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Äåëàåòñÿ ïîïûòêà î÷èñòèòü îò øóìîâûõ âîçäåéñòâèé êîëåáàíèÿ áàëêè,
ëåæàùåé íà âÿçêîóïðóãîì îñíîâàíèè. Ïîëàãàåòñÿ, ÷òî ñïðàâåäëèâà ãèïîòåçà
Áåðíóëëè − Ýéëåðà. Ðàññìàòðèâàåòñÿ âîçäåéñòâèå áåëîãî, êðàñíîãî, ðîçîâîãî,
ôèîëåòîâîãî è ñèíåãî øóìîâ. Øóì ó÷èòûâàåòñÿ êàê ñîñòàâëÿþùàÿ âíåøíåé
çíàêîïåðåìåííîé ðàñïðåäåëåííîé íàãðóçêè. Óðàâíåíèÿ äâèæåíèÿ áàëêè ïîëó-
÷åíû â ÷àñòíûõ ïðîèçâîäíûõ èç ïðèíöèïà Ãàìèëüòîíà − Îñòðîãðàäñêîãî. Óðàâ-
íåíèÿ â ÷àñòíûõ ïðîèçâîäíûõ ñâîäÿòñÿ ê çàäà÷å Êîøè ìåòîäîì êîíå÷íûõ ðàç-
íîñòåé 2-ãî ïîðÿäêà òî÷íîñòè, êîòîðàÿ ðåøàåòñÿ ìåòîäàìè òèïà Ðóíãå − Êóòòû.

Ñ öåëüþ î÷èñòêè êîëåáàíèé áàëêè îò øóìà áûë èñïîëüçîâàí ìåòîä ãëàâ-
íûõ êîìïîíåíò, ñ ïîìîùüþ êîòîðîãî îáðàáîòàíû ðåøåíèÿ ëèíåéíûõ äèôôå-
ðåíöèàëüíûõ óðàâíåíèé â ÷àñòíûõ ïðîèçâîäíûõ, îïèñûâàþùèå êîëåáàíèÿ
ïðÿìîëèíåéíûõ áàëîê, ëåæàùèõ íà âÿçêîóïðóãîì îñíîâàíèè. Ðåøåíèÿ óðàâ-
íåíèé ïðåäñòàâëÿëèñü â âèäå äâóõìåðíîãî ìàññèâà äàííûõ, ñîîòâåòñòâóþùèõ
ïðîãèáàì â óçëàõ áàëêè â ðàçëè÷íûå ìîìåíòû âðåìåíè. Äëÿ îöåíêè êà÷åñòâà
î÷èñòêè ñðàâíèâàëèñü ñïåêòðû ìîùíîñòè Ôóðüå, ïîëó÷åííûå ïðè îòñóòñòâèè
øóìîâîãî âîçäåéñòâèÿ, ñ øóìîâûì âîçäåéñòâèåì è ïîñëå î÷èñòêè. Ðàññìîò-
ðåíû çàäà÷è äëÿ áàëîê, øàðíèðíî îïåðòûõ ïî êîíöàì, æåñòêî çàäåëàííûõ ïî
êîíöàì è øàðíèðíî îïåðòûõ íà îäíîì êîíöå è æåñòêî çàäåëàííûõ íà äðóãîì.
Óäàëîñü ïîëíîñòüþ î÷èñòèòü ñèãíàëû îò ÷åòûðåõ òèïîâ øóìîâ: áåëîãî, ðîçî-
âîãî, ñèíåãî, ôèîëåòîâîãî.

Êëþ÷åâûå ñëîâà: áàëêà Áåðíóëëè − Ýéëåðà, áåëûé øóì, ìåòîä ãëàâíûõ
êîìïîíåíò, öâåòíîé øóì.

Ââåäåíèå

Ìåòîä ãëàâíûõ êîìïîíåíò (PCA − Principal Component Analysis) ñôîðìóëèðî-
âàí Ñèëüâåñòðîì [1], äîðàáîòàí Ïèðñîíîì [2], äåòàëüíî èññëåäîâàí Õîòòåëèíãîì
[3]. Ñ ðàçâèòèåì öèôðîâûõ òåõíîëîãèé ìåòîä íàøåë øèðîêîå ïðèìåíåíèå â áèîëî-
ãèè, ëîãèñòèêå [4], òóðèçìå, õèìèè [5, 6], ýêîíîìèêå, ñîöèîëîãèè [7] è äð.

Ñ ïîìîùüþ PCA ìîæíî î÷èñòèòü ñèãíàë îò øóìîâûõ âîçäåéñòâèé, îí ðàáîòàåò
êàê ôèëüòð: îñíîâíàÿ èíôîðìàöèÿ îá èññëåäóåìîì îáúåêòå ñîäåðæèòñÿ â ïåðâûõ
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ãëàâíûõ êîìïîíåíòàõ, à â îñòàëüíûõ êîìïîíåíòàõ ïðåîáëàäàåò øóìîâàÿ ñîñòàâëÿ-
þùàÿ. Ïðèìåíèâ îáðàòíîå ïðåîáðàçîâàíèå, ïîëó÷àþò èçîáðàæåíèå áåç øóìà.

Öåëüþ íàñòîÿùåé ñòàòüè ÿâëÿåòñÿ èñïîëüçîâàíèå PCA äëÿ î÷èñòêè îò øóìîâîé
ñîñòàâëÿþùåé êîëåáàíèé òîíêîé áàëêè, ëåæàùåé íà âÿçêîóïðóãîì îñíîâàíèè, íà-
õîäÿùåéñÿ ïîä äåéñòâèåì çíàêîïåðåìåííîé íàãðóçêè è àääèòèâíîãî øóìà. Ïðèìå-
íåíèå PCA äëÿ èññëåäîâàíèÿ õàðàêòåðà êîëåáàíèé ìåõàíè÷åñêèõ ñèñòåì â ëèòåðà-
òóðå íàéäåíî íå áûëî.

Î÷åíü ÷àñòî êîëåáàíèÿ îáúåêòîâ ñîïðîâîæäàþòñÿ òåõíè÷åñêèìè øóìàìè, ñïåê-
òðàëüíàÿ ïëîòíîñòü ìîùíîñòè êîòîðûõ ïîä÷èíåíà ñòåïåííîìó çàêîíó

S(ω) = hγωγ,     −2 ≤ γ ≤ 2,
ãäå hγ − ìàñøòàáíûé êîýôôèöèåíò, îïðåäåëÿþùèé óðîâåíü øóìà. Òðàäèöèîííî ñ
êàæäûì öåëî÷èñëåííûì çíà÷åíèåì γ ñâÿçûâàþò îïðåäåëåííûé öâåò, èñõîäÿ èç àíà-
ëîãèè ìåæäó ïàðàìåòðàìè ðàñïðåäåëåíèÿ ñëó÷àéíîãî ïðîöåññà ñèãíàëà è ñïåêòðà-
ìè ðàçëè÷íûõ öâåòîâ âèäèìîãî öâåòà. Áåëûé øóì (γ = 0) − ýòî ñèãíàë, èìåþùèé
îäèíàêîâóþ ìîùíîñòü â îäèíàêîâûõ ïîëîñàõ ÷àñòîò ëþáîé ÷àñòè äèàïàçîíà. Íà
ïðàêòèêå ñèãíàë ìîæåò áûòü áåëûì øóìîì òîëüêî â îãðàíè÷åííîé ïîëîñå ÷àñòîò.
Äëÿ ôèîëåòîâîãî øóìà γ = −2, äëÿ êðàñíîãî øóìà γ = +2, äëÿ ðîçîâîãî øóìà γ = +1,
äëÿ ñèíåãî øóìà γ = −1. Âñå öâåòíûå øóìû îãðàíè÷åíû ïî ÷àñòîòå. Ïîäîáíûé òèï
øóìîâ íàáëþäàåòñÿ â ïðèðîäå è òåõíèêå [8−11]. Öâåòíûå øóìû ïðîÿâëÿþòñÿ â îñ-
íîâíîì â ýëåêòðîííûõ êîìïîíåíòàõ ñõåì: óãîëüíûõ êîìïàóíäàõ ðåçèñòîðîâ [11],
êîíäåíñàòîðàõ [12], âàêóóìíûõ ïðèáîðàõ [12], òâåðäîòåëüíûõ ýëåìåíòàõ − òðàíçèñ-
òîðàõ è äèîäàõ [13−15]. Â ñòàáèëüíûõ ãåíåðàòîðàõ øóìû âûçûâàþò óøèðåíèå ëè-
íèè-ðåïåðà è ñîîòâåòñòâóþùèé ñäâèã ÷àñòîòû, à òàêæå äðóãèå ýôôåêòû [16−20].
Èññëåäîâàíèå ñâîéñòâ øóìîâ ïðîâîäèëîñü êàê ìîäåëèðîâàíèåì [21], â òîì ÷èñëå
ôèçè÷åñêèì [22, 23] è ìàòåìàòè÷åñêèì [24], òàê è ýêñïåðèìåíòàëüíî [25], ïðè ýòîì
íàáëþäåíèÿ íà èíòåðâàëàõ âïëîòü äî èíôðàíèçêèõ ÷àñòîò 5−10 Ãö íå âûÿâèëè îò-
êëîíåíèÿ îò ñòåïåííîãî çàêîíà.

Ïîñòàíîâêà çàäà÷è

Ðàññìîòðèì òîíêóþ áàëêó äëèíîé l, âûñîòîé h è øèðèíîé b, ëåæàùóþ íà âÿçêî-
óïðóãîì îñíîâàíèè. Áàëêà íàãðóæàåòñÿ ðàâíîìåðíî ðàñïðåäåëåííîé ïî åå ïîâåðõ-
íîñòè íàãðóçêîé q(x, t), äåéñòâóþùåé â íàïðàâëåíèè íîðìàëè ê ñðåäèííîé ïîâåðõ-
íîñòè áàëêè. Ïîëàãàåì, ÷òî:

− ñïðàâåäëèâà ãèïîòåçà Áåðíóëëè − Ýéëåðà [26];
− âíåøíèå ñèëû íå ìåíÿþò ñâîåãî íàïðàâëåíèÿ ïðè äåôîðìàöèè áàëêè;
− ïðîäîëüíûé ðàçìåð áàëêè çíà÷èòåëüíî ïðåâûøàåò åå ïîïåðå÷íûå ðàçìåðû;
− èìååò ìåñòî âÿçêîóïðóãîå îñíîâàíèå.
Â çàäà÷å íå ó÷èòûâàåòñÿ èíåðöèÿ âðàùåíèÿ ýëåìåíòîâ áàëêè, îäíàêî ó÷èòûâà-

þòñÿ ñèëû èíåðöèè, îòâå÷àþùèå çà ïåðåìåùåíèÿ âäîëü íîðìàëè ê ñðåäèííîé ëè-
íèè. Â ýòîì ñëó÷àå óðàâíåíèå êîëåáàíèé áàëêè èìååò âèä [27]
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− äëÿ áàëêè, ñâîáîäíî îïåðòîé ïî êîíöàì,

;0),1(),1(),0(),0( =′′==′′= twtwtwtw xx (3)

− äëÿ áàëêè, æåñòêî çàäåëàííîé íà ëåâîì êîíöå è ñâîáîäíî îïåðòîé íà ïðàâîì,

;0),1(),1(),0(),0( =′′==′= twtwtwtw xx (4)

íà÷àëüíûå óñëîâèÿ èìåþò âèä:

.0)0,(;0)0,( == xwxw & (5)

Óðàâíåíèå (1) ïðèâåäåíî ê áåçðàçìåðíîìó âèäó ñ ïîìîùüþ çàìåíû:
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ãäå w(x, t) − ïðîãèá ýëåìåíòà; ε − êîýôôèöèåíò ñîïðîòèâëåíèÿ ñðåäû; h − âûñîòà
áàëêè; l − äëèíà áàëêè; t − âðåìÿ; E − ìîäóëü óïðóãîñòè; ρ − ïëîòíîñòü; q − âíåøíÿÿ
íàãðóçêà; k − êîýôôèöèåíò, õàðàêòåðèçóþùèé æåñòêîñòü îñíîâàíèÿ. Äàëåå ÷åðòî÷-
êà íàä áåçðàçìåðíûìè ïåðåìåííûìè îïóñêàåòñÿ.

Àääèòèâíûå øóìû äîáàâëåíû â óðàâíåíèå (1) â ôîðìå ñëó÷àéíîãî ñëàãàåìîãî
ñ ïîñòîÿííîé èíòåíñèâíîñòüþ wn:

),(sin0 xwtqq np +ω= (7)

ãäå q0 − àìïëèòóäà âûíóæäàþùåé çíàêîïåðåìåííîé íàãðóçêè, ωp − ÷àñòîòà çíàêîïå-
ðåìåííîé íàãðóçêè. Áåëûé è öâåòíûå øóìû ãåíåðèðîâàëèñü ñðåäñòâàìè MathLab.

Óðàâíåíèÿ (1) ïðåîáðàçîâûâàëèñü ê ñèñòåìå îáûêíîâåííûõ äèôôåðåíöèàëü-
íûõ óðàâíåíèé âòîðîãî ïîðÿäêà ïî âðåìåíè ñ ïîìîùüþ êîíå÷íûõ ðàçíîñòåé ñ àï-
ïðîêñèìàöèåé O(Δx2):
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Óñòàíîâëåíî, ÷òî äëÿ ïîëó÷åíèÿ ðåçóëüòàòîâ ñ íåîáõîäèìîé ñòåïåíüþ òî÷íîñòè äî-
ñòàòî÷íî ðàçáèòü äëèíó áàëêè [0, 1] íà 40 ÷àñòåé )40,1( =i  [28]. Çàäà÷à Êîøè ðåøà-
ëàñü ìåòîäîì Ðóíãå − Êóòòû 4-ãî ïîðÿäêà òî÷íîñòè è ìåòîäîì Áóò÷åðà (ìåòîä Ðóíãå −
Êóòòû 6-ãî ïîðÿäêà). Áûëà óñòàíîâëåíà ñõîäèìîñòü ýòèõ ìåòîäîâ è ïðåäïî÷òåíèå
îòäàíî ìåòîäó Ðóíãå − Êóòòû 4-ãî ïîðÿäêà òî÷íîñòè. Äëÿ èñêëþ÷åíèÿ îøèáî÷íûõ
ðåçóëüòàòîâ áûëà èññëåäîâàíà ñõîäèìîñòü ÷èñëåííûõ ìåòîäîâ, à òàêæå ñðàâíåíû
ðåçóëüòàòû, ïîëó÷åííûå ðàçëè÷íûìè ÷èñëåííûìè ìåòîäàìè [29]. Óñòîé÷èâîñòü ðå-
øåíèÿ ïî âðåìåíè, òî åñòü ïîäáîð øàãà ïî âðåìåíè, îñóùåñòâëÿëñÿ ïî ïðèíöèïó
Ðóíãå. Äîñòîâåðíîñòü ÷èñëåííûõ ðåçóëüòàòîâ îáåñïå÷èâàåòñÿ ñîâïàäåíèåì ïîëó-
÷åííûõ ðåøåíèé ñ ðåçóëüòàòàìè, ïîëó÷åííûìè ïðè ïðèìåíåíèè ìåòîäà êîíå÷íûõ
ýëåìåíòîâ ïî ïðîñòðàíñòâåííîé êîîðäèíàòå â ôîðìå Áóáíîâà, ñ ïîñëåäóþùèì ðå-
øåíèåì çàäà÷è Êîøè ìåòîäàìè òèïà Ðóíãå − Êóòòû îò âòîðîãî äî âîñüìîãî ïîðÿäêà
òî÷íîñòè [29].

Âûáîð êîëè÷åñòâà ãëàâíûõ êîìïîíåíò

Ïðèìåíèì ìåòîä ãëàâíûõ êîìïîíåíò [30] ê ìàòðèöå W ðàçìåðíîñòüþ I×J, ïîëó-
÷åííîé â ðåçóëüòàòå ðåøåíèÿ îáûêíîâåííîãî äèôôåðåíöèàëüíîãî óðàâíåíèÿ (1).
Ðàçìåðíîñòü ìàòðèöû ñîîòâåòñòâóåò êîëè÷åñòâó èíòåðâàëîâ ðàçáèåíèÿ äëèíû áàë-
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êè I = 40 è èíòåðâàëîâ âðåìåíè J = 65567. Ïðè òàêîì êîëè÷åñòâå îòñ÷åòîâ ïî âðå-
ìåíè íàáëþäàåòñÿ óñòàíîâèâøèéñÿ ðåæèì êîëåáàíèé [31].

Èç ìàòðèöû W ïîëó÷àåì àâòîøêàëèðîâàííóþ ìàòðèöó W~  ñ ýëåìåíòàìè:
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Çäåñü wij − ýëåìåíòû ìàòðèöû W; mj − ñðåäíåå ïî ñòîëáöó j ìàòðèöû W; sj − ñðåäíåå
êâàäðàòè÷åñêîå îòêëîíåíèå âåëè÷èí ñòîëáöà j  ìàòðèöû W. Ïîñëå àâòîøêàëèðîâà-
íèÿ ñðåäíåå çíà÷åíèå âñåõ ïåðåìåííûõ ñòàíîâèòñÿ ðàâíûì íóëþ, à ñðåäíåå êâàäðà-
òè÷åñêîå îòêëîíåíèå − ðàâíûì åäèíèöå.

Â ìåòîäå ãëàâíûõ êîìïîíåíò èñïîëüçóþòñÿ ôîðìàëüíûå ïåðåìåííûå ta ,,1 )( Aa =
ïðåäñòàâëÿþùèå ñîáîé ëèíåéíóþ êîìáèíàöèþ ïåðåìåííûõ wj .,1 )( Jj =

Ìàòðèöà W~  ïðåäñòàâëÿåòñÿ â âèäå ëèíåéíîãî ðàçëîæåíèÿ
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ãäå T − ìàòðèöà ñ÷åòîâ ðàçìåðíîñòüþ I×A; P − ìàòðèöà íàãðóçîê ðàçìåðíîñòüþ A×J;
E − ìàòðèöà îñòàòêîâ ðàçìåðíîñòüþ I×J; A − ÷èñëî ãëàâíûõ êîìïîíåíò.

Äëÿ âû÷èñëåíèÿ ìàòðèöû ñ÷åòîâ T è ìàòðèöû íàãðóçîê P èñïîëüçîâàëîñü ñèí-
ãóëÿðíîå ðàçëîæåíèå ìàòðèöû ,~ tUSVW =  ãäå T = US, P = V [29]. Åñëè âûáðàòü
÷èñëî ãëàâíûõ êîìïîíåíò A, òî ìàòðèöà îñòàòêîâ
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×èñëî ãëàâíûõ êîìïîíåíò äîëæíî áûòü òàêîâî, ÷òîáû èíôîðìàöèÿ, çàêëþ÷åí-
íàÿ â ãëàâíûõ êîìïîíåíòàõ, îòðàæàëà áîëüøóþ ÷àñòü îáúÿñíåííîé äèñïåðñèè.

×èñëåííûé ýêñïåðèìåíò

Ðàññìîòðèì êîëåáàíèÿ áàëêè, íàõîäÿùåéñÿ íà âÿçêîóïðóãîì îñíîâàíèè ñ êîýô-
ôèöèåíòîì ïîñòåëè k = 1. Íà áàëêó äåéñòâóåò ðàâíîìåðíî ðàñïðåäåëåííàÿ ïîïåðå÷-
íàÿ çíàêîïåðåìåííàÿ íàãðóçêà ñ àìïëèòóäîé q0 = 100 è ÷àñòîòîé ωp = 5, èíòåíñèâ-
íîñòè øóìà wn = 0, 50, êîýôôèöèåíò ñîïðîòèâëåíèÿ ñðåäû ε = 0. Èññëåäîâàëèñü
óñòàíîâèâøèåñÿ ñèãíàëû íà âðåìåííîì èíòåðâàëå 200 < t < 1224. Â òàáëèöàõ 1−5
ïðèâåäåíû ãðàôèêè ñïåêòðîâ ìîùíîñòè S, ïîñòðîåííûå ñ ïîìîùüþ áûñòðîãî ïðå-
îáðàçîâàíèÿ Ôóðüå áåç ó÷åòà øóìà â íàãðóçêå (wn = 0, êðèâûå ñèíåãî öâåòà), ñ ó÷å-
òîì øóìà ñ èíòåíñèâíîñòüþ wn = 50 (êðèâûå êðàñíîãî öâåòà) è ïîñëå îáðàáîòêè
ñèãíàëà ñ ïîìîùüþ PCA (êðèâûå çåëåíîãî öâåòà).

Ïðè âîçäåéñòâèè íà áàëêó ñ ãðàíè÷íûìè óñëîâèÿìè (2) çíàêîïåðåìåííîé íà-
ãðóçêè ïðè îòñóòñòâèè øóìà ïîëó÷àåì êâàçèïåðèîäè÷åñêèé ñèãíàë íà ïÿòè ÷àñòî-
òàõ ωp, ω1, ω2, ω3, ω4 (òàáëèöà 1). Ïðè äîáàâëåíèè áåëîãî øóìà, íåñìîòðÿ íà òî, ÷òî
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áåëûé øóì èìååò îäèíàêîâóþ ñïåêòðàëüíóþ ìîùíîñòü íà âñåõ ÷àñòîòàõ, ïðè ãðà-
íè÷íûõ óñëîâèÿõ (2) äëÿ áàëêè ïîÿâëÿþòñÿ âñåãî ÷åòûðå íîâûå çàâèñèìûå ÷àñòîòû
ω5, ω6, ω7, ω8.

Äëÿ áàëêè ñ ãðàíè÷íûìè óñëîâèÿìè (3) êîëåáàíèÿ ïðîèñõîäÿò íà ñåìè çàâèñè-
ìûõ ÷àñòîòàõ ω1 = ω4/5 = 2ω2/3 = ω3/3 è ω5, ω6, ω7; äîáàâëåíèå áåëîãî øóìà ïðèâî-
äèò ê ïîÿâëåíèþ ãàðìîíèê î÷åíü ìàëîé àìïëèòóäû íà ÷àñòîòàõ ω8, ω9, ω10, ω11, ω12,
áëèçêèõ ê ÷àñòîòàì ω5, ω6, ω7.

Äëÿ áàëêè ñ ãðàíè÷íûìè óñëîâèÿìè (4) äîáàâëåíèå áåëîãî øóìà ïðèâîäèò ê
ïîÿâëåíèþ ãàðìîíèê íà ÷àñòîòàõ ω4, ω5, ω6 è ω7.

Òàáëèöà 1
Î÷èñòêà êîëåáàíèé áàëêè îò áåëîãî øóìà

Ãðàíè÷íûå óñëîâèÿ (2) Ãðàíè÷íûå óñëîâèÿ (3) Ãðàíè÷íûå óñëîâèÿ (4)

Â ðåçóëüòàòå î÷èñòêè ñèãíàëà óäàëîñü ïîëó÷èòü ñïåêòðû, íà êîòîðûõ îòñóòñòâó-
þò ÷àñòîòû, ïîÿâèâøèåñÿ â ðåçóëüòàòå âîçäåéñòâèÿ áåëîãî øóìà.

Äîáàâëåíèå ñèíåãî øóìà (òàáëèöà 2) ê íàãðóçêå áàëêè ñ ãðàíè÷íûìè óñëîâèÿ-
ìè (2) ïðèâîäèò ê ïîÿâëåíèþ âîñüìè ÷àñòîò ω5−ω12, áàëêè ñ ãðàíè÷íûìè óñëîâèÿ-
ìè (3) − ê ïîÿâëåíèþ òðåõ äîïîëíèòåëüíûõ ÷àñòîò ω7, ω9, ω10; áàëêè ñ ãðàíè÷íûìè
óñëîâèÿìè (4) − øåñòè äîïîëíèòåëüíûõ ÷àñòîò ω4−ω9. Î÷èñòêà ñèãíàëà ïîçâîëèëà
èçáàâèòüñÿ îò äîïîëíèòåëüíûõ ÷àñòîò â ñïåêòðå.

Òàáëèöà 2
Î÷èñòêà êîëåáàíèé áàëêè îò ñèíåãî øóìà

Ãðàíè÷íûå óñëîâèÿ (2) Ãðàíè÷íûå óñëîâèÿ (3) Ãðàíè÷íûå óñëîâèÿ (4)

Àíàëîãè÷íûå ðåçóëüòàòû ïîëó÷àþòñÿ ïðè äîáàâëåíèè ê íàãðóçêå áàëêè ðîçîâî-
ãî øóìà (òàáëèöà 3). Ó áàëêè ñ ãðàíè÷íûìè óñëîâèÿìè (2) ïîÿâëÿþòñÿ ÷åòûðå ÷àñ-
òîòû ω5−ω8 ïî ñðàâíåíèþ ñ áåëûì øóìîì; ó áàëêè ñ ãðàíè÷íûìè óñëîâèÿìè (3)
ïîÿâëÿþòñÿ òðè äîïîëíèòåëüíûå ÷àñòîòû ω8, ω9, ω10; ó áàëêè ñ ãðàíè÷íûìè óñëî-
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âèÿìè (4) − øåñòü äîïîëíèòåëüíûõ ÷àñòîò ω4−ω9. Î÷èñòêà ñèãíàëà ïîçâîëèëà èçáà-
âèòüñÿ îò äîïîëíèòåëüíûõ ÷àñòîò â ñïåêòðå.

Òàáëèöà 3
Î÷èñòêà êîëåáàíèé áàëêè îò ðîçîâîãî øóìà

Ãðàíè÷íûå óñëîâèÿ (2) Ãðàíè÷íûå óñëîâèÿ (3) Ãðàíè÷íûå óñëîâèÿ (4)

Íà ÷àñòîòíûé ñïåêòð êîëåáàíèé áàëêè ñ êðàåâûìè óñëîâèÿìè (3) íèêàêîãî âîç-
äåéñòâèÿ íå îêàçûâàåò ôèîëåòîâûé øóì (òàáëèöà 4), âåñü íàáîð ÷àñòîò ïðèñóòñòâó-
åò êàê â îðèãèíàëüíîì ñïåêòðå, òàê è â ñïåêòðå ñ øóìîì è â î÷èùåííîì ñïåêòðå.
Äëÿ áàëîê ñ ãðàíè÷íûìè óñëîâèÿìè (2) è (4) óäàëîñü ïîëó÷èòü î÷èùåííûå ñïåêòðû.

Òàáëèöà 4
Î÷èñòêà êîëåáàíèé áàëêè îò ôèîëåòîâîãî øóìà

Ãðàíè÷íûå óñëîâèÿ (2) Ãðàíè÷íûå óñëîâèÿ (3) Ãðàíè÷íûå óñëîâèÿ (4)

Ïðè âîçäåéñòâèè àääèòèâíîãî êðàñíîãî øóìà (òàáëèöà 5) íà êîëåáàíèÿ áàëêè
çíà÷èòåëüíîå âëèÿíèå îêàçûâàþò ãðàíè÷íûå óñëîâèÿ: ó áàëêè ñ ãðàíè÷íûìè óñëî-
âèÿìè (2) ïîñëå äîáàâëåíèÿ øóìà èñ÷åçëà ãàðìîíèêà íà ÷àñòîòå ω3. Âîçäåéñòâèå
êðàñíîãî øóìà äëÿ ãðàíè÷íûõ óñëîâèé (3) è (4) ïðèâåëî ê òîìó, ÷òî â ñïåêòðå íà-
áëþäàëîñü ìíîæåñòâî íîâûõ ÷àñòîò, ïðè ýòîì î÷èñòèòü ñèãíàë íå óäàëîñü.

Ïîñëå îáðàáîòêè ðåçóëüòàòîâ ðàñ÷åòà êîëåáàíèé áàëêè äëÿ âñåõ òèïîâ ãðàíè÷-
íûõ óñëîâèé (2)−(4), ïîëó÷åííûõ ïðè äîáàâëåíèè áåëîãî, ðîçîâîãî, ñèíåãî è ôèî-
ëåòîâîãî øóìîâ, ìåòîäîì ãëàâíûõ êîìïîíåíò ñ ÷èñëîì ãëàâíûõ êîìïîíåíò 1 è 2 íà
ñïåêòðå ìîùíîñòè îñòàëèñü ÷àñòîòû, êîòîðûå áûëè â ñèãíàëå áåç ó÷åòà øóìà â íà-
ãðóçêå. Ñèãíàë ìàêñèìàëüíî î÷èùåí îò øóìà è ïðè ýòîì ñîõðàíÿåòñÿ ïîëåçíàÿ èí-
ôîðìàöèÿ î ðåæèìå êîëåáàíèé. Ïðè óâåëè÷åíèè ÷èñëà ãëàâíûõ êîìïîíåíò äî 3 è 4
ïðîèñõîäèò ïîëíîå ñîõðàíåíèå èíôîðìàöèè î øóìîâûõ ÷àñòîòàõ.
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Òàáëèöà 5
Î÷èñòêà êîëåáàíèé áàëêè îò êðàñíîãî øóìà

Ãðàíè÷íûå óñëîâèÿ (2) Ãðàíè÷íûå óñëîâèÿ (3) Ãðàíè÷íûå óñëîâèÿ (4)

Çàêëþ÷åíèå

Øóìû ìîãóò îêàçûâàòü ñóùåñòâåííîå âëèÿíèå íà êîëåáàíèÿ áàëêè. Îíè ïðèâî-
äÿò ê ïîÿâëåíèþ íîâûõ ãàðìîíèê â ñèãíàëå íà ëèíåéíî çàâèñèìûõ ÷àñòîòàõ.

Ìåòîä ãëàâíûõ êîìïîíåíò ìîæåò áûòü ïðèìåíåí äëÿ î÷èùåíèÿ ñèãíàëà îò âíåø-
íåãî àääèòèâíîãî áåëîãî è öâåòíîãî øóìà êîëåáàíèé áàëîê ñ ãðàíè÷íûìè óñëîâèÿ-
ìè òèïà (2)−(4). Óäàëîñü ïîëíîñòüþ î÷èñòèòü ñèãíàëû îò ÷åòûðåõ òèïîâ øóìîâ:
áåëîãî, ðîçîâîãî, ñèíåãî, ôèîëåòîâîãî. Êîëåáàíèÿ áàëêè, ïîëó÷åííûå ïðè âîçäåé-
ñòâèè êðàñíîãî øóìà, íå ïîääàþòñÿ î÷èñòêå ïðè êðàåâûõ óñëîâèÿõ (2) è (4).
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VIBRATIONS OF A BEAM IN A FIELD OF COLOR NOISE

Krysko V.A., Papkova I.V., Kutepov I.E., Krysko A.V.

Yuri Gagarin State Technical University of Saratov, Saratov, Russian Federation

An attempt is made to clear vibrations of a beam resting on a viscoelastic support from noise
effects. It is assumed that Bernoulli-Euler hypothesis holds. Effects of white, red, pink, purple and
blue noise are considered. Noise is accounted for as a component of an alternating distributed
load. Equations of motion of the beam areobtained as partial derivatives from Hamilton-Ostrogradski
principle. Partial derivative equations are reduced to a Cauchy problem, using a second-order
accuracy finite difference method, which is solved by Runge-Kutta-type methods.
To clear vibrations of the beam from noise, the main component method was applied. This method
was used to process the solutions of linear partial differential equations describing vibrations of
rectangular beams resting on a viscoelastic support.
Solutions of the equations were represented in the form of a 2D data array corresponding to
deflections in the nodes of the beam at different times. The quality of clearing was assessed by
comparing the Fourier power spectra obtained in the absence of  noise effects  with those that had
noise effects, and after clearing.   Problems for beams simply supported at both ends, fully fixed at
both ends, simply supported at one end and fully fixed at the other one are considered. It was
possible to clear the signals from four types of noise: white, pink, blue and purple.

Keywords: Bernoulli − Euler beam, white noise, main component method, color noise.


