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AHOTaLiA - Y poboTiHaBegeHO TeopeTUYHI 3acaan npu-
. TPOIB reHepyBaHHA eNeK T PUHHNX CUTHaNIB i3pery/1IaipHoIo Ta
XaoTUYHOK AMHaMIKO Ha OCHOBI TPaH3UCTOPHUX CTPYK-
TYp i3 BiA'eMHUM AnddepeHLiiHUM oropoM. Po3rfsiHyTo asa
CHOBHI BapiaHTW MobyfoBU: 3a MeTO[OM reHepaTopa BaH
:cp Mona Ta 3a meToaoM reHepaTopa Yya. 3anpornoHoBaHi
-UBi eleK T PUYHUX CXeEMW NPUCT POTB reHepyBaHHS efleKT pud-
HUX CUTHaUIB i3 PEry/IAPHOI0 Ta XaoTUYHOW AuHamikow. Ha
T iOMiHy Bif KNnacu4HMX Nigxoais, B OCHOBY TX CXeMHoOTpeanisa-
LiT NOKNaAeHo 3acToCyBaHHSA HeMiHIMHNX | peaK TUBHUX BNac-
TUMBOCTEN TPAH3UCTOPHUX CXeEM i3 Big'eMHUM andbepeHLin-
HVM OMOPOM.
Kntouyosi cniosa - reHepaTop BaH fep [Nons, reHepaTop
Uyay TpaH3ncTOpHa CTPYKTypa, Big'eMHUIA onip, xaoc.

. Bctyn

Bumora nokpaluieHHs napameTpiB i xapakTepuctuk pagiote-
YiYHWX NPUCTPOIB i 3ac06iB TeNekoOMYHikalifs 3yMOBNE PO3-
LiNeHHA Ta BNPOBAAXEHHA HOBUX NigX0A4iB Ao ix nobygosun [1].
ToMmy, akTyalbHOKW HaYyKOBO-TEXHIYHOK 3ajayeld € po3pob-
NEeHHA Ta BOCANILXEHHA NPUCTPOTB rEHEePYBaHHA CUTHANIB 3 pery-
NAPHOI0 Ta Xa0TUYHOI AUHaMiKo [2]. AHANi3 Cy4yacHOro cTaHy
NpuCTPOiB reHepyBaHHA CUTHANIB 3 PETyNAPHOI0 Ta Xa0TUUYHOO
AWHaAMIKOI noka3aB MepcnekTUBHWIA NigXif [0 X po3po6neHHs
3 BUKOPUCTaHHAM HENIHIRHNX | peakTWBHMX BNacTUBOCTel Tpa-
H3WCTOPHUX CTPYKTYp i3 Big'eMHuUM onopom [1,2].

Il. TeopeTnyHi 3acagn Ta MateMaTuyHi mogeni

Y pob6oTi 6yno 3acTocoBaHo MeTOA reHepatopa BaH gep
Mons gna nobysoBu NPUCTPOIB TEHEPYBAHHSA €NeKTPUYHUX CUT-
HaniB i3 perynsipHow AWHaMIiKOK Ha OCHOBI TPAH3UCTOPHMUX
CTPYKTYp i3 Big'eMHUM gudepeHuiiHum onopom [3]. Ha Puc.l
HaBefjeHa ekBiBalleHTHA CXeMma reHepartopa Ta anpoKkCMMOBaHa
BONbT-aMnepHa xapaktepucTtuka (BAX) A,-Tuny Horo akTMBHOTO
enemeHTa (TpaH3ucTopHOT CTpyKkTYypHn) [3].
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Puc. 1. ExBiBafieHTHa CXeMa NPUCTPOI0 TeHepyBaHHA CUTHANIB 3

perynspHot gUHamikow Ta anpokchmoBaHa BAX ioro aktus-
HOTO eNnemMeHTa.

MaTtemaTuyHa MOfeNb MPUCTPOIB TeHEpPYBAHHA eNeKkTpuy-
HUX CUTHANIB i3 PerynsipHo0 ANHAMIKOI Ha OCHOBI TpPaH3MCTOpP-
HUX CTPYKTYP i3 Bif,’€MHUM A epeHLiliHNM ONOPOM Mae BUTNAL
(3]
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YncenbHe 3HaYeHHA 6€3P0O3MIpHOro napameTpy U, aBTOKO/M-

BaNbHOT CUCTEMYU reHepaTopa BU3HAYae OCLUNATOPHNI abo pena-
KcaliiHuii pexumu po6oTn. YMOBOW camM036yAXeHHA aBTOKO-

nueaHb € /i >0 [3].

Y poboTi oTpuMaHo pe3ynbTaTm MOAENbHOTO AOCAIAKEHHA
NPUCTPOIiB TEHepyBaHHA €NeKTPUUYHUX CUTHANIB 3 PEryNApHOI0
AVMHaMmikotl, nobyfoBaHux 3a MetTogom BaH gep Monq, Ha OCHOBI
TPaH3UCTOPHNX CTPYKTYP i3 Bif eMHUM g epeHLiiHuM Onopom
Nnpu pi3HUX 3HAYEHHAX NapamMeTpiB aBTOKONMUBHOI cuctemu [4, 5].
3okpema, gocnigxeHo asoBi NOPTPeETM reHepaTopiB y NNOLW WHI
OUHAMIYHUX 3MIHHUX X\-Xi, jiarpamMyn KONUBaHb rEHEPOBAHOT Ha-
npyrn BiGZHOCHO HOPMOBAHOTO Yyacy T—od) , a TakKOX amnaity-

AHO-4aCTOTHI Ta (Pa3oyacTOTHi CNeKTpU reHepoBaHOi Hanpyru
(3].

[nanobynosu npucTpoiB reHepyBaHHA CUTHANIB AETEPMIHO-
BaHOrO XaoCy Ha OCHOBHI HENiHIAHWX | peakTWBHUX BNacTUBOC-
Tell TPAH3MCTOPHUX CTPYKTYp i3 Bif'eMHum onopom [6] 6yno 3a-
cTOCOBaHO MeToj reHepatopa Yya. Ha Puc.2 HaBedeHa eksiBane-
HTHa cxema reHepartopa fjeTepMiHOBaHOro xaocy Tuny Yya Ha oc-
HOBi TPAH3MCTOPHOT CTPYKTYpW 3 BiA'EMHUM AudepeHUiiHuM
onopom [7, 8]. MaTemaTuyHa MogeNnb NPUCTPOK TEHEpyBaHHA
eNeKTPUYHMX CUTHaNiB feTepMiHOBaHOro xaocy BiAHOCHO 6e3-
PO3MIpHOr0O Yyacy mae BUrnajg

ctxx:a
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cim
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dt X3-X 2+ X (6)
AT = P(b-X1),
at

pe [X7N) - HopmoOBaHa anpokcumaliiiHa QyHKUis kpueoi BAX

TPAH3UCTOPHOI CTPYKTYPH, O MAE BUTAAL
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A*,) =-1,143-1(M3+6,972*-14,382" +7,439*? . (7)

Puc. 2. EKkBiBaneHTHa cxema NPUCTPOI feHepyBaHHA CUTHANIB
AeTepMiHOBAHOTO Xxaocy TuNy Yya Ha OCHOBI TPAH3UCTOPHOT
CTPYKTYPU 3 Bii'EMHUM AncpepeHLiiHuM onopom.

PiBHAHHSA HOPMOBaHMUX 3MIHHUX MaKThb Burnan
y
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I11. BUCHOBKM

Y po6oTi aBTOpaMu OTpUMaHO pesynbTaTu YNCNEHHUX Teo-
PeTUYHNX Ta eKcnepuMeHTanbHUX AOCAIAKEHb CXEMHUX peani-
3aliii npucTpoiB reHepyBaHHA CUTHANIB 3 PeryNApHOI Ta XaoTu-
YHOW [MHAMIKOI0 HA OCHOBI TPAH3UCTOPHUX CTPYKTYP i3 Bif €M-
HUM gudhepeHuiiHum onopom. Mo6yaoBaHo (ha3oBi nopTpeTy,
4acoBiTa YaCTOTHI XapakTepuCTUKN TeHepOoBaHNX KONuBaHb. f0-
CNiAXEHO CiMeiicTBa CTATUYHUX | AUHAMIYHNX BAX pisHux Ba-
piaHTiB TPAH3UCTOPHNUX CTPYKTYP i3 OAHONONAPHUM XUBNEHHAM.
MepesipeHa CTilKicTb po60OTM 3aNPONOHOBAHNUX NPUCTPOIB y pi-
3HUX pexumax reHepadii.
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DEVICES GENERATING SIGNALS WITH
REGULAR AND CHAOTIC DYNAMICS
BASED ON TRANSISTOR STRUCTURES
WITH NEGATIVE DIFFERENTIAL RE-
SISTANCE
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‘Department o fRadio-Frequency Engineering,
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The paperpresents atheoretical base for devices generating signals
with regular and chaotic dynamics based on transistor structures with
negative differential resistance. Two versions o fconstructing have been
considered - based on the Van der Pol'smethod and based on Chua’s
oscillator method. New electrical circuits o fdevices generating electri-
cal signals with regular and chaotic dynamics have been proposed.
Their circuit implementation bases on using non-linear and reactive
properties of transistor structures with negative differential resistance
[1 2].

The method ofVan der Pol's oscillator has been used to construct
the devices generating electrical signals with regular and chaotic dy-
namics based on transistor structures with negative differential re-
sistance [3]. Fig. 1 presents an equivalent circuit o f the device generat-
ing signals with regular and chaotic dynamics and an approximated I-
V curve ofits active element. The mathematical model is a system of
non-linear differential equations (1) [3]. Generated voltage and its de-
rivative are normalized variables. Dynamic processes have been inves-
tigated in time normalized to a period ofresonance frequency voltage
oscillation. Equations o fself-oscillatory system parameters for the gen-
eration device are (2)-(4) [3]. A polynomial approximation equation for
the static I-V curve ofatransistor structure is (5) [3].

Devices generating signals with regular dynamics based on transis-
tor structures with negative differential resistance have been developed
in this paperusing the Van del Pol method [4,5]. They have been mod-
elled at different parameters o f the self-oscillatory system [3]. Phase
portraits in plane ofdynamic variables, diagrams of generated voltage
oscillation in regard to normalized time, amplitude and phase spectraof
the generated voltage have been studied.

The method o fChua’s oscillator has been used to constructdevices
generating deterministic chaos signals based on non-linear and reactive
properties o f transistor structures with negative resistance. Fig. 2 pre-
sents an equivalent circuit o fthe device generating deterministic chaos
signals based on transistor structures with negative resistance [7, 8]. Its
mathematical model in normalized time with regard to normalized dy-
namic variables is the system of simple differential equations (6). A
normalized approximation function o fthe transistor structure I-V curve
is (7). Equations of normalized variables are (8). Equations o f self-os-
cillatory system coefficients are (9).

In this paperthe authors have obtained result o fnumerical theoret-
ical and experimental researching the circuitimplementation o fthe de-
vices generating signals with regular and chaotic dynamics based on
transistor structures with negative differential resistance. Phase por-
traits, time and frequency characteristics o f the generated oscillation
have been built Sets o f static and dynamic |-V curves for various tran-
sistor structures with single supply have been researched. Resistibility
ofoperation ofthe proposed devices has been checked in various gen-
eration modes.
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