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Àíàëèçèðóåòñÿ ïðîòèâîðå÷èå ìåæäó ðåçóëüòàòàìè îïðåäåëåíèÿ ôàçîâûõ ñêîðîñòåé ìîðñêèõ âîëí ïî îï-
òè÷åñêèì èçîáðàæåíèÿì ìîðñêîé ïîâåðõíîñòè è ïî äàííûì in situ èçìåðåíèé ìàññèâîì âîëíîãðàôè÷åñ- 
êèõ äàò÷èêîâ. Ïîëó÷åííûå ïî îïòè÷åñêèì èçîáðàæåíèÿì îöåíêè ôàçîâîé ñêîðîñòè õîðîøî ñîîòâåòñòâóþò 
òåîðåòè÷åñêèì çíà÷åíèÿì, ñëåäóþùèì èç ëèíåéíîãî äèñïåðñèîííîãî ñîîòíîøåíèÿ äëÿ ãðàâèòàöèîííûõ 
âîëí. Ïðè in situ âîëíîãðàôè÷åñêèõ èçìåðåíèÿõ ôàçîâûå ñêîðîñòè ïðåâûøàþò òåîðåòè÷åñêèå çíà÷åíèÿ. 
Ïîêàçàíî, ÷òî ïðåâûøåíèå âûçâàíî òåì, ÷òî ïðè in situ èçìåðåíèÿõ âêëàä â ôàçîâûé ñïåêòð äàþò âîëíû, 
ïðèøåäøèå ñ ðàçíûõ íàïðàâëåíèé è èìåþùèå ðàçíûå ïðîåêöèè ôàçîâîé ñêîðîñòè íà íàïðàâëåíèå, â êîòîðîì 
ñïåêòð îïðåäåëÿåòñÿ. 

 

Êëþ÷åâûå ñëîâà: îïòè÷åñêîå èçîáðàæåíèå, âîëíîãðàôè÷åñêèå èçìåðåíèÿ, äèñïåðñèîííîå ñîîòíîøåíèå, 
ôàçîâàÿ ñêîðîñòü; optical image, wave measurements, dispersion ratio, phase velocity. 

 

Ââåäåíèå 
 

Â ïîñëåäíèå ãîäû áûë çàïóùåí ðÿä ñïóòíèêîâ 
ñ àïïàðàòóðîé íà áîðòó, êîòîðàÿ äàåò âîçìîæíîñòü 

ïîëó÷àòü îïòè÷åñêèå èçîáðàæåíèÿ ìîðñêîé ïîâåðõ-
íîñòè ñ âûñîêèì ïðîñòðàíñòâåííûì ðàçðåøåíèåì è íå- 
áîëüøèì ñäâèãîì âî âðåìåíè [1, 2]. Ýòè äàííûå ïî-
çâîëèëè îöåíèòü ôàçîâûå ñêîðîñòè ïîâåðõíîñòíûõ 
âîëí, êîòîðûå ðàññ÷èòûâàëèñü ïóòåì êðîññ-ñïåê- 
òðàëüíîãî àíàëèçà ïî äâóì ïîñëåäîâàòåëüíûì èçî-
áðàæåíèÿì ìîðñêîé ïîâåðõíîñòè [3]. Íà ìàñøòà-
áàõ, áëèçêèõ ê ìàñøòàáó äîìèíàíòíûõ âîëí, áûëî 

óñòàíîâëåíî, ÷òî õàðàêòåðèñòèêè ïîâåðõíîñòíûõ âîëí 

ñîîòâåòñòâóþò ëèíåéíîìó äèñïåðñèîííîìó ñîîòíî-
øåíèþ äëÿ ãðàâèòàöèîííûõ âîëí. Ëèíåéíîå äèñïåð-
ñèîííîå ñîîòíîøåíèå äëÿ ãðàâèòàöèîííûõ âîëí  

íà «ãëóáîêîé âîäå», ãäå âëèÿíèåì äíà ìîæíî ïðå-
íåáðå÷ü, èìååò âèä [4]: 

 ω =
2

,gk  (1) 

ãäå ω – öèêëè÷åñêàÿ ÷àñòîòà; g – ãðàâèòàöèîííîå 

óñêîðåíèå; k – âîëíîâîå ÷èñëî. Îöåíêè ôàçîâûõ 

ñêîðîñòåé õîðîøî ñîãëàñóþòñÿ ñ òåîðåòè÷åñêèìè 

çíà÷åíèÿìè 

 = ω = = ω/ / .TC k g k g  (2) 

Íèæíèé èíäåêñ T îçíà÷àåò, ÷òî ôàçîâàÿ ñêîðîñòü 

ðàññ÷èòàíà íà îñíîâå äèñïåðñèîííîãî ñîîòíîøå- 
íèÿ (1). 
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Ðàíåå ïîäîáíûå ýêñïåðèìåíòû ïî äèñòàíöèîí-
íîìó îïðåäåëåíèþ ïðîñòðàíñòâåííî-âðåìåííûõ õà-
ðàêòåðèñòèê ïîâåðõíîñòíûõ âîëí ïðîâîäèëèñü ñ ïî- 
ìîùüþ óñòàíîâëåííîé íà ñàìîëåòå öèôðîâîé êàìå-
ðû [5, 6]. Â ñàìîëåòíûõ ýêñïåðèìåíòàõ òàêæå áûëî 
ïîäòâåðæäåíî âûïîëíåíèå äèñïåðñèîííîãî ñîîòíî-
øåíèÿ (1). Ìåõàíèçìû ôîðìèðîâàíèÿ èçîáðàæåíèÿ 
ìîðñêîé ïîâåðõíîñòè ïðè íàêëîííîì âèçèðîâàíèè 
îïèñàíû â [7–9]. 

Â òî æå âðåìÿ ðÿä ýêñïåðèìåíòîâ, ïðîâåäåííûõ 
ñ ïîìîùüþ ìàññèâà ðàçíåñåííûõ ïî ïðîñòðàíñòâó 
âîëíîãðàôè÷åñêèõ äàò÷èêîâ, ïîêàçàë íàðóøåíèå äèñ-
ïåðñèîííîãî ñîîòíîøåíèÿ (1) [4, 10]. Èçìåðåííûå 

ôàçîâûå ñêîðîñòè C ïðåâûøàëè èõ òåîðåòè÷åñêèå 
çíà÷åíèÿ CT íà 10–30%; ýòà ðàçíèöà ðàñòåò ïðè ñìå-
ùåíèè â êîðîòêîâîëíîâóþ îáëàñòü. Ñ óâåëè÷åíèåì 
ðàññòîÿíèÿ óðîâåíü êîãåðåíòíîñòè ñíèæàëñÿ áûñò-
ðåå, ÷åì ýòî ñëåäóåò èç ëèíåéíîé ìîäåëè ìîðñêèõ 

âîëí [11]. Ýòè ðåçóëüòàòû áûëè ïîäòâåðæäåíû â ëà-
áîðàòîðíûõ ýêñïåðèìåíòàõ, âûïîëíåííûõ â âåòðî-
âîëíîâûõ ëîòêàõ [12, 13]. 

Òàêèì îáðàçîì, ñóùåñòâóþò äâå ãðóïïû ðåçóëü-
òàòîâ îïðåäåëåíèÿ ôàçîâîé ñêîðîñòè ïîâåðõíîñòíûõ 
âîëí, êîòîðûå ïðîòèâîðå÷àò äðóã äðóãó. Ñîãëàñíî 
ðàñ÷åòàì ôàçîâûõ ñêîðîñòåé ïî èçîáðàæåíèÿì ìîð-
ñêîé ïîâåðõíîñòè, îíè ñîîòâåòñòâóþò òåîðåòè÷åñêî-
ìó çíà÷åíèþ (2), ñëåäóþùåìó èç äèñïåðñèîííî- 
ãî ñîîòíîøåíèÿ (1), òîãäà êàê ðåçóëüòàòû ïðÿìûõ 
in situ èçìåðåíèé ñâèäåòåëüñòâóþò î òîì, ÷òî ñóùå-
ñòâóþò çàìåòíûå îòêëîíåíèÿ îò äèñïåðñèîííîãî ñî-
îòíîøåíèÿ. Öåëü íàñòîÿùåé ðàáîòû – àíàëèç ýòîãî 
ïðîòèâîðå÷èÿ. 
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Ïðîñòðàíñòâåííî-âðåìåííàÿ 

ñòðóêòóðà ïîëÿ ìîðñêèõ âîëí 
 
Ðàññìîòðèì ïðîñòðàíñòâåííî-îäíîðîäíîå ñòàöèî- 

íàðíîå âîëíîâîå ïîëå, êîòîðîå ïðåäñòàâëÿåò ñîáîé 

ñóïåðïîçèöèþ ëèíåéíûõ âîëí, ïîä÷èíÿþùèõñÿ ëè-
íåéíîìó äèñïåðñèîííîìó óðàâíåíèþ (1). Ïîäîáíîå 
ïîëå ìîæíî îïèñàòü òðåõìåðíûì ñïåêòðîì, ïîëó÷åí-
íûì ïóòåì Ôóðüå-ïðåîáðàçîâàíèÿ ïðîñòðàíñòâåííî-
âðåìåííîé êîâàðèàöèîííîé ôóíêöèè ñìåùåíèé ìîð-

ñêîé ïîâåðõíîñòè ψ = ξ ξ + +0 0( , ) ( , ) ( , )t t t tr x x r  [14]: 
 

 ( )−

ω = π ψ − − ω∫∫3( , ) (2 ) ( , )exp ( ) ,G t i t d dtk r kr r  (3) 

ãäå r – âåêòîð, ñîåäèíÿþùèé äâå òî÷êè â ïðîñòðàí-
ñòâå; t – âðåìÿ; ξ – âîëíîâîå ñìåøåíèå ìîðñêîé ïî-
âåðõíîñòè îòíîñèòåëüíî ñðåäíåãî óðîâíÿ ìîðÿ; x – 
ïðîñòðàíñòâåííàÿ êîîðäèíàòà; t0 – ñäâèã âî âðåìåíè; 
k – âîëíîâîé âåêòîð. 

Êðîññ-ñïåêòð âîëíîâûõ ñìåùåíèé â äâóõ òî÷êàõ, 
ñâÿçàííûõ âåêòîðîì r0, ìîæíî çàïèñàòü â âèäå 

 −

Φ ω = π ψ ω∫10 0( , ) (2 ) ( , )exp( ) .A t i t dtr r  (4) 

Ó÷èòûâàÿ (3), ïîëó÷àåì 

 Φ ω = ω∫0 0( , ) ( , )exp( ) .A AG i dr k kr k  (5) 

Çäåñü è äàëåå íèæíèìè èíäåêñàìè A è I áóäåì îáî-
çíà÷àòü ïðîñòðàíñòâåííî-âðåìåííûå õàðàêòåðèñòèêè, 
ïîëó÷åííûå ïî äàííûì èçìåðåíèé ìàññèâîì ðàçíå-
ñåííûõ ïî ïðîñòðàíñòâó äàò÷èêîâ è ïî îïòè÷åñêèì 
èçîáðàæåíèÿì ìîðñêîé ïîâåðõíîñòè ñîîòâåòñòâåí- 
íî. Åñëè íèæíèé èíäåêñ îòñóòñòâóåò, òî âûðàæåíèå 

ñïðàâåäëèâî äëÿ âñåõ õàðàêòåðèñòèê íåçàâèñèìî  
îò ìåòîäà, êîòîðûì îíè ïîëó÷åíû. 

Åñëè âîëíû ïîä÷èíÿþòñÿ äèñïåðñèîííîìó ñî-
îòíîøåíèþ (1), òî 

 ω = Ξ δ ω −( , ) ( ) ( ),A AG gkk k  (6) 

ãäå ΞA(k) – ñïåêòð âîçâûøåíèé, îïðåäåëåííûé  
â ïðîñòðàíñòâå âîëíîâûõ âåêòîðîâ. 

Ïåðåéäåì â ïîëÿðíóþ ñèñòåìó êîîðäèíàò [15]: 
 

 Φ ω =0( , )A r  

 = Ψ α δ ω − α α∫∫ 0( , ) ( ) exp( cos ) ,A k gk ikr kdkd  (7) 

ãäå r0 = ⎢r0⎟; íàïðàâëåíèå α = 0 âûáðàíî ñîâïà-
äàþùèì ñ íàïðàâëåíèåì âåêòîðà r0. Äëÿ ãðàâèòàöè-
îííûõ âîëí, óäîâëåòâîðÿþùèõ (1), ïîëó÷àåì 

 
⎛ ⎞ω

Φ ω = Ψ ω α α α⎜ ⎟
⎝ ⎠

∫
2

0

0( , ) ( , )exp cos .A A

r
i d

g
r  (8) 

×àñòîòíî-óãëîâîé ñïåêòð îáû÷íî ïðåäñòàâëÿþò 
â âèäå 

 Ψ ω α = ω Θ ω α( , ) ( ) ( , ),A S  (9) 

ãäå S(ω) – ÷àñòîòíûé ñïåêòð; Θ(ω, α) – ôóíêöèÿ óã-
ëîâîãî ðàñïðåäåëåíèÿ âîëíîâîé ýíåðãèè, óäîâëåòâî-
ðÿþùàÿ óñëîâèþ íîðìèðîâêè 

 

π

Θ ω α α =∫
2

0

( , ) 1.d  (10) 

Ïîäñòàâëÿÿ (9) â (8), ïîëó÷àåì 

   
⎛ ⎞ω

Φ α ω = ω Θ ω α α α⎜ ⎟
⎝ ⎠

∫
2

0

0( , , ) ( ) ( , ) exp cos .A

r
r S i d

g
  (11) 

Ôàçîâûé ñïåêòð îïðåäåëÿåòñÿ îòíîøåíèåì ìíèìîé 
è äåéñòâèòåëüíîé ÷àñòåé êðîññ-ñïåêòðà [16]. Èç (11) 
äëÿ ëèíåéíîãî âîëíîâîãî ïîëÿ ïîëó÷àåì ôàçîâûé 
ñïåêòð 

 α ω =0( , , )AF r  

 

⎧ ⎫⎡ ⎤⎛ ⎞ω
⎪ ⎪⎢ ⎥Θ ω α α α⎜ ⎟

⎜ ⎟⎪ ⎪⎢ ⎥⎪ ⎪⎝ ⎠⎣ ⎦= −⎨ ⎬
⎡ ⎤⎛ ⎞⎪ ⎪ω
⎢ ⎥Θ ω α α α⎜ ⎟⎪ ⎪⎜ ⎟⎢ ⎥⎝ ⎠⎪ ⎪⎣ ⎦⎩ ⎭

∫

∫

2

0

2

0

Im ( , )sin cos

arctg .

Re ( , )cos cos

r
d

g

r
d

g

 (12) 

Ôàçîâàÿ ñêîðîñòü ñâÿçàíà ñ ôàçîâûì ñäâèãîì 
ñîîòíîøåíèåì [4]: 

 ω = ω α ω0 0( ) ( , , ).A Ar F rC  (13) 

Êðîññ-ñïåêòð äâóõ èçîáðàæåíèé, ïîëó÷åííûé 
ñî ñäâèãîì âî âðåìåíè Δt, àíàëîãè÷íî (5) ìîæíî 
çàïèñàòü â âèäå 

 Φ Δ = ω ωΔ ω =∫( , ) ( , )exp( )I t X i t dk k  

 = Ξ δ ω − ωΔ ω∫ ( ) ( )exp( ) .I gk i t dk  (14) 

Ïåðåéäåì â ïîëÿðíóþ ñèñòåìó êîîðäèíàò è ïðåä-
ñòàâèì äâóìåðíûé ñïåêòð â ôîðìå 

 Ψ α = Θ α( , ) ( ) ( , ),I kk S k k  (15) 

ãäå Sk(k) – îäíîìåðíûé ñïåêòð âîëíîâûõ ÷èñåë. 
Ó÷èòûâàÿ, ÷òî ωΔ = Δ = π λ(2 / ) ,Tt kC t L  ãäå L – 

ðàññòîÿíèå, êîòîðîå ïðîõîäèò ãðåáåíü âîëíû ñ âîë-
íîâûì ÷èñëîì k çà ïðîìåæóòîê âðåìåíè, ðàâíûé Δt, 
ïîëó÷àåì âûðàæåíèå äëÿ êðîññ-ñïåêòðà 

 
π⎛ ⎞

Φ Δ = Θ α ⎜ ⎟
λ⎝ ⎠

2
( , ) ( ) ( , )exp ,I kt S k k i Lk  (16) 

îòêóäà ñëåäóåò 

 
π⎛ ⎞

α Δ = ⎜ ⎟
λ⎝ ⎠

2
( , , ) arctg .IF k t L  (17) 

Çäåñü âàæíî îòìåòèòü, ÷òî â ëèíåéíîì âîëíîâîì ïî-
ëå ôàçîâûé ñïåêòð FI(k, α, Δt) íå çàâèñèò îò íàïðàâ-
ëåíèÿ. 
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×èñëåííîå ìîäåëèðîâàíèå 
 

Äëÿ ÷èñëåííîãî àíàëèçà ââåäåì áåçðàçìåðíîå 

ðàññòîÿíèå ε = r0/λ, ò.å. ðàññòîÿíèå, èçìåðåííîå  
â äëèíàõ âîëíû. Äëÿ ãðàâèòàöèîííûõ âîëí èç äèñ-
ïåðñèîííîãî ñîîòíîøåíèÿ (1) ïîëó÷àåì ω =

2

0/r g  
= Δ = πε2 .kT t  

Ïðè ðàñ÷åòå ôàçîâûõ ñïåêòðîâ â âîëíîâîì ïîëå 

íåîáõîäèìî ó÷èòûâàòü óðîâåíü êâàäðàòè÷íîé ôóíê-
öèè êîãåðåíòíîñòè 

 
Φ ε

ε =

2

2

2

( )
( ) ,R

S
 (18) 

ãäå Φ – êðîññ-ñïåêòð; S – îäíîìåðíûé ñïåêòð, ïî-
ñòðîåííûå â ïðîñòðàíñòâå ÷àñòîò èëè â ïðîñòðàíñòâå 
âîëíîâûõ ÷èñåë. Êâàäðàòè÷íàÿ ôóíêöèÿ êîãåðåíò-
íîñòè ÿâëÿåòñÿ ìåðîé óñòîé÷èâîñòè ôàçîâûõ îòíî-
øåíèé [16]. 

Èç ïðèâåäåííîãî âûøå àíàëèçà ñëåäóåò, ÷òî 
ïîñòðîåííûé ïî èçîáðàæåíèÿì ëèíåéíîãî âîëíîâî-
ãî ïîëÿ êðîññ-ñïåêòð ñìåùåíèé ïîâåðõíîñòè íå çà-
âèñèò îò ôóíêöèè óãëîâîãî ðàñïðåäåëåíèÿ âîë- 
íîâîé ýíåðãèè. Äëÿ îöåíîê êîãåðåíòíîñòè è ôàçî-
âîé ñêîðîñòè ñïðàâåäëèâû òîæäåñòâà ε ≡

2( , ) 1IR k   
è ≡( ) ( ).I TÑ k C k  

Â òî æå âðåìÿ â òðåõìåðíîì ëèíåéíîì âîëíîâîì 
ïîëå, â êîòîðîì ôóíêöèþ Θ(ω, α) íåëüçÿ îïèñàòü 

äåëüòà-ôóíêöèåé Äèðàêà, ôàçîâûé ñïåêòð ΦA(r0,
 ω), 

ïîñòðîåííûé ïî äàííûì ìàññèâà ðàçíåñåííûõ ïî ïðî-
ñòðàíñòâó äàò÷èêîâ, çàâèñèò îò ðàñïðåäåëåíèÿ âîëíî- 
âîé ýíåðãèè ïî íàïðàâëåíèÿì. Ýòî âûçâàíî òåì, ÷òî 

âêëàä â ôàçîâûé ñïåêòð äàþò âîëíû, ïðèøåäøèå  

ñ ðàçíûõ íàïðàâëåíèé è èìåþùèå ðàçíûå ïðîåêöèè 
ôàçîâîé ñêîðîñòè íà íàïðàâëåíèå âåêòîðà r0. Ñëåäîâà-
òåëüíî, îöåíêè ôàçîâîé ñêîðîñòè çàâèñÿò îò Θ(ω, α). 
Îñîáåííîñòüþ ðàñ÷åòà ôàçîâîãî ñïåêòðà ΦA(r0,

 ω) 
ÿâëÿåòñÿ òî, ÷òî åãî çíà÷åíèÿ íåëèíåéíî ìåíÿþò- 
ñÿ ñ èçìåíåíèåì ðàññòîÿíèÿ ìåæäó äàò÷èêàìè r0,  
à çíà÷èò è îöåíêè ôàçîâîé ñêîðîñòè òàêæå çàâèñÿò 
îò r0 [17,

 18]. 
Ïîëó÷åííûå äâóìÿ ñïîñîáàìè çàâèñèìîñòè ïðî-

ñòðàíñòâåííî-âðåìåííûõ õàðàêòåðèñòèê ëèíåéíîãî 

âîëíîâîãî ïîëÿ ïðèâåäåíû íà ðèñóíêå. Ïðè ðàñ÷åòàõ 
èñïîëüçîâàëàñü ìîäåëü ôóíêöèè óãëîâîãî ðàñïðå-
äåëåíèÿ, ãäå ó÷èòûâàåòñÿ çàâèñèìîñòü øèðèíû óãëî-
âîãî ðàñïðåäåëåíèÿ îò ñòàäèè ðàçâèòèÿ âîëíîâîãî 
ïîëÿ, êîòîðóþ ïðèíÿòî õàðàêòåðèçîâàòü ïàðàìåòðîì 
τ = Ñ0/U10, ãäå Ñ0 – ôàçîâàÿ ñêîðîñòü äîìèíàíò-
íûõ âîëí; U10 – ñêîðîñòü âåòðà íà âûñîòå 10 ì [19]. 
Ïî ìåðå ðàçâèòèÿ âîëíîâîå ïîëå ñòàíîâèòñÿ áîëåå 
óçêîíàïðàâëåííûì. Ðàñ÷åòû ïðîâîäèëèñü äëÿ äîìè-
íàíòíûõ âîëí ïðè τ = 0,83 è 1,5. ×åì ìåíüøå τ, 
òåì áîëåå ïîçäíåé ñòàäèè ðàçâèòèÿ îíà ñîîòâåòñòâó-
åò. Äëÿ ïîëíîñòüþ ðàçâèòîãî âîëíåíèÿ τ = 0,83. 

Îòêëîíåíèÿ ðàññ÷èòàííûõ ïî èçìåðåíèÿì 

in situ çíà÷åíèé ôàçîâîé ñêîðîñòè CA îò òåîðåòè- 
÷åñêîãî çíà÷åíèÿ CT ñóùåñòâåííû äàæå íà ìàñøòà-
áå äîìèíàíòíûõ âîëí. Íà áîëåå âûñîêèõ ÷àñòîòàõ 
(äëÿ áîëåå êîðîòêèõ âîëí) óãëîâîå ðàñïðåäåëåíèå  
 

 

 

Çàâèñèìîñòè ôóíêöèè êîãåðåíòíîñòè R2, ôàçîâîãî ñäâèãà F 
è îòíîñèòåëüíîé ôàçîâîé ñêîðîñòè C/CT îò áåçðàçìåðíîãî 

ðàññòîÿíèÿ ε: ðàñ÷åò ïî êðîññ-ñïåêòðó ΦI (êðèâàÿ 1); ðàñ-
÷åòû ïî êðîññ-ñïåêòðó ΦA ïðè äâóõ ñòàäèÿõ ðàçâèòèÿ âîë-
íîâîãî ïîëÿ τ = 1,5 è 0,83 (êðèâûå 2 è 3 ñîîòâåòñòâåííî) 
 

 
âîëíîâîé ýíåðãèè ðàñøèðÿåòñÿ è îòêëîíåíèÿ âîç-
ðàñòàþò. 

 

Çàêëþ÷åíèå 

 
Â íàñòîÿùåå âðåìÿ ñóùåñòâóþò äâå ãðóïïû ðå-

çóëüòàòîâ îïðåäåëåíèÿ ôàçîâûõ ñêîðîñòåé ïîâåðõ-
íîñòíûõ âîëí, ïîëó÷åííûõ ïî èçìåðåíèÿì ðàçíåñåí-
íûõ ïî ïðîñòðàíñòâó âîëíîãðàôè÷åñêèõ äàò÷èêîâ  
è ïî îïòè÷åñêèì èçîáðàæåíèÿì ìîðñêîé ïîâåðõíîñòè. 



 

574 Çàïåâàëîâ À.Ñ. 
 

Ýòè ðåçóëüòàòû ïðîòèâîðå÷àò äðóã äðóãó. Â ïåðâîì 
ñëó÷àå íàáëþäàþòñÿ îòêëîíåíèÿ îò çíà÷åíèé, ñëå-
äóþùèõ èç ëèíåéíîãî äèñïåðñèîííîãî ñîîòíîøåíèÿ.  
Âî âòîðîì ñëó÷àå èìååò ìåñòî ñîîòâåòñòâèå ðàññ÷è-
òàííûõ çíà÷åíèé ôàçîâûõ ñêîðîñòåé äèñïåðñèîííî-
ìó ñîîòíîøåíèþ. Óêàçàííîå ïðîòèâîðå÷èå âûçâàíî 
òåì, ÷òî ïðè in situ èçìåðåíèÿõ âêëàä â êðîññ-ñïåêòð 
âîçâûøåíèé ïîâåðõíîñòè â äâóõ òî÷êàõ, ñâÿçàííûõ 
âåêòîðîì r0, äàþò âîëíû, ïðèøåäøèå ñ ðàçíûõ íà-
ïðàâëåíèé è èìåþùèå ðàçíûå ïðîåêöèè ôàçîâîé 
ñêîðîñòè íà íàïðàâëåíèå r0. 

Ïðè ðàñ÷åòå ôàçîâûõ ñêîðîñòåé ïî îïòè÷åñêèì 
èçîáðàæåíèÿì ìîæíî èñêëþ÷èòü ýôôåêòû, ñâÿçàííûå 
ñ óãëîâûì ðàñïðåäåëåíèåì âîëíîâîé ýíåðãèè. Ýòî 

ïîçâîëÿåò îöåíèòü ïðîÿâëåíèÿ íåëèíåéíîñòè ìîð-
ñêèõ âîëí, à òàêæå ïðåäåëû ïðèìåíèìîñòè ëèíåéíîé 
ìîäåëè ïðè èõ îïèñàíèè. 

Ðàáîòà âûïîëíåíà â ðàìêàõ ãîñóäàðñòâåííîãî 
çàäàíèÿ ïî òåìå ¹ 0827-2018-0002 «Ðàçâèòèå ìåòî-
äîâ îïåðàòèâíîé îêåàíîëîãèè íà îñíîâå ìåæäèñöè-
ïëèíàðíûõ èññëåäîâàíèé ïðîöåññîâ ôîðìèðîâàíèÿ 
è ýâîëþöèè ìîðñêîé ñðåäû è ìàòåìàòè÷åñêîãî ìîäå-
ëèðîâàíèÿ ñ ïðèâëå÷åíèåì äàííûõ äèñòàíöèîííûõ 
è êîíòàêòíûõ èçìåðåíèé». 
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A.S. Zapevalov. Determination of phase velocities from optical images of the sea surface. 
The contradiction between the results of determining the phase velocities of sea waves from optical images 

of the sea surface and data of in situ measurements by an array of wave sensors is analyzed. The phase velocity 
estimates obtained from optical images well correspond to the theoretical values derived from the linear disper-
sion relation for gravitational waves. For in situ waveform measurements, the phase velocities exceed the theo-
retical values. It is shown that the excess is caused by the fact that when in situ measurements are made, the 
contribution to the phase spectrum is given by waves that come from different directions and have different 
projections of the phase velocity in the direction in which it is determined. 

 
 


