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Abstract

The ground-based facilities are being subjected to flight check-ups at putting into operation, in the process
of operation and certain special cases for checking parameters and characteristics of ground-based flight
support facilities correspondence to the specified operational requirements. The existing techniques application
is, in some cases, cumbersome, for example at operational airfields, where operational deployment of radio-
technical flight support facilities and their putting into operation is required. The situation may be drastically
aggravated under condition of various intended and unintended destabilizing factors impact, including
terroristic groups. Not only the failure of technical facilities herewith, but losses among the crew of the aircraft-
laboratory are possible,

In this regard, the purpose of the study consists in developing a technique for flight check-ups to ensure
their running under conditions of possible destructive impacts on the aircraft-laboratory, its crew, as well
as flight check-ups operative organizing.

The set goal pursuing is being achieved by an unmanned aircraft application instead of a manned aircraft-
laboratory, as well as by excluding ground means of trajectory measurements from the flight check-up
procedure.

The basis of the proposed method of flight checks of ground-based radio-navigation means is to determine
the module of difference between the measured value of the ground-based means parameter and its set value
for each set point of the unmanned aircraft flight; to correct the flight trajectory taking into account the
value obtained at the previous step; to re-flight the unmanned aircraft on the corrected trajectory.

The following items underlie the proposed technique for the flight check-ups of the ground-based radio-
technical aircraft flight support utilities:

– Determining the absolute value of the difference between the measured parameter (of characteristic)
value of a ground-based facility and its set value for each set UAV flight point;

– The flight trajectory correction with account for the value obtained at the previous step;
– The UAV reflight along the corrected trajectory.
The number of repeated flights is being determined by the required measurements accuracy.
The article presents a technique for flight check-ups conducting of ground-based radio-technical aircraft

flight support facilities employing the UAV, which does not require the ground-based trajectory measuring
facilities. A flight control device and a simulation model for the glissade radio beacon testing have been
developed. Analysis of its application possibility was performed based on the simulation. The article
demonstrates that the landing glissade coordinates determining accuracy is being determined by the coordinates
determining accuracy by the UAV.

The proposed method allows
– Excluding the ground means of trajectory measurements application during flight checks;
– Control equipment deployment onboard an unmanned aircraft;
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– Performing the UAV flight control of an unmanned aircraft during flight checks-ups without signals
from the ground-based radio-technical aircraft flight support facilities.

This will allow reducing operational costs, the number of personnel involved and ensuring high operational
readiness of the facilities involved.

Keywords: the flight verification, surface assets of the flight radio technique maintenance, RTM, the
unmanned aircraft, the tool for air control, radio transponder

For citation: Golovchenko E.V., Mistrov L.E., Dum’yak S.G. A thechnique for flight check-up of ground-
based radio-technical support facilities for flight support with unmanned aerial vehicle application. Aerospace
MAI Journal, 2022, vol. 29, no. 1, pp. 156-170. DOI: 10.34759/vst-2022-1-156-170

Ââåäåíèå

Îäíèì èç âàæíåéøèõ ñîñòàâíûõ ýëåìåíòîâ
îáåñïå÷åíèÿ âûïîëíåíèÿ çàäà÷ àâèàöèåé ïî
ïðåäíàçíà÷åíèþ ÿâëÿåòñÿ êà÷åñòâåííîå ðàäèî-
òåõíè÷åñêîå îáåñïå÷åíèå ïîëåòîâ àâèàöèè
(ÐÒÎÏ), êîòîðîå ïðåäñòàâëÿåò ñîáîé êîìïëåêñ
ìåðîïðèÿòèé ïî àýðîíàâèãàöèîííîìó îáñëóæè-
âàíèþ ïîëüçîâàòåëåé âîçäóøíîãî ïðîñòðàíñòâà
è îðãàíîâ îáñëóæèâàíèÿ âîçäóøíîãî äâèæåíèÿ
â ÷àñòè ïðåäîñòàâëåíèÿ èíôîðìàöèè îò ñðåäñòâ
íàáëþäåíèÿ, ðàäèîíàâèãàöèè è ïîñàäêè íà âñåõ
ýòàïàõ ïîëåòà [1]. Ñëåäóåò îòìåòèòü, ÷òî îäíîé èç
íàèáîëåå âàæíûõ è ñëîæíûõ çàäà÷, ðåøàåìûõ
ïîäñèñòåìîé ÐÒÎÏ, ÿâëÿåòñÿ îáåñïå÷åíèå ïîñàä-
êè âîçäóøíûõ ñóäîâ (ÂÑ). Äëÿ åå ðåøåíèÿ â íà-
ñòîÿùåå âðåìÿ ðàçðàáîòàíî äîñòàòî÷íî áîëüøîå
êîëè÷åñòâî ðàçëè÷íûõ òåõíîëîãèé, îñíîâàííûõ
êàê íà ðó÷íîì, òàê è àâòîìàòè÷åñêîì óïðàâëåíèè
âîçäóøíûì ñóäíîì [2]. Ïðè ýòîì âîçìîæíîñòü
êîíôëèêòíîé ñèòóàöèè, ñîçäàâàåìîé âîçäóøíûì
ñóäíîì, çàõîäÿùèì íà ïîñàäêó, ñ äðóãèìè âîç-
äóøíûìè ñóäàìè, íàõîäÿùèìèñÿ â âîçäóøíîì
ïðîñòðàíñòâå â ðàéîíå àýðîäðîìà, è íàçåìíûìè
òðàíñïîðòíûìè ñðåäñòâàìè íà ðàáî÷åé ïëîùàäè
àýðîäðîìà çíà÷èòåëüíî óñëîæíÿåò ðåøåíèå çàäà÷
îáåñïå÷åíèÿ áåçîïàñíîñòè ïîëåòîâ [3]. Èìåííî
íà ýòîì ýòàïå ïîëåòà çàäåéñòâîâàíî íàèáîëüøåå
êîëè÷åñòâî ñðåäñòâ ÐÒÎÏ, ðàçâåðíóòûõ â ðàéî-
íå àýðîäðîìà.

Â ñâîþ î÷åðåäü, ýôôåêòèâíîå ïðèìåíåíèå
ñðåäñòâ ÐÒÎÏ îïðåäåëÿåòñÿ êà÷åñòâåííûì è ñâî-
åâðåìåííûì âûïîëíåíèåì ìåðîïðèÿòèé ëåòíîé
ïðîâåðêè, ïî ðåçóëüòàòàì êîòîðîé äåëàåòñÿ âû-
âîä î ñîîòâåòñòâèè ïàðàìåòðîâ è õàðàêòåðèñòèê
ïðîâåðÿåìûõ ñðåäñòâ ýêñïëóàòàöèîííûì òðåáî-
âàíèÿì, èçëîæåííûì â íîðìàòèâíî-òåõíè÷åñêîé
äîêóìåíòàöèè.

Â îáùåì ñëó÷àå ëåòíûå ïðîâåðêè âûïîëíÿþò-
ñÿ ñ ïîìîùüþ àïïàðàòóðû ëåòíîãî êîíòðîëÿ
(ÀËÊ), ðàçìåùàåìîé íà áîðòó âîçäóøíîãî ñóä-
íà-ëàáîðàòîðèè (ÂÑË), è íàçåìíûõ ñðåäñòâ òðà-
åêòîðíûõ èçìåðåíèé (ÑÒÈ), ÷àùå âñåãî îïòè÷åñ-
êèõ [4]. Ñîâìåñòíîå ïðèìåíåíèå ÀËÊ è íàçåì-
íûõ îïòè÷åñêèõ ÑÒÈ ïîçâîëÿåò äîâîëüíî ïðîñòî
ïîëó÷èòü äîñòàòî÷íî òî÷íûå êîîðäèíàòû ÂÑË.
Ïðèìåíåíèå äàííûõ ñðåäñòâ ïîçâîëÿåò îñóùåñòâ-
ëÿòü êîíòðîëü íàçåìíûõ ñðåäñòâ ÐÒÎÏ íà ñòà-
öèîíàðíûõ àýðîäðîìàõ âñåõ âèäîâ àâèàöèè. Îä-
íàêî ïðèìåíåíèå äàííîãî ñïîñîáà ñòàíîâèòñÿ
çàòðóäíèòåëüíûì íà îïåðàòèâíûõ àýðîäðîìàõ, íà
êîòîðûõ òðåáóåòñÿ îïåðàòèâíîå ðàçâåðòûâàíèå
ñðåäñòâ ÐÒÎÏ è óñêîðåííûé ââîä èõ â ýêñïëóà-
òàöèþ. Â óñëîâèÿõ âîçäåéñòâèÿ âíåøíèõ äåñòðóê-
òèâíûõ ôàêòîðîâ ñèòóàöèÿ ìîæåò çíà÷èòåëüíî
óñóãóáëÿòüñÿ, îáóñëàâëèâàÿ ïðè ýòîì íå òîëüêî
âûõîä èç ñòðîÿ òåõíè÷åñêèõ ñðåäñòâ, íî è ïðè-
âîäÿ ê ïîòåðÿì ñðåäè ýêèïàæà ÂÑË [5]. Ó÷èòû-
âàÿ, ÷òî ïðèìåíåíèå ðàçëè÷íûõ ñðåäñòâ äåñòàáè-
ëèçèðóþùèõ âîçäåéñòâèé îñóùåñòâëÿåòñÿ ïîñëå
ðàçâåäêè, â ïåðâóþ î÷åðåäü ðàäèîëîêàöèîííîé,
â îòäåëüíûõ ñëó÷àÿõ âîçíèêàåò íåîáõîäèìîñòü
âûïîëíÿòü ëåòíóþ ïðîâåðêó â óñëîâèÿõ ñêðûòíî-
ñòè. Ïðè ýòîì îñíîâíûìè ñïîñîáàìè ñêðûòèÿ
áóäóò ÿâëÿòüñÿ ñíèæåíèå ðàäèîëîêàöèîííîé çà-
ìåòíîñòè âîçäóøíûõ ñóäîâ, à òàêæå îñóùåñòâëå-
íèå ïîëåòîâ ïî ïðÿìîëèíåéíûì òðàåêòîðèÿì [6].

Ñíèçèòü â âûøåóêàçàííûõ ñëó÷àÿõ ðàäèîëî-
êàöèîííóþ çàìåòíîñòü, ïîòåðè ïåðñîíàëà è òåõ-
íè÷åñêèõ ñðåäñòâ, îáåñïå÷èâàþùèõ ïðîâåäåíèå
ëåòíûõ ïðîâåðîê, ïîçâîëÿåò ðàçìåùåíèå ÀËÊ íå
íà áîðòó ïèëîòèðóåìîãî ÂÑË, à íà áîðòó ÁÂÑ
[7—11]. Â îáùåì ñëó÷àå äëÿ ìîíèòîðèíãà, îäíîé
èç çàäà÷ êîòîðîãî ÿâëÿåòñÿ ïðîâåäåíèå ëåòíûõ
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ïðîâåðîê ñðåäñòâ ÐÒÎÏ, âîçìîæíî èñïîëüçîâà-
íèå ãðóïïû áåñïèëîòíûõ ëåòàòåëüíûõ àïïàðàòîâ
[12]. Ïðè ýòîì âîçìîæíî ñóùåñòâåííîå ïîâûøå-
íèå ýôôåêòèâíîñòè ïðîâåäåíèÿ ëåòíûõ ïðîâåðîê
[13], ñîêðàùåíèå êîëè÷åñòâà ïðèâëåêàåìîãî ê
ïðîâåäåíèþ ëåòíîé ïðîâåðêè íàçåìíîãî ïåðñî-
íàëà, ëåòíîãî è êàáèííîãî ýêèïàæà íå òîëüêî ïðè
ëåòíûõ ïðîâåðêàõ, íî è ïðè ýêñïëóàòàöèîííîì
îáñëóæèâàíèè ñðåäñòâ ÐÒÎÏ. Îöåíêó òàêîãî ñî-
êðàùåíèÿ ìîæíî ïîëó÷èòü ñ ïîìîùüþ ìåòîäè-
êè, ïðåäñòàâëåííîé â [14].

Ëåòíûå ïðîâåðêè ìîãóò îñóùåñòâëÿòüñÿ ñ
èñïîëüçîâàíèåì ñïóòíèêîâûõ íàâèãàöèîííûõ
ñèñòåì (ÑÍÑ). Îäíàêî äëÿ ïîëó÷åíèÿ âûñîêîé
òî÷íîñòè èçìåðåíèé êîîðäèíàò, ïîðÿäêà 0,5—3 ì,
âìåñòî îáåñïå÷èâàåìûõ 10—20 ì, â ðàéîíå ïðî-
âåðÿåìîãî àýðîäðîìà äîëæíà áûòü ðàçâåðíóòà
íàçåìíàÿ ñèñòåìà ôóíêöèîíàëüíîãî äîïîëíåíèÿ,
íàïðèìåð, ëîêàëüíàÿ êîíòðîëüíî-êîððåêòèðóþ-
ùàÿ ñòàíöèÿ [7, 15, 16]. Åå ââîä â ýêñïëóàòàöèþ
íà àýðîäðîìå òàêæå äîëæåí áûòü ïðåäâàðåí ëåò-
íîé ïðîâåðêîé. Â ýòîì ñëó÷àå ïîëåò ÂÑ îñóùå-
ñòâëÿåòñÿ ïî ñèãíàëàì íàçåìíûõ ñðåäñòâ ÐÒÎÏ
ñ ôèêñàöèåé çíà÷åíèé ïàðàìåòðîâ ñèãíàëîâ è
îïðåäåëåíèåì ñîîòâåòñòâóþùèõ èì êîîðäèíàò.
Îäíàêî èñïîëüçîâàíèå àïïàðàòóðû èçìåðåíèÿ
ñèãíàëîâ ÐÒÎÏ â ñèñòåìå óïðàâëåíèÿ ÁÂÑ óñ-
ëîæíÿåò åå ñòðóêòóðó è íå ïîçâîëÿåò èñïîëüçî-
âàòü äëÿ ëåòíûõ ïðîâåðîê ëþáîå èìåþùååñÿ â
íàëè÷èè ÁÂÑ.

Òàêèì îáðàçîì, ïðîâåäåíèå ëåòíûõ ïðîâåðîê
â óñëîâèÿõ âëèÿíèÿ áîëüøîãî êîëè÷åñòâà âíå-
øíèõ äåñòàáèëèçèðóþùèõ ôàêòîðîâ ïî÷òè íåèç-
áåæíî áóäåò ñîïðîâîæäàòüñÿ âûõîäîì èç ñòðîÿ
èñïîëüçóåìîé ïðè ëåòíîé ïðîâåðêå àâèàöèîííîé
è íàçåìíîé òåõíèêè. Åå âîññòàíîâëåíèå áóäåò
çàâèñåòü îò èìåþùèõñÿ ðåñóðñîâ, ÷òî â ñëîæíûõ
âíåøíèõ óñëîâèÿõ áóäåò ïðèâîäèòü ê óâåëè÷åíèþ
âðåìåíè ïðîñòîÿ è, êàê ñëåäñòâèå, ê ñíèæåíèþ
îïåðàòèâíîé ãîòîâíîñòè ñðåäñòâ ëåòíîé ïðîâåðêè
è óâåëè÷åíèþ âðåìåíè ââîäà â ýêñïëóàòàöèþ
àýðîäðîìà. Ýòî àêòóàëèçèðóåò çàäà÷ó ïîèñêà
íîâûõ ñïîñîáîâ ïðîâåäåíèÿ ëåòíûõ ïðîâåðîê,
ïîçâîëÿþùèõ ñîêðàòèòü ïðÿìûå è ñîïóòñòâóþ-
ùèå çàòðàòû ïðè èõ ïðîâåäåíèè. Â ñâÿçè ñ ÷åì
è ñ ó÷åòîì âûøåèçëîæåííîãî öåëüþ ñòàòüè ÿâ-
ëÿåòñÿ ðàçðàáîòêà íîâîãî ñïîñîáà ïðîâåäåíèÿ
ëåòíûõ ïðîâåðîê ñ ïðèìåíåíèåì áåñïèëîòíîãî
âîçäóøíîãî ñóäíà, îñóùåñòâëÿþùåãî ïîëåò áåç
èñïîëüçîâàíèÿ ñèãíàëîâ íàçåìíûõ ñðåäñòâ
ÐÒÎÏ, à òàêæå áåç èñïîëüçîâàíèÿ íàçåìíûõ
ñðåäñòâ òðàåêòîðíûõ èçìåðåíèé.

1. Ñïîñîá ïðîâåäåíèÿ ëåòíûõ ïðîâåðîê
íàçåìíûõ ñðåäñòâ ðàäèîòåõíè÷åñêîãî
îáåñïå÷åíèÿ ïîëåòîâ

Ïðåäëàãàåìûé ñïîñîá ïðîâåäåíèÿ ëåòíûõ
ïðîâåðîê íà îñíîâå ÁÂÑ áàçèðóåòñÿ íà àëãîðèò-
ìè÷åñêîé ïîñëåäîâàòåëüíîñòåé äåéñòâèé:

– çàäàþòñÿ òðåáóåìûå ïàðàìåòðû è õàðàêòå-
ðèñòèêè íàçåìíûõ ñðåäñòâ ÐÒÎÏ è âåëè÷èíà
äîïóñòèìîé ïîãðåøíîñòè èçìåðåíèé, êîòîðàÿ
îïðåäåëÿåòñÿ áîðòîâûì îáîðóäîâàíèåì ÁÂÑ;

– çàäàþòñÿ òðàåêòîðèÿ è ïàðàìåòðû ïîëåòà
ÁÂÑ â çàâèñèìîñòè îò çàäàííûõ òðåáóåìûõ ïà-
ðàìåòðîâ è õàðàêòåðèñòèê íàçåìíûõ ñðåäñòâ
ÐÒÎÏ;

– ïðîèçâîäèòñÿ ïîëåò ïî çàäàííîé òðàåêòî-
ðèè ñ îäíîâðåìåííûì îïðåäåëåíèåì êîîðäèíàò
òåêóùåãî ìåñòîïîëîæåíèÿ ÁÂÑ è èçìåðåíèåì
ïàðàìåòðîâ è õàðàêòåðèñòèê íàçåìíûõ ñðåäñòâ
ÐÒÎÏ;

– äëÿ êàæäîé òî÷êè òðàåêòîðèè äâèæåíèÿ
îïðåäåëÿåòñÿ ìîäóëü ðàçíîñòè ìåæäó èçìåðåí-
íûì çíà÷åíèåì ïàðàìåòðà (èëè õàðàêòåðèñòèêè)
è åãî çàäàííûì çíà÷åíèåì (ìîäóëü ðàçíîñòè
âû÷èñëÿåòñÿ ïî òîé ïðè÷èíå, ÷òî ñèãíàëû íàçåì-
íûõ ñðåäñòâ ÐÒÎÏ íà âõîäå áîðòîâûõ ïðèåìíè-
êîâ ìîãóò ïðèíèìàòü îòðèöàòåëüíûå çíà÷åíèÿ).
Ïðè ïðåâûøåíèè ïîëó÷åííîãî ìîäóëÿ çàäàííîé
ïîãðåøíîñòè èçìåðåíèé ïîñëåäóþùàÿ òðàåêòî-
ðèÿ êîððåêòèðóåòñÿ ïðîïîðöèîíàëüíî âåëè÷èíå
ðàçíîñòè ìåæäó òðåáóåìûì è èçìåðåííûì çíà-
÷åíèåì, òåì ñàìûì ïðèáëèæàÿ òðàåêòîðèþ ïî-
ëåòà ê òðàåêòîðèè, îáðàçóåìîé ñèãíàëàìè íàçåì-
íûõ ñðåäñòâ ÐÒÎÏ;

– ïðîèçâîäèòñÿ ïîñëåäóþùèé ïîëåò ïî ñêîð-
ðåêòèðîâàííîé òðàåêòîðèè äî òåõ ïîð, ïîêà âå-
ëè÷èíà ìîäóëÿ ðàçíîñòè íå áóäåò ìåíüøå âåëè-
÷èíû çàäàííîé ïîãðåøíîñòè èçìåðåíèé.

Ïåðåä ïðîâåäåíèåì ëåòíîé ïðîâåðêè, ñ íà-
çåìíîãî ïóíêòà óïðàâëåíèÿ, çàäàþòñÿ òðåáóåìûå
çíà÷åíèÿ ïàðàìåòðîâ è õàðàêòåðèñòèê íàçåìíûõ
ñðåäñòâ ÐÒÎÏ è âåëè÷èíà äîïóñòèìîé ïîãðåø-
íîñòè èçìåðåíèé, îïðåäåëÿåìàÿ áîðòîâûì îáî-
ðóäîâàíèåì ÁÂÑ. Ê èçìåðÿåìûì ïàðàìåòðàì è
õàðàêòåðèñòèêàì íàçåìíûõ ñðåäñòâ ÐÒÎÏ îòíî-
ñÿòñÿ, íàïðèìåð, çîíû äåéñòâèÿ ÐÌÑ, îòêëîíå-
íèå ëèíèè êóðñà îò óñòàíîâëåííîãî ïîëîæåíèÿ,
êðóòèçíà õàðàêòåðèñòèêè ãëèññàäíîãî ðàäèîìà-
ÿêà (ÃÐÌ) è ò.ä. Òàêæå çàäàåòñÿ ïåðâîíà÷àëüíàÿ
òðàåêòîðèÿ äâèæåíèÿ ÁÂÑ, à òàêèå ïàðàìåòðû
äâèæåíèÿ ÁÂÑ, êàê âåðòèêàëüíàÿ è ãîðèçîíòàëü-
íàÿ ñêîðîñòè, çàäàþòñÿ èñõîäÿ èç åãî ëåòíûõ õà-
ðàêòåðèñòèê.
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Ïîëåò ÁÂÑ îñóùåñòâëÿåòñÿ ïî çàðàíåå çàäàí-
íîé òðàåêòîðèè, ÷òî ïîçâîëÿåò ïðè óïðàâëåíèè
ÁÂÑ îòêàçàòüñÿ îò ñðåäñòâ íàâèãàöèè, ôóíêöè-
îíèðóþùèõ íà îñíîâå ñèãíàëîâ íàçåìíûõ ñðåäñòâ
ÐÒÎÏ, è èñïîëüçîâàòü êîìïëåêñíóþ ñèñòåìó íà-
âèãàöèè. Ñ ïîìîùüþ áîðòîâîé êîìïëåêñíîé
ñèñòåìû íàâèãàöèè [15] èçìåðÿþòñÿ êîîðäèíà-
òû òåêóùåãî ìåñòîïîëîæåíèÿ ÁÂÑ íà çàðàíåå
çàäàííîé òðàåêòîðèè ïîëåòà, ÷òî ïîçâîëÿåò îáåñ-
ïå÷èòü çàäàííóþ òî÷íîñòü îïðåäåëåíèÿ êîîðäè-
íàò òåêóùåãî ìåñòîïîëîæåíèÿ ñ èñïîëüçîâàíè-
åì àëãîðèòìîâ îïòèìàëüíîé ôèëüòðàöèè [17, 18].

Äëÿ êàæäîé òî÷êè â ïðîñòðàíñòâå, â êîòîðîé
ïðîèñõîäèò èçìåðåíèå ïàðàìåòðîâ è õàðàêòåðè-
ñòèê íàçåìíûõ ñðåäñòâ ÐÒÎÏ, âû÷èñëÿåòñÿ ðàç-
íîñòü ïî ìîäóëþ ìåæäó èçìåðåííûì è çàðàíåå
çàäàííûì çíà÷åíèÿìè è ñðàâíèâàåòñÿ ñ çàðàíåå
çàäàííîé ïîãðåøíîñòüþ èçìåðåíèé. Åñëè ìîäóëü
ïîëó÷åííîé ðàçíîñòè ïðåâûøàåò çàäàííóþ ïî-
ãðåøíîñòü èçìåðåíèé, òî ñëåäóþùàÿ òðàåêòîðèÿ
ïðîëåòà ÁÂÑ êîððåêòèðóåòñÿ ïðîïîðöèîíàëüíî
âåëè÷èíå ýòîé ðàçíîñòè è ïîâòîðíûé ïðîëåò ÁÂÑ
îñóùåñòâëÿåòñÿ óæå ïî ñêîððåêòèðîâàííîé òðà-
åêòîðèè, ïîâòîðÿÿ âñå äåéñòâèÿ àíàëîãè÷íî ïðå-
äûäóùèì ïîëåòàì.

Ëåòíàÿ ïðîâåðêà çàêàí÷èâàåòñÿ, êîãäà òðàåê-
òîðèÿ ïîëåòà ÁÂÑ áóäåò ïîâòîðÿòü ëèíèþ â ïðî-

ñòðàíñòâå, îáðàçîâàííóþ ñèãíàëàìè íàçåìíûõ
ñðåäñòâ ÐÒÎÏ, ñ çàäàííîé òî÷íîñòüþ. Â ýòîì
ñëó÷àå òî÷íîñòü ìîæåò îïðåäåëÿòüñÿ êàê ìîäóëü
ðàçíîñòè ìåæäó èçìåðåííûìè è òðåáóåìûìè
çíà÷åíèÿìè ñèãíàëîâ ÐÒÎÏ.

Ïîñëå ïðîâåäåíèÿ ëåòíîé ïðîâåðêè åå ðåçóëü-
òàòû ìîãóò áûòü ïåðåäàíû íà íàçåìíûé ïóíêò
óïðàâëåíèÿ ÁÂÑ ïî ðàäèîêàíàëó. Â çàâèñèìîñ-
òè îò çàðåãèñòðèðîâàííûõ ïàðàìåòðîâ è õàðàê-
òåðèñòèê íà íàçåìíîå ñðåäñòâî ÐÒÎÏ ïî ëèíèè
ñâÿçè ÷åðåç ðåòðàíñëÿòîð (ÐÒ) ìîæåò áûòü ïåðå-
äàí ñèãíàë óïðàâëåíèÿ äëÿ îïåðàòèâíîé ïîä-
ñòðîéêè åãî âûõîäíûõ ïàðàìåòðîâ è õàðàêòåðè-
ñòèê.

2. Óñòðîéñòâî ëåòíîãî êîíòðîëÿ
íàçåìíûõ ñðåäñòâ ÐÒÎ ïîëåòîâ

Äëÿ ðåàëèçàöèè ïðåäëîæåííîãî ñïîñîáà ðàç-
ðàáîòàíî óñòðîéñòâî ëåòíîãî êîíòðîëÿ íàçåìíûõ
ñðåäñòâ ÐÒÎÏ, ðàçìåùàåìîå íà áîðòó ÁÂÑ, îáîá-
ùåííàÿ ñõåìà êîòîðîãî ïðåäñòàâëåíà íà ðèñ. 1.
Îñíîâó ñõåìû óñòðîéñòâà ñîñòàâëÿåò êîìáèíèðî-
âàííàÿ çàìêíóòàÿ ñõåìà ñèñòåìû àâòîìàòè÷åñêî-
ãî óïðàâëåíèÿ [19], âêëþ÷àþùàÿ: ïðèåìíèê ñèã-
íàëîâ íàçåìíûõ ñðåäñòâ ÐÒÎÏ, áëîê ââîäà, áëîê
õðàíåíèÿ òðàåêòîðèè è ïàðàìåòðîâ äâèæåíèÿ,
êîìïëåêñíóþ ñèñòåìó íàâèãàöèè, áëîê ôèëüòðà-

Ðèñ. 1. Îáîáùåííàÿ ñõåìà óñòðîéñòâà ëåòíîãî êîíòðîëÿ
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öèè êîîðäèíàò ìåñòîïîëîæåíèÿ, áëîê õðàíåíèÿ
ðåçóëüòàòîâ èçìåðåíèé, áëîê ôîðìèðîâàíèÿ êî-
ìàíä óïðàâëåíèÿ ÁÂÑ, áëîê ñðàâíåíèÿ è âû÷èñ-
ëåíèÿ ðàçíîñòè, áëîê êîððåêöèè òðàåêòîðèè äâè-
æåíèÿ, èñïîëíèòåëüíûå ýëåìåíòû ÁÂÑ, áëîê
óïðàâëåíèÿ è ïåðåäàò÷èê.

Ïðèåìíèê ñèãíàëîâ íàçåìíûõ ñðåäñòâ ÐÒÎÏ
ïðåäíàçíà÷åí äëÿ ïðèåìà ñèãíàëîâ ïðîâåðÿåìîãî
íàçåìíîãî ñðåäñòâà, äåìîäóëÿöèè è ïåðåäà÷è
ïîëó÷åííîé èíôîðìàöèè â áëîê õðàíåíèÿ ðåçóëü-
òàòîâ èçìåðåíèé.

Ñ ïîìîùüþ áëîêà ââîäà â óñòðîéñòâî ââîäÿò
òðåáóåìûå çíà÷åíèÿ ïàðàìåòðîâ è õàðàêòåðèñòèê
íàçåìíûõ ñðåäñòâ ÐÒÎÏ, âåëè÷èíó äîïóñòèìîé
ïîãðåøíîñòè èçìåðåíèé, à òàêæå çàäàþò òðàåê-
òîðèþ è ïàðàìåòðû ïîëåòà ÁÂÑ. Ââîäèìûå òðà-
åêòîðèÿ è ïàðàìåòðû ïîëåòà èñïîëüçóþòñÿ, âî-
ïåðâûõ, äëÿ ðåàëèçàöèè àëãîðèòìà ôèëüòðàöèè
êîîðäèíàò òåêóùåãî ìåñòîïîëîæåíèÿ, ïîëó÷àå-
ìûõ ñ èñïîëüçîâàíèåì êîìïëåêñíîé ñèñòåìû íà-
âèãàöèè, à âî-âòîðûõ, äëÿ ôîðìèðîâàíèÿ êî-
ìàíä óïðàâëåíèÿ ïîëåòîì ÁÂÑ.

Êîìïëåêñíàÿ ñèñòåìà íàâèãàöèè îáåñïå÷èâà-
åò îïðåäåëåíèå êîîðäèíàò òåêóùåãî ìåñòîïîëî-
æåíèÿ ÁÂÑ ïðè äâèæåíèè ïî çàäàííîé òðàåêòî-
ðèè. Óïðîùåííàÿ ñòðóêòóðíàÿ ñõåìà êîìïëåêñ-
íîé ñèñòåìû íàâèãàöèè, ïðåäñòàâëåííàÿ íà
ðèñ. 2, ñîäåðæèò áîðòîâóþ àïïàðàòóðó ñïóòíèêî-
âîé ðàäèîíàâèãàöèîííîé ñèñòåìû (ÑÐÍÑ), áîð-

òîâóþ öèôðîâóþ âû÷èñëèòåëüíóþ ìàøèíó
(ÁÖÂÌ), àâòîíîìíûå äàò÷èêè (ÀÄ) (äàò÷èêè
óñêîðåíèé, ÑÂÑ, äàò÷èêè óãëîâûõ ñêîðîñòåé,
ÄÈÑÑ è äð.) è èíåðöèàëüíóþ íàâèãàöèîííóþ
ñèñòåìó (ÈÍÑ). Â îáùåì ñëó÷àå îíà ìîæåò áûòü
ðåàëèçîâàíà íà îñíîâå èçâåñòíûõ ñõåì [15, 20].

Ñ ó÷åòîì òîãî, ÷òî ïðè ïðîâåäåíèè ëåòíîé
ïðîâåðêè ïîëåò ÁÂÑ ïðîèñõîäèò ïî çàðàíåå çà-
äàâàåìîé òðàåêòîðèè, óòî÷íåíèå êîîðäèíàò ñ åå
ó÷åòîì îñóùåñòâëÿåòñÿ â áëîêå ôèëüòðàöèè. Ïî-
ëó÷åííûå êîîðäèíàòû èç áëîêà ôèëüòðàöèè ôèê-
ñèðóþòñÿ â áëîêå õðàíåíèÿ ðåçóëüòàòîâ èçìåðå-
íèé è èñïîëüçóþòñÿ â áëîêå ôîðìèðîâàíèÿ êî-
ìàíä óïðàâëåíèÿ ÁÂÑ. Áëîê ôèëüòðàöèè ìîæåò
áûòü ðåàëèçîâàí íà îñíîâå ôèëüòðà Êàëìàíà, êàê
ïîêàçàíî íà ðèñ. 3 [17, 18].

Áëîê ôîðìèðîâàíèÿ êîìàíä óïðàâëåíèÿ ÁÂÑ
èñïîëüçóåòñÿ äëÿ ôîðìèðîâàíèÿ êîìàíä óïðàâ-
ëåíèÿ èñïîëíèòåëüíûì ýëåìåíòàì ÁÂÑ ïðè ïî-
ëåòå ïî çàäàííîé òðàåêòîðèè, êîòîðûå âêëþ÷à-
þò ïàðàìåòðû äâèæåíèÿ íà êàæäîì èíòåðâàëå
òðàåêòîðèè äâèæåíèÿ. Â îáùåì ñëó÷àå, åñëè óñ-
òðîéñòâî ëåòíîãî êîíòðîëÿ íå èìååò ñâÿçè ñ óñ-
òðîéñòâîì óïðàâëåíèÿ ÁÂÑ, òî òðàåêòîðèÿ äâè-
æåíèÿ êîððåêòèðóåòñÿ â âû÷èñëèòåëå íà ïóíêòå
óïðàâëåíèÿ ÁÂÑ è ïåðåäàåòñÿ íà óñòðîéñòâî óï-
ðàâëåíèÿ ÁÂÑ ñ ïîìîùüþ êîìàíäíîé ðàäèîëè-
íèè. Â ýòîì ñëó÷àå óñòðîéñòâî ëåòíîãî êîíòðî-
ëÿ ìîæåò áûòü êîíñòðóêòèâíî âûïîëíåíî â âèäå

Ðèñ. 2. Îáîáùåííàÿ ñõåìà êîìïëåêñíîé ñèñòåìû íàâèãàöèè
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êîíòåéíåðà è èñïîëüçîâàòüñÿ ñ ëþáûì òèïîì
ÁÂÑ.

Áëîê ñðàâíåíèÿ è âû÷èñëåíèÿ ðàçíîñòè îáåñ-
ïå÷èâàåò âû÷èñëåíèå ðàçíîñòè ìåæäó èçìåðåí-
íûìè è çàäàííûìè çíà÷åíèÿìè ñîîòâåòñòâóþùèõ
ïàðàìåòðîâ è õàðàêòåðèñòèê íàçåìíûõ ñðåäñòâ
ÐÒÎÏ è ñðàâíåíèÿ ìîäóëåé ïîëó÷åííûõ ðàçíî-
ñòåé ñ çàäàííûìè ïîãðåøíîñòÿìè èçìåðåíèé.

Áëîê êîððåêöèè òðàåêòîðèè äâèæåíèÿ ïðåä-
íàçíà÷åí äëÿ êîððåêöèè òðàåêòîðèè äâèæåíèÿ â

ñîîòâåòñòâèè ñ âåëè÷èíîé ðàçíîñòè ìåæäó çàäàí-
íûìè è èçìåðåííûìè çíà÷åíèÿìè ïàðàìåòðîâ è
õàðàêòåðèñòèê íàçåìíûõ ñðåäñòâ ÐÒÎÏ.

Áëîê óïðàâëåíèÿ óñòðîéñòâîì ïðåäíàçíà÷åí
äëÿ ôîðìèðîâàíèÿ îò÷åòà î ðåçóëüòàòàõ ëåòíîé
ïðîâåðêè è ôîðìèðîâàíèÿ êîìàíäû óïðàâëåíèÿ
íà çàâåðøåíèå àâèàöèîííûõ ðàáîò.

Â îáùåì ñëó÷àå îáîáùåííàÿ ñõåìà ïðîâåäå-
íèÿ ëåòíîé ïðîâåðêè ìîæåò èìåòü âèä, ïðåäñòàâ-
ëåííûé íà ðèñ. 4, ïðè ýòîì ÁÂÑ ìîæåò áàçèðî-

Ðèñ. 3. Ñòðóêòóðíàÿ ñõåìà áëîêà îïòèìàëüíîé ôèëüòðàöèè

Ðèñ. 4. Îáîáùåííàÿ ñõåìà ïðîâåäåíèÿ ëåòíîé ïðîâåðêè
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âàòüñÿ íà äðóãîì àýðîäðîìå è óïðàâëÿòüñÿ óäà-
ëåííî.

Äëÿ öåíòðàëèçîâàííîãî êîíòðîëÿ ñîñòîÿíèÿ
íàçåìíûõ ñðåäñòâ ðàäèîòåõíè÷åñêîãî îáåñïå÷å-
íèÿ ïîëåòîâ ìîæåò ñîçäàâàòüñÿ åäèíàÿ áàçà äàí-
íûõ [21], ÷òî ïîçâîëèò îáåñïå÷èòü ñâîåâðåìåí-
íîå ïëàíèðîâàíèå è îðãàíèçàöèþ ïðîâåäåíèÿ
ëåòíûõ ïðîâåðîê.

3. Àëãîðèòì îïðåäåëåíèÿ ïîëîæåíèÿ ëèíèè
ãëèññàäû ñíèæåíèÿ ïðè ëåòíîé ïðîâåðêå
ãëèññàäíîãî ðàäèîìàÿêà

Ðàññìîòðèì ðåàëèçàöèþ ñïîñîáà ïðèìåíè-
òåëüíî ê ñàìûì òÿæåëûì óñëîâèÿì åãî ïðèìåíå-
íèÿ – îïðåäåëåíèÿ ïîëîæåíèÿ ëèíèè ãëèññàäû
íàçåìíîãî ðàäèîìàÿêà, íåîáõîäèìîé äëÿ ïðîâåð-
êè óãëà ãëèññàäû ñíèæåíèÿ.

Íàèáîëåå ñëîæíûì ýëåìåíòîì ñïîñîáà ÿâëÿ-
åòñÿ îïðåäåëåíèå ïîëîæåíèÿ â ïðîñòðàíñòâå õà-
ðàêòåðíûõ ëèíèé è òî÷åê, ñîçäàâàåìûõ ñèãíàëà-
ìè íàçåìíûõ ñðåäñòâ ÐÒÎÏ. Òàê êàê íàçåìíûå
ñðåäñòâà ÑÒÈ â ñïîñîáå îòñóòñòâóþò, òî ïðè
ïîëåòå ÁÂÑ ïî ñèãíàëàì ÐÒÎÏ òî÷íîå îïðåäå-
ëåíèå ìåñòîïîëîæåíèÿ ÁÂÑ â ïðîñòðàíñòâå çàò-
ðóäíèòåëüíî, ïîýòîìó ïðåäëàãàåòñÿ ïîëåò ÁÂÑ
îñóùåñòâëÿòü ïî çàðàíåå çàäàííûì òðàåêòîðèÿì.
Ïðè ýòîì îïðåäåëåíèå êîîðäèíàò ÁÂÑ îñóùåñòâ-
ëÿåòñÿ ïóòåì êîìïëåêñèðîâàíèÿ êîîðäèíàò çà-
äàííîé òðàåêòîðèè è êîîðäèíàò, îïðåäåëÿåìûõ
ñ ïîìîùüþ áîðòîâûõ ñèñòåì íàâèãàöèè, íàïðè-
ìåð, êîìïëåêñíîé ñèñòåìû íàâèãàöèè.

Ïóñòü èäåàëüíàÿ ãëèññàäà èññëåäóåìîãî íà-
ïðàâëåíèÿ ïîñàäêè àýðîäðîìà çàäàíà óãëîì ìå-
ñòà α , çíà÷åíèå êîòîðîãî ââîäèòñÿ â óñòðîéñòâî
ëåòíîãî êîíòðîëÿ ÷åðåç áëîê ââîäà. Êðîìå òîãî,
äîïîëíèòåëüíî ââîäÿòñÿ çíà÷åíèÿ íà÷àëüíîé
âûñîòû z0, íà÷àëüíîãî óäàëåíèÿ îò òî÷êè ïðèçåì-
ëåíèÿ (ïðîåêöèè íàêëîííîé äàëüíîñòè) x0, çíà-
÷åíèÿ âåðòèêàëüíîé vâ è ãîðèçîíòàëüíîé vã ñêî-
ðîñòåé ñíèæåíèÿ, à òàêæå èíòåðâàëû èçìåðåíèÿ

ìåñòîïîëîæåíèÿ .tΔ  Äàííûå çíà÷åíèÿ èñïîëüçó-
þòñÿ äëÿ ðàñ÷åòà íà÷àëüíîé òðàåêòîðèè ïîëåòà
ïðè ïðîâåäåíèè ëåòíîé ïðîâåðêè.

Â îáùåì âèäå óðàâíåíèå ôèëüòðàöèè èìååò
âèä [17, 18]:

ˆ ˆ ˆ .-= +k|k k|k 1 k kA A K y                  (1)

Çäåñü ˆ
k|kA  – îöåíêà âåêòîðà ñîñòîÿíèÿ ÁÂÑ íà

øàãå k, ñîäåðæàùåãî êîîðäèíàòû ÁÂÑ è ñêîðî-
ñòè, èìååò ñëåäóþùèé âèä:

|

|

|

â

ã

ï

ˆ ,

k k

k k

k k

z

x

y

v

v

v

È ˘
Í ˙
Í ˙
Í ˙
Í ˙

= Í ˙
Í ˙
Í ˙
Í ˙
Í ˙
Í ˙Î ˚

k|kA

ãäå zk|k, xk|k, yk|k — òåêóùåå çíà÷åíèå âûñîòû ÁÂÑ,
óäàëåíèÿ îò ðàñ÷åòíîé òî÷êè ïðèçåìëåíèÿ (ïðî-
åêöèè íàêëîííîé äàëüíîñòè íà ãîðèçîíòàëüíóþ
ïëîñêîñòü), óäàëåíèÿ îò ïîëîæåíèÿ ëèíèè êóð-
ñà ñîîòâåòñòâåííî; vâ, vã, vï — âåðòèêàëüíàÿ, ãî-
ðèçîíòàëüíàÿ è ïðîäîëüíàÿ ñêîðîñòü ÁÂÑ (ñêî-
ðîñòè ñ÷èòàþòñÿ ïîñòîÿííûìè, è ïðèìåíÿòü ê
íèì îáîçíà÷åíèÿ êàæäîãî øàãà íå áóäåì);

ˆ
-k|k 1A  — ýêñòðàïîëèðîâàííûé âåêòîð ñîñòî-

ÿíèÿ ÁÂÑ íà ïðåäûäóùåì øàãå (k–1),

ˆ ˆ ,- - -=k|k 1 k 1|k 1A FA                    (2)

ãäå ˆ
- -k 1|k 1A  — îöåíêà âåêòîðà ñîñòîÿíèÿ ÁÂÑ,

ïîëó÷åííàÿ íà ïðåäûäóùåì øàãå (k–1):

1| 1

1| 1

1| 1
1 1

â

ã

ï

ˆ ,

k k

k k

k k

z

x

y

v

v

v
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È ˘
Í ˙
Í ˙
Í ˙
Í ˙

= Í ˙
Í ˙
Í ˙
Í ˙
Í ˙
Í ˙Î ˚

k |kA

| | |1 1 1 1 1 1, , kk k k k kz x y- - - - - -  – ïðåäûäóùèå çíà÷åíèÿ

êîîðäèíàò;
F – ìàòðèöà ýâîëþöèè ïðîöåññà, êîòîðàÿ

èìååò âèä:

1 0 0 0 0

0 1 0 0 0

0 0 1 0 0
,

0 0 0 1 0 0

0 0 0 0 1 0

0 0 0 0 0 1

t

t

t

Δ

Δ

Δ
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Í ˙
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Í ˙
Í ˙
Í ˙
Í ˙
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F

ãäå tΔ  — èíòåðâàë èçìåðåíèé.
Êàê ñëåäóåò èç óðàâíåíèé (1) è (2), ïðîöåññ

ôèëüòðàöèè çíà÷åíèé êîîðäèíàò âêëþ÷àåò ýòà-
ïû ýêñòðàïîëÿöèè è êîððåêöèè. Íà ýòàïå ýêñò-
ðàïîëÿöèè ðàññ÷èòûâàåòñÿ âåêòîð ñîñòîÿíèÿ
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ÁÂÑ ˆ
-k|k 1A  íà øàãå k ïî îöåíêå ñîñòîÿíèÿ ÁÂÑ

íà ïðåäûäóùåì øàãå (k–1).Â ñâîþ î÷åðåäü, êî-
âàðèàöèîííàÿ ìàòðèöà P äëÿ ýêñòðàïîëèðîâàí-
íîãî âåêòîðà ñîñòîÿíèÿ ÁÂÑ âû÷èñëÿåòñÿ òàê:

.k- - -= +T
k|k 1 k 1|k 1P FP F Q

Â ýòîì ñëó÷àå êîâàðèàöèîííàÿ ìàòðèöà ïðî-
öåññà Q îïðåäåëÿåòñÿ â ñîîòâåòñòâèè ñî ñëåäóþ-
ùèì âûðàæåíèåì:

â

ã

ï
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2
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Í ˙= Í ˙
Í ˙
Í ˙
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Í ˙
Í ˙
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Q

ãäå 
â ã ï

2 2 2 2 2 2, , , , ,z x y v v vσ σ σ σ σ σ  – äèñïåðñèÿ â ìîäåëè
äâèæåíèÿ ïî âûñîòå, óäàëåíèþ îò ðàñ÷åòíîé òî÷-
êè ïðèçåìëåíèÿ, óäàëåíèþ îò ëèíèè êóðñà, âåð-
òèêàëüíîé ñêîðîñòè, ãîðèçîíòàëüíîé è ïðîäîëü-
íîé ñêîðîñòÿì ñîîòâåòñòâåííî.

Íà ýòàïå êîððåêöèè âûïîëíÿåòñÿ êîððåêöèÿ
ýêñòðàïîëèðîâàííîãî âåêòîðà ìåñòîïîëîæåíèÿ
ÁÂÑ – ïîëó÷åíèå îöåíêè ìåñòîïîëîæåíèÿ ÁÂÑ
ˆ
k|kA ïðè ïîìîùè êîìïëåêñíîé ñèñòåìû íàâèãà-

öèè:

ˆ ˆ ˆ ,-= +k|k k|k 1 k kA A K y

ãäå Kk — êîýôôèöèåíò óñèëåíèÿ ôèëüòðà Êàëìà-
íà íà øàãå k,

;= T
k k|k kK P H S

Sk — êîâàðèàöèîííàÿ ìàòðèöà äëÿ âåêòîðà ñîñòî-
ÿíèÿ íà øàãå k,

;-= +T
k k|k 1S HP H R

R — êîâàðèàöèîííàÿ ìàòðèöà øóìà èçìåðå-
íèé,
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2 2 2 2 2 2, , , , ,КÑН z КÑН x КÑН y КÑН v КÑН v КÑН vσ σ σ σ σ σ

— äèñïåðñèÿ ñèãíàëà êîìïëåêñíîé ñèñòåìû íà-
âèãàöèè ïî âûñîòå, óäàëåíèþ îò ðàñ÷åòíîé òî÷-
êè ïðèçåìëåíèÿ, óäàëåíèþ îò ëèíèè êóðñà, âåð-
òèêàëüíîé, ãîðèçîíòàëüíîé ñêîðîñòè è ïðîäîëü-
íîé ñêîðîñòÿì, ñîîòâåòñòâåííî.

Ðàñ÷åò îòêëîíåíèÿ íàáëþäåíèÿ ˆky , ïîëó÷åí-

íîãî íà øàãå k íàáëþäåíèÿ, îò íàáëþäåíèÿ, îæè-
äàåìîãî ïðè ïðîèçâåäåííîé ýêñòðàïîëÿöèè:

ˆˆˆ ,k k -= - k|k 1y b HA

ãäå ˆ
kb  – îöåíêà èñòèííîãî âåêòîðà ñîñòîÿíèÿ

ÁÂÑ.
Â êà÷åñòâå ìàòðèöû èçìåðåíèé H, ñâÿçûâà-

þùåé èñòèííûé âåêòîð ñîñòîÿíèÿ ÁÂÑ è âåêòîð
ïðîèçâåäåííûõ èçìåðåíèé, ïðèíèìàåòñÿ åäèíè÷-
íàÿ ìàòðèöà âèäà:

1 0 0 0 0 0

0 1 0 0 0 0

0 0 1 0 0 0
.

0 0 0 1 0 0

0 0 0 0 1 0

0 0 0 0 0 1

È ˘
Í ˙
Í ˙
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Í ˙
Í ˙
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Í ˙
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H

Äàëåå ðàññ÷èòûâàåòñÿ êîâàðèàöèîííàÿ ìàòðè-
öà îöåíêè ìåñòîïîëîæåíèÿ ÁÂÑ k|kP :

,-= -k|k k k|k 1P (I K H)P

ãäå I – åäèíè÷íàÿ ìàòðèöà.
Îäíîâðåìåííî ñ îïðåäåëåíèåì ìåñòîïîëîæå-

íèÿ ÁÂÑ ïðîèñõîäèò ïðèåì ñèãíàëà ÃÐÌ ïðèåì-
íèêîì ñèãíàëîâ íàçåìíûõ ñðåäñòâ ÐÒÎÏ. Ïîëó-
÷åííûå êîîðäèíàòû îò áëîêà ôèëüòðàöèè è èç-
ìåðåííûå çíà÷åíèÿ ðàçíîñòè òîêîâ çàïèñûâàþòñÿ
â ïàìÿòü áëîêà õðàíåíèÿ ðåçóëüòàòîâ èçìåðåíèé.

Â áëîêå ñðàâíåíèÿ è âû÷èñëåíèÿ ðàçíîñòè
âû÷èñëÿåòñÿ ðàçíîñòü ìåæäó èçìåðåííûìè çíà-
÷åíèÿìè ïàðàìåòðîâ ÃÐÌ (â äàííîì ñëó÷àå –
ðàçíîñòè òîêîâ íà âõîäå ïðèåìíèêà)è çàäàííû-
ìè (íà çàäàííîé òðàåêòîðèè çíà÷åíèå ðàçíîñòè
òîêîâ íà âõîäå ïðèåìíèêà íàçåìíûõ ñðåäñòâ
ÐÒÎÏ íà êàæäîì øàãå èçìåðåíèé äîëæíî ðàâ-
íÿòüñÿ íóëþ):

èçì çàä ,k kI I IΔ Δ Δ- =

ãäå èçì kIΔ  – èçìåðåííîå çíà÷åíèå ðàçíîñòè òî-
êîâ íà âõîäå ïðèåìíèêà íà k-ì øàãå; çàä kIΔ  – çà-
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äàííîå çíà÷åíèå íà k-ì øàãå (â äàííîì ñëó÷àå
äëÿ êàæäîãî øàãà ðàâíî íóëþ).

Äàëåå ìîäóëè ïîëó÷åííûõ çíà÷åíèé ñðàâíè-
âàþòñÿ ñ äîïóñòèìîé ïîãðåøíîñòüþ èçìåðåíèé
è â ñëó÷àå:

äîï| | ,kIΔ δ>

ãäå äîïδ  – äîïóñòèìàÿ ïîãðåøíîñòü èçìåðåíèé,

ñ ïîìîùüþ áëîêà êîððåêöèè òðàåêòîðèè äâèæå-
íèÿ ïðîèñõîäèò êîððåêöèÿ òðàåêòîðèè ïîñëåäó-
þùåãî ïîëåòà ïðîïîðöèîíàëüíî âåëè÷èíå ðàçíî-
ñòè ìåæäó ñîîòâåòñòâóþùèìè èçìåðåííûìè è
òðåáóåìûìè çíà÷åíèÿìè:

ˆ, ,k k k k kI al z z lΔ Δ= = +

ãäå lk — ïàðàìåòð êîððåêöèè òðàåêòîðèè äâèæå-
íèÿ ïî âûñîòå; a — êîýôôèöèåíò, ñâÿçûâàþùèé

kIΔ  è lk.

Ñêîððåêòèðîâàííàÿ òðàåêòîðèÿ äâèæåíèÿ çà-
ïèñûâàåòñÿ â áëîê õðàíåíèÿ òðàåêòîðèè è ïàðà-
ìåòðîâ äâèæåíèÿ, è äàëåå â áëîêå ôîðìèðîâàíèÿ
êîìàíä óïðàâëåíèÿ ôîðìèðóåòñÿ êîìàíäà óïðàâ-
ëåíèÿ äëÿ ïîâòîðíîãî çàõîäà íà ïîñàäêó â ñîîò-
âåòñòâèè ñî ñêîððåêòèðîâàííîé òðàåêòîðèåé.

Â ñëó÷àå êîãäà èçì| |kIΔ δ< , ïðèíèìàåòñÿ ðå-

øåíèå î çàâåðøåíèè ëåòíîé ïðîâåðêè. Áëîê óï-
ðàâëåíèÿ óñòðîéñòâîì ôîðìèðóåò îò÷åò î ðåçóëü-
òàòàõ ëåòíîé ïðîâåðêè è êîìàíäû óïðàâëåíèÿ íà
çàâåðøåíèå ëåòíîé ïðîâåðêè èñïîëíèòåëüíûì
ýëåìåíòàì ÁÂÑ è ïåðåäàò÷èêó — äëÿ ïåðåäà÷è
îò÷åòà íà ÍÏÓ ÁÂÑ.

Äëÿ äîñòèæåíèÿ òðåáóåìîé òî÷íîñòè îïðåäå-
ëåíèÿ ïîëîæåíèÿ ëèíèè ãëèññàäû, ôîðìèðóåìîé
ÃÐÌ, íåîáõîäèìî îñóùåñòâèòü íåñêîëüêî ïðîëå-
òîâ ñ êîððåêöèåé ïàðàìåòðîâ äâèæåíèÿ êàæäî-
ãî ïîëåòà.

Ñõåìà àëãîðèòìà ëåòíîé ïðîâåðêè ãëèññàäíî-
ãî ðàäèîìàÿêà ïðè îïðåäåëåíèè ïîëîæåíèÿ ëè-
íèè ãëèññàäû ñíèæåíèÿ ïðåäñòàâëåíà íà ðèñ. 5.

Äëÿ ïðîâåðêè ðàáîòîñïîñîáíîñòè ðàçðàáîòàí-
íîãî ñïîñîáà è àëãîðèòìà íà ÿçûêå Python áûëà
ðàçðàáîòàíà èìèòàöèîííàÿ ìîäåëü ëåòíîé ïðî-
âåðêè ãëèññàäíîãî ðàäèîìàÿêà ïðè îïðåäåëåíèè
ïîëîæåíèÿ ëèíèè ãëèññàäû ñíèæåíèÿ. Ñõåìà
àëãîðèòìà ðàáîòû èìèòàöèîííîé ìîäåëè ëåòíîé
ïðîâåðêè ãëèññàäíîãî ðàäèîìàÿêà ïðè îïðåäåëå-
íèè ïîëîæåíèÿ ëèíèè ãëèññàäû ñíèæåíèÿ ïðåä-
ñòàâëåí íà ðèñ. 6.

Ïðè ìîäåëèðîâàíèè óãîë íàêëîíà ëèíèè

ãëèññàäû ñíèæåíèÿ α  ïðèíèìàëñÿ ðàâíûì 3°.
Îñòàëüíûå èñõîäíûå äàííûå äëÿ ìîäåëèðîâàíèÿ
ïðèâåäåíû â òàáëèöå.

Íà ðèñ. 7 è 8 ïðèâåäåíû ðåçóëüòàòû èìèòà-
öèîííîãî ìîäåëèðîâàíèÿ ãëèññàäíîãî ðàäèîìà-
ÿêà ïðè îïðåäåëåíèè ïîëîæåíèÿ ëèíèè ãëèññà-
äû ñíèæåíèÿ. Íà ðèñ. 7 ïîêàçàíû òðàåêòîðèè
ïîëåòà ÁÂÑ ïðè ïåðâîì ïðîõîäå ïî ãëèññàäå
ñíèæåíèÿ: ñèãíàëüíàÿ ëèíèÿ ãëèññàäû â ïðî-
ñòðàíñòâå, ôîðìèðóåìàÿ ÃÐÌ; òðàåêòîðèÿ ïîëåòà
ÁÂÑ, ïîëó÷åííàÿ ñ ïîìîùüþ ÊÑÍ, è òðàåêòîðèÿ
ïîëåòà ÁÂÑ ïîëó÷åííàÿ ïîñëå ôèëüòðàöèè.

Íà ðèñ. 8 ïðåäñòàâëåíû òðàåêòîðèÿ ïîëåòà
ÁÂÑ è ñèãíàëüíàÿ ëèíèÿ ãëèññàäû â ïðîñòðàí-
ñòâå, ôîðìèðóåìàÿ ÃÐÌ ïðè òðåòüåì ïðîëåòå ïî

Èñõîäíûå äàííûå äëÿ ìîäåëèðîâàíèÿ

Ïàðàìåòð Îáîçíà÷åíèå Çíà÷åíèå 

Íà÷àëüíàÿ âûñîòà z0 1200 ì 

Íà÷àëüíîå óäàëåíèå îò òî÷êè ïðèçåìëåíèÿ x0 22000 ì 

Âåðòèêàëüíàÿ ñêîðîñòü vâ 10 ì/ñ 

Ãîðèçîíòàëüíàÿ ñêîðîñòü vã 20 ì/ñ 

Èíòåðâàë èçìåðåíèé Δt 1ñ 

Êîëè÷åñòâî îò÷åòîâ N 1200 

ÑÊÎ äâèæåíèÿ ÁÂÑ â âåðòèêàëüíîé ïëîñêîñòè σz 
2 ì 

ÑÊÎ îïðåäåëåíèÿ âåðòèêàëüíîé êîîðäèíàòû ÁÂÑ ñ ïîìîùüþ ÊÍÑ σÊÑÍz 
9 ì 
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Ðèñ. 5. Ñõåìà àëãîðèòìà ëåòíîé ïðîâåðêè ãëèññàäíîãî ðàäèîìàÿêà ïðè îïðåäåëåíèè ïîëîæåíèÿ ëèíèè
ãëèññàäû ñíèæåíèÿ
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Ðèñ. 6. Ñõåìà àëãîðèòìà ðàáîòû èìèòàöèîííîé ìîäåëè ëåòíîé ïðîâåðêè ãëèññàäíîãî ðàäèîìàÿêà ïðè îïðåäå-
ëåíèè ïîëîæåíèÿ ëèíèè ãëèññàäû ñíèæåíèÿ

ãëèññàäå ñíèæåíèÿ. Êàê âèäíî èç ðèñóíêà, ïîñ-
ëå òðåõ ïðîëåòîâ òðàåêòîðèÿ ïîëåòà ÁÂÑ òî÷íî
ïîâòîðÿåò ñèãíàëüíóþ ëèíèþ ãëèññàäû â ïðî-
ñòðàíñòâå, ôîðìèðóåìóþ ÃÐÌ, òåì ñàìûì ïîëó-
÷àÿ åå òî÷íûå êîîðäèíàòû â ïðîñòðàíñòâå. Äàëåå
ïîëó÷åííûå êîîðäèíàòû èñïîëüçóþòñÿ äëÿ ðàñ-
÷åòà óãëà ãëèññàäû ñíèæåíèÿ [1], çíà÷åíèå êîòî-
ðîãî ñðàâíèâàåòñÿ ñ çàäàííûì äëÿ äàííîãî àýðî-
äðîìà.

Îäíàêî íåîáõîäèìî îòìåòèòü, ÷òî òî÷íîñòü
ïðåäëàãàåìîãî ñïîñîáà îïðåäåëÿåòñÿ òî÷íîñòüþ
èñïîëüçóåìîé íà áîðòó ÁÂÑ ñèñòåìû íàâèãàöèè,
÷òî áóäåò îïðåäåëÿþùèì äëÿ ëåòíîé ïðîâåðêè
êîíêðåòíîãî àýðîäðîìà.

Âûâîäû

Àíàëèç ïðèâåäåííûõ ðàñ÷åòîâ è ðåçóëüòàòîâ
èìèòàöèîííîãî ìîäåëèðîâàíèÿ ïîêàçûâàåò, ÷òî

ïðåäëàãàåìûé ñïîñîá ïîçâîëÿåò ïðîâîäèòü ëåò-
íûå ïðîâåðêè ñðåäñòâ ðàäèîòåõíè÷åñêîãî îáåñ-
ïå÷åíèÿ ïîëåòîâ. Ê îñíîâíûì äîñòîèíñòâàì ñïî-
ñîáà îòíîñÿòñÿ: èñïîëüçîâàíèå ÁÂÑ â êà÷åñòâå
íîñèòåëÿ àïïàðàòóðû ëåòíîãî êîíòðîëÿ; îòñóò-
ñòâèå íåîáõîäèìîñòè ïðèìåíåíèÿ íàçåìíûõ
ñðåäñòâ òðàåêòîðíûõ èçìåðåíèé, ÷òî ïîçâîëÿåò
ïðîâîäèòü ëåòíóþ ïðîâåðêó äèñòàíöèîííî, à
ÁÂÑ áàçèðîâàòü íà äðóãèõ àýðîäðîìàõ, óïðàâëå-
íèå ïîëåòîì ÁÂÑ ïðè ïðîâåäåíèè ëåòíîé ïðî-
âåðêè îñóùåñòâëÿòü áåç èñïîëüçîâàíèÿ ñèãíàëîâ
íàçåìíûõ ñðåäñòâ ÐÒÎÏ. Ýòî îïðåäåëÿåò íåâû-
ñîêóþ ñòîèìîñòü èñïîëüçóåìîãî îáîðóäîâàíèÿ,
ïðîñòîòó âîññòàíîâëåíèÿ, ìèíèìàëüíî âîçìîæ-
íûé ïåðå÷åíü íåîáõîäèìîãî îáîðóäîâàíèÿ è ïðè-
âëåêàåìîãî ê ëåòíîé ïðîâåðêå ïåðñîíàëà è êàê
ñëåäñòâèå — ïîâûøåíèå îïåðàòèâíîé ãîòîâíîñ-
òè ñðåäñòâ, èñïîëüçóåìûõ äëÿ ïðîâåäåíèÿ ëåòíûõ
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Ðèñ. 8. Ðåçóëüòàò èìèòàöèîííîãî ìîäåëèðîâàíèÿ ïîñëåäíåãî çàõîäà íà ïîñàäêó ïî ñêîððåêòèðîâàííîé
òðàåêòîðèè

Ðèñ. 7. Ðåçóëüòàò èìèòàöèîííîãî ìîäåëèðîâàíèÿ ïåðâîãî çàõîäà íà ïîñàäêó ïî çàäàííîé òðàåêòîðèè

ïðîâåðîê â óñëîâèÿõ âîçäåéñòâèÿ âíåøíèõ äåñ-
òàáèëèçèðóþùèõ ôàêòîðîâ.

Â îáùåì ñëó÷àå îöåíèòü ýôôåêòèâíîñòü ôóí-
êöèîíèðîâàíèÿ ñèñòåìû ðàäèîòåõíè÷åñêîãî
îáåñïå÷åíèÿ â ðàìêàõ îáåñïå÷åíèÿ ïîëåòîâ öå-

ëåñîîáðàçíî ñ ïîìîùüþ ìåòîäà ïðåîáðàçîâàíèÿ
íåôîðìàëèçóåìûõ êà÷åñòâåííûõ è êîëè÷åñòâåí-
íûõ ïîêàçàòåëåé ñîîòâåòñòâóþùèõ ìåðîïðèÿòèé
â èåðàðõè÷åñêóþ ñèñòåìó ïðèîðèòåòîâ [11, 22].
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