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OT aBTOpa

Hoporue unrareny,

S pan mpencraBuTh Bam NEpBYI0 KHUTY u3 cepuM "MckyccrBennsiii MHTemwiekT". Dta cepus
KHUT 33/lyMaHa Kak IyTeBOAUTENb B 3axBaTbiBaoluii Mup MU, npenHa3sHaueHHBIN U1l BCEX, KTO
MHTEpecyeTcsl ITON YBJIEKaTeJIbHON 00J1acThio.

B kaxoi KHUTe 9TOM cepruu Mbl Oy/ieM ITyOke IOTpyKaThCsl B TEMBI Ml KOHLICTILMH, CBSI3aHHBIC
C UCKYCCTBEHHBIM MHTEJUIeKTOM. OT 0a30BbIX MOHATUI U METOAOB MAIIMHHOTO OOy4YeHHUs /10 Mpo-
JBUHYTHIX PUJIOKEHHUI U STHUECKUX BOITPOCOB, MBI Oy[IeM paccMaTpHUBaTh pa3indHble actiekTsl U,
1IOMOrasi BaM JIyyllle MIOHATh, KaK OH BJIMsIET Ha HaIlly KM3Hb U KaKUe BO3ZMOXKHOCTU OH OTKPbIBAET
111 OyIyIero.

Hama nens — caenath coxkHble KOHLENIMY MOHATHBIMU U AOCTYIIHBIMU /17151 BceX. MBI cTpe-
MUMCS MTOJIOUTH K TeMe UCKYCCTBEHHOIO MHTEJUIEKTA C Pa3HBIX CTOPOH, MpeAJiaras YyutaresisiM pas-
HOOOpa3HbIe TOUKU 3PEHUS Ha IPAKTUYECKUX ITPUMEpaXx.

B kHure BbI HailileTe MHOKECTBO 3a/lay C pellieHueM U KOJOM, KOTOPBI MOKHO CKOIMPOBATh
Y U3y4UThb NOApOOHEe, U3MEHUTh NTapaMeTphl, J00aBUTh CBOM 3arpoc U T.A. i 3TuX 1es1ell MOXKHO
UCIIONB30BATh TAKME CPe/ibl KaK:

— Nnrepaktushble 6nokHoTH: Harpumep, Jupyter Notebook nim Google Colab. Onu obecre-
YMBAIOT MHTEPAKTUBHYIO CpEly, [I€ Bbl MOXETe MHCaTh KOJ, BHIIOIHAThH €ro MO YacTsM U BUJIETh
PEe3yJIbTaThl BCTPOEHHBIX BU3YyaIU3alIU.

— Nnterpuposannsie cpeasl pazpadotku (IDE): Takue kak PyCharm, Visual Studio Code, nnmm
Spyder. OHu npeocTaBisIoT Oorarslii HAOOp (PYHKLMIA 17151 HAMTMCAHUS U OTJIAJIKU KOJa, a TaKkKe
yIOOHYIO cpefy AJ1sl pabOThl C IPOSKTAMH.

— Omnnann-penakropsl kopa: Hampumep, replit nmm CodePen. OHu no3BonsoT nmcars U
BBHITOJHATH KOJ MPSIMO B BalleM BeO-Opaysepe 0e3 HEOOXOOMMOCTH YCTaHOBKH JOTIOJHHUTEIBHOTO
MPOrPaMMHOTO 00eCTIeYeHHMSl.

— HHTepaKkTuBHbBIE NECOYHUIIBI JIIS1 ONPE/ICNIEHHBIX SI3bIKOB WM (bpeiiMBOpKOB: Hekotopeie
SI3BIKM TTPOrPaAMMHUPOBAaHKS U (PPEVMBOPKH MPEJOCTABIISIOT OHJIAMH-TIECOUHUILIBI, KOTOPBIE MO3BO-
JISTOT BaM OBICTPO MOMpPOOOBaTh X (PYHKIIMOHAIBHOCTH, Haripumep, Python Tutor myis Python nmm
SQLFiddle nns SQL.

bnarogapio Bac 3a MHTepec K 3TOW TeMe, U sl YBEPEH, UTO 3Ta CEpUsl KHUI CTaHET MOJIE3HBIM
pecypcoM s BceX, KTO CTPEMUTCSI OCBOMTh U MPUMEHATh BO3MOKHOCTH MCKYCCTBEHHOTO MHTEJI-
JIeKTa.

C HauTyYIIMMU NTOKETTAHUSMU,

Ilxenin Kaprep
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I'naBa 1: BBengenne B UckyccrBenHbiin MHTEJIEKT

1.1 OnpenesieHne HCKYCCTBEHHOTO HHTEJJIEKTA

NckyccrBennblil unTesuiekT (MM) — 310 001acTh KOMIBIOTEPHBIX HAyK, KOTOpas 3aHUMAaeTcs
CO3/IaHMEM CHCTEM, CIIOCOOHBIX K BBITIOJIHEHUIO 33/1a4, OOBIYHO TPeOYIOIINX MHTEIEKTa YeIOoBeKa.
OTH cUcTeMBbl 0071a/1a10T CIOCOOHOCTBIO K CaMOOOYUYEHUIO, aHAJIM3Y JIaHHBIX, IPUHATUIO PELIeHUN
Y BBINIOJIHEHUIO 32724 B Pa3JIMUHbIX 00NACTSX, BKJIIOYAsl pacro3HaBaHue 00pa3oB, 0OpaboOTKy ecTe-
CTBEHHOT'O s3bIKa, JITAHMPOBAHKE, PEllIeHre TPo0JieM, METULIMHY, (DUHAHCHI, POOOTOTEXHUKY U MHO-
Tve Jpyrue.

B coBpemennom mMupe N mupoko npuMeHsieTcs B pa3IMyHbIX cepax KU3HU, BKII0Yast On3-
Hec, HayKy, MEJULIMHY, TPOU3BOICTBO, aBTOMOOMIIBHYIO ITPOMBILUIEHHOCTh M MHOTOE Jpyroe. OH
SBJISAETCS KJIIOYEBBIM (PaKTOPOM B PAa3BUTUM TEXHOJIOTMII OYIyIIero, TakMX Kak aBTOHOMHbIE aBTO-
MOOWIIM, YMHBIN JOM, MEAWIIMHCKAsI IMArHOCTUKA Y TEXHOJIOTMHU OJIOKYEHH.

OnHMM U3 OCHOBHBIX HAIlPaBJICHWH WCCIEJOBAHMIA B OONACTH MCKYCCTBEHHOrO MHTEJJIEKTA
SIBJISIETCS  pa3pabOTKa aJrOPUTMOB MAIIMHHOTO OOYUYEeHHSs, KOTOpbIE IMO3BOJISIOT KOMITBIOTEPAM
W3BJIEKaTh MOJIE3HbIE 3HAHUS W3 JAHHBIX U UCIIOJIb30BaTh UX JJIS MPUHATUSA PEIICHUN U pelleHuUs
3a7ad.

HMckyccTBEHHBII MHTEIUIEKT — 3TO 00J1aCTh, B KOTOPOH UCTIONB3YIOTCS pa3HOOOPA3HbIE METOBI 1
TEXHOJIOTUM J1JI51 CO3/IaHUSI CHCTEM, CIIOCOOHBIX BBIIOJIHATD 33/1a4H, TPEOYIOILIE NMHTEUIEKTYaIbHbIX
criocobHocTerd. PaccMoTpum nogpoOHee HeCKOIBKO OCHOBHBIX CIIOCOOOB peasn3allii NCKYCCTBEH-
HOT'O MHTEJUIEKTa:

1. CuMBOJIbHOE TIPOrpaMMHpPOBaHHe

CuMBOIBHOE TMPOrpaMMUPOBAHUE TPEJCTaBIIsIET COOOUM MOAXON K HUCKYCCTBEHHOMY HHTEI-
JIEKTY, KOTOPBII COCPEIOTOUYEH Ha padoTe C CHMBOJIAMH M TIPABHJIAMU, TIPE/ICTABIISIONIMMY 3HAHHS O
npeaMeTHoN o6nactu. OCHOBHBIM MPUHIIUIIOM CUMBOJIBHOTO ITPOrPAMMUPOBAHUS SIBJISIETCS MAHU-
TMYJISALUS CHMBOJIAMH C TIOMOIIIBIO (DOPMaJTBHBIX MTPABWII TSI PEIIeHU s 331a4. DTOT MOIXO0/ OCOOEHHO
TIOJIXO/IUT YIS 337124, B KOTOPBIX 3HAHKE MPEIMETHOIN 00IaCTH MOXKET ObITh IBHO C(hOPMYJTUPOBAHO
B BUJIE TIPABUJI U 3aKOHOB.

SKCIepTHbIE CUCTEMBI SIBJISIIOTCS] OIHUM U3 HanOoJiee paclipoCTpaHEHHbBIX TPUMEPOB CUMBOJIb-
HOTO MporpaMMupoBanusi. OHU UCHIONB3YIOT 0a3bl 3HAHUI, COCTOSIIIIME U3 (DAKTOB U MTPABUJI BBIBOJA,
YTOOBI MMPEJICTABUTh SKCIIEPTHOE 3HAHKME B KOHKPETHOM MPEeIMETHON 001aCTU. DKCIEPTHBIE CUCTEMBI
MOT'YT IPUHUMATh PEICHUs W JIeJIaTh BBIBOJIbI, OCHOBAHHBIC HA 3TOM 3HAHWH, W WCIIOJIb30BaThCS B
IIUPOKOM CIIEKTpe oOnacTel, BKJIIoYask MeIMIMHY, (DMHAHCHI, THXEHEPUIO W YITPaBJICHHE.

[TpenmyiecTBa CUMBOJIBHOTO IIPOrPAMMHPOBAHUS BKJIIOYAIOT SICHOCTh U MOHATHOCTD TIPABHLI,
KOTOpbIE MOT'YT OBITh JIETKO HHTEPIIPETUPOBAHBI M IIPOBEPEHBI YEJIOBEKOM. DTOT MOIXO]T TAKKe 0Oec-
MEYMBAET BO3MOXKHOCTh OOBSICHEHUsI MPUHATHIX PEIIeHHd, YTO BaXKHO JUIs oOnacTel, rae Tpedy-
eTCsl IPO3PAYHOCTh ¥ IIOHUMAaHUEe MPUHITMIIOB padoThl cucTeMbl. OJJHAKO CUMBOJILHOE TTPOTrPaMMHU-
POBaHUE MOXKET CTOJIKHYThCSI C OTPAHUYEHUSIMU B CJIOKHBIX U HECTPYKTYPHPOBAHHBIX 00JIACTSIX, T/IE
TpyIHO (hOpMaTM30BaTh 3HAHUS B BUJIE MPABWI, U B TaKUX CIydYasX OPYrHe MOAXOIbI, TAKME Kak
HEWPOHHBIE CETH, MOTYT OKa3aThcsl Ooliee I(PPEKTUBHBIMH.

[Tpumep CMMBOJIBHOTO TPOTPAMMHUPOBAHUST MOKHO HAaWTH B 9KCHEPTHBIX CHCTEMax ISl ua-
THOCTHUKHM OoJie3Hel. [IomycTuM, y Hac eCcTh 9KCIIEpTHAs CUCTEMa, pa3padOTaHHAsI IS OIPE/IC/ICHUSI
BO3MOXXHOI OOJIE3HW Y TaIlMeHTa Ha OCHOBE ero cMMITOMOB. CricTeMa HMCrojib3yeT Oa3y 3HaHWIA,
COCTOSIIIYIO M3 MPABWI U (PAaKTOB O Pa3IMUHBIX OOJIE3HSIX M UX CUMIITOMAX.
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ITpumep npasua:

Ecmm MalUEeHT XKaJTyEeTCA Ha 60}1[; B I'pyAd 1 O[JbIIKY, TO BO3MOXHBIC IUArHO3bI MOT'YT BKJIIOYATh
cepaeyHble 3a00IeBaHus1, TAKME KaK CTEHOKApAUs WM UH(PAPKT MUOKap/a.

Ecnu manpieHT MCHBITBIBAET JKOKEHHE B JKENyIKe IMOCie €/Ibl, TO BOSMOXHBIMHU AMArHO3aMU
MOTYT OBITh sI3B€HHasI 00JIe3Hb WK pediTioke 930¢harur.

Ecnu y nmanmeHTa ecth BhICOKasi TeMrieparypa u 0oib B ropjie, TO 9TO MOXKET yKa3bIBaTh Ha
MH(EKIMIO BEPXHUX JIbIXaTeJbHBIX MTyTEH, TAKYI0 KaK aHTMHA WM TPUIIIL.

[Tpu obpareHny K SKCEPTHOM cucTeMe ¢ HAOOPOM CUMITTOMOB TaIlMeHTa, CUCTEMa TpHMe-
HACT 3THU IIpaBUJia IJIsd aHaJIn3a CUMIITOMOB U BBIABJICHHUA BO3MOXHBIX JUAI'HO30B. 3areM cHucTema
MOJKET MPEAJIOKUTD AOTMMOJIHUTEIbHBIC TECTHI NJIM KOHCYJIbTALWIO C Bpa4OM JIA IOATBECPKACHUA Ira-
rHO3A.

ITOT nprMep JEMOHCTPUPYET, KaK CMMBOJIbHOE TTPOrPAMMHPOBAHUE MOXKET HCTIONb30BATHCS
i popMaIM3alK SKCIEPTHOTO 3HAHUS Y TIPUHSATHUS PELIEHUI Ha OCHOBE 3TOrO 3HAHUS.

2. HeiipoHHnsblie ceTn

HeiipoHHble ceTH MpeNCcTaBIsioT COOOM MOIIHBIA MHCTPYMEHT B OOJAaCTH MCKYCCTBEHHOTO
MHTEJUIEKTa, KOTOPHIA MOJIETUPYeT padboTy yenoBedeckoro Mo3ra. OHM COCTOSIT U3 MHOKECTBA B3a-
MMOCBSI3aHHBIX HEHPOHOB, KOTOPble 00padaThBAIOT U MepealoT UH(GOPMALIMIO B BUIE CUTHAJIOB. B
OCHOBE HEMPOHHBIX CeTel JISKUT KOHIISTIHS 0OyUeHHs Ha IpUMepax, KOrjia CUCTeMa aarTHpPyeTCs
K OKpYXKalolel cpejie, Haxo sl 3aKOHOMEPHOCTH B JaHHBIX.

['my6okoe oOyueHre peacTaBiseT cOO0U Pa3HOBUIHOCTh HEHPOHHBIX CETel, KOTOpast MO3BO-
JISIET CCTeMaM aBTOMATUUYECKH U3BJICKATh BBICOKOYPOBHEBBIE MPU3HAKY U3 OOJBIIUX 0OBEMOB JIaH-
HbIX. OHO CTAHOBUTCS Bee OoJiee TOMyJISIPHBIM OJ1arofgapsi CBoel ClIocCOOHOCTH K 00yUSHHIO Ha Hepas-
MEYEHHBIX JIaHHBIX, UTO JIeIaeT ero 0COOeHHO 3(p(eKTUBHBIM JIJIs 33]]a4 paCIO3HABAHUs 00Pa30B U
KJ1accU(pUKalIUK.

[MpeumyiiecTBa HEUPOHHBIX CETEH M MTYOOKOro OOYYEeHHs BKJIIOYAIOT BBICOKYIO TMOKOCTh U
CITOCOOHOCTD K aalTAIMHU K Pa3/IMUHBIM THIIAaM JaHHBIX, & TAKKE CIIOCOOHOCTh K 00yUSHHUIO Ha OO0JTb-
X 00beMax JaHHBIX. DTU METOBI YCIICIITHO TPUMEHSIOTCS B Pa3IMUHBIX 00JIACTSX, TAKUX KaK KOM-
MBIOTEPHOE 3peHre, 00pPadOTKa €CTECTBEHHOIO sI3bIKa, PEKOMEHIATE/IbHbIe CUCTEMBI, MEUIIMHCKAS
JWAarHOCTHKA ¥ MHOTOE JIpyroe.

OpHako HePOHHBIE CETH TaKKe MMEIOT CBOM OI PAHUYCHUSI, BKJTI0YAS CIIOKHOCTh MHTEPIIpeTa-
I[IUY TIOJTyIEeHHBIX Pe3yJIbTaToOB, HEOOXOAMMOCTh OOJIBIIIOr0 00bheMa JaHHBIX sl OOYUYCHU S U BHIYC-
JIMTEJIbHBIEe 3aTpaThl pU O0y4YeHHH ITyOOKHMX Mopeseld. HecMoTpsi Ha 3TO, OHM OCTAlOTCSI OTHUM
M3 CaMbIX MOITHBIX M YHHUBEPCATBHBIX HHCTPYMEHTOB B 0OJIACTH MCKYCCTBEHHOTO MHTEJUICKTA, U UX
TMOMYJISIPHOCTD TTPOJIOJIKAET PACTU B HAIle BPEMSI.

3. 'eHeTHYecKHe aJIroOpUTMbI

['eHeTHYeCKME aNTOPUTMBI TIPEICTABIISAIOT COOOM METO ONTUMHU3AIINHI, OCHOBAHHBIN Ha MPHH-
[IUIAaX eCTECTBEHHOIO OTOOpa M FeHETUYECKOHN IBOJIOIMU. DTOT MOAXO[ K UCKYCCTBEHHOMY MHTEJI-
JIEKTY B/IOXHOBJIEH MEXaHW3MaMH, KOTOpbIE PUPOJA UCHIONB3YET /17151 SBOTIOLMH BUJIOB, U [TO3BOJISET
CHCTEMaM HaXOIUTh ONTUMaJIbHbIE PELIEHHUS B CJI0KHBIX POCTPAHCTBAX JAaHHBIX WM 3a/1a4aX ONTH-
MU3aLUH.

B reHeTnueckux ajaropurMax KCMOJIb3YyeTcs MOMY/IAUUsA UHAUBUIOB, KOTOPBIE NIPEACTABIISIOT
co00ii MOTEeHIIMAIbHBIE pelieHnst 3aaa4n. Kaxaplii MHAWBUIL XapaKTEpU3YyeTCsl CBOUM TeHETHUECKUM
KOZIOM, KOTOPBII MOXET ObITh MPE/CTABJIEH B BUJIE MOCIIENOBATEIBHOCTH OUTOB WJIM YHCEN, W TIO[-
BEPraeTcsi SBOMIOIMOHHOMY ITPOIIECCY, BKIIIOYAIOIIEMY B ce0sl onepaluyl CKpelBaHus, MyTalluy 1
oroopa.

B Hauasie paboThI aIropuT™Ma Co31aeTcs CiyvaiiHast HaualbHasI TOMYJISIIMS MHAUBUIOB. 3aTeM
OHU OLIEHUBAIOTCA MO KpUTepUsIM 3 (PEKTUBHOCTU WM MPUTOAHOCTH, ONPEEJICHHBIM IS pelae-

8
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Mol 3agaun. [Tocse 3Toro npoBoAsATCS oneparyy CKpeluBaHus U MyTally, B pe3yJibTaTe 4Yero co3aa-
eTcs HOBOE TMOKOJIeHue MHAWMBUIOB. VHIUBHIBI ¢ Oojee BHICOKON MPHUTOTHOCTHIO MMEIOT OOJIbIIe
IIAHCOB OBITh BBIOPAHHBIMU VTSI CO3/IAaHMSI HOBOTO MOKOJIEHU S, YTO BEZIET K MOCTETNIEHHOMY YITyullle-
HUIO TOMYJISIIAY U TPUOIMKEHUIO K ONTUMAIBHOMY PEIICHHIO 3aJauH.

['eneTryeckre aaropuTMBI IMPOKO MPUMEHSIIOTCS B Pa3IMUHbBIX 00NACTSX, BKJIIOUask HHXKEHe-
pHIO0, SKOHOMUKY, (PMHAHCHI, OMOJIOTHIO0, KOMITBIOTEPHYIO I'pachuKy U MHOTrOe Jipyroe. OHU yCHEITHO
MIPUMEHSIIOTCS [1s1 pellieHHs 3a]a4 ONTUMHU3ALUK, TAKUX KaK [TOUCK ONTUMAJIbHOIO MapuipyTa, Ipo-
eKTUPOBAHHUE CJIOKHBIX CUCTEM, 0OyueHHe HEMPOHHBIX ceTeil U apyrue. biaronaps cBoeii a(ppexTB-
HOCTU U YHUBEPCAJIbBHOCTH, TEHETUUECKUE AJITOPUTMbI OCTAIOTCS BaKHBIM UHCTPYMEHTOM B apceHalie
uccreioBaTeNiell 1 MHKEHEPOB B 00JIACTH MCKYCCTBEHHOTO MHTEIJIEKTA.

JaBaiiTe paccMOTpUM IIPUMEP IPUMEHEHUSI TEHETUUECKOT0 aJITOPUTMA 1Sl peIIeHU s KJ1acCH-
YECKOMH 3a/1aul KOMMUBOSIKEPA — HAXOXKJIEHUS ONTUMAJIBHOTO MapiIpyTa MOCEHUIEHUsI BCEX TOPOJOB
U3 CIUCKA, TaK YTOOBI CYMMapHOE PACCTOSIHUE ObLJIO MUHMMAJTbHBIM.

[IpencraBum, 4TO y HAC eCcTh HAOOP TOPOIOB, KOTOPBIE HYKHO ToceTuTh: A, B, C, D, E. I'ene-
TUYECKUI aJITOPUTM HAYHET C CO3JaHUs CIIyYaillHOW HaYaJIbHOW MOMYJISILIMY UHAUBUIOB, KX IbIA U3
KOTOPBIX IIPE/ICTABIISIET COOOM OMH M3 BO3MOXHBIX MapIIPyTOB Mek Iy ropogamu. Hanpumep, onun
Y3 UHIUBUIOB MOXeT IpeacTaBisaTh MapipyT A-B-C-D-E.

3atem ajropuT™ OyZeT OlIEeHUBATh KaXIbIi MAapIIPYT IO €r0 JJMHE — CYMMapHOMY PacCTos-
HUIO MeX 1y ropogamu. ClieqyIoum marom OyJeT orneparys CKpeluBaHusi, P KOTOPO BbIOMpa-
I0TCSl /IBA POAUTEIbCKUX MapLIpyTa U3 TEKYLLEH MOMYNIAIMUA U CO3JAETCsl HOBBIM MapUIpyT IyTeM
KOMOMHHMPOBAHUS YacCTell pOAUTENBCKIX MapiIpyToB. Hamprimvep, MOXHO CKpPecTUTh MapIipyThl A-
B-C-D-E u A-C-D-B-E, uto6s! nomyunts HOBbII MapiipyT A-B-C-D-B-E.

[Tocne 3Toro mporcxoauT onepanyst MyTaluy, Ipyu KOTOPOM CITyYallHO U3MEHSIIOTCSI HEKOTOPbIE
yacTu Mapuipyta. Hanpumep, oquH 13 ropooB MOKET ObITh IepeMelieH B JPYyTyIo MO3UIIMIO.

[Tocne kasxa0ii onepaly CKpeIyuBaHus U MyTallui OLIEHUBAETCS TPUTOJHOCTh HOBOTO MapIil-
pyTa, ¥ caMmble MPUCIOCOOIEHHBIE MAPIIPYThl BRIOMPAIOTCS ISl CO3JaHUs CIIEYIONIEro TOKOIeHUSI
nonynsaimuy. [Ipouece npopomkaercs 10 TOCTHKEHUs] KPUTEPUST OCTAHOBA, TAKOrO Kak OMpeJiesieH-
HO€ KOJIMYECTBO MOKOJIEHUI UM CXOAUMOCTb K ONTUMAJIbBHOMY PEIIEHHMIO.

Takum 00pa3oM, FeHETHUECKHIA AJITOPUTM TMO3BOJISIET HAXOAUThH ONTUMAJIbHBIE WITH OJTM3KHUE K
OINTUMAJILHBIM PEIIEHUSM IS CJIOKHBIX 33/1a4 ONITUMM3AllMK, TAKUX KaK 3a7a4a KOMMMBOSIKEPA, 32
CUeT IMYJISIIIUY TIPUHIUIIOB €CTECTBEHHOTO 0TOOPA ¥ T€HETHUECKOM SBOJTIOHH.

4. JKkcnepTHbIE CHCTEMBI

DKCIEepTHBIE CUCTEMBI TTPEACTABIISAIOT COO0M KOMITBIOTEPHBIE POrPaMMBbI, pa3pabOoTaHHbIS IS
MOJIEJIMPOBAHUS U MCTIONIb30BAaHUSI 3HAHUH, COOPAHHBIX Y KCIEPTOB B OIpe/eieHHOM o0macT. OHM
OCHOBaHbI Ha MpaBwiIax U (pakTax, KOTOPbIE OTPAKAIOT OIMBIT U IKCIEPTUY JIIOAEH B TOW OOJIACTH.
['MaBHO¥ 1eJTbI0 SKCTIEPTHBIX CHCTEM SBJISICTCS pellieHre 3a1a4 ¥ IPUHSATHE PEIICHUI Ha OCHOBE UMe-
IOIIUXCA 3HAHUI.

OHOI 13 KJTIOYEBBIX 0COOEHHOCTEN IKCIIEPTHBIX CUCTEM SBJISICTCS] UX CIOCOOHOCTh OOBSICHATh
MpUHsTHIE pereHus. [Tonb30BaTe i MOTYT MOMYYUTh OOBSICHEHHUE, IIOYEMY CUCTeMa TIPUIIUIA K TOMY
WIA WHOMY BBIBOJY, UTO JIeJIaeT UX MPO3PAYHBIMU W HAJCKHBIMA B MPUMEHEHUU. DTO OCOOEHHO
BaXXHO B 00JIaCTSX, Ie MPUHUMAaEMble PellleHUsI MOTYT UMETh Cepbhe3HbIe MOCICACTBHS, TAKUX KaK
MeIMITMHA WK (DUHAHCHI.

DKCIepTHBIC CHCTeMbI HAXOSAT IIIMPOKOE IMPUMEHEHHE B PA3JIMIHBIX OTPACISX, BKIIOUAs Me/IU-
[IUHY, IJIe OHW UCTIONB3YIOTCS JIJIsl IMATHOCTHKY OOJIe3Hel U MOJJIEPKKHU Bpavel B MPUHSATHH pellie-
HUH O JieueHUW; (PUHAHCHI, TJIe OHW MOMOTAIOT B aHAIM3€ PbIHKA, MPOTHO3UPOBAHUM TPEHIOB U
yIIPaBJICHUN PUCKAMU; MHXKEHEPHs, TIe OHU MPUMEHSIIOTCS ISl IPOSKTUPOBAHUS U 0OCITY KUBAHUS
CJIO’KHBIX CUCTEM.
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OpnHako, HECMOTPSI Ha MX MHOTOYKCJIEHHBIE TPEUMYIIECTBA, KCIEPTHBIE CHUCTEMBl TaKXKe
MMEIOT cBoU orpaHnueHust. OHU MOTYT OBITh OrpaHMUYEHBI JOCTYITHBIM OOBEMOM 3HAHUH U HE BCEraa
CIIOCOOHBI aJalITUPOBATLCS K HOBBIM CHTYallMsIM MJIM M3MEHEHHUsIM B OKpyKamoiei cpeae. Tem He
MeHee, C TIOCTOSIHHBIM Pa3BUTHEM TEXHOJIOTHIA M METOJIOB MCKYCCTBEHHOTO MHTEJJIEKTa, SKCIIEPTHBIE
CHUCTEMBI CTAHOBATCS Bce Oosiee 3(h(PEKTUBHBIMYU U IIMPOKO MPUMEHSIEMBIMH B Pa3JIMUHBIX 00IACTIX
AeATEeIbHOCTH.

[TpumepoM 3KCHEePTHON CUCTEMBI MOKET CITYXKUTh CHCTEMa MOIIEPKKY MPUHSATHS PeIleHUH B
obOracti MegquLMHEL. JIomycTUM, y Hac ecTh SKCIEpTHas cucTeMa, pa3paboTaHHast /IS IUarHOCTHKH
3a00J1eBaHUIl HA OCHOBE CUMIITOMOB, ITPEIOCTaBIEHHBIX nanueHToM. Cucrema Oa3upyercsi Ha 3Ha-
HUSIX U OTbITE Bpavyei, COOpaHHBIX B BUJE Oa3bl 3HAHUI U TIPaBUJL.

[Tpu obpareHny K cucTeMe MalyeHT OMUCHIBAET CBOM CHMITTOMBI, TaKue Kak O0Jb B TPy/H,
TeMmIeparypa, Kamesb 1 T. . CucreMa aHaIM3UpyeT MPeloCTaBIeHHbIE JaHHbIEe U IIPUMEHsIeT 1pa-
BWJIA, OCHOBAHHBIE HA MEIMIIMHCKUX 3HAHUSX, ISl ONpeesIeHIs] BO3MOXHOTO JarHo3a.

Hampumep, ecnm nanyeHT xanyercs Ha 00ib B TPyAM, 3aTPyIHEHHOE JbIXaHUE U yJallleHHOe
cepalLeOreHre, cucTeMa MOXKET BbIABUHYTh IIPEIIOIOKEHNE O BOZMOKHOM MH(apKTe MUOKapaa 1
PEKOMEHI0BaTh HEMEIJIEHHYI0 MEUIIMHCKYIO TOMOIb.

Kpome Toro, cucrema MoxeT IpeUIOKUTh JONOJHUTEIbHBIE TECThl WM 00C/IeJOBAHUS IS
MIO/ITBEPKACHNSI TUAarHo3a, a TaKkKe MPelOCTaBUTh PEKOMEHJAIIUH T10 JISYSHHUIO M YXO/y 3a MalieH-
TOM B COOTBETCTBUM C YCTAHOBJICHHBIMHU ITPOTOKOJIAMH.

Takum 06pa3oM, SKcIiepTHas CUCTeMa B MeJULIMHE [IOMOTaeT BpayaM ¥ MeJULIMHCKOMY I1epco-
HaJTy B IPUHSTUY PElIeHHIA, OCHOBAHHBIX HA SKCIIEPTHOM 3HAHUM U OITBITE, YTO CIIOCOOCTBYET MOBBI-
IEHHUIO KaYeCTBa MEeJUIIMHCKOW TIOMOIIY U YJTYUIIEHHUIO Pe3y/IbTaTOB JIEYEHHUS.

5. O6padorka ecrecrBenHoro si3pika (Natural Language Processing, NLP)

O6pabotka ecrectBeHHOTO si3bika (NLP) mpescTaBisier cod6oil KII0YeBOl KOMITOHEHT UCKYC-
CTBEHHOTO MHTEJUIEKTa, KOTOPbII HAIpaBJieH Ha aHAIU3 U MOHUMaHKHe eCTECTBEHHOTO sI3bIKa Yeo-
BeKa. DTOT MOIXO/ OXBATHIBAET IIMPOKUI CIIEKTP METOIOB M TEXHOJIOTUI, KOTOPBIE MO3BOJISIOT KOM-
MBIOTEPHBIM CHCTEMaM B3aMMOJIEHCTBOBATh C TEKCTOM, PEUbl0 M JUAJIOTAMU TaK ke, KaK 3TO JesiaeT
YeJIoBeK.

OnHIM M3 OCHOBHBIX HAIpaBJIeHUI B 00paOOTKE €CTeCTBEHHOTO SI3bIKA SIBJISIETCS PACTIO3HABA-
HHE peun. DTO Mpoliece Mpeodpa3oBaHu sl 3BYKOBOM MH(OPMAIIWK, 3aTTMCAHHON WM TTPOU3HECEHHOM
YeJIOBEKOM, B TEKCTOBYIO (DOpPMY, KOTOPYIO MOKHO aHATIM3UPOBATh M 00padaThiBaTh KOMIBIOTEPHOM
cuctemoii. Pacro3HaBaHue peur HaXOOWT IMIMPOKOE MPUMEHEHHE B TOJIOCOBBIX TIOMOIITHUKAX, TeJle-
(DOHHBIX aBTOOTBETUMKAX, CUCTEMAX YIPABJICHUS U JPYTUX OOIACTSIX.

Hpyrum BaxHbIM acriekToM NLP sBiisiercss MalMHHbIA 1IepeBoj1, KOTOPBI ITO3BOJISIET aBTOMA-
THUYECKH MEPEBOANTD TEKCT C OJHOTO SI3bIKA Ha Jpyroil. MeToasl MallMHHOTO TIepeBOa CTAHOBSITCS
Bce Oosiee TOUYHBIMU M 3(PPEeKTUBHBIMU Onarogapsi pa3BUTHIO ITyOOKOro 0Oy4eHHs] ¥ HEMPOHHBIX
CeTel, UTo Je1aeT BO3ZMOXKXHBIM CO3[JaHNE BBICOKOKAYEeCTBEHHBIX MEPEBOIOB B PEAIbHOM BPEMEHH.

Kpome Toro, 06paboTka eCTeCTBEHHOTO SI3bIKa BKJIIOUAET B ceOs TaKWe 3a/1aud, Kak aHaJIu3
TOHAJIbHOCTU TEKCTa, U3BJiedyeHne MH(POpMaIUK, KiacCh(pUKalus TeKCTOB U MHOTO€ Jpyroe. JTH
METO/Ibl HAXOIAT MPUMEHEHUE B COLMAIBHBIX Mera, MapKeTuHre, (PMHaHCaX, MEJUIIMHE U JPYTHuX
00MacTAX, T7ie HeOOXOAUM aHaIU3 OOJBIIUX OOBEMOB TEKCTOBBIX JAHHBIX JUISI IPUHSATHS PEIIeHHUN
Y BBISIBJICHUS] TEH/ICHIIUH.

Takum o6pa3om, 00pabOTKa eCTEeCTBEHHOTO SI3bIKa MI'PAET KJIIOUEBYIO POJIb B Pa3BUTHHU TEX-
HOJIOT U4, TIO3BOJISIIONIMX KOMIBIOTEPHBIM cUcTeMaM 3(P(HEKTUBHO B3aMMOJIECTBOBATH C YEJIOBEKOM
Yyepe3 TeKCT U pedb, OTKPbIBasi HOBbIE BO3MOXHOCTH JJIs1 aBTOMATU3AIIMK U YIy4dIlIeHHs] KOMMYHH-
KallK B PA3IUYHBIX OOJIACTSIX IeSTEIbHOCTH.

6. Ooyuenne ¢ nogkpemienueM (Reinforcement Learning)
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Oo6yuenre ¢ nonkperuieHneM (Reinforcement Learning, RL) mpeacraBiser coboit MeTon
MAIIMHHOTO O0y4YeHMsI, KOTOPbI MOAGIMPYET MPOLECcC MPUHATHS PEelIeHNI, OCHOBAHHbBIA Ha KOH-
LEMUMAX Harpajasl M Haka3aHus. B 3ToM noxuxoie areHT B3aMMOJEWCTBYET C OKpPY:KaloIel Cpeoi,
MIpeANpUHIMAsT Pa3IMYHbIE JEWCTBUS, U MOTydaeT 0OpaTHyIo CBs3b B BUE HArpajbl Wi mrpada 3a
Kaxgoe aerctere. Llesnpio areHTa siBaseTcs MaKCUMU3aIHsi OOIIed CyMMBI TIOJTyY€HHBIX Harpa, 4ro
noOyXJaeT ero BHIOWpPaTh ONTHMAJIbHbIE CTPATErUH MOBE/ICHUsI B IAaHHOU Cpefie.

OnHUM M3 KJII0YEBBIX KOMIIOHEHTOB OOyUEeHHUsI C TIOAKPETUIECHUEM SIBJISIETCS TIOHSATHE 'TIONH-
TUKU" (policy), KOTOpasi onpesensieT CTpaTertio areHTa — Kakue JeMCTBUS OH JIOJKEeH IPeAIpUHSTD
B KaXJIO KOHKpeTHOM cutyaiuu. Llens oOyueHus ¢ MOAKperyieHueM COCTOUT B TOM, YTOObI HAUTH
ONTUMAJIBHYIO TIOJIUTUKY, KOTOPasi 00eCHeYUT MaKCUMAJIbHYI0 CyMMapHYIO Harpajay B JI0JTOCPOYHON
TMIepPCTIEKTHBE.

[TpumeHenre 0OyueHus C MOAKPEIVIEHUEM Pa3HOOOPa3HO M OXBATHIBAET MHOKECTBO OOJIacTel.
Hampumep, RL ucronbs3yercst B cO3/1aHUM aBTOHOMHBIX CHCTEM, TAKMX KaK aBTOMUJIOTHI 17151 OeCIu-
JIOTHBIX aBTOMOOWJIEH U IPOHOB, TJie areHT JOJKEeH MPUHUMATh OBICTpBIe U Oe30IacHbIe pelleHus
Ha OCHOBE BHEIIHEH cpeibl U TeKyImX oOcTosaTenbeTB. Takke RL npumeHnsiercss B 00ydueHnr Urpo-
BBIX areHTOB, MO3BOJISIS KOMITBIOTEPHBIM MTPOrpaMMaM CaMOCTOSITENIBHO YUUThCS UTPaTh B Pas3idy-
HbIE BU/Ibl UTP, HAYMHAS OT KJIACCHUECKMX HACTOJIBHBIX UTP JO BUICOUTP C KOMIUIEKCHBIM UTPOBBIM
mupom. Kpome toro, odydyeHue ¢ ogkpersieHueM HaXOAUT MPUMEHEHUEe B YIIpaBJIeHUH poOOTaMH,
I7Ie areHT MOXET YYUThCS BHITIONHATH PA3IMYHbIE 337241, TAKME KaK NepeMelleHre, MaHHUITyIupO-
BaHME OOBEKTaMH U BBIIOJTHEHUE CIIOKHBIX ACHCTBHI B PEIbHOM MUpE.

OobyueHue ¢ MoAKpervieHneM MpeacTaBiseT COOON BaXHbI MHCTPYMEHT Il CO3/1aHMsI MHTEJI-
JIEKTYaJIbHBIX CHUCTEM, CIIOCOOHBIX IPUHUMATh PElIeHHs B peaIbHOM BpPEMEHH B Pa3HOOOPa3HBbIX U
IMHAMWYHBIX Cpelax.

7. O6padoTka nzodpakenuii u Bugeo (Computer Vision)

O06paboTtka u3oOpaxenuii u Buaeo (Computer Vision) mpeacTaBiseT co00i BakXHYO 00JIacTh
MCKYCCTBEHHOTO MHTEJUIEKTa, KOTOpasl 3aHUMAETCsl aHATM30M M MHTEpIIpeTaliell BU3yaabHbIX JdaH-
HBIX. DTOT MeTO/1 00paOOTKHU JaHHBIX BKJIIOYAET B ceOs1 IMPOKUH CIIEKTP 3224, HAYMHAs OT OA30BbIX,
TAKMX KaK Pacro3HaBaHWe OOBEKTOB Ha M300pAXEHUSIX, M 3aKaHUMBAs Oosiee CIOKHBIMH, TAKUMHU
KaK CerMeHTaIus N300pakeHUi U aHaI3 BUICOMIOTOKA.

OnHOM U3 OCHOBHBIX 3a/1a4 0OpaOOTKY M300pakeHNA M BUACO SIBJISIETCS PACO3HaBaHUE 00b-
€KTOB, TO €CTh OIpeJie/iecHre HAIMYKSA U THMa OOBEKTOB Ha M300paKeHUH. DTO MOXKET OBITh Kak
o0Iue Kareropu 0ObeKTOB, TAKME KaK aBTOMOOWIIH, JIIO/IU, IEPeBbs, Tak U Oojiee crierudpuieckre,
HarpuMep, pa3IuvHble OpeH bl AaBTOMOOMIICH WITH BUIbI )KUBOTHBIX.

Enre ogHo# BaskHOM 3a/1a4el sIBNisieTcsl KiaccupuKaius n300pakeHn , Mpu KOTOPOR Kaxoe
n300pakeHre TPUCBANBACTCS OMHON MM HECKOJIBKUM TPEIONpe/Ie/IeHHBIM KaTeropusiM WJIH KJjiac-
cam. Harmpumep, kiaccudukanms n300pakeHrnil MOXET UCTIONb30BaThCs IS ONPE/IeNieH s, COlep-
XKUTCS M Ha (poTorpadpuu KOIIKa UM coOaKa, WM TSI ONIpe/ieNieHUsT HAJTMUKs ONpe/ieIeHHbIX TIPH-
3HAKOB Ha MEJMIIMHCKUX U300PAKEHUSIX.

Jlpyroil BaxHOH 3a1auell sIBJsieTcs] AeTeKIMs OOBEKTOB, TO €CTh OIPEe/Ie/ICHUe TIOJIOKEHUs 1
rpaHul] 00BbEKTOB Ha N300PaKEHNH, a TAKXKe UX KJIacCH(pHUKaLKMs. DTO MO3BOMISIET OOHAPYKUBATH HE
TOJIBKO HAJIMUME OOBEKTOB, HO ¥ TOUHO OIPEAENISITh UX MECTOIOIOKEHUE U (DOPMY Ha N300paKEHUH.

Bmecte ¢ atim, 00paboTka N300pakeHUi U BUJECO BKIIOYAeT B ceOsl TAKMe 3a/1aud, KaK cer-
MEeHTalus1, KOTopasi MO3BOJISIET pa3/eiATh N300paXeHre Ha OT/IeNIbHbIE YaCTH WM CETMEHTBI, U aHa-
JIU3 BU/ICOTIOTOKA, KOTOPBIN TIO3BOJISIET aHAIM3UPOBATh N3MEHEHHSI B BU/IEO C TEUCHUEM BPEMEHHU.

Takum o6pazom, 00paboTKa N300paKeHUI U BUIEO SIBJISETCS] aKTMBHO Pa3BUBAIOIIEICs 001a-
CTBIO ICKYCCTBEHHOTO MHTEJIJIEKTa, KOTOpask HAXOAUT IMPOKOE MPUMEHEHUE B pa3IMYHbIX cepax,
TaKMX KaK MEeJUIIMHA, aBTOMOOMIIbHASI TIPOMBIIIIJIEHHOCTh, O€30MaCHOCTDb, AaHAJIMTUKA U MHOTOE JIPY-
roe.
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8. UHTe/uIeKTyalbHbIe areHThl H POOOTOTEXHUKA

WHTennexTyaabHble areHThl 1 pOOOTOTEXHHUKA MPECTABISAIOT COO0M BaXKHYI0 00JIaCTh HCCIIe-
JOBaHUM B cepe UCKYCCTBEHHOIO MHTEJUIEKTa, KoTopas (POKycupyeTcs Ha CO3/1aHUM CHUCTEM, CIIO-
COOHBIX B3aUMOJIECHICTBOBATH C OKPYXKAIOIIEH CPeioil U MPUHUMATh PEIIeHHs B PEaIbHOM BPEMEHH.
ITOT MOAXOM K UCKYCCTBEHHOMY MHTEJJIEKTY HaIpaBJieH Ha pa3paboTKy aAanTUBHBIX U aBTOHOMHBIX
areHToB, KOTOPBIE MOTYT AHAJIM3UPOBATh CBOE OKPYKEHUE, IPUHUMATD PEIIECHUS U BBINOIHATH Je-
CTBUSI, HAIlpaBJIEHHbIE HA JOCTHUKEHUE NIOCTABJIEHHBIX LIEJIeH.

OnHIM M3 KJTIOUEBBIX IPIMEPOB PEAIM3aIMY STOTO MOAX0/A SBJISAI0TC poOOThL. PoOOTHI Mpe-
CTaBJISIIOT COOOW (PU3MYECKHE CHUCTEMBI, OCHAIICHHBIE HATYMKAMH, MOTOPAMH M KOMIBIOTEPHBIM
yIpaBJIEeHUEM, KOTOPbIE MOTYT B3aMMOAEUCTBOBATh C OKPY:KAlOIIEH CPeJoM U BHIIOJIHATh pa3iny-
Hble 3a1a4n. Hanpumep, poO0Thl MOTYT OBITh UCTIONB30BAHBI [JIs1 aBTOMATH3ALIMH TPOM3BOICTBEHHBIX
MIPOLIECCOB, BBHIMOJTHEHHSI OMACHBIX PAOOT MJTM TTOMOIIIH JIIOASIM C OTPaHUYEHHBIMHA BO3MOKHOCTSIMH.

Jpyrum npumMepoM pean3aliii MHTEJUIEKTYaIbHBIX areHTOB SIBJISIIOTCSI aBTOHOMHBIE aBTOMO-
OWJIM ¥ aBTOMUJIOTHI IPOHOB. DTH CUCTEMBI 0OOPYIOBaHbl CEHCOPAMH U KaMepaMH, KOTOpbIE TI03BO-
JISIOT UM BOCIIPUHUMATH OKPYKAIOIIYIO CPe/ly, & TAKKE aJITOPUTMAaMH UCKYCCTBEHHOTO MHTEJUIEKTa,
KOTOpbIe 00padaThBAIOT MOJMyYeHHbIE JaHHbIE ¥ IPUHUMAIOT PEIIeHHs O HABUTAllUK U YIIPaBJICHUM.
ABTOHOMHBIE aBTOMOOWJIA MOTYT OBITh MCIIOJIb30BaHHI ISl 6e30macHoro v 3(h(eKTUBHOTO TiepemMe-
LIEHUs JIIOIEN U IPYy30B IO JJOpOram, a aBTOMUJIOTHI IPOHOB — ISl BBITIOJIHEHUS PA3JIMUHBIX 337134,
HauMHas1 OT a3pO(POTOCHEMKHU U TE€OIE3UYECKMX U3MEPEHUI JJO JOCTaBKU I'Py30B U MOWCKA JIIOAEH B
CJIOXKHBIX YCIIOBUSIX.

Pa3BuTre MHTEIUIEKTYa IbHBIX areHTOB M POOOTOTEXHUKU MMEET OrPOMHBINA MOTEHIMAN IS
YIIyUIlleHds] Hallled )KU3HU U paOOThl B Pa3IMUHBIX OONACTSX, OT MPOU3BOACTBA U TPAHCIIOPTA /IO
30paBOOXpAaHEHMS U 00pa30BaHUs. DTU CHCTEMbI MOTYT MOBBICUTH MPOM3BOAUTEIBHOCTD, Oe30mac-
HOCTb ¥ yI0OCTBO Halllel MOBCETHEBHOM JKM3HM, & TAK)KE OTKPHITh HOBbIE BO3MOKHOCTH JJIsI UCCIIe-
IOBAaHUI Y MHHOBALUAM.

9. UckyccTBeHHAS KM3Hb H YBOJIOINHOHHbIE AJrOPUTMbI

I/ICKyCCTBeHHaH KU3Hb WU 9BOJIIOIUOHHBIC aJITOPUTMbI — 9TO METOABI UICKYCCTBEHHOI'O MHTEII-
JICKTA, KOTOPLIC YEPIIAIOT BAOXHOBEHUE U3 6I/IOJIOFI/I‘ICCKI/IX IMpOIECCOB U 3BOJIIONWHU B IIPpUPOIEL. Ounu
TMO3BOJISIIOT MOJEIMPOBATh U M3y4yaTh KU3HEHHBIE MPOLIECCH], a TAKKE IBOJIOIHMIO OPraHU3MOB M
BUJIOB, C LIEJIbIO CO3/IaHMsI aBTOHOMHBIX CUCTEM, CIIOCOOHBIX K a/IallTallii ¥ CaMOOOYYEHHIO.

OILHI/IM N3 KJIIOYEBBIX UHCTPYMEHTOB B UCCJICAOBAHUN I/ICKYCCTBﬁHHOﬁ JKN3HU U 3BOJJIIOLIMOH-
HBIX aJITOPUTMOB ABJIAIOTCA TCHCTUYCCKUE aJITOPUTMBI. Ot AJITOPUTMbI UMHUTUPYIOT €CTECTBEHHBIN
0TOOp ¥ TeHETHUYECKYIO SBOJTIOIHIO ITyTEM CO3JaHusl MOMYJISIINA MHAWBUYYMOB, KOTOpHIE ITOABEpra-
I0TCSI MyTallMsIM, CKPEIIMBAHHIO U OTOOPY Ha OCHOBE UX MPUTOAHOCTU. TakuM 0Opa3om, MmyTeM uTe-
PaTuBHOTIO MMpouecca rCHETUYCCKUC AJITOPUTMBI MOT'YT Sq)CpeKTI/IBHO HaxXOOUTb OITUMAJIbHBIC PEIHIC-
HUA B ITPOCTPAHCTBAX 60_HI>HII/IX JaHHBIX WM IMPpU PEHICHHUU 3a/1a4 OIITUMU3AlUH.

IlomMuMo reHeTMYECKUX AJITOPUTMOB, MCKYCCTBEHHASA KU3Hb U IBOJIOLIHWOHHBIC aJITOPUTMBbI
TaKKE MPUMECHAIOTCA OJIA MOACTIMPOBAHUA U U3YUCHUSA PA3JIMIHBIX ACTICKTOB JKUBLIX CUCTEM, TAKUX
KaK IMOBEACHUE ) KNBOTHBIX, JUHAMHUKA HO]'[y_H}IIlI/Iﬁ 1 OBOJIIOLIU S 6I/IOJIOFI/I‘JGCKI/IX BUIOB. S/t Moaeam
MOTYT OBITh UCTIOJIb30BaHBI JJIs aHAJIM3a W TIPOTHO3UPOBAHUS U3MEHEHU! B OKpYXalollen cpese, a
TaKXKe JId CO3JaHSA UCKYCCTBEHHBIX CUCTEM, CHOCO6H]:»IX K CaMOpPEryIAlvn U agartaiqui K u3Me-
HSIIOLTAMCS YCTIOBUSIM.

HckyccTBeHHAs KU3Hb U SBOTIOLIMOHHBIE AJITOPUTMBI MPEJCTABISAIOT COOON MOIIHBIE HHCTPY-
MEHTHI ISl UCCTIeOBAHUS Y MOJIEIMPOBAHUS Pa3HOOOPA3HBIX SIBIICHUN B TIPUPOJE, a TaKkKe s
CO31aHUAd aBTOHOMHBIX U aJalITUBHBIX CUCTEM B O6JIaCTI/I HNCKYCCTBEHHOI'O MHTEJIJICKTA. S/l METOIbI
HE TOJILKO MTO3BOJIAIOT JIYy4YHIC IMOHATH IIPUHIMUIILI ) KU3HW U 3BOJTIOIHWU, HO U MOI'YT IIPUBECTU K pa3-
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padoTKe HOBBIX TEXHOJIOTHI M PEIIeHU BO MHOTHX OOJIACTAX, BKJII0YAs pOOOTOTEXHUKY, METUIIMHY,
9KOJIOTUI0 U MHOTHYE APYTHE.

10. UnTessiekTyasibHbIe HHTEP(eNchl U aJanTUBHbIE CHCTEMBbI

NuTtennekTyanbHble MHTEPMENCH U aITaliTUBHBIE CUCTEMBI TTPECTABIISIOT COOON BasKHBIH MOJI-
XOZI B 00JIACTH MCKYCCTBEHHOTO MHTEJUIEKTa, KOTOPBIi OPHEHTUPOBAH HA CO3/IaHKe MOJIb30BaTEIlb-
CKMX HMHTEep(EHCOB U CHUCTEM, CIIOCOOHBIX AAAaNTUPOBATHCS K MOTPEOHOCTSIM U TPEANOYTEHHUSIM
KOHEYHBIX TOJIb30BaTeNe. DTOT MOAXOJ BKIIOYAET B cedst pa3paboTKy pa3IMUHbIX TEXHOJIOTUN U
METOJIOB, HAIPABJIEHHBIX HA TOBBIIIEHUE yI00CTBA MCIOIb30BAHUSI CUCTEM, a TAKXKe Ha YITydIleHUe
B3aMMOJICHCTBUS MEXK/TY YEJIOBEKOM U MAIITUHOM.

OpHMM U3 OCHOBHBIX HallPaBJIEHUI B MHTEJUIEKTYaIbHBIX MHTEpdEcax U aJalTUBHbIX CHUCTE-
Max SIBJISIETCSl pa3pab0TKa MepPCOHATM3MPOBAHHBIX PEKOMEHATEbHBIX CUCTEM. DTH CUCTEMbI aHa-
JIM3UPYIOT MPETIOUTEHHS 1 MOBE/ICHNE MOJIb30BaTe e, YTOObI MPEIJIOKUTh UM HauOoJIee PesieBaHT-
HBlE Y MHTEPECHBIE KOHTEHT U MpOayKThl. Harpumep, nepcoHann3upoBaHHbIE PEKOMEHJATE/IbHbIE
CHCTEMBl MOT'YT HUCIOJIb30BAaThCSl B OHJIAMH-Mara3uHax jJjisl NpeJIOKeHUsl TOBApOB M YCIIyT, KOTO-
pble HanboJIee BEPOSITHO 3aMHTEPECYIOT KOHKPETHOTO MOJIb30BATEJ S, MJIM B IIOTOKOBBIX CEPBUCAX IS
NpeJIokeHusl (PUIbMOB, My3bIKUA U JIPYroro KOHTEHTa Ha OCHOBE MPENNOYTEHUI U UCTOPUU TIPO-
CMOTPOB IOJIb30BATEJIA.

Kpome Toro, B 001acTi MHTEJUIEKTyaIbHBIX MHTEP(ENCOB 1 aJalITUBHBIX CUCTEM aKTHBHO pa3-
padaThIBaIOTCS TEXHOJIOTUH yIIpaBlieHUs uHTepdericaMu. DTO BKIIOYAET B ceOs1 pa3pabOTKy METo-
JIOB TOJIOCOBOTO YIIPABJICHHsI, )KECTOBOTO YIIPABJICHUS, PACTIO3HABAHMSI SMOIMI M JPYTUX CIIOCOOOB
B3aMMOJICHICTBUSI, KOTOPbIE AENAI0T MCIOMb30BaHNE KOMITBIOTEPHBIX CHCTEM 00Jiee €CTECTBEHHBIM U
yIOOHBIM JIJIS TIOJTB30BATEIICH.

Takum 0Opa3oM, MHTEJUIEKTyalIbHble MHTEP(EICH U aJaliTUBHBIE CUCTEMBI UTPAIOT BaXHYIO
POJIb B CO3JAHUHM MHTYUTHBHO TIOHSITHBIX M YAOOHBIX B MCIIOJB30BAHUM TEXHOJIOTHI, YTO CIIOCO0-
CTBYET MOBBIIIEHUIO 3(PPEKTUBHOCTH pabOTHl M YIOBIETBOPEHHOCTH TMOJIb30BaTeNeid. ITH CUCTEMBI
HAXOJAAT MPUMEHEHHE B Pa3IMYHBIX 00JacTsX, BKJIIOUAs MEKTPOHHYI0 KOMMEpIIMIO, 00pa30BaHue,
30paBOOXpaHEHNe, Pa3BICUYeHNsI 1 MHOTOE JpYyroe, e BakHO oOecnednTh 3(P(HEeKTUBHOE U TIPUST-
HOE B3aMMOJIENICTBUE MEX/y YEJIOBEKOM U TEXHOJIOTHEH.

OTH METOIBl MPEACTABIISIOT JIMIIb HEOOBIIYI0 YacTh MHOrOOOpasusl MOIXOAOB K peayin3a-
LIMM UCKYCCTBEHHOIro MHTesUIeKTa. C pa3BUTHEM TEXHOJIOTHI M TOSIBJEHUEM HOBBIX MJIEH MOCTO-
SIHHO TOSIBJISIIOTCSI HOBBIE METOIbl U MOIXOAbI, PACIIMPSIs BO3MOXHOCTH UCKYCCTBEHHOI'O WHTEJ-
nexta. KaxIplil U3 HUX MMeeT CBOM YHHKAJIbHBIE OCOOGHHOCTU M 00JIaCT! NMPUMEHEHHsI, 1 BMeCTe
OHHU (POPMHUPYIOT pa3sHOOOpa3HBIA U TUHAMHUYHBINA JIAHAIMA(PT MUCKYCCTBEHHOTO MHTEJUIeKTa. bia-
rofapsi akTUBHOMY HCCJIEIOBAaHMIO M MHHOBAIMSIM B 3TOM 00JacTH, Mbl HaOMIOJaeM TOCTOSH-
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HBI POCT U Pa3BUTHE UCKYCCTBEHHOTO MHTEJIJIEKTA, KOTOPBIN MPOJOIKAET MPeoOpa30OBbIBAThH HAIII

MeToa MCKYCCTBEHHOIro MHTenneK?

CuUMBO/IbHOE NMporpaMmMmpoBaHue

HenpoHHble ceTu

[eHeTn4YecKune anropuTMbl
QKCNepTHble CUCTEMDI

ObpaboTka ecTeCTBEHHOr o 13blka

Oby4eHue c nogkpenneHnem

ObpaboTka n3obpakxeHnn 1 BuOeo
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1.2 I/ICTOpI/IH Pa3BUTHA UCKYCCTBCHHOI'0O HHTCJUVICKTA

Hcropus pa3BUTHS UCKYCCTBEHHOTO MHTEJUIEKTA OXBAaThIBAET MHOKECTBO BEX U JOCTUKEHUH,
HauMHas ¢ UJEeW M KOHLIENIUIA B IPEBHOCTH JJO COBPEMEHHBIX TEXHOJIOTMIA U ITpUJIokeHui. Paccmor-
PUM KpaTKuil 0630p KJIIOYEBBIX MOMEHTOB B 9TOW UCTOPUU:

IlpeBHUE uaen

JlpeBHue uaen 00 MCKYCCTBEHHOM MHTEJUIEKTE OTPaKaloT MHTEpEC YeJIOBEUeCTBA K CO3/IaHUIO
MEXaHU3MOB, CIIOCOOHBIX BOCIIPOU3BOAUTD YEJIOBEUECKOE MBIIIUICHUE U TTOBEICHUE 33107170 JIO TTOSIB-
JIEHWs1 COBPEMEHHOW KOMITBIOTEPHOM TEXHOJIOTUHU. YK€ B aHTUYHBIX BpeMeHa yueHble U (pri1ocodbl
HaYyaJM pacCMaTpyBaTh BO3MOKHOCTb CO3/IaHM S MICKYCCTBEHHBIX CYILIECTB WJIM MEXaHU3MOB, CIIOCO0-
HBIX JIEMOHCTPHPOBATh Pa3yM M AEHCTBOBATH MOJOOHO JIIOSIM.

B pabotax anTruHbIX (prstocooB, Takux Kak [11aToH u AprCTOTENTh, MOKHO OOHAPYKUTH UIEH
O CO3JJAHUH aBTOMAaTHUYECKUX MEXaHU3MOB, CIIOCOOHBIX BHITIONHATH Pa3IMYHbIEC 3a]a4l U UMUTHPO-
BaTh yesoBeueckoe MbinuieHue. Hanpumep, B "[lonmrexHuke" I'epoHa AJieKcaHIPUKCKOTO OIUCHI-
BAaIOTCS PA3JIMYHbIE MEXaHU3MbI, TAKME KaK aBTOMAaTUYECKHUE ABEPU M CAMOITUCLIbI, KOTOPbIE MOKHO
paccmarpuBaTh Kak JApeBHUE MPOTOTUIIBI YCTPOUCTB UCKYCCTBEHHOTO MHTEIJIEKTA.

B cpenHeBeKoBOi1 €BpOIENCKOM aTXMMUU TaKKe CYILECTBOBAJIM KOHLIETIIMH O CO3/IaHUU UCKYC-
CTBEHHBIX CYIIIECTB U MEXaHU3MOB C ITOMOILIBI0 Maruy ¥ aJIXMMUYECKUX MPOoLeccoB. e o KuBbIX
CYILIECTBAX, CO3JaHHBIX YEJIOBEKOM, MHOTAa BCTPEYAIOTCSA B MUDOIOrMH U JIUTEPATYpe Pa3IMUHbIX
KYJIbTYp, OT JIPEBHUX I'PEKOB JJO CPEIHEBEKOBBIX AJIXMMMKOB. BMmecTe Bce 3T Maeu U KOHLENLUU
MPEICTABJISIOT PaHHUE (POPMBI IOHUMAaHUS U CTPEMJIEHH S K CO3AHUI0 UICKYCCTBEHHOT'O MHTEJJIEKTA
3a0JITO JIO €r0 PeabHOrO MOSABJIEHNS B COBPEMEHHOM MHUPE.

Hekotopele u3 qpeBHUX UIEW O CO3IAaHUU MEXaHM3MOB, CIIOCOOHBIX UMUTHPOBATH YeJIOBEYe-
CKOE MBIIIIJIEHHE, TaKKe MOXKHO OOHApYKHTh B KyJabType [peBHero Bocroka. Hanpumep, npesHue
KHUTAWIBI pa3padaThiBaIM aBTOMAaTUYECKHE MEXaHU3MBI, TAKKE KaK YCTPONCTBA AJIs1 M3MEPEHUs Bpe-
MEHU U aBTOMaTHuYeCKue (pUrypbl, KOTOPbIE IBUTAIUCH 1O MTPEJONPEAEIEHHBIM TPAEKTOPHSIM.

B unnuiickoii punocopun Takke MOKHO HAUTH UJEU O CO3/1aHUM UCKYCCTBEHHOTO MHTEIIJIEKTA.
B Tekcrax MHAYHCTCKON MH(POIOrMM ONKCHIBAIOTCS Marn4ecKue MEXaHW3MBbl, CO3/IaHHbIE OOramH,
KOTOpBIE 001aJal0T Pa3yMOM M CIIOCOOHBI K CAMOCTOSITETbHBIM JIEHCTBUSIM.

Wnen o MCKYCCTBEHHOM MHTEJUIEKTe ObUTM B 3HAUUTENBHOW CTENIEHH TEOPETUUYECKUMHM WM
MHUDOIOrMYECKUMHI KOHLIENIUAMU U HE UMEJIU IPSIMOTO OTHOLLIEHHUSI K COBPEMEHHBIM TEXHOJIOTUSIM.
OpHaKo OHM CBUAETELCTBYIOT O TOM, YTO CTPEMJIEHHE K CO3JJaHMI0 MCKYCCTBEHHBIX CYILIECTB M MeXa-
HU3MOB, CITIOCOOHBIX MBICITUTh U JIEMICTBOBATH, MPUCYTCTBOBAJIO B PA3IMYHBIX KYJIbTYpax Ha MpOTs-
’KEHUM MHOTHMIX BEKOB. DTHU JIpEBHUE UEH BJIOXHOBJISUIM YUEHBIX M M300peTaresiell B OCIeayoIue
3MO0XU U B UTOTe MPUBENH K MOSIBJIEHUIO COBPEMEHHON HAYKU O UCKYCCTBEHHOM MHTEJLIEKTE.

Posxenne BEIYMCIUTENTBHON TEXHUKHU

Poxnenue BerancinTebHONM TEXHUKH B 20 BEKe CYIIECTBEHHO U3MEHWJIO JIAaHIIA]T HAyYHBIX
Y TeXHUYECKMX UCCJIEJOBAHUM, a TaKXke 3aJI0KMJI0O OCHOBBI /Il Pa3BUTHUSI UCKYCCTBEHHOI'O MHTEJ-
nekta. C MOSIBIEHUEM TEPBbIX KOMIBIOTEPOB U PAa3BUTUEM TEOPUU BBIUMCICHUI CTAJIM BO3MOXK-
HBIMH TI€PBBIE ATk B CO3/IAaHUU CUCTEM, CITIOCOOHBIX IMUTUPOBATh I BOCITPOM3BOIUTH HEKOTOPHIE
aCIEKThl YEJIOBEYECKOTO MBIIIUIEHUS.

BaskHBIM MOMEHTOM B 9TOM Hpoliecce ObUIO OITyOIMKOBaHUE 3HAMEHUTON cTaThil ATaHOM Thio-
punrom B 1950 romy nog Ha3BaHueM "BbruriciuTenbHbIe MaIMHLL U pa3sym''. B atoii padote ThloprHT
3aTPOHYJI KJTIOUYEBYIO TEMY: BOBMOKHOCTb OLEHKH MHTEJUIEKTa MalMHbl. OH NpeiioKuI N3BECTHBIN
TECT, KOTOPBIN BIIOCIEACTBUM NOJNYy4YMl ero uMs — TrlopuHroBckuii Tect. CyTh TecTa 3aKJII04aeTcs
B IIPOBEPKE CMOCOOHOCTH KOMIBIOTEPA BECTU Pa3roBOpP TaKUM 0Opa3oM, UYTOOBI €0 OTBETHI ObLIH
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HEOTIMYMMBI OT OTBETOB YEJIOBEKA. DTOT TECT CTaJl OJHUM U3 MEPBbIX MPAKTHUECKHUX TMOIXOI0B K
OIPEJICNICHUIO U OIIEHKE UCKYCCTBEHHOTO MHTEJUICKTA.

[My6nukarus TeiopuHTa CTana BaXXHBIM 3TArlOM B Pa3BUTUH Uil 00 MCKYCCTBEHHOM WHTEII-
JIEKTe ¥ OKa3aJia 3HAYMTeIbHOE BIIMSIHUE Ha TIOCIEAy0IIMe UCCIIeOBaHUs B 9Toi oOmactu. OHa nof-
HsJTa BOTIPOCHI O MPUPOJIE MBIIUICHUsI, BOBMOKHOCTH CO3JJaHUSI Pa3yMHBIX MAIIMH M O TOM, KaKUM
00pa3oM MOXHO OMPENeSUTh U OLIEHUTh UX MHTEJUIEKTYaJIbHbIe CIIOCOOHOCTH. ThIOPUHTOBCKHIA TECT
CTaJI OTIPABHOW TOYKOM /ISl MHOTHMX MCCJIeIOBaTeN el M BAOXHOBIJI JAJIbHEHIIE YCHIIUS TI0 CO3/a-
HUIO UCKYCCTBEHHOTO MHTEJUICKTA.

Bmecte ¢ pa3BuTHEM BBHIUYMCIUTEIBHON TEXHUKU U TEOPUH BBHIYUCICHUNA CTAaTd BO3MOXHBIMU
TiepBbIe TIOMBITKY CO3/IaHMSI MCKYCCTBEHHOTO MHTEJIJIEKTA Ha MPAKTUKE. YUeHble HaYa pa3padarhl-
BaTh AJITOPUTMBI U TIPOTPAMMBI, KOTOPbIE TTO3BOJISIA KOMIIBIOTEPAM BBHITIOJHATD PA3TUYHbIE 3aJa4H,
TpeOyoIlre MHTEJIEKTyaIbHBIX CIIOCOOHOCTEH.

OnH1M 13 IepBbBIX U HanOoJIee N3BECTHBIX TPUMEPOB SIBJISIETCS CO3/IaHKE ITPOTrPaMM JJIsI UTPhI
B maxmarsl. B 1950-x romax mporpaMMuCTBl Hauasil pa3padaTeiBaTh KOMITBIOTEPHBIE MTPOTPAMMBI,
CIIOCOOHBIE UTPaTh B IIIAXMaThl HA YPOBHE YesoBeka. OJHUM M3 3HAMEHUTHIX TPUMEPOB TAKOW MPO-
rpammbl Obuta "MarmmHa Telopuara”, cosnannas AnaHom TelopuHroM u [IsBumom Yepdyepom. Dta
MpOrpamMma MCIONb30BaJIa MPUHIIMITHI MUHUMAKCa W AITOPUTMBI TIOMCKA J1JIs1 IPUHSTHS PEellIeHU B
urpe.

C pa3BUTHEM BBIUYUCIUTEHHON TEXHUKU B 20 BeKe MOSIBUIACh BOBMOKHOCTh CO3JJaHUS MPO-
rpaMM, HaIrlpaBJIEHHBIX HA pelIeHre Pa3HOOOPa3HBIX 3a4a4, MPEBHIIIAIOIIAX PAMKH IIPOCTOTO BBHITION-
HEHUsI MaTeMaThnyecKux ornepanuil. [IoMrMMo pa3BUTHsI KOMITBIOTEPOB, aKTUBHO Pa3BUBAJIACh U TEO-
pYsi BBIYMCIICHUH, YTO MO3BOJISIIO CO3/1aBaTh 3(P(PEKTUBHBIE AITOPUTMBI IJIs1 PEIIeHUsT PA3TMYHbIX
3aad.

OnHUM 13 KJTIOYEBBIX HAMPABJIEHUI CTAJI0 CO3JaHUE IIPOrPaMM JJIst JIOTUYECKOTO BBIBOAA. DTH
MIPOrPaMMBbI ObLTH CHOCOOHBI ABTOMATHUECKH TPUHUMATh PEIIEHH S Ha OCHOBE 3aJaHHBIX JIOTHYECKUX
MIpaBWJI M yCJIOBUH. Takue cucTeMbl HAIITA TPUMEHEHNE B ABTOMATH3ALIMH JIOTUIECKUX PACCYKICHUI
Y yrpaBJieHuH 0a3aMu 3HaHH.

Bmecre ¢ 3TMM cTanm pa3BMBaTbCS M MPOrpaMMBbl sl aHaIU3a JaHHBIX. OHU MO3BOJISIIH
appexkTrBHO 0OpadaTEIBaTh OOJNBINME 0ObeMbl HH(POPMAIIMU W U3BJICKATh U3 Hee MOJIe3HbIe 3HAHUS
¥ 3aKOHOMEPHOCTHU. DT POrpaMMbl HAIILTH IMMPOKOE MPUMEHEHUE B Pa3IMUHBIX 00JIACTSIX, OT OM3-
Heca 1 (PMHAHCOB 10 HAYKW U MEUIIVHBI.

Eime omHUM BaXHBIM HAMpaBJICHUEM CTAJIO Pa3BUTHE MPOrpaMM O0OpabOTKU €CTECTBEHHOTO
SI3bIKA. DTU MPOrpaMMBbl TIO3BOJISUIA KOMITBIOTEPaM MOHUMATh U aHAJM3MPOBATh TEKCTHl HA ecTe-
CTBEHHBIX SI3bIKAX, YTO OTKPBUIO JABEPU K CO3/IAHUIO AUAJIOTOBBIX CUCTEM M PA3TMUHBIX MTPUTIOKEHHUN
11t paOOThI C TEKCTOBOM MH(OPMAITUEH.

[MoMUMO TpakTUYECKUX MPUIOKEHUH, Pa3BUBAINCh U TEOPETHUECKHE OCHOBBI MCKYCCTBEH-
HOro uHTesUiekra. O0nacTy, Takue Kak CMMBOJIbHOE BBIYMCIICHUE, MAIIMHHOE 00y4YeHNe U HEHMpOH-
HBIE CETH, TIOMYYMIM 3HAYMTETbHOE BHUMAHUE U CTaJM OCHOBOH JIsI CO3AaHMs Oojee CIOKHBIX U
MHTEJUIEKTYaJIbHBIX CUCTEM.

Takum 0Opa3oM, pokAeHNE BHIUUCIUTETbHON TEXHUKU M IyOMMKaIrys padoT, TaKuX Kak Thio-
PUHTOBCKHUI TECT, MOJOKUIA HAYAJIO Pa3BUTHIO UCKYCCTBEHHOTO MHTEJIIEKTAa KAK CAaMOCTOSITETbHOM
HAyYHOH TUCHUIUIMHBL. DTOT MEPUOJ UCTOPUU SIBJISIETCS KJTIOUYEBBIM /1711 TOHMMAHUSI TIPOUCXOKIe-
HUS M Pa3BUTHS UCKYCCTBEHHOTO MHTEJUIEKTA JI0 €r0 COBPEMEHHBIX (hOPM U MPHIIOKEHUI.

I[NepBbie mporpaMMbl HICKYCCTBEHHOTO MHTEJUIEKTA

1956 ron cunTaeTcs KII0YEeBbIM ISl Hayajla CUCTEMATUYECKOrO U3yUeHUs] U Pa3BUTHS UCKYC-
CTBEHHOTO MHTEJIJIEKTa, KOrJa Ha KoH(depeHwu B JJapTMyTCKOM KoJuieaske ObUTo O(pUIMAIBHO 00b-
SIBJICHO O CO3JJAaHUM HOBOH 00JIaCTH UCCIIEIOBAaHUIA. DTO COOBITHE CTAJIO OTIPABHOW TOUKOM JIJIsI MHO-
’KECTBA UCCIIEIOBAHUI U pa3paboTOK B 3T0M oOnacti. OpraHu3aTopbl KOH(pEpeHIMH, BKJovast [IKoH
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Makxkaptu, Mapeun Muncku, Ajien Heiosmn u Xepoept CaitMoH, MpeIiyIoKUIA HOBbIE TIOAXObI K
CO3JJaHUI0 UHTEJUIEKTYaJIbHbIX MAIIUH U IPOrPamMM.

C 3TOro MOMEHTa HayaJlv TOSIBJIATHCS TIEPBBIE MPOrPaMMBbl, KOTOPHIE MOXHO ObLJIO OTHECTH
K 00JIACTH MCKYCCTBEHHOT'O MHTEJUIEKTA. DTH MPOrPaMMBI, XOTsI M OCTABAJIUChH I0OBOJIbHO IPUMHUTHB-
HBIMU IO COBPEMEHHBIM CTaH/1apTaM, OTKPbIBAJIM HOBBIE IIEPCTIEKTUBBI M BO3MOKHOCTH /17151 KOMIIbIO-
TepoB. OJJHUM U3 MEPBbIX U CAMBIX U3BECTHBIX IPUMEPOB TAKUX IPOTrPaMM CTajIbl IPOrPaMMBbl 17151
UTPHI B IIIaXMathl. Yxke B 1950-x rogax ucciaeaoBare/iv Hadyaiu pa3padaTeiBaTh MPOrPaMMBbl, KOTOPbIS
MOTJIM UI'PaTh B IIaXMaThl HA YPOBHE, CPABHUMOM C YEJIOBEKOM.

[Tporpammsbl 11t Urpsl B IIaXMaThl, CO3JaHHBIE B Hayajle Pa3BUTHSI UCKYCCTBEHHOIO MHTEI-
JIEKTA, UCTIONb30BAJIM PA3IMUHbIE AITOPUTMBI U CTPATETUH AJIs1 IPUHSTHS PEIIEeHU U BBIOOPA XO/IOB.
Hecmotps Ha orpaHn4eHHbIE BBIYMCIUTEBHBIE PECYPCHI TOTO BPEMEHU, UCCIIEA0BATEIN CMOIVIM Pa3-
paboTaTh 3PeKTUBHBIE TIOIXOABI K UTPEe B IIAXMATHI.

OnHIM 13 OCHOBHBIX QJITOPUTMOB, IPUMEHSIEMBIX B 9TUX IPOrpaMMax, ObLT &JITOPUTM MOUCKA
IO JIEPEBY UT'Pbl, KOTOPBII MO3BOJISLI KOMIIBIOTEPY pacCMaTpUBaTh Pa3IMUHbE BAPUAHTHI XOA0B U UX
TOCJIE/ICTBHS HA HECKOJIBKO 11IaroB BIIEPEA. DTOT aITOPUTM MO3BOJISUT OLIEHUBATh BO3MOXKHBIE XOJIbI
Y BBIOMPATh TOT, KOTOPHIH, 0 MHEHUIO TIPOrPAMMBI, PUBOJMII K HAMITYYIIIEMY Pe3y/IbTaTy.

Kpowme Toro, nporpammsl KCHOJIb30BaJIM IBPUCTUYECKUE METOb! IIPUHATHUS PELIEHUI. DBpU-
CTHKA — 3TO METOJ] PELIeHUsI 3aJa4l, OCHOBAHHBII Ha OMbITE U UHTYULIMHU, KOTOPBI MO3BOJISIET IIPU-
HUMaTh OBICTpbIe W NMPUOIM3UTENbHbIC PEIeHHs TPU HEJ0CTaTOUuHON MH(popManuu. B KoHTeKcTe
UTPhl B IIAXMAaThl IBPUCTUYECKUE METO/Ibl MOIJIM BKJIIOUaTh B ceOsl OLEHKY MOJNIOKeHUs (puryp Ha
JOCKE, TPUOPUTU3ALIMIO BAKHBIX XOOB U YUET TAKTUYECKUX BO3MOKHOCTEN.

ITH POrpamMMBbl OB OCHOBAHbI HA COUYETAaHUU AJITOPUTMOB TIOMCKA M SBPUCTHUECKUX METO-
J0B, KOTOpbIE TIO3BOJISUIA KOMIIBIOTEPY MIPMHUMATh OOOCHOBAHHBIE PEIIEHHS B YCIOBUSIX HEoNpeie-
JIEHHOCTH U OTPaHMYEHHBIX PECYpCOB. DTU paHHHUE IIard B 00JaCTH MCKYCCTBEHHOTO MHTEJUIEKTa
CTaJIA OTIPABHOM TOYKOM ISl AAJIbHEHILIETO pa3BUTHSI UICKYCCTBEHHOTO MHTEJJIEKTA U UTPOBBIX ITPO-
rpaMM. HecMOTpsi Ha OrpaHMUYEHHBI 00bEM BBHIUMCIUTENBHBIX PECYPCOB TOTO BPEMEHHU, 3TH IMPO-
rpaMMBbl IPECTABIISUIA COOOM 3HAYUTEPHOE JOCTHKEHUE B 00JIACTH UCKYCCTBEHHOTO MHTEJUIEKTA U
CTUMYJIMPOBAJIH JAJIbHEHIINE UCCISIOBAHUS B 9TOW 00JIACTH.

Tak nepuon ¢ koH(pepeHmy B JJaptMyTckoM Kouteaxke B 1956 rogy 1o konua 1950-x u Havana
1960-x ronoB ObLT MEPHOJOM MEPBBIX IIATOB U MPOPHIBOB B PA3BUTHH UCKYCCTBEHHOTO MHTEIIJIEKTA,
Korjga ObUIM CO3[aHbl U HAyaJld aKTMBHO NMPHUMEHSTHCS MEpBbie MPOrpaMMBbl, CIIOCOOHbBIE pelaTh
HEKOTOpbIE OIpaHUYEHHbIE 3aJaUM.

OMoxa KCHEePTHBIX CUCTEM

B 1970-80-x rogax Hay4HOE COOOIIECTBO aKTUBHO 0OPATHJIO BHUMAHHE HA Pa3BUTHE SKCIEPT-
HBIX CHCTEM, YTO MPUBEJIO K HACTYIUIEHHUIO SMOXU IKCIEPTHBIX CUCTEM B UCTOPUU UCKYCCTBEHHOTO
MHTEJUIEKTa. DKCIEePTHBIE CUCTEMbI TTPEICTABIISII COOOH MPOrpaMMHbIe TPHIIOKEHHsI, pa3padOTaH-
HbIE [JIs pellIeHU s CJIOKHBIX 33/1a4 B ONPe/IeIeHHOM MTPEeAMETHON 00JIACTH, ITyTEM UMHUTAIINH PACCykK-
AEHWIA Y TIPUHSATHS PEelIeHNH, aHAJTIOTMYHBIX TeM, KOTOPbIe PUHUMAIOT SKCIIEPTHI B 9TOM 00IACTH.

OnHOM 13 OCHOBHBIX XapaKTEPUCTUK IKCIIEPTHBIX CUCTEM ObLIA X CIOCOOHOCTh UCIIONB30BATh
3HAHUS U OTBIT SKCTIEPTOB JJIs1 IPUHSATHS PEIIeHUi. DKCIepPTHBIE CUCTEMBI CTPOMJIMCH Ha OCHOBE 0a3
3HaHMIA, KOTOpbIE COAEPKaIM MH(POPMALIMIO O MPaBUJIaX, MPOLEypax U IBPUCTUKAX, UCIIOIb3YEMBbIX
9KCTIEPTaMH TPU PEIIeHUH 3a7a4 B CBOEH 001acTu. DTH 3HaHUS (DOPMATU30BAIIMCH U TPECTaBIISI-
JIMCh B BUJIE Oa3bl 3HAHUI BHYTPU KOMIBIOTEPHOU MIPOrPAMMBI.

DKCIEepTHbIE CUCTEMBI, B CBOEW OCHOBE, MUCIIOIb30BAIM pa3InyHble METOIbl MH(EPEHIUH 151
NPUHATHS PEelIeHN Ha OCHOBE MMeEIONIMXCS 3HaHWiA. OOHUM M3 TaKMX METOAOB ObLIM TpaBUiIa
BBIBOJIA, KOTOPBIE MIPE/ICTABIISI COOOM JIOTMUECKHe TPaBria, ONpPeesIsIoNne CBSI3H Mexay (ak-
TaMHU Y BbIBOJAMU. DKCIIEPTHBIE CUCTEMBI UCIIOIb30BAJIM ST IIPAaBUJIA 1J151 BbISIBJICHUS CBSA3EU MEXK Ly
JAHHBIMU U IPUHATHUS PELIEHUI Ha OCHOBE ITUX CBS3EH.
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JIpyruM BakHBIM METOIOM OBUTH HEMOYKH PACCYKASHUN, KOTOpble TMPEACTABISUI COOOM
TMOCJIEOBATENIBHOCTD JIOTMUECKHX 11ar0OB, MPUBOASIIUX K BBIBOAY HA OCHOBE MMEIOIIUXCS (DaKTOB U
MpaBWI. DKCIEPTHBIE CUCTEMBI MOTJIU UCTIONBb30BaTh ETIOYKHU PACCYKISHUH 1715 aHam3a nHpopMa-
IIMM ¥ BbIBE/IEHUS HOBBIX (DAKTOB WJIM PEKOMEH/AIMI Ha OCHOBE MMEIOLIMXCSI 3HAHUI.

Kpome Toro, skcriepTHbie cUCTeMBl ObLUTH CIIOCOOHBI B3AMMOAEHCTBOBATD C IMOJIb30BATEISIMH,
3a7aBasi UM BOIIPOCHI JJIsl TIOJMyYEeHUs JOMOTHUTENbHON WH(MOPMAIMM WA YTOYHEHHUsI YCIIOBHIA
3aa4i. DTO MO3BOJISJIO CUCTEMaM MOTYyYUTh HEOOXOOVMBIE TAHHBIEC JJIsl TIPUHSITUS PEIICHUN |
JaBaTh MOJb30BATEII0 OOJIee TOUHbIE U MOJIE3HbIe PEKOMEH/IAIMH WA TIPOTHO3HI.

DKCcnepTHbHIE CHCTEMbI HAIILIY MIMPOKOE IPUMEHEHHUE B Pa3IMYHBIX 00IaCTsIX, Onaronapsi CBOei
CIIOCOOHOCTH K aJanTalliy K Pa3IMYHbIM MPeAMETHBIM oOnacTsiM. OHU ObUTH YCHEIITHO MTPUMEHEHBI
B MeJUIIMHE ISl IMarHOCTHKM 3a00JIeBaHUi M BHIOOpA METONOB JieueHHs, B (pUHAHCAX ISl aHa-
JU3a PHIHKOB Y IPUHSATHSI MTHBECTUIIMOHHBIX PELICHU, B MH)KEHEPHOM Jesie 1JIsl MPOSKTUPOBAHUS
Y yIpaBJieHUs IPOU3BOJCTBEHHBIMU IIPOLIECCAMH, & TAKKE B YIIPABJICHUH IMPOU3BOACTBOM TSI TIIa-
HUPOBaHMSI MPON3BOICTBEHHBIX OMEPAIMA M ONITHMHU3AIN PECYPCOB.

OpnHako, HECMOTpPsI Ha CBOM JIOCTMKEHHsI, IKCIIEPTHBIE CHCTEMBbI TaKkKe MMEN HEKOTOpHIe
orpannveHusi. OHU YacTO OKa3bIBAUCh OTPAaHUYEHHBIMU B CIIOCOOHOCTH a/IalITUPOBATHCS K HOBBIM
CUTYalIMsIM ¥ M3MEHEHHUsIM B OKpyaloiiei cpene. Tem He MeHee, 31oXa SKCIIEPTHBIX CUCTEM OCTa-
BUWJIA 3HAUUTEJIBHBIN CJie]] B UICTOPHU UCKYCCTBEHHOTO UHTEIJIEKTA, TIOKA3aB, YTO KOMITLIOTEPhI MOTYT
YCTIEIITHO UCTIOJIb30BaTh 3HAHUS U OTIBIT JIIOJIEH JJTs1 pelIeH s CIIOKHBIX 33/1a4 B PA3IMUHBIX 00JaCTsIX.

HetiponHnsle cetu 1 rimy0okoe oOyueHne

B konme 20 Beka u ocobeHHO B Havaide 21 Beka HEWPOHHBIE CETU W METOIBI TIIyOOKOTO
o0ydJeHusI TPUBJICKJIM IMUPOKOe BHUMAHME HAYYHOTO M TEXHUYECKOro cooOiectBa. HelipoHHbIE
CEeTH MOZCUPYIOT CTPYKTYPY M (PYHKIIMOHUPOBAHME HEMPOHHBIX CETEH B UeJIOBEUECKOM MO3Te, I71e
uH(pOpMaIHs NepeaeTcss Mexay HepoHamu depe3 cBsizu. [Ty0okoe oOyueHue, B CBOIO Ouyepe[b,
MpeCTaBIsIeT COOOM MOAXO K MAIlIMHHOMY OOYYeHUI0, KOTOPBIA UCTOJIB3yeT MHOTOCIIONHbIE HEell-
POHHBIE CETH JIJIs1 U3BJICUCHH ST BBICOKOYPOBHEBBIX MPU3HAKOB U3 IAHHBIX.

ITOT NepUo MPUHEC 3HAYUTEITbHBIE YCTIEXH B 0OIACTH MCKYCCTBEHHOTO MHTeIUIeKTa. HelipoH-
HBIE CeTU M ITyOOKOoe 0OydyeHHe MPUMEHSIIOTCS B Pa3IMUHbIX 00JACTsX, BKJIIOYAs] pacllO3HABAHUE
00pa3oB, 00pabOTKy €CTECTBEHHOTO sI3bIKa, KOMITBIOTEPHOE 3peHHe, PeKOMEeHJaTeIbHbIe CHCTEMBI,
aHaJIM3 JaHHBIX U MHOTHeE pyrue. OHY NO3BOJIMJIM CYIIECTBEHHO YIYUIIUTh TOYHOCTb U 3(PPEKTHB-
HOCTb peIlleHHs CJIOKHBIX 3a/1a4, KOTOphIe paHee CUMTAIUCH TPYAHBIMU IS aBTOMATU3AIH.

Hanpumep, B o6actu pacriozHaBaHust 00pa30B HEMPOHHBIE CETU U ITyOOKOe 00ydyeHue qoOu-
JIMCh BIIEUATNISIONIMX PE3y/IbTAaTOB, MPEB30M/s YeJOBeUeCKre CIIOCOOHOCTH B TAKMX 3a7avax, Kak
pacrnosHaBaHue JIMII, Kiaccudukaims n300pakeHni 1 1axe Urpa B KOMIbIOTepHbIe Urpsl. B oOpa-
OOTKe eCTeCTBEHHOTO S13bIKa OHH MO3BOJIMIIM CO3/1aTh MOIIIHbIE MOJEIH AJIs aBTOMAaTHIECKOro nepe-
BOJIa, CEMAHTHUECKOTO aHAJIN3a TEKCTa, TeHEPAIIU TeKCTa U MHOTHX JIPYTHX MPUTIOKEHHA.

Hetiponnsle ceTu 1 rirybokoe 00ydeHre UrpaloT KII0YEBYIO pOJib B COBPEMEHHOM MCKYCCTBEH-
HOM MHTEJUIEKTe, TPUBOAS K 3HAYMTEILHOMY YJIYUIIEHHIO PE3YyJIbTaTOB BO MHOTHX OOJACTAX U
OTKpbIBasi HOBBIE MEPCIIEKTHBHI 1JIs1 PA3BUTUSI TEXHOJIOTUH U TIPHIIOKEHUI.

CoBpeMeHHbIE TEXHOJIOTUH U TIPHIIOKEHUSI

CoBpeMeHHbIE TEXHOJIOTUM UCKYCCTBEHHOTO MHTEJUIEKTa MTPOHUKAIOT B Pa3IMUHbIE OTPACIIU U
00J1aCTH YeNIOBEYECKOM IeATeIbHOCTH, OKa3biBast 3HAYUTEIILHOE BIIMSIHUE Ha CIIOCOObI paOOTHI U B3a-
UMOJIEHCTBUA. B MeuIMHe MCKYCCTBEHHBIM MHTEIUIEKT UCTIONb3YEeTCs Il TUarHOCTUKH 3a0071eBa-
HUI Ha OCHOBE aHaJIN3a MEIUITUHCKUX N300paKeHUH, TIPe/ICKa3aHusI PUCKOB Pa3BUTHSI 3200JIeBaHUI
Ha OCHOBE MEJUIIMHCKUX JIaHHBIX ¥ IEPCOHATM3AINH JICUSHHU s C YIETOM WHIMBHUIYaJIbHBIX XapaKTe-
PUCTHUK MAllMEHTA.

B ¢puHanCcOBOH cepe UCKYCCTBEHHbI MHTEIIEKT IPUMEHSETCS /I aHAIU3a PbIHKOB, IPO-
THO3MPOBAHUSI TPEH[IOB, YITPaBJIeHUs TOPT(EISIMA MHBECTUIIUN U PUCK-MEHEKMEHTa. AJITOPUTMBI
MAIIMHHOTO OOYyYeHHMsI MO3BOJISIOT aBTOMATU3UPOBATh MPOLIECCH MTPUHSTHS PEICHUH, YTO YBEH-
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yrBaeT 3(P(PEKTUBHOCTb TOPTOBBIX OINEPALMI U YMEHBIIAET PUCKH /151 (PUHAHCOBBIX UHCTUTYTOB U
MHBECTOPOB.

B aBTOMOOWMIBHON MPOMBIIIJIEHHOCTH MCKYCCTBEHHbBI MHTEIUIEKT WCIONb3YeTCs Uil pa3pa-
OOTKM aBTOHOMHBIX TPAHCHOPTHBIX CPEJCTB, ONTUMH3ALMHU JTOPOXHOTO JBYIKEHHS, YIPaBICHUS
TPAHCHOPTHHIMU TIOTOKaMH Y TIOBBIIIIEHUsI O€30IIaCHOCTH Ha JOPOrax. DTU TEXHOJIOTUH TTO3BOJISIIOT
ABTOMOOMJISIM OOHAPYKUBATh U MPEAOTBPAIATh ABAPUIHBIE CUTYAIIUH, & TAKKe YIy4IIaloT KOM(pOpT
1 yI0OCTBO BOXK/ICHHUS.

B mapkeTuHre u pekjiaMe MCKyCCTBEHHBIN MHTEJUIEKT MCHONIb3yeTCs ISl aHAJIM3a JaHHbIX O
MOTPEOUTENSIX, MEPCOHATIM3ALMKI KOHTEHTA U PEKJIaMHBIX MPEJIOKEHUH, TPOrHO3MPOBAHUS CIIPOCa
Y ONTUMHU3ALMU MApPKETUHIOBBIX KaMIIaHWHA. DTO MO3BOJISIET KOMIIAHUSM JIydllle IOHUMaTh CBOUX
KJIMEHTOB U 3((PeKTUBHEE B3aUMOJICHICTBOBATH C HUMM.

B urpoBoii ”HIYCTpUM UCKYCCTBEHHBIN MHTEIJIEKT IPUMEHSIETCS 1151 CO3/IaHM Sl PEaTMCTUYHBIX
BUPTYaJIbHBIX MUPOB, YIIPABJICHU S TOBEAEHUEM BUPTYaJIbHBIX IEPCOHAKEN, ONTUMU3ALIUY TpadpUKU
1 yJTy4IIeHHs UTPOBOTO Ipolecca. AJTOPUTMBI MAIIIMHHOTO 00yUeHu s MO3BOJISAIOT CO3/1aBaTh Oosee
YMHBIX U aJalTUBHBIX MPOTUBHUKOB U COIO3HUKOB, UTO JIEJIA€T UTPOBOM OMBIT 0OJIee MHTEPECHBIM
Y 3aXBATHIBAIOIIVM.

Takum 00pa3oM, COBpeMEHHbIE TEXHOJIOIMU UCKYCCTBEHHOTO MHTEJUIEKTa HAaXOIAT HIMPOKOe
MIPUMEHEHUE B Pa3JIMYHBIX 00J1ACTsX, U3MEHsIsI CIOCOObI PaOOTHl M KU3HU JIIOJIEH, M MPOJOIIKAIOT
Pa3BUBATHCS, OTKPBIBASI HOBbIE BO3MOKHOCTH Y TIEPCHIEKTUBHI [J1sI TPUMEHEHHU s B OyIIyIIIeM.
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I'naBa 2: OcHoBHble Konnenuyuu u TepMuHbI

2.1 AreHTHI U OKpY:KeHHe

B kOHTeKCTe MCKYCCTBEHHOTO MHTEJUIEKTA, areHThl MPEACTABISIOT COOOH CYLTHOCTH, 001aa-
IOIIME CIOCOOHOCTBIO BOCIPHMHUMATh OKPYKAIOIIYIO CPely ¥ IPUHMMATh PElIeHHsI HA OCHOBE 9TON
vH(popMaIyH.

Tunel areHTOB

ATeHT B KOHTEKCTe MCKYCCTBEHHOI'O MHTEJUIEKTA — 3TO CYIIHOCTb, KOTOpask CHOCOOHa BOCITPH-
HUMaThb OKPYXKaIOI1YyI0 Cpely Yepe3 CBOM CEHCOPbl, IPUHUMATh PELIEHHS U IeUCTBOBATh B 3TOM Cpejie
4yepe3 CBOM aKTyaTOpbl. AT€HTBI MOTYT OBITh KaK (PM3MYECKUMU CYITHOCTSIMH, TAKUMH KaK POOOTH,
ABTOHOMHBIE aBTOMOOWJIM MJIM JJPOHBI, TAK U BUPTYAJIbHBIMU CYIIIHOCTSIMH, PEaTM30BaHHBIMHU B TIPO-
rpaMMHOM obecriedeHnd. KimodeBoi XxapaKTepUCTUKON areHTa SIBIISETCS] ero CIIOCOOHOCTh K aBTO-
HOMHOMY NPHUHSATHUIO PEIIEHUI U BHIIIOJIHEHUIO AEHCTBUI B COOTBETCTBUM C LEIAMM WX 331a4aMH,
KOTOpble eMy ObUIM MOCTaBJIEeHbl. Ba)kHO OTMETHTB, UTO areHThl MOT'YT JAEHCTBOBATh KaK WHIVUBUIY-
aJIbHO, TaK U B KOOTEPAIMH C IPYTMMH areHTaM#, 0OMEeHHMBasICh MH(OpMaLel 1 KOOPAUHUPYS CBOH
AEACTBUS TS JOCTHKEHUS OOIINX LIeJIeH.

B o0nacti MCKYCCTBEHHOTO MHTEJUIEKTA CYIIECTBYET MHOKECTBO Pa3/IMUHBIX TUIOB areHTOB,
KaX[Iblil U3 KOTOPbIX 00J1aJaeT CBOMMM YHUKAJIbHBIMU XapaKTEPUCTUKAMU U criocoOHOCTAMU. Hauu-
Hasl OT MPOCTHIX PEaKTHBHBIX areHTOB M 3aKaHUMBas OoJsiee CJIOKHBIMH MOJESIMH, STH areHThI
UTPAIOT BAKHYIO POJIb BO MHOTHMX OOJIACTSIX MPUJIOKEHUH U UCCIIEIOBAHUM.

IIpocTble peakTHUBHBIE areHThl JIEHCTBYIOT HA OCHOBE HEMOCPEICTBEHHON OOpaTHOM CBA3U OT
OKpy:xaiolei cpesibl. OHM pearupyioT Ha TeKyIee COCTOSIHAE OKPYKEHUS1, HO He COXPaHSIOT MH(OP-
MallMIO O MPOLUIBIX JEUCTBUAX WM COCTOSTHUAX. [IprMepoM Takux areHTOB MOXKET CITYKUTb POOOT-
MBIECOC, KOTOPBIN OCYILECTBIISET ABMKEHHE U YIIPaBJIeHHEe Ha OCHOBE OOHAPYKEHHBIX MPETISTCTBUN
Y 3BYKOBBIX CUI'HAJIOB.

Boree ciokHble areHThl 00J1a1aI0T BHYTPEHHUM COCTOSTHAEM U CITIOCOOHOCTBIO MOJIETPOBATh
cBoe OKpyxeHue. OHU MOT'yT COXPaHATh MH(POPMALIMIO O MPOLUIBIX JEUCTBUAX U COCTOSTHUSX, YTO
M03BOJISIET UM IIPUHMMATh OoJiee MHTEJIEKTYyaIbHble pelieHus. IIpumepaMu Takux areHToB SBJS-
I0TCSI UTPOBBIE OOTHI, KOTOPBIE MUCIIONB3YIOT OOYUEHHE C TMOAKPEIICHUEM [Tl aJanTaluy K cTpare-
TYSM ONIIOHEHTOB U MOBBIILIEHUsI cBOEH 3((PEKTUBHOCTU B UTPE, A TAKKE IKCIEPTHHIE CHCTEMBI,
KOTOpBIE aHAJIM3UPYIOT 0a3y 3HAHWI /ISl IPEJOCTABICHNsI PeKOMEHIALNIA UM PEIeHUsT CITIOKHBIX
pooIem.

B paznuyHbIX 00aCTAX MPUMEHEHHS! UICKYCCTBEHHOIO MHTEJUIEKTA areHThl UTPAIOT KJII0YEBYIO
poJb, oOecreunBasi BHIIOIHEHHE Pa3HOOOPA3HBIX 33/1a4 M pellieHre CJIOKHBIX podieM. B poboto-
TEXHUKE areHThbl YacTO BHICTYNAIOT B POJIY YHPABJSAIOUIMX CUCTEM, KOHTPOJIUPYIOILUX IBMKEHUE U
B3aMMOJIEICTBIE POOOTOB C OKPYXKAIOIIEH CPEeIoi. DTU areHThl MOTYT ObITh KaK MPOCTBIMHU, pearu-
PYIOIIMMH Ha OOHApYKEHHBIE MPENATCTBUSA, TaK U Oosiee CJI0KHBIMU, UCHOJb3YIOIIMMH aJITOPUTMBI
MAIIMHHOTO 00Y4eHMs Ul aanTalliy K Pa3IdYHbIM YCIOBUSM U CUTYALUSM.

B urpoBoii MHIYCTpUM areHThl IUPOKO MPUMEHSIOTCS AJI CO3JaHusl BUPTYaJIbHBIX NIEPCOHA-
Kel, KOTopble 00JaaloT YHUKAIBHBIM TTOBEICHUEM U CTPATeTrHsIMU B 3aBUCUMOCTH OT CLIEHAPHS
UTpbl. DTU areHTbl MOTYT UCIOJIb30BATh PA3IMYHble METOIbl U AITOPUTMBI, TAKHE Kak 0Oy4YeHHUe C
TMOJIKPEIJIEHUEM WM TeHETUYECKUE aITOPUTMBI, U1 YIydlleHus: cBoed 3(h(PeKTUBHOCTH U alanTa-
LM K UTPOBOM CUTYaIUH.

B o0nacTu 3KCIIEpTHBIX CHCTEM areHThl BBICTYIAIOT B POJIM MHTEJUIEKTYAJIbHBIX TTOMOIIIHUKOB,
NIPEOCTABIIAs PEKOMEHJALMY UM PELIeHUs] HA OCHOBE UMEIOLIMXCS 3HAHUI U ONbITa. DKCIEPTHBIE
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CHCTEMBI MOT'YT MCIIOJIb30BaTh PA3JIMUHbIE METO/bl PACCYKAECHUSA U JIOTUYECKOTO BBIBOAA AJIsl aHa-
JU3a JaHHBIX M BHIPAOOTKHU PEIIEHUH B Pa3IMUHBIX OOJACTSAX, TAKMX KaK MEIUIMHA, (PMHAHCHI WJIH
IOpUCTIPYACHLMS.

[NoHrMaHMe pa3IUYHBIX THUIOB areHTOB M MX CIIOCOOHOCTEW WIrpaeT BaXHYIO pPOJib B pa3pa-
00TKe U MPUMEHEHUH CHUCTEM UCKYCCTBEHHOTO MHTEJJIEKTa B PA3IMYHBIX 0ONACTAX. DTO MO3BOJISET
cozfaBath Oosee 3(pheKTHBHBIE M AN TUBHBIE CUCTEMBI, CIOCOOHBIE 3(P(HEKTUBHO peraTh IMUPOKHIA
CIIEKTP 33124 ¥ CIIPABJIATHCS C U3MEHSIOIMIMMUCS YCJIOBUSAMH U TPEOOBAHUSIMH.

B 006macTu MCKYCCTBEHHOTO MHTEJUIEKTa CYIIECTBYET HECKOJIBKO THIIOB areHTOB, KaK/IBIH U3
KOTOPBIX UMEET CBOM XapaKTEPUCTUKH U CIOCOOHOCTH. Hike epeuriciieHbl OCHOBHBIE THITHI ar€HTOB:

1. [TpocThie peak TUBHBIE areHThI: DT areHTh ACHCTBYIOT HA OCHOBE HETTOCPEACTBEHHOM 00paT-
HOH CBSI3M OT OKpYy:Kamomiei cpersl. OHU pearrpyloT Ha TEKyIlee COCTOsTHIE OKpYKeHus1 0e3 coxpa-
HEHUs] UH(PpOPMALIMK O MPOLUIBIX JEUCTBUSIX WM COCTOSIHUSX.

2. ATeHTBI C BHyTPEHHUM COCTOSTHUEM: DTH areHThbl 001aJal0T BHYTPEHHUM COCTOSTHHEM, KOTO-
poe TO3BOJISIET UM COXPaHATh MH(MOPMAIIMIO O MPOUUIBIX NEUCTBUSX M COCTOSHUSAX. OHU MOTYT
UCTIONB30BaTh 3TY UH(POPMAIMIO [T TIPUHSATHUS OOJIee CIOKHBIX PEelIeHU U aIaiTalliy K U3MeHsI-
IoLLeics cpefie.

3. PaioHasbHble areHThl: PalioHasbHble areHThl IPUHUMAIOT PELIEHUS C LIEJIbI0 MAKCUMU3a-
LMM 0’KU/IAEMOT'0 BBIMIPBIIIA WM TOCTHKEHUS ONpeIesIeHHBIX Liesieil. OHU IeMCTBYIOT ONTUMAJIbHO
C Y4eTOM UMeloIeincss THPOPMalIMK U OXKUAEMbIX PE3y/IbTaTOB.

4. ABTOHOMHBIE areHThl: DTH areHThbl 00JIA/1AI0T HEKOTOPOH CTENEHbI0 ABTOHOMUM U CIIOCOOHBI
JEWCTBOBATh HE3ABUCMMO OT BHEIIIHEro KOHTPoJ1sl. OHM MOTYT IPUHUMATh PELIEHUS U OCYLIECTBIISTh
AeficTBHS 0e3 TOCTOSIHHOTO YYacTusl YeIoBeKa.

5. CoumanbHble areHThl: TH areHThl CIIOCOOHBI B3aMMOJIEHCTBOBATh C IPYTMMU areHTaMH B
cormanbHOi cpene. OHM MOTyT OOMeHMBAThCsl UH(pOpPMAaIel, KOOPAUHUPOBATh CBOM AEHCTBHS U
COTPYAHUYATH IJIsI IOCTHKEHHSI OOIIMX TeTIeH.

6. DKCriepTHBIE areHThl: DTU areHThl UCTIONB3YIOT 0a3bl 3HAHUN M SKCIIEPTHBIE CHCTEMBI IS
MIPUHSITUS PEIIeHUH B orpeae/ieHHoN oOmacTy 3HaHuid. OHM MOTYT aHAJIM3UPOBaTh MH(POPMAILIUIO,
IIPOBOAMTH PACCYKIEHHS U JeJIaTh BbIBO/IbI HA OCHOBE MMEIOIIMXCS JAHHBIX U ITPaBUJI.

7. MynbTHareHTHble CUCTEMBI: DTO CHUCTEMBbI, COCTOSILINE U3 HECKOJBbKUX areHTOB, KOTOpPbIE
paboTaloT BMECTe ISl pelieH s CJIOKHBIX 3a1a4. Kakaplii areHT B MyJbTHareHTHON CHCTEME MOKET
MMETh CBOM COOCTBEHHBIE 11€JTM U CIIOCOOHOCTH, a TaKXke B3aMMOJEHUCTBOBATh C APYTMMH areHTaMu
IUTS JOCTHKEHUSA OOIIMX LIEJIEN.

8. AlanITUBHBIE areHThI: DTU areHThl 00J1aJAI0T CIIOCOOHOCTHIO K aAaNTaIlMY K M3MEHSTIOIIMCS
YCJIOBHUSIM U TPpeOOBaHUSIM OKpy:Katolei cpeapl. OHM MOTYT U3MEHSTh CBOE TIOBEJICHUE WIIN CTpate-
I'MY B OTBET HA HOBYIO MH(OPMAIIMIO UJIM U3MEHEHUS B CpeJe.

9. MoOubHBIE areHThbl: TO areHThbl, KOTOPBIE CIOCOOHBI MEPEMENaThCsl MEXAY Pa3IunIHbIMU
BBIYMCITUTENIBHBIMU YCTPOMCTBAMU WM cpeaMu. OHM MOTYT NepeiBUTaThCsl, YTOOBI BBHITIOTHUTD
3aJa4u WM MOJYYUTh JOCTYI K pecypcaM, pacipe/ieleHHbIM IO CETH.

10. BupryasnbHble areHTbl: DTU areHThl CYHIECTBYIOT U JIEHCTBYIOT B BUPTYyaJbHBIX Cpelax,
TaKUX KaK BUPTYyaJIbHbIE MUPBI WM CUMYJIALMU. OHU MOTYT B3aUMOJIEIICTBOBATH C MOJIb30BATESIMU
WIN APYTMMU areHTaMU B BUPTYaJIbHOM MPOCTPAHCTBE U BHINOJHATH pa3IvyHbIe 3aJau.

ITO JAUIIb HEKOTOPbIE U3 OCHOBHBIX THIIOB areHTOB B OOJACTH MCKYCCTBEHHOTO MHTEJIJIEKTA.
B 3aBUCHMMOCTH OT KOHKPETHOTO KOHTEKCTA U 3a[Jaud MOTYT CyLIECTBOBATh U JIPyrHe TUIIbI areHTOB
WM UX KOMOMHAIIWY.

MopeaupoBaHue OKpy:KeHHs

MonenrpoBaHue OKPYKEHHsI UTPaeT KJOUEBYI0 pOib B pa3padOTKe M pean3alliil CUCTEM
MCKYCCTBEHHOT'O MHTEJIJIEKTa. DTOT MPOIIECC BKIIIOYAET B ce0s1 BHIOOP MOIXOASIIEeH a0CTPAKIINK IS
MIPE/ICTABIICHUsI OKPY’KAIOIIEH Cpelibl, a TAaKXkKe METOIOB OLIEHKU U OOHOBJIEHUs ee cocTosiHus. Pas-
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JTu4Hble (hOPMATU3AIKA OKPYKEHUSI MOTYT OBITh MCIIONB30BaHBl B 3aBUCUMOCTH OT KOHKPETHOM
3aJ]a44 U XapaKTEPUCTUK CPE[Ibl.

OpuuM 13 Hanbosee pacpoOCTPAHEHHBIX MOAXOA0B K MOACIMPOBAHUIO OKPYXKEHUS SBIISIETCS
UCIIONIb30BaHue TpadoB U ceteil. B 3ToM cityyae BepimHbl Tpada MpeacTaBIIsioT COO0 OOBEKTH B
OKpyXalolen cpefie, a pedpa — cBA3u Mexay HuMuU. Vcronb3oBanue rpad)oB U CeTel Ik MOJICIH-
POBaHUS OKPYKEHUsI NPEJOCTABIISAET MHCTPYMEHT U1l aHAIU3a U BU3YAJIM3alH CII0KHBIX B3aUMO-
NeWCTBUI MekIy OOBEKTaMH B Cpeie.

[IpermyiiecTBOM Takoro moaxoaa SIBISETCS BO3MOXHOCTb 3(P(EKTUBHOIO MOJAETUPOBAHUS
CJIOXKHBIX CTPYKTYp M B3aMMOCBsI3ell B OKpy:xaioweil cpeae. Harpumep, B KOHTEKCTE COLIMATbHBIX
ceTell BepIIMHBI MOTYT IMPEACTABISAThH MOJb30BaTelield, a pedpa — CBA3M Mek1y HUMHU (Hampumep,
apyx0a, MOAMKICKa U T. 11.). B rpade 3HaHMIA BEpIIUHBI MOTYT MPEACTABISIThH MOHATHUS UK OObEKTHI,
a peOpa — UX JIOTUYECKUE CBS3U WM aCCOLIALINH.

ITOT MOAXOA TaKke 0OecrieunBaeT yAOOHBI MHCTPYMEHT JUISl aHAJIN3a CTPYKTYPhI Cpelibl U
BBISIBJIEHMS] BaXHBIX NATTEPHOB U 3aBrcuMocTedl. C MOMOIIBI0 METO0B aHaau3a rpadoB MOKHO
BBISIBJISITh KJTIOYEBBIE Y3JIbI, BHISIBJISATH COOOIIECTBA MM KJIACTEPbl OOBEKTOB, 4 TAKXKE OIEHUBAThH
BaXXHOCTb WJIM LIEHTPAJILHOCTb PA3JIMYHBIX JIEMEHTOB CPE/Ibl.

Ncnonb3oBanue rpacoB u ceteit 1J1s1 MOAEIMPOBAHUS OKPYKEHUS MpeiocTaBisieT 3(PPeKTrB-
HBIT ¥ TUOKUI MHCTPYMEHT ISl aHAJIN3a CJIOKHBIX B3aUMOJICHCTBUH U CTPYKTYP B cpefie, UTo T03-
BOJISIET pa3paboTYMKaM M MCCIIEAOBATENSAM MOMydaTh TIyOOKOe MOHUMaHKe OKPYXKaloIIero Mupa u
UCTIONb30BATh 9TO 3HAHUE JIJIS1 IPUHSATHUS PELIEHUI U TUIAHUPOBAHUS JEVCTBUM.

Marpuiibl Wi TaOJIMYHBIE CTPYKTYPBl JAHHBIX MPEACTABIISIOT COOOM eIlle OMH pacipocTpa-
HEHHBIH Cr1oco0 (popManu3ayy OKpyKeHHs B KOHTEKCTE UCKYCCTBEHHOTO HTENJIeKTa. B aToM nop-
xofie MH(OpMaIIMst O COCTOSIHUSIX U JEUCTBUSIX areHTOB OOBIYHO MPEJICTaBIeHa B BU/IE TaOJUIIb, T/e
CTPOKH COOTBETCTBYIOT PA3JIMYHBIM COCTOSIHUSIM CPEJIbl, & CTOJOIBI — BO3MOKHBIM JEHCTBUSIM areHTa
WJIA BHEILHUM BO3JEUCTBUSM.

OnHIM U3 MPEUMYIIECTB TAKOTO MOX0/1a SBJISAETCS €ro MPOCToTa v 3(PEeKTUBHOCTD MU 00pa-
O0TKe M XpaHEHWH JaHHBIX. MaTpuIlbl MOTYT JIETKO MAacCIITaOUpOBaThCs Jisi 00pabOTKU OOJBIINX
00beMOB MH(POPMAITUH 1 OBICTPO OOHOBJIATHCS TIPU U3MEHEHUU COCTOSIHUSI CPeJIbl WM AEHACTBHSX
areHra.

Takue TabIMYHbIE CTPYKTYPBI JAHHBIX YACTO UCTIONB3YIOTCS B KOHTEKCTE 00YYeHHs C TIOIKperl-
JIEHWEM, TJe areHTy HeoOXOAMMO MPUHHMMATh PEIIeHUs] HA OCHOBE TEKYILErO COCTOSIHUSI CPEIbl U
OXHUIaeMbIX BO3HarpaxaeHui. [lyrem oOHOBIeHUs 3HaueHU# B Tabnuile Q-3HaueHWi, HalpUMep,
areHT MOXET MOCTENEHHO YJIy4IllaTh CBOIO CTPATETHIO IEMCTBUI M HAXOAUTh ONITUMAJIbHbIE PEIICHUS
IUIS1 TOCTUKEHUSI CBOUX LIEJIEN.

OpnHako CTPYKTYpbl JaHHBIX B BUJE MATPHIL WM TaOIUI] MOTYT OKa3aThcsl Hea(P(HEKTUBHBIMU
B CJTydae OOJIBIIOrO YMCiIa BO3MOKHBIX COCTOSIHUM WITH AGHCTBHIA, a TAKXKe MPU HATMIUN HETIPEePhIB-
HBIX WJIH CJIOKHBIX ITPOCTPAHCTB COCTOSTHUM. B TakuX ciydasx 4acTo MpUMEHSIIOTCS Oojiee CIIOXKHBIE
METO/Ibl, TAKME KaK HEHPOHHbBIE CETH WJIH alpOKCUMAIIMOHHbIE METO/IbI, KOTOpPBIE TIO3BOJISIOT Oosiee
ruOKO MOJEIMPOBATh OKPYKEHHE M TPUHUMATh PEIIeHUs HA OCHOBE BXOJHBIX JAHHbIX.

B nporiecce MonenMpoBaHus OKPYKEHHsI BaKHBIM acClIeKTOM SIBJISIETCSI CIIOCOOHOCTh areHra
OLICHMBATh U OOHOBJIATH COCTOSIHUE OKPYXKAIOIIEro MUPa Ha OCHOBE HOBOW MH(OpMaIIU. DTO HE0O-
XOAMMO JJIs1 TOTO, YTOOBI aJIEKBAaTHO pearupoBaTh HA N3MEHEHUsI B Cpejie ¥ TPUHUMATh OOOCHOBAH-
HbIE pelIeHNs] B pealbHOM BpeMeHU. OlieHKa U OOHOBJIEHHUE COCTOSTHUS OKPYXKAIOIIEr0 MUpPa MOXET
MIPOMCXOIUTD B PA3JIUYHBIX (pOpMaTax, B 3aBUCUMOCTU OT UCIIOJIb3YEMOW MOJIE/IY U TUIIA areHTa.

B ciydae ucrionb30BaHusI MaTpUI] COCTOSIHUM, areHThl MOT'YT OOHOBJISITh 3HAUEHHUSI B COOTBET-
CTBYIOIIMX STYEHKAX MaTPUIIbl B 3aBUCMMOCTH OT HaO/MoIaeMbIX M3MEHeH Uit B cpesie. Hapumep, ecim
areHT OOHApYKUBAET, UTO BBIMOJTHEHHUE OITPE/ICICHHOTO ISHCTBUSI IPUBOJMT K IOJIOKUTEIBHOMY WU
OTpPUIIATEILHOMY Pe3yJIbTaTy, COOTBETCTBYIOIIEE 3HAUSHUE B MAaTPHILIE MOXKET ObITh KOPPEKTUPOBAHO
11l y4eTa 3TOro OIIbITA.
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B ciyuae ucnons3oBanus rpaoB UM CeTed ISl MOICIMPOBAHUS OKPYKEHHsI, OOHOBJICHUE
COCTOSIHUSI MOXET BKJIIOYATh B ceOsl M3MEHEHUE CBSI3e MeXIy y31amH rpada B COOTBETCTBUH C
HOBBIMH HAOMIOICHUSIMU WU AEUCTBUAMY areHTa. Hamprmep, eciiv areHT B3auMOJIEHCTBYET C HOBBIM
00BEKTOM B Cpejie W OOHAPYKUBAaET HOBYIO CBSI3b MEKIy OObEKTaMH, COOTBETCTBYIOIIASI CBSI3b B
rpacge MokeT ObITh J0OaBJIeHa WIIM U3MEHEHA IJIs1 OTPAKEHHUs ITOTO.

BasxHo, 4TOOBI TIpOLIECC OIIEHKH ¥ OOHOBJIEHHS COCTOSTHUSI OKPYKAIOIIEro MUpa ObLT peryisip-
HBIM ¥ aJJAlITUBHBIM, YTOOBI areHT MOT 3(p(EeKTUBHO aJalITHPOBATLCS K M3MEHEHUSIM B Cpejie U yilyd-
I1aTh CBOM CTpaTeruy U pellieHus Ha OCHOBE HOBOW MH(OpMAaIUr. ITO IoMoraeT ooecreuuTsb dpdek-
THUBHOE (DYHKITMOHUPOBAHME MCKYCCTBEHHOTO MHTEJUICKTA B Pa3IMYHBIX 3a/a4ax U CLIEHAPUsIX, I1e
OKpYXKalolas cpejia MOXKeT ObITh TMHAMUYHON W U3MEHYHUBOM.

MonenrpoBaHue OKpYKEeHHUsI MPEACTaBiIsieT cOOO0M BaXHBI 3Tl B TMpoliecce pa3padOTKU
CHCTEM HUCKYCCTBEHHOTO MHTEJUIEKTA, KOTOPBIM M03BOJIAET 3P(PEKTUBHO MPEACTABIATh U AHAIU3UPO-
BaTh MH(OPMALIMIO O CPeJie U UCIIONb30BaTh €€ /17151 IPUHATHS PEeIlieHU!d U TUIAHUPOBAHUS IEHICTBUIA.

Bocnpusitue u Bo3ieiicTBue

BocripusiTiie 1 BO3IEHCTBYE SIBIISIIOTCS KJIIOUEBBIMH ACTIEKTaMH B3aMMOJICHCTBHS areHTa C ero
OKpyXEHHeM B KOHTEKCTe MCKYCCTBEHHOTO WHTEJUIEKTa. BocrmpusaTHe OTHOCHTCS K CIOCOOHOCTU
areHTa BOCIIPUHUMATh MH(MOPMAIUIO O OKPYKAIOIIEH cpesie ¢ TIOMOIIIBIO Pa3InYHbIX CEHCOPOB, JIaT-
YMKOB U JPYTUX YCTPOWCTB. DTH YCTPOMCTBA MOTYT OBITh PAa3HOOOPA3HBIMU M BKJIOUATh B ceOs
KaMepbl, MUKPO(OHBI, paiaphl, JIUAAPHI 1 MHOTHE IPyTHe CEHCOPHI, MTPEJOCTABIISIONINE areHTy JIaH-
HBIE O €r0 OKPYKSHHU.

st acppekTrBHOTO (PYHKITMOHUPOBAHM S areHTY HEOOXOAMMO UMETh BO3MOXKHOCTh MHTEPITpe-
TUPOBATh TIOTyYEeHHYI0 MH(OPMAIIMIO U aJalITUPOBATh CBOE MOBEJCHNE B COOTBETCTBUU C Hel. ITO
MOJET BKJIIOUaTh B ceOsl pacro3HaBaHHE OOBEKTOB, OMpeIeieHNe UX PACTIONIOKEHUS U JBHKCHUS,
aHAJIM3 CBSA3EH U 3aBIHCUMOCTEN B OKPYKAIOIIEH cpesie 1 MHOTOe ipyroe. BaskHo, 4TOObI areHT 0071a-
JaJT MeXaHU3MaM# 00paOOTKH U aHAIM3a TIOTyYeHHBIX JAHHBIX, YTOOBI TPUHUMATH MH(OPMUPOBAH-
HbIE pPelieHus U IeNCcTBOBaTh 3(P(PEKTUBHO.

BospelicTBue, ¢ Ipyroii CTOpOHBI, OTHOCUTCS K CIIOCOOHOCTU areHTa BJIUATH HA CBOIO OKPYyXkKa-
IOIIYIO Cpejly Yepe3 aKTyaTOpbl U MEXaHU3MBbI YIIPaBJICHUA. DTH YCTPONCTBA MOTYT BKJIIOYATh B CeOs1
JBUTATE]I, MOTOPBI, IPUBOJIBI, KJIAMIAHbI U IPYTUE MEXaHU3MBbI, KOTOPbIE TIO3BOJISIIOT areHTY BHITOJI-
HSATH JISICTBUS U BO3JICHCTBOBATh HA OOBEKTHI B CpeIe.

B koHTekcTe poOOTOTEXHUKH MIPUMEPOM CIIOCOOHOCTH areHTa BO3JEUCTBOBATh Ha OKPYXKalo-
IO Cpey MOXET CITY’KUTh MOOWJIBHBI POOOT, OCHAIIEHHBI MaHUITYIATOpoM. [IpescraBum cebe
PpOOOTa-TIOMOIITHUKA B JOMAIITHEW Cpejie, KOTOPhIA MMeeT MEeXaHUIeCKU MaHUTYJIATOP C KHUCTHIO.
ITOT poOOT MOKET UCIIOIH30BATHCS IS BHIMOTHEHU ST PA3IMYHBIX 3a/1a4, TAKUX KaK yOOpKa, pa3me-
IIeHUe MPEIMETOB UJIH TTOMOIIb B IIOBCEJHEBHBIX Jejax.

Korma po6oT BoCIIpUHUMAET CBOIO OKPYKAIOIIYI0 CPedy C TIOMOIIBbI0 KaMephl WM JaTYMKOB
paccTosiHUSA, OH NOTy4YaeT MH(POPMAIIUIO O MECTOTIOIOKEHUH U PACTIONIOKEHUN OOBEKTOB B KOMHATE.
3areM, Ha OCHOBE 3TOU MH(pOPMAIIUK, POOOT MOKET MIPUHUMATh PEIICHUS] O TOM, KaKue JIeHCTBUS
eMy ciieflyeT BBIONHUTh. Hampumep, ecii oH oOHapyXuBaeT TpsA3b HA MOy, OH MOXET PelluTh
WCIIOJTb30BATh CBOM MAHMITYJISITOP C KUCTBIO JIJIsT YOOPKHU.

AKTyaTopsl poOOTa, TaKMe KaK JABUIATEeSIN U MPUBOJBI, IIO3BOJISIOT €My BBIIIOJTHUTH 9TO JEH-
CTBUE, YIIPABJISAS ABVKEHUEM MAHUITYJISITOpA U KUCTU. POOOT MOXET TOUHO peryiMpoBaTh IBUKEHIE
MaHHMITYJIATOPA, YTOOBI OYMCTUTD OIpeAeeHHYI0 oonacTs moja. [locne 3aBepieHus 3a1adund poOoT
MO’ET BHOBb BOCIIOJIb30BAThCSI CBOMMU CEHCOPAaMU, YTOOBI IIPOBEPHUTH Pe3yJIbTaT U YOSAUTHCS, U4TO
3aJa4ya BHIMOJTHEHA.

Uepe3 B3aMMOJICHICTBHE CBOUX AKTYaTOPOB C OKPYKAIOIIEH cpeioi, poOOT criocoOeH BIUSITh Ha
CBOE OKPY’KEHHE U BBITIONHSATH PA3JIMIHbIC 330a4H, Jej1asi €ro BaKHBIM UHCTPYMEHTOM JIJIsl aBTOMa-
TU3allMU PYTUHHBIX JIECTBUI B JOMAIIIHEN WM TPOMBIIUIEHHOW Cpeie.
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BaxHo, uTOOBI areHT ObLT criocoOeH 3(P(HEKTUBHO YIPABIATh CBOUMH aKTYaTOpPaMH U TIPUHU-
MaTh pelIeHUs O TOM, KaKhe JEWCTBUS CJIEAYET BBIIOJHUTH B 3aBUCMMOCTH OT TEKYLIErO COCTOS-
HUS OKPY’KAIOIEeH Cpe/ibl U ero Leseil. DTo MOXKEeT BKJII0YaTh B ceOs IJIaHUPOBAaHKE U MOCIIeI0Ba-
TEJIbHOE BBIIIOJIHEHUE ACUCTBUI, YUET OTPAHUYEHUI U PUCKOB, a TaKKe B3aUMOJEUCTBUE C APYTUMU
areHTaMu ¥ 0OBbEKTaMU B cpefie. B pe3ysbTare areHT MOXeT BO3JEHCTBOBATh HA CBOE OKPY:KEHHE C
LEJIbI0 JOCTHKEHHS TTOCTABIEHHBIX 33724 U BHIIIOJHEHUsI CBOMX (DYHKIIM B KOHKPETHOH 0OIacTH
MIPUMEHEHUS.

IIpunsTHe pemeHnii U IVIAHNPOBaHUe JAeilCTBUI

[IpunsATHE peleHni 1 NJIaHuPOBaHKE JEVCTBUN SIBJISIIOTCS BAXKHBIMU aclieKTaMU (DyHKIIMOHU-
POBaHMS areHTOB B OKpYKaloliel cpesie. PeakTuBHAs cTpaTerus sBIsieTCs OJIHUM U3 MIPOCTHIX U
3(p(PeKTUBHBIX TOAXOIOB K IPUHSTHUIO PEIICHUI areHTOM B OKpy:Katoiei cpene. [1pu Takom noaxone
areHT HEeMOCPE/ICTBEHHO pearupyeT Ha TEeKYIIee COCTOSIHUE OKPYXKAIOLEeH cpelibl, IPUHUMAasl perie-
HUs €3 yueTa I0JrOCPOYHBIX MOCIEICTBUIA NI COCTOSIHUM, KOTOPbIE MOTYT BO3HUKHYTH B OyyILIEM.
ITO 03HAYAET, YTO areHT He CTPOUT MOJEJIb CPe/ibl M He IIPOrHO3UPYET ee Oyiyliee pa3BUTHE, a IPH-
HUMaeT pellieHus TOIbKO Ha OCHOBE TOTO, YTO OH B JaHHBII MOMEHT HaOMI0aeT.

PeakTuBHas crparerust ocoOeHHO 3(p(PeKTUBHA B CTATUYHBIX MM MEAJIEHHO W3MEHSIIOIIUXCS
cpenax, rae TEeKyIlee COCTOSTHME OOBIYHO SIBJISIETCS JOCTATOYHO HAJEKHBIM MHIMKATOPOM TOTO,
Kakue JeWCTBUS ClieyeT MpeanpuHsaTh. Hanpumep, ecinm poOOT nepemenaercs B 3apaHee U3BeCT-
HOW CTPYKTYPUPOBAHHOM Cpelie, Iie MPENSITCTBUS He MOSBIISIOTCS WM MEHSIOTCS PE/IKO, OH MOXET
YCTIEIITHO MCTOb30BaTh PEAKTUBHYIO CTPATETHIO /11 HABUTALIMY U M30eraHust MPEensTCTBUM.

OpHako peakTHBHBIE CTPATErMU MOTYT OKa3aThCsl HEAOCTATOUHO 3(P(PEKTUBHBIMU B CIIOKHbIX
Y JUHAMUYHBIX CpeJiax, /1€ JOITOCPOYHbIE TOCEACTBUS JEUCTBUI UIPAIOT KJIIOUYEBYIO poiib. B Takux
CIIyYasix areHTy MOKET MOTpedOBaThCsl CIIOCOOHOCTh MTPOTHOZUPOBATH OYIYyIIUE COCTOSTHUS CPEJIbl U
IIPUHUMATH PEIIEHUs1 Ha OCHOBE 3TUX MPOTrHO30B. TeM He MeHee, B OINpeJeSIeHHbIX KOHTEKCTax, I1e
BBICOKAs1 CKOPOCTb PEaKIMY KPUTHUECKH BaKHA, PEAKTUBHBIE CTPATETMH MOTYT OCTaBaThCsl MPEIIo-
YTUTEILHBIM BHIOOPOM JUJIs1 ar€HTOB.

[TpumepoMm npUMeHeHHs] pEaKTUBHOM CTPAaTerny MOXKET CIYKUTh aBTOHOMHBI aBTOMOOWIIb,
JBVOKYIIUHACS 110 CTaOMJIBHON M XOPOIIO U3YyYEHHOU JIOPOXKHOU MH(PACTPYKType. B TakoM ciydae
ABTOMOOMJIb MOXET UCIOJIb30BATh MPOCTYI0 PEAKTUBHYIO CTPATETHIO 1)1 HABUTAIIMYU U YIIPABJICHUS,
MIpUHUMAs PEIIEHUs1 Ha OCHOBE TEKYIIMX YCIOBUM JOPOTH U OKPYKAIOLIErO TPAaHCIOPTA.

Koraa aBromoOuiib 0OHapy:KMBaeT NPENsATCTBUE WM JPYTUe TPAHCHIOPTHBIE CPE/ICTBA B CBOEM
MYTH, OH MOXET aBTOMATHUECKH pearupoBaTh, M3MEHsIsI CBOI0 TPACKTOPHIO IBUKEHUST UM CHUXKAsI
CKOPOCTb, YTOOBI U30€KaTh CTOIKHOBEHHSI. DTU PEIIeHUs] IPUHUMAIOTCS UCXOMs U3 JaHHBIX, MOTY-
YEHHBIX OT PA3IMYHBIX CEHCOPOB, TAKMX KaK pajapbl, KaMephbl U JIMJAPbl, KOTOPbIE TIOCTOSIHHO CKa-
HUPYIOT OKPY’KAIOIYIO CPEy B PEaIbHOM BPEMEHH.

B crabwibHOM M mipe/icKa3yeMol JOPOKHOM cpejie, TAe MPEnATCTBUS PEIKO MOSBISIOTCA U
MaJIOBEPOSITHBI BHE3AITHbIE U3MEHEHUsI YCIJIOBHIA, pEAaKTUBHAsSI CTPATETUsi MOXET 00eCTIeunTh OBICT-
poe 1 6e30macHoe IBMKEHHE aBTOMOOWIISI 63 HEOOXOIMMOCTH B CIIOXKHBIX MOAENSIX OKpYXKAIoIIeH
Cpeabl WK A0JITOCPOYHOM IJITAHWUPOBAHUM MapHIpyTa. DTO JejlaeT Takou noaxod 3(peKTUBHBIM 17151
TMOBCEJHEBHOTO UCIIOIB30BAHMUST aBTOHOMHBIX aBTOMOOWJIEH B YCIIOBUSIX TOPOACKOTO JBIIKEHUS WITH
Ha OTKPBITHIX ABTOMATrUCTPAISIX.

CrpaTerun Ha OCHOBe 3HAHMII MIPEJICTABIISAIOT COOOH aAJTbTEPHATUBHBIN MOAXOM K TPUHATHIO
pELLEeHNUH, TIe areHT UCIONb3YeT 3apaHee U3BECTHBIE MTPaBUJIA, 3aKOHBI WM MOJENHU IJIsl IPUHATHUSA
00OCHOBAaHHBIX JIEWCTBUI B OKpY’Kalolled cpeae. B oTimume oT peakTUBHBIX CTpaTeruii, KOTopblie
pearupyioT TOJIBKO Ha TEKYILEEe COCTOSIHUE CPE/Ibl, CTPATEery Ha OCHOBE 3HAHUM MO3BOJISIOT areHTy
YUMTBIBATh OOJiee IMPOKHIA KOHTEKCT U JIeaTh BBIBOABI HA OCHOBE MPE/IBAPUTENILHO 3arpyKEHHBIX
3HaHMI O cpefie U ee (PYHKLIMOHUPOBAHUU.
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ITOT MOJIXOA MOXKET ObITh OCOOCHHO TOJIE3eH B CUTYAIMSIX, IJIe areHTY JOCTYITHBI ONpe/esieH-
HbIe 3HAHUSI O CBOEH Cpejie Y TUIIMYHBIX CIIeHApUsX roBesieHus. Hanpumep, B MEAMIIMHCKUX JKC-
MIEPTHBIX CUCTEMaXxX areHT MOXET UCIONb30BaTh 3apaHee OIpe/ie/IeHHbIe METUIIMHCKIE TIPOTOKOIBI 1
0a3bl JAHHBIX 3a00JIEBAHUI 17151 JUATHOCTUKY U PEKOMEHAAINH JieueHus mareHTam. Takxke crpare-
T'M¥ HA OCHOBE 3HAHUI MOTYT OBITh TPUMEHEHBI B POOOTOTEXHUKE JJIs1 BBITIOTHEHUS 3a/1a4, TpeOyo-
IIIUX TOYHOTO 3HAHMSI CPEJIbl, TAKUX KaK HABUTAIM B JIAOMPUHTE WU YITPABJICHUE MAHUTTYISTOPAMHU
1151 BHITIOJTHEHUSI CIIOKHBIX MAHUITYJISAIMA.

XOTs cTpaTeruy Ha OCHOBE 3HAHWI MOTYT OBITh O0Jiee 9(P(heKTUBHBIMU B IPEJICKA3yeMbIX Cpe-
Jax WM TIPpY BBHITIOTHEHUHU 3324 ¢ YETKUMHU MPaBUJIAMH U MOJIENISIMU, OHM MOTYT ObITh MeHee I'Mo-
KHMHU B CUTYallUsIX, [Jie Cpela U3MEHYMBA WM HeompeneaeHHa. B Takux ciaydasx areHTy MOXKeT
NoTpedOBaThCs CMIOCOOHOCTH 4IANITHPOBATHCS K HOBBIM YCIIOBUSIM M 00y4aThCs Ha JIETY, YTO MOXKET
OBITH OOJIEe CJIOKHO C UCTIONB30BAHMEM KECTKUX 3apaHee OnpeesieHHbIX CTpaTeryid.

[Tpumepom npuMeHeHHs! CTpaTervii Ha OCHOBE 3HAHUI MOXET CITy’KUTh aBTOHOMHBIA MOOWITb-
HBII pOOOT, IpeIHA3HAYEHHBIH JJ151 HABUTALIMK B OOJIBIIIOM CKJIJICKOM MoMeleHu . [Ipeanonoxum,
YTO B CKJIa[€ YCTAHOBJICHA CUCTEMa HaBUTallMH, KOTOpas MpefoCTaBiisieT poOOTy MH(MOPMAIIUIO O
PACMONIOKEHUH Pa3INYHBIX TOJIOK, MPEMSITCTBUI U TOUEK Ha3HAYCHUSI.

B sToM ciydae po60T MOKET MCHOJIb30BaTh 3apaHee M3BECTHBIE KApThl CKJIa[a W aJTOPUTMBI
TUIAHUPOBAHU I MapuIpyTa JUis 3(p(peKTUBHON HABUTAIIMY BHYTPH NomernieHus. Ha ocHoBe 3THxX naH-
HBIX pOOOT MOXKET BHIOMpATh ONTHMAJIbHbIE ITyTH IJIs1 IOCTAaBKM TOBAPOB C MOJIOK Ha TOUYKH Ha3Haue-
HUS WK 1J1s1 BBITIOJTHEHM ST IPYTUX 3324, HallpUMep, MHBEHTAPU3ALlUK WM TIepeMEIeHUs TPy30B.

[Mpeamnonoxum, 4To poOOTY HEOOXOAUMO JIOCTABUTH TOBAPHI C OIMPEIEICHHOM MOJIKU Ha TOUKY
Bb1aur. OH KCTIONIBb3YeT 3apaHee 3arpykeHHble JaHHBIE O CTPYKType CKJaja M MPearouUuTaeMbIX
nyTsx ApwkeHus. Ha ocHoBe 310l nH(pOpManmu poOoT TIaHUPYET ONTUMAJIBHBIN MapuipyT, u3oe-
rast IpensATCTBUNA 1 MUHUMU3UPYS BPeMs IOCTaBKU. DTO MO3BOJIsIET eMy (PDEKTUBHO U 6E30MacHO
NiepeMeInaThes 1Mo CKJIady, UCTIONb3Ys 3apaHee U3BECTHBIE 3HAHUS O Cpejie.

Takum 06pa3om, UCTIONB30BAHUE CTPATETMil HA OCHOBE 3HAHU MO3BOJISIET POOOTY MPUHUMATD
00OCHOBaHHbIE PEIICHHs] Ha OCHOBE MPEBAPUTENHHO 3arpyKEHHbIX JTJAaHHBIX O cpefie U ee (PyHKIH-
OHUPOBAHMH, UTO JeJ1aeT ero Oosee 3(peKTUBHBIM U HaIe)KHBIM B BHITIOTHEHUHU 33/1a4 HABUTALlUH B
MpeJICKa3yeMoi cpejie, TAKOM KaK CKJIJICKOe TIOMEIIEHHE.

Oo0yueHue ¢ moJKperJieHHeM Ipe/ICTaBIIsieT COOOM MOIIHBIN METO/] MAIIMHHOTO OOyYeHUS,
MIpY KOTOPOM areHT M3y4aeT ONTUMAJIbHBIE CTPAaTerny MOBEAEHHS, OCHOBBIBASICh HA HArpajax WM
mrpadax, MOMYyYEHHBIX B pe3ysbTaTe B3aMMOIEHCTBUSA C OKpy:Kaioleill cpefoi. B atom nomgxone
areHTy He MPeJOCTaBIISIOTCS 3apaHee onpe/esieHHbIe MPaBUIIa WM MOJIEU OKPYXAIOIIeH cpefpl, a
BMECTO 3TOTO OH CAaMOCTOSITEIbHO UCCIIElyeT Cpely, TPUHUMAET JeCTBHUS U HAOJIONAeT 3a peaKiuei
Cpefbl Ha 3T JICHCTBUSI.

KimoueBoil koHIIeNIIMeld B 00y4eHU! C MOAKPEIUICHUEM sIBJISICTCS TIOHSITUE HArpajibl. ATeHT
CTPEMUTCS] MAKCUMHU3UPOBATh MOJTy4aeMyIo Harpay, yTo MoOyKAaeT ero BRIOMpaTh eUCTBHUS, KOTO-
pble MpHUBEAYT K HAWIYYIIUM pe3yJbTaTaM B JOJITOCPOYHOH mepcriekTuBe. Hamprmep, B 3amaue
yIIpaBJIeHUs] MOOMJIBHBIM pOOOTOM Harpaioil MOXeT ObITh JOCTHKEHHE 11eJIeBOM TOUKH, a mTpadom
— CTOJIKHOBEHHE C MPEMSTCTBHIEM.

[Tytem nccnenoBaHus M B3aMMOJEWCTBUS C OKPYXKAIOUIEW CPEeIoW areHT HAaKaIUIMBAET OIbIT,
KOTOPBIN UCTIONB3YeTCs /1JIsi OOHOBJIEHUsI ero crpareru. OO0yueHue ¢ MOAKPEIVICeHUEM 4acTo OCHO-
BaHO Ha METOJax M aTOPUTMax, TaKMX Kak Q-oOydyeHue, riyookoe 0OydeHue C MOAKPEIUICHUEM U
QJITOPUTMBI AKTOP-KPUTHK.

[MpeumyiiecTBO 0O0y4YeHUs ¢ MOAKPEIUICHUEM 3aKJTI0YAETCs] B €r0 CIIOCOOHOCTH K aJlanTaluu
K pa3IMYHBbIM CpeaM M CIIEHApHsIM, a TaKkKe B BOBMOXKHOCTH 3(P(HEKTUBHOTO 0O0yYEeHHsT ONTUMAITb-
HBIM CTPATEeTUSIM B YCIOBUSX CIIOKHBIX M TUHAMHYECKHUX Cpel. DTOT METO IIMPOKO MPUMEHSIETCS B
Pa3IMYHBIX 00JIACTSIX, BKJTIOYAsT aBTOMATH3AIINIO0, POOOTOTEXHHKY, UT'POBYIO MHIYCTPUIO, (PMHAHCHI 1
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MHOTHUE Jpyrue, rae TpedyeTcsl MprUHITHE 0OOCHOBAHHBIX PEIICHUI B YCJIOBHSIX HEONPEAeIeHHOCTH
Y U3MEHYMBOCTH.

[Tpumepom mpuMeHeHHs] OOyUeHHUsI C TOAKPEIUICHUEM MOXET CIYXKUTbh O0OyYeHHE MI'POBBIX
areHTOB B KOMITBIOTEPHBIX Urpax. PaccMOTprM cHTyaluio, rae areHT o0yJyaeTcst urpath B Kjiaccude-
cKyIo urpy Atari Breakout, rie Heo6X0aMMO pa3pyiarh OJIOKH, YIpaBiss IAaTghOpMOK, YTOOB MU
OTCKaKWBaJI OT Hee U pa3OMBaJl OJIOKU.

B stOoM mpumepe areHTy mpenocTaBiisieTcsl cpena, MpeacTaBieHHass UTPOBBIM KPAHOM, Ha
KOTOPOM OTOOpakKaeTcsl TEKyILee COCTOSIHUE UrPbl. ATEHT JIOJKEH MPUHUMATh JIeWCTBHUsI, HAIPaB-
JIEHHbIE HA MAKCUMU3AIIMI0 COOPAaHHOMW HArpa/ibl, B IAHHOM ClTy4yae — KOJIMYEeCTBO Pa3pyIIeHHBIX OJ10-
KOB. Kaxplii pa3, Korjga Msi4 OTCKaKMBaeT OT IJ1aT¢OPMbI U pa3pymiaeT OIOK, areHT MOJTyYaeT Mojo-
KUTEJbHYIO Harpajy, a €Cciy M4 MajaeT v YIycKaeTcsl, areHT MoyJaeT OTpULaTeIbHYI0 Harpamy.

AreHT HauMHaeT oOy4eHHe ¢ TIOJIKperUieHHeM C HEKOTOPOU ClTydaitHou crpareruu. OH uccie-
AyeT pa3inuHble AeHCTBHS 1 HAOMIONAET pe3y/IbTaThl CBOMX NeUCTBUIL. [locTeneHHO areHT HaunHaeT
(opMupoBaTh MpeACTaBIEHUE O TOM, KaKue AEHCTBHS MPHUBOAT K MOJOKUTETbHBIM HArpajaam, a
KaKHe — K OTPUIIATETbHbIM.

C ucrnonb30BaHUEM METOIOB OOyUEHHUs C TIOOKPEIUIEHHEM, TakuxX Kak Q-oO0yueHue Wi Iiy-
6oKoe 00yueHHe ¢ TIOIKpPerIeHHUeM, areHThl MOTYT 00ydarbcsi 3(h(PEKTUBHO U JOCTUTaTh BHICOKOTO
YPOBHS MacTepcTBa B Urpe. B KOHEYHOM UTOre areHThl MOTYT CTaTh CIIOCOOHBIMU JJOCTUTaTh BHICOKHX
PEe3yJIbTaTOB B MI'Pax, Jake MPEeBOCXO/sl ypOBEHb MPO(ECCHOHATIBHBIX UTPOKOB, Garogapsi criocoo-
HOCTH 00y4JaThCsl HA OCHOBE OITBITA U KOPPEKTHPOBATH CBOIO CTPATETHIO B COOTBETCTBUM C M3MEHSI-
IOIIMMUCS] YCIIOBUSIMU UTPHI.

JI71s1 TTorcKa ONTUMAJbHBIX JEWCTBUI B PA3IMUHBIX CHUTYAllMsIX areHThl MOTYT MCIIONb30BATh
Pa3IMYHbIe AJITOPUTMBI I TEXHUKH, TAaKHE KaK aJITOPUTMBI ITOMCKA, METO/IbI ONITUMHU3AINH, aTIPOK-
CUMAIIMOHHbIE AJITOPUTMBI M MHOTOE Jipyroe. KoMOMHMpOBaHMe pa3IuYHbIX MOAXOA0B M TEXHUK MO3-
BOJISIET areHTaM 3(pheKTUBHO MPUHUMATH PEILICHUs U JOCTUTaTh CBOMX IIeJiel B pa3HOOOPA3HbBIX Cpe-
Jax U CLCHapUsIX.

2.2 3HaHus U Ipe/CcTaBJIeHHue

3HaHUs PECTABIISAIOT COO0H (PyHIAMEHTAIBHBIN JIEMEHT B 00JIACTH MCKYCCTBEHHOTO MHTEJI-
JIEKTA, TOCKOJIBKY OHH 00€CTIEUMBAIOT OCHOBY ISl PA3IMYHBIX ACTIEKTOB (DYHKIIMOHUPOBAHUSI U TIOBE-
JEeHUS NCKYCCTBEHHBIX areHTOB. B KOHTEKCTe MCKYCCTBEHHOTO MHTEJJIEKTa 3HAHHSI MOTYT BKJIIOYATh
B cebs1 nH(pOpMaLIMIO, TPABIJIA, MOJENH, OIBIT M MHOTHE APYTME acleKThl, KOTOPbIE UCHIOIB3YIOTCS
JUTSI IPUHSTUST PEIIEHUI U B3aUMOJICHCTBUSI C OKPYKAIOIIEH CpeIou.

OnHIM U3 KJIIOYEBBIX ACTIEKTOB 3HAHWI B UCKYCCTBEHHOM MHTEJUIEKTE SIBJISIETCS KX POJIb B IIPH-
HATHM pellieHnid. 3HaHUs 00eCeunBaloT areHTaM HH(OPMAIMIO O COCTOSTHUN OKPY>KaloIen Cpepl,
O JIOCTYITHBIX BapHaHTax JEUCTBUI U O OXKHUIA€MBIX PE3yJIbTAaTOB ITUX JeiicTBuil. Ha ocHOBe 3TOM
MH(pOPMAIMK areHThl MOTYT MPUHUMAaTh OOOCHOBAaHHBIE pPElIeHUs], HAMPaBJIEHHbIE HA JOCTHUKCHHUE
OIpe/IeNICHHBIX 1IeJIell WM pellleHne KOHKPETHBIX 3a1a4.

Kpome Toro, 3HaHUS UrpaloT KIIOYEBYIO POJIb B PEIlIeHNH 33a4. B MCKyCCTBEHHOM MHTEIJIEKTe
3324 9acTo (pOpMYIUPYIOTCS B TEPMHUHAX 3HAHUU O MPEIMETHON OOIACTH, & areHThl UCTIONB3YIOT
9TU 3HAHWs IJIs1 BBIPAaOOTKM CTpaTervii 1 MeTOIOB pelleHus 3a1ad. Hanpumep, B odnactu Menu-
IIMHBI 3HAHUSI O CUMITTOMAX, TUarHo3ax M JIEYUSHUH TIOMOTAl0T UCKYCCTBEHHBIM CUCTEMaM MPHUHUMATh
peleHNs O TUarHo3e U JICUSHUH 3a00IeBaHu.

Hakonel, 3HaHus UrpaloT BaXKHYI0 POJib B B3aUMOJEHCTBUM areHTOB C OKPY:KalOILEi Cpe/lou.
[MonrMaHue OKpyXalollei cpefipl, e XapaKTepUCTHK U OCOOEHHOCTEH MO3BOJIsAeT areHTaM 3¢ dek-
THBHO a/IalITUPOBATHCSI K U3MEHEHUsIM B Cpefie, MPOrHO3UPOBATh MOCNEICTBUSI CBOUX ACUCTBHNA U
B3aMMOJICHICTBOBATH C JPYTMMH areHTaMH WK 0ObeKTaMH B cpefe. Takum o0pa3oMm, 3HAHUS SIBJIS-
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I0TCSI HEOThEMJIEMOM YacThi0 (DYHKIIMOHUPOBAHMS U TMOBEICHUS HCKYCCTBEHHBIX areHTOB B Pa3jinyd-
HBIX TIPUJIOKEHUSIX M OOJIACTAX MCKYCCTBEHHOTO MHTEJICKTA.

B o6acTvt MICKYCCTBEHHOTO MHTEJICKTA MPE/ICTaB/ICHUE 3HAHWH SABJISICTCS KPaeyrobHbIM KaM-
HEM, MOCKOJIbKY OT BbhIOOpa momxoasimiero ¢opmata 3aBUCAT 3PPEKTUBHOCTh U 3(PHEKTUBHOCTD
padoTsl crcteMsbl. PazHooOpasue (hopMaIM3MOB ¥ SI3BIKOB TTPEACTABICHUS OTpakaeT pazHooOpasue
3a7a4 v cpejl, B KOTOPBIX TPUMEHSIETCSI UCKYCCTBEHHBIN MHTEJUIEKT.

OpHuM U3 HanboJiee pacrpoCTpaHeHHBIX (DOPMATOB MPEJICTABICHUS 3HAHUI SBJISIOTCS JIOTH-
yeckue (popmyanbi. OHM MMO3BOJISAIOT BHIPA3UTh 3HAHUS B BUJIE JIOTUYECKUX BBICKA3BIBAHUM, UTO
JeJaeT ux ynoOHBIMHU T (pOpMaTM3aIiy U paccyxaeHus. Jlormueckue popMysibl MOTYT UCTIONB30-
BaThCs ISl onrcaHusl (DaKTOB, IPABUII U OTHOIIICHHWI B 3HAHUSX.

[Tpumep rcnonb30BaHKS JTOrHIeCKUX (POPMYJI IS MPEJICTABICHNS 3HAHUIN MOXET OBITh CJie-
AYIOLIMM:

[MpencraBum HeOOMBITYIO Oa3y 3HAHUH O KUBOTHBIX:

1. dakTor:

— Cobaka — 3T0 KMBOTHOE.

— Kot - 310 )XUMBOTHOE.

— Cobaka umeeT XBOCT.

— Kot umeer xBocT.

— Cobaka naer.

— Kot maykaer.

2. [IpaBuna:

— Ecnm KMBOTHOE MMeeT XBOCT U JIaeT, TO 3TO coOaKa.

— Ecim XMBOTHOE MMeeT XBOCT U MSYKaeT, TO 3TO KOT.

SrtoTt HAOOp (PaKTOB M MPABUIT MOXHO (hOPMAIM30BATh C UCIIOH30BAHUEM JIOTHUECKUX (hop-
myJ1. Hanmpumep:

1. Iycrsp ( L(x) ) ob6o3Hauaer "x maetr”, ( M(x) ) — "x msaykaer”, ( H(x) ) — "x umeer xBoct",
( A(x) ) = "X 3TO )XKMBOTHOE".

2. Torpa akThl MOKHO 3aIMCaTh B BU/IE JJOTUUECKUX BbIPAKEHUN:

— (A(text{Cobaka}) ), ( A(text{Kot}) ), ( H(text{ Cob6aka}) ), ( H(text{Kor}) ), ( L(text{Co-
Oaka}) ), ( M(text{Kot}) ).

3. IlpaBuia MOXHO MPECTAaBUTh B BUJIE UMILIMKALIAN:

— ( (H(x) land L(x)) Rightarrow A(x) ) (eciii ;kuBOTHOE UMeeT XBOCT M JIaeT, TO 9TO COOaKa).

— ( (H(x) land M(x)) Rightarrow A(x) ) (eciu ’KUBOTHOE UMEET XBOCT U MSIYKaeT, TO 3TO KOT).

Takum o6pazoM, Jiorrmueckue opMyJibl IO3BOJISIOT KOMITAKTHO ¥ TOYHO OTKCHIBATH 3HAHUS U
MpaBUJIa B CUCTEME UCKYCCTBEHHOTO MHTEIIIEKTa, YTO 00JierdaeT uX MCIOIb30BaHue ISl pacCyxk/e-
HUI U IPUHSATUS PELLICHUN.

Ipyrum pacrpocTpaHeHHBIM (pOpMATOM TMPECTABICHNS 3HAHUU SIBJISIOTCS CEMaHTUYEeCKHe
cety. OHM KCNONB3YIOT rpapuecKoe MpeICTaBIeHNE 1)1 ONMCAHUS CYITHOCTEN U UX B3aUMOCBSI3EH.
CemMaHTHYeCKHE CETH TMO3BOJISIOT KOMITAKTHO MTPEICTABUTH CIIOKHbIE KOHIICTIITUY U UX B3AaUMOCBSI3H,
YTO 00JIeryaeT aHajaIu3 ¥ BU3yaIM3aluio 3HAHUI.

CemanTuyeckue ceTH — 3T0 popmar NpejacTaB/ieHUs] 3HAHW, OCHOBAHHBIA Ha rpaduye-
CKOM CTPYKTYpe, Tie CYIIIHOCTH MPEJICTABJICHBI y3JIaMH,  B3AUMOCBSI3H MEKIy HUMH — peOpamMu Win
ayramu. 1ot hopMar rMo3BOJISET ONKMCHIBATH CIIOKHBIE KOHIICTIITUY ¥ IX B3aUMOCBSI3M B UHTYUTUBHO
TOHATHOM U JIETKO BU3yaIM3UpyeMon hopme.

OCHOBHBIM IMPEUMYIIIECTBOM CEMAHTUIECKHX CETeH SIBJISIETCS KX CIIOCOOHOCTh K KOMITAKTHOMY
npencrapienuio uHgopmanuu. biaromapsi rpaguyeckoi CTpYKType, CEeMaHTUYECKUE CEeTH MOTYT
3(pHeKTUBHO OMUCHIBATH OOJIBIIIE OOBEMBI 3HAHUI U CJIOKHBIE OTHOIIIEHHS MEX Iy HUMH, UTO JIeJIacT
YX yIOOHBIMM ISl aHAJIM32 U MCTIONIb30BAHUS B PA3IMUHBIX 337]a4aX UCKYCCTBEHHOTO MHTEJUICKTA.
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Kpome Toro, cemaHTHueckre ceTr 0O0ecreYrBaIOT HAIISHOE MpPE/ICTaBJICHWE 3HAHUU, YTO
YIPOLIAET MX NOHUMAHUE M UHTEPIIPETALIMIO YeIOBEKOM. biiaronapsi BU3yaabHOW CTPYKTYpE, MOJIb-
30BaTe MOTYT JIETKO aHAJM3MPOBATh M B3aMMOJIEHCTBOBATh C 3HAHUSIMH, BBISIBJISITH MATTEPHBI U
OTHOIILICHU I, & TAK)Ke TTPOBOIUTH PA3IMYHbIE BUIbl AHAIN32 JIAHHBIX.

[TpumepoM HCTIONBb30BaHMSI CEMAHTUYECKUX CETell MOXKeT ObITh MOJETMPOBAHME KOHLICTIIIUH
"300mapk". B Tako¥ ceTu y3jibl MOTYT MPEACTABIISTh PA3IMYHbIE KUBOTHBIE, a CBSI3U MEXIYy HUMU
— MX KJacCHU(UKAIMIO TIO BUIAM, TUIIAM MUTaHUs, MECTy OOUTaHHs U T. A. Takas ceTh MO3BOIUT
CHCTEME UCKYCCTBEHHOI'O MHTEJUIEKTa OPraHW30BaTh U CTPYKTYpPUPOBATh 3HAHUS O 300T1apKe, a TAKKe
AeNaTh BHIBOIB U IPUHUMATH PEIIeHUsI Ha OCHOBE STUX 3HAHUM.

E1e oqarM nHTEpECHBIM (DOPMATOM IPEACTABIICHU I 3HAHUI SBJISIOTCS OHTOJOrHU. OHTONO-
I'MHY — 3TO (pOpMaJIbHBIE MOJIENIY 3HAHUI, KOTOPbIE UCTIONB3YIOTCS /17151 OIMCAHU S TIOHSITUM, X CBOMCTB
Y B3aMMOCBSI3el MeXJy HAMH B ONpeJeeHHON mpeaMeTHON oOnactu. OHU MPeACTaBIsIioT cOO0M
rpaUyecKyIo WK JJOTUYECKYIO CTPYKTYPY, I/le KaXkJ0€e NOHSATUE MPEICTABIECHO y3JI0M, & OTHOIIEHUS
MesX/1y TIOHSATHSMH — peOpamMy WM JIOTUIECKUMH OTIePaTOPaMHU.

OnmHNM M3 KJTIOYEBBIX MPEUMYIIIECTB OHTOJIOTUM SIBJISIETCS] MX CIIOCOOHOCTh K CTaHAapTH3a-
[IUM 3HAHUU B OTMpeIe/ICHHOW MpeqMeTHON oonactu. biarogaps (popmanbHON CTPYKType U CTPOrou
JIOTHIKE, OHTOJIOTMH TO3BOJISIIOT YCTAHOBUTH €IMHbIE TEPMUHBI U OIPEICNIeHUs], YTO 00ecrieyrBaeT
eIMHOe TIOHMMaHUE U COTJIACOBAHHOCTh B OOJIACTH, TJIe IPUMEHSIETCSI 9Ta OHTOJIOTHSI.

Kpome Toro, oHTONMOrMM OOErYaloT MHTETpalvio U OOMEeH 3HAHUSAMHU MEXIy pa3lIuYHBIMU
CHCTEMaMM U NpWIokeHUsAMU. biaronaps crannaptuzupoBaHHOMY opmary, pa3iMyHble CUCTEMBI
MOT'YT UCTIOJIb30BaTh OJHY U TY K€ OHTOJIOTHIO JUIs TIpeCTaBIeH s 1 00paOOTKY 3HAHUI, UTO 00JIer-
YaeT COBMECTHYIO padoTy U oOMeH MH(pOpMaIIAeH.

[TpumepoM HUCIONB30BaHUSI OHTOJIOTUN MOXKET OBITh OHTOJIOTHSI MEIUIIMHCKHX TEPMHHOB,
KOTOpasi OMHCHIBAET Pa3fMuHble OOJNE3HH, CUMIITOMBI, JIEKAPCTBA M MX B3aUMOCBsI3U. OHTONOTHS
MEIUITUHCKUX TEPMUHOB MPEJICTaBIsAET COO0M (pOpMATM30BAHHYIO MOJIE/Th 3HAHUI B 00IaCTH MeTH-
IIUHBI, KOTOPAsi OMMCHIBAET PA3JIMUHbIC ACTIEKTHI 30POBbs1, OONIE3HEH, JICUeHUsI U MEAUIIMHCKUX MTPO-
1eayp. Ta OHTOJIOTHS BKJIIOUAET B ceOsl MOHATHUS O Pa3IMYHBIX 3a00IeBaHUSIX, CAMIITOMAX, METOAAX
JOMArHOCTUKY U JIEUEHHUS], & TAK)KE O B3AUMOCBS3AX MEK/I1y HUMMU.

[TpumepoM Takoi OHTOJIOTUU MOXKET OBITh CUCTEMA, I7Ie KaK10€ MEAUIIMHCKOE MTOHSATHE TIPe/l-
CTaBJICHO y3JIOM, 2 B3aUMOCBSI3M MEXK/y TMOHSTUSMHU OTOOpaXkeHbl peOpamMu MM JIOTHYECKUMU CBSI-
3smu. Harpumep, B Takoil OHTOJOTMM MOXeT ObITh y3en "['purm”, KOTOpHIA CBSI3aH C Y3J1aMH
"Bricokas Temneparypa”, "Kawmens", "Bonb B Mbimnax" u T.1. Takke OHTONIOTMS MOXET BKJIIOYATh
MH(POPMAIHIO O IPUYMHAX BO3HUKHOBEHUS I'PUIIINA, METOIaX TUArHOCTUKH, CXeMax JIeYeHUs U ITPo-
YMX aCHEKTax.

ITa OHTOJOTUSI MOXKET OBITh MCIOJIb30BaHA B MEAUIIMHCKUX MH(POPMAIIMOHHBIX CHCTEMAax st
CTaHJapTU3aIMK 1 0OMEeHa MeIUITUHCKON MH(pOpMaIrel: MexX 1y pa3ImIHbBIMU METUITMHCKUMU yUupe-
KICHUSIMH U crienauctaMu. Takxke oHa MOXET ObITh BCTPOEHA B SKCIIEPTHBIE CHCTEMBI, KOTOpPBIE
MOMOTAIOT BpayaM B MPUHATUH PELIeHUI IPY TUarHOCTUKE U JIeYeHNH TaieHToB. Harpumep, skc-
MepTHasi CUCTEMa MOXET MCIOJIb30BaTh OHTOJIOTHIO JUIsl aBTOMAaTMUYECKOTO aHAIW3a CUMITOMOB U
BBISIBJIEHUS] BOBMOKHBIX JUArHO30B, a TaKke IS IPEAOCTaBIEHUI peKOMEHJAlUi 110 Ha3HAYEHUIO
nedenusi. Takum oOpa3oM, UCMIOIB30BAHKME OHTOJIOTUN B MEIUIIMHCKOW MPAKTUKE TTO3BOJISIET YIyd-
[IATH Ka4ecTBO 1 3(P(DEKTUBHOCTH IMATHOCTHKH U JICUSHUSI TIAIIEHTOB, a TAKXKe 00eCIIeUnTh eIMHOE
MOHVMaHNUE MEAUIIMHCKUX TEPMUHOB U TIPOLIEYP.

Kaxp1it u3 3TMX (popMAaTOB NpeICTaBIeHNS 3HAHUI UIMEET CBOU ITPEUMYIIECTBA U HEJOCTATKU
B 3aBUCHMOCTHU OT KOHKPETHOW 3aJjaull U KOHTeKcTa npuMeHeHus. [loHnMaHue 3Tux pasnnyuii nos-
BOJISIET BHIOMpATh HanboJee MoAXoAAIMi (hopMar [Jisi KOHKPETHOM 3a/1auu U oOecrieunBath 3 dek-
TUBHOE UCIOJIb30BaHNUE 3HAHUI B CUCTEMaX UCKYCCTBEHHOIO MHTEJUIEKTA.

[Tponecc popMupoBaHus U CTPYKTYPUPOBAHUSI 3HAHUW B CUCTEMaX MCKYCCTBEHHOIO MHTEI-
JIeKTa MPEeACTaBIsieT OO0 BAKHYIO YaCTh pa3paOO0TKK MHTEJIEKTYaIbHBIX CUCTEM, CIIOCOOHBIX aar-
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THPOBATHCS U IPUHUMATh OOOCHOBAHHbIE PEIIEHH s Ha OCHOBE UMelolieicsi HHpopManyu. DTOT Mpo-
1iecC HaYMHaeTcsl ¢ cOOpa JaHHBIX W3 Pa3JMYHBIX UCTOYHUKOB, BKIIIOYAS TEKCTOBBIE JOKYMEHTHI,
0a3bl JAHHBIX, THTEPHET-PECYPCH U JPYTrve UCTOYHUKY MH(POPMAIU. 3aTeM JaHHbIe OpPraHU3YITCS
Y aHAJIM3UPYIOTCA C 1IEJIbI0 BbIAEIEHUS KITIOUYEBBIX (DAKTOB, 3AKOHOMEPHOCTEN U TPEHIIOB, KOTOPbIE
MOT'YT OBITh TIOJIE3HBI [JTs1 PEIIEHHs] KOHKPETHBIX 33/a4.

OnHuM 13 MeTonoB (POPMUPOBAHMS 3HAHUI SIBJISIETCS aBTOMATUUECKOE U3BJIeueHre MHGOP-
Malliy U3 TEKCTOBBIX M CTPYKTYPUPOBAHHBIX UCTOYHUKOB. DTOT METOJ BKJIIOYAET B ceOsl UCIOJb-
30BaHUE AJITOPUTMOB 0OPAOOTKM €CTECTBEHHOTO SI3bIKa M MAIIMHHOTO OOY4eHHs IJIsi aBTOMAaTHye-
CKOTI'0 aHaJI13a TEKCTOB U U3BJICUEHUS KITI0UEBOU MH(POpPMALIMK, TAKOW KaK MIMEHOBAaHHbIE CYIITHOCTH,
OTHOILICHU I MEX/y CYIIHOCTSIMU U (pakToB. Takue TeXHUKH MO3BOJISIOT 3((PEKTUBHO 00padaThiBaTh
OonbIre 00beMbl TEKCTOBOW MH(OPMAIMK 1 U3BJIEKaTh U3 HUX LIEHHbIE 3HAHWS /7S AaTbHEUIIero
UCTIONIb30BAHUS B CUCTEMAaX UCKYCCTBEHHOI'O MHTEJUIEKTA.

Kpowme Toro, BaxHbIM 3TAniom B nporiecce (pOpMUPOBAHUS 3HAHUH SIBJISIETCS] UX CTPYKTYPUPO-
BaHWE W OpraHu3aIys. DTO BKJIOYAeT B ceOs CO3JaHue MOJIENIeH 3HAHW, KOTOphIe TTPeACTABIISIOT
co00ii (hopMaTM30BaHHBIE CTPYKTYPbI, OMKCHIBAIONIME B3AMMOCBSI3U MEKY Pa3IMYHBIMU KOHILIETI-
LIUSMU M CYHTHOCTSIMU. [J1s1 9TOro MOTYT NMPUMEHSTHCS Pa3IMuHble METOIbl U TEXHOJIOIMU, TaKHe
KaK OHTOJIOTMU, CEMAaHTUUYECKHE CETU U Jjorndeckue popmamsmbl. Co3aHue CTPYKTYPUPOBAHHBIX
MoJesiell 3HaHU ITO3BOJISIET CUCTEMAaM UCKYCCTBEHHOTO MHTeJUIEKTa 3 (PeKTUBHO OPraHU30BbIBATh U
UCTIONb30BATh 3HAHUS JJIs1 IPUHATHS PEILIEHU!, PEIIeHUs 3aa4 U B3aMMOJENCTBHUS C OKPYXKaloLIen
cpenon.

Hcrnonb3oBaHue 3HAHUI UTpaeT KIIOYEBYIO POJb B PEIEHWH Pa3IMYHBbIX 3a/1a4 B 0ONACTH
UCKYCCTBEHHOro MHTesiekTa. OTHOM M3 TakuxX 3a/1ad sBJsETCS Kiaccuukalus, rjae cucrema
JOJKHA OTHECTH OOBEKTHI K OMpeeSieHHbIM KJlaccaM Ha OCHOBE MMEIOIIMXCS TAaHHBIX W 3HAHUIL.
Hanpumep, cucrema kiaccugpuKaniy TEKCTOB MOXKET UCIIOIb30BaThCA 1J1s aBTOMATUYECKOW KaTero-
pU3aIK HOBOCTHBIX CTaTel WJIM JEKTPOHHBIX COOOIIEHHH IO OMpeesieHHbIM TeMaM MM KaTero-
pHAM Ha OCHOBE M3BJIEYEHHBIX U3 HUX NIPU3HAKOB U 3HAHUM O COZIEPKAHUM.

Knacrepuzauus — emie ogHa 3ajaya, B KOTOPOM 3HaHUS UrpaloT BaXHYIO posb. B 3T0i1 3a1aue
CHUCTEMa TPYNIHUPYeT OOBEKTHl HA OCHOBE MX CXOJICTBA, a 3aT€M MOXET HMCIHOJIb30BaTh 3TH I'PYIITbI
11l aHaJIM3a ¥ IPUHATUA pelieHuil. Hanpumep, B MEAMLIIMHCKON TUArHOCTUKE CUCTEMa MOXET KJla-
CTepU30BaTh MAIIEHTOB HA OCHOBE CMMITTOMOB U JICUEHUS 1J1s1 BHISIBIICHHSI MTATTEPHOB 3a00JIeBaHUIA
Y TPe/IOCTaBJIEHNs] UHAUBULYAJIM3UPOBAHHOTO JICYEHUSI.

AHanu3 TeKkcTa — ele oHa o0JaCTh, Ile 3HAHWS WIPAl0T BaXHYIO poib. CHCTEMBbI aHAIM3a
TEKCTa UCIOJb3YIOT 3HAHUS O SI3BIKE U €r0 CTPYKTYpE ISl U3BJIEUEHUS CMbIC/IA U3 TEKCTOBBIX JIaH-
HbIX. Hanpumep, cructemsl aHasin3a HACTPOEHUI MOTYT MCHOJIb30BaTh 3HAHUS O JIMHIBUCTUUYECKUX
MIpU3HAKaX J1J151 ONpe/iesIeHN s TOHAJIBHOCTH TeKCTa (TI0JI0KUTEIbHOW, HETaTUBHOM WJIA HENTPAJIbHOM )
C LIEJIbIO aHaJM3a OOIIECTBEHHOTO MHEHHSI O TIPOAYKTE WU yCIIyTe.

PacrioznaBanue 00pa3oB — 3TO 3a7ava, B KOTOPOM CUCTEMa JIOJKHA Paclo3HaTh OOBEKTHI Ha
n300pakeHUsIX WA B BUICO HA OCHOBE 3HAHMH O MX XapaKTepHCTUKaxX W Mpu3Hakax. Hampumep,
CHUCTEMbI PACIO3HABAHUS JIUI UCHIONB3YIOT 3HAHUSI O TEOMETPUYECKUX OCOOCHHOCTSIX JIUIA U €ro
XapaKTEepPUCTUKAX ISl UIEHTU(UKALMN KOHKPETHOTO YesioBeKka Ha potorpadum.

[Tpumepsl prMeHeHUsT Pa3IuYHbIX (POPMATOB MPE/ICTABICHUS 3HAHUI B PEasIbHBIX MPUIIO-
KEHUSX U CUCTEMax MCKYCCTBEHHOTO MHTEJUIEKTa MOTYT BKJIIOYATh MCIIOJb30BAHUE JIOTMUECKUX
dbopmyn s popmanM3auK MpaBuil OM3HEC-JIOTUKY B CUCTEMax YIPaBJIeHHs WM UCHIOIb30BaHMe
OHTOJIOTHIA ISl CTPYKTYPUPOBAHUS 3HAHUW B OOJIACTH MEIUIIMHBI WM OUONOrHH. DT (hopMaThl
MIpeJCTaBJIEeHNs 3HAaHUI [TOMOTAlOT CUCTEMaM MCKYCCTBEHHOTO MHTEJIeKTa 3(P(EKTUBHO OPraHU30-
BbIBaTh, XPaHUTh U UCIIOJIb30BATh 3HAHUS JJIs1 IPUHATHUS PELLEHUI U PEeILIeHNs] pa3IMYHbIX 3a4a4.

PaccmoTpum Kak cucTteMbl MOTYT CHOJIB30BaTh CEMAaHTUYECKHUE CETU U JIOrnYecKkue (hopMyJibl
Ha TNpeJJI0KEHHBIX TPUMEpax:
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1. Cucrema pekomeHalMii B OHJIaiiH-Mara3uHe: CeMaHTUYeCKUe CETH MOTYT ObITh UCTIONb30-
BaHbI JIsI MOJCJIMPOBAHUSI CBSI3el MKy TOBAPAMHU Ha OCHOBE MX XapaKTEPHCTUK, KATETOPUI WM
MCTOPUH MOKYIIOK KJIMeHTOB. Hamprmep, ToBapbl MOTYT OBbITh CBSI3aHBI TIOXOKECTHIO XapaKTEPUCTUK
WJIM Ha OCHOBE TOTO, YTO MX 4YacTO MOKyMHaioT BMecTe. Jlornueckue hopmysibl MOTYT TPEICTaBIsATh
npaBWia il peKOMEHJAlMU TOBApoB, Hanpumep, "Eciu KJIMeHT mpruoOpes ToBaphl U3 KaTeropuu
'3JIEKTPOHMKA', TO PEKOMEHJ0BATh €My TOBApbl U3 KaTErOPUM 'TaJKeThl'".

2. Cucrema MeIUIMHCKOW AMArHOCTUKM: CeMaHTHYeCKUe CETM MOTYyT MOAEIMPOBATH CBSI3U
MEX1y CUMITOMaMH, 3a00JIeBaHUAMM M METOJaMu JieueHus. Hanmpumep, cUMITOMBI MOTYT OBITh
CBSI3aHBI C Pa3IMYHBIMU 3200JIEBAaHMSIMU HA OCHOBE MEAMIIMHCKUX 3HaHMU. Jlormueckue (popmyIibl
MOT'YT MPEJCTaBIATh MMPaBUIA JUATHOCTUKY U JiedeHus1, Harpumep, "Eciu y manyenTa ectb cumi-
ToMBl X U Y, ¥ OH HE UMEET AJJIEPryM Ha rpenapar Z, To peKOMEHI0BaTh EMY JIEYEHHE MPENnapaTom
7"

3. ABTOMaTHuecKas cucTeMa pacrnosHaBaHus peur: CeMaHTUYeCKUe CEeTH MOTYT MOJIETHpO-
BaTh CBSI3U MEX]y CIIOBAaMH M UX CEMaHTUYECKMM 3HAUEHUEM WM KOHTeKCcToM. Hampumep, cioBa
"MbIIb" ¥ "KJIaBHaTypa" MOTYT OBITb CBSI3aHBI C MOHATHEM "KomribioTep”. Jlormueckue popmyIibt
MOT'YT MPEACTaBISATh IPaMMaTUYEeCKUe TpaBuia, HapuMep, "TIpeioxkenre J0KHO HAYMHATBCS C
rJ1arona, 3a KOTOpbIM CJIeyeT nojyiexariee u T.a."

D¢ddekTrBHOE yrpaBieHUe U OOHOBJIEHNE 3HAHUH SIBJISIETCS KJIIOUYEBBIM aCIIEKTOM B pa3pa-
OOTKe CUCTEM MCKYCCTBEHHOTO MHTEJUIEKTA, TIOCKOJIBKY 3TO MO3BOJISIET UM a/IalITUPOBATHCS K HOBOU
MH(pOPMAIK ¥ U3MEHSIIOIUMCS YCTIOBUAM. OIHOM U3 OCHOBHBIX MTPUYMH 3TOM BaXKHOCTH SIBIISIETCS
TO, YTO 3HaHM: B cucteMax M yacTo ocHOBaHbBI Ha JaHHBIX ¥ MH(OPMAIMH, KOTOPIE MOTYT U3Me-
HATbCS CO BpeMeHeM. HoBble OTKpBITHsI, OOHOBJICHHBIE JaHHBIE WJIM U3MEHEHUs B OKpYXKaloIIe
cpene MOTyT MoTpedoBaTh OOHOBJICHUSI MM KOPPEKTUPOBKY 3HAHUM, YTOOBI CHCTEMA MPOOIKAIA
JaBaTh TOUHbIC W AKTyaJIbHbIE PE3y/IbTaTHI.

MeTtonpl TMHAMUYECKOTO OOHOBJICHUsI 3HAHUIM BKJIIOYAIOT B ceOs aBTOMAaTUYECKOE M3BJIeYe-
HHE HOBOY MH(OPMAIINK U3 NICTOYHUKOB JJAHHBIX, TAKUX KaK 0a3bl JAHHBIX, CCHCOPHBIE JJAHHbIE WJIH
BHEIITHYE MCTOYHMKM MH(popManun. Ita uHPOpMaIUs MOXKET ObITh BKJIIOYEHA B CUCTEMY, UTOOBI
000raTuTh €e 3HAHUS WM CKOPPEKTUPOBATh YKe CyIIeCTBYIOIME JaHHbIe. Hanpumep, B MeaUIINH-
ckux cuctemax M HOBbIe UcCieIoBaHNS WM KIMHUYECKHE JaHHBIE MOTYT MOTpe0oBaTh OOHOBJIE-
HUS MoJiesielt 3a00IeBaHNi UJTM METO/IOB JISYEHHUSI.

Jl1st monaepkaHusi KOHCUCTEHTHOCTH M aKTYaJIbHOCTH 3HAHWI B M3MEHSIIOLINXCS YCIOBUSX U
cpenax Takke MOTYT NMPUMEHSThCS METOAbl MOHMTOPUHIA U aganTtarmu. CHUCTeMBl MOTYT Herpe-
PBIBHO aHAJIM3UPOBATh OKPYKAIOIIYI0 Cpelly W JTaHHBIE, YTOOBI BBISBJISATh U3MEHEHHUSI U COOTBET-
CTBYIOIIMM 00pa30oM KOPPEKTUPOBATh CBOM 3HaHMs. Hanpumep, B cuctemax ynpasiieHUs TpadhuKkoM
OOHOBJICHHBIE JJAHHBIE O JOPOKHOW CHUTYallUM MOTYT MPHBECTH K MEPECMOTPEHHMIO ONTUMAIIBHBIX
MapIIpyTOB JABUKEHUSI.

2.3 JIoruka u paccy:k/ieHie B HCKYCCTBEHHOM HHTeJIJIEKTe

B oGnactu MCKYCCTBEHHOTO MHTEJUIEKTA JIOTMKA U PACCYXKICHUE CITyKaT OCHOBOW ISl MpU-
HATHS pelIeHU, BbIBEICHUS] HOBOW MH(OPMAIIUK M MOJIeTUpoBaHusl 3HaHUH. OHM 00eCcreurnBaoT
cucrteMam MM BO3MOKHOCTB JIOTMUECKOTO BBIBOJA HA OCHOBE MMeEIIIMXCS (DaKTOB U MPaBHII, UYTO
SIBJISIETCS] KPUTUYECKU BaXKHBIM aClIEKTOM B PEIIEHUH CIOKHBIX 3a/1a4.

OnHUM U3 KJIACCMYECKUX TOIXOJ0B K JIOTUKE U paccyxjeHuio B U sBisercs noruka npeau-
KaToOB, KOTOpasi MO3BOJISIET (POPMATM30BATh 3HAHUSI M OTHOIIEHUS MEXAYy OOBEKTaAMH C TTOMOIIBIO
(popMasbHBIX JIOTUYECKUX BBIPAKEHUIA. DTOT MOAX0A M03BoJIsAeT cucteMaM MU BbipaxkaTh ClokHbIE
3HAHUS W MPaBWJIa BBIBOA, YTO AeNaeT ux Oosee 3(P(PEeKTUBHBIMU B PELICHUH 33/1aY.
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CoBpeMeHHBIE TTOIXO/IBI K JIOTUKE M PACCYKICHHIO BKJIOYAIOT B Ce0sI METOIB HEYETKOM JIOTHKH
Y BEPOSITHOCTHOTO BBIBOJ1A, KOTOPBIE MO3BOJISIIOT YUUTHIBATh HEONIPEEJIEHHOCTh M HEYETKOCTD B JIaH-
HBIX U 3HaHHSAX. DTU METO/Ibl OCOOEHHO TOJIE3HBI B YCIOBUSIX, KOT/Ia MH(OpMals He SIBJISIETCS TOJI-
HOW WJIM TOYHOM, YTO YaCTO BCTPEUYAETCS B PEasIbHbIX Cpeliax.

[TpumeHeHre JIOTMKM M PACCyXJEHHUSI B Pa3MYHBIX OONACTSX MCKYCCTBEHHOTO WMHTEJJIEKTa
BKJIIOYAEeT B ceOs1 aBTOMAaTU3MPOBAHHOE IJIAHMPOBAHUE, TUArHOCTUKY, PUHSITHE PEIICHUI B KC-
MEPTHBIX CUCTEMAX U MHOTHWE Jpyrue. ITh MeTopl moMoraot cucteMam MW agantupoBarbes K pas-
JIMYHBIM CLIEHAPUSIM U TIPHHUMATh OOOCHOBAHHBIE PElIeHHsI Ha OCHOBE UMEIOIINXCS JAHHBIX U 3HA-
HUH.

BosbpmeM, k TpuMepy, aBTOMaTU3MPOBAaHHOE IUIaHMPOBaHKE. 3aaya 3/1eCh 3aK/II04AETCS B TOM,
YTOOBI CO3/1aTh IUIAH JIEWCTBUN ISl JOCTHKEHUs OIPEICICHHBIX 1IeIel C yYeTOM OrpaHUYeHHUd U
TEKYILEro COCTOSIHUSA OKpYy:Katoiien cpebl. CUCTEMBI NCKYCCTBEHHOTO MHTEJUIEKTa MOTYT UCTIOJb30-
BaTh JIOTMYECKUE METO/IBI 11 (pOpMaIM3aliiy 334a4M IJIAHMPOBAHM S, ONIPEAEsIeHusl Leseil 1 orpa-
HUYEHMI, a TaKKe JIJIsl TeHepalliy TUIAHOB JEUCTBUM, YUUTHIBAIOIIMX Pa3IMYHbIe (PaKTOPbl U BO3-
MO’KHbIE TIOCJIE/ICTBUS.

B o06nactu [arHOCTUKHM JIOTMKA M pacCykKAeHUEe TaKkKe UTPAI0T BaXKHYIO POJb. DKCIEPTHBIE
CHUCTEMbI MOTYT MCTIOJIb30BaTh 0a3bl 3HAHWH, CofepKallye JIOTHIecKre MpaBmiia U (bakThl O CUMIITO-
Max ¥ MpUYMHAaX 3a00IeBaHU, Ui TUarHOCTUKM 3I0POBbs MareHToB. Ha ocHOBe mpesocTaBieH-
HBIX CUMIITOMOB CHCTEMa MOXET IIPUMEHSITh JIOTUYECKME METO/IbI /1J151 BbIBOJIA BEPOSITHBIX IMArHO30B
Y PEKOMEHAALUH 110 JIEUEHUIO.

B 3KcniepTHBIX cucTeMax JIOTMKa U PacCyKAEHUE WCIOBb3YIOTCA Il IMYJISLMHN pElleHUH,
KOTOpbIE MPUHUMAIOT KCIEPTHI B OMpeie/IeHHON o0nacTu. basupysch Ha HAKOIIGHHBIX 3HAHUSX U
MIPaBUJIaX, CUCTEMBl MOT'YT ITPOBOAUTH JIOTUUECKME BBIBOJBI U IPUHUMATH PEILIEHHUS] B COOTBETCTBUU
C 3a/IaHHBIMU KPUTEPUSIMHU.

ITU NpUMeEpbl JEMOHCTPUPYIOT, KaK JIOTUKA U PACCYKICHUE SIBJISIIOTCS OCHOBHBIMU MHCTpY-
MeHTaMu 1Sl odecrieueHrsi (PyHKIIMOHATBHOCTH U aIAlITUBHOCTH CHCTEM MCKYCCTBEHHOTO MHTEJI-
JIEKTa B Pa3IMYHBIX 0ONACTSAX IPUMEHEHUSI.

Jloruka npeamkaToB, Takke NU3BECTHAs KaK JIOTMKA MEPBOTO MOPs/IKA, IPEeICTaBIseT coO0M
bopmanmsm 1151 BeIpaXkeHH s 3HAHUN O MUpPE B TEPMHUHAX 00BEKTOB, OTHOIIICHUH W CBOWCTB. B 310N
JIOTHIKE MCTIONB3YIOTCS MTPEANKAThI, KOTOPbIE BBIPAKAIOT OTHOIIEHHS MEK Iy 0OBEKTaMU WJIM UX CBOM-
CTBA, ¥ KBAHTOPBI, KOTOPBIE OMPeessIoT 00IacTh MPUMEHEHHSI STHX MPEAUKATOB.

[IpeaukaThl MpeaCTaBIAIOT COOOM BBHICKA3bIBAHUSI O MHUPE, KOTOPBIE MOTYT ObITh MCTUHHBIMU
WY JIO)KHBIMH JIJ151 KOHKPETHBIX OOBEKTOB WM COOBITHI. OHM MOTYT OBITh PMEHEHBI K 00BbEKTaM
1151 BBIPAKEHUS1 UX CBOWCTB WJIM OTHOLLEHUI Mex 1y HuMu. Hanpumep, npeaukar "fBnsiercsa_poau-
teneM(AHHa, Mapus)" onuceIBaeT OTHOIIeHUe "sBJsieTCs poauTeneM” Mexay oObekTtamu "AHHA"
u "Mapus".

KBanTOpHI MCMONB3yIOTCS /ISl OTpe/ieNieHrs 00nacTi npuMeHeHus npeaukara. CymecTByeT
JIBa OCHOBHBIX THIA KBAHTOPOB: BCEOOITHBIN KBAHTOP (V), KOTOPBIA TOBOPUT O TOM, YTO MpEAUKaT
BEpEH IS BceX 0OBEKTOB B OIPee/ICHHOW 00J1aCTH, U CYIIIeCTBEHHBIN KBAaHTOP (), KOTOpBIN yTBEp-
KJAET, UTO CYIIECTBYET KaKOR-TO OOBEKT, 7151 KOTOPOTO MPEANKAT BepeH. DTH KBAHTOPHI MO3BOJISIOT
(bopMasTbHO BBIpaXaTh YTBEPKICHUSI O MHOXECTBE OOBEKTOB M MX CBOCTBAX.

[IpuBenem npumep UCIOIb30BAHUSI KBAHTOPOB B JIOTHKE MPEIMKATOB:

[pearnonoxuM, y HaC €CTb MHOXKECTBO OOBEKTOB, KOTOPBIC ONMUCHIBAIOT JIOCH, W MPEAUKaT
"CryneHT(X)", KOTOpbIiA TOBOPUT O TOM, SIBJISIETCS JIU YEJIOBEK CTYAEHTOM. Mbl MOXEM UCIIOIb30BaTh
KBAaHTOPBI, YTOOBI (POPMAJIbHO BBIPA3UTh YTBEPKICHHUSI O CBOMCTBAX ITHX OOBEKTOB.

1. BceoOmnbiil kBanTop (V): Vx CrymeHT(X).

37O yTBEpXKJEHUE TOBOPHUT O TOM, UTO KaXKIbIi YEJIOBEK B HAIlIEM MHOKECTBE OOBEKTOB SIBJISI-
ercst ctyaeHToM. To ecTh Bce OOBEKTH X B 00JIACTU MPUMEHEHHS STOr0 KBaHTOpa YIOBJIETBOPSIOT
npeaukary "CryneHr(x)".

31



H. Kaprep. «VckyccTBeHHbIN UHTEIIEKT. OCHOBHBIE TTOHSITUS»

2. CymecrBennslii kBaHTop (d): Ix CtyneHT(X).

ITO yTBEpKAEHHE TOBOPUT O TOM, YTO CYIIECTBYET XOTs Obl OJJMH YeJIOBEK B HAIlleM MHOXe-
CTBE OOBEKTOB, KOTOPHIN SIBJISIETCS CTYAEHTOM. TO €CTh CYIIECTBYET KaKOM-TO OOBEKT X B 00JIacTU
MIPUMEHEHH s 3TOr0 KBAaHTOpa, KOTOPBIN yaoBjeTBopsieT nmpeaukary "CryneHr(x)".

Takum 00pa3oM, KBaHTOPHI MO3BOJISIIOT (POPMAJIBHO BHIPaKaTh YTBEPXKICHUS O MHOXECTBE
OOBEKTOB M MX CBOMCTBAX, YTO JEJIAET UX MOIIHBIM UHCTPYMEHTOM JJIs1 (pOpMaM3aliiy U paccyx-
JICHUsI B JIOTUKE TIPEIMKATOB.

Jloruka mpeanKaToB MpeaocTaBiseT (hOpMaIbHBIA CIIOCOO OMUCAHUS U PACCYXKICHUS O 3HA-
HUSIX, OTHOLIEHUSIX M CBOMCTBAX OOBEKTOB B MUpE. DTOT (hOPMAIIM3M IIIUPOKO UCTIONB3YETCs B pa3-
JIMYHBIX 00JTACTSIX UCKYCCTBEHHOTO MHTEJUICKTA, BKJTIOUAs] SKCIIEPTHBIE CUCTEMBI, Oa3bl 3HAHWH, aBTO-
MaTUYeCKOe [JIaHUPOBAHKE ¥ MHOTME Apyrue. Tak ¢ ee MOMOIIbI0 MOXKHO (POPMAIM30BATh CIOKHbIE
KOHIIETIIIUH ¥ B3aUMOCBSI3U MEXY OOBEKTaMH U COOBITHSIMHU.

[IpumeHeHue JIOTMKM MpPeIuKaToB B MOJEIMPOBAHUM 3HAHUW TO3BOJISIET CUCTEMAaM HMCKYC-
CTBEHHOT'O MHTEJIJICKTA CTPOUTH (POPMAJTbHBIE MTPECTABIICHUS O MUPE, KOTOPBIE MOT'YT ObITh UCIIONb-
30BaHbl IS PacCyKACHUsI W TPUHATHS pelieHuid. Hampumep, B cucTeMax SKCHEPTHBIX CHUCTEM
JIOTUKA MPEIUKATOB MOXKET UCIOJIL30BaThCs 11 (DOPMAIM3allK 3HAHUI SKCIIEPTOB M BbIPAXKEHUsI
IIPaBUJI BBIBOJIA HA OCHOBE 3TOTO 3HAHMS.

OaHMM U3 OCHOBHBIX JIOCTOMHCTB JIOTUKH TIPEJUKATOB SIBJISIETCS €€ BhlpazuTesbHasi Mollb. C
€€ MOMOIIIbI0 MOKHO OIMMCATh IIMPOKUI CIIEKTP 3HAHUI U OTHOIIIEHU, BKJIIOYAs TAKHE ACTIEKTHI, KaK
BpEMEHHbIE U ITPOCTPAHCTBEHHBIE CBSI3H, a TAKKE CJIOKHBIE CTPYKTYPbI JAHHBIX. DTO JIeJaeT JIOTUKY
MPEIMKATOB BAKHBIM MHCTPYMEHTOM [IJI1 MOAETMPOBAHUS U PACCYKJICHUS O 3HAHUSIX B CUCTEMax
MCKYCCTBEHHOT'O MHTEJIEKTA, Ie TpedyeTcst padoTa ¢ pa3HOOOPA3HBIMHU U CJIOKHBIMU KOHIETIITHSIMH.

B oGnactit ICKYCCTBEHHOTO MHTEJUIEKTa IIIMPOKO MPUMEHSIOTCS Pa3InIHble METO/IbI JIOTUYe-
CKOTO paccyxkJieHus IJisl BIBOJAa HOBOW MH(MOpMAIIMA HA OCHOBE UMEIONTUXCS 3HaHU. OJHUM U3
TaKHX METOJIOB SIBJISIETCS MPSIMOE JIOTUYECKOE BBIBOJI, KOTOPBII OCHOBBIBAETCSI HA IPUMEHEHUH JIOTH-
YECKHUX MPABUJI U aKCUOM J1JI51 TOJTyYeHU sl HOBBIX (DAKTOB WJIM YTBEPKICHUI U3 uMetommuxcs. Harpu-
Mep, eCIM U3BECTHO, 4TO "Bce Joau cMepTHBI" 1 "COoKpaT — uesioBeK ", TO MOKHO JIOTUYECKH BbIBE-
cru, uto "Cokpar cmepTeH".

Oo6parHoe JIOrn4ecKoe BBIBOJI, HAITPOTUB, 3aKJTI0YAETCS B ONPEIEICHUN YCIOBHMA, TPU KOTOPBIX
HEKOTOpOE YTBEPIKJICHUE SIBJISIETCS UCTUHHBIM. DTOT METO]] YacTO MCIOb3YeTCsl B 00/IaCTH AUArHo-
CTHKH, KOIJIa HEOOXOIUMO ONpEeUTh NPUYMHY HaOMI0JaeMbIX sIBJIEHHI HA OCHOBE MMEIOIIUXCS
nanHbix. Hanmpumep, ecm uzBecTHO, uto "COKpaT cMepTeH" U "BCe JIIOAU CMEPTHBI'', TO OOpaTHBIM
BBIBOJIOM MOXHO YCTaHOBUTH, 4TO "COKpaT — 4yeyoBek".

B nononHeHue K KJIacCMYECKMM METOAaM JIOTMYECKOTO PACCYXAEHUsl, B MCKYCCTBEHHOM
MHTEJUJIEKTe TaK)Ke MPUMEHSIOTCS METOJbl HEYEeTKOM JIOTUKU U BEPOSITHOCTHOTO BbiBoja. HeueTkas
JIOTMKA TIO3BOJISIET paboTaTh C HEYETKUMU VJTH HETOYHBIMU IMOHATHAMHE, Pa3MbIBas TPAHUIIBI MEXK Ty
KaTeropusiMu. TO 0COOSHHO MOJIE3HO B CUTYallUsIX, KOTJa MOHATHS HE MOTYT ObITh TOYHO OIpejie-
JIEHbl UJIM UMEIOT Pa3IMYHbIe CTeTIEHU MPUHAJJIEKHOCTH K Pa3HBIM KaTErOPHUsIM.

BeposTHOCTHBIN BBIBOJ, OCHOBAaH Ha MCIOJIb30BAHUM BEPOSTHOCTHBIX MOJEJEH IJisl OLIEHKU
BEPOSATHOCTU PA3IMIHBIX COOBITHIA 1 BBIBOAA HaKOOJIee BEPOSATHBIX Pe3y/IbTaTOB. TOT METOJI YacTo
MIpUMEHsIeTCS B 3a/adax, I7ieé UMEETCsl HEONpeIeIeHHOCTh WM HeXBaTka MH(pOPMAIMU, O3B0
cucteme M npuHUMaTh peieHusi Ha OCHOBE CTATUCTUUYECKUX JAHHBIX U BEPOSITHOCTHBIX BBIBOIOB.

OaHUM U3 IPUMEPOB MPUMEHEHU S JIOTUUECKOTO PacCysKAeHUs B UCKYCCTBEHHOM UHTEJIJIEKTE
SIBJISIETCS] €70 UCTIOIb30BaHUE B CUCTEMAX ABTOMATU3UPOBAHHOIO IJIaHMpoBaHusl. [Ipencrasbre, UTO Yy
Bac ecTh poOOT, KOTOPBIN JOJIKEH IOCTABUTH OITpeieIeHHBIN MpeIMET 13 TOUYKHU A B TOUKY b, n3beras
MPeTSITCTBUN Ha MyTH. 111 3TOro poOOT JOJKEH CIITAHUPOBATH ONTHUMAJIBHBIN MapIipyT.

Jlormueckoe paccyxkieHue B JAHHOM cCiydae TO3BOJSET poOOTy aHAIM3UPOBATh TEKyllee
COCTOSIHUE OKPYXKaIoIel cpelbl (HarmpuMep, pacrosiokeHUe MPersTCTBUIN), TPUHUMATh PElleHUs

32



H. Kaprep. «VckyccTBeHHbIN UHTEIIEKT. OCHOBHBIE TTOHSITUS»

O JEWCTBUSX (HampuMep, JBUTaThCs BIIEPE], IOBOpAauMBaTh) U (hOPMUPOBATh IUIAH AEWUCTBUM IS
JOCTUKEHUS LeJIU (JJOCTaBUTh ITPEIMET B TOUKY b).

Paccmotpum koHkpeTHbIN TpuMep. [Ipeamonoxum, 9to poOOT CTOUT B TOYKE A | €ro 1ejb —
JOCTaBUTH MpeAMET B TOUKY B. POOOT MeeT naTumku, Mo3BOSIONINE €My ONpeesisTh pacioioxke-
HUE MPENsITCTBUI BOKPYT Hero. Vcrnonb3ys JIornyeckoe paccykaeHue, poooT MOKET MPUHSATD pellie-
HUS O TIEPEMEILICHUH B Pa3JIMUHbIX HAPABJICHUSIX, UCXOAS U3 TOTO, KaKKeE IyTH CBOOOMIHBI, & KaKue
3a0JIOKMPOBAHBI MPETIATCTBUSIMH.

Harpumep, eciii po60T 0OHAPYKUBAET MPENSITCTBUE IPSMO Tiepe]] COOOH, OH MOKET IPUHSITH
peleHre MoBEpHYTh HAIPABO MM HAJIEBO, YTOOBI 0O0UTH ero. JIormueckoe paccykaeHHe MO3BOJIsIeT
poOOTy aHATM3UPOBATH TU BAPHAHTHI M BHIOMpATh HAOOIee ONTUMAJIBHBIN ITyTh HA OCHOBE UMEIO-
LIMXCS JAHHBIX O Cpee.

Takum 00pa3zoM, JJIOTHUECKOE PacCy:KICHUE UT'PAET KII0UYEBYIO POJIb B IPOIECCE MIAHUPOBAHUS
AeNCTBHIA poOOTa, 00ecTieurBasi eMy ClIoCOOHOCTh IIPUHUMATh OOOCHOBAHHbIE PEIIEHHS U JOCTUTaTh
LieJIel, HECMOTPs1 Ha U3MEHUMBOCTbh OKPYKAIOIIEN CPEJIbl.

2.4 O0yueHne u aganTanusi

OobyueHue 1 ajanTaiys UrpaoT BaXHYIO POJIb B Pa3BUTUM UCKYCCTBEHHOTO MHTEJIEKTA, 103~
BOJISIS CUCTEMaM CaMOCTOSITENIbHO YITy4IlaTh CBOIO TIPOU3BOAUTENBHOCTD U aJallTHPOBATLCS K pas-
HOOOPA3HBIM CIieHapHAM 1 ycioBusiM. OOydeHue siBisieTcs: (PyHAaMeHTaTbHBIM IPOIIECCOM, B XO/IE
KOTOPOro CUCTEMA IOJIYYa€T OIbIT U 3HAHWUA U3 JaHHBIX WJIN BBaHMO)IefICTBHH C OKPY)KaIO]_HCI;'I cpe-
JOH. DTOT OIBIT MO3BOJISIET CUCTEMaM COBEPIIEHCTBOBATh CBOU HABBIKU, IIPUHUMATH OoJiee 000CHO-
BAaHHBIC PCHICHUA U IMOBLINIATL CBOIO IIPONU3BOAUTE/IBHOCTD.

Apanranys, ¢ Ipyroil CTOpOHbI, PEeJCTaBISAET COOOM CMIOCOOHOCTh CHCTEMBI OBICTPO pearnpo-
BaThb HA M3MEHEHUs B OKPY’KAIOIIEH cpele Wi TPeOOBAaHUSX 33/1aui. DTO MOXET BKJIIOYATh B ceOs
KOPPEKTHUPOBKY CTpaTeruu, U3MEHEHHe MapaMeTpoB MOJAEIM WM OOHOBJICHHME 3HAHMI Ha OCHOBE
HOBBIX IaHHBIX. | MOKOCTB ¥ CHOCOOHOCTB K aJJaNTalliK JeJ1al0T CUCTEMBI ICKYCCTBEHHOTO MHTEJUIEKTa
6onee 3(p(PEeKTUBHBIMU 1 YHUBEPCAIBHBIMH, TIO3BOJISISI MM YCIIEHTHO (DYHKIIMOHUPOBATH B pa3iny-
HBIX CLICHAPUAX U YCIIOBHUAX.

[pouiecc 0OyueHHsI 1 aIaNTAIMU MOKET BAPbUPOBATHCS B 3aBUCUMOCTH OT KOHKPETHOM 3a1aur
M KOHTEKCTAa IIPUMCHCHU . OH MOXET BKJIIOUATh B ce0s1 UCIIOIb30BaHIE Pa3JIMYHbIX METOJOB MAllIMH-
HOro oOyd4eHHs, 0Oy4yeHUe ¢ TOOKPEIUIEHHEM WM SBOJTIONMOHHBIE alropuT™Mbl. HesaBrcumo OT
BBIOPAHHOTO MeTo/Ia, OOyUeHHE U aAanTaIys OCTAIOTCSI OCHOBHBIMU MEXaHU3MaMH, TIO3BOJISIOIIMMHU
CHCTEMaM UCKYCCTBEHHOTO MHTeJUIeKTa 3((PEKTUBHO peliaTh 3aJa4y U MOCTOSIHHO YJTy4IlaTh CBOIO
MPOU3BOIUTECIIBHOCTD.

MammaHOoe oOydeHue MpeacTaBisieT COOOW WHCTPYMEHT, KOTOPBIA MO3BOJSAET CHUCTEMaM
HUCKYCCTBEHHOI'O MHTCJIJICKTA U3BJICKATh LHEHHYIO HH(pOpMaHHIO M3 JAaHHBIX W UCIIOJIb30BATh €€ IJIA
NIPUHATHS PEIIeHUI WK pelieHus pa3IMuHbIX 3a71a4. B mporecce MalmmHHOrO o0y4eHus cucTema
aHANMM3MpyeT oO0ydaroImuil HabOp JaHHBIX, KOTOPBIA COIEPKUT MPUMEPHI C BXOTHBIMU JAHHBIMHU U
COOTBETCTBYIOLIMMHU UM LI€JIEBBIMU 3HAUEHUAMU WM MeTKaMu. CHucTeMa U3ydaeT CTPYKTYpY AaHHBIX
W UIIET 3aKOHOMCEPHOCTU WJIM NATTEPHBI, KOTOPLIE MOI'YT OBITH KCIIONB30BAaHbI JJIA O606H_ICHI/IH n
MMPOrHO3MPOBAHUA HOBBIX JAHHBIX.

OILHI/IM U3 OCHOBHBIX METOAJOB MAalllMHHOI'O O6y‘{eHI/IH ABJIACTCSA O6y‘~ICHI/IC C yuyuTeJieM, IIpru
KOTOPOM CHUCTEMA 06y‘laCTCH Ha OCHOBE ITap BXOJHLIX JAHHBIX WM COOTBETCTBYIOIIHMX MM BBIXOOHBIX
3HaueHuil. B aToM cityyae cucrema crpeMuTcss HAUTH (PyHKIMIO WJIM MOJIENb, KOTOpasl HAWTyYIlIuM
06pa30M OIMUCBIBACT 3aBUCUMOCTb MEKAY BXOAHBIMU W BbIXOJHBIMH JaHHBIMU. Dta MOJEJIb 3aTEM
MOXET OBITh KCIIOIb30BaHA IJIA ITPOTHO3UPOBAHUSA U KJIaCCI/I(l)I/IKaHI/II/I HOBBIX JAaHHBbIX.
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JlpyruM pacnpocTpaHeHHBIM METOIOM MAIMHHOTO OOy4eHHs sIBjsieTcsl oOydyeHue Oe3 yuu-
TeJIs, TJIe CUCTEMa U3yJaeT CTPYKTYPY JaHHBIX Oe3 MPSIMOro yKa3aHus Ha lieJieBble 3HaueHus1. B aTom
cllyyae CHCTeMa WIIeT CKPBIThIe MAaTTePHBI WU IPYIITUPOBKY B JAHHBIX, YTO TMO3BOJISIET BHISIBIISITH
CTPYKTYPY ¥ OCOOEHHOCTH JaHHBIX O€3 SIBHBIX YKa3aHUM Ha KeJIaeMbIi pe3yJIbTaT. DTOT MOAXO[] 4aCTO
UCTIONB3YeTCs ISl KJIACTepU3alMK JaHHBIX WM CHUKEHUSI pa3MEPHOCTH MPU3HAKOBOTO MPOCTPaH-
CTBa.

Kpome Toro, cymecTByeT 1 Jpyrue MeTo/ibl MAITMHHOTO 00y4YeHus1, TAKKe Kak 00ydeHHe ¢ Mol
KpeIuieHreM, e cUcTeMa 0O0ydJaeTcst Ha OCHOBE OITbITa B3AaMMOJCHCTBHS C OKPYKAIOIIEH Cpeior U
MOJTyYyaeT Harpaay Wid mrpad 3a BeIIOIHEHHbIE AeicTBHs. Bece 9TH MeTo/ibl MaIlIMHHOTO O0yUYeHuU s
UTPAIOT KJIIOYEBYIO POJIb B PA3BUTUU CHCTEM UCKYCCTBEHHOTO MHTEJIEKTa, 00eCreurnBast UM Crioco0-
HOCTb aJJaliTHPOBATLCS K PA3TMYHBIM CLIEHAPUSM U 3aJa4aM.

[TpumepoM NpUMEHEeHHsT MAIIMHHOTO OOyYeHHsI MOXET ObITh CUCTEMa PEKOMEHIAIUU KOH-
TEeHTa Ha 1iatdopMe CTpUMHHTA BUeo. [Ipeanonoxum, y Hac ecTb CepBUC, KOTOPHIN aHATU3UPYET
MIPEANIOYTEHU s TIONIb30BaTeNIe M PEKOMEHIYeT UM (PHITbMBI MJTM CEPUAITBl HA OCHOBE MX IMPEAbIY-
I1IEr0 MOBEJICHUs U TIPEIIOYTEHHA.

JI7151 3TOTO cHcTeMa MOXKET UCTIONb30BaTh METO/IbI OOYUYEHUSI C YUUTENEM, TIIe BXOIHBIE TaHHBIE
MIPE/ICTABIISIOT COOOHM MCTOPHIO TIPOCMOTPOB U OLIEHOK TOJIb30BAaTENEeH, a BBIXOIHBIE JaHHBIE — Pell-
THHTUA (PUIBMOB WM cepuaiioB. Crucrema oOydaeTcsi HA OCHOBE STUX JAaHHBIX, CTPEMSICh BBISIBUTD
CKPBIThIE 3aKOHOMEPHOCTHU B MPEOYTEHHX MOIb30BaTeNeN U CO3aTh MOJEb, CIIOCOOHYIO Mpe-
CKa3bIBaTh OLIEHKH I HOBBIX (DMJIBMOB MJIM CEPHAIOB.

Takske MOXHO UCTIONB30BaTh 00yueHre Oe3 yuuTesis Il aHaJIn3a MOBeJeHU s M0JIb30BaTes el 1
BBISIBJICHU S TPYIIIT ITOJIb30BATeNel C MOX0XKUMH MHTEpECaMK. DTO MO3BOJIUT CO3/ATh KJIACTEPHI TOJIb-
30Baresiell ¥ MpeasiaraTb UM KOHTEHT, KOTOPBIA MOKET ObITh MHTEPECEH UX TPYIIIE B IIEJIOM.

JIOTIOTHUTENIBHO, METO/IBI O0YUEHHMSI C TIOIKPETJIEHHEM MOTYT OBbITh UCIIONB30BAHBI JIIsT TUHA-
MUYECKOW HACTPOMKU PEKOMEH IaTeJIbHOUN CUCTEMBI B peajibHOM BpeMeHU. CucteMa MOKeT MoJTydaTh
0OpaTHYIO CBSI3b OT MOJIL30BATENIEN O TOM, HACKOJIBKO MM MIOHPABMIIMCh PEKOMEHIAIINH, U Ha OCHOBE
9TOI MH(POPMAITUN KOPPEKTUPOBATH CBOM PEKOMEHIAINH B OYIYIIIEM.

MarmuHHOe 00y4YeHHe UrpaeT KII0UEBYIO posib B CO3JaHUM MEPCOHATM3MPOBAHHBIX PEKOMEH-
JaTeIbHBIX CUCTEM, KOTOpPBIE CIIOCOOHBI aAaNTUPOBATHCS K MPEANOUTEHUSAM U MOTPEOHOCTAM Kak-
J0TO OTAETbHOTO TIOJIb30BATENS.

Apanrtanys B KOHTEKCTe 00ydeHHs BakHa 11 TOrO, YTOObI CUCTEMBI ICKYCCTBEHHOTO MHTEJI-
JIEKTa OCTaBAJIMCh AKTyaJbHBIMU M 3(p(EeKTUBHBIMH B MepeMeHHOM cpejie. OHa MO3BOJISIET MOACISIM
oOyueHHUsI pearupoBaTh Ha U3MEHEHUs B IaHHBIX WM TpeOOBaHUAX 3a/1au, 0OECIieurBasi CoXpaHe-
HHUE MX PEeJIeBAHTHOCTH U YJIydllleHHe MPOU3BoAUTEIbHOCTH. Harpumep, B 3a1ave pacrno3HaBaHUs
peur ajanTanus MOXKET BKIIIOYaTh B ceOs KOPPEKTUPOBKY MOJEIM HA OCHOBE HOBBIX 3alMCEel WM
aKIIEHTOB, KOTOPbIE paHee MOTJIN ObITh HEIOCTATOUHO MPECTABIICHBI.

OnHUM U3 METONIOB aJIaNTAllUK SIBJISIETCS MHKPEMEHTHOE OOyUeHUe, OHO TIPE/ICTABIISIET COOOM
METOJI MAIIMHHOTO O0Yy4YeHHUs], PU KOTOPOM MOJIENb TIOCTETNIEHHO OOHOBJISIETCSI TI0 Mepe TMOCTYILIe-
HUS HOBBIX JaHHBIX, 6€3 HEOOXOIUMOCTHU TIepeoOydeHHs Ha BCEM JOCTYITHOM Habope JIaHHBIX. DTOT
TIOJIX0/1 OCOOEHHO TOJIe3€H B CUTYallMsIX, KOT/Ia IaHHbIE TIOCTYNAIOT HeMTPEePhIBHO MM KOTraa Tpedy-
ercst ObICTpasi aganTalys MOJIEIM K M3MEHSIOMUMCS yCJIoBUAM. BmecTo Toro uroOs nepeodydaThb
MOIeJIb Ha KakKIOM HOBOM HaOOpe JTaHHBIX C HYJIsI, THKPEMEHTHOE 00y4eHHe TTO3BOJISIET COXPAHUTD
3HaHUs, TIOJTyYeHHbIE Ha MPEbIIYIIMX STarnax 00y4eH s, 1 OOHOBUTH MOJEJb TOJIBKO B COOTBETCTBUM
C HOBBIMH JTAHHBIMH.

[IpumeHeHre MHKPEMEHTHOrO OOyUYeHHUsl IIMPOKO PACIIPOCTPAHEHO B Pa3IMUHBIX OOJACTSIX,
BKJII0Yast (PMHAHCOBBIN aHanu3. Hampumep, B cuctemMax aHaim3a (PMHAHCOBBIX JAHHBIX, IJ€ PHIHOY-
HBIE YCJIOBUSI TIOCTOSIHHO MEHSIIOTCSI, UTHKPEMEHTHOe 0Oy4eHHe MO3BOJISIET MOJIETUPOBATh aKTyallb-
HBble TEHJIEHIIMA Ha PhIHKE 0e3 HeoOXOOVMOCTH TEepecMOTpa BCEH HMCTOPUYECKOW WHMOPMAIUH.
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Mogienib MOKET IOCTOSTHHO OOHOBJIATLCSI C YUETOM HOBBIX JJAaHHBIX, OTPaXkkas MOCJIeJHIE N3MEHEHUS
Y pearvupys Ha HUX aJeKBaTHO.

[TpermyiiecTBOM WHKPEMEHTHOro OOydyeHus! sBjsercs: ero 3(P(eKTUBHOCTh U SKOHOMMUS
BBIYHCITUTENTBHBIX pecypcoB. [ockobKy Mojieib OOHOBIISIETCS TOJBKO HA OCHOBE HOBBIX JAHHBIX, a
HE Bcero o0beMa JJaHHBIX, COXPAHSIeTCS BpeMsI M 3aTpaThl, HEOOXOAUMBIE JJIsI IOBTOPHOTO OOYYeHU S
MOJIeTIH C HYJIS. DTO OCOOCHHO BaXXKHO B 33j]a4ax, IJie JJaHHbIE TOCTYMAIOT OBICTPO U TpedyeTcs ore-
paTuBHAS peakivs Ha U3MEHEHHS.

Kon ny1st uHKpeMeHTHOro oOy4ueHus1 OyJIeT 3aBUCETh OT KOHKPETHOTO METOJ1a MAIITMHHOTO 00Y-
YEeHHUs ¥ UCTIONIb3yeMor Onbnmoteku. PaccmoTpum ripumMep mpoctoro kozaa Ha Python ¢ ucnons3oBa-
HueMm Onommoteku Scikit-learn 111 ”THKpEMEHTHOTO 0OyUYeHHUsI TMHEHHON perpecCm:

“python

from sklearn.linear_model import SGDRegressor

import numpy as np

# CosnmaHue o0ObeKTa MOJIENU C UCTIONIb30BAHUEM CTOXaCTUIECKOTO IPaJJUEHTHOrO CITyCKa

model = SGDRegressor()

# HauasibHOe 0OyueHre MoJey Ha IepBoM Habope JaHHBIX

X_initial = np.array([[1, 2], [3, 4]])

y_initial = np.array([3, 7])

model.partial_fit(X_initial, y_initial)

# HoBble JaHHBIE IOCTYIIAIOT [TOTOKOM

X_new = np.array([[5, 6]])

y_new = np.array([11])

# MHKpeMeHTHOe 00y4YeHue MOJIENI HAa HOBBIX JAHHBIX

model.partial_fit(X_new, y_new)

# IIporHo3upoBaHue Ha HOBBIX JAHHBIX

y_pred = model.predict(X_new)

print("IIporno3s:", y_pred)

OTO MpUMEp KMCIOIL30BAaHUS MHKPEMEHTHOrO OOYYeHUsI C TIOMOIIBI0 CTOXaCTUYECKOro Ipa-
JOWEHTHOTO CITyCKa JUIsl JIMHEWHOUM perpeccur. CHavana mojenb oOydyaeTcsi Ha IepBoM Habope
nanabix (CX_initial, “y_initial’) ¢ ucnonb3oBanueMm mertofa partial_fit. 3arem HOBble JaHHbIE
(X_new’, 'y_new") MOCTyMaiT MOTOKOM U MOJIEIb OOHOBJISIETCS C UCIIOIb30BaHUEM TOTO ke MeTojIa
“partial_fit". B KoHI1Ie MOAeb UCMIOIB3YETCs ISl TPOrHO3MPOBAHU ST 3HAUEHUI HA HOBBIX JIAHHBIX.

3anaueii ObLIO TIOKA3aTh, KAK MOKHO OOHOBJIATH MOJIEJTh IMHEWHON perpeccru 1o Mepe Mmoy-
YEeHHUs HOBBIX JIAHHBIX, HE Mepeodyyast e€ Ha BCEM HaOOpe TaHHBIX 3aHOBO.

KoHkpeTHO, Ko AelaeT cieayoiee:

1. Co3naércs 0ObeKT MOJIENN JIMHEWHOW PEerpeccry ¢ UCTIONh30BAHUEM CTOXACTUYECKOTO Ipa-
muentHoro criycka ((SGDRegressor”).

2. Mopenb HauaibHO 00y4aeTcs Ha epBoM Habope naHHbIX ("X _initial’, y_initial") ¢ moMoIpio
metoza partial_fit'.

3. 3ateM mocTynaioT HOBble JaHHbe ((X_new’, 'y_new ), KOTOpble MOJEJb UCHONb3YeT s
WHKPEMEHTHOTo 00y4YeHHUsI ¢ TIOMOIIIBIO TOTO ke MeTona “partial_fit".

4. B kOHIIe MOJIeJNIb VCTIONB3YeTCs ISl POrHO3UPOBAHUS 3HAYCHUI HA HOBBIX JAHHBIX.

Takol nomxon K 00y4eHHI0 0OCOOSHHO TIOJIe3eH B CiTydae, KOrja JaHHbIe MOCTYIAT MOTOKOM
WM Korja Tpedyercst ObICTpast alanTalys MOJIEIN K U3MEHSIOIUMCS YCIIOBHSIM.

JpyrumM MeTofioM aJlanTaryu siBjisieTcsl oOydeHue ¢ TOJIKperUieHreM, TJie areHT o0yJaeTcs Ha
OCHOBE CBOETO OITBITAa BO B3aUMOJICHCTBUY C OKPY:KaIOIIel cpe/ior. B 9ToM citydae areHT MOXeT ajar-
TUPOBATh CBOIO CTPATETHUIO ICHCTBUI Ha OCHOBE TIOYUYEHHON OOpaTHOM CBSI3H, UTO TIO3BOJISIET EMY
JIydIlie CIIPABJISATHCS C U3MEHSIONMMUCS YCIOBUSAMU U 3a/1auamMu. Hanpumep, B crcteMax yripasJie-
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HUSI MOOWJIBHBIMH PpOOOTaMH OOyUEHHUE C MOAKPEIUICHUEM MOKET UCTIONb30BAThCS IS aJalTalluK K
HOBBIM MPENATCTBUSAM UM U3MEHEHUSIM B MapIIpyTe.

OOyueHrie W amanTanys SBJISIOTCS BaXXHBIMA KOMIIOHEHTAMHM MCKYCCTBEHHOTO WHTEJJICKTA,
MO3BOJISIIONIMMY CUCTeMaM YJIydIllaTh CBOIO MPOU3BOAUTENBHOCTb, I(PHEKTUBHOCTh U aJaNTUPO-
BaThCSl K M3MEHSIIOLIMMCS YCIIOBUSIM U TPEOOBAHUSIM 33/a4.
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I'maBa 3: Meroanl Pemennst 3agau B U

3.1 Ilonck n onTHMH3 AU

[Monck 1 onTUMU3aNKS ABISIOTCS (DyHAAMEHTAIBHBIMUA METOIAMHU B 00JIACTH MCKYCCTBEHHOTO
VHTEJUIEKTA, UCIIOJIb3YEMBIMU ISl HAXOXKJCHUS HAWTYUIINX PEIICHUN B PAa3JMYHBIX 3ajadax. DTU
METO/IbI BKJTIOYAIOT B ce0s1 pa3IMYHble aJITOPUTMBI U CTPATErvH, HAITPaBJICHHbIE HA TIOUCK ONTUMAJTb-
HBIX pelleHUI B OOJIBIIMX ITPOCTPAHCTBAX BO3MOXKHBIX BAPUAHTOB.

IHonck

Mertonpl OMCKa MPEACTaBIISIOT COOOM MEXaHM3Mbl, UCIIONb3yeMble 1JIs HAaXOXAEHUs ONTHU-
MAaJIBHOTO PELIEHNS B CIIOKHBIX IIPOCTPAHCTBAX BO3MOKHBIX BApMAHTOB. OHM BKJIIOYAIOT pa3InyHbIe
CTpaTerry ¥ aJITOPUTMBI, HAIlpaBJIeHHBIE HA CUCTEMAaTHUYECKUI 0OXO[l CTPYKTYp JaHHBIX B TIOMCKAX
HYKHOM MH(OPMALIMH.

Aunroputm nioucka B rimyouny (DFS) sBnsiercst oqHuM n3 (hyHIaMEHTATbHBIX METOOB MOKMCKA
B rpadax M MMPOKO NPUMEHSETCS B Pa3IMUHBIX OOACTAX KOMIBIOTEPHBIX HAYK U UCKYCCTBEHHOT'O
MHTeJUIeKTa. Ero OCHOBHOM MPUHIIMIT 3aKJTI0YAETCsl B TOM, YTO OH UccienyeT rpad myTeM Hocieno-
BaTeJILHOTO CITyCKa Ha KaK MOKHO OOJIBIITYIO TIIyOUHY, IPEK/Ie YeM BEPHYThCS U MICCIIEI0BATh IPyTHe
HarpaBJIeHUsL.

ITpu ucnonszoanru DES anroputm HauMHaeT ¢ HayaJIbHOW BEPLIMHBI Ipada U BEIOWPAEeT OHY
U3 €€ CMEXHBIX BEPUIMH U1 UCCIENOBAaHMA. 3aTeEM OH IEpEMEIAeTCA K 9TOU BEPLIMHE U MPOIOJI-
’KaeT uccieoBarh rpad 13 Hee, MOBTOPSS STOT MPOLECC PEKYPCHBHO A0 TeX IMOp, IOKa He OyaeT
JOCTUTHYTA LIeJIb UM He OyAyT McuepliaHbl BCe BO3MOKHBIE ITyTH.

OpnHoit u3 BaxkHbIX XapakTepuctuk DFS sBisercs ero cnocoOHOCTb HaXOOUTh pelleHre WK
JOCTHKMMBIN TyTh B rpacde. DT1oT MeTos 3(pheKTUBHO padOTaeT B CUTYAlUsX, I1e He TpeOyercs
HAaXOXJEHHEe ONTUMAJIBHOTO PelleH s, a JOCTATOYHO HANTH JII000e BO3MOKHOE PEIlleHUe WU MyTh
OT HAYaJIbHOW BEPIIMHBI K LIEJTH.

Opnaxo DFS take uMeeT cBOU OrpaHU4YEHHs1. B 4aCTHOCTH, B HEKOTOPBIX CIy4asiX OH MOKET
3alMK/IMBAThCS B OECKOHEUHOM LIMKJIE WM HE HaXOAUTh ONTUMAJIbHOE PElIeHHe U3-3a CBOEH NpH-
POoIBI CITycKa Ha Oonblryio rmyouny. Tem He MeHee, Gnarogapsi cBoeii mpoctote U 3(pheKTUBHOCTH B
HEKOTOPBIX clieHapusx, DFS ocraeTcsa Ba)XHBIM MHCTPYMEHTOM B MCCJIEIOBAHUU U PELLIEHUH 33/1a4 B
00J1aCTH MCKYCCTBEHHOT'O MHTEJIEKTa M KOMITBIOTEPHBIX HaYK.

Aunroput™m noucka B umpuny (BFS) sBisercs kiaccuueckKMM METOIOM IOMCKa B rpacax,
KOTOPBII 00J1a/1a€T PSIIOM YHUKAJIBHBIX OCOOEHHOCTEH M IPUMEHSIETCSI B Pa3JIMYHBIX 0ONACTSIX KOM-
NBIOTEPHBIX HAyK U MCKYCCTBEHHOTO MHTEJUIEKTa. B ero ocHoBe JIeKUT ujiesl MOCTENEHHOTO PacIlu-
PEHNUA T'PaHULl UCCIEJOBAaHKUS OT Ha4aJbHOW BEPIUMHBI K CMEXKHBIM BEPLUIMHAM. JTO O3HAYAET, YTO
JITOPUTM CHavaJla MCCJIeAyeT Bce BEPIIMHBI, HAXOAIIMECS HAa OIHOM YPOBHE OT Ha4yaJIbHOMH, 3aTeM
NepeXOIUT K BEPIIMHAM CJIEAYIOILEro YPOBHS U TaK Aajee.

OpnHoii U3 kimouyeBbix ocodeHHoctell BES sBiisiercs ero cnocoOHOCTh HAXOOUThH KpaTJaliui
NyTh WIKA ONTUMAJIBHOE pelleHUe B cilyvyae, ecu rpacd mpeacTaBiiseT coOoi JepeBo i rpad c
OJIMHAKOBBIMU BecaMu pedep. DTo [enaeT ero uaealbHbIM BHIOOPOM B 33/1auax, TAKUX Kak IOUCK
KpaTyaiIlero myTy B CETU AOPOT WM ONTUMAJIBHOTO MYTH AJIs IOCTUAKEHUS LIeJTH.

BaxHo otmeruts, uto BES Takke umeer HeKoTopble orpaHnyeHusA. OHUM U3 HUX SBJISAETCA
Hea(P(EeKTUBHOE UCIIONB30BAHUE PECYPCOB B Cilyyae OOJIBIIMX U IUIOTHBIX IpadoB, Tak KaK OH Tpe-
OyeT xpaHeHHs MH(OpMaIMK O Bcex MocellleHHbIX BepirHax. Kpome toro, BFS He Bcerna nogxoaur
U151 TIOMCKA ONTUMAJIBHOTO pellieHHsl B rpadax ¢ pa3IMuyHbIMU BecaMy pedep WM HelOJTHBIMHU Tpa-
ax. Tem He meHee, Omarogapst cBoe mpoctore U 3(hPEKTUBHOCTH B HEKOTOPBIX cleHapusax, BFS
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OCTaeTcsl BAKHBIM MHCTPYMEHTOM B WICCJICIOBAHWU W PEIIeHUM 3a/1a4 B 00JaCTH UCKYCCTBEHHOTO
MHTEJUICKTa U KOMITBIOTEPHBIX HayK.

PaccmoTpum npumeps! 3a/1a9 ¥ X pelIeHU TS KaKI0TO U3 METO/OB:

1. Towuck B riryouny (DFS):

[Mpumep 3amaun: HailTu yTh OT CTapTOBOW TOUKM K KOHEUHOU TOUKE B JIAOMPHHTE.

Pemmenue: Anroputm DFS HauHeT ¢ HaYaJIbHOM TOUKY U OyJIET TIOCIEIOBATEILHO UCCTIeOBATh
BCE BO3MOKHBIC MYTH B JITAOMPHUHTE, JI0 TEX MOP MOKa He JOCTUTHET KOHEYHON TOUKU WJIA HE UCCIie-
JyeT Bce JOCTYyIHbIe yTH. Ecii KoHeuHast Touka He Obla HalJIeHa, aJlTOPUTM BEPHETCS M TIOTPO-
OyeT pyrou myTh.

s peammzaru anroputMa DFS B noricke nmyTu B 1aGupuHTE ¢ BU3Yyaau3aluen pe3yabrara
MBI MOEM HCIIONB30BaTh s13bIK Python m 6ubnmorexy matplotlib a5 Bu3yanuzarmu 1a0MpUHTA U
HaiiieHHoro nmytu. PaccMotpum npumep kopa:

“python

import matplotlib.pyplot as plt

import numpy as np

# OyHKIUS 111 OTOOpaKeHU s TAOMPUHTA ¥ HAMJICHHOTO Ty TH

def visualize_maze(maze, path):

maze = np.array(maze)

path = np.array(path)

nrows, ncols = maze.shape

fig, ax = plt.subplots()

ax.imshow(maze, cmap=plt.cm.binary)

ax.plot(path[:, 1], path[:, 0], color="red', marker='0") # OtoOpaxkeHue myTu

ax.plot(path[0][1], path[0][0], color="green', marker='0") # CtaproBas TOUKa

ax.plot(path[-1][1], path[-1][0], color="blue', marker='0") # Koneunasi Touka

ax.axis('image')

ax.set_xticks([])

ax.set_yticks([])

plt.show()

# OyHKIMS U] peKYPCUBHOTO MOKCKA MYTH B JJAOMpUHTE C ucronb3oBanuem DFS

def dfs(maze, start, end, path=[]):

path = path + [start]

if start == end:

return path

if maze|[start[O]][start[1]] == 1:

return None

for direction in [(O, 1), (1, 0), (0, -1), (-1, 0)]:

new_row, new_col = start[0] + direction][0], start[1] + direction|[1]

if 0 <= new_row < len(maze) and 0 <= new_col < len(maze[0]):

if (new_row, new_col) not in path:

new_path = dfs(maze, (new_row, new_col), end, path)

if new_path:

return new_path

return None

# INpumep nadupunra (0 — myTs, 1 — nperpana)

maze = [

[0, 1, 0,0, 0],
[0,1,0,1,0],
[0, 0,0, 1, 0],

9 9
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start = (0, 0)

end=(4,4)

# Iouck myTH B TabUpUHTE

path = dfs(maze, start, end)

# Busyasizanus pesysibrara

visualize_maze(maze, path)

ITOT KOA co3/maeT JAOMPUHT, WCMONb3ysd Marpuiy, rae O mpeacraBiser myTh, a 1 —
creny. Amroputm DFS wucnonesyercss ajisg moucka MyTH OT HAYaJbHOM 10 KOHEUHOW TOYKHU
B sabupunTte. Pesymprar BuU3yaqm3upyercs C momolblo Oubnuorekn matplotlib, rme kpac-
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2. Iouck B mmpuny (BES):

[Tpumep 3agaumn: HailTi KpaTyalllivil yTh OT CTAPTOBOM TOYKM K KOHEYHOH TOYKe B rpade
JOPOXKHOM CeTH.

Pemenune: Anropurm BFES HauHeT ¢ HauaJlbHOW TOYKU U UCCIIEAYeT BCE CMEXKHbIC BEPIIUHBDI,
3aTeM Bce CMEKHbIE BEPIIMHBI 9TUX BEpIIMH U Tak fganee. Korga Oyner HaiiieHa KOHEYHas! TOUKa,
JITOPUTM BEpHET KpaTYaIluii Iy Th K STOU TOUKE, TaK KaK OH MCCIIeyeT BEPIIMHbBI HA OTHOM YPOBHE
rpaca, npex/e YeM NepexoauThb K CIEAYIOIIEMY YPOBHIO.

s peanusanun anroputma BES B noucke kparyvaiiiiero nmyt B rpage J0poXKHOM CETU Mbl
TaK)Ke MOKEM HCIOJb30BaTh s13bIK Python. [[ns Bu3yanmszauum pesynbTaTa KpaTyailero myTd B
rpacde JOpOKHOW CETH Mbl MOKEM HCIOJIB30BaTh OMOIMOTEKY networkx™ muist cozganus U otoOpa-
xeHus rpaga. Paccmorpum nipumep kopa:

“python

import networkx as nx

import matplotlib.pyplot as plt

from collections import deque

# OyHKUMA U1 TIOUCKA KpaTyaiiiuero myti MetogoM BES

def bfs(graph, start, end):

visited = set()

queue = deque([(start, [start])]) # Odepens mis ooxona rpada

while queue:

current, path = queue.popleft()

if current == end:

return path

if current not in visited:

visited.add(current)

for neighbor in graph[current]:

if neighbor not in visited:

queue.append((neighbor, path + [neighbor]))
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# Ilpumep rpacda JOPOKHOU ceTH (MPEJICTaBIEH B BUJIE CJIOBAPSI CMEXHOCTH)
road_network = {

'A": ['B', 'C'],
‘B ['A", 'D', 'E'],
'C:['A'", 'F'],
D' ['B,

'E": ['B', 'F'],

'F: ['C,'E','G'],
'G" ['F']

}

start ='A’

end ='G'

# Ilonck KpaTyaiiero nyT B rpadpe JOpOKHOW CeTH

shortest_path = bfs(road_network, start, end)

print("Kparuaitimuii myTts ot", start, "k", end, ":", shortest_path)

# Cosnmanue rpacda u 1o0aBjeHre BepIIUH

G = nx.Graph()

for node in road_network:

G.add_node(node)

# JloGaBeHue pedep Mexy BEpIIMHAMUI

for node, neighbors in road_network.items():

for neighbor in neighbors:

G.add_edge(node, neighbor)

# OroOpaxenue rpada

pos = nx.spring_layout(G) # [Tonoxenue BepivH Ha rpade

nx.draw(G, pos, with_labels=True, node_color='lightblue', node_size=1000)

# BblneneHre Kparyaiuiero myTu

shortest_path_edges = [(shortest_path[i], shortest_path[i + 1]) for i in range(len(shortest_path)
- D]

nx.draw_networkx_edges(G, pos, edgelist=shortest_path_edges, width=2, edge_color="red")

plt.title('T'pach nopoxHoO# cetu ¢ KparyaiiuMm nytem ot { } k { }'.format(start, end))

plt.show()

ITOoT KOJ co3aaeT rpad JOPOKHON CETH HA OCHOBE CJIOBAPS] CMEKHOCTH, 4 3aTeM HUCIIOIb3yeT
asnroput™m BFS 17151 norcka KpaTyaifiiero myTv OT HaYaJIbHOM 10 KOHEYHOW TOUYKH. Pesynbrar 0T106-
paxaercsi ¢ momolnpio 6udmotekn “matplotlib’. Busyamisupyercs Bech rpad, a KpaTJyailinmii myTh
0TOOpaxaeTcst KpaCHbIM I[BETOM.

OTU NpUMepbl JEMOHCTPUPYIOT, KaK KaX/IbIi U3 METOIOB MOMCKA MOKET OBITh MUCIIOJIb30BaH
IJISI pellieHust pa3auuHbIX 3a1a4. DFS mogxomut ans 3aaad, riae BaXHO HAWTH JTIOOON BO3MOKHBIN
nmyTh, B TO BpeMs Kak BFS ucrnone3yercs, koraa HEOOXOAMMO HANTH KpaTyalllui MyTh WM ONTH-
MaJIbHOE pellieHe.

0O0a 3TuxX MeTo/ia UMEIOT CBOU MPEUMYIIECTBA U HEJIOCTATKY, M BHIOOP KOHKPETHOTO MeTo/a
3aBUCHT OT XapaKTePUCTHUK 3aJauMl U TpeOyeMbIX KPUTEpUeB onTUMaibHOCTH. Kpome Toro, cyie-
CTBYIOT U JIpyTM€ METO/bl MOUCKA, TaKhe Kak anroputmsl A u Dijkstra, KOTOpble Takke HaxogsT
[IMPOKOE MPUMEHEHHE B PA3TMYHBIX O0ACTSAX UCKYCCTBEHHOTO MHTEIIEKTAa U MH(POPMATHKHU.

OnTumuszanust
OnNTUMU3AIMOHHBIE METO/Ibl B UICKYCCTBEHHOM MHTEJUIEKTE UTPAIOT KJIIOUYEBYIO POJIb B HAXOXK-
JEHUU HAWTYUIINX PEeIIeHUH ISl CJIOKHBIX 33/1a4 C ONpeIe/IEHHBIMU OIPaHUYCHUSIMU WU LEJISIMU.
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ITH METOIB! MOTYT OBITh IPUMEHEHBI KaK K 3aJa4aM OJHOKPUTEPUAILHOW ONTUMM3ALIUH, IIe Tpe-
OyeTcsi HAWTH ONTUMAJIBHOE pelleHue ISl OHOrO KPUTEpHsl, TaK U K MHOTOKPUTEPUATIBHON OITH-
MU3AIIMH, T7Ie HEOOXOAMMO YUUTHIBATH HECKOJBKO KOH(DIMKTYIONIHMX HeJIel WA OrpaHUYEeHUI OJHO-
BPEMEHHO.

I'eneTnueckune aaroputmsl (I'A) npexactaBissior coO0OW MOIIHBIA KJIACC ONTUMM3AIMOH-
HBIX METO/IOB, BJOXHOBJICHHBIX MPUHIMIIAMUA €CTECTBEHHOTO OTOOpa U reHeTHMKU. OHU SIBJISAIOTCA
UTEPATUBHBIMH AJITOPUTMAMH, KOTOPbIE SMYIMPYIOT SBOJIOIUIO MOMYJISLIUY, TAe KaX bl KaHAUAAT
MIPEe/ICTaBIIsIeT MOTEHIMAIBHOE pellieHre 3a1aul. Ha Kax ol utepanyu aaropuTMa co3/1aeTcsi HoBOe
MOKOJIEHVE KaHUJATOB IyTeM IPUMEHEHHsI ONIepaTOpPOB MYTAllUK, CKPEIMBAHUS M 0TOOpa K POIIH-
TEJILCKOH MOIYJISALMHU.

B nauasie padotel ['A co3maer ciiydaiiHyo TONYJISIUI0 KaHIUIATOB, KOTOpas MPE/ICTABIsAeT
co00i HauaJIbHbIE peleHus 3aJaur. 3aTeM MPOUCXOOUT UTEPATHUBHBIN MPOIIECC, HA KaXOM dTare
KOTOPOT'0 OCYIIECTBJISIETCS OLIEHKA MPUCTIOCOOIEHHOCTH KaKI0T0 KaHJUJaTa B COOTBETCTBHU C LieJie-
BOW (pyHKIMeN. KanauaaTel, KOTOpbIE JIydllle COOTBETCTBYIOT MOCTABJICHHBIM KPHUTEPHSAM, UMEIOT
OOMNBIINI [IAHC BBIKMBAHUS U MEpelauyll CBOMX 'EHETHUECKUX XapaKTepHUCTUK CIEAyIeMy MOKO-
JICHUIO.

Omneparop MyTalyu CIy4aiiHbIM 00pa30M U3MEHSIET TeHETUIECKOe MIPE/ICTAB/ICHNE KaHJuIaTa,
YTO TPUBOAUT K PA3HOOOPA3WIO B MOMYJISAIUKA M MPEAOTBPAIIAECT 3aCTPEBAHUE B JIOKAJIBHBIX ONTH-
MyMax. CKpelyBaHue MO3BOJISIET CO3JaBaTh HOBBIX KAHIUIATOB ITyTeM KOMOMHAIIMN F€HETHYECKOM
MH(pOPMAIMK OT JBYX POOUTENIEH, YTO TMO3BOJSAET HACIENOBATh JYUIIMe XapaKTEePUCTUKH OOOMX.
Oneparop otdopa ornpeenser, Kakue KaHOuIaTel OyayT MepexoauTh B cleaylollee MOKoJIeHHe Ha
OCHOBE WX MPHUCIIOCOONICHHOCTH, MPH ITOM OoJiee MPUCTIOCOOIEHHbIe KaHIUAAThl UMEIOT OOJBIITHIA
I1aHC OBITh BHIOPAHHBIMHU.

ITOT mpoliece MPOJOIKACTCS 10 AOCTHKEHHUS YCIOBUSI OCTAHOBA, TAKOTO KaK JOCTHKEHHUE
MaKCHUMaJIbHOTO KOJIMUECTBA UTEPALII WM JOCTUKEHUE KEJIAeMOTr0O YPOBHSI TPUCIIOCOOIEHHOCTH B
nonyasuy. ['eHeTnueckre anropuTMbl IIMPOKO TMPUMEHSIIOTCS] B Pa3IMYHBIX 00NACTAX, TAKMX KakK
ontuMm3anus (PyHKIUI, HACTPOUKA MTapaMeTPOB Mojiesiel, pellieHre 3a1a4 KOMOMHATOPHOU ONTH-
MU3AIMY 1 MHOTHE JpyTHe.

JlorycTiMm, y Hac ecTh 33/1a4a ONTUMH3ALMK PACKpOosi MaTepuasa. [ljist mpocTOThl MpeacTaBuM,
YTO y HAC €CTh MPSIMOYTOJIBHBIN JIMCT MaTepuasia OMpeesIeHHOro pa3Mepa, ¥ HaM HeoOXOAMMO pac-
MWIATH €r0 Ha MPSIMOYTOJIbHbIE 3aTr0TOBKHU OINPE/IeIEHHBIX pa3MepPOB TAKMM 00pa30M, YTOOBI UCIIOJb-
30BaTh Marepuag MaKCUMasabHO 3(h(HEKTUBHO 1 MUHUMU3UPOBATH OTXOJIBI.

Jns pereHus 3Toi 3aJa4yl Mbl MOXKEM PUMEHUTb T€HETUYECKUIA anropuT™. Kaxapiii kKanau-
JaT B OMYJISILUM MPECTABIsAET COO0 HAOOP MPSIMOYTOJIBHBIX 3aTOTOBOK, PACHIOJIOKEHHBIX HA JIUCTE
Martepuaia. Mbl MOXeM KCIOJIb30BaTh OMEPaTOphl MyTAIlUK M CKPEIIMBAHUS JIIsl CO3JaHMUsI HOBBIX
KOMOMHAIIMH 3arOTOBOK, a TAK)Ke OIeparop oTOopa A1l BHIOOpA JIyUIINX PEHIeHUN.

LeneBass pyHKIMS MOXET OLEHUBATh 3(PPEKTUBHOCTb KaXAOTO0 pacKkposi, HalpuMep, Kak
OTHOILICHUE TUIOIIAAM 3arOTOBOK K OOINEH IUIOMAaM JHUCTa Matepuaia. [eHeTuyeckuil anropurm
OyleT UTEepaTWBHO MCKaTh KOMOWMHAIIMM 3aroTOBOK, KOTOPblE MAKCUMHU3UPYIOT HAHHYIO IIEJEBYIO
(byHKIIMIO, TEM caMbIM HAaXOZsl ONTUMAJIBHOE PeIlieHre IS 3aJa41 PacKposi MaTepuaia.

JI1s1 BU3yanu3aly 3aladdl ONTHMU3AIMKA PACKPOsi MaTepuaia ¢ MOMOIIbI0 TeHETUYECKOTO
JITOPUTMa MBI MOKEM HCIOb30BaTh OMOMMoTeKy matplotlib™ aist co3nanus rpaduueckoro mpea-
CTaBJICHUs JIUCTAa MaTepuajia W 3aroToBok. Huke mpuBeneH mprMep mpoctoro koaa Ha Python,
JEMOHCTPUPYIOLLETO 3Ty 3a/auy:

“python

import matplotlib.pyplot as plt

import numpy as np

# OyHKIMSA 11 BU3yaIu3aliyd pacKposi Matepuasa

def visualize_cutting(material_size, cut_pieces):
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fig, ax = plt.subplots()

ax.set_aspect('equal’)

# Busyanusanus Jmcra Marepuaa

ax.add_patch(plt.Rectangle((0, 0), material_size[0], material_size[1], linewidth=I,
edgecolor="black’, facecolor="none"))

# Buzyanuzaius Kaxa0i 3aroToBKU

for piece in cut_pieces:

ax.add_patch(plt.Rectangle((piece[0], piece[l]), piece[2], piece[3], linewidth=I,
edgecolor="red', facecolor="none"))

plt.xlim(0, material_size[0])

plt.ylim(0, material_size[1])

plt.gca().set_aspect('equal’, adjustable="box")

plt.xlabel("Width")

plt.ylabel('Height")

plt.title('Material Cutting Optimization')

plt.grid(True)

plt.show()

# IIpumep ncnonb3oBaHusl (PyHKIMY JJ151 BU3yaIU3aLUU

material_size = (10, 10) # Pazmepsi ucra marepuaa

cut_pieces = [(1, 1, 3, 2), (5, 2, 4, 3), (2, 6, 2, 2)] # KoopauHaTbl U pa3Mepbl 3arOTOBOK

visualize_cutting(material_size, cut_pieces)

ENXN

45



I. Kaprep. «VckyccTBeHHBIN UHTEIIEKT. OCHOBHBIE TTOHSITUS»

Material Cutting Optimization
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FeHeTMYeckuin anroputm (ICA) - 3TO 3BPUCTUYECKIMIA ONTUMN3ALMOHHBIA MeToA,
BOOXHOBJ/IEHHbI NpoLieccaMu eCTECTBEHHOro 0T6opa 1 reHeTUYEeCKOU IBOTHOLIAN.
OH ncnonb3yeTcA ANA PpeleHyA 3aaay onTuMmn3aunn, nyTem MoaennpoBaHnA
< 3BOMOUMM NONYNALMK KAHAMAATOB pelueHuia. ['A BknoyaeT B ceba reHepaumio
‘ CrnyYarHOW Ha4anbHOW NONyNALMKW, MPUMEHEHNE ONepaTopPOB MyTaLuK,
“___J

CKpewmBaHma n otbopa AnA co3a4aHNA HOBbLIX NMOKONEHWUIA KAHOWAATOB
C Y4eTOM VX NPUCnocob1eHHOCTM K LieneBoi (PyHKLMKW, U MOBTOPEHWE 3TOr0
npougecca oo BOCTWXXEHWUA YOOBNETBOPUTENLHOMO pesynbTara.

Ha pesysbrare BUIMM BU3yaIM3alMIo JIUCTA MaTepUalla U PACIIOIOKEHHBIX HA HEM 3arOTOBOK.
JIvct matepuana npeacTaBiieH YEPHBIM ITPSIMOYTOJIBHUKOM, KOTOPBIN YKa3bIBaeT Ha IPAHULIbI JOCTYII-
HOTO IPOCTPAHCTBA AJ1s packposl. Kaxkas 3aroroBka MpeAcTaBlIeHa KPACHBIM IPSMOYTOJIBHUKOM C
yKa3aHUEM ee KOOPAMHAT ¥ pa3MepOB Ha JIUCTE MaTepualla. DTa BU3yalIn3alys [IOMOraeT HalIsqHO
IPEJICTaBUTh, KAKUM 00pa3oM IMPOUCXOAUT PACKpOi MaTepuasa M Kak 3arOTOBKM pa3MeIAoTCs Ha
JIUCTE C YYETOM OI'paHMUYEHM.

ITOT KOJ co3JaeT rpapuueckoe MpecTaBIeHue JIUCTa MaTepraa U PacloOKEHHbIX Ha HEM
3aroToBoK. JIuct marepuana 00O3HaYEeH YEPHBIM HPSIMOYTOJIBHUKOM, a KaXjJas 3aroToBKa — Kpac-
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HBIM. BBl MOXeTe U3MEHHUTh pa3Mephl JIMCTa MaTepralia U pactioiokKeHUe 3ar0TOBOK, YTOOBI YBU/IETb,
KaK U3MEHSIeTCsl BU3yaJIn3aliysl.

AJITOPUTMBI ONITHMHU3AIUN C HCKYCCTBEHHBIM HMMYHHTeTOM (aHr1. Artificial Immune
System, AIS) mpencTaBiasioT coO0il KOMITLIOTEPHBIE aJTOPUTMBI, BIOXHOBJICHHBIE Pa0OTON ecTe-
CTBEHHOM UMMYHHOi1 cucteMbl. OHU IPUMEHSIOT IPUHLIMITBI UMMYHHOIO OTBETa, TAKME KaK pacro-
3HABaHME ¥ YHUUTOKEHUE aHTUTEHOB, [UISl pPEIIEHHs 33/1a4 ONITUMU3ALHH.

B ocnose AIS nexut aHanorusi ¢ (pyHKIIMOHMPOBAHUEM OMOJIOTMYECKON MMMYHHON CUCTEMBI.
Bwmecto kiieTok 1 aHTureHoB B AIS MCONB3YyI0TCS CKYCCTBEHHbBIE aHAJIOTY — AHTUTENA U AaHTUTEHBI.
AHTHUTENA TPEICTaBISAIOT COOOU CTPYKTYPHI JaHHBIX, KOTOpPBIE MPEACTABISIOT PEelIeHHs 33/1auu, a
AHTUTEHbI — HEKEeJaTesIbHbIE IEMEHTBI WM YYaCTKU MPOCTPAHCTBA MOMCKA.

[Mpouecc padotsr AIS BKITIOUaeT B ce0s1 STamnbl OOHAPYKEHHsI, pACTIO3HABAHUS U YHUUTOXKEHUSI
aHtureHoB. Ha nepBom stare reHeprpyeTcs: HauaibHasi MOMYJISALMSA AaHTUTEN, PEICTABISIOIAst BO3-
MOXHBIE pelleHus 3aa4i. 3aTeM MPOUCXOIUT MpoLiecC OOHAPYKEHUsI aHTUTEHOB, TO €CTh HeXela-
TEJIbHBIX JIEMEHTOB B IIPOCTPAHCTBE MoKcKa. [Tocie oOHapyKeHust aHTUTeNa, CIOCOOHBIE PACO3HATh
¥ CBSI3aThCSI C aHTUTEHAMM, YCUIIMBAIOTCS,  Te, KOTOpbIe He 3(peKTHBHBI, OTOpackiBaioTcs. Hakowerr,
BBIOpAHHbIEC AHTUTEJA, YCTICIITHO CBSI3ABIINECs C AHTUTEHAMH, MOTYT MCTIONIb30BATLCS /151 TeHepalluu
HOBBIX KaHJUJIATOB PEIIEeHHIA, YTO MO3BOJISAET YIyUIIUTh IPOU3BOAUTEIBHOCTb aJITOPUTMA.

AJNTOpUTMBI ONITUMM3ALIMU C UCKYCCTBEHHBIM UMMYHUTETOM JEMOHCTPUPYIOT CBOIO 3 deK-
TUBHOCTb B PEIIEHUM pa3IMYHbIX 33/1a4 ONTUMM3AIMY, TAKUX KaK MOMCK ONTHMAJIbHBIX MapaMeT-
POB B MAIlIMHHOM OOy4Y€HHH, IPOSKTHPOBAHNE HEMPOHHBIX CETE, a TaKkKe B 33Ja4ax aJanTUBHOIO
yIIpaBJIeHUs U ONITUMU3ALIUY CTPYKTYP JaHHBIX.

PaccmoTpum npumep 3ajaun oNTUMU3ALME paclpesiesieHns pecypcoB B ceTu. [omycTtum, y Hac
ecTh 3 cepBepa U 5 3a7a4, ¥ HaM HYXKHO paclpe/iesUTh 3TH 3a/1a4l MeX/y cepBepaMu TaKuM oopa-
30M, 4TOObBI MMHUMHM3HPOBATh OOIIYI0 HAPY3Ky Ha CeTh M BPeMsl BHIIIOJTHEHHUs 3371a4. Mbl MOXeM
UCTIONb30BATh AJITOPUTM ONTUMU3ALIUY C UCKYCCTBEHHBIM MMMYHHUTETOM JIJI51 PEIIEHH S 9TOM 3a4a4H.
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I. Kaprep. «VckyccTBeHHBIN UHTEIIEKT. OCHOBHBIE TTOHSITUS»

KoHen 03HakoMuUTEJIbHOT0 (pparmMeHra.

Texkcr npenocrasinen OO0 «JIutpec».

IIpounTaiiTe 3Ty KHUTY LIEJIMKOM, KYIMB II0OJHYIO JIETaJIbHYIO Bepcuio Ha JluTpec.

BesomnacHo onnatuTh KHUTY MOKHO OaHKOBCKOM Kaprtoit Visa, MasterCard, Maestro, co cuera
MOOWIIBHOTO TenepoHa, C TUIaTeKHOro tepMuHana, B catone MTC wm Cesi3Hoii, yepes PayPal,
WebMoney, fAunekc.densru, QIWI Komesnek, 60HyCHbIME KapTaMu WX APYTUM YIOOHBIM Bam crio-
coOom.

48


https://www.litres.ru/book/dzheyd-karter/iskusstvennyy-intellekt-osnovnye-ponyatiya-70369546/

	От автора
	Глава 1: Введение в Искусственный Интеллект
	Глава 2: Основные Концепции и Термины
	Глава 3: Методы Решения Задач в ИИ
	Конец ознакомительного фрагмента.

