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be divided into deterministic and stochastic ones, that is, those characterized by an organization of
search with the absence or presence of pseudorandom elements. A special place among stochastic
methods is the methods based on the simulation of natural processes that implement an adaptive
random search.

Multiplayer Optimization (MSO) is a method for evaluating solutions to complex or impossible
numeric tasks. This is a variation of particle swarm optimization. Regular models of particle swarm
optimization, such as in groups of birds and flocks of fish. MSO expands the optimization of the swarm
of particles using several swarms of simulated particles, and not one swarm.

MSO can be applied to several machine learning scenarios, such as estimating the values of
weight and displacement for an artificial neural network, or assessing the weight of weak students in
ensemble classification and prediction. MSO is meta-verbal, which means that this technique is a set
of design principles that can be used to construct a specific algorithm for solving a specific
optimization problem.

Purpose. Comparative analysis of MSO algorithm and its modifications for solving optimization
problems and linear classification problem.

Results. The paper deals with a multi-swarm algorithm for particle optimization and its
modification for solving global optimization problems. The dependence of the efficiency of this
algorithm on the number of iterations, the size of the search space and the number of swarms are
investigated. A comparative analysis of the multi-swarm MSO algorithm has been carried out in
finding the global minimum of test functions.

The presented methods are used to minimize the error functionality when constructing a binary
linear classifier. The obtained results testify to the efficiency of the application of the multi-swarm
MSO algorithm for this task. Therefore, it is advisable to apply the MSO algorithm for machine
learning tasks and to further improve it.

Conclusion. This article examines the multi-swarm particle optimization algorithm and its
modifications for solving global optimization related to metaheuristic methods, and applications for
solving binary linear classification problems is considered. The purpose of this work is to conduct a
comparative analysis of the multi-swarm algorithm of MSO and its modifications for solving
optimization problems. A comparative analysis was carried out and the efficiency of the algorithm was
investigated in finding the global minimum of some test functions. The formulation of the problem of
binary linear classification is described. To minimize the functional error in constructing classifiers, a
multi-swarm MSO algorithm with modifications and stochastic gradient takeoff method was used.

Keywords: multi-swarm optimization algorithm, MSO algorithm, optimization problem, the
problem of binary classification.
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ITocranoBka npodsemu

B Ham yac Bce OuiblIe yBaru NpUIUISETHCA MUTAHHSAM MOB’A3aHUM 13 CYCHUIbHUMU
npouecamu. | 1e He AMBHO, a[pKe Takl 3HAHHS JO3BOJIAIOTH IPOTHO3YBAaTH IOAAJIBIIMMA
PO3BUTOK 1 PEAKI[II0 CYCHUIbCTBA HA TOW uM HIIMNA QakTop. CKilagHOo 3HAUTH cdepy A AKo1
Taka iHpopmMmarrisg He Oyna 0 Baromor. A 1jst TOro, o0 nependadynTH MOJATBIINI PO3BUTOK
MOAIN, crnoyaTKy HEoOXigHO moOyAyBaTh MoOJeib, sika O BigoOpakana Led po3BUTOK. Y
Opyrii moaoBuHI XX CTOJITTSA MOYAIW 3’ SIBISTUCS MOJETI, 3aBAAHHAM SIKUX OyJi0 OMUCATH
CYCIIUIBCTBO YW MPOLIECH Y HbOMY. BUIBIIICTh 3 HUX OMUCYIOTh B3aEMO3B’SA3KH KOMIIOHEHTIB
abo mojaroTh y ix Bursial aiarpaM [1-2]. CyTTeBi KOPEKTUBU y METOIU MOJEIIIOBaHHS Oyiau
BHECEHI y 3B’SI3KY 3 PO3BUTKOM KOMII'FOTEpHOI TEXHIKM, L0 JI03BOJSUIO OOpOoOISITH BCe
OourpIl 00’eMu maHmx. Ha maHuii yac BayKJIMBUM € HE TUIBKH 3HAHHS B3a€MO3B’SI3KIB MDK
KOMIIOHEHTaMH, aje i MOXJIMBICTh PO3paxyHKy iX MOJAJIbLIOrO PO3BUTKY, /€, 3BICHO, HE
o01iiTHCS 6€e3 KOMII'FOTEPHOTO MOJENIOBAHHS, 110 B CBOIO 4YEpPry O3Ha4yae HEOOXITHICTh
Iepexo/ly BiJ OMHUCOBUX Ta JlarpaMHUX Mojeliell 10 Outbll popMalabHUX, K1 MOXKYTh OyTH
IepeBeieH1 Ha MOBY aJICOPUTMIB Ta 00OpOOIIEHI 3a JOTIOMOT00 KOMII F0Tepa.

Jocute BiIOMOIO y cdepl MaTeMaTUYHOTO MOJECIIOBAHHS IIOB’S3aHOTO 3 BIAI0K0 €
Mojienb “Biama-cycniibeTBO” [3] A. Il. MuxaiinoBa, ska, mMa0yTh, CTajia KIACHYHOIO 1
oTpuMmaia 6araro Bapialliil Ta JOIOBHEHb BiJl pI3HUX aBTOPIB, Hanpukiaz [4-7].

Mopnens “Blafa-cycnuibcTBO” MpUAUILE OUIbLIE yBard 3MiHI KUIBKOCTI BIagu Y
BEPTHUKAII, @ TAaKOX B3a€MOJIi 13 IPOMAJIHCHKUM CYCIUILCTBOM HE € OOMEKEHOI0, TOOTO
HEMae JIIMITY Ha KUIbKICTh BJIJH, sIKa EpeJaeThCsl 10/Bi BIaAHUX CTPYKTyp. Moneni [8-10]
BUKOPHUCTOBYIOTh KJIITUHHHUI aBTOMAT, ajieé BOHU € 3HAYHO OOMEXEHUMU Yepe3 BUKOPUCTAHHS
KBaJIPaTHOTO IOJISI T NEPIEHIUKYIISPHOT CITKH.

Mera crarTi
Meroto crarTi € moOymoBa MOJIel Mepepo3NOaUTY BN MK MOJITHYHUMHU CHUJIAMHU Y
Cy4aCHOMY CYCHUIBbCTBI M1l 4ac BUOOPIB, Ta arOpUTMY ii KOMIT IOTEPHOI peaizanii.

Buknan ocHoBHOro marepiany

IcHyBaHHS B CycHUIBCTBI BHOCHUTH €Ki OOMEXEHHS Yy JKUTTS JIIOJIMHU, ii MOBEJIHKY,
peaxuii Ha pI3H1 YUHHUKU. Y CYCHUIbCTB1 KOKEH MOBHUHEH MIANOPSAKOBYBATUCS MpaBUiaM,
SIK1 BCTAHOBJIEH1 Yy IIbOMY CYCIIUIbCTB1, 00 K HEMOKOpa OCTaHHIM BUKJIMYE PEAKIIiI0 3 OOKY
CYCHUIbCTBA 1 MOTATHE 3a cO00I0 HACHIIAKU Ui 1HIUBIAA 4u rpynu mojaed. Lle cnpuunneno
THM, LI0 CYCIUILCTBO Ma€ JEAKY BJIaJy HaJl JIOAMHONO. SIKIIO X PO3IJISHYTH JIIOAMHY 11032
CyCIIUILCTBOM, BOHa BUIbHA Bim Oyab AKUX OOMEXEHBb SKI BHOCHTH CYCIUIBCTBO, TOOTO
MOBHICTIO BIJAA€ThCS CBOiM BOJi. Biama cycniabcTBa yepmaeThes 3 HOTO WICHIB, TOOTO MpH
CTBOPEHH1 OYy/Ib-SIKOTO CYCHUIbCTBA KOKEH HOro yJ4aCHHMK Hajla€ 4aCTUHY CBOET BJIaJU LIbOMY
CYCHUIbCTBY, a J€sIKa YaCTHHA BJIaJU 3aJHUIIAETHCA Yy KOXKHOTO IHAMBINA (HEe 000B’S3KOBO
OJIHAKOBA). 3 PO3BUTKOM CYCIUIBCTBA KUIBKICTh BJIQJIH, KOO BOJIOJIE KOXKEH IHIUBII MOXKE
3miHtoBatucs. Lleit mporec Moxke OyTH HIIIAOBAHUN SK CAMUMH JIFOJBMH TaK 1 BIaJHUMHU
CTPYKTypamH, ajié BaXJIUBOIO OCOOJIMBICTIO IIi€i 3MIHM € T€, 10 BOHA BIAOYBa€ThCS
CTpUOKOMNOIIOHO TIPU CTBOPEHHI CYCIUIbCTBA, BUOOpPAx, PEBOJIOLISAX, 3MIHI YCTPOIO Ta/4u
3akoHIB. Po3risHeMo mnpukian. Ko BiagHI CTPYKTYpH B CYCHUIBCTBI MPUIAMArOThH 1
BIIPOBA/KYIOTH PIIICHHS SIKI BUKJIMKAIOTh HE3aJ0BOJICHHS Y 3HaYHOI YaCTHMHU CYCIUIbCTBA L€
3HIKY€E JOBIPY CYCHUIbCTBA 1O KEpPYyHOUOi YAaCTUHH, ajieé HE 3MIHIOE PO3MOJUTY BJIAJIH.
OctanHiil xe B11OyBaeTbcs Ha BuOOpax (1 TOAl WIEHH CYCHUIbCTBA BIAJAIOTh CBOIO BIaay
IHIIIA ToMTHYHUA cwitl) abo K CTAaHOBHUINE CTAa€ HACTUIBKM KPUTHYHUM, M0 IIeH
[epepo3Moau1 Bi10YBAETbCS TOCTPOKOBO.

[Tig yac mpoBeaeHHs BUOOPIB 10 KOHKPETHOTO 1H/MBIJA MOBEPTAETHCS HE BCS HOro
BJIa/1a, a JIMIIE 11 yacTHHa (BUOOPU HE MOXKYTh 3MIHUTH YC€ B JIepKaBl: YCTpPii, 3aKOHH TOILIO),
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SKYy BiH 3HOBY 3000B’si3aHUI BIAJATH Ti 4M 1HIIINA noyiTHuHid cuil. Ha Bubopax, oxpemuii
IHIMBIT HaMaraeTbCs BIAJATH YaCTHHY CBO€I BIAAW TOMY JIIJEPY YW TMOJITHYHI CHIII, SKa
MPOTIOHYE TUIAH JII, 110 HAMOUIbIIE 30IraeThCsl 3 MOTIIAIAMUA CaMOT0 BHOOPIL. SIKIIO TaKux
HE iCHy€, TO a0o 1HAMBIJ BIIJACTh CBOIO YACTHHY BIAJHM BUITAJKOBIN MOJITUYHIA cwiti, abo
MPOIrHOPYE caMi BUOOPH 1 TOJI1 HOTO YaCcTHHA BJIaH Oy/e IPOTOPIITHO pO3aiieHa MK yciMa
KaraunatamMu. ToOTo aiist Toro mob nepeadadynTH sIKid MOJITHYHIN CHITl HAAacTh CBOIO BIaIy
BuOOpeLb HeoOXiHO mepeadauutu Horo noryaau. [ns moOymaoBu Mojesi NMPOTOHYETHCS
BBECTH CHCTEMY IOIJISI/IIB JIIOJMHU SIK HaOlp YMCIOBUX 3HAa4eHb B Mexax Bix -1 o 1 (puc. 1),
sIKa B1TOOpa)KaTHME CTABJICHHS 1HIMBIAA 10 CYCIUTBHO BAKJIMBUX MMUTAHD.

[Tpu 06MmiHI norasaaMu HEoOX1THO BPaxOBYBATH iX PIZHULIO. SIKIIO OJUH IHAMBLL Mae
JOCUTh CHWJIbHE TEPEKOHAHHS IIOAO JESKOTO MHUTAHHS, a TMO3WIlsl 1HIIOrO OJIM3bKa [0
HEUTPAIBHOI, TO, 3 BEJIMKOIO HWMOBIPHICTIO, MICJS iX B3A€EMOJII CTaBJICHHS Ipyroro Oyme
CYTTEBO 3MIHEHO B OIK MO3HIIi nmepuioro. Y BUNAAKy OOMIHY JTyMKaMU 0 MUTAaHHIO Ha IKE B
yCIX YYaCHUKIB HEMa€ CUIIBHO1 MO3UIlii, BIUTUB Oy/ie HE3HAYHUH.

------------------------------------------------------- 1 CwubHa nigTpumka

HeliTpanbHe

0 CTaB/IEHHA

------------------------------------------------------- -1 [yxe npotu

Puc. 1. [lpuknaa cucremu norsiAiB HANBIAA

JUis BimoOpaxeHHS CTPYKTypu Ta 1€papxii CyCHUIbCTBA B MOJENI, PO3AUIMMO
CYCHUIbCTBO Ha PIBHI Ta CTPYKTYpHI1 ofuHULI B HuX. [lokimaaemo, 1o CTpyKTypHa OJUHULS
MICTUTh B €001 Ipylly OJMHHULb HUKYOTO PIBHSA (32 BUHATKOM HaWHUXKYOI0), Ta MA€ 3B A3KU
AK y CBOid BEpTUKall TaK 1 y TOPHU30HTANI, MPUUYOMY 3B’SI3KM MDK PIBHSAMH MOXYThb
MIPOXOJIUTH JIMIIIE B paMKaxX BEpPTHUKaJl 00 €KTa Ha PIBEHb BHILE Ta HIKYE. AHAII3YIOUU MicLie
Ta 3B’SI3KM 00’€KTa y 3arajbHId CHCTEM1 BUICONMCAHUX PIBHIB MOXHA MOOAYUTH, IO BOHU
OJIHAKOBI JIJIsl pI3HUX PIBHIB, TOOTO 3alpoOIIOHOBaHA MOJIENb € camornoAioHoo (puc. 2). Kpim
TOT0, KOXXKHE CYCHUIbCTBO MOXe IepedyBaTu y 3B’A3Kax 3 IHIIMMH, MOAIOHUMHU €001,
CTPYKTYpamH, 1110 BIUCYETHCS B 3arajibHy KapTUHY MOJEIIL.

Puc. 2. CprKTypé MoJieni
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O3Ha4MMO OCHOBHI YaCTWHHU CTPYKTYPHOI OAMHUINL. SIK 3a3HA4ajocs BHIIE, BOHA Mae
3B’SI3KH 3 cOO1 MOMIOHUMU 1 3 BUIIOK OJWHHMIICIO, a 1€ 3HAYHUTH 10, IPEICTABIISIFOYH HUXKYI
piBHI, BOHA TIPOBOJUTH 30BHINIHIO TOJITUKY. 3B’S3KHM 31 CBOIMH CKIQJIOBHMH € 1i
BHYTPIITHLOIO TOJITHKOI0. He3anexkHo Bin piBHS, KOKHA CTPYKTYPHA OIMHHIIS KEPYETHCS
OJIHMM a0o0 TPYIIOI0 IHIAMBIAIB. A 1€ 03HaYa€e, M0 BOHA Ma€ 0COOMCTICHY YacTuHY (puc 3).

BuznaunMo getanbHy CTPYKTYPY KOKHOI 3 ITUX 4acTuH (puc. 4).

OcobucTicHe

BHyTpiWwHA
nonituka

30BHILLHA
nonituka

Puc. 3. OCHOBHI YaCTHHH CTPYKTYPHOI OTUHUITI

OcobucTicHe CycCninbHO 3Ha4yLLe

BHyTpILWHA NoniTuka 30BHILWHA NoniTUKa

Hocsin
3HaHHsA
BMiHHS

A Cucrema
nornsiais

Aocail Cucrema
norasiais

3HaHHA
BMiHHS

3HaHHsA
BMiHHS

O6pobka
iHchopmaLii

Ob6pobka
iHbopmallji

O6pobka
iHchopmaLii

‘INE

l
y
!

PiwweHHst (gji) PilueHHs (gji) PiweHHs (air)

IN308D BH

IOV eHE
amwra aHagaid ey

BhXKWH qHadld eH
Haid A

Bnaga iHomeiga

B
i

Buoopwu

Puc. 4. JleranpHa cxema CTPYKTYPHOT OTMHHITI

[Tounemo 3 ocobucTicHOi. OYeBUAHO, IO IHAWBIA HE BIOKPEMIICHUH BiJl IHIIUX WICHIB
CYCHUIBCTBA 1 KOMYHIKY€E 3 HUMHU. B mporieci koMyHiKaIii iHIUBII cripuiiMae iHpopMaIio 3
KoJia JIPY3iB Ta 3HaOMUX, a TaKOX 3ac00iB MacoBoi iH(opmarii, aHai3ye ii Ta BiamoBinae
JICSIKOFO PEaKIli€r0, BUKOPUCTOBYIOUH 3AJIMIIOK CBOET Bad, THM CAMHUM BILUIMBAIOYH HA CBOE
oToueHHs. J[J1s1 11bOr0 BiH BUKOPHUCTOBYE CBOT 3HAHHSI, JTOCBI Ta YMIHHS, a TAKOXK KEPYETHCS
CBOEIO cHcTeMOro ToriisidiB. Lleit mporiec BIuMBae Ha JOCBiN, 3HAHHS 1 BMIHHS IHAMBiAA, a
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TaKOX MO€ 3MIHIOBAaTU ioro cuctemy noryaniB. [logiOHa cutyariist mpociaiAKOBY€EThCS 1 3
BHYTPIUIHBOKO Ta 30BHIUIHBOIO MOJIITUKOIO. P3HUIM mossirae B JOKEpesl CHOPUNHATTSA Ta
HanpsMmKy aii. Tak uis npoBeneHHS BHYTPINIHBOT IOJITHUKU aHAJII3yIOThCS CHUTHAIHU 3
CKJIQZIOBUX YACTHUH CTPYKTYPHOI OJMHMII, 1 J1ii, B 3araJIbHOMY BHUIIJIKy, HAIllpaBJeHI B IXHIH
Oik. /{151 30BHIMIHBOT MOJITHKU 1€ TAaKOX CIPaBEAJIUBO, ajie sl CTPYKTYPHHUX OJIUHHUIb
LbOTO X PIBHS B M€XaxX BUIIOi CTPYKTYPHOI ouHuUI, Ta 1 camoi. Hampuknan, B pe3ynbprari
CTUXIMHOTO JINXa, B CYCIHIA 00JaCTi MOIIKO/KEHO 3HAUHY YaCTUHY JIIHIA eJIeKTpomepenad.
VYpaBiliHHS, aHAII3YIOUM CUTYallil0, BUPILIY€E JOIOMOITH, Ta, BAKOPUCTOBYIOUH CBOIO BJIALYy,
i€, BIAMPABIISIIOYN HA JOTIOMOTY TEXHIKY Ta 0COOOBUM CKIIa].

BaxxnuBuM acnekToM € Te, 110 BHYTPIUIHIO Ta 30BHILNIHIO MOJITHKY B IMEHI BCIX
YYaCHUKIB PIBHS IPOBOJIUTH 1HAMBIA a00 Ipyla 1HAWBINIB, SIKI MAlOTh CBIM JOCB1I, 3HaHHA Ta
BMIHHS BEJICHHSI BHYTPIIIHbOI YM/Ta 30BHIINIHBOI MOJITUKH, @ TAKOK CUCTEMY IOIJIAJIB, SKa
BUKOPUCTOBYETbCS JJIsl MPUNHATTSA pillIeHb 1 BUKOpUcTaHHS Biaaau. Ciij 3a3HAYMTH, 1O I
CUCTEMHM IMOIJIAJIB Ta JIOCBIJ, 3HAHHS 1 BMIHHS, Y 3arajJlbHOMy BHIMAJKy, € PI3HUMH, HE
JUBJISIYMCH HA T€ IO BOHU MOEJHYIOTHCS B OJHOMY 1HAMBIAL 4M iX rpymi. ToOTo, y BUIbHUI
BiJl poOOTH Yac, 1eil HAUBIA (SIKUM € YHHOBHUKOM) KEPYETHCS CBOEID OCOOMCTOI0 CHUCTEMOIO
MOTJISAIB, @ KOJM BIH MPHUIIMAE MOJITUYHI PIIEHHS, TO BUKOPUCTOBYETHCS BXKE 30BCIM 1HILIA
CUCTEMa TMOIJISIAIB, SKa, B 3araJbHOMY BHUMAIKy, HE 30irae€TbCsi 3 HOTO OCOOMCTUMHU
iHTepecamu. Ha mnpaktuni Taka po30DKHICT MOXKE CTaTh MPUYMHOK KOpymuii —
BUKOPHUCTAHHS HaJJaHOI CYyCIUILCTBOM BJIaJIU B OCOOUCTUX LIUISAX Ta IHTEpECaXx.

[Tincymyemo:

— CycninbcTBO Mae 0araTopiBHEBY CTPYKTYpY.

— bynosa cTpyKTypHOT OJMHUII OJHAKOBA JJIsl BCIX PIBHIB (camMono/i0Ha).

— O0’exTOM HaIMEHILIOrO PIBHA € JIIOJIMHA, 0OMEXEHb Ha KUIbKICTh PIBHIB HEMAE.

— CrpykTypHa OJIMHHULIS MOKE B3aEMOJISITH 3 IHIIMMHU 00’ €KTaMH Ha CBOEMY PIBHI Ta Ha
+ 1 piBeHb y cBOil mipamisii.

— CrpyKkTypHa OAMHHULS IPOBOJUTH 30BHILIHIO 1 BHYTPIIIHIO HOJITHKY:

— B Mexax 30BHIIIHbOI BOHA KOMYHIKY€E 3 OJIMHULISIMU CBOTO PIBHS, K1 HAJE€XKaTh 710
Ti€l camMOi BUILOT CTPYKTYPHOT OJIMHULIL, a TAKOXK 13 HEIO CaMoIo.

— B Mmexax BHYTpPIIIHBOT OJITUKA KOMYHIKYE 3 CBOIMH CKJIAJJOBUMH.

BunstkoMm € nroauHa (nepiiuii piBeHb) B K01 BIACYTHS BHYTPIIIHS MOJIITHKA, a TAKOK

HaWBUIIMA PIBEHb, 30BHINIHS TIOJITHKA SKOTO a00 BIACYTHS (SKIIO CYCHLIBCTBO

13071b0BaHe), 200 3BOJIUTHCS 10 KOMYHIKaIi 3 cOO1 MoAiIOHUMH.

— Brnany mronuHi He HaMAKOTH BOHA Ti Ha/laHa arpiopi.

— SIkmno nroaMHA € YICHOM CYCHUIBCTBA BOHA BIJIIA€ YACTHHY CBOET BIIAM CYCIIUTbCTBY
(KepIBHULTBY CYCIUIbCTBA). SIKIO piBEHb OJIMH — CYCHUILCTBO BIZICYTHE 1 Bi1aja
1HIMBI/IA HE BITAETHCS HA PIBEHDb BUIIIE, a 3AJIMIIAETHCS B HHOT'O CaMOT0, TOOTO BIH €
OJINHAKOM.

— Ilepepo3nonut Bnaau BiiOyBaeThes MEPIOJIUYHO, CTPUOKOM, Mif] yac nepeBudopiB abo
PEBOJTIONIH.

— Ilpu Bubopax yacTrHa HaJaHOI BJIaJAU CYCIIUILCTBY 1HAKMB1IOM IOBEPTAETHCS 3HOBY J10
HBOTO 1 BiH 3000B’s3aHUH ii BiMaTH OAHINA 3 TIOJITUYHUX CHII sIKa OOUpaeThes. Y
BUIIAJIKy ITHOpYBaHHS BUOOPIB HOro Biiaja po3NOAUISIETHCS MPOMOPLIHHO MK yciMa
KaHJIUJAAaTaMU.

— Bubopens Biasiae cBOO BiIay Tid HOJITHYHINA CHITI, CUCTEMA MOTJISAIB AKOT
HalOUIbIIe 301raeThest 3 HOro CUCTEMOIO MOTJIAIB, a00 K IrHOPY€e BUOOPH, SIKIIO BCI
MOJIITHYHI CUJTA MAIOTh CUCTEMY MOTJISIAIB JOCUTh PO30LKHY 3 HOTO 0COOUCTOIO.
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— SIKmo mpuCyTHS KOPYIIis, TO IPU MPUHHSITTI BIAIHUX PIIIEHb CHCTEMa OCOOUCTUX
MOTJISAIB YNHOBHUKA HAKJIAIa€ThCS HA CYCHUIbHY 3HaYylly CUCTEMY HOTJISAIB
CTPYKTYPHOT OJTUHUIIL.

Onuc anzopummy mooeni
BBenemo aesiki cripoteHHs:
— Hewmae Hectatky B MaTepianbHOMY 1U1aHl. MartepiaabHUX OJlar BUCTaya€e Ha BCIX 1 Ha
BCE.
— I'pomansau moociOHO HE MEPEBUIIYIOTh CBOET BIA/IN.
— Bnana npucinyxa€erbest 10 1yMKU IPOMaJIsH.
— Kanmunaty Ha BuUO0pax 4eCHO MPOTOJIONMIYIOTh CBOI IIJIAHU Ta HaMararThes iX
JTOTPUMYBATHUCH.

[Himianizanis moxeni:
— BuzHauuMo CTPYKTYpy CyCHUIbCTBA: KUIBKICTh PIBHIB Ta CKJIa/I0BI KOKHOI'O 3 HUX.
— st KO>KHOT TpyIy, BBEAEMO BicTaHl MK 1i wieHamu. SIK oHE 3 HAUIPOCTIIIMX
HaOJIMKEHb, MOXKHA BUKOPUCTATH LIUKJITYH1 1HIEKCH.
— 3agaeMo MUTaHHS CUCTEMH IMOTJISAIB.
— BwusHauaeMo KUIBKICTH MOJITUYHUX CUJ Ta IX MOTIISIAHN.

B3aemosis Mbk 00’€KTaMu B CyCIIUIBCTBI:
— FErtan nepumuii: B3aeMois MK 00’ €KTaMH OJIHAKOBUX PIBHIB.

— TIpoBoAMMO OGMiH HOTNISAAMH MK WICHAMH KOKHOT rpymu. VIMOBipHicTh
B3a€MO/IIT 3aJIEXKUTH BiJ BiICTaH1 MDK 00’ ekTaMu. i po3paxyHKy HMOBIpHOCTEM
IIPOIMOHYETHCS B3ITU po3noaun ["ayca. [Ipuyomy ciouaTky BiiOyBaeThCs
B3a€MOJIiA 3 OJVDKYMMHM 00’ €KTaMH, a MOTIM 13 OUIBII BiJJaJCHUMH.

Axmo K B3aeMoglisi BIiOYBAa€ThCs, TO BOHA MPOXOAWTH B 000X HampsMKax 1
B110YBa€ThCS HACTYITHUM YHHOM:
Axmo oguH 00’€KT i€ HA 1HIINHN, TO B3aEMOJIS BiIOYBA€ThCA MO KUIBKOX
MMUTAHHAX, IKI € HaMOLIbII BaroOMUMH IS HHOro, TOOTO MAarOTh HaWOUIbIIE
3HaYeHHS Norsiay no monynto. Ilpu B3aemonii MO KOHKPETHOMY HOTJISIY
BUKOPUCTOBYEMO HACTYIHY (OpPMYIy BILUIUBY:
1
influence =§|:tpi —}:p:l-.itt-.!ﬂ (1)
Fae N ,

NN

ne *P: ta Y7: — 3nauenus i-ro norJisiny uist 06’ekta ¥ Ta ¥ BIAMOBIAHO,

cos (rr-ypl_)+ 1 A

X3y 2 , 4 — MakcuManbHO MOXKITMBA 3MiHA TIOTJIAY 34
1Tepanuiro.

— IlpoBoaumo B3aeMOAit0 MK 00’ €KTaMH OJITHOTO PIBHS, SIK1 HE 3HAXOIATHCS B OJIHII
rpymi. st 1boro BUMagKOBUM YMHOM OOMPAEMO JIESKY KUIBKICTh ap 00’ €KTIB, Ta
MIPOBOJMMO B3a€MOJIII0 MK HUMH SIK OyJI0 ONMCAHO BUIIIE.

— Ertan gpyruii: B3aeMo/ist Mbk 00’ €KTaMu CYCIHIX PIBHIB.

— CknaznoBi 00’€KkTa AIFOTh CUCTEMOIO MOTJISIAIB CHOPMOBAHOIO SIK CEPEHE
apudMeTHyHe iX MOTJISAIB Ha 11ei 00’ ekT 3a popmyoro (1).

— BzaeMmogis 13 CKJIaJOBUMU HUKUOTO PIBHA MIPOBOJUTHCS 3 KOKHUM 00’ €KTOM 0€3
BHUKJIIOUEHHs. BruiB BinOyBaeThes 3a hopmysoro (1).

— Eran tperiii: BruB 3MI.
BnnuB BinOyBa€eThCsl 0OIHOCTOPOHHBO.

'i':z':lzf! =
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— JIns KO>KHOT MOJIITUYHOT CUTM BUOMPaeMO 00’ €KT Jpyroro abo BUILIOTO PIBHA 1
JIEMO 3 JIESTKOI0 MMOBIPHICTIO Ha BC1 €JIEMEHTH B CepeH1 BUOPAHOTO 00’ €KTa 32
dbopmymoro (1).
— JIns moniTUYHOT CUITH, SIKa 3HaXOJUThCS MU Biajll OepeThcsl HallBUIIMM 00’ €KT.
[Ipouec BuboOpiB:
JUis  KoXHOTO BHOOpLS 3HAXOAMMO HAWOMMXK4Yy MOJITHYHY cuily. Binctanb
PO3paxoByeMO 3a (bopMyJIOIo'

dt, ]_Z[ SQTI(X )"'53”(}#)*0'“:#[ }pll

sgn (x +sgn (}u ) =0, |xa=l 2 }Pll
ne "p — KiIbKiCTh 3HAYECHP Y CHCTEMi OB, ST18 — curHyM QyHKIs, “Fi Ta 727 —
3HAYEHHS 1-T'0 MOTJIALY AJIsl BUOOPLS Ta MOJITUYHOI CHUJIM BIAMOBIIHO.
SIKmo BIACTaHb HE MEPEBUILYE JIESKOr0 MOPOTrOBOTO 3HAYEHHS, 3apaxOBYEMO TOJIOC
IIM ITOJITUYHINA CHIL

BucnoBku

VY crarTi 3anponoHOBaHa iepapXidyHa camomo1i0Ha MOJIETh CY9acCHOTO CYCIUIbCTBA IS
MIPOrHO3YBaHHS MEPEPO3NOILTY BIaJU Y HBOMY MDK MOJITUYHUMHU CHJIaMU II1J1 4ac BUOOPIB.
Mopnenb Ma€e MOKPOKOBHM ONHUC allOPUTMY, IO POOUTH JIOCUTHh IMPOCTUM 3aBJAHHSA ii
KOMIT'IOTEPHOI peani3alii Ta J03BOJMTH IMPOBOAUTHU YHMCEIbHI EKCHEPUMEHTH 3 HEK 3a
JOTIOMOT'OF0 KOMIIT I0Tepa.

[lobynoBana Mopaenb Moke OyTHM BHUKOpPHCTaHa Ui CHpPOOM IPOrHO3YBaHHS
pe3ynbTaTiB BUOOPIB Y CydaCHOMY CYCHUIBCTBI. BUIBIIICTh BXIIHUX NaHUX MOKHA B3ATH 3
CTaTUCTUYHUX JAHUX (CTPYKTYpPY PIBHIB, KUIbKICTh BHUOOPIB) Ta COLIAJIbHUX ONHUTYBaHb
(uTaHHsA, K1 HAMOUTBII BaXKJIUBI ISl CYCIILIILCTBA).

HaBenena mogmens Oyna po3poOsiieHa 3 ypaxyBaHHSM MOXIJIMBOCTI KOMIT FOTEPHOTO
MOJIECJIIOBAHHS 1 aHaJli3y Pe3yJbTaTiB, 110 POOUTH 11 OUIbII MPUBAOJIMBOIO Ta 3aTPeOyBaHOIO.
Jliig Toro, o0 Moaenb Oyia Ouiblie HabIMKEHO0 JI0 peaslbHOCTI OyJio O 1o6pe BpaxoByBaTH
Kopymiito. OgHaK KOPYIIiS 3/e0UTHIIIOT0 3yMOBJICHA OaKaHHIM MOKPAITUTH MaTepialbHUI
CTaH B TOW uM iHmME cnoci0. [nsg nporo y MaiOyTHIX AOCHUIKEHHSX MOKHA BBECTH
€KOHOMIYHY CKJIQJIOBY, 1110 CYTTEBO YCKJIAJHUTh MOJIEb.

CnucoK BUKOPHUCTAHOI JiTepaTypu:

1. Easton D. An Approach to the Analysis of Political Systems // Political System and Change. Princeton, N. J.,
1986. P. 24.

2. Almond Gabriel A. The Political of Developing Areas / Gabriel A. Almond and James Coleman, Princeton,
NIJ.: Princeton University Press, 1960. P. 7.

3. Muxaiinos A. I1. MozenupoBaHue CHCTEMBI «BIIACTh-001IeCcTBOY. — M.: ®usmar-nur, 2006. - 144 c.

4. M. I. Imutpue, A. A. Ilasno, A. II. IlerpoB, Mozenb «BIacTb-0OLIECTBO-DKOHOMHKa» ISl CITydast
CITabOKOPPYMITUPOBAHHOM TUCKpETHON Mepapxuu, Martem. moxenuposanue, 2012, tom 24, Homep 2, 120-
128

5. IlponueBa O.I'. Mopnens cucremsl 'Bnactse—Mudpopmanms—O6mectso' //  Ilpenpunter UIIM  um.
M.B.Kengpima. 2018. Ne 11. 15 c.

6. Omutpues M.I., Tlerpor A.Il. Martematuueckas Monaenb «BiacTb-00IIecTBO-UHPPACTPYKTYpa-
npousBonctBo» // B cO. «Te3uchl HOKIAZoOB W BBICTYIUICHHME Bcepocchilckoro CoImoiorayeckoro
KoHrpecca: [iobanu3anus W colMaabHbIC U3MEHEHUsA B coBpeMmeHHoW Poccum, T.11, 3-5 oktsa6ps 2006
roga». M.: Anega-M, 2006, c.123-124.

7. Hmutpue M.I. Makapo J[.A. ITaBnoB A.A. Kadapoa M.B. CraOunu3zaims B HEIWHEHHOW MOZAEIH
«BIIACTh — OOILECTBO — 3KOHOMHKa». // MaremaTnueckoe MOJEIUpOBaHHE U MH(OpMATHKA COIMATBHBIX
mporieccos, 2016, 18. 54-67

8. IlerpoB A.Il., CremanioB M.E. JluckperHas pacnpezeiicHHas MOAUGUKAIMS MOICITH «BJIACThb—OOIIECTBOY
Ha ocHoBe KiierouHoro apromata // [Ipenpunter UTIM um. M.B.Kengpima. 2014. No 100. 19 c.

39



ISSN 2076-5886 (Print) Cepis «Ilpuxnaona mamemamuxa. Ingpopmamuxay. Bunyck Ne 1.2019

9. CrenanuoB M.E. Yuer sxoHOMUUYECKHX ()aKTOPOB, KOPPYIIIIUH, U TPAHCIIOPTHBIX CBSI3€H B MOJIENH “‘BJIACTh-
00IIIeCTBO” Ha OCHOBE KJICTOYHOI'O aBTOMAaTa// MaTeMAaTHYECKOE MOJCIMPOBAHUE COIHAIBHBIX MPOICCCOB:
cOopHHK TPYyOB, BbIMyck 19. — M.: UTIM um. M.B.Kennpima, 2017. — 140 c.

10. CrenanmoB M.E. MonenupoBaHue CHCTEMBI «BJIACTh-OOIIECTBO-3KOHOMHUKA» Ha OCHOBE KJICTOYHOTO
aBToMara / KoMmbroTepHbIe UCCieIoBaHus U MoaenupoBanue, 2016, T. 8, Ne 3, ¢. 561-572

Bibliography:

1. Easton D. (1986) An Approach to the Analysis of Political Systems. Political System and Change. Princeton,
p. 24

2. Almond A., Coleman J., (1960) The Political of Developing Areas, Princeton University Press, p. 7

3. Mikhailov A. P. (2006) Modellirovaniie sistiemy “Vlast-Obshchiestvo” [“Power-Society*“ model]. Phizmat-
lit — PhysMath-lit [In Russian]

4. Dmitriev M.G., Pavlov A.A., Petrov A.P. Model “Vlast- Obshchiestvo-Ekonomika” dlia sluchaia
slabokorrumpirovannoi diskrietnoi iierarkhii [The “Power-Society-Economy” Model With A Slightly
Corrupt Discrete Hierarchy]. Matem. modellirovaniie — Math. Modeling, vol. 24 (2), 120-128 [In Russian]

5. Proncheva O.G. (2018) “Vlast-informatsiia-obshchestvo” model [“Power-Information-Society” model ].
Preprynti IPM im. M.V. Keldesha — Preprints of KIAM named after M. V. Keldysh. 11, p. 15 [In Russian]

6. Dmitriev M.G., Petrov A.P. (2006, Oct. 3-5) Matiematicheskaia model “Vlast- Obshchiestvo-Infrastruktura-
Proizvodstvo” [«Power-Society-Infrastructure-Production » mathematical model]. V sbornikie “Tezisy
dokladov i vystuplenii Vserosiiskogo sotsiologicheskogo kongressa: Globalizatsiia i sotsialniie izmenieniia v
sovremmenoi Rossii” — In compilation “Theses of reports and speeches of the All-Russian Sociological
Congress. Globalization and social changes in modern Russia”, vol.11, 123-124 [In Russian]

7. Dmitriev M.G. Makarov D.A. Pavlov A.A. Kafarova M.V. (2016)Stabilizatsiia v nelineinoi modeli “Vlast-
Obshchiestvo- Ekonomika” [Stabilization in a nonlinear model « Power-Society-Economy»].
Mattiematicheskoie moddelirovaniie i informatyka sotsialnikh protsesov — Mathematical modeling and
informatics of social processes, 18. 54-67 [In Russian]

8. Petrov A.P., Stepantsov M.E. (2014) Diskrietnaia raspriedieliennaia model “Vlast- Obshchiestvo” na osnovie
kletochnogo avtomata [Discrete distributed modification of the “Power-Society” model based on a cellular
automaton]. Preprynti IPM im. M. V. Keldesha — KIAM Preprints M. V. Keldysh., 100, p.19. [In Russian]

9. Stepantsov M.E. (2017) Uchiet ekonomicheskikh faktorov, korruptsii i transportnikh sviazei v modeli “Vlast-
Obshchiestvo” na osnovie kletochnogo avtomata [Consideration of economic factors, corruption, and
transport ties in the ‘“Power-Society” model based on a cellular automaton]. Metiematicheskoie
modelirovaniie sotsialnikh protsessov — Mathematical Modeling of Social Processes: Proceedings, Issue 19.
KIAM Preprints M.V. Keldysh,, p. 140 [In Russian]

10. Stepantsov M.E. (2016) Modelirovaniie systemy “Vlast- Obshchiestvo-Ekonomika” na osnovie klietochnogo
avtomata [Modeling of the “Power-Society-Economy” system based on a cellular automaton].Kompiuternoie
issliedovanie i modelirovaniie — Computer Research and Modeling, vol. 8 (3), 561-572 [In Russian]

MORHUN Mykola,
PhD student, The Bohdan Khmelnytsky National University of Cherkasy
HIERARCHICAL SELF-SIMILAR MODEL OF POWER REDISTRIBUTION IN MODERN
SOCIETY

Summary. Introduction. Nowadays more and more interest is being paid to social processes. In
the second part of XX century some models related to society began to emerge. The most famous are
model of a political system by D. Easton and structural and functional model by G. Almond. With
significant technical progress, computing resources grew significantly and this caused demand to
move from descriptive and diagram style models to more strict and formal to be able to use computer
simulation. One of such models is “power-society” model by A. Mikhailov. That model considers
distribution of power between hierarchical levels of a government branch and between people and
government itself. But one of the very important questions in modern society is distribution of power
between political forces and election result forecasting, on which this article is focusing.

Purpose. The aim of this article is to create a model of power redistribution between political
forces in modern society.

The article discusses the nature of power which a society has over its members and explains
some aspects of its moving.
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In the article is suggested a model of modern society, using which it is possible to simulate
power redistribution via election, i.e. try to predict elections result. The model considers not only
citizens, but also governmental structures, their political position and influence to citizens and vice
versa.

In the article discussed structure of a model unit including its internal blocks and connections
as well as external interactions and political views. With introduced structure of a model unit,
corruption mechanism might be explained. The suggested model unit structure is self-similar that
simplifies the model representation for computer simulation.

The approach used in the model could be used to represent a country or its subpart as well as
relations between different countries, i.e. a world might be simulated using this model.

A more formal description is given to simplify computer implementation of the model.

Conclusions. Model of power redistribution between political forces by election has been
developed. The model is hierarchical and self-similar. Given algorithm of computer implementation of
the model.

Keywords: model, power, elections, society.
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