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Annomayusa. B ycnosusx cmpemumenvHo20 pazeumus HAYKU U MEXHOI02U mMpaouyuoHHble Memoobl ne-
pecmatrom Obimob hhekmusnvimu, umo mpedyem OoOLee UHMENLTEKMYANbHbIX U A0ANMUBHbIX peuteHull 0Jis
ynpaeénenus u oopabomku ungopmayuu. B cmamve ucciedyiomes u anaiusupyromcs MHO20A2eHmHble CU-
cmemvl (MAC), ux ponv u sHauumocms 8 chepe uHHOBayUOHHOU deamenvHocmu. Llenv: cucmemamuszayus
MexXHONI02UYeCKUX peleHUll, NPUMEHAEeMbIX NPU pa3padomKe MHO20A2eHMHbIX CUCTNEM 8 UHHOBAYUOHHOU Oe-
AMENbHOCMU, A MAKHCEe OYEHKA UX 8030eUCmEUs HA IPPeKmuUeHocms UHHOBAYUOHHBIX npoyeccos. Pesynb-
mam u HOBU3HA: NPOBEOeH AHANU3 APXUMEKMYPHBIX U ANCOPUMMUYECKUX N00X0008 K paspabomke MAC,
U3YYeHbl COBPEMENHbBIE NPOZPAMMHbIE U annapamuvle pewenus, exkaodas unmeprem eewei (loT) u oonau-
Hole naamegopmol. Oceewaromes nosamopckue acnekmoi 6 unmeepayuu MAC ¢ gpuzuueckumu ycmpoticmea-
MU, Ymo pacwupsem ux QyHKyuonaivhvie 6o3modcHocmu. Ilpakmuueckan 3Hayumocms: paccmompeHibvie
mexHo02u4ecKue peulenus: noooepaicusaiom npakmuyeckoe npumenenue MAC 6 paznuunvlx obnacmsax — om
YIpagieHuss NPoeKmamu 00 ONMUMUZAYUU HAYYHO-UCCTedo8amenbeKkux npoyeccos. Peanuzayus MAC cno-
cobcmeyem ynyuueHuo KOOpOUHAyuu U pacnpeoenenuio pecypcos, 4mo 0COOeHHO aKmydanbHO 8 YCIOBUAX
8bICOKOU OUHAMUKU U HEONPeOenreHHOCIU UHHOBAYUOHHOU cpedbl. Qbcyicoenue: noouepKueaemcs, ymo pas-
pabomxka MAC cmankusaemcs ¢ npooremMamu CiLONCHOU ApXUMeKmypovl U GblYUCIUMENbHbIX 3ampam. Boi-
oensemcs 8ax*CHOCMb 8blbopa nooxooaweu niamgpopmuvl pazpabomxu (nanpumep, JADE, SPADE, NetLogo)
8 3a8UCUMOCmU OM HYIHCO npoekma. Akyenmupyemcs ponsb oonaunwvix mexunorocuti u loT 6 6yoywem pazeu-
MUU MHO20A2EHMHBIX CUCTEM.

Kntoueswle cnosa: mmocoazenmubvie cucmemsl, pacnpeoeieHubie CUCmembl, UHMeNIeKmyalbHble a2eHmsl, 00-
JlauHble MEXHON02UU, UHMEPHEeM 8ewyell, MAWUHHOe 0OyUeHue, GU3YATU3AYUS, ABMOMAMU3AYUS, UCK)YCCIBEH-
HblU UHMeNleKm

1.2.1 — uckyccmeennulil unmeniekm u MawunHoe ooyuenue (mexHuueckue Hayku), 2.3.5 — mamemamuuec-
Koe U npo2pammnoe obecnedenue bl4UcIUmenbHblX CUCEM, KOMNLEKCO8 U KOMNbIOMEPHbIX cemell (mexHu-
yecxue HayKu)
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BBenenue

CoBpeMeHHbIE BBI30BBI B OOJIACTH HAyKH, TEXHO-
JIOTHI ¥ WHHOBAIMH TPeOyIOT HOBBIX MOIXOJ0B K Op-
TaHW3AIMHA ¥ YIPABIEHHUIO MpoieccaMu. B ycimoBusax
MMOCTOSTHHOTO pocTa o0beMa TaHHBIX, YBEIHYCHHS
CIIO)KHOCTH 33/1a4 U YCKOPECHUS TEXHOJIOTUIECKUX W3-
MEHEHUH TpaIuIMOHHBIE METONbI NEepecTaroT ObITh
¢ dextuBHBIMA. HeoOXomuMbl perieHusi, KOTOpHIC
o0ecreunBaloT aBTOMaTH3aIUIO, 3TANTUBHOCTD M HH-
TEJUIEKTYaJIbHOCTh B 00paboTKe MH(pOpPMAIIMU U BHI-
MOJIHEHUM CIOXKHBIX 3a7a4. OAHOM M3 Takux Iep-
CHEKTUBHBIX TEXHOJIOTUH SIBISIFOTCSI MHOTOAreHTHBIE
cucrembl (MAC).

MHoroareHTHble€ CHUCTEMBI IPEICTABIAIOT  CO-
00l apXUTEKTypy, COCTOSIIYI0 M3 MHOXECTBA aBTO-
HOMHBIX NPOTrPAMMHBIX KOMIIOHEHTOB, HAa3bIBAEMbBIX
areHTaMu, KOTOpbIe B3aMMOJIEHCTBYIOT MEXIY cOO0i
IUTSL JOCTIDKEeHUs ooOmen nenu. Kaxnplid aredr o0ma-
JIaeT OIPEeNICHHOMN CTENEeHbI0 aBTOHOMHH, CTIOCOOCH
K 00yuyeHHI0, aJanTaluy U NpUHATHIO perieHuid. Ta-
KM€ CHUCTEMbl HaXOJAT IIMPOKOE NMPUMEHEHHE B 3a-
Jlayax MOJEJIMPOBaHUs, aBTOMATH3alMU IPOLIECCOB,
yHOpaBIeHUs pecypcaMu U PELICHHs CIOKHBIX MpO-
Or1em, rae TpeOdyeTcss KOOpIUHALIUS MHOXKECTBA He3a-
BUCUMBIX 3JIEMEHTOB [1].

B cdepe nnHOBaMOHHOM AEATEIBLHOCTH, XapaKTe-
pU3yIOLIENCs BBICOKOM JTMHAMHMKONW M HEONpElEsIeH-
HOCTBI0, 0COOEHHO BBITOJITHO MCIIOJIb30BaTh MOTEHIHU-
an MHoroareHTHbIX cucteM. Hanpumep, MAC moryt
MPUMEHATHCA Ul YIPABICHUS UCCIIEeI0BATEIbCKUMU
MPOEKTaMH, paclpeie]IeHUs peCypCcoB, ONTUMHU3AIUI
HAy4YHbIX HSKCIEPUMEHTOB W MPOTHO3UPOBAHUS pe-
3yJIBTaTOB MHHOBaLUH. Mcrnonbp30BaHME TAKUX CUCTEM
MO3BOJISIET 3HAYUTENILHO TMOBBICUTH 3(P(HEKTUBHOCTD
paboThl, CHU3UTh PHUCKH U YCKOPUTH peaTH3alfio
MIPOEKTOB [2].

OcCHOBOI1 cO31aHUSI MHOTOAr€HTHBIX CUCTEM CIIy-
’KaT COBPEMEHHBIE TEXHOJIIOTUYECKUE PEIICHNUS, TAKHE
KaK aJITOPUTMbI MCKYCCTBEHHOTO HWHTEIJIEKTa, pac-
MIpeJIeICHHbIE BBIUMCICHUS, TEXHOJIOTHH WHTEpHETa
Benieit (Internet of Things, 10T), oGmaunsie matdop-
MBI U 0a3bl JaHHBIX. DTH UHCTPYMEHTHI 0OeCIIeunBa-
I0T pa3pabOTKy CHCTEM, CIIOCOOHBIX (YHKIMOHHUPO-
BaTh B pealbHOM BpeMEHH, 00pabarkiBaTh OOJIbIINE
00bEeMBI JTaHHBIX, MHTETPUPOBATh PA3HOPOIHBIE HC-

TOYHUKHU I/IH(bOpMaIlI/II/I H aJarTupoBaTbCsa K U3MCHS-
IOIIMCA YCJIOBUSAM.

[lenpr0 MaHHOW CTaThbU ABISIETCA AHAIW3 CYIIE-
CTBYIOIIUX TCXHOJOI'MYCCKUX peIHCHI/IfI, IIpUMEHSC-
MBIX JISI CO3JaHUA MHOTOAr€HTHBIX CHUCTEM B C(bepe
WHHOBAIlMOHHON AEATEIbHOCTH. byayT paccmotpe-
HBl KITIOUEBBIE ACIEKTHI pa3paOOTKU TaKUX CHUCTEM,
BKJIIOYAsl apXUTEKTYPHbIE MOAXOABI, AJIrOPUTMHYE-
CKoe o0ecredyeHne, HCIoIb3yeMble HHCTPYMEHTHI
n tiargopmel. [IpoBenena omenka prnusHUST MAC
Ha 3 peKTHBHOCTH HHPOPMALIMOHHOTO 00CCIICUCHHUS
MHHOBALIMOHHBIX IIPOLIECCOB U NEPCIIEKTUBBI UX 1aJIb-

HEWIIIEeTo pa3BUTHS.

OmnpenesieHue MHOTOAreHTHBIX CHCTEM

MHOTrOareHTHbIE CHUCTEMBI TPEICTABISIOT OO0
IIPOrpaMMHBIE WJIU alllapaTHbIE CUCTEMBI, COCTOSIIHE
U3 MHOXECTBA B3aHMMOJAEHUCTBYIOIMX aBTOHOMHBIX
areHTOB, KOTOPbIE COBMECTHO PELIAIOT 33Jaud B JU-
HAaMHUYHBIX U PAaCHpPEEIIEHHBIX CPeaax.

OcHoBHbIe xapakTepucTuku MAC BKITIOUAIOT:

* aBTOHOMHOCTb areHTOB, YTO MTO3BOJIIET UM MpU-
HUMaTh COOCTBEHHBIE PELICHUS;

* B3aMMOJEICTBHE, 00eCIeunBarolee KOOpAnHa-
LU0 ICUCTBHI;

* aJanTHUBHOCTb, MO3BOJSIOUIYIO pearupoBaTh
Ha U3MEHEHHUS CPEJIbl;

* 00yuyaeMoCTb, Omaromapsi KOTOpOW areHThl CO-
BEPILEHCTBYIOT CBOM JICHCTBHSI HA OCHOBE HAKOILIEH-
HOro ombITa [3].

Apxurexktypsl MAC BapbUpyIOTCS OT Hepapxuye-
CKHUX, IJI€ areHThl NOAUMHAIOTCS LIEHTPAIILHOMY Y311y,
JI0 pacrnpeaeseHHbIX, IJIe OTCYTCTBYET €AMHBIN LIEHTP
yIOpaBJIeHMsI, @ B3aUMOAECUCTBUE MPOUCXOIUT IO TO-
PU30OHTANBHOM cxeMe. [{71s pa3paboTKu TaKuX CUCTEM
MCIOJIBb3YIOTCS TIAT(POPMBI U SI3BIKU TPOrpaMMHUpPOBa-
nus, takue kak JADE, Python u NetLogo, kotopsie
MPEIOCTABIISAIOT HHCTPYMEHTHI JJIs YIIPaBJICHUs areH-
TaMH, CUMYJISIUN UX B3aUMOJICHCTBUIA U BU3yaIn3a-
1Mu paboThl cUCTEeMEI [4].

OO6nayHbple TEXHOJIOTUM WIPAIOT BAXKHYIO POJIb,
MPEIOCTaBIsAsl MacIITabupyeMyo UHPPACTPYKTypy
Juist 00paOOTKM JTaHHBIX W KOOPAMHAIMU AareHTOB,
a MHTEPHET BEUel U paclpeesieHHbIE BbIUUCICHUS
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pacupsitoT BosMoxkHocT MAC, obGecrieunBasi UX UH-
TErpanuio ¢ GU3NYECKUMHU YCTPONUCTBAMH U yAaJieH-
HbIMHU pecypcaMy. B MHHOBAaLIMOHHOHN AESTEIbHOCTH
MAC ucnonb3yroTcs 17151 aBTOMAaTHU3alK yIIPaBIEHUs
MPOEKTaMU, ONTUMH3AIMHN HAYYHBIX SKCTIEPUMEHTOB,
pacmpeneneHuss pecypcoB, MOACIUPOBAHUS WHHOBA-
[MOHHBIX TPOILIECCOB W TPOTHO3MpoBaHus. Hampu-
mep, maardopmsl Bpore ColLab m Simulink npume-
HAIOTCSA Il KOOPAMHALMKM HAy4HbBIX HCCIIEI0BaHUI
U MOJEIUPOBAHMS CIOXKHBIX CHCTEM, TOIZa KakK yM-
HbIE PHEPrOCETU U CUCTEMBI YIIPABICHUS MPOEKTaMHU
B R&D-otaenax n1eMOHCTPUPYIOT UX MPAKTUYECKYIO
nonb3y. Takum oOpazom, MAC ctanu KIroueBbIM HH-
CTPYMEHTOM B PEIIECHUH CIOKHBIX 3a]1a4, TPEOYIOLIUX
KOOpJIMHAIMK, paclpeiesieHus] PecypcoB U aHaiau3a
JAHHBIX, YTO JIEJIaeT UX HEOThEMJIEMOM YacThiO CO-
BPEMEHHOW WHHOBAIMOHHOW JIeATEILHOCTH [5].
MHoroareHTHbI€ CHUCTEMBI OOJIAJJAIOT KIIFOYEBBI-
MU XapaKTEepUCTUKAMHU, TAKUMH KaK aBTOHOMHOCTD,
B3aMMOJICHICTBUE, aaNTUBHOCTh U 00y4aeMOCTbh, UTO
nenaeT ux 3GEKTUBHBIM MUHCTPYMEHTOM [yl pelle-
HUS CIIOKHBIX 3a71ad B YCJIOBHSX HEOIPEEICHHOCTH
u quHaMuKH. AreHTsl B MAC MOTYT JIeHiCTBOBAaTh He-
3aBHCUMO, OOMEHHBATHCS JAHHBIMU U a1l THPOBATh-
Csl K M3MEHEHMSM, HCIIONb3ysl MAIIMHHOE O0y4deHne
Ui moBbIIeHUsT d¢dexruBHOoCcTUH. [IpenmymiecTsa
MAC BkITI04aIOT THOKOCTB, MAaCIITAOUPYEMOCTh, JIe-
LEHTPAJIU30BAaHHOCTh U CIIOCOOHOCTh PEIIaTh CIOXK-
HBI€ 3a/1a41, HO OHU TaKXe CTAJIKUBAIOTCS C OTpaHuye-
HUSIMH, TAKUMH KaK BBICOKAsI CJI0)KHOCTh pa3paboTKH,
KOH(IUKTHl UHTEPECOB U BBIUUCIUTEIbHBIC 3aTPATHI.
BbI60p apXUTEKTyphl CUCTEMBI, OyAb TO HEpapXxuye-
CKasi, TOMOTeHHasl, TeTepOreHHasi, EHTPaIN30BaHHAS
WM pacupesesieHHas, 3aBUCUT OoT TpeOoBaHMiA U cpe-
IIbI paboThI, 00ecrieunBasi OalaHC MEXTy TIPON3BOIH-
TEJIBLHOCTBIO U CIOXKHOCTBIO peanu3anuu [6].
CoBpemeHHbIE MHCTPYMEHTHI pa3paboTkn MAC
BurodaroT miargopmer JADE, NetLogo u si3biku
porpaMMHUpOBaHus, Takue kak Python, ¢ ucmons3o-
BaHMEM OOJAaYHBIX TEXHOJOTWH, MHTEpPHETA Belleh
U PACIpPENEICHHBIX BBIYUCICHUA. DTHU TEXHOJOTHH
o0ecrneunBaT MacTabupyeMoCTh, JTOCTYIHOCTb
Y MHTErpalyio areHToB ¢ (PU3MUYECKUMH YyCTPONUCTBA-
MU U Apyrumu cucremamu. Hanpumep, JADE npen-
JaraeT CTaHIapTU3MPOBAHHOE B3aUMOJICHCTBUE arcH-

ToB, Python mnomnepkuBaer MmammHHOE OOyudeHue,
a oOmaunslie Tutaropmel, Takue kak AWS (Amazon
Web Services), Google Cloud u Microsoft Azure,
IPEAOCTABISAIOT PECYPChI sl MAaCIITaOUPYyEeMbIX pe-
menull. [oT u pacnpenencHHbIe BEIYNCICHAS YCUIN-
BaroT BO3MOkHOCTH MAC, pacuipsis UX IpUMEHEHHE
B YMHBIX JOMax, IPOM3BOJICTBEHHBIX IIPOLIECCAX U CHU-
cTeMax aHaym3a JaHHBIX [7].

[Ipumenenne MAC B WHHOBAIMOHHOW JESITENb-
HOCTH OXBaThIBa€T aBTOMATHU3ALMIO YIIPABIECHUS MIPO-
€KTaMH, ONTHMHU3ALMI0O HAyYHBIX OSKCIEPUMEHTOB
U MOJIEITUPOBAHUE IMpoLeccoB. Takue CUCTEMBI, Kak
CoLab u Simulink Agent-Based Modeling, momoratot
pacnpenensaTh 3a1a4i, KOOPAMHUPOBATh YYaCTHUKOB
U MIPOTHO3MPOBATh pe3ynbrarsl. B snepretuke MAC
UCTOJIB3YIOTCA IS YIIPaBICHUS HHTEIUIEKTyalbHBIMU
CEeTSMH, & B MHHOBALIMOHHBIX MPOEKTaX — JUIs aBTO-
MaTu3aliy B3auMOJECHCTBUS CTAapTaroB, UHBECTOPOB
U MEHTOPOB. DTH TpPHMEPHI JIEMOHCTPUPYIOT, Kak
MAC yckopsitoT pa3paOOTKy TEXHOJOTHH, MOBBIIIA-
10T 3()()eKTUBHOCTH M YIyUIIAIOT IPUHATHE PEIICHUN
B Hay4HOU u Ou3Hec-cpene [8].

CpaBHUTEIbHBIA aHAJIH3 IJIATHOPM
U TeXHOJIOTHH Il pa3padoTKu
MHOI'0AreHTHBIX CHCTEM

Pa3zpaboTka MHOTOAreHTHBIX CHCTEM TpeOyeT Hc-
MOJIH30BaHMSI  CIICIHATM3UPOBAHHBIX HHCTPYMEHTOB
U TEXHOJIIOTHH, KOTOpble O00ECIeYMBalOT THOKOCTb,
NPOM3BOAUTENLHOCTh W BO3MOXKHOCTh MAaCIITa0OH-
poBanus. PaccmoTpum Haubosee MmomyasipHbIC ILIaT-
dopmbr s paspadborku MAC — JADE, SPADE,
u NetLogo, a Takxe UX CpaBHUTEIbHBIE MPEUMYIIIE-
CTBA, HEJIOCTATKU U IPUMEHUMOCTbD B PA3JIUYHBIX CIIC-
HapUsX.

JADE (Java Agent Development Framework) —
OJTHa U3 HanOoJIee 3peIbIX TUIATPOPM TS Pa3padOTKH
MHOTOAareHTHBIX CUCTEM, IIOCTPOEHHAs Ha s3bIKe Java
u coorBeTcTBytomas crangapram FIPA (Foundation
for Intelligent Physical Agents), yTo obOecrieunBaet
COBMECTHMOCTh C JAPYTMMHU areHTHBIMH CHCTEMaMu
U TIOJJICPKKY CTaHJAPTHBIX MPOTOKOJIOB KOMMYHH-
karuu (puc. 1). Ilnardpopma ornmuuaercst macmradbu-
PYEMOCTBIO, TIO3BOJISISI CO3/1aBaTh KPYIHBIE pacrpe-
JIeNICHHBIE CHCTEMBI C BBICOKOW HArpy3Koil, a Takxke
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Puc. 1. Apxurexrypa JADE. Uctounuk: Java Agent Development Framework: Why Does Your SaaS Product Need it?

26 June 2024. URL: http://www.azilen.com/blog/java-agent-development-framework (mara obpamenms: 24.11.2024)

UHTErpanueil ¢ Java-skocucTeMoi, BKiIIO4as Oa3bl
JTAHHBIX U Be0-CEPBHCHI, UTO JICIACT €€ HAACKHOM 115
KOMMEPUYECKHUX MPOEKTOB M HAYYHBIX HCCIIEIOBAHHIA.
OnHaxko ee HCroab30BaHue TpeOyeT ITyOOKHX 3HAHUI
Java, uro ycnoxusier pa®oTy Uis HOBUYKOB, a IpO-
LeCcC MPOTOTUIIMPOBAHUSI CPABHUTEIBHO MEJJICHHEE,
yem y Python-opuentupoBanusix miargopm. JADE
AKTUBHO TIPUMEHSETCS IS YNPaBJICHUS TPAHCIIOPT-
HBIMH CHCTEMaMH B PEalbHOM BpEMEHH, aBTOMAaTH3a-
UM OM3HEC-NIPOIIECCOB U CUMYIISILIUU CIOKHBIX CIie-
HapueB B3auMoJielcTBus areHToB [9, 10].

SPADE (Smart Python Agent Development
Environment) — mnargopma ais pazpaboTKu MHO-
TOareHTHBIX CUCTeM Ha sa3blke Python, m3BecTHOM
CBOEH NMPOCTOTOM U LIMPOKUM COOOIIECTBOM pa3pa-
OOTYHKOB, YTO YCKOPSIET MPOIIECC MPOTOTUITHPOBAHHUS
U JienaeT pa3paboTKy HHTYUTHBHO MOHATHOH (puc. 2).

[Tnardopma noanepkuBaeT UHTETPALMIO C MOMYJISpP-
HBIMH OMOIHOTEKaMU MAIIMHHOTO 00YYEeHHUsI, TAKIMH
kak TensorFlow u PyTorch, uto nmo3Bomnser co3naBars
WHTEIJICKTYaIbHBIX areHTOB, a TaKKe 00ecrieuynBacT
Kpocc-Iar(OpMeHHOCTh, paboTas Ha pa3IMIHBIX
OTepaIMoOHHBIX crucTeMaX. OIHAKO MPOHU3BOIUTEIb-
HocTh Python ycrymaer Java, uro Moxer ObITh Kpu-
TUYHBIM JJI1 CUCTEM C BBICOKOW Harpy3koi, a JOKy-
MeHntanusi SPADE menee oOmmvpHa 1Mo CpaBHEHHUIO
¢ JADE. Ilnardopma ucnonb3yercs s pa3padoTKu
MHTEIJICKTYaIbHBIX aCCHUCTEHTOB, CHUCTEM MOHHUTO-
pUHTa 1 aHaTTu3a TaHHBIX B peaTbHOM BPEMEHH, a TaK-
JKe JUTSI MOJICITMPOBAHUS TTOBEICHUSI areHTOB B COIIH-
aJIbHO-PKOHOMHYECKHUX cucTeMax [10—12].

NetLogo — BbICOKOYpOBHEBast cpea sl MOJEIH-
POBaHUsI MHOTOAr€HTHBIX CUCTEM, OPUEHTUPOBAaHHAS
Ha BU3YaJM3alMI0 U MPOCTOTY MCIOJIb30BAHUS, UTO

Puc. 2. 'nbkas apxurexrypa arenroB B SPADE. Hcrounuk: Palanca J., et al. Flexible Agent Architecture: Mixing Reactive and
Deliberative Behaviors in SPADE // Electronics. 2023. Vol. 12, Is. 3. Art. No. 659. 18 p. DOI: 10.3390/electronics12030659
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Puc. 3. NetLogo: npoekTrpoBaHue U peaar3alis MHOroareHTHO! cpesisl MofenupoBanus. Vicroununk: Tisue S., Wilensky, U.

NetLogo: Design and Implementation of a Multi-Agent Modeling Environment // Proceedings of the Agent 2004 Conference
on Social Dynamics: Interaction, Reflexivity and Emergence (Chicago, IL, USA, 07-09 October 2004). Updated 2013. 20 p.

JIeNlaeT ee MOMYJIIPHOH B 00pa30BaTeNIbHBIX U HAyY-
HBIX [ETSAX IS U3YUSHHS CIOKHBIX cucTeM (puc. 3).
Ona 0coOEHHO TOMXOMUT IUIsl TIOJIb30BaTenel 0e3
DIyOOKMX TEXHUYECKUX 3HAHWH Onarojgapsi WHTYH-
TUBHOMY HHTEpQEiicy U BCTPOCHHBIM HHCTPYMEHTAM
JUIL CO3/IaHUsl HANIAHBIX CHUMYISALUN TOBEICHUS
areHToB. [lmardopma aKTHBHO MCHONB3yeTCS B aKa-
JIEMHYECKON cpene /Ui 00ydeHUs: OCHOBaM PalbOThI
¢ MAC. OnHako ee BO3MOKHOCTH OTPaHUYEHbI, YTO
JieNlaeT ee HeMOAXOMAIIeH sl pa3pabOTKU CIIOXKHBIX
pacrpenesieHHbIX CUCTEM, a HHU3Kasi MPOU3BOIUTEIb-
HOCTBH TPEMATCTBYET NMPHUMEHEHHIO B BBICOKOHATPY-
JKEHHBIX clieHapusax. NetLogo HaxoguT mpuMeHEHUe
B MOJICITUPOBAHUY IKOJIIOTHUECKUX CUCTEM, N3yUEHHH
MOBEJICHUSI JKUBOTHBIX WMJIM TPYIIN JIIOACH, a TaKxke
B aHAJIM3€ COIMAJbHBIX B3aMMOJCHCTBUH M UX IIO-
caeacTsuii [7].

CoBpeMeHHbIE MHOTOareHTHBIE CHCTEMBI aKTHBHO
UCTIONIB3YIOT OOJIaYHbIE TEXHOJOTUU U MHTEPHET Be-

el A7 MoBbIIIeHUsT YPPEKTUBHOCTH U MACIITA0H-
pyemoctu. O6naunbie mardopmel, Takue kak AWS,
Google Cloud, Microsoft Azure u Sunexc.O0mnaxo,
NPEIOCTABISAIOT MOIIHbIE WHCTPYMEHTHI Ul pas-
BEPTHIBaHMs pacpeeICHHbIX CHUCTEM, BBIIOIHEHUS
CJIOXKHBIX BBIUMCIICHUH, 00pabOTKU OONBIINX JaHHBIX
U MHTETpalud C AaHAIUTUYECKUMHU HHCTPYMEHTaMH
U MallUHHBIM oOy4yeHueM (tabi. 1). Bzaumoneiicraue
¢ ycrpoiictBamu [oT OTKppIBaeT BO3MOXKHOCTU IJIst
yropaBiaeHusT PU3NIECKUMH OOBEKTaMH, TAKUMH Kak
YMHBIE JIOMa U TPAHCHOPTHBIE CHUCTEMBI, TMO3BOJISSL
MOJICJIUPOBAThH CJIOKHBIE CLEHAPUU M aBTOMAaTH3UPO-
BaTh nporeccs [11].

Br160op maropMbl 3aBUCUT OT KOHKPETHBIX 337184
U orpaHuueHuil mpoekrta. [[ns co3manus macmradu-
pyembIx cucteM Jyuine ucnoib3oBarh JADE. Ecnu
TpeOyeTcst OBICTPBIN MPOTOTHUIT WIIM UHTETPALIHS C UC-
KyCCTBEHHBIM HMHTEJJIEKTOM, MPEANOYTEHUE CTOUT
ornatb SPADE. Jlns o0pa3oBaTelbHBIX M HAay4YHBIX

Tabnuya 1
CpaBHUTe/IbHBIH 0030p TEXHOJIOTHIi

ITnarpopma | [IpeumymiecTsa Henocrarkn [Ipumenenwne

JADE HanexHocTb, MacmtabupyemMoctb, | CII0OKHOCTD pa3paboTKH, 3aBUCUMOCTh | KpyInHbIe KOMMepYecKue
OJ|/IepKKa CTaH/IapTOB or Java MIPOEKTHI

SPADE IIpocrora, uaTerpanus ¢ Al, Huzkas mpon3BoauTensHOCTD, OoTpann- | Hayunsle n ananutudeckue
KpoccIaTGopMeHHOCTh YEeHHas! JIOKYMEHTaIHsI CUCTEMBI

NetLogo Ipocrora, BU3yanu3anus, OrpaHu4YeHHbIE BO3MOYKHOCTH, HU3Kas | OOpa3oBaHue 1 UCCIIEI0BAHIS
oOpa3oBaresbHasl HAIPABIEHHOCTh | IPOM3BOJUTEILHOCTh
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cumynauui nydmum BeioopoM Oyaetr NetLogo. Jlo-
MOJTHUTENILHO MCIOJIb30BaHNE 00JaYHbIX TEXHOIOTHI
u 10T no3BossieT 3HaYUTENBHO PACHIUPUTH BO3MOXK-
HOCTH Ka)KJI0M U3 miatgopm, odbecreunBasi THOKOCTb,
MacCIITaOUPyeMOCTh U HAJICKHOCTb.

[Ipu co3manum cremyromero mpoToTuna ObLI HUC-
10JIB30BaH SI3bIK NporpaMMupoBanusi C#, olHaKo AJis
pa3pabOTKU MYJbTHATEHTHBIX CHCTEM MOMET OBITh
BBIOpaH J1t000# S3bIK, COOTBETCTBYIOLINI TpeOOBaHU-
SIM TIPOEKTA U TIOAIEP>KUBAIOIIUH 3Ty KOHIICTILIHIO.

MHoroareHTHbIE CHUCTEMBI YIOOHBI TpU paboTe
Ha/Jl 3a71a4el, He BBITIOJHUMOM /ISl OTHOTO areHTa Win
nnrepaktusHoro I10.

ATEHT — KOMIUIEKCHasl TporpamMma, HMeroIas
«COOCTBEHHOE BUACHHE» OKPY’KAIOIIEH Cpefbl, orpe-
JICNIEHHOE TPaHWIIAMU €ro J03BOJEHHOCTH. HHTep-
aktuBHoe 10 — mporpammHoe obecrnedeHue, co3-
JTAHHOE C IIeJIbI0 BBITIOJIHEHUS CIIEKTpa 3ajad, MpH
HAJIM4YUU T0Jb30Baresst. OCHOBHBIM OTIIMYUEM arcH-
TOB OT WHTepakTuBHOTO [1O sBIIETCS BO3ZMOKHOCTD
MIEPBBIX «CAMOCTOATEIHHO MPUHUMATE PEIICHUEY, 03
HETOCPECTBEHHOTO PYKOBOJICTBA.

Pazpaborannas B maHHON paboTe MHOroareHTHas
CHCTEMa COCTOUT M3 MEHEIKepa M YeThIpeX pa3iiny-
HBIX areHTOB:

1. MeHe/zkep areHTOB peryaupyer padory mpo-
YUX areHTOB, MPEIOCTABIACT HHYOPMAITHIO 00 OKpY-
JKaromel cpene, OTKPhIBAET JOCTYH K HEH, a Takke
MIO3BOJISIET JIONOJIHUTh €€ I0JIb30BaTEeIbCKUMU JIaH-
HbIMU (puc. 4).

2. Arent-UccienoBaresib MpeAOCTaBISIET WH-
¢dbopmarmio o cede, KOTopas BKIIOYAET CIHCOK OIpe-

Puc. 4. Menemxep arentoB u Arent-lccnenosarens

JICJICHHBIX TTYOJUKAIMi, TETW JaHHBIX ITyOJUKaIui
Y T03BOJIICT BHIOPATh ONIHY W3 HUX IS JaJbHEUIICH
paboTHI MPOYUX areHTOB.

3. AreHT-AHAJIU3ATOP SBJISIETCS «MO3TOM» MHO-
TOAreHTHOW CHCTEeMBbl. Bkitouaer B cebs pabouyro
HelpoceTh, IIaBHOW (YHKIMEW KOTOPOU SBISICTCS
pacdeT mpUOpUTETa OAHUX MyONMKarui Haja JPyrH-
MU, B KQ4€CTBE KPUTEPHUS MCIIOJIB3YETCS KOJIMUECTBO
MOJIXO/ISIIIIUX TETOB.

HeiiponHas ceTb, BbI3bIBacMasi OCPEICTBOM CO3-
JTaHMsI TOTIOJIOTUH, TJI€ €CTh BXOJHbIE HEUPOHBI, CKPbI-
ThIE HEUPOHBI U BBIXOJJHOW HEHPOH, TOTydaeT uHHOP-
MaIMIo O CXOAUMOCTH cTateil. OHa oOydaeTcss Ha uX
JAHHBIX U OMNPEIEIISET BBIXOJHbIE NMPUOPUTETHOCTH
KaKJI01 cTatbu (puc. 5).

[Nouck Hanboee MOAXOIIIMX [0 3aPOCy UCTOUHH-
KOB (WJIM Ha OCHOBE MOCJIeTHEN TPOCMOTPEHHON CTAThH)
OCYILECTBIISICTCS C TOMOIIBIO TEroBO-MpeQepeHCHOIM
cucremsl. [Ipedepenc (anmt. preference — npesmnodre-
HHUE) — LICJIOYHUCIICHHBIA MapaMeTp, OMpeaesIsFOIIii
CTETIEHb CXOKECTH cTareil. M3HauaabHO PUOPUTET paB-
HSIETCS HYJIIO, HO TOCJIE BbI30Ba METOZA IIOMCKa 3Haue-
HUSI C TIOMOIIBIO HelpoceTH 3HaueHus npedepenHca mMe-
HSIIOTCSI B 3aBUCMMOCTH OT KOJIMYECTBA COBIIAIAIOLINX
teroB. Uem Oonbltie 3HaYeHue nipedepeHca, TeM Ommxe
CTaThs [0 CMBICITY K TeKyllel. [lanee ocyluecTsisercs
COpTHPOBKa 10 TmpedepeHcy, oT OONbIIero K MEeHbIIIe-
My. BeiBozsTCs 1BE cTaThu 10 YOBIBaHMUIO TipedepeHca.

Puc. 5. Cxema HeHpOHHOM ceTn
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[Tocne pabovero nukina AreHT-AHaIU3aTOp BbIJIa-
€T Ha3BaHUE ABYX cTared U nepenaeTr ux AreHry-Pe-
KoMmeHaremto (puc. 6).

4. AreHT-PexoMeHaaTe b CO3/1a€T PEKOMEHIaLIUN
Ha OCHOBE HH(pOpMAIUH, MOJYYEHHOM OT AreHTa-
Amnanuzaropa. Ilo3BossieTr nepeBbIOpaTh peKOMEHa-
LMY B TOM CITy4yae, €CJiv M0JIb30BaTeNb HE YI0BIETBO-
PEH TEeKYIIHMH.

5. AreHT-YBeaoMuTelb OTOOpa)KaeT JBE PEKO-
MEeHJalMU, 0ToOpaHHble AreHTOM-PexomeHnnarenem.
Taxke oToOpaxkaeT BHIOPAHHYIO IMOJIb30BaTeNIeM ITy-
ONUKAINIO, KaK M KaXKIYIO BIIOCIIEICTBUH.

JlanHas areHTHasi CUCTEMa paccurTaHa sl OIIePoK-
KU HCCIIEZIOBATENILCKON JEATeTbHOCTH, @ UMEHHO TTOHC-
Ka PEKOMEHJAIMIf Ha OCHOBE BBIOPAHHOM ITyOIMKaLIUH.
[Ipu sTOM comepkaHue, TeMaTHKa M HAPaBJICHHOCTD
JIAHHBIX IMyOJIMKAIMii MOTYT OBITh pa3HOOOPA3HBIMHU.

Bxonubie naHHbIE

Bo Bpems paGotel mporpamma TpeOyeT OT I0JIb-
30BaTeNsl BBIOPATh JOCTYIHBIC TyOIMKAINK, a TaKKe
BBIOpaTh onHy (puc. 7, 8).

BrixogHblie JaHHBIE

Pesynbrarsl paboThl MeHemKepa areHToB U ATeH-
ta-Mccnenosaresst n300pakeHbI Ha puc. 9.

Db hEeKTHBHOCTD BHEIPEHNS MHOTOAreHTHON CHCTe-
MBI B chepe HHPOPMAIHOHHOTO OOCCIICUCHHST MHHO-
BAaIMOHHOM JIESITEIbBHOCTH MOYKET 3HAYUTEIILHO BapbH-
POBaThCS B 3aBUCHMOCTH OT CTPYKTYpbI Oa3bl JaHHbIX,
UCIIONIb3yeMOT0 TPOrpaMMHOT0 obecrieucHus. TeM He
MCHEE Ha OCHOBE IMPEABLIYIIMX HCCIICIOBAaHUNA U pe-
QIM30BaHHBIX IPOSKTOB IPUBEIEM OPHEHTHPOBOY-
HBbIC YHUCJIOBBIC 3HAUYCHHS OXXHUIAECMBIX YITyUIlICHHH.
B ta0. 2 npuBeieHbI YUCIICHHBIC 3HAYCHHS YTy YIIICHHH,

Puc. 6. Arent-YBengomureab U AreHT-PexomeHgaTeIb

Tabnuya 2

3HauyeHus yJy4ylleHUi B cepe MOUCKA peJieBAHTHBIX 3alIPOCY HCTOYHUKOB

Ne IMoka3zaren VYayumenne (%)

1 ITpenocrasnenue nHGOpMaLUU 10-15
00 okpykatorieii cpese (peaAMeTHOH 001acTH)

2 Bo03MOXKHOCTHU NOTy4EHHUS TOTHOTO CIIUCKA ITyOIMKaui 20-25

3 IloBbIIIEHNE TOUHOCTH MTOUCKA 20-25

4 CHmKeHne 3aTpar BpeMeHH 20-30

5 Bo3moxxnoctu aBromaruzanuu 3040
J100aB/IeHHS HOBBIX HCTOYHUKOB
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Puc. 7. I'maBHast popma co BCEM CIIEKTPOM JIOCTYIHBIX ITyOIUKALIUHA

Puc. 8. dopma co31aHUs HOBBIX MOJIE30BATEIIECKUX Ty OIUKAIIHIA

JIOCTUTHYTbIE HAa OCHOBE BHEIPEHUS MHOTOAr€HTHBIX
CHCTEM B yIPaBJICHUE 3HEPIOCETAMHU.

DT JaHHBIE IPEIOCTABIAIOT OO OPUEHTHUD OT-
HOCHUTENFHO BhIMTphIIa OT npumenenus MAC B mno-
JOOHBIX 3a/a4ax.

3akioueHue
MHOFO&FCHTHBIG CUCTCMBbI HpeI[CTaBJIHIOT CO-

00l MepcrneKTUBHOE HANpaBiIeHUE B Pa3BUTUH HWH-

(hopMaIMOHHBIX TEXHOJOTHHA, HAXOJs NMPUMCHEHUE

B Pa3JIMUHBIX OOJIACTIX — OT aBTOMAaTH3aIluud OU3-

HEC-IPOLIECCOB A0 MOAEIUPOBAHUS CIOKHBIX COLIM-
aJIbHBIX U KOJOTMYECKHX CUCTEM. PaccMOTpeHHble
mnardopmsl, Takue kak JADE, SPADE u NetLogo,
JEMOHCTPHUPYIOT pa3HOOOpa3ue MOJXOI0B K pazpa-
6orke MAC, OT BBICOKOIIPOU3BOJIUTEIBHBIX pele-
HUW 171 KPYTHBIX pacrpeieseHHbIX CUCTEM JI0 TIPO-
CTBIX MHCTPYMEHTOB JUIsi 00pa30BaTEIbHBIX IIENEH
U BU3yaIU3aliu.

CoBpeMeHHbIE TEXHOJIOTHH, BKIIOYasi OOIaYHbIE
BBIYMCIICHUSI W MHTEPHET Belleil, yCWIMBAIOT BO3-
MoxxkHocTh MAC, obecrieunBasi WX HWHTETPALUIO
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Puc. 9. Arent-YBegoMuTeIb ¢ peKOMEHJalUsIMU

¢ (hM3HUECKUMHU YCTPOHCTBaAMH, 00paObOTKy OOIBITNX
JAHHBIX U TONJEPIKKY MHTEIUIEKTYaJbHbBIX alrOpUT-
MOB. OnHako BBIOOP KOHKPETHOW IUIaT(GOpPMBI WK
TEXHOJIOTHH 3aBHCHUT OT 3a/1a4 MPOEKTa, YPOBHS IMO-
TOTOBKH pa3pabOTIYNKOB M TPEOOBAHUHN K TIPOU3BOIH-
TEJILHOCTU CUCTEMBI.

Takum o6pazom, pazsutue MAC 1 uX UHTETpaIHs
C TIepEIOBBIMH TEXHOJIOTUSIMH OTKPBIBAIOT HOBBIE TO-
PHU30HTHI JJIs1 HAYYHBIX HCCIEJOBAHUH U TPUKIIATHBIX
peleHnid, CnocoOCTBYSI CO3JaHUI0 HMHTEIIEKTYallb-
HBIX CHCTEM, CHOCOOHBIX aJanTHPOBATHCS K CIIOXK-
HBIM ¥ TUHAMUYHBIM yCJIOBUSIM COBPEMEHHOTO MUPA.

BUBJIMOT PAGUYECKHU I CITUCOK

B pabore paccMOTpeHbI KITIOYEBBIE acTEKThl pas-
pabotku MAC B cdepe mHpopMarmoHHoro obec-
NCYCHUs WHHOBAIIMOHHON NEATENbHOCTH, BKIIIOYAs
ApXUTEKTYPHbIE MMOXO/bI, aITOPUTMUYECKOE 00ecTe-
YEeHHE, UCTIONIb3yeMbIe HHCTPYMEHTHI U IUIaT(OPMEL.
Ocobennocth pazpadorannoit MAC cocTOHT B IpH-
MEHEHUH TEroBO-TNPePEePEeHCHON CUCTEMBI IS TIOHC-
Ka pEeJIEBAaHTHBIX HCTOYHUKOB, HANOOJIEE MOIXOASIINX
10 3anpocy (WIM Ha OCHOBE MOCJEAHENH MPOCMOTPEH-
HOM ctarbu). [IpuBeAeHBI OLEHKN BIMSIHUS peasln3o-
BaHHOU MAC Ha 3 PeKTUBHOCTb HH()OPMAITUOHHOTO
oOecredyeHnss ”THHOBALIMOHHBIX MTPOLIECCOB.
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Abstract. In the context of the rapid development of science and technology, traditional methods are no longer
effective, which requires more intelligent and adaptive solutions for information management and processing.
The article explores and analyzes multi-agent systems (MAS), their role and importance in the field of innova-
tion. Objective: systematization of technological solutions used in the development of multi-agent systems in
innovation activities, as well as assessment of their impact on the effectiveness of innovation processes. Result
and novelty: an analysis of architectural and algorithmic approaches to MAC development was carried out,
modern software and hardware solutions, including the Internet of Things (IoT) and cloud platforms, were
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studied. Innovative aspects in the integration of MAC with physical devices are highlighted, which expands their
functionality. Practical significance: the considered technological solutions support the practical application
of MAC in various fields: from project management to optimization of research processes. The implementation
of the IAU contributes to improved coordination and allocation of resources, which is especially important in
conditions of high dynamics and uncertainty of the innovation environment. Discussion: It is emphasized that
MAC development faces the challenges of complex architecture and computational costs. The importance of
choosing a suitable development platform (for example, JADE, SPADE, NetLogo) is highlighted, depending on
the needs of the project. The role of cloud technologies and loT in the future development of multi-agent systems
is emphasized.

Keywords: multi-agent systems, distributed systems, intelligent agents, cloud technologies, Internet of Things,
machine learning, visualization, automation, artificial intelligence
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