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BOJIHA KJIACTEPU3ALIMH B HEIIOYKE CUCTEM,
KAXK/IAS U3 KOTOPBIX COJEPXKHT HABOP 3JIEMEHTOB
C BHYTPEHHEU I''TOBAJILHOM CBSI3ZLIO

A.C. Hearnosa, C.I1. Kysueyos

Hecnepyiores nenodkn cucTeM (sueeK), Kak[ad U3 KOTOPHIX CoflepxHT HaGop
JICMCHTOB ¢ BHYTpeHHelH rnodanbuol B30, [1okasano, 4To npu onpeje e nniX YCIOBHAX
B 3THX MOJENSX peanusyercd (peHOMEH pPacnpoCTPaHEHHMS BOJIHB!  KJIACTEPH3ALMH,
COCTOALINAE B TOM, uTO OOpa3, 3aNMMCAHHBIN ICPBOHAYANBHO B OFHOMN A4eliKe, B xofle
BpeMeHHON 3BOMIOIMH CACTEMB] QOPMUPYETCA M B CBAIAHHBIX C HEN Auciikax,

Brepenne

Vccnegosanme ¥ MCNOAB30BAHME NPUHIUIOB  0GPaGOTKH UHQPOPMaIHH,
PeaNU3yIOHUXC B €CTECTBEHHBIX HEMPOCHCTEMaX (MOSC UeNoBeKa H XKHMBOTHBIX)
PeNCTaBNACT (DYHAAMCHTATBHBIA WHTEpEC U SABIACTCS OJHHM U3 MArHCTPAIbHBIX
HalPaBJICHHIT PA3BATHS COBPEMEHHOH Hayku [1].

MsBecTHR! IBa OCHOBHBIX NOAXONa K MOCTPOCHHIO MOREeit HeHpononobHbIX
cucreM. TIepBhilt HoipasymMeBaeT N0 BO3MOXKHOCTH TOYHOE BOCIPOU3BE/IEHHE ACTAIEH,
BBISBJICHHBIX IPH W3yYeHWH OHONOTHYECKMX CHCTeM [2]. Bropoit samMcTByer w3
GHOJIOTHM TOJNBKQ caMble OOHIME MOMEHTBl - CYIECTBOBAHYWE GONBIIONO 4HC/A
3MEMEHTOB {KaXK/bllt W3 KOTOPBLIX OTBEYaeT VHIUBUIYaNbHOMY HEHpPOHY) W Pa3sBHTON
CHCTEMBbI CBA3ed MeXny aTumMy aleMentaMu [3]. C Toukd 3peHHs dhopMyTHpOBaHHS
OOHMX NPUHIMNOB OOpabOTKH MHPOPMALH, KOTOPbIE BOCIPOM3BOMIIN Obl CROHCTRA
GHONOTHYECKMX HEAPOHHBIX CeTel, W [N TOCTPOSHHUS TEXHMYECKUX CHCTEM,
PEANU3YIONIX 9TH MPUHLHIEL, KMEHHO BTOPOH MOAXON IpEfCTAaBIsAeT GOMBIIOR HHTEpEC.

B ero pamkax, B CBOK OuY€pelb, MOXHO BLIIENATH JiBA HATPABICHUSL.
Kraccuweckoit peanuzaumeil OFHOLO CYHTAETCH MOMEL Xondunpa [4], xorja B
KauecTse HHMBMIYAILHOLO 2/IEMEHTAa Oepercs CHCTEMa C NpefiebHO  IPOCTOH
[MHAMHEKOH, a BCE HETPUBHMAILHBIC [UHAMHYECKUE M HH(MODMALMOHHBIE CBOHCTBA M
uporeccel  (HanpuMep, CHOCOGHOCTH K PACIIO3HABAHHIO 0o0pa3oB, accouHaTUBHasA
MaMsTh) OOYCNOBIEHBI CIOKHOM (M BApLHPYEMOIl B npouecce «OGYUEHHs» ) CTPYRTYPOit
CBsI3ell MeXHay ameMeHTaMH. [[pyroil mMomxop, H3HAYANBHO HPEMIORKEHHBIH ATOHCKHAM
uccienopareliem Kadexo [5), B KaKoM-To cMbIcTe mpoTuBONOnoXen: MHMBATYANLHLIA
S7IEMEHT TIPEMTIONAracTCA CIIOCOOHBIM IEMOHCTPHPOBATS CJIOXHYIO JIMHAMUKY H Xa0C, a
CTPYKTYpa CBSA3CH CUMTAETCS JOCTATOYHO NPOCTOH, DTa MOREb OGJafaeT CIOXHOMN
HETPUBUANBHOH [WHAMMKOR ¥ MPEACTABIstET COOOH HAGOp 3IBOMOMMOHHMPYIOUIMX B
AMCKPETHOM BPEMEHH 3N1eMeHTOB (KBaIPATHYHBIX OTOOPAKEHMH), KaK bl H3 KOTOPBIX
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CBSA3AH ¢ KaXALIM APYIUM OfMHAKOBEBIM o0pazom (riobanbHas cBAsb). Mccnenosanus
Kaneko ¥ [ApYTHX aBTOPOB NPOREMOHCTPHPOBAIM OOraTyio (heHOMEHONOTHIO 3TOH
mopenu [5-8]. B wacTHOCTH, Gb110 OGHApYKEHO ABNEHHE, HA3BAHHOE KJAcTepH3alllel,
KOTOpOE COCTOUT B TOM, YTO B NPOLECCE MUHAMMKM CIOHTaHHO (POPMHUPYIOTCS IPYMlb
3NEeMEHTOB - KJIACTephbl, TakKueé, YTO MIHOBCHHLIE COCTOSHUS TOYHO COBMANAIOT IS
3JIEMEHTOB, OTHOCSLINXCH K OFHOMY KnacTepy. BO3MOXHOCTE COCYIECTBOBAHMS
aTTPAaKTOPOB C Pa3MYHLIM YHCAOM KIACTEPOB IPH ONHMX M TeX Xe 3HAUCHHAX
MApaMETPOB CHCTEMBI, OUEBHAHO, MAacT BO3MOXKHOCTH [UIS XPaHEHHS HHGMOPMalHH, a
yIpaBJIeHUE ITHMH COCTOSHHSIMU MOXKHO UCIIO/IB30BATh /171 00paloTKu HH(pOPMAaLHH.
Kak u3BecTHO, OHON M3 NEPBLIX NPONYKTHUBHBIX KOHLEMIANA, NPEANOXEHHBIX B
KOHTEKCTE NMpoGIeMBbl CO3JlaHMS HCKYCCTBEHHOIO MHTEJUIEKTa, ObU1 mepuentpor [9].
310 HefipoceThb, B KOTOPOH SNEeMEHTh! («HEAPOHBI») PacIlONOKEHb! B BHAE HECKOIBKHX
cloes, a mepefgada BO3GYXOCHUA OCYUISCTBIACTCS OT cnosi K ¢aow (puc. 1, a).
HHrepechoe pa3zpuTHe HAeH KaHEKO COCTOHT B TOM, 4TOOBI COCNHHHTH €€ C Heci
MEPUENTPOHA M PacCMOTPETh CeTh U3 INOCIEHOBATENLHOCTH CJIOEB, TaKykd, 4TO

6

Puc. 1. Cxematuyeckoe H300paxende MHorocloiiHoro nepuemrpoHa [9] (@), uemoukm sueex ¢
TOOQILHON BHYTPEHHEN CBA3LIO H OJHOHAIPARNICHHON CBA3BLIO 3EMEHTOB ¢ MAPTHEPAMH B COCEHEH
sueiike (6) # LENOUKH AYeeK cO BIaUMHOMK CBsA3LIO (8)
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HHHBHRYAJILHBIC 37eMEHTLI NIPEJCTARIEHEI KBanpaTHUHbIMKM OTOCPAKESHHAMH, CBA3A
MEKHY ONEMEHTAMH B TIDERENaX KaKOOTO OJAHOTO CHOA ABMASTCA THODANLHOR, W
JIODARIICHA [IONAPHAY CBA%L MEXY 3NEMEHTAMH, OTHOCAUHMUCH K COCEIHHM CIIOSAM.
‘TaknM o0pa3soM, MbI IPHXOIAM K ONHOMEDHON AUMCKPETHON ¢pefe, MOCTPOEHHOR B3
CBSBAHHBIN MCHY CODOM sHEEK, KAKLai H3 KOTOPLIX COCTOMT W3 HaGopa 31SMEHTOB ©
TROGANILIION CBsianto (pHC. 1, 6, 8). Lienh favHoi paBoThl 3aKIFOIASTCA B HACCITeS[OBAHNY
MAHAMHKI TAKOH MOMeNM, WU UDEACTABNACT OYSBHUILIA MHTEPCC © 'TOMKM 3PEHHA
BbIICHEHHH BO3MOXKHOCTEH NogRoNa Kaneko u era oGuOmewuil s OMMcaHus o
OOLACHEHHA HHOPMAIMOHHKIX TIPOIICCCOUB B HEUPOCETSIX.

B paspene 1 BBopuTCa cMCcTEMA, TIPENCTABAKIOWIAT OG0 CTpOMTEbHEI BI0K [
KOHCTPYUPOBAIINA PACCMATPHBASMBIX flaice ICHOUCK. FTO 0000MeHne Momelnt Kancgro
- COBOKYNHOCT:  3EMEHTOB, [MHAMHKA KOTODBIX OMWCBIBACTCS  OJHOMCDHEIMY
KBAIPATHYHEIMU OTOOPAKCHUAMI, ¢ JIBYMY TUNAMH TIOGANLHON cBazw. B paspcne 2
CTPOATCH MONEAM HENOUESK C CIHCHANPABMEHIION H B3aWMRON CBH3b:0, a4 B pasfele 3
M3IOKCHEl  PE3YALTATLL  UHCACHHOTO MOMCNHPORAHMH JIMHAMHKW 3THX MOJEfen.
OCHOBHOH pE3VIBTAT COCTOHT B TOM, MTO TIPOJEMOHCTPHPOBAH CYIUCCTBCHHO HOBEHIM
(hcHOMCH - BOAHA KIIACTCPU3ALMEL B XOIe BPEMEHHOR 3BONIOUMK CUCTEME] KTaCTEpHas
CTPYKTYPA, 3aQaHHAA NEPBOHAYAIRHO 8 ONHONH Aveiixe (KOTOPYIO MOMHO TPAKTOBATH
Kak «00pas»), ICPEUAETCs COCERHNM AUeHKAM, & 3aTeM NOCTEIICHHO PACIIPOCTPAHAETCA
Ha OCTANEHRIE 2IEMEHTEI UENOvMKH. B cueTeme ¢ OfHOHANpABNEHHOH CRASHIO
PEANM3YETCA COBCPINICHHAN BOJIHA KAACTEPH3ALHHA, B CHCTEMe C BIAUMHON CBRIRLIO e
PACIIPOCTPAHCHUE XAPAKTEPH3YETCa CBOETD POfia JHCCUIARMEH, TIPOSMIoIERcs w
MOCTENEHAOM Pa3MbiBaHi 00pa4a.

1. Moaens ¢ TRYMA THEAMH IT100A/bHOK CBSI3H

HMpuMew,  49T0  puHAMHKE  HIOAHPOBANHOTO  MHNFBHSYAABHOUO  3JIEMEHTS
OUHMCEIBAETCHA KBATPATHYEBIM OTGAPAKEHHEM

X:.'+l =ﬂXn] =1- }“Xu 2" (])

X NOCTPOMM CHAvaia cHcTeMy © TIo0adbHON CBA3LIO, KoTopas Mance Gymer
VCTIONB3ORATECA KAK A4¢HKA [IPH KOHCTPYHPOBAIMH LEETIOUKH.

B cmoe BpeMs fnA fBYX CBASAaHHBIX 31eMeHTOd Ttuna (1) ®a ocHose
peropvrpyimosoro (PI°) avanusa 010 OOHAPYXKEHO, 4To clafiast CBA3L MERAY
OTOOPAKCHIAME NPEACTARNAETCA B OOLIEM CITYyYac Kak KoMORHAUMI IBYX THIOD CBA3H,
WIiepIMOHEOH n mrccHitaTuprol [10-13]. B ofnacTu nepexona k xaocy nfa #1ux Tz
CRA3M XAPAKTEPHIVIOTCH NPHHUMIHANLHC PasliLIME CROHCTBAMU 110 OTHOWEHHO X PI°
peo0pa3oBalHio, NPHYEM B OTAHYHC OF JMCCUMOATHERHON CBSA3H, HHEPUMOHHAH MOKETD
MPHEOIUTE X CaMOIPOM3BOIBHO BOZHEKANUIEH NETPHBAATRHOR AHHAMUKE HE TONLKQ B
OBMACTH Xaock, 1O 1 0 087acTH PETYNAPROrQ TIOBLIEHUA HHIHBHTYALHBIX NEMCHTOR.

Hoctarouno obinas hopMa 4alncy ypaBHeHRH IBYX CBAZAHHAIX CHCTEM UMEET BHY

Xyt (1) = AX 1)) + 2, (RX2N-AX (1)) + e,0X, (2)-X, (1)),
Xo 0t (2) = AX, 2D + ¢ (AX (1)-AX2)) + £,0X, (1)-X, (2)),

rne X, (i), i=1.2 oSo3HayacT COCrusMHUE [-TO 3TEMEHTA B H-H MOMCHT JHCKPETHOTO
BPCMEHM, €, W E, - JIBA TTApaMeTPa <Ba3M. B ypannenmy (2) wied ¢ {X) coorseTcTRyeT
MUCCHNATHBHON CBA3H, TOrIa KaK NHHEHHBIA wied MpeIeTapaseT cobol KOMOGHHALMIO
HHEPUMOHKOH W THCCHILATUBHON CBAIH, XOTH BKNAK MTHCCHNATHBHON CBH3IH OTHOCHTEMLIIO
san, Kak crepgyer n3 ananmza o padore [14]. xospduiuesTr ¢, H &, BBIPAXKAOTES
geped KO3(hHUHEHTBI JICCHIATUBHOA € s ¥ HHEDIMOHHOW &, CBA3M (NGAYKOLMM
00paA3UM;
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£, = e, + (1088, &, =¢ (3)

Croremy ¢ TI06aT5HOH CBAIBLIC MOKIIO MBICINTEL KaK Ha0Op 3MEMEHTOB, KAk bl
W3 KOTOPBIX HONAPHO CBE3aH ¢ KAXKUbIM UPYLIM. Torjla paccMOTPEHHRIE BhINe {Ba THNA
B3AMMOJICHCTRAS Takke MOryT OLITh OTHECEHBI K CHCTEMAM C FIODAIbHOR CBHILIO,
Ypaenemwe ANA CHCTEMBI, B KOTOPOH TIPACYTCTRYIOT ofa Tuna rnofankHo# CBAIM,
MOMKHO 3aMHCaTh B CIEEYICWEM BHIE!

X, ) = (e X, (D) - X, () + M E AX, (D) + (e/MZ s X, (), (4)

rae N - THOJHOE KOJHYECTBO ANCMCHTOB B CHACTEME, Mpemonararineecs JoCTaTOuHO
COb1IHNM.

2. Moge/b B BH[(€ HENOUKH CBATAHHBIX AMECK ¢ BEYTPCHHEH
IO IBHOH CBAZhIO

Ilepeines remeph X MOOSAAM B DHOE COBOKYMHOCTH CIIOCE HIIM A'ICCK, KaXKJids M3
KOTOPBIX OMHCLIBACTCH ¢ NOMOWb ypasHerwa (4). Tlogoxem, 4To oo mo0LIX ABYX
COCELHUX CITOCE VCTAHOBIENO MOIAPHOE COOTBETCTBHE MEXAY INCMEATdMM OLHOTC A
JIPYTOTO CNOS, H CBA3bL BBORMICH MEXTY COOTHECEHHBIMH JIPYT © APYTOM 31EMEHTAMH.
Jra cestdb MOXKCT ORITh 23J1aHA MO-PasloMy.

OnHa BO3MOKHOCTE COCTORT B TOM, HMTO HHGOPMaLHs MOKeT NEPElABATLCA 0T
CI0M K CAOK: TOIRKO B OFIOM HANPABIEHHH, H [MHAMMES NOCACHYIOLIMX CITOCE HE
BAHSCT Ha JHHAMMKY HPCORITYIIMX. 3TO ONHOHANpABIEHIIAN C¢BA3L., [Ipyrod sapuadr
TAKOR, ITO CBAIL MEKIY CIOMMH HBAMCTON B3aHMHO CHMMETPHUEOMR, TO &cTh Kax/ILIfA
c/IOH OKa3bIBAET BIHAHHUE HA COCCIHHE ¢ HUNM CITOH.

B ofimesM Cayuae CBA3L MEXKULY SNCMCHTAMM, OTHOCAIAMUCA K Pa3HbIM CIOAM,
IOMIKHA OPECTARANYBCA KaK KOMOWHAIMA HNCPUMOHHON M JUCCHIIATHBHON cBasu. B
naHHof paboTe, OAHAKD, I8 OnpefeleHHOCTH OyneM CYBTATL, YTO 9Ta CBA3bL 4YMCTO
IACCATATABHASL.

C yueIDM CIETAHHBIX TIPSANONOKEHHA, CHCTEMY VDABHEHHA WM HCTIOURH C
OJIROHANPABIENHON CEAIbKY POPMYTHPYEM CHEIYFOUTAM 0GPa3oM:

X0 () = X, 1)) + (eyNYE, [, (6)-AE A0 +
+ (N EL (X (KX, JG)] + LA () - KX 6D,
a I LENOYKH C B3IAUMHOHN CBA3ILIO - B BH/E
X" 0) = X)) + NI E LA R PN + (/NE [X KX D] + (6)
+ ql2ACX J(i)) - FOXFA0) - X ),

rae, HanoMuuM, AX)=1-2X? ccTh rennHeHad QYIKLUNS, OTBEAIAIOWAN JIOIHCTHYCCKOMY
OTOBPAKEHHIO, 71 - MUCKPETHOE Bpesist; { - RHIEKC 3TEMEHTE; f - MHNEKC AYCHKI, N-
USCIO DMEMEHTOB B Kaxioff gueillke; g M ¢, - IapaMerTpbl IIobalbHOA CHASM, §-
QAPAMETD CRIIM MEXTY 2TEMEHTAMM, OTHOCHIUMMUCH K PAZHRIM AYEHKAM.

3. YrciieHHbIE JKCIEPHMENTEL H BOJIHA K,IACTEPH3ATIMH

Tosops of wEGOPMAIMOARBIX ACTIEKTAX AMHAMMUCCKUX MPOUECCOB B MONEAAX
PACCMATPHEBAEMONO K1accd, OVICM HMETh BHHIY THIOCKMe HicOpamkenus (ofpass).
ByfeM LIQNAIaTh, YTO 3TeMEHTLL, OTHOCHILMECH K Kax oM AuciKe (cnoro), B KOIHUECTRE
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N=r% IJie r - UelOe YHCIIO, PAcTONOXKEHbl B BUIE HBYMCDHOM KBAajpaTHOA PeIueTKy
nuKcesei pasmepa rxr (r= 10, ciefoparessho, B kaxnoi suefike 100 3TEMEHTOR).

3HAYCHHUA IMHAMHYCCKON TIepeMEeHHO, OTBeyarouel KaxXJIOMy 3JIEMEHTY, OyleM
4CCOLMMPOBATE € UBETOM, NPHIAHHBIM COOTBETCTBYIOUIEMY NMUKce0. [Tukcens 0603Ha-
yaeTcs OeNbIM, ecNd 3HAYeHHMe TUHAMHYECKOI NMEPEMEHHOR  COOTBETCTBYIOLIETO
anementa X, /(1)<X®, u vepHeM, ecin X/ (1)>X®. 3necs X?=[(1+42) VZ_1)/(21) otBeuaer
HETIOBUKHON TOYKE HHIMBUJYAILHOTO ONHOMEPHOIO oroGpaxkenns (1). B ognoll u3
AYCEK HAYATLHBIC YCJIOBUSA TAKOBBI, YTO 3alHCcaH o0pa3s - KPyr, a BO BCEX OCTAILHBIX
3aflaHbl ClYYalHbIMH.

Ha puc. 2 noxasana cepusi quarpamMm, oTHOcsIIasgcs K CNy4aio HEelOYKH C OgHO-
HANPABICHHON CBA3BIO W WIUIIOCTPUPYIOIAA COCTOSHUE HEMOYKM Ha HECKOIbKUX Bpe-
MCHHBIX liarax. I'ioGanbHasi CBS3b ANEMEHTOB BHYTPH SYEEK CUHTACTCS JHHEHHOH, TO
€CTh NPEUMYINECTBEHHO WHepuroHHON: £, =(), £,=0.2. Ocrabhbie napamerprr A=0.8, g=0.2.

Ecnu Ob! ¢B3H MexXay AuelkaMy He BbLLIO, TO H300paxkeHue B KaXNIOU Fucike
(crnoe) ocTaBamock GbI TAKMM XK€, KaK B IIEPBO CTPOKE, C U3MEHEHUEM 1IBETA KAKIOro
TMKCEJIA CO CBCTJIONO Ha TEMHbIH Ha KAXAOM INare, MOCKOJBKY 3afAHHOE 3HAYCHHE
napaMerpa COOTBETCTBYET LIMKITY Ieproga 2.

B npucyTcTBHM CBA3M, OHAKO, MOMKHO BHIIETh, KAK ITOCIE npumepso 10 urepauuii
TOT Xe 00pa3, Kakol OblN 3arucad B HePBOR A4eiiKe, MOSBILETCS BO BTOPOH U TPETLEH
AMEHKAX, TO €CTH B HMX PEANHu3yeTcs JBYKIACTEpHOE COCTOSHHE, TIOBTOPHOLIEE TIO
CTPYKTYpE COCTOSHUE NEepBOH SUeHKH. B [BYX nocnemyroumx suefikax oOH Takke

bHbBlE YyCAOBUSA

Mocne 20 wurepauui

w PR

Mocne 40 wuTepauui

Puc. 2. PactupocTpanekye BOMHEI KAACTEPH3AHH B AYEHKAX TNOGANLEO JHHEHHG CBA3AHHLIX OTOOpa-
XCHHH ¢ OIHOHANPABIEHHON CBA3LIO ipH - A=(.8, £=0.2, g=0.2
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pasjiuyaeTcs, HO He Tak 4erTko. B mankHehiuest o0pa3 HOCTElleHHO (POPMUPYETCSl BO
BCEX MOCNEYICIIMX AuciiKax.

B cuny opHOHanpaBAeHHOIO XapaKTepa CBA3H. 00paTHOrO BO3NEHCTBHA sfyeeK cO
CIyJallHBIM COCTOSIHAEM Ha TIpefplAvIlie HeT. W o0pa3 B HTOTE NPHOOpPETAcT
COBEPIIEHHYIO CTPYKTYPY - IPOHCXOAAT TOMLKO KO.1e0aHuA 3JEMEHTOB BHYTPH KaXK[IOI
STYCHKY MEKY ABYMS 3HAUCHUSMM, OTBEYAOITHMUA THKITY nepHopa 2.

B ciyuae, Korjga 3HAUCHWS MapaMeTPOB COOTBETCTRYEOT TYPGYICHTHOU hase
Karexo [5] n kaxpgas HoacucTeMa IEMOHCTPUPYET XaOTHUYECKYHO [MHAMHUKY, IPOACXOJTAT
paspyuieHHe YeTKOH CTPYKTyphl 00pa3a B IICPBOA HAYCHKE M CIOXHOH CTPYKTYDhI
ocranbhbix. Ho npu aTroM fiepef paspylleHHEM 00pas, 3afaBaBIIHIiCS B epBOll suciike,
(hopMHpYeTCS BO BCeX MOCHIEHYIOLUINX, XOTS H B pa3sMBITOM Bife (puc. 3).

Takum 06pazoM, IPH YKa3aHHOM BbIOOPE CBA3U MEX[Y SYelKaMu W BHYTDH HHUX
OCYHIECTBIAETCA Nepefada HH(POPMANHH BONE NO Hernouke. B cnyvae nepuopuyecKoil
MUHAMUKYA KaXJoi si4elKH 3Ta Nepefiada OpoucXouT 6e3 HcKakeHus, C QTUHAMHYCCKOH
TOUKH 3PEHHA, MPONecC MOXKHC HHTEpIPETHPOBATH KaK PaclpOCTPAHEHHE BOJHbI

HauanbHble ycnoeus

chgad

A et A

MNocrne 32 wurepauun

P HC. 3 PaCHpOCTpaHCHHC BOJ/THBI maCTepnaaw{H B suUeHKax rnofalpHO NUHEHHO CBA3AHHDBIX
orofpaxeHuil ¢ ofHOHANpPaBAeHHOM CR3bI0 ipH A=1.7,¢=0.2, ¢=0.2
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Prc. 4. PucupocTpaHCHEE BOJMHR KTACTEPHIAUME B Aueifkax [OGATLEO MHHeHHO CRA3AINILIX
OToOpAKEHHH €O BIANMALE cBaabie Oiutkaimux coceed mpr =12, ¢=0.2, ¢=0.1
KMacTepu3alil. B ciayuae XaoTRUCCKOH JIHHAMBKH EHGMOPMALTA HCKAKACIC. OQHAKC
€ PACTIDOCTPAHCHAC BCE AE IPOCIEKHEACTCS BO BCEX STeHKAX.

PaccMOTpHM TENepL HENOYKY HA AYEEK C B3UUMHON CBA3LIO MEXKNY STEMCHTAMN-
MAPTHEPAMH, OTHOCATMMUCH K s4elxaM - Ommkafiuns cocensm (6). [pannydLie
YCNOBHA CHHTRIOTCA TICPHOTHYMECKHMH, TO €CTh HHLLIY LEnNoYKa NIpEICTanTACT 0060;1, 1o
CYMIECTRY, 3aMKHYTOE KOJARUY M3 ACEK C BHYTPERHEH rnodi1sHol ¢Bs3bi0. [1a onpe-
HENEHHOCTH PACCMOTPAM Cliyyalt €,=0, Korjla BHYTPeHHSA CBSIL MEKIY 2IEMEHTAMH B
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Kax[ol fuefike muHedHas (TO €cTh [PEHMYLIECTBERHO HHEPLMOHHAN), a CBA3b MEX/IY
SYeHKaMH JUCCUHIIaTHRHAA.

UnpcneHHoe MOJIE/NHPOBAHME NPOBOIMIOCH AHAJIOIHUHBIM  obpa3soM, Kak s
HEMOYKY ¢ ONHOHANPABICHHON CBA3R10. [L1S OHON AueiKU (Ha PACYHKE - USHTPATLHOMN)
HayanbHLIE YCIOBHS TAKOBEI, UTO B Hell 3anaH obpas B BHie kpyra. Bo Bcex ocraneHbIX
siyedKax HavaibHbIE YCIOBHA BbIOpaHbl caydalHbiM 00pa3oM. MHTepecHO MOCMOTPETh,
COXPAHHTCH JiM B CNydae B3aWMHOHN CBA3M ONMCaHHLIA B NpebIRYLIEM pajiene (peHoMeH
PACTIPOCTPAHEHHS BOJIMBI KIACTEPH3IALNH.

Ha puc. 4 nokasana cepHs JHArpaMM, H/UTIOCTPHPYIOIIAS COCTOSIHNE LENOYKH Ha
HECKOMEKMX BPEMEHHB!X Imarax npu A=12, £,=0.2, g=0.1. Tak Kak cocefHHe AYEHKH
B3aMMHO JCHCTBYIOT ApPYT Ha ApYyra, TO IIPOMCXOJHT pasMbiBaHMe 4eTKoro ofpasa B
HEHTPANBHOH sA4efixe, OHAKO MOXHO HaOMIONATh NOCTENEHHOE pacipOCTpaHEHHe
06pa3a, XOT4 ¥ He BOCTIPOMIBOAILErOCA HICANLHO TOUYHO, [0 IpyTHM AueiikaM. CHadana
ofipa3 Kpyra NposeIseTcs B GmmkaHMX coceHHX syedikax (uepes 5-10 mrepauwmii).
3areM KONMKM Kpyra HauMHAIOT B HEKOTOPBIX SAYE{iKax MpOABIATLCH, & B HEKOTOPBIX
acyesars. Hanpumep, nocre 20 urepanni MOXHO BUeTL 00pa3 Kpyra Bo Beex AueiKax
(s Halem ciyvae WX BBHIGpaHO ceMb), a nocne 35 uTepaumit Kpyr BHIEH TOILKO B
neppod, naTOH W cepbMoM Auedikax. Crpykrypa UENOYKM TakKoBa, YrO IIOJIHOTO
pa3MbIBaH#s ofpasa Kpyra He IPOACXOJIHT.

TakuM o0pa3oM, Hpollece pacnpoCTpPAHEHHA KNACTEpHAalHMH B KAaHHOM CIIy4ae
TaKXKe HaDIIORASTCH, HO OH CONPOBOXAALTCA NOCTENEHHBIM «PAa3MbIBAHREM» HCXOHOTO
o0pa3a, a TakXe ero BHOBb BOSHHKIIMX XOMNUA B Apyrux fA4yeikax. BosiHa Knacrepu3aumy
NONBEPXKEHA [eWCTRHIO IyKTyaluHd, OO0YCIOBICHHBIX [PHCYTCTBHEM CayYalHbIX
HavaJbHEIX yCAOSH#l, WHBIMM CJAOBaMH, HHQPOPMALMOHHOE COJNEpXaHue ofpas3a
MCBITLIBAET MHCCHITALHIO B MPOLECCE PACIIPOCTPAHEHHS.

3akar0uenue

B pgaunoit pabore paccCMOTpeHLI MORENH B BUAE UENOYEK, COCTOSIMX H3
NOJCHCTEM, KAXTAA U3 KOTOPLIX NpefcTaBnseT cofoil cucTeMy rJIODANBLHO CBA3aHHLIX
orobpaXeHHH | IEMOHCTPUPYET CIOXKHYIO IMHAMHMKY. 110Ka3aH0, YTO B TAKHX [eNoYKax
BO3MOXER (PEHOMEH PAclpOCTPAHEHHSA BOJIHbL! KITACTEPU3AIMH, COCTOSMIMIA B TOM, YTO
ofpa3, 3amicasHbl NEpBOHAYAIBHO B OHOH f4eHKe, B XOE BPEMEHHON 3IBOJIOLMH
CHCTEMBI (QOPMHPYETCA ¥ B CBSA3aHHBIX ¢ Hel suefikax. Yc/lOBMEM peanH3alyh 3Toro
(peHOMCHa SIBIAETCH TakKad CTPYKTypa <CBA3H MEX[Y suCHKAaMH, KOIAa CBA3b
OCYIICCTBIRETCA MEXKIY MHAMBHIYAJbHBIMH 3/ICMEHTaMH-ADTHCPaMM B PasHBIX
syedkax. MOXHO OXHAATh, YTO COHAPYXKCHHBIH (DEHOMEH OKaXKeTCA TTONE3HRM JJIA
CHCTEM, TIPEJHAIHAUCHHBIX A% 00paboTKi HHGOPMALMK, U OITHCAHHS (PEHOMEHOMOTHH
CIOXELIX MOENEH HelipoceTel, HCCIERYEMBIX B KOHTEKCTE NpofJeMb] KCKYCCTBEHHOTO
HHTENICKTA.

Paboma ewtnoanena npu noddepycxe MunnpoMMayku 6 pamxax 0v2080pa ¢
UTID PAH u spanma PODH M 03-02-16074.
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Capamosckoe omoeaerue Hucmumyma

pacuomexnuru u saexmponuxa PAH

WAVE OF CLUSTERIZATION IN A CHAIN OF COUPLED CELLS EACH OF
WHICH IS COMPOSED OF A SET OF GLOBALLY COUPLED ELEMENTS

A.S. Ivanova, S.P. Kuznetsov

‘We study chains of cells each of which is a set of globally coupled elements. Under
definite conditions, we observe numerically propagation of a wave of clusterization: an
image presented originally in one cell is formed gradually, in a course of evolution in
time, also in other cells of the chain.
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