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YacTtb 1. BBEAEHUE B UCKYCCTBEHHbIVN UHTENNEKT

§1 MCTOpMH Pa3BUTUA UCKYCCTBEHHOIo UHTesNJNIekKTa Kak Haykun

Onpep,eneHMe UCKYCCTBEHHOIo uHTenneKrTa

Tepmun «uckyccrBeHHbIN nHTEIEKT (artificial intelligence) Obu1 Tpe-
noxeH B 1956 rogy. CrnoBo intelligence o3HauaeT «yMeHUE paccykaarh pa3yM-
HO», & BOBCE HE «MHTEIUJIEKT», JIJIsl KOTOPOTO ecTh TepMHUH intellect.

UckycctBennsiit untemiekt (MN) 3annmaeTcs n3ydeHueM pa3yMHOTro Mo-
BesieHus (y JIFOeH, )KUBOTHBIX M MAIlIMH) U MBITAETCS HAWTHU CIIOCOOBI MOJICIIH-
POBaHUS MOJIOOHOTO MOBEICHHS B JIIOOOM THUIIE UCKYCCTBEHHO CO3/JaHHOTO Me-
xaHu3Ma. HecMoTpst Ha TO 4TO TepMUHY OOJIbIIIE MOJIyBEKa, €UHOTO ONpe/ee-
HHUs €r0 He CyllecTByeT. Pa3Hple mcciienoBaTeny MO-pa3HOMY OIPEAEISIIOT ATy
HayKy, B 3aBUCUMOCTH OT CBOETO B3IJIsifa Ha Hee, U padoTaroT HaJ CO3JIaHHEM
CHUCTEM, KOTOpHIE:

* JyMaroT MOoJ00HO JIOASIM;

* JyMarT PallMOHAIILHO;

* JIEUCTBYIOT MOJOOHO JIOASIM;

* JICMCTBYIOT PAllMOHAIIBHO.

CunTe3upys JECITKH ONPENEICHU UCKYCCTBEHHOTO MHTEJUIEKTAa U3 pa3-
JUYHBIX UCTOYHHUKOB, B Ka4eCTBE paboOYero ompenesieHus] MOXKHO MPEJI0KHUTh
CIEYIOLIEE.

HckyccTBEHHBINM MHTEIUICKT — 3TO OJHO M3 HamNpaBieHUN HUHPOPMATUKH,
LETBI0 KOTOPOT'O SIBISICTCS pa3paboTKa anmapaTHO-MPOrPaMMHBIX CPENICTB, TO-
3BOJISIIOIIMX MOJIB30BATENO-HENPOTPAMMUCTY CTABUTh U pPEIIaTh CBOU, TPATU-
IIMOHHO CUUTAIONIUECS WHTEJIEKTYalbHBIMH, 3a/Jauu, obmasch ¢ 9BM Ha or-
PaHUYEHHOM MOJMHOKECTBE €CTECTBEHHOI'O A3bIKA.

IIpu BOCCO31aHMM pa3yMHBIX PACCYKACHUN U IEMCTBUI BO3HUKAIOT OIl-
peneneHHble TpyAHOCTH. Bo-mepBhiX, B OOJIBIIMHCTBE CIy4aeB, BBITIOJHSS Ka-
KHE-TO JICUCTBHUS, YEIOBEK HE OCO3HAET, KAK 3TO JEJAET, HE U3BECTEH TOYHBIN

CHOCO6, MCTOA WK AJITOPUTM ITOHHUMAHUA TCKCTA, pACIIO3HABAHUSA JIMI, TOKa34d-
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TEJIBCTBA TEOPEM, PEUIECHU 3a/1a4, COUMHEHHS CTUXOB U T.1. Bo-BTOpBIX, Ha co-
BPEMEHHOM YPOBHE Pa3BUTHs KOMIBIOTEP CIHIIKOM JaJleK OT YEJIOBEYECKOIO
YPOBHSI KOMIIETEHTHOCTH U pa0OTaeT 1Mo APYrUM HMPUHIIUIIAM.

HckyccTBeHHBI MHTEUIEKT BCeraa ObLI MEXIMCIMUIUIMHAPHON HayKoOM,
ABJISIICH OJHOBPEMEHHO U HAYKOM M MCKYCCTBOM, U TEXHUKOW M MCUXOJOTUEN.
MeTo1bl HICKYCCTBEHHOTO MHTEIJIEKTa pazHooOpa3Hbl. OHM aKTHUBHO 3aMMCTBY-
IOTCSl U3 IPYTHX HAyK, aAanTUPYIOTCS M MU3MEHSIOTCS MOJ PEIIAeMYI0 3aJayy.
Jlist co3gaHusl UHTEUIEKTYallbHOM CHCTEMBbl HEOOXOJUMO MPUBJIEKATh CHelHa-
JUCTOB M3 MPUKIAJHON OOJACTH, MOTOMY B paMKaxX HMCKYCCTBEHHOI'O HMHTEII-
JIEKTa COTPYAHUYAIOT JIMHTBUCTHI, HEUPODU3NOIIOTH, ICUXOJIOTH, SKOHOMUCTHI,
UH(OPMATUKHU, TPOTPAMMHUCTHI U T.1.

MCTOpI/ISl pa3BUTUA NCKYCCTBEHHOIro MHTesnNeKTa

Wnest co3panusi HICKyCCTBEHHOTO MOA00US YesoBeKa JIJIsl pEeLIeHUsl CIOXK-
HBIX 33724 ¥ MOJEIMPOBAHUS YEIOBEYECKOr0 pa3yMa BUTala B BO3AYyXE €LIE B
npeBHeimne BpemeHa. Tak, B [IpeBHeM Erumnrte Obuia co3gaHa «OXHBaromias»
MexaHuueckas cratys 6ora Amona. Y I'omepa B «Mnuane» 6or I'edect koBan
YeJIOBEKOMOJOOHBIX CYIIIECTB.

HckycCTBEHHBI MHTEIJIEKT SIBISIETCS B HEKOTOPOM CMbICIIE HayKou Oy-
JYLIEro, B KOTOPOW HET KECTKOTO pa3eieHus o 00JIacTSIM U SICHO BUIHA CBS3b
ME¥Ky OTAEIbHBIMU JUCUUILUIMHAMY, KOTOPBIE JIUIIb OTPAXKAIOT ONPEIEIECHHYIO
IpaHb O3HAHHUS.

TouHbIll CBOJA 3aKOHOB, PYKOBOJSIIMX PalMOHAJIbHOM YacThIO MBIIILIE-
Hus, Ob11 chopmynupoBan ApuctoreneM (384-322 rr. go H.3.). OgHako pojo-
Ha4yaJbHUKOM HCKYCCTBEHHOTO MHTEJUIEKTA CUMTAETCS CPEIHEBEKOBBIM HCIIAH-
ckuii punocod, marematuk u nodT Paitmony Jlymnuit, koropsiit enie B XIII Beke
MONBITAJICS CO34aTh MEXaHUUYECKYIO MAIIMHY JUJISl PEUICHUS Pa3IMYHbIX 33/1a4 Ha
OCHOBE pa3paboTaHHOM UM BceobIieit kinaccudukanuu noustuit. B XVIII Beke
JleiiOuun u JlexapT HE3aBUCHUMO JPYT OT JApyra MPOJOJIKUIN ATy HACH0, Mpe-
JIO’)KMB YHUBEPCAJIbHBIE SI3bIKH KIacCU(PUKAIIMU BCeX HAyK. TpPybl 3TUX YUEHBIX
MO>XHO CUUTATh MEPBBIMU TEOPETUUYECKUMU pabOTaMu B 0OJACTH HMCKYCCTBEH-
HOTO MHTEJUIEKTA. Teopust Urp U TEOpHUs NMPUHATHUS PELICHUM, JaHHBIE O CTPOE-
HUW MO3ra, KOTHUTUBHAS IICUXOJIOTHS — BCE 3TO CTAJIO CTPOUTEIBHBIM MaTepHa-

JIOM i1 UCKYCCTBCHHOI'O MHTCJIJICKTA. Ho okxonuaTtennHOE POKICHUC UCKYCCT-
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BEHHOTO MHTEJUIEKTAa KAK HAy4YHOTO HANpaBJIEHUs MPOU30LUIO TOJBKO IOCIE
co3nanust OBM B 40-x rogax XX Beka u Boimycka HopOGeprom Bunepom ocHo-
BOIOJIAralonIuX padoT 1Mo HOBOM Hayke — KUOEpHETHKE.

D®opMHpOBaHUE HCKYCCTBEHHOI0 HHTEJJIEKTA KaK HAyKH MPOU30IILIIO B
1956 rony. /I. Makkaptu, M. Munckuii, K. lllennon n H. Pouectep opranuszo-
BaJIM IBYXMECSAYHBIA ceMUHap B JlapTMyTe ISl aMEpUKaHCKUX UCCIIEI0OBATEIIEH,
3aHUMAIOIINXCS] TEOPUEN aBTOMATOB, HEUPOHHBIMHU CETSIMU, HHTEIIEKTOM. XOTS
MCCJIeI0BaHUS B 3TOM 00JaCTH YK€ aKTUBHO BEJIMUCh, HO HMEHHO Ha 3TOM CEMU-
Hape MOSBWINCHh TEPMHUH U OT/IEJIbHAS HAyKa — HCKYCCTBEHHBIN MHTEIIJIEKT.

OnHUM U3 OCHOBATENIEN TEOPUH MCKYCCTBEHHOTO MHTEIIEKTA CUMTAETCS
W3BECTHBIN aHTIUMHCKUN yueHbld AnaH TeropuHr, koTopbidi B 1950 rogy omy6-
JUKOBaJ CTaThl0 «BhlUMCIUTENbHBIE MAIIMHBI U pa3zym» (MEpEeBEICHHYIO Ha
pYyCCKui s3bIK 10 Ha3BaHHEeM «MOXKEeT JId MallliHa MBICIUTH?»). IMeHHO B Helt
ONMCHIBAJICS CTaBIIMK KIACCHUYECKUM «TECT ThIOPUHIA», MO3BOJSAIOIIMN Olle-
HUTh «MHTEJUIEKTYaJIIbHOCTh» KOMIIBIOTEpPA IO €ro CIOCOOHOCTH K OCMBICIICH-
HOMY JTHAQJIOTy C YEJIOBEKOM.

[lepBbie necsTUETUS Pa3BUTHS MCKYCCTBEHHOro uHTeiekta (1952-
1969 rr.) 6BUIM TOJHBI yCTIeX0B U 3HTY3ua3Ma. A. Heroamn, k. oy u I'. Caii-
MOH CO3J1aJIA MPOrpaMMy JJISL UTPHI B IIAXMaThl HA OCHOBE METO/1a, MPEIJI0KEH-
Horo B 1950 rony K. lllennonom, hopmanuzoBanHoro A. ThIOpUHIOM U POMO-
JEIMPOBAHHOTO UM ke BpyuHYy10. K pabore Obuta nmpuBliieueHa rpymnia rojuiasi-
CKHMX IICHXOJIOTOB TOJI PYKOBOACTBOM A. ne I'pooTa, M3ydyaBIIMX CTUJIM UIPbI
BBIIAIONINXCA MAaXMaTUCTOB. B 1956 roay 3TuM KOMJIEKTUBOM ObLI CO3/aH SI3bIK
nporpammupoBanust UIJI1 — npakTudyecku nepBblii CUMBOJIBHBIA S3BIK 00Opa-
OOTKM CHHCKOB M HamucaHa mepBasi nmporpamma «Jloruk-Teoperuk», npeaHa-
3Ha4YE€HHAs [JI1 aBTOMATHYECKOrO JOKa3aTEIbCTBA TEOPEM B HCUUCIECHUU BBI-
CKa3bIBaHUM. DTy MporpaMMy MOXHO OTHECTH K MEPBBIM JTOCTHUXKEHUSIM B 00-
JIACTU UCKYCCTBEHHOI'O MHTEJICKTA.

B 1960 rony »toii ke rpynmnoi 6pu1a Hanucana nporpamma GPS (General
Problem Solver) — yHuBepcanpHbIi pematens 3agad. OHa MoTJia pemarh psija
rOJIOBOJIOMOK, BBIYHCIIATH HEOINPENECIECHHBIE HHTErPalibl, peliaTh HEKOTOPBIE
apyrue 3agaud. Pe3ynbTaThl NPUBIEKIM BHUMAaHHME CIEIUATNCTOB B 00JIACTH
BBIYMCIIEHUI, U MOABUIUCH TPOrpaMMbl aBTOMATHYECKOTO JOKA3aTEIbCTBA TEO-

PEM U3 TNIAHUMCTPHUU U PCUHICHUA anre6pa1/1quKI/IX 3aad.
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C 1952 roga A. CaMroan Hanucas psJ NporpaMm JUIsl UTPbI B IIAIIKH, KO-
TOpBIC UTPA Ha YPOBHE XOPOIIO MOJTOTOBJICHHOTO JIOOUTEIIS, IPUYEM OJIHA
W3 HUX Hay4YWJIach UTpaTh Jydllie, YEM €€ CO3/1aTellb.

B 1958 roay JI. MakkapTu ompenenusl HOBBIM SI3bIK BBICOKOTO YPOBHS
Lisp, KOTOpBIH cTan TOMUHUPYIOIIHUM JJISI HCKYCCTBEHHOTO MHTEJIJIEKTA.

ITepBrie HelipoceTu noABUIKCH B KoHIIE S0-X rogoB. B 1957 rogy ®. Po-
3eHO0JIaTTOM ObLIa TPEANPHUHSATA TMOMBITKA CO3/aTh CUCTEMY, MOJCIUPYIOIIYIO
YeJIOBEUECKHI I1a3 U €ro B3auMOJIEUCTBHE C MO3TOM, — IIEPCENTPOH.

[lepBas mexayHapoHast KOH(DEPEHIUS 10 UCKYCCTBEHHOMY HUHTEIIEKTY
(IJCAI) cocrosinacs B 1969 rony B Bamunrrose.

B 1963 rony /1. PobuHCOH peanu3oBai METO] aBTOMAaTHUYECKOTO J0Ka3a-
TEILCTBA TEOPEM, MOTYUUBIINN Ha3BaHUE «IIPUHIIUI PE3OJIFOLIUMY, K HA OCHOBE
sToro Meroaa B 1973 romy ObuT cO3/1aH S3bIK JJOTUYECKOTO MPOrpPaMMHUPOBAHMUS
Prolog.

B CHIA mnosiBWINCH MEpPBbIE KOMMEPUECKHUE CHUCTEMbI, OCHOBAaHHBIC Ha
3HAHMSIX, — IKCHepmuble cucmemyl. [IpoUCXOIUT KOMMEpLUUATU3ALMS UCKYCCT-
BEHHOT'0 MHTEJUIEKTA. PacTyT €)erojHple KaluTaJOBIOXKEHUS U UHTEPEC K ca-
MO00YUAOWUMCA CUCMEMAM, CO3JIal0TCsl MPOMBIIIJIEHHbBIE YKCIIEPTHBIE CHCTE-
MbI. Pa3pabatsiBatoTcs METOIBI IPEACTABICHUS 3HAHHM.

[lepBas skcnepTHas cucrema Obu1a coznana J. deitren6aymom B 1965 ro-
ny. Ho 1o xomMmepueckoit mpubbuin ObL10 enie aaneko. Jiumb B 1986 rogy nep-
Basi kommepueckas cuctema R1 kxommanun DEC mo3Bosuia c3KOHOMUTH TPH-
MepHO 40 MmwITHOHOB nosutapoB 3a roja. K 1988 rony xomnanueit DEC ObL10
pazBepHyTo 40 sKkcnepTHhIX cucteM. B kommanum Du Pont mpumensiioch
100 cucteM, 1 5KOHOMHUS cOCTaBisiIa NpuMepHO 10 MUIITMOHOB B TO/I.

B 1981 rony fAAnonus, B pamkax 10-1eTHero miaaHa no pazpaboTke UHTEN-
JIEKTYaJIbHBIX KOMITbIOTEPOB Ha 6asze Prolog, mpuctynuna k pa3paboTke KOMITb-
I0TEpa 5-ro MOKOJICHUS, OCHOBAHHOIO Ha 3HaHUsIX. 1986 rom cram rogomMm BO3-
POXKJICHUS HHTEpeca K HEHPOHHBIM CETSIM.

B 1991 rony Snonus npekpaiaer GuHaAaHCUPOBaHUE MPOEKTa KOMIIBIOTEPA
5-ro TIOKOJICHHsSI U HAYMHAET MPOEKT CO3JIaHMs KOMITbIOTEepa 6-TO MOKOJEHUS —
HEUPOKOMIIBIOTEPA.

B 1997 rony xomnerotep «un bito» mobeamn B urpe B maxMaTbl YeM-
nuona mupa I'. KacmapoBa, 10ka3aB BO3MOXKHOCTh TOTO, YTO MCKYCCTBEHHBIM
WHTEJUIEKT MOXET CPaBHSTHCA C UYEJIOBEKOM WM MPEB30MTH €ro B psijiec MHTEIN-
JIEKTYaJbHBIX 3aJ1a4 (IyCTh U B OTPAaHUYCHHBIX YCIOBUSX).
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Orpomuyto pojib B 60pb0e 3a MpU3HAHUE MCKYCCTBEHHOTO MHTEIJIEKTA B
Hawel crpane cbirpanu akageMuku A. . bepr u I'. C. Ilocnienos.

B 1954-1964 rr. co3nmatorcsi OTAENBHBIE MPOTrpaMMbl M MPOBOJATCS HC-
CJIeIoBaHus B O0JAacTH MOUCKa pelleHus Joruyeckux 3anad. Cosnmaercs mpo-
rpamma AJIITEB JIOMMU, apTomaTuuecku JoKa3biBaroiias Teopembl. OHA OCHO-
BaHa Ha OPUTMHAIBLHOM OOpaTHOM BbIBOJIe MacnoBa, aHaJJOTHYHOM METOJy pe-
3omtonuid Pobuncona. Cpeau Haunbosee 3HAUMMBIX PE3YyJbTAaTOB, MOJTYUYEHHBIX
OTEYECTBEHHBIMU Y4YEHBIMU B 60-€ TOfbl, ClenyeT OTMETUTh anroputM «Kopa»
M. M. bonrapna, MOAETUPYIOIIUN AESATEIBHOCTh YEJIOBEYECKOIO MO3ra IpH
pacno3HaBaHuM 00pa30B. BombInoil BKIIag B CTAHOBIEHHE POCCUUCKON IIKOJIBI
HMCKYCCTBEHHOI'O WHTEJJIEKTa BHECHM Bblnaromuecs ydenole M. JI. Iletius,
B. H. Ilymikun, M. A. I'aBpWIoOB, YbM YYEHHUKH U SBWINCH NMHOHEPAMH 3TOU
Hayku B Poccun.

B 1964 rogy npennaraics MeToj] aBTOMAaTHYECKOrO MOWCKA J10Ka3aTelb-
CTBa TEOPEM B HCYHUCICHUHU MPEAMKATOB, MOJYYHBIIMN Ha3BaHUE «OOpaTHBIN
MeTox MacioBay.

B 1965-1980 rr. npon3onuio pokIeHUE HOBOIO HAIIPABIICHHS — CUTYallH-
OHHOT'O ympaBieHHs (B 3amaJHOW TEPMUHOJIOTMM COOTBETCTBYET IpeJCTaBie-
HUIO 3HaHMi). OcHOBaTeNeM 3TOM HaydyHOU 1Kokl ctan mpodeccop . A. Ilo-
CIIEJIOB.

B MockoBckoM rocynapctBeHHOM yHuBepcutete B 1968 rony B. @. Typ-

YUHBIM OBLT CO3/1aH SI3bIK CUMBOJIbHOUM 00paboTku nanHbix PEDAJL.

3apaumn UCKYCCTBEHHOIo uHTesnneKTa

HckyccTBEHHBIM MHTEIUIEKT MpEcieayeT MHOXKECTBO ueneid. OmxHoil u3
OCHOBHBIX 33/1a4 UCKYCCTBEHHOTO MHTEJIEKTA SIBIISETCS CO3/1aHUE MOJHOIO Ha-
YYHOTO ONMMCAHUSI MHTEJIJIEKTa YEJIOBEKA, )KUBOTHOTO M MAIIMHBI M BHIYMCIICHUE
MIPUHIIMIIOB, OOIIUX JIJIsl BCEX TpouX. MojenupoBaHre pazyma HEOOXOIUMO IS
peuienus 3anad. K mHTENNEeKTyalbHbIM 3a/la4aM MOKHO OTHECTH BCE 3a/1ayM,
AITOPUTM HAXO0XXJICHHUS KOTOPBIX HewsBecTeH. Ho, Hampumep, mepebop Bcex
BO3MOKHBIX KOMOMHAITUN TakKe SBISETCS alroputMom. I[IpuMeHHTH ero Ha
MPaKTUKE, K COKAJICHUIO, HA COBPEMEHHOM YPOBHE Pa3BUTHS TEXHUKH K OO0JIb-
IIMHCTBY 3aj71a4 HEBO3MOKHO (coBpeMeHHass DBM He MOXKET CreHepHpoBaTh BCE
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MPOCThIE MEPECTAaHOBKU OoJiee yeM 12-Th pa3HbIX NPEIMETOB, TaK KakK ITHX Ie-
pecTtaHoBOK 6osee 479 MiH).

KoMOuHaTOpHBII B3pBIB, C KOTOPBIM CTOJKHYJIUCH HCCIIEIOBATENH YKE B
paHHUX HCCIEOBaHUSAX, — IpUMeEp 3Toro. B Takux ciydasx, Korjga He3Ha4yu-
TEJIbHOE YBEJIMYEHUE BXOJHBIX JAHHBIX 33/1a4d BEJIET K BO3pPACTaHUIO KOJIUYe-
CTBa MOBTOPSIOLIUXCS NEUCTBUI B CTENEHHON 3aBUCUMOCTH, TOBOPSAT O HEMO-
JMHOMMAJIBHBIX AJITOPUTMAX, KOTOPBIE XapaKTEPU3YIOTCS TEM, YTO KOJUYECTBO
orepanuii B HUX BO3pACTaeT B 3aBUCUMOCTH OT YHUCJIa BXOJIOB 110 3aKOHY, OJIK3-
KOMY K 3KcrioHeHTe. [loioOHble anropuTMbl pelIEHUsT UMEET Ype3BblYaiHO
OOJBIION KPYT 3a/lay, 0OCOOEHHO KOMOMHATOPHBIX MpoOJieM, CBA3aHHBIX C Ha-
XO0XIEHUM COYETaHMM, MePEeCTaHOBOK, pa3MelleHni Kakux-1100 06bexToB. [lo-
ATOMY TpYyJHOpeIaeMoi (HeperraemMoii) 3ajjaueil MO>KHO Ha3bIBaTh TaKylo 3aja-
4y, JUIsl KOTOPOM He cymiecTBYeT 3((HEKTUBHOTO aIropuTMa perieHus. JKCIo-
HEHIMaJIbHbIE AJITOPUTMBI PELICHUN, B TOM YHUCJIE U UCYepIbIBarolue, adco-
JOTHO HEed(DPEKTUBHBI JJIs CIy4yaeB, KOTJa BXOJHbIE JaHHbIE MEHAIOTCS B JIOC-
TATOYHO IIMPOKOM JIHara30He 3HAUeHHUH, ClIeI0BaTeIbHO, B OOIIEM CIydyae CUu-
TaTh UX 3PPEKTUBHBIMU HEIB3S.

O heKTUBHBIN aNTOPUTM UMEET HE HACTOJIBKO PE3KO BO3PACTAIOIIYIO 3aBHU-
CHMOCThH KOJIMYECTBA BBIYMCIICHUH OT BXOJHBIX JAHHBIX, HAIPAMEP OTPAHHUCHHO
MOJIMHOMHUAJIBHYIO, TO €CTh X HAXOJAUTCS B OCHOBAHUH, a HE B MIOKa3aTese CTENeHU.
Takue anropuT™Mbl Ha3bIBAIOTCS TOJTMHOMHUAIBHBIMHU, U, KaK MPAaBWIIO, €CIIH 3a/1a4a
UMEET MOJIMHOMUAJIBHBIA JITOPUTM PEIICHUs, TO OHa MOXET ObITh pellleHa Ha
OBM c 6omnbLioii 3gpekTuBHOCTHIO. K TAKMM MOXXHO OTHECTH 3a7[a4il COPTUPOBKH
JaHHBIX, MHOTHE 33/1a4¥ MaTeMaTHYECKOr0 MPOrpaMMHUPOBAHUS U T.11.

CrnenoBaTesibHO, COBPEMEHHBIN KOMIBIOTEP HE MOXKET BBIIIOJIHUTH pellle-
HUE TIOJHOCTBIO aHaNUTHYeCKH. Bo3MokHA 3aMeHa aHAJIMTUYECKOIO PEIICHHMS
YHCICHHBIM aJTOPUTMOM, KOTOPBII UTEPATUBHO (TO €CTh UKINIECKH TIOBTOPSIS
olepaluu) Uil peKypcuBHO (BBI3bIBAsI MPOLIEAYPY pacyeTa u3 camoin ceOsi) Bbl-
MOJIHAET ONepalny, Iar 3a maromM npudauxaschk K peuenuto. Ecnu yucno stux
orepanuii BO3pacTaeT, BpeMsl BBIMOJHEHHUS, a BOBMOXHO, U PacXoj] APYrux pe-
CypcoB (HampuMmep, OrpaHUYEHHOM MAIIMHHON MaMsTH), TakXKe BO3PACTaeT,
CTpeMsICh K OECKOHEUYHOCTH. 3a/lauyd, CBOMMHU aJITOPUTMAMU PEUICHUSI CO3/1at0-
[I1e TPEINOChUTKH JJI PE3KOT0 BO3pAaCTaHUs HCMOJIb30BAHUS PECYPCOB, B 00-
IIeM BHJIC HE MOTYT OBITh pPeIlIeHbl Ha IU(POBBIX BEIYMCIUTEIBHBIX MAIIHHAX,

TaK KaK peCypcChl BCCTrAa OIr'paHUYCHBI.
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PemenueM momoOHBIX 3aay M 3aHUMAETCS MCKYCCTBEHHBIM WHTEIIEKT.
HccnenoBarenu n3y4aroT MPOLIECCHI MBIIUICHHSI, pa3yMHOE IOBEACHUE JJI TO-
ro, 4To0bl HAMTH METOBI PElIeHUs OJA00HBIX 3aa4, TaK KaK YeJIOBEK B CBOEH
NEATEIbHOCTU CTAJIKUBAETCS C HUMH JTOCTATOYHO YAaCTO U YCHEIIHO PEIIaeT.

XOTs 10 CUX TIOp MHOTO€ 33[Ja4il HE PEUIEHBI, ONPEACIICHHBIE JOCTHKEHUS
B 9TOM o0sacTu ecThb. MccnenoBarenu UCIoIb30BaIN Pa3IMuHbIE TOAXO0/bl U Me-
TOJIbI, YTOOBI MOJIY4UTh pe3ynbTatr. B koHue 50-X rogoB poauiack Mojeib J1adu-
PUHTHOI'O IIOMCKAa U MOSBWJIACh TEOPUs paclo3HaBaHUs 00pa30B KaK CIIEACTBHE
Hayaja UcnoJib3oBaHuss OBM juis pelieHnss HEBBIUUCIUTENBHBIX 3a1a4. Hauano
60-X TOJI0B Ha3bIBAIOT AIOXOM IBPUCTHUYECKOrO MPOrPaMMHUPOBAHUsA, KOTIa HUC-
MOJIb30BAJIUCh CTPATErvM ACHCTBUI HA OCHOBE W3BECTHBIX, 3apaHEe 3aJaHHBIX
OBPUCTUK. ODBPUCTHUKHU IO3BOJSAIOT COKpPAIIaTh KOJIMYECTBO PAacCCMATPUBAEMBIX
BapuaHTOB. B cepennHe 60-X TOAOB K PELICHUIO 331a4 CTAJIM aKTUBHO IOAKIIO-
4aTh METOJbI MareMaTnueckon Joruku. C cepenunsbl 70-X TOI0OB UCCIIEI0OBATEIN
CTaJM YAENSATh BHUMAaHUE CUCTEMAM, OCHOBHBIM Ha SKCIIEPTHBIX 3HAHUSX.

Takue cuctembl npuMeHUMBI K caboopmanuzyemsiM 3agauam. Hedop-
MaJIM30BAHHBIE 33/1a4U OOBIYHO 00J1a4AaI0T CIEAYIOIUMU OCOOCHHOCTIIMMU:

— OMOOYHOCTHIO, HEOJJHO3HAYHOCTHIO, HEMTOJIHOTON U MPOTUBOPEUUBO-
CTBIO UCXOJIHBIX TaHHBIX;

— OMOOYHOCTHIO, HEOJJHO3HAYHOCTHIO, HEMOJIHOTON U MPOTUBOPEUUBO-
CTBIO 3HAHUM O MPOOJIEMHOM 00IacTH U pelIaeMoit 3aaaue;

— 0OJBIION pa3MEpPHOCTHIO IPOCTPAHCTBA peElIeHUs (TO €cTh nepedop
MIPU MOMCKE PELICHUsI BECbMa BEJIHK);

— JAWMHAMHWYCCKHU U3MCHAIOIMUMUCA JaHHBIMH U 3HAHUAMMU.

Tecm no meme «MAcmopusi pazeumus
UCKycCmeeHHO020 UHmMeslsieKma»

1. KakoBbl npeanocbUIKM BO3HMKHOBEHUS HCKYCCTBEHHOr0 MHTE/LIEKTA
KAaK HAyKu?
a) nosiBiieHue D BM
b) pazBuTHe KUOEPHETUKH, MaTeMaTUKH, (GUIOCOPUU, TICUXOJIOTUH
U T.].
c) Hay4yHas ¢aHTaCTHKa
d) HeT mpaBUILHOTO OTBETA
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2. B kKakoM Troay MOSIBWJICSI TEPMHH «HCKYCCTBEHHBIH WHTEJJIEKT)
(artificial intelligence)?
a) 1856
b) 1956
c) 1954
d) 1950
€) HET MPaBUIBLHOTO OTBETA
3. K10 cunraercs poi0oHAYAJIbHUKOM HCKYCCTBEHHOI 0 MHTEJJIeKTa?
a) A. TelopuHr
b) Apucroteinn
c) P. Jlynmuit
d) Jexapt
€) HeT NMPaBUJILHOTO OTBETA
4. K10 co3nana si3bIk Lisp?
a) B. ®. Typuun
b) JI. MakkapTu
c) M. Munckuit
d) M. Po6uncon
€) HeT NMPaBUJILHOTO OTBETA
5. Kro pa3padoran si3bik PEDAJI?
a) JI. A. Ilocmenos
b) I'. C. IlocnienoB
c) B. ®. Typuun
d) A. W. bepr
€) HeT MPaBUJILHOTO OTBETA
6. Kto pa3pa0doraj Teoprio CHUTYyallHMOHHOTO YIIPABJICHUA?
a) B. ®. Typuun
b) I'. C. IlocnienoB
c) . A. Ilocmenos
d) JI. . Muxynuy
€) HeT MPaBUJILHOTO OTBETA
7. Uem 3nameHnaresieH 1964 roa 1151 HCKyCCTBEHHOIr0 nHTe JIekTa B Poccun?
a) cosmad s3Ik PEDAJI
b) co3mana Acconuanus HCKyCCTBEHHOTO HHTEIIEKTA
c) pa3paboTaH MeTO]l 0OpaTHOro BbIBOAa MacioBa
d) HEeT mpaBUILHOTO OTBETA
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Jlumepamypa no meme «Mcmopus paseumusi
UCKyccmeeHHO20 UHmMessiekma»

1. TaBpunona, T. A. IIpoGaeMbl HCKYCCTBEHHOT'O MHTEUICKTA [ DJICKTPOHHBIN
pecypc] / T. A. I"aBpuiioBa. — Pexum JOCTyIa:
http://www.big.spb.ru/publications/bigspb/km/problems_ai.shtml

2. T'aBpunoBa, T. A. ba3bl 3Hanuil uHTEINEeKTyanbHbIx cuctem / T. A. 'aBpu-
noBa, B. ®. Xopomesckuii. — CII0. : [Tutep, 2001. — 384 c.

3. Jlopwep, XK.-JI. Cuctemsl uckyccrBeHHoro unremiekra / XK.-JI. Jlopsep. —
M. : Mup, 1991. — 568 c.

4. Paccen, C. MckyccTBeHHBIN MHTEUIEKT: coBpeMeHHbIN noaxoy / C. Paccern,
I1. HopBur. — 2-e uza. — M. : Bunbsmc, 2006. — 1408 c.

5. Yur6u, b. MckyccTBeHHBIN UHTENIEKT: peajbHa au Matpuua / b. Yutou. —
M. : DAUP-IIPECC, 2004. — 224 c.

6. Yero He MOXKET KOMIbIOTEP, WK TpyaHOpelaemMble 3aa4l UCKYyCCTBEH-
HOIO MHTEJUIEKTa [DJIeKTpOHHBIM pecypc]. — Pexum pocryna:
http://www.algoritmy.info/hardtask.html

7.  Scuuukwuii, JI. H. Beenenue B uckyccrBeHHbidt untemiekt / JI. H. SAcuun-
kuil. — M. : U3a. uentp «Axkanemus», 2005. — 176 c.

§2. HanpaBneHnsa u nogxoAbl K UCCcnefoBaHUAM B o6nacTu
MCKYCCTBEHHOIO MHTEeNsIeKTa

OcHoBHbIe nNoaxoabl K uccrneaoBaHUIo UCKYCCTBEHHOIo uHTesnNneKTa

Bckope mocne mpu3HaHUs UCKYCCTBEHHOT'O MHTEJUIEKTa OTIENBbHOM 00ma-
CTBhIO HAyKH MPOU3OIILJIO pa3/eICHNE ero Ha JIBa HAIIPABJICHUS: HelpoKudepHe-
THKA 1 KHOEPHETHKA YE€PHOro AIMKA. DT HANPABIICHUS Pa3BUBAIOTCS MpaK-
TUYCCKH HE3aBHUCHUMO JAPYT OT JApyra, CyIIECTBEHHO pa3IMyasch Kak B METOJIO-
JIOTUH, TaK U B TEXHOJIOTHH.

HelipoknOepHETHKH B3SUTM 32 OCHOBY CTPYKTYPY ¥ IPHHIMIBI () YHKIIHO-
HUPOBAHMUS EIWHCTBEHHOT'O CO3JaHHOTO IPUPOJON YCTPOHCTBA, CIIOCOOHOTO
paccyxnath, — Mo3ra. KieTkn Mo3ra Ha3bpIBalOTCS HEMpOHAMH, OTCIO/Ia M Ha3Ba-
HUE HaNpaBleHUS. YUEHbIE CUUTAIOT, YTO, CMOJICITUPOBAB MO3T, CMOTYT BOCCO3-
JIaTh U €ro padoTy.
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HccnenoBarenu HampaBieHUsi «KMOEpHETHUKA YEPHOTO SIIUKa» MpUaep-
KUBAJIMCh MHEHHUSI, YTO HE BaXKHO, [0 KAaKUM MPUHIUIIAM pabOTaeT yCTPOUCTRO,
KaKue CpPeACTBA U METO/JIbI JIe)KAT B €r0 OCHOBE, INIABHOE — UMUTUPOBATh (DYHK-
[IMU MO3Ta, JakKe eclid KpoMe pe3ysibTaTa 3TO He Oy/IeT UMETh HUYero oOIIero ¢
€CTECTBEHHBIM Pa3yMOM.

B Hacrosiiee BpeMs cTanu 3aMeTHBI TEHJICHIMH K OOBEIUHEHUIO0 3THUX
HaIpaBJIeHUI BHOBb B elMHOE 1esioe. CTano MOsABIATHCS MHOXKECTBO TMOpU/I-
HBIX METOJ/IOB M CHCTEM, HaIlpUMEp AKCIIEpTHAsA cucTeMa Ha 0a3e HepOHHOM ce-
TH WIK HEUPOHHAs CeTh, 0O0ydyaeMasi TeHETUYECKUM aJITOPUTMOM.

Hccnenosarenu, MOAETUPYIOIIKE TOIBKO OTHAENbHbIE (YHKUMU HUHTE-
JIeKTa, HalpuUMep pacro3HaBaHuE o0pa3oB, CUHTE3 Peud, NPUHITHE PEIICHUH,
paboTaroT B paMKaxX HalpaBJICHUS «CJAa0blil HCKYCCTBEHHBIM MHTEIUICKT». [lo-
MBITKK BOCCO3/1aTh pabOTy MHTEIIEKTa B MOJIHOM OOBEME OTHOCSTCS K HAlpaB-
JICHUIO «CHJIBHBIN MCKYCCTBEHHBIM MHTEIJIEKT». Bce OCHOBHBIE JTOCTUKECHUS B
00J1aCTH MCKYCCTBEHHOTO HMHTEJUIEKTa OTHOCATCSA K C1abOMy HCKYCCTBEHHOMY
VHTEJUICKTY.

Kpome 3TOro BbIACISIOT HUCXOAAIIUN (CEMHMOTHYECKU) U BOCXOASI-
Ui (0MOoJTIOrHYeCcKUuid) MO X0/IbI.

Hucxomsimuii noaxoxn InpenycMaTrpuBacT MOJEIUPOBAHUE BBICOKOYPOB-
HEBBIX IICUXUYECKUX ITPOLECCOB, TAKUX KaK MBILLICHUE, pE€Yb, SMOLMU U T.I.

Bocxomdmmi moaxoa MCCIeAyeT MHTEIUIEKTYaJlbHOE MOBEICHUE CHUCTEM
Ha 0a3e OoJiee MEIKUX «HEUHTEIUIEKTYaJIbHbIX» 3JeMeHTOB. HelipoHHble ceTu u
ABOJIIOLIMOHHOE MOJECIUPOBAHUE OTHOCATCS K 3TOMY MOAXOAY.

WuTennekTyanbHble CUCTEMBI pa3padaThIBAIOTCA C TMPUBICYECHUEM pa3-
JUYHBIX CPEACTB U METOAO0B. CyIIECTBYET YETBIPE OCHOBHBIX MOAX0/1a K UX ITO-
CTPOCHUIO: JIOTHYECKHH, CTPYKTYPHBI, 3BOJIOUMOHHBIN 1 MUMUTALUOHHBIHN.

OCHOBOI 7151 JIOTMUECKOT0 MOAX0Aa CIyKUT OyieBa anreOpa. Takas uH-
TeJUIeKTyajbHasl CHCTeMa MpeICTaBisgeT coOOM MalllMHy J0Ka3aTelbCTBa TEO-
peM. Ilpu 3TOM HCXOJHBIE JHaHHBIE XpaHATCS B 0a3e JaHHBIX B BUJE aKCHOM,
MpaBUJia JIOTHYECKOTO BBIBOJIA — KaK OTHOLIEHHS Mexay Humu. Kpome Toro,
Ka)K/Jasl Takas MallliHa UMeeT OJIOK reHepaluu 1efid, U CUCTeMa BbIBOJIA MbITa-
eTcs 0Ka3aTh JaHHYIO LIelIb Kak TeopeMy. Eciu 1enp qokasana, TO TpacCUpOB-
Ka MPUMEHEHHBIX MPaBUJI MO3BOJISET MOJYYUTH IEMNOYKY JAeHCTBHUIM, HEOOXOaH-
MBIX [l peajanu3alyy OCTAaBICHHON 1eau. MOIHOCTh TaKOW CUCTEMBI OIpeie-
JE€TCS BO3MOXKHOCTSIMM I'€HEepaTropa Lejed U MAlIMHOW JO0Ka3aTejbCTBA TEO-

14

Create PDF files without this message by purchasing novaPDF printer (http://www.novapdf.com)



http://www.novapdf.com
http://www.novapdf.com

pem. st OONBIIMHCTBA JIOTHYECKUX METOJIOB XapaKTepHa OOJbIIast TPyAoeM-
KOCTb, IMOCKOJIBKY BO BpEeMs TOWCKA JI0Ka3aTeIhCTBA BO3MOXKEH IMOJIHBIN mepe-
6op BapuanToB. [loaToMy naHHBIH moaxoa TpedyeT 3P PeKTUBHON peanu3aliu
BBIUMCIIUTEIILHOTO MpPOIecca, U XOoporras paboTa OOBIYHO TapaHTHPYETCS MPH
CPaBHUTEIHHO HEOOIBIIOM pa3Mepe 0a3bl JaHHBIX.

[Tox CTPYKTYpHBIM TOIXOAOM IMOAPA3YMEBAIOTCS TMOMBITKA MOCTPOCHHUS
MHTEIUICKTYaJTbHOW CUCTEMBI TyTEM MOJICITUPOBAHUS CTPYKTYPhI YEIIOBEYECKOTO
MO3ra, TO €CTh PACCMAaTPUBAIOTCSI CHCTEMBI, IOCTPOCHHBIE B paMKaxX HalpaBlie-
HUSL «KHEUPOKHOEPHETUKAY.

[Tpu MOCTPOCHUH WHTEIIEKTYaIbHOW CHCTEMBI C MOMOIIBIO ABOJOIMOH-
HOTO TOX0/1a OCHOBHOE BHHUMAaHHUE YETSETCS TOCTPOCHUIO HAYAIBbHON MOJIETTH
U TIpaBUJIaM, 1O KOTOPBIM OHA MOXKET M3MEHSTHCS (IBONIOIMOHUPOBATH). [Ipu-
YeM MOJIeJIb MOXKET ObITh COCTaBJIeHA MO CaMBIM PA3JIMYHBIM METOAAM: 3TO MO-
KeT ObITh M HEHpOHHAs CeTh, M HA0Op JIOTMYECKUX MPaBHI, W JH00as apyras
Mojenb. Ha ocHOBaHWM NpPOBEpPKH Mojee OTOMpAlOTCsl caMble JIydIlne M3
HUX, ¥ Ha X 0a3e 1Mo caMbIM pa3IHUYHbIM MPaBUJIaM T€HEPUPYIOTCS HOBBIE MO-
JeNN, U3 KOTOPBIX OMSTh BRIOUPAIOTCS CAMBIE JIYUIIIHE U T.JI.

VIMUTAIIMOHHBIA TIOJX0/ MCIOJB3YETCS B PaMKaxX HAMpaBICHHS «KUOep-
HETHKA YEPHOTO SIIuKa». VHTEIEKTyallbHbIE CHUCTEMBl MPU TaKOM TOJIXOC
JOJDKHBI MOJICTMPOBATh HEKYI0 WHTEIIEKTyalbHYI0 (YHKIHIO, TO €CTh yCTa-
HaBJIMBATh HEOOXOIMMOE COOTBETCTBHE MEX/TY BXOJaMH M BEIXOJAaMH CHCTEMBI.

OcHOBHbIe HanpaBrieHMsa nccneaoBaHMK B o6nacTtu
MCKYCCTBEHHOrO MHTeNneKTa

TemaTrka UCKYCCTBEHHOTO MHTEIIJIEKTa OXBAThIBAET OTPOMHBIN TIepeYeHb
Hay4YHBIX HAMpaBJICHUN, HAUMHAS C TAKUX 3aJ1a4 OOIIEro Xxapakrepa, Kak o0yde-
HUE W BOCIPHUSTHE, M 3aKaHYMBAsl TAKUMU CIICIIUATbHBIMU 3aJad4aMi, KaKk Urpa B
IIaxMaThl, I0Ka3aTeJIbCTBO MAaTEeMaTHYECKUX TEOPEM, COUMHEHHUE MOITUUYECKUX
MPOU3BEICHUN U JHArHOCTUKA 3a00JieBaHWN. B HCKYCCTBEHHOM HWHTEJICKTE
CHUCTEMATH3UPYIOTCS U aBTOMATU3UPYIOTCS MHTEIUICKTyaJIbHBIC 3ajaud, U TO-
ATOMY 3Ta 00JacTh KacaeTcs Jo00i chepbl MHTEINIEKTYaIbHON NeATeIbHOCTH
YEJI0BEKA.

Cpenu MHOXECTBa HaIlpaBJIEHHM HCKYCCTBEHHOT'O MHTEIJIEKTa €CTh He-
CKOJIbKO BEIYIIMX, KOTOPhIE B HACTOAIIEE BPEMs BBI3BIBAIOT HAWOOJBIINN HUH-
Tepec y uccieaoBarenei U NpakTUKOB.
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Ilpeocmaenenue 3nanuii u papadomxa cucmem, OCHO6AHHbHIX HA 3HAHUAX

OTO OCHOBHOE HampaBlIeHHE B 00JIaCTH pa3pabOTKU CHUCTEM HCKYCCTBEH-
HOro uHresuiekta. OHO CBsA3aHO C pa3pabOTKOM Mojenel Ipe/cTaBlieHUs 3Ha-
HUH, co3gaHueM 0a3 3HaHU, 00Pa3yIOLIUX AP0 IKCIIEPTHBIX CUCTEM.

Ilpozpammmuoe obecneuenue cucmem UCKyCCmeeHHO20 UHMEIIeKma

B pamkax 3Toro HampaBlieHUs1 pa3pabaThIBAIOTCS CTIEUUAIbHBIC SI3BIKU IS
pElIeHNs UHTEIUIEKTYalbHbIX 3a/1a4, B KOTOPBIX YIOP JeNaeTcs Ha npeodiaiaHue
JIOTUYECKOW U CUMBOJBHOW 0OpaOOTKM HaJ| BBIYUCIUTEIBbHBIMH MPOLETYPaMU.
SI3bIKM  OpUEHTUPOBAaHbI HAa CHUMBOJBHYIO 00paboTky uHpopmanuu: LISP,
PROLOG, PE®AJT u ap. ITomumo 3TOro co3aarorcsi NakeThl MPUKIAIHBIX MPO-
rpaMM, OPUEHTHPOBAHHBIE HA MPOMBIIUICHHYIO pa3pabOTKy HHTEJUIEKTYalbHBIX
CUCTEM, WJIH NTPOTPAMMHBIE HHCTPYMEHTAPUN UCKYCCTBEHHOIO MHTEJIJIEKTA.

Pa3zpabomka ecmecmeeHHO-A3bIK0BbIX UHMeEPPeNco8 U MAUWIUHHDBLI
nepegoo

Hauwnnast ¢ 50-x ro/10B 0JJHOM M3 MOMYJISIPHBIX TEM HCCJEIOBAaHUN B 00-
JJACTU UCKYCCTBEHHOTO MHTEJUIEKTA SIBJIAETCS KOMIIBIOTEPHAs JIUHIBUCTHKA, U B
YaCTHOCTU MAIIMHHBIA niepeBoA. Maes MallMHHOTO MepeBo/ia OKa3ajlach COBCEM
HE TakK MPOCTa, KaK Ka3aJI0Ch MEPBBIM HCCIEIOBATENSM U pa3paboTUUKaM.

Humennexkmyanvnoie pobomot

PoOOTBI — 3TO 3JEKTPOTEXHUUYECKUE YCTPONCTBA, MPeIHA3HAYCHHBIE [Tl aB-
TOMAaTHU3alUH YEJIIOBEUYECKOT0 Tpy/a. BbIIenstoT HeCKOJIbKO MOKOJIEHUH pOOOTOB.

I moxonenue. PoGoThI ¢ xecTkoM cxeMol yrnpaieHus. [IpakTuuecku Bce
COBPEMEHHbIE NMPOMBILIUICHHbIE POOOTHI MPUHAAJIEKAT K MEPBOMY MOKOJIEHHUIO.
@aKTHUYECKU 3TO IPOrpaMMHUPYEMBIE MAHUITYJIATOPHI.

I nokonenue. AnantuBHbIE POOOTHI C CEHCOPHBIMU yCTpoiicTBamu. EcTb
o0pa3lipl TAKUX pOOOTOB, HO B MPOMBILIUIEHHOCTH OHH MOKA UCIIOJIB3YIOTCS MaJlo.

IIT mokonenue. CamoOpraHu3yOMKECs: WIN UHTEIEKTyalbHbIe POOOTHI.
DT0 — KOHEYHas Ledb pa3BUTHS poOOTOTEXHUKU. OCHOBHbBIE HEPEILIEHHBIE MPO-
0JieMbl TIPU CO3/IaHUU WHTEJUIEKTYaJbHbIX POOOTOB — MpoOjeMa MAIIUHHOIO
3peHuss U npobiieMa aJeKBaTHOTO XpaHEHUs U O0O0pabOTKU TPEXMEPHOM BU3Y-
anbHOU MH(pOpMAIUK.

B nactosmee Bpems B Mupe uzrorasnupaetcs 6osnee 60 000 po6oToB B
roj. @akTuuecku poOOTOTEXHUKA CETOHS — 3TO UHXKEHEpHasl HayKa, HE OTBep-
raromas TEXHOJOTUHA HCKYCCTBEHHOIO MHTEIUIEKTAa, HO HE IOTOBAas MOKAa K UX
BHEJIPEHHIO B CHITY PA3JIUYHBIX IPUYHH.
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Oobyuenue u camoooyuenue

AKTHBHO pa3BUBarOIIascs 00JaCThb UCKYCCTBEHHOI'O MHTEIUIeKTa. Biiio-
YaeT MOJEIU, METOJABl U aJITOPUTMBI, OPUEHTUPOBAHHBIE HAa aBTOMATUYECKOE
HaKoIUIeHHe W (popMUpOBaHUE 3HAHHMI HAa OCHOBE aHajau3a W 000OIEeHUs JaH-
HBIX, OOy4eHHe MO npuMepaMm (WM HUHAYKTHBHOE), a TaKXe TpaJullMOHHBIE
MOJIXOJIbI U3 TEOPUU PACIO3HABAHMS 00Pa30B.

B nmocnegHue roapl K ’TOMY HANpPaBIEHUIO TECHO MPUMBIKAIOT CTPEMH-
TEJIbHO Pa3BUBAIOIIMECS CUCTEMbI aHAJIN3A JAHHBIX U IIOMCKA 3aKOHOMEPHOCTEN
B 0a3ax JaHHBIX.

Pacno3nasanue oopazoe

HampaBnenue MCKyCCTBEHHOTO WHTEJIEKTa, Oepyllee Hayalio y CcaMmblX
€ro UCTOKOB, HO B HACTOsIEE BPEMs BbIJICIIMUBILIEECS B CAMOCTOSTEIIBHYIO HAY-
Ky. Ee ocHOBHOI1 MOaX0 — ONMcaHue KJIAcCOB OOBEKTOB Uepe3 ONpeleTICHHbIE
3HAYEHHUs 3HAYMMBIX MpU3HAKOB. Kak1oMy 0OBEKTY CTaBUTCS B COOTBETCTBHE
MaTpULa IPU3HAKOB, 110 KOTOPOM IMPOUCXOAUT €ro pacnoszHasanue. lIponenypa
pacIo3HaBaHUsl UCIOJIB3YET Yallle BCEro CHELHAIBHBIE MATEMATUYECKUE MPOLIE-
Oypbl 1 GYHKUHU, PA3AENSIoNe 00beKThl Ha KJIACChl. DTO HalpaBlieHUe OJu3-
KO K MaIlIMHHOMY O0YYE€HUIO U TECHO CBSI3aHO C HEUPOKUOEPHETUKOM.

Hogble apxumexmypvl KOMnbIoOmepos

Camplie COBpEMEHHBIE MTPOLIECCOPHI CETOJIHS OCHOBAaHbI Ha TPAJULIMOHHON
nocJjie1oBaTeNIbHOM apxuTektype Gon HelimaHna, ncrnoiab3yeMon eiie B KOMIbIO-
Tepax MepBbIX MOKOJICHUNA. JTa apXUTEKTypa KpaliHe Hed(pdeKTUBHA ISl CUM-
BOJIbHOU 00paboTku. [loaTOMY ycuiivs MHOTMX Hay4YHbIX KOJJIEKTUBOB U (pUPM
y’K€ JIECATKH JIET HalleJIeHbl Ha pa3paboTKy anmapaTHbIX apXUTEKTYyp, MpeaHa-
3HAYEHHBIX JJI1 00paOOTKU CHUMBOJIBHBIX M JIOTUYECKHX JaHHbIX. Co3narorcs
IIponor- u Jlucn-mamuusel, komnstotrepsl V U VI nokonenuit. [lociennue pas-
pabOTKH MOCBAILIEHBI KOMIIbIOTEPAM 0a3 AaHHBIX, MapajieIbHbIM U BEKTOPHBIM
KoMIbloTepaM. W XOTd ynadHble MPOMBILIJICHHBIE PEIICHUS CYIIECTBYIOT, BbI-
COKasi CTOMMOCTb, HEJOCTATOYHOE IIPOIrPaMMHOE OCHAIIEHHWE U amlllapaTHas He-
COBMECTHUMOCTh C TPAAWLHOHHBIMH KOMIIBIOTEPAMHU CYIIECTBEHHO TOPMO3ST
HIMPOKOE UCIOJIb30BAHUE HOBBIX apPXUTEKTYP.

Hepu

DTO cTaBUIee CKOPEE UCTOPUUECKUM HAIPaBJIECHUE CBSI3aHO C TEM, YTO Ha
3ape HUCCIEeIOBAHUNA MCKYCCTBEHHOI'O MHTEIUJIEKTa TPAJULIMOHHO BKIIOYAJIO B
ce0s1 UrpOBbIE MHTEIIEKTYalIbHbIE 3a/1aud — LIAXMaThl, IIAIIKUA, TO. B ocHOBe
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NEPBBIX MPOTpaMM JieKajd OAMH M3 PaHHUX MOJAXOJ0B — JJAOMPUHTHAS MOJEINb
MBIILJICHUS [TI0C 3BPUCTUKH.

Ceiiuac 3TO CKOpee KOMMEpPUYECKOE HaIlpaBlEHUE, TaK KaK B HAYYHOM
IJIaHe 3TH UJIEH CUMTAIOTCS TYNMHKOBBIMU. B Hacrtosiiee BpeMs B KOMIIbIOTED-
HbIX urpax (Hanpumep, Unreal Tournament, Return to Castle Wolfe Stein, Black
& White, Doom, Sim) cTanu npuMeHSTbCS APYTrUe HI€H UCKYCCTBEHHOI'O HH-
TEJUIEKTa — HEMPOHHBIE CETH, UHTEIJJIEKTyallbHbIE areHThl, FTEHETUUYECKUE aJro-
PUTMBI U T.JA., KOTOPbIE MO3BOJISIOT CO3/laBaTh MepcoHaxkel (00TOB) ¢ pa3iauy-
HOM CTeNeHbI0 «UHTEeIeKTay. Vcrnoiap30BaHe METOJIOB MCKYCCTBEHHOTO MH-
TEJUIEKTa B UTPax MO3BOJISIET MOJIydaTh HOBbIE 3(P(EKTUBHBIE pELIEHUs, CO3/a-
BaTh IA0JIOHBI MPOEKTHUPOBAHUS, MOBBINIATh Pa3BIEKATEIBHOCTh U JOCTOBEP-
HOCTb HTD.

Mawunnoe meopuecmeo

HanpaBneHue oxBaTbIBa€T COUMHEHHE KOMIIBIOTEPOM MY3bIKH (AM3EKCOH,
Xumnep, 3apmnoB), ctuxoB (. JIlunk), sxuBonucu (X. @apun, JI. Moypa) u aa-
&Ke cka3zok U adopu3smMoB. OCHOBHBIM METOJIOM MOJIOOHOTO «TBOPYECTBAY» SIBJIS-
€TCsl METOJ NepMyTaluil (MepecTaHOBOK) ILTIOC UCHOIb30BaHNE HEKOTOPHIX 0a3
3HAHUM W JaHHBIX, COAEP)KAIUX PE3YJIbTaThl UCCIEIOBAHUN MO CTPYKTypam
TEKCTOB, pU(pM, CLIEHAPUSIM U T.II.

Heuemkue modenu u mazKue 6bl4UCICHUA.

OT0 HampaBiIeHHE MPEICTABICHO HEYETKUMH CXEMaMH «BbIBOJA IO aHa-
JIOTUWY», B3TJIAIOM HAa TEOPUIO HEUETKUX MEP C BEPOSITHOCTHBIX MO3ULIUNA, He-
YETKUM IMPEJICTABICHUEM AHAIMTUYECKUMHU MOJEISMU ISl OMUCAHUS TE€OMET-
pPUYECKUX OOBEKTOB, aJrOPUTMaMHU 3BOJIOLMOHHOTO MOJETUPOBAHUS C JAUHA-
MUYECKHUMH TTapaMeTpaMi, TAKUMHU KaK BpeMsl )KH3HH B pa3Mep MOIMYJISAINAN, Me-
TOJAMH PEIIeHUs ONTUMHU3ALUOHHBIX 33/]a4 C UCIIOJIb30BAHUEM TEXHOJIOTUH re-
HETUYECKOT0 IMOMCKA, TOMEOCTATUYECKUX M CUHEPreTUYECKUX MPUHIUIIOB U
AJIEMEHTOB CaMOOPTaHU3AIINH.

Jepucmuueckoe npozpammuposanue

B pamkax HampaBieHUs! UCCIEAYIOT MOCIEA0BATENbHOCTH MBICTUTEIbHBIX
orepanuii, BHIIIOJIHEHHE KOTOPBIX MPUBOJUT K YCIEIIHOMY PEIICHUIO TOW WIIH
MHOM 3a/1auu, MOJEIUPYIOT MBICTUTEIbHYIO JIEATEIbHOCTh YEJIOBEKa JIJIsl pelie-
HUS 33714, HE UMEIOIIUX CTPOroro popMan30BaHHOIO AJITOPUTMA WIIA CBS3aH-

HBIX C HEIIOJIHOTOM HCXOOHBIX JaHHBIX.
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Hckyccmeennasn sneusHo

Hampapnenne wucciienoBaHui, 1EJIbI0 KOTOPOTO SIBISETCS CO3JaHUE HC-
KYCCTBEHHBIX CYIIECTB, CIIOCOOHBIX JIEWCTBOBAaTh HE MeHee A(()EKTUBHO, YeM
KUBBIC CYIIECTBA. MsTKas HMCKYCCTBCHHAs >KM3Hb CO371a€T BBIYUCIHUTEIHHBIC
CUCTEMBI M MOJICIH, JCHCTBYIOIIME Ha 0a3e OMOJOTHMYECKUX W IBOIOIMOHHBIX
MIPUHIIMIIOB. BiiaskHasi HCKyCCTBEHHAs KU3Hb CHHTE3UPYET HOBBIC MCKYCCTBCH-
HbIe Onoyiormueckue GopMbl. B paMkax 3TOro HampaBJICHHS HCIIOIb3YIOT TeHE-
TUYCCKUE aJITOPUTMBI, KIIETOYHBIC aBTOMAThbl, aBTOHOMHBIC ar¢HThI U T.].

Kocnumuenoe mooenuposanue

Hay4Hoe HampaBiieHUe, SIBJISIOIICECS ILI0JOTBOPHBIM CHHTE30M KOTHH-
TUBHOU rpa)¥KU U BBEIYMCIUTEILHOTO MOJCIUPOBAHHUS, TTO3BOJISIONICE CYIIECT-
BEHHO ITOBBICUTH ITO3HABATEIbHYIO 3P hEeKTHBHOCTh COBpeMeHHBIX DBM. Meto-
J0JIOTHST KOTHUTHBHOTO MOJCIIMPOBAHUS TMpeAHA3HAUYCHA IS aHau3a U IpH-
HATHUS PENICHUH B IJIOXO OMPEICICHHBIX CUTYAIUsIX, OCHOBBIBACTCS HA MOJICIIH-
POBaHUM CYOBEKTHBHBIX IIPEICTABIICHUN SKCIIEPTa.

Jeonrouuonnoe mooenuposanue

[Tpu BOJFOIIMOHHOM MOJICITHPOBAHUH MPOIECC MOACITUPOBAHUS CIOKHON
COIMAJIbHO-3KOHOMHYECKOW CHUCTEMBI CBOJIUTCS K CO3JaHUIO MOJEIH €r0 3BO-
JIOIMY WIIH K TIOMCKY JOIYCTUMBIX COCTOSIHHM CHUCTEMBI, K Tpoleaype (airo-
PUTMY) OTCJIC)KUBAHKS MHOKECTBA JIONYCTHUMBIX COCTOSIHUHN (TPaeKTOpHUIA).

MHnozoazenmmuwle cucmemol

HampasieHue MCKYCCTBEHHOTO MHTEJUICKTA, KOTOPOE paccMaTpHUBACT pe-
IICHUE OJHOW 3aJla4yd HECKOJIBKUMH HWHTCIUICKTYaIbHBIMHM IOJCUCTEMAMU —
arceHTaMH. ATEHT — almapaTHas WiId IporpaMMHasi CyIHOCTh, CIIOCOOHAs JCH-
CTBOBATh B MHTEPECAX JOCTHKCHHS IICJIH, TTOCTABICHHON TIEPEI BCCH CUCTEMO.

CoruanbHbIe CUCTEMBI JIAOT €IIe¢ OJHO MOJCIIBHOE MPE/ICTAaBICHNUE WH-
TeJUIEKTa C TIOMOIIbIO TJI00aJbHOTO TOBEICHUSI, MO3BOJSIONIETO UM peIIaTh
POOJIEMBI, KOTOPBIE OBl HE yJ1aJ0Ch PEIIUTh OTJACIBHBIM UX WICHaM. ATCHTHI B
TaKMX CUCTEMaxX aBTOHOMHBI MJIU TOJyaBTOHOMHBI, Y KaXXJ0r0 areHTa €CTh OIl-
PEACIICHHBIN KPYT MoA3a1a4, IpUYeM OH pacriojaraeT MaJbiM 3HaHHEM (MU BO-
BCE HE pacriojiaraeT 3HaHHEM) O TOM, YTO JIeJAl0OT JAPYTrUe arcHThl WIM KaK OHH
9TO nenaroT. Kakaplii areHT BBITIOJIHSICT CBOIO HE3aBUCUMYIO YacTh PEIICHUS
npoOJsieMbl U MO0 BBIAAET COOCTBEHHO Pe3yJbTaT (UTO-TO COBEPIIAET), JUOO

COOOIIAET pe3ysIbTaT APYTrUM areHTaMm.
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Onmonozuu

B pamMkax 3TOro HampaBJICHHs UCCICAYETCS BO3MOXKHOCTH BCCOOBEMITIO-
el W JeTadbHOW (opMaau3aluy HEKOTOPOW 00JIaCTH 3HAaHWUH C TOMOIIBIO
KOHIICTITYaJIbBHOW CXEMbl — HEPAPXHUECKOW CTPYKTYpPHI JAaHHBIX, COJCpIKAIICH
BCC PEJICBAaHTHBIC KJIACChl OOBEKTOB, X CBSI3U U MPaBUJIa MPEAMETHOW O0IACTH.
OHTOJIOTHH MCTIOIB3YIOTCS U JIFOABMH, U IPOTPAMMHBIMH aréHTaMH, ITO3BOJISIOT
MMOBTOPHO KCIIOJIB30BaTh 3HAHUS MPEAMETHONW 00JIACTH, OTICIATh UX OT Omepa-
TUBHBIX 3HAHWWA W aHAIM3UPOBATh MX. Pa3pabaThIBarOTCS S3BIKM OMHMCAHUS OH-
tonoruii (RDF, DAML, OWL, KIF).

Komnbromepnuie supycoi

[TocrenHee MoOKoJieHWE KOMITBIOTEPHBIX BHPYCOB 00JIaJlaeT BCEMHU aTpPH-
OyTaMu CHCTEM HMCKYCCTBEHHOTO HMHTE/UICKTAa. DTH BUPYCHI CIIOCOOHBI K pas-
MHOXKCHHIO, MYTaIlUH, dBOJIIOIIUHU, 00ydeHnt0. COBpeMEHHBIE TTPOOJIEMBI 110 3a-
ITUTE OT HUX OKKYTCS HE3HAUYUTEIbHBIMH, KOTJIa OHU TIOJTHOCTHIO IPOHUKHYT B
chepy UCKYCCTBEHHOT'O MHTE/UICKTa. METO bl NCKYCCTBEHHOT'O MHTEJUICKTa HE-
00XOIMMBI KaK IS UX CO3JaHus, TaK U JUIs pa3pa0d0TKu 3P (HEKTUBHBIX CPEICTB
3aIUTHI.

Humennexmyanvnoe mamemamuieckoe Mooeauposanue

B naHHOM HamnpaBiICHUU CHCTEMBl UMHUTHPYIOT TBOPYECKYIO JICSTEIIb-
HOCTh MaTeMaTHKa-TpodeccHoHa a, 3aHUMAIOIIErocs PEIICHUEM, HampuMmep,
KpaeBbIX 3a7a4 MaTeMaTHu4ecKor (hu3uku. JIJIsi 3TOro UCIOIb3yOTCS 0a3bl 3Ha-
HUH, coJepXkKalllhe TEOPEMbI, MAaTEMAaTHUYCCKUE 3aBHUCHUMOCTH, BPHUCTUUYCCKHE
npaBuiia. Takue CUCTEMBI CITIOCOOHBI K 00YUEHUIO M CaMOOOYUYEHHUIO.

DT0 JajJeKko HEe BCE HANPABICHUS MUCKYCCTBEHHOTO MHTEIICKTA, CYIIECT-
BYET MHO)KECTBO HAIIPaBJICHUH JIJIs PEIICHHUS] MHOYKECTBA 3a/1a4.

Tecm no meme «HanpaeneHusi u N0Axo0bI K uccsie008aHUsIM
8 obs1acmu ucKyccmeeHHO20 UHmMeslsieKkma»

1. Kakoe u3 HanpaBjieHHii He MPHUIAeT 3HAYEHUS] TOMY, KAK HMEHHO Mojie-
JUPYIOTCcH pyHKUMH Mo3ra?
a) HEeUpOKMOEpHETHKA
b) kubGepHeTHKa YEpHOTrO SIUKA

C) HCT IMPABUIJIBHOT'O OTBCTA
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2. Kakoii moaxoa ucnosib3yet 0yJieBy ajareopy?
a) CTPYKTYpPHBII
b) WMUTAIIMOHHBIN
C) JOTHYECKHI
d) »BOTIOIMOHHBIN
€) HEeT MPaBUJIILHOTO OTBETA
3. Kako# fI3bIK NPOrpaMMHPOBaHKs Pa3padoTaH B paMKaX HCKYCCTBEHHO-
ro MHTEJJIeKTa?
a) Pascal
b) C++
c) Lisp
d) OWL
e) PHP
4. CKOJIBKO NOKOJICHHH PO0OOTOB CylIecTBYeT?
a) 1
b) 2
c) 3
d) 4
5. UckyccTBeHHAs sKU3Hb UMeeT CJIelyIoLuue HANPpaBJIeHU
a) MATKas
b) TBepaas
C) BIa)KHas
d) mokpas
e) cyxas
f) Her mpaBMIIBHOTO OTBETA
6. Kaxkue 3a1a4u pelialoTC B pAMKAaX HCKYCCTBEHHOI0 HHTEJJIEKTAa?
a) pacro3HaBaHUE PEUH
b) npunsTHE penieHui
C) KOAUPOBAHUE
d) co3mganue cpen pazpabOTKy HHPOPMAITMOHHBIX CUCTEM
€) CO3/laHH€ KOMITbIOTEPHBIX UTP
f) Her mpaBMIIBHOTO OTBETA
7. DKcnepTHBIE 3HAHUSA AKTHBHO HCIOJb3YHOTCS B CJeIYIOIIMX HaNpaBbJie-
HUAX?
a) SKCHEpPTHbIE CUCTEMbI
b) KOrHUTUBHOE MOJAEIUPOBAHUE
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C) pacmno3HaBaHHe 00pa3oB
d) xomIbrOTEpHAs TUHTBUCTHKA
€) HET MPaBUJILHOTO OTBETA
8. IpyHUMI OpraHU3alMU CONHUAJBHBLIX CHCTEM HCHOJb3yeTCs B HAIpPaB-
JICHHH:
a) SBOJIIOIMOHHOE MOJIEITUPOBAHUE
b) KOrHUTUBHOE MOJAEIUPOBAHUE
C) HEWpOHHbIE CETH
d) HEeT mpaBMILHOTO OTBETA

Jlumepamypa no meme «HanpaeneHusi u N00xo0blI
K uccrnedogaHusiM e obs1acmu UCKycCMmMeeHHO20 UHMeJI/iekmay

1. TaBpunona, T. A. ba3bl 3HaHuil uHTEINEKTyanbHbIX cuctem / T. A. 'aBpu-
noBa, B. ®. Xopomesckuii. — CII0. : [Tutep, 2001. — 384 c.

2.  Iloaxonpl K HTOCTPOEHUIO CUCTEM UCKYCCTBEHHOTO MHTEIJIEKTa [ DIEKTPOH-
HBIN pecypc]. — Pexum noctymna: http://ai.obrazec.ru/podhody.html

3. Paccen, C. VckyccTBeHHBIM MHTEIUIEKT: coBpemeHHbIN oaxoy / C. Paccern,
I1. HopBur. — 2-e uza. — M. : Bunbsmc, 2006. — 1408 c.

4. Scuuukuii, JI. H. Beenenue B uckyccrBeHnbii untemekt / JI. H. Scaun-

kuil. — M. : M3a. uentp «Axkanemus», 2005. — 176 c.

§3. Knaccudmkaums nHtennekTyanbHbIX UHPOPMALMOHHbIX
cuctem

OnpeaeneHve nHTeNNeKTyaribHOU UHPOPMaALIMOHHOU CUCTEMBI

CymectByeT OO0JBIIIOE MHOXKECTBO HWHTEJIEKTYaJbHBIX HH(POPMAITUOH-
Hbix cucteM (MUC). Ognako oOMIENIPUHITOTO €IMHOTO OMpPEACICHUS HHTEIN-
JIeKTyalbHOW MH(POPMAITMOHHON CUCTEMBI HET.

NuTtennexkTyanbHOW HHPOPMAIMOHHON CHUCTEMOW HAa3bIBAIOT aBTOMATHU-
3UPOBAHHYI0 MH(POPMAITMOHHYIO CHUCTEMY, OCHOBAaHHYIO Ha 3HAHUSX, WU KOM-
IJIEKC MPOTPAMMHBIX, JIUHTBUCTHYECKUX M JIOTMKO-MATE€MAaTHUYECKUX CPEICTB

IJIA pealin3alin OCHOBHOM 3aJa4u — OCYHICCTBICHUS IMMOAACPIKKN ACATCIBHOCTH
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YeJIoBeKa U MoucKa H(OpMaIMU B PEKUME NMPOABUHYTOTO JHAora Ha €CTeCT-
BCHHOM SI3BIKE.

Kpome Toro, nHdopMaiiioHHO-BBIUUCIUTEIIBHBIMA CUCTEMAMH C WHTEII-
JIEKTyaJIbHOM MOAAECPKKOM I PEIICHUs CIOXKHBIX 3a/7a4 Ha3bIBAIOT TE€ CUCTE-
MBI, B KOTOPBIX JIOTHYeCcKast 00paboTka nH(OpMaIMK MPEeBATUPYET HAJ BHIYKC-
JIMTCJILHOM.

Taxum o6pazom, robas uHGOpPMAIIMOHHAs CUCTEMa, peIlaroias WHTEeN-
JEKTyaJIbHYIO 33/1a4y WJIM UCTOJb3YIONIAasi METOAbl HICKYCCTBEHHOTO MHTEJICK-
Ta, OTHOCHUTCSI K UHTEJJICKTYaIbHbBIM.

JInsi MHTEIUIEKTyalbHbIX HH(GOPMAIMOHHBIX CHUCTEM XapaKTepHBI Clie-
IYIOIINE TTPU3HAKHU:

* pa3BUThIE KOMMYHUKATHBHBIE CLIOCOOHOCTH;

* yMEHHUE pemniaTh CI0XKHBIC TUI0X0 (popMann3yemsble 3a1auu;

* CIOCOOHOCTH K CAMOOOYUCHHIO;

* aJanTUBHOCTb.

Kommynukaruabie criocooHoct MUC xapakTepu3yroT cnoco0 B3auMo-
nevctBus (MHTEepdeiica) KOHEUYHOTO IMOJIb30BaTeNsl ¢ CUCTEMOM, B YaCTHOCTH
BO3MOKHOCTh (POPMYJIHUPOBAHUS MPOU3BOILHOTO 3anpoca B auanore ¢ MMC Ha
SI3bIKE, MAKCUMAJIBHO MPUOIUKEHHOM K €CTECTBEHHOMY.

CnoxHbie TIOX0 (GopMalM3yeMble 3alaud — ATO 3aJayd, KOTOphIEe Tpe-
OYIOT TOCTPOCHUSI OPUTHUHAIBLHOTO AJITOPUTMA PEIICHUS B 3aBUCUMOCTH OT KOH-
KPETHOW CUTYAIIUH, JIJI1 KOTOPOM MOTYT OBITh XapaKTEPHBI HEONPEIECTECHHOCTD U
JTUHAMHUYHOCTh HCXOJHBIX JJAHHBIX ¥ 3HAHUH.

CnocoOGHOCTh K CaMOOOYYEHHUIO — 3TO BO3MOKHOCTh aBTOMATHYECKOTO
W3BJICUCHUS 3HAHUM [JI PEIICHUS 3a7a4 U3 HAKOIUIEHHOTO OINbITA KOHKPETHBIX
CUTYAIUN.

AJanITUBHOCTh — CIIOCOOHOCTh K Pa3BUTHUIO CHUCTEMbI B COOTBETCTBUU C

00BEKTUBHBIMH U3MEHEHHUSMH MOJICJIH MPOOJIEMHON 00JIaCTH.

Knaccu (bl/l Kauusi UHTenneKrtyasibHbiX CUCTEM

B cootBeTcTBUM ¢ niepeunciaeHHbiMu npuzHakamu MUC nenstes Ha (naH-
Has Ki1accuduKkaius — oJJHa U3 BO3MOXKHBIX) (puc. 1):
® CHCTEMBbI C KOMMYTaTUBHBIMH CIIOCOOHOCTSIMU (C MHTEJIEKTYaIbHBIM

uHTEpPEhcom);
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¢ OJOKCIICPTHBIC CUCTCMBI (CI/ICTGMBI IJIA pCIICHUA CIIOKHBIX 33)13‘1);

* camMoo00yyYaromecst CHCTEMbI (CUCTEMBI, CIIOCOOHBIE K CaMOOOYUEHHIO);

¢ aJalTUBHBIC CUCTEMBI (a)IaHTI/IBHBIC I/IH(I)OpMaI_II/IOHHBIC CI/ICTCMBI).

HuTenn CEKTya/IbHbIE
HHq)OpMaHHOHHBIe CUCTEMBI

CucreMsl

DKClepTHBIE

CHUCTEMbI

AanTuBHbBIE

CHUCTEMBbI

C KOMMYTAaTHBHBIMHU
CIIOCOOHOCTIMU

0asbl JaHHBIX

/J\

I/IHTCJ’IJ’ICKTyaJ'IBHBIe

\—/

EcrecTBenno-
SI3BIKOBBIE
uHTepQeich

~

\_/

FI/IHepTeKCTOBHe
CHUCTEMbI

\—/

KonTekcTHbie cripa
BOYHBIE CUCTEMBI

2V

\—/

Korunrusnas
rpaguka

CamoobyJatomuecs
CHCTEMBI

Knaccugurmpyro-
M€ CUCTEMBI

Jloonpenensito-
IIHE CHCTEMBI

Tpauchopmupyto-
L€ CUCTEMBI

MHoroareHTHbIE
CHUCTEMbI

NunykTuBHBIE
CUCTEMBEI

CASE-
TEXHOJIOTUH

Heiiponnsie
cetu

KommonenTtnas
TEXHOJIOT U

CucreMnl Ha
IpereIeHTax

Nudopmanmon-
HBIE XpaHWIHIIA

Puc. 1. Knaccupukanusi HHTeJUIEKTYaIbHBIX HH()POPMAIMOHHBIX CHCTEM

o TUIIaM CUCTEM

HHmeﬂﬂeKmyaﬂbele 0a3bl OanHbIX OTIINYAIOTCS OT OOBIYHBIX 0a3 JaHHBIX

BO3MOKHOCTBIO BBIOOPKHM M0 3alpocy HEOOXoauMoW WH(opmaliuu, KoTopas

MOJKCT ABHO HC XPAHUTBHCA, d BBIBOAUTHCS U3 HMCIOH_ICI;'ICSI B 0aze JaHHBIX.

Ecmecmeenno-a3vikosou unmepdgetic npeanoaraeT TPaHCISIUIO €CTeCT-

BCHHO-A3bIKOBBIX KOHCTpYKI_II/Iﬁ Ha BHYTpI/IMaI_HI/IHHIJﬁ YPOBCHL IIPCACTABIICHHUA

3HaHu#. Jly1g 3TOro HeoOXoaUMO pelaTh 3a1a4yd MOP(OIOrHYECKOr0, CUHTAK-

CHUYECKOT'0 M CEMaHTHMUYECKOT'0 aHaJIM3a U CUHTE3a BbICKA3bIBAHUM HA €CTECTBCH-

HOM SA3BIKC. TaK, MOp(i)OJIOFI/I‘lCCKI/Iﬁ AHaJIN3 TIpcAIiojaracTt paciio3HaBaHUC H

IMPOBCPKY NPABUIBHOCTH HAIIMCAHUA CJIOB IO CJIOBApPIM, CUHTAKCHUYECKHH KOH-

TPOJIb — Pa3NOKEHUE BXOAHBIX COOOIEHUI Ha OT/ENbHbIE KOMIIOHEHTHI (OIpe-
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JIEJICHHE CTPYKTYPhI) C MPOBEPKOM COOTBETCTBUS IPAMMATHUYECKUM IpaBUIIaM
BHYTPEHHETO IPEICTABICHUS 3HAHWI W BBISBICHUS HEIOCTAIOIIMX YacTEW H,
HaKOHEI], CECMAaHTUYECKUI aHAJu3 — YCTAHOBJIEHHWE CMBICIOBOM NPaBUIBHOCTH
CUHTaKCUYECKUX KOHCTpYyKUMMU. CHHTE3 BBICKa3bIBAHUU peIlIaeT OOpaTHYIO 3a-
nady npeoOpa3oBaHMsl BHYTPEHHETO MpeACcTaBiIeHUs] MHPOpPMaLlMU B €CTECTBEH-
HO-SI3BIKOBOE.

EcTtecTBeHHO-513bIKOBOI MHTEpPEIic NCTIOIb3yeTCs IS

* JI0CTyNa K UHTEJUIEKTYalbHbIM 0a3aM JaHHbIX;

* KOHTEKCTHOTO MOMCKA JOKYMEHTAJIbHONU TEKCTOBOM MH(OpMAINK;

* TOJIOCOBOTO BBOJIa KOMAaH/ B CHCTEMAaXx YIIPaBIICHHUS;

* MAalIMHHOTO NEPEBOA C MHOCTPAHHBIX S3BIKOB.

T'unepmexcmosvle cucmemysl IPEIHA3HAYEHBI Ul PEAIM3ALNAN [TOUCKA 10
KJIIOUEBBIM CJI0BaM B 0a3zax TekcToBoW MHpopmanuu. MHTennekryaibHble Tu-
MEPTEKCTOBBIE CUCTEMBI OTINYAIOTCS BO3MOKHOCTBIO 00Jiee CII0KHON CEeMaHTH-
YECKOW OPraHu3aliM KIIOUYEBBIX CJIOB, KOTOpas OTPAKAET Pa3IMYHbIE CMBICIIO-
BbI€ OTHOIIEHUS TEPMHUHOB. TakuMm 00pa3oM, MEXaHU3M MOHCKa paboTaeT mpe-
’&KJie Bcero ¢ 0a3oil 3HAHUM KIIIOYEBBIX CJIOB, a YK€ 3aTEM HEMOCPEICTBEHHO C
TekcToM. B 0osiee MIMPOKOM IJIaHE CKa3aHHOE PACHPOCTPAHSETCS U Ha MOUCK
MYJIBTUMEIUAHON MH(OpMAIUK, BKIIOYAIOIIEH, TOMUMO TEKCTOBOM, U LUdpo-
BYI0 HH(OPMAITHIO.

Cucmemvl KOHmexkcmHoU TOMOIIM MOKHO paccMaTpUBaTh KAK YaCTHBIN
ClIy4yall HHTEJUIEKTYaJIbHBIX TUIIEPTEKCTOBBIX U €CTECTBEHHO-S3BIKOBBIX CUCTEM.
B oTiinune oT 0OBIYHBIX CHCTEM MOMOIIHM, HABA3BIBAIOIINX MOJIH30BATENIO CXe-
My Moucka Tpedyemoi uHpopmaluu, B CUCTeMaX KOHTEKCTHOW MOMOIIHU TMOJIb-
30BaTeib OMKUCHIBAET MPOOJIEMY (CUTyalMI0), a CUCTEMA C TOMOUIBIO JOTOIHU-
TEJIBHOT'O JUAJora €€ KOHKPETU3UPYET U cama BBIMOJHAET MOUCK OTHOCSIINXCS
K CUTyalluu peKoMeHAauui. Takue CUCTEMBI OTHOCITCSA K KJIACCy CUCTEM pac-
npoctpaneHus 3Hanui (Knowledge Publishing) u co3nmaroTcs kak mpuiioxeHue
K CUCTEeMaM JOKYMEHTaIMu (HalpuMep, TEXHUYECKON JTOKYMEHTallud MO dKC-
TTyaTalyuyd TOBApOB).

Cucmemvl KocHUMUBHOU 2paghuku TIO3BOJISIOT OCYIIECTBISITE UHTEpdeiic
nosib3oBatenis ¢ MUC ¢ moMomnibio rpaguueckux o0pa3oB, KOTOPbIE T€HEPUPY-
I0OTCS B COOTBETCTBUU C MPOUCXOASIIUMH COOBITUSIMU. Takue CUCTEMBbI UCTIONb-
3yI0TCS B MOHUTOPHMHIE W YNPAaBICHUU ONEPATHUBHBIMU Ipoiieccamu. ['paduye-
ckre o0pa3bl B HAIJISIAHOM M MHTEIPUPOBAHHOM BHJIE OIMHUCHIBAIOT MHOKECTBO
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napamMeTpoB M3y4daeMo# curyaruu. Hampumep, COCTOSHHE CIIOKHOTO YIIpaB-
JIEMOTO 00BbEKTa OTOOPAKACTCS B BUJIC YSIIOBEUECKOTO JINIA, HA KOTOPOM KaX-
Jasi 4YepTa OTBEYaeT 3a KaKOW-IHOO mapameTp, a oOlee BhIpaKEeHUE JIUIa J1aeT
WHTETPUPOBAHHYIO XapaKTepUCTUKY cuTyaruu. CHCTEMbl KOTHUTUBHOW Tpadu-
KH ITUPOKO HCIONB3YIOTCSA TAaK)Ke B 00YUYAIOIIUX M TPEHAKEPHBIX CUCTEMaX Ha
OCHOBE MCIIOJIb30BaHUS TPHUHIIMIIOB BUPTYaIbHON PEalbHOCTH, KOraa rpadude-
CKkre 00pa3bl MOJCIHPYIOT CHTyaIldd, B KOTOPBIX O0OydaecMoMy HE0OXOIUMO
MPUHUMATh PEIICHUS U BBITIOJHATH ONPEICIICHHBIC ICHCTBUS.

Oxcnepmuvle cucmemspl TIPETHAZHAYCHBI JJIS PEIICHHS 3a7a4 Ha OCHOBE
HaKaruimBaeMol 0a3bl 3HAHWM, OTPAKAIOIICH OMBIT PadOTHI AKCIIEPTOB B pac-
cMaTpUBaeMou nMpoOJIeMHON 00JIacTH.

MHnoecoazenmuvie cucmemvl. J[1 Takux JHHAMHYECKHUX CHCTEM Xapak-
TEepHa MHTETpaIys B 0a3e 3HaAHWIA HECKOJBKUX Pa3HOPOJHBIX UCTOYHHUKOB 3Ha-
HUH, OOMEHUBAIOIIMXCA MEXITY COOOM IMOTydyaeMbIMHU pe3yibTaTaMU Ha JUHA-
MHYECKOM OCHOBE.

JL1st MHO20a2eHmHbIX cucmem XapaKTePHBI CIEAYIOINe 0COOCHHOCTH:

1) mpoBeneHHE aTbTEPHATUBHBIX PACCYXKJICHHUI Ha OCHOBE MCITOJIH30BAHMSI
Pa3IMYHBIX HCTOYHUKOB 3HAHWN C MEXaHU3MOM YCTPaHCHHS POTUBOPCUHH;

2) pacrpeielieHHOe pelleHue MpoOJieM, KOTOpble pa30MBarOTCS Ha Ta-
paJUIeIbHO peIIacMbIe MOANPOOIEMBI, COOTBETCTBYIOIIHE CaMOCTOSTEIBHBIM
HMCTOYHHMKAM 3HAHUM;

3) mpuMeHEeHHe MHOXKECTBa CTpaTerwii pabOThI MEXaHHW3Ma BBIBOJA 3a-
KITFOUCHUH B 3aBUCUMOCTH OT THIIA PEIIAeMOU MPOOJIEMBI,

4) oOpaboTka OONBIINX MACCUBOB JJAHHBIX, COACPKAIIMXCS B Oa3e TaHHBIX;

5) ucrosp30BaHUE PA3IMYHBIX MATEMAaTHYCCKUX MOJCICH W BHEIIHHX
MPOLIEeTyp, XPAaHUMBIX B 0a3e MOJICIICH;

6) CIOCOOHOCTh MpEphIBAaHUS PEIICHUS 3a7ad B CBSI3W C HEOOXOIMMO-
CTBIO MOTYYCHUS JOTIOJHUTEIBHBIX JaHHBIX U 3HAHUH OT MOJIb30BaTele, MOJIe-
JIeH, mapauIeIbHO PeIIaeMbIX MOAIPOOIIeM.

B ocHOBe camoobyuarowuxcs cucmem aexaT METOJBI aBTOMATHYCCKON
KJ1accu(HUKAIMU IPUMEPOB CUTYAIUH pealbHOM MPaKTHKH.

XapaKTepHBbIMH MMPU3HAKAMHU CaMOOOYJArOITUXCS CHCTEM SIBIISIFOTCS :

* CcamMO000yYaroIuecs CUCTEMBI «C YUHUTEJIEM», KOT/Ia I KaKI0TO MPH-
Mepa 3aJ1aeTCs B SBHOM BHJIC 3HAUYCHHE IPH3HAKA €r0 MPUHAIICKHOCTH HEKO-
TOPOMY KJIacCy CHUTyaIui (KI1accooOpa3yromiero mpu3Haka);

26

Create PDF files without this message by purchasing novaPDF printer (http://www.novapdf.com)



http://www.novapdf.com
http://www.novapdf.com

* caMOO0OyYaIOIIUeECs] CUCTEMBI «0e3 YUuTeNs», KOrJa Mo CTeTeHH OJu-
30CTH 3HAYCHUI NMPU3HAKOB KIACCHU(PHUKAIMU CHCTEMa CaMa BBIICISET KIIACCHI
CUTYAIUN.

Hnoykmuenvle cucmemsbl UCHONB3YIOT 0000IIEHHE NMPUMEPOB MO MPUH-
UMy OT YacTHoro K oOmiemy. IIporecc kmaccudukanum IpuMepoB OCYIIECTB-
JSIETCSI CINEAYIONTUM 00pa3oM:

1. BreiOupaeTcst mpu3HAK KIacCHU(PUKAIIUN U3 MHOXKECTBA 3aJlaHHBIX (JIH-
00 mocie0BaTeNbHO, MO0 MO0 KAKOMY-TM00 MpaBuily, HAIPUMEpP B COOTBETCT-
BUHU C MAKCUMAJIBHBIM YUCJIOM TIOJTYy4aeMBbIX TIOJMHOXECTB IIPUMEPOB).

2. Ilo 3HaueHUIO BHIOPAHHOTO MPH3HAKa MHOXKECTBO TIPUMEPOB pa3dmBa-
eTCsI Ha TTOJIMHOXKECTBA.

3. BremomnHseTcs mpoBepka, MPUHAMICKUAT JIM KaKJ0€ oOpa3oBaBIlIeecs
MOJIMHOKECTBO TIPUMEPOB OJTHOMY TOJIKIIACCY.

4. Ecnm xakoe-TO MOJAMHOXKECTBO MPUMEPOB MPUHAIIICKHUT OTHOMY IO/ -
KJIacCy, TO €CTh Y BCEX MPUMEPOB MOAMHOKECTBA COBIAAAET 3HAUCHHUE KIIacco-
oOpa3ymomiero mpu3Haka, TO Tpolecc Kiaccuukanuu 3aKkaHIMBaeTCsA (MPH
ATOM OCTaJbHBIC IPU3HAKH KJIacCU(DUKAIIMN HE PACCMATPUBAIOTCS).

5. JIns TOJMHOKECTB MPUMEPOB C HECOBIAAIONINM 3HAUEHHUEM KJIacCo-
o0pa3yroIero mMpu3HaKa Mpolecc KiIacCHu(PUKAIMU MPOJODKACTCS HAdWHAs C
nyHKTa | (Kakq0€ MOJAMHOKECTBO TPUMEPOB CTAHOBHUTCS KIACCUPHUIIUPYEMBIM
MHO>KECTBOM).

Hetiponnvie cemu npenctaBisitor coO0l yCTpOWCTBA MapalijieIbHbIX BbI-
YHCIICHUH, COCTOSIINE U3 MHOXKECTBA B3aUMOJICHCTBYIOIIUX MPOCTHIX MpOIIeC-
copoB. Kaxxb1ii mporieccop Takoi ceTd UMEeT JeNI0 TOIBKO C CUTHAJIaMH, KOTO-
pBI€ OH MEPUOTUYCCKHU TIOJTYUaeT, M CUTHAJIaMH, KOTOPbIE OH MEePHUOUIECKH T10-
CBIJIACT JPYTUM IIPOIIECCOpaM.

B skcnepTHBIX cuCTEMax, OCHOBaHHbIX Ha npeyedenmax (aHAIOTHIX), Oa-
3a 3HAHWI COACPKUT OMMCAHUS HE 000OIIEHHBIX CUTYyalluii, a COOCTBEHHO CaMH
CUTYaIl¥ WU TPEIEACHTEHI.

[Touck pemieHus: MPoOIEMbl B 3KCIEPTHBIX CHCTEMax, OCHOBAaHHBIX Ha
npeleeHTaX, CBOJUTCS K IMOUCKY O aHAJOTUH (TO €CTh aOyKTUBHBIA BBIBOJ
OT YaCTHOTO K YaCTHOMY).

B oTnuume oT MHTEIIEKTyanbHOW 0a3bl JaHHBIX, UHOOPMAYUOHHOE XPa-
HUnuue TPEACTABIAET COOON XpaHUIIHIIE U3BIICYCHHON 3HAUNMON HHPOpMAITUU
U3 OTNEPAaTUBHOM 0a3bl TaHHBIX, KOTOPOE MpEeaHA3HAUYCHO IJIs ONIEPATUBHOTO CH-
TyallMOHHOTO aHanu3a AaHHbIX (peanm3ann OLAP-TexHonorun).
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TunuyHBIMU 33/1a9aMH OTIEPATUBHOTO CUTYAIIMOHHOTO aHAJIN3A SBIISIOTCS

* onpeneneHue Mpopuiist MOoTpeOnTeNnei KOHKPETHBIX OO BEKTOB XPAHEHHS;

* mpeAcKa3zaHue U3MEHEHU 0OBEKTOB XpaHEHHUs BO BPEMEHHU;

* aHaIM3 3aBUCHMOCTEH MPU3HAKOB CUTYAIHid (KOPPESIIHOHHBIN aHATTU3).

Aoanmusnas ungpopmayuonnas cucmema — 3T0 UHOOPMALIMOHHAS CHC-
TeMa, KOTOpas U3MEHSET CBOIO CTPYKTYPY B COOTBETCTBHHM C M3MEHEHHEM MO-
Jieau IpoOJIeMHON 00J1acTH.

IIpu aTOM:

1) aganTuBHas WHQPOpPMAIMOHHAS CHCTEMa JIOJKHA B KaKIbIi MOMEHT
BPEMEHH aJICKBAaTHO TMO/IIEPKUBATH OpTraHU3aIUI0 OM3HEC-TIPOIIECCOB;

2) amanTuBHas WHQOpPMAIMOHHAS CHUCTEMa JIOJDKHA TPOBOAMTH ajanTa-
U0 BCAKUH pa3, Kak BO3HHKAET MOTPEOHOCTh B peOpraHU3alvy OW3HEcC-
MPOLIECCOB;

3) pexoHCTpYKIHsT WHPOPMAIIMOHHON CHUCTEMBI JOJDKHA TMPOBOIUTHCS
OBICTPO ¥ C MUHUMAJILHBIMH 3aTPaTaMH.

SlnpoM amanTUBHOW WHGOPMAIMOHHOW CHCTEMBI SIBIISIETCS MOCTOSIHHO
pa3BuBaeMasi MOJIeib MPOOJIEMHOM 00JacTH (MPeANPUATHSI ), TIOJIJIEpKUBaeMasi B
CHelManbHOW 0a3e 3HaHWH — perno3uTopun. Ha OCHOBe sipa OCYyIIeCTBISICTCS
TeHepalys Wik KOHPUrypaius mporpaMMHoOro odecrneueHus. TakuMm oOpasom,
npoektupoBanue u agantanus MC cBoauTcs, Mpexkae BCETro, K MOCTPOCHUIO0 MO-
AeNr IPOoOIEMHOM 00JIACTH M €€ CBOCBPEMEHHOUW KOPPEKTHPOBKE.

Tak xak HET OOIIETIPUHATOTO OMPECICHUS, YSTKYI0 eIUHYI0 Kiaccupu-
KallMI0 MHTEJUIEKTYaIbHBIX HH)OPMAITMOHHBIX CUCTEM JaTh 3aTPYJHUTEIHHO.

Ecnu paccmaTpuBaTh MHTEIICKTyalbHbIe WH(OPMAIMOHHBIE CHCTEMBI C
TOUYKH 3PEHHsI PeIIaeMoil 3a/1auu, TO MOYKHO BBIICTUTH CUCTEMBI YIIPABICHUS U
CTIPaBOYHBIE CHCTEMBbI, CUCTEMbl KOMIBIOTEPHON JIMHTBUCTUKH, CHCTEMBI pac-
MO3HABaHMsI, UTPOBBIC CUCTEMBI M CHUCTEMBI CO3/IaHUS MHTEIUICKTYaJIbHBIX WH-
(dbopMalMOHHBIX cucTeM (puc. 2).

[Ipu >TOM cHCTEMBI MOTYT peliaTh HE OAHY, a HECKOJIBKO 3a71a4 WIH B
MpoIeCCe PEIIeHUsT OJHOM 3aJadyd pemaTth u psija Apyrux. Hanpumep, mpu o0y-
YEHUH WHOCTPAHHOMY SI3BIKYy CHCTEMa MOXKET pellaTh 3aJadyd pPaclo3HABAHHS
peun 00y4aemoro, TeCTUPOBaTh, OTBEYATh HA BOMPOCHI, MEPEBOIUTH TEKCTHI C
OJTHOTO sI3bIKa Ha JPYToW W MOJAJEPKUBATH €CTECTBEHHO-SI3bIKOBOM MHTEpQEiic
paboTHI.
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( HNHaTe/uiekTyanbHble HHGOPMAIITOHHBIE CHCTEMbI )

( anaBneHHe 1 CIIPpaBOYHBIC CUCTEMBI )——( KOMHI)IOTepHaﬂ JIMHI'BUCTHKa )

CucreMmsl pa3paboTku
UHTEJIEKTyaJIbHBIX
CHCTEM

CucTemMbl MallTUHHOTO
nepesoga

CucreMsl IOAIEPIKKH
HPUHATUS PELIeHUH

/J\

A

3KCHepTHI>Ie CUCTEMBI

(ympaBisirolye, TMKTOBKa)

/J\

Cucrembl pacrio3HaBaHUsA pe‘?

Cpensl pa3paboTKu

HHTCIJICKTYAJIbHbBIX CI/ICTCI\D

BOHpOCHO- OTBCTHBIC
CUCTEMBI

CucremMbl CHHTE3a peun )

SI3bIKHN HCKYCCTBECHHOI'O
HUHTCIIJICKTa

A

ABTOMaTI/IBI/IpOBaHHBIe
CUCTEMbI YIIpABJICHUA

Cucremsl pedepupoBaHus )

TEKCTOB

AnnapaTHO-IIPOrpaMMHBIE
TIATQOPMBI (APXUTEKTYPHI
KOMITBIOTEPA)

(Pacno3HaBaHHe 06pa3013)7

CucTeMBI paclo3HaBaHUS TEKCTa
(I/Irpm " TBopquTBo)—
KomrsrorepHsie urps (0OTHI,
pa3paboTKU Urp)

(TIeyaTHOTO, PYKOIHUCHOI0)
CucreMbl reHepanuy (My3bIKH,
TEKCTOB, N300pakeHHH )

Puc. 2. Knaccupukanusi MHTE/UIEKTYAJbHBIX HHPOPMAIIMOHHBIX CHCTEM
10 pelIaeMbIM 3aa4yaM

OO6yJaroIue CUCTEMBI
(TecTopbl, UMHUTATOPHI)

/J\

N OO
A A RYA,
a2 YaYa

EcTecTBeHHO-S3BIKOBBIC
uHTepQeich

Cucremsl uaeHTUGUKanuH (110 TOI0CY,
HOXOJIKE, CeTYaTKe U T.[.)

Cucrembl oncka (n300pakeHuH,
JIOACH U T.1.)

AYAYES
Y\

Ecnu xknaccuduimpoBaTh MHTEIUIEKTyalbHbIe WH(OPMAIMOHHBIE CUCTE-
MBI TIO KPUTEPHUIO «UCIOIB3YEMbIE METOBI», TO OHU JETATCS Ha JKECTKUE, MST-
Kue u Tubpusnbie (puc. 3).

Mszckue 6vluuciienuss — 3TO CIOXKHAsE KOMITBIOTEpHAsT METOIOJIOTHsI, OCHO-
BaHHAs HAa HEYETKOW JIOTUKE, TEHETHUECKUX BBIYMCICHUSX, HEHPOKOMIBIOTHHTE
U BEPOSTHOCTHBIX BBIYUCICHUAX. JKecmkue BBIYUCICHUS — TPaTUIIMOHHBIC
KOMITBIOTEPHBIEC BBIUMCICHUS (HE MSTKuE). [ ubpuonsvle cucmemvl — CUCTEMBI,
UCTIONB3YIONIME OoJiee YeM OJHY KOMIBIOTEPHYIO TEXHOJIOTHIO (B Clly4ae WH-
TEJUIEKTYaJIbHBIX CUCTEM — TEXHOJIOTUH UCKYCCTBEHHOTO MHTEIUICKTA).
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CI/IHTBJ’[JIQKTyaJIbHBIe an)opMaunonm,le CI/ICTeMLl)

< Kectkue ) ( M;nl"KI/Ie ) ( FI/I6pI:IJ:[HHe )

—( Meronap! 1a0UPUHTHOTO IIOUCKA ) —( Hetiponnsie cetn )

_( 3BpI/ICTI/I‘IeCKOC nporpaMMHupOBaHUEC ) _( 3BOJ'IIOHI/IOHHI)IC METOAbI )

Mognenu npencTaBieHus 3HaHUH (ceTeBas, —( HeuyeTkas j1oruka 1 HEYETKUE MHOKECTBA )
HPOIYKIMOHHAs, JIoTHIecKasi, ¢ppeiiMoBas)

—( Hpyrue )

Puc. 3. Knaccudukanusi HHTeJUIeKTYaIbHbIX HH(OPMAIHOHHBIX CHCTEM 10 MeTOAaM

Bo3MOXHBI U Apyrue KiacCU(pUKALHNKU, HAPUMEP BBIACISIIOT CUCTEMBI
oOLIero Ha3HAuYeHUS U CTICIMATM3UPOBAHHBIE CUCTEMBI (pHC. 4).

CucreMbl 001IIEr0 HA3HAYEHHS

|
|
|
|
e ~ DKCIepTHbIE CUCTEMBI I
CucTeMbl, OCHOBaHHBIE | I
|
L Ha SHAHWSX ) : UnremekTyanbHble HaKEThI IPUKIAAHBIX [IPOrPaMM :
' |
Heii |
s ~ eAPOCUCTEMEBI i
CaMoopraHH3 yIOIImecs h |
CHUCTEMBI
\ Y, == A — e
| Crenuaju3upoBaHHbIE CHCTEMBI
|
| PobOororexHUYECKHE CUCTEMBI
|
|
CucreMsl CucTeMbl paco3HaBaHUs

OBPUCTHUYCCKOI'O IMOUCKa

I/II’DOBBIC CHUCTEMbI

CucreMsl 00LIeHUS

CucreMsl CucreMsl CucreMsl CucreMsl
00paboTKU pedeBoro MAITHHHOT'O TeHEpaIuu
TEKCTOB 001LIEHHS nepeBoia MY3BIKA

Puc. 4. Knaccudgukanusi HHTeJUIEKTYAJIbHBIX CHCTEM 110 HA3HAYEHH IO
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Kpome Toro, 3Ta cxema oTpakaer ellle OJUH BapuaHT KilacCU(PUKAIMH IO
METOJaM: CUCTEMBI, UCTIOJb3YIOLIME METOABl IPEACTABICHUS 3HAHUM, CaMOOp-
TaHU3YIOIIMNECS CUCTEMBI U CUCTEMBI, CO3JaHHBIE C MOMOUIBIO 3BPUCTUYECKOTO
nporpaMmMupoBanusi. Takke B 3TOM KiIacCHU(pUKALMKU CUCTEMbI T'€HEepaluu My-
3bIKM OTHECEHBI K CUCTeMaM OOIIEHUS.

K uHTEeNmIeKTyanbHbIM CUCTEMaM 00We20 Ha3HAYeHus OTHOCATCA CUCTE-
MBI, KOTOPbIE HE TOJBKO MCHOJIHSIOT 3aJaHHbIC MMPOLEAYpPbI, HO HA OCHOBE Meé-
Tanpoueayp MOMCKA TEHEPUPYIOT U HCHOJHSIOT MPOLETYPbl PELICHUS HOBBIX
KOHKPETHBIX 3a7a4.

CneyuanuszupoganHvlie WHTEIJIEKTYaAJIbHBIE CHCTEMBI BBINOJHSAKOT pEIlle-
HUEe (pUKCMpoBaHHOrO HaboOpa 3ajay, MPEeAOINPEACIICHHOIO MPU MPOESKTUPOBa-
HUU CHUCTEMBI.

OTtcyTcTBHE YETKOU KiIacCU(PUKALUU TaKKe 00BSICHAETCS MHOI000Opa3suemM
MHTEJUIEKTYaJbHbBIX 33/1a4 U MHTEJUIEKTYaJbHBIX METOAO0B, KPOME TOT0, UCKYC-
CTBEHHBI HMHTEJUIEKT — AKTUBHO pa3BUBAIOILIASCS HayKa, B KOTOPOH HOBBIE

MMPUKIaIHBIC 00J1aCTH OCBAaUBAIOTCS CXKCOAHCBHO.

Tecm no meme «Knaccugukayusi uHmennekmyasnbHbIX
UHOPpMaYUOHHbIX cucmem»

1. MaTesiekTyanibHas HH(pOPMaLlMOHHAN CHCTEMA — 3TO CHCTeMA...
a) OCHOBaHHAas Ha 3HAHMAX
b) B KoTOpOM Joruueckas oopadoTka uHGOpMAIIMU TTPEeBATUPYET HA
BBIYHCITUTEILHOM
C) OTBEYaroIlas Ha BOIPOCHI
d) Her mpaBWJIBHOTO OTBETA
2. K KakuM HHTE/UVIEKTYaJbHBIM CHCTEMAM OTHOCHTCH CHCTEMA, UCHOJIb-
3yl0lIasi reHeTH4YeCKHue BbIYNCICHUSA U 0a3bl JTaHHBIX?
a) JKECTKHUM
b) Msarkum
C) TUOPUAHBIM
3. CucTreMbl reHepalui My3bIKH MOKHO OTHECTH K:
a) cHCTEMaM OOIICHUS
b) TBOpueckuMm cucTemMam
C) cucTeMaM yIpaBieHUs
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d) cucremam pacrno3HaBaHUS
€) HeT MPaBHIBLHOTO OTBETA
4. Kakue cucreMbl IBJAIOTCH CHCTeMaMH 0011ero Ha3HAYeHus ?
a) CHCTEMBbI HACHTH(PUKAIITU
b) sKkcnepTHbIE CUCTEMBI
C) HEHpOHHBIE CETH
d) poOOTOTEXHUYECKHE CUCTEMBI
€) HeT MPaBHIBLHOTO OTBETA
5. K camoopraHu3yommumMcsi CHCTEMaM OTHOCSITCS:
a) CHCTEMBI PacTiO3HABAHUS
b) UrpoBBIE CUCTEMBI
C) cHUCTeMBI peepUpPOBAHUS TEKCTOB
d) HelipoHHBIE ceTH
€) HeT MPaBHIBHOTO OTBETA
6. Ha 3HaHNSIX OCHOBBIBAIOTCH CHCTEMBI:
a) HEUpOHHBIE CETH
b) cucTemMbl pacio3HaBaHUs TEKCTa
C) 9KCIEPTHBIEC CUCTEMBI
d) WHTeNIeKTyalIbHbIC MAKEThl MPUKIATHBIX POTPaMM
€) HeT MPaBHIBHOTO OTBETA
7. IBPUCTHYECKUI MOMCK MCIIOJIb3YETCH B:
a) HEWPOHHBIX CETIX
b) sKCHEepTHBIX cUCTEMax
C) WMTPOBBIX CUCTEMAaX
d) Her mpaBWJIBHOTO OTBETA
8. K cucreMam KOMIBIOTEPHOM JMHIBUCTHKHA OTHOCHATCH:
a) cucrema pedepupoBaHus TEKCTOB
b) cucrema pacnio3HaBaHUs peUH
C) cucTeMa I'eHepalfi My3bIKU
d) MamuHHBIN MTepeBO/T
€) HeT MPaBHIBLHOTO OTBETA
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Jlumepamypa no meme «Knaccughukayusi uHmennekmyasnbHbIX
UHOPMaYUOHHbIX cucmem»

1. bangun, K. B. Nudopmaruka : yueOnuk nns By3oB / K. B. bangun,
B. b. Ytkun. — M. : IIpoexrt, 2003. — 304 c.

2. Tackapos, JI. B. MHTennexryanbHble HHPOPMAIIMOHHBIE CUCTEMBI : yueO-
Huk 1151 By30B / JI. B. T'ackapoB. — M. : Beiciias mkona, 2003. — 431 c.

3. Scuuukwuii, JI. H. Beenenne B uckycctBenubii untesuiekt / JI. H. Scuun-

kuil. — M. : M3a. uentp «Axkanemus», 2005. — 176 c.
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YacTtb 2. OCHOBbI TEOPUU UCKYCCTBEHHOI'O UHTEJIJIEKTA

§1. NpeancraBneHne 3HaHUN

[aHHble 1 3HaHnA

JlaHHble — 5T0 MHpOpMalUs, MOJydeHHass B pe3yJibTaTe HaOIIOICHUI
WM U3MEPEHUHN OTIENbHBIX CBOWCTB (aTpUOYTOB), XapaKTEPU3YIOIINX OOBEKTHI,
MPOLIECCHI U SIBJICHUS IPEIMETHOM 00JIacTH.

3HaHmne — ¢opma CyIIECTBOBAHUSA M CUCTEMAaTH3allUUd PE3yJbTaTOB IO-
3HABATEJIbHOMN IESITENBHOCTH YEJIOBEKA. 3HAHNWE TIOMOTaEeT JIFOASM PALMOHAIBHO
OpPraHU30BBIBAaTh CBOIO JEATEIBHOCTh M PEIATh PA3IMYHbIE MPOOIEMbl, BO3ZHH-
Kalollue B ee Mpoliecce; CyObeKTUBHBIM 00pa3 OOBbEKTUBHON pealibHOCTH, TO
€CTh a/ICKBATHOE OTPAKEHUE BHEIIHETO U BHYTPEHHETO MUPA B CO3HAHUM YEJIO-
Beka B (hopMe MpeCTaBICHUM, MOHATUM, CYKICHUH, TEOPU.

3HaHUE (8 WUPOKOM CMblclle) — COBOKYITHOCTh MOHSTHH, TEOPETUUECKUX
IIOCTPOEHUM U IIPEICTABICHUN.

3HaHue (8 y3xoMm cMblcie) — MPU3HAK ONpeaeieHHOro oobema uHpopma-
MU, ONPEIEISIONUN ee CTaTyC U OTAENSAIOMUNA OT BCel mpouei nHpopMaluu
M0 KPUTEPHUIO CIIOCOOHOCTHU K PEUICHUIO MTOCTaBICHHOM 3a1a4H.

3HaHUE (C MOUKU 3peHUs NPeoCmasleHuss 3HAHUU 8 UHMELIeKmM) albHbIX
cucmemax) — 3TO CBSI3M M 3aKOHOMEPHOCTH MPEIMETHON 00J1acTh (MIPUHIUIIBI,
MOJIEJIM, 3aKOHbI), TIOJYYEHHbIE B pe3yJbTaTe MPaKTUYECKOW IEATEIbHOCTH U
po(ecCHOHaTBFHOTO OMbITA, MO3BOJSIONIETO CIEIHAINCTAM CTaBUTh U PEIIaTh
3a/layu B JaHHOM 00JaCTH.

3HaHUA OT JAHHBIX OTJIMYAIOTCS PSIOM CBOMCTB:

® BHYTPEHHSAS UHTEPIPETUPYEMOCTD;

* CTPYKTYpPHUPOBAHHOCTH;

® CBSI3HOCTb;

* CEMaHTHYECKas METPUKA;

® AKTUBHOCTb.
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BHyTpeHHsin MHTepnpeTHpyeMocThb. [laHHbIE, XpaHsSIIMECS B MaMSITH
WM HAa BHEIIHUX HOCUTEINSIX, TMIIEHbl UMEH, TAKUM 00pa3oM, OTCYTCTBYET BO3-
MO>KHOCTb UX OJJHO3HAYHOM MJIeHTU(UKALUUA cCUCTEeMOU. J[aHHbIE MOXKET WJEeH-
TUOUIMPOBATH JIMIIL MPOTpaMMa, M3BJIEKAloas UX M0 ONpPEIeIEHHOMY ajro-
putmy. [lpu nepexose K 3HaHUAM B aMSATh BBOAUTCS JOMOJIHUTENbHAs UHDOP-
Manus (aTpuOyThl: paMuiIus, TOJ POKIAEHUS, CIIEHUATBLHOCTD, CTaX). ATpHUOYTHI
MOTYT UrpaTh poiib UMeH. [Io HUM MOXHO OCYHIECTBISTH MOUCK HY>KHOW MH-
dbopmarnuu.

CrpykTypupoBaHHOCTh. MHbOpMalMOHHBIE €IUHUIBI JTOKHBI 00J1a-
JaTh THOKOM cTpykTypoi. MHaue roBopsi, JOJIKHA CYIIECTBOBATH BO3MOKHOCTD
MIPOU3BOJIBHOTO YCTAaHOBJICHUSI MEXIY OTIEIbHBIMU HH(POPMAIIMOHHBIMHU €H-
HUI[AMUA OTHOUIEHUI THUIA «4acTh — LIEJI0€», «POJl — BHI» WU <BJEMEHT —
KJIace».

Casi3HOCTB. Mexay MHGOPMAIIMOHHBIMU €IMHUIIAMU JOJIKHA OBITH Tpe-
IyCMOTpEeHa BO3MOXHOCTh YCTAHOBJIEHUS CBsA3ell pa3nuuHoro tuma. CeMaHTHKa
OTHOIIEHU MOXET HOCUTh ACKJIapaTUBHBIM WM NpoUeAypHbI xapaktep. Ha-
npumep, 18e U 6ojee HHGOPMAIIMOHHBIE €AUHUIIBI MOTYT ObITh CBA3aHBI OTHO-
[IEHUEM «OJHOBPEMEHHO», JIB€ MH(QOpPMAIIMOHHBIE €IUHUIIBI — OTHOIIECHHEM
«MPUYMHA — CIEACTBUEY UITU «OBITh PAIOM.

CemanTuyeckasi metpuka. Ha MHOXecTBe MH(GOPMAIIMOHHBIX €AUHUIL B
HEKOTOPBIX ClIy4asX MOJE3HO 3a/laBaTh OTHOLIEHUE, XapaKTepU3yIolllee UX CH-
TYallMOHHYIO0 OJIM30CTh, TO €CTh CUIIy aCCOLMATUBHON CBA3U. Ero MoxxHO OBLIO
Obl Ha3BaTh OTHOILIEHUEM PEJIEBAHTHOCTU ISl HHPOPMALIMOHHBIX eauHUI]. OHO
JaeT BO3MOXHOCTb BBIIETSATh B MH(GOPMAIIMOHHOW 0a3e HEKOTOpPbIE TUIOBBIE
CUTyalluu (HampuMmep, «IOKYIIKay, «PeryjJupoBaHUe TBUKEHUS HA MEPEKPECT-
ke»). OTHOIIeHUE PEeJIeBAaHTHOCTH TIpH padoTe ¢ MHOOPMAIIMOHHBIMU €TUHUIIA-
MU MO3BOJISIET HAXOAUTH 3HAHUS, OJIM3KUE K YKE HallJICHHBIM.

AKTHBHOCTb. Bce BBIUMCIHUTENbHBIE MPOLECCH MHUIMUPYIOTCS KOMAaH-
JaMU, a JaHHbIE MCMOJb3YIOTCS 3TUMH KOMaHJaMHU JIUIIb B clydyae HeoOXOoau-
MocTH. MHaue roBopsi, JaHHbIEC TACCUBHBI, @ KOMAHbl AKTUBHBI.

3HaHUs MO3BOJISIIOT aJalITUPOBATHCS U JEHCTBOBAThH B peajbHOM J1eicTBH-
TenabHOCTH. CyIEeCTBYET OTPOMHOE MHOXECTBO PA3IMYHbIX 3HAHUM, HAYMHAS OT
penenTa NpUroTOBJICHUST OMJIeTa 0 KBAaHTOBOM (DM3UKHU. 3HAHUS MOXKHO KJjlac-

cu(ULIKPOBATh MO HECKOJIBKUM KPUTEPUSIM (puc. 5).
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3HaHuna
T T 1

Io mpupone (l'[o I/ICTO‘IHI/IKaM) (Ho MeCTOHaX())KIleHI/IIO) ( o r1yOune )

CEMaHTHYECKUE UHTYUTUBHBIE |:§ JIMYHOCTHBIE ) HOBerHOCTHLIe)

CUHTAKCUYCCKUEC 3 IlpaBbIﬁ CMBICIT
IparMaTuieCKue
Hay4HBIC
TCOPETUICCKHUC

SMIIUPUIECKUC
3KCTCHCI/IOHaJ'II>HI>Ie)
BHCHAYYHBIC

HWHTCHCHOHAJIbHBIC )

—( (yHKIMOHATBHBIE )

TEXHOJIOTUYCCKUEC )

_( MCETOJOJIOI'MYCCKUE )

_(KHaCCH¢)HKaHHOHHBIe)

U

OpMaJ'II/I3OBaHHI>Ie) I"J'IY6I/IHHI>IC )

JACKIIapaTUBHBIC

HpoLeypHbIE

NS

1

Puc. 5. Knaccupukanus 3 HAHU I

3HaHUE CUHMAKCUYecKo20 TUTA XapaKTEPU3yeT CUHTAKCHUYECKYIO CTPYK-
Typy MOTOKa MH(OpMAILINH, KOTOpasi HE 3aBUCUT OT CMBICJIa U COAEP KaHUS HC-
MOJIL3YEMBIX MPU 3TOM MOHSITUH, TO €CTh MHTEIUIEKTYyaIbHYIO CUCTEMY HE 00-
pasyer.

Cemanmuueckoe 3HaHUE PAacCMAaTPUBAETCS KAaK CTPYKTypa, oOpaszyromias
TeKyluui KoHTeKCcT. OHO COAEPKUT MH(GOPMAIINIO, HEMOCPEICTBEHHO CBS3aH-
HYIO C TeKYIIMMH 3HAYE€HUSAMH U CMBICIIOM OINMCHIBAEMbIX MOHSATUH, U MPEIo-
MpejiessieT COCTOSIHUE CBSI3eH TaHHBIX B MH(POPMAIMOHHOM 6a3e.

IIpacmamuyeckoe 3HaHue TpenonpenenseT Hauboaee BepOsTHBIE CBSI3H,
OMUCHIBAIOIINE JaHHBIC C TOUYKU 3pPEHUS pelraeMon 3amaun (000OIIEeHHBIN UTn
«OOBEKTUBHBIN» KOHTEKCT), HAIIPUMEP C YUETOM JEHUCTBYIOIIUX B JTaHHOW 3a/1a-
ye crelupuIecKux KpUTEPUEB U COTIIAIICHUN.

Jlexnapamuenvie 3HaHUS COAEpKAT B cebOe MPENCTaBICHUE O CTPYKTYpe
MOHATUI. DTU 3HaHUA NPUOJIMKEHbI K AaHHBIM, (pakrtam. Hampumep, Bbiciiee
y4eOHOE 3aBe/ICHUE €CTh COBOKYIMHOCTh (DaKyJIbTETOB, a KaXIbIi (paKkylIbTET B
CBOIO OU€pe/ib €CTh COBOKYITHOCTh Kadep.
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IIpoyedypnvle 3HaAHUSA WUMEIOT aKTHUBHYIO Tpupoay. OHH ONpeaeisroT
MIPEJICTABIICHUS O CPEACTBAX M MyTSIX IMOTYYEHUs HOBBIX 3HAHUH, TPOBEPKE 3HA-
HUH. DTO anropuTMbl pa3Horo poja. C pa3ButueM HHPOPMATHUKH BCE OOJIBIIAs
JacTh 3HAHHMH COCPEJOTAYMBAJIACh B CTPYKTypax MaHHBIX (TaOJHMIIBI, CITMCKH,
aOCTpaKTHBIE THUIIBI IAHHBIX), TO €CTh YBEIUYMBAIACH POJIb JICKIApAaTUBHBIX.

CyIliecTBEHHBIMHM IS TIOHUMAHUS TTPUPOLI 3HAHUW SIBJISIOTCS CHOCOOBI
onpenencHus MoHATHH. OIMH U3 MUPOKO MPUMEHIEMBIX CIIOCOOOB OCHOBaH Ha
ujee MHTCHCUOHAJIA U DKCTEHCHOHAJIA.

HMHTEeHCHOHA IOHATHS — 3TO OINPEACIICHUE €r0 Yepe3 COOTHECEHHUE C T10-
HATHEM 00Jiee BBICOKOTO YpPOBHS aOCTpaKIHMHM C YKa3aHWEM CICIH(PUICCKUX
CBOMCTB.

DKCTCHCHOHAJI MOHATUS — 3TO OINPEACIICHUE TOHITHS 4Yepe3 Mepeduciie-
HUE €r0 KOHKPETHBIX IPUMEPOB, TO €CTh MOHATHI 00JIe€e HU3KOTO YPOBHS aOCT-
pakuuu. VIHTeHCHOHAIBI (GOPMHUPYIOT 3HAHUSA 00 00BEKTaxX, B TO BpeMs KaK dKC-
TEHCHUOHAJIBI O0OBEUHSIOT JTAHHBIC.

OTcrona unmencuoHaibible 3HAHUSA — 3TO 3HAHUS O MPEAMETHOM 00JIacTH,
KOTOpBIC OTpa)kaloT (aKThl, 3aKOHOMEPHOCTH, CBOMCTBA M XapaKTCPUCTHKH,
CIPaBEUIMBBIC IS JIFOOBIX CHUTYyalHMi, KOTOPbIE MOTYT BO3HHUKHYTh B 3TOU
MpeaMEeTHON 00J1acTH.

OKcmeHncuoHanbHble 3HaHUS — 3TO 3HAHUS O MPEAMETHOW 00J1acTH, OTpa-
*karomnue GakThl, 3aKOHOMEPHOCTH, CBOMCTBA M XapaKTEPUCTUKU, THITUIHBIC TSI
KOHKPETHBIX CHUTYaIlMii WJIM KJIaCCOB OJHOTHITHBIX CHTYaIluid, KOTOPHIC MOTYT
BO3HHUKHYTH B 3TOH 00JIaCTH.

DyHKYUOHAIbHbIE 3HAHUS — OTO 3HAHUS O BBIMOJTHAEMBIX (YHKIIUSIX OT-
JCBHBIX MPEIMETOB M O MPUMEHEHUHN UX B PEATbHOMN JICHCTBUTEIIBHOCTH.

Texnonocuueckue 3HAHUSA — CIICIIMAIM3UPOBAHHBIC 3HAHUSA, OOeCIeYH-
BaOIIHEC TOJCPKAHUE TEXHOJOTHYCCKUX IMapaMeTPOB MPOW3BOJICTBA; IPOU3-
BOJICTBCHHBIM OMBIT M HABBIKW, MCIOJIb3YEMBIC NMPU PEIICHUU IOBCEIHEBHBIX
MIPOU3BOJICTBEHHBIX BOIPOCOB. DTO MOXET OBITh 3HAHHE IOCIICI0BATEILHOCTH
orepanuii WM 3HAHWE TEXHOJIOTMYECKOW IICTIOYKH, IMO3BOJISIONINE JOCTHIaTh
MTOCTABJICHHBIC I[EJTM B COOTBETCTBHUHU C NMPUHATON TEXHOJIOTHCH.

Memooonocuueckue 3HaHUSA — 3HAHUS O METOJAX MPEOOPa3OBaHMS JIEHCT-
BUTEIBHOCTH, HAYYHBIC 3HAHUSA O MOCTPOCHHM 3(DPEKTUBHOU nesTenpbHOCTH. K
METOJIOJIOTHYECKUM 3HAHUSAM OTHOCSAT 3HAHUE IIeJIcH, (OopM M HalpaBIICHUH pa3-
BUTHS TEOPUH, METOJIOB U CIIOCO00B 3 (EKTUBHOTO MTPEOOPa30BAHUS MTPAKTHUKH.
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Knaccugpurxayuonnvle 3HaHUS PUMEHSIOTCS TJIaBHBIM 00pa3oM B HaykKe,
SIBJISIIOTCST 000OIIIEHHBIMU, CUCTEMHBIMU 3HaHUAMU. [Ipumep — cucrema 3jiemMeH-
toB JI. 1. Menaeneena.

Humyuyus — 310 BUI 3HaHUS, crieliudUKa KOTOPOro 00ycIOBIE€HA CIIOCO-
O6oM ero mpuoOpeTeHusl. DTO 3HAHUE, HE HYXKJAIoIIeecs B JI0Ka3aTeIbCTBE U
BOCIIpUHUMAaeMOe Kak JocTtoBepHoe. [lo crnocoOy mosydeHus: UHTYHUIUS — ATO
MpsIMOE YCMOTPEHUE OOBEKTUBHOM CBSI3W BEICH, HE omuparolieecs Ha JoKaza-
TEIBCTBO (MHTYHUIIHUS €CTh YCMOTPEHHE BHYTPEHHUM 3PEHHEM; OT JIaT. intueri —
co3epIaTh).

[Tox 30pasvim cmwvliciom TOHUMAIOT 3HAHMS, MO3BOJISAIONIME MPUHUMATH
MPaBWIbHBIC PEIICHUS U J€JaTh IPaBUWIbHbBIC MPEATIOIOKEHUS, OCHOBBIBASICh Ha
JIOTMYECKOM MBIIUIEHUH U HAKOIUICHHOM OIbITE. B 3TOM 3HaY€HUM TEPMUH 3a-
YacTyH0 aKIEHTHUPYET BHUMAHHE Ha CIIOCOOHOCTU YEJIOBEUECKOTO pasyma Ipo-
THUBOCTOATH MPEApaAcCYIKaM, 3a0TyKICHUIM, MUCTU(DUKAIUSM.

Hayynvie 30anus B 11000M ciydae JOJKHBI ObITh OCHOBAHHBIMHM Ha dM-
MUPUYECKON WIIN TEOPETUUECKOU TOKA3ATEIbHOU OCHOBE.

Teopemuueckue 3Hanusi — aOCTPAKIIUU, AHAJIIOTHHU, CXEMBbI, OTOOpa)Karo-
e CTPYKTYPY M MPUPOAY MPOIECCOB, MPOTEKAIOIINX B MPEIMETHOU 00JIaCTH.
OTu 3HAHUA OOBSCHAIOT SIBJICHUS U MOTYT HCIIOJIb30BaThCS ISl IPOTHO3UPOBA-
HUS MOBEICHUST 00BEKTOB. TeopeTHUEeCKU YPOBEHb HAYYHOTO 3HAHUS MPEIIO-
JaraeT yYCTAaHOBJIEHHME 3aKOHOB, AAIOIIMX BO3MOXKHOCTH HJICAUIU3HUPOBAHHOTO
BOCIIPUATHS, OMHUCAHUSA U OOBSCHEHHUS AMIMPUUECKUX CUTYyallud, TO €CTh IIO-
3HaHUS CYIIHOCTH sIBJICHUU. TeopeTnueckue 3aKOHbI UMEIOT 0o0Jjiee CTPOTHiA,
(dbopMaIbHBIN XapaKTep MO0 CPaBHEHUIO ¢ YMIIUPUUECKUMU. TEePMUHBI ONMUCAHUS
TEOPETUYECKOT0 3HAHUS OTHOCITCSA K WICaTU3UPOBAHHBIM, a0CTPAKTHBIM O0B-
extaM. [TogoOHbIe 0OOBEKTHI HEBO3MOXKHO MOABEPTHYTH HEMOCPEACTBEHHOM IKC-
MEpPUMEHTAIILHOMN TPOBEPKE.

OMIMPUYECKUE 3HAHUS TIOYYalOT B PE3YyJIbTaTe MPUMEHECHUS IMIIUpPUYIE-
CKHMX METOJIOB IMO3HAHUSI: HAOIOICHUSI, U3MEPEHUS, SKCIIEPUMEHTA. ITO 3HAHUS
0 BUJIUMBIX B3aMMOCBSA3SX MEXAY OTJACIbHBIMU COOBITUSIMU U (DAKTaMH B TIPEI-
METHOW 00JIacTh. DOMIHUPUUECKUE 3HAHMS, KaK TTPaBUIIO0, KOHCTATUPYIOT KayecT-
BEHHBIC U KOJMYECTBCHHBIC XapaKTEPUCTUKH OOBEKTOB U SBJICHUN. DMIUpPHUYIC-
CKHE 3aKOHBI YACTO HOCST BEPOATHOCTHBIN XapaKTEp U HE SIBIAIOTCS CTPOTUMHU.

Buenayunvie 31anus MOTyT OBITh pa3lUUHBIMU. [lapanopmanvhbvle 3HA-
HUS — 3HAHUS, HECOBMECTUMBIE C UMEIOIIMMCS THOCEOJIOTUYECKUM CTaHIaApPTOM.
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Mupoxkuit knacc napanayunozo (napa ot rped. OKoJo, Mpy) 3HAHUS BKIIOYAET B
ce0sl yUeHHs WIM pa3MBbIIUICHHUS 0 peHOMeHax, 00bICHEHUE KOTOPBIX HE SIBIIS-
eTcsl yOeIUTEIbHBIM C TOUKU 3PEHUS] KpUTEPUEB HAYYHOCTH. JIoicenayuHvle 3Ha-
HUS — CO3HATEIBLHO AKCIUTyaTHUPYIOIINE TOMBICTBI U TIpeapaccyaku. B kauectse
CUMIITOMOB JDKEHAYKH BBIICIISIIOT MaJorpaMOTHBIN madoc, NMPUHIUIHAIBHYIO
HETEPIUMOCTh K OMPOBEPraloIlnM J0BOAAM, a TaKKe MPETEHIMO3HOCTh. JIxke-
Hay4YHbIC 3HAHUSI COCYIIIECTBYIOT C HAYYHBIMU 3HAHUSMH.

Jluunocmnuvle (HesBHBIC, CKPBITBIE) 3HAHUS — ATO 3HAHMS JIIOJEH, TOIY-
YEHHBIC U3 MPAKTUKH U OTBITA.

Dopmanuzosannvie (IBHBIC) 3HAHUS — 3HAHUS, COAEpKAIIUECS B JIOKY-
MEHTaX, Ha KOMIAKT-IUCKaX, B MEPCOHAJIBHBIX KOMIIbIOTEpaX, B MHTEpHETE, B
0a3ax 3HaHWM, B IKCIEPTHHIX cucTemMax. dopmManu3oBaHHbIE 3HAHUS OOBEKTHU-
BU3UPYIOTCS 3HAKOBBIMHM CPEJICTBAMU SI3bIKA, OXBATHIBAIOT T€ 3HAHUS, O KOTO-

PBIX MBI 3HA€M, UX MOXHO 3aIIMCaTh, COOOIIUTD JPYTUM.

Knaccudmkaumsa mopenen npeacraBrneHUs 3HaHUN

JIJist XpaHeHus AaHHBIX UCTIONB3YIOTCS 0a3bl JAHHBIX (JJ11 HUX XapakTep-
HbI 0OJIBIION 00bEM U OTHOCUTEIBHO HEOOJIbIIAs yeabHas CTOUMOCTh HH(DOP-
Malliu), JUIs XpaHeHUs 3HaHWU — 0a3bl 3HaAHUU (HEOOJBIIOTO0 00beMa, HO HC-
KIIFOUUTEIBHO JIOpOrue HHPOPMAIIMOHHbBIE MACCUBBI).

ba3a 3HaHuii — ocHOBa J1I000M HHTEIIEKTYyaIbHOW CUCTEMBI, TJI€ 3HAHUS
OMKCaHbl HA HEKOTOPOM SI3bIKE MPEACTABICHUS 3HAHUM, MPUOIMKEHHOM K €cC-
TecTBeHHOMY. CerojiHs 3HaHus TPUOOpETN YUCTO JEeKIapaTUBHYIO (GopMy, TO
€CTh 3HAHUSAMU CUUTAIOTCA NMPEIJIOKEHHUS, 3alIUCAHHBIE Ha SI3bIKaxX IPE/ICTaB-
JIeHUsl 3HaHWH, MPUONIKEHHBIX K €CTECTBEHHOMY SI3bIKY M MOHSATHBIX HeEcIe-
HUAATHCTAM.

CoOBOKYMHOCTb 3HAHUM, HY>KHBIX JJIsl IPUHATHUS PELICHUH, TPUHATO HA3bI-
BaTh MPEIMETHON 00JIaCThIO WM 3HAHUSIMHU O MpeAMeTHOH obaacTu. B oo
MPEeIMETHOM 00JIACTH €CTh CBOM IMOHSTHUS U CBSA3U MEXIY HUMH, CBOS TEPMHHO-
JIOTHS1, CBOU 3aKOHBI, CBSI3bIBAIOIINE MEKIY COO0I OOBbEKThI JaHHBIX MPEAMETHON
oOnacTu, cBoM Mpouecchl U coObiTust. KpoMe Toro, kaxsas npeameTHast 00JacTb
MMEET CBOM METOJbI pelleHMs 3anay. Pemas 3amaum takoro Buaa Ha OBM, uc-
MOJIb3YIOT MH(OPMAIIMOHHBIE CUCTEMBI, SIPOM KOTOPBIX SIBIIsieTCsl 0a3a 3HAHUM,

coacprkalasd OCHOBHBIC XapPaKTCPUCTUKU ITPCAMCETHBIX obOnacreii.
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ba3pl 3HaHui 0a3upyroTCs HA MOJEJSIX MPeACTABJIEeHUs 3HAHMIA, 110100-
HO 0a3aM JaHHBIX, KOTOPbIE OCHOBAaHbI Ha MOJEJNAX MPEACTaBICHUS JTaHHBIX
(MepapXuuecKoi, CeTeBOM, pesMOHHOM, MOCTPENALUOHHON U T.11.).

IIpu npencraBineHnn 3HaHUN B MaMATH UHTEJUIEKTYalIbHOM CUCTEMBI Tpa-
IULAOHHBIE SI3BIKM, OCHOBAaHHBIC HA YKMCIEHHOM IPEACTABICHUU JTaHHBIX, SIB-
nsorca HedppekTuBHbIMU. [T 3TOro MCMONB3YIOTCA CIELMATBHBIE SI3BIKU
MIPEACTABICHNS 3HAHWW, OCHOBAHHBIE HA CUMBOJIBHOM IPEACTABIECHUN JAHHBIX.
Onu gensTcst Ha TUNBI 10 (popMaTbHBIM MOJIEISIM MpeCcTaBiIeHus 3HaHuii. Hau-
0oJiee 4acTo MCMONb3YeTCs Ha NPAaKTHKE KilacCU(UKaLKs MOJENEN NpeacTaBie-
HUs 3HAHWH, PUBEJCHHAs Ha pucC. 6, TIe MOJEIU MPEICTABICHNUS 3HAHUU Jie-

JTCA HA ACTCPMHUHUPOBAHHBIC ()KCCTKI/IG) 1 MATKUC.

( Mopenu npeacTaBJIeHUs 3HAHUM )

( JleTepMUHUPOBAHHBIE ) ( Msirkue )

—( Jloruko-anredpanyeckue )

_(

CereBble )

—( ITpoaykimoHHEBIE )

Puc. 6. Mojaean npeacTaBjieHusi 3SHAHUT

—( Dpeiimbl ) —( Hedgerkue cucreMsl )

—( Heipouuslie cetu )

_(3BOJIIOHI/IOHHI)IC MOI[CJII/I)

—( T'ubpuaHbIe CUCTEMBI )

I[CTepMI/IHI/IpOBaHHBIe MOJACIN BKIHOYAKOT B cels q)peﬁMBI, JIOTUKO-

anre6pa1/1qec1<ne MOACIHN, CCMAHTHYCCKUC CCTU W IIPOAYKIIMOHHBIC MOJICIIH.

Msrkue MOACIN BKIIIOYAIOT B ceOs1 HeUueTKHe CUCTCMBI, HCﬁpOHHBIC CCTH, DBO-

JJFOODMOHHBIC MOACIIN, FI/I6pI/II[HBIe CHUCTCMBEI.

C MOJCIUPOBAHHUEM 3HAHUH HCIIOCPCACTBCHHO CB/A3dHA HpO6JICMa BBIOO-

pa A3bIKa IMPCACTABIICHUA. B neisx KJIaCCI/I(i)I/IKaLII/II/I MO)ICJ'ICIZ MMpCaACTABJICHUSA

3HAHUM BBIACIISICTCA ACBATH KIIFOYCBBIX Tpe6OBaHI/Iﬁ K MOACIAM 3HAHUM:

1) o6mHOCTh (YHUBEPCATBHOCTH);

2) HarJIIAHOCTD IPCACTABIICHHA 3HaHPII>i;

3) OIHOPOJIHOCTB;

4) peanu3aius B MOJCIIHM CBOMCTBA aKTUBHOCTH 3HAHU;
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5) OTKPBITOCTH;

6) BO3MOXKHOCTH OTPaXCHHUSI CTPYKTYPHBIX OTHOIICHUH OOBEKTOB IMPEJ-
METHOH 00J1acTH;

7) HanMUYue MEXaHW3Ma IPOCIMPOBAHUS 3HAHUN HA CHCTEMY CEMaHTH-
YECKHUX KA,

8) BO3MOXKHOCTH OTICPUPOBAHHS HEUYSTKUMU 3HAHUSIMU;

9) ucnonp30BaHUE MHOTOYPOBHEBBIX MPEACTABICHUHN (IaHHBIC, MOJICIH,
METaMO/IeJIH, METaMETaMOJIEeNI! U T.1I.).

Mogenu mpencTaBiICHHUS 3HAHWM HE YJOBICTBOPSIOT IMOJHOCTBIO 3THM
TpeOOBaHMIM, YeM U OOBSACHSACTCS WX MHOT000pas3ue U aKTUBHOE Pa3BUTHE JTaH-

HOT'O HAIIpaBJICHUA.

Jloruko-ajredpanyeckue MoJe/IH NpeacTaBJIeHUs 3HAHUI

B nornueckux MOJENsAX 3HAHUS MPEICTABISIIOTCS B BHJIE COBOKYIHOCTH
MPaBUWIBHO MOCTPOEHHBIX (opMyn Kakoi-1ubo dopmanbHoit cuctembl (DC),
KOTOpasl 3a1aeTCs YETBEPKON

S=<T,P,AR>,

rae T — MHOecTBO 0a30BbIX (TEPMHUHANBHBIX) 3JIEMEHTOB, U3 KOTOPBIX (hOpMU-
PYIOTCA BCE BBIPAXKEHHS; P — MHOKECTBO CHMHTAKCHUYECKHUX NpPaBUJI, OIpEJe-
JSAIOIMUX CUHTAKCUYECKH IMPABUIbHBIE BBIPAKECHHSI U3 TEPMHHAIBHBIX JJIEMEH-
ToB @C; A — MHOXkecTBO akcuoM PC, COOTBETCTBYIOUIMX CUHTAKCUYECKH Ipa-
BWJIbHBIM BBIPAXKEHUSIM, KOTOpPbIE B pamMKax JaHHOW PC anmpHOpHO CUHUTAOTCS
UCTUHHBIMU; R — KOHEYHOE€ MHOXECTBO OTHOILIECHUU {I], Iy, ..., Iy} MEXIy Qop-
MyJIaMH, Ha3bIBAEMBIMHU IPABUJIAMU BBIBOJ1A, O3BOJISIOIINX MOIY4aTh U3 OJHUX
CUHTAaKCUYECKH MPABUIBHBIX BBIPAKEHUI IPYyTHE.

JUis 1100010 1i CyIIECTBYET LIEJOE IMOJIOKHUTEIBHOE YHCIO ], TAKOE 4YTO
JUTSL KaKJJOTO MHOYKECTBA, COCTOAILEr0 U3 j hopmyd, U s Kaxaon gopmyisl F
3¢ (PeKTUBHO pelraeTcs BONpOC O TOM, HAXOASATCS JIU 3TH J-GOpMYJIbl B OTHOLIE-
HuU 1; ¢ popmynoi F. Ecnu 1; BeimonHsgeTcs, To F Ha3pIBaloT HemocpeacTBEH-
HBIM ciiefctBueM F-popmyn o npasuiy t;.

CnenctBueM (BbIBOJIOM) POPMYIIBbI B TEOPUU S Ha3bIBAECTCS Takasi Mocie-
J0BAaTENIbHOCTh MPABUII, YTO JUIs JTF0O00TO U3 HUX Mpe/cTaBleHHas hopmya sB-
JsieTCsl IMO0 aKCHOMOW TEOPHUH S, THO0 HEMOCPEICTBEHHBIM CIIEICTBUEM.

[IpocTeinien JIOrnYeckol MOJENBIO SABISIETCS HWCUMCICHHUE BBICKA3bIBa-

HHﬁ, KOTOPOC NPCACTABIISICT coOoi OIMH N3 HAaYaJIbHBIX Pa3JCJIOB MATCMATHUYC-

41

Create PDF files without this message by purchasing novaPDF printer (http://www.novapdf.com)



http://www.novapdf.com
http://www.novapdf.com

CKOHM JIOTHMKH, CIy)Kalllud OCHOBOM JUIsl TOCTPOEHUsI 0oJiee CIIOXKHBIX (hopma-
Tu3MOB. B mpakTHdeckoM IiaHe MCYMCIICHHE BBICKa3bIBAaHUU NPUMEHSETCS B
psfe mpeAMeTHbIX oOnacTed (B YaCTHOCTH, MPH NPOEKTHUPOBAHUU IU(PPOBBIX
ANEKTPOHHBIX cxeM). PazBuTre JTOrMKy BhICKA3bIBAHUN HAIILJIO OTPAXKEHUE B UC-
YUCJICHUU MIPEAUKATOB IEPBOTO MOPSIKA.

[lon ucuucnenuem npeouxamoé mNOHUMAETCS (OPMANbHBINA SI3bIK IS
MPE/ICTaBIICHUs OTHOILIEHUWW B HEKOTOPOM mpeameTHOW obsactu. OCHOBHOE
MPEUMYIECTBO MCUHUCICHUS MPEAUKATOB — XOPOIIO MOHATHBIA MEXaHU3M Ma-
TEMaTUYECKOTO BBIBO/IA, KOTOPHIH MOKET OBITh HEMOCPEICTBEHHO 3alporpam-
MupoBaH. [IpeaukaToM Ha3bIBAIOT MPEUIOKEHUE, MPUHUMAIOIIEE TOJBKO J1Ba
3HAUEHUS: KUCTUHA» WIIH «IOKbY». J[7151 0003HaueHus: MpeANKATOB IPUMEHSIIOTCS
JIOTUYECKUE CBSI3KH MEK]Y BBICKA3bIBAHUSIMU: — — HE, ¥ — WIH, i — U, = — €CJIH, a
TaK)Ke KBAaHTOP CYIIECTBOBAHUS 3 M KBAHTOP BCEOOITHOCTHU 7.

Takum oOpazom, JIorvka NpeauKaToB ONEPUPYET JOTUYECKUMH CBSI3KaMU
MEXIY BBICKa3bIBAHUSMHM, HAIIPUMEP OHA PEIIAeT BOMPOCHI: MOXKHO JIU Ha OCHO-
BE€ BBICKA3bIBaHUS A MOJYYUTh BHICKA3bIBAHUE B U T.]I.

JlomycTuMble BbIpaKEHUSI B UCUHMCICHUM TNPEIUKATOB HA3bIBAIOTCS Tpa-
BUJILHO TOCTPOEHHBIMU (OpMYyJaMH, COCTOSIIIMMH W3 aTOMHBIX (OpMyJ.
ATomHBIE POPMYIIBI COCTOAT U3 MPEIUKATOB U TEPMOB, pa3/IeIsieMbIX KPYIJIbl-
MU, KBaIpaTHBIMHU U (PUTYPHBIMH CKOOKaMHU.

[IpenukaTHble CUMBOJBI — 3TO B OCHOBHOM IJIaroyibHas (popma (Hampu-
mep: [IMCATB, YUUTD, IIEPEJATDH), Ho He Tonbko riarojibHas ¢gopma, a
dbopma mnpunaraTeldbHbIX, Hapeuuil (HampuMmep: KPACHBIN, 3HAUYEHUE,
YKEJITBIN).

[IpenukaTHbIE CMMBOJIBI U KOHCTAHThI, Kak IpaBUJio, 0003HAYaIOTCA
3arjiaBHBIMM CHUMBOJIAMH, (PYHKIIMOHAJIbHBIE CUMBOJIBI U TEPEMEHHBIE —
CTPOYHBIMHU.

B a0OctpakTHbIX mpuMepax OHU 0003HAYAIOTCS JaTUHCKUMU OykBamu f, g,
h. B npennoxxenusix npeaukaTHol (OopMbl BaXKHbI OTHOLLIEHUS U 3JIeMeHThI. O1-
penelnssi OTHOIICHUS, MbI OINpEAeNsieM 3HAaYMMOCTb 3JIEMEHTOB BBIPAKECHUS.
DneMeHThI MOT'YT OBITh MPEANKATAMU U TEPMaMHU.

Ecnu cymectByer HekoTopas mpeAaMeTHasi 00JacTh, TO MPEIUKATHI OINpe-
JEJSIIOT OTHOLIEHUSI B ATOM MPEeIMETHON 00J1aCTH, KOHCTAHTHI — AJIEMEHTBI 3TON
npeaMeTHON 00J1acTH, GYHKIMOHATBHBIA CUMBOJ — (YHKITHUIO.
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PaccmoTpuM HekoTOpbIe TpuMephl. BbICKa3bIBaHUE «y Ka)KJIOTO YEIOBEKA
€CTh OTEI» MOKHO 3aIIMCaTh:
¥x 3dy (YEJIOBEK (x) = OTEL (y,x))

Breipaxkenne «AHTOH BJIaJIe€T KpacHOM MAaIlIMHOWN» 3aluChIBAETCS, Ha-
[puMep, Tax:

dx (BJIALEET (AHTOH, x) = MAIIMHA (x) # KPACHHM (x))

[IpencraBneHue 3HaHUM B paMKax JIOTMKW MPEIUKATOB CIYKUT OCHOBOU
HanpasieHuss MM, Ha3pIBaEMOro JOTMYECKHM ITPOrpaMMHUpPOBAHUEM. MeTonbl
JIOTUYECKOIr'0 MPOrpaMMHUPOBAHMUs B HACTOSIIEE BPEMs IIUPOKO HCIIOJIB3YIOTCS
Ha npaktuke npu co3ganun UUC B psie npeaMerHoix obnactei. [lomoxurens-
HBIMU YE€PTAMU JIOTUYECKUX MOJIEJIEN 3HAHUN B LIEJIOM SBJISIFOTCS

* BBICOKUM YpOBEHb (hopMaH3aluu, 0O0ECIEUUBAIONIUA BO3MOMXXHOCTD
peanu3aiu cucTeMbl (POPMaIbHO TOYHBIX ONIPEICIICHUI U BHIBOIOB,;

* COIJIaCOBAaHHOCTh 3HAHUW KaK €JIMHOTrO IEJIOro, obJierdaromnias perie-
Hue npobiem Bepudukanuu b3, olleHKM HE3aBUCHUMOCTH U TIOJHOTHI CHCTEMBI
AKCHUOM M T.I.;

* eJUHBbIE CPEACTBA ONMMCAHUS KaK 3HAHUI O MPEeIMETHONU 00J1aCTH, TaK U
crioco0OB pelIeHus 3a/1ad B 3TOU MPeAMETHON 00JIaCTH, YTO TO3BOJISAET JTIO0YIO
3a/1a4y CBECTU K MOWCKY JIOTMYECKOTO BBIBOJIa HEKOTOPOU (POpMYJIIbI B TOM WIIH
naou OC.

Onnako Takoe equHOo0Opas3ue BiIeUeT 3a cO00M OCHOBHOM HEIOCTATOK MO-
JEN — CII0KHOCTB MCIIOJIB30BAaHUSA B IIPOLECCE JIOTMYECKOTO BBIBOJIA IBPUCTHK,
OoTpakarIux crenuduky npeaMerHon odnactu. K apyruMm HegocTaTkam JIOTH-
YECKOM MOJEIN OTHOCHT:

®* «MOHOTOHHOCTBY;

* «KOMOWHATOPHBIN B3PHIBY;

* ¢c1a00CTh CTPYKTYPUPOBAHHOCTH OMUCAHUM.

IIpoaykunoHHBbIEC MOJEJIH NPEICTABJICHUSA 3HAHUM
[IponykunoHHas MOAENb WIM MOJIENIb, OCHOBAHHAs HA MpaBUjax, IMO3BO-

JSET TPEJCTaBUTh 3HAHUS B BHJIC TNMPCMIOKCHUN THMA «eciau (YCIOBHE), TO
(meuicTBue)».

[Ton «ycioBuem» (aHTEUEAECHTOM) MOHMMAETCS HEKOTOPOE MPEIoKe-
HHUE-00pasell, Mo KOTOPOMY OCYIIECTBIISIETCS MMOMCK B 0a3e 3HAHWM, a MO «IeH-
CTBUEM» (KOHCEKBEHTOM) — JICHCTBHSI, BBITIOITHAEMBIC MPHU YCICIIHOM HCXOJIC
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MOoUCKa (OHU MOT'YT OBITh MPOMEKYTOUHBIMH, BBICTYMAIOIIUMHU J1aliee KaK ycllo-
BUS, U TEPMUHAIBHBIMU UJTU 1IEJIEBBIMHU, 3aBEPILAIOIIUMH PAOOTY CUCTEMBI).

[IponykuroHHas MOJIENb B YUCTOM BUJIE HE UMEET MEXaHU3Ma BbIXOJa U3
TYNHUKOBBIX COCTOSIHUU B mpolecce noucka. OHa mpoaokaeT paboTaTh, Moka
He OyIyT hcueprnaHbl BCe JOMYCTUMBbIE MpoayKuuu. [IpakTuueckue peanuzanuu
MPOIYKIMOHHBIX CUCTEM COJEp’KaT MEXaHW3Mbl BO3BpaTa B IMpeablayllee COo-
CTOSIHME ISl YTIPABJIECHUS aJTOPUTMOM TOUCKA.

PaccMoTpuM npuMep UCIoNIb30BaHUS MTPOTYKIMOHHBIX MTPaBUII.
I11: Ecnu «omowix — 1emom» U «4eno8ex — AKMUGHbIILY, MO «exXamb 8 20pbly.
112: Ecnu «mobum connyey, mo « 0mobvix 1emomy.

[IpennonoxxuM, B CUCTEMY MOCTYNUIIU JIaHHBIE: «YEJIOBEK aKTUBHBIN» U
«JTIOOUT COJTHLIEY.

IIpsamoti 6b1600: NUCXOJI U3 TAHHBIX, MOJIYYUTh OTBET.

1-i mpoxon
Ilar 1. [IpoGyewm I11; He paGoTaer (He XBaTaeT NAHHBIX «OTABIX — JIETOM).
Hlar 2. [IpoOyewm I12; paGoTaet, B 0a3y noctymnaer HakT «OTABIX — JIETOM.

2-i1 Ipoxon
Hlar 3. IIpo6yem I11; paboraer, akTUBUpPYETCA LIETb «€XaTh B TOPBI», KOTOpas
Y BBICTYNAET KaK COBET, KOTOpbIi maeT IC.

Obpamubiil 6b1600. TIOJTBEPIUTH BHIOPAHHYIO 1€JIb MIPU TTOMOIIN UMEIO-
HIUXCS MPABUII U JaHHBIX.

1-i mpoxon
lar 1. [ens — «exatb B ropei»: npodyem I11 — 1aHHBIX «OTABIX — JIETOM) HET,
OHM CTAHOBSTCSI HOBOM 1IEJIbIO, U UILETCS MPABUIIO, TJ€ OHA B MPABOM YaCTH.
Hlar 2. [enap «oTAbIX — JieToM»: npaBuio [12 noareBepkaaer ey U akTUBUPY-
€T ee.

2-i1 Ipoxo.
Hlar 3. [IpoGyem I11; moaTBepkaaeTcs uCkoMas 1eb.

OcHOBHBIE MPEUMYILIECTBA MPOAYKIIMOHHBIX CUCTEM:

* TPOCTOTA U TUOKOCTH BBIJICTICHUS 3HAHUI;

* OTJeJeHHe 3HAaHUN OT MPOrpaMMBbl IOUCKA;

* MOJYJBHOCTb NPOAYKUMOHHBIX NpaBui (IIpaBUJIa HE MOTYT «BbI3bI-
BaTh)» JAPYyTue MpaBuia);

* BO3MOXXHOCTb 3BPUCTUYECKOTO YIPABICHHUS MTOUCKOM;

* BO3MOXXHOCTb TPACCUPOBKH «IIETIOYKU PACCYKICHUN»;
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* HE3aBHCHMOCTbH OT BHIOOpA SI3bIKA TPOrPAMMUPOBAHMS;

* TPOAYKIMOHHBIEC MpaBUiIa SBISIOTCS MPaBAONOAOOHON MOJENBIO pe-
LIEHUA 33241 YEJIIOBEKOM.

Nmeercss 60abLIOE YUCIO MPOrPAMMHBIX CPEICTB, PEATU3YIOLUIUX IPO-
OYKIIMOHHBIA MOAXO0J (HampuMmep, si3biku Bbicokoro ypoBHs CLIPS u OPS 5;
«o6omoukn» unn «nycreiey IC — EXSYS Professional u Kappa, uncrpymen-
taneHbie — KEE, ARTS, PIES , a taxke npombinieHHbIX 9C Ha €ro OCHOBE).

CeMaHTHUYECKHE CeTH
Cemanmuueckasi cems — 3TO OPUEHTUPOBAHHBIN Tpad, BEPUIUHBI KOTOPO-

ro — MOHSATHS, & YT — OTHOIICHUSI MEXIYy HUMU. TepMUH «cemanmuueckasi»
O3HAYAeT «CMBICIOBAs», a CaMa CEMaHTUKa — 3TO HayKa, YCTaHABIMBAIOIIAs OT-
HOIIICHUSI MEXy CHMBOJIAMU U 00BEKTaMH, KOTOpPbIe OHU 0003HAYAIOT, TO €CTh
HayKa, ONpeeNsaionas CMbICT 3HaKoB. MoJieslb Ha OCHOBE CEMaHTHYECKUX Ce-
Tel ObUTa MpeaioKeHa aMepUKaHCKUM Ticuxosiorom Kyuiinanom.

B kadecTBe MOHATHI OOBIYHO BBICTYIAIOT aOCTPAKTHBIC WM KOHKPETHBIC
OOBEKTHI, a omHouieHuss — 3To cBs3u tuna: «31o» (AKO — A-Kind-Of, is win
«BJIEMEHT KJ1accay), «uMeeT yacTbio» (has part), «ipUHaANEKUTY, «TIOOUT» U T.1I.

MoOXHO MPEIOKUTh HECKOJIBKO KIacCU(UKAIMN CEMaHTUYECKUX CETEeH,
CBSI3aHHBIX C TUIIAMHU OTHOIICHUN MEXTY TOHATHAMHU.

[To KOMMYECTBY TUITOB OTHOLLICHUN:

* OJIHOPOIHBIC (C SAMHCTBEHHBIM THIIOM OTHOIIICHUN);

* HEOJHOPOJHBIE (C pa3TMYHBIMHU TUIIAMU OTHOIIICHUN).

ITo Tumam OTHOLIEHWUI:

* OuHapHbIC (B KOTOPHIX OTHOIIICHUS CBS3bIBAIOT JABa 00HEKTA);

* N-apHbie (B KOTOPBIX €CTh CHEIMAIbHbIE OTHOIIEHUS, CBS3bIBAIOIINE
OoJee ABYX MOHSTHI).

Hau6onee yacto B CEMaHTUYECKHUX CETSIX UCIOJIb3YIOTCS CIEAYIOIIHUe OT-
HOIIICHHS:

* HJIEMEHT KJiacca (po3a — 5mo 1BETOK);

* aTpuOyTHBHBIE CBSI3M /MMETh CBOMCTBO (MaMSTh umeem C80UCMEo —
00BeM);

* 3HaueHue CBOWCTBA (LIBET uMeem 3HaueHue JKEIThIN);

* mpuMep IeMeHTa Kiacca (po3a, Hanpumep, YaitHas);

* CBSI3M THUIA «4acmb-yenoey (BEIOCUTIE]] 8Ka0Uaem Pyib);
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* (yHKIIMOHATBHBIE CBSI3M (OIpeessieMble 00BIYHO TIarojlaMHu «IPOU3-
BOJIUTY, «BJIMSIET» U JIP.);

* KOJUYECTBEHHBIC (OonblLe, MeHbULe, PABHO U TIP.);

* TPOCTPAHCTBEHHBIC (OaieKo om, O1U3KO 0m, 3d, N0, HAO U IP.);

* BpEMEHHBIC (paHblle, no3dice, 8 meueHue u ap.);

* JIOTUYECKHE CBS3U (U, U, He) U JIp.

MuHHUMAIIBHBINA COCTAB OTHOLIEHU B CEMAaHTUYECKOU CETU TAKOB:

e »sjeMeHT kinacca min AKO;

* aTpuOYTUBHBIE CBA3U /UMETh CBOMCTBO;

* 3HAYCHHE CBOMCTBA.

HenoctaTtkom 3Tol Mozenu SBISETCS CIIOKHOCTh OpraHU3aIliU MPOIEeaY-
PBI BBIBOJIA.

[Ipumep cemaHnTHueckoW cetu il mpeyioxkenus tuma «llocTaBmuk
OCYILIECTBHWJI IOCTABKY U3AeNui 11l kireHTa 10 1 utons 2010 roga B kosn4decT-
Be 10 000 mTyk» mpeacTaBieH Ha puc. 7.

3HA4YCHUC

—’ 10 1.06.10 T
ITIOCTABIIIUK
al"eHT\A

IIOCTaBKa

KOJINMYECTBO
eMHHULIA
U3MepeHus

—>—>
00BEKT

(mt.)
@ 3HAYCHHUE

Puc. 7. llpuMep ceMaAaHTHUYECKOH ceTH

cyOBeKT

DpeitMbl

@petim — 3T0 MUHUMAJIBHO BO3MOXKHOE OMHUCAaHUE CYITHOCTH KaKOTro-I100
COOBITHS, CUTYyaIlNH, Mpoliecca Ui 00beKTa. B ucTopuiyeckoM IiaHe pa3BuTue
¢bpeitmMoBoif Mozienu CBsi3aHO ¢ Teopueil (peliMoB M. MuHCKoro, onpenensto-
el crnocod Gopmanu3anuy 3HAHUH, UCIOJB3YEMBIN NP PEIICHUU 3a1ad pac-
Mo3HaBaHUs 00pa3oB (CLEH) U MOHUMaHUs peud. «OTIPaBHBIM MOMEHTOM LIS
JAHHOW TEOPHUU CIYXKHUT TOT (PaKT, YTO YEJIOBEK, MbITASACh MMO3HATH HOBYIO IS
ce0s CUTYyalUIO WK MO-HOBOMY B3TJISIHYTh Ha YK€ MPUBBIYHBIC BEIU, BHIOUpa-

€T U3 CBOEH MaMsTH HEKOTOPYIO CTPYKTYpPY JaHHBIX (00pa3), Ha3bIBAEMYIO0 HAMU
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bpeitMoM, C TaKUM pacyeToM, YTOObI IyTeM U3MEHEHHs B HEW OT/CNIbHBIX JIeTa-
Jel cAenath ee MPUTOJHOM JJig MOHMMaHMs 00Jee MIMPOKOro Kilacca SIBICHUIM
WK mpoueccoBy. [pyrumu cioBamu, ¢ppeitm — 310 popma onucaHus 3HAHUMH,
ouepuMBaloUas paMKH paccMaTpUBAEMOro (B TEKYIIEH CUTyallMu MPHU PEIICHUU
JTaHHOM 3a/1aun) (pparMeHTa NpeIMeTHOM 00IacTH.

Mopnenbs ¢peiima gBisieTcsl JOCTATOYHO YHUBEPCAIbHOW, MOCKOJBKY MO-
3BOJISIET OTOOPA3UTh BCE MHOI000pa3ue 3HaHUN 0 MUPE Yepes:

*  (pelMBI-CTPYKTYpPHI, I 0003HAUEHUsI OOBEKTOB M TOHATUN (3aeM,
3aJI0T, BEKCEJIb);

* (¢peitmbI-ponu (MEHeIKep, KaCCUp, KIUEHT);

* (pelimbi-cliecHapun (0aHKPOTCTBO, COOpaHME AKIMOHEPOB, IMPa3JIHO-
BaHHE UMEHUH);

* (peliMmbI-cuTyauu (TpeBora, aBapus, padouuii pe’KuM yCTpOICTBa) U Ip.

Paznuuaror  ¢hpetimbi-obpazysvi, wAM  npomomunsi, W ppelimol-
9K3eMNIAPbL, KOTOPbIE CO3JAI0TCSA Il OTOOpaKeHHUsl peanbHbIX (HaKTHUYECKUX
CUTYallUil Ha OCHOBE MOCTYNAIOIIMX JAHHbBIX.

@peiim nMeeT UMl (Ha3BaHUE) U COCTOUT U3 CIOMO8.

TpaguumonHo cTpykTypa peiima MoxKeT ObITh IIPe/ICTaBlIeHa KaK CIIUCOK

CBOMCTB:
(UMS ®PEUMA:
(umsa 1-20 cnoma: 3navenue I-eo cioma),
(umsa 2-20 cnoma: 3navenue 2-20 cioma),

(umsa N-eo cnoma: 3uauenue N-eo cioma)).
Ty ke 3anuch MOKHO IPEACTaBUTH B BHUjaE TaOmuubl (cM. Tabn. 1), mo-
MTOJTHUB €€ IBYMsI CTOJIOIIaMH.

Tabauya 1. Cmpyxmypa gpeiima

HNmsa ppeiima

Cnoco6 nosyyeHus IIpucoennnennas
3HAYEHHUSs npoueaypa

Hmsa caora 3HauyeHHe CJI0TA

B Tabnune nomomHuTEnbHbIE CTONOIBI (3-11 U 4-11) npeaHa3HAYCHBI IS
OMMCAHMS CIIOCO0A MOTYUYEHUS CIIOTOM €ro 3HAYEHHsI U BO3MOKHOTO MPUCOEIH-

HCHHUA K TOMY HJIIM MHOMY CJIOTY CIICHUAJIBHBIX HPOHCAYP, YTO HOIIYCKACTCA B
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Teopun (pperiMoB. B kauecTBe 3HaUCHUS CI0TAa MOXKET BBICTYIATh UMS JPYroro
(dpeiiMa — Tak 00pasyroTcs ceTu PpermMoB.

[ITupoko HM3BeCTHHI Takue (PEHMO-OPUCHTUPOBAHHBIC AKCIICPTHBIC CHC-
teMbl, kak ANALYST, MOJIMC.

Tecm no meme «llpedcmaesneHue 3HaHUU»

1. Yro monuMaeTcsi mMoJ MpeacTaBjIeHueM 3HAHMI?
a) KoaupoBaHWE UH(POPMAITUU HA KAKOM-THOO0 (OPMATIBLHOM SI3BIKE
b) 3HaHWs, MpeaCTaBICHHBIC B MporpaMMe Ha si3bike C++
C) 3HAHWSA, IPEJICTABIICHHBIC B yUeOHUKAX IO MAaTEMaTHKE
d) MoaennpoBaHue 3HAHUM CIEIMATIUCTOB-IKCIIEPTOB
2. Kakue onpenesieHusi, mpeacTaABJIeHHbIE HUKE, He SIBJSIOTCS MOAEJISIMH
NpeacTaBJIeHUs 3HAHUM?
a) TMPOAYKIIMOHHBIE MOJICIIN
b) dpeiimbl
C) WMHTAIMOHHBIC MOJICIIN
d) cemaHTHUYECKHE CETH
e) dhopMaIbHO-JIOTHYECKUE MOJICIIN
3. YUto npeacrasjsieT c000il cCEeMAHTHYECKAS CeTh?
a) ceTeBOi rpaduK, BEPIIMHBI KOTOPOTO — CPOKH BBIITOJTHCHHUS pabOT
b) HelipoHHas ceTb, COCTOAIIAS U3 HEHPOHOB
C) OPUCHTHPOBAaHHBIN rpad), BEPIINHBI KOTOPOTO — MOHATHS, a IYTH —
OTHOIIICHUS MEXITY HUMHU
4. Kakoii M3 OCHOBHBLIX THIIOB OTHOLIEHHIl CEeMAHTHUYECKOW CeTH, Mpel-
CTaBJIEHHBIX HUKE, MOKeT ObITh Ha3BaH Kak AKO (A - Kind - Of)?
a) 9To
b) sneMeHT Kiacca
C) UMEET YacThIO
d) nmpuHamIeKUT
€) (QpyHKIHOHAJbHAS CBA3b
5. UeM O0TIMYAKOTCH CEMaHTHYECKHE CeTH U (ppeitMbI?
a) SJIEMEHT MOJCIIM COCTOMT M3 MHOXKECTBA HE3aIlOJIHCHHBIX 3HAYe-
HUH HEKOTOPBIX aTPUOYTOB, UMEHYEMBIX «CIIOTaMM)
b) maciaemoBanue mo AKO-cBsI3sM
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C) 3JIEMEHT MOJENH — CTPYKTYpa, UCIONb3YIOMasics A1 0003HAYEHUS
00BEKTOB U TTOHSATUM
6. Uto 00benuHsieT ceMaHTHYECKHE ceTH U ppeiiMbl?
a) OpraHM3anus Mpoleaypbl BEIBOIA
b) HacieaoBaHHE CBOMCTB
C) MHO’KECTBA HE3alOJHEHHBIX 3HAUEHUI HEKOTOPBIX aTpUOYTOB,
MMEHYEMBIX CI0TaMH
d) cTpyKTyphl, UCnONb3yIOMKECs 1 0003HaYeHUsI OOBEKTOB U MO-
HATHMN
7. Kakue u3 BbIpaKeHUil, NPeICTABJICHHbIX HHKE, AIBJAKTCHA CTPYKTYPHOM
yacTbio ppeiima?
a) 3HadyeHue N-ro cjora
b) mabmon
C) MPUMUTUBHBIE TUIIBI JAHHBIX
8. Ha xakom ¢opmaiu3Me He OCHOBAHBI JIOTHYECKHE MOJeTH?
a) MCYMCIICHHE BBHICKA3bIBAaHUM
b) mpomno3urmoHaabHas JIOTHKa
C) CHJUIOTU3MbI APHUCTOTENS
d) mpaBUIBLHO MOCTPOECHHBIE (HOPMYJIBI

e) HeueTkue cuctemnl (fuzzy set)

Jlumepamypa no meme «llpedcmaesieHue 3HaHUU»

1. ['aBpunoBa, T. A. ba3bl 3Hanuil unTeIeKTyanbHbix cucreM / T. A. I'aB-
punosa, B. @. Xopomesckuii. — CII6. : ITutep, 2001. — 384 c.

2. Metoasl u Mmoaenu ananu3a gqanHbix: OLAP u Data Mining / A. A. bap-
cersiH u ap. — CII6. : BXB-Iletepoypr, 2004. — 336 c.

3. Paccen, C. UckyccTBeHHBI MHTEIUIEKT: coBpeMeHHbI nonxoa / C. Pac-
cen, I1. Hopsur. — 2-e u3a. — M. : Bunbsimc, 2006. — 1408 c.
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§2. HenpoHHble ceTn

Tak Kak OCHOBHas 3ajJlaya KICKYCCTBEHHOTO MHTEJJIEKTa — MOJEIMPOBAHUE
paccyXJIeHul, a IPUPOTHOE KYCTPOMCTBO, CIOCOOHOE TyMaTh» — 3TO MO3T, TO
OUYEBHUHOM 3a/1aueii ABJISETCS CO3aHUEe «UCKYCCTBEHHOI'O MO3ray «I10 00pa3y u
noaoOuI0» YesnoBedeckoro. MccienoBanueM 3TOTO BOMpOCa CTAIM 3aHUMAThCS
B paMKax HalpaBJeHUs UCKYCCTBEHHOTO MHTEIJIEKTa «HEUPOKHUOEPHETUKAY.

YcerpoiicTBa Mo3ra M3y4aroT Takhe€ HAyKH, KaK TCUXOJOTHs, Helpodu-
3MOJIOTHSI, HEUPOOHOIOTH, 00JIaIatoIIe JOCTATOYHBIM 00beMoM 3HaHuM. Oc-
HOBHOM njeeil HelpOKHOEPHETUKH CTAJIO BOCCO3JJaHUE «B HKeEJe3e» KICTKU MO3-
ra — HEMpoHa.

Heliponsl — crnenuann3upoBaHHbIC KJIETKU, CIIOCOOHBIE MPUHUMATh, 00-
pabaTeIBaTh, KOJUPOBATh, NEpeaBaTh U XpaHUTh WH(OpPMAINIO, OPraHU30BHI-
BaTh PEAKIMU Ha pa3pa>kKeHUs, yCTAaHABIMBATh KOHTAKTHI C IPYTUMMU HEWpPOHa-
MU, KJIETKaMH OpPraHOB. YHUKaJIbHOW OCOOCHHOCTBIO HEHWpOHA SIBISETCS CIO-
COOHOCTh TEHEPHUPOBATH AEKTPUUECKUE Pa3psIIbl U TIepeaaBaTh HHGOPMAIIHIO C
MOMOIIBIO CIENUATIU3UPOBAHHBIX OKOHYAHUN — CHHATICOB.

Yucno HeWpoOHOB MO3ra 4eJIoBeKa MPUOINKAETCS K 10", Ha OJTHOM HeEl-
poHe moxeT ObITh A0 10 000 cunarncoB. Eciiv TOJNBKO 3THU 3JIEMEHTHI CUUTATh
sUYeKaMU XpaHeHUs] WH(OpMaIMK, TO MOXKHO MPUUTH K BBIBOAY, UTO HEPBHAs
CHUCTEMa MOXKET XPaHUTh 10" en. nH(popMaIuu, To €CTh CIIOCOOHAa BMECTHTh
MPAKTUUYECKU BCE 3HAHUSI, HAKOTUJICHHBIE YEJIOBEUECTBOM.

Ha puc. 8 npuBeneHa cxema CTpOCHUSI «TUITUYHOTO» HEMpOHa.

Tro xremru
)l
Arcor
Lunanc / E

=

Puc. 8. O6mas cxema cTpoeHusi O0MOJIOrHYECKOr0 HelipoHa
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Teno KIEeTKU CONEPKUT MHOMKECTBO BETBAILIUXCS OTPOCTKOB JABYX THUIIOB.
OTpoCTKM MEPBOTO THUIA, HA3BIBAEMBIE JEHIPUTAMH 332 UX CXOJACTBO C KPOHOU
PaCKUAMCTOrO JIEpEBa, CIYKAT B KAUECTBE BXOJHBIX KAHAJIOB JJI1 HEPBHBIX UM-
IIyJIbCOB OT JIPYTHMX HEHPOHOB. DTU UMIYJIbCHI MOCTYIMAKOT B COMY, WJIH TENO,
KJIeTkH pazmepoM oT 3 10 100 MUKpPOH, BbI3bIBAs ee crenupuyeckoe Bo30yxie-
HUE, KOTOpPOE 3aTeM paCHpPOCTPAHSAETCS IO BBIBOIHOMY OTPOCTKY BTOPOIO
TUIA — aKCOHY. JlJInHAa aKCOHOB OOBIYHO 3aMETHO MPEBOCXOIUT pa3Mephl JICH/I-
PUTOB, B OTAEJIBHBIX CIIy4YasiX TOCTUTas IE€CATKOB CAHTUMETPOB U J1aK€ METPOB.
Helipon MOXeT HaXOIUTHCS B IBYX COCTOSTHUSIX: BO30YXKIECHHOM WJIM HEBO30Y-
KIECHHOM.

1943 rox cranm rogoM poKIEHHUS TEOPUU MCKYCCTBEHHBIX HEMPOHHBIX Ce-
teir. [Ix. Makkanok u Y. [lurt npennmoxmwim monaenb (GopManbHOro HEHpoHa
(puc. 9) 1 onucanu OCHOBHBIEC MPUHIUIIBI TOCTPOCHUSI HEUPOHHBIX CETEH.

Y=F(S-Q)

BBIXOHOM
CHTHAJI

BXOIHBIC CUTHAJIBI

H

CYMMHUPOBAHUC

Puc. 9. Moaeanb ¢opMaibHOrO HelipoHa

CuHarcbl HeipoHa — MeCTa KOHTaKTOB HEPBHBIX BOJIOKOH — COTJIACHO 3TOM
MOJIENH, MEPENAIOT CUTHAJIBI, ONPENEssl CHIIy BO3AEUCTBUS CUTHaJIa C 3TOTO
BXOJla Ha BBIXOJHOM CHUTHaJ], MOCTYMAIOMIMA Ha akcoH. J[Ji1 3TOro Kaxxaomy
BXOJly CTaBUTCSl B COOTBETCTBHUE BECOBON KOd(PULMEHT Wi. JeHIpUThl MOJy-
YaroT BXOJHOW CHUTHAJ, MPEJICTABICHHBIN BEKTOPOM X;. 3aTeM HeilpoH oOpaba-
THIBAET MOCTYNUBIINM CUTHAN, MPOU3BO/IS B3BEIIECHHOE CYMMHPOBAaHUE U HEJU-
HellHOoe mMpeoOpa3oBaHUe, MCMOIB3YS ISl 3TOr0 aKTUBAIMOHHYIO (PYHKIUIO
(pyHKIIMU aKTUBAIlUU MOTYT OBITH Pa3HBIMHU, HanbOojee paclpoCTPaHEHHBIE —
JUHENHas, MOporoBas M CHUIMOWa), apryMEHTOM KOTOpOM OylneT pe3ynbTaT
CYMMHUPOBAaHHS MHUHYC IOPOrOBOE€ 3HAa4Y€HHE. DTO 3HAUEHHME ONPEIENIeT ypo-
BEHb CHUTHAJA, Ha KOTOPbIN HEHPOH OylleT pearupoBaTh.
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['maBHBIMU CBOWCTBAMHM OMOJIOTMYECKOT0 HEHPOHA SIBISIIOTCS €0 CIoco0-
HOCTh K 00YUY€HHIO, YHUBEPCAIBbHOCTh, CHOCOOHOCTh pelllaTh pa3IuvHbIe 3a/a-
yy. OnucaHHas BbIlIE MOJEIb HE crnocoOHa K 3tomy. OOydaemoll oHa cTana
mutib B 1949 rony 6narogaps JI. Xe66y (D. Hebb), koropsrii, onupasice Ha ¢u-
3MOJIOTUYECKUE U TICUXOJIOTMYECKUE HCCIIEOBAHUS, BBIABUHYJ TUIIOTE3Y 00
oOydaemocTu Ouosiorunueckux HeipoHoB. Ero meton 00y4yeHus ctan oTinpaBHOM
TOYKOM JIJIsl aATOPUTMOB 00YUYEHUSI HEHPOHHBIX CeTel 0e3 yUuTels.

B 1957 rony B MUPOBOM Hay4YHOM MHUpPE MPOU3OIIIO BTOPOE MO 3HAUYUMO-
CTH B UCTOPUM HEUPOHHBIX ceTeil coObIThe: amepukaHckuil pusuonor @. Po-
3eHONaTT pa3paboTan MOJENb 3pUTEIBLHOTO BOCHPUATHS M PACIO3HABAHUS —
nepcenTpoH (perceptron), a 3aTeM W TOCTPOMJI MEPBBIA HEHPOKOMIIBIOTEP
«Mapk-1».

Heliponnblie ceTu ObLIN NPOCTHI, MOHATHBI U MHOrooOemaonm. CioxxHbIe
MIPOLIECCHI MBIIJIEHUS, Ka3aJI0Ch, ObUIM T'OTOBBI PACKPBITHCS MEPE] YEIOBEKOM,
JUISL X OMHUCaHUs TPeOOBANIKCH JUIIb AJIEMEHTApHbIE MAaTeMaTHYeCKUe ornepa-
[UU: CIOXKEHUE, YMHOXKEeHUE U JuHerHas Gynkuus. Ha nmepcentpoH, a 3aTem u
MHOTOCJIOWHBIN NEPCENTPOH BO3NAraJIuCh OOIbIINE HAIEKIAbI, TOITOMY OYpHBIii
HHTY3HMa3M, C KOTOPbIM OH ObUI MPUHAT, JOCTATOYHO OBICTPO CMEHWJICS JKECTKOM
KPUTUKOM.

B 1969 rony Bemuia B cBer kHura «llepcentponsr» M. MuHckoro u
C. ITanepta, KOTOpasi 03HaMEHOBaJIa OKOHYAaHHUE NIEPBOTO 3Tara B UCTOPUU HEM-
POHHBIX ceTed. B 3Tol KHHUTe ObUI IPOBEACH aHAIN3 BO3MOXKHOCTEH OJIHOCTION-
HBIX HEUPOHHBIX CETEN U UX OIPAHUYCHUM.

Orpanuyenusi, oOHapyXeHHble MHUHCKUM, ObUIM XapaKTE€pHBI OJTHOCIOMN-
HbIM HEUPOHHBIM CETSAM, HO HE MHOTOCJIOWHBIM HEHPOHHBIM CETSIM, KOTOPBIM
ObLIa MpuUcyIa apyras mpodjaeMa — ux o0ydeHue.

[Ipennoxennsiii B 1986 roay /I. Pymenpxapaom u ApyruMu y4eHbIMH all-
TOPUTM OOpPATHOTO PaCIpPOCTPAaHEHHUs OMKOKHU CTald OJHUM U3 BEIYIIUX (PakKTo-
POB, MOPOJIUBIINX COBPEMEHHBIN HelpoceTeBOl OyM, Tak Kak sBIsIcs 3 dek-
TUBHBIM CIOCOOOM OO0y4YeHUsT HEMPOHHOM CEeTH AOCTaTOYHO MPOU3BOJIBHOMN
CTPYKTYpHI.

HelipoHHBIE CETH MOT'YT PEaIN30BbIBAThCA KaK IPOrpaMMHO, TaK M amma-
patHo. IlocTenenHo HanpaBiieHHe HEHPOKUOEPHETUKH MTPeoOpa30oBajoCch B HEM-
POKOMIBIOTUHT — ILIECTOE MOKOJICHHE KOMIIBIOTEPOB, Oasupyrolieecss Ha Heu-
POHHBIX CETSIX, UMEIOIIEE CBOM JOCTOMHCTBA M HEAOCTATKU. CpaBHUTEIIBHBIN
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aHanu3 MamuHbel poH HeliMana, ujen KOTOpOW BOILIOIICHBI B MEPBLIX 4 MOKO-
JIEHUAX, U OMOJOTUYECKON HEHUPOHHOW CHUCTEMBI, SIBIISIONIEHCS MPooOpa3oM

HEHPOKOMIIBIOTEPA, IPECTABIEH B Tabauue 2.

Tabauya 2. Cpasnenue mawunwvl ¢oon Hevimana
¢ buonocuieckoll HetipOHHOU CUCMEMOT

. Buogornuyeckass HeHpoHHASA
Mamuna ¢pon Heitmana P

cucremMa

[Tpomeccop CnoxHbIN [IpocToii

BrIcokockopoCcTHOM HuskockopocTHOM

OnaMH UM HECKOJIBKO Bospmoe xosnmuecTBo
[TamsTh Otnenena ot mpoieccopa HNuTerpupoBana B mpoueccop

Jloxanu3oBana Pacnpenenennas

AJlpecaniyisi HE 10 COAEP)KAHUIO AJnipecanys 1o coJepKaHuko
Brruncnenus LlenTpanin3oBaHHbIE Pacnipenenennnie

[TocnenoBarenbHbIE [TapannensHbie

XpaHuMbl€ IPOTPaMMBI CamooOyuenue
HanexnocTs BeIcokas ysa3BUMOCTB KupyuecTts
Criennanuzanus YucneHHsle ¥ cUMBOJIbHBIE oniepauuu | [IpoOnemsl BocnpusaTus
Cpena ¢pynkuuonu- | Ctporo omnpeneneHHas [1noxo onpenenenHas
POBAHIS CTporo orpaHuYeHHAast Be3 orpanuyenmuii

Knaccudgumkaumsa nckyccTBeHHbIX HEMPOHHbIX CeTeN

IIo mononozuu (puc. 10, 11):

* TIOJHOCBSI3HBIC (Ka)KIBIH HEHPOH CBS3aH CO BCEMH OCTaJbHBIMH HEH-
pOHaAMU, B TOM YHUCJIE U caM ¢ co00ii);

* MHOTrOCJIONHBIC (HEHPOHBI PACTIONIATatOTCs CIOSIMH, M KaXK Il HEHPOH

MOCJICAYIOMICTO CJIOA CBA3daH CO BCCMU HGﬁpOHaMH TCKYILICTO CJ'IOSI).

¥

Puc. 10. IloaHocBsI3HAS HellPOHHAs CeTh Puc. 11. Cioncras HeHpOHHAA CeTh
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Ilo opzanuzayuu odyuenua:

* C yuurteneM (HEHpPOHHYIO CeTh 00y4aloT, M0JlaBasl Ha BXOJ 3HAUYCHUS
oOyuaroniei BBIOOPKHU U MpeoCcTaBiIsis TpeOyeMble BHIXOIHbIE 3HAYEHUS );

* 0e3 yuutens (Ha BXOAbl HEUPOHHOW CETH MOAAIOT MHOYKECTBO OOBEK-
TOB, U1 HEPOHHAs CETh caMa JIEJIUT UX Ha KJIacTephbl WM KJIacChl).
Ilo munam cmpykmyp (puc. 12):

* HEHpOHBI C OJHUM TUIOM (YHKIMH aKTUBALUU (BCE HEHPOHBI CETH
UMEIOT OAHY (PyHKIMIO akTUBaIMu f(X), HanpuMep JTMHEHHYIO);

* HEHpPOHBI C HECKOIBKUMHU TUNIAaMU (QYHKLIMM aKTUBAIUU (HEUPOHBI ce-
TH UMEIOT pa3iuyHble (PYHKIIMU aKTUBALIMH ).

AT Afx) A
e _
e ’ Fe)=1/(1+e™)
. T E
! Auneiings gyurunn g Hopozeaas dynrnus " Cuzvondausnaa §yuxiyus

Puc. 12. AkTuBanuoHHbIe PyHKINHU

Ilo muny ceaseii:

* QpsSMOro pacrpoctpaHeHusi (6e3 oOpaTHBIX CBsI3eld MEXIy HelpoHa-
MU; K TAaKUM CETSIM OTHOCATCS OJHOCJIOMHBII M MHOTOCJIOWHBIN MEPCEeNnTPOHBI,
CEeTh paJuaIbHbIX Oa3UCHBIX DYHKIHIN);

* peKyppeHTHbIE (C 00paTHOM CBA3BIO, OT BHIXOJOB HEHPOHOB K BXO/IaM;
K TaKHM CETSIM OTHOCSTCS COPEBHOBATENIbHBIE CETU U CETh XOompuiaa).
Ilo muny cucnana:

* OuHapHbIEe (Ha BXOJbI OJIAIOTCS TOJIBKO HYJIM U €IUHULIBI);

* aHaJoroBble (HAa BXOJbl HEMPOHOB MOJAIOTCS 3HAUEHUS HEMPEPHIBHBIX
byHKUUR).

OAHoCNOMHbIE UCKYCCTBEHHbIE HEMPOHHbIE CeTH

OnuH HEeWpOH CrOCOOEH BHIMOIHATH MPOCTEHIITNE MPOIIEAYPHI pacio3Ha-

BaHUs, HO TOJIBKO COCAMHCHHUEC HCCKOJIBKNX HeﬁpOHOB CIIOCOOHO PCUINTD IIpAK-
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TUYECKU Moye3HyIo 3aaady. Ilpocteimas cets (puc. 13) cOCTOUT U3 TpyIHIIbI
HEUPOHOB, 0OPA3YIOIINX CIIOH.

X Y,
X2 Y,
Xn Y,

Puc. 13. Ognocioiinast HeHPOHHAsA ceTh

O0y4eHnue 1o geJbTa-NMPaBUITY

JlenbTa-npaBuio sBIsETCS OO0OOIIEHHEM allrOpuTMa OOydeHHUs Mepcen-
TpoHa. JlenbTa-npaBuiio padoTaeT TOIbKO C HEMPEPBIBHBIMU, TU(depeHImpye-
MbIMU (QYHKIHUSIMU B pekuMe oOydeHust ¢ yuurtesneM (supervised learning).
Ommobka, BeluKcasieMas B Ipoliecce OOy4eHHUs! CEeTH, — 3TO (PYHKIIHUS, XapakTe-
pu3ylolas Ka4yecTBO 0Oy4eHHUs! JaHHOM ceTH, MOATOMY Mpolecc 00ydyeHus Heu-
POHHOM CETU MOXKHO MPEACTaBUTh KaK MPOIECC MUHUMM3AUU (PYHKIIMH OMINO-
k. Hanpaprnenue nu3meHeHus 3HaYeHUs! QYHKIIMM MOXKHO YCTAHOBUTH, BBIYHC-
JUB TPOU3BOJHYIO Mg (DYHKIMH OJHOTO MEPEMEHHOTO WU TpajUeHT s
(GyHKUMM MHOTHUX NepeMeHHbIX. [Ipy MUHMMH3auuy 3HAYeHUs GYHKUUU MHO-
I'UX MEePEMEHHBIX MEHbIlIee 3HaUYeHUE HEOOXOJAMMO MCKATh B HANpPaBICHUU aH-
TUTPAUEHTA.

B nanHom anroputMe 00y4yeHUs: HaYaJIbHbIE BECA MOTYT OBITh JIOOBIMH.

[Ipouiecc 0OydeHHsI MOXKHO CUMTATh 3aBEPUICHHBIM, €CJIM JIOCTUTHYTA He-
Kasl 3apaHee yCTaHOBJIEHHAsh MUHUMAaJbHas OLIMOKa WIM aJrOpUTM MpopadoTat
YCIIOBJIEHHOE KOJIMYECTBO Pa3.

Anroput™ 00y4deHHUs MO AeNbTa-MpaBuiy:

1 wiaz: vauumanu3anys MaTPUIIbl BECOB (M MOPOTrOB, B CIy4ae UCIOJb30-
BaHUS MOPOroBOM (PYHKIIMU aKTUBAIMH) CIyYaiiHBIM 00pa30M.

2 wae2: npenbsBICHUE HEUPOHHOU ceTH 00pa3a (Ha BXOJ MOJAI0TCA 3Ha-
yeHus: U3 oOyyaromie BbIOOPKH — BEKTOp X, Oepercs COOTBETCTBYIOLIUN BBbI-
xoJ11 — BekTop D).

3 wiaz: BHIYMCIICHHE BBIXOJIHBIX 3HAUCHHUI HelpoHHOM ceTu (BekTop Y).

4 waz: BIYMCIICHUE I KaXJ0r0 HEMPOHA BEIUYMHBI PACXOXKACHUS pe-
aJIbHOT'O PE3YIBTATA C KETAEMBIM
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¢, =(d; —yi),

rjae d; — ’KenaeMoe BBIXOJHOE 3HAUCHHUE Ha 1-HEUpOHE, Y; — peajbHOe 3HAUYCHHE
Ha i-HEeHWpoHe.

5 waz: v3vMeHeHue BecOB (M MOPOTOB MPH HCIOJIB30BAaHUU TOPOTOBOM
byHKIMN) 110 hopMyTIaMm:

Wij(t-l-l) = Wij(t)—S "€t Xj,
m(t+1) =1 () -3¢,

rzie t — HoOMep TeKyIIeH UTepaluy [UKIa 00y4eHus, W ; — BEC CBA3M j-BXOAA C i-

HEUpoHOM, 3 — Kodddummuent ooyuenusa (3amaercsa or 0 mo 1), X. — BXOIHOE
5 2 ]

3HAa4YCHUC, U; — IIOPOI'OBOC 3HAYCHUC i-HeﬁpOHa.

6 waz: TPOBEPKA YCIOBUS MPOJIOHKEHUST 00ydeHUs (BBIYUCIICHUE 3HAYE-
HUS OMIMOKK W/WJIW TIpOBEpKa 3aJaHHOT0 KoJM4YecTBa utepauuii). Eciu oOyde-
HUE HE 3aBEpIICHO, TO 2 IIar, HHa4e 3aKaHYMBaeM OOy4eHHE.

MHorocrnonHble HEUPOHHbIE CeTU

OnHOCNONWHBIE HEMPOHHBIE CETH UMEIOT CBOM OIPAHUYEHUS, HA KOTOpHIE
yka3zan MMUHCKUN, MHOTrOCJIONHBIE ceTH CcBOOOAHBI OT HHMX. OHHM 00sagaroT
OOJBIIMMH BBIYMCIUTEIBHBIMA BO3MOXKHOCTSAMH. XOTS CO3/JaHbl CETU BCEX
KOH(UTypaluii, KaKhe TOJbKO MOXKHO ceOe MpeICTaBUTh, OCIOtHAs OpraHu3a-
LIAsI HEUPOHOB KOIIUPYET CIIOUCTBIE CTPYKTYPBI ONPEACICHHBIX OTACIOB MO3ra.
MHorocnoiinble ceTu 00pa30BbIBAIOTCA KacKaJaMHM CJI0€B. BpIXoJ 0HOro cios
ABJISIETCS. BXOJIOM JUIsl ITOCJIEAYIOIErO CIJIOs, TaKas OpraHu3alis ceTu oopaszyer
MHOTOCJIOWHYIO HEUPOHHYIO CETh C MPSAMbBIM paciupocTpaHeHueMm (puc. 14).

Puc. 14. MHoroc10iiHasi HeHPOHHAsA ceTh NPSIMOr0 PacpPoCTPaHeHUs
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MHoTOCIOlHAS CETh MOXKET COACPIKATh MPOU3BOIBLHOE KOJIHMUECTBO CIOCB
(K), xaxnaplii CJIOH COCTOMT M3 HECKOJIBKUX HEHPOHOB, YHCIIO KOTOPBIX TaKKe
MOXKET OBITh Mpou3BONIBHO (Hy — KOMHMYecTBO HEHPOHOB B CIIOE), KOJUYCCTBO
BXOJIOB N, KOJIMUECTBO BBIX0J0B H = Hx — umciy HElpoHOB B BBIXOJHOM (T10-
CJIIEIHEM) CIIOE.

Crnon MEXIy TEPBBIM M MOCJICTHUM HA3BIBAIOTCS MPOMEKYTOYHBIMUA HITH
CKPBITBIMU. Beca B Takol ceTH MMEIOT TPU MHJEKCA: i — HOMEP HEHpOHa TEKY-
IIETO CJIOSA, JUIT KOTOPOTO CBSI3h BXOJHAS; | — HOMEDP BXOJia WM HEWpOHA CJI0S,
JUISI KOTOPOTO CBSI3b BBIXOJHAS, K — HOMEp TEKYIIETo CJI0S B HEHPOHHOU CETH

(nna BxomoB, BekTopa X, k =0).

OO0yuyeHnne MeTO0M 00PATHOr0 PACIIPOCTPAHECHUA OIIUOKH

OO0yueHue aaropuTMOM OOPATHOTO PACIPOCTPAHEHHUsI OIIMOKHU Mpearnoia-
raeT JBa Mpoxo/a Mo BCEM CIIOSIM CETH: MPsIMOI M 0OpaTHBIN.

[Ipu npsitMoM IpOX0Ji€ BXOAHOM BEKTOP MOJAETCSA HAa BXOJHOM CJIOW HEM-
POHHOM CETH, IMOCJE YEro pPaclpoCTPAHSAETCS MO CETH OT CIOs K cilor. B pe-
3yJbTaTe TeHEPUPYETCs] HA0Op BBIXOAHBIX CUTHAJIOB, KOTOPBIN U siBNsieTCs (ak-
TUYECKOM peakiuel ceTH Ha JaHHBIA BXOAHOUM oOpa3. Bo Bpems mpsMoro mpo-
X0Jla BCE CHHANTHYECKUE Beca ceT (DUKCUPOBAHBI.

Bo Bpemsi 00paTHOro mpoxo/ia Bce CHHANTHYECKUE BECa HACTPauBaloTCs B
COOTBETCTBHH C MPABUIIOM KOPPEKIMH OLINOOK, @ UMEHHO: (PaKTUYECKHUM BBIXO]T
CETH BBIYMTACTCS U3 JKEJIaeMoro, B pe3yjbTare 4ero (opmupyercs CUTHAI
OLIMOKU. DTOT CUTHAJ BIIOCJIEACTBUU PACIpPOCTPAHIETCS MO CETU B HaIpaBiie-
HUHU, OOpPaTHOM HAaNpPaBJIICHUIO CHHANTHYECKUX cBsizel. OTCloa U Ha3BaHUE —
aNroOpuTM OOpPATHOTO pacmpocTpaHeHus omuOku. CHHANTHUYECKHe Beca Ha-
CTPauBAIOTCS C LIETbI0O MAKCUMAJIBHOTO TPUOJIMKEHUSI BBIXOJHOTO CUTHAJIA CETU
K JKEJIAEMOMY.

Anroput™ 00yudeHuUs 1O AeNIbTa-MpaBuily:

1 waz: vHUIMATU3aIMs MATPUI] BECOB CITyYaliHBIM 00pa3oM (B IUKJIAX).

2 waz: nipebsiBICHUE HEUPOHHOU ceTn oOpa3a (Ha BXOJ MOJAIOTCS 3HA-
yeHus: U3 oOydarouieil BBIOOPKU — BEKTOp X U OepeTcsi COOTBETCTBYIOLIUN BbI-
xoJ — BekTop D).

3 waz (npamoii npoxo0): BHIYWCICHUE B IIUKIIAX BBIXOJIOB BCEX CIIOEB U
MOJIyY€HHE BBIXOJIHBIX 3HAUCHH I HepoHHOI ceTn (BekTop Y):
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Yi =Xjs
yo =1,
X, =1,

rae yl!( — BBIXOJ 1-HeWpoHa k-cnosi, f— QyHKIus akTuBauu, W}j — CUHanTuye-
CKasi CBsI3b MEXKIY J-HeiipoHOM ciost k-1 u i-HelipoHoM citost k, X; — BXOIHOE
3Ha4YECHMUE.
4 waz (o6pammuslit npoxo00): U3MEHEHNE BECOB B IMKJIAX MO PopMyIaMm:
wi(t+D) = w0 +3-a7-y;
ﬂ}( =(di—y)yi-(I-yp)
— 17151 HOCIEAHETO (BBIXOJIHOTO) CII04,

Hk+l
k k+l __ k+l
5=y (I-y;)- Zﬂ1+ wy
1=1

— I IPOMEKYTOYHBIX CJIOEB, T/I€ t — HOMEp TeKyIllel uTepanuu IukKia ooyde-

k

HUs (HOMep 310xH), 3 — KoapduuueHT odydenus (3agaerca ot 0 mo 1), y; —
. o k . o

BBIXOJl i-HEUPOHA K-CI0sl, W, — CUHANTHYECKas CBA3b MEKIY j-HEHPOHOM CIIOs

k-1 u i-uHeliponom cios k, d; — xkemaemoe BBIXOJAHOE 3HaUCHHUE Ha 1-HEHPOHE, Y;—
peaabHOE 3HAUYCHHE Ha 1-HEHPOHE BBIXOTHOTO CJIOS.
5 waez: poBepka yciaoBuUs MPOJOHKEHUsT 00ydeHUs (BBIYUCIICHUE 3HAYC-
HUS OMIMOKK W/WJIW TIpOBEpKa 3aJaHHOT0 KoJM4decTBa utepauuii). Eciu oOyde-
HUE HE 3aBepIIeHO, TO 2 IIar, HHadye 3akaHuuBaeMm oOyueHue. CpegHekBaapa-
TUYHAs ONTMOKA BRIUUCIISICTCS CIACAYIOIIMM 00pa3oMm:
Q H
l'ZZ(di _Yi)za
Q q=1i=1

rae Q — obuiee uncno npuMepos, H — KoanmdecTBo HEMPOHOB B BBIXOJHOM CIIOE,

c =

di — KCJIaCMOC BBIXOAHOC 3HAYCHUC HaA i-HeﬁpOHe, Yi — p€AJIbHOC 3HAYCHHUC HaA

1-HEHPOHE BBIXOIHOTO CJIOS.
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3apaum, pelwaemMbie HGI?IpOHHbIMVI ceTAaAMU

1. Knaccuguxayua obpazoe. 3ajada cOCTOUT B ONPENCICHUN TPUHA-
JISKHOCTU BXOJHOTO 00pasa (Harpumep, 3bIKOBOI0 CUTHANIA WM PYKOMHCHOTO
CUMBOJIA), MPEJCTABIECHHOTO BEKTOPOM MPHU3HAKOB, K OJTHOMY WJIM HECKOJIBKUM
MpeIBapUTEIBLHO ONpe/IeTICHHBIM KilaccaM. K M3BECTHBIM MPHUIIOKEHUSIM OTHO-
CATCSL pacro3HaBaHWe OyKB, pacro3HaBaHUE s3bIKa, KiAacCHU(PUKaLMs CUTHAIA
AIEKTPOKAPIUOTPAMMBI, KIacCU(pUKAIHS KIETOK KPOBH.

2. Knacmepuszayusa/kamecopuzayua. 1lpn peumieHun 3agayu KiacTepu-
3alMK 00yyYarouee MHOKECTBO HE MMEET METOK KJIAaCCOB. AJNITOPUTM KJIacTepH-
3allMM OCHOBaH Ha MOJ00MH 00pa3oB M MOMEIAET MOXO0XKUe 00pas3bl B OJMH
kjactep. M3BecTHBI ciayyaum MpUMEHEHUsl KiacTepu3aluu A 100bIYU 3HAHMM,
CKaTUs TJAHHBIX U UCCJICJIOBAHUS CBOMCTB JIAHHBIX.

3. Annpokcumayusa @ynuxyui. [lpeAnonoxum, 4yTo €cTh oOyuarolas
BbIOOpKA ((X1,y1), (X2,¥2), -+vs (Xn,¥n)) (MApBI JAHHBIX BXOJ-BBIXOM), KOTOpas Te-
HepupyeTcsi Heu3BecTHOM (yHkiueil F, nuckaxeHHoi mymoM. 3ajava anmpok-
CUMAIlMM COCTOUT B HAXOXJIEeHUM HemszBecTHOM (yHkiuu F. Anmpoxcumarius
byHKIIMI HEOOXoaAMMa MPU PEIICHUH MHOTOYHUCICHHBIX WH)KEHEPHBIX U Hay4-
HBIX 33]1a4 MOJICTUPOBAHMS.

4. Ilpeoeuoenue/npocno3. I1yctb 3ajaHbl N TUCKPETHBIX 0TCUETOB {y(t;),
y(t2), ..., y(t,)} B mociemoBaTeIbHbIE MOMEHTHI BPEMEHH ty, t;, ..., t,. 3a1a4a co-
CTOUT B MPEJBUJICHUU 3HAUeHHs Y(t,+1) B caemyromuii MOMEHT BpeMeHH t,+1.
[IpenBuaeHne/mpor1o3 UMEIOT OOJNbIIOE 3HAYEHUE ISl MPUHSITHS PELICHUN B
Ou3Hece, HayKe U TeXHHKE (MpeaBUIeHHE LIeH Ha (OHI0BOM Oupke, MPOTHO3
TIOT'OJTBI).

5. Onmumu3zayua. MHOTOYNCIIEHHBIE NTPOOJIEMbI B MaTeMaTHKe, CTaTH-
CTUKE, TeXHUKE, HayKe, MEIUIIMHE U PKOHOMUKE MOTYT pPacCMaTpUBAThCs Kak
po0IeMbl ONTUMU3AIMH. 3ajayeil aNropuTMa ONTUMU3AILUYU SBISETCS HaXO0XK-
JICHUE TAKOT'0 PEIIEHHUs, KOTOPOE yJIOBIETBOPSET CUCTEME OIPAaHUUYEHUN U MaK-
CUMU3UPYET WK MUHUMU3UPYET LEJICBYIO (PYHKITHIO.

6. Ilamams, adpecyeman no codeprcanuro. B TpaJulIMOHHBIX KOMIIbIO-
Tepax oOpallleHre K MaMATH JOCTYITHO TOJIbKO C TIOMOIIbIO a/ipeca, He 3aBUCSIIIEe-
ro oT coAepxanus namsatu. bosjee Toro, ecnu nomyuieHa omMOKa B BHIYUCIECHUU
azipeca, TO MOXET ObITh HalifieHa coBceM JApyras uHdopmaius. AccolMaTuBHAs
NaMsTh WM NaMsTh, aJlpecyeMas 1o CMBICITY, JOCTYITHA 10 YKa3aHUIO 33JJaHHOTO

COICPIKaAHUA. COIIep}KI/IMoe IIaMSTH MOKET OBITh BBI3BAHO AaXC 110 YaCTUIHOMY
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BXOJly WJIM TIPH TIOBPEXKJICHHOM COJCPKaHHUU. ACCOITMATHBHAS TMaMATh MOXET
OBITH UCTIOJIb30BaHA B MYJIbTUMEIHMMHUX HHPOPMAITMOHHBIX 0a3aX JaHHBIX.

7. ¥Ynpaenenue. PaccMOTpuM THHAMUYECKYIO CHCTEMY, 3aJJaHHYIO COBO-
KynmHocThio {u(t), y(t)}, rae u(t) — BxoaHOE yIpaBiisitolee Bo3aencTaue, a y(t) —
BBIXOJI CUCTEMBI B MOMEHT BPEMEHH t. B cucTemax ympaBiieHuUs ¢ STAJIOHHOW MO-
JEIBIO TENBI0 YIIPABICHUS SBISICTCS pacdeT TaKOro BXOIHOTO BO3ACHUCTBUS Uu(t),
IIpY KOTOPOM CHCTEMa JIEHCTBYET IO JKEIaTeIbHOW TPACKTOPUH, 3aJJaHHOW 3Ta-

JIOHHOM MOACIIBIO. HpI/IMepOM ABIBICTCS OIITUMAJIBHOC YIIPABJICHHUC ABUTATCIICM.

Tecm no meme «HelipoHHbIe cemu»

1. Kro pa3padoraJ nepBblii HCHPOKOMIIbIOTEP?
a) Y. Makkajok
b) M. Munckuii
c) @. Po3enbnarr
d) HeT nmpaBWILHOTO OTBETA
2. Kakmue 3a1a4u He pelIalOT HeHPOHHBbIE ceTU?
a) KiIaccudukanm
b) anmpokcumanuu
C) MaMsTH, aIPECYEMOI 10 COJEPKAHUIO
d) mapupyTtuzanuu
€) yIpaBJICHHUS
f) konupoBaHus
3. Kakyw pyHKIUI0 He MOkKET pelIuTh OJHOCJTOMHASI HeIIPOHHAA CeTh?
a) JIOTUYECKOEe «HEe»
b) cymmupoBanue
C) JJOTHYECKOE «HCKITIOYAIOIICe UITH
d) mpousBeneHue
€) JJOTHYECKOE «HITH»
4. YTo U3 HUKeNePeYHCJIeHHOT0 OTHOCHTCS K MepcenTpoHy?
a) O/THOCJIOIHAsI HEMPOHHAS CETh
b) HelipoHHAas CeTh MPSIMOTO PaCIPOCTPAHEHUS
C) MHOTOCJIOITHAsI HEMPOHHAS CETh
d) HelipoHHas ceThb ¢ 0OPATHBIMU CBA3SIMU
¢) cozman @. Pozen6aaTToM
f) cozgan Y. Makkanokom u B. Iluttom
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5. Kro nanucan kuury «Ilepcentponsi»?
a) Y. Makkanok u B. ITutt
b) M. Munckuii u C. [1anept
c) ®. Po3enobnarr
6. Kaky1o HeipOHHYI0 ceTh 00y4al0T ¢ MOMOIIBIO ieIbTa-npaBujia?
a) OJTHOCIIONHYIO HEUPOHHYIO CETh
b) HEMPOHHYIO CETh MPSAMOI0 PaCIPOCTPAHEHUS
C) HEMPOHHYIO CETh C OOPATHBIMU CBA3SIMU
d) cerp Xondunma
€) HeT MPaBUJILHOTO OTBETA
7. Kakyl0 HeiipOHHYI0 ceThb 00y4alOT ¢ NMOMOIUBI0 AJITOPUTMA OOPATHOIO
pacnpocTpaHeHusi OIUOKuU?
a) OJHOCIIONHYIO HEMPOHHYIO CETh
b) MHOTOCIIOIHY10 HEHPOHHYIO CETh MPSIMOTO PACTPOCTPAHECHHUS
C) MHOT'OCJIONHYI0 HEHPOHHYIO CETh C OOPaTHBIMU CBSI3IMHU
d) HeT npaBWJILHOTO OTBETA
8. Kakue u3 nepe4ucaIeHHBIX ceTell IBJISIIOTCH PeKyPPeHTHbIMH?
a) mepcenTpoH
b) ceTh Xonduiaa
C) CeThb paAualbHbIX 0a3UCHBIX ()YHKIIHMA
d) HeT npaBWJIHLHOTO OTBETA

Jlumepamypa no meme «HelipoHHbIe cemu»

1. Jlxeiin, Anun K. BBenenue B uckyccrBenHbie HelipoHnnble cet / Anun K.
Jlxentn, Mao JXuanuanr, K M. Mouynaud // OTKpBITBIE CUCTEMBI. —
1997. — Ne 4. - C. 16 — 24.

2. 3aenues, 1. B. HeiipoHnHble ceTu: OCHOBHBIE MOJENIH : yueO. mocoOue K
Kypcy «HeiipoHnble cetw» mjig CTYIEHTOB 5 Kypca Maructparypbl /
. B. 3aenuesB. — Boponex, 1999. — 76 c.

3. Mupkec, E. M. Heilipoundopmaruka : y4ed. mocodbue ajis CTYIACHTOB /
E. M. Mupkec. — Kpacnosipck : UIII KI'TVY, 2002. — 347 c.

4. Mupkec, E. M. Heitipokomnbtotep. Ilpoext crangapra / E. M. Mupkec. —
HoBocubupck : Hayka : Cubupckas uznarensckas pupma PAH, 1998.
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5. Heiipoundopmaruka / A. H. 'opbans u np. — HoBocubupck : Hayka : Cu-
oupckoe npeanpusarue PAH, 1998. — 296 c.

6. Tepexos, C. A. Jlekuuu 1o TEOpUH U NMPUIIOKEHUSIM HUCKYCCTBEHHBIX HEM-
poHHbIX ceteil [DnekrpoHHbd pecypc] / C. A. TepexoB. — CHEXHUHCK :
BHUUT®, 1998. — Pexxum nocrymna:
http://alife.narod.ru/lectures/neural/Neu_ch03.htm

7.  Yoccepmen, @. HeilpokoMnbroTepHas TEXHUKA: Teopus U IMpakTUKa : mep.
c auri. / @. Yoccepmen. — 1992. — 118 c.

§3. OBonLUMNOHHOE MOoaenupoBaHue

OpHoli W3 TJIaBHBIX XapaKTEPUCTUK HCKYCCTBEHHOTO MHTEIUIEKTa Kak
HAyKU SIBIISIETCSA €r0 MEXAUCIUIUIMHAPHOCTD, TO3BOJISIIONIAsl IPUBJICKATh UHTE-
pPECHBIE HJIeU, TEOPUH U3 JPYTUX 00NacTeil 3HaHUM, alaiTUPys U UCIOJIb3Ys Io-
TOBBIE pa3pabOTKHU JIsl CBOMX 3a7ay. Tak ObLJIO ¢ HEMPOHHBIMU CETSIMU, C MOJIe-
JIUPOBAHUEM PACCYXKIECHUM, C KOMIIBIOTEPHOW JIMHIBUCTUKOW W T.1. MHorue
3HAYMMBbIE TEOPUM HAyKU ObUIM TaK UJIU MHAYE PACCMOTPEHBI Yepe3 MPU3My HC-
KyccTBeHHOTro uHTeiekTa. Teopus Y. Jlapsuna (1859 r.) cranma ormpaBHOM
TOYKOM ISl elle OJHOTO HAIpaBIeHUsS UCCIEJOBAaHUI — SBOJTIOLMOHHOTO MO/Ie-
JMPOBAHUS.

OCHOBHO TE€3MC HBOJIIOIMOHHOTO MOJIEIUPOBAHUS — 3aMEHUTH MPOIECC
MOJICJIMPOBAHUS CIIOKHOTO OOBEKTa MOJENIMpPOBaHUEM €ro 3Bojionuu. OH Ha-
MpaBJIeH Ha NMPUMEHEHHE MEXaHHW3MOB €CTECTBEHHOW 3BOJIOLMH MPU CUHTE3E
CJIOXHBIX cucTeM 00paboTku uHpopmanmu. JJapBuH copMynpoBait OCHOBHOM
3aKOH Pa3BUTHUSI OPraHUYECKOI0 MHUPA, OXapaKTEPU30BaB €ro B3aUMOJEHCTBUEM
Tpex cIAeAymux GakTopoB:

® HACJEACTBEHHOCTH (IOTOMKHU COXPaHSIOT CBOWCTBA POAUTENEH);

® U3MEHYMBOCTD (MOTOMKH MOYTH BCETAa HE UICHTUYHBI);

® E©CTECTBEHHBIN 0TOOp (BBDKMBAIOT HauOO0JIEE MPUCTIOCOOTICHHBIE).

Teopus [lapBuHa, JOMOJHEHHAs] TEHETUUYECKUMH 3HAHUSMH, Ha3bIBACTCS
CUHTETHYECKOU Teopueit sBomonuu. CinydaiiHOE MOSBICHUE HOBBIX TPU3HAKOB
OHa OOBACHWIA MyTalUsIMH — MU3MEHeHusMH, Bo3Hukawomumu B JJHK opra-

HHU3MOB.
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[ToHsiTHE «IBONIOIMOHHOE MOJICIMPOBAHUEY» CHOPMUPOBATIOCH B paboTax
JI. ®orensa, A. Oysne, M. Yonma. B 1966 roay Bblllia nX COBMECTHAsl KHUTA
«VMcKyCCTBEHHBIM HWHTEIIEKT W SBOJIOLUOHHOE MojaenupoBaHue». Hcrtopus
HBOJIIOIIMOHHBIX BBIYUCIICHUHM Hayanach ¢ pa3pabOTKU psjia Pa3IMYHbIX HE3aBU-
CUMBIX Mojesieil. OCHOBHBIMU U3 HUX ObUIM TeHeTnueckue anroputmsl (I'A) u
kinaccudukanuonusie cucrembl J[. Xomnanga (Holland), omyGnukoBaHHBIE B
Hayasie 60-X roJIoB M MOJy4YuBIIKE BceoOlllee MpU3HAHUE TOCIE BBIXO/A B CBET
KHHUTHY, CTaBIIEH KJIACCHUKOW B 3TOM 00JacTH, «AjanTanusi B €CTECTBEHHBIX U
UCKYCCTBEHHBIX cucteMax» (Adaptation in Natural and Artifical Systems, 1975).
B 70-x romax B paMkax Teopuu ciaydaiHoro noucka JI. A. PactpurunbsiM ObLI
MPEIJIOKEH s/l AITOPUTMOB, MCTIOIB3YIOMIMUX U]l OMOHUYECKOTO MOBEACHHUS
ocobOelt. Pazputue 3Tux uiaen Hanuio orpaxenue B 1ukie pador U. JI. bykaro-
BOW M0 3BOJIIOLIMOHHOMY MojenupoBaHuto. PaszsuBas mpeu M. JI. Lletnuna o
1eJIecO00pa3HOM M ONTHUMAJbHOM TOBEACHUM CTOXaCTHYECKHMX AaBTOMATOB,
FO. 1. Helimapk npeaioKui OCyIIeCTBISATh MOUCK INI00aIbHOr0 3KCTpEMYyMa Ha
OCHOBE KOJUJIEKTMBA HE3aBUCHUMBIX aBTOMATOB, MOJECIUPYIOUIUX MPOIECCHl pa3-
BUTHUS U dJIMMUHALIMK ocoOel. HecMoTps Ha pasHuily B 1moaxoaax, Bce OHM Oa-
3UpPOBATKMCH HA MPUHLIUIIAX YBOJIIOIUH.

B pamMkax 5BONIONMOHHOTO MOJETUPOBAHMS CO3AABAINCh M HCCIEI0BA-
JIUCh MOJIENTU TIPOUCXOXKIEHUS MOJIEKYJIIPHO-TE€HETUYECKUX CUCTEM 00paboTKU
uH(popMaIU, MOJENH, XapaKTepu3yloliue o0IIre 3aKOHOMEPHOCTU 3BOJIIOIH-
OHHBIX MPOIECCOB, U MPOU3ZBOJUIICS aHAIN3 MOJENIed UCKYCCTBEHHOU «3BOJIIO-
UU» C LENbI0 MPUMEHEHUS METOJIa SBOJIOLMOHHOTO MOMCKA K MPAKTUYECKUM
3a/layaM ONTHUMH3ALUU.

B nauane 70-x romo naypear HoGeneBckoit mpemuu M. Diiren mnpen-
MIPUHSUIT BIEYATIISAIONIYIO TOMBITKY MOCTPOSHUS MOJIeTIel BOSHUKHOBEHHUS B PaH-
Hell Ouocdepe 3emi MOJIEKYIISIPHO-T€HETHYECKUX cUCcTeM 00paboTku uHOP-
Maluu (B MOJIETTM KBAa3UBUAOB PacCMaTPUBAETCS MOATAMHAS IBOJIIOIUS MOIYJIs-
MU MH()OPMALIMOHHBIX IMOCJIEI0BATEILHOCTEN (BEKTOPOB), KOMIIOHEHTHI KOTO-
PBIX TPUHUMAIOT HEOOJBIIOE YUCIIO JUCKPETHBIX 3HAUCHU).

Bcenen 3a Ditrenom B 1980 roay HoBocuOupckumu yueHsiMu B. PatHepom
u B. lllamunsiM Obla npeasioxkeHa MoJeNb caii3epoB (MOJAENb Caii3epoB B MPO-
CTeilllleM ciyyae paccMaTpUBaeT CHUCTEMY M3 TPEeX THIIOB MAaKpOMOJIEKYJ: TO-
JUHYKJICOTUTHON MaTpUIbl U (PEPMEHTOB TPAHCISLMU U PEIUIMKAIIUU, KOJH-
PYEMBIX 3TOM MaTpulled; MOJMHYKICOTHIHAsT MaTpHlla — 3TO Kak Obl 3alOMU-
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HAIOIl[ee yCTPOMCTBO, B KOTOPOM XpaHUTCS HH(oOpMalus o (PyHKIIMOHATBHBIX
eauHuIax caizepa — pepmentax). C. Kaybman ¢ corpyanukamu u3 Ilencunb-
BAaHCKOT'O0 YHHUBEPCUTETA UCCIEAYIOT 3BOJIOLMIO0 aBTOMATOB, COCTOSILIUX U3 CO-
€AMHEHHBIX MEXTY COOOH JIOTMUECKUX 3J€MEHTOB.

J. Koza paspaboran MeTo]], MO3BOJISIONINN COBEPILIEHCTBOBATh PEAIbHbIC
TEXHUUYECKHE CUCTEMbI METOIAMH F€HETHYECKOro mporpamMmmupoBanus. [Ipu aTom
HBOJIIOLMSI 3aTPAruBaeT HE OT/ENIbHbIE YUCICHHBIE TAPaMETPhl, a IeJIble CUCTEMBbI
(c MOMOIIBIO 3TOrO0 METOJIa YJAIOCh 3aHOBO OTKPBITh 15 3aaTeHTOBAaHHBIX CXe-
MOTEXHUYECKUX PEIICHUN: YCUITUTENH, PUIBTPBI, KOHTPOJIEPHI U T.11.).

Locmourncmea dBONIOIMOHHBIX BBIYNCICHUI:

1) mupokas o0JacTh NPUMEHEHHUS;

2) BO3MOXHOCTh MPOOJIEMHO-OPUEHTUPOBAHHOTO KOAUPOBAHUS pelie-
HUM, T0J100pa HAYAJIBHOW MOMYJSALNUH, KOMOMHUPOBAHUS HBOJIOIUOHHBIX BbI-
YHUCJICHUH C HEBOJIOLMOHHBIMU aJTOPUTMaMU, MPOJOJDKEHUS MPOIEcca 3BO-
JIOLMU JI0 T€X TOp, TOKa UMEIOTCA HEOOXO0IUMBbIE PECYPCHI;

3) NpUTrOJHOCTH JUIsl IOMCKA B CIOKHOM NPOCTPAHCTBE pelIeHUil 00Jib-
LIOM pa3MEpHOCTH;

4) oTCyTCTBHE OTpaHUYECHMI HA BU] LI€TE€BON (QYHKIINU;

5) ACHOCTBH CXeMbl U Oa30BbIX MPUHIIUIIOB 3BOJIIOIIMOHHBIX BBIUYMCICHUM;

6) MUHTErpUPYEMOCTb HBOJIIOIMOHHBIX BBIYMCICHHM C APYTMMH HEKJac-
CUYECKMMU TapaJurMaMyd UCKYCCTBEHHOTO MHTEIJIEKTa, TAKUMU KaK MCKYCCT-
BEHHbIE HEPOCETH U HEYeTKas JOTUKa.

Heoocmamxu 3BOMOIIMOHHBIX BHIYUCICHUI:

1) sBpucTHYECKUN XapaKTep BOJIIOIMOHHBIX BBIYUCIECHUNA HE rapaHTH-
pYyeT ONTUMAIBHOCTH MOTYYEHHOTO PEIICHHUS;

2) OTHOCHUTENIBHO BBICOKAs BBIUUCIUTENbHAS TPYIOEMKOCTh, KOTOpas
IIPEOA0JIEBAETCA 3a CUET pacnapajuleIMBaHUs HA YPOBHE OpPraHU3ALMM 3BOJIIO-
[IMOHHBIX BBIYMCIICHUNA M Ha YPOBHE UX HEMOCPEJCTBEHHOW peajn3allid B BbI-
YHUCIIUTEIILHOM CUCTEME;

3) oTHOCHUTENBbHO HEBbICOKas d(PPEKTUBHOCTh HA 3aKIIOYUTENbHBIX (ha-
3aX MOJIEIMPOBAHHUS HBOJIONUM (OMEpaTOphl MOUCKA B 3BOJIOLMOHHBIX aJro-
pUTMax He OPUEHTUPOBAHBI Ha OBICTPOE MOMAIaHUE B JIOKAJIbHBIA ONTUMYM);

4) HepeueHHOCTh BOIIPOCOB CaMOa AN Talluu.

K memooam s6onoyuonnozo moodenuposanusi OTHOCATCA:

¢ MCTOJ I'PYIIIOBOTO YUCTA apTYMCHTOB!
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1) Gepetrcst caMblii TOCIEHUM CIOM KIacCU(PUKATOPOB;

2) reHepupyeTcs U3 HUX 10 OMpEIeICHHBIM MpaBUaM HOBBIN CIIOH Kiac-
cU(UKATOPOB, KOTOPHIE TEIIEPh CAMHU CTAHOBSITCS MTOCIETHUM CIIOEM;

3) orbupaercs u3z Hux F nyumux, rae F — mupuna otdopa (cenekuun);

4) eciy He BBINIOJHAETCS YCIOBHE MPEKPALIEHUs CeNEeKINH (HACTYIUICHHE
BBIPOXKJICHUS ), IEPEXO1 Ha M. 1, MHaue Tyqmui KraccudukaTop 00b-
SBIISIETCS] ICKOMBIM PEIICHUEM 3a1a91 UICHTU(DUKAIINN;

® DJBOJIIOIUMOHHOE (TEHETUYECKOEe) MpOrpaMMUpOBaHUE (JITaHHBIE, KOTOPbIE 3a-
KOJMPOBAHBI B TCHOTHUIIE, MOTYT MPEJCTaBIATh CO00 KOMaHIbl KaKOKH-TH00
BUPTYaJIbHOW MAIIIMHBI, B TIPOCTEHUIIIEM CITydyae HHYETO HE MEHSETCS B I'eHe-
TUYECKOM aJrOpUTME, HO TOrJa JJIMHA TO0Jy4aeMOW MOCIeA0BaTeIbHOCTU
AecTBHiA (TPOrpaMMBbI) MOTYYaeTCs HE OTIIMYAIONICHCS OT HAYalbHBIX; CO-
BPEMCHHBIE AITOPUTMBI T€HETHYECKOTO MPOTPAMMHPOBAHUS PACIIPOCTPAHSI-
IOT TeHETUYECKHUE alITOPUTMEI JIJIsl CUCTEM C TIEPEMEHHOM ITTMHON TeHOTHIIA);

® TCHCTUYCCKHUC AJITOPUTMBI.

FeHeTn4eckue anropuTMbl

«OTHOM» TE€HETUYECKUX AJTOPUTMOB MO MpaBy cuutaerca [. Xommann,
METOJ| BHAyaje Ha3blBAJICS PENPONYKTHBHBIM IUIAHOM XoJUlaHAa. B nmanpHei-
[IeM FeHETUYECKHE aJIrOpPUTMbI Pa3BUBAIUCH B pabOTax y4eHHMKOB XOJUIaHA:
JI. TonnGepra u K. Jle MloHra — IMEHHO B HUX U 3aKPEITHIOCH HA3BAHHE METO/IA.

I'eHeTnyeckre anrOpuTMBlI — ATO Pa3AeN IBOJIOLUHUOHHOIO MOJEINPOBA-
HUs, 3aUMCTBYIOIIMN METOAUYECKHE NMPUEMBI U3 TEOPETHUUECKUX IOJIOKEHUM
TE€HETUKH.

I'eHeTnyeckre anropuTMbl — aJaNTUBHBIE METOMBI MOUCKA, KOTOPBIE HC-
MOJIB3YIOTCS I pelieHus 3ajad (yHKIuOHaNbHOU onTumuzauuu. [Ipeacras-
JSI0T cO00# CBOETO PojJia MOJIETH MAIIMHHOIO MCCIIEI0BAaHUS TOMCKOBOTO MPO-
CTpaHCTBa, MMOCTPOEHHbIE HA IBONIOIMOHHON MeTadope. XapakTepHble 0COOEH-
HOCTH: UCIIOJIb30BaHUE CTPOK (PUKCUPOBAHHOM JJIMHBI JUIsl MIPEACTABIICHUS Te-
HETUYeCKON MHpopMaIu, padoTa ¢ MONMyJSIUEN CTPOK, UCIIOIb30BAHUE TeHE-
TUYECKUX ONEepaTopoB sl GOpMHUPOBAHUS OyIYIIMX MTOKOJICHHH.

['eneTnueckue alropuTMbl ONEPUPYIOT COBOKYIMHOCTBIO 0COOeH (TomyJis-

uneﬁ), KOTOPLBIC IPCACTABIIAIOT coOoM CTPOKH, KOAUPYHOIINC OJHO M3 peHIeHI/IfI
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3a/layd. DTUM METOJl OTJIMYAETCS OT OOJBLUIMHCTBA IPYTUX aIrOPUTMOB OMNTH-
MU3AI1H, KOTOPbIE ONIEPUPYIOT JIMILb C OJTHUM PELICHUEM, YIydllas ero.
['eHeTHyecKre aNrOpPUTMBbI HPUMEHAIOMCS TS PELLICHHS CIETYIOIINX 3a1a4:
e onTUMHU3ALUS QPYHKIUI;
e paszHooOpa3HbIe 3a/1auu Ha rpadax (3a1aua KOMMHUBOSDKEPA, pacKpacka
U T.J.);
® HacTpoiKa M 00y4yeHHE UCKYCCTBEHHOW HEUPOHHOM CETH;
® 33/1a4d KOMIIOHOBKU;
® COCTaBJICHHE PACIMCAHUI;
® UIPOBBIE CTPATETUH;
® anmnpokcuManus QyHKIIHi;
® UCKYCCTBEHHAsl KU3Hb;
e OuouH(popMaTUKa.
IIpeumyuecmea TeHETUUECKUX AJITOPUTMOB:
1) yHUBepcanbHOCTB;
2) BbICOKasi 0030pHOCTH MTOUCKA;
3) HeTr orpaHMYeHHUH Ha 1eJIEBYI0 (PYHKIIHUIO;
4) nro6oit criocoO 3aganus QPyHKIUU.
Heoocmamku reHeTUYecKUX alropuTMOB:
1) OTHOCHUTENbHO BbICOKAs! BEIYMCIUTEIbHAS CTOMMOCT;
2) KBa3UONTUMAJIBHOCTb.
Koeoa naoo ucnonvzoeams cenemuueckuii areopumm: MHOTO NapaMeT-
pOB, IJI0Xas 11eyieBast PyHKIUs, KOMOMHATOPHBIE 3a]a4H.
Koeoa ne naoo ucnonvzosamv cenemuueckull areopumm: 3aaada XopoIo

pemiacTCA TpaAUIIUOHHBIMHU MCTOdaMU, Tpe6yeT051 BBICOKAsA TOYHOCTDH PCIICHMU.

Cxema CbYHKLI,VIOHVIpOBaHMSl reHeTu4eCkKoro ajaroputma

W3 OGuonoruu M3BECTHO, YTO JIO0O0W OPraHU3M MOXKET OBITh MPEACTABICH
CcBOMM (DEHOTHUIIOM, KOTOPBI (DaKTHUECKU OTPEACIISET, YEM SIBISICTCS OOBEKT B
peaNbHOM MHUpPE, U T€HOTUIIOM, KOTOPBIA COAEPKUT BCIO MH(POpMAINO 00 00b-
eKTe Ha YpOBHE XpOMOCOMHOro Habopa. IIpu 3ToM Kakablii T'eH, TO €CTh dJie-
MEHT HMH(pOpMauu reHOTUIIa, IMEET CBOE OTpakeHue B ¢eHoture. Takum 00-

pas3oM, Jid PCIICHUA 3aaa4 HCO6XOI[I/IMO MNpCcaACTaBUTb Ka}KI[BII\/JI IMPpU3HAK 00BEK-
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Ta B hopMe, MOAXOIAIICH I NCTIOJIB30BaHUSA B TEHETHYECKOM alroputMme. Bee
nanpHeWee (yHKIMOHUPOBAHUE MEXaHU3MOB TE€HETHUYECKOTO alrOpUTMa IMpo-
W3BOJIUTCS HA YPOBHE I'€HOTHIIA, TIO3BOJISIST OOOUTHCH 0e3 MH(pOpMAIUU O BHYT-
pPEHHEH CTPYKType 00BEKTa, YTO U 00YyCIaBIMBAET €r0 MHUPOKOE IPUMEHEHUE B
CaMbIX Pa3HBIX 33/1auax.

B nambonee yacto BCTpeyaromieicss pa3HOBUIAHOCTH T€HETHUECKOTO ajl-
rOpUTMa IS TIPEJICTABICHUS TCHOTHITA 00BEKTa MPUMEHSIOTCS OUTOBBIC CTPO-
ku. [Ipu 3TOM Kakaomy atpuOyTy 0O0ObeKTa B (DEHOTHIIE COOTBETCTBYET OJIHMH
TeH B reHoTurie o0bekTa. Habop reHOB WM OJMH T'eH MPeACTaBIsaIoT co00H 3a-
KOJMPOBAaHHBIN MpHU3HAK. |'eH — 3TO OMTOBas CTPOKaA, Yalle Bcero (puKkcupoBaH-
HOW JIuHBL. J[JI1 KOJUpOBaHUS TeHAa B OMHAPHOW pealiM3allii T'eHETHYECKOTO
aJrOpuUTMa 4acTo MUCIOJIB3YIOT Ko ['pest (cM. mpumep B Tadi. 3).

Tabauya 3. [Ipumep gpenomuna

/{BoM4yHOe 3HAYEHHUE JecATHYHOE 3HAYEHUE
IIpusnak
NPHU3HAKa NPHU3HAKa

[Ipu3znak 1 0011 3
[Tpuznak 2 1100 12
[Ipuznak 3 1110 14
[Tpusznaxk 4 0111 7
[Ipu3znak 5 1001 9

[Tocne onpenenenus GpeHoTHNa TEHETUYECKUN anTOpuT™M (YHKITMOHUPYET
0 CJIeAYIONIeH cxeme aeicTBuii (puc. 15):

Coznanue Ot6op
Ha4dYaJIbHON
monyJsinun l
CkpemuBanmne
ITepexon
K HOBOMY
IIOKOJICHUIO Myramms H Pesynbrat

Puc. 15. Cxema (p)yHKIIMOHHMPOBAHUS FeHETHYECKOI0 AJITOPUTMA

1. ®opmupoBaHue HavYaIbHOW MOMYIISIIHH.
2. Oruenka oco0elt momyJssuu.

3. Ot6op (cenexims).
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CxkpeluBaHue.
MyTanus.

A

DopMHUPOBaHUE HOBOW MO YJISALIUU.
7. Ecaum momynsiusi HE COILIachk, TO 2, MHaA4Y€ — OCTaHOB (MpeKpalieHue
(YHKIITMOHUPOBAHUS T€HETUUECKOTO aJrOpUTMA).

Dopmuposanue HaAUANbHOU NONYAAUUU

CranmapTHBI T€HETUYECKUW aaropuTM HaYMHAET CBOIO pabory c¢ dop-
MUPOBAHUS HAYATIBHON MOMYJISIIMN — KOHEYHOTO Ha0opa JOMYCTUMBIX PEIICHUM
3a/1a4u. ITU PEIICHUsI MOTYT ObITh BBIOPAHBI CIy4aiiHBIM 00pa30M WJIU MOJTyde-
HbI C TIOMOIIbIO TTPOCTHIX MPHUOIMKEHHBIX alTrOpUTMOB. BeIOOp HayanpHOM 1O-
MyJISIIIUA HE UMEEeT 3HAYCHUs JJIs CXOAMMOCTH Ipoliecca, oJHako GopMHUpoBa-
HUE «XOPOIIIEi» HavaaIbHON MOMYJANU (HAaIpUMeEp, U3 MHOXKECTBA JIOKATbHBIX
ONTUMYMOB) MOKET 3aMETHO COKPATUTh BpPeMs JOCTH)KEHUS TJI00aIbHOTO Ofl-
TuMyMa. Eciu OTCYTCTBYIOT MPEION0KEHUS O MECTOIOJIOKEHUH TI100aIbHOT'O
ONTUMYMa, TO WHIAMBUIOB W3 HAYAJIbHON MOMYJAIMU >KEIaTEIbHO paclpejie-
JIUTh PABHOMEPHO MO BCEMY MNPOCTPAHCTBY NOUCKA PEUICHUS.

[Tonynsauus ”HUIMUPYETCS B HAYAJIbHBI MOMEHT BpeMeHH t = 0 U cocTo-
uT u3 k ocobel, kaxkas U3 KOTOPBIX MPEJCTABISET BO3MOKHOE pEUICHUE pac-
cmatpuBaeMoil mpoOiembl. OcoOb — 3TO OJHA WM HECKOJIbKO XPOMOCOM
(06p1uHO O7HA). XpOMOCOMA COCTOUT M3 T'€HOB, TO €CTh 3TO OMTOBAsl CTPOKa
(XpoMOCOMBI HE OTPaHUYECHBI OWHAPHBIM MPEACTABICHUEM, €CTh pealu3alluu
T€HETUYECKOr0 aJrOPUTMa, MOCTPOCHHBIE Ha BEKTOPAX BEIIECTBEHHBIX YHCEN).
I'enbl pacnonararoTcs B pa3IMYHBIX MO3UIUAX XPOMOCOMBI U MPUHUMAIOT 3HA-

YCHMU, HA3BIBACMBIC aJIJICJISIMHU.

Ouenka ocobeii nonynayuu

JIJist perieHus 3aa4m ¢ TOMOIIBI0 TEHETHYECKOTO ajlrOPUTMa HEOOXO 1 -
MO 3aJ1aTh MEpy KadecTBa JUIsl Ka)KI0T0 MHIWBH/IA B IPOCTPAHCTBE ToucKa. J1is
ATOW 1enu wucmhoJib3yeTcs ¢yHKus npucnocodiaenHocty (fitness function).
DYHKIMSA MPUCTIOCOOICHHOCTH JIOJDKHA MPUHUMATh HEOTPHUIATEIbHBIC 3HAYe-
HUS Ha OTPAaHWYCHHOW OOJIACTH ONPEIEICHUS, IMPU 3TOM COBEPIICHHO HE Tpe-
OyrOoTCSI HEIPEPBIBHOCTh M JHPHEPEHIIUPYEMOCTb. 3HAUYCHHUE 3TOH (YHKIIUH
OTIPEJICISIET, HACKOJIBKO XOPOIIIO TOIXOIUT 0COOB JIsl pEIICHUS 3a/1auu.

B 3amadyax Makcumuzanmm 1ieneBas (YHKIMS 9acTO cama BBICTYIIAET B

Ka4uCCTBC (1)YHKI_II/II/I HpI/ICHOCO6JICHHOCTI/I, IJIA 3aaa4 MUHHUMH3AIUU TCJICBYIO

68

Create PDF files without this message by purchasing novaPDF printer (http://www.novapdf.com)



http://www.novapdf.com
http://www.novapdf.com

byHKUHMIO cleyeT MHBepTUpoBaTh. Ecnu pelraemast 3aadya MMeeT OorpaHuye-
HUs, BBIIOJIHEHUE KOTOPBIX HEBO3MOKHO KOHTPOJIMPOBATH AITOPUTMUYECKH, TO
GyHKUMS MPUCTIOCOOIEHHOCTH, KaK MPaBUIO, BKIIIOYAET TakkKe Tpadsbl 3a He-

BBITIOJTHCHHUC OI‘paHI/I‘{eHI/Iﬁ (OHI/I YMCHBIIAKOT €C 3Ha"ICHI/Ie).

Omoéop (cenexyus)

Ha kaxoM 1iare 3BOJIIOIMU ¢ TOMOIIBIO BEPOATHOCTHOTO OIepaTopa ce-
nekiuu (oTdopa) BEIOMPAIOTCS JIBa PEIICHUS-POAMUTEINS IJI1 UX MOCISTYIONIEro
ckpemuBanusi. Cpeau onepaTopoB CENEKIUMU Haumbojee pacnpoCTPaHEHHBIMU
SBIISIIOTCSL JIBA BEPOATHOCTHBIX ONEpaTOopa MPOMOPIHMOHANBHON W TYpHUPHOU
CeJIeKIIMU. B HEKOTOPBIX clydasx Takke MPUMEHSETCS 0TO0p yCeueHUEM.

IIponopyuonanvusiii omoop (proportional selection)

Kaxmoii ocobu HazHauaeTcss BeposSTHOCTh Py(i), paBHAs OTHOIICHUIO €€
MPUCIIOCOOJICHHOCTH K CYMMAapHOW MPHCTOCOOICHHOCTH MOMYJSIUU. 3aTeM
MIPOUCXOUT OTOOP (C 3amMelIeHneM) Bcex n 0co0el 1jIs TallbHeHIIe reneTnye-
CKOM 00paboTKH coryiacHo BeianunHe Py(1).

[IpocTeiimuii MponOpIHMOHAIBHBIN 0TOOP — pyJIeTKa — OTOMpaeT ocobeit ¢
MOMOIIBIO N «3aITyCKOBY pyJeTku. Koneco pyneTku colepKUT M0 OJJHOMY CEK-
TOpY U KaXAOTO 4WieHa MOmyJsaiuu. Pasmep i-ro cekropa mpomopiimoHaneH
cooTBeTcTBYIOLIEH BenuunuHe Py(1). Ilpu Takom oTOOpe wieHsl nonyisiuu ¢ 6o-
Jiee BBICOKOW MPHUCIOCOOJIEHHOCThIO C OOJIbllIeH BEpPOSITHOCTBbIO OYyAyT dalie
BBIOMPATHCS, YEM 0COOU C HU3KOU MPUCTIOCOOIEHHOCTHIO.

Typuupnwiti ombop

TypHupHbBIii 0TOOp peanu3yercsi CISAYIONMM 00pa3oM: W3 MOIYJISIUH,
coziep kanieil m ocoOel, BHIOUpaeTcs ciaydaitHbIM 00pa3oM t ocoOel, n Hanbosee
MPUCTIOCOOJICHHAsE 0COOb 3alTUCHIBACTCS B TIPOMEKYTOUYHBIN MacCHB (MEXKIy BbI-
OpaHHBIMU OCOOSIMH MPOBOAUTCS TYpHHUP). DTa ONepanus MOBTOPSETCS m pas.
CTpoku B TIOTYYEHHOM NPOMEKYTOYHOM MAacCHBE 3aT€M HCIONB3YIOTCS st
CKpelMBanus (ciydyallHeIM o0pa3om). Pazmep rpymnmbl CTpOK, OTOMpPAEMBbIX IS
TypHHpA, 9acTO paBeH 2. B aToM cirydae ToBOPAT O TBOMYHOM/TIAPHOM TYPHHUPE.

Omobop yceuenuem

JlaHHas CTpaTeruss UCIOIB3YeT OTCOPTHPOBAHHYIO MO YOBIBAaHHIO IOITY-
asuro. Yreno ocoOeit utsi CKpeluBaHusl BEIOUPAeTCs B COOTBETCTBHH C ITOPO-
rom Te€[0;1]. Tlopor onpenenser, kakas 1051 0coO€H, HAUMHAS ¢ CaMOU TIePBOM

(camoii mpucnocoOIeHHO#), OyIeT MpUHUMAaTh y4acTue B oToope. B mpuniure,
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MOPOT MOYKHO 3aJ1aTh U PaBHBIM 1, TOra Bce 0COOM TEKYIIEH MOMYJISIIUN Oy TyT
AomyieHsl K otoopy. Cpean ocoOeil, JOMyIMEHHBIX K CKPEIIMBAaHUIO CITydaid-
HBIM o0Opa3oM m/2 pasa, BRIOMPAIOTCS POAUTEIBCKUE Taphl, TOTOMKH KOTOPBIX
00pa3yrT HOBYIO MOMYJISAIHIO.

Panzoswiii ombop

OTOoT BUA 0TOOpA MOApPa3yMEBaeT CIeAYIOIIee: Ui Kax a0 ocoOu ee Be-
POSITHOCTD TOTACTh B MPOMEKYTOUYHYIO TOIYJISAIUIO MPONOPIHOHATBHA €€ T10-
PAIKOBOMY HOMEPY B OTCOPTUPOBAHHOW IO BO3PACTAHUIO MPHUCITOCOOICHHOCTH
nonysaiuy. Takod BHUJ 0TOOpa HE 3aBHCHT OT CPEIHEH MPUCIIOCOOICHHOCTH
MO YJISTINH.

Inumnosiii omoop

OnuTHBIE METOABl 0TOOpa TapaHTUPYIOT, YTO TPH OTOOpE 00S3aTEIHHO
OyIyT BBDKUBATH JYUIIUH WIH JTydITUe WICHBI nomyisiuu. Haunbomee pacmpo-
CTpaHEHa TpOoIeAypa 00sA3aTeIHLHOTO0 COXPaHEHUS TOJBKO OJHOHW JyYIIel oco-
Ou, eciii OHa HE MpOIIA, KaK APyrue, dyepe3 mpoiecc ordopa, KpoccoBepa H
MyTaIK. DJIUTU3M MOXET ObITh BHEAPEH NMPAKTHYCCKU B JIIOO0H CTaHIapTHBIH
MeToq orOopa. Vcmonp3oBaHHWe SIWTH3MA TO3BOJSET HE IMOTEPATH XOpoIIee
MPOMEKYTOUHOE PEIICHHE, HO B TO K€ BPEMsI U3-3a ITOTO aJTOPUTM MOXKET «3a-
CTPSATH» B JIOKAJTLHOM DKCTpeMyMe. B OOJBITMHCTBE ClydaeB 3JUTHU3M HE Bpe-
JTUT TIOUCKY PEIICHUs, W TJIaBHOE — 3TO MPEIOCTABUTH aITOPUTMY BO3MOYKHOCTh
aHAJM3UPOBATH Pa3HBIC XPOMOCOMBI U3 MPOCTPAHCTBA MOUCKA.

Ckpewjueanue

Kak u3BecTHO, B TEOPUU BOJIIOIMHI BaXXKHYIO POJIb UTPAET TO, KAKUM 00-
pa3oM MPU3HAKU POAUTENECH NEPEAAOTCS OTOMKaM. B reHeTH4eCKuX alropur-
Max 3a Iepenady MpU3HAKOB POJMTENIEH MOTOMKAM OTBEYAET ONEPATOP, KOTO-
PBIii Ha3BIBAETCS ONMEPATOPOM CKpeIMBAaHMS (€r0 TaK)Ke Ha3bIBAIOT KPOCCOBEP
WIN KPOCCHHIOBEP). DTOT OMNepaTop OMNpeleNsieT nepeaavyy npu3HaKkoB poau-
TeJel MOTOMKAaM, K HUM IPUMEHSETCS BEPOATHOCTHBIN ONEPATOpP CKPEIIVBAHMS,
KOTOpBIN CTPOUT Ha UX OocHOBE HOBBIE (1 unu 2) pemenusi-notoMmku. OTobOpan-
HbI€ 0COOM MOJIBEpraloTCs KpoccoBepy (MHOTAa Ha3bIBAEMOMY PEKOMOHMHAIIMEH )
C 3aZJaHHOU BEpOATHOCTHIO P.. Ecnu ka)kaas nmapa poauTenel MOpokKAACT IBYX
MIOTOMKOB, JJI BOCIPOU3BOJICTBA MOMYJISIIIUM HEOOXOAUMO CKPECTHTh m/2 ma-
pbl. [Ins ka0l nmapsl ¢ BEpOATHOCTBIO P, mpumensiercst kpoccosep. Crenosa-
TEJIBHO, C BEPOATHOCTBIO 1 - P, KpoccoBep HE MPOUCXOINUT, U TOTJAa HEU3MEHEH-
HbIE 0COOU MEePEXO AT Ha CIEAYIOUIYIO CTaANI0 (MYyTalluN).
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CymiectByeT OO0JIbIIOE KOJIMYECTBO PA3HOBUIHOCTEHM omepaTopa CKpelu-
BaHwus. [IpocTelimmii oTHOTOUEYHBIN KPOCCOBEP pabOTAET CIEAYIOIIUM 00pa3oM.
Cuauana ciaydailHBIM 00pa3oM BBIOHMpaeTCsl OJHA U3 BO3MOXHBIX TOYEK
paspeiBa. (Touka pa3pbiBa — y4aCTOK MEXJy COCEIHUMHU OUTamMu B cTpoke.) Obe
POAUTENBCKUE CTPYKTYPHI Pa3pbIBalOTCS Ha JIBa CETMEHTA 10 3TOM TOUKE. 3aTeM
COOTBETCTBYIOIIME CETMEHTHI PA3JIMYHBIX POJAUTENCH CKICHBAIOTCA W TOJyda-

HOTCs ABA I'CHOTHUIIA ITIOTOMKOB:
ITotomox 1: 1001011/00111
ITotomox 2: 0100011]/01001

Poagnreanr 1: 100101101001
Pomgurean 2: 0100011]/00111

B nacrosiee Bpemsi uccienoparenu ['A npeaiaraloT MHOTO JPYTUX OIle-
paTopoB CKpelrBaHus. JIByXTOUEUHBI KPOCCOBEP U PABHOMEPHBIN KPOCCOBEP —
BIIOJIHE JIOCTOWHBIE AIbTEPHATUBBI OJJHOTOUYEUYHOMY ollepatopy. B aByxrToueu-
HOM KpPOCCOBEpE BHIOMPAIOTCS ABE TOUKH Pa3pbiBa, U POJAUTEIHCKUE XPOMOCOMBI
0OMEHUBAIOTCSA CETMEHTOM, KOTOPBIH HAXOAUTCS MEXKY ABYMSI STUMH TOUKAMHU.
B paBHOMEpHOM KpoccoBepe KaKIblid OUT MEPBOrO MOTOMKA CIIy4aiHbIM 00pa-
30M HacleIyeTcsl OT OJHOI0 U3 POAUTENIeH; BTOPOMY MOTOMKY JOCTAaeTCs OUT

JAPYroro poauTess.

Mymauyus

Crnenyromuii reHeTUYECKUN orepaTop MpeAHa3HayeH Jisi TOro, 4TOoObI
MOJJIePKUBATh pa3HO0Opa3ue ocoleil B MOMyJIsLUU, — 3TO ONEepaTop MyTAlMH.
ITocne TOro kKak 3aKOHUYMTCS CTaJUs KpOCCOBEPA, IOTOMKHA MOI'YT ITOABEPraThCs
ciy4aitHeiM MonudukauusaM. B mpocTeiiniem ciayyae B KaxKI0i XpoMocoMe, KO-
TOpas MOJBEpPraeTcst MyTallu, Kaxablid OUT ¢ BEpOSTHOCTBIO P, M3MeHsercsa Ha
MPOTUBOIOJIOKHBIN (3TO TaK Ha3bIBaeMas OJHOTOUYEUHAs MYyTaIus):

Oco0b 10 MyTanuu: 100101100111
Oco0b nmocJie MyTaumu: 100101000111

bonee ciioxkHOM pa3HOBUIHOCTHIO MYTallUH SIBJIAFOTCS OMIEPATOPBI MHBEP-
CUU U TpaHciokaiuu. HBepcust — 3To mepecTaHoBKa reHOB B 0OpAaTHOM MOPSIA-
K€ BHYTPH MPOU3BOJIBLHO BEIOPAHHOTO y4aCTKa XPOMOCOMBI:

Oco0b 10 MHBEpCHHU: 100111100111
Oco0b nocJie UHBEPCUM: 100100111111

Tpanciokaius — 3To IEPEHOC KaKOTO-TU00 ydacTKa XPOMOCOMBI B JIpy-
TOM CETMEHT ATOM K€ XPOMOCOMBI:

71

Create PDF files without this message by purchasing novaPDF printer (http://www.novapdf.com)



http://www.novapdf.com
http://www.novapdf.com

Oco0b 10 TPaHCJIOKALMHU: 100111100111
Oco0b nocJie Tpanciaokanuu: 111000110111

Bce MNEPCUYNUCIICHHBIC TCHCTUYCCKHUC OIICPATOPLI (OI[HOTOIICIIH]':Jﬁ 1 MHOT'O-
TOYCUYHBIN KpOCCOBCP, OAHOTOUYCUHAA MYyTalluA, HHBCPCUA, TpaHCHOKaLII/IH)
HMEIOT CXO0KHE OMOIOIrMYECKHUE aHAJIOTH.

Dopmuposanue H08020 NOKONEHUA

[locne ckpemMBanus U MyTaluu 0co0ei HEOOXOAMMO PELIUTh MPOOIEMY:
KaKue M3 HOBBIX 0CO0€H BOMIYT B CIIEyIOIIEE TTOKOJICHUE, a KAKUE — HET, U YTO
nenathb ¢ ux npeakamu. EcTe 1Ba Hanbosiee pacpoCTpaHEHHbBIX CIOC00a.

1. HoBbie ocobu (MOTOMKH) 3aHMMAIOT MecTa cBoux poauteneit. [Tocie
ATOTO HACTYMAeT CIAEAYIOUIMU 3Tam, B KOTOPOM MOTOMKH OIICHHUBAIOTCS, OTOM-
paroTcs, Jal0T MOTOMCTBO U YCTYMAIOT MECTO CBOUM «JIETSIM.

2. Crnenyromiasi OMyJsUs BKIIOYAeT B ce0s KaK pOAUTENeH, TaK U UX
MTOTOMKOB.

Bo BTOpOM ciiyyae HEOOXOAUMO JOMOJIHUTENBHO ONPEAEIUTh, KaKhe U3
oco0ell pouTeneil U MOTOMKOB MOMaayT B HOBOE MokojeHue. B mpocrelimem
Clly4ae B HEro IMocje KaXKIoro CKpPEIIMBaHUs BKIIOYAIOTCS JIBE JIydllMe O0CcOoOU
W3 YETBEPKHU POJUTENeH U UX MOTOMKOB. bosee 3¢ exkTuBHBIM sIBIsICTCS MeXa-
HU3M BBITECHEHHUSI, KOTOPBIN peannu3yeTcss TaKuM 00pa3oM, 4TO CTPEMUTCS yaa-

JEITh «IIOXOKUC» XPOMOCOMBI U3 ITOITYJIAIUHU U OCTABJIATH OTIIMYAOIITUCCA.

Kpumepuu ocmanoea

Jlpyroii BaXHBIH MOMEHT (DYHKIIMOHUPOBAHUS aJITOPUTMA — OTIPEICIICHHUEC
KpUTEpUEB OCTaHOBA. BooOIe roBopsi, TaKOil MPOIECC IBOTIOIUN MOXKET TPO-
J0JKaThCS 10 OeckoHedHOCTH. OOBIYHO B KaUeCTBE KPUTEPHUEB OCTAHOBA IPH-
MEHSIOTCS WJIM OTpaHWYEHHE Ha MaKCHUMaJIbHOE YHCIIO 310X ()YHKIIMOHUPOBA-
HUS aITOPUTMa, WU OINPEACICHHE ero CXOJAMMOCTH, OOBIYHO ITyTEM CpaBHHBa-
HUS TPUCTIOCOOJICHHOCTH TIOMYJISIITUU Ha HECKOJBKUX 3T0XaX WU OCTAHOBKHU IIPH
CTaOMIIM3AIK 3TOTO MapameTpa.

Cxo’JIeHHeM Ha3bIBAaeTCs TaKOE COCTOSHHUE TOIMYIISIUU, KOTJa BCe CTPO-
KM TONYJIAIHAA MTOYTH OAWHAKOBBI M HAXOMSATCS B 00JIACTH HEKOTOPOTO IKCTpE-
MymMa (puc. 16).

B Takoii curyanuu KpoccoBep MPaKTHUECKU HUKAK HE M3MEHSET MOIYJIs-
IIUU. A BBIIICAIINE U3 3TOH 00JIACTH 3a CUET MyTaIllid OCOOM CKJIIOHHBI BBIMH-

paThb, TaK KaK Yalic HUMCIOT MCHBIOYIO HpI/ICHOCO6JICHHOCTB, 0COOEHHO eclu
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fix)

X

Puc. 16. CxoxneHne reHeTHYECKOr0 aJiropurMa

JaHHBIA SKCTPEMYM SBIsI€TCS TJ00aJbHBIM MakcUMyMoM. Takum o0paszowm,
CXOXJICHHE TOMYJISIUU 0OBIYHO O3HAYAET, YTO HAMIECHO Jyuliee Wik OJIM3Koe K
HEMY PEIICHUE.

Buabl reHeTU4ECKUX anropunTtmoB

CylecTBYIOT pa3JIMYHbIE MOJEIN F€HETUYECKOTO aIropuTMa (Kiaccude-
CKUM, MPOCTON reHernueckuit anroputM, rudpuansii, CHC renernueckuii ai-
ropuT™ U 1ip.). OHU paznuyaroTcs Mo CTpaTterusiMm orbopa U GOpMUPOBAHUS HO-
BOT'0O IOKOJIEHUsI 0co0el, onepaTopaMu N€HETUYECKOT0 alrOpUTMa, KOJUPOBa-

HHCM I'CHOB M T.[.

CHC-anzopumm

CHC (Cross generational elitist selection, Heterogenous recombination,
Cataclysmic mutation) ObUT TIPEAJIOKEH DCXEIMAHOM M XapaKTepU3YeTCs Clie-
TYIOUTUMU TIapaMeTpaMH:

1. Jyis HOBOTO MOKOJIEHUSI BBIOMparoTcs N Jydmnux pasindHbIX ocoOei
cpenu poautenei u aeteit. JlyonupoBaHue CTPOK HE TOMyCKAaeTCsl.

2. Jnst ckpeniuBaHus BRIOMpAETCS CllydaiiHas mapa, HO HE JIOMyCKaeTcs,
9TOOBI MEXY POAUTEISIMU OBLIO Maj0 XOMMHUHIOBO PACCTOSIHUE WM MaJlo pac-
CTOSIHHE MEXKTy KPAHHUMU Pa3THYAIOIIIUMHUCST OUTaMH.

3. Jyia cKkpeluBaHus UCTIOIB3YEeTCS Pa3HOBHIHOCTHh OJTHOPOJHOTO KpOC-
cosepa HUX (Half Uniform Crossover): pebeHKy NepexoJuT pOBHO MOJOBHUHA
OUTOB KaXKJIOTO POJUTEIIS.

4. Pazmep nonyJisiiiuu HEOOJbIION, 0Koyo 50 ocobeit. DTUM ompaBaaHO
MCTIOJb30BAaHUE OJJTHOPOTHOTO KPOCCOBEpA.

CHC npoTHBOIIOCTaBIISIET arpeCCUBHBIA OTOOpP arpecCUBHOMY KPOCCOBE-
pY, OJIHAKO BCE PaBHO MAaJIbIi pa3Mep MOMyJSIUN ObICTPO MPUBOAMT €€ K CO-
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CTOSIHHMIO, KOTJIa CO3[1al0TCs TOJIbKO OoJiee WM MEHee OJAMHAKOBble CTPOKHU. B
takoM cinydae CHC nmpumensier cataclysmic mutation: Bce CTpoku, Kpome caMoit
MIPUCTIOCOOJICHHOM, MTOIBEPraloTCs CUIIBHOW MyTalluu (M3MEHSIETCS] OKOJIO TPETH
o6utoB). Takum 00pa3oM, aJrOPUTM MEpe3anycKaeTcs U Jajaee MpoJoKaeT pa-
00Ty, MPUMEHSIS TOJIBKO KPOCCOBEP.

Genitor

Ortor anroputMm ObuT co3aaH [[. Yurnu. Genitor-mogoOHbIE aaTrOpUTMBbI
OTIMYAIOTCS OT Kiaccuueckoro ['A cienyromuMu TpeMsi CBOMCTBAMU:

I. Ha xaxxmom 1iare TOJIbKO OJiHA Mapa CIy4alHbIX POJUTENICH cO3daeT
TOJIBKO OJTHOTO peOeHKa.

2. D1O0T peOCHOK 3aMEHsIeT HEe POJIUTEINs, a OJHY U3 XYAILIUX 0c0o0eil mo-
nyJsuuy (B nepBoHavyasibHOM Genitor — caMyto XyIIIYIo).

3. Ot6op ocobu st 3aMeHbl MPOU3BOIAUTCS IO €€ PEUTHHTYy, a HE IO
MPUCTIOCOOJIEHHOCTH.

B Genitor mouck runepuiockocTeid MPOUCXOAUT JIydlle, a CXOAUMOCTh
ObICTpee, YeM y KJIaCCHYECKOr0 T€HETHUYECKOTO aJrOpuTMa, MPEasioKeHHOIrO
XOJ1aH0M.

T'ubpuonvie anzopummul

Wnes rubpuaneix anroputmoB (hybrid algorithms) 3akmtouaercs B coue-
TaHUU T€HETUYECKOI0 aITOPUTMA C HEKOTOPBIM APYTMM METOAOM IMOMCKA, MO/I-
XOJSIIUM B IaHHOMU 3a7aude. B KakJ10M MOKOJIEHUH KaXKIbli TOJYyYeHHBIN MOTO-
MOK ONTHUMHU3UPYETCS] 3TUM METOJO0M, IOCIIE YEeTrO MPOU3BOJATCS OOBIYHbBIC IS
Tr€HEeTHYECKOro aJirOpUTMa JEeHCTBUS.

Takoi BUJ pa3BUTHs HA3bIBACTCS JIAMAPKOBOM 3BOJIIOLUEN, IIPU KOTOPOU
0c0o0b crtocoOHa 00y4aThCs, a 3aTeM MOJIyYeHHbIE HABBIKU 3aMKMCHIBATH B COOCT-
BEHHBII T€HOTHUII, YTOOBI OTOM MepeAaTh UX MOoToMKaM. M XOTs Takoi MeToA
YXYAIIAeT CIOCOOHOCTh AJITOPUTMA UCKATh pPElIeHUE C MOMOIIbI0 0TOOpa T'u-
NEePIUIOCKOCTEN, OJHAKO Ha MPaKTUKE THOPHUAHBIE aJTOPUTMbI OKa3bIBAIOTCS
OYEHb YJAUHBIMHU. DTO CBS3aHO C TE€M, YTO OOBIYHO BEJIMKA BEPOSITHOCTH TOTO,
4TO OJHA U3 0CcOOEl momaaer B 00iacTh I7100aJbHOIO0 MaKCUMyMa U IOCTE OIl-
TUMU3AIMN OKaXKETCs peLICHUEM 3a/1auu.

HapaJlJleJleble ceHemuuecKue ajicopummbl
I'eneTuueckue AJTOPUTMBI MOXHO OPraHM30BATbh KaK HCCKOJIBKO ITapall-
JICJIbHO BBINMOJIHATOMINUXCA ITPOUCCCOB, 5TO YBCIMYHUT UX IIPOU3BOAUTCIIBHOCTD.
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PaccmoTpuM mepexol OT KJIACCHYECKOrO0 T€HETHYECKOIO alropuT™Ma K
napajienbHoMy. i 3Toro OyzemM MCIoNib30BaTh TYPHUPHBINA 0TOOp. 3aBenem
N / 2 nmporiecca (31ech U ganee Mpolecc MoJpa3zyMeBaeTcsa Kak HEKOTopas Ma-
[IMHA, TPOLECCOpP, KOTOPbIH MOXKeT padoTaTh He3aBucuUMO). Kaxablii U3 HUX
OyzeT BpIOMpaTh Ciiy4yailHO M3 Momyisiuuu 4 o0coOu, MPOBOJIUTH 2 TypHUpA U
ckpemuBaTh nodeaureneil. IlomydeHnnsle netm OyayT 3amuChIBaThCA B HOBOE
nokoJsieHne. Takum oOpa3zoM, 3a OJUH LUK paboThl OJHOrO mpouecca Oyner

CMCHATHCA L CJII0C ITOKOJICHUC.

Ocmpoenasn mooens

OctpoBHas Mozenb (island model, puc. 17) — 3To TOXke MOjAENb TMapal-
JIETLHOTO FeHEeTHYECKOTO anroputMa. OHa 3aKII0YaeTCs B CASAYIONIEM: TYCTh Y
Hac ecTb 16 mporeccoB u 1600 ocobeit. PazobreM ux Ha 16 moaAnomymsiuii mo
100 ocobeit. Kaxxmas ux HuUX OyeT pa3BUBAThCS OTIEIBHO C MOMOIIBI0O HEKOTO
T€HEeTUYECKOro anroputma. Takum oOpa3oM, MOXKHO CKa3aTh, YTO MBI PacCeiH-
71 0co0M Mo 16-TH U30IMPOBAHHBIM OCTPOBAM.

o
.

Puc. 17. OcTtpoBHasi MOjeJIb TeHETHYECKOr0 aJITOPUTMAa

AN

@
J

W3penka (Hanmpumep, Kaxable 5 TMOKOJEHUMN) MpoIecchl (UM OCTPOBA)
OyayT 0OMEHUBATHCS HECKOJBKUMHU XOPOIIMMH OCOOSIMU. DTOT MpOIlecC Ha3bl-
BaeTcs Murpanme. Murpanus mo3BojsieT OCTpoBaM OOMEHUBATHCS F€HETHYE-
CKHM MaTepHajIOM.

Tak xak HacCeJIeHHOCTb OCTPOBOB OOBIYHO OBIBAET HEBEJMKA, MOJIOMYJIs-
MU OyAyT CKJIOHHBI K IPEXAEBpPEeMEHHON cxonuMocTH. [loaToMy BakHO mpa-
BUJILHO YCTAHOBUTBH YaCTOTy MHrpaunuu. Yepecuyp uvactas murpanus (Wid Mu-
rpalys CIUIIKOM OOJIBIIOTO YHCiIa 0CO0EH) MPUBEAET K CMEUIEHHUIO BCEX MOJIIO-

HYHHHHﬁ, n TOraa OCTpOBHAA MOIACIIb 6yII€T HECHWJILHO OTJIMYATHCS OT OOBIYHOT'O
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IFCHCTUYCCKOI'O aJIrOprUTM™MaA. Ecnu xe MUT'paHAa 6YI[GT CJIMIIIKOM peﬂKOﬁ, TO OHa
HC CMOXCT IIPCAOTBPATUTD ITPCIKIACBPECMCHHOT'O CXOXKIACHUS HO,Z[HOHyJ'ISII_II/II‘/JI.
I'eneTuueckue AJTOPUTMBI CTOXACTHYHBI, IIO3TOMY IIPH PA3HBIX 3dITyCKaAX
MOMYJIANNA MOKCT CXOOUTHCA K PA3HBIM PCUHICHUAM (XOTSI BCC OHHU B HCKOTOpOﬁ
CTCIICHH ((XOpOH_II/IC»). OCTpOBHaH MOZACJIb IMO3BOJIACT 3allYCTHUTh AJITOPUTM Cpa-
3y HCCKOJIBKO pa3 U MIbITATHCA COBMCIIATH «AOCTUKCHUA» PA3HBIX OCTPOBOB JJIA

IMOJTYUCHUS B OIIHOfI u3 HOJIHOHYJISILII/Iﬁ HaWJIYHIICro peuiCHus .

HAueucmuie cenemuueckue anzopummul

SAueucteie reHetnueckue anroputmbl (Cellular Genetic Algorithms) —
MOJI€JIb TapajlyIeIbHbIX FeHeTHYECKuX anroputMoB. Ilycts mano 2500 mporec-
COB, PacIOJIOKEHHBIX Ha ceTke pazMepoMm 50%x50 sueek, 3aMKHYTOM, Kak MOKa-
3aHO Ha puc. 18 (JeBas cTOpoHA 3aMbIKAETCA C MPaBOW, BEPXHAA — C HIDKHEH,
MOJIy4aeTcs TOp).

Puc. 18. Sluenctplii reHeTHYECKHUI AJITOPUTM

Kaxxaplii iporiecc MOKET B3aMMOCHCTBOBATh TOJIBKO C YETBIPHMS CBOH-
MU cocelsiMu (CBEpXy, CHM3Y, CJeBa, CrpaBa). B kaxmol sueiike HaXOauTCA
poBHO o1Ha 0c00b. Kaxmpril mporiecc OyneT BHIOMpaATh Ty4lIyl0 0co0b Cpeau
CBOMX COCEJIel, CKpelIuBaTh ¢ Heil 0CO0b U3 CBOCH SYEHKHU U OJHOTO TMOTyUYeH-
HOTO peOCHKa MOMEIIATh B CBOIO SYCHKY BMECTO POJIUTEIS.

[To mepe pabOTHI TaKOTO AITOPUTMa BO3HUKAIOT IPQPEKTHI, TOXOKUE Ha
OCTpOBHYIO Mozenb. CHayama Bce 0COOM MMEIOT CIy4ailHyIO MPHUCTIOCOOJIeH-
HOCTh (Ha PUCYHKE OHa ompenensercs mo 1nBery). CrnycTs HeCKOJIbKO MOKOJIe-
HUM 00pa3yroTcsi HeOONbIINE 00IaCTH MOX0XKUX 0c00€el ¢ OJIM3KOM MPUCTOCO0-
aeHHocThI0. [lo Mepe paboThl anropuTMa 3T 00JaCTH PACTYT U KOHKYPHPYIOT

MEXy COOO0M.
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Tecm no meme «380/1I0UUOHHOE MOOesiuposaHue»

1. Kro cunTaercss «0THOM» reHeTH4ECKUX aJIrOPUTMOB?
a) J. l'onnGepr
b) 1. Xomnnaun
¢) K. Jle onr
d) HeT npaBUILHOTO OTBETA
2. Kakue MeTOabl OTHOCATCS K HANPABJEHHI) «IBOJIONHOHHOE MO/eJIH-
poBanue»?
a) METOJ] TPYIIOBOTO Y4eTa apryMEHTOB
b) HelpoHHbIE ceTH
C) TCHETUYECKHUE alITOPUTMBI
d) 3BONIOIIMOHHOE TPOTPAMMHUPOBAHUE
€) IBPHUCTUYECKOE MPOrPaMMUPOBAHHE
3. Kakue NOHATHS OTHOCATCS K FT€HETHYECKHM AJTOPUTMAaM?
a) ocoOb
b) dbenorun
C) TeH
d) IHK
€) HelpoH
f) dynkuus akruBanyu
4. Kakue BHIbI 0TOOPA B FeHETUYECKUX AJITOPUTMAX CYLIECTBYIOT?
a) TUCKPETHBIA 0TOOP
b) paHrossiii 0TOOD
C) MOATAMHBIA OTOOP
d) myanbHBIM 0OTOOD
€) TYpPHUPHBIN 0TOOP
f) pynetka
5. Kakue ObIBAIOT ONEPaTOPHI FTeHETHYECKOI0 aJIropurmMa?
a) KPOCCHHTOBEP
b) ckpemBaHue
C) TpaHCIHUTEepauus
d) TpaHcnmokaius
€) MyTarus
f) koHBepcus
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6. Kakue BUbI reHeTHYECKOI0 AJATOPUTMA MOAPA3ZyMEBAKT NAPaJJieIbHYI0
o0padoTky?
a) genitor
b) CHC
C) THUOPUIHBIC AT OPUTMBI
d) octpoBHast MosieIb
€) HEeT MPaBUJILHOTO OTBETA
7. A3 kakoro 4ymcja ocodeil MOKHO BbIOUpPaTh mapy (BTOPOro poaMTeJisi)
JJIS 0CO0M B OCTPOBHOM Moaen?
a) m, rJie m— YUCciI0 0co0eil B MOMYIISIUU
b) m-1, rae m — yucio ocodeit B MOnyJIsiiiuu
c) 4
d) 8
e) t, BeIOUpaeTcs ciydailHbIM 00pa3oMm, Jaiie Bcero t = 2
f) Her mpaBUIBLHOTO OTBETA
8. Kakoii oneparop npumenex k ocoou (0001000 — 0000000)?
a) MUHBEPCHUH
b) kpoccosep
C) CKpeuMBaHUs

d) HeT mpaBUIBHOTO OTBETA

Jlumepamypa no meme «3eos104UOHHOE MOOesTuUPOo8aHUE»

1. I'eHeTHYECKUE ANTOPUTMBI, UCKYCCTBCHHBIC HEHPOHHBIC CETH M TPOOJIEMBI
BUupTyanbHoi peanbHocTu / I'. K. BoponoBckuit u ap. — XapekoB : OCHO-
BA, 1997. - 112 c.

2. Ucaes, C. A. TlonynapHO O N€HETHUYECKUX AJNTOpPUTMaxX [DJIEKTPOHHBIA pe-
cypc] / C. A. Ucaes. — Pexxum noctyma: http://algolist.manual.ru/ai/ga/gal.php

3. Kamupuna, U. JI. BBegenue B 3BOJTIOIMOHHOE MOJEIUPOBaHUE : y4eb. To-
cobue / . JI. Kamupuna. — Bopounex, 2007. — 40 c.

4. Crapukos, A. JIabopatopust BaseGroup. ['enHeTnyeckue airopuTMbl — Mate-
MaTtuueckui anmapat [DnexkTpoHHbii pecypc] / A. CrapukoB. — Pexxum moc-

tyna: http://www.basegroup.ru/genetic/
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5. ®orens, JI. ckycCTBEHHBIN MHTENJIEKT U 3BOJIOLMOHHOE MOJIETUPOBAaHUE /
JI. ®orens, A. Oysnc, M. Yoau. — M. : Mup, 1969. — 230 c.

6. SmunoB, b. I'enernyeckue anroputmsl [DnexkTpoHHbidt pecypc| / b. Amu-
HOB. — CIIO. : Cankr-IlerepOyprckuit roc. yH-T, 2005. — Pexum nocryna:
http://rain.ifmo.ru/cat/view.php/theory/unsorted/genetic-2005

§4 HeuyeTKkune MHOXeCTBa N HeYeTKaa Nnoruka

B ocHOBe HEUeTKOU JIOTUKHU JIEKUT TEOPHUsS] HEUETKUX MHOMXECTB, U3JI0KEH-
Has B cepun padot JI. 3ame B 1965-1973 rogax. Maremaruueckas Teopus He-
yeTkuX MHOXecTB (fuzzy sets) u HedeTkas joruka (fuzzy logic) siBisroTCs
0000IIEHUSIMHU KIACCUYECKOM TEOPHH MHOKECTB U KJIACCUYECKON (hopMallbHOU
noruku. OCHOBHOM NMPUYMHOM MOSBIEHUS HOBOW TEOPUU CTalI0 HAJIMYUE HEYeT-
KUX M NPUONMXKEHHBIX PACCY)KICHUH TMPHU ONHUCAHUM YEIOBEKOM IPOIIECCOB,
cucTeM, OOBEKTOB.

JI. 3ane, hbopmynupysi 3TO I1aBHOE CBOWCTBO HEUETKHX MHOXKECTB, 0a3u-
poBaJicsl Ha TpyJax NpeAnecTBeHHUKOB. B Havane 1920-X rogoB MoJbCKUN Ma-
TeMaTuK JlykameBud TpyaWJICS HaJ MPUHIMIIAMH MHOTO3HAYHON MaTtemaTuye-
CKOM JIOTUKH, B KOTOPOH 3HAYEHUSIMU MPEIUKATOB MOTJIU OBITh HE TOJBKO «HC-
TUHA» WA «J10Xb». B 1937 roay eme oauH amepukaHCKuid ydeHbld M. bk
BIIEPBbIE MPUMEHHJI MHOTO3HAYHYIO JIOTUKY JlykamieBrnya K CrucKam Kak MHO-
’ecTBaM 00BEKTOB M Ha3BaJ TAKUE MHOKECTBA HEOIPEACIICHHBIMHU.

[Ipexxe ueM HEeYeTKUW MOJX0]l K MOJIETUPOBAHUIO CIIOKHBIX CUCTEM IIO-
Jy4us TpU3HAHHWE BO BCEM MHpE, C MOMEHTa 3apOXACHUS TEOPUH HEUYETKUX
MHO>KECTB MPOIILJIO HE OJTHO JIECSTUIIETHE.

HeueTkas norvka kak Hay4HOE HaIlpaBJIE€HUE pa3BHBalIach HEMPOCTO, HE
n30exana oHa U OOBUHEHU B JpkeHaydyHocTu. Jlaxke B 1989 rony, xorna npu-
Mephbl YCHEIIHOTO MPUMEHEHUS HEYETKON JIOTUKK B 000POHE, MPOMBIIUIEHHOCTH
1 OM3HEece MCUUCIIINCH JecsiTkamu, HannonanbHoe HayuyHoe o6OmiectBo CIIA
00CyXJ1aJ10 BOIPOC 00 MCKIIOYEHUH MATEpUATIOB 110 HEYETKHUM MHOXECTBAM U3
WHCTUTYTCKUX YU4€OHUKOB.

[lepBslii epuo pa3BUTHS HEUETKUX cUcTeM (KoHel 60-X — Hayano 70-X IT.)
XapaKTepu3yeTcs pa3BUTUEM TEOPETHUUECKOTO arapaTa HEYEeTKUX MHOXKeCTB. B
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1970 rony bennman coBMecTHO ¢ 3azne pa3padoTalid TEOPUIO MPUHATHUS pellle-
HUN B HEUETKUX YCIIOBUSX.

B 70-80 roawl (BTOpO¥ mepuoj) MOSBISIIOTCS TMEPBbIE MPAKTHYECKUE pe-
3yJIbTaThl B 00JIACTH HEYETKOTO YNPABICHUS CIOKHBIMU TEXHHUUYECKUMU CUCTe-
MaMu (TIaporeHeparop ¢ He4eTKuM ympasieHueM). M. Mamaanu B 1975 rogy
CIPOEKTUPOBAI MEPBbI (PYHKIMOHUPYIOIIUA HAa OCHOBE aireOpbl 3aje KOH-
TpoJUIep, YHPABIAIOMINN napoBoi TypOuHO. OTHOBPEMEHHO CTaJO YAENATHCS
BHHMAaHHE BOMPOCAM CO3JaHMs IKCIEPTHBIX CUCTEM, TOCTPOCHHBIX HA HEUETKOM
JIOTHKE, pa3pabOTKe HEUETKUX KOHTpOJIepoB. HeueTkue sKCrepTHhIE CUCTEMBI
JUTSE IOJIIEPKKY IPUHSTHS PEIICHUN HALUTU ITUPOKOE MPUMEHEHUE B MEAUIIMHE
1 DKOHOMUKE.

Hakoner, B TpeTbeM nepuojie, KOTopblid JyIUTcs ¢ kKoHa 80-X ToA0B U Ipo-
J0JIKAETCsl B HACTOSIEE BPEMs, MOSBISIOTCS MAKEThl MPOrpamMM ik OCTpoe-
HUSl HEUETKHUX SKCIEPTHBIX CUCTEM, a 00JIACTU MPUMEHEHUS] HEYETKOM JIOTUKU
3aMeTHO pacuupstorcs. OHa MpPUMEHSIETCS B aBTOMOOWJIBHOM, a3poKOCMHUYe-
CKOM M TPaHCHOPTHOM MPOMBIIUIEHHOCTH, B 00JIACTH M3/1€TUi OBITOBOW TEXHU-
Kd, B chepe puHAHCOB, aHAIN3A U IPUHATHS YIIPABIEHYECKUX PEIICHUN U MHO-
rux apyrux. Kpome Toro, Hemaiiyio pojib B pa3BUTHH HEUETKOW JIOTUKH CHITPAJIO
noka3arenbcTBO 3HaMeHuTON TeopeMbl FAT (Fuzzy Approximation Theorem)
b. Kocko, B KOTOpOH yTBEp)KIajloCh, YTO JIOOYI0 MaTeMaTUYECKYIO CUCTEMY
MO>KHO alllPOKCUMUPOBATh CUCTEMOUM Ha OCHOBE HEUETKOM JIOTUKH.

OgHuM M3 caMbIX BIEUYATISIOUIMX PE3YyJIbTAaTOB CTAJIO CO3/aHHME YIPaB-
JISIOLEr0 MUKPOTIPOIIecCOpa Ha OCHOBE HEUETKOM JIOTUKH, CHOCOOHOTO aBTOMa-
TUYECKHM peliaTh H3BECTHYIO 3a7ady «o0 cobake, OroHsomeld kora». B
1990 rony Komurer no xontposto s3kcrnopra CIIIA BHec HEUETKYIO JIOTUKY B
CIIUCOK KPUTHUYECKH Ba)KHBIX OOOpPOHHBIX TEXHOJIOTWM, HE TOJJIEKAIIUX dKC-
MOPTY NOTEHLIUATIBHOMY MPOTUBHUKY.

B Gu3nece u puHaHCcax HeyeTKas JIOTUKA MOJy4dusIa IpU3HaHUE MOCIe TOTO,
Kak B 1988 roay skcnepTHas cucremMa Ha OCHOBE HEUETKUX MTPABUII ISl IPOTHO-
3UpoBaHUsl (DMHAHCOBBIX MHAMKATOPOB €IWHCTBEHHAs MpejcKa3ana Oup KeBOu
Kpax. M xonuuecTBO ycmnemHbIX (Ga33u-MpUMEHEHHN B HACTOSIEE BpeMs HC-
YUCIIIETCS ThICAYaMHU.

B Slnonun 3T0 HampaBlieHHWE MEpPEeXKHBAET HACTOSIIUNA OyMm. 3aech (QyHK-
HUOHUPYET CIIEMaIbHO co3/aHHas opranu3auus Laboratory for International
Fuzzy Engineering Research. IIporpammMoii 3Toit opranuszanuu siBasieTcs: co3ja-
Hue 0oJiee OJIM3KUX YETIOBEKY BBIUMCIUTEIBHBIX YCTPOICTB.
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HNudopmarimonnsie cucteMbl, 0a3upyromuecs: Ha HEUeTKMX MHOXECTBaX U

HEYETKOU JIOTMKE, Ha3bIBAalOT HEUETKUMH CUCTEMAaMH.

Llocmouncmea HEYETKUX CUCTEM:

* (GyHKUMOHUPOBAHKE B YCIOBUSIX HEONPECICHHOCTH;

* ONEPUPOBAHUE KAYECTBEHHBIMU U KOJIMYECTBEHHBIMHU JIaHHBIMH;

® HCIOJb30BAHUE DKCIIEPTHBIX 3HAHUI B YIIPABIICHUH;

* TIOCTPOCHME MOJEeeil MPUOIMKEHHBIX PAcCYKICHUH UeI0BeKa;

* YCTOMYMBOCTb IIPU JEHCTBUM HA CUCTEMY BCEBO3MOXKHBIX BO3MYILIEHUI.

Heoocmamkamu HEYETKUX CUCTEM SIBIISIIOTCSL:

®* OTCYTCTBHE CTAaHAAPTHOM METOJAMKH KOHCTPYHPOBAHUS HEYETKUX
CUCTEM;

* HEBO3MOXXHOCTh MaTEMAaTHYECKOTO aHalM3a HEYETKHX CUCTEM CYIIE-
CTBYIOILIMMHU METOAAMU;

* IIPUMEHEHHE HEUETKOTrO MOAX0/a [0 CPABHEHUIO C BEPOATHOCTHBIM HE
MIPUBOAUT K MOBBIIIEHUIO TOYHOCTH BBIUYHCIICHHIA.

Teopml He4YeTKNX MHOXeCTB

['maBHOE OTNIMYME TEOPUU HEUETKUX MHOXKECTB OT KJIACCUUECKON TEOpHHU
YETKUX MHOXECTB COCTOUT B TOM, YTO €CJIU JJIsl YETKUX MHOXECTB pe3yJibTa-
TOM BBIYUCIICHUS XapaKTePUCTUUECKON (DYHKIIMU MOTYT OBITh TOJBKO JIBa 3Ha-
yeHus: — 0 unum 1, To A1 HEYETKUX MHOYKECTB 3TO KOJUYECTBO OECKOHEYHO, HO
OTpaHUYEHO AMANa30HOM OT HYJIS 0 €IMHUIIbI.

Heuyerkoe MHOXKECTBO

[Iycts U — Tak Ha3biBaeMOE€ YHUBEpPCAJIbHOE MHOMXECTBO, U3 AJIEMEHTOB
KOTOpPOTO 00pa30BaHbl BCE OCTaIbHbIE MHOXKECTBA, paCCMaTPUBAaEMbIe B JaHHOM
KJIacce 3a/1a4, HallpuMep MHOKECTBO BCEX LEBIX YHCEI, MHOKECTBO BCEX Iia-
kux GyHkuuit u T.4. Xapakrepuctuueckas ¢pyHkuus MmHoxkectBa A < U — 3T10

GyHKIMS M, , 3HAUEHUS KOTOPOM yKa3bIBaloT, sBisgercs U X € U 3neMeHToM

MHOecTBa A:
I, xeA;
M, (X) =
) 0, xgA.

B TCOPUUN HeUeMKUX MHOIHCeCNne XapPAKTCPUCTUICCKAA Q)YHKI_II/IH Ha3bIBa-

eTcsl (pyHKnMell NMPHHALJIEKHOCTH, a €€ 3HaUeHUE M, (X) — CTeleHbI0 NpH-

HAJIC/KHOCTH DJICMCHTA X HCUCTKOMY MHOKCCTBY A.
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Bonee cTporo: neuemkum muoscecmeom A Ha3bIBACTCS COBOKYITHOCTB Map
A= {<X,MA (X)>|X € U},
rae M, — (yHKIUS OpUHAUIEKHOCTH, TO ecThb M, : U —[0,1].

ITycts, nampumep, U ={a, b, ¢, d, e}, A = {(a,0>,<b,0.1>,<c,0.5>,<d,0.9>,<e,1>}.
Toraa sneMeHT a He MPUHAAJICKUT MHOXKECTBY A, 3JIEMEHT b MPUHAICKUT eMY
B MaJIOW CTEMEHH, 3JIEMEHT ¢ 0oJiee WM MEHee MPUHAMIEKUT, d1eMeHT d mpu-
HAJJIEKUT B 3HAUUTENBHON CTENEHU, € ABJISIETCS 3JIEMEHTOM MHOYKECTBa A.

Hpumep. Ilycte yrusepcym U eCTh MHOXKECTBO JNE€HCTBUTEIBHBIX YUCEIL.
HeueTkoe MHOXecTBO A, oOo3Hayaroliee MHOXKECTBO uMcels, Onu3kux k 10,
MOXHO 33J1aTh clieaytomen pyHKiuen npuHaiexxHoctu (puc. 19):

My (%) = (1+[x =10]") 7",

rae m € N.

0 10

Puc. 19. ®ynxkuus NPUHALIEKHOCTH M

[TokazaTenb cTeneHn m BeIOMpAeTCs B 3aBUCUMOCTU OT CTETICHU OJIM30CTH
k 10. Hampumep, 11st onvcanusi MHOKECTBA YUCEIN, OYeHb OJIM3KUX K 10, MOXKHO
MMOJIOKUTE M = 4, 1711 MHO>KECTBA UMCEII, He OUYeHb Jajiekux ot 10, m=1.

HocuTeaemM HEUETKOro MHOKECTBA A Ha3bIBA€TCS YETKOE MHOKECTBO A
TaKuX TOYEK B U, UL KOTOPBIX BCIIMYMHA M, (X) IIOJIOKUTCIIbHA, TO C€CTb
A= {X‘MA (x) > 0}.

H}IpOM HEYETKOI'0 MHOXKECTBa A Ha3bIBA€TCI YETKOEC MHOXECTBO A Ta-
Kux Touyek B U, I KOTOPBIX BeJIMYMHA M, (X) = 1.

MHuoxecTBOM YypoBHsI O (0-cpe30M) HEUETKOTO MHOXECTBAa A Ha3bIBa-
€TCs YEeTKOE ITOAMHOKECTBO YHHUBEPCAIBHOIO MHOKecTBa U, ompenenseMoe 1no
dopmyne A, = {x|m, (x) > 6}, rae 6 €[0,1].

OYHKIUIO TPUHAICKHOCTH HA3BIBAIOT HOPMAJIBHOM, €CIIM SIAPO HEYET-

KOI'0O MHOXCCTBA COACPIKUT XOTA OBI OAHH J3JICMCHT.
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Onepanumn HAl HEYeTKUMHM MHOKE€CTBAMH

JIJ1s1 HEYeTKUX MHOXKECTB, KaK U JJIsl OOBIYHBIX, OINpPEJEICHb OCHOBHBIC
ornepauuu: 00beIMHEHNE, IEpeceYeHne U NHBEPCHUs/ IONIOJIHEHHUE.

Jlns ompeneneHuss nepecedeHus W OOBEIMHEHUS HEYETKUX MHOXKECTB
HauOOJIBIICH TOMYISIPHOCTHIO TOJIB3YIOTCS CIACAYIOIINE TPU TPYIIIBI ONEePaLIHA:

M, g (X) = max{M, (x),Mz(X)},
MaxkcUMUHHbBIE M, 5 (X) = min{m, (X),Mg(X)}

Mp g (X) = My (X) +Mp (X) =M, (X) - Mg (X),
AnrebGpanydeckue M, 5 (X) =M, (%) Mg (X)

M, g (X) = mil’l{l,MA (X) +MB(X)}>
OrpaHn4yecHHBIE My g (X) = max{0,M, (x)+ Mg (x) -1}

JIOTIOTHEHNE HEYETKOTO MHOXKECTBA BO BCEX TPEX CIIy4asiX ONpPEACIIAeTCS
OJIMHAKOBO:
My (%) = 13, ().
IIpumep. Ilycte A — HE4eTKOE MHOXKECTBO «OT 5 10 8» m B — HeueTkoe

MHO>KECTBO «OKOJIO 4%, 3aJaHHbIE CBOMMH (DYHKIIMSIMH MTPUHAIE)KHOCTH (pHcC. 20).

1} 1z

B

0 0 8 T 0 4 ud

Puc. 20. DyHKuyu NpUHAIIEKHOCTH HEeYeTKUX MHOKecTB A U B

Toma, HCIIOJIB3Yysd MAKCHUMHWHHBIC OIICpallvK, MbI IIOJYYUM CJIICAYIOIINC
MHOXCCTBA, I/I306pa)KeHHBIe Ha pHuc. 21.

ﬁ'« B ;'E'l una #J.
it 1 1~—\(r———y—
' \ I||I ! b‘,
L i1 - i - ¥ \ -
0 45 & T 0 45 5 T 0 D ] T

Puc. 21. ODyHKuu4 NPUHAIEKHOCTH HEYeTKUX MHOKECTB, MOJY4YeHHbIX 13 A u B
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[Tpr MaKCUMHHHOM U aire0pandeckoM OIMpeleTICHIH Onepanuii He OyayT
BBIITOJIHATBHCS 3dKOHBI IIPOTUBOPCHUA U UCKIIFOYCHUA TPCTHCTO!:
ANA#0, AUA=U,
a B CJIy49ac OI'paHUYCHHBIX OHepaHI/Iﬁ HC 6YI[YT BBITIOJIHITHCS CBOMCTBA UICMIIO-

TEHTHOCTHU U III/ICTpI/I6y'TI/IBHOCTI/I§
AUA#A AnA#A,
AUuBNC)#ANB)UANC), AnBUC)=(AUB)N(AUC).
MoxHO IIoKa3aTh, 9YTO IIpU JIr000M IMOCTPOCHHUH onepaunﬁ 06’E>CI[I/IHCHI/I$[
" NEPCCCUYCHUA B TCOPHUHU HCUCTKUX MHOKCCTB IIPUXOIUTCA 0T6paCBIBaTB b1 (6]0)
3dKOHBI IIPOTUBOPCUYUSA N UCKIHOYCHHA TPCTHETO, JIN00 3aKOHBI UACMIIOTEHTHO-

CTH U TUCTPUOYTUBHOCTH.

HeueTkasa noruka

[TonsiTHE HEYETKON U JTMHTBUCTUUECKON MEPEMEHHBIX UCIIOIB3YETCS MPHU
OMHUCAaHUU OOBEKTOB M SIBJICHUHN C MOMOIIBI0 HEYETKUX MHOMXKECTB.

Heuerkasi mepeMeHHasi XapakTepusyeTcss Tpolkoud <a, X, A>, rae o —
HAaMMEHOBaHUE TNEPEMEHHOM, X — yHHBEpCAJIbHOE MHOXKECTBO (001acThb ompe-
JeJNeHHs o), A — HEUeTKO€ MHOXECTBO Ha X, ONMMCHIBAIOIIEE OrpaHUYEHUs (TO
€CTh W A(X)) HA 3HAYCHUS HEUETKOU MEPEMEHHOH OL.

JlunrBucTyeckoii nmepemeHHoi HaswiBaeTcsa Hatop <B, T, X, G, M>,
rjae 3 — HaMMeHOBaHUE JIMHIBUCTUYECKON MepeMeHHOM, T — MHOXKECTBO €€ 3Ha-
YeHUN (TEPM-MHOXKECTBO), MPEACTABISIONINX COOOW HAMMEHOBAaHHUS HEUETKHX
MEPEMEHHBIX, 00JIACThIO OTIPENIETCHUS KaXKA0MU U3 KOTOPHIX SBIISETCS MHOXKECT-
BO X (MHOkecTBO T Ha3pIBaeTcst 6a30BbIM TEPM-MHOXKECTBOM JIMHTBUCTUYECKOM
nepemeHHoi), G — cuHTaKcuueckas Mpoleaypa, MO3BOJIAIONIAs ONEPUPOBATH
dJIEMEHTaMH TepPM-MHOXecTBa T, B YaCTHOCTH T€HEPUPOBATH HOBBIC TEPMBI
(3Hauenus), M — cemaHTHYecKasi MpouUeaAypa, MO3BOJSAIONIAs MPEBPATUTh Kax-
J10€ HOBOE 3HAYEHUE JIMHTBUCTHYECKOW MEepEMEHHOM, 00pa3zyemMoe Mpoleaypoit
G, B HEUETKYIO NIEPEMEHHYIO, TO €CTh CPOPMHUPOBATH COOTBETCTBYIOIIEE HEUET-
KO€ MHO>ECTBO.

JIMHTBUCTHYECKYIO TIEPEMEHHYIO MOKHO OIpPEACIUTh KaK NEPEeMEHHYIO,
3HAYEHUSMH KOTOPOU SIBJISIOTCS HE YKCIIa, a CJIOBA WM MPEIJIOKEHUS eCTEeCT-
BeHHOTO (Wiu GopMasibHOTO) si3bika. Hampumep, TUHTBUCTHYECKAS TIEpEMEHHAsI
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«BO3pacT» MOXKET NPUHUMATh CICAYIOLIUE 3HAYCHHUS: «OUYEHb MOJIOION», «MO-
JIOI0W», «CPEIHETO BO3PacCTay, «CTapbli», «OUEHb CTAphli» U Ap. SICHO, 4TO IIe-
pEMEHHAsI «BO3pacT» OyJIeT OOBIYHON NMEPEMEHHOMN, €CIIM €€ 3HAUECHUS — TOUHbIE
YuClia; JUHTBUCTUYECKOM OHA CTaHOBUTCA, OyJlydd MCIOJIb30BAaHHOW B HEYeET-
KUX PACCYXICHHUIX YEIIOBEKA.

KaxxnoMmy 3Hau€HHIO JIMHTBUCTUYECKOW MEPEMEHHON COOTBETCTBYET OIl-
peelIeHHOE HEYeTKOE MHOXECTBO CO CBOeH (hyHKIMEH MpuHAIJIeKHOCTH. Tak,
JUHTBUCTUYECKOMY 3HAYEHUIO «MOJOJION» MOXKET COOTBETCTBOBATH (hYHKIIMS
MPUHAJICAKHOCTH, U300pakeHHas Ha puc. 22.

U
1

0 20

Puc. 22. DyHKIHSA NPUHAJIEKHOCTH 3HAYEHUS «MOJIOL0I»
JIMHTBUCTHYECKOM MepeMeHHOH «BO3PacT»

IMpumep. IlycTh 3KCHEpT ONpeaeaseT TONIIMHY BBITYCKAEMOTO H3ICIIHS
C TOMOILBIO TOHATUN «Manas moawuHay, «CpeoHss moIWuHa» N «ooavuias
mowuHay», Ipu 3TOM MHHUMAaJIbHAS TOJIIMHA paBHA 10 MM, a MaKCHMaJIbHAsT —
80 MM (puc. 23).

dopmanuzanys TaKoro OMHMCAHHMS MOXKET OBITh MPOBEJICHA C ITOMOIIBIO
cieaymwlei JuHreuctTuueckon nepemennoun <P, T, X, G, M>, raue

B — TonmuHA U3IENS;

T — {«wmanasa monwunay, «cpeonss moawunay, KOOIbULASL MOJUUHAY };

X =110, 80];

G — npornerypa 00pa3oBaHUs HOBBIX TEPMOB C TIOMOIIBIO CBS30K U, Uil U

MOIU(DUKATOPOB TUMA OYeHb, He, cllecka W Ap. Hampumep: «manas uiu

cpeonsisi monuuna» (puc. 24), «ouensb manas moayuHa» u ap.;

M — npouenypa 3aganus Ha X = [10, 80] HeueTKMX MOJMHOKECTB

Ay = «uanas momyuna», A, = «cpeousan monwuna», A; = «borvuias

MoWuUHa», a TaKkKe HeYeTKUX MHOKecTB it TepMoB 3 G(T) B cooTBeT-

CTBUU C NIPAaBUJIAMH TPAHCISAIUHA HEYETKUX CBS30K U MOJH(PHUKATOPOB i,

unu, He, O4eHb, clecka v JIp.
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Hapsiny ¢ paccMOTpEHHBIMH BBIIIC 0a30BBIMU 3HAYCHUSIMH JTMHT BUCTHYC-
ckoi nepemeHHoN «moawuna» (T = {«manas morwunay, «cpeousss moawuna,
«Oonvbuwias MoawuHa» ) BO3MOXKHBI 3HAUEHMsI, 3aBUCAIINE OT 00JaCTH Ompeie-
nenus X. B naHHOM Cilyyae 3HAYCHMS JTUHTBUCTHYCCKOMN IMEPEMEHHON «TOJIIIH-
Ha W3ACNHS» MOTYT OBITh ONpPEACNICHBI KaK «okono 20 mm», «okono 50 mmy»,

«oxono 70 Mm», TO €CCTh B BUAC HEeUemKUX ducell.

n A A
1

10 80

Puc. 23. DyHKIIMY TPUHANJIEKHOCTH HEYETKHUX MHOKECTB:
«Manas moawmuHay = Ay, «CpeoHAs MOIUMUHA) = Ay, KO0TbUAA MOTUWUHA» = A3

b E

80

Puc. 24. ®yHKuMsA NPUHAIEKHOCTH
HEYETKOI0 MHOMKECTBA «MaA1da WU CPEOHAA MOTUMUHAY = A UA

HeyeTknMu BbICKAa3bIBAHMSAAMH OyJ€M Ha3bIBaTh BHICKA3bIBAHUS Clie-
AYIOLIETO BUA:

1. BrickaspiBanue <P ects ™, re 3 — HAUMEHOBAaHUE JIMHI'BUCTHYECKON
NIEpPEeMEHHOM, ' — ee 3HaYeHHNE, KOTOPOMY COOTBETCTBYET HEUETKOE MHOXKECTBO
Ha YHUBEPCAILHOM MHOXECTBE X.

Hanpumep, BriCKa3piBaHUE <dagleHue 00buioe™> TPEarnoiaraet, 4To
JMHTBUCTHUYECKON TMIEPEMEHHOHN «0asiieHuey» TPUIAeTCsl 3HAUCHUE «00abULoe),
U1 KOTOPOTO Ha YHHUBEPCATbHOM MHOXECTBE X TMEPEMEHHON «0asieHuey Ol-
pelesieH0 COOTBETCTBYIOIIEE JAaHHOMY 3HAYCHUIO «0O/1buUioe» HEYETKOE MHO-
KECTBO.

2. BreickazbiBanue <f ectb mB"™>, rie m — MoauduUKaTop, KOTOPOMY CO-
OTBETCTBYIOT CIIOBa «OUEHBbY, «00JIee NI MEHEE», «KMHOTO OOJIBIIIEe» U JP.

Hanpumep: <oagnenue ouenv Oonvuioe>, <cxopocmv MHO20 OO0nbule
cpeonel™ u Jip.
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3. CocraBHbIe BhICKa3bIBaHUS, 00pA30BaHHbIC U3 BHICKA3bIBAHUHN BUIOB 1
U 2 ¥ COIO30B U} UAU;, eClU. .. MO...; eCalU... MO ... UHaye...

OCHOBHBIM TPaBUJIOM BBIBOJIa B TPAJAUIIMOHHOM JIOTUKE SIBJISAETCS MpPaBU-
710 modus ponens, COrIaCHO KOTOPOMY MbI CYJAMM 00 MCTUHHOCTH BBICKA3bIBa-
Hus B 110 uctTuHHOCTH BRICKa3bIBaHUU A 1 A — B.

Hanpumep, eciiu A — Beicka3siBanue <MBaH B 601bHUIIE™>, B — BhICKA3BI-
Banue <MBaH OoJieH™>, TO €CJIM MCTUHHBI BhICKa3bIBaHUA <MBaH B OOJLHMIIE™> U
<Ecmm HBan B OoJibHHIIE, TO OH 0OJIEH™>, TO HCTUHHO M BBICKa3biBaHHE <lIBaH
0oneH>.

Bo MHOrux mpuBBIYHBIX PacCyXACHUSAX, OJIHAKO, MMpaBuwiio modus ponens
UCIIOJIB3YeTCsl HE B TOYHOM, a B IpuOIKeHHOM Gopme. Tak, 00BIYHO MBI 3HAEM,

* *
4TO A UCTUHHO M 4T0 A — B, rae A ecTb B HEKOTOPOM CMBICIIEe MPUOIIHKE-

Hue A. Torma u3 A" > B MBI MOXeM cienaTh BBIBOJ O TOM, 4uTo B mpubiu-
’KEHHO MCTHHHO.
HeuyeTkasi MMIUVIMKALMS BBIPAXKACTCA B CIEIYIOIIEM BHUJIE:
A—->B=AUB nwm, 5(x)=max{l-M, (X),Mpz(X)}.

OCHOBOI I MPOBEAECHUS OINEpallMi HEYETKOrO0 JOTMYECKOTO BBIBOJAA
SBJsIETCs 0a3a MpaBuWJ, CoJeprKallasi HEUeTKUE BBHICKA3bIBaHUS B popMe eciu...
mo... 1 QyHKIMH TMPUHAIICKHOCTH JJIsI COOTBETCTBYIOUIUX JIMHTBUCTUYECKUX
TepMOB. [Ipr 3TOM JOJIKHBI COOIIOAATHCS CIAETYIONTHE YCIOBUS:

* CyIIECTBYET XOTS Obl OJHO MPABWJIO JJISI KAXKIOTO JTUHTBUCTUUECKOTO
TepMa BBIXOJHOM IIEPEMEHHO;

* IS 11000TO TepMa BXOJIHOM MEPEMEHHON UMEETCsl XOTs Obl OJTHO Ipa-
BWJIO, B KOTOPOM 3TOT TE€PM HCIOJB3YETCSI B KAaUECTBE MPEANOCHUIKU (JIeBas
YacTh MPABUJIIA).

B npoTrBHOM cilyyae UMeEeT MECTO HEemoJIHasi 0a3a HEUETKUX MPaBHUII.

Jlns peanusanyy JOTUYECKOTO BBIBOJAA HEOOXOAMMO BBIMOJHUTH Clie-
IYIOIIIEE:

1. ComocTtaBuTh (HaKThI ¢ KKIBIM U3 MPABUI U ONPEIEIUTh CTEIICHb CO-
OTBETCTBHUSI, HA3HAYMB TEKYIIYIO CUJION MPABUIIL.

2. Jlnsg kaxaoro mnpaBwiia, cujia KOTOpPOro OoJibllie 3aJaHHOrO IMOpora,
BBIYMCIIUTH JOCTOBEPHOCTH JIEBOM YACTH.

3. Jlns xaxzaoro mpaBuiia ¢ MOMOIIBIO ONEpaTopa UMILIMKAIIMU BbIYKC-

JIUTb JOCTOBCPHOCTD HpaBOﬁ qacCTH.
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4. Jlns MHOTHX pPE3yJIbTaTOB, IMOJIYYCHHBIX IO PA3IMYHBIM TIPaBHIIaM,
BBIOpaTh OJIHO (YCPETHEHHOE).

IMpumep. [lycTh ecTh HEKOTOpaAs CHCTEMa, HAIPUMEP PEAKTOP, OIMHUCHI-
BaeMasi TpeMsl IapaMeTpaMu: memnepamypa, oasileHue U pacxoo pabouezo Ge-
wecmesa. Bce mokazarenu U3MEpPUMBbI, 1 MHOXECTBO BO3MOKHBIX 3HAYCHHUU U3-
BecTHO. Takke M3 ombITa pabOThl C CUCTEMON HM3BECTHBI HEKOTOpHIE MpaBHIIA,
CBSI3BIBAIOIIME 3HAUEHUS ITUX NapameTpoB. [Ipeamnonoxum, 4To ciomaics aat-
YUK, U3MEPSIOINA 3HAYCHUE OJHOTO W3 MapaMETPOB CHUCTEMBI, HO 3HATh €r0
MOKa3aHusl HE0OXOAMMO XOTs Obl mpuOIM3HUTENbHO. Torjga BcTaeT 3agavya o0
OTBICKAaHUU ITOT'O0 HEU3BECTHOTO 3HaUeHUs (IIyCTh 3TO OYAET dasieHue) PU U3-
BECTHBIX MMOKAa3aTeNsIX ABYX APYTUX MMapaMeTpoB (memnepamypsvl U pacxood) u
CBSI3M OTHX BEJIUYHMH B BUJE CICIYIONTUX ITPABUIL:

o eciu Temnepamypa Hu3kas u Pacxoo Malblid, To /lagnenue HU3KOE;

o eciu Temnepamypa cpenssis, To /aenenue cpenHee;

o cciu Temnepamypa Beicokasi uiu Pacxoo 6omnwioit, To /lasnenue BbI-

COKOE.

Temnepamypa, /asnenue u Pacxo0 — TMHTBUCTUYECKHUE TIEPEMEHHEIE.

Temnepamypa. YHuBepcyM (MHOKECTBO BO3MOXKHBIX 3HaU€HUN) — OTpe-
30k [0, 150]. HauaneHoe MHOXECTBO TepMOB {Buwicokasn, Cpeouss, Huzxas}.

OYHKIMY TPUHAIEKHOCTH TEPMOB UMEIOT CIAEAYIOMUM BU (puc. 25):

Bricokas Cpenusas Huskas

o 50 100 150 0 50 100 150 0 50 100 150

Puc. 25. DyHK1UM IPUHANJIEKHOCTH TEPMOB
JIMHTBHUCTHYECKOH nepeMmeHHou Temnepamypa

Jaesnenue. Yausepcym — orpes3ok [0, 100]. HauanbHO€ MHOKECTBO TEp-
MOB {Bwicokoe, Cpeonee, Huskoe}. DyHKIMM TPUHAATIEHKHOCTH TEPMOB UMEIOT
cnenyomuit Bus (puc. 26):
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Bricokoe Cpennee Huskoe

ll/ l|/\ 1|\
0 50 100 0 50 100

0 a0 100

Puc. 26. ®yHKuuM NPUHALJIEKHOCTH TEPMOB JIMHIBUCTHYECKOM NepeMeHHoil /[asnenue

Pacxoo. Yuusepcym — otpes3ok [0, 8]. HauanpHOe MHOXXECTBO TEPMOB
{bhonvwot, Cpeonuti, Manvii}. OYHKUIUN TPUHAIIECIKHOCTHA TEPMOB HUMEIOT
cnenyromuit Bus (puc. 27):

bonemoii Cpennuit Mansii

0 2 4 6 8 0 2 4 6 8 0 2 4 6 8

Puc. 27. DyHKIMH NPUHALIEKHOCTH TEPMOB JTHHIBUCTHYECKOM nepeMeHHOM Pacxoo

[TycTe uzBecTHBI 3HaUeHUs1: Temnepamypa — 85 u Pacxoo — 3.5. [lpou3s-
BEJIEM pacueT 3HAUYCHUS JIaBJICHUS.

Iran ¢a3zzudukanuu (Iepexos OT 3aJaHHBIX YSTKUX 3HAUCHUHN K CTere-
HAM yBepeHHOCTH). [lo 3amaHHBIM 3HAUYCHHUSIM BXOJIHBIX IMapaMeTPOB HaWJeM

CTCIICHHU YBCPCHHOCTH HpOCTCfIH.IPIX YTBCPX(HCHHﬁ:

e Temnepamypa Bvicoxas — 0.7; e Pacxoo Borvwoii — 0;
o Temnepamypa Cpeonss — I; e Pacxoo Cpeonuii — 0.75;
e Temnepamypa Husxas — 0.3; e Pacxoo Manwiii — 0.25.

3aTeM BBIYMCIIUM CTENIEHU YBEPEHHOCTH MOCHUJIOK MPABUIIL:
o Temnepamypa Huszkas u Pacxoo Manwii: min (Temn. Huskas, Pacxoo Ma-
avtt)= min (0.3; 0.25)=0.25;
o Temnepamypa Cpeonss: I;

o Temnepamypa Buvicoxas unu Pacxoo Bonvwiou: max (Temn. Bvicokas, Pac-
x00 bonvuwot)= max (0.7, 0)=0.7.
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Kaxxnoe u3 mpaBun mnpeacrapisier coO0M HedeTkyro umruidkanuio. Cre-
IIEHb YBEPEHHOCTH MOCHUIKM Mbl BBIYHMCIIMIIH, a4 CTENIEHb YBEPEHHOCTH 3aKIIIOUe-
HUS 3a/1aeTcs PYHKIMEW NpUHAJUIeKHOCTA COOTBETCTBYIoLIEro Tepma. Iloaromy,
UCIOJb3YSl OAMH U3 CIIOCOOOB MOCTPOCHUS HEUETKON MMIUIMKAIUHU, MbI TOJTYYHM
HOBYI0 HEYETKYH) MEPEMEHHYI0, COOTBETCTBYIOILYIO CTEIEHH YBEPEHHOCTU B
3HAYEHHUH BBIXOJHBIX JAHHBIX IPHU MPUMEHEHHUH K 3aJIaHHBIM BXOJIHBIM COOTBET-
CTBYIOLIEro npaBuiia. Mcronb3ys onpeneaeHue HeYEeTKON MMILTMKALMU KaK MU-

HUMYyMa JIEBOH U MpaBoii yacteil (onpeneneHue Mamaanu), umeeM (puc. 28):

[IpaBumno 1 [IpaBumno 2 [IpaBuno 3

0 50 100 0 50 100 0 50 100

Puc. 28. Pesyabrart 3Tana ¢pa3zupuranumn

Jtan akkymyasuuu (00beAMHEHNE PEe3yJIbTaTOB MPUMEHEHHS BCEX Ipa-
BUJI). OMH U3 OCHOBHBIX CIOCOOOB aKKyMYJSILIUM — MOCTPOCHHE MaKCUMyMa
MOJIYYCHHBIX (PYHKIUN TPUHAJICKHOCTU (00BequHEHUE PYHKIUN TPUHAIIICK-
HOCTH, MMOJYYEHHBIX Ha dTane ¢a33zuduxaiun).

[Tony4yeHHyto (PYHKIIMIO TPUHAJIEKHOCTU YK€ MOYKHO CUHUTATh PE3yJib-
TaTOM. DTO HOBBI TepM BBIXOAHOU nepemeHHou Jasnenue. Ero dyHkuus npu-
HAJIJIEKHOCTH TOBOPUT O CTENEHU YBEPEHHOCTH B 3HAYEHUU JABJICHUS IIpU 3a-
JAHHBIX 3HAYEHUSAX BXOJHBIX MapaMETPOB M HMCIOJIb30BAaHUM IPABUII, OMpEJie-
JSIOIUX COOTHOIIEHHE BXOJHBIX M BBIXOJIHBIX MepeMeHHbIX. Ho 00ObIYHO Bce-
TaKu HE0OXOUMO KaKOe-TO KOHKPETHOE YHCIIOBOE 3HaueHue (puc. 29).

Jrtan aedazzudukanum (morydyeHue KOHKPETHOIO 3HAYEHUSI U3 YHUBEP-
ca 1o 3a/JIaHHOM Ha HeM (DYHKUMU MPUHAAIEKHOCTH). CyllecTBYyeT MHOYKECTBO
MeTo10B Jeda33udukanuu, HO B 3TOM Cly4ae JIOCTaTOYHO METOJa IEepBOro
MakcumyMma. Ilpumensst ero K mojaydyeHHONW (QPYHKIMU MPUHAMJIECKHOCTH, MOJY-
yaeMm, 4To 3HayeHue aasieHus — 50. Takum oOpa3zoMm, eciiu Mbl 3HaeM, YTO TEM-
neparypa paBHa 85, a pacxoj paboyero BemiecTBa — 3.5, TO MOXKEM cJieJaTh BbI-
BOJ, UTO JABJIEHUE B PEAKTOPE paBHO NpuMepHO 50.
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Puc. 29. Pesyabrar 3Tana akKyMyJIaHA

Tecm no meme «Heyemkue MHO)Xecmea u He4emkasi jio2uKa»

1. K10 32710511 OCHOBBI TCOPHH HEYETKHX MHOKECTB?
a) M. Mamaanu
b) M. bk
c) JI. Bane
d) b. Kocko
€) HEeT MPaBWIHLHOTO OTBETA
2. Kakue 3Ha4YeHUA MOKeT NPUHUMATh PyHKIMSA MPUHALIEKHOCTH?
a) [0, ]
b) [-o0, +0]
c) [0, 1]
d) HeT mpaBMWILHOTO OTBETA
3. MHOKeCTBO TO4YeK, IS KOTOPBIX 3HaYeHHe (PYHKIHS MPHHAAIEKHOCTH
paBHO 1, Ha3bIBaeTCA:
a) HOCHUTEIIEM
b) sapom
c) 0-cpezom
d) HeT mpaBUIIBHOTO OTBETA
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4. Kakas ¢popmy.ia onpeaesisieT 00beIMHeHHEe HEYETKUX MHOKeCTB A U B?
a) min{l, M, (X) +Mp(X)}
b) M, (X) +Mp(X) — M, (X) - Mp (X)
c) max{0,Mm, (X)+Mp(x)—1}
d) max{m, (x),Mp(x)}
€) HEeT MPaBUJILHOTO OTBETA
5. B ciiyyae orpaHUYeHHBIX Onepanuii He OyAyT BHINOJIHATHCH:
a) AnA#0,AUA=U
b) AUA=A ANA#A
c) AuBNCO)=#(ANB)UANC),AnBUC)=(AUB)N(AUC)

d) HeT mpaBUIBHOIO OTBETA

6. Ha pucyHke mnoka3aHbl i
rpagpuku  pyHKUHMH MpPH- uB pA
HAUIEKHOCTH  HEYeTKHX l /
MHOKeCTB M, — «BbIcoknuii \
w U>s
poct» u My — «Cpennuii / / \
poct». Onpegeaurs cTe- / / \

>
>

180 Pocrt. cm
yesgoBeka pocrom 180 cm k mepsomy (M,/180) m BTOpOMY (My/180)

IIEeHb NPUHALIC/KHOCTH

MHOXKECTBAM:
a) M,/180=my/180 =min {0.75; 1}
b) m, /180 =mg/180 =max {0.75; 1}
c) M,/180=my/180=0.5%(p,/180 + u,/180)=0.875
d) m,/180=0.75, mz/180=1
€) HEeT MPaBUJIILHOTO OTBETA
7. Ilyets M, (), Mg (u) — QyHKIMH NPUHALIEKHOCTH HEYETKHX MHOMKECTBA
A u B Ha ynuBepcaibHoM MHOxecTBe U. Ilycth Takxke C — HeueTkoe
MHOXKECTBO ¢ (yHKIHel NPUHANIEKHOCTH |ic(u), KOTOpoe SIBJIsIeTCH
od0benuHenueM A u B. Onpenenurs 3HaueHue nmpuHaajae:kHocTu uelU
HedeTKkoMYy MHOxkecTBY C, eciu pia(u)=0.5 u pg(u) = 0:
a) pc(w) = max {pus(w), pa(w)y = 0.5
b) pc(w) = min{up(u), pa(uw)} =0
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¢) uc(w) =1 - min{ pp(u), pa(u)} =1
d) HeTr mpaBWJIBHOTO OTBETA

8. Ilycrs M, (u), Mg (u) — QyHKIMH NPHHALIEKHOCTH HEYETKHX MHOMKECTBA
A u B Ha ynuBepcaibHoM MHOxecTBe U. Ilycth Takxke C — HeueTkoe
MHOXKeCTBO ¢ GyHKUMeil NPUHALIEKHOCTH [Lc(u), KOTOpOe ABJSIETCH Iie-
peceuenne A u B. Onpenenuts 3HaYeHHe NPUHAAIEKHOCTH ue U HeveT-
KoMy MHO:KecTBY C, ecam pa(u)=0.5 u pg(u) =0:

a) pc(w) = max {pus(w), pa(w)y = 0.5
b) pc(w) = min{up(u), pa(u)} =0
¢) uc(w) = 1- max{pp(u), pa(w); = 0.5

d) pe(w) = 1- min{ug(u), pa(u)y =1
€) HeT MpaBUJILHOTO OTBETA

Jlumepamypa no meme «Heyemkue MHoXecmea
U Heyemkasi J102UKa»

1. Kpyrnos, B. B. Heuerkas normka u MCKyCCTBEHHbIE HEMpPOHHBIE CETH /
B. B. Kpyrnos, M. U. [lnn, P. YO. T'onynos. — M. : ®DUSMATIINUT, 2001. —
224 c.

2. Ilaxnun, H. HeyeTkast noruka — MareMaTUYECKUE OCHOBBI [ DJIEKTPOHHBIN
pecypc] / H. TTaknun. — Pexxum gocryna:
http://www.basegroup.ru/library/analysis/fuzzylogic/math/

3. IluBkun, B. S. HedueTkue MHOXecCTBa B cucTeMax yIpaBiieHUs : yueO. Io-
cobue [Dnexrponusiii pecypc] / B. 4. IMuskun, E. I1. bakynusn, J[. 1. Ko-
penbkoB ; mon pen. npod. FO. H. 3onoryxuna. — Pexum pgocryna:
http://www.vevivi.ru/best/Nechetkie-mnozhestva-v-sistemakh-upravleniya-
ref41397.html

4. TlpuxnaaHble HEUETKHE CUCTEMBI : Tiep. ¢ snoH. / K. Acau u np. ; noa pen.
T. Tapano, K. Acau, M. Cyrano. — M. : Mup, 1993. — 368 c.

5. IroB6a, C. JI. BBeneHnue B TEOPUIO HEYETKUX MHOYKECTB M HEUETKYIO JIO-
ruky [Onextponnbii pecypc] / C. J. IlroBba. — Pexum nocrtyna:
http://matlab.exponenta.ru/fuzzylogic/book1/index.php
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YacTtb 3. UHTENNNEKTYAJIbHbIE UH®OPMALUNOHHBIE CUCTEMBDI

§1. dkcnepTHbIE CUCTEMBI

Ha HauanbHBIX 3Tanax pa3BUTHs UCKYCCTBEHHBINM MHTEIJICKT MOJIBEprajcs
KECTKOU KPUTHUKE, U OJHUM U3 JJOBOJOB OBLI TOT, UYTO MPAKTUYECKON MOJB3BI OT
HEro HET, OH 3aHUMAaeTCs UTPYIIKaMH. DKCIEPTHBIE CUCTEMbl OJJHUMH U3 TIEp-
BBIX JOKA3JIM MPAKTUUECKYIO MOJIb3Yy 3TOI'0 HAyYHOT'O HAIlpaBJICHUsI, TPUHOCS B
Havaisie 80-x rogoB XX Beka KOMMEPUYECKYIO MPUOBLIbL CBOUM CO3JATEIISIM.

Tepmun «cuctembl, ocHoBaHHble Ha 3HaHuax» (knowledge-based
systems) nosiBuiicst B 1976 roay OJJHOBPEMEHHO C MEPBBIMH CUCTEMaMH, aKKy-
MYJIUPYIOIIUMU OTBIT ¥ 3HAHUSI IKCIIEPTOB.

DKCNEePTHBIE CUCTEMBI — ATO MPUKJIAIHBIE CUCTEMbl UCKYCCTBEHHOT'O UHTEI-
JIeKTa, B KOTOPBIX 0a3a 3HaAHWU MpEACTaBISIET cOO0N (popMaIM30BaHHBIE SMITUPU-
YeCKHUE 3HAHUS BHICOKOKBATU(HUIIMPOBAHHBIX CTICIIMAIUCTOB (IKCIIEPTOB) B KaKOM-
00 y3KOM MPEeAMETHOMN 00J1aCTH, OHU aKKYMYJIUPYIOT 3TH 3HAHUS U TUPAKUPYIOT
WX JIsl KOHCYJIBTAlMU MEHEe KBATU(PUITUPOBAHHBIX CIICITHATUCTOB.

B 1965 rony O. ®eiirenbaym (OwiBmuii ctyneHt I'epOepra CaiimoHna),
b. brrokenen (dpunocod nmo obpazosanuto) u . Jlegepodepr (siaypeat HoGenes-
CKOW MpeMHUH B 00JIACTH TCHETHUKH) HadaJu paOOThl HaJ TMEPBON IKCHEPTHOU
cucremori DENDRAL. B 1969 rony B. Maptunom u J[. Mo3ecom Obl1a co3ana
Martemarudeckas skcneptHas cucteMa MACSYMA. IlepBasi skcriepTHasi CHcC-
TeMa JJIsi MEIUIMHCKON JuarHocTuku Oblna coszmada B 1973 romy O. Illopt-
muddom u HazeiBargack MY CIN, ona moBiekia 3a co0oil pa3pabOTKy MEepBOIo
komanaHoro uHTepnperatopa EMYCIN (B. Mumne, Hloptnudd u berokenen).
B 1976 romy Hyna u Xapt Hayanu paboOTy HaJa SKCIEPTHOM CHCTEMOM
PROSPECTOR, mnpenHazHaueHHON JJisi pa3BEAKU TOJIE3HBIX HCKOIMAEMBIX, B
1984 roay cucrema TOYHO MIpencKa3aja CYIIECTBOBAHUE MECTOPOXKACHHUS MO-
nnb/1eHa, OLIEHEHHOTO B MHOTOMUJUIMOHHYIO CYMMY.

DT 3KCNepTHBIE CUCTEMBI, pazpaboTanHbie B 60-70-x romax crajiu Kiac-
cudyeckumu. [lo mpoucxoxaeHu0, MPEAMETHBIM 00JaCTIM U 1O PEEMCTBEHHO-
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CTU TMPUMEHSIEMBIX HAEH, METOJOB M HWHCTPYMEHTAJIBHBIX IPOTrPaMMHBIX
CPEACTB UX MOKHO Pa3/Ie/INTh HA HECKOJIBKO CEMENCTB.

. META-DENDRAL. Cucrema DENDRAL mno3Bonser onpeneinuThb
HanOoJiee BEPOSITHYIO CTPYKTYPY XUMHUYECKOTO COEAMHEHUS IO SKCIEePUMEH-
TaJbHBIM JaHHBIM (Macc-CleKTporpadpuu, TaHHBIM SJI€PHOTO MarHUTHOTO Pe30-
HaHca u 1p.). Meta-DENDRAL aBromaTusupyeT mnpoiiecc IpuoOpeTeHus 3Ha-
Huit 11 DENDRAL. Ona reHepupyeT npaBujia MocTpoeHus (GparMeHTOB XH-
MHYECKUX CTPYKTYP.

2. MYCIN-EMYCIN-TEIREIAS-PUFF-NEOMYCIN. 3t10 ceMeicTBO
MeTUIMHCKUX DC U CEpBUCHBIX MPOTPAMMHBIX CPEICTB JI1 UX TOCTPOCHHUS.

3. PROSPECTOR-KAS. Cuctema PROSPECTOR npenna3zHauena s
noucka (IpeacKazaHusi) MECTOPOXKIEHUN HA OCHOBE I'€OJIOTMUECKUX AHAJIU30B.
KAS — cucrema npuo6perenust 3nanuit 1511 PROSPECTOR.

4. CASNET-EXPERT. Cucrema CASNET — meqununckas OC s gu-
arHOCTUKM BbIJIAYM PEKOMEHJIalMi 1O JICYEHUIO Iia3HbIX 3a0onieBanuil. Ha ee
OoCcHOBe pa3paboraH s3bIk nHxkeHepuu 3HaHui EXPERT, ¢ noMmonisio koToporo
CO3/JaH P APYTUX MEAULMHCKUX TUATHOCTHYECKUX CUCTEM.

5. HEARSAY-HEARSAY-2-HEARSAY-3-AGE. IlepBbie aBe cuCTEMBI
ATOrO psAAa ABISIOTCS PAa3BUTUEM MHTEJUIEKTYaJbHOM CHCTEMBI PACTIO3HABAHUS
CJIIMTHOM 4eJOBEYECKOW peuu, CjIoBa KOTOpOW OepyTcs M3 3aJaHHOTO CJIOBApS.
OTH CUCTEMBI OTJIIMYAKOTCS OPUTMHAIBHOW CTPYKTYpOH, OCHOBAaHHOW Ha HC-
MOJIb30BaHUU JOCKH OOBSBICHUN — IN100aNbHOM 0a3bl TAHHBIX, COAEpKaleH Te-
KyIIUE pe3yJbTaThl paboThl CUCTEMBI. B janbpHeillieM Ha OCHOBE 3THX CHCTEM
ObLTH co3nanbl nHCcTpyMeHTalbHble cucTeMbl HEARSAY-3 u AGE (Attempt to
Generalize — monbITKa 00IIEHMS) 7151 TOCTPOEHUS IKCIIEPTHBIX CUCTEM.

6. Cuctembl AM (Artifical Mathematician — UCKyCCTBEHHBIN MaTEMAaTHUK )
n EURISCO Obutn pazpadotanbl B CTaHGOPACKOM YHUBEPCHUTETE JOKTOPOM
Hyrnacom Jlenatom [j1si MccleqOBaTEeNbCKUX M Y4eOHBIX Lieneid. B cucremy
AM nepBoHauanbHO ObUIO 3aj0keHO okojo 100 mpaBui BbIBoIa M Oojee
200 3BpUCTUYECKHUX AJTOPUTMOB OOYUEHHs, MO3BOJISIONIUX CTPOUTH MPOU3-
BOJIbHBIE MaTeMaTuyeckue teopun u npexacrasieHus. EURISCO — 3to pa3Bu-
THEe cucteMbl AM, ¢ €€ MOMOIIbI0 B BOEHHO-CTPATETHYECKOW UTPE, MTPOBOIU-
Mot BM® CIIIA, Obina pa3zpaboTaHa cTpaTerus, cojaepkauias psij OpHUrH-

HaJIBHBIX TAKTHYCCKHUX XOJ0B.
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Kpome pa3paboTku camMux SKCIEPTHBIX CUCTEM UCCIIEIOBATEIN 3aHSINCh
CO37laHMEM MHCTPYMEHTAIBHOTO CPEACTBA JJIsl SKCHEPTHBIX cucteM: B 1983 ro-
ny xomnanus IntelliCorp co3mana KEE, a B 1985 roay arenrctBo NASA BbI-
nycTuiio nepsyto Bepcuto CLIPS.

DKCHepTHBIE CUCTEMBI OBICTPO 3aBOEBAJIM MO3UIMU HA HHPOPMALIMOHHOM
PBIHKE M MOJYYUJIM MIUPOKOE pacnpocTpaHenue. Yxe B 1987 roxy onpoc mons-
30Baresiel, mpoBeneHHbIl KypHaiaoM Intelligent Technologies (CILIA), moka3an,
YTO MPUMEPHO:

* 25% nonw3oBaresneit ucnonap3ytor IC;

* 25% cobupatorcs npuodpectu DC B Onmxkaiiiue 2-3 roja;

* 50% mpeAnoYyuTaIOT MPOBECTU HcclieqoBaHue 00 3 (PEeKTUBHOCTH HX
UCIOJIb30BaHUSI.

B Poccun B uccnenoBanus u pazpadborky IC 00ibII0N BKIaJ BHECIU pa-
6otel 1. A. TlocnienoBa (ocHoBatens Poccuiickoit accoumanuu UCKYCCTBEHHOTO
MHTEJUIEKTa U ero nepBoro npesuaeHta), 2. B. Ilonosa, B. ®. Xopomesckoro,
B. JI. Credantoka, I'. C. Ocunosa, B. K. ®unna, B. JI. Baruna, B. U. I'oponen-
KO0 U MHOTHX APYTHX.

OkcneptHble cucteMbl 60-90-X TOI0B SABISAIOTCSA MEPBBIM MOKOJIEHUEM
HKCIIEPTHBIX CUCTEM, JJISI HUX XapaKTEepHO:

1) 3HAaHUSIMU CHCTEMBI SIBJISIOTCS TOJBKO 3HAHUS JKCIEpTa, HAKOIUICHHE
3HaHHUM HE MPEAYCMaTPUBACTCS;

2) MeTOoJbl IPE/ICTABICHNs 3HAHUN MO3BOJISIOT OMHUCHIBATH JIMILb CTaTH-
YEeCKHEe MpeIMETHBIC 00JIacTH;

3) Mozenu mpencTaBiICHUs 3HAHUN OPUEHTUPOBAHBI Ha MPOCThIE MpPE-
METHBIE 00JIACTH.

Pa3BuBasch, SKCHIEPTHBIE CUCTEMBI BBIILIN 32 3TH paMKu. [IpuHIMITEI Tpe-
CTaBJICHUsI 3HAHUM B 9KCIIEPTHBIX CHCTEMAaX BTOPOro MOKOJICHUS U3MEHHUIIUCH:

1) ucnosib3yroTcsi HE MOBEPXHOCTHBIE 3HAHUS, a Oosiee rIIyOuHHBIE,

2) nns npeicTaBiIeHUS 3HAHUN MPHUBJIEKAIOTCS CPEACTBA U METOIBI JPY-
I'MX HalpaBiIeHU HCKYCCTBEHHOTO MHTEIIEKTa, HAPUMEp HEHPOHHBIX CETEeH;

3) cucteMbl UMEIOT AMHAMUYECKUE 0a3bl 3HAHUIA.

[losiBnenue MHTEepHEeTa HE MOTJIO HE MOBIMATH HAa PA3BUTHUE HKCIIEPTHBIX
cucteM. Bo3MOXKHOCTh MOJy4aTh 3HaHMS YEPE3 CETh U U3BJIEKATh 3HAHUS U3 Ce-
TH HE MOTJIa He OBbITh UCIOJIb30BaHa pa3padborurkamu. [loatomy ceifuac pa3Bu-
BAIOTCSl pacIpe/ielIeHHbIE U WEeb-OpHUEHTHPOBAHHBIE SKCIIEPTHBIE CUCTEMBI.
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Ceifuac KOJIHMYECTBO KCIEPTHBIX CUCTEM HCUMCISAETCA ThICSYaMH U Jie-
CATKaMH ThICSi4. B pa3BUTHIX 3apyOeKHBIX CTpaHaxX COTHH (PUPM 3aHMMAIOTCS
UX pa3pabOTKON U BHEIPEHUEM B pa3IuyHbIe cepbl )KU3HU.

B xauectBe coBpeMeHHBIX DC MOXHO Ha3BaTh OBICTPOJICUCTBYIOIIYIO CUC-
teMmy OMEGAMON (¢pupma Candle, ¢ 2004 roga — IBM) i oTcnexuBaHus co-
CTOSIHUS KOPIIOpaTUBHOM MH(popmanronHoit cetr u G2 (pupma Gensym) — KOM-
MEPUYECKYIO SKCIIEPTHYIO CUCTEMY JUIsl pabOThl C AMHAMUYECKUMU O0OBEKTAMU.

DKCHepTHhIE CUCTEMBI MCIIONB3YIOT B T€X CIydasX, KOIr/a HeJOCTaTOYHO
HKCIIEPTOB, B OMACHBIX (BPEAHBIX) JUIsl HUX YCIIOBUSAX, B Mpolecce O0y4eHHs.
DKCHepTHhIE CUCTEMBI PEIIAIOT 3aJaut, ISl KOTOPBIX OTCYTCTBYIOT YETKUE aJ-

T'OPHUTMBI PCHICHUA.

Mopenb JKCNepTHbIX CUCTEM

DKCHepTHhIE CUCTEMBI pa0OTAIOT B JUAJIOrOBOM pexuMme (OTBEHaroT Ha
MOCTABJICHHBIE MOJb30BATEJIEM BOIMPOCHI), MPU 3TOM OHU JIOJKHBI YMETh 00b-
SACHSITb, OTKY/Ia MOJYYEHO TO WM MHOe peuieHue. Jlro0ast sKkcnepTHas cucrema
COJIEPKUT KaK MUHUMYM IATh KOMIIOHEHTOB WM nojcucteM (puc. 30).

Hurepdeiic Penraresnn Penakrop
MOJIL30BATENS Bba3a 3sHanmii 0a3bl 3HAHUN
IToncucrema
00BSICHEHUI
ITone30Barens Kornuronor u sxkcnept

Puc. 30. Ba3oBasi CTPYKTYpa 3KCIIEPTHOI CHUCTEMBbI

Ilonv3zo6amens sxcnepmmuol cucmemsl — CIEUMATUCT IPEIMETHON obac-
TH, JJIs1 KOTOPOTO MpeaHa3HadyeHa cucrema. OObIUHO ero KBajaudukanus Hel1oc-
TATOYHO BBICOKA, M MO3TOMY OH HYXKJAeTcsd B MOMOIIM W HHPOPMALUOHHOM
MOAJIEPIKKE CBOEH NEATEIBHOCTH.

Hndwcenep no smanusm — CieliMaIuCT B 00J1ACTH UCKYCCTBEHHOT'O MHTEN-
JeKTa, paboTaroluil ¢ skcnepTaMu U popMupyrouuii 6a3zy 3Hanuil. CHHOHUMBI:

KOZcHUmMOJ102, UHIICeHep-unmepnpemamop, anajaiumuk.
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Humepdghetic nonvzoeamens — KOMIUIEKC MPOTPaMM, PEAM3YIOMIUX JIha-
jor nonb3oBatens ¢ IC Kak Ha CTaAuM BBOJIa MH(POPMAIIUU, TaK U MPH MOTyYe-
HUU Pe3yIbTaTOB.

baza 3nanuii — A1p0O SKCIEPTHOW CHCTEMBI, COBOKYITHOCTh 3HAHHM IMPE/I-
METHOW 00JIacTH, 3amnvcaHHas Ha MallMHHBIA HOCUTENb B (popme, TMOHATHOM
OKCIIEPTY W TOJIH30BATENIO (OOBIYHO HAa HEKOTOPOM S3BIKE, MPUOIIKEHHOM K
€CTECTBEHHOMY).

Pewamens — nporpamma, MoIeIMPYIOIIAst X0/ PACCyKJICHUM dKciepTa Ha
OCHOBaHUHW 3HAHUM, MUMEKIMMXCSI B 0aze 3HaHUNA. CUHOHUMBL: OeOVKMUGHAs
MAWUHA, MAWUHA 8b1600A, OJIOK 102UYECKO20 8bl800A.

Iloocucmema o0bvAcHeHull — TPOTrpaMMa, TO3BOJIIONIAS TOJIB30BATEINIO
MOJTyYUTh OTBETHI Ha BOMpPOCH: «Kak ObLIa moydeHa Ta WM WHAs PEKOMEHIa-
uusa?» u «Ilouemy cucrema npuHsuia Takoe pemenue?» OTBET Ha BOMPOC «KAK» —
9TO TPACCHUPOBKA BCETO MPOIECCa MOJYUCHHUS PEIICHHs ¢ YKa3aHWEM HCIIOJb-
30BaHHBIX (hparMeHTOB 0a3bl 3HAHUM, TO €CTh BCEX IIAroB LEMH yMO3aKIIoUe-
Hui. OTBET Ha BOIPOC «IIOYEMY» — CChUIKA Ha YMO3aKIIOUEHHE, HEIIOCPEICT-
BEHHO TMPEJIIeCTBOBABIICE MOJYYCHHOMY pPEUICHHIO, TO €CTh OTXOJ Ha OJHH
mrar Ha3aj. Pa3BuTele mojcucTEMbl 0OBICHEHHH MOANCPKUBAIOT U IPyTUe TH-
Bl BOIIPOCOB.

Humennexmyanonwiii pedaxmop 6a3vl 3HaHuii — MPOrpaMma, IpeIcTaB-
JISIOIIasi MHXKEHEPY M0 3HAHUSAM BO3MOXKHOCTH CO3/1aBaTh 0a3y 3HAHUH B JUAIIO-
TOBOM peXuMe. BkitouaeT B ceOst CUCTEMY BIIOKCHHBIX MEHIO, MA0IOHOB SI3bI-
Ka TPEJICTaBICHHS 3HAHMI, MOJCKAa30K M IPYTHMX CEPBHUCHBIX CPENCTB, OOJIeT-
qaromux padboty ¢ 6a3oMu.

OmnwucaHHasi CTPYKTypa sABIsieTCs: 6a30BOM M MOXKET pactupsAThes (puc. 31).

O0o3HaYeHHBIE MTPUXOBON JTUHUEH TOJCUCTEMBI MOACIMPOBAHUS BHEIII-
HETo Mupa, uHTep(deiic ¢ BHEUTHUM MHUPOM, CHUCTEMa JAaTYMKOB HEOOXOIUMBI
JUISL DKCTIEPTHBIX CUCTEM PEAIbHOTO BPEMEHU ISl TIONyUYSHUs JaHHBIX U UX WH-
TepIpeTaui. DKCIEPTHBIE CHCTEMbI MOTYT HaKaIllJIMBaTh OIMBIT B BUJE Tpelie-
ACHTOB (YK€ pa3pelIeHHBIX CUTYaIlHii ), KOTOPhIE COXPAHSIIOTCS B 0a3e 3HAHUH U
UCTIONB3YIOTCS B IalibHEHIIIEM.
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Cucrema | p KonTtekeT npeameTHoii o61acTu i CI/ICTeMa—:
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Puc. 31. CTpykTypa 3KCNIEPTHON CHCTEMBbI

Biiok anropuTMHUYECKHX METOJIOB PEIICHUS BKIIFOYAET B CEOS BCE BBIYMC-
JUTEIIbHBIC OTEpaIlii U aJlfOPUTMBI, PeaIu3yeMble METOJAaMU TPaTUIIHOHHOTO
MIPOrpaMMHUPOBaHMSI, MHTETPUPOBAHHBIC B SKCIIEPTHYIO cUCTeMY. OObeAMHEHHE
B paMKax dKCIIEPTHON CHCTEMBI METOOB TPAIUIIMOHHOTO POTPaMMHUPOBAHUS U
HUCKYCCTBEHHOT'O HWHTEJUICKTa ITO3BOJISCT 3HAYUTEIBHO MOBBICUTH 3(PPeKTHB-
HOCTh M KQ4€CTBO MMPUHUMACMBIX PEIICHUH.

Crennduka mpeIMeTHOH 001acTH, JJISI KOTOPOH CTPOUTCS CHUCTEMA, OTO-
OpakaeTcsl M ONUCHIBACTCS HE TOJIBKO B 0asze 3HaHWM, HO U B moacucteme «Kon-
TEKCT MPEIMETHOM 00JaCTH», KOTOpas MO3BOJISIET 00JIee HATJISIHO TIPEICTaBUTh
BXOJIHYIO M BBIXOJIHYIO MH(GOPMAIUIO B MPUHATOM JIJII KOHKPETHOW IMPEAMET-
HOIT 00J1aCTH BUIIE.

CoBpemMeHHbIC MTHPOPMAIIMOHHBIE CUCTEMBI YaCcTO UCIOJIB3YIOT apXUTEK-
TYPy «KIHEHT-CEPBEP», MO3BOJIAIONIYI0O CTPOUTH PACIPEACIICHHBIE U CETCBBIC
npwiokeHus. [Ipu KIMEHT-CepBEPHON apXHUTEKType SKCIEPTHOH CHCTEMBI Ha
CTOPOHE KJIMCHTA HaXOAATCS MHTEP(EHCH MOIB30BaTENsI, SKCIEPTa, BHEIIHEH
Cpenbl U cucTeMa MaT4ukoB. OcTajabHbIC OJIOKH PACIIOIaraloTCs Ha CEPBEPHOU
CTOpOHE.
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Knaccudmkaums akcnepTHbIX cUCTeM U 060M04eK IKCNEePTHbIX CUCTEM

Cy1iecTByroniee MHOXECTBO IKCIEPTHBIX CUCTEM JIETUTCS Ha HECKOJIBKO
KJ1accoB (puc. 32) Mo pa3IuYHbIM KPUTEPHUSIM.

Ilo Haznauenuro BBIACIAIOT CUCTEMBI OOIIETO Ha3HAYEHUS, KOTOPBIE Tpe-
TEHYIOT Ha yHUBepcalbHOCTh B pemieHuu 3anau (CASNET), u cneunanusupo-
BaHHbIE, pelaolre KOHKpeTHYIo 3anauy (1-st Clas, Dnuc) wim opueHTHpOBaH-
Hble Ha omnpezaeneHHyo npeamerHyto obnacte (MYCIN, MACSYMA, MO-
JUC, AUATEH, INTERNIST-I).

[lo xkpuTeputo 83aumodelicmsus ¢ 8HeuiHell cpedotl pa3nuyaroT CTaTUYECKUe
CUCTEMBI, B KOTOPBIX €CTh TOJILKO MHTEPQEIC MOoNb30BaTeNsl, 3 MEXaHU3M B3alMO-
JIEMCTBUS C BHELUTHUM MHUPOM, HAallpUMEp Yepe3 JaT4YuKU, OTCYTCTBYET, U JUHAMU-
YecKHe, KOTOpPbIE ¢ TIOMOIILIbIO BCTPOEHHBIX HHTEP(ENCOB MOTydatoT HHPOPMALIHIO
C BHEIIIHUX JAaTYMKOB WJIM APYTUX ycTpoicTB. KBazuanHamuyeckue sKCIEpTHbIE
CUCTEMBI TIOJy4aroT MHGOpMAIMIO0 00 M3MEHEHUH CUTyallil BO BHEUIHEW cpere
yepe3 3a/1aHHbI IPOMEXKYTOK BpeMeHH (00JIbIlIe HECKOJIBKUX CEKYH]).

DKcHepTHbIE CUCTEMbI pa3paldaTbIBaloTCs s pa3nuuHbix IBM u paznu-
YaloTCcs M0 annapamuo-npocpammuou niamgopme. OHU pa3padaThIBAIOTCA U
akcmuryatupytores Ha nepcoHalnbHbIXx (PROSPECTOR), cumBoabHbIX (Picon),
munu- (CII9UC) u cynepkommnbiotepax (OKCIIEPTU3A).

[lo cmenenu unmeepayuu >KCNEPTHBIE CUCTEMBI MOTYT OBITH aBTOHOM-
HBIMH TIporpaMMHbIMU KomIuiekcamu (JJAMII), koTopeie paboTatoT camoCTOs-
TEJIbHO, WU 4YacThbio Oojiee oOuiell cucTeMbl (MHTEIrPUPOBAHHBIE CHCTEMBI), a
TaK)ke 3BEHOM B IIETIOYKE MTPOTrpaMmM, 00padaThIBarOIUX HHPOPMAITUIO C 00IIeH
1EJIbI0, HAIPUMEP YIPABICHUS PEITPUITUEM.

B 3aBucumocTH 0T pazmepa 6asvl 3uanuil BBIACIAIOT MPOCTHIE SKCHEPT-
Hble cuctemMbl — 10 1000 npocteix npaBwi (GUIDON, Ilnotuna), cpeanue — ot
1000 no 10000 crpykrypupoBannbix npaBmi (XCON, GOSSEYN, IUAT'EH) u
cnoxHbie — 6onee 10000 cTpyKTypUpOBaHHBIX PABUIL.

DKCHepTHBIE CUCTEMBI PA3INYAIOTC nO CMAouu Cyujecmeo8anus, TO €CTh
M0 CTETNEHU 3aBEPLICHHOCTU cucTeMbl. [lepBas ctagus cyliecTBOBaHUS SKCIEPT-
HOM cHCTeMBbI — 3TO UccliefoBaTenbckuil oopaszen. OH pa3pabatbiBaeTcs 3-6 Me-
csilleB ¢ MUHUMaNbHOU 6azoi 3Hanui (SYSTEM-D, SYN). Bropas — neMoHcCT-
palMoHHBIN 00pazer; — pa3pabarsiBaetcs 6-12 mecsauer (THYROID MODEL);
TPEThsl — MPOMBIIIEHHBINH 00pa3el — pa3pabarbiBaercs 1-1,5 roga ¢ nmonHow Oa-
3ot 3Hanuii (PUFF, FOSSIL) u nocnennsist — koMMmepueckuii oOpasel — pazpada-
ThiBaeTcs 1,5-3 roga ¢ monno 6a3oii 3Hanmil (KNEECAP, MACSYMA).
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OKCITEPTHBIE CUCTEMBI

ITo cBsi3siM C BHEIIHEN ITo Tuny ucrnosns- ITo cioxxHOCTH o crammu
Ilo HasnayeHuro cpenoit / peanbHBIM ITo Tumy 5BM 30BaHMs / HHTE- pemaemoit cosna
HUS
BpEMEHEM rpanuu 3aJ1a4uu A
|
l | C 3BM
— Tie - -
DC o6mero Crienuanusu- — CTaTuueckue yrep Wzonuposan — IIpoctsle I/Iccneaovsa
Ha3HAUYEHUS posanubie OC —| Hble/ — TeNbCKuii 00-
| ABTOHOMHBIE pazer; OC
—| Mwuau-09BM
| | KBaszununa- —1 Cpenuue
[IpobGnemHo- - MUYECKHE
OpI/IeHTI/I 0 Epjgrffg OC Ha Bxoze / Hemonctpa-
P P P P Ha cumMBOnBHBIX —| BBIXOJE APYTUX — IMOHHBII 00-
PAHHBIC BaHHBIC | | npoueccopax —| Crowubie paser OC
Jlunamue- poneccop CUCTEM
CKHUE
—_ ITpombInuien
= —| II9BM I'uGpuansie / po 5
— HBIi
— MOHHUTOPUHT —| uHTErpHpOBaH- s o0pa3sern
HbIE
— IIpornozupoBanue SBM cpeeit
- MPOM3BOUTENBHOCTH
[LnanupoBanue POU3BOTUTEIBHOC Kommepue-
— OOyueHue —| ckwuii obpaszen
2C
— IIpoexkTupoBaHue
— MHuTepnperanus JaHHBIX

— JIluarnocTtuka

Puc. 32. Knaccnpuxanms 3KCNEepTHLIX CHCTEM
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CpeacTtBa pa3paboTKM IKCNepTHbIX CUCTEM

CymiecTByIoIHe CpeacTBa pa3pabOTKU IKCIIEPTHBIX CHCTEM MOYKHO pas-
nenuTh Ha 3 kiacca (puc. 33). Tpaouyuornuwvie szviku npoepammuposarnus (C++,
Java, Delphi) mo3BoJISIIOT MOCTPOUTH IKCHIEPTHBIE CUCTEMBI «C HYJIS» JIJIsi KOH-
KPETHOM 3aJjaud WM TPEJIMETHOW 00JIacTH, 00ECIeuynB XOPOIIHE MOKa3aTeIH
KauyecTBa W HEOOXOAMMYH (YHKIIMOHAIBHOCTh CHCTEMBI, HO Ha pa3pabOTKy
TpeOyIOTCS 3HAYUTEIbHBIC BPEMCHHBIC M (PUHAHCOBBIC pecypchl. Tak cO3Mar0T
OKCIIEPTHBIC CUCTEMBI JIFOOOH CTaIMM CYIIECTBOBAHHMS, B OCOOCHHOCTH KOMMEP-

YCCKHC CUCTCMBI, IIPOJaKa KOTOPBIX BOBMCCTHUT 3aTPATHI.

HHCTPYMEHTAJIBHBIE CPEJ]JCTBA IIOCTPOEHUA
OKCIIEPTHBIX CUCTEM

[ TpaIuoHHBIE SA3BIKU ] [ SI3BIKH HCKYCCTBEHHOT'O ] [ CrenuanbsHbIN IPOrpaMMHBIN ]

IPOrpaMMHPOBAHHSA UHTEJIIEKTa HUHCTPYMEHTapUi

|
[ O0010YKH

Cpenpl pazpadorku IC/
HaACTpOMKH Haf s3bikaMu VN

Puc. 33. Knaccupukanuss HHCTPYyMeHTAJIBHBIX cpecTB pazpadorku IC

Azviku uckyccmeennozo unmennexkma (LISP, PROLOG, Pedan) 6buin
pa3paboTaHbl CHENHUAIbHO U MpeAcTaBieHus 3HaHui. IlocTpoenue ¢ ux mo-
MOIIIBIO0 IKCIEPTHBIX CUCTEM IMO3BOJIIET OOJIee JETKO OMEePUpPOBATh IKCIICPTHHI-
MU 3HAHHUSMH, HO OTPAaHHYMBACT CIIOCO0 WX MPEICTABICHUS CTPYKTYpPOH S3bIKA.
C moOMOIIBIO SI3BIKOB MCKYCCTBEHHOTO MHTEJUIEKTa CO3/AI0TCSI UCCIIeA0BATElNb-
CKHE U JEeMOHCTPAIlMOHHbIE 00pa3Ibl.

Crnenyromuii kjaacc CpeAcTB MOCTPOCHHS SKCHEPTHBIX CHUCTEM — CIIELH-
QJIBHBIA TTPOTPaMMHBIN WHCTPYMEHTapUii — OPUEHTHPOBAH TOJIBKO Ha CO3JaHHE
MHTEIUICKTYaJIbHBIX MH(QOPMAIIMOHHBIX CHUCTEM M JETUTCS Ha JBa MOJKIAacca:
000JIOUKH U Cpelibl pa3pabOTKU UHTEIEKTYabHBIX CUCTEM.

Cpeovl paspabomku SBISIOTCS MPOrPAMMHBIMH KOMIUIEKCAMH, IO3BO-
JSIOIIAMHU CTPOUTH CUCTEMBI U3 OT/IEIBHBIX TOTOBBIX 0710KOB. Ha mx ocHOBE cO3-
JAr0TCS JEMOHCTPAIIMOHHBIC ¥ MPOMBIIIICHHBIE 00Pa3Ilbl SKCIIEPTHBIX CHCTEM.

Obonouka dKkCnepmHuIxX cucmem — UHCTPYMEHTAIILHOE CPEJCTBO IS MPO-
EKTUPOBAaHUSI W CO3JIaHUsI DKCIEPTHBIX CHUCTEM. B cocTaB 00OJIOYKH BXOMST

CpelICTBAa IPOEKTUPOBAaHUS 0a3bl 3HAHUH C pa3IUYHBIMU (POpPMAMU MPEACTABIIEC-
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HUS 3HaHUM W BbIOOpa pekuMa paboThl pemrarens 3amad. st KOHKPETHOM
IpeIMETHON 00JIAaCTH WHXKEHEP IO 3HAHUSAM OIpeNessieT HY)KHOe MpeacTaBlie-
HUE 3HAHWH U CTpaTerwy PEIICHUs 3a]ad, a 3aTeM, BBOJS UX B 000JIOUKY, CO3-
JaeT KOHKPETHYIO SKCIIEPTHYIO CUCTEMY.

[IpumeHeHrne 00O0JOYKH TO3BOJSET JOCTATOYHO OBICTPO M C MUHUMAIb-
HBIMH 3aTpaTaMH CO3/1aTh MCCIIEI0BATEIBCKYIO, IEMOHCTPAIMOHHYIO WU TIPO-
MBIIUICHHYIO OJKCIEepPTHYI0 cuctemy. OO0OJOYKM MOXHO KiIacCH(pHIIMPOBATH
cinenyromum oopazom (puc. 34). Ilo creneHu oTpabOTAaHHOCTH BBIJCISIOT JKC-
nepuMeHtalibHy0 (GPSI), ucciaegoBarenbckyto (Expert) m kKomMmepyeckyro
(EXSYS) obonouxmu.

| OBOJIOYKH SKCITEPTHBIX CUCTEM

ITo crenenu Ilo meTony [o Tumy Ilo cBsi3u
0TpaboTaHHOCTH MIpEICTaBICHUS METOZI0B C BHELIHEH
3HAHMUI cpenoi
Wnrerpuposannoe | Tubpunaeie by CTaTHYECKHE
| IpencTaBleHUE
Jns pemte-
Enunas monens || TpaguimonHsie HUs cTaTH4e-
- _—
CKUX 3aJau
JIMHAMUYECKUC |
b OKCIIEpUMEHTAIBHAS
| Jlormueckas Jns perte-
I[J'lﬂ pa3pa60T1<H HUSA 3a7a4
b lccnienioBatenbekas Cemanrnyeckue JIMHAMUYECKUX aHan3a U
CeTH cucTeM CHHTE3a C
= pasjelcHuEM
| Kommepueckast b [[pOnyKIIHOHHAS
Jlnst npoexktupoBaHuss ~ BPECMCHH
| ODpeiimoBas JTAHAMUYECKUX CUCTEM

Puc. 34. Knaccudukanus 000/104eK IKCIEPTHBIX CHCTEM

3Hanus B 6aze MOryT ObITh mpejcTaBieHbl ogHuM criocobom (EMYCIN,
CLIPS) — ceMaHTHY€CKOM CEThIO, MPOAYKIUAMU, ppeiiMamMu U T.1. WU Ke He-
ckoiapkumu (MINEVRA, EsWin) nnst coznanusi 0osee mojiHOM, TMOKOM U Ha-
I THOM MOJIENU IPEIMETHOM 00JIacTH.

Hcnonb3dyemble B 000JIOYKE METOJBI MOTYT OBITh TpPAJUIMOHHBIMU
(CubiCalc, NEXPERT, Aned) — anroputmsl, 1epeBbs BbIBOAA U T.J. U THOPU-
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HeiMH (FuzzyCLIPS, MultiNeuron), rie COBMECTHO C TPaJAUIIMOHHBIMU KCIIONb-
3yI0TCS HEMPOHHBIEC CETU, HEYEeTKas JJOTUKA U T.[.

CyliecTByIOT cTaTU4YeCKHE OOOJIOUKH, MpeAHa3HAYEHHBIC JI1 pelIeHUs
cratnueckux 3anau (1-st Clas, Onuc). OHM XapakTepU3yIOTCS UCIOJIb30BAHUEM
MOBEPXHOCTHOM TEXHOJOTHMH, OOLIMX MpaBWUI U TMOHMCKA PELIEHUs OT LEIH K
JaHHBIM, IPUMEHSIOTCS JIs PEIICHUS 3aa4 aHaIu3a.

Cratuyeckue 000JI0YKH, MpeHA3HAYCHHBIC SISl pEUICHUS 3a]]a4 aHalu3a
u cuntesa ¢ pazneneHueM Bpemenu (KAPPA, Clips), ucnonb3ytoT riryOMHHBINA 1
CTPYKTYPHBIH MOAXO/AbI, OCYHIECTBISIOT MOUCK PEUICHUN OT LIeJU K JaHHBIM U
OT JJAHHBIX K LIEJH.

OO6onouku 711 TpoeKTHpoBaHUs AuHamuyeckux cuctem (Framework,
NExpert) npuMeHsIOT MOBEPXHOCTHBIN MOJIXO0, TPUHUMAIOT PEIIEHUsI HA OCHO-
BE€ MPaBWJI OOIIETO BHUJIA.

O6Gonouku s paspaborku aumHamuueckux cucteM (G2, Rethink,
RkWorks) umeror noacucteMy MOJEIMpPOBaHUs, IJIAHUPOBILKUKA PELUICHUHN, UC-
MOJIB3YIOT CMELIAHHYIO TEXHOJIOTHIO, MTPaBUiia OOIIEro U YacTHOTO BHJIA, pelie-
HUE 33JlaYd aHaJIM3a U CUHTE3a B peajlbHOM BPEMEHHU.

EMYCIN — nepBast o6onouka, ocHoBanHast Ha MY CIN. Ilpunimunsi, pas-
pabotanusie i PROSPECTOR, 6butn ucnonb30BaHbl IPU CO3IaHUM TaKUX
cucteMm, kak KAS, SAGE, SAVOIR.

W3MmeHeHne NpUHIIMIIOB MOCTPOCHUS BEIET K Pa3BUTUIO HHCTPYMEHTApPHS.
[ToaToMy 00010YKHM MPONUIA TOT K€ ABOJIOUUOHHBINA myTh, yTo U DC. CoBpe-
MEHHbIE OOOJIOYKH TMpeIaraiT CIEAYIOUIMe BO3MOXHOCTH (B KaXAOW KOH-
KpPETHOM 000JI0UKe MPeICTaBIECHbl YACTUYHO):

— rubpunHoe npenacrasienue 3Hanuii (EsWin);

— BBIOOp U3 HecKoybKuX cTpateruil Beioja (G2, CLIPS );

— mnoakitoueHue Oubmuorek u  Apyrux cuctem (ACTIVATION
FRAMEWORK);

— apXHUTEKTypa Ha ocHOBe «10cKku 00bsaBieHui» (HEARSAY-1ID);

— apxuTekTypa «kiaueHT-cepsep» (JESS);

— wunrerpanus B Untepner / Untpaner (Egg2Lite, Exsys Corvid);

— rpaduyeckuii unrepdeiic (WindExS, WxCLIPS);

— mnoxacuctema MmoaenupoBanus (G2);

— wmoayabHoe noctpoeHue cucremsl (ReThink, G2);

— Bugyanuzauus ctpykrypsl b3 (W.E.S.T.) u 1.x1.
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Tecm no meme «3KkcrnepmHbie cUCMeMbI»

1. Kak Ha3bIBajIach nepBasi IKCNepTHAas cucrema?
a) MACSYMA
b) EMYCIN
c) PROSPECTOR
d) HeT MpaBMWIILHOTO OTBETA
2. Kakyo 3agauy pemaJja sxcneprHas cucteMa PROSPECTOR?
a) ompejaeneHUe HambOOIee BEPOSTHOM CTPYKTYpPhI XUMHYECKOTO CO-
eTMHEHUS
b) MOMCK MECTOPOXKICHUN HA OCHOBE T€OJIOTUYECKUX aHATN30B
C) AMAarHOCTHKA TIIa3HBIX 3a00IeBaHMIA
d) pacno3HaBaHu€ CIUTHOM YEIOBEUYECKON peyn
€) HET MPaBUIHLHOTO OTBETA
3. Kakue noacucreMsbl SIBJISIFOTCS [JIs1 IKCIIEPTHOM CHCTEMbI 0013aTeIbHBIMHU?
a) 0a3a 3HaHUU
b) unTepdeiic CUCTEMBI C BHEITHUM MUPOM
C) aITOPUTMHUYECKHE METO/IbI PeIICHHIA
d) unTepdeiic KoruuToIOra
€) KOHTEKCT MPEAMETHOM 00acTu
4. Kakasi 3kcnepTHasi cucreMa uMeeT 0a3y 3Hanui pazmepom ot 1000 xo
10000 cTpyKTypHMpPOBaHHBIX NPABHJI?
a) mpocrtas
b) cpennsis
C) CloXKHas
5. Kakasi skcnepTHasi cuctema paspadarbiBaercs 1-1,5 roga?
a) MCCIIeIOBATENIbCKUM 00paszell
b) nemoHcTpalmoHHast
C) KOMMepyecKas
d) HeT npaBUILHOTO OTBETA
6. lns pemieHHsi KaKUX 3a27a4 MNpeIHA3HAYEHBI CTATHYECKHE O00T0YKH
JKCHEPTHBIX cucTemM?
a) JJI YIPaBJICHUS U TUATHOCTHKH B PEXKHME PEaTbHOTO BPEMEHH
b) mJist pelieHus CTaTUYECKUX 3a71ad

C) IJIA pCIICHUA 3a1a4 aHaJIM3a U CHHTE3a € pasaCJICHUCM BPCMCHHA
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d) nns pa3paboTKu TMHAMUYECKUX CUCTEM
€) HeT MPaBUJILHOTO OTBETA
7. 'nOpuaHas JKCNEPTHASA CUCTEMA MOAPA3yMeBaeT:
a) WCITOJIb30BAaHUE HECKOJIBKHUX CPEJICTB pa3pabOTKH
b) BCoOIB30BaHKUE PA3TUIHBIX TOIX0I0B K MPOTPAMMHUPOBAHHUIO
C) HCITOJIb30BaHUE HECKOIBKAX METOJIOB MIPEICTABICHHS 3HAHUH
d) HeT npaBUILHOTO OTBETA
8. K10 co3naer 0a3y 3HaAHMI IKCIIEPTHOI CHUCTEMBbI?
a) MpOrpaMMHCT
b) monp3oBaTeb
C) KOTHHTOJIOT

d) skcnept

Jlumepamypa no meme «kcrepmHbie cucmembi»

1. TaBpunosa, T. A. ba3sl 3HaHull UHTEIUIEKTyalbHbIX cucTeM / T. A. ["aBpuiio-
Ba, B. ®. Xopomesckuii. — CII6. : TTutep, 2001. — 384 c.

2. Jlxapparano, [I. DxcriepTHbIE CUCTEMBI: IPUHIUIIBI Pa3pabOTKU U POrpaMm-
MupoBaHue : nep. ¢ auri. / J[. xxkapparano, I'. Paitnrt. — 4-e uzn. — M. : OO0
«M.J1. Bunbsimey, 2007. — 1152 c.

3. KoOpunckuii, b. A. PeTpocnieKTUBHBIN aHANN3 MEAUIIMHCKUX HKCIEPTHBIX
cucteM / b. A. Kobpunckuit / HoBOCTH HCKYCCTBEHHOI'O WHTEJIEKTA. —
2005. —Ne 2. - C. 6 — 18.

4. Tlomog, 2. B. DkcneptHbie cuctembl peasibHOro Bpemenu / 3. B. Tlomos //
OtkpbiTIe cucteMbl. — 1995, — Ne 2(10). — Pexum pocrtymna:
http://www.masters.donntu.edu.ua/2007/kita/kostanda/library/Open_Systems
_Magazine.htm

5. Por, M. UnTemnekTyaabHbIi aBTOMAT: KOMIIBIOTEp B KadyecTBE dKcmepTa /
M. Pot. — M. : DHeproaromusaar, 1991. — 80 c.

6. YactukoB, A. II. Pazpaborka »skcmeptHbix cucrem. Cpema CLIPS /
A. Il. Yactuxos, T. A. I'aBpunoga, JI. JI. benos. — CII6. : BXB-Iletepoypr,
2003. - 608 c.

7. Ontu, k. DKCHepTHbIE CHUCTEMbI: KOHIeNUMU W mpumepsl / [x. Oatw,
M. Kymb6c¢ ; mep. ¢ anrn. u npeaucit. b. W. llutukosa. — M. : ®uHaHCH U
cratuctuka, 1987. — 191 c.
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§2. Cuctembl nogaepXKU NPUHATUA peLUeHUn

Cucrembl MOAAEPKKH NMPUHATHA PEUIEHUH — 3TO IPOrpaMMHBIE CpPEJl-
CTBa M MH(POPMALIMOHHO-aHAIUTUYECKHE TEXHOJIOTHH, MpPEeJHA3HAUYCHHBIE CIie-
UAJIBHO JIJISi OKa3aHMs MOMOUIM B PEIICHUM 3ajay MOMCKa, aHallu3a U BhIOOpA
JY4YIIUX U3 BO3MOKHBIX BapuaHTOB. [Ipy 3TOM JIMIIO, TPUHUMAIOIIEE PELICHHUE,
JOJIKHO 00ECreYrBaTLCS HE TOJIBKO MH()OPMAIIMOHHOW, HO B MEPBYIO OYEPEb
TEXHOJIOTUYECKON MOAJIEPKKON Mpoueayphl, BIUIOTh 10 BHIOOpA Jy4IIEro pe-
LIEHUS.

[lonsTue o mogaepKke B NpUHATHH pemeHuid chopmynuposanu I1. Kun u
Y. Ctoitben. PanHue onpeneneHus: CUCTEM MOAJEPKKUA NPUHATHS pelieHui (B Ha-
qajie 70-X TO0B IPOIIOro BEKA) OTPaKalu CICAYIOIIHNE TPU CBONCTBA CUCTEM:

* BO3MOXXHOCTb OIEPUPOBATH C HECTPYKTYPUPOBAHHBIMH WM Ci1abo-
CTPYKTYpPUPOBAaHHBIMH 33/1a4aMH, B OTJIMYHUE OT 3a7a4, C KOTOPBIMU UMEET JEN0
UCCJIEI0BAHNE OIEPALIUii;

* MHTEPaKTUBHbIE aBTOMATU3UPOBAaHHBIE (TO €CTh pEaIM30BaHHBIC Ha
0a3e KOMIIbIOTEpa) CUCTEMBI;

* pa3zaciIeHHE JAaHHBIX U MOJEIEH.

B coBpeMeHHOM NpenCTaBIEHUN UAECATbHAsA CUCTEMA NOAIECPKKH IPUHS-
THSI PELLICHUN:

* OIEepupyer co clabOCTPYKTYPUPOBAHHBIMU PELICHUSIMU;

* [peAHa3HauyeHa Ui JMUA, NPUHUMAOIIETO PELICHHs, Pa3InyHOTO
YPOBHS;

* MOXET ObITh aJanTUpPOBaHa ISl TPYNIIOBOTO U UHAUBUIYAIBHOIO UC-
MIOJIb30BAHMS;

* MOAJCPKUBAET KaK B3aMMO3aBHUCHMBIE, TaK U IMOCIENOBATEIbHbBIE pe-
LIEHNS;

* mnozaaepkuBaeT 3 (aszpl polecca pelIeHUs: HHTEJUIEKTYaIbHYIO YacTh,
MPOEKTUPOBAHUE U BBHIOOP;

* TOJJEPKUBAET Pa3HOOOpPa3HbIE CTUIIM U METObI PEUICHUS, YTO MOXKET
OBITH MOJIE3HO MPH PELICHUH 3a/1a4d TPYNION UL, IPUHUMAIOIINX PEIICHHUS;

* gBJseTCS TMOKOM M ajanTUpyeTcs K M3MEHEHUSM Kak OpraHu3allui,
TaK U €€ OKPYKECHHUS;

* [pOCTa B UCIOJIb30BAaHUU U MOJUDPUKALINY;

* ynydmaeT 3Qp(HEeKTUBHOCTH NPOLECCa TPUHATHUS PEIICHUN;
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* TI03BOJIIET YEJIOBEKY YIPABISATH MPOLECCOM MPUHATUS PEIICHUN C
MOMOIIBIO KOMIIBIOTEPA, @ HE HA00O0POT;

* TOJJEPKUBAET IBOJIIOIIMOHHOE UCIIOIB30BAHKUE U JIETKO aIalTUPYETCs
K U3MEHSIOIIUMCS TPEOOBAHUSIM;

* MOJXET OBbITh JIETKO OCTPOEHA, €CIIM BO3MOXHO C(HOpMYyIHpOBaTh JIO-
TUKY KOHCTPYKIIMU CUCTEMBI MOACPKKU MIPUHATHS PEIICHUMH;

* TOJJEPKUBAECT MOJCIUPOBAHUE;

* TI03BOJIAET UCIIOJIH30BATh 3HAHUSI.

o cepenunbl 60-x rogoB XX Beka co3maaHue OONBIIUX HHGOPMAIUOH-
HBIX CHUCTEM OBLIO Ype3BbIYATHO JIOPOrOCTOSIUM, TTOITOMY IMepBbie HHPOpMa-
MOHHBIE cucTeMbl MeHemkMeHTa (Management Information Systems) Obuin
CO371aHbl B 3TH TOABI JUIIb B IOCTATOYHO OOJbIIMX KomMnaHusix. OHU mpeaHa-
3HAYAJIUCh JJI MOATOTOBKU MEPUOJIUUYECKUX CTPYKTYPUPOBAHHBIX OTUETOB IS
MeHekepoB. Ho nHpopmalmonHbie cucTeMbl CIOCOOHBI Ha Oosbliiee. B koHiie
60-X TOJIOB TOSBISETCS HOBBIM THUN HWHMOPMALMOHHBIX CUCTEM — MOJENb-
OpPUEHTUPOBAHHBIE CUCTEMBI MOACPKKHU NpUHATHS pemenuit (Decision Support
Systems) win cucTembl ynpaBieH4Yeckux pemieHuit (Management Decision
Systems).

70-e ronpl XX Beka CTald NEPUOJOM BO3HUKHOBEHHS PAHHHUX CHCTEM
MOAJEP/KKU MPUHATHS pELUICHH M TeopeTnueckux u3bickanuil. K 1975 rogy
k. JI. Jluttn paspabotan cuctemy Brandaid (ITommepkka Openma), koTopas
MpeaHa3Havyalach JUIsl MOJAJEPKKH MPUHATHS PEIIEHUH B MPOU3BOACTBE, MPO-
JBIDKEHHUH, 1IEHO00pa30BaHuM U pekiiaMme. Takke JIMTTI B cBoeil Oosee paHHEH
cTaTbe CHOPMYIUPOBATT KPUTEPUU MO POPMUPOBAHUIO MOJIETEH U CUCTEM IS
MOJAJIEPKKU MPUHATUSA PEIICHUN NIJIi MEHEIKMEHTA: HAOeHCHOCHb, N1e2KOCMb
KOHMPOJIl, NPOCMOMA U NOJHOMA HAO0pa HeobX0OUMbIX Oemanell.

B nauane 80-Xx romoB HccieqoBaTeNM M3 aKaJIeMHUYECKHMX HHCTUTYTOB
CO3JaJIM HOBYIO KAaTErOpUIO MPOrpPaMMHOr0 oOOecreyeHus: ISl MOIICPKKH
IPYIIOBOrO MPUHATUS perieHuil. CaMbIMU paHHUMH BapuaHTaMU TaKUX CUCTEM
optn Mindsight kommanuun Execucom Systems, GroupSystems, co3jqaHHbIE B
ApH30HCKOM yHUBepcutere, U cucteMa SAMM, co3gaHHas UCCIEI0BATENSIMU
VYuuBepcuteta Munnecotsl. B 1984 rony B YHuBepcurere Apu3oHbl Oblia 3a-
BepiieHa pa3paborka cuctembl PLEXSYS u chopmupoBana ciyx0a KoMIbio-

TEPU30BAaHHOM MOAJIEPKKHU TPYIIIOBBIX PEIICHUM.
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HoBblE TEXHOJIOTMM CTaJlM MCIOJIb30BaTh COBMECTHO C CHCTEMAMM IOJ-
nepxkku npunatusa pemeHuil. [Ipumepno ¢ 1990-ro rona b. Mumon u P. KumoOen
HayaJlu MPOJBUIaTh CUCTEMBI MOAJCPKKHU MPUHATUS PELICHUN, TTOCTPOCHHBIE C
MOMOIIBI0 TEXHOJIOTUN PENSIUOHHBIX 0a3 JaHHBIX. AKTHUBHO pa3padaThIBAIUCh
CUCTEMBI MOJAECPKKU MPUHATHS PEUIEHUH, OCHOBAHHBIE HA apXUTEKTYpPE «KJIU-
EHT-CEPBEP», A0 ATOr0 B OCHOBHOM HCIOJIb30BAJIUCH OOJIBIINE KOMIIBIOTEPHI
(mainframe). CuctemMbl TOJACPKKUA NPUHATUS PELICHUIN CTAId HHTETPUPOBATHCS
B JIOJITOBPEMEHHBIE XpaHWIHIIA. CUCTEMBI MOAAECPKKU MPUHATHS PELIEHUN, UC-
IIOJIB3YIOIE BO3MOKHOCTH MIHTEpHETA, CTAJIN PeaIbHOCTHIO OKOIO 1995 rona.

CTpyKTypa cucteMm noanepXku NpPUHATUA peLleHUn

CrpykTypa CUCTEMBI OAAEPKKUA MPUHATHS PEIICHUIN 3aBUCHUT OT periae-
MOH 3ajauM, MpPeAMETHOW 00JIacTH, anmapaTHO-MPOrpaMMHON TIaTGopMbl U
KOHKpETHOH peanuzanuu. B camom o01iem Buje CUCTEMY MOAACPKKUA MPUHATUS
pEILIEHUsT MOYKHO NPEACTABUTh B BUJE JABYX MOACUCTEM: CUCHEMbI NHOOOEPIHCKU

2eHepayuu peuleHuti U cucmemvl noodepicku evloopa peuternuti (puc. 35).

5 IToncucrema
H > reHepauuu
T peuieHui

¢ y

p

[0} \ 4

e IToncucrema
it [ BBIOOpA

c penieHui

Puc. 35. O0001IeHHAsI CTPYKTYPA CUCTEMbI NOJAEPKKUA NPUHATHA PelIeHn il

Cucrtembl MOAAEPKKA TE€HEPALMH PELIEHUA MOXHO Pa3ACNIUTh Ha 26pPuU-
cmuyeckue 1 ONMUMU3AYUOHHble. IBPUCTUYECKHE TEXHOIOIMU CTUMYIIAPYIOT U
JUCHUIUIMHUPYIOT MBIIIJIEHUE (HAapUMeEp, CTPYKTYPHBIM U MOP(OIOTHYECKUi
aHaM3), MOMOTal0T HaXOJUTh BapUAHTHI pElIeHUI Ha 0a3e M3BECTHBIX MPABUIL,
OPUHIMUIOB W aHanoroB. OpHako npu (HOPMUPOBAHMM BapUAHTOB PEIICHUI

YHUKAJIBHBIX 33/1a4 (HampuMmep, Mpu CTPATErMueCKOM IUIAaHUPOBAHUU) UX MPU-
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MEHUMOCTh YaCTO OTPAaHMYUBAIOT BCIIOMOTATEIbHBIMU (YHKIUSAMHU. ONTHMH3a-
[IUOHHBIC CUCTEMBI TIOJIJICPYKKH MPHUHATHS PEIICHUH OCHOBAHBI HA METOJaxX OI-
TUMAJIBHOTO CTPYKTYPHOTO CHHTE3a U TTapaMeTPHUECKON ONTUMU3AIINH.

Cuctembl TOAAEPKKU BbIOOpa pelIeHHW TpeaHa3HAYCHBI Ui BBIOOpa
2¢(EeKTUBHBIX BapUaHTOB PELICHHs, CTCHEPHUPOBAHHBIX JIFOOBIM U3 BBIIIETICpe-
YHCICHHBIX METOJIOB JINOO MOCTYMHUBIINX M3BHE (HAIIPUMeEp, 3asSBOK HA (hUHAH-
CHUpOBaHNE WHBECTUIIMOHHBIX MPOCKTOB). DTH CUCTEMBI 0a3HPYIOTCS Ha METO-
JaX MHOTOKPUTEPHAILHOTO aHaIN3a U SKCIIEPTHBIX OLEHOK.

Jlpyroii BapraHT 00OOIICHHON apXWUTEKTYpbl CUCTEMBI MOAACPIKKH TPH-
HSTHUS PEIICHUN COCTOMT M3 MATH YacTe (puc. 36): HCTOYHUKH JAaHHBIX (4acTo
UCTIONB3yeTcs 0a3a JaHHBIX ), CUCTEMa YIPABICHUS JAHHBIMU (€CITU HCTOYHUKOB
HECKOJIbKO, TTOJICUCTEMa O0BEIUHSCT, TPOBEPSIET U CHHXPOHU3UPYET UX), MOJIe-
JM yrpaBieHus (BKIIOYAIOT B ceOsl MOJIETHN pPelIaeMoi 3ajaui ¥ BHEUTHETO MU-
pa), MalrHa BbIBOAA (TIO3BOJISIET C MOMOIIBI0 UMEIOIIMXCS TaHHBIX U MOJEINeH
MOJIYYUTh U 0OOCHOBAThH PEIICHHE) U UHTEp(dENC MOIb30BATENS.

u
u € CVYBI M CcTOYHUKH JaHHBIX
T
y
e
p v I |
b Marmina
e &> >
M BEIBOJIA Mozerm
c yIIpaBICHUs

Puc. 36. KomnoHeHTBbI cMCTeMbI MO//IeP:KKU MPUHATHS peleHu

CucreMy TOANEPKKH NMPUHATHS PEIICHUH MOYKHO TPEJICTaBUTh B BHIC
nporieccoB (puc. 37).

CucreMa poBOAMT COOpP 3ampanIuBaeMbIX y TIOJIb30BATEIIS WIIM BHEITHHX
JTaTYUKOB JaHHBIX W BJIO)KCHHBIX B HEE MPHU CO3/IaHUU JTAaHHBIX U 3HaHUH. [Tocie
ATOTO OMpEeIAeT COCTOSHUE, B KOTOPOM HAXOAMTCS CHCTEMa W peliacMmas 3a-
nava, KpUTEPUH | 1Ieu (MOXKET 3alpaliuBaTh U YTOYHATH Yy Mojb3oBartens). Ha
OCHOBE TIOJIYYCHHBIX JaHHBIX, KOTOPBIC COJECPIKATCS B MaMSATH, H UMEIOIIEHCS

MOACIN CUCTCMbI WJIHN 3ala4i C YIYCTOM C(l)OpMI/IpOBaHHBIX KPpUTCPUCB U ueﬂeﬁ
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ICHCPUPYCTCA MHOKCCTBO pemeHHﬁ, KOTOPBIC IIPOBECPAIOTCA HA MOACIIN, U BbI-
6I/IpaCTCSI Jydaice. ITocne peaim3alilii pCIICHUA ITPONU3BOAUTCA OLICHKA PC3YJIb-
TAaTOB: CCJIM OHA HCYHAOBJICTBOPHUTCIIbHAA, TO IMPOLCCCHI I'CHCPAIUU H BBI60pa

IOBTOPAROTCA C YUCTOM HOBBIX TaHHBIX.

Hezanpammeaemeie » Coop «—| IlamaTE cHcTeMBEI |
HCTOTHHKH JaHHETX — YTIpaBIeHus
3amnpaniasacMBbie Oco3nanne Maremarideckas |
HCTOTHHKH COCTOSAHHSA CHCTEMEI MOIeNTE YIIpaBiA-
eMoli cucremel | |
I )
. M v
Onpenenenne uenei | @PopmmpoBanmEe
H KPHTEPHEER o MHOMKECTBA pelcHuHi
a¢pexTHBRHOCTH l
¥
Bribop "
peleHus
Y
Peamusanmsa
pemeHns
Onenka - I
PE3yNETATOR

Puc. 37. Ilpouecchbl cuCTEMBbI OAAEPKKH NPUHATHS PeLICHUH

C uH}OpMaMOHHO-aHATUTUYECKON TOUYKH 3peHHs, 3aJadyeil CUCTEeMbI
MOJJIEPKKU TPUHITHS pEUICHUHN SBISIETCA arperupoBaHue (C:KaTue) MHOTOKPH-
TepUaIbHONW MH(pOpMaluu 00 aHAIM3UPYEMbIX O0BEKTax 0 00beMa U (HOpPMBI
Mpe/ICTaBIICHUS, BOCIPUHUMAEMBbIX JIUIIOM, IPUHUMAIOIIUM pELICHUE.

C nporpaMMHO-TEXHOJIOTHYECKON TOUKH 3pEHHUSI, BAPUAHTBI PEIICHUH sB-
JSIOTCA 11 CUCTEMbI NMPUHATHS PELICHUN MPOCTO aHAIM3UPYEMBIMU OObEKTa-
MU, KOTOpbIE XapaKTepU3YIOTCsl HabopaMu KOJIMYECTBEHHBIX M KAaYECTBEHHBIX
XapaKTepUCTHUK (ITOKa3aTese).

Yaiie Bcero cucTeMbl NPUHATHS pEUICHUN UCIOJIBb3YIOT MPU CTpaTernye-
CKOM IUIAaHMPOBAaHUU U BHIOOpE OpraHU3alMK CIOXKHBIX cucTteM. HecMoTps Ha
YHUKAJIBHOCTh KaXJAOW U3 TaKWX 3a]ay, IPU UX PEIICHUU UCIIONb3YETCS THUIIO-
Basg TexHoJorus o6padoTku mHpopmanuu. [loatomy B Mupe yxke ITOCTATOYHO
IIMPOKO MCTIOIB3YIOTCS YHUBEPCAIbHBIE CUCTEMBI MOAJIEPKKU TPUHATHS pellie-
HUH, peHa3HAYEHHBIE JJI1 CPAaBHEHMS U BHIOOpA BaPUAHTOB JIFOOBIX PEIICHUIA.
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3aiava noiab30BaTeNs TAKMX CUCTEM 3aKJIIOYAETCsl B HACTPOUKE YHUBEPCAIBHOM
MIPOrpaMMHOM 000JIOUKH Ha HYKHYIO MPEIMETHYI0 00J1acTh MyTeM BBOJa (M-
nopra) uHdopmanuu o0 aHaTU3UPYEMBIX 00BEKTaX, a TakKe HepapXuu Tpedo-
BaHUU U MpeAnouTeHui. [ yHuBepcaabHBIX CUCTEM MPUHATHUS PEIIEeHUH aHa-
JTU3UPYEMBIMH OOBEKTAMH MOTYT SBJISITHCS JI0ObIe 0OBEKTHI, /111 KOTOPBIX Tpe-
OyeTcsi 1aTh OLEHKY MX COOTBETCTBHS NPEABABISIEMbIM TPEOOBAHUSAM IO MHO-
UM KPUTEPUSAM, IPUHATH PELICHUE albTEPHATUBHOTO BHIOOpPA, HAIIPUMED «BbI-
Opath Jydiiee u3...» WIH «OJ0OpUTb-OTBEPrHYTH», MPUHSITH PEIIEHUE O pac-
MpeIeJIEHNH PEeCypCoOB CPEld TPYMIbl 00BEKTOB, UCXOMA U3 UX TEKYyIeH mpu-
OPUTETHOCTH.

B 3aBucuMOCTH OT pelraeMoi 3a/iauu B CUCTEMax MOIACPKKHU MPUHATHS
PELICHUI MOTYT UCIIOJIb30BAThCS Pa3INYHbIE METO/IbI IPUHATHS PEILICHUH, MTPHU-
BJIEKATbCSI MOJICJIM U METO/Ibl, pa3pabOoTaHHbIE B paMKax MpPeIMETHON 00JIacTH.
[IpumepamMu METOOB IPUHSITHUS PEILICHUS SABIISIOTCS:

* JICKOMIIO3UIMS TJIaBHOW LIETW O TOTO YPOBHS JeTalu3alluu, Koraa
JUTsl HUKHETO YPOBHSI HEpapXuu Liefiei MOKHO c(hOpMYyIUpOBaTh KPUTEPHUH, TTO-
3BOJISIIOIME aJ€KBATHO OINMCATh CTENEHb JOCTHXKEHHUS Lelell Mpu MPUHITHH
TOW WJIX UHOM aJIbTePHATUBBI,

* METOJl aHAIUTUYECKUX HEePAPXUUYECKUX IMPOLECcCOB (JIMILO, MPUHU-
Malolllee pelleHrue, OCYIIECTBISIET BHavalle MOMapHOE CPaBHEHHE 3HAYMMOCTH
BBIOpAaHHBIX KPUTEPUEB, 3aTEM ATOT K€ METOJ| UCIOJIb3yeTCs AJis MOMapHOro
CpPaBHEHHS aJlbTEPHATHB OTHOCUTEIBHO KaXKIOTO BBIOPAHHOTO KpUTEpHSs; Ha
OCHOBE 3TOT0 CHCTeMa MOAJIEPKKU MPUHATHS PEIICHUN paccuuThiBaeT Kodddu-
LUEHTHl 3HAYUMOCTH KpUTEpUEB, KOADOUIIMEHTH 3HAYMMOCTH aTbTEPHATUB OT-
HOCHUTEJIBHO KaXKI0I0 KPUTEPHsI, YTO TMO3BOJISIET PACCUUTATH JAJIs KaXAOW allb-
TEepHATUBBI 3HAUCHUS] JIMHEWHON (DYHKIIMH MOJIE3HOCTH);

* METOJl AHAJIUTUYECKHX CETEeBBIX IPOLECCOB, KOTOPBIA MO3BOJISIET
y4eCTh B3aUMOCBSI3U MEXY KPUTEPUSIMU;

* MHOTOIIEJIEBOE OIICHUBAHUE albTEPHATUB (KaXKJas ajlbTepHATHUBA Olle-
HUBAETCA €JUHBIM IOKa3aTesneM 3(PPEKTUBHOCTU — CTETIEHbIO BIUSHUS €T0O BbI-
MOJIHEHUS Ha TOCTH)KEHUE TJIaBHOM 1IN ).

CucreMbl MOAACPKKU TPUHATHS pEUICHUN HAUYMHAIOT BCE IIMpPE MpHUMe-
HATBCA TOCYJApCTBEHHBIMU OpPraHU3AlMSAMU W KPYINHBIMU KOPIOpalUsIMU
(U.S. Navy, NASA, IBM, General Motors, Xerox, 3M, Rockwell International,
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Reiter Consulting Group International u np.). Ilpumepsl 3anau, pemaeMbIx c
MPUBJICYCHUEM TAKUX CHCTEM:

e 000OCHOBaHWE HAIPaBICHUN Pa3BUTHS CHCTEM BBICIIETO OOpa30BAHMSI
CHIA na nepuoa 1985-2000 rr.;

e BBHIOOP METOIOB 3aBOCBAHUS PhIHKA OBITOBON TEXHUKU;

e oreHKa mpuiekareabHocTH perunoHoB CIIA mns TpymoycTpoiicTBa
JFO/ICH, OKOHYMBIINX KOJUIEK, B Ommkaiimme 10 jer;

® pacrmpeeneHle CPEICTB MEKIY MEPOTIPUATHSIMY, HAIIPABICHHBIMHU Ha
yMEHbIIICHUE OaHIUTH3MA;

® OIICHKA MEPCTIIEKTUBHOCTH BUIOB AIBTEPHATHBHOTO TOPIOYETO JJIs aB-
TOMOOMIICH;

® pacrpeieneHHe CPEJCTB MEXKIY MPOEKTaMHU COIMAIIBHON MPOrpaMMBbI
TYMaHUTApHOW HaIllPaBICHHOCTH,

e 0TOOp HAYYHO-TEXHUYECKUX MMPOCKTOB B paMKax KOHKYPCa;

¢ BBHIOOp MEPCTIICKTHBHBIX HAMPABICHUN WH(POPMATHU3AINUN CTPAHBI H TIP.

B mocnennee Bpemsi CUCTEMBI MOAACPKKU MIPUHSITHS PEIICHHH HAYWHAIOT
NPUMEHATHCS U B MHTEpEcax Majoro M cpeaHero Om3Heca (Hampumep, BBHIOOD
BapHaHTa Pa3MEIEHUsI TOPTOBBIX TOYEK, BHIOOp KaHIUAATYPHl Ha 3aMEICHUE

BaKaHTHOM JOJIZKHOCTH, BBI60p BapHaHTAa I/IH(i)OpMaTI/ISaLII/II/I Hu T.I[.).

Knaccudukauus cucteMm nogaepxku NpUHATUS peLUeHUn

OO1enpuHATON McUepIbIBaOIEH KIacCU(PUKALUUA CUCTEM MOAJIECPKKU
MPUHATHS PELICHUN HE CYIECTBYET, HO CUCTEMBbI MOJACPKKHU MPUHATUS pellle-
HUN MOXKHO Pa3JeHTh 110 HECKOJIBKUM YPOBHSIM.

Ha yposne nonvzoeamensi CUCTEMBI MOIACPKKU IHMPUHATHS PELICHUM
MOJKHO pa3JeJIUTh Ha:

* [IaCCUBHBIC;

* aKTUBHBIE;

* KOOIEpaTUBHBIE.

[laccuBHOM cucTeMOW MOACPKKH MPUHATUS PELICHU HA3bIBAE€TCS CHC-
TeMa, KOTopasi IOMOraeT MPOoIecCy MPUHATHUSL PEIICHUS, HO HE MOXET BHIHECTH
MpeJIOKEeHHE, KAaKOE PellIeHNEe MPUHSTh.

AKTUBHas CHUCTEMa MOXET CIENaTh MPEeAJIOKEHNUE, KaKOe PELIEHUE Clle-
IyeT BbIOPATb.
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KoonepatuBHas cuctemMa IMO3BOJISCT JIMIY, MPUHUMAIONIEMY PEIICHHE,
WU3MCHSTh, TIOMOIHATh WM YIIY4IIaTh PEIICHHS, TpearacMble CHCTEMOM, IO~
ChIJIasl 3aTEM OTH MU3MEHEHUS B CUCTEMY JUIs MpoBepku. CrcTeMa U3MEHSIET, T10-
MOJIHACT WJIM YJIydIlaeT 3TH PEIICHUS M TOCBUIACT MX OISATHh IOJb30BaTEIIO.
[poriecc mpomomKaeTest 10 MOIYUYCHHS COTJIACOBAHHOTO PEIICHHS.

Ha xonyenmyanvhom yposHe BBIICISIOT CIEAYIONINE CUCTEMBI TOIIEPK-
KM TIPUHATHS PEIICHMI:

* yIpaBJsieMbIE COOOIICHHUIMU;

* yIpaBJsieMbIC JaHHBIMU;

* yIpaBisieMbIC JOKYMCHTAMU;

* yIpaBJsieMbIC 3HAHUSIMH;

* yIpaBsieMbIC MOJICIISIMH.

Cucrema, ynparisieMasi COOOIICHUSMH, TMOACPKUBACT TPYINTY I0JIB30-
BaTeJeld, padOTaIINX HaJl BRIMTOJTHEHHEM O0IIeH 3a1a4u.

CucreMsbl, ynpaBiisieMble JaHHBIMH, OPUEHTUPYIOTCS Ha JOCTYIl U MaHH-
MYJISIHAA C TAHHBIMH.

CucreMsbl, yrpasisieMble JTOKYMEHTAMH, OCYIISCTBISAIOT MOUCK U MaHH-
NyJUPYIOT HECTPYKTYpPUPOBAaHHOW WHpOpMamMen, 3aJaHHONW B Pa3IMYHBIX
dhopmarax.

CucrteMsl, yrpaBliieMble 3HAHUSIMH, 00CCIICYMBAIOT PEIICHUE 3a/1a4 B BH-
ne GaxToB, MPaBHI, TPOIIEIYP.

CucteMbl, ynpaBisieMble MOJCIAMH, Oa3UPYIOTCS HAa MaTeMaTHYECKUX
MOJICIISAX (CTATHCTHYECKUX, (DMHAHCOBBIX, ONITUMH3AIMOHHBIX, UMUTAIMOHHBIX ).
JIIs X TOCTPOCHHS MOXKHO ucmoyib3oBaTh OLAP-cucTeMBI, MO3BOJISIONIHE
OCYIICCTBIISITh CJIOXKHBIM aHAJIN3 JTaHHBIX, U TOTJIa TAKYI0 CHCTEMY IOJICPKKH
MIPUHATHUS PEIICHUS MOYKHO OTHECTH K THOPHIHBIM CHCTEMaM, KOTOpbIe obectie-
YUBAIOT MOJCIIMPOBAHUE, TTIOUCK U 00PabOTKY JTaHHBIX.

Ha yposene 0anHbix, ¢ KOTOPBIMHU 3TU CUCTEMBI pabOTarOT, YCIOBHO MOX-
HO BBIJICITUTH:

* OICpaTUBHEIC;

* CTpaTeru4ecKue.

OnepaTHBHBIC CUCTEMBI MOAJICPKKHA TPUHATHUS PEIICHUHN MpeTHA3HAYCHBI
JUTSI HEMEJICHHOTO pearupoBaHus Ha M3MEHCHHUS TEKYIIEH CHUTyalliu B yIIPaB-
JeHUU (UHAHCOBO-XO3MCTBEHHBIMH MPOIIECCAMU KOMITAHHH.

CrpaTernyeckre CUCTEMbl OPHUEHTHUPOBAHBI HAa aHAIN3 3HAYUTCIBHBIX
00BEMOB pa3HOPOAHON HH(POPMAITUH, COOMPAEMON U3 Pa3TUIHBIX HCTOYHUKOB.
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Ha yposne pewaemoti 3a0auu u obracmu npumeHenus: BbIIEISAIOT CUCTE-
MBI MOJJICPKKU TIPUHSITUS PEIICHUN:

® [IEpBOrO KJacca;

e BTOpOrO KJacca;

® TpEThEro Kiacca.

CucreMbl OACPKKU TPUHATHUS PELICHUN nepgoeo Kiacca, 00anamme
HanOOJbIIUMHU  (YHKIHUOHATIBHBIMU BO3MOXKHOCTSIMH, TpEJIHA3HAYEHBI IS
MPUMEHEHUSI B OpraHax rocylapCTBEHHOI'O YIpaBJieHHs BBICUIETO YpOBHS (ai-
MUHHUCTpaIus Npe3ueHTa, MUHHUCTEPCTBA) U OpraHax YNpaBlIeHUs OOJbIINX
KOMITaHUU (COBET TUPEKTOPOB KOPIOPAIMH) IPU TUIAHUPOBAHUU KPYITHBIX KOM-
IUIEKCHBIX HEJEeBBIX MNpOorpamMm jisi 0OOCHOBaHHUS PEIIEHUH OTHOCUTEIBHO
BKJIIOYEHHUS B IIPOrpaMMy Pa3IUYHBIX MOTUTUYECKUX, COUUATIBHBIX WIH 3KOHO-
MHUYECKUX MEPONPUATHN U PACHPENCIICHUS MEXIY HUMH PECYPCOB HA OCHOBE
OLICHKM MX BIMSHUSA Ha JOCTHKEHHE OCHOBHOW LENM MNporpammbl. CUCTEMBI
MOAJEPKKU MPUHATHS PELIEHUH ATOTrO Kiacca SBISIOTCS CUCTEMAMHU KOJUIEK-
TUBHOTI'O MOJIb30BaHUsI, 0a3bl 3HAHUN KOTOPBIX (POPMUPYIOTCSI MHOTHUMH JKCIIEp-
TaMU — CHEeIUAIMUCTAMU B PA3IMYHBIX 00JACTAX 3HAHUH.

CuctemMbl NOAAEPKKU TMPUHATHS PELIEHUN 6MOp0o20 Kiacca SIBISIOTCS
CUCTEMaMU MHIAUBUIYAJIBHOIO MOJIb30BaHUSA, 0a3bl 3HAHUIM KOTOPBIX POpMHUPY-
FOTCSI HETIOCPEACTBEHHBIM IOJIb30BaTeneM. OHU MpeaHa3HAYeHbl ISl HCTIOJIb30-
BAaHMS TOCYAAPCTBEHHBIMH CIIYXKAIlMMH CPEIHETO pPaHra, a TAKXKE PYKOBOJMTE-
JSIMU MaJIBIX ¥ CPEeTHUX (QUPM JIJIsl PEeIIeHUs] ONIepaTUBHBIX 3aJ]1ay yIPaBIICHUS.

CucTtembl NOAEPKKH MPUHATUS PELIEHUN mpembeco Kiacca SIBASIOTCS
CUCTEMAMHU HWHJHUBUAYAIBHOTO IMOJb30BaHUsA, aAaNTUPYIOIMIMMHUCS K OIBITY
nonb3oBaresida. OHM NpegHa3HAuYEHBI U1l PELICHHS YaCTO BCTPEYAOLIUXCS TIPU-
KJIQJHBIX 3a/1a4 CUCTEMHOT'O aHalln3a U yNpaBlieHUs (HarpuMmep, BbIOOP CyObek-
Ta KpPEeIUTOBAaHUS, BIOOP MCIOJHUTENST paOOThl, HA3HAYEHUE HA JODKHOCTH U
np.). Takue cucteMbl 00€CIIEYUBAIOT MOJYYCHUE PEIICHUs TEKYyIIeH 3a1aun Ha
OCHOBE MH(pOpPMALIUKM O pe3yJbTaTax MPAaKTUYECKOTO HUCMOIb30BaHUS PEIICHUN
ATOM K€ 3aJayd, NPUHATHIX B IpouuioM. Kpome TOro, cHCTeMsl 3TOrO Kiacca
MpeAHAa3HA4YEHBbl [JI1 WCIIOJIb30BaHUS B TOPrOBBIX MPEANPUATHIX, TOPTYIOIINX
JOPOTMMHU TOBapaMHU JUIMTENBHOTO MOJIb30BAHMS, B KAUECTBE CPE/ICTBA «HHTEII-
JIEKTyaJIbHOU PEKJIaMbl», MO3BOJISIONIET0 MOKYNAaTeNI0 BIOPATh TOBAP HA OCHO-
BE€ CBOETO ONBITA IPUMEHEHHNS TOBAPOB AHAJIOTUYHOTO HA3HAUYECHUSI.
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Ha ypoene apxumexkmypovl CUCTEMBI NOAAEPKKU IPUHATHS PELICHUMN Je-
JATCS Ha:

* (GyHKUMOHAIBHBIE CUCTEMBI MOAJEPKKN MPUHSTHS pELICHUH;

* HE3aBHUCHMbIE BUTPUHBI TaHHBIX;

* JBYXYPOBHEBOE XpPaHUJIMIIE JAHHBIX;

* TPEeXypOBHEBOE XPAHWJIMILE TAHHBIX.

OHU OTIMYaKTCs OpPraHu3alMell CEpBEPHON CTOPOHBI CUCTEMBI IOJ-
JEP>KKHU MPUHATUS pelleHud. XapakTepHOW 4epToil (PyHKIIMOHAIBHON CUCTEMBI
ABJISACTCS TO, YTO AHAJIU3 OCYLIECTBIISACTCS C MCIIOJIb30BAHUEM JAaHHBIX U3 OIle-
paTUBHBIX cUCTEM. Ha KIMEHTCKOW CTOpPOHE pacroiaraercs Mojab30BaTeIbCKUN
UHTEPPENC CUCTEMBI TOJIEPKKU MPUHATUS PELIEHUH, a Ha CEpBEPHOM — UCTOY-
HUKH JaHHBIX JJIS 3a/1a4 IPUHATUS PELICHUM.

Bumpuna oannwix — 6a3a naHHbIX, QYHKIIMOHAILHO-OPUCHTHUPOBAHHAS U,
Kak IpaBuio, coaeprKalias JaHHbIE [0 OJHOMY U3 HAIIPABJICHUN JEATEIbHOCTU
opranuzauuu. OHa OTBEYaeT TeM e TpeOOBaHUSM, UTO U XPAHUIIUIIE JAHHBIX,
HO, B OTVINYME OT XPAaHWJIMIIA, HEUTPAIBHOTO K IPWIOKEHHSIM, B BUTPUHE JaH-
HBIX UH(GOpPMALIHMS XPAaHUTCS ONTUMHU3UPOBAHHO C TOYKH 3PEHHUS PEIICHHS KOH-
KpPETHBIX 3a]1a4.

Kpome TOro, mox BUTPUHON AAHHBIX MHOT/A NOHUMAIOT OTHOCHUTEJIBHO
HEOOJIbIIIOE XPAaHUJIUIIE JaHHBIX UJIU K€ YacTh Oojee 00IIero XpaHuauia JaH-
HBIX, CIEHU(PUIUPOBAHHYIO JIJIsl UCTIOIb30BaHUS KOHKPETHBIM MOPA3AeICHUEM
B OpraHu3aliy U/WiM ONpeesIeHHONW Ipymmoi nonib3oBaTeneil. Ecnu B kopro-
pPaTUBHOI CHUCTEME MMEETCsl ABE BUTPUHBI JaHHBIX, TO OOIIME AaHHbIE, UMEIO-
niecss B 00X CEKIMUSAX OJTHOBPEMEHHO, JOJIKHBI ObITh MPEACTaBICHbI B CEK-
IUAX UAECHTUYHO.

He3aBucumble BUTpHHBI JAHHBIX YacTO MOSBISIIOTCA B OpPraHU3allUH UC-
TOPUYECKH U BCTPEYAIOTCS B KPYIHBIX OPraHU3alUSIX ¢ OOJBIIMM KOJIUYECTBOM
HE3aBUCUMBIX MOAPA3/ICJICHUM, 3a4aCTyI0 UMEIOUIUX CBOU COOCTBEHHBIE OTIEIbI
MH(OPMAIIMOHHBIX TEXHOJIOTHl.

Xpanunuwe OaHHbIX — TPEIMETHO-OPUEHTUPOBAHHBINA, WHTETPUPOBAH-
HBI, HEU3MEHUYUBBIH, MOAICPKUBAIOIINN XPOHOJIOTHIO HA0OP TAHHBIX, OPraHU-
30BaHHBIN I LENel MONAEPKKU MPUHATHUS PELICHUI; MOKET COCTOSITh U3 He-
CKOJIbKMX 0a3 JIaHHBIX, UMEET CBOIO COOCTBEHHYIO MOJI€Nb XpPAaHEHUS JAaHHBIX.

I/IH(I)OpMaI_II/ISI, MMOCTYIIMBIIAA B XPAHUJIHUIIC, HC YAAIACTCA, HC U3BMCHACTCA.
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JIByXypOBHEBOE XPAHWIMIIE JAHHBIX CTPOUTCSA UEHTPAIU30BAHHO IS
MpeocTaBIeHUs] UHPOpMALMU B paMKax KoMnaHuu. JlJis HoIIep kKU Takou ap-
XUTEKTYpPbl HEOOXOIUMBI CIIEMAIMCTHI B 001aCTH XPaHWIUI] TaHHBIX. DTO 03-
HA4yaeT, YTO BCS OpraHU3alus JOJKHA COTIacOBaTh BCE ONPEIEICHUS U MTPoLieC-
ChI peoOpa3oBaHus JTAHHBIX.

TpexypoBHEBOE XpaHWIHIIE JAHHBIX MPEICTaBISET COOOW €IUHBIN LIEeH-
TPaJIM30BaHHBIA HMCTOYHUK KOPIOPATHUBHON WHGOpManuu. BUTpUHBI TaHHBIX
MPEACTABISIOT MOAMHOKECTBA JAHHBIX M3 XPaHWIMILA, OPTaHU30BAaHHbBIC IS
peneHns 3a1ad OTAENIbHBIX MOJpa3/iesicHnii komnaHuu. llonb3oBarenu MMEOT
BO3MOKHOCTh JIOCTyNa K J€TaJbHBIM JAaHHBIM XPAHWIMILA B CIIy4yae, €CJIH J1aH-
HBIX B BATPUHE HEJIOCTATOYHO, a TaKXKe JUIsl oJyuyeHus 0osiee MOJTHON KapTHHBI
COCTOSIHMSI OU3Heca.

B GonpmHCTBE peaibHBIX CIIy4aeB cUCTeMa MPUHATHUS pelIeHUN BHE 3a-
BUCHUMOCTH OT KJIacca M apXUTEKTYpPhI JOJKHA [TOMOYb JIMILY, IPUHUMAIOLIEMY
penieHus, popmanu3oBaTh ero COOCTBEHHbIE MPEICTABICHUS O IEHHOCTH MOJTY-
YEHHBIX PE3yJbTAaTOB M 3aTpaTax Ha UX MOJy4YECHHE.

['1aBHBIM B cHCTEME NPUHATUSA PELIEHUN SIBJIETCS HE BBIUMCIUTEIbHAS
4acTh, @ TEXHOJOTHYECKAs MOAIAEPKKA MPOUEAYPbl KOPPEKTHOIO U3BICUEHUS U
bopmanuzanu cyoObeKTUBHBIX TPeOOBAHUM U MPEANOYTEHUN CHELHUATUCTOB, a
TaK)Xe MPOLEIyphl MOUIArOBOr0 arperupoBaHusi UHPOPMALMK IO KOHTPOJIEM
aHanutuka. Cucrema NOAJAEPKKU MPUHATHUS pElIeHU — He 6oJiee YeM CpeicTBO
TEXHOJIOTUYECKOW MOIAEPKKM NPOLEAYPbl NPUHATUS PELICHUH, IOCIEIHEE

CJIOBO BCCTAa JOJIZKHO OCTABATHCA 3a OKCIICPTOM.

Tecm no meme «Cucmembl NOOOEPKKU NPUHSIMUS peweHUU»

1. Uto xapakTepHO I PAHHUX CHCTEM MOIAEPKKH NPUHATHS pPelieHni?

a) BO3MOXXHOCTh OTEPUPOBATh HECTPYKTYPHUPOBAHHBIMU HIIW cIabo-
CTPYKTYpUPOBaHHBIMHY 33/1a4aMH, B OTJIMYUE OT 3a]a4, C KOTOPBIMU
UMeEeT JeJI0 UCCIIeI0BAaHUE OTepalui

b) onepupyet c1aboCTpyKTypUPOBAaHHBIMU PELICHUSIMU;

C) MOANEPKUBAET Pa3sHOOOpa3HbIE CTUIIM U METOJIbI PEIICHHUS, YTO
MOJKET OBITh IMOJIE3HO MPH PEIICHUHN 3aJ]a4H TPYIIION JIHII, TPUHHU-
MAIOIINX PEIICHUS;

d) HeT mpaBUIBHOTO OTBETA
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2. Kakue nmogcucreMbl BXOAAT B CHCTEMbI MOAAEPKKH NPUHATHA PeLIeHUit?
a) CHCTEMBbI OJJICPKKU TeHEepalluu pPelieHu
b) cucTembl noAAEep KU BbIOOpA pelIeHUi
C) CHCTEMBI yIpaBieHus: 6a3aMu JTaHHbBIX
d) cucteMbl UMUTATMOHHOTO MOJIEIUPOBAHMUS
€) HET MpaBUJIBHOTO OTBETA
3. Kakue MeTobI HCIIOJIB3YIOT B CHCTEMAX MOJ/IEPKKU NPUHATHS pelieHuii?
a) METOJ aHAIUTUYECKUX UEPAPXUUECKUX MPOLECCOB
b) merox ["aycca
C) MaTreMaTH4ecKoe MOJAEIUPOBAHUE
d) MeToj aHAIUTUYECKUX CETEBBIX MPOIIECCOB
€) HEeT MPaBUJIILHOTO OTBETA
4. Kak M0O:KHO KJIacCu(PUIIMPOBATH CUCTEMY MOAIEPKKH NMPUHATUS peleHnii?
a) Ha YpOBHE MOJIb30BaTENSA
b) B 3aBUCUMOCTH OT SI3bIKa MPOTPAMMUPOBAHUS
C) Ha KOHIIENTYyaJlbHOM YPOBHE
d) B 3aBUCHMOCTHU OT 00JIACTH MPUMEHEHUS
5. Kakune cucremMbl NMOAJAEP/KKH NPUHATHS PelICHU MO3BOJAKT Moaupu-
HMPOBATH PpeILICHHUS CHCTEMbl, ONMHMpAIOIIHMEcss Ha OoJblIMe 00beMbI
JAHHBIX U3 Pa3HBIX HCTOYHUKOB?
a) aKTUBHbBIC
b) xoomnepaTuBHbIE
C) CTpaTernyecKue
d) omepartuBHbIE
€) ymnpaBisieMble TaHHBIMU
f) Her mpaBUIBHOTO OTBETA
6. K xakomy KJ1acCy OTHOCHTCH CHCTEMA NMOAJAEP:KKHM NMPUHATHSA PelICHUs,
ybsl 0a3a 3HAHUI cPOPMHUPOBAHA MHOTMMHU IKCIIEPTAMHU?
a) MepBOMY
b) BTOpOMY
C) TpeTbeMy
7. Kakue ObIBAIOT APXMTEKTYPbI CHCTEM MOAAEP/KKH NPUHATHS PelIeHH?
a) HE3aBUCHUMBbIEC BUTPUHBI JAHHBIX
b) 3aBHUCHMBIC BUTPUHBI IAHHBIX
C) TPEXypOBHEBOE XPaHWIMILE JAHHBIX
d) oHOYpOBHEBOE XPAHWIMIIE TAHHBIX
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8. Ilpu xkakoi apXuTeKType JaHHbIE XPAHATCS B €INHCTBEHHOM 3K3eMILIsipe?
a) TPEXypPOBHEBOE XPaHWIIMIIE JTaHHBIX
b) IBYXypOBHEBOE XpaHUJIUIIIE TAHHBIX
c) GyHKIMOHAJIBHAS CUCTEMA
d) geThIpexypOBHEBOE XPAHUIIUIIC TAHHBIX

Jlumepamypa no meme «Cucmembi NoG0epPKKU
npuHamMus peweHuu»
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Fmoccapun

OcHoBHbIE onpeeeHus Mo Teme «McTopus pa3BuTHSA
HCKYCCTBEHHOT'0 HHTEJLIIEKTA

Hckyccmeennvtit unmennexm (Artificial Intelligence, Al) — HayuHnoe Ha-
npaBlieHUE, B paMKaX KOTOPOTO CTABATCS U PEIIAIOTCS 3a/1a4M alapaTHOTO WITH
MPOrPaMMHOTO MOJICTTUPOBAHUS T€X BHJIOB UEIOBEUECKOUN ACSATEIBHOCTH, KOTO-
pble TPAJAUIMOHHO CUYUTAIOTCS WHTEIUICKTYyalbHBIMH (TPEACTAaBICHUE 3HAHWU,
oOydeHue, 0OIIeHUE U T.I1.).

Humennexmyanvnaa cucmema — CUCTEMA WIN YCTPOIMCTBO C MPOrpamm-
HBIM O0ECIEYeHHEM, UMEIOIINE BO3MOXKHOCTh C TIOMOIIBIO BCTPOCHHOTO TPO-
1[eccopa HacTpauBaTh CBOM MapaMeTphl B 3aBUCUMOCTH OT COCTOSIHHSI BHEITHEH
Cpellbl.

Dépucmuka — npoliecc MOMCKa PEIICHUI; PUEM PEIICHUS 3a]]a49H, OCHO-
BaHHBIN HE HA CTPOTUX MAaTEeMAaTHYECKUX MOJECISAX U ajJropuTMax, a Ha coobpa-
KEHHSX, BOCXOISAIINX K «3[PABOMY CMBICTY»; OTpa)kaeT 0COOCHHOCTH TOTO, KaK
TaKye 3a/1a4d pelIaeT YeloBeK, KOrja OH HE MOJIb3YeTCs CTPOro GopMaibHBIMU
pUeMaMHu.

Kubepnemuxa — nayka 00 ynpaBJIeHHH, CBSA3M U NepepaboTke nHpopma-
1ui. OCHOBHBIM OOBEKTOM HCCIIETOBaHUsSI KHOSPHETUKH SIBISIFOTCS abCTpaKT-
HbIe KHOCPHETHUECKHE CUCTEMBI — OT KOMITBIOTEPOB JI0 YEIOBEYECKOTO MO3Ta U
YeJIOBEYECKOro 00I1eCTBa.

Teopus uzp — maTemMaTHueCcKas TEOpHUs MpeIcKa3aHus pe3yIbTaToB UTP, B
KOTOPBIX YYaCTHUKH HE UMEIOT TIOJTHON MH(POPMAIUN O HAMEPEHUAX IPYT IPY-
ra. Teopus Urp UCHONB3yeTCs AJIsI OMUCAHUS MPOIECCOB, MPOUCXOMAIIUX Ha
OJIUTOTIOJTUCTHYECKHUX PhIHKAX, U B TEOPHH (PHUPM.

Teopusa npunamus peutenuii — o0NACTh UCCIEIOBAHMS, U3yUaloIasl 3a-
KOHOMEPHOCTH BHIOOpA JIFOABMH MyTEH pelIeHUs] pa3HOTO pojia 3aj1ad U Hhccle-
Ayroliasi CrocoObl MOMCKa HanbosIee BRITOAHBIX U3 BO3MOXKHBIX PEIICHH.

Koznumuenasa ncuxonozus — HanpaBieHUE B MCUXOJIOTMYECKON HayKe,
M3y4arolee 3aBUCHMOCTh TTOBEICHUSI CYObEKTa OT MO3HABATEIIBHBIX MPOIIECCOB.
['maBHOE B KOTHUTHUBHOM MCUXOJOTHH — BBIJCIIEHHE HEKOTOPHIX OOIIMX KOMIIO-
HEHTOB, CTPYKTYp, MPOLIECCOB, XapaKTePHBIX JUIS MO3HAHUS B IelOM. B sToMm
TUTaHEe KOTHUTHBHASI TICUXOJIOTHS — 3TO COBpEMEHHAs TICUXOJIOTHsI TIO3HABATEIb-
HBIX TPOIIECCOB.
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OcHoBHBIe onpeeieHust Mo TeMe «HampaBJieHus1 Mccae0BaHUIA
B 00J1aCTH HCKYCCTBEHHOT0 HHTEJIJIEKTA»

Heiipokubepnemuxka — HaydyHOE HaIlpaBJICHHWE, W3ydYarollee OCHOBHBIC
3aKOHOMEPHOCTH OpPTaHM3aIui U (QYHKIIMOHUPOBAHUS HEHPOHOB U HEHPOHHBIX
oOpa3oBaHuii. OCHOBHBIM METOJIOM HEHPOKHMOCPHETUKH SIBIISICTCS MaTeMaTH4e-
CKOE€ MOJICIIMPOBAHUE, MTPH ATOM JaHHBIC (PU3HOJIOTHISCKOTO IKCIIEPUMEHTA HC-
MOJIE3YIOTCSI B KAYECTBE MCXOTHOTO MaTepHalia Uil CO3AaHMs MOCIIEH.

Heiipokomnslomepsl — 3TO CUCTEMBI, B KOTOPBIX allTOPUTM PEIICHUS 3a-
Ja4u MPEICTABIICH JTOTHUECKON CEThIO0 3JIEMEHTOB YaCTHOTO BUA — HEMPOHOB C
MOJTHBIM OTKa30M OT OYJIEBCKHX JJIEMEHTOB THMA u, uiu, He. Kak crieictue
3TOT0, BBEJCHBI CIICIIM(PUUCCKUAC CBI3H MEXKTY JIEMEHTAMH, KOTOPBIC SIBISIOTCS
PEeIMETOM OTIEIHHOTO PACCMOTPEHUSI.

Heiipokomnslomunz — CKOpOPA3BUBAIOMIASICS 00JIaCTh BBIYUCIUTEITHHBIX
TEXHOJIOTUH, CTUMYJIMPOBAHHAS HCCICAOBAaHUSIMU MO3ra. BBIYHCIUTEIbHBIC
OIepaly BBITIOJHSIIOTCS OIPOMHBIM YHCJIOM CPaBHUMO OOBIYHBIX, HEPEIKO
aJalTHBHBIX TPOIECCOPHBIX dYacTel. HelpoKOMIBIOTHHT, TIO COOCTBCHHOMY
MIPOUCXOXKIEHUIO, COBEPIIEHHO MPUCIIOCOOJICH AJisi CpaBHEHHUSI 00pa3oB, Ompe-
AeneHus: 00pa3oB M CHHTE3a CUCTEM YIPABIICHHUSL.

Pobom — aBTOMATHYECKOE YCTPONCTBO C aHTPOIIOMOP(HBIM JICHCTBUEM,
KOTOPOE YaCTHYHO WJIH IMOJTHOCTHIO 3aMCHSIET YeJI0OBEKA IPHU BBITIOJIHCHHH PadoT
B OINACHBIX JIJISl )KU3HH YCJIOBUSAX WM IIPH OTHOCUTEIBHOM HEIOCTYIMHOCTH 00h-
exta. PoOOT MOXKeT ympaBisThCS ONEpaTopoM OO0 paboTaTh MO 3apaHee Co-
CTaBIIEHHOW mporpamme. Vcmonp3oBaHue poOOTOB MO3BOJSIET OOJIETYUTH WITH
BOBCE 3aMCHHUTPH YEJIOBEYCCKUN TPYJ Ha TPOU3BOJICTBE, B CTPOHUTEIBCTBE, TIPH
paboTe ¢ TSHKENIBIMU TPy3aMHy, BPEAHBIMH MaTepuajaMu, a TaKXKe B JAPYTHUX Ts-
JKEJBIX WM HeOC30MaCHBIX JIsl YEJIOBEKA YCIOBHUSX.

Komnvromepnasa nunzeucmuxa (computational linguistics) — oGnacthb
HCITIOJIb30BaHUS KOMITBIOTEPOB JIUISI MOACIUPOBAHUS (YHKIIMOHUPOBAHUS S3bIKA
B TeX WJIM WHBIX YCIIOBHUSX WM MPOOJIEMHBIX 00J1acTiIX, a TaKxke cepa nmpume-
HEHUST KOMITBIOTEPHBIX MOJICJICH S3bIKa B IMHTBUCTUKE U JP. TACIUTIINHAX.

Pacno3znasanue oopazoe (Pattern recognition) — pazaeneHue o0pa3oB B
HEKOM MPOCTPAHCTBE Ha Kiacchl. O0pa3 TpaauIOHHO MPEACTABISETCS B BUIC
BEKTOpa U3MEPCHHBIX BEJIMYHNH.

Pacno3nasanue peuu (Speech recognition) — aBTOMaTUYECKOE pa3jIoke-
HUE 3BYKOBOT'O BHJIa Ha (JOHEMBI U CJIOBA.
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Ecmecmeennpulii A3k — B JTUHTBUCTUKE JIO00M A3BIK OOIICHUS MEXIY
monbMH. [loJ eCTeCTBEHHOCTBIO HEKOTOPOTO SI3bIKa MOHUMAETCS HAJU4YUE CU-
HOHUMHUHM U OMOHUMUU CJIOB M CJIOBOCOUYETAHMM, a TaKXKe€ CBOOOJHBIN MOPSIOK
CJIOB B MPEJIOKEHUH.

Ilpoonemnas o6aacmes VHTEIUIEKTYaJIbHOM CHUCTEMBI OMNpEaeseTCs
MpeAMETHON 00JIaCThIO U PEIIaeMbIMU B HEH 3a/1auaMH.

Ilpeomemuyro oo6nacms MOXKHO XapaKTepU30BaTh OMUCAHUEM OOJIACTH B
TepPMUHAX TOJIb30BATENS, a 3a/1auu — UX TUIIOM. C TOYKHU 3peHus pa3padoTyuuKa,
BBIJICJISIIOTCS] CTATUUECKUE U IMHAMUYECKHE MTpeaMeTHbIe o0nacTu. [IpeamerHas
00J1acTh HA3BIBACTCS CTATUYECKOM, €CJIU OINMUCHIBAIOIINE €€ MCXOHBIC TaHHbIC
HE U3MEHAIOTCS BO BpeMeHu. [Ipu 3ToM mpou3BOAHBIC TaHHBIC (BHIBOJUMEBIE U3
HCXOJIHBIX) MOT'YT TIOSIBJIATHCSI 3aHOBO U U3MEHSATHCA (HE U3MEHSS IIPU STOM HC-
XOJIHBIX JaHHBIX). Eciu mcxomHble NaHHBIC, OMHUCHIBAIONINE MPEIMETHYIO 00-
JIACTh, U3MEHSIOTCS 32 BpeMs PEIICHUs 3a/1aud, TO MPEAMETHYIO 00JIacTh Ha3bl-
BaIOT JMHAMUYECKOM.

OcHoBHbIe onpenenenns no reme «llpeacraBinenune 3 HaHUIN»

/Jlannwple — 510 OTAENbHBIE (PAKThI, XapaKTEPU3YIOLIUE OOBEKTHI, MPOIIeC-
Chl U SIBJICHUSI NPEIMETHOM OOJACTH, a TAKXKe UX CBOWCTBA; CBEACHHS, MONY-
YCHHBIC MyTeM HW3MEpEeHUs, HAONIOEHUs, JIOTUIECKUX WIH apu(PMETHYECKUX
oTiepalyii, MpeCTaBIeHHbBIC B POpMeE, MPUTOTHOMN SISl TOCTOSTHHOTO XpaHEHWUS,
nepeaaydr u (aBTOMaTU3UPOBAHHOW) 00paOOTKH.

3Hanusa — 3T0 3aKOHOMEPHOCTH NIPEAMETHON 00J1aCTH (TPUHITUIIBI, CBSI3HU,
3aKOHBI), TIOJYYEHHbIE B PE3yJbTaTe MPAaKTUUYECKOHN AEsTeNIbHOCTH U mpodec-
CHUOHAJILHOTO OIbITA, O3BOJISIIOIINE CIIEUATUCTaM CTaBUTh U PelllaTh 3aJa4M B
ATOW 00JaCTH; 3TO XOPOUIO CTPYKTYPUPOBAHHBIE JAHHBIC, WM JTaHHbIE O JaH-
HBIX, WJIM METa/IaHHBIC.

Ilosepxnocmuule 3nanua — 3HAHUS O BUJMMBIX B3aHMOCBS3SIX MEXIY
OTIEBHBIMH COOBITUSIMU U (paKTaMH B TIPEAMETHON 00IacTH.

I'nyounnvie 3nanua — abCTpakuyM, aHAJIOTUH, CXEMBbI, OTOOpa)xaroume
CTPYKTYpPY U HPHUPOAY IPOLIECCOB, MPOTEKAIOIINX B MPEAMETHOW 00JacTu. DTU
3HaHUSI OOBSCHSIOT SBICHUS W MOTYT MCIIOJB30BATHCS JJISi TMPOTHO3UPOBAHMUS
MoBeACHUSI OOBEKTOB.

Ilpouedypnuvle 3nanun — 3HaHUS, KPACTBOPEHHBIE)» B AITOPUTMAX.
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/JleknapamugnoiMu 3HAHUAMU CUATAIOTCSA MPEIJIOKEHUS, 3AIIMCAHHBIE Ha
A3bIKaX MPEJCTABICHUS 3HAHUH, MPUOJIMKEHHBIX K €CTECTBEHHOMY U MOHSATHBIX
HECIIeaNINCTaM.

Imnupuueckue 3Hanua — 3HaHUsA, KOTOpble MOryT noOsiBaThest UC my-
TEeM HaOIIOACHUS 32 OKPY KaIOIIEeH Cpeaou.

Ilone 3nanuit — noyue, B KOTOPOM COJEPHKATCS OCHOBHBIC TMOHATHUA, UC-
MOJIb3yeMble TIPU OMUCAHWUU MPEIMETHOM 00JIaCTH, U CBOWCTBAa BCEX OTHOIIE-
HUMW, UCTIOJIb3YEMBIX JJI1 YCTAHOBIICHUS CBS3€d Mexay noustusamu. [lone 3Ha-
HUN CBS3aHO C KOHIIENTYaJIbHOM MOJEIbI0 MPOOJEMHONU 00JacTH, B KOTOPOM
€lle HE YYTECHbl OTPAaHUYCHHUS, KOTOPhIE HEM30€KHO BO3HHUKAIOT MpHU (HopMalib-
HOM TIPEJICTaBJICHUHU 3HaHUM B 0a3e 3HaHUI.

Cemanmuueckasa cemsb — 3TO OPUEHTUPOBAHHBIN rpad, BEPIIMHBI KOTO-
pOro — MOHATHSA, & IyTH — OTHOLLICHHS MEXIY HUMMU.

@Dpeiim — 310 aOCTPAKTHBIN 00pa3 sl MpeCTaBICHUs] HEKOETo CTepeo-

THUIIa BOCIIPUATHUA.

OcHoBHbIe onpenesnennst o reme «HellpoHHbie ceTn»

Heunpon (Guonornueckuii) — KieTKa MO3ra, CIocoOHasi TreHepUpOBaTh
DIIEKTPUYECKUI MMITYJIbC B CiIydae, KOrJa CyMMapHBIA MOTCHIIMAT MPEBBICUT
KpUTHUYECKYIO BeTnunHy. COeUHSSACH APYT C APYroM, HEHPOHBI 00pa3yIoT CETh,
M0 KOTOPOH MYyTEMIECTBYIOT ANEKTPUUECKUE UMITYIbChI, HMEHHO HEHPOHHBIE Ce-
TH MO3ra o0pabaTeiBaroT HHPopmauio. [Ipu 3ToM «oOyueHue» ceT u 3alOMHU-
HaHWe nHpopManmu Oa3upyeTcs Ha HACTPOWKE 3HAUYCHUI BECOB CBS3CH MEXIY
HEUPOHAMU.

Cunanc (Bec, CHHANITUYECKUN BEC) — MEKHEHPOHHOE COEIUHEHUE, OJI-
HOHATIpaBIICHHAs BXOJHAs CBS3b HEWPOHA, COCIWHEHHAS C BBIXOJOM APYTOTO
HEUpOHa.

AKcon — BBIXOJIHAs CBSI3b HEHPOHA: TPU MTOMOIIM aKCOHA HEHPOH Tiepea-
€T COOCTBEHHBIN BHIXOHOW CUTHAI.

Hckyccmeennasa neiponnas cems (Artificial neural network) — sto cuc-
TE€Ma, COCTOSAIIAs U3 MHOTHX MPOCTHIX BBIYHCIUTEIBHBIX JIEMEHTOB, paboTaro-
HIMX TapauiebHO, QYHKIHS KOTOPHIX OMpPENesieTcss CTPYKTYPOi CETH, CHIIOH
B3aMMHBIX CBS3€H, a BEIYMCICHHS MMPOU3BOAATCSA B CAMUX DJIEMEHTAX MU Y3JIax.

Heiiponnsle cemu — xiacc MoJelei, OCHOBaAaHHBIX Ha OHOJIIOTHYECKOU

AHAJIOTHN C MO3TOM YCJIOBCKA U IMPCIAHAZHAYCHHBIX ITOCJIC IMMPOXOXKACHUA STalla
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TaK HA3bIBAEMOTO OOYYCHHsI Ha WMEIONIUXCSA JaHHBIX IUJIS PElICHHUs pa3HO00-
pa3HBIX 337129 aHAIHU3a TaHHBIX.

Henponnaa cemb — 3T0 MPOIECCOP C MACCUBHBIM pacnapasuieIuBaHUEM
ornepauui, o01afaoMMi €CTeCTBEHHOW CHOCOOHOCTBIO COXPAHSTh SKCIEPH-
MEHTAJIbHBIC 3HAHMS W JeNIaTh UX JOCTYIMHBIMU JIS MOCIEAYIONMIEro UCTIONb30-
BaHUs. OH IMOX0X Ha MO3T B IBYX OTHOIIICHHSIX: CETh MPUOOpETAET 3HAHMSI B Pe-
3yJIbTaTe Mpolecca 00y4eHHs U Ui XpaHeHUs] HHPOPMAIIUU UCIIOJIB3YIOTCS Be-
JUYHHBl WHTCHCHUBHOCTH MEKHCHPOHHBIX COCIWHEHUN, KOTOPBIC HAa3bIBAIOTCS
CUHANTUYCCKUMHU BECAMH.

Heiipokomnplomep — 3TO BBIYUCIUTENBHAS CUCTEMA C apXUTEKTYpOH at-
apaTHOTO W MPOTPaAMMHOT0 00eCTieYeHNsI, aIcKBATHON BBITOJHEHUIO alTrOpHUT-
MOB, MPEACTABICHHBIX B HEUPOCETEBOM JIOTHUECKOM Oasmce.

Oobyuenue neiiponnoit cemu (Training) — 1eIeHANPaBICHHBIA MPOIECC
U3MCHCHHS MEXKCIIONHBIX CHHAIITUYECKHUX CBS3CH, HTEPATHBHO MTOBTOPSEMBIN 10
TEX IMOp, TIOKa CeTh HE MPHUOOpETeT HEe0OXOIMMbIE CBOMCTBA.

Oobyuenue ¢ yuumenem, ui 00ydeHUE KOHTPOJIUPYEMOE, WIH 00yUeHUe
ynpasisieMoe (Supervised learning, Associative learning). O0yueHue ¢ yuute-
JIeM TIperoaraeT, 4ro A KaXJI0ro BXOJHOTO BEKTOpa CYIIECTBYET IIEJIEBOM
BEKTOD, NPEJCTABIAIOMNN co00l TpeOyeMbIil BpIX0. BMecTe OHM Ha3bIBAIOTCS
oOydaroriei mapoi. IIpeabsBiIseTCS BBIXOJAHOW BEKTOP, BBIYUCISICTCS BBIXOJ
CeTH W CpPaBHUBAETCS C COOTBETCTBYIOIIUM IIEJIEBHIM BEKTOPOM, Pa3HOCTH
(ommOKa) ¢ MOMOIIBIO 0OPAaTHOW CBSI3U TMOJAETCS B CETh, U BECa U3MEHSIOTCS B
COOTBETCTBHH C aJTOPUTMOM, CTPEMSIIMMCS MHHHMH3HUPOBATh OIMMOKY. Bek-
TOpHI O0YYAOIIEr0 MHOXECTBA MPEABSBISIOTCS MOCIEAOBATEIHHO, BBIYHCIIS-
IOTCSl OIIMOKH, ¥ Beca MOJCTPANBAIOTCS I KKIOTO BEKTOpa 70 TeX TOop, IMoKa
omuOKa Mo BceMy OOy4arolleMy MacCHBY HE JIOCTHTHET MPUEMIIEMO HH3KOTO
YPOBHSI.

Oobyuenue 6e3 yuumens, unu camooOydeHuUe, Wik o0y4eHUE HEKOHTPO-
aupyemoe, win obOyudenue Heymnpasiasiemoe (Unsupervised learning, Self-
organization). AIropuT™M oOydeHus 0e3 y4uTeNs MOACTpauBaeT Beca CETH Tak,
YTOOBI TIOJYYaJIUCh COTJIACOBAHHBIC BBIXOIHBIC BEKTOPHI, TO €CTh YTOOBI MPETh-
SIBIICHUE JOCTATOYHO OJIM3KUX BXOJHBIX BEKTOPOB JABAJIO OJAMHAKOBBIC BBIXO-
ael. I[Ipormecc oOyueHUMS BBIAETSET CTATHCTUYECKHE CBOWCTBA OO0YYaloOIIeTo

MHOXCCTBA U I'PYHIIUPYET CXOAHBIC BEKTOPLI B KJIIACCHI.
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Ilepeodyuenue cemu (Over training, Overfitting). Ecniu B pe3synbraTe
oOyueHUs HEWpPOHHAs CETh XOPOIIO PACIO3HAET MPUMEPHI U3 00YYArOIIEeTOo
MHO>KECTBa, HO HE PUOOpPETAET CBOMCTBO 0OOOIIEHUS, TO €CTh HE PACcHO3HAET
WIH TUIOXO PacTo3HAEeT JII0ObIe ApyTrue MpuMephl, KpoMe 00yJaroInXx, TO TOBO-
psT, 4TO ceTh nepeolOydeHa. [lepeobyuenue — 3To pe3ynbTaT Ype3MEpHOM MO-
TOHKH CETH K 00YYaIOIINM MPUMEPAM.

Cxooumocms npoyecca ooyuenus (Coincidence of the learning
algorithm). Llenbro mpoueaypbl MUHUMU3AIUY SBISETCA OThICKAHUE I100aIbHO-
r0 MUHUMYMA, JTIOCTH)KEHHE €T0 Ha3bIBACTCS CXOJUMOCTBIO MpoIiecca 00 yueHusl.

3aoaua knaccugurayuu (Classification problem) 3akirodaeTcs B pas-
OreHnn 0OBEKTOB Ha KIIACCHI, KOTJ]a OCHOBOW pa30MEHMs CIY>KUT BEKTOp IMapa-
MeTpoB 00bekTa. OOBEKTHI B TIpeJiesiax OJHOTO KJIacCa CUYUTAIOTCS SKBHBAJICHT-
HBIMH C TOYKH 3peHUs KpuTepus pazoueHus. CaMu Kiacchl 4acTo OBIBAIOT He-
W3BECTHBIMH 3apaHee W (HOPMHUPYIOTCS AMHAMHYECKH (Kak, HAlpUMeEp, B CETAX
Koxonena). Kiaccel 3aBUCIT OT MpeabsIBISIEMBIX 00OBEKTOB, U TIOITOMY J00aB-
JICHHE HOBOTO 00bEKTa TpeOyeT KOPPEKTHPOBAHHSI CHCTEMBI KJIACCOB.

Knacmepuzayua (Clustering) — 3TO OJIUH U3 METOJIOB aHAJIW3a JaHHBIX,
MO3BOJISIONINX KJIACCU(UIIMPOBATh MHOTOMEpPHBIC HAOMIOEHUS, KAKI0€ U3 KO-
TOpBIX ONHUChIBaeTcsi HabopoM nepemeHHbix X1, X2, ..., Xn. Ilenbto kiacrepu-

3aIUu SBIIIETCS 00pa30BaHUE IPYIIT CXOKUX MEXKAY CO00H 0OBEKTOB.

OcHOBHBIE onpeacJacHus 1mo TeMe «3BOJ’IIOIIHOHHO€ MOJICJITUPOBAHUE»

Deonwoyuonnoe mooenuposanue — HapaBJICHUE B MATEMaTHYECKOM MO-
JCTMPOBAHUH, OOBEIUHSIONICE KOMITBIOTCPHBIE METOABI MOJICIUPOBAHHS IBO-
JIIOIINH, & TaKXKe OJIM3KOPOJCTBEHHBIC TT0 UCTOYHUKY 3aUMCTBOBAHHS UACH ApY-
T'Y¢ HAIlPaBJICHHS B 3BPUCTHYECCKOM IIPOrpaMMHUpPOBaHUH. BKifodaeT B ce0s Kak
pas3/ieibl FTEHETHYCCKUE aITOPUTMBI, DBOJIFOIIMOHHBIC CTPATETHH, SBOTIOIMOHHOC
MIPOrpaMMHUPOBAaHKE, HCKYCCTBCHHBIC HEHPOHHBIC CETH, HEYETKYIO JIOTHKY.

I'enemuueckuii anzopumm (Genetic algorithm, kak HanpaBlieHHE HCCIIE-
JOBaHUI) — pa3zieNl YBOJIONMOHHOTO MOJICITHPOBAHMS, 3aUMCTBYIOIIHI METOU-
YeCKHUE TPHUEMBl U3 TCOPETUYECKHUX TIOJOKCHHH IMOMYJISAIMOHHON TeHETHKH.
[IpencraBnsier co0oil cBOEro poaa MojeNb MAIIMHHOTO HUCCIIEIOBAaHUS TIOUCKO-
BOT'O TIPOCTPAHCTBA, IOCTPOCHHYIO Ha IBOJIONMOHHON MeTadope. XapaKTepHbIC
O0COOCHHOCTH: HCIIOJIb30BAaHUE CTPOK (PUKCHPOBAHHOW IJIMHBI JJIs MPEICTaBIe-

HUSl TeHeTHYeCKoU uHpopMaIluu, padoTa ¢ MOMyNSIIIUEN CTPOK, UCTIOIb30BAHHE
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TCHETHYECKUX OINepaTopoB I (OpMHUPOBAHUS OyayIIuX MmokojeHui. I'eHeTu-
YECKUE aJITOPUTMBI, SBJISSACH OJTHOM U3 MapaJUrM 3BOJTIOIMOHHBIX BEIYUCICHUH,
NPEJICTABISIOT COOON alITOPUTMBI CIIYYaiiHOTO HAMpaBICHHOTO MOWCKA ISl TMO-
cTpoeHus (Cy0)ONTUMAIBLHOTO PEIICHHUS JaHHON MPOoOJIeMbI, KOTOPBIM MOJICIH-
pYeT IpoIlecC €CTECTBEHHOW IBOIIOIHH.

TI'enemuueckue anzopummsl (Kak METO/T) — aAANTUBHBIC METOBI MTOMCKA,
KOTOPBIC MCTIOJB3YIOTCS JIUIS PEIICHUS 3a71a4 (PYHKITMOHAIBHON ONTHMH3aIIHH.

Kpoccosep, ckpewqusanue (Crossover) — mpoueaypa uin onepaTop B re-
HETUYCCKUX aJITOPUTMAX, UCIIOIB3YyeMbIC IS TIOJIYyYEHUs pa3HooOpas3us B MPo-
1[ecce BOCIPOM3BOACTBA. [Ipu 0THOTOYEUHOM KpOccoBepe OepyTcs IBE XPOMO-
COMBI TIOTOMKA, Ha HUX CIy4alHBIM 00pa3oM BBIOMpACTCS TOYKA, M JJIS ITOU
TOYKHU MPOUCXOJUT OOMEH TCHETHYECKOro MaTepHuayia moToMkoB. [Ipu nByxTo-
YEYHOM KpPOCCOBEPE MPOHMCXOAUT TO YK€ CaMOe€, TOJIbKO BBIOMPAIOTCS CITydaid-
HBIM 00pa3oM JBE TOUKH.

Mymayua (Mutation) — orepatop B reHETHUYECKUX aJITOPUTMaXx, MpeIHa-
3HAYEHHBIHN 111 BHECCHHS Pa3HOOOpa3us B MPOIECC PA3MHOKCHHS; ¢ OYEHb Ma-
JIOW BEPOSTHOCTHIO JBOMYHAS MYyTaIlUs 3aMCHSET OWTHI B XPOMOCOME CiIydaii-
HBIMH OWTaMH, 3HAYCHHUE 3TOH BEPOSATHOCTH SIBIISICTCS MapaMETPOM TI'eHETHYEC-
CKOTO aJITOPUTMA.

I'en (Gene) B TEHETUYECKUX AlITOPUTMAX MPEICTABISIET COOOM OCHOBHYIO
eAVHUITY WHGOPMAITUH, ONMPEACIAIONIYI0 XapaKTePUCTHKY ocobw. Hampumep,
€CJIM MBI UCIIOJIb3YEeM T'eHeTHYECKHUH alrOpUTM I OOyYCHHSI HEHPOHHOW CETH,
TO TOT/Ia B KaueCTBE I'EHOB MBI OYJEM HCIIOJNIh30BaTh BECca CBSA3CH MEXKIy HEH-
poHamH. ['€HBI B peayM3aliuy TCHETHUYECKUX aJITOPUTMOB OOBIYHO TMPECTaBIIs-
10T cO00H OUTOBBIC CTPOKH (PUKCHPOBAHHOM JTHHBI.

I'enomun (Genotype) — npejicTaBlIieHHEe 0COOM B TEPMHUHAX T€HETUYECKO-
rO aJropuT™Ma.

@enomun (Phenotype) — npencraBpieHue ocoOu B BUJE, UMEIOIMIEMCS B
pealbHOM MHPE.

Xpomocoma, ocoob (Chromosome) — 0a30BBIM JIEMEHT T'€HETHYECKOTO
anroput™ma. OHa TpeacTaBiIsieT co00l HaOOp T€HOB, OMUCHIBAIOIINX MAPAMETPHI
0coOM M OJHO3HAYHO OMpeeNsomux ee. Hampumep, B 3amaue oOyueHus: HEell-
POHHOM ceTn XpoMocoMa OyzieT coepKaTh B ceOe MOTHOCTHIO BCE HACTpanBae-
MbIe TlapaMmeTpbl. OOBIYHO MPHU peaM3alid TeHETHICCKOTO aIroOpuT™Ma pa3mep

XPpOMOCOM OT 3IIOXH K 31TOXC HC U3MCHACTCS, XOTA BCTPCUHAKOTCA U UCKITFOUYCHU .
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Ilpucnocobnennocms, dutHecc (Fitness) — mapamerp, ompenessitonuii,
HACKOJILKO XOPOIIIO JIaHHas 0cO0b OTBedaeT TpeOoBaHMsM. [IpucmocodieHHOCTh
paccuuThIBACTCS JUIA KaXKI0M 0COOM Ha OCHOBE JaHHBIX, 3aKOJWPOBAHHBIX B Ie-
HOTHIIE, ¥ UCTIOIB3YETCS IS BRIOOpa Hanbosiee MpUCIOCOOICHHBIX 0COOEH.

IHonynayusa (Population) — COBOKYITHOCTh 0COO€H, y4acTBYIOIUX B FeHe-
TUYECKHUX OlepanusX. B kiaccuiyecknx peann3anusx alroputMa ee pasMep Io-
CTOSITHEH.

Onoxa (Epoch) — oaun sTan QyHKIIMOHUPOBAHUS T€HETUYECKOTO aliro-
putMa. Ha HeM ocyIiecTBiIsIeTCsl BBIYHCICHUE MTPUCIIOCOOICHHOCTH KaXK IO 0CO-
Ou momyysiuy. 3aTeM Ha OCHOBAHWHU MPHUCIOCOOJICHHOCTH OTOMPAIOTCS XPOMO-
COMBI, YUaCTBYIOIIHE B (HOPMUPOBAHUH CIEAYIOIICH SMIOXH. 3aTeM K HUM MIPHMe-

HAIOTCA TCHCTUYCCKUC OIICPAINH, TAKUC KAK CKPCIMUBAHUEC, MyTallug U T. M.

OcHOBHBIE onpeacJaceHus 1mo TeMe «HeuyeTkne MHOKECTBA
H HEeYETKadA JJOIr'uKa»

Heuemkasa nocuka (Fuzzy logic) — yMO3aKIIOUeHHE C HCIOJIb30BaHUEM
HEYCTKUX MHOXKECTB WJIM MHOECTB HEYCTKHUX MPAaBWI. DTO HAIpaBiICHUE BOC-
XOJUT K TIEPBBIM paboTaM 0 HEYSTKHUM MHOXKECTBaM, BBITIOJICHHBIM JlodTHn 3a-
ne (Lofti Zaden) B 1960-1970 rr.

Heonpeodenennocms SBISETCS HEOTHEMIIEMON YacThIO TPOIIECCOB TPH-
HATHUSA penieHni. HeonpeneneHHOCTH MPUHSITO pa3aeisiTh Ha TPHU Kilacca:

® HEONPEIEICHHOCTh, CBSI3aHHAs C HEIMOJHOTOW HAIUX 3HAHHK O TPO-
OJieMe, 10 KOTOPOH MPUHUMACTCS PEIICHHCE;

® HEONPEIEICHHOCTh, KOTOpas BO3HUKACT B CBS3H C HEMPEICKa3yeMO-
CTBIO PEaKIIUU OKPY’KAOIICH Cpe bl HA HAITU JICHCTBUS;

® HEONPEICICHHOCTh, CBSI3aHHAs C HETOYHBIM MOHUMAaHHUEM LU HETO-
cpencteeHHo camum JITIP.

Heuemkoe muoxncecmeéo A < X mpencrasisieT co0oili HaOop map

A= {<x, M, (X)>‘X € U}, rae x € X U M, — QyHKIUSA NPUHAAIEKHOCTH, TO €CTh
M, : U —[0,1], koTopas mpencraBisieT cOO0H HEKOTOPYIO CYOBEKTUBHYIO MEPY

COOTBETCTBHUSI PJIEMEHTA HEUYETKOMY MHOXECTBY U MOYKET IPUHUMATh 3HAYEHUS
OT HYJISl, KOTOPBIM 0003Ha4YaeT abCOMIOTHYIO HEMPUHAIIEKHOCTD, 10 €AUHUIIBI,
KOTOpasi, HA000pOT, TOBOPUT 00 aOCOIOTHOM MPUHAJIEKHOCTH JIEMEHTA X He-

YCTKOMY MHOXCCTBY A.
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Heuemxum uucnom Ha3bIBaeTCs BBINYKIOE HOPMAIbHOE HEUETKOE MHO-
KECTBO C KYCOYHO-HENPEPHIBHOW (YHKIIMECH NPUHAIC)KHOCTH, 3aJaHHOC Ha
MHOYKECTBE JICHCTBUTCIIBHBIX YHCEII.

Jlunzeucmuueckyro nepemenHyr0 MOXHO ONPEIEIUTh KaK MePEMEHHYIO,
3HAYCHHUSIMU KOTOPOU SIBIISIFOTCS HE YHWCIIA, a CJIOBa WJIM TPEIOKCHHUS €CTeCT-
BEHHOTO (W11 POPMaIBHOTO) SI3bIKA.

Tepm-mnoxncecmeom (term set) Ha3bIBAETCS MHOXKECTBO BCEX BO3MOXK-
HBIX 3HAUYCHUN JTUHTBUCTUYCCKOW MIEPEMECHHOM.

Tepmom (term) Ha3bIBaeTCA JIIOOOW 3JIEMEHT TEPM-MHOXECTBA. B Teopun
HEYCTKUX MHOXKECTB TePM (DOpMaH3yeTcsi HEYETKUM MHOYKECTBOM C TIOMOIIBIO
(GYHKIUY TPUHAIC)KHOCTH.

Jegazzugurayueii (defuzzification) HazeiBaeTcs nporeaypa nmpeodpaso-
BaHHS HEUETKOT'O MHOXECTBA B YETKOE YHCIIO.

Dazzugpuxauuen (fuzzification) HazpIBaeTCA MpoIEypa MpeoOpa3oBaHUs
YCTKUX 3HAYCHUH B CTCTICHU YBEPECHHOCTH.

Heuemkum nozuueckum 6b16000M HA3ZBIBACTCS TMOJIYYCHHUE 3aKIIOUYCHUS
B BHUJIC HEUETKOT'O MHOXKECTBA, COOTBETCTBYIOIIETO TEKYIIUM 3HAYEHUSM BXO-
JIOB, C UCIIOJIb30BaHHEM HEUYETKOM 0a3bl 3HAHUM M HEUETKUX OTepaIluil.

Heuemkoit 6a3011 3nanuii Ha3bIBa€TCSI COBOKYITHOCTh HEUETKUX MPABUI
«ECIH... TO...», ONPEACISIONINX B3aUMOCBSI3b MEK/Ty BXOJIJaMU U BBIXOJIaMH HC-
cinexyemoro oownekTa. OO00OIIEHHBIM (opMaT HEYETKHX IMPABWI TaKOW: eciu
<nocwiika npasuia=>, mo <3axkjiroyeHue npasuia=>.

[Tocbuika mpaBuia, WKW aHTEIECHT, MPEACTaBIsAeT co00il yTBepKICHNE
TUIIA «X €CTh HUZKUIL, TAC «HUZKUL» — 3TO TepM (JIMHTBUCTHYECKOE 3HAYEHUE),
3aJIaHHBI HEYCTKUM MHOYKECTBOM Ha YHHBEPCAJILHOM MHOXXCCTBE JTUHTBUCTH-
yeckoil mnepeMeHHONW x. KBaHTH(PUKATOPBI «oueHby, «Oonee-meHee», «Hey,
«noumu» W T.I. MOTYT UCTIOIB30BATHCS I MOIU(UKAIINKA TEPMOB aHTEIIEICH-
Ta.

3akiaroYeHue, UM CIIEeNCTBUE, MpaBuia MPEJCTaBIseT co00M yTBepKIe-
HUE THIA «Y €CTh d», B KOTOPOM 3Hau€HUE BHIXOJHON NEPEMEHHON d MOXKET 3a-
JaBaThCSI:

® HEYETKUM TEPMOM: «) €CTh 8bICOKULD;

* KJIACCOM PELICHUM: «) €CTh OPOHXUM;

®* YETKOW KOHCTAHTOMU: «)=5»;

* YeTKOW (DYHKITMCH OT BXOJHBIX MIEPEMEHHBIX: «y=5+4%xy.
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Heuemkaa cucmema — MHOXXECTBO HEUETKHUX IPaBWI, MPEOOPa3YyIOMINX
BXOJIHBIE JTAaHHBIE B BBIXOJHBIC. B mpocTenineM ciaydyae 3TH MPABUIIA YCTaHAB-
JIMBAET IKCIEPT, B 00JIee CIOKHOM — HAITPpUMEDP, HEHPOCETh.

Heuemkoe npaeuyio — yCIIOBHOE BbICKa3bIBaHUE BUJA «€CIU X €CTh A, TO
Y ectb B», rue A u B — HeueTKkue MHOXKECTBA.

OcHOBHBIE onpeacJacHus 1mo TeMe «3KC1'[epTHI>Ie CUCTEMBD»

IKcnepmuvle cucmemsbl — 3TO CIOXKHBIE MTPOTrPAMMHBIE KOMIUIEKCHI, aK-
KyMYJIHPYIOITUE 3HAHMS CIICITUATUCTOB B KOHKPETHBIX MPEIMETHBIX 001acTIX
TUPKHUPYIONTUE ITH 3HAHMS IS KOHCYJIbTAllMd MEHEE KBATH(DHUIIMPOBAHHBIX
CHEIUATHICTOB.

Ilonv3zo6amensy — crenUaIUCT NPEIMETHON 00JacTH, s KOTOPOTO
npeaHazHaueHa cucrema. OObIYHO ero KBajauduKanus HeJOCTAaTOYHO BBICOKA, U
MOATOMY OH HYXKJAeTCS B TTOMOIIM U MOAACPKKE CBOCH NESITEIHHOCTH CO CTO-
POHBI SKCIIEPTHON CUCTEMBI.

Hnoxwcenep no 3nanuam — CrieuanucT B 00JIaCTU UCKYCCTBEHHOTO MHTEN-
JIEKTa, BRICTYNAIOIIUNA B POJIU TPOMEXKYTOUHOTO Oydepa Mexay dKCIepToM u Oa-
301 3HaHUN. CUHOHUMBI: KOCHUMO]I02, UHICEHEP-UHMEPNPemamop, AHAIUMUK.

Humepdgheiic nonvzosamens — KOMIUIEKC MPOTPaMM, PEATU3YIOIIUX 1A~
jor nonb3oBatens ¢ IC Kak Ha CTaAuM BBOJIa MH(POPMALIMU, TaK U MPH MOTyYe-
HUU PE3YJIbTATOB.

baza 3nanuii — sapo 3C, COBOKYMHOCTh 3HAHUM MPEAMETHONU 00JacTH,
3alMCAHHBIX Ha MAITUHHBIA HOCUTENh B (hOpME, MOHATHOM IKCIEPTY H IMOJIB30-
BaTelto (0OBIYHO HA HEKOTOPOM SI3BIKE, MPUOTUKEHHOM K eCTeCTBeHHOMY). [la-
pajyieIbHO TaKOMY «4YeJIOBEYECKOMY» TMpeACTaBIeHHIO cyllecTByeT b3 Bo
BHYTPEHHEM «MAIIMHHOMY» MPEJICTABICHUHU.

Pewamens — nporpamma, MOJAETUPYIOIIAs XOJl PACCYXACHUN JKcCIepTa
Ha OCHOBAaHWM 3HaHUMU, nMermuxcs B b3. CHHOHUMBL: 0edykmuenas Mawuna,
MAUuHa 8vl800a, OJIOK 102UHECKO20 8blBOOA.

Iloocucmema ob6vacHenuil — NporpaMmMa, IMO3BOJISIONIAS MOJIB30BATEIIO
MOJIYYUTh OTBETHI Ha BOMpochl: «Kak OblIa mostydeHa Ta WM WHas PEKOMEH/a-
uusa?» u «Ilouemy cuctema npuHsuia Takoe pemenue?» OTBET Ha BOMPOC «KAK» —
ATO TPACCUPOBKA BCErO Mpoliecca MOJyYeHUs PElIeHHs ¢ yKa3aHUEM UCIOJIb30-
BaHHBIX ¢parmMeHToB b3, TO ecTh Bcex maroB mnenu ymosakiodeHuid. OTBET Ha
BOIIPOC «IIOYEMY» — CChUIKA Ha YMO3aKIJIIOUEHHE, HEMTOCPEICTBEHHO MPEeIIECT-
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BOBABIIICE TOJIYYCHHOMY PEIICHUIO, TO €CTh OTXOJ Ha OJMH IIar Ha3aj. Pa3Bu-
TBIC TMIOJICUCTEMBI OOBSICHEHUH TIOIICP)KUBAIOT U APYTHE THITHI BOIIPOCOB.

HumennexkmyanwvHolii pedakmop 6a3vl 3HAHUIl — IPOTpaMma, TpeCTaB-
JSIOIIAsT MHYKCHEPY 10 3HAHUSM BO3MOYKHOCTH C03/1aBaTh b3 B HaaoroBom pe-
xume. BrimrogaeT B ce0s CUCTEMY BJIOXKEHHBIX MEHIO, MTAOJIOHOB sI3BbIKA TMPE]-
CTaBJICHHS 3HAHHM, TOJCKA30K WU JIPYTUX CEPBUCHBIX CPEICTB, OOJIErYaroIInX
paboTy ¢ 6a3oil.

Pewienue — niporiecc u pe3ysbTaT BhIOOpa criocoda W 1enu IeUCTBUN U3
psija albTepHATUB B YCIOBHSIX HEONPEICICHHOCTH.

Ilpuoobpemenuem 3nanuil Ha3pIBACTCS BBISABICHUE 3HAHUN U3 NCTOUHUKOB
U mpeo0pa3oBaHue MX B HYXHYIO (opMy, a Takxke rnepeHoc B 6a3y 3nanuii MC.
HcTouynnkaMu 3HAHUH MOTYT OBITH KHUTH, apXUBHBIC JTOKYMEHTBI, COJEPIKUMOC
apyrux 0a3 3HAHWHA W T.IM., TO €CTh HEKOTOPBIC 0ObEeKMUBU3UPOBAHHbIE ZHAHUS,
MIEPEeBEICHHBIC B (POpPMY, KOTOpas ejacT UX JOCTYITHBIMHE JUIS TOTPESOUTEIIS.

DKcnepmHuble 3HaHUA — 3HAHUS, KOTOPBIE HMEIOTCS Y CIICUAINCTOB, HO
HE 3a(UKCHPOBAHBI BO BHEIIHHMX I10 OTHOIICHUIO K HEMY XpaHWJIMINAX. JKC-
NIEPTHBIC 3HAHUS SBIISIOTCS CYObEKMUBHBIMU.

@opmanuszayusa. llpouecc dopManuzanuy 3HAHUNA, TOTYUYECHHBIX Yy JKC-
MepTa, COCTOUT U3 CIACAYIOMINX IIIaroB: BEIOOP METOJa U3MEPEHHUS HEYCTKOCTH,
MOJTyYeHUE MCXOIHBIX JaHHBIX MOCPEACTBOM OIPOCa IKCIEpTa, peanu3aius al-
TOpUTMa OCTPOCHUS (DYHKIIMU MTPUHAIC)KHOCTH.

Humepnpemayus oannpix. IT0 OJHA U3 TPATUIIMOHHBIX 3a7a4 JJIs DKC-
NEPTHBIX cucTeM. [lox HMHTeprpeTanuell MOHMUMAETCS IMPOIECC OIPEACIICHUS
CMBICJIa TAHHBIX, PE3YyJIbTaThl KOTOPOTO JTOJDKHBI OBITH COTJIACOBAHHBIMU M KOP-
pexTHbEIMU. OOBIYHO MPEAYyCMAaTPUBACTCS MHOTOBAPHAHTHBIN aHATN3 JaHHBIX.

Juaznocmuxa. 1lox nUarHOCTUKON MOHMMAETCS MPOIECC COOTHECEHUS
00BEKTa C HEKOTOPHIM KJIACCOM OOBEKTOB W/WIIH OOHAPYKEHHE HEUCTIPABHOCTH
B HEKOTOpOW cucTeMe. HencrmpaBHOCTb — 3TO OTKIIOHEHHWE OT HOPMBI. Takas
TPaKTOBKA IMO3BOJISIET C €AMHBIX TCOPETUUCCKUX MO3UIIMHA paccMaTpHUBaTh U He-
UCIIPAaBHOCTH O0OPYJAOBaHUS B TEXHUYECKHX CHCTEMaxX, U 3a00JICBaHUS KUBBIX
OpPraHU3MOB, WU BCEBO3MOXKHBIC NPHPOJHBIC aHOMAIWU. BakHOW crenudukon
SBIIICTCS 37eCh HEOOXOIMMOCTh ITOHUMAaHUS (PYHKIIMOHAIBHONW CTPYKTYpPHI
(«aHaTOMHM») TUATHOCTUPYIOIIEH CUCTEMBI.

Monumopune. OCHOBHAs 3a/laya MOHUTOPWHTA — HEMPEphIBHAS WHTEP-
npeTanys JaHHBIX B peadbHOM MaciTabe BPEMEHH M CUTHAJIU3AIMSA O BBIXOJC
TE€X WIA WHBIX MapaMeTPOB 3a JONMYCTHMbIC Mpeieibl. | JTaBHbIE TPOOIEMBI —
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«IPOITYCK» TPEBOYKHOW CHUTYyallMd M MHBEPCHAs 3aJava «I0KHOT0» cpabaThiBa-
HUs. CIIO)KHOCTH ATUX TPOOJIEeM — B Pa3MBITOCTH CHMIITOMOB TPEBOXHBIX CH-
Tyaluid ¥ HEOOXOAMMOCTH Y4eTa BpEMEHHOTO KOHTEKCTA.

Ilpoexmuposanue. 1IpoeKTUPOBAHUE COCTOUT B MOATOTOBKE CHEIU(U-
Kalliii Ha CO3/I1aHHe «OOBEKTOB» C 3apaHee ONpeaelieHHbIMU cBoiicTBamu. [lox
crenUKaIel MOHUMAaeTCsT BeCh HA0Op HEOOXOAMMBIX TOKYMEHTOB: YEPTEK,
MOSICHATEbHAs 3anmucka U T.1. OCHOBHBIC MPOOIEMBI 3/1eCh — TOJTyYeHHUE YeT-
KOr0 CTPYKTYpPHOTO ONMCaHusi 3HaHUU 00 oObekTe W mpobieMa «cnenay. Jis
oprann3anuu 3QPEKTUBHOTO MPOSKTUPOBAHUS M B €IIe OONbIICH CTETICHH Tie-
PETPOCKTUPOBAHUST HEOOX0aUMO (OPMHUPOBATH HE TOJIBKO CaMU MPOCKTHHIE
peleHus, HO U MOTUBBI HX NMPUHATHA. TakuM o0pa3om, B 3aja4ax MPOEKTUPO-
BaHUSl TECHO CBSI3BIBAIOTCS JIBAa OCHOBHBIX IMPOIECCA, BBIMOIHIEMBIX B PaMKax
cooTBeTcTBYIOLIEH DC: npoyecc v1600a pewienus u npoyecc 00vbACHEHUs.

Ilpozcnosupoeanue. 1lporHO3MpOBaHWE TIO3BOJSIET MPENCKA3bIBATh TIO-
CJICZICTBHSI HEKOTOPBIX COOBITUI WIIM SIBJICHUH HA OCHOBAaHWU aHAJIM3a NMEIOIIUX-
csi JaHHbIX. [IpOrHO3MpYIONIME CHCTEMBI JIOTHYECKU BBIBOISAT BEPOSTHBIC CIICI-
CTBHSI U3 3a/IaHHBIX CUTyalluil. B mporHo3upytorei cucreMe 0OBIYHO HCTIONIB3Y-
eTcs MapaMeTpuyecKas TMHAMUYeCcKasi MOJIeNIb, B KOTOPOM 3HAYCHUS MapaMeTpPOB
«MOJITOHSIOTCSD) MO/ 33/IaHHYI0 CUTYalni0. BEIBOOUMBIE U3 STOW MOJENH CIeI-
CTBHSI COCTABIISIIOT OCHOBY JIJIs IPOTHO30B C BEPOSTHOCTHBIMU OI[EHKAMH.

IThanuposanue. 1lon nnaHupoOBaHUEM MOHUMAECTCS HAXOXKICHHE IJIAHOB
JACHCTBUI, OTHOCAIIUXCS K OOBEKTaM, CIOCOOHBIM BBITIOJNHATH HEKOTOPHIC
bysakmun. B Takux OC HCMONB3YIOTCS MOJICTHU MOBEACHHS PEAbHBIX 00BEKTOB
C TeM, YTOOBI JIOTHYECKU BBIBECTH MOCIEACTBHS INIAHUPYEMO e TEIIEHOCTH.

Oébyuenue. llog oOyueHHEM MOHUMAETCS HCIIOJB30BaHHE KOMIIBIOTEpA
I O0YYEeHHSI KaKOK-TO JUCIHIUTNHE WK mpeameTy. CucteMbl 00ydeHus auar-
HOCTUPYIOT OIIMOKU TPU HM3YyYCHUH KAKOW-THMOO TUCIUIUIMHBI C TIOMOIIBIO
OBM wu mojacka3plBalOT MpaBuibHBIE perieHus. OHU aKKyMyIUPYIOT 3HAHHS O
THITIOTETHYECKOM «YUCHHKE» U €TO XapaKTEPHBIX OMMOKaxX, 3aTeM B pabOTe OHH
CTIOCOOHBI JMAarHOCTUPOBATH CIA0OCTH B MO3HAHUSX O0yYaeMBIX U HAXOAHThH
COOTBETCTBYIOIIIUE CPEJCTBA JJIsl X JTUKBHAAUK. KpoMe TOTo, OHU TUTAHUPYIOT
aKT OOIICHUS C YYCHUKOM B 3aBHCHMOCTH OT YCIIEXOB YYEHHKa C IIeNIbIO Iepe-
Jlayy 3HaHWUM.

Ynpaenenue. Ilon ynpaBineHrneM NOHUMaETCsl PYHKIUS OPTaHU30BAHHON
CUCTEMBI, TIOJIJICPKUBAIOIIAsS OTPECIICHHBIN PEeXUM JeSTEIIEHOCTH. Takoro po-
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Ja 2C OCYIICCTBJIAIOT YIIPABJIICHHUC ITOBCACHUCM CJIOKHBIX CUCTCM B COOTBCTCT-
BHUU C 3aJaHHBIMH CHCI_II/I(i)I/IKaI_II/IHMI/I.
Onmwnmauu;l — HAXOKIACHUC PCIHICHUS, YIOBJICTBOPAIOIICTO CUCTCME OrI'-

pPaHUYEHUN U MAKCUMU3HUPYIOIIETO WM MUHUMHU3UPYIOIIETO IEIeBYIO (PYHKIIHIO.

OcHoBHbIe onpeeaenusi o Teme «CucTeMbl NOJAEPKKH
NPUHATHS PelICHUI»

Ilpunamue pewienus — 310 0COOBI BUJ YEJIOBEUECKON AESATENBHOCTH,
HaIpaBJICHHBIA Ha BBHIOOD JIyUIlIEH U3 UMEIONIUXCS adbTepHaTUB. | TaBHOM 3a/1a-
4yel, KOTOPYIO MPUXOJUTCS pa3peniath Npu MPUHATUH PEIICHUS, SBISICTCS BbI-
00p ajabTEpPHATUBBI, HAWUJYUIICH NJIs JOCTUKEHUS HEKOTOPOW IIeNH, WIH paH-
KUPOBAHNE MHOKECTBA BO3MOXKHBIX aJIbTEPHATUB IO CTEIICHU UX BIUSHUS HA
JOCTHKEHUE ITOU LIETH.

Ilpouecc npunamusa pewienuii — NOJy4eHUE U BHIOOp HambOOJEE OMNTHU-
MaJbHOM aJbTEPHATHBBI C YYETOM IpocueTa Bcex nocnenctsuil. Heobxomumo
BBIOMpATH Ty aJIbTEPHATUBY, KOTOpas HauOoJiee MOJIHO OTBEYAET MMOCTaBICHHOM
1[EJIM, HO TIPU 3TOM TPUXOJUTCS YUUTHIBATH OOJBIIOE KOJIUYECTBO MPOTHUBOPE-
YUBBIX TpeOOBaHUH U, CIIEIOBATEIbHO, OIIEHUBATh BHIOpAaHHBIA BapuUaHT pellle-
HUS 110 MHOTUM KPHUTEPUSIM.

Cucmemul noooepocku npunamus pewenuti (DSS, Decision Support
System) SIBISIIOTCS Y€JIOBEKO-MAIIMHHBIMU OOBEKTaMHU, KOTOpBIE MO3BOJISIIOT
JUIaM, TPUHUMAIOIINM PEIIeHUs, UCTOJIb30BaTh JaHHbIC, 3HAHUS, OOBEKTUB-
Hble U CyOBEKTHBHBIE MOJEIHN ISl aHalIM3a U PElIeHUs cIaboCTpyKTypUpPOBaH-
HBIX U HECTPYKTYPUPOBAHHBIX MTPOOIIEM.

Xpanunuwie 0aHHBIX — TIPEIMETHO-OPUEHTUPOBAHHBINA, UHTEIPUPOBAH-
HBIN, HEU3MEHUUBBIN, TTO/IICPIKUBAIONINN XPOHOJIOTHIO HA0OP JaHHBIX, OpPTraHH-
30BaHHBIN JJIs 1I€JICH MOIIEPKKU MPUHATHUS PEIICHUN.

Bumpuna oannvix — yupouUICHHBIM BapUAHT XPAaHWIUIIA JAHHBIX, CO-
JepoKalfil TOJbKO TeMaTHYECKH O0BEITMHCHHBIC JIaHHBIC.

Bumpuna oannwix, cexuus ganubix (Data Mart) — 6a3a naHHbIX, QyHK-
[MOHAJIbHO-OPUEHTHUPOBAHHAs U, KaK MPaBUIIO, COJEpkalllasi JaHHbIE IO OJHO-
MY U3 HallpaBieHUM JeATeTbHOCTH opranu3anuu. OHa OTBEYaeT TEM ke Tpedo-
BaHMSIM, YTO M XPAHWIMILE JAHHBIX, HO, B OTJIWYHE OT XPaHWIHINA, HEUTPAIIb-
HOTO K IPWIOXEHUSM, B BUTPUHE JAHHBIX UH(POpMAIU XPAHUTCS ONTUMU3H-

POBAaHHO C TOYKU 3PpCHUS PCIICHUA KOHKPCTHBIX 3a/1a4.
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PekomeHaoBaHHasA nuTepartypa

NckyccTBeHHBI WHTEIUICKT M HHTEIUIEKTyallbHbIE HWH(OpPMAaIMOHHBIC
CHUCTEMBbI — aKTUBHO Pa3BUBAIOLIMECS U OOLIMPHBIE 00JIACTH UCCIICIOBAHUM, U B
paMKax OJHOTO TMOCOOMS MPOCTO HEBO3MOXXHO PACCMOTPETH BCE BOMPOCHI U
po0IeMbl, CBA3aHHBIE C ITUMHU UCCIIEIOBAHUIMU. 371€Ch pacCMaTPUBAIIUCH OC-
HOBHbBIEC HamNpaBieHUs U oaxoabl. s 6omee moapoOHOro U3ydeHus npejsara-

CTCs O3BHAKOMHUTHCS C PAAOM KHUT U HOCO6HI>1, MCPCUHHUCIICHHBIX HUXKC.
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