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Àííîòàöèÿ. Ðàáîòà ïîñâÿùåíà îöåíêå ïàðàìåòðîâ êîíòóðà àâàðèéíîãî äèñòàíöèîííîãî ñåðâî-
óïðàâëåíèÿ ðåãèîíàëüíûì ñàìîë¸òîì, ïðåäíàçíà÷åííîãî äëÿ ñîõðàíåíèÿ óïðàâëÿåìîñòè ïðè îòêà-
çå âñåõ öåíòðàëèçîâàííûõ ãèäðîñèñòåì. Ðàçðàáîòàíà ìàòåìàòè÷åñêàÿ ìîäåëü âðàùåíèÿ ðóëåâîé
ïîâåðõíîñòè ïîä äåéñòâèåì âíåøíåãî øàðíèðíîãî ìîìåíòà, âîçíèêàþùåãî ïðè óïðàâëåíèè ñåðâî-
ðóë¸ì, ñ ó÷¸òîì íåëèíåéíûõ îñîáåííîñòåé, âûçûâàåìûõ ýôôåêòàìè òðåíèÿ è äåìïôèðîâàíèÿ îò
ðàáîòàþùèõ â ïàññèâíîì ðåæèìå ýëåêòðîãèäðàâëè÷åñêèõ ðóëåâûõ ïðèâîäîâ. Â ðåçóëüòàòå ðàñ÷¸ò-
íûõ èññëåäîâàíèé îïðåäåëåíû ñòðóêòóðà è ïàðàìåòðû àëãîðèòìîâ êîíòóðà àâàðèéíîãî äèñòàíöè-
îííîãî ñåðâîóïðàâëåíèÿ, à òàêæå òðåáîâàíèÿ ê êîýôôèöèåíòàì äåìïôèðîâàíèÿ ðóëåâûõ ïðèâîäîâ.
Äëÿ ïîäòâåðæäåíèÿ ñîîòâåòñòâèÿ òðåáîâàíèÿì áåçîïàñíîãî çàâåðøåíèÿ ïîë¸òà â ðåæèìå àâàðèé-
íîãî ñåðâîóïðàâëåíèÿ ïðîâåäåíû ñòåíäîâûå èññëåäîâàíèÿ ñ ó÷àñòèåì ë¸òíîãî ñîñòàâà.
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Abstract

The author proposes an innovative option of emergency fly-by-wire servo-control to preserve controllability
at both hydraulic systems failure for a prospective regional aircraft with fly-by-wire control system and two
hydraulic systems. Two electro-hydraulic servo-actuators (EHSA), fed from the two independent hydraulic
systems, and servotab with electromechanical steering actuator (EMA) (ESA) are being installed on each
main control surface. With both hydraulic systems failure, all EHSAs enter the passive mode (damping mode),
and switching to servotabs emergency control occurs. The servotab deflection produces a hinge moment,
which in its turn deflects the control surface. The aircraft handling qualities in the servo-control mode should
ensure the capability of the safe flight termination.

Mathematical model of the control surface rotation under the impact of the external hinge moment,
originating while the servotab control, was developed for computational and test-bench studies with account
for the specifics caused by friction and damping effects from the electro-hydraulic servo-actuator operating
in passive mode. The damping force value significantly affects the aircraft handling qualities in servotab control
mode.

The results of numerical studies revealed that in order to meet the AMC CS-25 25.671(c) requirements
for manoeuver capabilities after failures and the MIL-STD-1797 recommendations for maximum allowable
phase lag between control stick pilot input and control surface response, the servotab control laws should
contain speed-up pre-filters on pilot control signals, pitch rate feedback (elevator servotab control law),
roll and yaw rates feedbacks (rudder servotab control law). The emergency servotab control algorithms
parameters selecting, ensuring the set requirements meeting at various values of the EHSA damping coefficient,
was performed.

To confirm the possibility of the safe flight termination with the selected servotab emergency control
law parameters, the test-bench tests on the flight simulator with participation of test pilots were conducted.

The approach and landing tasks with glideslope offset correction and with crosswind Wz = 5 m/s were
under study. According to the pilots' opinions, the aircraft handling qualities in servotab control mode
correspond to the Cooper-Harper rating PR = 4.5…5. Slight PIO tendency noted mostly in roll channel
corresponds to the PIOR = 3…3.5. The obtained pilot ratings confirm the correctness of the emergency
servotab control algorithm parameters selection and the possibility of the safe flight termination in this mode.

Keywords: servotab, hinge moment, friction modelling, actuator damping coefficient, control laws, prefilter,
pitch damper
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Ââåäåíèå

Â íàñòîÿùåå âðåìÿ ïåðñïåêòèâíûì íàïðàâëå-
íèåì ñîâåðøåíñòâîâàíèÿ ñèñòåì óïðàâëåíèÿ ñà-
ìîë¸òîâ òðàíñïîðòíîé êàòåãîðèè ÿâëÿåòñÿ ïåðå-
õîä ê êîíöåïöèè «áîëåå ýëåêòðè÷åñêîãî ñàìîë¸-
òà», ÷òî ïîçâîëÿåò ïîâûñèòü íàäåæíîñòü ñèñòåì
óïðàâëåíèÿ çà ñ÷¸ò îáåñïå÷åíèÿ ðàçíîðîäíîãî ðå-
çåðâèðîâàíèÿ [1]. Íà ñîâðåìåííûõ ñàìîë¸òàõ
Airbus A380 è A350 ïðèìåíåíèå ýëåêòðîãèäðîñ-
òàòè÷åñêèõ (ÝÃÑÏ) è äâóõðåæèìíûõ êîìáèíèðî-
âàííûõ (ÄÃÐÏ) ðóëåâûõ ïðèâîäîâ ïîçâîëèëî
óìåíüøèòü ÷èñëî öåíòðàëèçîâàííûõ ãèäðîñèñòåì
íà áîðòó ñ òð¸õ äî äâóõ [2]. Ê ñîæàëåíèþ, îòå÷å-

ñòâåííàÿ ïðîìûøëåííîñòü ïîêà íå âûïóñêàåò
ñåðèéíûõ îáðàçöîâ ÝÃÑÏ è ÄÃÐÏ.

Äëÿ ðåàëèçàöèè êîíöåïöèè «áîëåå ýëåêòðè-
÷åñêîãî ñàìîë¸òà» ïðèìåíèòåëüíî ê ïåðñïåêòèâ-
íûì ðåãèîíàëüíûì ñàìîë¸òàì, èçíà÷àëüíî èìå-
þùèì íà áîðòó òîëüêî äâå öåíòðàëèçîâàííûå
ãèäðîñèñòåìû, ïðåäëàãàåòñÿ èííîâàöèîííûé
âàðèàíò àâàðèéíîãî ýëåêòðîäèñòàíöèîííîãî ñåð-
âîóïðàâëåíèÿ [3].

Ïîä ñåðâîóïðàâëåíèåì ñàìîë¸òîì ïîíèìàåòñÿ
ñõåìà, ïðè êîòîðîé ðû÷àãè óïðàâëåíèÿ â êàáè-
íå ñàìîë¸òà ñâÿçàíû íå ñ îñíîâíûìè ïîâåðõíî-
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ñòÿìè óïðàâëåíèÿ, à ñ ñåðâîðóëÿìè. Ñåðâîðóëü
ïðåäñòàâëÿåò ñîáîé íåáîëüøóþ àýðîäèíàìè÷åñ-
êóþ ïîâåðõíîñòü, óñòàíîâëåííóþ íà êîíöåâîé
÷àñòè îðãàíà óïðàâëåíèÿ [4]. Îòêëîíåíèå ñåðâî-
ðóëÿ ïðèâîäèò ê âîçíèêíîâåíèþ øàðíèðíîãî
ìîìåíòà, êîòîðûé, â ñâîþ î÷åðåäü, îòêëîíÿåò
ðóëåâóþ ïîâåðõíîñòü (ðèñ. 1).

Ïðèíöèï ñåðâîóïðàâëåíèÿ â àâèàöèè áûë
èçâåñòåí äàâíî è ïðèìåíÿëñÿ óæå â 1930-õ ãîäàõ
íà ñàìîë¸òå-ãèãàíòå Ê-7 àâèàêîíñòðóêòîðà
Ê.À. Êàëèíèíà. Èñïîëüçîâàíèå ñåðâîóïðàâëåíèÿ
íà áîëüøèõ ñàìîë¸òàõ îáåñïå÷èâàëî çíà÷èòåëü-
íîå ñíèæåíèå óñèëèé íà ðû÷àãàõ óïðàâëåíèÿ, ÷òî
áûëî îñîáåííî àêòóàëüíî äî ïðèìåíåíèÿ áóñòåð-
íîãî óïðàâëåíèÿ. Â íàñòîÿùåå âðåìÿ ïðîäîëæà-
þò ýêñïëóàòèðîâàòüñÿ ïàññàæèðñêèå ñàìîë¸òû
MD-80/90 [6], â ñèñòåìå óïðàâëåíèÿ êîòîðûõ
ïðèìåí¸í ïðèíöèï ñåðâîóïðàâëåíèÿ. Îäíàêî íà
äàííûõ ñàìîë¸òàõ ñåðâîóïðàâëåíèå ðåàëèçîâàíî
òîëüêî çà ñ÷¸ò ìåõàíè÷åñêîé ñâÿçè ìåæäó ðû÷à-
ãîì óïðàâëåíèÿ è ñåðâîðóë¸ì. Áîëüøîé ïðàêòè-
÷åñêèé èíòåðåñ ïðåäñòàâëÿåò èññëåäîâàíèå âîç-
ìîæíîñòè ðåàëèçàöèè àâàðèéíîãî ýëåêòðîäèñ-
òàíöèîííîãî ñåðâîóïðàâëåíèÿ â îòêàçíûõ ñèòó-
àöèÿõ äëÿ ïðèìåíåíèÿ íà ïåðñïåêòèâíîì ðåãè-
îíàëüíîì ñàìîë¸òå â öåëÿõ îáåñïå÷åíèÿ ðàçíî-
ðîäíîãî ðåçåðâèðîâàíèÿ è óëó÷øåííûõ õàðàêòå-
ðèñòèê óñòîé÷èâîñòè è óïðàâëÿåìîñòè ïî ñðàâ-
íåíèþ ñ ìåõàíè÷åñêîé ðåàëèçàöèåé ñåðâîóïðàâ-

ëåíèÿ çà ñ÷¸ò âîçìîæíîñòåé àâòîìàòèçàöèè óï-
ðàâëåíèÿ.

Ðàññìàòðèâàåìàÿ ñòðóêòóðà ñèñòåìû óïðàâëå-
íèÿ ñàìîë¸òà ïðèâåäåíà íà ðèñ. 2 [2]. Íà êàæäîé
îñíîâíîé ðóëåâîé ïîâåðõíîñòè óñòàíàâëèâàþò-
ñÿ äâà ýëåêòðîãèäðàâëè÷åñêèõ ðóëåâûõ ïðèâîäà
(ÝÃÐÏ), çàïèòàííûå îò äâóõ íåçàâèñèìûõ ãèäðî-
ñèñòåì, è ñåðâîðóëü ñ ýëåêòðîìåõàíè÷åñêèì ðó-
ëåâûì ïðèâîäîì (ÝÌÏ). Ïðè îòêàçå äâóõ ãèäðî-
ñèñòåì âñå ÝÃÐÏ ïåðåõîäÿò â ïàññèâíûé ðåæèì
(ðåæèì äåìïôèðîâàíèÿ), è ïðîèñõîäèò ïåðåêëþ-
÷åíèå íà àâàðèéíîå ñåðâîóïðàâëåíèå. Õàðàêòå-
ðèñòèêè óïðàâëÿåìîñòè ñàìîë¸òà â ðåæèìå àâà-
ðèéíîãî ñåðâîóïðàâëåíèÿ äîëæíû îáåñïå÷èâàòü
âîçìîæíîñòü áåçîïàñíîãî çàâåðøåíèÿ ïîë¸òà [7].

Íåëèíåéíûå îñîáåííîñòè äèíàìèêè
îðãàíîâ óïðàâëåíèÿ

Ðàñ÷¸òíàÿ ñõåìà ñèë è ìîìåíòîâ, äåéñòâóþ-
ùèõ íà ðóëåâóþ ïîâåðõíîñòü ïðè óïðàâëåíèè
ñåðâîðóë¸ì, ïðèâåäåíà íà ðèñ. 3.

Ïðè îòêëîíåíèè ñåðâîðóëÿ íà âåëè÷èíó ñð î.óτ
âîçíèêàåò øàðíèðíûé ìîìåíò ø ñð.î.óM , ïîä äåé-
ñòâèåì êîòîðîãî íà÷èíàåòñÿ âðàùåíèå îðãàíà óï-
ðàâëåíèÿ îòíîñèòåëüíî îñè âðàùåíèÿ Îî.ó. Îò-
êëîíåíèå îðãàíà óïðàâëåíèÿ, â ñâîþ î÷åðåäü,
ïðèâîäèò ê âîçíèêíîâåíèþ ñîáñòâåííîãî øàð-
íèðíîãî ìîìåíòà ø î.óM , à òàêæå ìîìåíòà àýðî-
äèíàìè÷åñêîãî äåìïôèðîâàíèÿ àýð.äM , êîòîðûå

Ðèñ. 1. Ïðèíöèï ðàáîòû ñåðâîðóëÿ [5]
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Ðèñ. 2. Ñòðóêòóðà ñèñòåìû óïðàâëåíèÿ ñàìîë¸òà ñ àâàðèéíûì ñåðâîóïðàâëåíèåì

Ðèñ. 3. Ðàñ÷¸òíàÿ ñõåìà ñèë è ìîìåíòîâ, äåéñòâóþùèõ íà ðóëåâóþ ïîâåðõíîñòü ïðè ñåðâîóïðàâëåíèè
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ïðåïÿòñòâóþò äàëüíåéøåìó âðàùåíèþ îðãàíà óï-
ðàâëåíèÿ. Êðîìå òîãî, ïðè ðàáîòå ÝÃÐÏ â ïàñ-
ñèâíîì ðåæèìå íà ðóëåâóþ ïîâåðõíîñòü äåéñòâó-
þò ñëåäóþùèå ñèëû ñîïðîòèâëåíèÿ: ñèëà òðåíèÿ
Fòð è äåìïôèðóþùàÿ ñèëà Fä.

Óðàâíåíèå âðàùåíèÿ îðãàíà óïðàâëåíèÿ îò-
íîñèòåëüíî îñè âðàùåíèÿ Îî.ó ìîæåò áûòü çàïè-
ñàíî ñëåäóþùèì îáðàçîì:

î.ó î.ó

ø ñð.î.ó ø î.ó òð î.ó ä î.ó àýð.ä ,

zI

M M F d F d M

δ =

= - - - -   (1)

ãäå Iz î.ó – ìîìåíò èíåðöèè îðãàíà óïðàâëåíèÿ îò-
íîñèòåëüíî îñè âðàùåíèÿ Îî.ó;

dî.ó – ïëå÷î ïðèñîåäèíåíèÿ øòîêà ÝÃÐÏ ê ðó-
ëåâîé ïîâåðõíîñòè.

Ñèëà òðåíèÿ ðàññ÷èòûâàåòñÿ ñ ðàçäåëåíèåì
òð¸õ ôàç äâèæåíèÿ (ïîêîé, ñòðàãèâàíèå, äâèæå-
íèå) ïî ïðèçíàêó ìàëîñòè ñêîðîñòè è ñ ó÷¸òîì
Øòðèáåê-ýôôåêòà (ìîìåíò ñòðàãèâàíèÿ ïðåâû-
øàåò ìîìåíò ñóõîãî òðåíèÿ) [8]. Óðàâíåíèå ðàñ-
÷¸òà ñèëû òðåíèÿ çàïèñûâàåòñÿ ñëåäóþùèì îá-
ðàçîì:

î.ó

ñðî.ó

ñð î.ó ñòð òð çàä

î.ó

òð ñòð òð çàä ñðî.ó

ñð î.ó ñòð òð çàä

òð çàä î.ó î.ó

| | ,
,

| | ;

| | ,
sign( ),

| | ;

sign( ), | | ,

F
F k F

F k F F
F k F

F

δ ε

δ ε

δ δ ε

Ï <
Ô
Ô £Ô
Ô

<Ì
Ô=
Ô >
Ô
Ô ≥ÔÓ

(2)

ãäå 
ø ñðî.ó

ñð î.ó
î.ó

M
F

d
=  — ñèëà, ïðèâîäÿùàÿ â äâè-

æåíèå ðóëåâóþ ïîâåðõíîñòü ïðè îòêëîíåíèè ñåð-
âîðóëÿ;

ε  — ìàëàÿ ïîëîæèòåëüíàÿ âåëè÷èíà, îïðåäå-
ëÿþùàÿ ïåðåõîä èç ñîñòîÿíèÿ ïîêîÿ â ñîñòîÿíèå
äâèæåíèÿ (ïðè ìîäåëèðîâàíèè ïðèíèìàåòñÿ
ε = 0.01 ãðàä/ñ);

kñòð — êîýôôèöèåíò, îïðåäåëÿþùèé âåëè÷èíó
íåîáõîäèìîãî äëÿ ñòðàãèâàíèÿ ïðåâûøåíèÿ ñèëû
ñóõîãî òðåíèÿ (ïðè ìîäåëèðîâàíèè ïðèíèìàåò-
ñÿ kñòð= 1.3);

Fòð.çàä — ñèëà ñóõîãî òðåíèÿ â ÝÃÐÏ, çàâèñÿ-
ùàÿ îò êîíñòðóêöèè ïðèâîäà.

Äåìïôèðóþùàÿ ñèëà, ïðåïÿòñòâóþùàÿ äâè-
æåíèþ ðóëåâîé ïîâåðõíîñòè ïðè ðàáîòå ÝÃÐÏ â
ïàññèâíîì ðåæèìå, îïðåäåëÿåòñÿ ñëåäóþùèì
îáðàçîì [9]:

2
ä ä ïð î.ó î.ósign( ),F k n δ δ=               (3)

ãäå kä – êîýôôèöèåíò äåìïôèðîâàíèÿ ÝÃÐÏ;
nïð – ÷èñëî ÝÃÐÏ íà ðóëåâîé ïîâåðõíîñòè,

ðàáîòàþùèõ â ðåæèìå äåìïôèðîâàíèÿ.
Òðåáîâàíèÿ ê êîýôôèöèåíòó äåìïôèðîâàíèÿ

îáû÷íî çàäàþòñÿ â òåõíè÷åñêîì çàäàíèè íà ðàç-
ðàáîòêó ïðèâîäà. Âåëè÷èíà äàííîãî êîýôôèöè-
åíòà îêàçûâàåò çíà÷èòåëüíîå âëèÿíèå íà õàðàê-
òåðèñòèêè óïðàâëÿåìîñòè ñàìîë¸òà â ðåæèìå
ñåðâîóïðàâëåíèÿ.

Òðåáîâàíèÿ ê óïðàâëÿåìîñòè ñàìîë¸òà
ïðè àâàðèéíîì ñåðâîóïðàâëåíèè

Â ðàññìàòðèâàåìîé ñòðóêòóðå ñèëîâîé ÷àñòè
ïåðåõîä íà àâàðèéíîå ñåðâîóïðàâëåíèå ïðîèñõî-
äèò ïðè îòêàçå äâóõ ãèäðîñèñòåì, ðàáîòà êîòîðûõ
îáåñïå÷èâàåò ýíåðãîïèòàíèå ÝÃÐÏ â îñíîâíîì
ðåæèìå óïðàâëåíèÿ. Òðåáîâàíèÿ ê óïðàâëÿåìî-
ñòè ñàìîë¸òà ïðè îòêàçàõ â ñèñòåìå óïðàâëåíèÿ
èëè âçàèìîäåéñòâóþùèõ ñ íåé ñèñòåìàõ óñòàíàâ-
ëèâàþòñÿ â ïóíêòå 25.671(c) îòå÷åñòâåííûõ íîð-
ìàòèâíûõ òðåáîâàíèé ê ñàìîë¸òàì òðàíñïîðòíîé
êàòåãîðèè ÀÏ-25 [10], ñîãëàñíî êîòîðîìó äîëæ-
íî áûòü ïîêàçàíî, ÷òî ñàìîë¸ò ñïîñîáåí ïðîäîë-
æàòü áåçîïàñíûé ïîë¸ò è âûïîëíÿòü ïîñàäêó â
òîì ÷èñëå ïîñëå îòêàçîâ äâóõ ãèäðîñèñòåì (åñëè
íå ïîêàçàíî, ÷òî òàêîé îòêàç ÿâëÿåòñÿ ïðàêòè÷åñ-
êè íåâåðîÿòíûì) â íîðìàëüíîì äèàïàçîíå ðåæè-
ìîâ ïîë¸òà, íå òðåáóÿ îò ïèëîòà èñêëþ÷èòåëüíîãî
ìàñòåðñòâà èëè ÷ðåçìåðíûõ óñèëèé. Òàêèì îáðà-
çîì, äëÿ ïîäòâåðæäåíèÿ ñîîòâåòñòâèÿ äàííîìó
òðåáîâàíèþ íåîáõîäèìî ïðîâåäåíèå ñòåíäîâûõ
èññëåäîâàíèé ñ ó÷àñòèåì ë¸òíîãî ñîñòàâà.

Àíàëîãè÷íîå òðåáîâàíèå ñîäåðæèòñÿ â åâðî-
ïåéñêèõ íîðìàòèâíûõ òðåáîâàíèÿõ CS-25 [11] è
àìåðèêàíñêîì ðåêîìåíäàòåëüíîì öèðêóëÿðå AC/
AMJ 25.671 [12]. Â ðóêîâîäñòâå ïî ïîäòâåðæäå-
íèþ ñîîòâåòñòâèÿ AMC CS-25 òðåáîâàíèÿì ïóí-
êòà 25.671(c) ïðèâîäÿòñÿ ÷èñëåííûå êðèòåðèè,
îïðåäåëÿþùèå äîïóñòèìûé óðîâåíü óõóäøåíèÿ
õàðàêòåðèñòèê óïðàâëÿåìîñòè äëÿ ñîõðàíåíèÿ
âîçìîæíîñòè áåçîïàñíîãî çàâåðøåíèÿ ïîë¸òà.
Ñîãëàñíî äàííûì òðåáîâàíèÿì, äëÿ ïîäòâåðæäå-
íèÿ ñïîñîáíîñòè ê áåçîïàñíîìó ïðîäîëæåíèþ è
çàâåðøåíèþ ïîë¸òà ïîñëå îòêàçîâ äâóõ ãèäðîñè-
ñòåì äîëæíà ñîõðàíÿòüñÿ ñïîñîáíîñòü ê âûïîë-
íåíèþ ñëåäóþùèõ ìàíåâðîâ:

1) óñòàíîâèâøåãîñÿ ðàçâîðîòà ñ êðåíîì 30°
âëåâî èëè âïðàâî;

2) ïåðåêëàäêå èç óñòàíîâèâøåãîñÿ ðàçâîðîòà
ñ êðåíîì 30° íà âåëè÷èíó 60°, ñ òåì ÷òîáû èçìå-
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íèòü íàïðàâëåíèå ðàçâîðîòà, çà âðåìÿ íå áîëåå
11 ñ;

3) ìàíåâðó íà ïèêèðîâàíèå ñ äîñòèæåíèåì
íîðìàëüíîé ïåðåãðóçêè äî 0.8g, è ìàíåâðó íà
êàáðèðîâàíèå ñ äîñòèæåíèåì íîðìàëüíîé ïåðå-
ãðóçêè äî 1.3g;

4) ïîñàäî÷íîìó âûðàâíèâàíèþ áåç êðåíà â
óñëîâèÿõ áîêîâîãî âåòðà ïîä 90° âåëè÷èíîé äî
18,5 êì/÷ (10 óçëîâ).

Äàííûå ÷èñëåííûå êðèòåðèè èñïîëüçóþòñÿ â
ðàñ÷¸òíûõ èññëåäîâàíèÿõ ïðè ñèíòåçå àëãîðèò-
ìîâ àâàðèéíîãî ñåðâîóïðàâëåíèÿ.

Êàê áûëî ïîêàçàíî â ðàáîòå [13], äèíàìèêà
ñàìîë¸òà â ðåæèìå àâàðèéíîãî ñåðâîóïðàâëåíèÿ
â çíà÷èòåëüíîé ñòåïåíè çàâèñèò îò âåëè÷èíû
êîýôôèöèåíò äåìïôèðîâàíèÿ ÝÃÐÏ kä. Óâåëè-
÷åíèå kä ïðèâîäèò ê ðîñòó çàïàçäûâàíèÿ ìåæäó
îòêëîíåíèåì ðû÷àãà óïðàâëåíèÿ è ñîîòâåòñòâó-
þùåé ðóëåâîé ïîâåðõíîñòè. Ñîãëàñíî çàðóáåæ-
íûì ðåêîìåíäàöèÿì MIL-STD-1797 [14], ôàçî-
âîå çàïàçäûâàíèå ìåæäó îòêëîíåíèåì ðû÷àãà óï-
ðàâëåíèÿ è ñîîòâåòñòâóþùåé ðóëåâîé ïîâåðõíî-
ñòè, îïðåäåëÿåìîå ïðè âñåõ âîçìîæíûõ àìïëè-
òóäàõ ïåðåìåùåíèÿ ðû÷àãà óïðàâëåíèÿ, âïëîòü äî
ìàêñèìàëüíîé, íà ÷àñòîòàõ äî 2 ðàä/ñ, äëÿ ýòà-
ïîâ çàõîäà íà ïîñàäêó äîëæíî ñîñòàâëÿòü íå áî-
ëåå 30° äëÿ îáåñïå÷åíèÿ Óðîâíÿ 2 è íå áîëåå 60°
— äëÿ îáåñïå÷åíèÿ Óðîâíÿ 3 ïèëîòàæíûõ õàðàê-
òåðèñòèê.

Ðàñ÷¸òíûå èññëåäîâàíèÿ óïðàâëÿåìîñòè
ñàìîë¸òà ïðè ñåðâîóïðàâëåíèè

Êàíàë óïðàâëåíèÿ ðóë¸ì âûñîòû
Íà ðàññìàòðèâàåìîì ñàìîë¸òå ñ íåïîäâèæ-

íûì ñòàáèëèçàòîðîì â ðåæèìå àâàðèéíîãî óïðàâ-
ëåíèÿ ýôôåêòèâíîñòè ñåðâîðóëÿ äîëæíî áûòü
äîñòàòî÷íî äëÿ áàëàíñèðîâêè ñàìîë¸òà è ñîçäà-
íèÿ òðåáóåìûõ ìàíåâðåííûõ âîçìîæíîñòåé.

Áàëàíñèðîâêà ñàìîë¸òà äîëæíà îáåñïå÷èâàòü-
ñÿ âðó÷íóþ, çà ñ÷¸ò óïðàâëÿåìîãî ë¸ò÷èêîì òð¸õ-
ïîçèöèîííîãî ïåðåêëþ÷àòåëÿ, ôîðìèðóþùåãî
áàëàíñèðîâî÷íûé ñèãíàë íà ñåðâîðóëü ñëåäóþ-
ùèì îáðàçîì:

â áàë â áàë òðèì â

1
,K U

s
τ =                (4)

ãäå òðèì âU  = [-1; 0; 1] – ïîëîæåíèå òð¸õïîçèöè-
îííîãî ïåðåêëþ÷àòåëÿ;

âáàëK — êîýôôèöèåíò, îïðåäåëÿþùèé ñêî-
ðîñòü ïåðåìåùåíèÿ ñåðâîðóëÿ ïðè íàæàòèè ïå-
ðåêëþ÷àòåëÿ.

Ñòàòè÷åñêàÿ õàðàêòåðèñòèêà óïðàâëÿåìîñòè â
âèäå çàâèñèìîñòè îòêëîíåíèÿ ñåðâîðóëÿ ðóëÿ

âûñîòû îò íîðìàëüíîé ïåðåãðóçêè â y( ),nτ  ïîëó-

÷åííàÿ â ðåçóëüòàòå ðàñ÷¸òíûõ èññëåäîâàíèé íà
ïðåäåëüíî ïåðåäíåé öåíòðîâêå íà ðåæèìå, âûá-
ðàííîì äëÿ çàõîäà íà ïîñàäêó, ïðåäñòàâëåíà íà
ðèñ. 4. Âèäíî, ÷òî äëÿ îáåñïå÷åíèÿ òðåáóåìûõ

Ðèñ. 4. Ñòàòè÷åñêàÿ õàðàêòåðèñòèêà 
â y( )nτ
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çíà÷åíèé íîðìàëüíîé ïåðåãðóçêè äèàïàçîí ïî-
òðåáíûõ óãëîâ îòêëîíåíèÿ ñåðâîðóëÿ äîëæåí

ñîñòàâëÿòü íå ìåíåå â maxτ = ±7°. Íåîáõîäèìî

îòìåòèòü íàëè÷èå çîíû íå÷óâñòâèòåëüíîñòè,
îáóñëîâëåííîé íàëè÷èåì òðåíèÿ â ñèñòåìå è
íåäîñòàòî÷íîé âåëè÷èíîé ðàñïîëàãàåìîãî øàð-
íèðíîãî ìîìåíòà ïðè ìàëûõ óãëàõ îòêëîíåíèÿ

ñåðâîðóëÿ â| |Δτ < 1.5° îòíîñèòåëüíî áàëàíñèðî-

âî÷íîãî ïîëîæåíèÿ.
Íà ðèñ. 5 ïðèâåäåíû ëîãàðèôìè÷åñêèå ôàçî-

âûå ÷àñòîòíûå õàðàêòåðèñòèêè (ËÔ×Õ) òðàêòà
óïðàâëåíèÿ ðóë¸ì âûñîòû ñ àìïëèòóäàìè îòêëî-
íåíèÿ ðû÷àãà óïðàâëåíèÿ, ñîîòâåòñòâóþùèìè

ïðèðàùåíèþ íîðìàëüíîé ïåðåãðóçêè ynΔ = ±0.3

â ðåæèìå íîðìàëüíîãî óïðàâëåíèÿ, à òàêæå â ðå-
æèìå àâàðèéíîãî ñåðâîóïðàâëåíèÿ ïðè ðàçëè÷-
íûõ çíà÷åíèÿõ êîýôôèöèåíòà kä íà ðåæèìå, âûá-
ðàííîì äëÿ çàõîäà íà ïîñàäêó. Âèäíî, ÷òî â ðå-
æèìå àâàðèéíîãî ñåðâîóïðàâëåíèÿ âåëè÷èíà
ôàçîâîãî çàïàçäûâàíèÿ íà ÷àñòîòå 2 ðàä/ñ ïðå-
âûøàåò 60° äàæå ïðè çíà÷åíèè êîýôôèöèåíòà
äåìïôèðîâàíèÿ kä = 0.4 Í·ñ2/ìì2. Ðåàëèçàöèÿ òà-
êèõ ìàëûõ êîýôôèöèåíòîâ äåìïôèðîâàíèÿ ìî-
æåò áûòü çàòðóäíèòåëüíîé ñ êîíñòðóêòèâíîé
òî÷êè çðåíèÿ, à òàêæå ìîæåò ïðèâåñòè ê îïàñíî-
ñòè âîçíèêíîâåíèÿ ôëàòòåðà ðóëÿ âûñîòû.

Íà îñíîâàíèè îïûòà ïðîåêòèðîâàíèÿ ñèñòåì
óïðàâëåíèÿ â ÖÀÃÈ ïðåäâàðèòåëüíóþ îöåíêó
òðåáîâàíèé ê êîýôôèöèåíòó äåìïôèðîâàíèÿ
ìîæíî ïðîâåñòè ñëåäóþùèì îáðàçîì: â ðåæèìå
äåìïôèðîâàíèÿ âûõîäíîé øòîê ÝÃÐÏ äîëæåí
ïåðåìåùàòüñÿ ñ ìàêñèìàëüíîé ðàñïîëàãàåìîé

ñêîðîñòüþ øò maxx  ïðè äåéñòâèè âíåøíåé íàãðóç-

êè, ñîñòàâëÿþùåé 10—20% îò ìàêñèìàëüíîãî
ðàñïîëàãàåìîãî óñèëèÿ ðóëåâîãî ïðèâîäà Fmax.
Äëÿ ðàññìàòðèâàåìîãî ñàìîë¸òà ìèíèìàëüíî
äîïóñòèìîå çíà÷åíèå êîýôôèöèåíòà äåìïôèðî-
âàíèÿ ÝÃÐÏ ðóëÿ âûñîòû ïðè ýòîì ñîñòàâëÿåò:
kä min â=1.6 Í·ñ2/ìì2.

Òàêèì îáðàçîì, äëÿ îáåñïå÷åíèÿ óäîâëåòâî-
ðèòåëüíûõ õàðàêòåðèñòèê óïðàâëÿåìîñòè ñàìîë¸-
òà â ðåæèìå àâàðèéíîãî ñåðâîóïðàâëåíèÿ íåîá-
õîäèìî ðåàëèçîâàòü ñòàòè÷åñêóþ õàðàêòåðèñòè-
êó óïðàâëÿåìîñòè Xâ(ny) áåç çîíû íå÷óâñòâèòåëü-
íîñòè ïðè ìàëûõ îòêëîíåíèÿõ ðû÷àãà óïðàâëå-
íèÿ, à òàêæå îáåñïå÷èòü ïðèåìëåìîå ôàçîâîå
çàïàçäûâàíèå ìåæäó îòêëîíåíèåì ðû÷àãà óïðàâ-
ëåíèÿ ïî òàíãàæó è ðóëÿ âûñîòû äëÿ êîýôôèöè-

åíòà äåìïôèðîâàíèÿ ä â 1,6k ≥ Í·ñ2/ìì2. Ýòî ìî-

æåò áûòü äîñòèãíóòî çà ñ÷¸ò ðåàëèçàöèè â êîí-
òóðå óïðàâëåíèÿ ñåðâîðóë¸ì ðóëÿ âûñîòû äåìï-
ôåðà òàíãàæà, à òàêæå ââåäåíèÿ ôîðñèðóþùåãî
ïðåôèëüòðà íà óïðàâëÿþùèé ñèãíàë ë¸ò÷èêà

Ðèñ. 5. Ïðèìåðû ËÔ×Õ òðàêòà óïðàâëåíèÿ ðóë¸ì âûñîòû
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[15—17]. Çàêîí óïðàâëåíèÿ ñåðâîðóë¸ì ðóëÿ âû-
ñîòû ïðè ýòîì ïðèìåò ñëåäóþùèé âèä:

â

1
â êîì â â áàë

2

1
.

1X z z

T s
K X K

T s ωτ ω τ
+

= + +
+      (5)

Ðåàëèçàöèÿ ôîðñèðóþùåãî ïðåôèëüòðà â îá-
ùåì âèäå ñîîòâåòñòâóåò óñëîâèþ T1 > T2.

Äëÿ îöåíêè âëèÿíèÿ ïàðàìåòðîâ ïðåôèëüòðà
íà ôàçîâîå çàïàçäûâàíèå ïðîâåäåíû ðàñ÷¸òû
ËÔ×Õ òðàêòà óïðàâëåíèÿ ðóë¸ì âûñîòû â ðåæèìå
àâàðèéíîãî ñåðâîóïðàâëåíèÿ äëÿ âûáðàííîãî
çíà÷åíèÿ êîýôôèöèåíòà äåìïôèðîâàíèÿ

ä â 1,6k ≥ Í·ñ2/ìì2 ïðè ðàçëè÷íûõ ïîñòîÿííûõ
âðåìåíè T1 è T2. Ðåçóëüòàòû ðàñ÷¸òîâ ïðåäñòàâ-
ëåíû íà ðèñ. 6. Íà ðèñ. 7 ïðèâåäåíû çàâèñèìîñ-
òè âåëè÷èíû ôàçîâîãî çàïàçäûâàíèÿ íà ÷àñòîòå
2 ðàä/ñ îò êîýôôèöèåíòà äåìïôèðîâàíèÿ, ïîëó-

÷åííûå â ðåçóëüòàòå ðàñ÷¸òîâ ËÔ×Õ òðàêòà â

âХ

δ

ïðè àâàðèéíîì ñåðâîóïðàâëåíèè äëÿ âûáðàííîãî
ðåæèìà çàõîäà íà ïîñàäêó, äëÿ ðàçíûõ çíà÷åíèé
êîýôôèöèåíòà zK ω  è ïàðàìåòðîâ ïðåôèëüòðà T1
è T2. Âèäíî, ÷òî íàèìåíüøåå ôàçîâîå çàïàçäû-

âàíèå ñîîòâåòñòâóåò çíà÷åíèÿì ïîñòîÿííûõ âðå-
ìåíè T1 = 0.6 ñ, T2 = 0.1 ñ è âåëè÷èíå êîýôôèöè-
åíòà zKω = 1 1/ñ. Íà ðèñ. 8 ïðåäñòàâëåíû ñòàòè-
÷åñêèå õàðàêòåðèñòèêè óïðàâëÿåìîñòè â âèäå çà-
âèñèìîñòåé îòêëîíåíèÿ ðû÷àãà óïðàâëåíèÿ ïî
òàíãàæó Xâ(ny) è ñåðâîðóëÿ ðóëÿ âûñîòû îò íîð-
ìàëüíîé ïåðåãðóçêè â y( )nτ  äëÿ âûáðàííûõ ïàðà-
ìåòðîâ àëãîðèòìà óïðàâëåíèÿ ñåðâîðóë¸ì ðóëÿ
âûñîòû.

Êàíàë óïðàâëåíèÿ ðóë¸ì íàïðàâëåíèÿ
Íà ðèñ. 9 ïðåäñòàâëåíû áàëàíñèðîâî÷íûå

õàðàêòåðèñòèêè ñàìîë¸òà ïðè çàõîäå íà ïîñàäêó
ñ áîêîâûì âåòðîì. Âèäíî, ÷òî äëÿ îáåñïå÷åíèÿ
òðåáîâàíèÿ ê áàëàíñèðîâêå ñàìîë¸òà ñ áîêîâûì
âåòðîì ïîä 90° âåëè÷èíîé äî 5,14 ì/ñ ïîòðåáíûå
îòêëîíåíèÿ ñåðâîðóëÿ ðóëÿ íàïðàâëåíèÿ ñîñòàâ-
ëÿþò íå ìåíåå ±9°. Ïðè ýòîì äëÿ ñîõðàíåíèÿ
âîçìîæíîñòè ìàíåâðèðîâàíèÿ ïðåäåëüíûå óãëû
îòêëîíåíèÿ ñåðâîðóëÿ í maxτ  ñëåäóåò âûáèðàòü ñ
çàïàñîì íå ìåíåå 10% îò áàëàíñèðîâî÷íûõ, ò.å.
íå ìåíåå í maxτ = ±10°.

Äëÿ îáåñïå÷åíèÿ óäîâëåòâîðèòåëüíûõ õàðàê-
òåðèñòèê áîêîâîé óñòîé÷èâîñòè è óïðàâëÿåìîñ-
òè ñàìîë¸òà, â ñîîòâåòñòâèè ñ îïûòîì ÖÀÃÈ ïî
ðàçðàáîòêå àëãîðèòìîâ óïðàâëåíèÿ, çàêîí óïðàâ-

Ðèñ. 6. ËÔ×Õ òðàêòà óïðàâëåíèÿ ðóë¸ì âûñîòû ïðè ðàçëè÷íûõ ïîñòîÿííûõ âðåìåíè ïðåôèëüòðà T1 è T2
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ëåíèÿ ðóë¸ì íàïðàâëåíèÿ äîëæåí âêëþ÷àòü â ñåáÿ
îáðàòíûå ñâÿçè ïî ñèãíàëàì óãëîâûõ ñêîðîñòåé
êðåíà è ðûñêàíèÿ [17]. Êàê è â êàíàëå óïðàâëå-
íèÿ ðóë¸ì âûñîòû, ïðåäóñìàòðèâàåòñÿ ôîðñèðó-
þùèé ôèëüòð íà ñèãíàë îòêëîíåíèÿ ïåäàëåé.
Òàêèì îáðàçîì, çàêîí óïðàâëåíèÿ ðóë¸ì íàïðàâ-
ëåíèÿ èìååò âèä:

í

1
í êîì

2

1

1

1
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(6)

Ìèíèìàëüíî äîïóñòèìûå çíà÷åíèÿ êîýôôè-
öèåíòà äåìïôèðîâàíèÿ ÝÃÐÏ ðóëÿ íàïðàâëåíèÿ
ïî ýìïèðè÷åñêîé îöåíêå ñîñòàâëÿþò: kä min í=
= 5.7 Í·ñ2/ìì2. Â ðåçóëüòàòå ðàñ÷¸òíûõ èññëåäî-
âàíèé ïîêàçàíî, ÷òî îáåñïå÷åíèå òðåáîâàíèé ê
ôàçîâîìó çàïàçäûâàíèþ íå áîëåå 60° ïðè äàííûõ
çíà÷åíèÿõ êîýôôèöèåíòà äåìïôèðîâàíèÿ âîç-
ìîæíî ïðè âûáîðå ïîñòîÿííûõ âðåìåíè ïðå-
ôèëüòðà T1=0.2 ñ è T2=0.1 ñ (ðèñ. 10).

Êàíàë óïðàâëåíèÿ ýëåðîíàìè
Àíàëîãè÷íî êàíàëàì óïðàâëåíèÿ ðóë¸ì âûñî-

òû è ðóë¸ì íàïðàâëåíèÿ â êàíàëå óïðàâëåíèÿ
ýëåðîíàìè ïðåäóñìàòðèâàåòñÿ ôîðñèðóþùèé
ôèëüòð íà ñèãíàë îòêëîíåíèÿ ðû÷àãà óïðàâëåíèÿ
ïî êðåíó. Çàêîí óïðàâëåíèÿ ñåðâîðóëÿìè ýëåðî-
íîâ çàïèñûâàåòñÿ ñëåäóþùèì îáðàçîì:

ý

1
ý êîì ý

2

1
.

1X

T s
K X

T s
τ

+
=

+                 (7)

Íåîáõîäèìîñòü îáåñïå÷åíèÿ òðåáîâàíèé ê
âðåìåíè ïåðåêëàäêè ñàìîë¸òà ïî êðåíó, à òàêæå
ê ôàçîâîìó çàïàçäûâàíèþ ìåæäó îòêëîíåíèåì
ðû÷àãà óïðàâëåíèÿ è îòêëîíåíèåì ýëåðîíîâ, â
ñâîþ î÷åðåäü, îáóñëîâëèâàåò òðåáîâàíèÿ ê ìàê-
ñèìàëüíûì óãëàì îòêëîíåíèÿ ñåðâîðóëåé íà ýëå-

ðîíàõ ý maxτ  è ê êîýôôèöèåíòó äåìïôèðîâàíèÿ

ÝÃÐÏ ýëåðîíîâ kä. Íà ðèñ. 11 ïðåäñòàâëåíû ðå-
çóëüòàòû ðàñ÷¸òíûõ èññëåäîâàíèé ïî îïðåäåëå-
íèþ âðåìåíè ïåðåêëàäêè ñàìîë¸òà ïî êðåíó è âå-
ëè÷èíå ôàçîâîãî çàïàçäûâàíèÿ ìåæäó îòêëîíå-

Ðèñ. 7. Çàâèñèìîñòè ôàçîâîãî çàïàçäûâàíèÿ îò êîýôôèöèåíòà äåìïôèðîâàíèÿ äëÿ òðàêòà óïðàâëåíèÿ ðóë¸ì
âûñîòû
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íèåì ðû÷àãà óïðàâëåíèÿ ïî êðåíó è îòêëîíåíè-
åì ýëåðîíîâ íà ÷àñòîòå 2 ðàä/ñ â çàâèñèìîñòè îò
êîýôôèöèåíòà äåìïôèðîâàíèÿ kä. Âèäíî, ÷òî
òðåáîâàíèå ê âðåìåíè ïåðåêëàäêè óäîâëåòâîðÿ-
åòñÿ ïðè ðàñïîëàãàåìûõ óãëàõ îòêëîíåíèÿ ñåðâî-

ðóëåé ýëåðîíîâ ý maxτ  íå ìåíåå 15°, à óñòàíîâêà

ïðåôèëüòðà ñ ïîñòîÿííûìè âðåìåíè T1 = 0.4 ñ è
T2 = 0.1 ñ ïîçâîëÿåò îáåñïå÷èòü ôàçîâîå çàïàçäû-
âàíèå íå áîëåå 60° ïðè çíà÷åíèÿõ êîýôôèöèåí-

òà äåìïôèðîâàíèÿ kä ≤ 2 Í·ñ2/ìì2.

Ñòåíäîâûå èññëåäîâàíèÿ óïðàâëÿåìîñòè
ñàìîë¸òà ïðè ñåðâîóïðàâëåíèè

Äëÿ îöåíêè âîçìîæíîñòè áåçîïàñíîãî çàâåð-
øåíèÿ ïîë¸òà ñ âûáðàííûìè ïàðàìåòðàìè çàêî-
íîâ àâàðèéíîãî ñåðâîóïðàâëåíèÿ áûëè ïðîâåäå-
íû ñòåíäîâûå èññëåäîâàíèÿ íà ïèëîòàæíîì ñòåí-
äå ÏÑÏÊ-102 ÖÀÃÈ ñ ó÷àñòèåì ë¸ò÷èêîâ-èñïû-
òàòåëåé ËÈÈ èì. Ãðîìîâà. Ðàññìàòðèâàëàñü çà-
äà÷à çàõîäà íà ïîñàäêó ñ èñïðàâëåíèåì ñìåùå-
íèÿ îòíîñèòåëüíî ãëèññàäû (ðèñ. 12) [18], à òàêæå
ñ áîêîâûì âåòðîì ïîä 90° ê îñè âçë¸òíî-ïîñàäî÷-
íîé ïîëîñû (ÂÏÏ) âåëè÷èíîé Wz = 5 ì/ñ.

Ðèñ. 8. Ñòàòè÷åñêèå õàðàêòåðèñòèêè Xâ(ny) è 
â y( )nτ  äëÿ âûáðàííûõ ïàðàìåòðîâ êîíòóðà óïðàâëåíèÿ ñåðâîðó-

ë¸ì ðóëÿ âûñîòû
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Ðèñ. 9. Áàëàíñèðîâî÷íûå õàðàêòåðèñòèêè ñàìîë¸òà ïðè çàõîäå íà ïîñàäêó ñ áîêîâûì âåòðîì

Ðèñ. 10. Çàâèñèìîñòè ôàçîâîãî çàïàçäûâàíèÿ îò êîýôôèöèåíòà äåìïôèðîâàíèÿ äëÿ òðàêòà óïðàâëåíèÿ ðóë¸ì
íàïðàâëåíèÿ
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Ðèñ. 11. Çàâèñèìîñòè âðåìåíè ïåðåêëàäêè ïî êðåíó è ôàçîâîãî çàïàçäûâàíèÿ îò êîýôôèöèåíòà äåìïôèðîâà-
íèÿ äëÿ òðàêòà óïðàâëåíèÿ ýëåðîíàìè

Ðèñ. 12. Çàäà÷à çàõîäà íà ïîñàäêó ñî ñìåùåíèåì îòíîñèòåëüíî ãëèññàäû
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Â õîäå ñòåíäîâûõ èññëåäîâàíèé ë¸ò÷èê îöå-
íèâàë ïèëîòàæíûå õàðàêòåðèñòèêè ñàìîë¸òà ïî
øêàëå Êóïåðà—Õàðïåðà [19], à òàêæå òåíäåíöèþ
ê âîçíèêíîâåíèþ ðàñêà÷êè ñàìîë¸òà ïî øêàëå
PIOR [20].

Ôðàãìåíò ðåçóëüòàòîâ ñòåíäîâîãî ìîäåëèðî-
âàíèÿ çàõîäà íà ïîñàäêó ñ èñïðàâëåíèåì ñìåùå-
íèÿ îòíîñèòåëüíî ãëèññàäû ïðåäñòàâëåí íà
ðèñ. 13.

Ðèñ. 13. Çàõîä íà ïîñàäêó ñ èñïðàâëåíèåì ñìåùåíèÿ îòíîñèòåëüíî ãëèññàäû
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Ïî îöåíêå ë¸ò÷èêà, óïðàâëÿåìîñòü ñàìîë¸òà
ñ âûáðàííûìè ïàðàìåòðàìè àëãîðèòìîâ àâàðèé-
íîãî ñåðâîóïðàâëåíèÿ ñîîòâåòñòâóåò îöåíêå
PR = 4.5…5 ïî øêàëå Êóïåðà—Õàðïåðà. Íåáîëü-
øàÿ ñêëîííîñòü ê ðàñêà÷êå ñàìîë¸òà ë¸ò÷èêîì, îò-
ìå÷àåìàÿ ïðåèìóùåñòâåííî â ïîïåðå÷íîì êàíàëå
óïðàâëåíèÿ, ñîîòâåòñòâóåò îöåíêàì PIOR = 3…3.5.
Ïîëó÷åííûå ë¸òíûå îöåíêè ïîäòâåðæäàþò êîð-
ðåêòíîñòü âûáîðà ïàðàìåòðîâ àëãîðèòìîâ àâà-
ðèéíîãî ñåðâîóïðàâëåíèÿ è âîçìîæíîñòü áåçî-
ïàñíîãî çàâåðøåíèÿ ïîë¸òà â äàííîì ðåæèìå.

Âûâîäû

Ðàçðàáîòàíà ìàòåìàòè÷åñêàÿ ìîäåëü âðàùå-
íèÿ ðóëåâîé ïîâåðõíîñòè ïîä äåéñòâèåì øàðíèð-
íîãî ìîìåíòà, âîçíèêàþùåãî ïðè îòêëîíåíèè
ñåðâîðóëÿ, ñ ó÷¸òîì íåëèíåéíîãî âëèÿíèÿ ñèë
òðåíèÿ è äåìïôèðîâàíèÿ îò ÝÃÐÏ, ðàáîòàþùèõ
â ïàññèâíîì ðåæèìå. Íà îñíîâàíèè ñôîðìèðî-
âàííûõ òðåáîâàíèé ê óïðàâëÿåìîñòè ñàìîë¸òà â
ðåæèìå àâàðèéíîãî ñåðâîóïðàâëåíèÿ ïðîâåäåíû
ðàñ÷¸òíûå èññëåäîâàíèÿ ïî îïðåäåëåíèþ ïàðà-
ìåòðîâ çàêîíîâ ñåðâîóïðàâëåíèÿ è òðåáîâàíèé ê
õàðàêòåðèñòèêàì äåìïôèðîâàíèÿ ÝÃÐÏ. Â ðå-
çóëüòàòå ñòåíäîâûõ èññëåäîâàíèé ñ ó÷àñòèåì ë¸ò-
íîãî ñîñòàâà ïîëó÷åíû îöåíêè óïðàâëÿåìîñòè
ñàìîë¸òà íà ðåæèìå çàõîäà íà ïîñàäêó ïî øêà-
ëàì Êóïåðà—Õàðïåðà è PIOR, ïîäòâåðæäàþùèå
âîçìîæíîñòü áåçîïàñíîãî çàâåðøåíèÿ ïîë¸òà.
Ïðåäëàãàåìàÿ ñòðóêòóðà àâàðèéíîãî äèñòàíöèîí-
íîãî ñåðâîóïðàâëåíèÿ íå òðåáóåò ìåõàíè÷åñêî-
ãî ðåçåðâà è ìîæåò áûòü ðåàëèçîâàíà íà ïåðñïåê-
òèâíîì ñàìîë¸òå òðàíñïîðòíîé êàòåãîðèè.
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