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XAOTUNYECKAA ONHAMUNKA B ®N3NYECKOW CUCTEME CO
CTPAHHbIM ATTPAKTOPOM TUMA CMEWA - BUJIbAMCA
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Capamoscruti puauan Hnemumyma paduomernuru u saexmponuku Poccutickot axademuu nayx
410019, Capamos, Poccus

IToctynuna B pemaknuio 11 aBrycra 2005 r.

I'Ipep,nomeHa N peann3oBaHa B 3KCNEPNMEHTE HEABTOHOMHaAaA HeNnHeliHas cucrtema, KOTOpas npu onncaHnm B

TEepMUHAX YeTbipexmepHoro otobpaxkenus [NyaHkape xapakTepusyeTcsi HanM4mem CTPaHHOro aTTpakTopa Tuna

Cwmeiina—Bunnbsamca. Cncrema noctpoeHa Ha OCHOBe ABYyX CBsi3aHHbIX ocuuansaTopos Ban-gep-lons, y koTopbix
XapaKTepHble 4aCTOTbl Pa3/MHalOTCs BABOE, a MapaMeTp, ynpaensoownuii budypkaunei poxxaeHuns npegenbHo-
ro UMK/Ia, NOLBEPraeTcsi MeA/IEHHOMY NEepUOANHECKOMY N3MEHEHUIO B 0DOMX OCLMANATOpax B npoTmBodase,
Tak 4TO peanusyercs 3cTadpeTHasi nepefada BO30YKAEHUS OT OLHOro OCUM/IATOPA K APYrOMY MO O4Yepeau.
KayecTBEHHO MOSICHAIOTCA MexaHN3M (DYHKLVOHMPOBAHNS CUCTEMbI 11 MPUYMHbI BO3HUKHOBeHMUs1 xaoca. Cdop-

MynupoBaHa cuctema aundgepeHLmnanbHbIX YPaBHEHNI 1 NPUBOAATCS AaHHbIE YNCIEHHbIX PACYETOB, NOATBEp-

XKAawwne Haanm4me XaoTu4eCKoro aTTpakTopa. BbinonHen 4ncnenHo Tect Ha rVII'Iep6011VI‘-IHOCTb, OCHOBAHHbIA

Ha CTATNCTNHECKOM aHaNn3e pacnpeneneHnsa yrinos Mmexay yCTOﬁ‘-IVIBbIM n HeyCTOﬁ‘-IVIBbIM noanpoCcTpaHCTBamMun

BEKTOPOB BO3MYLLEHNSA XaOTN4eCKOi TpaekTopunnm. npep,CTaBJ'leHbl JKCNEPMMEHTA/IbHbIE Pe3yNnbTaTbl NCCne0Ba-

HUA CUCTEMbI, OEMOHCTPUPYOLWNE KAHYE€CTBEHHOE COOTBETCTBME C pPEe3ysibTaTaMN HUCAEHHOro MoAesinpoBaHns.

PACS: 05.45.-a
1. BBEJEHUE

Maremarudeckasi TEOPUsS JUHAMWYIECKOTO Xa0Ca B
HEJIMHEHHBIX CUCTeMAaX, 0a3UPYIOMAsCs HA CTPOIOM aK-
CHOMATHYECKOM (DyHIAMEHTe, UCHOIb3YeT KOHIEIIIUIO
runepbonuaaocTH [1-7]. DTO mOIPA3yMeBAET, UTO BCE
CYILIECTBEHHbIE TPAEKTOPUH B (Ha30BOM ITPOCTPAHCTBE
JAHAMUAYECKOU CUCTEMbI UMEIOT CeJlJI0OBOM THII, C XOPO-
10 OMPEIEIeHHBIMA MMOANPOCTPAHCTBAMHU YCTONIUBBIX
¥ HEYCTONYIUBBIX HAMIPAB/IEHUN B OKPECTHOCTU TPAEKTO-
puu. Lunepbosimyeckue CUCTEMBI JIUCCUIIATHBHOINO TH-
ma, B KOTOPBIX JWHAMHUKA COMPOBOXKIAETCS CZKATHEM
dazoBoro obobema, JEMOHCTPUPYIOT CTPAHHBIE ATTPAK-
TOPBI C CUJIbHBIMU XaOTHYECKUMU CBoficTBaMu. B yueb-
HUKAX ¥ MOHOTPa(UAX [0 HEJUHEHHON JUHAMUKE PH-
Mepbl TUnepOOIMIeCKUX ATTPAKTOPOB IIPEICTABJIEHBI
HUCKYCCTBEHHBIMU MATEMATUIECKUMU KOHCTPYKIUSMU,
rakuMu Kak arrpakrop [libikuaa u conenony Cwmeii-
na—Bubamca [1-8].

Arrpakrop Cwmeitna—BuibsiMca umeer Mecro B MO-
JOeJbHON IUCCUNATUBHONW IWHAMUYECKOU CHUCTEMe, 3a-

*E-mail: spkuz@rambler.ru

JaBaeMoit 0TOOpaKeHneM TpexMepHoro (ha3oBoro mpo-
crpaucrBa B cebsa (puc. 1). PaccMorpum TpexMepHyIo
obmacts B ¢dopme Topa (puc. la). Ilpencrasiss ero
JITsl HADJISIIHOCTH KAK PEe3WHOBBIN OyO/IMK, pacTsHeMm
€ro B JJIVHY, CJIOKMM BJIBO€ W BJIOKUM B HCXOIHBIN
Top (puc. 16). Yrobbl OH TaM IIOMECTUJICS, IPUXOIUTCS
[IPEAONIOKNATH, 9YTO B XOJIE IPOIELYPhI ILIOMIA/b TOIe-
PEYHOro cevdeHus: coKpalaercs bosee 4eM B JBa pasa,
T. e. 001t 00beM DyOIIMKA YMEHbITAETCs (JAUCCHITATHB-
nocts). Ha puc. 16 nokasano, Kak BbIrasauT obpas uc-
XOHHOIO TOpa MOCHEe JABYX HTePAIuii 0TODpaKeHus, a
Ha puc. le — nmoyvaomuiics B mpeaese O0IbIIOr0 Iuc-
sa 1raros cojeroun Cwmeitnia—Bunbsamca. [Tomepedroe
cedeHre 00bEKTA B IPOIIECCE TIOCTPOCHUST UMEET BUJI OJ-
HOTO, 3aTE€M JIBYX, 9€THIPEX, BOCBMHU U TaK JaJjee KPy K-
xoB. QdepeaHOi mMIar MOCTPOEHUS COCTOUT B TOM, UTO
BHYTPHU KaXKJIOIO KPYKKA BBIIEIAIOTCS JBE 0DJIACTH B
dopme KpyKKOB MEHBIIIEr0 Pa3Mepa, KOTOPHIE OCTABJIs-
IOTCsT JIJTsT CJIEIYIONIErO Iara, a BCe OCTAJIbHOE MHOKE-
cTBO mMCKIio4Uaercs. Takum obOpa3om, B mpeaesne 00Jb-
IIIOr0 YHCIa MIAroB (POpMUpyeTcs mnomepednas (pak-
TaJIbHAS CTPYKTYPA aTTPAKTOPA, AHAJOTUIHAS KAHTO-
DPOBY MHOKECTBY.



Puc. 1. lMocTpoeHune aTTpakTOopa 0TObpaXkeHUsi TpexMepHoro asoBoro npoctpaHcTea B cebsi. Obnactb B hopme Topa (a)

pacTArMBaloT B AJINHY, CKIaAbiBalOT BABOE, OKUMAIOT B MOMNEPEHHOM HAMpPaB/IEHUM U BKIAAbIBAlOT BHYTPb NCXOLHOIO TO-

pa (6); 6 — 0bpa3 ncxogHoro Topa nocne AByx nTepaunii otobpaxerus, 2 — conenoug Cmeiina — Buabsmca, nonyyatowniics
B npeaene 6onbWOro Yncna waros nTepayuii

T'unepbonudeckne cTpaHHBbIE ATTPAKTOPDI, IIPE-
CTABUTEJIEM KOTOPBIX siBisiercs cosenons, Cwmeii-
ja—Bunbsamca, sBISIOTCA, KaK [JOKA3aHO, T'PyOBIMEU
(crpykrypro ycroitausbivu) [1-5]. I'pybocrs o3nagaer
HEYYBCTBUTEIBHOCTD XapPAKTEPA IBUKEHUN U CTPYKTY-
PbI B3AaUMHOTO PACIOJIOKEHNUS TPASKTOPHil B (pa30BOM
[IPOCTPAHCTBE II0 OTHOIIEHUIO K BAPHUAIMU ypaBHE-
HUll, 3aJa0MUX [IUHAMUKY CHCTeMbl. B gacrHOCTH,
KAQHTOPOBA CTPYKTypa CTPAHHOIO TUIEPOOIMIECKO-
IO aTTpakTopa CcoxpaHsiercss 0e3 Oumdypkammii, 1o
KpaiiHeli Mepe, MMOKA BapUallud HE CJIMIIKOM BeJIUMKH.
[lTokazarens JlamyHoBa, OTBETCTBEHHBIM 3a Xapak-
TEPHYIO JIJTsi Xa0Ca YyBCTBUTEJBHOCTH TUHAMUKK IO
OTHOIIEHUIO K BO3MYIIEHUsIM HAYAJIbHbBIX YCJIOBHIA,
3aBUCAT OT NapaMeTpoB TaikuM obpasom (6e3 mpo-
BAJIOB B OTPHUIATEIHHYIO O0JIACTh, MPHUCYTCTBYIOIIUX
OOBIYHO B CJlydae HernnepboIudecKoro arrpakTopa).

[Ipencrapasercs:, OMHAKO, YTO MATEMATHIECKAS TEO-
pus rurepboInIecKoro Xaoca HUKOrIa He ObLIa prMe-
HeHa yOeauTeTbHO K KAKOMY-JTH00 (pU3HMIECKOMY 00b-
€KTy, HECMOTPsI Ha TO YTO €€ KOHIIENIIWK CILJIONIb U Psi-
JIOM TIPUBJIEKAIOTCS [IJIsT HHTEPIPETAIUN XAOTUIECKOTO
[OBEJIEHUST PEATTUCTHIECKUX HEJIMHEITHBIX CHCTEM.

C apyroii CTOPOHBI, MIUPOKO UCCIeayeMbie (hU3mde-
CKU MOTHWBHUPOBAHHDBIE HEJIUMHEHHBIE CHCTEMBI CO CJIOMK-
HOI JMHAMUKOI, HAIpUMEDP, XaoTU4YeCKue aBTOreHepa-
TOPBI, HEJMHEWHDBIE OCHUJISTOPHI C MEPUOIUIECKIM
BHEITHUM BO3/eHCTBUEM, MOIEIb Pecciepa u ap. He OT-
HOCSTCS K KJIACCY CUCTEM € TUIIEPOOJNIECKUMEI ATTPAK-
ropamu [7-10]. Kak npasuio, nabionaempiii B HUX Xa-
OC CBsI3aH C TaK HA3BIBAEMBIM KBA3HMATTPAKTOPOM, KO-
TOPBIA HAPSY € XAOTUIECKUMU TPACKTOPHUSIMU BKJIIO-
qaeT TaKyKe yCTOMYIUBBIE OPOUTHI DOJIBIIOrO MEPHOIA.
(TTocneauue OOBIYHO HEPA3IUIUMBI IPU YUCIEHHOM De-
IIeHUN yPABHEHWI HA KOMIIbIOTEpE U3-3a y30CTH 0ac-
ceitnoB npursizkerus.) CTporoe MareMarudeckoe OIlu-

caHue KBa3WATTPAKTOPOB OCTAETCS HEPEIIeHHON Mpo-
61eMoit, XOTS B (PU3NIECKUX CHUCTEMAX HETHIepOOIImd-
HOCTB 3P HEKTUBHO MACKUPYETCsT B CUJIY MMPUCYTCTBUS
mryma. B mozgesnn JIopenna B onpenesnennoit obiacru ma-
paMeTpOB XaOTHUYECKUil aTTPaKTOp, KaK JOKa3aHO, 00-
JIAJAeT OCHOBHBIMU CBOWCTBAMY TUIEPOOIMIECKUX aT-
TPAKTOPOB (C OrOBOPKAMHU, KACAIOUIMMUCH HADYIIEHUS
B HEKOTOPBIX JETA/IsIX AKCHOMATHYIECKHUX ITOJIOZKEHMI
runepOoIMYecKOil TeOpUn), U IUHAMUKA XapaKTepu3y-
ercs Kak KBazurunepoosmueckas [11, 12].

W3BecTHO HEMHOrO TEOPETWYECKUX PAbOT, B KOTO-
PBIX 00CYZKIAIOTCS TPUMEpPHI TUIepO0JInIecKoro Xao-
ca B CHCTeMaX, ONUCbIBaeMbIX JuddepeHnmanbHbIMu
ypasuenusimu. B pabore [13] paccmorpena mexanude-
CKas CHCTEeMa, HA3BAHHAS <«TPOWHBIM COETUHEHWEM>,
KOTOpas B OTCYTCTBHE TPEHHs JIOMYCKAET OMUCAHUE
B TepMHHAX OPOUT HA MOBEPXHOCTH OTPUIATEIBHOM
KPUBU3HBL. B auccunaruBHOM cirydae npu 100aBI€HAN
00paTHOI CBA3U ITO AOJIKHO MPUBOIUTH, KAK OXKWTAET-
Csl, K BOBHUKHOBEHHUIO I'HUIIEPOOIMYECKOrO Xa0TUIECKO-
ro arrpakropa. B pa6ore [14] ckoHCTpyHpOBaH HCKYyC-
CTBEHHBIN MPUMEP MOTOKOBOW CHCTEMBI C TPEXMEPHBIM
¢da30BBIM IPOCTPAHCTBOM, HMeoIel B cevennn Ilyan-
kape arrpakrop Ilibikura. 9roT npumep, 0HAKO, BbI-
TJISIUT CJUIIKOM CJIOXKHBIM, YTOOBI MOYKHO OBLIO TOBO-
PUTH O BO3MOYKHOCTH €r0 Peaju3aiuy B (PU3UIECKO
cucreme. Hakonen, B pabore [15] upuBoaurcst aprymen-
TaIWs B MOJIB3Y CyIIeCTBOBaHUs aTTpakTopa [lnpikuna
B ceuennu [lyankape TpexmMepHOil TOTOKOBOH CHCTEMBI,
MOTHBHUPOBAHHON IpobieMaMy HEHPOINHAMUKH.

B macrosmeii crarbe MBI TIPEIJIAraeM MPOCTOM
¥ MPO3PadHbI mpuMep (PU3NIECKONl HEABTOHOMHOM
CHCTEeMbI, KOTODasi, KaK MOYKHO I[IPEJINOJOKUTh Ha
OCHOBAHUU MPEICTABIEHHBIX KAYECTBEHHBIX COODparKe-
HUM W 9UCTEHHBIX PAcdeToB, O0MAIAET TUIEePOOTImIe-
CKMM CTDAHHBIM arrpakTopoM. Ilpu onucanuu B Tep-



MHHAX CTPOOOCKOMUYIECKOro oTobpazkenusi Ilyankape
9TO aTTPAKTOpP TOro Ke BHAa, 4To cosjenons Cwmeii-
J1a— BujibsiMca, BJIOKEHHBIH B dYeTbIpexMmepHoe (a He
rpexmepuoe) $HazoBoe IPOCTPAHCTBO.

2. CXEMA ¥ IPUHINII JEVCTBUSA
CUCTEMBI HA OCHOBE CBSI3BAHHBIX
TEHEPATOPOB BAH-IEP-IIOJISI

Ob6parumMmcst K MOKA3aHHOW HA PHUC. 2 CXeMe pa-
JIMOTEXHUYIECKOr'0 YCTPOWCTBA, KOTOPOE MPEeJCTABJISET
co00#1 HEABTOHOMHYIO KOTE€0ATEIbHYIO CHCTEMY, CKOH-
CTPYHMPOBAHHYIO HA Ha3e IBYX MOACUCTEM — OCIUJLIS-
topos Ban-nep-Ilosis ¢ xapakTepHBIMU 9aCTOTAMU Wy U
2wp. Kaxpiit U3 IByX OCHMIIISTOPOB COMEPZKUT KOJIe-
OaTebHBIN KOHTYP, OOPA30BAHHBIN KATYIIKOW WHIYK-
TUBHOCTH L1 2 W eMKOCTBIO, COOTBeTCTBEeHHO, (] 2, TaKk
910
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Orpunaresnsaoe conporusienue (—Ry ») BHOCHTCH Clie-
IMAJTHLHBIM 3JIEMEHTOM Ha OCHOBE OMEPAIMOHHOTO yCH-
JIUTENIsI, TPUIeM BeJIUYUHY OTPUIATETHHOTO COMPOTHB-
JIEHHSI MOYKHO CUATATh MPAKTUIECKU IIOCTOSHHON B pa-
0oUeM MHTEpBaJIe HANPSKEHNH IPU KOIeDAHUAX B KOH-
typax. Henuneiinas mpoBOANMOCTD, 00ECITEINBAIOIIA
yBeJIn4YeHre MOTePh SHEPIUU ¢ POCTOM aMIJIUTY/IbI KO-
slebaHuil, BBOAUTCH 3JI€MEHTOM, COCTABJIEHHBIM U3 IIO-
JIYTIPOBOJTHUKOBBIX JUOJIOB B BUJE ABYX MapasljIeIbHO
COEIMHEHHBIX BETBEl C MPOTUBOIOJIOKHBIM HaMpaBJe-
HueM mpoiryckanus Toka. [lomeBoit Tpan3ucTop BHOCHT
B KOJIEOATE/IHbHBIN KOHTYD MPAKTUIEeCKU JTHHEHHYIO MO~
JIOJKUTETHHYIO TPOBOJIUMOCTD, BEJTMYIMHA KOTOPOU pery-
JIIPYeTCs HANPIKEeHNEM, IOJABAEeMbIM Ha 3aTBOD TPAH-
3UCTOPA. DTO HANPSZKEHUE MEJJIEHHO U3MEHSIeTCS BO
BpeMeHH, coBepiias konebanus nepuoga I’ = 2w N /wo,
rae N — mesioe 9uciio, nmpudeM Ha OJHOM MOJIyIePHO-
Jie 3TOrO MPOLECCa IMEePBbId OCHUIIIATOD HAXOIUTCHA B
pekuMe reHepanuu KojgedaHuil, a BTOPOM — MO IMO-
porom rereparnmu. Ha crenyromeM momymepuosie OHA
MeHAITCS ponsaMu. IlepBoIit reHepaTop geicTByer Ha
BTOPOI MOCPEICTBOM HEJIMHEIHOTO KBQIPATUIHOTO dJIe-
merTa Aj . [IpousBoauMast Ipu 3TOM BTOPast FaPMOHUKA,
CUT'HAJIA CIIY2KHUT 3aTPABKOM JJ1s BOSHUKAIOIIUX KOeba-
HUN BTOPOIr'O OCHUJLIATOPA B AUAIA30HE 4acTOT BOJIN3U
2w, KOTJIa OH BBIXOJIMT 3a TOpOr TeHepanuu. B cBoio
o4depe/ib, BTOPOI reHepaTop AecTByeT Ha IePBbIi I10-
CPEJICTBOM HEJIMHEHHOro 3mementa As, ocyinecrsiisio-
Iero CMeIIeHne MOCTYMAIONIero CUTHAIA W BCIIOMOTa-
TEJIBHOI'O CUTHAJIA HA d9acTore wo. Ipm srom mnossiis-
eTCsl COCTABJIAIONIAs HA PA3HOCTHON YacTOTe, KOTOPAs

[OMAJIAET B PE30OHAHCHBIN JIMAITA30H JIJIsi [IEPBOTO OC-
MAISATOPA U CIAYKUT 3aTPABKOW, KOT/Ia OH HAYUHAET
remepupoBarh. Takum obpa3oMm, 06a OCIUIIISATOPA, CO-
CTABJIAIONINE CXEMY, 10 OY€pejiy IIePeJAIT BO30YKIe-
HU€ OJUH JPYTOMY, YTO MOZKHO OXapPaKTEPU30BATh KaK
scTaheTHBIA MEeXaHU3M.

Tlosicanm, mogemy cxema (PyHKIMOHUPYET KAK TeHe-
parop xaoca. [Ipearonoxum, 910 HA CTAJIUN TeHEPALUH
IEPBOrO OCIUJLIATOPA, €ro KOjebDaHus MMEIOT HEKOTO-
pyio dazy ¢: Uy o cos(wot +¢). Curnan U na BbIxoge
HEJIMHERHOTO j1eMeHTa A COIEPKUT BTOPYIO FAPMOHM-
Ky cos(2wot +2¢) u ero dasza pasua 2¢. Korga mosyrme-
PHOJI, 3aKAHYINBAETCS ¥ HAYMHAET T€HEPUPOBATH BTOPOIt
OCHUILIATOD, BO3HUKATOIINE Koslebanus nepemennoit Us
MoJIyJaloT Ty ke camyio dasy 2¢. Biaronaps cmere-
HUIO 9TUX KOJIEOAHU CO BCIIOMOTATE/IHLHBIM CUTHAJIOM
YaCTOTBI Wy HA HEJIUHEHHOM 3djeMeHTe A, y/IBOeHHAs
da3za mepemaercss B MCXOMHBIN YaCTOTHBIM IMAITA30H.
Taxum 00pa3oMm, Ha HOBOH cTaauu BO3DYKICHUS TEP-
BOI'O OCHUJLIATOPa OH momyduT ¢asy 2¢. OdeBumno,
3HadYeHus Pa3bl IEPBOIO MEHEPATOPA HA MOCTEYOIUX
CTagudaxX JAl0TCd, MO KpaiiHell Mepe B ONpeaeeHHOM
MPUOINKEHUN, OTOOPAKEHUEM BHUIA

Ont1 = 2, mod (27). (1)

Kak w3BecTHO, AWHAMHKA, OIMUCHIBAEMAsi STHM OTOD-
PaKeHWeM, XAOTHYHA. OIDTO XOPOIIO W3yIeHHBIN
upumep xaoca, orobpazkenue «3y6 nuibl» (saw-tooth
map) [1,4,6,7]. B wacrHocru, miasi HEro Jierko ycra-
HOBUTH NPUCYTCTBHE HEYCTOWYWBOCTH JIBUZKEHUS [0
OTHOIIIEHUIO K BO3MYIIEHUIO HAYAJIBHBIX YCIOBHUM,
SIBJISIONIEHCS  OCHOBHBIM ~ XaPAKTEPHBIM — aTPUOYTOM
XaOTUIECKOM AuHAMUKN. B camom fesie, 3 ypaBHEHUsT
(1) oueBUAHO, UTO HA KAZKJOM IlIare UTEpalyil MaJjoe
BO3MYIIEHUE MCXOIHOINO COCTOSTHUSI BO3PACTALT BIBOE.

Byaem paccmarpuBaTh AMHAMEUKY HaImeil cucre-
MBI JIBYX B3aUMOEHUCTBYIOMIUX OCIULIATOPOB CTPOOO-
CKOIMYECKH, OTCIIEZKUBAS IMCKPETHYIO MOCIIEI0BATE b=
HOCTh MIHOBEHHBIX COCTOSIHUN € MEPUOJOM BHEIIHE-
ro BoszeiictBua 1. @opmaabHO TOBOpPsi, TAKOE OITHCA-
HU€ CBOIUTCSA K UTEPAIUSIM HEKOTOPOTO OTOOPAKEHUsT
9eTBIPEXMEPHOIO IPOCTPAHCTBA B cebs. lelicTBuTesb-
HO, MTHOBEHHOE COCTOSIHHE CHCTEMbI OPEIe/ISeTCs Ha-
OOpPOM HEeTHIPEX TEPEMEHHBIX, XapPAKTEePU3YIOMNX Ha-
NpsizZKeHWe W TOK B 00OMX KOIeOATETbHBIX KOHTYpax,
V = {U1,1,Us,I>}. Eciiu B HEeKoTOpbIii MOMEHT Bpe-
Menu t = nT' 3aman BekTop V = V,, TO IUHAMHUKA
CHCTEMbI OJIHO3HAYHO OIPEJIETUT 9TU K€ MePEeMEHHbIE
yepe3 nepuoy Bosueiicrsus: V11 = F(V,).

B derbipexMepHOM MPOCTPAHCTBE COCTOSHUNA Ha-
npasjienue, cBsizaHHoe ¢ (a3oil p, oTBeYaer pacIiu-
DEHHIO, a TPU OCTAJIBHBIX HAMPABIEHUS — CXKATHIO.
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Puc. 2. Cxema ycTpoiicTBa Ha OCHOBE [BYX CBsi3aHHbIX nogcucrtem — ocuunnaTtopos Ban-gep-lons ¢ nepnogunyeckn mens-
oW Muncst napamerpamun, — obnagatowas cTpaHHbiM aTTpakTopom Tuna Cmeiina —Bunbsmca (Cm. nosicHeHusi B TekcTe)

Warepnperupysa neiictBue CTPOOOCKOMHIECKONO OTOD-
paxenus V,y1 = F(V,) reomerpuuecku, Mbl MO-
JKeM BOOODA3UTh BJIOKEHHBIH B YeThIPEXMEPHOE IPO-
CTpaHCcTBO TOpou/, (UPMO€ IPOU3BEAECHIE OJHOMEPHOMN
OKDYZKHOCTH W TPEXMEPHOTO IMapa) W CBA3aTh OIHY
WTEPAINIO OTOOPAYKEHUs C TPOJOIHHBIM PACTIKEHUEM
Y [IOIEPEeYHbIM CZKATHEM 3TOr0 00beKTa, BKJIAIbIBAEMO-
I'0 3aTeM JBaK/Ibl CJIOZKeHHBIM BHYTPb UCXOIHOI 0bJac-
TH. 9TO TOYHO COOTBETCTBYET KOHCTPYKIMK ATTPAKTO-
pa Cwueitna—Bunbsamca. Takum 0bpa3om, MOXKHO mpej-
[TOJIOKUTh, 9YTO B JAHHON CHCTEME Deajn3yercs CUIep-
OommuecKuit xaoTudeckuii arrpakTop. Jlagee MbI mpe-
CTABUM YHCJIEHHBIE PEe3YIbTATBI, CBUIETEIbCTBYIOIIHE
B IIOJIB3Y 3TOT'O IIPE/IITOJIOZKEHUS.

3. CUCTEMA IU®PEPEHIIMAJIBHBIX
VPABHEHUN

CocraBuM cucreMy ypaBHEHUI, OIUCHIBAIOIIMX /M-
HAMUKY TIpejjiaraeMoii cxeMbl. s KayKaoit moacucre-
MBI 3amucbiBaeM ypasHenne Kupxroda, Bbipazkaromiee
PaBEHCTBO HYJIIO CyMMAapHOTO TOKA B MapPaJlJIeIbHBIX
BETBAX CXEMBbl, I YpABHEHUE, CBA3BIBAIOIIEe HAIpAZKe-
HHUE U TOK 4Yepe3 KATYHIKy WHIYKTUBHOCTH:

dU, Uy
bt T A
Ch 7 + 1 7 + f(Uy) +
wot
+ U, <91 — kiacos W()) =0,
dI
le_tl :U1 -f-lﬁ}zUz COS(JJOt,
(2)
dUs U,
=2, - 22
Cy o T8 R2+f(U2)+

t
+ Us (92 + koa cos WWO) =0,

dl,
LQE - U2 + F\‘le12.

B stux ypasuenusx bynxuusa f(U) ~ aU + fU? xa-
PAKTEPHU3YeT 3aBUCAMOCTb TOKA OT HANPSYKEHWS IS
HEJIMHEHHOTO 3JIeMEHTA, COCTABJIEHHOTO U3 Oy TPOBOJ-
HUKOBBIX IHMOIOB, K12 — KO3(PUIUEHTH Iepeiadu B
HENsX, 00ECIIeIMBAIOIINX CBA3h MEYKY ABYMS TTOICHC-
TeMaMu, MHOXKHUTENb ¢ + ka cos(wot/N) orBedaer mpo-
BOJIMMOCTH, BHOCHMO} B KOHTY]D IOJIEBBIM TPAH3HUCTO-
POM IPY HAJIMYMY IIEPEMEHHOTO HAIPSZKEHUS Ha 3aTBO-
pe tacos(wot/N).
C ucnonp3oBanneM 6e3pa3MePHBIX IEPEMEHHBIX

(JJgt T U 67Tﬂ 1/2
T = —— =
27‘(’7 ! OJ()Cl ’

673 1/2 37 1/2
= = I
y="0 (woCZ)  IER <2W3023)

¥ IapaMeTpoB

A = 2rkia _ 2mkaa
te UJ()Cl ’ wocz ’
2 1
hi = — —a—
1 chl (Rl e gl) )
oo 2 (1 (4)
2 wOC’2 R2 LY
1=K woClz =K 9
1= K1 67505’ 1 2 C

OPUXOJAUM K CJIeJIyIOlleil cucreMe ypaBHEHUN:

2 1
T+ 27w — <h1+A1COS%>JJ+§x3:O,

G = 2m(x + 2y cos 27T), )
2rr 1

J+ 4o — [ hy — Ay cos 2L Syt =

Y+ 4mv <2 2 COS N)Z/"‘gy 0,

O = 4n(y + e12?).

Kaxknas u3 1Byx mozmcucreM OMUCHIBACTCS AP0 ypaB-
HEHUH [IepBOro nopdaaka, JOIyCKAIOIend pe/icTaBjieHue
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Puc. 3. Tunuynbie 06pasLpbl BpeMeHHON 3aBUCIMOCTY /151 NepeMeHHbIX T (YepHble IMHIN) 1 y (Cepble ANHNUM), NONYHEHHO
13 YUCIEHHOrO peluenuns ypaeHeHnii (5) pna N =8, Ay = 1.5, A, =6, &1 =¢e2 = 0.1, hy = hy = 0; a — ogHa peanusauns,
6 — nopsipka LECSITU HANIOXKEHHbIX APYr HAa Apyra peanm3aunii — y4aCTKOB OLHOrO 1 TOro XKe CMrHana

. . 6’
X/21 a X121 a2 i 6

P +1 //’ /

7] 0, 3n/2

Puc.4. Tloptper aTTpakTopa B NpoeKkuMn Ha MJOCKOCTb AUHAMUYECKNX NEPEMEHHbIX nepsoro ocuuanstopa (z,z) (a),
cTpobockonmMyeckoe ceveHme aTTPakToOpa ANs NOCNEef0BAaTENbHOCTM MOMEHTOB BpemeHn 7, = nlN (6) m amnupnyeckas
AMarpaMma, rge no ropu3OHTasbHOM U BEPTUKANLHON OCAM OTNOXKEHbl 3HaveHus asbl NEPBOro0 OCUMANATOPAa B nocie-

[OBaTe/IbHble MOMEHTbI BPEMEHU Tn U Tn+1 (6). 3HadeHus napamerpos N = 8, A; = 1.5, A2 = 6, ¢1 = e2 = 0.1,
hi =h2=0
B Buje ypaBHenus Bawn-mep-Iloms ¢ m3meHsSoONMuMucs pasHa 27 (4ro coorBercrByer nepuosy At = 1), a Bro-
BO BpeMmenu kodddunuenramu. Junamudeckue mepe-  poro — 4m. Muoxkurens hy o + A 2 cos(2r7/N) npen-
MEHHbIE T, 1 OTBEYAIOT IEPBOMY OCHUIATODPY, & Y, U — CTaBJIgeT MEJJIEHHO OCHUJLIUPYIONU BO BPEMEHU Ia-
propomy. C yd4eroMm HCHONb30BAaHHONW HOPMUPOBKHU Xa-  paMeTp, yupasidionmii oudypkaupeil poxKIeHus UUK-

paKTepHad KpyroBas dYacTOTa IEePBOTO OCHUIIATOPA Jla B OJTHOW W JIPYTO# MOJICUCTEMAX.



4. XAOTUYECKU ATTPAKTOP B
MATEMATHUYECKOM MOJEJIA

Ha puc. 3 moka3aHbl TUIUYHBIE 00Pa3Ibl BPEMEH-
HBIX 3aBUCUMOCTEH TIEPEMEHHbIX & U ¥, MOJIyIeHHBIX
U3 YUCJIEHHOrO peluenus ypashenuii (5) meronom Pyn-
re—Kyrra mpu N = 8 u 3HadeHUAX MMapaMeTpPOB
A1 = 1.57 A2 = 6, €1 = &9 = 0.1, h1 = h2 = 0. Ha aua-
rpaMme puc. 3a MpejcTraBieHa OJHA PeATu3alys, a Ha
auarpaMmme puc. 36 — HaOOp HPUMEPHO U3 JIeCATKA Pe-
aIM3aIUi, OTBEYAIONINX MTOCIEI0BATEILHBIM YIaCTKAM
OJIHOI'O | TOTO 2Ke rerepupyemoro curaana. Ha puc. 3a
BHJIHO, YTO HMEET MECTO MOOYepEeIHOe BO30YZKIeHUEe
nepBoro (4YepHas KpuBas) W BTOPOro (cepasi KpuBasi)
OCIWJLIATOPOB; BO30yZKIeHNE KaK ObI 1O 3cradere mme-
PeIaeTcst Mo 09epeid OT OAHOIO OCHUILIATOPA K JIPYro-
my. Ha puc. 36 MOXKHO cearh Ha BU3yaJbHOM YPOBHE
3aKJII0YeHre O HelepHOANIHOCTH nporiecca. bosee Tima-
TEJIbHBIN AHAJIN3 TIOKA3bIBAET, YTO HA CAMOM JIeJIe UMe-
€T MEeCTO Xa0C, KOTOPBIA MPOSIBIAET CeOsi B CIIyIaiHOM
CMEILEHUN MAKCUMYMOB U MUHUMYMOB (byHKIWI & (t) u
y(t) orHOCKTENLHO Orubaroeil reHepupyeMbix Koeha-
HUN HA [OCJIEIOBATEbHBIX CTA/IUIX BO30YZKICHUS OC-
UJIIATOPOB.

Ha pwuc. 4a noka3an (a30BbIit MOPpTPET aTrTpakTopa
B IPOEKUMHU HA [JIOCKOCTb nepeMeHsbix (z,&). Ha aua-
rpaMme puc. 46 Ha TOW Ke ILIOCKOCTUA OTJIOZKEHBI TOY-
KU, OTBEYAIOIINE MOCIEI0BATEIHHOCTH MOMEHTOB BpE-
MeHU T, = nN, T. e. IPEJCTABICH HOPTPET ATTPAKTOPA
B cTpobockonmieckoMm cedennn. Ha puc. 46 npuBegeHa
SMIUpPUYIECKAS AuarpaMma, st (a3bl TEPBOrO OCIIUII-
JISITOPA, TJe 10 TOPU30HTAJHHOM OCH OTJIOKEHA, BETUYIHU-
Ha (Da3bl, OTHOCAIIAACT K MOMEHTY BPEMEHH Ty, & IO
BEPTHUKAJIN — K MOMEHTY BPEMEHH Tj41. Pa3bl onpese-
JISIIOTCST TIOCPEICTBOM COOTHOITIEHST

" < 1 x)
arctg | ——— |,
2r

Kak BugmHo Ha puc. 46, oTobOpazkeHne A7 (pashbl TOIOIO0-
rudecku 3KBuBajenTHo coorHomenuto (1). (Hekoropbie
UCKAZKEHWs] BO3HUKAIOT W3-3a HETOYHOCTU KAYECTBEH-
HBIX pacCyzKenuii npu BoiBoge (opmyJint (1), a Takke
caMoro ompe/jiesenus (a3bl; COOTBETCTBUAE CTAHOBUTCS
JIydIie Ipy OOIbINUX OTHOIIEHUAX 1epuogos N.)

s Bpramciienusi mokasareseii JIsmyHnosa ¢ momo-
mpio agropurma Bewerruna [16,17] nposoauiock oi-
HOBPEMEHHOEe pelieHue ypaBHenuii (5) u derbipex KOM-
[JIEKTOB JIMHEAPU30BAHHBIX YPABHEHUHN I BO3MYIIE-

0.5 1.0 1.5 2.0

—20

Aq

Puc.5. lMonyyenHsbie yncnenHo nokasarenn Jlsinynosa

CTpPODOCKONNYECKOrO 0TODparkeHnst B 3aBUCUMOCTY OT

napamerpa Ay npu N =8, Ay =44, e1 =¢e2 =0.1,

hi1 = h2 = 0. Hanbonbwunii nokasatens ocTaercs no-

4T NOCTOSAHHbIM BO BCEM WHTEpPBane r|/|nep60m/|HHo—

CTN N Haxo4nTCAa B XOpowem COOTBETCTBUU C OLI'eHKOﬁ
A1F31n2

. 2
T =27t —2%% + (h1 + Aj cos %) z,

U =27 (T + eay cos 27T) ,
. 2rr @
g = —410 — y’§ + (h2 — As cos W) 7,

v = A7 (§ + 2610F) .

I[To xomy pemienusi Ha KayKIOM IIIare CXE€Mbl WH-
TerpUpOBAHUST BBITIOTHSIACH OPTOTOHAJTABAIINS
I'pama—IlIMmuara w HOpMANM3AIMA [Jisi  YIETHIPEX
BEKTOPOB, OLPEIEIsINCh CPEAHIEe CKOPOCTH POCTa HJIK
YMEHBIIIEHUsS] HAKAIIUBAIOIINXCA CYyMM JIOTapudMOB
HODM BEKTODOB BO3MYyIIeHHUs (HOCJIEe OpPTOrOHAJIN3A-
nuy, HO mepen HopMasm3aumeil). OueBugHO, YeTbhIpe
moka3aress JIsmynosa ayia auddepeHnmaibHbIX ypaB-
HEHWI A\ W JJIsT CTPOOOCKOIMYECKOTO OTOOPAYKEHIS
Ay cBs3ambl coornomenueMm A, = N 'Aj. Cornacuo
pe3yJibTaTaM BBIYUC/IEHUN ToKa3areu JlamyHoBa s
aTTPAKTOPA CTPOOOCKOMUYIECKOTO OTOOPAYKEHUS TIpPU
YHOMSIHYTBIX mapamerpax cocrasuin A; & 0.69 = In 2,
Ay ~ —6.64, A3 ~ —11.12, Ay ~ —22.24. Hanuaue
MOJIO’KUTEJILHOTO MOoKazaress A  CIy:KUT KOJUYe-
CTBEHHBIM IOJATBEPXKJEHUEM I[IPUCYTCTBUS
(Ormerum orcyrcTBUe HYJIEBOIO HOKA3ATEsl, YTO ecre-
CTBEHHO IJI1 OTOOPAZKEHU M HEABTOHOMHBIX CHCTEM C

Xaoca.

HEIPEPbIBHBIM BDPEMEHEM. )
Ha puc. 5 nokazana 3aBucumocTb mnokazareseit JIs-
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Puc. 6.

) o, 32

MopTper aTTpakTOpa B MPOEKLMM HA MAOCKOCTb AMHAMUHECKMX NMEPEMEHHbIX nepsoro ocumnnstopa (z,z) (a),

cTpobockonMHeckoe ceveHme aTTPakToOpa ANs NOCNEef0BAaTENbHOCTM MOMEHTOB BpemeHn 7, = nlN (6) m amnupnyeckas

amarpaMma, rge no ropu3oHTanbHOW 1 BEPTUKANbHOW OCAM OT/IOKEHbl 3HadeHust ¢ha3bl NEpPBOro OCLWINSATOpPa B nocne-

[OBaTe/IbHble MOMEHTbI BPEMEHU Tn U Tn+1 (6). 3HadeHus napamerpos N = 4, A; = 1.5, A2 =6, 1 = e2 = 0.1,
hi=h2=0

uyHosa Ay or napamerpa A; npu A, /A; = const = 4.
Hawubonbmmit mokazarens JlsmyHoBa A; ocraercss mo-
YTH I[IOCTOAHHBIM B IIMPOKOM HMHTEPBaJje W3MEHEHUs
mapamerpa u OMM30K K BejumdnHe In2, a ocrajabHbIE
JIEMOHCTPUPYIOT TMJIABHYIO 3aBUCHMOCTH OT MapaMer-
pa. Takoit xapakTep moBemeHust moka3areseit JIsamyHo-
Ba COIVIACYETCsl C IPEIIOJI0KEHUEM O IHIIEPOOINYeCKOR
TIpUpPOIe HADIIOLAEMOro aTTpakTopa. JIeBbrit Kpait amna-
TPAMMBI, TJI¢ HAUMHAETCS 3aMETHOE YMEHbBIIEHNE TIOKa~
3aress A, COOTBETCTBYET HApPyLIEHUIO CUIEPOOIMIHO-
CTH.

Ecnmm xaoTuvecknii aTTpakTop JeHCTBUTETHHO TH-
nepOOINYecKuil, Xa0THIeCKast THHAMUKA, JOJIZKHA, ObIThH
rpy0oii, & 3HAYUT COXPAHATH CBOH XapakTep IPU Ba-
puanuu ypaBHeruii. YucaeHHbIe pacdeThl OATBEPK 1a-
IOT, 94TO 9TO NEHCTBUTEIHLHO TaK. B 9acTHOCTH, JWHA-
MHUYECKOe MOBEJIEHHE AHAJOMUYIHON MPUPOIbI HADJIIO-
JlaeTcsl W TpHU JIPYTUX IEeJJOYUCIEHHBIX 3HadeHusx N
BKJIIOYAs CYIIECTBEHHO MeHbIne. Hanpumep, Ha puc. 6
[MOKA3aH MMOPTPET CTPAHHOIO ATTPAKTOPA B MPOEKIUH
HA I[JIOCKOCTDb (&, &) U ero cTpobOCKOIMYECKOe CedeHue
ang coydas N = 4. JIga 3Toro arTpakTopa rnoka3aTe-
au Jlanynosa Ay =~ 0.69, As ~ —2.40, A3 ~ —4.24,
Ay = —6.85. OrMerum siCHO BHAMMYIO Ha JMarpaMMe
puc. 66 dpaKkTaIbHYIO TOTEPEIHYIO CTPYKTYPY «JIEHT»,
COCTABJISIOMUX aTTPAKTOP. OUEeBHIHO, OH BBITJISIUT
MMEHHO TaK, KaK JOJKEH BbINIsAIeTh arTpakTop Cmeii-
na— Bunbsamca (cp. ¢ puc. 12). B nannom ciaygae dppax-
TAJLHYIO MOMEPEYHYIO CTPYKTYPY TOJIOC MOYKHO Pa3JjIv-
4uTh U Ha auarpamme s dasz (puc. 66).

ITo dopmyre Kammama—Iopke [3,7,8] omenxa

dpakTaIbHON PA3MEPHOCTH ATTPAKTOPA KAK OOBEKTa
B CTPODOCKOIUYIECKOM CEIEHUU B JTAHHOM CIyYae IaeT
D=1+ ﬁ ~ 1.29
|Az|

(rak Ha3bIBaeMas JIsyHOBCKas padmepuocts). Corsac-
HO BBIYUC/IEHHUsIM MO ajroputmy ['paccoeprepa—IIpo-
kaguua [3,7,8, 18], KoppensuuoHHas Pa3MEPHOCTb AT-
TPAKTOPA B CTPODOOCKOIUYECKOM CEYEHHH COCTABJIISET
D =~ 1.4, uro HaXOAUTCAd B PA3yMHOM COOTBETCTBUU
C JIAIYHOBCKOW pa3MepHOCThI0. [lojHas pa3mMepHOCTH
aTTPAKTOPA, BIOKEHHOIO B IIATUMEPHOE PACIIMPEHHOE
¢da30BO€ TPOCTPAHCTBO HEABTOHOMHOW CHCTEMBI, HA
enunuuity oonpmre: d = D + 1 ~ 2.4.

Ha puc. 7 nokazanbl CHeKTpbl KOgeOaHWil mepBO-
0 ¥ BTOPOrO OCLUMJIJISITOPOB B PACCMATPUBAEMOM De-
JKAMe TeHepanuu Xaoca. st uX MOCTPOEHUsT MCIIOb-
30BaJICA MEeTO/I CTATUCTUYECKON OLCHKHU CIIeKTPaJIbHON
ILUIOTHOCTH MOIIHOCTH, PEKOMEH/IyeMblil B TEOPHUH CJIy-
JafiHBIX MPOIECCOB U COCTOAIINA B pa30MEHUN MME0-
eiics pean3anyuy Ha, YIaCTKU KOHETHON TPOTIKEHHO-
CTH, BBITOTHEHUN mpeobpazoBanus Pypbe M KazKmo-
T'0 y9aCTKa U MOCTEIYIOMEM YCPEIHEHNN KBAIPATOB aM-
TUTATY/T CIIEKTPAIbHBIX KOMIOHEHT. KaK MOKHO yCMOT-
perb W3 PHUCYHKA, CIIEKTD, O4eBUAHO, Crutomraoh. Jlus
[IEPBOr0 OCHUJLIATOPA OH COCPEIOTOYEH B JIUAINA30HE
BOJIM3U YACTOTHI wy = 27, a JJjig BTOPOro — BOJK3U
2wp = 4m. OrMeruM OYeBUIHYIO U3 PUC. 7 HEIPEPbIB-
HYIO 3aBUCAMOCTD CIEKTPAJIHHON IIJIOTHOCTU MOIITHOCTH
OT YaCTOTHI M OTCYTCTBHE <«U3PE3AHHOCTH» CIEKTPA,
XapaKTePHOH, KAK [MPABUJIO, JIsi CIIEKTPOB, TOPOKIae-
MBIX HETHUITEPOOIMIECKUMU aTTpakTopaMu. MOKHO 3a-
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Puc.7. CnexTpbl konebaHuii B nepeom (z) u BTopom (y) ocumMnnsaTopax B XaoTn4eckom pexume. [1o BepTukanbHOA ocn
OTJIOXKEH KOpeHb KBagpaTHbIli U3 CNEKTPasibHOV MAOTHOCTN MOLWHOCTU. 3Ha4veHus napametpos: N =4, A; = 1.5, Ax =6,
6126220.1, h1=h2:0

METHUTb NIPUCYTCTBUE OTHOCUTEJIBHO Y3KUX NUKOB CIIeK-
TpaJIbHOI MJIOTHOCTA B HU3KOYACTOTHOU YaCTHU CITEK-
Tpa BTOPOIrO OCHUJLIATOPA. DTO CBA3aHO, OYEBHJIHO, C
3 deKTOM TeTeKTUPOBAHUS MPU CMEIIEHUN BCIIOMOTA-
TeJILHOIO CUTHAJIA M KOJIEOAHUH MEPBOTO OCIHLISITOPA
Ha 3JIEMEHTe CBA3U C KBaJPaTUYHON HEJIMHEHHOCTHIO.

WuarepecHO BBINOTHUTD HPAMYIO YHCIEHHYIO I[IPO-
BEPKYy CBOICTBA TUMEPOOIMIHOCTH arTpakTopa. Vnes
TAKOr'0 TeCTa ObLIa HpeJjozeHa B paborax [19,20] u
[IPUMEHJIACH [JIsi IPOBEPKU TUMEPOOIMIHOCTHA TPAEK-
TOPUHA AUHAMUYECKUX CUCTEM, MMEIOLIUX OJHO yCTOI-
9UBOE U OJHO HEyCTOWdImBOe Hampas/enue. [Ipomexypa
COCTOUT B BBIYUCJIEHUN BEKTOPOB MAaJIbIX BO3MYIIEHU
BJOJIb TPAEKTOPUU B MPAMOM U OOPATHOM BPEMEHU C
U3MEPEHUEM yIJIa, MEXKIy STUMHU BEKTOPAMH B TOYKAX
TpaekTopuu. Kciu Hy/ieBble 3HAYEHNS yTJIa HE BCTPeda-
IOTCs, T. €. CTATUCTUYECKOe PACIIPE/IeJIEHUe yIJIOB OT/Ie-
JIEHO OT HYJIs, TO AEJIAeTCH 3aKJII0YeHne, 9TO [IMHAMU-
Ka Tunepboanydeckasi. ECam craTncTuaeckoe pacrpeie-
JIeHUE MOKA3bIBAET HEHYJIEBYIO BEPOSTHOCTH JJIs HYyJIe-
BOI'O YIVIA, TO TO CBUJIETEILCTBYET O Hermnepdosinde-
CKOM MOBeJIeHNN N3-3a HAJININA KACAHUHU yCTOWYNBBIX 1
HEyCTONYIMBBIX MHOrooOpasmii. B nuccumaruBHOM CTy-
Jae UMEHHO 3T KACAHWS OTBETCTBEHHDI 33 BOSHUKHOBE-
HU€ KBa3WATTPAKTOPA B HETUIEPOOTNIECKUX CHCTEMAX.

[IpumennTEILHO K HAIIEH CUCTEME METO/ HYKIAET-
csa B momudukanuu. Bo-mepBhix, Mbl XOTUM paboTaTh
C ONHMCAHWEM B TEPMHUHAX CTPOOOCKOIMHUIECKOTO OTOD-
pazkenusi, 9TOObI HEIIOCPEICTBEHHO CBA3ATH PE3yJIbTa-
Tl ¢ KOHCTpYKImeir Cwmeitna— Bumbsavca. Bo-BTophrx,
B HAIIEM CJIy4Yae TOJIbKO HEyCTOWYMBOE IOJIPOCTPAH-
CTBO SIBJISETCH OJHOMEDHBIM, TOI/Ia KAK YyCTONIMBOE —
TpexMepHbiM. COOTBETCTBYIOMUM 00Pa30M aJarlTHPO-
BAHHBIA AJrOpUTM COCTOUT B ciepyiomeM. CHadasia
U3 YKMCIEHHOrO pelleHus ypasHeHuil (5) HAXOQUM 10-

CTATOYHO MPOTSAKEHHYIO MPEJICTABUTEIbHYI0 OpOUTY
Ha arrpakrope {x(7),u(r),y(r),v(r)}. 3arem pemra-
eM 4uciaeHHo ypasaeHus (7) Jyisi BO3MylUeHUil Tpa-
eKTOpuM B TpAMOM Bpemenu. 1o Xomy perieHus Ha
KasKJIOM IlIare BBIMOJIHIETCS HOPMAJIU3AlUs BEKTODA
a(r) = {&(r),u(r),y(7),0(7)}, 4r06bl HCKIIOIUTb PAC-
xomumocTh. [lamee pemraeM Tpu KOMILIEKTa ypaBHe-
it (7) B OOpaTHOM BpEMEHH BIOJb TOI ¥Ke caMoii
rTpaekTopuu, 4ro paer rpu Bekropa {b(7),c(r),d(r)}.
Yrobpr n30eKaTh MPEBAIUPOBAHUS OJHOTO BEKTOPA
U PACXOAUMOCTH, UCHOJIb3yeM OpTOroHaau3amio ['pa-
ma—IIIMuaTa 1 HOPMAIM3AUUIO BEKTOPOB HA KAZKJIOM
nrare YMCJI€HHOTO MHTErPUPOBAHMS.

B kaxmoii TOYKe CTPOGOCKONMMYECKOrO CEUeHHUs
Tn = nN BekTOp a, = a(T,) Ompeme/ser HEYCTOl-
YMBOE HAIPABJIEHHE BO3MYIIEHUsS TPACKTOPUHU, a BCe-
BO3MOKHBIE JIMHEHHble KOMOMHAImu {by,,c,,d,} =
= {b(7), c(1s),d(m,) } — TpexMepHOe ycToitanBoe moi-
IPOCTPAHCTBO BEKTOPOB BO3MY IIIEHUS.

Jj1s1 OneHKM yT/1a (v MEXKJLy OJJHOMEPHBIM HEYyCTOI-
YUBBIM TIOANPOCTPAHCTBOM U TPEXMEPHBIM yCTOWYH-
BBIM [TOJIPOCTPAHCTBOM CHAYAJA CTPOUM BEKTOD Vi,
OPTOrOHAJIbHBIH K TPEXMEPHOMY IOIIPOCTPAHCTBY, C
KOMIIOHEHTAMHU, ONPEJEIsIeMbIMA U3 CUCTEMbI JIMHEH-
HBIX YDaBHCHUN

Vi by, =0, vp-d, =0.

Vp - Cp =0,

Barem Bbraucisem yroa 3, € [0,7/2] mexay Bekropa-
MU Vi, B ap:
cosff = L" 8| ,
[Vallan]
U nojaraem o, = /2 — f3,.

Ha pwuc. 8 mokazaHbl rECTOrpAMMBI JJIsT PACIPEIe-
JIEHUSI YTJIOB (ly, IIOCTPOEHHBIE 110 PE3Y/ILTATAM BBIIHC-
senuit Ha kommbiorepe. uarpammbr puc. 8a, 6 moury-
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Puc.8. Tlucrorpammsl ansi pacnpepeneHuii yrinos o Mexkay yCTOWHMBBLIM 1 HEYCTOWHYMBbLIM MOLMNPOCTPAHCTBAMMU AJ1st CUC-

tembl (5), nony4eHHble M3 BbIYMCANTENBHOA NPOLEAYPbI, ONMCAHHOW B TEKCTE. @, 0 COOTBETCTBYIOT runepbonnueckomy
atTpakTopy npn A; = 1.5, A2 =6, h1,2 =0, €1,2 = 0.1, N =8 (a), 4 (6), 6 — nHernnepbonn4eckomy aTTpakTopy npu
A1 = 02, A2 = 08, h1,2 = 0, £1,2 = 01, N =28

Hanpsxenne, B a
2r Bropast
MnojicucTemMa
1 -
0 | h
1IN, i
—1F
IlepBas
nopcucreMa
1 1 1 ]
0 6 12 18 24
Bpewms, mc
Hanpsxenue, B 8
2r Bropas
nojacucremMa
1+
0
—1+ Ilepmas
nojcucTreMa
| | | |
0 3 6 9 12
Bpewms, mc
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Puc.9. TunuyHble obpasubl NOAYHEHHBIX B 3KCMEPUMEHTE BPEMEHHbIX 3aBUCUMOCTEN NEPeMEHHOro HanpsiXKeHUsi Nepsol
(4epHble nuHUM) 1 BTOpPON (Cepbie) NOACUCTEM B PEXMUME XaOTUYECKON FEeHepaLn n 3MNMPUYECKNe UTEPaLUOHHbIE Auna-
rpammsl ans asbl nepsoii noacuctemsl npu N =8 (a, 6), 4 (s, 2)



9€HbI JJId ABYX YIOMSHYTBIX BbIle HAOOPOB HapaMerT-
poB. Oba pacmpeneseHnsi ¢ OYeBUIHOCTHIO OT/IEICHBI
OT HYJIEBBIX 3HAYEHUN (v, T.€. TECT MOATBEPIKIAECT T'U-
mepbosmyHocTh arrpakropa. Ha puc. 86 mjsa cpashe-
HUsI TOKA3aHA TUCTOTPAMMA, TIPHU 33 JaHUH TTaPAMETPOB,
He 00eCIeYrBaIOIINX TUNEPOOINIHOCTD. (3akiouenne
0 HerurepOOIUIHOCTH ATTPAKTOPA B 3TOM CJIy9ae MOZK-
HO CIeJIaTh TAKKe HA OCHOBAHUU I[TOBEJIEHUS [T0KA3aTe-
nis JISmyHOBA, CM. JIEBBIH Kpail quarpaMMbl Ha pUC. 5.)

5. 9QKCIIEPUMEHTAJIbBHBIE PE3VYJIBTATDBI

s poBeieHnsT YKCIEPUMEHTAIBHOTO MCCIeI0Ba~
HUsl CXeMa, [PEeJCTaBJIeHHAad HA puc. 2, Obuia peasu-
30BaHa B BHAE JaOOPATOPHOro ycrpoiicTBa. KoHmeH-
caTopbl B KOJIEOATEIBHBIX KOHTYyPaxX HMEIH €MKOCTb
Ci =205® u Cy = 5 u®@. Karymku L; u Lo BBI-
nontaenbl Ha peppuroBbix cepaednukax 2000HM c oau-
HAKOBOI MHIYKTHUBHOCTHIO 0K0jI0 1 I'a. CooTBercTBEH-
HO, pabodvas 4acTOTa ABYX OCIUJIISITOPOB COCTABJISIIA
fl 0.)0/27'( 1090 FH, u fz = 2f1 2180 FH,.
DJIEMEHT OTPUIIATEIHHOIO COMPOTUBIIEHUS PEATU30BAH
Ha omepanuoHHOM ycmmutene 140V/126, a wenmneit-

wblit snement — ua muomax KJ1102. s BHecenus B
KostebaresibHbIe KOHTYPbI U3MEHSIOMENCs BO BPpEMEHU
MTPOBOAMMOCTH WCIOJIB30BAHBI TOJIEBBIE TPAH3UCTOPHI
KII303I'. Henuneiinble 371eMeHTHI, Yepe3 KOTOPbIE OCY-
LIECTBIISJIACH CBA3b O0EMX MOCHCTEM, BBIIIOJIHEHBI HA
OCHOBe aHAJIOrOBbIX ymHOKHUTEMeH 52511C2.

Hanpsxenns Uy u Us, cHEMaeMble, COOTBETCTBEH-
HO, C IIEPBOrO M BTOPOI'O KOHTYDA, MOXKHO OBLIO IO-
JlaBaTh Ha DPETUCTPUPYIOUIYIO ammaparypy (OCIHJLIO-
rpad, aHAJIA3ATOP CIEKTPA) WU BBOIUTH B KOMIIBIO-
Tep B BUJie BPEMEHHOI'O Psijia 9epPe3 [MOCPEICTBO aHAJIO-
ro-uudposoro npeobdbpazosaress AIM12-3 (12-paspsii-
HBIl, MAKCUMaJIbHAS 9acToTa, qucKperudamuu 3 MIm).
Oynxnun Uy u Us mOIy9anuch Kak pe3ysibIaT aHAJIO-
roBoro gudepeHnupPoOBaHUs ¢ MCIOIb30BAHNEM CTaH-
mapTHOi audhepeHnupyoneil MenodKku, ComepKaliei
emkrocTh 500 n®, pesucrop 62 KOM 1 omepaImOHHBIH
yeunuresns 140V 126.

B skcmepumenTe npu HaJIEZKAIEM MOZOOpE Tapa-
METPOB B CHCTE€ME MOKHO OBLIO HAOIIOZATH XAOTHUIEe-
ckue KojebaHust, 0OyCIOBIeHHbIE dCTa(deTHON mepega-
4eil BO3OYKIEHUS OT OJHOIO OCHUJIIATOPA K APYTrOMY
B COOTBETCTBUU C MEXAQHU3MOM, PACCMOTPEHHBIM B IIPE-
abiaymx pasgenax. Ha puc. 9a,6 ciaeBa noka3anbt Tu-
nuYHbIe 00Pa3Ibl BPEMEHHBIX 3aBUCHMOCTEN repeMeH-
HOTO HANPSAZKEHUS B PEKUME XAOTHUIECKOH TeHepaIun
B OJIHOA M APYI'OW HOJACUCTEMAaxX IIPU OTHOLIEHUU 4Yac-
TOTHI MEIJIEHHOIO M3MEHEHHWs I1apaMeTPOB U 4aCTOTHI
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BcromorarenbHoro cursasna N = 8 u N = 4. Tuarpawm-
MBI TTOCTPOEHBI HA KOMITIBIOTEPE C UCIOIb30BAHUEM 3a-
MACAHHBIX B MAMATh BPEMEHHBIX PSIOB, MOJIYYIEHHBIX
MTOCPEICTBOM aHAJIOTrO-IIu(POBOTO IIPeodPA3OBAHUS Ha-
npszernit Uy (t) n Us(t). Yacrora BEIGOPKH COCTABIIS-
ga 200 xkI'tr, T.e. HA MEepHO, XapaKTEPHON YaCTOTHI Te-
Hepaluu Wy OIpuxoamyioch npumepHo 200 Tovex.

Ha puc. 96,2 npuBegeHbl SMIUPUIECKUE «ATEPAIH-
OHHbBIE JUATPAMMBI» /1151 (Pa3bl IEPBOIO OCIHUIIATOPA.
s mX MOCTPOEHUsT B KOMIBIOTED BBOIUJICS JIBYXKOM-
MOHEHTHBIN BpeMmeHHON psia. OgHa KOMIIOHEHTa, OTBe-
vaJsa Bbibopke curnasna Uy (t) ¢ nepuogom MmejieHHOM
Bapuauuu napamerpos I = 27 N/wy B MOMEHTBI BpeMe-
HU, TPUMEPHO COOTBETCTBYOIINE MAKCUMYMY aMILIATY-
JbI KosebaHuil mepBoro ocnuigTopa. B KadecTse BTO-
poit KOMIOHEHTHI (PUTyPUPOBAJIA [TPOU3BOIHAS CUIHA-
na Uy (t) va Beixoze aud depennmpyoreii 1enovxu B re
7K€ MOMEHTHI Bpemenn. Paza onpeaessiaach mo Gopmy-
Jje, anajgoru4dnoii coorsowenuto (6). ITo ropusonrasn-
HOIf ¥ BePTHUKAJBHON OcAM Ha rpadurax puc. 96,2 or-
JIOZKEHBbI 3HAYeHUsS (Pa3bl, OTHOCAIIUECS K MOCTEI0BA-
TeJIbHBIM MOMEHTaM BbIOOpPKHU. TO 0OCTOATETHCTBO, 9TO
oTobpazkenune 11t (ha3bl TOMOJIOTTIECKH SKBUBAJIEHTHO
Xa0TUIECKOMY OTODOpazkeHuio «3y6 mmibl» (1), cytie-
CTBEHHO Jjis MHTepIperanuu HabIF0IaeMOro B SKCIIe-
pUMeHTe aTTPAKTOPa KAK runepboImaecKoro.

Ha puc. 10a nokazana dororpacus dhazosoro mop-
TpeTa aTTpakTopa C dKpaHa ocruiiorpada B pPerKH-
Me TreHepalmm xaoca mpu NV 4. Ha Bxompr Topwu-

30HTAJIBHOTO M BEPTUKAJIBHOI'O OTKJIOHEHUN SJIEKTPOH-
HOrO JIy4a [OJIABAJIUCH, COOTBETCTBEHHO, IIEPEMEHHOE
HanpszkeHue oT nepsoil moacucrembr Ui (t) u curnas
¢ BbIXOma, audppepeHnupyomei MemoIKu, IPOIOPIHO-
HAJIBHBL IPOM3BOAHOI 1o Bpemenn U (t). Boruepxkka
P CbheMKe ObLIa MOPsiIKA HECKOJIbKHAX CEKYHI, 9TO-
OBbI 0TOOPA3UTh JOCTATOYHO DOJIBIIOE YHUCIO XapaKTep-
HBIX [IEPUOJIOB ABUKEHUS U300PAKAIONIEH TOUKN HA AT-
TpakTope. OTMeTHM OYeBUIHOE CXOACTBO ¢ puc. 6a. Ha
puc. 106 mpuBeeH MOPTPET ATTPAKTOPA B CTPODOCKO-
[IMYECKOM CedeHuu B npoekuuu Ha mwiockoctsb (Uy, Ul),
[OJIy9EeHHBIM U3 TOrO 7K€ JIBYXKOMIOHEHTHOI'O BPEMEH-
HOTO Psifia, KOTOPBIH HCIOIB30BAJICS MPU TOCTPOEHUHN
SMIMPUYIECKON UTEePANNOHHON JuarpamMMmbl Ha puc. 9e.
Busno, 9ro 3TOT MOpTPET BBINISIUT B TOYHOCTUA KAK
n3ob6pazkenne coneronga Cumeitna— Bumbsavca. OTaens-
HO HA BCTaBKe TIOKA3aH (pparMeHt, IeMOHCTPUDY IOIIHT
B YBEJIMYEHHOM BUJIE TOHKYIO (PPAKTAIBHYIO CTPYKTY-
Py «II0JI0C», U3 KOTOPBIX ITOCTPOEH aTTPAKTOP.
Borauciienne  KOPPesSIUOHHON PA3MEPHOCTH — aT-
TpakTopa mo Mmeroxy I'paccbeprepa—Ilpokagdma Ha
OCHOBE O0OpabOTKM BPEMEHHOTO pPAAa € YaCTOTOH
BoiObopku 200 xI'm namo Benmwumny d 2.3, uro

~
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Puc.10. ®otvorpadus ¢ skpaHa ocumnnorpacda noprpera aTTpakTopa B MPOEKUMMA HA MIOCKOCTb AMHAMUYECKNX nepe-

MEHHbIX NMEPBOro OCLMANATOpPa (Ul,Ul) npn N = 4 (a) n ctpobockonuueckoe cedeHne 3Toro aTTpakTopa (6) pnsa no-

CnenoBaTe/IbHOCTN MOMEHTOB BPEMEHU, COOTBETCTBYHOWNX MAaKCUMYMY aMNANTyAbl NEPBOro oCUNNAATOpPa n cnegyrowmnx C

nepnogom T' = 27 N/wp. Ha BCTaBke nokasaH ysennqerHbiii hparMeHT, LEMOHCTPUPY IO TOHKYO (DPaKTanbHYIO CTPYyK-
TYPY «MOJOC», N3 KOTOPbIX MNOCTPOEH aTTPaKTOp

NS

Puc.11. CnekTpbl konebaHuii AByx NoACHCTEM B pexume reHepaunm xaoca, N = 4. [lnarpamma noctpoeHa nyTem Haso-
XeHus 4Byx n3obparkeHuii, nonyyerHbix poTorpadriposaHnem € 3KpaHa aHanM3aTopa CrnekTpa

Pa3yMHO COIJIACYeTCS C Pe3yJbTaTOM [IJid AHAJO-
FUYHON CUTyallMd IPW YHCICHHOM MOZAEJUPOBAHUM.
OmneHka CTapIiero JAMyHOBCKOTO MOKA3aTessi cTpobo-
CKOIMYECKOTrO OTOOPAzKeHUs IOCPEICTBOM AJITOPHTMA,
paborbl [21], ocuoBanHoro na 06paborTKe BPEMEHHO-
ro psana ¢ BBIOOPKOH mepmona 1' 27 N/wp, Jajo
pesyabrar A &~ 0.73, 94TO HAXOOUTCS B HEMJIOXOM
COOTBETCTBUU C OIeHKOH A ~ In 2.

Ha puc. 11 moka3asbl CreKTPbI KoeDaHUil mepBO-
0 W BTOPOTO OCIHUJIIATOPOB, ChoTOrpadpupoOBaHHBIE C
SKPAHA AHAJIM3ATOPA CHEKTPA B DEKUME NeHePAINN Xa-
oca mpu N = 4. JIj1s1 9KOHOMHUHU MECTa U JJisi HALJISIIHO-
CTU COTIOCTABJIEHUsI C PE3YJIbTATAMU YHCTIEHHOTO MOIE-
JIMPOBAHUS MbI MPUBOAUM jBe ¢pororpaduu, CMOHTH-
poOBaHHBIE Ha OZHOM T'paduke B OPOPMIEHUH, AHATIO-
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rugHoM puc. 7. CriekTpbl Kostebauuit 000UX OCIIILIISTO-
POB SIBJISIIOTCS CIIOITHBIMU; JIJIsT IEPBOTO OCHUIIATOPA
OH PACIIOJIOJKEH B JMara3oHe BOJIM3U YacCTOThI Wy, JJIs
BTOpPOro — BOJIN3H 2wy. OTMeTUM 0YEBUIHOE CXOJACTBO
CO CIIEKTPOM, IOJIy9EHHBIM [PU YUCIEHHOM MOZIEIUPO-
Banuu. B KadecTBe OTIMUMil, MO-BUINMOMY, HEITPUHITU-
MUAJIbHBIX, MOKHO OOpPATUTh BHUMAHNE HA HECKOJIHKO
OOJIBIILYI0 CTENEeHb M3DE3aHHOCTU CIIEKTPA B KCIEPH-
MEHTAJIbHON CHCTEME, TPUCY TCTBUE BTOPUIHOTO MAKCH-
MyMa CIEKTPAJIHHOM IJIOTHOCTH B CIEKTPE MEPBOIO OC-
HUIATOPA BOIU3HM 9acTOThI BTOPOil TADMOHUKH, & TaK-
7K€ OTCYTCTBUE Y3KUX MUKOB CIEKTPAJIbHON IIIOTHOCTH
B HU3KOYACTOTHON 0OJIACTH B CIIEKTPE BTOPOI'O OCIIHII-
JITOpA.



B skcnepumeHTaIbHOM HCCIeI0BAHUU IIPOBEPKY 10~
MTyCKAIOT HE BCE MOMEHTHI, O0CY K I€HHBIE TPUMEHUTE b~
HO K YHCJIEHHBIM pAacdeTaM B MPEIBIAYIIEM pa3zelie.
Hanpumep, npencrapisiercss 3aTpyAHUTEIbHBIM IIOJIY-
9UTH MOJIHBINA COEKTD MmoKasareseil JIsmyHoBa uan BbI-
TIOJIHUATH TECT Ha THHEPOOINIHOCTH. TeM He MeHee B
LIeJIOM BeCh HADOP IOJIyYEHHBIX Pe3YJIbTATOB II03BOJIS-
€T yBEPEHHO yTBEPKIATh, YTO B SKCIEPUMEHTE Mbl HMe-
€M JIeJIO C TeM YK€ O0BEKTOM, UTO M B TEOPETHIECKOM
PacCMOTPEHUH — CTPAHHBIM arrpakropom tuna Cmeii-
Jia— BuiibsiMca B HeaBTOHOMHOM KoJie0aTeIbHON CrucTe-
Me.

6. SAKJIFOUYEHUE

B nmamnoit pabore mpencTaBiaeH mpuMep Qu3nUIe-
CKOM cHCTeMBbI, 00/Iamaoneil CTPAHHBIM XaOTHIECKAM
aTTPAKTOPOM, KOTOPBIH, KAK MO3BOISIOT TIPENOIAraTh
MMEIOIHEeCs JAHHBIE, OTHOCUTCSA K KJIACCY THIepOOosH-
9eCKHUX ATTPAKTOPOB. BBLITO OBI 2KeIaTeIbHO HUMETh Ma-
TEeMATHIeCKOe IOKA3ATeIbCTBO IUII€POOIUIECKO mpu-
POJIBI Xa0Ca B ITOH CHUCTEME, HO €r0 pa3pabOTKa COCTAB-
JIsIeT CAMOCTOSTENIbHYIO 3324y U BBIXOIUT 33 PAMKHU
HACTOSIIEr0 UCC/IeIOBAHNUS, BBIIOJTHEHHOIO HA YDOBHE
B3aUMHO JIOMOJIHSIONINX APYT JAPYra KA9eCTBEeHHBIX CO-
obpazKkeHuii, KOMIIbIOTEPHBIX PE3YJIbTATOB U IKCIIEPU-
MEHTOB.

Kak mbI mojaraem, mosiBjenue mpumepa dusnde-
CKOIl CHCTEMBI C TUMEPOOIUIECKNM XAOTUIECKUM aT-
TPAKTOPOM HMEeT MIPUHIUIUAJIBHOE 3HAYEHHUE JIJIs
JaJIbHEHIero pa3BUTUdA HEJIWHEMHON IUHAMUKU U ee
nputoxkenuit. C TOYKU 3pEHUs UCCIeI0BaTE e, 3aHU-
MAFOIIUXCS AHAJIN30M PEATIbHBIX CucTeM (DU3UIECKON U
MHO# NPUPOJIBL, 3TO B OHPEIEIEHHOM CMbICIIE <IIPOPBIB
B TUNEepOOMUIecKy0 00/1acThby. OYeBUIHO, UCIIONB3Y s
JIAHHBII IPUMEP KAK OTIPABHYIO TOYKY U OHUPAsCh HA
npucyiiee TUIepOOIUIeCKUM aTTPAKTOPAM CBOICTBO
rpybOCTH, MOYKHO CTPOUTH U JAPYTH€ TPUMEPHI CHCTEM
¢ rUnmepOOIMIECKUME XaOTHIECKUMU aTTpakTopamu. B
camMoM Jese, MoanUKAIN TPABBIX YacTell ypaBHEeHNH
He OyzeT pa3pymiarb TUIEPOOIMIHOCTD, 1O KpaiiHeit
Mepe, TOKa W3MEHEHWs He CJIMIKOM Benukw. Haju-
qre PU3NIECKUX CHCTEM C TUMEPOOTHIECKHM XAOCOM
OTKPBIBAET BO3MOZKHOCTHU JJIs IPUJIOKEHUH I1yDOKO
MpOPabOTAHHOIO pAa3e/ia MATEMATUKA — THIepOOIIH-
9eCKOil Teopuu, & TaKKe [EPEBOAUT B MPAKTUYECKYIO
ILUIOCKOCTD 33/1a4y CPABHUTEIBHOIO HCCIIEIOBAHUS I'U-
mepOOIMIECKOTO U HETUIEPOOJUIECKOrO Xa0Ca, B TEO-
pUU U SKCIEPUMEHTE.

Apropsr 6sarogapust B. I1. Bespyuko 3a nomuepzk-
Ky HACTOAMIEH pabOTHI B €€ SKCIIEPUMEHTAIBHON dac-
i, a takke B. C. Awnwmmenko, B. C. AdpaiimoBu-
ay, JI. A. Bynumosuuy, P. MakKerw (R. S. MacKay),
JI. A. MenbuukoBy, A. C. I[Iukosckomy, M. I'. Po-
3eHOIIOMY 3a ToJe3Hoe obOcyzkaenue. Pabora BBITION-

Hena npu dunancoBoit nomuepkke POPU (rpantsi
NeNe 03-02-16192, 05-02-16305).
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