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(57) Ðåôåðàò:
Èçîáðåòåíèå îòíîñèòñ  ê îáëàñòè ðàäèîòåõíèêè,

à èìåííî ê îáëàñòè ÑÂ× è ÊÂ× òåõíèêè è
ïðèìåí åòñ  â ðàçëè÷íûõ ðàäèîòåõíè÷åñêèõ
óñòðîéñòâàõ, ïðèáîðàõ, áëîêàõ äë  ïîäàâëåíè 
íåæåëàòåëüíûõ ãàðìîíèê íåñóùåãî ñèãíàëà, à
òàêæå âûñøèõ òèïîâ âîëí, ïðîõîä ùèõ ïî
âûáðàííîìó âûñîêî÷àñòîòíîìó êàíàëó. Ôèëüòð
íèæíèõ ÷àñòîò ñîäåðæèò äâå ïîëîâèíû êîðïóñà, â
êîòîðûõ ñôîðìèðîâàí îòðåçîê âîëíîâîäíîãî
êàíàëà è ââåäåíà äèýëåêòðè÷åñêà  ïîäëîæêà â Å-
ïëîñêîñòè âîëíîâîäà ñ íàíåñåííûìè íà äâóõ åå
ïðîòèâîïîëîæíûõ ïîâåðõíîñò õ îòðåçêàìè
íåñèììåòðè÷íûõ âîëíîâîäíî-ùåëåâûõ ëèíèé,
ïåðåõîä ùèõ â áàëàíñíóþ ìèêðîïîëîñêîâóþ
ëèíèþ. Íà îòðåçêàõ ýòîé ëèíèè âûïîëíåíû
åìêîñòíûå è èíäóêòèâíûå ýëåìåíòû ôèëüòðóþùåé
ñòðóêòóðû, ðàñïîëîæåííûå íà äâóõ
ïðîòèâîïîëîæíûõ ñòîðîíàõ ïîäëîæêè äðóã
îòíîñèòåëüíî äðóãà. Äèýëåêòðè÷åñêà  ïîäëîæêà
èìååò Í-îáðàçíóþ ãàíòåëåâèäíóþ ôîðìó, óçêà 
÷àñòü êîòîðîé ñîäåðæèò åìêîñòíûå è èíäóêòèâíûå
ýëåìåíòû ôèëüòðóþùåé ñòðóêòóðû, à øèðîêà 
÷àñòü ïîäëîæêè ñîäåðæèò îòðåçêè íåñèììåòðè÷íîé

âîëíîâîäíî-ùåëåâîé ëèíèè. Óçêà  ÷àñòü ïîäëîæêè
ðàñïîëàãàåòñ  â óçêîé âûáîðêå ïîëîâèí êîðïóñîâ, à
øèðîêà  ðàñïîëàãàåòñ  â âûáîðêàõ äë  óñòàíîâêè
äèýëåêòðè÷åñêîé ïîäëîæêè. Ïîïåðå÷íûå ðàçìåðû
óçêîé âûáîðêè ïîëîâèí êîðïóñîâ è øèðèíà óçêîé
÷àñòè ïîäëîæêè íå äîëæíû ïðåâûøàòü ïîëîâèíû
äëèíû âîëíû ìàêñèìàëüíîé ÷àñòîòû ïîëîñû
çàãðàæäåíè . Èíäóêòèâíûå ýëåìåíòû,
ðàñïîëîæåííûå íà îäíîé ñòîðîíå ïîäëîæêè ïî
îäíîé ãîðèçîíòàëüíîé ëèíèè, ñìåùåíû â
ïîïåðå÷íîì íàïðàâëåíèè îòíîñèòåëüíî
èíäóêòèâíûõ ýëåìåíòîâ, ðàñïîëîæåííûõ íà
ïðîòèâîïîëîæíîé ñòîðîíå ïîäëîæêè, à âîëíîâûå
ñîïðîòèâëåíè  èíäóêòèâíûõ ýëåìåíòîâ óâåëè÷åíû
íå ìåíåå ÷åì â 1,5 ðàçà îòíîñèòåëüíî
ñîïðîòèâëåíè  èíäóêòèâíûõ ýëåìåíòîâ,
ðàñïîëîæåííûõ äðóã îòíîñèòåëüíî äðóãà íà
ïðîòèâîïîëîæíûõ ñòîðîíàõ ïîäëîæêè. Èíäóêòèâíûå
ýëåìåíòû ôèëüòðóþùåé ñòðóêòóðû íà êàæäîé èç
äâóõ ïîâåðõíîñò õ ïîäëîæêè ìîãóò áûòü
âûïîëíåíû â âèäå ìåàíäðà è ñìåùåíû äðóã
îòíîñèòåëüíî äðóãà íà ïðîòèâîïîëîæíûõ ñòîðîíàõ
ïîäëîæêè. 1 ç.ï. ô-ëû, 7 èë.
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(54) LOW-PASS FILTER

(57) Abstract: 
FIELD: radio engineering, in particular, SHF

and EHF equipment, applicable in various radio
engineering devices, instruments, units for
suppression of unwanted harmonics of the carrying
signal, as well as of the high-type waves passing
through the selected high-frequency channel.

SUBSTANCE: the low-pass filter has two halves
of the body, in which the waveguide channel
section is formed and a dielectric backing is
introduced in the E-plane of the waveguide with
the sections of asymmetric waveguide-slot lines
applied on its two opposite surfaces passing to a
balanced microband line.  Made in the sections of
this line are capacitive and inductive elements
of the filter structure, located on the two
opposite sides of the backing one relative each
other.  The dielectric backing has an H-shaped
dumbbell shape, whose narrow part contains the
capacitive and inductive elements of the filter
structure, and the wide part of the backing
contains the sections of the asymmetric waveguide-
slot line.  The narrow part of the backing is
positioned in the narrow access of the body
halves, and the wide one is positioned in the
accesses for installation of the dielectric
backing.  The cross-sectional dimensions of the
narrow access of the body halves and the width of
the backing narrow part should not exceed a half
of the wave length of the maximum frequency of
the attenuation band.  The inductive elements

located on one side of the backing in one
horizontal line are shifted in the cross
direction relative to the inductive elements
located on the opposite side of the backing, and
the wave impedances of the inductive elements are
increased at least by 1.5 times relative to the
impedance of the inductive elements located
relative to one another on the opposite sides of
the backing.  The inductive elements of the
filter structure on each of the two surfaces of
the backing may be made in the form of a meander
and shifted relative to each other on the
opposite sides of the backing.

EFFECT: improved quality of suppression of the
unwanted harmonics of the carrying signal.

2 cl, 7 dwg
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Èçîáðåòåíèå îòíîñèòñ  ê îáëàñòè ðàäèîòåõíèêè, à èìåííî ê îáëàñòè ÑÂ× è ÊÂ× òåõíèêè
è ïðèìåí åòñ  â ðàçëè÷íûõ ðàäèîòåõíè÷åñêèõ óñòðîéñòâàõ, ïðèáîðàõ, áëîêàõ.

Ôèëüòð íèæíèõ ÷àñòîò (ÔÍ×) ïðèìåí þò äë  ïîäàâëåíè  íåæåëàòåëüíûõ ãàðìîíèê
íåñóùåãî ñèãíàëà, à òàêæå âûñøèõ òèïîâ âîëí, ïðîõîä ùèõ ïî âûáðàííîìó
âûñîêî÷àñòîòíîìó êàíàëó, ò.å. â óñëîâè õ ïðîïóñêàíè  ïîëåçíîãî ñèãíàëà â çàäàííîé
ïîëîñå ÷àñòîò è ïîäàâëåíè  íåæåëàòåëüíûõ ñèãíàëîâ â ïîëîñå çàãðàæäåíè .

Òðàäèöèîííî â êà÷åñòâå ÔÍ× â äèàïàçîíàõ ñàíòèìåòðîâûõ è ÷àñòè ìèëëèìåòðîâûõ äëèí
âîëí ïðèìåí þò âàôåëüíûå ôèëüòðû [1]. Îíè î÷åíü ñëîæíû â èçãîòîâëåíèè, íàñòðîéêå,
ïðàêòè÷åñêè íåðåàëèçóåìû â êîðîòêîâîëíîâîé ÷àñòè ìèëëèìåòðîâîãî äèàïàçîíà âîëí.

Ðàçâèòèå òåõíèêè ãèáðèäíî-èíòåãðàëüíûõ ñõåì, ââåäåíèå íîâûõ òèïîâ ëèíèé ïåðåäà÷è -
âîëíîâîäíî-ùåëåâûõ (ÂÙË), ìèêðîïîëîñêîâûõ (ÌÏË), êîìïëàíàðíûõ è äðóãèõ îòêðûëè
íîâûå âîçìîæíîñòè âûïîëíåíè  ÔÍ× ìèëëèìåòðîâîãî äèàïàçîíà. Íàèáîëüøåå
ïðèìåíåíèå íàøëè ÔÍ× íà îñíîâå ÂÙË, â êîòîðûõ ýëåìåíòû ôèëüòðà ôîðìèðóþòñ  íà
îòðåçêàõ ÂÙË ñ âûñîêèì è íèçêèì âîëíîâûìè ñîïðîòèâëåíè ìè [2]. Ýòè ÔÍ× îáëàäàþò,
íåñìîòð  íà èõ òåõíîëîãè÷íîñòü, îïðåäåëåííûìè íåäîñòàòêàìè. Îíè ñâ çàíû, â ïåðâóþ
î÷åðåäü, ñ òåì, ÷òî íåêîòîðà  ÷àñòü âûñîêî÷àñòîòíîé ìîùíîñòè ïðîñà÷èâàåòñ  â îáúåì
âîëíîâîäà, îáõîä  ÂÙË. Ýòà ïðè÷èíà ðåçêî îãðàíè÷èâàåò ÷àñòîòíóþ ïîëîñó çàïèðàíè 
ÔÍ×. Â ïîëîñå çàïèðàíè  íà âûõîäå ÔÍ× îáíàðóæèâàþòñ  íåæåëàòåëüíûå ñèãíàëû ñ
ìàëûì îñëàáëåíèåì.

Èçâåñòíû òàêæå êîíñòðóêöèè íà îñíîâå ÂÙË, â êîòîðûõ ÂÙË ïåðåõîäèò â ÌÏË èëè
áàëàíñíóþ ÌÏË (ÁÌÏË) [3, 4]. Áîëåå ïðîãðåññèâíîé ïðåäñòàâë åòñ  êîíñòðóêöè  ÔÍ× íà
îñíîâå ÁÌÏË [4], êîòîðà  âç òà â êà÷åñòâå ïðîòîòèïà. Â êîðïóñå ïðîòîòèïà [4] âûïîëíåí
âîëíîâîäíûé êàíàë, â Å-ïëîñêîñòè êîòîðîãî âñòðîåíà äèýëåêòðè÷åñêà  ïîäëîæêà, íà
êîòîðîé íàíåñåíà íåñèììåòðè÷íà  ÂÙË. Íåñèììåòðè÷íà  ÂÙË ïåðåõîäèò â ÁÌÏË,
ýëåìåíòû ôèëüòðà âûïîëíåíû íà îòðåçêàõ ÁÌÏË. Âîëíîâîäíûé êàíàë èìååò
ïð ìîóãîëüíîå ïîïåðå÷íîå ñå÷åíèå îäèíàêîâîãî ðàçìåðà ïî âñåé äëèíå êîðïóñà.
Äèýëåêòðè÷åñêà  ïîäëîæêà ïðåäñòàâë åò ñîáîé ïð ìîóãîëüíóþ ïëàñòèíó, îäèíàêîâûõ
ãàáàðèòíûõ ðàçìåðîâ ïî âñåé åå äëèíå è âñòðîåíà â âîëíîâîäíûé êàíàë ìåæäó äâóì 
ïîëîâèíàìè êîðïóñà. Íåñìîòð  íà îïðåäåëåííûå äîñòîèíñòâà êîíñòðóêöèè ïðîòîòèïà [4]
îíà èìååò ñåðüåçíûå íåäîñòàòêè â îòíîøåíèè ïîëîñû çàãðàæäåíè , òàê êàê â ïîëîñå
çàãðàæäåíè  ÷åðåç âîëíîâîäíûé êàíàë ïðîñà÷èâàþòñ  íåæåëàòåëüíûå ñèãíàëû, ìèíó 
ýëåìåíòû ôèëüòðà íà ÁÌÏË êàê ïî îñíîâíîé âîëíå âîëíîâîäà, òàê è ïî âûñøèì òèïàì
âîëí. Ïîýòîìó ìîæíî ïîëó÷èòü îñëàáëåíèå ñèãíàëà íà óðîâíå 30 äÁ â íåáîëüøîé ïîëîñå
çàãðàæäåíè  (fâç/fcp íå áîëåå 1,2:1-1,3:1, ãäå fâç - âåðõí   ÷àñòîòà ïîëîñû çàãðàæäåíè , fcp -
÷àñòîòà ñðåçà), à â øèðîêîé ïîëîñå çàãðàæäåíè  (îòíîøåíèå fâç/fcp ïîð äêà 2:1 è áîëåå)
îñëàáëåíèå ñèãíàëà ïðàêòè÷åñêè îòñóòñòâóåò. Ýòî  âëåíèå óñóãóáë åòñ  òåì, ÷òî
ïîäëîæêà ââîäèòñ  â êîðïóñ è îáðàçóåòñ  ùåëü, ïî êîòîðîé íåæåëàòåëüíûå ñèãíàëû
ïðîíèêàþò íà âûõîä ÔÍ×, â îáõîä ýëåìåíòîâ ôèëüòðà.

Çà âë åìà  êîíñòðóêöè  ïîçâîë åò ñóùåñòâåííî ðàñøèðèòü ïîëîñó çàãðàæäåíè ,
äîñòèãà  îòíîøåíè  fâç/fcp áîëåå ÷åì 2:1 ïðè îáåñïå÷åíèè óðîâí  îñëàáëåíè  áîëåå 30-35
äÁ â ïîëîñàõ çàãðàæäåíè  äî ÷àñòîò 100-250 ÃÒö.

Ðàñøèðåíèå ïîëîñû çàãðàæäåíè  ïðè îáåñïå÷åíèè óðîâí  îñëàáëåíè  áîëåå 30-35 äÁ â
ïîëîñàõ çàãðàæäåíè  äë  ÷àñòîò äî 100-250 ÃÃö äîñòèãàåòñ  òåì, ÷òî â çà âë åìîì
ôèëüòðå íèæíèõ ÷àñòîò, ñîäåðæàùåì äâå ïîëîâèíû êîðïóñà, â êîòîðûõ ñôîðìèðîâàí
îòðåçîê âîëíîâîäíîãî êàíàëà è ââåäåíà äèýëåêòðè÷åñêà  ïîäëîæêà â Å-ïëîñêîñòè
âîëíîâîäà ñ íàíåñåííûìè íà äâóõ åå ïðîòèâîïîëîæíûõ ïîâåðõíîñò õ îòðåçêàìè
íåñèììåòðè÷íûõ âîëíîâîäíî-ùåëåâûõ ëèíèé, ïåðåõîä ùèõ â áàëàíñíóþ ìèêðîïîëîñêîâóþ
ëèíèþ, íà îòðåçêàõ êîòîðîé âûïîëíåíû åìêîñòíûå è èíäóêòèâíûå ýëåìåíòû ôèëüòðóþùåé
ñòðóêòóðû, ðàñïîëîæåííûå íà äâóõ ïðîòèâîïîëîæíûõ ñòîðîíàõ ïîäëîæêè äðóã
îòíîñèòåëüíî äðóãà, âîëíîâîäíûé êàíàë ïðåäñòàâë åò ñîáîé äâà îäèíàêîâûõ îòðåçêà,
ñîåäèíåííûõ ìåæäó ñîáîé óçêîé ïðîäîëüíîé âûáîðêîé, ïîïåðå÷íûå ðàçìåðû êîòîðîé íå
ìåíåå ÷åì â 2-3 ðàçà ìåíüøå ïîïåðå÷íûõ ðàçìåðîâ îòðåçêîâ âîëíîâîäíîãî êàíàëà è
îïðåäåë þòñ  øèðèíîé åìêîñòíîãî ýëåìåíòà ôèëüòðóþùåé ñòðóêòóðû, äèýëåêòðè÷åñêà 
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ïîäëîæêà èìååò Í-îáðàçíóþ ãàíòåëåâèäíóþ ôîðìó, óçêà  ÷àñòü êîòîðîé ñîäåðæèò
åìêîñòíûå è èíäóêòèâíûå ýëåìåíòû ôèëüòðóþùåé ñòðóêòóðû, à øèðîêà  ÷àñòü ïîäëîæêè
ñîäåðæèò îòðåçêè íåñèììåòðè÷íîé âîëíîâîäíî-ùåëåâîé ëèíèè, ïðè÷åì óçêà  ÷àñòü
ïîäëîæêè ðàñïîëàãàåòñ  â óçêîé âûáîðêå ïîëîâèí êîðïóñîâ, à øèðîêà  ðàñïîëàãàåòñ  â
âûáîðêàõ äë  óñòàíîâêè äèýëåêòðè÷åñêîé ïîäëîæêè, ïðè ýòîì ïîïåðå÷íûå ðàçìåðû óçêîé
âûáîðêè ïîëîâèí êîðïóñîâ è øèðèíà óçêîé ÷àñòè ïîäëîæêè íå äîëæíû ïðåâûøàòü
ïîëîâèíû äëèíû âîëíû ìàêñèìàëüíîé ÷àñòîòû ïîëîñû çàãðàæäåíè .

Â êà÷åñòâå àëüòåðíàòèâû âûïîëíåíè  ýëåìåíòîâ ôèëüòðóþùåé ñòðóêòóðû ïðåäëîæåíî
äâà âàðèàíòà: ïåðâûé âàðèàíò, êîãäà èíäóêòèâíûå ýëåìåíòû, ðàñïîëîæåííûå íà îäíîé
ñòîðîíå ïîäëîæêè ïî îäíîé ãîðèçîíòàëüíîé ëèíèè, ñìåùåíû â ïîïåðå÷íîì íàïðàâëåíèè
îòíîñèòåëüíî èíäóêòèâíûõ ýëåìåíòîâ, ðàñïîëîæåííûõ íà ïðîòèâîïîëîæíîé ñòîðîíå
ïîäëîæêè, à âîëíîâûå ñîïðîòèâëåíè  èíäóêòèâíûõ ýëåìåíòîâ óâåëè÷åíû íå ìåíåå ÷åì â
1,5 ðàçà ïî ñðàâíåíèþ ñ ñîïðîòèâëåíèåì èíäóêòèâíûõ ýëåìåíòîâ, ðàñïîëîæåííûõ äðóã
îòíîñèòåëüíî äðóãà íà ïðîòèâîïîëîæíûõ ñòîðîíàõ ïîäëîæêè, è âòîðîé âàðèàíò, ïðè
êîòîðîì èíäóêòèâíûå ýëåìåíòû ôèëüòðóþùåé ñòðóêòóðû íà êàæäîé èç äâóõ ïîâåðõíîñò õ
ïîäëîæêè ðàñïîëàãàþòñ  â âèäå ìåàíäðà è ñìåùåíû äðóã îòíîñèòåëüíî äðóãà íà
ïðîòèâîïîëîæíûõ ñòîðîíàõ ïîäëîæêè.

Íà ôèã.1 ïðåäñòàâëåí ôèëüòð íèæíèõ ÷àñòîò ìèëëèìåòðîâîãî äèàïàçîíà äëèí âîëí, ãäå
îáîçíà÷åíî:

1 - äèýëåêòðè÷åñêà  ïîäëîæêà;
2 - ïåðâà  ïîëîâèíà êîðïóñà ôèëüòðà;
3 - âòîðà  ïîëîâèíà êîðïóñà ôèëüòðà;
4, 5 - äâå ÷àñòè ïåðâîãî îòðåçêà âîëíîâîäíîãî êàíàëà, âûïîëíåííûå â ïåðâîé è âòîðîé

ïîëîâèíàõ êîðïóñà ñîîòâåòñòâåííî;
a, b - øèðèíà è âûñîòà âîëíîâîäíîãî êàíàëà ñîîòâåòñòâåííî.
Íà ôèã.2 ïðåäñòàâëåíà äèýëåêòðè÷åñêà  ïîäëîæêà, ãäå îáîçíà÷åíî:
1 - äèýëåêòðè÷åñêà  ïîäëîæêà;
6, 8, 7, 9 - îòðåçêè íåñèììåòðè÷íîé ÂÙË, íàíåñåííûå íà äâå ïðîòèâîïîëîæíûå ñòîðîíû

ïîäëîæêè ñîîòâåòñòâåííî;
10, 11 - îòðåçêè áàëàíñíîé ìèêðîïîëîñêîâîé ëèíèè (ÁÌÏË);
12, 13 - åìêîñòíûå è èíäóêòèâíûå ýëåìåíòû ôèëüòðóþùåé ñèñòåìû ñîîòâåòñòâåííî íà

ÁÌÏË;
b - âûñîòà âîëíîâîäíîãî êàíàëà;
ñ - òîëùèíà ïîäëîæêè 1;
d - øèðèíà åìêîñòíîãî ýëåìåíòà 12.
Íà ôèã.3 ïîêàçàíà ïåðâà  ïîëîâèíà êîðïóñà ôèëüòðà, ãäå îáîçíà÷åíî:
2 - ïåðâà  ïîëîâèíà êîðïóñà ôèëüòðà;
4 - ÷àñòü ïåðâîãî îòðåçêà âîëíîâîäíîãî êàíàëà, âûïîëíåííà  â ïåðâîé ïîëîâèíå

êîðïóñà;
14 - ÷àñòü âòîðîãî îòðåçêà âîëíîâîäíîãî êàíàëà, âûïîëíåííà  â ïåðâîé ïîëîâèíå

êîðïóñà;
15 - óçêà  ïðîäîëüíà  âûáîðêà â ïåðâîé ïîëîâèíå êîðïóñà;
16, 17 - âûáîðêè äë  óñòàíîâêè äèýëåêòðè÷åñêîé ïîäëîæêè â ïåðâîé ïîëîâèíå êîðïóñà.
Íà ôèã.4 ïîêàçàíà âòîðà  ïîëîâèíà êîðïóñà ôèëüòðà, ãäå îáîçíà÷åíî:
3 - âòîðà  ïîëîâèíà êîðïóñà ôèëüòðà;
5 - ÷àñòü ïåðâîãî îòðåçêà âîëíîâîäíîãî êàíàëà, âûïîëíåííà  âî âòîðîé ïîëîâèíå

êîðïóñà;
18 - ÷àñòü âòîðîãî îòðåçêà âîëíîâîäíîãî êàíàëà, âûïîëíåííà  âî âòîðîé ïîëîâèíå

êîðïóñà;
19 - óçêà  ïðîäîëüíà  âûáîðêà âî âòîðîé ïîëîâèíå êîðïóñà.
Íà ôèã.5 ïðåäñòàâëåíî ïîïåðå÷íîå ñå÷åíèå ôèëüòðà â ñå÷åíèè À-À, ãäå îáîçíà÷åíî:
1 - äèýëåêòðè÷åñêà  ïîäëîæêà;
2 - ïåðâà  ïîëîâèíà êîðïóñà;
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3 - âòîðà  ïîëîâèíà êîðïóñà;
12 - åìêîñòíîé ýëåìåíò ôèëüòðóþùåé ñòðóêòóðû;
15, 19 - óçêèå ïðîäîëüíûå âûáîðêè â ïåðâîé 2 è âòîðîé 3 ïîëîâèíàõ êîðïóñîâ

ñîîòâåòñòâåííî.
Íà ôèã.6 ïðåäñòàâëåí ïåðâûé âàðèàíò àëüòåðíàòèâíîãî âûïîëíåíè  ôèëüòðóþùåé

ñòðóêòóðû, ãäå îáîçíà÷åíî:
1 - äèýëåêòðè÷åñêà  ïîäëîæêà;
12 - åìêîñòíîé ýëåìåíò íà âåðõíåé ïîâåðõíîñòè ïîäëîæêè 1;
13 - èíäóêòèâíûé ýëåìåíò íà âåðõíåé ïîâåðõíîñòè ïîäëîæêè 1;
20 - èíäóêòèâíûé ýëåìåíò íà íèæíåé ïîâåðõíîñòè ïîäëîæêè 1, ñìåùåííûé â ïîïåðå÷íîì

íàïðàâëåíèè îòíîñèòåëüíî ýëåìåíòà 13.
Íà ôèã.7 ïðåäñòàâëåí âòîðîé âàðèàíò àëüòåðíàòèâíîãî âûïîëíåíè  ôèëüòðóþùåé

ñòðóêòóðû, ãäå îáîçíà÷åíî:
1 - äèýëåêòðè÷åñêà  ïîäëîæêà;
12 - åìêîñòíîé ýëåìåíò íà âåðõíåé ïîâåðõíîñòè ïîäëîæêè 1;
13 - èíäóêòèâíûé ýëåìåíò íà âåðõíåé ïîâåðõíîñòè ïîäëîæêè 1;
21 - èíäóêòèâíûé ýëåìåíò íà íèæíåé ïîâåðõíîñòè ïîäëîæêè 1, ñìåùåííûé â ïîïåðå÷íîì

íàïðàâëåíèè îòíîñèòåëüíî ýëåìåíòà 13.
Ôèëüòð íèæíèõ ÷àñòîò èìååò êîðïóñ, ñîñòî ùèé èç äâóõ ïîëîâèí 2 è 3, â êîòîðûõ

âûïîëíåíû ÷àñòè ïåðâîãî è âòîðîãî îòðåçêîâ âîëíîâîäíîãî êàíàëà 4, 14 è 5, 18
ñîîòâåòñòâåííî, â êîòîðûå âñòàâë åòñ  äèýëåêòðè÷åñêà  ïîäëîæêà 1 Í-îáðàçíîé,
ãàíòåëåâèäíîé ôîðìû, ðàñïîëîæåííà  â Å-ïëîñêîñòè âîëíîâîäíîãî êàíàëà. Íà øèðîêèõ
êîíöàõ ïîäëîæêè 1 ñ äâóõ ïðîòèâîïîëîæíûõ ñòîðîí íàíåñåíû îòðåçêè íåñèìåòðè÷íîé ÂÙË
6, 7 è 8, 9 ñ ïëàâíî èçìåí þùèìñ  ïðîôèëåì, êîòîðûå ïåðåõîä ò â îòðåçêè áàëàíñíîé
ìèêðîïîëîñêîâîé ëèíèè (ÁÌÏË) 10, 11. Â óçêîé ÷àñòè ïîäëîæêè 1 íà äâóõ åå
ïðîòèâîïîëîæíûõ ñòîðîíàõ ðàñïîëîæåíû åìêîñòíûå 12 è èíäóêòèâíûå 13 ýëåìåíòû
ôèëüòðóþùåé ñòðóêòóðû íà îñíîâå ÁÌÏË.

Â ïåðâîé ïîëîâèíå êîðïóñà ôèëüòðà 2 îòðåçêè âîëíîâîäíîãî êàíàëà 4, 14 ñîåäèíåíû
óçêîé ïðîäîëüíîé âûáîðêîé 15. Âî âòîðîé ïîëîâèíå êîðïóñà 3 îòðåçêè âîëíîâîäíîãî
êàíàëà 5, 18 ñîåäèíåíû óçêîé ïðîäîëüíîé âûáîðêîé 19.

Â ïåðâîé ïîëîâèíå êîðïóñà 2 âûïîëíåíû òàêæå âûáîðêè 16, 17 äë  óñòàíîâêè
äèýëåêòðè÷åñêîé ïîäëîæêè 1 â êîðïóñå. Ïîäëîæêà 1 ãàíòåëåâèäíîé ôîðìû øèðîêèìè
÷àñò ìè óêëàäûâàåòñ  â âûáîðêè 16 è 17 ïåðâîé ïîëîâèíû êîðïóñà 2, à óçêà  ÷àñòü
ïîäëîæêè 1 ñ ýëåìåíòàìè ôèëüòðóþùåé ñòðóêòóðû ðàñïîëàãàåòñ  â óçêîé ïðîäîëüíîé
âûáîðêå 15. Ïðè ñáîðå ïîëîâèí êîðïóñà 2 è 3 óçêà  ÷àñòü ïîäëîæêè 1 ïîìåùàåòñ  â óçêîé
êàìåðå, îáðàçîâàííîé âûáîðêàìè 15 è 19.

Ìàêñèìàëüíà  ÷àñòîòà çàãðàæäåíè  îïðåäåë åòñ  ïîïåðå÷íûìè ðàçìåðàìè âûáîðîê 15,
19. Îíè íå äîëæíû ïðåâûøàòü ïîëîâèíû äëèíû âîëíû çàäàííîé ìàêñèìàëüíîé ÷àñòîòû
ïîëîñû çàãðàæäåíè .

Ïðèíöèï äåéñòâè  ÔÍ× ñëåäóþùèé. Ïîñòóïàþùèé íà âõîä ôèëüòðà ÑÂ× èëè ÊÂ× ñèãíàë
ïðîõîäèò â âîëíîâîäíûé êàíàë, îáðàçîâàííûé ÷àñò ìè 4 è 5 ñîáðàííûõ âìåñòå ïîëîâèí
êîðïóñà 2 è 3, è âîçáóæäàåò ÂÙË 6, 7 íà ïîäëîæêå 1, âñòðîåííîé â Å-ïëîñêîñòè îòðåçêà
âîëíîâîäíîé ëèíèè 4, 5. Ïî ìåðå ïðîäâèæåíè  ÑÂ× âîëíû âäîëü ÂÙË ïðàêòè÷åñêè âñ 
âûñîêî÷àñòîòíà  ìîùíîñòü êîíöåíòðèðóåòñ  ìåæäó ðåáðàìè ÂÙË. Îäíîâðåìåííî ñ
èçìåíåíèåì ïðîôèë  ÂÙË âäîëü îòðåçêà 6, 7 ïðîèñõîäèò òðàíñôîðìàöè  âîëíîâîãî
ñîïðîòèâëåíè  îò âõîäà âîëíîâîäíîãî êàíàëà ïîð äêà 400-500 Îì ê áîëåå íèçêîìó
ñîïðîòèâëåíèþ 50-70 Îì. Íà âûõîäå ÂÙË îñóùåñòâë åòñ  ïåðåõîä ê îòðåçêó áàëàíñíîé
ìèêðîïîëîñêîâîé ëèíèè (ÁÌÏË) 10, ïðåäñòàâë þùåìó ñîáîé ïðîâîäíèêè ñ
ïðîòèâîïîëîæíûìè ïî çíàêó ïîòåíöèàëàìè, ðàñïîëîæåííûå ñèììåòðè÷íî íà îáåèõ
ïîâåðõíîñò õ ïîäëîæêè 1. Íà îñíîâå ÁÌÏË â óçêîé ÷àñòè Í-îáðàçíîé ïîäëîæêè 1
ôîðìèðóþò åìêîñòíûå 12 è èíäóêòèâíûå 13 êâàçèñîñðåäîòî÷åííûå ýëåìåíòû
ôèëüòðóþùåé ñòðóêòóðû. Ïîïåðå÷íûå ðàçìåðû óçêîé ïðîäîëüíîé âûáîðêè 15, 19 â
íåñêîëüêî ðàç (â 2-3 ðàçà) ìåíüøå ïîïåðå÷íûõ ðàçìåðîâ îòðåçêîâ âîëíîâîäíîãî êàíàëà
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ôèëüòðà 4, 5 è 14, 18. Ïîýòîìó â âûáîðêó 15, 19 íå ìîæåò ïîïàñòü îñíîâíà  âîëíà H10 â
âîëíîâîäå è ïåðâûå âûñøèå òèïû âîëí. Ýòî èìååò ðåøàþùåå çíà÷åíèå äë  ðàáîòû
ôèëüòðà â ïîëîñå çàãðàæäåíè . Â âûáîðêå 15, 19 âîçìîæíî ðàñïðîñòðàíåíèå òîëüêî
ïîïåðå÷íîé âîëíû (Ò-âîëíû), ïðîõîä ùåé ïî ýëåìåíòàì 12, 13 ôèëüòðóþùåé ñòðóêòóðû ñ
ïîìîùüþ ÁÌÏË. Ñîîòâåòñòâóþùèì âûáîðîì øèðèíû åìêîñòíîãî ýëåìåíòà 12 ìîæíî
îáåñïå÷èòü øèðîêóþ ïîëîñó çàãðàæäåíè .

Ìàêñèìàëüíà  ÷àñòîòà çàãðàæäåíè  îïðåäåë åòñ  ïîïåðå÷íûìè ðàçìåðàìè âûáîðêè 15,
19. Îíè íå äîëæíû ïðåâûøàòü ïîëîâèíû äëèíû âîëíû çàäàííîé ìàêñèìàëüíîé ÷àñòîòû
ïîëîñû çàãðàæäåíè . Ñ ó÷åòîì äàííîãî òðåáîâàíè  ïîäáèðàåòñ  òîëùèíà ïîäëîæêè 1 "ñ" è
øèðèíà "d" åìêîñòíîãî ýëåìåíòà 12. Ïîñëå ïðîõîæäåíè  ýëåìåíòîâ 12, 13 ôèëüòðóþùåé
ñòðóêòóðû ÑÂ× âîëíà ïîñëå ó÷àñòêà 11 ÁÌÏË ñíîâà ïðåîáðàçóåòñ  â âîëíó,
ðàñïðîñòðàí þùóþñ  â îòðåçêàõ íåñèììåòðè÷íîé ÂÙË 8, 9 è çàòåì ïî âë åòñ  íà âûõîäå
îòðåçêà âîëíîâîäíîãî êàíàëà, îáðàçîâàííîãî ÷àñò ìè 14, 18. Òàêèì îáðàçîì, íà âûõîäå
ÔÍ× ïî âë åòñ  òîëüêî ñèãíàë, ïðîøåäøèé ÷åðåç óçêóþ âûáîðêó 15, 19, ãäå áûëè ñîçäàíû
óñëîâè  äë  ïðîõîæäåíè  òîëüêî ïîïåðå÷íîé Ò-âîëíû. Ïîýòîìó íà âûõîäå ôèëüòðà â
ïîëîñå çàãðàæäåíè  íå ïî âèòñ  äàæå ìàëà  ÷àñòü ìîùíîñòè, ñâ çàííà  ïð ìî ñ
âîëíîé Í10 è ïåðâûìè âûñøèìè ìîäàìè è óðîâåíü îñëàáëåíè  ñèãíàëà áîëåå 30-35 äÁ â
ïîëîñå çàãðàæäåíè  äî ÷àñòîò 100-250 áóäåò îáåñïå÷åí.

Äë  êîðîòêîâîëíîâîé ÷àñòè äèàïàçîíà ìèëëèìåòðîâûõ âîëí ýëåêòðè÷åñêèå äëèíû
ýëåìåíòîâ ôèëüòðóþùåé ñòðóêòóðû óâåëè÷èâàþòñ  è ïåðåñòàþò áûòü
êâàçèñîñðåäîòî÷åííûìè ýëåìåíòàìè, ÷òî ïðèâîäèò ïðèíöèïèàëüíî ê îãðàíè÷åíèþ ïîëîñû
çàãðàæäåíè  ñâåðõó. Äë  ðàáîòû íà ÷àñòîòàõ ïîð äêà 150 ÃÃö è âûøå â çà âë åìîé
êîíñòðóêöèè ïðåäëàãàåòñ  ñìåùåíèå èíäóêòèâíûõ îòðåçêîâ äðóã îòíîñèòåëüíî äðóãà íà
îáåèõ ñòîðîíàõ ïîäëîæêè. Ïðè ýòîì âîëíîâîå ñîïðîòèâëåíèå èíäóêòèâíûõ ýëåìåíòîâ
âîçðàñòàåò â 1,5 ðàçà, ÷òî ïîçâîë åò óìåíüøèòü äëèíó èíäóêòèâíûõ ýëåìåíòîâ è ñ÷èòàòü
èõ êâàçèñîñðåäîòî÷åííûìè íà áîëåå âûñîêèõ ÷àñòîòàõ, ÷òî îáåñïå÷èâàåò äîïîëíèòåëüíîå
ðàñøèðåíèå ïîëîñû çàãðàæäåíè .

Ïðîâåäåííûå ýêñïåðèìåíòàëüíûå èññëåäîâàíè  âîëíîâîäíûõ ôèëüòðîâ íà îñíîâå
çà âë åìîé êîíñòðóêöèè äë  ðàçëè÷íûõ âîëíîâîäíûõ êàíàëîâ (ñå÷åíè  âîëíîâîäîâ
11×5,5; 7,2×3,4; 5,2×2,6; 2,4×1,2 ìì ñ ðàáî÷èìè äèàïàçîíàìè ÷àñòîò 17,4-25,8; 25,86-37,5;
37,5-53,5; 78,3-118,1 ÃÃö ñîîòâåòñòâåííî) ïîêàçàëè, ÷òî îáåñïå÷èâàåòñ  óðîâåíü
îñëàáëåíè  ñèãíàëà íå ìåíåå 35-40 äÁ â ïîëîñàõ çàãðàæäåíè  ñ îòíîøåíèåì fâç/fcp îò 2:1
äî 3:1.
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âîëíîâîäà, ðàñïîëàãàþùà ñ  â âûáîðêàõ êîðïóñà, ñ íàíåñåííûìè íà äâóõ åå
ïðîòèâîïîëîæíûõ ïîâåðõíîñò õ îòðåçêàìè íåñèììåòðè÷íûõ âîëíîâîäíî-ùåëåâûõ ëèíèé,
ïåðåõîä ùèõ â áàëàíñíóþ ìèêðîïîëîñêîâóþ ëèíèþ, íà îòðåçêàõ êîòîðîé âûïîëíåíû
åìêîñòíûå è èíäóêòèâíûå ýëåìåíòû ôèëüòðóþùåé ñòðóêòóðû, ðàñïîëîæåííûå íà äâóõ
ïðîòèâîïîëîæíûõ ñòîðîíàõ ïîäëîæêè äðóã îòíîñèòåëüíî äðóãà, îòëè÷àþùèéñ  òåì, ÷òî
äèýëåêòðè÷åñêà  ïîäëîæêà èìååò Í-îáðàçíóþ ãàíòåëåâèäíóþ ôîðìó, ôèëüòðóþùà 
ñòðóêòóðà âûïîëíåíà òàêèì îáðàçîì, ÷òî èíäóêòèâíûå ýëåìåíòû, ðàñïîëîæåííûå íà îäíîé

Ñòðàíèöà: 7

CL

5

10

15

20

25

30

35

40

45

50



RU 2 294 036 C2

ñòîðîíå ïîäëîæêè ïî îäíîé ãîðèçîíòàëüíîé ëèíèè, ñìåùåíû â ïîïåðå÷íîì íàïðàâëåíèè
îòíîñèòåëüíî èíäóêòèâíûõ ýëåìåíòîâ, ðàñïîëîæåííûõ íà ïðîòèâîïîëîæíîé ñòîðîíå
ïîäëîæêè, ïðè÷åì ïîïåðå÷íûå ðàçìåðû óçêîé ÷àñòè ïîäëîæêè îïðåäåë þòñ  øèðèíîé
åìêîñòíîãî ýëåìåíòà ôèëüòðóþùåé ñòðóêòóðû.

2. Ôèëüòð íèæíèõ ÷àñòîò ïî ï.1, îòëè÷àþùèéñ  òåì, ÷òî èíäóêòèâíûå ýëåìåíòû
ôèëüòðóþùåé ñòðóêòóðû íà êàæäîé èç äâóõ ïîâåðõíîñò õ ïîäëîæêè ðàñïîëàãàþòñ  â âèäå
ìåàíäðà è ñìåùåíû äðóã îòíîñèòåëüíî äðóãà íà ïðîòèâîïîëîæíûõ ñòîðîíàõ ïîäëîæêè.
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