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32iono naxazy Minicmepcmea oceimu i nayku Ykpainu
10.10.2022 Ne 894 >rcyprany npuceocni kamezopii "'b" i3 icmopii ma

apxeonocii (cneuianvnicms - 032 Icmopia ma apxeonozia) ma

neoazoziku (cneuianvuicmy - 011 Oceimui, nedazoziuni nayku)

KATEFOPIS 3ziono nakazy Minicmepcmea oceimu i Hayku YKpainu 6io
23.12.2022 Ne 1166 scypuany npuceoena kamezopia b 3 ¢pinonozit
(cneuianvnicms - 035 ¢hinonozia).

JKypran suoaemocsi 3a niompumku Incmumynry ginocoghii ma coyionoeii Hayionanenor axademii nayk Asepbaidoicamy, pomaocekoi naykogoi opeanizayii
«Bceyxpaincvka acoyiayis nedazo2is i NCUxon02ig 3 QYX08HO-MOPAIbHO0 GUXOBAHHS) M SPOMAACHKOI HAYKOBOT opeanizayii « Beeykpainceka acamones:
OOKMOPIE HAYK 3 0ePICABHO20 YNPAGIIHHAY

JKypran nyOnikye naykosi po3eioku 3 meopemuynux ma npukiaonux dcnekmie giionoeii, coyionoeii, nayxku npo océimy, icmopii, apxeonoeii, d, maxooic,
KYIbNIYPOI0RIT M MUCEYBOZHABCINGA 3 MENOIO iX 6NPOBAOJICEH s Y CYUACHUTI HAYKOBO-OCBITHIM npocmip.
Linvosa ayoumopis: eueni, Aine6icmu, 1imepamyposHasyi, nepexiaoadi, MUCmeyso3HAGYl, KYIbMmypo3Haeyi, Ne0azoau, coyionoau, ICmopuKiu, apxeonoau, d,
makoorc, inuli paxisyi 3 pisHuX cgep ACUMmeOisanbHOCMI CYCNITbCMBd, Oe 3HAXOOUMb 3ACHOCYSAHHS MEMAMUKA HAYKOBO2O JHCYPHATY.

JKypHan BKrOUeHO 10 MiXKHAPOAHOI HayKomeTpudHOi 6a3u Index Copernicus (IC),
Research Bible, mixkuapoaHoi nomrykooi cucremu Google Scholar.

woex @ commicss (Google [B;

Tonosnuii peoaxmop: I'ypko Onena Bacunisna - noKTop QiNojoriyHuX Hayk, npodecop,
3aBimyBauy kadedpu aHrJilcbkoi MOBM Ajia HedutonoriyHux crnenjaibHocTed JIHIMpOBCHKOrO
HallioHaJbHOTO YHiBepcuTeTy iMeHi Onecs ["onuapa, (J{Hinpo, YkpaiHa).

Peoakuiiina konezia:

-+ Anekcanaposa (Bepba) Oxcana OnekcaHapiBHa — JOKTOP MHCTEHTBO3HABCTBA, AOUEHT, mpodecop xadeapu Teopii My3uku XapKiBCHKOTO

HauioHaTbHOTO YHiBepeuTety imeHi 1. I1. Kotnspescbkoro, (Xapkis, Ykpaina)

Adonin Enyapn AHApPIOBHY - TOKTOP COLIONOTIYHNX HAYK, TTpodecop, 3acmyKeHuit Tisa Hayku i TexHikn Ykpaiam, (Kuis, Ykpaina)

BynaroB Banepiit AHaTonmiffioBid - cTapimiii BUKIanay kadeapy Q3aiiHy YKpaiHCHKOr0 I'yMaHITapHOTO iHCTHTYTY, WICH CIIUTKM Au3aitHepiB YKpaiHu

Bakynuk Ipuna [BaniBHa - kaHauaar (UIONIOTIYHMX HAYK, NOLEHT, NOLEHT Kadenpu jKypHATICTHMKM Ta MOBHOI KoMyHikauii HauionanbHOro

yHiBepcuTety Giopecypci i mpupogokopuctyBanns Ykpainu (Kuis, Ykpaina)

* Bosomenko Mapuna OnekcanapiBHa - KaHOWIAT NEIAroridHuX HaykK, IOLEHT Kadenpu mncuxonorii ta couiansHoi pobot JlepiaBHOro
yuisepeutery "Ojecbka Lonitexuika" (Ojeca, Ykpaina)

-+ BykonoBa Karepuna BosogumupiBHa — KaHauaar (GUIONOTiYHMX HayK, IOUEHT kadenpu poMaHo-repMaHchkoi ijiosiorii Ta nepeknamy
BinouepkiBchkoro HamioHanpHOTro arpapHoro yHaieepcutety (Bima llepkBa, YkpaiHa), aoueHT JIHIMPOBCHKOTO BIAMIICHHS HEHTPY HAyKOBHX
JIOCIIIIKEHb Ta BUKJIAJaHHs iHo3eMHUX MoB HanionanbHoi akanemii Hayk Ykpainu, JJHinpo, Ykpaina (Juinpo, Ykpaina)

* TonoBuss Amna BacuiiBHa - KaHamaaT (igojoridHMX Hayk, OOLEHT, AOLEHT kadeapu aHrimiiicekoi dimonorii i mepeknaay HarionamsHoro
aBianiitHoro yniBepcurery (KuiB, Ykpaina)

-+ Icaiikina Onena JIMHUTpiBHA - KaHAMJAT ICTOPUYHMX HAYK, JOLEHT, AOUCHT Kadeapu icTopii Ta AJOKyMEHTO3HaBCTBA HallioHanpHOro apiauiitHOro
yHiBepcuTety, wien Crijiku kpaesnasuiB Ykpainu (Kuis, Ykpaina)

+  Konmukosa Onena OnekcanjipiBua - Kanauaar QGuiosioriyunux Hayk, JOUEHT, JIOIeHT Kadeapu ryMaHitapuux JMCimIUiig JlyHaicbkoro iHCTUTyTY
HauionaneHoro yHisepeutety "Onecbka Mopebka akanemis" (Ozeca, Ykpaina)

* Korenpuuupkuii Hazap AHATOMMOBHY - KaHAWIAT iCTOPMYHMX HAyK, JOLEHT Kadeapu mpaBa YepHIriBCLKOro iHCTHTYTY iH(opMalii, Oi3Hecy Ta
mpaBa MXHApOJZHOTO HAYKOBO - TEXHIYHOTO YHIBEpPCUTETY iMeHi akanemika FOpis Byras, wieH - kopecnoHneHT LIeHTpy yKpaiHChKUX HOCIIIKEHb
Tactutyty Cponu PAH (YepHiris, Ykpaina)

-+ Komerap Vnsna llerpiBHa - KaHAMAAT ICTOPUYHMX HAYK, JAOLEHT, AOUEHT Kadeapu YKpaiHChbKOI MOBHM Ta KynbTypu HauioHaabHOro aBiauifiHOro
yHisepcutery (Kuis, Ykpaina)
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Kypum Haranist KoCTAHTUHIBHA — KaHAMAAT NEAAroriyHuX HAyK, 3aCTYMHHUK AMPEKTOPA 3 HAYKOBO-HABYAIBHOI POOOTH, [HCTHTYT Mic/IsAMIIOMHOT
nezxarorivnoi ocsitn YepHiBenpkoi ooutacti (UepHiBwi, Ykpaina)

JIunrBap Onbra MukonaiBHa - KaHAMAT (IMOJOTIYHUX HAyK, DOLUEHT Kadeapu aHrmiiicekoi ¢inororii i mepexnagy HauioHambHOTO aBiariitHoro
yHiBepcutety (Kuis, Ykpaina)

JlutBuHcbka Ceitnana BitaniiBHa - kaHauaatr (UIOJIOrIYHUX HAyK, HOLEHT, 3aBijyBad Kadeapud yKpaiHCbKOI MOBHM Ta KyJbTypH HamioHaabHOro
asiauiitnoro ynisepcurery, (Kuis, Yxpaina)

Mariitunn Ipuna McTucnaBiBHa — KaHAMIAT MHCTCUTBO3HABCTBA, IOLEHT, JOLEHT Kadeapu METOIMKH MY3MYHOTO BHXOBAHHS i JIMPHUIYBaHHS
HaB4ajibHO-HAYKOBOrO IHCTUTYTY MY3M4HOrO MuCTeNTBa J[pOroOMIBKOro JIepkaBHOIO I€JarorivHoro yHiBepcurtery imeHi IBana ®panka
(porobuy, Ykpaina)

Marsiur Onbra IBaHiBHA - JOKTOP MEAarorivHux Hayk, mpodecop, mpodecop kadeapu anredpu i METOAMKH HABYAHHSA MATEMATHKH BiHHHUIBKOTO
JIepKaBHOTO TIeIaroriqHoro yHiBepcureTy imeni Muxaiiina Koro6uncekoro (Binauus, Ykpaina)

Maupko Birtaniii TlerpoBuu - moktop inonoriuaux Hayk, mpodecop, mpodecop kadeapu yKpaiHCbKOi MOBH Ta JiTepaTypd XMeIbHHIBKOT
I'yMaHITapHO-IIearorivnoi akagemii (XMenbHUIbKIHN, YKpaina)

Muxaitnenko JIro6oB denopiBHa - JOKTOP MEAArorivHUX HAyK, AOIEHT, JOLEHT Kadeapu anreOpy i METOAMKKM HABYaHHS MAaTeMaTHKH BiHHUIIEKOTO
JIepIKABHOTO MeIarorivHoro yuiepeutery imeni Muxaitna Korrouneskoro (Binnus, Ykpaina)

Muxaneuyk Poman IOpifioBud - KaHauIaT ICTOPUYHMX HAyK, OOLEHT, JOUEHT Kadeapu BCECBITHBOI icTOpii PIBHEHCHKOTO IEpIKaBHOTO
rymanitaproro yHieepcurery (PiBHe, Ykpaina)

Mistok Bikropis AHaToJiiiBHA — KaHJM/JaT MEaroriyHux Hayk, JOLEHT, JiekaH (GakyJIbTeTy yIpaBlIiHHs, aJAMiHICTPYBaHHS Ta iHdopMaliiHoi
JSUTBHOCTI [3MaiNIbChKOT0 JI€PXKAaBHOTO IyMaHiTapHOro yHiBepcuTety (I3main, Ykpaina)

Mimenko Ipuna IBaHiBHA - KaHAMIAT MUCTCLTBO3HABCTBA, JOLEHT, 3acCIy)KCHUN NpAIiBHUK KyJIbTypH Ykpainu, wieH HauioHambHOI CHiIKK
XyOKHUKIB YKpaiHH, TOLEHT KadeapH MICTELTBO3HABYOI ekcriepTr3n HanioHambHol akaneMmii kepiBHUX KaJpiB Kynetypu i mucteuts (Kuis, Ykpaina)
HikonmaeB Mukona Lty - AOKTOp ICTOpUYHHMX Hayk, mpodecop kadeapu icTopii HA METOAMKH il HaBYaHHSA [3MaiNbCBKOrO ACPIKABHOTO
rymasitaproro yuieepcutety (Oneca, Ykpaina)

Ocoga Oubra OsiekciiBHa - JIOKTOP TeJIarorivHnx Hayk, npodecop, nmpodecop kadeapu iHozemHoi ¢inosnorii KomyHansHOTo 3akiaiy « XapKiBcbka
ryMaHitapHo-Tiearoriuia akaaemis» Xapkiecbkoi o0acHoi pauu (Xapkis, Ykpaita)

Ianiuyk FOpiit [BaHOBMY — KaHIMAAT MENArOTiYHMX HAYK, JOLEHT KadeApy MEIMLIMHH KaracTpo() Ta BiCBKOBOI MEIMLMHH BYKOBUHCHKOTO
JIepyKaBHOTO MEIMYHOTO YHiBepeuTeTy (UepHiBLi, YKpaiHa)

Iorenko Jlrogmuna OnekcaHapiBHA - KaHaupaar (iIojOriyHUX Hayk, AOLEHT, AUpektop Yepkacbkoro iH(OpMawUiiiHO-y400BOr0O TPEHIHIOBOIO
ueHtpy HarionansHoro yHiBepeuTeTy «Onechka FOpHIMYHA aKageMis», TOueHT Kadeapu iHozemMHux MoB HY «OFOAy, unenkuus LIeHTpY
YKPaiHCBKOT0-€BPONEHCHKOro HayKoBOTo criBpoOiTHHLTBA (Oneca, Ykpaina)

TIpucsoxatok  Onexcii MuKoMailoBMY - KaHAWAAT ICTOPUYHMX HayK, MOLEHT Kadeapu BCECBITHBOI icTopii Ta Metomonorii Hayku /[I3
«TTiBIeHHOYKpATHCHbKHMIA HalliOHAMBHII Menaroriuanit yHiepeutet imeni K. JT. Yinuucekoro» (Omeca, Ykpaina)

TIpokornoBuy Jlaga BanepiiBna - goktop ¢inocodebkux Hayk, mpodecop kadenpu kymsryposorii ta dimocodii kymnsrypu HarioHansHOro
yHiBepcuteTy «Onechbka nojitexHika» (Omeca, Ykpaina)

PobGak Irop FOpiitoBiu - JOKTOP iCTOPUUHHUX HAyK, mpodecop, 3aBinyBad KadeApH CYCHiIbHUX HayK XapKiBCBKOTO HAiOHAIBHOTO MEIMYHOTO
yHiBepeuTtety (Xapkis, Ykpaina)

Pynenko IOmisi AnaToniiBHa - JOKTOp MEJAaroridHUX HAyK, MOLEHT, IOUEHT Kadempu Teopii 1 METOAMKM AOWIKINBHOT ocBiTH JI3
"TTiBIeHHOYKpaiHChbKKIi HAIlIOHATBHU MEAaroriYHMid YHIBEPCUTET IMEHI K. yumHcbkoro (Oneca, YkpaiHa)

Cupopenko Cepriit IBaHOBHY - KaHauaaT (GiMoNOTIYHMX HAyk, MOIEHT, 3aBiayBad kadexpu aHrmiiicbkoi dimomorii i mepexknany HarionamsHoro
asiauiiinoro yuisepcutety (Kuis, Ykpaina)

Ciukapenko ['annna ['eHHaniiBHA - JOKTOP ICTOPHMYHMX HAyK, JOLEHT, mpodecop kadeapw IOKYMEHTO3HABCTBA Ta iHGOPMALIHHOI AisUTBHOCTI
Jlep:kaBHOTO YHIBEpCHTETY TelaekoMyHikauii (Kuis, Ykpaina)

Crusp Ipuna OnexcanapiBHa - KaHIUAAT (UTONOTIMHIX HAyK, JOLEHT, JOLEHT kadeapy ykpaiHChKoi (inosorii, foLeHT kadeapu CBITOBOI jtiteparypu
TopmiBCBHKOTO iHCTHTYTY iHO3eMHNX MOB JIBH3 JlonOackkuit [lepykaBHUiA MeAaroriuHmii yHiBEpCUTET, MOCTAOKTOPaHT( M. JIHinpo, YkpaiHi)

CrenanoBa Haranis MuxaiiniBHa - kaHauaat (inoco()cbKuX HayK, MOLEHT, JOLEHT Kaeapu MOUIKITBHOI OCBITH, 3aCTYNMHMK 3 Hayku aupektopa HHI
TIeIAroriuHOT OCBITH, COMIAMLHOI POGOTH 1 MUCTeITTRa UepkachKoro HAIlIOHATBEHOTO YHiBepeHTeTY iMeHi Bormana Xmensuutbkoro (Uepkacy, Yipaita)
Crparynar Haramis BiktopiBHa, kaHauaar (iIONOriYHUX HayK, HOLEHT, mpodecop kadeapu mpasHuuoi jiHreictuky HauionaneHOI akamemii
BHYTpILHIX crpas, (Kuis , Ykpaina)

CynpyH Bonogmmup MukomaiioBud — HOKTOp inosnoriysux Hayk, HoueHt, mpodecop xadeapu >KypHATICTUKE Ta yKPAiHO3HABCTBA HarioHATBHOTO
YHIBEPCUTETY BOJHOTO TOCMOAPCTBA Ta MPUPOAOKOpUCTYBaHH: (PiBHE, YKpaiHa)

Tenexkina Onecst OnekcanapiBHa - JOKTOP (IIONOrYHUX HAyK (CrewianbHicTh "Ykpaincbka MoBa"), JOLEHT, npodecop Kadeaps MOBHOI MiArOTOBKH,
MEAAroriky Ta McUXosiorii XapKiBChKOTro HALlIOHATBHOTO YHIBEPCHTETY MICBKOro rocriogapetea imeni O. M. Bekerora, (Xapkis, Ykpaina)

Tonouko Ceitnana BikTopiBHA — JOKTOp TeJAroTivHUX Hayk, mpodecop, TONOBHUIM HAYKOBHiT CMiBPOOITHHK Jabopatopii MO3amKiIBHOI OCBITH
TuctuTyTy IpoGieM BuxoBaHHS HartioHamsHOI akameMii meaarorivaux Hayk Yipainu (Kuie, Ykpaina)

Xutposcoka IOnist BajieHTHHIBHA - JIOKTOP iCTOPHYHUX HayK, npodecop, mpodecop kadeapu ictopii hakyasrery cowiosnorii i npapa HatioHansHOro
TEXHIYHOTO yHIBepcuTeTy YKpainu « KuiBchkuit nonitexaiunuii inctutyT iMmeHi Irops Cikopeskoroy (Kuis, Ykpaina)

®denoroBa Okcana OseriBHa - AOKTOP ICTOPMYHMX HAYK, CTaplInii HAyKoBHi cmiBpoOiTHHK, mpodecop kadeapu IHOOpMALIHHOI AisIBHOCTI
MapiynoabehKkoro epskaBHOro yHiBepeuteTy (Kuie, Ykpaina)

UikappkoBa Mapist FOpiieHa - moktop ¢dinocodebknx Hayk (cmen. "dimocodis xymeTypu"), mpodecop kadeapu dimocodii Ta KyabTyposorii
YepHiBebKOTO HaIOHATBEHOTO YHIBepuTeTY iMeHi FOpis denpkosuya (YepHiBii, Ykpaina)

Iannpa Hatamis AHapiiBHA - KaHIWAAT TCHArOTIYHMX HAyK, DOUCHT Kadeaph iHO3eMHHX MOB [UIS MpUpOAHWYNX (hakynereTiB JIBBIBCHKOTO
HaLIOHAJILHOTO YHiBepcuTeTy iMeHi IBana ®dpanka (JIbBiB, YKpaina)

Iepens Inna IleTpiBHA - KaHAMOAT COLIOJOTIYHMX HAyK, MONEHT, IOLEHT Kadeapu MIKHAPOAHHX BITHOCHH KHIiBCHKOrO HalliOHAanIbHOTO
VHIBEPCUTETY KyabTypu | Muctents (Kuis, Ykpaina)

Illepemer Ineca BosomumupiBHA - KaHIMAAT MEAArorivHUX HAyK, JOLEHT, AOLEHT Kadeapyn MeANKOOIONOTIYHMX Ta BANICOJOTIYHIX OCHOB OXOPOHH
SKHTTA 1 300poB’ st HatioHaneHOro negaroriqHoro yHisepeuteTy im. M. T1. JlparomanoBa (KuiB, Ykpaina)

ITonoron Jlinist IBaHiBHA - JOKTOP ICTOPHYHMX HAyK, TOUCHT, mpodecop kadeapu ictopii LlenTpansHoi Ta CXigHOl €BPONH 1 crieiabHIX Tamy3eit
icTopryHO1 Hayku ITpHKapmaTchbkoro HalioHAIBHOTO YHiBepeuTeTy iMeHi Bacms Ctedannka (IBaHo-PpaHKiBCbK, Ykpaina)

Illep6ak Onena BomoaumupiBHa - KaHguaaT (UIONOTIYHMX HAyK, CTapiuMii BHKIazad kadeapu MPUKIaaHOi JIHrBiCTHKH HamioHaibHOro
yHiBepcuTeTy kopabneOyayBanHs iMeHi aamipana Makaposa (Mukosais, Ykpaina)

SaxoBuu Onekcanapa IBaHiBHA - JOKTOP MEAAroriyHuMX Hayk, mpodecop, 3aBiayBad kadeapu MeAarorikv i METOAMKHM MOYaTKOBOI Ta JOMIKLIBHOT
ocBiTH TepHOMINBCHKOrO HALIOHAIBHOTO MEeJarorivHoOro yHiBepeuTeTy iMeHi Bonoaumupa I'narioka (TepHomink, YkpaiHa)

sIpocia CHPHUK - TOIEHT Kadeapy eTHOMOTIT Ta Ky IbTYpPHOI aHTpomosIorii BporpaBeskoro yHiBepentety (Bporrtas, TTombima)
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Hecymb asmopu.
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INFORMATION TECHNOLOGY FOR BUILDING
BEHAVIORAL MODELS OF MULTIAGENT ROBOTECHNICAL
SYSTEMS

Abstract. This work has the goal to derive a set of tasks and
systematize methodologies suitable for solving those tasks in the course of
developing a united theoretical basis for modeling multi-agent robotic systems
(MARS). It features the character of a reflection experiment, the subject of
which 1s gradually becoming the need for such systems, the required
technological solutions and the optimal way of implementing such systems
using the example of a chosen task. Thus, we shall examine the existing
problems that can be solved through the implementation of these systems,
their current methods of solutions and the alternative that will appear due to
MARS. We shall also describe both the existing theoretical developments
within the discipline, optimal for introducing into the future production
process, and the recommended areas for research with indications of specific
points by either using inclinometric techniques, or introducing methods of
cognitive intelligence, and with references to specific works specialists who
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have a good understanding of these issues. We shall present the data of our
own theoretical developments taking into account international experience and
the synthesis of related disciplines, which are the derivation of the doctrine for
standardizing MARS, when used in real space conditions, for tasks on
resolving crises related to the life and limb risks. Both the recommendations
for the hardware and the mathematical, and the software parts of the approach
to the implementation of such systems will be provided, with indicating the
strengths and weaknesses of the chosen methods, such as emphasis on a
centralized agent management system, communication protocols, required
sensor equipment, etc. Based on the results of this observation, we shall
develop the direction for further activities on the standardization of the MARS
models.

Keywords: multi-agent system, multi-agent robotic system, cognitive
intelligence, centralized approach, behavioral model.
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THO®OPMAIIIHA TEXHOJIOI'IA ITOBY 10BU
HOBEJAIHKOBUX MOAEJIEM MYJIbTHATI'EHTHUX
POBOTOTEXHIYHUX CUCTEM

AHoranisi. lana ctarts mMae Ha MeTi BHUBECTHM KOMIUJIEKC 3aBIaHb i
CHUCTeMaTH3yBaT METOAOJOrI, MpUAATHI Ui BUPILIEHHS WX 3aBJIaHb B XO7i
pPO3pOOKH €aUHOT TeopeTWdHOi 0a3u JIT MOJETIOBaHHS MYJbTUAreHTHUX
poborotexniunux cucreM (MARS). Bona mae xapakrep pediekcruBHOTO
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eKCIIepUMEHTY, TPEIMETOM SIKOTO TIOCTYIIOBO CTa€ ToTpeda B TaKUX
cucTeMaxX, HeOOXiHI TEeXHOJIOTiYHI PpillleHHs Ta ONTUMAIBHUN IIUISIX
pearmizaiii TakMxX CHCTEM Ha TpUKIani oOpaHoi 3amavi. TakuM 4YWHOM, MU
pPO3TJISTHEMO iCHYIOYiI MpoOieMH, SKi MOXYTh OyTH BHpIlIeHI 3aBIsSKd
BIIPOBA/DKCHHIO ITUX CHUCTEM, ICHYIOYI METOOM iX BHUPINICHHS Ta
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S = anbTEepHATUBY, sika 3'sBUTbCA 3aBasku MARS. Mu Takox onumemo sk
-g-"g ICHYIOUl TEOpETUYHI HalpalfOBaHHS B paMKaX JAUCUMUIUIIHU, ONTUMAJIbHI JJIs
o
as BIIPOBAPKCHHS] B MaWOYTHIM BUpPOOHWYHME TIpollec, Tak i pPEeKOMEHJIIOBaHi
—
= HampsIMKA ~ JIOCHIDKEHb 13 3a3HAUCHHSIM KOHKPETHUX TOYOK abo 3

BUKOPHUCTAHHSAM 1HKJIIHOMETPUYHUX METOJUK, a00 3 BIPOBAKEHHSIM METO/IiB
KOTHITUBHOTO I1HTEJEKTY, a TaKoXX 3 TMOCHJIaHHSAMM Ha KOHKpPETHI poboTu
¢axiBIIiB, SKi 100pe po3yMitOThCS Ha MX MUTAaHHSIX. HaBegemo naHi BiacHUX
TEOPETUYHUX PO3pOOOK 3 ypaxyBaHHSIM MiXKHAPOTHOTO JOCBiy Ta CHHTE3Y
CYMDKHUX JTUCITUTLIIH, SIKI € TIOXITHUMH BiJ TOKTpUHU cTanaaptu3amii MARS,
MIPY BUKOPWCTaHHI B peajbHUX KOCMIYHHUX YMOBaXx, JUIS 3a/1ad 3 BHPIMICHHS
KPU30BHUX CUTYyalliil, MOB'SI3aHUX 3 PU3MKOM AJI KUTTS Ta 370POB'S JIOAEH.
BynyTh HagaH1 pexomMeHalll OA0 anapaTHOI, MaTeMaTUYHOI Ta MPOTrPaMHOL
YacTHH MIAXOAY A0 peasizallii TaKuX CHCTeM i3 3a3HAUYeHHSM CWJIBHHUX Ta
cnabKuX CTOpIH OOpaHMX METOJIB, TaKMX SK aKIEHT Ha IEHTpaji3oBaHil
CUCTEMI YIIpaBIIiHHS areHTaMu, MPOTOKOJIaX 3B'sI3Ky, HEOOXiJHOMY CEHCOPHOMY
obnmagHaHHI TomO. Ha OCHOBI pe3ynbTaTiB IBOTO CIIOCTEpEKEHHS Oyne
pO3p00JIeHO HAmpsAMOK MOJAIBINOI AISUTBHOCTI 31 cTaHAapTuU3allii Mopenei
MARS.

Kuarw4yoBi cioBa: MmylbTHareHTHa cHUcTeMa, MyJbTHAareHTHa poOOTo-
TEXHIYHa CHCTeMa, KOTHITUBHWM I1HTEJIEKT, IIeHTpaIi30BaHUil IiJXij,
[IOBEIIHKOBA MOJIEb.

Introduction. The term “agent” is found almost universally when it
comes to scientific or applied disciplines. Just as the methods of these kinds of
disciplines are different, the meaning of the term “agent” also differs in them,
except for the following points: the ability to react to environmental factors,
the possibility of influence that effects on the environment, the possibility of
interaction with other agents. This basis has also migrated to the agent-
oriented approach to programming, where it was supplemented by the
specifics determined by this discipline. Applying an agent-based approach is
the next logical step in the development of robotics, explained by the
continuity of this discipline in cybernetics and computer science. Which, after
some manipulations, can be represented in the form of the Lacanian
transformation of the virtual into the real, but in the applied sense of the term.
A number of restrictions caused by environmental properties, both known and
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hidden, both conditional and unconditional, must accompany any similar
transition. This leads to a narrowing of the range of methods for implementing
this approach. This way, in our case, from the environment where the only
limitation 1s time, we move into the real world with real problems. The latter
fact is quite often, omitted to please theoretical speculation, but if the project
is really needed, the following factors will have to be faced: the task itself, the
qualifications of the operators, the threats to the environment, the physical
laws, orientation in an incomplete prception of the environment, critical
situations, breakdowns, dimensionality of devices, etc., which for the most
part rests on the current level of available technologies.
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Fig. 1. Block diagram of the MARS agent

Multi-agent systems is the direction of artificial intelligence for solving
a complex problem, which uses systems consisting of many interacting agents.
This area of artificial intelligence is actively developing and is currently still
in its infancy. In multi-agent systems, the whole range of tasks, according to
certain rules, is distributed among all agents, each of which is considered a
member of an organization or group. Distribution of tasks means assigning
each agent a role, the complexity of which is determined based on the
capabilities of the agent. It is known that a multi-agent robotic system
(MARS) can be considered as one of the options for implementing a multi-
agent system (MAS) model, so that each robot agent has the known properties
of agents in aggregate [1]. The control systems of such complex structures
should ensure the adaptability of robotic devices to the range of tasks to be
solved, the coordination of the development of motion paths, etc. Therefore,
an urgent issue is to increase the adaptive properties of the control system of
complex robotechnical structures (CRS). In order to provide for the full
functioning of such systems, it is necessary to improve the information
support of the control system. Thus, it is proposed the development of special
information technology that integrates into the robotic complex, and is
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designed to perform automation tasks aimed at improving the efficiency of the
operation of the CRS. Such information technology allows automating the
process of constructing behavioral models of a multi-agent system, based on
the use of the principles of centralization of analysis and control processes, as
a component of virtual simulation (Fig. 2).
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Fig. 2. Block diagram of the MARS agent management system

Analysis of the latest research and publications. To sum it up, in the
information technology under development, it is pro-posed to place the central
control unit (CCU) on the remote server, and conduct strategic planning inside
a virtual environment that simulates the real space (strategic level). This
approach is appropriate when performing tasks in an environment with high
volume of conducted research, for example, if there are virtualized building
plans with all the indicators (escape routes, material characteristics, weak and
strong structural elements). Therefore, based on the initial global formation of
the suggested environment and the feedback system with agent robots, the
system allows building up dynamically a virtual space identical to a real one,
and form an algorithm for solving a crisis. The CCU, owing to its high
capacities, can produce an algorithm for solving a problem at a faster pace. On
the other hand, if a non-standard solution is required, requiring a heuristic
approach, it is possible to work out with the maximum speed the necessary
number of simulations to obtain a solution close to optimal, even before a
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direct empirical experiment in the area [2]. Primary training of a neural
network may be insufficient, which means that it is necessary to introduce
adaptive mechanisms and tools of dynamic field training. This subsequently
means that the latest communication technologies [3] and synchronization of
real space simulation with these protocols will be required.

The aim of the research is to derive a set of tasks and systematize
suitable methodologies for solving them during the development of a united
theoretical basis for modeling multi-agent robotic systems (MARS).

Presentation of the main material of the scientific research. To begin
with, let us determine the spectrum of problems, which require us to focus our
attention. At each conditional moment, a certain set of tasks is formed whose
solutions have not yet been formed, and solutions that do not lose their
relevance for already known problems are regular constructs. The convenience
of the latter is explained only by habit. That is to say, it is necessary to deal
with uncertainty, and the same is true for tradition, although the latter is an
obviously losing option, which generates the need for a compromise. As an
example, let us consider several options for the possible implementation of a
robotic system, but it is necessary to remember that the specifics of the multi-
agent approach implies the use of group robotics technology, i.e. it endows
machines with a certain degree of autonomy:

1. A system replacing a person or a group of people in a workplace with
a low degree of responsibility;

2. A system replacing a person/group of people in a workplace with a
high degree of risk and threat to the life and limb of an individual;

3. A system designed to work in extreme conditions, that replaces a
remote operator;

4. A system that mimics/interacts with a person ensuring that workplace
safety with a high degree of risk/error.

The first case is insignificant due to the availability of ready-made
(effective and safe) solutions and the reaction factor of the society. The second
case is decided by the transition to the third, otherwise it is faced with public
distrust. The third here is complicated even from an ethical point of view,
since it implies the abolition of a workplace that requires the highest level of
qualification and narrow preparedness. In addition, the third case implies the
presence of crises, the solutions to which can only be found empirically, i.e. it
becomes necessary to give the machine time to learn with actual damage, or to
back it up with the same specialist. These options are extremely generalized
and abstracted from many specific branches of human activity, but they are by
far the most common. The fourth, however, implies a kind of synthesis
between the skills that are certainly qualified by workers in industries such as:
army, police, rescue services, medicine, heavy raw materials production, etc.;
and capacities that a robotic device owns by definition. It is the one worth
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considering in the first place. For convenience, hereinafter, a similar system
will be referred to as autonomous robotic toolset (ARTS). The next step is to
determine the level of centralization, dictated by the specifics of this task. In
practice, it is preferable to consider centralized and decentralized approaches
1n robotics not as closed doctrines, but as directions of a bi-directional scale,
where our position depends on the weight of the criteria that we are
considering. Thus, the tendency toward miniaturization, which rests on the
plateau of microprocessor development, requires a more centralized approach,
since it leads to a decrease in the computing power of an individual agent. The
mechanical simplicity of the task contributes to the unification and methods of
basic group interaction, which allows a large degree of decentralization. In our
case, we also have a staff of qualified employees who can interact with
complex computer systems, which allows us to take the risk and transfer a
significant part of the high-level data processing to a certain central control
unit (CCU). Such a solution imposes great requirements on communication
systems between agents, but also enables virtual modeling of the environment
and the progress of tasks, which minimizes the number of “in the field” errors.
The released useful volume inside the design of the physical agent should be
used to install sensors that are more effective and means of quick (reactive)
response to threats, both for the robot and for people in the immediate vicinity.
Therefore, in this case, the model is more prone to centralization, which makes
it possible to reduce the cost of production and facilitate the repair of robots,
which is useful, given the specifics of the crises in the sectors described above.
We will adhere to this direction further. Thus, we propose the development of
a special information technology that is integrated into a robotic complex to
perform automation tasks and increase the efficiency of its functioning, by
constructing behavioral MAS using the principles of centralization of analysis
and control processes as components of virtual simulation. Centralized
management strategies involve concentrating the entire multitude of command
and control functions in a single unit, which ensures the planning and
coordination of the appropriate actions of the elements of the agent group in
solving common applied problems. The appropriate structure of the
centralized control system should provide for two-way communication
channels between the command and control body and each of the
robotechnical devices. Among the main advantages of centralized
management systems, it is worth to include a significant reduction in the
functional load on ordinary members of the group, when many important and
inherently complex issues, such as:

1. Analysis of the set applied task;

2. Collection, organising and interpretation of data on the peculiarities
of the current situation, working environment and the state of the external
environment;
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3. Planning appropriate actions and monitoring their implementation by
specific performers are purposeful transfer to the command and control unit.

To organize the task distribution process in multi-agent systems, either a
distributed problem solving system or decentralized artificial intelligence is
created. In our version, the process of decomposition of the global problem
and the in-verse process of composition of the solutions found are controlled
by a single center". At the same time, a multi-agent system is designed strictly
from top to bottom, based on the roles defined for agents and the results of
dividing the global task into sub-tasks. MARS (Figure 3) can be considered as
one of the options for implementing multi-agent systems (MAS), and,
therefore, each robot agent must feature the following properties:

1. activity, ability to organize and implement actions; reactivity, ability
to perceive the state of the environment;

2. autonomy and relative independence from the environment;
sociability de-rived from the need to solve its own problems together with
other agents and is provided by developed communication protocols;

3. purposefulness, which provides for the availability of own sources of
motivation.
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In the framework of this research, a variant of a multi-agent robotic sys-
tem (MARS) is described, consisting of units, that is, many identical agents.
Each agent is a combination of hardware and software components. The
hardware component measures the parameters of the external environment
with sensors, which provides the possibility of in fencing the environment,
control-ling executive devices and the possibility of "communication" between
agents. The software performs the tasks of: analyzing input signals from
sensors, as well as building an external world model, making decisions,
generating control signals and data transfer packets. Turning to the specifics,
we need to choose a separate case for the implementation of such MARS.
Here we will consider a system that helps the Rescue Service employees to
resolve crises in high-rise buildings, where the number of floors makes re
hoses and ladders ineffective, given their maximum length, as well as other
difficulties arising from non-standard solutions. In such a situation, the
solution to which we consider a swarm of robots, the capabilities of the
Rescue Service employees are significantly expanded. United robotic units are
capable of carrying equipment, and, if necessary, can be combined into rigid
structures (preventing collapses, bridges, stairs, ramps and even makeshift
tunnels that protect against re and debris).

All this can significantly reduce mortality, both among victims and
employees of the res-cue service. When the task is formed, it is divided into
subtasks (tactical level) for each group of robots. The subtasks are dynamic in
nature, and they largely depend on the local space model that has developed in
real time based on the sensor data of each agent, and is designed to operate on
circumstances. At this stage, the distribution of tasks of navigation and
manipulation of agent effectors occurs. At this level, it is necessary to increase
the coefficient of autonomy. The need for reaction capabilities, in terms of
constructing/restructuring the routes, or the order of interactions between
agents and objects of the environment, implies the necessity for the use of
modern solutions of artificial intelligence [4]. This necessity grows with
increasing complexity of the terrain and the number of tasks that the system
operator sets.

The critical situations for which it is being prepared carry enormous
demands on the multitasking load of agent groups by default, which can cause
con icts in the protocols of their own communication channels separate from
the direct control signal. This will require field-testing and development of the
current doctrines of multi-agent communications [5]. Moreover, the first
versions of such systems must be created with extensive consulting support
from professionals in the industries in which they will be involved. This is an
absolute necessity, but it implements the human factor (or rather, a narrow
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area of personal experience of a particular specialist) in the preparation of
machines that are expected to manifest universality in the approach to
completing tasks. In addition, to implement such a module, it is necessary to
have integrated software, both at the level of a command center and an
individual agent, which would perform soft calculations, and a set of non-
standard sensors for such systems containing inclinometric devices with high
accuracy and data collection speed. The question of organizing the reaction
behavior of an individual agent (reactive level) remains open. It is assumed
that the agent’s optimal correct execution of the task is always under threat,
both external (mechanical obstacles, immediate threats, etc.) and internal
(error in navigation, damage to the unit itself, etc.).

These factors necessitate a certain level of agent autonomy, which
requires the implementation of a lesser cognitive system (LCS). Here, the LCS
will be responsible for developing all possible options for actions that should
be formed in case of danger to an agent, operator or an outsider, if there is no
corresponding instruction from a higher level of the command hierarchy. In
addition, during non-crisis times, this system will be responsible for reactive
maneuvering of the agent, which is necessary to adjust its position in space in
accordance with the trajectory of motion corresponding to the task from a
higher level.

Conclusions. Summarizing the above, it can be stated that, given the
current technological level (since the element of "progress" in science should
be neglected because it is necessary to consider the facts that be, not those that
should be), the MARS models aimed at solving specialized tasks for group
robotics are still striving for centralization. This is stipulated by the current
level of neural network technology (which was deconstructed for the sake of
simplifying the mathematical model), which, for operating in a real
environment, should be supported by the tight control systems based on a huge
array of logic gates and preferably of control by an operator.

It is stipulated by the availability in the mass market of equipment that
1s necessary under the stress tolerance criteria. It is also stipulated by the
unconditionally of the presence of the human factor in the multitude of
decisions formed. Such a model suggests a multi-level structure (strategic,
tactical and reactive), where the complexity and global decision-making are
reduced, but the response of the system is increased, which ultimately leads to
system balancing and emergency response to threats. The latter requires the
inclusion of LCS technology at the reactive level, which will provide an
imitation of instinctive (determined by the properties of an individual agent)
behavior. The main drawback of this block is its potential vulnerability, since
failure of the CCU inevitably leads to disruption of the system as a whole.
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In addition, problems can arise due to the shielding of work areas and
through third-party obstacles to the passage of the signal. In such scenario,
there is a need to use complex communication protocols with duplicate data
transfer methods and constant verification of their up-to-date status, and to
combat the collisions. The result of this study was an attempt to indoctrinate
the developed model for the further development of MARS within its
paradigm, which should direct the capacities of both specialists and patrons to
the real path.
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