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ÈÍÔÎÐÌÀÖÈÎÍÍÀß ÑÈÑÒÅÌÀ
ÍÀÇÅÌÍÎÉ ÐÅÃÈÑÒÐÀÖÈÈ ÑÎÑÒÎßÍÈß
ÁÅÇÎÏÀÑÍÎÑÒÈ ÂÎÇÄÓØÍÎÃÎ ÑÓÄÍÀ

Ðàññìîòðåíà êîíöåïöèÿ èíôîðìàöèîííîé ñèñòåìû íàçåìíîé ðåãèñòðàöèè ñîñòîÿíèÿ áåçîïàñ-
íîñòè âîçäóøíîãî ñóäíà. Âûÿâëåíà ïðîáëåìà ïîâûøåíèÿ êàòàñòðîôîóñòîé÷èâîñòè èíôîð-
ìàöèè, ôèêñèðóåìîé áîðòîâûìè ñàìîïèñöàìè. Ïîêàçàíî, ÷òî ðåøèòü óêàçàííóþ ïðîáëåìó
ìîæíî äóáëèðîâàíèåì ðåãèñòðèðóåìîé èíôîðìàöèè íàçåìíûìè ñëóæáàìè. Ïðåäëîæåíà îá-
ùàÿ ñòðóêòóðà ñèñòåìû íàçåìíîé ðåãèñòðàöèè ñîñòîÿíèÿ áåçîïàñíîñòè âîçäóøíîãî ñóäíà. Ïðî-
àíàëèçèðîâàíû âîçìîæíûå àëãîðèòìû ôóíêöèîíèðîâàíèÿ ïðåäëàãàåìîé ñèñòåìû. Ñäåëàí âû-
âîä î öåëåñîîáðàçíîñòè ïðèìåíåíèÿ ïðèíöèïîâ îðãàíèçàöèè ðàñïðåäåëåííûõ áàç äàííûõ ñî
ñòðóêòóðíîé àäàïòàöèåé ê ôîðìèðîâàíèþ èíôîðìàöèîííîãî îáåñïå÷åíèÿ ñèñòåìû íàçåìíîé
ðåãèñòðàöèè.
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òîâîé ñàìîïèñåö; ðàñïðåäåëåííàÿ áàçà äàííûõ; ñòðóêòóðíàÿ àäàïòàöèÿ.
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Â ñîâðåìåííûõ óñëîâèÿõ èíôîðìàöèÿ ïðèîáðåòàåò
ñòàòóñ ðåøàþùåãî ôàêòîðà ïðè ðåøåíèè çàäà÷ âî
ìíîãèõ ñôåðàõ äåÿòåëüíîñòè ÷åëîâåêà, ïîýòîìó íà
ïåðâîå ìåñòî âûäâèãàþòñÿ òðåáîâàíèÿ ïî åå ïîëíîòå,
äîñòîâåðíîñòè, äîñòóïíîñòè è ò. ï. Óäîâëåòâîðåíèå
ýòèõ òðåáîâàíèé â ñóùåñòâåííîé ñòåïåíè îïðåäåëÿ-
åòñÿ ýôôåêòèâíîñòüþ ðåàëèçàöèè èíôîðìàöèîííûõ
ïðîöåññîâ â ðàçíîîáðàçíûõ ïðèêëàäíûõ ñèñòåìàõ
— ïðîèçâîäñòâåííûõ, òåëåêîììóíèêàöèîííûõ, ìå-
äèöèíñêèõ è äð. Òàêîå ïîëîæåíèå ñïðàâåäëèâî äëÿ
îáëàñòè îáåñïå÷åíèÿ ôóíêöèîíèðîâàíèÿ òðàíñïîðò-
íûõ ñðåäñòâ è ñèñòåì [1–3].

Àíàëèç ïóáëèêàöèé â ñðåäñòâàõ ìàññîâîé èí-
ôîðìàöèè, ñâÿçàííûõ ñ îñâåùåíèåì õîäà ðàññëåäî-
âàíèÿ àâèàêàòàñòðîô è óñòàíîâëåíèåì èõ ïðè÷èí,
ïîêàçûâàåò ñëåäóþùåå. Âî ìíîãèõ ñëó÷àÿõ åäèíñò-
âåííûì è íàèáîëåå äîñòîâåðíûì èñòî÷íèêîì èí-
ôîðìàöèè î òåõíè÷åñêèõ ïàðàìåòðàõ âîçäóøíîãî
ñóäíà è äåéñòâèÿõ ýêèïàæà ÿâëÿþòñÿ çàïèñè áîðòî-
âûõ ñàìîïèñöåâ, òàê íàçûâàåìûõ “÷åðíûõ ÿùèêîâ”.
Òåì íå ìåíåå ñïåöèàëèñòàì â îáëàñòè àâèàöèè è ïðåä-
ñòàâèòåëÿì ñïåöèàëüíûõ ñëóæá íå âñåãäà óäàåòñÿ
ïîëó÷èòü äîñòóï ê óêàçàííîé èíôîðìàöèè. Îñíîâ-
íûìè ïðè÷èíàìè ÿâëÿþòñÿ ñëåäóþùèå. Áîðòîâûå

ñàìîïèñöû ìîãóò áûòü áåçâîçâðàòíî óòðà÷åíû ïðè
âçðûâå ëåòàòåëüíîãî àïïàðàòà, åãî ïàäåíèè â ãëóáî-
êîâîäíîé ÷àñòè ìèðîâîãî îêåàíà èëè íà òåððèòî-
ðèè, êîíòðîëèðóåìîé ýêñòðåìèñòñêèìè ãðóïïèðîâ-
êàìè [4–7]. Åñëè æå óñëîâèÿ ïîçâîëÿþò îáíàðóæèòü
ýòè ïðèáîðû è ïðèñòóïèòü ê ðàáîòå ñ íèìè, òî íå èñ-
êëþ÷åíà âåðîÿòíîñòü òîãî, ÷òî ñòåïåíü èõ ïîâðåæ-
äåíèÿ îêàæåòñÿ êðèòè÷åñêîé, íå äîïóñêàþùåé èç-
âëå÷åíèÿ íåîáõîäèìîãî ìèíèìóìà ïîëåçíîé èí-
ôîðìàöèè ïðè ðàñøèôðîâêå çàïèñåé. Íåñìîòðÿ íà
îñîáóþ ïðî÷íîñòü êîíñòðóêöèè “÷åðíûõ ÿùèêîâ” è
ðàçìåùåíèå èõ â “áåçîïàñíîé” (íàèìåíåå ïîäâåð-
æåííîé ðàçðóøåíèÿì â ñëó÷àå ïàäåíèÿ) ÷àñòè âîç-
äóøíîãî ñóäíà, ïîëó÷åíèå òðåáóåìîé èíôîðìàöèè
íå âñåãäà ãàðàíòèðîâàíî. Òàêîå ïîëîæåíèå çàòðóä-
íÿåò óñòàíîâëåíèå èñòèííûõ ïðè÷èí àâèàêàòàñò-
ðîô è ïðèâîäèò ê ñóùåñòâåííîìó óâåëè÷åíèþ ñðî-
êîâ ðàññëåäîâàíèÿ. Ðåçåðâèðîâàíèå èíôîðìàöèè íà
áîðòó ëåòàòåëüíîãî àïïàðàòà íå â ñîñòîÿíèè ðåøèòü
ïðîáëåìó îáåñïå÷åíèÿ åå äîñòóïíîñòè è ïîëíîòû â
ñëó÷àå àâèàêàòàñòðîôû, ïîñêîëüêó ëîêàëüíûé õàðàê-
òåð ðàçìåùåíèÿ íåñêîëüêèõ áëîêîâ çàïèñûâàþùèõ
óñòðîéñòâ (â ïðåäåëàõ âîçäóøíîãî ñóäíà) íå ãàðàí-
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òèðóåò ñîõðàííîñòè è öåëîñòíîñòè ñàìîïèñöåâ â
îïèñàííûõ ðàíåå êàòàñòðîôè÷åñêèõ ñèòóàöèÿõ.

Íà íàø âçãëÿä, ïåðñïåêòèâíûì íàïðàâëåíèåì ñó-
ùåñòâåííîãî ñíèæåíèÿ ñòåïåíè îñòðîòû íàçâàííîé
ïðîáëåìû, êîòîðóþ âïîëíå ìîæíî îõàðàêòåðèçîâàòü
êàê ïðîáëåìó îáåñïå÷åíèÿ êàòàñòðîôîóñòîé÷è-

âîñòè èíôîðìàöèè, ìîæåò ñëóæèòü äóáëèðîâàíèå
äàííûõ áîðòîâûõ ñàìîïèñöåâ èíôîðìàöèîííîé ñè-
ñòåìîé íàçåìíîé ðåãèñòðàöèè. Îáùåå êîíöåïòóàëü-
íîå ïîñòðîåíèå òàêîé ñèñòåìû ìîæåò áûòü ïðåä-
ñòàâëåíî ñëåäóþùèì îáðàçîì.

Ïðåäëàãàåìàÿ ñèñòåìà ñîäåðæèò òðè êîìïîíåí-
òà — áîðòîâîé, íàçåìíûé è îðáèòàëüíûé êîìïëåê-
ñû. Ïåðâûå äâà êîìïîíåíòà ñëåäóåò îòíåñòè ê êàòå-
ãîðèè îñíîâíûõ, à òðåòèé — âñïîìîãàòåëüíûõ.

Áîðòîâîé êîìïëåêñ (ðèñ. 1), êàê ñëåäóåò èç åãî
íàçâàíèÿ, äîëæåí ðàçìåùàòüñÿ íà áîðòó âîçäóøíîãî
ñóäíà è ñîäåðæàòü ñîáñòâåííî ñàìîïèñöû 1, êîìïü-
þòåðíóþ ñèñòåìó 2, à òàêæå ñðåäñòâà ñâÿçè 3 ñ íà-
çåìíûìè ñòàíöèÿìè è êîñìè÷åñêèìè àïïàðàòàìè.

Ôóíêöèè ýòîãî êîìïîíåíòà ñîîòâåòñòâóþò ïåðå-
÷èñëåííûì ýëåìåíòàì:

1 — ðåãèñòðàöèÿ ðå÷åâîãî òðàôèêà ýêèïàæà è
òåõíè÷åñêèõ ïàðàìåòðîâ ëåòàòåëüíîãî àïïàðàòà;

2 — ôîðìèðîâàíèå äóáëèðóþùåé èíôîðìàöèè
ñ ñàìîïèñöåâ è ïîäãîòîâêà åå ê ïåðåäà÷å (ñæàòèå,
øèôðîâàíèå, ïîìåõîóñòîé÷èâîå êîäèðîâàíèå);

3 — ïåðåäà÷à ñôîðìèðîâàííûõ áëîêîâ èíôîð-
ìàöèè â ñòîðîíó íàçåìíîãî èëè îðáèòàëüíîãî êîì-
ïîíåíòà.

Íàçåìíûé êîìïëåêñ ïî çàìûñëó ïðåäñòàâëÿåò
ñîáîé èíôîðìàöèîííî-òåëåêîììóíèêàöèîííóþ
ñåòü ïðîèçâîëüíîé èëè ñîòîâîé ñòðóêòóðû, ïðè÷åì
ìåæäó åå äâóìÿ ðàçëè÷íûìè óçëàìè äîëæíî ñóùå-
ñòâîâàòü êàê ìèíèìóì äâà íåçàâèñèìûõ ìàðøðóòà
ïåðåäà÷è (ðèñ. 2). Ïðèíöèïèàëüíî êàæäûé óçåë ìî-
æåò ôóíêöèîíèðîâàòü â àâòîìàòè÷åñêîì ðåæèìå,
îäíàêî íå ñëåäóåò èñêëþ÷àòü âìåøàòåëüñòâà îïåðà-
òîðà, íàïðèìåð ïðè ðåêîíôèãóðàöèè ñåòè èëè ïðè
íåîáõîäèìîñòè áàëàíñèðîâêè ñåòåâîãî òðàôèêà.

Îñíîâíûìè óçëîâûìè ñîñòàâëÿþùèìè ñëåäóåò
ñ÷èòàòü ñðåäñòâà ñâÿçè 1, êîìïüþòåðíûå êîìïëåêñû 2

è ñðåäñòâà ïåðåäà÷è äàííûõ 3 (ñì. ðèñ. 2). Èõ ôóíê-
öèè òàêæå âûòåêàþò èç íàçíà÷åíèÿ óêàçàííûõ ñî-
ñòàâíûõ ÷àñòåé:Ðèñ. 1. Ñîñòàâ áîðòîâîãî êîìïëåêñà

Ðèñ. 2. Ñîñòàâ íàçåìíîãî êîìïëåêñà
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1 — óñòîé÷èâûé ïðèåì èíôîðìàöèè ñ áîðòà âîç-
äóøíîãî ñóäíà èëè îò êîñìè÷åñêîãî àïïàðàòà;

2 — äåêîäèðîâàíèå èíôîðìàöèè è åå îáðàáîòêà
ñ öåëüþ äàëüíåéøåé òðàíñëÿöèè ïî ñåòè;

3 — ïðèâåäåíèå èíôîðìàöèè ê âèäó, íåîáõîäè-
ìîìó äëÿ ïåðåäà÷è ïî èìåþùèìñÿ êàíàëàì ïåðåäà-
÷è äàííûõ.

Ñàìè êàíàëû ìîãóò ñòðîèòüñÿ êàê âûäåëåííûå
èëè ôîðìèðîâàòüñÿ íà áàçå îáùåäîñòóïíûõ ñåòåé
ñ ñîáëþäåíèåì ìåð áåçîïàñíîñòè, íàïðèìåð, ïî òåõ-
íîëîãèè VPN [8].

Îðáèòàëüíûé êîìïëåêñ íåîáõîäèìî çàäåéñòâî-
âàòü â îñîáûõ ñèòóàöèÿõ, òàêèõ êàê ïîëåò âîçäóø-
íîãî ñóäíà íàä îêåàíñêîé àêâàòîðèåé ïðè çíà÷èòåëü-
íîì óäàëåíèè îò áåðåãîâîé ëèíèè. Îñíîâíîé åãî
ôóíêöèåé ñëåäóåò ñ÷èòàòü ðåòðàíñëÿöèþ ñèãíàëà ñ
áîðòà ëåòàòåëüíîãî àïïàðàòà â áëèæàéøèé óçåë íà-
çåìíîãî êîìïîíåíòà íà ìàðøðóòå ñëåäîâàíèÿ òðàíñ-
ïîðòíîãî ñðåäñòâà.

Àáñòðàêòíîå ïðåäñòàâëåíèå ñèñòåìû â öåëîì ïî-
çâîëÿåò îò÷åòëèâî âûäåëèòü åå ñïåöèôè÷åñêèå ÷åð-
òû. Ïåðâàÿ çàêëþ÷àåòñÿ â òîì, ÷òî íàêîïëåíèå èíôîð-
ìàöèè ïðîèñõîäèò â ðåçóëüòàòå îðãàíèçàöèè ñâÿçè ñ
ïîäâèæíûìè îáúåêòàìè. Âòîðàÿ îïðåäåëÿåòñÿ äè-
íàìè÷åñêèì èçìåíåíèåì èíôîðìàöèîííîé èíôðà-
ñòðóêòóðû (áàçû äàííûõ) íàçåìíîãî êîìïëåêñà.

Ðàññìîòðèì âîçìîæíûå ïîäõîäû ê ôîðìèðîâà-
íèþ èíôîðìàöèîííîé èíôðàñòðóêòóðû (ðèñ. 3).

Ïåðâûé ïîäõîä õàðàêòåðèçóåòñÿ òåì, ÷òî îñíîâ-
íûì ýëåìåíòîì, õðàíÿùèì íåîáõîäèìóþ èíôîðìà-
öèþ, ïî-ïðåæíåìó ÿâëÿåòñÿ ñàì ëåòàòåëüíûé àïïà-
ðàò, òî÷íåå åãî áîðòîâîé êîìïëåêñ, à íàçåìíûé êîì-
ïëåêñ èãðàåò ïàññèâíóþ ðîëü. Óñëîâèìñÿ íàçûâàòü
òàêîé ïîäõîä “òðàäèöèîííûì”.

Âîçäóøíîå ñóäíî ñëåäóåò èç ïóíêòà À â ïóíêò Â

(ñì. ðèñ. 3). Ïðîäâèãàÿñü ïî ìàðøðóòó, îíî ïîñëå-
äîâàòåëüíî áóäåò îêàçûâàòüñÿ â çîíàõ îòâåòñòâåííî-
ñòè óçëîâ íàçåìíîãî êîìïëåêñà 0–3–5–6–8. Äî ìî-
ìåíòà ïåðåñå÷åíèÿ ãðàíèöû çîíû 0 (îïðåäåëÿåòñÿ

ïî ñîîòíîøåíèþ óðîâíåé ïèëîò-ñèãíàëîâ óçëîâ 0
è 3) èíôîðìàöèÿ ñ áîðòà âîçäóøíîãî ñóäíà ïîñòó-
ïàåò â óçåë 0, ôîðìèðóÿ ôðàãìåíò áàçû äàííûõ F0,
îðèãèíàë êîòîðîãî õðàíèòñÿ â ïàìÿòè êîìïüþòåðà
áîðòîâîãî êîìïëåêñà. Ïîñêîëüêó âîçäóøíîå ñóäíî
ïåðåñåêëî ãðàíèöó ñîïðåäåëüíûõ çîí (0 è 3) è âû-
øëî èç îòâåòñòâåííîñòè çîíû 0, ôðàãìåíò F0 ïîäëå-
æèò óäàëåíèþ èç ñîîòâåòñòâóþùåãî óçëà. Ýòî óñëî-
âèå ÿâëÿåòñÿ âåñüìà âàæíûì, ïîñêîëüêó îáåñïå÷è-
âàåò ýêîíîìèþ ïàìÿòè óçëà.

Ïðè âõîæäåíèè â çîíó 3 ôðàãìåíò F0 ïåðåäàåòñÿ
â ïàìÿòü ýòîãî óçëà, à íà áîðòó ïîñëåäîâàòåëüíî
ôîðìèðóåòñÿ è îäíîâðåìåííî òðàíñëèðóåòñÿ ôðàã-
ìåíò F3. Äàëåå ïîñëåäîâàòåëüíîñòü äåéñòâèé öèê-
ëè÷åñêè ïîâòîðÿåòñÿ äî ïîñàäêè ëåòàòåëüíîãî àï-
ïàðàòà â ïóíêòå Â.

Òàêèì îáðàçîì, ïðè íàõîæäåíèè âîçäóøíîãî ñóä-
íà â íåêîòîðîé çîíå â ïàìÿòè ñîîòâåòñòâóþùåãî óçëà
õðàíèòñÿ ñóììàðíûé ôðàãìåíò F Fi j

j Mi

�
)
& , ãäå Mi —

ìíîæåñòâî óçëîâ, ïðîéäåííûõ íà ìàðøðóòå M ê òå-
êóùåìó ìîìåíòó; Fi , Fj — òåêóùèå çíà÷åíèÿ).

Îáîáùåííàÿ áëîê-ñõåìà àëãîðèòìà, ðåàëèçóþùå-
ãî óêàçàííûé ïîäõîä, ïðåäñòàâëåíà íà ðèñ. 4.

Ðàññìàòðèâàåìûé ïîäõîä íå ïðåäúÿâëÿåò æåñò-
êèõ òðåáîâàíèé ê ñåòåâîé ñòðóêòóðå íàçåìíîãî êîì-
ïëåêñà, ïîýòîìó â îáùåì ñëó÷àå ñåòü ìîæåò âûðîæ-
äàòüñÿ â ñîâîêóïíîñòü íåñâÿçàííûõ óçëîâ. Ñòðîãî

Ðèñ. 3. Ãðàôè÷åñêîå ïðåäñòàâëåíèå çàäåéñòâîâàíèÿ ýëåìåí-
òîâ íàçåìíîãî êîìïëåêñà ïðè ðàáîòå èíôîðìàöèîííîé ñèñ-
òåìû

Ðèñ. 4. Àëãîðèòì ðåàëèçàöèè “òðàäèöèîííîãî” ïîäõîäà ê
ôîðìèðîâàíèþ èíôîðìàöèîííîé èíôðàñòðóêòóðû íàçåìíî-
ãî êîìïëåêñà
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ãîâîðÿ, èíôîðìàöèîííàÿ èíôðàñòðóêòóðà íå ìîæåò
íàçûâàòüñÿ ðàñïðåäåëåííîé áàçîé äàííûõ è ïðåä-
ñòàâëÿåò ñîáîé ìíîæåñòâî ìàññèâîâ èíôîðìàöèè.
Îäíàêî â ýòîì ñëó÷àå ñóùåñòâåííî âîçðàñòàþò òðå-
áîâàíèÿ ê îáúåìó ïàìÿòè êîìïüþòåðà áîðòîâîãî
êîìïëåêñà, óñëîæíÿåòñÿ åãî ïðîãðàììíîå îáåñïå-
÷åíèå è ïîâûøàåòñÿ èíòåíñèâíîñòü ðàäèîòðàôèêà
“Áîðò – Çåìëÿ”.

Àëüòåðíàòèâíûé ïîäõîä îñíîâàí íà êîíöåïöèè
ðàñïðåäåëåííûõ áàç äàííûõ ñî ñòðóêòóðíîé àäàïòà-
öèåé [9, 10]. Äàííàÿ êîíöåïöèÿ èñïîëüçóåò â êà÷åñò-
âå îòïðàâíîãî ìîìåíòà ñëåäóþùåå ïîëîæåíèå. Ñòà-
òè÷íàÿ â ñìûñëå ôèçè÷åñêîé ñòðóêòóðû ðàñïðåäå-
ëåííàÿ áàçà äàííûõ íå â ñîñòîÿíèè ïîääåðæèâàòü
ïîêàçàòåëè ýôôåêòèâíîñòè èíôîðìàöèîííîé ñèñòå-
ìû íà çàäàííîì óðîâíå â ñëó÷àå îáñëóæèâàíèÿ çà-
ïðîñîâ ìîáèëüíûõ ïîëüçîâàòåëåé, äàæå åñëè åå ïåð-
âîíà÷àëüíàÿ ñòðóêòóðà ÿâëÿëàñü îïòèìàëüíîé â ýòîì
îòíîøåíèè. Ðàñêðîåì ñóùíîñòü ýòîãî ïîëîæåíèÿ.

Ñ ïîçèöèé òåîðèè ýôôåêòèâíîñòè óäîâëåòâîðå-
íèå òðåáîâàíèé ê äàííûì è ïðîöåññàì èõ îáðàáîò-
êè ìîæíî ðàññìàòðèâàòü êàê öåëü, äîñòèãàåìóþ â
ïðîöåññå ïîñòðîåíèÿ è èñïîëüçîâàíèÿ áàçû äàííûõ.
Â ñâîþ î÷åðåäü, ýòî îáåñïå÷èò çàäàííûé óðîâåíü
òðåáîâàíèé ê èíôîðìàöèîííîé ñèñòåìå.

Ãåîìåòðè÷åñêàÿ èíòåðïðåòàöèÿ ïîäîáíîãî ïîäõî-
äà ñîñòîèò â óäåðæàíèè çíà÷åíèÿ íåêîòîðîãî îáîá-
ùåííîãî ïîêàçàòåëÿ U èëè ÷àñòíîãî ïîêàçàòåëÿ, íà-
ïðèìåð âåðîÿòíîñòè ñâîåâðåìåííîé îáðàáîòêè çà-
ïðîñîâ ê áàçå äàííûõ P(t � täîï), íà çàäàííîì óðîâíå
(ðèñ. 5, ëèíèÿ 1) èëè â çàäàííûõ ïðåäåëàõ (ñì. ðèñ. 5,
ïóíêòèð) íà âñåì ýòàïå ôóíêöèîíèðîâàíèÿ t ïðè
âûâîäå çíà÷åíèé äðóãèõ ïîêàçàòåëåé â îãðàíè÷åíèÿ
(ðèñ. 5, ëèíèÿ 1).

Ïðàâîìî÷íîñòü äàííîãî ïîäõîäà íå âûçûâàåò
ñîìíåíèé ïðè äîïóùåíèè î ñòàáèëüíîé ñòðóêòóðå
ñåòè è ïîñòîÿííîì ðàçìåùåíèè ïîëüçîâàòåëåé. Ýòî
äîïóùåíèå îáëåã÷àåò ðåøåíèå çàäà÷ ñòðóêòóðèçà-
öèè ñàìîé áàçû è îïòèìèçàöèè âûïîëíåíèÿ çàïðî-
ñîâ ê íåé.

Â òî æå âðåìÿ äèíàìèêà ïîâñåäíåâíîé ðàáîòû
ïîëüçîâàòåëåé, â îñîáåííîñòè èõ äåéñòâèé â êðèòè-

÷åñêèõ óñëîâèÿõ, ïðåäïîëàãàåò øòàòíîå è/èëè âíå-
çàïíîå èçìåíåíèå èíôîðìàöèîííîé èíôðàñòðóê-
òóðû. Ñóùåñòâóþò ôàêòîðû, êîòîðûå ìîãóò ïîòðå-
áîâàòü ðåñòðóêòóðèçàöèè áàçû äàííûõ â ïðîöåññå
åå ïðèìåíåíèÿ.

Ê ýòèì ôàêòîðàì îòíîñÿòñÿ:
� ïåðåìåùåíèå ïîëüçîâàòåëåé â ïëàíîâîì èëè îïå-

ðàòèâíîì ïîðÿäêå;
� èçìåíåíèå ñòðóêòóðû ñåòè, íàïðèìåð åå íàðà-

ùèâàíèå èëè äåôîðìàöèÿ;
� âûõîä èëè óãðîçà âûõîäà èç ñòðîÿ óçëîâ èëè ëè-

íèé ñâÿçè âñëåäñòâèå ðàçðóøåíèé, âûçâàííûõ
òåõíîãåííûìè è ïðèðîäíûìè êàòàñòðîôàìè
è/èëè äðóãèìè äåéñòâèÿìè.
Â ðåçóëüòàòå âîçäåéñòâèÿ îäíîãî èëè íåñêîëü-

êèõ ïåðå÷èñëåííûõ ôàêòîðîâ, íà÷èíàÿ ñ íåêîòîðîãî
ìîìåíòà âðåìåíè t0, çíà÷åíèå âûáðàííîãî ïîêàçà-
òåëÿ U ìîæåò âûõîäèòü çà íîðìàòèâíûå ïðåäåëû
(ñì. ðèñ. 5, êðèâàÿ 2).

Â ðàáîòàõ [9, 10] ïîêàçàíî è îáîñíîâàíî, ÷òî
ñòàáèëèçàöèÿ çíà÷åíèÿ ïîêàçàòåëÿ ýôôåêòèâíîñòè
âîçìîæíà çà ñ÷åò ñòðóêòóðíûõ èçìåíåíèé, êîòîðûå
ïîçâîëÿò àäàïòèðîâàòü áàçó äàííûõ ê ìåíÿþùèìñÿ
óñëîâèÿì îáñòàíîâêè è òåì ñàìûì îáåñïå÷èòü îï-
òèìàëüíîñòü âûïîëíåíèÿ çàïðîñîâ.

Â îáùåì ñëó÷àå ðåñòðóêòóðèçàöèÿ ïðåäñòàâëÿ-
åò ñîáîé ïðîöåññ ôîðìèðîâàíèÿ ôðàãìåíòîâ áàçû
äàííûõ, ìèãðèðóþùèõ ïî ñåòè. Ýòî ïðåäïîëàãàåò,
÷òî ïðè óñëîâèè íàëè÷èÿ äîñòàòî÷íîãî ïðîñòðàíñò-
âà ïàìÿòè â öåëåâûõ óçëàõ íåêîòîðûå ôðàãìåíòû
ìîãóò ïåðåìåùàòüñÿ ìåæäó óçëàìè (ðèñ. 6, ôðàãì. 1),
à äðóãèå — êîïèðîâàòüñÿ íà îäèí èëè íåñêîëüêî
óçëîâ (ñì. ðèñ. 6, ôðàãì. 2).

Àíàëèç îáùèõ ïðèíöèïîâ ïîñòðîåíèÿ è ôóíêöè-
îíèðîâàíèÿ ðàñïðåäåëåííûõ áàç äàííûõ ñî ñòðóê-
òóðíîé àäàïòàöèåé ïîêàçàë, ÷òî îíè ìîãóò áûòü ïðè-
ìåíåíû ê îðãàíèçàöèè èíôîðìàöèîííîãî îáåñïå÷å-

Ðèñ. 5. Ãðàôèê ïîâåäåíèÿ ïîêàçàòåëÿ ýôôåêòèâíîñòè âî âðå-
ìåíè Ðèñ. 6. Ïðèìåð ìèãðàöèè ôðàãìåíòîâ áàçû äàííûõ ïî ñåòè
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íèÿ ïðåäëàãàåìîé ñèñòåìû íàçåìíîé ðåãèñòðàöèè.
Èõ ðåàëèçàöèÿ òðåáóåò ìîäåðíèçàöèè ðàññìîòðåííî-
ãî ðàíåå “òðàäèöèîííîãî” ïîäõîäà. Ñóùíîñòü ïðåä-
ëàãàåìûõ èçìåíåíèé ñîñòîèò â ñëåäóþùåì.

Îáðàòèìñÿ ê ðàññìîòðåííîìó ïðèìåðó (ñì.ðèñ.3).
Ïðè ïîñëåäîâàòåëüíîì äâèæåíèè ïî ìàðøðóòó áîð-
òîâûì êîìïüþòåðîì â j-é óçåë öèêëè÷åñêè ïåðåäà-
åòñÿ èíôîðìàöèÿ, ïîñòóïèâøàÿ íà ïðèáîðû ðåãèñò-
ðàöèè ïðè ïðîëåòå j-é çîíû ( j ) M, ãäå M — ìíîæå-
ñòâî íîìåðîâ óçëîâ, ñîñòàâëÿþùèõ ìàðøðóò). Òàêèì
îáðàçîì, â ïàìÿòè êàæäîãî óçëà ôîðìèðóåòñÿ ôðàã-
ìåíò äàííûõ Fj ( j ) M) . Îáúåäèíåíèå âñåõ ôðàãìåí-
òîâ äàåò ïîëíóþ êîïèþ äàííûõ, çàðåãèñòðèðîâàí-
íûõ áîðòîâûìè ñàìîïèñöàìè: F Fj

j M

�
)

.� Îäíàêî âñå

ôðàãìåíòû õðàíÿòñÿ â ïàìÿòè ðàçëè÷íûõ óçëîâ, ïî-
ýòîìó äëÿ âîññòàíîâëåíèÿ ïîëíîé êàðòèíû ïðîèñ-
øåäøåãî â ñëó÷àå êàòàñòðîôû íåîáõîäèìà èõ êîí-
öåíòðàöèÿ íà îäíîì èëè íåñêîëüêèõ óçëàõ.

Ïîñëå òîãî êàê âîçäóøíîå ñóäíî ïîêèíåò k-þ çîíó
è ïåðåìåñòèòñÿ â çîíó p, ôðàãìåíò Fk äîëæåí áûòü
ïåðåäàí â óçåë p ïî êàíàëàì èíôîòåëåêîììóíèêà-
öèîííîé ñåòè íàçåìíîãî êîìïëåêñà (k ) M, p ) M ).
Òîãäà â óçëå p ôîðìèðóåòñÿ ôðàãìåíò F F Fkp k p� .�
Â öåëÿõ ïîâûøåíèÿ îòêàçîóñòîé÷èâîñòè â ñåòè èëè
íåñêîëüêèõ åå ñåãìåíòàõ öåëåñîîáðàçíî íàçíà÷àòü
öåíòðû ðåçåðâíîãî êîïèðîâàíèÿ. Èõ ôóíêöèè ìî-
ãóò âîçëàãàòüñÿ íà çîíîâûå èëè ñïåöèàëèçèðîâàí-
íûå óçëû. Ïî îêîí÷àíèè âûïîëíåíèÿ óêàçàííûõ
äåéñòâèé, âêëþ÷àÿ ðåçåðâèðîâàíèå, îðèãèíàë ôðàã-
ìåíòà Fk ìîæåò áûòü óäàëåí èç ñîîòâåòñòâóþùåãî
óçëà âî èçáåæàíèå ïåðåïîëíåíèÿ åãî ïàìÿòè.

Òàêèì îáðàçîì, â ïðîèçâîëüíûé ìîìåíò âðåìå-
íè â j-é çîíå íàõîæäåíèÿ âîçäóøíîãî ñóäíà íà ñîîò-
âåòñòâóþùåì óçëå j ñóùåñòâóåò ïîëíàÿ êîïèÿ áîð-

òîâîé èíôîðìàöèè. Ïðîöåññ åå ôîðìèðîâàíèÿ
ìîæåò áûòü ïðåäñòàâëåí ãðàôè÷åñêè (ðèñ. 7).

Îáîáùåííóþ ñõåìó àëãîðèòìà, ðåàëèçóþùåãî
äàííûé ïîäõîä, ìîæíî èçîáðàçèòü â ñëåäóþùåì âèäå
(ðèñ. 8).

Ðèñ. 7. Ïðèìåð ïîñëåäîâàòåëüíîãî ôîðìèðîâàíèÿ íàçåìíûõ êîïèé áîðòîâîé èíôîðìàöèè

Ðèñ. 8. Àëãîðèòì ðåàëèçàöèè àëüòåðíàòèâíîãî ïîäõîäà ê ôîð-
ìèðîâàíèþ èíôîðìàöèîííîé èíôðàñòðóêòóðû íàçåìíîãî êîì-
ïëåêñà
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Àíàëèç ïðåäëàãàåìîé èíôîðìàöèîííîé ñèñòå-
ìû íàçåìíîé ðåãèñòðàöèè ñîñòîÿíèÿ âîçäóøíîãî
ñóäíà ïîçâîëÿåò ñäåëàòü ñëåäóþùèå âûâîäû:

1. Îáåñïå÷åíèå êàòàñòðîôîóñòîé÷èâîñòè èíôîð-
ìàöèè î ñîñòîÿíèè âîçäóøíîãî ñóäíà òðåáóåò ðåà-
ëèçàöèè ïðèíöèïà èçáûòî÷íîñòè. Ïðè÷åì â îòëè÷èå
îò ïðèìåíåíèÿ ýòîãî ïðèíöèïà ê îòêàçîóñòîé÷èâûì
ñèñòåìàì, äîïóñêàþùèì ëîêàëüíîå ðàçìåùåíèå
èçáûòî÷íûõ êîïèé [11, 12], â äàííîì ñëó÷àå äóáëè-
ðóþùàÿ èíôîðìàöèÿ äîëæíà ðàçìåùàòüñÿ âíå ëåòà-
òåëüíîãî àïïàðàòà.

2. Òàêîå îáîñíîâàíèå ïðåäïîëàãàåò ïîñòðîåíèå
íàçåìíîé èíôîðìàöèîííî-òåëåêîììóíèêàöèîííîé
ñåòè, íà êîòîðóþ ïîñòóïàþò äàííûå, ðåãèñòðèðó-
åìûå áîðòîâûìè ñàìîïèñöàìè ëåòàòåëüíîãî àïïà-
ðàòà. Îáðàáîòêà ïîñòóïèâøåé èíôîðìàöèè ïîçâî-
ëèò â ïðîèçâîëüíûé ìîìåíò âðåìåíè ôîðìèðîâàòü
äàííûå, èäåíòè÷íûå áîðòîâûì.

3. Ðåêîìåíäóåòñÿ âåñòè îáðàáîòêó íàçåìíîé èí-
ôîðìàöèè â ñîîòâåòñòâèè ñ ïîäõîäàìè è ïðèíöè-

ïàìè îðãàíèçàöèè ðàñïðåäåëåííûõ áàç äàííûõ ñî
ñòðóêòóðíîé àäàïòàöèåé, êîòîðûå ïðåäïîëàãàþò ïå-
ðåìåùåíèå ôðàãìåíòîâ äàííûõ ïî èíôîðìàöèîííî-
òåëåêîììóíèêàöèîííîé ñåòè.

4. Äëÿ ïîâûøåíèÿ îòêàçîóñòîé÷èâîñòè èíôîð-
ìàöèè íàçåìíîé ñåòè öåëåñîîáðàçíî èñïîëüçîâàòü
ñèñòåìó ðåçåðâíîãî êîïèðîâàíèÿ, ïîçâîëÿþùóþ âîñ-
ñòàíàâëèâàòü äàííûå â ñëó÷àå íàðóøåíèÿ ðàáîòû
ñåòåâûõ ñðåäñòâ, à òàêæå ïðåäóñìîòðåòü íàëè÷èå àëü-
òåðíàòèâíûõ ìàðøðóòîâ äëÿ ìèãðèðóþùèõ ôðàã-
ìåíòîâ äàííûõ.

5. Ðåàëèçàöèÿ ïðåäëàãàåìîé èíôîðìàöèîííîé
ñèñòåìû, õîòÿ è ïîòðåáóåò îïðåäåëåííûõ àññèãíî-
âàíèé íà åå ñîçäàíèå è îáåñïå÷åíèå ôóíêöèîíèðî-
âàíèÿ, ïîçâîëèò ñóùåñòâåííî ïîâûñèòü êàòàñòðîôî-
óñòîé÷èâîñòü èíôîðìàöèè î ñîñòîÿíèè âîçäóøíî-
ãî ñóäíà è ñîêðàòèòü âðåìåííûå è ëþäñêèå ðåñóðñû
ïðè óñòàíîâëåíèè ïðè÷èí àâàðèé è êðóøåíèé íà
âîçäóøíîì òðàíñïîðòå.
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ABSTRACT

The article is devoted to the conceptual approach to the organization and functioning of the in-
formation system of land registration of the security status of the aircraft.

Modern means of registration have traditionally placed on board of the aircraft. This character of
their placement does not guarantee the integrity of the information latched during catastrophic
situations.

The authors propose to duplicate critical information by means of terrestrial services. To this it should
be a system of land registration of the security status of the aircraft. It is assumed that the system
should include the following components (systems): airborne, ground and orbital.

Onboard complex is none other than the terminal, which receives information about voice and
crew talks about the technical parameters of aircraft. This information formed into blocks, which are
periodically transmitted in the direction of orbital or terrestrial systems.

Ground complex in conception is the information and telecommunications network arbitrary or
any cellular structure, while between its two different nodes should be at least two independent
transmission route. This network is designed for accumulation and translation of the board received
information in accordance with the route of the vessel.

Orbital complex plays the role of the reserve component. He is engaged in special situations, such
as flying aircraft over the ocean space at a considerable distance from the coastline. Its main function
should be considered as a signal relay on board the aircraft nearest node terrestrial component to
the route of the vehicle.

This article discusses two versions of interaction airborne and ground systems to form a complete
picture of the information security of the aircraft is able to board the vehicle.

The first option involves the transfer to the ground all the complex information stored on board
when flying a regular route zone. This approach is equivalent to the current replication status infor-
mation to a remote server. At the same time ground-based network resources are utilized not fully, but
the network itself does not guarantee occurrence of congestion nodes with increasing intensity of
transport flows in the areas of its service.

The second option provides for a “reset” in each zone only the information that has been accumu-
lated since the last exchange of airborne and ground systems. Then, all the previously transferred to
the “land” data must be translated to another point “reset” in real time, are accumulated with the newly
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received information, and be ready to further advance over the network. This ground complex is not
only responsible for the integrity of the data, but also for the reliability of their delivery to the final
destination.

Distributed databases with structural adaptation are the technological aspect of such a system of
organization.

Thus, the terrestrial infrastructure forms an information model of the motion of the aircraft in
order to preserve all critical information.

Keywords: information system; aircraft; disaster recovery; flight data recorder; distributed database;
structural adaptation.
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