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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 �, 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: 
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In relation (1): eoh  is the effective length PAS in 

the absence of pulsations ( ).eh t  Instantaneous 

values pulsation ( )eh t  are determined based on the 

Fourier expansion periodic sequence of unipolar, 
adjacent to each other cosine video pulses [2]: 
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In ratio (2): eh  is the pulsation amplitude 

 max 0е eh h   in the direction of the vertical θ and 

horizontal φ spatial angles; pv is the circular 

harmonics frequency pulsations 30,v nN   

dependent on n is the number of revolutions the shaft 
main rotor of the helicopter for one minute (from 240 
to 350) and from; N is the number of rotor blades (2 to 
8); 2 60NT v nN    is the recovery period 

geometric configuration of PAS in the direction 
angles θ and φ. 

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 0  and near its lateral 

components at frequencies 0 n   arise satellites 

for combinational sum-difference frequencies types 

0 pv   and 0 n 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 N are 
possible values of the cyclic frequency pulsations 

1N NF 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 ∆ℎ� 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 2 ( , , )mA r    in the ratio (8) 

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

When determining avP  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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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: 
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Subtrahend contained in square brackets ratio (9), 
defines the average power consumed signal (10) for 
the maintenance arising satellites: 
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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 perq  = 0,055 or 

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

signal (15) on the 0 perd  = 2.5 dB (in 1,8 times). The 

maximum possible value losses max 0.875q   

correspond to attenuation on the 0 max 0.9d   dB 

(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 perq  = 0,031 or 3.1 %. This quantity 

corresponds to the value allowable attenuation of the 

spectral components useful signal on 0 perd  = 1.25 dB 

(1.3 times). The maximum possible losses max 0.5q   

corresponds to attenuation of the spectral components 
useful signal on 0max 3d   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 
1.25 dB (1.3 times) and inadmissible attenuation 
differ by 6 dB (4 times). 

CONCLUSIONS 

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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в параметричній системі «штатна антена – фюзеляж вертольота». 
Ключові слова: гелікоптер; гвинт гелікоптера; гвинтові лопаті; діаграма спрямованості; математичне моделю-
вання; схема пульсації. 

Володимир Олександрович Іванов. Доктор технічних наук. Професор. 
Кафедра радіоелектронних пристроїв та систем, Національний авіаційний університет, Київ, Україна. 
Освіта: Київський інститут цивільного повітряного флоту, Київ, Україна (1963). 
Напрям наукової діяльності: технічна електродинаміка, антені пристрої, електромагнітна сумісність радіоелек-
тронних систем, електромагнітна екологія. 
Кількість публікацій: 208. 
E-mail: iva39@meta.ua 
 
Олександр Сергійович Задорожний. Магістр. Аспірант. 
Кафедра радіоелектронних пристроїв та систем, Національний авіаційний університет, Київ, Україна. 
Освіта: Національний авіаційний університет, Київ, Україна (2004). 
Напрям наукової діяльності: технічна електродинаміка, антені пристрої, електромагнітна сумісність радіоелек-
тронних систем. 
Кількість публікацій: 9. 
E-mail: s-a-n-y-a87@mail.ru 

В. А. Иванов, А. С. Задорожний. Ослабление средней мощности сигнала антенной системой вертолета 
Получены соотношения, позволяющие оценить количественно степень перераспределения средней мощности 
сигнала между его спектральными составляющими и сателлитами, которые возникают на комбинационных 
частотах при вращении несущего винта вертолета. Приведены рекомендации по выбору уровней допустимого 
ослабления сигнала в параметрической системе  «штатная антенна – фюзеляж вертолета». 
Ключевые слова: вертолет; винт вертолета; винтовые лопасти; диаграмма направленности; математическое 
моделирование; схема пульсации. 

Владимир Александрович Иванов. Доктор технических наук. Профессор. 
Кафедра радиоэлектронных устройств и систем, Национальный авиационный университет, Киев, Украина. 
Обучение: Киевский институт гражданского воздушного флота. Киев, Украина (1963). 
Направление научной деятельности: техническая электродинамика, антенные устройства, электромагнитная 
совместимость радиоэлектронных систем, электромагнитная экология. 
Количество публикаций: 208. 
E-mail: iva39@meta.ua 

Александр Сергеевич Задорожный. Магистр. Аспирант. 
Кафедра радиоэлектронных устройств и систем, Национальный авиационный университет, Киев, Украина. 
Обучение: Национальный авиационный университет, Киев, Украина (2004). 
Направление научной деятельности: техническая электродинамика, антенные устройства, электромагнитная 
совместимость радиоэлектронных систем. 
Количество публикаций: 9. 
E-mail: s-a-n-y-a87@mail.ru 
 
 


