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AnHomayus
B nmanHo#i paboTe paccMarpuBaeTcsl MOAXOJ K IOCTPOSHHUIO aBTOHOMHOM
aJanTUBHOM CHUCTEMbl YIpPaBICHUS C HCIOJIB30BAHMEM HCKYCCTBEHHBIX
HEHPOHHBIX ceTel Ha MpUMeEpe YIIpaBJIeHUs MOOUIBLHBIM POOOTOM.

BBenenue

B nHacTosmee Bpems Bce yaille BOSHUKAIOT 33/1a4dl YIIPABICHUS MPU OTCYTCTBUU TOYHBIX
MaTeMaTHYecKux Mozenel oobekra ynpasieHus (OY) u okpyxatomieit ero cpeapl. OgHUM U3
MOJIXOJ0B K PEHICHUIO 3TON MPOOJIEeMBbI SBISETCS METOJOJOTHST aBTOHOMHOTO aJalTHBHOTO
yopasieHuss (AAY), paspabGaTeiBaemass B OTHel€ HMMHUTALMOHHBIX cucteM HWHcrutyTta
cucreMHoro nporpammupoBanuss PAH [4, 5]. B nannoii paGotre ocHOBHbIE NpuHIMIBI AAY
WCIIOJI30BaHbl JUIsl TIOCTpOoeHus ympasistonieil cucrembl (YC) MOAENbI0 aBTOHOMHOTO
MOOUJIBHOTO pPOoOOTa, omucaHHOW B [6]. OCHOBHBIM MEXaHHU3MOM, HCIOJNB3YIOMIUMCS IS
peanuzanuu cucteM AAY, SBISIOTCS CETH U3 CIEUUATBHBIX HEHPOIMOAOOHBIX 3JIEMEHTOB. DTH
CHelHaibHble MOAEIN OMOJIOTHYEeCKUX HEHPOHOB CIIOCOOHBI U3MEHATH CBOE (DYHKIIMOHUPOBAHUE
B 3aBUCHUMOCTH OT HaKalUIMBAEMOW MMHU CTATHUCTUKU MO BXOJHBIM BeKTOpaM. biaronmaps cBoei
CIIOCOOHOCTH BBIIETIATH HECITy4aiiHble KOMIIOHEHTHI BO BXOJHBIX JTaHHBIX, CETH Ha 0a3e Takux
HEHPOHOB yIOOHKI aisi peanu3anuu cucteM AAY. OmHako ObUTO0 OBI MOJE3HO HAWTH CIOCOOBI
peanmuzanuun cucteM AAY Takke M Ha OCHOBE «KJIIACCUYECKHX» HMCKYCCTBEHHBIX HEHPOHHBIX
cereir (MHC). OT0 mo3Bonuino 661 unterpuposats meron AAY B chepy MHC, ucnons3zoBats B
cucremax AAY mnone3nble cBoiictBa MHC, mnpusneusr cnenumanucroB no MHC. Ho, k
COXKAJICHUIO, KAaK BBUICHWJIOCH B pe3yJibTaTe JaHHOM paloThl, MOIXOMbI, HCIHOJIb3yeMbIe B
«KJTACCUYECKUX» UCKYCCTBEHHBIX HEMPOHHBIX CETAX, MAJIO IPUMEHUMBI JUISl IOCTPOCHUS CUCTEM
AAY. Tem He MeHee, HEKOTOpBIE pelIeHUsl ObUIM Tody4eHbl. VIMeHHO, B TaHHO# paboTe OblLia
MPEIIPUHSTA MOMBITKA UCTIOIb30BAaHUS TPAIUIIMOHHBIX HEUPOTIOAOOHBIX CETeH IS peann3alnun
cucteM AAY, a TouHee ofHON M3 ee KommoHeHT YC — moncucteMsl (hOpMUpPOBaHHS U
pacrnio3HaBaHusi 00pa3oB. J{Jist aToro OblIa ucnoyib30BaHa pazpadorannas B 1987 r. 'poccoeprom
u Kapnenrepom meopus adanmusnoco pezonanca [1, 2] m ee mpocTelmias peanu3anus,
KOTOPYIO B JIUTEepaType npuHsATo obo3Hayate ART-1.

IIporpamMmmHuas MoJeib MOOWJIBHOTO Po0oTa

Jlnst uccnenoBanusi U JeMOHCTpanuu CBOMCTB YC B KadyecTBE OOBEKTa YIPABJICHHS
BbIOpaHa MpocTeiias mporpaMMHas MOAEIb MOOMIBHOTO poboTa (puc. 1a), mpeacTaBisiomero
co00il TeNexKy C KOJIECHbIM MPUBOAOM U yOpaBIAEMBIMH TMEPEIHUMHU KOJEcamH,
o0OecreunBarONIMMK JIBIDKEHHE 10 Jyre 3aJaHHOro paanyca. PeBepCHBHBIA BHKHUTEIb
oOecrieunBaeT JBIKEHUE MEPEeIHUM M 3aJHUM XOJOM. 3a OJMH TaKT BPEMEHU POOOT MOKET
COBEpIINTh TMEPEIBIKEHUE IO OJHOW u3 6-Th Tpaekrtopuit (puc. 10). Pobor wumeer
WIMHIPUYECKUN KOPIYC U CHA0KEeH BU3yaJIbHBIMH (HaIlpUMep, JIa3€pHBIMHU WK COHAPHBIMH) U
TaKTWIBHBIMU (OammiepHbIMU) naTunkamu (puc la). BusyanbHble AaTYMKU 0OECTIEUMBAIOT



PETUCTpAIMIO TPETSATCTBHI B OJHOM W3 CEKTOPOB 0030pa,

XapaKTCPU3yCMbIX YIJIOM

OTKJIOHEHUsS] OT HAalpaBJICHUS «BIEpPEA» U pacCTOSIHMEM OT Kopiyca pobOota. TakTuiibHBIE
JATYUKU PETUCTPUPYIOT COYIAPEHUS MOAECIIH C MIPENSATCTBUIMM.
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OcHoBHast 3amada, craBuBmasics nepen YC pobora — BbIpabOTKa CTEPEOTHUIIOB

MOBEJICHHUS TPH 00XO0/€ CTAaHIAPTHBIX MPEMATCTBHNA, Pa3MENICHHBIX CIyYailHbIM CIIOCOOOM B
cpene. Pacronoxenue npensTcTBUM MOJ0OpaHO TakuMM 00pa3oM, 4TOoObl poOOT MOI JIErKo
NOTIAIaTh B HOBBIE CHUTYallMH, HO TNPH 3TOM YTOOBI COYJapeHHs] HE MPOHMCXOIMIN CIUIIKOM
penko. M3HaganbHo B YC He 3akiaabIBacTCsl HUKAKUX AlpHOPHBIX 3HAHWM, HU O CaMHX
NPENSTCTBUAX, HA O KaKuX-TH00 mpaBmwiax ux 00xoma. OCHOBBIBAsSCh HA «IMOLMOHAIBHOIN»
OLIEHKE TIOJIOKEHUSI MOJIENM 10 OTHOIIEHUIO K OKpY’Kalolled cpeae B KaXAbl TakT, poOOT
JOJDKEH caM TOHSATh, KaKUM IIOKa3aHUSAM KaKUX JaTYMKOB COOTBETCTBYIOT COYJApeHHUs C
HPENsATCTBUAMU U KaKue JeHCcTBUS HEOOXOIUMO NPEANPUHSTH, YTOOBI X N30€KaTh.

Cucrema ynpasJjeHust

Yupasisromas cuctema (YC) poboTa B JaHHOM padoTe ObUTa OCHOBaHA Ha MPUHITATIAX
AAY u ¢ ucronb30BaHUEM U3BECTHOTO MeTofa reinforcement learning [8]. Ympasistomas
cucreMa OblIa MOCTpOeHAa MAaKCUMAIBLHO HE3aBUCUMO OT KOHKpeTHOro OV 1 cpefbl ero

oOuTaHus.
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B Hauvane kax7oro TakTa ymnpaBieHUs IOKa3aHUs BCeX AATYMKOB IpeoOpa3yroTcs B
OuHapHyI0 GopMy (Harmpumep, Mo MPUHIUITY: «1» 03HAaYaeT, 9TO eCTh MPEMATCTBHE B CEKTOPE,
«0» - uHaue) M OOBENUHSIOTCS B JBOMYHBIA BeKTOp. [loso)keHHE OTHENBHBIX KOMIIOHEHT
JAaHHBIX B 3TOM BEKTOPE HE MMEET 3Ha4eHUsl, Tak kak Y C caMa yuuTcsi HOHUMATh, YTO O3HAYAIOT
T WIM HMHble NaHHble. [lonoOHas OJHOPOAHOCTH JAHHBIX — OJHA U3 3aMEYaTeNIbHBIX 4YepT
onuceiBaeMoro Merona. OHa JieiaeT arOpuT™M pabOThl CUCTEMbI HE3aBUCUMBIM OT CHEUU(DUKA
UCIIOJIb3YEMBIX TaTYMKOB M, B IIEJIOM, OT MPUPO/IbI BXOJHON MH(DOpMAIUH.

[Tony4yeHHbI TakuM cnocoOOM OMHApHBIM MacCHB MOCTYyHAaeT Ha BXOJ IOACHCTEMBI
JUHAMHYECKON KJIACTEpU3alMy U paclo3HaBaHUA. 3ajada dTOW IOJICUCTEMBI 3aKJIIOYacTCs B
00BEIMHEHNN JaHHBIX B KIIACTEPBI Henocpedcmeenno B mpoiecce xxu3Hu OY. B atom cocrout
OPUHIUNHATIBHOE €€ OTIWYME OT OOBIYHO MCIONb3yeMbIX QJITOPUTMOB pEIIeHHs 3ajaad
KJIACTEPU3aLIMK, KOI/1a BCE BO3MOKHBIE BXOJHBIE BEKTOpA IPEIOCTABIAIOTCS cpa3zy. B kauecTse
peanu3aly 3TOH MojacucTeMbl BbIOpaHa HeipononoOHas cetb ART-1. OCHOBHBIE TPUHIIMIIBI
pabotel ART-1 mnonpo6HO omucanbl B [3]. DTa ceTb COIAEPKUT JIBa YPOBHS HEHPOHOB.
CooTBeTCTBYIOIINE APYT APYTy Mapbl HEHPOHOB C PAa3HBIX YPOBHEMH, NMPeICTaBIAIOT OO0 OAUH
KjnacTep. Beca BepxHero cnos conep)kaT HOPMAJIM30BAaHHBIM BEKTOP — yeHmp KIACTepa,
KOTOpbIM MoauduuupyeTcs B mporecce o0ydyeHus. Beca HIKHEro ciost AUCKPETHBI U SIBIISIOT
coboil «xapakmepHvie uepmul» Kiactepa. B mpouecce paboTsl, B cilydae, €Iy MOCTYIUBIIUII
JUISL KJIACTEPU3ALMNA BXOJHOW BEKTOP COIEPKUT HEJOCTATOUHOE YHCIIO XAPAKMEPHLIX Yepm Al
TOr0, YTOOBI OTHECTH €r0 K KaKOoMy-JIMOO M3 YK€ CO3JaHHBIX KiacTepoB, ceTb ART-1 co3maer
HOBBII KJIaCTep, MHULMATIU3UPYS €r0 ITUM BEKTOPOM.

Ha BbIxoze mojcucTemsbl MOTy4yaeTcsi HOMEpP 3aHOBO CO3/aHHOTO WJIM Paclo3HAHHOTO
KJIacTepa. DTOT HOMEP MOXHO Ha3BaTh «obpazomy». Ecnu nannbiit 00pa3 emie He Bcrpedancs YC
panbine, To YC MOXeT BbIOpaTh MPOU3BOJIBLHOE M3 BO3MOXKHBIX 111 OY necTBUl, Tak Kak
YIpaBJIAIONIAs CUCTEMa HE paclojaraeT M3HadyajlbHO HUKAKMMU MpaBWIAMM MoBelaeHusd. Ecnu
KE 00pa3 yKe BCTpeyaycs, TO HEOOXOAUMO MPHUHITh BO BHUMaHUE HAKOIJICHHBIE paHee 3HAHUs
o nectBusAx OY B aHAJIOTMYHOM CUTyalluu M pe3yjbTarax, K KOTOPhIM OHU mpuBenu. JlaHHas
3a/laya pemraercs ¢ IMOMOIIbI0 TOJCUCTEMBI, Ha3biBaeMoW «0a3a 3HaHWit». ba3za 3HaHUU
OCYUIECTBIIIET XPAHEHUE U HCIIOIb30BAHUE «3HAHUL» B BUJAE TPOCK BHUJIA «0Opaz»-«oelcmeauen-
«pezyrbmamy. Huxxe Mbl pacKpoeM 3TH MOHSTHS.

[Tomumo Groka matyrkoB, OY B3aMMOJEHUCTBYET CO CPEOi MOCPEICTBOM aKTyaTOPOB,
koTopblie YC aKTUBU3UPYET CBOMMHU BBIXOJIHBIMU KOMaHJaMU - Oelicmeusamu. B Hamem ciyuae
«JIeHCTBUE» - 3TO OJHO M3 IIECTH BO3MOXHBIX JIBIKEHHUH IJIaTPOPMBI, OCYIIECTBIISIEMBIX
KoJieCHbIM mpuBoAoM. Kak u B ciyyae ¢ paruukamu, YC H3HAYadbHO HE 3HAET, K UYEMY
NPUBOJUT TO WJIM MHOE JIBIKEHHE, M HAaUMHAET MOHUMATh 3TO TOJBKO B Mpollecce O0yudeHUs.
[Tocne coBepmieHuss kakoro-nuOo neictBus, OY oka3piBaeTCsi B HOBOW CHUTYAIlWH.
[IpucyrcrBytomuii B YC anmapaT 3MOIMNA, OCHOBBIBAsCh HAa HOBBIX IMOKAa3aHUSAX JAaTYUKOB,
BBIIaCT MHTETPATbHYIO OILICHKY COCTOSIHHS pOoOOTa Ha TEKYIIM MOMEHT (Hampumep, eciu B
pe3ynbTare MPearpHHITOro JEHCTBUS MPOM3OILIO COYJIAapeHHE C MPemsTCTBUEM, TO 3TO
«IUIOXO0», a €CJIM HEe MPOHU30LUI0, TO «Xopomio»). YC Hu3HAYalbHO TMOHHUMAET, «YTO TaKOe
XOpOIIO, 4YTO TakKoe IIJIOXO0», T. €. MOXET HHTEepIpPEeTHpPOBAaTh ATY OLEHKY, Ha3bIBAEMYIO
«pe3yrbmamomy» OCyUIECTBICHHOTO NEHUCTBUSA. B 3TOM M COCTOUT OCHOBHOW MPHHIIUI PaOOTHI:
uMes B 06a3e 3HaHMM JIJIs1 KaKOTO-JIM00 pacro3HaHHOTo oOpa3a (O; 3alKucH O TOM, YTO ICUCTBHE A
NpHUBEII0 K COyJIapeHuto, a neictBue A, He mpuBeno, YC yxe ob6magaer HEOOXOIUMBIMU
3HAHUSAMU IS TOTO, YTOOBI OOOMTH MPEMNATCTBHE, IMOMNaBiee B rmose 3peHus OVY.

Takum o0OpasoMm, B mpomecce xu3Hu OV pemraercs 3aada MaKCUMHU3ALUN
SMOILIMOHAIBHON OIICHKH, 4YTO CIIOCOOCTBYET PEUICHHIO TIOOAIBHBIX 3a/ad 6bloicusanus (B
HAIlIeM ciyuae, 9To u3beranue coynapenuii) OY u naxonienus: 3SHaHul.



IHosry4yeHHBbIE pe3yabTaThI

st rectupoBanust YC Oblla UCTIONB30BaHA MOJEIHPYIONIAasi CUCTEMa Ha 0a3e MoJeNn
MoOmibHOro podota «I'Hom Ne 8» [6, 7]. Huxe Ha rpaduke mpenctaBieHO U3MEHEHUE YHCIIA
CTOJIKHOBEHUW M KOJIMYECTBA HOBBIX 3HAHWW B eauHuIly Bpemenu (3a 5000 TtakToB, T. €.,
HalpuMep, YUCIIO CTOJKHOBEHHMH B IPOLIEHTaX OT YMCJIa TakTOB). Takum o00pa3oM, MOXKHO
BUJIETh, YTO YUCJIO coyAapeHuil ¢ 2,5% B HauanbHBINA NEpUOA KU3HU poboTa nagaet 10 0,1 % B
nporiecce o0yuyeHus. I'paduk konruecTBa mproOPETEHHBIX HOBBIX 3HAHUI 3a T€ K€ MPOMEXYTKU
BpPEMEHU TIOBTOPSET rpaduK COydapeHHid. ITO MPOUCXOIUT, HAIPUMED, U3-3a TOTO, YTO YHCIIO
COyJapeHUN MOXKET YBEIMUYUTHCS, KOrAa poOOT IMOMajeT B HEUCCIIENOBAHHBIH MM J0 3TOrO
YYacTOK KapThl, TJ€ BCTPETUTCS C HOBBIMH CHUTYAIlUSIMH, JICHCTBOBAaTh B KOTOPHIX OH €IIe HE
o0yueH, U «METOAOM MpoOd M OWMOOK» MOJYYUT HOBbIE 3Hanud. HO Tak Kak NpensiTCTBUA
paccTaBiieHbI B POCTPAHCTBE OJTHOPOHO, TO 95% BCEX CBOUX 3HAHUL POOOT MOTYyYaeT B CAMOM
Havase.
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Ydcno NpolaeHHbIX TakToE (B 5000)

[lo HWXHEH OCH OTJIOXKEHO YHUCIO MpOoWJeHHBIX TakToB B Macmrabe 1 : 5000. ITo
BEPTHKAIM — TPOLEHT CTOJIKHOBEHHMH (YEPHBIM) U YJAENBHOE YHCIO HOBBIX NMPHOOPETEHHBIX
3HaHUH (HWKHUH rpaduk).

3akJaoueHmne

Takum 00pa3oM, TPOJEMOHCTPHPOBAHA BO3MOXHOCTh O0O0yueHHUs U 3(PPeKTHBHOTO
ynpasieHuss OV, ¢ YC cKOHCTpyHMpOBaHHOM 10 ONUCAaHHBIM IpUHIMIAM. [IpuBeneHHbIN 31€ch
pe3yJbTaT  IMOKa3bIBa€T PabOTOCMOCOOHOCTh  MPEIOKEHHON  Meromoioruu. CBONCTBO
HE3aBUCHMOCTH QJITOPUTMA OT CEMAHTUKHM BXOJHBIX U BBIXOJHBIX IapaMETPOB JOJIKHO
o0ecrevynTh ero MPUMEHUMOCTh K PELIEHUIO0 CaMbIX pa3luyHbIX 3a1ad. Paznuuneie YC OyayT
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OTJINYATBHCS TOJBKO peau3alMen «yyumesnsay - anmapara SMOLUUN, KOTOPBIN BBICTABIISIET OLICHKU
neictBusam OVY. [l 3TOro, KOHEUHO, OLEHKH JOJIKHBI COOTBETCTBOBATh CeMaHmMUKe BXOIHBIX
JTAHHBIX.

Ho, B T0 e Bpems, nokaszana cioxHocts npumeHenns MHC npu pemennn 3agaua AAY.
B knaccuueckom Buzae ang ucnonb3zoBanus MHC HeoOxomuma mnpouenypa oOyueHus Ha
3aJaHHOM Ha0ope BXOJHBIX BEKTOPOB, 4YTO IPOTUBOPEUUT YCJIOBUIO aJalNTHUBHOCTH. B
onucanHoit YC st peanuzanuu 0J10Ka paclio3HaBaHUsI M KiacTepuzanuu ynomsHyton Y C Obu1o
NPEANPUHATO HECKOJBKO OTCTYIUIEHHH OT kiaccuueckol momenn ART-1. Ilomumo 3toro,
ocTajbHble KOMIOHEHTH! Y C, Takue Kak, Harpumep, 6a3za 3HaHHM, ObUIN peain30BaHbl IPOCTHIM
QITOPUTMUYECKUM criocoOoM. HampaBnenuem nanpHeHIuX ucciegoBaHUM MOXKET CTaTh MOUCK
Oonee yHUBepcabHOTO 3(PPeKkTUBHOrO ™ UW3SAMHOrO crocoba mnpumenenus HNHC mns
peanuzauuu Meroga AAY.
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