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HOBUM MIAXIJ JJO ®OPMAJIZALIL TPOLIECY
CAMOOPI'AHI3ALIIT HA OCHOBI TEOPII PAMCES

Pe3tome. 3anpononosano nosutl nioxio 0o gpopmanizayii npoyecy camoopeanizayii Ha 0cHo8i meopii
Paycea. Pospobneno nosy KoHyenyito, wo Jnexcumv 6 OCHO8i opmanizayii npoyecy camoopeanizayii.
Ilpeocmasneno yzazanvreny cxemy npoyecy camoopeanizayii. Ilepesazoro makoi konyenyii camoopeanizayii Hao
BI0OMUMU € BCMAHOGNEHHS KOHKDEMHUX NPUYUH HPOYecy CamMoopeaHizayii y ueiidi SHYMpIuHIX npasui
cucmemu AK MAKux, wo 6idicpaioms YEeHMpAIbHy poab Yy camo3apoodcenti cmpykmyp. OO0rpynmosaro
suxopucmanus yucen Pamces 3 npasuramu sax inoukamopis npoyecy camoopeanizayii. Posenanymo oomedcenns
BUKOPUCMAHHS 3aNPONOHOBAHO20 NIOXO0Y MA MONCIUBICIb 11020 NPAKMUUHO20 3ACMOCYEAHHS.

Knrouosi crosa: camoopeanizayis, meopis Pamces, popmanizayis.

V. Kramar, S. Lupenko

NEW APPROACH TO FORMALIZATION OF THE
SELF-ORGANIZATION PROCESS BASED ON
THE RAMSEY THEORY

The summary. At present there is a wide range of mathematically formal approaches to the
description of self-organizing systems, each with its advantages and disadvantages, since a unified mathematical
theory of self-organization is not built. A key problem in the theory of self-organization is the investigation and
establishing of regularities of spontaneous appearance of the ordered structures in systems.

Up to now a lot of mathematical models which describe the self-organization in a definite way have
been developed. But it is necessary to specify that most of these models have been developed for the other
purposes than modeling of the self-organization process. They describe only those aspects of self-organization
that are important in terms of specific applied problems.

A new approach to formalization of the self-organization process based on the Ramsey theory, which
studies the availability of regular structures in random configurations of elements has been proposed. A new
concept that underlies in the base of the formalization of self-organization is developed. The generalized scheme
of self-organization is presented. The advantage of this concept of self-organization is the determination of
specific reasons for self-organization process in the form of internal system rules which play a profound role in
self-creation of spontaneous structures. The usage of the Ramsey numbers with rules as the indicators of the self-
organization process is interpreted. Limitations on the proposed approach and the possibility of its practical
application are considered.

This approach enables to interpret mathematically why the structure in the system appears and
whether there are some rules which cause the self-organization.

Key words: self-organization, Ramsey theory, formalization.

IMocTanoBka mnpoOjemu. TpuBanuii dYac Hayka 3aliManacsi JIMIIC HTAHHSIMH
OyZoBH, a HE BHHHMKHCHHS CTPYKTYp, IIO ICHYIOTh HaBKOJI0O Hac. YoMy icHye Take ix
PI3HOMAHITTSI, YOMy BOHHM YTBOPIOIOThCS 1 sk? Um Moke Hayka 1 Bce mosicHutu? Hayka
MOBUHHA TIOSCHUTH TPHPOIY CaMO3apOKEHHS 1 PO3BHTKY CTPYKTYp, IHIIUMHU CIOBAMH —
CyTh MPOILIECIB CaMOOpPTaHi3aIlii, IK KiJbKa JeCATUIITh TOMY mporojiocus I'. XakeH.
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CpOrosiHi CroCTEpira€Tbcss IIMPOKUN CIEKTP MaTeMaTHYHO (HhopMati30BaHUX
MiXOMIB JIO OMUCY CaMOOPTaHI3yIOUMX CHUCTEM, KOXKEH 3 SKUX Ma€ CBOI CHJIbHI Ta claOKi
CTOPOHH, OCKUIBKH €JIWHOI MaTeMaTHYHOI Teopii caMoopraHizaiii me He MOo0YIOBaHO.
KirouoBoro mpoGiemoro B Teopii camoopradizamii € mpoOiieMa JIOCHIDKCHHS —Ta
BCTAHOBJICHHSI 3aKOHOMIPHOCTEH CIIOHTAaHHOTO BUHHKHECHHS BIOPSJAKOBAaHUX CTPYKTYpP Y
NEAKIA CUCTEMI.

3arajioM caMoOOpraHizailis € TMOHSATTSIM MDKIUCIUIUTIHAPDHUM, TOMY CTBOPCHHS
MaTeMaTHYHUX OCHOB IIBOTO MPOIECY Hagalo O 3HAYHOTO PO3BUTKY 0OararbOM Tairy3sM
HayKu. IpyHTYIOuMCh Ha pO3POOJICHUMX BXKE MOJENAX, SKi IO-Pi3HOMY TPAaKTYIOTh
camMoopraHizalito, HeOOXiJHO 3HAWTH Hai3arajbHINI NPUHOWIN B HHUX, OI00 MOOymyBaTu
€IMHY MaTeMaTHYHY TEOpil0 camoopranizaiii cucteM. Tomy mocrae mpobiema ¢popmaizamii
IpoLecy caMoopraHizaiii Ha HalOIbII 3aralbHOMY a0CTPaKTHOMY PiBHI.

AHaJi3 ocTaHHIX AocaiakeHsb i mydaikanii. BBaxaerbes, o Boepiie ¢popMaibHO
omucaB camoopranizamito A. TeropuHr y cBoiil po6oTi “Ximiuni ocHOBU Mopdorenesy” [1].
[Tiznime, momudikyBaBmu Mojaenb Twiopunra, [ [lpuroxxun oTpumaB MoOJeNb, BiOMY
cboroaHi sk “OprocensTop” [2]. Jlo choromni po3poOieHO TOCUTH OaraTo MaTeMaTHYHUX
MoJieNeli, fKi TEeBHUM YMHOM OIMCYIOTh caMmoopraHizamito. J[o HHUX BITHOCATH MeEpexi
Kaypmana, xiIiTMHHI ~ aBTOMaTH, TE€HETHYHI  QITOPUTMH,  TIMEPUUKIN,  MOJENI
CaMOOPTraHi30BaHOT KPUTHYHOCTI, MOJIENl MYJIBTHATSHTHHX CHCTeM Ta iHmn. OpjHak
3ayBa)XMMO, IO OUTBLIICTE IUX MOAeNed Oynu po3poOiieHi Uil IHIIMX LiJIed, a He Ui
MOJICITFOBaHHS CaMOT'0 MPOIECY CaMOOPraHi3ailii, OCKUIBKH BOHU ONHUCYIOTh JIUIIE Ti ACTIEKTH
MpOLECy CaMOOpraHizaili, fKi BaXJIWBI 3 TOYKH 30py KOHKPETHOI NPUKIATHOI 3aaadi.
[TopiBHsITbHUH aHAII3 BIIOMUX MOJIENEH mpoliecy camoopranizailii mposeaeHo B podori [3].

Meto10 naHoi po0OTH € CTBOPEHHS HOBOro miaxonay Ao dopmamizamii mporecy
camMooprasizaiii Ta CaMOOpPraHi3ylOYrX CUCTEM 13 BUKOPUCTAHHSM Teopii Pamcest.

IlocranoBka 3aBnanusa (3aaaui). i1 TOCSITHEHHS MOCTABICHOT METH HEOOXITHO
OOIpyHTYBaTH BUKOpUCTaHHs Teopii Pamces mns Qopmanizarii mporecy camooprasizarii,
nati (GopMaibHE O3HAYCHHS IPOIECY CaMOOpraHizaiii, BHKOPHCTOBYIOYH (OpMabHUMA
amapatr Teopii Pamces Ta oOrpyHTyBaTH BHMKOpHCTaHHS uucel Pamces 3 J10JaTKOBHUMHU
NpaBUIAMH Y I[bOMY O3HAUCHHI.

OcHoBHA 4YacTuHA. PO3rIIsTHEMO KOHIICMIIil0, BEpOAJILHUN OIKUC, IO JISKUTh B
OCHOBI MPOMOHOBaHOi Qopmamizaiii mnpouecy camoopranizauii. Ilinx camoopranizaiiiero
OyzaeMo pO3yMITH TpOLEC BUHHUKHEHHS BIOPSAKOBAHUX CTPYKTYP Y CHCTEMI Il Mi€l0
BHYTPIIIHIX MPaBWJI, SIKi BUHUKAIOTH IT1]1 BIUIMBOM 30BHIIIHIX (hakTopiB. OCKUIBKH BHYTpIIIHI
MpaBWJia BU3HAYAIOTH CTPYKTYPY B cHUCTeMi (TOOTO 3aBISIKM HUM BHUHUKAE CTPYKTypa), TO
JOCITIJKEHHSI TIPOIIECY CaMOOpraHi3amii 3BOAMTHCS 10 JOCITIDKCHHS BHYTPINIHIX MpPaBUI y
CUCTeMi Ta 3aKOHOMIPHOCTEeH iX BUHUKHEHHs [4]. Ilim mpaBuimoM WIEThCS MPO TEBHI
oOMeXeHHs, Kl HaKJIaJaloThCs Ha CUCTEMY 30BHIIIHIMH (pakTOpamu, a MijJ CTPYKTYpOIO —
CYKYIIHICTh CTIMKHX 3B’SI3KiB MK €JIEeMEHTaMHU CHCTEeMH. SIKIO oprasizailis CHCTeMU — IIe
IpoIleC YIOPSIKYBaHHS 3a MIEBHUMU MPaBUIaAMU a00 K Pe3yJIbTaT IIbOTO BIOPSAAKYBAaHHS, TO
camooprasizailisi — 1€ TaKuid BUJ Oprasizailii, B sSIKOMY MpOIEC YIOPSAKYBaHHS B CHUCTEMIi
BiIOyBa€ThCS 3a BHYTPIMIHIMH TpPaBWIAMH, IO BHUHHUKAIOTh IMiJ BIUIMBOM 30BHIIIHIX
dakropiB. ToOTO CTBepKyBaTH, IO caMoOpraHizamis BinOyBaeThcs Oe3 crerudivHoi mil
30BHIIIHIX (DaKTOPIB, MAETHCSI HAa yBa3i, IO i 30BHIIIHI (aKTOPH SBHO HE BIUIMBAIOTH HA
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CTPYKTYPY CHCTEMH, a BIUIMBAIOTh HA BHYTPIIIHI NpaBWiIa B CHCTEMI, SIKi, B CBOIO 4epry,
6e3nocepeIHbO (OPMYIOTH CTPYKTYPY B CUCTEMI.

VY crarti [3] Oyno HaBeAeHO y3arallbHEHY CXEMy Ipolecy camoopranizamii (puc. 1),
sKa € JIOCHTh a0CTPaKTHOIO, OCKIJIbKM 0araTo KOHKPETHUX AaCIeKTiB I[bOTO IMPOIECy IIe
3aJUIIAIOTHCS HE3 ICOBAaHUMU. Y J1aHiil poOOTi II0 CXeMY MH MOSICHUMO JIETaJIbHIIIe.

Bynp-sika cucrema iCHye B TIEBHOMY CEpEIOBHINI, SKe I Hei € 30BHIIIHIM.
30BHIIIHE CEPEIOBHIIEC MOKE 3IIMCHIOBAaTH BIUIMB HAa CHCTEMY uepe3 Jeski (akTopu —
KOHKPETHI YMHHHKH, SIKiI A7l CUCTeMHU OyIyTh TaKOXX 30BHIIIHIMH. SIK ONMHMCYBAaNOCs BHIILE,
BHYTpIIIHI TpaBuiia (GOPMYIOTh CTPYKTYpPy CHCTEMH, SIKI YTBOPIOIOTHCS MiJ BILUIUBOM
30BHIIIHIX Ta BHYTPIMIHIX ()aKTOpiB. 3MIHU B 30BHIIIHBOMY CEPEIOBHINI MPU3BOIATH 0
3MiHM BHYTPIIIHIX TpaBui (4epe3 30BHIIIHI (pakToOpwW), MIO CIPUYMHSIE YTBOPEHHS HOBOI
CTPYKTYpPHU B CUCTEMi. BUHUKHEHHS HOBHX CTPYKTYP MOXE MPSIMYBATH JIO IEIKOTO aTpaKTopa
CHCTEMH — MHOKMHHM TOYOK y (ha30BOMY IPOCTOPi, A0 AKOi 30iraroTecs (ha3oBi TpaekTopii
cucreMu. TakoX MOBEIIHKAa CHCTEMH MOXE BIUIMBATH HAa 30BHIIIHI (PAaKTOPH, CTBOPIOIOYU
3BOPOTHHUH 3B’S30K 13 30BHINIHIM CEPEIOBHUIIICM.

[MoBeninka
cncrevn O] CUCTEMA
BuytpimHi Crpykrypa o]  Atpakrop
Y R npaBmiIa CHCTEMH g
30BHILIHI i
dakTopu T ¢ ?
BHyTpimHi 3MiHa . Hosa
T (axropu | npaBuil (TOuKa | CTPYKTypa
0idypxarrii)
30BHIIIHE >
CEPEIOBMUIIIE

PucyHok 1. Y3arajpHeHa cxeMa Ipolecy caMoopraHizanii
Figure 1. Generalized scheme of self-organization

Hanpuknan, B sBUII BHHUKHEHHS KOMipok beHapa [5] Takum 30BHIIIHIM (GakTOpoM
€ TIpoLeC MiAIrpiBaHHS PIAUHM, A0 BHYTPIMIHIX ()aKTOpiB MOXKHA BiJHECTH HEOOXiIHY
TOBIIMHY IIapy PIAMHU, B SIKIH YTBOPIOIOTHCS 1i KOMIPKU-CTPYKTypHu. llpu momonanHi
JICSIKOTO KPUTUYHOTO 3HAYCHHS TpajlieHTa TeMIepaTypu (lapaMeTpa CUCTEMH), TUQyY3is He
BCTHTra€ MPUBECTH TEMIIEPATYPY IO OJHOPIAHOTO PO3MOALTY 32 00’ €MOM, IO MPU3BOIUTH JI0
BUHUKHEHHS UWIIHAPUYHUX BalliB, IIO0 OOEPTAIOThCS HA3yCTpid OIWH ogHOMY. To0TO
BUHUKAIOTh Taki (i3W4yHi OOMEXeHHs (IIpaBHia), MO YINOPAIKOBYIOTH PyX PIAMHH. 3MiHA
TEMIIEPATYPHU PIAVHH Ta peibe]y MIIACTHHKY, HA SKI 3HAXOJAUTHCS PiUHA (3MiHA 30BHINIHIX
(dakTopiB) MPHU3BOAUTH JI0 3MIHHM OOMEKEHb (3MIHU IPaBWI), TOMYy BHHUKAIOTh KOMIPKH-
CTPYKTYpH iHIIOTO PO3Mipy Ta POPMH.

OueBHIHO, 10 cHUCTEMa MOBHHHA OYyTH BIJIKPUTOIO, KOJIU BigOYBa€ThCs 3MiHA
BHYTPIIIHIX MpaBWJI. SIKIIO0 CHUCTeMa CTa€ 3aMKHEHOIO, TO BCl BHYTpIIIHI MpaBuia B Hill
PYHHYIOTBCS, 1110 TPU3BOAUTH 10 301NIBLICHHS €HTPOMIi CHCTeMHU BiAnoBigHO 10 H-Teopemu
Bonpimana. ¥V BiAKpUTIHA cUCTeMi JesKi mapaMmeTpu (BETUYMHHU, SKI XapaKTepU3yIOTh CTaH
CUCTEMH) MOXXYTh Ha0yTH 3a00pOHEHHX 3HAYEHB 3TiHO 3 JIFOYMMH MTPABUIAMU CUCTEMHU, 1110
CIpPUYMHSAE 1X 3MiHY HA HOBI BHYTPIIIHI TIpaBWIIa, SIKi JOMYCKAalOTh HOB1 3HAYCHHS MapaMeTpiB
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cucTeMH. SIKIIO MpH IUX HOBUX NpPaBUJIaX Yy CUCTeMi BUHUKAE HOBA CTPYKTYpa, TO TaKUU
IPOIIEC BIIACHE 1 Oy/Ie caMOoOopraHi3alli€ro.

VY cucrtemi MOXKHA BUIUIMTH TPH MOXJIHBI 0a30Bi eTanu ii eBOJIONIi: cTa0iIbHICTh
(He3MIHHICTH TpaBWJI), 3MiHAa TMpaBWJ, pPYHHYBaHHA TMpaBui. PyilHyBaHHA mpaBUi
BiI0OYBa€ThCS MPHU 301IbIIEHHI €HTPOIIi, KOJIH CUCTEMA CTa€ 130JbOBAHOIO Ta 3aKPUTOIO 200,
KOJIM BIIaCHE CHUCTEMa PYWHYETbCsS. 3MiHA MPaBUJI BiIOYBA€THCA MPU MOSIBI HEMOXKIIMBHUX
3HaueHb MapaMmeTpiB (3 TOYKH 30pYy MOTOYHHX TMPaBWI), SKI BUHUKIM T BIUIMBOM
30BHIIIHBOTO CEPEJOBHINA Yepe3 30BHIIIHI (akTopH (MOBEOiHKA CaMOi CHCTEMH TaKOX Ha
HUX BIUIMBAE Yepe3 MOKIMBICTb 3BOPOTHOTO 3B’SI3KY), SIK MOKazaHo Ha puc.l. Y craHax
CTaOUTBHOCTI 3HAYEHHS IMapaMeTpiB MOBHICTIO y3TO/KYIOTHCS Ta HE Cylepedyarb IpaBUiIaM
CHCTEMH.

HoBi mpaBuia MOXyTh YTBOPUTHCS TUIBKM B JUHAMIYHIM Ta BIOKPHUTIH CHCTEMI.
[IpyuoMy BOHM BH3HAYAIOTHCS CTPYKTYpOIO CHCTEMH Ta TMONEPEIHIMU BHYTPIIIHIMHU
npaBUJIaMU TIpH crienuivHiN 11T 30BHINIHBOTO (aKTOpa Ha HUX.

SIxuio mpaBmMIIo 3a7a€ BiJipa3y MEBHY CTPYKTYPY B CUCTEMI, TO Taka CCTeMa He Oyze
CaMOOPraHi3yl04uol0, OCKUIbKM 30BHIIIHIA (QakTop y TakoMy BHUNAAKy Oyne Bxke
OpraHi3aTOpoOM Ta HE BIUIMBAE Ha BHYTPIIIHI NpaBWia, a 3aja€ iX, a I¢ BXKE HE MOXKHA
TPaKTYBaTH SIK HECTIEUUDIYHY JIiFO.

3BHUaiiHO, BUHUKHEHHSI CTPYKTYp Oyzae BinOyBaTHCS TiNBKH MmiJ 4yac Oidypkariid.
Taxum YHMHOM, MTPOIEC CAMOOpraHi3amii MO’KHAa YMOBHO ITOAUTUTH Ha J[BA €TaIH:

- BUHHUKHEHHS IPaBWJI M1/l BILTUBOM 30BHIIIHIX Ta BHYTPILIHIX (aKTOPiB;

- BUHHUKHEHHS HOBOi CTPYKTYpH MiJ JII€I0 MIPAaBHJI y MOMEHT Oidypkariii.

CTaHW, KOJIM BHYTPIIIHI MpaBHa 3MIHIOIOTBHCS, IO W MPU3BOJIUTH JO BUHUKHCHHS HOBHX
CTPYKTYP y CUCTEMI.

[Ilo6 BUBYMTH MpoIeC caMOOpraHizamii, MOTPIOHO BHBYMTH TOYKH (Pa30BOTO
npoctopy cucremu (Oidypxkarii), B SKUX BIIOYBa€ThCS 3MiHA TPABHJ Ta HOBI BHYTPIIITHI
npaBuia. i mpaBuia € HAMBaXJIMBIIIMMH B CAMOOPTaHi3yIOUMX CHCTEMax, OCKUIbKH BOHU U
BH3HAYaIOTh HOBUH PiBEHb OpraHi3allii CHCTeMH.

[lepeBaroro 3amponoHOBaHOTO BepOAIBLHOTO OIMUCY CaMOOpTaHizallii Ha/l BiIOMUMHU
€ BCTAHOBJICHHS KOHKPETHHUX NPUYMH BHHUKHEHHS MPOIECY CaMOOpraHizamii y BHIJISII
BHYTPIIIHIX MPaBWJI CUCTEMH K TaKHUX, IO BiIIrParOTh IIEHTPAIbHY POJIb Y CaM0O3apOKCHHI
CTPYKTYD.

[[Io6 ¢opmamizyBaTu TakwWil MiIXia 0 1HTEpHpeTarii mpoiecy camoopraHizaiii 3
BUKOPUCTaHHSAM BHYTPIIIHIX TNpaBmsl cucteMu (0€3 OMUCY Mpolecy iX BUHUKHEHHS) 3a
OCHOBY Oy110 00paHo Teopito Pamces [6], OCKIIBKH B il T€Opii CTBEPIKYETHCS, IO OyAb-siKa
CTPYKTYpa MICTHTh BHOPSAKOBaHY HiACTPYKTYpy abo, sk BucioBuBcs T. MolkiH, 3 Teopii
Pamcest ButumBae, 1o moBHOro Oe3mopsinky He icHye [7]. ToOTO 3aBxau icHye aeska
CTpYKTypa B Xaoci. B ocHOBI wi€i Teopii nexxuTh Teopema Pamces, saxa GopMymroeTbes Mo-
pizHomy. HaBegemo ¢opmyiroBaHHS 1i€i TEOPEMH il CKIHYEHOTo BHIAIKY [8]: Hexal S —
MHOJKHHA, fKa MICTUTh N ejaeMeHTIB, 1 T — ciMEHCTBO BCIX MIAMHOXXHH MHOXXHHHU S, SKI
MICTSTh 110 T efieMeHTiB i3 S. Hexaii T po30ute Ha t (Hemepeciunux) miacimeiicts Ty, Ty, ..., T,
1 Hexau qi,qp,...,q,I — OUT 9ucna, qi>r>1, i=1,2,...,t. Toxi icHye Take MiHIMaJbHE YHUCIIO
n(q1,92,- - -,qel), SKE 3ICKHUTH JHUIIC BiA (i,J2,...,q,I 1 HE 3AJIEKUTH BiJ MHOXKHHU S i
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N=>n(q1,92,. . -,qsI), TO A ASSIKOTO [ ICHY€E MIAMHOXUHA A; 3 i €IEMEHTIB, YC1 I-IT1IMHOXHHH
SKOI 3HaXonAThcs B cimeicTsi T;.

[IpaBwiamu P Ha3BeMoO Taki BXOKEHHS TEBHUX ITJIMHOKHH MHOXHHH S, sIKi
MICTSITh 110 T eNIeMEHTIB 3 S, y mijaciMericTBo T; He3anexHo Big po3outts T. Taki MiHiMaIbHI
Yyclia n Ha3uWBaKwTh 4mciaamu Pamces. A gucna n(q;,qp,...,qs0,P), SKmo 3amaHi npaBuna P,
Ha3BeMo uuciamu Pamces 3 mpaBuiamu. OCKIIBKH OCTaHHIM YacoM Teopisi Pamcest mocuthb
OypXJIMBO pPO3BUBAETHCS, BBEIEHI Yy3araibHEHi, JApoOOBi, uyucia Pamces BemuKUX
po3mipHocTeit, uncina Pamces-Typana 4u dncia n Ha3UBAIOTh TAKOX KJIACHUYHHUMHU YUCIIaMU
Pamces npu r=2.

UYucno Pamcest Mmoke OyTH BIIIPABHOIO TOYKOIO, BITHOCHO SIKOi MOXHA TIEPEBIPSTH,
M BiIOYBa€ThCS caMoopraHizallis B AesKkii cuctemi. ToOTO 4m Jiesika CTPYKTypa B CHUCTEMI
3’sBUJACh NPAKTUYHO TapaHTOBAHO BIANOBITHO a0 Teopemu Pamcesi, abo iCHYIOTH HesKi
MPaBWJIA, SIKI CIPHYMHUIA BUHUKHCHHSI TAKOi CTPYKTYPH.

1100 MOSICHUTH CYTh 3aIIPONOHOBAHOTO MiXOIy Ta CaMy iJIef0 HOro BUKOPHCTaHHS,
CKOPHCTAEMOCS HAWIIPOCTIIINUM TPUKIIATIOM 3 Teopil Pamcest, po3risgarodn JiMiie KIacH4yHi
pamceiBChKi ymcia. A Takox OyleMO BHKOPHCTOBYBATH IMpaBHIIA JIMIIE SIK OOMEXEHHs Ha
OJIHI MHOXUHI. X0ua B 3arajbHOMY IIiJl MPAaBUIAMH PO3YMIIOTbCA OYAb-sIKI OOMEXKEHHS B
CUCTEMI.

HaBenemo mpukian 3 teopii Pamces mist cuctemu 3 6 el1eMEHTIB, B Kl 3aBXKIH €
KJTiKa 3 3 eJIEMEHTIB 31 ITPUXOBAHUX YU CYHUTLHUX pedep, TooTo n(3,3)=6 (puc. 2).

/ A

\
S

Pucynox 2. I[ToBHwuii rpad 3 6 BepiinHamu
Figure 2. Complete graph with 6 vertices

[Tokaxxemo, mo n(3,3,P)<6, skmo nomatu neske mpasmwio P(AE=0, ED=0, AC=I,

CD=1), ne 0 mo3Havae MTPUXOBaHi 3B’3KH, a 1 — cyminbHi (puc. 3).
A

~
e —8
\ o\

D c

Pucynok 3. I'pad, Ha sikomy noka3zaso, 1o n(3,3,P)<6 3 1o1aTkoBUMH paBUIAMA
Figure 3. Graph demonstrating n(3,3,P)<6 with additional rules

et npukiax € A0CUTh TPOCTUM. JIOBEAEHHS TOro, IO 3 JOJATKOBUM IPABUIOM
yrcno n(3,3,P)<6 € tpusianpauM. Ockinbku pebpa AE i1 ED e mrpuxosani, a AC i CD —
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CyLTbHI, ToAi, sKmo AD — mrpuxoBane, orpuMmyeMo TpUKYTHHK ADE 3i mTpuxoBaHuX
TiHiH, skmo AD — cyuinsae, orpuMyeMo TpUKYTHUK ACD i3 CyIiIbHUX JTiHIHA.

Temep 3acrocyemMo Takuil miIXil A0 ONUCY TPOIECY caMoOpraHizamii Ta
CaMOOPTaHi3yI401 CHCTEMH.

dopmalbHO TIPOLIEC caMOOpraHizaiii BiAMOBIAHO IO 3aMpPONOHOBAHOTO MiIXOAY
MO’KHA OIMCATH K TOCIIIOBHICTh 3MiHM BHYTPIIIHIX TpaBuil cucteMu Py,...,.Py, ne me N,
takux, mo n(ly,... l;P) <n(ly,....l), ne L={l,,...,l;} — MHOXUHa CTPYKTYp.

Cuctemy TOIII MOXXHa Ha3BaTH CaMOOPTaHI3yHOUYOI0, SKIIO B IOTOYHOMY CTaHi
CUCTeMH ICHye CTpyKTypa i3omopdna li, k=1,...,t, Ta Bukonyerscs ymoBa n(li,...1;P)<
n(ly,....ly). Amke, SKII0 Taka CTPYKTypa MPHUCYTHS B CHUCTEMI 3 PaMCEEBCHKUM UHCIOM
€JIEMEHTIB, TO BOHA 3aBXKIW TaM OyJe rapaHTOBaHO, SK CTBEP/Kye Teopema Pamces. Aure,
SKIIIO TaKa CTPYKTypa MPUCYTHSI B CUCTEMI 3 MEHIITUM PaMCEEBCHKHUM YHCIIOM CJIEMEHTIB, TO
MOXKHa CKa3aTd, IO B CHUCTeMi MPHCYTHIA NpOIEC camMoopraHizamii Ta iCHYIOTH JesiKi
npaBWiia, IO CHOPHSIOTH I[BOMY TIporecy. SIKmo moTpiOHO MMTYYHO CTBOPUTH
caMOOpraHizaiiio JesKoi CUCTeMHU, TO HeOOXiJHO 3aCTOCYBAaTH OMMCAHI BUIIE MpPaBHIA, Kl
IPU3BOJIATH JI0 IIHOTO TPOIIECY.

OnHak JUIsl TaKOrO O3HAYEHHS MPOIECY CaMOOpraHizaiii CHCTEMH ICHYE CyTTeBa
HepeIIKoa — K 3HaXODKEHHs dncesl Pamces, Tak 1 caMuX MpaBWil, IO € JYXKE CKJIATHOIO
3amadero. Ha ceoromui Bimomo Hebararto umcen Pamcesi, ogHaK 3aiUIIA€ThCS MPAKTHYHA
MO>KJTUBICTh BUKOPUCTAHHS TAKOTO ITiIXOTY.

Touni 3HadeHHs yncen PaMces Ha IPaKTHIN 3HATH HE 000B’SI3KOBO, 00 BU3HAYATH,
Y Ma€ MiCIle CaMOOPTaHi3alisi B CUCTEMi, OCKUIBKH, SKIIO ICHYE TIEBHA CTPYKTYpa B CHCTEMI,
sIKa BUHUKJIA B ITPOIIEC] €BOJIIOIIIT €T CHCTEMH, TO B JCSIKMX BUIAJIKAX JIOCTATHHO MPUOJIN3HO
BU3HAYMTHU Jlialla30H, B SKOMY ICHYE PaMCEEBCHKE YHUCIIO TaKOi CTPYKTYPH Ta MOPIBHATH 3
(bakTUYHUM HOTO 3HA4YeHHSM (YHUCIO 3 JOJATKOBUMH TPaBWIAMH) B CHCTEMi, B SKiH €
CTBOpEHa CTpyKTypa. Hampukian, MOXKHAa BUKOPUCTATH (GOPMYIIU Uil BUHAYCHHS HIKHBOT
Ta BEepXHbOI Mexi uucia Pamces. 3BHYaiiHO 1le He Ha0araTo pO3IIMPUTH TPAKTHYHE
3aCTOCYBAaHHS TAaKOTO TIIXONy, aje ACsKi pe3yiabTaTH Bke MoxkHa Oyme orpumaru. ToOTo,
SKIIO PI3HUI MK 9uciioM Pamces ta yuciom Pamces 3 mpaBuiiaMu € TIOCHTH BEITUKOIO, TO
caMooOpraHizallis € MPaKTHYHO OYEBHIHUM SBHUIIEM. SIKIIO X Taka PI3HUIA € HEBEIUKOIO,
TOJIi BU3HAYUTH MIPUCYTHICTH MPOIIECY CaMOOpraHi3ailii IOCHTh BAKKO Yepe3 0OUNCITIOBATBHY
ckiamHictb. CTBOpPeHHsS €()EKTHBHUX alTOPUTMIB TMOIIYKY Xoua O JesIKoi YacTHHU
BHYTPIIIHIX MPaBHJI CUCTEM, IIIO MPU3BOAATH 0 iX caMOOpraHizallii, € JIOCUTh aKTyaJbHOIO
3aJ1auei0 y BUKOPUCTaHHI PO3MIIHYTOTO IMiIXO/Y.

Caix BiA3HAYUTH, 10 TPUHIMIIOBOTO 3HAUCHHS (hOpMalIbHE O3HAYCHHS CUCTEMHU HE
Ma€, OCKUTBKH CTPYKTYPH MOXHA PO3TJSAATH SK BITHOCHO €JIEMEHTIB, TakK 1 3B’s3KIB Ta
B3a€EMOJIil y cuctemi (IIPOCTOPOBI, YacOBi Ta iH.) B MIUPOKOMY X PO3yMiHHI 3aJIEKHO Bix
TOTO, IO co00t0 sBiisie MHOXKHKHA L B ymoBi n(ly,...,1;P)<n(l,...,l). Lls ymoBa Bu3Hauae, un
OyJle yTBOpEeHa CTPYKTypa 3 TaKUMHU NPaBHIIAMHU, TOOTO UM IIi MpaBuia OyIyTh MPU3BOIUTH
JI0 caMoopraHizaiii cucteMu. BoHa jae 3MOry OJHO3HAYHO MEPEBIPUTH, UM TaKa CUCTEMaA €
CaMOOPraHi3ylo4ow, a Taki paMCeiBChbKiI YHclia 3 MpaBUIAMH MOXYTh OyTH MIpOIO piBHS
opranizanii cucremu [9]. [HImII nmpaBuna MOXYTh MPHU3BOAUTHU 1 0 JAe30praHizallii cucTeMu.
Cam mporiec camoopraHizaiii 3BOAUTHCS 10 MEXaHI3MY YTBOPEHHS BHYTPIIIHIX MpaBHI, a
BiJIMTOBITHO JI0 HUX BXKE 1 CAMUX CTPYKTYpP Y CUCTEMI.
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3BU4YaiiHO, TMpeAcCTaBlieHEe BUKOpUCTaHHsA Teopii Pamces mna dopmamizamii
KOHIENIIiT mpoIecy caMoopraHizailii, BiJoOpakeHili Ha MOYaTKy Ili€l CTAaTTi, HE MOBHICTIO
dopmanpHO ii OmMHCYe, OCKUNBKH TOSICHIOE BHHUKHEHHS CTPYKTYp y CHCTeMi 0e3 Omucy
BUHUKHEHHS CaMUX MpPaBWI, ajieé Ja€ 3MOTy CYTTE€BO IMiABHIIUTH PO3YMIHHS IIPOLIECY
camooprasisaiiii, a caMe MaTeMaTUYHUX OCHOB BUHUKHEHHS CTPYKTYP.

MOXJIMBICTh MPAKTUYHOTO 3aCTOCYBaHHS IMMIIXOAY IO OIKCY CaMOOpTaHi3arii 3
BUKOPUCTaHHAM Teopii Pamces mokakeMo Ha MpUKIA[l TEHETUYHHX AQJITOPUTMIB  MPHU
po3B’si3yBaHHi JiodaHTtoBUX piBHAHB [10]. ¥ renetmunux anroputMax uyucina Pamces 3
MpaBUJIaMU 3aCTOCOBYBAJIMCS Ha eTami BigOOpy XpomMocoM njsi iX cxperryBaHHS. Yucio
Pamces 3amae kinmpkicTh XpomocoMm y momyssmii. [IpaBuia 3agaroTh yMOBH CXpeIlyBaHHS
XpOMOCOM. 3acTocyBaHHS umcen Pamces 3 mpaBujgamMu BUSBHIIOCS JOCUTH €()EKTHBHUM
(puc. 4) npu po3B’sa3yBaHHI A10(AaHTOBUX PIBHSHB MEPIIOTO MOPAAKY 3 4 HeBimomumu. s
TECTYBaHHS BHUKOPHUCTOBYBAJIMCH IIICTh AITOPUTMIB, SIKI Ha miarpami mo3HadeHi Tak: GA
(Bimbip 3 meromom pynerku), GA TOURNAMENT (rypuipuuit Bin6ip), GART (Binbip 3
METOZIOM pyJeTku Ta mpaBmiaamu camoopranizamii), GA_TRUNCATION (Bigbip 3
BincikanHaM), GART TOURNAMENT (typHipHuii Bi0ip 3 mpaBuiamMu camMoopraizaiii),
GART NOSELFORG (Binbip 3 METOIOM pYyJIETKH Ta MpaBUIAMH, SIKI HE MPHU3BOAATH N0
camoopranizauii). Ha puc. 4 HaBeneHo cymapHi pe3ynbTatu Ansg 50 3amycKiB KOXKHOTO 3
AJTOPHUTMIB.

EXECUTION TIME, S
H 10 15 20 25 0 35 40 45 50 55

GART_NOSELFORG

Gh: 2133174

ALGORITHMES

GA-TOURNAMENT 2.727254

GART 2429994

GART_TOURNAMENTt 1862202

PucyHok 4. Pe3ynbTaT TeCTyBaHHS TCHETUYHHX AJITOPHTMIB
Figure 4. Results of genetic algorithms testing

JletanpHille TpPO 3acTOCYyBaHHsS uucel Pamces 3 mnpaBujiaMu B T'CHETUYHHUX
QITOPUTMaX Ta PO METOAMKY X BUKOPUCTAHHS OyJie ONMCAaHO B HACTYITHIN CTATTI.

BucnoBku. OOrpyHtoBaHo HOBHMM  miaxig Ao  Qopmamizamii  mporecy
camoopranizauii 3 BuUKopucTtaHHsM Teopii Pamces. [lokazaHo, mo BHYTpIlIHI TpaBuiia
CUCTEMH BIJIrpalOTh I[EHTPAIbHY pOJIb y TMpOIeci camMoopraHizamii Ta camo3apoKEHHI
CTPYKTYp, a 3MiHa BHYTPIIIHIX TPaBUJ CHCTEMHU TPU3BOJIUTH JIO0 BHUHHKHEHHS HOBHUX
CTPYKTYp Ta MOJAIBIIOI caMoopraHizamii cuctemu. Briepie oOrpyHTOBaHO BUKOPHCTAHHS
teopii Pamces anms dopmanizamii mporecy camooprasizanii, naHo (opmaibHe O3HaYCHHS
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MPOIECY CaMOOpTraHi3alii Ta CaMOOPraHi3yl4yoi CHCTEMH, OOIPYHTOBAHO BUKOPHUCTAHHS
gucen Pamcest 3 10aTKOBUMU TPaBUJIAMH Y IIUX O3HAYCHHSIX.

3amponoHoBaHUi MiaXia 10 Gopmarizamii mporecy camooprasizaiii me norpedye
MOJAJIBIIOT PO3POOKH. 30KpeMa, SIK 3rajJlyBallocs BHIIE, CTBOPCHHS €()EKTUBHHUX AJTOPUTMIB
MOIIYKY XOo4a O JesKOi YacTUHH BHYTPINIHIX NpPaBUJI CHCTEM, IO MPHU3BOIATH JIO IX
caMoopraHi3ailii, € JOCUTh aKTyaJIbHOI 33J]aU€l0 Y 3aCTOCYBaHHI PO3MIIIHYTOTO ITiXO/Y.

Conclusions. A new approach to formalization of self-organization process using
the Ramsey theory is interpreted. It is shown that the internal system rules play a central role
in the process of self-organization and self-creation of spontaneous structures, and changing
of the internal system rules leads to new structures and further system self-organization. For
the first time, use of the Ramsey theory for the formalization of the process of self-
organization is proved, the formal definitions of the self-organization process and self-
organizing system are given, and use of the Ramsey numbers with rules in those definitions is
interpreted.

Proposed approach to the formalization of the process of self-organization still needs
further development. In particular, as mentioned above, the development of efficient
algorithms for finding at least some of the internal system rules is a very urgent task in the
application of the considered approach.
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