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[1s1 poboTa npucBgUueHa JOCTIIZKEHHIO Ta TT00Y/I0BI MOjeseil TUCKPETHIX
JUHAMIYHIX CHCTeM KOHMJIKTY 3 IPUTSraJbHOI B3aeMo/lieto. [loHaTTs au-
HAMIYHOI CHCTeMU KOH(QJIKTY BUHUKJIO 9K MaTeMaTHIHUN 1HCTPYMEHT JIJIst
OIINCY TOBEJIHKYI PI3HOMaHITHUX CKJIAJIHIX (DISUYHUX CUCTEM 3 JIBOX 1 OlJIbIIe
KOH(JIIKTHO B3aeMOitounx cropid. PakTuvdHO, AUHAMIUHA CHCTeMa KOHQ-
JIKTY — IIe CUCTeMa, 110 00'€JIHYE JICKIIbKa JMHAMITHIX CHUCTEM, €BOJIIOIIisI
SKUX JIePOPMYETHCH 1111 JII€I0 KOHGIIKTHOI B3a€MO/1iT Mi?K OKPEMIMU 11 JICUC-
TeMaM”. BCTaHOBJIEHHS 3aKOHY JWHAMIKH BCi€l CHCTEMU € HEeTPUBIAJIbLHOIO
3aJ1a4€I0 B KOKHOMY KOHKPETHOMY BUIIAJKY, a/2Ke BiH Ma€ BKJIIOUUTH B cede
iHdopMalIliio ITpo cTaHl OKPeMUX 11 KOMIIOHEHT y KOXKEH MOMEHT Yacy, CITO-
ci6 KOHQUIKTHOT B3a€MO/Iil 1 #0ro BILUIMB Ha MOBEJIHKY B HACTYITHI MOMEHTH
yacy. HaBiTh nafirpocTimii BUITaJIKM € MIKABUMHI B CUJTY HeJsiniiftnocTi. Meta
Teopil JUHAMIYHUX CHCTEM KOHQJIKTY — JaTH aJIeKBATHUN OINIC peabHUM
disngHIM cucTeMaM, siKi CKJIaJIal0ThCsl He TIIbKH JIBOX, ajie 1 0araTboxX aJib-
TEPHATUBHO B3a€MOJIIOUNX CTOPIH.

OcHoBHa 3ajiada 1€l podOTH — PO3BUHYTH TEOPIIO JMHAMIYHUX CHCTEM
KOH(UIKTY, OOy lyBaTH KOHKPETHI MOJE/ Ta JOCTIIUTH TMOBEJIIHKY TPa€K-
TOPiil Yy BUITQJIKY, KOJIM OKPEMI IiJICUCTEMU IIPUTATYIOThCA MixK coboro. B Ta-
KOMY pasi edeKT KOHPIIKTHOCTI MoJIarae y ToMy, 1o 1epOpPMY€EThCs BLIbHA
IIOBEJIIHKA OIIOHEHTIB. 30KpeMa, BOHH MOXKYTh BTPadaTH PErioOHH YCIIIIHOI
IPUCYTHOCTI, KOHIIEHTPYIOUNCH y PErioHax CIJIbHIX aTPaKTOPiB. SHAXOIKe-

HHSI TAKUX TPAHUIHIX aTPAKTOPIB, OMNC IXHBOI CTPYKTYPH, OACEHIB MPUTS-



raHHs, HEPYXOMUX PiBHOBaKHUX CTaHIB, ICHYBaHHA IUKJIYHUX OPOIT — THU-
IOBI 3aJa4l B IIbOMY HAIPSAMKY, sKi J0Ci OYJIM JTOCTIIZKEH] JIIIEe YaCTKOBO.

Konkpernszariiss Taknx 3ajad MO0 MOjesieil CKIaJHUX JUHAMIYHUX CH-
CTeM 3 IIPUTATAJILHOIO B3aEMOJIIEIO € aKTYaJIbHOIO 3 TOUKHN 30Py MOXKJIUBUX 3a-
CTOCYBaHb JI0 PI3HUX HPOOJIEM B €KOHOMIIIl, €KOJIOTiI, COIio/I0ril. 3HAX0/IKe-
HHS PIBHOBATW Mi»K BUPOOHUIITBOM Ta CIOXKUBAHHSIM, BUKOPUCTAHHSAM pe-
CYPCiB 1 IXHIM NPUPOHUM BITHOBJIEHHSM B €KOJIOTTIHOMY OaJIaHCi, 30KpeMa,
HOIITYK KOMITPOMICIB Y CYNEepPeUIMBUX, 9acTO TOCTPO KOH(MIIKTHUX COIiaIb-
HUX TIporiecax (HAIPUKIIA/, eTHIYHIX, PeiriiiHuX, HAIIOHAJIBHIX, MOBHIX ) —
HaBPSIJ 91 MOYKJINBI 6€3 TTOOY/I0BN aJIEKBATHUX MaTeMaTUIHUX Mojieseil au-
HAMIYHUX CUCTEM 3 PIZHOI'O TUILY B3AEMOJIISIMU, SIK BIIIITOBXYBAJIbHOIO, TaK
1 IPUTSATAJIBHOTO XapaKTepy.

OKpiM 9HCTO TEOPETUIHHUX 3aJad PO MOBEJIIHKY TPAEKTOPINl y KOHKpe-
THUX MOJIEJISIX CKJIQJIHUX JIMHAMIYHUX CUCTeMaX 3 MPUTAraJIbHOI0 B3a€MOJIi-
€10 B JUCepTalliiiHiil poOOTI IOC/IIKEHO 3aJIe2KHICTh OCHOBHUX JIMHAMIUHIX
XapaKTEePUCTUK CHUCTEMU BijJ BUOODPY CTPATEriYHUX IMapaMeTpiB, TAKUX, STK
AKTUBHICTH KOH(JIKTHOI B3a€MO/Iil, POJIb MEPEXKEBUX 3B sI3KIiB MIXK areHTa-
MU CHUCTEMH, BUOODY IPIOPUTETHUX PErioHiB IPUCYTHOCTI Yy IIpolieci iTepa-
IIfHOTO TTOJIPIOHEHHS TPOCTOPY, BUIAIKOBUX BILIUBIB 1 3MIH CTATUCTUIHIX
JIaHUX.

Huceprariisg cKIaIaeThed 3 aHoTalliil YKpPalHChKOIO I aHTIICHKOI0 MOBa~
MU, BCTYILYy, TPHOX PO3IIJIIB OCHOBHOI YACTUHM, BUCHOBKIB, CIIUCKY BUKOPU-
CTaHUX JZKepesT 1 J10/IaTKa.

Y BCTyIi OOI'PYHTOBAHO aKTYaJIbHICTh TEMU JIOCTIKEeHHs, cPOpPMYIbo-
BaHO MeTy, 00’€KT, ITpeaMeT, 3aBJaHHd 1 MeTOJN JIOCJIIKEHHs, 3a3HaueHO
HAyKOBY HOBU3HY OTPUMAaHUX pe3y/bTaTiB, IXHE MPAKTUIHE 3HAYCHHH, 3B s-
30K POOOTH 3 HAYKOBUMU TeMaMH i 0COOMCTUIT BHECOK 3/100yBaYKU, HABEJICHO
indopmMaliiio 1mpo ampodallio pe3yabTarTiB JucepTaliil.

B ocHoBHill WacTuHi JgucepTalliiiiol poOOTH PO3TJIAIAIOTHCS JTIHHAMI-

YHI cucTeMru KOHQJIKTY 3 IPUTATAJIbHOIO B3aEMOJIEI0 B JIUCKPETHO-



My dYaci B TepMmiHax JBOX ab0 Oibllle CTOXaCTHIHUX (HOPMOBAHHUX HA
OJMHUINO) BEKTOpIB P = (pgj)?zl, i = 1,....m, 5 = 1,...,n,
m > 2, n > 2, 3zajlexknmx Bij dYacy. Epomioniga B dYaci 3ajae-
ThCA BIJIOOparKeHHAM, dKe IT03HAYAETbCS CHUMBOJIOM % 1 Jli€ y IPOCTO-
pi R%.

Binobpaxkennsi % renepye 0araTOKOMIIOHEHTHY JWHAMIYHY CHCTEMY B

JINICKPETHOMY 4Yacl 3 TPAEKTOPISAMU:

(pt} 25 {p!™Y, t=0,1,....

VY 3araJbHOMY BUIAJIKY KOOPJIMHATH BEKTOPIB p’frl BU3HAYAIOTHCs 1TepaTuB-

HO 3a KOOpJuWnHaTaMM HOHGpeﬂHiX BeKTOpiB SFi,ZLHO 3 CHUCTEMOIO piSHI/IHeBI/IX

PIBHSIHB:
1
1 . .
pf;_ :;(pfj(9t+1)+ﬁ), 1 = 1,...,m, ] = 1,,__771’ t:O,L”_’ (1)
ne 08 =0 (ptlnpéy ce ,pfn) — Jlesika, oOMexKeHa, JlojlaTHa (DYHKILs, siKa BU-

3HAYaE€ BLIBHY €BOJIOIIIO cUCTeMHU, a Habip J0JaTHUX (QYHKILNH T; (reB-
HUM YMHOM 3aJleXKHUX BiJI KOOPJMHAT BEKTOPIB pf) BijlIoBijae  ede-
KTy B3aeMOJii. SHadeHHd IuX QYHKINN Opu KOXKHOMY dikcoBaHOMY ¢
YTBOPIOIOTH JICIKIIT HECTOXaCTUIHHUIT BEKTOpP 3 HEBiJ €eMHUMHU KOOP/MHA-
TaMI, KU [03HAYEHO CHMBOJOM T = (T;)?:l 1 Ha3BaHO IOKA3HU-
KOM aTpakTopa, OCKLILKN HOTO BJIACTUBOCTI BU3HAYAIOTH e(peKT Ipu-
TAraHHd MiZK 1I0YATKOBUMU BeKTopamMu. HopMmyBajbHMil 3HAMEHHUK 2°

3abesredye CTOXACTHYHICTL BEKTOPiB P,

3rilno 3 HaBEJIEHUMU PiB-
HSHHAMM, BIJICTaHb MK BeKTOpaMu P. B [1-HOpMi 30ira€Tbest 10 Hy-

JIs,
n

Ipt =Pl =Y I —pll = 0, £k ik=1,...,m,
=1

TOMY BiI0OpaKeHnns ¥, 3ajlaHe IUMU PIBHSIHHAME, OIICYE MPUTATATLHY B3a-
E€MO/IIIO.
[TobymoBa JuHAMITHOT cHCTeME Ha OCHOBI pisHuIeBux piBHsiHb (1) 1 aHa-

JI3 1T 3araJibHUX BJIACTUBOCTEN HaBEeJIeHO y PO3LI 2 Iic/d oIy JiiTe-



paTypu 3a TeMolo jucepTariil y posaii 1. YV migposjinax 2.1-2.4 BuBua-
I0ThCA PI3HI MOJIENT AUHAMIYHUX CHCTEeM KOHMJIKTY 3 MPUTIATAHHAM, TKi
ONUCYIOTh MOBEJIIHKY CIOYATKY Iapu, a IMOTIM JIOBLIBHOI CKIHYEHHOI Kl/Ib-
KOCT1 OIIOHEHTIB, 13 PI3HUM CIIOCOOOM 3aJlaHHS KOOP/IUHAT T} JJIs1 TIOKa3HU-
Ka aTpakTopa. 30KpeMa, JOCJiJIZKEHO MOJIeIb JUHAMITHOI CUCTEMU KOH]-
JUKTY Y BUIQJIKY, KOJIN T; BUONPAETbCs K MiHIMaJIbHEe 3HAYEHHS j-UX KO-
opjuHaT y sektopis p', r'. Taky juHaMiuHy cucTeMy y3arajbHEHO Ha BU-
Ma/I0K CKIHYEeHHOI KIJTBKOCTI B3a€MOJIII0UNX CTOPiH. JloBeieno icnyBanns He-
PYXOMUX CTaHIB Ta HaBeJeHO IXHIN omuc y TepMiHaX I'PaHUYHUX 3HAYEHb
BEKTOPAa, T=>, [TobymoBano JeKijbKa KOHKPETHUX BapiaHTIB Ii€l MOJIEJI.
BeranoBiieHO SIBHII B3a€MO3B 130K TPAHUYIHOTO CTAHy CUCTEMU i MOKA3HIKA
arpakTopa. 3HaiiJIeHO0 yMOBHU Ha CIocid BusHadeHHs1 T, 3a SIKHX yci Tpae-
KTOpIl 30irafoTbest 10 w-rpanndHol MHoKuHE ') gKa € nuxiom. Jlosese-
Ha HECTIfKICTh TAKMX TI'PAHUYHUX OPOIT. Yci pe3ysbTaTH IMPOLTIOCTPOBAHO
IPUKJIJaMI 3 KOMIT'IOTEpHUME CUMYJIIiaMA. BaKmBo, Mo Mojeri JuHa-
MIYHUX CHUCTEM TaKOI'0 TUILY MOXKYTb ONUCYBATU JIMHAMIKY peajibHUX IPOo-
necis. SIK inmocTpaliis, MOYKHA BBazKaTH, 10 HOKA3HUKY arpakropa T Bif-
MOBIJIa€ XapaKTep 30BHINIHBOIO BIUIMBY Ha cuCTeMy (HAIpuKIaJ, iHGopMa-
MIAHIH BIUINB Ha CYCIILCTBO). Kepyroun 3HAUEHHSIME BEJINTHH TTOKA3HIKA
aTpakTopa, MOXKHA K OIUCYyBaTH, TaK 1 KOHTPOJIIOBATU IOBEJIIHKY CUCTe-
MU.

Posnin 3 moBHICTIO MpUCcBAYennii mo0OyI0BI KOHKPETHUX Mojiesieii. Tak,
miiposii 3.1 npucBsAdeHo PI3HUM BaplaHTaM MOJEJ TOIIUPEHHS ePEeKOo-
HaHb, sKi 3 9acoM HaOIMKAIOThCd JI0 KoHcencycy. Ll mMomenn dpaxkTuyano
€ aHaJIOrOM BIJIOMUX TIOOYJIOB, aJie TPYHTYETbCS Ha 30BCIM IHIIOMY 3aKO-
HI B3a€MOBILJIUBY MiK areHTaMu [ 1CTOTHO BUKOPHUCTOBYE TeOpilO JUHa-
MIYHIX CHCTEM KOH(QJIKTY 3 MNPUTAraJbHOIO B3aeMmojlicio. MexaHi3m B3a-
€MOJIIT MIZK JIBOMa areHTaMi 3aJa€ThCd 3a JOIOMOI'OI0 PI3HUIEBUX PIB-
HsiHb Bujy (1) 1 mpumyckae JerasbHUiT aHasi3 JUHAMIKH. 30KpeMma, B

poOOTI OIMCAaHO MOBEJIHKY areHTiB Y BUIAJKY HPUIHATTS OiHApHUX Pi-



IIeHb y TepMIHaX 4YacoBOl €BOJIIOIIT BEKTOPIB 1 TPaeKTOpiil $K 3 JBO-
Ma, TakK 1 3 OararbMa aJibTepHATHUBHUME Io3uiisgmu. IlokaszaHo, 10 Bij-
MIHHICTDb MiXK IMepeKOHAHHAMN areHTiB BIJIMBA€ Ha 1HTEHCHUBHICTDL B3a€MO-
il

ITigposmin 3.2 onucye npobseMy icHyBaHHS JIOCTOBIPHOI TOJIiT B JTHAMI-
YHUX cUCTeMaxX KOHMIIKTY. TyT po3ryisinyTo HAWIIPOCTIINTY abCTPaKTHY MO-
JleJIb JIMHAMIYHOI CUCTeMU KOH(JIIKTY 3 TPUTATATHLHOIO B3aEMOJIIEI0 Y BUTIA/I-
t

Ky Jmme J1Box Bektopis p' ta r', Ko dynxnis §° = 0, a koopiunaTh T

IOKa3HUKa aTpaKTopa BU3HAYEHO dK J0OYTKHM KOOPJIMHAT BEKTOpiB P’ ',

To6TO T) = pirt, t =0,1,2,.... JlocrosipuicTh nojii xapakTepusye cran Ci-
cTeMI 31 CKIHYeHHOI0 MHOYKMHOIO THO3UINN w;, KON BCl KOOPJWHATHA CTAIOTh
HYJIBOBUMU, KPIM OJIHI€ET, sIKa JIOPIBHIOE OJIMHUII JIJIsT 000X BeKTOpiB. Mojie/b
MPUITYCKAE 1HTEPIIPETAIlIO 3ajladl PO TOIIYK YMOB, KOJIM PI3HI JIMCKPETHI
BUITA/IKOBI PO3IOJIIIN MPUTATYIOTHCS Ta KOHIEHTPYIOThCA Y (bikcoBaHiil 1o-
3UIIIT 13 OMHIYIHOIO iMOBipHIicTIO. O1epKaHOo PpsiJl JOCTATHIX O3HAK 1CHYBAHHSI
JIOCTOBIpHOI 110111 1ipu ¢ — o0o. Haiimpocrimi 3 Hux (popMyJIIoI0ThCA B Tep-
MiHAX MaKCHUMaJbHUX 3HAYEHb KOOPJUHAT P;, 75, JOOYTKIB IUX KOOPUHAT
pi = piTi, IXHIX CyM 0; = p; + 1; abo JedKuxX KOMOIHAIl 3 k; = 0; + 2p;.
HagiTh y 1iboMy mpocTOMy BHUITQJIKy BUHUKAIOTH NMUTAHHA HEPO3B dA3aHi J0Ci
MOBHICTIO. 30KpeMa MUTAHHSA PO MOBHUN ONNC KOOPJUHAT i3 BJIACTUBICTIO
Py — 0,77 =0, t — oo. dkmio gocToBipiy MoJi0 iHTEPHpETYBATH, AK CTAH
KOHCEHCYCY B COIliaJIbHIX Mepeykax, TO OJIepyKaHl pe3yIbTaTi MOXKYTh OyTH
3aCTOCOBaHI Yy MOJIE/IsIX BUOOPIB Ta MojIeIs9X (hOpMyBaHHS ITOTJIAIIB.

Y miapo3aiai 3.3 pPo3rIgHYTO CHEKTPAJIbHY 3aJady JIjIsd PO3MOJILIIB JTH-
HAMIYHUX CHCTEM KOH(MJIKTY 3 MPUTATAJIbHOIO B3aEMO/IIEI0 Ha ITPOCTOPax 3
iTepariitauM ppakTaJbHIM MOJIPIOHEHHAM. 3HAiICHO KpUTepiil y TepMiHax
[IOYATKOBUX PO3IO/ILIIB, KUl rapaHTye BUHUKHEHHsI TOYKOBOI'O CIEKTPY Y
rpaHnIHuX po3no/iiax. OCHOBHUI Pe3ysIbTaT CTBEPIZKYE, 110 NOJIOBHA YMOBa
BUHUKHEHHSI TOYKOBOI'O CIIEKTPY — Ile cTpaTeris MplopiTeTy HaJl OIMIOHEHTOM

y €JIMHOMY PerioHi w; Ha KOXKHOMY KPOIIi.



Hapemri, y migposaii 3.4 1moOymoBaHO MOJIE/Ib JUHAMIYHOI CHCTEMU
KOHMJIKTY, 0 OIUCYE BOJIIOIIIO MOMNUPEHHs O10JI0MYHUX OIS Ha pe-
CYPCHOMY ITPOCTOPI MPpM MOCTIHHUX 30BHIMIHIX YMOBaX J/isd iCHyBaHHdA. 7K i
B a0CTPAKTHOMY BUIIAJIKY, JIMTHAMIKA PO3IJIAIAETHCA B TEPMiHAX JIBOX BEKTO-
pis p’ Ta r’. KoopuuaTu nepuioro 3 HuX 3MiHIOIOCA 3riHO 3 piBHAHHAMM (1),
jge 0" = 0, a 7/ Bu3HAUCH] Yepe3 KOOPJAMHATH BEKTODA I' 3 JIOJATKOBUMI T1a-
pamerpamu ¢, j = 1,...,n. losejeno icnyBalHs PIBHOBa;KHOIO aTPaKToOpa,
JIOCJIJIZKEHO HOro CTIfIKICTh Ta BCTAHOBJIEHO SIBHUI BUTJIS /I TPAHUYHOTO CTAHY
3aJ1e2KHO Bl ¢;. Ilapamerpn ¢; TpaKTyIOTbCA K HE3MIHHI B 4acl BeJUYUHH,
JIKi XapaKTepu3yloTh YMOBU CHPUATIUBOCTI JIJIs iICHYBaHHS TOIYJ/IAIIl B KO-
JKHOMY 3 perionis w;. ObunciieHHsd ABHUX 3HaYeHb I'DAHMYHUX KOODIHHAT
(a TakOXK YHCIEHHI KOMIT IOTEPHI CUMYJISIIT) JTOBOJATD, IO ICHYE TpsiMa iX
3aJIe2KHICTD IUX IIapaMeTPiB: YnM OlIblle 3HaYeHHd ¢j, TUM OlIbIIe 3HaYeH-
Hsl BIITOBITHOT J-01 TPAHUYHOI KOOpNHATH. TOOTO CPUST/IUBIII YMOBU JIJIs
icHYBaHHSI TIOITYJISIII] B JIEIKOMY PErioHi IPUBOJISTE JI0 301bIIEeHHs KiJIbKOCTI
0COOWH TIOIYJIATII B IIboMY perioni. [le miarBep/Kye ajleKBaTHICTL MaTeMa-
TUIHOI MOJIEJII.

JonaToK MicTUTh CIIMCOK IyOJliKalliil 37100yBada 3a TeMOo JiucepTallil Ta

BIJIOMOCTI TIpO alpoOaIliio pe3yabTaTiB JUCEPTAITi.

Kiro4oBi cjioBa: ck/ajiHa AUHaMidHa CUCTeMa, JNHAMIYHA crcTeMa KOH]-
JIKTY, PI3HUIEBE PIBHSAHHS, 6araTOKOMIIOHEHTHA JIMTHAMITHA CUCTEMA, KOMIIO-
3ullisi (IIepeTBOPEHHsI Uu BijioOpakeHHs1) KOHMJIKTY, HPUTATATbHA B3aEMO-
JIist, HepyXoMa TO4YKa, 'PAHUYHUI CTaH, CTIKICTh TPAHUYHOTO CTaHYy, JUCKpe-
THa Mipa, CTOXaCTUYHUII BEKTOP, JOCTOBIPHA I0/lisl, CTpATErisd MPIOPUTETY,

iTepariiiine mo/ipiOHeHHs MPOCTOPY, TOYKOBUIT CIIEKTP.



Abstract

Satur O.R. Analysis of trajectories behavior in models of complex
dynamical systems with attractive interaction. — Qualifying scientific

work on the rights of the manuscript.

Thesis for the degree of Doctor of Philosophy, speciality 111 “Mathema-
tics”. — Institute of Mathematics of NAS of Ukraine, Kyiv, 2020.

The thesis is devoted to the study and construction of models of di-
screte dynamic conflict systems with attractive interaction. The notion of
dynamic conflict system has appeared as a mathematical tool for describing
the behavior of various complex physical systems with two or more conflicting
sides. In fact, dynamic conflict system is a system that unites several dynamic
systems, whose evolution is deformed under influence of conflict interaction
between separate subsystems. Identification of the law of the dynamics of the
entire system is a non-trivial task in each specific case; this law must include
information about the states of individual components of the system at each
moment of time, the type of conflict interaction and its influence on behavior
of the system at next moments of time. Even the simplest cases are interesting
because of their nonlinearity. The purpose of the theory of dynamic systems
of conflict is to give an adequate description of real physical systems, which
consist not only of two, but also of many interacting sides.

The purpose of the thesis is to develop the theory of dynamic conflict
systems, to build specific models and to study the trajectories behavior in
the case when separate subsystems attract each other. In this case, the effect
of conflict is that the free opponents behavior is deformed. In particular,
they can lose regions of successful presence by concentrating in regions of
joint attractors. Finding such limiting attractors, describing their structure,
basins of attraction, stationary equilibrium states, the existence of cyclic
orbits are typical problems in this research area, which have so far been

studied only partially.



The specification of such problems in relation to models of complex
dynamic systems with attractive interaction is relevant from the point of
view of possible applications in various problems in economics, ecology and
sociology. Finding a balance between production and consumption, the use of
resources and their natural restoration in the ecological balance, in particular,
the search for compromises in contradictory, often acutely conflicting social
processes (for example, ethnic, religious, national, linguistic) are not possi-
ble without constructing adequate mathematical models of dynamic systems
with different types of interactions, both repulsive and attractive.

In addition to purely theoretical problems on the trajectories behavior
in specific models of complex dynamic systems with attractive interaction,
the thesis concerns the dependence of the main dynamic characteristics of
the system on the choice of strategic parameters, such as the activity of
conflict interaction, the role of network connections between system agents,
the choice of priority regions of presence in the iterative process, division of
space, random influences and changes in statistical data.

The dissertation consists of annotations in Ukrainian and in English,
introduction, three chapters of the main results, conclusions, the list of
references and appendix.

The introduction grounds the relevance of the research topic, formulates
the purpose, object, subject, task, and methods of the research, indicates
the scientific novelty of the obtained results, their practical significance, the
relation of the research to scientific programs, the personal contribution of
the applicant, and also points out where the results of the dissertation have
been disseminated in both conference talks and journal publications.

The main part of the thesis is devoted to dynamic conflict systems with
attractive interaction in discrete time in terms of two and more stochastic
(normalized to one) time-dependent vectors p! = (pfj)?zl, i =1,...,m,
m > 2,7 =1,....,n, n > 2. Evolution in time is given by the mapping,

which is denoted by the symbol % and acting in space RY}.
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The mapping % generates multicomponent dynamical system in discrete

time with trajectories

{pl} =5 {pi*), t=0,1,....

In the general case, the coordinates of the vectors p/*?

. are determined iterati-

vely from the coordinates of the previous vectors using the system of diffe-

rence equations:
1
Pt =00+ ) +7), =1 m =10 =01, (1)

where 6° = 6(p},p,...,pl,) is some bounded positive function that
determines the free evolution of the system, and the set of positive functi-
ons 7'} (depending on the vectors coordinates pt) corresponds to the interacti-
on effect. The values of these functions for each fixed ¢t form some non-
stochastic vector with non-negative coordinates, denoted by the symbol
T = (7’;)?:1 and called the attractor index, since its properties determine
the effect of attraction between the initial vectors. The normalizing denomi-

nator 2! ensures the stochasticity of the vectors p’frl

. According to the above
equations, the distance between vectors p! in [;-norm converges to zero,

n

Ipi = pilh =D Ipl; —piyl =0, i#k ik=1...m,
j=1

so the mapping % given by these equations describes an attractive interaction.

The construction of dynamical system based on difference equations (1)
and an analysis of its general properties are given in Chapter 2 after review
of literature on the topic of the thesis given in Chapter 1. In Sections 2.1-2.4
we study various models of dynamic conflict systems with involvement, whi-
ch firstly describe the behavior of a pair, and then of an arbitrary finite
number of opponents, with a different way of specifying the coordinates 7'}
for the attractor index. In particular, a model of dynamic conflict system is
investigated in the case when 7¢ is chosen as the minimum value of the coordi-

J
nates of the index j in vectors p’, r’. Such dynamical system is generalized
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for the case of a finite number of interacting opponents. The existence of
fixed points is proved and their description in terms of the limiting values
of the vector 7'=% is given. Several specific variants of this model have
been constructed is given. An explicit relationship was established between
the limiting state of the system and the attractor index. Conditions for the
method of defining T are found, under which all trajectories coincide with
the w-limit set I'*°, which is a cycle. The instability of such limiting orbits is
proved. All results are illustrated with examples from computer simulations.
It is important that models of dynamical systems of this kind can describe
the dynamics of real processes. As an illustration, we can assume that the
attractor index 7 corresponds to the nature of the external influence on
the system (for example, informational influence on society). By controlling
the values of the attractor exponent, one can both describe and control the
behavior of the system.

Chapter 3 is entirely devoted to building specific models. So Section 3.1 is
concerned with various variants of the model of the spread of beliefs, which
approach a consensus over time. This model is essentially an analogue of well-
known constructions, but is based on a completely different law of mutual
influence between agents and essentially uses the theory of dynamic conflict
systems with attractive interaction. The mechanism of interaction between
two agents is specified using difference equations of the form (1) and involves
a detailed analysis of the dynamics. In particular, the thesis describes the
behavior of agents in the case of making binary decisions in terms of the
time evolution of vectors and trajectories with both two and many alternative
positions. It is shown that the difference between agents opinion affects the
intensity of interaction.

Section 3.2 deals with the problem of the existence of sure event in
dynamic conflict systems. Here we consider the simplest abstract model of
dynamic conflict system with attractive interaction in the case of only two

vectors p' and r', where function #" = 0, and coordinates 7} of the attractor
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index are defined as the product of coordinates of vectors p, r, that is

t _ bt
Ty = Pj"y

a system with finitely many positions w; when all coordinates of the distri-

t = 0,1,2,.... The sure event is characterized by the state of

bution are equal to zero, except a single fixed coordinate equal to 1. The
model assumes the interpretation of the problem of searching for conditions
when various discrete random distributions are attracted and concentrated
in fixed position with unit probability. We establish a number of sufficient
conditions under ¢ — oco. The simplest of them are formulated in terms of the
maximum values of the coordinates p;, r;, the products of these coordinates
p; = p;T;, their sums o; = p; + r; or some combinations with x; = o; + 2p;.
Even in this simple case, questions arise that have not yet been fully resolved.

In particular, the question of a complete description of coordinates with the

t
J

state of consensus in social networks, then the obtained results can be used

property pz» — 0, % — 0, t — oo. If the sure event is interpreted as the
in voter and opinion-formation models.

Section 3.3 treated the spectral problem for the distributions of dynamic
conflict systems with attractive interaction on spaces with iterative division.
Conditions are found in terms of initial distributions that guarantees the
existence of the point spectrum in the limiting distributions. The main result
states that the main condition for the existence of the point spectrum is the
strategy of priority over the opponent in a single region w; at every step.

Finally in Section 3.4 model of dynamic conflict system is constructed,
which describes evolution of the distribution of biological populations on the
resource space under constant external conditions for existence. As in the
abstract case, the dynamics is considered in terms of two vectors p’ and r’.
The coordinates of the first of them change according to the equations (1),
where §° = 0 and 7} are defined through the coordinates of the vector r'
with additional parameters ¢;, 7 = 1,...,n. The existence of an equilibrium
attractor is proved, its stability is investigated and an explicit form of the

limiting state is established depending on ¢;. Constants c; are interpreted
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as time-invariable values that characterize the conditions for the existence of
a population in each w;. Calculations of the explicit values of the limiting
coordinates (as well as numerous computer simulations) prove that there is a
direct dependence of these parameters: the larger the value of ¢;, the larger
the value of the corresponding limit coordinate. Thus favorable conditions
for the existence of a population in a certain region lead to an increase in
the number of individuals of the population in this region. This confirms the
adequacy of the mathematical model.

Appendix contains the applicant’s publications list concerning the topic
of the thesis and the list of seminars and conferences where the results of the

dissertation have been reported and discussed.

Key words: complex dynamic system, dynamical conflict system, diffe-
rence equation, multi-component dynamical system, conflict composition
(interaction or mapping), attractive interaction, fixed point, limit state, stabi-
lity of limit state, discrete measure, stochastic vector, sure event, strategy of

priority, iterative division of space, point spectrum.



