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AHHoTauusa. B ctatbe npeacTaBneHbl KOMMNblOTEPHaA MoAesb U pe3ynbTaThl UCMbITaHUM
JeLeHTpannM30BaHHOM camoynpaBnAeMon cucteMbl BJ1A, ucnonb3yioLuen MeTo4 MONEKYIAPHOM
OVHaMUKM 1 pasnnyHble popMbl NoTeHLMana B3aMMogencTems. B aTon Mogenu Kaasin BJ1A
3aMEeHAEeTCA «KBA3WMOJIEKYNIOM» C TOYeYHbIMM pa3MepaMm U Maccor, paBHom macce BJIA.
[BUKEHNE 3TUX «KBA3UMOEKY/» PAaCCYMTLIBAETCA C NMOMOLLbIO HbIOTOHOBCKON MeXaHWKM
C Y4eTOM NOTEHLMANbHOIO NOMA CUA 0T APYrMX «KBa3nMosieKyn». B cocTaB cucTeMbl BXxoOAT
rpynna BJTA, BeInonHAKLWMX pa3nnyHble yNopAAoYeHHbIe MOCTPOEHUA B COOTBETCTBUMU
C 3a[aHHOM MUCCUEN, a TaKKe NPEensaTCTBUA U «OXOTHUKU», NblTaloLLMecA CTONIKHYTbeA ¢ BJ1A.
«OXOTHMKM» TaKKe NPeaCcTaBATCA TOYEYHbIMU «KBa3UMOJIeKynaMmy». 3To No3BosAeT
MOOeNMpoBaTh HaMyMe B CUCTEME KaK aKTUBHbBIX, TaK M MACCMBHbBIX NMOMEX OBUMKEHUIO
BJ1A. Mpu MoaenMpoBaHUM NacCUBHBIX NMOMEX «OXOTHUKM» pacriofaraloTcA Ha NoBepXHOCTH
HeKoero NpenATCTBUA B y3/1ax MOBEPXHOCTHOW CETKW, HaKkNagbiBaemMon Ha Hero. [pu
MogenvpoBaHuu asueHuna BJTA c yueTom B3anMogencTBumA ux gpyr ¢ 4pyroM, akTUBHbIMU
M MacCMBHBIMU MOMEXaMM UCMOJIb30BaINCh CMeLMasbHO CKOHCTPYMPOBAaHHbIE MOTEHLMAbI
B3amMopgencTeuA. [lpoBegeHbl MHOMOYMCIIEHHbIE UCMBITAHUA CUCTEMBI B 3TUX YCITOBUAX.
CronkHoBeHuA BJ1A Mexaly co6oit, C NPenATCTBUAMM UM C «OXOTHUKaMWU» He HabTlofanuch.
370 NoATBepHKOAET HAAEHKHOCTb pa3paboTaHHbIX MPUHLMMOB YNPaBAEHUA OBUKEHWUEM IPYNMbI
BJ1A B ycnoBuAx Bo34eCTBUA MHTEHCUBHBIX @KTUBHBIX M MACCUBHBIX MOMEX. [1aBHbIM OT/IYMEM
npeacTaBfieHHON paboThbl OT CYLLLECTBYIOLLMX ABAAETCA TO, YTO BbINOJIHEHWE Pa3HOO6PasHbIX
Muccui rpynnamu BJ1A BbinonHAeTcA 6e3 BHeLIHero ynpaBnaeHua No AaHHbIM CUCTEMBI
TexHu4yeckoro 3D-3peHunA B paMKax AOCTAaTOYHO NPOCTON MOAEIM MOJIEKYNIAPHON OUHAMUKMU
3a cyeT n3MeHeHMA GopMbl MOTEHLLMAIOB B3aMMOAENCTBUA.
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Abstract. A computer model and test results of a decentralized self-controlling UAV
system using the molecular dynamics method and various forms of interaction potential are
presented. In this model, each UAV is replaced by a “quasi-molecule” with point dimensions
and a mass equal to the mass of the UAV. The motion of these “quasi-molecules” is calculated
using Newtonian mechanics, taking into account the potential force field from other “quasi-
molecules”. The system consists of a group of UAVs performing various ordered formations in
accordance with a given mission, as well as obstacles and “hunters” trying to collide with the
UAV. “Hunters” are also represented by point-like “quasi-molecules”. This allows us to simulate
the presence in the system of both active and passive interference with UAV movement. When
modeling passive interference, “hunters” are located on the surface of an obstacle at the nodes
of a surface mesh superimposed on it. When modeling the movement of UAVs, taking into
account their interaction with each other, active and passive interference, specially designed
interaction potentials were used. Numerous tests have been carried out on the system under
these conditions. No collisions of the UAVs with each other, with obstacles or with “hunters”
were observed. This confirms the reliability of the developed principles for controlling the
movement of a group of UAVs under conditions of intense active and passive interference. The
main difference between the presented work and existing ones is that various missions are
carried out by groups of UAVs without external control according to data from a technical 3D
vision system within the framework of a fairly simple molecular dynamics model by changing
the shape of interaction potentials.

Keywords: UAV self-governance, UAV formations, active interference, collective intelligence, computer
modeling, molecular dynamics method, interaction potential

For citation: Protasov V., Potapova Z., Mirakhmedov R. Using molecular dynamics method for a decentralized
UAV autonomous self-governance system. Prikladnaya informatika=Journal of Applied Informatics, 2023,
vol.18, no.6, pp.67-80 (in Russian). DOI: 10.37791/2687-0649-2023-18-6-67-80

BBepneHue

CCIIETOBAaHUE TIOCBSIICHO PEIICHUIO aK-
M TyaJbHOH 3aJa4ld COBEPILIECHCTBOBAHMS

CUCTEM OECTMIIOTHBIX JIETaTeIhHBIX all-
naparoB (BJIA) ¢ ucrons3oBaHHEM MEXKIHUCIIU-
IJTMHAPHOTO MOAXO0/1a K Pa3pabOTKe U CO3IaHHIO
KOJJIEKTHBHOTO nHTeIiekTa BJIA, criocoOHBIX
K KBa3Upa3yMHOMY TPYIITIOBOMY TTOBEICHHIO TIPH
BBITIOJIHEHUH pa3TU4HbIX Muccuil. KiroueBoii 3a-
Javeit sipysieTcs 00eCTIeueHUE KIUBYYECTH TPYIITBI
pu 0€3yCIOBHOM BBITTOJHEHHUH ITOCTABICHHBIX

rpyIme 3aa4 B IpHEMIIEMbIE CPOKH 0€3 OTIOPEI
Ha BHEIIHME pecypchl. MI3BecTHO, 4TO B HACTO-
s[Iiee BpeMs He MOJIHOCTBIO pelieHa rnpoodieMa
1IeNI0CTHOCTU TpynnupoBKu BJIA mipu BbinoiHe-
HUY MHECCHUH B yCIIOBHUSIX BO3IEUCTBHSI aKTUBHBIX
Y IACCUBHBIX MOMeX. B Hacroseii pabore npen-
MIPUHSTA MOIBITKA PEIICHHUS 3TOH MPOOJIEMBI.

B nanHOI paboTe cuuTaeTCs, YTO CBS3b
1 oOMeH nHpopMaIuenl MPOuCXoaiT BHYTPH
TPYIIBI C HCTIONH30BAaHUEM OJFKHETO Pajino-
M3ITyYeHUs] W/WITN ONTHYECKNX KaHAJIOB CBSI3U.
Cucrema ynpasnenust bJIA moxeT ucnonb3o-
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