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Peghepam—Y HaBeeHiill cTATTi 3aIIPONIOHOBAHO BUKOPUCTAHHS XA0THYHHUX CUTHAJIB SIK PO3LIMPIOBAJILHUX MOC/Ii/I0B-
HOCTel npHu JgiHiliHo-yacToTHIH Moaysinii. HaBeneHo npukJiajg cxeMu reHepaTopa Xa0THYHOI'0 CUTHAJY, OOy 10BAHOI0 HA
OCHOBI JIHII{HUX Ta MepeMUKAIOYNX €JIEeMEHTIB, a TAK0K PiBHSHHS, 10 ONUCYIOTH Po6oTy cxemu. [loka3aHno pesyabTaTn
PO3paxyHKy Ta MOJeJIIOBAHHSI NpoueciB i3 KOHKPEeTHUMH 3aJaHHMH napaMmeTpamu cxemu. Haseneno Oigypkaniiiny aiar-
pamy Ta ¢yHKUii BitoOpaskeHHs 1Jis npoueciB 3 ABOMa Ta TpboMa ToukamMu TsukiHHA. [lokazano, mo npu ¢opmyBaHHi
Aiana3oHy 3MiHH 4acTOTH HeOOXiIHO BPaXOBYBAaTH HASIBHICTh «MepTBOi 30HW». HaBeneHo ¢opmyity 1Jisi po3paxyHKy Ta
rpadik 3Minu koedinieHTa Kopessuii. 1151 npouecy 3 ABOMAa TOYKAMU TAKIHHA HABeeHO MPHKJIAT HIIOYHCETBLHHX MOCTi-
JAOBHOCTEIi, AKi IPONOHY€THCSI BAKOPUCTOBYBATH /1A ileHTH(}iKaLil BUIY Xa0THYHOI0 mpolecy.

Bioa. 7, puc. 4, Tada. 1.

Knrouogi cnosa — niniiino-uacmomna mooyaayisn; po3uiuprosanbia nociid06HiCHb; XaomuyHi npoyecu.

I. BcTvn

3acrocyBanns nrymonoaionux curnainis (ILUIIC) mae
3MICTOBHE TEOPETHYHE MIATPYHTS Ta PO3MOBCIOKEHY
npakTHyHy peaiizaimito [1]. Omnak, i CboroiHi nepes cre-
miajgicTaMH CTOITh 3aBJaHHS 3a0e3leyeHHs 3MIHH 4ac-
totu y cucremax 3 LIIIC 3a TakuM JiHIHUM 3aKOHOM,
U SIKOMY (DYHKIIISI Tepexo1y 3 MONepeIHbOT YaCTOTH Ha
HACTyrnHy Oyyia O OJIM3bKOI0 ab0 MOAIOHO 10 Xa0THY-
HOTO TIPOIIECY 3 PIBHOMIPHOIO TYCTHHOIO PO3MOIITY.
3a3BH4all BUKOPUCTOBYIOTh IICEBIOBHIIAIKOBY ITOCIIIO-
BHICTh [2], Anst moOymOBHU IKO1, 30KpeMa, BUKOPUCTOBY-
I0Th 0araTOKOMIIOHEHTHUH CHIHal 3 BHKOPUCTAHHSIM
KOCQIIIEHTIB PO3TATHEHHS 1 CTHCHEHHS, IO JO3BOJISIE
OTpUMAaTH CUTHai Oau3bkuid 10 xaotwuHoro [3]. Icuye
MOJKJIMBICTB 3aCTOCYBATH IJIST MOIYJIAII] XaoTH4HI PyH-
KIi1, IKI OTPUMYIOTBCS K PE3yJIbTaT PO3B’SI3KY JeTepMi-
HOBAaHWX TU(PEPCHIIHHUX PIBHIHD, peati3amis BHpi-
HIEHHS SKHMX CXEMOTEXHIYHMMH 3aco0amMH HaBeleHa,
Hampukian, y podorax [4, 5]. nst 36epexeHHs] TOBHOTO
Jiama3oHy 3MiHH YaCTOTH BHKOPHCTOBYETHCS 3BHYAlHE
TIOJTAHHS JTIHIHHOT YacTOTHOT MoayJsawii (JIUM) curnaiy,
MIPHU YOMY 3aJICKHICTH MEPEXOAy BiJ OAHIET YaCTOTH 1O
IHIIOT Mae BHWIIAQJKOBUH Xxapaktep. MeTtow poboTu

€ Mo0y10Ba PO3IIMPIOBAILHUX MTOCIIIIOBHOCTEH JTIHIHHO-
4acTOTHOT MOJTYJISIIii HA OCHOBI XaOTHYHUX (YHKITIH.

Il.  TEHEPATOP XAOTUYHOI'O CUTHAJTY

XaOTHYHUH CHUTHAJI OTPUMYETHCS Y PI3HOMAHITHHX
cxemax [6, 7], sxi moOymoBaHi Ha OCHOBI JIHIHHHUX Ta
nepeMUKardnx eneMeHTiB. [lpuknan omHiei 3 Takux
CXEM HaBeJleHUH Ha puc. 1.

PiBHSIHHS, 1110 ONKCYIOTH POOOTY CXEMH, HaBeACHOI
Ha puc. 1, MalOTh HaBeICHUI HIKYE BHTIISL
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Puc. 1 Ilpuxiax cxeMmu Ui OTPHMaHHS XaOTHYHOTO CHTHAILY
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Puc. 2 Bidypkauiiina qiarpama 3ae)HOCTI MOMEHTY [IEPEMHUKAHHS 7 BiJ BEIHMYMHU KoedilieHTa miacuieHHs K JaHKu 3BOPOTHOTO 3B 3Ky

dij | 1] e
dt|_| L L I+T
du |1 Ll
dt| |c RC
U () =[Uy (t-nT)]/T.neN 1)

Au(t) =Us —kp -u(t)
up () =k-Au(t)—up(t)
0, up <0

Y(UA):{L Uy 20

ne E — mampyra mkepena; R, r — omip HaBaHTa)KeHHs
Ta BHyTpimmHiil omip mkepena, Biamosigwo; L, C -
JiHifH] IHIYKTUBHICT Ta €MHICTB; K — KoedimmieHT mia-
CWJICHHSI JIaHKU 3BOPOTHOTO 3B’S3KY; kIl — koe(ilieHT

JiNeHHs BUXITHOI Hampyru; U, U, Uy — Hampyra Ha
€MHOCTI, OIIOpHA Hallpyra Ta Halpyra reseparopa Ji-
HiHO-3MIHHOT HAMpyrW 3 mepiomoM T 1 aMIUTITyq00
Ujy.
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Puc. 3 Jlpa npuxianu nepetuny ¢yskuii K-Au(t) 3 miniifiHO-3MiH-

HOIo (yHKIi€0 Uy (t)

Po3paxyHok Ta MOZIeIFOBaHHSI IPOLIECIB POBOANTHCS
Ha TIEPCOHAIIFHOMY KOMIT IOTE€pPi 3 MIKpOIpOoIecopoM
Intel® Core™2 Duo 2 I'Tu, i onepaTuBHOIO HaM’sITTIO
00’emom 2 I'6 3acobamMu MporpamMHOTO 3a0e3MCUeHHS,
Hanucanoro MoBoto C++. Po3paxyHok nudepeHIiiHux
pIBHSHb TPOBOIUTHCS YHCEIBHUM METOJOM PyHre-
KyTTa uerBepToro nopsaKy TO4HOCTI, 3 )IKCOBAaHUM KpO-
koM — At = 107 ¢. CepenHst TPUBAIiCTh MOJAETIOBAHHS
nporiecy craHoBUTH 600 cekyHI.

Jns mapametpiB cxemu: R=100 Owm; r=0,1 Owm,
L=0,1 I'n, C=10°% @, E=1000 B, Uoz=10 B, Uy=10 B,
T=0,001 ¢, kz=0,01, k=18, kopeHi pP1, P2 XapaKTEPUCTH-
YHOro OararowieHa MaTpuii A € mgidcHumH. [lpu
y=0 — p1 = -8873,0, p»=-1127,0, a mpu y=/ — p1=
=-8872,8, p, = -1128,2. [Ipu 3amaHux mapamerpax CHc-
TEeMH XaOTHYHHUI MPOLIEC 3HAXOAUTHCS Y MepiLiit 0061acTi
(1, puc. 2, a).

Ha puc. 3 HaBeieHO /1Ba IPUKJIAAM NePETHHY QYHKIIi
k-Au(t) 3 niniiiHo-3MiHHOIO ¢yHKuielo Uy (t). 3Ha-
yeHHs GyHKUil Uy (T), A€ Tmin <T<T BH3HA4ae 3Ha-
uenns yacrotu f =k-uy(z), ne K — koediuient nporo-
puiiinocti, (I'u/B).

TakuMm 9uHOM, HeCy4a 4acTOTa 3MiHIOEThCS 32 JiHiN-
HUM 3aKOHOM, II[0 BU3HAYAETHCS HATMPYTOK PO3TOPTKU
Uy (t) . HeoOxigHo BIAMITHTH, LIO B 3aJIeXKHOCTI Bif
noxigHoi curHamy K- Uy, (t) 3MiHIOETBCS 1 IMHPUHA «Mep-
TBOI 30HW» 1ty , B sKii JiHIHO-3MIHIOBaHA HAIpyra He
Oepe ydacTi y popMyBaHHI 3HaY€Hb HECY4Oi 4acToTH. Ha
puc. 3 HaBesIeH] «MepTBi 30HM» tyy < typ AKHUM BiAmOBi-

dk-Uy _ dk-Uy,
dt dt

Nar0Th  CIHIBBIIHOIIEHHS {

t=nT
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HasiBHICTB «MEpPTBOT 30HM» HEOOXiTHO BpaXxOBYBAaTH MpH
(hopMyBaHHI Jiana30Hy 3MiHH 9aCTOTH.

Jnst 30epekeHHs] TOBHOTO Jliarla30oHy 3MiHM MOYKHA
3CYyBaTH [0YAaTOK KOXXHOI JIiHIHHO-3MIHHOT ~(yHKIIT
Hanpyru Uy (t) Ha BEMHUMHY Tynjp. Y MOJAIBIIOMY
BUKOPUCTOBYETHCSI 3BMYalHE MOJAAaHHS JiHIIHOI 4acTOT-
Hol Moxysinii (JTUM) curnany U (t) y Burmsiai

Ut (©) = Upy €05 (27 T +0,5ht% + g )

e h= 27r[f(|')— f(rmin)]/(T _Tmin); Un, @9 —ami-
aza U pgm (1) 5
fo =0,5(f (zmin) + f(T)). 3anexuicte mepexomy Bix

iTyna Ta MO4YaTKOBa

ONIHI€] YaCTOTH O IHINOI Mae BUIIATKOBHHA XapakTep
1 3QJICKUTP Big BemuuHA K .

3nauennro koediuienra K , mo sHaxoautbes npubiu-
3HO B jiama3oHi Bix 15 mo 19, Bimmosinae mepira 30Ha
Xao0THYHUX KosmBaHb (1, puc. 2, a), sika XapakTepu3sy-
€ThCSI ~ OJHO3HAYHUM  BimoOpaxenHsMm Ilyankape

Ty =F ('Cn ) . Hpu 36inbiuenni koediuienra K cucrema
MePEXOJUTh B PEXXKUM PETYJISIPHUX KOJIMBAaHb, 1 OUYNHA-
roun 3i 3nauens K =40 mo k =59 (2, puc. 2, a) pynkuis
BiTOOpaXCHHS Ma€ BUTIISA, TIOKa3aHUH Ha puc. 2, 0. J{ns
30epeKeHHST OJHO3HAYHOCTI BifoOpaxkenHs [lyankape
byHkuis T, =F (rn) po30uBaeTbCcs Ha yotupu: Fy,
F,, F3, F;. IIpu yomy dynkuii F ta F, xapaxrepu-
3yI0TbCS TOUYKAMU TSLDKIHHA Ppp, Ppy, a dyHkuii F3 Ta
F; e dynkuiamu nepexony Bin F Ha F, inasnaku. Ilpu
HoJansIIoMy 30inbmenHi koedimicara K cucrema mpo-
XO/IUTh Yepe3 PeKHUM PETYIIIPHUX KOJIMBAHb 1 Jali, Npu
k =117 — 173 (3, puc. 2, a), HOTpAIUISE Y PEKUM XaOTHY-
HHUX KOJIMBaHb, III0 XapaKTEPH3YETHCS TPhOMa TOUKAMHU
TsoKiHHA Pg3q, P3p, P33 (puc. 2, B), IO BiINOBiIa0OTH
BimoOpaxkeHHAM Fg1, F3p, Fz3. ®Oymkmii F3y — Fgg
€ QYHKIOIIMH Tiepexoxy. XaOoTWYHHH Tporec i, Biarmo-
BiJIHO, 3HAYEHHS TI'€HEPOBAHOI IOCIIJOBHOCTI YacTOT
f =k-uy(r) (poswmproBaibHI MOCIIZOBHOCTI) 3aie-
JKaTh BiJl 3HAaU€Hb BOCBMH ITapaMeTpiB cUcTeMu andepe-
Huiiaux pismseb (1): L, C, R, r, Uy, Us, kﬂ, k.
BBakaroun, 1110 KO>KeH 3 mapameTpiB Moxke npuiimary 10
3HAY€Hb, YUCIIO BAPIAHTIB PO3MIMPIOBAIBHOI ITOCIIIOB-
Hocri 6inbiue Hix 2'%, ITpu 36inpmenni K ducno Toyok

TSDKIHHS 1 BIATOBITHUX BiIOOpaKeHb MOXKE SIK 301IBIITY-
BATHCh, TaK 1 3MEHIIYBATUCh.

TABJIMIIA 1  TIPUKJIAJ IIIJIOYUCEJILHOT TOCIIOBHOCTI JIJIS1 TIPO-

LECY 3 IBOMA TOYKAMMU TAXKIHHSA

Fl ...|7|5|23[9(11{7|19|1/5|17(13(3(7(3|7|21...

F2 ...|[0]21 [Of1 |0j0 |1/0j]1 [1 [O[O[O[Oj0

Jk(r)

Puc. 4 Burmsig
m= f (tm+l)

He nauBnsuymch Ha JIHIHHY 3aJICKHICTh YaCTOTH
f =k-uy(z) izmerepmiHoBaHuMi BUrIIsiA AudepeHIiHHIX

¢yHknii  kopemsmii Uil BimoOpakeHHS

piBHSHB, 3MiHAa YacTOTH HOCHUTh XaOTHYHHN XapakxTep,
IO UTIOCTPYETHCS PO3PaX0OBaHUM KOE(DilliEHTOM KOPEJIsi-
i1 71 IPOLIECy, 0 MA€E JBi TOYKH TSHKIHHS.
PospaxyHok koedinienta kopemsiuii k (r) mns Bino-
Opanenns ty, = f(ty,1), wo 306paxkene Ha puc. 2, 6,
MIPOBOIUTHCA 32 (OPMYIIOIO:
k(r)= Z :

NM _Nk m=0
- L 1 Nm
ne ty =ty —T; T=—->"t,; Ny — saramue uncno
M i=1

TOYOK TMPOILIECY, 10 PO3PAXOBYETHCS (YUCIO IHTEPBAIB
tpuBaiictio T ); N — 4HCIIO TOYOK, B SIKHX PO3PaxoBy-
eTbes KoedinieHT kopessinii. Ha puc. 4 HaBeneHo 3anex-
HicTh GyHKii kopensuii K (), 3a pesynsraramu anamisy

SIKOi MO’KHA 3pOOHMTH BHCHOBOK, IO 3HAYEHHS (DyHKIIii
3HAXOJAThCSl OJM3BbKO HyJIs, a Aeska 11 MepiofuuHICTh
1 BIIMIHHICTB BiJ HYJIs, IMOBIpHO, ITOSICHIOETHCS ICHYBaH-
HSM JJITHOK 00JIACTEH MEePEXiTHOTO MPOIIECY, III0 TOBTO-
PIOIOTBCS.

I'enepoBaHi XaOTHYHI HOCTiXOBHOCTI Ug(7) MaroTh
TaKy BJIACTHBICTbH — ITOCIIJOBHICTh LIUX NEpioAiB GyH-
Kuii Uj(t), o BKIA#aroThes MK T, Ta Tnq, A€ Tn

BIJIHOCUTBCS JI0 IIONEPENHbOI TOUKU TSDKIHHA, A Tpyq —

JIO HACTYITHOI TOYKHU TSDKIHHS, € Xa0TUYHOIO Ta YHIKab-
Ho. [IpuKiIam mijT0YMCEeNbHOT MOCTIAOBHOCTI IS TPO-
Iecy 3 JIBOMa TOYKaMU TsDKIHHS HaBeIeHO y Taomwmi 1.

BuKOpHCTOBYIOUH 1110 BJIIACTUBICTH MOXKHA 1EHTH (DI~
KyBaTH BUJ] Xa0THYHOT'O MPOIIECY 3a IJIOYHCEITBHOIO IM0-
CIIIIOBHICTIO OOMEXKEHOT TOBXKUHU.

BUCHOBKU

Jnst moOyIoBH XaOTHYHOI PO3MIMPIOBAIEHOL MOCIHI-
JTIOBHOCTI JIIHIHHOT YaCTOTHOT MOAYJIALIi AOIIIEHO BUKO-
PUCTOBYBAaTH JCTCPMIHOBAHI PIBHSHHS 3 NEPEMHUKAIO-
yuMH (QYHKIISAMH, a I ieHTUgIKaIil Takol MoCiToB-
HOCTI TIPONOHYETHCS BHUKOPUCTOBYBATH LIJIOYHMCENBHI
MIOCTITOBHOCTI KITBKOCTI MEPi0iB, AKi BKIAIAIOTHCS MK
TOYKAMHU I'EHEPOBAHUX YaCTOT.
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Pegpepam—B npuBegeHHON cTaThe NPeMJIOKEHO MCNOJIb30BAHHE XA0THYECKUX CHTHAJIOB B KayecTBe PacIIMPSIIOIIHX
nocJje0BaTeILHOCTell MPH JHHeiiHO-4YacTOTHON Moayasauun. IIpuBegen npuMep cxeMbl reHepaToOpa XaoTHYECKUX CUTHA-
JIOB, IOCTPOEHHOT0 HA OCHOBe JIMHEHHBIX M MepeK/II0YaloNINX 3JIeMEeHTOB, a TaKiKe YPaBHEHHs, ONMHMChIBAKOIHE PadoTy
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A1 MaeHTHGHKAIMT BHIA Xa0THYECKOIo nmpouecca.
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Abstract—In the presented article the use of chaotic signals as spreading sequences for linear-frequency modulation is
proposed. An example of a simplified block diagram for a chaotic signal generator constructed on the basis of linear and
switching elements is given, as well as equations describing the operation of the circuit. The results of calculation and simu-
lation of processes with specific specified parameters of the circuit are shown. The calculation of differential equations is
carried out by a numerical method of Runge-Kutt of the fourth order of accuracy. It is shown that carrier frequency varies
linearly, according to the scanning voltage. To maintain the full range of changes the beginning of each linear variable
voltage function can be shifted for certain time interval. It is shown that when forming a range of frequency changes, it is
necessary to take into account the presence of a "'dead zone'. The dependence of the transition from one frequency to
another is random and depends on the values of correlation coefficient. A bifurcation diagram and display functions for
processes with two and three attraction points are presented, The first zone of chaotic oscillations corresponds to the value
of the coefficient, which is approximately in the range from 15 to 19. The second zone of chaotic oscillations correspond to
the coefficient values from 40 to 59. The third zone of chaotic oscillations correspond to the coefficient values from 117 to
173. Between these zones regular oscillations are presented in the system. With an increase of correlation coefficient
the number of attraction points and the corresponding display points can increase or decrease. The formulas for the calcu-
lation and the graph of the change in the correlation coefficient are given. It is shown that the correlation function is close
to zero, some of its periodicity and the difference from zero is probably due to the existence of repeating areas of transient
process. An example of an integer sequence for a process with two attraction points is given. For a process with two attraction
points an example of integer sequences is given, which it is proposed to use to identify the type of chaotic process. The feature
of generated chaotic sequences is shown — the sequence of integer function periods, which are enclosed between two attrac-
tion points is chaotic and unique. With using the deterministic equations with switching functions, a chaotic spreading
sequence of linear frequency modulation is build, for identification of which it is proposed to use integer sequences of
the number of periods that are enclosed between the points of generated frequencies.

Ref. 7, fig. 4, table 1.
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