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Èçîáðåòåíèå îòíîñèòñ  ê ðàäèîòåõíèêå.
Òåõíè÷åñêèé ðåçóëüòàò çàêëþ÷àåòñ  â
ñóùåñòâåííîì ðàñøèðåíèè ïîëîñû ÷àñòîò.
Ñóùíîñòü èçîáðåòåíè  çàêëþ÷àåòñ  â òîì, ÷òî
ñîñòîèò èç äâóõ êîëåáàòåëüíûõ ñèñòåì, ó êîòîðûõ
ñîâìåùåíû èëè ìàêñèìàëüíî ñáëèæåíû
ñîñðåäîòî÷åíè  ðàçíûõ âèäîâ ýíåðãèè:
ýëåêòðè÷åñêîé, ìàãíèòíîé. Â êà÷åñòâå îñíîâíîé
êîëåáàòåëüíîé ñèñòåìû âç ò âåðòèêàëüíûé
áèêîíóñ, êîíóñû êîòîðîãî ïðåäñòàâë þò ñîáîé
ðåäêóþ ðåøåòêó èç òîíêèõ ìåòàëëè÷åñêèõ ñòåðæíåé
ïðèáëèçèòåëüíî ÷åòâåðòüâîëíîâîé äëèíû.
Ìàãíèòíîå ïîëå, àçèìóòàëüíûå ñèëîâûå ëèíèè,
ñîñðåäîòî÷åíî âîêðóã ïðîâîäà ïèòàíè  â
ïðîìåæóòêå ìåæäó íåìíîãî ðàçíåñ¸ííûìè
âåðøèíàìè êîíóñîâ. Ñîçäàííîå èçìåíåíèåì ýòîãî
ïîë  ìåðèäèîíàëüíîå ýëåêòðè÷åñêîå ïîëå
ñîâïàäàåò ïî íàïðàâëåíèþ ñ ìåðèäèîíàëüíûìè

äóãàìè äîïîëíèòåëüíîé êîëåáàòåëüíîé ñèñòåìû,
ïðåäñòàâë þùåé ñîáîé ýëåêòðè÷åñêèé âèáðàòîð,
îñü êîòîðîãî ñîâïàäàåò ñ îñüþ áèêîíóñà. Íèæíèå
êîíöû äóã ñîåäèíåíû ñ âåðøèíîé íèæíåãî êîíóñà
("çàçåìëåíû"), à âåðõíèå, ïðîõîä  ìåæäó
ñòåðæí ìè âåðõíåãî êîíóñà, ñîåäèí þòñ  â óçåë,
ðàñïîëîæåííûé íàä åãî âåðøèíîé íà îñè
ñèììåòðèè. Âåðõíèé êîíåö äîïîëíèòåëüíîãî
ýëåêòðè÷åñêîãî âèáðàòîðà çàêàí÷èâàåòñ  êîðîòêèì
ñòåðæíåì, íàïðàâëåííûì îò óçëà ââåðõ ïî îñè.
Îñíîâíîé è äîïîëíèòåëüíûé ýëåêòðè÷åñêèå
âèáðàòîðû, îáà èçëó÷àþùèå, íàñòðîåíû
ïðèáëèçèòåëüíî íà îäíó ðåçîíàíñíóþ ÷àñòîòó, è
ñâ çü ìåæäó íèìè, âûáðàííà  áîëüøå êðèòè÷åñêîé,
îáåñïå÷èâàåò äâóõâïàäèííóþ (W-îáðàçíóþ)
çàâèñèìîñòü êîýôôèöèåíòà ñòî ÷åé âîëíû îò
÷àñòîòû. Ïðè ñâ çè ìåæäó âèáðàòîðàìè áîëüøå
êðèòè÷åñêîé âîçìîæíî ïîñòðîåíèå äâóõ÷àñòîòíîé
àíòåííû. 2 èë.
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(54) COMBINED ANTENNA
(57) Abstract: 

FIELD: radio engineering.
SUBSTANCE: proposed antenna has two

oscillating systems where concentrations of different
kinds of energy (electrical and magnetic ones) are
combined or brought together as close as possible.
Vertical biconical member used as main oscillating
system has its cones made in the form of arrays of
thin rods of approximately quarter-wavelength.
Magnetic field with azimuthal lines of force is
concentrated about power conductor in gap between
slightly separated cone vortices. Meridian electric
field built up by varying this field is
unidirectional with meridian arcs of additional
oscillating system which is, essentially, electric
dipole whose axis is aligned with that of biconical
member. Lower ends of arcs are joined with bottom
vortex of cone (grounded) and upper ones run
between top cone rods and are joined into node
disposed above its vortex on symmetry axis. Upper
end of additional electric dipole terminates in short
rod directed upward from node along axis. Main and
additional electric radiating dipoles are tuned to
approximately same resonant frequency and coupling
between them chosen to exceed critical value affords

double-cavity (W-shaped) curve of standing wave ratio
as function of frequency. Double-frequency antenna
can be built with dipole-to-dipole coupling greater
than critical value.

EFFECT: essentially enlarged frequency band.
1 cl, 2 dwg
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Ïðåäëîæåíèå îòíîñèòñ  ê ðàäèîòåõíèêå, ê àíòåííàì, ñîñòî ùèì èç îòíîñèòåëüíî òîíêèõ
ïðîâîäíèêîâ äëèíîé îêîëî ÷åòâåðòè âîëíû.

Èçâåñòíà àíòåííà "Ãðàóíä-ïëåéí" ñ ðàäèàëüíûìè ïðîâîäíèêàìè [1], ñîäåðæàùà 
èçîëèðîâàííûé ìåòàëëè÷åñêèé ñòåðæåíü, ðàñïîëîæåííûé íà îñè ñèììåòðèè, ê êîòîðîìó
ïðèñîåäèí åòñ  öåíòðàëüíûé ïðîâîäíèê êîàêñèàëüíîãî êàáåë . Âíåøíèé ïðîâîäíèê êàáåë 
ïðèñîåäèí åòñ  ê íåñêîëüêèì ñòåðæí ì, ðàâíîìåðíî ðàñïîëîæåííûì â ãîðèçîíòàëüíîé
ïëîñêîñòè èëè íàêëîíåííûì âíèç.

Îäèí èç åå íåäîñòàòêîâ ñîñòîèò â óçêîïîëîñíîñòè, îáóñëîâëåííîé ìàëûì äèàìåòðîì
èçîëèðîâàííîãî ñòåðæí  è V-îáðàçíîé ÷àñòîòíîé õàðàêòåðèñòèêîé êîýôôèöèåíòà ñòî ÷åé
âîëíû ïî íàïð æåíèþ (ÊÑÂÍ).

Äë  ðàñøèðåíè  ïîëîñû ÷àñòîò ïðèìåí þòñ  îáúåìíûå àíòåííû: áèêîíè÷åñêèå
âèáðàòîðû ñ êîíóñàìè èç ñïëîøíîãî ìåòàëëè÷åñêîãî ëèñòà èëè â âèäå êîíè÷åñêèõ ðåøåòîê,
îáðàçîâàííûõ òîíêèìè êîíè÷åñêèìè ïðîâîäíèêàìè [2, ñ.111]. Â àíòåííå "Ãðàóíä-ïëåéí", èä 
ïî ýòîìó ïóòè, ò.å. çàìåí   îäèí èçîëèðîâàííûé ñòåðæåíü íà íåñêîëüêî, ìîæíî ïîëó÷èòü
íåêîòîðîå óâåëè÷åíèå øèðîêîïîëîñíîñòè, íî âñëåäñòâèå V-îáðàçíîé ÷àñòîòíîé
õàðàêòåðèñòèêè ÊÑÂÍ îíî ïîëó÷àåòñ  íå î÷åíü çíà÷èòåëüíûì.

Äë  ïîëó÷åíè  äâóõâïàäèííîé, W-îáðàçíîé, ÷àñòîòíîé õàðàêòåðèñòèêè ÊÑÂÍ,
ñóùåñòâåííî ðàñøèð þùåé ïîëîñó ÷àñòîò, ïðåäëàãàëèñü àíòåííû ñ ðåçîíàíñíûì
âîçáóäèòåëåì [3, 4, 5]. Ýòî ìàëîãàáàðèòíûå àíòåííû ðåçîíàòîðíîãî òèïà. Â ïîëîñòü
àíòåííîãî ðåçîíàòîðà ïîìåùàåòñ  âîçáóäèòåëü ñ òîé æå ðåçîíàíñíîé ÷àñòîòîé, ÷òî è ó
àíòåííîãî ðåçîíàòîðà. Ñàì âîçáóäèòåëü ïðàêòè÷åñêè íå èçëó÷àåò âñëåäñòâèå ìàëîãî
ðàçìåðà è ðàçìåùåíè  âíóòðè àíòåííîãî ðåçîíàòîðà, íî ÷åðåç íåãî èç êàáåë  ïåðåäàåòñ 
âûñîêî÷àñòîòíà  ýíåðãè  â àíòåííûé ðåçîíàòîð, êîòîðûé è èçëó÷àåò åå. Ïðè ñâ çè ìåæäó
ýêâèâàëåíòíûìè êîëåáàòåëüíûìè êîíòóðàìè íåìíîãî áîëüøå êðèòè÷åñêîé ïîëó÷àåòñ 
äâóõâïàäèííà  ÷àñòîòíà  õàðàêòåðèñòèêà ÊÑÂÍ.

Ââåñòè ðåçîíàíñíûé âîçáóäèòåëü â àíòåííó "Ãðàóíä-ïëåéí" ñ íåñêîëüêèìè
èçîëèðîâàííûìè ñòåðæí ìè çàòðóäíèòåëüíî, ïîñêîëüêó îíà íå èìååò ðåçîíàòîðíîé
ïîëîñòè. Ñðàâíèòåëüíî íåäàâíî ïî âèëàñü åùå îäíà âîçìîæíîñòü ðàñøèðåíè  ïîëîñû
÷àñòîò. Äâå êîëåáàòåëüíûå ñèñòåìû, îáå ýôôåêòèâíî èçëó÷àþùèå, ðàñïîëàãàþòñ  äðóã
îòíîñèòåëüíî äðóãà òàê, ÷òîáû ìåñòà ñîñðåäîòî÷åíè  ìàãíèòíîé ýíåðãèè íà ïåðâîé ñèñòåìå
íàõîäèëèñü ð äîì ñ ìåñòàìè ñîñðåäîòî÷åíè  ýëåêòðè÷åñêîé ýíåðãèè íà âòîðîé. Ýòî
îáëåã÷àåò (óñêîð åò) îáìåí âèäàìè ýíåðãèè è ïðèâîäèò ê óâåëè÷åíèþ øèðîêîïîëîñíîñòè
òàêèõ êîìáèíèðîâàííûõ àíòåíí [6, 7]. Ïðè ñâ çè áîëüøå êðèòè÷åñêîé ìåæäó
êîëåáàòåëüíûìè ñèñòåìàìè òèïà äâóõ êîëåáàòåëüíûõ êîíòóðîâ ïîëó÷àåòñ  äâóõâïàäèííà 
(W-îáðàçíà ) êðèâà  çàâèñèìîñòè ÊÑÂÍ îò ÷àñòîòû.

Âåðî òíî, ïåðâà  êîìáèíèðîâàííà  àíòåííà ñ äâóõâïàäèííîé êðèâîé ÊÑÂÍ
ïðåäñòàâë ëà ñîáîé íåñèììåòðè÷íûé âåðòèêàëüíûé ïåòëåâîé âèáðàòîð, ó êîòîðîé êðîìå
"çàçåìë þùèõ" ñòåðæíåé, ïðèñîåäèíåííûõ ê íàðóæíîìó ïðîâîäíèêó êàáåë , ïðèñîåäèíåíû
ê öåíòðàëüíîìó ïðîâîäíèêó êàáåë  åùå äîïîëíèòåëüíûå óêîðî÷åííûå ñòåðæíè [8]. Íî â òî
âðåì  íå óäàëîñü ïîëó÷èòü ïðèìåðíî îäèíàêîâûõ ãëóáèí âïàäèí â êðèâîé ÊÑÂÍ è êðóãîâîé
ñèììåòðèè äèàãðàììû íàïðàâëåííîñòè.

Äîáàâî÷íà  êîëåáàòåëüíà  ñèñòåìà ê àíòåííå "Ãðàóíä-ïëåéí" ñ íåñêîëüêèìè
èçîëèðîâàííûìè ñòåðæí ìè íå äîëæíà èñêàæàòü ïðèìåðíî êðóãîâóþ äèàãðàììó
íàïðàâëåííîñòè â ãîðèçîíòàëüíîé ïëîñêîñòè, à äë  ýòîãî åå îñü ñèììåòðèè äîëæíà
ñîâïàäàòü ñ îñüþ àíòåííû. Ïîñêîëüêó ó îñíîâíîé êîëåáàòåëüíîé ñèñòåìû ìàãíèòíîå ïîëå â
âèäå àçèìóòàëüíûõ êîëüöåâûõ ìàãíèòíûõ ëèíèé ñîñðåäîòî÷åíî â îáëàñòè ìåæäó
âåðøèíàìè êîíóñîâ, òî çäåñü æå íåîáõîäèìî ðàñïîëîæèòü äîáàâî÷íóþ êîëåáàòåëüíóþ
ñèñòåìó òèïà ýëåêòðè÷åñêîãî âèáðàòîðà. Ìàãíèòíîå ïîëå, èçìåí  ñü, ñîçäàåò
ìåðèäèîíàëüíîå ýëåêòðè÷åñêîå ïîëå, ÷òî è ïîäñêàçûâàåò ôîðìó ôðàãìåíòîâ äîáàâî÷íîãî
ýëåêòðè÷åñêîãî âèáðàòîðà - ïðîâîëî÷íûå ìåðèäèàíàëüíûå ïîëóîêðóæíîñòè, äóãè.
Ãåîìåòðè÷åñêèé öåíòð äîáàâî÷íîãî âèáðàòîðà äîëæåí ïðèáëèçèòåëüíî ñîâïàäàòü ñ
öåíòðîì îñíîâíîãî âèáðàòîðà.

Ðåçîíàíñíà  ÷àñòîòà äîáàâî÷íîãî ýëåêòðè÷åñêîãî âèáðàòîðà äîëæíà áûòü áëèçêîé ê
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äîâîëüíî íèçêîé ðåçîíàíñíîé ÷àñòîòå àíòåííû. Ïðè ìàëûõ ãàáàðèòàõ äóã ýòîãî ìîæíî
äîáèòüñ  ñîåäèíåíèåì íèæíèõ êîíöîâ äóã ñ âåðøèíîé íèæíåãî êîíóñà ("çàçåìëåííûå"
ñòåðæíè), ò.å. äîáàâî÷íûé ýëåêòðè÷åñêèé âèáðàòîð ïîëó÷àåòñ  íåñèììåòðè÷íûì,
"çàçåìëåííûì". Ïðè ñâîáîäíûõ âåðõíèõ êîíöàõ äóã è ìàëûõ èõ ãàáàðèòàõ ðåçîíàíñíà 
÷àñòîòà âñå æå íå ïîëó÷àåòñ  äîñòàòî÷íî íèçêîé. Äë  äàëüíåéøåãî åå ïîíèæåíè  âåðõíèå
êîíöû äóã îáúåäèí þòñ  â óçåë, ðàñïîëîæåííûé íàä âåðøèíîé âåðõíåãî êîíóñà
(èçîëèðîâàííûå ñòåðæíè). Ê óçëó âåðõíèõ êîíöîâ äóã äîáàâë åòñ  åùå êîðîòêèé ñòåðæåíü,
íàïðàâëåííûé ââåðõ ïî îñè àíòåííû.

Âåðøèíû êîíóñîâ íåñêîëüêî ðàçíåñåíû è ñîåäèíåíû äðóã ñ äðóãîì ïðîâîäíèêîì,
èìåþùèì â íèæíåé ÷àñòè ðàçðûâ äë  ïèòàíè  àíòåííû. Óäëèíåíèå âåðõíåãî ïëå÷à
îñíîâíîãî âèáðàòîðà çà ñ÷åò ýòîãî ïðîâîäíèêà êîìïåíñèðóåòñ  óêîðî÷åíèåì ñòåðæíåé
âåðõíåãî êîíóñà ïî îòíîøåíèþ ê íèæíåìó.

Ïðè ðåàëèçàöèè àíòåííû áûëî âûáðàíî òðè íèæíèõ ñòåðæí  ("çàçåìëåíèå"), òðè âåðõíèõ
ñòåðæí , èçîëèðîâàííûõ îò íèæíèõ, ñîâïàäàþùèõ ïî àçèìóòàëüíîìó íàïðàâëåíèþ ñ
íèæíèìè ñòåðæí ìè, è òðè äóãè, ñìåùåííûå îòíîñèòåëüíî ñòåðæíåé íà 60°. Àçèìóòàëüíûé
èíòåðâàë ìåæäó ñòåðæí ìè 120°, íàêëîí íèæíèõ ñòåðæíåé - 45° îòíîñèòåëüíî íàïðàâëåíè 
"âíèç", à âåðõíèõ - 45° îòíîñèòåëüíî íàïðàâëåíè  "ââåðõ". Äèàìåòðû ñòåðæíåé (âåðõíèõ è
íèæíèõ) - 4 ìì, äèàìåòð ïðîâîäíèêîâ äóã - 2 ìì, äëèíà âåðõíèõ ñòåðæíåé - 340 ìì, íèæíèõ -
510 ìì, ðàäèóñ äóã 105 ìì, äèàìåòð ïðîâîäíèêà, ñîåäèí þùåãî âåðøèíû - 12 ìì. Óçåë
âåðõíèõ êîíöîâ äóã ðàñïîëîæåí âûøå âåðøèíû âåðõíåãî êîíóñà íà 65 ìì, äëèíà êîðîòêîãî
ñòåðæí  - 45 ìì. Ïåðâîíà÷àëüíî ýòà ðàçíîñòü âûñîò (65 ìì) áûëà áîëüøå, à çàòåì ïðè
ðåãóëèðîâêå óìåíüøåíà äî 65 ìì ïóòåì äåôîðìàöèè, ñæàòè  äóã ñâåðõó âíèç äë 
óâåëè÷åíè  åìêîñòíîé ñâ çè ìåæäó âåðøèíîé âåðõíåãî êîíóñà è óçëîì âåðõíèõ êîíöîâ äóã.

Ýêñïåðèìåíòàëüíî óñòàíîâëåíî, ÷òî áåç ðàçíåñåíè  âåðøèí êîíóñîâ ïî âåðòèêàëè
õîðîøèõ õàðàêòåðèñòèê íå ïîëó÷àåòñ . Ñêîðåå âñåãî, ðîëü ïðîâîäíèêà, ñîåäèí þùåãî
âåðøèíû êîíóñîâ ñîñòîèò â ñîçäàíèè íåîáõîäèìîé êîíöåíòðàöèè âîêðóã íåãî ìàãíèòíîãî
ïîë .

Äèàìåòðû ïðîâîäíèêîâ ñòåðæíåé è äóã âûáðàíû ìèíèìàëüíî âîçìîæíûìè ïî êðèòåðèþ
ìåõàíè÷åñêîé ïðî÷íîñòè êîíñòðóêöèè, ïîñêîëüêó øèðîêîïîëîñíîñòü äîñòèãàåòñ  ãëàâíûì
îáðàçîì çà ñ÷åò ïîëó÷åíè  äâóõâïàäèííîé (W-îáðàçíîé) êðèâîé ÷àñòîòíîé õàðàêòåðèñòèêè
ÊÑÂÍ, à íå çà ñ÷åò áîëüøèõ äèàìåòðîâ ïðîâîäíèêîâ è óâåëè÷åíè  ìàññû ìåòàëà.

Óñòðîéñòâî àíòåííû ïîêàçàíî íà ôèã.1, ãäå îáîçíà÷åíî: 1 - íèæíèå (çàçåìëåííûå)
ñòåðæíè, 2 - âåðõíèå èçîëèðîâàííûå ñòåðæíè, 3 - ïðîâîëî÷íûå äóãè, 4 - êîðîòêèé ñòåðæåíü,
5 - ïðîâîäíèê ìåæäó âåðøèíàìè áèêîíóñîâ ñ òî÷êîé ïèòàíè . Àíòåííà ðàáîòàåò â
äèàïàçîíå 120-197 ÌÃö. Äâóõâïàäèííà  (W-îáðàçíà ) êðèâà  ÷àñòîòíîé çàâèñèìîñòè ÊÑÂÍ
ïîêàçàíà íà ôèã. 2, ÊÑÂÍ <2 â êàîêñèàëüíîì êàáåëå ñ âîëíîâûì ñîïðîòèâëåíèåì 50 Îì.
Êîýôôèöèåíò óñèëåíè  ïëþñ 1-2 Äá. Äèàãðàììà íàïðàâëåííîñòè â âåðòèêàëüíîé ïëîñêîñòè
áëèçêà ê äèàãðàììå êîðîòêîãî ñèììåòðè÷íîãî âèáðàòîðà, ìàêñèìóì íàïðàâëåí
ïåðïåíäèêóë ðíî îñè àíòåííû, íåðàâíîìåðíîñòü äèàãðàììû â ãîðèçîíòàëüíîé ïëîñêîñòè 1
Äá.

Ïóòåì èçãîòîâëåíè  è ïðîâåäåíè  èçìåðåíèé íåñêîëüêèõ ìàêåòîâ àíòåííû óñòàíîâëåíà
õîðîøà  ïîâòîð åìîñòü åå ïàðàìåòðîâ.

Ïðè ñâ çè ìåæäó âèáðàòîðàìè áîëüøå êðèòè÷åñêîé âîçìîæíî ïîñòðîåíèå äâóõ÷àñòîòíîé
àíòåííû, íàïðèìåð, äë  äâóõ÷àñòîòíîé ðàäèîòåëåôîííîé ñîòîâîé ñâ çè íà ÷àñòîòàõ 900
ÌÃö è 1800 ÌÃö.
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