAHOBICHHOMN B BHICKA3bIBAHUMU.

HaunbGonee wu3BecTHBI MOJalbHBIE JIOTUKH  «BO3MO>KHOT'O—HEOOXOJIMMOTO0Y
(ayieTnyeckas  JIOTHKA), JICOHTUYECKas JIOTMKa (MOJAJbHOCTU  «pa3perieHo—
00s13aTeNIbHOY), SMHUCTEMUYECKas JIOTMKa (JOTUKA «3HAHUSI—BEPBDY), BpPEMEHHAas
MoJaJIbHas JJOTUKa (MOAAIBHOCTH «BCETAa—HUKOTAa», «4aCTO—MHOTA» ).

JIns uHTEpnpeTauuu MOJAIbHBIX JIOTMK BO3MOKHOCTEM MPEIMKATOB, MMEHOLIUX
BCEro JBa 3HAauYeHUs (ABYy3HAYHOM CeMaHTHKH), ObUIO HemocTaTouHo. I[losToMmy,
CHayaJla MosIBWJIACh Tpex3HayHas joruka JlykaceBuua (L—oruka), rjae jorudeckue
NEepEMEHHbIE MOTYT NMpUHUMATh 3HaueHus 0, 1, 2, a 3aTeM ceMaHTHKa BO3MOXHBIX
MUPOB (UEThIPEX3HAUHAS JIOTHKA).

HeyeTkas jJJoruka

JInst IpeACTaBICHNs] HEYETKUX MOHATUN U ONIEPUPOBAHUS C HUMHU aMEPHUKAHCKUUI
yuenblil Jlotdu 3age B 60-x rogax co3man TEOPUI0 HEYETKUX MHOXKECTB, a 3aTEM —
HEYETKYIO JIOTHKY, 0a3upyIOUlylocsi Ha Heil. B ocHOBe Teopuy HEYETKHX MHOMECTB
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JICKUT MHTEpIIpeTanus ¢pakTa MPUHAICKHOCTH 3JIEMEHTAa @ MHOXKECTBY A Kak (akrta,
KOTOPBIA MOXET ObITh MCTHHHBIM WJIHM JIOKHBIM C HEKOTOPOW OLIEHKOW HMCTUHHOCTH
UA(a), npoberatomeid 3HaueHuss oT 0 mo 1. OneHka HCTUHHOCTH Ha3bIBACTCS
@yHKYUel npUHAOIeHCHOCmUY DIIEMEHTA a MHOXKECTBY A.

OyHKUUS OPUHAAIECKHOCTH  HMHTEPIPETHUPYETCSs KaK Mepa HUCTUHHOCTH,
YBEPEHHOCTH WJIA JOCTOBEPHOCTHU U OTPAKAET HEUETKOCTh 3HAHUM.

[Ipenmnonoxum, CylecTBYIOT CIEAYIOIINE BEICKA3bIBAHMS:

«/BaHOB — X0opoIiuii yenoBek» ¢ u =0,8,
«ITonuTtuk — Xopomuii yenoBek» ¢ u=0,3.

Torna KOHBIOHKIMS 3THX JABYX BBICKA3bIBaHUM (MMEIOLIAst CMBICI KaK YTOYHEHUE
MHEeHUsT 00 VIBaHOBe, KOrJa CTajlo0 M3BECTHO, YTO OH — IOJMTHUK) OIpeaesseTcs
byHKunen npuHaasiexxKHocT u=0,3, a nu3broHKIus — 1=0,8.

B Tteopum HeueTKMX  MHOXKECTB  (DyHKUMS  NPUHAMICIKHOCTH  MOXKET
UHTEPIIPETUPOBATECS ~ KAaK  CYOBEKTHMBHOE  IMPEACTaBICHHE 00  HCTHHHOCTH
BBICKa3bIBaHUI WM OOBEKTHBHAs HEYETKOCTh 3HaHWi (MH(popmaruu). B mepBom
Cllyyae ONMCaHUE HEYETKUX BBICKA3bIBAHUM SBISETCS KaK Obl CHUMKOM COCTOSIHUS
HEKOTOPOM MHTEJIEKTYaJIbHOM CUCTEMBI, 00YUYEHHON Ha MPUMEPAxX B3aUMOJECUCTBUS C
BHEIIHEH CpeNoil WM 3aloJIHEHHOM CYOBEKTUBHBIMH 3HAHMSIMHU 3KcnepTtoB. Bo
BTOPOM CJIy4ya€ HEYETKOCTh SBJISETCS CJEICTBHEM KaKUX-IMO0O TOMeX IMpHu
NOCTYIJICHUU UH(POPMALIUU B CUCTEMY M MHTEPIpPETALMK €€ B BUJIe 3HaHUN. B 06oux
ciyyasx (PyHKIMIO TPUHAIICKHOCTA MOKHO UHTEPIIPETUPOBATh KaK BEPOSATHOCTHYIO
Mepy UCTUHHOCTH U MIPUMEHSTH TEOPUIO BEPOSITHOCTH K €€ 00paboTKe U aHAIIU3Y.

MOXXHO pa3BUTh JIOTMKY HEYETKHX BBICKA3bIBAHUM [0 JIOTMKA HEYETKHX
IPEIUKaTOB, KOTOPas 0OBIYHO PacCMaTPUBAETCA B paMKax MCEeBIOPU3NIECKUX JIOTHUK.

IIceBpodguznueckue JOruKu

Hawnbomee  ucmonb3yemMbiMH  MCEBAO(DU3UYECKUMU  JIOTUKAMH  SIBJISIEOTCS
MPOCTPAHCTBEHHASI, BpEMEHHAS WM Kay3alibHasi (IPUYHMHHO-CIIEICTBEHHAS ) TOTHUKA.
Ha puc. 3.4 nokaszana cTpyKTypa COCTaBIISIFOIINX NPOCTPAHCTBEHHOW JIOTUKH.

IIpocTpadcTEEHEAT TOTHEA

/\

Huuamuyeckad TorHER CTaTHYeCKAd NOTHEA
(MOoTHEA TEHEEeHHHE) (MoTHEA DONOEEHH)
Torura BzanmMaoro oruea MeCcTOIONOEEHEA
pacIoNoEeHHA 0BEEKTOR OBLEKTOE B OpoCTpaHCTEE
Toruwa paccToAnn Toruxa nanpaenenuni

Puc. 3.4. CtpykTypa npoCTpaHCTBEHHOH JTOTUKH
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JIoruku B3aMMHOTO pACIOJIOKEHHS OOBEKTOB, PACCTOSHUI H HaIlpaBICHUN
JETATCS. HA METPUYECKYI0 M TOMOJIOTUYECKYIO JIOTUKU. B OTiImuyme OT MEeTpuYecKou
JIOTMKH TOMOJIOTUYECKAsA JIOTUKA HE CBA3aHA C METPUYECKOM MIKAJIOM.

Metpuueckue IIKaIbI MOJPa3ACIISIOTCS Ha 9K30YeHmpuiecKue u
9HOOYeHmpuyeckue, OTHOCUTENIbHbIE U aOCOTIOTHBIC. DK3OIEHTPUUYECKHUE IIIKAJIBI
MMEIOT HayajJoM KOOpJMHAT TOYKY, CBSA3aHHYID C CaMOW WHTEJJIEKTyalbHOU
cucremor. IlpumMepoM Takoll  IIKaJIbl  SIBIAETCA  IMIKajla JJI9  OMHCAHMSA
JUHTBUCTHYECKOMN TepeMeHHOM «PaccTosinue 10 00beKTa» B JIOTHKE paccTosiHuil. Ee
CHMBOJIbHBIMM 3HAUYE€HUSIMH MOTYT OBITh CICAYIOIIHE: «COBCEM PSAIOM», «PSIOMY,
«0YCHb-0YEHb OJIM3KOY, KHE OYEHb OJIM3KOY, «HE OJIM3KOY, KHEAAJICKO» U T.II.

DHAOIIEHTPUYECKAs IIKajla HMMEET HayajJoM KOOPJAMHAT TOYKY BHE CHCTEMBI.
[IpumepomM TakOM IIKanbl SBISIETCA IIKajla JUIg ONMCAaHWUS JIMHTBUCTUYECKOU
nepeMeHHoi «PaccTosnue Mexmy IByMsi OOBEKTaMU» B TOM e JIOTUKE PaCCTOSHUM.
OTHOCUTENBHBIE KAl UMEIOT U3MEHSIEMYIO0 TOUKY OTCYeTa (Hayajao KOOpJMHAT), a
a0COJIIOTHBIE — HEU3MEHHYIO (T.€. SIBHO HE 33/IaHHYIO).

Jloruka HampaBJICHUN ONMEPUPYET C MOHATHUSIMU «CIPABa», «CIIEBA», «BIEPEAN»,
«c3aauy» U T.II.

B joruke B3aMMHOTO pacmojiokKEHUs OOBEKTOB OIMMCHIBAIOTCS CIEAYIOLINE
0a30BbIE OTHOIICHHS: yHApHBIE — «UMETh TOPU30HTAIBHOE TIOJIOKEHUE», «HUMETh
BEPTUKAIBHOE TIOJIOKEHHUE», OMHAPHBIE — «HAXOJIUTHCS BHYTPH», «HAXOAUTHCS BHEY,
«HAXOJUThCS Ha TIOBEPXHOCTH», «OBITH TaM XKe, TJe..», «HaXOAUThCI B &-
OKPECTHOCTHY», «OBITh YaCThIO», KUMETh TOYKY OIIOPHI HA..», KUMETh TOYKY IIOJBECA
Ha..» | T.II., N-aPHOE OTHOIICHUE — «OBITh MEKITY».

N3 6a30BbIX OTHOIICHUI C MOMOIIBIO JIOTHYSCKHUX CBSI30K CTPOSTCS MPOU3BOIHBIC
OTHOIIICHMS, TaKHE KaK «HE COIPHUKACAThCA» (OTPHUIIAHUE «COMPUKACATHCS), «OBITH
BMecCTe..» (CIEICTBUE OT «HAXOJUTHCA TaM XKe..»), «BUCETh» (KOHBIOHKIIUS «HUMETh
BEPTUKAIBHOE TMOJIOXKEHUE» UM «BHUCETh HA...»), «CTOSATH» (KOHBIOHKIHUS «UMETh
BEPTUKATBHOE MOJIOKEHUE» U «UMETh TOUKY OMOPHI Ha..») U T.II.

3.4. lNpoayKkuMoHHasa Mmogesb npeacTaBfieHNst 3HaHUI

Onpenesienue

[Tox nponyxuuen NOHUMAETCS BBIPAXKEHUE BUIA
(i): P, A =B, Q,
31€Ch | — HOMep TPOAYKIUH, C IIOMOLIBIO KOTOPOrO JaHHAs NMPOXYKIMS BBIACIACTCS
U3 MHOXECTBA MPOAyKUU. B kauecTBe HOMepa (MMEHHN) MOKET BBICTYNaTh HEKOTOpas
JeKceMa, oTpaxaromasi cyTb npoaykuuu. 4 = B — sadpo mpoxaykuuu. B sape
OPOAYKUHN «A» U «B» ABIAIOTCA BBICKa3bIBAHUSMH, K KOTOPBIM IIPUMEHHMBI
Olepallid OTPULAHUS, KOHBIOHKUMU U JIU3BIOHKIMH. BrpickaszeiBaHue «4» — 3TO
NOChbIIKa (yCJIOBHE, AHTELEACHT) MpaBwia. BpICKa3blBaHHE «B» — 3aKIOYEHUE
(mevictBue, KOHCEKBEHT) npaBmwia. CHMBOJ = TpaKTyeTCsl KakK 3HaK JIOTUMYECKOTO
cienoBaHus «B» U3 UCTUHHOTO «A». (Ecau «4» He UCTUHHO, TO O «B» HUYEro cka3aTh
HEJb3s1). P — ycnoBre MPUMEHUMOCTH siipa MPOAYKIMU (TIpeaycioBue npapmia). O —
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IIOCTYCJIOBHE, KOTOPOE OMNKCHIBACT JACHCTBHS M TPOICAYPHI, BBITOJHICMBIC IOCTC
peanu3aiuu sapa.

Anpo npaBwiia NPOAYKIIUA UHTEPHPETUPYETCS Mo-pasHoMy. OOBIYHOE TTPOUTEHUE
aapa BeINISIAUT Tak: «Eciu A, To B» unu «Ecnu 4, To B nnaue Cy.
Ipumep

[IpaBuno 1:  ECJIA O6pa3zoBanue = «Bricmee» 1
Bospact = «Momoxon» 1
KoMmmyHnukabenbsHOCTh = «BbICOKas
TO Hlauce! HaiiTu paboty = «Bbicokuey.

[Ipu cpabaTpiBaHKU 3TOTO MpaBWia B 0a3y JaHHBIX MHTEJUIEKTYaJIbHON CHCTEMBI
nobasisieTcst (pakT, O3HAUAIOLIUI, YTO IIAHCHI HaWTU pPaboTy BbICOKH. I[loHsATHS
«O6pazoBanuey», «Bospacty, «KoMMyHHKaOETbHOCTDY CIIyKaT Ui 3aJaHUSl YCIOBHS
(B TaHHOM CJIy4ae, KOHBIOHKIIMH), IPU KOTOPOM cpabaThIBaeT MPaBuUiIo.

®dakThl XpaHATCA B 0a3e JAHHBIX MPOAYKIIMOHHOW CHUCTEMBI B opMe («OOBEKTY,
«3HAYEHHUEY») WIH (KOOBEKTY», «aTPUOYT», «3HAUCHUE ).

OOBeKT ATpuOyT 3HaueHue

Jom Lser benbrit

[Tanment Temneparypa HopmanpHas

MoryT UCTIOJIB30BAThCS U APYTHE CTPYKTYPHI I XpaHCHHSI (PaKTOB.

[Tpu mHTEpHIpeTanuy (BHIMOJHEHNHN) TIPaBHIa B XOJI€ MMPOBEPKHU YCIOBUS CHCTEMA
npoBepsieT (QakThl, yKe HaXosAImuecs B 0aze MaHHBIX, W, €CIIH COOTBETCTBYIOIIECTO
¢dakra HeT, oOpamaeTcs 32 HUM K HCTOYHUKY JaHHBIX (T0JIh30BaTENt0, 0a3e JaHHBIX U
T.J.) C BOIPOCOM (HJIH 3aIPOCOM).

Kpome mpaBmii B TpPOAYKIMOHHBIX 0a3zax 3HAaHWA MOTYT HCIIOJIb30BaThCS
MeTarpaBuia ISl yIpaBIeHUS JIOTUYECKUM BBIBOJIOM.

ITpumep

Tak MOXET BBITJISIETh METAPABUIIO JIJIsI TUITOTETHYSCKOM 0a3bl 3HAHMM:
ECJIN Dxonomuka = «Pa3BuBaercsa
TO VYBenmnunuts npuopuTeT npasuia 1

Anpa NpoayKUUK MOKHO KJIacCU(UIMPOBATH Pa3IuYHBIMU criocobamu. [Ipexne
BCETO, Pa3IMyalOT OemepMUHUPOBAHHble W HeoemepMUuHuposannvie sapa. B
JNIETEPMUHUPOBAHHBIX SiIpax MNP BBIIIOJIHEHUM JICBOM YacTW IpaBuja, IpaBas 4yacThb
BBITIOJTHSIETCS  00s3aTelibHO. B HeneTepMUHUPOBAHHBIX MpaBWIaxX IpaBas YacTh
MpaBWJIa MOYKET HE BBINOJHATHCA. B 3TOM ciydyae wuHTEpnperanus sapa MOXET
BBIIJISAZIETh Tak: «Ecim A, TO BO3MOXHO B». B03MOXHOCTH omnpenensercs
HEKOTOPBIMHM OIICHKaMU peanu3auuu sijapa. Hampumep, ecnu 3agaHa BEepOSATHOCTh
BBITIOJTHEHUS B Tpu akTyanu3anuu A, TO NPaBWIO MPOAYKIIUU MOXKET ObITh TAKUM:
«Ecrm A, TO BO3MOXHO B ¢ BeposTHOcThIO P». OlneHka MOXeT ObITh u
JUHTBUCTUYECKON, Hampumep, «Ecau 4, To ¢ OonbpIION J0Nei yBEpPEeHHOCTH B»Hiu
«Ecmu 4, To B ¢ KO3(pPUIMEHTOM YBEPEHHOCTH .
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JleTepMUHUpPOBAaHHBIE  MPOAYKIUU  MOTYT  OBITh  OAHO3HAYHBIMU U
aIbTEPHATUBHBIMHU. BO BTOPOM Cilydae B IIPaBOM YaCTH sAPA MPOLYKIHNH YKA3bIBACTCS
aJIbTEpPHATUBHBIE BOBMOYKHOCTH BBIOODA.

IIpumep

[IpaBuna npoayKuuu Opy aHau3e PUHAHCOBOTO COCTOSIHUSA npeanpustus [15].
1. ECJIM k03¢ pULMEHT IUKBUAHOCTH = «YAOBIETBOPUTEIHLHO»

W nukBuAHOCTH OanaHca = «yIOBIETBOPUTEIBHO

TO nnaTexecrnocoOHOCTh = «YOBJIETBOPUTEIHHO

2. ECJIA k03 PpUIMEHT TUKBUIHOCTU = «HEYAOBIETBOPUTEILHO

W nuxBUIHOCTH OallaHCca = «yI0BJIETBOPUTEILHO

TO mnarexkecrnocoOHOCTh = «YIOBICTBOPUTEIHLHOY

3. ECJIN koaduiueHT IMKBUTHOCTH = «YIOBJICTBOPUTEIHHO
W nukBUIHOCTH OallaHCca = «HEYI0BIETBOPUTEILHO
TO nnaTexecrnocoOHOCTh = «YIOBIECTBOPUTEIHHO)

4. ECJIN k03 PpUIHIEeHT TUKBUTHOCTH = «HEYAOBIECTBOPUTEILHO
W nukBUAHOCTH OajaHca = «HEYOBJIETBOPUTEIHHOY
TO nnaTexecrnocoOHOCTh = «HEYOBIETBOPUTEIHHOY

MoXHO yka3aTh CIEAYIOIIME JOCTOMHCTBA MPEACTABICHUA 3HAHUM B BHUIC
MPOJYKIIMOHHBIX MMPABUIL.

1. YHuBepcanpHOCTh METOJIa MPEICTABICHUSI 3HAHUW. DTO MO3BOJSET CO3/1aBaTh
POOIEMHO-OPHUEHTHPOBAHHBIE YKCIIEPTHBIE CUCTEMBI.

2. MopaynpHas opraiu3aiiy 3HaHul, YTO 00€CIIeYnBAET HE3aBUCUMOCTD ITPaBUII.

3. Ucnonp30BaHue OpeAyCIOBUM MPUMEHEHHS MPaBHII IO3BOJSET HCHOJIb30BaTh
HauOoJsiee palMOHANIbBHYIO CTPATETHI0 BBIBOJA, CYIIECTBEHHO COKpamas repedop
IpaBul.

[IpoayKiMoHHBIE MOJEIM UMEIOT, 110 KpalHEN Mepe, 1Ba CEPbE3HBIX HENOCTAaTKa.
[Ippu  OosblIOM  YHuCIA€  MPOAYKLUMM  CTAHOBUTCA  CJIOXHOM  MpoBEpKa
HEMIPOTUBOPEYMBOCTU CHUCTEeMbl Mpoaykiui. [loaTomy mnpu g00aBiIeHUU HOBBIX
NPOAYKIIMA MHOTO BpPEMEHM TpaTuUTcs Ha mpoBepky. Cucreme mnpucyma
HEJIETEPMUHUPOBAHHOCTh (HEOIHO3HAYHOCTh BBHIOOpA BBIMOJHIEMON MPOAYKIIUHA W3
aKTUBU3UPYEMBIX MPOJIYKIMH), MOITOMY BO3HHMKAIOT TPYIHOCTH TIPU IIPOBEPKE
KOPPEKTHOCTU PAaOOTHI CHCTEMBI.

[IpoayKIMoHHOE TMpEeJCTaBICHUE 3HAHWKW COCIUHSICT B ceOe CBOWCTBA Kak
JEKJIApaTUBHOTO, TaK W MPOLEAYPHOrO IMPEACTaBICHU. DTa MOJAEIb 3HAHUU B
HacTosilee BpeMs HauOoJee 4YacTh MPUMEHSETCS B IMPOMBIIIJIEHHBIX SKCIHEPTHBIX
cucremax. OnHa npUBIEKAeT pPa3padOTUMKOB CBOEH HAIISIAHOCTBHIO, BBICOKOM
MOJyJIbHOCTBIO, JIETKOCTbEO BHECEHUS U3MEHEHUN U JIOMTOJHEHUH, a TAKXKE MMPOCTOTOU
MEXaHU3Ma JJOTHYECKOT 0 BBIBOAA.
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3.5. CemaHTU4eckune cetn

OBPUCTUYECKHE MOJCNIU MPEJICTABICHUS 3HAHUM B OTJIMYHME OT JIOTMYECKUX
MoJieNiell MPEeAOCTaBIAIOT O0Jee IMMPOKUE BO3MOXKHOCTU JUIsl OMMCAHMS CIOMXHBIX
CTPYKTYp. DTO JOCTUTaeTCsl BBIJICICHUEM U BKJIIOYEHHUEM B MOJENb B SBHOU (popme
BCEX OTHOILICHMM, KOTOpbhlE 00pa3yloT HWH(POPMAIMOHHYIO CTPYKTYpY, a TaKxKe
CEMaHTUKU dTUX OTHOIICHUI.

TepMmuH cemaHTHUeCKas O3HAYAET «CMBICIOBas», a camMa CeMaHTHKa — 3TO HaykKa,
OTIpEIEIISIFONIasi CMBICI 3HAKOB.

Onpenesienune

Cemanmuueckasi cemb — 5TO OPUEHTUPOBAHHBIA Tpad, B KOTOPOM BEPIIUHBI
COOTBETCTBYIOT OOBEKTAM U MOHATHUSAM, a TyTHU OTPAXKAIOT CEMAHTHUYECKUE OTHOIICHUS
MEK]1y BEPILIMHAMM.

CeMaHTHYECKYI0 CETh MOXHO MOCTPOUTH JUIs JIFOOOM MpeIMETHOM 00JacTH U s
CaMbIX Pa3HOOOPa3HBIX OOBEKTOB U OTHOIICHUH.

B y31max ceMaHTHYECKHX CETeH MOTYT NOMEIAThCsI TPU THUITA OOBEKTOB: MOHSATHSA,
coObITUsI, cBOMcTBAa. [loHsamus (OOBIYHO 3TO CYIIECTBUTENIBHBIE) — CBEICHHUS 00
a0CTPaKTHBIX WU (Pu3nUecKux 0O0beKTax mpoOiemMHon oonactu. Cobvimus (OOBIYHO
3TO TJarojibl)— ACHCTBUS, MPOUCXOASIINE B pealbHOM MHpe. s HUX yKa3bIBalOTCS
TUIl JIEUCTBHSI W POJIb, KOTOPYIO HIpalOT OOBEKTHI B 3TOM neiictBum. Ceoticmea
(mpunararenbHble, HApeuusi, OMPEICICHHS) UCTIOJIB3YIOTCS Il YTOUHECHHSI TTOHSTHH,
COOBITHI WM APYTUX CBOMCTB. [IpUMEHHMTENIBHO K IMOHSATHSAM CBOWCTBA OIKMCHIBAIOT
WX XapaKTepUCTUKU (I[BET, KA4eCTBO U T.H.). [I[pUMEHUTENBEHO K COOBITHUSM: MECTO,
BpEMS U T.JI.

Mpumep

Ha puc. 3.5 mpencraBneHa cemaHTH4YecKas CETh UL NPEIJIOKEHUSA «CTYIEHT
MBaHOB 100pOCOBECTHO U3Y4YaeT TEOPETUUECKHE BOIIPOCHI MIEPE cAaueh IK3aMEHAY.

Lo denaem?

Kma?
Heanoe |+ CTVoeHT |4 Haygaer
2
i Fozda?
/Kai{'?
TeopeTHYECKHE HobpocoEecTHS Tepen catei smsamena
EOIpOCEH

Puc. 3.5. IIpumep cemaHTUUYECKOU CETH

CeMaHTMYECKME  OTHOIIEHUS  YCIOBHO  JENSATCA  HAa  YEThIpe  Kiacca:
JIMHTBUCTHYECKHUE, JIOTHYECKHUE, T€OPETUKO-MHOKECTBEHHBIE u
kBaHTUQuIMpoBanHble. K  Haubosee  pacnpOCTpaHEHHBIM  JIUHSBUCHUYECKUM
OTHOIIICHUSIM OTHOCSITCS MA/ICKHbIE U aTPUOYTUBHBIC OTHOIICHUSI.

Bce cBs3M MOHATHHM, COOBITHII M CBOWMCTB C ACHCTBUSIMH Ha3BIBAIOT NAOEHCAMU,
WJIU TIAJIeKHBIMU OTHOIIEHUSAIMU. OCHOBHBIE TAJCKU TPUBEICHBI B TabauIe 3.1.
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Tabnuua 3.1.

ITagex OTHOLIIEHUE, ONPEAETAIONIEE CBA3b JICUCTBHUS C:
areHT — NPEJIMETOM, SIBJISIFOIIIMMCS] MHUITMATOPOM JECUCTBUS
00BEKT — IPEAMETOM, OIBEPTAKOUIUMCS IEUCTBUIO
VICTOYHHK — pa3MEIICHUEM NIPEAMETA NEpE] ACHCTBUEM
IIPUEMHUK — pa3MEILICHUEM NIPEIMETA MOCIIE IEUCTBUS

BpeMmsi — MOMEHTOM BBINIOJIHEHHUS] AEUCTBUS

MECTO — MECTOM IPOBEICHUS I€UCTBUS

1IETIb — JIIEUCTBHEM JAPYTOTr0 COOBITHS

Ampubymueénsie OTHOIIEHUS — 3TO OTHOLIEHUS MEXKIY OOBEKTOM U CBOMCTBOM,
HaAnpuMep, LBET, pazmep, hopma, moaudukanus u 1.1. Ha puc. 3.6 npuBenen npumep
CEMaHTUYECKOMN CETH C MCIOJIb30BAHUEM aTPUOYTUBHBIX OTHOLICHUH.

SeneHLHA IIpomonrogaToi
"\\-
Oeer Orypern Topua
Ilonesa
Cregobrni

Puc. 3.6. IIpumep aTpuOyTUBHBIX OTHOLICHHI

Jlocuueckue OTHOUIEHUS — OTO OINEpPAlUH, HCHOJb3YEMbIE B HCUHMCICHUHU
BBICKA3bIBAHUH: IU3BIOHKIMS, KOHBIOHKIUS, UMIUTUKALIUS, OTPULIAHUE.

Teopemuxo-mHodxcecmeenHvie OTHOLIEHUS — 3TO OTHOLIEHHE noagMHOkecTBa SUB
u cynepmHoxkectBa SUP, siaeMeHT MHOXECTBA, OTHOIIEHHE YacTH M IEJOro,
OTHOLIEHUE MHOXKecTBa W 3jemeHTa (is-a, part-of). DTOoT Kiacc OTHOIIEHUH HE
o0nazaer BBICOKOW CTEMEHbID HWHTEJUIEKTYaJIbHOCTH, HO TIO3BOJISIET CTPOUTH
UEpapXUUECKUE CTPYKTYpbl. B Takux cTpykTypax Bce cBoictBa SUB-nonsiTuii
aBroMatuuecku npucBauBaroTca  SUPeprnonHsTusM. OTOT THUI  OTHOUIEHUU
WJUTKOCTPUPYET puc. 3.7.

ABToMODHIE

554 —— PARTLOF

FPART-OF 54 —_—

Tpysopoi Terxogoi HeurarentHad
aBToMobuIE || [PAHCMHCCHA BETOMO B HIE J¥CTaHoBKa
PART-OF 54 154 PART-OF
: n n B]IOK
Eysor "SHIT BOITA HETHHIPOR

Puc. 3.7. TeopeTMKO—MHOKECTBEHHbBIEC OTHOILICHUS
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Keanmuguyuposannvle OTHOUICHHS] WMCHONB3YIOTCS AJSl MPEACTABICHUS 3HAHHI
JEKJIapaTUBHOrO THNa. KBaHTOPBI — 3TO JIOTMYECKUE ONEPATOPhI, IEPEBOASAIINE OAHY
BBICKa3bIBaTENIbHYI0O (OpMYy B JPYryl0 M TO3BOJISIIOUIME YKa3blBaTb O0BEM TexX
3HAYEHUN TPEIMETHBIX IEPEMEHHBIX, [JIi  KOTOPBIX JaHHas BbICKa3bIBaTEJIbHAas
(dbopmMa UCTHUHHA.

OcHOBOI Jy1s1  ompeneneHuss JI0OOro TOHSTUS SBJSIETCS MHOMKECTBO €ro
OTHOUIEHUH C APYTUMH MOHATUAMH. OOA3aTENbHBIMU OTHOIICHUSIMHU SIBIISIOTCS

®  KJIacc, KOTOPOMY IPUHAUIEKUT JAHHOE ITOHATHE;

®  CBOIICTBA, BBIIEIAIOIINE [TOHATUE U3 BCEX MOHATUN JAHHOTO Kjacca;

®  [pUMEpHI (3K3EMILISAPHI) JAHHOTO MOHSATHSL.

[Ipu npexncraBieHUH COOBITUI  MPEABAPUTENBHO  BBIJACISIOTCA  MPOCTHIC
OTHOULIEHUS, KOTOPBIE XapaKTEPU3yIOT OCHOBHBbIE KOMIIOHEHTHI COObITHS. B mepByro
ouepe/ib U3 COOBITUS BBIIETSAETCS ACUCTBUE, KOTOPOE OIPEACINAETCS TJIarojioM. 3aTeM
OMPENENSIOTCS  OOBEKThl, KOTOpbIE JEUCTBYIOT, W OOBEKTHI, HaJl KOTOPHIMHU
BBIIIOJIHSAIOTCS IEUCTBUS.

Cerr pa3nMYHOIO BHJA MOJIYYAIOTCS B 3aBUCUMOCTH OT TOTO, KAKME OTPaHUYECHUS
HaKJIa/IbIBAIOTCS HA BEPIUMHBI U 1yTru. Eciin BepmHbI ceTn He 00J1ajat0T BHYTPEHHEH
CTPYKTYpPOIi, TO TaKUE€ CETHU HA3bIBAIOT npocmuimu ceTsIMU. Ecnu BepmmHbl 00Ja1at0T
BHYTPEHHEN CTPYKTYpO#l, TO TakuW€ CETH Ha3bIBAOT uepapxuueckumu. OAHO U3
OCHOBHBIX OTJINYMWA UEPAPXUYECKOU CETH OT MPOCTOM CETHU COCTOUT B BO3MOKHOCTH
pa3fensaTh CeTh Ha MOJCETH W YCTAHABIMBATh OTHOLIEHHS HE TOJIBKO MEXIY
BEpIIMHAMH, HO U MEX]y TOJICETAMU. /Junamuueckue CEeMaHTUYECKUE CETU — 3TO CETH
C COOBITUSIMU.

Mo0OXHO BBECTH HECKOJIbKO KJlacCU(PUKAIIUN CEMaHTHUUYECKUX CETEH, HaIpuMep, 1o
KOJIMYECTBY THUIIOB OTHOLIECHUN:

®  OJIHOpPOIHBIE (C €IUHCTBEHHBIM TUIIOM OTHOIIIEHU);

®  HEOJHOPOJHBIE (C pa3TMYHBIMU TUIIAMU OTHOIIECHUN).

[To TvaM OTHOLICHUH:

e OuHapHbIE (B KOTOPHIX OTHOLLIEHUS CBSI3bIBAIOT JIBA 00BEKTA);

e n-apHbie (B KOTOPBIX €CTh CHEIMaJbHbIE OTHOIICHUS, CBs3bIBarolIue Oosee
JBYX TIOHSITUIA).

Paccmotpum dopMmanbHOE onpeiesieHue CEMaHTUYECKOM CEeTH.

Onpenesienne

JlaHo KOHEYHOE MHOXXECTBO CHMBOJOB: A = {A; .., A,}, Ha3bpIBacMbIX
atpuOytamu. CXeMOW WU UHMEHCUOHAIOM HEKOTOPOTO OTHOIIeHus R; B
aTpuOyTUBHOM (opmate Has3biBaroT Habop map INT(R)={...A;, Dom(4,)...}, toe R; —
uMsa oTHomenus; A; € A, j = 1,.., n— arpuOyTel OTHOWIEHHMA R;, n; — nenI0e
TIOJIOKUTEIBHOE YUCIIO, €r0 apHOCTh; Dom(A;) — MHOKECTBO 3HAUY€HHH aTpuOyTa A;
OTHOWIECHHUA R;, T.€. JOMEH A;.

Onpenesienue

Jlomern — 3TO COBOKYMHOCTh 3HAYEHHH HEKOTOPON WHGOPMAIMOHHON €IMHMUIIBI,
nomenieHHas B b/l u mapkupyemasi cBouM arpudytoM. OO0be1MHEHHE BCEX JIOMEHOB

46



3TO — HabOp OOBEKTOB, HA KOTOPBIX 3aJAIOTCS OTHOIICHUS R;; M — YHCIIO Pa3IAIHBIX
OTHOILICHUM.

Onpenesienune

DKCTEHCHOHAJIOM OTHOIICHUS R; Ha3biBalOT MHOXecTBO EXT(R)={...Fi_, I,
k=1,..., p;}, Ti€ p; — KOpaAUHAIBHOCTh MHOXeCTBAa EXT(R;); F) — dhakTel oTHOIICHHS R;,
3alKMCBIBAEMBIE B BUJIE:

Fiy=(Ri.. Aj € Vi, Dom(4))... ),

Vix — 3HadeHme j-ro arpubyra k-ro (Qaxra 5KCTEHCHOHana OTHOHIEHHUS R;.
[TocnenoBaTenbHOCTh M3 JBYX OJJIEMEHTOB BHJAA «aTpUOyT-3HAYEHHUE)» Ha3bIBAIOT
aTpuOyTuBHOI napoi. [Topsanok 3anucu aTpuOyTUBHBIX Map U (PAaKTOB MPOU3BOJIbHBIN.
Bce ¢aktbl 1 aTpulyTHBHBIE MTapbl BHYTPU KaXKJI0TO (haKkTa MOMapHO pa3inyHbl. Torna
CEMaHTUYECKas CBSI3b — 3TO COBOKYITHOCTb

{...<INT(R), EXT(R)>}... (ansai=1,...,m),
3aMKChIBAEMas B BUJE aCCOLIMATUBHOM CTPYKTYpbI JaAHHBIX.

B cemanTH4ecKkOWM CETM MCHOJB3YIOTCS Pa3JIMYHbIE THUIBI OTHOLIEHUH, HO
CBOMCTBO AacCOIMATHUBHOCTH, T.€. TPYNIUPOBKH HWH(GOPMAIMU BOKpPYT (HaKToOB,
aTpuOyTOB W/UIM OOBEKTOB, SIBISIETCS ISl HEE XapaKTEPHbIM. DKCHMEHCUOHATbHblEe
CEMaHTUYECKHE CETU COOTBETCTBYIOT 0a3e NaHHBIX, UHMEHCUOHATbHbIEe — 0a3e 3HAHUU.
Ux oObenuHeHne oOpa3yeT CHCTEMY MPEACTaBICHUsS JaHHBIX MW 3HAaHUU B
UHTEJJIEKTYaJIbHON NH(POPMALIMOHHON CUCTEME.

Ipumep

B kayecTBe mnpumepa paccMOTpUM IMPEACTABJICHHE 3HAHUN, COJAeprKalieecss B
Bbicka3biBaHUM «IloctaBmuk N oTrpy3un ToBap co ckiaaa M aBrorpancroptom [1].
Ha puc. 3.8 mpencraBiieHa MHTEHCHOHalbHAsA, a Ha puc. 3.9 — 3KCTEHCHOHAJbHAs
cemaHTH4eckas ceTb. DakThl 0003HAYEHBI OBAJIOM, a TOHATHS H OOBEKTHI
IPSIMOYTOJIbHUKOM.

CemaHTHYECKME CETH HaIIM MPUMEHEHHWE B OCHOBHOM B CHUCTEMax OOpabOTKU
€CTECTBEHHOTO sI3bIKa, YaCTUYHO B BOIPOCHO-OTBETHBIX CHUCTEMax, a TakKXKe B
CUCTeMaX HCKYCCTBEHHOTO BHUJEHUsS. B moclemHUX CEeMaHTHYECKUE CETH
UCIIOJIB3YIOTCS I XpPaHEHUs 3HAHUU O CTPYKType, popMe U CBOMCTBAX (PU3NUECKUX

00BEKTOB.

Puc. 3.8. IaTencnoHanbHass CeMaHTUYECKas CETh
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[MocTaemux N Otrpyznn Toeap Crman M

Puc. 3.9. DkcreHcuoOHAIbHAA CEMAHTUUYECKAI CETh

JlanHass Mojenb MNPEJCTABICHUS 3HAHUN ObUla MpEIOKEHAa aMEpPUKaHCKUM
ncuxonorom KywmmmanoM. OCHOBHBIM €€ NPEUMYIIECTBOM SBJISETCS TO, YTO OHA
Ooyiee JpYrux COOTBETCTBYET COBPEMEHHBIM IIPEJCTaBICHUEM OO0 OpraHu3aluu
JNOJITOBPEMEHHOW NaMATH YeJOBEKa. TeopHst M TEXHOJIOTMS CEMAHTHYECKHX CETEU
NO3/IHEE MOJIyYWIa PA3BUTHE B BHUAEC IUAIPAMM «CYIIHOCTb—CBS3bY», AUArPAMMBI
NOTOKOB JIaHHBIX B paMKax CASE-TeXHOI0ruu npoeKTUpOBaHusl 0a3 TaHHbIX.

JIOCTOMHCTBOM  CEMAHTHUYECKHX CETE€H  SABISETCA WX  YHUBEPCAIBHOCTb,
JOCTUraeMas 3a CUeT BbIOOpa COOTBETCTBYIOIIET0 NPUMEHEHUsSI Habopa oTHOUIeHUH. B
MPUHLAIE C TOMOIIBIO CEMAaHTUYECKOW CETH MOXKHO OMHUCATh CKOJIb YTOJAHO CJIIOKHYIO
CUTyaluI0, (aKT WIN [IPEIMETHYIO 00JIacTh.

Henocrarku npencraBieHus 3HaHUN B BUJE CEMAaHTHYECKHMX CETEM BBITCKAIOT U3
UX JIOCTOMHCTB:

¢ VMEIOT MNPOU3BOJBHYIO CTPYKTYPY, 4YTO YCIOXHSAET HX IOCTPOECHHE U
MOTH(PUKAIIHIO;

e pa3HoOOpa3ue TUIIOB BEPIIMH U CBA3EH MexAy HUMH TpeOyeT pazHooOpazus
npoieayp ux oopaboTKH.

3.6. ®permoBble MOAENN NpeacTaBneHna 3HaHUn

Jist mpencraBieHUs M ONMHMCAHMS CTEPEOTUIIHBIX OOBEKTOB, COOBITUNA WIIU
CUTyalluii BBEJEHBI MOHATHS «bpeiimay. ITo olHa U3 HamboJiee MCUXOJIOTHYECKU
000CHOBaHHBIX M TMPAKTUYECKU IIEHHBIX MOJENei, KoTopas ObUla  MpeiokKeHa
Mapsurom Muncku. B 1974 r. Bpinia kaura «@peiiMbl 17151 TPEACTABICHUS 3HAHUI,
B KOTOpOH ObLIM OOOOIIEHBI HCCIEIOBAaHMS KaK B OOJIACTH TICUXOJIOTHH, TaK H
KOMITBIOTEPHOM MOJICTMPOBAHUU TICUXHKH.

B mncuxomormm um3BecTHO TOHsATHE abcTpakTHOro obOpasza. Hampumep, cioBo
«KOMHATa» TMOPOXKIAAeT 00pa3 KOMHATBL. DTO — <OKHJIOE TOMEIICHHE C YETHIPhMS
CTEHAMHU, TI0JIOM U TIOTOJIKOM, OKHAMH U JBEPHIO, OMpEIeTICHHON iomaam». 13 atoro
OTMMCAHUS HHUYETO HeNb3sd yOpaTh, HO B HEM €CTh HE3AMOJIHCHHBIC 3HAYCHUS
HEKOTOPBIX aTpUOYTOB — HAIPUMEP, IIOMIAh KOMHATHI, KOJUYECTBO OKOH, BBICOTA
noTtosika u Jp. He3amonHeHHble 3HA4Y€HUS aTpUOYTOB Ha3bIBalOTCH ciromamu. OHU
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3aMOTHSIOTCS B TPOIECCe aKTUBU3AIMHU (PpeliMa B COOTBETCTBHH C OIMpPEACICHHBIMU
YCIIOBUSIMH.

B Teopun ¢peiimoB 00pa3 KOMHAThl Ha3bIBaeTCA @petmom xomHamol. PperiMoM
TaK)ke Ha3bIBaeTCs U (hopMaanu30BaHHAS MOJIEIb JJIsl OTOOpa)XkeHust oopasa.

MoxHo ckazaTh, uTO (pelM — 3TO abcmpaxkmuviii 00pa3 NS TPECTaBICHUS
HEKOETo CTEPEOTUIIa BOCTIPUSTHUA.

Mopens (peiiMa sBIISETCS TOCTATOYHO YHHMBEPCAIBLHOM, MOCKOJBKY IO3BOJISET
0TOOpa3uTh BCe MHOT000Opa3ue 3HaHui 0 Mupe. B Moensix ucnonb3yrores:

e  (peHMBI-CTPYKTYPBI, MPUMEHSICMBIC JIJI1 0003HAUYCHHS OOBEKTOB WU IOHSITHH
(3aem, 3aJ10T, BEKCEJIb);

e  (peiimMbI-posin (MEHEIKEP, KACCUP, KITUEHT);

e (peiimbi-cieHapun  (0aHKPOTCTBO, cOOpaHUE aKIMOHEPOB, NpPa3aHOBAHHE
UMCHHH);

e (peiimbI-cutyaruu (TpeBora, aBapusi, pabounid PeKuM) U Jp.

Onpenesienne

dopmanbHO PperiM MOKHO MPEACTABUTH B BHJIE CICAYIOIIEH KOHCTPYKIUU:

F=[<r,vi> <ryv> .., <r, v>],
rae F'—ums gpeitma; r; — UM ClIOTa; V; — 3HAUE€HUE CIIO0TA.

Cnomom Ha3bIBaeTCs D3JEMEHT JaHHbIX i1 (UKCAuu 3HaHUM 00 0ObekTe,
KOTOPOMY OTBEJICH JIaHHBIA (Ppeiim.

Nwms crnoTa siBisieTcs yHUKaIbHBIM A7 (ppeiiMa, KOTOpOMY OH NMPUHAJIEKHUT;

CymecTByrOT JABa crocoba opraHusanuu  (perdMOBBIX 3HAHUMN: I1IEJIeBBIC
CTPYKTYPBI U CLIEHApUH.

Llenesvie cmpykmypvl — 3TO pojeBble (PpeiMbl, B KOTOPbIX B KayeCTBE HMEH
CJIOTOB BBICTYIIAIOT BOIIPOCUTEIBHBIE CIIOBA, OTBETBI HA KOTOPBIE SBIIIIOTCS
3HaueHussMH ciioToB. Hampumep, poneBoll ¢peilm aenoBas noes3nka= [<KTO, x>,
<Kyna, y>, <korja, z>, <uelb, w>, <C KeMm, >, <BHJ TpaHcnoprta, r>]. Cpeau poiaei
BBIICIISIIOTCS 271A68Hble POU, 3aTI0OJTHEHNE KOTOPBIX 0053aTENbHO.

Bospioe 3HaueHne UMEIOT CTEPEOTUITHBIE 3HAHUS, KOTOPBIE ONMCHIBAIOT 3HAHUSA O
CTaHJAPTHBIX CUTyalUsX pealbHOro Mupa. Takue 3HaHHUS Ha3bIBAIOT IOHSATUEM.
CucremMa MNOHATHM paccMaTpuBaeTcs Kak HedopMmanbHOE 3HAHHE O MPOOJIEMHON
oOnactu. B mpOTHMBOMOJOXKHOCTE 3TOMY (peliM — (popMaln30BaHHOE 3HAHUE O
CTEpPEOTUITHOM cuTyauuu. /[ IUTaHUPOBaHMUS JEHCTBUHM B TaKUX CHUTyalUsX
UCIIOJIb3YIOTCS GpEeNMbI—CLIEHAPHUH.

Cyenapuii — 370 GOPMAIN30BAHHOE ONMUCAHHE CTaHAAPTHOU MOCIEI0BATEIbHOCTH
B3aMMOCBSI3aHHBIX (DAKTOB, OIpPENESAIONIMX TUIUYHYIO CUTYallMI0 B MPOOJIEMHOM
oOnactd. OTO MOXET ObITh IOCIEJOBATEIbHOCTh JEUCTBUH WM TPOLENYP,
OIUCHIBAIOUINX CHOCOOBI AoCTIKeHUs 1enu. CueHapuil MpencTaBisieTcss HEKOTOPOil
CEThI0, BEPIIMHBI KOTOPOH COOTBETCTBYIOT (haKTaM, a IyraM — CBSI3H, OIHCHIBAIOIIHIE
OTHOILLIEHUM CIENNUAIIBHOTO THUIIA.

Cuenapuil JOJDKEH COAEpKaTh:

1. Ilenb, KOTOPOM NOJKHBI yAOBIETBOPSTH BCE IEUCTBUS CLICHAPUS.
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2. IlpenBaputenbHble yCIOBUSI, KOTOPBIE JOJXKHBI OBITh YJOBIETBOPEHBI MEpe.
MPUMEHEHHUEM CLICHAPUSI.

3. 3aKII0YUTENbHBIE  YCIOBUS,  XapaKTepU3HPYIOLIME  CHUTYalHI0  IOCHe
3aBepIICHUS IPUMEHEHUS CLICHApHSI.

B xauecTBe npumepa pacCMOTpPUM CIIEHAPUI TOCELIEHUS pecTopana [7].

IIpumep

Ilens: noectb 6€3 CAaMOCTOSITEILHOTO MPUTOTOBIJICHHUS MUY,
Ilpeosapumenvhuie ycnoeusn: rojioficH, €CTh IEHbIH, PECTOPAH pabOTaeT.
Cocmosanue 1iocie 3aBeplICHHs: ChIT, JCHET CTajJ0 MEHBbIIIE.
leticmeue nepgoe

1. BoiiTu B pecropaH.

2. Cnatb BEepXHIOIO OJICXK Y B rap/iepo0, eCiii OHa eCTh.

3. HaiiTu MecTo caMoCTOSATENBHO, TUO0 C TOMOILBIO METPIOTEIIS.
leticmeue emopoe

1. IIpocMOTpeTh MEHIO.

2. Cnenathb 3akas.

3. IToecrts.

leticmeue mpemuve

1. ITonyuuTs yek.

2. 3amnatuth OQUIIMAHTY WU KACCUPY.

3. [lokunyTh pecTopas.

[Ipu peanuzanuu (QpeiiMOBOrO MPEACTABICHUS 3HAHUHN PA3IUYAIOT__@peimbl—
0bpasybl UIM npomomunsl, XpaHsuecs B 0a3e 3HaHUM, U ¢pelimbl—oK3eMnaapbl,
KOTOPBIE CO3/1AI0TCA AJIsi OTOOpaKeHUs peaabHBIX (PAKTUUECKUX CUTYaIlil HA OCHOBE
NOCTYMNAOMMX AaHHBIX. DpeM-NMPOTOTHN MpeACTaBIsieT co00i 1madiaoH, B KOTOPOM
MO3UIIMHU, COOTBETCTBYIOIINE 3HAYECHUSIM CIOTOB, HE 3aIIOJTHEHBI.

IIpumep

Dpevm-npomomun:

Nwms dppetima: pyKOBOIUTEIb
SBnsieTcs: SKOHOMUCT
Nwms:
Bo3spacr:
Anpec:

Crnot «asnsiemcsay COyXKUT Ui MOCTpoeHHs uepapxuu (peitmos. Ero 3nHauenue
yKa3bIBaeT, 4yTo (¢peilmoM Oosiee BBICOKOTO YPOBHSI CIYKUT (PpeliM «IKOHOMHCT
CnenoBarenbHo, (¢peliM «PYKOBOJIUTENb) HAcleAyeT BCE CBOWCTBa (¢peiima
«OKOHOMHUCT.

Ha mecrte 3HaueHuil clnoToB @perima—npomomuna MOTYT ObITh YKa3aHbl yCIOBUS
3aII0JIHEHHUS CIIOTOB.

IIpumep

Dpetim-npomomun ¢ yCIOBUSMH 3aMIOTHEHUS CIIOTOB:
Nwms dperima: pyKoBOAUTEb
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SIBnsieTcsa: SKOHOMUCT

Wwmst: arperat (dbamunus, ums)
Bo3spact: arperar (rojibi)
Anpec: aagpec.

3HaueHHEM CJ0Ta MOXET OBITh 4YTO YrOAHO: YHCJIa WM MaTeMaTHYEeCKhe
3aBUCUMOCTH, TEKCTbl Ha €CTECTBEHHOM SI3BIKE, IPOIPAMMBI, CCBUIKM HA Jpyrue
CJIOTHI JaHHOTO (ppeiiMa WM CIOTHI Apyrux (peiiMoB. B kauecTBe 3HA4YEHHS] MOTYT
BBICTYNIaTh CJIOTHI 00JIe€ HHM3KOTO YPOBHS. OTO TO3BOJISIET OPTraHU30BaTh
UEPAPXUIECKYIO TOTYMHEHHOCTH (PEHMOB.

Mpumep

Bo ¢gpetime-sxszemniape 3na4eHUs CIOTOB 3aIIOTHEHBI.
Nwmsa perima: VIP1

SIBnsiercs: 5KOHOMHUCT

Nwmsa: Iletpos U.1.

Bo3spacr: 40

Anpec: anpec 1 (ykazarens Ha 3K3eMIUIsIp (peiima).

CymiecTByeT HECKOJIBKO CHOCOOOB TMOJy4Y€HHs CJIOTOM 3HA4eHWl BO (peiime-
IK3EMILISIPE:
® 10 YMOJIYaHUIO OT peitma-obpasua (Default—3HaueHue);
Yyepe3 HACJIeIOBaHNE CBOMCTB OT BHINIEJISKAIIETO PperiMa;
o ¢popMmyIie, ykazaHHOU B CIIOTE;
SIBHO M3 IUAJIOTa C TIOJIb30BATEIIEM;
n3 0a3bl JaHHBIX.
C KaxaslM CJIOTOM MOXXHO CBSI3aTh IMPOILEIYpPY, KOTOpas BBITIOJIHSICTCS

aBTOMATUYECKU NPU MU3MEHEHHHM 3HAYEHHUIl CIOTOB. JTO MPOLEAYpHI CIEIYIOUIUX
THUIIOB.

e [F ADDED — 3anyckaercsi Ipy HOJICTAHOBKE B CJIOT 3HAUCHUS;

e [FF NEEDED — BbI3bIBa€TCS, KOrjia TpeOyeTcs 3HaUEHHE CJI0Ta, HO OH IIyCT;

e [FREMOVED — BbInONHSAETCA NPU yIaJ€HUU UHPOPMALIMK U3 CIIOTA.

[Ipouenypsl, 3amyckarllide oOmnepauud Mo J00aBICHHUIO, BBIYUCICHHUIO WIIN
nepenaye 3HAYEHUH CIIOTOB MpU OOpallleHHMH K CJIOTaM, Ha3bIBAIOTCS OeMOHAMU.
IIpoyedypui-ciyeu ONpenensoT NOBEIEHUE BCET0 00bEKTa B HEKOTOPOM COCTOSIHUU
WU IIPY HEKOTOPBIX BHEIHUX YCIOBUAX U 3aIlyCKAIOTCA 110 3a1pocy.

Eme ogun npumep ¢peilMa-npoToTHNa, ONUCHIBAIOIIETO 3€MENbHBIA y4acTOK B
BHJI€ MHOTOYyToJbHUKA [10].

ITpumep

Nwms dpetima: 3eMenbHBIN y4acTOK
KonnuectBo cropos: (4)
JIMMHBI CTOPOH:
Pasmeps! yrnos:
[Inomane: /FF NEEDED: BeruuciieHue riomain
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IF ADDED: BpruucneHue 1eHbl
Ilena:

3nech ciot «Koauvecmeo cmopon» UMEET 3HAUCHUE «II0 YMOJIYAHHUIO», paBHOE 4,
T.K. TOJABJAIOIIEe  OOJBIIMHCTBO  3€MEJIbHBIX  Y4YaCTKOB  uMeeT  ¢dopmy
YEThIPEXYTOJIbHUKA.

K cnory «lInowade» TNpUCOECIUHEHBI MPOLEAYPHI-IEMOHBI BBIYUCISIOIINE
IUIOIIAJIb M LEHY, COOTBETCTBEHHO, 3allyCKaeMble IpH 3ampoce cioTa (coObITHe
«IF_NEEDED») wu poGaBnenun 3Hauenuss cinora «[lmomane»  (coObiThe
«IF_ADDED»).

VYKazarenb HacleqOBaHWs, IPUCOCAUHEHHBIM K CIOTY, IIOKAa3bIBA€T, KaKylO
uHpopMaIuio 00 aTpudyTax CIOTOB BO (peiiMe BEpXHETO YPOBHS HACIEIYIOT CIOTHI C
TEMU K€ UMEHAMH BO ()peiiMe HMKHETO YpOBHS. TUNMUYHBIC yKa3aTeIn HACIICIOBAHUS
cleayrouue:

e S — CIOT HaclEeAyeTCs C TEMU K€ 3HAUCHUSIMU JIaHHBIX.

e U — cior HaciemyeTcs, HO JaHHbIe B KaxaoMm (periMe MOTYT NMPUHUMATH
Ar000€ 3HaYeHHE.

e [ — HE3aBUCHUMBIH, CIOT HE HACIIEIYETCS.

Ha npaktuke HaunOouiblliee pacnpOCTpaHEHHE MOJENb, OCHOBaHHAs Ha (peiimax,
nojiyumsia B  OOBEKTHO-OPHMEHTHPOBAHHOM IporpammupoBaHuu. (CoBpeMeHHOe
NOHATHE 00BEKTA JTOCTATOYHO TOYHO COOTBETCTBYET MOHATHUIO (hpeiiMa. OCHOBHBIMU
CBOMCTBaMU (peiiMOB, HCIOJb3YEMbIMH B COBPEMEHHBIX S3bIKaX, SBISIOTCS:
WHKAICYJISAIMS, HACIeI0BaHUE U MOJIUMOP(HU3M 00BEKTOB.

Hukancynayus — eAMHCTBO TAHHBIX U METOAOB B paMKaxX 0ObEKTa.

Hacneoosanue — cnocoOHOCTh 00BEKTa MOJIB30BATHCS METOJAMU M JaHHBIMH,
ONpPEJEICHHBIMYA B paMKaX OJHOT'O U3 €ro IPEIKOB.

THonumopguzm — criocoOHOCTh 00BEKTa B Pa3HbIE MOMEHTHI BPEMEHH BECTH CeOsI
M0-Pa3HOMY, TO KaK OOBEKT CBOETO THIIA, TO KaK OOBEKT THIA JIFOOOTO U3 MPEIKOB.

JlocTonncTBa (hpeiiMOBOTO MPEICTABICHUS 3HAHHIA:

1. ®peliMbl — eOUHCTBEHHAss TJIyOMHHAs MOJENb, XOPOHIO OOOCHOBaHHAs
TeOpeTH4YeCKH. Ee mnpakThueckas peanu3anuss — IIOCTPOCHUE MHUKPOMHUPOB —
MIO3BOJIIET COCPEAOTOYUTHCS HAa CBOMCTBaX M MOBEIAEHUU YYAaCTHUKOB MHUKPOMMPA,
PEAOCTABUB MM CAMUM OpraHUM30BbIBaTh B3aMMOJCWCTBHE HAa OCHOBE IIPaBUII,
MIPUBBIYEK, CIICHAPUEB.

2. @peiiMbl  o0ecrieynBalOT TPeOOBaHUSL CTPYKTYPUPOBAHHOCTH M CBSI3HOCTHU
3HAHUK. DTO JIOCTUTAETCA 3a CYET CBOMCTB HACJIEAOBAHUS 3HAYEHUW U BJIOKEHHOCTH
bperiMoB.

3. ®peiim peanuzyeTcsl Kak HE3aBUCUMBII MOJYyJIb, YTO OOJIEr4yaeT MOIU(PUKAILIMIO
CUCTEMBI (hPEMOB.

Hns  peanuzanuu  (QpeiMOBOTO  TMPEACTABJICHHS  3HAHUWA  HCIOJB3YIOTCA
crienuanbHbie s3bikM, Hampumep, s3blk FRL (Frame Representation Language).
[TpuBenem mpumep 3amucu ppeiima Ha STOM S3BIKE.
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Hpumep

@pevin CTOJI moxer ObITh 3amucad B Buje Tpex ciaotoB: cioT HASHAUYEHUE
(purpose), ciot THUII (type) u ciotr HBET (colour) cnexyromum odpazom:

(frame CTOJI
(purpose (value (pa3mernieHue npeaMeToB s AESITEILHOCTH PYK)))
(type (value (mucbMeHHBIN)))

(colour (value (kopr4YHEBBIiA))))

Bo ¢peiive CTOJI mpencraBnenst tonbko JIEKIIAPATHUBHBIE cpeacrtBa nms
omucaHusi 00BEKTa, U ITO @hpelim-oopazey. JIns MOCTPOCHUS ppelima-dK3emMniapa,
oToOpakarmero (PakTUYECKYI0 CHUTYalMio, HYXXHBI JaHHBIC, IMOCTYIAIOIINE IPU
3aITyCKe MPOLEeaAyp, CBA3AHHBIX C (hpeiiMOoM.

Cror is-a umu AKO (A Kind Of) onpenensieT uepapxuto ¢petimos B CETH (hpetimos.
Takas cBsI3b o0ecrieunBaeT HaclieqoBaHue cBOMCTB. CIOT is-a yKa3bIBaeT Ha (peiim
0ojiee BBICOKOTO YPOBHS, OTKyJa HESIBHO HACJEAYIOTCS CBOMCTBA aHAJIOTHYHBIX
CJIOTOB.

[IpuBenem emie oaun npumep (puc. 3.9).

Ipumep

PaccmoTpum dparmeHT onucanus U3 «Mupa 0J10K0B» B BHjIE gpetimos [13].

B4
/ ’ !
."II l."ll
P2
.l"l {
/| B3 /
S B2 /
Cl Bl /

/ !
/ 'l
/ !
f
§ R !
! f
f f

Puc. 3.9. Mup 610K0B

(frame (name (Cube)) // ums dperima
(isa (Block World))
(length (NULL))
(width (IF-DEFAULT (use length)))
(height (IF-DEFAULT (use length))))

[To ymonuanmro 3Hauenue mwpunbl (width) u BeicoThl (height) o6bexkTa Cube
paBHo ero anune (length).

(frame (name (B1)) // mmst oobekTa Bl
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(isa (Cube))
(color (red)) // IBET 0OBEKTa KPACHBIH
(length (80))) // nnuna o6bexTa 80

(frame (name (B2))  // umsa o6bekta B2
(isa (Cube))
(color (green)) // uBet oOBEKTA 3€TEHBIN
(length (65)) // nnmuHa oObeKTa 65

(who_put (value (NULL))
(IF_NEEDED (askuser))))

CroT isa yka3bIBaeT Ha TO, YTO OOBEKTHI B/ u B2 SBIAIOTCS MOATHIIOM OOBEKTa
Cube m HacleqyrOT €ro CBOWCTBA, a UMEHHO, length = width = height. Tlponenypa-
nemod [F NEEDED 3amyckaercs aBTOMaTHYECKH, €CJIM MOHAJA00UTCS y3HaTh, KTO
nocraBuin B2 Ha cron. IlomydeHHbIl oTBeT OyAeT MOACTAaBIEH B 3HAYEHHUE CIIOTA
who_put. Ananorudso padotarot npouenypsi-aiemonsl IF-ADDED v IF-REMOVED.

HomyctuMm, poboty naerca npuka3 «Bo3pMu KenTelil mnpeamer, KOTOpbIA
NOJAJIEPKUBAET TMpaMuy». Ha si3plke mpencTaBiaeHus 3HAHUKA BONPOC 3aIIUCHIBACTCS

TakK:
(object ? X

(color (yellow))
(hold?Y

(type (pyramid))))

[TycTh, HanpuMep, KeNAThIA BET uMeeT Kyouk B3. Ilporpamma comocTaBieHus ¢
00pa3IoM HaxOJWT B 0a3e 3HAHWUU ONMHUCAHUE OOBEKTOB:

(frame (name (B3))
(type (block))
(color (yellow))
(size (20 20 20))
(coordinate (20 50 0))
(hold (P2)))

(frame (name (P2))
(type (pyramid))
)

OtBer nonyued X = B3, Y = P2 u po6oTy BbIaeTcs Komanaa take(object=B3).
TakoB 00U MEXaHU3M MPECTABICHUS 3HAHUH B BUC petinoas.
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3.7. BbiBOAbI

1. Hannbie — 370 wH(OpMAIMs, MONy4YeHHAs B pe3yjbTare HAOMIOIECHUN WIN
U3MEPEHUMN OTACIBHBIX CBOMCTB (aTpUOYTOB), XapaKTEPU3YIOIIUX OOBEKTHI, TPOIIECCHI
U SIBJICHUS MIPEAMETHOU 00J1acTh. 3HAHUS — 3TO CBSI3M U 3aKOHOMEPHOCTHU IIPEIMETHOM
0o0nacTu (MPUHLMUIIBI, MOJEINIH, 3aKOHbI), MOJYYEHHBbIE B PE3YJIbTATEe MPaKTUYECKOH
JESTENHHOCTU U MPOPECCUOHAIIBHOTO OMBITA, MO3BOJISIONINE CIIEUATUCTAM CTaBUTh U
peuiarh 3a7a4M B JaHHOM 00JIacTH.

2. CpoiicTBa  3HaHUW, OTJIMYAIOIIUMX HUX  OT  JAHHBIX:  BHYTPECHHSS
UHTEPIPETUPYEMOCTD; CTPYKTYpUPOBAHHOCTD; CBSI3HOCTh; HAIMYHUE CEMAaHTUYECKON
METPUKHU; BHYTPEHHSSI aKTUBHOCTb.

3. Meron npexacraBieHus (MOAENb) 3HAHUM — COBOKYIHOCTb CpPEACTB
CTPYKTYpUpOBaHUA W OOpaOOTKM enuHul 3HaHui. [lekimapaTuBHOE MpeacTaBiIeHHUE
3HAHMM OCHOBAHO HA MCHOJb30BaHUM YHUBEPCAIBHOIO MHOXECTBA MPOLENYD,
oOpabaTeiBarommx (akTel JOOOT0 TUMA, U HA MHOXKECTBE CHEIU(PUUIECKHX (HAKTOB,
OMHUCHIBAIONINX MpoOJaemMHyl0 o0nacTh. [IpomenypHoe mpeacTaBieHHE HCXOIUT U3
TOTO, YTO MHTEJUIEKTyallbHasl NIEATEIbHOCTh CBSI3aHA C ACHCTBUSAMU 1O 0O0paboTKe
(bakToB.

4. MoaynbHble MOJENM MPEACTaBICHUS 3HAHUN  OTPAXKAIOT IOBEPXHOCTHBIE
3HAHMS O MPEAMETHON 00JIaCTH.

5. B ocHoBe (popManbHO—JIOTUYECKUX MOJENEH JICKUT HMCUHUCICHUE MPEeIUKaTOB
nepBoro nopsaka. O01acTh onpenesieHus npearuKara 3agaeTcs 00 NepeurncIeHueM
daktoB, 1160 B Bujae npaBui. OCHOBHOM 3a7adeii, perraeMoi B paMKaxX UCUUCICHUS
IPEIUKATOB, SIBJISETCS BBIICHEHNE UCTUHHOCTH WJIH JIO)KHOCTH 3a/laHHOM (POpMyJIbl Ha
HEKOTOpOW 00JacTH MHTepHpeTanuu. McuucieHue mpenukaTtoB MEpBOro IMOpsiKa B
IIPOMBIIUIEHHBIX CHCTEMAax HE HCIIOJIb3YETCs, TaK KaK IPEIbSBISAECT OUYEHb BBICOKHE
TpeOOBaHMS M OTPAaHUYCHHUS K IPEAMETHOM 001acTH.

6. Kpome JIOrMkyM mnpeauKaToOB B HMHTEIUIEKTYaJbHBIX CHUCTEMAax MCHOJb3YIOTCS
MOJIabHBIE W TICEBAOPU3NYECKUE JIOTUKU, KOTOPBIE PACIIUPSIOT BO3MOXKHOCTH
KJIACCUYECKOM JIOTUKU U MO3BOJISIIOT y4€CTh OCOOCHHOCTH IIPEIMETHOM 00JIacTH.

7. B uHTENNEKTyanbHbIX CUCTEMAaX, OCHOBAaHHBIX Ha MPABUJIAX, 3HAHUS O PEUICHUU
3aJlad NPEJICTaBIAIOT B BHUJAE MPABHI «ECHIH..., TO...». DaKTbl — 3TO 3HAYECHUS
NEePEeMEHHBIX, ONepaluu Haj (pakTaMu — 3TO MpaBuiIa. DTOT MOAXO, SBIASICH OJHUM
U3 CTapelIMX METOAOB MPEJCTABICHUS 3HAHUM O MpeAMETHOW 06yiacTu, Hambosee
HIMPOKO IPUMEHSETCSI B KOMMEPYECKUX IKCIIEPTHBIX CUCTEMAX.

8. CemaHTHUECKasl CETh OTPAKaET KaKk OOBEKTHOE, TaK M ONEPAaLlMOHHOE 3HAHUE B
BUJIE ABYXMECTHBIX WJIM N-MECTHBIX NpeauKkaToB. lIpeaukarel — 3T0 pa3HOOOpa3HbIe
OTHOIIEHUS MEXAY 00beKTaMU IIPEIMETHON 00JIaCTH.

9. ®@peiiMoBas MOZENIb — 3TO CEMaHTHYECKasi ceTb ¢ N-apHbIMM OTHOLIEHUSMU U
IPUCOECIUHEHHBIMU  IpouenypaMu. Jcnonb3yroTcss MexXaHU3Mbl —HacjaedOBaHUS
CBOWMCTB MO HEPApXHM KIACCOB OOBEKTOB M BHI30BA MPOIEAYp B 3aBUCUMOCTH OT
IPOUCXOAIINX COOBITHIA.
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3.8. Bonpocbl ansi CaMOKOHTPOSISA

1. Vkaxxnte oTiIM4Us 3HAHUU OT JaHHBIX.

2.Kak 1noHMMarb CBOMCTBO BHYTPEHHEH HWHTEPIPETUPYEMOCTH 3HAHUN?
[Tpueaute npumep. O61aJa0T U 3TUM CBOMCTBOM JIaHHBIE?

3. Uto nmoHUMaeTcs NoJ CTPYKTYpPUPOBAHHOCThbIO 3HaHuii? [lpuBenure mpumepsl
JUISL K&KJIOTO TUIA OTHOLIEHUM, ONPEAENSIOIINX CTPYKTYPUPOBAHHOCTh 3HAHU.

4. CeMaHTHYECKAs] METPUKA MMO3BOJISIET BBIAEIATh TUIOBBIE CUTYAIIMM U HAXOJIUTh
3HaHMs, Onu3KHe 1Mo cmbicay. [IpuBeauTe nmpuMep, U MOSICHUTE, KaK BBl MOHUMAETE
9TO CBOWCTBO 3HAHUM.

5. YkaxuTe OTINYHs MOBEPXHOCTHBIX 3HAHUH OT TIIyOMHHBIX.

6. YKaxuTe OTIWYus ACKIAPATUBHOIO MPEJICTABICHUSI 3HAHUI OT MPOLEITypPHOTO
croco6a mpeIcTaBICHUs.

7. YKa)XUTE OCHOBHBIE OTJIMYMS CETEBBIX MOJEIEH 3HAHUN OT MOJYJIbHBIX.

8. JlaniTe onpenesieHne JIOTHIECKONM MOJEIN IPEACTABICHNS 3HAHNM.

9. IlosicHuTe, B 4eM OCOOEHHOCTh MHTEPIPETUPYEMBIX 3HAHHM.

10. Onpenenure JOCTOMHCTBA M HENOCTATKU MCIOJIB30BAHUS JJIs1 TIPEACTABICHUS
3HAHUM JIOTUKH MPEIUKATOB NIEPBOTO MOPSIKA.

11. Jaitte onpeaeneHne MOAaIbHbBIX JOTHK.

12. Tlepeuncnaute TUOB TICEBAOPU3UYECKUX JOTUK. [l Kakux 3amady  OHU
HCIIOJIb3YIOTCS?

13. Ilepeunciaute TOCTOMHCTBA M1 OCOOCHHOCTH MPOAYKIIMOHHBIX MOJIEJICH 3HAaHUH.

14. [laliTe CpaBHUTEIBHYIO XapaKTEPUCTUKY JIOTUYECKOM U MNPOAYKIHOHHOU
MOJIEJICH 3HAHUU.

15. JaiiTe onpeaeneHue CEMaHTHUYECKOM CETH.

16. Yto Ha3bIBaeTCS 3KCTEHCHOHAJIIOM M HMHTEHCHMOHAJIOM OTHolueHusi? Kak oHu
ONPENEIAIOTCA?

17. Kakue Tunbel OOBEKTOB  NPUMEHSIOTCS B CEMAaHTUYECKHX  CETAX?
OxapakTepusymure ux.

18. Ilepeuncnure TUIIBI OTHOIIEHUM, UCITOIB3YEMBIX B CEMAHTUUYECKUX CETSX.

19. MoxXHO 7M1 B CEMAHTHUYECKOW CETH OTOOpa3uTh ACHCTBHS, COBEpIIAEMbIC
obbekTamu? Ecnu f1a, TO Kak 3TO MPOUCXOAUT?

20. 1151 4ero UCHoiab3yrTCS MaJeKHbIE OTHOLICHUS ?

21. Yem uepapxuueckue CEMaHTUUECKUE CETH OTINYAIOTCS OT MPOCTHIX CETEN?

22. CopmynupyiiTe OCHOBHbIE OCOOEHHOCTH CEMAHTHUECKUX CETEH.

23. ChopmynmpyiiTe OCHOBHBIE OCOOCHHOCTH (PEHMOBON MOJICIIN MPEICTABICHUS
3HAHHUU. YKaXUTE €€ OTJIIMYMSA OT MOJEIN 3HAHUM B BUJE CEMAHTUYECKOU CETH.

24. Kakue Tunsl (ppeiiMOB IPUMEHSIOTCS IJIs1 TPEICTABICHUS 3HAHUN ?

25. Yto HazwiBaeTcsi cioToM? JlJIsi 4ero OH MCHOJIB3YETCS U KaK IOJIydaeT CBOE
3HayeHue?

26. Kakue TuIbl JaHHBIX MOYKHO XpaHUTh B ciiote? YeM omnpenensercs THUII
JAHHBIX, MOJITICKANTUN XPAHEHUIO B CJIOTE?

27. Kakue Tunsl nNporeayp UCHOIb3YIOTCS BO PperiMax Mpu O3HAYMBAHUU CIOTOB?
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4. METOObl MOUCKA PELUEHUA

4.1. Jlornyeckum BbIBOA B NPOAYKLUMOHHbBIX CUCTEMAX

MexaHu3M JIOTHYECKOT0 BhIBOJIAa — HEOThEMJIEMasl 4YaCTh CUCTEMbI, OCHOBAaHHOM Ha
3HAHUAX, pean3youil (yHKIUN BhIBOJA YMO3AKIIOYEHU Ha OCHOBE MH(pOpMaluu
u3 0a3pl 3HAHUN U paboueit mamsITH.

Kak cnenyer w3 omnpenenenus, Juisi pabOThl MEXaHU3Ma JIOTMYECKOTO BBIBOJIA
HEOOXOMMa Kak «J0JTOBpEeMEHHas» MH(OpManms, cojepxaiasics B 0a3ze 3HAHUN B
BbIOpaHHOM (opMaliu3Me, TaK M OIlepaTUBHas HHQPOpMalus, MOCTymarmomas B
pabouyro mnamsATh Mocie oOpalOTKU B JMHTBUCTHYECKOM IPOIECCOpE 3arpoca
N0JIb30BATEIS.

Ilepen paccMoTpeHHEM KOHKPETHBIX MEXaHU3MOB MOMCKA PELIEHUs NOJYEPKHEM
HECKOJIBKO BaXHBIX OOCTOSATENIbCTB:

® ¢MHOI0 MEXaHM3Ma MOUCKA PEIIEHUS AJIsl IPOU3BOIBHBIX CUCTEM, OCHOBAHHBIX
Ha 3HAHUSX, HE CYLIECTBYET;

® MEXaHU3M I[IOMCKA  pEUIeHUS  IOJHOCTBIO  ONPENEISeTCs  MOJEIBIO
IIPEACTABIICHNS 3HAHWUM, IPUHATON B JAHHON CUCTEME;

® CYLIECTBYIOIME MEXaHU3Mbl IIOMCKA PpELICHUS HE SBISAIOTCA  CTPOro
(pUKCHPOBAHHBIMU JIJISl KAXKJI0TO TUIIA CUCTEM, OCHOBAHHBIX HA 3HAHUSX.

MeTtoapl peleHus 3a1ad, UCIOJIb3YEMbIE B CUCTEMAX, OCHOBAHHBIX HA 3HAHUSX,
3aBUCST OT OCOOEHHOCTEHN MPOOIIEMHOI 001acTH U OT TpeOOBaHUH, NPEABIBISIEMbIX K
UX PELICHUIO

OcoGenHocTy TpoOJIEeMHOM 00JaCTH ¢ TOYKHM 3PEHHUS METOJOB PELICHHUS MOKHO
XapaKkTepU30BaTh CICAYIOIMMHU TapaMeTpaMHu:

® pa3Mep IpOCTPaHCTBA, B KOTOPOM HUIIETCS pEUICHUE;

® CTENEHb U3MEHIEMOCTH 00bEKTa BO BpEMEHU U IPOCTPAHCTBE;
® TI0JHOTa MOJIEJH, OIMCHIBAIOLIEH 001aCTh;

® ONPEJIEICHHOCTh JAHHBIX O 3aJa4e.

TpeOoBaHus NOJB30BATEINS K PEIICHUIO XapAKTEPU3YIOTCS KOJIMYECTBOM PELIEHUI
¥ CIIOCOOOM HX MOJIyYEHHUS.

CyuiecTByronie MeTo/Ibl PeIeHMs 33/1a4 MOKHO KJIaCCU(PUIIUPOBATH CIIETYIOUIUM
obpazom.

1. Meroabl moMcKa B OJJHOM MPOCTPAHCTBE — 3TO METOJIbI, MPEJHA3HAYEHHBIE IS
UCIIOJIb30BAaHUSl B MaJIbIX CTATHUYECKUX OOJIACTSAX, UCIIOJb3YIOIINE TOUHbIE U MOJIHbIE
JTaHHbIE.

2.MeToapl MOMCKa B HMEPAPXUUYECKUX IMPOCTPAHCTBAX — OTO METOMBI,
peJHa3HAaYeHHbIE 1711 pabOThI B OOJIBIIMX CTATUYECKUX 00IACTAX.

3. Metoasl noucKa Npu HETOYHBIX U HEMOJHBIX JaHHBIX.
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4. MeToapl MOUCKA B IMHAMHUYECKUX 00JIaCTAX.
5. MeTtoabl NOKCKA, UCTIOIB3YOIIME HECKOJIBKO MOJIEIIEH.

4.1.1. lNownck pelueHnsa B OQHOM MPOCTpaHCTBE
HpeIICTaBJIeHI/Ie 3aladu B NPOCTPAHCTBE COCTOSIHUH

Pemienne MHOTHX 3aJlad B MHTEJUIEKTYaJbHBIX CUCTEMAaX MOKHO OIpPEJEIUTh Kak
npo0iieMy MOUCKa PEIIeHHUs], TJIe HCKOMOE PellIeHUE — 3TO 1eJIb TOUCKA, 3 MHOYKECTBO
BO3MOXHBIX IMyTEeH TOCTMXKEHHS IIeJIM TMPEACTaBISIET CO0OM MPOCTPAHCTBO MOMCKA
(M1 TpPOCTpaHCTBO cocTosiHuid). [loMck pemeHuii B NpPOCTPAHCTBE COCTOSTHUM
COCTOUT B OMPEJICJICHUU IOCIIEI0BATEILHOCTH OMEPaTOpPOB, KOTOPbIE MpeoOpa3yroT
HaYyaJIbHOE COCTOSIHUE B KOHEYHOE.

OnpenenuM MpeaCTaBICHNUE 3aa41 B IPOCTPAHCTBE COCTOSTHUM (HOPMAITBHO.

Onpenesenune

IIpocmpancmeo cocmosinuii ipeacTaBiseTcs koprexeM (S, F, T) co cneayromuMu
0003HAYEHUSIMH: S— MHOXECTBO HAaYaJIbHBIX COCTOSIHUM; [ — MHOKECTBO OIEPaTOpPOB,
O0TOOpaXaroIIKNX OJHU COCTOSIHUA B IpyTrHe; T — MHOMKECTBO 11€JIEBBIX COCTOSTHUM.

Pemmnts 3amauyy — 3HAYUT ONPENENUTh TAKYIO MOCIEAOBATEIBHOCTh ONEPATOPOB,
KOTOpas mpeodpa3yeT HayalbHbIe COCTOSIHUS B KOHEUHbIe. [Iporiecc pemienust MOKHO
npeacTaButh B Buae rpada G = (X, Y), rne X = {xy, x;,..., — MHOXECTBO BEpIIHUH
rpada, Kaxaas U3 KOTOPBIX OTOXKIECTBISIETCS C OJHUM W3 COCTOSHUU, [V —
MHOXECTBO, COAEpKallee Mapbl BEPUIMH (X; X;), Xx;, X;€X. Hamuume maper (x; x;)
CBUJIETEIBCTBYET O CYIIECTBOBAHWU HEKOTOPOro orepartopa f € F, mpeoOpa3yroniero
COCTOSIHUE, COOTBETCTBYIOIIEE BEPIIMHE X;, B COCTOSIHHE X;.

Urtak, rpad G 3amaer mpocTpaHCcTBO cocTosiHuid. [locTpoeHue mpocTpaHCTBa
OCYIIECTBIISIETCS C MOMOIIBIO CIEAYIOWIEro Ipouecca. bepercs Hekas BeplInHA W3
X9 € X, K HEH NIPUMEHSIOTCI BCE€ BO3MOXHBIC OIEPATOPHI, IMOPOKIAKOIINE BCE
nouepHue BepiinHbl. [lopoxkaeHue BceX JOUEPHUX BEPIIUH I HEKOTOPOUM BEPIIUHBI
Xj Ha3bIBAETCS npoyeccom packpvimus eepuiur. llenesast BeplirHa HE pacKpbIBACTCA.
[Ipoiecc mOCTpOEHUsT MPOCTPAHCTBA COCTOSIHUSA —3aKaHYMBAETCs, KOrJa BCE
HEPACKPBITHIE BEPIIMHBI SABJISIFOTCS LIEJIEBBIMU WM TEPMUHAILHBIMU (T.€. BEpIIMHAMU,
K KOTOPBIM HEJIb351 IPUMEHHUTh HUKAKUX ONIEPATOPOB).

JI1s1 WIUTIOCTpaluy MOMCKa B MIPOCTPAHCTBE COCTOSIHUNA PACCMOTPUM CIIELYIOUTYIO
3aja4y.

Hpumep

[Iycte mepen MHTEJUIEKTYaJbHbBIM  pOOOTOM TIOCTAaBJIIEHA 3ajadya 1o
nepeynopsA0YMBaHNI0 KyOUKOB, IOCTABJIEHHBIX IpYT Ha apyra (puc. 4.1).

YcnoBusd 3ana4u.

1. Ha kaxxJ1oM 11are MO>XHO MEPECTaBIATh TOJbKO OJUH KyOUK.

2. KyOuk MOHO B3SITh TOJIBKO TOTJ]a, KOTJIa €ro BEpXHsis T'paHb CBOOOIHA.

3. KyOuk MOXHO MOCTaBUTh JUOO Ha CTOJI, TMOO0 Ha APYTrod KyOuK.

58



3amauy MOXHO HPEICTaBUTHh KaK 3aJady BbIOOpa Cpeay MHOXKECTBA BO3MOKHBIX
TbTEPHATHUB.

B ucxoano#i cutyanuu anpTepHaTHBa OJHA — ocTaBUTh KyOuk C Ha croi. [locme
ATOTO UMEETCS TPU ATbTEPHATHUBBHI:

1. [locTaBuTh KYOUK A Ha CTOJI;

2. IloctraButh KyOUK A Ha KyOuK C;

3. [TocraButh kKyOuK C Ha KyOUK A.

Hcxoanoe cocTostHNE Koneunoe cocrossaue
C A
A B
B C

Puc. 4.1. UcxogHoe 1 KOHEYHOE COCTOSIHUS KyOHKOB

YacTuyHOE MPOCTPAHCTBO COCTOSHUM 3TOW 3a7a4M MOKA3aHo Ha puc. 4.2.

&

A

E
X
A
B

C C

J/———"’_—_'_/—/—P’_ i—\—‘_‘_——-—;
C ARC A
A BC
,Bﬁm
A A B B (& C
BC BC AC AC AB AB
/} A
ACB B B c
AC A B
A
ACB B B
c AC

Puc. 4.2. YacTuuHOE NPOCTPAHCTBO COCTOSTHUM PEIICHUS 3a/1a4n

[lyTh, Bemymmii k pemeHuto 3agauu, Ha puc. 4.2 BoigeneH. COCTOSHUSMU B
IIPOCTPAHCTBE ABJISIOTCS BCE BO3ZMOXHBIE KOH(MUTYpallUU MOJO0KEHU KyOUKoB A, B u
C, KoTopble MOTyT BO3HUKHYTh B TIpollecCE€ IMEpecTaHOBKU KyOukoB. Jlyru
OTIPENIENSIIOTCA  JOMYCTUMBIMU ~ TIEPECTAaHOBKAMH KyOWMKOB, II€JIEBOE COCTOSTHUE
ONpPEIEIIIeTCS YCIOBUEM 3a/1a4H.
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HpeIlCTaB.]IeHI/Ie 3a1a94 B IIPOCTPAHCTBE 3a1a4

[Ipy mnnaHupoBaHWM B TMPOCTPAHCTBE 3a7ady CHUTyalUsi HECKOJIbKO HWHas.
[TpoctpancTBO 0Opa3yeTcsi B pe3yibTaTe BBEACHUS Ha MHOXKECTBE 3a]lad OTHOUICHUS
THUIIA: «4aCTh — LEI0e», «3a/1a4a — M0/3a/1a4ay, «0OLui ciiyyall — YaCTHBIN cilydaii» u
T. . [Ipyrumu cinoBamMu, MPOCTPAHCTBO 3a7ad OTpakaeT AEKOMIO3MLMIO 3aJlay Ha
noja3aaaun (uenu Ha noauenu). [louck pemenus 3agauu METOJIOM PEAYKIIMH MOKHO
npeactaButh B Buae W/WJIN rpada. Ha puc. 4.3 [15] nmpusenen npumep WM/MNJIU

rpada.

Hems: OnpenemTs CTPATETHI
[POH3BOICTBA

JKH3HEHHB I 1THKTT KoHKypeHIcocoGHOCTh PHHAHCOBOE COCTOAHHE

TIp e ATPHATHA
oim MoTpedHT TeXHHKO-OKCIYy- =
ATALHOHHBIE
TNPHOBUTE THCIO  apAKTEpPHCTHKI [ATERECTIO"  yeTofFHBOCTS
KOHKYPEHTOB cOGHOCTB
KauecTBo

Puc. 4.3. Tlpumep U/NJIU rpada

UtoObI nIpeACcTaBUTh paszinyHble oTHOIIeHUs, Ha rpade WM/MIIN paznuyaroT y3ibl
«1» u «MJIN». Bepuunel, cBs3anHble oneparuend U, coequnsaroTcs Ha rpade Qyrou,
BepmHbl MJIM nyroit He coenuHAroTCsA. Y3ibl M 03HA4arOT JEKOMIIO3UIIAIO 3a1a4H.
V3en UJIN onpenensieT TOYKy BbIOOpa MEXIY albTEPHATUBHBIMH ITyTSIMHU PEIICHUS
3aJa4yu WM crparerusiMu. HaxokneHue myTH K IeMW BAOJbL JIFO0OW W3 BETBEU
SIBIIIETCS IOCTATOYHBIM YCJIOBHEM JIJIS PEIICHUS OOIIeH 3aauH.

Kaxnoi BepmumHE CTaBUTCS B COOTBETCTBHME ONKMCAaHWE HEKOTOPOM 3aJadd.
Bepmmaa thina M co CcBOMMHM JOYEpHUMH BEPIIMHAMHU HWHTEPIPETUPYETCA TaK:
penieHue 3a7a4v CBOAUTCA K PEIICHUIO BCEX €€ IM0A3a1ad, COOTBETCTBYIOLIUX
no4yepHuM BeplinHaM. Bepmumssl tuna MJIM Bmecte €O CcBOMMH J1OYE€pHUMU
BEpUIMHAMHM UHTEPIPETUPYETCS TaK: PEIICHUE 3aJayd CBOAMUTCS K PEIICHUIO JIFOOOM
U3 €€ MoJ3a/1a4, COOTBETCTBYIOIIMX JJOUYEPHUM BEPILIMHAM.

Hanpuwmep, 3anauy S, (puc. 4.4) MOXHO pelIuTh JUOO MyTEM PEIICHHS 3aJ1auu S;

au60 myTeM peteHus S; u S.

Hy

Sl/ \

=
/{\ By o
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Puc. 4.4. I'pad mis peuienus 3aiauu Sy
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Ha puc. 4.4 tun BepmmHbl S) ONpeaenaeH HE OJHO3HA4YHO. B cBsA3M C Tem, 4TO
Kakaas BepmuHa rpada TO0DKHA OTHOCHUTBCS TOJNBKO K OJHOMY THITY, BBOJIUM
JIOTIOJIHUTEINIbHYIO0 BepiiuHy R; (puc. 4.5).

(1 i3y W

Puc. 4.5. TlpeoGpa3zoBanHbIii rpad

L]env noucka — TMOKa3aTh, YTO HayajbHas BEpIIMHA pa3peliuMa, T.€. IJIs ITOU
BEPIIMHBI CYIIECTBYET peIIatonnii rpad.

Pazpemmmas Bepmmmna B UW/IJIU rpade onpenensercs peKypcuBHO: 1) KOHEUHbIE
BEPIIMHBI PA3PEIIUMBI, T.K. UX PELICHUE U3BECTHO MO MCXOAHOMY MHPEANOJIOKEHUIO;
2) BepmHa MJIN pa3pemmMma Torga u TOJbBKO TOTJa, KOTAa pa3pelnma o KpaHei
Mepe OJIHa U3 €€ TOUepHUX BEpIINH; 3) BepiinHa M pazpemmma Toraa v ToiabKO TOTAa,
KOTJla pa3pemmMa Kaxkjaas U3 ee JouyepHux BepmmH. WTak, pewarowuil epag
ompenensieTcs Kak moarpad, COCTOSANUN U3 pa3pelInMbIX BEPIIIUH, U MOKA3bIBAET, YTO
HavdaJibHasl BEPIIMHA pa3peuinma.

4.1.2. Ctpatermm HemHdOOPMMPOBAHHOIO Noucka

Tepmun HeMH(GOPMHPOBAHHBIA MOMCK (MM CJENOW IOWCK) O3HAdaeT, 4YTO B
JAHHBIX CTPATETUSX HE HUCIOJb3yeTCs MOMOJIHHUTENbHAs HHQpOpMAIusa, KpoMe TOH,
KOTOpasi TpejAcTaBlieHa B IOCTaHOBKE 3agadd. Bce, Ha 4YTO OHHM CIOCOOHBI, —
BbIpa0aThIBaTh MPEEMHUKOB M OTIMYATh IIEJIEBOE€ COCTOSTHUE OT HellesneBoro. Bce
CTpAaTEeTUH MOUCKA PA3IUYaOTCsA TEM, B KAaKOM MOPSJIKE MPOUCXOJUT pa3BepThIBAHUE
y3JI0B.

Ilouck Ha rpade, Kak B NPOCTPAHCTBE COCTOSIHUM, Tak W B IPOCTPAHCTBE
10/133/1a4, MOYKHO BECTU B JIBYX HAIPaBJICHUSIX: OT MUCXOJHBIX JAHHBIX 33/1a4d K LIETU
¥ B 00paTHOM HAMPaBIICHUU OT IEJIA K UCXOAHBIM JTAHHBIM.

[Ipu noucke ma ocHoge Oamnbix (IpsiMasi IENOYKA PACCYXKACHUN) TMpolece
peleHus 3a7]a4 HAYMHACTCS C aHaJIM3a yCIOBUS (aHTELECHTa) IPaBUIa.

IIpu noucxke Hna ocnoge yenu (OOpaTHas LIEMOYKA PACCYXKIECHHI)  Mmpouece
pEIIeHus 3aa9l HAYMHAETCS C aHAIM3a 3aKII0UeHUs (KOHCEKBEHTA) MpaBuIa.

Takum o0Opa3om, nouck Ha ocHoge OaHHbIX HAYMHACTCA C YCJIOBHUU 3aJaydl U
BBITIOJTHSACTCS TIyTeM MPUMEHEHUS MPaBUJI JUTSI TTOJTYYCHHS HOBBIX ()aKTOB, BEIYIINX K
uenu. [louck om yenu HAYMHAETCS C OOpaIlleHUs K LENH W MPOAOIIKACTCS IyTeM
onpeneneHusl MpaBuil, KOTOPbIE MOTYT MPUBECTU K LEIH, U MOCTPOCHHUS LEMOYKHU
nojienen, Beayen K UCXOAHbIM JaHHBIM 33/1a4U.

Bo3moskeH u 1ByHaAnpaBieHHbIA TTOUCK PEIICHUS, B OCHOBE KOTOPOT'O JIXKUT UJIes
O TOM, YTO MOXXHO OJHOBPEMEHHO MPOBOAMTH MOMCK B MPSIMOM HANpaBJIE€HUU OT
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HAYaJIbHOTO COCTOSIHUS, U B OOpPAaTHOM HAMPABJICHUU, OT LIENU. 3aBEPIIACTCSA TaKOU
IIOMCK TOT/a, KOrJa JBa MPOLEecca MOUCKA BCTPEYAOTCS.

[Ipouecc noucka om yeau pEKOMEHIOBAH B CICIYIOUIUX CIy4dasix.

1. Ilenb moucka (WM TUNOTE3a) SIBHO MPUCYTCTBYET B MOCTAHOBKE 3a7a4yMl WM €€
MOXKHO JIETKO chopMynupoBaTh. MHOTHE TMArHOCTUYECKUE CUCTEMBI PACCMAaTPUBAIOT
BO3MOKHbBIE JUArHO3bl, CUCTEMAaTUYECKU MOATBEPKIAsl WM OTBEpras HEKOTOPHIE U3
HUX CIIOCOOOM IMOMCKA OT IIEJIH.

2. Umeetcst 6omblIoe YKCIIO MPaBUJI, KOTOPbIE HA OCHOBE MOJIYYEHHBIX (DAKTOB
MO3BOJIAKOT  MPOW3BOAUTH  BO3PACTAOIIEE YHUCIO 3AKIIOYECHUM WM LIEJIEeH.
CBOEBpEeMEHHBI OTOOp IIEJICH MO3BOJSET OTCEATh MHOXXECTBO BO3MOXKHBIX BETBEH,
YTO JIeJIaeT MPOIECC MOMCKa B MIPOCTPAHCTBE COCTOSTHUM 0osee 3 (PEKTUBHBIM.

3. UcxongHble naHHbIE HE MPUBOIATCS B 3a/adye, HO MOAPAa3yMEBAETCS, YTO OHU
M3BECTHBI pelarelto. B 3ToMm ciiyyae MOUCK OT LEJIU MOXKET CIY>KUTh PYKOBOJICTBOM
JUIs TPAaBWIBHOM ITOCTAHOBKM 3afauv. Hampumep, B mnporpamMme MeAUIUHCKOU
JIMarHOCTUKH MUMEIOTCSI BCEBO3MOKHbBIE JUATHOCTUYECKHE TECThl. JJOKTOp BbIOMpaeT
U3 HUX TOJIBKO T€, KOTOPHIC MO3BOJISIOT MOITBEPAUTH WM OMPOBEPTHYTh KOHKPETHYIO
TUIIOTE3Y O COCTOSIHUM MAlMEHTA.

Takum 006pa3oMm, MpHU MOUCKE OT LU OYePEAHOE BEIOPAHHOE MTPABUIIO UCKITIOYAET
HEIEPCIEKTUBHBIE BETBU IMOUCKA.

[Touck Ha ocHo8e OanHbIX TPUMEHUM B CIEIYIOUIUX CIy4dasiX.

1. Bce wnu OOJBIIMHCTBO MCXOJHBIX JAHHBIX 33JaHO B MOCTAaHOBKE 3a/1auu.
3amaua UHTEPIPETAIMH COCTOUT B BBIOOPE ITUX JAHHBIX U MX MPEACTABICHUH B BHUIE,
MOJIXOISAIIEM JIJISi UCIIOJIB30BAHUSI B MHTEPIPETUPYIOMIUX CUCTEMax 0oJiee BHICOKOTO
ypoBHsi. Ha cTpaTeruu noucka ot JaHHbBIX OCHOBAHbI CUCTEMBI aHAJIM3a TAHHBIX.

2. CymiecTByeT OOJBIIOE YHCIO MMOTCHIHANBHBIX IIeJeH, HO BCEro JIWIIb
HECKOJIBKO CIOCOO0B mTpUMEHEHHs (AKTOB W TpeACTaBiICHUS WH(OpMaAuu o
KOHKPETHOM IIPUMEPE 3a]1aUH.

3. ChopmMupoBaTh 1€/ ¥ TUTIOTE3BI TPYTHO

[Ipu nmoucke Ha OCHOBE TAHHBIX 3HAHUS U OTPAHUUYEHUS, 3aJI0KEHHBIE B UCXOHOU
MMOCTAHOBKE 33/1a4M, UCIIOJIb3YIOTCS ISl HAXOXJICHUS MyTU K PEUICHHUIO.

[Ipu pemiennu 3a1a4 MyTeM MOUCKA B MPOCTPAHCTBE COCTOSIHUM pelIaTelb 10JKEH
NEepPeXOoAUTh OT BEPIIMHBI K BEpIIMHE HA Tpade U paccMaTpuBaTh pa3iuyHbIe MYTH J10
T€X MOpP, NOKa HE JOCTUTHET LEeau. MeToqoM CUCTEMaTUYECKON MPOBEPKU PA3IMUHbBIX
NyTEH s6/151emcsl NOUCK C 8038PAMAMUL.

ANTOpUTM 3aIlyCKaeTCs M3 HA4yaJbHOI'O COCTOSHHUS U CIEAYET MO HEKOTOPOMY
OyTH JI0 T€X TOp, MOKa He JOCTHTHET IeiHu MO0 He ympercs B Tynuk. Ecim nenb
JIOCTUTHYTA, IMOUCK 3aBEPIIAETCS, B KAUECTBE PEIICHUS 3a/1aud BO3BPALIAETCA IMYyTh K
uenu. Ecnu ke nouck npuBen B TYNMMKOBYIO CUTYallUIO, TO aJrOPUTM BO3BPAILIAECTCS B
OJIM>KAMIIYIO U3 MPOUJIEHHBIX BEPILIUH U UCCIEAYET BCE €€ BEPIIMHBI-OpaThs, a 3aTeM
3aITyCKaeTCsl M0 OJIHOM M3 BETBEH, BEAYIIUX OT BEPIIMHBI-OpaTa. AJIroputM padoTaeT
JI0 T€X TMOp, MOKA HE JJOCTUTHET IIEJH, MO0 HE MCCIEeNYyEeT BCE MPOCTPAHCTBO MOUCKA
[10].

B anroput™Me ucnosnb3yercs Tpy CIUCKA, MO3BOJISIIOIINX 3alIOMUAHATh MYTh OT y3Ja
K y3Jly Ha rpade.
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SL (State List) — cicok uccieI0BaHHbIX BEPIIMH paccMaTpuBaemMoro mytu. Eciu
1esb HaigeHa, To SL colepKuT CIMCOK BEPIINH HA YTH K PEIICHUIO.

NSL (New State List) — cnMCOK HOBBIX COCTOSIHMI, OH COJEP’KUT BEPIIUHBI,
MOJJIeKAIINE PACCMOTPEHHIO, T.€. CIHCOK BEPIINH, MTOTOMKH KOTOPBIX €IIe He ObLIH
MIOPOKJICHBI U PACCMOTPEHBI.

DE (Dead List) — cniucok TynuKOB, T.€. CIIMCOK BEPIIWH, TOTOMKH KOTOPBIX YK€
ObUIM pacCMOTPEHBI, HO HE MpHUBENU K 1end. Eciu Ha oyepenHOM miare BCTpevaeTcs
BEpIIMHA, TOMEIIEHHAs B 3TOT CIIUCOK, TO OHA UCKIIIOYAETCA U3 PACCMOTPEHHUS.

[Ipu omMcanuu MOUCKA C BO3BpAaTaMH HEOOXOJUMO YYHUTHIBATH BO3MOXKHOCTH
HNOBTOPHOI'O MOSIBJIEHUSI COCTOSHUIN. YTOOBI H30€kaTh UX MOBTOPHOI'O PaCCMOTPEHUS.
Ka)KJ1asi BHOBb MOPOXKJCHHAsI BEPIIIMHA MPOBEPSETCS HA BXOXKJEHHUE B OJMH U3 TPEX
cnuckoB. BepimHa, momasmiasi B OJIMH U3 CIIMCKOB, UCKITIOYAETCS U3 PACCMOTPEHHUS.

Function backtrack;

begin

SL := [Start]; NSL := [Start]; DE = []; CS := Start;

% WHUIAATIN3ALHA
while NSL <> () do % mnoka cy1iecTByIOT HEUCCIICIOBAHHBIE COCTOSIHUS
begin
if CS = goal (111 COOTBETCTBYET ONMKMCAHUIO IICIIH )
return SL % TIpu HAXOXJACHUH IMMYTHU BEPHYTh CIUCOK COCTOSTHUN My TH
if CS He umeeT nMoToMKOB (MCKIt04Uast y3:ibl, Bxojsme B DE, SL, NSL)
then begin
while SL ne myct u CS = nepBbrii anmeMenT u3 cnmcka SL do
begin
no6asuth CS B DE % BHECTHU COCTOSIHUE B CIIUCOK TYIHUKOB
YAQIUTH IEPBBIM 2JIEMEHT U3 SL;
YAQIUTB NEPBBIM anemMeHT u3 NSL;
CS := nepsbiii sneMeHT NSL;
end
else begin
nomMecTuTh notoMok CS (kpoMme y370B, yxe comepxkamuxcsi B DE, SL
i NSL) B NSL;
CS := nepsbiii 25iement NSL;
no6asuts CS B SL
end
end
return FAIL
End.

OrnpenenuB HampaBieHUE MOWCKA (OT JAAHHBIX WA OT LIEJH), aJrOPUTM MOUCKA
JIOTHKEH OTPECNIUTh MOPSAI0K UCCIeA0BaHUs BEPIINH JepeBa uiH rpada. CyiecTByer
JIBa BO3MOXXHBIX BapHaHTa IIOCJIEOBATEIbHOCTH 00X0Aa y31oB Tpada: nouck 6
2nyOUHy U NOUCK 8 WIUPUHY.

[Ipu noucke 6 enybumy Bcerna packpblBa€TCs Ta BEPIIMHA, KOTOpas HMEET
HanOonplIyro Tiyouny. M3 BepiimH, pacmojOKEHHBIX Ha OJWHAKOBOH TiyOuHe,
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BBIOOP BEPIIMHBI JUIsl PACKPBITUS OIpPEAENseTcs MPOU3BOJbHO. s caep:kuBaHUs
BO3MOKHOCTH HCCJIEIOBaHHUS MO OECKOHEYHOMY IyTH BBOAWUTCA OTPaHUYCHHE Ha
ryOuHy. BepiinHbl, HaXoQsIMecss Ha TPAHUYHOM TIIyOMHE, HE PACKpbIBAIOTCS (pHC.
4.6).

-/3 h 4 >h
Puc. 4.6. I'pad, neMoHcTpUpytOIKiA paboTy aJropuTMa IMOUCKa B TIIyOUHY

[Towck B rmyOuHY 3aBepliacTcs B CASAYIONINX CITydasiX:

1) mpu JOCTHKCHHMH TIEJICBOM BEPUIMHBI, 2) IPU JOCTH)KCHUU TEPMUHATBHON
BEPIIMHBL;, 3) MpU MOCTPOCHUM BEPIIWHBI, TTTyOMHA KOTOPOU MPEBHIIAET TPAHUYHYIO
TIIyOuHY.

Henocrarkom mowncka B riayOuHY SIBIISIETCA TO, YTO B HEM MOXKET OBITh CHENaH
HEMPABWJIBHBIA BBHIOOP H TIEPEXOJ] B TYNHUKOBYIO CHUTYallMiO, CBS3aHHYIO C
MIPOXOXKJIEHUEM BHU3 IO OYCHb JJIMHHOMY ITyTH, MPUTOM, YTO JPYrodl BapuaHT MOT
OBl IPUBECTH K PEIICHUIO, HAXOISIIEMYCS HeJJAJIEKO OT KOPHS JepeBa IMOUCKa.

Iouck 6 wupuny — 3TO MPOCTasi CTpATETUs, B KOTOPOW BHauUaie pa3BEPTHIBACTCS
KOPHEBOH y3ell, 3aTeM — BCE MPEEMHUKH KOPHEBOTO y3Jia U.T.J. TAKUM 00pazom, Mpu
3TOM METOJe MOWCKAa HCCIENyeTCsl MPOCTPAHCTBO IMOWCKAa 1O YPOBHSIM, OJIWH 3a
npyruMm. Ecnm y370B Ha JaHHOM YPOBHE IIOWICKAa HET, aJTOPUTM TEPEXOJUT K
cieaywIiemMy ypoBHio (puc. 4.7).

1

g
AN VAN

Puc. 4.7. I'pad, aeMOHCTpUPYIOIIHKA pabOTy alropuT™Ma Mpy MOUCKE B ITUPUHY

[Touck B mupuHy TpeOyeT 3HAYUTEIBHOTO BPEMEHH ISl BHITIOJIHEHUS, KPOME TOTO,
OH HCIOJNb3YET 3HAYMTENIbHBbIH O0OBEM NaMATH I XPAHEHHUsS BCEX Pa3BEPHYTHIX
y3JI0B.

JInsg onTUMHU3anMM METOJA HCIOJIb3YETCSl QITOPUTM IIOMCKA IO KPUTEPUIO
CTOMMOCTH, KOTOPBIA OOECreYrMBaeT pa3BEepThIBAHUE Y3J1a N C HauMEHbIIEH
CTOMMOCTBIO IIyTH. ECIM CTOMMOCTM BCEX 3TanOB PaBHBI, TAKOW MOUCK WJECHTHYEH
MIOMCKY B IIUPUHY.

[IpuBeneM MoauduKaKKy alIrOpUTMa C BO3BpATAMH I PEaM3alliU CTpaTeTruu
MOKCKA B IUPHUHY U TIIyOUHY.

AJITOPUTM MOKMCKA B IIUPHUHY.
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function breadth first search;

begin
open := [Start]; % mHUIUaNM3anus
closed :=[];
while open <> [] do % eCTb COCTOSIHUS
yIaJIUTh KpaliHee CIeBa COCTOSIHUE M3 open, CKakeM X;
1f X — tenb then return Success % 11e1b HalaeHa
else begin
CT'CHEepHUPOBaTh IIOTOMOK X;
IMOMECTHUTH X B cIUCOK closed;
HCKJTFOYUTD IMTOTOMOK X, €CIIA OH YK€ B CITHCKE
open uiu closed;
MMOMECTHUTH OCTAJbHBIC TOTOMKH B MPaBhIi KOHEI[ CITUCKA Open;
end
return Fail
end.

AJITOPUTM IOMCKA B IJIyOHHY.
function depth_first search;

begin
open := [Start]; % wHULMaTu3anus
closed :=[];
while open <> [] do % eCTh COCTOSIHUS
yAQINTh KpallHee ClIeBa COCTOSIHUE U3 Oopen, CKakKeM X;
if X — mensb then return Success % 11e1b HakieHa
else begin
CrE€HEpUPOBATh MOTOMOK X;
IIOMECTUTH X B CIIUCOK closed;
HCKITIOUUTD MMOTOMOK X, €CITH OH YK€ B CITUCKE
open uiu closed;
MMOMECTHUTH OCTAJILHBIC ITOTOMKH B JIEBBIN KOHEI[ CITUCKA Open;
end
return Fail
end.

[Ipoananusupyiite pabOTy pPacCMOTPEHHBIX QJITOPUTMOB Ha TeX IpUMepax,
KOTOPBIE €CTh B JIAHHOM TJIaBe.

4.1.3. CTpaterum aBpuUCTUYECKOro nomcka

MeTtopl IOKMCKA B IKUPUHY U B TIyOMHY HA3bIBAIOTCS METOAAMHU CIen020 NOUCKA,
TaK KaK B HMX IIOPAJOK PACKPBITHs BEPILIMH IIPEAONPENEICH M HE 3aBUCUT OT
pacmonoxeHust mnenu. llpu yBennyeHHHM NPOCTPaHCTBA IMOMCKA METOIbI TPEOyIOT
OONBIINX PECYpCcOB. OBPUCTHYECKHE METOAbl HCIONB3YIOT HHMOPMALUIO O
IpeaIMEeTHONW 00JacTH. DTO MO3BOJSET PACCMOTPETh HE BCE MPOCTPAHCTBO MOUCKA, a
TOJIBKO T€ MyTH, KOTOPBIE C HAMOOJIbLIEH BEPOSITHOCTHIO MPUBOJIAT K LIEIH.
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DOBPUCTUYECKHUE CTPATETUH MOUCKA UCTIONB3YIOT pa3inyHble (PYHKIIUU OILIEHKH f(7).
PaccmoTpum HEKOTOpPBIE U3 HUX.

B anroputme moucka «mo mepBoMy HaWdydlIeMy COBIAJACHUIO» ISl AajbHEHIIero
pa3BepThIBAHUS BbIOUpAETCs y3€1 ¢ HAaMMEHbIIIEH OLIEHKOH, MMOCKOJIbKY TaKas OlleHKa
U3MEpSAET PACCTOSHME 1O LEeau. Tak Kak TOYHOE 3HAYeHHUE f(71) HEU3BECTHO, TO
UCIIOIb3YyeTCs IBpUCTHYECKas (GyHKIUS olieHKH h(n):

h(n) = oOlleHKa CTOMMOCTH HauMEHEee JOPOroCTOAIIEr0 MNyTH OT Yy3Ja n

JI0 1I€JIEBOTO y371a.
Jlns nienesoro y3na h(n) = 0.
Cy1ecTByeT HECKOJIBKO Pa3HOBUIHOCTEH TAKUX aIrOPUTMOB.

AJITOPUTM KATHOT0 MOMCKA 0 MEPBOMY HAWIYYIlIeMY COBIAEHUIO

IIpu orcaonom noucke no nepsomy naumyyuiemy cO8naoeHuio MperrpUHUMAETCS
NONBITKA Pa3BEPTHIBAHUS Yy3J1a, KOTOPBIA pacCMaTPUBAETCS KaK OJMKaWIIMK K LeIu
HA TOM OCHOBaHUU, YTO OH C HAMOOJbIIEH BEPOATHOCTHIO JOJKEH OBICTPO MPUBECTH K
pemenuto. TakuM 00pa3oMm, B 3TOM ajrOpUTME OIICHKA Y3JIOB IPOU3BOIUTCS C
WCII0JIb30BaHUEM TOJIBLKO ABPUCTUUECKON MDYyHKIUU f(n) = h(n).

XKaguplii MOKMCK MO MEPBOMY HAWIIYYILEMY COBHAJCHUIO HAIIOMHUHAET MOHUCK B
yOMHYy, T.K. @ITOPUTM Ha NYTH K LEJIM Pa3BEpPTHIBAET TOJIbKO OJIMH Yy3€l, HE
paccMaTrpuBasl AJIbTEPHATUBHBIE IyTH. AJTOPUTM HMEET T€ K€ HEAOCTAaTKH, 4TO U
JITOPUTM TOMCKA B INTyOHHY: OH HE SBJIAETCS ONTUMAIbHBIM, K TOMY K€ OH — HE
HOJIHBIN (IIOCKOJIBKY MOKET OECKOHEYHO CJIEZIOBATh IO OJHOMY IIyTH, HE MCIIOJb3YsI
JIpYyTy€ BapHaHThI IOUCKA).

Ajaroputm A*

Haubonee mmpoko u3BecTHas pa3HOBUAHOCTH IOMCKA MO MEPBOMY HAWITydlIeMy
COBIAJICHUIO HA3bIBACTCS NOUCKOM A *,

AJTOPUTM AJIS1 KaXKA0TO y3J1a UCMOB3YEeT OLEHOUHYIO (QYHKIMIO BUA:

f(n) = gm) + h(n).

Mpb1 0003HauUUIU g(n) — CTOUMOCTh JIOCTHKEHMS TAaHHOTO y3Ia; /(n) — HIKHSA
OIIEHKA JICCTBUTEIILHOTO PACCTOSIHUS OT y37a n Ao uenu. [lockonbky dyHKIus g(n)
MO3BOJISIET ONPEEIUTh CTOMMOCTh IyTH OT HAYaJIbHOTO y3Jia JI0 y37a 7, a (PyHKIUsS
h(n) omnpenenser OUEHKY CTOMMOCTH HAaMMEHEE JOPOTOCTOSIIEro MyTH OT y3Ja 1 K
LEJIH, TO CIpaBeInBa caeAyolas Gopmyna:

f(n) = olleHKa CTOMMOCTHU HauMeHee JOPOTOCTOSIIEro MyTH PEIICHHUs,
IPOXOJIAILETO Yepe3 y3e 7.

Takum o00pa3oMm, HpHU MONBITKE HAWUTH HaMMEHEE JOPOrOCTOsIEe pelleHue
BHayaJie MpOBEPSIETCS Y3l C HANMEHBIIINM 3HAYCHUEM f(71).

Ecnu sBpuctuueckas (yHkuus /A(n) yIooBIETBOPSET HEKOTOPHIM YCIOBUSM, TO
MOUCK A™* CTAaHOBHUTCS U MOJTHBIM, U ONITUMAJIbHBIM

Oyukuus A(n) nomxHa OBITH JOMYCTHMOW 3BPUCTUYECKOW OIIEHKOW, TO €CTh He
JOJKHA TEpEeOLEHUBATh PACCTOSAHMS K LeneBoill BepmuHe. Hanpumep, s 3agauu
MapHIpyTH3auu /A (1) MOXKET MPEACTABISITH COOOM PACCTOSTHHUE 0 IEIH IO MPSIMOU
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JVHHAH, TaK KaK 3TO (U3UYECKH HAaMMEHbIIEE BO3MOXKHOE PACCTOSTHHE MEXIY IBYMS
TOYKaMHU.

AnroputMm Obl1 BrepBeie omucaH B 1968 rogy Ilutepom Xaprom, Hunbcom
Hunbsconom u beptpanom Padasnem. B ux paGore oH ynoMuHaercs Kak «ajropuTMm
A». Ho Tak Kak OH BBIYMCISET JIyUIIUA MapUIpyT AJs 3alaHHOM 3BPUCTHKHU, OH ObLI
Ha3BaH aJITOPUTMOM A*.

B ornuume oT <«wkamHOTO» anroputMa anroput™ A* npu BeIOOpe ouepeaHOu
PacKpbIBaEMOM BEPIIWHBI YYUTHIBAECT, IOMUMO IIPOYETO, BECh IMPOWIECHHBIN A0 HEE
nyTh (COCTaBIsOMIAsA g(X) — 3TO CTOMMOCTb IyTH OT HAYaJbHOM BEPIIMHBI, & HE OT
IpEeabIAYIIEHN, KaK B )KaIHOM aJITOPUTME).

Kak u anroputm noucka B MUPUHY, A* SBISETCS nOIHbIM B TOM CMBICIE, YTO OH
BCEI/1a HAXOAMT PELICHUE, €CIIM TAKOBOE CYILIECTBYET.

BpeMeHHas CII0KHOCTb M MOTPEOIsIeMbIe PeCypChl MAMSTH aIroputMa A* 3aBHCAT
OT 3BPHUCTHKU. B Xyzliem citydyae, 4ucio BEPIIMH, UCCIETYEMBbIX aJrOPUTMOM, PacTET
HKCIIOHEHIIMAJIBHO IO CPAaBHEHUIO C JUIMHOW ONTHMAJIBHOIO MYTH M AJITOPUTMY
IPUXOAUTCS 3aIIOMUHAThH IKCIIOHEHIIMATIBbHOE KOJMYECTBO Y3JIOB.

CylecTByeT HECKOJIBKO BapHwaluidi aJropuTMa, TaKuX Kak ajaroputm A* ¢
uTepaTuBHBIM yriyosnenuem (iterative deeping A*, IDA*), A* ¢ orpaHuueHuem
namsaTu (memory-bounded A*, MA*), ynpoménnasiii MA* (simplified MA*, SMA*)
U PEKYpCHUBHBIA MOUCK IO NMEPBOMY HaujydlleMy coBmaaeHuio (recursive best-first
search, RBFS).

PaccMOTpeHHBIE alnrOpuTMbI UCHIOJB3YIOTCS JJI1 CHCTEMATHYECKOTO UCCIIEIOBAHUS
IPOCTPAHCTBA ITOUCKA.

IIpu pemieHun 3agad, KOTOpbIE OTHOCATCS K 3ajJadaM  [UIAHUPOBAHUSA
(MIpOEKTUPOBAaHUE HWHTEIPAIBHBIX CXEM, aBTOMATHYECKOE IPOrpPaMMHUPOBAHUE,
yhnpaBieHue MopTdeneM aklui, COCTaBIEHUE PACIHCAHUA), UHTEPEC MPEACTABISET
JMIb OKOHYATEJIbHBIN pe3yjbpTaT. B 3TOM ciydyae NpUMEHSIOTCS alrOPUTMbI APYTOro
KJiacca.

AJII‘OpI/ITM «BOCXOKJICHUE K BEPIHINHE»

B »stoM anroputme wucmnonbzyercss OleHOYHas (YHKIMs, KOTOpas OILICHUBAET
OJIM30CTh MUCXOJHOTO COCTOSIHUS K 1I€JIEBOMY. B airoputMe moCTOSIHHO MPOUCXOJIUT
NepeMeIlleHle B HANpaBJIEHUU BO3PACTAHMS 3HAYEHHUA OlleHOYHOW ¢yHKuuu. Pabora
3aKaHUYMBAETCS IIOCJIE JOCTHKEHHS «IHKa», B KOTOPOM HH OJHO M3 COCEIHHUX
COCTOSIHUI HE UMeeT 0oJiee BHICOKOTO 3HAYCHUSI.

NnmrocTpansi  BO3MOXXHOTO — JaHAmadgTa mpolecca TOHWCKa TII00aTbHOTO
MKCHUMYyMa C UCIIOJIb30BaHUEM AJITOPUTMA, TpUBe/ieHa Ha puc. 4.8 [10].

[IpumeHnenue anropuT™Ma HaTaJIKUBACTCS HA PsiJ TPYIHOCTEH.

1. [lepBas m HamboJiee BakHAs 3aKIIOYAETCI B TPYAHOCTH (HOPMYIHUpOBAHUS
OIICHOYHOW (PYHKITUH, KOTOpas aJCKBATHO OTPAXKAET CTETNEHb OJMU30CTH TEKYIIETO
COCTOSIHUSA K 1I€JIEBOMY COCTOSIHUIO.

2. B mpomecce moucka BO3MOMKEH BBIXOJI HAa «IUIATO», KOTJa HU OJHAH U3
BO3MOXKHBIX BapHaHTOB IMPOJOJKEHHUS TOHCKAa HE BJIEYET 3a COOOM YBEIMYCHHE
OLICHOYHOU (PYHKIUU.
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3. Onenoynast (QyHKIHS MOXXET HUMETh JIOKAIbHBIE MAaKCUMYMBbI, JIOCTUTHYB
KOTOPBIE MBI HE CMOKEM YITYUIIUTh 3HAUEHUE OLIEHOUYHON (PYHKIIHH.

Llgnenan dymkumg
[ _— [modansHREA MAKCHMYM

Yeryn

\

Jloxansmuil MakxcHMYM
"“"'—".‘ - " }
Maocknil™ nokansHsH sMaKeHMyM

w= [pocTpancTBo cocTORHMA

Texyumee cocToAHAE

Puc. 4.8. MiutrocTpanus mpoCcTpaHCTBA MOUCKA NP UCIIOJIb30BAHUN
AITOPUTMAa «BOCXO0XKJICHUE K BEPILIUHE)

[Touck ¢ BOCXOXKJIEHHMEM K BEPIIMHE HWHOI/IA HA3bIBAIOT JIOKAJIbHBIM ITOMCKOM,
MIOCKOJIBKY B TMPOLECCE €ro BBINOJHEHUS MPOUCXOAMUT 3aXBaT CAMOr0 XOPOUIETro
COCEJTHETO COCTOSIHUSL 0€3 IpPEIBAapUTEIbHBIX DPACCYKIECHUH O TOM, KyAa CIEAyeT
OTIPABUTHCS JAJIbLIE.

Moaudukauuu ajaropurma

Hampumep, NOHCK ¢ BOCXOXKJIEHHUEM K BEpPUIMHE W IEPE3AIyCKOM CIy4alHBIM
o0pa3oM pYyKOBOJCTBYETCS PEKOMEHJAIMEe: «eciau IepBas IOIbITKAa OKa3ajach
HEYy/IayHOM, MpoOyHTEe CHOBa W CHOBa». B anropuTMe mMouMCKa C BOCXOXKICHUEM K
BEpIIMHE C BBIOOPOM IIEPBOrO BapHaHTa PEAIN3YETCs CTOXACTHMYECKUN IMOUCK C
BOCXOKJIEHUEM K BEpUIMHE IyTeM (OpMHpPOBaHUS NMPEEMHUKOB CIydyaliHbIM 00pa3om
0 TeX IOop, MOoKa He Oyner c(HOpMHUPOBAH MPEEMHUK, JIYUIIUWA IO CPABHEHUIO C
TEKYLIUM COCTOSIHHEM.

[IpocToii anropuT™ ¢ BOCXOKJIEHUEM K BEPIIMHE BCErAa CIOCOOEH 3aiTH B TyIUK,
JOCTUTHYB JIOKQJIbHOTO MAaKCUMyMa, MIO3TOMY OH SIBJSIETCS HEMOJHBbIM, B oTiuuune
OT 3TOr0 AJITOPUTM C YHUCTO CIy4YalHBIM BHIOOPOM BEPILIUHBI-IPEEMHHUKA SIBISETCS
MOJIHBIM, HO 4pe3BblYaiiHO HeddexkTuBHbIM. [lodTOMY MpeacTaBiseTCs pa3zyMHOU
NOMbITKA CKOMOMHUPOBATH KAaKUM-TO OOpa3oM BOCXOXKJIEHHUE K BEPIIUHE CO
CIIy4aHbIM OJIy’KIJaHHEM, YTO MO3BOJIMT 00ecreunTh U 3(PPEKTUBHOCTD, U MOJIHOTY.
ITpumMepOM TaKoro ajaropuTMa sIBISETCSA aJrOPUTM C SMYJISILUEH OTKUTA.

ITockonbKy METOJ OTKMIa MCIOJB3YET MPOLECC INeHepaluu CIy4alHbIX YHUCEll,
IOMCK PELIEHUS C UCIIOIb30BAaHUEM JIAHHOTO AJITOPUTMA MOJKET 3aHATh 3HAUMTEIbHOE
BpeMs. B HEKOTOpbIX ciyyasix ajaropurM BOOOIIE HE HAaXOOUT PELICHMsS, WU
BbIOMpAeT He caMOe ONTUMAJIbHOE.

4.1.4. [lonck pelleHnsi B uepapxmm NpocTpaHCTB

MGTOI[I:I IIOMCKa B OAHOM IMPOCTPAHCTBE HC ITO3BOJIAIOT PCIIATh CJIOKHBIC 3a1a4u,
TaK KaK C YBCJIMYCHHUCM pasMCpa IMPOCTpaHCTBA BpEMA IIOUMCKaAa PaACTCT
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JKCIOHEHIManbHO. Ilo3TOMy BBOIMTCA HepapXxusi MPOCTPAHCTB (KOHKPETHOE,
abCTpakTHOE M  METalpOCTPAHCTBO), KaXJ0€ MPOCTPAHCTBO  (PAKTOPU3YETCS.
[IpocTpaHCcTBO Ha3bIBaeTCAd (PaKkmopu3zo6aHHviM, €ClId OHO pa3OuBaeTcs Ha
HernepeceKarluecs MOANPOCTPAHCTBA YAaCTUYHBIMM penieHusMu. s moucka B
TaKMX MPOCTPAHCTBAX MOXKHO NPUMEHHUTb METOJl «uUepapxuyeckas 2eHepayusi —
nposepray.

[IpumeneHnrne MeToja OrpaHMYEHO TEeM, UTO Uil psiia obnactel He ynaercs Mo
YACTUYHOMY PELIECHUIO CJIeJaTh BBIBOJ O €ro HENPUrOAHOCTH (Hampumep, 3ajayu
IUTAHUPOBAHUST W KOHCTPYUpOBaHMs). B 3TUX cilyyasix HNPUMEHSIOTCS METOJIbI,
UCTIONIB3YIONINE HJICI0  abcmpakmuoz2o TPOCTpaHCTBA. MeToAbpl  pa3indaroTcs
MPEANOIOKEHUSIMHU O MPUPOJIC ITUX MPOCTPAHCTB. AOCTPaKITUS JOJKHA TOTUYEPKHYTh
0COOCHHOCTH 3aJjaud, IMO3BOJINTH pa3OUTh 3ajJaud Ha MoA3ajadu. B mpocreliniem
Clly4ae MCIHOJIb3yeTcsl (PMKCHPOBAaHHAS MOCIEAOBATEIBHOCTh MO3aa4, C MOMOIIBIO
KOTOPOM MOKHO PELINUTH JI00YI0 UCXOIHYIO 3a/1a4y.

[TonoOHBIN MeTON peann3oBaH B dKcrepTHOM cucteme R/. Ha ocHOoBaHMM 3akaza
nokKynareynss Ha KoHpurypauuio kommbioTepa VAX cuctema RI ompenenser, He
COIEPKUT JIM 3aKa3 HECOBMECTUMBIX KOMIIOHEHTOB, BBISBIIET HEIOCTAIOLIUE
KOMIIOHEHTbl M CTPOUT AHarpaMMbl, OTOOpa)karollde B3aMMOCBA3UM KOMIIOHEHTOB
VAX. Cuctema RI paszOuBaeT 3amgadyy Ha 6 mojzagad. [lopsgok WX BBITIOJTHEHUS
3aBUCUT OT KOMOWHAIIMM 3aKa3aHHBIX KOMIIOHEHTOB W CIOCO0Aa UX B3aHMMOCBSI3H.
Kaxnmoit mon3zamaue coOTBETCTBYET CBOM HaOOp mpaBWi, T.. Kaxzaas Ioj3aaada
pemaercst B CBOEM IIPOCTPAHCTBE.

B psame npunoxeHn He yAaeTcs BCE peElIaeMble  3aJayd  CBECTH K
dbukcupoBanHOMy HaOopy moazagad. Jyig permeHus moJ00HBIX 3a7a4 MCIOIb3YETCS
METOJI «HUCXo0awe20 ymouHnenusy. J{ns ynpoleHus mporecca penieHus 3ajadd B
CJIIO)KHOM TIPOCTPAHCTBE IEJECO00Pa3HO TOIYyYUTh 000OIIEHHOE (CIIeOBATENBHO,
0o0J1e€e MPOCTOE) MPOCTPAHCTBO U HAWTHU B HEM perieHue. [Ipu TakoM noaxoze npouecc
pelIeHHs] 3aJa4yd MOXXHO IPEJCTaBUTh KaK HHCXOJSIIEE JBH)KEHHE B HEpapXuu
IPOCTPAHCTB OT A0CTPAKTHOI'O K KOHKPETHOMY IIPOCTPAHCTBY, B KOTOPOM IOJIYYaeTCs
OKOHUYaTenpHOE pemeHue. @opmupoBaHue abCTPAKTHOIO MPOCTPAHCTBA IMOIYYAECTCS
yTeM UTHOPUPOBAHUS YACTH ONMMCAHUIN MeHee a0CTPaKTHOIO MPOCTPAHCTBA.

Meron mnpuMeHHMM, KOTJa CyIIECTBYeT (PUKCUpPOBAaHHAS YHOPSAIOYEHHOCTD
NOHATUN 00J1acT M (DUKCUPOBAHHBIA YACTUYHBIN MOPSAOK MEXAY IMOJ3a1a4aMHu.
OCHOBHOI HEIOCTAaTOK METOJIa 3aKJII0YAaeTCs] B TOM, YTO B OJMHAKOBBIX CHUTYaIUsAX
IIPY pEIICHUU JIFOO0H 3a/1a4u TPUHUMAIOTCS OJTHH U TE€ KE PEIICHUSI.

B ciiyuae ecnu pemiaembie 3aa4i B3aMMOCBSI3aHbI U JJISI PELLICHUS] OJTHOM U3 HUX
HY’)KHa WHGOpMaI¥s, MOJyYeHHas: MPU PElIeHUH IPYrod Mmoj3ajadd, U ToJ3a1a4vu
HEJIb3s1 YNOPAIOYUTh M0 BPEMEHH PEIICHHS, UCIOJb3YETCA MPUHLIUI «HAUMEHbULUX
ceepwienutiy. Ero wuues 3akirodaeTrcss B CIEAYIOLIEM: pEIICHHWE NOoJA3aJauu, s
KOTOpPOW HENOCTaTOYHO HH(OpPMAINK, NpUOCTaHaBIuBaeTcs. Pemaercs apyras
10/133/1a4a, pEUIEHUE IPUOCTAHOBJICHHOMW MOJ33Ja4yd BO300HOBISETCS, KOrja
uH(pOpMaIK AJis €€ pellieHus OyAeT JOCTaTOYHO.

[TpuHIIUTT HAMMEHBIITUX CBEPIICHUN MOYKET MPUBOIUTH K TYIIMKOBBIM CHUTYAIUSIM,
JUISL pa3pelieHusi KOTOPbIX UCHOJb3YIOTCS 3BPUCTUUECKHE METO/IbI.
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OTOT  mpuHUMI — HcHoJb3yerca B 3kcrneptHo — cucreMe  MOLGEN,
IPEAHA3HAYEHHOW JUIs IUIAHWPOBAHMS DJKCIEPUMEHTOB B T'€HHOM HH)KEHepuu. B
cucreMe MOLGEN B3auMoaelcTBUE MEXAY IM0J33Ja4yaMu MOPEACTABICHO B BHU/IE
orpaHuyeHuil. Pemenne npuHUMaeTcs TOraa, KOrjaa OrpaHu4eHus ONPEaeIsaoT Y3KUN
HaO0oOp aibTepHAaTUB. B NPOTHBHOM Ciyyae pelIeHUWEe MPUOCTAHABIMBACTCA U
OCYLIECTBJISIETCA IepexoA K Jpyro mnopasagade. CBs3b MeXIy MNOJ33JadyaMyu
IIPOUCXOAUT 4Yepe3 OrPAaHUYCHUA, T.€. OIPAHUYEHHUs, BBICTABICHHBIE OJHOU
10J133/1a4€i, MOT'yT CYIIECTBEHHO CY3UTh HAOOp aJbTEPHATUB JPYroM Moa3aJauu.

Ecinu Henw3s caenath BHIOOP MEXKIY aJbTEPHATUBHBIMM PELICHUSAMH, TO CHCTEMA
NIEPEKIIIOYAETCS HAa OBPUCTUYECKYIO CTPATETHUIO U JEIAeT IIPEANO0JIOKEHHE. Bo MHOTMX
ClIy4yasX yraJplBaHHE IO3BOJACT PELIMTh 3a4ady. B IPOTMBHOM cCiydae Ieaercs
HOBAas IOIBITKA YTaJbIBAHMUS.

JIaHHBI METOX TPYAHO NPUMEHHTH, KOIZAA CYLIIECTBYET MHOI'O BO3MOKHOCTEU
IPOJOJKEHUS PELIEHUS, HO HET JOCTaTOYHBIX OCHOBAHMI /JIs BBIOOPA OJHOIO U3 HUX
Ha O4YEPETHOM IIare MOMCKa pelIeHus .

4.2. BblBOO B CEMAHTUYECKUX CETSAX

OcoOEHHOCTh CEMaHTUYECKOM CeTH 3aKI0YaeTcs B IEJIOCTHOCTH CHUCTEMBI,
BBITIOJTHEHHON Ha €€ OCHOBE, HE TMO3BOJISIONIEH pa3ieuTh 0a3y 3HAHUNW U MEXaHU3M
BbIBOAa. OOBIYHO MHTEpIpETAlUsi CEMAHTHUYECKOM CETH OMPENEseTCs ¢ MOMOIIbIO
MCIIOJIb3YIONMIMX €€ mpoueayp [1].

MexaHu3M JIOTMYECKOTO BBIBOJIA B CEMAHTUYECKUX CETAX MCIOJIb3YyET JiBa
IIPUHIIUIIA: HACJIEJOBAHUS CBOMCTB U COIIOCTABJIEHHUSI 110 COBIIA/ICHUIO.

[lepBbIii IpUHIIKII, B CBOIO OYEpellb, Oa3UpyeTcs Ha yueTe Ba)KHEHIIMX CBS3EH,
OTpa)Ka€MbIX B CEMAHTUUYECKOM ceTH. K TaKUM CBSI35IM OTHOCATCS:

® CBSI3b «ECThbY, «IBIIsICTCO» IS-A;

® CBS3M «MMEET YacThby», «saBasgeTcsa yacteion HAS-PART, PART-OF.

[TocnenoBaTenpbHO mEPEXOAs OT OJHOTO y3Ja K APYromMy IO HaIpaBJICHUIO
COOTBETCTBYIOIINX CBSI3€H, MOYHO BBISIBUTh HOBYIO uHdOopMaIHIo,
XapaKTEPU3YIOUIYI0 TOT WX UHOM y3€el.

Ha puc. 4.9 nokazan gparmMeHT HEKOTOPOW CEMaHTUYECKON CeTH M 00O3HAUYCHA
TaK Ha3bIBaeMasi BETBb HACJIEIOBaHUs CBOMCTB. M3 3TOTO pparmMeHTa MOKHO BBHIBECTH
3aKJIFOUEHUS TUIA «y MIBaHa ecTh TOJ0Ba», « My>KUYMHA UMEET TOJIOBY» U T.II.

Is-A
I5-A
Hean | Mywuuma ———*| Henoeer
Bemer Hacnedosaniia cealicmea l HAS-PART
Tonoea

Puc. 4.9. YacTs ceMaHTHYECKOM CETH C HACIEIOBAHUEM CBOWUCTB

B npuHmmMne comnocraBneHus N0 COBNAACHUIO BOIPOC K CUCTEME IPEACTABIIAETCS
B BuAe (parMeHTa CEMaHTUYECKOW CETH C HCIOJIb30BAHUEM TEX K€ Ha3BaHUU
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cymHocTed (y3/10B) M CBSI3€H, UTO U B OCHOBHOM CETH, U peaM3alUu MPOLEIYpPbI
«HAJIO)KEHMSD» BOIpOCAa HA CETh M IOHUCKAa TAaKOTO €ro IOJIOXKEHUs, KOTOpoe
COOTBETCTBYET OTBETY Ha Borpoc. Ha puc. 4.10 noMmuMo yke U3BECTHOU CBSI3U «ECThHY
IPEICTAaBIIEHO OTHOUIEHUE BIaJCHUS (CBSI3b «BIAACET)).

JCHOBHAA CETE

1S-4 IS-A

Hpan ™ Myzuuga | Yenoeex

Bnageer I5-A
Apromobuny ™ BA32105

k]

Bonpoc: yarm enadeem Hean?

Bnamgeer
Wpan MR L 9

Puc. 4.10. YacTp ceMaHTHYECKOM CETH, JONOJHEHHASI CBOMCTBOM «BJIAZICCT)

Bomnpoc: «Yem Bnageer MBan?» — dopmanusyercs ¢ nomounibio ysna «VBan» u
OTHOLIEHUsl «Biajaeer». Jlajee B NIpocTeHIeM Cilyyae OCYLIECTBISIETCS mepedop
y3JI0B CeTH, uMmeromux uMs «VBaH» (€ciu OHU UMEIOTCS), M MOUCK TaKOTO U3 HUX,
KOTOPBIM HMMEET CBSA3b «BJIAJCET». 3aTeM MOXKET OBbITh 3aJeWCTBOBAH MPUHIIUI
HacienoBaHus cBoicTB. OTBeTaMM Ha TMOCTaBJICHHBIA B TIpHUMeEpe BOIPOC OyayT
cyxnenus «VBan Bnageer aBromoOminem» u «VBan Biaaeer (aBromoOmiiem) BA3
2105». IloHATHO, YTO B MpPaKTHUKE HCMHOJIb30BaHUs JC TaKOro TUMA MHPUXOAUTCS
peaNn30BbIBATh 3HAYMTEILHO 00Jiee CIOXKHYIO MPOLEAypy IMOUCKA, BKIIOYAIOIIYIO
AJIEMEHTHI CEMaHTUYECKOTO aHAJIN3a.

4.3. lNounck pelueHna Bo penmMoBbIX CUCTEMAX

@peiimMoBass MOJENIb 3HAHMM HMEET CIOXKHYI HEPAPXUUYECKYK CTPYKTYpY,
OTPAXAIOIIyI0 peabHbIE OOBEKTHI (MOHATHSI) W OTHOIIEHHUS (CBS3M) HEKOTOPOU
peIMETHON 00IacTH.

B pamkax ¢peiiMmoBOoro mnojaxoja MpeAroJiaraeTcsi, 4To 3HAHUS B CHCTEME
NPEACTABISAIOTCA B BHUIE OTIEIBHBIX KJIACTEPOB 3HAHUW, WM IOJACTPYKTYD,
coziepKalluX CBEACHHUS O CTepeoTunax (T.e. 0 HEKOTOPBIX OOIIMX XapaKTePUCTUKAX
JAHHOTO Kiacca 00bekToB win cutyanuii) [1]. CornacHo naHHOMY MpEICTaBICHUIO
NOHUMAHUE CHUTYallMU JI1 CHUCTEMBl O3HAYAET IOWUCK B TMEPEUYHE HAKOIJIEHHBIX
CTPYKTYp TaKOW, KOTOpasi HAWJIy4YIlIMM CIOCOOOM OMKChIBaJIa ObI paccCMaTPUBAEMYIO
cutyauuto. [lpm 3TOM CIOTHI 3amoOJHSIOTCA HEKOTOpoill uHbopmaiueit, u
3amoJHEHHBIN (ppeliM TpoBepsieTcs Ha aleKBATHOCTh JaHHOUW cutTyaruu. B cmydae
HECOBMNACHUS UIIETCS HOBBIN (PpEiiM U TIPOIIeCC MPOI0JKACTCS.

Mo>KHO BBIAECTUTH TPU IpOLECCa, TPOUCXOSAIINX BO (PPEHMOBBIX CHCTEMAX.
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1. Cozmanue osx3emiusipa ¢peiima. i  co3maHusa  sK3eMIuisipa  (ppeiima
HEOOXOMMO HAWTH MOAXOASIIMK (peiM M 3aloNIHUTH €ro CJIOThl HWH(OpMalueH,
OMKCHIBAIONIECH CIELIU(PUKY CUTYALUH.

2. AktuBauusa QperimoB. Eciiu gpeiim cuntaercs noaxoAsIivM, OCYIIECTBIISIETCS
€ro aKTHUBAIMS TJI00ATbHBIM IIPOLIECCOM.

3. Opranmsanusi BBIBOJAA, 3aKJIIOYAIOLIASACA B IIOCJIENOBATEIBHOM IIOHCKE W
aKTUBALMU B CETU (PpeliMOB 70 HaXOXKAEHMs Hauboyiee COOTBETCTBYIOUIETO (peiima u
IOCTPOEHUS Ha €r0 OCHOBE dK3eMIuIsIpa ppeima.

Takum o00pa3oM, MeXaHHW3M JIOTUYECKOTO BbIBOJAA OCHOBAaH Ha OOMEHe
3HAYCHUSIMU MEXKAY OJHOMMEHHBIMH CJIOTaMHU Pa3IUYHbIX (PEHMOB U BBIOJIHEHUU
npucoeauHeHHbIX npouenyp «/[F-ADDEDy, «IF-NEEDED», «IF-REMOVED».

JIns peanv3anny NOMCKa PEMICHUH ITPeJIaraeTcs TpU MoAX0Aa.

1. Monenb 3HaHM peann3yeTcss B BUAEC COBOKYMHOCTH (PPEHMOB-IIPOTOTHUIIOB.
Opranu3aius BeIBOJIa BO3jaraercs Ha mnoJib3oBaresd. C 3TOW LEnbl0 UCHOJIb3YHOTCS
YHHUBEpCaIbHBIC S3bIKHA (DYHKIMOHAIBHOTO MPOTpaMMHUpPOBaHus, HanpuMmep, 36k FRL
(Frame Relation Language); KRL (Knowledge Relation Language); JIUCII,
pacCIIMpPEHHBIN alapaToM MPUCOEINHEHHBIX MTPOLEAYD.

2. lns cucrem ¢GperdMoOB OINpeeeHHON KOHCTPYKIIMM BBOJMUTCS €AUHBIN
BBIUMCJIMTEIbHBIA IPOLECC, B OCHOBE KOTOPOTO JIKHUT BbIOOpD  (peiima,
YIPABJISIFOLIETO JAIBHEUIINMHU BBIYMCIICHUSIMHU.

3. Beigenstorcss y3kue NOJKIAcChl (PpeiMoB, M KOTOPBIX pa3padaTbiBarOTCA
YHU(PHUIMPOBAHHBIEC AJITOPUTMBI ITOMCKA PEIICHUH.

IIpumep

PaccMoTpuM KOHKpETHBIN MTpUMeEp, WILTIOCTpupyomuii padoty IC ¢ ¢hpeitMoBBIM
IIPEACTABICHUEM 3HAHUM, KOTOpas UCIOJB3YETCSA B NOAPA3ACICHUN, OPraHU3YIOIHUM
Hay4YHO-KCCJIEIOBATENILCKYI0 padoTy B HEKOTOpoM yupexiaenuu [16]. Ha puc. 4.11
OpeICTaBICHa HepapXus CHOPaBOYHOW HMHPOpMAIMK 00 OTYeTe M0 Hay4HO-
HCCIIeIOBaTEIhCKON pabdoTe.

Puc. 4.12 conepxut CTpyKTypbl NOHATUN «OTUET O HAYYHO-HUCCIEA0BATEIbCKON
pabote» U «ITamHbId OTYET [0 HAYYHO-UCCIIEIOBATENbCKOM padoTe.

Puc. 4.13 copepx)uT CTPyKTypy TMOHATHS «OTAlHBIA OTYET II0 HAy4YHO-
UCCIIEIOBATENbCKOM paboTe «ITaloH» CO 3HAYEHUSIMH HEKOTOPBIX CIOTOB, 3aJaHHBIX
110 YMOJIYaHHUIO.

@peliMoBas cuctemMa (QYHKIHOHUpPYET cienyromuM obpasoM. Ilycts B OC
HOCTYIHJI 3aIpoC OT YIOJIHOMOYEHHOTr0 Nojb3oBaTesns: «HeoOxonuma nnpopmanus o
XOJI€ BBIIOJHEHUS] HAy4HO-MCCIEA0BATENbCKOW paboThl «IJTanony. WMudpopmarus
IIPOXOJUT Yepe3 JIMHIBUCTUYECKUM IIPOLIECCOP, AHAIU3UPYETCA U B BHUJE 3HAYCHUS
«Jtamon» BHocUTCcs B cnoT [lugp y3na «OTanHbli OTYET 1O HAYYHO-
UCCIIeI0BaTENbCKON padoTe «DTason». [lanee HauMHaKOT padoTaTh MPUCOEIUHEHHbIE
IPOLIEAYPHI.

1. Bommonusiercss  mpoueaypa IF-ADDED, cBszannas co ciorom [lugp,
IIOCKOJIBKY B CJIOT OBUIO BBEAEHO HEKOTOpOE 3HaueHwe. OTa mnpoueaypa
OCYLIECTBJISIET MMOUCK CBEACHUI O PYKOBOJIUTENE HAYUHO-UCCIIEI0BATEIbCKON padOThI
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«OTaJIOH» U BIHCHIBAET MOJYYEHHOE UMS B CIOT A8mop y3ia «ITallHbIil OTYET 110
HAy4YHO-UCCIIEI0BATEIBCKON paboTe «DTaJIOH.

(JTEET Oo HaydHo- TYeT oo
HCCNENOEATENECKOH HaydHO-HCCIENoEATENECHOH
paE'OTE! paE.(;.TE
&
Agrmap:
L
¥ Ihigp:
STATHEE 0TYET IO Hama:
Hay4Ho-HoCHeloBaTelEcko i

T O

paboTe

STangwHi oT4eT HOo
i Hay4HO-HCCIENOBATENb KO i

- paboTe

STAIHHE oTUET IO
HayeHo-HCCIegoBaTels CEGH Pyxomogurems HHE
paboTe "Iramon” Aemaop. (o YMOMYAHHD)
Higp:
Lieeemcrr
40 o1, mo
Craat OIS aHHED

Puc. 4.12. Ctpykrypa nonstuii «OT4eT no
HAY4YHO-HCCIIEIOBATENbCKON paboTe» U
«JTaIHbIA OTYET MO HAYYHO-UCCIEN0BATEIBCKON

paboTte»
Hpricosdunennve npoyadype

Puc. 4.11. Uepapxus noHarus
«OTuer o Hay4YHO-
HCCIIeI0BAaTEIhCKON padboTe

STAamHEH oTUET IO
Hay4HO-HCCIE]0BaTENbCKO A IF-ADDED
pabote "Sramen"
IF-EEMCOVED
Aermop: Heanos H I | |
Lhgp: "STancn’ F-ADDED
Hamar12.02.2010
ven IF-MEEDED
IF-MEEDED

Puc. 4.13. CtpykTypa NOHATUS «ITAIMHbIA OTYET MO HAYYHO-UCCIEIOBATENBCKOM
paboTe» co 3HAUCHUSIMH CIIOTOB

2. Bemmonusercsa npoueaypa IFFADDED, cBsizanHast co cioToM Aémop, , TaK Kak
B CJIOT OBLJIO BIMCAHO 3HAYEHHE. DTa MpoLEeaypa HAUMHAET COCTaBISATH COOOIECHUE,
4yToOBI OTIpaBuTh ero Meanosy U.U., HO 0OHapyXUBaeT, 4TO OTCYTCTBYET 3HAYCHUE

ciora /lama.
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3. IIpouenypa «IF-ADDED, npocmarpuBasi ciotr /lama v HalAs €ro IyCTbIM,
aktuBuzupyer npouenypy IF-NEEDED, cBasannyro ¢ stum cnotoM. IIponenypa
HaWJeT TeKyllylo JaTy, Ucnoiib3ys KajieHaapb JC, BpiOepeT Onmxalilyo K Hei (HO
OOJIBIIYI0) U BOMIIET €€ B CJIOT JJama.

4. ITlpouenypa ID-ADDED, cBsiZaHHas cO CIOTOM Aémop, HaWAET, YTO
OTCYTCTBYET €Ill¢ OJIHO 3HauyeHHe, HeoOxoaumoe s (OPMHPOBAHUS BBIXOJHOTO
cooOmieHusi, a HWMEHHO 3HaueHue ciota Obvem. JlaHHBIM CIOT HE UMEET
MPUCOEUHEHHBIX TPOLEIYp, MOITOMY NPUXOAUTCS OpaTh 3HAYEHHE MO YMOJTYAHHUIO
U3 OJHOMMEHHOr0 cJIoTa OOIIel KOHUENUUU «IDTAMHOTO OT4YeTa MO0 Hay4YHO-
UCCIIEIOBATEILCKOM paboTey.

Tenepsr DC MoxkeT chOpMUPOBATH BBIXOJHOE COOOIICHUE TUIA: «DTAMHBIM OTYET
M0 HAYYHO-UCCIEAOBATEIbCKOW paboTre «Omanon» NOMKEH OBbITh NPEICTaBICH
N.N. UBanoBbm Kk 12.02.2011 r. [Ipeanonaraemsiit 00bem otuera 40 ctp.»

Ecnu B kakoit-mn60 MOMEHT 3Ha4YeHUE ciI0Ta Aémop OyIeT ynaiaeHo, To cpaboTaer
npouenypa «[F-REMOVEDy» u cuctema aBromMatuyecku otnpaBuT HeanoBy W.I.
COOOIIEHHE O TOM, YTO OTYET HE TpedyeTcs.

4.4. BbiBOAObI

1. Pemenne 3amaun B OC € MCNONIB30BaHUEM IMPOAYKLUMOHHOM MOJENIHA 3HAHUU
OCYIIECTBJISIETCS IIyTeM IIOMCKa pPEIIEHUs B CHUMBOJMYECKOM cucteme. Ilouck
pelieHuss B OJJHOM TMPOCTPAaHCTBE BHITIONHSAETCA Ha rpade. I'pad penykumm 3amau
(GUKCUPYEeT 3aBUCUMOCTH I1I€JICBOM 3aJa4yd OT KOMOHWHAIIMM COCTABJISIONIUX €€
noa3anad. ['pad nmpocrpaHcTBa COCTOSIHUN (PUKCUPYET U3MEHEHNUE COCTOSTHUS KaX0M
MoJ[3a/1a4M B MPOLIECCE MTOUCKA PEIICHUsI OCHOBHOM 3a/1auH.

2. ITouck mo mepBOMYy HaWIY4IlIEMy COBIAQJICHUIO HCIOJIb3YET 3BPUCTUUYECKYIO
OIICHOYHYIO (PYHKIHIO /1(7), KOTOpask OLICHUBAET CTOMMOCTD JIOCTHIKCHHS PEIICHUS 13
y37a n.

3.1lpu  «kagHOM»  TOUCKE 1O TMEPBOMY  HAWIY4YIIEMy  COBIAJCHUIO
Pa3BEPTHIBAIOTCS Y3JIbl C MUHUMAJIbHBIM 3HAYEHUEM /(7). DTOT MOUCK HE ONTUMAJIEH,
HO 4acTo siBAsieTCs 3P (HEKTUBHBIM.

4. TIlpu mnoucke A* pa3BepThIBAIOTCS Y3JIbl C MHUHUMAJIbHBIM 3HAYCHUEM
f(n) =g(n) + h(n).

5. IIpou3BOAUTENBLHOCTh  AITOPUTMOB  ABPUCTUYECKOTO TIOMCKA 3aBUCUT OT
KaueCTBa IBPUCTUUECKOUN (QyHKIIUH.

6. Anroputrmbl RBFS 1 SMA* npencrapisitor coboli HafeKHbIE, ONTHUMaIbHbIE
AJITOPUTMBI TIOMCKA, B KOTOPBIX MCIOJIB3YIOTCS OTPaHUYCHHBIC 00BEMBI TIAMSTH.

7. Takue MeTObl JIOKATLHOIO MOMCKA, KaK MOMCK C BOCXOXJIECHHEM K BEpIIUHE,
JNEUCTBYIOT Ha OCHOBE (POPMYJIHMPOBOK ITOJHOTO COCTOSHUS M TIPEIyCMaTPHBAIOT
XpaHEHHWE B TAaMATH JIMIIb HEOOJBIIOTO KOJHWYeCTBa Y3/0B. Pa3paboTaHo Takke
HECKOJIbKO CTOXACTUYECKHX QJITOPUTMOB, BKJIIOYas aJIrOPUTM OTXKUra, KOTOPBIE
BO3BpallalOT ONTUMAJbHBIC PEIICHUS MpPU HAJUYUU TOAXOASUIEro rpaduka
MOCTETICHHOTO YMEHBIIICHUS BEIMYUHBI CITy9aifHOTO pa3opoca.
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8. B ceMaHTHYECKHX CeTSAX MCIONb3YIOTCS METO/IbI MOMCKA PEIIeHuUs 1Mo 00pasiy,
KOTOPBIN CBOJUTCS K M30MOP(PHOMY BJIOKEHHUIO NoArpada 3anpoca B CEMaHTUUECKYIO
CETh.

9.'maBHBIM HEAOCTAaTKOM (PEHMOBOTO TMPEJCTABICHUS 3HAHUM  SABISETCS
OTCYTCTBHE €IMHOI0 MEXaHU3Ma IIOUCKA PELICHUM.

4.5. Bonpockbl ons CaMOKOHTPOSIS

1. Kak Bbl moHMMaeTe TEPMUH «IIPOCTPAHCTBO Moucka»? Uto npeacrasisieT coOoi
IIPOCTPAHCTBO MOUCKA IPU UTPE B IIAXMATHI?

2. Kak Bbl MOHHMMAETE TEPMHUH «IPOCTPAHCTBO peueHui? YUrto npexacrasiser
co00i1 MPOCTPAHCTBO PELICHUS MPU UTPE B ILIAXMATBHI.

3. JlaiiTe CpaBHUTEIBHYK XapaKTEPUCTUKY AJITOPUTMOB IIOMCKA B IIMPUHY U B
rIIyOMHY TP PENICHUH 3a/1ad B MPOCTPAHCTBE cocTosiHUM. Kakoi anroputM HaXxoauT
KpaTuaimmii myTh Ha rpade? Kakoi u3 anropuTMoB sIBISIETCSA pa3peiinMbiM?

4. OxapakTepu3yuTe METOABI IBPUCTUYECKOIO IIOMCKA, IPUMEHSAEMBIE ITPU BBIBOJIE
peuIeHus: B OTHOMEPHOM IIPOCTPAHCTBE COCTOSHUM.

5. Haiite onpeaenenue pa3zpemnmoit sepinnsl B MI/UJIU rpade.

6. Kak ¢dopmupyercss orneHouHas (QYHKIUS B METOAE «BOCXOXIEHUE B Topy»?
Ha3oBuTe TpyIHOCTH, KOTOPBIE BCTPEUYAIOTCS NIPU PEAIM3ALIMM 3TOTO METOAA.

7. CpaBuutre Meroa  (opMUpOBaHHS  OLEHOYHOW  (QYHKIMH B  METOE
«BOCXOJIEHHE B TOPY» C METOJOM (POPMHUPOBAHUS OIICHOUYHOUN (DYHKIIMU B aJITOPUTME
A*. B yem octouHcTBa airoputMa A*?

8. OxapakTepu3yuTe aaropuTMBbl IOMCKA PELIEHUS] B HEPAPXUU ITPOCTPAHCTB.

9. Korga mnpuMEHSIIOTCS ~ aJlrOPUTMBI CTOXacTUYecKoro moucka? [laiite um
CPaBHUTEIIBHYIO XapAKTEPUCTHUKY.

10. Kak wucrnonb3yeTcss CBONCTBO HAaciH€AOBaHUS IpU BBIBOJAE PEIICHHUS BO
(bpeiiMoBOIl MOAETTN TIPEACTABICHUS 3HAHUN?

11. Kakne mnoaxoasl mpeajiararoTcsi Jyisi TMOJY4YEHHs] pelieHuss Bo (¢peiMoBOM
MOJIENIN NIPEICTABIICHUS 3HAHUI?
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5. OCOBEHHOCTWU PELWLEHUA 3A0A4Y B
NMPOAYKUUNOHHbIX CUCTEMAX

5.1. KoHurypauusa cuctembl NpogyKumm
N UMK paboTbl MHTEpNpeTaTopa

HecMoTpst Ha Bce HeAocTaTku, HauWOOJIbllIee PACIPOCTPAHEHHE HA TPAKTHKE
MOJIy4HJIa MPOAYKIIMOHHAS MOJIENb 3HaHUUA. OOIIMM /JIs1 CUCTEM MPOAYKIIMM SIBISETCS
HAJIMYHE TPEX JIEMEHTOB.

1. HaGop npaBun 6a3sl 3HAHUH.

2. Pabouas namsTh, I/i€ XpaHATCS MPEINOCHUIKH, Kacaroluecs OTAEIbHBIX 3ajad,
a TaKXe PEe3yJIbTaThl BBIBOJOB, IIOJYYMBIIMECS HAa OCHOBE JTHX IPEANOCBUIOK
(muHaMu4eckas 0a3a JaHHBIX).

3. MexaHu3M JIOTMYECKOTO BBIBOJIA, MCHOJB3YIOIIMIA IpaBuia Oa3bl 3HAHUA B
COOTBETCTBHUH C COAEPKUMBIM paboYeil mamsTH.

Kondurypauuto cucreM MNOpoAyKIMU YHOPOUIEHHO MOXHO TMPEACTaBUTh B
cieayroniem Buje (puc. 5.1.)

Mexanusm  BbIBOAa  (MEXaHU3M

COTIOCTaBJICHHS )
PabGouas
<4+—P>
aMsTh
baza
3HaHUN

Puc. 5.1. Kondurypauus cucrembl TpoyKUnn

MexaHn3Mm BbIBOJIAa (MAIlIMHA BBIBOJIA, HHTEPIIPETATOP) BBIOIHSACT ABE (DYHKIIHH:

1. IlpocmaTpuBaer cymiectBytone (HakTel B pabodeld maMsTH ¥ TpaBuia B Oas3e
3HaHUU U 100aBiseT (IpU HEOOXOIUMOCTH) B pabOUyIO MaMsATh HOBbIC (PAKTHI.

2. Onpenensger NopsAI0K NPOCMOTPa U IPUMEHEHUS TTPaBUIL.

CrnenoBaTenbHO, MalllMHA BBIBOJIA BKJIIOYAET B ceOsl JBa KOMIIOHEHTA: OJUH
peanu3yeT COOCTBEHHO BBIBOJI, APYTOM YIIPABIISIET 3TUM MPOIIECCOM.

JleiicTBrE MalTMHBI BHIBOJIa OCHOBAHO HA IPUMEHEHUH TpaBmiia modus pones.
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Onpenesenune

Ecnu n3BecTHO, 4TO HCTUHHO YTBEPKAECHUE A U CYIIECTBYET ITPaBWIIO BUAA «Ecin
A To B», TO yTBEpKAEHUE B TOKE UCTUHHO.

MainmHa BbIBO/IA IOJDKHA paboTaTh Jaxe Mpu HejpocTaTke nHpopManuu. Pemienue
MOXXET OBbITh HETOYHBIM, OJIHAKO CHCTeMa HE€ JIOJDKHA OCTaHaBIIMBATHCS W3-3a
OTCYTCTBHS MH(POPMAIIIH.

VYipaBiasomuii KOMIIOHEHT MallMHbI BBIBOAA OIPENEISET NOPSAIOK MPUMEHEHUS
MIPABUII U BBITIOTHSET 4 QYHKIIUH.

1. Conocmaeénenue — oOpasen] mpaBwia (€ro JieBas 4YacTh) COMOCTABISIETCS C
UMEIOIIUMUCS (paKTaMHu.

2. Bvibop — ecnii B KOHKPETHOW CUTYaLlMM MO>KHO IMPUMEHHUTbh HECKOJBKO MPaBUIL,
TO M3 HUX BBIOMpAETCS OJHO, HanOoJiee MOAXOJSIIEE IO 33aJaHHOMY KpPUTEPHUIO
(pa3pernieHue KOHPIUKTA).

3. Cpabamuleanue — ecau oOpasell MpaBuUjia IPU COMOCTABICHUU COBHAJAET C
KaKuM-1100 (akToM U3 paboueil maMaTH, TO MPABUIIO BHIMOIHAETCS.

4. Jleiicmeue — pabouas mamsTh MOJBEPraeTcsi U3MEHEHUIO MyTeM J00aBlIeHUs B
HEE 3aKJIIOYEHUS BBIOJIHEHHOro mpaBwia. Ecau B mpaBoii yacTu MpaBuia
COJICPXKUTCS YKa3aHHE Ha KaKoe-Tu00 JEHCTBUE, TO OHO BBIMOIHSIETCS.

Wntepniperatrop paboraer mukinyecku. Lukin paboTel  mHTepIpeTaTtopa
CXeMaTu4ecKku n300pakeH Ha puc. 5.2.

Konthmuetaoe
MHO ¥ ECTED

CONoCTAENEHHE Epurepui

EbIbOpa TP aEHIA

Y Fy
1
1
1
1
1
Paspemenne p————— ,
1
Pafiowan Baza KOHIHETa I
T AMATE SHaHHH :
1
!
& F l
i ! :
! 1
' ! BrimonuAemoe -
- i JefAcTER:
! ! [P ABH IO
i : T T
- | ~ | |
' 1 1 1
| : | |
! \ | |
' e e o o o o o o o - :
: |

Puc. 5.2. I{ukn paboTsl HHTEpIIpETaTOPa

B xaxaom 1ukiie mpocMaTpuBalOTCs BCE MpaBUiia, YTOOBI BBISIBUTH T€, MOCHUIKU
KOTOPBIX COBMAJAalOT C M3BECTHBIMH Ha JIaHHBIH MOMEHT (akTtamu u3 padouei
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namsaTH. Ecim 0oToOpaHO HECKONBKO MpaBUjl, TO UX COBOKYIHOCTb Ha3bIBACTCS
KOHQMIUKMHbIM MHOd*cecmeom. JUid pa3pelieHuss KOHQIMKTAa WHTEPIPETATOP UMEET
KPUTEPHil, C TOMOILIBIO KOTOPOTO OH OTOMPAET OJHO MPABUJIO, KOTOPOE BBIMOIHSAETCS.
3aKiIroyeHue MpaBUiia 3aHOCUTCA B pabo4yr0 namsaTh. B OJIHOM IMKJIE MOXKET
BBINIOJIHUTHCA TOJIBKO OAHO MpaBuiio. OT BRIOpaHHOTO METOJa MOUCKA, T.€. CTPATEeruu
BBIBOJIA, 3aBUCUT NOPSAJIOK NPUMEHEHUs U cpabareiBaHus npasui. [Iponenypa Beidopa
CBOJIUTCSL K OIPECNICHUIO HAIpaBJIECHMUs IIOMCKA M CIOC00a €ro OCyIIEeCTBICHUS.
[Tpouenypsl, pean3yronue MOUCK, B OOJIBIINHCTBE KOMMEPUYECKUX CUCTEM OOBIUHO
«3alIUThD» B MEXAHU3M BBIBOJA.

IIpu pa3zpaboTke cTpaTeruu ynpapieHUs] BEIBOJOM Ba)KHBI:

1. HauanpHast Touka B mpoCTpaHCTBE cOoCcTOSIHUNA. OT BBIOOpA ATOM TOYKH 3aBUCUT
METO/] OCYILIECTBICHHS MOMCKA — B MIPSIMOM UJIM OOpaTHOM HAIpPaBJICHUU.

2. Meron u crparerust nepedbopa — B riyOMHy, B IIMPUHY, MO MOA33Ja4aM HIIA
WHaye.

IIpu obpamnom mopslKe BbIBOJIa BHA4Yajl€ BBIJIBUIAaeTCSd HEKOTOpas TMIIOTE3a, a
3aTeM MEXaHW3M BBIBOJA, MepexoAs K (axTaM, NObITAETCS HAUTH T€, KOTOpbIE
NOATBEPKAAIOT TUnoTe3y. Eciu oHa oOKa3bIBaeTCsl MPaBUIbHOM, TO BBIOMpaETCs
CIeAyIoIIas TUIOTE3a, AETATU3UPYIOIAsl NEPBYIO U SBIISIOMIAACS IO OTHOLIECHUIO K
Hell moauensro. Jlagee OTBICKMBAIOTCS (DAKThl, MOJITBEP)KJAIOLINE HCTHUHHOCTb
IIOJMMHEHHON THIOTE3bl. BBIBOA TAKOTO THIA HA3bIBACTCS YNPAGAieMblM LEISAMU.
OOpaTHBIi NMOMCK NPUMEHSETCS B TEX Clydasx, KOrJa LEJIW H3BECTHBl U UX
CPaBHUTEJIBHO HEMHOTO.

B cucremax ¢ npsamvim BBIBOJOM OTBICKMBAETCS 3aKIOYEHHUE, KOTOPOE CIEAYET U3
TuX (QakToB. Eciiu Takoe 3akitoueHne yiaercs HalTH, TO OHO 3aHOCHUTCS B pabouyio
naMATh. [IpsMON BBIBOJ Ha3bIBAETCS BBIBOJOM, YIIPABIISAEMbIM JAHHBIMHU.

CyIecTByIOT CHCTEMBI, B KOTOPBIX BBIBOJ OCHOBBIBAETCS Ha COYETAHUHU
0o0paTHOrO M OTPAHUYEHHOIO MPSMOTO BBIBOAOB. Takoil KOMOWHHWPOBAHHBIN BBIBOJ
Ha3bIBACTCS YUKAUUECKUM.

5.2. Npnmep pelleHna 3agaym Ha OCHOBE LeNnn

MHuorue npeaMeTHble 00JacTH OOJbllle COOTBETCTBYIOT MPSMOMY IIOUCKY.
Hanpumep, nipu pemieHuu mpoOjaeMbl UHTEpIpETaluu OoJblias 4acTh MH(OpMALUU
NpeiCTaBisgeT Co0O0M MCXOAHBIE JaHHBIE, MPU OSTOM TPYAHO CHOPMYIUPOBATH
TUMNOTE3bl WIM LEeJdb. DTO NPUBOAUT K MPSAMOMY IIPOILIECCY PACCYXKACHHS, IPHU
KOTOpOM (pakThl TMOMEMIAIOTCS B PaboOdyl0 MMaMsiTh, W CHCTEMa HIIET Il HHUX
VMHTEPIPETALHIO.

B skxcnepTHOi cuctemMe Ha OCHOBE 1IeJId B pabouyro MaMsTh MOMEIAETCs LEJIeBOe
BbIpakeHHEe. CHCTEMa COMOCTABIIAET 3AKIFOYEHUS MPAaBUII C LIEJIEBBIM BBIPAKEHUEM U
MNOMEIIAeT UX MPEANOCHUIKH B pabouyr0 mamsiTh. ITO COOTBETCTBYET JEKOMIO3UIUU
npobiemMbl Ha Oonee mpocTeie moauend. Ha crnemyromedt wurepanuu  pabOThHI
IPOJYKUHMOHHON CHUCTEMBI IMPOLECC MPOJOJIKAETCSH, ITH NPEANOCBUIKH CTaHOBSITCS
HOBBIMH TOALEIISIMH, KOTOPBIE COMOCTABIIAIOTCS C 3aKJIIOYEHHsIMU npaBui. Cuctema
paboTtaer 10 TeX MOp, MOKA BCE MOJLEIU B paboyell maMsATh HE CTaHyT UCTUHHBIMH,
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NOJTBEpKAas TUIOTe3y. TakuM 0Opa3oM, OOpaTHBIM MOUCK B IKCIEPTHOW CHUCTEME
OpUOIIKEHHO COOTBETCTBYET MPOILIECCY MPOBEPKH THUIOTE3bl PEHICHUS MpodiIeM
YEJIOBEKOM.

B skcneptHO# cucteMe, YTOObI JOCTUYb LENH, CIEAYET 3alpOCUTh HH(POpMALUIO Y
N0JIb30BaTeNsl. B HEKOTOpPBIX 3KCHEPTHBIX CUCTEMAX pa3pabOTUUKU OMNPENEsIOT,
KaKye IOALEIN MOIYT JOCTUIaThCs IIyTEM 3ampoca K Mojab30Barento. /[lpyrue
CUCTEMbl OOpAaIAIOTCA K IIOJB30BATENI0, €CIM HE MOTYT BBIBECTM HCTHHHOCTD
HOJILEIM HA OCHOBE IPaBUJI U3 Oa3bl 3HAHUH.

Ipumep

B kauecTBe mnpumepa pelieHHs 3aJad Ha OCHOBE LIEJIM C 3alpocaMu K
MOJIB30BATENII0  PACCMOTPUM  HEOOJBIIYI0 JKCIEPTHYIO CHCTEMY JIMarHOCTHKHU
apromoOmns [10]. OHa mpuBOAMTCS Kak MPUMEP, JTEMOHCTPHPYIOIIHMK 00pa3oBaHUE
LEMOYEK MpaBUJl, MHTETPALMI0 HOBBIX MPABWI U HCHOJb30BAHUE BO3MOXKHOCTEU
0OBSICHEHUS.

[IpaBumno 1: ECJIN TomimBo mocrynaeT B JBUTraTelb
W nBurarens Bpaaercs,
TO npobisiema B CBeUax 3aKUTraHUs.
[IpaBuiio 2: ECJIM pBuraTtens HE Bpamaercs
U dapsl He TopsIT,
TO npobiiema B aKKyMyJISITOPE WM MPOBOJIKE.
[IpaBuno 3: ECJIN nBuratenb HE BpalllaeTcs
U dapwi ropsr,
TO npobnema B cTapTepe.
[IpaBuno 4: ECJIU B Gake ecTh TOIUIMBO
N TomnuBo mocTymaer B kapOroparop,
TO TOmIMBO NOCTYNAET B JIBUTATEIIb.

st paboTel ¢ 9TOM 0a3oi 3HAHWU II€JIb BEPXHETO YPOBHS npobaema 6 X
noMeIaercs B pabouyro MnaMmsTh, KaK IMoKa3zaHo Ha puc. 5.3. 3nech X — nepeMeHHas,
KOTOpasi MOXET COMNOCTaBIsATbCS C 000N (pasoil, Hampumep, npodrema 8
AKKYMYIAmope uiu npoeooke.

Pabouas mamare
[TponyEIIHOHHEEIE [T SBHIIA

Ipobnena X Mpasmo 1

IIpaeune 2
Ilpaeune 3
Ilpaenne 4

Puc. 5.3. Hauasio paboTbl IPOAYKIIMOHHON CUCTEMbI TUATHOCTUKU aBTOMOOMIIS

B nponecce pemenus 3agaun nepemeHHas X OyzaeT CBsi3aHa C HEKOTOPBIM
3HayeHueM. C BbIpaXEHHMEM B pabouell MaMsaTH COMNOCTaBIAIOTCS TPU IMpaBuia:
npaBuwio 1, npaBwio 2 u npaBuiio 3. Eciau Mbl pazpemiaeM KOHQIUKTHI, TPEANOYUTas
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IpaBUJia C HAMMEHBIIMM HOMEpPOM, OyJIeT aKTUBU3UpOBaThcsa npasuiio 1. [Ipu stom X
CBA3BIBAETCS CO 3HAYECHHUEM cC6eyu 3adxcueanus, W TPEANOChUIKM npaBwia 1
noMeniarTcs B padbouyro namsath (puc. 5.4). Takum oOpa3om, cuctema BoIOUpaeT AJisl
UCCJIEIOBAaHUSI THUIOTE3Y O HEUCHPABHOCTU CBEYEH 3aKUraHus. ITO MOKHO
paccmaTpuBaTh Kak BbiOop cuctemoii BetBu MJIN B rpade U/MJIN.

Pabouas mamate

Tomnmueo nocTynaeT B T oA VELIHOMHE 18 TIpAEITTa
OENCaTENE
IIpasune 1
Il eurarent epaigasTca IpaEuno 2
IIpaEuns 2
Ipobaema e ceegax IIpaeuno 4
BAW M AHHA
¢

Puc. 5.4. IlpoaykunoHHasi cucTemMa nociie akTUBU3aluy rpasuia 1

Tenepp B paboyeil mnaMsITH CYHIECTBYIOT TPU DJIEMEHTa, KOTOphIE HE
COOTBETCTBYIOT HU OJIHOMY 3aKIIOYEHHUIO B Habope mpaBui. B momoOHo# cutyaruun
DKCIIEpTHAs cucTeMa OyAeT 3ampammBaTh mosib3oBatens. CormacHo mpaBuwiny 4
TOTUIMBO TIOCTYTIA€T B JABUTATEIb, €CJIM B 0aKe €CTh TOIJIUBO M TOIUIMBO IMOCTYIAET B
kapOropaTop. Ecim mnonp3oBarens MOATBEPAUT WCTUHHOCTh ATUX MOJUENEH, TO
DKCIEPTHAS CHCTEMA ONPEAEIUT, YTO B JBHUIaTelb IOCTYNaeT TOIUIMBO. Jns
ONPENEIICHUS] HCTUHHOCTH BTOPOW IOCBUIKM IIEPBOTO MPaBUiIa HYXKHO 3aJaTh BOIIPOC:
«/IBurarens Bpamaercsa?». IIpu NOJOKUTEIBHOM OTBETE CHCTEMA YCIIEIIHO
OMpEJENIUT, YTO AaBTOMOOWJIb HE 3aBOJUTCA H3-32 HEUCIPABHOCTEH B CBeEYax
3aKUTaHUS.

Fabouaa namare l
E6axe eote TomnHES HpomyxuRoHHENE
OpaEHIA
Tonmues nocTyoaeT B
Eapbroparoep Ipagmro 1
T IIpapuno 2
OIUIHEC HOCTYOAET B Tlpasumo 3
IEHTATEIE TTpasumo 4
Heurarent epamaeTca

Ipobnema e ceegax

A
|

Puc. 5.5. IIpoaykuroHHas cucreMa rnociie akTUBU3alnuy npasuia 4

[Ipu noucke 3TOro pemieHus: cucTemMa MccieoBajga KpailHIO clieBa BepBb rpada
N/WJIN, nokazaHHoTO Ha puc. 5.6.
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Ipobnena X

Ipagune 1 pagnno 2 Ipagune 3
Mook Mpobmeraa v Mpofn
PODITENIA B CEETAY PODIenIa B
3 ORI AFTFLA ¥ HpYE HOLH CTApTefe

T OB 0K E

TOILMHED P .
NOCTYIaeT B Jenratene JeHraTen: He apEl JeHrarem: He apbl
E aETCA E AETCA TOpAT E AETCA TOf AT

IOEHTATENL pam Pam n par P

IIpagune 4
TommeEan 10 CTYIIAET E
BEHTATENE

B faxe ecTe Tonmso
TOMIHED LIOCTYTIAET B
Kapbropatop

Puc. 5.6. I'pad /I pist permenunst mpoOieM ¢ IBUTATEIEM

KoneuHo, 310 oueHs npocroit npumep. M He TOIbKO MOTOMY, 4TO Oa3za 3HaHUI 00
aBTOMOOMJIE OIpaHUYEHA, HO TAK)KE IOTOMY, YTO B 3TOM INPUMEPE HE YUUTHIBACTCS
psiA BaXHbIX acnekToB. [IpaBuia HanucaHbl HA pyCCKOM, a HE Ha (JOPMAJIBHOM SI3bIKE.
[Ipu oOHapyXeHHM peLIeHUs, peajibHas CUCTeMa COOOIIMT TMOJIb30BATENI0 CBOIl
auariHo3  (Hamia CcUCTeMa INpocTo  ocTaHaBiuBaercs). Heobxomumo — Takxke
HOJIEPKUBATh JOCTaTOYHO JUIMHHYKO MCTOPUIO PACCYXXIEHUH, YTOOBI B Cilyyae
HEOOXOMMOCTH BO3BpPaTUThCA Ha3aa. Eciaum BBIBOJ O HEUCHPABHOCTH CBEYEH
3QKUTaHUS OKAXETCs HEYyJayHbIM, HYKHO HMETh BO3MOXXHOCTb BO3BPATUTHCS HA
BTOPOl ypOBEHb M TPOBEpPHUTH NpaBwio 2. 3aMeTuM, uTo uHPopMarus 00
YOOpSAOYEHUH TMOoAuene B paboueid mnamsaTd Ha puc. 5.5 u Ha Trpade,
IIPEICTABICHHOM Ha pHC. 5.6, IBHO HE BbIpakeHa. OJIHaKO, HECMOTpPS HA IIPOCTOTY,
ATOT IPUMEP MOAUYEPKUBAET BAXKHOCTh IIOUCKA HA OCHOBE IIPOAYKIIMOHHON CUCTEMBI U
ero npexacrasieHus rpagom M/MJIM B 3KCHepTHBIX CUCTEMaX, OCHOBAHHBIX Ha
IIpaBUIIaX.

5.3. Cuctembl ¢ Jockor 0O BbABNEHUN

Cuctembl ¢ Odockoii oowasnenuti (black board systems) uMeOT uepapXHUECKU
OpraHU30BaHHYIO0 0a3y 3HAHWM M MOTYT KCIIOJNB30BaTh KaK MPSIMOM, TaK U OOpaTHBIN
METOJI TIOWCKa pemeHusa. WX apXxurekTypa NOIXOAWUT JJIA pEIIeHUs 3aaad

81



KOHCTPYUPOBAHUSA, [UIsl KOTOPBIX  XapakTepHO Oosbmoe  (aKTOPU30BaHHOE
MHOTI'OMEPHOE NMPOCTPAHCTBO PELICHUN.

CucteMbl TPUMEHAIOTCA Uil HHTEPIPETALMM JaHHBIX, aHAJIW3a W CHHTE3a
MHOT'OKOMITOHEHTHBIX CTPYKTYD.

C TOYKM 3peHMs OpraHuM3aluy IPOLECCAa BBIYMCIEHUM, MOXKHO BBIJIEIUTH
CJIeIyIOIMEe KOMIIOHEHThI CUCTEM C JJOCKOM OOBSBICHUH.

l.3Hanuss o mnpoOiieMHOM O0OJAcTH  pa3fesieHbl MEXAY He3aBUCHMBIMU
MCTOYHHUKAMU 3HaHUM, KOTOpbIE pPabOTAIOT MO/ YIpaBiICHUEM TUIAHUPOBIIUKA.

2. Pemienue Qopmupyercs B HEKOTOPOM INIOOAIBHO JOCTYNHOM CTPYKTYpE,
KOTOPYIO Ha3bIBAIOT OOCKOU 00bABIEHULL.

3. Jlocka OOBSIBIEHUN pa3JeieHa HAa HECKOJIbKO YPOBHEHW OIMUCAaHUS, KaKIbIi
YPOBEHB COOTBETCTBYET OIPEAEICHHON CTEIEHU NETAIU3ALNAH.

4. Uctounuku 3HaHUN (QOPMHUPYIOT OOBEKTHI Ha JOCKE OOBSIBICHUN C MOMOUIBIO
IUTAaHUPOBIIMKA. OOBIYHO 3aIMCU AKTUBU3ALMM MCTOYHUKOB 3HAHMM MOMEIIAIOTCS B
CHelUaIbHBIA CIIUCOK BHIOOPA, OTKY/1a X U3BJIEKAET INIAHUPOBIIIKK.

5. McTOYHMKM 3HAHMI OOIIAIOTCS APYT C APYTOM TOJIBKO Yepe3 AOCKY OObSIBICHUI
Y HE MOT'YT HETMIOCPEICTBEHHO NIEPEAABATH IPYT IPYTy JaHHBIE.

B peanbHOM SKCHEpTHOM cHUCTEME JI0CKa OOBSBICHUN MPEACTaBIsET COOOMU
accoyuamuHyro namsams Uil WCTOYHUKOB 3HAHUM. TUIMYHBIM IPEICTaBUTEIIEM
CHCTEM C JOCKOU 00BsABIIEHUII siBisieTcs cuctema RGB.

Paznensl nocku oObsiBiieHus B cucteme RGB Ha3biBaroTCs MpOCTpaHCTBAMH, OHU
pas3ziesieHbl Ha pa3MEpPHOCTH, Ul TOCTyIa K HUM MCTIONIb3YETCsl aTpuOyT MHIEKCALIUU.
ONEeMEHTbl CTPYKTYpbl JaHHBIX JOCKM OOBSBIEHUI paclojOXkeHbl B ITUX
OPOCTPAHCTBAX W MMEIOT CBOM aTpUOyThl MHIEKCALUH, KOTOpPHIE IO3BOJISIIOT
peann3oBaTh KaKOH-I1M00 U3 METO0B AOCTYyIa K HUM (puc. 5.7).

CobRITHA
—~ MoTouHeE sHaHHE 2
Jocka obEARNERHE /f
Herouany sHaHHE 1— | /
— @ N
,_,_,—'—'—'_'_'_‘_'_'_'_'_'_ H_\\\_‘-‘_‘\\_‘_\\\"‘\-H_\_ -
HMoTowmmy sgagmii 5 - | ——_HoTounuy sHaguH 4

Puc. 5.7. Jlocka 0ObSIBICHUH

PasmepHocTH, HCIONB3yeMble Il CTPYKTYPH3alMU IMPOCTPAHCTB, MOTYT OBITH
YIOPSA0YCHHBIMU WM TMepeUnucasieMbiMA. VHICKCHI MOTYT OBITh CKaJIsPHBIMH, T.C.
COCTOSITh W3 EJAMHCTBEHHOTO »JJIEMEHTAa [aHHBIX, WM COCTaBHbIMH. CKaJspHbIC
WHJICKCHI YIIOPSIIOYCHHBIX PAa3MEPHOCTEH — 3TO YMCIa U3 HEKOTOPOTO JMara3oHa, a
COCTaBHBIE MHACKCHI — 3TO JIMOO HAOOPHI METOK, JUOO HEKOTOpas YIHOpsAoYeHHAas
MOCJIEIOBATEIHHOCTb.
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B kaxmom nWKIE TOWCKA PEMICHUH OTHICKUBACTCS DJIEMEHT B OIPEIACICHHOM
OpOCTpaHCTBE AOCKH 0OBsBIeHUH. [Ipolecc wu3BNEUYeHHS 3IEMEHTa COCTOUT W3
YETBIPEX ATAIOB:

1. Ilepeuunoe u3sneuenue. BpiOMpaeTcss MHOXKECTBO BCEX OJEMEHTOB JIAHHOTO
IPOCTPAHCTBA, KOTOPBIE KIPETCHIYIOT» Ha COMOCTABICHUE C MA0JIOHOM.

2. Ilpeosapumenvhas guivmpayus. K s1eMeHTaM B OTOOpPaHHOM MHOXKECTBE
NPUMEHSIOTCS Kakue-Iu00 Mpoueayphl MpeABApUTEILHOIO 0TOOpa, MO3BOJISIONINE
OTCESITh HEKOTOPBIE IJIEMEHTHI.

3. Qunbmpayusi no wabnony. Kaxaplii dleMEHT OTOOPAHHOTO MHOXECTBA
cpaBHUBaeTca ¢ mabioHoMm. IIpoBepsiercs, yHOBIETBOPSIET JIM OH 3aJaHHBIM B
m1abJI0He OTPAHIYCHUSIM.

4. llocmgunempayus. K KaxmomMy oOTOOpaHHOMY OJIEMEHTY MPUMEHSIOTCA
JOTIOJTHUTEBHBIC TTPOIICTYPHI IPOBEPKH.

Cxema 00paboTku oToOpaxkaeT mpoiecc B 00mux yeprax. CiemryeT OTMETHTh, YTO
YPOBEHb CIIOKHOCTH TAKUX CUCTEM Ha MOPSAOK BEIIIE, YeM B DKCIIEPTHBIX CHCTEMAaX C
JIPYroM apXUTEKTYpPOH, HMCIOJIB3YIOIIMX B YUCTOM BHUJIE IPEICTABJICHUE 3HAHUU B
BU/JIE IPABUII U (DAKTOB.

5.4. DkcnepTHble CUCTEMbI, OCHOBaHHbIE Ha NpeueeHTax

B 60sbIIMHCTBE 3KCHEPTHBIX CUCTEM HUCIIOJIb3YETCSl OOJIBIIOE KOJIMYECTBO MIPaBUIL,
CHEHU(PUUHBIX AJI JaHHOM IpeIMETHON 00JacTH, a IMOUCK BBIBOJA OCHOBAH Ha
IIOIIar0OBOM IIPOLECCE.

CyniecTBy10T, OJTHAKO, 33]1a4l, KOTOPBIE HE BIIMCBIBAKOTCS B ATy MAPATUTMY.

IIpu pemeHnn MHOTMX 3a7a4 Y€JI0BEK CTPEMMTCS PACIO3HATH CUTYALMIO U HAWUTH
JUIS Hee aHaJIoT, a HEe 3aHOBO (JOPMHUPOBATH PELICHHE.

[Ipu peweHun 3amad MOJOOHOTO THIA C TMOMOILIBIO KOMIIBIOTEpPA CO3AAETCA
HEKOTOpasi «OuONMOTeKa» CHUTyaluid, KOTOpPhIE HMEIOT OTHOIICHHWE K pelIaeMoil
npobneme. Takas OubnmuoTexka MHAEGKCHpPYETCS JUIsi OBICTPOrO TMOMCKAa CHUTYaluH,
aHAJOTMYHOM TeKylen. KpoMe Toro, MCronp3yercss MexaHu3M aJanTallid paHee
IIPUHATOIO PEIIEHUs K HOBOM CUTYallHUH.

OnucanHpli  TOAXOJ ~ HA3bIBAETCS  PACCYXACHUSMH, OCHOBAHHBIMM  Ha
IIPELECICHTAaX.

IIpeneneHTsl CcOAEpKAaT 3HAHUSA O CUTyalUd, «BCTaBJICHHBIE» B KOHTEKCT.
KOHTEKCT ONmMCBIBAET COCTOSHHE BHEUIHETO MHpa, B KOTOPOM 3TO 3HAHUE
IIPUMEHSETCS.

[IpeueneHT MAOMKEH MNPEACTaBIATh pelIeHHe MpoOJeMbl B  OINPeAeICHHOM
KOHTEKCTE M ONHUCHIBATh COCTOSTHUE MHpPA, KOTOPOE MOIYUYUTCS, €Ciu Oy/IeT MPUHATO
pelieHue.

[IpeueneHT oObIYHO OMMCHIBAETCS B BUE (peiiMa, B KOTOPOM CTPYKTypHUpOBaHA
uHbopMaIus o mpobieme, pelmeHrne U KOHTeKcT. Onucanne npeneieHTa MOXXeT ObITh
CONIOCTAaBJIEHO C JAHHBIMA WIM onucanueM uend. OJHAaKO TOWCK OIMCAHUs
npeneaeHTa TpeOyeT UCIOIb30BAHMS CI0KHOTO MEXaHU3Ma UHICKCHPOBAHUS.
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ApXUTEKTypa dKCIEPTHOW CUCTEMBI, OCHOBAHHOM Ha MpELEeeHTaX, I0Ka3aHa Ha
puc.5.8.

Hexopnas Momyis _ Monyne

HH opManHa H2BIEUEHHA MOTHPHKAHE
IpEUEIEHTOR

OpEEIEHTOR

Mopvne coxpaneHua
OpEleneHTa

Eaza
OpEIEIEHT OB

Puc. 5.8. Apxurekrypa cUCTEMbI, OCHOBAHHOW Ha MpELEeACHTax

Mopynb u3BlieUeHUs] MPEIEACHTOB OTBICKMBAET B 0a3e MPELECICHTOB CUTYaIuIo,
HanOoJiee MOAXOAIIYI0 K TeKyilel. Moayns MoauduKaluu IpereaeHTOB KOMUPYeT
U TIePEMMCHOBBIBAET BBIOPAHHBIN MpPEIENCHT U IBITACTCS CKOPPEKTUPOBATH €r0 B
COOTBETCTBHHM C TIOJIYUYCHHOW IieneBor crnenudukarueid. Ilocie BbIMOTHEHUS
KOPPEKIIMM HOBBIM MPEIEJCHT 3allMChIBaCTCAd MOAYJIEM COXpaHeHUs B 0azy
MIPELEICHTOB.

5.5. [InHamunyeckne aKkcrnepTHbIE CUCTEMDI

Cpenu crenuanu3MpoOBaHHBIX CHCTEM, OCHOBAHHBIX Ha 3HaHUAX, Hauboiee
3HAYMMBI SKCIIEPTHBIE CUCTEMBI PEAIbHOTO BPEMEHH, WM JUHAMUYECKUE IKCIIEPTHHIC
cuctembl. Ha ux npomto npuxogurcs 70% 3Toro pbiHKa.

Hcnonp3oBanne mof00HBIX CPEACTB MO3BOIMIIO CO3/IaTh CTPATETMYECKU 3HAYUMBIE
OpUJIOKEHUST B TakuUX  OONacTAX, Kak  yNpaBiCHHE  HEMPEPHIBHBIMU
IPOM3BOJICTBEHHBIMU MPOIIECCAMU B XUMUH, (hapMaKOJIOTHH, IPOU3BOJICTBE IIEMEHTA,
NPOAYKTOB MHTAHUA M T.I., aDPOKOCMHUYECKUE HCCIEAOBaHUs, TPAHCIIOPTHPOBKA H
nepepaboTka HepTH M rasa, yHOpaBI€HHE ATOMHBIMM M  TEIUIOBBIMU
3JIEKTPOCTAHUUAMH, (PUHAHCOBBIE ONIEPALINHU, CBSA3b U MHOTHUE APYyTHE.

TpeboBanus, npenbsBIsSeMble K CUCTEMaM, pabOTalOIIMM B pEaibHOM BpPEMEHHU,
CJIEyIOLIHE.

1. [IpencraBiaeHne H3MEHSIIOMIMXCS BO BpPEMEHU JaHHbBIE, IOCTYIAOLIUE OT
BHEIIHUX UCTOYHUKOB, 00ECIIEUCHNE XPAHEHUS U aHAJIN3 U3MEHSIOIINXCS TaHHBIX.

2. BoimonHeHHe  BPEMEHHBIX  PAacCyX ACHMH O  HECKOJIbKMX  pa3iMyYHbIX
ACHHXPOHHBIX MpOIEeccCax OJHOBPEMEHHO (T.e. IJIAHUPOBAaTh B COOTBETCTBUHU C
npuopUTEeTaMu 00pabOTKY MOCTYMUBIINX B CUCTEMY IIPOIIECCOB).

3. OGecneueHre MexaHU3Ma pacCyXJICHHs IIPU OTPaHUUYEHHBIX pecypcax (Bpems,
MaMsiTh).
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4. ObecnieyeHne «Ipe/ICKa3yeMOCTH» MOBEJAEHUS CUCTEMBbl, T.€. TAPAHTHUIO TOTO,
9TO Kakaas 3ajada OyJeT 3amylleHa M 3aBeplieHa B CTPOTOM COOTBETCTBHU C
BPEMEHHBIMHU OTPaHUYCHUSIMU.

5. MonenupoBaHue «OKpY)KAIOIIEr0 MHUpa», paccMaTpUBAaEMOro B JaHHOM
MPUJIOKEHUH, 00ECIICUCHHUE CO3aHuUs PA3JIMUHbBIX €r0 COCTOSHUM.

6. [IpoTokonupoBaHue CBOUX JACHCTBUI M JEUCTBUM IepcoHaja, obOecreueHue
BOCCTaHOBJICHHUSI 1OCTIE COOSI.

7. ObecnieueHre HAMOJHEHUS 0a3bl 3HAHUN ISl MPUIIOKEHUM peaIbHOW CTETeHH
CJIO)KHOCTH C MUHMMAJIbHBIMU 3aTpaTaMy BPEMEHHU U TPY/a.

8. O0ecmieueHne HaCTPOUKHU CUCTEMBI Ha pelaemMble 3ajga4u
(mpobneMHas/mpeMeTHas OPUEHTHPOBAHHOCTD ).

9. OGecrieueHne co3JaHUsl U TOJJICPKKH TOJIH30BATEILCKUX HHTEp(EcoB s
Pa3JIMYHBIX KATETOPUH NIOJIb30BATEIICH.

10. O6ecnieuenne ypoBHS 3anuThl HHPOpMAIUU (TI0 KATETOPHUSAM TOJI30BaTEIICH)
U IpeAOTBpAlllCHUE HECAHKIIMOHUPOBAHHOIO JI0CTYIIA.

MBI MO3HAKOMHMCSI C JUHAMHYECKMMM OHKCHEPTHBIMM CHUCTEMaMH Ha OCHOBE
WHCTpyMEHTalIbHOTO cpenctBa G2 (Www.gensym.com), KOTOpO€ MPUMEHSETCS IS
MOCTPOCHUS JUHAMUYECKUX IKCTIEPTHBIX CUCTEM.

G2 —-»510 cCpema i pa3pabOTKM MHTEIUIEKTyaldbHBIX mpuiokeHuil. OnHa
OPUMEHSIETCS TpPU PElIeHUW 3aJad JAUArHOCTUKH, ONTHUMAIbHOIO YIpaBiICHUS
CJIIOKHBIMH TEXHOJIOTUYECKUMH TPOLIECCaMU, IJIsi CETEBOro aJAMUHUCTPUPOBAHUSA,
aAMUHUCTPUPOBAHUS TOTPEOJICHUS SHEPTUM U MOHUTOPUHTA OKPYXKAIOIIEH Cpeibl.
Cucrema G2 mo3BOJSIET CO3/1aBaTh THOPUIHBIE CUCTEMBI, UCTIOJIB3YIOIINE HEHPOHHbBIE
CETH, HEUETKYIO JIOTUKY U TeHeTHuecKue anroputMbl. Ha puc. 5.9 nmokazan unrepdeiic
CUCTEMBI MPU YIPABJICHUH TUHAMUYECKUMH O0BEKTAMH.

Puc. 5.9. Untepdetic G2 npu ynpaBieHUU TUHAMUYECKUMU 00bEKTAMU

Jlns mpencTaBiIeHUs 3HAHWUK HKCIEpTa O MPOOJIEMHON O0JAacTH HCHONB3YIOTCA
npaBmwia. Bce 3Hanus B (G2 xpaHATcs B JBYX Tunax (aioB: 0Oas3pl 3HAHUU |
OoubnuoTexkn 3HaHWK. B Qaiinax mepBoro THMa XpaHATCS 3HAHHUS O TPUIIOKEHUSX:
ompesieneHns: BceX OOBEKTOB, OOBEKTHI, MpaBWia, MpoleAyphl W T.. B daitmax
OMOTMOTEK XpaHATCS 00IIKMe 3HAHUS, KOTOPhIE MOTYT OBITh UCIIOJIB30BAHBI OOJIEE YeM
B OJIHOM MPUJIOKEHUH, HATIPUMED, OTNPECIICHNE CTaHAApTHBIX 00bekTOB. Daiinsl 6a3
3HaHUU MOTYT NMPeoOpa3oBaThcs B OMOIMOTEKH 3HAHUI 1 0OpaTHO.
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3HaHUS CTPYKTYPUPYIOTCS: NPEIyCMOTPEHBl HepapXHsl KIJIacCOB, HEPAPXUS
MOJyJ€l, nepapxusi pabounx IpPOCTPAHCTB.

Jlns mamunbl BeiBoja G2 xapakrepeH Ooratblii HaOop crnocoOOB BO30YKIEHUS
npasui. [IpegycMOTpeHo IeBSTh CITy4aeB:

1. lanHble, BXOASIIME B AHTELIEICHT MPaBUjia U3MEHWIUCH (IIPSIMO BBIBOJT).

2. [IpaBuno ompezaenser 3HaAUCHHE MEPEMEHHON, KOTOpoe TpeOyeTcss Ipyromy
paBUILy WM npoueaype (oOpaTHbINA BHIBON).

3. Kaxaple n cexkyH[, TJe n — YUCIO, OMNpENEJCHHOE I JaHHOrO IpaBuiia
(CKaHMpOBaHMUE).

4. SIBHOE WM HESBHOE BO30YXKJIEHUE JIPYTUM IPaBWIOM — IMyTeM HNPUMEHEHHUS
nencTBui (HOKyCcHpoBaHUS U BO30YKICHUS.

5. Kax b1 pa3 npu 3amyCcKe IpUI0KEHHUS.

6. Bxomsmen B aHTEUENEHT NMEPEMEHHOM NPHUCBOCHO 3HAYEHHUE, HE3aBUCUMO OT
TOT'0, U3MEHUJIOCh OHO WJIM HET.

7. OnpesienieHHbI OOBEKT Ha JKpaHE IEepeMElIEH I0JIb30BaTelIEM WM APYIUM
IPABUIIOM.

8. OnpeneneHHOe OTHOIIEHHE MEKY O0BEKTaMU YCTAHOBJIEHO UM YHUUYTOXKEHO.

9. IlepemenHass He TOJy4YwJia 3HAYEHUS B pe3ysbTare OOpalleHUs] K CBOEMY
UCTOYHUKY JTAHHBIX.

Ecniu mnepBble aBa crnocoba JIOCTATOYHO PACIpPOCTPAHEHBI M B CTATHMYECKHX
CUCTEMAaX, a TPETUN XOPOIIO U3BECTEH KaK MEXaHU3M 3aIlycKa IpoLeayp-AeMOHOB, TO
OCTaJIbHBIE SABJISIOTCS] YHUKAIBHOW 0COOEHHOCTBIO cucTeMbl (G2

IToncucrema moxpenupoBaHuss G2 — AOCTaTOYHO aBTOHOMHAs, HO BaKHas 4acThb
cucteMbl. Ha pasnuuHbIX 3Tanax >KM3HEHHOIO LHMKJIA NPUKIAJAHOW CUCTEMBI OHA
CIIy’)KMT JIOCTHKEHHUIO pa3jiuuHbIX weie. Bo Bpems paspaboTku mnojacucrema
MOJIEJIMPOBAHUSI UCIIOJIB3YETCSI BMECTO OOBEKTOB PEATBHOIO MHpa Uil UMUTALUU
NIOKA3aHUW TaTYNKOB.

Ha »stane »skcrulyarauuy NPUKIAIHOM CHCTEMBI MPOLEAYPbl MOAEIUPOBAHUS
BBINIOJIHAIOTCS MApaIENbHO (PYHKIIMSIM MOHUTOPUHIA U YIPaBJICHUS MPOIECCOM, YTO
o0ecreyuBaeT Ciaeayolue BO3MOKHOCTH:

— BepUUKaLKs NOKa3aHUN JaTYMKOB BO BPEMS UCIIOJIHEHHUS PUIIOKEHNUS;

— MOJICTAHOBKA  MOJICIbHBIX 3HAYEHUW TMEPEeMEHHBIX TMpPU HEBO3MOKHOCTHU
MOJIYYEHHS peajbHbIX 3HAUYC€HUU (BBIXOJ M3 CTPOs JaT4yMKa WM JUIMTEIBHOE BpeMs
peakIMK Ha 3a1poc).

Kak BuauMm, wurpas pojb CaMOCTOATENIBHOIO areHTa 3HaHWM, I[OJCHUcTEMA
MOJICJIMPOBAHMs MOBBILIIAET >KU3HECIIOCOOHOCTh M HAAEKHOCTh MpUIIOKEHHH. J[is
ONMCAaHMUs BHEIIHETO MUpa MOACUCTEMA MOAECIUPOBAHUS UCIOJb3YET YPABHEHHUS TPEX
BUJIOB: alre0pandeckue, pa3HOCTHbIE U nuddepeHraibabie (IEPBOro MOPsaKa).

5.6. BbiBoabI

1. DKcriepTHBIE CHUCTEMBI, HCIOJIb3YIOIIME NPOAYKUMOHHYK) MOJENIb 3HAaHUM,
HaXoJsAT HauboJiee MHUPOKOE NPAKTUYECKOE IPUMEHEHHE.
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2. B OpoayKIMOHHBIX CHUCTEMax o00s3aTEIbHO HAJIMYME KpoMe Oa3bl 3HaHUM,
paboueli mamMsTH, KOTOpas XpaHUT (aKThl, U MEXaHW3Ma BBIBOAA (MHTEPIIPETATOPA).

3. UuTepnperarop paboTaeT MTEPALlMOHHO W HA KaXJIOM IIare BbIBOJA
npocMaTtpuBaeT 0a3zy 3HAHUM MOJHOCTBIO, (HOPMUPYS KOH(PIMKTHOE MHOXKECTBO WU
paspeiiiasi KOHMIUKTHI.

4. CucteMbl C T0CKON OOBSIBICHHN UMEIOT HECKOJIbKO HE3aBUCHUMBIX MCTOYHUKOB
3HaHuil. B3aumonelicTBre Mexay UCTOYHUKAMH MPOUCXOJUT B TJIOOATLHON MaMSTH.
OTHU CHUCTEMBI IPUMEHSIOTCS, B OCHOBHOM, IS PELICHUS 3aJlad aHaJIu3a U CHHTE3a
MHOTOKOMITOHEHTHBIX CTPYKTYD.

5. Cucrtembl, OCHOBaHHbIE Ha MpeLEIeHTaX, UMEIOT OMOIMOTEKY MpEeLEeaeHTOB, B
KOTOPOM XpaHATCS 3HAHUS PA3TUYHBIX CUTYaAIlUid M CIIOCOOBI pa3perieHusi CUTyaIuu.
3HaHUS O CUTyallul KOHTEKCTHO-3aBHCUMBIE.

6. /Ina ynpaBieHHs TMHAMUYECKHMM CHCTEMAaMU HY>KHBI JKCIIEPTHBIE CHUCTEMBI,
paboraromiue B peadbHOM BpeMeHH. llperncraBureneM Takux CHUCTEM SIBISETCA
MHCTPYMEHTAJILHOE CPEJICTBO IpOoeKTHUpoBaHus G2.

5.7. Bonpocbl Ans caMOKOHTpOn4

1. [losichute KOHQUrypaluilo CcUCTeMbl OpoayKuuid. Jliusg kakux wuenen
UCIIOJIb3yeTCsl paboyasi maMsiTh?

2. [losicuute ocCHOBHBIEC (DYHKIIMM MAIIMHBI BHIBOA.

3. 115 4ero ucroiabp3yeTcs YNpaBIsOMN MEXaHU3M MalluHbI BbIBOAA?

4.1lpu moucke pemieHUs B DKCHEPTHBIX  CHUCTEMaX, MCIOJb3YIOIINX
MPOIYKIIMOHHYIO MOJI€NIb 3HAHUW, BOSHUKAIOT KOH(MIUKTHBIE CUTyaluu. B cBs3m ¢
OTUM TIOSICHUTE TEPMHUHBI «KOH(DIMKTYIOIEe MHOXECTBO» M  «pa3peuicHue
KOH(DIUKTOBY.

5. [losicauTe OT/IIMYMSA METOJOB IOWCKA, OCHOBAaHHBIX Ha TPSIMOM M OOpaTHOM
LIEITOYKAX PACCyKICHUM.

6. UTo Takoe WCTOYHWK 3HAHWN B CHCTEME C JOCKOW oObsBieHHit? Kak
CBS3BIBAIOTCSI MEXK]Ty COOOM UCTOYHUKHU 3HAHUHN B CUCTEMAaX C JIOCKOW OOBSBICHUIA.

7. CpaBHUTE HCIOJIB30BAHUE PA3HBIX BAPUAHTOB APXUTEKTYpPbl SKCIEPTHBIX
CHUCTEM — MPOAYKIMOHHYIO CUCTEMY U CHUCTEMY C JIOCKOM oOBsiBieHuil. [lpu kakux
YCIOBUSIX MOXHO CUMTaTh OINPABJAHHBIM YCJIOXHEHHE CHUCTEMBI, HCHOJIb3YIOUIEH
MOJIEJIH C JOCKOU OOBIBIEHUNA?

8. B 4yeM cOCTOMT OCHOBHOE OTJIMYME METOJIMKH (POPMUPOBAHUS CYXKICHUN Ha
OCHOBE IIPELEJECHTOB OT JIOTUYECKOr0 BBIBOJIA HA OCHOBE MTPaBHII?

9. Kak cootHOCATCS mipenienneHTsl U PpetiMbl? Kak MOKHO TPUMEHUTH KOHIICTIIIHIO
(b peiiMOB IO OTHOIICHHUIO K TIpeIieIeHTam?

10. Yem nMHAMUYECKHE SKCHEPTHBIE CHCTEMBI OTIMYAIOTCS OT CTaTUYECKHUX
AKCIEPTHBIX CUCTEM?

11. IlosgcHuTe, KaK IPEACTABIAIOTCS 3HAHUS IIPU UCIIOJIb30BaHNU cucTeMbl G2.
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6. MPEACTABINEHUE N OBPABOTKA HEONPEOEJNIEHHOCTH
B MPOOYKUUNOHHbIX CUCTEMAX

6.1. ICTOYHMKM HeonpeaeneHHOCTH

[Ipu pemienun npoOIEM MBI YacTO CTAJIKMBAEMCS C MHOKECTBOM HMCTOYHUKOB
HEONPEeICICHHOCTH UCTIOIb3yeMol nHpopmaluu. B O0sbIIMHCTBE Clly4aeB UX MOKHO
pa3zienTh Ha JIB€ KATErOpHH: HEJIOCTATOYHO MOJHOE 3HAHUE MPEIMETHON 001acTH u
HeZlocTaTouHast HHGOPMAIHs O KOHKPETHON CUTYAIIHH.

Teopus npeameTHO¥ oOnacTH (T.e. HAIK 3HAHUS 00 3TOM 00J1ACTH) MOXKET OBITh
HESICHOM WJIM HEINOJHOW: B HEHM MOIYT HCHOJIB30BAaTbCsl HENOCTATOYHO YETKO
chopMyTUpPOBaHHBIC KOHIICTIIIMKA WM HEAOCTATOYHO MOJTHO U3YUYCHHBIC SBJICHHUS.

Heonpeoenennocmov 3nanuti TPUBOAWT K TOMY, YTO HCIOJIb3yeMbIe IIpaBUiIA
pelIeHrs] HEe BCETJa MPUBOJAT K KOPPEKTHBIM pe3ysibTaraM. Pacronaras HEMOJTHBIM
3HaHMEM, MBI HE MOXXEM YBEPEHHO TpeJCcKa3aTh, Kakoh 3()(EeKT AacT TO WM WHOE
neiicteue. Hampumep, Tepamusi, UCIONIB3yOIIas HOBBIE Mpenaparhl, JOBOJbLHO YacTO
JTACT COBEPIICHHO HEOXKUIAHHBIC pe3yibTaThl. M, HaKOHEI, Jake KOrja Mbl UMeeM
JIOCTaTOYHO TOJIHYIO TEOPHIO MPEIMETHOH O00JacTH, SKCHEPT MOXKET IMPEaIouecTh
UCIIOJIb30BaTh HE TOYHBIC, a JBPUCTUUYECKHME METOJbI pelieHus. Tak, MeToAHKa
YCTpaHEHUsI HEMCIIPABHOCTH B AJIEKTPOHHOM OJIOKE MyTEM 3aMEHBI MOJI03PUTEIbHBIX
y3JI0B OKa3bIBAETCS 3HAYUTENBHO Oosiee 3((HEKTUBHOM, YeM aHAIM3 LIeTed B MOUCKE
BBILIEAICH U3 CTPOS JICTaJIH.

Ho momMumMO HETOUYHBIX 3HAHUI, HEOIMPEJENCHHOCTh MOXKET OBITh BHECEHA U
HemMOYHbIMU VT HEHAOEHCHbIMU OaHHbIMU O KOHKPETHOU cutyaruu. JIroOoi maTduk
UMEET OTPAaHMYCHHYIO0 pa3pelialollyld CHOCOOHOCTh M HE  CTOMPOIEHTHYIO
HaJeKHOCTh. [Ipy cocTaBieHnn OT4eTa MOTYT OBITh JOMYIIECHBI OMMUOKHA WM B HHUX
MOTYT TOTACTh HEJIOCTOBEPHBIC AaHHBIC. [loMHMO BCero mpoyero, CymiecTBYET emie
¢dakrop Bpemenu. He Bcerma ectb BO3MOXXKHOCTH OBICTPO TOJYYUTh HEOOXOAHUMBIE
JaHHBIC, KOT/a CUTYaIlus TPeOyeT MPUHATHS CPOYHOTO PEIICHUS.

Takum 00pa3om, SKCIEPTHI MOTYT IMOJIb30BATHCS HETOYHBIMH METOJIAMH TIO JIBYM
TJIaBHBIM MTPUYMHAM:

® TOYHBIX METOJIOB HE CYIIECTBYET;

® TOYHBIE METOABI CYIIECTBYIOT, HO HE MOTYT OBITh TNPUMEHEHHI W3-3a
OTCYTCTBHSI HEOOXOAMMOTO 00heMa TaHHBIX MM HEBO3MOXHOCTH WX HAKOTUICHHS 110
COOOpaXEHHUSIM CTOMMOCTH, PHCKa WJIA €3-3a OTCYTCTBUS BpEMEHH Ha CcOOp
HeoOxoaMMon nHpOpMaIUH.

Kak yuwThIBaeTCS HEOMPENEICHHOCTh B JKCIEPTHHIX cucTemax? Paccmorpum
pocTyio cutyanuio. [TycTh uCTonb3yeTcs MpaBUiIo

Ecnu A, mo B
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U TIPEAINOJIONKUM, YTO HUKAKUE JIPYyTHe MpaBUia U MOCBUIKM HE UMEIOT OTHOIICHUS K
paccMarpuBaeMoi cutyauuu. e xe BO3HUKAET HEONpeaeIeHHOCTh? B aKcrepTHBIX
CHUCTEeMaX OHa MOXET OBITh JABYX THUIIOB:

®  HEOMPENEICHHOCTb B UCMUHHOCMU CAMOU nocwvliky (HallpuMep, €Ciu CTEIEHb
YBEPEHHOCTH B TOM, 4TO A UCTUHHO cocTaBisieT 90%, To kakue 3HaUeHUs pUMeET B7?);

®  HEOIPEJEIECHHOCTh camo2o TpaBwia (HaIpUMEpP, Mbl MOKEM CKa3aTb, YTO B
OOJIBITMHCTBE CITy4aeB, HO HE BCET/Ia, €CIIU €CTh A, TO €CTh TaKkke U B).

Emie Gonee crmokHasi cuTyanys BO3HUKAET B ClIydae, €CIIHM MPABIIIO UMEET BU:

Eciu A u B, moC
TJIe MBIl MOXEM C HEKOTOPOU CTENIEHBIO OBITh YBEPEHBI KaK B UCTUHHOCTHU KaXIOU U3
nocelIoK (A, B), a TeM 0ojiee UX COBMECTHOTO MPOSIBICHUS, TaK U B UCTUHHOCTH
CaMoro BBIBOJIA.

Ntak, HCTOYHUKU HEOMPENENEHHOCTU MOXKHO pa3leluTh Ha JBa BHUJA!
HEJ0CTaTOYHO MOJHOE 3HAHUE MPEJAMETHON 00JIaCTU U HEeJIOCTaTOYHasi UHPopMalus o
KOHKpeTHOM cuTyanuu. CylIecTBYIOT YeTbIpe Ba)KHbIE MPOOJIEMbl, KOTOpbIE
BO3HMKAIOT TPU  MNPOEKTUPOBAHUM U  CO3JIaHUU  IKCIEPTHBIX CHCTEM C
HEOMNpeIeICHHBIMU 3HAHUSIMU:

® Kak KOJIMYECTBEHHO BBIPA3UTh CTENEHb OMPEACICHHOCTH NPHU YCTAHOBJICHUU
WMCTUHHOCTH (WUJIY JIOKHOCTH ) HEKOTOPOM YacTH MpaBuii?

® KAk BBIPA3UTh CTENECHb MOICPKKH 3aKITHOUYEHUS] KOHKPETHOM MOCHUITKON?

® KaK MHCHOJB30BaTh COBMECTHO JBe (Uiu Oojee TMOCBUIKH), HE3aBUCHUMO
BIIUSIIOIIME HA 3aKITI0YEHHUE?

® Kak OBITh B CHUTyallid, KOTJa HYXXHO TIOJYyYHTh IICTIOYKY BBIBOJA IS
NOATBEPKACHUS 3aKIIIOUCHUS B YCIOBUAX HEOMPEAEICHHOCTH ?

Mgl paccMOTpUM HauOoJIee U3BECTHBIE METOJIbI HEYETKOrO0 BhIBOJA: OalleCOBCKHUE
BEPOSITHOCTHOE PACCyXJICHUE U €ro pacllupeHUs, TEOPUI0 YBEPEHHOCTH, HEUETKYIO
JIOTUKY.

6.2. HeTo4HbIN BbIBOA HA OCHOBE (pakTopa yBEpPEHHOCTU

CranpapTHble CTAaTUCTUYECKHUE METOJbl OCHOBBIBAIOTCS HA JOMYILIEHUH, YTO
HEONPEACICHHOCTh SIBJIIETCS BEPOSTHOCTHIO TOr0, YTO COObITUE (WM (PAKT) UCTUHHO
WIHM JOXKHO. B Teopun yBEepeHHOCTH HEOINpPEIEeICHHOCTh MPECTaBlIeHa KaK CTENEHb
yBepeHHOCTH. Teopusi yBEPEHHOCTH UCHOJIb3YeT KOI(P(GUIUEHTHl YBEPEHHOCTH.
Kospdunment yBepennoctu CF  BbIpaXawT Jo0Bepue CcoObITHIO (hakTy wWiH
TUIIOTE3€), OCHOBAHHOE HA CBUJIETENLCTBE (MM oOIeHKe dKcrepra). CyliecTByeT
HECKOJIbKO METOJIOB HUCIOJIb30BaHUS KOI(DPHUITMEHTOB YBEPEHHOCTH.

Cmuadopackas Teopust (GaKTOPOB YBEPEHHOCTH OCHOBBIBACTCSI Ha  psfle
HaOmoaennii [10]. Bo-nepBpIX, B TpaJWLHMOHHON TEOPUU BEPOATHOCTEH CymMma
BEPOSITHOCTEW OTHOIICHUSI U €r0 OTPULAHUS JOJDKHA PaBHATHCS enuuuile. OaHako
HEpPEJAKU CUTyalluH, TMPU KOTOPHIX UEIOBEK-IKCIEPT, OIIEHUB BEPOATHOCTD
(10CTOBEPHOCTH) HEKOTOPOT'O0 OTHOLIEHUS 3HaueHHeM, Hampumep, 0,7, mojaraet, 4To
OTHOIIICHUE UCTUHHO, U HE YYUTBHIBAET, YTO OHO MOXET OBbITh JOXHBIM. Ellle 07HO
IPEANOI0KEHNE, MOAKPEIUISIIONIEe TeOpHio (HakTopa YBEPEHHOCTH, COCTOUT B TOM,
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YTO 3HAHUE CaMUX MPaBWUJI HAMHOTO Ba)KHEE, YEM 3HAHWE aJTeOpbl ISl BHIYUCICHUS
UX JOCTOBEPHOCTH. Mepa yBEepEeHHOCTH (MU J10BEpUsi) — 3TO HEPOpMaJIbHAs OLIEHKA,
KOTOPYIO YETOBEK—IKCIEPT J00ABIISET K 3aKIOUECHUI0. MOryT UCIIOIb30BaThCS TAKUE
OIICHKH KakK, HallPUMEp: «BEPOATHO, ATO TaK», «IMOYTH HABEPHsIKA, 9TO TaK» WIH
«COBEPUIEHHO HEBEPOSTHO.

Ctauadopiackas Tteopus (HakTopa YBEpEHHOCTH ONPEICISICT MOHATUS JOBEPUS U
HEJOBepUs W TMpeJyiaraeT MpaBwiia g OOBEAUHEHUS CBUICTENIBCTB IPHU BBIBOJIE
3aKiroueHUs. llepBbIM JONyIIEHUEM SABISIETCA pa3/JClICHHE MEPBbl JIOBEpUS H
HeZoBepus («3a» U «IPOTHUBY) JUISl KAXKJA0T0 OTHOILICHHUS.

[Tycts MB(H|E) — Mepa yBepeHHOCTH B TUroTe3e H mpu 3alaHHOM CBHJIETEIHCTBE
E.

O603naunm uepe3 MD(H|E) Mepy HETOCTOBEPHOCTH TUIIOTE3bl H TIpH 3aJlaHHOM
ceuaerenscTe E. Torpa:

0 <MB(H|E) < I, ecou MD(H|E) = 0,
WIn
0 < MD(H|E) < I, ecnu MB(H|E) = 0.

OTH JB€ MEphbl HAKJIAJbIBAIOT OrPAaHUYECHUsSI APYr HA Jpyra, Tak Kak 3aJaHHOU
CUUTAETCS YaCTh CBUJETEILCTB B IMOJb3Y JAHHOW TUIIOTE3bI, TUOO0 MpoTUB Hee. Eciu
CBSI3b MEXKJy MEpaMu JOBEpPUS U HEAOBEPHUS YCTAHOBJIIEHA, TO MOXHO BBIYHMCIIUTH
(bakTop YBEpEHHOCTH, XapaKTEPU3YIOIIUNA TaHHYIO TUIIOTE3Y:

CF(H\E) = MB(H|E) — MD(H|E).

C mnpubnmwxkenueMm (paktopa yBepenHoctu CF k 1 ycunuBaercss IoBepue K
runorese, a ¢ npudamkenueM CF k —1 — ee orpumanne. bimszocts 3nauenuss CF k 0
03HAYAeT, YTO CBUJECTEIIHCTB B MOJIb3Y TUIIOTE3bI U MPOTUB HEE CIUIIKOM Majio, JTHO0
9TH CBUCTENIbCTBA COATaHCUPOBAHBI.

Korma skcmeptbl dopMmupyioT 0a3y NpaBWwi, OHH COMOCTABISIIOT C KaXIbIM
MpaBUIIOM olpe/iesieHHoe 3HaueHue ¢aktopa yBepeHHoctu CF. @akrop CF orpaxkaer
UX YBEPEHHOCTh B HaJICKHOCTHU MpaBUIIA.

Koadduumentsl yBEpeHHOCTH MOXKHO HCIOJIB30BaTh IMPU  OOBEAUHEHUU
pPa3JIMYHBIX OILEHOK JKCIEPTOB pasziuuHbiMU criocobamu. Haubosnee mnpuemiemMbiM
CIOCOOOM MX O0BEMHEHUS B CUCTEMaX, OCHOBAaHHBIX HA MpaBuUjaXx, sIBJISETCS MOAXO0/,
ucroib3oBaHHbIi B cucreme EMY CIN.

[Ipu 5TOM OAXOAE MBI pa3anvyacM JBa Ciy4das.

1. O0bearHEeHNE HECKOIBKUX KOI(P(UIIMEHTOB YBEPEHHOCTH B OJTHOM MpPaBHIIE.

[Ipeamocbuika KaXI0TO TpaBWja COCTOMT U3 psAna (akToB, CBA3aHHBIX
omnepanusMi KOHBIOHKIMU W AU3BIOHKIMU. [Ipy HCHOJIb30BaHUM MPOLYKIIHMOHHOIO
npaBWiia YYUTHIBAIOTCSA (DAKTOpPHI JIOBEPHUS, CBS3aHHBIE C KAXKIBIM YCIOBHEM
npeanochyiku. WX codeTaHue omnpenensier Mepy JOBepUs BCEW NPEANOCHUIKH
CIEeAYIOIIUM 00pa3oMm.

Jns npennocsutiok P1 u P2

CF(P1 u P2) = MIN(CF(P1), CF(P2))

CF(P1 unu P2) = MAX(CF(P1), CF(P2)).
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Jlnst monmydenust akTopa YBEPEHHOCTH B 3aKIIFOUCHHH TIPaBWIIa O00HCIMHECHHBIN
dakTop yBEepeHHOCTH B mpeanochiikax CF, MOTydeHHBIH C TOMOIIBI0 TPUBEICHHBIX
npaBuil, yMHOXaeTcst Ha CF camoro npaBuiia.

IIpumep

PaccmoTpum, Hanpumep, ciienyroliee nNpaBuiao 0a3bl 3HAHUM

(Pl u P2) unu P3 — RI1(0,7) u R2(0,3),
rae Pl, P2, u P3 — npeanoceliku, a RI u R2 — 3axkitoueHus npaBuia ¢ pakramu
nosepusi CF, paBHbIM coorBeTcTBeHHO 0,7 u 0,3 COOTBETCTBEHHO. OTH 4YHUCIa
N00aBIIAIOTCS K MPABUITY MPU €ro pa3pabOTKe U MPEACTaBIAIOT YBEPEHHOCTh IKCIIepTa
B BBIBO/IE, €CIIM BCE MPEANOCHUIKA U3BECTHBI C MOJHON OMPEIEIEHHOCTHIO.
Mepy noBepus K TPEeAnoChIKaM MpaBUiia BBIYUCISIEM CIIETYIONTUM 00pa3oM:

CF(P1(0,6) u P2(0,4)) = MIN(0,6, 0,4) =0,4,

CF(0,4 unu P3(0,2)) = MAX(0,4, 0,2) =0,4.

3nauenne CF g 3akmiodeHust npaswia R/ paBuo 0,7, Tak yto koddduumeHt
yBepeHHoctu npasuia paBeH CF = 0,7-0,4 = 0,28. 3nauenue CF sl 3aKIIOUYCHUS
npaBuwia R2 paBHo 0,3, Tak 4uTO KOA((PUIMEHT YBEpPEHHOCTH 3TOrO MpaBHJia pPaBeH
CF=0304=012.

2. O6benuHeHUE ABYX U O0JIee MpaBull.

Tpebyercs onpenenuth eme oAHY MeTpuky. Kak o0ObeAMHUTH HECKOJIBKO
3HaueHu CF, eciu UMMEIOTCA ajbTepHATHBHBbIE mpaBuia? B 3ToM ciyudae Mepbl
YBEPEHHOCTH MpU OOBEAMHEHWU HE3aBUCHUMBIX CBHUJIETEIBCTB MEPEMHOKAIOTCA.
MHOTOKpaTHO HCHOJNB3YSl 3TO MPABHIO, MOXHO OOBEIWHATH PE3YNbTaThl JIOOOTO
KOJIMYECTBA MPaBUJI, UCHOJIb3YEMbIX Uil onpeneneHus pesynbrara R. Ecmu CF(RI)
npeacTaBisieT (akTop YBEPEHHOCTH B pe3yibTaTe R, a paHee HE HCIOJIb30BAHHOE
OpaBWJIO MNPUBOIUT K pe3yinbrary R (cHoBa) co 3HaueHuem CF(R2), TO HOBoe
3HaueHue CF pesynbTaTa BeIUUCISETCS cieayomuM oopasom [10]:

CF(RI) + CF(R2) — (CF(RI) - CF(R2)), ecniu CF(RI) u CF(R2) NON0XUTEbHBI,

CF(RI1) + CF(R2) + (CF(RI) - CF(R2)), ecniu CF(RI) u CF(R2) oTpuniaTeiabHbl U
CF(R1)+ CF(R2)

1-MIN(|CF(RD)|,| CF(R2)]) | ecnun o6a Kod(ppuIMeHTa UMEIOT pa3HbIE 3HAKHU.

KpomMme j1erkocTv BEIUMCIICHUI 3T ypaBHEHHS UMEIOT JAPYTUe MOJIC3HbIC CBONCTBA.
Bo-nepBbix, 3HaucHue ¢akropa CF, BBIYUCICHHOE COTJIACHO 3TOMY IMpaBHITy, BCEra
Oyaer nexarb Mexay 1 wum  —1. Bo-Bropbix, B pe3ynbrare OObCIUHCHUS
IPOTUBOTOIOXKHBIC 3HaYeHHEe CF COKPAIIAI0TCS, YTO TOXKE SBISCTCS MOJIOKUTECIBHBIM
MOMeHTOM. WM, HakoHen, KomOuWHHMpoBaHHas wmepa CF sBISETCS MOHOTOHHO
BO3pacTaromieit (yobIBaromeit) (yHKIHEH.

Wtak, Mepa yBepeHHOCTH CTIHA(OPICKON aireOpbl ONMMCHIBACT YEJIOBEUECKYIO
(cyOBEKTHBHYIO) OILICHKY MPUYHMHHON BEPOSITHOCTHOW MEPBI. DTOT MOJIXO/] IIO3BOJISCT
CHCIMAUCTY 110 3HAHUSAM OIKMCAaTh BCE 3TH B3aUMOCBS3HM OAHMM (akTtopom CF

,Z[OBCpI/IH K HpaBI/IJ'Iy, T.C. B BUJIC
ECJIH A M B U C, TO D (CF).

OTta IMpocTasd anre6pa OTpaXacT CII0C00 MBIIIJICHUS YCJIOBCKA-OKCIICPTA.
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Teoputo  (akTopa yYBEpEeHHOCTH MOKHO TOJBEPrHYTH KPUTHUKE  Kak
HeoOOoCHOBaHHY10. HecMoTps Ha TO, YTO OHa OIpeaenserca B paMkax (hopMalbHON
anreOpbl, 3HAUYEHHWE MEpPbl JOBEpPHUs HE TaK CTPOro OOOCHOBAaHO, KaK B TEOPUHU
BeposiTHOcTel. OJIHaKO OHa 00ecneYrBaeT KOMIIPOMUCC, MO3BOJISIOUIMN SKCIEPTHON
CUCTEeME OO0BEIUHATH CBUACTEILCTBA 110 MEPE PELICHUS 3a7a4l. DTU MEPHI SBIISIIOTCS
HBPUCTUYECKUMHU B TOM CMBICJIE, YTO YBEPEHHOCTh 3KCIIEPTa B PE3yJIbTaTax SIBISETCS
HETIOJTHOM, 9BPUCTUYECKON U HEPOPMATHHOM.

Ipumep

[Tycth umeem cienyroniuii pparMeHT 0a3bl 3HAHUM.
[TpaBuuio 1.
ECJIM X nonyuut kpeautsl (0,8)
N X 3anmycTuT B NpOoU3BOACTBO HOBYIO npoaykiuto (0,75),
TO X 6yner nammm noctaBiukom (0,5).
IIpaBuiio 2.
ECJIN X nokynaet 3ty npoaykiuio y A (0,4)
NJIN X nokynaer 3ty npoaykuuto y B (0,6)
TO X 6ynert nammm noctasiukom (0,7).
Onpenenum k03GPUITMEHT YBEPEHHOCTH 3aKIOYEHUsST B TOM, 4To «X Oyner
HAIIUM MOCTaBIIIUKOM).
CF(ycnoBuii nepBoro npasuiia) = MIN(0,8; 0,75) = 0,75.
CF(ycnoBuii BToporo npasuia) = MAX(0,4; 0,6) = 0,6.
CF(3axntouenus nepsoro npasuia) = 0,75 - 0,5 = 0,38.
CF(3axmtouenus sroporo npasuia) = 0,6 - 0,7 = 0,42.
CF(3akntouenus, ucxons uz odoux npasui) = 0,38 + 0,42 — 0,38 - 0,42 = 0,64.

6.3. Paccy>|<,u,eHM$|, OCHOBaHHblIE HAa HEYETKNX MHOXECTBAX

TpanuuuonHas (opmasibHasi JIOTMKAa OCHOBBIBAE€TCA Ha ABYX MPEANOJIOKEHUSX.
IlepBoe cBs3aHO C YCTaHOBJIEHUEM IPUHAUIEKHOCTH — I JIIOOOro 3JeMEHTa U
MHO>KECTBa, MPHUHAJIEKAIIETO HEKOTOPOMY YHHUBEPCYMY, DJIEMEHT SIBJISIETCS JHOO
4JIEHOM MHOYKECTBA, JIM0O0 WIEHOM JOIOJHEHUSI MHOXKECTBA. BTOopoe npeanonoxenue
OCHOBAHO HA 3aKOHE UCKIIIOUYEHHUS TPEThEro, YTBEPKAAIOIIETO, YTO MIEMEHT HE MOKET
OJIHOBPEMEHHO IPHUHAJUIE)KaTh MHOXKECTBY M €ro jonojgHeHuto. Ob6a 3Tux
IPENOOKEHUST HapyLIaloTCsl B TeOprun HedeTkux MHoxkecTB JloTdu 3ane. C Touku
3pEHUSI HEYETKUX MHOXKECTB MHOXKECTBA M 3aKOHBl PACCYKICHMM B paMKax
TPaJULIMOHHOM JIOTUKHU HA3bIBAIOT YETKUMU.

I'maBHOe yTBepxknaenue JI. 3azme 3akimroyaeTcs B TOM, YTO TEOPHUsS BEPOSITHOCTEU
SABIIETCS XOPOILIUM MHCTPYMEHTOM JJISl U3MEPEHUS CIIy4allHOCTH MH(OpMAaIMK, HO HE
HNOIXOMUT ISl HW3MEpeHus cMbicia uHpopMauuu. B camom fene, myTaHuIa,
BO3ZHMKAIOWIAsl IPU HCIOIb30BaHUU CJIOB U (h)pa3 €CTECTBEHHOIO S3blKa, CBs3aHa
CKOpee ¢ OTCYTCTBHUEM SICHOCTU (ONPEAENIEHHOCTH), YE€M CO CIIy4alHOCTBIO.
CymecTtByer  Lenblii  KJAacC  ONMCAaHWW,  ONEPUPYIOUIMH  KAadyeCTBEHHBIMU
XapaKTEPUCTUKAMU OOBEKTOB (MHOTO, Majio, CUJIbHBIM, XOPOLIUH, OJU3KUNA U T.1.).
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OTH XapaKTEPUCTUKU OOBIYHO SBISIOTCS PA3MBITBIMM M MX HEJb3s OJHO3HAYHO
UHTEPIIPETUPOBATH, OJTHAKO OHH COJAEPHKAT BAKHYIO HHPOPMAIIHIO.

JUiss  u3MepeHuss Mephl  HEOINPEACIICHHOCTH  3aje  MPEUIOKUIT  TEOPHUIO
BO3MOXHOCTEH, B TO BpeMs KaK TEOpUs BEPOATHOCTEH IMO3BOJISET ONPEACIUTh MEPY
CIIyYalHOCTH.

Amnmapar HEYETKOW JIOTMKHA JIEKUT B OCHOBE TaK HAa3bIBAEMBIX MSATKHUX
BbIuKciieHud (soft computing). JI. 3aje BBea 0JIHO U3 IVIABHBIX MOHSATUN B HEUETKOH
JIOTUKE — MOHATUE JTUHIBUCTUYECKON IEPEMEHHOM.

Jluneeucmuueckass nepemenHas — 3TO TIEPEMEHHAs, 3HAYE€HHE KOTOPOH
omnpeaensercss HabopoM BepOaIbHBIX XapaKTEPUCTUK HEKOTOPOTO CBOMCTBA.

3HAYEHHUs JIMHTBUCTHYECKOW NMEPEMEHHON OIPENEISIOTCS YEPE3 TaK Ha3bIBa€MbIE
HEYETKHNE MHOXKECTBA.

Heuemkoe mHOXMCECm6o ONpENENsIeTcsl 4Yepe3 HEKOTOpYH Oa30ByHO IMIKAIy H
(GYHKUMIO MPUHAUIEKHOCTH HEUETKOr0 MHOXKECTBA — L(X), X € F, nmpuHUMarouryro
3HaueHuss Ha wuHTepBajie [0, 1]. Takum oOpa3oM, HEYETKOE MHOXECTBO F — 3TO
COBOKYIHOCTH Tap BUja (X, 4(x)), tnex € F.

OyHKIMS TPUHAUICKHOCTA OIpeaeseT CyObEeKTHBHYIO CTENEHb YBEPEHHOCTH
JKCIEpTa B TOM, YTO JAHHOE KOHKPETHOE 3HaueHHE 0a30BOM LIKajIbl COOTBETCTBYET
OMpeaeIsieMOMY HEUETKOMY MHOXECTBY. OTy (YHKLUMIO HE CJeayeT IyTaTh C
BEPOSITHOCTBIO, HOCSIIEH OOBEKTUBHBIM XapakTep M MOAYMHAIOMICHCS Ipyrum
MaTEMaTUYECKUM 3aBUCUMOCTSIM.

B OonbmmHcTBE CciydaeB (YHKIMM TNPUHAJICKHOCTH CTPOSTCS HA OCHOBE
CyOBEKTHBHBIX OLIEHOK IO OMpocaM 3KchepToB. Tak Kak 3TH OIEHKHA HEJIO0CTATOYHO
aJICKBaTHO XapakTEPHU3YIOT SIBJICHHE WM OOBEKT, TO HJisi YIPOILIEHUS PacueTOB
BBIOMPAIOT TpaINenueBUAHYI0 (PYHKIUIO TPUHAAJICKHOCTH (puc. 6.1).
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Puc. 6.1. TpaneuueBuanast GyHKIUS TPUHAIICKHOCTH

Torma u(x) xapaktepusyercs 4eTBepkou (m, m, a, ). B yactHOM ciydae mipu
m = m QyHKIUS NIPUHAIICIKHOCTHU SBJISIETCS TPEYTOJIBbHOM.

Ipumep

[lycTh B paMKax COCTaBJIEHUS MPOEKTa OIOJKETa PACCMATPUBAIOTCS Pa3UYHbIC
UCTOYHUKHM (puHaHCUpoBaHMs. HekoTopble M3 HUX XapaKTepU3YIOTCS HETOYHOCTHIO
OIICHKH JICHEKHBIX CYMM, ApPYTyUe OTJIMYAIOTCS Majoil HaiexkHOCThio. Kpome Toro, u3
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OromkeTa HeoOX0IUMO OTAATh JOJITH, KOJUYECTBO KOTOPBIX HETOYHO, T.K. 3aBUCUT OT
TOT'0, HOTPEOYET JIM KPEAUTOP BCE WIIA TOJIBKO YaCTh JOJITa.

Hcrounuk A: puHaHCUpOBaHHE OOECHEUUBAETCS, €T0 CyMMa MOXET M3MEHSThCA
or 40 mo 100 ™maH., B 3aBUCHUMOCTH OT KOHBIOHKTYPbI, HO C HamOOJbLIEH
BEPOSITHOCTBIO MOKHO OKUJATh NOCTYIIEHUs: B cymme oT 50 1o 70 mutH. pyoO.

Hcrounuk B: UCTOYHHMK HAJIEKEH, pa3yMHO Mpeanoiaratb, 4ro (pUHaHCHPOBaHUE
oyner npegoctaBiaeHo B cymme 100—110 mutH. pyo0.

Ucrounuk C: HEeHaJIekKeEH, a €ClI U AacT, To He Oosee 20 MiH. pyo.

Hour /{: mata 3a kpeautbl — 50—100 miuH. py0., HO HanboJee BeposiTHA BhIILJIATa
80 muH. pyo.

Takum oOpa3zoM, UMEEeM TPH MCTOYHHKA MOCTYIUICHUH U OJUH UCTOYHHUK PacXo/ia.
[ToctpouM GyHKIMHM TPUHAUISKHOCTH IS KaXKIOW M3 YEThIpEX HEUYETKHUX
nepeMeHHbIX (puc. 6.2).

>
40 50 70 100 100 110
A =(50; 70; 10; 30) B =(100; 110; 0; 0)
C=(0; 0; 0; 20) D = (80; 80; 30; 20)
R w(C) A w(D)

20 50 80 100

Puc. 6.2. ®yHK1IMM MPUHAIIICKHOCTH COCTABIISIFOIINX OIICHKH OFO[KEeTa

[Tocne 3aganust Bcex HEYETKUX MEPEMEHHBIX BCTACT 3a/lada OMPEICICHUS CyMMBI
BCEro OrOJKETa, KOTOpasi TakyKe Oy/IeT HeUeTKOM BeIUYMHOM. [ ATOrO HA0 YMETh
BBITIOJIHATH MPOCTEHINNE apu(hMETUUECKHIE OTNIepaIliy Ha/l HEYSTKMMH MIEPEMECHHBIMU.

OmnpeneneHre JTHUX ONEpPAlMA PACCMOTPUM JUIsL  CIydas JBYX HEUYETKHX
nepeMeHHbIX Al u A2, KOTOpble 3aJaHbl CBOMMH TPANCIMEBUIHBIMU (YHKIHSIMH
NIPUHAJUICKHOCTH BUA

94



Al = (ml,ml,al, Bl),
A2 = (m2,m2,a2, B2).

PesynmbraTom omepanuu Takxke OyneT HedeTkas mepeMeHHas A = (m, m, «, f),
KOTOpass TaKXXe HWMEET TPANCIUECBUAHYI0 (YHKIMIO MPUHAICKHOCTH, MapamMeTphl
KOTOPOM ONpPEAeNIIOTCS B 3aBUCMMOCTH OT BHJa apudMeTHUUecKol ornepauuu (Tad.
6.1).

Tabnuma 6.1
Tun onepanun 3aBUCUMOCTH MapaMeTpoB (HYHKITUN TPUHAJICKHOCTH
A=Al(+) A2 m=ml+m2,m=ml+m2, a.=al+a2, p=p1+p2
A=Al (-) A2 m=ml—-m2,m=ml-m2, a=ol+p2,p=pl+a2

IIpono/skenue npumepa

OnpenenuM o1eHKy OrokeTa 6€3 ydera J10JTOB:

b=AH)BH#)C=(50+100+0;70+ 110+ 0; 10+ 0+ 0; 30 + 0 + 20) = (150;
180; 10; 50) (puc. 6.3, a).

JIJist moJy4eHus MOJTHOW OLIEHKHU OFOJIKETa M3 MOJYUYEHHOTO pe3yjibTaTa Cleayer
BBIYECTh MPE/IoJIaraeMble BHIILIATHI 110 KpeauTam (puc. 6.3, 0):

b1 =5 ()= (150-80; 180 — 80; 10 + 20; 50 + 30) = (70; 100; 30; 80).

Takum oOpazom, B OroKeTe MOKeT ObITh cymma oT 40 mo 180 muH. py6., HO ¢
HauOOJBIIEH CTETIEHBIO YBEPEHHOCTH MOYKHO TOBOPHUTH 0 cymmax ot 70 go 100 muH.

pyo.

140 150 1E0 220

a) 0)

Puc. 6.3. Onenka OrompKera

MBI npuBend OAWH NPUMEP MCIOJIB30BAHMUS HEUYETKOIO BBIBOAA Ul PEIICHUS
¢bunancoBoit 3amaun. CHUCTeMbl, OCHOBAaHHbIE HA HEYETKOM JIOTHMKE, YCIIEIIHO
paboTaloT B pasnu4HBIX OTpacisax. OmHoOW W3 TepBbIX cdep, TAe OHU HAIIWIA
MPUMEHEHHE, CTajla BOEHHAS POMBIIUIEHHOCTh. ATIIIapaT HEYETKOM JIOTMKA IMO3BOIII
CO3/1aBaTh BBICOKOTOYHBIE CHCTEMBI YHpaBieHHUs opyxueM. K yucimy orpaciei, B
KOTOPBIX HUCIOJIH30BaHUE HEUETKOM JIOTMKU HAOOJIee 3aMETHO, OTHOCSITCSI:

e aBTOMOOWJIbHAS TMPOMBIIIJIEHHOCTh (CHUCTEMbl YIPaBJICHUS JIBUTATEIISIMHU,
TPAHCMUCCHUSIMU, aHTUOJIOKUPOBOYHBIE TOPMO3HBIE CUCTEMBI );

®  A’POKOCMUYECKAS] MPOMBIIIIEHHOCTh (BBICOKOIIPOU3BOAUTEIIbHBIE CUCTEMBI
YIPABJICHUS CAaMOJIETaMU U KOCMUYECKUMH arapaTaMu);
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e  1IpuUOOPOCTPOEHHUE U MPOU3BOJCTBO OBITOBOW TEXHUKH (CTUPAJIbHBIE MAIIUHBI,
TEJIEBU30PbI, BUJIEOKaMephbl, poToannaparsl U Ap.);

®  CHUCTEMBI YIIPaBJICHUS IPOU3BOJCTBOM U TPAHCIIOPTOM;

®  aHaNU3 U NPOTHO3UPOBAHUE B c(hepe MOTUTUKH U SKOHOMHUKH;

e (¢uHaHCH (CHCTEMBl YMpaBICHHUS MOPTQEleM LEHHBIX OyMar, CHCTEMBI
aHaJu3a PUCKOB);

e aHanu3 JaHHBIX (CHCTEMBbI Kiaccu(UKALMU, KJIacTepU3alui U pacro3HaBaHUs
00paz3oB).

IIpumeHeHHe HEYEeTKOW JIOTMKM B O3TUX OTpacisiX I03BOJSET IOBBICUTH
3(p(PEeKTUBHOCTh CO3/1aBAEMbIX CHCTEM, YMEHBIIUTh BpeMs U 3arpaTbl Ha UX
pa3paboTKy.

6.4. banecoBckue paccyxgeHus

PaccmoTrpum ciydaii, korga rmpaBuia SKCIEPTHOW CUCTEMbBI UMEIOT BU/L
ECJIN H aBisgeTcst HCTUHHBIM,
TO C nabnroaaeTcsi ¢ BEpOATHOCTBIO p

DTO MPaBWIO MOAPA3yMEBAET, YTO €CIU COOBITHE H MPOUCXOIUT, TO BEPOSATHOCTh
TOrO, 4T0 coObITHE C Mpou3oHIeT, paBHa p. Uto Oyner, eciu codbiTue C MPOU3OIILIO,
HO MBI HE 3HaeM, Mpou3onuio jJu cobwitue H? WHbIMU ciioBamu, siBisercs ju H
npuduHoi coObitust C?

B KOHTEKCTE MHTEIEKTYalIbHbBIX CUCTEM:

C — co0ObITHE, 3aKTI0YAIOIIEeCs] B TOM, YTO JIaHHAs TUIIOTE3a BEPHA;

H — coOpiTue, 3akioyaromnieecss B TOM, UTO HACTYIWJIO ONpENEICHHOE
JI0OKa3aTeNbCTBO (CBUIETEIBCTBO), KOTOPOE MOXET MOJATBEPAUTh MPABWIBHOCTD
YKa3aHHOM T'UIIOTE3bI.

Cornacuo ¢opmyiie balieca, mpuMEeHEHHOH K JAaHHOW CUTYallMH, IMEEM

p(H | C) = pC|DxplH) 6.1)
p(CIH)x p(H)+ p(C|H)x p(H)

p(H) — anpuopHnas (6e3ycioBHasi) BEpOSATHOCTb TOr'0, UYTO THUNoTe3a H sBisercs
WCTUHHOM;

p(C|H) — BeposiITHOCTH TOTO, 4TO THUMNOTe3a H ABISETCS UCTUHHOW, MPU YCIOBHH,
yt0 Habomaercsa coositue C;

p(H) — anpuopHas (6e3yclioBHas) BEPOATHOCTh TOTO, YTO ruroTe3a H sBisercs
JIO’KHOM;

p(C[ﬁ) — BEPOATHOCTh HaXOXJeHUs cBUuetenbcTBa C, gaxe korja runoreza H
JIO’KHA.

VYpaBuenue (6.1) mpenamojaraeT, 4yTo BEPOSATHOCTb TUMNOTE3bl H H0JKHA OBITh
orpe/eeHa nepes TeM, Kak Moxy4yeHbl Kakue-Iu00 CBUJIETEIbCTBA B €€ MOJIb3Y.

B uHTemnexTyanbHbIX WHMOPMAIIMOHHBIX CHCTEMaxX »dKCHEpT OMpeaesnser
anpUOPHBIC BEPOSTHOCTH JIJIs BO3MOXKHOM THNOTE3bl p(H) 1 p(ﬁ) , 4 TAKXKE YCIOBHBIE
BEPOSITHOCTH Il HaOJIroaemMoro ceuzetenberBa C, ecnu runore3a H WCTHHHA, TO
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p(C|H), n ecu runotre3a H noxua, To p(C | H). BepositHocts p(C|H) Ha3biBaeTCs

aHOCTepHOpHOﬁ BCPOATHOCTBIO T'MIIOTC3bI HHpI/I Ha6JII-O,IIa€MOM CBHUICTCIIBCTBC C.
PaCCMOTpI/IM CUTyalio, Koraa HMMCECTCA IIPOCTOC CBUIACTCILCTBO C, KOTOPOC

MOATBEPKAACTCS MHOTOYUCIICHHBIMU TUnoTe3amu H;, H,, ..., H,,, W1 KOTJ1a UMEIOTCS
MHOTOYHuCeHHbIe cBuaeTenbCcTBa C), C), ..., C,, KOTOPBIE MOATBEPKAAIOT MHOKECTBO
TUTIOTE3.

Msb1 MoxeM 0000muTh ypaBHeHHE 6.1 miis o0oux ciydaeB, OJHAKO CJEAyeT
IIOMHUThH, YTO THUIIOTE3bl, KaK M CBHICTEILCTBA, JOJUKHBI OBITH B3aUMHO
uckimovaromuMu. s ceugerensctBa C 1 MHOMOYMCICHHBIX runore3 H;, H,, ..., H,
CIEYET:

P(C|H, xp(H))

p(H;|C) =~
2. (p(CIH)xp(H,)

k=1

(6.2)

Jli1st MHOrOUYMCIEHHBIX cBUAETEALCTB C;, C), ..., C, U MHOTOYMCJICHHBIX THIIOTE3
cnenyer H;, H,, ..., H,

p(C,,C,,..C |H,)xp(H,)

p(H,|C,,C,,..C) = - (6 3)
>.(p(C,,C,,..C, | H)x p(H),) '
k=1

[Ipumenenue ypaBHeHus 6.3 TpeOyeT OT OKCIepTa TMOJY4YEHHUS YCIOBHBIX

BEPOSITHOCTEH BCEX BO3MOXKHBIX KOMOWMHAITMN CBHUJIETENIBCTB JIJI BCEX THUIIOTE3, YTO

MPAKTUYECKN HEBBITIOJTHUMO.

[TosTOMy B MHTEIIEKTyaJIbHBIX CUCTEMAaXx JIOIMYCKAETCS YCIOBHAsI HE3aBUCUMOCTH

MEXy Pa3TUIHBIMH COOBITHSIMHU.

JIBa cooObitust C; u C, ABISIIOTCS YCJIOBHO HE3aBUCUMBIMHU, €CJIM UX COBMECTHAas

BEPOATHOCTH MPU YCIOBUHM HEKOTOPOW TMMIOTE3bI [ paBHA MPOU3BEIACHUIO YCIOBHBIX

BEPOSITHOCTEN ITUX COOBITUI MIPHU yCI0BUM H, T.€.

p(C1Co|H) = p(C1|H) x p(Co|H).
CiienoBaTenbHO, BMECTO YpaBHEHHUS 6.3 MOXKHO 3anucarh ypaBHeHue 6.4
P(C | H)xp(C, |H)x..x p(C, | H;)x p(H)

p(Hi |C15C2""Cn)=
p(C |H)xp(C, [H)x..x p(C, | H)x p(H,)

(6.4)

Jns toro, 4TOoOBI MOSICHUTH, KakKuM OOpa30oM HHTEIUICKTyallbHasi CUCTEMa
BBIYHCIIICT BCE AlOCTEPHOPHBIC BEPOSTHOCTH M B UTOTE PAHKHUPYET MOTCHIIMAIBHO
UCTUHHYIO THIIOTE3Y, PACCMOTPUM MIPOCTOMN TIPUMED.

IIpumep

[Ipeanonoxxkum, YTO B HEKOTOpPOW ©Oa3ze 3HAHMM HMEETCS TPU B3aUMHO
HE3aBUCUMBIX Tunore3sl: H;, H,, Hj;, KOTOpble MMEIOT anpUOpHbIE BEPOSTHOCTH:
p(H;), p(H,), p(H;), coorBercTBeHHO. [IpaBuna 6a3bl 3HaHUI COAEPIKUT JIBA YCIOBHO
HE3aBUCUMBIX CBHUJETEIBCTBA, KOTOPHIC TOJJIEPKUBAIOT HMCXOAHBIC THUIIOTE3bl B
pa3IUYHOM CTETEeHU. AMNPUOPHBIE U YCIOBHBIE BEPOATHOCTH BCEX THIOTE3 H
CBUJIETEIHCTB ATOTO MPUMEPA UMEIOT CIICAYIONINE 3HAUCHNUS:
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1
1 2 3
p
p(Hl) 095 053 092
p(C1|H1) 074 098 093
p(C,|Hy) 0,7 0,9 0,0

[Ipy »>TOM HCXOHHBIE THIOTE3bl XaPAKTEPHU3YIOT COOBITHE, CBS3aHHOE C
OTIpe/IeTICHNEM HAIC)KHOCTH HEKOTOPOH (DUPMBI:

H,; — «cpennsisi HanEKHOCTh GUPMBDY;

H, — «BbICOKas HAJIE)KHOCTh (PUPMBI»;

H; — «au3kas HaeKHOCTh (PUPMBD).

CoObITUSIMH, ~ SIBISIFOUIMMUCS ~ YCJIOBHO  HE3aBUCUMBIMU  CBHUJIETEILCTBAMHU,
MOJICPXKUBAIOIIMMHI HUCXOJHBIE THMOTE3bI, SABISIIOTCS: C; — «HAJIUM4ME MPUOBLIA Y
bupmbD, C; — «CBOEBPEMEHHBIN pacyeT ¢ OI0IKETOM.

B npornecce cOopa GpakToB BEpOSATHOCTH THIIOTE3 OYyT MOBBIIIATHCS, €CIU (HaKThI
MOJAJIEPKUBAIOT UX WM YMEHBILATHCS, €CJIM ONPOBEPraroT ux. IIpeanonoxum, 4To Mel
UMEET TOJbKO OJHO CBHJIETEIHCTBO (TO €CTh C BEPOSATHOCTHIO €IUHUIIA HACTYIIHI
dakr C;). Habmomass C;, Mbl BBIUKCISIEM AampUOPHBIC BEPOATHOCTH [UJISi TUIOTE3
cornacHo opmye baiieca 11 0JHOTO CBUACTEIHCTBA.

Taxum oOpazom

0,4%x0,5
p(H, ‘Cl): =0,40
0,4%x0,5+0,8x0,3+0,3x0,2
0,8x0,3
p(Hz ‘Cl): =0,48
0,4x0,5+0,8x0,3+0,3x0,2
0,3x0,2
p(H,|C)= =0,12
0,4%x0,5+0,8x0,3+0,3x0,2

[Tocne Toro, kak C; MpOU30ILIO, 1OBEPUE K TUNIOTE3aM H; U H; TOHU3UIIOCH, B TO
BpeMsi, Kak JoBepue K H, Bo3pocimo. B Tex chydasx, korga HUMeEOTCS (haKThI,
noATBepxkAaromue kak coObitue C;, Tak u cobpitue C,, TO anoCTepUOPHBIC
BEPOSITHOCTH UCXOJHBIX THIIOTE3 TAKKE MOYKHO BBIYMCIHTH IO npaBuiy baueca. Jis
YCJIIOBHO HE3aBUCHUMBIX COOBITUH HMEEM:

2
p(H,|CCy)= 030,90, =0,151,
0,4x0,7x0,5+0,8x0,9x0,3+0,3x0,0x0,2
pUH, | C.Cy) = 0.8%0.9%0,3 = 0,607,
0,4x0,7x0,5+0,8x0,9%0,3+0,3x0,0x0,2
p(H,|C,C,)= 0,4x0,7x0,5 0393

0,4x0,7x0,5+0,8x0,9%x0,3+0,3%0,0x0,2

Takum o0Opa3oM, MbI BUIUM, YTO HAMOOJIE€ BEPOATHBIM COOBITHEM SIBIISETCS
coOnITHE H,).
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OpHako peallbHO, PAacHpOCTPAHEHHE BEPOSTHOCTENW MPOUCXOAUT IO3TAIHO C
CYMMHUPOBAHHEM OT/AEJIbHBIX CBHUJIETEIBCTB U UX BIIMSAHHS HA YCIOBHYIO BEPOSATHOCTh
10 Mepe MOCTYIJIEHUSI OTAENbHbIX 3HaueHul C.

Jlis ucnonbs3oBaHUs TeopeMbl baiieca CylIecTBYIOT JABa TJIABHBIX TpeOOBaHUS.
[TepBoe cOCTOUT B TOM, YTO HEOOXOAUMO MOJYYUTh OT IKCIEPTOB BCE CYOHEKTUBHbIE
BEPOSATHOCTH B3aMMOCBS3€M HACTYIJICHUS COOBITHS C PA3JIMYHBIMU TUIIOTE3aMHU.
Bropoe, u nHorga Gosnee TpyaHOE B onpeAeseHUH TpeOOBaHUE 3aKIIIOUAETCS B TOM,
YTO HYXHO BBIYHUCIUTH BCE B3aMMOCBSA3M MEXIY COOBITUEM U TUIIOTE3aMH, T.€.
p(C|Hy). Xots u npeanonaraercsi ycjaoBHasi HE3aBUCUMOCTb I'MIIOTE3 JUIsl yMEHbIIECHUS
quciia TpeOyeMbIX BEPOSITHOCTHBIX OLIEHOK, BCE )K€ YUCIIO OLIEHOK OCTAETCS OOJIBIINM.
[ToaTomy Teopusi CyOBEKTUBHBIX BEPOSITHOCTEH B YMCTOM BUJE PEIKO HCIONb3YETCS B
DKCIIEPTHBIX CUCTEMAX.

Takum o00pa3om, HeECMOTpsS Ha TO, 4YTO OailecCOBCKasi TEOpUs BEPOATHOCTEH
o0OecrieynBaeT MaTEMaTHYECKYyl0 OCHOBY JUIsl  PacCyKIEHUHM B  YCIOBHAX
HEONPEJEICHHOCTH, CII0KHOCTh, BO3HHUKAIOIIAs IPU €€ NPUMEHEHUU K pPealbHbIM
OpeIMETHBIM  Oo0NacTsiM, MOXET OKa3aTbcsi Hemonmyctumon. Ha  mpaktuxe
UCIIOJIb3YIOTCSl OalleCOBCKUE CETU JOBEPHs, K OOCYX ACHHIO KOTOPBIX Mbl cedyac u
IPUCTYIIHM.

6.5. banecoBckne ceTn goBepus

baiiecoBckue ceTu JIOBEpUS TMO3BOJISIOT OCIA0UTh MHOTHE OTrpaHUYEHUS
OaitecoBckoil monenu. Cetu OBepHUsl MO3BOJSIOT YMEHBIIUTH TAOJIMILY YCIOBHBIX
BEPOSITHOCTEH, COACPIKAITYIO BEPOSITHOCTA BCEX BO3MOXKHBIX KOMOMHAIUN COOBITUH 1
CBUACTENBCTB. [Ipy MX MOCTPOEHUHU IKCIEPT BHIOMPAET TJIABHBIC SBJICHUS, KOTOPHIE
3aBEJOMO CBSI3aHBl JPYyr C JPYyroM, Tojarasi OCTaJIbHBIE COOBITHS YCJIOBHO
HE3aBUCHMBIMH.

BaitecoBckue cetu AOBEpHUs MPUMEHSIIOTCS ISl MOJICIUPOBAHUS CHUTyallui, B
KOTOPBIX CIy4ailHbIe COOBITUSI COEUHEHBI TPUUMHHO-CJICICTBEHHBIMU CBS3SIMU.

B paccyxnenun skcrnepra, HCHOJIB3YIOIMIETO MPUYUHHO-CIEACTBEHHBIA BBIBOJ,
HESBHO TIPEIOJIaraeTcsi, 4YTO OTU BIMSHUSA SBISAIOTCS HaNpaBJICHHBIMU, T.€.
peanu3aius HEKOTOPOTO COOBITHS BBI3BIBAET ApPyrue coObITHS B ceTu. Kpome Toro,
paccyXjeHue TMPUYMHHOIO BIIMSIHUS HE SBJSIETCS IUKJIMYECKUM, a pa3 Tak,
BO3JICHCTBHE HE MOXKET BEPHYThCS Ha3a/, YTOObI BbI3BATH CEOI.

MOXHO BBIICIIUTH TPH THIA CBA3EH MEXy y3iaamu (puc. 6.4) [10].

A %.

a) 8)

Puc. 6.4. Tunsl cBsizeil MEeXIY y3JI1aMu

[TocnenoBaTenpHas CBsI3b y3J70B MOKazaHa Ha (puc. 6.4, a), B KOTOPOH BIMSIHUE OT
A x C pacnpocTpaHsaeTcs 40 Te€X MOp, MOKa CYyIIECTBYET B, pacXos1ascs CBA3b y3JI0B
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(puc. 6.4, 6), rne nnpopmanus pacnpocTpansercs kK Hacinegaukam C 10 Tex mop, moka
onpenesieHo 3HaueHue C; cxoasiascs cBsi3b (puc. 6.4. g)eciii HUUEro HE U3BECTHO O
C TO ero poAMTENM HE3aBUCHMbI, B IPOTUBHOM CIydyae MEXAYy PpOAUTEIIAMHU
CYILIECTBYET KOPPEISALIHUSL.

[Tokaxkem, Kak HCMIOJAb30BaHUE Oall€COBCKOW CETH JOBEpHUS  yIPOILAeT
BBIUMCIICHUS YCIOBHBIX BepositHocTed. [lo 3akony baiieca mo0oe 00benrHEHHOE
pacrpeiefieHue BEpOsITHOCTEN MOXKET pacCMaTpUBAThCA KaK MPOU3BEIACHUE YCIOBHBIX
BeposTHocTel. Ha puc. 6.4, a ycioBHas BEpOSITHOCTD JJisi TyTU 0T A 10 B u ot B o C
BBIYHCIIACTCA CIAEAYIOIHUM 00pa3om

p(4, B, C) = p(4) - p(B|4) p(C|4, B).

B OaiiecoBCckMX ceTAX JIOBEpUS YCIOBHAs BEPOSTHOCTh IEPEMEHHON mpu
3a/IaHHBIX 3HAYEHUSX BEPOSTHOCTEW BCEX €€ IMPEIUIECTBEHHUKOB pPaBHA YCJIOBHOM
BEPOSITHOCTU TMPU 33JaHHBIX 3HAUCHMSX JIMIIbL s pojauteneid. B pesynbrare B
npuBeneHHoM Beime ypaBHenuu p(Cl|4, B) 3amensiercs Ha p(C|B), mOCKOnbKy B

sBisieTcst TpsAMbIM TTOTOMKOM C, a A — HeT. OObeIUHECHHBIE BEPOSTHOCTHBIC
pacmpeseneHus sl TpeX CeTel, MOKa3aHHBIX Ha pHC. 6.5, BBIYUCIAIOTCS CIETYIOIIUM
obOpazom.

a)p(4, B, C) =p(4) - p(B|4) p(C|B).

0) p(C, 4, B) = p(C) - p(A|C) p(B|C).

B) p(4, B, C) = p(4) - p(B) p(C|4, B).

OmnpenenuM Temepb OoJieeé TOYHO OCHOBHBIC TIOHSTHS, WCIIOJIb3yEMbIE B
0aifeCOBCKUX CETAX JOBEPHUS.

Onpenesenune

baitecoBckue ceTu JOBepUsT — OTO HANpPABICHHBIA AaIMKIUYeCKUd Tpad,
o0nagarouil CIeTyIONUMU CBONCTBAMU:

e Kaxjas BeplUIMHA MPEJCTaBIACT COOON COOBITHE, ONMUCHIBAEMOE CIIy4alHOM!
BEJIMYMHOM, KOTOPasi MOKET UMETh HECKOJIbKO COCTOSIHUM;

® BCE BEpIIMHBI, CBSI3aHHBIE C «POIAUTEIHCKUMU» OMNPEACISIOTCS TaOIuIle
YCJIOBHBIX BEPOSTHOCTEHN WM (PYHKIIMEH YCIOBHBIX BEPOSTHOCTEH;

e I BEpHIMH 0€3 «pOJAUTENICH» BEPOATHOCTH €€ COCTOSHUU SIBISIOTCS
0€3yCIOBHBIMU (MaprUHAIHHBIMU).

Jlpyrumu cioBaMu B 0all€COBCKUX CETSIX JOBEPUS BEPIIUHBI MPEICTABISIOT COOOM
CIy4yallHble TIEPEMEHHBIE, a Iy — BEpOATHOCTHBIE 3aBUCHUMOCTH, KOTOPBIE
ONPENENAIOTC uepe3 TaONMuIbl YCJIOBHBIX BEpOSATHOCTEH. Talnuiia yCIOBHBIX
BEPOSTHOCTENW COCTOSTHUM KaXKIAOM BEPIIMHBI COAEPHKUT BEPOSATHOCTU COCTOSIHUM 3TOMN
BEPILIMHBI IPU YCIOBUU COCTOSTHUM €€ «POJIUTENCI».

[Ipomecc paccyxneHuii (BbIBOAA) B CETSAX JOBEPHS 3aKIIOYACTCs B Iepecuere
BEPOSITHOCTEW  y3JI0B TPH IOCTYIUICHUA HOBOIrO CBHAETeNbCTBa. [Ipomecc
paCIpOCTPAHEHUSI BEPOSATHOCTEN OCHOBBIBAETCS HA MEXAHU3ME IE€peCcUYeTa, KOTOPBIN
MBI IOJPOOHO paccMaTpuBaTh HE OyJIEM.

OnnuMu 13 Hanbojee pacHpOCTPAHEHHBIX JIE COBPEMEHHBIX MEPCOHAIBHBIX
OBM nporpaMMHBIX CHCTEM, PEATM3YIOIIHUX TEOPHI0 OalleCOBCKHX CETEH J0Bepus,
SIBJISIFOTCSI:
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o «MSBN» ¢pupmsl Microsoft;

o «Hugin» pupmer Hugin AIS, Jdanus.

B naGoparopusix paborax Mbl o3HAKOMUMCS ¢ cucTteMoit Hugin, no3Bosisitoneit
CO3/1aBaTh HKCIEPTHBIE CUCTEMBI, OCHOBaHHbIE Ha TeopeMe baiieca U UCIONIb3YIOIIHE
0aifeCOBCKHE CETH JIOBEPHSI.

[Ipy mocTpoeHHMH CeTH JOBEpUS Mbl MOJIarajid, 4YTO KaXJ0€ M3 COOBITHIA,
CBS3aHHOE C BEPIIMHOW, XapaKTEpU3YeTCs KOHEYHBIM MHOXECTBOM COCTOSHUM U
BEPOATHOCTSAMHU NMPEOBIBAHUS B KAXKIOM U3 HUX. OJHAKO BO MHOTHX CIIy4asiX COOBITHS
MOTYT MPUHUMATh JIIOObIE COCTOSIHMSI W3 HEKOTOPOIro JMana3oHa, T.€. OHHU
XapakTepU3ylTCd  HENPEPBIBHOW  CIlydalHOM  BennunHOM.  Pacmpenenenwue
BEPOSITHOCTE HENPEPHIBHOW CIydyalHOM BENWYMHBI omnpenensierca (QyHKIuen
pacrpeneneHus BEpOATHOCTEN U INIOTHOCTBIO pacipeacsieHus: BeposiTHOCTENR. OTHAKO
BO MHOIMX IPAaKTMYECKHUX 3aJ1a4ax OKa3bIBAETCSA TPYIHO WM J1aK€ HEBO3MOXHO
MOJIHOCTBIO OMTUCATh ATH (PYHKIIUU.

B 10 ke Bpems Al pelieHrs MHOTHX 3aJa4 JI0CTaTOYHO 3HATh JIUIIb HEKOTOPbIE
napaMeTphbl, XapaKTEPUIYIOIIHUE CIYyYalHYI0 BEJIMYMHY C TOM WM UHOW TOYKH 3PEHUS.
Haubonee pacnpocTpaHeHHBIMH UYHUCIOBBIMH  XapaKTEPUCTHUKAMU HEMPEPBIBHBIX
CIIy4alHBbIX BEJIMYMH ABJISIOTCS MaTEMATUYECKOE 0KUAAHUE U JUCIIEPCHUS.

MaremaTH4yecKkoe  OXHMJAHUE  SIBJSICTCS  BEJIMYMHOW, BOKPYI  KOTOpPOU
TPYHIIMPYIOTCS 3HAYEHUS CIIyYanHOM IepeMeHHOu. Jlucnmepcuss XapakTtepusyer
OTKJIOHEHUE 3HAYEHUW CIIy4YalHOM BEJIIMYMHBI OT MAaTeMaTH4YECKOrO OKHMIAHMSA, TO
€CTh SIBJIIETCS XapAKTEPUCTUKOM PACCEMBAHMS CIYYalHOW BEJIMYMHBL. Yem MeHbIe
qucnepcusi, TeM O00Jee TECHO TpYNIHUPYIOTCS OTACNIbHbIE 3HAUEHUS CIy4aiHOU
BEJIMYMHBI BOJIM3U MATEMATHYECKOTO OXKUIAHUS.

Onnako B psae ciyyaeB JUCIEpPCHS OKa3bIBACTCS TakXke HEyJA00HOW s
IIPAaKTUYECKOTO NPUMEHEHHUs, TaK KaK HMMEET Pa3MEPHOCTh KBaJpara ClIy4alHOU
BeJIMYMHBL. [107TOMY B KaueCTBE XapaKTEpPUCTUKU PACCEUBAHUS CIIy4YallHOW BEIUYUHBI
4acTO MCHOJIb3YETCS CPEAHEKBAIPAaTUYHOE OTKIOHEHHE (KOPEeHb KBAApPAaTHBIA U3
3HAYEHUS TUCIIEPCHUH ).

B nabopatopHoii paboTe MBI pacCCMOTPUM MPUMEP MOCTPOCHUS OaleCOBCKOM ceTu
JOBEpUS C HENPEPBIBHBIMUA U TUCKPETHBIMU BEPILIMHAMM.

311ech k€ Mbl 00OpaTUM CBOE€ BHUMaHUE Ha MOCTPOSHHUE TUarpaMM BIUSHUSL.

6.6. [lnarpammbl BNUSHUS

JlmarpaMMbl BIIMSIHHSI WCIIOJIB3YIOTCS I TPUHATHS pemieHnid. DakTudecku
TUarpaMMbl BIUSHUAS — 3TO OalleCOBCKHUE CETH JOBEpHsI, PACHIUPECHHBIC MOHSATUSIMU
NOJIb3bI U pellieHusl. baillecoBckue ceTu 10BepUs COACPKAT TOJbKO OJMH THUIl BEPILHH,
KOTOpbI€ MBI OyJi€M Ha3bIBaTh BEPIIMHAMH IIAHCOB. DTH BEPIIMHBI COOTBETCTBYIOT
COCTOSIHUIO CIIyYalHBIX IMEPEeMEHHBIX. B nuarpamme BIUSHUSI UCIIONB3YIOTCS, Kak
MUHHMMYM JIBa TUIIa BEPILIUH: BEPIIUHBI peuieHusi U BEPUIUHBI HOIb3bL.

Bepuunbl peiieHus, a TOYHEE yKa3aHUs, COJICpPKALIUECS B HUX, ONPEICISIOT
MOPSAJIOK MIPUHSTHUS PEIIeHN BO BpeMeHu (puc. 6.6):
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® CTpeika OT CiIydyalHOW NepeMEHHOW (BEpIIMHBI IIIAaHCOB) K IMEPEMEHHOMN
peuieHus (BEpIIMHE pEelIeHMs]) YKa3bIBAa€T, YTO 3HAUEHUE CIy4yalHOM NepeMEeHHOU
M3BECTHO HA MOMEHT NPUHSATHUS PELICHUS,

® CTpelKa OT TNEPEeMEHHOW pelIeHHs K KaKOW-TuOO0 Jpyroi mMepeMeHHOM
YKa3bIBAaeT MOPSAJOK BBINOJHEHHUS] COOBITUH, CBSI3aHHBIX C Yy3JaMM IIIAHCOB BO
BPEMEHH.

Ha puc.6.6 OykBoii J o0o3HaueHa BeplIMHA IIIAHCOB, OYKBOM R — BepinnHa
pemieHusi, a 0ykBoil U — BepIInHa MOIb3bI.

O GO

Puc. 6.6. Tunoseie y31bl quarpaMMbl BIUSHUS

[Ipu 3TOM CETh TOJKHA OCTABATHCA AUUKINYECKON U JOJKEH CYILIECTBOBATh MYTh,
COAEpKaIIUN BCE BEPLIMHBI PELICHUS B CETH.

B mpouecce npuHATHS pEmICHHS BaXXHO HE MPOCTO HAWTH PEIICHUE, a HAWTH
pelieHue, HaTyyiiee B HeKoTopoM cMbiciie. C 3TOH 11eJIbl0 B JuarpamMmax BIIUSIHUS C
COCTOSIHHEM CETH CBSI3bIBAIOTCSI «BEPILIMHBI TIOJIB3bD).

Kaxnmas BepumnHa mojib3bl COACPKUT (PYHKIIUIO MOJIE3HOCTH, KOTOpasi CBS3bIBACT
KOKIYI0 KOH(PUIYpalUI0 COCTOSHUS €€ POJUTENe C MOJe3HOCThI0. BepiinHbl
MOJIE3HOCTH HE MMEIOT HACJIEJHUKOB (@, CIEeA0BaTENIbHO, CTPEIKa MOXKET ObITh
HaIpasjeHa TOJIbKO K HUM, puC. 6.7).

R
WIIH ¢

Puc. 6.7. CBsi3u BEpIIMHBI IOJIE3HOCTH

[TpuHuMas peimieHue, Mbl UCXOAUM M3 BEpOSTHOCTH KoHurypamuu cetu. [lorTomy
MOYXHO BBIUYHCIUTH OXHUIAACMYIO IIOJE3HOCTh KaXKIOW albTepHATHUBBI W BHIOpATh
ATBTEPHATUBY C HAWMOOJNBINECH  OXHIAeMOW  TOJE3HOCTHIO. ITO  MPUHIUI
MAaKCHMaJbHOW OKHJAAEMOU MOJIE3HOCTH.

Jlnarpamma BIMSIHHSI MOXET COJAEpPKaTh HECKOJBKO BEPIIMH MOJe3HOCTH. [Ipu
3TOM 001ast (QYHKIUS TOJIE3HOCTH MPEJICTABISIET COOOM CyMMy BCEX JIOKAIbHBIX
(byHKUMN TOJIE3HOCTH:

k
F(Xe X)) =D fi(X,eeX,)
i=1
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Cucrema JOMKHA BBIYUCIUTH MOJE3HOCTh KAXKAOTO PEUICHUS B MPEAIOI0KEHNH,
YyTO BCe OyylIue penieHus Oy IyT clieJaHbl ONTUMAJIBHO, UCII0JIb3YSl BCE UMEIOLIUECS
CBHUJIETEIHCTBA B MOMEHT Ka)KJI0TO PELICHUS.

6.7. BeiBOAObI

1. PaznuuaroT  TpuM  acmekTa  HEMOJHOTbl  MH(POPMALMH:  HETOYHOCTb,
HEOIPEJEICHHOCTh, HEYETKOCTh. HeTouHble MAaHHBIE 3aJal0TCI B HEKOTOPOM
uHTepBane. IIoHATHE HEONPEACIIEHHOCTH CBA3aHO CO CTENEHBIO HCTUHHOCTH
HEKOTOPOro yTBepXkAeHUsA. HeueTKocTh NaHHBIX CBsi3aHAa C 3aJaHueM (QYHKIUU
NPUHAJUIEKHOCTH  3JEMEHTOB MHOXECTBa, IPU OTOM CEMAaHTHKY (YHKIUH
IIPUHAUICKHOCTH MOJKHO 33JaTh Kak paclpenereHue BO3MOXKHOCTed. Hederkue,
pacIIbIBYaThIE KAaTErOpUHM BO3HMKAIOT TaM, TJ€ MPEACTABICHUSA YEIIOBEKa O
IIpoLeCcCax, U SBJICHMUSAX BBIPAXKAIOTCSA C IIOMOLIBIO HEIOCTATOYHO OIIPEIECICHHBIX
KA4ECTBEHHBIX OLICHOK.

2.[lpm HETOYHOCTH 3HAHWUU UCHOJB3YyEeTCSI Teopus (HAKTOPOB YBEPEHHOCTH,
KOTOpasi MO3BOJSACT YKa3aThb i1 IIPpaBWJIAa NPOAYKIUM  CTEIEHb YBEPEHHOCTH
JKCHEPTA B IPUMEHUMOCTH NPABUJIA B KOHKPETHOM CUTYalUU.

3. I[Ipr HETOYHOCTH NAaHHBIX MCIOJIB3YIOTCSI METOJBI HEYETKOW JIOTHUKH, KOTOPHIE
MO3BOJIAKOT ~ CTPOUTH  JIOTMKO-JIMHIBUCTHYECKHE  MOJENIH,  HMCIHOJIb3YIOIIHE
KayeCTBEHHbIC MPEJCTABJICHUS, COOTBETCTBYIOIIHME CIOCOOAM MPUHATUS pPELIEHUI
YEJIOBEKOM.

4.1Ipn ydere HEONPENEICHHOCTEW IPU IPOECKTUPOBAHHM SKCIEPTHBIX CHCTEM
UCTIOJIb3yeTCsl CYOBEKTUBHBIM WJIM OCHOBaHHBIM Ha CyxaeHusx B3rasa. OH
3aKJIF0YAETCS B TOM, YTO BEPOSATHOCTHAsI ME€pa PaCCMaTPUBACTCS KaK CTEIIEHb IOBEPHUs
TOMY, KaK OTAEIbHBIA 3KCHEPT CYAUT OO0 HMCTUHHOCTU WJIU JIOKHOCTH HEKOTOPOIO
BbICKa3bpIBaHUA. [Ipu TakolW BEpPOATHOCTHOM HWHTEPHPETALUM HCIOJIB3YETCA CXeMa
BbIBOJIa, OCHOBaHHAas Ha Teopeme balieca.

5. HOBBIM MHCTPYMEHTOM JIJIsl PELIEHUS EPEYUCIEHHBIX MPOOJIEM SIBISIIOTCSA CETH
JI0BEpHSsl, B KOTOPBIX PETYIHPYIOTCS HHPOPMAIIMOHHBIE TOTOKH.

6. In1 npuHATHAA pElEHUs HWCNOJb3YIOTCA JIuarpaMMbl BJIUSHHS, KOTOPBIE
JOTIOJHAIOT OalleCOBCKME CETH JIOBEpUs BEPIIMHAMM MPUHATUS pEUICHUN U
BEPILIMHAMM IOJIE3HOCTH, C IOMOIIBI KOTOPBIX OLIEHUBAETCS IPUHITOE PELICHHUE.

6.8. Bonpochkl ans camonpoBepku

1. Kakue knaccel HEONPEAEIEHHOCTEN MOKHO BBIJIEIUTD?

2. Kakue COBPEMECHHBIEC TEOPUU ONUCBHIBAIOT  pa3JIMYHbIC KJIaCChl
HEOIPEACICHHOCTEMN ?

3. C 4em cBs3aHa HETOYHOCTh JAHHBIX U HETOYHOCTh 3HAHUI?

4. B uem 3axnrogaetcsi Teopusi GakTopoB yBepeHHOCTH. KpaTko oxapaktepusyiite
ycioBus ee npuMeHenus. Kak o0beaunstoTcs hakTopbl yBEPEHHOCTH MPABBIX YacTeH
npaBuI?
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5. Maiite onpenenenue (PyHKIUMU TPUHAIJICKHOCTH. B 4emM cocTOUT ee cMbICH?
Kakoii Bua GyHKOMI TPUHAIICKHOCTH NPUMEHSETCS Ha MpaKTUKe?  YKaKuTe
napameTpbl GyHKUHUUA MPUHAIIEKHOCTH.

6. YKaxuTe OCHOBHbIE NPOOJEMbl, BO3HUKAIOLUIUME TMPHU MPOCKTUPOBAHUU
AKCIIEPTHBIX CUCTEM C HEOIPEAEIEHHBIMU 3HaHUAMU. Kak 3TH npoOsieMbl pematoTcs B
pamKax Teopuu QyHKUUN IPUHAIIEKHOCTH?

7. IlosicHuTe, B KaKMX CIIy4asX JJIs ONUCAHUS HEOIPEICICHHOCTEH IPUMEHSAETCS
teopema baiieca.

8. IlosicHuTe OTIMYMSA AIlOCTEPUOPHOM BEPOSITHOCTH OT aIlpUOpHOM. B Tekcre
JEKIMU MBI PAacCCMOTpENU IPUMEP MAapKETHHIOBOI'O HCCIEHOBAHUSA. Y KAKUTE
AIPUOPHYIO U allIOCTEPUOPHYIO BEPOSITHOCTU B TOM IIPUMEPE.

9. louemy mpu HCHONB30BaHUM TeopeMbl baiieca TpeOyeTcsi HE3aBHUCHUMOCTD
COOBITHIT?

10. JInst uero npumensitoTcsi O6aliecoBckue ceTu noBepus? Kakue THUMbI BepIivH U
CBsI3€i B HUX UCIOJIb3YIOTCSI?

11. Ins yero npuMeHSOTCs AuarpaMMbl BiIusHUA? Kakue TUIIBI BEPIIMH U CBA3EH
B HUX UcnoJib3ytoTcs? [louemy ceTh oJKHA ObITh alMKIM4Yeckoi? YTo o3Havaer 310
TpeboBaHue JJ1s1 0a3bl 3HAHUM IKCIIEPTHBIX CUCTEM ?

12. Kak BbI gymaere, JUIsl KAKOrO THIIA 337a4 MOKHO HMCIIOJIb30BaTh OalleCOBCKUE
CETH JI0BEpUs U AuarpaMMsbl BiausHus. [IpuBeaure npumMepsl.
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7. HEWPOHHbIE CETU

Heliponnsle ceTu TPenCTaBIAIOT CcOOOM HOBYIO M BeChbMa TEPCIEKTUBHYIO
BBIYMCIIUTEIBHYI0 TEXHOJIOTHIO, JAOIIYI0 HOBBIE IIOAXOAbI K HCCIIEIOBAHUIO
JTUHAMUYECKUX 33]1a4 B Pa3JIMYHBIX 00JIaCTAX.

HelipoHHble c€TH MOYKHO peajiu30BaTh B BUAE OBICTPBIX aIlllapaTHBIX YCTPOWCTB,
OJTHAKO OOJIBIIMHCTBO MPAKTUYECKUX MPHJIOKEHUN BBIMOJIHEHO C HCMIOJIb30BAaHUEM
IPOrpaMMHOTO MOJIEIMPOBAHUA Ha OOBIUYHBIX KOMIBIOTEPaxX. B 60NbIIMHCTBE CiTy4yaeB
HEHWPOHHBIE CETH MCHOJIB3YIOTCS TOTAA, KOT/Ia HEBO3MOXHO HANMCATh IMOAXOISAIIYIO
[IpOrpamMMy, WIM II0 IPUYUHE TOTO, YTO HAWIECHHOE HEHPOHHOW CETHIO pEILICHUE
OKa3bIBaeTcs 00Jiee COBEPILICHHBIM.

Heitponnsle cetu pemaror 3aj1auu CJIeAyoUero kiacca [8].

1. Pacnosnasanue o6bpa3zoe. 3amada COCTOMT B OTHECEHMHM BXOJHOrO0 Habopa
JAHHBIX, TPEJCTABJISAIONIEIO pPACIO3HABAEMbIM OOBEKT, K OJHOMY U3 3apaHee
M3BECTHBIX KJIACCOB. B 4WMCIIO Takux 3ajad BXOJMUT PACIO3HABAHUE PYKOINHCHBIX H
MEYaTHBIX CUMBOJIOB IIPU ONTHYECKOM BBOJiIe B DBM, pacrno3HaBaHue KJIETOK KPOBH,
pacrio3HaBaHWE PEUYU U Jp.

2. Knacmepusayus oanHwvix. 3aa4a COCTOUT B TPYNITUPOBKE BXOJTHBIX JAHHBIX 10
npucymei uM «oauzoctuy. KoamyecTBo Ki1acTepoB 3apaHee HE U3BECTHO.

3. Annpoxkcumayus @ynxyui. Vimeercss HaOOp SKCHEPUMEHTAIBHBIX JIAHHBIX
{(x;, ¥1), - (Xp Vn)}, TPENCTABISIIOIIMNA 3HAYCHUS y; HEM3BECTHOM (PYHKIHMH OT
aprymenra x; i =1,...,.n. TpeOyerca HalTH (yHKUIHUIO, aNMNPOKCUMHUPYIOUIYIO
HEU3BECTHYIO (DYHKIMIO, M yJOBJIETBOPSIOUIYI0 HEKOTOPHIM KpUTEpHUSM. DTa 3ajaaya
aKTyaJbHa IPU MOJACIMPOBAHUMU CIIOKHBIX CUCTEM YNPABJIEHUS W IIPU CO3NAHUU
CUCTEM YIPABJICHUS CJI0KHBIMU JUHAMUYECKUMU OObEKTaAMU.

4. Ilpoenosuposanue.  Vmeerca  wabop  {y(t;), ..., y(t,)}  3HadyeHuur Y,
MPEICTABIIAIONINI MOBEIEHUE CUCTEMbl B MOMEHTHI BpeMeHH £, [ = 1,...n. TpeOyercs
10 TIPEAbIAYIIEMY MMOBEICHUIO CUCTEMBI MIPEICKa3aTh €€ MoBeaeHue y(t,+;), B MOMEHT
BPEMEHH f,,+;,. ITA 3a7]a4a aKTyajabHa JJIsl CACTEM MPUHSATHUS PELUICHUS.

5. Onmumuzayusa. lenb >TUX 3amady — HaWTH pemieHus NP-monHoW 3anaudu
YAOBJIETBOPSIOIIEE PsAy OrPAaHUYEHHH W ONTHUMHU3HUPYIOIIEE 3HAYCHUE LIEJIEBOU
¢ynxun. K yuciny Takux 3aa4 OTHOCUTCS, HAPUMED, 3a/1a4a KOMMHUBOSDKEPA.

6. Konmexcmuo-adpecyemas (accoyuamuenas) namams. ITa MaMITh MO3BOJISET
CUMTBHIBATh COJIEPKMMOE II0 YAaCTHYHOMY WM WCKAKEHHOMY MPEICTABICHUIO
BXOJIHbIX JaHHBIX. OCHOBHOW OO0JACThIO NPUMEHEHUS SIBISIOTCS MYJIbTHUMEIUNHbIE
0a3bl JaHHBIX.

CeromHst 370 Ta 00JaCTh 3HAHWM, O KOTOPOMl JIOJKHBI MMETh OIpPEAEIIEHHOE
NpEACTaBlICHUE  CHEUAIUCThI, paboTarommye B 00JaCTH  KOMIBIOTEPHBIX
UH(OPMAIMOHHBIX TEXHOJIOTHH.
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7.1. dopmanbHas mogenb HEMPOHA

Heiiponnsie cetu cTpoATCA Ha OCHOBE HCKYCCTBEHHOTO (MU (HOpPMAaIbHOTO)
HEWpPOHA, KOTOPBIM SBISIETCA NPOCTBHIM IPOLECCOPOM U BBINOJHSIET B3BELICHHOE
CYMMHUPOBAHHME CBOMX BXOJOB C IMOCJIEIYIOIIMM HEJIUHEHHBbIM MpeoOpa3oBaHUEM
pesyaprara. Ha puc. 7.1 mnokazana Mozaenb HEHPOHA, JIEKAIIErO B OCHOBE
VICKYCCTBEHHBIX HEMPOHHBIX CeTel. B 3TOI MOJENM MOXKHO BBIACIUTH TP OCHOBHBIX
anemeHTa [17].

o °k
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Puc. 7.1. Henunelinast MoJiesib HEHpOHa

1. Habop cunancos unu cesazei, KaxIblii U3 KOTOPBIX XapaKTEPU3YETCS CBOUM
BecoM. Hanpumep, curHan x; Ha BXOJ€ CHHAICa j, CBS3aHHOTO C HEHPOHOM K,
YMHOKa€TCs Ha BeC Wy;. CHHaNTHYECKUI BEC UCKYCCTBEHHOIO HEMPOHA MOXKET UMETh
KaK IOJIOXKUTEJIbHBIE, TAK U OTPULIATEIIbHBIE 3HAYCHHS.

2. Cymmamop CKIAIbIBA€T BXOJHBICE CHUTHAJIbl, B3BEUICHHBIE OTHOCUTEIBHO
COOTBETCTBYIOIIMX CHHAIICOB HEWpPOHA. Ty ONEPALMI0 MOXHO OIKMCaTh Kak
JUHEHHYr0  KoMOuHauuio. OTpULIATENTbHOE  3HAYEHUWE Beca  COOTBETCTBYET
MTOJABJICHUIO AKTUBHOCTH COOTBETCTBYIOILETO 3JIEMEHTA, MTOJ0KUTEIBHOE 3HAYCHHUE —
YCUJICHUIO €T0 aKTUBHOCTH.

3. @ynkyus akmusayuyu OTPAHUYUBACT aMIUIUTYy BBIXOJHOTO CUTHAJIA HEWPOHA.
Ota GyHKIUS Takke HaszbiBaeTcs (PyHKIMe cxaTus. OObIYHO HOPMaJIM30BAHHBIM
JIMana3oH aMIUIATY/]l BbIX0OJ1a HeMpoHa jekuT B uatepsadne [0, 1] wnum [-1, 1].

B mopens HelipoHa, MOKa3aHHYH0 Ha puc.7.l, BKJIIOYEH MOPOTOBBIA 3JIEMEHT,
KOTOpbI 0003HAY€H CHUMBOJIOM b;. DTa BeIUYMHA OTPAXKACT YBEJIMYCHUE WIU
YMEHBIIIEHUE BXOIHOTO CUTHAJIA, T10/1aBaeMOTr0 Ha (PYHKIMIO aKTUBALIUU.

B wmarematmyeckom mipeacTaBieHHH (YHKIIMOHUPOBAaHUE HEHWpOHA k MOXKHO
ONMCATh CIEAYIOLIEH NTapOr YPAaBHEHUN:

Uy :ZW@'XJ’ (7.1)
J=1
Vi = S ur+bo), (7.2)

TA€ XJ, X2, ...X, — BXOAHBIE CUTHAIIBL; Wy, Wi, ..., Wi, — CUHAITHYECKUE Beca HEMPOHA
k; u, — nuHEHas KOMOMHAIIMKA BXOJIHBIX BO3ACUCTBUM; by — mopor; f(.) — GyHKUUA
aKTUBALIMH; )x — BBIXOJIHOM CUTHAJl HEHPOHA.
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CtpykTypa cBsi3eli OOBIYHO TIPEICTABISCTCS B BHJE BECOBOM MaTpuibl W, B
KOTOPOM KayKAbIH 2JIEMEHT Wy IPEICTaBIIAET BEIMYUHY BECOBOIO KO PULIUEHTA I
CBSI3U, UJIYIIEH OT AJIEMEHTA k K 3JIeMEeHTY j. MaTpuiia BeCOB SIBISICTCS MaMAThIO CETH,
XpaHsen nHPopMaIMIo 0 TOM, KaK JOJ’KHA BBITOIHATHCS 3a/1a4a.

Hcnonb3zoBanne mnopora obecneuynBaeT 3ddext adduHHOrOo mnpeodpazoBaHuUs
BBIXOJIa JIMHEWHOro cymMmaropa. B moxenu, mokasaHHoW Ha puc. 7.1, BBIXOJHOU
CUTHAJI CyMMaTOpa BBIYUCIISIECTCS CIEIYIOIINM 00pa3oMm:

Vi = Ui + bk. (7
3)

B 3aBucMMOCTH OT TOr0, Kakoe 3Ha4€HHUE MPUHUMAET MOPOT, MOJOKUTEIBHOE WIIH
OTPULIATENBHOE, UHOYYUPOBAHHOE JIOKAIbHOE Nnojie WIH TOTECHIMANl aKTUBAILUU Vi
HEHpPOHA k U3MEHSIETCS TaK, KaK TOKa3aHo Ha puc. 7.2.

Hupgyuupoepannoe
NOKANBHOE TOJE V), Topor by, > 0
ki =10
-
S b0
-
-
o
-
-~
ol -
1
L7 Brizon nuuefinoro
- CYMMAaTOPa Uy,
e
s
e
e
e
.
e

Puc. 7.2. IlpeoOGpazoBanue, BEI3BAHHOE HAJTUYUEM ITOPOTa

3nechr W janee Uil BbIXOAA JIMHEHHOTO CyMMaropa Mbl OyJeM HCIHOJIb30BaTh
TEPMHUH «UHAYLUPOBAHHOE JIOKajdbHOE moisiey. OOpaTUTe BHUMaHHE HA pe3yJbTar
npeoOpazoBanus. ['paduk v, yxke HEe MPOXOIUT Yepe3 HAdalo KOOPAUHAT, Kak rpaduk
Uy,.

[Topor by siBAsi€TCS BHEIIHUM [1apaMeTPOM HCKYCCTBEHHOrO HelpoHa k. [Ipunumas
BO BHUMaHue BbeIpaxkenue (7.3), dopmynsr (7.1) u (7.2) MoxHO TpeoOpa3oBaTh K
CIEAYIOUIEMY BULY

v= 2 (7.4)
yi = f(vio) (7.5)

B Boipaxenuu (7.4) noGaBuscs HOBBIM cuHarc. Ero BxoaHo# curnan x, = +17, a
€ro BeC: Wiy = by.

DTO MO3BONWIO TpaHCHOPMHUPOBATH MOJIETb HEHMPOHA K BHUIY, MOKa3aHHOMY Ha
puc. 7.3. Ha 3TOM pucyHKe BUJIHO, YTO B Pe3yjbTaTe BBEJCHHUS MOpOTra J100aBISETCS
HOBBIM BXOJHOW cUrHaj (MKCUPOBAHHOM BENWYMHBI +1, a TakKe MOSBISETCS HOBBIN
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CHUHAIITUYECKNH BEC, PABHBIM MOPOrOBOMY 3HAa4yeHMIO. MoOJenu, NOKa3aHHbIE HA PHUC.
7.1 u 7.3, MaTeMaTUUECKH YKBUBAJICHTHBI.

XDN*?
e 1 kU}

By %k
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o
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Puc. 7.3. Eile oqHa HeNMHEWHAs: MOJIe)Ib HEHpPOHa

7.2. Tvinbl pyHKUMIN aKkTMBaLUK

OYHKIIMK aKTUBAlLlMU, MpeACTaBiIeHHbIe B (opmylax Kak f(v), ONpeneistor
BBIXOJIHOW CHUTHaJl HEMpOHA B 3aBHCUMOCTH OT 3HAUEHHS V HA BBIXOJIE CyMMAaTopa.
MO3KHO BBIICIUTH TPU OCHOBHBIX THUIA (DYHKITUN aKTUBAIIUH.

1. OyHKIUS eQuHUYHO20 CKauKka, WU nopoeosas Gyuxkyusa (puc. 7.4). DTOT TUI
(GYHKIIMH MTOKa3aH Ha pUC. 6 U OMHMCHIBAETCS CICAYIOIIUM 00Pa3oM:

1, ecmu v, >0;
f(v)={ '

0, ecmu y, <0.

2 -1I,5 A -0:5 0 0',5 i 1',5 2w
Puc. 7.4. ®yHKIMSA €TUHUIHOTO CKauKa

Orta ¢dopma GyHKIMH EIUMHHYHOTO CKavyka HasbiBaeTcs (QyHKIuMen Xoseucatioa.
CoOOTBETCTBEHHO BBIXOJHOW CUTHAJ TaKOW (DYHKIIMM MOKHO IIPEJICTAaBUTh KaK

1, ecau v, >0;
y =
10, ecnn v <0,

m
A€ vi = Zwij,*bk-
j=1
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OTy MOzenb B JINTEPAType HA3BIBAIOT Moaenbto Max-Kannoxa—Ilumya. B ston
MOJENH BBIXOJHOW CUTHAJ HEMPOHA NPUHHUMAET 3HA4YeHHUE 1, ecim MHAYLHMPOBAHHOE
JIOKaJNbHOE MOJI€ 3TOr0 HEHpoHA HE OTpHULATENbHO, U 0 — B IPOTUBHOM cilydae. ITo
BBIPAJKEHUE OMUCHIBAET CBOMCTBO «BCE WM HUYero» moaenu Mak-Kamnoka—IIurtua.

2. Kycouno-nuneunas ¢yunkyus. KycouHo-nuHeliHas (QyHKUUMS, MOKa3aHHas Ha
puc. 7.5, ONIUCHIBAETCS CIEAYIOIIUM BBIPAKEHUEM

1, v2+1—,
2

GOERLS +%>v>—%,

0, v < — L,
2

rae Kod(QpQUUUEHT yCWIEHUs B JIMHEWHON o00JslacTu oreparopa IpearnoiaracTcs
paBHbIM enuHuie. Crenyromue JBa BapHaHTa MOXHO CYMTaTh 0co0oil Qopmoii
KYCOYHO-JIMHEHHOUW (yHKIIUH.

e Ecnu nuHeiHas oOjacTh onepaTopa HE JOCTUTHET MOpOra HACBIILEHUS, OH
IIPEBPALIACTCA B JIMHEHHBINA CyMMAaTop.

e Ecimu ko3ppuuueHT ycuieHHus JTUHEWHONM OOJacTH NPHUHATH OECKOHEUYHO
OO0JIBIIMM, TO KYCOUYHO-JIMHEHHASI (PYHKIUS BBIPOKIAETCS B TOPOTOBYIO.

1,2 7 fiw)

1 4+

05+
05+
04+

024

n]

2 45 4 450 os 1 15 2 ¥
Puc. 7.5. Kycouno-nuHeliHas (yHKITUS aKTUBAIIMHT

3. Cuemouoanvuas ¢ynkyusa. CurmomnmanbHas QyHKIUA, TrpaduKk KOTOPOW
HanoMuHaeT OyKBY S, sBJIAETCS OAHOW M3 CaMbIX PacHpOCTPAaHEHHBIX (YHKIIHM,
UCIIOIB3YEMBIX JUISI CO3JaHHs MCKYCCTBEHHBIX HEHMPOHHBIX cerel. [Ipumepom
CUIMOMJIAJIbHOM  (QYHKUIMM  SBISETCA  JIOTUCTHYECKas (yHKLUMs, 3ajaBaemas
CHEAYIOLIUM BBIPAXKEHUEM:

1

1+exp(-av)’

fv)=

rie a — napamemp HAKIOHA CUTMOWAANBbHON ¢GyHKUMU. M3MeHsst 3TOT mapamerp,
MOKHO TIOCTPOUTh (PYHKIIMHM C pa3HOM KpyTusHou (puc. 7.6). B mpenene, xorma
napamMeTp  HakJIOHa  JOCTUraeT OECKOHEYHOCTH, CUTMOMJaibHas  (PYHKIUS
BBIPOXKJAETCs] B MOPOroByro. Eciu moporoBast PyHKIMS MOXKET MPUHUMATH TOJBKO
3HaueHus 0 u 1, To curmouganbHas (QPyHKIUS TPUHUMAET OCCKOHEYHOE MHOXKECTBO
3HaueHui B auanaszone ot 0 no 1. IIpu 3TOM cnexyer 3aMeTHTh, YTO CUTMOUIATIbHAS
byHkus sisiercst nudhepeHIpyeMoil, B TO BpeMs Kak MOporopasi — HET.
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Puc. 7.6. I3menenne curMmongaibHON (QYyHKIIHH

7.3. lNpencraBneHne HENMPOHHbIX CeTeN
C NOMOLLbIO rpacoB

biiounble auarpamMmbl, MCHOJIB3yEMbIE HAMU [IJIsl MPEJCTaBlICHUS (HOPMaAIbLHOIO
HEHpoHa, obecreunBalOT (PYHKIMOHAIIBHOE ONUCAaHUE PAa3IUYHBIX AJIIEMEHTOB, W3
KOTOPBIX COCTOMT MOJEJIb HEHUpOHA. BHEIIHWM BUI MOJEIM MOXKHO YIPOCTHUTH,
MPUMEHMB Tpadbl Mepeiadynd CUTHAJIOB.

I'pad nepedauu cuenana — 3TO ceTh HANPABICHHBIX CBS3€H, COEIUHSIOMIMX
oraenbHbIe y371bl. C KaXIbIM Y3JI0M j CBA3aH cuUrHai x;. OObluHas HalpapiICHHAs
CBA3b HAYMHAETCA B y3J€ j M 3akaHuMBaeTcs B ApyroMm ysie k. C Heil cBs3aHa
nepedamouHas QyHKyus, ONpeaesonas 3aBUCUMOCTh CUTHANA Yy y3/1a k OT CUrHaja
x; y31a j. IIpoxoskaeHue cursaga mo pasiavyHbIM 4acTsAM Ipada MOAYMHAETCS TPEM
OCHOBHBIM ITpaBUJIaM.

IpaBuiao 1. Hampapienwe NpPOXOXKIAEHUS CUTHAJIA BIOJIb KaXXIOH CBS3H
ONPENEIIAECTCS HAIIPABICHUEM CTPENKU. [Ipy 5 TOM MOKHO BBIIEIIUTH J1BA THUIIA CBSI3EH.

e  Cunanmuuecxue cesazu. VIX moBeieHUE ONPEAEISIETCS JIMHEUHBIM OTHOLLIEHUEM
BX0oA-BbixoA. Kak mnokasano Ha puc. 7.7,a, curHag ysjga X; yYMHOXKAeTcsa Ha
CHHAIITUYECKUHN BEC Wyj, B PE3YJIBTATE YETO IOTYYaeTCs CUIHAI Y3J1a V.

o Axmusayuonuvlie cea3u. VX TIOBEIEHHE ONPEACISIETCS HEIMHEHHBIM
OTHOIIEHUEM BXOJ-BBIXOJI. DTOT BHUJ CBS3U TOKa3aH Ha puc. 7.7,6, rtoe f(.) —
HeMHeHas QyHKIUS aKTUBAIUU.

IIpaBuino 2. CurHanm y3ma paBeH aireOpamvyeckol CyMMe CHUTHAJIOB,
IIOCTYNAIKX Ha ero Bxox. Ha puc. 7.7, 6 3TO mpaBuiio NpOUIUIFOCTPUPOBAHO JIS
CIIyYasi CUHANMUYECKOU CXOOUMOCHU.

IIpaBuio 3. Curnan JaHHOTO y3J1a MEPEeJaeTcs M0 KaKI0M NCXOIAIIe CBs3H 0e3
ydyera  NepelaTovyHbIX  (YHKUUMHA  MCXOASIIMX  CBA3€d.  OTO  MpaBMIio
OPOUJUTIOCTPUPOBAHO HAa puUC. 7.7,2 Mg cuHanmuuyeckou OugepeeHyuy Wiu
PacxoaMMOCTH.
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Puc. 7.7. OcHoBHBIE NpaBUiia TOCTPOECHUS TpadoB Mepeaadn CUTHAIOB

Ha puc. 7.8 mokazan mpumep rpada mepenads CHUrHaiza. IDTO MoOJeiIb HEHpoHa,
COOTBETCTBYIOIIAsi OJIOYHOM AUarpamMme, NpUBEICHHON Ha puc. 7.3.

XU=+ID
Wg0=by
£}

Wkl —_—{)
2] Vi Vi

W2
x2 Wl
Hm )

Puc. 7.8. I'pa¢ nepenaun curnana ogHOro HEWpPOHa

[Ipyunumass B KayecTBe MOJeIM HeWpoHa rpad NPOXOXKACHUS CUTHAIIA,
NOKa3aHHBIA Ha puc. 7.8, MOXHO Cc(hOpPMYIUpOBaTh €I OJHO OIpeaeTeHUue
HEUPOHHOU CETH.

Onpenesienune

Heiiponnas cems — 370 HarnpaBieHHBIN Tpad, COCTOSIINN U3 y3/10B, COETMHEHHBIX
CUHANTUYECKMMH W  AKTUBALIMOHHBIMM  CBSI3IMH, KOTOPBIM XapaKTepU3yeTCs
CIEAYIOUIMMU YETHIPbMS CBOWCTBAMHU.

. Kaxnaplii HEHMpOH MNPEACTaBISIETCS MHOMXECTBOM JIMHEMHBIX CHHANTHYECKUX
CBSI3€M, BHEIIHUM IOPOTOM M, BO3MOXHO, HEJIMHEWHOM CBsA3bIO akTuBauuu. [lopor,
MpEeACTaBIsAEMbI BXOJIHOW CUHANTUYECKON CBS3bI0, CYHUTAETCS paBHBIM +1.
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2. CHHanTU4YeCKHE  CBS3W  HEHpPOHA  HCIOJB3YKOTCA  JUIA  B3BEILMBAHUSA
COOTBETCTBYIOIIMX BXOJHBIX CUTHAJIOB.

3. B3BemenHass cyMma BXOJHBIX CHTHAJOB ONPEACISIET HWHIAYLMPOBAHHOE
JIOKaJIbHOE T0JI€ KaKJI0TO0 KOHKPETHOTO HEMPOHA.

4. AKTUBalIMOHHBIE CBA3M MOJU(GUUUPYIOT HHIYLIUPOBAHHOE JIOKAJBHOE IOJIE
HEWPOHA, CO3/1aBasi BBIXOIHOW CUTHAJI.

HampaBnenusiii rpad, onpeaeneHHbIl YKa3aHHBIM CIOCOOOM, SIBIISIETCSI NOJHbIM.
DTO 3HAYUT, YTO OH OIKCHIBAET HE TOJIBKO MPOXOKIECHUE CUTHAJIA MEXKy HEMpOHAMH,
HO M IepeJadyy cUrHaja B caMoMm HeiipoHe. Ecin HeoO6XoauMo ommucatrbh TOJBKO
IIPOXOXKICHUE CUTHANIA MEXKIY HEMPOHAMHU, TO MOXHO HCHOJIB30BAaTh COKPALICHHYIO
dopmy sTOrO Tpada, OMyCKAMIIYI0 JCTAIH TEpeladyd CHUTHajda BHYTPHU HEHpOHA.
Takoll HanpaBJIeHHBIN Ipad HAZBIBAETCS YACMUYHO NOJIHBIM.

Onpenesienue

Yacmuuno noauwlii 2pag XapakTepu3yeTcsl CIACIyIIUMI CBOHCTBAMH.

1. BxomHbie curHaibl (GOPMHPYIOTCS y3JaMHd HMCTOYHHMKA WU  BXOIHBIMHU
3JIEMCHTAMH.

2. Kaxnplii HEHpOH TMPEICTABJIACTCS OJHUM Y3JIOM, KOTOPBI Ha3bIBacTCS
BBIYUCIUTCIBHBIM.

3. JIuHuyM niepeaun CUTHaIA, COCTUHSIONINE Y3IIbI-HCTOYHUKHA W BBIYHCITUTCIIEHBIC
y31bl rpada umeroT Beca. OHHM TIPOCTO OIPEACISAIOT HAIPABJICHHUE TPOXOXKICHUS
curHasia Ha rpade.

YacTMUHO TMOJHBIA HampaBieHHbIA Tpad, ONpeeNeHHbId YKa3aHHBIM BBIIIE
CrocoOOM, Ha3zbIBaeTcs apxumekmypHuiM. OH OINUCHIBAET CTPYKTYpY HEUPOHHOMN
cetu. IIpumep Takoro rpada nokasas Ha puc. 7.9.

}gj:FIQ
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Puc. 7.9. ApxurekTypHslii rpad HelipoHa

OOpatuTe BHHMMaHWE€, YTO Ha 3TOM Tpade BBIYUCIUTEIBHBIA Yy3el 0003HaueH
3aIITPUXOBAHHBIM KPYXKKOM, & y3JIbl UICTOYHUKA — MAJICHBKUMU KPYKOUKAMMU.

[ToaBonst UTOr CKa3aHHOMY, MOKHO BBIJIEIUTH TPU I'papruecKux Mpe/ICTaBICHUS
HEUPOHHBIX CETEH.

e bnounas nuarpamma, onuchiBaromnias GyHKIIMA HEUPOHHOU CETH.

e [pag npoxXoXACHHS CUTHATA, 00ECTICUNBAIOIINI ITOJTHOE OMMCAHUE TEepeIadH
CUTHaJa 110 HEMPOHHOU CETH.
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o  ApxumexmypHuoiti Tpad, ONMUCHIBAIOIIUNA CTPYKTYPY HEHPOHHOM CETH.

7.4. ApxutekTypa HEMPOHHbIX CeTeN

CtpykTypa HEUpPOHHBIX CETEH TECHO CBs3aHA C HUCIIOJIb3YEMbIMH AJITOPUTMAMU
obyuenus. Knaccudukaius airoputMoB o0ydeHus: OyAeT MPUBEICHA Jablle, 3/1eCh
MBI PACCMOTPHUM apPXUTEKTYPY (CTPYKTYPY) CETEH.

[To apxuTekType CBSi3el HEUPOHHBIC CETH MOXKHO CIPYINIHUPOBaTh B JiBa Kjacca:
CETH MPSMOTO PaCIpPOCTPAHEHHUS, B KOTOPBIX Tpad HE UMEET IeTelb, K PEKYPPECHTHBIC
CeTH WJIM CeTH ¢ 00paTHBIMM CBs3siMH (puc. 7.10).

Heiponnas cetp

\

C npsaMbIM C oOpatHbIM
pacrpocTpaHEeHuEM pacrpocTpaHEeHUEM
OnHOCIOWHBIN CeTb pamuanbHbBIX CopeBHoOBaTeNbHAS Mogens ART
IIEPCENTPOH 0a30BBIX QYHKIUI

MHuorocinonHbIN

TepCenTpPOH Certp Xondunna SOM

Koxonena

Puc. 7.10. Tunbl HEHPOHHBIX CETEU

Cpenn cereil MNpAMOro pAacOpOCTPAHEHUS  BBIAEISIOT  OJHOCIOWHBIE U
MHOT'OCJIOMHBIE CETH.

B 0HOCIIOMHBIX CETAX npAMo2o pacnpocmpaHneHnuss AMEETCsl BXOAHOM CIIOU y3JI0B
UCTOYHUKA, UHPOpPMAIKs OT KOTOPOTrO MepeAaeTcsi Ha BBIXOJHOM CIIOM HEMPOHOB, HO
He HaoOopor. Takas ceTh Ha3bIBAETCS CETHIO MPSMOTO PACHPOCTPAHEHUS WIU
anukiandyeckoil cetero. Ha puc. 7.11 nokaszana cTpykTypa Takoil CETH AJIs Ciiydas Tpex
y3JI0B B KQXJIOM U3 CJIOEB (BXOJHOM U BBIXOJIHOM).

! -

O - @—

Puc. 7.11. CeTb npsiMOro pacupoCTpaHEHHs C OJTHUM CJIOEM HEHPOHOB
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Takass HEHpOHHAsA CEThb HA3bIBAECTCA OOHOCIOUHOU, IPA 3TOM I0J €JUHCTBEHHBIM
CJI0EM IOAPa3yMEBAETCS CIOW BBIYMCIUTEIBHBIX 3J€MEHTOB. IIpu moxcuere umcna
CJIOEB Mbl HE IPUHUMAEM BO BHUMAHHUE y3JIbl HCTOYHUKA, TAK KAK OHU HE BBITOJIHSIIOT
HUKAKUX BBIYMCICHUM.

Jpyroil kjacC HEWPOHHBIX CETEH MPSIMOIO PACIHPOCTPAHCHUSI XaAPAKTECPU3YETCA
HaJUYUEM OIHOTO WJIM HECKOJIBKUX CKDbIMbIX C10€8, Y31bl KOTOPBIX Ha3bIBAKOTCA
CKPBITBIMA HEHUpOHAMHU, WM CKPBITBIMH 3JieMeHTamu (puc. 7.12). @DyHkuus
MOCJIEIHUX 3aKJIF0YAETCS B MOCPEIHUYECTBE MEXK/y BHEIIHUM BXOJHBIM CUTHAJIOM U
BBIXOJIOM HeWpoHHOU ceTtu. J[00aBisAsi OJHU WJIM HECKOJBKO CKPBITBIX CJIOEB, Mbl
MO’KEM BBIJIEJIUTh CTATUCTUKH JIFOOOT0 MOpPsIKa.

Brmonuof
CIGH
Bxzonuo# Cnofl cepEITHE
CIOH HeApoHOE

Puc. 7.12. CeTp npsIMOro pacrnpocTpaHeHUs
C OZTHUM CKPBITHIM U OJJTHUM BXOIHBIM CIIOEM

Cetb, mokazaHHasi Ha puc.7.12, SBISETCS NOIHOCEA3HOU B TOM CMBICJE, YTO BCE
y3JIbI KaXJO0T0 KOHKPETHOT'O CJIOSi COCAMHEHBI CO BCEMH Yy3JIaMH CMEXHBIX CJIOEB.
Ecnm HekoTOpble CHHANTUYECKHWE CBSI3U OTCYTCTBYIOT, TakKasi CE€Th Ha3bIBACTCS
HEeNnOJHOCEA3HOU.

Pexyppenmnas nevipoHHas cCeTh OTJIMYAETCS OT CETH MPSAMOTO PaCIpOCTpPaHEHUS
HaJU4YueM, 1o KpaitHel Mepe, oJHON oOpaTHOM cBs3u. Hanmpumep, pekyppeHTHas ceTh
MOYET COCTOSITh U3 EAUHCTBEHHOTO CJIOSI HEMPOHOB, KaXbI U3 KOTOPBIX HAIIPABIISET
CBOM BXOJIHOM CHTHAJI HA BXOJbl BCEX OCTAJIBHBIX HEUPOHOB CIIOSA. APXUTEKTypa
TakoW CceTW ToKazaHa Ha puc. 7.13. Hanmume oOpaTHOM CBSA3M OKa3bIBaeT
HEMOCPE/ICTBEHHOE BIUSHUE HA CITIOCOOHOCTH CETeH K 00YyUECHHIO.

Cetu npsAMOro pacnpoCTPaHEHHUs SIBISIOTCS CTATUYECKUMHU B TOM CMBbICIIE, YTO Ha
3aJlaHHBII BXOJ OHU BBIPAOATHIBAIOT OJIHY COBOKYMHOCTH BBIXOJHBIX 3HAYEHUH, HE
3aBUCAIIIMX OT TMPEAbIAYLIET0 COCTOSIHUS. PeKyppeHTHbIE CETH  SBIISIOTCS
JTUHAMUYECKAMHU, TaK KaK B CHJIy OOpaTHBIX CBSI3eM B HUX MOIUMUIUPYIOTCS BXOMBI
HEWPOHOB, YTO MPUBOJUT K UBMEHEHHUIO COCTOSIHUS CETH.

ApXHUTEKTypa HEHPOHHBIX CETEH 3aJaeTcs MaTpHIEl BECOBBIX KO3(P(UIIMEHTOB
Wi, XapaKTEpU3YIOIIMX CHJIy CBSI3€l MeXIy oJneMeHTamu cetd. Hekxoropeie
KO3 (PUIIMEHTHI CBs3€l MOTYT OCTaBaTbCsi CBOOOAHBIMU U OIPEACNAIOTCS MpHU
00y4YEHUHU CETH.
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Puc. 7.13. PexyppeHTHas ceTb 0€3 CKPBIThIX HEUPOHOB

7.5. Oby4yeHne HeEMPOHHOWN CeTH

OJZIHO U3 IJ1aBHBIX MPEUMYIIECTB HEMPOHHBIX CETEM 3aKII0YaeTCsl B TOM, YTO OHU
MPEANnoiIaraloT HaIMYue MPaBuil, C TOMOIIBIO KOTOPBIX CETh MOXKET 00Y4YaThCs.

[Iporiecc oOydeHust paccMaTpuBaeTCs Kak HACTPONKA apXUTEKTYpPbl CETH U BECOB
cBsi3el i 3¢ (HEKTUBHOTO BBITIOTHEHUS 3aJadyd. JTO CBOMCTBO CETEHM JellaeT X
Oojiee MPUBJIEKATEIbHBIMH 110 CPAaBHEHUIO C CHUCTEMaMHU, KOTOPbBIE CIEIYIOT
ONPE/ICIICHHOM CUCTEME MPABUIL, TTOTYUYECHHBIX OT SKCIIEPTa.

Onpenesenune

OOyueHue — 3TO mpolecc, B KOTOPOM CBOOOJIHBIE MapamMeTpbl HEWPOHHOU CETU
HACTPauBarOTCs MOCPEICTBOM MOJCIUPOBAHUS CPEbI, B KOTOPYIO CETh BCTpoeHa. Tu
00yueHuUst orpeeseTcs Croco00M MOACTPOUKHU ATUX MTapaMeTPOB.

st mpoBeneHusi mpoiiecca OOy4EeHHS HEOOXOAMMO HUMETh MOJIENbh BHEIIHEH
cCpenbl, B KOTOpPOH (QPYHKIIMOHUPYET CE€Th. ITa MOJIETb ONPENCISIET napaouemy
oOydeHusi. Bo-BTOpbIX, HEOOXOAMMO TMOHATHh, Kak MOJU(MUIUPOBATH BECOBBIE
napameTphl CETH, T.€. KaKUE npaguia ooyuenus YIPaBISIOT MPOIIECCOM HACTPOMKH.

Teopus oOydeHust paccmaTpuBaeT Tpu (GyHIAMEHTATBHBIX CBOMCTBA, CBSI3AHHBIX C
o0Oy4eHHMeM C TIOMOIIBIO TIPUMEPOB: E€MKOCTh, CIIO)KHOCTH  OOpas3ioB U
BBIYHCIIUTEIbHAS CTIOKHOCTD. [loa emkocmbio TOHUMAETCS, CKOJIBKO 00pa3IioB MOKET
3aIlIOMHUTH CE€Th, U Kakre (DYHKITUU U TPAHUIIBI IPUHITHS PEIICHUH MOTYT ObITh B HEH
chopmupoBanbl. CrnoscHocms 00pa3OB OMPEACNSIET YUCIO O0YUYaroIIMX MPUMEPOB,
HEOOXOJIUMBIX JJI JJOCTUKEHHUS CIIOCOOHOCTHU CETH K 0000IIEHUI0. Buiuuciumenvrast
CJLONCHOCMb OTIPEACTISIET CIOXKHOCTh alTOPUTMA, PEATH3YIONIETO MPABUIO OOYUYCHHUS
CETH.

Paccmotpum mapagurMel 00y4deHwsl.

7.5.1. Napagurma oby4eHus ¢ yuntenem

OOyueHue C y4uTEeIeM MOXHO paccMaTpUBaTh KaK Halu4yue 3HaHUKW 00
OKpY>Karollen cpejie, MPeCTaBICHHBIX B BUE Map 6x00-6b1x00. [Ipu 3TOM cama cpena
Hen3BecTHa oOy4aemoii HelipoHHoM cetr [13]. Teneps MpeAnoa0KuM, 4TO YIUTETIO U
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o0yJaemoii cpesie mogaeTcs 00yJaronuii BEKTOP U3 OKpYsKaromiei cpeasl. Ha ocHoBe
BCTPOEHHBIX 3HAHUW Yy4HUTEIb MOXET chopMupoBaTh M TmepenaTb o0ydaeMoil
HEUPOHHOM CETH JKEJIAEMBIM OTKJIMK, COOTBETCTBYIOIIMKM JaHHOMY BXOJHOMY
BEKTOPY. DTOT KEJIaeMbIil pe3yJibTaT MPEJCTaBISIET COO0N ONTUMAabHbBIE JEUCTBUS,
KOTOpbIE JOJKHA BBINIOJHUTH HEUPOHHAs ceTh. [lapameTpbl ceTu KOPPEKTUPYIOTCS C
y4eToM 00ydYarouiero BeKTopa u curtaia omuoku. Cueran ouubKy — pa3HOCTh MEXKITY
JKEJTAEMbIM CHUTHAJIOM M TEKyLIUM OTKIMKOM HEHpPOHHOW ceTh. KoppekTtupoBka
NapaMeTpOB BBIMIOJHAETCA MOWIArOBO C UEJIbI0 HMMHUTAUA HEUPOHHOM CETHIO
noBesieHust yuurens (puc. 7.14).

Onucannas ¢opma oOydeHHs € yddTeleM SBIseTcs OOydeHHMEM Ha OCHOBE
KOPPEKIUHU OIHNOOK.

EBextop,

GIIHCEIE ARSI A .
COCTOAHIE Fenaemei

ChET L O THIHE

Cpena YaHTENL
L

I'._F,,.--""

¥  DapTHYeCcKHH

Dbyaaenan CTHITHE ol

CHCTEME —_—

il
-

Curean omubKH

Puc. 7.14. binounas nuarpamMma oOy4eHUs C yUUTEIEM

7.5.2. Napagurmbl 0by4eHnsa 6e3 yuntens

B AunbrepHaTtuBHON mapamurme oOydeHuss Oe€3 yYHMTeNns He CYIIeCTBYeT
MapKUPOBAHHBIX MTPUMEPOB, 10 KOTOPHIM MPOBOAUTCS 00yueHue cetu (puc. 7.15).

Bexrop,

OIIHCEEARKOIITH A
COCTOAHHE

CpEIH
Cpena [ {0 Oyiacuas
CHCTEMA

Puc.7.15. binounas quarpamMmma o0yueHust 0€3 yaurtens

CymiecTByeT JuIllb He3aBUCHMMAas OT 3aJaud Mepa KadecTBa IpeJCTaBICHUS,
KOTOpPOMY JIOJ’KHA HAy4HWThCS HEWPOHHAsl Ce€Th, W CBOOOJHBIC TapaMeTpPhl CETH
ONTHUMU3UPYIOTCS MO OTHONIIEHWI0 K dToii Mepe. [locine oOydyeHuss cetm Ha
CTaTUCTUYECKUE 3aKOHOMEPHOCTH BXOJHOTO CHUTHalla OHa CHocoOHa (hopmMHpOBaThH
BHYTPEHHEE NPEJICTABICHNE KOAMPYEMBIX IMPU3HAKOB BXOJHBIX JTaHHBIX, U TaKUM
00pa3oM, aBTOMaTHYECKU CO3/1aBaTh HOBBIE KIIACCHI.

Jlnst oOydueHust 6€3 y4YUTeNss MOXHO HCIIOJIB30BaTh TMPABHIIO KOHKYPEHTHOTO
00yueHus.
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7.5.3. Anroputmbl 06y4yeHus

B npenpimymeM pasmene Mbl Jand  ONpEAENiEHUs Mpoleccy OOydeHHs u
paccMoTpenu napagurmMbl 00ydeHus: HepoHHOUM ceTu. HamoMHum, 4yto oOyueHue —
3TO IpPOLECC, B KOTOPOM CBOOOAHBIE MapaMeTpbl HEHPOHHOM CETH HACTPaUBarOTCA
NOCPEJICTBOM MOJIEIMPOBAHUS CpPEllbl, B KOTOPYIO C€Th BCTpoeHa. Tum oO0yuyeHus
onpeesieTcs: CHoco00M HACTPONKU ATUX MapaMeTPOB.

Ot0  ompeneneHue — mpolecca  O0yueHHs ~— Ipeanoiaraer - ClIeIyIOULyro
MOCJIEIOBATENBHOCTD COOBITUH.

1. B HElpOHHYIO CETh MOCTYIAT CTUMYJIbI U3 BHEIIHEN CPE/IBI.

2.B pe3ynapTaTe 3TOr0 U3MEHSAIOTCS BHYTPEHHUE CBOOOJHBIE MapaMeTpbl
HEUPOHHOU CETH.

3. Ilocne wW3MeHEHHS BHYTPEHHEW CTPYKTypbl HEUpPOHHAs CETh OTBEYAEeT Ha
BO30YXKICHUS YK€ HHBIM 00pazoMm.

OTO CNHUCOK U3 TpeX NpaBWI pELIEeHUS NpodaeMbl OOYy4YEHHUS Ha3bIBACTCS
aneopummom obyuenus. He cyliecTByeT yHHMBEpPCaIbHOIO alropuTMa OOydeHus,
MOJXOSILIEro JJis JII0OOH apXUTEKTypbl HEUPOHHBIX ceTed. CylecTBYeT Julllb Habop
CPENCTB, MPEICTABIEHHBII MHOKECTBOM aJITOPUTMOB OOYUEHHUSI, KaXKIbI U3 KOTOPBIX
UMEET CBOU JIOCTOMHCTBA. AJITOpUTMBI OOYyYEHHS OTJIMYAKOTCS JApyr OT Jpyra
Croco0OM HACTPOMKH CHHANTHYECKUX BECOB HEMpPOHOB. Ellle 0HONW OTIMYMUTENHbHON
XapaKTEPUCTUKON SIBIIAETCA CIOCOO CBSI3U 00ydyaeMON HEMpPOCETH ¢ BHEIIIHUM MHUPOM.
D10 ompeenser napaaurmMy oOydeHHs, KOTopas CBsi3aHa C MOJEJNIbIO OKpy Karouien
Cpelibl, B KOTOPOH (PyHKLIIMOHUPYET CETh.

Mpbl paccMOTpUM TOJIBKO HJAEU, 3aJI0KEHHbIE B alropuTMax oOyueHus. Bce
OJIPOOHOCTHU OCTABJISIEM Ha CAMOCTOATEIBLHOE N3YUECHHUE.

Xotenoch Obl MOMYEPKHYTh, UTO AITOPUTM OOYUEHHUSI Ha OCHOBE KOPPEKLHU
OLIMOKU OTHOCHUTCS K ajdroputMam oOydeHus ¢ yuureneMm. Llenpio oOyueHus siasercs
MOCTPOEHUE JKETAEMOT0 OTOOPaKEHUSI BXOJIHOI'O CUTHAJIA B BBIXOJHOM, KOTOPOE CETh
JOJDKHA aIIPOKCUMUPOBaTh. OCTalbHBIE PACCMAaTPUBAEMBIE AITOPUTMBI SBIISIFOTCS
QITOPUTMAaMH CaMOOPTaHU3YIOIIErocsl 00yueHus uin o0yueHnus 6e3 yuurens. Llenbro
QITOPUTMOB CaMOOPIaHU3YIOUIErO0 OOY4YEHHs SIBJIETCS BBISIBIIEHHE BO MHOECTBE
BXOJIHBIX JIAHHBIX CYIIECTBEHHBIX 00Pa30B UM MPHU3HAKOB.

OO0yuyeHue, 0CHOBAHHOE HA KOPPEKUIMH OIIHO0K

[Iycthb mMeeM ceThb MPSMOro PacHpoCTpPaHEHHUs C €AMHCTBEHHBIM HEHWPOHOM B
BBIXOJIHOM ciioe k. HeitpoH paboTaeT moj ympaBieHUs BEKTOpa BXOJHOIO CUTHaJIa
X(n), TPOU3BOAUMOrO OJIHUM MM HECKOJIBKMMHU CJIOSMHU CKPBITBIX HEHWPOHOB. OTH
CJIOM TIOJIy4alOT CHUTHaJI OT BXOJHOTO BEKTOpa BO30YXIEHHUS, TepeaaBaeMoro
BXOJHOMY CJIOI0 HEMpOHHOM cetu (puc. 7.16).
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Bexrop BxomgHor: dy(n)

CHIHATA X(n) Bruzopuon yiln)

CHoH CEPEITEX —
S Kp S pcdipon k - n

HEHApOHOE

exi1L)

Puc. 7.16 Obyuyenue, OCHOBaHHOE Ha KOPPEKIINH

Hetipon k paGoTaeT moj ynpaBieHUEM BEKTOpa CUTHaja X(71), KOTOPBII MOCTyIaeT
U3 CJIOSl CKPBITBIX HEUPOHOB. DTH CIIOM MOJYYalOT HMHQPOPMAIUIO U3 BXOTHOTO
BEKTOpa, MepPe/laBaeMOr0 HavaIbHBIM Y3JIOM (BXOJHBIM CIIOE€M) HEUPOHHOW CETH. 1 —
ATO JUCKPETHOE BpeMs, WJIM HOMEp IIara WTEPaTHBHOTO TIPOIecca HACTPOUKHU
CHHANTUYECKUX BECOB HeWpoHa k. BeixoaHON curHaim 0003HAYEH yi(7). DTOT CUTHAI
SIBIIICTCSI €IMHCTBEHHBIM BBIXOJIOM HEHUPOHHOU ceTn. OH CpaBHUBACTCS C KEITACMBIM
BBIXOJIOM, 0003HaueHHbIM di(n). B pe3ynbpTaTe momyuum curHai owmOku ex(n). Ilo
OTIpeieTICHUIO

ex(n) = di(n) — yi(n).

Tak kak 3Hau€HHE BBIXOAHOTO CHUTHaJIa HEHPOHA CPAaBHHUBAETCS C HKEJIAa€MbIM, TO
UCIIOJIb3YETCs Mapagurma o0yuyeHus ¢ YUUTEIEM.

Curnan omuOKdA TMOCTYMAeT HAa MEXaHWU3M YIPABIEHUS, KOTOPBIA KOPPEKTUPYET
CHUHAINTUYECKHE Beca HEMpOHa k Tak, 4YTOOBI MPUOJIM3UTH BRIXOAHOW CUTHAI HEMpPOHA K
BXOJIHOMY. JTa 1eJb JOCTUTACTCS 32 CUET MUHMUMH3ALUU QYHKYUU CIOUMOCTU WU
WHJIEKCa TPOU3BOANTENBHOCTH E(711), KOTOpas onpeaensieTcs Tax:

E(m) =% e (n).

[TommaroBasi KOppEeKTUPOBKA CHHANITHYECKUX BECOB HEMpOHA k MPOIIOIDKAETCS 10
TEX TOp, MOKa CHCTeMa HE JOCTHTHET yCTOWYUBOTO COCTOSHHS (T.€. TAKOTO, MpHU
KOTOPOM CHHANTHYECKHE Beca MPAKTUYECKH CTaOWIM3UPYIOTCS). B 3ToM Touke
IpoIecc 00yUYEeHHs OCTAaHABIUBAETCS.

OnucaHHBI TpOIIECC HA3bIBACTCS 00)yYeHUeM, OCHOBAHHBLIM HA KOpPPeKyuu
owubox. Muaumuzanust QyHKIuu cTouMocT E(n) BBIOTHSAETCS 1O ACIbTa-TIPaBUIy,
wi npasuity Buapoy-Xodda. Bsenem o003HadeHUS: Wwyi(n) — TeKyllee 3HaAUYCHHE
CHHANTHYECKOTO Beca Wy HEWpoHa K, X;(n) — 3Ha4eHHE BXOIHOIO BEKTOpa X(7) Ha
mare 7. B COOTBETCTBUM C J€NIbTa—TIPABUIOM HM3MEHEHHE Awy(n), IPUMEHIEMOE K
CHHAIITUYECKOMY BECY Wy;(1) Ha 11are 7, 3a1a€TCs BBIPAKCHUEM:

Awgi(n) = n ex(n)x;(n),
rIe # — TIOJIOXKUTENbHAS KOHCTAHTA, OMPENCISIIONIas CKOPOCTh OOydYeHHS.
KoHcranTa ucmonp3yeTcsi Mpu Mepexojie OT OAHOTO Imara mporecca OOydeHHUs K
npyromy. OHa Ha3bIBa€TCA napamempom ckopocmu o0yyeHus. TakuM o0paszom,
JENbTA-TPABUII0 O0YUCHUS MOXKXHO CPOPMYITHPOBATH TaK:

Onpenesienue

KoppektupoBka,  mpumeHsemMas K  CHHAaNTUYECKOMY  BeCy  HEMPOHA,
IPONOPLMOHATIbHA MPOU3BEACHUIO CHUTHAJIa OLIMOKM Ha BXOJHOM CHUTHAN, €ro
BBI3BABLINN.
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JlenbTa-npaBuiao NPUMEHUMO K KaKJOMY HEHPOHY U €ro MPUMEHEHHUE HE 3aBUCUT
OT COCTOSAHMM JApYrux HEHpoHOB. HoBoe 3HaueHHME CHHAITHYECKOTrO Beca
omnpenaensercs no hopmyiie:

wii(h + 1) = wyi(n) + Awyi(n).

Ha puc. 7.16 BuaHO, 4T0 00y4yeHHE HA OCHOBE KOPPEKIUU OLIMOOK — 3TO MPUMEP
3aMKHYTOM CHUCTEMBI C OOpaTHOM CBA3bIO. J{J11 CXOAMMOCTH UTEPALIMOHHOIO Mpoliecca
TpeOyeTcs noadop napamerpa CKOpocTu o0ydeHus 7. Beibop aToro napamerpa Biuser
TaK)Ke€ Ha TOYHOCTb U JPYTrHe XapaKTePUCTUKH Mpoliecca 00ydeHusl.

O0y4yenue Xe00a

[IpaBuno oOyueHusi ucnoyib3yer mnoctyjgaT Xeb66a. [IpaBuio sBIgeTCS caMbIM
CTapbIM U CaMbIM M3BECTHBIM CpeAM BcexX mpaBuil oOyuyeHus. W3 moctynara cienyroT
JIBa TpaBUIa:

1. Ecniu aBa HelipoHa mo o6e CTOpOHBI CHHArca (COeTUHEHHs) aKTUBH3UPYIOTCS
OJIHOBPEMEHHO, TO MPOYHOCTH CBSI3U BO3PACTAET.

2. Ecnu nBa HeiipoHa 1mo 00€ CTOPOHBI CBSI3U aKTUBU3HUPYIOTCS ACUHXPOHHO, TO
MPOYHOCTH CBSI3U MEXIYy HUMH OCJIa0IsIeTCs WM BOOOIIE OTMUPAET.

QOYHKIMOHUPYIOIIUNA TAKUM 00pa30M CHHAIC Ha3bIBaeTCs cuHAncom Xebba. Jlis
Monu(pUKaMM TAaKOro CHHATca HEOOXOJWMO 3HaTh BpeMsl BO3HHUKHOBEHHSI
IPEICUHANTUYECKOTO (BXOAHOI0) M MOCTCUHANITUYECKOTO (BBIXOAHOI0) CUTHAJIOB.

PaccMOoTpuM cHHanTU4eCKUil BeC Wy(n) HEHpOHA Kk C NPEACUHANTHYECKHM U
IIOCTCUHANTUYECKUM CUTHAJIAMH X; U )y VI3MEHEHHME CHHANTHYECKOrO Beca Wyj(7) B
MOMEHT BPEMEHH N MOYKHO BBIPA3UTh CIAEAYIOLIUM COOTHOLUICHUEM:

Awyi(n) = F(yi(n), x,(n)),
rne F() — Hekotopas GyHKIMS, 3aBUCALIas OT NPEICHUHANTUYECKOTO U
MNOCTCUHANTUYECKOT'O CUTHAJIOB.
[Ipocreitmas popma obydenust Xe66a nMeeT CleayOmuil BUI;
Awy(n) = 0 yulmx (),
rae 7 — TOJNIOKUTEIbHAsE KOHCTaHTa, OMNpPENENSIoNias CKOPOCTh OOydYeHHs.
['paduyecku 3Ta popmyny nOpousIIIOCTpUpOBaHa Ha puc. 7.17.

Ay
HAKIGH
T

Puc.7.17. UnmocTparus THnoTe3bl Xe60a

Ha puc. 7.17 BUOHO, 4TO PEryJsipHOE IPUIIOKEHHE BXOJHOIO CUTHAJIA X;(71) BEAET
K YBEIMYEHUIO V(1) U SKCHOHEHUUAIBHOMY POCTY aKTUBHOCTH, MPHUBOASIIEMY K
HACBIIIEHUIO CUHAIITUYECKOU CBS3H.
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CymiectByeT cTporoe (pU3HOIOTHIECKOE J0KA3aTeIbCTBO PEANM3alliy MOCTYyaTa
Xeb0a B obmactu Mo3ra, Ha3pIBAEMOI TUIOTaIaMycoM. JTa 001acTh UTPAET BAXKHYIO
pOJb B HEKOTOPHIX AaCIeKTax OOy4YeHHs W 3alOMHHAHUS. OTH PEe3yJIbTaThl
NOATBEPKIAIOT MPaBUIBHOCTh MOCTYyJIAaTa 00yueHus: Xeooa.

KonkypenTHOe 00y4eHue

Kak crnemyer u3 camoro Ha3BaHHs, B KOHKYPEHTHOM OOYYEHHHM BBIXOIHbBIC
HEWpPOHBI HEHUPOHHOM CETHM KOHKYPUPYIOT MEXIy Cco0oM 3a TmpaBO ObITh
aKTUBU3UPOBaHHBIMU. Ecii B HEMpOHHOW CETH, OCHOBAaHHOW Ha 00ydeHHH Xeb0a,
OJIHOBPEMEHHO B BO30Y)XJII€HHOM COCTOSSHUM MOXET HaXOJUThCA HECKOJIbKO
HEHPOHOB, TO B KOHKYPEHTHOW CETH B KaXKIbli MOMEHT BPEMEHH MOXET OBbITh
AKTUBHBIM TOJILKO OJMH HEUpOH. bnaromaps 5ToMy CBOMCTBY KOHKYPEHTHOE
oOydyeHre OdYeHb YIOOHO HMCIOJIB30BaTh HJISi M3YYEHHUS CTATUCTHUYECKUX CBOWCTB,
UCIIOJIb3YyEeMBIX B 33/1a4axX KJIacCHu(PUKAIUA BXOAHBIX 00pa30B.

[TpaBu0 KOHKYPEHTHOTO OOYYEHHUSI OCHOBAHO HA HMCIIOIH30BAHUU TPEX OCHOBHBIX
AJIEMEHTOB.

e MHOXECTBO OJWHAKOBBIX HEUPOHOB CO CIYy4YallHO pacHpeacieHHbIMU
CHUHANTUYECKUMH BECAMU, IPUBOASAIIUMU K pa3iuyHOU PEAKIUA HEUPOHOB HA OJUH U
TOT K€ BXOJIHOW CHUTHAJ.

e [Ipedenvroe 3nauenue «CUIbD» KaXKI0TO HEMPOHA.

e MexaHu3M, MO3BOJIAIOIINN HEMPOHAM KOHKYPHUPOBATh 34 MPABO OTKJIMKA HA
JJAHHOE€ MOJMHOXECTBO BXOAHBIX CHUTHAJIOB W ONPEACISAIONIMNA €IMHCTBEHHbBIN
aKTUBHBIA BBIXOJHOM HeWpoH. HelpoH, nmobeauBHIMII B 3TOM COPEBHOBAHUM,
Ha3bIBAOT  HEUpOHOM-nobeoumenem, a TPUHIUN KOHKYPEHTHOTO OOyyeHus
GbopMyJIHPYIOT B BUJIE JIO3YHTa «IIO00EIUTETh 3a0UpaeT BCEY.

[Ipocreiiiiass HeMpoHHAsE CE€Tb C KOHKYPEHTHBIM OOY4YEHHUEM  COACPKUT
€IMHCTBEHHBbIN CJIOM BXOJHBIX HEWPOHOB, KaXIbld K3 KOTOPBIX COCAUHEH C
BXOJIHBIMU y37aMU. B Takoil ceTu MOTyT CylIecTBOBaTh OOpATHBIE CBS3H MEXKIY
HelipoHnamu (puc. 7.18). B Ttakoil cetm oOpaTHbIe CBSI3M HEUPOHA CTPEMSITCS

«3aTOPMO3UTH) CBSA3aHHBIE C HUM JIPYTM€ HEMPOHBHI.
3}

2

®3()

CDnHE cnol
ERIHOIHELR
HEHpOHOE

ELl®)

CnoH
VIR
HCTOYHHER

Puc. 7.18. ApxutexTypHbiii rpad) IpOCTON CETH KOHKYPEHTHOT'O 00y4eHHUs
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Jlns  Toro, dYToObl HEHpOH k TmoOemWa B KOHKYPEHTHOW OopbOe, ero
VWHAYLHPOBAHHOE JIOKAJIBHOE MOJIE Vi IS 3aJaHHOIO0 BXOJHOIO BEKTOpAa X JIOJKHO
ObITh MaKCUMaJlbHbIM CpEIU BCEX HEWPOHOB CeTH. Torma BBIXOJAHOM CHUTHAN Yy
HelipoHa-nobeauTeNsi k NPUHUMAETCS pPaBHBIM €IUHUIE. BBIXOJHBIE CHUTHAJIBI
OCTAJIbHBIX HEMPOHOB IMPU ATOM YCTAaHABIMBAIOTCS B 3HAYEHUE HYJIb. TakuMm 00pazoM,
MOJKHO 3aIMCaTh:

I, ecmmy, >y, mmascex j,j#Kk,
Y=
0 B OCTalbHBIX CIy4asXx,
/i€ MHIYLIHUPOBAHHOE JIOKAJBHOE T0JIE vy PEACTaBIsET co00i BO30ykIeHNE HEHpOHa
k, 3aBuCsIIee OT BCeX BXOAHBIX CUTHAJIOB M CUTHAJIIOB OOPaTHOM CBSI3H.

ITycte wjj— CHHANTHYECKMH BEC CBSA3M BXOJHOIO Yy3Jla j C HEUPOHOM k.
[IpeanonoxxuM, YTO CHHANTHYECKHME Beca BCEX HEUPOHOB (PUKCUPOBaAHBI (T.€.
HIOJIOKUTENBHBI ), IPU 3TOM Z wy =1, nnsa Beex k.

J

Torna oOyueHue 3TOro HEWPOHAa COCTOUT B CMEIIEHWU CHHANTUYECKUX BECOB OT
HEaKTUBHBIX K aKTUBHBIM BXOAHBIM y3saM. Ecnu HellpoH He ¢popMupyeT OTKIMKA Ha
KOHKPETHBIN BXOJHOM 00pa3, TO OH M He oOyuaerca. Ecnum HeKOTOphIl HEHpoH
BBIUTPBIBAET B KOHKYPEHTHOW OOphOe, TO Beca CBSI3eH ATOro HEHpOHAa PaBHOMEPHO
pacnpeensoTcs MEXAy ero akTUBHBIMHU BXOJIHBIMU y3J1aMU, & CBSI3U C HEAKTUBHBIMU
BXOJIHBIMU y37amMu ocnadisitorcsi. COrNIacHO npasuny KOHKYPEHMHO20 O00y4eHus:
U3MEHEHHE AW); CHHAIITHYECKOTO BECA Wy ONPEAEIACTCS CIEYIONIMM BBIPAKCHUEM:

A n(x;—wy), €cnuHeHpoH k moOexX1aeT B COPEBHOBAHNUH,
Wi = o
0, ecyu HelipoH k He moOex1aeT B COPEBHOBAHUH,

I7ie ] — MapaMeTp CKOPOCTU OO0yudeHHUs. DTO MPaBWIIO OTPaKaeT CMEIICHHE BEKTOpa
CHUHANTUYECKOTO Beca Wy MOOEANBIIEr0 HEHPOHa k& B CTOPOHY BXOJHOTO 00pasa x.

Oo6yyenue boabnmana

[IpaBwiio oOyuenus bonblimMaHa mpencTaBisieT cOOOM CTOXACTUYECKUM aarOpuTM
00y4eHMs, OCHOBAHHBIN HA HJIeAX, 3aJI0KEHHBIX B TepMoAnHamuke. HellpoHnHas cetb,
co3gaHHass Ha OCHOBe oOOy4yeHuss boisbliMaHa, mojyuwsia Ha3BAHUE MAULUHbBI
bonvymana.

Mammna  bonpuMaHa — MCHONB3YET  CKPBITBIE W BUAMMBIE  HEHWPOHHI,
MPECTaBIAIONINE COOOM CTOXaCTHUECKUE TBOMYHBIC 3JIeMEeHThl. HelipoHbl HaXoAsTCs
B OJIHOM M3 JIByX BO3MOYKHBIX BEPOSTHOCTHBIX COCTOSIHUW. JTHU JBYM COCTOSTHUEM
dbopManbHO MOXXHO TPUCBOUTH 3HAaueHUS +1 (COOTBETCTBYIOIEE BKIIOUEHHOMY
COCTOSIHHI0) U —1 (COOTBETCTBYIOIEE BBIKIIOYCHHOMY COCTOSHHUIO). AHAJIOTHYHO,
MOXHO TPHUHATH 3HAYEHUSIMU ATUX cocTosiHui +1 m 0 coorBercTBeHHO. [Ipumem
nepBoe jonyiieHue. Eiie oJHUM OTIUYUTENbHBIM CBOMCTBOM MalllMHbI boibiMana
SIBJSIETCSA UCIIOJIB30BAHUE CUMMEMPUUHBIX CUHANMUYECKUX C853€ell MEXYy HEMPOHAMU.
Hcrnonp3oBanue 3TOoM (OPMBI CHHANTUYECKON CBS3M OOYCIIOBIIEHO COTJIANICHHUSIMU
CTaTUCTUYECKON (PUHKHU.
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CroxacTuueckre HEWpOHbl MamuHbl bonbliiMana pa3OuBaroTCs Ha  JBE
(GYHKIIMOHATIBHBIE TPYIIBL: GuUOUMble U CKpbimble HeWpoHbl (puc. 7.19). Buanumeble
HEHPOHBI MPEAOCTABISAIOT MHTEpPEHC MEeXAy CEThbI0 U Cpeloil, B KOTOpPOW OHa
paboraer. Bo Bpemss 0oOy4yeHHsI CE€TH, BHIMMbBIE HEUPOHBI (PUKCHUPYIOTCS B CBOMX
crneuu(UUHBIX COCTOSHUSIX, OomnpeaenseMbix cpeaoil. C Apyroil CTOPOHBI, CKPBITHIE
HEHpOHBI Bcerjga padoTaroT CBOOOJHO — OHU HCIOJIB3YIOTCS I BBIPAXKEHMS
OTpaHUYCHUM, COAEPIKALUXCS BO BXOJHBIX BEKTOpax.

1

HEHpOHE

BEugumre
HEApOHE

Puc. 7.19. ApxutextypHslii rpad mammnabl boiabimana

O603HaYUM CHUMBOJIOM X, COCTOSIIIUM M3 KOMIIOHEHTOB X;, COOTBETCTBYIOIIHX
COCTOSTHUSIM HEHPOHOB 1, BEKTOP COCTOSHUI MalluHbI boibliMaHa. TO COCTOSIHUE X
NpeCcTaBiseT coOOM peanu3anuio ciydaiiHoro Bektopa X. CHUHaNTHYeCKuE CBSA3H
MEXy HEMPOHAMH i ¥ j 0003HaYMM CUMBOJIAaMH Wy [Ipu 3TOM

Wy = Wy IJs Beex nap (i, j) 7.6
u w;; = 0 1ist Beex i. 7.7

PaBenctBo (7.6) omnuchiBaeT CBOWMCTBO CUMMETpUM, a paBeHCTBO (7.7) —
OTCYTCTBHUE COOCTBEHHBIX OOPATHBIX CBS3EH.

[Io ananornu ¢ TEPMOAMHAMUKOW SHEPrusi MAalIWMHBI bOJbIMaHa ONpPENENSETCS
CIeAYIOIUM 00pa3oMm:

E(x)z_lz ZW][)C[)C_/-
2 i i)

PaboTa Takoil MammMHbBI 3aKIIOYACTCS B CIIy4aHOM BBIOOpPE HEKOTOPOTO HEHpOHA
(Hanpumep, k-ro) Ha OMNpPEAEIICHHOM Iare mpouecca oOy4eHHs W MEepPEeBOAE STOTO
HEWpOHA W3 COCTOSIHUS X; B COCTOSIHME —X; IIPU HEKOTOpOM Temmeparype 1, C
BEPOSTHOCTBIO

1
l1+exp(AE,/T)’
rae AE; — A3MEHEHME >HEPrUM MallWHBI, BBI3BAHHOE B PE3YJIbTATE TAKOW CMEHBI
COCTOSIHMU. T — aHajor TeMIIepaTyphl, MCIOIb3YEMOW JUIsl YIIPABICHHUS YPOBHEM
nrymMa, M, TakuM 00pa3oM, CTENEHbIO HEONPEAENCHHOCTH MepekmoueHus. [lpu
MHOTOKPaTHOM IIPUMEHEHUM OTOTO IPaBWJIa MalllMHA JOCTUTAET MePMAalbHO20
pasHosecus.

P(xy = —x0) =
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Onnako, BpeMsi, 3aTpauy€HHOE Ha JIOCTUXKEHHE TEPMAJIbHOTO PAaBHOBECHS, MOMKET
OBITH ciUIKOM OoybmuM. {1 TOTO, 4TOOBI M30€XKaTh 3TOW MPOOIEMBI, UCTIOIB3YIOT
MOJICTTMPOBAHUE OTXKHUTa JJIi KOHEYHOM MOCIEa0BaTeNbHOCTH Temneparyp 1y, 74, ...,
Tioneanan- TakuM oOpa3oM, HadallbHasi TemIepaTypa YCTaHaBiIuBaeTcs B T,
obecrieunBasi OBICTPOE JIOCTHKEHHE TepMalbHOTO paBHOBecus. Ilocie »storo
Temrneparypa I’ MEAJIEHHO CHMXKAETCS IO CBOETO0 OKOHYATENBHOTO 3HAYECHUS 1 yoneunans
U B 9TOI TOYKE COCTOSIHUSI HEMPOHOB JOCTUTHYT (Oy/1eM HaJIeAThCs) CBOMX KETAaeMbIX
I'PAHUYHBIX PaCIpPEACICHUMN.

Takum o0pa3zom, MOCPEACTBOM OOYYEHMsI PpACMpEICICHHE BEPOATHOCTH,
MPEACTABISIEMOE HEMPOHAMH, CTAHOBUTCSI CXOJHBIM C PacCHpeAeIiCeHUEM BEPOATHOCTH
cpensl.

7.6. BbiBOAbI

1. HeliponHnass  ceTb  mpeacTaBisieT  COOOM  COBOKYHHOCTh  MPOCTBIX
0o0palaThIBAIOMINX DJIEMEHTOB, TMOCBUIAIONIMX CHUTHAJIBI OAMH JPYroMy IIO
B3BELIEHHBIM CETSM.

2. Tunel cBsA3EH, JOMYCTUMBIX MEXAY JJEMEHTAMHU CETH, 3aBUCIT OT KOHKPETHOU
MOJIEJIH CETH.

3. Ins KaXI0ro 3JIeMEHTa CETH MMEETC MPAaBUIIO CYMMHUPOBAHHMS MOCTYHAIOIINAX
CUTHAJOB W TPABUJIO BBIYUCIEHUS BBIXOJHOIO CHUTHala, IOCBUIAEMOrO JIPYTUM
arieMeHTaM ceTH. [IpaBuio BBIYMCIEHUS BBIXOJHOTO CHUTHAIA Ha3bIBaeTCs (PyHKIUEH
aKTUBHOCTH.

4. ApXUTEKTypy HEHUpOHHON CeTH MOXKHO TmpeAcTaBuTh B Buuae rpada. Ilo
apXUTEKType CBA3EH CyIIECTBYET TpU (PyHIaMEHTAJIbHBIX Kiacca HEHPOHHBIX CETEi:
OJIHOCJIOWHBIE U MHOTOCJIOMHBIE CETH NPSIMOTO PACHPOCTPAHEHMSI U PEKYPPEHTHBIE
CETH.

5. lns oOydenusi HEHPOHHOW CETH HEOOXOUMO UMETh MOJIENTh BHEIITHEH Cpeibl, B
KOTOpO (PYHKIMOHHUPYET CETh. ITa MOJEIb ONPEAeIIsAeT Napagurmy o0yueHusl.

6. Cy1iecTByeT [Be mapagurMbl OOyUeHUs: C yIUTENIEM U 0e3 yUuTes.

7. Ilpu oOy4eHUU C y4uTEJIeM CETh HACTPAMBAETCS TaK, YTOOBI MUHUMHU3UPOBATh
OIIUOKY OTKJIOHEHHS (PAKTUYECKOTO OTKIIMKA CETU OT JKEJTAEMOTrO0.

8. O0yueHue 0e3 yuuTenss C TMOJKPEIUICHHUEM 1eJbl0 OOy4YeHUs SIBISETCS
MUHUMU3UPOBATh (YHKIUU CTOMMOCTH, OMNpEEIsIieMO Kak MaTeMaTU4YecKoe
0XKUJAaHUE KyMYJSITABHOW CTOMMOCTH JIC€WCTBUM, TMPEANPUHITBIX B TEUCHHE
HECKOJIBKUX IIaroB 00y4eHusl.

9. OO0yueHHe Ha OCHOBE CaMOOpIaHM3AlMM IO3BOJSET HCHOJIb30BaTh CETh IS
pelIeHus 3a]a4 aBTOMaTHUECKON KIacCU(PUKAIIH.

10. HelipoHHble ceTH A pElIeHHs KOHKPETHBIX IPUMEPOB 0O0ydaroTcsi ¢
UCIIOJb30BAaHUEM  DPA3JIMYHBIX  aJIropuTMoB  oOyueHus. He  cymectByer
YHHUBEPCAJIBHOTO QJITrOpUTMa OOYYEeHMsI, MOAXOISAIIET0o i JII0OOH apXUTEKTYpbl
HEHPOHHBIX ceTeld. BbIOOp KOHKpeTHOro anroputMa OOydeHHs 3aBHUCHT OT 3ajad,
PELICHUIO KOTOPBIX ClIeAyeT 00yYUTh HEHPOHHYIO CETh.
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11. CymecTByeT uyeTblpe Kiacca airopuTMOB OOyuY€HHUS HEHPOHHOW CeTH:
oOy4eHre Ha OCHOBE KOPPEKIMH OIHUOOK, OO0ydeHHWEe ¢ TPUMEHEHHEM IIOCTyJaTa
Xeb00a, KOHKYPEHTHOE OOy4YeHHE U CTOXACTHYECKOE OOYyUYEeHHE C MCMOJb30BAHUEM
MairHbl bonbliMana. 310 o011e Ha3BaHUs 1IEJI0T0 CEMEICTBA AITOPUTMOB.

12. Aaroput™Mbl Ha OCHOBE KOPPEKIMH OLIMOKH MPUMEHSIIOT JJIsl KOPPEKTUPOBKHU
BECOBBIX KOd(pduieHToB AenbTa-npasuio Buapoy-Xoddoa.

13. Anroputmbl  oOydyeHuss Xe00a, HaBesHbl wHjaesIMU HeipoOuonorun. OHu
UCIOJIB3YIOT MOCTyNaThl Xe00a, COrjacHO KOTOpBIM, €CIM JIBa HeWpoHa 1mo ole
CTOPOHBI CHHarca (COCNUHEHMs) AKTUBU3UPYIOTCS OIHOBPEMEHHO, TO MPOYHOCTh
CBSI3U BO3pPACTAaET M €CIM OHU aKTHUBU3UPYIOTCS ACMHXPOHHO, TO MPOYHOCTh CBSI3H
MEXTy HUMHU OCIa0JISIeTCS.

14. B Xo/1¢ KOHKYpPEHTHOr0 OOy4YeHMs] HEMpPOHBI KOHKYPUPYIOT 3a TMpaBO ObITh
AKTUBU3UPOBAHHBIMU.  JJIEMEHT-TIOOCUTENIb, KOTOPBIM  SBISETCS  DJIEMEHTOM,
HAXOJANTUMCS K BXOJHOMY CHUTHATYy OJIMKE BCEX APYTHX, KOPPEKTUPYET 3HAUCHUS
CBOMX BECOBBIX KO(DPUIIMEHTOB Tak, 4yTOOBI CTaTh K JaHHOMY BXOJHOMY OOpasily
emre Ommxe (T.e. CTaTh elle 0oyee MOX0XKUM Ha HETO0).

15. [IpaBuino oOydenust bonbliMaHa mnpeacTaBisieT COOOM CTOXaCTUUECKUU
aJrOpUTM, OCHOBAaHHBIN Ha UAEAX, 3aJI0KEHHBIX B TepMonHaMuke. HeiipoHHas cetsb,
co3faHHass Ha oOcCHOBe o0OOydyeHusi bonbliMana, mojlyuyusia Ha3BaAHUE MAUUHBL
bonvymana. Heliponsl MmammHbl bosibliMaHa HaXOIATCS B OTHOM U3 ABYX BO3MOHBIX
BEPOSITHOCTHBIX COCTOSIHUN. B pe3ynbrare oOydeHusi pacnpenesieHre BEepOsITHOCTH,
MPEACTABISIEMOE HEMPOHAMH, CTAHOBUTCSI CXOJHBIM C PacHpeAeiCeHUEM BEPOATHOCTH
Cpebl.

7.7. Bonpocbl Ans CaMOKOHTPONS

1. YkaxuTe Kiaccel 3ajad, JUisl PEUICHUS] KOTOPBIX MPUMEHSIIOTCS HEUPOHHBIE
cetd. OnMUIIKUTE UX OCOOEHHOCTH.

2. HazoBUTE OCHOBHBIE KOMIIOHEHTHI HEUPOHHOM CETH.

3. Uto onpeAensieT CTPYKTypa CBsI3€l B HEUPOHHOM ceTu?

4. TlosicHuTe NpaBUJI0O KOMOMHUPOBAHUS BXOIHBIX CUTHAJIOB.

5. YUto Takoe nopor? Kak oH UCMOB3yeTCsS] B UCKYCCTBEHHOM HEUPOHE?

6. Kakue ¢QyHKIMM axkTUBalMU Bbl 3HAaeTe. YKaXUTE HX OTIUYUTEIbHBIC
XapaKTEPUCTHUKHU.

7. [ToueMy Hy>kHa HenUMHENHHast GYHKIUS aKTUBALIMKM HEHpoHA?

8. HazoBuTe Tpu crnocoba nzo0pakeHuss HepoHHBIX cereid. [losicHuTe, Korga oHH
MPUMEHSIFOTCS.

9. VKkaxxuTe OTIMYUSA CETeM MPSIMOT0 PACIPOCTPAHEHHS] OT CETe C OOpaTHBIMH
CBSI3SIMMU.

10. YkaxkuTe 0COOCHHOCTH MapaJUurMbl OOYUEHHUS C YUUTEIIEM.

11. OxapakrepusyiiTe napagurmMel 00yueHus: 6e3 yuurers.

14. Yro moHMMAaeTCs TOJ EMKOCThIO U CIOKHOCTBIO OOpas3loB B MpOIECCce
oOyueHus HeiipoceTn?

15. Kak onpezensercst BBIMUCAUTENbHAS CII0KHOCTD alropuTMa 00y4eHHs ?
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16. Kakue mapameTpsl HeMpoceTH MOAUPHUIMPYIOTCS C MOMOUIBIO aJrOpPUTMOB
oOyueHus?

17. KakoBa 11e51b 00y4YeHus ajJropuTMa Ha OCHOBE KOPPEKIUHU OINOKH?

18. YkaxuTe 1enb 00yd4eHHsl CaMOOPraHUu3yIOMIMXCS aJrOPUTMOB.

21. [losicHUTE NPUHLIMIIBI, 3a70KEHHbIE B 00yYe€HHUE HEMPOHHON CETH C MOMOUIBIO
aJIrOpUTMa KOPPEKIUU 110 OLINOKE.

22. [losicaute anroput™m odyueHust Xeboa.

23. Kakuie mpuHIUIIBI 3aJI0KEHBI B aJITOPUTM KOHKYPEHTHOI'O 00y4eHMS ?

24. Kak oOy4aercs mamnaa bonbiimana?
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Aoanmayus (nam.
npucnocoo.ams)

Aoanmuenocmo

Ananumuuecxkue
Memoobl

Anmeyeoenm (om nam.
npeouecmeayouulL)

Apxumexmypa (om
Jam. 3004ecmeo,
UCKYCCMBO
npoOeKmuposantv)

Ampubym (om nam.
HaoeleHHoe,
NPUCOBOKYNIEHHOE)

baza oannvix (B/]) (om
2peu. 0CHO8A Ye2o

aubo)

rMOCCAPUA

B kubOepHeTuke mpolecc HAKOIJIEHUS U HCIOJIb30BaHUSA
uH(opMaIuu B CHUCTEME, HAIPaBJICHHBIM Ha JOCTHXKEHUE
ONPENEICHHOTO COCTOSIHHMSI WM TOBEIECHUS CHUCTEMBI IIpU
HAYaJIbHOM HEONMPEAEIECHHOCTH U U3MEHSIOIIMXCS BHEITHUX
YCIIOBHSIX.

CrocoOHOCTh MHTEIUICKTYaJIbHOW CHCTEMBI HACTPAMBAThHCS
B COOTBETCTBHM C AaHHBIMH. CHHOHHMOM A3TOTO TOHSTHS
SIBJISIETCS CTIOCOOHOCTH K O0Yy4EHUIO.

Mertoapl, KOTOpBIE UCIIONB3YKOT  MaTEMaTHYECKHUE
bopmybl JUIS HEIMOCPEACTBEHHOTO MOy YEHHUS
ONTUMAJIBHOIO PEIICHUS WIH MPEACKA3aHUs BEPHOIO
pe3yibrara, B OCHOBHOM npu peueHuu
CTPYKTYpPHUPOBAHHBIX 3a7ay.

VY CII0BHOE YTBEPXKIAEHHUE B JIEBOM 4YaCTU MNpPABWIIA; B 3TOU
YaCTH ONPEACISAIOTCS HEKOTOPBIE  YCIOBHS, KOTOPBIE
JOJKHBI BBIIONHATBCST B BJ[ g Toro, utoObl ObutH
BBINOJIHEHBI COOTBETCTBYIOIIUE JICUCTBHUS.

1) OpranuzanmoHHas CTPYKTypa, B paMKax KOTOpOH
MPOUCXOJIUT MPUMEHEHHE 3HAHUW U pelieHue npoosiem; 2)
OPUHIMIB WHXXEHEpUU 3HAHUM, HaIpaBisiollde BBIOOD
NOAXOISAIUX CTPYKTYp JUTS KOHKPETHBIX
MHTEJUIEKTYaJIbHBIX CUCTEM.

Cy1mecTBeHHOE, HEOOX0IMMOE CBOMCTBO, ITPU3HAK O0BEKTA,
MpeMeTa Uild SBJICHUS.

1) CoBOKYMHOCTh CBSI3aHHBIX (DaiiyioB, TaONIUI, OTHOIIEHUHN
U T.J., OObEIWHEHHBIX B CHUCTEMY XpaHEHHUs JAHHBIX,
00eCTIeUnBAOIIYI0 ONEPATUBHBIA JOCTYNl K HH(pOpPMAINH;
2) Habop ¢akTOB, YTBEPXKIECHUU U  3aKIIOYCHUH,
UCTIONB3YEMBIX TPU COMOCTABIEHUH C TMpaBHIaMU B
UHTEJUIEKTYaJIbHOU CUCTEME.
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ba3za 3nanuii (63)

batiecosckoe
paccyaxcoerue

baiiecosckoe npasuno

Bwisoo

Bwvi600 na npeouxamax

Jlannvie

Jeoykyus (om nam.
8blgedenle)

Jexnapamuenoe
npeocmaeieHue

3HAHUL (om aam.
3as81enue)

Jlemon (om ep. 0yx)

OCHOBHOII  KOMIIOHEHT HMHTEJUIEKTyaJlbHOW  CHUCTEMBI,
COJEp KAl AKCIEPTHbIE 3HAHUA OO0 OMpeIeICHHON
MpEeAMETHOM 00JIacTU. DTH 3HAHUS MPEACTABISIOT COOOU
coOpanue (akToB, TMpPaBUJI, OIBPUCTHUK W HPOLEIYD,
OpraHU30BaHHBIX Pa3JUYHBIMU CXEMaMH U MOJEISMU
IIPEICTABIICHUS.

CraTucTuuecKui Ioaxo1a K YIIPaBJICHUIO
HEONIPECACIICHHOCTEIO B MHTCIUICKTYAJIbHBIX M 3KCIICPTHLIX
CHCTCMaAX, OCHOBAaHHBIX Ha 0alieCOBCKOM IIpaBUJIC
CBUICTCIILCTBOBAHMSI.

CrartucTryeckuii METOJ U1 MOAEPHU3ALUU BEPOSITHOCTEN,
CBSI3AHHBIX C OIpENEJICHHBIMU (paKTaMHU B CBETE€ HOBBIX
CBUJICTEIILCTB.

IIponecc  momydeHHMss  3aKIOYEHHM U3 JAHHBIX
CBHUJIETENILCTB. JIOCTHIKEHUE PEIIEHUS ITyTEM PACCYKIACHUM.

B rnorumueckoii cucteme TMpOLECC MOJYYEHHUS 3HAHUU,
BBIBOJUMBIX U3 (OpPMYJ Ha OCHOBE aKCHOM C IOMOIIBIO
MPABUJI BBIBOJIA.

DjeMeHTapHbIC OMUCAHUS MPEIMETOB, COOBITUM, ACHCTBUIA
W TpaH3aKIHUK, KOTOPHIE 3alHMCaHbl, KJIacCU(PUIIMPOBAHBI U
COXPAHEHbI, HO HE OPTraHU30BaHbI IS MEPENAYU KAKOIO-
1100 CMBICIIA.

CDopMa MBIIIJICHUA, KOrJa HOBAas MbICJIb BBIBOAUTCA YHCTO
JOrMYCCKMM IYTEM H3 MNPCAICCTBYIOIIUX MBICIIEHE ™
AKCHOM.

Hpe,IICTaBHeHI/IC 3HaHI/II\/'I, B KOTOpPpOM OIMMCaHuA
BBIIIOJTHACMEBIX IMpOOCAYP HE COACPKATCA B SIBHOM BHJC.
HeKﬂapaTHBHOC IMpCaACTaBJICHUC 9TO, KaK IIpaBHIIO,

MHOXECTBO ()aKTOB M YTBEpP)KIEHUH, HE 3aBUCALIUX OT
TOTO, TJIe OHU UCTIONB3YIOTCs. [IpenmerHas 06acTh B TaKoi
(dbopme TpencTaBIIeTCs B BUJE CUHTAKCUYECKOTO OMUCAHUS
€€ COCTOSIHUS.

[Ipouenypa, KoTOpas MPUCOEAMHEHA K CIOTY H
AKTUBU3UPYETCSl MPU KAXKJIOW TOMBITKE JOO0ABJICHUS WIH
yaajeHusi JaHHbIX M3 clioTa (Mo yMoia4aHuio). J[eMoHbI
3aIyCKaroTCs MPU 00paIIeHUH K COOTBETCTBYIOUIEMY CIIOTY.
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lepeso 6v1600a

lepeso noucka

Jlepeso peutenuii

Junamuuecxas

cucmemda

Jlocka obvsasnenuil

Ecmecmeenno-
A3bIKOBLLU UHMepelic

3nanus

H3zeneuenue 3nanuil

DTa mpolieaypa BBINOTHAETCS KaXAbld pa3, Korjga arpulyT
M3MEHSET CBOE 3HaUCHUE. /[eMOH 0OBIYHO UMEET CTPYKTYPY
Ecmu-Torpga. CymecTByoT CIEAYIOIIAE THUIBI TPOUETYP-
nemonoB: ECJIM-HEOBXOJIMMO ECJIU-U3MEHEHO,
ECJIN-JIOBABJIEHO, ECJIA-Y IAJIEHO.

CxeMaTU4ecKuid MPOCMOTP TMpollecca BbIBOAA, KOTOPBIN
MOKa3bIBA€T TMOPSAOK, B KOTOPOM OBbUIM TMPOBEPEHBI
paBuIaA.

['paduueckoe npeacraBiaeHre, KOTOPOE MOKA3bIBAET 3a/1a4y,
€ aJbTEpPHATUBHbICE PEUIEHUWA U MPOLECC IMOUCKA
HaWJTYYIIer0 WU TPUEMIIEMOTO PELICHUS.

['paduueckoe IIPEACTABICHUE IIOCJIEIOBATENBHOCTH
B3aMMOCBSI3aHHBIX PELICHUN, KOTOPOE OIMCHIBAET JAHHBIE
JIPEBOBUAHBIMU CTPYKTypaMu. OOBIYHO HCHOJIB3YIOTCS B
pELICHUH KIaCCU(PUKALMOHHBIX 3a/1a4.

Cucrema, COCTOSSHUE KOTOPOM HW3MEHSAETCS C TEYEHHUEM
BPEMEHH, T.€. U3MEHEHUE COCTOSIHUA sBIsieTCs (GyHKUUEH
BPEMEHHU WJIM NIAPAMETPOB CUCTEMBI.

1) Cnoco6 mpenctaBieHuss W YOPABJICHHUS  3HAHUEM,
OCHOBaHHBIM HA WCIOJB30BAaHUKM HE3aBUCHUMBIX TPYIII
NpaBWi, HA3bIBAEMBIX HWCTOYHUKOM 3HAHWA, KOTOPHIC
oOmaroTcss 4yepe3 oOIIyr0 001acTh MaMATH, HA3bIBAEMYIO
JIOCKOM O0O0bBsiBIeHUH; 2) r1nobanbHO JOCTymHas 0Oasa
JaHHBIX, WUCIOJb3yeMas B HEKOTOPBIX WHTEIUICKTYaIbHBIX
cucTeMax Uil 3aliCHd TPOMEKYTOYHBIX PE3YJIbTAaTOB
peleHus 3a1a4n. B Hee moMenarTcs akTHBHBIE HCTOUHUKU
3HaHWW, TEKYIIMH TIUJIaH pEIIeHUs, MPOMEKYyTOUHBIC
pe3yNbTaThl U TEKYIIUE JaHHBIC ISl pEIICHUS 3a1a4H.

Nurepdeiic I10JIb30BaTEIs, KOTOPBIN VICIIOJIB3YET
€CTECTBEHHBIN A3BIK JUUIS B3aUMOJICHCTBUA.

3aKOHOMEPHOCTH MPEIMETHOM 001acT (MIPUHIIUIIBI, CBSI3U,
3aKOHBI), TIOJIYYCHHBIC B pe3yJbTare MPaKTHUYCCKOU
TeSTENHHOCTH u poQeCCUOHATTBEHOTO OTIBITA,
MO3BOJISIONINE CHEIUAINCTAM CTaBUTh W pPeIaTh 3a7a4d B
ATOM 00JIaCTH.

Beinenenue, ¢opMyiupoBaHue, HAaKOIUIEHHE, Iepenada U
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Hnoyxyus (om aam.
Hageoenue)

HHnorcenep snanuii

Hnorcenepus snanuu

HncmpymenmanvHwie
cpeocmea UHMCeHepuu
3HAHUU

HUnmennexm (om nam.
VM, paccyook)

Hnmennexmyanvuas
ungopmayuonHas
cucmema

npeoOpa3oBaHrE 3HAHUW, TONYUYEHHBIX U3 Pa3IHYHBIX
UCTOYHUKOB.  M3BimeueHne  3HaHuM, T..  IpoLECC
NpUOOpETEHUs, U3YYEHUs] UM OpraHu3allud 3HAHUH MOXKET
HCIIOJIb30BAaThCS B UHTEIUIEKTYaIbHOM CUCTEME.

B noruke, ¢opma MBIIUICHHS, TOCPEICTBOM KOTOPOU
MBICJIb HABOJUTCS Ha Kakoe-JIuOo o0Iiee MmpaBuio, ooiiee
MOJIOKCHUHM, TIPHCYIIee BCEM EAMHUYHBIM TpeaMeTaM
KaKoro-inoo Kjacca.

Y4acTHUK CO3/1aHUS SKCHEPTHOM CHUCTEMBI, CICIAAIUCT,
BIIAJICIONIUI crlocO0aMU U MpueMaMu paboThI ¢ dKCIIEpTaMu
METOJIJaMHU BBISIBJICHUS U MPEJCTABICHUS 3HAHUHN, 3HAIOIIUI
TEXHOJIOTHIO CO3JJaHUs SKCIIEPTHBIX CUCTEM.

1) Teopus, METOIONOTUSI U TEXHOJIOTUS MHTEIIEKTYaIbHbIX
M D3KCHEPTHBIX CHUCTEM, KOTOPBHIE OXBAaTHIBAIOT METObI
N0ObIYM, aHaM3a M BBIPAKEHHUS B TMpaBUaX 3HAHUU
AKCIIEPTOB; 2) MPOLECC MOCTPOEHUS HHTEIUIEKTyaIbHOU
cucteMbl. OCHOBHBIE JTalbl ATOTO MpoOIECca: OIEHKA
npoOsieMbl, TPUOOPETEHU MAHHBIX M 3HAHUN, PA3BUTHE
IIPOTOTUIIA CUCTEMBI, Pa3BUTUE 3ABEPIICHHON CHUCTEMBI,
OLIECHKA UM HCIOPABJICHUE CHUCTEMBI, HWHTErpalus W
COIPOBOXK/ICHUE CUCTEMBI.

CucTtembl TPOrpaMMUPOBaHUs, KOTOPHIE YIPOIIAIOT padoTy
[0 CO3JAHUI0 W IPOEKTUPOBAHHMIO HWHTEIEKTYaJIbHBIX
CHCTEM, B OCOOCHHOCTH MAKEThI JJI YaCTO BCTPEUAIOIIMXCS
3a/a4, U SI3bIKK BBICOKOTO YPOBHS JUISl 3BPUCTUYECKOTO
IPOrpaMMHUPOBAHMUS.

MpeicnuTenbHbIE CIIOCOOHOCTH 4YeNoBeKa K OOydYeHHIO,
MOHUMAaHUIO, PACCYKICHHUIO, YMO3AKIIOYCHHUSIM, PEIICHUIO
3aJa4 W TPUHATHIO aJCKBaTHBIX pemieHuid. YemoBek
MBITACTCSI TIOBBICUTHh «UHTEJUIEKTYaJIbHBIE» BO3MOKHOCTU
KOMITBIOTEPA, TIepeiaBas eMy Bce 0oJiee CIoXKHbIE HyHKIIUN
Mo TMOUCKY M 00paboTke wHpopManuu. MammHa MBICIUT
WHTEJUICKTYaJIbHO, ecnu OHa  MOXET  JIOCTHYb
YeJIOBEUECKOTO0  YpPOBHA  BBIMOJHEHUS  HEKOTOPBIX
KOTHUTUBHBIX 33/ IaHHM.

Komnbrorepnass mporpamma, COCTOAIIAs W3 5 OCHOBHBIX

KOMITOHEHTOB: $I3bIKOBOW MOACUCTEMBI, MH(DOPMALMOHHON
MTOACUCTEMBI, ITOACUCTEMBI 3HAHUH, ITOACUCTEMBI MOJENEN U
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Humencuonanvnas
cemarnmudeckas cenbv

Hngpopmayus (om
J1am. pasvsicHeHlue,
uznodcenue,
0CBEOOMNIEHHOCMY)

Hckycemeennas

HeUpOHHAsl Cemb
(MHC)

Hckyccmeennviti
unmennexm (MH)

Hcemounuku 3snanuu

Koncexsenm (om nam.

creocmaue)

Kongpnuxm (om nam.
CMOJKHOBeHUe)

MOJICUCTEMBI 00PabOTKHU U pEeIIeHUs 3a/1a4.
Cerp, omnuchBaromas  MPEIMETHYIO
0000I11I€HHOM KOHLENTYaJlbHOM YPOBHE.

00J1aCcTh Ha

Onno u3 HamOoJiee OOIIMX MOHATUM HAayKH, 0003HaYaroIIee
HEKOTOPBIE CBENICHUS, COBOKYITHOCTh KaKWX-TMOO NaHHBIX,
KOTOpBIE OPTaHU30BaHBI B CMBICTIOBBIE (DOPMBI TaK, YTO OHU
MUMEIOT 3HAYCHUE U IICHHOCTh JJIS TIOTyYaTells.

MareMaTnyeckue MOJENU, a TaKKE UX IMPOrpaMMHBIE U
anmapaTrHble peaNU3alMM, IOCTPOEHHBIE I10 MPUHIMILY
opranuzaniui 1 (GYyHKIMOHUPOBAHUS  OMOJOTUYECKUX
HEHPOHHBIX ceTeil. OHa COCTOUT U3 OOJBIIOrO KOJIMYECTBA
IIPOCTBIX B3aMMOJEHCTBYIOIIUX IPOLIECCOPOB, HA3bIBAEMBIX
HEHpPOHAMU, KOTOPBIE SIBJISIFOTCS aHAJIOTaMU OMOJIOTHYECKHIX
HEUpPOHOB MoO3ra. HeHWpoHsl COENMHEHBI CBA3IMHU C
ONPENEICHHBIMA BECAMM, KOTOPBIE MEPENAIOT CUTHAIBI OT
onHoro Heupona k apyromy. MHC 00y4aroT nmocpeacTBoM
HNOBTOPSIIOIIUXCA PETYJIUPOBOK BECOB. JTH BeECAa XPAHST
3HAHMS, HEOOXOJUMBIE JIJIsl PEIICHUs] KOHKPETHOM 3a/1auu.

Hayunoe wnampaBieHue, B paMKaxXx KOTOPOTO CTaBATCA U
pelIaroTCs  3aJauyd  anmapaTHOTO WM  IPOrPaMMHOTO
MOJICIMPOBAHUSI TE€X BUJOB YEIIOBEUECKOW EATEIbHOCTH,
KOTOpbIE€ TPAJAUIIMOHHO CYHUTAIOTCS WHTEIUICKTYaIbHBIMU
(mpencraBneHue 3HaHUM, 00y4ueHUe, OOIIEHUE U T.11.).

CoOBOKYMHOCTh 3HAHUI U3 MPEAMETHON 00JaCTH, UMEIOIIAs
OTHOILIEHHE K HEKOTOPOW KOHKpeTHOM 3anade. [lonstue,
HaxoJsllee  TNPUMEHEHWE B HWHTEJUIEKTyaJlbHOM U
DKCHEPTHOW cucteMe. VCTOYHMKM 3HAaHUM BKJIIOYAIOT
AKCIIEPTOB, YUYEOHUKH, CIPABOYHUKU, MYJIbTUMEAUIHBIC
JTOKYMEHTBI, 0a3bl JAHHBIX, CIICLIMAJIbHBIC
UCCJIeIOBATEIbCKUE OTYEThl M WH(GOPMAIUIO, JOCTYIHYIO
yepes uTepHer.

3aKIoueHNE WM JICMCTBHE B MPaBOM YAaCTH MpaBWiIa. JTa
YacTh IPABUJIA COLEPKUT OIMCAHUE ICHUCTBUM, KOTOPBIE
JOJDKHBI OBITH coBepiieHbl Haj b/l B ciyuyae BbINOJIHEHUS
COOTBETCTBYIOLIUX YCIIOBHI. B MIPOCTEUIIINX
IIPOAYKLIMOHHBIX CUCTEMAX OHM TOJIBKO OIPEAEIISIOT, KAKUE
AJIEMEHTHI CleAyeT 100aBUTh (a UHOTAA U yanuTh) B B/1.

CocrostHue, Ipy KOTOPOM JBa WM 00Jee MPOTyKIHOHHBIX
MpaBuia MNOAXOMAT K JOaHHbIM B bBJI, HO TONBKO OAHO
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Koagpghuyuenm
yeepenHocmu (om
nam.
cooelicmeyrouuli)

Jluneeucmuuecxas
nepemeHnuas (om iam.
A3bIK)

Jlocuka evickazvieanuti

Jlocuka npeouxamos

Mawunnoe ob6yuenue

Memasnanue

Memanpasuno

IMpaBUIO B I[CﬁCTBHTCJII)HOCTH MOXECT OBITH
AKTUBU3HUPOBAHO B IAHHOM IUKIIC.

OueHka B NpPOLEHTax, MpeAcTaBisieMas 3KCIEPTHOU
CUCTEMOM KOTOpasi YKa3bIBa€T BEPOSITHOCTb TOIO, YTO
3aKJIIOUEHUE, [OJIyYEHHOE CUCTEMOH], ABJISIETCS
paBUIBHBIM. Takke, 3TO CTENEHb YBEPEHHOCTH JKCIIEpTa B
TOM, YTO 3aK/IIO4YE€HHE OyJIeT UCTHHHBIM €CIIM H3BECTHas
IOChUIKA UCTUHHA.

IlepemenHasi, KOTOpass MOXET HMMETh 3HAYECHUS B BHJE
AJIEMEHTOB 5I3bIKa, TAKWX Kak clioBa U ¢pa3bl. B HeueTkoi
JIOTUKE TEPMHUHBI JIMHIBUCTUYECKAss IIEPEMEHHAs W
HEUYETKAsI IEPEMEHHAs SBIISIIOTCS. CHHOHUMAMMU.

Q@opmMasibHasE JIOTMYECKAs CHUCTEMA PacCyKICHUH, B
KOTOPOM 3aKJIFOUEHUSI BBIBOJATCS U3 Psfa YTBEPKICHUN B
COOTBETCTBHM CO CTPOIMM MHOKECTBOM IIPABUII.

Jlornueckass cucTeEMa pacCyX IEHUW, HWCHOJb3yeMas B
nporpammax WU s 0603HaYeHUsS OTHOIICHUH MEXITY
rpynnaMmy  JaHHbIX. Jlormka nOpeauMkaTroB  SIBIISIETCSA
pacIIMPEHUEM JIOTUKU BBICKA3bIBAHMM, TAK KaK OCHOBHBIM
00OBEKTOM 3/IeCh SBJISIETCS BbICKa3bIBaHUE (TIPEIMKAT),
WCTUHHOCTh WJIH JIOKHOCTh KOTOPOT'O 3aBUCUT OT 3HAYEHUU
€ro NePEMEHHBIX.

AZanTUBHBIA MEXAHU3M, KOTOPBIM JAaeT BO3MOXHOCTH
KOMIIBIOTEpAM 00y4aTbCsl W3 OMbITA PEIICHUS 3adady Ha
npuMmepax u mno aHajgorusiM. CrnocoOHOCTH K OOYy4YEHUIO
MOCTOSIHHO YJIYYIIIAIOT XapaKTEPUCTUKU UHTEIUICKTYyalIbHON
cucTeMbl. MamuHHOe O0y4YeHHE SBISIETCS  OCHOBOM
aJanTUBHBIX cucTeM. Hambosiee momyasipHbIMU MOX0IaMH
K MAaIIUHHOMY OOYYEHHIO SIBJISIFOTCS HMCKYCCTBEHHBIC
HEUPOHHBIE CETU U TEHETUYECKUE AITOPUTMBI.

1) 3nanue o 3HaHWM; 2) 3HaHUE 00 WCIOIB30BAHUU U
VOPaBJICHUH TMPEAMETHHIMA 3HAHUSIMH B  DKCIEPTHOU
CHUCTEME.

[IpaBuio, KOTOpO€E MIPEICTABIIAET METa3HaHUE.
MeranpaBuiao oOmnpeaensieT CTPaTerui0  UCIOJIb30BaHUS
MPEeAMETHO-OPUEHTUPOBAHHBIX MpaBuiI B
MHTEIJIEKTYaJIbHOW CHCTEME.

131



Memoo pezonroyuii

Mexanuzm evi800a

Mmnococnotinwiu
nepcenmpon

«Msexasy»
ungopmayust

«Msackuey eviuucieHus

Hetipon (om epeu.
Heps)

Hetiponnas mooenw
Maxkanoxka u [lummca

Meton paccyIeHusT M BBIBOJA B JIOTHUECKHX CHUCTEMaX,
HCITOJIB3YeMBIX B CHCTEMaX HMCKYCCTBEHHOTO HWHTEJUICKTA.
Merton npeasioxeH PoOuHCOHOM.

YacTh MHTEUICKTYyalbHON CHCTEMBI, KOTOpas (DaKTUUeCKHu
HCIIOJIHSIET byHKIIIU paccyXaeHus. Hcnonb3ys
HEe0oOXouMble 3HaHUs U3 b3 ¥ COOTBETCTBYIOIIME JaHHEIE,
WHTEIUICKTyaJbHAasl CUCTEMa C HCIOJIBb30BAHUEM ITOTO
MEXaHU3Ma MOXKET JeJaTh JIOTUUYECKUM BBIBOJ, MOJIyYas
HY’>KHO€ 3HAHME, 3a4acTyI0 HE XpaHAIIECECsS B IBHOM BHUJIC B
b3. B skcnepTHBIX cHCTEMaxX, OCHOBaHHBIX Ha IIpaBUIIaX,
€ro TaKX€ Ha3bIBAIOT YHPABISIOMIMM MEXaHU3MOM WU
MHTEPIPETATOPOM MpaBui. MexXxaHU3M BBIBOJA pPEATU3YET
OOITyr0 BCTpaBaEMyIO CXEMY IOMCKA PEIICHUS.

Haunbonee oOmas rtomomoruss WMHC, B  kotopoi
MEePCENTPOHBI CBSA3aHbI BMECTE NJisi (POPMUPOBAHUS CIIOEB.
MHOrOoCIONHBIA NEPCENTPOH HMMEET BXOJHOW CIIOH, IO
KpaHE Mepe, OJIMH CKPBITBIA CJIOM M OIWH BBIXOJAHOU
cioit. HanbGosee nmomnyiasipHbIM METOJI0M OOyUYEHUS SIBISETCS
aJTOPUTM 0OPATHOTO PACTIPOCTPAHCHUS OIIHOKHU.

Heuetkas, cyObexkTuBHasi, HEsACHas, ToJpa3yMeBaemas u
HeomnpeiereHHass nHhopMaIus.

KoranutusHas MCTOOOJIOIuA, O6T>GI[I/IH$IIOHIEI$I TaKHeC
COBPCMCHHBIC HaAIIPABJICHUA HCKYCCTBCHHOI'O HWHTCIIJIICKTA,
KaK UCKYCCTBCHHBIC HeﬁpOHHBIe CCTH U HGprOKOMHBIOTHHF,
HCUCTKYIO JIOTUKY, MHAYKTHBHYIO JIOTHKY, 9BOJIOIMOHHLIC
BBIYHCJIICHUA, IFCHETUYCCKOC nporpamMmMupOBaHHC,
I/IHTGJIJIGKTyaJIBHBIﬁ aHaJIu3 JaHHBbIX.

1) Knetka, koTopast cnocoOHa oOpabaTeiBaTh HHGOPMAIIUIO.
TUNUYHBIM HEMPOH MMEET MHOTO BXOJOB M OJIMH BBIXOJI.
YenoBeueckuili MO3r COAEPKUT MpudiusutTenbHo 1010—
1012 HelpoHOB. 2) OCHOBHOH 3JEMEHT MCKYCCTBEHHBIX
HEUPOHHBIX CETE€M, KOTOPBIM BBIUYUCISIET B3BELICHHYIO
CyMMY BXOJIHBIX CHUTHAJIOB M IEpelaeT pe3yabTaT uepes
nepeaaToyHyro GyHKIUIO 17151 TeHEPAIuK BHIXO0/1A.

Mopens HelipoHa Ha OCHOBE OWHApHOTO TOPOTOBOTO
AJEMEHTa. OTOT MaTEMATHUYECKUA HEUPOH BBIYMUCIISIET
B3BCIICHHYI0 CyMMY BXOJHBIX CHUTHAJOB U (hOpMHUPYET Ha
BBIXOJIE CUTHaJ BenuuuHbl (+1), ecnu »9sta  cymma
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Hetiponnasa cemo

Hetiponnasa cemo
NPAMO20
PAcnpocmpaneHus

Hetipounas cemo c
00pamHoUl C853610

(pexyppenmuast)

Heonpeoenennocmo

Heuemxuui 6b1600

Heuemrkas nocuxa

Heuemkas
nepemeHHas

MIPEBBIIIAECT ONpPEAENIeHHbI nopor, u (-1) — B MpOTHUBHOM
cllydae.

Cuctema 00pa0aThIBAIOIIMX 3JIEMEHTOB, HAa3bIBAEMbIX
HEHPOHAMHM, CBA3AHHBIX MEXIy co00il Ayig (OpMHPOBAHUA
cetu. McKyccTBeHHBIE HEHPOHHBIE CETH 00JIaJal0T ATOM
CIOCOOHOCTBhIO 00y4aThCsi Ha MpUMEPAX MOCPEICTBOM
HNOBTOPSIIOIINUXCS PETYIUPOBOK UX BECOB.

Tonomoruss MHC, B KOTOpOW HEHPOHBI OJHOrO CJOS
CBSI3aHBl C HEWPOHAMHU CJIEAYIOLIEro cios. BXoaHble
CUTHAJIBl PACOpPOCTPAHSAIOTCSA B MPSIMOM HAaIlPaBJICHUH,
nepexons or cios k cior. Ilpumepom MHC mnpsmoro
pPacnpOCTPAHEHHUS SBJISIETCS MHOT'OCJIOMHBIN MTEPCENTPOH.

Tononorus UHC, B kKOTOpoil HEWpPOHBI UMEIOT OOpaTHbIE
METJIM OT BBIXOJOB K CBOMM k€ BxoAam. [Ipumepom cetu ¢
00paTHOM CBSI3bIO ABJISIETCS CeTh Xonduia.

B KoOHTEKCTe WHTEUIEKTyaldbHbIX  HH(OPMAIMOHHBIX
CHUCTEM HEOIPEACICHHOCTh OTHOCUTCS K 3HA4YCHHUIO,
KOTOpO€ HE MOXET OBITh OMNpEeNeNeH0 B Ipoliecce
KOHCYJIbTallMi. B OCHOBHOM  ONpPENENSIIOT  YEThIPE
WCTOYHUKA  HEONPEJCICHHbIX  3HAHWM:  HEU3BECTHHIC
JTAHHBIC, HETOYHBIMN SI3bIK, HESIBHOE CMBICIIOBOE COJIEPKAHUE
U TPYIHOCTH, CBSI3aHHBIE C COYETAHHEM  B3IJISJIOB
Pa3IMYHBIX YKCIEPTOB.

IIpouecc paccyxaeHnil, OCHOBAHHBIN Ha HEYETKOM JIOTHKE.

CnocoObl  pacCcykJIeHHsl, KOTOPhle MOTYT CHPABISTHCA C
HEONPEAECTICHHON W HemomHoW wuHbopmaruen. ITta
JIOTUYECKass CUcCTeMa pas3paboTaHa JUisl MpPeACTaBICHUS
YCIIOBUM, KOTOpPbIE HE MOTYT ObITH MPOCTO OMHMCAHBI MPHU
MOMOIIM OMHAPHBIX TEPMUHOB «HCTHHA» U «JI0XKb». bbuia
npeioxkena JI. 3age B 1965 r. B ornuune ot OyneBoit
JIOTUKW, HEYETKas JIOTMKA SBJISETCA MHOTO3HAYHOW U
UCIIOJIB3yeT TOHSATHUE YACTHYHONW HCTUHHOCTHU (3HAUYCHUE
UCTUHHOCTH MEXIY «IOJHOCTHIO UCTUHHO» U «IOJHOCTHIO
JIOKHO» ).

BGJ’II/I‘II/IHa, KOoTOpasd MOJKCT NPUHHUMATb JIMHIBUCTHUYCCKHUC
3Ha4YCHUA.
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Heuemxkas cucmema

Heuemkoe
MHOIHCECMBO

Heuemxkoe npasuno

Obpabomka 3uanutl

Obpamnas yenouxa
paccyicoenull

Obyuyenue

MHOKECTBO HEUYETKUX MPaBUJ, MPEOOPA3yIOMIUX BXOIHBIC
JAHHBIE B BBIXOJHBIE.

MHOX€CTBO, 3JIEMEHTBI KOTOPOTO NPHUHAIIEKAT EMY B TOU
WIM WHOW CTENEHU. OTO MHOXECTBO HMEET HEYETKHUE
rpaHunsl. Ui MpeacTaBiIeHUST HEYETKOIO MHOXECTBA Ha
KOMIIBIOTEPE €ro BBIPAXKAIOT Kak (QYHKIMIO, a 3aTeM
pacnoJiararoT 3JIEMEHTbl MHOXECTBA B COOTBETCTBUHU C HUX
(GyHKIUEN NPUHAAIEKHOCTH.

VcaoBHoe BrickassiBaHue BHaa «Ecam X ectb A, Torma Y
ectb B», rne A u B — Heuderkue mHoxkecTBa. [IpaBuio
o0Opa3yeT CBs3b MEXIy HEUETKMMH MHOKecTBamu. Kaxmoe
MpaBUJIO OMpEAeNseT HEYeTKyl0 o001acTh (AeKapTOBO
npousBegeHue A u B) B mpocTpaHCTBE COCTOSHUI CUCTEMBI.
Yem obOmmpHee MHOXecTBa A 1 B, Tem oOmupHee u 6osee
HeomnpezeeHHas HeueTkas oOnacth. HeweTkue mpasuia
HEUYETKUX CUCTEM SIBJISIOTCS OJIOKaMu sl TOCTPOCHUS Oa3bl
3HAaHUM.

O6paboTka COJIEP>KUMOTO 3HAaHU’ paBUJIaMHU
npeoOpa3oBaHus Te€X (opM, KOTOPHIE OMUCHIBAIOT 3HAHUS B
koMmmbioTepe. [lpm  oO6paGotke  3HaHmii  Hauboiee
byHIaMEHTAIbHOW ¥ Ba)XXHOM MpOOJIEeMOM  sBIsETCA,
NPEKIe BCEro, OMHCAHUE CMBICIOBOIO COAEpKAHMS 3a7ad
HIMPOKOTO JMana3oHa, a TaKKe HalIudue Takou (opmbl
OTMCAaHWS 3HAHUM, KOTOPasi TapaHTUPYET, 9TO UX 00paboTKa
dbopManbHBIMU ~ TpaBUJAaMH  NpeoOpa3oBaHus — OyneT
OCYIIECTBISTHCS TPAaBWIBHO. DJTa MpoOieMa Ha3bIBACTCS
npoOsieMoil TipeacTaBieHuss 3HaHuil. OOpaboTka 3HAHUU
SBJISIETCS OJTHOM U3 00sacTeit 00paboTku UHGOPMAIUH.

Merton BbIBOJIA, B KOTOPOM CHUCTEMA HAYMHAET C TOTO, YTO
XOYeT J0Ka3aTb HEKOTOPOE YTBEPXKACHHE U TbITAeTCA
YCTaHOBUThH (PaKThl, HEOOXOIMMBIE [JISI JOKa3aTelbCTBa
ATOTO YTBEPKJEHUS; JTMOO TMBITAETCS YCTAHOBUTH YCIIOBHS,
IpU KOTOPBIX BO3MOYKHA HEKOTOpas paccMmaTpuBaeMasi
CUTyalusl.

1) B o0mem cMmeiciie — 3TO HW3MEHEHHE TPaBWI WA
IIOBEJICHUSI C  OINPENECICHHOM LENbl0, T.€. IIPOLECC
VIYYIICHHUS] XapaKTepPUCTUK pPabOThl NyTeM HW3MEHEHHUs
3HAHUM WM  CTPYKTYpbl yIpaBieHHUs; 2) Tmpolecc
MPENBABICHUS] HEUPOCETEBOW BBIYMCIUTEIBHON CHCTEME
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Obyuarowuii
aneopumm

Ilepcenmpon (om nam.
gocnpusmiue,
npeocmaeieHue)

Inanuposwux

llouck

llouck pewenus
Memoodamu nepebopa
Ha Oepese peuleHull

Iouck pewenuu
Memooom pedyKyuii
(om nam.
8038pawyeHue)

Touck pewenus
98PUCTUYECKUMU
Memooamu

Ilpasuno

MHO>XECTBA IPUMEPOB-CTUMYJIOB C LEIbI0 JOCTHKEHUS
KOHKPETHOM LENW, OIpeAensieMor Ioap3oBarenemM. B
npocteieit ¢popme oOydeHHE O3HAYAeT CAMOHACTPOUKY
NHC na ypoBHE MpOLIECCOPHBIX JIEMEHTOB. B3BenICHHbIE
CBA3M MEXAY MPOLECCOPHBIMU JJIEMEHTaMH WM Beca
NOJICTPAaUBAIOTCSl TakUM  00pa3oM, YTOObI MOJYYUTh
KOHKPETHBIE pPe3yJIbTaThI.

OOyuaroiias npoieaypa, UCIojiab3yeMas B MCKYCCTBEHHBIX
HEUPOHHBIX CETSX.

Mogenp mnpouecca BOCHPUATHS, OCYILIECTBISEMOIO IpPU
MOMOIIM HEHUPOHHOM ceTH. JTO mpocTeimas Qopma
HeWpoHHOU cetu, mpemioxeHHas @. PozenbnarTom,
omnepanus NepcenTpoHa OCHOBaHA Ha MoAenu Makkautoka
nu Ilurrca. OH COCTOMT U3 MPOCTOTO HEWpPOHA C
pPEryIUPYEMBIMA CHHANTUYECKUMU BECAMU W TOPOTrOBBIM
DIIEMEHTOM.

KommoHeHT MexaHHM3Ma BbIBOJAa B MPOAYKIIHMOHHBIX
HHTCIUICKTYAJIbHBIX CHUCTCEMAX, KOTOpBIﬁ noaACPKUBacT
YHpaBJICHUEC BBIBOJOM. On OOCHHUBACT  PE3YJIbTAThl

HCMOJIB3YEMBIX IPABUJI BBIBOJA B CBETE UX IPUOPUTETOB
WJIM IPYTUX KPUTEPUEB.

Opranu3oBaHHBIA ~ MPOLECC MPOBEPKH  MPOCTPAHCTBA
BO3MOXXHBIX pEIICHUH, TrapaHTupyrmui 3¢p¢HeKTUBHOE
HAXO0X/ICHHUE IPUEMIIEMOTO PEIICHUS.

K meromam mepebopa mHpu IMOUCKE PEIIEHUA OTHOCATCA:
MOMCK B TIayOWHYy, MOUCK B IIMPHUHY, MOUCK HAa OCHOBE
CTOMMOCTH JYT, IOUCK C BO3BPATOM (OAKTPEKHHT).

HpI/I 9TOM MCETOAEC IIOHCK HCO6XO,HI/IMOI>’I COBOKYITHOCTH
JaHHBIX IJId pEIICHUSA 3aJadu CBOJUTCS K PCHICHHIO ooiee
IIPOCTBIX COCTaBJIAIOIIINX rmoa3agad. 33,[[&‘-11/1 MOI'yT
OIIMCBIBATBCA Pa3JIMYHBIMHA crocodamu: CIIMCKH, OCPCBbA,
MaCCHBBI.

MGTOI[BI IMOHCKAa, UCIOJIb3YHOINUE SMIIMPUYICCKUC IIPaBHJIA,
KOTOPBIC IMO3BOJIAIOT COKpAIlaTh 00BbeM IMpoCMaTpruBaACMBbIX

BAPHUAHTOB PEILLICHMUS.

Hapa, cocCTodAmas M3 AHTCHCACHTHOIO  YCJIOBHA U
KOHCCKBCHTHOI'O IPCAIOKCHHA, KOTOpass MOKET OBITH
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Ilpeouxam (om nam.
cKazauuoe)

lIpeocmaenenue
3HaHUU

IIpeobpasyrowasn
(nepedamounas)
dyHKYUs

Lpubnusicennoe
paccyxcoetnue

Ipunamue pewenuu

lIpuobpemenue
3HaHUU

lIpooykyuonnasn
Mooenb

IIpooykyus

Ilpocmpancmeo
noucka

IIpoyeoypnoe
npeocmaeienue
3HAHUU

MCIIOJIb30BaHa B JEAYKTUBHOM MPOLIECCE TUMNA MPSIMON WU
oOpaTHOW TIEMOYKH PACCYXKICHUH U wuMeeT (OpMaThI:
MPEANOChUIKa-3aKII0UYEeHNE, YCIOBUE-EHCTBUE.

Jlornueckass (QyHKUMSI; B JIOTUKE MPEIUKATOB (PYHKIIMS
a000ro 4YmWciIa aprymMeHTOB, IPUHHUMAIOIIAs 3HA4YCHUE
nuctuaHOCTH | mium 0.

CtpykTypupoBaHue peIMETHbIX 3HaHUUN B
MHTEJUICKTYaJIbHOM CUCTEME C IEJIbI0 OOJIETYCHUS MOMCKa
peuieHns 3a1a4u.

OTHolIEHHE MEXAY BHYTPEHHUM YPOBHEM AaKTUBALUH U
BBIXOJIOM HEWPOHA; BBIYUCIIAET BHYTPEHHEE BO30YKIEHHE
win aktuBauuio ypoBHsi MHC. OcHoBaHHBIA Ha 3TOM
YpPOBHE HEUPOH MOXKET (WIM HE MOXKET) MNPOU3BOAUTH
BbIx0A. OTHOLIEHWE MEXAY YPOBHEM BHYTPECHHEH
AKTUBALIMM M BBIXOJOM MOKET OBbITh JIMHEHHBIM WU
HEJIMHECVHBIM. Takoe OTHOLIEHUE BBIPAJKACTCSA
npeoOpazyroliel (mepeaaTouHon) PyHKIUeH.

Hcnonb3yeTcs, Korja MHTEIIEKTyalbHasl CHUCTeMa JIOJDKHA
MPUHUMATh pEIIeHUsl, OCHOBAaHHbIE HA YACTUYHOU WIH
HEMOJIHOW nHpOpMaIuu.

JleiicTBus 110 BBIOOPY CpeAr ajabTepHATHUB.

W3Bnevyenne u (HopMynupoBaHHE 3HAHWMA, MOTYyUYEHHBIX U3
BHEILIHUX UICTOYHUKOB, B OCOOEHHOCTH OT 3KCIIEPTOB.

Habop mpaBui Bujia «ycloBUE-IEUCTBUEY», TIE YCIOBUIMU
ABJISIIOTCSL YTBEPXKIEHUA O COJIEPNKUMOM HEKOM Oa3bl
JaHHBIX, a JEUCTBHS MPEACTABISIOT COOOW MPOLETYpPHI,
KOTOpbIE MOTYT U3MEHSATH coaepxumoe b1,

TepMuH, UCIIOJIB3YEMBIN JIJIs1 OTIMCAHUS ITPaBUIIA.
MHO%k€CTBO BCEX BO3MOXKHBIX PEIICHUMN 3aJaUu.
IIpencraBienne  3HaHMM, B  KOTOPOM  CEMaHTHKa
HEMOCPEACTBEHHO 3aJ0KEHAa B OMUCAHUE 3JIEMEHTOB 0a3bl
3HaHuil. [IpouenypHbie 3HAHUS COJEpPKAT B SBHOM BHJIE

ONMKMCAHWE HEKOTOPBbIX MPOLEAYp, KOTOpble 00pabdaThIBaOT
ONpeAeNeHHBId y4acTOK ©a3pl 3HAHUM, 3a CUET 4Yero
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IIpoyeoypwi (om nam.
npoosu2amvcsi)

lIpsamas yenouka
paccyacoeHuti

Paspewenue
KOH@IuKma

Penozumopuu

Camoopeanu3yowascsi
kapma Koxonena

Cemanmuueckas cemow

Cemwv Xonghunoa

Crenou nouck

noBbiIaercs 3PpGeKTUBHOCT Moucka pemeHuit. [Ipu aTom
TEKyIllle€ COCTOSHUE TpeAcTaBiIsieTcss B BuJe Habopa
CTHEIMATU3UPOBAHHBIX MIPOLIETY].

HaGop wuHCTpykumii o TOM, Kak KOMOMHHMpPOBAaTb paHee
ONMKMCAHHbIE KOMIOHEHTHI AJIi TOro, 4ToObl 00padaThIBaTh
uHpOpMalMI0O W TeHEepUpPOBaTh TpeOyeMble BBIXOIBI; 2)
OTtaenbHast MPOU3BOJIbHAS YACTh KOMITBIOTEPHOT'O KOJIA.

Merton BpIBOJAa B NPOJYKUMOHHBIX CHCTEMAX, KOTOPBIU
HAYMHAETCSl C M3BECTHBIX JaHHBIX M pabOTaeT B MPSIMOM
HarpaBJIeHUH, CBA3bIBas (akTel U3 0a3bl JaHHBIX B
MPOYKIIMOHHBIX TIpaBUiIaxX U3 0a3bl MPaBWII, YCTaHABIUBAS
HOBBIE (DaKTBI IO TEX IOp, MOKAa HE OCTAHETCS MpaBuII,
KOTOpbIE MOTYT OBITh AKTHMBU3UPOBAHBI. IJTO TOWCK,
YIPAaBJISIEMbI TAHHBIMH.

Meton  BbIOOpa  mpaBwia  WIM  OpOUEAYphl U3
KOH(JIUKTYIOIIErO MHO>KECTBA IPUMEHUMBIX
KOHKYPHUPYIOIIKX MPAaBUJ WA IPOLELYp A1 aKTUBU3ALIUU,
Korna Oosiee 4YeM OJHO TPABWIO  MOAXOAUT A
aKTUBU3allMU B IAHHOM LIUKJIE.

baza JaHHBIX, I'TC XPAaHATCA MCTaJaHHBIC.

Cnemmansubiii k1acc MHC ¢ copeBHOBaTeNnbHBIM METOJ0M
oOyuenwusi, npeainoxkennas T. Koxonenom B Hawame 1980-x
rr.  Kapra Koxomenma cocrour u3 NpoCTOro  Ciost
BBIYMCIIUTEIbHBIX HEUPOHOB C JIBYMsS THUIIAMH CBSI3EH:
MpsIMbIE CBA3U (OT HEHPOHOB BO BXOJHOM CJIO€ K HEHPOHAM
B BBIXOJHOM CJIO€), WM TOPHU3OHTAJIbHBIE CBSI3H MEKIY
HEHpOHaMH B BBIXOJHOM cJioe. ['Opu3OHTanIbHBIE CBS3U
UCIIOJIb3YIOTCS  JIJIi  CO3/IaHMSl  COPEBHOBAHUS  MEXKIY
HEUPOHAMMU.

Meron mpencTaBiieHUs 3HAHWM TTOCPEICTBOM CETH Y3JIOB,
COOTBETCTBYIOIIUX MOHATHSM WIM OOBEKTaM, CBSI3aHHBIX
IyT'aMH, ONKMCBIBAIOIIMMU OTHOILLECHUS MEXIY JTyraMu.

Heiiponnast cetb ¢ 00paTHOl CBSI3bIO C MPOCTHIM ciioeM. B
cetn Xomdpmiga BBIXOJ KaXIOr0 HEWpPOHA CBSA3aH C

BXOJIaMH BCEX JIPYTUX HEMPOHOB (HO HE CO CBOUM BXOJOM).

Ilonxon K TOHCKY pEHIEHUWH, TMpH KOTOPOM  HeE
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(Memoowvl NOIHO20
nepebopa)

Cuou

Cnom (om auen.
omeepcmue, weny)

Cmeneno
NPUHAOIEHCHOCTU

Cybvekmuenas

6EPOANTHOCMb

Cyenapuii

Teopus ysepennocmu

Teopuﬂ HeuemkKkux
MHOIHCECMEB

HCIIOJIB3YIOTCA 3HAHUW WU OBPUCTHUKH JII YCKOPCHHA
nmponecca ITOUCKa PCUICHMUA. Pea.HI/ISaHI/Iﬂ 9TOro ME€Toda
IIPOU3BOJIBHOT'O ITOUCKA Tpe6yeT SHAYUTCIIbHBIX BPECMCHHBIX
3aTpar B IIOIBITKAaX UCUYCPIIATh BCC BO3MOKHOCTH.

OcHoBHast apxutekTypHas komnoHenta MHC, cocrosias
U3 MHOXXECTBA IMPOIIECCOPHBIX AIEMEHTOB C OJMHAKOBBIMU
(GyHKIHOHATBHBIMH BO3MOXKHOCTSIMU U 3aHUMAIOIAsl B CETU

MIOJIOKEHUE, COOTBETCTBYIOIIEE OMPEICIIEHHO  CTaIuu
00paboTKH.

[Ipu3Hak WM onucaHue KOMIIOHEHThI HEKOTOPOTO 00BhEKTa
Bo (peiime. Jlpyrumu cioBamMu — CIOT 3TO aTpuOyT,

CBSI3aHHBIA C Y3JIOM B CHCTEME, OCHOBaHHOW Ha ¢peiimax.
3anoiHeHue CloTa MPUBOJUT K TOMY, YTO JAaHHBIA (perimMm
CTaBUTCSI B COOTBETCTBHUE HEKOTOPOW CUTYallUH, SBICHHUIO
WU O0OBEKTY.

UucnoBoe 3Hauenne or 0 go 1, kKoTOpoe mnpencraBisieT
CTEINEHb, C KOTOPOU AJIEMEHT NMPUHAMIEKUT K KAKOMY-TTHO0
MHOKECTBY.

BeposiTHOCT®, KOTOpast OIICHUBAETCS JIUIIOM,
MPUHUMAIOIIUM pellleHne 0e3 MCIob30BaHus (HhOpMaTbHON
MOJICIIH.

CocTosiHue TPEanoNoKeHUH U BO3MOXKHBIX KOH(UTyparuit
OTHOCHUTEJIBHO OKPY KalOLIEH Cpeabl, B KOTOPOM JEUCTBYET
KOHKpPETHas CHUCTEMa, Ha OTACIBHOM OIPEACICHHOM
MPOMEKYTKE BPEMEHHU.

Teopus ayns  ynopaBieHHsT  HEONPEACIEHHOCTBIO B
MHTCIUICKTYaJIbHBIX CHCTEMaX, OCHOBaHHAas HAa HETOYHOM
pacCyXJICHHUHU. Ona UCIIOJIb3YyEeT K03 OUITHESHTHI
YBEPCHHOCTH IS TIPEJCTABJICHUS YPOBHS JIOBEpUSA K
THUIIOTE3€, YTO JaHHOE coObITHME HaOIr0Aaaoch. OCHOBHEIC

MPUHIUIIEI ATOM TEOpUU ObUIM TPENJIOKEeHbl byxaHaHoM u
Moptauddom B 1975 1.

Teopwus, paspaborannas JI. 3ame B 1965 r. Anmapar teopuu
HEYETKUX MHOXKECTB TMpETHA3HAYEH IS  peIIeHUs
IIUPOKOTO Kpyra mpoOseM, B KOTOPBIX BaXXHOE MECTO
3aHUMAIOT CYOBEKTHUBHBIC, TPYIHO (popManm3yemMbie 3HAHUS
yenoBeka. [lpumensiercss mpu  pa3pabOTKE UEIOBEKO-
OPUCHTHPOBAHHBIX  COIMAIBHBIX W  yIPABICHYECKHUX

138



Yeepennocmo

Vizen

@Dpetimvl (om auen.
pama, ocmos)

Q@ynkyus
NPUHAOIEIHCHOCU

Jepucmuka

Jepucmudeckuti NOUCK

Ixcnepm (om nam.
ONbIMHBI)

QKCI’lepWZHa}l cucmema

CHUCTCM, B HaCTHOCTH, SKCICPTHBLIX CUCTCM.

YcnoBue, mpu KOTOPOM MPEANOJaraeTcs, 4ro Oyayuiue
3HAQYEHUS] M3BECTHBI C ONPEHECICHHOW YBEPEHHOCTHIO U
TOJBKO OJWH PE3yJabTaT AacCOUMUPYETCA C JAHHBIM
JICICTBUEM.

Touka penieHus B IEpEBE PEIICHUM.

Meron  mpeacraBiieHUs ~— 3HAHWKW, OCHOBAaHHBIM  Ha
MHUHHMAJIbHBIX CTPYKTypax HWH(pOpMauu, HEOOXOIUMBIX
JUISL TIPEJICTAaBICHUS Kilacca OOBEKTOB, SBICHUN WU
npoueccoB. @OpeiiMbl  CBSI3BIBAIOT CBOWCTBA C  Y3JIaMH,
MPEACTABIAIONIMMI  TIOHATHS W 00BekThl. (CBoOMCTBa
OMUCHIBAIOTCSl aTPUOYTaMH, KOTOPbIE HA3BIBAIOTCS CIOTAMHU
U uxX 3HaueHusAMHU. DpeliMbl  UCMNOJB3YIOTCA A
MPEJICTABJICHNS 3HAHUM B MHTEJUICKTYAJIbHBIX CUCTEMAX.

Marematuyeckas QyHKIUs, KOTOpasl ONMpEIEsieT HEUEeTKOe
MHO>KECTBO Ha IMPOCTPAHCTBE paCCYKJIECHUU. TUNUYHBIE
dbopmbl  QPYHKIUMH MPUHAJICKHOCTH, HCIOJIb3YyEMbIX B
HEUYETKUX MHTEIJUJIEKTYaJbHbIX CUCTEMAX, 3TO TPEYTOJIbHUKHU
U Tpaneuuu.

OMIIMPUYECKOE NPABUIO WM CTPATErus, KOTOPask MOKET
WCIIOJB30BaThCA NPU PEUICHUN CIIOXKHBIX 3a/1ad, yIpolas
WM OTPAaHUYMBAs MOUCK PELIECHUS B MPeaIMETHON o0jacTu,
KOTOpasi SBISETCS CJIO0KHOW WM HENOCTYIIHOM HalleMy
ITOHUMAHMUIO.

Meron mnowncka, KOTOPBIM MCHOJIB3YET DSBPUCTUKH JUIS
HaIlpaBJIEHWs  IIpolecca  PACCYXKIEHMs,  yMEHbILAs
IIPOCTPAHCTBO IIOUCKA.

YenoBek, KOTOPBIM UMEET TIIyOOKHE 3HAHUS B KOHKPETHOM
MpeAMETHOW 00JacTH W 3a TOJbl OOy4YeHHS U TPAKTHUKU
Hayuywiics d()QPEeKTUBHO pemarh 3agadyu, OTHOCSIIMECS K
ATOM MPEAMETHOM 00JIaCTH.

Cucrtema, KOTOpasi HCIOJB3YET YEJIOBEUYECKUE 3HAHUS U
JOTUKY DJKCIEepTa, BCTpauBaeMble B KOMIBIOTEp, IS
obOecrieueHus1 BBICOKOAI(D(PEKTUBHOTO pelieHus 3a7ad B
HEKOTOpOH y3KOM mpeaMeTHou oOsmacTu. Takue CUCTEMBI,
KaK TpaBUJIO, TMPEJCTaBIISIIOT 3HAHUS CHUMBOJIMYECKH,
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UCCIIEYIOT U OOBSICHIIOT CaMU MPOIECCHl PACCYKICHUS U
MpEeIHA3HAYEHbl JUIsI MPEIMETHBIX 00JlacTed, B KOTOPBIX
JOJAM 1711 TOCTMOKEHHMSI MacTepcTBAa HEOOXOIUMBI TOJIbI
CHEeUaIbHOr0 OOYYEeHHUS U MPAKTHKHU.

CCTB, B KOTOpOﬁ [MPOU3BOAUTCA  KOHKPCTHU3ALUA U

DKcmeHCcuoHanbHas
HAITOJITHCHUA €€ (I)aKTI/I‘ICCKI/IMI/I 3HaHHUSAMMU.

cemarmmudeckas cemosv

[IpeacraBnsitor  coboil  JaHHBIE,  XapaKTEpPU3YIOIIUE
KOHKPETHbIE  OOBEKTHl, WX  COCTOSHUS,  3HAauYeHUs
MapaMeTpPOB B ONPEJAECIEHHBIE MOMEHTHI BPEMEHH.

Oxcmencuonaivhble
SHAHUA
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