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Pedepat. PaccmaTtpuBaercs cmoco0 mepenadu JaHHBIX B IOCICIOBATENBHOCTH CIyYaifHBIX YHCEI C MOMOLIBIO MEPEKII0YaeMbIX
TeHEepPaTOPOB XaOTHUECKUX KoneOanuil. IIpuBeneHsl anropuTMel pacdera HHGOPMAIMOHHBIX IApAMETPOB IS psia KBaAPATHUHBIX OTOOPa KEHU.
Ormmcana nporesypa 00paboTKH OCIEA0BATENFHOCTH C MAJIBIM BPEMEHEM PaCLETICH s KOPPEISIIHI MEKTY SJIEMEHTaMH.

Jis  TeHepalMM XaoOTHYECKHX IUGPOBBIX TocienoBaTenbHOCTel [1,2] HCIONB3YIOTCS — aNTOPHUTMEI,
MIOCTPOCHHBIE HAa OCHOBE KOHEYHOPA3HOCTHBIX OTOOpakeHWi [3,4], a B KadecTBE OJHOTO W3 CIOCOOOB BBOJA
HHOPMAIMK PACCMATPUBACTCS MOAYIISALINS YIIPABJISIOMINX ITApaMEeTPOB 3TUX OTOOpaskeHuH [5].

OnHako COOCTBEHHO Xa0C HAOIIONACTCS JIMIIb MPU ONPEICTICHHBIX ONTHMAIBHBIX 3HAUCHHSX YIIPABIISIONINX
rapameTpoB, MOATOMY MOIYJSIHMS MOXKET HApYIIUTh YCJIOBHs HauOOMbleld TIIyOHMHBI Xaoca WIM TPHBECTH K
YBEITMUEHUIO BPEMEHH PACIICTICHHUS KOPPEILIIAA MEX Ty dJIEMEHTaMH TIocTieIoBaTebHOCTH [ 1,6].

Bwmecte ¢ TeM, Ui MOCTPOCHUSI OMHAPHBIX CUCTEM IEpeadd JAaHHBIX C MOMOIIBI0 MYJIBTHILICKCOPa MOXKHO
CO3J1aTh MOTOK CITyYaiHBIX YHCEIN OT JABYX FCHEPATOPOB, B KAXKIOM U3 KOTOPHIX YIPABIISIOIUINE TApaMeTPhl BEIOPAHEI
ONTUMANFHBIMA WM, MO0 KpaiHed Mepe, oOeclieurBacTCsS Malioe BpeMs pacleluiecHus Koppensiuu. [Ipu 3tom
VIIPABISAIONINHN TapaMeTp CIIY>KUT MepeaBaeéMbIM CHMBOJIOM.

B nmanHO# paboTe mpUBEIEHBI AITOPUTMBI pacyeTa yKa3aHHBIX WH()OPMAIMOHHBIX MapaMETPOB IUIA psnia
M3BECTHBIX OTOOPaXKCHUI M JaH HpUMep 00pabOTKH MOCIEAOBATEILHOCTH , B KOTOPOH COXPAaHSETCS Malioe BpeMs
pacUeruIeHHsT KOPPEISIIUU MEXIY HIEMEHTaMHU.

PaccMaTpuBaeTcsi KBaipaTHIHOE OTOOpaKeHUE BUA:

X, =0-x_ +B-x +y-x +5, n=12,.., 1)

I7ie: n — IUCKPETHOE BPEMS;
X, — N-BII 3JIEMEHT MOCIIeI0BATEIEHOCTH;
o, B, v, 0 — yIpaBJIsroIIye mapamMmeTphl.

Cornacuo (1), mo6oit U3 YeThIpex mapameTpoB 0O, B, ¥, & MOXKET OBITH PACCUNTAH, €CIM W3BECTHBI IIECTH
COCEIHHUX HJIEMEHTOB IU(POBOH MOCIEIOBATEIFHOCTH, TOIYYSHHOH ¢ IOMOIIBIO TAHHOTO OTOOpasKEeHMS.

B psame kimaccmdecknx YAcTHBIX CIIydaeB ONTHUMANbHBIC 3HAUEHHS YIPABILIIONNX MapaMeTPOB HM3BECTHHI.
Ipu 0=0, B=4, y= —4, &=0 u3 (1) crenyer orobpakenne Depxionbcra. Jus 0=0.3, B=0, y= —1.4, 6=1 u3 (1)
nosygaercss oroOpaxkenne XeHowa. Ecim B (1) momoxkuts 0=0, B= —1.57, y=2, 6=0, moiyuutcs oToOpakeHwUe,
paccMoTpeHHoe B [6].

Jist oroOpakenuit, B kotopbix 0=0, 0=0 u3 (1) cnenyer:

Xya =B, +7- X, (2)
xn+2 = IB ) xn+1 + y ) xr21+1’ (3)
Torma u3 (2), (3) mosryaurcs:
B*-A-C
y= ; (4)
A-B-(A-B)
A*-C-PB’
p= ; &)
A-B-(A-B)

rae: A=Xy; B=Xy.1; C=Xpaa-

CornacHo (4), (5), ynpaBisioniue mapaMeTpbl TeHEpaTOPOB MOMOOHOTO THIA MOTYT OBITh PACCUUTAHBI B
pe3yabTaTe HEMHEHHOW 00pabOTKU TPEX COCEIHUX YUCEI TTOCICAOBATCIBHOCTH.

Ecim Ha npuemMHO#M CTOpOHE M3BECTCH THII T€HEpaTopa W OJUH U3 MMapaMeTpoB, TO AJS pacueTa APYroro
mapamMeTpa IOCTaTOYHO JIBYX COCETHUX uucel. Tak, s reaeparopa OepxronbeTa u3 (2) momydnuTes:

B-4-A
V:T; (6)
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B+4-A’
= 7
B 1 (7)
Jliist oTOOpaKeHus, pACCMOTPEHHOTO B [6], U3 (2) cinexyerT:
B+4-A’
= 8
Y A )
B-2-A%

p= 1 ®)

st ciyaast B=0, y=1 u3 (1) momyuures:

,_B1-D)-C*-(1-0),

— ; (10)
A-C*-B
_B-(1-C)-A-(1-D) an
A-C*-B° ’

rae: A=X,.1; B=Xxn; C=Xp41; D=Xp40.

Ecnm aapecaTy W3BeCTEH THI TeHepaTopa M OJWH W3 ONTHMAJILHBIX TMapaMeTpoB, TO HEOOXOMAMMOE IS
pacdeTa KOJINICCTBO COCCAHUX DJICMCHTOB IMOCICA0BATCIbHOCTU YMCHBIIUTCS.

TaK, B CjIy4ae€ reaeparopa XCHOHa MOXKHO NOJIYYUTH CICAYIOINEC (bOpMyj'ILIZ

2 p—
:1.4 B +C 1; (12)
A

dakTopamu, ONPEACIIIONUME TO00p Tap KOMMYTHPYEMBIX T€HEPATOPOB, SBIISIOTCS:
KOJIMYECTBO YHCEIN MOCIECOBATEIILHOCTH, HEOOXOMMOE ISl OLICHKU HH(OPMAIIMOHHOTO MapaMeTpa;
HMHTEPBAJI YHCEIl TEHEPHUPYEMOH MOCIeJOBATEIIEHOCTH;
BpeMsI, 3aTpadrBaeMoOe Ha pacyeT Mo JAaHHOMY aJTrOpUTMY;
OIM30CTh CTATHCTUYECKUX XapaKTEPUCTHK TeHEPHPYEMBIX ITOCIIEI0BATEIHHOCTEH.

C-03-A-1
y= 7 ; 13)

B kauecTtBe Mepbl, ONpeAensIoniel NPUrogHOCTh T'eHepaTopa, MOXKHO HCIOJIb30BaTh BpEMsl PacLETICHHs
KOPPEIIINHA MEXIY 3JIEMEHTaMH TIOCIe0BATEIFHOCTEH.
Hanpumep, m1st oToOpaskeHus BUaa:

Xosl Z{k 'Xn}, n:1,2,..., (14)
rae 3HaK {..} 0003Ha4YaeT APOOHYIO YacTh 3aKIFOYEHHOIO B CKOOKM apryMeHTa, a yIpaBisiomuil mapamerp k>1,
BpEMs PacLEILICHHs KOPPENALMH T OIPEACIISIETCS BEIPaKEHUEM:

1
T=—o
Ink

Jist k>>1 seMeHTBI MOCNe0BaTEIbHOCTH MOTYT CUATAThCS CTATUCTHYECKH He3aBUCcHMBIME [1]. CoryacHo
(14), DBOWYHBIA CHUMBOJ CJEIyeT IMepenaBaTh IBYMs YHCIaMHU TIOCIEAOBAaTeNbHOCTH. Hampumep, mpu mepemaye
«HYJIS» HUCIIONB3YIOTCSA [1Ba YHCia OT reHeparopa ¢ k=5T, a mpu mepemade «eAWHHUIBD NEPERalOTCS YHCIa C
reHepatopa ¢ k=10m. B paccmarpmBaeMoM HIDKe TpuMepe 00a TeHepaTopa 3aIyCKaloTcs OJHOBPEMEHHO IPH
HavaJgpbHOM 3Ha4YeHuu x=0.1.

ITycte TpeOyercs mepenath coobmenue A Buma «0; 0; 0; 1; 1; 0; 1; O». Ecmm mpenenbHas ommoOka
okpyrienust uucna pasHa 0.0005, To B nuHMIO MOCTYNmUT nocienoBarenbHocTh yucen: «0.1; 0.571; 0.966; 0.175;
0.743; 0.673; 0.246; 0.719; 0.596; 0.710; 0.233; 0.665; 0.165; 0.186; 0.245; 0.849». Ilpouenypa 0oOpabOTKH 3TOM
MOCJICIOBATEIEHOCTH B IPUEMHHUKE MOSICHACTCS CXEMOW Ha pHc. 1, TJe MPUHATHI CICIyonre 0003HAYCHUS:

BH - 6ydep-HakomuTens;

a

5)
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BITOITP — Gyiokx mowcka, 00pabOTKU U TIPUHATHS PEIICHHUS,

Ax * omubOKa KaHaja 5T;
n+l
AX ommOKa kanana 107;

n+l

A — ony4eHHast JBOUYHAS TOCIICAOBATEIBHOCT;

f, — gacToTra BEIOOpA Map YUCEN X, U X,,; (B IBa pa3a MEHbIIIas YaCTOTa CIEAOBAHUS ITUDD).

BepHbiM cuuTaercs cooOlleHHEe KaHaia, B KOTOPOM OIMOKa AX,,; MEHbIIE. B paccMoTpeHHOM mpumepe
OTHOIIIEHHE OIIHUOOK JIOXKHOT'O ¥ HCTHHHOTO KaHAJIOB B HAMXY/IILIEM CITy4ae TpeBbIiaet 25 pas.

CdhopmupoBanHbie MOI00HBIM 00pa3oM IU(POBBIC MOCICAOBATEIBHOCTA MOTYT OBITH HCIIOJIb30BaHBI U B
AHAJIOTOBBIX CHCTEMax, Hanpumep, B YUM-reHeparopax ¢ XaOTUYECKOH YaCTOTOM MOJHECYIIETro KOJIeOaHusl.

STCXH :+]
X {...}
X5 — |
L’ BH Xn A
“— 1 BIIOTIP[—»
X10 1
f, ' _ e
X
) X 1OTCXn | ] n+l ~ 7+l

Puc. 1.
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Abstract. The mode of data transfer in a random numbers sequence with the help of switched generators of chaotic oscillations is
considered. The calculation algorithms of information parameters for a series of square-law maps are led. The procedure of handling of a sequence
with small unhook correlation time between the elements is described.

For generation of chaotic digital sequences [1,2] the algorithms based on finite differences maps are used
[3,4], and as one of modes of input an information the modulation of controlling parameters of these maps [5] is
considered.

However purely chaos is observed only at particular best values of controlling parameters, therefore
modulation can break conditions of the greatest chaos depth or to increase an unhook correlation time between
sequence's elements [1,6].

At the same time, for a construction of binary data transfer systems with the help of multiplexer it is possible
to create a stream of random numbers from two generators, in each of which the controlling parameters are selected
optimum or, at any rate, the small unhook correlation time is ensured. Thus the controlling parameter is a transmitted
symbol.

In this work the calculation algorithms of indicated information parameters for a series of known maps are
led and the example of handling of a sequence is given, in which the small unhook correlation time between the
elements is a constant.

The square-law map of an aspect is considered:

X, =0-X_ +p-x +y x +0, n=12,..., )
where: n — discrete time;
X, — n-th element of the sequence;
o, B, v, 0 — controlling parameters.

Agrees (1), anyone from this four parameters a, b, g, d can be calculated, if six adjacent elements of a digital
sequence obtained with the help of this map are known.

In a series of classical special cases the best values of controlling parameters are known. At, 0=0, B=4, y=—
4, 6=0 from (1) the Verhulst's map follows. For 0=0.3, =0, Y= —1.4, 8=1 from (1) the Henon's map is gained. If in (1)
to put 0=0, B=—1.57, y=2, 8=0, will be received the map surveyed in [6].

For maps, in which 0=0, =0 from (1) follows:

Xpu =B X, +7-x, (2)

_ 2
X2 = ﬂ R + VX (3)
Then from (2), (3) will be received:

_ B*-A-C

"TAB-(A-B)’ “)
_ A C-P
P~ 4 B-a-By ©

where: A=X,; B=x,.1; C=Xp.2.

Agrees (4), (5), the generators controlling parameters of a similar type can be calculated by non-linear
handling of three adjacent numbers of a sequence.

If at the receive side we know the generator's type and one of its parameters then for calculation of other
parameter there are enough of two adjacent numbers. So, for a Verhulst's generator from (2) will be received:

For map surveyed in [6], from (2) follows:




—-4-A
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(6)
B+

B= T; (7)

_B+4-A

- s
For case B=0, y=1 from (I)Aill be received:
where: A=x,.;; B=X,; C=x,,1; D=X;2.

:Bz-(l—D)—CZ-(l—C)

®)

; (10)

A-C*'-B
B-(1-C)—A-(1-D)
T ACc-B b

If the generator's type and one of the optimum parameters is known at the receive side, the amount of
adjacent elements of the sequence, necessary for calculation, will decrease.
So, in case of a Henon's generator it is possible to receive the following formulas:

2 —
a=1'4 B +C 1; 12)
A
C-03-A-1
V= B ; 13)

The factors, defining selection of pairs of commuted generators, are:
—  amount of numbers of a sequence necessary for an information parameter evaluation;
—  interval of numbers of a generated sequence;
—  time expended on calculation for this algorithm;
—  closeness of statistical performances of generated sequences.

xn+]
x:+1 AX:H
— X ey () _
X5 f— *
X Xn A
—~ 5 BA «— . BSHD—
T X10 —
f, ~ ~
i 1 OTCXn ’xn+1 Axn+1
— x "y - —

T xn+1
fh

As a measure, defining fitness of a generator, it is possible to use unhook correlation time between the
elements of sequences.
For example, for map of an aspect:

L={k-x}, n=12,., (14)
where the sign {...} means a fractional part of argument, made in a bracket, and the controlling parameter k>1, the
unhook correlation time T is determined by expression:

Fig. 1.

T=—vo (15)
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The sequence’s elements for k>>1 can be considered statistically independent [1]. Agrees (14), the binary
symbol should be transmitted by two numbers of the sequence. For example, at transmission of "zero" two numbers
from a generator with k=57 are used, and at transmission of "unit" are transmitted numbers from a generator with
k=10m. In the below considered example both generators are started simultaneously at an initial value x=0.1.

Let it is required to transmit the message A "0; 0; 0; 1; 1; 0; 1; 0". If the limiting round-off error of number is
equal 0.0005, then in a line will arrive the sequence of numbers: "0.1; 0.571; 0.966; 0.175; 0.743; 0.673; 0.246; 0.719;
0.596; 0.710; 0.233; 0.665; 0.165; 0.186; 0.245; 0.849". The handling procedure of this sequence in the receiver is
illustrated by the scheme in a fig. 1, where the following labels are accepted:

BA - buffer-accumulator;

BSHD - block of searching, handling and decisionmaking;

* an error of the 5m-channel;
A X n+l
Aan an error of the 107m-channel;

A — obtained binary sequence;

f, — choice frequency of pairs of numbers x,, and x,,; (twice smaller then figures following frequency).

The valid message is considered in the channel where the error Ax,,; is less. In a surveyed example the ratio
of errors of false and true channels in the worst case exceeds 25 times.

The generated in similar way digital sequences can be also used in analogue systems, for example, in FM-
generators with chaotic frequency of subcarrier oscillation.
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