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Ïðåäñòàâëåíû ðåçóëüòàòû îöåíêè âëèÿíèÿ âîäû íà ÷àñòîòíûå ðàäèîòåõíè÷åñêèå õà-

ðàêòåðèñòèêè ñèñòåìû àíòåííà — îáòåêàòåëü. Çàäà÷ó ïðîõîæäåíèÿ ïëîñêîé âîëíû ÷å-

ðåç ñòåíêó àíòåííîãî îáòåêàòåëÿ ðåøàëè ñ èñïîëüçîâàíèåì ýëåêòðîäèíàìè÷åñêîé ìîäå-

ëè. Ïðè ýòîì ìàòåðèàë ñòåíêè ïðåäñòàâëÿëè êàê ìíîãîêîìïîíåíòíóþ ñìåñü. Â êà÷åñòâå

ìàòåðèàëà ñòåíêè îáòåêàòåëÿ èññëåäîâàëè êâàðöåâóþ êåðàìèêó, â ïîðàõ êîòîðîé âîäà

íàõîäèëàñü â æèäêîì ñîñòîÿíèè. Âîäà, èìåÿ íà ñâåðõâûñîêèõ ÷àñòîòàõ âûñîêóþ äèýëåê-

òðè÷åñêóþ ïðîíèöàåìîñòü è áîëüøóþ âåëè÷èíó äèýëåêòðè÷åñêèõ ïîòåðü ïî ñðàâíåíèþ ñ

ìàòåðèàëîì ñòåíêè îáòåêàòåëÿ, çíà÷èòåëüíî èñêàæàåò ïîëå ïàäàþùåé âîëíû. Âîäó

ïðåäñòàâëÿëè êàê äîïîëíèòåëüíûé êîìïîíåíò, ðàâíîìåðíî ðàñïðåäåëåííûé ïî òîëùè-

íå â ïîðàõ êâàðöåâîé êåðàìèêè. Ïðîâåäåííûå ìîäåëüíûå ðàñ÷åòû ïîêàçàëè, ÷òî íàëè-

÷èå âëàãè â ìàòåðèàëå ñòåíêè ïðèâîäèò íå òîëüêî ê óìåíüøåíèþ êîýôôèöèåíòà ïðî-

õîæäåíèÿ ýëåêòðîìàãíèòíîé âîëíû ñêâîçü íåå, íî è ê çàìåòíûì ñäâèãàì ïî ÷àñòîòå ðà-

äèîòåõíè÷åñêèõ õàðàêòåðèñòèê ñèñòåìû àíòåííà – îáòåêàòåëü.

Êëþ÷åâûå ñëîâà: ïîðèñòûé ìàòåðèàë; êâàðöåâàÿ êåðàìèêà; âëèÿíèå âîäû; äèýëåê-

òðè÷åñêàÿ ïðîíèöàåìîñòü; àíòåííûé îáòåêàòåëü; ìíîãîêîìïîíåíòíàÿ ñìåñü.
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Using for the solution of a problem of passing of a flat wave through a wall of an antenna radome elec-

trodynamic model and representing wall material as multicomponent mix, assessment of influence of

water on frequency radio engineering characteristics of the antenna radome system is carried out.

Water, having at ultrahigh frequencies high dielectric permeability and big size of dielectric losses in

comparison with radome wall material, considerably distorts the field of the falling wave at hit on a

surface or in a radome wall body. As material of a wall of a radome the quartz ceramics with the time

filled with air was considered. It is experimentally defined that water is in a material time in liquid

state. Water was represented how the additional component which is evenly distributed on thickness in

a time to quartz ceramics. The carried-out model calculations showed that introduction of water to ma-

terial of a wall of a radome leads not only to reduction of level of coefficient of passing of an electromag-

netic wave through a wall, but also to noticeable shifts on the frequency of radio engineering character-

istics of the antenna-radome system.

Keywords: porous material; quartz ceramics; water influence; dielectric constant; radome; multicom-

ponent mix.

Âëèÿíèå ñâîáîäíîé âîäû íà ÷àñòîòíûå ðàäèîòåõ-

íè÷åñêèå õàðàêòåðèñòèêè ñèñòåìû àíòåííà — îá-

òåêàòåëü èññëåäîâàëè ñ èñïîëüçîâàíèåì ìåòîäîâ

ôèçè÷åñêîé îïòèêè [2] è ìîäåëüíûõ ïðåäñòàâëå-

íèé (ýëåêòðîäèíàìè÷åñêàÿ ìîäåëü) ïðîõîæäåíèÿ

ïëîñêîé âîëíû ÷åðåç ïëàñòèíó èç ìíîãîêîìïî-

íåíòíîãî ìàòåðèàëà (â íàøåì ñëó÷àå — óâëàæ-

íåííîé êâàðöåâîé êåðàìèêè) [3].

Êâàðöåâóþ êåðàìèêó ïðåäñòàâëÿëè êàê äâóõ-

êîìïîíåíòíûé ìàòåðèàë, ñîñòîÿùèé èç äèîêñèäà

êðåìíèÿ è âîäû. Ïðåäïîëàãàëè, ÷òî âîäà ðàâíî-

ìåðíî ðàñïðåäåëåíà ïî îáúåìó ìàòåðèàëà è íàõî-

äèòñÿ â æèäêîì ñîñòîÿíèè [4].

Ïî ñðàâíåíèþ ñ ìàòåðèàëîì ñòåíêè àíòåííî-

ãî îáòåêàòåëÿ ñîäåðæàùàÿñÿ â íåì âîäà íà ñâåðõ-

âûñîêèõ ÷àñòîòàõ èìååò âûñîêèå äèýëåêòðè÷å-
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ñêèå ïðîíèöàåìîñòü è ïîòåðè, ÷òî ñóùåñòâåííî

èñêàæàåò ïîëå ïàäàþùåé âîëíû [1].

Íà ðèñ. 1 ïðåäñòàâëåíû ðàñ÷åòíûå ÷àñòîòíûå

çàâèñèìîñòè êîýôôèöèåíòà ïðîõîæäåíèÿ (ÊÏ)

ïîëÿðèçîâàííûõ TE- è TM-âîëí (âåêòîð ýëåêòðè-

÷åñêîãî ïîëÿ ïåðïåíäèêóëÿðåí è ëåæèò â ïëîñêî-

ñòè ïàäåíèÿ ñîîòâåòñòâåííî) ÷åðåç ïëîñêóþ ïëà-

ñòèíó èç êâàðöåâîé êåðàìèêè (óãîë ïàäåíèÿ —

60°) ñ ðàçëè÷íûì îáúåìíûì ñîäåðæàíèåì âîäû.

(Óãîë ïàäåíèÿ âîëíû íà ïëàñòèíó âûáèðàþò

îáû÷íî òàêèì, ÷òîáû îí áûë áëèçîê ê ñðåäíåìó

óãëó ïàäåíèÿ âîëíû íà ïîâåðõíîñòü îáòåêàòåëÿ.)

Âèäíî, ÷òî â ñëó÷àå TE-âîëíû ìàêñèìóìû

êðèâûõ, ñîîòâåòñòâóþùèå ïîëóâîëíîâîé è âîëíî-

âîé (÷àñòîòû 9,5 è 19 ÃÃö) ðåçîíàíñíûì ýëåêòðè-

÷åñêèì òîëùèíàì ïëàñòèíû, ñ ðîñòîì îáúåìíîãî

ñîäåðæàíèÿ âîäû óìåíüøàþòñÿ è ñäâèãàþòñÿ ïî

÷àñòîòå (ñì. ðèñ. 1, à).

Çàâèñèìîñòè äëÿ TM-âîëíû (ñì. ðèñ. 1, á)

çíà÷èòåëüíî îòëè÷àþòñÿ è íå íîñÿò âûðàæåííîãî

ðåçîíàíñíîãî õàðàêòåðà. ÊÏ ïðè óâåëè÷åíèè

êîíöåíòðàöèè âîäû ìîíîòîííî óìåíüøàåòñÿ. Îò-

ñóòñòâèå ðåçîíàíñíîãî õàðàêòåðà ñâÿçàíî ñ áëèçî-

ñòüþ âûáðàííîãî óãëà ïàäåíèÿ ïëîñêîé âîëíû

(60°) ê óãëó Áðþñòåðà äëÿ TM-ïîëÿðèçàöèè.

Íà ðèñ. 2 ïðèâåäåíû ðàñ÷åòíûå çàâèñèìîñòè

÷àñòîòíîãî ñäâèãà è âåëè÷èíû ìàêñèìóìà ÊÏ

(ÊÏìàêñ) TE-âîëíû îò îáúåìíîãî ñîäåðæàíèÿ

âîäû â ìàòåðèàëå. Âèäíî, ÷òî ñ óâåëè÷åíèåì

êîíöåíòðàöèè âëàãè ÊÏìàêñ óìåíüøàåòñÿ. Ýòî

îáúÿñíÿåòñÿ áîëüøèì çíà÷åíèåì òàíãåíñà óãëà

äèýëåêòðè÷åñêèõ ïîòåðü âîäû. Èç-çà áîëüøåé äè-

ýëåêòðè÷åñêîé ïðîíèöàåìîñòè âîäû ïî ñðàâíå-

íèþ ñ ìàòåðèàëîì ïëàñòèíû íàáëþäàåòñÿ çíà÷è-

òåëüíûé ñäâèã ÊÏìàêñ ïî ÷àñòîòå. Ïðè÷åì äàæå

ïðè îáúåìíîì ñîäåðæàíèè âîäû 0,1 % ñäâèã ñî-

ñòàâëÿåò ñóùåñòâåííóþ âåëè÷èíó (250 ÌÃö), ÷òî

ïðåâîñõîäèò ïîëîñó ïðîïóñêàíèÿ óçêîïîëîñíûõ

ñèñòåì íàâåäåíèÿ.

Äàëåå ðàñ÷åòû ïðîâîäèëè äëÿ Å-ïîëÿðèçàöèè

ïàäàþùåé âîëíû (âåêòîð ýëåêòðè÷åñêîãî ïîëÿ

ëåæèò â ïëîñêîñòè ïîâîðîòà îáòåêàòåëÿ â ãîðè-

çîíòàëüíîé ïëîñêîñòè).

Íà ðèñ. 3 ïðåäñòàâëåíû ÷àñòîòíûå çàâèñèìî-

ñòè ìèíèìàëüíîãî ÊÏ (ÊÏìèí) äëÿ âñåõ óãëîâ ïî-

âîðîòà îòíîñèòåëüíî àíòåííû (±60°) óçêîïîëîñ-

íîãî îäíîñëîéíîãî îáòåêàòåëÿ (â ôîðìå îæèâàëà,

óäëèíåíèå — 2,5, äèàìåòð — 200 ìì) ñî ñòåíêîé

èç êâàðöåâîé êåðàìèêè (äèýëåêòðè÷åñêèå õàðàê-
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Ðèñ. 1. ×àñòîòíûå çàâèñèìîñòè

ÊÏ TE- (à) è TM-âîëí (á) ÷åðåç

ïëàñòèíó ñ îáúåìíûì ñîäåðæàíè-

åì âîäû 0 (1), 0,1 (2), 0,5 (3), 1 (4),

3 (5) è 5 % (6)

Äf, ÃÃö

1

2

Îáúåì âîäû, %

ÊÏ , %
ìàêñ

Ðèñ. 2. Çàâèñèìîñòè ÷àñòîòíîãî ñäâèãà Äf (1) è âåëè÷èíû

ÊÏ
ìàêñ

(2) îò îáúåìà âïèòàííîé âîäû (ðåçîíàíñíàÿ ÷àñòî-

òà 9,5 ÃÃö)



òåðèñòèêè òàêèå æå, êàê è äëÿ ïëàñòèíû). Âèäíî,

÷òî êàê è â ñëó÷àå ïëàñòèíû ñ óâåëè÷åíèåì îáúå-

ìà âïèòàííîé âëàãè íàáëþäàþòñÿ óìåíüøåíèå

ÊÏ è ÷àñòîòíûé ñäâèã åãî ïèêà.

Íà ðèñ. 4 ïðèâåäåíû ÷àñòîòíûå çàâèñèìîñòè

ìàêñèìàëüíîé îøèáêè äëÿ âñåõ óãëîâ ïîâîðîòà

îáòåêàòåëÿ ñî ñòåíêîé èç êâàðöåâîé êåðàìèêè.

Âèäíî, ÷òî ñ óâåëè÷åíèåì îáúåìà âïèòàííîé

âîäû ðåçîíàíñíûå ñâîéñòâà îáîëî÷êè ìåíÿþòñÿ:

íàáëþäàåòñÿ çíà÷èòåëüíûé ÷àñòîòíûé ñäâèã ìè-

íèìóìà îøèáêè êàê â îáëàñòè ïîëîâèíû, òàê è

÷åòâåðòè (11 è 5,5 ÃÃö ñîîòâåòñòâåííî) âîëíîâîãî

çíà÷åíèÿ ýëåêòðè÷åñêîé òîëùèíû ñòåíêè îáòåêà-

òåëÿ.

Òàêèì îáðàçîì, ïðîâåäåííûå èññëåäîâàíèÿ

ïîêàçàëè, ÷òî óâåëè÷åíèå êîëè÷åñòâà âïèòàííîé

âîäû óìåíüøàåò ÊÏ îáòåêàòåëÿ, ïðèâîäèò ê èç-

ìåíåíèþ ýëåêòðè÷åñêîé òîëùèíû ñòåíêè îáîëî÷-

êè è ñäâèãó ïîëîæåíèÿ ìèíèìóìîâ îøèáêè îáòå-

êàòåëÿ ïî ÷àñòîòå. Ïàäåíèå ÊÏ îïðåäåëÿåòñÿ

áîëüøèì çíà÷åíèåì òàíãåíñà óãëà äèýëåêòðè-

÷åñêèõ ïîòåðü âîäû, à ÷àñòîòíûå ñäâèãè — âû-

ñîêèì çíà÷åíèåì åå äèýëåêòðè÷åñêîé ïðîíèöà-

åìîñòè.
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Ðèñ. 3. ×àñòîòíûå çàâèñèìîñòè ÊÏ
ìèí

îáòåêàòåëÿ èç

êâàðöåâîé êåðàìèêè ïðè ñîäåðæàíèè âïèòàííîé âîäû

0 (1), 0,1 (2), 0,3 (3), 1 (4), 3 (5) è 5 % (6)

1
2

3

Ðèñ. 4. ×àñòîòíûå çàâèñèìîñòè ìàêñèìàëüíîé îøèáêè

îáòåêàòåëÿ èç êâàðöåâîé êåðàìèêè ïðè ñîäåðæàíèè âïè-

òàííîé âîäû 0 (1), 0,1 (2) è 5 % (3)




