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LIMKNUYECKOE NPECNEONOBAHUE
N MYNbTUATEHTHBLIE CUCTEMbI*

Hapceros C.D.?
(Uncmumym npobnem ynpasnenus um. B.A. Tpanesnuxosa PAH,
Mockea)

Haemcsa 0630p no ucmopuu ancopummos YUKIUYecko2o npeciedosa-
nusa. Ilpusooamcea coepemenuvie MOOUPUKaAYUs areopumma.

KitroueBbie ciioBa: MUKINYECKOE IMpeciieloBaHNe, KOHCEHCYC, yIpaB-
neHue GpopMaysIMH, MyJIbTHAT€HTHBIE CUCTEMBI.

BeedeHue

B mocnemnee BpeMsi MHOTHE HayJYHBIE COOOIIECTBA M3 Pa3HBIX
o0JiacTei 3HaHUS aKTUBHO 3aHUMAIOTCS M3YYCHUEM HJICHHO MOXOMKHIX
SIBJICHUM. DTU SBJIEHUS OOBEAUHSIIOT TaKue MOHITHS KaK KOJJIEKTHB-
HOE JIBWXEHHUe (TPYNIbl )KHUBOTHBIX B OMOJIOTHH, MOOWIIBHBIE POOOTHI
B pOOOTOTEXHUKE), CHHXPOHH3AITUS OCIUUIATOPOB B (DU3HKE, pacipe-
JIEJICHHOE TIPUHATHE PEIICHUE PKCIICPTAMU B COIIMOJIOTHH, pacipee-
JICHHBIE METOABI B ONTHME3AIMHU U JIp. K coxaneHnto, cCuCTEMaTHKu
B M3YYCHHH DTHX 3a7ad HET: KAKI0€ COOOIIECTBO YacTO HMCITOJIb3YET
CBOIO TEPMHHOJIOTHIO; METOJIBI MCCIICAOBAHUS BAPbUPYIOTCS OT CTPO-
TUX MaTeMaTHYeCKHX 0 MeToaa mpod W OMIHOOK, MPOCTHIX Habro-
IeHUl 3a gBieHueM. TeM He MeHee, UMEHHO HaeiHas OJU30CTh IIe-
PEYHCICHHBIX 3a/1ad IprBeTia K MOSBICHHI0 MaTeMaTHIECKOH TeOpruH
B3aMMOCBSI3aHHBIX JUHAMUYECKHX CHCTEM — HOBOTO pa3sjieiia TEOPHH
ABTOMATHYECKOTO YIIPABICHUS ¢ COOCTBCHHON TEPMHUHOJIOTHEH U Me-
togamu. OOIUMH YepTaMu TaKUX CHCTEM SIBIISIETCS CETeBasl CTPYK-
Typa (rpag) cBA3BIBAIOIIAS JOKAIBHBIMH CBA3SIMH MEXTy cOO00M TH-

! Paboma evinoanena npu nodoepacke Poccutickozo onoa gynoamen-
manvHulx ucciedosanuii (I panm Nel3-07-00990).
2 Cepeeii Dpnecmosuy Iapcezos, k.¢h.-m.1. (s.e.parsegovi@gmail.com).
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HaMUYeCKHUe CUCTeMBI (areHThl). O4eHb 4YacTO TaKUE CHCTEMBI Ha3bI-
BafOT MYJBTH- WIM MHOTOAreHTHHIMH. Ha JTaHHEBIIT MOMEHT Toyde-
HO MHOXKECTBO PE3YJBbTATOB [0 MYJIBTHATCHTHBIM CHCTEMaM Pa3HOM
CJIOKHOCTH, MCCIIEJOBaHbI PAa3HBIE MOJENH areHTOB, THIIOB CBA3EH U
cTpykTyp (cM. padotsl [2], [1], [11]).

Kak u mo6oe HaydyHOE HampaBICHUE, TEOPUS MYIBTHATCHTHBIX
CHCTEM MMeeT COOCTBeHHYI0 nctoputo. Hanbomnee pacripoctpaneHHoe
CpeaIu YYCHBIX MHCHHE 3aKIII0YACTCS B TOM, YTO TEOPHSI MyJIbTHATCHT-
HBIX CHCTEM U TECHO CBsI3aHHAasl C HEH 3ajjada KOHCEHCYCa MOSBUIINCH
C LENBI0 U3YYCHUS M BOCIPOU3BEICHUS MMOBEICHUS OHOIOTHYESCKHX
rpynn B mpupose. [lpuMepsl Takoro TMOBEICHUS: CHHXPOHU3UPOBAH-
HOE JBW)KCHHUE IITHUI] B CTae, XKUBOTHBIX B CTa/laxX, PbI0 B KOCSKaX.
Kak mokaspiBatoT HaONIOMEHUS, STO MO3BOJISET UM ONTHMAILHO Tie-
peMeIaTbes MPH MHUTPAIUSLX, OXOTHTHCS U 000poHAThCs. [lpu 3TOM
JKUBBIC OPTaHU3MBI JIEHCTBYIOT EIEHTPATN30BAHHO (KK CIIOCO-
O€H OTCIIeX)KUBATh JIBUKEHUE TOJIBKO cocefla/coceNiel Mo rpymie), T.e.
Ha OCHOBE JIOKAJIbHOW MH(OPMAIINK O COCENIX, TEM HE MEHEee JOCTH-
raercs ro0aibHas 1e7b ABIKEHHS B BUJIE OTIPENEIIEHHOW TeOMeTpH-
YecKol KOH(UTypanuu.

Hctopuyeckas cnpaBka B U3BECTHBIX aBTOpPY 0030pax M MOHO-
rpadusx Mo MyJabTHATCHTHBIM cucTeMaM (cM., Hampumep [14], [15])
OTPaHWYNBACTCS HEOOMBIITM HaOOpOM (PakTOB HAOIIOMEHUS 3a SBJIC-
HUSMUA CaMOCHHXPOHHU3AIMH B IPUPOAE U TEXHUKE (YIIOMSHYTOE IO-
BeZIeHHEe OMOJIOTHYECKUX TPYII, OnbITH [ folireHca u Penest) u ynomu-
HaHMeM paboTel PeliHonca o mpaBuiIax MOBEACHUS B ABIKYIIEHCS
ouonornueckoit Gopmaruu [16]. IlosBnenne maremarn4eckol Teo-
pun 00bYHO oTHOCAT K paborte Jlel'poora [6]. IIpu 3tom ymycka-
eTCSl W3 BHUAQ, YTO JJISl PA3HBIX YACTHBIX CIIYYa€B MYJIBTHATCHTHO-
T'O/KOHCEHCYCHOTO TOBENIEHHs] CTPOMIINCh MaTeMaTHYeCKHe MOJIEIH,
JTIOKA3bIBAIMCH YCIIOBUS yCTOMYMBOCTU (JIMOO TOCTHXKEHUS KOHCEHCY-
ca). [lepBbIM, 110 BUANMOMY, YUE€HBIE 3aTPOHYIIA BOIIPOCH MOZEITHUPO-
BaHUS JBIDKEHUS B 3ajauax mpeciegoBanus [10].

B pabote nmemaercs MOIBITKAa H3JIOKHUTH HUCTOPHIO TOSBICHUS U
pa3BUTHS 3a7a4 MUKIUYECKOTO MPECICIOBAHUSA, a TAKXKE UX CBA3b C
MYJIBTHATCHTHBIMH CHCTEMaMU U 3ajadeii koncencyca. Jlaercs 0030p
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10 TEOMETPUYECKHM 331a4aM O IIEPECTaHOBKH BEPIIUH MHOTOYTOJIbHUKOB,
KOTOPBIE OIUCHIBAKOTCS YPAaBHEHUSIMU LIUKIMYECKOIO IIPECIeA0BaHUs
B IUCKPETHOM BpeMeHH. KpoMe Toro npuBoasATCs pa3Hble aarOpUTMbI
B HEIIPEPHIBHOM BPEMEHU.

1. Juknu4yeckoe npecnedosaHue

Pannne ynomMuHaHus 0 Mpeciae0OBaHUU U €T0 UCXO/AE OTHOCATCS
k nepuony [pesneit ['perun (mapagokc 3eHoHa DNENHCKOT0), TONBITKA
MaTEMAaTHYECKOTO OMUCAHUS SIBICHUS — IOCTPOECHUE TaK Ha3bIBAEMBIX
KpUusblx npecie0o8anus — MOSABUINCH HA MHOTO ITO3HEE C MOSBJICHNE
i depeHITMATEHOTO M HHTETPpalIbHOTo Heuncienus. B 1732 ¢paniys
[Tvep Byre, cienuanuct mo MOPCKOW HaBUTallMU U OCHOBATeNb (OTO-
METPHH, IOCBSIIAET OAHY U3 CBOMX paboT PEIICHHIO 3a7a4l O KPUBbIX
npecienoBaHus. B ero mocraHoBKe 3agayd MMENOCh IBA KOpaOiis
(mpecnemoBaTens U MpecielyeMblid, HA 0 KaKOH “MyJIbTHareHTHOCTH
peub Torja HE LUIA), MPUYEM HpecieryeMblidi KOopadib JBHUTaJCs MO
MIPSIMOM. YUHTHIBAsS, YTO CKOPOCTH KOpabiIeld IMOCTOSIHHBI M OJJHHAKOBHI,
ObUT0 HEOOXOIMMO pacCUUTaTh TPACKTOPHIO KOPaOJIA-TIepeXBaTUHKA.
B nanpHeiimem uccienoBanreM 0oiiee CIOKHBIX ITOCTAHOBOK 3aJadd
I1. Byre 3anumanucs I1. Moneption,
A. Bpoka, /1. Om u ap. B 1877 roxy Dnyap Jltoka mocraBmi 3amaqy o
TPaeKTOPHUSIX ABIKEHHS TPEX COOAK, TOMEIICHHBIX B BEPLINHbI paBHOOE -
PEHHOTO TPEYroJdbHUKA U HAYWHAIOIINX OJHOBPEMEHHO IIpecieloBaTh
IpyT Ipyra ¢ OAMHAKOBOM CKOpOCTbIO. Tak mosBHIICA Kiacc 3ajad
LUKIMYECKOTO TpecieoBaHusl CO MHOXKECTBOM YUYacTHHKOB. boiee
MOIPOOHO C UCTOPHEH TaKMX 3a7ad MOYKHO O3HAKOMHUTHCS B MOHOTPa-
¢wuu I1. Hauna [10] u paborax [4], [18].

1.1. IlepectaHoBKa BepIIHH MHOIOYTOJIbHHKA

Kak yxe yka3pIBajoch BHIIIE, HEKOTOPbIe KOPHU CTPATErHH UK
JMYECKOTO TpeciefoBaHns OepyT Havajo B 3ajadax dSJIeMEHTapHON
TEOMETPHH, @ UMEHHO B 33Ja4ax IEePEeCTAaHOBKH BEPIIHH IDIOCKHX
MHOTOYTOJFHUKOB. B  pasmene pgaeTcs omucaHhe HEKOTOPBIX
QITOPUTMOB Takoro poma. B 1878 romy Obuia omyOnnkoBaHa pabota
K. T. lapOy [5], mocBsimieHHass HCOOBIYHON reOMEeTPUIECKOH 3a71a4e O
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nepecTaHoBKe BepunH. MoanduuupoBanHble 3aaauu JapOy, mo3Bo-
JISTIOTIIUE TIOJTy9aTh WHBIE TeOMETPUIECKIe KOHPUTYpaIiu OBUTH pac-
cMOTpeHHbI B paborax [7], [3]

Pabora [lapOy sBIsieTCsS MPUMEPOM CaMOTO PAaHHETO MaTeMaTh-
YECKOTO OIMUCAHUS CTPATeruu LHUKINYECKOTO MpecaeIoBaHus, O3TO-
My paccMoTpuM ee Oomee moapooHo. B [5] mpemmaraercs anroputm
MEPECTPOMKH BEPUIMH MHOTOYTOJIbHHKA, K KOTOPBIM MPUMEHSIETCS
OJTMHAKOBOE yCpEAHSIoNIee MpaBmio. [lycTh MHOTOYTONIBHUK HMEET
7 BEpPUIMH, BCE OHM MPOHYMEPOBAHBL. AJITOPUTM YCTPOEH CIIEAYIO-
UM 00pa3oM: Ha KaxXION UTepaluu KOOpAUHATa KaXKIOW BEPIIUHBI
HOBOTO MHOTOYTOJNBHUKA OIPEIENAIOTCS KaK CpeIHee MEeXIy KOoOop-
OUHATaMH JAaHHOW BEPIIMHBI U CIEAYIOLIEH M0 HOMEPY BEPLIMHBI HA
npeasiayne urtepauu. [pu 3ToM Uil BEPIIMHBI 71 CAEAYIONMIEH 1Mo
HOMeEpY SBIISIETCS IEpBasi BEpIIMHA MHOTOYTONbHUKA. byneM paccmar-
pHUBaTh 3Ty 3a/1ady C MCIIOJIF30BAaHUEM COBPEMEHHOTO CHMBOJIM3MA.

B opHOMepHOM citydae anroputm [lapOy umeer BUI:

(1) it +1) = HOL T ) ?“1(“,

B coBpeMeHHBIX TepMUHAX MOXXHO CKa3aTh, YTO MPEII0KEHHBII
AJITOPUTM HU3MEHEHHS KOOPAMHAT BEPIIMH COOTBETCTBYET JAMHAMUKE
TUCKPETHON CHCTEMBI C KOOPIWHATAMH BEPITHH B KaYECTBE COCTOS-
Hull. B BekTopHO-MaTpuyHOU popMe JMHAMUKA CUCTEMbI UMEET BH]]

1=1,....n

) z(t+1) = Pa(t),

11 0 ...0
110 1 1 ... 0
3) P=- € RV,

Lo o]

Kak Bugno w3 (3), marpuna P sBisercss OupKyasHTHOH. Co0-
CTBeHHbIE umcia MaTpuisl P umeror Bux A (P) = 0.5(e?™k/™ 1 1),
k=1,...,n [8]. Jlerko 3aMeTHUTh, UTO OMMUCAHHBIA AJTOPUTM
MEePECTaHOBKH BEPIIMH SBIISETCS YaCTHBIM CIy4aeM 3aaddl JIOCTH-
skeHus koHceHcyca [11], [2], [1]. Marpunia P sBisieTcst MaTpuriei
Ieppona suma P = I, — L, tne I,, € R™*"™ — enuamnuHas
Marpuia, a £ — JamiacoBckas Matpuia rpada cucteMsr (2).
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Teopema 1 [5]. Ecau paccmompems Oeckoneunylo nocnedosa-
MeNbHOCMb MHO20Y20JIbHUKOG, KAJNCObIM U3 KOMOPLIX 00pa3068aH co-
eouHenuem cepedur CmopoH npeovioyuje2o. MuoeoyeonoHuKu cmato-
GAMCA MeHbUle U MeHbule, CIMPeMAMC Cmams HOOOOHbLIMU U NOTY-
NPASUTLHBIMU MHO20Y2ONbHUKAMU BRUCAHHBIMU 6 JJLIUNC.
OTO 03HAYAeT, 4TO MpH ¢ — OO COCTOSHHUS CHUCTEMBI CTPEMATCS
K OIHOMY 3HAUECHHUIO — yeHmpoudy (TeOMETPUUECKOMY LIEHTPY) dop-
maru. O0001IeHNe Ha IBYMEPHBIN CITydaidl CTPOUTCS TIPOCTO: MOXKHO
BBECTH BEKTOP KOOPIMHAT BEPIIHHEI

“4) & = [z, yi] |
W UCTONb30Barh mpousBeaeHne KpoHekepa s BEKTOPHO-
MaTPUYHOTO OIMCAaHUS JIBHXKCHUS BCEH CHCTEMbl (TaKoW TMOIXOJ
MIPUMEHUM U B 00II[eM MHOTOMEPHOM cITydae).

3ameuanue 1. Crarbs [dapOy u momyueHHBIE B HEW Pe3yJbTaThl
3aHMMAIOT BYKHOE MECTO B TEOPHH MYJIFTHATEHTHBIX CHCTEM 110 MHO-
UM TpUYUHaM. Bo-TiepBhIX, B HEW IMPEUIOKEH W WU3y4YeH YaCTHBIH
CiIydail 3a/1auy KOHCEHCyca 3aJ[0NIT0 /IO TIOSIBJICHHS 3TOTO TEpMUHA,
MYJIBTHAareHTHBIX CUCTEM W T.II. BO-BTOpBIX, MCCIENOBaHUE MPEIO-
KEHHOTO WM aJITOpPUTMa IMPOXOAWUIIO 0€3 HMCIOIb30BAHUS BEKTOPHO-
MaTPUYHOTO ONHCAHUS CUCTEMBbI PA3HOCTHBIX ypaBHEHHU, U3yUCHHS
CIEKTpa MaTPHUIIBI CUCTEMBI M IPUMEHEHUS TEOPUH YCTOWIMBOCTH.

B pabote [7] Obuia mpemiokeHa U u3ydeHa MOTUGUKALIHAS aJro-
putMma JlapOy, mo3BoJIsIFOIIast MOJy4aTh HOBBIE TeOMeTpUiecKkue 00-
pasbl B 00JIamaromas psIoM HHTEPECHBIX cBOMCTB. Kak u B [5], pac-
CMaTpHUBAETCS MHOTOYTOJIBHUK Ha MJIOCKOCTH, Y KOToporo z,y € R"™
— BEKTOPHI KOOPIWHAT IIPOHYMEPOBaHHBIX BepInH. [lepBas BepmnHa
MHOTOYTOJIbHUKA “‘clleflyeT” 3a BepIIMHON HoMep n. Ha kaxxaoi nre-
palyy anropuT™Ma BepIIMHBI MHOTOYTOIBHHKA CHaJaja yCPemHSIIOTCS
10 MPaBUITY, aHATOTHYHOMY [5]:

xi(t) + w41 (1)
2

Yi(t) + yir1(t)

Bilt+1) = L it 1) = ST

HOCJIe Yero K KOOpJAMHATaM MPUMEHSETCs Ipeodpa3oBaHue
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B(t+1) Gt +1)
[ECEI 19t + DI

TakxuMm 00pazoM, TPOUCXOTUT HOPMATH3AINSI BEKTOPOB & H Y.
ANTOpUTM B BEKTOPHO-MaTpUYHOH (hopme:
Px( )
(5) z(t+1)= P y(t+1) =

rae Matpuna P umeer Bug (3).

z(t+1) = y(t+1) =

Pyt)
[Py ()|l

Teopema 2 [7]. Ilycmov nauanvhoe pacnonodicenue mouex marko-
6o, umo Y x;(0) = > y;(0) = 0. Toeoa npu t — o0 oHu cmpemsames
pAC- ROJIOHCUMBCA HA DNIUNCE C YEeHMPOM 6 HYylle U NOBEPHYMOM HA
/4. Mampuya S smozco npedenvHoco sanunca 8pluucInemcs cieoy-
owum obpasom. Beedem eexmopul

cos(0) i i sin(0)
cos(2m/n) sin(27/n)
c=1 cos(dm/n) . g= sin(dm/n)
_cos(27r(7”; —1)/n) _sin(27r(ﬁ —1)/n)

u cocmasum mampuyy A € R? suoa

5 \/ cz(0) \/ s a:(O)

_ 2 | Va0 TR Ve w02 (5T 20

A= n cTy(0) Ty(O)
V(ETy(0)>+(5Ty(0)2  V/(cTy(0)2+(sTy(0))?

IIpedenvuwiil snnunc umeem 6uo

E={teR?: "5 e=1)
20e S = (AAT)Y/2,

B [7] noka3aHo, 9TO CKOPOCTH CXOJUMOCTH COBOKYITHOCTH K
NpeIEIbHOMY SJUIUIICY 3aBUCHUT OT HAYAIBHOTO PACTIONOKEHHUS TOUEK
(6mmzoctu z(0), y(0) K HEKOTOPOW ABYMEPHOH IUIOCKOCTH) U OT
KOJINYECTBA 7 TOYEK, KOTOPOE OJJHO3HAUHO ONpENENAeT MaTpuiy P .
TouHee, CXOAMMOCTb 3aBHCHUT OT OTHOIICHHS 3-TO M 2-T'0 MaKCHMaJIBbHBIX
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COOCTBEHHBIX 3HAUYEHUH MaTpulbl P 1 TeM MedsieHHee, YeM OoJibliie
n.

I'myOokwii aHanIM3 M pa3IUYHbIe MOTU(HUKAIMU ajdroputMa Bax
JloyHa Obutn ipoBeneHs! B [3].

3ameuanue 2. Crnenyer OTMETHTH, 4To anroput™ Ban JloyHa He
MOXKeT OBITh Ha3BaH B MOJHON Mepe MyJbTHareHTHBHIM. B MysbTHa-
TeHTHBIX CHCTEMaX KaK IPaBUIIO UCIIONIb3YETCs JIOKajdbHas HH(OopMa-
LU O COCENX, B TO BpEMsI KakK OIepalusi HOpPMHPOBKH TpeOyeT 3Ha-
HUS I00aTbHON WH(POPMAIIUU O KOOPAWHATAX BCEX areHTOB TPYIIIHL.

Onmcanne anropuTMOB, TOJOOHBIX PACCMOTPEHHBIM, BBIIIE U X
HCTOPHUI0 MOXKHO HaWTH B padoTe A. Barnmepa m Bpykmreiina (cwm.
[18] u ccpuIku B HEH).

1.2. HenipepbIBHBIE aITOPUTMBI

IlepeiineM K pacCMOTPEHHUIO NPOCTEUILIEr0 HEMPEPBIBHOIO all-
TOPUTMA LUKJIMYECKOTO MpEeceJOBaHMs Ul areHTOB-HHTEIPaTopoB.
O4eBHIHO, YTO KaKk M B JUCKPETHOM Cllydae, 3a7ada MOXKET ObITh
chopMyIupoBaHa CIEIYIONMM 00pa3oM: UMeeTcs TpyIna u3 n Ipo-
HYMEpOBaHHBIX areHToB. B OgHOMEpHOM ciydae MOJIOXKEHUE 7-TO
areHTa OIpeaeIsIeTcs ero KOOPAUHATON ;. 3aKOH ABYXKEHHUS JUIS ¢-TO
areHTa 3aKiIrouaeTcs B mpecienoBanun (i + 1)-ro cocema co ckopo-
CTBIO paBHOU (MO0 TIPOMOPITMOHAIEHON) PACCTOSHUIO MEXIY 4-M H
(4 1)-m arertamu. I1pu 9TOM areHt n mpecieayeT MepBoro areHTa B
rpynme. JInHeliHy0 HempepbIBHYI0 MaTeMaTH4eCKyl0 MOJENb IUKITH-
YECKOTO TPECIeIOBAaHNS C MOJEJISIMH areHTOB B BHIIC MHTETPAaTOPOB
[IEPBOT0 MOPsIKa MOXKHO 3alMcaTh B BUJE

(6) T =

(7) U; = Tj41 — Ty, z':l,...,n.

BeKTOpHO—ManI/ILIHOG OIIMCAaHNEC AJIIOpHUTMAa UMECT BU/]

(3) z=C,
rae C' — NMPKY/ISIHTHAS MaTpHIla BHIA
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1 1 0 ... 0
0 -1 1 ... 0
9) = c R™™,

{ 10 ... 0 -1

CoOCTBeHHBIE 4YHCIA TaKOM MaTpPHIBl HUMEOT BHI Ai() =
e2mik/n _ 1 gk =1,...,n.

OueBHIHO, YTO CTPYKTYpa TaKOH CHCTEMBI MOXKET OBbITh MPE-
CTaBJICHA IIMKINYECKUM Ipad)OM C COOTBETCTBYIOIICH JIAIIaCOBCKOM
Marputeit £ = —C', a IpoTOKOJI yHpaBieHHs: 00eCcTIeunBaeT CXOIu-
MOCTbH areHTOB K CTallMOHAPHOMY LICHTPOUIY (pOpMaIyy.

1.3. JIBymepHbI# ciydaid

PaccMoTpuM Ha MJIOCKOCTH 72 MOOMJIBHBIX areHTOB, ABHXKCHHE
KQ)KJIOTO areHTa OMNMCBIBAETCS OAMHOYHBIM UHTETPATOPOM
(10) i = ui

B mpocreiimeit crpareruu HUKJIAYECKOTO IIPECIICA0BAHNS YIIPaB-
JICHUE OIIPEAEISIEeTCs CAeIyIOIUM 00pa3oM

(11) ui:£i+1—&, i:1,...,n.
Junamuka Bceil cuctembl ONpEACIIACTCA BbIPpAXKECHUEM
(12) £=(Ca b,

me é = [e].67,....67]"

3ameuanue 3. [lo cymiecTBy mocienHee BBIpaXKEHHUE O3HAYaeT,
9TO KOOPOWHATHI & W Yy KaKIOTO W3 arcHTOB HUKAaK HE CBS3aHEI,
T.e. (12) omuchIBaeT NBUKEHUE JABYX HE3aBUCUMBIX CHCTeM. B 00-
meM cliydae MEXIy KOOpAMHATAMH MOXET CyIIEeCTBOBATh CBS3b. Ta-
Kasl CBSA3b MOYKET OIHMCHIBATHCS HEKOTOPOH MaTpuIleH.

u C umeer Buz (9)

OO06o01IeHre MPUBEACHHON BHINIE CTPATETHM HA CIydai, Korja
KaX/IbIil areHT IpecieqyeT CIEAYIOIero M0 HOMEpy coce/la BAOJb
JIUHUU BU3UPOBAHUS, TIOBEPHYTOW HA OAMHAKOBBINA I BCEX ar€HTOB
yroJ CMeleHus « € [—m, 7|, ObIJIO paccMOTpeHOX B paborax [12],
[13]. [IpuBeneM HEKOTOPBIC PE3yIbTATHI.

[lycte ympaBieHune Ha BXOZAE ¢-TO areHTa OyJIeT OIpeNeNsTcs
cienyromueid Gopmynoi
(13) u; = R(a)(§iv1 — &),
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rie R(«) - marpuia noBopora

cos(a sin(«
(14) R(a) = | @) sinla)

—sin(a) cos(a)

CucreMa ypaBHEHHi, ONUCHIBAIOIIAS JUHAMHUKY BCEH CHCTEMBI
U3 N areHTOB UMEET BH/]

(15) §=(CoR(a))E.

Cob6ctBenHble uynciaa Marpuilel C' UMEIOT CIEAYIONIMA BT
{e2mik/n _ 1}7_,. U3 cBoiictB npoussenenust Kpoekepa ciemy-
er, 4to 2n cobcTBeHHbIX uncen Marpunsl C' ® R(a) UMEoT BHJ
{(627rjk/n _ 1)€ijo¢}z:1.

Teopema 3 [13]. C' ® R(«) umeem posHo 06a Hyneewix coo6-
CMBEHHbIX YUCLa u

1) npu 0 < |a < T sce nenynesvie cobcmeennvle uuca nexicanm 6
OMKPbIMOU J1e60U NOJYNIOCKOCTU

2) npu |a| = T 0sa Hemyregblx COOCMEEHHbIX YUCTA NelCanm Ha
MHUMOU OCU, OCMANbHble HeHYlegble COOCMBEeHHble YUCIA Tle-
JHcam 6 OMKPLIMOLL €60l NOTYNIOCKOCTU

3) npu T < |af < 27” 08a HeHY1e8blx COOCMBEHHBIX YUCIA eXHCam
6 OMKPbLIMOU NPasoll NOIYNIOCKOCU, OCMANbHblE HEHYeable
COOCMBEHHbLE YUCIA eNHCAm 8 OMKPLIMOLL 180U NOMYNIOCKO-
cmu

B [12], [13] yka3eiBaercs, uro marpuiia C' ® R(«) siBisieTcs
JIUAarOHAM3UPYEMON TPH JTHOO0M 3HaueHWH yria «. Takxke, u3ydas
CTPYKTYpy COOCTBEHHBIX BEKTOPOB HHUPKYISTHTHONW MATPHUIIBI JIETKO
rmokasath [12], [13], 9To areHTH HauWHAs ¢ JTFOOBIX HaYaJbHBIX YCIIO-
Buii B R?, 32 MCKIIIOUEHHEM MHOXKECTBA MEPhI HYJIb, SKCIIOHEHIIHAIb-
HO CXOJIATCS

1) mpu 0 < |a| < 7 K eIMHCTBEHHO# TIpe/IeNbHOMN TOYKE, Ha3bIBa-
€MOM MX Ha4allbHBIM LEHTPOM MacC

2) npu |af = T K KpyroBoii opManuu ¢ paBHOOTCTOAIIMMH areH-
TaMu
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s 2 o

3) mpu 7 < |a| < 2% k dopManuu B BUJE JOrapuhMUIECKOH
CIIUPAJIA ¢ PABHOOTCTOSIIIUMH areHTaMu

3ameuanue 4. [IpuBeneHHbIe BBIIIE Pe3yIbTaThl TOITYYECHBI IS
arenToB B R? ¢ IMHAaMUKO# B BUJIE OJIMHOYHBIX MHTErPATOPOB, a TIO-
JOKeHUe IeHTpoua GopMaluy onpeaesnseTcs HadaabHbIM pacIiolio-
XKEeHUEeM areHToB. lomydeHHbIe pe3yIbTaThl MOTYT OBITH JIETKO 0000-
LIEHbI Ha CJTy4yail ABIKEHHS B TPEXMEPHOM MPOCTPAHCTBE.

Jpyrum npuMepoM 0000LIeHUS U pa3BUTHS 3a1a4H LUKJINYECKO-
rO MpeciIeOBaHU MOXET HOCTYyXUTh paboTa [17], B KoTopoii mpea-
JlaraeTcsl nepapxuieckas cxema HUKINYECKOTO IPeciielOBaHMS.

2. 3akno4yeHue

3aaya NUKINYECKOTO MpecIeJOBaHUSI NMEET MHOXKECTBO MHTE-
PECHBIX 0cOOeHHOCTEH U mprutokeHui. C OMHO#M CTOPOHBI, OHA SIBIIS-
€TCS JINIIb YaCTHBIM CIydaeM 3ajadd KoHcencyca. C apyroii ctopo-
HBI, €€ OTIMYAIOT TaKue 0COOCHHOCTH, KaK crenu(uyeckasi CTPyKTy-
pa rpada (MUHHMaJIbHOE YHCIIO CBSI3CH MEX/y areHTaMu, HeoOXO/Iu-
MBIX 1151 0OMeHa nHopmanueii), 0coObIi BU MAaTPHUI] CHCTEMBI, TT03-
BOJISIONINI aHAIMTUYECKH BBIUUCIATH COOCTBEHHBIC yncia. Mopenu
TaKOro pojia HaXOAT IIUPOKOE MPUMEHEHHE B 33ja4ax YIpaBICHHS
MOOWJIBHBEIMH pOOOTaMU U T.II.
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CYCLIC PURSUIT AND MULTI-AGENT SYSTEMS
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Abstract: A review of history and evolution of cyclic pursuit
algorithms is given. Modern modifications of the algorithm are
presented
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systems.
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