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AHHOTAIIUA

Junnomuas paboma, 52 cmpanuyst, 12 pucynkos, 16 ucmounukos.

Knwouesvie cnosa: CUCTEMA ITIPEAVYIIPEXXJIEHWA CTOJIKHOBEHIMA
CAMOJIETOB B BO3JAYXE, OBYYUEHUE C JIIOAKPEIUIEHUEM,
OIITUMAJIBHOE VYIIPABJIEHUE, MHOI'OATEHTHASI HEJMHEWHAS
CUCTEMA, METOJ] OIITUMHW3AIINN ITPOKCUMAJIBHOM TTOJIMTUKU

Obvexm ucciedo8anusi — MHOTOAT€HTHAS HEJIMHEWHASI CUCTEMA C HETIPEPHIBHBIM
YIOPABJICHUEM U YACTUYHO HAOJI0JaeMO JUHAMUKON, (PYHKIITMOHUPYIOIIAsi B PaMKax
MOJIeNT 00YYEHUS C TIOJIKPETIIICHUEM.

IIpeomem uccnedosanusi — METONIBI U AITOPUTMBI 00YUYEHUS C TTOJKPETUICHUEM
JUIsl KOOPJIMHALIMM MHOTOAreHTHBIX CUCTEM YIPAaBJIEHUS BO3AYILIHBIM JBUKEHUEM C
HEIPEPHIBHBIMU YIPABIISIONINMEI BO3CHCTBUSIMH.

Llenv pabomer — pa3paboTka U 00y4eHHE MHOTOAr€HTHOW WMHTEIEKTYalbHON
CHUCTEMbI YIpPaBJICHUS BO3IYIIHBIM JBWKEHHWEM, NPUMEHEHUE OOYyYEeHHS C
MOJKPETVICHUEM B aBUAIUH.

Memoovwl uccnedosanuss — 00OyUYECHHUE C MOJAKPEIUICHUEM, METOJ ONTUMHU3AIUN
MPOKCUMAIIBHOMN MTOJTUTHKMU.

llonyuennvie pezynomamvl u HOBU3HA: Ppa3zpaboTaHa UMHUTALMOHHAs Cpena
BO3JIYIIIHOTO IIPOCTPAHCTBA B TPEXMEPHBIX KOOPAUHATAX, B KOTOPOH (PYHKIIMOHUPYIOT
HECKOJbKO AareHTOB C WHAWBUAYAJbHBIMU JUHAMHKAMUA W  HEMPEPHIBHBIMU
YOPABJISIIONIMMU  BO3JICUCTBUSIMU, OOYYEHBl areHThbl, MOKa3aBIIME YCTONYMBOE
MOBEJICHUE B MHOTOAreHTHOM Cpene, CIOCOOHBIE M30eraTh CTOJKHOBEHUU W
yBEIMYMBATH O€30MACHBIN UHTEPBAJ 10 APYTUX areHTOB.

locmosepnocme  mamepuanogé u  pe3yibmamos — OUNIOMHOU — padomul:
WCIIOJIb30BAHHBIE MaTepuaabl W PE3yJbTaThl JUIJIOMHOW pPabOTHI  SIBISIIOTCS
JIOCTOBEpHBIMU. PaboTa BHINIOJIHEHA CAMOCTOSITENBHO.

Obnacms npumenenusi — yOpaBJIEHUE BO3AYIIHBIM JBIKCHHEM, pa3padOTKa
CTaHJApTOB IS ABTOHOMHBIX BO3AYIIHBIX CHUCTEM OyAyIIEro, CHUCTEMBI

Mpe0TBPAICHUS CTOJIKHOBEHUH B BO3/IyXeE.



AHATAIBIA

Lvinnomuas paboma, 52 cmaponxi, 12 mantonkay, 16 KpolHiybi.

Knwouaswvins  cnosevi:  CICTOMA  TIAISIPO/UKAHHA  CYTBIKHEHHA
CAMAJIETAY V TIABETPbl, HABYYAHHE 3 TIAJIMAIIABAHHEM,
ATITBIMAJIBHAE KIPABAHHE, METAJT ATITBIMI3ALIBII ITIPAKCIMAJIBHA
ITAJIITBIKI, ITMATATEHTHA ST HEJITHIMHA SI CICTOMA.

Ab6'exm dacnedasannss — MIMaTareHTHas HEJIIHEMHas cicTaMa 3 OecriepanblHHBIM
KipaBaHHEM 1 YaCTKOBa Ha3lpaHail JbIHaMiKai, sikas (QYHKIBIIHYE ¥ paMKax Majdii
HAaBYYaHHS 3 MMagMallaBaHHEM.

Ilpaomem Oacnedasannss — MeTaJlbl 1 ANTapbITMbl HAByYaHHS 3 NaJMallaBaHHEM
JUISL  KaapAblHAllbll [IMATareHTHBIX CICTAM KipaBaHHS [aBETPaHbIM pyxaM 3
HENapbIYHBIMI KIPYIOUBbIMI Y3/13ESIHHSIMI.

Mbma npaysi — pacnpanoyka 1 HaBy4aHHE IIMaTareHTHal 1HTAJICKTyalbHal
CICTAMBI KipaBaHHS MMTABETPAHBIM pyXaM, MIPLIMSIHECHHE HaByYaHHS 3 TIaJIMarlaBaHHEM Y
aBISIIIBIL.

Memaovl dacnedasanns — HaBy4YaHHE 3 TaJMallaBaHHEM, METaJl alThIMi3allbli
paKciMaibHaW MaITHIKI.

Ampoimanvia  6vlHIKI 1 HAGI3HA: PpaclpaliaBaHa IMiTalbliHAE acsIpOJI3e
naBeTpaHai MpacTopbl ¥ TPOXMEPHBIX KaapAbIHATaX, Y SIKiM (QyHKIBITHYIOIb HEKAIbKI
are’Tay 3 1HAbIBIIyalbHall JbIHAMIKA 1 OecriepanbIHHBIMI KIPYIOUbIMi Y313€IHHAMI,
HABYYaHbI ar€HTHI, SKis MPasiBLIl YCTOMUIIBBIS MABOJI31HBI ¥ IIIMATAT€HTHBIM acSIpOAI3i,
30JBHBIS Ta30sralb CYTHIKHCHHSY 1 MaBsUIYBAIlb OSICTICUHBI IHTIPBAN Jla 1HIIBIX
arcHray.

Jlacmasepuacyv mamapwvisinay i 6bIHIKA) ObINJIOMHAU Npaysl: BHIKAPHICTAHBISL
MaTAPBISIIBI 1 BBIHIKI JBIIUIOMHAN Tpambl 3 gyisionia aactaBepHbiMi. [Iparia
BBIKAHAHA CaMaCTOMHA.

Bobnacyv npvimanenns — KipaBaHHE TIaBETPaHbIM pyxaM, paclpamoyka
CTaHaapTay JUis ayTAHOMHBIX MaBETPAHBIX CICTAM Oyay4blHi, CICTIMBI MPATyX1JICHHS

CYTBIKHEHHSY Y IIaBETPBI.



ANNOTATION

Diploma work, 52 pages, 12 figures, 16 sources.

Keywords: TRAFFIC COLLISION AVOIDANCE SYSTEM,
REINFORCEMENT LEARNING, OPTIMAL CONTROL, PROXIMAL POLICY
OPTIMIZATION METHOD, MULTI-AGENT NON-LINEAR SYSTEM.

The object of the research is a multi-agent non-linear system with continuous
control and partially observable dynamics, operating within a reinforcement-learning
framework.

The subject of the research are methods and algorithms of reinforcement learning
for coordination of multi-agent air traffic control systems with continuous control
actions.

The purpose of the research is the development and training of an intelligent
multi-agent air traffic control system, application of reinforcement learning in aviation.

Methods of research are reinforcement learning, proximal policy optimization
method.

The results obtained and novelty — was developed a three-dimensional airspace
simulation environment in which multiple agents with individual dynamics and
continuous control inputs operate. Agents were trained and demonstrated stable

behavior in the multi - agent setting, successfully avoiding collisions.

Authenticity of the materials and results of the diploma work: the materials used
and the results of the diploma work are authentic. The work has been put through
independently.

Recommendations on the usage. Air traffic management, development of

standards for future autonomous aerial systems, airborne collision-avoidance systems.



