
66 ÏÎÄÂÎÄÍÛÅ ÈÑÑËÅÄÎÂÀÍÈß È ÐÎÁÎÒÎÒÅÕÍÈÊÀ. 2008. ¹ 1(5)

ÐÅÔÅÐÀÒÛ

ÓÄÊ 551.46.077:629.584
Êëþ÷åâûå ñëîâà: ïîäâîäíûå ðîáîòû, óïðàâëåíèå, 
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Èíçàðöåâ À.Â., Ìàòâèåíêî Â.Þ. ÂÈÇÓÀËÜÍÀß 
ÑÐÅÄÀ ÐÀÇÐÀÁÎÒÊÈ ÇÀÄÀÍÈÉ ÄËß ÀÂÒÎÍÎÌ-
ÍÛÕ ÏÎÄÂÎÄÍÛÕ ÐÎÁÎÒÎÂ // Ïîäâîäíûå èññëå-
äîâàíèÿ è ðîáîòîòåõíèêà. 2008. ¹1(5). Ñ. 5-10.

Îïèñûâàåòñÿ ñèñòåìà ïëàíèðîâàíèÿ ìèññèé äëÿ 
àâòîíîìíûõ íåîáèòàåìûõ ïîäâîäíûõ àïïàðàòîâ. Ïðè-
âîäèòñÿ êðàòêèé îáçîð ñîâðåìåííûõ ñðåäñòâ âèçóàëü-
íîãî ïðîãðàììèðîâàíèÿ, ïðèìåíÿåìûõ äëÿ ñîñòàâëå-
íèÿ çàäàíèé äëÿ ðîáîòîâ. Ãëàâíûì îáðàçîì âíèìàíèå 
óäåëÿåòñÿ ñðåäñòâàì, îñíîâàííûì íà ïàðàäèãìå ïðî-
ãðàììèðîâàíèÿ ïîòîêîâ äàííûõ. Ïåðå÷èñëåíû ôóíê-
öèîíàëüíûå âîçìîæíîñòè, òåõíîëîãèè ïëàíèðîâàíèÿ 
è ïðåäñòàâëåíèÿ çàäàíèÿ, îñíîâíûå àðõèòåêòóðíûå 
ïðèíöèïû ñîçäàâàåìîé ñèñòåìû.

ÓÄÊ 629.58:681.5
Êëþ÷åâûå ñëîâà: àâòîíîìíûé íåîáèòàåìûé ïîä-

âîäíûé àïïàðàò, ñèñòåìà óïðàâëåíèÿ, ïðîãðàììíàÿ 
ïëàòôîðìà, óíèôèöèðîâàííûé ôóíêöèîíàëüíûé èí-
òåðôåéñ, óíèôèöèðîâàííûå áàçû äàííûõ

Ñåâðþê À.Í., Ñåíèí Ð.À. ÏÐÎÃÐÀÌÌÍÀß 
ÏËÀÒÔÎÐÌÀ ÄËß ÏÎÑÒÐÎÅÍÈß ÑÎÁÛÒÈÉÍÎ-
ÎÐÈÅÍÒÈÐÎÂÀÍÍÎÉ ÑÈÑÒÅÌÛ ÓÏÐÀÂËÅÍÈß 
ÀÂÒÎÍÎÌÍÎÃÎ ÍÅÎÁÈÒÀÅÌÎÃÎ ÏÎÄÂÎÄÍÎÃÎ 
ÀÏÏÀÐÀÒÀ // Ïîäâîäíûå èññëåäîâàíèÿ è ðîáîòîòåõ-
íèêà. 2008. ¹1(5). Ñ. 11-15.

Ðàññìàòðèâàþòñÿ âîïðîñû îðãàíèçàöèè ñîáûòèéíî-
îðèåíòèðîâàííîé ñèñòåìû óïðàâëåíèÿ (ÑÓ) ÀÍÏÀ íà 
îñíîâå ÑÓÁÄ ÐÂ. Èñïîëüçîâàíèå ÁÄ ïîçâîëÿåò óïðî-
ñòèòü ïðîöåññ ñîçäàíèÿ, îòëàäêè è ìîäåðíèçàöèè ïðî-
ãðàììíîãî îáåñïå÷åíèÿ ÀÍÏÀ. Îáåñïå÷èâàåòñÿ òàêæå 
ïîääåðæêà ñìåííîãî îáîðóäîâàíèÿ ÀÍÏÀ, îïòèìèçà-
öèÿ èñïîëüçîâàíèÿ ðåñóðñîâ áîðòîâîé ñåòè ÀÍÏÀ, à 
òàêæå îáëåã÷àåòñÿ èíòåãðàöèÿ ÑÓ ÀÍÏÀ ñî ñðåäîé âè-
çóàëüíîãî ìîäåëèðîâàíèÿ. Îïèñûâàþòñÿ òðåáîâàíèÿ 
ê ðàçðàáàòûâàåìîé ÑÓ è ìåõàíèçìû èõ ðåàëèçàöèè, 
ïðèâîäèòñÿ ïðèìåð èñïîëüçîâàíèÿ óíèôèöèðîâàííî-
ãî ôóíêöèîíàëüíîãî èíòåðôåéñà.

ÓÄÊ 551.46.077:629.584
Êëþ÷åâûå ñëîâà: àâòîíîìíûé íåîáèòàåìûé ïîä-

âîäíûé àïïàðàò,  ñèñòåìà óïðàâëåíèÿ, àëãîðèòì, íå-
÷åòêàÿ ëîãèêà, ãèäðîäèíàìèêà, òèïîâîé (ýëåìåíòàð-
íûé) ðåæèì äâèæåíèÿ

Êèñåëåâ Ë.Â., Ìåäâåäåâ À.Â. ÈÑÑËÅÄÎÂÀÍÈÅ  
ÄÈÍÀÌÈ×ÅÑÊÈÕ ÑÂÎÉÑÒÂ ÀÂÒÎÍÎÌÍÎÃÎ ÏÎÄ-
ÂÎÄÍÎÃÎ ÐÎÁÎÒÀ ÍÀ ÎÑÍÎÂÅ ÒÈÏÎËÎÃÈÈ ÏÐÎ-
ÖÅÑÑÎÂ È ÌÎÄÅËÅÉ  ÍÅ×ÅÒÊÎÃÎ ÓÏÐÀÂËÅÍÈß 
// Ïîäâîäíûå èññëåäîâàíèÿ è ðîáîòîòåõíèêà. 2008. 
¹1(5). Ñ. 16-23.

Èññëåäóþòñÿ äèíàìè÷åñêèå ñâîéñòâà àâòîíîìíîãî 
íåîáèòàåìîãî ïîäâîäíîãî àïïàðàòà (ÀÍÏÀ)  ïðè îñó-

ùåñòâëåíèè «òèïîâûõ»  ðåæèìîâ ïðîñòðàíñòâåííîãî  
äâèæåíèÿ. Çà îñíîâó ïðèíÿòî ïðåäñòàâëåíèå ìíîãîîá-
ðàçèÿ ïðîñòðàíñòâåííûõ äâèæåíèé â âèäå äèíàìè÷å-
ñêèõ ìîäóëåé  ñ ïðèñóùèìè èì õàðàêòåðèñòèêàìè è 
çàäà÷àìè óïðàâëåíèÿ. Ïðè ôîðìèðîâàíèè àëãîðèòìîâ 
óïðàâëåíèÿ â óñëîâèÿõ íåïîëíîé èëè íåäîñòîâåðíîé 
èíôîðìàöèè èñïîëüçóþòñÿ ìåòîäû íå÷åòêîé ëîãèêè. 
Â êà÷åñòâå êîíêðåòíîãî ïðèìåðà ðàññìàòðèâàåòñÿ äè-
íàìè÷åñêàÿ ìîäåëü èçâåñòíîãî ïîäâîäíîãî àïïàðàòà  è 
àëãîðèòì óïðàâëåíèÿ äâèæåíèåì â çàäà÷å ïðèâåäåíèÿ 
ê çàäàííîé öåëè ïðè äåéñòâèè âîçìóùåíèé. 
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òîíîìíûå è  àêóñòè÷åñêèå ñèñòåìû, ïîäëåäíûå èññëå-
äîâàíèÿ, Àðêòèêà

Âàóëèí Þ.Â., Èíçàðöåâ À.Â., Êàìîðíûé À.Â., Êè-
ñåëåâ Ë.Â., Ìàòâèåíêî Þ.Â., Ðûëîâ Í.È., Ðûëîâ Ð.Í.  
ÍÀÂÈÃÀÖÈÎÍÍÛÉ  ÊÎÌÏËÅÊÑ  ÀÂÒÎÍÎÌÍÎÃÎ 
ÏÎÄÂÎÄÍÎÃÎ ÐÎÁÎÒÀ È ÎÑÎÁÅÍÍÎÑÒÈ ÅÃÎ  ÏÐÈ-
ÌÅÍÅÍÈß Â ÓÑËÎÂÈßÕ ÀÐÊÒÈÊÈ // Ïîäâîäíûå 
èññëåäîâàíèÿ è ðîáîòîòåõíèêà. 2008. ¹1(5). Ñ. 24-31.  

Ðàññìàòðèâàåòñÿ îïûò ñîçäàíèÿ è ïðàêòè÷åñêîãî 
ïðèìåíåíèÿ èíòåãðàëüíîé íàâèãàöèîííîé ñèñòåìû 
àâòîíîìíîãî ïîäâîäíîãî ðîáîòà, îñóùåñòâëÿþùåãî 
çàäàííûå ïðîãðàììíûå ìèññèè â  ñëîæíûõ è ýêñòðå-
ìàëüíûõ óñëîâèÿõ ñðåäû. Îáñóæäàþòñÿ  ñîñòàâ, õà-
ðàêòåðèñòèêè è  ñïîñîáû êîððåêöèè íàâèãàöèîííûõ 
äàííûõ, ïîëó÷åííûõ ñ ïîìîùüþ áîðòîâîé àâòîíîì-
íîé, ãèäðîàêóñòè÷åñêîé è ñïóòíèêîâîé ñèñòåì. Ïðè-
âîäÿòñÿ äàííûå ìîðñêèõ íàòóðíûõ èñïûòàíèé íàâè-
ãàöèîííîãî êîìïëåêñà â ñîñòàâå ïîäâîäíîãî ðîáîòà 
«Êëàâåñèí» è ðåçóëüòàòû åãî îïûòíîé ýêñïëóàòàöèè 
ïðè ðàáîòå ïîäî ëüäîì â âûñîêèõ øèðîòàõ Àðêòèêè 
ïðè îáñëåäîâàíèè õðåáòà Ëîìîíîñîâà. 

ÓÄÊ 551.46.077:629.584
Êëþ÷åâûå ñëîâà: àâòîíîìíûé íåîáèòàåìûé ïîä-

âîäíûé àïïàðàò, ïðèâåäåíèå, íàâèãàöèÿ, àêóñòè÷å-
ñêèé ìàÿê

Ïàâèí À.Ì.  ÀÂÒÎÌÀÒÈ×ÅÑÊÎÅ ÏÐÈÂÅÄÅÍÈÅ 
ÀÂÒÎÍÎÌÍÎÃÎ ÏÎÄÂÎÄÍÎÃÎ ÐÎÁÎÒÀ Ê ÃÈÄÐÎÀ-
ÊÓÑÒÈ×ÅÑÊÎÌÓ ÌÀßÊÓ // Ïîäâîäíûå èññëåäîâà-
íèÿ è ðîáîòîòåõíèêà. 2008. ¹1(5). Ñ. 32-38.

Îáñóæäàþòñÿ âîïðîñû íàâèãàöèè è óïðàâëåíèÿ àâ-
òîíîìíûì íåîáèòàåìûì ïîäâîäíûì àïïàðàòîì âî âðå-
ìÿ ïðèâåäåíèÿ åãî â ðàéîí, îáîçíà÷åííûé ãèäðîàêó-
ñòè÷åñêèì ìàÿêîì. Äàåòñÿ îïèñàíèå ìàòåìàòè÷åñêîãî 
è àëãîðèòìè÷åñêîãî îáåñïå÷åíèÿ ïðîãðàììíîãî ìîäó-
ëÿ, îñóùåñòâëÿþùåãî óïðàâëåíèå ïîäâîäíûì àïïàðà-
òîì. Ïðèâîäÿòñÿ ðåçóëüòàòû ìîðñêèõ èñïûòàíèé.
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ñòè÷åñêàÿ íàâèãàöèÿ è óïðàâëåíèå, ñëîæíûå ñèãíà-
ëû, íàòóðíûé ýêñïåðèìåíò

Áóðäèíñêèé È.Í., Ìàòâèåíêî Þ.Â., Ìèðîíîâ À.Ñ., 
Ðûëîâ Ð.Í. Î ÏÐÈÌÅÍÅÍÈÈ ÑËÎÆÍÛÕ ÑÈÃÍÀ-
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ËÎÂ  Â ÃÈÄÐÎÀÊÓÑÒÈ×ÅÑÊÈÕ ÑÈÑÒÅÌÀÕ ÍÀÂÈ-
ÃÀÖÈÈ È ÓÏÐÀÂËÅÍÈß ÏÎÄÂÎÄÍÛÕ ÐÎÁÎÒÎÂ 
// Ïîäâîäíûå èññëåäîâàíèÿ è ðîáîòîòåõíèêà. 2008. 
¹1(5). Ñ. 39-46.

Ðàçðàáîòàí èíôîðìàöèîííî-èçìåðèòåëüíûé êîì-
ïëåêñ ñ èñïîëüçîâàíèåì òåõíîëîãèè FPGA, ïîçâîëÿþ-
ùèé â ðåàëüíîì ìàñøòàáå âðåìåíè ñ âûñîêîé òî÷íî-
ñòüþ îáðàáàòûâàòü øóìîïîäîáíûå ãèäðîàêóñòè÷åñêèå 
íàâèãàöèîííûå è óïðàâëÿþùèå ñèãíàëû. Ïðåäñòàâëå-
íû ðåçóëüòàòû íàòóðíûõ èñïûòàíèé ìàêåòà ðàçðàáî-
òàííîãî êîìïëåêñà â óñëîâèÿõ ìåëêîãî ìîðÿ.

ÓÄÊ: 534.222. 
Êëþ÷åâûå ñëîâà: ïîäâîäíûé âîëíîâîä, ñòîõàñòè-

÷åñêîå ìîäåëèðîâàíèå, çîíàëüíàÿ ñòðóêòóðà àêóñòè-
÷åñêîãî ïîëÿ, ñëó÷àéíàÿ êîìïîíåíòà ïîëÿ ñêîðîñòè 
çâóêà, ñëàáîîòðàæàþùèå ïîäâîäíûå îáúåêòû

Ñàëüíèêîâ Á.À., Ñàëüíèêîâà Å.Í. ÌÎÄÅËÈÐÎ-
ÂÀÍÈÅ È ÈÑÑËÅÄÎÂÀÍÈÅ ÇÎÍÀËÜÍÎÉ ÑÒÐÓÊ-
ÒÓÐÛ ÀÊÓÑÒÈ×ÅÑÊÈÕ ÏÎËÅÉ Â ÑËÓ×ÀÉÍÎ-
ÍÅÎÄÍÎÐÎÄÍÛÕ ÏÎÄÂÎÄÍÛÕ ÂÎËÍÎÂÎÄÀÕ 
// Ïîäâîäíûå èññëåäîâàíèÿ è ðîáîòîòåõíèêà. 2008. 
¹1(5). Ñ. 47-57.

Ïðèâåäåíû ðåçóëüòàòû ÷èñëåííîãî ìîäåëèðîâà-
íèÿ ðàñïðîñòðàíåíèÿ çâóêà â ñëó÷àéíî-àíèçîòðîïíûõ 
ðåôðàêöèîííûõ ïîäâîäíûõ âîëíîâîäàõ. Îïðåäåëå-
íû èíôîðìàòèâíûå ïðèçíàêè èñêàæåíèé çîíàëüíîé 
ñòðóêòóðû àêóñòè÷åñêèõ ïîëåé, âûçâàííûõ ïðèðîä-
íîé ñòîõàñòè÷íîñòüþ ãèäðîëîãè÷åñêèõ ïîëåé è òåð-
ìîêëèííûìè ëèíçàìè. Ïðåäëîæåíà ñòðóêòóðà ýêñ-
ïåðòíîé ñèñòåìû îáíàðóæåíèÿ òåðìîêëèííûõ ëèíç 
íà ôîíå ïðèðîäíîé ñòîõàñòè÷íîñòè ãèäðîëîãè÷åñêèõ 
ïîëåé.

ÓÄÊ 534.222.2; 551.463.2
Êëþ÷åâûå ñëîâà: ðàññåÿíèå çâóêà, ìåëêîìàñøòàá-

íàÿ ñòðóêòóðà, ïëàíêòîí, äåÿòåëüíûé ñëîé îêåàíà 
Áóëàíîâ Â.À.  Ê ÂÎÏÐÎÑÓ ÎÁ ÎÖÅÍÊÅ ÐÀÑÏÐÅ-

ÄÅËÅÍÈß ÁÈÎÌÀÑÑÛ Â ÄÅßÒÅËÜÍÎÌ ÑËÎÅ ÎÊÅ-
ÀÍÀ ÏÎ ÄÀÍÍÛÌ Î ÐÀÑÑÅßÍÈÈ ÇÂÓÊÀ // Ïîä-
âîäíûå èññëåäîâàíèÿ è ðîáîòîòåõíèêà. 2008. ¹1(5). 
Ñ. 58-65. 

Îáñóæäåí âîïðîñ î ñâÿçè ìåæäó êîýôôèöèåíòîì 
ðàññåÿíèÿ çâóêà m

v
 è ðàñïðåäåëåíèåì áèîìàññû â ìîð-

ñêîé ñðåäå. Îñíîâîé äëÿ ðàññìîòðåíèÿ ýòîãî âîïðîñà 
ÿâëÿþòñÿ èçâåñòíàÿ ôîðìóëà äëÿ êîýôôèöèåíòà ðàñ-
ñåÿíèÿ, âêëþ÷àþùàÿ ðàçëè÷íûå ïîëóýìïèðè÷åñêèå 
çàâèñèìîñòè ñå÷åíèÿ ðàññåÿíèÿ íà îäèíî÷íîì âêëþ-
÷åíèè è äâà òèïà ôóíêöèé ðàñïðåäåëåíèÿ âêëþ÷åíèé 
ïî ðàçìåðàì - ñòåïåííîå è ãàóññîâñêîå. Ïîëó÷åííàÿ 
ñèñòåìà óðàâíåíèé ïîçâîëÿåò ïî äàííûì î êîýôôè-
öèåíòå ðàññåÿíèÿ îöåíèòü âàæíóþ õàðàêòåðèñòèêó 
áèîïðîäóêòèâíîñòè âîäíûõ ìàññ – ìàññîâóþ êîíöåí-
òðàöèþ âêëþ÷åíèé è èõ ñóììàðíîå êîëè÷åñòâî â èí-
òåðâàëå ðàçìåðîâ. Ïðåäñòàâëåíû ñðàâíèòåëüíûå îöåí-
êè êîíöåíòðàöèè ïëàíêòîíà ïî äàííûì î ðàññåÿíèè 
çâóêà, ïîëó÷åííûì â êðóãîñâåòíîé ýêñïåäèöèè íà ïà-
ðóñíèêå «Íàäåæäà» â 2003-2004 ãã., à òàêæå â øåëü-
ôîâîé ÷àñòè ßïîíñêîãî ìîðÿ. 

Keywords: autonomous underwater vehicle, robot, 
control, mission planning, development environment, 
visual programming

Inzartsev A.V., Matvienko V.Yu. VISUAL 
MISSION DEVELOPMENT ENVIRONMENT FOR 
AUTONOMOUS UNDERWATER ROBOTS // 
Underwater Investgation and Robotics. 2008. ¹1(5). 
P. 5-10. 

The article is devoted to description of the de-
veloping mission planning environment for AUV. A 
brief overview of modern visual programming tools 
used for robot task planning is done. The attention is 
paid mainly to those, based on data flow programming 
paradigm. Main features, mission planning and rep-
resentation techniques and basic design principles of 
the emerging system are enumerated.

Keywords: autonomous underwater vehicle, 
control system, software platform, unified functional 
interface, unified data bases

Sevryuk A.N., Senin R.A. SOFTWARE 
PLATFORM FOR AUTONOMOUS UNDERWATER 
VEHICLE EVENT-DRIVEN CONTROL SYSTEM 
DEVELOPMENT // Underwater Investgation and 
Robotics. 2008. ¹1(5). P. 11-15. 

The issues of the organization of an AUV event-
driven control system (CS) based on real-time DBMS 
are considered in this work. The usage of a DB allows 
to simplify the development process, debugging and 
updating an AUV software. Also it provides support 
of various replaceable equipment, onboard network 
resources optimization and integration of AUV 
control system with the visual modelling environment. 
Requirements to CS are described and mechanisms 
of their realization are implemented as examples of 
applying of the unified functional interface.

Keywords: autonomous underwater vehicle, 
control system, algorithm, fuzzy logic, hydrodynamics, 
«simple» motion mode

Kiselyov L.V., Medvedev A.V. RESEARCH 
OF AUV DYNAMIC FEATURES ON BASIS OF 
PROCESSES TYPOLOGY AND FUZZY CONTROL 
MODELS // Underwater Investgation and Robotics. 
2008. ¹1(5). P. 16-23. 

Dynamic features of the Autonomous Underwater 
Vehicle (AUV) at «simple» mode realization of the 
spatial motion are researched in article. Presentation 
of the variety of the spatial motion in the form of 
dynamic modules with inherent him feature and 
problem of control is accepted for base. For behavioral 
layout of control in condition incomplete information 
or invalid data are used methods of fuzzy logic. 
Dynamic model of the known AUV and algorithm 
of the movement to goal with external resistance is 
considered for concrete example. 

Keywords: underwater robots, onboard 
autonomous and acoustic systems, under-ice research, 
the Arctic
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Vaulin Yu.V., Inzartsev A.V., Kamorny A.V., 
Kiseljev L.V., Matvienko Yu.V., Rylov N.I., 
Rylov R.N.   POSITING  SYSTEM OF THE 
AUTONOMOUS UNDERWATER ROBOT AND 
FEATURES OF ITS USE IN ARCTIC CONDITIONS // 
Underwater Investgation and Robotics. 2008. ¹1(5). 
P. 24-31. 

The work examines the experience in develop-
ing and applying the integrated positioning system 
of the autonomous underwater robot performing the 
preset program missions in a severe and extreme en-
vironment. It discusses the structure, characteristics 
and methods for correcting positioning data obtained 
from the onboard autonomous, acoustic and satellite 
systems. The paper also outlines the data from the 
full-scale sea tests of the navigation system as part of 
the underwater robot “Klavesin-1Ð” and results of its 
trial performance during under-ice operations of the 
Lomonosov range survey in the high latitudes of the 
Arctic.

Key words: autonomous underwater vehicle, 
guiding system, navigation, single beacon

Pavin A.M. AUTOMATIC AUV GUIDING 
TO HYDROACOUSTIC BEACO //. Underwater 
Investgation and Robotics. 2008. ¹1(5). P. 32-38. 

Navigation and autonomous underwater vehicle 
movement control questions during guiding to single 
long-base hydro-acoustic beacon are considered in this 
paper. The mathematical model description of guiding 
system and vehicle movement control algorithms are 
proposed. Field test results are discussed.

Key words: underwater robots, hydroacoustic 
navigation and control, complicate signal, nature 
experiment

Burdinsky I.N., Matvienko Yu.V., Mironov A.S., 
Rylov R.N. THE APPLICATION OF COMPLEX 
SIGNALS IN HYDROACOUSTIC CONTROL AND 
POSITIONING SYSTEMS OF UNDERWATER 
ROBOTS // Underwater Investgation and Robotics. 
2008. ¹1(5). P. 39-46. 

The informational-measuring complex based on 
FPGA units for real-time digital processing the spread-
spectrum hydroacoustic signals with high accuracy is 
developed. Results of experiment in shallow water 

conditions show the prospect of using devices with 
such technology.

Keywords: underwater wavegide; zone structure 
of acoustic field; stochastic modeling; random 
component for sound velocity field

Salnikov B.A., Salnikova E.N.   MODELING ÀND 
RESEARCH OF ZONE STRUCTURE OF ACOUSTIC 
FIELDS IN RANDOM INHOMOGENEOUS UNDER-
WATER WAVEGIDES // Underwater Investgation 
and Robotics. 2008. ¹1(5). P. 47-57. 

The results of numerical modeling of sound 
propagation in the random anisotropic refracting 
underwater wavegides are presented in the this paper. 
An informative characteristic distortions of zone 
structure of acoustic fields which coursed by natural 
stochasticity of hydrologic fields and thermo-cline 
lenses is presented. A structure of the expert system 
detection of thermo-cline lenses on the background 
natural stochasticity of hydrologic fields has been 
proposed.

Key words: sound scattering, small-scale 
structure, a plankton, an active layer of ocean

Bulanov V.A. ON THE ESTIMATION OF BIO-
MASS DISTRIBUTION IN AN ACTIVE LAYER OF 
OCEAN USING THE DATA OF SOUND SCATTER-
ING // Underwater Investgation and Robotics. 2008. 
¹1(5). P. 58-65. 

The question on the relationship between sound 
scattering coefficient and biomass distribution in the 
sea media is discussed. The basis for consideration of 
this question is the known equation for sound scat-
tering coefficient which includes both various semi-
empirical dependences for cross section area of sound 
scattering by single inclusion and power-series dis-
tribution and Gaussian distribution for inclusions on 
the sizes. Having the data on sound scattering in the 
sea the system of the equations allows to estimate the 
important characteristic of biological efficiency of 
water mass - the mass concentration of inclusions and 
their total quantity in an interval of the sizes. Com-
parative estimations of plankton concentration based 
on the sound scattering data obtained both in round-
the-world expedition on a sailing vessel «Nadezhda» 
in 2003-2004 and in a shelf part of the Sea of Japan 
are submitted. 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




