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XAOMUYEeCKUX 2eHepamopos.

Ha npotsizkeHuu mocaenux Tpex JAecsaTHIeTui
SIBJIEHUSIM JIETEPMUHUPOBAHHOTO Xa0cCa YEJSeTCs
3HAYNTETbHOE BHUMAHUE C TOUKHU 3PEHUS €T0 WC-
MOJTb30BAHUS B 3aIUIIEHHBIX CHCTEMAX CBS3H, OC-
HOBHBIMU 2JIEMEHTAMU KOTOPBIX SBJSIOTCA TeHepa-
TOpbl Xaoca. bBusarogapst mpocrore peanusanuu u
BO3MOXKHOCTU T€HEPUPOBAHMS PA3JUYHBIX XaOTHU-
YECKUX CHUTHAJOB cXeMa reHepatopa Uya WHTEH-
CUBHO MCCJIETyeTCS U COBEPIIEHCTBYETCH.

CxeMoTexHIUECKTE peann3aluy regeparopa Uya
[1—3] mMoxxHO yCJIOBHO pas3fiesuTh Ha J[BE OCHOB-
Hble Kareropuu. K TepBOil KaTeropuu OTHOCSTCS
CXEMHBIE PeaJn3alii HEJUHEHHOTO Pe3ucTopa, KO

O. M. SJIMAIIUB, 0. m. n. JI. ®@. IOJUTAHCKHH

Yxpanna, UepHoBunkuil HarmoHaJ bHBIN yHUBepcuTeT nMenn IOpusa degpkoBmda

BE3BIH/IYKTVBHBIE TEHEPATOPDI
XAOTUYECKUX KOJIEBAHUUN 11O CXEME UYA

Hpea/lO)KeHbl dea AJlbMEePHAMUBHBLX 6APUAHMA Pealu3ayuu KOAe0amevHoz0 36€Hd, KOmopuvle
obecnevusam 3ameny UHayKWlUGHOCWlu 6 zeHepamopdadx xaocd. Iloxazano, umo ucnosv3oearue
6€3blHameu6Hblx MONOJI0ZULL NO36OLSLCI U3OEIHKAMY CAULHUSL pd36pOCd 3HaueHu GHYMpPEeHHezZo
conpomueileHuss Kamyuex uuayxmueuocmu U no3eosaem ynpocmumo Memoc?uxy CUHXPOHU3AUUU

Kmoueswie cnoea: xaoc, 6€3blHameu6H06 Koaebamenvroe 36€eH0, cxemd qyd

Cy1iecTByeT HECKOJIbKO CXEMHBIX PelieHnii, obec-
MEYNBAIOIUX 3aMeHy KOJ1e0aTeqbHOTO 3BeHa, I0-
CTPOEHHBIX HA ONMEPANMOHHBIX ycuauteaax. Kom-
[BIOTEPHOMY MOJIEJIMPOBAHUIO U IKCIIEPUMEHTAJIb-
HBIM HCCJIEIOBAHUSM Xa0TUIECKOTO TIOBEJIEHUST aJTh-
TEpHATUBHBIX peajusaiuii remeparopa Uya u 1mo-
CBslllleHa HAacTOsIIAst paboTa.

AnaiutHyeckasi MOJeJIb
XaoTH4yeckoro remeparopa Uya

Paccmorpum paboty reneparopa Uya, KOTOpBIit
SIBJISIETCST OJ{HOM U3 CAMbBIX TIPOCTBIX CUCTEM C XaO0-
TUYECKUM TIOBE/ICHUEM U [IPEJICTABJISIET COOOI aBTO-
KoJiebaresibHyt0 cuctemy ¢ 1,5 creneHsimu cBOOO/IbI
[4]. Ero cxema mnpencraBiena Ha puc. 1, a. Ona

COCTOUT U3 K0Jie6ATEJbHOTO KOHTYpa C
MOTEPSIMU, WHEPIIMOHHOTO 3BEHA U aK-

TUBHOTO HeJIMHEHHOro 3JjeMenTa. ['ene-
pUPYIONUIl pPe30HAHCHBIH KoJebaTesb-
HbIH KOHTYp L C2 cBs3aH C aKTHBHBIM
HEJMHEHHBIM 3JIEMEHTOM Yepe3 MHepIIn-
onnoe 3BeHo RC1. [loBenenne cucremMbr
OTIPE/IeTISIETCS] BJMSIHUEM HEJTMHEWHOTO
ssieMeHTa (Ha PUCYHKe TIOKa3aH B BU/E
HeJMHENHOI TPOBOAMMOCTH ), KOTOPBbIii
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AKTUBHBIA 3JIEMEHT

WUTPAET POJIb HCTOUHUKA MUTAHWS CUCTE-
Mmbl. CieryeT OTMETUTD, YTO HATUYHE He-
JITHEWHOTO 2JIeMEHTA SIBJISIETCST HE0OXO-
JIUMbBIM, HO HE JIOCTATOYHBIM yCJOBUEM
JUIST BOSHUKHOBEHUST Xa0Ca B CUCTEME.
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TTACCUBHBIX 2JIeMeHTaxX R U 7, orpaHu-
YMBaeT ee BO3PACTaHWE B KOJIeHaTesh-
HOM KOHType. DHepreTudyecKkuii 6aaHc
CUCTEMBI SIBJISIETCSI BeCbMa HEYCTOWYH-

HEeJINHENHOTO 3JIeMEHTa

Puc. 1. Cxema reneparopa Uya (a) un Kycouno-iuneiinas BAX

BbIM, HEIIPEPBIBHO M3MEHAETCA BO BPE-
MEHU U HE IOBTOPAETCA KaK IIEepUuoam-
YeCKOe ABJICHUE.
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CUCTEMbBI ITEPEJJAYUX U OBPABOTKHU CUTHAJIOB
Ec/m BBIGpPaTh B KaueCcTBE COCTABJIAIONINX KOM- | a)
MOHEHTOB BEKTOPA COCTOSIHUSI CUCTEMBI TOK i B KO- | Vi B
siebareIbHOM KOHTYPE, HalpsiKeHre ¥ Ha KOHJIEH-
catope C2 KoJsie6aTeJbHOTO KOHTYypa W HampsiKe- 04
HUe v Ha HEJMHEWHOM 3JIEMEHTE, TO COTJIACHO TIep- ’
BOMY U BTOpOMY 3akoHaM Kupxroda, MoKHO 3aru-
catb cucTteMy Tpex anddepeHImaTbHbIX yPaBHEHNH, 0
KOTOpasi OIMCHIBAET MOBej[eHNe reHeparopa [4]:
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Bosabr-amnepnas xapakrepucrtuka (BAX) ne-
JHeliHoro sementa (puc. 1, 6) onucbiBaercs Ky-
COYHO-JTMHENHOH (byHKITNEeH 08
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06x0/ie Pe30HAHCHOTO KOJIe6aTeIbHOTO KOHTYPA, a 0 10 20 30 40 £, Mc

BTOPOE M TPEThE JAIOT, COOTBETCTBEHHO, CyMMY TO-
KOB JIJIST Y3JOBBIX ToueK A m B cXeMbl.

KOMHbIOTepHOC MOJA€/IUPOBAHUE AJbTECPHATUB-
HBIX BaAapHAaHTOB CXEMbI ‘Iya

Cxemy Uya MOXKHO peasn3oBarh ¢ MCIIOJIb30Ba-
HUEM 9KBHUBAJIEHTA KATYIIKNM WHAYKTUBHOCTH, Ha-
MIpUMep, Ha OTepPaIlMOHHbBIX yeumTessix [5]. Cxema
HKBUBAJIEHTA WH/YKTUBHOCTH TIPUBE/IEHA HA PHC. 2,
3HaYeHne IKBUBAJIEHTHON MH/YKTUBHOCTH PABHO
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ITpu BbIOpaHHBIX 3HAUEHHUSIX HOMUHAJIOB 3JIEMEH-

TOB 9KBUBAJIEHTHOU cxeMbl R1=R2=R3=R4=1 kOmM

n C3=22 u®d 3naueHne sKBUBAJECHTHON MHAYKTUB-
Hoctn coctaBiasano 22 mI'n. Takoe cxemorexHUde-
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Puc. 2. Cxema sKBHUBaJIEHTHOH MHAYKTHUBHOCTU
Ha ONEPAIMOHHBIX YCHUIUTESAX

DA1

Puc. 3. Mogemn XaoTHYeCKOTO ABYXCIMPAJIbHOTO at-
tpakTopa ((pa3oBoii TpaeKTOpUM CHCTEMbI Ha ILJIOCKO-
et Vi, Vi) (@) u BpeMeHHbIX 3aBHCHMOCTeii CHIHA-
708 Vi, 1 Vi (6) reneparopa Uya ¢ KoseGaTebHbIM
3BEHOM HA OIEPAIMOHHBIX YCHIUTENSIX

CKOE€ peTlieHre MMPUBOANT K OTPAaHMYEHUIO YACTOTHO-
rO JMANa3oHa, KOTopoe 00YyCTIOBIEHO HEWJIEATbHOC-
TBIO OTIEPAIMOHHBIX ycusutenei. [Ipu aToM B mpo-
1[ecce 9KCIEPUMEHTAJBHBIX UCCIe/JOBAaHUNA OOHADY-
JKEHBI MCKaKeHUs cUTHaJIOB. KosebarenbHoe 3BeHO
Ha 6a3e ONepPAIIMOHHBIX YCUIHUTEEH MOKET GbITh UC-
MOJTb30BAHO TOJBKO B cxeMe Uya ¢ 3a3eMJICHIEM.

Pe3yapTaThl KOMIIBIOTEPHOTO MOJEINPOBAHUS B
cpene Micro-Cap pabotsl reneparopa Uya c¢ axBu-
BaJIEHTHON WH/IYKTUBHOCTBIO, TIOCTPOEHHO Ha oT1e-
PAIMOHHBIX YCUJUTENSX, IPUBEEHbI HA pHC. 3.

Bropoii anprepHaTHBOil KOJIE6aTENBHOTO 3BEHA
SBJIAETCS CXEMHasl peajn3alus Ha OCHOBE OTepa-
[IMOHHBIX yCUJHTEJIEH ¢ 06PAaTHON CBSI3BIO 110 TOKY
(puc. 4) [6]. IIpu sToM moaxo/e 3HAYEHUE DKBU-
BAJIEHTHOW WHAYKTHUBHOCTU PAaBHO

L91<B=C1R1R2' (4)

Pe3yibTaThl KOMIIBIOTEPHOTO MO/IEJUPOBAHUS
paborbl rerHeparopa Uya ¢ Takum KoJjieGaTesibHbIM
3BEHOM IPUBEJIEHBI HA PUC. .

3HaveHne KBUBAJICHTHOH MHYKTUBHOCTH 22 MI'H
COOTBETCTBYET BbIOPAHHBIM 3HAYEHUSIM HOMUHAJIOB
3JIEMEHTOB, WCIIOJb30BAHHBIX [IJII 3aMEHbI WH/IYK-
tuBHoct R1=R2=1 kxOmMm, C1=22 .
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Ri

Puc. 4. Cxema sKBUBaJIeHTHOH MHIYKTUBHOCTH Ha OIIe-
PAITMOHHDBIX YCUINTENAX ¢ OOpaTHON CBS3BIO IO TOKY
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Puc. 5. To ke, 4to u Ha puc. 3, A CXeMbI Ha OIepa-
IMOHHBIX YCUJUTENJSIX ¢ 0OpPaTHOW CBSI3bIO MO TOKY

CuiejtyeT OTMETUTD, YTO CXEMOTEXHHYECKAsT Pea-
JIM3AIMsT WHYKTUBHOCTH HA OIEPAIMOHHDBIX YCH-
JIATEJISIX ¢ 0OPATHOI CBSI3BIO 110 TOKY 00ecHednBaeT
MUHUMAJbHOE KOJMYECTBO ITACCUBHBIX 39JIEMEHTOB
CXEMBbI.

IJKcnepuMeHTaIbHbIE Pe3yJIbTAThI

IKCIepUMeHTaIbHbIe 06Pa3iibl FeHEPATOPOB Xa-
OTUYECKUX KoJiebaHui 000MX IIPeJIOKEHHBIX Ba-
pUaHTOB ObLIM PeaJM30BaHbl C HMCIIOJb30BAHHEM
pe3yabpTaToB MozieMpoBanus. /(s peannsaium Ko-
Jie0aTeJIbHOTO 3BEHA HA OMEPAIMOHHBIX YCHUJIHUTE-
Jsix TLO82 Bei6upasu cjeyioniine HOMIUHAIbI KOM-
nmoueHToB: R1=R2=R3=R4=1 kOmMm, C3=22 ud, a
[IPU peayn3aiuu Koje6aTeJJbHOTO 3B€Ha HA Olepa-
IMUOHHBIX ycuantenasx AD844 ¢ o6paTHOIl CBSI3bi0

a) T=

vk

Puc. 6. ATTpakTOpbl U KOJeOGAHUS HAMPSIKEHUS HA

kongencaropax C1 m C2 remeparopoB YUya c peasnu-

3anueil Koe6aTeJbHOTO 3BEHA HA OIEPAIIMOHHBIX YCH-

Jutenax (@) v Ha ONEPAIMOHHBIX YCHJIUTEJASIX ¢ 00-
parHoii ¢Bs3bi0 110 TOKy (6)

M0 TOKY 3HAYEHHS] HOMIHHAJIOB KOMIIOHEHTOB COCTAB-
aamn R1=R2=1 kOmM, C1=32 u®. Henuneiinbii
3JIEMEHT CXeMbI ObLJ MOCTPOEH MO KJIACCHIECKOMY
BAapUAHTy pean3allui, TPeoKeHHoMy B [7].
Ha puc. 6 nipuBesieHbl pe3yIbTaThl IKCIIEPUMEH-
TAJIbHBIX UCCJIEJOBAHII aTTPaKTOPOB 000uX 00pas-
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CUCTEMbBI INEPEJIAYU U

OBPABOTKH CUTHAJIOB

OB T€HepaTOpOB. 3/EeCh BUAHO, YTO TE€HEPATOP,
KOTODBII peaqn30BaH Ha SKBUBAJEHTE WHIYKTHB-
HOCTU C UCIIOJIb30BAHUAM OIEPAITMOHHDBIX YCUJINTE-
Jeit, uMeer GoJiee BbIPaXkKEHHOE Xa0TUYECKOE T10BE-
JICHHE, YeM TeHepaTop Ha ONepPalMOHHbBIX YCHIUTE-
JAX ¢ 06paTHOIl CBA3BIO MO TOKY. YIpaBJeHHe pe-
KUMAMI XaOTUIECKUX KOJTeOaHNI TeHepaTOpOB OCy-
1IECTBJISAETCS M3MEHEHNEM 3HAaueHNsl COIIPOTUB/IEHHSI
R (cMm. pue. 1).

BsiBoap1

[TpoBenenHbIe MCCIE0BAHNS IBYX MOAMQUITH-
POBAHHBIX TEHEPATOPOB HA OCHOBe cxeMbl Uya mo-
Ka3ajM, 4To 1pu Oe3bIHIYKIMOHHON pean3anum
ynaercs u36exKaTh BIAUSHNAS pa3época BHYTPEHHETO
COIIPOTHUBJIEHHS KaTYIIEK WHAYKTHBHOCTH Ha pabo-
Ty T€HEPATOPOB M YIIPOCTUTD MPOIIECC CUHXPOHU3A-
11K pabGoThl Xa0THYECKUX TeHeparopos. [lomyuen-
Hble Pe3yJIbTaTbl TAK)Ke I03BOJISIOT YTBEPIK/ATb,
YTO Tpe/JIOKEHHbIE aJbTePHATHBHBIE PEAN3alnu
reHepaToOpOB XaO0THYECKUX KOJIeGAHUN MOJTHOCTBHIO
HIOBTOPSIOT OPUIMHAJIbHOE Xa0TUYECKOE TTI0Be/IeHne
cxembl Uya.
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Two alternatives for the implementation of the vibra-
tional level, which provide a replacement of inductor
in the generators of chaos. It is shown that the use of
non-inductive topologies allows to avoid the influence
of internal resistance coils variation, and to simplify
the method of chaotic generators synchronization.

Ukraine, Yuriy Fedkovych Chernivtsi National Univer-
sity.

Enismi O. M., Ilonitancekuit JI. @. BesingykruBHi
reHepaTopy XaoTHYHUX KOJHBaHb mo cxemi Uya.

Kmiouoei caosa: xaoc, 6e3indyxmuena Koaueaivid
aanka, cxema Yya.

3amporoHOBaHoO /iBa aJIbTEPHATUBHUX BapiaHTH peaJi-
3alii KOoJMBanbHOI JIAHKH, sKi 3a0€311euyioTh 3aMiHy
iHAyKTUBHOCTI B reneparopax xaocy. Ilokasano, mo
BUKOpPUCTaHHS O€3iHAYKTUBHUX TOIIOJIOTill [[03BOJISIE
YHUKHYTU BILIUBY PO3KU/Y 3HaueHb BHYTPilIHBOIO OIIO-
Py HaBilo iHAYKTUBHOCTI Ta JO3BOJIAE CIPOCTUTH METO-
JMKY CHUHXPOHi3alii XaOTUYHUX TeHepaTopiB.

Yxpaina, UepHiBerpkuil HalioHAJIbHUI yHIBEPCUTET iMeH]
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CnpaBouHUK MO BaKyyMHOM 3jaekTpoHuke. Komnonentol u ycrpoiicrea / IMopn
pen. 1x. Aiixmaiiepa, M. K. Tamma.— MockBa: TexHocdepa, 2011.— 504 c.

Tpuauath wectTb 9KCNEPTOB 3MEKTPOHHON MPOMBbILIJIEHHOCTH, Hayu-
HO-UCCJ/IE0BATENbCKUX HHCTUTYTOB M YHUBEPCUTETOB OO'beIHHHUJIH
CBOM YCHUJIMSl B MOJAIOTOBKE 3TOr0 M3laHMs. B KHHUre paccMOTpeHbl
3JIeKTPO(QHU3HUECKHEe OCHOBbI, COBPEMEHHOe COCTOSIHHE WU TpHMeHe-
HHe, a TaKxKe MepcrnekTuBbl ucnoab3oBanus CBY-ycrpoiictB u cuc-
TeM, OMTO3JEeKTPOHHBIX BAKYYMHbIX YCTPOHCTB, 3JIEKTPOHHbBIX U HOH-
HbIX MYYKOB, CBETOBbIX U PEHTT€HOBCKHX 3MUTTEPOB, YCKOpHUTEJEH
YaCTHUI[ U BAKYYMHBIX TIpepblBaTeNell. DTH TeMbl JOTOJHEHbI MOJIe3-
HOH MH(pOpMAalLUeld 0 MaTepuasax U TEXHOJOTUSIX BAKYYMHOH 3J€K-
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