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PACTIPAIIOVKA AIKPBITATA IIPATPAMHATA 3ABECIITYDOHHA
MOJIYJbHAMN IVIAT®OPMBI 1JI51 KAHCTPYSIBAHHS I KIPABAHHSI
HABYYAJIbHA-JIACJIETYBIMI POBATATIXHIYTHBIMI ATIAPATAMI
10.C. Temssiv’, B.C. Komyxl, P.A. Hpaxanoaiql, V.A. CLItIoj?l, CJL I.”e:pacro*ra2
| AG’ srmam®! iHCTHITYT npabiem indapmarsiki HAH Benapyci, MiHckK;
2TIA «Jlaknamupis Pamsnni» i maprai robotics.by, Misck, Benapych

Pasenedaicansi NeIMaHHI CEAPIHHS. NpazpamMHaza 3a6ecnaydHHs 0151 HABYYANbHA-0aC-
neduwix pobamamaxnivneix anapamay. Ilprieeosens RPBIKNAObL YIICbIEAHHS 0A03EHbIX anapa-
may Ons mICMasarHs i A0RAOKi aneapbimmay i npazpamHa-anapamnbix PAUWIHHAY, Y Ky AKIX
cicmama cinma3y Maynens, an2apeimmbl 6bI3HAUIHHS POPMbL nepaukoObl, an2apbimmul Kipa-
ganHs pobamam Ha Gaze wimyyHau HelipoHasail cemKi, anzapeimmusl OblCnem4apckazq Kipa-
8aHHA pobamam.

VBoa3iEbl

BrikapsicTanHe po6aTaTIXHiKi ¥ HEMPaMBICIOBBIX cepax ganaBedail J3eHHACII HACITY-
JbLTa IITYPUIKOM JUISL PasBilllld HOBBIX TalliH inapMaIbIfHBIX TOXHAJIOTiH, Xa JKY AKIX
MOYHA aJHeCIli pacTasHaBaHHe MayleHHs i 3pOKaBBIX CIOH, xipaBaHHe po6GATATIXHITHEIMI
npbuiazami mpa3s JHT3pHOT, a TaKcama BhlIaieHae saxoyBaHHe 6a3 Jan3eHbIx i 6a3 Benay aa
cicroM KipaBamHs poGarami. I'9ThIM Tiymadsmia y aroINHI Yac 3allikayieHacub CAIpon
HaBYKOBBIX YCTaHOY 1 mepanaBbIX imxpIHepHa-TOXHIYHEIX BHY na IBICHBIIIIH Aaj3eHara
npodins. Pa3Binng Takix HempambICIOBBIX HaKipyHKay y poOaTaToXHilbl SK SKCTPIMAIBHEL,
copBicHBIA i XaTHis poGaThl naTpabyoub He TOJbKI HOBBIX TAIBIXOMIAY M@ iX MpaeKTaBaHHs i
KipaBaHHs, ajie i CTBApIHHS CyJacHaH HABYKOBa-ajlyKaubiiHaif 6ass1 [1].

AZIHBIM 3 DAIISHHAY, IPE3BAHBIX MATOYHII HEAAXON HaByJalbHA-IBIIAKThIMHAr Ma-
TOPBIATY, BBICTYIIA¢ BBIKAPBICTAHHE § HaBY9aslbHBIX { HaBYKOBBIX M3Tax MajarabapbITHBIX
mabinsabIx pobaray (MP). Jlamsens: sbibap ObIy 3po6iIeHBI 12 MPLIYBIHE Taro, IITO 601B-
macip iCHYIOUBIX y30pay HelpambIC/IoBal pobaraToxHiki Bamojae QyHKIBIHH TepaMsI-
yoHHS, KapblcHAl Harpyskai s sKix 3'ayIonua Bi[9aKaMepsl, MaHIIyJIATaphl, PO3HBIA
JATYBIKI.

V jakiajze amicBaeIna IPaekT Ia CTBAPIHHI ajIKpbITara rparpaMaara Ko Uit Mozy-
JIbHAH TparpamMHa-anmapaTHail 11aTGopMbl, TpEI3HAYAHAN JUIA JacieJaBaHHAy y pobacii
pobaTaTsxHiKi, BEIKApBICTAHHS § HAaBYJANBHBIM IpalpCe CTyIoHTaY iHKBIHEPHA-TIXHIYHBIX
BHY, y mkomax i UPHTpaX TOXHIYHAH TBOpYacli i T. I., a TaKcama IJii KipaBaHHS
MayarabaphITHBIMI HaByYaIbHa-aceTdbMi pobaTami.

AcHoYHas M3Ta IIpanaHaBaHara IpaekTa Ia CTBApIHHI aJKphITara nparpamMHara xoza —
5T He TOJbKI ab'sTHAHHE BHICIIKaY CHeIBILIicTay 3 PO3HBIX ablaciel, ane i IpBIATHEHHE
psuTikara JIKy KapBICTATbHIKay, sKif amHadacoa Oymylpb BBHICTYNalb He TOJNBK] SIK
CIaKBIYIBL, e i sk TocThipoymrasiki. [Ilnaxam KAHIPHTpAIBI BsUTiKaM KOIBKacI 3auikay-
JeHBIX GAKOY 3 PO3HBIM y3POYHEM HAIPBIXTOYKI 1 YIaCHBIM HabopaM MacTayIeHBIX MOT, aJle
sIKist TIpaIyionb Haj| NaJLIINIPHHEM aJHAro M>yHara nparpaMHa-anaparHara BeIpaba, MApKY-
el JACATHEHHE CTaHOydYara cinopriusara s¢exry. TakiM dbHAaM, acabiBas ¥Bara ¥ mparmna-
HABAHBIM IpaeKile Hajaella caMacTodHaH [paKTbIYHAH Mpalbl KaHYaTKOBBIX CTIXBIYIIOY
(cTymPHTaY, HABYUSHIAY i T. IL.).
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1. AXKphITasi pacnpanoyka nparpaMuara 3abecnsranus naarpbIMKi TIXHAJIOTIH
pobaTaTiXHIKi

Y pacmparo¥usl HparpaMHara 3a0eCISYsHHS MaITPBIMKI TAXHAJIOTIN pobaraTaxHiki
Ba)KHEIS HE TONBKi 713 1 BBICOKis BBIHIKI Ha BeIXan3e, ale i JaCTyIHACHb PacHpanoyki s
MakciManTpHa BSUTiKali KoNbKacli KapelcTanbHikay. [lni ratara Obula aOpaHa Majdib
JBICTPHIOYIIBI 3BIXOIHBIX KipaBaJbHBIX KONay [y MOXyJIbHAM pobararaxHivHaii mIaTGopMBl,
3BIXOMBAUBI 3 JHIPH3I1, siKkas GblIa pacmpanasaHas y MacadyceukiM iHCTEITYIle TOXHAJIOTIH
[2]. Jlansensl mameIxol AasBaise MAlIBIPHIIs Ha YBECH CBET BBIKAPHICTAHHE MNparpamMHbIX
Kojay, fKisx pacmpaioyBaionna 0e3 aOMexaBaHHAY Yy BBIVIAI3E abaBsA3KOBbIX BBHLIAT
npaBayIajanbHikaM IITaK xKa SK i ayTapsl [aJ3eHara parpamMHara 3a0eCITI9HHS BEI3BAICHbI
aJl ajKasHacili ¥ BBHIIAAKY 3asdy Ia I1a30BaX KaMIICHCABAHHS MIKOJBL. Psnasitopsrii xoza i
TOCTABBI TIPHIKIAAHH] 3HAXOA3SIUA HA CIEHBLTI3aBaHbIM CEPBEPEI xammnanii Google [3],
GonbI manpabs3Hae amicaHHe pacnpauoyki yrpemviisaenua ¥ [4]. Taxim 9bIHaM, 3'gyasenna
MArYbMacipb IpPbIIATHEHHS JAacBeIYaHbIX KaphICTaTbHIKAY y PaclupanoyKy HOBBIX pobaray i
Ia YlacKaHaNeHHS HasyHeIX poGaray i ToXHajorilf ix KipaBaHHf, a Takcama CyMecHara
y3aemai3essHHs ¥ ayTAHOMHBIM PIXKBbIME.

2. IlpaeKT HaByYa bHA-Jacaeq9ara Mabitbaara podara

IIpaekT HaByuanpHa-gacieqyara MP rpyHTyemua Ha igpaioril ajkpsIrara nparpamMsa-
amapaTHara 3a0eclsudHHS i YKmodae Tphl KaMIIAHEHTHI: allapaTHyIo mwiarhopMy, sKas
Mamrabyera, nparpamHae 3a0eclfusHHE i IHTIPHIT-CYNONbHACID KaphICTATbHIKAY 3
PO3HBIM Y3pOYHEM Ia4yaTKoBall NapHIXTOYKi, a TaKcaMa po3HbIMi MOTaMi i 3a7adami (mMai. 1).

IHdbapmaLbIiHbIA pacypChbl

KapeicTanpHiki 3BIXOIHBIA
KOIBI

% @ \ ﬁ . Pacnpauoyiybiki

%@<___> o ) L

o
2 3
g7 g

Mau. 1. Cxema y3aeMa[3esHHS pacnpanoyurdbikay i KapbicTanbHikay yHiBepcabHali m1aTGpopMbl

Cxemsl Yaprsnksl

AnapaTHas miatdopma, siKas BHIKapeICTOYBaenua, ysayusie caboro Habop crenssIi3aBa-
HBIX A/HATLIATHBIX MiKpaKaHTPOJEPHEIX MOIYIAY 3 CicTaMall yHiBepCalbHBIX iHTOpdeHcay.
BaszaBel MOZYIh, SKi poanisye acHOYHBIA (QYHKIBI NepaMANTIddHHSA i xipaBaHHS XaJaBo#
wiardopmait MP, BeKaHaubl § BBINIILA3e acoOHal 1 QyHKIbITHATHHA 3aBepIIaHay IUIaThL
[Inara yxmouae ¥ cs6e MiKpakaHTpOJIep, IIOPT CHATYISHHS 3 {HIIBIMI MOIYJIAMI, Pa3abIM JULA
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MaJKTIOYsHHS OecrpaBajHOra CeTKapara MajdMa i MajamaryTHbl JpaiBep KaleKTapHBIX
snekTpapyxasikoy. Ilepanidansii snmeMeHTHl 6asaBara MOZYJA IaJarolb KapBICTATBHIKY
MiHiMaTbHa HeaGXoXHbI Habop cpojKay st KipaBaHHs XazaBoi margopmait MP.

IparpaMuae 3abecITasHHe cKiIaxaena 3 6i6misToki 11 MiKpaKaHTPOJIEPHBIX MOy JISTY
i mopary mparpam s IepcaHanbHara Kami'lorapa, HeaOXOIHBIX UL NparpaMaBaHHS i
KipaBanus MP.

BakHYIO POTIO TIaTdac KaHCTPYSIBAHHS i aUTa/Ki IpICTacaBaHHsy Ha 6ase miaTopMBI,
sKas pacmparoyBaenia, Mae cerka IHTOpHIT, sikas aJKphiBae JOCTYII 1a aIoIIHIX Bepcil mmpa-
rpamMuara 3a6eCIsSUSHHS, CXeM i 4JapisDkoy. Y BBIHIKY ¥ pacIpaioyibl MOTyllb HpbIMalb
yI3€en yce 3allikayieHb KapbICTaIbHiKi [HTOpHATY.

3. BrikapbicTanHe YHiBepcaabHAal 11aTGOPMBI 11 TICTABAHHS i angnanki
ajJrapbirMay

[Taxa3anas nmparpamHa-anaparTHas Iutargopma Oblia BBIKaphICTaHa JUIS IKCICPBIMEH-
TajbHAra JaciefaBaHHsA PO3HBIX airapbiTMay y nabaparopblix «MajasiBaHne camaapragisa-
BATBHBIX CicToM» i «PacTasHaBaHHS i1 CIHTI3y MayieHHs» AG'siHaHara iHCTBITyTa MpadieMm
indapmarsiki HAH Benapyci. Y npsiBaTHACII Ha sie aCHOBE OBIY pacIparaBaHbl JKCIIEpbIMEH-
TagbHBl [IMATKAMIAHEHTHHl KOMIUIEKC i KipaBanHs MP, nphiHaYaHbM - JUId
(yHKIbIIHABAHHS ¥ YanaBedbM acAPOIA3l ¥ ayTaMaThdHBIM PIKBIME i mag KipaBaHHEM
ameparapa (Mai. 2).

Ha Gopue pobara 6By ycTansBaHbl iH(GPaYBIPBOHBI BHIMSPATBHIK naneybtHi Sharp
2Y0A21 i cepBanpsiBaj, sKi KpyLillb BRIMSPaIbHIK TaNedblHi ¥ rapbI3aHTanbHal TIocKacti ¥
memasone aj —39 ma +39 rpamycay 3 ApickpaTHacmo 1,5 rpamyca. 3anadait pobara GbuIO
pacrasHaBaHHe (OPMBI TEpAmKOAbl 3 Janamoraif CKaHasanbHara iHQpadbIpBOHAra
BHIMAPAJIbHIKA JAIeublHi, 4 TaKcaMa aryuBaHHe CBAiX N3eSHHAY 3 JaramMoradl JByXMOyHara
ciHT33aTapy MayiaeHHs ma Takeue [5, 7, 8].

st epaBonty iHdpapmanteli, arpsiManaif ax pobara ¥ TokcTasail hopme, y MayIeHIyo
BHIKAPHICTOYBAIONIIA 1(BA KAMITAHEHTHI, 3aCHABAHBIA HA CiHTI3aTapax MayJICHHA Na TIKCLE Ha
Genapyckaif i pyckai Mmosax. Jlai3eHBI KAMIAHEHTHI pIai3aBaHbl ¥ SIKacIli 1HIIBIX
NaKIOYATbHEIX MOXYIsy. Y BBIHIKY Takora MAfKIIOYSHHSA Ja CICTOMBI CiHT33aTapay
MayJIeHHS Ia TOKCIE KApHICTANIBHIK aTphIMIIiBac ary4aHyio iHpapMaubIio aj pobara mpa
I9YHBI pacra3HaHb! a0'eKT.

TaKcTaBsI Ipanpcap Haibonsm MaxbidikaBaycs I aryqBaHHs [aBeJaMICHHAY al MP
KaphICTaTbHiKy, [l Aro GbUTI alpalaBaHbl IUIAriHEL, AKif Ja3BaIOLb apanoyBalb TIKCT y
HACTYIIHA MACISIOYHACI: aYbICTKA TIKCTY, LASHTHIIKAIEI i anpaloyka [aBeaMICHHAY al
MP, nepayTBapsmHe 3Hakay (aGpaBifTyp, CKapausHHSY, Jikay 1 iHOL), paccTaHOyKa
CJIABECHBIX HAIliCKay i rpaMaThIYHBIX IPEIKMET clIoBagopmay.

Y arynpHBIM BBINAAKY IUIATIH iXoHTHI(IKAIBI NaBelaMJICHHIY plarye Ha IaqyarkOBBIT
*Robot ON* i kamuarkoBeii *Robot OFF* macismoyHacmi 3Hakay. Y ifoHThI(iKaBaHBIM
(dparmenIe mIariH-ampanoymIYEIK 3HAXON3INb NAcIANOYHACIH 3HaKay *object type:. Tem
ab'ekTa éH Tepakianae ma YOyIaBaHBIM CIOYHIKY MardbIMbIX NaBeJaMICHHAY 3 yHyTpaHai
MAIIBIHHAN MOBEI poGaTa Ha HaTypaIbHYI0 MOBY KaphicTambHika. Hanpeiknaz, ciHTa3aTapam
Genapyckara MayaeHHs @a TOKCIE IIa YBAaXOmHBIM panky *object_type: circle* Oymze
sreHepaBaHBl apdarpadiuEbl TOKCT «Iepaja MHOK 3HAaXofsiuua mpagMer y BBINIAA3E
aKpyxHacmi» (Man. 2, a).

Jlaneit niepaTBOPaHBI TAKCT IACTYTIA€ HA YBAXOABI [IPACAJIBITHATA, 4 3aThIM (aHETHIHA-
ra mparpcapay. Y BBIHIKy Ipalbl IpacasldHara najnpanscapa TIKCT Naj3suiselia Ha CiHTa-
I'MBI, AaKIPHTHBIA aJ3iHKi, 3aTbIM Ha 3JIEMEHTHl aKIPHTHBIX an3iHaxk: I1HTaHaIbIAHAE
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mpaj’sapo, sApo i 3asapo. I Hapamme, y anmaBenHacli 3 6a3zail JaJ3eHBIX NMpacaibIdHBIX
«mapTpaTay» ciHTarMay mpacabdHBI Manrnpanscap ycTaHayniBae I MOYHara CiTHaITy
3HAUSHHI AMILUTITYIEL, Tpansriacii paneM i actary acHOyHara TOHY IULL KOXKHAra 2JIEMEHTA
AKLPHTHBIX aJ31HaK.

AKYCTBIYHEI TIpal3cap Ha acHoBe iHapmalbll mpa Toe, sKis HeaOxoIHa CIHTI3aBallb
amadoHBl 1 fKiA IIpacaIblYHbLA XapaKTaphICTBIKI IaBiHHBI OBIIE TpBITiCaHBl  KOKHAMY
anaoHy, reHepye MayJIeHdbl CIrHaj LLIIXaM KaMITUIAIBI afp33Kay HaTypajbHBIX IYKaBBIX
XBaTh anmaBenHbIX ataponay i mymereidonay. TakiM delHAM, yBaXOIHBI TIKCT niepayTBoO-
phillna Y MayIeHdbl CirHan (Mai. 2, 0).

1

a) 6)
Mau. 2. ®yHKibIAHaBaHHe pobaTa, abcTaiiBaHara BBIMApaTbHIKaM JanedblHi:
@) NpalpC BEI3HAYSHHS (OPMBI IEPaIIKOIbL; 6) byHKIBIAHABaHHE pobara 3 cicToMal CiHT33y MayneHHs

Ha namseHaif mnargopMme CTaBilicsd KCIEPBIMEHTHI M aJanTBIyHBIM KipaBaHHI MP
Tpa3 HeWpaKaHTPOJIEp, SKi CKIaJaelia 3 A3BI0X MITyIHbIX HEMpOHABBIX CETaK ThHITY IBYHa-
KipaBaHAs acalbIATHIYHAS TAMSAIb, pala SKiX IMYIHOena 3 JarnaMmorai HasyHara Ha Ijaie
8-6iTHara mMikpakanTposiepa (Man. 3). [lakasanas HelipaceTKaBas cicTamMa KipaBaHHS 3[0JbHA
TIpaaBamb y TPOX PIXKBIMAX: PyIHBIM, aY TaMaThIHBIM i mayayramaTsraHEM [6].

a) 6)

Man. 3. 3HeiHi BEITIAA pacnipanaBaHara MabinbHara pobaraTaxHiyHara anapary:
a) an3in ca criocaGay pasMsAIIY3HHA Ha Gopue po6ara coHCApHBIX 1aT4bIKay 1 MysibTa KipaBaHHs;
6) amicaHHe MpbI3HAYSHHA KHOTIAK MyJIbTa KipaBaHHs
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AcHoVYHas GyHKIBL pydHOTa PIKBIMY CKIIafaena y TbIM, MTO KapbICTATBHIKI, 5Kl HE
BATOIAIONb BeIaMi i HABBIKAMi IIparpaMaBaHHs MiKpaKaHTpOJepay, 3HOJBHEI CaMacTOWHA
HaBYYHIIb cicToMy Kipasarss MP pyxamna i ab's3oKaib IEpamiKoIbl NaBoaIe CBEIYaHHAY
yCTAIABAHBIX Ha ST0 G0pIle COHCAPHBIX IATYbIKaY.

V ayTamMaThIYHBIM pIKbIME amicaHbl MP 3707BHEI Iepamslrdamua mia MSICIIOBAcCIl 3
Jamamoraif 3aramss 3aKiaj3eHara airapblTMy pyXy 1 HaBydalllla HOBBIM BBUIBAM, SIKist
Ja3BANAIONG a0’S3DKAlb PO3HBIA THIIBI TEPAIIKOM, HE YIIiyaHbil IIPBI NEPIIANavyaTKOBBIM
HaBy4aHHi. Jla/3eHas ymacuiBacib jacsraenia I35SKyo4bl BEIKAPLICTAHHIO paclpalasaHara
afanThHIYHAra HefpaceTkasara kiacipikarapa, sKi He TOJNBKI Ja3Baiie BbI3HA4alb HOBAC
CTaHOBimMYa, ane i YTphIMIiBae iH(apMamblo Ipa Crocabbl aamaBeAHBIX 3BapOTHBIX
I3ESHHAY, SKis TpafyXiJIsSionb CyTHIKHEHHE.

V nayayTaMaTIgHBIM PKBIME 3 JallaMorail IbICTaHLbIHHAra KipaBaHHs KapBICTATBHIK
310JIbHEI YHOCIIb TanpayKi § anrapbiT™ pyxy.

JI3sKyrodsl Tamy ITo IuiardopMa, skad paclparoysaelua, Mae CponKi Ui CyBsi3l 3
NepcaHaNbHBIM KaMmIl'joTapaM 3 Jamamoradl OecrpaBamgHOM cerki Wi-Fi, sHa Moxa Obllb
NMakTan3eHa Y acHOBY CiCTOM JbICTaHUBIHHAI NpEICyTHACH] (Mall. 4). ACHOYHae NpbISHAYIHHE
Namo6HBIX CICTOM — MaHITOPBIHT XKBUTBIX 1 BEITBOPYBIX MAMSIIKAHHSY, BRIKAHAHHE GbyHKUBIH
axoyHali i makapHail CirHaTi3aIbl.

Maut. 4. MaGinbHbl pobart mwist CicToM ABICTAHIbINHAH MPbICY THACKL

IIIsIpoKa pacmayCioKaHbls § HAIll 9ac CiCTIMBI aX0yHa-NaxapHai CirHami3aIbl Yy Iaronb
cab0l0 KOMILTEKC CTANBLHADHA YCTANMBAHBIX [aTUbIKay HA ACHOBE PO3HBIX IPHIHIBIIAY
mResHHA. AHAK iX aryIbHBIM HeJaxomaM 3'syiieria abMe)xaBaHaclb 30HbI KaHTPOJIO, IITO HE
JasBasie aTpeIMAIh ab'eKTBIYHYI0 iH(bapMmaublo mpa CTaH ycsro ab'eKTa, 3a SKIM BsI3€ILa
KAHTPONb. IIpbl T3THIM IABENiUdHHE iX JiKy He 3ayCENml IPBIBOM3ING Ja IIaBBIIDHHI
sdexTrIyHacHi Ycéi cicTambl. Tamy mamseHsl poOar fasBaiie NaIlbIPBIIb 30HY KaHTPAIABAHHA
UIIXaM YCTANEYKI CICTIMBI TOXHIYHATA 3DOKY Lii TANIEKaMephl Ha MaOLIBHYIO wiathopmy.

3ak/II04Y3HHE

V naknazse amicBaella nparpaMHa-anaparsas wiatdopma, skas Moxa Oblllb BEIKaphIC-
TaHa ¥ aJyKampli i HaByKOBa-1acieqdblx mpaektaX. [IppiBoasinua mspar IIPBIKJIafay BBIKaphl-

292



CTaHHA JaJ3eHall IIaTGOPMBI [UIS TOCTABAHHS 1 aIIajKi PO3HBIX ajrapeiT™May KipaBaHHS po-
Oatami, anparoyki CIHCAPHBIX Na3E€HBIX, CYBSI3i.

Ilpana BelkaHaHa Hpel maaTpeMisl BPO®]], gamosa No ®13K-144 «Pacmpanoyka i
JlaciielaBaHHE alrapbITMay MaBOM3IH CTAfiHBIX pobaray Juis IMOIIyKaBa-aciemdsIX Mparp
(2013-2015 rr.), mamoBa Ne ®120B-053 «Pacmparioyka KaMII’}OTapHail CICTOMBI MyJIBTHI-
rajiacaBora CiHT33y MayneHHs na Takene» (2012-2014 rr.).
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