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NCITIOJIB3OBAHUE XAOTUYECKOI'O 'EHEPATOPA B
KAYECTBE JETEKTOPA CJIABBIX IEPUOIUYECKUX CUT'HAJIOB

HNoparumos Kaxournp ®apxogosny
TamkenTckuit ['ocynapcTBeHHBIN TeXHUYECKUN yHUBEpcUTeT uMeHH Mcinama Kapumosa, yi.
Yuusepcurerckas, 2, Tamkent 100095, Y306ekucran

AHHOTALMS.

B cratee paccMarpuBaercs nIpuMep UCIOIb30BaHUS Xa0TUYECKOIO T'eHEepaTopa B Ka4eCTBE JETEKTOpa
cJ1a0bIX MEPHOAMUYECKUX CUTHAJIOB Ha (oHe npeobnanaromiero myma. Ilpeaaraercs nojgaBath NPUHATHIN
CUTHAJI, COJEp KAallMK IIyM, M IIOJIE3HBIM CHIHaJl HAa HEAaBTOHOMHBIM IeHepaTop xaoca. Pexomenpyercs
HCIOJIb30BaTh TAHICHLIUAIBHYIO OM(YpKalMIO B KAYECTBE TPAHULIbI PEKUMOB, B KOTOPBIX Xa0C BO3HUKAET
n3-3a IepeMexaeMoCcTd. PacriozHaBaHue THIIA JIBHXKEHHS B XaOTHYECKOM I'€HEPATOPE OCYIIECTBISAETCA I10
¢dopme criekTpa curHana Ha ero Bbixoze. [IpennoskeHHbI MeTo[ anpoOupoBaH Ha J1aOOPaTOPHOM MakeTe
borosnexTpruieckoro natTanka auddysHoro Tuma.

KiroueBnlie cjioBa:
(OTOdNEKTPUIECKUI JaTYNK, TEHEPATOP Xaoca, IyM, OudypKanuu, nepeMekaeMoCTh, OOHAPYKHUTEIb
CJ'Ia6BIX CHUT'HAJIOB.
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Abstract.

The article examines an example of using a chaotic oscillator as a detector of weak periodic signals
against the background of prevailing noise. It is proposed that the received signal containing noise and the
useful signal be fed to the non-autonomous chaos generator. It is recommended to use a tangential
bifurcation as the boundary of the regimes, in which chaos occurs through intermittency. Recognition of the
type of motion in a chaotic generator is carried out by the form of the signal spectrum at its output. The
proposed method has been tested on a laboratory model of a diffuse-type photoelectric sensor.
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B mnacrosiiee Bpemsi cyimiecTByeT Ooiblioe pa3sHooOpasue (POTOAIEKTPUUECKUX JATYUKOB IS
HCIOJIb30BAaHUsl B CUCTEMAax aBTOMATHU3alMM. Y CIOBHS IKCIUTyaTallMM TaKUX JAaTYMKOB B NPOMBIIIIIEHHOM
MIPOU3BOJICTBE MOTYT OBbITh CIOXHBIMU. K TspKenbIM (akTopaM OTHOCSTCS: BHOpalMi M MPOMBIILIEHHBIE
IIYMBI, BBICOKAs 3aIlbJICHHOCTb, OOJIBIINE PACCTOSHUS 10 KOHTpoiupyemoro oowekra [1]. UTto kacaercs
CXEMbI JaT4yMKa, TO ATH (DaKTOpbl MPUBOASAT K YXYALIEHUIO OTHOIIeHus curHai/mym (SNR) Ha Bxoze
yCTpOICTBA U TPEOYIOT MPUMEHEHHS] METO/IOB BBIJIETICHUSI CUTHAJIOB U3 (DOHA TOMEX.

Jns pernieHusi TaKuX TEXHUYECKHX 3a/1ad CYIIECTBYIOT Pa3JIMYHbIE MOAXO/bI, 3aKJIOYalouifecs B
CrelMaNbHOM cxemMe 00pabOTKM OCHOBHOrO pabouero curHajga JaTdvka BIUIOTh IO HCIIOJIb30BaHMS
U(POBBIX CUTHAIBHBIX MpoleccopoB. Cpeau U3BECTHBIX METOJI0B JTUHEIHONH 00pabOTKM CUTHAJIOB Ha (OHE
IIymMa OTMETHM COIJIACOBAHHYIO (WIBTPAIMIO M KOPPENSLUOHHBIA mpueM. Tem He MeHee Mpobiema
uaeHTUPUKAIMK c1a0bIX CHTHAJIOB Ha (hOHE MpeoldsafarolIMX IOMEX OCTaeTCsl aKTyalbHOM, Ioiydas
pELICHUS] Ha OCHOBE HEIMHEWHBIX PAJMOTEXHUYECKUX CHCTEM, B TOM YHUCIIE JEMOHCTPUPYIOLIHMX Xaoc [2].
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OxHMM W3 HampaBiIeHUH HCCIeIOBaHUKW B 00JAacTH JAETEPMUHUPOBAHHOTO Xaoca SBISETCS
pa3paboTKka METOAOB HCIOJIb30BAaHUS XAOTUYECKUX T'C€HEPATOPHBIX PEXHMOB ISl HYXKJI H3MEPHUTEIbHOM
TeXHUKHU. B pabote [6] onmucaH u3MepuTENbHBIN Mpeodpa3oBaTellb TOTIEPOBCKOTO pacXojoMepa Ha OCHOBE
re’HepaTopa xaoca, paboTamuil B ycIoBUIX caaboro nosne3Horo curHana. Cooluiaercs, 4To oOHapyKeHue
I10JIE3HOT0 CUTHaja Bo3MOXxHO ITpu SNR 1o munyc 26 nb.

IICJII/I U METOJAbI UCCJICAOBAHUSA

1. IIpoananu3upoBaTh OCOOECHHOCTH pPEAIM3ALUU PEKUMOB CIOKHBIX KOJICOAHWH B HEITMHEHHBIX
OCHMIIISATOPAX.

2. [IpoBecTH YHCIEHHOE MOJCTHUPOBAHNE U MCCIICIOBAHNE PEKUMOB paOOThI pa3IMUHBIX BapUAHTOB
MOCTPOCHHSI JATYMKOB HA OCHOBE MCIIOJIb30BaHUS OU(YypKaIHii B TeHEPAaTOPaX XaOTUYSCKUX KOJICOAHMIA.

3. Pa3paborarh ombITHBINM 0Opasel JaT4rMKa YIpaBJICHUsS HA OCHOBE I€HEpaTopa Xaoca W UCHBITATh
€ro B J1a0OpPaTOPHBIX YCIOBUSX.

B pabote ucronbp30BaHbl METOJIBI TEOPUHU KOJIEOAHUH, METObI KAYECTBEHHOTO aHAIHM3a JUHAMHUKHI
HEJIMHEHHBIX CHUCTEM, TEOPHH DJICKTPUYECKUX IIeTel, METOAbl MAaTeMaTHUECKOW CTAaTUCTUKUA U 00pabOTKH
IKCIIEPUMEHTAIBHBIX JIAHHBIX.

Teopernueckoe 000CHOBaHME

Paccmotrpum mpunnun paboTel OudypKanroOHHOTO (QYHKIMOHAIBHOTO mpeodpaszoBarens. OH
OCHOBaH Ha HEAaBTOHOMHOH CHCTEME, JCMOHCTPHUPYIOIIEH XaoTWdeckoe moBeneHue. [lapamerpsl cUCTEMBI
MOJOMPAIOTCS TaKMM 00pa3oM, uYTOOBI OOECHEYUTh OJIM30CTh K TPAHUIE MEXKIY MEPHOAMYECKUM U
Xa0THICCKUM PEKHUMAMH, ITPH KOTOPHIX Xa0C BO3HUKACT Yepe3 MPEPHIBUCTOCTD.

BakHBIM CBOWCTBOM pOXJIEHHS Xaoca 4Yepe3 IepeMEeKacMOCTh SBISCTCS JKECTKOC H3MEHEHHE
JTUHAMHKYU JIBWKEHUS CHUCTEMBI B IEJIOM M W3MCHCHHE YYBCTBUTEIBHOCTH TPACKTOPHH K HAYaIbHBIM
YCJIOBUSIM WJIM HEOOJBIINM €€ OTKIIOHCHHUSIM TPU HE3HAYUTEIIPHOM M3MEHEHHH OJIHOTO U3 apameTpoB. Tak,
€CIIM JIBMKCHHE XAOTHUYECKOE, TO HEOOJBIINE OTKIOHCHHS OYIyT MPUBOJHUTH K YCIOXKHCHHUIO TPACKTOPHH,
TO €CTh JICHCTBHE IIIYMOBOTO CUTHAJIA HA CUCTEMY B XaOTHYECKOM PEKUME OyJeT MPUBOJIUTD K YBEITUYCHUIO
CTOXaCTHMYHOCTU JBUKEHUS. B TOKPUTHUUYECKOM peXHMe MEePUOIUYeCKUX KojeOaHUN CTaplInii moka3arenb
JIsmyHOBa CTaHOBHUTCS OTPHUIATEIIBHBIM, TO €CTh MEPHOIUYECKass TPACKTOPHUS CTAHOBHUTCS YCTOMYHMBOU K
IIYMOTIOJOOHBIM OTKJIOHEHHSIM, COXpaHssi CBOIO MEPHOJUYHOCTh. BBIOOp JaHHONW KPUTHYECKOW TOUYKH B
Ka4eCTBE OCHOBHOM JUTsI cO3/IaHuUs OM(YypKAITMOHHOTO BapHaHTa U3MEPUTEIHLHOTO MpeoOpa3oBaTelis JOKCH
o0ecnednTh cocoOOHOCTh K OOHApYKEHHIO cIa0bIX Ha (pOHE ITyMOB CUTHAJIOB M CTaTh LIAroM K CO3JaHUIO
JATYNKOB C TIOMEXOYCTOWYMBOCTHIO Ha (DU3MYECKOM YPOBHE.

Co3nanue pacuéTHoi Moaen
Xaotnueckass MLC—1ienb, B KOTOPYIO TO/aeTCsl OOHAPYKHUBACMBIi CHTHAN (SIN@WT B MPHCYTCTBUH
ITYMOBOM ITOMEXH, MOKET ObITh ONUCaHa CIAEAYIOUIUM YPAaBHEHUEM:

dx

drt y—h)

dy : :
d_z_By_Bx+fsmoyc+(dsmm'c+c-n(‘t)),
T

20e N(r) — rayCCOBCKHUI CITydailHBIN MpPOIECC, C HYJICBBIM CPEIHHM 3HAUYECHHEM, PAaBHOMEPHBIM, YaCTOTHO
OrpaHUYEHHBIM CIIEKTPOM, JICHCTBYIOIIUM 3HAUEHUEM, PABHOM 1.

[TomMrMO HacTPOWKH XaOTHUECKOrO reHepaTropa BOJU3M TOYKH OMdypKaluu, HEOOXOIUMO TaKXKe
OIIPENIeNIUTh JOMYCTUMBIE 3HAUEHUS JJI11 0OHAPY)KEHHOT'O0 CUTHAJIa M COMPOBOKAAIOIIETO €ro YPOBHS LIyMa.
Ecnu okaxercs, 4TO MOITHOCTh MOMEX IMPEBBILIIAET OMPEJEICHHYIO0 BEITUYHHY, 3TO MPUBEAET K TOMY, YTO
NEPUOIMYECKUN PeXHUM, HECMOTpPSI Ha ero yCTOMYMBOCTh, OyaeT paspyueH. Kpome Toro, ecnu ammiautyaa
00HapyKEHHOI'0 CHUTHaJla OKa)XeTCsl HeJIOCTATOYHOM Ui Mepexoia B APYrol pexum, TO BOCHOJIb30BaThCS
npeumyniecTBaMu On(ypKalmOHHOTO MOIX0a HE YAaCTCs.

TeopeTnueckuil BHIOOP ATHX BETUYMH BO3MOXEH TOJBKO C MCHOJIb30BAaHUEM METOJOB UYHCIEHHOIO
MO/JICJIMPOBaHUs, KOTOpPOe ObLIO BBIMOJIHEHO B cpeze Matlab / Simulink (Puc. 1).
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MogenupoBaHie TO3BOJIMIO HAWTH HambOoee TMOAXOJAIIME 3HAYeHUs ISl YacTOThl ® H
OoudypkanmoHoro mnapameTrpa [ B 0Oe3pa3MepHBIX BenuuuHax. B pabore [4] cpeam mpouux ObuLIH
pexomenoBansl 3HaueHus B=0,9; ©=0,4; f,=0,08245. AmmiuTyna onopaoro reHeparopa f nomkHa ObITh
3a/laHa HECKOJIbKO MeHblIe fi,, TakuM 00pa3oM, 4TOOBI IPH MOCTYIUICHUH Ha BXOJA OOHApyXHBaeMOTrO
curraia dsin ot
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Puc. 1. Pacuérnas moznens B Matlab/Simulink amist pemenust ypasuenus (2). Liudpamu o6o3Hauens:: 1 —
MLC-1ienb; 2 — MCTOYHUK OOHAPY>KMBAEMOTO CHTHaNa; 3 — UCTOYHUK LITyMa

MPOMCXOIMII OBl TMEPEX0]] U3 Xa0THUECKOTO PEKUMaA B MEPUOANIECKUNA. UHCICHHbBIE SKCIIEPUMEHTBI
MO3BOJIMJIM YCTAaHOBUTh HAI&KHOE NEPEKIIOUYEHUE PEKUMOB IPU HAJAKPUTHUYHOCTH. COCTABISIONIEH He
meHee 0,1 %, a moxpurmuynoctu 1-2 % ot f,. C ucnons3oBaHMEM MOJEIH YaCTOTHO-OTPAHUYCHHOTO
reseparopa 0Oeynoro IymMa ObUIM YCTAaHOBJIEHBI BO3MOXKHOCTH OOHAapy>Ke€HHs CHUTHAlIOB Ha (oHe
npeodIaalouX IIyMOB F'eHepaTOpPOM Xaoca.

[lupuna monocsl 4actorT B reneparopa myma 3ajaBajiack OTHOCHUTEIBHO YacTOThl OIOPHOIO
reHeparopa v = ®/(2m) Takum oOpa3oM, 4TOOBI TPOBECTH UCCIIEAOBAHUS TIPU B/v, TpUHUMAIOIIEM 3HAYCHUS
ot 2 10 50. Yanoce yCTaHOBUTH CITIOCOOHOCTB K OOHapykeHuto i B/v =2 npu SNR =—16 nb, a s B/v =
50 pu SNR = -28 ab, uTo OBLIO MOATBEPKACHO PUINYECKUM SKCIIEPUMEHTOM [3].

[Tpumensst Macitabupytomye K03GGUIUEeHTs K ypaBHEHUIO (2), mapaMeTpbl CUCTEMbI MOTYT OBITh
MEPecUYnTaHbl JUIsl JIOOBIX YacTOT, HANpsDKEHWH M TOKOB. PaccMoTpeHa BO3MOXHOCTH MPAKTHYECKOTO
IpPUMEHEHMs JeTeKTopa ciaaOblx Ha ()OHE IIymMa CUTHAJIOB Ha NpHMepe (DOTORIEKTPUUYECKOrO JaTyMKa
maddysznoro tumna. JleWcTBUTENHHO, padoTa (HOTOAIEKTPUYECKOTO JATYNKA B MPOMBIIIICHHBIX YCIOBHIX
4acTO MOXET OBbITh OCJIO)KHEHAa IOBBIIIEHHON 3albUIEHHOCTBIO OKpYXKawlleil cpeasl win  cinaboif
OTpa)KaTeJIbHON CIIOCOOHOCTBIO KOHTPOJIHPYEMOro oOBeKTa. EcnM MOIIHOCTh HMCTOYHHMKA W3ITyYCHUS
HEBEJIMKa, TO CUTHAJI, MOCTYMAONIMA Ha BXOJA (OTONPHEMHHUKA, OyAeT O4eHb ciIadblM, YTO B pe3yibTare
MPEIBAPUTEILHOTO YCUIICHUS IOTPEOYEeT NCIIOIB30BAHMUS ETEKTOPA.

CrpykTypHas cxeMa MpakTH4YeCKOi pean3aly NpyuBeeHa Ha puc. 2.

N

«— 2

¥

*£3—>4—b|5-§6—b7

Puc. 2. CtpykrypHas cxema ¢oTodekrpuyeckoro gatanka quddysnoro tuna. Hudpamu odo3naueHsr: 1 —
JpaiiBep CBETOAMO/1A; 2 — FeHepaTop CUHYCOUIANbHBIN; 3 — yeUIuTe b (GoTonpuéMHIKA; 4 — TeHEpPaTop
xaoca; 5 — puibTp; 6 — neTeKTop; 7 — KOMITapaTop

B ocHoOBe ycTpoiicTBa JI€XUT CUHYCOMIAIbHBINA reHeparop ¢ 4yactoTor 10 kI'L, KOTOpBI ynpasiseT
CBETOAMOJIOM M OJJHOBPEMEHHO CIIY>KUT BEAYIIUM JUIsl Xa0TUYECKOTO TeHEPATOpa.
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OTpakeHHBId CHUTHAJ, NPUHUMAEMBbIH (OTOAMOAOM, YCHIMBACTCA C TIOMOIIBIO YaCTOTHOU
KOPPEKLMH U IIOJJAETCsl HA XaOTUYECKUI TeHEpaTop.

VYcTaHOBUBIINICSA PEXUM Xa0THUYECKOIO M€HEPATOpa SIBJISETCS OCHOBHBIM BBIXOJHBIM I1APaMETPOM
nerekropa. Jlyis AMAarHOCTMKM Xaoca HCHOJb30BAJICS (DUIBTP HMXKHMX YacTOT C 4YacTOTOM cpesa, He
MPEBBILAIONIEH /3, TaK KaK XaOTHUECKUI PEXUM XapaKTEPU3yeTCs] HAINYHEM TypOYJICHTHBIX U3Iy4eHUH,
INPUBOASIIUX K IOSIBJIEHUIO B CHEKTpe OOJBIIOr0 KOJIMYECTBA HU3KOYACTOTHBIX COCTABIAIOIIMX. 3aTeM
OT(UIBTPOBAHHBIA CUTHAN JETEKTHPYETCS M TOJAETCs Ha BXOJ KOMIIapaTropa, TJe CpPaBHUBACTCA C
OllpeZielIeHHBIM 3HadeHHeM. llopor cpaBHEHHUs yCTaHABJIMBAETCA M3 Y4eTa MaKCHMaJIbHOW BEPOSTHOCTU
oOHapyKeHHsI TIPH 3aJaHHOW BEPOSTHOCTU JIOKHOW TpeBoru [S5]. Bpems oOHapyXeHHs ompeaemnseTcs
IIOCTOSIHHOM BPEMEHH JIETEKTOPA.

BriBOaALI

Hcnonb3oBaHue XaOTHYECKOrO TeHepaTopa B KadyeCcTBE H3MEPUTENBbHOIO Ipeodpa3oBaresis
BO3MOYKHO TaM, TJe TpeOyeTcsi 0OHapYKUTh NEPUOTMIECKUN CUTHAI Ha (hOHE IpeobIa atoiero myma.

PaccMoTpeHa BO3MOXKHOCTb MCIIOJIb30BaHMsS HEABTOHOMHOIO TI€HepaTopa Xaoca B KauyecTBe
nerektopa curHaioB Ha npumepe MLC — cxembl. OmpezneneHsl HanOojiee MOAXOJSIIME IapamMeTphl
CHCTeMbl, HEOOXOUMBbIE [T pabOThl FeHepaTopa Xaoca B Ka4eCTBE JIETEKTOPA CUTHAJIOB.

CriocoOHOCTh Xa0THYECKOTO IreHepaTopa OOHAapyKUBATh MEPUONMYECKHE CHTHAIBI Ha (oHe nryma
CHJIBHO BapbHpyeTCsl B 3aBUCUMOCTH OT I0JIOCHI nporyckanus mryma 1 SNR. B tex ciydasx, korna SNR
CTaHOBHUTCS MEHBIIE OIPENEICHHOTO0 3HA4YEHHUs, CHOCOOHOCTh OOHAPYXKEHHS PE3KO MaNaeT Haxe IpH
YCTaHOBKE JIIOOOr0, CKOJIb YrOJHO JUIMHHOIO, HMHTEpBaja BpeMeHM oOHapyxeHus. [IpuumHoil 3TOro
SBJIAETCS OTPAaHUYEHHAsI CIIOCOOHOCTh I'€HepaTopa MOAJEPKUBATh MEPUOAUUYECKUM PEXUM IPU BHELIHEM
IIIYMOBOM BO3/I€CTBHH, [1I03TOMY MOIIHOCTb LIIYMOBBIX IIOMEX Ha BXOJI€ IETEKTOpa HE JOJDKHA IPEBbIIAT
OIIpeIEIEHHOT0 3HAUYEHUSI.
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