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AnHOTan s

Msmuorue peasibHble IUHAMAYECKHE CHCTEMbI XapaKTEPU3YIOTCS HAIUIUEM MHOXKECTBA COCY-
IIECTBYOIIUX ATTPAKTOPOB. 9TO CBOWCTBO CHCTEM HA3BIBAETCH MYJIbTHCTAOMIBHOCTHIO. B MyJib-
TUCTAOWJIBHBIX CHCTEMAX MOXKET MPOW30MTH BHE3AMHBIN TIEPEX0/ K HEXKEJATEIHHBIM I HEen3-
BECTHBIM aTTpakTopam. Takoi mepexom MOXKeT TPUBECTH K KaTacTpodudeckuM coobiTusgM. OKka-
3aJI0Ch, 9YTO MYJIBTUCTAOUIBHOCTD TAKKE CBA3aHA C BOSHUKHOBEHUEM HEITPEICKA3YEMbBIX aTTPAK-
TOPOB, KOTOPHIE HA3BIBAIOTCSA CKPBITHIME ATTPAKTOPAMU. ATTPAKTOP HA3BIBAETCSI CKPBITHIM, €C-
Jix ero o0JIaCTh NMPUTS2KEHUs He [EePeceKaercs ¢ HeDOJIbIIUME OKPECTHOCTSIMU HEYCTONIuBOi
HEMOABYMKHON Toukn. OIHON W3 ONMpEIeISIONINX TPUIUH U3YIEHUS MYIbTUCTAOUIBHBIX XAOTH-
YECKUX CUCTEM C PA3JIUIHBIMU XaPAKTEPUCTUKAMUY SIBJITETCS MMTAPOKWI CIEKTP WX TMOTEHIIAATb-
HBIX WHKEHEPHBIX MPUJIOXKEHUN — B TEOPUU YIpPAaBJIeHUs, NHPOPMATHKE, KPUIITOJIOTAN, UCKYC-
CTBEHHBIX HEHPOHHBIX CETsX, MU(POBAHNY N300PAKEHWIT, 3AIUIIEHHON CBA3U 1 O0HAPY XKEHUH
cabbIX CUTHAJIOB. B mocieHue roapl HCcaeaoBaTein 0OPaTHINCh K Pa3pabOTKe METOIOB HCKYC-
CTBEHHOI'O KOHCTPYUPOBAHUS CUCTEM C 2KeJ1aeMOil quHaMukoii. B aToM ciiyvyae ocHOBHBIE ycuiust
COCPEIOTOYEHBI HA, CO3MAHUM CUCTEM C OECKOHEYHBIM YHCJIOM COCYIIECTBYIOIINX ATTPAKTOPOB
- KCTPEMAJILHO MYJIbTUCTAOUIBHBIX U MEracTaduIbHbIX cucreM. OKa3aj0Ch, 9TO TaKWe CHCTE-
MBI OTKPBIBAIOT HOBBIE BOZMOXKHOCTH [IJIsi PEIIeHNsT HEKOTOPBIX MPUKJIAIHBIX 3334, HATIPUMED,
JUIs Peasin3aliui KOHTPOJIS aMIIUTY/Ibl U MOJAPHOCTHA CATHAJIA B MHXKEHEPHBIX CHCTEMaX WJIN
JIJIsL CO3/1aHus HOBBIX cucTeM mudpoBanus n3odbparkenunii. B 310it crarbe crpouTcs: HOBast ri1aji-
Kas TpexXMepHas JUHAMHUYECKasi CHCTEeMA, 0OpaTWMasi BO BPEMEHHU, COAEPIKAINAS AHAJIUTHYIE-
CKOE DeIleHne U CTPAHHBI MyIbTU(PAKTAIBHBIN CKPBITHIA aTTpaKkTOp. Bacceiin mpurskenns
aTTPAKTOPA BKJIOYAET MOYTH BCE TPEXMEPHOE MPOCTPAHCTBO, & €ro pa3MepHocTh "mourm 3".
[Tyrem 3aMeHbI OHON U3 TEPEMEHHBIX CUCTEMbI HA, IEPUOIMIECKY IO (DYHKITIIO STOM IepeMeHHOi,
crpouTcsi cucrema, obsagaomas 1-D 1momocoit CphIThIX XaOTHYECKUX ATTPAKTOPOB PAa3MEpPHO-
ctr "moutn 3"w ONHOBpPEMEHHO GECKOHEUHBIM UMCIIOM AHAJMTHUYECKHUX permennii. CrenpraabHoe
mpeoOpa30oBaHNe MOCTIEIHENH CHCTEMbI MO3BOISET MOCTPOUTH CUCTEMY C 2-D moJIOCOit CKPBITHIX
aTTPAKTOPOB.

Karoueevie crosa: TMHAMAYECKNE CUCTEMbI, AHAJINTUYECKHUE DEINeHUs], Xa0C, MeracTabuiib-
HOCTb, CKPBIThIE aTTPAKTOPBI, TOKa3aTeau JlsamyHosa, pazmeprocts Kamrana-Vopxke.
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Abstract

Many real dynamical systems are characterized by the presence of a set coexisting attractors.
This property of systems is called multistability. In multistable systems, a sudden transition to
unwanted or unknown attractors can occur. Such a transition can lead to catastrophic events. It
turned out that multistability is also associated with the emergence of unpredictable attractors,
which are called hidden attractors. An attractor is called hidden if its area of attraction does
not intersect with small neighborhoods of an unstable fixed point. One of the defining reasons
for studying multistable chaotic systems with different characteristics is a wide range of their
potential engineering applications - in control theory, computer science, cryptology, artificial
neural networks, image encryption, secure communication, and weak signal detection. In recent
years, researchers have turned to developing methods for artificially designing systems with
desired dynamics. In this case, the main efforts are focused on creating systems with an infinite
number of coexisting attractors - extremely multistable and megastable systems. It turned out
that such systems open up new possibilities for solving some applied problems, for example, for
realizing control of the signal amplitude and polarity in engineering systems or for creating new
image encryption systems. In this paper, a new smooth three-dimensional dynamical system
is constructed, reversible in time, containing an analytical solution and a strange multifractal
hidden attractor. The basin of attraction of the attractor includes almost all three-dimensional
space, and its dimension is "almost 3". By replacing one of the variables of the system with a
periodic function of this variable, a system is constructed that has a 1-D strip of hidden chaotic
attractors of dimension "almost 3"and, at the same time, an infinite number of analytical
solutions. A special transformation of the latter system allows us to design a megastable system
with a 2-D strip of hidden attractors.
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1. BBenenue

CJ10’KHBIME XaOTHYIeCKIMI TUHAMIYECKAMI CHCTEMaMI MOJEJUPYIOTCA MHOTHE IIPOIECChl pe-
aJBbHOTO MUpA TaKHe, KaK KINMAT, P 9KOCUCTEM, YeJI0BeIeCKH MO3T , (DIMHAHCOBLIE PBIHKHU 1 MHO-
r'e NpUKJIa/Hble nHxKkeHepHble cucreMbl [1]. TIpu 91oM yist Taknx cncTeM XapakTepHO HAJINIHe MHO-
JKeCTBa COCYIIECTBYIOMIUX ATTPAKTOPOB. DTO CBOUCTBO CUCTEM HA3BIBAETCA MYIBTHCTAOMILHOCTD U
OTHOCHTCSI K CHCT€MAM, KOTOPBIe He SBJISIOTCH HU CTAOM/IBHBIME, HU IIOJIHOCTHIO HECTAOU/IbHBIMU,
HO B KOTODBIX HaOIIOJAeTCA depelOBaHUE MEXKJy AByMs NN Oojee B3aMMOHUCKIIOYAIONINME CO-
crogHUAMA. My/JIbTHCTa0UIBHBIE CHCTEMBI OU€Hb YYBCTBUTENBHE] K IIYMY, HAUAJIBHBIM YCIOBUSIM U
napamerpaM. [Ipn HammIny B MyIpTHCTAOMILHON CHCTEMe aTTPAKTOPOB € OYeHb MaIeHbKUME Oac-
celfHAMH IPUTSDKEHUS WU DaHee He UJeHTHMOUIMPOBAHHBIMU aTTPAKTOPAME MOXKHO HabJIIOIATH
BHE3AMHBIA [1epexo/] K HeOKNIAHHBIM HeKeTaTeIbHbIM I Hen3BeCTHBIM arTpakropaMm|2|. Takoit
CILIBUI' MOKeT IPUBECTU K KaTaCTPOMUUECKUM COOBITHSIM, HAUUHAS OT BHE3AIIHBIX KIMMATHIECKUX
U3MeHEeHNH, cepbe3HBIX 3a00JIeBaHUi W 3aKaH4nBad (PUHAHCOBBIMU KPHU3UCAMH U KaTacTpodaMu
TeXHUIECKUX CHCTEM.

Oxkasasioch, 410 MyJIBTUCTAOU/IBHOCTL CBA3aHA TAKKE C BO3BHUKHOBEHHEM HELDPEJCKA3YEMbIX
ATTPAKTOPOB, KOTOPbIE OBLIM HA3BAHBI CKPBITHIME aTTPAKTOPAMU. ATTPAKTOD HA3BIBAETCS CKPbI-
TBIM[3], ecsn ero GacceiiH MPUTSIKEHNST He TePeCceKaeTCsi ¢ MAJbIMH OKPECTHOCTSIMHI HEYCTOWINBBIX
HeIOABUKHEIX ToUeK. HampumMep, CKPBITHIE ATTPAKTOP $IBJISIETCS IEPUOIUIECKAM HIN Xa0THIECKAM
aTTPAKTOPOM B cHcTeMe 0e3 PaBHOBECHI M C eINHCTBEHHBIM YCTONYUBBIM COCTOSHIEM DaBHOBE-
cus. TTocse Toro, Kak Brepsble OB HANEH CKPLITHI aTTPAKTOP B KJaaccu4ueckoil cucreme Yya [3],
MHOTHE HCCIeI0BATEIN COCPETOTOYMIN YCUINs Ha pa3paboTKe MEeTO0B OOHAPYKEHN CKPBITBIX aT-
TPAKTOPOB U TOKUCKE CHCTeM, 06/1a1al0IuX CKPBIThIME aTTpakTopaMu|4]. Beuim HaiijeHsl CKpbITHIE
aTTPAKTOPHL KaK B PeasIbHBIX, TAK U UCKYCCTBEHHO CKOHCTDYUPOBAHHBIX AUHAMHYECKUX CUCTEMaX,
MMEIOIIUX, HAIPUMED, €JINHCTBEHHOE yCTOMYMBOE COCTOsiHME paBHOBecusi [5]|, GeCKOHEYHOe YncJio
CoCTOsAHMI paBHOBecus |7|, HEe HMEIOIMNX COCTOAHMUIT paBHOBeCHA [8].

OnHOtl U3 onpeeAINNX NPUINH, HOOYKIaI0NHUX HCCIe/I0BaTh MyIbTUCTaOU/IbHBIE Xa0THde-
CKH€e CHCTEMBI C DA3/JIUYHBIMY XaPAKTEPUCTUKAMHE, SIBJISIETCH IMMPOKUI CIIEKTD UX HOTEHIUAIBHBIX
UHJKCHEPHBIX [IpUJIOJKeHuil. B Hay4HOl uTeparype MOCaeHNUX JIeT MIUPOKO PEJCTaB/IeHb] IIPUIIO-
JKEHUd Xa0Ca B TEOPUU yIIPAaB/IE€HUS, KDUITOJIOIMY, UCKYCCTBEHHBIX HEHPOHHBIX ceTsdx, MudpoBanun
n306parkeHuii, 3alUINeHHO CBA3M, 0GHAPYKEHUN C1abbIX CUIHAJOB, CHCTeMax pasuojokaiun [1].

Xaoc ABIsAeTCA MOCTOSHHBIM U II0BCEMECTHBIM IIPE/IMETOM HayIHBIX MCC/Ie10Bannii |6]. B moces-
HUe TOABI UCCJIETOBATENN O0PATUINCE K pa3paboTKe METON0B NCKYCCTBEHHOTO KOHCTPYHPOBAHUS
cucrem ¢ xxenaemoii quHamukoi [8-10]. OcHOBHBIE yCHIIMsI IPH 9TOM COCPEJOTOUEHBI Ha, CO3JAHNUI
cucTeM ¢ OECKOHEYHBIM UHCJIOM COCYIIECTBYIOIINX aTTPAKTOPOB — 3KCTPEMAJIBHO MY/IBTUCTAOMIb-
HBIX 1 MeracTabuibubx cucreM [11-15]. Oka3anoch, 9T0 TakMe CHCTEMbI HIPEJOCTABJISIOT HOBBIE
BO3MOXKHOCTH JJI DeIleHNd HEKOTODBIX IPHKJIaJHBIX 3334, HAIpUMeD, JJI8 OCYILIeCTBJICHUH aM-
IJIUTYAHOTO KOHTDPOJIS B MHXKEHEPHBIX CUCTEMaX, WIH IJI CO3LAHUS HOBBIX CHCTEM XAOTUUECKOI'O
mupoBaHU H300paKEeHMH.

2. HoBag xaorTu4yeckad cucremMa,

B cBoeit memasneit pabore [16] CroporT paccMoTpest CIeAYIONIYI0 CUCTEMY C Pa3pPBIBHON HEIu-
HEHHOCTBIO, ABJSONIYIOCs Monudukanueii w3pecrnoit cucremsl Hoce-Xysepa [17]:

T =y,

y = —x—ysign(z), (1)
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[Mpu sTom Coporr mammcas: "Why is this system interesting and worth publishing? It’s because
it is time-reversible and dissipative with a strange multifractal attractor that is hidden but whose
basin includes the whole of the three-dimensional space so that every initial condition goes to the
attractor. Even more remarkably, every initial condition apparently lies on the attractor which
fills all of space with a highly nonuniform measure and a capacity dimension of 3.0, and it is just
one member in a large family of systems with those properties. It violates every expectation that
most of us have developed over the years about respectable chaotic attractors." ATrpakTop cucreMbl
(1) umeer nokaszaremn Jlsamynosa (0.2280,0, —0.2480) u pazmeprocts Kannana-Iopke 2.9194, uro
PE3KO OTIMIAET €€ OT MOABJIAIONIEr0 OOMBITHHCTBA TPEXMEPHBIX cucTeM. CIpPOTT 3aKII0TIAET CBOTO
paboty ciaeaytormm mpusbiBoM: "In the near-term, I look forward to additional, truly novel examples
of chaotic systems in this and other similar journals".
Paccmorpum riajikyto cucremy

T=y,

y = —x — yarctg(50z), 2)
. 4 a

=y

14’

rae a > 0, KoTopas, Tak x)e kak cucrema (1) saBasierca obpaTumoii. ra CHCTEMA UMEET aHATUTH-
veckoe pemenue z(t) = y(t) =0,z = z(0) — at.

[Tpoamamsupyem TOBEIeHNE PEIeHNi CHCTEeMBI (2), OMUPAsCh HA PACCYKI€HUsI, TPUBEICHHbIE
I.A JleonoseiM B pabore [18] npu uccaenosannn cucrembl Hoce-Xysepa. OueBuiHo, 9T0 perrerne
(z(t),y(t), z(t)) cucremsr (2) ya0BIETBOPSIET COOTHOIICHIIO

Z(t) + a(t)t + z(t), at) = arctg(50z(t)). (3)
Eciu z(t) < 0 nmpu Bcex ¢ > 0, TO BBIMOJHEHO OJHO U3 CJEIYIOMUX COOTHOMEHNiT [18]:
. . 2 .
1) lim [#(5)]” = oo,
2) lim ([#(t)]2 + (1)) = o0,
t—o00
3) cyiiecTByer moc/aeS0BaTeNLHOCTE by — +00 Takasd, 9To tlim ([(1)]2 + z(t)?) = C < oo.
— 00

B ciyuae 3) cucrema (2) mmeer mepmonmueckoe pererne. Ho n3 (3) caemyer, uto st 9T0T0
MEPUOJINIECKOTO PEIEHnsT BBITTONHEHO b0 1), mbo 2). Buaunt, cayuait 3) nesosmoxken. 13 Tpe-
THEro ypaBHEHUsI CHCTeMBbI (2) u mpeanosoxkenus z(t) < 0 mpu ¢ > 0 TakXKe CJIEIyer, YTO CJIydan
1) u 2) weBozmoxHbl. [TosTomy cymecrsyer uncao T > 0 rakoe, uro z(T') = 0.

Ilycts Teneps z(t) > 0 mpu Bcex t > 0. Torga u3 (3) caegyer [18], aro tlgcr)lo[x(t)]Q = 0. [Ipu sTom
U3 TpeThero ypasHeHust cucrembl (2) BbiTekaer cymecrsosanue T > 0, ayst koroporo z(T') = 0.

U3 ipuBeIeHHBIX PACCYKIEHU CJIeyeT CIPaBeJTHBOCTE CJIEIYIONIEr0 YTBEPK ICHNS.

JIEMMA 1. Jlaa aroboeo pewenus (x(t),y(t), z(t)) cucmemos (2), omauunozo om e€ anasumu-
weckoeo pewenus, Pynkyua z(t) 6eckoneunoe wucao pa3 MeHAem 3Hak npu t — +00.

C ucnosnbzosanuem jiemmMbl 1 B pabore [18] auist cucrembr Hoce-XyBepa jlokazana reopema, yrsep-
JKJIEHWE KOTOPO#i, KAK MOXKHO YyOEJAUTHCS, OCTAETCS CIIPABEJIUBBIM U JIJIA CUCTEMBI (2).

TEOPEMA. /Jlasa cucmemuv (2) cyuwecmeyem wucao r(a) makoe, 4mo awbas eé mpaekmopus c
nanasvrvmu darnvmu £(0)% + y(0)2 > 0 umeem npedeavnyro mouxy 6 muoscecmee {T,y, 2 1 2 =
0,22 +y* <r(a)}.

Tak kak cucrema (2) He uMeeT COCTOSHUI PABHOBECHS, TO U3 MIPUBEJEHHBIX PDACCY XK ICHUTT BbITE-
KaeT, 9To0 B Iorsomaroriem Muoxkectse 0 = {x,y, 2 : 22+ < r(a)} MoKeT coaepKaThCa ATTPAKTOD
9TOI CHCTEMBI, 3aBEIOMO OTJIUIHBI OT ¢ AHAJTATHICCKOTO PEIIeHnd. BacceiiHoM IPUTIKEHI 3TOT0
ATTPAKTOPA SABJISIOTCH HOYTU BCE MPOCTPaHCTBO R3. JlefcTBUTEILHO, YNCAEHHOE NHTErPHPOBAHME
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Puc. 1: Ilpoeknus arrpakTopa cucTeMbl (2) Ha NIOCKOCTD (T,Y).

cucremsl (2) ¢ a = 2 n navaubhbiMu yeaosusivu (0,2,0) Busyagusupyer XaoTudeckuii arrpakrop,
pe/ICTaBIeHHbIl Ha prucyHKe 1.

ITokazaremn JIsmymnosa sToro arrpakTopa A; = 0.3270, A = 0, A3 = —0.3580 n pasmepHOCTDH
Kamnana — Wopke Dgy = 2 + % = 2.9134.

3. KoHncrpyupoBanue cucteMbl ¢ 2-D moJjiocoii xaoTu4decKnx aTTpak-
TOPOB

Bamerum, aro cucrema (2) apiaserca cMmermaemoii mo mepemennoit y (variable-boostable system
[12]). Ilocnemmee 06CTOATENBCTBO TTO3BOJISIET CKOHCTPYHPOBATH CAMOBOCITPOM3BO/IAIIYIOCS CHCTEMY,
obsazaonyio 1-D mosocoit nAeHTHYHBIX ATTPAKTOPOB, IYTEM MOXO/AINEH 3aMeHbl ePEMEeHHON Y
HA MEepUOINIeCKyio (bYHKIHIO 9Toit mepemennoit [12-15]. Ilpoussenem B cucreme (2) 3ameny y —
tg(y). Cucrema

T = tg(y),
y = —x — arctg(502) tg(y), (4)
i= (18 ~ o

obmamaer 1-D mom0coi Xa0THIeCKNX aTTPaKTOPOB, (DPArMeHT KOTOPOI TIPeJICTaBIeH Ha PUCYHKe 2
(a = 2). ArTpakTops! Ha pucyHKe 2 uMeroT nokazaresu JIsmyrnosa (1.326,0, —1.329) u pasMepHOCTH
Kamnana-Topke 2.998.

Puc. 2: 1-D nosoca arrpakTopos cucremsl (4) (Mpoekius Ha MI0CKOCTH (Y, 2)).
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JTiobasi Touka TpocTparcTBa R | Kpome Touek, mpsambix Ly = {z,y,2 1 v = 0,y = 7k, 2z €
(—o0;+00), k € Z}, npunajyiexxur 6acceiiny IPUTAKEHUs OJHOTO U3 ATTPAKTOPOB, [IPE/ICTABIIEH-
HBIX HA pUCyHKe 2. 3amernm, uro cucrema (4) npu a = 2 nmeer 6ECKOHEYHOE YHCII0 AHAJIUTUIECKUX
pemennit x = 0,y = 7k, z = 2(0) — 2t,k = 0,4+1,£2,.... IIpu 5T0M YUCITE€HHBIM HHTEIPUPOBAHU-
eM, Harmpumep, MerofoM Pyure-KyTTa ¢ agamTupoBaHHBIM IIAaroM, yaaeTcs OOHAPYKUTH TOJBKO
pererne z(t) = 0,y(t) = 0,2(t) = z(0) — 2t . Ilpu uwnciennom uHTErpupoBaHun cucrembl (4) ¢
HadaapHbIM yeaoueM (0,7, 2) Bmecto pemenns x(t) = 0,y(t) = 7, 2(t) = 2 — 2t mocyre FOCTATOTHO
JUTATETBHOTO TIEPEXOAHOTO TPOTIECCa BU3YATUM3NPYETCS TAKOW ¥Ke aTTPAKTOP, KAK M MPH UHCIEH-
HOM WHTETPUPOBAHUU ¢ HadaJbHbIMU yesoBusivu (—0.87,2.91, —1.26). I'paduk nepexogHoro mpo-
1lecca 1Ipy YUCJIEHHOM MHTErPUPOBAaHUU ¢ HadaabHbIM ycaosueM (0,7, 2) Ha npomexyrtke [0, 1607]
npejcrapied Ha pucyHke 3. Ilpososkasi mporiecc 4nMCA€HHOrO WHTEIPUPOBAHUS, BU3YAJIU3UDPyeEM
XAOTUYECKUN aTTPAKTOP.

“

Puc. 3: T'paduk nepexomHoro npomecca mpu 9uC/IeHHOM HHTErPUPOBAHUN CUCTEMBI (4) ¢ HadaIbHbIM
yenosuem (0,7, 2).

s mocTpoerns cucTeMbl, o6aagaiomeii 2-D moocoii Xa0THIeCKnX aTTPaKTOPOB, BOCIOIB3YEM-
sl TIpUEMOM, TIpeJIozkeHHbIM B pabore [10]. st sToro 3amernm, uro Ha pemennn (x(t),y(t), z(t))
cucremsl (4) npu a = 2, npuHaJIEKAIIEM JIIOO0OMY aTTPaKTOPy, Clpaseannsa onenka |z(t)| < 10.
[TosTOMY MOXKHO BBIOJTHUTE TAKOE TIPeobpa3oBanue cucTembl (4), KOTOPOE OMHOBPEMEHHO CIBUTAET
BCE ee aTTPaKTOPBI B IOJYIJIOCKOCTh {Z,y,2 : z > 0} , U resepupyer ux KOMNHUIO, CHMMETPUIHYIO
OTHOCHTEIbHO 1ockocTn {x,y, 2z : z = 0} . B pesynbrare noayunm cucremy

& = tg(y),
y = —x — arctg(|50z| — 10) tg(y), (5)

&= ((tg(v))* — 7 7s) sien2).

®parment 2-D 1OM0CH ATTPAKTOPOB cUCTEMBI (5) TIPEACTABIEH HA PUCYHKE 4.

4. 3akJ/ro4YeHue

B pabore mocTpoena rimajgkast TpexMepHast obparnMas cucTeMa, 003 ar0Ias aHATATHIECKITM
peleHreM U MyJIbTH(MPaKTATbHBIM Xa0THIeCKAM aTTPaKTOPOM. Bacceiin npuTsKeHus aTTpakTopa
COJIEPIKHUT MOUYTH BCE TOUKH (DA3OBOTO HPOCTPAHCTBA, a €ro pasmeprocts Kammana-Topke 6im3ka
K 3. Ha ocHoBe 310ii cucTeMbl CTPOATCS MeracTabuIbHasi CUCTeMa, 00J1a/1afoMas CIeTHBIM YUCTIOM
Xa0THYECKUX aTTPAKTOPOB M AHAJUTHIECKHUX PEIICHWH, U3 KOTOPBIX TOJIBKO OJHO YIAETCs 00HAPY-
JKUTh YMCIEHHBIM WHTErprpoBaHueM. Biarogapst Haguuauio B cucreme (5) HenmHeitHocTn sign(z),
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Puc. 4: 2-D monoca arTpakTopos cncremsl (5) (IpoeKus Ha MIIOCKOCTE (Y, 2)).

WIocKocTh {x,y,z : z = 0} uHBApUAHTHA JIJIg TPAEKTOPHUH 3TO cucreMbl U pasjessger 06JacTu
MPUTSKEHUS €€ aTTPAKTOPOB, PACIOJI0KEHHBIX B HMOJAYILIOCKOCTAX 2z > 0 m 2z < 0. /Ilunamuka cu-
crembl (5) B wiockoctu {z,y, z : z = 0} onuchIBAETCA EPBBIME JIByMsI €€ ypaBHEeHUsIMU. BacceitHbl

MPUTSIZKEHUST aTTPAKTOPOB CHCTEMBI (5) MMEIOT JOCTATOUHO CJIOXKHYIO ¢TpyKTypy. [locmentee 06-

CTOATEJIBCTBO JeJIacT TIOTeHINAJIHFHO MHTEPECHBIM €€ MCIOJIB30BaHne B MHXKEHEPHBIX MTPUJIOZKEHMAX
HA OCHOBE Xaoca, HAIpUMep, s mudpoBanns n3obpazkenuit [6].
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