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AHHOTauumsa. B pabote paccmaTprBaeTCs Mano M3yyeHHasi Ha CeroHsLUHNIA AeHb 3afjaya, Ka-
caiowascs 0CoBEHHOCTEN B3aUMOLeicTBUS aHcaMbneli $ha30BbIX OCLNISTOPOB C MHEpLMEii
(POTaTOPOB) M CMHXPOHM3ALWM GOPMUPYIOLLMXCS B 3TUX aHCAMONSIX CNIOXHBIX MPOCTPAHCTBEH-
HbIX CTPYKTYP (XMMEp W yeauHeHHbIX COCTOsHUI). Miccnenyemast Mofenb npeacTaBnsier coboii
[BYXC/IO/HYIO MYMLTUNAEKCHYIO CETb POTATOPOB C HENOKANbHBIM XapakTepOM BHYTPUCIOAHBIX
cBsi3eil. Kaxapiii cnoii coctout u3 100 MAEHTUYHBIX ANEMEHTOB C OUHAKOBLIM 3HAYEHUEM KO-
adpduumenTa cea3n 1 Gpa3oBoro CABMra CBS3M A4S KaXA0ro 3NeMEHTa BHYTPU OAHOMO CIOS.
Mexay co6oii Ciou MOryT pasnnyaThCs YaCTOTaMM BPALLIEHUS COCTABNSIOLLMX CTION 3/1EMEHTOB.
MexcnoiiHas cBSi3b SBNSIETCS CUMMETPUYHOIA. B paboTe paccmaTpuBaeTcst B3auMoeiicTame kak
WAEHTUYHBIX CJIOEB, B KOTOPLIX B OTCYTCTBME MEXC/IONHON CBSA3M YCTAHAB/MBAIOTCS HECKOJbKO
pa3nnyHble CTPYKTYPbI, Tak W CNOEB, XapaKTEPU3YIOLUMXCS YaCTOTHO PacCTPOIKOIA POTATOPOB.
[INs MOEHTWYHBIX CNOEB YCTAHOBAEH AQOEKT MOMHOM CUHXPOHWU3ALMM COXHBIX CTPYKTYP Ha-
YnHas C HEKOTOPOro 3HayeHUs KoIGOULMEHTA MEXCNONHOW CBS3U. [lns CNOeB ¢ 4aCTOTHOM
PacCTPOMKOM Noka3aH Pexum 3dPeKTUBHON CUHXPOHU3ALIMMU, COOTBETCTBYIOLLEH HE3HAYNTENb-
HOMY pa3nnunio ¢pa3 poTaTopoB BO B3aUMOAEHCTBYIOLMX CNOSIX MPX MONHON CUHXPOHMU3ALMM
yacToT. Miccnenyetcs BAUsHUE, 0Ka3blBaEMOe Ha CUHXPOHW3ALMIO MPOCTPAHCTBEHHBIX CTPYKTYP
3HayeHneM Gpa3oBoro CABMra B LENMK MEXCIOHOM CBS3M.
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Abstract. Background and Objectives: One of the actual problems in nonlinear dynamics is the formation and interaction of complex spatial
structures such as chimeras and solitary states arising in multicomponent systems. Chimera states are typical for ensembles of identical oscillators
with regular, chaotic, and even stochastic behavior in a case of nonlocal interaction of the elements. They represent cluster structures, including
groups of elements with synchronous and non-synchronous oscillations. Chimeras were discovered and investigated in real experiments, that
indicates the possibility of observing such regimes in complex systems in living nature and in technology. Solitary states are less studied today.
The regime of solitary states is characterized by the synchronous behavior of most elements of the ensemble, while individual oscillators behave in
a “special state”. In the present work, an ensemble of phase oscillators with inertia (rotators) is chosen as the basic model for investigation. Such
ensembles with a specific coupling topology are widely used in modeling the operation of energy networks. Ensembles of rotators with nonlocal
coupling are characterized by both chimera states and solitary state regimes. The problem of interaction of ensembles of rotators with nonlocal
coupling and synchronization of complex spatial structures (chimeras and solitary states) formed in them has not been studied yet. Materials
and Methods: A two-layer multiplex network of rotators with a nonlocal character of intralayer interactions is considered. Each layer consists of
100 elements with the same value of the coupling coefficient and coupling phase shift for each element within one layer. The interlayer coupling
is symmetric. At the initial stage, with a random choice of initial conditions, steady regimes (chimeras or solitary states) in non-interacting layers
were found. Next, the interlayer coupling was introduced and the evolution of the layer dynamics in the selected initial regimes was studied. Four
cases of interaction with various initial states of the layers were considered. In the first case, the two layers are completely identical and demon-
strate slightly different chimera structures without interlayer coupling. Their evolution with the introduction and growth of the interlayer coupling is
considered for two values of the coupling phase shift. It is shown that, starting from a certain threshold value of the interlayer coupling coefficient,
the complete synchronization regime is established in the layers, and the coupling phase shift significantly affects the value of the synchronization
threshold. In the second case, the previous experiment is reproduced for the two layers with a frequency mismatch. Chimera states established
without interlayer interaction are characterized by significantly different average frequencies of the elements in the two layers. In the presence of
non-identity of the layers (in this case, frequency mismatch), the regime of complete synchronization of spatial structures is impossible. However,
with an increase in the interlayer coupling coefficient, effective synchronization can be obtained which corresponds to a slight difference in the
phases of rotators in the interacting layers with full frequency synchronization. In the third case, we consider the interaction between the layers in
the solitary state regimes with different spatial structures. In this case, a frequency mismatch is also introduced for the elements of the two layers.
For solitary states, the effective synchronization regime with an increase in the interlayer coupling is also established. In both layers the same
configurations of solitary states are realized and frequency synchronization is observed. In the fourth case, a heterogeneous multiplex network
is considered, in which one layer is in the chimera state, the second layer shows the solitary state mode. With a certain strength of the interlayer
coupling the complex structures are destroyed in both layers of the network and a spatially uniform regimes are established. In this case, all the
rotators of the two layers rotate at the same frequency, and the difference in the regimes in the layers reduces to a small phase shift, the same
for all pairs of coupled rotators of the two layers. Conclusion: The effects of synchronization in the multiplex network were established for two
layers in the regimes of complex spatio-temporal dynamics, such as chimera states and solitary states. The influence of the frequency mismatch
of the network elements and the phase shift in the interlayer coupling on the synchronization phenomena was studied.
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BBepeHue

CHHXpOHU3aNMs KOJIeOaHW B3aMMOJICHCTBY-
IOIIUX CUCTEM SIBISICTCS (PyHIAMEHTAIbHBIM HE-
TUHEWHBIM 3((HEKTOM W UTpaeT BaXKHEUIYIO POJIh
BO MHOTHX IIpOIleccax B )KUBOU MPHUPOJAE M TEXHHUKE
[1, 2]. DddexT cMHXpOHU3AMUN TTPUCYIIH HE
TOJBKO OTICIBHBIM OCLHUIUIATOPAM, HO M CJIOXKHBIM
aHcamOJIsSIM | pacrpesielieHHbIM cucteMam [3—5]. B

Paanorsrika, 31eKTPOHNKA, akyCTHKa

MIOCIIE/THUE TOJIbI O0IBIIIOE BHUMAHHE YJIENSIeTCs HC-
CJICIOBAaHUEO CHHXPOHHU3AIMHY IPOCTPaHCTBEHHO-BPE-
MEHHOM JJMHAMHKH B3aUMOJICHCTBYIOIIUX aHCaMOIeH
OCIIIJUTSITOPOB ¥ OCHMILISITOPHBIX ceTeit [6—10]. Oco-
00 MOYKHO BBIZICITUTH MPOOJIEMY CHHXPOHH3AIIMY aH-
caMOJIeil ¥ MHOTOCTIOWHBIX CETEH B PEIKUME CIIOMKHBIX
MIPOCTPAHCTBEHHBIX CTPYKTYP, TAKUX KaK XUMEPHBIE
COCTOSIHUS. XMMEPHBIE COCTOSIHUS, BO3HUKAIOIIINE B
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aHCaMOJISIX HICHTHYHBIX OCHUUIATOPOB PA3INIHOTO
TUNa (KaK ¢ PerynsIpHO, TaK U ¢ XaOTHUCCKON AU-
HaMHUKOW ), OBUIH UCCIICJIOBAHBI paHee B psijie padboT
(cMm., Hammpumep, [ 11-18]). Xumeps! MOXKHO paccMa-
TPUBaTh KaK 0COOBIN CITydaidl KIIACTEPHOW CHHXPO-
HU3aIMH, KOTIa 2JIEMEHTHI aHCaMOIs pa30uBaroTCs
Ha TPYMIHBI ¢ TOYTH CHHXPOHHBIM MOBEICHUEM
(k7acTepbl KOTEPEHTHOCTH) W MOJHOCTHIO HECUH-
XPOHHBIM TTOBEICHUEM (KJIacTephl HEKOTEPEHTHO-
cTH). XUMEpHBIE COCTOSIHUSI HAanboJIee XapaKTepHBbI
IUTsT aHcaMOel ¢ HeJTOKaJIbHBIMH PEryIsIpHBIMU
CBA3sIMU, XOTsl, B HEKOTOPLIX ClIydasaX, BCTPEHAIOTCA
W TP IpYTOii ToTostoruu cBsizeit [ 19—24]. Cnoxnast
JIMHAMMKa U SIBJIEHUE B3aMMHOM M BBIHYXIEHHOM
CUHXPOHM3AIUU B3aUMOJICHCTBYIONINX aHCaMOIen
U CJIO€B MHOTOCIIOMHON CeTH, IEMOHCTPUPYIOLIUX
PEXUMBI XUMeEP, UCCIEOBANNCH B paboTax [25-31].
OcHoBHas 10 pa0boOT, MOCBSIIEHHBIX XHMEPHBIM
COCTOSIHUSIM, PACCMaTPHUBaeT B Ka4eCTBE MoJeIeit
aHcamb6iu ($a3oBbIX ocumLIsITOpoB Kypamoro—
Cakaryun (Kuramoto—Sakaguchi) [11, 12, 19, 21,
25,27, 32-35] unu ancamOJI1 MepUOANYECKUX TeHE-
paropos [16, 20, 22, 23, 26, 36-38], ntuHamMuKa Ko-
TOPBIX KAUECTBEHHO B (pa30BOM MPHUOIMKECHIH MO-
XKeT OBITh cBeneHa Kk Mozxenu Kypamoro. Mmerorcst
TaKke paboThl, B KOTOPBIX UCCIIENYIOTCS aHCaMOIN
Xa0THYECKUX aBTOTCHEPATOPOB U OTOOpaKeHUH,
JEMOHCTPUPYIOIINX XUMEpHbIE cOoCTOsHUsA [13,
18, 28-31].

OnHo# u3 0a30BBIX MOjEIEH HETHHEHHON qu-
HAMHUKH, U1 KOTOPOH XapaKTEePHBI CIOKHBIE TIPO-
CTPAHCTBCHHBIE CTPYKTYpBI, SIBISETCA aHCAMOIb
(ha30BBIX OCIHHMIUIATOPOB C UHEPIUEH (POTATOPOB).
Hannast moaenp npeacrasinser coboil 00o0meHne
¢azooit Mmonenu KypamoTo, yunThIBaromee HHEp-
nu (Ha3zoBoi TUHAMHKHU 3J€MEHTOB. AHCaMOIH
OCIMJUIATOPOB € MHEPIUEH, 00BIYHO C II00ALHOM
CBSI3BIO, UCCIIENOBAIUCh BO MHOTHX padoTax, Ha-
npumep [39-42]. Monenb B3auMOJEHCTBYIOIINX
POTaTOPOB C YYETOM HEITMHEWHOCTU HCHOJIB3YETCs
BO MHOTHX TEXHHYECKHX 3a/1adaX, TAKUX KaK IUHA-
MHKa MaccuBa KOHTakTOB JIxo3edcona [43—47] u
aHcaMOIIb CBS3aHHBIX MasSTHHUKOB [48, 49]. Jlannas
MOJIETIb, TIPH COOTBETCTBYIOIIEM BBIOOpE KOH(UTY-
pannu 1 mapaMeTpoB CBS3EH, IMUPOKO MPUMEHSIETCS
IpU aHaiu3e (yHKIMOHUPOBAHUS SHEPreTHUCCKUX
cereit [50-52].

Jnnamuka aHncaMOnell OCIMILIATOPOB C UHEP-
e sBisiercs 6oJiee pasHOOOPa3HOM, UeM B cilydae
(dazoBoii momenu Kypamorto—Cakaryuu. Jlaxe B
ciydae mpocToi (popMbl IodabHOW CBsA3U (Oe3
mo00pa CreUalbHBIX XapaKTepUCTHK, Kak B [19],
[47]) Takoit aHCaMOJIb MOXKET JIEMOHCTPUPOBATH T10-
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SIBIICHHE XUMEPOITOI00HBIX Ki1acTepoB [53]. Xumep-
HbIC COCTOSAHUS U CJIOXKHAsA TUHAMUKA BO BpPEMCHH,
HaOTIOIAIOIINECs BO B3aNMOJICHCTBYOIIX aHCAM-
61151X I100aNbHO-CBSI3aHHBIX POTATOPOB, OMUCAHBI B
[54,55]. B cirydae HenmoKabHOTO B3aMMOACHCTBHSI C
KOHEYHBIM PaJNyCOM B aHCAMOIIE POTATOPOB TaKXKe
B NIMPOKOW 00JIACTH 3HAYCHUW MapaMeTpOB Ha-
OmroaroTCst XMMepHbIe cocTosiHus [45, 56] 1 kpome
TOTO, CYHICCTBYIOT TaK Ha3bIBaeMbIC yeIMHEHHBIC
coctostHusA [56, 57]. PesxuM yeAMHEHHBIX COCTOSHHMA
HaOroaNICs B aHCaMOIIIX ocmiuiaTopoB Kypamoro
C KOMOMHUPOBAHHBIM (OTTaJKHUBAOIIE-TPUTATHUBA-
IOIUM) XapakTepoMm B3ammojeiicTBus [58, 59], a
TaK¥XKE B aHC3M6.H$IX HCEJIOKAJIbHO-CBA3aHHBIX XaOTH-
4ecKuX 0ToOpaxeHuid [60—62], rae Obl1 ycTaHOBIICH
HOBBIH TUII XMMEPHOH CTPYKTYpBbL, BO3HUKAIOILIEH Ha
OCHOBE YEIMHEHHBIX cOCTOsTHUH [63]. Pexxum yenn-
HEHHBIX COCTOSIHUM XapaKTepU3yeTcsi CAHXPOHHBIM
MOBEJICHHEM OOJBINMHCTBA 3JIEMECHTOB aHCaMOIIs,
JIEMOHCTPUPYIOLIUX OJHO COCTOSTHHE M «OCOOBIM)
MIOBEJICHUEM OT/CIBEHBIX AIEMEHTOB, HAXOISIITUXCS
B JIDYyIOM COCTOSIHUH.

B nienom aHcamOu OCIMIUIATOPOB € HHEPIHEH
B CJly4yae HEJIOKaJbHOM CBSI3U HCCIICAOBAINCH CIIe
CPaBHUTENBHO MaJIO. B 4aCTHOCTH, B3aMMOAECUCTBHE
U CUHXPOHHU3AIHS CIIOKHBIX CTPYKTYp B TaKuX
aHCcaMOJISIX, HACKOJIBKO HaM M3BECTHO, €Il He pac-
cMaTtpuBaiachk. B To ke BpeMs 31ech MOXET OBITh
MIOCTABIICH PSI MHTEPECHBIX 3a7ad, KacaloUIHXCs
CUHXPOHH3aUHN HE TOJIBKO XUMCPHBIX COCTOHHHﬁ, HO
Y Pa3IMIHBIX YEAUNHEHHBIX COCTOSIHHUI, PACCMOTPEHO
BJIMSIHAE YaCTOTHON paccTpoiiku u 3pdexT cuHXpo-
HHU3AIUHU YaCTOT B3aNMOICHCTBYIONINX CTPYKTYP.

Hacrosmas pabota mocsiieHa pacCMOTPEHUIO
yKa3aHHBIX BhIIIE 3a1ad. Llems paGoThl cOCTOUT B
uccienoBanuy 3(hp(HeKToB B3aUMHONW CHHXPOHH3A-
MW B3aUMOJICHCTBYIOIIMX aHCcaMOJed poTaTopoB
MIPU HEJOKAJIBHOM XapakTepe CBsA3ed BHYTpH aH-
cambneil. PaccMarpuBaroTcst Ba TakuX aHcaMoOIs,
COCTABJISIONINE ABYXCIOMHYIO MYJIBTHIUIEKCHYIO
ceTh. MccenemyeTcss CMHXpOHU3aIMs aHCaAMOJieH B
pEXUME CIOXKHBIX MPOCTPAHCTBEHHBLIX CTPYKTYD,
TaKUX KaK XUMEpPHI 1 YeIHHEHHBIE COCTOsHUS. YCTa-
HaBIIMBAIOTCS 0COOCHHOCTH MOJTHON CHHXPOHHU3AIH
UICHTHYHBIX aHCAMOJEeH B PEKUME Pa3INIAIOIINX-
cq MEeXJy co00il CTPYKTYp, a TaKKe 4acCTOTHOM
CHHXPOHU3AINA MPU HATUYUH PACCTPOMKH 4acTOT
3JIEMEHTOB ABYX aHcamoOneil. Mccnenyercst cimydait
B3aMMOJICHCTBHUSI aHCaMOJIeH ¢ CHJIBHO pa3jinyaro-
LIMMUCS IPOCTPAaHCTBEHHBIMU CTpYKTypaMu. Kpome
TOTO, aHAJM3UPYETCs BIMAHUE HA 3(P(EKT CHHXPO-
HU3AIUK BEJIMYMHBI (Ha30BOr0O CIBUTA B CIaraéMOM
CBSI3U MKy aHCAMOIISIMH.

Hay4Hsiri otaen
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1. Uccnepyemas cucrema

B nocnieaue roset B chepe HENMMHEWHOM qrHA-
MHUKH ¥ CaMOOPTaHHU3AIMH CETeH OONBION HHTEPEC
TIPEJICTABIISIET U3yUYEHUE CUHXPOHU3AIIUHN B3aUMOJICH-
CTBYIOIIUX OCHMJIISTOPOB B CIIOKHBIX TOTIOJIOTHSX H
cetsx. Takue cucTeMbl 00J1a/1a10T TPOCTPAHCTBEHHO-
BpPEMEHHOM JJMHAMUKOH aHCaMOJIeH OCITUILISITOPOB H

i+P,
. . 01
P1i+ M@ =v1+ 55
2P, £
J=i=Py
i+P,
. . ] .
Goi + A2 = V2 + 5 Z 51n(<p2]~
2P, £
Jj=i—=Py
i=20,2,..,N 1, @ ian(t) =

e ¢, — (asa i-ro poraropa B cinoe v = 1, 2; 4,
7, — TTApaMETPBI POTATOPOB B CIIOE V; G, P, o, — Tma-
paMeTphl BHYTPUCIOMHON CBSA3H MEXKAY pOTaTOpamMu
B cioe v (ko3 duuueHT CBsI3M, YHCIO coceneit ¢
OJTHOH CTOPOHBI U (ha30BBIA CIBHUT B LEMHU CBI3H
COOTBETCTBEHHO); K 4, B, (v, [ = 1, 2) — mapame-
TPBI MEKCIIOWHOW CBSI3M (CHJIA CBSI3U M (ha30BBII
cnsur). PaccmarpuBanucek cion anuaoir N = 100
anementoB. [TapameTpel poTaTopos A, u 4ucio co-
ceneit P, B 000MX CIIOSX MOJIArainuch OIMHAKOBBIMU
CO CIEeIYIOIIUMHU (PUKCHPOBAHHBIMU 3HAYCHUSMU:
Ay =2y =24=0.1;, P, = P,= P = 40. 3nauenus o, u
@, BRIOMPAIIMCh B COOTBETCTBUHU C UCCIIELYEMBIM PE-
»uMoM. [Ipu pacueTax HCIOIb30BATUCH TAPAMETPHI
CJIOsl, TIPUBENICHHBIC B padoTax [56, 57]. Jlns nomy-
YEHHsI XUMEPBI BHIOMpaUCh 3Hauenus o, = 0.013 u
a,= 1.5558; nist yenuuenusix cocrosuuii: o, = 0.08
uo,= 0.6. B3aumHas CBsI3b DIEMEHTOB JIBYX
CJIOEB TIOJIATAETCS CUMMETPUYHOM: K|, = Ky = K,
B> = By, = B. IlapameTpbl MEXKCIOHHOMN CBA3U K U f§
SIBISIFOTCS] KOHTPOJIBHBIMU TIApaMETPaMHU IIPH UCCIIC-
JIOBaHWU B3aUMOJICHCTBUS U CHHXPOHU3AIINH CIIOEB.
Crnabas paccTpoiika CI0eB BBOJUTCSA C TIOMOIIBIO
TIIAPaMETPOB )| U ), KOTOPBIE YNPABIISIOT YaCTOTOM
BpAIlICHUI POTATOPOB U 1200 BIUSIOT HA TPOCTPaH-
CTBEHHBIC CTPYKTYPHI, (QOPMHUPYIOMIHECS B CIIOSIX.
Havanbnble 3Ha4enus (a3 ¢, pOTaTopoB B 000-
UX CJIOSX 331aBaJIICh CITyYaitHBIM 00pa3oM B HHTEP-
Baisie [0, 21t], a HaYaTbHBIC 3HAYCHUSI MTHOBEHHBIX
4acTOT BpamieHus ¢,; — B uaTepnane [—0.1, 0.1].
Cucrema (1) uHTErpUpOBaIach B OTCyTCTBHE CBSI3H
MEXJIy CJIOSMHU Ha JOCTATOYHO OOJIBIIOM BPEMECHH
(nmopsiaxa 10000 exuaAIl 6e3pa3MepHOTO BpEMEHH ),

Paanorsrika, 31eKTPOHNKA, akyCTHKa

HaJIMYMEM B HUX XHMEPHBIX CTPYKTYp. Mccmemyercs
MYJBTHUIIICKCHAs CCTh U3 JIBYX CJIOCB, Ka)l(}lblﬁ nus3
KOTOPBIX TPEICTABISIET COOOM KONBIIO UACHTHIHBIX
($a30BBIX OCIHMIUIATOPOB C MHEPIHEH (POTATOPOB),
COCIMHECHHBIX HEJIOKAILHBIMH CBSI3SIMU C KOHEUHBIM
paiycoM. YpaBHEHHS UCCIIEAYEMON CHCTEMBI B 6€3-
pa3MepHBIX MEPEMEHHBIX UMEIOT BUJIL:

Z sin(<p1]~ - P1i — ‘1’1) + K12 sin(@1; — @21 — P12),

()

— @ — azi) + K1 Sin(@a; — @15 — P21),

@ Vi(t)' (p ViiN(t) = (p Vi(t)l V= 1;2;

[0Ka B CJIOSIX HE YCTAHABIMBAJINCH CTAIIMOHAPHBIC
CTPYKTYpBI. I3 MHOXECTBA PEIKUMOB, TTOJTyYCHHBIX
IUTSL Pa3IIUYHBIX CIYYaiHBIX HAa4YaJbHBIX YCIOBHU
IPH COOTBETCTBYIOLIUX 3HAYCHHIX apaMeTpPOB,
OBLTH BHIOPAHBI PEKUMbI, COOTBETCTBYHOII[HE XHMe-
paM WM yeJIWHEHHBIM COCTOSHUSIM. CTPYKTYphI B
JIBYX CJIOSIX TIPH OIMHAKOBBIX MapaMeTpax sIBISFOTCS
OJIHOTUITHBIMHU, HO IIPH 3TOM IOCTATOYHO CHIIBHO OT-
JUYAOTCS APYT OT Apyra. COOTBETCTBYIONIUE ITHM
YCTaHOBHUBIIUMCS CTPYKTYPaM 3HAYCHUS [IEPEMEH-
HBIX HCIOJB3YIOTCS B KAUSCTBE HAYAIbHBIX YCIOBUH
[IPU UCCIICIOBAHUU B3aUMOJICHCTBUS CIIOCB.

WuTerpupoBanue cucrtemsl (1) IpoBOAHIOCH
metoioM Pynre — KyTTbl 4-ro npsijika ¢ marom /i =
0.01. ITo pe3ynbTaTaM HHTETPUPOBAHUS CTPOUIIHCH
MI'HOBCHHBIC IIPOCTPAHCTBEHHBIC MPOQUIN B IBYX
CJIOSIX, KOTOPBIE MPECTABIAIOT cO00H MHOXECTBA
3Ha4eHui sin(g,(7,)), GUKCUPYEMBIX B OJMH BbI-
OpaHHBIT MOMEHT BPEMEHU, a TAK)KE PACCUHTHIBA-
JIUCh CPETHUE YaCTOThI BPAIICHUS] POTATOPOB:

o = im 2D = v
T—o0 T

2)

v=12 i=02,...,N-1

PacueTsl cpenHHX 4acTOT NMPOBOJMIHUCH B
YCTaHOBHUBLIEMCSI IMHAMHYECKOM pexume. s
OLICHKM CUHXPOHU3ALUU CTPYKTYpP B ABYX CIOSX
pacCUMTBIBANICS CPEAHUH 10 BCEM 3JIEMEHTAM KOJIELl
KBaJpaT CHHycCa pa3HOCTH MTHOBEHHBIX (a3 COOT-
BETCTBYIOIIUX POTATOPOB:

N

50 =7 Y sint(pu® —ou®). ()

i=1
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[To abcomoTHOW BETUYHMHE 0 B YCTaHOBHBIIEMCS
peXKHUME MOMKHO OLIEHHUTH CTEIIEHb CUHXPOHHOCTHU
CTPYKTYD B JIBYX CJIOSIX. MI3MEHEHNE BETUUNHBI 0 BO
BpPEMEHHU [103BOJIIET OLEHUTh CKOPOCTh yCTaHOBJIE-
HUS PEKUMa CUHXPOHHU3ALUU.

2. CMHXPOHU3aLMs CNOEB B peXume

XMMEPHbIX COCTOSIHUIA

[onoxum o, = 0, = 0, &} = A, = 0. K UCCIIENYEM
9BOJIOLHUIO JBYX XHUMEPHBIX CTPYKTYp, YCTaHaB-
JIMBAOIIUXCS B C0sX 0e3 cBsi3u mipu g = 0.013 u
a=1.5558, BBOZI MEKCIIONHYIO CBSA3b U YBENNYHBAs
ko3 dunuent x. [Ipu 3ToM paccMoTpuM ciyuait
JIBYX TMOJHOCTBHIO UJCHTUYHBIX CIOEB W CIydail
JBYX CJIOEB C PACCTPOMKOW MapaMeTpoB ), H J,.
BrlsicHuM, BIMSIET /1M Ha PE3YJILTUPYIOLINM PEXKUM
BBIOOD (pa30BOTO CJBUTA MEKCIIOMHOM CBsi3H . Pac-
YeTHI TPOBOIMIINCH TIPH IBYX 3HAYCHUAX (ha30BOTO
CIBHUIa: B IIEPBOM Cllydyae OH BBIOMPAJICS PaBHBIM
(ha30BOMY CIBHTY CBS3H BHYTPH CIIOCB (f = a =
=1.5558); Bo BTOpOM citydae (pa3oBbIi CABUT CBSI3U
cnoeB orcytcTBoBai (ff = 0).

2.1. CUHXpOHU3aLMSA UOEHTUYHDIX CJI0EB

C Pa3NMYHLIMM XMMEPHBLIMU CTPYKTYpaMm

PaccMmoTtpum cityyaii TOJTHOCTBIO HAEHTUYHBIX
CJIO€B, MIOJIOXKHUB )| =, =y = 0, KaK 9T0 moJIaraaoch
JUTSL OJTHOTO KOJIbIIa pOTaTopoB B [56, 57]. Uccueny-
eMBble XUMEPHBIC COCTOSHUS, YCTaHABIHBAIOIIHECS
B JIBYX CJIOSIX B OTCYTCTBHE B3aUMOJICHCTBUS, TIPO-
WJUTIOCTPUPOBAHBI Ha puc. 1, a—e.

Ha rpaduxax, npuBeaeHHsIX Ha puc. 1, a, s,
MOKa3aHbl MTHOBEHHBIE PACTIPE/ICIICHNUS B TPOCTPaH-
CTBE 3HAYECHUH BENUYMHBI Sin(¢ ;) B JABYX CIOSX.
[Ipu paccMoTpeHIH MTHOBEHHOTO TIpodh IS ynooHee
HCTIONB30BaTh CUHYCHI (pa3, Tak Kak 3Ha4CHUs (a3,
ONM3KKE K HYJIIO ¥ 27T, MO’KHO CYMTATh OJTM3KUMH, HO
Ha IPOQMIIAX @, ; OHM CUIIBHO Pa3IMIar0TCs, 4TO Me-
aeT BU3yallbHO BBIJCIUTh KOTEPSHTHBIN KiacTep.
[IpencraBnennbie NPOYUIN CBUIAETEIBCTBYIOT O CY-
[ICCTBOBAHHH B Ka)KIOM CJIO€ OMHOTHUITHBIX XUMED,
COCTOAIINX W3 JBYX KJIACTEPOB: HEKOTEPEHTHOTO
¢ OonpImIMM pa3dpocoM MTHOBEHHBIX (a3 U Kore-
PEHTHOTO — B KOTOPOM (pa3bl pOTaTOPOB HEKOTOPHIM
oOpazom rpynnupytotcs. Kiactepsl B IBYX ClI0OsiX
CMEIIEeHbI BAOJIb IPOCTPAHCTBEHHOM KOOPAMHATHI i.
PacnpeneneHust cpeqHUX 4aCTOT POTATOPOB B IBYX
CIIOSIX, PACCYUTHIBACMBIX 10 (hopmyrte (2), JaHbI Ha
puc.l, 6 u 1, 2. Cpegaue 4acToThl B 00JIACTH HEKO-

TepEHTHOTO KJIACcTepa BO3PACTAIOT MO CPaBHEHUIO
C 4acTOTaMHu B KOT€peHTHOM kiactepe. [ns aByx
CJIOEB paclpe/eNeHus] OJHOTHUITHBI, XapaKTepu3y-
I0TCS OJM3KUMM 3HAYCHHUSIMH 4acTOT B KOT€pPEHT-
HOM ¥ HEKOTePCHTHOM KJIacTepax, HO, aHAJIOTHIHO
MIPOCTPAHCTBEHHO-BPEMEHHBIM PODUISIM, UMEIOT
CMENICHHE B MPOCTPAHCTBE.

[Ipu BBeneHUH IOCTATOYHO claboil CBSA3M
MOYKHO HaOJII0aTh PEXKUM MTOTHON CHHXPOHHU3ALUU
MPOCTPAHCTBEHHO-BPEMEHHONW JUHAMHKH JIBYX
CJIOEB B HEKOTOPOM XUMEPHOM COCTOSTHUH. [Ipumep
TaKOTO yCTAaHOBHBILIETOCS CHHXPOHHOTO PEXHMa
MPOWILTIOCTPUPOBAH Ha puc. 1, 0, e. MTHOBEHHBIE
MPOCTPAHCTBEHHBIE MPOGUIN U pacupeaeieHus
CPEIHHX YacTOT B O0OWX CIIOSIX, IPUBEICHHEIC Ha
OJTHUX W TeX ke Pparmenrtax (puc. 1, 0 m puc. 1, e
COOTBETCTBEHHO), MTOJHOCTHIO COBMAAAIOT.

PaccmoTpuM, kKak BIUSET Ha TUHAMUKY CIIOCB
BBEJICHUE MEKCJIIOMHOM CBA3U IIPU ABYX 3HAYCHUAX
(azoBoro capura cBs3u: f = 1.5558 (ayTh GoibIIe
w/2) u f§ = 0. Pe3ynbrarel pacyeToB MPUBEICHBI
Ha puc. 2. I'paduxu ciesa (Ha QparMeHTax a 4 6
nonyueHsl ipu = 1.5558, a cipaBa (6 u 2) — npu
S =0.Hapuc. 2, au?2 6, n10Ka3aHo, Kak BeJIeT ceOs BO
BPEMCHH BeIMIHHA (), XapaKTepHU3yoIIast CTCIICHb
OJI30CTH CTPYKTYP B CIOSIX, IPH Pa3IMIHBIX 3HAYC-
HUAX k ¥ . B cirydae f=1.5558 nipu cimaboii cBs3u
x=0.01 HaOIrOMArOTCS 3HAYUTEILHBIE OCLIMILISLIUN
BEIIMYMHBI 0 BO BPEMEHHU, KOTOPBIE COXPaHSIOTCS
Ha OOJBIIMX BpeMeHaX HAOMIOJCHHSI. DTO TOBOPUT
00 OTCYTCTBHUU CHHXPOHHU3ALIMU MTOBEICHUS CIIOCB,
HECMOTPS Ha UX MOJIHYIO UACHTUYHOCTH. s co-
OTBETCTBYIOIIEH MepecTpOMKH pa3Inyaromuxcs
HayaJbHBIX CTPYKTYp (cM. puc. 1) TpeOyercs 0o-
nee cuimbHas cBs3b. C POCTOM K B CIIOSIX YCTaHaB-
JIMBACTCSI PEXKUM TOJHOW CHHXpoHM3amuu. Tak,
npu x = 0.1 3HaUeHUE BEJIMYMHBI J(Z) B mpeaenax
MOTPEIIHOCTH BBIYMCICHUH JOCTATOYHO OBICTPO
cnagaet 10 Hynsa (cMm. puc. 2, a). B cinyqae f =0
MOPOT CUHXPOHHU3ALMH CTPYKTYP YMEHbBIIACTCSA U
yxke ipu x = 0.01 BenmuumHa J(f) CXOAUTCS K HYIIO.
[Tpu x = 0.1 mporecc ycTaHOBICHUS UACHTHIHBIX
CTPYKTYp MPOHUCXOUT emie ObIcTpee (M. puc. 2, 6).
[ToBeneHEe MTHOBCHHBIX 9aCTOT JIEMEHTOB TIEPBO-
IO ¥ BTOPOTO €O w,;(t) = @, (t) mpu k = 0.01 u
JIByX Pa3HbIX 3HAYCHUX ff TPOUIUTIOCTPUPOBAHO Ha
puc. 2, 6 4 2, 2 Ha IPUMEPE POTATOPOB C HOMEPOM
i = 0 (BBIOOp POTATOPOB 3/1€Ch HE MPUHIIUITHAIICH).
Crnenyer OTMETHUTb, YTO KaK MTHOBEHHbBIE, TaK W

Hay4Hsiri otaen
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Puc. 1. YcraHOBHBIINECS XMMEPHBIC COCTOSIHUS B JIByX HICHTHYHBIX CJIOSX POTATOPOB B OTCYTCTBHE
MEXKCIOHHOH cBs3U (x = 0) ¥ MPU HAJTMYUHU MEKCIOWHOM cBs3M ¢ mapameTpamu x = 0.1, f = 1.5558:
a, 6 — MTHOBEHHBIE TIPOCTPAHCTBEHHBIE MPoduy sin(g, (¢,)), v =1, 2 B IepBoM 1 BTOPoM cJiosx 6e3
CBA3H; 0, 2 — COOTBETCTBYIOIIUE PACHIPEAEIECHHS CPEIHUX YACTOT POTATOPOB w); B OTCYTCTBHUE CBS-
3H; 0 — MTHOBEHHBIE NTPOCTPAHCTBEHHBIC MPOQHIN CHHXPOHU30BAHHBIX XUMEPHBIX COCTOSIHUN MPU
B3aUMOJICHICTBUH CIIOEB; € — COOTBETCTBYIOIINE pacIpeaeIeHuUs CPeAHUX 4acToT. [lapamMeTpsl cioeB
uaentuasbl: N=100; 1=0.1; P=40;06=0.013; o = 1.5558, y = 0. Bpemst ycTaHOBJICHHUS B OTCYTCTBUEC
MexcioiHoi sz 10000 enunui. Bpemst ycranosnenus npu Hanuuuu cBsizu 5000 equHuUI
Fig. 1. Steady chimera states in two identical layers of rotators without interlayer coupling (x = 0)
and in the presence of interlayer coupling with parameters ¥ = 0.1, f = 1.5558: a, ¢ — instantaneous
spatial profiles sin(g (z,)), v = 1, 2 for the first and the second layers without coupling; b, d — the
corresponding distributions of the average frequencies w.} ; e — instantaneous spatial profiles of the
synchronized chimera states in the presence of interlayer interaction; f — the corresponding distribu-
tions of the average frequencies of rotators. The parameters of the layers are identical: N = 100;
A=0.1; P=40; 6= 0.013; a = 1.5558, y = 0. The transient time without interlayer coupling is equal to
10000 units of system dimensionless time. The transient time in the presence of coupling is 5000 units

CpelHHE YacTOThl pacCMaTPUBAEMbIX POTATOPOB B
HCXOJTHOM PEKHMME B OTCYTCTBHE CBS3H Pa3IUIHbI
(cm. puc. 1). [Ipu = 1.5558, k= 0.01 MrHOBEeHHBIE
YacTOThI OCTAIOTCS PA3ITUIHBIMHU, XOTS U CTAHOBSITCS

Paanorsrika, 31eKTPOHNKA, akyCTHKa

ommwke (cm. puc. 2, ). [Ipu f = 0 u TOM ke 3HaUe-
HUU CHJIBI CBSI3U MI'HOBCHHBIC YaCTOTBI POTATOPOB
i =0 B ABYX CJIOSIX OBICTPO CXOISATCS H CTAHOBSITCS
OJIMHAKOBBIMH (CM. pHC. 2, 2).
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Puc. 2. DBOMIONHUS MOBECHUS CIIOEB B IPUCYTCTBUH MEXCIOWHOM CBS3U: 3aBUCUMOCTh BEJIHU-
YHHBI 0 OT BPEMEHH TIPH JIBYX Pa3JIMYHbBIX 3HAYCHHSX [apaMeTpa CBs3H k U (Da30BBIX CIBHIAX
p=1.5558 (a) u =0 (6); ”3BMEHEHHE BO BPEMECHN MTHOBEHHBIX YaCTOT DJIEMEHTOB ITEPBOTO H
BTOPOTO CIHOSL wy;(t) = @;(t), i =0mpu x=0.01 u pazoBeix casurax f=1.5558 () u f=0 (¢)

Fig. 2. Evolution of the layer behavior in the presence of interlayer coupling: the time dependence
of o for two different values of the coupling parameter x and the phase shift: #=1.5558 (a) and
S =0 (b); time realizations of the instantaneous frequencies of the elements of the first and the
second layers w,;(t) = ¢,;(t),i=0atx=0.01 and the phase shift: #=1.5558 (c) and =0 (d)

Takum 00pa3om, paziIHYaroLUInecs XHUMepHbIE
CTPYKTYPBI B JIByX HACHTHYHBIX CJOSX POTATOPOB
CHHXPOHH3YIOTCS IIPH BBEICHHUH JTOCTATOYHO CIa00it
CBSI3M MEKIY CIIOSIMHU, IPUYEM ITOPOT CHHXPOHHU3a-
UM 3aBHCUT OT CJIBUTA (ha3bl MEXKCIIOWHON CBS3H.
[Tpu nyneBoM hazoBoMm caBure =0 CHHXpOHU3AINS
CTPYKTYP MPOUCXOTUT IIPU MEHbIIIEM KO3 HUImeH-
TE CBSI3U U CHHXPOHHBIH PEXHUM YCTaHABIUBAETCS
ObicTpee Bo BpeMeHH. IHTepecHO Takke OTMETUTh
TOT (paxT, 4TO MOJHOHU ((pa30Boif) CHHXpOHHM3AINN
CTPYKTYp IIpeiecTByeT (10 mapameTpy k) CHHXPO-
HU3AIM CPEJHUX YacTOT BpAIEHUsS B3aUMOJeH-
CTBYIOIIMX POTATOPOB B JIBYX CJIOSIX.

2.2. CuHXxpoHU3aums CNoes B pexume

XUMEPHBIX COCTOSIHWIA PU HAJIUYMK

4aCTOTHOW PacCTPOKMN

Temnepb paccMOTpUM, K 4YeMy IPUBENET B3aUMO-
JIEWCTBUE XUMEPHBIX COCTOSIHUM B CJIOSIX C YaCTOT-
HOHN paccTpoiikoil. B xauecTBe Ha4almbHBIX COCTO-
SIHUW BO3bMEM T€ )K€ yCTAaHOBUBIIIUECS XUMEPHBIE
PEXKHUMBI, KOTOpPBIEC OBUIH MOJTyYEHBI B UACHTHYHBIX

10

ciosix 0e3 CBSI3M, ¥ BBE/IEM PacCTPOMKY MapaMeTpoB
71 U 7,, BIUSIOIIMX HA YACTOTBI BPAILIEHUS POTATOPOB
B JIBYX CJIOAX. B OTCyTCTBHE MEXCIOWHON CBA3U
ypaBHeHHUS (1) MHBapHAHTHBI OTHOCHUTEIBHO 3a-
MEHBI @,;(t) = ¢, (t) + yt/A,, T.e. LIS KaKIOro
CJI0SI MOXKHO TIEPEHTH BO BPAIAOIIYIOCS CHCTEMY
KOOP/IMHAT, U3MEHUB 3HAYEHUE ), TAK, YTO MPO-
CTPAHCTBEHHAS CTPYKTYpa B CJIIO€ OCTAHETCS HEU3-
MeHHOH. [Ipy BBEJEHUN MEXKCIIOMHOM CBSI3M TaKas
WHBAPUAHTHOCTh, CTPOTO T'OBOpPsI, HapyIlIaeTcs,
OJTHAKO, KaK TTOKAa3aJI0 YNCICHHOE MOJICINPOBAHNE,
YCTaHABJIMBAIOLIMECS B CIIOSIX COCTOSIHUS MO CBOEH
MIPOCTPAHCTBEHHON CTPYKTYpE MaJIO OTIMYAIOTCA
OT UCXOJIHBIX COCTOSIHUW, HAOJIIOMABIINUXCS TPH
71 = 7, = 0. Ilonoxum y, = 0.05, y, = —0.05. B pe-
3yJIbTAaTe YaCTOTHI POTATOPOB B Pa3HBIX CIIOSIX CY-
IIECTBEHHO CABUTAIOTCS (B 00JIACTH OTPULIATETHLHBIX
7 TIOJIOKUTENBHBIX 3HAYEHUN I ¢Jiost 1 U ciios 2
COOTBETCTBEHHO). XapaKTEPUCTUKH PEKUMOB BO
HEB3aMMOJICUCTBYIONIUX CIOSIX U B PEKHUME CHH-
XPOHH3AIUH TPU BBEJACHUHN MEKCIOWHOU CBSI3U
MOKa3aHbl Ha puc. 3.

Hay4Hsiri otaen
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Puc. 3. YcraHoBUBIINECS XUMEPHBIE COCTOSIHHS B JBYX HEHAEGHTHYHBIX CIOSX POTAaTOPOB NPH
7, =0.05, y, =—0.05 B oTCyTCTBHE B3anMozekcTBusA (¢ = 0) U IPK HATMYMH MEKCIORHOM CBA3M C mapa-
merpam k = 0.7, f= 0: a, 6 — MTHOBEHHBIE IPOCTPAHCTBEHHBIE Mpoduin sin(p,,(¢,)), v= 1, 2 B meppom
U BTOPOM CJ105X 6€3 CBsI31; O, 2 — COOTBETCTBYIOIHE PACIIPEICICHHUs CPEIHUX YaCTOT POTATOPOB w.; B
OTCYTCTBHE CBSI3H; 0 — MTHOBEHHBIE ITPOCTPAHCTBEHHBIE IPOQHIN CHHXPOHH30BAHHBIX XHUMEPHBIX CO-
CTOSIHHH ITPU B3aUMOJIEHCTBHUH CIIOEB; € — COOTBETCTBYIOIINE PACIIPE/ISNICHUsI CPETHNX JacToT. [lpyrue
nmapametpsl coeB: N =100; 1=0.1; P=40; 6 =0.013; o = 1.5558. Bpewmst ycTaHOBIICHHS B OTCYTCTBHE
MesxcnoiHo# cesi3u 10000 exuan. Bpems ycranosieHus npu Hammawnn cBsizu 5000 eanHuL
Fig. 3. Steady chimera states in two non-identical layers of rotators at y; = 0.05, y, = —0.05 with-
out interaction (x = 0) and in the presence of interlayer coupling with parameters x = 0.7, f = 0:
a, c — instantaneous spatial profiles sin(p,(¢,)), v = 1, 2 for the first and the second layers without
coupling; b, d — the corresponding distributions of the average frequencies w}; ; e — instantaneous
spatial profiles of the synchronized chimera states in the presence of interlayer interaction; f'— the
corresponding distributions of the average frequencies of rotators. The other parameters of the layers
are: N=100; A=0.1; P=40; 0 =0.013; o = 1.5558. The transient time without interlayer coupling is
equal to 10000 units. The transient time in the presence of coupling is 5000 units

B

[Ipu BBeaeHUM CBA3U MEXKAY CIOSMH JUHA-
MUYECKHE PEKUMbI MEHSFOTCS, HO CHHXPOHHU3AIIHS
HaOIromaeTcsl TONBKO NP CHIBHON CBs3H. [lpm
9TOM, TaK *ke, KaKk U B clyyae WICHTUYHBIX CJIOEB,
CUHXPOHU3AIMS 3aBUCUT OT (pa30BOr0 CIBUTa, BHO-

Paanorsrika, 31eKTPOHNKA, akyCTHKa

CUMOT0 MEXCIIONHOH cBsA3bt0. Tak, mpu f=1.5558
3aJIaHHOM pacCcTpOiKe CHHXPOHHU3AIHS He Ha0Iro1a-
eTcsl, 1o KpalHel Mepe, B 00JIaCTH pacCMOTPEHHBIX
3HaueHui x < 1. OTCYyTCTBYET HE TOJIBKO CHH(pA3HOE
MOBEJICHHE POTATOPOB, HO U CPETHIE YaCTOTHI COOT-

1I
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BETCTBYIOIIUX 3JICMEHTOB OCTAIOTCS Pa3THMYHBIMH.
[Ipu T0i1 5xe cuie cBA3M, HO TIPU HYJIEBOM (Ha30BOM
capure ff = 0 ©UMeeT MECTO CHHXPOHHU3AIIUS CIIOEB,
OnmM3Kas K OMHOM (puc. 3, 0, e).

[ToBeneHne BO BpEMEHHU BEIUYHHEI J(f) MIPHU
x=0.7 1 AByX pa3nn4HbIX 3HaueHusX S (f = 1.5558
u f = 0) IpowLTIOCTPUPOBaHO Ha puc. 4, a, 6. B
cirydae f = 0 He TONBKO pacIlpenesCHHus CPEeTHIX
9acTOT B CJOSIX COBIAAAIOT, HO W CPEIHUI KBaapar
CUHYCa pa3HOCTH (pa3 J(f) CXOIUTCS MOUTH K MaJloi
noctostHHOM BenmuunHe 6 = 0.005. [Tpu Hanmuuu pac-
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CTPOUKH ITAPaMETPOB CIIOCB ITOTHASI CHHXPOHH3AIINS
(T.e. d=0) B CTPOroM CMBbICIIC HEBO3MOXKHA U B yCTa-
HOBHBILIEMCS PEXKHME UMEETCS Majoe OTKIOHEHHE
OT CTPOTOH CHHXPOHM3AINH CTPYKTYyp. [Toporosoe
3HaueHHEe KOA(PHUIINCHTA CBSI3H, COOTBETCTBYIOIICE
CHHXPOHHU3ALIUH CJIOEB (C HEKOTOPOH (pUKCHPOBAHHOM
MaJsioi OIIMOKOH J), YMEHBIIAETCS C YMEHBIICHHEM
YACTOTHOM PaCCTPONKH POTATOPOB, T.€. PACCTPOUKH
napamerpos y; = 0.05, y, = —0.05, nocturas munHu-
MAaJIbHOTO 3HAYCHHUS IIPH HACHTHYHOCTH CIIOCB, KOTIa
UMEeT MECTO CTPOrasi CHHXPOHU3AIIUS.
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Puc. 4. 3aBUCHMOCTb BENMYUHBI 6 OT Bpemenu npu y; = 0.05, y, = —0.05, koo puuuente Mexcnoii-

HoU cBs3u k = 0.7 1 1BYX 3HaUeHUsX (as3oBoro casura f = 1.5558 (a) u f = 0 (6). [Tapamerps! cioes:

N=100; A =0.1; P=40; 0 = 0.013; o = 1.5558. Bpems ycTaHOBIICHNS B OTCYTCTBHE MEKCIOINHOMN

cBs3u 10000 exuHUAILL

Fig. 4. Time dependence of d for y, = 0.05, y, = —0.05, interlayer coupling coefficient x = 0.7 and for
two values of the phase shift f = 1.5558 (@) and f = 0 (). The network parameters: N =100; A =0.1;
P=40;0=0.013; o = 1.5558. The transient time without interlayer coupling is 10000 units

3. CuHXpoHM3auus cnoes

B PeXUMe yeJMHEHHbIX COCTOSHMIA

Paccmotpum Teneprs B3aMMOAEICTBHE CIIOEB, B
KOTOPBIX PEaIn30BaIUCh OJHOTHUIIHBIE, HO KOJIHYe-
CTBEHHO PA3JIMUHBIC PEXHUMBl YEJUHEHHBIX COCTO-
suuid. Tlo-npexxnemy Oyznem nomarare o, = 0, = 0,
@, = @, = a. IlapaMeTpsl CJI0€B, COOTBETCTBYIOIIHE
PEXUMY YEAMHEHHBIX COCTOSIHUI, Tak *ke, KaK U B
Cllydae XUMEPHBIX CTPYKTYp, OBLIH B3SITHI U3 [56,
57]: 0 = 0.08, a = 0.6. bblna BBeeHA paccTporKa
napameTpos: y; = 0.05, y, = —0.05. Pacuersl, Tak
&Ke KaK B pexHUMe XUMep, IPOBOAUINCH IPU ABYX
3HA4YEHUSAX (Pa30BOTO C/BUTA: B MEPBOM CIIyyae OH
BBIOHpAJICS paBHBIM (ha30BOMY CABUTY CBS3U BHYTPH
cioeB (f = a = 0.6), BO BTOPOM cliydae paBHSUICS
HyM0. XapaKTepPUCTUKH YCTaHOBUBILUXCSI PEKUMOB
YEIUHEHHBIX COCTOSHUII B IBYX CIIOAX B OTCYTCTBUE
MEXKCIIOMHOM CBSI3U IPUBEAEHBI Ha pUC. 5, a—e. Tam
’Ke Ha pHcC. 5, 0, e IPUBEJIEH NIPUMEP CHHXPOHHO-
rO peXHUMa, YCTAaHABIMBAIOLIEroCs MPU HATUYUU
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cBA3u. Ha MrHOBEHHBIX NPOCTPAHCTBEHHBIX IPO-
¢mnax (cMm. puc. 5, a, 6) XOpouIo BHIHBI 0COOBIE
(yenuHeHHBIE) COCTOSIHUSL OTIEIBHBIX AJIEMEHTOB,
OTJIMYHBIE OT COCTOSHUH OOJIBITUHCTBA POTATOPOB.
B nepBoMm ciioe B yeIHMHEHHOM COCTOSIHUM Haxo-
JIUTCSL €IMHCTBEHHBIN JIEeMEHT C HOMEpPOM I = 68.
Bo BTOpoM ciioe uMeercs MiATh TaKUX AJIEMEHTOB
c Homepamu i = 49, 52, 53, 55, 82. MruoBeHHbIE
(a3pl BCeX IJIEMEHTOB B OCHOBHOM COCTOSHHUHU
B paccMaTpUBaeMble MOMEHTBl BPEMEHH IOYTH
OJIMHAKOBBI U TPYIIUPYIOTCA BOMU3H 3HaYeHHH 0,
w, 2n. CpeaHue 4acTOThl BPALLEHUS BCEX POTATO-
POB B OCHOBHOM COCTOSIHUM IOYTH OJMHAKOBHI. B
TIEpPBOM CJI0€ OHHU COCTaBIAIOT W]t = 0.04896+ 107>,
a Bo BTOPOM — wjt = —0.92398 + 107, YacroTsl
BpallleHUs, XapaKTepHbIE JJIs YEAUHEHHBIX COCTO-
SHHUM, OTIIMYAIOTCA OT YacCTOT, COOTBETCTBYIOIIUX
OCHOBHBIM COCTOSIHUSIM, U I 0OOUX CJIOE€B OHH
OorbIie, 4eM OCHOBHBIEC YACTOTHI (CM. pHC. 5, 0, 2).
Tak, eIMHCTBEHHBIN «OCOOBII» POTATOP B TIEPBOM
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Puc. 5. YeTaHOBUBIIMECS PEKUMbL YETUHEHHBIX COCTOSHUN B JIBYX CJI0sX poTaropos mpu y; = 0.05,
7, =—0.05 B orcyTCcTBHE B3anMoneHcTBYSA (k¢ = 0) M NPU HAJIMYUM MEKCIONHOM CBA3M C TapaMeTpaMu
x=0.5, = 0.6: a, 6 — MTHOBCHHBIC TPOCTPAHCTBEHHBIE NpopuH sin(p,(¢,)), v = 1, 2 B mepBoM u
BTOPOM CJIOSIX G€3 CBSI3U; O, 2 — COOTBETCTBYIOIIUE PACIIPEIEIICHUS CPEIHUX YACTOT POTATOPOB W B
OTCYTCTBHE CBSI3H; 0 — MT'HOBEHHBIE IIPOCTPAHCTBEHHBIC PO(UIN CHHXPOHU30BAaHHBIX YEIMHEHHBIX
COCTOSIHHUH IIPH B3aNMOJICHCTBHH CIIOEB; € — COOTBETCTBYIOIIME PACIIPEICIICHUS CPEAHHX YacToT. J{pyrue
napametpbl cioeB: N = 100; 1 = 0.1; P =40; 0 = 0.08; a = 0.6. Bpemst ycTaHOBIICHUS B OTCYTCTBHE
MexcioiHoi cBs3u 10000 enunun. Bpemst ycranosnenus npu Hanuyuu cBsizu 5000 equHuIg
Fig. 5. Steady regimes of solitary states in the two layers of rotators at y, = 0.05, y, = —0.05 without
interaction (x = 0) and in the presence of interlayer coupling with parameters « = 0.5, # = 0.6: a, ¢ —
instantaneous spatial profiles sin(p,(¢,)), v = 1, 2 for the first and the second layers without coupling;
b, d — the corresponding distributions of the average frequencies w]} ; e — the instantaneous spatial
profiles of the synchronized solitary states in the presence of interlayer interaction; f— the correspond-
ing distributions of the average frequencies. Other parameters of the layers: N=100; A =0.1; P = 40;
0 =0.08; a = 0.6. The transient time without interlayer coupling is 10000 units. The transient time in
the presence of coupling is 5000 units

cioe uMmeer Jactory wi; = 0.456639, i = 68. Ya-
CTOTBbl YCAUHCHHBIX COCTOSIHUI BO BTOpPOM CJI0€
TaK)Ke PaBHBI B TIPE/IEIIaX YHCICHHOU MTOTPEITHOCTH:
0Pt =-0.56930 £ 1075,

Beenem cBsi3p Mexny ciosmu. PaccmoTpum
3HaueHUEe (Pa3zoBOTO CIABUTA MEXKCIONHOW CBS-
3U, COBIIQIAIOIIEE CO 3HAUCHUEM BHYTPHU CIIOCB:

Paanorsrika, 31eKTPOHNKA, akyCTHKa

S = 0.6. HecmoTps Ha OAMHAKOBBIC HadallbHBIC
YCIIOBHS, COOTBETCTBYIOIINE YCTAaHOBUBIINMCS B
CIOAX CTPYKTypam, MPOMIITIOCTPUPOBAaHHBIM Ha
puc. 5, a—0, Ipu pa3HBIX 3HAYCHUIX K03 durnenTa
K CTPYKTYPBI, BOSHUKAIOIINE BO B3aUMOACHUCTBYIO-
LIUX CJO0SAX, MOT'YT UMETh Pa3IMYHbIe YeIUHEHHbIE
COCTOSAHUS, OTIIMYArOUIUecs OT UcXogHbiX. Cre-
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MeHb CHHXPOHHOCTHU CJIOEB IPH 3TOM BO3pacTaeT
C pocToM cuiibl cBA3U. [Ipu cpaBHUTENBHO cllaboii
cBs3u k = 0.2 B 000MX CIIOSIX UMEETCS OJMH H TOT
ke Ha0Op yeJMHEHHBIX cOCTOSTHUN. [Ipnyem HOMepa
JJIEMEHTOB, HaXOASAIINXCS B ATHX COCTOSHUSX, T
K€ caMble, YTO M B OTCYTCTBUE B3aUMOJEUCTBUS
cioeB. IHTepecHO Takke OTMETUTh, YTO YACTOTHI
YEIUHECHHBIX COCTOSTHUH (KpOME 9aCTOTHI AIEMEHTA
i = 68), B 000HMX CJOSIX CTAHOBATCS OJIM3KUMH.
MoxHO TOBOPUTH 00 00BEAMHEHUN YEIUHEHHBIX
COCTOSIHMM JIByX CIIO€B W O YaCTUYHOM 3aXBare
9acTOT YCAUHEHHBIX COCTOSHUH 32 MCKIIOYCHHEM
aneMenTa i = 68. B To jke BpeMs 4acTOTHI POTaTOPOB
B OCHOBHBIX COCTOSIHUSX JJISl IBYX CJIOEB UMEIOT CY-
IIeCTBEHHO pa3Hble 3HaYeHus. [Ipu x = 0.3 B 00oux
CIIOSIX YCTaHABIMBACTCSI HECKOJIBKO HHAS TIPOCTPaH-
CTBCHHAs CTPYKTypa U3 YEAWHEHHBIX COCTOSHUH.
[Ipu 5TOM 4acTOTHI B OCHOBHBIX COCTOSIHUSX U B Ya-
CTH YEIMHEHHBIX COCTOSIHUH JIsl IEPBOTO U BTOPOTO
CIIOCB CTAHOBSATCS OMUHAKOBBIMU. OTHAKO YaCTOTHI
YEeIMHEHHBIX COCTOSIHUH, HAOTIONAIONIIXCS B 000MX
CIIOSIX TpH [ = 68, 3HAYUTENIbHO oTIau4atoTcs. [lpu
x = 0.3 uMeeT MECTO 4acTOTHAsl CUHXPOHU3ALIMS
BCEX COOTBETCTBYIOIINX POTATOPOB B IBYX CIIOSX,
3a UCKJIFOUEHHEM POTaTOpOB ¢ HOMepoM i = 68. I1pu
x = 0.5 cTpyKTypa yeIMHEHHBIX COCTOSHHI CHOBa
MeHseTca. B o0oux ciosx HabmonaeTcs OauHAKO-
BbII HA0OP YEJMHEHHBIX COCTOSTHUH — 3TO IIEMEHTHI
cHomepamu i =49, 52,53, 55, 68. UacToThl Bcex nap
POTATOPOB B JIBYX CJIOSIX COBIAAIOT C TOYHOCTBIO J10
MSATOTO 3HAKa. B OCHOBHBIX COCTOSIHHUSIX OHU PaBHBI

.

@y(t), apat)
L7}
L.Y)
Sl s
e
——
™=

B T I
50 60 70 80 90 100 110 120 130 140 150
t

a/a

0™ =-3.226374+ 1075, v=1, 2. Bo Bcex yenunen-
HBIX COCTOSTHHSX UMeeM: Wit =—2.871366 + 1070,
v=1,2,i=49,52,53,55, 68. Takum oOpazom, npu
x = 0.5 ©UMeeT MecTO pexHUM HYaCTOTHOH CHHXPO-
HU3ALHUHU BCEX DIIEMEHTOB JABYX cioeB. OH mpo-
WUTFOCTPUPOBAH Ha puc. 5, 0, e. Pacnpenenenus
CPEIHMX YaCTOT B ABYX CJIOSIX C BBICOKOM TOUHOCTBIO
COBHIAAAIOT (cM. puc. 5, 0). Cunxponuzauus ¢a3 He
SIBIISICTCS TIOJTHOM, O YeM CBUACTENBCTBYET KOJIHYe-
CTBEHHOE pa3jinyKe €JMHOBPEMEHHBIX MTHOBEHHbIX
MPOCTPAHCTBCHHBIX MPOQIIEH B IBYX CIOSX (CM.
puc. 5, 0).

He tonbko cpeanue, HO 1 MTHOBEHHBIEC 3HA-
YEHHUS YacTOT BpAIICHUS POTATOPOB B JBYX CIIO-
AX CTPEeMATCS CTaTb OJUMHAKOBBIMU. [Ipumepom
3TOTO MOTYT CIY>)KHTh 3aBUCHMOCTH OT BPEMEHHU
MTHOBEHHBIX YaCTOT OCHUIIIATOPOB C HOMEPOM
i = 0 B ABYX CJIOSIX, pacCUUTaHHbIE U1 TE€X Ke
3HAYCHHUH MapaMeTpoB, UTO U TpaduKH HA PHUC. 5.
OHu npuBeeHBI Ha pUC. 6, 6. 3aBUCHMOCTH Xapak-
TEPUCTHKHU TIOJHOW CUHXPOHHU3ALUU ABYX CIOEB
o(t) mpencrapieHa Ha puc. 6, a. OHa MOKa3bIBACT,
YTO MOI'PEINHOCTh CUHXPOHU3ALUU HE CTPEMUT-
Cs K HYIIIO, @ BBIXOJAHUT Ha MOCTOSIHHBIM YpOBEHb
0 = 0.015, 9T0 COOTBETCTBYET HEOOIBIIOMY IIO-
CTOSIHHOMY CIBHTY (ha3 MEXIy pOTaTOpaMH JBYX
cnoeB. [Ipu Ga3oBoM CABUTEC MEKCIOHHON CBA3H
£ =0 HaOnrogaeTcs aHAJIOTMYHAsE KapTHHA CUHXPO-
HU3AIUU CJI0€B, XOTS 3HAYCHHSI YaCTOT POTATOPOB,
KaK B OCHOBHOM, TaK U B YEJJHHEHHOM COCTOSTHUSX,
OymyT IpyTUMU.
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Puc. 6. BzanumozelicTBUe CIIOEB B PEXKUME YEIMHEHHBIX cOCTOsHMiA npu p, = 0.05, y, = —0.05, x = 0.5,

ﬂ = (0.6. 3aBUCHMOCTbH OT BPEMCHH BCJINYINHBI 0 (a) U MTHOBCHHBIX HaCTOT 3JIEMEHTOB IIEPBOT'O0 U BTOPOI'O

cinost ., (t) = @,,;(t), i =0 (6). [TapameTpsl cI0EB U BpeMsl yCTAHOBJICHUS! COOTBETCTBYIOT PHUC. 5

Fig. 6. Interaction of the layers in the solitary state regime at y; = 0.05, y, = —0.05, x = 0.5, 8= 0.6. Time

dependence of J (a) and of the instantaneous frequencies of the elements of the first and the second layers

Wy (t) = ¢,,;(t), i =0 (b). The parameters of the layers and the transient time correspond to Fig. 5
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B

4. BsaumopeicTBue CunbHO HEOAHOPOAHBIX
CJI0EB B PEXMME Ka4eCTBEHHO Pa3/Iu4HbIX

CTPYKTYp

Haxkomner, paccMoTpuM B3auMOAENHCTBHE CUITBHO
HEOJHOPOJHBIX CIIOEB, B KOTOPBIX yCTAaHOBUIIMCH
COCTOsIHUS pa3ingHoro tumna. Ilycts mepBblil ciioi
umeet napamerpsl y; = 0.05, 0, =0.013, a; = 1.5558
U, B OTCYTCTBHE MEXKCJIOHHOTO B3aUMOJEUCTBUS,
HaXOJIUTCSl B PEKUME XUMEpHI (CcM. puc. 3, a—2),
a BTOpOHW cjod uMmeeT nmapamerpsl y, = —0.05,
0, = 0.08, oy = 0.6 1 HaxomWUTCS B PEKUME yETUH-
HEHHBIX COCTOSIHHH (cM. puc. 5, a—e). [Ipu BBeneHnmn
cBsizu ¢ mapamerpamu x = 0.2, f = 0 B mepBoM ciioe
HaOIoIaeTcs pa3pyieHre XuMepbl 1 BOSHUKHOBEHHE
YeIMHEHHBIX COCTOSIHUN. [IpocTpaHcTBEeHHOE pac-
MOJIOKEHUE YEIMHEHHBIX COCTOSHUI B 000X CIIOAX
OJIMHAKOBO M COOTBETCTBYET UX PACIIOJIIOKEHHIO BO
BTOPOM CJIO€ B OTCYTCTBHE MEKCIIONHOH cBsizu. boiee

TOT0, YaCTOTHI YEMHCHHBIX COCTOSTHIN B ABYX CIIOSIX
ONMU3KH, TaK 4YTO MOKHO TOBOPUTH O YaCTOTHOM CHH-
XpoHU3alu YEAUHCHHBIX COCTOSIHUH B ABYX CJIOX.

[Ipu yBennueHnn CHITBI MEKCIIONHOM CBSI3U TIPO-
HCXOIUT MCUYE3HOBEHNE YEIMHEHHBIX COCTOSHHUN. B
000HX CJIOSIX YyCTaHABIMBAIOTCS MPOCTPAHCTBEHHO-
OJIHOPOJHBIE PEXKUMBI BpPALIEHUsI pOTATOPOB U IIPO-
HCXOIUT CHHXPOHM3AIUS 9aCTOT BPAIICHUS B 000X
ciosix. PazHocTh (ha3 Bcex poTaTopoB B IepBOM H BTO-
POM CIIOSIX CTaHOBHTCS OCTOsHHOU. [TonHast hazoBast
CUHXPOHU3alusl HC Ha6J’IIO)laeTC$I B CUIIYy HaJIWYUA
paccTpoiKu, HO pa3HOCTH (a3 IBYX CIIOCB HEBEIIMKA.
BenmunHa 6, KoTOpas B yCTaHOBUBIIIEMCS PEIKIME
paBHa KBaJpary CHHYycCa pa3HOCTH (a3 poTaTopoB
B ABYX CJIOAX, BBIXOJIUT Ha IMOCTOSIHHBIN YPOBCHb
0= 0.02. CoOTBETCTBYIOIIHNE PE3YIBTATHI, MTOJTyUCH-
Hele nipu k = 0.5, f = 0, npuBeneHs! Ha puc. 7. C po-
CTOM MEKCIIOMHOM CBA3M 3HAYEHUS 0 yMEHBIIIAIOTCSL.
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Puc. 7. Pe3ynbTrarhl B3auMOIcHCTBHS TIEPBOTO €105 B pexkume xumepsl (y; = 0.05, o, = 0.013, a; = 1.5558) u BTOpOTO CNIOSK

B PEKMME YEMHCHHBIX cocTosHui (y, = —0.05, o, = 0.08, a, = 0.6) npu ko3ppuuuente Mexcnoinoit cesasu x = 0.5. Ha

rpaukax MpejCTaBICHbl MTHOBEHHbIE POCTPAHCTBEHHbIE Npoduu sin(p, (¢)), v =1, 2 B IByX CJI0SX B yCTAHOBUBIIEMCS

pexuMe (a), 3aBUCHMOCTH OT BPEMEHH MIHOBEHHBIX YacTOT W,,;(t) = ¢,,;(t), v=1, 2 anemenToB ¢ HoMepoM i = 0 npu nepe-

X0J€ K YCTAaHOBUBIIEMYCs PEIKUMY I1OCJIC BBEACHUS CBA3U (6), a TaKK€ 3aBUCUMOCTDb OT BPDEMEHU BEJIMYHUHBI 0 (6)

Fig. 7. Results of the interaction between the first layer in the chimera regime (y, = 0.05, o, = 0.013, «; = 1.5558) and the

second layer in the solitary state mode (y, = =0.05, o, = 0.08, a, = 0.6) with the interlayer coupling coefficient x = 0.5. The

graphs show instantaneous spatial profiles sin(p,(¢,)), v= 1, 2 in the two layers in the steady state (a), depending on the time

of the instantaneous frequencies w,;(t) = ¢,;(t), v=1, 2 for the elements with the number i/ = 0 upon the transition to the
steady state after introducing the coupling (), and also time dependence of J (¢)

3aknioyeHme

[IpoBeneHHOE YHUCIEHHOE MOJICIMPOBAHUE
JTUHAMHUKHN JBYXCIOWHOW MYJIBTUILNIEKCHOW CETH
(ha30BBIX OCHMIUIATOPOB C MHEPIHMEH (POTaTopoOB)
(cm. cuctemy ypaBHeHU# (1)) BBISBUIO 3P PEKTHI
CHUHXPOHH3AIUH TPOCTPAHCTBEHHBIX CTPYKTYP
BO BCEX PACCMOTPEHHBIX CIydasx, Kak B PEKHME
XUMEp, TaK U B PEXKUME YCIMHEHHBIX COCTOSHUM.
[Ipy MAEHTHYHOCTH B3aWMOECHCTBYIONINX CIIOEB,
Ha4YMHAasi ¢ HEKOTOPOTO ITOPOrOBOI0 3HAYCHHMSI KO (-
(bunmeHTa MeKCIIOHHOW CBS3U, HAOIIOAAeTCs TOJI-

Paanorsrika, 31eKTPOHNKA, akyCTHKa

Hasi CHHXPOHU3AIHS TPOCTPAHCTBEHHBIX CTPYKTYP
Y TIOBEJICHUS BO BpeMEHH. MTHOBEHHBIE YaCTOTHI U
(ha3bl 3JIEMEHTOB C OJJMHAKOBBIMU HOMEpaMu (KOTO-
pbI€ COCTUHEHBI MEKCIIOMHBIMU CBSI35IMH ) CO BpeMe-
HEM YCTaHaBIMBAIOTCS OAMHAKOBBIMH. [ToporoBoe
3HaYeHUE KOAPPUITUEHTA CBSI3U, HEOOXOIUMOE IS
TIOJTHOM CHHXPOHU3AINHY PA3TUIAIOIINXCS CTPYKTYP
B WJICHTHYHBIX CJIOSIX MAJIO U 3aBUCHUT OT (a30BOTO
CIIBUTA B IICIIU CBS3H.

IIpu B3anmoaeNcTBUM HEUJEHTUYHBIX CIIOEB,
XapaKTepHU3yIONINXCs YaCTOTHOM paccTpOMKoM, B
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clly4ae JOCTATOYHO CUJIBHOW MEXKCIOWHON CBA3U
TaK)kKe MMEET MECTO CUHXPOHM3AIUsl YacTOT B3au-
MOJICHCTBYIOIIHX 3JIEMEHTOB. B pe3ynbrare s dexra
3axBaTa 4aCTOT MI'HOBEHHBIC YaCTOTbI COOTBECTCTBY-
IOLUX 3JIEMEHTOB CTAHOBSTCS OJUHAKOBBIMH, YTO
MPUBOIUT K MACHTUYHOCTH PACIPEACICHUS CPEAHUX
4acTOT AJIEMEHTOB B JIBYX CJIOAX. 3aXBaT 4yacTOT Ha-
OnroaeTcs Mpy B3aUMOICHCTBHH B PEKUME XUMED, B
peXHUMe YeAUHEHHBIX COCTOSIHUMN, a TAaKXKe B Cilydae
CTPYKTYp pa3HOro THIIA B ABYX CJIOSX: XMMEPHI B
OJTHOM CJIO€ M YEAUHEHHBIX COCTOSHHI B Apyrom. B
CUIIy HEUMJACHTUYHOCTHU CJIOCB ITOJIHAsA CUHXPOHU3a-
LU 2JIEMEHTOB JBYX CJIOEB CTAHOBUTCS B CTPOIOM
CMBICIIE HEBO3MOXKHOM, OTHAKO C POCTOM Ko (durim-
€HTa MEXKCIIONHOM CBA3M YCTaHABIMBACTCS OJIM3KHIA
K TIOJTHOW CHHXPOHHU3ALUU PEXKUM, XapaKTepHU3yIo-
IUICS HE3HAUYNTEIBHON Pa3HOCTBIO MTHOBEHHBIX
(haz COOTBETCTBYIOILINX DJIEMEHTOB JIBYX CJIOEB.

[IpocTpancTBEHHO-BpEMEHHAs AMHAMMKA B CUH-
XPOHHOM PEKUME B CITyda€ OAHOTUITHBIX UCXOAHBIX
CTPYKTYDP B JIByX CIJIOSIX UMEET TOT K€ XapakTep:
IIpY B3aUMOJECHCTBUM Pa3IUYaIOLIUXCS XUMEPHBIX
COCTOSIHUM CUHXPOHHBIM PEXUM MPEACTABISAET
co0oil xumepy, a Mpu B3aUMOJEHCTBUU PEKUMOB
YEIUHEHHBIX COCTOSHUM CUHXPOHHBIN PEXKUM TaKKe
COOTBETCTBYCT YCANHCHHBIM COCTOSTHUSIM. B cjlydae
CHJIbHOM HEOJHOPOJHOCTH JIByX CJIOEB, KOrja He-
CBsI3aHHBIE CIIOU XapaKTEepHU3yIOTCS KaueCTBEHHO
pa3iIMyYHBIM [IOBEJCHUEM, B PE3YJIbTaTe B3aUMOICH-
CTBUs B CJIOAX MOKET YCTAHOBUTCS COBCPUIICHHO
JPYroi THHAMUYECKUAN pexuM. Tak, B IPOBEICHHBIX
HCCIIEI0BAaHUSIX B3aUMOICHCTBUS CII0EB, B OTHOM U3
KOTOPBIX B OTCYTCTBHE MEKCIIOMHON CBA3U YCTaHOBH-
JIaCh XMMEPHAsi CTPYKTYpa, a B IPYTOM — PEKUM YeIn-
HEHHBIX COCTOSIHUM, PE3YJIBTHPYIOILUM CUHXPOHHBIM
PEXMMOM OKa3aJicsi TPOCTPAHCTBEHHO-0THOPOIHBIN
PEXHUM BpallleHUH ¢ HOCTOSHHBIMU OJJUHAKOBBIMU B
0601/IX CJIOAX 4aCTOTaMU U HEKOTOPLIM OCTOSIHHBIM
(ha30BBIM CJIBHTOM.

Takum 00pazoM, MPOBEACHHBIE MCCIIEOBAHUS
JOTIOHSIOT UMEIOLTHIACS psii paboT 10 CHHXPOHH-
3alMU CI0XKHBIX MPOCTPAHCTBEHHBIX CTPYKTYP BO
B3aMMOJICHCTBYIOIINX aHCAMOJISIX 1 MHOTOCJIOWHBIX
CCTAX HECJIOKAaJbHO-CBA3AHHBIX OCHUJIISITOPOB U
otoOpakeHH. DPPEKTH CHHXPOHU3AIUHU CTPYKTYP
paccMOTpeHbl Ha TpUMepe OJHOW M3 0a30BBIX MO-
JleJIed HEeJIMHEWHOW OUHAMHUKH, KOTOPOM SABISETCS
aHcaMOusb (ha30BBIX OCIHJUIATOPOB C MHEPIUCH.
[Tokazano cxoncTBO 3(h(dekrTa CHHXPOHMU3AINN KaK
JUIT XUMEPHBIX COCTOHHHﬁ, TaK U 1J1s1 YCAUHCHHbBIX
COCTOSIHUH, a TaKXKe pacCMOTPEHa POJib YACTOTHOTO
3axBara, KOTOpI:Iﬁ SABJISACTCA HCOGXOI{I/IMI)IM YyCJI0BUEM
CUHXPOHU3ALMH IPOCTPAHCTBEHHBIX CTPYKTYP.
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