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Abstract. Among the most important scientific problems, which have been given much attention
recently, is the research of the properties and methods of forming complex noise-like signals to increase
the interference protection of radio communication systems, operating in the conditions of electronic
conflict. Such signals have inherent properties that help solve problems of improving noise immunity,
secrecy transmission and providing electromagnetic compatibility of various radio communication systems.
For the synthesis task of noise-like signals, it is proposed to use timer signal constructions in combination
with various methods of spectrum expansion based on random restructuring of the operating frequency.
The expediency of using timer signals is justified by their properties which increase the noise immunity and
secrecy of transmission. However, unlike the position codes, they have a more difficult structure for
constructing signal constructions. The primary parameters for constructing timer signals allow the formation
of the various sets of signal constructions. Such variational possibilities of constructing timer signals
substantially increase the potential structural secrecy of the transmission. Also, based on timer signals,
noise-immunity coding is implemented without additional test elements. In the article was carried out the
analyses of methods synthesis based on random rebuild operating frequency, taking into account the non-
positional timer signals.
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AHoTauif. Cepea HaNbINbL BAXMBUX HAYKOBUX 3a4adv, SIKMM NPUAINSAETbCA OCTaHHIM 4acoM
3Ha4Ha yBara, € AOCNIIKEHHA BIACTUBOCTEN i MeTOAiB (POPMYBaAHHA CKNAAHUX LUYMOMNOAIOHMX CUrHaniB
Ana NigBULLEHHSA 3aBaA03axULLEHOCTI CUCTEM paaio3B’sa3Ky, AKi NpauioloTb B yMOBaxX paaioenekTpOHHOro
KOH(NiKTY. TakuMm curHanam nputamaHHi BRacTMBOCTI, 3a AOMOMOrOI0 SKUX BUPILLYIOTLCS 3aBAaHHA
NnoKpawleHHs 3aBaA0CTINKOCTI Ta NPUXOBAHOCTI NepeAaBaHHs, a TakoX 3abe3nevyeTbCa enekTpoMarHiTHa
CYMICHICTb Pi3HUX CUCTEM paaio3B’si3ky. [And 3aBAaHHA CUMHTE3Y LUyMONOAiGHMX CMTHaniB 3anponoHOBAHO
BUKOPUCTOBYBATU TAMEPHi CUrHanbHi KOHCTPYKLUIT B MOEAHaHHI 3 Pi3HUMWU METOAaMMW PO3LLUMPEHHS CnekTpa
Ha nigcraei NCeBAOBUMAAKOBOrO MEPECTPOI0 poBOoUOT YacToTU. [OUINbHICTL 3aCTOCYBaHHA TaNMEPHUX
curHanis oBr'pyHTOBYETLCA X BMACTUBOCTAMM, 5K NiABULLYIOTb CTiMKICTb i MPUXOBAHICTL NEpeaaBaHHs,
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non-positional timer signals [5]. The expansion of the TSC spectrum based on RROF was
considered in [6,7]. Unfortunately, there is no detailed classification of possible methods for TSC
extension in these works. Therefore, the research of new methods of enhancing the protection of
radiocommunication systems based on the synthesis of noise-like timer signals using RROF
methods is an actual task.

The aim of the article is development the methods of expansion the spectrum of timer
signals based on RROF.

When constructing the communication system with RROF, an important parameter is the
factual time of operation at one frequency, which characterizes the energy secrecy of the
transmission. The known methods of transmission with RROF are based on expanding the
spectrum of positional binary signals with duration of Nyquist elements /, and don’t apply to
TSC. Compared with bit-digital codes (BDC), timer signals have possessed the following
advantages [4]:

1) at the given interval of construction 7, =#ym, can form the number of TSC

implementations more than the BDC, i.e. Nyyy1sc > Nimpnpe;

2) based on the TSC, can organize the control of fidelity transmission without the use of
additional test elements;

3) the joint use of the BDC and TSC allows to reduce the probability of the erroneous
element by 3-4 orders of magnitude and compensates the redundancy of the noise immunity code.

The principle of the formation non-positional TSC [4,5] is that the moments of modulation

of pulses in the TSC, in contrast to the BDC, are not multiple £, , and some basic temporary element
A (where A= to/s; s=1,2,3,..., [ —the whole numbers). The duration of TSC impulses can’t be
less than the Nyquist interval, i.e. f, =f, +kA (where £=0,1,2,..,5-(n—2)). More number of
implementations N, at the interval 7, compared with the BDC is achieved by reducing the
energy distance between the signal structures, which is determined by the value A <¢,. The

interval value A affects the noise immunity and relative transmission speed, which is necessary
to be considered when choosing the parameters for constructing TSC. The total number of

implementations in TSC is [5]:
o e [ fs- )

P~ 2 a6r5)—Jis—0)- -] O
where i — the number of modulation information moments. An example of constructing TSC on
the interval 7, =4¢,; {, =4A is shown in Fig. 1, a.

Consider the principle of expanding the spectrum of the TSC considering the following
varieties of RROF: slow and fast. Given that the basic element of the construction of the TSC is
the time interval A, we will use it when developing the method of spreading the spectrum using
RROF. For the slow RROF, the rate of change of the carrier oscillation is more than the Nyquist

interval f, in case, when it is used the bit extension BDC. In the timer signals A <{,, therefore the
carrier frequency change time 7gppop for slow RROF will be determined taking into account the
element A, i.e.

Tsrror = Az, (2)
where z=23,..,M - the number of elements A on the interval Tgppor; M =ms. When
choosing the time interval for changing the carrier frequency, it should be taken into account that
with larger value 7grror the probability of defeat interference of the useful signal in the channel
increases. In Fig. 1, b presents the process of spectrum expansion for slow RROF with the interval
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