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Èçîáðåòåíèå îòíîñèòñ  ê êëàññó ñòðóéíûõ

àêñåëåðîìåòðîâ, êîòîðûå ìîãóò âõîäèòü â ñîñòàâ
êîìáèíèðîâàííîé ñèñòåìû óïðàâëåíè 
ëåòàòåëüíûõ àïïàðàòîâ. Àêñåëåðîìåòð ñîäåðæèò
ìà òíèê ñ èíåðöèîííîé ìàññîé è äâà
ïîñëåäîâàòåëüíî ñîåäèíåííûõ ñòðóéíûõ óñèëèòåë 
äèôôåðåíöèàëüíîãî òèïà ñ äâóì  âûõîäíûìè
êàíàëàìè, ïðè ýòîì ïåðâûé âûõîäíîé êàíàë
âòîðîãî óñèëèòåë  ñîåäèíåí ñ ïåðâûì ñèëüôîíîì
ñî ñòîðîíû åãî íåïîäâèæíîé ÷àñòè, à åãî
ïîäâèæíà  ÷àñòü æåñòêî ñîåäèíåíà ñ ïîäâèæíîé
÷àñòüþ ïåðâîé êóëèñû, êîòîðà  âêëþ÷åíà â ðàçðûâ
ãèáêîãî êàíàëà îáðàòíîé ñâ çè ïåðâîãî ãåíåðàòîðà
÷àñòîòû, åãî âòîðîé âûõîä ñîåäèíåí ñ âíåøíåé
ñðåäîé, à ïåðâûé âûõîä òîãî æå ãåíåðàòîðà

ïîäêëþ÷åí ê ïåðâîìó âõîäó öèôðîâîãî ñòðóéíîãî
âû÷èñëèòåë , âòîðîé âûõîäíîé êàíàë âòîðîãî
óñèëèòåë  ñîåäèíåí ñ âòîðûì ñèëüôîíîì ñî
ñòîðîíû åãî íåïîäâèæíîé ÷àñòè, à åãî ïîäâèæíà 
÷àñòü æåñòêî ñîåäèíåíà ñ ïîäâèæíîé ÷àñòüþ
âòîðîé êóëèñû, êîòîðà  âêëþ÷åíà â ðàçðûâ ãèáêîãî
êàíàëà îáðàòíîé ñâ çè âòîðîãî ãåíåðàòîðà
÷àñòîòû, ïðè ýòîì åãî âòîðîé âûõîä ñîåäèíåí ñ
âíåøíåé ñðåäîé, à ïåðâûé âûõîä òîãî æå
ãåíåðàòîðà ïîäêëþ÷åí ê âòîðîìó âõîäó öèôðîâîãî
ñòðóéíîãî âû÷èñëèòåë , ïèòàíèå äâóõ ñòðóéíûõ
óñèëèòåëåé è äâóõ ãåíåðàòîðîâ ÷àñòîòû
îñóùåñòâë åòñ  îò åäèíîãî èñòî÷íèêà ãàçîâîãî
ïèòàíè . Òåõíè÷åñêèì ðåçóëüòàòîì  âë åòñ 
ïîëó÷åíèå öèôðîâîãî âûõîäíîãî ñèãíàëà. 2 èë.
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(54) FLUID-JET ACCELEROMETER WITH DIGITAL OUTPUT

(57) Abstract: 
FIELD: fluid-jet accelerometers for

combination control systems of flying vehicles.
SUBSTANCE: proposed accelerometer has

pendulum with inertial mass and two fluid-jet
differential amplifiers connected in series and
provided with two channels; first output channel
of second amplifier is connected with first
bellows on side of its stationary part and its
movable part is rigidly connected with  movable
part of first link which is connected in break of
flexible feedback channel of first frequency
oscillator whose second output is connected with
outside medium; first output of the same
oscillator is connected to first input of digital
fluid-jet computer whose second output channel is
connected second bellows on side of its
stationary part; its movable part is rigidly
connected with movable part of second link which
is connected in break of flexible feedback
channel of frequency oscillator; its second
output is connected with outside medium; first

output of the same oscillator is connected to
second input of digital fluid-jet computer; two
fluid-jet amplifiers and two frequency
oscillators are supplied from single gas source.

EFFECT: possibility of obtaining digital
output signal.
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Èçîáðåòåíèå îòíîñèòñ  ê êëàññó ñòðóéíûõ àêñåëåðîìåòðîâ (ÑÀ), êîòîðûå ìîãóò âõîäèòü
â ñîñòàâ êîìáèíèðîâàííûõ ñèñòåì óïðàâëåíè  (ÊÑÓ) ëåòàòåëüíûõ àïïàðàòîâ (ËÀ),
ñîäåðæàùèõ, íàð äó ñ ýëåêòðîííûìè êàíàëàìè óïðàâëåíè , ðåçåðâíûé êàíàë
íåýëåêòðè÷åñêîé ïðèðîäû, îáåñïå÷èâàþùèé ñîõðàíåíèå íà âðåì  ñáî  è âîññòàíîâëåíè 
ýëåêòðîííîãî êàíàëà èëè ïîëíîãî åãî îòêàçà, âûçâàííûõ äåéñòâèåì åñòåñòâåííûõ è
îðãàíèçîâàííûõ äåñòàáèëèçèðóþùèõ ôàêòîðîâ, ðàáîòîñïîñîáíîñòè è íåïðåðûâíîñòè
óïðàâëåíè  âñëåäñòâèå èíâàðèàíòíîñòè ðåçåðâíîãî êàíàëà ê óêàçàííûì âîçäåéñòâè ì.

Ðàçðàáîòàíî ìíîæåñòâî ðàçëè÷íûõ âàðèàíòîâ ñõåì ïîñòðîåíè  ïíåâìàòè÷åñêèõ
àêñåëåðîìåòðîâ ñ èíåðöèîííûìè ìàññàìè [1].

Íàèáîëåå ïðåäïî÷òèòåëüíîé ñ òî÷êè çðåíè  îáåñïå÷åíè  òðåáóåìîãî äèàïàçîíà
èçìåðåíèé è òî÷íîñòíûõ õàðàêòåðèñòèê  âë åòñ  ñõåìà ïîñòðîåíè  ìà òíèêîâîãî
êîìïåíñàöèîííîãî ãàçîñòðóéíîãî àêñåëåðîìåòðà ñ èíåðöèîííîé ìàññîé (ñì. ôèã.1). Ðàáîòà
äàííîãî àêñåëåðîìåòðà ñîñòîèò â ñëåäóþùåì. Ïðè äåéñòâèè êàæóùåãîñ  óñêîðåíè  âäîëü
ïîëîæèòåëüíîãî íàïðàâëåíè  îñè ÷óâñòâèòåëüíîñòè àêñåëåðîìåòðà ìà òíèê (1) çà ñ÷åò
ñèëû èíåðöèè îòêëîí åòñ  îò ñâîåãî íóëåâîãî ïîëîæåíè  âëåâî. Ïðè ýòîì çà ñ÷åò
óñèëåíè  äðîññåëüíîãî ýôôåêòà (ïîâûøåíè  ñîïðîòèâëåíè  ãàçîâîìó ïîòîêó ïðè
ïðèáëèæåíèè ìà òíèêà ê âõîäíîìó îòâåðñòèþ) â ëåâîì ïëå÷å ïåðâîãî ñòðóéíîãî óñèëèòåë 
äèôôåðåíöèàëüíîãî òèïà (2) ñîçäàåòñ  ïîâûøåííîå äàâëåíèå, à çà ñ÷åò ñíèæåíè 
äðîññåëüíîãî ýôôåêòà (ïîíèæåíè  ñîïðîòèâëåíè  ïîòîêó ïðè óäàëåíèè ìà òíèêà îò
âõîäíîãî îòâåðñòè ) â ïðàâîì ïëå÷å ýòîãî æå óñèëèòåë  äàâëåíèå ïîíèæàåòñ . Ïîâûøåíèå
è ñíèæåíèå äàâëåíè  â ëåâîì è ïðàâîì ïëå÷àõ óñèëèòåë  (2) ñîîòâåòñòâåííî ïðèâîäèò ê
òîìó, ÷òî ïèòàþùèé ïîòîê (ñ äàâëåíèåì Ðï) óñèëèòåë  (2) ðàçäåë åòñ  íà äâå ÷àñòè,
îñíîâíà  èç êîòîðûõ íàïðàâë åòñ  â ïðàâîå ïëå÷î âòîðîãî ñòðóéíîãî óñèëèòåë 
äèôôåðåíöèàëüíîãî òèïà (3), à îñòàëüíà  ìåíüøà  - â åãî ëåâîå ïëå÷î. Ïîâûøåíèå
äàâëåíèå â ïðàâîì ïëå÷å óñèëèòåë  (3) ïðèâîäèò ê îòêëîíåíèþ îñíîâíîé ÷àñòè ïèòàþùåãî
ïîòîêà (ñ äàâëåíèåì Ðï) ýòîãî óñèëèòåë  ê ëåâîìó âûõîäó àêñåëåðîìåòðà. Ïðè ýòîì
ñîçäàâàåìîå ïîâûøåííîå äàâëåíèå p1 â êàíàëå îáðàòíîé ñâ çè (5) ôîðìèðóåò ñèëó,
ïðîòèâîäåéñòâóþùóþ ñèëå èíåðöèè, äåéñòâóþùåé íà ìà òíèê (1). Â ïðàâîì âûõîäå ÑÀ
ôîðìèðóåòñ  ïîíèæåííîå äàâëåíèå ð2. Ðàçíîñòü äàâëåíèé íà âûõîäàõ àêñåëåðîìåòðà (1',
2') δp=p1-p2  âë åòñ  àíàëîãîâûì ñèãíàëîì, ïðîïîðöèîíàëüíûì äåéñòâóþùåìó
êàæóùåìóñ  óñêîðåíèþ [2].

Ïðè òàêîé ñõåìå ïîñòðîåíè  ÑÀ èñêëþ÷àåòñ  âëè íèå äàâëåíè  ïèòàíè  íà
ìà òíèêîâîñòü ÑÀ è ñóùåñòâóåò âîçìîæíîñòü èñïîëüçîâàíè  äë  ïîäâåñà èíåðöèîííîé
ìàññû òåõíîëîãèé, ïðèìåí åìûõ â ñóùåñòâóþùèõ âûñîêîòî÷íûõ ýëåêòðîìåõàíè÷åñêèõ
àêñåëåðîìåòðàõ.

Îäíàêî äë  øèðîêîãî èñïîëüçîâàíè  äàííûõ ÑÀ â ñîñòàâå ÊÑÓ ËÀ, ïîñòðîåííûõ íà
îñíîâå öèôðîâûõ âû÷èñëèòåëåé (áîðòîâîé öèôðîâîé âû÷èñëèòåëüíîé ìàøèíå (ÁÖÂÌ) è
öèôðîâîì ñòðóéíîì âû÷èñëèòåëå (ÖÑÂ)), òðåáóåòñ  åãî óñîâåðøåíñòâîâàòü ñ öåëüþ
ïîëó÷åíè  öèôðîâîãî âûõîäíîãî ñèãíàëà, ÷òî íå ðåàëèçîâàíî â ñóùåñòâóþùèõ ÑÀ äàííîãî
òèïà [2].

Äë  ýòîãî ïðåäëàãàåòñ  ââåñòè â åãî ñõåìó äâà ïðåîáðàçîâàòåë  "äàâëåíèå-÷àñòîòà",
ïîñòðîåííûõ íà îñíîâå ñòðóéíûõ ãåíåðàòîðîâ ÷àñòîòû.

Âûõîäíûì ñèãíàëîì òàêîãî öèôðîâîãî ÑÀ  âë åòñ  ðàçíîñòü ÷àñòîò ãåíåðàòîðîâ,
ïðîïîðöèîíàëüíà  äåéñòâóþùåìó óñêîðåíèþ (ôèã.2).

Ïðåîáðàçîâàíèå àíàëîãîâîãî ñèãíàëà δð â öèôðîâóþ ôîðìó îñóùåñòâë åòñ 
ñëåäóþùèì îáðàçîì. Ãàçîâûé ïîòîê ñ äàâëåíèåì p1, ïîñòóïàþùèé â ñèëüôîí (7),
ïðèâîäèò ê èçìåíåíèþ (â ðàññìàòðèâàåìîì ñëó÷àå ê óâåëè÷åíèþ) åãî ëèíåéíîãî ðàçìåðà
íà âåëè÷èíó ∆l. Òàê êàê îñíîâàíèå ñèëüôîíà æåñòêî ñâ çàíî ñ êîðïóñîì àêñåëåðîìåòðà, à
ïîäâèæíà  ÷àñòü - ñ êóëèñîé (9) ñ ïîìîùüþ æåñòêîãî êðåïëåíè  (20), òî ïðîèñõîäèò
èçìåíåíèå (óìåíüøåíèå) äëèíû ãèáêîãî êàíàëà îáðàòíîé ñâ çè (12) ãåíåðàòîðà ÷àñòîòû
(11) íà âåëè÷èíó ∆l, ÷òî ïðèâîäèò ê óâåëè÷åíèþ ÷àñòîòû f1 íà âûõîäàõ (16, 18) ýòîãî
ãåíåðàòîðà ñîãëàñíî ôîðìóëå
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,

ãäå ñ - ñêîðîñòü çâóêà â ãàçå, l0 - íà÷àëüíà  ñóììàðíà  äëèíà äâóõ êàíàëîâ îáðàòíîé
ñâ çè (12, 14) ãåíåðàòîðà ÷àñòîòû (10). Ñèììåòðè÷íûé êàíàë îáðàòíîé ñâ çè (14) òîãî
æå ãåíåðàòîðà èìååò ïîñòî ííóþ äëèíó.

Àíàëîãè÷íûå ïðîöåññû ïðîèñõîä ò âî âòîðîì âûõîäíîì êàíàëå ÑÀ ñ òîé ëèøü ðàçíèöåé,
÷òî äàâëåíèå ð2 íèæå íà÷àëüíîãî çíà÷åíè , ëèíåéíûé ðàçìåð ñèëüôîíà (6), æåñòêî
ñâ çàííîãî ñ êîðïóñîì àêñåëåðîìåòðà è ñ êóëèñîé (8) ñ ïîìîùüþ êðåïëåíè  (21),
óìåíüøàåòñ , äëèíà ãèáêîãî êàíàëà îáðàòíîé ñâ çè (13) ãåíåðàòîðà ÷àñòîòû (10)
óâåëè÷èâàåòñ , ñîîòâåòñòâåííî ÷àñòîòà íà åãî âûõîäàõ (17, 19) óìåíüøàåòñ  è ðàâí åòñ 

Âòîðîé êàíàë îáðàòíîé ñâ çè (15) ýòîãî ãåíåðàòîðà òàêæå èìååò ïîñòî ííóþ äëèíó.
Äë  îáåñïå÷åíè  òðåáóåìûõ äèíàìè÷åñêèõ õàðàêòåðèñòèê ñèëüôîíà (ñêîðîñòè ñæàòè  è

ðàñò æåíè ) â åãî êîíñòðóêöèþ ââåäåíû ïîäïðóæèíåííà  ïëàñòèíà (22) è äðîññåëüíûå
îòâåðñòè  (23).

Ïðè èçìåíåíèè íàïðàâëåíè  äåéñòâè  êàæóùåãîñ  óñêîðåíè  â ïðîòèâîïîëîæíóþ
ñòîðîíó ïî îòíîøåíèþ ê ðàññìîòðåííîìó ñëó÷àþ ïðîöåññû â êàíàëàõ ÑÀ èìåþò
ñèììåòðè÷íóþ ê ðàññìîòðåííîìó ïðîöåññó êàðòèíó.

Íà îñíîâå ðàçíîñòè ïîëó÷åííûõ ÷àñòîò f1 è f2, ïîñòóïàþùèõ íà âõîäû ÖÑÂ (1", 2"), â
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÷óâñòâèòåëüíîñòè ÑÀ.
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