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Ââåäåíèå

Îñíîâíûìè ôàêòîðàìè, âëèÿþùèìè íà áåçî-
ïàñíîñòü âîäíûõ ðåñóðñîâ, ÿâëÿþòñÿ ïðîìûøëåí-
íûå îòõîäû è ñåëüñêîõîçÿéñòâåííûå óäîáðåíèÿ
[1]. Çàãðÿçíåíèÿ âîäíûõ ðåñóðñîâ ìîãóò áûòü òî-
÷å÷íûìè (âûáðîñû ïðîìûøëåííûõ ïðåäïðèÿòèé,
äðåíàæíûå êàíàëû è äð.) è íåòî÷å÷íûìè (âëèÿ-
íèå äîæäåé, íàâîäíåíèÿ è äð.) [2]. Äðåíàæíûå
âîäû ïðè ïîñòóïëåíèè â âîäîåìû ìîãóò âûçâàòü
öâåòåíèå âîäîðîñëåé, ÷òî, â ñâîþ î÷åðåäü, ðåçêî
óìåíüøàåò êîëè÷åñòâî ðàñòâîðåííîãî êèñëîðîäà
â âîäå, ãåíåðèðóåò îïàñíûå òîêñèíû [3, 4]. Äëÿ
êîíòðîëÿ è îáíàðóæåíèÿ âàðåäíûõ èçìåíåíèé â
âîäîåìàõ íåîáõîäèìî ïåðèîäè÷åñêè áðàòü ïðîáû
âîäû è ïðîâîäèòü ëàáîðàòîðíûé àíàëèç. Äëÿ ýòîãî
èñïîëüçóþòñÿ àâòîìàòè÷åñêèå óñòðîéñòâà ìîíèòî-
ðèíãà [5, 6], à òàêæå ìåòîäû äèñòàíöèîííîãî çîí-
äèðîâàíèÿ [7, 8]. Âìåñòå ñ òåì äî ñèõ ïîð òðàäè-
öèîííûå ìåòîäû âçÿòèÿ ïðîáû è ïðîâåäåíèÿ ëà-
áîðàòîðíîãî àíàëèçà ïðåîáëàäàþò íàä ìåòîäàìè
äèñòàíöèîííîãî çîíäèðîâàíèÿ [9]. Îäíàêî òðàäè-
öèîííûå ìåòîäû îêàçûâàþòñÿ íåäîñòàòî÷íûìè
äëÿ äåòàëüíîãî èññëåäîâàíèÿ çàêîíîìåðíîñòåé
çàãðÿçíåíèÿ âîäíûõ ðåñóðñîâ, è íåîáõîäèìî èí-
òåãðèðîâàíèå òðàäèöèîííûõ ìåòîäîâ ñ ìåòîäàìè
äèñòàíöèîííîãî çîíäèðîâàíèÿ [9]. Äëÿ âçÿòèÿ
ïðîá âîäû ðàçðàáîòàíû ïîäâîäíûå àâòîíîìíûå
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Ðàññìàòðèâàþòñÿ âîïðîñû ïðèìåíåíèÿ áåñïèëîòíîãî ëåòàòåëüíîãî àïïàðàòà (ÁÏËÀ) äëÿ îïðåäåëåíèÿ ñîëå-
íîñòè è ýëåêòðè÷åñêîé ïðîâîäèìîñòè ìîðñêîé âîäû. Ñôîðìóëèðîâàíà çàäà÷à ôîðìèðîâàíèÿ ýìïèðè÷åñêîé ìî-
äåëè ÁÏËÀ â ðåæèìå âçÿòèÿ ïðîá âîäû. Ïðåäëîæåí ýâðèñòè÷åñêèé àëãîðèòì ñîçäàíèÿ ýìïèðè÷åñêîé ìîäåëè ÁÏËÀ,
èñïîëüçóåìîãî äëÿ èññëåäîâàíèÿ êà÷åñòâà âîäû. Ïðåäëîæåíà ýìïèðè÷åñêàÿ ìîäåëü ÁÏËÀ â ðåæèìå ñáîðà ïðîá
äëÿ ïðîâåäåíèÿ àíàëèçà ïðîá. Êîñâåííàÿ âàëèäàöèÿ ñîçäàííîé ýìïèðè÷åñêîé ìîäåëè ïîêàçàëà õîðîøåå ñîâïà-
äåíèå õàðàêòåðà ýêñïåðèìåíòàëüíûõ çàâèñèìîñòåé è ìîäåëüíûõ çàâèñèìîñòåé, ïîëó÷åííûõ íà áàçå ýâðèñòè÷åñ-
êîãî àëãîðèòìà ôóíêöèîíèðîâàíèÿ ÁÏËÀ â ðåæèìå èññëåäîâàíèÿ êà÷åñòâà âîäû.

Êëþ÷åâûå ñëîâà: ýëåêòðîïðîâîäèìîñòü, ÁÏËÀ, ìîðñêàÿ âîäà, ýìïèðè÷åñêàÿ ìîäåëü, ýâðèñòè÷åñêèé àëãîðèòì.

óñòðîéñòâà [10, 11]. Îäíàêî îñíîâíîé èõ íåäîñòà-
òîê — íåâîçìîæíîñòü òî÷íîãî îïðåäåëåíèÿ èõ ìå-
ñòîíàõîæäåíèÿ, òàê êàê GPS ïîä âîäîé ðàáîòàåò
íåòî÷íî. Òàêæå èçâåñòíû íàäâîäíûå ñðåäñòâà âçÿ-
òèÿ ïðîá âîäû. Îäíàêî èõ äëèòåëüíîå èñïîëüçî-
âàíèå ïðèâîäèò ê çàãðÿçíåíèþ ñåíñîðîâ è óìåíü-
øàåò äîñòîâåðíîñòü ïîëó÷àåìûõ äàííûõ. Ðàçðà-
áîòêà òåõíîëîãèè èñïîëüçîâàíèÿ ÁÏËÀ îòêðûâàåò
íîâûå âîçìîæíîñòè â ñáîðå ïðîá âîäû â íåäîñòóï-
íûõ ìåñòàõ [12, 13]. Âîïðîñû ìîäåëèðîâàíèÿ ôóí-
êöèîíèðîâàíèÿ ÁÏËÀ è èõ íàâèãàöèîííîãî îáåñ-
ïå÷åíèÿ ðàññìîòðåíû â [14, 15].  Êàê îòìå÷àåòñÿ
â ðàáîòå [16], ñóùåñòâóþùèå ïðîãðàììû îöåíêè
êà÷åñòâà âîäû ðàçëè÷íûõ âîäîåìîâ òðåáóþò ïðè-
âëå÷åíèÿ ê âûïîëíÿåìûì ðàáîòàì áîëüøîãî êî-
ëè÷åñòâà ïåðñîíàëà äëÿ îïåðàòèâíîãî ïðîâåäåíèÿ
èçìåðåíèé. Äàííàÿ ïðîáëåìà â íàñòîÿùåå âðåìÿ
ìîæåò áûòü óñòðàíåíà ïóòåì èñïîëüçîâàíèÿ
ÁÏËÀ, îñíàùåííûõ ñîîòâåòñòâóþùèìè ñåíñîðà-
ìè.

Êàê îòìå÷àåòñÿ â ðàáîòå [17], àêòóàëüíîñòü
èññëåäîâàíèÿ ñîëåíîñòè èëè ýëåêòðè÷åñêîé ïðî-
âîäèìîñòè âîä çàáîëî÷åííîé ìåñòíîñòè îáóñëîâ-
ëåíà íàëè÷èåì â íèõ îñîáî âðåäíûõ ìèêðîîðãà-
íèçìîâ òèïà Cicindela nevadica lincolniana, íàçû-
âàåìûõ òèãðîâûìè æó÷êàìè ñîëåíûõ âîäîåìîâ.
Èñïîëüçîâàíèå ÁÏËÀ â äàííûõ öåëÿõ ïîçâîëÿåò
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ïîâûñèòü ïðîñòðàíñòâåííî-âðåìåííîå ðàçðåøå-
íèå ðåçóëüòàòîâ ïðîâîäèìûõ èññëåäîâàíèé. Äàò-
÷èêè ýëåêòðè÷åñêîé ïðîâîäèìîñòè ïðè ñîîòâåò-
ñòâóþùåì óïðàâëåíèè âûñîòîé ïîëåòà ÁÏËÀ ââî-
äÿòñÿ â âîäû è óäàëÿþòñÿ ïîñëå çàìåðîâ ïðîâîäè-
ìîñòè. Ïðè ýòîì äîïîëíèòåëüíî èñïîëüçóþòñÿ
òåðìàëüíûå ñåíñîðû, óñòàíîâëåííûå íà äðóãîì
ÁÏËÀ, ëåòàâøåì íà 10—30 ì âûøå, ÷åì ïåðâûé
àïïàðàò. Òåìïåðàòóðíàÿ ðàçâåäêà îñóùåñòâëÿåòñÿ
ñ öåëüþ îáíàðóæåíèÿ ïîäâîäíûõ òå÷åíèé ïîñòó-
ïàþùåé èçâíå âîäû, òåìïåðàòóðà è ñîëåíîñòü
êîòîðîé çíà÷èòåëüíî îòëè÷àþòñÿ îò òåìïåðàòóðû
è ñîëåíîñòè îñíîâíîé âîäíîé ìàññû (ðèñ. 1).

Ñîãëàñíî ðàáîòå [18], äëÿ èññëåäîâàíèÿ êà÷å-
ñòâà âîäû, â ÷àñòíîñòè èçìåðåíèÿ òàêèõ ïîêàçà-
òåëåé, êàê òåìïåðàòóðà, ýëåêòðè÷åñêàÿ ïðîâîäè-
ìîñòü, ðàñòâîðåííûé êèñëîðîä, ðÍ âîäû, áûë èñ-
ïîëüçîâàí ãåêòîêîïòåð, îñóùåñòâèâøèé èçìåðå-
íèÿ â òðèíàäöàòè ðàçëè÷íûõ òî÷êàõ âîäîåìà. Ïî-
ãðåøíîñòü èçìåðåíèé íå ïðåâûøàëà 1—4%.

Ïðîâåäåííûå ýêñïåðèìåíòàëüíûå èññëåäîâà-
íèÿ ïîêàçàëè íàëè÷èå äîñòàòî÷íî ñèëüíîé êîððå-
ëÿöèè ìåæäó ýëåêòðè÷åñêîé ïðîâîäèìîñòüþ è
òåìïåðàòóðîé âîäû (ðèñ. 2, à è á ñîîòâåòñòâåííî).

Â ðàáîòå [16] ñîîáùàåòñÿ î âîçìîæíîñòè ðà-
áîòû ÁÏËÀ â àâòîìàòè÷åñêîì ðåæèìå âçÿòèÿ ïðîá
âîäû. Ñõåìàòè÷åñêàÿ äèàãðàììà ðåàëèçàöèè òàêî-
ãî ðåæèìà ïîêàçàíà íà ðèñ. 3.

Ïîñòàíîâêà çàäà÷è

Â ðàáîòàõ [16, 19] ïðèâåäåíû ðåçóëüòàòû ýêñ-
ïåðèìåíòàëüíûõ èññëåäîâàíèé ÁÏËÀ, îñóùåñòâ-
ëÿþùåãî âçÿòèå ïðîáû âîäû äëÿ îïðåäåëåíèÿ
ïîêàçàòåëåé åå êà÷åñòâà. Íà ðèñ. 4 ïðèâåäåíû
êðèâûå çàâèñèìîñòè ïîäúåìíîé ñèëû è âðåìåíè
íîðìàëüíîãî ôóíêöèîíèðîâàíèÿ îò óðîâíÿ äðîñ-
ñåëèðîâàíèÿ â ïðîöåíòàõ.

Íà ðèñ. 5 ïðèâåäåíû ãðàôèêè çàâèñèìîñòè
îòíîøåíèÿ ïîäúåìíàÿ ñèëà / âåñ è íîðìàëüíîãî
âðåìåíè ðàáîòû îò åìêîñòè ýëåêòðè÷åñêîãî àêêó-
ìóëÿòîðà [16].

Ðèñ. 1. Ñõåìàòè÷åñêîå èçîáðàæåíèå ïðîâîäèìûõ èçìåðåíèé ñîëåíîñòè, ýëåêòðè÷åñêîé ïðîâîäèìîñòè âîäû è
òåìïåðàòóðû âîäíûõ òå÷åíèé ñ ïîìîùüþ äàò÷èêà ñîëåíîñòè è òåðìàëüíîãî äèñòàíöèîííîãî ñåíñîðà [2]

Ðèñ. 2. Ãðàôè÷åñêîå ïðåäñòàâëåíèå ðåçóëüòàòîâ èçìåðåíèé ýëåêòðè÷åñêîé ïðîâîäèìîñòè è òåìïåðàòóðû âîäû
ñ ïîìîùüþ äàò÷èêîâ, óñòàíîâëåííûõ íà êâàäðîêîïòåðå [18]: 1 – ðåçóëüòàòû, ïîëó÷åííûå ñ ïîìîùüþ ñïåöèàëè-
çèðîâàííîãî ìóëüòèèçìåðèòåëÿ; 2 — ðåçóëüòàòû, ïîëó÷åííûå ñ ïîìîùüþ ñòàíäàðòíîãî èçìåðèòåëÿ

à)                                                                            á)
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Êàê îòìå÷àåòñÿ â ðàáîòå [19], ïðè âåñå ïóñòî-
ãî ÁÏËÀ, ðàâíîì 4,3 êã, ïîäúåìíàÿ ñèëà, îáåñïå-
÷èâàåìàÿ ýëåêòðè÷åñêèì àêêóìóëÿòîðîì åìêîñòüþ
8000 ìÀ·÷, äîñòèãàëà 64N. Îòíîøåíèå ïîäúåìíîé
ñèëû ê âåñó äîñòèãàëî 2,5. Ïîäúåìíàÿ ñèëà 127 N
îáåñïå÷èâàëàñü ïðè âðåìåíè íîðìàëüíîãî ôóíê-
öèîíèðîâàíèÿ 8,7 ìèí. Ïðè óâåëè÷åíèè ñòåïåíè
äðîññåëèðîâàíèÿ äî 60% ïîäúåìíàÿ ñèëà óâåëè-
÷èâàëàñü äî 129 N, à âðåìÿ íîðìàëüíîãî ôóíêöè-
îíèðîâàíèÿ óìåíüøàëîñü äî 7,3 ìèí.

Öåëüþ íàñòîÿùåãî èññëåäîâàíèÿ ÿâëÿåòñÿ ðàç-
ðàáîòêà ýìïèðè÷åñêîé ìîäåëè ÁÏËÀ, èñïîëüçó-
åìûõ äëÿ èññëåäîâàíèÿ êà÷åñòâà âîäû âîäîåìîâ.

Ðåøåíèå çàäà÷è

Â îáùåì ñëó÷àå, ýìïèðè÷åñêàÿ ìîäåëü ÿâëÿåò-
ñÿ ðàçíîâèäíîñòüþ ìîäåëåé, îñíîâó êîòîðîé ñî-
ñòàâëÿþò ðåçóëüòàòû àíàëèçà íåêîòîðîãî îáúåìà
äàííûõ (èíôîðìàöèè), ïîëó÷åííûõ â ðåçóëüòàòå
ýêñïåðèìåíòà èëè èçìåðåíèé. Ðåçóëüòàòîì ðàáîò
ïî ñîçäàíèþ ýìïèðè÷åñêîé ìîäåëè ÿâëÿþòñÿ íî-
âûå ôîðìóëû, óðàâíåíèÿ, îïèñûâàþùèå ñâÿçü
ìåæäó ðàññìàòðèâàåìûìè âåëè÷èíàìè [20]. Ñî-
ãëàñíî ðàáîòå [21], â íàñòîÿùåå âðåìÿ âûäåëåíî
äâà íàïðàâëåíèÿ â çàäà÷àõ ìîäåëèðîâàíèÿ ïðîöåñ-
ñîâ:

Ðèñ. 3. Ñõåìàòè÷åñêàÿ äèàãðàììà ðåàëèçàöèè ðåæèìà ðàáîòû âçÿòèÿ ïðîá ñ ïîìîùüþ ÁÏËÀ

Ðèñ. 4. Êðèâûå çàâèñèìîñòè ïîäúåìíîé ñèëû è âðåìå-
íè íîðìàëüíîãî ôóíêöèîíèðîâàíèÿ îò ñòåïåíè äðîññå-
ëèðîâàíèÿ â ïðîöåíòàõ: 1 –ïîäúåìíàÿ ñèëà, N; 2 – âðåìÿ
íîðìàëüíîé ðàáîòû [16]

Ðèñ. 5. Ãðàôèêè çàâèñèìîñòè îòíîøåíèÿ ïîäúåìíàÿ
ñèëà / âåñ è íîðìàëüíîãî âðåìåíè ðàáîòû îò åìêîñòè
ýëåêòðè÷åñêîãî àêêóìóëÿòîðà: 1 – ïîäúåìíàÿ ñèëà, N;
2 – âðåìÿ íîðìàëüíîé ðàáîòû [19]



75Âåñòíèê Ìîñêîâñêîãî àâèàöèîííîãî èíñòèòóòà. Ò.26. ¹3

Ïðîåêòèðîâàíèå, êîíñòðóêöèÿ è ïðîèçâîäñòâî ëåòàòåëüíûõ àïïàðàòîâ Design, construction and manufacturing of flying vehicles

1. Ðàçâèòèå ìåòîäîâ ìàøèííîãî ïîèñêà ñêðû-
òûõ çàêîíîìåðíîñòåé áàç äàííûõ è çíàíèé.

2. Ðàçðàáîòêà ñïåöèàëüíûõ ýâðèñòè÷åñêèõ ïðî-
öåäóð êîíòðîëÿ èñõîäíûõ ïðåäïîëîæåíèé. Â íà-
ñòîÿùåé ñòàòüå ìû ïðîâåäåì èññëåäîâàíèÿ â ñî-
îòâåòñòâèè ñî âòîðûì íàïðàâëåíèåì, èñïîëüçóÿ
ýâðèñòè÷åñêóþ ïðîöåäóðó ñîïîñòàâëåíèÿ çíà÷å-
íèé èñêîìîãî ïîêàçàòåëÿ, âû÷èñëåííûõ ïî ðàç-
ëè÷íûì ïðåäñòàâëåíèÿì â âèäå îäíèõ ãðàôè÷åñ-
êèõ äàííûõ, è ïðîâåðêó ïîëó÷åííîãî ðåçóëüòàòà ñ
äðóãèìè ãðàôè÷åñêèìè äàííûìè.

Àëãîðèòì ïðåäëàãàåìîé ýâðèñòè÷åñêîé ïðîöå-
äóðû ïðåäñòàâëåí â âèäå áëîê-ñõåìû íà ðèñ. 6.

Ðàññìîòðèì êîíêðåòíûå âîïðîñû ðåàëèçàöèè
ïðåäëàãàåìîãî ýâðèñòè÷åñêîãî àëãîðèòìà ñîçäà-
íèÿ ýìïèðè÷åñêîé ìîäåëè. Äëÿ äàëüíåéøèõ ìà-
òåìàòè÷åñêèõ âûêëàäîê ïðèìåì ñëåäóþùèå áóê-
âåííûå îáîçíà÷åíèÿ:

Ò — ïîäúåìíàÿ ñèëà;
Ð1 — âåñ äðîíà ñ àêêóìóëÿòîðîì;
Ð2 — âåñ äðîíà áåç àêêóìóëÿòîðà;
Ð3 — âåñ àêêóìóëÿòîðà;

Â — åìêîñòü àêêóìóëÿòîðà;
Z — ñòåïåíü äðîññåëèðîâàíèÿ;
Å — âðåìÿ íîðìàëüíîãî ôóíêöèîíèðîâàíèÿ.
Ñ÷èòàåì, ÷òî âåñ ïðîáû âîäû íàìíîãî ìåíü-

øå, ÷åì min (Ð2, Ð3). Â ñîîòâåòñòâèè ñ âûøåóêà-
çàííûì àëãîðèòìîì, â êà÷åñòâå èñêîìîãî ïîêàçà-
òåëÿ âûáåðåì Ð3.

Ïðèìåì ñëåäóþùåå ïðåäïîëîæåíèå:

1 3.B k P= ◊                           (1)

Âûðàæåíèå (1) îçíà÷àåò, ÷òî ìåæäó åìêîñòüþ
àêêóìóëÿòîðà è åãî âåñîì èìååòñÿ ïðÿìàÿ ëèíåé-
íî-ïðîïîðöèîíàëüíàÿ ñâÿçü:

1 2 3.P P P= +                         (2)

Âûðàæåíèå (1) îçíà÷àåò, ÷òî âåñ ïðîáû íè÷-
òîæåí è íå ó÷èòûâàåòñÿ.

Ñ ó÷åòîì ïåðâè÷íûõ ãðàôè÷åñêèõ ïðåäñòàâëå-
íèé, ïîêàçàííûõ íà ðèñ. 5, ìîæåì çàïèñàòü:

 1 1 1 1 1 3
2 3

.
Ò

À Ñ Â À Ñ k P
P P

= - = -
+           (3)

Ðèñ. 6. Áëîê-ñõåìà ýâðèñòè÷åñêîãî àëãîðèòìà ñîçäàíèÿ ýìïèðè÷åñêîé ìîäåëè ÁÏËÀ, èñïîëüçóåìîé
äëÿ èññëåäîâàíèÿ êà÷åñòâà âîäû
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Âûðàæåíèå (3) ìîæåò áûòü ïðåîáðàçîâàíî â
êâàäðàòíîå óðàâíåíèå

( )1 1 2 12 1 2
3

1 1 1 1

0.
Ñ k P À Ò À P

P
Ñ k Ñ k

- -
+ + =         (4)

Ðåøåíèå (4) èìååò âèä

2

1 1 2 1 1 1 2 1 1 2
3

1 1 1 1 1 1

.
2 2

Ñ k P À Ñ k P À À P Ò
P

Ñ k Ñ k Ñ k

Ê ˆ Ê ˆ- - -
= - ± +Á ˜ Á ˜Ë ¯ Ë ¯

(5)

Äàëåå, íà îñíîâå âòîðè÷íûõ ãðàôè÷åñêèõ ïðåä-
ñòàâëåíèé, ïîêàçàííûõ íà ðèñ. 4, çàïèøåì

2
2  .k ZE À e-= ◊                         (6)

Âìåñòå ñ òåì èç ãðàôèêîâ, ïðåäñòàâëåííûõ íà
ðèñ. 5, èìååì

2 1 3 3.E k k P À= ◊ ◊                      (7)

Èç âûðàæåíèé (6) è (7) íàõîäèì

2
2 3

3
3 1

 
.

k ZÀ e À
P

k k

-◊ -
=                   (8)

Ñ ó÷åòîì ïîëó÷åííûõ âûðàæåíèé (5) è (8) äëÿ
âû÷èñëåíèÿ P3 îêîí÷àòåëüíî ïîëó÷èì

2
2 3 1 1 2 1

3 1 1 1

2

1 1 2 1 1 2

1 1 1 1

 

2

.
2

k ZÀ e À Ñ k P À

k k Ñ k

Ñ k P À À P Ò

Ñ k Ñ k

-◊ - -
+ =

Ê ˆ- -
= +Á ˜Ë ¯

            
(9)

Âûðàæåíèå (9) ÿâëÿåòñÿ ýìïèðè÷åñêîé ìîäå-
ëüþ ôóíêöèîíèðîâàíèÿ ÁÏËÀ â ðåæèìå èññëåäî-
âàíèÿ êà÷åñòâà âîäû ïóòåì âçÿòèÿ ïðîá.

Îáñóæäåíèå ðåçóëüòàòîâ

Òàêèì îáðàçîì, ýìïèðè÷åñêàÿ ìîäåëü ÁÏËÀ,
ôóíêöèîíèðóþùåãî â ðåæèìå âçÿòèÿ ïðîá (9),
ÿâëÿåòñÿ âûðàæåíèåì, îáúåäèíÿþùèì òàêèå ïî-
êàçàòåëè ïîëåòà ÁÏËÀ, êàê Z, P2, Ò.

Äîñòîâåðíîñòü ýòîé ìîäåëè ìîæåò áûòü ïðî-
âåðåíà êîñâåííûì îáðàçîì, ïóòåì àíàëèçà âçàè-
ìîñâÿçè ïîêàçàòåëåé Ò è P2. Êàê âèäíî èç ìîäå-
ëè (9), ðîñò Ò ïðè ïîñòîÿíñòâå P2 äîëæåí ñîïðî-
âîæäàòüñÿ ðîñòîì Z. Ýòîì ðåçóëüòàò ïîäòâåðæäà-
åòñÿ íà ïðàêòèêå ñîîòâåòñòâóþùèì ãðàôèêîì,
ïðåäñòàâëåííûì íà ðèñ. 4. Äîïîëíèòåëüíîå ïîä-

òâåðæäåíèå òîìó — ñîîòâåòñòâóþùèé ãðàôèê, ïî-
êàçàííûé íà ðèñ. 7.

Êàê âèäíî èç ãðàôèêà, ïðåäñòàâëåííîãî íà
ðèñ. 7, ïîäúåìíàÿ ñèëà ÿâëÿåòñÿ ðàñòóùåé ôóíê-
öèåé óðîâíÿ äðîññåëèðîâàíèÿ. Óêàçàííàÿ çàêîíî-
ìåðíîñòü òàêæå íàáëþäàåòñÿ íà ýìïèðè÷åñêîé ìî-
äåëè (9).

Âûâîäû

 Ïðèâåäåí êðàòêèé îáçîð ñóùåñòâóþùèõ ðàáîò
ïî èñïîëüçîâàíèþ ÁÏËÀ äëÿ àíàëèçà êà÷åñòâà
âîäû âîäîåìîâ.

 Ñôîðìóëèðîâàíà çàäà÷à ôîðìèðîâàíèÿ ýìïè-
ðè÷åñêîé ìîäåëè ÁÏËÀ â ðåæèìå âçÿòèÿ ïðîá
âîäû.

 Ïðåäëîæåí ýâðèñòè÷åñêèé àëãîðèòì ñîçäàíèÿ
ýìïèðè÷åñêîé ìîäåëè ÁÏËÀ, èñïîëüçóåìîãî äëÿ
èññëåäîâàíèÿ êà÷åñòâà âîäû.

 Ïðåäëîæåíà ýìïèðè÷åñêàÿ ìîäåëü ÁÏËÀ â
ðåæèìå ñáîðà ïðîá äëÿ ïðîâåäåíèÿ àíàëèçà ïðîá.

 Êîñâåííàÿ âàëèäàöèÿ ñîçäàííîé ýìïèðè÷åñ-
êîé ìîäåëè ïîêàçàëà õîðîøåå ñîâïàäåíèå õàðàê-
òåðà ýêñïåðèìåíòàëüíûõ çàâèñèìîñòåé è ìîäåëü-
íûõ çàâèñèìîñòåé, ïîëó÷åííûõ íà áàçå ýâðèñòè-
÷åñêîãî àëãîðèòìà ÁÏËÀ â ðåæèìå èññëåäîâàíèÿ
êà÷åñòâà âîäû.
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Abstract

Water is a necessary factor for the humankind
survival. For this reason, the quality of water resources
should be protected. Thus, it is necessary to organize
permanent monitoring of water resources. Industrial
and agricultural wastes are the main sources
representing danger for water basins. Water quality of
rivers and lakes may be evaluated by monitoring such
indices as quantity of dissolved oxygen, pH.,
temperature, and electric conductance. Low
concentration of oxygen dissolved in the water,
undesirable temperature and abnormal salt content
lead to water quality degradation. The article is
dedicated to the issues of UAV application for the
seawater salinity and conductance determining. The
UAV application for this purpose allows increasing
space-time resolution of the results of the studies being
performed. The task of forming the UAV empirical
model in water sampling mode was formulated.
Electric conductance sensors while corresponding
UAV flight altitude control are being immersed into
the water and taken out after conduction measuring.
Thermal sensors are applied herewith, installed on the
other UAV flying 30–40 meters higher than the first
one. Temperature survey is performed to reveal
undercurrents of the incoming external water, which
temperature and salinity differ greatly from those of
the basic water body. The studies employing heuristic
procedure of collating the values of the searched
indicator, computed by different representations in the
form of one graphics data, and checking the obtained
results by the data represented by the other graphics
data were performed. The article suggests an empirical
model of the UAV, employed for the water quality
studying. The empirical model of the UAV in the
mode of sampling for the samples analysis is presented
as well. Specific issues of realizing the suggested
empirical algorithm for the empirical model
development were considered. Indirect validation of
the developed empirical model demonstrated close
agreement of experimental and modelled dependencies
character obtained based on heuristic algorithm of the
UAV functioning in the water quality studying mode.

UAV FUNCTIONING MODE OPTIMIZATION WHILE SEAWATER SAMPLING

Mamedov I.E.*, Sharifova B.A.**

National Aerospace Agency of Azerbaijan,
NAKA, 1, bldg. 2, Suleiman Sani Akhundov str., 8th MD., Baku, AZ1115, Azerbaijan Republic
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