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Annomayusn

Ilocnenoe C.M., bonoapenxo H.IO. Cpagnumenwvnoe ucciedoeanue aizopummos (-
00yueHus ¢ oOpamHubvIM nepeuzpvléaHuem U UHMEPAKMUBHBIM 00yUeHUueM 011 ONMUMUAYUU
VRPAGIEHUA A6MOHOMHBIM A2EHMOM 6 AHUMAM-NO000HOU cpede. B cmamve paccmompena
3a0a4a ABMOMAMUYECKO20 YAPAGIEeHUS ABMOHOMHbIM A2eHMOM 8 AHUMAmM-nooooOHol cpede. [lis
00YVYeHUsT ONMUMAILHOMY YAPAGIEeHUl) NpumeHsics aneopumm  Q-00yueHuss ¢ 0Opamuvim
nepeucpvieanuem — u  areopumm  uHmepakmuenoeo  (Q-obyuenus.  bviiu  nposedemvl
9IKCNEPUMEHMANIbHbBIE UCCTIe008AHUSL 000UX ANCOPUMMOS8 8 AHUMAM-NOOOOHOU cpede U COelaHbl
86160001 00 UX Ihpexmusrnocmu.

Beenenue

[ToBbIlIEHNE YPOBHS MHTEIIEKTYabHOCTH areHTOB B HACTOSILIEE BpEMS SBIISETCS OAHOM U3
BOXHEUIIMX TpoOieM, Kak i co3jaTesieil aBTOHOMHBIX pPOOOTOB, TaK U IS pa3pabOTUMKOB
HMCKYCCTBEHHOTO HWHTEJUICKTA B IIEJOM. 3ajada IMPUCIOCOOJIEHUS K HE3HAKOMOHW OKpY>KaroIiei
cpele Ul BBINIOJHEHHS] I[IOCTABICHHBIX MeNel sBIseTcs HauOonee akTyanbHOW. Takue
CTaHJapTHbIE METOJbl, KaK KOHEYHbIE aBTOMAThl WJIM SKCIEPTHBIE CHCTEMbI C MPOAYKLHOHHON
APXUTEKTYPON HE CIMIIKOM XOPOIIO MOAXOMAT JUIS YIPABIICHUS areHTOM B HE3HAKOMOW cpeje,
0COOEHHO €CJIM cpefia SIBISETCS HecTallnoHapHOM [ 1].

Bosiee moaxoasiiuM METOI0M SBJIsIETCS MeTOJ] 00yueHHsl ¢ moAkperuienneM. OH mo3BoseT
ABTOHOMHOMY areHTy oOydJaThCsi Ha OCHOBE COOCTBEHHOrO OIBbITa 0€3 BMENIaTeIbCTBA
pa3paboTunka. J[ns ympaBlieHHss areHTOM B aHHMAT-MOJO0OHON cpene HEOONbIION W cpemHei
pa3MEpHOCTH XOPOIIO MOJXOAUT OJMH W3 BapUAaHTOB OOYUYEHHS C MOJKPEIUICHHEM - aroput™M Q-
oOydenus. B nanHoii pabote mpUBOAATCS SKCIIEPUMEHTAIbHbIE CPABHEHUS JIBYX BHUJIOB aJroOpUTMa
Q-00y4eHus: anropuT™Ma HHTEPAKTUBHOTO O0YUYEHHS U aJITOPUTMa OOPATHOTO MEPEUTPhIBAHNSI.

®opmanu3zanus 3a7a4d yNPaBjJdeHHs ABTOHOMHBIM areHTOM B aHHMAT-NIOJ00HOM
cpene

Cpema, B KOTOpPOH NpPOM3BOIWINCH DKCIICPUMEHTHI C AaHMMAaTOM B JIaHHOW pabore,
npeacraBieHa Ha pucyHke 1. JlanHas cpena mpeacraBiseT co0ol 3aMKHYTOE NMPOCTPAHCTBO, B
KOTOpOE TMomemaercss anuMart. [IpocTpaHCTBO OTpaHMYEHO C YETHIPEX CTOPOH CTEHOM, B IIEHTpE
KOTOPOHM € KaXJIOW CTOPOHBI €CTh YIJIyOJIeHHE, COAEpIKalllee «IUILy». 3ajaya aHMMaTa — HalTu
«TUILY» 32 HANMEHBIIIee KOJIMYECTBO LIaroB.

Ha pucynke 1 ucnonb3yroTces cieayromue ycaoBable o0o3HaueHus: crena (W), «mummay (F)
U IyCTOE€ MPOCTPAHCTBO(-).

PoGoTr mmeeT 8 CEHCOPOB, ONPEACIAIONIMX COACPKHMOE CMEKHBIX C HUM s4eeK. Takum
00pa3oM, cOCTOsIHIE poOOTa OMPEAEIISIETCS TOINBKO COCTOSHHEM COCEIHUX SIUEeK U KOIUPYETCs MO
XOJ1y YaCOBOH CTpPEJIKH, HAYMHAs C CeBEpa.
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Pucynok 1 — Anumar-nono6nas cpena

Ecnu po6ot (R) HaxoauTcst B MOJI0KEHUH, H300PaKEHHOM Ha PUCYHKE 2, TO OH MOJy4yaeT
CJICTYFOIIYIO CEHCOPHYO HH(OPMAIIHIO: ----- WFW.
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Pucynok 2 — IIpumep nonoxenust podota

Bcero Bo3MoxHO 17 pa3iauuHbIX COCTOSHUN po0OOTa, YUUTHIBas TO, YTO 9 LEHTPaIbHBIX
KJIETOK KOJIUPYIOTCS OJHUM COCTOSIHUEM.

B kaxaplii MOMEHT BpEMEHU aHUMAT MOXKET IBUTAThCS B OJHOM W3 8-MHU BO3MOXHBIX
HarnpaBieHuii: 1 — ceBep, 2 — ceBepo - BOCTOK , 3 — BOCTOK , 4 — I0ro- BOCTOK , 5 — 1or, 6 — 10ro-
3amana, 7 — 3aman, 8 — ceBepo - 3amaj.

[TpuHUIMITBEI B3aUMOAEHCTBUS POOOTA U CPE/Ibl TAKOBBI:

1) ecl sf4eiika, B KOTOPYIO IepeMelaercst podoT, mycrasi, TO cpea MO3BOJISET eMy
MEPEMECTHTHCS B ATY SIYCHKY.
2) ecny A4elka, B KOTOPYIO IepeMemaercss poOOT, COIEPXKHUT CTEHy, TO cpela He

MO3BOJISIET €My IIEPEMECTUTBCS B OTYy S4YEHKy M POOOT IoJlyyaeT HakasaHue (OTpHIATeIbHOE
BO3HArpax/eHue).

3) eclM sf4eiika, B KOTOPYIO IepeMeniaercsi poOoT, COIEPKHUT «IIHILYy», TO cpenaa
MO3BOJIIET POOOTY B HEE MEPEMECTUTHCS U pOOOT MOJTyyaeT BOSHATPAXKICHHE.

AHAIM3 Pa3IMYHBIX AJropuTMOoB Q-00ydyeHusi sl ONTHMHM3ALMH YHPABJIEHHS
ABTOHOMHBIM areHTOM.

Anroputm Q-o0yuenust Obi1 npemsiokeH Botkmacom (Watkins) B 1989 romy [2].

Janubiii  anroputm pabortaer ¢ Q-QyHKIMEH, apryMeHTaMH KOTOPOH  SIBISIFOTCS
COCTOSIHME W JIEHCTBHE. DJTO TO3BOJIIET HMTEPAMOHHBIM CIIOCOOOM TOCTpOoHTh Q-pyHKIMIO U
TEM  CaMblM HalTH ONTUMAJbHYIO  IOJUTUKY ynpaBieHus. Llenpto oOydeHus sBiseTCS
MaKCHUMHM3alus Harpassl r. Beipakenue mnsi oOHOBieHUS Q-(QYHKIMM HMEET CIEIYIOIUil BUI:

Q[:spd:] *_rr-PrrtmEKQ(E:—l Jﬂ) (1)
acd
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Onenku Q- 3HAYCHM XpaHATCS B 2-X MEPHOW TaOyMIle, BXOJaMU KOTOPOHM SIBJISIFOTCS
COCTOSIHUE W JICUCTBHE.

[Ipu ucnonp3oBaHUM OFHOIIATOBOTO Q-00yueHUs1 Koppekuus Q-3HaueHWUW MPOU3BOIUTCS
Ha OCHOBE OLIEHOK TEKYIIETrO U IMOCJIEIYIOIIEr0 COCTOSHUM, T.€. Ha OIIEHKAaX CMEXHBIX COCTOSTHUH.
CymiectByeT /1Ba Buja asiroputmMa Q-o0y4eHus — alrOPUTM UHTEPAKTUBHOTO O0YUYEHHSI U aIrOPUTM
oOpaTtHOro nepeurpsiBanus [3].

B anroputme nHTEpaKTHBHOTO 00YyYEeHUS, IOACTpOKa Q-3HaUCHUN TaOIHITBI POU3BOIUTCS
Moclie KaXIOro JeHCTBUS aHuWMaTta. TakuM oO0pa3oM, Mpu OJHOW HWTepali Ha TeKyllee
noAcTpauBaHue Q-3HaueHUsl BIUACT TOJIBKO 3HadeHUE Q-¢hakTopa CIEIyIONmEro COCTOSHHUS. DTO
MOXXET OKa3aThCS MHHYCOM, T.K. JUISl HAXOXJCHUS MJIMHHBIX CTpaTerdil MOXKET MOTpeOoBaThCs
MHOTO uTepanuii. OJIHAKO WHTEPAKTUBHOE OOyUEHME MO3BOJISIET MEHSATH CBOE MOBEACHHUE Cpa3y
MOCJIC BBIMOJIHEHUS ONpPEAENCHHBIX NEHCTBUI. AJTOpPUTM MHTEPAKTUBHOTO OOYUYEHUS OINMUCAH Ha
pUCYHKe 3.

1) OGcnenoBaTh TEKyIIEEe COCTOSTHUE §
2) [ToBTOPATH MOKA HE OYJET JOCTUTHYTO MOTJIOMIAOIIEE COCTOSIHUE!
- BBIOpATh JEHCTBUE g TAKOE YTO:
a —maxQ (5,44, a)
i & A
- IOJTyYUTh HArpaay r
-00ce10BaTh HOBOE COCTOSIHUE
- OOHOBHTD STYEHKY TAOJIHUIIBI JJ1s1 TAPBI COCTOSIHUE-IEHCTBHE (S-a) CIETYIOIUM 00pa3oM:
Q[:Srr arj enty #maxQ[SHl, a:'
a € A
-ss’

Pucynok 3 —. Anroputm UHTEpaKTUBHOTO Q-00yueHus

[Ipy wucmonb30BaHUM aNrOpuTMa OOPATHOTO MEepEeUrphiBaHus, OOHOBJICHHE (Q-3HAYCHHIA
IMPOU3BOANTCA TOJIBKO ITOCJIC TOT'O, KaK ar€HT AJOCTHUIHCT IMOIIOMAroIEro COCTOAHUA (HB,XO)KI[GHI/IG
nuiu). [TosroMy areHT mnocine KaKIOro Iara JOJDKEH 3allOMHUHATh  TEKyIIee COCTOSIHHE,
BBHIOpaHHOE  JICHCTBUE M  HENOCPEACTBEHHYIO Harpanay. l[lociie  [OCTHKEHMST  areHToM
NOTJIOUIAIONIETO  COCTOSIHUS, Y  HEro  JOJDKEeH ObITh chOpMHUpPOBaH  CIHCOK  BCeX
COBEPIIEHHBIX [EPEXOI0B. IJTOT  CIHCOK IIPOKPYYUBAETCS B 00OpaTHOM MoOpsAIKe U
OCYIIECTBIIsIeTCA KOoppekius Q- GyHKIMU. AJIITOPUTM OMUCAH HA PUCYHKE 4.

JI1st BceX COXpaHEHHBIX {(50,d0,51,70)- - - (Sns@nsSn+1,7n)} BBITIOIHUATH
t<—n

Qreal,t — Q(st’af)

Urg — O(Si1,141)

Qtarget «— l”tﬂ/* [(l'i)*uﬁl'i_/l*Qreal,tH]

Q(S t,az)(_ Qtarget

Ecnu =0 Beixo; uHaue ¢ «<— #-1 u nmepexo/1 Ha 2-0i mar

S

PucyHnok 4 — Anroputm Q-00yueHusi ¢ 0OpaTHBIM [IEPEUTPHIBAHUEM

ANTOPUTM OOpaTHOTO TMEPEUTPHIBAHMUS OTIWYACTCS OT QJIrOpUTMa HWHTEPAKTUBHOTO
00y4eHHUsl TeM, YTO Ha KaXyl0 MOACTPONKY Q-3HaueHUs BIMSIOT BCE MOCIeAyIolue 3HaueHus: Q-
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(hakTopa, 4TO MO3BOJSET HAXOAUTH ONTUMAIBHYIO CTPATETHIO 32 MEHbIIIEE KOJIMYECTBO UTEpAIIHil.
MuHycamMu ATOrO airopuTMa MOXKHO Ha3BaTh O00s3aTENIbHOE MPHUCYTCTBHE TOMJIOMIAIOIIETO
COCTOSTHUSI 1 HEOOXOJIMMOCTh COXPaHSITh CIIMCOK MEPEXO0/I0B.

JKCNepUMeHTAIbHbIE HCCIeT0BAHUS

Cpena, B KOTOpPOW MPOM3BOJATCA  OKCHEPUMEHTHI, SBIISIETCS HEMapKOBCKOM, WU
NMPUHAUICKAT K KiIaccy 2 1o Kiaccudukanuu, ucnoibdyemord Buimbconom B [4], T. K.
JAHHBIX CEHCOPHOTO BXOJda HE BCErga JOCTAaTOYHO IS OJHO3HAYHOTO  OINpPEICIICHUS
JEUCTBUSI, KOTOPOE OJDKEH COBEPIIUTh pPOOOT B HANpaBJICHWM Oirpkaimend ‘“‘mumm’. ITo
MPOUCXOJUT TMOTOMY, 4YTO B IEHTPE J[JAaHHOM cpeabl HMEeTCs IIyCTOe MPOCTPAHCTBO, H,
HaxoIsCh B OAHOM M3 9-THM UEHTPAIBbHBIX SYEEK, POOOT MOIyYaeT OJIMHAKOBYIO CEHCOPHYIO
nH(pOpMAaILIHIO.

HccnenoBanus npoBOOWIMCH B CpeAE, ONMCAHHOW B paszgene «Dopmann3anus 3aJadu
yIOpaBlieHUs aBTOHOMHBIM areHTOM B aHMMAT-MOJ00HON cpeney». s oOydeHHs] UCTIOIb30BATKChH
kodpunments! 00ydenus y=0.02 u A=0.9.

Kputepuem orieHku kauecTBa 00y4eHUs areHTa OyJIeT CIy>KUTh CyMMa [IaroB OT HAYalbHOM
TOYKH JI0 TTUIIN C KOXIO0W KJIETKU MPOCTpaHCTBa. MUHUMAaNbHAs TaKasi CyMMa COCTaBUT 46 11aros.
Cxema mepexo/oB MpU MHUHUMAJIbHOM KOJIMYECTBE IIAaroB M300pa’keHa Ha pucyHke 5. B atom
cily4yae, MaKCUMaJIbHOE PACCTOSIHUE OT HAYAJIBHOTO MOJIOKEHHUS 10 «IHIIKW» COCTABUT S5 1IaroB.
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. Pucynok 5 — Cxema nepexo/i0B Npyu MUHUMAJIBHOM KOJIMYECTBE IIAr0B JI0 U

B cirydae, n3o0pakeHHOM Ha pUCYHKE 6, MaKCUMaJbHOE HEOOXOJMMOE KOJIMYECTBO IIAroB
JI0 «IULIM» COCTABMT 4 11ara, a CymMma I1aroB U3 BCeX KJIETOK 47 11aros.

O06a anroputMma B pe3yJsibTaTe 0OyUYeHHUS aHMMaTa Kak B MIEPBOM, TaK U BO BTOPOM CIIydasix
aHUMAaT JIOCTUTAJI LIEJIM HE3aBUCHMO OT MPUMEHSIEMOT0 aIropuT™Ma 00yUueHusl.
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Pucynok 6 — Cxema nepexo10B Ip¥ MHHIMAJIFbHOM MaKCHUMaJIbHOM HEOOXOIMMOM
KOJIMYECTBOM I1aroB JO «ITHUIIIN)
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I'padmk, moOKa3pIBalOMMN 3aBUCHMOCTh CYMMBI IIE€PEXOJOB K «IHIIE» OT KOJIMYECTBA
o0yyaroImux UTeparuil s 000uX aaropuTMOB U300pakeH Ha PUCYHKE 7.
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Pucynox 7 — CpaBHeHue 3 (HEKTUBHOCTH 00y4EHUS aJrOpUTMOB 0OPATHOTO
NEPEeUTPHIBAHUS U HMHTEPAKTHBHOTO O0YUYCHHUS

Kak BugHO u3 rpadmka, oba amropurMa OOYYEHHs MO3BOJSIOT JIOCTUYb CTPAaTETUH
MOBEJICHUsI, OJIM3KOM K oNnTUMabHOM, yke Ha 50 wurepanmuu. ONTUMaabHOM CTpaTeruu 06a
anroputMma jpocturatot npu 200 ureparuii.

3akiaoveHue

IIpu cpaBHeHMH JABYX anropuTMoB Q-o0yuyeHuss - OOpaTHOrO IMEPEUTPBIBAHUS U
WHTEPAKTUBHOTO OOYyYEHHUsS - OKa3ajgoch, 4TO 00a OHM JOCTAaTOYHO 3(PGHEKTHBHBI I OOyUCHHS
areHTa JOCTIKCHHIO ILIeJM B HE3HAKOMOH cpene. M anroputm oOpaTHOro mepeurpbiBaHus, U
QITOPUTM HHTEPAKTUBHOTO OOYYEHHS CXOASTCS K ONTUMAJIbHOMY IOBEACHUIO 3a JOCTATOYHO
HEeOOoJIbII0e KOJTMYECTBO UTEPALIHA.

JanpHeinue uccneaoBanus OyayT HApaBlieHbl B CTOPOHY YCIIOKHEHUS aHUMaT-TI0J00HOM
Cpenbl sl MPOBEPKH 3PPEKTUBHOCTH PaOOTHI aJITOPUTMOB HA CUTYaIUAX, 0oJiee MPUOIIKEHHBIX K
pEaIbHBIM CUTYaIUsIM BHEIIHET0 MUpA.
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