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JUHAMMUNYECKAS CETMEHTAIMSA IIPOCTPAHCTBA I1PU-
3HAKOB JJIsA CUCTEM ABTOHOMHOTI'O AJAIITUBHOI'O
YIPABJEHUA U CUCTEM OBYYEHMUSA C ITIOAKPEIIJIEHU-
EM

B nmanHOI cTaThe paccMaTpUBacTCsS aIrOPUTM TUHAMHUYECCKON CErMCHTAINH
MIPOCTPAHCTBA BXOAHBIX MApPaMETPOB HA OCHOBE OMHAPHBIX JIepeBbeB. [laHHEIH
AJITOPUTM MOKET 6bITI> HUCIIOJIb30BaH KaK B CUCTEMAX aBTOHOMHOI'O aJaIllTUB-
HOTO YIPABJICHUS, TaK U B CHCTEMax OOYYCHHUS C MOJIKPCIUICHHEM, W MpeaHa-
3HA4YeH IS TOBBIIICHNS Y PEKTHBHOCTH M CKOPOCTH O0YUYCHHS ATUX CUCTEM.

BBenenune

Meton «ABTOHOMHOTO AJTAaITHBHOTO YTIPaBICHHS» Pa3pab0TaH HA OCHOBE
KOHLIENTYaJbHOW MOJENTH HEPBHOIM CHCTEMBI )KMBBIX OpraHm3MoB [1]. OOyue-
HUE areHTa C CHUCTEMOI YIpaBJICHUsS Ha OCHOBE JAHHOTO METOJ]Ia MPOUCXOIUT
HEMOCPECTBEHHO B MPOLIECCE €ro B3aUMOAEHCTBHS co cpenoit. [Ipu aTom un-
(opManus 0 COBEPUICHHBIX ACUCTBUSIX U UX pe3yJbTaTe HaKaIIUBaeTcs B Oase
3HaHW. BmoOCiencTBUN 3TOT OMBIT MCHOJIB3YETCS NJIS TIOBBIIICHHUS KauecTBa
VIOpaBIeHUS (areHT CTPEMHUTCS MaKCUMH3HPOBATH CBOKD «3IMOIMOHAIBHYIO
OIICHKY», OTPaKAOIIYI0 KA4eCTBO TEKYIIETO COCTOSHHIS).

Konuerus o0ydeHus ¢ TOAKPEIUICHUEM TaKKe ObLTa HHCITUPUPOBAHA €CTe-
CTBEHHBIMU cHCTEeMaMH aaanTtauuu [2]. B cooTBeTCTBUE C JaHHON MapagurMon
o0ydYeHHE areHTa TaKKe MPOHM3BOIUTCS METOJOM «IPO0 M OIMMOO0K». ATEHT
MOXET COBEpIIATh Pa3InYHbIE AEHCTBUS, KOTOPBIEC MIEPEBOJIAT €r0 B Pa3InUHbIC
COCTOSIHUSL ¥ TIPUBOIAT K MOJMYUYCHHIO MOAKPEIUICHHSI — BO3HATPAXKACHUS WIIN
HaKa3aHUsl.

PaccMmoTpeHHBIC KITacChl YIPABIAIOMNX CHCTEM HE COBIIAAAIOT IOIHOCTBIO,
OJTHAKO WMEIOT 3HAYMTEIbHOE IepecedeHue. B obmem cirydae meronnka o0y-
YEHUS! € MOAKPEIJICHUEM MpearoJiaraeT, YTo BEJIMYUHBI BO3HArPaKICHUS, a
TaK)K€ BEPOATHOCTH Mepexoia MEXy COCTOSIHUSIMA Cpefibl u3BecTHBI. OIHAKO
CYIIECTBYIOT CIIOCOOBI (OCHOBaHHbBIC, B OCHOBHOM, Ha anroputMe «Q-learning»
[3]) kKOTOpBIE MO3BOJIAIOT OOXOUTHCS TOJNBKO MOJYYCHHBIME B TIpoIiecce 00y-
YeHHs JaHHBIMH. Takue aJrOpuTMBI MOXHO paccMaTpuBaTh KaK pa3sHOBUI-



HOCTh METOJ]a «aBTOHOMHOT'O aJIalITUBHOTO ynpasieHus». C Apyroit CTOPOHHI,
€CII CHCTeMa aBTOHOMHOI'O aJalTHBHOTO YIMPABJICHUS MOCTPOEHA TaK, YTO
KaXJIOMY BO3MOKHOMY COCTOSIHHIO CPEJIbl COOTBETCTBYET €JMHCTBEHHBIH 00-
pas, TO MO>KHO IIOCTPOUTH SKBHBAIEHTHYIO CHCTEMY O0yUYEHHS C TIOAKPETIICHH-
eM. [Ipu 3TOM paznuyHbIM 00pazaM B TEPMHHOJIOTHH METOJa aBTOHOMHOTO
AAanTUBHOTO YIIPaBJICHUS 6y[[yT COOTBETCTBOBATH PAa3JIMYHbBIC COCTOSAHHUA B
TEPMHUHOJIOTUM OOYYeHHsI C MOAKpervieHHeM. B nanpHeilinem Mbl Oyaem
paccMaTtpuBaTh UMEHHO 3TO MepecedeHue, II03TOMY BCE PACCYKACHHS B HACTO-
sIIel cTaThe OJUHAKOBO MMPUMEHUMBI KaK K CHCTEMaM aBTOHOMHOTO aJ[alTHB-
HOTO YIPaBIICHHUS, TAK M K CHCTeMaM O0YYEHUSI C MOIKPEIICHHEM.

B o0enx xoHIeNuusx, Kak MpaBuiIo, TEKyIIee COCTOSHHUE areHTa OINpees-
ercst HabopoM napamerpoB. Hampumep, B kauecTBe Takux mapamMeTpoB MOTYT
BBICTYIIaTh TCKYIINE IMTOKa3aHUA pa3IMYHbIX 1aTYUKOB po60Ta. HapaMeTpLI MO-
TYT OpUHUMATh 3HAUYCHHUA KaK U3 JUCKPETHOI'O, TaK U U3 HECHPEPBIBHOTO MHO-
xecTBa. COBOKYITHOCTh BCEX BO3MOXKHBIX 3HAUEHHH apaMeTpoOB U €CTh MPO-
CTpaHCTBO mapameTpoB. s obecredeHnss paboThl anropuTMa OOy4eHHUS 3TO
MIPOCTPAHCTBO JIOJDKHO OTOOPaXaThCs HA MHOXKECTBO 00pa3oB (COCTOSIHUIA).
Camblii mpocToii crmocobd Takoro 0TOOPAKEHHS — «TE€OMETPUYUECKHIT», IPU KO-
TOPOM MHOXECTBO 3HAYECHHWI KaXJIOro Iapamerpa pa3OMBaeTcs Ha HECKOJIBKO
nHTEepBaNoB. [Ipy 3TOM noydaeTcss MHOroMepHas ceTka-Tabnuna (e€ pazmep-
HOCTb COBII3IaeT C KOJMYECTBOM IapaMeTPOB), MHIEKCaMH KOTOPOM BBICTYIa-
IOT HOMepa COOTBETCTBYIOIINX MHTEPBAJIOB, a 3JIEMEHTaMH — 00pa3bl (cocTosi-
Hust). BeiOop pazmepa HHTEPBAJIOB BCEra CBsI3aH C HAX0XKACHHEM KOMIIPOMHC-
ca. C omHOW CTOPOHBI, YeM Meibue OyAeT pa3sMmep sdeek (M 4eM ux Oymer
Oospe), TeM OOJNBIIeH TOYHOCTH YIIPABICHHUS MOXKHO JAOCTUTHYTH. C Apyroi
CTOPOHBI, YBEIHMUYCHUE YHCIIA 00Pa30B HE TOJHKO YBEIHUUBACT 3aTPAThI MaMsi-
TH, HO U TpeOyeT OOoJbIIero BpeMeHH! AJIsl 00yueHus (Tak Kak JJIsl KaKaoro 00-
pasa TpeOyeTcsi HaKOIUICHHE SMITMPUYECKHUX JaHHBIX). DTO HEXEJATEIbHO HE
TOJIBKO C TOYKH 3PC€HUSA BbIYHUCIIUTCIBHBIX 3aTpaT, HO U C TOYKH 3PECHUA DKOHO-
MHH (HU3UYECKUX PECYPCOB B Cilyyae 0OydeHHs Ha peasibHOW Mojenu (Harpu-
Mep, ¢ IOMOIIBI0 MOOMIIBEHOTO poboTa). bosee Toro, mpu TabaMIHOM MTOAXOAE
YHCII0 00pa30B pacTeT HKCIOHEHIMAIBHO C YBEIUUYSHUEM YKCIIa MapaMeTpoB.
[MosTOMy [aHHBIA MOAXOJ HEMPHUMEHHM JUIS PEIICHHUS MHOTHX 3a7ad C
OOJIBIINM YHCIIOM MAPAMETPOB AaXe MPH 00YUCHUH HA BUPTYAILHON MOJICITH.

HawnGonee nonynsipHoe peuienue 3Toi npoOsieMbl st O0y4eHHs C MOJKper-
JICHHEM — WCIIOJIb30BaHHE MHOTOCJIOHHOTO IIEPCENTPOHA JUIS OCYIECTBICHHS
orobpakerust [4]. [Ipu 3ToOM Tekylee COCTOSHHUE 3a7aeTCsl HESIBHO: BBIUMCIIS-
I0TCH JIMIIb BCIIMYUHBI OKUIAEMOI'0 BOZHAIPAXKACHUA MIPU COBEPUICHUU OIIpE-
neneHHoro aedcTBus (Q-gakTop). ITOro JOCTaTOYHO I BEIOOpA ONTHMAJIb-



HOTO JIEWCTBHA B Ka)XKIbIii MOMEHT BpeMeHu. O000IeHne SMIMPUIECKIX JTaH-
HBIX JOCTHTaeTCsl 32 CUET AlMPOKCUMALMK (YHKIMH OXKHAAeMOW Harpajisl B
HelipoceTeBOM Oasuce.

Jist aTOl ke 1enu MOryT OBITH MCIIOJIB30BAHBI TAKXKE AEPEBbs PEIICHUH.
Hanpuwmep, B [5] paccMarpuBaeTcst aJrOpUTM, MO3BOJIIOUINNA CBECTH 3adady
00yd4eHUs C MOAKPEIJICHHEM K CepHM KIIACCUYECKHX 3ajad OOy4YeHHs C y4H-
teneM. OH OBUT ONTPOOOBAH C MCIOIH30BAHNEM HECKOJIBKUX THUIIOB PETPECCHOH-
HBIX JepeBbeB pemieHni. OgHako 00ydeHHe B JaHHOM ClTydae MPOHCXOAUT HE
OJTHOBPEMEHHO C BBIIIOJIHCHUEM JACHCTBUIL, a B «IIAKETHOM PEXHUME», T.€. CHa-
Yaja JaHHbIC TOJBKO HAKAIUIMBAIOTCS, a 3aTeM chopMHpOBaHHOE OOydaromiee
MHOXKECTBO ITOCTYNaeT Ha BXOJ kiaccudukaropa. TakuMm oOpa3om, HET BO3-
MOXXHOCTH Cpasy e HCII0JIb30BaTh HAKOIICHHBII onbIT. Kpome Toro, peayun-
pys npobGiiemy amrpokcumManud Q-¢akTopa K KIaCCHYECKUM ajrOpUTMaM, He
YUUTBIBAIOTCS. HEKOTOPbIE 0COOCHHOCTH O0y4eHHs ¢ mojkperuieHrem. Harmpu-
Mep, KpUTEpHH KadecTBa pabOTHI 3/1€Ch TOIKEH OBITh HECKOJIBKO MHOM - IJIaB-
HOE HE TOJIyYeHHE TOYHOTO 3HAUCHUS JUIA BCEX [1apaMETpPOB, a YCTAHOBIICHHE
Jy4IIEro IeHCTBHA.

B otimume oT cka3aHHOTO, METO]] «aBTOHOMHOTO a/IalITUBHOTO YIIPaBICHUS
criocobeH 00y4aThCsl HEOCPENCTBEHHO B IIpOLieCCe yIpaBieHus». B coorser-
CTBHE C 3TUM, B HacTosleld paboTe paccMaTpHBaeTCsl alrOPUTM ITOCTPOCHUS
JepeBa, OCYIIECTBIIOIIETO aJaNTHBHYIO IMHAMHYECKYI0 CErMEHTAIMIO IPo-
CTpaHCTBa NPU3HAKOB, T.€. ONHOBPEMEHHO C IIPOLIECCOM OOYUECHUS U C y4eTOM
MIPEABAPUTENHHO HAKOIUICHHBIX TaHHBIX.

ITocTanoBka 3a71a4u U oM CAHUE ajiropurMma

Pa3paboTaHHbIii anroputM mnpearnojaraeT pelieHHe 3aJaddl aBTOHOMHOI'O
aalITUBHOTO YIPaBJICHUS WM O0yYeHHs C MOAKpEIIeHHEeM. ATEHT yIpaBie-
HUsI 00ydYaeTcst NeiCTBOBAaTh B Cpele, anpHOpHas HH(OpMAIUs O CBOHCTBax
KOTOpOﬁ MUHHUMaJIbHA. HpI/I YHpaBJICHUN arc¢HT UCIIOJB3YCT TOJBKO 3HAYCHUA
BXOJHBIX TIApaMETPOB M KOHEUYHBIH Habop aelcTBuid. [IpmHsTHE pemieHHS
MIPOUCXOIUT AUCKPETHO, HA KaKAOM IlIare areHT MOXET BbIOpaTh OJHO U3 JI0-
CTYNHBIX JeHCTBHH. D(Y(PEKT OT BHINOIHEHHUS NESHCTBHUS MOXKET KaK BHIUYMCIISTh-
Csl IPH KOMITBIOTEPHOM MOJIEJIMPOBAHNH CPEIbI, TAK M OBITH CBA3aHHBIM C (H-
3UUYECKUM COBeplIeHrueM aeicTBus. Ilpu 3ToM mpousouienye n3MEHEeHUs MO-
T'YT KaK OTpa)xaThCs Ha HAOJII0JaeMOM 3HAUCHHUH BXOJHBIX I1apaMETPOB arcHTa,
TaK 1 HE OTPpaXaTbCA. HpeanonaraeTCﬂ, TEM HC MCHCC, 4YTO 3HAYCHHUA BXOJHBIX
apaMeTpoB Kak-TO (BO3MOXHO HESBHO) CBSI3aHBI C COCTOSIHUEM CpeJibl, HHa4e
MX MCIOJIb30BaHME IS yIPaBICHUS HEBO3MOXHO. KpoMe Toro, mpu 3ToM Mo-



JKET M3MCHUTHCS BEIMYMHA «IMOIMOHAIFHOW) OLIEHKH COCTOSIHUS areHTa (4To
COOTBETCTBYET MOJTYYCHUIO BO3HATPAXKICHIS WM HaKa3aHUs). 3a/1ada areHTa —
MaKCHMHU3UPOBATh CPEIHIOI0 OLIEHKY CBOETO COCTOSHHSI.

B cooTBercTBHE ¢ MeTOHOJIOTHEH aBTOHOMHOIO a/IaliTUBHOTO YIIPaBJICHUS,
HA0Op BXOJHBIX MMAPaMETPOB OTOOpPAKAETCsI B MHOXECTBO 00pa3oB. B manHOM
paboTe mpeanoaaracTes, 4To 3TO0 OTOOPAKEHUE JUCKPETHO U KAXKIOMY 00pasy
COOTBETCTBYET OINpPENENCHHBI WHTEPBAJ 3HAUEHUH I KaXXIOTO U3 Mapamer-
POB, T.e. 00pa3bl Pa3IeAIOT MPOCTPAHCTBO MPU3HAKOB HA MHOTOMEPHBIE IPsi-
MOYTOJNBHUKA. JIns Kakaoro oOpas3a HaKalIMBAaeTCs CTATHCTHKA IOBEICHHS
CHCTEMBI TP PacIO3HABAHUU TOTO 00pa3a. s KaxIoro NeHCTBHS BEIYUCIIS-
eTCsl CpeIHssl OLCHKA pe3ysibTaTa BBIOJHEHHs 3TOr0 JEHCTBHA. JTa OLIEHKa
MMO3BOJISICT CYIWTh, HACKOJBKO BEIMOJHCHUE MAHHOTO JCHCTBHS B JTaHHBIX
YCIIOBUSIX CHOCOOCTBYET JOCTHXKEHHIO XOopouiero (1o onpezeseHHOMY KpUTe-
pHIO) KauecTBa padOThl CHCTEMBI B LIEJIOM, W MCIOJB3YETCSl NPU YIPaBICHUN
U BBIOOpa neiicTBuii. B mpocToM ciydae B KadecTBE TaKOW OIEHKH MOXKET
BBICTYIIaTh U3MEHEHHNE SMOIIMOHATBFHON OICHKH Ha CIEAYIOIIEM IIare Wid Io-
Jy4YeHHAs] HEIOCPEACTBEHHO MOCJE COBEpIICHUS ACUCTBUSA Harpaga (Hakasza-
Hue). B Gomee cnoXHOM ciaydae 3Ta OlEHKa YYUTHIBACT MOAKPEIUICHUE, KOTO-
poe MoXeT OBITH IMOJYy4eHO 4Yepe3 HecKosbko miaroB. Hampumep, Q-cdaxrop
TaKXKe MOXKET BBICTYIATh B POJIU TAKOH OIICHKH.

B ocHoBe mpeanaraeMoro MeToza JISKUT WS MOITAIHOTO pa3OueHus mpo-
CTpaHCTBa NPH3HAKOB. B Hawane mpousBoaurcsi rpydoe pa3OueHue, KOTopoe
MTO3BOJISIET TOIYYUTh MPUOIKEHHYI0 BEpCHIO 3aKOHa ympasieHus. Kak mpa-
BHJIO, 3TO CIIOCOOCTBYET OIPENeNIeHHOMY yIyYIIEHUIO KadecTBa YIPaBICHUS
cucremoit. IIpwm 3TOM YacTOTa pacmo3HaBaHUS PA3IUYHBIX 00Pa30B MOXKET U3-
MEHHUTHCS TI0 CPAaBHCHHIO C YIIPABICHHEM IO CIyYaiHOMY 3aKOHY (OOBIYHO
o0ydYeHHe PUBOIUT K 00Jice YacTOMY MOCEHICHUIO COCTOSHUI ¢ OoJiee BBICO-
KOH omeHKoll kauectsa). MlHorjga Oe3 mpenBapUTENbHOTO O0Y4YEHHS JOCTHKE-
HHE OIpE/ICICHHbIX COCTOSHHUN MPAKTUYECKH HEBO3MOXHO. JTO OOCTOSTENb-
CTBO O3BOJISICT HA/IEATHCS Ha OoJiee ObICTpoe nayibHelIIee 00ydYeHue.

B cooTBeTcTBHE € paccMaTpUBaeMBIM AITOPUTMOM, BCE MHOXKECTBO 00pa30B
OpPTraHU3yeTCs B MEPAPXHUECKYI0 IPEBOBHIHYIO CTPYKTypy. M3HauambHO Bce
MIPOCTPAHCTBO MPU3HAKOB COOTBETCTBYET OHOMY 00pa3y (BImpoueMm, Ipu HeoO-
XOJMMOCTH, MOXHO 3aJaTh JI000e HadapHOe npuommkenue). [lo Mepe oOyude-
HUSI MOXKET IPOMCXOAMTH paszeieHHe HEKOTOphIX 00pa3oB Ha 1Ba u Oojee
Menkux obOpasa. B paccmarprBaeMoii Bepcuu ajaroputMa pasJelieHue Iponu3Bo-
JIUTCS TOJIBKO 10 OJJHOMY U3 IIapaMeTpOB, TO €CTh 00pa3bl COXPaHSIOT hopMy
MHOTOMEPHBIX MPSMOYTOIBbHUKOB. [Ipy pazneneHun oOpasza IPOUCXOAUT POCT
JepeBa: K y3Iy, COOTBETCTBYIOIIEMY pa3zeisieMoMy 00pa3y, T0OaBISIIOTCS 1Ba



ITOTOMKA, COOTBETCTBYIOIINX HOBBIM 00pa3zaM. MHOXKECTBO BCEX JIMCTHEB Jepe-
Ba 00pa3yeT MHOXECTBO aKTHBHBIX Ha TEKYIIHA MOMEHT 00pa3oB. [l kaxmo-
ro o0Opaza HakKarIUBacTCs Kak OOIas CTaTUCTHKA OIICHOK pe3yJbTaToOB JcH-
CTBHI, TaK U OTICIbHAS IS KaXIOT0 M3 JOCTYIHBIX NeiictBuii. MHdopmarmio
00 OIIEHKE pe3yJbTaTa COBEPIICHHS OMPEACICHHOr0 ACHCTBUS MPU HAXOXKIC-
HUHM CHUCTEMbI B COCTOSHHH, COOTBETCTBYIOIIEM OIpe/eicHHOMY 00pasy, Oy-
JIeM Ha3bIBaTh MpaBmioM. Kaxknomy oOpa3y MOMKET COOTBETCTBOBATH CTOJIBKO
MIPaBHJI, CKOJIBKO IEHCTBHI MOXKET COBEPIIUTH areHT B JaHHOW cutyarmu. Of-
HAaKO JUIsI KAKOTO-TO 3 IPABHII MOXET OBITh HEJJOCTATOYHO IMPEUEACHTOB IS
HAaKOIUICHHUSI CTATUCTUKA. JTO MOXKET IMPOU30MTH, ECITH KaKOe-TO ACHCTBHE CO-
BEPIIAIIOCH PEJIKO WM BOOOIIEe HE COBEPIIATIOCH MPH YCIOBUU PACIIO3HABAHHUS
JAHHOTO 00pasa. B 3ToM ciryuae 1 IPUHSATHS PEIICHHUS MOXXET OBITh HCIIOJb-
30BaHO MPABHJIO, COOTBETCTBYIOIIEE BBINIECTOSIIEMY (B aepeBe) oOpasy, To
€CTh TaKOMYy 00pa3y, KOTOPBIH COJNEPKUT paccMaTpUBAeMBbIN JINCTOBOIM 00pa3
KaK 4acTh.

OCHOBHBIMHU TI0J133]]Ta4aMHU, KOTOPBIe HEOOXOAMMO OBLIO PEUIUTh ISl 00ec-
MeYeHusT pabOTHl ANTOPUTMA, SIBIUIHCH CIIOCO0 BBIOOpA MapaMeTpoB pasfelie-
HUS odepenHoro o0pasa, a TakKe CIoco0 OIpeIeeHns TOTOBHOCTH K IIPOBEIe-
HUIO pa3JIesIeHuUs.

Br10op HamnpaBieHus pa3/ielcHUs 03HAYACT BHIOOP MapaMeTpa, o KOTOPOMY
OyZeT npoM3BOIUTHCS OouepeaHoe paszaeiacHue. OCHOBHOM (BakTop, yYuThIBaEC-
MBIH TIPU BBIOOPE Pa3JCICHUs] — MAKCUMAaIbHOC 3HAYCHUE OICHKU pPe3yJibTara
JIEHCTBUH UIA OJHOTO W3 AOYEepPHHUX 00pa30B. UTOOBI BEISIBUTH 3TO 3HAYECHHUE B
mporecce o0ydeHHs, I KaXI0ro Hepas[AesieHHOro eme obpasa (Jmcra gepe-
Ba) CO3MAETCS IO JBa «IIOTCHIIMAIBHBIX» MOTOMKA HA KKABIN mapamerp, pas-
JIENICHHBIE TT0 COOTBETCTBYIOLIEMY TapaMmeTpy. HBIMU cII0BaMH, TPON3BOIAT-
Csl BCE BO3MOJXKHBIC MPEIBAPUTEIILHBIC pasfencHus. s KaX0ro u3 moaydrB-
IINXCS «ITOTCHIIHATBHBIX» 00pa30B HAKAIUIMBACTCS CTATHUCTUKA, aHAJIOTHYHO
TOMY, KaK 3TO Jenaercs IJisl aKTHBHBIX 00pa3oB. Ilpu BeIOOpe HampaBiieHHUs
pa3):[eneHm1 HaAXOAUTCA napa IIOTCHIIMAJIBHBIX HOBBIX o6pa303, OOUH U3 KOTO-
pO¥i COEepKUT MPAaBMIIO C MAKCHMAIBHON (U1 paccMaTpUBaeMOTO aKTHBHOTO
o0pasa) OIeHKO# pe3yibTaTa AecTBus. Ecium BRIOpaHHOE pa3felieHue B UTOTE
MIPOU3BOJUTCS, U pacCMaTpUBaeMble MOTEHIMATBHEIE 00pa3bl MEPEBOIATCA B
pa3psi aKTHUBHBIX, TO YIIOMSHYTOE MPABHIO C MAKCHMAIFHOW OLIEHKOW Oyner
COOTBETCTBOBAThH JyYIllEeMy JUIsl JaHHOrO oOpasa jeiictButo. Ecimu 310 neii-
CTBHE HE COBITJACT C JYYIIUM JCHCTBUEM JUII POMUTEIHCKOTO 00pasa, To 3a-
KOH praBJ’[eHI/ISI CTAHOBUTCS 60]’[66 JCTAaJIbHBIM. ECHI/I Xe J'Iy‘II_[II/IC }IeﬁCTBHﬂ
JUIsl 000MX HOBBIX 00Pa30B COBIAAAIOT C JIyYIIUM ACHCTBUEM ISl UX POAUTEIS,



TO 3aKOH YIPaBJICHUS HE MEHICTCS, OMHAKO YMCHBIIACTCS JAUCIEPCHS OICHKH
pe3ynbTara AeHCTBHS, 9TO CITOCOOCTBYET O0Jiee TOUHOMY NPOTHO3UPOBAHHIO.

Pa3buenue onpeznensercs He TOJIBKO HAlpaBiIeHUEM, HO M BEJIMYMHON Hapa-
METpa, KOTOpasi CTAHET TPAaHUYHOW. DTy BEIMYUHY CICAYCT BBIOMPATh TAKHM
00pa3zoM, 4ToObI ISl 00eHX YacTeit 00pa3a KOJMYECTBO MPELEACHTOB ObLIO 110
BO3MOXHOCTH OJMHAKOBBIM. B MPOTHBHOM cily4ae MOTYT BOSHUKHYTh 00pa3kbl,
CIIMIIKOM PEIKO BO3HUKAIOMIME B IpoIecce padOTHI CHCTEMBI, YTO 3aMeIIeT
ob0yuerne. Kpome Toro, 611M30CTh 9acTOT BOSHUKHOBEHHS 00pa3a jKelarelbHa
TIPH SKCTPATOJISAINH CTATHCTHKU 0000IIAIONIEr0 POAUTENECKOTO 00pa3a Ha ero
ITOTOMKOB (B IIPOTHBHOM CIIy4ae CTAaTHCTHKA ISl pOJUTEIHCKOTO 00pasa Oyaer
OTpakaThb HE YCPEJHEHHYIO CUTYallUIO JUIS €ro 4acTed, a OTBe4aTh JIMIIb Of-
HOW W3 HuX). Jlydire Bcero Iuist mMoydeHus pa30MEHUs Ha paBHBIC (IO YHCITY
NPELe/ICHTOB) YaCTH MOJOIUIO Obl MCIOJIBb30BAHUE MEIUAaHbl 3HAUSHUs pa3jie-
JISIEMOTO IapameTpa Bcex mperneieHToB. OIHAKO MOCTOSHHOE €€ BBIYHCIICHHE
3aTPYIOHHUTENFHO B pekuMe «on-line» oOydenus. IloaTomy Ha mpakTHKe OBLT
npuMeHeH OoJee rpyObIii crioco0. [t Kakaoro mapamerpa U3Ha4ajIbHO CO3/1a-
eTCcS HECKOJIbKO BapHUaHTOB Pa3OMEHHs 10 PacCMaTpPHBacMOMY Mapamerpy ¢
PA3TMYHBIME Pa3IeISIONIMMI 3HAYeHUIMI. [l Ka)KI0T0o BapuaHTa pa3OneHHs
B Iporiecce 00y4eHHs] HaKallJIMBaeTCsl CTAaTUCTUKA. 3aTeM BbIOMpaeTcs Ta mnapa
HOBBIX 00pa30B, y KOTOPOH pacipezeieHe IpeneaeHTOB HauMEHee OTIINYaeT-
cs oT paBHOro. Eciii BApHaHTOB HECKOJILKO, TO BBIOMPAETCS TOT, IIPH KOTOPOM
JIouepHHii 00pa3, cojepalluii MEHbIee KOJIMYECTBO MPELEJEHTOB, HMEET
OOJIBIITYIO0 CPEIHIOI0 OIEHKY KaueCTBa COCTOSHUS CHCTEMBI, YeM TOT, KOTOPBIA
COJEPKUT OOJIbIIIEe KOJINIECTBO MPEIECHTOB. DTO CBA3aHO C IPEATIOJIOKEHH-
€M, 9TO B pe3ylbTare OOydeHHs arceHT Yallle JOJDKCH IMOManaTh B CHTYAIUH C
Ooiee BBICOKOW OICHKOW KadecTBa COCTOSHHS CHCTEMEI, T.€. OXKHIACTCS, YTO
pacrpezeneHue MpeleieHTOB B BEIOPaHHOM pa3/IelIeHMH U3MEHHUTCSI B CTOPOHY
BEIPAaBHUBAHUS.

Jlpyroit OCHOBHO# MOf3amaueii, peluieHre KOTOPOH HEOOXOAUMO TSl YCIIeI-
HOHM paboThI aJropuTMa, sIBJISeTCs BEIOOp criocoba onpeeneHus TOTOBHOCTH K
MpoBeACHHUIO pasneneHus. C 0XHOW CTOPOHBI, MIPH CIUIIKOM MEIJICHHOM TEMIIe
MPOBEACHUS pa3eieHuil mporecc obydeHus Oyzxer 3amematecs. C apyroi
CTOPOHBI, €CITU TEMIT OYJET CIHIIKOM OBICTpPEIA, TO 00y4YeHHEe He OymeT mocIe-
BaTh 32 POCTOM KOJIMYECTBA JcTanel, U IOBEACHUE areHTa MOYKET MIPEeBPAaTUTh-
csl B Xaotuueckoe. KpoMe Toro, npu nocnemnHom npoBeieHUN pasJiesieHus Mo-
BBIIIACTCS MIAHC BRIOOpPA HEMPABHIBHOTO HAIMIPABICHHUS, YTO TAKKE MOXKET OT-
pHLATEIbHO CKa3aThCs Ha KauecTBe yrpasieHus. [losTomy mist onpeneneHus
TOTOBHOCTH K pa3/eJICHUIO HCIOJIB3YEeTCsI MHOXKECTBO Pa3lIMuHbIX (haKTOPOB.
Hanpumep, Hanbonee mpocTIM HEOOXOIUMBIM yCIIOBHEM HpPOBENEHHS pazfe-



JICHUs SBJISETCS HAIMYME Yy 000ouX 0YepHUX 00pa3oB HE MEHEE OIpeeNIeHHO-
ro (AMIUPHUYECKH MMOJA0OPAHHOTO0) KOIMYECTBa MpereneHToB. [Ipu 3ToM mpe-
LIEICHTHl JTOJDKHBI COOTBETCTBOBAaTh XOTS OBl JBYM DPa3jIMYHBIM JEHCTBUSM,
WHaye HeT CMbICIa B yTOYHEHHH oOpa3a. Kpome Toro, mucriepcus oneHKn pe-
3yJIbTATOB JISUCTBUS HE JOJDKHA BO3pacTaTh IIPH YTOUYHEHHH 00pasa, a Jiydlle,
eciM OHa yObIBaeT (4eM cuilbHee OHa yObIBaeT, TeM BEpOsITHEE MPOBEICHUE
paznenenus). [loMmuMo 3TOro, OLEHUBASTCS HAIEKHOCTh BBIOOpa HAIpaBICHHS
paznenenus. Hampumep, ecian 3TOT BBIOOp OCTaeTcs MOCTOSHHBIM B TEUCHHE
OTIPEJIETICHHOT0 KOJMYECTBA MOCIECHNUX IIaroB, TO ITOBBIIIAECTCS BEPOSTHOCTh
TOTO, YTO OH He OBUI IIPOM3BEACH CIIyJaifHO.

3KCHepI/IMeHTI)I H BBIBOIbI
OnucaHHBIN anr OPUTM MTPUMEHSJICA 1A o6yqu1/m yhpaBJICHHUA KOMIIBIOTEP-

HOU ¥ (PU3MYECKON MOJIENIbI0 HAHOCIYTHUKA. BHEIHUN BUI HU3HUYECKON MO-
JIeTI HAaHOCITyTHUKA IpeJICcTaBiIeH Ha Puc. 1.

Puc. 1. dusnueckas aeHCTBYIOMAs MOJIENIb HAHOCITY THHKA.

B 00oux ciydasx 1eiplo CHCTEMBI YIPABICHHS SIBISICTCS CTAaOMIM3aLUs yT-
JIOBOT'O TIOJIOKEHUS CIIyTHHKA B OHOM M3MepeHuu. OLieHKON TEeKyIEero cocTo-
SIHUSL JUTSL TAKOM CHCTEMBI SIBIISICTCS. MAKCUMYM MOJIYJIEH yTIIOBOTO OTKJIOHEHUS
OT LIeNM ¥ YIrIoBoi cKkopocTH. COOTBETCTBEHHO, KPUTEPHEM KauecTBa paboThI
CHCTEMBI SIBJISIETCS. CPEIHSASL BEJIMYMHA ATOHW OLICHKHU 3a ONpPEJeNICHHBIN ITpoMe-
KYTOK BpeMeHH. [ obecnedeHns: ympapiSIFOIIETO BO3ACHCTBHSA CITyTHHUKY
MOXET OBITh COOOIIEHO YTTIOBOE YCKOPEHUE PA3IMYHOMN CHIIBI M HAITPABICHUS.



Ha xaxmoii 13 3TUM MOJIEIIIX MCIIBITHIBAIACH padOTa CHCTEMBI aBTOHOMHOTO
aIalITUBHOTO YIIPABIICHUS KaK C MCIIOJNIE30BAaHUEM, TaK U 0€3 MCIOJIh30BAHUS
OINMCAHHOTO aNropuT™Ma. Bo BTOpoM ciiyyae KaxIblii U3 MapaMeTPOB ObLT pa3-
JlelieH Ha 8 MHTepBajoB. B kauecTBe BXOAHBIX MapamMeTPOB HCIOJIb30BAIUCH
YIJIOBOE OTKJIOHEHHE OT IEJIA U YIIIOBask CKOPOCTh. BBISICHUIIOCH, UTO MPHU HC-
MOJIb30BAHNHU AJTOPUTMA JUHAMUYECKON CErMEHTAIMM MPOCTPAHCTBA MPU3HA-
KOB 00yueHHe MpoucXoauT OsicTpee. B cpennem, ypoens kadectsa 0.9 moctu-
TaJics 32 BIIBOE MEHbIIIEE BPEMs.

B cnenmyromieit cepuu SKCIEPUMEHTOB K IBYM HCITOJB30BABIIUMCS IIPU3HA-
KaM ObUT MOOaBlieH TakkKe HOMEp MPEOBIAYIIET0 COBEPIICHHOTO ICHCTBHS
(3TOT MpU3HAK MOKET OBITH TIOJIE3HBIM ISl YIIPABJICHUS, €CIIU JBUTATEIH CITyT-
HUKa 00JIa1ar0T HHEPIIMOHHOCTRI0). Ha Puc. 2 u Ha Puc. 3. nmpencraBieHs! npu-
Mepbl rpa)UKOB U3MEHECHHUS Ka4yeCTBA PabOThl CUCTEMBI C HCITOJIH30BAHUEM aJl-
ropuUTMa JUHAMUYECKOW CErMEHTAIMU U, COOTBETCTBEHHO 0€3 €ro HCIO0JIb30Ba-
Hus. W3 rpadmkoB BHIHO, YTO KAadecTBO YIPABICHHS NpPU HCIIOIB30BAaHUH
MPEIOKEHHOT0 allTOPUTMAa Bo3pacTaeT OvicTpee. Bpemst oOydeHus npu 3ToM y
00enx crcTeM BBIPOCIO (TI0 CPAaBHEHHUIO CO CIIyYaeM ¢ 2 mapaMeTpaMHu), OTHAKO
y OOBIYHOM CHCTEMBI aJalTHBHOTO YIPABJICHHS OHO BBHIPOCIIO OoJiee 3HAUYH-
TeabHO. B cpenneM ypoBeHb kayectBa 0.9 mocturaiics 3a BTpoe MEHbIIEE Bpe-
Ms1. Pe3ynbTaThl 9KCIEPUMEHTOB MOATBEPKIAIOT 3()(HEeKTHBHOCTL pa3paboTaH-
HOTO aJITOPUTMA.
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Puc. 2. TIpumep rpaduka 06y<IeHus: CHCTEMBI TIPH HUCIOJIB30BAHUH AITOPHUTMA CET-
MEHTAIMH (U1 00yUCHHS UCTIONB3YIOTCS 3 mapamerpa).
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Puc. 3. [Ipumep rpaduka oO0yueHHsI CHCTEMBI 0€3 UCTIONIL30BAHUS ANTOPUTMA CET-
MEHTAIMHU (U1 00yUCHHS UCTIONB3YIOTCS 3 mapamerpa).
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