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1 Ïîñòàíîâêà çàäà÷è

Äàíî: Âèäåîðîëèê, äåìîíñòðèðóþùèé ôèçè÷åñêèé ïðîöåññ � òå÷å-
íèå âîäû èç êðàíà. Íà çàïèñè òàêæå âèäíî ôîðìèðîâàíèå è ïàäåíèå
íåñêîëüêèõ êàïåëü ñ ãîëîâêè êðàíà. Îäèí èç êàäðîâ äàííîãî ïðîöåññà
ïîêàçàí íà ðèñóíêå 1.

Öåëü ðàáîòû: ïðîãðàììíûìè ñðåäñòâàìè âèçóàëèçèðîâàòü íàáëþäà-
åìûé íà âèäåîçàïèñè ïðîöåññ.

Äëÿ äîñòèæåíèÿ öåëè òðåáóåòñÿ âûïîëíèòü ñëåäóþùèå øàãè:

1. Èçó÷èòü âèäåîìàòåðèàë è âûäåëèòü êëþ÷åâûå ñòàäèè äèíàìèêè
âîäíîãî ïîòîêà.

2. Ðàçðàáîòàòü àëãîðèòìû è ïîäõîäû äëÿ âèçóàëüíîé ðåêîíñòðóêöèè
ïðîöåññà.

3. Ðåàëèçîâàòü âèçóàëèçàöèþ ñ ïðèìåíåíèåì ãðàôè÷åñêèõ áèáëèîòåê,
îáåñïå÷èâ:

(a) åñòåñòâåííîå îòîáðàæåíèå êîëåáàíèé è èñêàæåíèé âîäíîé
ñòðóè;

(b) äîñòîâåðíóþ àíèìàöèþ ïàäåíèÿ îòäåëüíûõ êàïåëü ñ ó÷¼òîì
èõ ïðîçðà÷íîñòè è ðàçìåðîâ;

(c) âîçìîæíîñòü ïàðàìåòðè÷åñêîé íàñòðîéêè õàðàêòåðèñòèê ñòðóè
(àìïëèòóäà êîëåáàíèé, ñêîðîñòü ïîÿâëåíèÿ êàïåëü).

Ðèñ. 1. Êàäð âèäåîôðàãìåíòà ðåàëüíîãî ïðîöåññà
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2 Îïèñàíèå ôèçè÷åñêîãî ïðîöåññà

Âèäåî èëëþñòðèðóåò ôèçè÷åñêèé ïðîöåññ: òå÷åíèå âîäû èç êðàíà,
êîòîðûé íîáõîäèìî áûëî âîñïðîèçâåñòè ñðåäñòâàìè ïðîöåäóðíîé àíè-
ìàöèè. Âèäåî èìååò ðàçðåøåíèå 1600× 913 ïèêñåëåé, ýòîãî äîñòàòî÷íî,
÷òîáû çàìåòèòü äàæå íåáîëüøèå äåòàëè ïðîöåññà, êîòîðûå íåîáõîäèìî
ó÷åñòü ïðè âèçóàëèçàöèè:

� Äèíàìèêà ñòðóè âîäû:

� Â íà÷àëüíûé ìîìåíò èç êðàíà âûõîäèò íåïðåðûâíûé ïîòîê
âîäû, ôîðìèðóþùèé âûòÿíóòóþ ñòðóþ.

� Ñòðóÿ íå ÿâëÿåòñÿ èäåàëüíî ðîâíîé � ïîä äåéñòâèåì êîëåáà-
íèé è òóðáóëåíòíîñòè îíà èñêàæàåòñÿ, ñîçäàâàÿ íåáîëüøóþ
ðÿáü íà ãðàíèöàõ ñòðóè.

� Íàáëþäàåòñÿ ïîñòåïåííîå äâèæåíèå âîäû âëåâî è âïðàâî, âñå-
ãî íàáëþäàåòñÿ 4 íàèáîëåå çàìåòíûõ è íåñêîëüêî íåáîëüøèõ
êîëåáàíèé.

� Îáðàçîâàíèå êàïåëü:

� Íà âèäåî íàáëþäàåòñÿ ïðîöåññ ôîðìèðîâàíèÿ è ïàäåíèÿ äâóõ
êàïåëü.

� Êàïëè èìåþò ðàçíûé ðàçìåð è ôîðìó, à òàêæå ôîðìèðóþòñÿ
â ðàçíûõ ìåñòàõ è ñ ðàçíîé ñêîðîñòüþ íà ãîëîâêå êðàíà.

� Ïîñëå ôîðìèðîâàíèÿ êàïëè î÷åíü áûñòðî ïàäàþò âíèç. Ïàäå-
íèå êàïåëü âèäíî ëèøü íà íåñêîëüêèõ êàäðàõ èç-çà íåáîëüøîé
÷àñòîòû êàäðîâ âèäåîçàïèñè.

� Âëèÿíèå ôîíîâîãî èçîáðàæåíèÿ:

� Âîäà ÷àñòè÷íî ïðîçðà÷íà, ïîýòîìó çà ñòðó¼é âèäåí ôîí.

� Ôîíîâûå îáúåêòû, âèäèìûå ÷åðåç ñòðóþ, ñèëüíî èñêàæàþòñÿ
èç-çà ïðåëîìëåíèÿ ñâåòà â âîäå.
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3 Îáùàÿ ñòðóêòóðà âèçóàëèçàöèè

Ôîí è îêðóæåíèå: Äëÿ áîëüøåãî ñîîòâåòñòâèÿ èñõîäíîìó âèäåîðîëè-
êó èñïîëüçóåòñÿ ôîíîâîå èçîáðàæåíèå, ïîâåðõ êîòîðîãî íàêëàäûâàåòñÿ
âèçóàëèçèðóåìàÿ ñòðóÿ âîäû. Ýòî ïîçâîëÿåò èíòåãðèðîâàòü àíèìàöèþ â
êîíòåêñò ñöåíû è ïîâûñèòü ðåàëèçì èçîáðàæåíèÿ.

Ñòðóÿ âîäû: Îñíîâíîé ýëåìåíò âèçóàëèçàöèè � ïîòîê âîäû èç êðà-
íà, îñíîâíûå ïîëîæåíèÿ êîòîðîé ôîðìèðóþòñÿ ïî êîíòóðàì, çàäàííûì
ìàñêàìè. Äëÿ êàæäîãî øàãà àíèìàöèè êîíòóðû èíòåðïîëèðóþòñÿ, ÷òî
îáåñïå÷èâàåò ïëàâíîå èçìåíåíèå ôîðìû ñòðóè âî âðåìåíè.

Äîïîëíèòåëüíûå ýôôåêòû: Âî âðåìÿ òå÷åíèÿ âîäû, ïîÿâëÿþòñÿ êàï-
ëè, êîòîðûå îòðûâàþòñÿ îò âåðõíåé ãðàíèöû ñòðóè è äâèæóòñÿ âíèç,
óñèëèâàÿ äèíàìèêó ñöåíû.

3.1 Ïîäõîä ê ôîðìèðîâàíèþ ñòðóè

Âèçóàëèçàöèÿ ñòðîèòñÿ íà ãåîìåòðè÷åñêèõ êîíòóðàõ, êîòîðûå çàäà-
þòñÿ ìàñêàìè. Êàæäàÿ ìàñêà îïðåäåëÿåò ôîðìó è ïîëîæåíèÿ ñòðóè â
ïðîñòðàíñòâå â îïðåäåëåííûé ìîìåíò âðåìåíè. Ïëàâíîñòü ïåðåõîäà ìåæ-
äó ìàñêàìè îáåñïå÷èâàåòñÿ èíòåðïîëÿöèåé êîíòóðîâ.

Íà ôîðìó äîáàâëÿþòñÿ ñèíóñîèäàëüíûå êîëåáàíèÿ è ñëó÷àéíûå øó-
ìîâûå ñäâèãè, ÷òî ïîçâîëÿåò ñîçäàòü õàðàêòåðíóþ ¾æèâóþ¿ äèíàìèêó
âîäû.

Äëÿ ïðèäàíèÿ ãëóáèíû è òåêñòóðû ïîòîê çàëèâàåòñÿ öâåòíûì ãðà-
äèåíòîì, ïëàâíî ïåðåõîäÿùèì îò áîëåå ò¼ìíûõ òîíîâ ê ñâåòëûì.

3.1.1 Ìàñêè ôîðìû ñòðóè

Êàæäàÿ ìàñêà çàäà¼ò ïîëîæåíèå ñòðóè íà îïðåäåë¼ííîé ôàçå. Ïðè-
ìåð òàêîé ìàñêè ïðèâåäåí íà ðèñóíêå 2 è ðèñóíêå 3. Ïîñëåäîâàòåëüíîñòü
ìàñîê îïðåäåëÿåò äèíàìèêó äâèæåíèÿ ñòðóè âëåâî è âïðàâî.

3.1.2 Èíòåðïîëÿöèÿ ìåæäó ìàñêàìè

Ïðè ïåðåõîäå îò îäíîé ìàñêè ê äðóãîé âû÷èñëÿþòñÿ ïðîìåæóòî÷-
íûå êîíòóðû, êîòîðûå ïîäâåðãàþòñÿ âîëíîâûì è øóìîâûì èñêàæåíèÿì.
Ýòî ïîçâîëÿåò ñòðóå äâèãàòüñÿ è ¾êîëûõàòüñÿ¿, èìèòèðóÿ åñòåñòâåííîå
òå÷åíèå âîäû.
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Ðèñ. 2. Íà÷àëüíàÿ ìàñêà ïîëîæåíèÿ

ñòðóè

Ðèñ. 3. Ìàñêà ñäâèíóòîãî ïîëîæåíèÿ

ñòðóè

3.2 Äèíàìè÷åñêèå ýôôåêòû

Èñêàæåíèÿ: Äëÿ îòðèñîâêè áëèêîâ è íåîäíîðîäíîé ñòðóêòóðû ïî-
òîêà ïîä ñàìó ñòðóþ áûëà ïîäëîæåíà êàðòèíêà áëèêîâ, èçîáðàæåííàÿ íà
ðèñóíêå 4. Äëÿ ïîëó÷åíèÿ ýôôåêòà ðàçìûòèÿ íà ïîäëîæêó ñòðóè íàêëà-
äûâàåòñÿ ãîðèçîíòàëüíîå ñèíóñîèäàëüíîå ñìåùåíèå ñòðîê èçîáðàæåíèÿ,
÷òî ñîçäà¼ò ýôôåêò ðàçìûòîñòè è äâèæåíèÿ.

Ãðàäèåíòíàÿ çàëèâêà: Ïîòîê çàêðàøèâàåòñÿ íàáîðîì ïîëèãîíîâ ñ
ïëàâíûì èçìåíåíèåì öâåòà è ïðîçðà÷íîñòè, ôîðìèðóÿ õàðàêòåðíîå èç-
ìåíåíèå öâåòà è ïðîçðà÷íîñòè âîäû ïî âðåìåíè åå ñòåêàíèÿ èç êðàíà.

Ôîðìèðîâàíèå êàïåëü: Íà âåðõíåì êðàå ñòðóè ïåðèîäè÷åñêè ïî-
ÿâëÿþòñÿ êàïëè. Êàïëè âèçóàëèçèðóþòñÿ êàê âûòÿíóòûå ýëëèïñû ñ ÷à-
ñòè÷íîé ïðîçðà÷íîñòüþ.

Ðèñ. 4. Ïîäëîæêà ïîä ñòðóþ, èìèòèðóþùàÿ áëèêè è îòðàæåíèÿ îêðóæàþùåé ñðåäû

6



3.3 Àëãîðèòì àíèìàöèè è ôèçè÷åñêèå ýôôåêòû

� Íà êàæäîì êàäðå âûáèðàþòñÿ íà÷àëüíûé è êîíå÷íûé êîíòóð ñòðóè
è âû÷èñëÿåòñÿ èõ èíòåðïîëÿöèÿ.

� Ê êîîðäèíàòàì êîíòóðîâ äîáàâëÿþòñÿ ñèíóñîèäàëüíûå êîëåáàíèÿ
è ñëó÷àéíûé øóì.

� Ïî ïîëó÷¼ííûì òî÷êàì ñòðîèòñÿ ìàñêà, êîòîðàÿ îãðàíè÷èâàåò îá-
ëàñòü âèäèìîñòè ïîäëîæêè.

� Âíóòðåííÿÿ îáëàñòü ñòðóè îêðàøèâàåòñÿ ñ èñïîëüçîâàíèåì öâåòî-
âîãî ãðàäèåíòà.

� Íà âåðõíåì êðàå ñòðóè (ãäå îíà âûòåêàåò èç ïîä êðàíà) ïåðèîäè÷å-
ñêè ôîðìèðóþòñÿ êàïëè. Ïîñëå ôîðèìðîâàíèÿ êàïëè ïàäàþò âíèç
è ñêðûâàþòñÿ çà ãðàíèöåé ýêðàíà.

Òàêèì îáðàçîì, ðåàëèçîâàííàÿ ñòðóêòóðà âèçóàëèçàöèè ïîçâîëÿåò
èìèòèðîâàòü äèíàìèêó ïîòîêà âîäû èç êðàíà ñ ó÷¼òîì ãåîìåòðè÷åñêèõ
äåôîðìàöèé, êîëåáàíèé è îòðûâà êàïåëü, ÷òî äåëàåò àíèìàöèþ äîñòà-
òî÷íî ðåàëèñòè÷íîé.
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4 Ïðîöåññ âèçóàëèçàöèè

Âèçóàëèçàöèÿ âîñïðîèçâîäèò ïðîöåññ òå÷åíèÿ âîäû èç êðàíà ñ ïî-
ñëåäóþùèì ôîðìèðîâàíèåì ñòðóè è îòäåëüíûõ êàïåëü. Çäåñü ïðèìåí¼í
ãåîìåòðè÷åñêèé ïîäõîä: ïîòîê îïèñûâàåòñÿ ÷åðåç íàáîð êîíòóðîâ, ïîëó-
÷àåìûõ èç ìàñîê è ïîäâåðãàåìûõ èíòåðïîëÿöèè è èñêàæåíèÿì. Òàêàÿ
ñõåìà ïîçâîëÿåò èìèòèðîâàòü åñòåñòâåííûå êîëåáàíèÿ, ðàçðûâû è èçìå-
íåíèÿ ôîðìû âîäíîãî ïîòîêà.

4.1 Ïîñëåäîâàòåëüíîñòü ïðîöåññà âèçóàëèçàöèè

4.1.1 Ôîðìèðîâàíèå è äèíàìèêà ñòðóè

� Íà÷àëüíîå ïîÿâëåíèå: Ñòðóÿ ôîðìèðóåòñÿ íà îñíîâå èñõîäíîé
ìàñêè (ðèñóíîê 2), êîòîðàÿ çàäà¼ò íà÷àëüíóþ ãåîìåòðèþ ïîòîêà.

� Èçìåíåíèå ôîðìû: Ïðè ïåðåõîäå ìåæäó ìàñêàìè èñïîëüçóåò-
ñÿ èíòåðïîëÿöèÿ êîíòóðîâ. Äîïîëíèòåëüíî ïðèìåíÿþòñÿ ñèíóñî-
èäàëüíûå êîëåáàíèÿ è øóìîâûå èñêàæåíèÿ, ÷òî ñîçäà¼ò ýôôåêò
ïîäâèæíîé ñòðóè ñ õàðàêòåðíûìè êîëåáàíèÿìè è íåðîâíîñòÿìè.

� Ãåíåðàöèÿ êàïåëü: Íà âåðõíåì êðàå ïîòîêà ïåðèîäè÷åñêè ïîÿâ-
ëÿþòñÿ îòäåëüíûå êàïëè, êîòîðûå äâèæóòñÿ âíèç ïîä äåéñòâèåì
ãðàâèòàöèè. Èõ ðàçìåð è ïðîçðà÷íîñòü âàðüèðóþòñÿ, ÷òî äåëàåò
àíèìàöèþ áîëåå åñòåñòâåííîé.

4.1.2 Âèçóàëüíûå ýôôåêòû

� Ïðîçðà÷íîñòü è öâåò: Ïîòîê è êàïëè âèçóàëèçèðóþòñÿ êàê ïî-
ëóïðîçðà÷íûå îáúåêòû ñ ãðàäèåíòíîé çàëèâêîé, ÷òî ïîçâîëÿåò ïå-
ðåäàòü ãëóáèíó, ñâåòîâûå ïåðåõîäû è ýôôåêò ïðåëîìëåíèÿ.

� Ôîíîâîå èçîáðàæåíèå: Íà çàäíèé ïëàí íàêëàäûâàåòñÿ ñòàòè÷å-
ñêîå ôîòî, ÷òî óñèëèâàåò ðåàëèñòè÷íîñòü ñöåíû è ñîçäà¼ò êîíòåêñò
îêðóæàþùåé ñðåäû.

� Èñêàæåíèÿ: Êàäðû ïîäâåðãàþòñÿ ãîðèçîíòàëüíîìó ñèíóñîèäàëü-
íîìó ñìåùåíèþ, êîòîðîå óñèëèâàåò âïå÷àòëåíèå äâèæåíèÿ è äðî-
æàíèÿ ñòðóè.
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4.1.3 Çàâåðøåíèå àíèìàöèè

� Îêîí÷àíèå ñèìóëÿöèè: Âèçóàëèçàöèÿ ïðîäîëæàåòñÿ äî äîñòè-
æåíèÿ ïîñëåäíåé ìàñêè ëèáî çàäàííîãî ÷èñëà êàäðîâ. Êàæäûé
êàäð ñîõðàíÿåòñÿ äëÿ ïîñëåäóþùåãî ôîðìèðîâàíèÿ âèäåîðÿäà.

4.2 Èñïîëüçóåìûå òåõíîëîãèè è áèáëèîòåêè

Python � îñíîâíîé ÿçûê ïðîãðàììèðîâàíèÿ.

4.2.1 Èñïîëüçóåìûå áèáëèîòåêè

� Pygame � äëÿ ñîçäàíèÿ îêíà, çàãðóçêè èçîáðàæåíèé, ïîñòðîåíèÿ
àíèìàöèè è ðàáîòû ñ ìàñêàìè.

� pygame.init()� èíèöèàëèçèðóåò âñå îñíîâíûå ìîäóëè Pygame.

� pygame.display.set_mode() � ñîçäà¼ò îêíî ïðèëîæåíèÿ è
ïîâåðõíîñòü äëÿ îòðèñîâêè.

� pygame.image.load() � çàãðóæàåò èçîáðàæåíèÿ ôîíà è ìà-
ñîê.

� pygame.Surface() � ñîçäà¼ò ïîâåðõíîñòè ñ ïîääåðæêîé ïðî-
çðà÷íîñòè, èñïîëüçóåìûå äëÿ íàëîæåíèÿ ýôôåêòîâ.

� pygame.draw.polygon() è pygame.draw.ellipse() � äëÿ îò-
ðèñîâêè êîíòóðà ñòðóè è êàïåëü âîäû.

� pygame.display.flip() � îáíîâëÿåò îêíî, ïîêàçûâàÿ îòðè-
ñîâàííûé êàäð.

� pygame.time.Clock() � óïðàâëÿåò ÷àñòîòîé êàäðîâ àíèìà-
öèè.

� pygame.event.get() � îòñëåæèâàåò ñîáûòèÿ (íàïðèìåð, çà-
êðûòèå îêíà).

� pygame.quit() � çàâåðøàåò ðàáîòó ïðîãðàììû è îñâîáîæäà-
åò ðåñóðñû.

� NumPy � äëÿ ïðåîáðàçîâàíèÿ ìàññèâà ïèêñåëåé ïîâåðõíîñòè â
ôîðìàò, ñîâìåñòèìûé ñ çàïèñüþ âèäåî.

� Imageio � äëÿ çàïèñè ïîñëåäîâàòåëüíîñòè êàäðîâ àíèìàöèè â
ôàéë .mp4.

� math � äëÿ âû÷èñëåíèÿ ñèíóñîèäàëüíûõ èñêàæåíèé ñòðóè.
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� random � äëÿ âíåñåíèÿ ñëó÷àéíûõ êîëåáàíèé â êîíòóðû è òðàåê-
òîðèè êàïåëü.

4.3 Îñíîâíûå ÷èñëîâûå ïàðàìåòðû

� Ðàçìåð îêíà: îïðåäåëÿåòñÿ àâòîìàòè÷åñêè ïî çàãðóæåííîìó èçîá-
ðàæåíèþ ôîíà (íàïðèìåð, 400× 600 ïèêñåëåé).

� ×àñòîòà êàäðîâ: FPS = 60 � îáåñïå÷èâàåò ïëàâíîñòü àíèìàöèè.

� Öâåòà ñòðóè:

� Íà÷àëüíûé öâåò: (55, 50, 45, 100) � ò¼ìíî-ñåðûé ïîëó-
ïðîçðà÷íûé.

� Êîíå÷íûé öâåò: (180, 180, 180, 50) � ñâåòëî-ñåðûé ñ áîëü-
øåé ïðîçðà÷íîñòüþ.

� Àíèìàöèÿ:

� animation_speed = 0.005 � ñêîðîñòü ïåðåõîäà ìåæäó ôàçà-
ìè.

� amplitude = 2 � àìïëèòóäà âîëíîâîãî èñêàæåíèÿ êîíòóðà.

� frequency = 0.05 � ÷àñòîòà âîëíû.

� t += 9 � ïàðàìåòð âðåìåíè, çàäàþùèé äâèæåíèå èñêàæåíèÿ.

� Êàïëè âîäû:

� Ðàçìåð: 18 ïèêñåëåé.

� Ñêîðîñòü ïàäåíèÿ: 35 ïèêñåëåé çà êàäð.

� Öâåò: ïîëóïðîçðà÷íûé áåëî-ãîëóáîé (60, 55, 55, 30).

� ×àñòîòà ïîÿâëåíèÿ: drop_frequency = 1.

� Ôàçû àíèìàöèè:

� Èñïîëüçóþòñÿ 4 ìàñêè (mask_1.png ... mask_4.png), îïðåäå-
ëÿþùèå ôîðìó ñòðóè íà êàæäîì ýòàïå.

� Èíòåðïîëÿöèÿ êîíòóðîâ ïëàâíî èçìåíÿåò ôîðìó ìåæäó ôà-
çàìè.

� Ïåðåêëþ÷åíèå ôàç ïðîèñõîäèò ïðè çàâåðøåíèè öèêëà èíòåð-
ïîëÿöèè.
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Òàêèì îáðàçîì, ðàçðàáîòàííàÿ ïðîãðàììà âûïîëíÿåò âèçóàëèçàöèþ
äâèæåíèÿ âîäíîé ñòðóè ñ èñïîëüçîâàíèåì ìàñîê, ãðàäèåíòíîé çàëèâêè
è ðåàëèñòè÷íûõ êàïåëü, îáåñïå÷èâàÿ ïëàâíóþ àíèìàöèþ è ýêñïîðò ðå-
çóëüòàòà â âèäåîôàéë.
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5 Ðåçóëüòàòû ðàáîòû

Íèæå íà ðèñóíêàõ 5-10 ïðèâåäåíî ñðàâíåíèå êàäðîâ èç ðåàëüíîãî
âèäåîðîëèêà è ñîáñòâåííîé ðåàëèçàöèè, â ðàçëè÷íûå ìîìåíòû âðåìåíè.

Ðèñ. 5. Íà÷àëüíûé ìîìåíò

îðèãèíàëüíîãî âèäåî Ðèñ. 6. Íà÷àëüíûé ìîìåíò ðåàëèçàöèè

Ðèñ. 7. Ñåðåäèííûé ìîìåíò

îðèãèíàëüíîãî âèäåî Ðèñ. 8. Ñåðåäèííûé ìîìåíò ðåàëèçàöèè
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Ðèñ. 9. Êîíå÷íûé ìîìåíò îðèãèíàëüíîãî

âèäåî Ðèñ. 10. Êîíå÷íûé ìîìåíò ðåàëèçàöèè
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Çàêëþ÷åíèå

Â õîäå âûïîëíåíèÿ ëàáîðàòîðíîé ðàáîòû áûë ïðîâåä¼í àíàëèç âè-
äåîçàïèñè, îòîáðàæàþùåé ôèçè÷åñêèé ïðîöåññ âûòåêàíèÿ âîäû èç êðàíà
è å¼ äàëüíåéøåãî äâèæåíèÿ. Íà îñíîâå èçó÷åíèÿ äèíàìèêè ñòðóè áûëè
îïðåäåëåíû êëþ÷åâûå îñîáåííîñòè: ïîñòåïåííîå èçìåíåíèå ôîðìû ïî-
òîêà, ïîÿâëåíèå êîëåáàíèé, ôîðìèðîâàíèå êàïåëü è âëèÿíèå ñëó÷àéíûõ
èñêàæåíèé íà êîíòóð.

Äëÿ âîñïðîèçâåäåíèÿ íàáëþäàåìîãî ýôôåêòà áûëà ðåàëèçîâàíà ïðî-
ãðàììíàÿ âèçóàëèçàöèÿ íà ÿçûêå Python. Âèçóàëèçàöèÿ îñíîâàíà íà èí-
òåðïîëÿöèè ìàñîê, îïèñûâàþùèõ ôîðìó ñòðóè íà ðàçëè÷íûõ ýòàïàõ, à
òàêæå íà ïðèìåíåíèè äîïîëíèòåëüíûõ ýôôåêòîâ, òàêèõ êàê âîëíîâîå
èñêàæåíèå, ãðàäèåíòíàÿ çàëèâêà è ãåíåðàöèÿ ïàäàþùèõ êàïåëü.

Â òåõíè÷åñêîé ÷àñòè èñïîëüçîâàíû ñëåäóþùèå ïðè¼ìû:

1. Ïðèìåíåíèå àëüôà-êàíàëà äëÿ ñîçäàíèÿ ýôôåêòà ïðîçðà÷íîñòè âî-
äû;

2. Èñïîëüçîâàíèå ìàñîê äëÿ çàäàíèÿ ôîðìû ñòðóè è ïëàâíîé ñìåíû
ôàç;

3. Äîáàâëåíèå ñëó÷àéíûõ èñêàæåíèé, ôîðìèðóþùèõ ðåàëèñòè÷íûå
êîëåáàíèÿ ïîòîêà;

4. Ãåíåðàöèÿ îòäåëüíûõ êàïåëü, óñèëèâàþùèõ ïðàâäîïîäîáíîñòü àíè-
ìàöèè;

5. Ýêñïîðò ïîñëåäîâàòåëüíîñòè êàäðîâ â âèäåîôàéë ñ ïîìîùüþ áèá-
ëèîòåêè imageio.

Ðàçðàáîòàííàÿ âèçóàëèçàöèÿ ïîçâîëÿåò äîñòîâåðíî îòîáðàçèòü ïðî-
öåññ ôîðìèðîâàíèÿ è äâèæåíèÿ ñòðóè âîäû, âêëþ÷àÿ å¼ äåôîðìàöèþ è
êàïëåîáðàçîâàíèå. Ïðîãðàììíàÿ ðåàëèçàöèÿ íà áàçå áèáëèîòåê Pygame,
NumPy, imageio, math è random îáåñïå÷èëà ãèáêîñòü íàñòðîéêè è âûñî-
êóþ íàãëÿäíîñòü ðåçóëüòàòà.

Ñîçäàííàÿ ïðîãðàììà ìîæåò áûòü èñïîëüçîâàíà êàê äåìîíñòðàöèîí-
íûé èíñòðóìåíò ïðè èçó÷åíèè ÿâëåíèé ãèäðîäèíàìèêè, à òàêæå êàê îñ-
íîâà äëÿ äàëüíåéøèõ ýêñïåðèìåíòîâ ïî âèçóàëèçàöèè æèäêîñòåé â êîì-
ïüþòåðíîé ãðàôèêå. Ïîëíûé èñõîäíûé êîä ïðåäñòàâëåí â ïðèëîæåíèè A.
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Ïðèëîæåíèå À. Êîä ðåàëèçàöèè ïðîãðàììû

À.1 water�ow_visualization.py

Ëèñòèíã 1. Âèçóàëèçàöèÿ òå÷åíèÿ âîäû èç êðàíà

1 import pygame

2 import math

3 import random

4 import imageio

5 import numpy as np

6
7 pygame.init()

8
9 # --- Êëàññ äëÿ êàïåëü âîäû ---

10 class WaterDrop:

11 def __init__(self , x, y):

12 self.x = x

13 self.y = y

14 self.size = 18

15 self.speed = 35

16
17 # Ïðîçðà÷íûé áåëî-ãîëóáîé öâåò (àëüôà 120)

18 self.color = (60, 55, 55, 30)

19
20 self.ellipse_width = self.size

21 self.ellipse_height = self.size * 1.5

22
23 def update(self):

24 self.y += self.speed

25
26 def draw(self , screen):

27 drop_rect = pygame.Rect(

28 self.x - self.ellipse_width / 2,

29 self.y - self.ellipse_height / 2,

30 self.ellipse_width ,

31 self.ellipse_height ,

32 )

33
34 # Âðåìåííàÿ ïîâåðõíîñòü ñ àëüôîé

35 drop_surface = pygame.Surface(

36 (self.ellipse_width , self.ellipse_height), pygame.SRCALPHA

37 )

38
39 # Ðèñóåì êàïëþ íà ýòîé ïîâåðõíîñòè

40 pygame.draw.ellipse(drop_surface , self.color , (0, 0, self.

ellipse_width , self.ellipse_height))

41
42 # Íàêëàäûâàåì íà ýêðàí

43 screen.blit(drop_surface , drop_rect.topleft)

44
45 def is_offscreen(self , screen_height):

46 return self.y > screen_height

47
48
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49 # --- Íàñòðîéêà ýêðàíà è çàãðóçêà ðåñóðñîâ ---

50 try:

51 temp_background_image = pygame.image.load("waterflow_background.png")

52 width , height = temp_background_image.get_size ()

53 use_background = True

54 except pygame.error as e:

55 print(f"Error loading background image: {e} ")

56 width , height = 400, 600

57 use_background = False

58
59 screen = pygame.display.set_mode ((width , height))

60
61 if use_background:

62 background_image = temp_background_image.convert ()

63
64 clock = pygame.time.Clock ()

65
66 masks = []

67 try:

68 mask1_image = pygame.image.load("mask_1.png").convert_alpha ()

69 mask2_image = pygame.image.load("mask_2.png").convert_alpha ()

70 mask3_image = pygame.image.load("mask_3.png").convert_alpha ()

71 mask4_image = pygame.image.load("mask_4.png").convert_alpha ()

72 masks = [mask1_image , mask2_image , mask3_image , mask4_image]

73 except pygame.error as e:

74 print(f"Error loading mask images: {e} ")

75 pygame.quit()

76 exit()

77
78 # --- Âûðåçàåì áàçîâóþ ïîäëîæêó èç îòäåëüíîé êàðòèíêè ---

79 if use_background:

80 base_mask = pygame.image.load("moving_image_4.png").convert_alpha ()

81 stream_base = pygame.Surface ((width , height), pygame.SRCALPHA)

82 stream_base.blit(background_image , (0, 0))

83 stream_base.blit(base_mask , (0, 0), special_flags=pygame.

BLEND_RGBA_MULT)

84
85
86 # --- ÔÓÍÊÖÈÈ ---

87 def distort_only_stream(base , mask , t):

88 """Ðàçìûâàåò è èñêàæàåò ïîäëîæêó ïî ìàñêå"""

89 w, h = base.get_size ()

90 distorted = pygame.Surface ((w, h), pygame.SRCALPHA)

91
92 for y in range(0, h, 2):

93 offset = int(5 * math.sin (0.05 * y + t * 0.1)) # ñäâèã ñòðîêè

94 distorted.blit(base , (offset , y), (0, y, w, 2))

95
96 # ïðèìåíÿåì ìàñêó ñòðóè

97 distorted.blit(mask , (0, 0), special_flags=pygame.BLEND_RGBA_MULT)

98 return distorted

99
100
101 def get_stream_contours(mask_surface):

102 left_contour = []

103 right_contour = []
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104 rows_data = {}

105 for y in range(mask_surface.get_height ()):

106 left_x = -1

107 right_x = -1

108 for x in range(mask_surface.get_width ()):

109 if mask_surface.get_at ((x, y))[0] < 50:

110 if left_x == -1:

111 left_x = x

112 right_x = x

113 if left_x != -1:

114 rows_data[y] = (left_x , right_x)

115 for y in sorted(rows_data.keys()):

116 left_x , right_x = rows_data[y]

117 left_contour.append ((left_x , y))

118 right_contour.append ((right_x , y))

119 return left_contour , right_contour

120
121
122 def make_stream_mask(left , right , width , height):

123 mask_surface = pygame.Surface ((width , height), pygame.SRCALPHA)

124 polygon_points = left + right [:: -1]

125 pygame.draw.polygon(mask_surface , (255, 255, 255, 255),

polygon_points)

126 return mask_surface

127
128
129 def interpolate_countours(

130 start_left_contour_ , start_right_contour_ , end_left_contour_ ,

end_right_contour_

131 ):

132 interpolated_left = []

133 interpolated_right = []

134 min_len_left = min(len(start_left_contour_), len(end_left_contour_))

135 min_len_right = min(len(start_right_contour_), len(end_right_contour_

))

136
137 for i in range(min_len_left):

138 start_x , start_y = start_left_contour_[i]

139 end_x , end_y = end_left_contour_[i]

140 interp_x = start_x + (end_x - start_x) * animation_progress

141 wave1 = amplitude * math.sin(frequency * start_y + t)

142 wave2 = (amplitude / 2) * math.sin(2 * frequency * start_y + 1.5 *

t)

143 noise = random.uniform (-0.5, 0.5)

144 x_offset = wave1 + wave2 + noise

145 interpolated_left.append (( interp_x + x_offset , start_y))

146
147 for i in range(min_len_right):

148 start_x , start_y = start_right_contour_[i]

149 end_x , end_y = end_right_contour_[i]

150 interp_x = start_x + (end_x - start_x) * animation_progress

151 wave1 = amplitude * math.sin(frequency * start_y + t)

152 wave2 = (amplitude / 2) * math.sin(2 * frequency * start_y + 1.5 *

t)

153 noise = random.uniform (-0.5, 0.5)

154 x_offset = wave1 + wave2 + noise
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155 interpolated_right.append (( interp_x + x_offset , start_y))

156
157 return interpolated_left , interpolated_right

158
159
160 # --- Êîíòóðû ìàñîê ---

161 contours = []

162 for mask in masks:

163 left , right = get_stream_contours(mask)

164 contours.append ([left , right])

165
166 # --- Ïàðàìåòðû ---

167 start_color = (55, 50, 45, 100)

168 end_color = (180, 180, 180, 50)

169 animation_progress = 0

170 animation_speed = 0.005

171 amplitude = 2

172 frequency = 0.05

173 t = 0

174 reverse = False

175 phase = 1

176 drops = []

177 FPS = 60

178 drop_frequency = 1

179 drop_counter = 0

180
181 writer = imageio.get_writer("animation_with_blur.mp4", fps=FPS)

182
183 # --- Ãëàâíûé öèêë ---

184 running = True

185 while running:

186 for event in pygame.event.get():

187 if event.type == pygame.QUIT:

188 running = False

189
190 # --- Îòðèñîâêà ôîíà ---

191 if use_background:

192 screen.blit(background_image , (0, 0))

193 else:

194 screen.fill ((255 , 255, 255))

195
196 # Èíòåðïîëÿöèÿ êîíòóðà ñòðóè

197 interpolated_left , interpolated_right = interpolate_countours(

198 contours [0][1] , contours [0][0] , contours[phase ][1], contours[phase

][0]

199 )

200 stream_mask = make_stream_mask(interpolated_left , interpolated_right ,

width , height)

201
202 # --- Ðàçìûòàÿ è èñêàæ�eííàÿ ïîäëîæêà ---

203 distorted_stream = distort_only_stream(stream_base , stream_mask , t)

204 screen.blit(distorted_stream , (0, 0))

205
206 # --- Öâåòíàÿ çàëèâêà äëÿ ñòðóè ---

207 polygon_points = interpolated_left + interpolated_right [:: -1]

208 if interpolated_left and interpolated_right:
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209 stream_surface = pygame.Surface ((width , height), pygame.SRCALPHA)

210 num_points = len(interpolated_left)

211 for i in range(num_points - 1):

212 r = int(start_color [0] + (end_color [0] - start_color [0]) * (i /

num_points) ** 0.6)

213 g = int(start_color [1] + (end_color [1] - start_color [1]) * (i /

num_points) ** 0.6)

214 b = int(start_color [2] + (end_color [2] - start_color [2]) * (i /

num_points) ** 0.6)

215 a = int(start_color [3] + (end_color [3] - start_color [3]) * (i /

num_points) ** 0.2)

216 points = [

217 interpolated_left[i],

218 interpolated_left[i + 1],

219 interpolated_right[i + 1],

220 interpolated_right[i],

221 ]

222 pygame.draw.polygon(stream_surface , (r, g, b, a), points)

223 screen.blit(stream_surface , (0, 0))

224
225 coef = 3 if phase == 0 or phase == 1 else 1.5

226 # --- Àíèìàöèÿ ïðîãðåññà ---

227 animation_progress += animation_speed if not reverse else

animation_speed * coef

228 if animation_progress >= 1.0 or animation_progress <= 0.0:

229 animation_speed *= -1

230 if animation_progress <= 0.0:

231 phase = min(3, phase + 1)

232 drop_counter +=1

233 reverse = not reverse

234 animation_progress = max(0.0, min(1.0, animation_progress))

235
236 t += 9

237 if drop_counter >= drop_frequency:

238 last_point_y = min(p[1] for p in polygon_points) + 25

239 bottom_points_x = [p[0] for p in polygon_points if p[1] ==

last_point_y]

240 if bottom_points_x:

241 spawn_x = sum(bottom_points_x) / len(bottom_points_x)

242 drops.append(WaterDrop(spawn_x + random.randint(-5, 5),

last_point_y))

243 drop_counter = 0

244
245 new_drops_list = []

246 for drop in drops:

247 drop.update ()

248 drop.draw(screen)

249 if not drop.is_offscreen(height):

250 new_drops_list.append(drop)

251 drops = new_drops_list

252 pygame.display.flip()

253
254 # --- Çàïèñü êàäðà ---

255 frame = pygame.surfarray.array3d(screen)

256 frame = np.swapaxes(frame , 0, 1)

257 writer.append_data(frame)
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258
259 clock.tick(FPS)

260
261 writer.close()

262 pygame.quit()
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