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AHHOTaAIMA

Knura npencrapisier coOol BBEJIeHUE B MHP HMCKYCCTBEHHOI'O
unteuiekta (M). B Heil paccMaTpuBaloTCsl KJIIOUEBbIE KOHIIETIIUU,
METO/Ibl M TEXHOJIOTUH, MCHOJb3yeMble B oOnactu MU, HauuHast ot
0a30BbIX AITOPUTMOB MAIIMHHOTO OOYYEHWs] M HEWPOHHBIX CeTeid,
U 3aKkaHuMBasi Oojiee CJIOKHBIMM TeMaMH, TaKUMHU Kak [IyOOKoe
oOy4yeHHEe U pPEeKyppeHTHble HEWPOHHBIE CeTH. ABTOpP IOIIArOBO
OOBSICHSIOT OCHOBHbBIE IPUHITUITHL paOOTHI Pa3IMUHBIX TIOIX010B K UN
Y MTPEAOCTABJISAIOT YUTATENISIM MPAKTHUECKHE IIPUMEPBI U 3aJaHUsT JITST
yrayOieHHs] IOHUMAaHUs MaTepraja. DTa KHUra nmpejHa3HayeHa Kak
1T CTYJEHTOB M MCClieloBaTeiell, uHTepecytomuxcst remoit MU, tak
W JJIsA TIPAKTUKYIOIUX CIIEIMATUCTOB, JKeJAoNIUX PaCIIMPUTh CBOU
3HAHKSA B 9TOH 0OJIACTH.
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Hxkenq Kaprep
M CKyCcCTBEeHHBIN MHTEJJIEKT.
OCHOBHbIE IOHATHSA



OT aBTOpA

Hloporue yurarenu,

S pap mpencraBuTh BaM NEPBYIO KHUTY U3 cepud "Hckyc-
CTBEHHBbIM HTe/neKkT". D1a ceprsi KHUT 3ajJyMaHa Kak IyTe-
BOIUTENb B 3axBarbiBarolimi Mup MU, npenHazHaueHHbIN 11
BCEX, KTO MHTEPECYeTCsl 3TOM YBJIeKaTeIbHOM 00JIaCThIO.

B kaxaoi KHUTe ITOM cepru Mbl OyJeM TITyOKe orpyKaThCst
B TEMBbI U KOHLEMIINHN, CBA3aHHBIE C UICKYCCTBEHHBIM MHTEJUIEK-
ToM. OT 6a30BBIX MOHATHI U METOAOB MAIIMHHOTO OOy4eHUs 10
MPOIBUHYTHIX MPUJIOKEHUN U STUUECKUX BOIPOCOB, MBI OyJeM
paccMarpuBaTh pa3iuuHble acniektsl MM, nmomorast Bam syuiie
MIOHATDH, KaK OH BJIMSET HA HAIlly KU3Hb U KaKAe BO3MOXKHOCTH
OH OTKpBIBAET JIsI OyayIIIero.

Hainia nests — cenarb ClioHble KOHUENIMY IIOHATHBIMU U J10-
CTYNHBIMM JJis1 BceX. Mbl CTpeMuMCs TIOJOUTH K TEME UCKYC-
CTBEHHOTI'O MHTEJUIEKTA C Pa3HbIX CTOPOH, Ipejiaras YATaTeIsam
pa3HOOOpa3Hble TOYKHU 3PEHUs Ha MPAKTUUYECKUX MPUMepax.

B KkHure BbI HailleTe MHOKECTBO 33/1a4 C PEIIEHUEM U KOZIOM,
KOTOPBIF MOXHO CKOITUPOBATh U U3YYHUTh MOAPOOHEES, U3MEHUTD
napameTpbl, TOOABUTH CBOM 3arpoc U T.1. JI1s 3TUX 1iesieit Mox-
HO UCIOJIb30BaTh TAKKUE CPE/bl KaK:

— NuTepaktuBHbie OJ0KHOTH: Hampumep, Jupyter Notebook
wm Google Colab. Onm o0ecrieunBalOT MHTEPAKTUBHYIO Cpey,
i€ BBl MOXKETE MMUCATh KO, BBIIIOJIHATH €T0 M0 YacTAM U BUAETh



pe3yJabTaThl BCTPOSHHBIX BU3YaJTU3AIIHIA.

— WnarerpupoBannsie cpensl paspadotku (IDE): Takue kak
PyCharm, Visual Studio Code, wiu Spyder. Onu npenocrasisi-
10T Ooratbiii HabOp (PYHKIMIA /17151 HATTUCAHUS M OTJIAJIKM KOJa, a
TaKXe yIOOHYIO cpey [Uisi pabOThl C MPOEKTAMHU.

— Onnaitn-penakropsl koga: Harpumep, repl.it um CodePen.
OHU TMO3BOJISIIOT MUCATh W BBINOJHSTH KOJ TNPSMO B BallleM
BeO-Opay3epe 6e3 HeOOXOAUMOCTH YCTAaHOBKU JIOTIOJTHUTETBHO-
'O MPOrpaMMHOT0 0OeCIIeUeHUs.

— VHTepakTUBHBIE MECOYHUIIB TSI OMPEAETCHHBIX S3bIKOB
W ¢GpedMBOpKOB: HekoTopble s3BIKM MPOrpaMMHUPOBAHUS
U (ppeliMBOPKYU TMPEJOCTABISIIOT OHJIAH-TIECOUYHUIIbI, KOTOPbIS
MO3BOJISIIOT BaM OBICTPO MOMPOOOBaTh MX (DYHKIIMOHATIBHOCTD,
Haripumep, Python Tutor pyis Python wim SQLFiddle nns SQL.

bnaronapio Bac 3a UHTEpEC K 3TOI TeMe, U 51 YBEPEH, UTo 3Ta
cepusi KHUT CTaHET MOJIE3HBIM PECYPCOM JIJ1s1 BCEX, KTO CTPEMUT-
Cs1 OCBOUTDb U IPUMEHSITh BOBMOKHOCTH UCKYCCTBEHHOTO MHTEJ-
JIeKTA.

C HamTy4IIMMH NIOKeTaHUSIMH,

ke Kaprep



I'naBa 1: BBenenue B
UckyccrBeHnblil UHTEIEKT

1.1 OnpeneJieHne HCKYCCTBEHHOTO HHTEJJIEKTA

HUckyccrBennsiit uatesuiekt (M) — 31o o6acTh KOMIBIOTEP-
HBIX HayK, KOTOpasi 3aHUMaeTCsl CO3JITaHUEM CUCTEM, CIIOCOOHBIX
K BBITIOJIHEHUIO 3a/1a4, OOBIYHO TPeOYIOIMX WHTE/UIEKTa Yeslo-
BeKa. DTU CHCTEMbI 00J1aJal0T CIIOCOOHOCTBIO K CaMOOOyYEHUIO,
QHAIN3Y JAHHBIX, MPUHATHIO0 PELIEHUN W BBINIOJHEHUIO 3a4a4
B pa3JIMYHbBIX 00JIACTSIX, BKJIIOYAsl pacrio3HaBaHUe 0O0pa3oB, 00-
pabOTKy €CTECTBEHHOIO sI3bIKa, TUIAHUPOBAHUE, pPEIlieHHe MPo-
Onem, MeAMIIUHY, (PUHAHCH, pOOOTOTEXHUKY M MHOTHE JIpYTHe.

B coBpemennom mupe MM mmpoko npumeHsercs B pa3iny-
HBIX c(pepax )KU3HU, BKJIIOYasi OM3HEC, HAYKY, MEIUIIMHY, TTPOU3-
BOJICTBO, aBTOMOOWJIbHYIO TIPOMBIIIJIEHHOCTh 1 MHOTOE JIPyToe.
OH gBiIsIeTCs KITI0YEBBIM (PaKTOPOM B pa3BUTUH TEXHOJIOTUI OY-
JyIIEro, TAKMX KaKk aBTOHOMHbIE aBTOMOOWJIM, YMHBIN JIOM, Me-
JUIMHCKAS TUArHOCTHKA U TEXHOJOIMH OJIOKYEHH.

OpmHUM U3 OCHOBHBIX HAllPaBJIeHUI UCCIIEIOBAaHUN B 00/1aCTU
WCKYCCTBEHHOI'O MHTEJIJIEKTA SIBJISIETCST Pa3padOTKa aJlrfOPUTMOB
MAITUHHOTO O0yUYeHHUsI, KOTOPbIE IMO3BOJISIOT KOMIIBIOTEPAM U3-
BJIEKaTh I0JIE3HbIC 3HAHUS M3 JAHHBIX U MCHOJL30BaTh UX JJIsI



NPUHATHSI PEIIEHUI U pellieH s 3a/1ay.

WIckycCTBEHHBIN MHTEJUIEKT — 3TO 00JIacTh, B KOTOPOW WC-
TIOJIB3YIOTCS pa3HOOOpa3HbIe METO/IBl M TEXHOJIOTHH TSI CO3/1a-
HMSI CUCTEM, CIIOCOOHBIX BHITIOIHATH 3a/1a4H, TPEOYIOIIHe UHTE-
JIEKTyaJIbHBIX criocoOHOocTel. PaccmoTpum nmogpoOHee HECKOITb-
KO OCHOBHBIX CTTOCOOOB pean3alliii NCKYCCTBEHHOTO MHTEJUIeK-
Ta:

1. CumBoOJBHOE TPOrpaMMUpPOBaHNE

CuMBOJTBHOE MTPOTPAMMHPOBAHUE TPECTABIISAET COOOM MOA-
XOJ] K UICKYCCTBEHHOMY MHTEJJIEKTY, KOTOPBII COCPEIOTOYEH Ha
paboTe ¢ CUMBOJIAMU U MPaBWJIAaMU, MPEJICTABISIIONIMMY 3HAHUS
o mpeaMeTHON o6nactu. OCHOBHBIM MPUHIIUIIOM CHUMBOJIBHOTO
IPOrpaMMHUPOBAHUS SIBJISETCS MAHUITYJISALMSA CUMBOJIAMM C T10-
MOMUIbIO (POPMATTbHBIX MTPABWII 7151 peLIeHH s 33/1a4. DTOT MOAXON
0COOEHHO MOAXOIUT IS 3a]]a4, B KOTOPBIX 3HAHUE MPEIMETHON
00J1acTH MOXET OBbITh SIBHO C(hOPMYJIMPOBAHO B BUJE TPABIII U
3aKOHOB.

DKcHepTHbIE CUCTEMBI SIBISIIOTCS OJHUM M3 Hambosee pac-
MPOCTPAHEHHBIX MPUMEPOB CUMBOJIBHOTO MPOTPAMMHPOBAHUSI.
OnHu ¥CNoNb3yI0T 0a3bl 3HAHWIA, COCTOSIINE U3 (DAKTOB M TIPABHIT
BBIBO/IA, YTOOBI MPEJCTABUTD KCIIEPTHOE 3HAHKE B KOHKPETHOM
NpeIMETHON 001acTH. DKCIEePTHBIE CUCTEMbI MOTYT IIPUHAMATH
pelieHus 1 AeJaTh BIBO/bI, OCHOBAHHBIE HA TOM 3HAHUH, U UC-
TMIOJIb30BATHCS B IIUPOKOM CHEKTpe 0OacTei, BKIII0Yask MeTUIH-
HY, (PMHAHCBI, MHXEHEPUIO U YIIPaBJICHUE.



[TpeumyriiecTBa CUMBOJILHOTO MTPOrPaMMHUPOBAHMS BKJTIOYA-
I0T SICHOCTh Y TIOHSAITHOCTb IPABUJI, KOTOPBIE MOTYT OBITh Jier-
KO MHTEPIIPETUPOBAHbI U MPOBEPEHBI YEJIOBEKOM. DTOT TMOXO]
TaK)Xe 00ecreuynBaeT BOZMOKHOCTh OOBSICHEHUSI IPUHSATHIX pe-
IIEHWIA, YTO BaXKHO ISl 00J1acTe, rae TpedyeTcs Mpo3pavyHOCTb
Y TIOHUMAaHUE TIPUHIAIIOB PadOThI cucTeMbl. OTHAKO CUMBOJTb-
HOE MPOrpaMMHUPOBAHUE MOXKET CTOJKHYThCSI C OIpaHUYEHUsI-
MU B CJIOKHBIX M HECTPYKTYPUPOBAHHBIX 00ACTSX, TJIe TPYIHO
(opmanmzoBaTh 3HAHUS B BUJIE TTPABUIL, U B TAKHUX CITy4asixX Ipy-
Y€ MOJXOJIbl, TAKME KaK HEHPOHHBIE CETH, MOTYT OKa3aThCs 00-
siee 3(PPEKTUBHBIMU.

[Tpumep CUMBOJIBHOTO MPOrPaMMUPOBAHUSI MOXKHO HANTH B
9KCIIEPTHBIX CHUCTeMax ISl JUAarHOCTHKU OonesHeit. [lomycTm,
y HaC ecTh 9KCIIEpTHAs CUCTeMa, pa3paboTaHHas [UIsl onpesere-
HUSI BO3BMOXHOW OOJIE3HU Yy MallMeHTa Ha OCHOBE €ro CUMITO-
MoB. Cucrema ucronb3yet 6asy 3HaHUil, COCTOSIIIYIO U3 TIPABUII
1 (DaKTOB O PA3IMYHBIX OOJIE3HIX U UX CUMIITOMAX.

IIpumep npasua:

Ecnu nanpieHT kanyercst Ha O0Jb B IPYIH U OBIIIKY, TO BO3-
MOXHBIE JMATHO3bI MOTYT BKJIIOUYATh CepleuHble 3a00/eBaHusd,
TaKye KaKk CTeHOKAapaus Wiv MH(PAPKT MUOKapAA.

Ecnu maryieHT UCIBITHIBAET KKEHHE B KeJTyIKe MOCIIE €/1bl, TO
BO3MOKHBIMU JJMAaTHO3aMH MOTYT OBITh SI3BEHHAs! OOJIE3Hb HMJIH
pedumiokc 330¢arur.

Ecnu y marnpieHTa ecth BBICOKasi TeMrieparypa u 0ojb B ropiie,
TO 9TO MOXET yKa3blBaTh HA MH(EKITNI0 BEPXHUX JIBIXaTeTbHBIX



MyTeH, TaKyI0 KaK aHTMHA WY TPUIIIL.

[pu oOpareHny K SKCIIEPTHOM CUCTEMe C HAOOPOM CHMITTO-
MOB TallMeHTa, CUCTeMa MPUMEHsIET 9TU NpaBuia IS aHaIu3a
CUMIITOMOB U BbISIBJIEHUSI BOBMOKHBIX TUarHO30B. 3aTeM CUCTe-
Ma MOXET MPeJIOKUTh JOMOTHUTENIbHBIE TECThI MJIM KOHCYJIbTA-
LIMIO C BpauOM J1J1s1 IOATBEPAKACHUS JUAarHO3a.

STOT NpUMep JEMOHCTPUPYET, KAK CUMBOJIBHOE ITPOTr paMMHU-
POBaHUE MOXET UCIOb30BaThCA AJI (popMaIn3aliy KCIEpT-
HOT'O 3HaHWS U MIPUHSATHUS PEIIEHUI Ha OCHOBE 3TOrO 3HAHMSI.

2. HelipoHHbl€e ceTH

HelipoHHble ceTy MpeACTaBISAI0T COOON MOIIIHBII HHCTPYMEHT
B 00JIACTU MICKYCCTBEHHOTO WHTEJUIEKTa, KOTOPBI MOJETMPYeT
paboty yenoBeueckoro Mosra. OHM COCTOSIT U3 MHOKECTBA B3a-
MMOCBSI3aHHBIX HEHPOHOB, KOTOpBle 00pabaThIBAIOT U MEPEIAI0T
uH(pOPMAIIMIO B BUIE CUTHAJIOB. B OCHOBE HEMPOHHBIX ceTel Jie-
JKUT KOHIIENIHs 00y4YeHusl Ha puUMepax, Korjaa cucreMa ajiarn-
TUPYETCS K OKPY:Kalollei cpejie, HaXo/1sl 3aKOHOMEPHOCTH B JIaH-
HBIX.

['myGokoe oOyueHue MpeacTaBiiseT COOOM Pa3sHOBUIHOCTh
HEHPOHHBIX CeTel, KoTopasi MO3BOJIsSET CUCTEMaM aBTOMaTHye-
CKU W3BJIEKaTh BLICOKOYPOBHEBBIE MPU3HAKY U3 OOJIBIINIX 00be-
MOB JIaHHbIX. OHO CTaHOBHUTCS Bce OoJiee MOMyJIsIpHbIM O1arofa-
psi cBOeit cHOCOOHOCTH K 00YYEHHIO Ha Hepa3MEUEeHHBIX JAaHHBIX,
YTO JeJiaeT ero 0coOeHHO 3(pPEeKTUBHBIM IS 3a/1a4 Paclo3Ha-
BaHUs 00Pa30B U KJIaCCU(PUKAIIHN.



[TpeumyiiecTBa HEWPOHHBIX CETe U TITYyOOKOro OOydeHHs
BKJTIOYAIOT BBICOKYI0 TMOKOCTh M CIIOCOOHOCTH K ajamTaiuu K
pa3IMUYHBIM TUIAM JIAHHBIX, @ TAKKEe CIIOCOOHOCTh K OOYYEHHIO
Ha OOJBINMX 00beMax JaHHBIX. DTU METObI YCIEITHO IPUMEHSI-
I0TCSI B Pa3/IMYHbIX 00JIACTSIX, TAKMX KaK KOMITBIOTEPHOE 3peHue,
00pabOTKa eCTECTBEHHOTO SI3bIKa, PEKOMEHJATEITbHbIE CUCTEMBI,
MEIUIIMHCKAs IMAarHOCTHKA U MHOTO€E JPYTroe.

OnHako HEeWpOHHBIE CETH TaKkKe UMEIOT CBOM OTPaHUYCHUS,
BKJTIOYAsI CJIOKHOCTb MHTEPITPETAIMHU MOTyYSHHBIX Pe3Y/IbTaTOB,
HEOOXOIUMOCTh OOJIBIIOr0 00beMa JaHHBIX A OOyYeHHs |
BBIYMC/IMTESIbHBIE 3aTPaThl MPU OOyYEHUH TITyOOKHUX MOIEJEH.
HecmoTpst Ha 3TO, OHM OCTAIOTCSI OMHUM M3 CAMbIX MOIIHBIX U
YHUBEPCAJIbHBIX UHCTPYMEHTOB B 00JIACTU UCKYCCTBEHHOTO MH-
TeJIeKTa, ¥ UX TOMYJISIPHOCTD MPOIOJIKAET PACTH B HAIIle BPEMSI.

3. 'eneTnyeckue ajaropuTMbI

[eHeTrueckue aaropuT™Mbl MPECTABISIOT COOOM METON, Ofl-
TUMM3AIIMU, OCHOBAHHBIN Ha MPHUHIIMIIAX €CTeCTBEHHOTO OTOO-
pa U TeHETUYECKOM IBOIOIUH. DTOT MOAXO/ K UCKYCCTBEHHOMY
MHTEJJIEKTY BIOXHOBJIEH MEXaHU3MaMM, KOTOpbIe MPUPO/a UC-
TIOJIL3YET ISl SBOJIIOIUK BUJIOB, W MO3BOJISIET CHCTEMaM HaXo-
JUTh ONTUMAJIbHBIE PEIIeHUs] B CJIOXKHBIX MPOCTPAHCTBAX JaH-
HBIX WJIM 33/1a4aX ONTUMU3AIIH.

B reHeTrueckux ajJropuTMax UCIOJIb3yeTcsl MOy UH-
JIVBUJIOB, KOTOPBIE TIPEICTABIISAIOT COOOM MOTEHIIMAIbHbIE pellie-
Hus 3aaun. Kax el MHAVMBUIL XapaKTEPU3yeTCsl CBOMM I'€HETH-



YEeCKUM KOJIOM, KOTOPBIA MOKET ObITh MPEe/CTaBJIeH B BUJIE T10-
CJIeIOBATEIbHOCTH OUTOB WJTH YKCEIT, ¥ TIOJIBEPraeTcsl SBOJIONH-
OHHOMY TTPOIIECCY, BKJIIOYAIOIEMY B ce0sl Oriepaliiy CKpeliyBa-
HUS1, MyTalluK 1 0TOOpA.

B Hauane paboThl anropuT™Ma Co3/1aeTcs CayJyaidHas Hauyaib-
Has MOMYJIALMS UHAUBUIOB. 3aTEM OHU OLEHUBAIOTCS MO KPHU-
TepusiM 3 EKTUBHOCTH WU TPUTOAHOCTH, ONPEAETICHHBIM 1S
pewaemont 3agaud. [locne 3Toro mpoBoAsATCSA onepalyy CKpe-
HIMBAaHUS U MyTalliH, B PE3YJIbTaTe YEro CO3/IAETCSI HOBOE MOKO-
JieHue UHAUBUAOB. IHAMBUKI ¢ 60Jiee BHICOKOU MPUTOTHOCTHIO
UMEIOT OOJIbIIIe AHCOB OBITh BHIOPAHHBIMU IS CO3/JaHUSI HOBO-
I'O [TOKOJIEHU 1, UTO BE/IET K INOCTETIEHHOMY YJTyYILIEHHIO MOIYJIsI-
UK ¥ TPUOTMKEHUIO K ONITUMAJIbBHOMY PEIleHUIO 3a/1a4u.

['eHeTryeCcKMe aIrOPUTMBI HIMPOKO MTPUMEHSIIOTCS B pa3iny-
HBIX O0JIACTSIX, BKJIIOYAs WH)XEHEPUIO, SKOHOMHUKY, (DUHAHCHI,
OUOJIOTHI0, KOMIBIOTEPHYIO TpaduKy U MHOroe apyroe. OHu
YCHEIHO TMPUMEHSIOTCS JUIsl pelleHusl 3aad ONTUMU3ALUU,
TaKUX KakK MOUCK ONTHUMAJIBHOIO MapIIpyTa, MPOEKTUPOBAHUE
CJIOHBIX CUCTeM, OOy4yeHue HeMpPOHHBIX ceTell u apyrue. bia-
rogapsi cBoer 3(p(PeKTUBHOCTU U YHUBEPCATIBHOCTH, TEHETHYE-
CKHE aJITOPUTMbI OCTAIOTCSI BAXKHBIM UHCTPYMEHTOM B apceHasie
UCCIIe/IOBATeNIe Y MHKEHEPOB B OOJIACTH MCKYCCTBEHHOTO WH-
TEJUIEKTA.

JlaBaiiTe paccCMOTpPUM IpUMEp NMPUMEHEHUsI T€HETUUYECKOIO
QIrOpUTMa 7151 pelIeHUsI KJIACCUYECKOH 3a/1a4ld KOMMUBOSIKEpa
— HAXOXJICHUs ONTHMMAJIBLHOIO MaplIpyTa MOCEIIEHUs] BCEX TO-



POIIOB U3 CIHCKA, TAK YTOOBI CyMMapHOE PACCTOSIHUE ObLIIO MHU-
HUMAaJIbHBIM.

[TpeacTaBuM, 4TO y HaC €CTh HAOOP TOPOJIOB, KOTOPHIE HYKHO
nocetuts: A, B, C, D, E. ['eHeTrueckuil aJIrOpUT™M HaYHET C CO-
3[aHMS CTy4YalHOW HAYaJIbHOM MOMYJISILMY UHAUBUIOB, KX bl
U3 KOTOPBIX TIPE/ICTABIISIET COOOM OIMH U3 BO3MOXXHBIX MapIIpy-
TOB MeX1y ropogamu. Hampumep, onuH U3 UHIMBUIOB MOXKET
npenacrasisTh Mapuipyt A-B-C-D-E.

3areM anroputm Oy/IeT OIeHUBATh KaX/IbI MApIIPYT IO €ro
JUIMHE — CYMMapHOMY PacCTOSIHUIO Mexay roponamu. Crenyio-
UM IIaroM OyJeT ornepaisi CKpelniuBaHusl, P KOTOPOW BbI-
OupaloTcsl Ba POIUTENBLCKUX MapIpyTa U3 TeKyIIed MOMmyJis-
UM U CO3[AeTCSl HOBBIM MapIIpyT IMyTeM KOMOMHUPOBAHUS Ya-
CTell POAUTENILCKUX MapiipyToB. Harprmep, MOXKHO CKPECTUTh
mapiipyThl A-B-C-D-E u A-C-D-B-E, uToGbI osy4nTh HOBBIA
Mapiipyt A-B-C-D-B-E.

[ocne 3Toro NpoMCcXoauT onepaiysi MyTaluu, P KOTOPOI
CJly4allHO M3MEHSIIOTCSl HEKOTOpble YacTu mapiipyta. Hampu-
Mep, OJIUH U3 TOPOJIOB MOXET OBITh TIEPEMEIICH B JIPYTYIO MO3K-
LUIO.

[ocne kaxmoil onepaly CKpPEIIMBaHUsl U MyTalluyd OLIEHU-
BAeTCsl MPUTOITHOCTh HOBOTO MApIIIPyTa, U CaMble MPUCTIOCO0-
JIEHHBIE MapIIPYThl BHIOMPAIOTCS IS CO3JAHM S CISAYIOIIETO IMo-
kosieHus: nonynsauuu. [Ipouecc npopomkaercs 10 JOCTHKEHUS
KpUTEpUsi OCTAHOBA, TAKOTO KaK OIpeesIEHHOE KOJIMYECTBO TO-
KOJIEHUI U CXOIUMOCTh K ONTUMAJIbHOMY PEIICHUIO.



Takum 00pa3oM, TeHETUYECKUI aJITOPUTM TIO3BOJISIET HAXO-
JIWTh ONTUMAJIbHBIE WM OJM3KKE K ONTHMAJBHBIM PElIeHUsIM
JIUTSI CJIOJKHBIX 3a/a4 ONTUMM3AIMHY, TAKUX KaK 3aJ1a4a KOMMUBO-
SDKEpa, 32 cYeT SMYJISAIUHN TPUHITUIIOB €CTeCTBEHHOTO 0TOOpa U
TEHETUYECKON IBOJIIOLNH.

4. DKCcrepTHHIE CUCTEMBI

DKCIIEPTHBIE CUCTEMbI TIPEACTABISIOT COOON KOMITBIOTEPHBIE
IIpOrpamMMBbl, pa3padOTaHHbIE IS MOJCIUPOBAHUS U MCIIOIB30-
BaHW$ 3HAHUM, COOPAHHBIX y SKCIEPTOB B OIpeeeHHON 00a-
cti. OHM OCHOBaHbI Ha IMpaBujiax M (paKkTax, KOTOPbIE OTpaxa-
0T OMBIT W SKCIIEPTU3Y JIIOfIel B 9Tol obnactu. [1aBHOM 11e71hI0
9KCIIEPTHBIX CUCTEM SIBJISIETCSl pPellieHue 3a/1a4 U MPUHSTHE pe-
[IEHUU Ha OCHOBE UMEIOINXCA 3HAHUM.

OJiHOW U3 KJTI0OYEBBIX OCOOEHHOCTEN IKCIIEPTHBIX CUCTEM SIB-
JIIETCS X CIIOCOOHOCTh OOBSACHATH MPUHSTHIC pereHus. [Tomb-
30BaTe/IM MOTYT TOMYYUTh OOBbSICHEHUE, TIOYeMY CHCTeMa IpH-
1IU1a K TOMY WJIM KIHOMY BBIBOAY, YTO AEJAET UX MPO3PAYHbIMU U
HAJIC)KHBIMK B TIPUMEHEHNH. DTO OCOOEHHO BaXXHO B 00JIACTSIX,
rJe NpUHUMAaeMble pellieHUs] MOTYT UMEeTh CEPbE3HbIE MOCE/I-
CTBUsI, TAKMX KaK MEAMIIMHA WU (PUHAHCHI.

DKCHEPTHBIE CUCTEMBI HAXOASAT IIMPOKOE IPUMEHEHUE B pa3-
JIMYHBIX OTPACHSAX, BKJIIOYAsT MEAMIIMHY, IJI€ OHU UCIOJIb3YIOT-
Cs 111 TMUArHOCTUKU OOJIe3HEH U MOJ/IEPKKH Bpayel B MPUHS-
TUU PelIeHU O JieueHrr; (PUHAHCHI, I7le OHU MOMOTAIOT B aHa-
JIM3€ PbIHKA, TPOrHO3MPOBAHNUU TPEHAOB U YIIPABJICHUU PUCKA-



MW; WHKEHEPHs, T7Ie OHU IPUMEHSIIOTCS 151 TPOEKTUPOBAHUS U
0OCITYy’)KUBaHHMSI CJIOKHBIX CUCTEM.

OnHaKo, HECMOTPSI HA MX MHOTOYMCIICHHbIE TIPEUMYIIECTBA,
9KCIEPTHBIE CHCTEMbI TaKKe MMEIOT CBOM orpaHuueHus. OHU
MOTYT OBITh OrPaHUYEHBI IOCTYITHBIM OOBEMOM 3HAHUH U He BCe-
I71a CIIOCOOHBI AN TUPOBATLCS K HOBBIM CHTYAlIUsIM WJTH U3Me-
HEeHWsIM B OKpyxamomiei cpesie. Tem He MeHee, ¢ MOCTOSIHHBIM
Pa3BUTHEM TEXHOJIOTHIA K METOJIOB MCKYCCTBEHHOTO MHTEJIIEKTA,
9KCIEPTHBIE CUCTEMbI CTAHOBSITCSI Bee Oostee 3(PheKTUBHBIME U
IIMPOKO MPUMEHSIEMbIMHU B PA3JINYHBIX 00JIACTSIX ICATEIbHOCTH.

[IpriMepoM IKCTIEPTHON CHCTEMBI MOXET CIIYKHUTh CHCTEMa
HOJJICP/KKH MTPUHSITUS PellieHnid B 00nacT MeauiuHbl. Jlomy-
CTHM, Y HaC €CTh IKCIIEPTHAsI CHCTEMA, pa3padOTaHHAs [UIsl M-
arHOCTUKY 3a00JIeBaHUI1 Ha OCHOBE CHMITTOMOB, TIPEJJOCTABJICH-
HbIX nareHToM. CructemMa 6a3upyeTcst Ha 3HAHUSIX M OTbITE Bpa-
yel, COOpaHHBIX B BUJIE Oa3bl 3HAHUH U MTPABHIL.

ITpu oOpariieHnH K CUCTEME TTAIIMEHT OMMCHIBAET CBOM CHMII-
TOMBI, TaKWEe Kak OOJb B IPYyIH, TeMIlepatypa, Kameib U T. I.
CucremMa aHAIM3UPYET MPeIOCTaBIeHHbIE JaHHbIC U IPUMEHSIET
NpaBuJia, OCHOBAHHbIE HAa MEIMIIMHCKUX 3HAHUSX, JJIS Ope/e-
JIeHHsT BO3MOXHOTO IMarHo3a.

Hanpumep, eciiv naimeHT sxaayercst Ha 00Jib B TPY/IH, 3aTPy/l-
HEHHOE JIbIXaHUe W ydallleHHOe ceplieOneHre, CUCTeMa MOXeT
BBIIBUHYTb [TPEINOIOKEHHE O BO3ZMOKHOM HH(pApPKTE MUOKap/a
Y PEKOMEHIOBaTh HEMEIJIEHHYIO MEAMUIIMHCKYIO TTOMOIIIb.

Kpome Toro, crcrema MOXeT MPeIOKUTh JOTIOJTHUTETbHBIE



TeCThl WM OOC/IE[IOBaHUs [UIsl TIOATBEPKACHUS AMArHosa, a
TaK’Ke MPEeIOCTaBUTh PEKOMEHIALIMH 10 JIEYEHUIO U YXOy 3a Ia-
IIMEHTOM B COOTBETCTBUU C YCTAHOBJIEHHBIMU IPOTOKOJIAMHU.

Takum 00pa3om, KCIEpPTHAs CUCTEMa B MEAUIIMHE TIOMOra-
€T BpayaM 1 MEJUIIMHCKOMY MEPCOHATY B MPUHSATUU PELICHUN,
OCHOBaHHBIX Ha KCIIEPTHOM 3HAHUU W OTIBITE, YTO CIIOCOOCTBY-
€T MOBBIIIECHUIO KAYECTBA MEIUIIMHCKON MTOMOIIM U YTy YIIIEHUIO
PE3Y/IBTATOB JIEYEHHUS.

5. Oopa6orka ecrectBeHHoro s3bika (Natural
Language Processing, NLP)

OobpaboTka ectectBeHHOro s3pika (NLP) mpencraBnsier co-
O0¥ KJTI0YeBOM KOMITOHEHT MCKYCCTBEHHOI'O MHTEJIJIEKTa, KOTO-
pblil HallpaBJieH Ha aHAJIM3 U MOHUMAaHUE €CTECTBEHHOTO SI3bIKa
YesioBeKa. JTOT MOAXO/ OXBAThIBAECT HIMPOKUI CIIEKTP METO/IOB
Y TEXHOJIOTW, KOTOPBIE MO3BOJISIIOT KOMITBIOTEPHBIM CHUCTEMAaM
B3aMMO/IENICTBOBATDh C TEKCTOM, PEUbIO U IUATIOTaMU TaK ke, Kak
9TO JIeaeT YesIOBeK.

OJHUM U3 OCHOBHBIX HAaIlpaBJICHUH B 00OpabOTKE eCTeCTBEH-
HOT'O fI3blKa SIBJISIETCS PACNIO3HABAHUE PEUU. DTO MPOLIECC TIpe-
00pa3oBaHMsI 3ByKOBOW MH(OpMAIIUH, 3aNTMCAHHOW UJTH TPOU3-
HECEHHOW YeJIOBEKOM, B TEKCTOBYIO (popMy, KOTOPYIO MOXKHO
aHAJIM3UPOBATh M 00padaTHIBATH KOMITLIOTEPHOU cUCTeMOR. Pac-
MO3HABAHME PEUYM HAXOAUT IIMPOKOE MTPUMEHEHHUE B TOJIOCOBBIX
MOMOIIIHUKAX, TeJIe(DOHHBIX aBTOOTBETUYMKAX, CUCTEMAX YIIPaB-
JIGHUsI ¥ IPYTUX 00JacTsX.



Hpyrum BaxkHbIM acniekToM NLP sBisieTcss MarvHHBIA Tie-
PEBO/1, KOTOPBII MO3BOJISAET ABTOMATUYECKH NIEPEBOAUTH TEKCT C
OJIHOTO SI3bIKA Ha APYroil. MeTopl MallIMHHOTO MePeBO/a CTAHO-
BATCS Bce OoJiee TOYHBIMU M 3(PPEKTUBHBIMU Onaroapsi pa3Bu-
THIO TJTyOOKOTO OOy4YeHHSI 1 HEPOHHBIX CETe, UTO JesIaeT BO3-
MOXHBIM CO3[JaHHE€ BBICOKOKAYECTBEHHBIX MEPEBOJOB B peasib-
HOM BPEMEHH.

Kpome Toro, o6paboTka ecTeCTBEHHOTO SI3bIKa BKJIIOYAET B
ceOs1 Takue 3a/1auu, KaK aHaJIM3 TOHAILHOCTU TEKCTa, U3BJIede-
HUE MH(popMalny, KjIaccu(puKaiysa TEKCTOB U MHOTOE Jpyroe.
STU METObl HAXOJAT MPUMEHEHUE B COLMAIIBHBIX MeIua, Map-
KeTHHre, (PMHaHCaxX, MeJUIIMHE U APYTUX 00JIacTsX, rae Heooxo-
JVIM aHAJTU3 OOJIBIINX 00BEMOB TEKCTOBBIX TAHHBIX ISl IPUHSI-
THUsl PEUICHUI U BbISIBJIEHUS TEHACHIIAN.

Takum oOpa3zoM, 00pabOTKa €CTECTBEHHOTO SI3bIKA WTpaeT
KJIIOUEBYIO POJIb B PA3BUTUM TEXHOJIOIMM, MO3BOJISIOIIUX KOM-
MBIOTEPHBIM cHcTeMaM 3(pEeKTHBHO B3aMMOAEUCTBOBAThH C Ye-
JIOBEKOM 4epe3 TEKCT U peub, OTKPbIBAasl HOBbIE BO3MOXXHOCTU
U151 aBTOMATU3alUK U YJTy4llIeHUs] KOMMYHHMKALIMKU B Pa3JIMYHBIX
00JIacTsIX AeSITeNbHOCTH.

6. OoOyuennme c¢ mnoakpemieHueM (Reinforcement
Learning)

Oo6yuenue c nonkperienreM (Reinforcement Learning, RL)
Npe/ICTaByIsAeT cOOOW METON MAIIMHHOTO OOy4YeHHUsI, KOTOPBIA
MOJIEJIUPYET MPOLIECC MPUHATHS PELICHHUI, OCHOBAaHHBIN HA KOH-



HEMIUsAX Harpajasl U Haka3aHus. B 3Tom mojgxoie areHT B3au-
MOJIECTBYET C OKPYKAOUIEW CPeou, MPEeANpuHUMAas pa3ind-
HBIE JICVCTBUs, W TMOy4YaeT OOpaTHYIO CBsA3b B BUJE Harpajsl
v mrpada 3a Kaxjoe aencteue. Llesnbio areHTa siBsieTcs: Mak-
CHUMU3AlMsI OOIIel CyMMBI TTOTYYeHHBIX HArpaj, 4to mooyxiaa-
€T ero BEIOUPATh ONTUMAJIbHBIE CTPATETMH TIOBE/ICHHS B TAHHOW
cpene.

OnHUM U3 KJTIOYEBBIX KOMIIOHEHTOB OOyU€eHH s C MoK perLie-
HUEM siBJisieTcsl HoHsATHE "nomuTuku” (policy), kKoTopas onpene-
JISIET CTPATETHUIO areHTa — KaKue JIENCTBUSI OH JIOJKEH MPeIpu-
HATh B KaQXJOW KOHKpeTHOW cutyarmu. Llens oOyueHus ¢ noa-
KpErUIeHUeM COCTOUT B TOM, YTOOBI HAWTH ONTUMAJIbHYIO MOJIH-
THKY, KOTOpasi 00eCclieuylT MaKCUMAJIbHYI0 CyMMAapHYIO Harpamy
B JOJITOCPOYHOU MEPCIEKTUBE.

[TpumeHeHnne 0Oy4YeHHUsI C TIOAKPEIUIEHMEeM Pa3HOOOpa3HO U
OXBaThIBaeT MHOXkeCTBO oOnacteil. Hanpumep, RL ncnonb3yer-
Csl B CO3[IaHUM ABTOHOMHBIX CHUCTEM, TAaKMX KaK aBTOIUJIOTHI
ISt OECTIMIIOTHBIX aBTOMOOWJIEH W IPOHOB, TJIe areHT JOJIKEH
NIPUHUMATh OBICTPBIC ¥ OE30MacHbIe PelieHus Ha OCHOBE BHEIII-
Hell cpeibl ¥ TeKyIux o0cTosaTenbeTB. Takke RL nmpumensiercs
B 0OyUEHHUU UT'POBBIX areHTOB, MO3BOJISISI KOMITBIOTEPHBIM TPO-
rpaMMaM CaMOCTOSITEIbHO YUUTbCSI UTPaTh B Pa3IMUHbIE BUIIbI
UTp, HAYMHAS OT KJIACCUYECKUX HACTOJIBHBIX UTP 0 BUICOUTP C
KOMILJIEKCHBIM UTPOBBIM MHUpoM. Kpome Toro, oOydenue ¢ moj-
KperUieHneM HaxXxOIWT NMpPUMEHEHHe B YIpaBJIeHUU pOOOTaMH,
i€ areHT MOXET YUYUTHCS BBITIONHSTh PA3JIMYHbIE 33]]aUH, TAKHE



KaK TiepeMelieHre, MaHUIYJIMPOBaHUe OOBEKTaMHU U BBITIOTHE-
HUE CJIOXKHBIX IEMCTBUM B PEAJIBHOM MUPE.

OOyueHre C MOIKPEIUVICHUEM TIPE/ICTaBIseT COOON BaKHBIN
MHCTPYMEHT J1J151 CO3/1aHUS1 MHTEJUIEKTYaJIbHBIX CUCTEM, CIIOCO0-
HBIX TPUHUMATH PEIIEHNs B pealbHOM BPEMEHU B pa3HOOOpa3-
HBIX U IMHAMUYHBIX Cpeax.

7. O6padoTrka u3o6pakenmii u Bugeo (Computer
Vision)

Oo6padoTka nzodpaxenuii u Bujeo (Computer Vision) mpej-
CTaBJIsIeT COOOM BaXXKHYIO 00JIACTh MCKYCCTBEHHOTO MHTEJUICKTA,
KOTOpasi 3aHMMAETCS AaHATIM30M W MHTEPIIPETAIIME BU3YaIbHBIX
JAHHBIX. DTOT MeTO] 0OpaOOTKM JAHHBIX BKJIIOUAET B ceOs IIIH-
POKMIA CIIEKTP 3a/1a4, HAUMHAsI OT Oa30BBIX, TAKMX KaK pacIio3Ha-
BaHKMe 0OBEKTOB Ha N300paKEHUSIX, U 3aKaHYMBasi OojIee CIIOXK-
HBIMH, TAKUMU KaK CETMEHTaI1s1 U300pakeHU I U aHAJTU3 BUJIEO-
IIOTOKA.

OpHOWM W3 OCHOBHBIX 3a/1a4 00paOOTKU M300paKeHU W BU-
JIe0 SIBJISICTCSl Pacro3HaBaHUE OOBEKTOB, TO €CTh OIpesieieHue
HAJIMYMS ¥ TUTIA OOBEKTOB Ha M300paXkeHUU. DTO MOKET ObITh
KaK 00IIre KaTeropuy 00bEKTOB, TaKWE KaK aBTOMOOWIIH, JIFO/IH,
JepeBbs, TaK U OoJiee crienupuIeckre, HampuMmep, pa3InJHble
OpeH/Tbl aBTOMOOWJICH UM BUJIbI )KUBOTHBIX.

Elte oqHOM Ba)kHOM 3a/1aueid sBJisieTcs Kylaccuukanus n3oo-
pPaKEeHUM, TIPH KOTOPOM KaxkJi0e M300pakeHHe IMPUCBanBaeTCs
OJTHOW WJI HECKOJIbKUM TpeJONpe/IeIieHHBIM KaTeroprusaM WIn



kyaccaM. Harmpumep, kinaccudukarys n3006paxeHH MOKET UC-
TIOJIL30BAThLCS JIJISI OTIPeIeIeHus, COIEPXKUTCS JIM Ha (oTorpa-
(v komka v codaka, WK JIs ONpe/ie/ieHUs] HaJTMUUsI OTpe-
JeJIEHHBIX TTPU3HAKOB HA MEIMIIMHCKUX M300paKEHHSIX.

Jpyroii BaxXHOHN 3ajaueii sIBISETCS JIETeKIMsI OObEKTOB, TO
€CTh OTpeJie/ieHre TOJIOKEHUSI U TPaHUI] 0ObEKTOB Ha M300pa-
’KEHWH, a TaKXkKe UX KJaccuuKarys. ITo MO3BOJISET OOHAPYKH-
BaTh HE TOJILKO HAJIMUUE OOBEKTOB, HO U TOYHO OMPEEIATh UX
MeCTOrnoJIOKeHre U (hopMy Ha U300paKeHUH.

Bmecrte ¢ atiM, 06padoTKa n300pakeHni U BUAEO BKJIIOYA-
eT B ceOs TaKWe 3a/auu, KaK CerMeHTallus, KoTopasi TO3BOJIs-
eT pa3/ieNsTh N300pakeHne Ha OTAEIbHbIC YaCTH WJIH CETMEHTHI,
Y QHAJIU3 BUJICOMOTOKA, KOTOPbIN MO3BOJISIET aHAIM3UPOBATH 13-
MEHEHHSI B BUJIEO C TeUEHHEM BPEMEHH.

Takum 0O6pa3zom, 00padbOTKa N300paXKEHUIA 1 BUJICO SIBJISACTCS
AKTHUBHO pa3BUBAIOIIEHCS 00JIACThI0 UICKYCCTBEHHOTO MHTEJUICK-
Ta, KOTOpasi HAXOJMT IIUPOKOE IPUMEHEHUE B Pa3IMUHbIX Che-
pax, TAKMX KaK MEIUIMHA, aBTOMOOUJIbHAS IPOMBIIIJICHHOCTb,
0€30MacHOCTh, AHATUTUKA ¥ MHOTOE JIPYTOE.

8. HTeuIeKTyaIbHbIE areHThl H POOOTOTEXHUKA

WHTeneKTyanbHble areHThl 1 POOOTOTEXHUKA MPECTABISIIOT
co00l BaXHYI0 00J1aCTb UCCIEJOBaHUI B chepe UCKYCCTBEHHO-
ro MHTEJUIeKTa, KoTopasi (pOKycHpyeTcsi Ha CO3JIaHUU CHCTEM,
CTMIOCOOHBIX B3aMMOJIEHCTBOBATh C OKPYKAIOIIEH Cpeaor U IpH-
HUMAaTh PEIIEHUS B PEAJIbHOM BPEMEHU. DTOT MOAXOA K UCKYC-



CTBEHHOMY MHTEJIJIGKTY HAIpaBJieH Ha pa3pa0dOTKy alalTUBHBIX
Y aBTOHOMHBIX areHTOB, KOTOpPBIE MOI'YT aHaJIU3MPOBATh CBOE
OKpY)XEeHHUe, IPUHUMATh PEIlIeHUs Y BBITIOMHSATD JISUCTBUs, Ha-
NpaBJIeHHbIE Ha JOCTUKEHHE NOCTABIEHHbIX I1eJIeH.

OnHUM U3 KITI0YEBHIX MPUMEPOB peasu3aliy 3TOro MoAXoaa
SIBIISTIOTCST pOOOTHL. POOOTHI mpeacTaBisioT codoit pusnyeckre
CHCTEMBI, OCHAILIEHHbIE JaTYMKaMHU, MOTOpPAaMHU U KOMIIbIOTEP-
HBIM YIIpaBJIeHUEM, KOTOPbIE MOTYT B3aMMOJIEICTBOBATH C OKPY-
JKAIOIIEeW CPelol M BBITIOMHATH pa3ivMyuHble 3a1aur. Hampumep,
POOOTH MOTYT OBITH UCTIOJIB30BAHBI IJ1s1 aBTOMATU3AINY TTPOH3-
BOJICTBEHHBIX ITPOLIECCOB, BBHIMIOJIHEHHUSI OMACHBIX padOT WJIH T10-
MOIIIH JIOJSIM C O PAHUYEHHBIMU BO3MOKHOCTSIMU.

Jpyrum npumMepoM peann3ariiyi UHTEJIEKTyaIbHbIX areHTOB
SIBJISTIOTCS] aBBTOHOMHBIE aBTOMOOWIIY ¥ aBTONMJIOTHI IPOHOB. DTH
CHCTEMbI 0OOpPYIOBaHbI CEHCOPAMHU U KaMepaMH, KOTOpbIE 103~
BOJISIIOT UM BOCIIPUHUMATH OKPYKAIOIIYIO Cpe/ly, a TaKXKe airo-
pUTMaMU UCKYCCTBEHHOTO MHTEJUIEKTa, KOTOpble 00padaThiBalOT
NOJTydeHHbIe JaHHbIE W MPUHUMAIOT PEIICHHUs] O HABUTAIUHA W
yIpaBjieHUU. ABTOHOMHbIE ABTOMOOMJIM MOT'YT ObITh UCIOJIB30-
BaHbl /17151 6e301MacHOro 1 3(pheKTUBHOTO MepeMelleH s JToaei
¥ TPY30B 10 JIOpOraM, a aBTOMIJIOTHI APOHOB — 17151 BHITIOJTHEHU ST
Pa3JIMYHBIX 33a4, HAYMHAsA OT a3pO(OTOCKEMKH U reojie3nye-
CKUX M3MEPEHUH J10 TOCTaBKU I'Py30B U MOUCKA JIIOAEH B CIIOK-
HBIX YCJIOBUSIX.

Pa3Butne WHTEIUIEKTyaIbHBIX areHTOB M POOOTOTEXHUKHU
MMeeT OrPOMHBIN MOTEHIMAN IS yTyJllleHnsT Hallled KU3HA U



padOTHI B pa3IMIHBIX 00JIACTAX, OT IPOM3BOJCTBA M TPAHCIIOPTA
710 3/IpaBOOXPAHEHUsT U 0Opa30BaHUsL. DTU CUCTEMBI MOTYT TIO-
BBICUTh ITPOU3BOJUTEILHOCTh, O€30MaCHOCTh U Y0OCTBO HaIllen
TIOBCEIHEBHOM JKU3HH, a TaKkKe OTKPHITh HOBbIE BO3MOKHOCTHU
TS MCCJIEOBAHUU M MTHHOBALIWM.

9. UcKkyccTBeHHAsA KU3Hb U DBOJIOIHMOHHbIE AJITOPHT-
MbI

WcKyccTBeHHAs1 )KU3Hb W SBOJIIOIMOHHBIE aJITOPUTMBI — 3TO
METO/Ibl UICKYCCTBEHHOT'O MHTEJIJIEKTa, KOTOPbIE YepHaioT BOX-
HOBEHHE U3 OMOJIOTMYECKHX MPOLIECCOB U SBOJIOIUU B TIPUPOJIE.
OHM MO3BOJISAIOT MOJEIUPOBATh U M3YyYaTh )KU3HEHHBIE MPOIIeC-
Chl, a TaK’Ke IBOJIIOIMI0 OPraHW3MOB M BHJIOB, C IIEJIbI0 CO3/1a-
HUSI QBTOHOMHBIX CUCTEM, CIIOCOOHBIX K aJIalTAIlK U CaMOOOY-
YEHUIO.

OmHUM U3 KJIIOUEBBIX MHCTPYMEHTOB B CCIIEIOBAHUM UCKYC-
CTBEHHOM JKU3HU 1 SBOJTIOIIMOHHBIX AJITOPUTMOB SIBJISTIOTCSI TeHe-
TUYECKHE AJITOPUTMBL. DTU AITOPUTMbI UMUTUPYIOT €CTECTBEH-
HBII OTOOP Y TEHETHUYECKYI0 SBOJIONUIO MYyTeM CO3JaHUSI T10-
MUY MHIUBUAYYMOB, KOTOPBIE TIOIBEPraioTcss MyTaIusM,
CKpEIMBAaHUI0O U OTOOPY Ha OCHOBE MX MPUTOTHOCTH. Takum
00pa3om, MyTeM UTEPaTUBHOTO MPOIECca TeHETHMUYECKUE aJiro-
puUTMBI MOTYT 3(h(hEeKTUBHO HAXOAUTH ONITUMAJIbHBIE PEIICHNS B
MIPOCTPAHCTBAX OOJIBINX JAHHBIX WU MIPU PEIIeHUH 3a71au OIl-
TUMM3ALIAHN.

[ToMHMO reHeTHYEeCKUX aJTOPUTMOB, UCKYCCTBEHHAsI KU3Hb



Y 3BOJTIOLMOHHBIE AJITOPUTMBI TAKKE MPUMEHSIOTCS ISl MOJe-
JIMPOBAHUS U U3YYEHUS Pa3IMYHBIX ACIIEKTOB KUBBIX CUCTEM,
TaKUX KaK MOBEJEHUE KUBOTHBIX, JUHAMMUKA MOMYJISIIIUI U 9BO-
JHOIMST OUOJIOTMYECKUX BUIOB. DTU MOJIEIA MOTYT OBITh HCIOJTb-
30BaHbl JJIs1 aHAJIM3a U IPOrHO3UPOBAHUSI U3MEHEHUI B OKPY-
JKAIOILEN Cpefie, a TaKkKe IJIS CO3JaHNs UICKYCCTBEHHBIX CUCTEM,
CMOCOOHBIX K CaMOPEry/IsiuM U aJanTalydy K U3MEeHSIOMUMCS
YCIIOBUSIM.

WckyccTBeHHasi KU3Hb U SBOMIOIMOHHbBIE AJITOPUTMBI TIPE-
CTaBJISIIOT COOOM MOITHBIE MHCTPYMEHTHI IJIsI MCCIIEIOBAaHUS U
MOJIEIMPOBaHMS pa3HOOOPA3HBIX SIBJICHUI B MPUPOJIE, A TaKkKe
JUIsl CO3[]aHMsI aBTOHOMHBIX M QJIalITUBHBIX CUCTEM B 00JacTU
UCKYCCTBEHHOI'O MHTEJUIEKTA. DTU METObl HE TOJIBKO MO3BOJIsI-
I0T JIyYIlle HOHSATh MPUHLIUIBI )KU3HA U SBOIIOLUHU, HO XU MOTYT
MIPUBECTH K pa3pabOTKe HOBBIX TEXHOJIOTUI U PELIEHUIA BO MHO-
rux o0nacTsX, BKJIOYasi pOOOTOTEXHUKY, MEJUIIMHY, SKOJIOTHUIO
Y MHOTUE JIpyTHe.

10. UnTesiektyanbHble HHTEpPdeiichl U aJanTUBHbIE
CHCTEMBI

WHTeniekTyanbHble MHTEPMENChl M aJalTUBHBIE CHCTEMBI
NIPE/ICTABIISIOT COOOM BaKHBIN MIOAXON B 0OIACTH HCKYCCTBEHHO-
'O MHTEJJIEKTA, KOTOPBIi OPUEHTUPOBAH Ha CO3/1aHKE MOJIb30Ba-
TEJIbCKUX UHTEP(MENCOB U CUCTEM, CIIOCOOHBIX aJaNTHPOBATHCS
K MOTPEOHOCTSIM M MPEINOYTEHUSIM KOHEUHBIX MOJIb30BaTENEeH.
ITOT NOAXO BKIIOYAET B ce0sl pa3padOTKy pa3uIHBbIX TEXHO-



JIOTU ¥ METOJIOB, HAITPABJIEHHBIX Ha MOBBIIIEHUE yI0OCTBA UC-
NOJIb30BaHUSI CUCTEM, a TAK)Ke Ha YJIy4lIeHUE B3auMOJEHCTBUSA
ME:XAY YEJIOBEKOM U MAIlIMHOM.

OnHUM U3 OCHOBHBIX HANpPaBJIEHU B MHTEJJIEKTYaIbHbIX UH-
Tepdpeiicax U aalTUBHBIX CUCTEMAX sIBJISIETCS pa3padoTKa Tep-
COHAJIM3MPOBAHHBIX PEKOMEHJATENIbHBIX CUCTEM. DTH CUCTEMBI
AHAJIM3UPYIOT NMPEINOYTEHUS U NOBEJCHUE MOIb30BaTeNel, YTo-
Obl IIPE/IJIOKUTHh UM HarOoJiee pesieBaHTHbIE U UHTEPECHBIE KOH-
TEeHT ¥ IPOAyKThl. Harpumep, nepcoHanm3upoBaHHbIE PEKOMEH-
JaTesIbHble CUCTEMBI MOTYT MCIHOJIb30BaThCSl B OHJIANH-Marasu-
Hax JJIsl IPeJUIOKEHHs TOBAPOB U YCIIYT, KOTOpbIE HanOoJiee Be-
POSITHO 3aMHTEPECYIOT KOHKPETHOTO MOIb30BaTes1, UK B IIOTO-
KOBBIX CE€PBHUCAX ISl TPEAJIOKEHN S (PUIbMOB, MY3bIKU U IPYTO-
IO KOHTEHTAa Ha OCHOBE MPEANOYTEHUI U UCTOPUU TPOCMOTPOB
TI0JIb30BaTEsl.

Kpome Toro, B 007acTM MHTEIUIEKTYaJIbHbIX HMHTEpP(EncoB
¥ aJalTUBHBIX CUCTEM aKTHBHO pa3padaThIBAIOTCS TEXHOJIOTUU
yIipaBjieHusi nHTepdeiicamu. ITo BKIIOYaeT B cedsi pa3padot-
Ky METOJIOB I'OJIOCOBOTO YIPaBJIEHMS, )KECTOBOTO YIIPABJICHUS,
pacro3HaBaHUs SMOLMHI U APYrUX COCOOOB B3aMMOAEUCTBUSA,
KOTOpbIE JIENIAI0T UCTIONb30BAHUE KOMITBIOTEPHBIX CUCTEM OoJiee
€CTECTBEHHBIM U YAOOHBIM 151 TIOJTb30BATEIEH.

Takum oOpa3oM, MHTEJUIEKTyasIbHble MHTEepPENcH U ajan-
TUBHBIE CUCTEMbI UT'PAIOT BAXKHYIO POJIb B CO3IAHUM UHTYUTHUBHO
TIOHSITHBIX U YAOOHBIX B UCIIOJIb30BAHUM TEXHOJIOTUH, UTO CIIO-
COOCTBYET MOBBIIIEHUIO 3(P(PEKTUBHOCTU PadOTHI M YIOBJIETBO-



PEHHOCTH MOJIb30BaTeNiel. DTU CUCTEMBI HAXOASAT PUMEHEHHE B
Pa3IIUYHBIX OOJIACTSIX, BKIIIOUYAS IEKTPOHHYIO KOMMEPITHIO, 00-
pa3oBaHue, 3APABOOXPaHEHNE, Pa3BJIeUYeHUs] 1 MHOTOE JIPYroe,
r71e BaXHO obecrneunTh 3(P(EeKTUBHOE U MPUSITHOE B3aUMOJIEH-
CTBHE MEX]y YEJIOBEKOM U TEXHOJIOTHUE.

OTU METOIBI MPEJCTABIISIOT JIMIIb HEOOJBINYI0 YacTh MHO-
rooOpasusi TOAXOJOB K pean3alid MCKYCCTBEHHOTO WHTEJ-
nekTa. C pa3BUTHEM TEXHOJIOTMHM U MOSBJIEHHEM HOBBIX WIEW
MOCTOSIHHO TOSIBJISIIOTCSI HOBbIE METOIbl M TOAXO/bl, PACIIU-
psisi BOBMOKHOCTH HCKYCCTBEHHOTO WMHTe/UIeKTa. Kaxapii u3
HUX MMEET CBOM YHHMKAJIbHbIE OCOOGHHOCTM U OOJaCTU TpH-
MEHEHHs, U BMecTe OHU (POPMUPYIOT Pa3HOOOPA3HBIA U H-
HAMHWYHBIMA JaHAIapT UCKYCCTBEHHOIO MHTeNsIeKkTa. biaroaa-
psl aKTUBHOMY HCCJIE/IOBAHUI0 M MHHOBAIWSIM B 3TOW 00JIaCcTH,
Mbl HaOJI0aeM TMOCTOSTHHBI POCT U Pa3BUTHE MCKYCCTBEHHO-
r0 MHTEJUIEKTa, KOTOPbIA MPOIOIKAET MPeoOpa3OBbIBATH HAIII
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1.2 UcTopus pa3zButus
HCKYCCTBEHHOI'0 HHTEJLJIEKTA

Hcropus pa3BUTHsI UCKYCCTBEHHOTO MHTEJUIEKTa OXBATHIBAET
MHOKECTBO BEX U JOCTUKEHUI, HAYMHAS C U/Ied U KOHLETILUI B
JPEBHOCTH [0 COBPEMEHHBIX TEXHOJIOTMH U NpHIokeHuu. Pac-
CMOTPHUM KPaTKuil 0030p KJTI0YEBBIX MOMEHTOB B 9TON UCTOPHU:

I peBHue uaen

JpeBHue naen 00 NCKYCCTBEHHOM MHTEJUIEKTE OTPaKaIOT MH-
Tepec YeJIOBEUECTBA K CO3/IaHUIO MEXaHU3MOB, CITIOCOOHBIX BOC-
MIPOU3BOJIUTh YEJIOBEUECKOE MBIIJICHUE U MOBEIEHUE 3a[0JIr0
JIO TIOSIBJIEHUSI COBPEMEHHOW KOMITBIOTEPHON TEXHOJIOTUU. YXKe
B QHTUYHBIX BPEMEHA y4eHble U (PHIIOCO(]BI HAYAIN pacCMATPH-
BaTh BO3MOXHOCTb CO3AHUS UCKYCCTBEHHBIX CYIIECTB UM Me-
XaHU3MOB, CIIOCOOHBIX IEMOHCTPUPOBATh Pa3yM M JIEHCTBOBATD
[MOOOHO JIIOISIM.

B pabotax anTn4HBIX (prstocooB, Takux Kak [Tnaron u Apu-
CTOTEJIb, MOKHO OOHAPYKUTh UJIEU O CO3JaHUM aBTOMATHYECKUX
MEXaHU3MOB, CIIOCOOHBIX BHITIOHSTH pa3IMYHbIe 3aJa4l U UMU-
TUPOBATh YesioBeueckoe MbllieHue. Hanpumep, B "[lonnrexHu-
ke" I'epoHa AJIEKCaHIPUKCKOTO OIMCHIBAIOTCSA PA3IMYHbIC MEXa-
HU3MBI, TAKME KaK aBTOMATUYECKUE IBEPU U CAMOIIUCIIBI, KOTO-
pble MOKHO pacCMaTpUBATh KakK JIPEBHUE IPOTOTUIIbI YyCTPOUCTB
MCKYCCTBEHHOI'O UHTEJLJICKTA.



B cpenHeBekoBOI €BPOIENCKON AJIXMMUU TaKXke CyIIECTBO-
BaJIM KOHLIEMIINK O CO3/IaHUU UCKYCCTBEHHBIX CYIIECTB U MeXa-
HU3MOB C [TOMOIIBI0 Marvy ¥ aJIXMMUUYECKUX IporieccoB. Meun o
’KUBBIX CYIIECTBAX, CO3aHHBIX YEJIOBEKOM, MHOT/IA BCTPEYAIOT-
cs1 B MU(POJIOTUH U JIUTEPATYPE PA3TUUHBIX KYJIbTYp, OT JPEBHUX
I'PEKOB JI0 CPEIHEBEKOBBIX AJIXMMUKOB. BMecTe Bce 3Tu ujeu u
KOHIICTIIIMY MIPEACTABIISIIOT paHHUE (DOPMbI TOHUMAHUSI U CTPEM-
JIeHUs1 K CO3/IaHUIO UCKYCCTBEHHOTO MHTEJUIEKTA 3a/I0/IT0 JI0 €ro
PEaJIbHOTO MOSIBJIEHHSI B COBPEMEHHOM MUpE.

HexkoTtopsle U3 ApeBHUX UAeW O CO3JaHUUA MEXaHU3MOB, CIIO-
COOHBIX UMUTHPOBAThH YEJIOBEUECKOE MBIIIUIEHHUE, TAKkKE MOKHO
0oOHapykuTh B KyJbType [IpeBHero Bocroka. Hampumep, npes-
HUE KUTANIIbl pa3padaThiBai aBTOMATHUECKUE MEXaHU3MBbI, Ta-
KM€ KaK YCTPOWCTBA JJisi U3MEPEHHUs] BPEMEHU U aBTOMaThye-
CKue (pUrypbl, KOTOpbIe ABUTAIUCH O MPEAONpPeIeTICHHbIM TPa-
EKTOPUSIM.

B unguiicko ¢punocodpun Takke MOKHO HAUTH UIIEU O CO-
3MaHUKM MCKYCCTBEHHOTO MHTEJUIeKTa. B TekcTax MHAyMCTCKOM
MU]OTOTMY OMUCHIBAIOTCS Marnyeckre MeXaHu3Mbl, CO3JJaHHbIE
6oramu, KOTOpble 00aJal0T pa3yMOM M CIIOCOOHBI K CAMOCTOSI-
TEJIbHBIM JIEHCTBUSIM.

Wpien o WCKYyCCTBEHHOM WHTEIIEKTe ObLUTM B 3HAYUTEIHHON
CTeTIeHN TEOPETUYECKUMU WU MU(OTOTMUECKUMU KOHIICTIIHSI-
MU U HE UMEJT MPSIMOTO OTHOIIEHUSI K COBPEMEHHBIM TEXHOJIO-
rusiM. OIHAKO OHU CBUAETENILCTBYIOT O TOM, UTO CTPEMJIEHHE K
CO3JJAHMIO MCKYCCTBEHHBIX CYIIECTB M MEXaHU3MOB, CIIOCOOHBIX



MBICJTUTh U IEUCTBOBATD, IPUCYTCTBOBAJIO B PA3JTUYHBIX KYJIBTY-
pax Ha MPOTSKEHUH MHOTMX BEKOB. DTH IPEBHUE UJIEU BIOXHOB-
JISUTM YYEHBIX U n300peTartesieil B ocieyIolue 10X U B UTOTe
NPUBENU K TOSIBJICHUIO COBPEMEHHON HAyKU O MCKYCCTBEHHOM
UHTEJJIeKTE.

PoxaeHvie BBIYMCIUTENBHON TEXHUKHU

PoxaeHve BRIYMCIUTEIBHONU TeXHUKH B 2(0) BEKe CYIIeCTBEH-
HO M3MEHUJIO JIAHIIMA(DT HAYYHBIX M TEXHUUECKUX MCCIIEI0Ba-
HUIA, a TAaKKe 3JI0)KUJIO OCHOBBI JIsI pPA3BUTHS KICKYCCTBEHHOTO
uHTesuiekTa. C MosIBJIeHUEM MepPBbIX KOMIBIOTEPOB U PA3BUTH-
€M TEOpPHUH BBIYKCIICHUI CTaJIM BO3MOXHBIMU IEPBbIE I1Iaru B CO-
3AHUU CUCTEM, CITIOCOOHBIX UMUTHPOBATh WJIM BOCIIPOU3BOIUTD
HEKOTOPBIE ACMIEKTHI YEJIOBEUECKOTO MbIIIUICHHS.

BaxxHbIM MOMEHTOM B 3TOM TTporiecce ObUIO OMyOIMKOBaHKE
3HaMeHUTOU cTath AnaHoMm TeiopuHrom B 1950 rogy mon Ha-
3BaHMEM "BbrunciurenbHble MalliiHbl 1 pasym'. B atoii padote
ThIOpHUHT 3aTPOHYJT KJIIOYEBYIO TEMY: BOBMOKHOCTh OLIEHKU WH-
TeJUIEKTa MalrHbl. OH MPEeIokKWI U3BECTHBIM TECT, KOTOPBIM
BIIOCJIEJICTBUY MOMYYMI ero uMs — TriopuHroBckuii tect. CyTh
TeCTa 3aKJII0YaeTCs B TPOBEPKE CIIOCOOHOCTH KOMITBIOTEPA BECTU
Pa3roBOp TaKUM 00Pa30M, YTOOBI €r0 OTBETHI OBLITM HEOTITMUNMBI
OT OTBETOB Y€JIOBEKa. DTOT TECT CTaJl OIHUM U3 MEPBHIX MPAK-
TUYECKHX TIOIXO/IOB K OMPEeeSIeHUIO U OLIEHKE UCKYCCTBEHHOTO
MHTEJJIeKTA.

[My6mmkanust TelopuHra crajla BaKHBIM 3TAallOM B Pa3BUTUU
ujeil 00 MCKYCCTBEHHOM MHTEIUIEKTE M OKa3asla 3HAYMTEIbHOEe



BJIMSIHUE Ha MOCNIeyIOIIMe UCCIeA0BaHus B 3TON obnacti. OHa
MOZIHAJIa BOIIPOCHI O IMTPUPOJE MBILIUIEH!U S, BOBMOKHOCTH CO3/1a-
HUS pa3yMHBIX MAIIIMH U O TOM, KaKUM 00pa30M MOKHO OIpe/ie-
JIUTh U OLIEHUTh UX UHTEJUIEKTYaJIbHble ClIOCOOHOCTH. ThiOpUH-
TOBCKMI TECT CTaJl OTIPABHOM TOYKOM JIJIsi MHOTHX MCCIIEI0Ba-
TeJIEW U BOOXHOBWJI JAJIbHEUIIIME YCHIIAS TIO CO3JAHUI0 UCKYC-
CTBEHHOTI'O MHTEJUIEKTA.

Bwmecre ¢ pa3BUTHEM BBIUYUCIUTEIBHON TEXHUKU U TEOPUU BbI-
YUCJIEHUI CTaJId BO3MOXXHBIMU TEPBBIE MOMBITKU CO3/IaHUsI UC-
KyCCTBEHHOI'O MHTEJUIEKTA Ha ITPAKTUKE. YUEHBIE HA4YajIu pa3pa-
0aThIBaTh AJITOPUTMbI U MIPOrPAMMBbI, KOTOPbIE TIO3BOJISUIA KOM-
IbIOTEPAM BBITIOJIHATH PA3JIMUHbIE 3a/1a4d, TpeOyIole WHTeN-
JIEKTyaJIbHBIX CIIOCOOHOCTEH.

OmHrM U3 TepBHIX U HamOoJee M3BECTHBIX MPUMEPOB SIB-
JII€TCS CO3[laHue IMporpaMM Juisl Urpsl B maxmarel. B 1950-
X roflax MPOrpaMMHUCThI HaYaI pa3padaTbiBaTh KOMIbIOTEPHbBIE
IPOrpaMMBbl, CIIOCOOHBIE UTPATh B IIAXMAThl HA YPOBHE YeJIOBe-
ka. OMHAM M3 3HAMEHHUTHIX TPUMEPOB TAKOW MPOTPaMMBbI ObLiIa
"Mammmuna TelopuHra”, co3ganHas AnasoM TelopuHrom u [IsBu-
noM Yepuyepom. Dta mporpamMma MCIoIb30Basla IPUHLIMAIIBI MU-
HUMAaKca U aJITOPUTMBbI TTOUCKA AJ1s1 IPUHSATHUS PEILIEHUI B UTPE.

C pa3BUTHEM BBIYUCIIUTENIBHON TEXHUKH B 20) BEKE MOSIBUIIACH
BO3MOKHOCTb CO3/IaHU s IPOTPaMM, HaIpaBJIEHHBIX HA PELICHNE
Pa3HOOOPA3HBIX 3a/1a4, TPEBBIIAIIIMX PAMKU IPOCTOTO BHIMON-
HEHM s MaTeMaThYecKux ornepanuil. [loMmumo pa3BUTH I KOMITBIO-
TEpPOB, AKTUBHO pa3BUBAJIACh U TEOPU S BBIYMCIIEHUIA, UTO [TO3BO-



JS710 co37aBath 3(PEKTUBHBIE aITOPUTMBI JIJIs1 PEllIeHusl pas-
JIMYHBIX 3a7a4.

OnHUM U3 KIIOYEBBIX HAMpaBJIEHUH CTaJO CO3/aHHe Ipo-
rpaMM JIs JIOTHYECKOTO BBIBOJA. DTU MPOrpaMMbl ObUTH CIIO-
COOHBI ABTOMATUYECKH MIPUHUMATh PEIlieHNs] HA OCHOBE 3a/IaH-
HBIX JIOTUYECKUX MPaBWI M yCIOBUMA. Takue cUCTEMBbl HaILIHA
NpUMEHEHHEe B aBTOMATU3AIlMM JIOTHUECKUX PACCYKACHUN |
yIpajieHuu 0a3amMu 3HaHUIA.

Bmecre ¢ 3TiM cTanu pa3BUBAThCS U MIPOTPAMMBI /17151 AHAJIU-
3a qaHHbIX. OHU TO3BONSN 3(P(PEKTUBHO 00padaThHIBaTh OOINb-
e oObeMbl MH(GOPMAITUK U U3BJIEKaTh U3 Hee TOoJIe3HbIe 3Ha-
HUS ¥ 3aKOHOMEPHOCTU. DTH MPOTrpaMMBbl HAIILIH I POKOE MPH-
MEHEHHE B Pa3JIMUHBIX 00/IACTAIX, OT Ou3Heca U (PMHAHCOB 10 Ha-
YKU 1 ME/IUIVHBI.

Eime ofHUM BaXHBIM HAIpaBJICHUEM CTaJI0 Pa3BUTHE IPO-
rpaMM 0OpaOOTKU €CTECTBEHHOTO sI3bIKA. DT MPOTrpaMMbl MO3-
BOJISUTM KOMITHIOTEPAM MOHMUMATh U aHAJM3UPOBATh TEKCTHI HA
€CTECTBEHHBIX SI3BIKAX, YTO OTKPBUIO ABEPH K CO3JAHUIO TUATIO-
TOBBIX CUCTEM M PA3JIMUHBIX IPUJIOKEHUN 111 paOOTHI C TEKCTO-
BOHM MH(OpMaIIUEi.

[ToMuMO MpaKTHYECKUX MPUIIOKEHHIA, pAa3BUBAIUCH U TEOpe-
THUYECKHE OCHOBBI ICKYCCTBEHHOTO MHTeIUIeKTa. O0n1acTy, Takue
KaK CMMBOJIbHOE BBIUMCIIEHHE, MAllIMHHOE O0y4YeHre U HeHpOH-
HbIE CEeTH, MOTYYMIM 3HAUUTEIbHOE BHUMAHKE U CTaJIM OCHOBOM
IUIsI co3/1aHus1 OoJiee CIIOKHBIX U MHTEJJIEKTYATbHBIX CUCTEM.

Takum 00pa3oM, pOXJCHUE BBIYMCIUTEIBHOW TEXHUKU W



nmyOauKaIus padoT, Takux Kak ThIOPMHIOBCKUM TECT, MOJIOKH-
JIM HAYAJI0 Pa3BUTHIO UCKYCCTBEHHOTO UHTEJIJIEKTa KaK CaMOCTO-
SITeJIbHOW HAYYHOUW AMCHUIUIMHBL. DTOT MEPUO] UCTOPUU SIBJISI-
€TCsl KJIIOYEBBIM JIsl IOHUMAaHUSI TIPOUCXOKICHUS U PA3BUTHUS
MCKYCCTBEHHOT'O UHTEJIJIEKTA JIO €0 COBPEMEHHbBIX (hOPM U MPH-
JIOXKEHUM.

[epBbie mporpaMmbl HICKYCCTBEHHOTO MHTEIIJIEKTA

1956 rop cunTaeTcs KJIOUYEBbIM 7151 Ha4Yajla CHCTEMaTU4eCKO-
r0 M3y4YeHHs] U Pa3BUTHUsSI MCKYCCTBEHHOTO WHTENJIEKTa, KOrja
Ha KoH(epeHI A B JIapTMyTCKOM KOJUTeke ObUIO OhUITHATIEHO
OOBSIBJIEHO O CO3JJAHUM HOBOM OOJIaCTH MCCIIEOBAHUM. DTO CO-
ObITHE CTAJIO OTIPABHOM TOYKOM JIJIs1 MHOKECTBA UCCIIEJOBAHUIA
U pa3paboToK B 3TOM obnactu. OpraHu3aTopsl KOH(EPEHIUH,
BKiodas [xon Makkaptu, Mapeun MuHcku, Amien Heioamn
u XepOept CaiiMOH, MPeIIOKUIN HOBbIE MOIXOAbI K CO3JaHUIO
MHTEJJIEKTYATIbHBIX MAIIMH U IIPOrPaMM.

C 3TOro MOMEHTa HavasM TMOSIBJIATHCS MEPBbIe TPOrPAMMBI,
KOTOpBIE MOXHO OBUIO OTHECTH K 0OJIACTU UCKYCCTBEHHOTO WH-
TeJUIEKTa. DTU MPOTrPaMMBbl, XOTS U OCTABAIUCH JIOBOJILHO TIPU-
MUTHUBHBIMU 10 COBPEMEHHBIM CTaH/IapTaM, OTKPHIBAIA HOBbIE
MEPCIIEKTUBBl ¥ BO3BMOKHOCTU JiJIsi KOMIbIoTepoB. OIHUM U3
MEPBBIX U CAMBIX U3BECTHBIX TPUMEPOB TAKUX MPOTPAMM CTaJIbI
IIporpamMmBsl JJisl UTphl B maxmarel. Yxke B 1950-x rogax uccie-
JOBaTe/IM Havyajau pa3padaThiBaTh MPOrpaMMbl, KOTOpbIE MOIJIH
Urpath B IIAXMAThl HA YPOBHE, CPABHUMOM C YEJIOBEKOM.

[Iporpammsl 17151 UTPHI B IIAXMaThl, CO3/IaHHBIE B HAYasIe pa3-



BUTHS UCKYCCTBEHHOI'O MHTEJUIEKTA, MCIOJIB30BAIM pa3InYHbIe
QJIITOPUTMBI U CTPATErUy [T IPUHSATHS PEelIeHHd 1 BHIOOpa XO-
JoB. HecMoTps Ha orpaHWyYeHHbIE BBIYMCIUTENIBHBIE PECYPCHI
TOrO BPEMEHH, UCCIIEIOBATENIM CMOIIM pa3padboTaTh 3pdeKTUB-
HbIE MTOAXO/bI K UTPE B IIIAXMaThI.

OmHMM M3 OCHOBHBIX AJITOPUTMOB, NPUMEHSEMBIX B 3THX
nporpamMMax, ObUT alrOpPUTM TMOWCKA MO JAEPeBY Urpbl, KOTO-
PbIlA [TO3BOJIAI KOMITBIOTEPY PACCMATPUBATh PA3JIMYHBIE BapHUaH-
ThI XOZIOB Y MX IIOCJIEACTBUS HA HECKOJIBKO LIAr0B BIEpea. JTOT
QJITOPUTM TIO3BOJISUT OIIEHMBATh BO3MOKHBIE XOIbI M BHIOMPATH
TOT, KOTOPBIX, 10 MHEHUIO IPOTPAMMBI, TPUBOIN K HAMJTyYllle-
My pe3yJbTary.

Kpome Toro, mporpaMMesl UCTIOIb30BAIM IBPUCTUUECKUE Me-
TOZBI IPUHATHUSA PEIIEHUNA. DBPUCTUKA — 9TO METOJL PELIEHNUS 3a-
JJa4¥, OCHOBAHHBIM Ha OIBITE U UHTYULIMH, KOTOPbIA MO3BOJISET
NPUHUMATh OBICTpbIE U NMPUOIN3UTENbHbIE PELIEHHs IPU HeJo-
CTaTOYHOM MH(pOpMaIMK. B KOHTEKCTE UIphl B IIaXMaThbl SBpPU-
CTUYECKHE METO/Ibl MOTJIM BKJTIOYATh B Ce0sI OLIEHKY MOJIOKEHUS
(puryp Ha gOCKe, MPUOPUTU3ALIMIO BAKHBIX XOJOB U YUYET TAKTH-
YECKUX BO3MOKHOCTEM.

OTH nporpaMmbl ObUIM OCHOBAaHBI HA COYETAHUU AJITOPUT-
MOB IOMCKAa W BPUCTUYECKMX METOIOB, KOTOpbIE IMO3BOJISIIN
KOMITHIOTEPY MpPUHUMATh OOOCHOBAHHbBIE pElIeHHS] B YCIOBH-
SIX HEOIPEIEJIEHHOCTH I OTPaHUUYEHHBIX PECYPCOB. DTU PaHHUE
mark B 001aCTH UCKYCCTBEHHOTO MHTEJUIEKTA CTaJIM OTIIPABHOM
TOYKOU JIJI51 JaJIbHEUIIIETO Pa3BUTHUA NCKYCCTBEHHOTO MHTEIIEK-



Ta W WUTPOBBIX Iporpamm. HecMoTpsi Ha orpaHvYeHHBI OOb-
€M BBIUMCIIUTESIbHBIX PECYPCOB TOTO BPEMEHHU, ITU MTPOrPaMMBI
NIPE/ICTABIISIA COOOM 3HAUMTENILHOE JIOCTVKEHUE B 00J1aCTH UC-
KYCCTBEHHOTO MHTEJUIEKTa U CTUMYJMPOBAIM JaJbHENIIINE KC-
CJIEIOBAHUS B 9TOU 0OJIACTH.

Tak nmepuoxa ¢ koHdepeHuuu B JapTMyTCKOM KOJUIETKE B
1956 roay mo konna 1950-x u Havyanma 1960-x rogoB ObLT Iie-
PHMOIOM TIEPBBIX IIArOB U MPOPHIBOB B PA3BUTHUU UCKYCCTBEHHO-
ro MHTEJUIEKTa, Korjga ObUTM CO3/IaHbl M HadajW aKTHBHO IPH-
MEHSIThCS TIEPBbIe TIPOTrPAMMBI, CIIOCOOHBIE pelaTh HEKOTOPhIS
OrpaHUYEHHBIC 33]a4U.

Dnoxa 3KCMEPTHbIX CUCTEM

B 1970-80-x romax Hay4HOE COOOIIECTBO aKTUBHO OOpaTu-
JIO BHUMAaHUE Ha Pa3BUTHE IKCIIEPTHBIX CHCTEM, YTO IpUBe-
JIO K HACTYIUICHUIO 3TOXU KCIIEPTHBIX CUCTEM B UCTOPUM HC-
KYCCTBEHHOIO MHTEJUIEKTA. JKCIEPTHbIE CUCTEMbI MPEACTaBIIs-
T COOO¥ TTpOrpaMMHBIE TIPUJIOKEHHMS, pa3paOOTaHHbIE IS pe-
IIEHUS CIIOKHBIX 33/1a4 B OIpeIe/IeHHON TIPe/IMETHON 00JIacTH,
MyTEM UMUTAIMKA PACCYXKJICHUN U MPUHATUS PEIIeHU, aHalo-
TMYHBIX TEM, KOTOpbIe MPUHUMAIOT SKCIIEPTHI B 3TOM 001aCTH.

OmHOM 13 OCHOBHBIX XapaKTEPUCTHK SKCIIEPTHBIX CUCTEM Obl-
JIa UX CTIOCOOHOCTD UCTIONb30BaTh 3HAHUS U OITBIT SKCIIEPTOB IS
MIPUHSTHS PElIeHUI. DKCIIEPTHBIE CUCTEMBI CTPOMIIMCH HA OCHO-
Be 0a3 3HAHW, KOTOpbIe coAepKaar UH(OPMAIIHIO O MPaBUIIaX,
MpoLeypax U IBPUCTUKAX, UCTIONIb3YEMBIX SKCIIEPTAMU IIPU pe-
IIEHUH 3a71a4 B CBOEH oOnacTyl. DTu 3HaHUS (hOPMAIM30BAIIUCH



Y MPEJCTABIISUTUCH B BUJE 0a3bl 3HAHUN BHYTPU KOMITHIOTEPHOM
IPOTrPaMMBI.

DKCIEepTHBIE CUCTEMBI, B CBOEW OCHOBE, UCIOJIb30BAJIN pa3-
JIMYHbIE METOIbl UH(EPEHIIUK JIJIs1 TIPUHSTUS PEIIeHUN Ha OC-
HOBE UMEOIIUXCs 3HaHUN. OTHUM 13 TAKMX METOOB OBbUIH TTpa-
BWJIA BBIBOJIA, KOTOPBIE MPEJICTABISUIA COOOW JIOTMYECKUE Tpa-
BUJIA, OTIPEIEISIONIHe CBA3M Mexk 1y (haKTaMU U BHIBOJAMH. DKC-
NIepTHBIE CUCTEMBbI UCTIONB30BAJIM STU TIPABHJIA IS BHISIBIICHUSI
CBSI3el MEXX/1y JaHHBIMU U TIPUHATHSI PEIIEHHI Ha OCHOBE STHX
CBA3EU.

Jpyrum BaskHbBIM METOJIOM ObLIU LIETIOYKH PACCYXIACHHUM, KO-
TOpBIE TPENCTABIISUIA COOOM TOCIIeI0BATEeIbHOCTh JIOTHUECKHX
IIaroB, MPUBOJISIIMX K BBIBOIY HAa OCHOBE UMEIOIINXCsT (haKTOB
¥ TPaBWJI. DKCIIEPTHBIE CHCTEMbI MOTJIA UCTIOb30BaTh IETIOYKU
paccyxaeHui uisi aHam3a MHGOPMAILIMU U BbIBEICHUST HOBBIX
(bakTOB WM peKOMEeH/IaIMii Ha OCHOBE UMEIOIITUXCST 3HAHU.

Kpowme Toro, skcniepTHbIe CUCTEMBbI ObUTH CIIOCOOHBI B3aUMO-
JIeVICTBOBATH C TOJIb30BaTEISIMU, 3a/1aBasi UM BOIIPOCHI JJISI TIO-
JIy4YeHUs1 TOTIOTHUTEIbHOM MH(OpMAIIUY WA YTOUHEHUs YCIIO-
BUIA 33/1a4. DTO MO3BOJISIIO CUCTEMaM TMOTyYUTh HEOOXOUMBIE
JaHHbIE JUTSI TPUHATHS PEIICHUI U IaBaTh MOJIb30BaTeNTio Oojee
TOYHBIE U TIOJIE3HbIE PEKOMEH/IAIVH VI TIPOTHO3HI.

DKCIEepTHbIE CUCTEMbI HAIIUIM IUPOKOE MPUMEHEHHE B pa3-
JIMYHBIX 00JIACTSIX, Oyarogapsi CBoer CroCOOHOCTH K a/IanTaluu
K pa3IMYHbIM MpeIMeTHBIM oOacTsiM. OHM ObUIH YCTIEIITHO MPH-
MEHEHBI B MEJTUIIVHE JIJIsI TUarHOCTUKY 3a00JIeBaHU U BBIOOpA



METOJIOB JIeYeHHsl, B (prHAHCAX ISl aHAJIM3a PHIHKOB U TTPUHS-
TSI UHBECTUIIMOHHBIX PELICHU, B MHKEHEPHOM JIeJie 7S IPO-
EKTUPOBAHUS U YIIPABJIEHUS IPOU3BOJCTBEHHBIMU MPOLIECCAMU,
a TaK:ke B YITPaBJIEHUH MPOU3BOICTBOM /151 IJTAHUPOBAHUS TIPO-
W3BOJICTBEHHBIX OMepalvili ¥ ONTUMU3AIUN PECYPCOB.

OpHako, HECMOTPSI Ha CBOM JJOCTHKEHU I, SKCIIEPTHBIE CUCTe-
MbI TaK:Ke UMENIM HEKOTOpbie orpaHnueHusi. OHU Y4acTO OKa3bl-
BAJIUCh OTPAHUYEHHBIMH B CIIOCOOHOCTH Al TUPOBATHCS K HO-
BBIM CUTYaIlMsIM U U3MEHEHUsIM B OKpyxaroiiei cpeze. Tem He
MeHee, M0Xa IKCIIEPTHBIX CUCTEM OCTaBUJIa 3HAYUTEIILHBIN Clie]T
B MCTOPUU UCKYCCTBEHHOTO MHTEJIJIEKTA, TTOKa3aB, YTO KOMITBIO-
Tepbl MOTYT YCIIEIIHO KCMOIb30BATh 3HAHUS U OIIBIT JIIOAEH /151
peleHus CIIOKHBIX 3a/1a4 B PA3JIMUHBIX 00JIACTSIX.

HeiiponHsie cetu u riryOoKoe oOydyeHue

B koniie 20 Beka u ocobeHHO B Havasie 21 Beka HeHpPOHHbIE
CEeTU U METO/bI ITyOOKOro 00y4YeHust MPUBJIEKJIN IIUPOKOE BHU-
MaHUe HayYHOTO U TEXHUYECKOTro coodrecTBa. HelipoHHble ceTn
MOJIEIUPYIOT CTPYKTYPY U (DYHKLIMOHUPOBAHKUE HEUPOHHBIX Ce-
Teil B 4EJI0BEYECKOM MO3Te, Iie MH(OpMAaIMs NepeJaeTcs: Mex-
1y HeillpoHamu 4epe3 cBsi3u. [1y0okoe oOyueHue, B CBOIO Oue-
pelb, MpeacTaBiisieT co0oM MOAXON K MAIIMHHOMY OOYYeHHIO,
KOTOPBIM MCIIOJIb3YET MHOTOCIIOMHBIE HEMPOHHBIE CETU IS W3-
BJIEUEHMSI BBICOKOYPOBHEBBIX MPU3HAKOB U3 JIAHHBIX.

STOT NepHo[ MPUHEC 3HAYUTENIbHbIE YCIIeXU B 00JacTH HC-
KyCCTBEHHOTO MHTeJUIeKTa. HelipoHHble cetu U TiryOokoe 00y-
YeHUe MTPUMEHSIIOTCS B PA3JIMYHBIX OONACTSX, BKJIIOYAS PacIio-



3HaBaHUE 00Pa30B, 0OPAOOTKY €CTeCTBEHHOTO SI3bIKA, KOMITbIO-
TEpPHOE 3peHNe, PeKOMEH/IATE/IbHbIE CHCTEMBI, aHAIN3 IAHHBIX 1
MHorue apyrue. OHY TIO3BOJIMIIM CYIIECTBEHHO YJIYYIIHUTh TOY-
HOCTb ¥ 3(P(PeKTUBHOCTb PEIIeHU S CJIOKHBIX 33/1a4, KOTOPBIE pa-
Hee CUMTAIUCh TPYIAHBIMHU )T aBTOMATU3AIHH.

Harnpumep, B obnactu pacriosHaBaHusi 0Opa30B HEWPOHHBIE
CeTH U IIy0oKoe 0OydyeHue TOOMIHCh BIeUYAT/ISIONIUX Pe3yibTa-
TOB, MPEB30M/Is1 YEIOBEYECKUE CIIOCOOHOCTH B TaKMX 3ajayax,
KaK pacrio3HaBaHUe JIUII, KJ1acCupuKarys N300paKeHUH 1 JIaxe
Urpa B KOMITbIOTEpHBIE UTPBI. B 00paboTke ecTecTBEHHOTO sI3bIKa
OHU TIO3BOJIUJIM CO3/IaTh MOIIIHBIE MOJIENH JJIs1 aBTOMAaTUYIECKOTO
niepeBo/ia, CEMaHTHUYECKOTO aHajiu3a TeKCTa, TeHepaIiuy TeKCTa
Y MHOTHUX JPYTUX MPHIOKESHUH.

Heiiponnsie cetn u TiIyOoKoe 0OyueHHE WIpaloT KIIIOYEBYIO
pOJib B COBPEMEHHOM MCKYCCTBEHHOM HMHTEJUIEKTE, MPUBOIS K
3HAYMTESILHOMY YJIyUIIIEHHIO PE3y/IbTaTOB BO MHOTMX OOJIACTSIX
Y OTKPHIBAasi HOBBIC TIEPCIICKTUBBI [T PA3BUTHSI TEXHOJIOTHIA U
ITPUJIOKEHUMN.

CoBpeMeHHbIe TEXHOJIOTHH Y TTPUJIOKEHH S

CoBpeMeHHBIE TEXHOJIOTUM WCKYCCTBEHHOTO WHTEIIEKTA
NPOHUKAIOT B Pa3JIMUHbIEC OTPACIIH U 00JIACTH YETOBEYECKOH JIes-
TETbHOCTH, OKa3bIBASI 3HAUMTENILHOE BIMSIHUE Ha CIIOCOOBI pado-
ThI ¥ B3aUMOJICHCTBYS. B MeuIiHe NCKYCCTBEHHBIN MHTEIIIEKT
UCTIONIB3YETCS JIJIS1 IMarHOCTUKY 3a00JIeBaHMIA HA OCHOBE aHAJIH-
32 MEJUMIIMHCKUX WU300paXeHUH, MpeICKa3aHusl PUCKOB Pa3BU-
THsI 3200JIeBaHMI HA OCHOBE MEJUIIMHCKUX JAHHBIX U TIEPCOHA-



JIM3allMU JIEYEHUsI C YYETOM MHIMBUYAJIbHbIX XapaKTEPUCTUK
HalyeHTa.

B ¢mHaHCcOBOM chepe NCKYCCTBEHHBIN MHTEJUIEKT TPUMEHSI-
ercs VIS aHaJIM3a PhIHKOB, IPOrHO3UPOBAHUS TPEHOB, YIIPaB-
JieHus1 OpTQeNAMU UHBECTULIMI U PUCK-MEHEKMEHTa. AJIro-
PUTMBl MAIIMHHOTO OOYUYEeHHs TMO3BOJISIOT ABTOMATHU3MPOBATH
IIPOLIECCHl TIPUHATUS PELICHUM, YTO yBEIM4MUBaET 3(P(EKTUB-
HOCTb TOPIOBBIX ONEPALMA Y YMEHBIIAET PUCKU I (PUHAHCO-
BBIX UHCTUTYTOB I UHBECTOPOB.

B aBTOMOOMTBHOM MTPOMBIITUIEHHOCTH MICKYCCTBEHHBII MHTEJT-
JIEKT WCTIONB3YeTCsl ISl pa3pabOTKM aBTOHOMHBIX TPaHCIIOPT-
HBIX CPEJICTB, ONITUMU3ALIMY JOPOKHOIO ABUKEHU, YITPABIICHUS
TPAHCIIOPTHBIMH MOTOKaMH U TIOBBIIIIEHHUS1 O€30MaCHOCTH Ha JI0-
porax. DT TEXHOJOTHH TMO3BOJISIOT aBTOMOOHJISIM OOHAPYKH-
BaTh U MIPEJOTBpAILlaTh ABAPUKHBIE CUTYALIMH, & TAKKE YJIydlla-
10T KOM(OPT U yI0OCTBO BOXKICHUSI.

B mapkeTuHre u pekJjiame UCKYCCTBEHHBIN MHTEJUIEKT UCIIONb-
3yeTcsl ISl aHAJIM3a JaHHBIX O MOTPEOUTENSIX, MEPCOHATTM3AIIIH
KOHTEHTA U PEKJIAMHBIX [TPEJJI0KEHUA, TIPOrHO3UPOBAHUS CITPO-
ca ¥ ONTUMHU3ALUN MAPKETUHIOBBIX KaMIIAHUN. JTO MO3BOJISIET
KOMIIaHU M JIyyYllle [IOHUMaTh CBOMX KJIMEHTOB U 3(p(PeKTUBHEE
B3aMOJIEVICTBOBATh C HUMM.

B urpoBoi UHAYCTPUM UCKYCCTBEHHBIN UHTEJIJIEKT TPUMEHSI-
eTcs U1 CO3/JaHUsl PEAJIMCTUYHBIX BUPTYaJIbHBIX MUPOB, YIIPaB-
JIEHUs1 TIOBE/IEHUEM BUPTYAJbHBIX NEPCOHAKEW, ONTUMU3ALIU
rpapvky M ynydileHWs UTPOBOrO mpouecca. AJITOpUTMBI Ma-



IIIMHHOTO 00YUYEeHH I MTO3BOJISIOT CO3/]aBaTh O0Jiee YMHBIX U aJall-
TUBHBIX IPOTUBHUKOB U COIO3HUKOB, UTO JIEIAET UTPOBOU OTIBIT
0oJice MHTEPECHBIM M 3aXBaTHIBAIOIIIHM.

Takum 00pa3oM, COBpEMEHHbIE TEXHOJIOTUH UCKYCCTBEHHOTO
MHTEJIJIEKTA HAXOMAT IIMPOKOE MPUMEHEHHE B Pa3JIMYHBIX 00J1a-
CTSX, U3MEHSISI CIIOCOOBI paOOTHI M KU3HU JIONIEH, U TTPOIOIKA-
10T Pa3BUBATBLCS, OTKPHIBASI HOBbIE BO3MOXHOCTH U TEPCIICKTH-
BbI JIJIS1 IPUMEHEHUS B OY/TyIIEeM.



I'maBa 2: OcHOBHBIE
Konnenmuu 1 TepMuHbI

2.1 AreHTBI M OKpY’KeHHe

B KOHTeKCTe MCKYCCTBEHHOTO UHTEIJIEKTa, areHThI TIPE/ICTaB-
JISIOT COOOM CYLTHOCTH, 00JIa/Ial0NTNe CIIOCOOHOCTHIO BOCTIPUHU-
MaTh OKPYKAIOIIyI0 Cpely W MPUHUMATh pPeIleHrs] Ha OCHOBE
9TOM MH(pOpMaIUu.

Tunsl areHToB

ATeHT B KOHTEKCTe UCKYCCTBEHHOT'O MHTEJIIEKTa — 3TO CYIII-
HOCTh, KOTOpasi CIOCOOHAa BOCIPUHUMATh OKPYKAIOIIYI0 CPeLy
yepe3 CBOM CEHCOpHI, MPUHUMATh PEIleHUs] U JAeWCTBOBaTh B
9TOM cpejie Yepe3 CBOM aKTyaToOpbl. AT€HTBI MOTYT OBITh Kak (hu-
3UYECKMMHU CYITHOCTSIMU, TAKUMH KaK POOOTHI, ABTOHOMHBIE aB-
TOMOOWJIM WJIA JPOHBI, TAK U BUPTYILHBIMU CYITHOCTSIMH, pe-
aJIM30BaHHBIMU B MPOrpaMMHOM oOecriedeHnu. KimoyeBoi xa-
PAKTEPUCTUKON areHTa SIBJISIETCS] er0 CIMOCOOHOCTh K aBTOHOM-
HOMY MPUHSITHIO PEIICHUI W BHITIOTHEHUIO JIEHCTBUI B COOTBET-
CTBWH C LISJISIMU WJIM 33/1a9aMU, KOTOPbIe eMY ObLITH MTOCTaBJICHBI.
BakxHO OTMETHTB, UYTO areHThl MOTYT JEHCTBOBATh KaK WH/UBH-
JyaJIbHO, TaK U B KOOTIEpAIUy C APYyrMMHU areHTaMu, OOMEeHUBa-
sicb UH(pOpMaIern 1 KOOPAUHUPYS CBOU JEWCTBUS ISl JIOCTH-



JKEHUA OOIIMX LIEEN.

B oOnacti HCKYCCTBEHHOTO MHTEIJIEKTA CYIIECTBYET MHOXKE-
CTBO pa3JIMYHbIX TUIOB areHTOB, KaX/IBIA U3 KOTOPBIX 00J1a1a-
€T CBOMMHU YHUKAJIbHBIMU XaPAaKTEPUCTUKAMHU M CIIOCOOHOCTSI-
mu. HaumHast OT mMpOCThIX PEaKTUBHBIX areHTOB M 3aKaHUMBAS
OoJiee CIIOKHBIMUA MOZICJISIMU, STH areHThl UTPAIOT BAXKHYIO POJIb
BO MHOTUX OOJIACTSX MPUIOKEHUN U UCCIIeIOBAHUIA.

[TpocTeie peakTUBHbBIE areHThl JAEUCTBYIOT HA OCHOBE HENOo-
Cpe/ICTBeHHOM OOPATHOM CBS3M OT OKpY:Kamoiel cpeapl. OHu pe-
arupyloT Ha TEeKyIllee COCTOSIHME OKPYKEHHs, HO He COXPaHSIOT
MH(MOPMALIMIO O TIPOILIBIX ASUCTBUAX WU COCTOSIHUSX. [Tprme-
POM TaKHUX areHTOB MOXET CIYKUTb POOOT-TbLJIECOC, KOTOPbIi
OCYIIECTBIISIET IBUKEHUE U YIIPABJICHUE HA OCHOBE OOHAPYKEeH-
HBIX MPEMSATCTBUN U 3BYKOBBIX CUTHAJIOB.

Boree cioxHBIe areHThl 00J1aJal0T BHYTPEHHUM COCTOSTHHEM
U CIMOCOOHOCTBIO MOJIEIMPOBATh CBOE OKpyXeHue. OHM MOryT
COXPaHSITh MH(POPMAIHIO O TIPOIILIBIX AEUCTBUSX U COCTOSTHUSIX,
9TO MO3BOJISAET UM MPUHUMATH O0JIee UHTEIJIEKTyaIbHbIEe pelie-
Hus. [IpuMepamMu TakMX areHTOB SIBJISIIOTCS] UTPOBbBIE OOTHI, KO-
TOpBIE UCTIOB3YIOT 0OyUeHHE C MOJKPEIUICHUEM IS alanTaliu
K CTpaTerusiM ONMMoOHEHTOB U MOBBIIEHUsI CBOEH 3(hheKTUBHO-
CTU B UT'PE, a TAKKe IKCIEPTHBIE CUCTEMbI, KOTOPBIE AHATU3UPY-
10T 0a3y 3HAHW /11 TPEeJOCTAaBJICHUST PEKOMEH AU WK pe-
HIEHUSI CJIOKHBIX TTPOOIEM.

B paznuuHbIX 001aCTSIX TPUMEHEHUS UCKYCCTBEHHOTO MHTE!I-
JIeKTa areHThl UTPAIOT KJTIOYEBYIO POJib, 00ECeUrBasi BHITIOIHE-



HHUE Pa3HOOOPa3HbBIX 3a/1a4 M pellieHre CIIOKHBIX IpodeM. B po-
OOTOTEXHUKE areHThl YaCTO BBHICTYMAIOT B POJU YIPABJISIONINX
CHCTEM, KOHTPOJIMPYIOLIHUX JIBUKEHHUE U B3aUMOJEUCTBUE pOOO-
TOB C OKPY’XaIOIleH Cpe/ioid. DTU areHThl MOTYT OBbITh KaK Mpo-
CTBIMH, pearnpyiolMd Ha OOHApYyKEHHbIe MPEMNSATCTBUS, TaK
1 OoJiee CJIOKHBIMH, UCTIONB3YIONIMMH AITOPUTMBI MAITMHHOTO
oOyueHHs ISl aJanTaluy K pa3IMuHbIM YCJIOBUSIM U CUTYaIlU-
M.

B urpoBoil MHAYCTpUU areHThl IMIUPOKO MPUMEHSIOTCS IJIst
CO3JaHMST BUPTYAJIbHBIX TIEPCOHAXEH, KOTOpbIe 00IaaloT YHU-
KAJIbHBIM TOBEJICHUEM U CTPAaTErusIMU B 3aBUCUMOCTH OT CLIEHA-
pHsl UTPhl. DT areHTbl MOT'YT UCIIOJIb30BaTh PA3JIMYHbIE METO/IbI
Y QITOPUTMBI, TaKKE KaK 00yUYeHue ¢ MOAKPeTIeHUeM U TeHe-
TUYECKHUE AJITOPUTMBI, IS YJIy4dlIeHUs CBOeU 3(P(PEKTUBHOCTU
Y Q/IaNTalluy K UTPOBOM CUTYALIUH.

B oGnactui skcnepTHBIX CUCTEM areHThl BBICTYTAIOT B POJIU UH-
TEJUIEKTYaJIbHbIX MOMOIIHUKOB, MPEIOCTaBIsisl PEKOMEHAALNN
WM PEIICHHs] HA OCHOBE MMEIOIIMXCS 3HAHUM U OIbITa. JKC-
NIEPTHBIE CUCTEMBI MOT'YT MCIIOJIb30BATh Pa3IMUHbIE METO/IbI pac-
CYXJEHMS U JIOTUYECKOTO BBIBOAA JJIsl aHAJIM3A JAHHBIX U BbIPA-
OOTKU pellieHuil B Pa3InIHbIX 00JIACTSX, TAKUX KaK MEAUIIMHA,
(pyHAHCHI WM IOPUCTIPYICHIIMSL.

[loHrMaHWe pa3IMYHBIX TUTIOB areHTOB M MX CIIOCOOHOCTEN
UrpaeT BaXHYIO pojib B pa3pabOTKe U MPUMEHEHUU CUCTEM HC-
KyCCTBEHHOTO MHTEJUIEKTa B PA3IMUHBIX OONACTAX. DTO MO3-
BOJISIET cO37aBath Oosiee 3(h(PeKTUBHBIE U AN THBHBIE CHCTE-



MBI, CITOCOOHBIE 3(P(EKTUBHO pelaTh MMPOKUI CIIEKTP 3a1a4 1
CIPABJIATHCS C U3MEHSIIONUMUCS YCIIOBUSIMHA U TPEOOBAHUSIMU.

B o00mactm UCKYCCTBEHHOTO HWHTE/UIEKTA  CYIIECTBYET
HECKOJIbKO TUIIOB areHTOB, KaX /bl U3 KOTOPBIX UMEET CBOU Xa-
PAKTEPUCTUKU U criocoOHOCTH. Huke mepeuncieHsl OCHOBHbIS
THUIIbI AaT€HTOB:

1. IIpocThie peakTUBHbBIE ar€HThl: DTU areHThl JEUCTBYIOT Ha
OCHOBE HEINOCPeCTBEHHON OOpaTHOW CBSI3U OT OKpY’KaloIen
cpenbl. OHM pearnpyloT Ha TeKyIllee COCTOSIHUE OKPYKeHuUsl 0e3
COXpaHeHUs MH(pOPMAIIMKU O MPOILIBIX ACUCTBUSX WM COCTOSI-
HUSIX.

2. ATeHTbI C BHYTPEHHUM COCTOSTHMEM: DT areHTsl o0naa-
10T BHYyTPEHHUM COCTOSTHUEM, KOTOPOE MO3BOJISIET UM COXPAHSTh
MH(OPMALIMIO O IMTPOLUIBIX IEUCTBUAX U COCTOAHUAX. OHU MOTYT
UCTIONIb30BAaTh 3Ty WH(OPMAILIUIO 1JIs TPUHSITUS 00JIee CIOKHBIX
PELLEHNI 1 a/lalTallii K U3MEHSIOUIENCs Cpefe.

3. PaiioHasnpHble areHThl: PalinoHasibHble areHThl MPpUHUMA-
10T PEIICHUS C LEeJIbI0 MAKCUMM3AlMU OKUAAEMOTO BbIATPHIIIA
WJIM IOCTVKEHUS OTpeIeIeHHbIX 1iee. OHU AeUCTBYIOT ONTU-
MaJIbHO C YYE€TOM MMeEIoIENCs MH(POPMALIMU U OKUAAEMBIX Pe-
3yJIbTaTOB.

4. ABTOHOMHBIE areHThl: DTH areHThl 00JaJal0T HEKOTOPO
CTENeHbI0 aBTOHOMUU M CIIOCOOHBI JICHCTBOBATh HE3aBUCUMO OT
BHEIIIHEro KOHTposisi. OHM MOTYT IPUHMMATh PEIIEHUsl U OCy-
IIECTBJIATH EUCTBUS O€3 MOCTOSTHHOTO yYacTHs YeJIOBEeKa.

5. ConmaJibHble areHThl: JTU areHThl CIIOCOOHBI B3aUMOIEH-



CTBOBATh C IPYTMMHU areHTaMu B colldasibHOU cpeae. OHU MOTYT
0OMeHUBaThCsl MH(POPMAIIUEH, KOOPAWHUPOBATH CBOU JIEHCTBUS
Y COTPYIHHMYATH JIJISI JIOCTHKEHUSI OOIIHX LIese.

6. DKCIIEpTHBIE areHThl: JTU areHThbl UCTIONB3YIOT Oa3bl 3Ha-
HUW W SKCIIEPTHBIE CHUCTEMBbI JIJIsI IPUHATHUS PElIeHU B Orpe-
AeneHHoW oOnacty 3HaHM. OHM MOTYT aHAJIM3UPOBATh HH(POP-
MalIO, MPOBOAUTh PACCYKJIEHUS U JIeJaTh BbIBOJAbI HA OCHOBE
MMEIOIIUXCS IAHHBIX U TTPABUIL.

7. MyJIbTUAreHTHbIE CUCTEMBI: DTO CUCTEMBI, COCTOSIINE U3
HECKOJIbKMX areHTOB, KOTOpbIe paboTa0T BMECTE ISl PEIICHUS
CJIOKHBIX 3a7a4. Kaxplii areHT B MyJIbTUAr€HTHOU CUCTEME MO-
’KET UMETh CBOM COOCTBEHHBIE 11EJTM M CTIOCOOHOCTH, a TAaK:Ke B3a-
UMOJICICTBOBATH C IPYTMMU areHTaMu ISl JIOCTHKEHUST OOIIIX
LieJIe.

8. AjanTUBHBIE areHTH: DTH areHThl 00J1aJaloT CIIOCOOHO-
CTBIO K aJanTalii K U3MEHSIOIUMCS YCJIOBUSM M TPeOOBaHU-
sIM OKpykartoiei cpefibl. OHU MOTYT U3MEHSITh CBOE MOBE/ICHHE
WJIM CTPATETMU B OTBET HA HOBYIO MH(POPMAUIO WX U3MEHEHHU S
B cpejie.

9. MoOusbHbIE areHThl: TO areHThl, KOTOPbIE CIIOCOOHBI Tie-
peMelaTbCsi MEeXAY pa3IMuHbIMUA BBIYHACIUTENILHBIMU YCTPOU-
cTBamu Wi cpefamu. OHU MOTYT TIepeIBUTaThCsl, YTOOBI BHITION-
HUTh 33/1a4¥ WM MOJIYYUTh JOCTYI K pecypcaM, pacrpeesieH-
HBIM I10 CETH.

10. BupryanbHble areHTbl: DTU areHThbl CYIIECTBYIOT U JEW-
CTBYIOT B BUPTYAJIbHBIX CpeJaX, TAKUX KAK BUPTYyaJbHbIE MUPBI



WM CUMYJIALNUA. Onu mor yT B3aHMOIICfICTBOBaTb C ITIOJIB30BATEC-
JIAMMA WIN JPYTUMHU ar€éHTaMH B BUPTYAJIbHOM IPOCTPAHCTBE U
BBITIOJIHATD PA3JIMYHBIC 3a1aYU.

TO JUIIb HEKOTOPBLIC N3 OCHOBHBIX THUIIOB dar'CHTOB B o0acTu
HNCKYCCTBECHHOI'O MHTCJIJICKTA. B 3aBucumocTu or KOHKPETHOI'O
KOHTEKCTA U 3aJa4 MOT'yT CYHICCTBOBATb U NPYI'YC TUIIbI arcH-
TOB NI UX KOM6I/IHaHI/II/I.

MopaeaupoBaHue OKpY>KeHUs

MonenupoBaHye OKpYKEHUsI UTPAeT KJIIOYEBYIO pojb B pas-
paboTKe M peanu3alid CHCTEM HCKYCCTBEHHOTO HMHTEJJICKTa.
STOT mpoliecc BKIOYAaeT B ceOsi BLIOOp MOAXOASIIEN abcTpak-
IIUH JIJTS TIPE/ICTABJIEHUS] OKPYKAIOIIEH Cpebl, a TAKKe METOIOB
OLIEHKH 1 OOHOBJIEHHS ee COCTostHMSA. Paznuunbie popmanmsa-
MU OKPYKEHHSI MOTYT OBITh UCIIONB30BAHBI B 3aBUCUMOCTH OT
KOHKPETHOH 3a/1auu U XapaKTEPUCTUK CPE/IbL.

OnHuM 13 HauOosee pacrpOCTPaHEHHBIX MOAXOIOB K Mojie-
JIMPOBAHUIO OKPYKEHMS SIBJISIETCS UCIOJIb30BaHue rpados U ce-
Teil. B aToM ciydae BepimHb rpada npeacTaBisiioT cCoo0i 00b-
eKThl B OKpYXalollel cpene, a pedpa — CBA3M MKy HUMU.
Hcnons3oBanue rpadoB U ceTell sl MOJAEMPOBAHUST OKPYKe-
HUS [IPEJOCTaBIseT NHCTPYMEHT JJIsl aHAJIM3a U BU3YyaJIU3aluu
CJIOXKHBIX B3aUMOJIEUCTBUI Mek 1y OOBEKTaMH B Cpe/Ie.

[TpeumyIiecTBOM Takoro MOAXOMA SIBJISIETCS BO3MOXKHOCTh
3 (HEKTUBHOTO MOJIETUPOBAHUS CJIOKHBIX CTPYKTYP U B3aUMO-
CBA3EU B OKpyxawueun cpeae. Hanmpumep, B KOHTEKCTE COLM-



QJILHBIX CeTel BEPIIUHBI MOTYT MPECTABIIATD MOJIb30BaTEIICH, a
pebpa — cBs3M MeXIy HUMH (Hampumep, ApyxkOa, MOAMICKA U
T. 1.). B rpade 3HaHMI BepIIMHBI MOTYT TPEICTABIATh TIOHSITHUS
WM OOBEKTHI, a peOpa — UX JIOTUIECKUE CBSA3U WA ACCOIUAIINY.

STOT NOAXO] TAKKe 00ecreunBaeT yI0OHBI HHCTPYMEHT /1711
aHaIM3a CTPYKTYPBI CPE/Ibl U BHISBJICHUS BaXXHBIX MMATTEPHOB U
3aBucuMocTeid. C MOMOIIBI0 METOIOB aHam3a rpadoB MOXKHO
BBISIBJISITH KJTIOUEBBIC Y3JIbl, BBISBIIATH COOOIIECTBA WM KJIacTe-
Pbl 0OBEKTOB, a TAKKE OIIEHMBATh BAXKHOCTD MUJIU IEHTPATbHOCTh
Pa3IMYHBIX IEMEHTOB CPE/IBL.

HWcnonp3oBanue rpadoB U ceTell sl MOIETMPOBAHUS OKPY-
KeHus npenoctaBisger 3(¢GEKTUBHBIA U TMOKUA MHCTPYMEHT
JUTsI QHAJTM3A CJIOKHBIX B3AMMOJICHCTBHI U CTPYKTYP B CpEJie, UTO
MIO3BOJISIET Pa3padOTUMKaM M UCCIIEIOBATENISIM TIOTydaTh TIIy0o-
KO€ TIOHMMaHUe OKPYKAIoIero MUpa U MCIOb30BaTh 3TO 3HA-
HUE JUUIS IPUHATHUS PEIleHUI U TUITAaHUPOBAHUS JISUCTBUT.

Matpuiibl WK TaOJMUYHBIE CTPYKTYPHI JTAHHBIX MPEICTABIISA-
10T cOOOM eIlle OIUH PaCHpOCTPAHEHHBIN CrOcoO (hopManusa-
WA OKPYKEHHSI B KOHTEKCTE MCKYCCTBEHHOTO MHTENIeKTa. B
9TOM MO/IX07Ie MH(OPMAIHS O COCTOSTHUSIX U JISCTBUSIX areHTOB
OOBIYHO TIPEJ/ICTaBJICHa B BUJIE TaOJMIIBI, T1e CTPOKH COOTBET-
CTBYIOT Pa3IMYHBIM COCTOSTHHSIM CPEJIbl, a CTOJIOIBI — BO3MOK-
HBIM JICHICTBHSIM areHTa Wi BHEIIHUM BO3/ICHCTBHSIM.

OnmHMM U3 MPEUMYIIIECTB TAKOTO MOIXO0/IA ABJISAETCS €ro Mmpo-
crora u 3(P¢PEKTUBHOCTh TMPU 00pPadOTKE M XpPaHEHWW [aH-
HBIX. MaTpHIIsl MOTYT JIETKO MacCIITabUpoBaThCs si 00padoT-



KM OOJIBIIX 00hEMOB MH(POPMALIU 1 OBICTPO OOHOBJISITHCS TIPU
W3MEHEHUM COCTOSIHUS CPe/ibl WM JIEHCTBUSIX areHTa.

Takue TaOnuyHbIe CTPYKTYPBl JAHHBIX YACTO UCTIONB3YIOTCS B
KOHTEKCTe 00y4eHUs C MOIKPEIUICHUEM, T/ie areHTy HeoOXOIu-
MO MPUHUMATh PEIlIeHUs] HA OCHOBE TEKYIIETO COCTOSIHUS Cpe-
Ibl ¥ OKMJAeMBIX Bo3HarpaxaeHui. [Tytem oOHOBNeHUS 3HAYE-
HU B Tabnuie Q-3HaueHui, HampuUMep, areHT MOKET IMOCTENeH-
HO YJIy4lIaTh CBOIO CTPATErUI0 JEUCTBUI U HAXOIUTh ONITUMAJIb-
HbIE pElIeHus 151 JOCTUKEHUsI CBOMX 1IeJIei.

OnHako CTPYKTYpPHI JaHHBIX B BUE MATPUII MJIH TaOIUI] MO-
I'yT OKa3aTbCsl HeI(P(EKTUBHBIMU B Cydae OOJBIIOro Yucia
BO3MOKHBIX COCTOSIHMM WJIM JIEUCTBUM, a TAKXKE MPU HATUYUU
HENPEePbIBHBIX WM CI0KHBIX MPOCTPAHCTB COCTOSIHUU. B Takux
CIyYasix 4acTo MPUMEHSIOTCs Oojiee CIOKHBIE METOIbI, TaKue
KaK HEPOHHbIE CETU WJIM allPOKCUMAIIMOHHBIE METO/Ibl, KOTO-
pble TIO3BOJISIOT Oosiee THOKO MOJIETUPOBATh OKPYKEHUE U MPU-
HUMATh PELleHNs] HA OCHOBE BXOJHBIX JIaHHbIX.

B nporecce monenmpoBaHusi OKPYKeHHUs] BaXKHBIM aClIEKTOM
SIBJISIETCSI CIIOCOOHOCTD areHTa OLEHUBATh U OOHOBJISITh COCTOSI-
HUE OKPYXKAIOLLEro Mrpa Ha OCHOBE HOBOM MH(pOpMaluu. ITO
HEOOXOMMO JJIsI TOTO, YTOOBI aIEKBATHO PearupoBaTh HA U3Me-
HEHUs B Cpeie ¥ MPUHUMATh OOOCHOBAHHBIE PEIIeHNs B Peaib-
HOM BpeMmeHu. O1leHKa 1 OOHOBJIEHUE COCTOSIHUS OKPYKalolie-
r'o MHpa MOXET IPOUCXOJUTh B pa3iMuHbIX (popmarax, B 3aBU-
CUMOCTH OT MUCHOJIb3yeMOU MOJIENIM U TUIIA areHTa.

B ciydae ncnonp30BaHusA MAaTpULL COCTOSIHUM, ar€HTBl MOTYT



OOHOBJISITh 3HAUEHHS] B COOTBETCTBYIOIIMX SIYEHKAX MATPHIIBI
B 3aBHCHMOCTH OT HaOMOlaeMbIX M3MEeHeHn# B cpene. Hampu-
Mep, CJIM areHT OOHAPYKUBAET, UTO BHIIIOJHEHHUE ONPe/Ie/IEeHHO-
IO IEMICTBUS IPUBOJUT K MOJIOKUTEJIBHOMY WJIM OTPULIATEIBHO-
My pe3yJbTaTy, COOTBETCTBYIOIIEE 3HAUEHUE B MATPUIIE MOKET
OBITh KOPPEKTHUPOBAHO ISl yYeTa STOTO OIBITA.

B cnyyae ucnosnb3oBanus rpadoB UM ceTel /17151 MOAEIUPO-
BaHMS OKPYKeHUsl, OOHOBJIEHUE COCTOSIHUSI MOXKET BKJIIOYATh B
ceOst N3MEHEeHHe CBsI3el MeXk1y y3Jamu rpada B COOTBETCTBUN
C HOBBIMU HaOJTIOICHUSIMY WJTH JIEUCTBUSIMU areHTa. Harpumep,
€CJIM areHT B3aMMOJICHCTBYET C HOBBIM OOBEKTOM B Cpejie WM
OOHapyKMBaeT HOBYIO CBSI3b MEk/1y OOBEKTaMH, COOTBETCTBYIO-
11ast cBsi3b B rpade MoxeT ObITh J0OaBIEHA WM U3MEHeHa /sl
OTpaKE€HUs ITOrO.

BaxHO, 4TOOBI MpOLIECC OLEHKU U OOHOBJIEHUS] COCTOSTHUS
OKpY’Kalolero Mupa ObUT PeryjsipHbIM M aJarnTUBHBIM, YTOOBI
areHT Mor 3(p(HEeKTUBHO aANITUPOBATHCS K U3MEHEHUSIM B Cpejie
U yAyulllaTh CBOU CTPATE€rWy M pellieHus] HA OCHOBE HOBOW MH-
dopmarnmm. Ito momoraet odecneunTh IPGeKTUBHOE (PYHKIIU-
OHHUPOBAHUE UCKYCCTBEHHOI'O MHTEJIIEKTA B PA3/IMYHbIX 33/1a4aX
¥l CIIEHAPHSIX, T7Ie OKPYKAIOINAast Cpeja MOKET ObITh JUHAMUYHON
Y U3MEHYMBOM.

MonenmupoBaHUue OKPYKEHHUs TIPEACTABISAET COOON BaXKHBIN
9Tan B Mpoliecce pa3padOTKU CUCTEM HCKYCCTBEHHOTO WHTEN-
JIEKTa, KOTOPBIK MO3BOISAET 3PPEKTUBHO MPEACTABIATh U aHA-
JIM3UPOBATh MH(OPMALIMIO O CPeJIe U UCTIOJIB30BATh €€ /1S IPU-



HSITHS PEIIeHrI Y TIJITAHUPOBAHUS IEHCTBUM.

Bocnpusitue u Bo3ieficTBHeE

Bocnpusitue 1 Bo3zieiicTBIE SIBIISIOTCS KJIIOYEBBIMU aCIIeKTa-
MU B3aMMOJICHCTBHSI areHTa C €r0 OKPYKEHUEM B KOHTEKCTE UC-
KyCCTBEHHOTO MHTEJUIEKTa. BocnpusTHe OTHOCUTCS K CIIOCOOHO-
CTU areHTa BOCIPUHUMATh MH(MOPMALIUIO O OKPY:KaloIe cpee ¢
TIOMOIIBIO PA3JIMYHBIX CEHCOPOB, AATYMKOB U JIPYTUX YCTPOUCTB.
OTU yCTPOMCTBA MOTYT OBITh Pa3HOOOPA3HBIMHU W BKJIIOYAThH B
ce0s1 Kamepbl, MUKPO(OHBI, paJIaphl, TUIAPHl 1 MHOTHE JPyTrHe
CEHCOPBI, MPEAOCTABISIONINE areHTY JaHHBIE O €r0 OKPYKEHUH.

st 3pdekTMBHOrO (PyHKIIMOHMPOBAHMS areHTy HeOOXOIU-
MO UMETh BO3MOXHOCTb MHTEPIPETHPOBAThH MOTYYEHHYIO WH-
(popmaimio ¥ aganTUPOBATh CBOE MOBEIEHUE B COOTBETCTBUU
C Hell. DTO MOXKET BKJIIOUaTh B ce0sl pacrno3HaBaHUEe OOBEKTOB,
orpeJie/ieHre UX PaCTONOKEeHUsI U JBYKEHU s, aHAJIU3 CBSA3EH U
3aBUCUMOCTEW B OKPY’KAIOIel cpefie U MHoroe Apyroe. BaxkHo,
9TOOBI areHT 00J1a/1aT MeXaHu3MaMK 0OpabOTKY M aHAJIN3A T10-
JIyYeHHBIX JaHHBIX, YTOOBI PUHUMATh UH(POPMUPOBAHHBIE pe-
HIEHUS U AeUCTBOBATh 3(P(PEKTUBHO.

Bo3zpneiicTBue, ¢ Apyroii CTOpOHbI, OTHOCHTCSI K CITIOCOOHOCTH
areHTa BJIMATh HA CBOID OKPY:KAIOIIYIO CPely Yepe3 aKTyaTopbl
Y MEXaHU3MBI yIIpaBjieHus. DTU YCTPONCTBA MOTYT BKJIIOYATh B
ceOs1 ABUraTesv, MOTOPbI, MPUBO/IBI, KJIAMlaHbl U JAPYTMe Mexa-
HU3MBI, KOTOPbIE TIO3BOJISIIOT ar€HTY BHIMTOMHATH TEUCTBUSI ¥ BO3-
JIeVICTBOBATh Ha OOBEKTHI B CPEIE.



B KoHTEKcTe poOOTOTEXHUKH TIPUMEPOM CITIOCOOHOCTH areH-
Ta BO3JEHCTBOBATh Ha OKPYKAIOIIYIO CPELy MOXKET CIIyKUTh MO-
OWJIBHBI pOOOT, OCHAIIEHHBIH MaHMITYIATOpoM. [IpeacraBum
ceOe poOOTa-MOMOIIIHUKA B JIOMAIIIHEN cpefie, KOTOpbIii UMeeT
MeXaHUYECKUI MAaHUITYJISITOP C KUCTBIO. DTOT pOOOT MOXET UC-
MOJIL30BATLCS JUISI BBITIOJIHEHUS PA3JIMYHBIX 33/1a4, TAKUX Kak
yOOpKa, pa3meltieHre MpeaMeTOB WM MOMOIIIb B TOBCEJHEBHbIX
Jenax.

Korga po6oT BocripuHUMAET CBOIO OKPYKAIOIIYIO Cpejly C To-
MOIIIBI0 KaMephl WU JIATYMKOB PACCTOSIHUS, OH TOyJYaeT WH-
(opmMarnmio 0 MECTONONOKEHUN U PACTIONOKEHUN OOBEKTOB B
KOMHaTe. 3aTeM, Ha OCHOBE 3TON MH(OpMaIu, poOOT MOXET
NPUHUMATh PElieHus] O TOM, KaKue JIEUCTBUSI eMy CJIeyeT Bbl-
noyHuTh. Hanpumep, eciiu oH 0OHapyKUBaeT Ipsi3b HA TIONTY, OH
MOXET PEIUTh UCTIONb30BaTh CBOM MaHUITYJISTOP C KUCTBIO JIJISI
yOOpKH.

AxTyatopbl pod0Ta, TAKME KaK IBUTATENN U MPUBOJIBI, TO3BO-
JISIOT €My BBITIOJTHUTH 3TO JEWCTBUE, YIPABJISIS ABUKEHUEM Ma-
HUITYJIATOPA U KUCTH. POOOT MOXET TOUHO peryMpoBaTh IBH-
’KEHMEe MaHUITYJISATOPa, YTOObl OUUCTUTD ONIPEAEIEHHYIO 00IaCTh
nona. [Tocye 3aBepiienus 3aa4u poOOT MOKET BHOBb BOCIIONb-
30BaThCS CBOMMH CEHCOpPAMH, YTOOBI MPOBEPUTH PE3YyNIbTaT U
yOeUThCS, YTO 33/]a4a BHIIIOJTHEHA.

UYepe3 B3aUMOJEHCTBHE CBOMX aKTYaTOPOB C OKpYXKalolien
cpenor, poOOT COCOOEH BIMATh HA CBOE OKPYKEHHE M BBITION-
HATh Pa3JIMYHBIC 3a/1a4d, Jejlasi ero BaXHbBIM HHCTPYMEHTOM



JUIS1 aBTOMATU3AIMU PYTUHHBIX JEUCTBUN B JOMAIITHEH U TTPO-
MBIILIJICHHOM Cpefe.

BaxHO, 4TOOBI areHT ObLT ciocoOeH 3 PEKTUBHO YITPABIISTH
CBOMMM aKTyaTOpaMH U MPUHUMATh PEIIeHUsI O TOM, KaKue JeH-
CTBHMSI CJIeyeT BBITIOJTHUTH B 3aBHCUMOCTH OT TEKYIIIErO COCTO-
SHUSA OKPYJKAIOLIEH CPefbl U €ro Lesied. ITO MOXKET BKJIIOYaTh
B ce0sl MJIAaHMPOBAHUE U TOCTIEJOBATEIbHOE BHIIIOJTHEHUE JEi-
CTBW, YYEeT OIrpaHUYCHUI W PUCKOB, a TaK)Ke B3aMMOJIEHCTBYE
C IpyTUMH areHTamMu U oObeKTaMu B cpefie. B pesynbrate areHt
MOJKEeT BO3/IEMCTBOBATh HA CBOE OKPYKEHHE C LIEJbI0 JOCTHUXKE-
HUsI IOCTABJIEHHBIX 33124 U BHITIOJIHEHU I CBOMX (DYHKIIHIA B KOH-
KpeTHOM 00JIacTH TPUMEHEHHMS.

IIpuHsATHE pelIeHN U IVIAHNPOBaHNeE 1eiCTBUH

[IpuHATHE pelleHni M TUIAHUPOBAHUE JIEUCTBUM SIBJISIOTCS
Ba)XHBIMU aCleKTaMM (DyHKIIMOHMPOBAHUS ar€HTOB B OKPYXKalo-
men cpene. PeakTuBHas cTparerus sBiseTcs OQHUM U3 PO-
CTBIX M 3(P(PEKTUBHBIX NOAXONOB K NMPUHATHIO PEIICHUMN arcH-
TOM B OKpyXatoien cpenie. IIpy TakoM moaxoie areHT Hermocpes-
CTBEHHO pearupyer Ha TEKYIIIEE COCTOSTHUE OKPYKAIOILEN CPEbl,
NpUHKAMAS pelIeHnst 0e3 ydeTa JOIrOCPOUHbIX MOCTEACTBUN U
COCTOSIHU, KOTOPbIE MOTYT BO3HUKHYTH B OyayIieM. DTo O3Ha-
YaeT, 4TO areHT He CTPOMT MOJEJIb CPEJlbl U HE IIPOTHO3UPYET €€
Oynyliee pa3BUTHE, a IPUHUMAET PElleHus] TOJIbKO Ha OCHOBE
TOTO, YTO OH B IaHHBII MOMEHT HaOIoqaeT.

PeaktuBHast cTparerusi ocoOeHHO 3((PEeKTUBHA B CTATUYHBIX



WM MEJIJIEHHO M3MEHSIIONIMXCS CpelaxX, IIle TEKYIEee COCTOSTHUE
OOBIYHO SIBJISIETCS JIOCTATOYHO HAJEKHBIM MHAMKATOPOM TOTO,
KaKue JeCTBUs creyeT npeanpuHaTs. Hanpumep, eciu poOoT
nepeMelaeTcs B 3apaHee U3BECTHOM CTPYKTYPUPOBAHHOM cpe-
i€, TJie MPEensTCTBUS He MOSBIISIIOTCS WA MEHSIIOTCSl PElIKO, OH
MOKET YCIIEITHO UCIOIb30BaTh PEAKTUBHYIO CTPATETHIO /151 Ha-
BUTAIIUU U U30eraHus MPensTCTBUN.

OnHako peakTUBHBIE CTPAaTErMM MOTYT OKa3aTbCsl HEIOCTa-
TOYHO 3(P(PEKTUBHBIMU B CIOKHBIX U IMHAMUYHBIX Cpefax, rie
JOJITOCPOYHBIE TIOCTIEICTBUS ACUCTBAM UTPAIOT KJIIOUYEBYIO POJIb.
B Takux ciay4asix areHTy MOXKET MOoTpeO0oBaThCsl CIOCOOHOCTD
IIPOTHO3UPOBATh OYIyIHe COCTOSIHUS Cpefibl U IPUHUMATh pe-
IIEHMs] HA OCHOBE 3TUX MPOTHO30B. TeM He MeHee, B omnpene-
JICHHBIX KOHTEKCTaX, IJI€ BBICOKASI CKOPOCTh PEAKIIMU KPUTHYE-
CKM Ba)KHA, PEAKTUBHbBIE CTPATETMUA MOTYT OCTaBaThCsS MPEIO-
YTUTEIbHBIM BHIOOPOM ISl ar€HTOB.

[IprmMepoM NpUMeHEHUsI pEaKTUBHOM CTPATErMd MOXET CITy-
KWUTh aBTOHOMHBI aBTOMOOWJIb, JABWXKYIUICS MO CTAOMIIBHOM
Y XOpOILIO M3YyYEHHOU JAOPOXKHOM HMH(GpacTpyKkType. B Takom
cllyyae aBTOMOOMIIb MOXKET MCIOJIb30BaTh TPOCTYIO PEaKTUBHYIO
CTpaTeruio AJisi HABUralliy Y yIpPaBJIEHUsl, IPUHUMAs PELLeHU
Ha OCHOBE TEKYIIMX YCJIOBUI TOPOTY M OKPYKAIOIIETO TPAHCIIOP-
Ta.

Korna aBroMo0mIb 0OHApY:KUBAET MPENSITCTBUE WK Jpyrie
TPAHCIOPTHBIE CPEACTBA B CBOEM ITyTH, OH MOXET aBTOMaTH4e-
CKHM pearupoBarb, U3MEHSSI CBOK TPAEKTOPUIO JBUKECHUS WU



CHUXKasl CKOPOCTh, YTOOBI M30€KaTh CTOJIKHOBEHUS. DTHU pelle-
HUS IPUHUMAIOTCS UCXOJISI U3 JIAHHBIX, TTOJTYYEeHHBIX OT pa3iny-
HBIX CEHCOPOB, TAKMX KaK pajapbl, KaMephbl M JIUIApbl, KOTOPbIC
TIOCTOSIHHO CKaHUPYIOT OKPYKAIOIIYI0 Cpey B pealbHOM BpeMe-
HU.

B crabunbHOI M TIpejicKa3yeMol JOPOKHOU cpejie, re Tpe-
MATCTBUS PEAKO TMOSBJISAIOTCS U MaJIOBEPOSATHBI BHE3AITHBIC W3-
MEHEHHUsl YCJIOBUM, PEaKTUBHASI CTPATErdsi MOXKET 00eCHeUHTh
ObicTpoe M Oe30macHOe BMKEHUE aBTOMOOWJIsA 0e3 HEeOOXOIH-
MOCTH B CJIO)KHBIX MOJIEJISIX OKPYXKAIOIIEeH Cpelpl WK JOJTO-
CPOYHOM TUIAHUPOBAHUHU MapIIPyTa. DTO JIeAeT TaKOW MOIXON
9(p(PEKTUBHBIM JIJIS1 TIOBCEJHEBHOTO KCIIOb30BAHUSI aBTOHOM-
HBIX aBTOMOOWMJIEH B YCJIOBUSIX TOPOJICKOTO JIBUKEHUSI WU Ha OT-
KPBITBIX aBTOMArucTpassix.

CTparerun Ha OCHOBe 3HAHHUI TIPECTABIISAIOT COOOH aJTb-
TePHATUBHBIN MMOAXO/] K TIPUHSTHUIO PEIICHUH, TJIe areHT UCTIONb-
3yeT 3apaHee U3BECTHBIC MPABUIIA, 3aKOHbBI T MOJICIH JIJISI TTPU-
HATHUSI OOOCHOBAHHBIX JIGUCTBUI B OKpYXkarome cpee. B oTm-
YKe OT PEaKTHBHBIX CTPATETHi, KOTOPbIE PEarupyloT TOJIBKO Ha
TeKyIIee COCTOSIHUE CPEJibl, CTPAaTEeruy Ha OCHOBE 3HAHWIA TT03BO-
JISIIOT areHTy YYUTHIBATh O0JIee IIMPOKUI KOHTEKCT U JIeJ1aTh BhI-
BOJIbI HA OCHOBE MPEIBAPUTEIIHHO 3arpy:KeHHBIX 3HAHUH O cpejie
U ee (PyHKITMOHMPOBAHUH.

ITOT MOAXOJ MOXET ObITh OCOOEHHO IOJIe3eH B CHUTYallu-
SIX, TJIe areHTy JIOCTYITHBI OMpe/ie/ieHHbIe 3HAHUSI O CBOEH cpe-
Jie ¥ TATIMYHBIX CLIEHApUsIX MoBeeHust. Harpumep, B MeauiiH-



CKHUX 9KCIEPTHBIX CUCTEMAX areHT MOXET UCTIOIb30BaTh 3apaHee
oTpe/ieJICHHbIE MEUITUHCKIE TIPOTOKOJIBI M 0a3bl IAHHBIX 3200-
JIEBAaHUM 711 TMArHOCTUKY W PEKOMEH 1AM JIeUeHU S MaIieH-
TaM. Takxke CTpaTeruu Ha OCHOBE 3HAHUI MOTYT ObITh ITPUMEHE-
HBI B pOOOTOTEXHHKE JIJIsl BHITIOJTHEHUS 33124, TPEOYIOIIUX TOU-
HOTO 3HAHWS CPeibl, TAKUX KaK HaBUTAIWsS B JTaOUPHHTE WA
yIpaBjieHUe MaHUTYISITOPAMU JJIs BBHIMTOTHEHUS CJIOKHBIX Ma-
HUITYJISLANA.

XOTs cTpateri Ha OCHOBE 3HAHW MOTYT OBITh Ooliee -
(pekTUBHBIMU B TIPEACKa3yeMbIX CpeAax WM MpPU BIOJTHEHUU
33124 C YeTKUMHU MPaBUIAMU M MOJIEJISIMH, OHU MOTYT OBITh Me-
Hee TMOKMMU B CUTYallUsIX, IJle Cpella M3MEHYMBa WA HEeollpe-
JenieHHa. B TakuXx ciydasix areHTy MOXKeT MoTpeOoBaThCsl CIo-
COOHOCTh a/IAITUPOBATHCS K HOBBIM YCJIOBUSIM M OOy4YaThCsl HA
JIETy, 4TO MOXET OBbITh OOJiee CIOKHO C UCMOIb30BAHUEM KECT-
KHX 3apaHee OrpeeeHHbIX CTPATEer id.

[TpumepoM mpuUMeHeHHUsI CTpaTeruii Ha OCHOBE 3HAHWKM MO-
KET CIIy’)KWTh aBTOHOMHBI MOOWJIBHBIN POOOT, MpeJHa3HAYEH-
HBI JJIs1 HABUTAIIMU B OOJIBIIIOM CKJIQJICKOM nometnienuu. [Ipes-
TIOJIOKHM, UTO B CKJIaJIe yCTAHOBJIEHA CUCTEMA HaBUTallu1, KOTO-
pasi mpeiocTaBIisieT poooTy MH(POPMAIIUIO O PACTIONOKEHUH Pa3-
JIMYHBIX TOJIOK, MPENSTCTBUIA U TOYEK Ha3HAYECHMUSI.

B atoMm ciydyae poOOT MOXET UCTIONb30BaTh 3apaHee U3BeCT-
HbIe KapThl CKJIaJia U aJITOPUTMBI TUIAHUPOBAHUST MapIIpyTa sl
a¢pdekTrBHON HaBUTalIMKM BHYTpY nioMelieHus1. Ha ocHoBe Tux
JaHHBIX POOOT MOXET BHIOMPATh ONTHMAJIbHBIC MYTH IS JIO-



CTaBKM TOBAapOB C MOJIOK HA TOUKW HA3HAYEHU s UM JIs1 BHITION-
HEeHM IPYTUX 3a/1a4, HallpruMep, UHBEHTapu3alliy WU MepeMe-
IIEHUsI TPY30B.

[Tpeanonoxum, 4To poOOTY HEOOXOAUMO JOCTABUTH TOBAPHI C
OIpEe/IeIEHHOM MOJIKM Ha TOUKY Bblaur. OH UCMOJIB3YeT 3apaHee
3arpyKeHHbIE JaHHBIE O CTPYKTYpE CKJIaa U MPeArnOuYUTaeMbIX
nyTax JBrokeHus. Ha ocHoBe 3Toi nHpOpMaImu poOoT TIaHK-
pYyeT ONTUMAJbHBIN MapIIpyT, n30erasi NpensATCTBUI U MUHUMHU-
3Upysl BpeMsI JIOCTaBKU. ITO Mo3BOJIsieT eMy 3heKTUBHO 1 6e3-
OIACHO TMepeMEIaThCsl MO CKIIAAY, UCHONb3Ys 3apaHee U3BECT-
HBIE 3HAHUS O Cpe/ie.

Takum 00pa3om, UCTIOIb30BAHUE CTPATErMil HA OCHOBE 3HA-
HUIA TIO3BOJISIET pOOOTY MPUHUMAaTh 0OOCHOBAHHBIE PEIlIeHHS Ha
OCHOBE TPE/IBAPUTEIIHHO 3arpy:KeHHBIX AHHBIX O Cpele U ee
(yHKIIMOHMpPOBaHNH, YTO JienaeT ero Oonee 3 (PEKTUBHBIM U
HaJIe’KHbIM B BBIIIOJIHEHUU 33Ja4 HaBUTalluM B MpeAcKa3yeMoun
cpefe, TaKOM Kak CKJIAJCKOE MOMEIlIEHHE.

Oo6yueHue ¢ MoaAKpenJeHneM TPeCTaBIsAeT COO0U MOIII-
HBII METOJ] MAIIMHHOTO OOyYeHHM S, TTPU KOTOPOM areHT u3yda-
€T ONTUMAJIbHBIE CTPATErNH NIOBEAEHN 1, OCHOBBIBASICh HA HArpa-
Jax win mrpadgax, MoayYeHHbIX B pe3y/bTaTe B3auMOJECUCTBUS
C OKpyXarolien cpeior. B 3ToM noaxoze areHTy He mpeIocTaB-
JISIOTCS 3apaHee ONpe/ieIeHHbIE TTPaBUIa WM MOJIENIN OKPYKalo-
1Ie Cpejibl, @ BMECTO 3TOI'O OH CAMOCTOSATENIBHO UCCIIEYET Cpe-
Ny, IPUHUMAET JCHUCTBUS M HAOTIONAeT 3a peaklMei cpeasl Ha
STHU JEVCTBUA.



KioueBoii koHIenmedn B 00y4eHUM C MOAKPEIIeHueM SB-
JISIeTCS TIOHSATUE HATPaJIbl. ATEHT CTPEMUTCS MAaKCUMU3UPOBATh
NOJTyYaeMyio Harpajy, 4ro noOykaaeT ero BIOMpaTh AeHCTBUA,
KOTOpbIE IPUBEIYT K HAWJTYUIIIUM PEe3yJIbTaTaM B J0JTOCPOYHOM
nepcriektuse. Harnpumep, B 3a/1aue yripaBieHUs: MOOMJIbHBIM PO-
O0TOM Harpazoil MOXeT ObITh OCTHKEHHE IeJICBOM TOYKH, a
mTpad)OM — CTOJIKHOBEHHUE C TIPETATCTBUEM.

[Tytem uccaeqoBaHUS M B3aMMOIEWCTBUS C OKpYXKarolien
Cpeloy areHT HAKaIUIMBAeT OIBIT, KOTOPHIA WCHOIb3YeTCs IS
0OHOBJIeHUS ero cTpareruu. OOydeHre ¢ TIOIKPETUICHUEM JacTo
OCHOBaHO Ha MeTOJaX W aJITOpUTMaX, TaKMX Kak Q-oOydeHue,
r1yOOKOe 00yUeHHe C MoK PEIIEHUEM 1 alTOPUTMbI aKTOP-KPH-
THK.

[MpeumytiecTBO 0Oy4eHUS C MOAKPETICHUEM 3aKJII0UaeTCs B
€ro CrocOOHOCTH K aJlanTaluy K pa3jIMuHbIM CpelaM M CIieHa-
pUsiM, a TaKXke B BOBMOXHOCTH 3(p(heKTUBHOrO 00yUYeHUs OTITH-
MaJIbHBIM CTPATerusiM B YCJOBHUSAX CJAOKHBIX M AMHAMHUYCCKUX
cpea. DTOT MeToj MUPOKO MPUMEHSIETCS] B Pa3IMIHBIX 00J1a-
CTAAX, BKJIIOYAs] aBTOMATU3AINI0, POOOTOTEXHUKY, UTPOBYIO MH-
JOyCTpUI0, (PpMHAHCHI 1 MHOTHE ApPYyTHe, Ijie TpeOyeTcs: IPUHSATHE
0O0OCHOBAaHHBIX PEICHUN B YCJIOBHUSAX HEOMPEICICHHOCTH U 13-
MEHYUBOCTH.

[Tpumepom npuMeHeH!s1 00yUSHHUS C TIOJIK PEeTIEHUEM MOXET
CITy)KUTh OOyYEHHE UI'POBBIX areHTOB B KOMITBIOTEPHBIX MIPaX.
PaccMoTpuM cuTyaruio, e areHT 00yJaeTcst Urparh B KJaccu-
Jeckylo urpy Atari Breakout, roe HeoOxogumo paspymats O710-



KM, YIpaBJsisl miatpopMoid, YToOBl MsTd OTCKAKMBAJI OT Hee U
pazouBat OJIOKH.

B sTtoM npumepe areHTy mpeaocTaBisieTcs cpeaa, mpeacTaB-
JIEHHAs1 UTPOBBIM 9KPAHOM, HAa KOTOPOM OTOOpaxaeTcs TeKyllee
COCTOSIHUE UT'Pbl. ATEHT JOKEH IPUHUMATD JIEUCTBUSI, HATIPAB-
JIEHHBIE HA MAaKCUMU3AIUI0 COOPAHHOW HarpaJibl, B JAHHOM CITy-
Yyae — KOJIMYECTBO pa3pyIIeHHBIX OJNIOKOB. Kaskmplii pa3, Koraa
MsI4 OTCKaKMBAeT OT I1aTOpMBbl M pa3pyllaer OJoK, areHT Io-
JIy4yaeT MOJIOKUTEIbHYIO Harpaay, a €Cid Msid MajlaeT U yIycKa-
€TCsl, areHT MOJIyYaeT OTPUIIATENILHYIO HArpay.

AreHT HauumHaeT OOyueHHue C TOAKPEIJIeHUEM C HEKOTOPOK
cinyqaHo crparerud. OH UCCeyeT pa3jiiuHble ENUCTBUS U
HaOJTI0/1aeT pe3yJIbTaThl CBOMX JecTBriA. [locTerneHHo areHT Ha-
yuHaeT (POPMUPOBATH MPEACTABICHUE O TOM, KAKUE JEUCTBUS
MPUBOASAT K TMOJIOKUTETbHBIM Harpajaam, a Kakue — K OTpHIia-
TEJIbHbIM.

C wucronb30BaHNEM METOIOB OOyUeHHs C TIOJKpPEIUICHHUEM,
TakuX Kak Q-o0ydyeHue win riayobokoe oOydeHre ¢ MoK persie-
HHEM, areHThl MOTYT 00y4aThcst 3(P(HEKTUBHO U JIOCTUTaTh BbI-
COKOI'0 ypOBHS1 MacTepcTBa B Urpe. B KOHEUHOM UTOre areHThl
MOT'YT CTaTh CIIOCOOHBIMHU JIOCTUTaTh BBICOKUX PE3Y/ILTATOB B UT-
pax, J1axe MpeBOCXo/sl YpPOBeHb MPO(heCCHOHABHBIX UTPOKOB,
Ormarogapsi CriocOOHOCTH 0OyUYaThCsl HA OCHOBE OIbITA U KOPPEK-
TUPOBATh CBOIO CTPATETMIO B COOTBETCTBUMU C U3MEHSIOIIUMUCS
YCJIOBUSIMU UTPHI.

JJ1s1 TOMCKA ONTUMAJIbHBIX AEUCTBUM B PA3JIMYHBIX CUTYallU-



SIX areHThl MOTYT MCIOJIb30BaTh PA3UYHBIC AJITOPUTMBI U TEX-
HHKH, TAKUE KaK aJITOPUTMBI IOKCKA, METOJIBI ONITHMHU3AIINH, all-
HPOKCUMAIIMOHHbIE aITOPUTMBI M MHOTOE Apyroe. KomouHupo-
BaHME PA3JIMYHBIX MOJXOI0B U TEXHUK MO3BOJISIET areHTaM 3¢-
(beKTUBHO PUHUMATD PEIICHHsI U IOCTUTaTh CBOMX LIeJIel B pa3-
HOOOPa3HbIX Cpefiax U CIeHAPHSIX.

2.2 3naHus 1 pejcTaBJieHne

3HaHUs MPE/ICTABIISIOT COO0M (PyHIAMEHTAIBHBIN JIEMEHT B
00J1IaCTH UCKYCCTBEHHOTI'O MHTEJJIEKTA, TTOCKOJIbKY OHU oOecrie-
YUBAIOT OCHOBY JJIsI PA3JIMYHbIX ACHEKTOB (PYHKIIMOHUPOBAHMS
Y TTOBE/ICHYS] UCKYCCTBEHHBIX ar€HTOB. B KOHTEKCTE HCKYCCTBEH-
HOT'O MHTEJIJIEKTa 3HAHUSI MOTYT BKJIIOUaTh B ce0s1 MH(OpMAIIUIO,
MpaBuUJIa, MOJIEJIH, ONBIT U MHOTHE JPYTUe ACTIEKThI, KOTOPbIE UC-
MOJIb3YIOTCS 151 IPUHSTHS PELIEHUI U B3aUMOJIENCTBUSI C OKPY-
JKaoen cpeion.

OaHuM M3 KJIIOYEBBIX aCMEeKTOB 3HAHUM B MCKYCCTBEHHOM
WHTEJIJIEKTE SIBJISIETCS UX POJib B MPUHSATUU PEIICHUNA. 3HAHUS
00ecreunBaloT areHTaM WH(GOPMAIIUIO O COCTOSIHUM OKPYXKalo-
el cpelpl, O JOCTYIHBIX BApUAHTAX [IEUCTBUM U O OXHUJae-
MBIX PE3YJIbTATOB ITUX JeUCTBUI. Ha ocHOBe 3101 MH(pOopManuu
areHThl MOTYT MPMHUMATh 0OOCHOBAHHbIE PEIIeHU I, HATIPABJICH-
HblEe Ha JOCTUKEHHUE OIpe/e/IEHHbIX LeJIell WU PelIeHre KOH-
KPETHBIX 3a]ay.

Kpome Toro, 3HaHus UrpaioT KJIIOYEBYIO pOJib B PEIICHUH 3a-



Jad. B ucKyccTBEHHOM MHTEIIEKTE 3a[aud 4acTo (hOpMyJIUpy-
I0TCSl B TEPMUHAX 3HAHUU O TIPEJIMETHOUN 00JIaCTH, a areHThI UC-
TIOJIL3YIOT TU 3HAHUS JIJIS1 BHIPAOOTKM CTpaTeruii U METO/IOB pe-
nieHus 3aga4d. Harmpumep, B 061acT MEAUIIMHBI 3HAHUSI O CUMIT-
TOMax, AMArHo3ax U JIEYEeHUHU MIOMOTal0T UCKYCCTBEHHBIM CHUCTe-
MaM MPUHUMATH PEIIeHUS] O TUArHO3e U JIeYeHUH 3200 IeBaHHIA.

HaxkoHel1, 3HaHNS1 UTPAlOT Ba)XHYIO POJib B B3aUMOJEUCTBUU
areHToB ¢ OKpYyXkaroleit cpeaoil. [loHnmanue okpyxarolen cpe-
b, €€ XapaKTepUCTUK U OCOOEHHOCTEH MO3BOJIsIeT areHTam -
(peKTUBHO aIanTUPOBATHCSA K U3MEHEHUSIM B CpeJie, MPOrHO3U-
pOBaTh MOCJIEACTBUSl CBOMX JIEUCTBUM U B3aUMOJEMCTBOBATH C
JIpYrMMU areHTamMH Win oObeKTaMu B cpefie. Takum oOpasom,
3HAHUS1 SIBJISIIOTCS HEOTHEMJIEMOW YaCThlO (PYHKIIMOHUPOBAHUS
Y TIOBEJIEHUsI UCKYCCTBEHHBIX ar€HTOB B Pa3JIMYHBIX MPUJIOKE-
HUSIX U 00JIACTAX UCKYCCTBEHHOTO MHTEJUICKTA.

B o6nacti MCKYCCTBEHHOTO MHTENJIEKTa MPe/ICTaBIeHUe 3Ha-
HUI SIBJISIETCSA KPAaeyrolibHbIM KaMHEM, TMOCKOJIBKY OT BBIOOpa
NoAxoaAIero (popmara 3aBUCAT 3(PPEKTUBHOCTE U 3PPEKTUB-
HOCTb paboThI cucTeMbl. PazHooOpasue hopMaTu3MOB U SI3bIKOB
NPe/ICTaBJIeHUs] OTpakaeT pa3HooOpas3ue 3a1au U cpefl, B KOTO-
PbIX IPUMEHSIETCS] UICKYCCTBEHHbIN UHTEJIIEKT.

OpmHum w3 HamOollee pacIpoOCTpaHEeHHBIX (DOPMATOB TIpE-
CTaBJIEHUsI 3HAHUM SBJAIOTCA Jormdeckue ¢popmyani. OHu
MO3BOJISIIOT BBIPA3UTh 3HAHUsI B BUJE JIOTUUECKUX BBICKA3bIBa-
HUIA, 4TO JieNaeT uxX yIoOHBIMU it (POPMATU3AIIUN U PacCyXk-
nenust. Jlormueckue hopmyIsbl MOTYT HCITOJIB30BATHCS JIs1 OIU-



canus (pakTOB, TPABWII U OTHOIIIEHUN B 3HAHUSIX.

[Ipumep ncnob30BaHUS JIOTHYECKUX (hOPMYIT 17151 IPEACTaB-
JIEHUs 3HAHUI MOKET OBbITh CJIETYIOIIM:

[TpencraBum HeOOMBINYIO 0a3y 3HAHUN O KUBOTHBIX:

1. ®akThI:

— Cobaka — 3T0 )KHMBOTHOE.

— Kot — 3710 XMBOTHOE.

— Cobaka umeeT XBOCT.

— Kot umeer xBoCT.

— Cobaka Jaer.

— Kot maykaer.

2. IlpaBuna:

— Ecim XMBOTHOE MMeeT XBOCT U JIaeT, TO 3TO coOaKa.

— Ecnu sxuBOTHOE MUMEeT XBOCT U MSIYKAeT, TO 3TO KOT.

Dot HabOp (PAKTOB M MPABUI MOKHO (hOPMAIM30BATh C HC-
MOJIb30BaHMEM Jiornueckux ¢gopmyii. Hanpumep:

1. ITycte ( L(x) ) o603Hauaer "x maet", (M(x) ) — "X Msykaet",
( H(x) ) — "x umeet xBoct", ( A(X) ) — "X 3TO KUBOTHOE".

2. Torna ¢pakThl MOXHO 3amucaTh B BUJIE JJOTMUECKUX BbIpa-
KEHUI:

— (A(text{Cobaka}) ), ( A(text{Kot}) ), (H(text{ Cobaka}) ),
( H(text{Kort}) ), ( L(text{Cobaka}) ), ( M(text{Kor}) ).

3. IIpaBuia MOXHO MPEACTaBUTh B BU/I€ UMILIMKALIWI:

— ((H(x) land L(x)) Rightarrow A(x) ) (ec/1 ’)KMNBOTHOE UMEET
XBOCT H JIa€T, TO TO co0aKa).

— ((H(x) land M(x)) Rightarrow A(x) ) (ecu :KMUBOTHOE UMe-



€T XBOCT U MAIYKA€ET, TO ITO KOT).

Takum 0O6pazom, Jorudeckue (popMyITbl O3BOJISIOT KOMITAKT-
HO M TOYHO OINMCHIBATh 3HAHMS U MpaBWIa B CHCTEME HCKYC-
CTBEHHOT'O MHTEJUIEKTa, 4TO OOJieryaeT UX UCIOJIb30BaHUE /I
PacCyXJICHUUN U MPUHSTUS PEIICHU.

Jlpyrum pacripocTpaHeHHbIM (POPMATOM IIPEACTABIIEHUS 3HA-
HUI1 BJISIOTCSL ceMaHThyeckue cetd. OHU UCONB3YIOT rpadu-
YeCcKoe MPeICTaBJIEHNE JIs1 ONIUCAHMS CYIIIHOCTEN U UX B3aUMO-
cBszeil. CeMaHTUYECKUE CeTU MO3BOJISIIOT KOMITAKTHO MPEICTa-
BUTH CJIOJKHBIE KOHIICTIIIMMA U WX B3aMMOCBSI3M, YTO OOJeryaer
aHaJIM3 U BU3YAIU3aLMI0 3HAHUH.

CemanTHyeckue cetH — 310 pOpMaT MPeICTABICHUS 3HA-
HUI, OCHOBAaHHBIN Ha rpauyeckor CTPYKType, IJe CYIIHOCTH
NIPE/ICTaBJICHBl Y3/IlaMH, a B3aMMOCBSI3M MEXAy HUMH — peOpa-
MU WK Ayramu. DToT (popMaT MO3BOJISIET ONUCHIBATH CIOKHbIE
KOHIIETILIMY U UX B3aUMOCBSI3U B UHTYUTUBHO ITOHSAATHOM U JIETKO
BUBYyaIM3UpyeMoil hopMe.

OCHOBHBIM [TPEUMYIIECTBOM CEMAaHTUUYECKUX CETEN SIBIISIETCS
UX CIIOCOOHOCTh K KOMITAKTHOMY TTPE/ICTaBICHHIO HH(OpMAIIUH.
Bbnarogaps rpagpuueckor CTpyKType, CEMaHTUUECKHUE CETU MO-
ryT 3 PEKTUBHO ONKCHIBATH OOJbIITIE 00bEMbI 3HAHUU U CIIOK-
HbIe OTHOIICHUSI MEXy HUMH, UTO JIeJaeT UX YAOOHBIMU JIJIsI
aHaJIM3a 1 UCNOJIb30BaHU S B PA3JIMYHBIX 32/1a4aX UCKYCCTBEHHO-
IO UHTEJJIEKTA.

Kpome Toro, cemaHTH4eCKHe ceTh 00ECTIeUnBaIOT HATJISITHOE
MpeJCTaBIEHUE 3HAHUH, YTO YIIPOIIAET UX MOHUMAHUE U UHTEP-



npeTaruio yesiopekoM. biiarogapsi Bu3yasibHOM CTpYKType, MOJb-
30BaTEIM MOTYT JIETKO AHAJIM3UPOBATh U B3aMMOJEHUCTBOBATH C
3HAHUSIMU, BBISIBJIATH TIATTEPHBI U OTHOIIIEHUS, & TAKKe MPOBO-
JUTDb pa3IMyuHble BUJbl aHAJIN3A JAHHBIX.

[IprumepoM UCMIONB30BAHUSI CEMAHTUUECKUX CETed MOXKET
OBITH MOJIETMPOBAHKE KOHIIETIIMY "300mapkK . B Takoii cetn y3-
JIbl MOTYT TPE/ICTABIATh Pa3IUYHbIE JKUBOTHBIC, a CBSI3U MEXTY
HUMU — UX KJIacCU(pUKALMIO IO BUJIaM, TUIIAM MUTaHUs1, MECTY
oOuTaHus U T. 1. Takas ceTb MO3BOJIUT CUCTEME UCKYCCTBEHHO-
IO MHTEJUIEKTAa OPraHMU30BaTh U CTPYKTYPUPOBATh 3HAHUS O 300-
napke, a Takke JieJiaTh BHIBOJbI M PUHUMATH PEIIeHUsI HA OCHO-
BE€ 9TUX 3HAHWIA.

Eie ogHuM vHTEpecHbIM (hOpMaTOM MpPeACTaBIeHUsI 3HAHUI
SIBJISIIOTCSL OHTOJIOrHHA. OHTONIOrMM — 3T0 (pOpMasbHbIE MOJIE-
JIV 3HAHUH, KOTOPbIE UCTIOJIL3YIOTCS JJIS1 ONTUCAHMSI TIOHATHIA, UX
CBOWCTB U B3aMMOCBSI3€1 MEXJY HUMH B OIpPENEIEHHON Mpej-
MeTHOU oOnactu. OHU TIPEICTABIAIOT COOO0U rpadruecKyo win
JIOTUYECKYIO CTPYKTYPY, TA€ KaXJ0€ MOHATHUE MPEACTABICHO Y3-
JIOM, a OTHOIIIEHHUSI MEKAY TMOHATUSIMU — peOpaMu WU JIOTHYe-
CKHMMH OIIE€paTOpamH.

OHUM U3 KJIIOUEBBIX TPEUMYILIECTB OHTOJIOTHI SIBJISIETCS UX
CIMOCOOHOCTD K CTaH/IapPTU3AIMK 3HAHUI B OTIPE/ICIEHHOU TIPpe/I-
MeTHOM o6sacTu. bnarogaps (popmasnibHOM CTPYKTYpe U CTPOrou
JIOTUKE, OHTOJIOTVH TTO3BOJISIIOT YCTAHOBUTh €IUHbIE TEPMUHBI U
orpeiesieH!sl, YT0 OOECTIeunBaeT eIMHOe TIOHUMaHKe U COorJia-
COBaHHOCTh B 00JIaCTH, TJie TIPUMEHSIETCS 3Ta OHTOJIOT L.



Kpome Toro, oHtonoruy oGierdarorT MHTErpanio U oOMeH
3HAaHUSIMU MEX]y pa3jIMYHbIMU CHUCTEMaMU U TPUJIOKEHUSIMU.
bnaronapsi cranmaptuzupoBaHHOMY (popmarty, pas3iuyHble CH-
CTEMbI MOT'YT UCMOJIb30BaTh OJHY U TY 7K€ OHTOJIOTHIO JIs1 IPEJI-
CTaBJICHUS M 00OpaOOTKM 3HAHUH, UTO 0OJIeryaeT COBMECTHYIO pa-
60Ty 1 0OMeH UH(POPMAIIHEH.

[TpumepoM UCONB30BAHUSI OHTOJIOTMI MOKET ObITh OHTOJIO-
ISl MEIMUIMHCKUX TEPMHUHOB, KOTOpPasi OIMCHIBAET Pa3IMYHbIE
00JIe3HU, CUMITTOMBI, JIEKAPCTBA M UX B3aUMOCBsI3U. OHTOIOTHS
MEJULIMHCKAX TEPMHUHOB MPECTaBIseT cO00M (popMann3oBaH-
HYIO MOJIe/Ib 3HAHUI B 00JIACTH MEJIUIVHBI, KOTOpasi OMUCHIBA-
€T Pa3JIMYHbIe aCTIEKThI 3I0POBbsI, OONE3HEN, JIeUeHUsI U MeH-
IIUHCKUX MPOLIENYp. DTa OHTOJIOTUSI BKJIIOUAET B ce0sl TIOHSTHS
O Pa3IMYHBIX 3a00JICBaHUSX, CUMITTOMAX, METOJaX JUArHOCTH-
KU U JICYSHHM S, a TAK)KE O B3AUMOCBSI3AX MEXIY HUMM.

[TpumMepoM Takoi OHTOJIOTUM MOKET ObITh CUCTEMA, T/Ie KaX-
JI0€ MEIMIIMHCKOE MOHSTUE MPEACTABIEHO Y3JI0M, a B3aUMOCBSI-
31 MEXAY TOHATHSAMHU OTOOpaKeHBl peOpamMyl UM JIOTUYECKH-
MU cBsI3aMU. Hampumep, B TakOil OHTOJIOTMM MOKET OBbITh y3ell
"I'punm", KOTOpBIN CBsA3aH C y3aamu "Bbicokas temneparypa',
"Kamens", "bonp B Mbimmax" v T.4. Takke OHTOJIOTUSA MOXKET
BKJIIOYATh UH(OPMAIIMIO O TPUYMHAX BO3HUKHOBEHUS TPUIIA,
MeTO/IaX JUArHOCTUKH, CXeMax JIeUeHHUs U MIPOYUX aCIeKTax.

OTa OHTOJIOTUsI MOXKET ObITh MCIOJIL30BaHA B MEAUIIMHCKUX
MH(OPMAIIMOHHBIX CHUCTeMax [UIsl CTaHIapTH3aluyd U oOMeHa
MEAUIIMHCKOM MH(pOpMAIMer MEXAy Ppa3JIuyHbIMUA MEIULIH-



CKUMM YUPEXKACHUSAMU M cHenuaauctaMy. Takke oHa MOXET
OBITH BCTPOEHA B 9KCIEPTHBIE CHCTEMBI, KOTOPBIE TOMOTAIOT Bpa-
YaM B IIPUHSTUM PEIEHUI MPU AUArHOCTUKE U JICUEHUU Talu-
eHToB. Harpumep, 3KcriepTHas cUCTEMa MOXKET MCIOJIb30BaTh
OHTOJIOTHIO [IJIs1 aBTOMATUYECKOrO aHaIM3a CUMIITOMOB U BBISIB-
JIeHUs1 BO3MOXKHBIX JIMArHO30B, a TakKke JJIsl MPel0CTaBJICHUs
pPEeKOMEH/IAlMi TI0 Ha3HAYeHMIO JieueHus. Takum oOpazom, uc-
NI0JIb30BaHUE OHTOJIOTUM B MEIMIMHCKOW MPAKTUKE MO3BOJISIET
YIyYLIUTh Ka4eCcTBO U 3 PEKTUBHOCTh AUATHOCTUKU U JIEUEHU S
MAIMEHTOB, a TAKXKe 00ECTIeUnTh eJMHOE TIOHUMaHNe METUIIH-
CKUX TEPMHUHOB U MTPOLIEAYD.

Kaxpaplii U3 31ux popmMaroB NpeICTaBIEHUs] 3HAHUN UMEET
CBOM IPEMMYILECTBA U HEJOCTATKU B 3aBUCUMOCTH OT KOHKPET-
HOM 3aJJauyl U KOHTEKCTa puMeHeHus. [lonrnManme 3tux pasim-
YMiA TIO3BOJISIET BBIOMPATh HAMOOJIee MOAXOIANIMIA popMat Jjist
KOHKPETHOH 3aJauu 1 olecrieunBaTh 3(P(PEeKTUBHOE UCTIOb30-
BaHME 3HAHUM B CUCTEMax MCKYCCTBEHHOIO MHTEJJIEKTA.

[Ipouecc popmupoBaHKs U CTPYKTYPUPOBAHMUS 3HAHUM B CH-
CTeMax MCKYCCTBEHHOI'O MHTEJUIEKTa Mpe/CTaBiIsieT coOO0M Baxk-
HYIO 4acCTb Pa3padOTKN MHTEJIEKTYaJIbHBIX CUCTEM, CIIOCOOHBIX
aJlanTUPOBAThCS U MPUHUMATh OOOCHOBAHHbBIE PEIIeHUs Ha OC-
HOBE MMeoIencss HH(pOpMaIMA. ITOT MPOLECC HAYMHAETCS C
cOopa JaHHBIX U3 PA3IMYHBIX UCTOYHUKOB, BKJTIOUAsl TEKCTOBBIE
JOKYMEHTBbI, 0a3bl JaHHBIX, IHTEPHET-PECYPCHI U Apyr1e UCTOU-
HUKM MH(pOpMaLMK. 3aTeM AAaHHBIE OPraHU3YIOTCS U aHAJIU3M-
PYIOTCS € LIEJIBIO BBIAETIEHUS KJIIOUEBbIX (PAKTOB, 3aKOHOMEPHO-



CTell U TPEH/IOB, KOTOPbIE MOTYT OBITh TOJIE3HBI IS PEIICHUS
KOHKPETHBIX 33/1a4.

OpnauM U3 MeTofoB (POPMUPOBAHUS 3HAHUN SIBJISIETCS aBTO-
MaTU4ecKoe M3BJiedeHrue UHMOPMAIMK U3 TEKCTOBBIX U CTPYK-
TYPUPOBAHHBIX UCTOYHUKOB. DTOT METOJI BKJIIOYAET B ceOsl UC-
NOJIb30BaHUE AJTOPUTMOB OOpPAOOTKM €CTeCTBEHHOTO SI3bIKA U
MAIlMHHOTO 00Y4YeHusI [/Is1 aBTOMAaTUYECKOTO aHaJIM3a TEKCTOB U
U3BJIEYeHU s KJIIOUeBOW MH(OPMAIIMK, TAKOW KaK MIMEHOBAaHHbIE
CYIIHOCTH, OTHOIIIEHUSI MEXAY CYITHOCTSMU U (pakToB. Takue
TEXHUKH MO3BOJISIOT 3(P(heKTUBHO 00padaThIBaTh OONBIINE 00B-
€MBbl TEKCTOBOM MH(OPMAIIMU U U3BJIEKaTh U3 HUX IIEHHbIE 3Ha-
HUS JIJ151 TAJTbHEUIIIero UCTIONb30BAHUSI B CUCTEMAX UCKYCCTBEH-
HOT'O MHTEJUIEKTA.

Kpome Toro, BaxkHbIM 3Tarniom B mporecce (popMUpOBaHUSA
3HAHUI SIBJISIETCS WX CTPYKTYPUPOBAHWE W OpPraHu3aiusi. ITO
BKJIIOYAET B ce0s1 CO3[JaHre MOJIeJiel 3HaHWIA, KOTOpbIe MPeCTaB-
JISIOT cOO0H (POPMaTM30BAaHHBIE CTPYKTYPbI, OIMCHIBAIOIIINE B3a-
UMOCBSI3U MEXY PA3IMYHBIMU KOHIEHIUSAMU U CYIIHOCTSIMU.
JLJ1s1 3TOrO MOTYT IPUMEHSTBLCS Pa3IUUHbIE METOBI M TEXHOJIO-
T'H, TaKUe KaK OHTOJIOTMH, CEMAHTUYECKUE CETH U JIOTUYEeCKHe
opmamzmel. Co3naHrie CTPyKTYpUPOBAHHBIX MOJIENIE 3HAHUI
MO3BOJIAET CUCTEMAM MCKYCCTBEHHOTO MHTEJUIEKTA 3(P(PEKTUBHO
OpraHM30BBIBATh U UCIIOJIb30BaTh 3HAHUS JUISI IPUHSATHS pele-
HUH, pellieHus 33/1a4 U B3aUMOJIEUCTBUSI C OKPY KaIOLIEH CpeIou.

Hcrionb30BaHye 3HAHUI UTPAeT KIIIOUEBYIO POJib B PEIIeHUN
Pa3IMYHBIX 337129 B 00J1aCTH MCKYCCTBEHHOTo MHTesUiekTa. On-



HOW M3 TaKMX 3ajiay sIBJISIETCS KJaccuuKaius, rjae cucreMa
JOJKHA OTHECTH OOBEKTHI K OIMPEeSICHHBIM KJIaccaM Ha OCHO-
BE MMEIOIIMXCS IaHHBIX U 3HaHUi. Hanpumep, crcrema Kjaccu-
(pukanuu TEKCTOB MOXET UCTIOIb30BAThCS J1JIs1 aBTOMATUUECKON
KaTeropu3aliii HOBOCTHBIX CTaTel WJIM JIEKTPOHHBIX COOOIIe-
HU 10 OMNpe/IeJIeHHbIM TeMaM WJIM KaTerOpusiM Ha OCHOBE W3-
BJICUEHHBIX U3 HUX MPU3HAKOB U 3HAHUU O COJIEPKAHUU.

Knacrepuzanus — erie ogHa 3aada, B KOTOPOW 3HAHUSI UTpa-
10T BAKHYIO poJsib. B 3T0i1 3a1aue cucrema rpynmnupyer oObeKTh
Ha OCHOBE MX CXOJICTBA, a 3aT€M MOXET UCMOIb30BaTh ITH I'PYII-
MBI JIJ1S1 aHAJIW3a U IPUHSTUS pereHnil. Hanpumep, B MequivH-
CKOUM TMarHOCTHKE CHUCTeMa MOKET KJIaCTepu30BaTh MalleHTOB
Ha OCHOBE CUMITTOMOB U JIeUeHUsI JIJ1s1 BBISIBJICHU TTATTEPHOB 3a-
OoJIeBaHMI Y TIPEIOCTABJICHYSI MIHJVIBHTyaJTU3U POBAHHOTO JIede-
HUSI.

AHanmu3 TekcTa — elie oaHa 00J1acTh, IJie 3HAHUS UTPAOT
BaXHYI0 posib. CUCTEMBI aHAIM3a TEKCTa UCIIOJb3YIOT 3HAHUS O
SI3BIKE M €r0 CTPYKTYpE ISl U3BJICUEHUsI CMbICTIA U3 TEKCTOBBIX
naHHbIX. Hampumep, cucteMbl aHaJIM3a HACTPOEHUN MOTYT MC-
TM0JIb30BaTh 3HAHUS O IMHTBUCTUUYECKUX MTPU3HAKAX JJISI OTIpe/ie-
JIEHWsI TOHAJILHOCTU TeKCTa (TIOJIOKUTEJIbHOM, HEraTUBHOM WJIN
HEUTPaIbHOM) C TIEJTbI0 aHAIM3a OOIIECTBEHHOTO MHEHUS O MPO-
JIYKTE WIU yCIIyTe.

Pacnio3HaBanue 06pa3oB — 3TO 3aj1a4a, B KOTOPOW CUCTEMa
JOJKHA PacIio3HaTh 0ObEKTHI Ha N300paKeHUAX WM B BUICO HA
OCHOBE 3HaHMI1 O UX XapaKTepUCTUKax U mpu3Hakax. Hanpumep,



CHCTEMBI PACNIO3HABAHMSI JIMI] UCMIOJIB3YIOT 3HAHUSI O TEOMETPU-
YEeCKMX OCOOCHHOCTSIX JIMIA U €r0 XapaKTePUCTUKAX IS UJICH-
TU(UKAIIUYA KOHKPETHOTO YesioBeka Ha ¢hotorpadumu.

[Ipumepsl TpUMEHEHHS pa3IMyYHbIX (DOPMATOB IMPE/CTABIIE-
HUs1 3HAHW B pEaJIbHBIX IPUJIOKEHUSIX U CUCTEMAX UCKYCCTBEH-
HOT'O MHTEJUIEKTA MOTYT BKJII0YATh UCMOJIb30BAaHUE JIOTUYECKUX
opmyn s hopMaM3auK mpaBui OU3HEC-JIOTMKU B CUCTEMaX
yIPaBJIEHUs] UM UCTIOIb30BAHUE OHTOJIOTUH [IJIs1 CTPYKTYPUPO-
BaHMS 3HAHWI B 00JIACTU MEIUIMHBI WM OUOJIoruu. T (hop-
MaThl MPEJICTABIeHU S 3HAHUI TTOMOTAIOT CUCTEMaM UCKYCCTBEH-
HOTo UHTEJUIeKTa 3(PEKTUBHO OPraHU30BBIBATh, XPAHUTh U UC-
N0JIb30BaTh 3HAHUS ISl MPUHATUS PELICHUN U pelleHUusl pa3-
JIMYHBIX 3a/1a4.

PaccmoTpuM Kak cMCTEMBI MOTYT MCIOJIb30BATh CEMAHTUYE-
CKHE CeTH U Jioruueckue (hopMyJsibl Ha MPEeAJIOKEHHBIX TTPUMe-
pax:

1. Cucrema pekoMeHJaIMil B oHJIalH-MarazuHe: CeMaHTH-
YeCcKHe CETH MOTYT OBbITh HMCIOJIL30BAHBI IS MOAETMPOBAHUS
CBSI3EU MeXk/1y TOBapaMH Ha OCHOBE MX XapaKTePUCTHUK, KaTero-
Ui UJIM UICTOPUM TIOKYTIOK KJIMeHToB. Hanpumep, ToBapbl MOTYT
OBbITh CBSI3aHBI TOXOKECTHIO XapaKTEPUCTHK UM Ha OCHOBE TOTO,
YTO UX YacTo MOKymnaioT BMecTe. Jlornueckue ¢GopMysbl MOTYT
MIPeJCTaBIATh IPABUJIA /111 pEKOMEHJAIIMK TOBAPOB, HAIPUMED,
"Ecnu KJaMeHT nmpuoOpes TOBaphl M3 KaTeropuu 'IeKTPOHUKA',
TO PEKOMEH/IOBATh €MY TOBAPBI U3 KATETOPUM TaKETHI .

2. Crucrema MEAUIIMHCKOW TUAarHOCTUKU: CeMaHTUYEeCKHUE ce-



T MOTYT MOJIEJIUPOBATh CBSI3W MEX]y CUMITTOMaMmu, 3a0oJe-
BaHUSAMM M METOAAMH JieyeHusA. Hanpumep, cuMIToMel MOTYT
OBITH CBSI3aHBI C PA3JIMYHBIMU 3200JIEBAHUSIMU HA OCHOBE Me/IH-
LIMHCKUX 3HaHuM. Jlornueckue ¢GopMysbl MOTYT MPEACTABIATh
IpaBWJIa IMarHOCTUKY U JIEYEHHU, Hanpumep, "Ecim y nanyeHnra
€CTb cUMIITOMBI X ¥ Y, ¥ OH HE UMEET aJUIepruy Ha rpenapar Z,
TO PEKOMEH/IOBATh EMY JIEUEHHE ITpenapaTtoM Z.".

3. ABTOMarmyeckas cucrema pacrno3HaBaHus peun: Ceman-
TUYECKHE CETU MOT'YT MOJIEIMPOBATH CBSI3U MEX1y CJIOBAMU U UX
CEMAHTUYECKMM 3HAaYEHUEM UM KOHTEKCTOM. Hanpumep, cioBa
"MbIIIb" ¥ "KJIaBUATypa" MOTYT ObITh CBSI3aHBI C IOHATHEM "KOM-
nelotep". Jlornueckue popMyJibl MOTYT MPEACTABIATh TPAMMAa-
TUUYECKUE TMpaBwia, Hanpumep, "[lpeasioxeHre AOMKHO HAuu-
HAThCS C [JIAroJia, 3a KOTOPBIM CIIEAYET Mojajexaniee u T.4."

DddeKTuBHOE yIpaBieHne U OOHOBIEHUE 3HAHUI SBJISETCS
KJIIOYEBBIM aCTMIEKTOM B pa3padoTKe CUCTEM UCKYCCTBEHHOTO MH-
TEJUIEKTa, TOCKOJIbKY 3TO MO3BOJISIET UM aJallTUPOBATHCS K HO-
BOM MH(POPMALIMM U U3MEHAIIINMCSA ycaoBuaM. OQHON U3 oc-
HOBHBIX IIPUYMH 3TOM Ba)KHOCTH SIBJISIETCS TO, YTO 3HAHMSA B CH-
cremMax M 4yacto ocCHOBaHbI Ha JaHHBIX U MH(OPMAIMH, KOTO-
pbie MOTYT U3MEHSThCSI CO BpeMeHeM. HoBble OTKpbITH s, 0OHOB-
JICHHBIC JAHHBIC WIA U3MEHEHUs B OKPYKAIOIIEU CPEeIe MOIyT
noTpeOoBaTh OOHOBJICHUSI WJIM KOPPEKTUPOBKU 3HAHUM, YTOOBI
cUCTeMa MPOJOJKala JaBaTh TOUHBIE U AKTyaJIbHBIE PE3Y/IbTATHI.

Mertozabl TUHAMUYECKOTO OOHOBJIEHUsI 3HAHUU BKJIIOYAIOT B
ce0s1 aBTOMaTU4YeCKOe M3BJIEUeHNEe HOBOWM MH(OpMAIIUK U3 HC-



TOYHHMKOB JaHHBIX, TAKMX KaK Oa3bl JaHHBIX, CEHCOPHbIE JaH-
HBIE WJIM BHEITHUE UCTOYHMKU MH(popmanmy. Jta nH(pOopMaLys
MOXeT OBbITh BKJIIOUEHA B CHCTEMY, UTOOBI OOOTaTUTh €€ 3HAHUS
WIN CKOPPEKTUPOBATh yke CyllecTByouMe Januble. Harrpumep,
B MeJULMHCKUX cuctemax MM HOBBIE uccnenoBaHus WK KJM-
HUYECKHE JaHHbIE MOTYT NOTpeOoBaTh OOHOBJICHU ST MOZETIEH 3a-
OoseBaHUI WM METOZIOB JICUECHUSI.

Jls noaaepxaHusi KOHCUCTEHTHOCTH M AKTYaJIbHOCTY 3HAaHUM
B U3MEHSIOIINXCSA YCTIOBUAX M CPEAAX TAKKE MOTYT IPUMEHATh-
Cs1 METOIbl MOHUTOPUHTA U afanTauuu. CUcTeMbl MOTYT Herlpe-
PHIBHO aHAIM3MPOBATH OKPYKAIOIIYI0 Cpey M JaHHBIE, YTOObI
BBISIBJIATh U3MEHEHUSI U COOTBETCTBYIOIIMM OOpa3oM KOppeK-
TUPOBATh CBOM 3HaHMs. Hanpumep, B cucremax ynpasieHUs
TpauKOM OOHOBJIEHHBIE IAHHBIE O TOPOKHON CUTYyallil MOTYT
NPUBECTU K MEPECMOTPEHUIO ONTUMAJIbHBIX MApILIPYTOB JBHKE-
HUSL.

2.3 Jloruka u paccy:xjaeHne B
HCKYCCTBEHHOM MHTEJLIEKTE

B o6nacti MCKYCCTBEHHOTO MHTEJUIEKTA JIOTUKA U paccysk/e-
HUE CJIy’)KaT OCHOBOH JIsl IPUHATHS PELLEHUI, BBIBEIEHUS HO-
BOW MH(OPMAITK 1 MOJETUPOBaHu s 3HaH. OHM 0OecreurBa-
10T cucteMaM VM BO3MOKHOCTB JIOTUYECKOTO BBIBOJIA HA OCHOBE
uMeroImxcs (bakToB U MTPABUJL, UTO SABJISETCS KPUTUUECKH BaXk-



HBIM aCIIEKTOM B PEIIEHUH CJIOXKHbIX 3a7au.

OnHUM U3 KJIACCUYECKUX MOIXOAOB K JIOTUKE U PACcCyKIEHUIO
B U sBIs€TCS NIOTMKA MPEIMKaTOB, KOTOpasi Mo3BojseT Ghop-
MaJIM30BaTh 3HAHUS U OTHOIIEHUS MEXKIY OOBEKTaMU C MOMO-
1IbI0 (POPMAJTBHBIX JIOTUUECKUX BBIPAKEHUIN. DTOT MOAXOJ, 1103-
BosisieT cucreMam M BbIpaxarh CIOXKHBIE 3HAHUA U IIPaBUJIA
BBIBOJIA, UTO AefiaeT ux Oosee 3(heKTUBHBIMU B PEIICHUU 3a-
Jau.

CoBpeMeHHbIe TOAXO/IbI K JIOTUKE U PACCYKICHUIO BKITIOYAIOT
B ceOs1 METOJIbI HEUETKOM JIOTVIKU ¥ BEPOSITHOCTHOT'O BBIBOJIA, KO-
TOpbIE MO3BOJISIIOT YYUTHIBATH HEOIIPEIEIEHHOCTh U HEYETKOCTh
B JJAaHHBIX M 3HAHUSIX. DTU METOIBl OCOOEHHO MMOJIE3HBI B YCIIO-
BUSIX, Kor/ia UHGOpMalIvs He SIBJISIETCS MOJTHOW WJIM TOYHOM, UTO
YacTo BCTPEUAETCsl B peaIbHBIX CpeAax.

[IpumeHeHWe JIOTMKUA U PacCyKACHUsI B pa3jMUHBIX OO0ja-
CTSIX MCKYCCTBEHHOI'O MHTEJUIEKTa BKJIIOYAaeT B ceOs aBTOMATH-
3UPOBAHHOE TUIAHUPOBAHUE, TUArHOCTUKY, IPUHATHE PElIeHU
B 9KCIIEPTHBIX CHCTEMAaX M MHOTUE Apyrue. ITU METO/Ibl IIOMO-
raiot cucreMam MM ananTupoBaTbCs K Pa3InUHBIM CIIEHAPUSIM
U MIpUHUMATh OOOCHOBAHHbIE PEIIEHUs] HA OCHOBE UMEIOIIUXCS
JTAHHBIX U 3HAHUH.

Bospmewm, k npumepy, aBTOMAaTU3UPOBAHHOE IJIAHUPOBAHUE.
3agava 37ech 3aKJTI0YaeTCs B TOM, YTOOBI CO3[aTh IUIAH JICH-
CTBUM J1J151 TOCTHKEHUS ONIPEJEJIEHHBIX LIEJIEN C yUETOM OTpaHU-
YEHUI U TEKYUIEro COCTOSIHUS OKpy:kawoiien cpepl. CucremMsl
UCKYCCTBEHHOT'O MHTEJUIEKTAa MOTYT UCIIOb30BaTh JIOTUUECKUE



MeTOAbI TS (popMaM3alliy 3a/1a49M TJIAHUPOBAHUS, OIIpe/iesie-
HUS LIEJIEW U OTPAaHUYEHUH, a TaKKe JIJ1s1 TEHEPALIUU [UIAHOB JIeW-
CTBUM, YUUTHIBAIOIIMX Pa3IMYHble (DAKTOPHI U BO3MOKHBIE TO-
CJIeICTBHUSI.

B o6nacTy TMarHOCTUKY JIOTUKA M pacCysKAEHUE TaKKe Urpa-
10T BaXHYIO POJib. DKCIEPTHBIE CUCTEMBI MOTYT MCIIOJIb30BATh
0a3bl 3HAHW, coAepKallie JIOTMYecKue TpaBuiia U (PakThl O
CUMITOMAX Y MPUUMHAX 3a00JIeBaHWM, ISl JMarHOCTUKH 3[I0PO-
Bbsl MalMeHToB. Ha OCHOBE MpenocTaBIeHHbIX CUMIITOMOB CHU-
CTeMa MOXET IMPUMEHSTh JIOTUYECKUE METO/BI AJIs1 BBIBOA BE-
POSITHBIX JUArHO30B U PEKOMEHJALIUI 10 JIEUYEHUIO.

B sKkcriepTHBIX cucTeMax JIOTMKa U pacCyKIeHHe MUCIIONb3Y-
I0TCS JIJTSI SMYJISILIAN PEIIeHUH, KOTOpbIe MPUHUMAIOT KCTIEPTHI
B ONpejiesieHHOM o0acT. ba3upysich Ha HAKOTUICHHBIX 3HAHUSIX
Y MIpaBUJIaX, CUCTEMbI MOT'YT ITPOBOAUTD JIOTUYECKUE BBIBOIbI U
MPUHUMATh PElIeHUsI B COOTBETCTBUU C 33JJaHHBIMU KPUTEPUSI-
MH.

OTH NpUMEPBI JEMOHCTPUPYIOT, KaK JIOTUKA U PacCyKie-
HUE SBJISIIOTCS OCHOBHBIMU WHCTPYMEHTaMU JIJIsi 0OeCTIeYeHU s
(pyHKIIMOHAJIBHOCTH W aJAaITUBHOCTU CUCTEM HMCKYCCTBEHHOI'O
WHTEJUIEKTa B PA3JIMYHBIX 00JIACTSX TPUMEHEHHUS.

JIoruka npeamkKaroB, TAKKe U3BECTHAS KaK JIOTMKA MIEPBO-
ro TopsiAKa, MPeACTaBIseT coOoi hopManu3M JJisl BRIPAXKEHUS
3HAaHUI O MUpE B TEPMUHAX OOBEKTOB, OTHOIIICHUI U CBOKCTB.
B aT01i IorMKe UCnonb3yI0TCsl MPEAUKAaThl, KOTOPbIE BBIPAXKAIOT
OTHOIIIEHUSI MEXTy OObEKTAMU WM UX CBOKCTBA, M KBAHTOPHI,



KOTOpBIE ONPEeNIoT 00JIaCTh MPUMEHEHHUSI STUX MPETUKATOB.

[penuKaTsl MpeACTaBIISIOT COOOM BHICKA3bIBAHUS O MHPE, KO-
TOpBIE MOTYT ObITh MCTUHHBIMH WJIM JIOKHBIMHU IJIsI KOHKpPET-
HBIX OOBEKTOB WM COOBITUI. OHU MOTYT ObITh MPUMEHEHBI K
00bEKTaM JIJIs1 BHIPAKEHUSI UX CBOWCTB WJIM OTHOIIEHWA MEeX-
oy aumu. Hanpumep, npenukar "SABnsercs_ponureneM(AHHa,
Mapus1)" onuceIBa€T OTHOLLIEHUE "SIBJISAETCS POAUTENIEM " MEXIY
oobekTamu "AHHA" u "Mapus'".

KBaHTOPBI MCMONB3YIOTCS AJ1s1 OTIpeieIeHu st 00JIacTH MprMe-
HeHus npeaukara. CyniecTByeT JBa OCHOBHBIX TUIIA KBAHTOPOB:
BCEOOIIHBIN KBAaHTOP (V), KOTOPBIA TOBOPHUT O TOM, YTO TIPE/IH-
KaT BepeH 151 BceX 0ObEKTOB B OMPEJIEIEHHOM 00/1aCTH, U CyIIe-
CTBEHHBII KBaHTOP (), KOTOPbI YTBEPXKIAET, UTO CYILIECTBYET
KaKOW-TO OOBEKT, JIsI KOTOPOT'O MPEANKAT BEpeH. DTH KBAHTOPHI
HO3BOJISIIOT (POPMAJIBHO BbIpaKaTh YTBEPXKAEHUS O MHOXKECTBE
00BEKTOB U UX CBOMCTBAX.

[IpuBenem npumMep UCMONb30BaHK I KBAHTOPOB B JIOTHKE Ipe-
JMKaTOB:

[Tpeanonoxum, y HaC €CTb MHOXECTBO OOBEKTOB, KOTOpPbIE
OMUCHIBAIOT JTIofieH, U nipeaukar "CTtyaeHT(X)", KOTOpbI TOBOPUT
O TOM, SIBJISIETCSI JIM YEJIOBEK CTYJEHTOM. Mbl MOKEM MCIOJb-
30BaTh KBAHTOPHI, YTOOBI (DOPMAJIBHO BBHIPA3UTh YTBEPKACHHS O
CBOMCTBaxX 3TUX OOBEKTOB.

1. BeeoOmnbiii kBaHTop (V): Vx CTymeHT(X).

DTO YTBEP)KAEHUE TOBOPUT O TOM, UTO KaX[blil YEJIOBEK B
HaIlleM MHOXECTBE OOBEKTOB SIBIISIETCS CTYAEHTOM. To ecTb Bce



OOBEKTHI X B 00J1aCTH MPUMEHEHH ST 3TOr0 KBAHTOPA YIOBJIETBO-
pawor npegukary "CrygeHr(x)".

2. CywmectBensbiii kKBaHTOp (J): Ix CryneHT(X).

IT0 yTBEpXKIEHHE TOBOPUT O TOM, UTO CYIIECTBYET XOTs Obl
OZIVH Y€JIOBEK B HAIIIEM MHOKECTBE OOBEKTOB, KOTOPHII SBIISIET-
cs1 cTyneHToM. To ecTh CyIecTByeT Kakoi-To 0OBEKT X B 00na-
CTHY ITPUMEHEHU I 3TOr0 KBAaHTOPA, KOTOPBIH YOBJIETBOPSIET Ipe-
qukary "CryneHT(x)".

Takum 0Opa3oMm, KBAHTOPBI MO3BOJISIOT (POPMATIBHO BBIpA-
JKaTb YTBEPXKICHMUS O MHOKECTBE OOBEKTOB M MX CBOMCTBAX, UTO
JeJIaeT UX MOIIHBIM MHCTPYMEHTOM /1151 (popMasu3alivy U pac-
CYXEHUS B JIOTHKE IPEJUKATOB.

Jloruka mpeauMkatoB mpeaocTaBiisieT (POPMAIBHBINA CIIOCOO
OIMCAHUSl U PacCyXkJEHUsI O 3HAHMSAX, OTHOLIEHUSIX U CBOM-
CTBaX 00OBEKTOB B MUpPE. DTOT (POPMAIIM3M IITHUPOKO UCTIONB3YeT-
Csl B pa3/IMUHBIX OOJIACTSX MCKYCCTBEHHOI'O MHTEJUIEKTa, BKJIO-
Yasi 9KCIEPTHBIE CUCTEMBI, 0a3bl 3HAHUI, aBTOMATUYECKOE T1a-
HUPOBAaHUE U MHOrMe Jipyrue. Tak ¢ ee MoMOIIbI0 MOKHO (pop-
MaJIM30BaTh CJIOXKHbIE KOHIEMINA M B3aUMOCBSI3M MEKy 00b-
eKTaMH U COOBITUSIMU.

[TpumeHeHne JIOTMKU TMPEeJUKaToB B MOJEJIMPOBAHUU 3Ha-
HUI1 IO3BOJISIET CUCTEMAM UCKYCCTBEHHOI'O MHTEJJIEKTAa CTPOUTD
(bopmastbHBIE TIpEACTABIEHNUS] O MUPE, KOTOPbIE MOTYT OBITh HC-
NIOJIb30BaHbl JI1 pacCyXJIEHUs U NPUHATUSA pelueHni. Harpu-
MEp, B CUCTEMAX SKCIEPTHBIX CUCTEM JIOTMKA MPEAUKATOB MO-
KET UCHONb30BaThCs 11 (POPMAIA3AIMMN 3HAHUM SKCIEPTOB U



BbIpa)KEHM 1 IIPABUJI BHIBOJA HA OCHOBE 9TOT'0 3HAHMSI.
OpaHUM 13 OCHOBHBIX TOCTOMHCTB JIOTMKHU MIPEIUKATOB SIBJISI-
eTcsl ee BeipasuTesibHas Molllb. C ee TOMOIIBI0 MOKXHO OIUCATh
HIMPOKUH CIIEKTP 3HAHUM U OTHOILIEHUI, BKJIIOYAs] TAKKE ACTIEK-
Thl, KAK BPEMEHHBIE U TPOCTPAHCTBEHHBIE CBSI3H, 4 TAKKE CJIOK-
HBIE CTPYKTYPbI JaHHBIX. DTO JIeNaeT JOTUKY MPEeIUKaTOB BaXK-
HBIM UHCTPYMEHTOM 151 MOAETMPOBAHMS U PACCYKAECHUS O 3HA-
HUSIX B CUCTEMaX MCKYCCTBEHHOTO MHTEJUIEKTa, rie Tpedyercs
padoTa ¢ pa3HOOOPa3HBIMU 1 CJIOKHBIMHU KOHICTIIUSAMHU.

B oGmacti MCKYyCCTBEHHOTO MHTEJUIEKTA IMUPOKO MPUMEHSI-
I0TCS1 pa3JTUYHbIE METO/IBI IOTHUECKOTO PACCYKICHUS JIS1 BHIBO-
Jla HOBOM MH(GOPMAalLIUUA Ha OCHOBE UMEIOIIUXCS 3HaHUU. OTHUM
U3 TAKMX METOHOB SIBJISIETCS MPSIMOE JIOTUYECKOE BBIBOJI, KOTO-
pblil OCHOBBIBAETCS HAa MPUMEHEHUM JIOTUUECKUX MPABWI U aK-
CHOM [1J151 TTOJTyYeHU I HOBBIX (DAKTOB WJIM YTBEPKJICHUI U3 Me-
omuxcs. Hanpumep, eciu u3BecTHO, YTO "BCe JIIOAU CMEPTHBI"
1 "CoKpaT — 4eJIoBeK ', TO MOKHO JIOTUYECKU BbIBECTH, UTO "CO-
Kpar CMEpTEH".

OOpaTHOE JOTMYECKOe BBIBOJ, HAMPOTHB, 3aKJIOYaeTCsl B
OIpE/IEIEHUH YCIOBUH, ITPU KOTOPBIX HEKOTOPOE yTBEP:KICHUE
SIBJISIETCS] UCTUHHBIM. DTOT METOJ] YacTO UCIONb3YyeTcsl B 00Ja-
CTU IMarHOCTUKH, KOTIa HEOOXOAMMO OTIPEIeNUTh MPUINHY Ha-
OMI0/1aeMBbIX SIBJIEHUN Ha OCHOBE MMEIOIIMXCS JaHHbIX. Hampu-
Mep, eclid U3BeCcTHO, 4To "CoKpaT cMepTeH" U "Bce JII0IU CMEPT-
HBI'", TO OOpPAaTHBIM BBIBOJIOM MOXHO YCTaHOBUTb, 4TO "COKpar
— YeJIOBeK .



B nononHeHue K KJacCUYECKMM METOJaM JIOTUYECKOTO pac-
CYXJIEHUS], B UCKYCCTBEHHOM MHTEJIJICKTE TaKKe MPUMEHSIOTCS
METO/Ibl HEYETKOM JIOTUKH Y BEPOSITHOCTHOTO BbiBO/IA. HeueTkas
JIOTHKA TIO3BOJIsIET padoTaTh C HEYETKUMU WJIM HETOUHBIMU TI0-
HATUSIMH, pa3MblBasi TPAHULBI MEKAY KATETOPUSAMU. ITO OCO-
OEHHO TOJIE3HO B CUTYAIUSIX, KOT/Ia TIOHSATHS He MOTYT OBITh TOU-
HO OMNpe/eIEHbl WJIK UMEIOT PA3JIMYHbIE CTETIEHU MPUHALJIEKHO-
CTH K pa3HbIM KaTeropusiM.

BeposiTHOCTHBIN BBIBOJ] OCHOBAH Ha UCMOJIb30BAaHUM BEPOSIT-
HOCTHBIX MOJIEJICH JUIsl OLICHKH BEPOSITHOCTH Pa3IMUHBIX COObI-
TWI W BBIBOJIAa HAMOOJIEe BEPOSATHBIX Pe3y/IbTaToB. DTOT METON
4yacTo MPUMEHSIETCS B 3a/1a4ax, IJe UMeeTCsl HEONpeaesIeHHOCTh
WJIM HeXBaTKa uHgopMaiuu, no3poJsisa cucteme N npuHumatrh
PEIIEHUS HA OCHOBE CTATUCTUYECKUX JAHHBIX U BEPOSTHOCTHBIX
BBIBOJIOB.

OaHuM U3 NMpUMEpPOB MPUMEHEHHUs JIOTUUECKOro paccykjie-
HUSI B UICKYCCTBEHHOM MHTEJJIEKTE SIBJISIETCS €r0 UCTIOJIb30BaH1e
B CHCTEMaX aBTOMAaTU3MPOBAHHOIO IIaHUpoBaHus. [IpeacraBb-
Te, YTO y BaC €CTh pOoOOT, KOTOPBIN JOJKEH JIOCTABUTH OIpe/e-
JICHHBIW TIpeIMET U3 TOYKU A B TOUKy b, nzberas npensarcrBuii
Ha myTu. [{7151 31010 podOT NOIKEH CIUTAHMPOBATH ONITUMAJTBHBIN
MapIIpyT.

Jlormyeckoe paccyxkJIeHue B JAHHOM Cllydae MO3BOJISIET PO-
00Ty aHATM3MPOBATh TEKYIIlEe COCTOSTHUE OKPYKAIOIIEH Cpe/Ibl
(HarpuMep, PacIoyioKeHWe MPeTsITCTBUN), MPUHUMATh pellle-
HUS O ISUCTBUSIX (HAIIPUMED, IBUTaThCs BIIEPE], TOBOPAYUBATD)



1 opMHPOBaTh TUIaH JEUCTBUI JIJIs1 TOCTHKEHMS 11 (JIocTa-
BUTH TIpeIMeT B TOUKY bB).

PaccMoTprM KOHKpeTHbIH Tipumep. [Ipennonoxkum, 4to po-
00T CTOUT B TOUKE A U €ro 1iejb — JOCTaBUTh MPeMET B TOUKY
B. Po6oT nMeeT naTuymku, MO3BOJISIONIME €My ONpeIessaTh pac-
NOJIOKEHHE TIPETSATCTBUIM BOKPYT Hero. VIcronb3yst Tornaeckoe
paccyxaeHue, poOOT MOKET MPUHSATH PEIIeHUsI O ITepeMEICHUN
B Pa3/IMYHbIX HAIPABJIEHUsIX, UCXO/Sl U3 TOTO, KaKue MyTU CBO-
OOJTHBI, a KaKKe 3a0JIOKUPOBAHBI TIPETIATCTBUSIMHU.

Hanpumep, ecm poOoT 0OHApYKMBAeT MPEMSATCTBUE MPSIMO
niepej1 COOOM, OH MOXKET IMPUHATH PEllieHNe MIOBEPHYTh HAIIPABO
WY HAJIeBO, YTOOBI 000WTH ero. Jlornueckoe paccyxaeHue mo3-
BOJISIET pOOOTY aHAJIM3UPOBATH TU BAPUAHTHI M BHIOUPATh HaM-
6oJiee ONTUMAaJTLHBIN Ty Th HA OCHOBE MMEIOIIVXCSI TAHHBIX O Cpe-
ae.

Takum 00pa3zoM, JIOTMYECKOe PacCykJIeHUE UrpaeT Kioue-
BYIO pOJIb B TpOIIeCce TUIAHMPOBAHUS JIEHCTBUI poOoTa, odec-
neynBasi EMy CHOCOOHOCTh IPUHUMATh OOOCHOBAHHBIE PEIICHUS
U JIOCTUTATh 1IeJIeld, HECMOTPSI Ha U3MEHUMBOCTh OKpYXKarolien
Cpefbl.

2.4 O0yueHne u aganTamusi

OOy4eHre 1 aganTaiys UrpaoT BaXKHYIO POJb B Pa3BUTHH UC-
KyCCTBEHHOI'O MHTEJUIEKTA, II03BOJIASI CUCTEMAaM CaMOCTOSATE Ib-



HO YJIy4lllaTh CBOIO MPOU3BOAUTEIBHOCTh M alalTUPOBATLCS K
Pa3HOOOPA3HBIM CIIeHApHUsM U ycioBusM. OOydeHne SBIsieTCs
(pyHIaMeHTaIbHBIM ITPOLIECCOM, B XOI€ KOTOPOTO CUCTEMA TOITY-
YaeT ONbIT M 3HAaHUS U3 JaHHBIX WM B3aUMOJEWCTBUSA C OKPYXKa-
IOLLEN cpefoy. DTOT OMbIT MO3BOJISET CUCTEMAM COBEPIIEHCTBO-
BaTh CBOM HABBIKH, IPHHUMATH OOJlee 0OOCHOBAHHBIE PEICHUS
¥ MOBBILIATH CBOIO TPOU3BOAUTEBHOCTD.

ApanTanusi, C Ipyroi CTOpOHBI, PEJICTABIISIET COOOH CrIoco0-
HOCTb CUCTEMBI OBICTPO pearupoBaTh HA U3MEHEHUS B OKPYKalo-
IIei cpezie Wiv TpeOOBaHUSIX 3aJa49r. TO MOKET BKJIIOUYATh B Ce-
051 KOPPEKTUPOBKY CTpaTeruu, U3MEHeHre apaMeTpoB MOIENN
WM OOHOBJIEHUE 3HAHUI HAa OCHOBE HOBBIX JaHHBIX. [ MOKOCTD
¥ CMIOCOOHOCTH K a/IaNTAINH JIENAI0T CUCTeMbl HCKYCCTBEHHOTO
UHTeJUIeKTa Oomee 3(P(heKTUBHBIMH M YHUBEPCATbHBIMU, TTO3BO-
JIs15l UM YCHEUIHO (PYHKIIMOHUPOBATh B PA3JIMUHBIX CLIEHAPUSIX U
YCIIOBUSIX.

[Mporiecc oOyveHus 1 aganTayuy MOKeT BapbUPOBAThLCS B 3a-
BUCHMOCTH OT KOHKPETHOW 3aJayl YU KOHTEKCTa MPUMEHEHUSI.
OH MOXeT BKJII0YaTh B ce0sl UCTIOIb30BaHKE PA3IUIYHBIX METO-
JIOB MalIMHHOTO OOy4eHus:, 0OyueHHe C MOAKPEIUIeHUEM WU
SBOJIOIIMOHHBIE AITOPUTMBI. He3aBUCHMO OT BHIOPAaHHOTO METO-
na, oOy4eHHe W afanTalysi OCTaloTCSI OCHOBHBIMU MeXaHM3Ma-
MU, O3BOJISIOUIMMU CUCTEMAM CKYCCTBEHHOTO MHTEIIEKTa (-
(pexTHBHO pelarh 3aJa4u 1 MOCTOSIHHO YJIy4IlIaTh CBOIO ITPOU3-
BOJIUTENHOCTb.

MammHHOE 00yUeHre MpeACTaBIsieT COO0N MHCTPYMEHT, KO-



TOPBI TIO3BOJISIET CUCTEMaM HCKYCCTBEHHOTO WMHTEJUIEKTa W3-
BJIEKaTh LIEHHYI0 MH(MOPMALIMIO U3 JaHHBIX U UCIOIH30BaTh €e
JUIsl TIPUHSTUST PellieHUid WA pellieHusl pa3IuyHbIX 3aj1a4. B
npoliecce MAITMHHOTO OOyUYeHUs CUCTeMa aHaIM3MpyeT o0yda-
IO HAOOp JAHHBIX, KOTOPBIA COAEPKUT MPUMEPHI C BXOJHbI-
MU JIaHHBIMU U COOTBETCTBYIOIIVUMHU UM 1I€JIEBHIMU 3HAYCHUSIMU
wi MeTkamu. Cuctema u3ydaet CTPYKTypy JaHHBIX U UIIET 3a-
KOHOMEPHOCTH WJIM MATTePHbI, KOTOPbIE MOTYT OBITh UCIIOIb30-
BaHbI J1s1 0000IIEHNS 1 POrHO3UPOBAHMU ST HOBBIX JJAHHBIX.

OnHUM U3 OCHOBHBIX METOJIOB MAIIMHHOTO OOYYeHUs SIBJISI-
eTcst 00yUeHHUe C yIUTeNeM, PU KOTOPOM CHCTeMa 00yJaeTcs Ha
OCHOBE Map BXOIHbBIX JIAHHBIX U COOTBETCTBYIOIIMX UM BBIXOJI-
HBIX 3HaUeHUil. B 3TOM cityuyae cuctema crpeMUTCs HAUTH (PyHK-
VIO WJTM MOJIEJTh, KOTOPast HAWITYYIIIM 0Opa30M OMHKCHIBAET 3a-
BHUCHMOCTb MEX/y BXOAHBIMU U BHIXOJHBIMU JIAHHBIMHU. DTa MO-
JeJb 3aTeM MOKET ObITh UCIIOJb30BaHA ISl POrHO3UPOBAHUS
WY KJIacC(pUKAIIMYA HOBBIX JaHHbIX.

Jpyrum pacnpocTpaHeHHBIM METOOM MAIITTHHOTO OOYYeHU ST
SBIIsIeTCSl 0OydyeHue 6e3 yuuTesis, Iie CUCTeMa M3ydaeT CTPYK-
TYpy AaHHBIX Oe3 MPsSMOro yKa3aHHs Ha IiejieBble 3HaueHus. B
9TOM CJTy4ae CHCTeMa UINET CKPBIThIE MATTEPHBI WX TPYIITHPOB-
KM B JJAaHHBIX, YTO TIO3BOJISIET BBISBJIATH CTPYKTYpY U OCOOCH-
HOCTU JJAHHBIX 0€3 sIBHBIX YKa3aHWH Ha KeJlaeMblii pe3yJIbTar.
STOT MOAXO[ YaCTO UCTIONb3YETCs sl KJIacTepU3allii JaHHBIX
WIV CHUKEHUST pa3MEPHOCTH TTPU3HAKOBOTO MPOCTPAHCTBA.

Kpowme Toro, cymiecTByer u Apyriue MeTOIbl MAITUHHOTO 00Y-



YeHUs, TaKhe Kak OOyueHHe C TMOJKPEIUIeHHWeM, IJe CHUCTeMa
oOyJaeTcsi Ha OCHOBE OIbITa B3aMMOJAEHCTBHS C OKPYXKAIOIIEeH
Cpenoy M MojyvyaeT Harpaay Win mrpad 3a BHIIOTHEHHbIE Jei-
crBusi. Bce 3T MeTOnpl MalIMHHOTO OOYYEeHHWs UTPalOT KJIIO-
YeByI0 pPOJib B Pa3BUTUU CUCTEM HMCKYCCTBEHHOTO WHTEJUIEKTa,
oOecnieunBasi IM CIIOCOOHOCTDH QIANITUPOBATHCSA K PA3TMIHBIM
CLIEHApHSM U 3a]ja4am.

[Tpumepom rpUMeHeHU s MaIIMHHOTO 00Y4YeHUsI MOXKET ObITh
crCTeMa PEeKOMEH/AIMM KOHTEHTa Ha riarpopMe CTPUMUHTA
Buzeo. [IpennonoxuM, y Hac €CTb CEpBUC, KOTOPBIN AHAIIA3UPY-
€T TPEeNOYTeHHs TI0JIb30BaTeNe U PeKOMEHIyeT UM (PUIIbMBI
WIM CepUasibl Ha OCHOBE UX MPEAbIAYIIEro MoBeAeHUs U Tpe/-
MOYTEHUN.

JI7151 3TOrO cCHCTEMa MOKET MCIOb30BaTh METOBI OOYJIEHHS C
yUHTEJIeM, TJIe BXOJAHBIE JaHHbBIE TPEICTABIISIOT COOON MCTOPHIO
MIPOCMOTPOB U OLIEHOK TOJIb30BATEJel, a BHIXOIHBIE JTaHHbIE —
pedTiHru (pUIbMOB Wi cepuanioB. Cucrtema oOydyaercsi Ha Oc-
HOBE 3THX JTaHHBIX, CTPEMSICh BBISIBUTb CKPBIThIE 3aKOHOMEPHO-
CTH B TMPEANOYTEHUSIX MOJIb30BaTeNeld U CO34aTh MOJIENb, CIO-
COOHYIO MTPe/ICKa3bIBATh OLIEHKU J1s1 HOBBIX (PMJIMOB UJIH CEpPU-
aJIOB.

Takke MOKHO HUCTIONB30BaTh 0OyUeHre Oe3 yuauTesns 11l aHa-
7132 TIOBEICHU I TIOJIb30BaTelIeld ¥ BBISIBJICHHS TPYIIIT MOJIb30Ba-
TeJiel ¢ MOXOKUMU MHTEpecamMu. JTO MO3BOJIUT CO3/1aTh KJlacTe-
pHI TIOJIK30BATENe U TIpeaJiaraTh UM KOHTEHT, KOTOPHIA MOXET
OBITh MHTEPECEH X TPYIIIIE B IIEIOM.



JlOTIOTHUTENTHHO, METO/IbI OOYUEHHSI C TTOAK PETlIeHUeM MOTYT
OBITh MCIIOJIL30BAHBI JJTsI JUHAMUYECKON HACTPOWKH PEKOMEH-
JIaTeJILHOW CUCTEMBI B peaJIbHOM BpeMeHu. CuctemMa MOXKeT I1o-
JIy4aTh 0OpaTHYIO CBSI3b OT MOJIb30BAaTEJIEl O TOM, HACKOJIBKO UM
MOHPABUJIUCh PEKOMEHAAIIMU, U HA OCHOBE 3TOM MH(popMauu
KOPPEKTUPOBATh CBOM PEKOMEH/IAIINH B Oy/IyIIIEM.

MarnHHOe OOydeHHe UrpaeT KIJIIOUEBYI0 POJib B CO3JaHUU
MIEPCOHATIM3UPOBAHHBIX PEKOMEH/IATEIbHBIX CHUCTeM, KOTOpbIE
CMIOCOOHBI aJIAaNITHPOBATLCS K MPEANIOYTSHUSAM 1 TIOTPEOHOCTAM
KaXJ0r0 OTAEJIBbHOIO 0JIb30BaTeIs.

ApanTanus B KOHTEKCTe OOy4YeHUsI BakHa JJIs TOTO, YTOOBI
CUCTEMBI MCKYCCTBEHHOTO MHTEJUIEKTa OCTABAJIUCHh AKTYaJIbHbI-
MU U 3¢pPEKTUBHBIMU B IepeMeHHOM cpee. OHa MO3BOISET MO-
JessiM 00y4eHUsI pearnpoBaTh Ha N3MEHEHW S B JIAHHBIX WU TPe-
OOBaHUX 3a/1a4M, 0OOECTIeYnBasi COXPaAHEHUE UX PEJIEBAHTHOCTH
U yayudllleHue Mpou3BoAuTeIbHOCTH. Hampumep, B 3aaade pac-
TO3HABAHMS PEUM afarnTarys MOXET BKIIIOUATh B ceOsl KOPPEK-
TUPOBKY MOJIE/I HA OCHOBE HOBBIX 3aIUCEH UM AKIIEHTOB, KO-
TOpbIE paHee MOIJIH ObITh HEJIOCTATOYHO MPEJICTABJICHBI.

OpmHUM U3 METOJIOB aJANTAIIUH SIBJISETCS MHKPEMEHTHOE 00Y-
YeHue, OHO TIPECTABIISAET COOOU METO/ MAITMHHOTO O0YYeHUsI,
pyd KOTOPOM MO/ TIOCTENEHHO OOHOBJISIETCS TI0 Mepe T0-
CTYILICHUsI HOBBIX JIAHHBIX, 0€3 HEOOXOIUMOCTHU TIepeoOyYeHU S
Ha BCEM JIOCTYITHOM Ha0Ope JaHHBIX. DTOT MOAX0H OCOOEHHO TT0-
JIe3eH B CUTYalIUsIX, KOT/Ia JAHHBIE TTOCTYNAIOT HEMTPEPHIBHO UJIH
Korja TpedyeTcst ObICTpast afanTarysi MOJIENIN K M3MEHSIIOIIAMCS



ycIoBUsIM. BMecTo Toro 4toOs nepeodydars MOJIEbh Ha KaXJ0M
HOBOM Ha0Ope JJAHHBIX C HYJIs, THKPEMEHTHOe 00y4YeHHe 03BO-
JISIET COXPAHUTh 3HAHUS, MOMyYeHHbIE HA MPEIbIIYIIUX JTarax
00yueHusI, 1 OOHOBUTh MOJEJIb TOJIKO B COOTBETCTBHU C HOBBI-
MU JaHHBIMU.

[IpriMeHeHne MHKPEMEHTHOrO OOy4YeHHs IIMPOKO PacIpo-
CTPaHEHO B PA3JIMYHBIX OOJACTSX, BKJIIOYAsl (DMHAHCOBBIN aHa-
mu3. Hanpumep, B cucremax aHanm3a (DUHAHCOBBIX JIAHHBIX,
IJie PHIHOYHBIC YCJIOBUSI TTOCTOSIHHO MEHSIIOTCS, UHKPEMEHTHOE
oOyueHHe TO3BOJISIET MOJEIMPOBATh aKTYyaJIbHbIE TCHICHIINH Ha
pBIHKE Oe3 HeOOXOIMMOCTH TIEPECMOTpa BCEi NCTOPUYECKON UH-
dbopmarnmu. Mozenb MOKET TOCTOSSHHO OOHOBJIATBHCS C YYETOM
HOBBIX JIAHHBIX, OTpaskasi MOC/IeTHIE U3MEHEHUS U pearupys Ha
HMX aJIeKBaTHO.

[IperMyIeCTBOM MHKPEMEHTHOTO OOyYeHHs SIBJISETCS ero
9(p(PEKTUBHOCTh U SKOHOMUSI BHIUMCIIUTEIBHBIX pecypcoB. [1o-
CKOJIBKY MOJIeJib OOHOBJISIETCSI TOJIbKO Ha OCHOBE HOBBIX JaH-
HBIX, & HE BCEro 00beMa JIaHHBIX, COXPAHSIETCS BpeMsl U 3aTPaTHl,
HEeOOXOIMMBbIE 1151 IOBTOPHOrO OO0YYEHHSI MOJIESH C HYJIsA. DTO
0COOEHHO BaXKHO B 3aJlayax, IJie JaHHBIe TIOCTYMAIOT OBICTPO U
TpeOyeTcsl ornepaTUBHAs peaKivsl Ha U3MEHEHHMSI.

Kon a5t mHKpeMeHTHOro o0ydueHus: OyleT 3aBHCETh OT KOH-
KPETHOTO MEeTOJa MAITMHHOTO OOYYEeHUsI U UCTIOJIb3yeMOi O10-
moteku. Paccmorpum npumep mpoctoro koia Ha Python c uc-
nosib3oBaHueM Ouonmoteku Scikit-learn 1yisi MHKPEMEHTHOTO
0Oy4YeHHUsI TMHEWHON Perpeccuu:



ENXN

python

from sklearn.linear_model import SGDRegressor

import numpy as np

# Coznanue oObeKTa MOJIENH C UCTIOb30BAHUEM CTOXACTUYE-
CKOTO I'PaIMEHTHOTO CITyCKa

model = SGDRegressor()

# HauanpHOoe oOydeHre MojIe/ M Ha TepBOM Habope JaHHBIX

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

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

model.partial_fit(X_initial, y_initial)

# HoBble TaHHBIE IOCTYMAIOT TIOTOKOM

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

y_new = np.array([11])

# MaKpeMeHTHOE 00yJYeHe MOJIeN Ha HOBBIX IAHHBIX

model.partial_fit(X_new, y_new)

# IIporHo3upoBaHNe Ha HOBBIX JAHHbBIX

y_pred = model.predict(X_new)

print("IIporHos:", y_pred)

3TO MpUMep HUCIOIb30BaHUSI UHKPEMEHTHOTO OOy4YeHHs ¢
MOMOIIIBIO CTOXAaCTUYECKOTO T'PAJIMEHTHOTO CITYCKa JJIsl JIMHEH-
HOl perpeccun. CHavana Moaeab oOydaeTcsl Ha MepBoM Habo-
pe manHbix (CX_initial’, y_initial’) ¢ ucnonab3oBaHUMEM METOIA
“partial_fit". 3aTrem HOBbIE 1aHHbIe (X_new , 'y_new’) MocTymna-
I0T IIOTOKOM U MOJIeJIb OOHOBJISIETCSI C MCTIOJIB30BAHUEM TOTO XKe
Mmeroza “partial_fit". B KoH1le MOziesb UCTIONb3yeTCs 1715 TPOTHO-



3MPOBAHUS 3HAUYECHUI HAa HOBBIX JIAHHBIX.

3amaveri ObLIO IMOKA3aTh, KAK MOKHO OOHOBJIATH MOJIENb JIU-
HEWHOW perpeccuu Mo Mepe MoJyYeHrsI HOBBIX JaHHBIX, HE Tie-
peoOyuas e€ Ha BCEM HaOOpe TaHHBIX 3aHOBO.

KoHKpeTHO, KOJ1 AieaeT clieyolee:

1. Co3pmaércss 0OBEKT MOOENM JIMHEWHOH perpeccuu
C WCIIONIb30BAHUEM CTOXACTUYECKOTO T'PaJMEHTHOrO CITyCKa
("SGDRegressor").

2. Mozenp HayambHO 00y4vaeTcsi Ha TIepBOM HaOOpe JIaHHBIX
("X _initial’, “y_initial") ¢ momoiisio MeTona “partial_fit".

3. 3arem MOCTYNalOT HOBbIE AaHHbIE ((X_NEw’, 'y_Nnew ), KO-
TOpbIe MOJIEJTb UCTIONB3YET /IS UHKPEMEHTHOTO OOYUYEHHMS C TIO-
MOIIIBIO TOTO ke MeTona partial_fit".

4. B KOHIIe MOJIeJTb UCTIOIb3YeTCs [I71s1 MPOrHO3UPOBAHUSI 3HA-
YEHMI Ha HOBBIX JAHHBIX.

Tako# nmoaxon K 00y4eHuI0 OCOOSHHO MOoJie3eH B ciiyvae, Ko-
I/1a JIaHHbIE TIOCTYMAIOT MIOTOKOM WJIH Korjia Tpedyercst ObicTpast
aJIanTalysi MOJIEU K U3MEHSIIOIIMMCS YCIIOBUSIM.

JIlpyrum METOIOM aJlanTalliu SIBISIETCsS OOy4YeHUe C MoK perl-
JICHUEM, TJIe areHT 00yJaeTcsl Ha OCHOBE CBOETO OIMbITa BO B3aH-
MOJEUCTBUM C OKpY:Katollen cpeoi. B 3Tom cityyae areHT mo-
JKET aJalTUPOBATh CBOIO CTPATETHIO JEMCTBUI Ha OCHOBE IOJTY-
YEHHOU 0OpaTHOM CBS3M, UTO MO3BOJISIET EMY JIyUIlle CIIPaBJISITh-
Cs1 C UBMEHSIIOIIMMHUCS YCTIOBUSIMU M 3a1a4amu. Harmpumep, B cu-
cTeMax yrnpaBJieHHs] MOOMJIBHBIMU POOOTaMU OOydYeHHe C TO-
KpEIUIeHUEM MOXET MCIIONb30BAThCS ISl alalTallid K HOBBIM



MMpEeATCTBUAM WM U3BMCHCHUAM B MapIipyTe.

O6yqu1/Ie n aganranus ABJIAIOTCA BaX XKHbIMH KOMIIOHEHTAMM
HNCKYCCTBCHHOI'O MHTCJUICKTA, MMO3BOJJIAIOIINMU CUCTEMAM YJIy4d-
IaThb CBOIO IMMPOU3BOOUTEIIbBHOCTD, Sq)(beKTI/IBHOCTb " aJallTUpo-
BaTbCA K UBMCHAIIMMCA YCIIOBHUAM U TpC6OBaHI/I$IM 3agay.



I'naBa 3: MeToabl
Pemennst 3agau B U

3.1 Ilouck n onTUMU3ANHA

[Touck u ontummuzams ABIAIOTCS (PyHIAMEHTATbHBIMU Me-
TOOaMH B 0OJIACTH UCKYCCTBEHHOTO MHTEJUIEKTa, MCIIOIb3YeMbl-
MU /111 HaXOXKJEHUs HAaWIyUllUX PEIIEHU B pa3IMyHbIX 3a]a-
Yax. T METOAbl BKJIIOYAIOT B ceOsl pa3jIMuHble AJITOPUTMBI U
CTpaTeruu, HalpaBJIeHHbIE HA MMOUCK ONTHMAJIbHBIX PELIEHUN B
OOJIBILIMX POCTPAHCTBAX BO3MOKHBIX BAPHUAHTOB.

IHonck

MeTtonp! OMCKa MPEACTABISIOT cOO0OM MEXaHW3MBI, UCIIONb-
3yeMBbI€ JIJI1 HaXOXJAECHUS ONTHMAJIBHOIO PEIIEHUS B CJIOKHBIX
IIPOCTPAHCTBAX BO3MOXHBIX BapuaHTOB. OHM BKJIIOYAIOT pas3-
JIMYHBIE CTPATETUM U AJITOPUTMBI, HAITPABJIEHHBIE HA CUCTEMATH-
YeCKUi 00XO/ CTPYKTYP JaHHBIX B TIOMCKaX HYKHOW MH(pOpMa-
LUH.

Ausroput™m mioncka B ryouny (DFS) sBnsercsa ogHum u3
(pyHIIaMEHTAIBHBIX METOAOB IOUCKA B rpadax U LIMPOKO NPU-
MEHsIEeTCS B PA3IMYHBIX 00IACTSAX KOMITBIOTEPHBIX HAYK U UCKYC-
CTBEHHOTO UHTEJUIEKTa. Ero OCHOBHOM IPUHIMII 3aKJII0YAETCS B
TOM, 4TO OH MCCeAyeT rpad myTeM MocaeJ0BaTeIbHOIO CITyCKa



Ha KaK MOXHO OOJIBIITYIO TIIyOHHY, TIPEK/Ie YeM BEpHYThCS U UC-
CJIe[IoBaTh Apyrue HaIrpaBJIeHUsl.

[Tpu ucnons3zoBanuu DFS anroputm HauMHaeT ¢ HayaabHOM
BEpIIMHBI I'pacda 1 BbIOMpaeT OJHY U3 €€ CMEXHbIX BEPILIMH IS
UCCIIEI0OBAHN . 3aTeM OH IIEPEMEIAETCS K 3TOM BEPLIMHE U IPO-
JOJIKAeT UCCIeAoBaTh rpad U3 Hee, MOBTOPsisl ITOT MPOLIECC pe-
KypPCUBHO /IO TeX TOp, MOKa He OyleT JOCTUTHYTA LieNb WU He
OyIyT UCUepIaHbl BCE BOZMOXHBIE MYTH.

Opnoil u3 BaxHbIX Xapaktepuctuk DFS sBnsiercs ero cro-
COOHOCTh HAXOOWTh PEIIeHUEe WM JOCTHKMMBIN MyTh B Tpade.
ItoT MeTox 3PEeKTUBHO paboTaeT B CUTYaIUsIX, T/ie He Tpely-
€Tcs HaXOXKIEHNE ONTUMAJIBHOTO PEILEHN ], a JOCTATOYHO HAaUTH
mo00e BO3MOXXKHOE PEllIeHUe WX MyTh OT Ha4YaJIbHOU BEPIIMHBI
K LIEJIH.

Opnako DFS tak:ke umeer ceou orpannyenusi. B yacruocru,
B HEKOTOPBIX CIy4asiX OH MOXET 3alUK/IMBAThCsl B OECKOHeu-
HOM LIMKJIE WJIM HE HAXOAUTh ONITUMAJIBHOE PELLIEHUE U3-3a CBO-
el IpUpoBI CIycKa Ha Oosbinyio TmyouHy. Tem He MeHee, Ona-
rofapsi cBoei mpocrore v 3(pheKTUBHOCTU B HEKOTOPBIX CLIEHA-
pusx, DFS ocraercs BaKHbIM MHCTPYMEHTOM B UCCJIEJOBAaHUU U
pelIeHny 33/1a4 B 00JIACTH UCKYCCTBEHHOTO MHTEJUIEKTA M KOM-
IBIOTEPHBIX HAYK.

Aunroputm noucka B mupuny (BFS) siBisiercs kiaccnyeckum
METOJIOM ITOUCKa B rpadax, KOTOpbIil 00aJaeT psiioM YHUKAIIb-
HBIX OCOOEHHOCTE U IPUMEHSIETCS B Pa3IMUHBIX 00JIACTSAX KOM-
NBIOTEPHBIX HAYK M UCKYCCTBEHHOIO MHTEJUIEKTa. B ero ocHoe



JIEKUT UJIES IOCTENEHHOTO PaCIMPEHUsI IPAHUL] UCCIIEOBAHUS
OT HAYaJIbHOW BEPIIMHBI K CMEKHBIM BEPIIMHAM. JTO O3HAYAET,
YTO aJITOPUTM CHayajia UCCeSyeT BCe BEPIIMHBI, HAXOSAIIMECS
Ha OJTHOM YpOBHE OT HaYaJIbHOM, 3aT€M IEPEXOAUT K BEpIIMHAM
CJIE/IIONIETO YPOBHS U Tak Aaliee.

OnHoyt u3 Kiao4eBeIX ocodenHocterd BES saBisercsa ero cro-
COOHOCTb HAXOUTh KPATYAUIIINI MYTh UM ONITUMAJIBHOE pellie-
HUeE B cllyuae, eciiu rpad rnpeacrabiiseT coOou aepeBo uiu rpad
C OMMHAKOBBIMU BecaMu pedep. ITo JeaeT ero uaeaabHbIM Bbl-
O0poM B 3a/1aUax, TAKUX KaK MOUCK KPaTYaHIIero MmyTu B CETU
JOPOT UM ONTUMAJIBHOTO My TU )11 TOCTHKEHUS TIeJTH.

BaxHo otmetuTh, uTo BES Tak:xe nuMeeT HEeKOTopble OrpaHu-
yeHusi. OgHUM U3 HUX sIBJIsieTcsl Hed(P(PEKTUBHOE UCIIONb30BA-
HHUE PecypcoB B Cilydae OOJBINMX U MJIOTHBIX TpacdoB, TaK Kak
OH TpeOyeT XxpaHeHHsI MH(POPMAIIUU O BCEX MOCEHICHHBIX BEp-
mmmHax. Kpome toro, BFS He Bcerga noaxonut aJist Houcka ori-
TUMAJIbHOTO pellieHusi B rpadax ¢ pa3IMyHbIMKA Becamu pedep
WM HenoiHbIMU rpadax. Tem He MeHee, Onmarogapsi CBoel mpo-
crote U 3p(PEeKTUBHOCTU B HEKOTOPHIX crieHapusix, BFS ocraer-
Cs1 B&)KHbIM MHCTPYMEHTOM B MCCIIEIOBAHUU U PEILIEHUM 3a/]1a4 B
00JIaCTH UCKYCCTBEHHOTO MHTEJIJIEKTA M KOMIBIOTEPHBIX HAYK.

PaccMoTpyM npuMepsl 3a4a4 M UX PEIIEHUH 17151 KaXI0ro U3
METO/IOB:

1. Iowuck B rnyouny (DFS):

[Tpumep 3amaun: Haiitu myTh OT CTApTOBOM TOYKU K KOHEY-
HOU TOUKe B JIAOWPUHTE.



Pemenne: Anroputm DFS HauHeT ¢ HauanbHON TOYKH U Oy-
JIeT MOCJIEIOBATEIbHO MCCIEA0BATh BCE BOZMOKHBIE MTYTH B Jia-
OupuHTe, 0 TeX MOop MOKa He JOCTUTHET KOHEYHON TOUKH WA He
uccreiyeT Bee NocTynHble myTy. Eciin KoHeuHast Touka He Oblia
HaliJieHa, aJITOPUTM BEpHETCS ¥ MOMPOOYET IPYroM MyTh.

st peamzanmn anroputma DES B norcke myTH B TaOMpHH-
Te C BU3yaJIM3allell pe3y/ibTara Mbl MOXeM HCIOJIb30BaTh S3bIK
Python u 6u6nuoteky matplotlib a1 Bu3yanuzanuu 1abuprHTa
Y HaWJEHHOTO MyTu. PaccMoTpuM npumMep Koja:

“python

import matplotlib.pyplot as plt

import numpy as np

# OyHKIMS 1151 OTOOpaKeHU s TaOUPUHTA U HAUJIEHHOTO Iy 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[:, O], color="red', marker='0") # OT100-
paskeHue myTH

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

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

ax.axis('image")



ax.set_xticks([])

ax.set_yticks([])

plt.show()

# OyHKIMSA 17151 peKypCUBHOTO MOKMCKA MYTH B JTAOMPUHTE C
ucnojb3oBanuem 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 [(0, 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

# [Mpumep nadupunra (0 — myTs, 1 — iperpana)

maze = [



[0, 1

[0, O,
]

start = (0, 0)

end=(4,4)

# Ilouck myTH B TaOMpUHTE

path = dfs(maze, start, end)

# Buzyanuzaius pesysbrara
visualize_maze(maze, path)

ENXN

.0, 1,0,
0,0, 0]

DTOT KOM co3/aeT JaOMPHUHT, UCTONb3ysa Mmarpuiyy, rae 0
npejcTaBisier myTh, a 1 — cre”y. Anroputm DFS ucnonb3y-
eTcsl Il TIOUCKA IMyTH OT HAYaJbHOU 10 KOHEYHOU TOUKHU B
JmabupuHTe. Pe3ynbTaT BU3yanm3upyercsi ¢ IOMOIIbI0 OUOIHO-
Teku matplotlib, rie KpacHBIM 1IBETOM 0OO3HAuUeH HAWJICHHBIN
MyTh, @ 3€JEHbIM W CUHMM — HayaJbHAasl U KOHEYHas TOY-






2. Ilonck B mupuny (BFS):

[Tpumep 3agaun: HailTy KpaT4aimii myTh OT CTAPTOBOM TOY-
KM K KOHEYHOH TOYKe B rpacde JOPOKHOU CETH.

Pemenue: Anroputm BFS HauHeT ¢ HayasibHOM TOUKM M UC-
Clie[lyeT BCe CMEKHbIE BEPIIVHBI, 3aTEM BCE CMEKHbIE BEPIIMHBI
9TUX BEPIIUH 1 Tak jaaiee. Korma Oyaer HaliieHa KOHeYHast TOU-
Ka, JITOPUTM BEpHET KpaTyalllui MyTh K 9TOM TOYKE, TAK Kak
OH MCCleAyeT BEPUIMHbI Ha OJHOM ypOBHe Irpada, mpexje yem
NepeXOIUTh K CIIEAYIOIIEMY YPOBHIO.

Il peanuzanuu ainropurMa BES B roncke kparvaiiiero my-
TH B rpade JOpOKHOM CETHM Mbl TaKkKE MOXKEM MCIOJIb30BATh
s3pIK Python. [11s1 BU3yanu3anuu pe3yJibTata KpaTyaiiiero myTu
B Tpade TOPOKHOM CETH MBI MOKEM HCIOb30BaTh OMOINOTEKY
‘networkx” 7151 co3manus u otodpaxkenus rpaga. Paccmorpum
pUMep Koja:

““python

import networkx as nx

import matplotlib.pyplot as plt

from collections import deque

# OyHKIMA U1 IOUCKA KparJauiiero mytd MerongoMm BES

def bfs(graph, start, end):

visited = set()

queue = deque([(start, [start])]) # Ouepenp a1 ooxona rpaca

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]))
return



KpaTt4yanuwmm nyTb O
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# [Ipumep rpacda nopoxkHOM cetu (MpeAcTaBieH B BUJE CIIO-
Bapsl CMEKHOCTH)
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 kpaTyamiero myTy B rpage T0poKHOU CETH

shortest_path = bfs(road_network, start, end)

print("Kparvaitiimuia  nyts or", start, "k", end, ",
shortest_path)

# Cosnmanue rpada u 1oO6aBIeHNe BEPIITH

G = nx.Graph()

for node in road_network:

G.add_node(node)

# JlobaBeHune pedep Mex/1y BepIimHAMU

for node, neighbors in road_network.items():

for neighbor in neighbors:

G.add_edge(node, neighbor)

# OroOpaxenue rpacda



pos = nx.spring_layout(G) # IlonoxeHue BepuvH Ha rpade

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

# BpiesieHue KpaTyauiiero myT1

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

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

plt.title('Tpad noposkHO# ceTu ¢ KpaTyailiiuM myTeMm oT { } K
{}'.format(start, end))

plt.show()

DTOT KoA co3laeT rpad JAOPOXHOW CETM Ha OCHOBE CJIOBa-
Ps CMEXKHOCTH, a 3aTeM ucnonb3yet aroputM BES s nmoucka
KpaTyJaiIero myTyu OT HA4aJbHOU 10 KOHEYHOU TOUKU. Pe3yiib-
TaT oroOpakaercs ¢ Momoibio Oudaroreku matplotlib™. Bu-
3yalu3upyercsi Bech rpad, a KpaT4yaliluil myTh OTOOpaxaercs
KPaCHBIM IIBETOM.

DTU NpUMeEPHl AEMOHCTPUPYIOT, KaK KaKAbI U3 METOJIOB I10-
MCKa MOXeT ObITh UCTIONIb30BAH JIs1 PEIIEHHs PA3IMYHBIX 33/1a4.
DFS noaxonur Ut 3a4a4, rie BaKHO HAUTH JII0OON BO3MOXKHBIN
nyTh, B TO BpeMs Kak BFS mcnonmb3yercs, korma He0OXOOMMO
HAWTU KpaTYauIlIUg MyTh WIN ONTUMAJIBHOE PELLEHME.

O6a 3TuX MeTos1a UMEIOT CBOU MIPEUMYIIIECTBA U HEIOCTATKH,
¥ BBIOOpP KOHKPETHOTO METO/Ia 3aBUCUT OT XapaKTEPUCTHUK 3a/a-
9 U TpeOyeMbIX KpUTeprueB onTuMaibHOCTH. Kpome Toro, cy-



IIECTBYIOT U PyT¥ie METO/IbI TIOMCKA, TAKKE KaK aJlTOPUTMBI A 1
Dijkstra, KOTOpble TaKke HaXOAAT IIUPOKOE MPUMEHEHUE B pa3-
JIMYHBIX 00JIACTAX UCKYCCTBEHHOTO MHTENJIEKTa U MH(POPMATH-
KH.

Onrumu3anust

OnTUMHU3aIMOHHBIE METOJbl B MCKYCCTBEHHOM WHTEJJIEKTE
UTPAIOT KJIIOYEBYIO POJIb B HAXOXKIEHWUM HAWIYUIIUX pPEIIECHUN
IUIS CJIOKHBIX 33Ja4 C ONIPEAEIEHHBIMY OT PAHUYEHU MU WIIU Lie-
JSIMH. DTU METOIBI MOTYT OBITh IIPHMEHEHBI KaK K 3a7a4aM Ofi-
HOKPUTEPUATBbHON ONTUMU3AIMY, IJe TpeOyeTcs HalTH OINTH-
MaJIBHOE peIleHNE AJ11 OJHOTO KPUTEPHUS], TaK U K MHOTOKPHUTE-
PUATBHOW ONTUMU3ALINH, T1€ HEOOXOIMMO YUUTHIBATh HECKOJb-
KO KOH()IMKTYIOIIMX LW WX OTPAaHUYEHUN OJHOBPEMEHHO.

I'enernueckne aaroputmbl (I'A) npencraBisiior coOOn
MOUIHBIM KJIACC ONTUMHU3ALMOHHBIX METOIOB, BJOXHOBJIEHHBIX
NPUHLIMIIAMH €CTECTBEHHOTO 0TOOpa 1 reHeTHKH. OHM SIBJISIOT-
Cs1 UTEPATUBHBIMU AJITOPUTMaMU, KOTOPBIE SMYJIMPYIOT BOJIIO-
L0 TIOMYJISILIMY, T KasKAbliA KaHAWAAT MPEICTaBIIsIeT HOTEHIH-
aJIbHOE penleHue 3aaaud. Ha kaxaon urepauum ajroputMa co-
3[a€TCsl HOBOE MOKOJIEHUE KaHIUIaTOB ITyTeM IPUMEHEHU s OIle-
PaTOpOB MYyTaIMHY, CKPEIMBAaHMSI M OTOOPA K POAUTENHCKOM TO-
MYJISLAN.

B Hauvaze padotsl ['A co3naer ciydaiiHyo MOMyJIsILUIO KaH/1u-
JaTOB, KOTOPasi MPEJCTaBIsIET COO0I HauaIbHbIE PEleHH s 3a/1a-
YyM. 3aTeM IPOUCXOAUT UTEPATUBHBIN ITPOLIECC, HA KAXKIOM JTare



KOTOPOT'O OCYIIECTBIISIETCS OLIEHKA MTPUCTIOCOOTIEHHOCTH KAk J10-
ro KaHIuJara B COOTBETCTBUM C 1iesieBon (pyHkumen. Kanauna-
ThI, KOTOPBIE JTyUIIle COOTBETCTBYIOT IIOCTABJICHHBIM KPUTEPHSIM,
UMEIOT OOJIBIINIA IIAHC BBIKUBAHUS U Tlepejaull CBOUX TeHETH-
YECKUX XapaKTepUCTUK CIEAYIOLIEMY MOKOJIEHHUIO.

Omneparop MyTaluy CIIy4ailHbIM 0Opa30M M3MEHsSIET TeHEeTHU-
YyecKoe MpejICTaBleHre KaHAuIaTa, 4To IPUBOAUT K pa3HOOOpa-
3UI0 B TIOMYJISILMU U MTPEJOTBPAILIAET 3aCTPEBAHUE B JIOKAJIbHBIX
ontumymax. CkpenyBaHue Mo3BoJIsSIeT CO3/1aBaTh HOBbIX KaH/IU-
JIaTOB TTyTeM KOMOWHAITUY TeHETUIeCKOW MH(OPMAITUHU OT JIBYX
POAUTENIEN, UTO MO3BOJISIET HACIEAOBATD JIyUIlINe XapaKTEPUCTH-
k1 o0oux. Oneparop oTOopa orpeessier, Kakue KaHAuAaTh Oy-
YT TIEPEeXOIUTh B CIIEYIOIIee MOKOJIEHUE Ha OCHOBE MX IpU-
CMOCOOIEHHOCTH, TIPH 3TOM O0Jiee TTPUCTIOCOOIeHHbIe KaHIuIa-
Thl UMEIOT OOJIBIIINIA IAHC ObITh BHIOPAHHBIMHU.

DTOT MPOLECC MPOAOJIKAETCS /10 TOCTUKEHUS YCIOBUS OCTa-
HOBA, TAKOT0 KaK JOCTUKEHHUE MAKCUMAJIbHOTO KOJIMUECTBA UTe-
paiuil WK JAOCTUKEHUE JKeJIaeMOr0 YPOBHS MPUCIIOCOOJICHHO-
CTU B momyJisiiiuu. [ eHeTuYecKue ajJropuTMbl IIMPOKO MPUMe-
HSIIOTCS B PA3JIMUHBIX 00/ACTAX, TAKUX KaK ONTUMU3AIUS (PyHK-
IIUI, HACTPOKMKA MapaMeTpoB Mojiesiel, peleHre 3a1ad KoMOu-
HATOPHOW ONTHUMU3ALIMY U MHOTHE JAPYTHe.

HlomyctuM, y Hac ecTh 3aj1a4a ONTUMU3AIMUA PACKPOsT Mate-
puana. /115 npocToTel MpeICTaBUM, YTO Y HAC €CTh ITPSAMOYTOJIb-
HBII JIUCT MaTepuasia OMpe/IeIeHHOTO pa3Mepa, U HaM HeoOXo-
MO PACHIUTh €ro Ha MPSIMOYTOJIbHBIE 3aTOTOBKY OMpPeeseH-



HBIX pa3MepoOB TaKUM 00pa30oM, YTOOBI UCITOJIB30BaTh MaTepral
MaKCUMaJIbHO 3(p(PEKTUBHO 1 MUHUMU3UPOBATH OTXOJIBI.

Jlist petieHns 3TOM 3314 Mbl MOXEM MTPUMEHUTH TeHeThYe-
ckuil anroput™. Kakaplii KaHauaaT B MOMYJSIIIAM TPECTaBIIsA-
eT co00ii HabOP MPSIMOYTOJIBHBIX 3aTOTOBOK, PACTIONIOKEHHBIX HA
JcTe MaTepuaiia. Mbl MOXEM KCMOJIB30BaTh OMEPATOpPhl MyTa-
UM ¥ CKPEIMBAHUS JIJIS1 CO3/IaHUST HOBBIX KOMOWHAITUI 3ar0TO-
BOK, a TaKke oreparop oTdopa Jyisi BbIOopa JyUIIUuX pPereHui.

LeneBast (pyHKIMSA MOXET OLIEHUBATh 3(PHEKTUBHOCTD Kaxk-
JIOTO PACKpOsi, HapuMep, Kak OTHOIIEHWE TUIOIAAU 3aroTo-
BOK K OOIIIel TUIOIMA/IM JIMCTa MaTepruania. | eHeTHYecKuid aro-
puUTM OyeT UTEPaTUBHO UCKAaTh KOMOMHAIIMM 3arOTOBOK, KOTO-
pble MAKCUMU3UPYIOT JaHHYIO 1IeJIeByI0 (DYyHKIIMIO, TeM CaMbIM
Haxo/ls ONTUMAJIbHOE pelIeHue 1 3aJa4l PacKposi MaTepuasa.

Jl1s1 BU3yamM3aiyy 3a/1a4d ONTUMU3AIMKA PACKPOsI MaTepua-
JIa C MOMOIIIBI0 TEHETUYECKOTO aJrOPUTMa Mbl MOXEM HCIOJTb-
30BaTh OMOIMOTEKy matplotlib™ s cozmanmst rpaduyecKoro
MpeJICTaB/IeHusI JIMCTa MaTepuasia v 3aroToBoK. Huke npuseaex
npuMep npocroro koaa Ha Python, geMoHcTpupylomiero 3ty 3a-
aagy:

““python

import matplotlib.pyplot as plt

import numpy as np

# OyHKIMSA U1 BU3yaIM3allii PacKposl MaTtepualia

def visualize_cutting(material_size, cut_pieces):

fig, ax = plt.subplots()



ax.set_aspect('equal’)

# Busyayimzanus aucra Matepuaia

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

# Busyaymsanys KaxJou 3aroTOBKH

for piece in cut_pieces:

ax.add_patch(plt.Rectangle((piece[0], piece[l]), piece[2],
piece[3], linewidth=1, 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()

# [lpumep rcnonb3oBaHust (PYHKIMU JJIs1 BU3yaTU3AIUN

material_size = (10, 10) # Pa3mepsl 1cta MaTepuana

cut_pieces = [(1, 1, 3, 2), (5, 2, 4, 3), (2, 6, 2, 2)] # Koopau-
HATBl ¥ pa3Mepbl 3arOTOBOK

visualize_cutting(material_size, cut_pieces)

ENXN



Height

10

Material Cutting Optimization

Wwidth

FeHeTnyeckuii anroputm (FA) - 3TO 9BPUCTUHECKMNIA ONTUMN3ALIMOHHDI METOA,
BAIOXHOBJIEHHbI NpoLieccaMmn eCTECTBEHHOIO 0TOOPa U FeHETUHECKOI 3BOJTIOLINN.
OH ucnonb3yeTcA ANA peleHna 3aaay onTYMU3aLmm, myTemM MOAENMPOBaHNA
9BOJIIOLIMM NOMYNALMM KaHAMAATOB peleHnin. ['A Bklo4aeT B cebA reHepauuio
Cry4ainHon Ha4yanbHON NONyNALMK, NPUMEHEHNEe OnepaTopoB MyTaLum,
cKpeLlmBaHnA 1 0T60pa AJ1A CO34aHNA HOBbIX MOKONEeHWIA KaHaaaToB
C y4E€TOM UX NPUCTMIOCOBIEHHOCTY K LieNIeBOI (PYHKLIMK, M MOBTOPEHME 9TOro
npouecca A0 AOCTUXXEHWA YAOBNETBOPUTENbHOrO pe3ynbTara.



Ha pesynbrare BUayM BU3yaIu3alyIo JIMCTa MaTepyraa U pac-
NOJIOKEHHBIX Ha HEM 3aroToBOK. JIMCT Marepuana mpencras-
JIEH YEPHBIM NPSAMOYTOJIbHUKOM, KOTOPBIN yKa3bIBacT HA IPAHU-
bl IOCTYITHOTO IIPOCTPAHCTBA 1A packpos. Kaxaas 3arotoBka
IIPEACTABIIEHA KPACHBIM IIPSAMOYTOJIBHUKOM C YKa3aHUEM €€ KO-
OpPIMHAT U pa3MEpPOB HA JIUCTE Marepuaa. DTa BU3yaln3alus
NIOMOTaeT HarIsIHO NPeJICTaBUTh, KAKUM 00pa30oM ITPOUCXOIUT
pacKkpoi MaTeprasia ¥ Kak 3arOTOBKM pa3MEILAIOTCs Ha JINCTE ¢
Y4€TOM OTrPAHUYECHUN.

ITOT KOA CO3/aeT rpapuuecKoe MpeCTaBIeHUE JIMCTa MaTe-
puana M pacroyIOAREHHbIX Ha HEM 3arortoBok. JIucr marepuana
0003HaYeH YEPHBIM MPSAMOYTOJbHUKOM, a Kak[1as 3arOTOBKa —
KpacHbIM. BBl MOKeTe M3MEHUTh pa3Mephl JIMCTa MaTepuaia 1
pacnosiokeHne 3aroToBOK, YToObl YBUIETh, KaK U3MEHSIETCS BU-
3yan3alusl.

AJIropuTMBI ONITUMH3AHN € HCKYCCTBEHHBIM HMMYHHU-
TeToM (aHrJ. Artificial Immune System, AIS) npencrasns-
I0T OO0 KOMITBIOTEPHBIE AJITOPUTMBI, BAOXHOBJIEHHBIE pa0OTOM
€CTECTBEHHON MMMYHHOM cucTteMbl. OHY MPUMEHSIOT ITPUHIIM-
bl IMMYHHOT'O OTBETA, TAKME KaK paclio3HaBaHUE U YHUUTOXKE-
HUE aHTUTEHOB, [IIS1 PEIIeHUs 33/1a4 ONTUMU3AIHH.

B ocHoBe AIS nexut aHanorus ¢ (pyHKIIMOHMPOBaHUEM OMO-
JIOTMYECKON IMMYHHOM CHCTeMBbl. BMECTO KJIETOK M aHTUTEHOB B
AIS ucnonb3yoTcs UICKyCCTBEHHbIE AHAJIOTY — AHTUTENA U AaHTH-



reHbl. AHTUTENA MPECTaBIISIIOT COOOM CTPYKTYpPHI IaHHBIX, KO-
TOpble MPEACTABISIOT PElIeHUs 3aJa4u, & AHTUTEHbl — HeXeJsa-
TeJIbHbIC IEMEHTHI WJIM YYAaCTKU MTPOCTPAHCTBA TIOUCKA.

[Mporiecc padotsl AIS BkitouaeT B ceOs1 3Tarbl OOHAPYKEHUS,
pacro3HaBaHUsI U YHUUTOXKEHHS] aHTUreHoB. Ha mepBom 3tare
TeHepUpYeTCsl HauyasibHasl MOMYJISIUS aHTUTEN, MPECTaBIIsIO-
111asi BOBMOXKHBIE PelleHHs 3ajauu. 3aTeM IPOUCXOAUT MPOoLece
OOHapy:KeHUsI aHTUTEHOB, TO €CTh HEeXeJaTeJIbHbIX JIEMEHTOB B
npoctpaHcTBe noucka. [locie oOHapykeHust aHTUTeNa, CIOCO0-
HBIE PACTIO3HATDb U CBSI3aThCS C AaHTUTEHAMU, YCUJIMBAIOTCS, & Te,
KoTopbie He 3¢ eKTuBHBI, OTOpackiBaloTcs. HakoHell, BEIOpaH-
Hble aHTUTEJA, YCIEUTHO CBA3ABIINECs C aHTUTEHaMH, MOTYT UC-
TMOJIb30BAThCS JIs TEHEePAIllMU HOBBIX KaHIU/IATOB PEIIeHUH, 4To
MO3BOJISIET YIYUIIUTh TPOU3BOIUTEIHOCTh AJITOPUTMA.

AJTOpUTMBI ONTUMU3ALIMU C UCKYCCTBEHHBIM UMMYHUTETOM
JEMOHCTPUPYIOT CBOIO 3(P(PEKTUBHOCTb B PEIIEHUM PA3TUUHBIX
3a7a4 ONTUMU3AIUY, TAKUX KaK TMOVCK ONTUMAIBHBIX MapaMeT-
POB B MAalllMHHOM OOYyYeHUH, TIPOEKTUPOBAHKE HEHPOHHBIX Ce-
Teid, a TaKXke B 33/1a4ax aJIalTUBHOTO YIPABJIEHUS U ONTUMU3A-
UK CTPYKTYP JTaHHBIX.

PaccmoTpym mipuMep 3aJaui ONTUMU3AIMKA PACIpe/ieieHUs
pecypcoB B cetu. lormyctum, y Hac ecTb 3 cepBepa U S 3aiad, 1
HaM HYKHO pacripeJie/IUTh 3TH 3a]ja4l MEX/y CEpBEpaMu TaKuM
00pa3zom, 4YToOb MUHUMH3UPOBATH OOIIYI0 HArPY3KYy Ha CETh U
BpeMsl BHITIOJTHEHHM S 3a/1a4. MBI MOKeM MCIOIB30BaTh aJITOPUTM
ONTUMU3ALIMU C UCKYCCTBEHHBIM MMMYHHUTETOM MJIsl PEIeHUS



3TOM 3aJa4H.



Konen 03HaKOMUTEJLHOI'O
¢dparmenra.

Tekct npegocraBieH OO0 «Jlurpec».

[IpounTaiiTe STy KHUTY LIEJIMKOM, KYIIUB TOJIHYIO JIETATbHYIO
Bepcuio Ha Jlurpec.

Be3ormacHo oriaTuTh KHATY MOKHO OaHKOBCKOH KapToit Visa,
MasterCard, Maestro, co cuyera MOOMJIBHOTO TesiehOHa, C TiIa-
Te)KHOro TepMmuHaia, B cajoHe MTC wmm Cesa3HoOHM, uepe3
PayPal, WebMoney, Aunexc./lensru, QIWI Komenek, 60Hyc-
HBIMU KapTaMu WK APYTUM YI0OHBIM Bam crioco6om.
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