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36KHICTD 1O PIBHOBa)KHOTO aTpaKkTOpa
y MOJIesIX AMHAMIYHUX CrcTeM KOHPIiKTy
3 IPUTATATIBHOIO B3A€EMOJIEI0

IIpedcmasneno unenom-kopecnondenmom HAH Yipainu O.A. Boiiuykom

ITo6yodosario modeny OuHAMIMHOT cUcmeMu KOHPIIKIMY 3 NPUMsI2anvHo10 83aEMO0iEl0, no8ediHKa MPaekmopiti Kol 6u-
3HA4AEMbCA HABOpOM do0amHix napamempis. JJosedeHo icHYBAHHS HEPYXOMUX CTAHIE ma 00CTiONeHO IXHI 8n1acmu-
80cti, a came 8CMAHOB/IEHO STBHULL BULTISIO HEPYXOMUX PIBHOBANCHUX CIAHIE Ma 00CTII0NEHO NUMAHHS NPO CMIIKICb.

Kntouosi cnosa:. ounamiuna cucmema KOHQLiKmy, pisHuuese DiBHIHHI, nepermeopeHns (KOMNO3uuis uu
8i000pasieHHs) KOHPIKMY, npumsizanvHa 63AEmo0isi, HePYXOMA MOUKA, ePAHUMHUTI CMAH, CIIUKICMb ePAHUYHO20
CMany, OUCKpermHna mipa, CmoxacmuuHuil 6eKmop.

PiBHOMipHMIT po3nozin sHaYHO yacrilie Qirypye y MaTeMaTM4YHUX TEOPifAX, HDK Y peasbHOMY
>KuTTi. [lonmiTyni cucTeMn, B OCHOBY AKUX IOK/IaZleHi ifiel colliaIbHOI piBHOCTI Ta piBHOMIpHOTO
po3Moziny 61ar, € npupedeHMH Ha po3naf. Y 6i0/I0riYHNX HONY/IALiAX BITHOCHO piBHOMIpHMI
PO3TIONIT 0COOVMH MOXIMBUI y BUIMAZIKY, KOMM M HUMM iCHY€E JIy’Ke CUJIbHAa KOHKYPEHITif.
Lle o3Havae, 10 IMOBIpHICTb NepeOyBaHHA ABOX OCOOVH IOPYY € JOCUTD MAJIOI0, IO CIPUAE
piBHOMipHOMY posnoziny. Takuil TUII pO3NOAITy HPUCYTHIN Y XVDKMX pub Ta TBApMH, SKUM
IpUTaMaHHA TEPUTOPIa/IbHICTh. Y MaTeMaTMYHMX MOJENAX TaKi CHUCTeMM ONNUCYIOTbCA
KOH(TIKTHOIO B3a€MOZI€IO 3 Bi/JIITOBXYBaHHAM.

OpHyM 3 HAJMPOCTIINX 3aKOHIB, 1110 OIJCY€E IMHAMIKY YMCE/TbHOCTI BHY TPilIHBO KOHKYPEHTHOI
MIOINY/IALLL, € BijoMe si02icmuyHe pisHUIIEBE PIBHAHHA

Xy =1x,(1-x,),
nie X, BifoOpajkae 4MceNbHIiCTb NOMy/AL{i Ha 1-My POIli, TapaMeTp r XapaKTepusye IBUAKICTb

pocty nonynAuii. Ile piBHAHHA € IPUK/IaJOM IIPOCTOTO HEMiHITHOTO PiBHAHHS, SIKe 3a7IEKHO BiJ
3HAYeHHsA [TapaMeTpa r ONMCYe CKIAHYy Ta HaBiTh XaOTUYHY NOBeNiHKY. HalgacTime y npupopi
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CIIOCTepiraeTbcsl TPYNOBUI po3nofil. I[IpuunHamMyu yTBOpeHHs Pi3HUX CKyIT4eHb MOXKe OyTu
IIPOCTOPOBA HEPIBHOMIPHICTD PO3IOJiNY PECYPCIB [i/I iCHYBaHH:, CK/Ia[JHi BHY TPITHbOBU/IOBI
B3a€EMMHI 200 X PO3MHOXEHHS 0COONH, He3/IaTHUX AVMCTAHIIOBATICS OJHI BiJi ONHUX.

Hani mo6ymoBaHO MOfeNb AMHAMIYHOI CHCTeMy, L0 OINCYe PiBHOMIipHUII abo rpymnoBuit
PO3MOzin 0COOMH MOMyIALil Ha IeAKOMY PeCypCHOMY IIPOCTOpi icHyBaHHA Q={®, ®,, ..., ®,},
n>1. 3adikcyemo Ha QQ feAKy FIMOBipHICHY AMCKpeTHY Mipy [, AKa BifoOBifaTuMe [esKii
nomnynAuii. 3Ha4eHHA Liei Mipu

w(w,)=:p,, i=1..,n

XapaKTepy3ye MIbHICTh PO3IOMiTy MOMY/IALIl B perioHi icHyBaHHA ®,. 3a T06YZOBOIO z p; =1.
. . n o _ .
Tomy mocninosHicTh p(®;) BusHavyae B R’ cToxacTuunmit BEKTOP P =(p;, Pysees Pp) -
BopoTbby 3a XUTTEBI pecypcu, 30cepekeHi B KOXKHOMY 3 PeTiOHiB IPOCTOPY, ONMMCYEMO B
TepMiHaX Mipy v, 3HaY€HH AKOI B TOYKAX BM3HAYAIOThCA TaK:
l_u((’oi) _ l_p,’ _

v(o,)= 7.
’ n—1 n-1 '

. . o _ n
Jlerko mepeBipuTH, IO ITi 3HAYEHHSA TAKOXX YTBOPIOIOTH CTOXACTWYHNI BeKTOp ' = (1;, 7, ..., I, ) € R". Be-
manHn v (0;) MOYKHA iHTepIpeTyBaTy AK ycepeqHeHH:A po3nofity v (mean field) Ha migmuOXMHI Q\ 0,
JocmiauMo MOBENiHKY TPA€EKTOPil AMHAMIYHOI CUCTEMM 3 AMCKPETHMM 4YacoM Yy TepMiHax

CTOXaCTUYHIUX BEKTOPIB
pt*—’t>pt+1, t=0,1,2,..., (p°=p), (1)

Jie * TI03HAYA€ TIepPeTBOPEHHS, IKe BifIOBifjae AMHaMIlli 3MiHY IOMY/LALI Ha TpOCTOpi icHyBaHH:A 2.
Y TepMiHax KOOpAMHAT 3aKOH KOH(IIKTHOI J[MHAMiKM BU3HAYAETbCA HACTYIHUMMU
dbopmynamu:

t t
t+1 _ Pi (1+Ciri), 0<

i t
z

l,i=1,..n, (2)

/
O
N

1-p;

o t : t+1 :
1 » @ HOpMYBAJIbHIV 3HAMEHHUK Z 3a6esneqye CTOXAaCTU4YHICTb BEKTOpa p . Ha61p

t_
mer, =

CTA/INX C; TPAKTYEThCA K HE3MiHHI 3 YaCOM ! COPUAT/INBI YMOBM IS iCHYBaHHA TIOIY/IALII B

KO)>XHOMY 3 PEriOHiB ; BiIMOBITHO.
3ayBaxumo, 1mo y poborax [1—3] mobymoBaHO MaTeMaTH4YHi MOZeNi JUHAMIYHNX CUCTEM
KOH(ITIKTY, 11J0 OINCYIOTh NOBEJiHKY iHAMBIAIB y coniymi. [IMHamika B OfHiiT 3 TAKUX MOJeneil
ONMCYEThCA PISHULIEBUMI PIBHAHHAMMA i 3B€ThCA AMHAMIKOIO 3 BiIIITOBXYBa/IbHOIO B3aEMO/IIi€10:
t+1 pi(=c)

i

, 0<c,

1

; <l1.
. Z . soe . . . [v) .
Bubip mpursaranpHOl B3aeMofii JOKOPiHHO 3MiHIOE JUHAMIKY CUCTeMM ¥ iCTOTHO BIUIMBA€E Ha
ii BmactTuBocTi. [lani mpoBefeHo aHami3 MOBeAiHKY TpaekTopil (1), 3aganux piBHAHHAMIU (2), ¥
TepMiHaX KOOP/IMHAT CTOXaCTUYHMUX BEKTOPIiB P’ , r.
[Tpumyctumo, mo y dopmynax (2) Bci ¢; =1 mnd Bcix i =1,...,n, TO6TO yMOBU 1A iCHyBaHHA
HOIY/IALIl OHAKOBi B KOKHOMY 3 perioHiB , Ta He3MiHHi 3 yacom. Toxi piBHAHHA (2) MOXHA
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NepenucaTt y BUITIA/]

t t
(147
e _POER) L 3)
1 Zt

Hani gocmiguMo BIacTMBOCTI TpaekTopiit (1) B TakoMy BUIIQAKy. 3ayBa)KMMO, IO ITOBeIiHKa

AVHAaMIYHOI CUCTEMM € aHAJIOTIYHOK JIIA BUIAMIKY, KOMM BCi CTali ¢; MOPiBHIOIOTH JI€AKOMY

popatHoMy uucny c. Hmxde Oyme mokasaHo, IO 3MiHa KOOPAVHAT BEKTOPiB pt, r' srigHo

3 piBHAHHAMU (3) IPMBOAUTD [IO TOTO, LIO BCi HEHY/IbOBI KOOPAMHATU VX BEKTOPiB CTAIOTh

piBHMMU MiX c0o6010 ITpu t — 0, a Ije BifjIOBifjae piBHOMIpHOMY pO3MoAiny Ha mpocTopi 2.
3ayBaXK1MO, L0 PIBHICTh P = MOXX/IMBA TOZI i TIIbKM TOMI, KONU p; =1, = l maycix i=1,..,n.
SIKIO BBECTU BENMUYMHY n

L=% () =llp'Il",
i=1

TO IIepeTBOPEHH * MOYKHA MEPEIICATH JIAIIe B TePMiHaX KOOP/IMHAT BEeKTOpa P

t
n—o.
P =l K K =R @)
n—1L
ITosnaunmo 4yepes M MHOXVHY BCiX HY/TbOBMX KOOPAMHAT BeKTOpa P, To6T0 M ={p,: p; =0},
a yepe3 Y(M) — mOTYXHicTb Ljiel MHOXXVMHU. 3 piBHAHB (4) 3po3ymino, mo M Ta y(M) He

3a/IeXXarhb BijJj yacy f .
3 ¢popmymn (4) BUIUIMBAE CIIPaBEINBICTh HACTYIIHNX TBEPKEHD Ta JIeM
Teepmoxenns 1. Ixuwio p; > p; 0ns desikux i, j,mo ons écix t =0,1, ... suxonyemocs p; > p;.
Teepmxennsa 2. Axkujo 011 éeﬂxozo j=L..,0 p,=0, mo ong dosinvHozo t cnpaseonueo
1
t t
pi=0,1=—"
n-1 t t
t TBemeeHI;m 3. It{eyzcaa Prin T Proax — MIHIMATOHA MA MAKCUMATIbHA Koopbutuamu ?exmtopa
p’ ionosiono, L =||p’ ||". Todi onst 6ydv-sxoeo t =0, 1, ... cnpasednusi nepierocmi p,. <L < p.. .
Jlema 1. ITocridosuicms L' =||p' |[*, t =0,1, ... € cnaduoro.
Jema 2. kw0 p; > L, mo nocnidosnicmo {pit Yo € cnadnoro.
Jlema 3. Ilocnidosnicms L' =||p' |[*, t =0,1,... sminwoemvcs y mexcax

t
<I'<1, m=y(M).
n—m
Teepmxenns 4. [Tocnidosnicmy L' =||p" |*, t =0,1,... € 36ixH010, mo6mo icuye [° =lim L'
3 TBep>KeHb 1—4 Ta j1eM 1—3 BUIIIMBAE TOBEIEHHA HACTYIIHOI TEOpEMIUL: to
Teopema 1. Koxna mpaexmopis ounamiunoi cucmemu xougnikmy (1) 3 OosinvHum
nowamxosum cmoxacmuunum sexmopom peR”, n>1, esontouis sxoi 3adana dopmynamu (4),
36i2aemucst 00 eparu1H020 CMary, AKuUi € Hepyxomoro mouxoro p* = limp'.
Ipu yvomy, ) o
1) skuwo y(M)=0,10 p* =r" i p° =r" =;;
2) sxkwo Y(M)=m, m<n,mo p” #r” ionsecix p,e M
1
j )
" on-1
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a ons ecix p; & M

o 1 o n-m-—1

pi =

S E—
n-m ' (n=-1)(mn-m)

Ipanuunuil cman cmitikuil iuwie y sunaoxky p= =r” = (l/n, 1/n,...1/n).

Hani posriAaHeMO BMUIIA[OK, KOMM BCi IapaMeTpU ¢; € PISHMMM Ta IIOKa)XEMO, 110 caMe
Habip mapaMeTpiB NMOBHICTIO BM3HAYA€ BUILAJ TPAHNYHOTO CTaHY CUCTEMU. 3aBJAKNM TOMY,
mo ¢ixcoBanmit Habip cTanMX MapaMeTpiB ¢; 3ajgaeTbca mpu f=0 i He 3ameXarb Biff yacy t,
TPAaHUYHUI CTaH CUCTEMMU € CTiIKMM.

Bpaxosytounu, o ;| = %pll , PiBHAHHA (2) MOXKHA TIepenncaTyl y BUIIAL]L
t
e nolvg=p)
pi =pi- : ; 1 =p; ki t=>21
n—1+L.

. _n-1+¢-p;)

i,¢

n
L =Y pl(1-ph).
n —1+Ltc c gl: 11 1
Husxue 6yeMo BUKOPUCTOBYBATH MO3HAYeHHA K| =, (1— p;).
Teepmxenns 5. Hexaii ons Oesikux i, j(i # j) napamemp c; dopisHioe napamempy c; , mo6mo

— — t t T t t+1 t+1
¢, =c;=c,npudomy p; <p;.Todi k; >K; &K, >,

o 2 . . . . .
Teopema 2. Hexaii p € R Todi koxHa mpaekmopis ounamiunoi cucmemu kougnixmy (1)

36icaemucst 00 cmiliko20 2panU1H020 CMAny, KUl € Hepyxomoto moukoro p* = lim p*, npuuomy
t—>o0

C c

© 1 2
p fry —_—
C1+Cz Cl+62

Teopema 3. Hexaii p € Ri , NPUHOMY O7IA KOHHO20 i =1,2,3 BUKOHYEMBCA 00HA 3 YMOB Kf > Ltc
t t . . . . . .
abo «; <L, pna posinbHOTO t. T00i kKomHa mpaekmopis ounamiunoi cucmemu kougnikmy (1)
36icaemucst 00 2paHUUHO020 CMary, AKuil € Hepyxomoio mouxoio p” = limp'.

Ipunomy, o
w | €€ €163 =605 €16, — €163+ CC5 €163 — €16, + €565
- b b b
C1Cy + €105 €05 €16, + €165 +C5C5 €€, +C1C5 +CyC5
AKWO 0714 6¢ix i, j,k=1,2,3, i# j#k
c.c
k
c; > =, (5)
c.+c
jnk CiCk
3ayBa)X1Mo, 10 AKILO JI IeAKOTO i BUKOHYETbCA HEPIBHICTD ¢; < 2% 1o
c.+c
€Cx Tk
———(¢c.+c )—cic
c(c.+c)—cc, c.4c KTk C.C, —C.C
w _ GG T T % T % I S s S
i = ~X - — Yy
CiCj +Cich T Cjicy CiCj +Cicp Ty CiCj +CiCh T Cjicy
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o0 o 0 . .

aze BUMAnoK p,” <0 HeMOXmuBMit, ToMy p;” =0. OTKe, AKIIO I AEAKOTO i -To iHIeKCy yMoBa
(5) nopy1uyerbcs, TO BifIIOBiAHA KOOpAMHATA p;” NpsMYeE o 0 pu t —> 0.

Teopemu 2 Ta 3 HPUITYCKAIOTh y3araabHeHHs Ha Bumagok p € R", n> 3. [Ipn upomy sBHMII
BUI/LAZL yMOBY (5) 3HAUHO YCK/IAJHIOETHCA i BCTAHOBITIOETHCS /IS KOXKHOTO BUIIAZIKY 71> 3 OKpeMo.

Teopema 4. Hexail p € R, n>3. Hpunycmwvto ons KOHOZ0 i=1,..,n nouunarnuu 3 0esxo-
20 MOMeHMY Hacy t BUKOHYEMbCS 00HA 3 YMOB K, > If a6o x| < Lt Tooi KoxcHa mpaexmopis
ouHamiunoi cucmemu kongnixmy (1) 36icaemovcs 60 2PAHUYHO20 CIMAHY, AKUL € HEPYXOMOI0 MOY-

0 . t
koo p~ =limp’.
1500
IIpunomy, ons 006inbHO20 i =1, ..., BUKOHYEMBCA 00HA 3 pisHOCHELL

p’oo =0 abo ploo :ﬁ(cla Cz;n-acn))

e f;(c;,¢y5..0sC,) HAOYBAE 000aHDO20 3HAUEHHAL.

MoxxHa IpUITyCTUTH, WO KOXKEH 3 IapaMeTpiB ¢; BIUIMBAE HA POSIOAII IOMYIALil Ta
IPU3BOAATH [0 301/IbIIIEHHS YU 3MEHIIEeHHs KiZTbKOCTI OCOOVMH MOMy/ALii B JIesIKUX perioHax
®; TIpocTopy icHyBaHHA (). SIBHMII BUITIAM IPaHNYHMX BEKTOPiB T€MOHCTPYE, 1[0 4nM OinbIe
3HAYEHHS CTajol ¢;, TUM 6inbllle 3HAYEeHHS BINIOBIgHOL i -1 IPaHNYHOI KOOPAVHATIU. Tobt1o
CIIpUATIVMBI YMOBM JUIA iCHYBaHHS IONY/ALil B JieAKOMY perioHi 3yMOB/TIOIOTH 30ilbIIeHHS
KiTbKOCTI 0co6uH nonynAunii B 1ibomMy perioni. Omxe, Taka MOJe/Ib JUHAMIYHOI CUCTEMU MOXe
OIINICYBATV BUIAJKOBUIL, TPYNOBMII a60 piBHOMIpHMII pO3NIOAiT 0COOMH y momyAwLii 3rifHO
3 xinacudikauiero [IBeparderepa [4]. JocArHYyTHM BMIAAKOBOIO PO3MOAITY MOXHA IILIXOM
BUIIAJIKOTO BUOOPY 3Ha4eHb HAOOPY IMapaMeTpiB ¢;, i =1,...,n Ha KO)KHOMY KPOIIi yacy f .

HocnimkenHs GpopMyBaHHs TIIOCHKIX TYMOK Ta ITOIIANIB € JOCUTD aKTYa/IbHOI0 MaTeMaTUIHOIO
3ajjavero. B poborax [5—7] ommcyrorbcss MaTeMaTHyHi MOfeN, SIKi JOMOMAralTb BU3HAYUTHU Ta
IpOAHaTI3yBaTy, KM YJMHOM JIIOY IIPUIMAIOTD PillleHHs Ta sK BifOyBaeTbcss GOpMyBaHHS iXHix
ZiyMOK. MaTeMaT4HO MiATBeP/PKEHO, 1110 3[,e01/IbIIOro KOXKHA JIIOVHA CXVISAETHCS [0 IPUITHATTSA
JLyMKU OIIBIIOCTI cepesi CBOIX CycCimiB. BuiieHaBeieHa Mozestb MoXke OYTI 3aCTOCOBaHa JIO OIUCY
¢dbopMyBaHH: [YMOK iHAMBI/IB, AKi 3 TeBHUM IIePiOfjOM 4aCy CTAIOTh OFHOLYMIISIMU Y BUITA/IKY, KOIU
BCi MapaMeTpu ¢;, i =1,..., n piBHi Mk c06010 Ta HaOyBaIOTh CTA/IOTO 3HAYEHH:A B IPOMDXKKY [0, 1].

B mopanpmmx JOCTIPKEHHAX MOXIUBUIL PO3ITIAM IOBENIHKM TPAEKTOpPil TAKOro BUMLY
CUCTeMU TIpY 3MiHi mapaMeTpiB ¢; , i =1,..., n Ha KOXXHOMY KpoIii 4acy f, To6To Habip mapameTpiB
MOXKe 3aJlaBaTHCs sK AesAKMil Habip QyHKIiM uu HaOyBaTyM MaTpUYHMX 3Ha4eHb. [Ipy Takiit
IIOCTAHOBIIi 3a/jadyi MOX/IMBE HOCSATHEHHs NEePiOfMYHOCTI TPAEKTOPill UM BUABIEHHA edeKTy
CMHXPOHI3allii MDX Jesakumy KoopauHartamu [aus. 8—10].

Locnioxenns euxonysanucs 6 pamxax npoekmy HayonanvHoeo ¢oHoy docnionerv Ykpainu,
2020.02/0089.
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CONVERGENCE TO EQUILIBRIUM ATTRACTOR IN MODELS
OF DYNAMIC CONFLICT SYSTEMS WITH ATTRACTIVE INTERACTION

This study focuses on the construction of a model for dynamic conflict systems with attractive interaction. The
behavior of trajectories in this system is influenced by a set of positive parameters. The existence of equilibrium
states is proven, and their properties are examined. An explicit form of equilibrium states is established, and the
issue of stability is investigated.

Keywords: dynamic conflict system, difference equation, conflict interaction (composition or mapping), attractive
interaction, fixed point, limit state, stability of limit state, discrete measure, stochastic vector.
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