YAK 517.987.5:519.218.865

Jlemewxo €. 1.
DOI: https://doi.org/10.18523/2617-7080i2018p21-24

ICHYBAHHA PIBHOBAKHUX CTAHIB Y IMUHAMIYHHUX
CUCTEMAX I3 ITIPUTATAJIBHOIO B3AEMOIIETIO

Ilonamms inmepaxkmuenoi’ CKAAOHOI cucmemu € OCHOBHUM IHCMPYMEHMOM )y NoOYO008i MamemamuyHux
Mooenetl 015l pO38 SA3AHHS CYUACHUX NPOoOIeM YUusinizayitino2o po3eumky. Takum, 30Kkpema, € NOHAMms CKIAOHOI
OUHAMIYHOI cucmemu 3 npUMs2aIbHOKW 83aemodicto. [Ipobnema nowyKy ma 00CACHeHHs KOMAPOMICHO20 CIAHY
0Jis1 ONOHEeHMI8 HA CRINbHIL Mepumopii ICHY8AHHs MA€ PI3HI 8apiaHmu NOCMAHOBKY 3a0ayi i 6ubopy KoHprikm-
HOI' 83aemo0ii. Y yiti pobomi cghpopmyrvosano ma 0oeedeHo meopemy Npo ICHY8AHHA ZPAHUYHOZO CMAHY 6
OUHAMIYHTI cucmemi 3 NPUMSALATLHOIO 83AEMOOICIO 8 MEPMIHAX WiLTbHOCIE.

Ki1r040Bi ciioBa: KOMIIPOMiC, OTIOHEHTH, IPUTSTAIEHA B3a€MOJIisI, KOHQIIIKT, IUTEHICTD, TUHAMIYHA CHCTEMA,

ONTUMAIIBHICTh, TPAaHUYHUHA CTaH.
Beryn

CydyacHHI PpO3BHTOK HAyKH XapaKTePHU3YEThCS
moTpe0Or0 BUBYEHHS PI3SHOMAHITHHX CKIAIHUX IIPO-
necie 1 seunl. Ha choromHi DOCIIAKEHHS CKJIAJ-
HUX CHCTEM € OJHMM 13 HaWmieBiUX CcHnoco0iB

JOCIIDKCHHST Cy4acHOro cBity. Momeni Oiomorii
Ta eKkojorii, ¢i3muHI Mozmemi, a TakoX pi3HI
E€KOHOMIYHI Ta CoOIlaJbHI MOZEI — II€ THIIOBI

NpUKIand JAWHAMIYHEX cucTteM. Ha ocHOBI Te-
opii KOH(IIKTY CTBOPIOIOTBCS ¥ JOCIHIIKYOTHCS
MOZIETI CKJIQJIHUX CHUCTEM, BCTAHOBIIIOIOTHCS 3a-
KOHM ¥ BaxuimBli (QOpMynn KOH(IIKTHOI B3aeMoO-
nii, TpPOTHO3YETbCA AWHAMiKa 3MiH Ta BH3Ha4a-
IOTBCSI pEKOMEHJamii I YHUKHEHHS YH JOCST-
HEHHS TIEBHOTO pe3ynsrary. MeToro 1i€i pobotn
€ JyXe CTHCIMH OIKC OCHOB Teopil JAWHaMid-
HUX CHCTEM, a TaKOX HOBOI, MEPCIEKTHBHOI IS
JIOCHTIJKEHb Ta 3acTOCYBaHb, MOZENi JUHAMIYHOL
CHUCTEMH KOHQIIKTY. AKTyadbHICTH I[bOTO JIOCIIi-
JOKEHHS TI0JSITa€ B YAOCKOHAJEHHI 1HCTPYMEHTapiio
noOyZoBM Ta TOLIYKY 3aCTOCYBaHb aOCTpPakTHHX
MozieJIell 'y TOBCSKICHHOMY KHTTI. PosmisHyTto
HOBY IUHAMIYHYy MOJENb i3 MPUTATAIBHOIO B3ae-
MOJII€I0: JOKITAJHO ONHMCAHO JAWHAMIYHY CHCTEMY
KOH(ITIKTYy B TepMiHaxX IMIIBHOCTEW Ta HaJaHO
JIOBE/ICHHS TEOPEMH INIpO ICHYBaHHS TI'PaHUYHOTO
CTaHy.

Ba3oBi 03HauYeHHs Teopii MoaeTIOBaHHA
AUHAMIYHOI cUCTeMH KOH(JIIKTY

[epemycim, mig TOHATTAM cucmema Il MH
po3yMmieMo ckiHueHHY (a00 HECKIHUCHHY) MHOXUHY
(YHKIIOHATBHUX, TMONIOHMX y TIEBHOMY CeHCi
€IEMEeHTIB 1 BIIHOIIEHP MK HHMH, BHOKpEM-

JIEHUX 13 CepeNoBHINA BIAMOBIAHO s TEBHOL
METH B MEXKaX BH3HAUCHOTO YacOBOTO IHTEp-
BaJy.
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Osnauennst 1. Cxkraona cucmema — nUHAMIYHA CH-
CTeMa, IO MICTUTh y CO0i KOMIIOHEHTH i3 BiIIHOCHO
HE3aJIeKHOIO MTOBEIIHKOIO.
Y MareMaTn4HOMY MOJISNIIOBAHHI JUHAMIYHHUX CH-
CTEM MOXKHA BUJLUIHTH MPU OCHOBHI YACHUHU:
® eunipuyHa yacmuHa MICTUTH (akTHYHI Ja-
Hi, OTpUMaHI B EKCIEPUMEHTaX 1 crHocrepe-
KEHHSIX;
® meopemuyHa 4aCcMUHA PO3BUBAE OCHOBHI KOH-
HEeNIIil, 0 Jal0Th 3MOTy 00’ €IHATH i MOSICHUTH
3 €IUHUX TO3WIIA eMITipHYHI 3aKOHOMIpPHOCTI
Ta SIBHIIA;
® MamemMamuyHa YacmuHa KOHCTPYIOE MOJENi
JUIS TIEPEBIPKU OCHOBHUX TEOPETUUHHUX KOHIICT-
i, a TakoXX METOAM OOPOOKH eKCIIePHMEH-
TaJbHUX JAHWX, TUIAHYBaHHS CKCICPUMEHTIB 1
CIIOCTCPEKCHB.
Osnavenns 2. JJuuamiyni cucmemu (3 NODVISIAY 3a-
CTOCYBaHb) — CHCTEMH, IO IIiJ] BILTABOM 30BHIITHIX
Ta BHYTPIIIHIX YWHHHKIB 3MIiHIOIOTH 3 YacoM CBii
CTaH.
Osnavennst 3. [Juumamiyna cucmema Kouuixmy
(/ICK) — ue ckimamHa cucteMa, sika 00’€Hye KiTbKa
(He MeHIIe ABOX) KOMITOHEHT (SIKi, CBOEIO Yeproro, Ta-
KOX MOXYTb OyTH TWHAMIYHIMH CHCTEMaMH), €BOITIO-
Iisl B 9aci AKux 1eopMy€eThCS il €0 KOHQIIIKTHOT
B3aeMoJIii. 3akoH (BimoOpakeHHsT) KOH(IIKTHOT JHHA-
MIKH BCI€l CHCTEMH MICTUTh iH(OpMaIlifo mpo cTaH
OKpEMHX KOMIIOHEHT Y KO)KEH MOMEHT 4acy.
O3nauyenHs 4. Cman — CyKyIHICTh 3HaU€Hb ITapaMe-
TPiB CHCTEMH B IEBHUH MOMEHT Jacy. B3aemomis mix
KOMIIOHEHTaMH Y CKIIQJIHUX CUCTEMAaX € KOHQIIKMHOIO
(ToOTO HasBHA CYIIEPEYHICTh Ta KOHPPOHTAILIS), IO €
NPWIHHOK HENIHIMHNX 3aKOHIB MOBEIHKH.
B3aemogisi Mik ONOHEHTAMHU: BiOWMOBXYBANHSL,
npumMA2AHHA.
O3naueHHs 5. PignosadicHuii cman — KOMITPOMiCHU
PO3IONLT MPOCTOPY ICHYBaHHS 1 KUTTEBUX PECypCiB
Mi)X HE3HHIIICHHUMH OITOHCHTAMH.
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Teopema npo iCHyBaHHSI TPAHUYHOIO CTAHY
B IUHAMIYHUX CHCTEeMAaX i3 NPUTATAJIBHOIO
B32€MOJI€I0 B TepMiHaxX IJIbHOCTeH

B. 1. Kommanenko y 2016 pomi omyOGikyBaB
MoHorpadito [1] mpo HOBHH minxix q0 mMOOyI0BH AH-
HAMIYHOI CHCTEMH KOH(QIIIKTY, IO TPYHTYEThCS HA 1H-
TepIpeTarii OMOHEHTIB y BUINISAI IMOBIPHICHUX PO3-
MOJIUIIB Ha cHipHid TepuTopii. Jam Oynae po3misHyTo
MiX1]1 10 TOOYJI0BH CUCTEMH B TE€pMiHaX IIUTLHOCTEH.

3anmavua monsATae B JOCIIHKCHH]I TOBEMIHKU TPaEK-
topiit mip ™V, vV pu N — 00 Ha OCHOBiI KOHKpETHOT
(dbopMyI KOHQIIIKTHOTO IEPETBOPEHHS *.

Hexaii 2, M (Q), * mo3Ha4ae QUHAMIYHY CHCTEMY
KOH(DTIKTY 3 OpPUTAranbHOK B3aemomier. Tyt 2 —
npoctip koHGuikty, M (€)) — MHOXHHA PO3MOJILIIB
OTIOHEHTIB Ha (); * — JesKe HeJiHiiHEe BimOoOpaXkeH-
1 B M(Q). Jami, Q = [0,1], a M(2) — npoctip
imoBipHicHux Mip Ha [0, 1]. Maemo 1Bi WMOBIpHiCHI
abconoTHO HeriepepBHi MipH w1, v € M, ([0, 1]), Taxi,
10:

n(&) = [ plaara)
V(A):/Aa(x)d)\(z),

ne A € B(Q).

IMpunyckaemo, mo miiibHOCTI p(x), o(x) € Hemne-
pepBHUMHE. 3ayBasKKMO, 1110 TPOCTIp © MOXKHA MOAATH
y BUDIAII 00’ €THAHHS JBOX MPOCTOPIB:

Q=0,U0_,
e

Q_ ={zxecQ|px) <o)}

%,N
Tpaexropii {u™N, vV} =5 {pN+1 N+ sanano
B TepPMiHaX MIUIBHOCTEH Mip:

1
PN @) = F [PV @)1+ %) + 7 ()], 0
1

oV Hi(z) = N [N () (1 +0N) + 7 (2)],
r€[0,1, N=0,1,...,p° = p, 0" = 0.

Miiicua ¢ynkuis 6(p, o) € aHATOroM MyJIbTHILTIKA-
TUBHOTO TaMUTBTOHIaHAa CUCTEMU (MaTEMaTU4HO € Oi-
JHIHHUM TogaTHUM (DYHKIIIOHAJIOM Ha IPOCTOPI Mip).
B (1) moxragaemo:

0= /Q A/ pN(z)oN (z) dX\(z) > 0, )

ne A — mipa JleGera;

™ (z) = min{oN(z), pN(x)}. 3)

HopmyBanbHuil 3HaMEHHUK:

MN=14+0"+W¥" >0, 4)
Wy = / N (@)dA\(@) > 0.
Q

3 HaBeneHHX o3HaueHb BenwuuH 2V, OV 7V pu-
mmBae, mo o, pV € HemepepBHMMH IIiIIEHOCTAMH
mip N, vV, YN =1,2,. ..

Teopema. [{ns 008iibHOI napu nNOYamKko8ux Mip |i, v
icnye epanuunuil (KOMIPOMICHULL) cman
M),

p=(@) = lim pT(z), 0%(z) = lim o

% (z) = 6% (z) = &)

P () = () = T

oe T(z) = min{p(z),o(x)}, W = 7(Q).

Jlosedennsa. PosrmgHemo cutyarito st (hiKCOBaHO-
ro x. Hexait Touka x = [0,1] Taka, mo p™*1(z) >

> oN*l(z). Hosenemo, mo p> = o°°; crnoyarky
MPOBEAEMO aHATI3 Pi3HHII

N+1 N+1

pN (@) — oV (a) (5)

mpu 3pocTtanHi [V, BpaxyBasmm (1):
P @) = o (@) =

@A+ @) + V(@)

ZN
V@) + 0% (@) + V() _
ZN
_ (40N (@) (pN (@) — oV (x)
ZN
_ WY (@) — oV (@)
ZN
= (@) o @) (1- ) ©
3a (4):
W Wy
Loy = i e
oN >0, WY <146V + WV, V:—;V <1.

3 mpOro BHIUIMBAE, MO 3i 30UTBIICHHSAM N pi3HHUIA
MIX 3aaHUMH IIITBHOCTSIMH 3MEHIIYBATHUMETHCSI.

Hami mocmignmo, un npsmye (5) OO0 CKiY€HHOTO
3HadeHHs. Bupa3 (6) MokeMo 3amucartd B TAKOMY BH-
ISl

P @) = o (@) =

[punyckaemo, mo psix 3 (7) 36iraerscs 1o 1. Y takomy
pasi morpiOHo, abu
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3 BupasziB (3) Ta (1) maemo:

) + mH(x)0 + T4(z)
Tl+1(l’) _ ( (Zl) ( —
1+6"+1

L+ + Wl

= ()
TTo3HauuMO MHOXXHHK

1+0 +1 !

1+o 4wt

toni 7 (z) = 7!(x)k!. Ouesmano, mo k' > 1,
7 1(2) > 7!(z). 3 wporo BuruMBae, mo rpadix 7! ()
(Bimmosinmo, i W) 3pocrarume 3i 36inpmennsm /.

Pobumo BHCHOBOK, mo mpumymieHHs (7) xuOHe,
OCKIUIBKH

Wl
— - 0
z
Biaraumi xaxyuu:
l
Bee(0,1): — —¢
Toni
W Wl
=1
Sk pesyabrar:
P> =0 =0, p>*=0c>. (8)

Tenep N0BeNeMO iCHYBaHHS TPAHHIL; VISl OO
pocaigumo pA N () ta oANVHD (g):

() = W (x)

P @) — V() = W),
N N _N
N+1 N ™ (z) =WV (2)
oVt (x) — o™ (2) = N =
N (x) = WNTN (z)
= ZN .
Ockimpkn 0 < WY < 1, 10
N(g) — WN N
=W
9
™N(z) = WNTN (z) ©)
N > 0.

3 (8) Ta (9) pobUMO BHCHOBOK, IO iICHYIOTh T'PaHUII:

. N _ . N o
Jim pt(z) = lim o7 (x) =0 (10)

P> =

3HalieMo rpaHuvHe 3HadeHHs. Binomo, mo 7(z) He €
HOpMOBaHOO (ockinmeku 0 < W < 1). O4eBHuaHO, 110

. N .
i, 70 =

7N+1(z) 7.N+1($)
WN+L f[0,1] TN+1(z)dA(x)
™N(@) 1+ 6N +1)
= 1+0N + WN
YA
/[0,1] 14+ 60N +WN dA(z)
- ™ (z) _
Jio.p ™ (@)dA(x)
() - m

R O

(11

IMepexonsun 10 rpaHuili, pOOMMO BHCHOBOK, IO
Bupa3s (11) He 3anexuts Bix yacy. OTpumaemMo B pe-
3yJbTaTI:

: N _ 1 N _
NPT = i o) =
m @) )
= lim = .
N—oo WN wo

Ha npoMy noBeseHHs icHyBaHHSI TPaHUYHOTO CTa-
Hy U151 BUTIaKy, ko pl¥ (x) > oV (x), Mmoxna BBaxa-
THU 3aBEPLIEHUM. ['paHUYHUI CTaH AJIs IPOTUIIEKHOTO
sunanky (p¥ (x) < oV (x)) Takox icHye Ta nopiBHIOE
3HaljeHoMy Buile. /loBeleHHS iCHYBaHHS TPaHUYHHUX
craniB (10) Ha MPOMIXKY, JOBXHHA SKOTO < 0O, €
OYEBUIHUM.

[MiarpysTsiM MaiiOyTHIX AOCTIHKEHb IIOJO0 JOBE-
JIEHOT TeOpeMH MOXKE CTaTH IOIIYK HPHUKIIAIHOTO 3a-
CTOCYBaHHS.
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E. Lemeshko

THE EXISTENCE OF EQUILIBRIUM STATES IN DYNAMIC
SYSTEMS WITH ATTRACTIVE INTERACTION

Nowadays, science is characterized by needs of the study of various complex processes and phenomena’s.
Today’s research of complex and dynamical systems is one of the most advanced ways of research and evolution
of the modern world. Models of biology and ecology, physical models, various economic and social models
are typical examples of dynamic systems.

The concept of an interactive complex system in modern science is a main tool for construction of mathe-
matical models for solving modern civilization problems and development. The dynamical systems approach to
conflict is relatively new, but it has beginning in different research fields. Theory of dynamic systems helps us
to understand the experiments, build the mathematical model of iterations and examine behavior and relations
between opponents, like distribution of resources and territory, population growing etc.

This is a challenging problem of finding and achieving a compromise state for opponents on a common
territory has different options to define the task and to choose conflict interaction. In 2016, the monograph by
V. Koshmanenko where was introduced new approach for dynamic system of conflict that based on interactions
of the opponents in the form probability distribution in the disputed area was published. In particular, presented
the concept of a complex dynamic system with attractive interaction.

The relevance of this research is improving new dynamical system and researching for a new application
of abstract models in everyday life. In this paper briefly fundamentals of the theory of dynamical systems
described and the theorem on the existence of a equilibrium state in a the new, perspective for research,
dynamical system with attractive interaction in terms of probability distributions (measures) and their densities,
formulated and proved.

Keywords: compromise, opponents, attractive interaction, conflict, density, dynamical system, optimality,
boundary condition.
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