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Abstract—The relations allow quantify degree of redistribution average signal power between its spectral
components and satellites that arise at the combination frequencies during rotation the main rotor of the
helicopter. Recommendations for permissible levels of signal attenuation in the parametric system
“standard antenna — the fuselage of the helicopter” are provide.

Index Terms—Helicopter; helicopter screw; screw blades; directional diagram; mathematical modeling

diagram; diagram pulsation.
I. INTRODUCTION

Metal body of the helicopter and installed on it
omni-directional antenna form a single system,
radiating and receiving radio frequency energy.
Rotation conductive main rotor blades (metallic,
carboxylic), length of which is comparable with the
overall dimensions of the fuselage, makes this system
parametric properties. Internal factor parametric
antenna system (PAS), which periodically changes in
time with the frequency v, can only be it effective
(acting) length — only one technical parameters of the
antenna, belongs, for example, in the formula of a
perfect radio transmission, and in the formula that
determines the difference potentials at the output
terminals of the antenna in the radio mode. In [1]
substantiated possibility the mathematical model
instantaneous values of the effective length pulsating
PAS:

he<r>=heo—Ahe<z>=heo[l—%}. ()

e0

In relation (1): Ah,, is the effective length PAS in
the absence of pulsations A#, (¢). Instantaneous
values pulsation A/ (¢) are determined based on the

Fourier expansion periodic sequence of unipolar,
adjacent to each other cosine video pulses [2]:

h(t)=Ah, cos%(tJrkTN)
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In ratio (2): Ah,
(Ah

horizontal ¢ spatial angles; pv is the -circular

is the pulsation amplitude

€ max

< heo) in the direction of the vertical 0 and

harmonics  frequency pulsations v =mnN/30,

dependent on 7 is the number of revolutions the shaft
main rotor of the helicopter for one minute (from 240
to 350) and from; A is the number of rotor blades (2 to
8); T,=2n/v=60/nN is the recovery period
geometric configuration of PAS in the direction
angles 0 and .

Based on the model (1) and (2) can make a
preliminary conclusion that in PAS spectrum of the
useful signal is distorted. In the vicinity of the carrier
frequency useful signal ®, and near its lateral
components at frequencies o, F 7€) arise satellites
for combinational sum-difference frequencies types
o, Fpv and o, FnQF pv respectively. In these

relations n€) are harmonic frequency modulation
useful signal. Satellites accompany every spectral
component useful signal, which becomes for them
energy donor. At the indicated values of #n and NV are
possible values of the cyclic frequency pulsations
F, =1/T, are in the range e ight to forty-seven hertz.

Combination frequency satellites, embedded in the
signal, very small different from the frequency
corresponding donors. In the spectrum of the
distorted signal satellites are fundamentally
irremovable components that do not contain useful
information. Therefore their can be attributed to
totality multiplicative noise, distributed over the
spectrum of the signal. The level of this kind of noise
can be reduced by technical solutions that allow
reduce the amplitude of pulsations Ah, the effective
length PAS. One such decisions can be attributed
choice of a point placing standard antennas on the
fuselage of the helicopter. This procedure can be
performed using known methods of mathematical
modeling of electromagnetic fields generated by
objects with complex configurations [1].

The average power useful signal at the output of
PAS other things being equal reduced irreversibly
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The value ZA,i(r, 0,9) in the ratio (8)

determined by the sum squares amplitudes spectral
components of signal formed at the output of PAS.

av e

From comparison relations (8) and (9) follows,
that differences between the respective numerical
coefficients constitute only 0.4%. Therefore, if
necessary, as the mathematical models of effective
length PAS appropriate to use simplified ratio (6) and
(7). In the ratio (9) a group of multipliers, facing the
curly braces defines average power of the signal at
antenna output without parametric distortions that
caused rotation of the main rotor helicopters:

A2 > ea
P, = 20D )
Subtrahend contained in square brackets ratio (9),
defines the average power consumed signal (10) for

the maintenance arising satellites:
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When determining P, to take into account the

contribution of all harmonics that are present in the
ratio (2), we obtain the exact ratio:
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If information is exchanged between the two
helicopters, the allowable relative power loss to
products of parametric conversion in the radio

channel on the basis of (12) will be ¢, = 0,055 or

5,5 %, which corresponds to the permissible
attenuation of the spectral components of the desired

signal (15) on the d, , = 2.5 dB (in 1,8 times). The
G = 0.875
=09 dB

per

maximum possible value losses

correspond to attenuation on the d
(8 times).

If the information exchange was fostered between
a helicopter and an object of a different type then
allowable relative power loss for the products of the
parametric transformations arising in the radio
channel are determined on the basis ratio (13) and

constitute ¢, = 0,031 or 3.1 %. This quantity
corresponds to the value allowable attenuation of the
spectral components useful signal on d;,, =1.25 dB

0max

(1.3 times). The maximum possible losses ¢, =0.5

corresponds to attenuation of the spectral components
useful signal on d, . =3 dB (2 times). From these
examples follows that allowable levels attenuation of
the spectral components useful signal in the channels
of communication for above situations differ by

1.25dB (1.3 times) and inadmissible attenuation
differ by 6 dB (4 times).

CONCLUSIONS

Omax

1. With increase amplitude pulsation effective
length PAS average power signal consumed for the
maintenance of the satellite increases, which entails a
corresponding weakening of the average power of
each spectral component of useful signal supplied to
the receiver input.

2. Satellites arising at the output of PAS, located
very close to the corresponding spectral components

donor, and are technically their lateral components at
the combination frequencies. They can not be filtered
in any circumstances.

3. Radical method of reducing attenuation average
power signal to the PAS helicopter is placing
standard antenna at such a point its fuselage with
respect to which depth of the dips of the antenna DD
is minimum. In this case pulsation amplitude
effective length PAS are minimum.

4. In the radio channel, which is formed between
the helicopter and an object of a different type, the
maximum attenuation of the signal power caused by
to parametric effect its antenna can reach 3 dB when
allowable 1.25 dB.

5. In the radio channel, formed between the two
helicopters, the maximum attenuation of the signal
power caused by parametric effects in their antennas
can reach 9 dB, when allowable 2.5 dB.

6. All of the foregoing ratios are the original and
can be used in practice for quantitative estimates
average power loss in PAS helicopters.
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B. O. IBanoB, O. C. 3anopoxHuii. [Tociad/jieHHs cepeTHbOI MOTYKHOCTI CUTHAJY AHTE€HHOK) CHCTEMOI0 IeJIikom-
Tepa

OTprMaHi CHiBBiIHOIIEHHS, 110 J03BOJIAIOTH KUIBKICHO OLIHUTH CTEIiHb NEPEPO3MOAITICHHS CepeHbOT MOTY>KHOCTI
CUTHAJTY MiX HOTO CIIEKTPaJbHUMU CKIIQJOBUMH Ta CATEIIITAMHU, SIKI BUHUKAIOTh HA KOMOIHAIIIHHMX YacTOTaxX MpH 00e-
pTaHHI Hecy4doro I'BUHTa remikonrepa. HaBeneni pekomenaanii At BHOOpyY piBHIB JOIYCTHMOTO MTOCIA0JICHHS CUTHAITY
B IIapaMETPUYHIN CHCTEMI «IITaTHA aHTEHA — (DI03EIISHK BEPTOIHOTA.

KaiouoBsi ciioBa: renikonTep; rBUHT I'eJIiKONTEpa; TBUHTOBI JIONATI; JliarpamMa CIpsSIMOBAaHOCTI; MaTeMaTH4HEe MOJEIIO-
BaHHS, CXeMa ITyJIbCaIlii.
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B. A. BaHnoB, A. C. 3agopoxHuuii. OcjiadjeHne cpeHeil MOIIHOCTH CUTHAJIA AHTEHHOM CHCTEeMOIi BepTojeTa
[Tosy4eHbl COOTHOLIEHUS], TIO3BOJISIOIIUE OLICHUTh KOJUYECTBEHHO CTENEHb MepepacnpeiesieHus] CpeiHeld MOIIHOCTH
CHUTHAJIa MEXJy €ro CIIEKTPAIbHBIMU COCTABISIONIMMH U CATCIUIUTaMHU, KOTOPHIC BO3HHKAIOT HA KOMOWHAIIMOHHBIX
4acToTax MpPH BPAICHUU HECYIIEro BUHTA BepTolieTa. [IpuBeieHbl peKOMECHIAIIMY 110 BBIOOPY YPOBHEH JOMYCTUMOTO
ocnalJeHUs CUTHAJIA B TAPAMETPUIECKOM CUCTEME «IIITaTHAS aHTCHHA — (PFO3EIISHK BEPTOJICTa.
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