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VII. BizomocrTi npo IiP
Ha3sBa po6oTH yKpaiHCBHKOIO:

AnaniTU4yHi METOJY Ta MAallIMHHE HAaBYaHHS B TEOPii KEpYBaHHSI i IPUIHSATTI pillleHb 32 YMOB KOH(QJIIKTY Ta

HeBM3HAYEHOCTi

Ha3sBa po60oTH aHIJIiHCBHKOIO:

Analytical methods and machine learning in control theory and decision-making in conditions of conflict and
uncertainty

Pedepar yKpaiHCBKOIO:

PE®EPAT: 3Bit npo HJP: 118 c., 11 puc., 98 mxepen. Knrouosi ciioBa: HETJIAIIKA TJIOBAJIBHA OTITUMI3ALII,
METO]I 3IJIAIDKYBAHHS, KIHLIEBE-PISHULEBYM METO]I, CTOXACTUYHE ITPOTPAMYBAHHS, CTOXACTUYHI
[MPOLECU TATIOJI, METO/] EMITIPUYHUX CEPEJTHMX, 3AJTEXKHI CTIOCTEPEXXEHHS, BEJIMKI BIOXWJTEHHS,
KOH®JIIKTHI KEPOBAHI I[TPOLIECH, YHUKAHHS 3ITKHEHHS, METO/I PO3B'I3VIOUMX GYHKIIN. O6 eKT
IOCimKeHHs: 3afadi Ta MeTou oNTUMizalii Hersiaakux QyHKIiHM 32 OOMeXeHb, 33/1a4i i METOIM CTOXaCTUYHOTO
[IporpamyBaHHs, MapKOBCHKI I10JIS 3 JIOKAJILHOIO B3a€MO/Ii€l0, KOH(JIIKTHE-KepOBaHi InHaMivHi pouecu. MeTa
pOOOTH. BUBYUTH YMOBHU Ta IBUIKICTh 301)KHOCTI CTOXaCTUYHUX KiHI[€Be-Pi3HMLEBUX METOIiB ONITUMi3alLii
Heryankux QyHKIiM 3a oOMexxeHb. [lomuputy MeTog, eMIIipUYHUX CEpPelHIX Ha HellepepBHi Mojieli C
IIBOIIapaMeTPUYHUM BUIIaIKOBUM I10JIEM Ta PO3POOUTH aJITOPUTMU [1J151 3HAXOAPKEHHS OLIiHOK HEBiJOMUX
napameTpiB 1151 MoJiesiell 3 PO3pUBHUMU (PYHKLISIMU perpecii. BCTAHOBUTH yMOBU YHUKHEHHS CYTUYOK 3 TPYIOI0
KEepOBaHUX 00’eKTiB 3a pi3HOI iHPOPMOBAHOCTI ITpo (PazoBuii CTaH Ta KEPYBAHHS CYIPOTHMBHUKA. MeToau
IOCJiI)KeHHS: METOAM BapiallilHOro aHasli3y, Teopii BUIIaJKOBUX MIPOLIECIB i 110J1iB, Teopii fudepeHLifiHuX irop,
MeToAu onTuMisaliii. Pe3yspTaTy Ta ix HoBU3HA. JJociaKeHi yMOBU 306DKHOCTI Ta MIBUIKICTb 30DKHOCTI METOLY
CTOXaCTUYHOTO 3TJIa>)KyBaHHS Ha Pi3HUX Kjlacax 3a7iad HeoITyKJIo0i onTuMisalii 3a o6MesXeHb, 3HalIeHi ONTUMaIbHi
napameTpu Metozy. Po3po6sieHo KoMIlIeKce rporpam «MeTo, CTOXaCTUYHOTO ITOCIilOBHOTO 3IJ1a/I)KyBaHHSI».
JocnimkeHHI0 aCUMIITOTUYHI BJIACTUBOCTI OLiHOK PO3B’sI3KiB 33/1a4 CTOXaCTUYHOI ONTHMi3allii, ofep>KaHux
METOJIOM EMITIPUYHUX CEPELHIX B YMOBAX 3€JIEXKHUX HECTALIIOHAPHUX CIIOCTEePEXEeHb. HaBeneHo ymMoBU
KOHCHUCTEHTHOCTI Ta €KCIIOHEHIiI1HOI IBUIKICTi 301KHOCTI eMIIIpUYHUX OLIiHOK. PO3p06JieHi MeTOnV YHUKHEHHS
CYyTUYOK OJJHOTO O0’€KTY 3 I'PYIOI0 KEPOBAHUX O0'€KTIB, BCTAHOBJIEHI JOCTaTHI yMOBU 151 3a0€3I1€UeHHS
rapaHTOBAaHOTO pe3yJbTaTy. Po3po6sieHo anropuTMu onTyuMisallii B3aeMofiii yrpynyBaHb Ta JaHO JOCTaTHi yMOBU

HUKHEHHS 3YCTPivi K IJIs1 3a0aHUX IT0YaTKOBUX I10JIOKEHD O0'EKTIB.
y yCTp I, I
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mean method, dependent observations, large deviations, conflict controlled process, collision avoidance, resolving
functions method. Object of research: Problems and methods for nonsmooth constrained optimization, stochastic
programming, Markov fields with local interaction, conflict-driven dynamic processes. The purpose of the work. 1.
To study conditions and rate of convergence of stochastic finite-difference methods for optimization of
nonsmooth functions under constraints. 2. Extend the empirical means method to continuous models with a two-
parameter random field and develop algorithms for finding estimates of unknown parameters for models with
discontinuous regression functions. 3. Establish conditions to avoid clashes with a group of controlled objects with
different awareness of the phase state and control of the enemy. Methods: variational analysis, theory of random
processes and fields, differential games, methods of optimization. Results and novelty. Convergence conditions
and the convergence rate of the stochastic smoothing method on different classes of nonconvex optimization
problems under constraints are studied. A software "Stochastic sequential smoothing method" has been developed.
Asymptotic properties of empirical estimates of solutions of stochastic optimization problems in conditions of



dependent nonstationary observations are investigated. Conditions of consistency and exponential speed of
convergence of the empirical estimates are given. Methods of avoiding collisions of one object with a group of
controlled objects have been developed, sufficient conditions have been established to ensure a guaranteed result.
Algorithms for optimizing interaction of groups and sufficient conditions for collision avoidance have been
developed.
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VIII. HaykoBa (HayKoBo-TexHiuHa) npoaykuist (HTII)

Ha3zsa HTII ykpaiHCBKOIO: 3BIT npo HayKOBO-[OCiAHY PO6OTY 3a JOroBOpoM Bif 29.04.2021 N2 46 /01,/0121
2020.02 /0121 AHAJIITUYHI METO TA MAIIMHHE HABYAHHS B TEOPII KEPYBAHHS I [IPUMHATTI PIIIEHD
3A YMOB KOH®JIIKTY TA HEBU3HAYEHOCTI. I'panToBa ninTprmka HanjonansHOoro GoHIy goctigkeHb YKpaiHu
y MeXXax KOHKypcy «IlinTpumka fociipKeHb NPOBiHUX Ta MOJIOAUX yueHux». Etan 2 (3akitoyHuil): PO3BUTOK
METO/IiB CTOXaCTUYHOI ONTHMi3allii, OLliHIOBAaHHS Ta ONTUMAJIbHOTO KEPYBaHHS HEJIIHIMHMMY 00'€KTaMU 32 YMOB

HeMnoBHOI iH(opMallii Ta pu 06MeKeHHX Ha (a30Bi 3MiHHI Ta KEPYBaHHSL.

Hassa HTII aHI/IilicbKOIO: Research report under the contract dated 29.04.2021 N2 46 /01,/0121:
2020.02/0121 ANALYTICAL METHODS AND MACHINE LEARNING IN THE CONTROL THEORY AND DECISION-
MAKING UNDER CONDITIONS OF CONFLICT AND UNCERTAINTY. Grant support of the National Research Fund
of Ukraine within the competition "Support for research of leading and young scientists". Stage 2 (final):
Development of methods for stochastic optimization, estimation and optimal control of nonlinear objects under
conditions of incomplete information and with constraints on phase variables and controls.
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l'asy3s 3acTocyBaHHs: [HdopMaliitHO-KOMYHIKaMiiHi TeXHOJIOTi

PeecTpanifiHuil HOMep KapTKH TE€XHOJIOTii:

Omnuc HTII: O6'exr nocnimkenns: 3agavi Ta METOM ONTUMI3alii HErIaAKUX QYHKILI 3a OOMEKEHD,
CTOXaCTUYHOTO [TPOTPaMyBaHHSI, MAPKOBCHKIX I10JIiB 3 JIOKaJIbHOIO B3a€MOJIi€10, KOH(]IIKTHE-KepOBaHUX
IVHaMiyHUX npoueciB. MeTa po6oTu: 1. BUBYMTU yMOBU Ta WBUIKICTh 301KHOCTI CTOXaCTUYHUX KiHI|eBe-
pi3HUIIEBMX METOZiB ONTUMI3allii Hernagkux QyHKLiNA 32 0OMe>KeHb, ONITUMIi3yBaTH NIapaMeTpy Ta pO3pooUTH
napasiesibHi Bepcii MeTony 3riazyKyBaHHs. 2. [IoIUpUT METO EMIIIPUYHUX CEPELHIX HA HETIEPEPBHI MOAEI C
IBOIIAPaMETPUYHUM BUIIAJKOBUM II0JIEM Ta PO3POOUTH aITOPUTMHU [1J1 3HAXO’KEHHS OL[iIHOK HEBiZOMUX
napaMeTpiB 11 MoJesieil 3 po3pUBHUMU QYHKIisIMU perpecii. 3. BCTaHOBUTH yMOBU YHUKHEHHS CYTUYOK 3 IPYIIOI0
KEPOBAaHMX 00’eKTiB 3a pi3HOI iIHPOPMOBAHOCTI ITPO (Pa3oBUii CTAH Ta KEPYBAHHS CYNPOTHMBHUKA. MeToau
IOCJIiIKeHHS: MeTOAM BapiallilHOToO aHai3y, Teopii BUNagKoBUX MPOLECIB i 101iB, IudepeHiiiHuX irop, METoIu
onTumiszatii. Pesysbratyu Ta ix HoBu3Ha. JlocifpkeHi yMoBY 36KHOCTI Ta MBUIKICTb 301KHOCTI METOLY
CTOXaCTUYHOTO 3I71a/I)KyBaHHS Ha Kjlacax 3a7a4 HeOIyKJIoi ONTHMMi3allii 32 06MeskeHb. PO3p061€HO KOMILJIEKC
nporpam «MeTos CTOXaCTUYHOTO IIOCIIiZOBHOIO 3JIa/IKYBaHHS» /1Sl PO3B’I3aHHS 337124 HETJIagKoi r106a1bH01
omTHMi3alii 3 06MexXeHHIMU. JJOCTiIKeHHIO aCUMIITOTUYHI BIACTUBOCTI OI[iHOK PO3B’3KiB 3324 CTOXaCTUYHOI
OTITHMi3allii, ofjep>KaHUX METOJOM eMIIPpUYHUX cepefHiX. PO3po6ieHo METOAM OLiHKY IBUAKOCTI 30iKHOCTi
METOAY EMIIIPUYHUX CEPEAHIX IJIs1 NMCKPETHYX Ta HENIEPEPBHUX MOJEJIEN CTOXaCTUYHOI ONTHMI3aLii i3 3aIeXKHUMU
HECTal[iOHAPHUMMU CIIOCTEPEXEHHIMU. HaBeeHO yMOBM KOHCUCTEHTHOCTI Ta €KCIIOHEHUIMHOI IBUAKOCTI
30DKHOCTI eMIIIpUYHUX OLiHOK. PO3p00JieHi MeTOAY YHUKHEHHS CYTHYOK OJHOTO OO'€KTY 3 IPYII0K0 KEPOBAHUX
00'€KTiB, BCTAHOBJIEHI YMOBH, 5IKi € JOCTaTHIMU J7151 3a0€311€YeHHs FapaHTOBAaHOTO pe3yabTary. Po3pobseHo
aJIrOPUTMU ONTMMi3aLii B3aeMOZil yrpyIlyBaHb Ta JaHO JOCTATHI yMOBY YHUKHEHHS 3yCTpidi A4 3aiaHUX

[I0YATKOBUX I10JIOJKEHD O0'EKTIB.

ComniannbHO-eKOHOMIYHA cripsimoBaHicTh HTII: Creopenns npuHumnoBo HOBOI nmpoAyKuii (Matepiasis,
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