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ÏÐÅÄÈÑËÎÂÈÅ  Ê ÐÈÒÌÎÄÈÍÀÌÈÊÅ

Ýòà êíèãà � äëÿ ñòóäåíòîâ è èõ áîëåå óìóäð¸ííûõ îïû-
òîì ïðîôåññîðîâ, äëÿ èññëåäîâàòåëåé è èíæåíåðîâ â ðàç-
íûõ îáëàñòÿõ íàóêè è òåõíèêè, äëÿ êîòîðûõ êðèçèñ ñîâðå-
ìåííîé ôèçè÷åñêîé êàðòèíû ìèðà ñòàë óæå î÷åâèäíûì
ôàêòîì, è íàñòîÿùàÿ ðàáîòà áóäåò âîñïðèíÿòà èìè êàê
åñòåñòâåííàÿ, ìó÷èòåëüíàÿ ïîïûòêà åäèíîìûøëåííèêà íàé-
òè âûõîä èç ñëîæèâøåãîñÿ ïîëîæåíèÿ.

Ñåãîäíÿ, ê êîíöó ÕÕ âåêà, âñå ïåðåäîâûå íàó÷íûå øêî-
ëû ïðèøëè â äâèæåíèå îáúåäèíÿÿñü âîêðóã èäåè «Ïåðå-
ñòðîéêè åñòåñòâîçíàíèÿ». È êàê âñåãäà, â êðèçèñíûå äëÿ
íàóêè ïåðèîäû, íà÷àëñÿ êðèòè÷åñêèé àíàëèç óñòàíîâèâ-
øèõñÿ ôóíäàìåíòàëüíûõ ïîëîæåíèé, â òîì ÷èñëå è òàêî-
ãî ÿñíîãî è, êàæåòñÿ, î÷åâèäíîãî ïîíÿòèÿ êàê äâèæåíèå.
Íî ÷òî åñòü äâèæåíèå? Âñå ÷àñòè íàøèõ çíàíèé î í¸ì �
íàëèöî, íî öåëîñòíîå ïðåäñòàâëåíèå óñêîëüçàåò.

Â íàñòîÿùåé ðàáîòå ñäåëàíî îáîáùåíèå ñóùåñòâóþùèõ
ïðåäñòàâëåíèé î äâèæåíèè è íà ýòîé îñíîâå ðàçðàáîòàíî
íîâîå íàó÷íîå íàïðàâëåíèå � ÐÈÒÌÎÄÈÍÀÌÈÊÀ.

Îñíîâû ðèòìîäèíàìèêè âûõîäÿò äàëåêî çà ðàìêè ñîá-
ñòâåííî ôèçèêè è ïðîíèêàþò â õèìèþ, áèîëîãèþ, áèîôè-
çèêó, àñòðîíîìèþ, èíôîðìàòèêó, ìåäèöèíó, ïñèõîëîãèþ è
âñþäó ãäå åñòü äâèæåíèå, ðèòì, êëåáàíèÿ è âîëíû, âèáðà-
öèè, æèçíü.

Ñòîëü øèðîêèé ãîðèçîíò ðèòìîäèíàìèêè îòêðûâàåò-
ñÿ áëàãîäàðÿ íåêîòîðûì êëþ÷åâûì èäåÿì, îïèðàþùèìñÿ
íà íàòóðíûå ýêñïåðèìåíòû è áîëåå áûñòðîå è äåø¸âîå ìî-
äåëèðîâàíèå ÿâëåíèé ñ ïîìîùüþ êîìïüþòåðíûõ òåõíîëî-
ãèé. Ìàòåìàòè÷åñêàÿ ñòîðîíà âîïðîñîâ è ñîçäàíèå ìàòå-
ìàòè÷åñêîãî àïïàðàòà ðèòìîäèíàìèêè íàõîäèòñÿ â ñòàäèè
ðàçðàáîòêè.

×èòàòåëþ âàæíî ïîíÿòü ñïåöèôèêó íîâûõ èäåé, èíè-
öèèðóåìûõ ðèòìîäèíàìèêîé. Ýòî � íîâîå îáúÿñíåíèå ñòà-
ðûõ ïðîáëåì. Íåêîòîðûå èäåè ìîãóò ïîêàçàòüñÿ ÷èòàòåëþ
îøèáî÷íûìè èëè äàæå àáñóðäíûìè, íî ýòî åñòåñòâåííûé
ïðîöåññ âîñïðèÿòèÿ ëþáîãî íîâîãî íàó÷íîãî íàïðàâëåíèÿ,
êîòîðîå çàòðàãèâàåò ìíîãèå ðàçäåëû íàóêè è òåõíèêè.

*  *  *
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ÐÈÒÌÎÄÈÍÀÌÈÊÀ � ýòî âîëíîâàÿ êàðòèíà ìèðà, â êî-
òîðîé äèñêðåòíîñòü ìàòåðèè òðàêòóåòñÿ êàê ðèòìè÷åñêèé
ïðîöåññ ýíåðãåòè÷åñêèõ âñïëåñêîâ ñ ïåðèîäè÷íîñòüþ 2π.

Åñëè â êâàíòîâîé ôèçèêå ôàçîâûé ñäâèã ðàññìàòðèâà-
åòñÿ êàê ôóíêöèÿ ýíåðãèè, òî â ðèòìîäèíàìèêå ýòà çàâè-
ñèìîñòü èìååò îáðàòèìûé õàðàêòåð, ò.å. ñäâèã ôàç ïîðîæ-
äàåò ýíåðãèþ. Ýòà ïåðåêð¸ñòíàÿ çàâèñèìîñòü ìàñêèðóåò
ïðè÷èííî-ñëåäñòâåííûé ìåõàíèçì äâèæåíèÿ.

Âî âñåõ âíåøíèõ íàáëþäàåìûõ ýôôåêòàõ ðèòìîäèíà-
ìèêà óñìàòðèâàåò âíóòðåííèå ñîáûòèÿ. Òîëüêî ïðîñëåäèâ
èåðàðõèþ äâèæåíèé, ìîæíî ïîíÿòü ðàçâèòèå ïðîöåññîâ.

Âçàèìîäåéñòâèÿ � ýòî èåðàðõèÿ äâèæåíèé: äâèæå-
íèå{ äâèæåíèÿ [ äâèæåíèÿ (äâèæåíèÿ) ] } ... â ñòåïåííîì
ðÿäó èõ ïðîòåêàíèÿ, ãäå â òàêîé æå ñòåïåííîé çàâèñèìîñ-
òè ìîæåò îêàçàòüñÿ è ñêîðîñòü âçàèìîäåéñòâèé (ñêîðîñòü
çâóêà, ñêîðîñòü ñâåòà è ò.ä.). Ðèòìîäèíàìè÷åñêèé ìåõà-
íèçì ñîïðÿæåííûõ ïðîöåññîâ äâèæåíèÿ ïîçâîëÿåò ïðèé-
òè ê åäèíîîáðàçíîé ìîäåëè èõ îïèñàíèÿ.

Òàê íàïðèìåð, â ðèòìîäèíàìèêå âîïðîñ ãðàâèòàöèè,
ýòî âîïðîñ ôàçî÷àñòîòíîãî ñîñòîÿíèÿ, ïðèâîäÿùåãî ê ñàìî-
óñêîðåíèþ îáúåêòîâ. Êàðòèíà ïðåäåëüíî ïðîñòà: ðàññîã-
ëàñîâàíèå ÷àñòîò âñåãî ëèøü íà 1.6�10 �8 Ãö ïðèâîäèò ê
ñàìîäâèæåíèþ ñ óñêîðåíèåì 9.8 ì/ñ2. Èìåííî ýòî è ïðî-
èñõîäèò ñ òåëàìè âáëèçè ïîâåðõíîñòè Çåìëè, ïîòîìó êàê
èõ ýíåðãåòè÷åñêè êîìôîðòíûå ñîñòîÿíèÿ âîçìîæíû òîëü-
êî â ðåæèìå óñêîðåííîãî ñàìîäâèæåíèÿ. Îòñþäà âîçíèê-
ëî è ïîíÿòèå � òðåòüå ñîñòîÿíèå ïîêîÿ, êîòîðîå âûãëÿ-
äèò ñâîáîäíûì ïàäåíèåì è õàðàêòåðèçóåòñÿ ìèíèìóìîì
ðàñõîäà ñîáñòâåííîé ýíåðãèè. Äëÿ ñêîðåéøåãî äîñòèæå-
íèÿ ýòîãî ñîñòîÿíèÿ â õîä ïóñêàåòñÿ âñ¸, ÷åì îáúåêò ðàñ-
ïîëàãàåò, � êîëåáàíèÿ è èçëó÷åíèÿ íà âñåõ óðîâíÿõ îðãà-
íèçàöèè, ò.ê. æåëàþùèõ � áåñêîíå÷íîå êîëè÷åñòâî. Îòñþäà,
ñäâèãè � ôàçîâûå, ÷àñòîòíûå, âåêòîðíàÿ äåôîðìàöèÿ, âçàè-
ìîäåéñòâèÿ, íàòÿæåíèå (íàïðÿæåíèå) ïðîñòðàíñòâà-âðåìå-
íè.

Èíòåðåñíîé èëëþñòðàöèåé âñåé ýòîé ñâàëêè, íåðàçáå-
ðèõè â ðèòìîäèíàìèêå ÿâëÿåòñÿ îáú¸ìíûé ñïàéäåð-ýô-
ôåêò, ïî èíäèéñêîé àíàëîãèè � Áðàõìà-ýôôåêò. Ìãíî-
âåííàÿ êàðòèíà ñïàéäåð-ýôôåêòà (èíòåðôåðåíöèîííàÿ
êàðòèíà) ïðåäñòàâëÿåò â ñå÷åíèè ãåîìåòðè÷åñêîå ðàñïðå-
äåëåíèå ñèíôàçíûõ òî÷åê, äèíàìè÷åñêóþ ôèãóðó, îñîáóþ
ôîðìó ðàçâèòèÿ ñîáûòèé.
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Â ñïàéäåð-ýôôåêòå îáíàðóæèâàþòñÿ èñòîêè äâèæå-
íèÿ, âûçûâàåìîãî ñäâèãîì ôàç è ðàçíîñòüþ ÷àñòîò. Èåðàð-
õèÿ ôàç è ÷àñòîò ïîðîæäàåò âñå âèäû äâèæåíèé, èçâåñò-
íûå ôèçèêå. Èõ ñî÷ëåíåíèÿ, èõ ñóïåðïîçèöèè â äèíàìèêå
ðîæäàþò ðèòìû, îæèâëÿþùèå âåñü ñïåêòð ôàçîâîãî ïðî-
ñòðàíñòâà. Ìîæíî ïðåäñòàâèòü êàê ïåðåêðåùèâàíèå ïî-
ëåé ïðèâîäèò ê èçìåíåíèþ ôàçî÷àñòîòíîãî ñîñòîÿíèÿ è
ýòî àâòîìàòè÷åñêè äà¸ò íà÷àëî, óñêîðÿåò èëè çàìåäëÿåò
äâèæåíèå, áåç âèäèìîãî ó÷àñòèÿ ñèë. Ñêîðåå, íàîáîðîò, ôà-
çî÷àñòîòíûå ñäâèãè ïîðîæäàþò âñå ñèëû, êîòîðûå ïîä ðàç-
íûìè íàçâàíèÿìè ôèãóðèðóþò è â ìåõàíèêå, è â ýëåêò-
ðîäèíàìèêå, è â òÿãîòåíèè, è â õèìè÷åñêèõ, è â ÿäåðíûõ
è ñóáúÿäåðíûõ ïðîöåññàõ.

Îäèí èç ñïîðíûõ, íî èíòåðåñíûõ âîïðîñîâ: èçîáðàæå-
íèå ñïàéäåð-ýôôåêòà íà ïðîçðà÷íîì íîñèòåëå ðàáîòàåò
êàê èçëó÷àòåëü. Íå îçíà÷àåò ëè ýòî, ÷òî ÷åðåç ïîñðåäíèêà-
÷åëîâåêà ôîðìà âîçáóæäàåò ïîëåâóþ ìàòåðèþ áîëåå òîí-
êîé ñòðóêòóðû? À ìîæåò ôîðìà ñàìà ïîðîæäàåò òàêîå èç-
ëó÷åíèå? Ýôôåêò ôîðìû? Ôîðìà íà÷èíàåò ïðîÿâëÿòü ñåáÿ
êàê èíôîðìàöèîííî-ýíåðãåòè÷åñêèé ïðîâîäíèê? Äåëî òåõ-
íèêè è âðåìåíè èçó÷èòü ýòîò ýôôåêò âî âñåõ ïðîÿâëåíè-
ÿõ.

Ìîäåëèðîâàíèå (íà îñíîâå ïîäõîäîâ ðèòìîäèíàìèêè)
ýíåðãåòè÷åñêîãî ïîëÿ âîëíîâûõ îáðàçîâàíèé ïðèâåëî ê îò-
êðûòèþ íåèçëó÷àþùèõ âîëíîâûõ ñòðóêòóð, ñîçäàþùèõ, â
áóêâàëüíîì ñìûñëå, âîëíîâûå êîêîíû. Íåèçëó÷àþùèå âîë-
íîâûå ñãóñòêè îòëè÷àþòñÿ áîëüøîé óñòîé÷èâîñòüþ. Íà âîë-
íîâîé ñãóñòîê óäàëîñü ïåðåëîæèòü âñå êà÷åñòâà ÷àñòèö, èñ-
ïîëüçóÿ òîëüêî ôàçó è ÷àñòîòó. Âåñü ìèð, ñëåäîâàòåëüíî,
ìîæíî ïðåäñòàâèòü ñîñòîÿùèì òîëüêî èç âîëí. Òàêîé ïîä-
õîä ïîçâîëÿåò îáîéòèñü áåç äóàëèçìà âîëíà�÷àñòèöà.

Îòñþäà âûòåêàåò âîëíîâàÿ ïðèðîäà âñÿêîãî äâèæåíèÿ,
âîëíîâàÿ ïðèðîäà âñåõ âçàèìîäåéñòâèé, âîëíîâàÿ ïðèðîäà
ñèë. Íà ýòîé ïî÷âå òåðÿåò ñìûñë äåëåíèå ôèçèêè íà êëàñ-
ñè÷åñêóþ è ðåëÿòèâèñòñêóþ. Íà ýòîé ïî÷âå, êàê îòìå÷åíî
âûøå, îáíàðóæåíà òåñíàÿ ñâÿçü ðàçíîðîäíûõ òåîðèé, à âñå
çàêîíû, íà÷èíàÿ ñ çàêîíîâ Àðõèìåäà, Ãàëèëåÿ è Íüþòîíà,
ïîääàþòñÿ åäèíîé èíòåðïðåòàöèè � ôàçî÷àñòîòíîé.

Íà 2-é è 3-é ñòðàíèöàõ îáëîæêè âû óâèäèòå íîâûå,íå-
èíâàðèàíòíûå èçâåñòíûì, ôðìóëû ðèòìîäèíàìèêè,  â êî-
òîðûõ ïðîñìàòðèâàåòñÿ íîâûé âçãëÿä íà ñòàðûå ïîíÿòèÿ.

Ïðîâåðêà íåêîòîðûõ ÿâëåíèé îáíàðóæèâàåò èíòåðåñ-
íûå çàêîíîìåðíîñòè âîëíîâûõ âçàèìîäåéñòâèé.
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Â òåîðèè ýëåêòðîíà Áîðó ïðèøëîñü ïðèäóìàòü êâàí-
òîâûå ÷èñëà äëÿ îáúÿñíåíèÿ ïåðåñêîêîâ ýëåêòðîíîâ ñ îð-
áèòû íà îðáèòó, â òî âðåìÿ êàê ïî ðèòìîäèíàìè÷åñêîìó
àíàëèçó â îðáèòàëüíîì äâèæåíèè ýëåêòðîíà ñîäåðæèòñÿ
âîëíîâàÿ èíôîðìàöèÿ î ôàçîâîì ñîñòîÿíèè è ñîáñòâåí-
íîé ÷àñòîòå. Íå ïðèâëåêàÿ àïïàðàò êâàíòîâàíèÿ, ìîæíî
ïîêàçàòü êàê, ïðè ìàëåéøåì ðàññîãëàñîâàíèè ôàçû è ÷àñ-
òîòû, ýëåêòðîí èçëó÷àÿ çàíèìàåò íîâîå ïîëîæåíèå. Êâàí-
òîâûå ïåðåõîäû � ýòî îáÿçàòåëüíî ôàçîâûå è ÷àñòîòíûå
èçìåíåíèÿ âîëíîâûõ îñöèëëÿöèé. Ïîíÿòíî, òåïåðü, ïî÷å-
ìó ýòî ÿâëåíèå èñïîëüçóåòñÿ â óñêîðèòåëÿõ. Ðèòìîäèíà-
ìèêà ìîæåò âûÿâèòü íîâûå ðåçåðâû óñêîðåíèÿ â ñîçäà-
íèè ðåçîíàíñíûõ óñêîðèòåëåé, ïëàçìåííûõ ôàçî÷àñòîòíûõ
óñêîðèòåëåé áåãóùåé âîëíû è âîëí áèåíèÿ, õîðîøî èëëþ-
ñòðèðóåìûõ íà èíòåðôåðåíöèîííûõ ìîäåëÿõ.

Â ýëåìåíòàõ ñ îòðèöàòåëüíîé äèôôåðåíöèàëüíîé ïðî-
âîäèìîñòüþ (ýôôåêò Ãàíà) íàëîæåíèå âûñîêîãî íàïðÿæå-
íèÿ íà ïîëóïðîâîäíèê ïðèâîäèò ê ãåíåðàöèè ïåðåìåííîãî
òîêà, íàëîæåíèå ÑÂ×-êîëåáàíèé ïðèâîäèò ê óìíîæåíèþ
÷àñòîòû, ýìèññèè ýëåêòðîíîâ, òåðìîÝÄÑ è ôîòîÝÄÑ, ÷òî çà-
ìå÷àòåëüíî îáúÿñíÿåòñÿ ôàçî÷àñòîòíûì ïîäõîäîì.

Â ýôôåêòå Äæîçåôñîíà ãåíåðàöèÿ ýëåêòðîìàãíèòíîãî
ïîëÿ ïðè íàëîæåíèè ïîòåíöèàëà íà ïîëóïðîâîäíèê äîëæ-
íà äîïîëíèòåëüíî ñîïðîâîæäàòüñÿ ñèëîâûìè ôàçîâûìè
ýôôåêòàìè, íî òàê âîïðîñ íèêòî íå ñòàâèë.

Áëóæäàþùèå ýëåêòðîíû, êàê áîìæû, èùóò ñåáå ïðèñòà-
íèùå è íàõîäÿò (áîìæ-ýôôåêò). Îáðåçàííûå (ëèø¸ííûå
ñèììåòðèè � ñåêâåñòð-ýôôåêò) âîëíîâûå ñèñòåìû áûñòðî
âîññòàíàâëèâàþò ñåáÿ â öåëîñòè. Ýòîò ñåêâåñòð-ýôôåêò ïðî-
ÿñíÿåò ïðè÷èíû ïîÿâëåíèÿ ôàíòîìíûõ ÄÍÊ êàê îñîáîé
ïàìÿòè âîëíîâîãî ãåíîìà ÷åëîâåêà è èíôîðìî-ýíåðãåòè÷åñ-
êóþ ñòîðîíó ñïàéäåð-ýôôåêòà. Ýòî æå îáñòîÿòåëüñòâî äå-
ëàåò ïîíÿòíûì âîññòàíîâëåíèå ãîëîãðàôè÷åñêîãî èçîáðà-
æåíèÿ ïî îáðûâêàì ãîëîãðàôè÷åñêîé êàðòèíêè îáúåêòà.
Òðàäèöèîííûé ðîñò êðèñòàëëîâ, â òîì ÷èñëå ìîëåêóëÿð-
íûõ, ñòàíîâèòñÿ óïðàâëÿåìûì ïðè äèàãíîñòèêå âîëíîâîé
ñòðóêòóðû êðèñòàëëà, ò.ê. êðèñòàëë íàðàùèâàåòñÿ ïî ìåõà-
íèçìó áîìæ-ýôôåêòà, äîñòðàèâàÿ âîëíîâóþ ðåø¸òêó.

Íà ïî÷âå ñî÷ëåíåíèÿ âîëíîâûõ ïîðòðåòîâ èñõîäíûõ
êîìïîíåíòîâ ìîãóò âîçíèêíóòü èäåàëüíûå óñëîâèÿ ìÿãêî-
ãî ñèíòåçà âåùåñòâà áåç òåðìîÿäåðíîãî íàñèëèÿ.

Â ðàçíûõ âàðèàöèÿõ ôàçî÷àñòîòíûå ýôôåêòû óæå ïðè-
ìåíÿþòñÿ â íåëèíåéíûõ ãåíåðàòîðàõ (ëàçåðàõ) íàñòîëüêî
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øèðîêî, ÷òî äîêàçûâàòü èõ ðåàëüíóþ  ñâÿçü ñ âîëíîâûìè
ìîäåëÿìè ñïàéäåð-ýôôåêòà óæå íå ïðåäñòàâèò áîëüøîé
ñëîæíîñòè.

Õîðîøåå ïðåäñòàâëåíèå î ôàçî÷àñòîòíûõ âîëíîâûõ
ïðîöåññàõ ìîæíî ïðîèëëþñòðèðîâàòü íà ïðèìåðå ïðîöåñ-
ñîâ, ïðîèñõîäÿùèõ â ñåòÿõ ýíåðãåòè÷åñêèõ ñèñòåì, ãäå ïå-
ðåòîêè è óòå÷êè ìîùíîñòè, îñîáåííî íà ìåæãîñóäàðñòâåí-
íûõ ëèíèÿõ ýëåêòðîïåðåäà÷, ïðåäñòàâëÿþò áîëüøóþ
ïðîáëåìó. Â ñâåòå âûÿâëåííûõ ïðè÷èí êðàæà ýëåêòðî-
ýíåðãèè ìîæåò áûòü íå ðåçóëüòàòîì óìûñëà(!), à ïðîñòî
ñëåäñòâèåì ôàçî÷àñòîòíîãî ãðàäèåíòà. Íàëèöî ïðàêòè-
÷åñêîå çíà÷åíèå ðèòìîäèíàìèêè â îïòèìèçàöèè ðàáîòû
áîëüøèõ è ñëîæíûõ ýíåðãîñèñòåì â ãîñóäàðñòâåííîì ìàñ-
øòàáå.

Îäíèì èç çíà÷èìûõ ýôôåêòîâ, îáíàðóæåííûõ ñ âîëíî-
âîé òî÷êè çðåíèÿ, ÿâëÿåòñÿ ýôôåêò ñæèìàíèÿ ñòîÿ÷èõ
âîëí â àêóñòèêå è ýëåêòðîäèíàìèêå. Ýòîò ýôôåêò ïîçâî-
ëèë äåìîíîïîëèçèðîâàòü ïðåîáðàçîâàíèÿ Ëîðåíöà äëÿ äâè-
æóùèõñÿ ìàññ, íî ñêîðåå ïîçâîëèë î÷åðòèòü ãðàíèöû ïðè-
ìåíèìîñòè ïðåîáðàçîâàíèé Ãàëèëåÿ, Ëîðåíöà è Èâàíîâà.

Ýòî ñâîåîáðàçíîå èíàêîìûñëèå â ðåëÿòèâèçìå íåëüçÿ
ïîíÿòü áåç ýêçàìåíîâêè íà èíâàðèàíòíîñòü. Ìàòåìàòè÷åñ-
êàÿ èíâàðèàíòíîñòü ïðåîáðàçîâàíèé Ëîðåíöà ïîñëóæèëà
æ¸ñòêèì ïðåññèíãîì äëÿ ïîêîëåíèé ôèçèêîâ, êàê âïðî-
÷åì, è ñïåöèàëüíàÿ òåîðèÿ îòíîñèòåëüíîñòè Ýéíøòåéíà. Â
êíèãå ýòà ñèòóàöèÿ íàçâàíà áëîêèðîâêîé. ×åëîâå÷åñòâî
ïëóòàëî â äåáðÿõ èíâàðèàíòíîñòè è îòíîñèòåëüíîñòè, íî
çàòî îñòàëîñü æèâûì. Ðèòìîäèíàìèêà � î÷åðåäíàÿ áëî-
êèðîâêà íà ñëåäóþùèå ñòî ëåò, ÷òîáû äàòü âîçìîæíîñòü
îñâîèòü ñîëíå÷íóþ ñèñòåìó, íî íå áîëåå. Ìóäðîé Ïðèðîäå
íå ðåçîí ðàñêðûâàòü âñå òàéíû ñðàçó. Áëîêèðîâêà � ýòî
íîðìàëüíî äëÿ íå âïîëíå íîðìàëüíîé çåìíîé öèâèëèçà-
öèè. ×òî êàñàåòñÿ ìàòåìàòè÷åñêîé èíâàðèàíòíîñòè, êàê
îñíîâàíèÿ äîñòîâåðíîñòè, òî â íåëèíåéíûõ ïðîöåññàõ, îïè-
ñûâàåìûõ ðèòìîäèíàìèêîé, îíà íå óêàç.

Â òî æå âðåìÿ íèêîãî íå ñìóùàåò íåèíâàðèàíòíîñòü
çàêîíîâ êëàññè÷åñêîé è ðåëÿòèâèñòñêîé ôèçèêè. Íàïðè-
ìåð, ýëåêòðîäèíàìèêà íåïðèìåíèìà ê äâèæåíèþ îòäåëü-
íûõ ýëåêòðîíîâ. Âîò è ìîðàëü: òàì, ãäå âûãîäíî � øóìè-
õà ïî âñåì èíôîðìàöèîííûì êàíàëàì; òàì, ãäå íåâûãîäíî
� êîëëåêòèâíîå ïîìàëêèâàíèå. Íî òîãäà ðåëÿòèâèñòñêàÿ
èíâàðèàíòíîñòü � òàâòîëîãèÿ, âîçâåä¸ííàÿ â ãèïíîòè÷åñ-
êóþ ôîðìó àáñîëþòà.
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Ìàòåìàòè÷åñêè íåèíâàðèàíòíûå ïðåîáðàçîâàíèÿ Èâà-
íîâà ëåæàò â îñíîâå äîêàçàòåëüñòâà ôèçè÷åñêèõ (à íå ìà-
òåìàòè÷åñêèõ, êàê â ïðåîáðàçîâàíèÿõ Ëîðåíöà) óñëîâèé
ñæèìàíèÿ îáúåêòîâ â äâèæåíèè. Îñîáåííî çàìåòåí ýòîò
ýôôåêò ñæèìàíèÿ â îêîëîñâåòîâûõ ñêîðîñòÿõ äâèæåíèÿ
÷àñòèö.

Êîãäà æå ñ ïîìîùüþ ñïàéäåð-ýôôåêòà óäàëîñü ïîñìîò-
ðåòü íà ôèçè÷åñêîå, âîëíîâîå ñîäåðæàíèå ïðåîáðàçîâàíèé
Ëîðåíöà, ò.å. òåñòèðîâàòü èõ ÷åðåç âèçóàëèçàöèþ íà èí-
òåðôåðåíöèîííûõ êàðòèíêàõ, òî îíè íå ïðîøëè ýêçàìåí
íà èíâàðèàíòíîñòü. Â îòëè÷èå îò ýòîãî, ïðåîáðàçîâàíèÿ Èâà-
íîâà ïîêàçàëè 100% âîëíîâóþ èíâàðèàíòíîñòü.

Íàó÷íûå è ïðèêëàäíûå âîçìîæíîñòè ðèòìîäèíàìè-
êè ïîêà íå ïîääàþòñÿ òî÷íîé îöåíêå. Òåì íå ìåíåå îíà
óæå ñëóæèò ñåðüåçíûì èíñòðóìåíòîì äëÿ ïðîâåðêè ñâî-
åé æå ñîáñòâåííîé ðàáîòîñïîñîáíîñòè â òåîðåòè÷åñêîé ôè-
çèêå, êîñìîôèçèêå, ãèäðîäèíàìèêå, ïëàçìåííîé ýëåêòðîíèêå,
àêóñòîîïòèêå, îïòîýëåêòðîíèêå, ìàãíèòîîïòèêå, êðèñòàëëî-
ãðàôèè.

Òåîðåòè÷åñêèé è ýêñïåðèìåíòàëüíûé çàäåë ðèòìîäè-
íàìèêè ðàñò¸ò êàê ñíåæíûé êîì, ââèäó ïîÿâëåíèÿ ìíî-
ãèõ ýíòóçèàñòîâ íîâîãî íàïðàâëåíèÿ. Ïðîäîëæàåòñÿ ïåðå-
îñìûñëåíèå ìíîãèõ ïîíÿòèé â êâàíòîâîé ìåõàíèêå, â
òåîðèè êàëèáðîâî÷íûõ ïîëåé, â ôèçèêå ýëåìåíòàðíûõ ÷à-
ñòèö, ñòðîÿòñÿ äåìîíñòðàöèîííûå ìîäåëè ôàçîâûõ è ôàçî-
÷àñòîòíûõ  äâèãàòåëåé.

Èíòåðåñíîé íàóêå ïðåäñòîèò èíòåðåñíàÿ æèçíü â òðå-
òüåì òûñÿ÷åëåòèè.

12.09.97 ã. Í.È. Áàêóìöåâ
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×àñòü 1. ÑÆÈÌÀÍÈÅ ÑÒÎß×ÈÕ
ÂÎËÍ

Ïðåäèñëîâèå

Íà ïðîòÿæåíèè ïîñëåäíåãî ñòîëåòèÿ íå áûëî íåäîñòàò-
êà â ñìåëü÷àêàõ, óêàçûâàâøèõ íà îøèáî÷íîñòü ýéíøòåé-
íîâñêîãî ïîäõîäà. Íî òîëüêî ÷åðåç 100 ëåò ïîñëå ïðîâåäå-
íèÿ Ìàéêåëüñîíîì ýêñïåðèìåíòà, ñòàâøåãî êàìíåì
ïðåòêíîâåíèÿ, ïîÿâèëèñü ðåàëüíûå îñíîâàíèÿ äëÿ ðåâè-
çèè ïîñòóëàòà î ïîñòîÿíñòâå ñêîðîñòè ñâåòà. Äîíåñòè æå
ðåçóëüòàòû ýòîé ðåâèçèè äî íàó÷íîé îáùåñòâåííîñòè ñòà-
ëî âîçìîæíûì áëàãîäàðÿ âîçíèêøåìó â íàóêå êðèçèñó,
ïðè÷¸ì ñïðîâîöèðîâàííîìó ñàìèì æå ðåëÿòèâèçìîì, à
òàêæå ïåðåñòðîéêå, â ðåçóëüòàòå êîòîðîé áûë óòðà÷åí êîí-
òðîëü íàä ôîðìèðîâàíèåì îôèöèàëüíîãî ìèðîâîççðåíèÿ.
Êàê áûòü â ñëîæèâøåéñÿ ñèòóàöèè, êàê ïîñòóïàòü? Âåäü
îñòàëàñü ñòàðàÿ òèòóëîâàííàÿ ãâàðäèÿ, íà êîòîðóþ ïî èíåð-
öèè îðèåíòèðóåòñÿ ãîñàïïàðàò � ìîë, äðóãèõ íàä¸æíûõ
ñòðóêòóð ó íèõ íåò. Äà è ãâàðäèÿ õîðîøà � ìíîãèå èç íèõ
óâåðÿþò, ÷òî íèêàêîãî êðèçèñà íåò, à íàïðîòèâ, íóæíî åù¸
êàêèõ-íèáóäü 100 ìëðä.$ USD äëÿ òîãî, ÷òîáû ðåàëèçî-
âàòü ãåíåðàëüíûé ïðîðûâ.

Åñëè âñòàòü íà ìåñòî ðóêîâîäèòåëÿ ãîñóäàðñòâîì è
ïîñìîòðåòü âîêðóã, òî äåéñòâèòåëüíî âîçíèêàåò îùóùåíèå,
÷òî êðîìå äåéñòâóþùåé àêàäåìèè íàóê íèêîìó áîëåå íå
ñïðàâèòüñÿ ñ îïðåäåëåíèåì íàó÷íîé ïîëèòèêè. Ãëóáîêîå
çàáëóæäåíèå, âîçíèêàþùåå èç-çà òîãî ÷òî çàõâàòèâøàÿ
âëàñòü ãðóïïà áþðîêðàòîâ îò íàóêè â áîðüáå çà ñîáñòâåí-
íîå âûæèâàíèå ñòàðàòåëüíî çàìàë÷èâàåò âñ¸ íîâîå. Íå â
èõ ïîëüçó, åñëè ê óïðàâëåíèþ íàóêîé ïðèä¸ò ëèäåð èíîé
êîíöåïöèè � âîò è ïåðåñòðàèâàþòñÿ îíè ïîòèõîíüêó, ÷òî-
áû îäíàæäû ÷óæèå èäåè âûäàòü çà ñâîè. Íî ýòî íå îçíà÷à-
åò îòñóòñòâèå ïðîðûâíûõ îòêðûòèé, øèðîêîå îáñóæäåíèå
êîòîðûõ çàòðóäíåíî ñêðûòîé áîðüáîé çà èíòåëëåêòóàëü-
íîå ïðåâîñõîäñòâî. Îäíàêî, êàêîâûìè áû íè áûëè âçàèìî-
îòíîøåíèÿ ìåæäó íàó÷íûìè øêîëàìè, ïîâëèÿòü íà îáùåå
íàïðàâëåíèå ïðîãðåññà íèêòî íå ñìîæåò.

Ñëåäóåò îñîçíàòü, íàêîíåö-òî, ÷òî íàóêà � íå áîðüáà çà
êîðìóøêó, à ñåðü¸çíûé ïðîìûñåë, ñåðü¸çíîå îáùå÷åëîâå-
÷åñêîå äåëî. Íà íàñ ñ íàäåæäîé ñìîòðÿò «íåðîäèâøèåñÿ
åù¸» ïîêîëåíèÿ. ×òî îíè ñêàæóò â íàø àäðåñ, åñëè ìû
îñòàâèì èì íèê÷¸ìíûå çàïóòàííûå çíàíèÿ è áþðîêðàòè-
÷åñêèå ñèñòåìû, êàðàþùèå âñÿêîãî èíàêîìûñëÿùåãî?
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Ïðîáëåìà ýôèðà è ïðîáëåìà äâèæåíèÿ. Îíè äî ñèõ
ïîð æäóò ñâîåãî ðåøåíèÿ. Îêîëî äåâÿíîñòà ëåò íàçàä ñ
ýôèðîì îáîøëèñü, ìÿãêî ãîâîðÿ, íåñïðàâåäëèâî � âçÿëè è
âûáðîñèëè åãî íà ñâàëêó «íåíóæíûõ èäåé». Íî æèçíü ïðî-
äîëæàåòñÿ è ïîòîìêè òåõ, êòî ïîñòóïèë îïðîìåò÷èâî, çàø-
ëè â òóïèê � îáîçíà÷èëñÿ êðèçèñ. Ïîõîæå, ÷òî âîçâðàùàòü-
ñÿ ê äîýéíøòåéíîâñêèì èäåÿì íèêòî èç óïîìÿíóòûõ
ïîòîìêîâ íå ïîæåëàåò èç ïðèíöèïà (âîñïèòàíèå íå ïîçâî-
ëÿåò, ãåíåòè÷åñêèé êîä èíîé), à ïîòîìó èç ñâîèõ æäóò ìíî-
ãèå èç íèõ ìåññèþ, êîòîðûé ñâåðøèò ðåâîëþöèþ íè÷åãî
ïðè ýòîì íå ìåíÿÿ. Ê ñîæàëåíèþ, òàê íå áûâàåò.

Íî îñòàëèñü è ïîñëåäîâàòåëè òåõ, êòî äî ïîñëåäíèõ äíåé
ñâîèõ íå îòðåêàëñÿ îò èäåè ñóùåñòâîâàíèÿ ýôèðà. È âîò
òåïåðü íàñòàëî âðåìÿ, êîãäà, îäíàæäû ñòàâøàÿ íåíóæíîé,
ñðåäà çàÿâëÿåò î ñåáå íîâûìè îòêðûòèÿìè, à ïîòîìó ïðà-
âîìåðåí âîïðîñ: Ãîòîâà ëè çàáëóäèâøàÿñÿ íàóêà ïîæåðò-
âîâàòü ñîáñòâåííûì ÷åñòîëþáèåì, ÷òîáû íàêîíåö-òî ðàçîá-
ðàòüñÿ? Âåäü äëÿ ýòîãî íåîáõîäèìî, õîòÿ áû íà âðåìÿ, çàáûòü
îáî âñåõ ñïîðíûõ è ñîìíèòåëüíûõ òåîðèÿõ, ïîÿâèâøèõñÿ
ïîñëå 1900 ãîäà, è ïîñìîòðåòü, ïî÷åìó âñ¸ ïîëó÷èëîñü èìåí-
íî òàê.

Îò àâòîðà

Äâèæóùåé ñèëîé íàñòîÿùåé ðàáîòû ÿâëÿåòñÿ æåëà-
íèå ðàçîáðàòüñÿ â ñëîæèâøåéñÿ ïóòàíèöå ïðåäñòàâëåíèé
î ïðèðîäå âåùåé*. Åñòü òîëüêî îäèí ñïîñîá ñäåëàòü ýòî:
íåîáõîäèìî ïîñìîòðåòü íà ïðîèñõîäÿùåå ñî ñòîðîíû. Ìíî-
ãèå ïûòàëèñü ñäåëàòü ýòî, íî íå âñÿêîìó òàêàÿ âîçìîæ-
íîñòü äà¸òñÿ � î÷åíü óæ òðóäíî îòðå÷üñÿ îò âðîæä¸ííîãî
ýãîöåíòðèçìà è ïðèçíàòü, ÷òî ïðîÿâëåííûé íàøåìó ñîçíà-
íèþ ìèð ÿâëÿåòñÿ ðÿäîâûì è áåñêîíå÷íî ìàëûì ôðàã-
ìåíòîì áåñêîíå÷íîãî Åäèíîãî.

Åñëè ìèð áåñêîíå÷åí â ìèêðî- è ìàêðîíàïðàâëåíèÿõ,
òî îí íåïîçíàâàåì â ïðèíöèïå. Íî êàê òîãäà áûòü, êàê
ïîñëå òàêîãî çàÿâëåíèÿ îòíîñèòüñÿ ê íàó÷íîìó çíàíèþ?
Ñêîðåå âñåãî òàêîå îòíîøåíèå íåîáõîäèìî âûðàáîòàòü, à â
ñëó÷àå óäà÷íîãî ïðîíèêíîâåíèÿ â çàïðåäåëüíûå* íàøèì
îðãàíàì ÷óâñòâ îáëàñòè, êîððåêòèðîâàòü åãî.
*  

_________________________________________________________

Ðèòìóñ: Íî ïðèðîäîé âåùåé çàíèìàåòñÿ ôèëîñîôèÿ.., êàê áûòü?
Äèíàìèêóñ: Ôèëîñîôèÿ, êàê, âïðî÷åì, è èíûå íàóêè, íå ìîæåò áûòü
ñàìà ïî ñåáå. Çíàíèå îäíî, îíî íåðàçäåëèìî, îíî ëèáî åñòü äëÿ âñåõ íàóê,
ëèáî åãî íåò. Çíàíèå íå ìîæåò áûòü ïî íàóêàì.
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Ôèçèêà ïðîèñõîäÿùåãî íåðàçðûâíà è áåçîòíîñèòåëü-
íà, à ïîòîìó ìû èìååì äåëî ñ öåëîñòíûì è áåñêîíå÷íûì
â îáå ñòîðîíû ïðîöåññîì. Ïðèçíàíèå áåñêîíå÷íîñòè ëè-
øàåò íàñ âîçìîæíîñòè îïðåäåëåíèÿ ïåðâîïðè÷èíû ÷åãî áû
òî íè áûëî, à ïîòîìó, ãîâîðÿ î ïðè÷èíàõ êîíêðåòíîãî ÿâëå-
íèÿ, ìû îáÿçàíû ïîíèìàòü, ÷òî îíè ÿâëÿþòñÿ ðÿäîâûìè
ñëåäñòâèÿìè èíûõ, áîëåå óäàë¸ííûõ îò íàñ ïðè÷èí. Â ýòîì
ñìûñëå, ãîâîðÿ î Âìåñòèëèùå, â êîòîðîì ïðîèñõîäÿò ñî-
çåðöàåìûå íàìè è ïî ñóòè ñîêðûòûå îò íàñ ïðîöåññû, ìû
ãîâîðèì î öåïî÷êå ñëåäñòâèé, òÿíóùèõñÿ èç îäíîé áåñêî-
íå÷íîñòè â äðóãóþ*.

Èìåÿ äåëî ñ ïðè÷èííî-ñëåäñòâåííîé áåñêîíå÷íîñòüþ,
ìû, îäíàêî, ìîæåì ïîäîéòè ê òàêîìó ïðåäåëó, ãäå â ïðè-
âû÷íîì ïîíèìàíèè íå îáíàðóæèâàþòñÿ ñëåäñòâèå èëè ïðè-
÷èíà � îíè êàê áû ðàñòâîðÿþòñÿ, ïåðåõîäÿò íà êà÷åñòâåí-
íî èíîé, íåäîñòóïíûé íàøèì ëîãèêå è ñîçíàíèþ, óðîâåíü.
Åñëè êèïèò âîäà â êàñòðþëå, òî áóäó÷è æèòåëÿìè âîäû
ìû íå ñìîæåì ïîíÿòü ÷òî åñòü îãîíü ïî ïðè÷èíå îòñóò-
ñòâèÿ îïûòà, à ïîòîìó âñÿêîå îáúÿñíåíèå çäåñü ñòàíîâèòñÿ
íåïîñòèæèìîé àáñòðàêöèåé, ïðèâîäÿùåé ê ïîñòóëàòàì. Íî
â àáñîëþòíîì ñìûñëå è îãîíü íå ÿâëÿåòñÿ ïðè÷èíîé êè-
ïåíèÿ âîäû � ïðîñòî íåêòî, ïî íàøèì ìåðêàì áåñêîíå÷-
íûé, ðåøèë ñâàðèòü ñóï. Íî êàê îáíàðóæèòü ïðè÷èíó ïðî-
èñõîäÿùåãî ñ íàìè, åñëè ó íàñ è ó ïðè÷èííîãî ñóùåñòâà
íåñîïîñòàâèìûå ìàñøòàáû âîñïðèÿòèÿ âðåìåíè è ïðîñòðàí-
ñòâà? Òî, ÷òî äëÿ íàñ � ìíîãî ìèëëèàðäîâ ëåò, äëÿ íåãî �
íåñêîëüêî ñåêóíä. Òî, ÷òî äëÿ íàñ áåñêîíå÷íîå êîëè÷åñòâî
ïàðñåê, äëÿ íåãî � àíãñòðåì. Âîò è ïðèõîäèòñÿ íàì ïðèáå-
ãàòü ê ïîñòóëàòàì, êàê ê ëåêàðñòâó îò ñîáñòâåííîãî íåñî-
âåðøåíñòâà.

Îñîçíàâ ýòî, ÿ ðåøèë íå òðàòèòü âðåìÿ ïîïóñòó, à ñî-
ñðåäîòî÷èòü âñå ñâîè ñèëû íà ðåøåíèè êîíêðåòíûõ ïðî-
áëåì ñ ïîñëåäóþùåé èõ àäàïòàöèåé ê äîñòóïíîìó íàøèì
îðãàíàì ÷óâñòâ ìèðó. Òàê ïîÿâèëàñü íàóêà î ïðèðîäå äâè-
æåíèÿ � ðèòìîäèíàìèêà. Íî êíèãó ìû íà÷í¸ì ñ ïåðåîñ-
*   ________________________________________________________
Ðèòìóñ: Êòî çíàåò, êàêîâ ïðåäåë?
Äèíàìèêóñ: Ðå÷ü èä¸ò î ìèíèìàëüíî äîñòàòî÷íîì óðîâíå âîñïðèÿòèÿ
ïðîèñõîäÿùåãî, ïîçâîëÿþùåì ÷åëîâåêàì áûòü è ðàçâèâàòüñÿ â îñîçíà-
âàåìîì ìèðå.
Ðèòìóñ: Çíà÷èò åñòü êîíåö?
Äèíàìèêóñ: È Äà, è Íåò, íî ïðàâèëüíåå: Åñòü ïðåäåë äëÿ êàæäîãî êîí-
êðåòíî ïðîÿâëåííîãî óðîâíÿ (óðîâíÿ âîçáóæäåíèÿ ýôèðà). Ýòî êàê ïðå-
äåë äëÿ âîäû â âàííå: âîäå òðóäíî îñîçíàòü, êàêîâ ìèð, ãäå íåò âîäû. Íî
ìû, åñëè ñìîòðèì ñî ñòîðîíû, ãîâîðèì: Êîíåö � ýòî âñåãî ëèøü óñëîâ-
íàÿ ãðàíèöà ìåæäó äâóìÿ êà÷åñòâåííûìè óðîâíÿìè.
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ìûñëåíèÿ îñíîâ åñòåñòâîçíàíèÿ, ïîòîìó êàê èìåííî â íèõ
êðîåòñÿ ïðè÷èíà êðèçèñà ñîâðåìåííîé íàóêè.

Òàê ïîñòóïàþò â ëþáîì äåëå, êîãäà ïðèæì¸ò. Ïðåä-
ñòàâèì, ÷òî ìû ðåøèëè âîçäâèãíóòü 100-ýòàæíîå çäàíèå.
Äîéäÿ äî 50-ãî ýòàæà ìû îáíàðóæèëè, ÷òî ôóíäàìåíò íå
âûäåðæèâàåò. Íî çàòðà÷åíî îãðîìíîå êîëè÷åñòâî ñèë è
ñðåäñòâ, ïîýòîìó ìû â ðàçäóìüå, êàê áûòü. Ïðîäîëæàòü ñòðî-
èòåëüñòâî � áåçóìèå, ïðåêðàòèòü � æàëêî çàòðà÷åííîãî.
Íî âûáîðà íåò. Ìû âûíóæäåíû ðàçîáðàòü äîì, íàéòè îøèá-
êè â ôóíäàìåíòå, óñòðàíèòü èõ è òîëüêî ïîòîì âîçäâèãàòü
çäàíèå çàíîâî*.

Íî, äîïóñòèâ  îøèáî÷íîñòü îñíîâ è âñòàâ íà ïóòü ðåâè-
çèè, ìû äîëæíû áóäåì ïîñòîÿííî äîêàçûâàòü ñâîþ ïðàâî-
òó. Òàêîâà âåêàìè ñëîæèâøàÿñÿ òðàäèöèÿ ê íèñïðîâåðãà-
òåëÿì çàáëóæäåíèé. Áðåä êàêîé-òî: òû îäèí, à èõ,
óáåæä¸ííûõ ñòîðîííèêîâ, âåëèêîå ìíîæåñòâî. Èíòåðåñíî
çäåñü òî, ÷òî ýòèì ïðàâèëàì íèêòî íèêîãäà íå ñëåäîâàë, è
ìû ñëåäîâàòü íå áóäåì � íåò ñìûñëà èäòè íà ïîâîäó ó
ïðèâåäøèõ ê êðèçèñó. Íî åñòü ñìûñë ñîâåðøèòü ïóòåøå-
ñòâèå â òî èñòîðè÷åñêîå âðåìÿ è ìåñòî, ãäå âîçíèêëî íåäî-
ðàçóìåíèå, ò.å. â êîíåö XIX âåêà.

Òàêîé ïåðåíîñ âî âðåìåíè èìååò îäíî çàìå÷àòåëüíîå
äîñòîèíñòâî � îòïàäàåò íàäîáíîñòü êðèòèêè óêîðåíèâøå-
ãîñÿ â ñîâðåìåííûõ íàó÷íûõ êðóãàõ ìèðîâîççðåíèÿ è ïî-
ÿâëÿåòñÿ âîçìîæíîñòü çàäàòü ñïðàâåäëèâûé âîïðîñ: «À ÷òî
áûëî áû, åñëè èçëàãàåìûå â êíèãå îòêðûòèÿ ïîÿâèëèñü äî
âûõîäà â ñâåò çíàìåíèòîé ÑÒÎ?»

Òåïåðü ó íàñ åñòü ðåàëüíàÿ âîçìîæíîñòü óçíàòü îá ýòîì.
È íå áåäà, åñëè ìû, ñ îïîçäàíèåì â ñòî ëåò, îòêðîåì äëÿ
ñåáÿ íå÷òî, ÷òî íå ñóìåëè îòêðûòü íàøè ïðåäøåñòâåííèêè,
âåäü äëÿ îòêðûòèÿ � 100 ëåò íå îïîçäàíèå?!

Þðèé Èâàíîâ

*   
________________________________________________________

Ðèòìóñ: Òàê óæ è ðàçîáðàòü äî ôóíäàìåíòà?! Ìîæíî ñíÿòü äâà-òðè
ýòàæà è çàâåðøèòü! Ïî êðàéíåé ìåðå è âîëêè áóäóò öåëû, è îâöû ñûòû!
Äèíàìèêóñ: Òî, ÷òî îâöû äîëæíû áûòü ñûòû, ÿ åù¸ êàê-òî ïîíÿòü
ìîãó, íî ïî÷åìó äîëæíû áûòü âîëêè öåëû?
Ðèòìóñ: Êàê æå áåç íèõ? îíè èìåþò çàñëóãè, ê èõ ìíåíèþ ïðèñëóøè-
âàþòñÿ, ó íèõ áîëüøîé îïûò...
Äèíàìèêóñ: Íàäåþñü, ÷òî ýòî âàøå ëè÷íîå ìíåíèå. Â ïðîòèâíîì ñëó-
÷àå ïðè÷¸ì òîãäà íàóêà?
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§ 1.  Ñòîÿ÷àÿ âîëíà êàê ýòàëîí äëèíû

Åù¸ â XVII ñòîëåòèè ñòàâèëñÿ âîïðîñ î ñîçäàíèè åäè-
íûõ åäèíèö èçìåðåíèÿ, íî ðåøàþùèé øàã ê ââåäåíèþ åäè-
íîé (ìåòðè÷åñêîé) ñèñòåìû áûë ñäåëàí ëèøü ïîñëå Ôðàí-
öóçñêîé ðåâîëþöèè. Íàöèîíàëüíîå ñîáðàíèå Ôðàíöèè
ïðèíÿëî ðåøåíèå î íåîáõîäèìîñòè ðàçðàáîòàòü ïðèìåíè-
ìóþ âî âñ¸ì ìèðå ñèñòåìó ìåð è âåñîâ. Îáñóæäàëîñü èñ-
ïîëüçîâàíèå òð¸õ åñòåñòâåííûõ îñíîâ äëÿ îïðåäåëåíèÿ åäè-
íèöû äëèíû: 1) äëèíà ìàÿòíèêà ñ ïåðèîäîì êîëåáàíèé 1ñ
(ïåðèîä êîëåáàíèé ìàòåìàòè÷åñêîãî ìàÿòíèêà çàâèñèò òîëü-
êî îò åãî äëèíû), 2) äëèíà îäíîé ÷åòâ¸ðòîé ÷àñòè ýêâàòîðà
Çåìëè, 3) äëèíà îäíîé ÷åòâ¸ðòîé ìåðèäèîíàëüíîé îêðóæ-
íîñòè Çåìëè.

Â ðåçóëüòàòå äëèòåëüíîé è êðîïîòëèâîé ðàáîòû óäà-
ëîñü ïðèéòè ê íåèçìåííîìó ñòàíäàðòó ìåðû, è áûë èçãî-
òîâëåí ýòàëîí � ïëàòèíîâàÿ êîíöåâàÿ ìåðà äëèíû.

Â õîäå ðàçâèòèÿ èçìåðèòåëüíîé òåõíèêè ýòàëîí ìåòðà
îêàçàëñÿ íåäîñòàòî÷íî òî÷íûì, à êàê êîíöåâàÿ ìåðà äëè-
íû � ÷àñòî íåýôôåêòèâíûì.

Êî âðåìåíè ïðîâåäåíèÿ I Ãåíåðàëüíîé êîíôåðåíöèè ïî
ìåðàì è âåñàì (1889 ã., ââåäåíèå ýòàëîíà ìåòðà) À. Ìàé-
êåëüñîí è Ý. Ìîðëè óêàçàëè, ÷òî ñ ïîìîùüþ èíòåðôåðîìåò-

Ðèñ. 1.  À. Ìàéêåëüñîí è åãî èíòåðôåðîìåòð
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ðà (ÈÌ) âîçìîæíî ñîïîñòàâëåíèå ìåòðà ñ äëèíîé âîëíû
ñâåòîâîãî èçëó÷åíèÿ îïðåäåë¸ííîé ÷àñòîòû.

Òàêèì îáðàçîì, èíòåðôåðîìåòðèÿ ñòàëà îñíîâîé äëÿ
ðåàëèçàöèè åäèíèöû äëèíû, à íàõîæäåíèå ñòàáèëüíûõ èñ-
òî÷íèêîâ áîëüøîé ñòåïåíè êîãåðåíòíîñòè ïîçâîëèëî åé
ñòàòü è ñàìûì òî÷íûì ñïîñîáîì.

Íî åñòü ó ýòîé èñòîðèè îäíà ìàëåíüêàÿ è íà ïåðâûé
âçãëÿä íåïðèìåòíàÿ äåòàëü � ãîâîðÿ î êîëè÷åñòâå äëèí
âîëí, óêëàäûâàþùèõñÿ â îäíîì ìåòðå ýòàëîíà äëèíû, ìû
óìàë÷èâàåì, íî ñêîðåå çàáûâàåì, î òîì, ÷òî èìååì äåëî ñ
êîëè÷åñòâîì ñòîÿ÷èõ âîëí, à ýòî, êàê óäàëîñü ïîêàçàòü, íå
îäíî è òî æå. Äëÿ òîãî ÷òîáû ðàçîáðàòüñÿ â ýòîì ìàëîì,
íî ïðèíöèïèàëüíîì âîïðîñå, íåîáõîäèìî ïîäâåðãíóòü àíà-
ëèçó âîëíîâûå ïðîöåññû, ïðîèñõîäÿùèå â ÈÌ íà ó÷àñòêàõ
ìåæäó ïîëóïðîçðà÷íîé ïëàñòèíîé è çåðêàëàìè. Òàêîé
àíàëèç áûë âïåðâûå ñäåëàí â 1981 ãîäó è ïðèâ¸ë ê îòêðû-
òèþ íåèçâåñòíîãî ðàíåå ÿâëåíèÿ, íàçâàííîãî ñæèìàíèåì
ñòîÿ÷èõ âîëí.

§ 2.  Ýêñïåðèìåíòû Ãåðöà è ñòîÿ÷èå âîëíû

Âñêîðå, ïîñëå ñîçäàíèÿ Äæ. Ìàêñâåëëîì òåîðèè ýëåê-
òðîìàãíèòíîãî ïîëÿ, Ã. Ãåðö ýêñïåðèìåíòàëüíî äîêàçàë ñó-
ùåñòâîâàíèå ýëåêòðîìàãíèòíûõ âîëí.

Âî âðåìÿ îäíîãî èç ñâîèõ ýêñïåðèìåíòîâ (1888 ã.) Ãåðö
íàïðàâèë èçëó÷åíèå íà áîëüøîé ìåòàëëè÷åñêèé ëèñò. Ïà-
äàþùàÿ è îòðàæ¸ííàÿ áåãóùèå âîëíû ñêëàäûâàëèñü, îá-
ðàçóÿ ñòîÿ÷óþ âîëíó. Ïåðåäâèãàÿ âèáðàòîð, Ãåðö íàø¸ë
óçëû è ïó÷íîñòè ñòîÿ÷åé âîëíû, èçìåðèë ðàññòîÿíèå ìåæ-
äó óçëàìè è îïðåäåëèë äëèíó âîëíû. Çàòåì îí, âû÷èñëèâ
ñîáñòâåííóþ ÷àñòîòó âèáðàòîðà, îïðåäåëèë ñêîðîñòü ðàñ-
ïðîñòðàíåíèÿ ýëåêòðîìàãíèòíîé âîëíû ñ = νλ. Ïîëó÷è-
ëàñü âåëè÷èíà, ðàâíàÿ ñêîðîñòè ñâåòà. Ýòî äîêàçûâàëî ýëåê-
òðîìàãíèòíóþ ïðèðîäó ñâåòà.

Íî íå ñëåäóåò çàáûâàòü, ÷òî Ãåðö, êàê è âñå ó÷¸íûå
òîãî âðåìåíè, áûë ñòîðîííèêîì ýôèðíîé êîíöåïöèè. Êàê
è äëÿ ìíîãèõ, åìó áûëè íåïîíÿòíû ïðè÷èíû íåóäà÷è Ìàé-
êåëüñîíà, à ïîòîìó îí, êàê è äðóãèå, ïûòàëñÿ îáúÿñíèòü
íîíñåíñ.
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Ó÷¸íûå êîíöà XIX âåêà ðàçäåëèëèñü íà äâà ëàãåðÿ.
Ïåðâûå âûäâèíóëè áåçäîêàçàòåëüíóþ ãèïîòåçó óâëåêàå-
ìîãî Çåìë¸é ýôèðà, âòîðûå ïðîäîëæàëè èñêàòü íàó÷íî-îáî-
ñíîâàííóþ ïðè÷èíó. È õîòÿ äëÿ îòêðûòèÿ ñæèìàíèÿ ñòî-
ÿ÷èõ âîëí Ãåðöó îñòàâàëîñü ñäåëàòü ìåíåå ÷åì ïîëøàãà,
îí ïðèíÿë ïîçèöèþ ïåðâîé ãðóïïû ó÷¸íûõ � ãèïîòåçó
óâëå÷åíèÿ ýôèðà. Âñêîðå ìîëîäîé ó÷¸íûé çàáîëåë è ñêî-
ðîïîñòèæíî ñêîí÷àëñÿ, òàê è íå óçíàâ î ïðåîáðàçîâàíèÿõ
Ëîðåíöà (1895 ã.) � ãèïîòåçå, îáúÿñíÿâøåé íåóäà÷ó Ìàé-
êåëüñîíà ñîêðàùåíèåì ðàçìåðîâ èíòåðôåðîìåòðà.

Ðèñ. 2.  Ã.Ãåðö è ñîâðåìåííàÿ òðàêòîâ-
êà åãî ïðèáîðà

Ãåðö äåéñòâèòåëüíî áûë áëèçîê ê îòêðûòèþ ÿâëåíèÿ
ñæèìàíèÿ ñòîÿ÷èõ âîëí, íî îòäàííîå èì ïðåäïî÷òåíèå
ãèïîòåçå óâëåêàåìîãî ýôèðà ïîçâîëÿåò ïðåäïîëîæèòü, ÷åãî
îí òàê è íå ñìîã ïîíÿòü, êàêèì îáðàçîì ýëåêòðîìàãíèò-
íûå ñòîÿ÷èå âîëíû ìîãóò ñîñóùåñòâîâàòü ñ äâèæåíèåì
ïðèáîðà îòíîñèòåëüíî ýôèðà. Â ñàìîì äåëå, åñëè èíòåðôå-
ðèðóþùèå â ïðèáîðå Ãåðöà âîëíû, âñëåäñòâèå äâèæåíèÿ
îòíîñèòåëüíî ýôèðà, áóäóò èìåòü ðàçíûå äëèíû è ñêîðîñ-
òè, òî ñîõðàíèòñÿ ëè ñòîÿ÷àÿ âîëíà? Ïðåäïîëàãàåòñÿ, ÷òî
åñëè áû Ãåðö ïðîæèë äîëüøå, òî îí îáÿçàòåëüíî ïðîàíàëè-
çèðîâàë ýòó ñèòóàöèþ è íàø¸ë áû ðåøåíèå. Íî ñóäüáà
ðàñïîðÿäèëàñü òàê, ÷òî òîëüêî â 1981 ãîäó óäàëîñü ñôîð-
ìóëèðîâàòü è ðåøèòü çàäà÷ó ñòîÿ÷èõ âîëí â äèíàìèêå.

È â íàøå âðåìÿ ìíîãèå ó÷¸íûå ïîïðîñòó íå çíàþò, à
íåêîòîðûå íå æåëàþò çíàòü, î íàëè÷èè ïðîáëåìû ñòîÿ÷èõ
âîëí, ïîýòîìó ñ ïîðîãà óòâåðæäàþò, ÷òî â ñìîäåëèðîâàííîé
ñèòóàöèè íè î êàêîé ñòîÿ÷åé âîëíå ðå÷è èäòè íå ìîæåò.
Òàê ëè ýòî íà ñàìîì äåëå?
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Ýòîò âîïðîñ áûë èçó÷åí â íà÷àëå 80-õ ãîäîâ, à â ðå-
çóëüòàòå ñäåëàíî îòêðûòèå íåèçâåñòíîãî ðàíåå ÿâëåíèÿ �
ñæèìàíèÿ ñòîÿ÷èõ âîëí.

§ 3.  Ýêñïåðèìåíò Þ. Èâàíîâà

Ëåòîì 1990 ã. áûëà ïðîâåäåíà ñåðèÿ ýêñïåðèìåíòîâ ñî
çâóêîâûìè ñòîÿ÷èìè âîëíàìè. Â ýêñïåðèìåíòàõ áûëî äîñ-
òîâåðíî óñòàíîâëåíî, ÷òî ïðè óâåëè÷åíèè ñêîðîñòè âåòðà
îòíîñèòåëüíî íåïîäâèæíûõ èçëó÷àòåëÿ çâóêîâûõ êîëåáà-
íèé è çåðêàëà ïðîèñõîäèò ñæèìàíèå ïàêåòà ñòîÿ÷èõ âîëí.

Ðèñ. 3.  Ñèòóàöèè ñ áåçâåòðèåì è ñèëüíûì âåòðîì

                          2
3

       1

Ðèñ. 4.  Ïðèíöèïèàëüíàÿ ñõåìà ýêñïåðèìåíòà
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Â áåçâåòðåííóþ ïîãîäó ìåæäó èçëó÷àòåëåì 1 è çåðêà-
ëîì 3 ñîçäàâàëàñü ñòîÿ÷àÿ âîëíà (ýêñïåðèìåíòû, êàê ïðà-
âèëî, íà÷èíàëèñü â çàòèøüå ïåðåä ãðîçîé). Ñ ïîìîùüþ
èíäèêàòîðà 2 ôèêñèðîâàëñÿ óçåë ñòîÿ÷åé âîëíû, èçîáðà-
æ¸ííîé ñïëîøíîé ëèíèåé. Ïðè ïîÿâëåíèè âåòðà ôèêñè-
ðîâàëîñü ñìåùåíèå êîíòðîëüíîãî óçëà â íàïðàâëåíèè çåð-
êàëà 3. Íàáëþäàåìûé ýôôåêò òðàêòîâàëñÿ ñæèìàíèåì
ïàêåòà ñòîÿ÷èõ âîëí (ñæàâøèéñÿ ïàêåò èçîáðàæ¸í òî÷êà-
ìè).

Ðèñ. 5.  Áëîê-ñõåìà èñïîëüçóåìîãî â ýêñïåðèìåíòàõ ïðèáîðà:
1 � çâóêîâîé ãåíåðàòîð; 2 � óìíîæèòåëü ÷àñòîòû (×4), ñëóæèò äëÿ ôîð-
ìèðîâàíèÿ ïèëîò-ñèãíàëà; 3 � ñìåñèòåëü; 4,8 � äèíàìèêè; 5 � ìèêðî-
ôîí äëÿ ïðè¸ìà ïèëîò-ñèãíàëà; 6 � äåëèòåëü ÷àñòîòû (:4); 7 � âîññòàíî-
âèòåëü áàçîâîãî ñèãíàëà

È õîòÿ â ýêñïåðèìåíòå áûëî íåïðèíöèïèàëüíî, êàêî-
âà ÷àñòîòà çàäàþùåãî ãåíåðàòîðà, îíà áûëà âûáðàíà òàêîé,
÷òîáû äëèíà âîëíû ðàâíÿëàñü 10 ñì, à ðàññòîÿíèå ìåæäó
äèíàìèêîì è çåðêàëîì ðàâíÿëîñü 70 ì. Ïðè ïîÿâëåíèè
âåòðà ôèêñèðîâàëîñü îòêëîíåíèå êîíòðîëüíîãî óçëà â ñòî-
ðîíó çåðêàëà íà âåëè÷èíó äî 5 ñì, ÷òî ñîîòâåòñòâîâàëî ñêî-
ðîñòè âåòðà ïîðÿäêà 30 êì/÷. Áûëè è áîëüøèå îòêëîíå-
íèÿ, íî ãëàâíûì ðåçóëüòàòîì ñåðèè ýêñïåðèìåíòîâ áûëà
÷¸òêî âûðàæåííàÿ çàêîíîìåðíîñòü � ïðè ïîÿâëåíèè âåò-
ðà ïàêåò ñòîÿ÷èõ âîëí ñæèìàëñÿ íåçàâèñèìî, äóë ëè âå-
òåð âäîëü ïðèáîðà, èëè ïîïåð¸ê.
*  

_____________________________________________________

Ðèòìóñ: Íî ïîçâîëüòå, âåäü èíòåðôåðèðóþò âîëíû ðàçíîé äëèíû... Íè
î êàêîé ñòîÿ÷åé âîëíå çäåñü ðå÷è èäòè íå ìîæåò...
Äèíàìèêóñ: Óâû, âàø âûâîä ïîâåðõíîñòåí, ïîòîìó êàê îïèðàåòñÿ íà
îáùåïðèíÿòûé, êîíñåðâàòèâíûé ïîäõîä. Åñëè âû ðàññìîòðèòå ãåîìåò-
ðèþ îáñóæäàåìîãî ÿâëåíèÿ, òî óáåäèòåñü â îøèáî÷íîñòè óêîðåíèâøèõ-
ñÿ ïðåäñòàâëåíèé. Âîçüìèòå, íà õóäîé êîíåö, ìèëëèìåòðîâêó è äîáðî-
ñîâåñòíî ïðîâåäèòå ñåðèþ ïîñòðîåíèé � äóìàþ, ÷òî ñàìîñòîÿòåëüíî
ïîëó÷åííûå âûâîäû âàñ óáåäÿò áîëüøå. È íå çàáóäüòå, ÷òî âîëíû, íå-
ñìîòðÿ íà ðàçëè÷èÿ â äëèíàõ, èìåþò îäèíàêîâóþ ÷àñòîòó.
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§ 4.  Ñæèìàíèå ñòîÿ÷èõ âîëí

Äëÿ òîãî ÷òîáû óáåäèòüñÿ â ðåàëüíîñòè çàÿâëåííîãî
îòêðûòèÿ, íåîáõîäèìî îñóùåñòâèòü ðÿä ìàòåìàòè÷åñêèõ
ïðîöåäóð, à ïî ñóòè � ðåøèòü óðàâíåíèå ñòîÿ÷åé âîëíû
äëÿ óñëîâèÿ, êîãäà ïðèáîð Ãåðöà äâèæåòñÿ â ýôèðå ñî ñêî-
ðîñòüþ V>0.

Ðèñ. 6.  ×àñòîòà èçëó÷àòåëåé íåèçìåííà. Ïðè óâåëè÷åíèè ñêîðîñòè ïà-
êåò ñòîÿ÷èõ âîëí ñæèìàåòñÿ. (Ïðèáîð äâèæåòñÿ âäîëü îñè õ.)

Ðåøåíèå óðàâíåíèÿ ñòîÿ÷åé âîëíû.

Çàïèøåì óðàâíåíèå ñòîÿ÷åé âîëíû:

 .  (1.1)

Èñïîëüçóÿ òðèãîíîìåòðè÷åñêîå ñîîòíîøåíèå

ïîëó÷èì:
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Íî ,

òîãäà   .  (1.2)

Íî  (1.3)

   ,

òîãäà   .  (1.4)

α=0î        ;
Ïðè     (1.5)

α=90î  .

Â ïðåäûäóùåì ïàðàãðàôå ìû îïèñàëè àêóñòè÷åñêèé
ýêñïåðèìåíò, ïîäòâåðæäàþùèé ñïðàâåäëèâîñòü ïîëó÷åí-
íûõ çàêîíîìåðíîñòåé. Íî ñóùåñòâóåò ïðîáëåìà ïåðåõîäà
îò ðåçóëüòàòîâ àêóñòè÷åñêèõ ýêñïåðèìåíòîâ ê ýëåêòðîäè-
íàìèêå*. Ïðîáëåìà âûçâàíà èñêàæ¸ííûì, ïîêà, ïðåäñòàâ-
ëåíèåì ïðîèñõîäÿùåãî, íî âî âðåìåíà Ìàéêåëüñîíà òàêîé
ïðîáëåìû íå ñòîÿëî. Åñëè áû íàøè ïðåäêè çíàëè î ñæè-
ìàíèè ñòîÿ÷èõ âîëí â àêóñòèêå, òî ïðè ïðîâåäåíèè èíòåð-
ôåðîìåòðè÷åñêèõ ýêñïåðèìåíòîâ îíè ðàññ÷èòûâàëè áû íå
íà îïðåäåëåíèå ñêîðîñòè â ýôèðå, à ïðåæäå âñåãî íà îáíà-
ðóæåíèå ñæèìàíèÿ ýëåêòðîìàãíèòíûõ ñòîÿ÷èõ âîëí. Òå-
ïåðü ìû ïîíèìàåì ïðè÷èíó, ïî êîòîðîé íåâîçìîæíî îáíà-
ðóæèòü ñæèìàíèå ýëåêòðîìàãíèòíûõ ñòîÿ÷èõ âîëí
èíòåðôåðîìåòðîì Ìàéêåëüñîíà, íî îá ýòîì ÷óòü ïîçæå.
Íå áóäåì ïîêà ãîâîðèòü è î ïðàâîìåðíîñòè ïåðåíîñà ðå-
çóëüòàòîâ àêóñòè÷åñêèõ ýêñïåðèìåíòîâ â îáëàñòü ýëåêòðî-
ìàãíèòíûõ âîëí, íî ïðîñëåäèì êàêèå òàêîé ïåðåíîñ äà¸ò
ñëåäñòâèÿ.
*  

_________________________________________________________

Ðèòìóñ: Ïîïåðå÷íîå ñæèìàíèå ñòîÿ÷èõ âîëí? Ñòðàííûé âûâîä. È âû
íàáëþäàëè ýòî â ýêñïåðèìåíòàõ?
Äèíàìèêóñ: Ïî êðàéíåé ìåðå, äëÿ çâóêîâûõ âîëí òàêîå ñæèìàíèå äî-
êàçàíî ýêñïåðèìåíòàëüíî â 1990 ã.
Ðèòìóñ: Íî âåäü íà ýòî ñòðàííîå îáñòîÿòåëüñòâî íèêòî åù¸ íå óêàçû-
âàë? Íåóæåëè ýòî � îòêðûòèå!?
Äèíàìèêóñ: Òàê è åñòü! È ñëàâà Áîãó, ÷òî òåïåðü îá ýòîì èçâåñòíî.
Ðèòìóñ: À êàê îáñòîÿò äåëà ñ ýëåêòðîìàãíèòíûìè âîëíàìè? Åñëè áû
òàêîå ñæèìàíèå áûëî, îíî îáðàòèëî áû íà ñåáÿ âíèìàíèå, ýòî òî÷íî?!
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§ 5.  Ïðåîáðàçîâàíèÿ Ëîðåíöà

Â 1895 ã., ÷åðåç ãîä ïîñëå óõîäà èç æèçíè íåìåöêîãî
ôèçèêà-ýêñïåðèìåíòàòîðà Ã. Ãåðöà, ñâåò óâèäåëè ïðåîáðà-
çîâàíèÿ êîîðäèíàò Ëîðåíöà. Ëîðåíö, â îòëè÷èå îò Ãåðöà,
ïðèíàäëåæàë ê ãðóïïå ó÷åíûõ, èñêàâøèõ àëüòåðíàòèâíîå
ãèïîòåçå óâëå÷åíèÿ ýôèðà ðåøåíèå ïðîáëåìû Ìàéêåëüñî-
íà. Ñïðàâåäëèâîñòè ðàäè îòìåòèì, ÷òî èäåÿ ñîêðàùåíèÿ
ðàçìåðîâ ÈÌ âäîëü îñè õ áûëà âûñêàçàíà è Äæîðäæåì
Ôèöäæåðàëüäîì, íî ó Ëîðåíöà áûëà êîíêðåòíàÿ òåîðèÿ,
÷òî è ïîñëóæèëî ïðè÷èíîé ïðèñâîåíèÿ ïðåîáðàçîâàíèÿì
åãî ôàìèëèè.

       (1.6)

Ðèñ. 7.  Ã. Ëîðåíö è åãî ïðåîáðàçîâàíèÿ

Íî è Ëîðåíö íå ñóìåë äî êîíöà ðåøèòü ïðîáëåìó, à
âûäâèíóòàÿ èì òåîðèÿ áûëà íå òîëüêî íåäîñòàòî÷íîé, íî
è òðåáîâàëà äëÿ ñâîåãî æèçíåîáåñïå÷åíèÿ ââîäà âñ¸ íîâûõ
è íîâûõ ãèïîòåç.

Åñòåñòâåííûì çàâåðøåíèåì íåñïîñîáíîñòè íàóêè
îáúÿñíèòü ïðè÷èíó âîçíèêøåãî òóïèêà ñòàëî ïîÿâëåíèå
ñïåöèàëüíîé òåîðèè îòíîñèòåëüíîñòè Ýéíøòåéíà (ÑÒÎ).
«Êðóòî ðàñïðàâèâøèñü» ñ èäååé ýôèðà, Ýéíøòåéí îáúÿ-
âèë ñêîðîñòü ñâåòà ìèðîâîé êîíñòàíòîé, à ïîòîìó êàê äðó-
ãèõ ïðåäëîæåíèé íå îêàçàëîñü, ó÷¸íûå ìóæè, õîòÿ è íå
ñðàçó, íî ïðèíÿëè å¸.

ñì.ñòð.24  __________________________________________________

Äèíàìèêóñ: Ñ ýëåêòðîäèíàìèêîé ñëîæíåå. Ñëîæíîñòü â òîì, ÷òî è âå-
ùåñòâî, èç êîòîðîãî ñîñòîÿò ïðèáîðû, è îáúåêò èçó÷åíèÿ (âîëíîâûå ÿâ-
ëåíèÿ) èìåþò îäíó ïðèðîäó � âîëíîâóþ. Ýòî îáñòîÿòåëüñòâî ïðèâîäèò
ê ñèíõðîííîé ðåàêöèè íà èçìåíåíèå ñêîðîñòè, ò.å. ê îäíîâðåìåííîìó è
ðàâíîìó ñæèìàíèþ ñòîÿ÷èõ âîëí è ñîêðàùåíèþ ðàçìåðîâ ïðèáîðîâ.
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Ðèñ. 8  À. Ýéíøòåéí è... îòíîñèòåëüíîñòü, êî-
òîðîé íàó÷èëèñü îáúÿñíÿòü âñ¸

Êàæäûé çíàåò, ÷òî çàäíèì ÷èñëîì ðàññóæäàòü âñåãäà
ëåã÷å. Èìåííî ïîýòîìó èíîãäà ñëûøèøü: «Êàêîé æå ÿ
áåñòîëêîâûé, íàäî áûëî áû ñäåëàòü âîò òàê, è òîãäà âñ¸
áûëî áû èíà÷å». Âîò è ìû, ñ çàïîçäàíèåì íà ñòî ëåò, ïûòà-
åìñÿ âûÿñíèòü, êàê ñëåäîâàëî áû ïîñòóïèòü íàøèì äàë¸-
êèì ïðåäêàì. Òî, ÷òî ïðè âûáîðå íàïðàâëåíèÿ îíè ñîâåð-
øèëè îøèáêó, äëÿ íàñ î÷åâèäíî. Ê ÷åìó ýòà îøèáêà ïðèâåëà,
äëÿ ìíîãèõ òîæå î÷åâèäíî � ê çàòÿæíîìó êðèçèñó íàóêè
íà âñåõ óðîâíÿõ. Íî òîãäà êàêîâà ñóòü ýòîé îøèáêè è â
êàêîì ìåñòå èñêàòü å¸? Åñëè ìû îòâåòèì íà ýòîò âîïðîñ,
òî ó âñåõ ïîÿâèòñÿ íå òîëüêî íàäåæäà, íî è ðåàëüíàÿ âîç-
ìîæíîñòü âûéòè èç êðèçèñà, ïðàâäà íàì íåîáõîäèìî áó-
äåò ñîâåðøèòü ïîäâèã íàä ñàìèìè ñîáîé � îòêàçàòüñÿ îò
óñòîÿâøåãîñÿ ìèðîâîççðåíèÿ, çà êîòîðîå ìíîãèå äî ñèõ ïîð
ïîëó÷àþò çàðïëàòó.

Åñëè âíèìàòåëüíî ïðèñìîòðåòüñÿ ê ïðåîáðàçîâàíèÿì
Ëîðåíöà è ñ èõ ïîçèöèé ïîïûòàòüñÿ îáúÿñíèòü ÿâëåíèå
ñæèìàíèÿ ñòîÿ÷èõ âîëí, òî îáíàðóæèâàåòñÿ, ÷òî ñ ýòèì
ÿâëåíèåì ïðåîáðàçîâàíèÿ íå ñïðàâëÿþòñÿ. Ïðîòèâîðå÷èå
ñîñòîèò â òîì, ÷òî â äâèæóùåéñÿ ñèñòåìå ñòîÿ÷èå âîëíû
ñæèìàþòñÿ íå òîëüêî âäîëü îñè õ, íî è ó, è z, à ýòî ïðÿìîå
íåñîîòâåòñòâèå òðåáîâàíèÿì ïðåîáðàçîâàíèé Ëîðåíöà.

Ìíîãèå èç òåõ, êòî ïðèçíà¸ò ïðåîáðàçîâàíèÿ Ëîðåíöà,
ïîñòðîèëè íà èõ îñíîâå ñîáñòâåííîå ïðåäñòàâëåíèå î ìèðå
è íàó÷íóþ êàðüåðó, áóäóò çàùèùàòü èõ, à òî è ïðîñòî îáîé-
äóò ìîë÷àíèåì íàéäåííîå íåñîîòâåòñòâèå � ïðàêòèêà óìîë-
÷àíèÿ âñåãäà ïîìîãàëà ó÷¸íûì ïðåîäîëåâàòü ìíîãèå ïðî-
òèâîðå÷èÿ. Òå æå, êòî èçúÿâèò æåëàíèå îòêàçàòüñÿ îò
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íàâÿçàííîãî èñòîðèåé ìèðîâîççðåíèÿ, ïîéäóò ñ íàìè äàëü-
øå. Èñòèíà äîðîæå êîðìóøêè.

Ìû óæå óòî÷íèëè, ÷òî èìåííî ñòîÿ÷àÿ âîëíà ëåæèò íå
òîëüêî â îñíîâå ýòàëîíà äëèíû, íî è â ïðèðîäå ñâÿçåé ìåæäó
ìîëåêóëàìè è àòîìàìè, êîòîðàÿ ÿâëÿåòñÿ âîëíîâîé. Íî
êàê îáúÿñíèòü ñèòóàöèþ, â êîòîðîé ñæèìàíèå ñòîÿ÷èõ âîëí
è ñæèìàíèå ðàçìåðîâ ýòàëîíà ïðîèñõîäÿò ñèíõðîííî? Ïðè-
çíàòü íåäååñïîñîáíîñòü ïðåîáðàçîâàíèé Ëîðåíöà? Åñëè ìû
ïîáîèìñÿ ñäåëàòü ýòî, òî îáÿçàíû ñêàçàòü, ÷òî íèêàêîãî
ñæèìàíèÿ ñòîÿ÷èõ âîëí â ïðèðîäå íåò.

Âîçíèêøèé íîíñåíñ èìååò âïîëíå êîíêðåòíîå ðåøå-
íèå � íåîáõîäèìî âûáðàòü òàêèå ïðåîáðàçîâàíèÿ, êîòîðûå
áóäóò íàõîäèòüñÿ â ïîëíîì ñîãëàñèè ñ îòêðûòûì ÿâëåíè-
åì.

§ 6.  Ïðåîáðàçîâàíèÿ ôèçè÷åñêèõ ðàçìåðîâ

Íà ñåãîäíÿøíèé äåíü óñòàíîâëåíî, ÷òî ñâÿçè ìåæäó
ýëåìåíòàìè âåùåñòâà (ìîëåêóëàìè è àòîìàìè) èìåþò ýëåê-
òðîìàãíèòíî-âîëíîâóþ ïðèðîäó. Åñëè ýòî òàê, òî, â ãðóáîì
ïðèáëèæåíèè, ëþáîé âåùåñòâåííûé îáúåêò ìîæíî ðàññìàò-
ðèâàòü, êàê êðèñòàëëè÷åñêóþ ðåø¸òêó èç ýëåêòðî- ìàã-
íèòíûõ ñòîÿ÷èõ âîëí, â óçëàõ êîòîðîé ðàñïîëàãàþòñÿ ýëå-
ìåíòû âåùåñòâà.

                 à          á    â
Ðèñ. 9.  Ôèçè÷åñêèå ðàçìåðû âîëíîâîé êðèñòàëëè÷åñêîé ðåø¸òêè:
à) Ïðè V=0 äëÿ âñåõ ïðåîáðàçîâàíèé; á) Ïðè V≈0.7ñ ïî Ëîðåíöó; â) Ïðè
V≈0.5ñ ïî Èâàíîâó

Íàëè÷èå ýôèðà ñîçäà¸ò ñèòóàöèþ, â êîòîðîé ëþáîå èç-
ìåíåíèå ñêîðîñòè ìåíÿåò äèíàìèêó âîëíîâûõ ïðîöåññîâ,
îò÷åãî â ýëåêòðîìàãíèòíîé êðèñòàëëè÷åñêîé ðåø¸òêå èç-
ìåíÿþòñÿ ðàññòîÿíèÿ ìåæäó óçëàìè. Ýòî çàñòàâëÿåò ýëå-
ìåíòû âåùåñòâà ïåðåäèñëîöèðîâàòüñÿ, ò.å. çàíÿòü óñòîé-
÷èâîå ïîëîæåíèå â èçìåíèâøèõ ìåñòîïîëîæåíèå óçëàõ (â
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äàëüíåéøåì ìû ïîêàæåì ïðè÷èíó, ïî÷åìó èìåííî óçëû
ÿâëÿþòñÿ äëÿ ýëåìåíòîâ âåùåñòâà íàèáîëåå îïòèìàëüíûì
ìåñòîì).

(1.7)*

Ðèñ. 10.  Þ. Èâàíîâ è åãî ïðåîáðàçîâàíèÿ
ôèçè÷åñêèõ ðàçìåðîâ  (ôîòî 1981 ã.)

Óêàçàííûé ïðîöåññ íå òîëüêî ïðèâîäèò ê åñòåñòâåííî-
ìó ïðåîáðàçîâàíèþ ôèçè÷åñêèõ ðàçìåðîâ, íî è íàãëÿäíî
äåìîíñòðèðóåò ïðè÷èíó ñîêðàùåíèÿ ðàçìåðîâ. Òàê, ïðè
óâåëè÷åíèè ñêîðîñòè, ðàññòîÿíèÿ ìåæäó óçëàìè âîëíîâîé
êðèñòàëëè÷åñêîé ðåø¸òêè óìåíüøàòñÿ è òåëî ñîæì¸òñÿ*
(óìåíüøèò îáú¸ì), ïðè óìåíüøåíèè ñêîðîñòè ïðîöåññ ïîé-
ä¸ò â îáðàòíóþ ñòîðîíó � òåëî ðàçîæì¸òñÿ (óâåëè÷èò
îáú¸ì).

Åñëè ýëåêòðîìàãíèòíûå ñòîÿ÷èå âîëíû è âíóòðåííèå
ñèëîâûå ñâÿçè ëþáîãî âåùåñòâåííîãî îáúåêòà (ÈÌ íå èñ-
êëþ÷åíèå) èìåþò îáùóþ ïðèðîäó, òî îíè äîëæíû ïîä÷è-
íÿòüñÿ åäèíûì çàêîíàì, ïîýòîìó íà èçìåíåíèå ñêîðîñòè â
ýôèðå îíè îòðåàãèðóþò îäèíàêîâûì îáðàçîì � ñèíõðîí-
íî ñæèìàÿñü! Íî åñëè ñæèìàíèå ñòîÿ÷èõ âîëí è ñæèìà-
íèå ðàçìåðîâ ñèñòåìû â òî÷íîñòè ñîâïàäàþò, òî íåò áîëåå
ëîãè÷íîãî øàãà, êàê ïðåäïîëîæèòü, ÷òî îñíîâó ïðåîáðàçî-
âàíèé êîîðäèíàò ñîñòàâëÿåò ðåàëüíîå ôèçè÷åñêîå ÿâëåíèå
� ÑÆÈÌÀÍÈÅ ÑÒÎß×ÈÕ ÂÎËÍ.

*  
_____________________________________________________

Ðèòìóñ: Íå ïîíÿë?! Âñåì âåäü èçâåñòíî, ÷òî ïîïåðå÷íîãî ñæèìàíèÿ
íåò. À ÷òî ýòî çà êóöàÿ ôîðìóëà äëÿ âðåìåíè?
Äèíàìèêóñ: Åñëè ãåîìåòðèÿ âåðíà (èëè âû ñîìíåâàåòåñü?), òî íàì íåò
ðàçíèöû, ñ êàêèìè âîëíàìè ìû èìååì äåëî. Âîïðîñ ñêîðåå ñóáúåêòèâ-
íûé, à ïðåîáðàçîâàíèÿ è íåîáõîäèìû äëÿ òîãî, ÷òîáû ïåðåéòè îò ñóáúåê-
òèâíîãî âîñïðèÿòèÿ ê ðåàëüíî ïðîèñõîäÿùåìó. Â ýòîì ñìûñëå ïðåîá-
ðàçîâàíèÿ ìîæíî ñ÷èòàòü ãåîìåòðè÷åñêèìè. ×òî êàñàåòñÿ âðåìåíè, òî
òàêîâûì îíî âûòåêàåò èç ïðåîáðàçîâàíèé.
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Ãëàâà 2.   ÝÊÑÏÅÐÈÌÅÍÒ  À. ÌÀÉÊÅËÜÑÎÍÀ

Â ýòîé ãëàâå áóäåò äàíà èíàÿ òðàêòîâêà ðåçóëüòàòîâ,
ïîëó÷åííûõ â ýêñïåðèìåíòå Ìàéêåëüñîíà. Òàêîé øàã âûç-
âàí îòêðûòèåì íåîáû÷íîãî ïîâåäåíèÿ ñòîÿ÷èõ âîëí â äâè-
æóùèõñÿ ñèñòåìàõ (ñæèìàíèåì ïî âñåì êîîðäèíàòíûì
îñÿì), à òàêæå íîâûìè ïðåîáðàçîâàíèÿìè êîîðäèíàò, ïî-
ÿâèâøèìèñÿ â ðåçóëüòàòå ñäåëàííîãî îòêðûòèÿ.

Äëÿ äîñòèæåíèÿ ïîëíîãî ïîíèìàíèÿ ïðîèñõîäÿùåãî
ðàññìîòðèì âîïðîñ îá èíòåðôåðîìåòðè÷åñêîì ñïîñîáå ðå-
àëèçàöèè ýòàëîíà äëèíû, ïîñëå ÷åãî ñäåëàåì àíàëèç ñëåä-
ñòâèé èç íîâûõ ïðåîáðàçîâàíèé êîîðäèíàò, áîëåå ïîäðîá-
íî ðàññìîòðèì ñìûñë ïðåîáðàçîâàíèé Ãàëèëåÿ, Ëîðåíöà,
Èâàíîâà è òîëüêî ïîñëå ýòîãî äàäèì îöåíêó ïîëó÷åííûõ
Ìàéêåëüñîíîì ðåçóëüòàòîâ.

§ 1.  Ðåàëèçàöèÿ ýòàëîíà äëèíû

Èíòåðôåðîìåòðè÷åñêèé ñìûñë îïðåäåëåíèÿ ýòàëîíà
äëèíû ñâîäèòñÿ ê ðàñ÷¸òó êîëè÷åñòâà äëèí âîëí ñâåòà, óê-
ëàäûâàþùèõñÿ â 1 ì. Íî, ðàáîòàÿ â óñëîâèÿõ ðåàëüíîé
ñðåäû, â äàííîì ñëó÷àå � ýôèðà, ìû ïîíèìàåì, ÷òî äëèíà
ñâåòîâîé âîëíû áóäåò ïðÿìî çàâèñåòü îò ñêîðîñòè äâèæå-
íèÿ íàøåé ñèñòåìû, à ïîòîìó ñëåäóåò îïåðèðîâàòü ïîíÿ-
òèåì äëèíà ñòîÿ÷åé âîëíû.

Äëÿ óïðîùåíèÿ îáñóæäàåìîãî âîïðîñà ïðèìåì, ÷òî ïðè
íóëåâîé ñêîðîñòè ñèñòåìû â ýôèðå äëèíà ñòîÿ÷åé âîëíû
ïîëíîñòüþ ñîâïàäàåò ñ ýòàëîíîì äëèíû è ðàâíà 1 ì. Íî
ïðè èçìåíåíèè ñêîðîñòè ñèñòåìû äëèíà ñòîÿ÷åé âîëíû
ìåíÿåòñÿ, ÷òî ïðèâîäèò ê íåâîçìîæíîñòè å¸ èñïîëüçîâà-
íèÿ â êà÷åñòâå ñïîñîáà ðåàëèçàöèè ýòàëîíà äëèíû. Ðàñ-
ñìîòðèì ñèòóàöèþ äëÿ ðàçíûõ ïðåîáðàçîâàíèé êîîðäè-
íàò.

Åñëè âåðíû ïðåîáðàçîâàíèÿ Ãàëèëåÿ

Ïðåîáðàçîâàíèÿ Ãàëèëåÿ ïîëàãàþò íåçàâèñèìîñòü ýòà-
ëîíà äëèíû îò ñêîðîñòè â ýôèðå.
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Ðèñ. 11. V=0. Äëèíà ñòîÿ÷åé âîëíû è äëèíà ýòàëîíà ñîâïàäàþò

Íî íàì èçâåñòíî, ÷òî ïðè óâåëè÷åíèè ñêîðîñòè ñèñòå-
ìû äëèíà ñòîÿ÷åé âîëíû, âûáðàííîé â êà÷åñòâå ìåðèëà,
óìåíüøàåòñÿ.

Ðèñ. 12.  V=0.3ñ. Ñòîÿ÷àÿ âîëíà ñæàëàñü. Äëèíà ýòàëîíà îñòàëàñü ïðåæíåé

Ýòî çíà÷èò, ÷òî âîçíèêøåå íåñîîòâåòñòâèå ìîæåò áûòü
îáíàðóæåíî ýêñïåðèìåíòàëüíî.

Åñëè âåðíû ïðåîáðàçîâàíèÿ Ëîðåíöà

Ðàçìåð ýòàëîíà äëèíû ïî õ çàâèñèò îò ñêîðîñòè è èç-
ìåíÿåòñÿ ïî çàêîíó:

L′= Lo(1�β 2)0.5. (2.1)

Åñëè ïðè íóëåâîé ñêîðîñòè ðàçìåðû ýòàëîíà ñîâïàäà-
þò ñî ñòîÿ÷åé âîëíîé, òî ýòîãî íå íàáëþäàåòñÿ â äâèæó-
ùåéñÿ ñèñòåìå ïî òîé ïðè÷èíå, ÷òî ñæèìàíèå ñòîÿ÷åé âîë-
íû íå ñîâïàäàåò ñ ñîêðàùåíèåì ýòàëîíà:

L′ñò= Lñò(1�β 2). (2.2)

Ðèñ. 13.  V=0.5ñ. Íåñîâïàäåíèå âåëè÷èí ñæèìàíèÿ ñòîÿ÷åé âîëíû è
ñîêðàùåíèÿ ýòàëîíà ïðèâîäèò ê âîçìîæíîñòè ýêñïåðèìåíòàëüíîãî îá-
íàðóæåíèÿ íåñîîòâåòñòâèÿ
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Åñëè âåðíû ïðåîáðàçîâàíèÿ ïî Èâàíîâó

Ïðîïîðöèîíàëüíîñòü ñîêðàùåíèÿ ýòàëîíà è ñæèìàíèÿ
ñòîÿ÷åé âîëíû ïðèâîäèò ê ïîëíîìó ñîîòâåòñòâèþ äëÿ ðàç-
ëè÷íûõ ñêîðîñòíûõ ðåæèìîâ (ðèñ. 14)

 L′= Lo(1�β 2)    L′ñò= Lñò(1�β 2). (2.3)

Ðèñ. 14. V=0.5ñ. Åñëè íåò íåñîîòâåòñòâèÿ, çíà÷èò è íåò ýêñïåðèìåíòàëü-
íîãî åãî îáíàðóæåíèÿ

§ 2.  Ñðåäíÿÿ ñêîðîñòü ñâåòà

Äëÿ òîãî ÷òîáû îïðåäåëèòü ñðåäíþþ ñêîðîñòü ñâåòà,
íåîáõîäèìî çíàòü ñêîðîñòü ñèñòåìû, äëèíó ïóòè è âðåìÿ
äâèæåíèÿ ñèãíàëà òóäà è îáðàòíî, à çàòåì ïðîéäåííûé
ñèãíàëîì ïóòü ðàçäåëèòü íà âðåìÿ åãî äâèæåíèÿ.

Ðèñ. 15.  Çàâèñèìîñòü ðàñïîëîæåíèÿ çåðêàëà îò ñêîðîñòè è ïðåîáðàçî-
âàíèé êîîðäèíàò: 1 � ïî Ãàëèëåþ; 2 � ïî Ëîðåíöó; 3 � ïî Èâàíîâó

Ïóñòü ñèñòåìà "èñòî÷íèê-çåðêàëî" äâèæåòñÿ âäîëü îñè
õ ñ íåêîòîðîé ñêîðîñòüþ V. Òîãäà ñêîðîñòü ñèãíàëà îò Î ê
Ì áóäåò ñîì=ñ�V, à îò Ì ê Î áóäåò ñìî=ñ+V. Ðàññ÷èòàåì
ñðåäíþþ ñêîðîñòü äâèæåíèÿ ñèãíàëà ïî àáñîëþòíîìó çíà-
÷åíèþ ïðîéäåííîãî ïóòè. Íî íàñ áóäåò èíòåðåñîâàòü íå
òîëüêî àáñîëþòíîå çíà÷åíèå ñðåäíåé ñêîðîñòè ñâåòà, íî è
å¸ çíà÷åíèå ñ òî÷êè çðåíèÿ äâèæóùåãîñÿ íàáëþäàòåëÿ.

Åñëè âåðíû ïðåîáðàçîâàíèÿ Ãàëèëåÿ

1) Âðåìÿ äâèæåíèÿ ñèãíàëà îò Î ê Ì:
tîì=Lo/(c�V).
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2) Âðåìÿ äâèæåíèÿ ñèãíàëà îò Ì ê Î:
tìo=Lo/(c+V).

3) Ñóììàðíîå âðåìÿ äâèæåíèÿ ñèãíàëà:
Σ t=2Lo/c(1�β 2).

4) Ñðåäíÿÿ ñêîðîñòü ñâåòà â ñèñòåìå:
c′=2Lo/Σ t=c(1�β 2). (2.4)

Ìû ïîëó÷èëè ñðåäíåå çíà÷åíèå ñêîðîñòè ñâåòà äëÿ äâè-
æóùåéñÿ ñèñòåìû Ãàëèëåÿ. Ñ òî÷êè çðåíèÿ äâèæóùåãîñÿ
íàáëþäàòåëÿ, çíà÷åíèå ñðåäíåé ñêîðîñòè ñâåòà áóäåò â òî÷-
íîñòè òàêèì æå ïî ïðè÷èíå íåçàâèñèìîñòè (L′ =Lo) ýòàëî-
íà äëèíû åãî ñèñòåìû îò ñêîðîñòè

c′′=2L′/Σ t=c(1�β 2). (2.5)

Åñëè âåðíû ïðåîáðàçîâàíèÿ Ëîðåíöà

Ôèçè÷åñêàÿ äëèíà ýòàëîíà óìåíüøèëàñü è ñòàëà ðàâíîé:
L=Lo(1�β 2)0.5.

Ñóáúåêòèâíàÿ äëèíà ýòàëîíà (L′) ñîõðàíèëà ïåðâîíà÷àëü-
íîå ÷èñëåííîå çíà÷åíèå (L′=Lo).

Ðàñ÷¸ò ñ òî÷êè çðåíèÿ àáñîëþòíîãî íàáëþäàòåëÿ:

1) Ðàññòîÿíèå ìåæäó èñòî÷íèêîì è çåðêàëîì óìåíüøè-
ëîñü è ñòàëî ðàâíûì:

L=Lo(1�β 2)0.5.
2) Âðåìÿ äâèæåíèÿ ñèãíàëà îò Î ê Ì:

tîì=L/(c�V).
3) Âðåìÿ äâèæåíèÿ ñèãíàëà îò Ì ê Î:

tìo=L/(c+V).
4) Ñóììàðíîå âðåìÿ äâèæåíèÿ ñèãíàëà:

Σ t=2L/c(1�β 2)=2Lo/c(1�β 2)0.5.
5) Ñðåäíÿÿ ñêîðîñòü ñâåòà â ñèñòåìå:

c′=2Lo(1�β 2)0.5/Σ t=c(1�β 2). (2.6)

Êàê âèäíî, ñðåäíÿÿ ñêîðîñòü ñâåòà ñîõðàíèëà ñâî¸ çíà-
÷åíèå, íî êàêîâî áóäåò å¸ çíà÷åíèå ñ òî÷êè çðåíèÿ íàáëþ-
äàòåëÿ, ó êîòîðîãî ýòàëîí äëèíû ñîêðàòèëñÿ?
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Åñëè â (1.21.3) âìåñòî Lo(1�β 2)0.5 îí ïîäñòàâèò L′, òî
ïîëó÷èò:

c′′ =2L′/Σ t=c(1�β 2)0.5. (2.7)

Åñëè âåðíû ïðåîáðàçîâàíèÿ ôèçè÷åñêèõ ðàçìåðîâ

Ôèçè÷åñêàÿ äëèíà ýòàëîíà óìåíüøèëàñü è ñòàëà ðàâíîé:

L=Lo(1�β 2).
Ñóáúåêòèâíàÿ äëèíà ýòàëîíà (L′) ñîõðàíèëà ïåðâîíà÷àëü-
íîå ÷èñëåííîå çíà÷åíèå (L′=Lo).

Ðàñ÷¸ò ñ òî÷êè çðåíèÿ àáñîëþòíîãî íàáëþäàòåëÿ:

1) Ðàññòîÿíèå ìåæäó èñòî÷íèêîì è çåðêàëîì óìåíüøè-
ëîñü è ñòàëî ðàâíûì:

L=Lo(1�β 2).
2) Âðåìÿ äâèæåíèÿ ñèãíàëà îò Î ê Ì:

tîì=L/(c�V).
3) Âðåìÿ äâèæåíèÿ ñèãíàëà îò Ì ê Î:

tìo=L/(c+V).
4) Ñóììàðíîå âðåìÿ äâèæåíèÿ ñèãíàëà:

Σ t=2L/c(1�β 2)=2Lo/c.
5) Ñðåäíÿÿ ñêîðîñòü ñâåòà â ñèñòåìå:

c′=2Lo(1�β 2)/Σ t=c(1�β 2). (2.8)
È â ýòîì ñëó÷àå ñðåäíÿÿ ñêîðîñòü ñâåòà ñîõðàíèëà

ñâî¸ çíà÷åíèå, íî êàêîâîé å¸ óâèäèò íàáëþäàòåëü, ó êîòî-
ðîãî ýòàëîí äëèíû ñîêðàòèëñÿ?

Åñëè â (1.21.3) âìåñòî Lo(1�β 2) îí ïîäñòàâèò L′, òî
ïîëó÷èò:

c′′=2L′/Σt=c. (2.9)

Òàêèì îáðàçîì, äâèæóùèéñÿ íàáëþäàòåëü, íåçàâèñè-
ìî îò ñîáñòâåííîé ñêîðîñòè, âñåãäà áóäåò èìåòü äåëî ñ ïî-
ñòîÿííîé ñêîðîñòüþ ñâåòà, ðàâíîé ñ. Òåïåðü ìû ïîíèìàåì,
÷òî ìàòü Ïðèðîäà «ñîòâîðèëà ýòî ñîâïàäåíèå àáñîëþòíî
íåóìûøëåííî», íî íàøå íåâåæåñòâî çàäåðæàëî ïîíèìà-
íèå ýòîãî âîïðîñà ðîâíî íà ñòî ëåò.
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§ 3.  Çàìåäëåíèå âðåìåíè

Ðàññìîòðèì, ïî ïðåäëîæåííîé À. Ýéíøòåéíîì ìåòî-
äèêå, çàâèñèìîñòü õîäà âðåìåíè îò ñêîðîñòè äâèæåíèÿ â
ýôèðå. Íî äëÿ íàñ áóäåò âàæíî ðàññìàòðèâàòü íå òîëüêî
äâèæåíèå ëó÷à ñâåòà ïî ó-, íî è ïî õ-êîîðäèíàòå.

Ïðèìåì çà åäèíèöó ìàêñèìàëüíî áûñòðîãî âðåìåíè
to ïðîìåæóòîê ìåæäó èçëó÷åíèåì ñèãíàëà è ïðèõîäîì
åãî â íà÷àëüíóþ òî÷êó ïðè íóëåâîé ñêîðîñòè ñèñòåìû.

Ðèñ. 16.  Ñõåìà ðàñ÷¸òà çàìåäëåíèÿ âðåìåíè

Äëÿ ïðåîáðàçîâàíèé Ãàëèëåÿ

Ïóñòü ñèñòåìà äâèæåòñÿ ñ íåêîòîðîé ñêîðîñòüþ V>0.
Ðàññ÷èòàåì âðåìÿ äâèæåíèÿ ñèãíàëà ïî ïóòè ÎNÎ:

ñ⊥⊥⊥⊥⊥=(ñ2�V2)0.5=ñ(1�β 2)0.5,
t′⊥⊥⊥⊥⊥=2L⊥⊥⊥⊥⊥/ñ(1�β 2)0.5=t/(1�β 2)0.5,
t′⊥⊥⊥⊥⊥=t/(1�β 2)0.5 . (2.10)

Ðàññ÷èòàåì âðåìÿ äâèæåíèÿ ñèãíàëà ïî ïóòè ÎÌÎ:

t′ll=2Lll/ñ(1�β 2)=t/(1�β 2),
t′ll=t/(1�β 2), (2.11)
t′⊥⊥⊥⊥⊥< t′ll .

Áîëåå îáùèì áóäåò ñîîòíîøåíèå:

t′= t(1�β 2sin2α)0.5/(1�β 2), (2.12)
ãäå:  α � óãîë ìåæäó îñüþ õ è íàïðàâëåíèåì çåðêàëà N.

Ìû âèäèì, ÷òî âðåìÿ äâèæåíèÿ ñèãíàëà çàâèñèò îò
âûáîðà íàïðàâëåíèÿ. Íî Ãàëèëåé íè÷åãî íå çíàë î ìåòî-
äèêå Ýéíøòåéíà, à èñõîäèë èç ÷óâñòâåííîãî âîñïðèÿòèÿ
ïðîèñõîäÿùåãî. È òåì áîëåå, Ãàëèëåé íå ðàññìàòðèâàë
ñâåðõáîëüøèå ñêîðîñòè � â åãî âðåìåíà òàêîé çàäà÷è íå
ñòîÿëî. Ïîýòîìó, à òàêæå ïî ýòè÷åñêèì ñîîáðàæåíèÿì, ìû
íå ñòàíåì êðèòèêîâàòü Ãàëèëåÿ çà îáíàðóæåííîå íàìè
íåñîîòâåòñòâèå â åãî ïðåîáðàçîâàíèÿõ.
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Äëÿ ïðåîáðàçîâàíèé Ëîðåíöà

Ïóñòü ñèñòåìà äâèæåòñÿ ñ íåêîòîðîé ñêîðîñòüþ V>0.
Ðàññ÷èòàåì âðåìÿ äâèæåíèÿ ñèãíàëà ïî ïóòè ÎNÎ:

Ðèñ. 17.  Ñõåìà äâèæåíèÿ ñèãíàëà ïðè ó-îðèåíòàöèè

ñ⊥⊥⊥⊥⊥=(ñ2�V2)0.5=ñ(1�β 2)0.5,
t′⊥⊥⊥⊥⊥=2L⊥⊥⊥⊥⊥/ñ(1�β 2)0.5=t/(1�β 2)0.5,
t′⊥⊥⊥⊥⊥=t/(1�β 2)0.5 . (2.13)

Ðàññ÷èòàåì âðåìÿ äâèæåíèÿ ñèãíàëà ïî ïóòè ÎÌÎ:

t′ll=2L′ll/ñ(1�β 2)=t/(1�β 2)0.5,
t′ll=t/(1�β 2)0.5, (2.14)
t′⊥⊥⊥⊥⊥= t′ll= t/(1�β 2)0.5. (2.15)

Ñîîòíîøåíèå îïèñûâàåò èçâåñòíóþ çàâèñèìîñòü òåìïà õîäà
âðåìåíè îò ñêîðîñòè.

Äëÿ ãåîìåòðè÷åñêèõ ïðåîáðàçîâàíèé (ïî Èâàíîâó)

Ïóñòü ñèñòåìà äâèæåòñÿ ñ íåêîòîðîé ñêîðîñòüþ V>0.
Ðàñ÷èòàåì âðåìÿ äâèæåíèÿ ñèãíàëà ïî ïóòè Î′N′Î′:

ñ⊥⊥⊥⊥⊥=(ñ2�V2)0.5=ñ(1�β 2)0.5,
t′⊥⊥⊥⊥⊥=2L′⊥⊥⊥⊥⊥/ñ(1�β 2)0.5=t,
t′⊥⊥⊥⊥⊥=t . (2.16)

Ðàññ÷èòàåì âðåìÿ äâèæåíèÿ ñèãíàëà ïî ïóòè Î′Ì′Î′:
t′ll=2L′ll/ñ(1�β 2)=t,
t′ll=t , (2.17)
t′⊥⊥⊥⊥⊥= t′ll= t. (2.18)

Â ýòîé ñèòóàöèè ó íàñ íåò îñíîâàíèÿ ãîâîðèòü î çàìåäëå-
íèè âðåìåíè. Òåìï õîäà âðåìåíè íå çàâèñèò îò ñêîðîñòè.
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§ 4.  Àíàëèç ôèçè÷åñêèõ ïðåîáðàçîâàíèé

Íè îäíî èç ðàññìîòðåííûõ íàìè ïðåîáðàçîâàíèé
êîîðäèíàò íå èìååò ïîä ñîáîé ñòðîãîé ìàòåìàòè÷åñêîé
áàçû, à ïîòîìó â ðàçíûå ïåðèîäû èñòîðèè îíè ïðèíè-
ìàëèñü ïî íåîáõîäèìîñòè, äëÿ îïèñàíèÿ òîé èëè èíîé
ãðóïïû ÿâëåíèé. Ïðåîáðàçîâàíèÿ ôèçè÷åñêèõ ðàçìå-
ðîâ (ãåîìåòðè÷åñêèå) îòëè÷àþòñÿ îò ïðåäøåñòâóþùèõ
ïðåîáðàçîâàíèé òåì, ÷òî â èõ îñíîâó ïîëîæåíî îòêðû-
òîå â 1981 ãîäó ÿâëåíèå ñæèìàíèÿ ñòîÿ÷èõ âîëí âî
âñåõ íàïðàâëåíèÿõ, íå ó÷èòûâàåìîå â ïðåîáðàçîâàíèÿõ
Ëîðåíöà.

Ïðåäïðèíÿòàÿ ïîïûòêà îïðàâäàòü öåëåñîîáðàçíîñòü
íîâûõ ïðåîáðàçîâàíèé ïîñðåäñòâîì íåêîòîðûõ ïîëî-
æåíèé êâàíòîâîé ìåõàíèêè îêàçàëàñü óäà÷íîé. Íà ñå-
ãîäíÿøíèé äåíü, íàïðèìåð, óñòàíîâëåíî, ÷òî ñèëîâûå
ñâÿçè (ñâÿçè ìåæäó ìîëåêóëàìè è àòîìàìè) èìåþò âîë-
íîâóþ ïðèðîäó. Ëþáîé âåùåñòâåííûé îáúåêò ìîæíî
ïðåäñòàâèòü ïàêåòîì ýëåêòðîìàãíèòíûõ ñòîÿ÷èõ âîëí,
â óçëàõ êîòîðîãî ðàñïîëîæåíû àòîìû è ìîëåêóëû. Åñëè
òàêîé îáúåêò áóäåò äâèãàòüñÿ ñêâîçü ýôèð, òî ðàññòîÿ-
íèÿ ìåæäó óçëàìè âîëíîâîãî ïàêåòà, à çíà÷èò ìåæäó
àòîìàìè è ìîëåêóëàìè, áóäåò çàâèñåòü îò ñêîðîñòè. Ýòó
çàâèñèìîñòü ìû óñòàíîâèëè, ðåøèâ óðàâíåíèå ñòîÿ÷åé
âîëíû äëÿ ëþáîé ñêîðîñòè, ìåíüøåé ñêîðîñòè ñâåòà.
Îêàçàëîñü, ÷òî ïðè íàëè÷èè ñêîðîñòè ïðîèñõîäèò ñæè-
ìàíèå ïàêåòà ñòîÿ÷èõ âîëí ïî âñåì êîîðäèíàòíûì
îñÿì: õ, ó è z. Ïîëó÷èâ ôîðìóëüíûå âûðàæåíèÿ ñæè-
ìàíèÿ ñòîÿ÷èõ âîëí, ìû îáíàðóæèëè, ÷òî îíè âñòóïèëè
â ïðîòèâîðå÷èå ñ ïðåîáðàçîâàíèÿìè Ëîðåíöà, êîòîðûå
ïîëàãàþò îòñóòñòâèå ñæèìàíèÿ ïî êîîðäèíàòíûì íà-
ïðàâëåíèÿì ó è z.

*  
_________________________________________________________

Ðèòìóñ: Äà, òåïåðü ÿ âèæó ïðè÷èíó îòñóòñòâèÿ çàìåäëåíèÿ âðåìå-
íè. Íî åñòü ýêñïåðèìåíòû, êîòîðûå ãîâîðÿò îá îáðàòíîì � çàìåäëå-
íèå âðåìåíè ðåàëüíî!
Äèíàìèêóñ: Íå ñòîèò âàëèòü âñ¸ â êó÷ó, òùàòåëüíî æå ðàçîáðàòüñÿ â
ïðîèñõîäÿùåì � íàøà çàäà÷à. Áûòü ìîæåò, èìåþùèåñÿ â âèäó ýêñ-
ïåðèìåíòû íåîáõîäèìî òðàêòîâàòü èíà÷å? Çäåñü íàì ïðèä¸òñÿ êðåï-
êî ïîëîìàòü ãîëîâû, åñëè ìû èñêðåííå ñòðåìèìñÿ ê ïðîãðåññó, êî-
íå÷íî.
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V=0    V>0        V>>0

Ðèñ. 18.  Âëèÿíèå ñêîðîñòè äâèæåíèÿ â ñðåäå íà ôèçè÷åñêèå ðàçìåðû
âîëíîâîé êðèñòàëëè÷åñêîé ðåø¸òêè

Äëÿ òîãî ÷òîáû çàãëÿíóòü â ñóòü ïðîèñõîäÿùåãî, îá-
ðàòèìñÿ ê àêóñòèêå. Ðàññìîòðèì, êàê çàâèñèò äëèíà çâó-
êîâîé ñòîÿ÷åé âîëíû îò ñêîðîñòè â âîçäóõå. Äëÿ äîñòè-
æåíèÿ êîãåðåíòíîñòè èçëó÷àòåëè çàïèòàíû îò îäíîãî
ãåíåðàòîðà (ν=3.3 êÃö).

λ
ñò

=10ñì

λñò=9.5ñì

λñò=8.4ñì

λ
ñò

=6.75ñì

λñò=5.1ñì

λñò=3.6ñì

Ðèñ. 19.   V1=0; V2=0.23c; V3=0.4c; V4=0.57c; V5=0.7c; V6=0.8c

Íàñ òàêæå èíòåðåñóåò çàâèñèìîñòü ïðîöåññà ðàçâèòèÿ
ñòîÿ÷åé âîëíû âî âðåìåíè îò ñêîðîñòè. Ôîêóñ â òîì, ÷òî â
äâèæóùåéñÿ ñèñòåìå ôîðìèðîâàíèå ñòîÿ÷åé âîëíû ïðî-
èñõîäèò â ðåçóëüòàòå ñëîæåíèÿ êîãåðåíòíûõ âîëí ðàçíîé
äëèíû. È õîòÿ ÷àñòîòà ýòèõ âîëí îäèíàêîâà, ÷òî ñîáñòâåí-
íî ãîâîðÿ è ïîçâîëÿåò ñòîÿ÷åé âîëíå áûòü, ïðîöåññ èõ ñëî-
æåíèÿ âåñüìà íåîáû÷åí è ïîó÷èòåëåí.
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Ðèñ. 20.  V=0.15ñ. Ðàçâèòèå ñòîÿ÷åé âîëíû â ïîñëåäîâàòåëüíûå ìîìåí-
òû âðåìåíè. Òàêîå ðàçâèòèå ñîáûòèÿ ìîæíî íàçâàòü íåãàðìîíè÷åñêèì

§ 5.  Æèâàÿ ñòîÿ÷àÿ âîëíà

Óáåäèâøèñü ÷òî è â äâèæóùèõñÿ ñèñòåìàõ ñòîÿ÷èå
âîëíû ÷óâñòâóþò ñåáÿ ñòàáèëüíî, ïåðåéä¸ì ê ðàññìîòðå-
íèþ íåèññëåäîâàííûõ ðàíåå ñëó÷àåâ. Ìû íå ñòàíåì çàã-
ðóæàòü ýòó ÷àñòü ðàáîòû ïîñòàíîâêîé çàäà÷, à óêàæåì, ÷òî
èçîáðàæ¸ííûå íà ðèñóíêàõ ñèòóàöèè ðàññ÷èòàíû äëÿ äâè-
æåíèÿ îòíîñèòåëüíî ñðåäû.

Ýôôåêò æèâîé ñòîÿ÷åé âîëíû (ðèñ.21) áûë îáíàðó-
æåí âñëåä çà îòêðûòèåì ñæèìàíèÿ ñòîÿ÷èõ âîëí. Ñóòü
ÿâëåíèÿ ïðîñòà: êàê òîëüêî ìû ñîçäà¸ì ðàçíèöó ÷àñòîò
(àðèòìèþ), ñòîÿ÷àÿ âîëíà ïðîïàäàåò, à âçàìåí ïîÿâëÿåòñÿ
áèåíèå, ñâîéñòâà êîòîðîãî ìû íàìåðåíû ðàññìîòðåòü.

Ìû óòâåðæäàåì, ÷òî â ñëó÷àå ñ àðèòìèåé âñåãäà ìîæíî
íàéòè òàêóþ äâèæóùóþñÿ ñèñòåìó, â êîòîðîé èíòåðôåðè-
ðóþùèå âîëíû áóäóò èìåòü ðàâíûå ÷àñòîòû. Çäåñü äîñòà-
*
  _________________________________________________________

Ðèòìóñ: Íà ðèñ. 20 ðàçíûå äëèíû âîëí. Çíà÷èò è ÷àñòîòà ðàçëè÷íà?
Äèíàìèêóñ: Ïî îòíîøåíèþ ê äâèæóùåìóñÿ âìåñòå ñ ñèñòåìîé íàáëþ-
äàòåëþ ÷àñòîòà ïàäàþùåé è îòðàæ¸ííîé âîëí îäèíàêîâà. Íî ìû èìååì
äåëî ñ äâèæåíèåì ñèñòåìû â ñðåäå, à çíà÷èò � è ñ ýôôåêòîì Äîïëåðà.
Îòñþäà è ðàçëè÷èÿ â äëèíàõ ïàäàþùåé è îòðàæ¸ííîé âîëí.

t=0

t=T/10

t=T/5

t=3T/10

t=2T/5

t=T/2

t=3T/5

t=7T/10

t=4T/5

t=9T/10

  ΣΣΣΣΣ
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òî÷íî ôîðìóë Äîïëåðà, îïåðàöèè ñ êîòîðûìè äàþò íàì
òî÷íóþ ôîðìóëó äëÿ îïðåäåëåíèÿ ñêîðîñòè ñèñòåìû:

V = c(ν2 �ν1)/(ν2 +ν1). (2.19)

*
  ____________________________________________________

Ðèòìóñ: Ýòî ÷òî æ ïîëó÷àåòñÿ: äëÿ òåõ, êòî áåæèò � ñòîÿ÷àÿ âîëíà åñòü,
à äëÿ òåõ, êòî ñòîèò � å¸ íåò?
Äèíàìèêóñ: Èìåííî â ýòîì âñÿ ïðåëåñòü ÿâëåíèÿ, èìåííî òàêèì îáðà-
çîì ïðîèñõîäÿùåå âñåõ ñáèâàåò ñ òîëêó, ñîçäàâàÿ ó äâèæóùåãîñÿ íà-
áëþäàòåëÿ èëëþçèþ, îñîáåííî, åñëè îí èìååò äåëî ñ ýëåêòðîìàãíèòíû-
ìè âîëíàìè, ÷òî êàê áû íè÷åãî íå èçìåíÿåòñÿ.
Ðèòìóñ: Íî âåäü ìû ìîæåì èçìåðÿòü äëèíû ïðÿìîé è îáðàòíîé âîëí, à
èçìåðèâ, îáíàðóæèòü íåñîîòâåòñòâèÿ...
Äèíàìèêóñ: Óâû, íî ÿ ïîêà åù¸ íå ñëûøàë îá ýêñïåðèìåíòàõ, â êîòî-
ðûõ èçìåðÿëèñü äëèíû áåãóùèõ âîëí. Äî ñèõ ïîð î äëèíå âîëíû ìû
ñóäèì ïî äëèíå ñòîÿ÷åé âîëíû, à ýòî, êàê ìû òåïåðü çíàåì, íå îäíî è òî
æå. Ñòîÿ÷àÿ âîëíà ìîæåò âîçíèêàòü â ðåçóëüòàòå ñëîæåíèÿ âîëí îäè-
íàêîâîé ÷àñòîòû, íî ðàçíîé, â ñâÿçè ñ ýôôåêòîì Äîïëåðà, äëèíû. Îá-
ùåïðèíÿòîå ñóæäåíèå î ñòîÿ÷åé âîëíå çäåñü ÿâëÿåòñÿ ÷àñòíûì ñëó÷à-
åì äëÿ V=0.

Ðèñ. 21.  Ñòîÿ÷àÿ âîëíà äâèæåòñÿ âìåñòå ñ ýêðàíîì, íî îíà èìååò ìåñòî
òîëüêî äëÿ äâèæóùåãîñÿ íàáëþäàòåëÿ, ïîýòîìó ìû íàçâàëè å¸ «æèâîé
ñòîÿ÷åé âîëíîé»

Ðèñ. 22.  Çàòî äëÿ ïîêîÿùèõñÿ íàáëþäàòåëåé ñòîÿ÷àÿ âîëíà íåíàáëþ-
äàåìà.
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Èíòåðåñíûì çäåñü ÿâëÿåòñÿ òî, ÷òî ïðè ýòîé ñêîðîñòè
íàáëþäàòåëü óâèäèò äâèæóùóþñÿ ïàðàëëåëüíî ñ íèì  è
âïîëíå íîðìàëüíóþ ñòîÿ÷óþ âîëíó. Ýòî îçíà÷àåò, ÷òî íà-
áëþäàòü æèâóþ ñòîÿ÷óþ âîëíó ìîæíî â îäíîì åäèíñòâåí-
íîì ñëó÷àå � åñëè ñêîðîñòü íàáëþäàòåëÿ ñîâïàäàåò ñî ñêî-
ðîñòüþ å¸ äâèæåíèÿ â ïðîñòðàíñòâå. Ìû èçîáðàçèëè ýòó
ñèòóàöèþ íà ðèñóíêå, à òàêæå ïðèâåëè ôîðìóëó, ïî êîòî-
ðîé, çíàÿ ÷àñòîòíóþ ðàçíèöó, ìîæíî îïðåäåëèòü ñêîðîñòü
æèâîé ñòîÿ÷åé âîëíû, à ïî ñóòè � ñêîðîñòü òîêà óçëîâ è
ïó÷íîñòåé.

Ìû åù¸ âåðí¸ìñÿ ê îáñóæäåíèþ ýòîãî ÿâëåíèÿ, èáî
èìåííî äåñòàáèëèçàöèÿ èñòî÷íèêîâ ñïîñîáíà ïðîëèòü ñâåò
íà âîïðîñû ýíåðãèè, ñèëû, èíåðöèè, ìàññû è, êîíå÷íî æå,
ãðàâèòàöèè.

Ðèñ. 23.  Æèâàÿ ñòîÿ÷àÿ âîëíà     (2.20)

Ðàññìàòðèâàÿ âîïðîñ æèâîé ñòîÿ÷åé âîëíû, ìû âïåð-
âûå ñòîëêíóëèñü ñ èíòåðôåðåíöèåé îò èñòî÷íèêîâ ðàçíîé
÷àñòîòû è ââåëè ïîíÿòèå ñêîðîñòü òîêà óçëîâ è ïó÷íîñ-
òåé. Íî ìîæíî ëè ñîçäàòü æèâóþ ýëåêòðîìàãíèòíóþ ñòî-
ÿ÷óþ âîëíó, íàïðèìåð, â ïðîâîäàõ? Åñëè ìû ñóìååì ïîêà-
çàòü, ÷òî çàäà÷à íå ëèøåíà ñìûñëà è èìååò ðåøåíèå, òî
òîãäà íàì ñòàíåò ïîíÿòíà ïðèðîäà, ïî êðàéíåé ìåðå, ïåðå-
ìåííîãî ýëåêòðè÷åñêîãî òîêà.

§ 6.  Ñêîðîñòü òîêà â ïðîâîäàõ

Ïóñòü ìû èìååì äâà ãåíåðàòîðà ïåðåìåííîãî ýëåêò-
ðè÷åñêîãî òîêà, îáúåäèí¸ííûõ â åäèíóþ ýíåðãîñèñòåìó ïðî-
âîäàìè. Äëÿ ïðîñòîòû ðàññìîòðèì ïðîèñõîäÿùåå òîëüêî
â îäíîì ïðîâîäå. Åñëè ÷àñòîòû ãåíåðàòîðîâ îäèíàêîâû, òî
íè î êàêîì äâèæåíèè ýíåðãèè ïî ïðîâîäó íå ìîæåò áûòü
è ðå÷è, íî çàòî ìû áóäåì èìåòü äåëî ñ òàê íàçûâàåìîé
ýëåêòðè÷åñêîé ñòîÿ÷åé âîëíîé.

λ
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Ðèñ. 24.  Ìåæäó ðàâíûìè ïî ÷àñòîòå èñòî÷íèêàìè íåò ïåðåòîêà ýíåðãèè

Äëÿ òîãî ÷òîáû íàáëþäàòü æåëàåìîå äâèæåíèå (òîê)
ýëåêòðè÷åñêîé ñòîÿ÷åé âîëíû, íàïðèìåð îò À ê Â, íåîáõî-
äèìî óìåíüøèòü ÷àñòîòó ãåíåðàòîðà Â. Êàê òîëüêî ÷àñòî-
òà Â óìåíüøèòñÿ, ñòîÿ÷àÿ âîëíà íà÷í¸ò äâèãàòüñÿ îò À ê Â
ñî ñêîðîñòüþ V, à ìû, åñëè ñòàíåì äâèãàòüñÿ ñ ýòîé æå
ñêîðîñòüþ è â ýòîì æå íàïðàâëåíèè, îáíàðóæèì æèâóþ
ñòîÿ÷óþ âîëíó. Íî åñëè äëÿ ïîêîÿùåãîñÿ íàáëþäàòåëÿ âñ¸
ïðîèñõîäÿùåå áóäåò âûãëÿäåòü ïîÿâëåíèåì òîêà â ïðîâî-
äå, òî äëÿ äâèæóùåãîñÿ íàáëþäàòåëÿ íè î êàêîì òîêå â
ïðîâîäå íå ìîæåò áûòü è ðå÷è.

Î÷åâèäíî, ÷òî îïðåäåëèâ ñêîðîñòü æèâîé ñòîÿ÷åé âîë-
íû, ìû îïðåäåëèëè è òàê íàçûâàåìóþ ñêîðîñòü òîêà ýíåð-
ãèè äëÿ ïîêîÿùåãîñÿ íàáëþäàòåëÿ, ÷òî, ïî ñâîåé ñóòè, ÿâëÿ-
åòñÿ îäíèì è òåì æå. Àíàëèçèðóÿ èñïîëüçóåìóþ äëÿ
ðàñ÷¸òà ôîðìóëó, ìû óòâåðæäàåì, ÷òî â ðàññìîòðåííîé ñè-
òóàöèè ñêîðîñòü òîêà çàâèñèò òîëüêî îò èñêóññòâåííî
ñîçäàííîé ðàçíèöû ÷àñòîò. Òàê, íàïðèìåð, åñëè ðàçíèöà
ìåæäó ÷àñòîòàìè îò À è Â  áóäåò ðàâíà 1 Ãö   (νÀ=50 Ãö,
νÂ=49 Ãö), ñêîðîñòü òîêà ýíåðãèè áóäåò ðàâíà 3030 êì/ñ, à
ïðè ÷àñòîòíîé ðàçíèöå 0,001 Ãö ñêîðîñòü òîêà áóäåò âñåãî
3êì/ñ. Ýòî îçíà÷àåò, ÷òî åñëè ìû ñòàíåì äâèãàòüñÿ â íà-
ïðàâëåíèè òîêà óçëîâ è ïó÷íîñòåé ñî ñêîðîñòüþ 3 êì/ñ, òî
ñðàâíÿåìñÿ ñî ñêîðîñòüþ òîêà â ïðîâîäå, à ïîòîìó îí, êàê
ñèìâîë ïåðåíîñà ýíåðãèè, äëÿ íàñ íå áóäåò èìåòü ñìûñëà.

Ðèñ. 25.  Âíåøíèé âèä æèâîé ñòîÿ÷åé âîëíû äëÿ ïîêîÿùåãîñÿ íàáëþ-
äàòåëÿ

Óòâåðæäåíèå î òîì, ÷òî ñêîðîñòü òîêà ìîæåò êîëåáàòü-
ñÿ â øèðîêèõ ïðåäåëàõ, ëåãêî ïðîâåðèòü. Äëÿ ýòîãî íåîá-
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õîäèìî ïðîâåñòè ýêñïåðèìåíò, â êîòîðîì ÷àñòîòà ãåíåðà-
òîðîâ äîëæíà áûòü ãîðàçäî âûøå, íàïðèìåð, 600 ìÃö. Ïðè
òàêîì çíà÷åíèè âñòðå÷íûõ ÷àñòîò â ïðîâîäå âîçíèêíåò ñòî-
ÿ÷àÿ âîëíà äëèíîé 0.5 ì. Ìû ïðèíÿëè ñòîëü âûñîêîå çíà-
÷åíèå ÷àñòîòû òîëüêî äëÿ òîãî, ÷òîáû îáëåã÷èòü ïðîöåäóðó
êîíòðîëÿ çà ñêîðîñòüþ ïåðåìåùåíèÿ êîíòðîëüíîãî óçëà.
Åñëè ìû èçìåíèì (óìåíüøèì) ÷àñòîòó ãåíåðàòîðà Â íà 1Ãö,
òî êîíòðîëüíûé óçåë ñòîÿ÷åé âîëíû ñòàíåò ïåðåìåùàòüñÿ
ïî ïðîâîäó îò À ê Â ñî ñêîðîñòüþ âñåãî 0.25 ì/ñ. Íî åñëè
äëÿ ïîêîÿùåãîñÿ íàáëþäàòåëÿ òàêîå äâèæåíèå âîñïðèíè-
ìàåòñÿ êàê òîê ýíåðãèè, òî äëÿ íàáëþäàòåëÿ, äâèæóùåãîñÿ
ñî ñêîðîñòüþ 0.25 ì/ñ â íàïðàâëåíèè Â, òîê ýíåðãèè áóäåò
îòñóòñòâîâàòü. Åñëè ìû ïîæåëàåì óìåíüøèòü ñêîðîñòü òîêà
ýíåðãèè äî 0.125 ì/ñ, òî ÷àñòîòà ãåíåðàòîðà Â äîëæíà îòëè-
÷àòüñÿ îò À âñåãî íà 0.5 Ãö.

Ðèñ. 26.  Áåãóùèé íàáëþäàòåëü âèäèò ïðåäûäóùóþ êàðòèíêó èíîé

Íà ðàññìîòðåííîì ïðèìåðå ìû âûÿñíèëè, ÷òî àðèò-
ìèÿ ìåæäó èñòî÷íèêàìè ïðèâîäèò â äâèæåíèå ýíåðãèþ,
ñêîðîñòü òîêà êîòîðîé çàâèñèò òîëüêî îò ðàçíèöû ÷àñ-
òîò. Íå ñëåäóåò ïóòàòü ñêîðîñòü òîêà ñî ñêîðîñòüþ ïåðå-
íîñà èíôîðìàöèè î íà÷àëå åãî äâèæåíèÿ. Èíôîðìàöèÿ
ðàñïðîñòðàíÿåòñÿ ïî ïðîâîäó ñî ñêîðîñòüþ ñâåòà.

Íó à ÷òî æå òîãäà ìîæåò ïðåäñòàâëÿòü èç ñåáÿ ïîñòî-
ÿííûé òîê, ÷òî ýòî çà ôèçè÷åñêèé ïðîöåññ? Íà êàêîì óðîâíå
îðãàíèçàöèè âåùåñòâà ñëåäóåò èñêàòü ïîðîæäàþùóþ åãî
ïðè÷èíó? Íàäåþñü, ÷òî îäíà èç îæèäàþùèõ ÷èòàòåëÿ ãëàâ
ïðèîòêðîåò çàâåñó íàä ýòèì ãëàâíûì äëÿ ýíåðãåòèêè âîï-
ðîñîì ïðèðîäû.
*  ____________________________________________________

Ðèòìóñ: Â áûòó ìû íàáëþäàåì äåéñòâèå ýëåêòðè÷åñêîãî òîêà, åñëè ñî-
çäàíà ðàçíîñòü ïîòåíöèàëîâ, ó âàñ æå ðå÷ü èä¸ò î ðàçíîñòè ÷àñòîò ãåíå-
ðàòîðîâ, ò.å. ∆ϕ=k∆ν. Íî òîãäà k-êîýôôèöèåíò äà¸ò ïåðåõîä îò ÷àñòîòû
ê çàðÿäó (ïîòåíöèàëó) k=∆ϕ/∆ν?
Äèíàìèêóñ: Ðàçíîñòü ïîòåíöèàëîâ � ïîíÿòèå óñëîâíîå, íî çàòðîíóò î÷åíü
âàæíûé ìîìåíò, ïðè äåòàëüíîì ðàññìîòðåíèè êîòîðîãî ìîæåò ïîÿâèòüñÿ
ìîùíàÿ çàâÿçêà íà íîâóþ èíòåðïðåòàöèþ âñåõ ïðèíÿòûõ ïîíÿòèé (ñèëà
òîêà, ðàáîòà òîêà è ò.ä.).
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Â òîì, ÷òî ðàçíîñòü ÷àñòîò îòâåòñòâåííà çà òîê, ìîæíî
óáåäèòüñÿ íà ïðèìåðå:

«14.02.96 ã. â åäèíîé ýíåðãîñèñòåìå Ðîññèè è Óêðàè-
íû ïðîèçîø¸ë ýíåðãåòè÷åñêèé êîíôëèêò. Â ðåçóëüòàòå ïðè-
îñòàíîâêè þæíî-óêðàèíñêîé ÀÝÑ â ýíåðãîñèñòåìå Óêðàè-
íû ïðîèçîøëî ïîíèæåíèå ÷àñòîòû, ÷òî ïðèâåëî ê ïåðåòîêó
òóäà ýëåêòðîýíåðãèè èç Ðîññèè, ãäå ÷àñòîòà áûëà âûøå.
×òîáû èñêëþ÷èòü ýíåðãåòè÷åñêèå ïîòåðè ðîññèéñêàÿ ñòî-
ðîíà âûíóæäåíà áûëà îòêëþ÷èòüñÿ îò ýíåðãîñèñòåìû Óê-
ðàèíû».

§ 7.  Ïðÿìûå è îáðàòíûå ïðåîáðàçîâàíèÿ

Íåñèììåòðè÷íîñòü ïðÿìûõ è îáðàòíûõ ïðåîáðàçîâàíèé
òðåáóåò ïåðåñìîòðà îòíîøåíèÿ ê èíâàðèàíòíîñòè. Âåñü ïðå-
äûäóùèé è ïîñëåäóþùèé ìàòåðèàë áóäåò ïðÿìî óêàçûâàòü,
÷òî èíâàðèàíòíîñòü � ïîíÿòèå ýãîöåíòðè÷åñêîå, à ïîòîìó
ðàçáèðàòüñÿ â ïðîèñõîäÿùåì óäîáíåå ñ ïîçèöèè àáñîëþò-
íîãî íàáëþäàòåëÿ, èìåþùåãî âîçìîæíîñòü ìãíîâåííîãî âè-
äåíèÿ. Àáñîëþòíîìó íàáëþäàòåëþ íåâàæíî, êàê âèäèò òî
èëè èíîå ÿâëåíèå ìåñòíûé íàáëþäàòåëü, íî æåëàÿ åìó ïî-
ìî÷ü, îí óòâåðæäàåò, ÷òî èíâàðèàíòíîñòü � ïîíÿòèå îòíî-
ñèòåëüíîå, à ïîòîìó èìååò ìåñòî òîëüêî äî òîãî ìîìåíòà,
ïîêà ïðè èçó÷åíèè ñîáñòâåííî âåùåñòâåííî-âîëíîâîé ñèñ-
òåìû èñïîëüçóåòñÿ ïîíÿòèå «ñêîðîñòü ñâåòà».

Ðèñ.27  Ïðîèñõîäÿùåå ñ ïîçèöèè Àáñîëþòíîãî íàáëþäàòåëÿ (ëåâàÿ êîì-
ïîçèöèÿ); ñ ïîçèöèè äâèæóùåãîñÿ íàáëþäàòåëÿ (ïðàâàÿ êîìïîçèöèÿ.)

V′

V
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Ïðÿìûå è îáðàòíûå ïðåîáðàçîâàíèÿ:

x′ = (x � Vt)/(1�β 2) x = x′(1�β 2) + Vt
t′ = t t = t′
y′ = y/(1�β 2)0.5 y = y′(1�β 2)0.5  (2.21)
z′ = z/(1�β 2)0.5 z = z′(1�β 2)0.5

V′ = �V/(1�β 2) V = �V′(1�β 2)

V � ñêîðîñòü îòíîñèòåëüíî ýôèðà;
V′ � ñóáúåêòèâíîå âîñïðèÿòèå ñêîðîñòè ñèñòåìû.

U′= (U ± V)/(1�β 2) U = V±U′(1�β 2)

U′ � ñóáúåêòèâíàÿ ñêîðîñòü îáúåêòà â äâèæóùåéñÿ ñèñòå-
ìå;

U � ñêîðîñòü îòíîñèòåëüíî ýôèðà (àáñîëþòíàÿ ñêîðîñòü).

§ 8.  Ãåîìåòðè÷åñêàÿ èíòåðïðåòàöèÿ
èíâàðèàíòíîñòè

Íàì íåîáõîäèìî ïîêàçàòü ãåîìåòðè÷åñêóþ ïðè÷èíó
ïîíÿòèÿ èíâàðèàíòíîñòü è ïðîàíàëèçèðîâàòü å¸ âûïîë-
íåíèå ïðèìåíèòåëüíî ê ðàçëè÷íûì ïðåîáðàçîâàíèÿì êî-
îðäèíàò. Èíûìè ñëîâàìè, íàì ïðåäñòîèò ïîêàçàòü, ÷òî íå-
íàáëþäàåìîñòü êàêèõ-ëèáî èçìåíåíèé, íàïðèìåð â ïîëÿõ
èíòåðôåðåíöèè, ïðèñóùà òîëüêî òåì ïðåîáðàçîâàíèÿì, â
îñíîâå êîòîðûõ ëåæèò âîëíîâàÿ ãåîìåòðèÿ.

Áóäåì ïîñëåäîâàòåëüíû, à ïîòîìó ïîî÷åð¸äíî ïîêàæåì
èçìåíåíèÿ â ïîëÿõ èíòåðôåðåíöèè äëÿ ðàçëè÷íûõ ïðåîá-
ðàçîâàíèé êîîðäèíàò.

Ïóñòü ìû èìååì ñèñòåìó äâóõ êîãåðåíòíûõ îñöèëëÿ-
òîðîâ ñ èçìåíÿþùåéñÿ ñêîðîñòüþ äâèæåíèÿ â ñðåäå. Ïóñòü
ìåæäó îñöèëëÿòîðàìè ñäâèã ôàç ðàâåí íóëþ, à ðàññòîÿíèå
ñîîòâåòñòâóåò òðåáîâàíèÿì èññëåäóåìûõ ïðåîáðàçîâàíèé.

Âåðíû ïðåîáðàçîâàíèÿ Ãàëèëåÿ

Ìû âèäèì, ÷òî ïðè èçìåíåíèè ñêîðîñòè ïîëå èíòåðôå-
ðåíöèè äåôîðìèðóåòñÿ. Åñëè ìû è äàëüøå ñòàíåì íàðà-
ùèâàòü ñêîðîñòü, òî äåôîðìàöèÿ óâåëè÷èòñÿ. Â äàëüíåé-
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Ðèñ. 28.  Óâåëè÷åíèå ñêîðîñòè ïðèâåëî ê ïîÿâëåíèþ âîñüìîé ïîëîñû

øåì, äëÿ íàãëÿäíîñòè, ìû áóäåì îòîáðàæàòü òîëüêî óçëî-
âûå ëèíèè, à òàêæå ñèìâîëè÷åñêèé ïðÿìîóãîëüíèê, ïî èç-
ìåíåíèþ ðàçìåðîâ êîòîðîãî ìîæíî ñóäèòü î ñîêðàùåíèè
ðàçìåðîâ ñèñòåìû.

Ñëåäóåò îáðàòèòü âíèìàíèå íà ïîÿâëåíèå äîïîëíèòåëü-
íîé óçëîâîé ëèíèè, à ñëåäîâàòåëüíî, è íà ïåðåêîñ ïîëÿ èí-
òåðôåðåíöèè. Çäåñü ìû âïåðâûå ñòàëêèâàåìñÿ ñ äåôîðìà-
öèåé, âåêòîð êîòîðîé ñïîñîáñòâóåò òîðìîæåíèþ äâèæåíèÿ.

Ðèñ. 29.  ×åì âûøå ñêîðîñòü, òåì ñèëüíåå äåôîðìàöèÿ

Âîçíèêàþùóþ äåôîðìàöèþ ìîæíî óñòðàíèòü ñäâèãîì
ôàç, íî ãåîìåòðèÿ èíòåðôåðåíöèè â äèíàìèêå òàêîâà, ÷òî â
èññëåäóåìîì ñëó÷àå ïî ìåðå âîçðàñòàíèÿ ñêîðîñòè ñèñòå-
ìû îñöèëëÿòîðîâ ìû âñåãäà áóäåì èìåòü äåëî ñ êîëè÷å-
ñòâåííûì óâåëè÷åíèåì ëèíèé èíòåðôåðåíöèè.
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Ðèñ. 30.  Ñ óâåëè÷åíèåì ñêîðîñòè âîçðàñòàåò êîëè÷åñòâî ïîëîñ èíòåð-
ôåðåíöèè

Ñòîëü íåîáû÷íîå ïîâåäåíèå ïîëÿ èíòåðôåðåíöèè îáúÿñ-
íÿåòñÿ îïèñàííûì ðàíåå ÿâëåíèåì ñæèìàíèÿ ñòîÿ÷èõ
âîëí � íà ó÷àñòêå ìåæäó îñöèëëÿòîðàìè èõ ñòàíîâèòñÿ
áîëüøå. Íî åñëè åñòü ðàçëè÷èå, òîãäà îíî ìîæåò áûòü îá-
íàðóæåíî, à çíà÷èò, ïðåîáðàçîâàíèÿ Ãàëèëåÿ äàæå òåîðå-
òè÷åñêè íå â ñîñòîÿíèè îáåñïå÷èòü èíâàðèàíòíîñòü.

Âåðíû ïðåîáðàçîâàíèÿ Ëîðåíöà

È ïðåîáðàçîâàíèÿ Ëîðåíöà íå â ñîñòîÿíèè îáåñïå÷èòü
èíâàðèàíòíîñòü � â ýòîì íåñëîæíî óáåäèòüñÿ îïÿòü-òàêè
÷åðåç ãåîìåòðè÷åñêèé ìåòîä àíàëèçà ïîëÿ èíòåðôåðåíöèè.

Ðèñ. 31.  Ïî ìåðå âîçðàñòàíèÿ ñêîðîñòè íàáëþäàåòñÿ êîëè÷åñòâåííûé
ðîñò ëèíèé èíòåðôåðåíöèè

Âåðíû ïðåîáðàçîâàíèÿ ðàçìåðîâ ïî Èâàíîâó

Ïðèìåíèòåëüíî ê ýòîìó òèïó ïðåîáðàçîâàíèé ìû ïî-
ëó÷àåì íåîæèäàííûé îáîðîò â ïðîèñõîäÿùåì � îòñóòñòâèå
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êîëè÷åñòâåííîé ïðèáàâêè ëèíèé èíòåðôåðåíöèè. Íî è
çäåñü ìû íå ìîæåì ãîâîðèòü î ñîõðàíåíèè èíâàðèàíòíîñ-
òè, ïîòîìó êàê âèäèì ðàçëè÷èÿ ìåæäó ñèñòåìàìè.

Ðèñ. 32.  Îòñóòñòâóåò ïîÿâëåíèå äîïîëíîòåëüíûõ ïîëîñ èíòåðôåðåíöèè

Ñëåäóåò, îäíàêî, îæèäàòü, ÷òî äëÿ ìåñòíîãî íàáëþäàòå-
ëÿ ïðèíöèï èíâàðèàíòíîñòè áóäåò «ðàáîòàòü», ïîýòîìó
èíâàðèàíòíîñòü îí áóäåò âîñïðèíèìàòü êàê ñóáúåêòèâíîå
ñâîéñòâî ïðîöåññîâ â ñèñòåìå.

Åñëè ýòè æå ñàìûå ïîñòðîåíèÿ îñóùåñòâèòü äëÿ äðó-
ãèõ ñêîðîñòåé è èíîé îðèåíòàöèè ê íàïðàâëåíèþ äâèæå-
íèÿ, òî ðåçóëüòàòû áóäóò èäåíòè÷íûìè. Îöåíèâàÿ ãåîìåò-
ðè÷åñêóþ öåëåñîîáðàçíîñòü òåõ èëè èíûõ ïðåîáðàçîâàíèé
êîîðäèíàò, ìû ãîâîðèì, ÷òî ôèçè÷åñêèå ïðåîáðàçîâàíèÿ  áî-
ëåå äðóãèõ óäîâëåòâîðÿþò ïðèíöèïó èíâàðèàíòíîñòè � ïî-
çâîëÿþò èíòåðôåðåíöèîííûì ïðîöåññàì îñòàâàòüñÿ, äëÿ
ìåñòíîãî íàáëþäàòåëÿ, íåèçìåííûìè.

§ 9.  Ýêñïåðèìåíò Àëüáåðòà Ìàéêåëüñîíà

Â 1881 ã. Àëüáåðò Ìàéêåëüñîí ñêîíñòðóèðîâàë ïðè-
áîð, ñ ïîìîùüþ êîòîðîãî íàìåðåâàëñÿ îáíàðóæèòü äâèæå-
íèå Çåìëè îòíîñèòåëüíî çàïîëíÿþùåé ïðîñòðàíñòâî ñðå-
äû � ÝÔÈÐÀ. Â îñíîâå åãî ðàñ÷¸òîâ ëåæàëè: âñåîáùåå
óáåæäåíèå î íàëè÷èè íåïîäâèæíîãî ýôèðà è ïðåîáðàçîâà-
íèÿ Ãàëèëåÿ.

Ïîëó÷åííûå â ýêñïåðèìåíòàõ ðåçóëüòàòû ïîðàçèëè
âñåõ íóëåâûìè çíà÷åíèÿìè. Ïî áîëüøîìó ñ÷¸òó âîîáùå
íå áûëî ïîëó÷åíî íèêàêèõ ðåçóëüòàòîâ, à ïîòîìó â ôèçèêå
îáðàçîâàëñÿ ìèðîâîççðåí÷åñêèé âàêóóì, à â íàóêå êðèçèñ.
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Âîëíà ýòîãî êðèçèñà äîêàòèëàñü äî íàøåãî âðåìåíè, è õîòÿ
áîëåå ÷åì çà ñòî ëåò áûëî ñäåëàíî íåìàëî, âîïðîñ î ôèçè-
÷åñêîé ñóùíîñòè îêðóæàþùåãî ìèðà äëÿ íàñ ïîêà òàê æå
òóìàíåí, êàê è ñòî ëåò íàçàä.

  à                  á             â
Ðèñ. 33.  ÈÌ. Äèíàìèêà ðàçâèòèÿ ïðåäñòàâëåíèé îá ýêñïåðèìåíòå
Ìàéêåëüñîíà: à) ïî Ãàëèëåþ ðàçìåðû èíòåðôåðîìåòðà âñåãäà íåèç-
ìåííû; á) ïî Ëîðåíöó � ñîêðàùàþòñÿ òîëüêî ïî õ; â) ïî Èâàíîâó �
ñîêðàùàþòñÿ ïî âñåì êîîðäèíàòíûì îñÿì (õ,ó,z)

Ìíîãèå ó÷¸íûå ïûòàëèñü îòâåòèòü íà âîïðîñ, ïî÷åìó
íå ñðàáîòàë èíòåðôåðîìåòð Ìàéêåëüñîíà, íî óäîâëåòâîðè-
òåëüíîãî îòâåòà íàéòè òàê è íå óäàëîñü. Âîçâðàùàÿñü ê
îáñòîÿòåëüñòâàì, ïîñëóæèâøèì îñíîâîé äëÿ ñîçäàíèÿ ÑÒÎ,
ñëåäóåò îñîáî ïîä÷åðêíóòü, ÷òî ïî èðîíèè ñóäüáû íèêîìó
íå ïðèøëî íà óì èññëåäîâàòü ïðîöåññû èíòåðôåðåíöèè
âñòðå÷íûõ âîëí íà ó÷àñòêàõ ìåæäó ïîëóïðîçðà÷íûì çåð-
êàëîì Î è ïîëíûìè çåðêàëàìè Ì è N.

*  
_________________________________________________________

Ðèòìóñ: Íå ñêðîþ, èíòåðïðåòàöèÿ èíâàðèàíòíîñòè ìíå íðàâèòñÿ. Íî
ïî÷åìó òîãäà íèêòî íå âîñïîëüçîâàëñÿ ýòèì ïîäõîäîì? Áûòü ìîæåò, îí
íåâåðåí, ðàç âñå èññëåäîâàòåëè îáîøëè åãî ñòîðîíîé?
Äèíàìèêóñ: Áûòü ìîæåò è íå âåðåí, â ýòîì íàì åù¸ ïðåäñòîèò ðàçîá-
ðàòüñÿ. Íó à ïðîøëè ìèìî òàêîãî ïîäõîäà ïî ïðè÷èíå, ÷òî ÿâëåíèå
Ñæèìàíèÿ Ñòîÿ÷èõ Âîëí áûëî îòêðûòî òîëüêî â 1981 ãîäó. À ðàç îò-
ñóòñòâîâàëî îòêðûòèå, çíà÷èò ó èññëåäîâàòåëåé íå áûëî îñíîâàíèÿ ïðåä-
ëîæèòü ïðåîáðàçîâàíèÿ êîîðäèíàò, îòëè÷íûå îò Ëîðåíöåâûõ è ò.ä. Íó
à åñëè ôèëîñîôñêè, òî íå ïðèøëî äëÿ ÷åëîâåêîâ âðåìÿ, ÷òîáû çíàòü îá
ýòîì.
Ðèòìóñ: Âû ïîñòîÿííî óïîìèíàåòå ñæèìàíèå ñòîÿ÷èõ âîëí. Íåóæåëè
ýòî, êàçàëîñü áû ïðîñòîå, ÿâëåíèå ñïîñîáíî òàê ñèëüíî èçìåíèòü íàøè
ïðåäñòàâëåíèÿ î ïðîèñõîäÿùåì?
Äèíàìèêóñ: Èìåííî òàê è ïðîèñõîäèò ïî ïðè÷èíå, ÷òî îòêðûòèå âõî-
äèò â ãðóïïó ÿâëåíèé, íàõîäÿùèõñÿ â ôóíäàìåíòå íàóêè. Â äàëüíåé-
øåì è âû óáåäèòåñü, ÷òî ïðåîáðàçîâàíèÿ êîîðäèíàò, ïîÿâèâøèåñÿ èñ-
êëþ÷èòåëüíî áëàãîäàðÿ îòêðûòîìó ÿâëåíèþ, ñóùåñòâåííî óïðîùàþò, â
òîì ÷èñëå, è ìàòåìàòè÷åñêèå âûêëàäêè.
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Ðèñ. 34.  Èíòåðôåðîìåòð Ìàéêåëüñîíà è ñõåìà ðàñ÷¸òà ñêîðîñòè ñâåòà
äëÿ ïðîèçâîëüíîãî íàïðàâëåíèÿ

Òàêîé àíàëèç áûë ñäåëàí àâòîðîì â 1981 ãîäó è ïîêà-
çàë, ÷òî åñòü èíîå, ðàíåå íå óñìîòðåííîå îáúÿñíåíèå îòðè-
öàòåëüíûõ ðåçóëüòàòîâ ýêñïåðèìåíòà Ìàéêåëüñîíà. Îñòà-
íîâèìñÿ íà ýòîì ïóíêòå áîëåå ïîäðîáíî, ïîòîìó êàê îò
ðåøåíèÿ ýòîãî âîïðîñà çàâèñèò äàëüíåéøàÿ ñóäüáà âñåõ
ðàíåå âûñêàçàííûõ èäåé.
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§ 10.  Íîâàÿ èíòåðïðåòàöèÿ ýêñïåðèìåíòà
Ìàéêåëüñîíà

Îáðàòèìñÿ ê ñõåìàòè÷åñêîìó èçîáðàæåíèþ èíòåðôå-
ðîìåòðà (ðèñ. 34).

Ðàññ÷èòàåì âðåìÿ õîäà ðàñùåïë¸ííîãî íà ïîëóïðîç-
ðà÷íîì çåðêàëå ëó÷à íà ó÷àñòêå ÎÌ, ïîëàãàÿ ÷òî äâèæå-
íèå èíòåðôåðîìåòðà ïðîèñõîäèò ñî ñêîðîñòüþ V â íàïðàâ-
ëåíèè, óêàçàííîì ñòðåëêîé:

tOÌ=LOÌ/(ñ�V).
Òî æå ñàìîå ìû ñäåëàåì äëÿ îáðàòíîãî íàïðàâëåíèÿ ÌO:

tÌO=LOÌ/(ñ+V).
Íî ðàíåå ìû óñòàíîâèëè çàâèñèìîñòü ôèçè÷åñêèõ ðàçìå-
ðîâ îò ñêîðîñòè è îðèåíòàöèè. Äëÿ ïàðàëëåëüíî ñîðèåí-
òèðîâàííîãî ïëå÷à ýòà çàâèñèìîñòü áóäåò èìåòü âèä:

LOÌ=Lo(1�V2/ñ2),
ãäå: Lo � ðàçìåð ïëå÷à ïðè V=0.

Äëÿ ïåðïåíäèêóëÿðíî ñîðèåíòèðîâàííîãî ïëå÷à:

L⊥⊥⊥⊥⊥=Lo(1�V2/ñ2)1/2.
Ïîëíîå âðåìÿ äâèæåíèÿ ëó÷à âäîëü îñè õ áóäåò:

∑ tII=tOM+tÌO=LOÌ/(ñ�V)+LOÌ/(ñ+V)=2LOÌ/ñ(1�V2/ñ2).
Íî ìû óñòàíîâèëè, ÷òî LOM=Lo(1�V2/ñ2),

òîãäà: ∑ tII=2L
o
/ñ. (2.22)

Ïðîâåä¸ì àíàëîãè÷íûé ðàñ÷¸ò è äëÿ ïåðïåíäèêóëÿðíî ñî-
ðèåíòèðîâàííîãî ïëå÷à ON.

Ïîëíîå âðåìÿ õîäà ëó÷à â ýòîì ïëå÷å áóäåò ðàâíî:

∑ t⊥⊥⊥⊥⊥=2L⊥⊥⊥⊥⊥/ñ(1�V2/ñ2)1/2,
íî L⊥⊥⊥⊥⊥=Lo(1�V2/ñ2)1/2,
òîãäà: ∑ t⊥⊥⊥⊥⊥=2Lo/ñ, (2.23)

îòñþäà ñëåäóåò: ∑ tII=∑ t⊥⊥⊥⊥⊥ ..... (2.24)

Î÷åâèäíî, ÷òî ïðîâåä¸ííûé è íå òðåáóþùèé äîïîëíè-
òåëüíûõ ãèïîòåç ðàñ÷¸ò ïðè ëþáûõ ñêîðîñòÿõ áóäåò äà-
âàòü íóëåâóþ ðàçíèöó âðåìåíè õîäà ëó÷åé, à ýòî ïðÿìîå
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óêàçàíèå íà íåñîñòîÿòåëüíîñòü ñàìîé èäåè èñïîëüçîâàíèÿ
êëàññè÷åñêîé èíòåðôåðîìåòðèè äëÿ îáíàðóæåíèÿ äâèæå-
íèÿ â ýôèðå*.

* * *
Îòêðûâ ÿâëåíèå ñæèìàíèÿ ñòîÿ÷èõ âîëí, ìû îáíàðó-

æèëè ðÿä íåñîîòâåòñòâèé, êîòîðûå óñòðàíèëè ïóò¸ì ââå-
äåíèÿ íîâûõ ïðåîáðàçîâàíèé êîîðäèíàò. Ëîãèêà íàøèõ
ðàññóæäåíèé íå âûõîäèò çà ïðåäåëû íîðìàëüíîé, à ïîòî-
ìó ìàòåðèàë äîñòóïåí ïîíèìàíèþ êàæäîãî, êòî æåëàåò ðà-
çîáðàòüñÿ â ïðîáëåìå áåç îáìàíà äëÿ ñàìîãî ñåáÿ. Ýòèì
êðèòåðèåì ìû áóäåì ðóêîâîäñòâîâàòüñÿ è â äàëüíåéøåì.

Áûòóåò ïðåäñòàâëåíèå, ÷òî âñå ëþäè âèäÿò ìèð îäè-
íàêîâî. Àáñîëþòíîå çàáëóæäåíèå, ïîðîæäàþùåå äèêòà-
òîðñêèé ïîäõîä ê èçó÷åíèþ ïðåäìåòà. Çàìå÷åíî, ÷òî è
ñðåäè ñòîðîííèêîâ ýôèðà íåò ïîëíîãî ñîãëàñèÿ, âûçâàí-
íîãî íåäîñòàòêîì ýêñïåðèìåíòîâ è ëè÷íîñòíûìè ìîòè-
âàìè. Óñòðàíåíèå êîíôëèêòîâ ýòîãî ðîäà ïðåäïîëàãàåòñÿ
ââåäåíèåì èíñòèòóòà íàó÷íûõ øêîë. Çäåñü ïðèíöèï íå-
âìåøàòåëüñòâà è âçàèìîóâàæåíèÿ ìîæåò îêàçàòüñÿ ïî-
ëåçíûì. Ïðèâåä¸ì ïðèìåð.

Äëÿ òîãî ÷òîáû èìåòü ìàêñèìàëüíîå ïðåäñòàâëåíèå îá
èññëåäóåìîì ïðåäìåòå, ÷åëîâåêó äàíû ðàçëè÷íûå îðãàíû
÷óâñòâ, êàæäûé èç êîòîðûõ íàñòðîåí íà âîñïðèÿòèå èí-
ôîðìàöèè îïðåäåë¸ííîãî ÷àñòîòíîãî äèàïàçîíà. Ãëàçà âè-
äÿò ïðåäìåò êðàñíûì, ðóêè � øåðøàâûì è ò¸ïëûì, ÿçûê
� êèñëûì. Íàëèöî êîíôëèêò ïî ïðè÷èíå, ÷òî ðóêàì íåïî-
íÿòíî, êàê ýòî áûòü êðàñíûì è êèñëûì, à ãëàçàì íåïîíÿò-
íî, êàê ýòî áûòü øåðøàâûì è ò¸ïëûì. Ìîæíî, êîíå÷íî,
ïðèñëîíèòüñÿ îáîëî÷êîé ãëàçà ê ïðåäìåòó äëÿ òîãî, ÷òîáû
*  

_________________________________________________________

Ðèòìóñ: Âûõîäèò, ÷òî ýêñïåðèìåíò À. Ìàéêåëüñîíà èçíà÷àëüíî áûë
îáðå÷¸í íà íåóäà÷ó? Íî òîãäà ïîëó÷àåòñÿ, ÷òî ó íàñ íåò íèêàêîãî øàíñà
îáíàðóæèòü ýôèð?
Äèíàìèêóñ: Âû ïðàâû è íåïðàâû. Âñ¸ äåëî â òîì, ÷òî è òåëî ïðèáîðà, è
ñâåòîâûå âîëíû � ÿâëåíèÿ îäíîãî ïîðÿäêà, à ïîòîìó âñÿêèå èçìåíåíèÿ
ðàñïðîñòðàíÿþòñÿ íà íèõ â ðàâíîé ìåðå. Åñëè ïðîèçîøëî ñæèìàíèå
ñâåòîâûõ ñòîÿ÷èõ âîëí, òî âîëíîâàÿ êðèñòàëëè÷åñêàÿ ðåø¸òêà ïðèáîðà
òîæå ñæàëàñü. Â ýòîì ñìûñëå ýêñïåðèìåíò Ìàéêåëüñîíà äîêàçûâàåò,
÷òî îäíè è òå æå çàêîíû âåðíû è äëÿ ñâåòîâûõ âîëí, è äëÿ âåùåñòâà.
Ðèòìóñ: Çíà÷èò, âîïðîñ îáíàðóæåíèÿ ýôèðà íå èìååò ðåøåíèÿ äàæå
òåîðåòè÷åñêè, ò.å. äàæå â ìûñëåííîì ýêñïåðèìåíòå?
Äèíàìèêóñ: Ñïîñîáû îáíàðóæèòü ýôèð åñòü � èíòåðôåðîìåòð ñ íåâçàè-
ìîñâÿçàííûì ïëå÷îì, íàïðèìåð. Åäèíñòâåííûé íåäîñòàòîê ýòîãî ýêñ-
ïåðèìåíòà � äîðîãîâèçíà èç-çà òåõíè÷åñêèõ ñëîæíîñòåé. Íî ê âîïðîñó
ýêñïåðèìåíòà ìû åù¸ âåðí¸ìñÿ.
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ïîíÿòü, íî ïîëó÷åííûå ïðè ýòîì îùóùåíèÿ áóäóò íåñîïî-
ñòàâèìû ñ èíôîðìàöèåé îò ðóê. Íàïðèìåð, â ñëó÷àå îïòè-
÷åñêîãî îáìàíà èëè ãîëîãðàôèè íà ïîìîùü ïðèõîäÿò ðóêè,
è îðãàíèçì èì âåðèò.

Òàê è â íàóêå � ïðåäìåò èññëåäîâàíèÿ äîëæåí îáîçðå-
âàòüñÿ ñî âñåõ ñòîðîí, è â ýòîì ñìûñë ñàìîñòîÿòåëüíûõ íà-
ó÷íûõ øêîë. Íî òîãäà äîëæíà áûòü ñòðóêòóðà, îáîáùàþ-
ùàÿ èíôîðìàöèþ, è ðîëü åãî äîëæíà âûïîëíÿòü åäèíàÿ
àêàäåìèÿ íàóê. Âî ãëàâå ýòîãî îðãàíà äîëæíû ñòîÿòü íå
ïðåäñòàâèòåëè òîé èëè èíîé øêîëû, à ëþäè îïðåäåë¸ííîãî
òèïà, îò ïðèðîäû ïðèãîäíûå äëÿ âûïîëíåíèÿ ýòîé ðàáîòû.

Ïðåäëàãàåìàÿ ïîñòàíîâêà äåëà ïîçâîëèò âñåì, áåç èñ-
êëþ÷åíèÿ, íàó÷íûì ïîäõîäàì, â òîì ÷èñëå è ÎÒÎ, ïðèíè-
ìàòü ó÷àñòèå â ïîçíàíèè è îñâîåíèè äîñòóïíîãî ÷åëîâå÷å-
ñòâó óðîâíÿ áûòèÿ.

Â ïåðâîé ÷àñòè ìîíîãðàôèè ìû ïîïûòàëèñü ðàçîáðàòü-
ñÿ â ìåõàíèçìå íåêîòîðûõ çàáëóæäåíèé, âîçíèêøèõ èç-çà
íåïîëíîòû çíàíèé â îáëàñòè èíòåðôåðîìåòðèè. Ýòî ïðè-
âåëî, â ÷àñòíîñòè, ê òàêèì èçìåíåíèÿì êëàññè÷åñêèõ ïðåä-
ñòàâëåíèé î ïðîñòðàíñòâå è ïðîòåêàþùèõ â í¸ì ïðîöåñ-
ñàõ, êîòîðûå ïîçâîëèëè ïîíÿòü, ïî÷åìó ñêîðîñòü ñâåòà
âñåãäà êàæåòñÿ îäèíàêîâîé âñåì íàáëþäàòåëÿì.

Òåïåðü, êîãäà ðàñïàëñÿ ìèô î âåëèêîì ôèçè÷åñêîì ïà-
ðàäîêñå ÕÕI âåêà è ïðÿìàÿ íàäîáíîñòü â òåîðèè îòíîñèòåëü-
íîñòè îòïàëà, äàäèì ïðîèçîøåäøåìó ãóìàíèòàðíûé àíàëèç.

Íå ñåêðåò, ÷òî ìíîãèå ïîêëîííèêè è òåîðåòèêè ýôèð-
íîé êîíöåïöèè î÷åíü ñèëüíî ðóãàþò êàê Ýéíøòåéíà, òàê è
åãî äåòèùå, â îñíîâå êîòîðîãî ëåæèò ïîñòóëàò îá èíâàðè-
àíòíîñòè ñêîðîñòè ñâåòà.

Ðàñøèðåííûé àíàëèç ñèòóàöèè êîíöà ÕIÕ � íà÷àëà
ÕÕ âåêîâ ïîêàçàë, ÷òî â ýòîò ïåðèîä ÷åëîâå÷åñòâî ïðèáëè-
æàëîñü ê ïåðâîé, à çàòåì êî âòîðîé ìèðîâûì âîéíàì. Íî
èçâåñòíî, ÷òî âîéíû âñåãäà òðåáóþò èçîáðåòåíèÿ èçîùð¸í-
íûõ ñïîñîáîâ óíè÷òîæåíèÿ, à ïîòîìó âñåãäà íàõîäÿòñÿ ó÷¸-
íûå, êîòîðûå âûïîëíÿþò ýòó íåáëàãîâèäíóþ ðàáîòó. Â êîí-
öå Âòîðîé ìèðîâîé âîéíû íà ìèðíûõ ãðàæäàíàõ áûëî
èñïûòàíî ÿäåðíîå îðóæèå. È õîòÿ ñ÷èòàëîñü, ÷òî ìåðà ýòà
âûíóæäåííàÿ, ôàêò ïðèìåíåíèÿ ìîùè ôèçè÷åñêèõ ïðî-
öåññîâ ïðîòèâ ñàìèõ ñåáÿ ÿâëÿåòñÿ óáåäèòåëüíûì äîêàçà-
òåëüñòâîì îãðàíè÷åííîñòè íàøåãî óìà. Âîçìîæíî ïîýòî-
ìó «íåêòî» çàáëîêèðîâàë ïóòü ê ðåøåíèþ ïðîáëåìû
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ñâåòîíîñíîãî ýôèðà. Ýòó ðàíåå íåäîñòóïíóþ äëÿ ïîíèìà-
íèÿ ïðîöåäóðó ìû íàçâàëè «Áëîêèðîâêà Ýéíøòåéíà».

Äîïóñòèì, ÷òî ôèçèêå êîíöà ïðîøëîãî âåêà óäàëîñü
îáîéòèñü áåç òåîðèè îòíîñèòåëüíîñòè Ýéíøòåéíà è ñóùå-
ñòâåííî ïðîäâèíóòüñÿ â ïîíèìàíèè ïðèðîäíûõ ïðîöåññîâ,
ëåæàùèõ â îñíîâå ïðèðîäû âåùåñòâà. Ïðèçíàíèå ýôèðà è
âûÿâëåíèå åãî âçàèìîîòíîøåíèé ñ âåùåñòâîì � ýòî ñîáû-
òèå, êîòîðîå íåèçáåæíî è áûñòðî ïðèâîäèò ê íàõîæäåíèþ
ñïîñîáà óïðàâëåíèÿ âíóòðèâåùåñòâåííûìè ïðîöåññàìè.

Òåïåðü ïðåäñòàâèì, ÷òî â ðóêàõ íåðàçóìíûõ åù¸ äåòåé
àâòîìàò ñ áîåâûìè ïàòðîíàìè. Åñëè âû óìíû è íå õîòèòå
«æåðòâîïðèíîøåíèé», òî îáÿçàòåëüíî ïîäòî÷èòå (óêîðîòè-
òå) áî¸ê. Äåòè âèäÿò, ÷òî âðîäå áû âñå äåòàëè â íàëè÷èè è
íà ñâîèõ ìåñòàõ, íî ïî-íàñòîÿùåìó ñòðåëÿòü èì ïî÷åìó-òî
íå óäà¸òñÿ. Åñëè âû èì ñêàæåòå, êóäà íåîáõîäèìî óäàðèòü,
÷òîáû ïîëó÷èòü âûñòðåë, îíè áûñòðî ñîîáðàçÿò, ÷òî äëÿ èñ-
ïðàâíîé ðàáîòû îðóæèÿ âñåãî-òî è íóæíî íàðàñòèòü áî¸ê.

Íå÷òî ïîäîáíîå ïðîèçîøëî è â íàóêå. Òàê óæ ïîëó÷è-
ëîñü, ÷òî ÷åðåç ëè÷íîñòü Ýéíøòåéíà âíåäðèëè â ñîçíàíèå
ëþäåé ñëåãêà èñêàæ¸ííîå çíàíèå â âèäå óíèêàëüíîãî îò-
êðîâåíèÿ � ïîñòóëàòà î ïîñòîÿíñòâå ñêîðîñòè ñâåòà. Ïî-
ñòóëàò è îêàçàëñÿ òåì «ïîäòî÷åííûì áîéêîì», êîòîðûé
íà ñòî ëåò è, ñêîðåå âñåãî, âî áëàãî èñêàçèë ðàçâèòèå ïðåä-
ñòàâëåíèé î ôóíäàìåíòàëüíûõ îñíîâàõ ìèðîçäàíèÿ. Â ïðî-
òèâíîì ñëó÷àå ÷åëîâå÷åñòâó ìàëî áû íå ïîêàçàëîñü. Èìåí-
íî ïîýòîìó ñëåäóåò ãîâîðèòü î áëîêèðîâêå Ýéíøòåéíà, êàê
î âîçìîæíîì äëÿ âñåõ íàñ áëàãå*.

Íî òîãäà âñòà¸ò âîïðîñ: êàê ñíÿòü áëîêèðîâêó Ýéíø-
òåéíà? Óâû, íî ýòîãî âîïðîñà óæå íå ñóùåñòâóåò. Äåéñòâèå
áëîêèðîâêè áûëî ñíÿòî â òîò ìîìåíò, êîãäà ìû çàïèñàëè
íîâûå ïðåîáðàçîâàíèÿ êîîðäèíàò, íå íóæäàþùèåñÿ â îò-
íîñèòåëüíîñòè, çàìåäëåíèè âðåìåíè è ïîñòóëàòå î ïîñòî-
ÿíñòâå ñêîðîñòè ñâåòà.
* 

 _________________________________________________________

Ðèòìóñ: Åñëè áëîêèðîâêà Ýéíøòåéíà ïðåäîòâðàòèëà ãèáåëü ìíîãèõ
äîïîëíèòåëüíûõ ìèëëèîíîâ ëþäåé, òî íå îáðåêàåì ëè ìû ÷åëîâå÷åñòâî
íà íîâûå æåðòâû, åñëè ñíèìåì áëîêèðîâêó?
Äèíàìèêóñ: Ýòîò âîïðîñ îòíîñèòñÿ ê êàòåãîðèè àðõèñëîæíûõ. Ëþäÿì
íå äàíî çíàòü îòâåòà íà ïîäîáíûå âîïðîñû, èíà÷å áû îíè è â êîñìîñ íå
ïîëåòåëè è ìíîãîãî äðóãîãî íå áûëî áû. Ñóùåñòâóåò ïðîöåññ ïîä îá-
ùèì íàçâàíèåì æèçíü, è ó ýòîãî ïðîöåññà ñâîè çàêîíû, ñâîè ïðàâèëà.
Ìû íå çíàåì ýòèõ ïðàâèë, íå çíàåì çàìûñëà «Áîæüåãî», à ïîòîìó ñëå-
ïû è âûíóæäåíû òâîðèòü òðåáóåìîå îò íàñ.
Ðèòìóñ: Íî íå ìîæåò áûòü òàêîãî, ÷òîáû õîòü êòî-òî íå çíàë?
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Ãëàâà 3.  ÑÒÎ � ×ÀÑÒÍÛÉ ÑËÓ×ÀÉ ÒÅÎÐÈÈ
ÝÔÈÐÀ*

Çàïîëó÷èâ êà÷åñòâåííî íîâûé âçãëÿä íà ïðåîáðàçî-
âàíèÿ ôèçè÷åñêèõ ðàçìåðîâ, îñîçíàâ ñìûñëîâóþ íàãðóç-
êó ôîðìóëüíîé ÷àñòè, ïîäòâåðäèâ âñ¸ ýòî ñ ïîìîùüþ ãåî-
ìåòðè÷åñêîãî àíàëèçà è àêóñòè÷åñêèõ ýêñïåðèìåíòîâ,
áûëî ðåøåíî íàéòè ïðè÷èíó, ïî êîòîðîé õîðîøî èçâåñò-
íàÿ òåîðèÿ îòíîñèòåëüíîñòè îêàçàëàñü íåèìîâåðíî æè-
âó÷åé è äååñïîñîáíîé. Èíûìè ñëîâàìè, åñëè ìû, îïåðè-
ðóÿ ñêîððåêòèðîâàííûìè êëàññè÷åñêèìè âîççðåíèÿìè,
ñóìååì ïîêàçàòü òåîðèþ îòíîñèòåëüíîñòè ÷àñòíûì ñëó-
÷àåì ýòèõ âîççðåíèé è ïðè ýòîì, èñïîëüçóÿ ïðåäëîæåí-
íóþ Ýéíøòåéíîì ìåòîäèêó, ïîéì¸ì ìåõàíèçì, âñåãäà
ïðèâîäÿùèé, â îòíîøåíèè ñêîðîñòè ñâåòà, ê îäíîìó è òîìó
æå ðåçóëüòàòó, òî âñÿêèå ñîìíåíèÿ â ïðàâîìåðíîñòè êîí-
öåïöèè ýôèðà ó íàñ ðàññåþòñÿ.

Ïåðåä íàìè ñëîæíàÿ, íî èíòåðåñíàÿ çàäà÷à, â êîòîðîé, ñ
îäíîé ñòîðîíû, ìû áóäåì èñïîëüçîâàòü íåèçâåñòíûå ðàíåå
çàêîíîìåðíîñòè ðèòìîäèíàìèêè, ñ äðóãîé ñòîðîíû, áóäåì
ïîëüçîâàòüñÿ ìåòîäèêîé Ýéíøòåéíà, ôîðìàëüíî îòðèöàþ-
ùåé ýôèð.

Êîíå÷íî æå ìû ðåøèëè ýòó çàäà÷ó, íî ïðîñëåäèì õîä
å¸ ðåøåíèÿ äëÿ òîãî, ÷òîáû êàæäûé ñìîã ëè÷íî óáåäèòüñÿ
â ïðàâîìåðíîñòè è ïîñòàíîâêè âîïðîñà, è ïîëó÷åííîãî ðå-
çóëüòàòà.

ñì. ñòð.52   __________________________________________________

Äèíàìèêóñ: Áûòü ìîæåò âû è ïðàâû, íî ÿ íà âàøåì ìåñòå áûë áû
îñòîðîæíåå. Òîìó ìîæíî ïðèâåñòè ìíîæåñòâî ïðèìåðîâ: åñëè âû ïëû-
â¸òå ïîä ïàðóñàìè â êà÷åñòâå ïàññàæèðà, òî âàì õîðîøî. Íî åñëè êî-
ðàáëü ïîïàë â øòèëü, òî êàïèòàí ïðèêàçûâàåò ïàññàæèðàì ãðåñòè. Âû
âîçìóùåíû, âåäü çàïëà÷åíû äåíüãè, à âàñ çàñòàâëÿþò ðàáîòàòü. Âîçìó-
òèëèñü âñå ïàññàæèðû, è òîãäà êîìàíäà âîîðóæèëàñü êíóòàìè è ñòàëà
ñèëîé çàñòàâëÿòü ïàññàæèðîâ íàëåãàòü íà â¸ñëà. Ñòî ìèëü ïðåîäîëåë
ïàðóñíèê íà â¸ñëàõ, ïîêà íå äîáðàëñÿ äî áëèæàéøåãî îñòðîâà. Áåäíûå
ïàññàæèðû óæå íà÷àëè ïîäóìûâàòü, ÷òî ñòàëè ðàáàìè, ïîòîìó êàê íà
êàæäîå âîçìóùåíèå ïîëó÷àëè óäàð ïëåòüþ. Íî âîçðàäîâàëèñü îíè âñêî-
ðå, ïîòîìó êàê ïîïîëíèëè çàïàñû âîäû è ïèùè.

*  
_________________________________________________________

Ðèòìóñ: Íå êðóòî ëè � ÷àñòíûé ñëó÷àé òåîðèè ýôèðà? Ìîæåò, íà-
îáîðîò?
Äèíàìèêóñ: Åñëè ìû õîòèì äâèãàòüñÿ âïåð¸ä, òî äîëæíû ðàçîáðàòüñÿ,
è åñëè ÑÒÎ äåéñòâèòåëüíî îêàæåòñÿ ÷àñòíûì ñëó÷àåì, òî ñëåäóåò ÷åñò-
íî â ýòîì ïðèçíàòüñÿ. Óâû, íî ìíîãèå äàæå ñåáå áîÿòñÿ çàäàòü ýòîò
âîïðîñ � ñëèøêîì óæ îáðåìåíèòåëüíûìè ìîãóò îêàçàòüñÿ ïîñëåäñòâèÿ...___________________________________________________________
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§ 1.  ÑÒÎ è òåîðèÿ ýôèðà

Âûâîäû òåîðèè îòíîñèòåëüíîñòè, îñîáåííî êîãäà îíè
êàñàþòñÿ ñêîðîñòè ñâåòà, ïîäòâåðæäàþòñÿ âî ìíîãèõ ýêñ-
ïåðèìåíòàõ. Èìåííî ýêñïåðèìåíòàëüíûå ðåçóëüòàòû ïî-
çâîëèëè ýòîé òåîðèè óäåðæèâàòüñÿ íà îëèìïå íàóêè ñòîëü
äîëãîå âðåìÿ. È âñ¸ ýòî âðåìÿ ó ÑÒÎ ñóùåñòâîâàëà àëüòåð-
íàòèâà � òåîðèÿ ýôèðà, ñòîðîííèêè êîòîðîé íèêàê íå ìîã-
ëè îáúÿñíèòü ñëîæèâøååñÿ â íàóêå ïîëîæåíèå è îòâåòèòü
íà ñàìûé ãëàâíûé âîïðîñ: ïî÷åìó ñêîðîñòü ñâåòà íå æåëà-
åò ñêëàäûâàòüñÿ è âû÷èòàòüñÿ ñî ñêîðîñòüþ äâèæóùåéñÿ
â ñðåäå ñèñòåìû.

Â ñàìîì äåëå, ìîæíî ëè ñåðü¸çíî îòíîñèòüñÿ ê êîí-
öåïöèè ýôèðà, åñëè îíà íå ìîæåò ïîêàçàòü ìåõàíèçì, ïðè-
âîäÿùèé ê íåëîãè÷íîìó ðåçóëüòàòó � ê èíâàðèàíòíîñòè
ñêîðîñòè ñâåòà â óñëîâèÿõ ýôèðà?

Äîëãîå âðåìÿ ñòîðîííèêè ýôèðà áîðîëèñü ñ ðåëÿòè-
âèçìîì ïî íàèòèþ, íå èìåÿ â ïðîòèâîâåñ ýôôåêòèâíûõ
àðãóìåíòîâ. Äîâîäû «ýôèðèñòîâ» áûëè ñàìûìè ðàçëè÷-
íûìè, âïëîòü äî îáâèíåíèÿ ðåëÿòèâèñòîâ â óìûøëåííîé
ôàëüñèôèêàöèè ðåçóëüòàòîâ. Îñíîâíîé óïîð, êàê ïðàâèëî,
äåëàëñÿ íà ýêñïåðèìåíò Ìàéêåëüñîíà, ïðè÷¸ì îäíè óòâåð-
æäàëè, ÷òî îí ñîäåðæèò îøèáêó â ðàñ÷¸òàõ, äðóãèå � ÷òî
ïîëó÷åííûå ñ åãî ïîìîùüþ ðåçóëüòàòû óìûøëåííî çàìàë-
÷èâàþòñÿ.

Íà âîïðîñ �  «Óêàæèòå ìåñòî, ãäå â ðàñ÷¸òå Ìàéêåëü-
ñîíîì áûëà äîïóùåíà ïðèíöèïèàëüíàÿ îøèáêà?» � íè
ðàçó íå óäàëîñü ïîëó÷èòü ÿñíîãî îòâåòà. ×òî êàñàåòñÿ îá-
âèíåíèé â ôàëüñèôèêàöèè äàííûõ, òî ñëåäóåò íàïîìíèòü,
÷òî ââèäó âûñîêîé ñòàáèëüíîñòè èíòåðôåðîìåòðèè îíà äî
ñèõ ïîð èñïîëüçóåòñÿ ïðè ðåàëèçàöèè ýòàëîíà äëèíû, è
ýòî ïðè òîì, ÷òî Çåìëÿ ïîñòîÿííî ìåíÿåò ñâîþ ñêîðîñòü â
ýôèðå. Æåëàíèå îáúÿñíèòü ïðîòèâîðå÷èå ïîðîäèëî ãèïî-
òåçó óâëå÷åíèÿ ýôèðà Çåìë¸é. Òàêèì îáðàçîì ðîäèëàñü
óíèêàëüíàÿ âîçìîæíîñòü îáúÿñíÿòü âñ¸!

Îò ãèïîòåçû óâëåêàåìîãî ýôèðà óäàëîñü àðãóìåíòèðî-
âàííî îòêàçàòüñÿ òîëüêî ïîñëå òîãî, êàê áûëî îòêðûòî ÿâ-
ëåíèå ñæèìàíèÿ ñòîÿ÷èõ âîëí. Àíàëèç ÿâëåíèÿ ïðèìåíè-
òåëüíî ê âîëíîâûì ìåæìîëåêóëÿðíûì è àòîìàðíûì
ñâÿçÿì äàë ïîíèìàíèå ìåõàíèçìà, ïðèâîäÿùåãî ê ñîêðà-
ùåíèþ ôèçè÷åñêèõ ðàçìåðîâ ïðè óâåëè÷åíèè ñêîðîñòè â
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ýôèðå. Íàéäåíà äîñòîéíàÿ çàìåíà ïðåîáðàçîâàíèÿì Ëî-
ðåíöà � ïðåîáðàçîâàíèÿ ôèçè÷åñêèõ ðàçìåðîâ (ãåîìåòðè-
÷åñêèå ïðåîáðàçîâàíèÿ êîîðäèíàò).

Íàñêîëüêî ìíå èçâåñòíî, íèêòî äî ñèõ ïîð íå ïîêà-
çàë, ÷òî ÑÒÎ ìîæåò áûòü ÷àñòíûì ñëó÷àåì òåîðèè
ýôèðà. Ðåøåíèå çàäà÷è ýòîãî êëàññà ñòàëî âîçìîæíûì
òîëüêî ïîñëå îñîçíàíèÿ æ¸ñòêîé çàâèñèìîñòè ôèçè÷åñêèõ
ðàçìåðîâ ñèñòåìû îò ñêîðîñòè â ýôèðå.

Ñëåäóÿ óñòàíîâèâøåéñÿ òðàäèöèè, ïåðå÷èñëèì íåêî-
òîðûå ñëåäñòâèÿ èç ïðåîáðàçîâàíèé ôèçè÷åñêèõ ðàçìåðîâ:

1. Â ñèñòåìå, äâèæóùåéñÿ îòíîñèòåëüíî ýôèðà ñî ñêîðîñ-
òüþ V, ïðîèñõîäèò ðåàëüíîå ñæèìàíèå ðàçìåðîâ îáúåêòà
ïî âñåì êîîðäèíàòíûì îñÿì.

Âïîëíå åñòåñòâåííî, ÷òî íàáëþäàòåëü, íàõîäÿùèéñÿ â
ñèñòåìå âìåñòå ñ ýòàëîíîì äëèíû, íå èìååò ïðÿìîé âîç-
ìîæíîñòè îáíàðóæèòü êàêîå-ëèáî äâèæåíèå â ýôèðå, ïî-
òîìó êàê è ýòàëîí, è îí ñàì, è äâèæóùèåñÿ ñ íèì îáúåêòû,
â ñèëó ñâîåé âîëíîâîé ïðèðîäû, ñæèìàþòñÿ ñèíõðîííî è
ïðîïîðöèîíàëüíî. Åñëè ñóáúåêòèâíîå çíà÷åíèå ýòàëîíà
îáîçíà÷èòü ÷åðåç Lî, òî ìû ìîæåì çàïèñàòü ôîðìóëó äëÿ
îïðåäåëåíèÿ ôèçè÷åñêîé äëèíû ýòàëîíà:

L=Lo(1�β 2)/(1�β 2sin2à)0.5. (3.1)

Ìû çàïèñàëè îáùóþ ôîðìóëó, èçìåíÿÿ óãîë â êîòîðîé,
íåñëîæíî ïîëó÷èòü çàâèñèìîñòè äëÿ ïàðàëëåëüíîé è ïåð-
ïåíäèêóëÿðíîé îðèåíòàöèé ýòàëîíà:

à =0î:   L=Lo(1�β 2) ; (â íàïðàâëåíèè äâèæåíèÿ) (3.2)
à =90î: L=Lo(1�β 2)0.5  (ïåðïåíäèêóëÿðíî íàïðàâëåíèþ) (3.3)

Ñëåäóåò ïîíèìàòü, ÷òî â èçìåíÿþùåé ñêîðîñòü ñèñòå-
ìå ñóáúåêòèâíàÿ ðàçìåðíîñòü ýòàëîíà áóäåò âñåãäà íåèç-
ìåííîé, à çíà÷èò, ÷èñëåííî îòëè÷íîé îò ôèçè÷åñêîãî ñâîå-
ãî çíà÷åíèÿ. Òîëüêî ïðè V=0 ñóáúåêòèâíàÿ è ôèçè÷åñêàÿ
ðàçìåðíîñòè ñîâïàäàþò (Lo=L′). Ýòîò ìîìåíò êðàéíå âà-
æåí, à ïîòîìó ìû âûíóæäåíû ââåñòè ïîíÿòèÿ ñóáúåêòèâ-
íîãî (ìåñòíîãî) è ôèçè÷åñêîãî (ìãíîâåííîãî) ðàññòîÿíèé.

2. Åñëè ïðåîáðàçîâàíèÿ Ëîðåíöà òðåáóþò ââåäåíèÿ çàìåä-
ëåíèÿ âðåìåíè, òî ãåîìåòðè÷åñêèå ïðåîáðàçîâàíèÿ êîîð-
äèíàò íå íóæäàþòñÿ â òàêîâîì. Äëÿ èëëþñòðàöèè ñäåëàí-
íîãî óòâåðæäåíèÿ âîñïîëüçóåìñÿ âñåì õîðîøî èçâåñòíûì
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ìåòîäîì � ìûñëåííûì ýêñïåðèìåíòîì ñ èñïîëüçîâàíèåì
òàê íàçûâàåìûõ ÷àñîâ Ýéíøòåéíà. Îáðàòèìñÿ ê ðèñóíêó:

Ðèñ. 35.  Ñõåìû ðàñ÷¸òà çàìåäëåíèÿ âðåìåíè ïî Ëîðåíöó è ïî Èâàíîâó

Ìû ðàññìîòðåëè äâå ãåîìåòðè÷åñêèå ñõåìû ðàñ÷¸òîâ
äëÿ òîãî, ÷òîáû èìåòü íàãëÿäíîå ïðåäñòàâëåíèå î ñóòè ïî-
íÿòèÿ «òåìï õîäà âðåìåíè» â çàâèñèìîñòè îò âûáîðà ïðå-
îáðàçîâàíèé êîîðäèíàò. Åñëè ïî Ëîðåíöó çàìåäëåíèå âðå-
ìåíè âûçâàíî óäëèíåíèåì ñóììàðíîãî ïóòè ñèãíàëà â
íàïðàâëåíèè äâèæåíèÿ (ñêîðîñòü ïîñòîÿííà), òî ïî Èâàíî-
âó ýòîò ïóòü âñåãäà îñòà¸òñÿ ïîñòîÿííûì è äîñòèãàåòñÿ
ýòî ñæèìàíèåì ïëå÷à, ïåðïåíäèêóëÿðíîãî íàïðàâëåíèþ
äâèæåíèÿ*. Òàêàÿ ïîñòàíîâêà âîïðîñà ïîçâîëÿåò óòâåðæ-
äàòü, ÷òî â èäåàëå òåìï õîäà âðåìåíè íå çàâèñèò îò ñêîðî-
ñòè ñèñòåìû, à çíà÷èò, äâèæóùèåñÿ è ïîêîÿùèåñÿ ÷àñû
áóäóò èäòè îäèíàêîâî. Ïðèìåì äàííîå óòâåðæäåíèå â êà-
÷åñòâå âòîðîãî ñëåäñòâèÿ èç ïðåîáðàçîâàíèé ôèçè÷åñêèõ
ðàçìåðîâ.

Èòàê, ìû èìååì äåëî ñ äâèæóùåéñÿ â ýôèðå ñèñòåìîé,
ãåîìåòðè÷åñêèå ðàçìåðû êîòîðîé äåéñòâèòåëüíî èçìåíÿ-
*  

_________________________________________________________

Ðèòìóñ: Íåóæåëè ïîíÿòèå «çàìåäëåíèå âðåìåíè» ïîÿâèëîñü òîëüêî áëà-
ãîäàðÿ òîìó ÷òî â ðàñ÷¸òàõ íå ó÷èòûâàëîñü ñîêðàùåíèå ïîïåðå÷íûõ
ðàçìåðîâ? À êàê æå òîãäà ìíîãî÷èñëåííûå ýêñïåðèìåíòû, â êîòîðûõ
ôàêò çàìåäëåíèÿ âðåìåíè çàôèêñèðîâàí?
Äèíàìèêóñ: Óâû, è â ñòðîãèõ íàóêàõ ìû ÷àñòî æåëàåìîå âûäà¸ì çà
äåéñòâèòåëüíîå. Â ïðîòèâíîì ñëó÷àå ìû áû ñëèøêîì áûñòðî îñîçíàëè
èñòèííûå çàêîíîìåðíîñòè ïðîÿâëåííîãî ìèðà. Åñëè íîâûé ïîäõîä îò-
ðèöàåò çàìåäëåíèå âðåìåíè â ïðèíöèïå, òî íåîáõîäèìî èñêàòü èíûå
îáúÿñíåíèÿ ïîëó÷àåìûì ðåçóëüòàòàì. Íî ïîíÿòü ïðîèñõîäÿùåå ìû
ñìîæåì òîëüêî òîãäà, êîãäà ïîëíîñòüþ îñâîáîäèì ñîçíàíèå îò ðàáîëå-
ïèÿ ïåðåä óçàêîíåííûì çàáëóæäåíèåì. Ïåðâûìè ýòî ñäåëàþò «áåëûå
âîðîíû».
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þòñÿ â ñîîòâåòñòâèè ñ íîâûìè ïðåîáðàçîâàíèÿìè. Íåîáõî-
äèìî ïîêàçàòü, ÷òî ýêñïåðèìåíòàëüíîå èçìåðåíèå ïàðàìåòðà
«ñêîðîñòü ñâåòà» ïðÿìî çàâèñèò îò âûáîðà ñïîñîáà ñèíõ-
ðîíèçàöèè ó÷àñòâóþùèõ â ýêñïåðèìåíòå ÷àñîâ. Ìû ïîêà-
æåì äâà ñïîñîáà ñèíõðîíèçàöèè ÷àñîâ:

1) ïðåäëîæåííûé Ýéíøòåéíîì;

2) îñíîâàííûé íà âûâîäå î íåçàâèñèìîñòè õîäà âðåìåíè
îò ñêîðîñòè.

1. Ñïîñîá ñèíõðîíèçàöèè ïî Ýéíøòåéíó

Ïóñòü ìû èìååì ñèñòåìó, â êîòîðîé íà ðàññòîÿíèè Lo

óñòàíîâëåíû äâîå ÷àñîâ À è Â. Â òî÷êå Î íà ðàññòîÿíèè
Lo/2 íàõîäèòñÿ èñòî÷íèê, ñ ïîìîùüþ êîòîðîãî ìû áóäåì
ïðîèçâîäèòü ñèíõðîíèçàöèþ ÷àñîâ. Ìåòîäèêà ñèíõðîíè-
çàöèè ÷àñîâ èñêëþ÷èòåëüíî ïðîñòà è ñâîäèòñÿ ê çàïóñêó
÷àñîâ ñ ïîìîùüþ ñèãíàëà îò èñòî÷íèêà Î.

Ðàññìîòðèì äâà âàðèàíòà: à) ñèñòåìà ïîêîèòñÿ â ýôè-
ðå; á) ñèñòåìà äâèæåòñÿ ñ íåêîòîðîé ñêîðîñòüþ V.

à) Ñèñòåìà ïîêîèòñÿ

Ðèñ. 36.  Ñõåìà ñèíõðîíèçàöèè äëÿ íóëåâîé ñêîðîñòè

Â ýòîé ñèòóàöèè ó íàñ íåò âîçðàæåíèé ïðîòèâ èçáðàí-
íîé ìåòîäèêè � ïîñëå çàïóñêà ÷àñû äåéñòâèòåëüíî áóäóò
èäòè ñèíõðîííî è ïîêàçûâàòü îäèíàêîâîå âðåìÿ. Íî îïè-
øåì ýêñïåðèìåíò, êîòîðûé ìû áóäåì ïðîâîäèòü è äëÿ V>0.

Ïîñëå ïðîöåäóðû ñèíõðîíèçàöèè ÷àñîâ ìû äîëæíû
èçìåðèòü ñêîðîñòü ñâåòà â îäíîì íàïðàâëåíèè. Èìåííî
äëÿ ýòîãî è íåîáõîäèìà ñèíõðîíèçàöèÿ, ïîòîìó êàê ìû
íàìåðåíû ñ ïîìîùüþ ïàðû ÷àñîâ ôèêñèðîâàòü âðåìÿ ïðî-
õîæäåíèÿ ñâåòîâîãî ñèãíàëà ñíà÷àëà îò À ê Â ïî ÷àñàì Â,
à çàòåì îò Â ê À ïî ÷àñàì À.

   tÀÂ = Lo/ñ ;  tÂÀ = Lo/ñ.
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Â ðàññìîòðåííîé ñèòóàöèè íè ó êîãî íå áóäåò âîçðà-
æåíèé ïðîòèâ ðàâåíñòâà tÀÂ

 = tÂÀ.

á) Ñèñòåìà äâèæåòñÿ â ýôèðå ñî ñêîðîñòüþ V>0

Ðèñ. 37.  Ñõåìà ñèíõðîíèçàöèè äëÿ äâèæóùåéñÿ, íî èçìåíèâøåé ðàç-
ìåðû ñèñòåìû

Â äâèæóùåéñÿ ñî ñêîðîñòüþ V>0 ñèñòåìå (α=0î) ôèçè-
÷åñêîå ðàññòîÿíèå ìåæäó ÷àñàìè èçìåíèëîñü è ñòàëî ðàâ-
íûì:

L′=Lo(1� β 2).

Ñêîðîñòü ñèíõðîíèçèðóþùåãî ñèãíàëà îò Î ê Â è îò Î ê À
áóäåò:

ñ′ÎÂ=ñ�V, à ñ′ÎÀ=ñ+V.

Î÷åâèäíî, ÷òî è âðåìÿ äâèæåíèÿ ñèíõðîñèãíàëîâ áó-
äåò íåîäèíàêîâûì. Ñèíõðîñèãíàë äîñòèãíåò ÷àñîâ À ÷åðåç

tOÀ = L′ /2(ñ+V),
à ÷àñîâ Â ÷åðåç

tOÂ = L′ /2(ñ�V).

Âîçíèêàåò ñèòóàöèÿ, â êîòîðîé ìû èìååì äåëî ñ çàâå-
äîìî ðàññèíõðîíèçèðîâàííûìè ÷àñàìè. Âåëè÷èíà ðàññèí-
õðîíèçàöèè áóäåò ðàâíà:

∆t=tOB �tOA=�LoV/ñ2. (3.4)

Ýòî îçíà÷àåò, ÷òî åñëè ìû ñòàíåì èçìåðÿòü âðåìÿ äâè-
æåíèÿ ñèãíàëà îò À ê Â ñ ïîìîùüþ ÷àñîâ Â, òî âåëè÷èíà
îøèáêè áóäåò ðàâíà ∆t. Òî æå ñàìîå áóäåò, åñëè ìû ñ ïîìî-

×àñû ñòîÿò×àñû ñòîÿò

×àñû èäóò Ìîìåíò çàïóñêà ÷àñîâ
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ùüþ ÷àñîâ À áóäåì èçìåðÿòü âðåìÿ äâèæåíèÿ ñèãíàëà îò
Â ê À. Ïðîâåä¸ì ðàñ÷¸ò:

Èñòèííîå âðåìÿ äâèæåíèÿ ñèãíàëà îò À ê Â:

tAB=L′/(ñ�V)=Lo(ñ+V)/ñ2.
Èñòèííîå âðåìÿ äâèæåíèÿ ñèãíàëà îò Â ê À:

tBÀ=L′/(ñ+V)=Lo(ñ�V)/ñ2.
Åñëè ìû ââåä¸ì ïîïðàâêè íà ðàññèíõðîíèçàöèþ ÷à-

ñîâ, òî ïîëó÷èì èíûå ðåçóëüòàòû:

t″AB=L′/(ñ�V)�LoV/ñ2 =Lo/ñ, (3.5)

t″BÀ=L′/(ñ+V)+LoV/ñ2=Lo/ñ. (3.6)

Òàêèì îáðàçîì   t″AB=t″BÀ=Lo/ñ,
à îòñþäà è âûâîä:         ñ=const. (3.7)

Àíàëèç ïîëó÷åííûõ ðåçóëüòàòîâ ïðÿìî óêàçûâàåò, ÷òî
ìåòîäèêà Ýéíøòåéíà, à èìåííî: ÷åðåç ðàññèíõðîíèçàöèþ
ó÷àñòâóþùèõ â ýêñïåðèìåíòå ÷àñîâ, âñåãäà ïðèâîäèò ê ëîæ-
íîìó ðåçóëüòàòó. Â ñâÿçè ñ ýòèì, íåò íè÷åãî ñòðàííîãî, ÷òî
ãðóïïà îòâåðãíóâøèõ ýôèð ó÷¸íûõ, íå çíàþùàÿ î ñîêðà-
ùåíèè ôèçè÷åñêèõ ðàçìåðîâ è ïîâåðèâøàÿ ìåòîäèêå ñèí-
õðîíèçàöèè Ýéíøòåéíà, âñåãäà áóäåò ïðèõîäèòü ê çàêëþ-
÷åíèþ î íåçàâèñèìîñòè ñêîðîñòè ñâåòà îò äâèæåíèÿ
ñèñòåìû. Ìû æå, ðóêîâîäñòâóÿñü êîíöåïöèåé ýôèðà, âûÿ-
âèëè ìåõàíèçì, ïðèâîäÿùèé ê êîíöåïòóàëüíîé îøèáêå è
ïîêàçàëè ïðè÷èíó, âñëåäñòâèå êîòîðîé âûâîäû ÑÒÎ ïîëó-
÷àþòñÿ íåâåðíûìè, äàâàÿ ëèøü èëëþçèþ* âåðíîñòè.

*  
_________________________________________________________

Ðèòìóñ: Èëëþçèÿ ïðàâèëüíîñòè... Èíòåðåñíî, çà ñ÷¸ò ÷åãî ìû âñåãäà
âèäèì ìèð è ïðîöåññû â í¸ì íå òàêèìè, êàêîâû îíè íà ñàìîì äåëå? Íå
ïðèâåä¸ò ëè íàñ ïðåäëàãàåìûé ïîäõîä ê ìàõðîâîìó èäåàëèçìó?
Äèíàìèêóñ: Äà, ìèð èëëþçîðåí, è îá ýòîì áûëî èçâåñòíî ñ íåçàïàìÿò-
íûõ âðåì¸í. Åñëè ãîâîðèòü î âåùåñòâåííîì, òî åñòü, ïî êðàéíåé ìåðå,
äâà òèïà èëëþçèé: ïîäïèòûâàåìàÿ ñî ñòîðîíû è ïîäïèòûâàåìàÿ èçíóò-
ðè. Ê ïåðâîìó òèïó îòíîñèòñÿ ãîëîãðàôèÿ, ãäå èëëþçèÿ îáúåêòà ñîçäà-
¸òñÿ è ïîäïèòûâàåòñÿ èçâíå, à ïîòîìó ìû ìîæåì ïîâëèÿòü íà îáúåêò,
ïîäåéñòâîâàâ íà ïðè÷èíó (ýòî íå ïðåäñòàâëÿåòñÿ ñëîæíûì). Êî âòîðî-
ìó òèïó îòíîñèòñÿ ëþáîå âåùåñòâåííîå òåëî, âîëíîâàÿ èëëþçèÿ êîòîðî-
ãî ïîäïèòûâàåòñÿ ïðîöåññàìè íà ìèêðîóðîâíå, à ïîòîìó ïðè÷èíà íàõî-
äèòñÿ âíóòðè. Ïîäåéñòâîâàòü íà ïîâåäåíèå òàêîé ãîëîãðàôè÷åñêîé
èëëþçèè ìîæíî, îïÿòü-òàêè, òîëüêî ïîâëèÿâ íà ïðè÷èíó. Íî åñëè â
ïåðâîì ñëó÷àå ïðè÷èíà íàì äîñòóïíà, èáî îíà ñîòâîðåíà íàøèìè ðóêà-
ìè, òî âî âòîðîì ñëó÷àå ïðè÷èíà ïðàêòè÷åñêè íåäîñÿãàåìà, èáî, âî-ïåð-
âûõ, íåïîíèìàåìà, à âî-âòîðûõ, óòîïàåò â ãëóáèíàõ âåùåñòâà.
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×àñû èäóò

×àñû èäóò ×àñû ñòîÿò

Ìîìåíò çàïóñêà ÷àñîâ è
ïåðåâîäà ñòðåëîê

×àñû èäóò

Ìîìåíò çàïóñêà ÷àñîâ ×àñû ñòîÿò

×àñû èäóò

×àñû èäóò

2. Ñèíõðîíèçàöèÿ ÷àñîâ ïî Èâàíîâó

Åñëè âðåìÿ (òåìï õîäà ÷àñîâ) íå çàâèñèò îò ñêîðîñòè
ñèñòåìû â ýôèðå, òî íåò íè÷åãî ïðîùå ñèíõðîíèçèðîâàòü
÷àñû À è Á ñ ïîìîùüþ èäåíòè÷íûõ ÷àñîâ Â ïðîñòûì ïåðå-
ìåùåíèåì îò À ê Á ñ ïîñòîÿííîé ñêîðîñòüþ.

     Â
                               À

     Á

Ðèñ. 38.  Ñèíõðîíèçàöèÿ ñ ïîìîùüþ ïåðåíîñà ÷àñîâ

Äëÿ òîãî ÷òîáû óáåäèòüñÿ â ïðàâèëüíîñòè ñèíõðîíè-
çàöèè, íåîáõîäèìà ïðîâåðêà, îñóùåñòâëÿåìàÿ â îáðàòíîì
ïîðÿäêå, íî óæå ïðè ðàáîòàþùèõ ÷àñàõ.

Òåïåðü, åñëè ñèíõðîíèçàöèÿ óäàëàñü, ìîæíî ïðèñòó-
ïèòü ê îïðåäåëåíèþ ñîáñòâåííîé ñêîðîñòè â ýôèðå. Äëÿ
ýòîãî âñåãî-òî è íåîáõîäèìî çàôèêñèðîâàòü âðåìÿ äâèæå-
íèÿ ñèãíàëà îò À ê Â, è â îáðàòíîì íàïðàâëåíèè. Åñëè
îáíàðóæèëàñü ðàçíèöà â çàìåðàõ, òî, ïîäñòàâèâ ïîëó÷åí-
íûå çíà÷åíèÿ â äîñòàòî÷íî ïðîñòóþ ôîðìóëó, ìû íàéä¸ì
âåëè÷èíó ñîáñòâåííîé ñêîðîñòè îòíîñèòåëüíî ýôèðà:

   V=c(tAB�tBA)/(tAB+tBA); (3.8)

ýòà ôîðìóëà âåðíà òîëüêî äëÿ α=0°

* * *

                                À

     Á

                                À

     Á

Â

      Â
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Â ýòîé ãëàâå ïðîâåä¸í ëþáîïûòíûé àíàëèç ãëàâíîãî
ïîñòóëàòà ÑÒÎ ñ ïîçèöèè ýôèðíîé êîíöåïöèè. Íî âîçíè-
êàþò íå ìåíåå ëþáîïûòíûå âîïðîñû: Êàê òåïåðü îòíî-
ñèòüñÿ ê ðåçóëüòàòàì ýêñïåðèìåíòà Ìàéêåëüñîíà, âåäü
îíè ÿâëÿþòñÿ îäíèì èç ãëàâíûõ êîçûðåé ðåëÿòèâèçìà?
×òî, â êîíöå êîíöîâ, îí, ýêñïåðèìåíò, äîêàçûâàåò?

Åñëè áû Ìàéêåëüñîí çíàë î ñæèìàíèè ñòîÿ÷èõ âîëí, à
òàêæå î âîëíîâîé ïðèðîäå âåùåñòâà, òî íåïðåìåííî âîñ-
êëèêíóë: «Ýâðèêà! ß îáíàðóæèë, ÷òî ñæèìàþòñÿ íå òîëü-
êî ñòîÿ÷èå âîëíû, íî è ìîé èíòåðôåðîìåòð!» Óâû, èñòî-
ðèÿ ðàñïîðÿäèëàñü ïî-ñâîåìó...

§ 2.  Âìåñòî çàêëþ÷åíèÿ

Ãîâîðÿ î ñóùíîñòè ýôèðà, ñëåäóåò ïîíèìàòü, ÷òî ìû
èìååì äåëî ñ îäíèì èç óðîâíåé ïðîÿâëåíèÿ Âåëèêîãî Íè÷-
òî, ôèçè÷åñêàÿ ñóòü êîòîðîãî íå ìîæåò áûòü ïîíÿòà èç-çà
áåñêîíå÷íîñòè ìèðîçäàíèÿ. Íàèáîëåå ÿðêèì ñâîéñòâîì
ýôèðà, ïî êðàéíåé ìåðå äëÿ íàñ, ÿâëÿåòñÿ åãî ñïîñîáíîñòü
áûòü íîñèòåëåì ñâåòîâûõ âîëí. Ñî âðåì¸í Ãþéãåíñà ñ÷è-
òàëîñü, ÷òî ñêîðîñòü âîëí âñåãäà ïîñòîÿííà îòíîñèòåëüíî
ýôèðà, íî ïîñëå ïðîâåäåíèÿ ýêñïåðèìåíòà Ìàéêåëüñîíîì,
âûÿâèëàñü íåñïîñîáíîñòü ó÷¸íûõ ëîãè÷åñêè îáúÿñíèòü ïî-
ëó÷åííûå ðåçóëüòàòû. Îáðàçîâàëñÿ ìèðîâîççðåí÷åñêèé
âàêóóì, â êîòîðûé âîðâàëàñü Ñïåöèàëüíàÿ Òåîðèÿ Îòíîñè-
òåëüíîñòè. Áåç êàêèõ-ëèáî îáúÿñíåíèé ÑÒÎ îòâåðãëà ñâå-
òîíîñíóþ ñðåäó (ìîäíî îïðàâäûâàòü ýòî òåì, ÷òî Ýéíø-
òåéí íå çíàë îá ýêñïåðèìåíòå Ìàéêåëüñîíà) è çàìåíèëà å¸
íàáîðîì ýãîöåíòðè÷åñêèõ ïðåäñòàâëåíèé î ïðîèñõîäÿùåì.
Íî òîãäà è àâòîð íàñòîÿùåé ðàáîòû ìîæåò ñêàçàòü, ÷òî,
ðàáîòàÿ íàä ïðîáëåìîé ýôèðà, îí íå çíàë î ðàáîòàõ Ýéíø-
òåéíà, à óçíàë î íèõ òîëüêî ïîñëå òîãî, êîãäà íàø¸ë ðåøå-
íèå ýòîé ïðîáëåìû. Åñëè è ïîñëå ýòîãî êòî-òî ïîïûòàåòñÿ
îáâèíèòü àâòîðà â íåäîïóñòèìîñòè òàêîãî îòíîøåíèÿ ê ðà-
áîòàì ïðåäøåñòâåííèêîâ, òî ïóñòü ñäåëàåò òî æå ñàìîå â
îòíîøåíèè ñâîåãî êóìèðà � ñîçäàòåëÿ ÒÎ.

Âèäèìî òàê áûëî óãîäíî ñâûøå, ÷òî òîëüêî ÷åðåç 100
ëåò îáíàðóæèëàñü íåêîððåêòíîñòü ïîñòóïêà ïðåäøåñòâåí-
íèêîâ â îòíîøåíèè êîíöåïöèè ýôèðà, íó à ÷òî äî àâòîðà,
òî îí íå òîëüêî çíàë î ðàáîòàõ Ýéíøòåéíà, íî è âîñõèùàë-
ñÿ èìè. È íèêîãäà íå áûëî ó àâòîðà öåëè îïðîâåðãàòü, íî
òàê óæ ñëó÷èëîñü, ÷òî èì îáíàðóæåíî íåâîñòðåáîâàííîå
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ñâîéñòâî ñòîÿ÷èõ âîëí ñæèìàòüñÿ. Ýòî ñâîéñòâî, áûòü ìî-
æåò, øàëîñòè ðàäè îí ïðèìåíèë äëÿ îáúÿñíåíèÿ ðàáîòû
èíòåðôåðîìåòðà. Íî íå ñòàíåì óïðåêàòü ïðåäêîâ â òîì,
÷òî îíè ïðîøëè ìèìî áîëåå ÷åì î÷åâèäíîãî îòêðûòèÿ, à
ïîäâåä¸ì íåêîòîðûå èòîãè ïðîäåëàííîé íàìè ðàáîòû.

Äëÿ íà÷àëà ñðàâíèì ìåæäó ñîáîé ïðåîáðàçîâàíèÿ êî-
îðäèíàò, ÷òîáû óâèäåòü òåíäåíöèþ ðàçâèòèÿ ïðåäñòàâëå-
íèé î ïðîèñõîäÿùåì.

    Ãàëèëåé Ëîðåíö          Èâàíîâ

      (3.9)

Îáðàùàåò íà ñåáÿ âíèìàíèå îòêàç îò ïîíÿòèÿ çàìåä-
ëåíèå âðåìåíè â òîì âèäå, â êîòîðîì îíî ïðîÿâèëîñü ó
Ëîðåíöà èç-çà íåïîëíîòû îïèñàíèÿ ïðîèñõîäÿùåãî ïî ó è
z êîîðäèíàòàì. Îòïàëà òàêæå íàäîáíîñòü â èíâàðèàíòíîñ-
òè ñêîðîñòè ñâåòà, êîòîðàÿ çàìåíåíà îáû÷íûì ãåîìåòðè-
÷åñêèì ñëîæåíèåì ñêîðîñòåé. Íàéäåí ñïîñîá îáíàðóæå-
íèÿ ïîïåðå÷íîãî ñîêðàùåíèÿ ðàçìåðîâ, ïîêà, ïðàâäà, â âèäå
ìûñëåííîãî ýêñïåðèìåíòà, íî ñ ïðèíöèïèàëüíîé òî÷êè
çðåíèÿ íàéäåííîå ìîæåò ïðîÿñíèòü ñèòóàöèþ.

Èíòåðåñåí è âîïðîñ ñëåäñòâèé èç ãåîìåòðè÷åñêèõ ïðå-
îáðàçîâàíèé êîîðäèíàò, îäíî èç êîòîðûõ ìû ïðîêîììåí-
òèðóåì íà ïðèìåðå ðåøåíèÿ êîíêðåòíîé çàäà÷è.

Ðèñ. 39.  Äâèæóùàÿñÿ è ïîêîÿùàÿñÿ ñèñòåìû

′ = − ′ = −

−
′ = −

−

′ = ′ = ′ = −

′ = ′ = ′ = −

′ = ′ = − ⋅

−
′ =

x x Vt x
x Vt

x
x Vt

y y y y y y

z z z z z z

t t
t V c x

t t

                   

                                       

                                         

                 t            

1 1

1

1

1

2 2

2

2

2

2

β β

β

β

β



Ãëàâà 3. ÑÒÎ � ×ÀÑÒÍÛÉ ÑËÓ×ÀÉ ÒÅÎÐÈÈ ÝÔÈÐÀ                63

Ðàññìîòðèì âîïðîñ ñëîæåíèÿ ñêîðîñòåé. Ïåðåä íàìè
ïðîñòàÿ íà ïåðâûé âçãëÿä çàäà÷à:

Èìåþòñÿ äâå ñèñòåìû Ê è Ê′. Ïóñòü ñèñòåìà Ê ÿâëÿåò-
ñÿ àáñîëþòíîé ñèñòåìîé îòñ÷¸òà, à ñèñòåìà Ê′ äâèæåòñÿ
âäîëü îñè õ ñî ñêîðîñòüþ V. Ê′-íàáëþäàòåëü áðîñèë ïî õîäó
äâèæåíèÿ òåëî m ñî ñêîðîñòüþ U′. Êàêîâà ñêîðîñòü U òåëà
ñ òî÷êè çðåíèÿ íàáëþäàòåëÿ Ê-ñèñòåìû?

Åñëè ðàññìàòðèâàòü äàííóþ çàäà÷ó ñ ïîçèöèè àáñî-
ëþòíîãî íàáëþäàòåëÿ, à ñêîðîñòü òåëà âûðàæàòü â åäèíè-
öàõ ìåñòíîé ñêîðîñòè ñâåòà, òî ðåøåíèå áóäåò ïðîñòûì:

U=V ± U′,
U′= 0.5�(c�V)=0.15ñ=45000 [êì/ñ],

U=0.7c+0.15c=0.85c=255000 [êì/ñ].
Åñëè ñêîðîñòü âûðàæàòü â åäèíèöàõ äâèæóùåéñÿ ñè-

ñòåìû, òî å¸ çíà÷åíèå áóäåò:

U′=0.5c/(1-V2/c2)=88235.3 [êì/ñ],
ò.å. ïîëîâèíà òîãî ðàññòîÿíèÿ, êîòîðîå ñâåò, ïî ìåðêàì Ê′-
ñèñòåìû, ïðîéä¸ò çà 1ñ. Â ýòîì ñëó÷àå ôîðìóëà ñëîæåíèÿ
ñêîðîñòåé ïðèîáðåòàåò èíîé âèä:

U=V+U′(1�V2/c2) =210000 +88235.3�0.51=255000[êì/ñ].

Ñëåäóåò âñåãäà ïîìíèòü, ÷òî ñêîðîñòü òåëà íå ìîæåò
áûòü áîëüøå ñêîðîñòè ñâåòà, ò.å. U′≤ c. Íå ó÷èòûâàÿ ýòîãî,
ìû âñåãäà áóäåì ïîëó÷àòü êàêèå óãîäíî íåïðàâèëüíûå ðå-
çóëüòàòû. Ñèòóàöèÿ óñóãóáëÿåòñÿ è òåì, ÷òî ó íàñ íåò ïîêà
ñïîñîáà â äâèæóùåéñÿ ñèñòåìå îïðåäåëÿòü ñêîðîñòü òåëà
m, êðîìå êàê ÷åðåç å¸ ñðàâíåíèå ñî ñêîðîñòüþ ñâåòà, íî
âîïðîñ îïÿòü-òàêè óïèðàåòñÿ â ñèíõðîíèçàöèþ ÷àñîâ.

Ïðîáëåìàòè÷íûì ïðåäñòàâëÿåòñÿ è îïðåäåëåíèå ñêî-
ðîñòè ñâåòà, êîòîðàÿ â äâèæóùåéñÿ ñèñòåìå èíàÿ, ÷åì â
ïîêîÿùåéñÿ. Ñ òî÷êè çðåíèÿ àáñîëþòíîãî íàáëþäàòåëÿ ýòî
äåëàåòñÿ ïðîñòî:

c = c �V=90000 [êì/ñ],
c = c +V=510000 [êì/ñ],

t = 153000/90000=1.7 [c],
t = 153000/510000=0.3 [c],

Σ t = 2[c].
cñð=2Î′Ì′àáñ/Σ t=306000/2=153000 [êì/ñ].

→→→→→

→→→→→

→→→→→

→→→→→

→→→→→

→→→→→

→→→→→
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Íî ïî÷åìó æå òîãäà ýòà òî÷êà çðåíèÿ íà ïðîáëåìó îò-
âåðãàåòñÿ ïðîòèâíèêàìè ñâåòîíîñíîãî ýôèðà?

Ìû óæå ãîâîðèëè î ïðåäëîæåííîé Ýéíøòåéíîì ñèíõ-
ðîíèçàöèè ÷àñîâ, ïðèãîäíîé òîëüêî â Ê-ñèñòåìå. Â Ê′-ñèñ-
òåìå ýòà ìåòîäèêà äà¸ò ñáîé è íàñòðàèâàåò ÷àñû çàâåäîìî
òàê, ÷òî tO′′′′′M′′′′′ âñåãäà ðàâíî tM′′′′′O′′′′′. Íó à åñëè Ê′-íàáëþäàòåëü
íàîòðåç îòêàçûâàåòñÿ èññëåäîâàòü òî÷êó çðåíèÿ îïïîíåí-
òà, òî ïðè âû÷èñëåíèè ñðåäíåé ñêîðîñòè ñâåòà îí îáðå÷¸í
ðàáîòàòü íå ñ îáúåêòèâíûì çíà÷åíèåì ðàññòîÿíèÿ Î′Ì′,
êîòîðîå ïðè äâèæåíèè ñîêðàòèëîñü, à ñ ñóáúåêòèâíûì è
òîëüêî äëÿ íåãî ðàâíûì 300000 êì:

Âåëè÷èíà ðàññèíõðîíèçàöèè:

∆t = �L′ñóá V/ñ2 = �0.7 [ñ],
t = 1.7�0.7=1 [ñ],

t = 0.3+0.7=1 [ñ],

Σ t= 2 [ñ].

Èñïîëüçóÿ äëÿ îïðåäåëåíèÿ ñêîðîñòè ñâåòà ñîãëàñî-
âàííî-èñêàæ¸ííûå çíà÷åíèÿ, ðåëÿòèâèñò âñåãäà áóäåò ïî-
ëó÷àòü îäèí è òîò æå ðåçóëüòàò:

c =L′ñóá/t =300000 [êì/ñ],

c = L′ñóá /t =300000 [êì/ñ],

c
ñð
=2L′

ñóá
/Σ t=600000/2=300000 [êì/ñ].

Òåïåðü ìû âèäèì, ÷òî ïîñòîÿíñòâî ñêîðîñòè ñâåòà èë-
ëþçîðíî è ñâÿçàíî èñêëþ÷èòåëüíî ñ íàøèì ýãîöåíòðè-
÷åñêèì ñêëàäîì óìà. Â ýòîì ñìûñëå òåîðèÿ îòíîñèòåëü-
íîñòè, ïîðîäèâøàÿ èçâðàù¸ííûé ðåëÿòèâèçì, ÿâëÿåòñÿ
ëîãè÷åñêèì ïðîäîëæåíèåì ñèñòåìû ìèðà ïî Ïòîëåìåþ.
Âèäèìî, íåèñòðåáèìî â êàæäîì èç íàñ æåëàíèå áûòü â
öåíòðå ñîáûòèé, â öåíòðå ìèðîçäàíèÿ.

Íî ïîÿâèëàñü íîâàÿ òî÷êà çðåíèÿ, à çíà÷èò, ïîÿâèëàñü
âîçìîæíîñòü ðàçâåÿòü ïî÷òè ñòîëåòíèé ìèô î ïðåäëîæåí-
íîé ÑÒÎ èíâàðèàíòíîñòè ñêîðîñòè ñâåòà. È íå ñëåäóåò
îáîëüùàòüñÿ íà ñêîðîå ïîíèìàíèå ïðîèñõîäÿùåãî, èáî ýôèð,
ÿâëÿÿñü ýíåðãåòè÷åñêèì ñóáñòðàòîì äëÿ ñâåòà, ìîæåò ïå-
ðåìåùàòüñÿ ñ íåâîîáðàçèìîé äëÿ íàñ ñêîðîñòüþ ñêâîçü íå-
ïîçíàâàåìîå Íè÷òî. Â ýòîì ñìûñëå ìû ïîñòîÿííî áóäåì
èìåòü äåëî ñ èëëþçèÿìè è ïðîòèâîñòîÿòü èì.

→→→→→

→→→→→

→→→→→ →→→→→

→→→→→ →→→→→
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  § 3.  Èíòåðôåðîìåòð ñ íåâçàèìîñâÿçàííûì
ïëå÷îì

×òîáû ïîíÿòü ïðèíöèï ðàáîòû òàêîãî èíòåðôåðîìåò-
ðà, âïîëíå äîñòàòî÷íî çíàíèé, èçëîæåíûõ íàìè. Ìû íå ñòà-
íåì, êàê â ïðåäûäóùèõ ñëó÷àÿõ, óãëóáëÿòüñÿ â âû÷èñëå-
íèÿ, ýòî ñäåëàþò òå, êîìó èäåÿ ïîêàæåòñÿ èíòåðåñíîé.

Äëÿ òîãî ÷òîáû èíòåðôåðîìåòð ðàáîòàë, íåîáõîäèìî îò-
ñóòñòâèå æ¸ñòêîé ñâÿçè ìåæäó çåðêàëîì N è îñíîâíûì
òåëîì èíòåðôåðîìåòðà. Òàêèì îáðàçîì, ïðè óâåëè÷åíèè
ñêîðîñòè ìû îáõîäèì ýôôåêò ñæèìàíèÿ ïåðïåíäèêóëÿð-
íîãî ïëå÷à. Â îáû÷íîì èíòåðôåðîìåòðå ýòîò ýôôåêò ñâî-
äèò íà íåò âñå ïîïûòêè îáíàðóæèòü ýôèð.

à.                                                  á.

Ðèñ. 40.  Â èíòåðôåðîìåòðå (á) èçìåíåíèå ñêîðîñòè òåëà è îòîðâàííîãî
çåðêàëà äîëæíû ïðîèñõîäèòü îäíîâðåìåííî. Çåðêàëî N è îñíîâíîå òåëî
äâèæóòñÿ âäîëü ïàðàëëåëüíûõ ñòâîðíûõ ëèíèé

Ðàññìàòðèâàÿ ïðèíöèïèàëüíóþ âîçìîæíîñòü îáíàðó-
æåíèÿ äâèæåíèÿ â ýôèðå, ìû ïîëàãàåì ñîçäàíèå â îòêðû-
òîì ïðîñòðàíñòâå ñèñòåìû ïàðàëëåëüíûõ ñòâîðíûõ ëèíèé,
îðèåíòèðóÿñü íà êîòîðûå, ìîæíî áóäåò îïðåäåëÿòü ñêî-
ðîñòü, ïî êðàéíåé ìåðå, îòíîñèòåëüíî ñèñòåìû, îðãàíèçóþ-
ùåé ñòâîðíûå ëèíèè.

     Êëàññè÷åñêèé èíòåðôåðîìåòð                          Èíòåðôåðîìåòð ñ ðàçîðâàííûì ïëå÷îì

Ðàçìåðû èíòåðôåðîìåòðà:
Ly=1,     Ly′′′′′=0.71414

                Lx=1,    Lx′′′′′=0.51

Âðåìÿ äâèæåíèÿ ñèãíàëà:
ΣΣΣΣΣtx′′′′′=1,     ΣΣΣΣΣty′′′′′=1

ΣΣΣΣΣty′′′′′� Σ Σ Σ Σ Σtx′′′′′=0

V= 210000 êì/ñ

Ðàçìåðû èíòåðôåðîìåòðà:
                     Ly=1,     Ly′′′′′=1

Lx=1,    Lx′′′′′=0.51

Âðåìÿ äâèæåíèÿ ñèãíàëà:
ΣΣΣΣΣtx′′′′′=1,     ΣΣΣΣΣty′′′′′=1.40028

ΣΣΣΣΣty′′′′′� Σ Σ Σ Σ Σtx′′′′′=0.40028

V= 210000 êì/ñ
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Â íàñòîÿùåå âðåìÿ ýêñïåðèìåíòû òàêîé ñëîæíîñòè íå
ïðåäñòàâëÿþòñÿ âîçìîæíûìè, ïîýòîìó íàì îñòà¸òñÿ óïî-
âàòü íà áóäóùåå, à òî÷íåå � íà âðåìåíà, êîãäà áóäóò îñâîå-
íû ïðèíöèïèàëüíî èíûå ñïîñîáû âûõîäà â îòêðûòûé êîñ-
ìîñ è ïåðåäâèæåíèÿ â í¸ì.

Èìåííî ïîýòîìó ïðåäëàãàåòñÿ ñîñðåäîòî÷èòü âåñü ñâîé
òâîð÷åñêèé ïîòåíöèàë íà îñìûñëåíèè ïîíÿòèÿ äâèæåíèå,
íà âûÿâëåíèè ñóòè ïðîöåññîâ, ëåæàùèõ â åãî îñíîâå, íà
âîçìîæíîñòè ïðèñïîñîáèòü ýòè ïðîöåññû äëÿ ðåøåíèÿ
íàñóùíûõ ïðîáëåì. Êòî çíàåò, ÷òî òàì âïåðåäè...

Âîéäÿ â ëàáèðèíò ïîçíàíèÿ, ìû îáðå÷åíû íà ïîïàäà-
íèå â òóïèêè. Ìû òðàòèì î÷åíü ìíîãî âðåìåíè íà âûÿñ-
íåíèå êàêîé òóïèê ïðåäïî÷òèòåëüíåå. Íà ñîçäàíèå æå îðãà-
íèçàöèîííîé ñèñòåìû, êîòîðàÿ áåçàìáèöèîçíî ðåàãèðîâàëà
áû íà òóïèêè, ìû íå íàõîäèì âðåìåíè. Òàêîé ñèñòåìå íå
îáîéòèñü áåç îäíîâðåìåííîãî è ðàâíîïðàâíîãî ñîñóùåñòâî-
âàíèÿ, ïî êðàéíåé ìåðå, íåñêîëüêèõ íàó÷íûõ øêîë, äàæå
åñëè èõ ïðåäñòàâëåíèÿ îá óñòðîéñòâå ìèðà èìåþò ïðèí-
öèïèàëüíûå, íå òåðïÿùèå äðóã äðóãà, ðàçëè÷èÿ.

Íî ñèñòåìó, ïðèâîäÿùóþ ê òàêîìó îáúåäèíåíèþ, ìîæ-
íî ñîçäàòü òîëüêî â ñëó÷àå êðàéíåé îïàñíîñòè äëÿ âñåãî
÷åëîâå÷åñòâà � áîëåå ñïîêîéíûå âðåìåíà îáû÷íî ïðèâîäÿò
ê áîðüáå çà ìíèìûå áëàãà è ïðåâîñõîäñòâà. À æèâ¸ì ëè
ìû â ñïîêîéíîå âðåìÿ? Ñîáûòèÿ Ñîëíå÷íîãî ìàñøòàáà óêà-
çûâàþò íà íåñïîñîáíîñòü íàóêè çàãëÿíóòü õîòÿ áû â çàâò-
ðàøíèé äåíü. Ïîäòâåðæäåíèåì ýòîãî ñëóæèò ñîëíöåòðÿ-
ñåíèå â àïðåëå 1997 ã., âî âðåìÿ êîòîðîãî íà ïîâåðõíîñòè
Ñîëíöà âîçíèêëî ãèãàíòñêîå öóíàìè. (À ãäå ãàðàíòèÿ òîãî,
÷òî îäíàæäû íàøå ñâåòèëî íå ïðåâðàòèòñÿ â ñâåðõíî-
âóþ? � ìû âåäü äàæå ñîëíöåòðÿñåíèå íå ñìîãëè ïðåäâè-
äåòü...)

Èìåííî ïî ýòîé ïðè÷èíå íóæíî çàãîäÿ áûòü ãîòîâûì
ê åù¸ íåïðîèçîøåäøåìó. Ïîæàëååì ñðåäñòâà äëÿ íàóêè
ñåãîäíÿ � çàâòðà ýòè ñðåäñòâà îêàæóòñÿ áåññìûñëåííûìè.
Äàæå ñàìûå áîãàòûå ëþäè ïëàíåòû íå ñìîãóò êóïèòü ñïà-
ñåíèå � äåíåã íå õâàòèò.

Ïðîãíîçèðîâàíèå ñèòóàöèé, ïðîãíîçèðîâàíèå ÿâëåíèé
âîçìîæíî ñòàíåò îáûäåííûì äåëîì, êîãäà äâèæåíèå, êàê
ïðîöåññ, ðàñêðîåòñÿ âñåìè ãðàíÿìè â ïîçíàíèè åãî ðèòìî-
äèíàìèêè.
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×àñòü 2.  ÐÈÒÌÎÄÈÍÀÌÈÊÀ

Îïèðàòüñÿ ìîæíî òîëüêî íà òî,
÷òî ñîïðîòèâëÿåòñÿ!

Âñ¸ â ìèðå äâèæåòñÿ! Íî ïî÷åìó? Íà ýòîò âîïðîñ ïûòà-
ëèñü îòâåòèòü è íàøè äàë¸êèå ïðåäêè, è ñåé÷àñ ïûòàþòñÿ
îòâåòèòü ìíîãèå ó÷¸íûå.

Îôèöèàëüíàÿ íàóêà äåëàåò âèä, ÷òî ýòîò âîïðîñ äàâíî
ðåø¸í, íî òàê ëè ýòî íà ñàìîì äåëå? Îêàçûâàåòñÿ, ÷òî äàëå-
êî íå òàê. Âîò ÷òî ïî ýòîìó ïîâîäó ãîâîðèò èçâåñòíûé
ó÷¸íûé À.Ï. Ñìèðíîâ:

«Óæå â ñðåäèíå ýòîãî âåêà ñòàëî èçâåñòíî î êðèòè÷åñ-
êîì ñîñòîÿíèè ôèçèêè, âçÿâøåé íà ñåáÿ ðîëü âåäóùåé íà-
óêè, ôîðìèðóþùåé ìèðîâîççðåíèå. Ìíîãèå âûäàþùèåñÿ ó÷¸-
íûå î÷åíü ñîìíåâàëèñü â ïðàâèëüíîñòè âûáîðà èñõîäíûõ
ïîñòóëàòîâ, ÿâëÿþùèõñÿ ôóíäàìåíòîì ñîâðåìåííîãî çíà-
íèÿ. Ïî ìåðå ðàçâèòèÿ ýêñïåðèìåíòàëüíîé ôèçèêè ñòà-
ëî ÿñíî, ÷òî ôèçèêè íå ïîíèìàþò ïðèðîäû ÿâëåíèé. ×åì
äàëüøå óõîäèëè ýêñïåðèìåíòàòîðû â ïîèñêå ýëåìåíòàð-
íûõ ÷àñòèö, ÷åì áîëüøå îíè óñîâåðøåíñòâîâàëè áàçó äëÿ
òàêèõ èññëåäîâàíèé, òåì ñèëüíåå îáîçíà÷àëñÿ ðàçðûâ
ìåæäó ÿâëåíèÿìè è èõ ïîíèìàíèåì. Â íàñòîÿùåå âðåìÿ
ïîÿâèëèñü ìàòåðèàëû, â êîòîðûõ èçëàãàåòñÿ ñóòü îøè-
áî÷íûõ ñèòóàöèé â òåîðèè ïëàçìû è èíûõ òåîðèÿõ. Ìû
ñòàëè ïîíèìàòü, ÷òî â ðóêîâîäÿùèõ êîíöåïöèÿõ ÷åãî-òî
íå õâàòàåò. Â íàñòîÿùåå âðåìÿ ôèçèêà íàõîäèòñÿ â êðè-
òè÷åñêîì ñîñòîÿíèè � ýòî òðàãåäèÿ äëÿ ëþäåé, ïîòîìó
÷òî òî, ÷òî ñ÷èòàëîñü îáîñíîâàííûì è îñíîâîé, îêàçà-
ëîñü íåñîîòâåòñòâóþùèì òîìó, ÷òî ïðîèñõîäèò â Ïðè-
ðîäå. Òî, ÷òî áûëî ñîòíè ëåò íàçàä ñîçäàíî ãåíèÿìè ÷åëî-
âå÷åñòâà, âîîáùå íå âîøëî â ôóíäàìåíò ôèçèêè.
Âûÿñíèëîñü, ÷òî ÷åëîâå÷åñòâî íå çíàêîìî ñ èäåÿìè Ãàëè-
ëåÿ èç-çà íåèìåíèÿ âîçìîæíîñòè îçíàêîìèòüñÿ ñ îðèãè-
íàëàìè åãî òðóäîâ. Èñêàæåíû ýëåìåíòàðíûå çàêîíû äè-
íàìèêè, ñîçäàííûå Íüþòîíîì. Òî, ÷òî ìû çíàåì îá ýòèõ
çàêîíàõ, ýòî íåâåðíûé ïåðåâîä åãî ðàáîò ñ ëàòèíñêîãî
ëþäüìè, êîòîðûå íå ïîñòèãëè åãî ìèðîïîíèìàíèÿ è ìèðî-
îùóùåíèÿ, òî ïðåäñòàâëåíèå î ìèðå, êîòîðîå áûëî ïðè-
âíåñåíî ýòèì âåëèêèì óìîì. Ýòî òðàãåäèÿ ÷åëîâå÷åñòâà.
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Åñëè áû òðèñòà ëåò íàçàä ýòè òðóäû áûëè ïðàâèëüíî
ïåðåâåäåíû, ó íàñ áûë áû äðóãîé ìèð, äðóãàÿ öèâèëèçàöèÿ
è íå áûëî áû òîãî, ÷òî ñåé÷àñ ñîñòàâëÿåò òðàãåäèþ ìèðà.
Èç-çà òîãî, ÷òî â ôóíäàìåíò ôèçèêè íå âîøëè ôóíäàìåí-
òàëüíûå îòêðûòèÿ Íüþòîíà è Ãàëèëåÿ, äàæå èçâåñò-
íûé êàæäîìó øêîëüíèêó çàêîí Êóëîíà íåâåðíî ïðåäñòàâ-
ëåí.

×åëîâå÷åñòâî íå âîñïðèíÿëî èäåîëîãèè, ïðåäñòàâëåí-
íîé â êëàññè÷åñêîé ìåõàíèêå, à ïîòîìó ïîøëî ïî ïóòè
ñîçäàíèÿ èñêóññòâåííîé ìîäåëè ìèðà, ëèø¸ííîãî äâèæå-
íèÿ, æèçíè è ðàçâèòèÿ. Â îñíîâå ñîâðåìåííîé ôèçèêè ëå-
æàò ìîäåëè íåâçàèìîäåéñòâóþùèõ ÷àñòèö, ëèø¸ííûõ
âíóòðåííèõ ïðîöåññîâ âîîáùå. Â ýòîé ôèçèêå íåò æèçíè,
ýòî ì¸ðòâàÿ ôèçèêà, ýòî ôèçèêà ìîäåëåé, â êîòîðûõ íåò
íè÷åãî îò ðåàëüíîñòè. Â íàñòîÿùåå âðåìÿ ôîðìèðóåòñÿ
íîâàÿ ôèçèêà � ôèçèêà ïðîöåññîâ, ôèçèêà äâèæåíèé».

Èòàê � çàãàäî÷íîå äâèæåíèå. ×òî ïîáóæäàåò òåëà ê
äâèæåíèþ? Äëÿ ìíîãèõ îòâåò î÷åâèäåí: ñòîðîííåå äåéñòâèå
� ñèëà. À ÷òî òàêîå ñèëà, åñëè ëþáîå ñòîðîííåå äåéñòâèå �
òîæå äâèæåíèå? Êàê áûòü?

Äîïóñòèì, ÷òî ïðè÷èíà äâèæåíèÿ � äåéñòâèå, êîòîðîå
áûëî îêàçàíî íà òåëî òàê äàâíî, ÷òî âñå îá ýòîì óæå çàáû-
ëè. Íî òîãäà ÷òî, â ðåçóëüòàòå çàáûòîãî äåéñòâèÿ, çàñòðÿëî
â òåëå, çàìîðîçèëîñü, äà òàê ïðî÷íî, ÷òî äî ñèõ ïîð ïîääåð-
æèâàåò äâèæåíèå ýòîãî òåëà? Ïî Àðèñòîòåëþ, íàïðèìåð,
íåáåñíîé ìàòåðèè (òåëàì) ïðèñóùå âíóòðåííåå ñâîéñòâî
âîññòàíàâëèâàòü ñèëó, êîòîðàÿ åé íåîáõîäèìà äëÿ ñîõðà-
íåíèÿ ïîñòîÿíñòâà äâèæåíèÿ. ×òî êàñàåòñÿ îáúÿñíåíèé
ýòîãî âîïðîñà îôèöèàëüíîé íàóêîé, òî èõ ïîïðîñòó íåò �
àâòîðû ìíîãî÷èñëåííûõ ðàáîò âèðòóîçíî óêëîíÿþòñÿ îò
ïðÿìîãî îòâåòà. Âíà÷àëå äóìàëîñü, ÷òî ïðîèñõîäèò ýòî èç-
çà áîÿçíè ïîòåðÿòü àâòîðèòåò, íî ñî âðåìåíåì ìíåíèå èç-
ìåíèëîñü � ïðîñòî íå ïîäîø¸ë òîò ìîìåíò, ÷òîáû âëàäåòü
ýòèì çíàíèåì.

Ïðîÿâèì ñìåëîñòü, áåç êîòîðîé ðàçîáðàòüñÿ â ýòîé
ñëîæíîé, çàïóòàííîé è âìåñòå ñ òåì èíòåðåñíîé ïðîáëåìå
íå ïðåäñòàâëÿåòñÿ âîçìîæíûì. Ñíà÷àëà íàì ïðåäñòîèò
îòâåòèòü íà âîïðîñ: êàêîå èç âíóòðåííèõ ñâîéñòâ òåëà
ó÷àñòâóåò â ñîõðàíåíèè (â ïîääåðæàíèè) ïîñòîÿíñòâà
äâèæåíèÿ? Çàòåì ìû îáíàðóæèì ïðÿìóþ ñâÿçü âûÿâëåí-
íîãî ñâîéñòâà ñ ïîíÿòèÿìè: èìïóëüñ, ñèëà, èíåðöèÿ, ìàññà,
ãðàâèòàöèÿ. È òîëüêî îñîçíàâ ôèçè÷åñêîå íàïîëíåíèå
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ïåðå÷èñëåííîãî, ìû ìîæåì ïîïûòàòüñÿ ïîíÿòü, êàêèì îá-
ðàçîì ìîæíî óïðàâëÿòü äâèæåíèåì, à óæå òîëüêî ïîòîì
ñòàíåì ðàçìûøëÿòü î íîâûõ ñïîñîáàõ ïåðåäâèæåíèÿ â ïðî-
ñòðàíñòâå è î ïðèíöèïèàëüíî íîâûõ ëåòàòåëüíûõ àïïàðà-
òàõ.

Áóäåì èñõîäèòü èç ïîëîæåíèÿ î íàëè÷èè ýôèðà, îñ-
íîâíûì äîñòîâåðíî óñòàíîâëåííûì ñâîéñòâîì êîòîðîãî
ÿâëÿåòñÿ ñïîñîáíîñòü ðàñïðîñòðàíÿòü èíôîðìàöèþ î ïðî-
èñõîäÿùåì ïîñðåäñòâîì âîëí.

Èç îïûòà íàì èçâåñòíî, ÷òî íàëè÷èå âîëí âñåãäà ïîä-
ðàçóìåâàåò íàëè÷èå âèáðèðóþùåãî èñòî÷íèêà. Îò ÷àñòî-
òû è òèïà âèáðàöèè çàâèñèò äëèíà è ôîðìà âîëíû, íî ìû,
ðàäè óïðîùåíèÿ, îñòàíîâèìñÿ íà ãàðìîíè÷åñêèõ, ñèíóñîè-
äàëüíûõ âèáðàöèÿõ. Âèáðàöèè, â ñâîþ î÷åðåäü, ìîãóò áûòü
âîçâðàòíî-ïîñòóïàòåëüíûìè, âðàùàòåëüíûìè è ïóëüñèðó-
þùèìè. Íåñîìíåííî, ÷òî ëþáîå òåëî ñîäåðæèò â ñåáå âñå
òèïû âèáðàöèé, íî íàñ áóäåò èíòåðåñîâàòü òà âèáðàöèÿ, êî-
òîðàÿ ñîîòâåòñòâóåò íàèìåíüøåìó ýëåìåíòó âåùåñòâà � ïðî-
òîîñöèëëÿòîðó.

Äîïóñòèâ íàëè÷èå ïðîòîîñöèëëÿòîðîâ, êàê íàèïðîñòåé-
øèõ ñîñòàâíûõ ÷àñòåé ëþáûõ ÷àñòèö, ìû âîçëàãàåì íà
íèõ ðîëü ïåðâîêèðïè÷èêîâ, èç ñòàáèëüíîé ñîâîêóïíîñòè
êîòîðûõ âîçíèêàþò ïðîòîíû, íåéòðîíû, ýëåêòðîíû, àòîìû,
ìîëåêóëû, ðàçíîîáðàçíûå âåùåñòâà, ïëàíåòû, çâ¸çäû, ãàëàê-
òèêè. Íî âïîëíå óìåñòíû âîïðîñû: ÷òî èç ñåáÿ ïðåäñòàâ-
ëÿåò ïåðâè÷íûé îñöèëëÿòîð, êàêîâà ôîðìà åãî ñóùåñòâî-
âàíèÿ, íî ñàìîå ãëàâíîå � ãäå îí áåð¸ò ýíåðãèþ äëÿ
îñöèëëÿöèè? Ìû âûíóæäåíû ðàññìîòðåòü ýòè âîïðîñû, ïî-
òîìó êàê èõ ðåøåíèå îïðåäåëÿåò õàðàêòåð ñâÿçàííûõ ñ
äâèæåíèåì ïðîöåññîâ.

Ëþáîìó äåéñòâèþ åñòü ïðè÷èíà. Ðóêîâîäñòâóÿñü ïî-
ñòóëàòîì î áåñêîíå÷íîñòè ìèðà â ìàêðî- è ìèêðîíàïðàâ-
ëåíèÿõ, ìû ãîâîðèì, ÷òî âñ¸, áóäó÷è ïðè÷èíîé äëÿ ïîñëåäó-
þùåãî, ÿâëÿåòñÿ ñëåäñòâèåì îò ïðåäûäóùåãî. Â ýòîì
ñìûñëå ìèð íåïîçíàâàåì â öåëîì, íî ïîçíàâàåì ëîêàëüíî,
ïðè óñëîâèè ââåäåíèÿ ïðåäåëà òðåáóåìîé äîñòàòî÷íîñòè.

Ïèêàíòíîñòü ñèòóàöèè � â íåäîñÿãàåìîñòè ãëóáèííûõ
ïðè÷èí, ïîýòîìó ìû ìîãëè áû ïîñòóëèðîâàòü âèáðàöèþ,
îáúÿâèòü å¸ âðîæä¸ííûì ñâîéñòâîì ïðîòîîñöèëëÿòîðà.
Íî õîòåëîñü áû çíàòü, ìîæíî ëè âûñòðîèòü, ïóñòü ïðèìè-
òèâíóþ, íî ëîãè÷åñêè íåïðîòèâîðå÷èâóþ ãèïîòåçó ñ ðàñ÷¸-
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òîì íà ïîíèìàíèå âðåìåííîñòè å¸ îñíîâíûõ ïîëîæåíèé.
Ïî êðàéíåé ìåðå â àíàëîãè÷íûõ ñèòóàöèÿõ ìíîãèå èññëå-
äîâàòåëè ïðåäïî÷èòàþò õîòü êàêîå-íèáóäü îáúÿñíåíèå îò-
ñóòñòâèþ îáúÿñíåíèÿ. Ïîýòîìó ìû, çàâåäîìî âûçûâàÿ íà
ñåáÿ îãîíü íåãîäîâàíèÿ ñòîðîííèêîâ èíûõ âèäåíèé, îïè-
øåì ôèçè÷åñêèé ïðîöåññ, îïðàâäûâàþùèé ñïîñîáíîñòü ïåð-
âîîñöèëëÿòîðîâ âèáðèðîâàòü (ïóëüñèðîâàòü) «áåñêîíå÷íî»
äîëãî.

Ðàññìîòðèì àáñòðàêòíûé ïðèìåð:

Ïóñòü â íàøèõ ðóêàõ îáû÷íûé ðåçèíîâûé øàðèê è
ìû, øàëîñòè ðàäè, ðåøèëè åãî íàäóòü. Êàê òîëüêî ìû
ýòî ñäåëàëè, òî îáíàðóæèëè, ÷òî âíóòðè øàðèêà è ñíàðó-
æè âîçíèêëà ðàçíèöà äàâëåíèé. Íî ÷åðåç íåñêîëüêî äíåé
ìû çàìåòèëè, ÷òî âîçäóõà â øàðèêå ïîóáàâèëîñü � øàðèê
ñàìîïðîèçâîëüíî ñäóëñÿ. Îáúÿñíèòü ïðîèçîøåäøåå ìîæ-
íî îäíèì åäèíñòâåííûì ñïîñîáîì: ïðåäïîëîæåíèåì, ÷òî
âîçäóõ ïðîñà÷èâàåòñÿ ñêâîçü ðåçèíîâóþ îáîëî÷êó. Åñëè
äëÿ îáîñíîâàíèÿ ãèïîòåçû ïðèâëå÷ü ýëåêòðîííûé ìèêðî-
ñêîï, òî íàøà èíòóèòèâíàÿ äîãàäêà ïîäòâåðäèòñÿ �
ñòðóêòóðà ðåçèíîâîé îáîëî÷êè ïîðèñòàÿ. Íî ïîñìîòðèì,
ê êàêèì âûâîäàì ìîæåò ïðèâåñòè íàñ ñäåëàííîå îòêðû-
òèå?

Ïóñòü îáîëî÷êà øàðèêà èìååò î÷åíü ìíîãî ìèêðî-
ñêîïè÷åñêèõ äûðî÷åê, ÷åðåç êîòîðûå ïðîñà÷èâàåòñÿ âîç-
äóõ. Äëÿ íàñ î÷åâèäíî, ÷òî ðàçìåð äûðî÷åê îïðåäåëÿåòñÿ
ñòåïåíüþ ðàñòÿíóòîñòè îáîëî÷êè, à çíà÷èò, ðàçíèöåé äàâ-
ëåíèé. Äëÿ ñëó÷àÿ, êîãäà ðàçíèöà äàâëåíèé îòñóòñòâóåò,
ïîïåðå÷íûé ðàçìåð äûðî÷åê ñòàíîâèòñÿ ïðàêòè÷åñêè ðàâ-
íûì íóëþ � îíè ñõëîïûâàþòñÿ, íî èíôîðìàöèþ î ñåáå
õðàíÿò äî óäîáíîãî àíàëîãè÷íîãî ñëó÷àÿ.

Ñòðåìëåíèå ãàçà óðàâíÿòü âîçíèêøèé ãðàäèåíò äàâ-
ëåíèÿ áóäåì ñ÷èòàòü åñòåñòâåííûì. Ýòî ñòðåìëåíèå ïî-
ðîæäàåò äâèæåíèå âîçäóõà ÷åðåç äûðî÷êè íàðóæó, ÷òî, ñ
ïîçèöèè âíóòðåííåãî íàáëþäàòåëÿ, äà¸ò íàì ïðàâî íà-
çâàòü èõ ñòîêàìè. Ñêîðîñòü âîçäóõà â ñòîê áóäåò çàâè-
ñåòü îïÿòü-òàêè îò ðàçíîñòè äàâëåíèé. Ñ òî÷êè çðåíèÿ
âíåøíåãî íàáëþäàòåëÿ îáîçíà÷èâøàÿñÿ ñõåìà ïðåäïîëà-
ãàåò íàëè÷èå èñòîêîâ. Íàì òàêæå èçâåñòíî, ïî êðàéíåé
ìåðå òàê ãîâîðèò íàø îïûò, ÷òî äâèæåíèå â ñòîê ðîæ-
äàåò âèáðàöèè, à ïîòîìó êàæäóþ äûðî÷êó ìîæíî ðàññìàò-
ðèâàòü, êàê åñòåñòâåííûé îñöèëëÿòîð, ïîäïèòûâàåìûé
ïðîöåññîì èíîé ôèçè÷åñêîé ïðèðîäû. Äëèòåëüíîñòü âèá-
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ðàöèé, ðàâíî êàê è âðåìÿ ñóùåñòâîâàíèÿ äûðî÷åê, îïðåäå-
ëÿåòñÿ îáú¸ìîì øàðèêà è ðàçíîñòüþ äàâëåíèé.

Ñëîæèëàñü ñèòóàöèÿ, â êîòîðîé îäíà è òà æå äûðî÷êà
îäíîâðåìåííî ÿâëÿåòñÿ ñòîêîì è èñòîêîì. Äëÿ íàñ, òð¸õ-
ìåðíûõ, íè÷åãî â ýòîì ñòðàííîãî íåò, íî êàê äàííîå ïîëî-
æåíèå ñîãëàñóåòñÿ ñ ëîãèêîé ãèïîòåòè÷åñêèõ äâóìåðíûõ
ñóùåñòâ?

Åñëè äâóìåðíûå ñóùåñòâà ñ ïîìîùüþ äâóìåðíîé ìà-
òåìàòèêè ñòàíóò îïèñûâàòü ïëîñêóþ äëÿ íàñ äûðêó, òî èì
áóäåò òðóäíî ïîíÿòü, êàê îíà îäíîâðåìåííî ìîæåò áûòü è
òåì, è äðóãèì (ñòîêîì è èñòîêîì). Äëÿ ýòîãî äâóìåðíûì
ìàòåìàòèêàì ïðèä¸òñÿ ââîäèòü íå òîëüêî äâà äîïîëíè-
òåëüíûõ èçìåðåíèÿ, íî è íåñêîëüêî çàìûñëîâàòûõ ïîñòó-
ëàòîâ.

Ðèñ. 41.  Øàðèê è íåâèäèìûå ãëàçó ìèêðîäûðêè â ðåçèíîâîé îáîëî÷êå

Äîïóñòèì, ÷òî ñêîðîñòü âîçäóõà â ñòîê ïðåâûøàåò ñêî-
ðîñòü çâóêà, à, â ñâîþ î÷åðåäü, çâóê äëÿ äâóìåðíûõ ñóùåñòâ
ÿâëÿåòñÿ îñíîâíûì ñïîñîáîì îáùåíèÿ (ïåðåäà÷è èíôîð-
ìàöèè). Êàêèå ýôôåêòû áóäóò íàáëþäàòü äâóìåðíûå ñó-
ùåñòâà?

*  ________________________________________________________

Ðèòìóñ: Íàñêîëüêî ÿ ïîíÿë, ïåðâè÷íûì ÿâëÿåòñÿ ðàçíèöà äàâëåíèé,
ïîðîæäàþùàÿ ñíà÷àëà òîê ýôèðà, à çàòåì ïóëüñàöèþ ñòîêà-îñöèëëÿòî-
ðà. Íî òîãäà ïåðâè÷íûé ýëåìåíò âåùåñòâà � ýòî ðåçóëüòàò âçàèìîäåé-
ñòâèÿ äâóõ îñöèëëÿòîðîâ � ñòîÿ÷àÿ âîëíà ïîõîæàÿ íà ñîëèòîí?
Äèíàìèêóñ: ßâëåíèå ïåðâîýëåìåíòà âåùåñòâà äåéñòâèòåëüíî óíèêàëü-
íî. Â ðåçóëüòàòå âçàèìîäåéñòâèÿ ïóëüñèðóþùèõ ñòîêîâ âîçáóæäàåòñÿ
íå÷òî, íàçûâàåìîå ýôèð. Çäåñü ìû èìååì äåëî ñ êâàíòîì âåùåñòâà,
êàê ñëåäñòâèåì, ñàìîäîñòàòî÷íàÿ ïðè÷èíà êîòîðîãî � äâà îñöèëëÿòî-
ðà, ïîïàâøèå â óçëû ñîáñòâåííîé ñòîÿ÷åé âîëíû.
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Ïîä äåéñòâèåì òîêà âîçäóõà «ëó÷è» çâóêà áóäóò èñ-
êðèâëÿòüñÿ, à íåêîòîðûå èç íèõ ñòàíóò áåçâîçâðàòíî óâëå-
êàòüñÿ â ñòîê. Íå íàïîìèíàåò ëè íàì âñ¸ ýòî ñèòóàöèþ ñ
«÷åðíûìè è áåëûìè äûðàìè»?

Íî âðåìÿ èä¸ò è ïðîöåññó ïðèõîäèò êîíåö. Îñòàâøèìñÿ
âíóòðè äâóìåðíûì ñóùåñòâàì ïðèä¸òñÿ äîëãî è óïîðíî
æäàòü, ïîêà êòî-íèáóäü, øàëîñòè ðàäè, îïÿòü íàäóåò «øà-
ðèê».

Íà ïðèìåðå ñ øàðèêîì ìû ëèøü íàìåêíóëè íà íåêî-
òîðûå ýôôåêòû, íî è ýòîãî ìîæåò îêàçàòüñÿ äîñòàòî÷íûì,
÷òîáû ñåðü¸çíî çàäóìàòüñÿ î ïðîöåññàõ â îêðóæàþùåì
íàñ ìèðîçäàíèè. Åñëè ìû äåéñòâèòåëüíî èìååì äåëî ñ ýëå-
ìåíòàðíûìè ñòîêàìè ýôèðà è îáúÿâëÿåì èõ, ïî êðàéíåé
ìåðå äëÿ íàñ, íàèìåíüøèìè ýëåìåíòàìè âåùåñòâà, òî îáÿ-
çàíû ïîÿñíèòü, ÷åì, ñ íàøåé òî÷êè çðåíèÿ, âåùåñòâî îòëè-
÷àåòñÿ îò ìàòåðèè?

Ìû ïîíèìàåì, ÷òî â àáñîëþòíîì ñìûñëå îòëè÷èå ýòî
÷èñòî óñëîâíîå è äëÿ íàñ ñêîðåå âñïîìîãàòåëüíîå, ïîýòîìó
ïðåäëàãàåòñÿ ñ÷èòàòü ïåðâîýëåìåíòîì âåùåñòâà ñèñòå-
ìó èç äâóõ îñöèëëÿòîðîâ, íàõîäÿùèõñÿ â óçëàõ âîçíèê-
øåé ìåæäó íèìè ñòîÿ÷åé âîëíû*.

Òåïåðü, ãîâîðÿ î âåùåñòâå, ìû áóäåì èìåòü ââèäó êîí-
êðåòíûé ôèçè÷åñêèé ïðîöåññ, ñëåäñòâèÿ êîòîðîãî ïîçâî-
ëÿþò õîòü ÷òî-òî îáúÿñíèòü.

Èäåÿ äâèæåíèÿ ýôèðà â ñòîê âûñêàçûâàëàñü íåîäíîê-
ðàòíî. Ïîõîæå, ÷òî è èäåÿ î ðàçíèöå äàâëåíèé ìîæåò ïî-
ëó÷èòü íåîæèäàííîå ðàçâèòèå, â êîòîðîì ìû áóäåì èìåòü
äåëî ñ êîíå÷íîé âî âðåìåíè è ïðîñòðàíñòâå Âñåëåííîé.
Åñëè â òàêîé Âñåëåííîé îäíàæäû èñ÷åçíåò ðàçíèöà äàâëå-
íèé, òî èñ÷åçíóò è óñëîâèÿ äëÿ ïðåîáðàçîâàíèÿ âåùåñòâà,
îñöèëëÿòîðû ñõëîïíóòñÿ! Íå íàïîìèíàåò ëè ýòî íàì èäåþ
î êîíöå ñâåòà?: «Âñ¸ èñ÷åçíåò, ñëîâíî è íå áûëî íè÷åãî � è
ìîðÿ, è ðåêè, è ëåñà, è ãîðû. Îñòàíåòñÿ ìðàê, íî äîëãî åù¸
áóäóò ñâåòèòü èñ÷åçíóâøèå çâ¸çäû è ìàíèòü ê ñåáå äóõ
÷åëîâå÷åñêèé, è äîëãî åù¸ áóäóò ìåòàòüñÿ ïî Âñåëåííîé
*  ________________________________________________________

Ðèòìóñ: Íî åñëè «öåìåíòîì» äëÿ âåùåñòâà ÿâëÿåòñÿ ñòîÿ÷àÿ âîëíà ìåæ-
äó îñöèëëÿòîðàìè, òî ïðåêðàùåíèå òîêà ýôèðà îçíà÷àåò è ïðåêðàùå-
íèå ïóëüñàöèé îñöèëëÿòîðîâ. Èñ÷åçíóò è ñòîÿ÷èå âîëíû. Íî òîãäà î
âåùåñòâå ãîâîðèòü ó íàñ íå áóäåò îñíîâàíèÿ?
Äèíàìèêóñ: Ñîâåðøåííî ñïðàâåäëèâîå çàìå÷àíèå. Îñòàþòñÿ ñõëîïíóâ-
øèåñÿ äûðêè, î íàëè÷èè êîòîðûõ ìîæíî òîëüêî äîãàäûâàòüñÿ.
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*  ________________________________________________________

Ðèòìóñ: Íî îñöèëëÿòîðû ëèøü âîçáóæäàþò ýôèð, íå ÿâëÿÿñü åãî ïðî-
äóöåíòîì, èëè ýòî ÷òî-òî åù¸?
Äèíàìèêóñ: Âñå äàëüíåéøèå ðàññóæäåíèÿ áàçèðóþòñÿ íà ñâîéñòâå îñ-
öèëëÿòîðà âîçáóæäàòü ýôèð. Êàêîâ ìåõàíèçì òàêîãî âîçáóæäåíèÿ, òðóä-
íî ñêàçàòü, íî åñòü ñõîæèå ìåõàíèçìû, íàïðèìåð, ïðè ðàáîòå ôîðñóí-
êè, âïðûñêèâàþùåé òîïëèâî â ïàðîâîé êîò¸ë. Îïåðàòîðû çíàþò, ÷òî
ïðè îïðåäåë¸ííîì ðåæèìå âïðûñêà âîçíèêàåò ñèëüíåéøàÿ ïóëüñàöèÿ
âîçäóõà; åñëè ôîðñóíêó îòêëþ÷èòü, òî ïóëüñàöèÿ ïðåêðàùàåòñÿ. Àíà-
ëîãè÷íûé ðåçîíàíñíûé ïðîöåññ âïîëíå ìîæåò ïðîèñõîäèòü è â ìèêðî-
ìèðå, íî òîãäà äëÿ åãî ïîääåðæàíèÿ íåîáõîäèì òîê ýôèðà.

íå óñïåâøèå âîéòè â öàðñòâî Áîæèå. È íè÷åãî ñ ýòèì
ïîäåëàòü íåëüçÿ».

Íî ñõëîïûâàíèå îñöèëëÿòîðîâ íå îçíà÷àåò èñ÷åçíîâå-
íèÿ ìàòåðèè âîîáùå. Íà ïðèìåðå ñ øàðèêîì ìû âèäèì,
÷òî îáîëî÷êà è âîçäóõ îñòàëèñü, ïîýòîìó, ïî îòíîøåíèþ ê
äûðî÷êàì, ýòè îáúåêòû â áîëüøåé ñòåïåíè ïîäïàäàþò ïîä
îïðåäåëåíèå ìàòåðèè. Íî è âåùåñòâî íå èñ÷åçàåò áåññëåä-
íî* � èíôîðìàöèÿ î í¸ì îñòà¸òñÿ â íåâèäèìîì äëÿ íàñ
òåëå ðàçäåëèòåëüíîé «îáîëî÷êè».

Ìû âûäâèíóëè ãèïîòåçó, êîòîðàÿ ïîìîãàåò óâèäåòü âîç-
ìîæíûé ïðîöåññ â öåëîì, è â ýòîì ïðîöåññå åñòü ìåñòî
ýíåðãåòè÷åñêîé ïîäïèòêå îñöèëëÿòîðîâ. Íî òîãäà ïîëó÷à-
åòñÿ, ÷òî Çåìëÿ è èíûå Âñåëåíñêèå îáúåêòû ïðåäñòàâëÿþò
ñîáîé ãèãàíòñêèå ñòîêè ýôèðà, íàñîñû? Òàêîé âàðèàíò èìå-
åò ïðàâî áûòü, ìû äåéñòâèòåëüíî ìîæåì èìåòü äåëî ñ î÷åíü
ïðîñòûì, à ïîòîìó íàä¸æíûì â ðàáîòå ýôèðîäèíàìè÷åñ-
êèì ïðîöåññîì. Åñëè áû ýòî áûëè èñòîêè, òî, íàïðèìåð,
ýêñïåðèìåíò ïî îòêëîíåíèþ ëó÷à ñâåòà âáëèçè Ñîëíöà äàë
áû íàì èíîé ðåçóëüòàò.

* * *

Âàæíûì äëÿ íàñ ÿâëÿåòñÿ âîïðîñ î òèïå îñöèëëÿöèé.
Èñõîäÿ èç òð¸õìåðíîñòè íàøåãî âîñïðèÿòèÿ, ìû ïîëàãà-
åì ïåðâîîñöèëëÿòîð ïóëüñèðóþùåé ñôåðîé, ïóëüñèðóþ-
ùèì ñòîêîì*, âîçáóäèòåëåì âîëí â ýôèðå.

Íî ðàç åñòü ñôåðè÷åñêèé ñòîê, çíà÷èò äîëæåí áûòü è
ñôåðè÷åñêèé èñòîê (ïî àíàëîãèè ñ äâóìåðíûì ñëó÷àåì).
È õîòÿ ïðåäëîæåííàÿ ñõåìà òðåáóåò ââåäåíèÿ äîïîëíè-
òåëüíûõ òð¸õ èçìåðåíèé (â ñóììå ïîëó÷àåòñÿ øåñòü ôèçè-
÷åñêèõ êîîðäèíàò, íî ïóñòü ýòî áóäóò òðóäíîñòè íàøåãî
ìèðîâîñïðèÿòèÿ), îíà èìååò ïðåèìóùåñòâî: â êàêîé-òî ñòå-
ïåíè èñêàæ¸ííî, íî äà¸ò ïîíèìàíèå ïðè÷èíû è ñëåäñòâèé.
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*  
_________________________________________________________

Ðèòìóñ: Ïîëó÷àåòñÿ, ÷òî ýôèð � âåùåñòâî, îäíî èç ñâîéñòâ êîòîðîãî �
ïåðåäà÷à êîëåáàíèé.
Äèíàìèêóñ: Âû çàòðîíóëè î÷åíü âàæíûé âîïðîñ, íî ïîêà îí íàõîäèòñÿ
çà ïðåäåëàìè íàøèõ âîçìîæíîñòåé äàòü åìó îäíîçíà÷íîå òîëêîâàíèå.
Äóìàåòñÿ, ÷òî ýòîò âîïðîñ äî êîíöà íåðàçðåøèì, èáî âñåãäà íàéä¸òñÿ
î÷åðåäíîå íå÷òî. Â ýòîì ñìûñëå ïîçíàíèþ íåò ïðåäåëà.

Íå ñëåäóåò çàöèêëèâàòüñÿ íà ïðåäëàãàåìîé ñõåìå, íî
îòìåòèòü å¸ íàãëÿäíîñòü è ñïîñîáíîñòü ïðîñòûì îáðàçîì
îáúÿñíÿòü ðÿä ÿâëåíèé, â òîì ÷èñëå è êîñìè÷åñêîãî ìàñ-
øòàáà, ñòîèò. Íàïðèìåð, åñëè ñêîðîñòü ýôèðà â ýëåìåíòàð-
íûé ñòîê áîëüøå ñêîðîñòè ñâåòà, òî ñòîê áóäåò âîñïðèíè-
ìàòüñÿ íàìè ÷¸ðíîé äûðî÷êîé. Ýòî îçíà÷àåò, ÷òî è áîëüøîå
ñêîïëåíèå îñöèëëÿòîðîâ òàêæå ìîæåò âûçâàòü ýôôåêò
÷¸ðíîé äûðû (äëÿ íàáëþäàòåëÿ ñ òîé ñòîðîíû � áåëîé
äûðû).

Â ñâÿçè ñ âûøå ñêàçàííûì è äî òîé ïîðû, ïîêà ìû
îêîí÷àòåëüíî íå ðàçáåð¸ìñÿ â ñóòè ïðîèñõîäÿùåãî, ïðåä-
ëàãàåòñÿ îòíîñèòüñÿ ê âåùåñòâó, êàê ê ñëåäñòâèþ ýôèðî-
äèíàìè÷åñêîãî ïðîöåññà, â êîòîðîì ñïîíòàííî (íî òîëüêî
äëÿ íàñ) âîçíèêøèé ãðàäèåíò äàâëåíèÿ ïîáóæäàåò ýôèð ê
äâèæåíèþ ÷åðåç äûðêè â èíóþ, íåâèäèìóþ ãëàçîì è íå-
äîñòóïíóþ ñîçíàíèþ îáëàñòü áûòèÿ.

Íî ÷òî åñòü ýôèð, êàêîâà åãî ïðèðîäà*, êàêîâà ôèçè-
÷åñêàÿ ñóòü? ×òî åñòü ïåðåãîðîäêà è ïî÷åìó ìû íå âèäèì
å¸? Åñëè ïðîöåññ óãàäàí ïðàâèëüíî, òî îáà ýòè ïîíÿòèÿ ôóí-
äàìåíòàëüíû, íî ìû, â ñèëó îãðàíè÷åííîñòè ìèðîâîñïðèÿ-
òèÿ, âûíóæäåíû ïîñòóëèðîâàòü èõ äî ëó÷øèõ âðåì¸í.

ÔÈËÎÑÎÔÈß ÏÅÐÅÕÎÄÀ Ê ÍÎÂÎÉ ÏÀÐÀÄÈÃÌÅ

Äëÿ òîãî ÷òîáû íàó÷èòü ðåá¸íêà ÷èòàòü ïî ñëîãàì, íå-
îáõîäèì ãîä îáó÷åíèÿ. Äëÿ òîãî ÷òîáû îáó÷èòü ÷åëîâåêà
èíîñòðàííîìó ÿçûêó, íåîáõîäèìî íåñêîëüêî ëåò. Äëÿ òîãî
÷òîáû â íàóêå ïðîèçîøëà ïîëíàÿ ñìåíà ìèðîâîççðåíèÿ,
íåîáõîäèìû äåñÿòèëåòèÿ, à èíîãäà è ñòîëåòèÿ.

Íåêîòîðûì ìîæåò ïîêàçàòüñÿ, ÷òî ñìåíà ìèðîâîççðå-
íèÿ ïðîèñõîäèò áûñòðî. Îñìåëþñü àðãóìåíòèðîâàííî âîç-
ðàçèòü. Âî-ïåðâûõ, ÷åëîâå÷åñòâî íå òàê ÷àñòî ìåíÿëî ñâî¸
íàó÷íîå âèäåíèå ìèðà. Âî-âòîðûõ, ïîêà äðåìëåò íà ëàâðàõ
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îäíà ïàðàäèãìà, â å¸ íåäðàõ âåä¸òñÿ èíòåíñèâíàÿ ïîäãîòî-
âèòåëüíàÿ ðàáîòà äëÿ ïåðåõîäà íà íîâîå âèäåíèå ìèðà. Âî
âñÿêîì ñëó÷àå ñìåíû ïîëèòè÷åñêèõ ôîðìàöèé ïðîèñõî-
äÿò èìåííî òàê.

Ãëîáàëüíûå ñìåíû ïðåäñòàâëåíèé î Ìèðå ïðîèñõîäÿò
ãîðàçäî ðåæå ïîëèòè÷åñêèõ êàòàêëèçìîâ. Íà íàøåé ïà-
ìÿòè òàêîå ïðîèñõîäèëî ëèøü íåñêîëüêî ðàç: Çåìëÿ ïëîñ-
êàÿ → êðóãëàÿ â öåíòðå ìèðîçäàíèÿ → âðàùàåòñÿ âîêðóã
Ñîëíöà → è ò.ä. Íî âîò âîïðîñ: îæèäàåòñÿ ëè ñìåíà ïàðà-
äèãìû â î÷åðåäíîé ðàç?

Ìû íå ìîæåì óòâåðäèòåëüíî îòâåòèòü íà çàäàííûé
âîïðîñ, ïîòîìó êàê îòêàò íà ðàíåå îñòàâëåííûå ïîçèöèè
íåëüçÿ ñ÷èòàòü ðåâîëþöèåé âçãëÿäîâ, à ñêîðåå � ïåðåîñ-
ìûñëåíèå. Íî âîçíèêàåò ñòðàííîñòü, êîòîðóþ ìû îáîçíà-
÷èì âîïðîñîì: êòî ïðèä¸ò ê âëàñòè â íàóêå?

Îïûò ó÷èò, ÷òî â ñëó÷àå ñìåíû ìèðîâîççðåíèÿ ê âëàñ-
òè ïðèõîäÿò âñ¸ òå æå, íî íåñêîëüêî ïîìåíÿâøèå âçãëÿäû,
ëèöà. Âèäèìî ýòà êàòåãîðèÿ ëþäåé íàöåëåíà Ïðèðîäîé íà
âûïîëíåíèå âåäóùåé, ðóêîâîäÿùåé ðîëè. À îòñþäà è èõ
ïîâåäåíèå. Êàê òîëüêî îíè ïî÷óâñòâóþò ðåàëüíóþ óãðîçó
ñî ñòîðîíû ãðÿäóùåãî ìèðîâîççðåíèÿ, òî ïîñòàðàþòñÿ ïåð-
âûìè ïîäõâàòèòü ñâåæóþ ìûñëü, ñâåæóþ èäåþ, ïåðâûìè
îòðåêóòñÿ îò ïðîøëûõ çàáëóæäåíèé è áåç çàçðåíèÿ ñîâåñ-
òè ñîçäàäóò íîâîãî êóìèðà. Çíà÷èò íå áåäà, åñëè òàê äîëæ-
íî áûòü. Íî íà ïåðâûõ ïîðàõ ïåðåä íèìè áóäåò ïðîáëåìà:
êàê ñäåëàòü ïåðâûé øàã, êòî èç íèõ ñäåëàåò ïåðâûé øàã?

Êòî çíàåò, ìîæåò òàê îíî è äîëæíî ïðîèñõîäèòü? Íó à
åñëè òàê, òî ìû îáÿçàíû ñ ìàêñèìàëüíîé ïîëüçîé äëÿ îá-
ùåãî äåëà èñïîëüçîâàòü ñèòóàöèþ.

Òî, ÷òî òåîðèÿ îòíîñèòåëüíîñòè ðàñïàäàåòñÿ íà ãëàçàõ,
à òî÷íåå � äîñòèãëà ïðåäåëà ñâîåãî ðàçâèòèÿ, î÷åâèäíûé
ôàêò. Íàáëþäàþòñÿ, ïðàâäà, íåóêëþæèå, íè÷åì íå àðãó-
ìåíòèðîâàííûå ïîïûòêè ñîõðàíèòü áûëîé å¸ àâòîðèòåò, íî
ñêîðåå ýòî àãîíèÿ ôàíàòè÷íî ïðåäàííûõ èäåå ëþäåé.

Íî ïîêà ïåðåä îäíèìè ïðîáëåìà âûáîðà, à ïåðåä äðó-
ãèìè � áîðüáà ñ êîíòððåâîëþöèåé, ìû ïîäãîòîâèëè òåîðå-
òè÷åñêóþ áàçó äëÿ ïåðåâîäà íàó÷íîãî ìèðîâîççðåíèÿ â èíîå
ðóñëî, ñäåëàëè ïåðâûå øàãè è îáíàðóæèëè, ÷òî ïðîöåññ
ïîø¸ë.
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Äëÿ òîãî ÷òîáû òàêîé ïåðåõîä îáîø¸ëñÿ íàì ìåíüøåé
«êðîâüþ», íåîáõîäèìî âîñïîëüçîâàòüñÿ óæå ñîçäàííûì è
õîðîøî îòëàæåííûì àïïàðàòîì óïðàâëåíèÿ ñ ïîñëåäóþ-
ùèì èçìåíåíèåì íåêîòîðûõ åãî ôóíêöèé.

Åñëè êòî-òî äóìàåò, ÷òî ìû íàìåðåíû ïîëíîñòüþ óíè÷-
òîæèòü ñòàðîå, òî îí êòî óãîäíî, òîëüêî íå ó÷¸íûé. Ñòàðîå
íåîáõîäèìî ñîõðàíÿòü äî òåõ ïîð, ïîêà íå áóäåò ïîñòðîåíî
íîâîå.

ÊÎÍÖÅÏÖÈß  ËÎÃÈ×ÅÑÊÈÕ  ÏÐÎÑÒÐÀÍÑÒÂ

Ìîäåëèðîâàíèå ðåëÿòèâèñòñêèõ ýôôåêòîâ â íåðåëÿòè-
âèñòñêèõ ñðåäàõ, íàïðèìåð â âîäå èëè â âîçäóõå, ïîçâîëÿåò
íà ïðèìåðå çâóêà îïèñàòü âñå îñíîâíûå ýôôåêòû ÑÒÎ è
ÎÒÎ, à ïî-ñóòè ðîäèòü ñõîæóþ ïîëíîöåííóþ òåîðèþ.

Òàêàÿ íåðàâíîöåííàÿ çàìåíà ïîáóæäàåò íàñ ïîñòàâèòü
âîïðîñ î ïðàâîìî÷íîñòè ïðåòåíçèé êàêîé-ëèáî ôèçè÷åñ-
êîé êîíöåïöèè íà ïðàâî ñ÷èòàòüñÿ îêîí÷àòåëüíîé. Ìû íå
ìîæåì çíàòü, êàêîâ ìèð èñòèííûé, êàêîâû ôèçè÷åñêèå
ïðîöåññû â í¸ì, ó íàñ íåò ìåõàíèçìà ïåðåõîäà îò ôèçè÷åñ-
êîãî ïðîñòðàíñòâà ê ëîãè÷åñêîìó, è íàîáîðîò, à ïîòîìó ìû
âûíóæäåíû âñåãäà ðàáîòàòü (âîñïðèíèìàòü ìèð) â ñîáñòâåí-
íîðó÷íî ñîçäàííîì ëîãè÷åñêîì ìèðå.

Â ïðèðîäå ñóùåñòâóåò áîëüøîå êîëè÷åñòâî áåçîòíîñè-
òåëüíûõ âçàèìîäåéñòâèé, êîòîðûå, íàêëàäûâàÿñü íà ñïå-
öèôèêó íàøåãî âèäåíèÿ, îáåñïå÷èâàþò ðîæäåíèå ëîãè÷åñ-
êîãî ìíîãîîáðàçèÿ (ñóáúåêòèâíûõ ïðîñòðàíñòâ), ìåòðèêà
êîòîðîãî ìîæåò áûòü âûðàæåíà ìàòåìàòè÷åñêè.

Ñóùåñòâóåò ìíîæåñòâî ëîãè÷åñêèõ ïðîñòðàíñòâ, â ýòîì
ó íàñ ñîìíåíèÿ íåò. Ïðèâåä¸ì ïðèìåð:

Ëîãè÷åñêîå ïðîñòðàíñòâî ëÿãóøêè êà÷åñòâåííî îò-
ëè÷àåòñÿ îò ëîãè÷åñêîãî ïðîñòðàíñòâà ÷åëîâåêà ïî ïðè-
÷èíå, ÷òî ëÿãóøêà âèäèò òîëüêî äâèæóùèåñÿ îòíîñèòåëü-
íî íå¸ îáúåêòû è íèêàê íå âîñïðèíèìàåò ïîêîÿùèåñÿ.
Ýòî ñâîéñòâî ïðèâîäèò ê òîìó, ÷òî ëÿãóøêà èíà÷å îöå-
íèâàåò è óñòðîéñòâî ìèðà, è ïðîèñõîäÿùèå â í¸ì ïðîöåñ-
ñû. Ñðàâíèâàÿ êàðòèíû ìèðà ñ ïîçèöèé ëÿãóøêè è ÷åëî-
âåêà ìû íàõîäèì ðàçëè÷èÿ, â òîì ÷èñëå è ëîãè÷åñêèå.
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Ëîãè÷åñêèå ðàçëè÷èÿ îáëàäàþò èíòåðåñíîé îñîáåííîñòüþ:
îíè ïðèâîäÿò ê ïîëíîìó íåïîíèìàíèþ, à ïîòîìó íåâîñï-
ðèÿòèþ èíûõ âèäåíèé.

Íèêòî íå ðóãàåò ëÿãóøêó çà òî, ÷òî îíà âèäèò ìèð
èíà÷å, à ïîòîìó åñëè îíà îïèñûâàåò êàêîå-òî ÿâëåíèå ñ
ïîçèöèè ñîáñòâåííîãî âèäåíèÿ, ìû ãîâîðèì, ÷òî îïèñàíèå
ýòî âåðíî, íî òîëüêî â ëîãè÷åñêîì ïðîñòðàíñòâå ëÿãóøêè.

Âñÿ ñîâðåìåííàÿ òåîðåòè÷åñêàÿ ôèçèêà ðàáîòàåò ñ ëî-
ãè÷åñêèì ïðîñòðàíñòâîì, ïîðîæä¸ííûì îòäåëüíîé ëè÷íî-
ñòüþ, à ïîòîìó ìû èìååì äåëî ñ  ôîðìóëàìè è ÿâëåíèÿìè,
èíîãäà íå óêëàäûâàþùèìèñÿ â ëîãèêó çäîðîâîãî ðàññóä-
êîì ÷åëîâåêà.

Ðèñ. 42.  Òàê âèäèò ÷åëîâåê. Òàê âèäèò ëÿãóøêà (ãèïîòåçà). Ë¸ãêèé
âåòåðîê ïðèâîäèò â äâèæåíèå òîëüêî ëèñòâó è òðàâó

Ëîãè÷åñêîå ïðîñòðàíñòâî èç-çà íåñîâïàäåíèÿ ñ íåçà-
âèñèìûì îò íàñ ôèçè÷åñêèì ìíîãîîáðàçèåì, ÿâëÿåòñÿ âñå-
ãäà ôèêòèâíûì, ò.å. âòîðè÷íûì, îãðàíè÷åííûì.

Âñå ïðèäóìàííûå íàìè ïðîñòðàíñòâà � ëîãè÷åñêèå, ïî
ïðè÷èíå òîãî, ÷òî ìû íå çíàåì, êàêîâî èñòèííîå, àáñîëþò-
íîå ïðîñòðàíñòâî. Ýòèì óòâåðæäåíèåì ìû ïðèâîäèì â
ðàâíîïðàâèå íå òîëüêî âñå âèäû ëîãè÷åñêèõ ïðîñòðàíñòâ,
à çíà÷èò è ñîîòâåòñòâóþùèå èì òåîðèè, íî è îáîñíîâûâà-
åì íåîáõîäèìîñòü èññëåäîâàòåëüñêîé ðàáîòû âî âñåõ ýòèõ
ïðîñòðàíñòâàõ îäíîâðåìåííî. Òîëüêî òàêèì îáðàçîì ìû
ñìîæåì áîëåå ÿñíî è âñåñòîðîííå îùóïàòü èñòèííîå ïðî-
ñòðàíñòâî.
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Íàãëÿäíûì ïðèìåðîì ñêàçàííîãî ÿâëÿåòñÿ îðãàíèçì
÷åëîâåêà, à òî÷íåå � ðàáîòà åãî îðãàíîâ ÷óâñòâ. Ìû óæå
ãîâîðèëè, ÷òî ñ ïîìîùüþ îðãàíîâ ÷óâñòâ ÷åëîâåê ñïîñîáåí
áåñêîíôëèêòíî àíàëèçèðîâàòü ïðîèñõîäÿùåå êàê ìèíè-
ìóì â ïÿòè ëîãè÷åñêèõ ïðîñòðàíñòâàõ. Åñëè â ïîëå çðå-
íèÿ ïîïàë êðàñíûé ïðåäìåò, òî ãëàçà ìîãóò ñóäèòü î åãî
öâåòå è ôîðìå, ðóêè ñêàæóò, ÷òî ïðåäìåò ò¸ïëûé è øåðøà-
âûé, ÿçûê � ÷òî ïðåäìåò ñëàäêîâàòûé íà âêóñ, íîñ � ÷òî îí
äóðíî ïàõíåò. Åñëè ïî ïðåäìåòó ïîñòó÷àòü, òî ïî çâóêó
óøè ìîãóò îïðåäåëèòü ìàòåðèàë, èç êîòîðîãî îí ñäåëàí.

Íî âîò íåçàäà÷à: ãëàçàì íèêàê íå ïîíÿòü, êàê ýòî áûòü
øåðøàâûì è äóðíî ïàõíóùèì, à èíûì îðãàíàì àáñîëþò-
íî íåâäîì¸ê, êàê ýòî áûòü êðàñíûì. Òåì íå ìåíåå îðãàíû
íå ñïîðÿò ìåæäó ñîáîé, íå ññîðÿòñÿ, ïîòîìó êàê çíàþò, ÷òî
âûæèòü îíè ìîãóò òîëüêî äîïîëíÿÿ äðóã äðóãà. Ìîæåò è
ìû, ÷åëîâåêè, îäíàæäû óñâîèì ýòî ïðàâèëî è ïðèìåì åãî?
Èíòåðåñíî � ÷åðåç ñêîëüêî òûñÿ÷åëåòèé?

Èòàê, åñòü ðåàëüíîå ïðîñòðàíñòâî, î êîòîðîì ìû ìàëî
÷òî çíàåì, è åñòü íàëîæåííûå íà íåãî ëîãè÷åñêèå ïðîñòðàí-
ñòâà. Ñèñòåìà ìèðà ïî Ïòîëåìåþ è ðåëÿòèâèçì ïðåäñòàâ-
ëÿþåò ýãîöåíòðè÷åñêèå òèïû ëîãè÷åñêèõ ïðîñòðàíñòâ, ñè-
ñòåìà ìèðà ïî Êîïåðíèêó è ðèòìîäèíàìèêà ëèøåíû
ýãîöåíòðèçìà. Äîïóñêàåòñÿ, ÷òî êàæäîå èç ëîãè÷åñêèõ ïðî-
ñòðàíñòâ èìååò ñâîè íåäîñòàòêè è ïðåèìóùåñòâà, ïîýòîìó
ëþáûå ñïîðû âîêðóã ïðåäñòàâëÿþùèõ ýòè ïðîñòðàíñòâà òå-
îðèé èìåþò ôèëîñîôñêóþ ïðè÷èíó, à ïîòîìó âîçìîæíûå
è âîçíèêàþùèå êîíôëèêòû íåïðèíöèïèàëüíû!

×åì óùåðáíåå ëîãè÷åñêîå ïðîñòðàíñòâî, òåì ñëîæíåå
îòîáðàæåíèå ïðîöåññîâ, óùåðáíåå ëîãèêà ñâÿçîê. Ïðåäñòà-
âèì, ÷òî íàøè ãëàçà âèäÿò òîëüêî óëüòðàôèîëåòîâûé è
èíôðàêðàñíûé äèàïàçîíû. Òàêîå îáñòîÿòåëüñòâî àâòîìà-
òè÷åñêè íàâÿçûâàåò íàì èíóþ, îòëè÷íóþ îò ïðèâû÷íîé,
êàðòèíó ìèðà. È õîòÿ èç ðàçíûõ ëîãè÷åñêèõ ïðîñòðàíñòâ
ìèð âèäèòñÿ ïî-ðàçíîìó, â îñíîâå ýòèõ âèäåíèé ëåæèò åäè-
íîå ïðîñòðàíñòâî-íîñèòåëü, êîòîðîå, íåçàâèñèìî îò âèäà ëî-
ãè÷åñêîãî ïðîñòðàíñòâà, íàâÿçûâàåò åìó êîíêðåòíûå çàêî-
íû. Ïîíÿòíî òåïåðü, ïî÷åìó ñòîðîííèêàì òîãî èëè èíîãî
ëîãè÷åñêîãî âèäåíèÿ ìèðà âñåãäà óäà¸òñÿ ñîçäàòü íåïðî-
òèâîðå÷èâûé è èñïîëíÿþùèéñÿ íà ïðàêòèêå ìåõàíèçì
îïèñàíèÿ ÿâëåíèé. Ýòî ïðîèñõîäèò ïîòîìó, ÷òî â îñíîâå
ïðîñòðàíñòâåííî-ëîãè÷åñêîãî ìíîæåñòâà ëåæèò îäíî, íà-
äåë¸ííîå êîíêðåòíûìè ñâîéñòâàìè, ïðîñòðàíñòâî-íîñèòåëü.
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Ñòîê

Çâóêîâàÿ ÷¸ðíàÿ äûðà

Ðèñ. 43.  Çâóêîâîå ëîãè÷åñêîå ïðîñòðàíñòâî íàëîæåíî íà ñâåòîâîå. Ìû
íàãëÿäíî âèäèì, êàê â ýòîì ñëó÷àå «çâóêîâàÿ» ëîãèêà îòëè÷àåòñÿ îò
«ñâåòîâîé»: ïî îòíîøåíèþ ê «ñâåòîâîé», «çâóêîâàÿ» ïðåäñòàâëÿåòñÿ
íàì êðèâîëèíåéíîé. Ñ òî÷êè çðåíèÿ àáñîëþòíîãî íàáëþäàòåëÿ, â íà-
øåì ñëó÷àå «ñâåòîâîãî», íàëè÷èå çâóêîâîé ÷¸ðíîé äûðû íå îêàçûâàåò
âëèÿíèÿ íà ñâåòîâóþ ìàñøòàáíóþ ñåòêó. Åñëè  ïîïûòàòüñÿ ïîñòðîèòü
çâóêîâóþ ìàñøòàáíóþ ñåòêó, òî ó «çâóêîâîãî» íàáëþäàòåëÿ âîçíèêàåò
ïðîáëåìà êðèâèçíû, à ïîòîìó áåç èäåé Í. Ëîáà÷åâñêîãî è Ã. Ðèìàíà
çäåñü òðóäíî îáîéòèñü. Â òî÷íîñòè ýòà æå ïðîáëåìà âîçíèêàåò è ó «ñâå-
òîâîãî» íàáëþäàòåëÿ â ñëó÷àå ñî ñâåòîâîé ÷¸ðíîé äûðîé, à ïîòîìó îí
âûíóæäåí ââåñòè àáñîëþòíóþ ìàñøòàáíóþ ñåòêó, à çàòåì èñêàòü ìåõà-
íèçì ïåðåõîäà îò ïðÿìîëèíåéíîé ñèñòåìû êîîðäèíàò ê ìåñòíîé, è íà-
îáîðîò. Ñëåäóåò ïîíèìàòü, ÷òî ðàçðåøåíèå ïðîáëåìû âñåãäà óïðîùàåò-
ñÿ, êîãäà îíà ðàññìàòðèâàåòñÿ ñ áîëåå ñîâåðøåííîé èåðàðõè÷åñêîé
ïîçèöèè. Ýòî êàê ëàáèðèíò. Íàõîäÿñü âíóòðè òðóäíî íàéòè âûõîä, íî
åñëè âû áóäåòå  èìåòü âîçìîæíîñòü íàáëþäàòü ñåáÿ è ëàáèðèíò ñâåðõó,
òî ïðîáëåìà âàøåãî äâèæåíèÿ ïî ëàáèðèíòó áóäåò ðåøàòüñÿ ñ ïîçèöèè
èíîé ëîãèêè, à ïîòîìó áûñòðåå.

Â ýòîì ñìûñëå ïðîáëåìà èñêðèâëåíèÿ «ïðîñòðàíñòâà» ñâîäèòñÿ ê
ïîèñêó ïðîöåññà, çàñòàâëÿþùåãî ëó÷ ñâåòà èñêðèâëÿòü òðàåêòîðèþ. Îä-
íîé èç íàèáîëåå âåðîÿòíûõ ïðè÷èí çäåñü ìîæåò ÿâëÿòüñÿ äâèæåíèå
ýôèðà â ñòîê. Íî ìîãóò áûòü è èíûå ïðè÷èíû.

Ëó÷ çâóêà (ñ=3�10�1êì/ñ)
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Ñòîê

Ñâåòîâàÿ ÷¸ðíàÿ äûðà

Ðèñ. 44.  Ñâåòîâîå ëîãè÷åñêîå ïðîñòðàíñòâî íàëîæåíî íà âûøåñòîÿùåå.
Ìû íàãëÿäíî âèäèì, êàê â ýòîì ñëó÷àå «ñâåòîâàÿ» ëîãèêà îòëè÷àåòñÿ
îò «âûøåñòîÿùåé»: ïî îòíîøåíèþ ê «âûøåñòîÿùåé», «ñâåòîâàÿ» ïðåä-
ñòàâëÿåòñÿ íàì êðèâîëèíåéíîé. Ñ òî÷êè çðåíèÿ àáñîëþòíîãî íàáëþäà-
òåëÿ íàëè÷èå ñâåòîâîé ÷¸ðíîé äûðû íå îêàçûâàåò âëèÿíèÿ íà ìàñø-
òàáíóþ ñåòêó âûøåñòîÿùåãî ïîðÿäêà. Åñëè  ïîïûòàòüñÿ ïîñòðîèòü
ñâåòîâóþ ìàñøòàáíóþ ñåòêó, òî ó «ñâåòîâîãî» íàáëþäàòåëÿ âîçíèêàåò
ïðîáëåìà êðèâèçíû, à ïîòîìó áåç èäåé Í. Ëîáà÷åâñêîãî è Ã. Ðèìàíà
çäåñü òðóäíî îáîéòèñü. Â òî÷íîñòè ýòà æå ïðîáëåìà âîçíèêàåò è ó «âû-
øåñòîÿùåãî» íàáëþäàòåëÿ â ñëó÷àå ñ ÷¸ðíîé äûðîé íà åãî óðîâíå îðãà-
íèçàöèè, à ïîòîìó îí òàêæå âûíóæäåí ââåñòè àáñîëþòíóþ ìàñøòàáíóþ
ñåòêó, à çàòåì èñêàòü ìåõàíèçì ïåðåõîäà îò ïðÿìîëèíåéíîé ñèñòåìû
êîîðäèíàò ê ñîáñòâåííîé, è íàîáîðîò. Ìû óæå ãîâîðèëè, ÷òî ðàçðåøåíèå
ïðîáëåìû óïðîùàåòñÿ, êîãäà îíà ðàññìàòðèâàåòñÿ ñ áîëåå ñîâåðøåííîé
èåðàðõè÷åñêîé ïîçèöèè.

Ïîõîæå, ÷òî äëÿ êàæäîãî, íà÷èíàÿ îò çâóêà, óðîâíÿ âîëíîâîé îðãà-
íèçàöèè ìàòåðèè ñóùåñòâóåò ñâîÿ òåîðèÿ îòíîñèòåëüíîñòè, ôîðìóëü-
íûé àïïàðàò êîòîðîé îäèí è òîò æå. Åù¸ â 1982 ãîäó àâòîð ñàìîñòîÿ-
òåëüíî ïîñòðîèë çâóêîâóþ òåîðèþ îòíîñèòåëüíîñòè äëÿ «çâóêîâîãî»
íàáëþäàòåëÿ è îáíàðóæèë ïîëíîå å¸ ñõîäñòâî ñ ÑÒÎ. Óéòè æå èç ïîä
ýãîöåíòðè÷åñêîãî âîñïðèÿòèÿ ìîæíî òîëüêî ñ ïîçèöèè âûøåñòîÿùåãî
âîëíîâîãî óðîâíÿ.

Ëó÷ ñâåòà (ñ=3�10 5êì/ñ)

Ëó÷ âûøåñòîÿùåãî

ïîðÿäêà êîëåáàíèé

 (ñ=10  13 êì/ñ)
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êîîðäèíàòíûå
îñöèëëÿòîðû

Ìàññà
âåùåñòâåííûå
îñöèëëÿòîðû

Ðèñ. 45.  Êîîðäèíàòíàÿ êàëèáðîâêà. Ñìûñë êîîðäèíàòíîé êàëèáðîâêè
ñâîäèòñÿ ê íàïîëíåíèþ ïðîñòðàíñòâà îñöèëëÿòîðàìè, ÷àñòîòà êîòîðûõ
íå çàâèñèò íè îò èññëåäóåìîãî óðîâíÿ âîëíîâîé îðãàíèçàöèè ìàòåðèè,
íè îò óñëîâèé, îïðåäåëÿåìûõ ïðîöåññàìè, à ïîòîìó âñåãäà îäèíàêîâà,
ò.å. àáñîëþòíà. Àáñîëþòíûå êàëèáðîâî÷íûå îñöèëëÿòîðû íå ìîãóò áûòü
ïðèâÿçàíû íè ê îäíîìó èç óðîâíåé îðãàíèçàöèè ìàòåðèè � â ýòîì ñìûñëå
ìû èìååì äåëî ñ èäåàëèçèðîâàííûì ñïîñîáîì ðàññìîòðåíèÿ ïðîèñõî-
äÿùåãî â ëþáîì èç ëîãè÷åñêèõ ïðîñòðàíñòâ, áóäü òî çâóêîâîå, ñâåòîâîå,
ýôèðíîå è ò.ä.

Òåïåðü, êîãäà èìååòñÿ ïîëå êîîðäèíàòíûõ îñöèëëÿòîðîâ, ìû ìî-
æåì àíàëèçèðîâàòü çàâèñèìîñòü êîëåáàíèé âåùåñòâåííûõ ÷àñòèö îò
áëèçîñòè ìàññû, ýëåêòðè÷åñêè çàðÿæåííîãî òåëà, èñòî÷íèêà ìàãíèòíî-
ãî ïîëÿ, îò ñêîðîñòè îòíîñèòåëüíî íîñèòåëÿ âîëí. Íàïðèìåð, ýôôåêò
Ì¸ññáàóýðà. Ìåñòíûé íàáëþäàòåëü êîíñòàòèðóåò, ÷òî â åãî ñèñòåìå ÷à-
ñòîòà âåùåñòâåííîãî îñöèëëÿòîðà (÷àñòèöû) íå çàâèñèò îò ðàññòîÿíèÿ
äî ïîâåðõíîñòè Çåìëè. Íî ïðè ñðàâíåíèè ñ êîîðäèíàòíûì îñöèëëÿòî-
ðîì îí ãîâîðèò, ÷òî ÷àñòîòà ïîñëåäíåãî çàâèñèò îò âûñîòû íàä ïîâåðõ-
íîñòüþ, ïðè÷¸ì íà óðîâíå ïîâåðõíîñòè ÷àñòîòà êîîðäèíàòíîãî îñöèë-
ëÿòîðà âûøå, ÷åì ÷àñòîòà âåùåñòâåííîãî, à ïðè çíà÷èòåëüíîì óäàëåíèè
îò ïîâåðõíîñòè ÷àñòîòà êîîðäèíàòíîãî îñöèëëÿòîðà óìåíüøàåòñÿ. Ñ
ýãîöåíòðè÷åñêîé ïîçèöèè íàáëþäàòåëü ñêàæåò, ÷òî ÷àñòîòà êîîðäèíàò-
íûõ îñöèëëÿòîðîâ óáûâàåò ñ ðàññòîÿíèåì; àáñîëþòíûé æå íàáëþäà-
òåëü ñêàæåò, ÷òî ÷àñòîòà âåùåñòâåííîãî îñöèëëÿòîðà óâåëè÷èâàåòñÿ ñ
ðàññòîÿíèåì. Âîçíèêàåò ýôôåêò äâîéíîé ëîãèêè: ýãîöåíòðè÷åñêîé è
àáñîëþòíîé. Åñëè â îñíîâó îïèñàíèÿ ïðîñòðàíñòâà è ýôôåêòîâ â í¸ì
ïîëîæèòü ëîãèêó íàáëþäàòåëÿ, òî ìû íåèçáåæíî ïðèä¸ì ê èñêðèâëå-
íèþ ïðîñòðàíñòâà è èíûì íåëèíåéíûì ýôôåêòàì. Êîîðäèíàòíàÿ æå
êàëèáðîâêà ïðîñòðàíñòâà ïîçâîëÿåò óéòè îò íåëèíåéíîñòåé, êîòîðûå
åñòåñòâåííû äëÿ êàëèáðîâêè áîëåå íèçêîãî óðîâíÿ, ÷òî ïîçâîëÿåò óâè-
äåòü ôèçèêó ïðîèñõîäÿùåãî ñ áîëåå âûñîêèì ðàçðåøåíèåì.
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Ãîâîðÿ î ìèðå ñ ïîçèöèè ðàçíûõ ëîãè÷åñêèõ ïðî-
ñòðàíñòâ, ìû âñåãäà ìîæåì íàéòè ìåõàíèçì ïåðåõîäà îò
îäíîãî âèäåíèÿ ïðîöåññîâ ê äðóãîìó, íî äåëàåì ìû ýòî
èíòóèòèâíî ÷åðåç ôèçè÷åñêîå ïðîñòðàíñòâî-íîñèòåëü. Åñëè
â ñâîèõ ôèçè÷åñêèõ êîíöåïöèÿõ ìû âñòðå÷àåìñÿ ñ ÷åì-òî
ñòðàííûì, íàïðèìåð ñ ñîîòíîøåíèåì íåîïðåäåë¸ííîñòåé
Ãåéçåíáåðãà, ýòî âûçûâàåò ó íàñ íåäîóìåíèå. À íàëè÷èå
ñïèíà ó ÷àñòèö, êàê íåèçâåñòíàÿ íàøåé ëîãèêå ñòåïåíü
ñâîáîäû, à ïîÿâëåíèå íîâûõ êâàíòîâûõ ÷èñåë â ôèçèêå
ýëåìåíòàðíûõ ÷àñòèö, òàêæå ãîâîðÿùèõ î íåèçâåñòíûõ ñòå-
ïåíÿõ ñâîáîäû, à ïîñòóëàò Ýéíøòåéíà î íåèçìåííîñòè ñêî-
ðîñòè ñâåòà?

Åñëè ìû õîòèì ïîíÿòü ìèð, òî îáÿçàíû ïîíèìàòü, ÷òî
íàøå âèäåíèå ìèðà âñåãäà ôèêòèâíî, èëëþçîðíî. È õîòÿ
ìû, â ñèëó ñâîåãî ôèçèîëîãè÷åñêîãî óñòðîéñòâà è ôèçè-
÷åñêèõ îòíîøåíèé ñ ìèðîì, íå â ñîñòîÿíèè âèäåòü èíà÷å,
íî âñåãäà îáÿçàíû ïîìíèòü, ÷òî â ïðîñòðàíñòâå-íîñèòåëå
âñ¸ èìååò ñâîþ ÷¸òêóþ îïðåäåë¸ííîñòü.

Â ýòèõ ñèòóàöèÿõ ìû äîëæíû ïðèçíàòü íåñîâåðøåí-
ñòâî íàøåãî âèäåíèÿ, à ïîòîìó âûíóæäåíû ñòðîèòü ëîãè-
÷åñêèå ïðîñòðàíñòâà, ñîâåðøåíñòâîâàòü èõ, ÷òîáû ïåðåîñ-
ìûñëèâàòü, ñèñòåìàòèçèðîâàòü è íàõîäèòü íåçàìå÷åííûå
ðàíåå ñâÿçè â ïðîèñõîäÿùåì. Íå èñêëþ÷åíî, ÷òî ãäå-íè-
áóäü â èçîëÿöèè ñóùåñòâóþò ëþäè èíîãî óðîâíÿ ðàçóìà,
íàõîäÿùèåñÿ â ãîðàçäî áîëåå ðàñøèðåííîì ëîãè÷åñêîì
ïðîñòðàíñòâå, è òàì äëÿ íèõ íåò ïåðå÷èñëåííûõ ëîãè÷åñ-
êèõ òðóäíîñòåé, íî íàâåðíÿêà åñòü ñâîè.

Åñòü êðóã ÿâëåíèé, íå ïîääàþùèõñÿ ïðÿìîìó îïèñà-
íèþ ÷åðåç íàøå æèòåéñêîå òð¸õìåðíîå ëîãè÷åñêîå ïðî-
ñòðàíñòâî. Ïîíèìàíèå ýòîãî ïîáóæäàåò ñîçäàâàòü èíûå
ëîãè÷åñêèå ïðîñòðàíñòâà, íàïðèìåð øåñòèìåðíîå, äëÿ òîãî,
÷òîáû ñ åãî ïîìîùüþ îïèñàòü ÿâëåíèå. Íî ýòî âîâñå íå
îçíà÷àåò, ÷òî ëîãèêà ïðîèñõîäÿùåãî âñåãäà áóäåò íàìè äî
êîíöà ïîíÿòà.

Íî èíîãäà èìåííî ìû, â ñèëó ñâîåãî íåâåæåñòâà è ïðè-
ðîäíîé îãðàíè÷åííîñòè, ïîðîæäàåì íàáîð èëëþçîðíûõ ëî-
ãè÷åñêèõ ïðîñòðàíñòâ, ïðåïÿòñòâóþùèõ äâèæåíèþ âïåð¸ä.
Ìû îãðàíè÷åíû â ñîáñòâåííîì âèäåíèè, à ïîòîìó èç âñåãî
ìíîãîîáðàçèÿ âîñïðèíèìàåì ëèøü íåêîòîðûå ôðàãìåíòû
èñòèííî ïðîèñõîäÿùåãî, à èíîãäà èç-çà ëåíè è âîâñå íè÷å-
ãî íå æåëàåì âîñïðèíèìàòü.
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Â ýòîì ñìûñëå ïëåìåíà, ãäå-íèáóäü â äæóíãëÿõ Àìà-
çîíêè, èìåþò áîëüøåå ïðåèìóùåñòâî ïåðåä ïðåäñòàâèòå-
ëÿìè òåõíîêðàòèè, ñ äåòñòâà çàáëîêèðîâàííûìè â ñâî¸ì
âèäåíèè. Øàìàí ãîâîðèò: «Áóäü îòêðûò äëÿ ìèðà è íè-
÷åãî íå îòðèöàé, è òîãäà òû óâèäèøü ìèð òàêèì, êàêîâ
îí åñòü. Âñ¸, ÷òî òû óâèäèøü, âñ¸ åñòü íà ñàìîì äåëå».

È «÷åëîâåê-äèêàðü» ðàñêðûâàåòñÿ è íå îòðèöàåò, à íà-
áëþäàåò, êîíñòàòèðóåò è îñîçíà¸ò, â òîì ÷èñëå, ñîáñòâåííîå
ìåñòî â îòêðûâàþùåìñÿ ïåðåä íèì áåñêîíå÷íîì ìíîãî-
îáðàçèè. Íå ìóäðåíî ïîýòîìó, ÷òî «äèêàðè» ïðîñòî âèäÿò
ïðîèñõîäÿùåå, êàê ïðîöåññ, à ïîòîìó ïðîñòî çíàþò î í¸ì.

Òåõíîêðàò æå, áóäó÷è ñ äåòñòâà çàáëîêèðîâàííûì (ýòî
íåïðàâèëüíî, òàê íåëüçÿ äåëàòü, çà ýòî òåáÿ óâîëÿò, ó òåáÿ
ãàëëþöèíàöèè � îáðàòèñü ê ïñèõèàòðó è ò.ä.), ïûòàåòñÿ
ñíÿòü áëîêèðîâêè ñ ïîìîùüþ ìàòåìàòèêè è èíûõ èíñòðó-
ìåíòîâ ïîçíàíèÿ äëÿ òîãî, ÷òîáû òîæå óâèäåòü. Òåîðèÿ
ëîãè÷åñêèõ ïðîñòðàíñòâ ïîçâîëÿåò âñêðûòü ïðè÷èíó, ïî
êîòîðîé ìû, íàõîäÿùèåñÿ â áîëåå ïðèìèòèâíîì ïðîñòðàí-
ñòâå, âñ¸ ðàâíî ïðèõîäèì ê àíàëîãè÷íîìó ñ «äèêàð¸ì» âè-
äåíèþ ïðîèñõîäÿùåãî. È åñëè ýòî âèäåíèå ïðèõîäèò, çíà-
÷èò ó ÷åëîâåêà ðàñøèðèëîñü ñîáñòâåííîå ëîãè÷åñêîå
ïðîñòðàíñòâî.

Ãåíèè, âðåìÿ îò âðåìåíè ïîÿâëÿþùèåñÿ â îáùåñòâå
ëþäåé, èìåþò âðîæä¸ííîå, çàâåäîìî ðàñøèðåííîå ëîãè÷åñ-
êîå ïðîñòðàíñòâî, à ïîòîìó â ñðàâíåíèè ñ îáû÷íûì ÷åëî-
âåêîì âèäÿò ãîðàçäî áîëüøåå ÷èñëî âçàèìîñâÿçåé ìåæäó
ÿâëåíèÿìè è ñîáûòèÿìè. Èìåííî ïîýòîìó èì ãîðàçäî ëåã÷å
îïðåäåëÿòü íàèáîëåå ïåðñïåêòèâíûå íàïðàâëåíèÿ èññëå-
äîâàíèé, ÷åì îòíîñèòåëüíî ñëåïûì åãî ñîðîäè÷àì. Â òà-
êèõ ñëó÷àÿõ ãîâîðÿò, ÷òî ó ÷åëîâåêà õîðîøî ðàçâèòà èíòó-
èöèÿ. Íî òîãäà èíòóèöèÿ ïðåäñòàâëÿåò ñîáîé âðîæä¸ííîå
êà÷åñòâî áûòü â áîëåå ðàñøèðåííîì ëîãè÷åñêîì ïðîñòðàí-
ñòâå. Ëþäÿì ñ õîðîøî ðàçâèòîé èíòóèöèåé çàâåäîìî äàíî
âèäåòü è çíàòü ãîðàçäî áîëüøå èíûõ ëþäåé.

Îïûò ïîêàçûâàåò, ÷òî è äðóãèå ëþäè ìîãóò ðàñøèðèòü
âèäåíèå ìèðà ñ ïîìîùüþ ñïåöèàëüíûõ çàíÿòèé è ìåòîäèê,
à ïîòîìó ïðåäïîëàãàåòñÿ, ÷òî ó ÷åëîâåêà åñòü âðåìåííî íå
ðàçâèòûå äîëæíûì îáðàçîì îáëàñòè ìîçãà, âêëþ÷èâ êî-
òîðûå, îí çàïóñêàåò èíûå ÷óâñòâåííûå ìåõàíèçìû, ïîñëå
÷åãî èíà÷å, áîëåå ðàñøèðåííî, âîñïðèíèìàåò îêðóæàþùóþ
äåéñòâèòåëüíîñòü.
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Ïðèìåð: Åñëè ó ÷åëîâåêà ñ ðîæäåíèÿ îòêëþ÷åíû ãëàçà,
òî ó íåãî âûðàáàòûâàåòñÿ ñïåöèôè÷åñêîå ëîãè÷åñêîå ïðî-
ñòðàíñòâî, ñ ïîìîùüþ êîòîðîãî îí ó÷èòñÿ îðèåíòèðîâàòü-
ñÿ â ýòîì ìèðå. Íî ñòîèò ñëó÷àþ âêëþ÷èòü ó íåãî îðãà-
íû çðåíèÿ, êàê îí ìãíîâåííî îêàçûâàåòñÿ â èíîì
ëîãè÷åñêîì ïðîñòðàíñòâå, êîòîðîå ðàíåå åìó áûëî ñîâåð-
øåííî íåäîñòóïíûì, à ïîòîìó íåïîíÿòíûì.

Ãîâîðÿ îá èíòóèöèè, ìû ãîâîðèì îá èíîì ëîãè÷åñêîì,
áîëåå ñîâåðøåííîì, óðîâíå âîñïðèÿòèÿ ïðîñòðàíñòâà. Îïûò
ëþäåé, «âûõîäèâøèõ èç òåëà» â êðèçèñíûõ ñèòóàöèÿõ èëè
âî âðåìÿ ìåäèòàöèè, ãîâîðèò, ÷òî îòîðâàâøàÿñÿ îò òåëà
ñóùíîñòü ýëåìåíòàðíî ïîíèìàåò è ñóòü ìíîãèõ ôèçè÷åñ-
êèõ ïðîöåññîâ, è ñìûñë ìíîãîãî îñòàëüíîãî. Íî «âîçâðà-
ùàÿñü» â òåëî, ÷åëîâåê êîíñòàòèðóåò, ÷òî ïîíÿòîå òàêèì
îáðàçîì âíîâü ñòàíîâèòñÿ íåïîíèìàåìûì, êàê áóäòî êòî-
òî çàêðûë, ñïðÿòàë, îòêëþ÷èë äîñòóï ê çíàíèþ. Èìåííî
òàêîâà òðàãåäèÿ ïåðåõîäà èç âûñøåãî ëîãè÷åñêîãî ïðî-
ñòðàíñòâà â íèçøåå.

Ïðåäñòàâèì, ÷òî ó íàñ âäðóã ïðîïàëà ñïîñîáíîñòü âè-
äåòü. Ìû ïîïàäàåì â øîêèðóþùóþ ñèòóàöèþ, íî ïî ïðî-
øåñòâèè âðåìåíè ñìèðÿåìñÿ ñ íåé è ó÷èìñÿ îðèåíòèðî-
âàòüñÿ â óñëîâèÿõ èíîãî ëîãè÷åñêîãî ïðîñòðàíñòâà. Íî
ïðåäûäóùèå çíàíèÿ è îïûò âñ¸ ðàâíî îòêëàäûâàþò îòïå-
÷àòîê íà ëîãèêó âäðóã îñëåïøåãî ÷åëîâåêà, è îí, íàõîäÿñü
â ñðåäå ñëåïûõ îò ðîæäåíèÿ ëþäåé, èìååò îòëè÷íóþ îò
íèõ ëîãèêó âîñïðèÿòèÿ ñèòóàöèé. Ó íåãî åñòü ñ ÷åì ñðàâ-
íèòü, îí ïîìíèò...

Ìíîãèå àâòîðû äåëàþò óïîð íà îïðîâåðæåíèå òåîðèè
Ýéíøòåéíà. Íî, â ñâÿçè ñ âûøå ñêàçàííûì, ÒÎ â ïðèíöèïå
îïðîâåðãíóòü íåâîçìîæíî, êàê âïðî÷åì è èíûå âíóòðåííå
íåïðîòèâîðå÷èâûå òåîðèè, ïîòîìó êàê îíè ñîçäàíû äëÿ
âïîëíå êîíêðåòíûõ ëîãè÷åñêèõ ïðîñòðàíñòâ. Â èíûõ ëî-
ãè÷åñêèõ ïðîñòðàíñòâàõ ýòè òåîðèè áóäóò ðàáîòàòü ïëîõî
èç-çà âîçíèêíîâåíèÿ ëîãè÷åñêèõ òðóäíîñòåé, íî â ðÿäå ñëó-
÷àåâ, êîãäà íàì íåîáõîäèìî áóäåò ïîëó÷èòü áûñòðûé ðå-
çóëüòàò, ñëåäóåò ïðèáåãàòü ê ôîðìóëüíûì íàðàáîòêàì ýòèõ
òåîðèé.

Â îñíîâå ðèòìîäèíàìèêè ëåæèò áîëåå ðàñøèðåííîå, â
ñðàâíåíèè ñ ÒÎ, ëîãè÷åñêîå ïðîñòðàíñòâî. Òàê ëè ýòî �
ïîêàæóò äàëüíåéøèå èññëåäîâàíèÿ è ïðàêòèêà.
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Äëÿ òîãî ÷òîáû ðàçîáðàòüñÿ â ôèçè÷åñêèõ ïðîöåññàõ,
ðîæäàþùèõ ïîíÿòèÿ � äâèæåíèå, èíåðöèÿ, ñèëà, ìàññà, ìû
áóäåì èñõîäèòü èç ñëåäóþùåãî:

1.  Ìû ïðèíèìàåì â êà÷åñòâå îñíîâû äàëüíåéøèõ ïîñò-
ðîåíèé è ïîñòóëèðóåì ïðîòîîñöèëëÿòîð, êîòîðûé â îò-
ðûâå îò ñåáå ïîäîáíûõ, ò.å. ñàì ïî-ñåáå, íàäåëÿåì òîëüêî
îäíèì ñâîéñòâîì � íåóãàñàþùåé âî âðåìåíè ñïîñîáíîñ-
òüþ âîçáóæäàòü âîëíû â ýôèðå. Â àáñîëþòíîì ñìûñëå îí
íå èìååò íè èíåðöèè, íè ìàññû, îäíàêî ñâîéñòâà ýòè ïðî-
ÿâëÿþòñÿ íåçàìåäëèòåëüíî, êîãäà ðå÷ü èä¸ò î ñèñòåìå îñ-
öèëëÿòîðîâ, èçìåíÿþùèõ ñîñòîÿíèÿ îòíîñèòåëüíî äðóã
äðóãà è  ñðåäû. Ìû òàêæå ïîëàãàåì, ÷òî óñëîâíàÿ ïëîò-
íîñòü è îñöèëëÿòîðà, è ñèñòåìû ðàâíà ïëîòíîñòè ýôèðà.

Ýòî ïîëîæåíèå íóæäàåòñÿ â ïîÿñíåíèè. Ìíîãèå, îñî-
áåííî êóðÿùèå, íàáëþäàëè ñòðàííîå ïîâåäåíèå äûìà â òàì-
áóðå äâèæóùåãîñÿ âàãîíà. Åñëè ïóñòèòü äûìîâîå êîëüöî,
òî îíî ñòàíåò äâèãàòüñÿ ïîñòóïàòåëüíî. Åñëè âû ïîïûòàå-
òåñü îñòàíîâèòü ýòî äâèæåíèå ðóêîé, òî ïî÷óâñòâóåòå ë¸ã-
êîå ïðèêîñíîâåíèå, óêàçûâàþùåå íà ñèëîâîå äåéñòâèå, à
çíà÷èò, ìîæåòå óòâåðæäàòü, ÷òî äâèæóùååñÿ êîëüöî îáëà-
äàåò èíåðöèåé. Åñëè êîëåö íåñêîëüêî, òî è äåéñòâèå âîç-
ðàñòàåò ïðîïîðöèîíàëüíî. ×åì áîëüøå êîëåö, òåì ñèëü-
íåå äåéñòâèå � à ýòî óæå ïðèçíàê ìàññû.

Íî âîò ïîåçä ïîïàë íà íåðîâíûé ó÷àñòîê è âàãîí, âìå-
ñòå ñ íàõîäÿùèìñÿ â òàìáóðå âîçäóõîì, ñòàë èíòåíñèâíî
ðàñêà÷èâàòüñÿ. Â ýòîì ñëó÷àå îáëàäàþùåå èíåðöèåé êîëü-
öî áóäåò ðàñêà÷èâàòüñÿ â òàêò ñ âàãîíîì, ò.å. âåñòè ñåáÿ
àáñîëþòíî áåçûíåðöèîííî. Åñëè âàãîí ðåçêî îñòàíîâèòü,
òî è çäåñü êîëüöî íèêàêèõ èíåðöèîííûõ ñâîéñòâ íå ïðî-
ÿâèò. Âîçíèêàåò âîïðîñ: åñëè íà âåùåñòâåííûå îáúåêòû
ðåçêàÿ îñòàíîâêà áóäåò äåéñòâîâàòü â ïîëíîì ñîîòâåòñòâèè
ñ çàêîíàìè Íüþòîíà, òî ïî÷åìó êîëüöî, îáëàäàþùåå èíåð-
öèåé, à çíà÷èò è ìàññîé, íå ïîä÷èíÿåòñÿ ýòèì çàêîíàì?

Âíèìàòåëüíûé àíàëèç èíûõ, íî àíàëîãè÷íûõ îïûòîâ
ïîçâîëÿåò ïîëó÷èòü îòâåò: âñ¸ äåëî â ñîîòíîøåíèè óäåëü-
íîãî âåñà ñðåäû è èññëåäóåìîãî òåëà. Åñëè ïîìåñòèòü òåëî
â ðåçåðâóàð ñ æèäêîñòüþ, óäåëüíûé âåñ êîòîðîé ðàâåí óäåëü-
íîìó âåñó òåëà, òî ïðè ðåçêîì óñêîðåíèè èëè òîðìîæåíèè
ðåçåðâóàðà ñ òåëîì áóäåò ïðîèñõîäèòü òî æå, ÷òî è ñ äûìî-
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âûì êîëüöîì â âàãîíå. Íî êàê ïîâåä¸ò ñåáÿ èññëåäóåìûé
îáúåêò, åñëè: à) åãî óäåëüíûé âåñ ìåíüøå óäåëüíîãî âåñà
æèäêîñòè; â) åãî óäåëüíûé âåñ áîëüøå óäåëüíîãî âåñà æèä-
êîñòè.

Ðèñ. 46.  Âëèÿíèå óñêîðåíèÿ íà òåëî, óäåëüíûé âåñ êîòîðîãî: à) ìåíüøå
óäåëüíîãî âåñà æèäêîñòè; á) ðàâåí óäåëüíîìó âåñó; â) áîëüøå óäåëüíîãî
âåñà æèäêîñòè

2. Â ðàâíûõ óñëîâèÿõ âñå ïðîòîîñöèëëÿòîðû èìåþò îäè-
íàêîâûå ïàðàìåòðû è, îáðàçóÿ âîëíîâûå ñâÿçè, îáúåäèíÿ-
þòñÿ â ñèñòåìû, êîòîðûå âçàèìîäåéñòâóþò ñ àíàëîãè÷íû-
ìè ñèñòåìàìè è îòäåëüíûìè îñöèëëÿòîðàìè. Â ñâîþ
î÷åðåäü, ñèñòåìû, âëèÿÿ äðóã íà äðóãà, èñêðèâëÿÿ äâèæå-
íèå äðóã äðóãà, ñîçäàþò áîëåå ãëîáàëüíûå îáðàçîâàíèÿ ñ
ñîáñòâåííîé êîëëåêòèâíîé ÷àñòîòîé. È òàê äî òåõ ïîð, ïîêà
áåñ÷èñëåííîå ìíîæåñòâî íàèìåíüøèõ ýëåìåíòîâ âåùåñòâà
íå ñîçäàñò îáîçðåâàåìóþ ÷åëîâå÷åñêèì ãëàçîì Âñåëåííóþ.

3. Ìû óìûøëåííî óêëîíÿåìñÿ îò ðàññóæäåíèé î ñâîé-
ñòâàõ ýôèðà, îñòàâëÿÿ òîëüêî îäíî: áûòü íîñèòåëåì âîëí.
Â ýòîì ñìûñëå îñöèëëÿòîðû è ñðåäà ñâÿçàíû ìåæäó ñîáîé
òàêèì îáðàçîì, ÷òî â ïðîöåññå âèáðàöèè ôîðìèðóþòñÿ âîë-
íû.

ÍÀÓÊÀ Î ÏÐÈÐÎÄÅ ÄÂÈÆÅÍÈß

Äî ñèõ ïîð ïðÿìîëèíåéíîå äâèæåíèå ñ÷èòàëîñü âðîæ-
ä¸ííûì ñâîéñòâîì îáúåêòèâíî ñóùåñòâóþùåãî ìèðà, à ïî-
òîìó íåãëàñíî ïðèíèìàëîñü áåç îáúÿñíåíèÿ � ïîñòóëèðî-
âàëîñü.

Ðàññìàòðèâàÿ äâèæåíèÿ â ñðåäå íà ïðèìåðå ïðîñòûõ
âèáðèðóþùèõ ñèñòåì, ìû îáíàðóæèëè, ÷òî èõ âíóòðåííåå
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ðàâíîâåñèå íàïðÿìóþ ñîïðÿæåíî ñ ñîáñòâåííûì ôàçî÷àñ-
òîòíûì ñîñòîÿíèåì. Äàëüíåéøåå èçó÷åíèå ýòîé çàâèñè-
ìîñòè ïîêàçàëî, ÷òî äâèæåíèå è ôàçî÷àñòîòíîå ñîñòîÿíèå
âçàèìîçàâèñèìû: ñòîèò íàì çàäàòü èëè èçìåíèòü âèä äâè-
æåíèÿ, è ìû îáíàðóæèâàåì, ÷òî ó ñèñòåìû âîçíèêàåò ïî-
òðåáíîñòü èçìåíèòü ëèáî ôàçîâîå, ëèáî ÷àñòîòíîå ñîîòíî-
øåíèå ìåæäó îñöèëëÿòîðàìè, è íàîáîðîò. Ýòîò, êàçàëîñü
áû, ìàëîïðèìåòíûé ôàêò è ïîñëóæèë ïîâîäîì äëÿ ñîçäà-
íèÿ ÐÈÒÌÎÄÈÍÀÌÈÊÈ � íàóêè î ôèçè÷åñêîé ïðèðîäå
äâèæåíèÿ.

Íî íå òîëüêî äâèæåíèå â êîìïåòåíöèè ðèòìîäèíàìè-
êè, à è òàêèå ïîíÿòèÿ, êàê èíåðöèÿ, ñèëà, ìàññà, êîòîðûå
ïðîÿâëÿþò ñåáÿ íåìåäëåííî, êîãäà ðå÷ü èä¸ò î êàêîì-ëèáî
èçìåíåíèè âíóòðåííåãî ñîñòîÿíèÿ ñèñòåìû.

Ïðåäëàãàåòñÿ îòíîñèòüñÿ ê ÐÈÒÌÎÄÈÍÀÌÈÊÅ êàê ê
íîâîìó ðàçäåëó íàóêè, èçó÷àþùåìó ðèòìû ÷àñòèö, èõ èç-
ìåíåíèÿ è âçàèìîäåéñòâèÿ, è, êàê ñëåäñòâèå, âîçìîæíîñòü
ïîëó÷åíèÿ ëþáûõ âèäîâ äâèæåíèÿ çà ñ÷¸ò èñêóññòâåííî
ñîçäàâàåìûõ è óïðàâëÿåìûõ èçìåíåíèé ôàçîâîãî è ÷àñ-
òîòíîãî ñîîòíîøåíèÿ ìåæäó îñöèëëÿòîðàìè ñèñòåìû.

* * *

Ïðîòîîñöèëëÿòîð. Íàøåìó âîîáðàæåíèþ îí íåäîñòó-
ïåí, äàæå åñëè ìû âõîäèì â íàèãëóáî÷àéøóþ ìåäèòàöèþ.
Íî òîãäà, êàê áûòü? Îäíó èç ãèïîòåç ìû âûñêàçàëè ðàíåå �
ñôåðè÷åñêàÿ ïóëüñèðóþùàÿ ÷¸ðíàÿ äûðà. Â ìåäèòàòèâ-
íîé ïðàêòèêå èçâåñòåí ôåíîìåí ïðîíèêíîâåíèÿ â òàê íà-
çûâàåìûé ñâåòëûé ìèð ÷åðåç ðåâóùèé òóííåëü. Íå ñòà-
íåì óãëóáëÿòüñÿ â äåòàëè, à ëèøü çàìåòèì íàëè÷èå
íåêîòîðûõ îáùèõ ÷åðò: ÷òî-òî êóäà-òî äâèæåòñÿ ñ áîëü-
øîé ñêîðîñòüþ. Ïîíèìàÿ âñþ ñëîæíîñòü ñèòóàöèè ìû ëèáî
äîëæíû îòêàçàòüñÿ îò êîíêðåòèêè, íà êîòîðóþ õîòü êàê-
òî ìîæíî îïèðàòüñÿ, ëèáî îñòàíîâèì ñâîé âûáîð íà ðåâó-
ùåì òóííåëå, êîòîðûé ïî îòíîøåíèþ ê âåùåñòâåííûì
òåëàì áóäåì ñ÷èòàòü ïåðâîîñöèëëÿòîðîì. Ìîæíî âûáðàòü
èíóþ ìîäåëü è íà å¸ îñíîâå ïîñòðîèòü íåïðîòèâîðå÷èâóþ
òåîðèþ, íî òîãäà áóäåò ñëîæíî îáúÿñíÿòü ýíåðãåòè÷åñêóþ
ïîäïèòêó âèáðàöèé. Â ñâÿçè ñ ìíîæåñòâîì âàðèàíòîâ
îáúÿñíåíèé ïðèøëîñü ïîéòè íà êîìïðîìèññ: íå îòêàçû-
âàÿñü îò ìîäåëåé, ïîñòóëèðîâàòü âèáðàöèþ, êàê åäèíñòâåí-
íîå ñâîéñòâî ïðîòîîñöèëëÿòîðà, íî íà ýòîò øàã ìû èä¸ì ñ
ïîíèìàíèåì. Ïî ìåðå ðàçâèòèÿ íàøèõ ïðåäñòàâëåíèé ìû
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ñìîæåì íå òîëüêî êîíêðåòèçèðîâàòü îáúåêò èññëåäîâàíèé,
íî è îòîäâèíóòü ñèñòåìó ïîñòóëàòîâ âãëóáü è ýòèì ñà-
ìûì îáîçíà÷èòü íîâóþ ãðàíèöó ïîçíàíèÿ.

Íî ñóùåñòâóåò ïðîáëåìà îöåíêè ïðîèñõîäÿùåãî. Îöåí-
êó óäîáíåå âñåãî ïðîèçâîäèòü ñî ñòîðîíû. Çäåñü ðîëü áåñ-
ïðèñòðàñòíîãî (àáñîëþòíîãî) íàáëþäàòåëÿ î÷åíü âàæíà (ýòî
êàê íà ïîëå áèòâû, ãäå òîëüêî îöåíêà ñî ñòîðîíû ìîæåò
äàòü ïîíèìàíèå ñèòóàöèè). Åñëè ìû íå íàéä¸ì â ñåáå òî-
ëèêó ìóäðîñòè, ÷òîáû óéòè îò ñóáúåêòèâèçìà, òî îáðå÷åíû
íà áåñêîíå÷íûå ñïîðû, â êîòîðûõ, óâû, èñòèíà íå ðîæäàåò-
ñÿ. Çäåñü ìû íå ñòàíåì ïðèáåãàòü ê ïîíÿòèþ Áîãà, íî óñ-
ëóãàìè àáñîëþòíîãî íàáëþäàòåëÿ, êàê ìåðèëà ïðîèñõîäÿ-
ùåãî, âîñïîëüçóåìñÿ. Îïðåäåëèì îñíîâíîå òðåáîâàíèå ê
àáñîëþòíîìó íàáëþäàòåëþ: îí îáëàäàåò ñïîñîáíîñòüþ âè-
äåòü ìãíîâåííóþ êàðòèíêó ïðîèñõîäÿùåãî. Ýòî åãî ñâîé-
ñòâî ÿâëÿåòñÿ äëÿ íàñ ïåðâîñòåïåííûì, èáî ìû, ðàáîòàÿ ñ
êîíå÷íîé ñêîðîñòüþ ðàñïðîñòðàíåíèÿ âîëí, âñåãäà áóäåì
ïðèõîäèòü ê èñêàæ¸ííîìó âèäåíèþ ïðîèñõîäÿùåãî.

Âðåìÿ. Êàê íàì îòíîñèòüñÿ ê ýòîìó ïîíÿòèþ, êîãäà, ñ
îäíîé ñòîðîíû, ìû îöåíèâàåì åãî òå÷åíèå ïî êîëåáàíèÿì
ïðîòîîñöèëëÿòîðîâ, à ñ äðóãîé ñòîðîíû, ïîÿâëÿþòñÿ óòâåð-
æäåíèÿ î åãî ìàòåðèàëüíîñòè? Íåêîòîðûå ôèçèêè ðàòóþò
çà ââåäåíèå ñïåöèàëüíîãî ïîíÿòèÿ õðîíàëüíîå ïîëå. Ìû
æå ïðåäëàãàåì îòíîñèòüñÿ êî âðåìåíè, êàê ê îòâëå÷¸ííîé
âåëè÷èíå, êàê ê âûíóæäåííîìó ìàòåìàòè÷åñêîìó ïðè¸ìó
äëÿ îïèñàíèÿ ñêîðîñòè äâèæåíèÿ, êàê ê êîýôôèöèåíòó
äëèòåëüíîñòè*.

Îöåíèâàÿ òå÷åíèå âðåìåíè ïî êîëåáàíèÿì ïåðâîîñ-
öèëëÿòîðîâ ìû çàäà¸ìñÿ âîïðîñîì: ñ ïîçèöèè êàêîãî íà-
áëþäàòåëÿ? Åñëè ÷àñòîòà îñöèëëÿòîðà çàâèñèò îò îêðóæà-
þùèõ åãî îáñòîÿòåëüñòâ (óìåíüøåíèå ÷àñòîòû ïðîèñõîäèò
âáëèçè Çåìëè è èíûõ ìàññèâíûõ òåë), òî ñ òî÷êè çðåíèÿ
ýãîöåíòðèñòà (ìåñòíîãî íàáëþäàòåëÿ) íèêàêîãî èçìåíåíèÿ
÷àñòîòû íå ïðîèñõîäèò. Íî ýãîöåíòðèñò óòâåðæäàåò, ÷òî â
ñèñòåìå, óäàë¸ííîé îò ìàññèâíîãî òåëà, âðåìÿ, ÿêîáû, òå÷¸ò

*  
_________________________________________________________

Ðèòìóñ: Ýòî ÷òî, ïîïûòêà àáñòðàãèðîâàòüñÿ îò âðåìåíè, êàê îò íàïîë-
íåííîãî ôèçè÷åñêèì (â ñìûñëå � ìàòåðèàëüíûì) ñîäåðæàíèåì ïîíÿ-
òèÿ?
Äèíàìèêóñ: Ñêîðåå, ïðåäïðèíÿòà ïîïûòêà îïðåäåëèòü êâàíò âðåìåíè,
êàê âåëè÷èíó, ðàâíóþ ìèíèìàëüíî âîçìîæíîìó ïåðèîäó åäèíè÷íîãî
êîëåáàíèÿ ïåðâîîñöèëëÿòîðà. Äóìàåòñÿ, ÷òî è ïîíÿòèþ âðåìÿ â öåëîì
ìû ñìîæåì ïîäîáðàòü ñîîòâåòñòâóþùèé ôèçè÷åñêèé ñìûñë.
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áûñòðåå, ò.å. ÷àñòîòà îñöèëëÿòîðîâ óâåëè÷èëàñü. Íî ýãî-
íàáëþäàòåëåé ìíîãî, è åñëè êàæäûé èç íèõ ñòàíåò îòñòàè-
âàòü ñîáñòâåííîå âèäåíèå ïðîèñõîäÿùåãî, òî ñîãëàñèÿ äî-
áèòüñÿ â ïðèíöèïå íåâîçìîæíî, à ïîòîìó íåîáõîäèì
ìèðîâîé ñóäüÿ. Â êà÷åñòâå òàêîãî ñóäüè ìû âûáðàëè àáñî-
ëþòíîãî íàáëþäàòåëÿ, êîòîðûé, ãëÿäÿ íà ìèð â ìãíîâåí-
íîì åãî ñîñòîÿíèè, ãîâîðèò: «Çäåñü ÷óòü ìåäëåííåå, à çäåñü
÷óòü áûñòðåå». Íó à äëÿ òîãî, ÷òîáû ñîãëàñîâàòü ìíåíèå
ñóäüè ñ ñîáñòâåííûì âèäåíèåì ïðîèñõîäÿùåãî, ìû ââåëè
íîâûå ïðåîáðàçîâàíèÿ êîîðäèíàò, èñïîëüçîâàíèå êîòîðûõ
ïîçâîëÿåò îñóùåñòâëÿòü ñâÿçü èñòèííî ïðîèñõîäÿùåãî ñ
ñóáúåêòèâíî íàáëþäàåìûì, è íàîáîðîò.

Â ñòàðûå äîáðûå âðåìåíà òàê è ïîñòóïàëè, à ïîòîìó
íåêîòîðûå òåîðèè òîãî âðåìåíè îòëè÷àþòñÿ îò ñîâðåìåí-
íûõ ñòðîãîñòüþ è ïðîñòîòîé. Íî òåïåðü è ìû íà÷èíàåì
ïîíèìàòü, ÷òî òîëüêî ïðèíÿòèå ïîçèöèè àáñîëþòíîãî íà-
áëþäàòåëÿ, ñïîñîáíîãî âèäåòü ñîáûòèÿ â ìãíîâåííîì èõ
îòðàæåíèè, ïîçâîëèò íàì ðàçîáðàòüñÿ ñ ïðîèñõîäÿùèì.
Ïåðåõîä æå ê ðåàëüíûì ñèñòåìàì îòñ÷¸òà, ê ðåàëüíûì
íàáëþäàòåëÿì, íåèçáåæíî ïðèâîäèò ê èñêàæåíèþ âèäåíèÿ
ïðîèñõîäÿùåãî, î ÷¸ì ìû îáÿçàíû ïîñòîÿííî ïîìíèòü!
Çíàíèå î íåñîîòâåòñòâèè ñóáúåêòèâíîãî âèäåíèÿ ñ äåéñòâè-
òåëüíî ïðîèñõîäÿùèì ïîçâîëèò íàóêå èçáàâèòüñÿ îò îïàñ-
íûõ áîëåçíåé � ýãîöåíòðèçìà è îòíîñèòåëüíîñòè.

Ñ ïîÿâëåíèåì âû÷èñëèòåëüíîé òåõíèêè èçìåíèëèñü
è ñïîñîáû èçó÷åíèÿ ÿâëåíèé Ïðèðîäû. Ê îäíîìó èç òà-
êèõ ñïîñîáîâ îòíîñèòñÿ âèçóàëèçàöèÿ âîëíîâûõ ïðîöåñ-
ñîâ, ïîçâîëÿþùàÿ íå òîëüêî îáëåã÷èòü òðóä èññëåäîâàòåëÿ
ïðè óòîìèòåëüíûõ ãåîìåòðè÷åñêèõ ïîñòðîåíèÿõ, íî è îæèâ-
ëÿòü, àíèìèðîâàòü ïðîöåññû. Íàãëÿäíûì ïðèìåðîì äåé-
ñòâåííîñòè âèçóàëèçàöèè ñòàëî îòêðûòèå íåèçâåñòíîãî
ðàíåå ÿâëåíèÿ � îñîáîé äåôîðìàöèè ïîëÿ èíòåðôåðåíöèè,
íàçâàííîé ñïàéäåð-ýôôåêòîì*. Äàëüíåéøåå èçó÷åíèå ýòîãî
óíèêàëüíîãî è, âìåñòå ñ òåì, î÷åâèäíîãî ïðèðîäíîãî ÿâëå-
íèÿ óêðåïèëî âåðó â íåîáõîäèìîñòè ñîçäàíèÿ íîâîãî íà-
ó÷íîãî íàïðàâëåíèÿ, íàçâàííîãî � ðèòìîäèíàìèêà.
*  

_________________________________________________________

Ðèòìóñ: ×åì ñïàéäåð-ýôôåêò îòëè÷àåòñÿ, íàïðèìåð îò ôèãóð Ëåññàæó
èëè ôèãóð Êóíäòà?
Äèíàìèêóñ: ß äóìàþ, ÷òî â ìóàðàõ ÷àùå âñåãî ìîæíî óâèäåòü ñõîäñòâî
ñî ñïàéäåð-ýôôåêòîì, íî òàì, êàê ïðàâèëî, ðàññìàòðèâàåòñÿ ñòàòèêà.
Ìû æå âñå ýôôåêòû ðàññìàòðèâàåì â äèíàìèêå. È õîòÿ ó íàñ ïîêà íåò
èíñòðóìåíòà äëÿ ïðîñìîòðà ñïàéäåð-ýôôåêòîâ â îáú¸ìå, îí, îáúåì, ïî-
ñòîÿííî èìååòñÿ ââèäó. Ñïàéäåð-ýôôåêò � ýòî îáú¸ìíûé ýôôåêò.
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Íåîáõîäèìîñòü ñîçäàíèÿ íàóêè î äâèæåíèè, îòëè÷íîé
îò èñêàæ¸ííîé ïîñëåäîâàòåëÿìè Íüþòîíà ìåõàíèêè, õî-
ðîøî îáîñíîâàíà â ðàáîòàõ Â.À. Àöþêîâñêîãî, Ê.Ï. Áóòó-
ñîâà, À. Âëàõîâà À.Ï. Ñìèðíîâà, ß.Ã. Êëþøèíà, À.Þ. Êó-
øåëåâà è Ä.Í. Êîæåâíèêîâà, À.Ô. ×åðíÿåâà, Â.Â. Áóáí¸íêîâà,
Þ.À. Ôîìèíà, À.Â. Ôðîëîâà, Þ.Ã. Áåëîñòîöêîãî è ìíîãèõ
äðóãèõ. Ïî áîëüøîìó ñ÷¸òó íè Íüþòîí, íè Ýéíøòåéí, íè
èõ ïîñëåäîâàòåëè òàê è íå ñóìåëè íàéòè óáåäèòåëüíóþ
ïðè÷èíó äâèæåíèÿ. Äî ñèõ ïîð íå ÿñíî, ïî÷åìó, çà ñ÷¸ò
êàêèõ âíóòðåííèõ ïðîöåññîâ ïðîèñõîäèò äâèæåíèå òåë â
ýôèðå, â ôèçè÷åñêîì âàêóóìå èëè â àáñîëþòíîé ïóñòîòå?
Íà ðåøåíèå èìåííî ýòèõ âîïðîñîâ è íàöåëåíà ðèòìîäè-
íàìèêà.

Ïðèâåä¸ì ïðèìåð, êîòîðûé íà ìàêðîóðîâíå ïðÿìî îò-
íîñèòñÿ ê ðèòìîäèíàìèêå, è â äàëüíåéøåì ïîìîæåò íàì
îòíîñèòüñÿ ê ïîíÿòèþ äâèæåíèÿ, êàê ê ïðîÿâëåíèþ ôàçî-
÷àñòîòíîãî ñîñòîÿíèÿ.

Ïóñòü ìû íàõîäèìñÿ â ëîäêå è íàìåðåâàåìñÿ îäíîâðå-
ìåííî ñ ñèëîé áðîñèòü äâà ðàâíûõ ïî ìàññå êàìíÿ â ïðî-
òèâîïîëîæíûå íàïðàâëåíèÿ. Åñëè ìû áðîñèì èõ îäíîâðå-
ìåííî, òî ëîäêà îñòàíåòñÿ íà ìåñòå. Íî ÷òî ïðîèçîéä¸ò â
óñëîâèÿõ îòñóòñòâèÿ òðåíèÿ ëîäêè ñ âîäîé, åñëè ìû ñíà÷à-
ëà áðîñèì îäèí êàìåíü, à ïî ïðîøåñòâèè âðåìåíè � âòî-
ðîé*?

Ðèñ. 47.  Èëëþñòðàöèÿ ê ïðèìåðó

*  
_________________________________________________________

Ðèòìóñ: Êàê ýòî, ÷òî ïðîèçîéä¸ò? � ëîäêà äîëæíà âåðíóòüñÿ íà ìåñòî!
Äèíàìèêóñ: Óâû, êîëëåãà, ìíîãèå òàê óòâåðæäàëè.., íî âðåìåííàÿ çà-
äåðæêà ìåæäó áðîñêàìè âñåãäà ïðèâîäèò ê äâèæåíèþ! È ìåõàíèêà Íüþ-
òîíà ãîâîðèò îá ýòîì æå, è ðèòìîäèíàìèêà. Ýòî ïðàâèëî íåóêîñíè-
òåëüíî âûïîëíÿåòñÿ íà âñåõ óðîâíÿõ îðãàíèçàöèè ìàòåðèè, à åñëè âäðóã
íàì ïîêàæåòñÿ, ÷òî îíî íàðóøàåòñÿ, çíà÷èò äåëî â íàñ, çíà÷èò ìû ÷åãî-
òî íåäîñìîòðåëè.
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Çà ïðîìåæóòîê âðåìåíè ìåæäó áðîñêàìè ëîäêà ñìåñ-
òèòñÿ, íàïðèìåð, íà 100 ìåòðîâ. Îçíà÷àåò ëè ýòî, ÷òî ïîñëå
âòîðîãî áðîñêà ëîäêà äîëæíà âåðíóòüñÿ â èñõîäíîå ïîëî-
æåíèå è îñòàíîâèòüñÿ? Åñòü, êîíå÷íî, è ðåøåíèå, êîãäà ëîä-
êà îñòàíîâèòñÿ, íî äàæå åñëè ýòî ïðîèçîéä¸ò, ìû, èñïîëü-
çóÿ çàäåðæêó âî âðåìåíè ìåæäó áðîñêàìè, îñóùåñòâèëè
å¸ ïåðåìåùåíèå íà 100 ìåòðîâ. Åñëè ìû ïîâòîðèì ïðîöå-
äóðó, òî ïåðåìåñòèìñÿ åù¸ íà 100 ìåòðîâ è ýòî ïðè òîì,
÷òî â îáå ñòîðîíû áûëî îòáðîøåíî îäèíàêîâîå êîëè÷åñòâî
âåùåñòâà! Íó à åñëè ýòîò ïðîöåññ áåñêîíå÷åí âî âðåìåíè,
èìååò âîëíîâóþ ïðèðîäó, à ïîòîìó íåâèäèì è ïðîèñõîäèò
áåç ïîòåðè ìàññû? Íå áóäåò ëè òîãäà ïåðåäâèæåíèå ëîäêè
â ïðîñòðàíñòâå êàçàòüñÿ íàì ÷óäîì?

Íîâûì øàãîì ê ïîíèìàíèþ äâèæåíèÿ ïî èíåðöèè
ñòàëî îòêðûòèå ÿâëåíèÿ ñæèìàíèÿ ñòîÿ÷èõ âîëí è ñïàé-
äåð-ýôôåêòà ñ ïîñëåäóþùèìè èññëåäîâàíèÿìè. Ñïàéäåð-
ýôôåêò õîðîøî âïèñûâàåòñÿ â ðàçëè÷íûå èçâåñòíûå êîí-
öåïöèè, áóäü òî êëàññè÷åñêàÿ èëè êâàíòîâàÿ ìåõàíèêà,
n-ìåðíàÿ ôèçèêà èëè ðåëÿòèâèçì. Ìîæíî çàìå÷àòü èëè
íå çàìå÷àòü ýòî ÿâëåíèå êàê ôàêò, íî çàìîë÷àòü åãî íåâîç-
ìîæíî. Ýòî îáúÿñíÿåòñÿ òåì, ÷òî ñïàéäåð-ýôôåêò çàìå÷à-
òåëüíûì îáðàçîì ïîääà¸òñÿ âèçóàëèçàöèè. Òåïåðü, íàáëþ-
äàÿ ïðîèñõîäÿùåå ñ ïîìîùüþ ñîáñòâåííûõ îðãàíîâ çðåíèÿ
èëè ñ ïðèìåíåíèåì âèäåîòåõíèêè, íèêòî íå ñìîæåò ñêà-
çàòü, ÷òî íå âèäèò. Ìíîãèå èññëåäîâàòåëè íàéäóò â í¸ì
îïîðó äëÿ îáúÿñíåíèÿ íåî÷åâèäíûõ ïðîöåññîâ. Óäà÷è èì!

   È âðîäå áû íå âîð, íî ïðèãîâîð:
   Áûòü íå òàêèì, êàê âñå, íî íà Çåìëå
   È æèòü ñðåäè ëþäåé, ÷òî áåç èäåé
   Çàõî÷åøü ÷òî-òî ñäåëàòü � òû çëîäåé.

   Êàê óáåäèòü ñîçäàòåëÿ-îòöà,
   ×òî âîë÷üåé ñòàå íå íóæíà îâöà?

"Íóæíà!" � ñêàçàë îäíàæäû Áîã-îòåö �
"Èíà÷å ÷åëîâå÷åñòâó êîíåö!.."

Þðèé Èâàíîâ



92                                ÐÈÒÌÎÄÈÍÀÌÈÊÀ

1600 ãîä (Äæîðäàíî Áðóíî è èíêâèçèöèÿ)
 "ß äîëæåí òî÷íî çíàòü!"
 "Íåò, òû îáÿçàí âåðèòü!"
  Ïóòü ê çíàíèþ êîñòðàìè ìîæíî ìåðèòü...

1687, 1905 ãîäà
 "Äà áóäåò ñâåò!" � Ñêàçàë ïðèøåäøèé Íüþòîí.
  Ïðèø¸ë Ýéíøòåéí � Ìèð ñíîâà ñòàë çàïóòàí...

437ãîä äî í. ý. � 1997 ãîä
  Â íàäåæäå áåç òðóäà äîñòè÷ü ïðîçðåíüÿ
  Òîëïà âçûâàåò íîâîãî òâîðöà.
  Â ñóåòàõ ëåò äàâíî ñëîâà çàáûâøè
  Óøåäøåãî â áåçâåñòíîñòü Ìóäðåöà:

437 ãîä äî í. ý.
 "Ìíå î÷åíü æàëü, ÷òî âèäåíüå íà ìèð
  Çàâèñèò îò òîãî,  Êòî Âàø êóìèð..."

* * *
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Ãëàâà 1.  ÑÏÀÉÄÅÐ-ÝÔÔÅÊÒ

§ 1.  Äâèæåíèå, èíòåðôåðåíöèÿ è ñîñòîÿíèÿ ïîêîÿ

Äâèæåíèå ïî èíåðöèè õàðàêòåðèçóåò-
ñÿ íå òîëüêî ñîñòîÿíèåì ïîêîÿ, íî è
ñäâèãîì ôàç, îáåñïå÷èâàþùèì óñòðàíåíèå
âíóòðåííèõ íàïðÿæåíèé

Íàøå çíàêîìñòâî ñ ïðîáëåìàìè âîëíîâîé ãåîìåòðèè
ïîêàçàëî íåïîëíîòó èìåþùèõñÿ çíàíèé â âîïðîñàõ èíòåð-
ôåðåíöèè äàæå äëÿ ïðîñòåéøèõ ñëó÷àåâ.

Èíòåðôåðåíöèîííûå êàðòèíû íàáëþäàëèñü ëþäüìè ñ
íåçàïàìÿòíûõ âðåì¸í, íî îêîí÷àòåëüíî ïðèíöèï èíòåðôå-
ðåíöèè áûë ñôîðìóëèðîâàí òîëüêî â 1802 ã. Ò. Þíãîì,
âðà÷¸ì ïî ïðîôåññèè.

Èíòåðôåðåíöèåé íàçûâàåòñÿ êàðòèíà, âîçíèêàþùàÿ â
ðåçóëüòàòå ñëîæåíèÿ âîëí. Ñ÷èòàåòñÿ, ÷òî äëÿ íàáëþäå-
íèÿ èíòåðôåðåíöèè íóæíû êîãåðåíòíûå èñòî÷íèêè, èçëó-
÷àþùèå âîëíû ñ ôèêñèðîâàííîé ðàçíîñòüþ ôàç.

Èíòåðôåðåíöèîííûå ÿâëåíèÿ ìîæíî ðàññìàòðèâàòü â
îäíîì, äâóõ è òð¸õ èçìåðåíèÿõ. Ïðèìåðîì îäíîìåðíîé
èíòåðôåðåíöèè ìîæåò ñëóæèòü ïîëó÷åííàÿ ñ ïîìîùüþ âå-
ð¸âêè èëè ïðóæèíû ñòîÿ÷àÿ âîëíà.

Ðèñ. 48.  Ñîçäàíèå ñòîÿ÷åé âîëíû ñ ïîìîùüþ îáû÷íîé âåð¸âêè

Íå ïðåäñòàâëÿåòñÿ ñëîæíûì íàáëþäåíèå èíòåðôåðåí-
öèè â äâóõ èçìåðåíèÿõ, íàïðèìåð íà ïîâåðõíîñòè âîäû.
Òð¸õìåðíûå èíòåðôåðåíöèîííûå êàðòèíû ïîëó÷èòü ïðî-
ñòî, íî íàáëþäàòü ñëîæíåå, ïîýòîìó ìû, â áîëüøèíñòâå ñëó-
÷àåâ, îãðàíè÷èìñÿ ðàññìîòðåíèåì îäíîìåðíûõ è äâóìåð-
íûõ êàðòèí, äîâîäÿ èõ ñîáñòâåííûì âîîáðàæåíèåì äî
òð¸õìåðíîãî âèäà.

Èíòåðôåðåíöèþ, êàê ïðàâèëî, ðàññìàòðèâàþò îãðàíè-
÷åííî � èñòî÷íèêè è ñðåäà íàõîäÿòñÿ â ñîñòîÿíèè îòíîñè-
òåëüíîãî ïîêîÿ. Íî ÷òî ìû çíàåì î ñîñòîÿíèè ïîêîÿ? Íè-
÷åãî, êðîìå äåêëàðàòèâíîãî îïðåäåëåíèÿ. Îêàçàëîñü, ÷òî
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ñîñòîÿíèé ïîêîÿ ìíîæåñòâî, íî óñëîâíî èõ ìîæíî ðàçáèòü
íà òðè òèïà:

Ïåðâîìó ñîñòîÿíèþ ïîêîÿ ñîîòâåòñòâóåò îòñóòñòâèå äâè-
æåíèÿ ñèñòåìû â ñðåäå (V=0), îòñóòñòâèå âíóòðåííèõ äå-
ôîðìàöèé, à â ñèñòåìå îñöèëëÿòîðîâ � îòñóòñòâèå äåôîð-
ìàöèè èíòåðôåðåíöèîííîé êàðòèíêè.

Âòîðîå ñîñòîÿíèå ïîêîÿ õàðàêòåðèçóåòñÿ ðàâíîìåðíûì
äâèæåíèåì ñèñòåìû â ñðåäå (V>0), êîìïåíñèðóþùèì âíóò-
ðåííþþ äåôîðìàöèþ, à â ñèñòåìå îñöèëëÿòîðîâ óñòðàíÿþ-
ùèì äåôîðìàöèþ èíòåðôåðåíöèîííîé êàðòèíêè.

Òðåòüå ñîñòîÿíèå ïîêîÿ ðåàëèçóåòñÿ â óñêîðåííî äâè-
æóùèõñÿ ñèñòåìàõ (V=at), õàðàêòåðèçóåòñÿ îòñóòñòâèåì
âíóòðåííèõ äåôîðìàöèé, à â ñèñòåìå îñöèëëÿòîðîâ îòñóò-
ñòâèåì äåôîðìàöèè èíòåðôåðåíöèîííîé êàðòèíêè.

Åñëè ïåðâûå äâà ñîñòîÿíèÿ* ïîäðàçóìåâàþò îñöèëëÿ-
òîðû êîãåðåíòíûìè, òî òðåòüå ñîñòîÿíèå èìååò ìåñòî ïðè
íàëè÷èè ìåæäó îñöèëëÿòîðàìè ïîñòîÿííî óâåëè÷èâàþùå-
ãîñÿ ñäâèãà ôàç, èëè, ÷òî òî æå ñàìîå, � ôèêñèðîâàííîé
ðàçíèöû ÷àñòîò.

Ðàññìîòðèì ïðîñòåéøóþ îäíîìåðíóþ ìîäåëü äâóõ âçà-
èìîäåéñòâóþùèõ îñöèëëÿòîðîâ äëÿ òîãî, ÷òîáû âûÿñíèòü
èõ ðåàêöèþ íà èçìåíåíèå òîãî èëè èíîãî ïàðàìåòðà. Íàñ
áóäåò èíòåðåñîâàòü òîëüêî âîëíîâîé àñïåêò, ïîýòîìó íåçà-
âèñèìî îò âûáðàííîé ñõåìû ðàññìîòðåíèÿ ìû ïðèáåãíåì
ê èäåàëèçàöèè, ïðåäïîëàãàþùåé îòñóòñòâèå ñèë òðåíèÿ è
ïîíÿòèé èíåðöèÿ, ñèëà, ìàññà. Ïðåäëàãàåìàÿ èäåàëèçàöèÿ
ïîçâîëèò ïðîñëåäèòü ìåõàíèçì âîçíèêíîâåíèÿ ðåàêöèé,
ñâîéñòâà êîòîðûõ áóäóò ïðÿìî ñîîòâåòñòâîâàòü è èíåðöèè,
è ñèëå, è ìàññå.

 Ñôîðìóëèðóåì çàäà÷ó:
Ïóñòü ìû èìååì òåëåæêó, ê ïåðåêëàäèíå êîòîðîé ïîä-

âåøåíû äâà îñöèëëÿòîðà îäèíàêîâîé ÷àñòîòû. Êàê áóäóò
*  

_________________________________________________________

Ðèòìóñ: Åñëè ïåðâîå ñîñòîÿíèå ïîêîÿ ÿâëÿåòñÿ ÷àñòíûì ñëó÷àåì âòî-
ðîãî, òî çà÷åì òàêîå äåëåíèå?
Äèíàìèêóñ: Ïåðâûå äâà ñîñòîÿíèÿ íåîáõîäèìû òîëüêî äëÿ òîãî, ÷òîáû
ïåðåéòè ê ãëàâíîìó � òðåòüåìó ñîñòîÿíèþ ïîêîÿ, è âûäåëèòü åãî. Åñëè
óãëóáèòüñÿ â ìèêðîìèð, òî òàì ïåðâûå äâà ñîñòîÿíèÿ � âñåãäà àáñòðàê-
öèÿ, ââèäó îòñóòñòâèÿ ïîêîÿ. Ïðåäïðèíÿòîå äåëåíèå ïîìîãàåò ïåðåéòè
ê åäèíñòâåííî ðåàëüíîìó òðåòüåìó ñîñòîÿíèþ ïîêîÿ. Â ýòîì ñìûñëå íà
ìàêðîóðîâíå ïåðâûå äâà ñîñòîÿíèÿ âñåãäà ÿâëÿþòñÿ ñóììîé òðåòüèõ
ñîñòîÿíèé ïîêîÿ íà ìèêðîóðîâíå.
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âåñòè ñåáÿ îñöèëëÿòîðû è òåëåæêà åñëè ìû ñòàíåì âàðü-
èðîâàòü ÷àñòîòîé è ñäâèãîì ôàç?

Â ãëàâå «Ñêðûòàÿ ýíåðãèÿ ïðîñòðàíñòâà» ìû ðàñêðî-
åì ïðè÷èíó, ïî÷åìó îñöèëëÿòîðû âñåãäà ñòðåìÿòñÿ ïîïàñòü
â óçëû ñîáñòâåííîé ñòîÿ÷åé âîëíû, à ïîêà ïðèìåì ýòî óò-
âåðæäåíèå çà îñíîâó.

Ðàññìîòðèì ïîâåäåíèå îñöèëëÿòîðîâ äëÿ ñëó÷àÿ, êîã-
äà èõ ñêîðîñòü ðàâíà íóëþ. Åñëè îñöèëëÿòîðû êîãåðåíò-
íû è ñäâèã ôàç îòñóòñòâóåò, òî âñåãäà ìîæíî ïîäîáðàòü òà-
êóþ èõ ÷àñòîòó, ÷òîáû íèòè ïîäâåñà áûëè ïàðàëëåëüíû.
Ìû ìîãëè áû îáîéòèñü áåç òåëåæêè è ïîäâåñîâ, íî òîãäà
èñ÷åçàåò íàãëÿäíîñòü è óñëîæíÿåòñÿ îïèñàíèå ïðîèñõîäÿ-
ùåãî.

Îïûò ïîêàçûâàåò, ÷òî îñöèëëÿòîðû ñòðåìÿòñÿ çàíÿòü
âûãîäíîå ýíåðãåòè÷åñêîå ïîëîæåíèå â óçëàõ ñòîÿ÷åé âîë-
íû. Ñòðåìëåíèå îñöèëëÿòîðîâ ê óçëàì ñîáñòâåííîé ñòî-
ÿ÷åé âîëíû îáíàðóæèâàåò èíòåðåñíûå ýôôåêòû. Åñëè ÷à-
ñòîòó èçìåíèòü â êàêóþ-ëèáî ñòîðîíó, òî èçìåíèòñÿ íå
òîëüêî äëèíà ñòîÿ÷åé âîëíû, íî è îñöèëëÿòîðû èçìåíÿò
ñâî¸ ìåñòîïîëîæåíèå. Ýòî ñâîéñòâî ìû íàìåðåíû ïîëîæèòü
â îñíîâó îáúÿñíåíèÿ ïðè÷èíû äâèæåíèÿ, à òàêæå èíûõ
ðåàêöèé òåëåæêè (ñèñòåìû) íà èçìåíåíèå ïàðàìåòðîâ.

à. á.
Ðèñ 49.  V=0.  Îñöèëëÿòîðû Î1 è Î2 êîãåðåíòíû (à), ñäâèã ôàç îòñóòñòâó-
åò. Óìåíüøåíèå ÷àñòîòû ïðèâîäèò ê óâåëè÷åíèþ ðàññòîÿíèÿ ìåæäó
îñöèëëÿòîðàìè (á). Òåëåæêà ñòîèò íà ìåñòå

à. á.
Ðèñ. 50.  V=0. ×àñòîòà ëåâîé ïàðû îñöèëëÿòîðîâ óâåëè÷èëàñü, ÷òî ïðè-
âåëî ê èõ ñáëèæåíèþ (à). Èçìåíèâ ñîîòíîøåíèå ôàç, ìû èçìåíèëè ñè-
òóàöèþ òàêèì îáðàçîì, ÷òî ïðè V=0 óçëû ñòîÿ÷åé âîëíû âñåãäà ñìåùå-
íû îòíîñèòåëüíî îñöèëëÿòîðîâ (á)
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à. á.
Ðèñ. 51.  V=0. Ñòðåìëåíèå îñöèëëÿòîðîâ ïîïàñòü â óçëû ñîáñòâåííîé
ñòîÿ÷åé âîëíû ïðèâîäèò èõ ê äâèæåíèþ âïðàâî, à òàêæå ïåðåäà÷å ýòîãî
äâèæåíèÿ òåëåæêå (ñèñòåìå) (à), íî òàêàÿ ðåàêöèÿ íå ñïàñàåò ïîëîæå-
íèÿ, ïîòîìó êàê ïðè íàåçäå íà ïðåïÿòñòâèå óçëû îïÿòü ñìåùàþòñÿ âïðàâî
(á). Ñòðåìëåíèå îñöèëëÿòîðîâ äîãíàòü óçëû è çàíÿòü ýíåðãåòè÷åñêè âû-
ãîäíîå äëÿ ñåáÿ ïîëîæåíèå ïîðîæäàåò äåéñòâèå. Åñëè ýòî ñòðåìëåíèå
ïîñòîÿííî, òî è äåéñòâèå, ïîáóæäàþùåå ê äâèæåíèþ, ïîñòîÿííî. Òåëåæ-
êà ñòðåìèòñÿ äâèãàòüñÿ, íî ìåøàåò ïðåïÿòñòâèå, à çíà÷èò âîçíèêàåò äåé-
ñòâèå íà ïðåïÿòñòâèå

Ðàññìîòðèì, êàê ïðè îòñóòñòâèè ñäâèãà ôàç áóäóò âåñ-
òè ñåáÿ îñöèëëÿòîðû, åñëè ìû áóäåì âàðüèðîâàòü ñêîðîñ-
òüþ òåëåæêè? Ïðè ýòîì âîçíèêàåò ñèòóàöèÿ, â êîòîðîé
îòñòàâàíèå óçëîâ îò îñöèëëÿòîðîâ ïðèâîäèò ê îáðàòíîé
ðåàêöèè � ê òîðìîæåíèþ.

à. á.
Ðèñ. 52.  V>0. Íàñèëüñòâåííîå äâèæåíèå ïðè îòñóòñòâèè ñäâèãà ôàç.
Îñöèëëÿòîðû ïðîòèâÿòñÿ äåéñòâèþ. Òåëåæêà ñîïðîòèâëÿåòñÿ ïåðåìå-
ùåíèþ (à). Íî êîíôëèêò ìåæäó äâèæåíèåì è ïðîòèâîäåéñòâèåì ìîæ-
íî óñòðàíèòü ïîäáîðîì ñîîòíîøåíèÿ ôàç. Ïðè ñîîòâåòñòâóþùåì ñäâè-
ãå ôàç ìåæäó îñöèëëÿòîðàìè ïðîòèâîäåéñòâèå èñ÷åçàåò (á). Çäåñü ìû
èìååì æèâóþ ñòîÿ÷óþ âîëíó, ñîçäàâàåìóþ è ïîäïèòûâàåìóþ äâèæó-
ùèìèñÿ âìåñòå ñ íåé îñöèëëÿòîðàìè

Íà ðèñ. 52á ìû íàìåðåííî îòîáðàçèëè ñèòóàöèþ èñêà-
æ¸ííîé äëÿ òîãî, ÷òîáû áûë âèäåí ýôôåêò çàâèñèìîñòè
äëèíû ñòîÿ÷åé âîëíû îò ñêîðîñòè. Ýòîò ýôôåêò áûë îïè-
ñàí â ãëàâå «Ñæèìàíèå Ñòîÿ÷èõ Âîëí». Èíòåðåñíûì çäåñü
ÿâëÿåòñÿ òî, ÷òî ðàññòîÿíèå ìåæäó îñöèëëÿòîðàìè ïîëíî-
ñòüþ ñîâïàäàåò ñ òðåáîâàíèÿìè íîâûõ ïðåîáðàçîâàíèé êî-
îðäèíàò. Ïðåîáðàçîâàíèÿ Ëîðåíöà è, òåì áîëåå, Ãàëèëåÿ â
ýòîì ñëó÷àå íåïðèãîäíû.
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Ðåøåíèå çàäà÷ ýòîãî òèïà ïîçâîëÿåò ïîíÿòü ñâÿçü ðå-
àêöèé ñèñòåìû íà ñäâèã ôàç è äâèæåíèå.

Åñëè êòî-òî ñòàíåò óòâåðæäàòü, ÷òî íàëè÷èå ñäâèãà ôàç
ó îñöèëëÿòîðîâ ïðèâåä¸ò ñèñòåìó ê ñàìîäâèæåíèþ, òî îí
îêàæåòñÿ ñîâåðøåííî ïðàâ. Âîçíèêàåò ñèòóàöèÿ ñâîåîá-
ðàçíîãî ñåðôèíã-ýôôåêòà, â êîòîðîé îñöèëëÿòîðû âûòàë-
êèâàþòñÿ (ñêàòûâàþòñÿ) èç ýíåðãåòè÷åñêèõ ïó÷íîñòåé â
ïîòåíöèàëüíûå ÿìû óçëîâ. Ïðîöåññ âûòàëêèâàíèÿ îñöèë-
ëÿòîðîâ áóäåò ïðîèñõîäèòü äî òåõ ïîð*, ïîêà íå óðàâíîâå-
ñèòñÿ ñîîòíîøåíèå ìåæäó ñêîðîñòüþ è ñäâèãîì ôàç.

Ðèñ. 53.  Åñëè êîëè÷åñòâî îñöèëëÿòîðîâ âåëèêî, òî è ïîðîæäàåìîå ñäâè-
ãîì ôàç äåéñòâèå óâåëè÷èâàåòñÿ. Â ýòîì ñëó÷àå ìû ãîâîðèì î ìàññå,
êàê î êîëè÷åñòâåííîé ìåðå. Íå ñëîæíî òåïåðü ïîíÿòü, ïî÷åìó ñóììà
ñèë ïðîïîðöèîíàëüíà ìàññå. Òåëåæêà äåéñòâóåò íà ïðåïÿòñòâèå

Äëÿ íàñ òåïåðü î÷åâèäíî, ÷òî: à) íàðóøåíèå ôàçîâîãî
ñîîòíîøåíèÿ ïðèâîäèò ñèñòåìó ê íåîáõîäèìîñòè èçìåíå-
íèÿ ñêîðîñòè; á) èçìåíåíèå ñêîðîñòè ïðèâîäèò ê íåîáõî-
äèìîñòè èçìåíåíèÿ ñäâèãà ôàç. Åñëè ñèñòåìà îñöèëëÿòî-
ðîâ íå èìååò âîçìîæíîñòè óñòðàíÿòü íåñîîòâåòñòâèå, òî
ïîÿâëÿåòñÿ âåêòîðíàÿ äåôîðìàöèÿ (ñì. ñëîâàðü).

Äëÿ òîãî ÷òîáû îïðåäåëèòü òî÷íîå ñîîòíîøåíèå ìåæ-
äó ñäâèãîì ôàç è ñêîðîñòüþ, íåîáõîäèìî ñôîðìóëèðîâàòü
çàäà÷ó è âûïîëíèòü ìàòåìàòè÷åñêèé ðàñ÷¸ò. Â ýòîé ãëàâå
ìû ïîñòàâèì çàäà÷ó è ïðèâåä¸ì ðåçóëüòàò å¸ ðåøåíèÿ, à
ñàì ðàñ÷¸ò áóäåò äàí â ïðèëîæåíèè 12. Ðåøåíèå çàäà÷è
ïðèìå÷àòåëüíî òåì, ÷òî ïîêàçûâàåò ôèçèêó ìåõàíèçìà
ñæèìàíèÿ âîëíîâûõ ñèñòåì, êîòîðîå ïðåäñêàçàíî íîâûìè
ïðåîáðàçîâàíèÿìè êîîðäèíàò.
*  

_________________________________________________________

Ðèòìóñ: Åñëè ñêîðîñòü è ñäâèã ôàç ñîãëàñîâàíû, òî îñöèëëÿòîðû áóäóò
â òî÷íîñòè íàõîäèòüñÿ â óçåëàõ ñòîÿ÷åé âîëíû. Íî òîãäà íåò îñíîâàíèÿ
ãîâîðèòü î ñåðôèíã-ýôôåêòå, êîòîðûé ïîáóæäàåò ñèñòåìó ê äâèæåíèþ?
Äèíàìèêóñ: Âû ïðàâèëüíî ïîäìåòèëè. Òàêàÿ ñèòóàöèÿ òðåáóåò ââåäå-
íèÿ ïîíÿòèÿ èíåðöèÿ äëÿ îòäåëüíîãî îñöèëëÿòîðà. Çäåñü åñòü íàä ÷åì
ïîäóìàòü. Íî äëÿ òîãî ÷òîáû ðåøèòü âîïðîñ äâèæåíèÿ â ïðèíöèïå, ìû
âûíóæäåíû ëèøèòü îñöèëëÿòîðû âñåõ ñâîéñòâ êðîìå âèáðàöèè.
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Ïóñòü èìååòñÿ ñèñòåìà äâóõ îñöèëëÿòîðîâ, íàõîäÿùèõ-
ñÿ â ïåðâîì ñîñòîÿíèè ïîêîÿ (V=0). Ðàññòîÿíèå ìåæäó
îñöèëëÿòîðàìè do. Îñöèëëÿòîðû êîãåðåíòíû (∆ϕ=0), à èõ
÷àñòîòû (ν) ðàâíû. Ìåæäó îñöèëëÿòîðàìè âîçíèêëà ñòî-
ÿ÷àÿ âîëíà.

Îñöèëëÿòîðàì ïðèäàëè ñêîðîñòü îòíîñèòåëüíî ñðåäû,�
óçëû ñòîÿ÷åé âîëíû ñòàëè îòñòàâàòü îò ïîëîæåíèÿ îñöèë-
ëÿòîðîâ.

Âîïðîñ: êàêîé ñäâèã ôàç ñëåäóåò çàäàòü ìåæäó îñöèë-
ëÿòîðàìè, ÷òîáû èõ ïîëîæåíèå è ïîëîæåíèå óçëîâ âíîâü
ñîâïàëî?

Ðåøàÿ óðàâíåíèå ñîñòîÿíèÿ ïîëÿ â îáëàñòè ìåæäó îñ-
öèëëÿòîðàìè äëÿ V≥ 0, ìû íàõîäèì, ÷òî:

(1.1)

       ∆ϕ = π β   , (1.2)

ãäå: ñ � ñêîðîñòü ñâåòà,
V � ñêîðîñòü ñèñòåìû,

      ∆ϕ � ñäâèã ôàç,
π � óãîë.

Ïî ñóòè ìû çàïèñàëè îñíîâíîå óðàâíåíèå ðàâíîìåðíî-
ãî äâèæåíèÿ, ïðè óñòàíîâèâøèõñÿ ïàðàìåòðàõ êîòîðîãî ñè-
ñòåìà âñåãäà áóäåò íàõîäèòüñÿ â ñîñòîÿíèè âíóòðåííåãî
*  

________________________________________________________

Ðèòìóñ: À êóäà æå äåëîñü t â ôîðìóëå äëÿ ñêîðîñòè? Èëè âû õîòèòå
óéòè îò âðåìåíè, êàê îò ìàòåðèàëüíîé ñóáñòàíöèè?
Äèíàìèêóñ: Äà, ýòî òàê. Ïîêàæåì îäèí èç ôîðìàëüíûõ ïóòåé. Åñëè
S=V�t, ãäå âðåìÿ ïðèñóòñòâóåò â ÿâíîì âèäå, òî òåïåðü ìû ìîæåì çàïè-
ñàòü ýòó ôîðìóëó èíà÷å, à èìåííî: S=ct�∆ϕ/π. Íî ñt åñòü íåêèé îòðåçîê
ïóòè Sc, ïîýòîìó ìîæíî çàïèñàòü: S=Sc�∆ϕ/π. Çäåñü ïîíÿòèå âðåìÿ â
ÿâíîì âèäå îòñóòñòâóåò. Â êà÷åñòâå èíôîðìàöèè íàïîìíþ, ÷òî åù¸ À.
Ïóàíêàðå ïðåäïî÷èòàë õàðàêòåðèçîâàòü äèíàìè÷åñêóþ ñèñòåìó å¸ ôà-
çîâûì ïîðòðåòîì, â êîòîðîì âðåìÿ âîîáùå îòñóòñòâîâàëî.
Ðèòìóñ: Âñåì èçâåñòíî, ÷òî òåõíîëîãè÷åñêàÿ öèâèëèçàöèÿ ïðåêðàñíî
îáõîäèòñÿ áåç àáñîëþòíîãî âðåìåíè. Ïî÷åìó âû ýòó êîíöåïöèþ ïûòàå-
òåñü âîçðîäèòü?
Äèíàìèêóñ: Îêðóæàþùèé ìèð � åäèíàÿ, õîðîøî îðãàíèçîâàííàÿ ñèñ-
òåìà, ïðàâèëüíî îïèñàòü êîòîðóþ ìîæíî òîëüêî ñ ïîçèöèè åäèíîãî
âðåìåíè, èñòîðè÷åñêè ïðèíÿòî íàçûâàòü òàêîå âðåìÿ àáñîëþòíûì. Íî
÷òîáû íå ñëó÷àëîñü ïóòàíèö, íåîáõîäèìî äîãîâîðèòüñÿ!..

V c= ⋅ ∆ϕ
ππ ,∆ϕ π= V

c
,
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ïîêîÿ. Èç óðàâíåíèÿ ñëåäóåò, ÷òî äâå ïåðåìåííûå âåëè÷è-
íû, ñêîðîñòü è ñäâèã ôàç, âñåãäà ñòðåìÿòñÿ ê ïðîïîðöèî-
íàëüíîñòè. Ñëåäóåò ïîëàãàòü, ÷òî ëþáîå íåñîîòâåòñòâèå
ìåæäó ýòèìè ïàðàìåòðàìè áóäåò ïðèâîäèòü ê ðàçëè÷íîãî
ðîäà ðåàêöèÿì ñèñòåìû. Åñëè, íàïðèìåð, ñêîðîñòü ñèñòå-
ìû ðàâíà íóëþ, à ñäâèã ôàç ðàâåí íåêîòîðîé êîíêðåòíîé
âåëè÷èíå, òî çà ñ÷¸ò ïîÿâëåíèÿ âåêòîðíîé äåôîðìàöèè îæè-
äàåòñÿ ïðîòèâîäåéñòâèå ñèñòåìû èçìåíåíèþ ñîñòîÿíèÿ.
Åñëè æå ñäâèã ôàç îòñóòñòâóåò, à ìû ñòîðîííèì äåéñòâè-
åì ïåðåìåùàåì ñèñòåìó ñ ïîñòîÿííîé ñêîðîñòüþ, òî îæè-
äàåòñÿ ñîïðîòèâëåíèå ñèñòåìû òàêîìó ïåðåìåùåíèþ. Îïè-
ñàííûå ðåàêöèè ìû óæå îáñóæäàëè.

Îáðàùàåò íà ñåáÿ âíèìàíèå ñîîòíîøåíèå  ñ/π, êîòîðîå
ïîñòîÿííî, äàæå åñëè V è ∆ϕ ðàâíû (ñòðåìÿòñÿ) íóëþ, ò.å:

   V/∆ϕ = c/π , (1.3)

ãäå ñ/π=1.665514�106[ì/ñ];   (ñ/π)�1=0.600415�10�6[ñ/ì]

Åñòü ïîäîçðåíèå, ÷òî çäåñü ìû èìååì äåëî ñ íåîáû÷-
íûì âûðàæåíèåì åäèíè÷íîé ìàññû è íåîáû÷íîé å¸ ðàç-
ìåðíîñòüþ: ð=mîV=mîñ/π�∆ϕ, ãäå mî=1,2,3,4... Åñëè mî=1,
òî ìû èìååì äåëî ñ åäèíè÷íîé ìàññîé � êâàíòîì, è ïè-
øåì: ð=(ñ/π)�∆ϕ. Çäåñü ñ/π âûñòóïàåò ìèíèìàëüíî âîç-
ìîæíûì êîýôôèöèåíòîì ïðîïîðöèîíàëüíîñòè ìåæäó èì-
ïóëüñîì è ñäâèãîì ôàç (ñ/π=ð/∆ϕ). Íî â ïîäîáíûõ ñëó÷àÿõ
êîýôôèöèåíò ïðîïîðöèîíàëüíîñòè ïðèíÿòî íàçûâàòü ìàññà
(â íàøåì ñëó÷àå � ýëåìåíòàðíàÿ ìàññà, ò.å. dm). Ïðè-
íÿòü dm=c/π ñòàëî âîçìîæíûì òîëüêî áëàãîäàðÿ òîìó, ÷òî
*  ________________________________________________________

Ðèòìóñ: Î÷åâèäíî: V→ c, òîãäà ∆ϕ →π (â ãðàäóñàõ?). Íî òîãäà ìû èìååì
äåëî ñ íîâûì êîýôôèöèåíòîì ïðîïîðöèîíàëüíîñòè ñ/π=const?
Äèíàìèêóñ: Óäèâèòåëüíûì îêàçûâàåòñÿ òî, ÷òî ïðè ëþáûõ, â òîì ÷èñ-
ëå è íóëåâûõ V è ∆ϕ, îòíîøåíèå ñ/π âñåãäà îñòà¸òñÿ ïîñòîÿííûì, ò.å.
ïîÿâèëàñü íîâàÿ íèêîìó íåèçâåñòíàÿ êîíñòàíòà. È õîòÿ âñ¸ ýòî íåîáõî-
äèìî åù¸ íå ðàç ïîäâåðãíóòü ñîìíåíèþ, íàïðàøèâàåòñÿ ïîíÿòèå êâàíò
ìàññû, ò.å. âåëè÷èíà íåçàâèñÿùàÿ îò ñîñòîÿíèÿ ñèñòåìû: dm=ñ/π.
Ðèòìóñ: Íî ïî÷åìó òîãäà òàêàÿ ñòðàííàÿ ðàçìåðíîñòü ó íîâîÿâëåííîãî
êâàíòà ìàññû?
Äèíàìèêóñ: Ñëîæíûé âîïðîñ, íî åñëè ó÷åñòü, ÷òî âñå åäèíèöû èçìåðå-
íèÿ ÿâëÿþòñÿ ïîíÿòèÿìè äîãîâîðíûìè, òî ïî÷åìó áû è íåò? Åñëè ìàñ-
ñà � ìåðà êîëè÷åñòâåííàÿ, òî å¸ ðàçìåðíîñòü � «øòóêè», óìíîæåííûå
íà íåèçìåííóþ, äëÿ âñåõ ðåæèìîâ äâèæåíèÿ, êîíñòàíòó. Åñëè ðàç-
ìåðíîñòü êîíñòàíòû [ì/ñ], òî è ìàññà áóäåò èìåòü ýòó æå ðàçìåð-
íîñòü. Íî åñëè âû ïîæåëàåòå øòóêè íàçûâàòü êèëîãðàììàìè, òî ìîæ-
íî äîãîâîðèòüñÿ. Â ýòîì ñëó÷àå ðàçìåðíîñòü áóäåò [êã�ì/ñ].
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ìû ðàñêðûëè âíóòðåííåå íàïîëíåíèå ïîíÿòèÿ ñêîðîñòü è
îáíàðóæèëè â í¸ì íåó÷èòûâàåìûå ðàíåå ïîñòîÿííûå âå-
ëè÷èíû ñ è π.

Åñëè íàéäåííîå ñîîòíîøåíèå ÿâëÿåòñÿ çàêîíîì äâè-
æåíèÿ, òî ïðè ñîîòâåòñòâèè V è ∆ϕ ýòîìó çàêîíó, ìû ãîâî-
ðèì, ÷òî òåëî íàõîäèòñÿ â ñîñòîÿíèè ïîêîÿ. Ýòî îçíà÷àåò,
÷òî ïðè èçìåíåíèè îäíîãî èç ïàðàìåòðîâ ñðàçó æå ìåíÿ-
åòñÿ äðóãîé. Ñëåäóåò òàêæå ïîíèìàòü, ÷òî ëþáûå èçìåíå-
íèÿ ïðîèñõîäÿò íå ìãíîâåííî, à ñ êîíå÷íîé ñêîðîñòüþ.

Ñëåäóåò ïîëàãàòü, ÷òî ñäâèã ôàç ïåðâè÷åí, ïîòîìó êàê
èìåííî îí îïðåäåëÿåò âçàèìîïîëîæåíèÿ îñöèëëÿòîðîâ ñ
óçëàìè ñîáñòâåííîé ñòîÿ÷åé âîëíû. Åñëè ìû ïîâëèÿåì
íà ñäâèã ôàç, òî èçìåíèòñÿ õàðàêòåð âîëíîâîãî âçàèìî-
äåéñòâèÿ, âîçíèêíåò íåñîâïàäåíèå ïîëîæåíèÿ îñöèëëÿ-
òîðîâ è óçëîâ, à ïîòîìó ïîÿâèòñÿ äâèæåíèå � â ýòîì
ñìûñëå ñêîðîñòü ñèñòåìû îñöèëëÿòîðîâ ÿâëÿåòñÿ ñëåäñòâè-
åì. Íî ñëåäñòâèå è ïðè÷èíà íàñòîëüêî ñâÿçàíû äðóã ñ äðó-
ãîì, ÷òî èçìåíÿÿ ñêîðîñòü, ìû çàñòàâëÿåì îñöèëëÿòîðû
èñêàòü èíîå ñîîòíîøåíèå ôàç. Çäåñü ïðè÷èíà è ñëåäñòâèå
ìåíÿþòñÿ ìåñòàìè.

Ýêñïåðèìåíòû ïîêàçûâàþò, ÷òî ïðè ïåðåñòðîåíèè ôàç,
âûçâàííîì èçìåíåíèåì ñêîðîñòè èçâíå, ñèñòåìà ðåàãèðó-
åò ñòðåìëåíèåì ñîõðàíèòü ïðåæíèé ðåæèì äâèæåíèÿ. Òà-
êîå ñòðåìëåíèå ìû íàçûâàåì  èíåðöèåé. Íî òîãäà èíåð-
öèÿ � ýòî ïðîòèâîäåéñòâèå èçìåíåíèþ ñîñòîÿíèÿ
âíóòðåííåãî ðàâíîâåñèÿ. Ñêîðåå âñåãî, ïðîòèâîäåéñòâèå âîç-
íèêàåò çà ñ÷¸ò çàïàçäûâàíèÿ èíôîðìàöèè î íà÷àëå ïåðå-
ôàçèðîâêè: îäèí îñöèëëÿòîð óæå èçìåíèë ñâîþ ôàçó, à
âòîðîé åù¸ íå çíàåò îá ýòîì è ïðîäîëæàåò äâèãàòüñÿ â
ïðåæíåì ðåæèìå. Î÷åâèäíî, ÷òî åñëè áû ñäâèã ôàç ïðîèñ-
õîäèë îäíîâðåìåííî, òî íè î êàêîì ïðîòèâîäåéñòâèè ðå÷è
áû íå øëî.

Ýòî îçíà÷àåò, ÷òî èíåðöèÿ � ïðîöåññ ñîïðîòèâëåíèÿ
äåéñòâèþ èçâíå. Èíòåíñèâíîñòü ñîïðîòèâëåíèÿ õàðàê-
òåðèçóåòñÿ âåëè÷èíîé èçìåíåíèÿ ñîîòíîøåíèÿ ôàç.

Ïåðåõîäÿ ê ðåàëüíûì òåëàì, ìû âïðàâå óòâåðæäàòü,
÷òî äâå îäèíàêîâûå ñèñòåìû áóäóò ñîïðîòèâëÿòüñÿ â äâà
ðàçà ñèëüíåå, òðè � â òðè ðàçà, è òàê äàëåå. Çíà÷èò ó ïîíÿ-
òèÿ èíåðöèÿ èìååòñÿ êîëè÷åñòâåííûé ôàêòîð, íàçûâàåìûé
â ôèçèêå � ìàññà. Íî åñëè ìàññà � ýòî êîëè÷åñòâî åäè-
íè÷íûõ ñèñòåì, îäíîâðåìåííî ó÷àñòâóþùèõ â ïåðåôàçè-
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ðîâêå, òî ñòàíîâèòñÿ ïîíÿòíîé ïðè÷èíà ïðîïîðöèîíàëüíî-
ñòè ìàññû è èíåðöèè.

Íî êàê íàì òåïåðü îòíîñèòüñÿ ê òàê íàçûâàåìûì ñî-
ñòîÿíèÿì ïîêîÿ?

Òåïåðü ìû ïîíèìàåì, ÷òî ðå÷ü ìîæåò èäòè òîëüêî î
ñîñòîÿíèè âíóòðåííåãî ïîêîÿ, êîòîðîå ïðè ôèêñèðîâàí-
íîé ñêîðîñòè èìååò êîíêðåòíûé ñäâèã ôàç. Çàâèñèìîñòü
ìåæäó ñêîðîñòüþ è ñäâèãîì ôàç ìû çíàåì. Îíà èìååò âèä:

V= (ñ/π)�∆ϕ ;  ∆ϕ =π�V/ñ . (1.4)

Åñëè èçìåíÿþùèåñÿ ïàðàìåòðû V è ∆ϕ íå áóäóò ñîãëà-
ñîâàíû ìåæäó ñîáîé, à ýòî âîçìîæíî òîëüêî â íàñèëüíî
óäåðæèâàåìîé ñèñòåìå, òî èìååò ñìûñë ãîâîðèòü íå î ñî-
ñòîÿíèè ïîêîÿ, à î âåêòîðíîé äåôîðìàöèè, âûçâàííîé íå-
ñîâïàäåíèåì îñöèëëÿòîðîâ ñ óçëàìè ñòîÿ÷åé âîëíû.

Åñëè íàéäåííàÿ çàâèñèìîñòü âñåãäà ñîïóòñòâóåò ñîñòî-
ÿíèþ ïîêîÿ, òî âñå ýòè ñîñòîÿíèÿ îòëè÷àþòñÿ äðóã îò äðó-
ãà. Ïåðåõîä ñèñòåìû èç îäíîãî ñîñòîÿíèÿ ïîêîÿ â äðóãîå
îñóùåñòâëÿåòñÿ ÷åðåç ñèíõðîííîå èçìåíåíèå ñäâèãà ôàç è
ñêîðîñòè. Î÷åíü âàæíîé çäåñü ÿâëÿåòñÿ äîãàäêà î íàëè-
÷èè æ¸ñòêîé çàâèñèìîñòè ñêîðîñòè îò ñäâèãà ôàç, è íà-
îáîðîò, ñäâèãà ôàç îò ñêîðîñòè. Ê ýòîìó âàæíîìó ìîìåí-
òó ìû åù¸ âåðí¸ìñÿ, à ïðåäâàðèòåëüíî îòìåòèì, ÷òî
èçìåíÿòü ñêîðîñòü ñèñòåìû ìîæíî íå òîëüêî äåéñòâèåì
ñî ñòîðîíû, íî è óïðàâëÿÿ  ôàçîâûì ñîñòîÿíèåì èçíóòðè
� íåîáõîäèìî òîëüêî äîãàäàòüñÿ, êàê ýòî äåëàòü.

§ 2.  Èëëþçèè, ïðèñóùèå äâèæåíèþ

Ñ òî÷êè çðåíèÿ àáñîëþòíîãî íàáëþäàòåëÿ âåêòîðíàÿ
âåëè÷èíà, óêàçûâàþùàÿ íà õàðàêòåð äåôîðìàöèè ñèñòå-
ìû, ïðèâîäèò ê äâèæåíèþ, ò.å. ê åäèíñòâåííî âîçìîæíîìó
ñïîñîáó óõîäà îò äåôîðìàöèè ÷åðåç èçìåíåíèå ñêîðîñòè.
Â ýòîì ñìûñëå äåôîðìàöèÿ ïåðâè÷íà, äâèæåíèå æå åñòü
ñëåäñòâèå. Íî è äåôîðìàöèÿ íå ÿâëÿåòñÿ ïðè÷èíîé, à ëèøü
ñëåäñòâèåì ôàçîâîãî ñäâèãà. Òàêèì îáðàçîì âûñòðàèâà-
åòñÿ ïðè÷èííî-ñëåäñòâåííàÿ öåïî÷êà: ñîîòíîøåíèå ôàç
(÷àñòîò) ↔ âåêòîðíàÿ äåôîðìàöèÿ  ↔  äâèæåíèå (äåé-
ñòâèå).
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Åñëè â êàêîé-òî ìîìåíò çàìîðîçèòü äåôîðìèðîâàí-
íóþ ñèñòåìó (çàôèêñèðîâàòü ñäâèã ôàç), à çàòåì èçìåíèòü
å¸ ñêîðîñòü, òî ìû îáíàðóæèì ïîñòîÿííóþ ðåàêöèþ, äåé-
ñòâèå, íàïðàâëåííîå íà âîññòàíîâëåíèå ñêîðîñòè, çàäàííîé
ñäâèãîì ôàç. Òàêóþ ðåàêöèþ ìû íàçûâàåì ñèëà.

Ìû ïîêà íå çíàåì, êàê çàìîðîçèòü äåôîðìàöèþ, ÷òîáû
ïðîâåðèòü ïðàâèëüíîñòü íàøèõ óòâåðæäåíèé, à ïîòîìó âû-
íóæäåíû ïðèáåãàòü ê ìûñëåííûì ýêñïåðèìåíòàì ñ ïðè-
âëå÷åíèåì àáñîëþòíîãî íàáëþäàòåëÿ.

Èíòåðåñíûì ÿâëÿåòñÿ òî, ÷òî íàáëþäàòåëü äâèæóùåé-
ñÿ ñèñòåìû ñ ïîìîùüþ ñâîèõ ñðåäñòâ è ñïîñîáîâ èçìåðå-
íèÿ íå â ñîñòîÿíèè îáíàðóæèòü îòëè÷èÿ ìåæäó ñîñòîÿíè-
ÿìè ïîêîÿ è ïðè ðàçëè÷íûõ ñêîðîñòíûõ ðåæèìàõ âñåãäà
áóäåò íàáëþäàòü îòñóòñòâèå ñäâèãà ôàç. Ýòî ìîæåò îçíà-
÷àòü, ÷òî ìû èìååì äåëî ñ íåîáû÷íîé ñîãëàñîâàííîñòüþ
ïðîèñõîäÿùåãî, âñåãäà ïðèâîäÿùåé ê èëëþçèè îòñóòñòâèÿ
ðàçëè÷èé.

Òàê, íàïðèìåð, ñ òî÷êè çðåíèÿ àáñîëþòíîãî íàáëþäàòå-
ëÿ, â äâèæóùåéñÿ ïî èíåðöèè ñèñòåìå ïðèñóòñòâóåò âïîë-
íå êîíêðåòíûé ñäâèã ôàç. Ñ òî÷êè æå çðåíèÿ ìåñòíîãî
íàáëþäàòåëÿ ñèñòåìû ñäâèã ôàç íèêàê ñåáÿ íå îáíàðóæè-
âàåò, à ïîòîìó ó íàáëþäàòåëÿ ñêëàäûâàåòñÿ âïå÷àòëåíèå
îòñóòñòâèÿ äâèæåíèÿ. Âîçíèêàåò ñóáúåêòèâíî-ïñèõîëîãè-
÷åñêèé (íî íå ôèçè÷åñêèé) ïàðàäîêñ, êîòîðûé ìîæåò áûòü
ðàçðåø¸í äâóìÿ ñïîñîáàìè:

1. Îòêàç îò ýôèðà, íî òîãäà íåîáõîäèìî ïðèçíàòü èíâàðè-
àíòíîñòü ñêîðîñòè ñâåòà (ýòî ìû óæå ïðîõîäèëè);

2.Ïðèçíàíèå ýôèðà ñ ðàñ÷¸òîì íà ñêîðûé ýêñïåðèìåíò ïî
åãî îáíàðóæåíèþ, íî â ýòîì ñëó÷àå íàì íåîáõîäèìî ïðè-
çíàòü íîâûå ãåîìåòðè÷åñêèå ïðåîáðàçîâàíèÿ êîîðäèíàò
(ïðåîáðàçîâàíèÿ ïî Èâàíîâó).

Âàæíûì íàáëþäåíèåì ÿâëÿåòñÿ òî, ÷òî è â ïåðâîé è
âî âòîðîé ñèòóàöèÿõ âíóòðåííèé íàáëþäàòåëü âñåãäà áó-
äåò èìåòü äåëî ñ êàæóùåéñÿ(!) èíâàðèàíòíîñòüþ � â ýòîì
ñìûñëå (äî ïðîâåäåíèÿ ðåøàþùåãî ýêñïåðèìåíòà) îáà ñïî-
ñîáà ïðåäñòàâëåíèÿ ïðîèñõîäÿùåãî èìåþò ðàâíûå ïðàâà.
Òàêîé ïîäõîä áóäåò ñóùåñòâîâàòü, ïîêà íîâûå ãîðèçîíòû
åñòåñòâîçíàíèÿ íå ñòàíóò î÷åâèäíû âñåì.

Íî âåðí¸ìñÿ ê ïðîáëåìå èëëþçîðíîñòè ïðîèñõîäÿùå-
ãî. Åñëè ñèñòåìà íàõîäèòñÿ â ëþáîì èç ñîñòîÿíèé ïîêîÿ,
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òî âíóòðåííèé íàáëþäàòåëü, äàæå åñëè ñèñòåìà ñàìîäâè-
æåòñÿ ñ óñêîðåíèåì, âñåãäà áóäåò êîíñòàòèðîâàòü îòñóò-
ñòâèå ñäâèãà ôàç. Íî åñëè íàáëþäàòåëü èñêóññòâåííî îðãà-
íèçóåò ñäâèã ôàç â ñâîåé ñèñòåìå è ñòàíåò óäåðæèâàòü åãî
(∆ϕ = const), òî íåêîòîðîå âðåìÿ îí áóäåò èìåòü äåëî ñ âåê-
òîðíîé äåôîðìàöèåé, êîòîðàÿ âñåãäà ïðèâîäèò ê V=at.

Ðèñ. 54.  Òåëåæêà â òåëåæêå è ýëåêòðè÷åñêèé àíàëîã ñèòóàöèè. Òåïåðü
ëþáîå ìåõàíè÷åñêîå äâèæåíèå (òîê ìàññû) ìû ìîæåì âûðàæàòü ÷åðåç
òîê è íàïðÿæåíèå, à ýëåêòðè÷åñêèå öåïè îïèñûâàòü ÷åðåç ñäâèã ôàç è
ðàçíîñòü ÷àñòîò. Åñëè àíàëîãèÿ ïîëíàÿ, òî áûñòðîå óâåëè÷åíèå ñîïðî-
òèâëåíèÿ ðåçèñòîðà â ýëåêòðè÷åñêîé öåïè äîëæíî ïîðîæäàòü ìåõàíè-
÷åñêèé èìïóëüñ. Åñëè áû ðåçèñòîð èìåë âîçìîæíîñòü ñâîáîäíî ïåðå-
äâèãàòüñÿ ïî ïðîâîäó, òî ïðè ìàêñèìàëüíîì ñîïðîòèâëåíèè íàáëþäàëîñü
áû åãî äâèæåíèå, êîòîðîå ñîîòâåòñòâîâàëî áû òîêó ìàññû

Èíòåðåñíà ñèòóàöèÿ ñ òåëåæêîé Á â òåëåæêå À, ãäå
ìû ñòàëêèâàåìñÿ ñ ïîíÿòèåì òîêà ìàññû. Çäåñü äëÿ íà-
áëþäàòåëÿ Á ïðè÷èíîé óñòàíîâèâøåãîñÿ äâèæåíèÿ ÿâ-
ëÿåòñÿ âåêòîðíàÿ äåôîðìàöèÿ çà ñ÷¸ò ñäâèãà ôàç. Íà-
áëþäàòåëþ æå À, ÷òîáû ñàìîñòîÿòåëüíî îðãàíèçîâàòü
àíàëîãè÷íûé òîê ìàññû, íåîáõîäèìî èìåòü äåëî ñ ðàçíè-
öåé ÷àñòîò (ñì. §§ 5, 6). Â ýòîì ñìûñëå ìåæäó òîêîì ìàñ-
ñû è ýëåêòðè÷åñêèì òîêîì ïðîñëåæèâàþòñÿ ñîîòâåò-
ñòâèÿ.

1. Ñäâèã ôàç îòâåòñòâåíåí çà âåêòîðíóþ äåôîðìàöèþ è
íàïðÿæåíèå.

2. Ðàçíèöà ÷àñòîò îòâåòñòâåííà çà ýëåêòðè÷åñêèé òîê è
òîê ìàññû.
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×òî êàñàåòñÿ ýëåêòðè÷åñêîãî ñîïðîòèâëåíèÿ è ñîïðî-
òèâëåíèÿ ïåðåìåùåíèþ, òî è çäåñü îáíàðóæèâàåòñÿ ïîë-
íàÿ àíàëîãèÿ:

1. Åñëè ñîïðîòèâëåíèå ðàâíî íóëþ, òî â òåëåæêå è íà êîí-
öàõ ðåçèñòîðà âåêòîðíàÿ äåôîðìàöèÿ è íàïðÿæåíèå îò-
ñóòñòâóþò (ïðèñóòñòâóþò, íî íåíàáëþäàåìû), à òîê ìàññû
è ýëåêòðè÷åñêèé òîê ìàêñèìàëüíû;

2. Êîãäà ñîïðîòèâëåíèå «áåñêîíå÷íî», òîê ìàññû è ýëåêò-
ðè÷åñêèé òîê îòñóòñòâóþò, çàòî âåêòîðíàÿ äåôîðìàöèÿ è
íàïðÿæåíèå ñòàíîâÿòñÿ ìàêñèìàëüíî ïðîÿâëåííûìè.

J=U/(R+r)      ∆ν=∆ϕ/(R+r), (1.5)

ãäå J   � òîê (ýëåêòðè÷åñêèé èëè ìàññû),
U  � íàïðÿæåíèå èëè âåêòîðíàÿ äåôîðìàöèÿ,
R   � ñîïðîòèâëåíèå ðåçèñòîðà, èëè ñîïðîòèâëåíèå,
     ïåðåìåùåíèþ,

r   � âíóòðåííåå ñîïðîòèâëåíèå èñòî÷íèêà,
∆ν � ðàçíîñòü ÷àñòîò,
∆ϕ � ñäâèã ôàç.

Âîïðîñ èëëþçîðíîñòè ïðîèñõîäÿùåãî âåñüìà àêòóàëåí
îñîáåííî â ñèñòåìàõ, íàõîäÿùèõñÿ â òðåòüåì ñîñòîÿíèè
ïîêîÿ. Ðàññìîòðèì ïðîèñõîäÿùåå íà ïðèìåðå äâóõ âçàè-
ìîäåéñòâóþùèõ îñöèëëÿòîðîâ.

Ïóñòü ñèñòåìà (ðèñ. 55) íàõîäèòñÿ â òðåòüåì ñîñòîÿ-
íèè ïîêîÿ, ò.å. ñàìîäâèæåòñÿ ñ íåêîòîðûì óñêîðåíèåì à.
Ïóñòü îñöèëëÿòîð À èìååò óñëîâíóþ ÷àñòîòó 10, à îñöèë-
ëÿòîð Â � 9.

Òðåòüå ñîñòîÿíèå ïîêîÿ õàðàêòåðèçóåòñÿ òåì, ÷òî îñ-
öèëëÿòîð À áóäåò âîñïðèíèìàòü èçëó÷åíèå îò Â, ñ êîòî-
ðûì ñîáèðàåòñÿ âçàèìîäåéñòâîâàòü, ñ òîé æå ÷àñòîòîé, êà-
êîâà åãî ñîáñòâåííàÿ. Òî æå ñàìîå áóäåò íàáëþäàòüñÿ è ñ
îñöèëëÿòîðîì Â � ïðèíèìàåìîå îò À èçëó÷åíèå áóäåò ðàâíî
åãî ñîáñòâåííîìó (ïî ÷àñòîòå). Èíûìè ñëîâàìè, íàáëþäà-
òåëþ À áóäåò êàçàòüñÿ, ÷òî îñöèëëÿòîð Â èìååò ÷àñòîòó 10,
à íàáëþäàòåëþ Â, íàîáîðîò, ÷òî ïðèíèìàåìàÿ èì îò À ÷àñ-
òîòà ðàâíà 9. Åñëè ìû ñòàíåì ìåäëåííî ïåðåìåùàòü ïðè-
¸ìíèê îò À ê Â, òî îáíàðóæèì, ÷òî ïî ìåðå åãî ïðèáëèæå-
íèÿ ê îñöèëëÿòîðó Â, ïðèíèìàåìàÿ èì ñ îáåèõ ñòîðîí
÷àñòîòà áóäåò óìåíüøàòüñÿ.
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Òàêàÿ ñèòóàöèÿ âîçìîæíà òîëüêî â óñëîâèÿõ óñêîðåí-
íîãî äâèæåíèÿ ñèñòåìû, ïðè êîòîðîì ðàçíî÷àñòîòíûå îñ-
öèëëÿòîðû âñòóïàþò âî âçàèìîäåéñòâèå ñ ðàâíûìè ïî
÷àñòîòå âîëíàìè. Òàêàÿ êàæóùàÿñÿ ñòðàííîñòü ïðîèñ-
õîäèò èñêëþ÷èòåëüíî  èç-çà ïîñòîÿííî óâåëè÷èâàþùåãî-
ñÿ (ëèáî óìåíüøàþùåãîñÿ) âðåìåíè çàïàçäûâàíèÿ ñèãíà-
ëà. Çäåñü ìû èìååì äåëî ñ ýôôåêòîì Äîïëåðà äëÿ
óñêîðåííî äâèæóùèõñÿ èçëó÷àòåëåé, ïðèâîäÿùèì ê íå-
ñîîòâåòñòâèþ ÷àñòîòû èçëó÷åíèÿ ê ïðèíèìàåìîé ÷àñòîòå
� ê î÷åðåäíîé ãåîìåòðè÷åñêîé èëëþçèè.

* Ê âîïðîñó äåôåêòà ÷àñòîòû

Ïîäâåðãíåì ïåðâè÷íîìó àíàëèçó ýôôåêò Äîïëåðà äëÿ óñêî-
ðåííî äâèæóùåéñÿ ñèñòåìû (ðèñ. 55). Ïóñòü À � èçëó÷àòåëü (νa),
Â � ïðè¸ìíèê (νB). Ïóñòü ñèñòåìà äâèæåòñÿ ñ óñêîðåíèåì à.
Íåîáõîäèìî íàéòè ìàòåìàòè÷åñêîå âûðàæåíèå, ñ ïîìîùüþ êîòî-
ðîãî ìû ìîæåì îïðåäåëÿòü ïðèíèìàåìóþ ïðè¸ìíèêîì Â ÷àñòî-
òó.

Î÷åâèäíî, ÷òî ïðèíèìàåìàÿ ÷àñòîòà áóäåò îòëè÷àòüñÿ îò èç-
ëó÷åííîé ïî ïðè÷èíå, ÷òî çà âðåìÿ äâèæåíèÿ âîëíû îò À ê Â
ñêîðîñòü ñèñòåìû èçìåíèòñÿ. Äëÿ òîãî ÷òîáû îïðåäåëèòü âîç-
íèêøèé äåôåêò ÷àñòîòû, íàì íåîáõîäèìî çíàòü ìãíîâåííóþ ñêî-
ðîñòü ñèñòåìû â ìîìåíò èçëó÷åíèÿ âîëíû è â ìîìåíò å¸ ïðè¸ìà.

Ìãíîâåííàÿ ñêîðîñòü îïðåäåëÿåòñÿ ïî ôîðìóëå:
Vìãí=at. Åñëè ïðèíÿòü íà÷àëüíóþ ñêîðîñòü ñèñòåìû ðàâíîé íóëþ,
òî ìû ìîæåì çàïèñàòü òðåáóåìîå âûðàæåíèå:

νâ=νa(ñ�at
1
)/c ,

ãäå t
1
 � âðåìÿ, ÷åðåç êîòîðîå ñèãíàë äîñòèãíåò ïðè¸ìíèêà.

Ðèñ. 55.  Ìîæíî âñåãäà íàéòè òàêóþ ìãíîâåííóþ ñêîðîñòü, ïðè êîòî-
ðîé ïðè¸ìíèê Î áóäåò âîñïðèíèìàòü âîëíû ν1 è ν2 êàê ðàâíî÷àñòîò-
íûå. Íî òîãäà íàáëþäàòåëü O áóäåò ñ÷èòàòü, ÷òî ÷àñòîòû îñöèëëÿòîðîâ
À è Â èçíà÷àëüíî ðàâíû 9.5. Äëÿ òîãî ÷òîáû òàêîå ñîñòîÿíèå ïàðàìåò-
ðîâ ñîõðàíÿëîñü è äàëåå, ñèñòåìà äîëæíà äâèãàòüñÿ ñ óñêîðåíèåì
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Â ïîëíîì âèäå ôîðìóëà âûãëÿäèò:

νâ=νa(ñ�at
1
)/(ñ�at

0
).

Äëÿ îïðåäåëåíèÿ äåôåêòà ÷àñòîòû ìîæíî âîñïîëüçîâàòüñÿ
ôîðìóëîé:

∆ν=a∆t/λ , (1.6)

ãäå ∆t=t
1
�t

0
, ò.å. ïðîìåæóòîê âðåìåíè, çà êîòîðûé ñèãíàë ïðåîäî-

ëåë ïóòü îò À äî Â.

* Ðèòìîäèíàìè÷åñêàÿ ëîãèêà

� Â îñíîâå ìåõàíèçìà ðåàëèçàöèè ðàâíîìåðíîãî äâèæåíèÿ ëå-
æèò ñäâèã ôàç.

� Ïåðåõîä îò îäíîé ñêîðîñòè äâèæåíèÿ ê äðóãîé îñóùåñòâëÿ-
åòñÿ ÷åðåç èçìåíåíèå ñäâèãà ôàç.

� Â ïåðèîä èçìåíåíèÿ ñäâèãà ôàç ìû èìååì äåëî ñ ðàçíîñòüþ
÷àñòîò, íàçâàííîé � àðèòìèÿ.

� Èçìåíåíèå ñäâèãà ôàç ïðèâîäèò ê èçìåíåíèþ ñêîðîñòè, à
çíà÷èò � ê óñêîðåíèþ.

� Íî òîãäà â îñíîâå ìåõàíèçìà ðåàëèçàöèè óñêîðåííîãî äâè-
æåíèÿ ëåæèò àðèòìèÿ.

� Åñëè ðåàëèçîâàòü äâèæåíèå íå óäà¸òñÿ, òî ïîÿâëÿåòñÿ äåé-
ñòâèå, êîòîðîå ìû íàçûâàåì � ñèëà, èìïóëüñ ñèëû.

� Ñèëà èíôîðìèðóåò ïðåïÿòñòâèå î âíóòðåííåì ñîñòîÿíèè
äåéñòâóþùåãî íà íåãî òåëà.

� Âíóòðåííåå ñîñòîÿíèå òåëà õàðàêòåðèçóåòñÿ äåôîðìàöèÿ-
ìè, êîòîðûå ìîãóò áûòü ñêîìïåíñèðîâàííûìè è íåñêîìïåíñè-
ðîâàííûìè (âåêòîðíûìè).

� Â îñíîâå äåôîðìàöèè ëåæèò íåñîãëàñîâàííîñòü âèáðàöèé (à
çíà÷èò è âîëíîâûõ âçàèìîäåéñòâèé). Ýòà íåñîãëàñîâàííîñòü
èñêàæàåò âíóòðåííåå èíòåðôåðåíöèîííîå ïîëå îáúåêòà (òåëà).
Èñêàæåíèå ìîæåò áûòü ñèììåòðè÷íûì è àñèììåòðè÷íûì.

� Ñèììåòðè÷íîå èñêàæåíèå èíòåðôåðåíöèîííîãî ïîëÿ âûçû-
âàåò âíóòðåííèå íàïðÿæåíèÿ, ñóììàðíûé âåêòîð êîòîðûõ ðà-
âåí íóëþ. Â ýòîì ñëó÷àå ìû èìååì äåëî ñ âíóòðåííèìè äåôîð-
ìàöèÿìè.
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� Àñèììåòðè÷íîå èñêàæåíèå èíòåðôåðåíöèîííîãî ïîëÿ âûçû-
âàåò âíóòðåííèå íàïðÿæåíèÿ, ñóììàðíûé âåêòîð êîòîðûõ
îòëè÷åí îò íóëÿ. Â ýòîì ñëó÷àå ìû èìååì äåëî ñ âåêòîðíîé
äåôîðìàöèåé, ò.å. ñ ïðîáëåìàìè òåëà, âåêòîðíî âûõîäÿùèìè
íàðóæó. Óñòðàíèòü âåêòîðíóþ äåôîðìàöèþ ìîæíî ëèáî èçìå-
íèâ ñêîðîñòü äâèæåíèÿ, ëèáî èçìåíèâ ñîîòíîøåíèå ôàç èëè óñ-
òðàíèâ àðèòìèþ.

� Â îñíîâå âñåõ âèäîâ ïàññèâíûõ (çàâóàëèðîâàííûõ, íå èìåþ-
ùèõ ÿâíî âûðàæåííîé ïðè÷èíû) ñèë ëåæàò óñëîâèÿ, ïîïàâ â
êîòîðûå òåëî ðåàãèðóåò èçìåíåíèåì ñêîðîñòè äâèæåíèÿ.

� Â îñíîâå âñåõ âèäîâ àêòèâíûõ ñèë (ñòîðîííåå äåéñòâèå, èñ-
êóññòâåííîå èçìåíåíèå ñäâèãà ôàç) ëåæàò íàñèëüñòâåííûå èç-
ìåíåíèÿ âíóòðåííèõ óñëîâèé äâèæåíèÿ òåëà.

� Â îñíîâå äâèæåíèÿ òåëà ëåæèò ñêîìïåíñèðîâàííàÿ ñêîðîñ-
òüþ âåêòîðíàÿ äåôîðìàöèÿ.

� Â îñíîâå âåêòîðíîé äåôîðìàöèè òåëà ëåæèò ñäâèã ôàç è
àðèòìèÿ.

� Â îñíîâå ñäâèãà ôàç ëåæèò ñìåùåíèå ïåðèîäîâ êîëåáàíèé.

� Â îñíîâå àðèòìèè ëåæèò íåñîâïàäåíèå ïåðèîäîâ êîëåáàíèé.

� Â îñíîâå êîëåáàíèé ëåæèò êîíêðåòíûé ôèçè÷åñêèé ïðîöåññ,
ïîäïèòûâàþùèé ýòè êîëåáàíèÿ.
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§ 3.  Èíòåðôåðåíöèÿ â äâèæåíèè

Ê íàèáîëåå îáùèì ñâîéñòâàì âåùåñòâåííûõ îáúåê-
òîâ îòíîñèòñÿ èõ ñïîñîáíîñòü ïåðåìåùàòüñÿ â ïðîñòðàí-
ñòâå. Äëÿ îáúÿñíåíèÿ ïðè÷èí òàêîãî ïåðåäâèæåíèÿ êëàñ-
ñè÷åñêàÿ ìåõàíèêà ïðèâëåêàåò ïîíÿòèå ñèë. Ðàâíîìåðíîå
äâèæåíèå õàðàêòåðèçóåòñÿ îòñóòñòâèåì âíåøíèõ ñèë. Äâà
ñîñòîÿíèÿ îäíîãî è òîãî æå òåëà, õàðàêòåðèçóþùèåñÿ ðàç-
ëè÷íûìè ñêîðîñòÿìè (V1 ≠ V2), îòëè÷àþòñÿ ñâîèìè èìïóëü-
ñàìè è êèíåòè÷åñêèìè ýíåðãèÿìè. Íî íàì èíòåðåñåí âîï-
ðîñ: çàâèñèò ëè âíóòðåííåå ñîñòîÿíèå òåëà îò ñêîðîñòè, à
åñëè çàâèñèò, òî êàêîâà ýòà çàâèñèìîñòü?

Â ðàìêàõ êëàññè÷åñêîé ìåõàíèêè ìû íå ìîæåì ïîëó-
÷èòü îòâåòà. Ïî÷åìó? Ïðè÷èíà êðîåòñÿ â òîì, ÷òî â êëàññè-
÷åñêîé ìåõàíèêå òåëî îïðåäåëÿåòñÿ êàê «ìàòåðèàëüíàÿ òî÷-
êà», îáëàäàþùàÿ: ñîñðåäîòî÷åííîé â öåíòðå ìàññîé,
êîîðäèíàòîé, èìïóëüñîì, ýíåðãèåé. Î÷åâèäíî, ÷òî äàííàÿ ìî-
äåëü òåëà, áóäó÷è àáñòðàêöèåé, íóæäàåòñÿ â ìîäèôèêàöèè.
Ìû ïîøëè ïî ýòîìó ïóòè è îáíàðóæèëè, ÷òî åñëè íà óðîâíå
êëàññè÷åñêîé ìåõàíèêè êîíêðåòèçèðîâàòü âíóòðåííþþ
ñòðóêòóðó òåëà è ðàññìàòðèâàòü åãî êàê ñâÿçàííóþ ñèñòå-
ìó îñöèëëÿòîðîâ, òî âûÿâëÿåòñÿ ïðÿìàÿ çàâèñèìîñòü âíóò-
ðåííåãî ñîñòîÿíèÿ òåëà îò ñêîðîñòè åãî äâèæåíèÿ. Íî âîë-
íîâàÿ ïðèðîäà âåùåñòâà � ýòî óæå êâàíòîâàÿ ìåõàíèêà.

Òàê óæ ïîâåëîñü, ÷òî êëàññè÷åñêàÿ ìåõàíèêà îïèñûâàåò
ïðîèñõîäÿùåå íà ìàêðîóðîâíå ñâîèìè ñïîñîáàìè, êâàíòîâàÿ
ìåõàíèêà íà óðîâíå ýëåìåíòàðíûõ ÷àñòèö � ñâîèìè, à ñïåöè-
àëèñòû ýòèõ íàïðàâëåíèé îñîáî íå âìåøèâàþòñÿ â ïðîáëå-
ìû äðóã äðóãà. Íî âñå ìàêðîòåëà ñîñòîÿò èç ñèñòåì ýëåìåí-
òàðíûõ ÷àñòèö, êîòîðûå íåïîñðåäñòâåííî ó÷àñòâóþò â
ðàâíîìåðíîì è óñêîðåííîì äâèæåíèÿõ. Íåâîçìîæíî îáúÿñ-
íèòü ìàêðîäâèæåíèå â îáõîä ïîíèìàíèÿ ïðîèñõîäÿùåãî íà
óðîâíå ïåðâè÷íûõ âçàèìîäåéñòâèé, ïóñòü äàæå åñëè ýòè ñêî-
ðîñòè è óñêîðåíèÿ êðàéíå ìàëû. È êàçàëîñü áû, êàðòû â
ðóêè êâàíòîâîé ìåõàíèêå, àí íåò, îêàçàëñÿ ýòîò âàæíûé âîï-
ðîñ âíå ïîëÿ å¸ èíòåðåñîâ. À âåäü èìåííî çäåñü, â óñëîâíî-
ïåðåõîäíîé çîíå, çàòàèëèñü è æäóò ñâîåãî ÷àñà óïðàâëÿþ-
ùèå Âñåëåííîé çàêîíû ìåõàíèêè. Íî êàêèì îáðàçîì ê íèì
ïîäñòóïèòüñÿ, êàêèì îáðàçîì ñìîäåëèðîâàòü, ÷òîáû óâèäåòü?
Ñïåöèàëüíî äëÿ ýòîãî ðàçðàáîòàíà êîìïüþòåðíàÿ ïðîãðàì-
ìà, êîòîðàÿ è ïîìîæåò íàì ðàçîáðàòüñÿ â âîïðîñàõ äâèæå-
íèÿ ìàêðîòåë íà óðîâíå ïåðâîîñöèëëÿòîðîâ.
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Íà÷èíàòü ñëåäóåò ñ îáû÷íîé èíòåðôåðåíöèè. Ïðîñòåé-
øèå âàðèàíòû äâóìåðíîé èíòåðôåðåíöèè èçó÷åíû, ïîýòî-
ìó ìû íå ñòàíåì îñîáî íà íèõ îñòàíàâëèâàòüñÿ, íî çàäåð-
æèâàòüñÿ áóäåì òàì, ãäå åñòü ýëåìåíòû íîâèçíû.

Ïîëå èíòåðôåðåíöèè îò ñèñòåìû îñöèëëÿòîðîâ íåðàç-
ðûâíî, íî ìû íàìåðåíû ðàçáèòü åãî íà äâå èíòåðåñóþùèå
íàñ îáëàñòè: âíåøíþþ è âíóòðåííþþ. Äëÿ ïîíèìàíèÿ äâè-
æåíèÿ íàì âàæíî çíàòü, ÷òî ïðîèñõîäèò âíóòðè ñèñòåìû,
íî îáîçðåâàÿ ïðîèñõîäÿùåå â öåëîì, ìû óâèäèì, ÷òî î âíóò-
ðåííèõ ïðîöåññàõ ìîæíî ñóäèòü ïî âíåøíèì èçìåíåíè-
ÿì èíòåðôåðåíöèîííûõ ïîëåé.

Íà÷í¸ì ñ ðàññìîòðåíèÿ çàâèñèìîñòè ïîëÿ èíòåðôåðåí-
öèè îò ñêîðîñòè äâèæåíèÿ. Åñëè ðàññìàòðèâàòü îäèíî÷íûå
îñöèëëÿòîðû â ïîêîå (ðèñ. 56) è äâèæåíèè (ðèñ. 57), òî
îáíàðóæèâàþòñÿ ðàçëè÷èÿ â ñîçäàâàåìûõ èìè âîëíîâûõ
ïîëÿõ. Íî êàê â àíàëîãè÷íûõ óñëîâèÿõ áóäåò âåñòè ñåáÿ
ïîëå èíòåðôåðåíöèè îò ñèñòåìû èç äâóõ îñöèëëÿòîðîâ?

Ðèñ. 56.  V=0. Ïîêîÿ-
ùèéñÿ îñöèëëÿòîð
âîçáóæäàåò ñðåäó,
ðîæäàÿ êðóãîâûå âîë-
íû

Ðèñ.  57. V=0.3c. Åñëè
îñöèëëÿòîð äâèæåòñÿ
â ñðåäå, òî âîëíîâîå
ïîëå âûãëÿäèò èíà÷å
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Ðèñ. 58. V=0. Òàê
âûãëÿäèò ïîëå èíòåð-
ôåðåíöèè îò êîãåðåí-
òíûõ îñöèëëÿòîðîâ.
×èñëî ïîëîñ èíòåðôå-
ðåíöèè � 6

Ðèñ. 59. V=0.3c. Ïîëå
èíòåðôåðåíöèè ñòà-
áèëüíî è äâèæåòñÿ â
ñðåäå ñ òîé æå ñêîðî-
ñòüþ, ÷òî è ñèñòåìà
îñöèëëÿòîðîâ

Ðèñ. 60.  V=0.3c. Ñòà-
áèëüíîñòü äâèæóùå-
ãîñÿ ïîëÿ èíòåðôå-
ðåíöèè íå çàâèñèò îò
îðèåíòàöèè îñöèëëÿ-
òîðîâ è ïî îòíîøå-
íèþ ê íèì âñåãäà
ñèììåòðè÷íî

Ïðèìå÷àíèå. Äëÿ ïîëó÷åíèÿ ñèììåòðè÷íûõ êàðòèíîê â
ñëó÷àÿõ, êîãäà V>0, áûë èñïîëüçîâàí ïðèíöèï àâòîôàçèðî-
âàíèÿ îñöèëëÿòîðîâ. Íåñîáëþäåíèå ýòîãî òðåáîâàíèÿ ïðè-
âîäèò ê àñèììåòðèè ïîëÿ.
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§ 4.   Èíòåðôåðåíöèîííàÿ äåôåêòîñêîïèÿ
èíâàðèàíòíîñòè

Êîìïüþòåðíîå ìîäåëèðîâàíèå ôèçè÷åñêèõ ïðîöåññîâ
ïîçâîëÿåò ïåðåéòè ê íàãëÿäíîé èíòåðôåðåíöèîííîé äåôåê-
òîñêîïèè ïðåîáðàçîâàíèé êîîðäèíàò â êëàññè÷åñêîé è ðå-
ëÿòèâèñòñêîé ôèçèêå. Ïîñìîòðèì, êàêèå èç ïðåîáðàçîâà-
íèé âûäåðæàò ýêçàìåí íà èíâàðèàíòíîñòü (ñðàâíåíèÿ âå-
äóòñÿ ñ èíòåðôåðåíöèîííîé êàðòèíêîé íà ðèñ. 58).
1. Âåðíû ïðåîáðàçîâàíèÿ Ãàëèëåÿ

Ðèñ. 61.  V=0.6c. Èñ-
òî÷íèêè êîãåðåíòíû.
Ðàññòîÿíèå ìåæäó
èñòî÷íèêàìè íå èçìå-
íèëîñü. Íàðÿäó ñ äå-
ôîðìàöèåé ïîëÿ óâå-
ëè÷èëîñü ÷èñëî èí-
òåðôåðåíöèîííûõ ïî-
ëîñ � 10, à íà ðèñ. 58
èõ áûëî 6. Ïîÿâëåíèå
äîïîëíèòåëüíûõ ïî-
ëîñ îáóñëîâëåíî ñæè-
ìàíèåì ñòîÿ÷èõ âîëí

Ðèñ. 62.  Ñäâèãîì ôàç
óäàëîñü âûðàâíÿòü
êàðòèíêó, ò.å. ñäåëàòü
å¸ ñèììåòðè÷íîé, íî
äîñòè÷ü ñõîæåñòè ñ
ðèñ. 58 íå óäàëîñü.
Íàëèöî îòñóòñòâèå
èíâàðèàíòíîñòè

Åñëè èñòî÷íèêè êîãåðåíòíû, òî ïðè óâåëè÷åíèè ñêî-
ðîñòè ñèñòåìû ïîÿâëÿåòñÿ àñèììåòðèÿ ïîëÿ èíòåðôåðåí-
öèè, óñòðàíÿåìàÿ ïîäáîðîì ñîîòíîøåíèÿ ôàç.

Ïîÿâëåíèå äîïîëíèòåëüíûõ ïîëîñ èíòåðôåðåíöèè ïðî-
èñõîäèò ïî äâóì ïðè÷èíàì:

1. Ïðåîáðàçîâàíèÿ Ãàëèëåÿ ïîëàãàþò ðàññòîÿíèå ìåæäó
îñöèëëÿòîðàìè íåèçìåííûì;
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2. Ìåæäó îñöèëëÿòîðàìè, ïðè óâåëè÷åíèè ñêîðîñòè, èìååò
ìåñòî ñæèìàíèå ñòîÿ÷åé âîëíû, à çíà÷èò, ïîÿâëÿþòñÿ íî-
âûå óçëû è ïó÷íîñòè.

Âàæíûì çäåñü ÿâëÿåòñÿ òî, ÷òî ïðè V → ñ  ïðîñòðàí-
ñòâî ìåæäó èñòî÷íèêàìè áóäåò èíòåíñèâíî íàïîëíÿòüñÿ
èíòåðôåðåíöèîííûìè ïîëîñàìè.

2. Âåðíû ïðåîáðàçîâàíèÿ Ëîðåíöà

Ðèñ. 63.  V=0.6c. Äå-
ôîðìàöèÿ óñòðàíåíà
ñäâèãîì ôàç. Â ñðàâ-
íåíèè ñ ïðåäûäóùèì
ñëó÷àåì ïîëîñ èí-
òåðôåðåíöèè ñòàëî
ìåíüøå � 7, íî âñ¸
ðàâíî èõ áîëüøå, ÷åì
íà ðèñ. 58. Çíà÷èò
ïðåîáðàçîâàíèé Ëî-
ðåíöà íåäîñòàòî÷íî
äëÿ óñòðàíåíèÿ íåñî-
îòâåòñòâèÿ. Èíâàðè-
àíòíîñòü îòñóòñòâóåò

È õîòÿ ïðåîáðàçîâàíèÿ Ëîðåíöà äîïóñêàþò óìåíüøå-
íèå ðàññòîÿíèÿ ìåæäó îñöèëëÿòîðàìè, ïîÿâëåíèå äîïîë-
íèòåëüíûõ ïîëîñ èíòåðôåðåíöèè óêàçûâàåò, ÷òî äåêëàðè-
ðóåìîãî èìè ñîêðàùåíèÿ íåäîñòàòî÷íî äëÿ ñîõðàíåíèÿ
èíâàðèàíòíîñòè èíòåðôåðåíöèîííîé êàðòèíêè.

3. Âåðíû ãåîìåòðè÷åñêèå ïðåîáðàçîâàíèÿ Èâàíîâà

Ðèñ. 64.  V=0.6c. Èñ-
òî÷íèêè ñôàçèðîâà-
íû.  Êîëè÷åñòâî ïîëîñ
èíòåðôåðåíöèè ðàâíî
� 6, êàê è â ñëó÷àå
ðèñ. 58. Çäåñü ìû äî-
ñòèãëè ñõîæåñòè èí-
òåðôåðåíöèîííûõ
êàðòèíîê, à çíà÷èò,
ìîæåì ãîâîðèòü î
âûïîëíåíèè ïðèíöè-
ïà èíâàðèàíòíîñòè
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Ïðåîáðàçîâàíèÿ ïîëàãàþò ñîêðàùåíèå ðàçìåðîâ ïî âñåì
êîîðäèíàòíûì îñÿì. Óìåíüøåíèå ðàññòîÿíèÿ ìåæäó îñ-
öèëëÿòîðàìè ïðîïîðöèîíàëüíî ñæèìàíèþ ñòîÿ÷èõ âîëí.
Ñîâïàäåíèå óñòðàíÿåò ïîÿâëåíèå äîïîëíèòåëüíûõ èíòåð-
ôåðåíöèîííûõ ëèíèé, à ïîòîìó èìåþùèõ ìåñòî ñîêðàùå-
íèé äîñòàòî÷íî äëÿ ñîõðàíåíèÿ èíâàðèàíòíîñòè ñèñòåìû.

Ìû ïðîâåëè äåôåêòîñêîïèþ òð¸õ òèïîâ ïðåîáðàçîâà-
íèé êîîðäèíàò è óâèäåëè, ÷òî íàèáîëåå èíòåðåñíûìè äëÿ
äàëüíåéøèõ èññëåäîâàíèé ÿâëÿþòñÿ ïîñëåäíèå. Ìû óáå-
äèëèñü â òîì, ÷òî èìåííî ýòè ïðåîáðàçîâàíèÿ êîîðäèíàò
áîëåå âñåõ ñîîòâåòñòâóþò òðåáîâàíèÿì ïðèíöèïà èíâàðè-
àíòíîñòè.

Íåñêîëüêî ñëîâ îá èíòåðôåðåíöèîííûõ ëèíèÿõ. Ïî
ñóòè ìû èìååì äåëî ñ ëèíèÿìè ñìåíû ôàçîâîãî ñîñòîÿíèÿ
âîëíîâîãî ïîëÿ, èçëó÷àåìîãî âîâíå. Òàêàÿ ïîñòàíîâêà âîï-
ðîñà î÷åíü ïîëåçíà, ò.ê. ïîçâîëÿåò ãîâîðèòü íå òîëüêî î
ìåõàíèçìå âîçíèêíîâåíèÿ ðàçëè÷íîãî òèïà ïîëåé âîêðóã
ñèñòåì îñöèëëÿòîðîâ, íî è îá èõ êà÷åñòâåííûõ ðàçëè÷èÿõ
ïî äåéñòâèþ íà èíûå ñèñòåìû. Ýòè ðàçëè÷èÿ ìîãóò ëå-
æàòü â îñíîâå îáúÿñíåíèÿ ìíîãîîáðàçèÿ ïîëåé.

§ 5.  Ñïàéäåð-ýôôåêò

Ïðè ðàññìîòðåíèè îäíîìåðíûõ âàðèàíòîâ èíòåðôåðåí-
öèè ìû îáíàðóæèëè ÿâëåíèå, êîòîðîå íàçâàëè æèâàÿ ñòî-
ÿ÷àÿ âîëíà. Ðàññìàòðèâàÿ ýòî æå ÿâëåíèå, íî â äâóõ èçìå-
ðåíèÿõ, ìû îáíàðóæèâàåì íîâîå èíòåðôåðåíöèîííîå
ÿâëåíèå, êîòîðîìó, çà ñõîäñòâî ñ ïàóêîì, áûëî äàíî íàçâà-
íèå ñïàéäåð-ýôôåêò.

Ðèñ. 65. Íàëè÷èå ðàç-
íîñòè ÷àñòîò ïðèâî-
äèò ê íåìåäëåííîé äå-
ôîðìàöèè ïîëÿ, õà-
ðàêòåðèçóþùåéñÿ
ñâîðà÷èâàíèåì ëè-
íèé èíòåðôåðåíöèè â
çàìêíóòûå êîëüöåâûå
îáðàçîâàíèÿ. Ïåðåä
íàìè êëàññè÷åñêèé
ñïàéäåð - ýôôåêò
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Ðèñ. 66. ×åì âûøå
÷àñòîòíàÿ ðàçíèöà,
òåì ýíåðãè÷íåå ñâî-
ðà÷èâàíèå èíòåðôå-
ðåíöèîííîãî ïîëÿ

Çàâîðàæèâàþùèì ñâîéñòâîì ñïàéäåð-ýôôåêòà ÿâëÿ-
åòñÿ äèíàìè÷íîñòü, ñîçäàþùàÿ (â îòëè÷èå îò çàñòûâøåãî
ïîëÿ èíòåðôåðåíöèè) ñïåöèôè÷åñêîå, ïî âîçäåéñòâèþ íà
èíûå ñèñòåìû, ôàçîâîå ïîëå. Â ýòîì ñìûñëå ïðåäñòàâëÿåò-
ñÿ ñîáëàçíèòåëüíûì ñâÿçàòü ôèçè÷åñêóþ ñóòü ìàãíèòíî-
ãî, ýëåêòðè÷åñêîãî, ãðàâèòàöèîííîãî è èíûõ ïîëåé ñî ñïå-
öèôèêîé èçëó÷àåìûõ îáúåêòàìè ôàçîèíòåðôåðåíöèîííûõ
ïîëåé. Â äàëüíåéøåì ìû ïîêàæåì âíåøíþþ ñõîæåñòü
íåêîòîðûõ ÿâëåíèé ïðèðîäû ñ èõ èíòåðôåðåíöèîííûìè
àíàëîãàìè.

§ 6.   Ñïàéäåð-ýôôåêò â äâèæåíèè

Êàê âëèÿåò äâèæåíèå ñèñòåìû îñöèëëÿòîðîâ íà ôîð-
ìîîáðàçîâàíèå è äèíàìèêó ñïàéäåð-ýôôåêòà? Íà ýòîò âîï-
ðîñ ìû îòâåòèì ñåðèåé ðèñóíêîâ, îòðàæàþùèõ çàâèñèìîñòü
ïîëÿ ðàñïðåäåëåíèÿ ôàç îò ñêîðîñòè è îðèåíòàöèè.

Ðèñ. 67. V=0.3ñ
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Ðèñ. 68.     V=�0.5ñ,
∠α=0o

Ðèñ. 69.   V=0.5ñ,
 ∠α=120o

Ìû âèäèì, ÷òî ñïàéäåð-ýôôåêò íå çàâèñèò íè îò ñêî-
ðîñòè, íè îò îðèåíòàöèè ñèñòåìû îñöèëëÿòîðîâ, íî îá èí-
âàðèàíòíîñòè ðàçëè÷íûõ ïî ôîðìå ïîëåé èíòåðôåðåíöèè
ìû ìîæåì ãîâîðèòü òîëüêî ïðèìåíèòåëüíî ê íîâûì ïðå-
îáðàçîâàíèÿì êîîðäèíàò. Èíûå ïðåîáðàçîâàíèÿ ïðèâîäÿò
ê èçìåíåíèÿì â ïîëå èíòåðôåðåíöèè, à çíà÷èò, è ê íåîáîñ-
íîâàííîìó íàðóøåíèþ âíóòðåííèõ ñâÿçåé â ñèñòåìå.

§ 7.  Íàèáîëåå ÿðêèå ýôôåêòû

Îäíàæäû ìû ïðèâûêíåì ê âíåøíåìó ñõîäñòâó ïðî-
èñõîäÿùåãî â ìèêðî- è ìàêðîìèðàõ è ïîéì¸ì, ÷òî ïðîöåñ-
ñû ïðèáëèçèòåëüíî, à â ðÿäå ñëó÷àåâ è òî÷íî, ïîâòîðÿþò
ñåáÿ íà ðàçëè÷íûõ óðîâíÿõ îðãàíèçàöèè ìàòåðèè. Ñîâïà-
äåíèÿ ýòè íåëüçÿ íàçâàòü ñëó÷àéíûìè, èáî íåçàâèñèìî îò
ðàññìàòðèâàåìîãî óðîâíÿ ìû èìååì äåëî ñ âîëíîâûìè âçà-
èìîäåéñòâèÿìè, íà êîòîðûå ðàñïðîñòðàíÿþòñÿ îäíè è òå
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æå çàêîíû. À åñëè ðàçëè÷èÿ è îáíàðóæàòñÿ, òî ìû äîëæ-
íû âñïîìíèòü î ïîíÿòèè ëîãè÷åñêîå ïðîñòðàíñòâî, î ÷àñ-
òîì íåñîîòâåòñòâèè íàáëþäàåìîãî ñ èñòèííî ïðîèñõîäÿ-
ùèì, îá èëëþçîðíîñòè.

1. Ñáëèæåíèå êîãåðåíòíûõ îñöèëëÿòîðîâ

Ðèñ. 70.  Äâà ðàâíûõ
ïî ÷àñòîòå îñöèëëÿòî-
ðà ïðîëåòàþò ìèìî
äðóã äðóãà ïî ïðÿìî-
ëèíåéíûì òðàåêòî-
ðèÿì. Ïî ìåðå ïðè-
áëèæåíèÿ, ïðîë¸òà
âáëèçè è ðàçë¸òà íà-
áëþäàåòñÿ òðàíñôîð-
ìàöèÿ èíòåðôåðåíöè-
îííîãî ïîëÿ èç Õ-îá-
ðàçíîé ôîðìû â ñïè-
ðàëü S(ñâàñòèêà), à
çàòåì â Ô-ïîëå

Ðèñ. 71. Ô-ïîëå îò
ðàçëåòàþùèõñÿ îñ-
öèëëÿòîðîâ
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Ðèñ. 72. Ìàãíèòíîå
ïîëå, ñîçäàâàåìîå çà-
ðÿäîì, äâèæóùèìñÿ
ïî êðóãîâîìó êîíòó-
ðó

Ðèñ. 73. ×àñòî ðåçóëüòàòîì âñòðå÷íîãî äâèæåíèÿ âîçäóøíûõ ìàññ ñòà-
íîâèòñÿ ãèãàíòñêèé àòìîñôåðíûé âèõðü (òàéôóí � âèä èç êîñìîñà)

2. ×àñòîòà èñòî÷íèêîâ èçìåíÿåòñÿ

Ðèñ. 74.  Òàê âûãëÿ-
äèò ïîëå èíòåðôåðåí-
öèè, êîãäà ìû èìååì
äåëî ñ ñèíõðîííûì
óâåëè÷åíèåì ÷àñòîòû
îñöèëëÿòîðîâ
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Ðèñ. 75.  Òàê âûãëÿ-
äèò ïîëå èíòåðôåðåí-
öèè, êîãäà ìû èìååì
äåëî ñ ñèíõðîííûì
óìåíüøåíèåì ÷àñòî-
òû îñöèëëÿòîðîâ

Ðèñ. 76.  ×àñòîòà îä-
íîãî îñöèëëÿòîðà óâå-
ëè÷èâàåòñÿ, äðóãîãî  �
óìåíüøàåòñÿ

Ðèñ. 77.  Îáú¸ìíîå ïîëå èíòåðôåðåíöèè îò äâóõ ïóëüñèðóþùèõ ñòîêîâ
(÷¸ðíûõ äûð) â ðàçðåçå. Îáðàùàåò íà ñåáÿ âíèìàíèå ñòàòè÷íîñòü ëèíèé
ñìåíû ôàç, ò.å. íåçàâèñèìîñòü èõ êîîðäèíàòíîãî ïîëîæåíèÿ â ñèñòåìå
èñòî÷íèêîâ îò t è V
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Ìû ðàññìîòðåëè íåñêîëüêî ïðîñòåéøèõ ñëó÷àåâ âîë-
íîâûõ âçàèìîäåéñòâèé. Â äàëüíåéøåì ìû ñòàíåì ðàññìàò-
ðèâàòü ñëîæíûå ñèñòåìû, êàæäàÿ èç êîòîðûõ ñîñòîèò èç
íàáîðà ïðîñòûõ. Ìû óâèäèì, ÷òî ñëîæíûå ñèñòåìû áóäóò
ñîçäàâàòü èíûå èíòåðôåðåíöèîííûå ïîëÿ, âíåøíå îòëè÷à-
þùèåñÿ îò ðàññìîòðåííûõ ðàíåå.

Ãëàâà 2.  ÈÇËÓ×ÅÍÈÅ È ÔÎÐÌÀ

§ 1.  Ïèðàìèäà â äâóõ èçìåðåíèÿõ

Ðàññìîòðèì ïðîñòåéøèé ñëó÷àé � ïèðàìèäà â ðàçðå-
çå. Ñëåäóåò èìåòü ââèäó � ìû èññëåäóåì äâóìåðíûå ìîäå-
ëè, ïîëàãàÿ, ÷òî òð¸õìåðíûå èõ àíàëîãè äàäóò ñõîæèå ðå-
çóëüòàòû.

Ðèñ. 78.  Ñ êàêîé öåëüþ ñòðîèëèñü ïèðàìèäû, êàêîå èç îñòàòî÷íûõ
çíàíèé îíè îëèöåòâîðÿþò? À ìîæåò, ýòî íàøè äàë¸êèå ïðåäêè ïîäñêà-
çûâàþò íàì, îòêóäà ìû, êàêîãî ðîäà-ïëåìåíè?
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Ðèñ. 79.  Ïëîñêàÿ ìî-
äåëü ïèðàìèäû èç 25
êîãåðåíòíûõ îñöèëëÿ-
òîðîâ. Ñäâèã ôàç îò-
ñóòñòâóåò. Ìû íàáëþ-
äàåì âèä ïîëÿ èíòåð-
ôåðåíöèè è ïðîñòðàí-
ñòâåííîå ðàñïðåäåëå-
íèå ýíåðãèè. Êàðòèí-
êè ïîëó÷åíû â ðåçóëü-
òàòå êîìïüþòåðíîãî
ýêñïåðèìåíòà.  à) ôî-
òîãðàôèÿ ïîëÿ èíòåð-
ôåðåíöèè; á) ðàñïðå-
äåëåíèå ïðîÿâëåííîé
ýíåðãèè. Íàëèöî
àñèììåòðèÿ, ìîùíûé
ïîòîê ýíåðãèè èç îñ-
íîâàíèÿ ìîäåëè, íà-
ïðàâëåííûé âíèç.
Ñóäÿ ïî ðàñïðåäåëå-
íèþ ýíåðãèè åñòü
ñìûñë ãîâîðèòü î íà-
ëè÷èè âåêòîðíîé äå-
ôîðìàöèè, à çíà÷èò, è
îá èìïóëüñå. Åñëè
ãèïîòåçà ñïðàâåäëèâà,
òî â îòêðûòîì êîñìî-
ñå áóäåò èìåòü ìåñòî
ñàìîäâèæåíèå ïèðà-
ìèäû

 Â òîì, ÷òî ôîðìà ïåðåðàñïðåäåëÿåò ýíåðãèþ èçëó÷åíèÿ,
ìû åù¸ íå ðàç óáåäèìñÿ. Êàê çíàòü, ìîæåò ïðåäëàãàåìûé
ïîäõîä ïîìîæåò ðàçãàäàòü òàéíûé ñìûñë äðåâíèõ ñîîðó-
æåíèé, à òàêæå ïðîëü¸ò ñâåò íà çàãàäêè, êîèõ âîêðóã ïèðà-
ìèä âåëèêîå ìíîæåñòâî.

Íå èñêëþ÷åíî òàêæå (íàñ âåäü èíòåðåñóåò äâèæåíèå),
÷òî â óñëîâèÿõ êîñìîñà ïèðàìèäàëüíîå ñîîðóæåíèå ñòà-
íåò äâèãàòüñÿ â íàïðàâëåíèè ñîáñòâåííîé âåðøèíû áåç
êàêèõ-ëèáî äîïîëíèòåëüíûõ çàòðàò ýíåðãèè, íî ýòî ïîêà
íàøå ïðåäïîëîæåíèå.

§ 2.  Âëèÿíèå êðèâèçíû íà ñèììåòðèþ ïîëÿ

Òåïåðü, èìåÿ çàìå÷àòåëüíûé èíñòðóìåíò äëÿ èññëåäî-
âàíèé (èìååòñÿ ââèäó ïðîãðàììíîå îáåñïå÷åíèå äëÿ êîì-

à.

á.
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ïüþòåðíûõ ýêñïåðèìåíòîâ), ìû ìîæåì çàäàâàòü ñàìûå íå-
âåðîÿòíûå ôîðìû è íàáëþäàòü çà ïðîèñõîäÿùèì, àíèìè-
ðóÿ ïðîöåññû. Ðàññìîòðèì ïðîñòåéøèé ñëó÷àé � âëèÿíèå
êðèâèçíû íà èçëó÷åíèå. Ïåðâîíà÷àëüíî èìåëàñü ïëîñêàÿ
ñèñòåìà èç äâàäöàòè êîãåðåíòíûõ îñöèëëÿòîðîâ (ðèñ. 80),
êîòîðóþ çàòåì ìû äåôîðìèðîâàëè â äóãó (ðèñ. 81) ïîñëå
ïåðâîãî ýòàïà êîìïüþòåðíîãî ýêñïåðèìåíòà. Íàñ èíòåðå-
ñîâàëî, êàêèå èçìåíåíèÿ â ïðîñòðàíñòâåííîì ðàñïðåäåëå-
íèè ýíåðãèè ïðîèçîéäóò â ðåçóëüòàòå äåôîðìàöèè ñèñòå-
ìû îñöèëëÿòîðîâ.

Ìíîãèå èññëåäîâàòåëè ïîäîçðåâàþò î íàëè÷èè ñâÿçè
ìåæäó ñïîñîáíîñòüþ àïïàðàòîâ ïðåîäîëåâàòü ãðàâèòàöèþ
è âûïóêëîé òàðåëêîîáðàçíîé ôîðìîé. È õîòÿ äàæå êîì-
ïüþòåðíûé ýêñïåðèìåíò óêàçûâàåò íà âîçìîæíîñòü òàêîé
ñâÿçè, ïîëíîé ÿñíîñòè â ýòîì âîïðîñå ïîêà íåò.

Ðèñ. 80. Ðàñïðåäåëå-
íèå ýíåðãèè ñèììåò-
ðè÷íî. Ñïðàâà ïîêà-
çàíî ðàñïîëîæåíèå
îñöèëëÿòîðîâ

Ðèñ. 81.  Â ðàñïðåäå-
ëåíèè ýíåðãèè ïîÿâè-
ëàñü àñèììåòðèÿ.
Ñïðàâà ïîêàçàíî ðàñ-
ïîëîæåíèå îñöèëëÿ-
òîðîâ
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§ 3.  Îñöèëëÿòîðû-áîìæè

Ìîãóò ëè óçëû è ïó÷íîñòè (íå ñëåäóåò ïóòàòü ñ íåïðå-
ðûâíûìè ëèíèÿìè èíòåðôåðåíöèè) âîçíèêàòü â ñòîðîíå
îò ñèñòåìû îñöèëëÿòîðîâ? Îêàçûâàåòñÿ, ÷òî ìîãóò.

Ðàññìîòðèì ëþáîïûòíåéøèé ýôôåêò, êîãäà ñòîÿ÷àÿ
âîëíà âîçíèêàåò íå òîëüêî ìåæäó îñöèëëÿòîðàìè ñèñòå-
ìû, íî è äàëåêî çà å¸ ïðåäåëàìè.

Ðèñ. 82.  Çà ïðåäåëà-
ìè ñèñòåìû îñöèëëÿ-
òîðîâ íàáëþäàþòñÿ
óçëû (îäèí èç íèõ
îáâåä¸í êðóæêîì) è
ïó÷íîñòè. Óçëû ìîãóò
âûïîëíÿòü ðîëü ëîâó-
øåê äëÿ ñâîáîäíûõ
îñöèëëÿòîðîâ-áîì-
æåé. Ïîïàâ â òàêóþ
ëîâóøêó, îñöèëëÿòîð-
áîìæ ñòàíîâèòñÿ ÷à-
ñòüþ ñèñòåìû è âíî-
ñèò ñâîþ ëåïòó â âîñ-
ñòàíîâëåíèå ñèììåò-
ðèè. Èìåííî òàêèå
çîíû çàìèðàíèÿ âî
Âñåëåííîé ìîãóò áûòü
ïðèâëåêàòåëüíû äëÿ
ñâîáîäíîãî âåùåñòâà.
à) ôîòîãðàôèÿ ïîëÿ
èíòåðôåðåíöèè; á)
ïðîñòðàíñòâåííîå
ðàñïðåäåëåíèå ýíåð-
ãèè (óçëîâûå çîíû
èìåþò ò¸ìíûé öâåò)

Îáíàðóæåííûé ýôôåêò âïîëíå ìîæåò áûòü îñíîâîé äëÿ
îáúÿñíåíèÿ ðîñòà êðèñòàëëè÷åñêèõ ñòðóêòóð, íî íå òîëü-
êî. Íà îñíîâå ñëàáî ïðèñïîñîáëåííîé äëÿ òàêîãî ðîäà èñ-
ñëåäîâàíèé ïðîãðàììå áûëî ïðîâåäåíî ìîäåëèðîâàíèå ïðî-
öåññà ñàìîäîñòðàèâàíèÿ ïðîñòåéøåé íåñèììåòðè÷íîé
ñèñòåìû îñöèëëÿòîðîâ ñ ïîìîùüþ áîìæåé-îñöèëëÿòîðîâ,
ïîïàâøèõ â èíòåðôåðåíöèîííûå ëîâóøêè.

á)

à)

Óçåë
îñöèëëÿòîð-áîìæ

Óçåë
îñöèëëÿòîð-áîìæ
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§ 4.  Ñåêâåñòð - ýôôåêò

Ïðè àíàëèçå âîëíîâûõ êàðòèí â ñèñòåìàõ îñöèëëÿòî-
ðîâ, ëèø¸ííûõ ñèììåòðè÷íîé ñâîåé ÷àñòè, áûëî îáíàðóæå-
íî, ÷òî ñèñòåìû ïûòàþòñÿ äîñòðîèòü íåäîñòàþùóþ ÷àñòü
ýíåðãåòè÷åñêè. Ïðîñòåéøèå ìîäåëüíûå ýêñïåðèìåíòû óáå-
äèòåëüíî ïîêàçûâàþò ñïðàâåäëèâîñòü äàííîãî óòâåðæäåíèÿ.

Ðèñ. 84. Ìû óáðàëè
(ñåêâåñòèðîâàëè) ïðà-
âóþ ÷àñòü, è ñèñòåìà
ñòàëà àññèììåòðè÷-
íîé. Ïðîèçîøëè èçìå-
íåíèÿ. Èíòåíñèâíîñòü
ïîëÿ èíòåðôåðåíöèè
çíà÷èòåëüíî âîçðîñëà,
êàðòèíêà ëèøèëàñü
ñèììåòðèè, íî ïûòàåò-
ñÿ äîñòðîèòü ñåêâåñòè-
ðîâàííóþ ïðàâóþ
÷àñòü âîëíàìè áîëü-
øåé èíòåíñèâíîñòè

à.

á.

Ðèñ. 83.  Â äàëüíåé-
øåì ìû ïîêàæåì, ÷òî
ñóùåñòâóþò ñèììåò-
ðè÷íûå íåèçëó÷àþ-
ùèå ýíåðãèþ ñèñòåìû
îñöèëëÿòîðîâ. Ó òà-
êèõ ñèñòåì ýíåðãèÿ
êàê áû ïîéìàíà â ëî-
âóøêó. Ìû ïðèâî-
äèì ìîäåëü òàêîé ñè-
ñòåìû. Íà (à) ôîòî-
ãðàôèÿ ïîëÿ èíòåðôå-
ðåíöèè; íà (á) � ïðî-
ñòðàíñòâåííîå ðàñïðå-
äåëåíèå ýíåðãèè
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Ðèñ. 85.  Èçìåíèëàñü
è êàðòèíà ðàñïðåäå-
ëåíèÿ ýíåðãèè. Ïî-
ÿâèëèñü ýíåðãåòè÷åñ-
êèå ëó÷è, èíòåíñèâ-
íîñòü êîòîðûõ îñîáåí-
íî âåëèêà âáëèçè íå-
äîñòàþùåé äëÿ ñèì-
ìåòðèè ÷àñòè (ýíåðãå-
òè÷åñêèé âûáðîñ
âïðàâî)

Åñëè ôîðìà, ëèø¸ííàÿ ñèììåòðèè, íà÷èíàåò èíòåíñèâíî
èçëó÷àòü, òî ýòî ñâîéñòâî ìîæåò áûòü øèðîêî èñïîëüçîâà-
íî â ìåäèöèíñêèõ öåëÿõ, à ïîòîìó ýòî íàïðàâëåíèå äåÿ-
òåëüíîñòè íàçâàíî íàìè «Êðèñòàëëîòåðàïèÿ».

Ñòîÿ÷àÿ âîëíà â ñâåðõçâóêîâîì ðåæèìå

Åñëè ðàññìîòðåòü èíòåðôåðåíöèþ âîëí îò îñöèëëÿòî-
ðîâ, äâèæóùèõñÿ ñî ñêîðîñòüþ âûøå ñêîðîñòè çâóêà, òî
ìû îáíàðóæèì èíòåðåñíîå ÿâëåíèå � ñòîÿ÷óþ âîëíó, òÿ-
íóùóþñÿ çà îñöèëëÿòîðàìè ñ àíàëîãè÷íîé ñêîðîñòüþ.

Ïðè ðàññìîòðåíèè ãåîìåòðèè âîçíèêàþùåãî ýôôåêòà
ñòàíîâèòñÿ ïîíÿòíà åãî ïðè÷èíà. Äåëî â òîì, ÷òî â ñâåðõ-
çâóêîâîì êîíóñå ðàñïðîñòðàíÿþòñÿ äâå âîëíû: îäíà óäà-
ëÿåòñÿ îò îñöèëëÿòîðà ñî ñêîðîñòüþ V+ñ, äðóãàÿ ïûòàåòñÿ
äîãíàòü îñöèëëÿòîð ñî ñêîðîñòüþ V� ñ. Èìåííî ýòè âîëíû,

Ðèñ. 86.  Ñõåìà, ïîÿñ-
íÿþùàÿ ïðîöåññ ôîð-
ìèðîâàíèÿ ñâåðõçâó-
êîâîãî êîíóñà
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ñêëàäûâàÿñü äðóã ñ äðóãîì, è äàþò íàì ýôôåêò ñòîÿ÷åé
âîëíû, äâèæóùåéñÿ â íàïðàâëåíèè è ñî ñêîðîñòüþ îñöèë-
ëÿòîðà.

Ýòî îçíà÷àåò, ÷òî çà ñàìîë¸òîì, ëåòÿùèì ñî ñâåðõçâó-
êîâîé ñêîðîñòüþ, òÿíåòñÿ, ñ ýòîé æå ñêîðîñòüþ, íåâèäèìàÿ
èíòåðôåðåíöèîííàÿ êàðòèíà. Åñëè áû ïèëîò ìîã íàáëþ-
äàòü ýòó êàðòèíó, òî îí êîíñòàòèðîâàë áû å¸ íåïîäâèæ-
íîñòü îòíîñèòåëüíî ñâîåé ñèñòåìû îòñ÷¸òà.

Ñòîÿ÷èå âîëíû íàáëþäàþòñÿ è â ñòðóå îòðàáîòàííîãî
ãàçà ðåàêòèâíîé òóðáèíû. Ñêîðîñòü èñòå÷åíèÿ ãàçà îáû÷-
íî ïðåâûøàåò ñêîðîñòü çâóêà.

Ìû íå çàòðàãèâàåì ïîêà ñâåðõñâåòîâûå ïðîöåññû, êà-
êîâûå â ýêñïåðèìåíòàëüíîé ôèçèêå èìåþò ìåñòî.

Ðèñ. 87.  Ñâåðõçâóêî-
âîé êîíóñ. Ò¸ìíûå
çîíû â îáëàñòè êîíó-
ñà (íèæíèé ðèñóíîê)
ÿâëÿþòñÿ óçëàìè òÿ-
íóùåéñÿ çà îñöèëëÿ-
òîðàìè ñòîÿ÷åé âîë-
íû; ñâåòëûå � ïó÷íî-
ñòè
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Ãëàâà 3.  ÑÀÌÎÄÂÈÆÅÍÈÅ  Â  ÏÐÈÐÎÄÅ

§ 1.  Ãóìàíèòàðíîå îòñòóïëåíèå

Ñàìîäâèæåíèå ÿâëÿåòñÿ îäíèì èç óäèâèòåëüíåéøèõ
ñâîéñòâ âåùåñòâåííûõ òåë. Â ïðîÿâëåííîì äëÿ íàñ ìèðå
âñå òåëà, à ïîòîìó è èõ íàïîëíåíèå íà ýëåìåíòàðíîì óðîâ-
íå (àòîìû, ýëåêòðîíû, ïðîòîíû, íåéòðîíû è ò.ä.), íàõîäÿòñÿ
â ïîñòîÿííîì ñàìîäâèæåíèè. Ìû óæå ãîâîðèëè î áåñêî-
íå÷íîé öåïî÷êå ïðè÷èí è ñëåäñòâèé, ÷òî âûíóæäàåò íàñ
ïðèçíàòü ïðèíöèïèàëüíóþ íåïîçíàâàåìîñòü ëþáîãî èç
óðîâíåé îðãàíèçàöèè ìàòåðèè. Íàø ôèçè÷åñêèé ìèð íå
èñêëþ÷åíèå, íî ïðàâèëî â áåñêîíå÷íîé öåïî÷êå ïðîèñõî-
äÿùåãî, à ïîòîìó ëþáàÿ ñîçäàâàåìàÿ íàìè òåîðèÿ âñåãäà
áóäåò îïèðàòüñÿ íà ñëåäñòâèÿ, êîòîðûå çà÷àñòóþ êàæóòñÿ
íàì ïðè÷èíàìè. Îòñþäà è òðåáîâàíèÿ ê ëþáûì ñîçäàâàå-
ìûì òåîðèÿì, ïðåòåíäóþùèì íà ôóíäàìåíòàëüíîñòü: òå-
îðèÿ äîëæíà áàçèðîâàòüñÿ íà ñëåäñòâèÿõ, à òî÷íåå � îïè-
ðàòüñÿ íà ñâîéñòâà ýòèõ ñëåäñòâèé. Ìîæíî óêàçàòü íà
ïðåäïîëàãàåìûå ïðîöåññû, êîòîðûå ñïîñîáíû ðîæäàòü ñëåä-
ñòâèÿ ñ èíòåðåñóþùèìè íàñ ñâîéñòâàìè, íî íåëüçÿ áûòü
óâåðåííûì, ÷òî âñ¸ ïðîèñõîäèò èìåííî òàê. Àíàëîãè÷íûì
îáðàçîì ìû ïîñòóïèëè, êîãäà â êà÷åñòâå ïåðâîïðè÷èíû
âèáðàöèè âûáðàëè äâèæåíèå ýôèðà â ñòîê. Îñíîâíûì ñëåä-
ñòâèåì ýòîãî äâèæåíèÿ ÿâèëàñü ïóëüñàöèÿ, èíôîðìàöèÿ î
êîòîðîé ïåðåäà¸òñÿ ïîñðåäñòâîì âîëí â ýôèðå. È õîòÿ äâè-
æåíèå ýôèðà â ñòîê ìîæíî îáíàðóæèòü, íî â íàñòîÿùåå
âðåìÿ ñäåëàòü ýòîãî ìû íå ìîæåì, à çíà÷èò, ÿâëåíèå ýòî
äëÿ íàñ ñëóæèò âåðîÿòíûì ïðîöåññîì, ãèïîòåçîé. Íî òîã-
äà îñòàþòñÿ âîëíû ýôèðà, ïåðâîïðè÷èíà êîòîðûõ � ïóëü-
ñàöèÿ ãèïîòåòè÷åñêèõ îñöèëëÿòîðîâ. Ìîæíî ìíîãî ãîâî-
ðèòü î òàêèõ õàðàêòåðèñòèêàõ îñöèëëÿòîðîâ, êàê ìàññà,
èíåðöèÿ è ïð., íî â ðåçóëüòàòå ìû âûíóæäåíû áóäåì ïî-
ñòóëèðîâàòü ýòè ñâîéñòâà ïî ïðè÷èíå íåâîçìîæíîñòè ïî-
íèìàíèÿ èõ ôèçè÷åñêîé ñóòè. Íî åñòü èíîé ïóòü. Íåîáõî-
äèìî àáñòðàãèðîâàòü îñöèëëÿòîðû, îòêàçàòüñÿ îò íàäåëåíèÿ
èõ êàêèìè áû òî íè áûëî ñâîéñòâàìè, îñòàâèâ î÷åâèäíîå
ñëåäñòâèå � èçëó÷àåìûå âîëíû, è íà ýòîé áàçå ïîñòðîèòü
òåîðåòè÷åñêóþ ìîäåëü.

Èçó÷àÿ ïîâåäåíèå òàêîé ìîäåëè ïðè èçìåíåíèè ïàðà-
ìåòðîâ, áûëè îáíàðóæåíû ðåàêöèè, ýêâèâàëåíòíûå ïî ñî-
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äåðæàíèþ êëàññè÷åñêèì îïðåäåëåíèÿì èíåðöèè, ìàññû, êî-
ëè÷åñòâà äâèæåíèÿ, ñèëû.

Ïðåäëàãàåìûé ñïîñîá âûõîäà èç òóïèêà ñâîäèòñÿ ê
âðåìåííîìó îòêàçó îò ñâåðõãëóáèííîãî ïîíèìàíèÿ ïðîèñ-
õîäÿùåãî, íî òîëüêî äëÿ òîãî ÷òîáû â ïðèíöèïå ïîíÿòü
ìåõàíèçì âîçíèêíîâåíèÿ îñíîâíûõ õàðàêòåðèñòèê âåùå-
ñòâåííûõ òåë è âûÿâèòü èõ âçàèìîñâÿçü ñ ïðîáëåìîé äâè-
æåíèÿ. Íàïîìíèì, ÷òî ñîâðåìåííàÿ òåîðåòè÷åñêàÿ ôèçè-
êà íå èìååò îòâåòà íà âîïðîñû: ïî÷åìó îäíî è òî æå òåëî
ìîæåò äâèãàòüñÿ ñ ðàçíîé ñêîðîñòüþ? ïî÷åìó ðàâíîìåðíî-
ìó äâèæåíèþ âñåãäà ñîïóòñòâóåò ñîñòîÿíèå ïîêîÿ? êàêèå
âíóòðåííèå ïðîöåññû ñòèìóëèðóþò äâèæåíèå?

Ïî ñóòè, ìû óæå ïðèñòóïèëè ê îòâåòó íà ýòè âîïðîñû
è âûÿñíèëè, ÷òî èíòåðåñóþùèå íàñ õàðàêòåðèñòèêè òåñíî
ñâÿçàíû ñ èíòåðôåðåíöèåé âîëí. Íàïðèìåð, äâèæåíèå. Ìû
ïðèíÿëè çà îñíîâó ñðåäó � ýôèð, îòíîñèòåëüíî êîòîðîãî
ïðîèñõîäÿò âñå òèïû äâèæåíèÿ. Ìû îáíàðóæèëè, ÷òî èç-
ìåíèâøàÿ ñêîðîñòü ñèñòåìà äâóõ îñöèëëÿòîðîâ ìîæåò äâè-
ãàòüñÿ â ñðåäå, íå âñòðå÷àÿ ñ å¸ ñòîðîíû ïðîòèâîäåéñòâèÿ
òîëüêî â ñëó÷àå, åñëè ýòîìó ñïîñîáñòâóåò ñäâèã ôàç ìåæäó
îñöèëëÿòîðàìè. Ñóùåñòâóåò çàâèñèìîñòü ìåæäó ñêîðîñ-
òüþ äâèæåíèÿ è ñäâèãîì ôàç, à ëþáîå íàðóøåíèå ýòîé
çàâèñèìîñòè ïðèâîäèò ê ðåàêöèÿì, â ÷¸ì ìû åù¸ íå ðàç
óáåäèìñÿ. Ïðåäëàãàåìàÿ ê ðàññìîòðåíèþ ìîäåëü ïðÿìî
óêàçûâàåò íà òî, ÷òî, ãîâîðÿ î âåùåñòâåííûõ òåëàõ, ìû èìå-
åì äåëî ñ ïàêåòàìè ñòîÿ÷èõ âîëí, â óçëàõ êîòîðûõ íàõî-
äÿòñÿ îñöèëëÿòîðû. Òàêàÿ ìîäåëü ïðÿìî óêàçûâàåò, ÷òî
ñóòü äâèæåíèÿ â ïåðåìåùåíèè ýòèõ âîëíîâûõ ïàêåòîâ â
ýôèðå. Çäåñü áåç êàêèõ-ëèáî íàòÿæåê ìû ìîæåì ãîâîðèòü
î òîêå âåùåñòâà, èáî ñ àíàëîãè÷íûì ìû óæå èìåëè äåëî
ïðè îïèñàíèè ñêîðîñòè òîêà â ïðîâîäàõ. Íó à ðàç åñòü
òîê âåùåñòâà, òî äîëæíû áûòü è ñïåöèôè÷åñêèå ïîëÿ.

Ìû óïîìèíàëè Àðèñòîòåëÿ, êîòîðûé ãîâîðèë î âíóò-
ðåííåì ñâîéñòâå äâèæóùèõñÿ òåë âîññòàíàâëèâàòü ñèëó,
íåîáõîäèìóþ  äëÿ ïîääåðæàíèÿ äâèæåíèÿ. Òåïåðü ýòà óäè-
âèòåëüíàÿ èíòóèòèâíàÿ äîãàäêà âåëèêîãî ìûñëèòåëÿ ñòà-
íîâèòñÿ òåîðèåé, êîòîðàÿ ïîääà¸òñÿ íå òîëüêî ìàòåìàòè-
÷åñêîìó îïèñàíèþ, íî è ìîäåëèðîâàíèþ íà óðîâíå ðåàëüíûõ
óñòðîéñòâ äëÿ ïåðåäâèæåíèÿ. Ðàññìàòðèâàÿ ïðîñòåéøèå
ìîäåëè â äèíàìèêå, ìû îáíàðóæèâàåì â íèõ ïðè÷èííî�
ñëåäñòâåííóþ ñâÿçü, êîòîðàÿ è ÿâëÿåòñÿ âíóòðåííåé ñèëîé,
ïîääåðæèâàþùåé äâèæåíèå. Â ýòîì ñìûñëå äâèæóùèéñÿ
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ïàêåò ñòîÿ÷èõ âîëí ñàìîïîääåðæèâàåò ñîáñòâåííîå äâè-
æåíèå, êîòîðîå â äàëüíåéøåì ìû áóäåì íàçûâàòü ñàìî-
äâèæåíèåì.

Íàãëÿäíûì ïðèìåðîì ñàìîäâèæåíèÿ ÿâëÿåòñÿ âñÿ-
êèé æèâîé îðãàíèçì, â òîì ÷èñëå è ÷åëîâåê. Æèâûå îðãà-
íèçìû íàøëè ñïîñîá îñóùåñòâëåíèÿ ïåðåìåùåíèÿ â ïðî-
ñòðàíñòâå è ïîøëè ïî ïóòè íàèìåíüøåãî äåéñòâèÿ. Íî
äëÿ ýòîãî íóæíî õîðîøî çíàòü çàêîíû, ëåæàùèå â îñíîâå
äâèæåíèÿ. Çíà÷èò íå÷òî, íàïîëíÿþùåå íàø îðãàíèçì,
çíàåò ýòè çàêîíû, ïîëüçóåòñÿ èìè?! Ìîæíî âîçðàçèòü, ñêà-
çàâ, ÷òî âñ¸ ïîëó÷èëîñü ñàìî ñîáîé, ÷òî âèíà âñåìó � ñëå-
ïàÿ ýâîëþöèÿ! Íî ñêàçàâ òàê, ìû îòñåêàåì ñåáå ïóòü ê
ïîíèìàíèþ, ê îñâîåíèþ íîâîãî, à çíà÷èò, ïðåïÿòñòâóåì, â
òîì ÷èñëå, ñîáñòâåííîé ýâîëþöèè.

Íàãëÿäíûì ïðèìåðîì èíòóèòèâíîãî çíàíèÿ î ìåõà-
íèçìàõ ïåðåìåùåíèÿ ìîæåò ñëóæèòü ïîâåäåíèå ëþáîãî
èç íàñ â ñèòóàöèè, êîãäà ìû, ñòîÿ ñïèíîé ê îáðûâó âäðóã
ïîòåðÿëè ðàâíîâåñèå. Åñòåñòâåííàÿ ðåàêöèÿ íà ýòî � âðà-
ùåíèå ðóêàìè. Íî â êàêóþ ñòîðîíó è êàê äåëàòü ýòè äâè-
æåíèÿ, ÷òîáû èçáåæàòü ïàäåíèÿ? Íå ïûòàéòåñü îòâåòèòü
íà ýòîò âîïðîñ ñõîäó, à ïîïðîáóéòå. Âû íåïðåìåííî îáíà-
ðóæèòå, ÷òî âðàùåíèå äîëæíî áûòü óñêîðÿþùèìñÿ è â
íàïðàâëåíèè, êàê ïîêàçàíî íà ðèñ. 88.

Ðèñ. 88. Ñëåâà ïðèáîð � ðû÷àæíûå âåñû. Ñïðàâà ÷åëîâåê, ïîòåðÿâøèé
ðàâíîâåñèå. Åñëè áû âìåñòî ðóê ÷åëîâåê èñïîëüçîâàë ìàññèâíûå äèñêè,
òî èõ ñèëüíî óñêîðÿþùååñÿ âðàùåíèå ïîìîãëî áû åìó âîññòàíîâèòü
ðàâíîâåñèå

×òî êàñàåòñÿ ïðèáîðà, òî îí ñïåöèàëüíî áûë ïîñòðîåí
äëÿ èçó÷åíèÿ ðåàêöèé íà ðåæèìû âðàùåíèÿ. Ïðèáîð ïðåä-
ñòàâëÿåò ñîáîé âåñû, íà îäíîì èç ðû÷àãîâ êîòîðûõ æ¸ñòêî
çàêðåïë¸í ýëåêòðîäâèãàòåëü ñ ìàõîâèêàìè. Åñëè ìàõîâè-
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êè ðàñêðó÷èâàþòñÿ, êàê ïîêàçàíî ñòðåëêîé, òî âîçíèêàåò
âïå÷àòëåíèå ïîòåðè âåñà. Åñëè ìàõîâèêè òîðìîçÿòñÿ, òî
ðåàêöèÿ âåñîâ îáðàòíàÿ � áóäòî áû âåñ ìàõîâèêà óâåëè÷è-
âàåòñÿ. Áûëà ïîñòðîåíà âîëíîâàÿ ìîäåëü ïðîèñõîäÿùåãî,
íà êîòîðîé óäàëîñü óñòàíîâèòü ñâÿçü íàáëþäàåìîé ðåàê-
öèè ñ èíòåðôåðåíöèîííûìè ïðîöåññàìè âíóòðè òåëà ðàñ-
êðó÷èâàþùåãîñÿ ìàõîâèêà.

Ðèñ. 89.  Ñïàéäåð-ýô-
ôåêò îò èñòî÷íèêîâ,
ñîðèåíòèðîâàííûõ
âåðòèêàëüíî â ïîëå
òÿãîòåíèÿ. ×åì âûøå
ðàçíèöà ÷àñòîò, òåì
êðó÷å äåôîðìàöèÿ
ïîëÿ èíòåðôåðåíöèè

Ðèñ. 90.  Ñïàéäåð-ýôôåêòû â Ïðèðîäå
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Íàùóïàâ äâåðü ê îäíîìó èç òàéíèêîâ ïðèðîäû è ñëåã-
êà ïðèîòêðûâ å¸, ìû óâèäåëè ïóòü. Òî íîâîå, ÷òî íåïîñðåä-
ñòâåííî áðîñèëîñü íàì â ãëàçà, îøåëîìèëî íàñ, ïîòðÿñëî
ñâîåþ ñõîæåñòüþ ñ ïðèðîäîé. Íàïðèìåð, ñïàéäåð-ýôôåêò.
Êàê ïîõîæ îí íà ðàñïóñêàþùèåñÿ áóòîíû öâåòêîâ, íà íå-
êîòîðûõ íàñåêîìûõ, íàïðèìåð íà ïàóêà.

Íå îçíà÷àåò ëè ýòî, ÷òî çàêîíû, ëåæàùèå â îñíîâå âçà-
èìîäåéñòâèé â ìèêðîìèðå, ïðîÿâëÿþò ñåáÿ è íà íàøåì
óðîâíå? Íå îçíà÷àåò ëè ýòî, ÷òî åñëè âíèìàòåëüíî âãëÿ-
äåòüñÿ â íàø ìèð, òî â í¸ì ìîæíî óâèäåòü ñïðÿòàííîå îò
íàñ è â ìèêðî-, è ìàêðîìèðàõ. Ìîæåò áûòü, íå âèäèì ìû
ýòîãî îòòîãî, ÷òî ñïåøèì, ÷òî íåòåðïåëèâû è âñåãäà õîòèì
ìíîãî è ñðàçó? À ìîæåò, ìû òàêèå îòòîãî, ÷òî íà êîíêðåò-
íóþ æèçíü îòâåäåíî ñëèøêîì ìàëî âðåìåíè � âñåãî 60-80
îáîðîòîâ Çåìëè âîêðóã Ñîëíöà?

ß íå ñîìíåâàþñü â òîì, ÷òî âñ¸ èìåííî òàê, è äîëæíî
ïðîèñõîäèòü òàê, ÷òî îñíîâíàÿ çàäà÷à, ðåøàåìàÿ ÷åðåç ïðî-
öåññ, íàçûâàåìûé � æèçíü, âûïîëíÿåòñÿ. Íó à ÷òî êàñàåò-
ñÿ íàóêè, â êîòîðîé íàáëþäàþòñÿ âñïëåñêè è óãàñàíèÿ, òî
è îíà, êàê ÷àñòü æèçíåííîãî ïðîöåññà, ïîëíîñòüþ ðåøàåò
íåîáõîäèìûå çàäà÷è. È íå áåäà, ÷òî íà äâîðå êðèçèñ: åñòü
äåíü è íî÷ü, åñòü òåïëî è õîëîä. È âî Âñåëåííîé çâ¸çäû
èíîãäà âçðûâàþòñÿ, çíà÷èò è òàì ïðîáëåìû, è íè÷åãî.

Çàãëÿäûâàÿ â èñòîðè÷åñêèå ãëóáèíû, îòûñêèâàÿ òàì
îòâåòû íà âîïðîñû «êòî ìû? ÷òî çíà÷èò ýòîò ìèð?», ìû
îáðàùàåìñÿ ê ñòàðèííûì êíèãàì, ê ëåãåíäàì, ê ìèôàì, ê
ðåëèãèîçíûì âåðîâàíèÿì â íàäåæäå õîòü êàê-òî ïðîÿñ-
íèòü ñèòóàöèþ. Êàê çíàòü, áûòü ìîæåò, èìåííî â íàñëåäèè
ïðåäêîâ ìû ñìîæåì íàéòè äëÿ ñåáÿ ïîäòâåðæäåíèÿ â ïðà-
âèëüíîñòè âûáðàííîãî ïóòè? Áûòü ìîæåò, ìû íå ïåðâûå â
ðîäó ÷åëîâå÷åñêîì, áûòü ìîæåò, íàøè ïðåäêè âñ¸ ýòî çíà-
ëè, íî â ðåçóëüòàòå ãëîáàëüíûõ êàòàêëèçìîâ èëè èíûõ ïðè-
÷èí íå ñóìåëè óäåðæàòü çíàíèå â ñâîèõ ðóêàõ?

Â ðåçóëüòàòå áåãëîãî, ïîâåðõíîñòíîãî èññëåäîâàíèÿ
÷åðåç ïðîñìîòð ëèòåðàòóðû èñòîðèêî-ýçîòåðè÷åñêîãî ïëà-
íà áûëî îáíàðóæåíî, ÷òî:

� ó àìåðèêàíñêèõ èíäåéöåâ åñòü ëåãåíäà î ×åëîâåêå-Ïàó-
êå, ÷üÿ ïàóòèíà ñâÿçûâàåò íåáåñíûå ìèðû ñ Çåìë¸é;

� ñåêðåòíûå øêîëû Èíäèè ïðåäñòàâëÿþò íåêîòîðûõ Áî-
ãîâ, êîòîðûå òðóäèëèñü íàä ñîçäàíèåì Âñåëåííîé, êàê òêó-
ùèõ ñåòü-ïàóòèíó, êîòîðàÿ ñâÿçûâàåò ìèð ñâåòà è ìèð òüìû.
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Ñòðîèòåëåé êîñìè÷åñêîé ñèñòåìû, ñâÿçàâøèõ çàðîäûø
Âñåëåííîé ñ Íåâèäèìîé Ñèëîé, îíè íàçûâàþò Áîãàìè-Ïà-
óêàìè, à èõ ïðàâèòåëÿ � Âåëèêèì Ïàóêîì.

Ïîñëå òàêîãî ýêñêóðñà íåñëîæíî äîãàäàòüñÿ, íà êîãî â
èíäóèçìå ïîõîæè áîãè Áðàõìà, Øèâà è Âèøíó, è îòêóäà
ïîÿâèëàñü ñâàñòèêà. Íî åñëè èçâàÿíèÿ Áîãîâ âåñüìà è
âåñüìà íàïîìèíàþò ñïàéäåð-ýôôåêò, òî íå ÿâëÿåòñÿ ëè òà-
êîå ñõîäñòâî óêàçàíèåì íà òî, ÷òî íàøè äàë¸êèå ïðåäêè
çíàëè îá óñòðîéñòâå ìèðîçäàíèÿ? Íî êàê ïåðåäàòü ýòî çíà-
íèå òåì, êòî îæèäàåò åãî â áóäóùåì? Êàê ñîîáùèòü íåðî-
äèâøèìñÿ åù¸ ïîêîëåíèÿì, ÷òî êîðíè èõ íå â çåìíûõ îáå-
çüÿíàõ, à â íåêîãäà ìîãóùåñòâåííîé ðàñå, âîëåþ ñóäåá
çàáðîøåííîé íà Çåìëþ è ÷óòü áûëî íå óãàñøåé? ×åðåç ðå-
ëèãèþ, êîíå÷íî, èáî îíà � òîò åäèíñòâåííûé ïî÷òàëüîí, êî-
òîðîìó ìîæíî äîâåðèòü ñàìîå ãëàâíîå ïèñüìî.

Ðèñ. 91.  ßâëåíèå ÁÐÀÕÌÛ (ñïàéäåð-ýôôåêò)
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Ìû ñòîëêíóëèñü ñ ÿâëåíèåì ÁÐÀÕÌÛ (Áðàõìà-ýô-
ôåêò) è íå ãäå-íèáóäü, à â íàóêå, ïðè èçó÷åíèè îñíîâû
îñíîâ âåùåñòâåííîãî ìèðà � âîëíîâûõ âçàèìîäåéñòâèé.
Åñëè ýòî íå ñîâïàäåíèå, òî ÷åëîâå÷åñòâî èìååò äåëî ñ ñåí-
ñàöèåé, à òàêæå ñ âîçìîæíîñòüþ ïðèáëèçèòüñÿ ê ïîíèìà-
íèþ ñîáñòâåííîé ïðèíàäëåæíîñòè.

Íî îáðàòèì âíèìàíèå åù¸ íà îäíî ñîâïàäåíèå. Êàæ-
äûé çíàåò, ÷òî áóòîíû ó öâåòîâ çàêðûòû íî÷üþ è â ïëîõóþ
ïîãîäó, íî ñòîèò ïîÿâèòüñÿ Ñîëíöó è îíè ðàñêðûâàþòñÿ.
Ñõîæåñòü ñòðîåíèÿ áóòîíîâ ñî ñïàéäåð-ýôôåêòîì ïîçâî-
ëÿåò äîïóñòèòü, ÷òî ìåõàíèçì ðàñêðûòèÿ áóòîíîâ èäåíòè-
÷åí ðàçâîðà÷èâàíèþ ñïàéäåð-ýôôåêòà â ðåçóëüòàòå óìåíü-
øåíèÿ ÷àñòîòíîé ðàçíèöû ìåæäó îñöèëëÿòîðàìè. Â ñâÿçè
ñ ýòèì ïðåäïîëàãàåòñÿ, ÷òî ëåïåñòêè öâåòêà ïîâòîðÿþò
ïîëîæåíèå èíòåðôåðåíöèîííûõ ëèíèé, ñîçäàâàåìûõ ñèñ-
òåìîé îñöèëëÿòîðîâ, íàõîäÿùèõñÿ â îñíîâàíèè áóòîíà.
Ñîëíå÷íûå ëó÷è ïðîãðåâàþò öâåòîê è óìåíüøàþò ðàçíè-
öó ÷àñòîò, ÷òî ïðèâîäèò ê ðàçâîðà÷èâàíèþ (ðàñêðûòèþ)
ëèíèé èíòåðôåðåíöèè, à ëåïåñòêè ïîïðîñòó ñëåäóþò çà
êàðòèíêîé èíòåðôåðåíöèè, ÷òî è ïðèâîäèò ê ðàñêðûòèþ
áóòîíà. Ñòîèò ïîãîäå èñïîðòèòüñÿ è ïðîöåññ ïîéä¸ò â îá-
ðàòíîì ïîðÿäêå.

Ðèñ. 92.  Èëëþñòðàöèÿ ê ïðèìåðó ñ ðàñïóñêàþùèìñÿ áóòîíîì
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§ 2.  Äâèæåíèå, ñèëà, ýíåðãèÿ

È õîòÿ âñ¸ ïðîèñõîäèò îò äâèæåíèÿ, èñòèí-
íàÿ ïðè÷èíà óòîïàåò â áåñêîíå÷íîñòè...

Ìû íàäåëèëè ýëåìåíòàðíûå îñöèëëÿòîðû îäíèì åäèí-
ñòâåííûì ñâîéñòâîì � íåóãàñàþùåé âèáðàöèåé. Ìû äî-
ïóñòèëè íàëè÷èå ìèðîâîé ñðåäû, â êîòîðîé ïðîèñõîäÿò âñå
èçâåñòíûå íàì ïðîöåññû è, ñëåäóÿ òðàäèöèè, íàçâàëè å¸ �
ýôèð. Ìû îáíàðóæèëè, ÷òî ñ ïðèâû÷íûìè èíåðöèåé, ìàñ-
ñîé, ñèëîé, ýíåðãèåé ìû èìååì äåëî ñðàçó æå, êîãäà ó äâóõ
âñòóïèâøèõ âî âçàèìíóþ ñâÿçü îñöèëëÿòîðîâ ïðîèñõîäèò
èçìåíåíèå îäíîé èç õàðàêòåðèñòèê äâèæåíèÿ.

§ 3.  Ðàâíîìåðíîå äâèæåíèå

Åñëè âíÿòü óòâåðæäåíèþ, ÷òî â Ïðèðîäå åñòü òîëüêî
äâèæåíèå, à âñ¸ îñòàëüíîå ÿâëÿåòñÿ ñëåäñòâèÿìè ýòîãî çà-
ãàäî÷íîãî è âìåñòå ñ òåì î÷åâèäíîãî ïðîöåññà, òî ìû, ïî-
íÿâ ñâÿçü ìåæäó ñêîðîñòüþ äâèæåíèÿ è ôàçîâûì ñîñòîÿ-
íèåì, èìååì òåïåðü âîçìîæíîñòü èíà÷å ïîêàçûâàòü è
èíòåðïðåòèðîâàòü òàêèå ïîíÿòèÿ, êàê èìïóëüñ, ñèëà, ýíåð-
ãèÿ, à òàêæå è èíûå ñëåäñòâèÿ îò äâèæåíèÿ.

Ïåðå÷èñëåííûå êàòåãîðèè ïîíÿòèéíî ñâÿçàíû ìåæäó
ñîáîé, èáî âñå ïðîèñõîäÿò îò äâèæåíèÿ, à ïîòîìó ìû íàìå-
ðåíû çàîñòðèòü íà íèõ âíèìàíèå äëÿ òîãî, ÷òîáû ïîíÿòü, ñ
÷åì æå ìû íà ïðîòÿæåíèå âñåé æèçíè èìååì äåëî, îïðå-
äåëèòü îòíîøåíèå ê ïðîèñõîäÿùåìó è ðåøèòü âîïðîñ, êàê
èñïîëüçîâàòü äîáûòîå çíàíèå íà ïðàêòèêå.

Äîñòèãíóòî ïîíèìàíèå, ÷òî ó îáúåêòîâ äâèæåíèÿ  åñòü
èåðàðõèÿ, â êîòîðîé ñêîðîñòü ïåðåìåùåíèÿ â ïðîñòðàí-
ñòâå îïðåäåëÿåòñÿ ïàðàìåòðàìè âèáðàöèé. Â ýòîì ñìûñëå
âèáðàöèè ïåðâè÷íû � èìåííî îíè, ïîñðåäñòâîì èçìåíå-
íèé â ïîëå ñîáñòâåííûõ âçàèìîäåéñòâèé, ñîçäàþò óñëîâèÿ
äëÿ ñàìîäâèæåíèÿ. Â òàêîì ñëó÷àå äâèæåíèå ÿâëÿåòñÿ
ðÿäîâîé õàðàêòåðèñòèêîé ñîñòîÿíèÿ âèáðàöèîííûõ ïðî-
öåññîâ èññëåäóåìîãî òåëà: ïî ñóòè � ýòî ëèøü òðàíñôîð-
ìàöèÿ âèáðàöèé â ðàçëè÷íûå òèïû äâèæåíèé.

Íî óñëîâíî ìîæíî ñ÷èòàòü, ÷òî íåò ïåðâè÷íîãî è âòî-
ðè÷íîãî, à åñòü æ¸ñòêàÿ ñâÿçü ìåæäó ôàçîâûì ñîñòîÿíè-
åì è ñêîðîñòüþ. Ýòî îçíà÷àåò, ÷òî íàñèëüñòâåííîå èçìåíå-
íèå ñêîðîñòè àâòîìàòè÷åñêè èçìåíÿåò ñäâèã ôàç, à
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èçìåíåíèå ôàçîâîãî ñîîòíîøåíèÿ íåèçáåæíî ïðèâîäèò ê
èíîé ñêîðîñòè äâèæåíèÿ*:

V=ñ/π�∆ϕ, èëè  ∆ϕ =π�V/c= πβ,  èëè  ∆ϕ/π = β.
Âàæíûì â ýòîé ôîðìóëå ÿâëÿåòñÿ ïðÿìàÿ çàâèñèìîñòü

ñêîðîñòè òîëüêî îò ñäâèãà ôàç. Â ýòîì ñìûñëå ìû èìååì
äåëî ñ óíèâåðñàëüíûì îïèñàíèåì äâèæåíèÿ, ïîçâîëÿþ-
ùèì èñïîëüçîâàòü îäèí è òîò æå ìàòåìàòè÷åñêèé àïïà-
ðàò äëÿ òåë è ñèñòåì ñ ðàçëè÷íîé âíóòðåííåé ÷àñòîòîé.

Â äàëüíåéøåì ìû áóäåì ðàññìàòðèâàòü ñïîñîáû âëè-
ÿíèÿ íà ñêîðîñòü, êîèõ â Ïðèðîäå òîëüêî äâà, è îáà ÿâëÿ-
þòñÿ íàñèëüñòâåííûìè. Ïåðâûé � ïîäðàçóìåâàåò ìåõàíè-
÷åñêîå âîçäåéñòâèå èçâíå, ïðè ýòîì ìû ñòàëêèâàåìñÿ ñ
ñîïðîòèâëåíèåì â âèäå èíåðöèè, âûçâàííîé ïåðåôàçèðîâ-
êîé îñöèëëÿòîðîâ. Âòîðîé � óïðàâëåíèå ñäâèãîì ôàç èç-
íóòðè ñèñòåìû. Îáà ñïîñîáà èçìåíÿþò ñêîðîñòü äâèæåíèÿ.

Íî èçìåíåíèå ñêîðîñòè âñåãäà ñâÿçàíî ñ óñêîðåíèåì.
Ðàññìîòðèì ýòîò òèï äâèæåíèÿ.

§ 4.  Ðàâíîïåðåìåííîå äâèæåíèå

Òåïåðü, çíàÿ ñîîòíîøåíèå ìåæäó ôàçîé è ñêîðîñòüþ,
ìû îáðàòèìñÿ ê øêîëüíîìó êóðñó äëÿ òîãî, ÷òîáû èíà÷å
âçãëÿíóòü íà ïîíÿòèå óñêîðåíèå. Çàïèøåì ñëåâà ñòàíäàð-
òíûå ôîðìóëû, à ñïðàâà � èõ íîâûå àíàëîãè:

    a=(V2 � V1)/t;       a= c/π(∆ϕ2 � ∆ϕ
1
)/t, (3.1)

   a=(V2
2 � V

2
1)/2S;  a= k2(∆ϕ2

2 � ∆ϕ2
1)/2S, (3.2)

ãäå:S � ó÷àñòîê ïóòè, íà êîòîðîì îñóùåñòâëÿëîñü èçìåíå-
           íèå ñäâèãà ôàç.

 t � ïåðèîä âðåìåíè, â òå÷åíèè êîòîðîãî îñóùåñòâëÿåò-
           ñÿ ñäâèã ôàç.

*  
_________________________________________________________

Ðèòìóñ: Íî ýòî æå è åñòü ïðè÷èíà è ñëåäñòâèå, ìåíÿþùèåñÿ ìåñòàìè.
Äèíàìèêóñ: Åñëè íàì íåîáõîäèìî ïîâëèÿòü íà ñêîðîñòü, ìû ìåíÿåì
ñäâèã ôàç. Åñëè ìû íàìåðåíû èçìåíèòü ñäâèã ôàç, òî âëèÿåì íà ñêî-
ðîñòü. Íî âëèÿíèå íà ñêîðîñòü ñòîðîííèì äåéñòâèåì, ò.å. äåéñòâóÿ íà
ñëåäñòâèå, âûçûâàåò ñî ñòîðîíû ñèñòåìû ðåàêöèþ � èíåðöèþ, êîòîðàÿ
îáúÿñíÿåòñÿ íàìè êîíå÷íîé ñêîðîñòüþ ðàñïðîñòðàíåíèÿ èíôîðìàöèè î
íà÷àëå äåéñòâèÿ. Åñëè ìû ñòàíåì èçìåíÿòü ñäâèã ôàç èçíóòðè ñèñòåìû,
ò.å. äåéñòâîâàòü íà ïðè÷èíó, òî ñèñòåìà îòðåàãèðóåò èçìåíåíèåì ñêîðî-
ñòè. Ïðåäïîëàãàåòñÿ îòñóòñòâèå ðåàêöèè (èíåðöèè) â ïðèâû÷íîì äëÿ
íàñ âèäå.
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Íî â äàëüíåéøåì ìîãóò ïðèãîäèòüñÿ è èíûå ñîîòíî-
øåíèÿ, êîòîðûå ïîëó÷èì, ïðèðàâíÿâ ìåæäó ñîáîé ïðàâûå
÷àñòè íîâûõ ôîðìóë:

k(∆ϕ
2 
�

 
∆ϕ

1
)/t= k2(∆ϕ2

2 
�

 
∆ϕ2

1
)/2S,

S=tk(∆ϕ
2 
+ ∆ϕ

1
)/2    [S=Vot+at2/2],

t=2S/k(∆ϕ
2 
+ ∆ϕ

1
)    [t=(2S/a)1/2].

Ìãíîâåííàÿ ñêîðîñòü:

Vìãí=Vo+at,
Vìãí=k∆ϕ

1
 + k(∆ϕ

2 
�

 
∆ϕ

1
),

Vìãí=k∆ϕ
2
.

Íî ìû èìååì äåëî ñ ñèòóàöèåé, â êîòîðîé ∆ϕ èçìåíÿåòñÿ
ïî ïðàâèëó:

∆ϕ
n
 =∆ϕ

n�1 + ∆ .
Ýòî îçíà÷àåò, ÷òî ìãíîâåííàÿ ñêîðîñòü ïîñòîÿííî ìå-

íÿåòñÿ, ÷òîáû ñîîòâåòñòâîâàòü èìåþùåìóñÿ íà êîíê-
ðåòíûé ìîìåíò ñäâèãó ôàç. Ýòîò âûâîä êðàéíå âàæåí
äëÿ íàøèõ äàëüíåéøèõ ðàññóæäåíèé ïî òîé ïðè÷èíå, ÷òî
ïðè ðàññìîòðåíèè óñêîðÿþùåãîñÿ äâèæåíèÿ ìû èìååì
äåëî ñ ïîñòîÿííî ìåíÿþùèìñÿ ñäâèãîì ôàç:

Vìãí=k∆ϕ
n
.

Åñëè ∆ϕ
n
 ~ ∆ν, òî  a=dV/dt=k�d(∆ϕ

n
)/dt,

  a=2c(ννννν2
 � ννννν1

),  èëè   a=2c∆ν∆ν∆ν∆ν∆ν. (3.3)

Ó íàñ ïîÿâèëàñü âàæíàÿ çàâèñèìîñòü óñêîðåíèÿ òîëü-
êî îò ðàçíèöû ÷àñòîò*. Ýòà çàâèñèìîñòü ïðÿìî óêàçûâàåò
íà ïðè÷èíó óñêîðåíèÿ, à òàêæå íà íåçàâèñèìîñòü óñêîðå-
íèÿ îò ÷àñòîòíîãî ñîñòîÿíèÿ âåùåñòâåííûõ òåë, ò.å. îò èõ
óäåëüíîãî âåñà. Íî êàêîâà â òàêîì ñëó÷àå äîëæíà áûòü
ðàçíèöà ÷àñòîò, åñëè à=9.8ì/ñ2?

∆ν
 
= a /2c =1.6�10�8 Ãö.

*  
____________________________________________________________

Ðèòìóñ: Ôàêòè÷åñêè ïîëó÷åíî óñëîâèå âîçíèêíîâåíèÿ äâèæåíèÿ � îíî
åñòü âñåãäà, åñëè áóäåò ìåíÿòüñÿ ÷àñòîòà. Íî âû ãîâîðèòå îá èçíà÷àëüíî
ðàâíûõ äëÿ âñåõ îñöèëëÿòîðîâ ÷àñòîòàõ. Òîãäà îòêóäà ïîÿâèëîñü ïåðâè÷-
íîå äâèæåíèå? Íåóæåëè íåîáõîäèì áûë êòî-òî, êòî äàë ïåðâûé òîë÷îê?
Äèíàìèêóñ: Óñëîâèå ðàâíî÷àñòîòíûõ îñöèëëÿòîðîâ áûëî íåîáõîäèìî äëÿ
òåîðåòè÷åñêèõ èññëåäîâàíèé, íî ìàëîâåðîÿòíî, ÷òî â ïðèðîäå èìååò ìåñòî
ðàâíî÷àñòîòíîñòü è îäíîôàçíîñòü. Âèäèìî, êàê íåò àáñîëþòíî îäèíàêîâûõ
ëþäåé, òàêæå íåò è àáñîëþòíî îäèíàêîâûõ îñöèëëÿòîðîâ � â ýòîì ñìûñë
«âå÷íîñòè äâèæåíèÿ», ñàìîâîçíèêíîâåíèÿ äâèæåíèÿ. Â ýòîì ñìûñëå îñ-
öèëëèðóþùèå ñèñòåìû îáðå÷åíû íà äâèæåíèå.
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Ìû ïðåäïîëàãàåì, ÷òî â Ïðèðîäå åñòü òîëüêî ìãíîâåí-
íàÿ ñêîðîñòü, êîòîðàÿ âñåãäà ñîîòâåòñòâóåò ñîñòîÿíèþ ôàç
íà êîíêðåòíûé ìîìåíò. Åñëè ñäâèã ôàç ìåíÿåòñÿ, òî ñèíõ-
ðîííî ìåíÿåòñÿ è ñêîðîñòü. Ïîíÿòèå æå óñêîðåíèå ïîÿâè-
ëîñü â íàøåì ñîçíàíèè òîëüêî äëÿ òîãî, ÷òîáû îïèñàòü
òàêîå èçìåíåíèå ñêîðîñòè íà ÿçûêå ìàòåìàòèêè.

§ 5.  Èìïóëüñ òåëà, ìàññà, èìïóëüñ ñèëû

Òåïåðü ìû èíà÷å ìîæåì îòíîñèòüñÿ ê ïîíÿòèþ èì-
ïóëüñ òåëà, èëè, ÷òî òî æå ñàìîå, êîëè÷åñòâî äâèæåíèÿ.
Ïî ñòàíäàðòíîìó îïðåäåëåíèþ èìïóëüñ òåëà ÿâëÿåòñÿ
ìåðîé ìåõàíè÷åñêîãî äâèæåíèÿ è îïèñûâàåòñÿ ôîðìóëîé:

ð=m0V. (3.4)

Íî ó÷èòûâàÿ, ÷òî V=(ñ/π)�∆ϕ, dm=ñ/π, à m=n�dm, ìû óò-
âåðæäàåì, ÷òî:

 ð=(n�ñ/π)�∆ϕ

èëè ð=m∆ϕ, (3.5)

ãäå m � ïîëíàÿ ìàññà (ðèòìîäèíàìè÷åñêàÿ),
n � ÷èñëî êâàíòîâ ìàññû.

Èíîãäà íàì áóäåò óäîáíî ïîëüçîâàòüñÿ øòðèõîâàííîé
ìàññîé m′=n/π, êîòîðóþ ìû íàìåðåíû íàçâàòü íåïîëíîé.
Òîãäà ôîðìóëà äëÿ èìïóëüñà áóäåò âûãëÿäåòü:

    ð=m′ñ�∆ϕ. (3.6)

Ìû âèäèì, ÷òî â òàêîé èíòåðïðåòàöèè èìïóëüñà òåëà
ñäâèã ôàç ìîæåò ïðèíèìàòü ëþáûå çíà÷åíèÿ. Òàê, íàïðè-
ìåð ïðè ∆ϕ=0, ð=0, à ïðè ∆ϕ=180î, ð=mñ. Íî ìû ðàáîòàåì â
ñèñòåìå îòñ÷¸òà, ïðèâÿçàííîé ê ýôèðó, ïîýòîìó âïðàâå ââå-
ñòè ïîíÿòèå àáñîëþòíûé èìïóëüñ (â äàëüíåéøåì ïðîñòî
èìïóëüñ), êàê óíèâåðñàëüíóþ ìåðó àáñîëþòíîãî äâèæåíèÿ
(â äàëüíåéøåì ïðîñòî äâèæåíèÿ). Êðîìå ýòîãî ìû îïåðè-
ðóåì ïîíÿòèåì ðèòìîäèíàìè÷åñêàÿ ìàññà, ïîä êîòîðûì
ïîíèìàåì ïðîñòóþ ñóììó ýëåìåíòàðíûõ ñèñòåì. Òàêîå
îòíîøåíèå ê ìàññå ïîçâîëÿåò èñêëþ÷èòü âñÿêèå ñïåêóëÿ-
öèè è ññûëêè íà å¸ ÿêîáû áåñïðè÷èííîå âîçðàñòàíèå è
ïðåäïèñûâàåò èññëåäîâàòåëþ èñêàòü èíûå îáúÿñíåíèÿ ïðî-
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èñõîäÿùåìó, íàïðèìåð, â óñêîðèòåëÿõ ïðè ðàçãîíå ÷àñòèö
äî îêîëîñâåòîâûõ ñêîðîñòåé.

×òîáû èçáåæàòü â äàëüíåéøåì ïóòàíèöû, ðàñøèôðó-
åì âñå èñïîëüçóåìûå íàìè îáîçíà÷åíèÿ ìàññû:

mo    � ìàññà êëàññè÷åñêàÿ èíåðöèîííàÿ,
dm � ìàññû êâàíò ðèòìîäèíàìè÷åñêèé,
m   � ìàññà ïîëíàÿ ðèòìîäèíàìè÷åñêàÿ,
m′   � ìàññà íåïîëíàÿ ðèòìîäèíàìè÷åñêàÿ.

Ñóùåñòâóåò ñîîòíîøåíèå ìåæäó èìïóëüñîì òåëà è èì-
ïóëüñîì ñèëû. Èìïóëüñîì ñèëû ñ÷èòàåòñÿ ìåðà èçìåíå-
íèÿ èìïóëüñà òåëà. Êàê ïðàâèëî, ýòî ïðîèñõîäèò ïðè âçà-
èìîäåéñòâèè òåë äðóã ñ äðóãîì, âî âðåìÿ êîòîðîãî ó îäíîãî
èç íèõ èìïóëüñ âîçðàñòàåò, ó äðóãîãî � óáûâàåò. Ïî îòíî-
øåíèþ ê îäíîìó èç òåë ïðîèñõîäÿùåå îïèñûâàåòñÿ ñëåäó-
þùèì îáðàçîì:

    F(t2�t1)=moV2 
�

 
moV1 èëè F∆t=m′ñ(∆ϕ

2 
�

 
∆ϕ

1
), (3.7)

ãäå:  F∆t � èìïóëüñ ñèëû,
moV1 =m′ñ�∆ϕ

1
 � èìïóëüñ òåëà äî âîçäåéñòâèÿ,

moV2 =m′ñ�∆ϕ
2
 � èìïóëüñ òåëà ïîñëå âîçäåéñòâèÿ.

È õîòÿ ìû ãîâîðèì, ÷òî èçìåíåíèå èìïóëüñà òåëà ðàâíî
èìïóëüñó ñèëû âçàèìîäåéñòâèÿ, íî ïîíèìàåì, ÷òî â ïðî-
öåññå âçàèìîäåéñòâèÿ òîëüêî è ïðîèçîøëî, ÷òî èçìåíåíèå
ñîîòíîøåíèÿ ôàç è ðåàêöèÿ íà ýòî â âèäå èíåðöèè.

Íî êàêîâîé áóäåò ðåàêöèÿ ñèñòåìû, åñëè èçìåíåíèå
ñäâèãà ôàç áóäåò ïðîèçâåäåíî èçíóòðè? Åñòü òîëüêî îäèí
îòâåò íà ýòîò âîïðîñ: òåëî îòðåàãèðóåò äâèæåíèåì.

§ 6.  Ñèëà, çàìîðîæåííûé èìïóëüñ è àðèòìèÿ

Ñèëà íà ãðå÷åñêîì ÿçûêå � dynamis, ò.å. äâèæåíèå,
ïðåðâàííîå äâèæåíèå, íî ñêîðåå âñåãî � íàêîïëåííûé èì-
ïóëüñ. Ìû òàêæå ïðèâûêëè, ÷òî ãîâîðÿ î âîçíèêíîâåíèè
ñèëû, êàê î äåéñòâèè íà òåëî, ìû îáÿçàòåëüíî ñâÿçûâàåì
ýòî äåéñòâèå ñ äðóãèìè òåëàìè. Íî ñóùåñòâóþò â Ïðèðîäå
ñèòóàöèè, â êîòîðûõ ïðè÷èíà äåéñòâèÿ, ñèëà ðîæäàåòñÿ
ñàìà ñîáîé, áåç âèäèìûõ íà òî ïðè÷èí. Òàêèõ ñèòóàöèé
äâå: çàìîðîæåííûé ñäâèã ôàç è íåñîâïàäåíèå ÷àñòîò.
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Ìû óæå ñåãîäíÿ òåõíè÷åñêè ìîæåì îðãàíèçîâàòü òà-
êèå ñèñòåìû äëÿ ïîëó÷åíèÿ äâèæåíèÿ, à â ñêîðîì áóäó-
ùåì âñÿ òåõíèêà è ýíåðãåòèêà áóäåò ðàáîòàòü íà ýòîì
çàìå÷àòåëüíîì ïðèíöèïå. Ó ÷åëîâå÷åñòâà ïîïðîñòó íåò èíî-
ãî ïóòè.

Íà÷í¸ì ñ çàìîðîæåííîãî ñäâèãà ôàç. Çàìîðîæåííûì
ìû áóäåì ñ÷èòàòü òàêîé ñäâèã ôàç, êîòîðûé íå çàâèñèò
îò ñêîðîñòè è òèïà äâèæåíèÿ ñèñòåìû è âñåãäà îñòà¸ò-
ñÿ ïîñòîÿííûì. Ýòî îçíà÷àåò, ÷òî ñ êàêîé áû ñêîðîñòüþ
ñèñòåìà íå äâèãàëàñü, â êàêîì áû òèïå äâèæåíèÿ íå ó÷à-
ñòâîâàëà, ñäâèã ôàç ìåæäó íàïîëíÿþùèìè å¸ îñöèëëÿòî-
ðàìè âñåãäà ðàâåí êîíêðåòíîé âåëè÷èíå.

Ðàíåå ìû óñòàíîâèëè, ÷òî ñäâèã ôàç íå òîëüêî ó÷àñòâó-
åò â ôîðìèðîâàíèè ïîíÿòèÿ èìïóëüñ, íî è ÿâëÿåòñÿ îñíîâ-
íîé åãî õàðàêòåðèñòèêîé: ð = m∆ϕ.

Íó à êàê áûòü, åñëè  ∆ϕ >0 = const, à V=0 êì/ñ? Âîçíè-
êàåò âíóòðåííèé êîíôëèêò, â êîòîðîì, ñ îäíîé ñòîðîíû, òåëî
ñòðåìèòñÿ ê äâèæåíèþ, à ñ äðóãîé ñòîðîíû îíî óäåðæèâà-
åòñÿ ïðåïÿòñòâèåì.

Çäåñü ìû èìååì äåëî ñ äåéñòâèåì çàìîðîæåííîãî èì-
ïóëüñà, èëè, ÷òî òî æå ñàìîå, çàìîðîæåííîãî êîëè÷åñòâà
äâèæåíèÿ. Îïèøåì ïîâåäåíèå òàêîé ñèñòåìû.

Ïîñòîÿííîå ñòðåìëåíèå «çàìîðîæåííîé ñèñòåìû» ê
ïðîäîëæåíèþ äâèæåíèÿ äëÿ íàñ áóäåò êàçàòüñÿ íåîáúÿñ-
íèìûì ÷óäîì, íî íåñìîòðÿ íè íà ÷òî ñòðåìëåíèå ýòî î÷å-
âèäíî. Äåéñòâèå æå òàêîé ñèñòåìû íà ïðåïÿòñòâèå áóäåò
ïîñòîÿííûì äî òåõ ïîð, ïîêà ñîîòíîøåíèå ñäâèãà ôàç ó
ïðåïÿòñòâèÿ íå ñòàíåò ðàâíûì ñäâèãó ôàç «çàìîðîæåí-
íîé ñèñòåìû».

Åñëè â ïåðâîíà÷àëüíûé ìîìåíò äåéñòâèÿ çàìîðîæåí-
íîé ñèñòåìû ìàññîé m íà ïðåïÿòñòâèå Ì èõ îáùàÿ ñêî-
ðîñòü ðàâíÿëàñü íóëþ (VÌ= 0), à îáùèé ñóììàðíûé èì-
ïóëüñ áûë ðàâíûì:

Σ p
1
 = m∆ϕ

t 
+ M∆ϕ

M
,

òî ïî ïðîøåñòâèè âðåìåíè îáùàÿ ñêîðîñòü èçìåíèòñÿ è
ñòàíåò ðàâíîé:

VÌ=Vt=dm∆ϕ
t
.

Ýòî îçíà÷àåò, ÷òî èìïóëüñ îáùåé ñèñòåìû èçìåíèëñÿ:

Σ p
2
 = dm(n+N)∆ϕ

t
      (m=n�dm; M=N�dm)
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Â ðàññìîòðåííîì ïðèìåðå íà ôîíå âîçðàñòàþùåãî èì-
ïóëüñà ìû èìååì äåëî ñ óáûâàþùèì âî âðåìåíè äåéñòâè-
åì íà ïðåïÿòñòâèå, à çíà÷èò, è ñ óáûâàþùåé âî âðåìåíè
ñèëîé. Íî ìû çíàåì, ÷òî ïðè÷èíà äåéñòâèÿ � çàìîðîæåí-
íûé èìïóëüñ, ïîýòîìó ìîæåò ïîÿâèòüñÿ íîâîå ïîíÿòèå �
ñèëà èìïóëüñà, êîòîðîå áóäåò ñëóæèòü õàðàêòåðèñòèêîé
ïðèðîäû èìåííî òàêîãî äåéñòâèÿ.

FP = (p
2 � p

1
)/∆t, (3.8)

            FP = M(∆ϕ
t � ∆ϕ

M
)/∆t, (3.9)

íî      (∆ϕ
t 
� ∆ϕ

M
)/∆t = à,  òîãäà   FP = Mà, 3.10)

ãäå à � óáûâàþùåå âî âðåìåíè óñêîðåíèå.

Çíà÷èò, ïðåïÿòñòâèå ìàññîé Ì áóäåò óñêîðÿòüñÿ äî òåõ
ïîð, ïîêà åãî ñêîðîñòü íå ñòàíåò ðàâíîé Vt. Êàê òîëüêî
ýòîò ìîìåíò íàñòóïèò, äåéñòâèå ñî ñòîðîíû çàìîðîæåííîé
ñèñòåìû ïðåêðàòèòñÿ.

Â îïèñàííîì ïðèìåðå ìû èìåëè äåëî ñ íåîáû÷íûì
äåéñòâèåì, íàçâàííûì ñèëà èìïóëüñà çà òî, ÷òî îíî î÷åíü
íàïîìèíàåò ïîíÿòèå ñèëà. Íî åñòü ñèòóàöèè, â êîòîðûõ
ñèëà èìïóëüñà, êàê è ñèëà, îñòà¸òñÿ ïîñòîÿííîé âî âðåìå-
íè. Îäíàêî ïðèðîäà ñèëû è ñèëû èìïóëüñà ðàçëè÷íà.

Ðàññìîòðèì ñëó÷àé, â êîòîðîì äâå èäåíòè÷íûå çàìî-
ðîæåííûå ñèñòåìû ðàñòÿãèâàÿ èëè æå ñæèìàÿ ïðóæèíó-
äèíàìîìåòð ñòàíîâÿòñÿ àíàëîãîì âíóòðåííèõ äåôîðìàöèé.

Ðèñ. 93. Ñèòóàöèÿ ñ
ïðóæèíîé-äèíàìî-
ìåòðîì, íà êîíöàõ êî-
òîðîé çàêðåïëåíû äâå
çàìîðîæåííûå ñèñòå-
ìû

Ðèñ. 94.  Ìàãíèòû
ïðè îòñóòñòâèè ñèëû
òÿæåñòè âåäóò ñåáÿ
êàê çàìîðîæåííûå
ñèñòåìû
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Íå÷òî ïîäîáíîå íàáëþäàåòñÿ, íàïðèìåð, â ñèñòåìå èç
ðàñòàëêèâàþùèõñÿ èëè ïðèòÿãèâàþùèõñÿ ìàãíèòîâ.

Íî ôàíòàçèðóÿ, ìû ìîæåì ïîñòóïèòü ìóäðåå � çàï-
ðÿ÷ü çàìîðîæåííûå ñèñòåìû â êðóãîâîå äâèæåíèå è çà
ñ÷¸ò èõ íåèññÿêàåìîãî ñòðåìëåíèÿ ê äâèæåíèþ, ñíèìàòü
ýíåðãåòè÷åñêèå ïðîöåíòû.

Ìû ðàññìîòðåëè äàëåêî íå âñå ñèòóàöèè ñ çàìîðîæåí-
íûì èìïóëüñîì, íî äëÿ ñåáÿ âûÿñíèëè, ÷òî èìïóëüñ ñèëû
ïî ñâîåé ôèçè÷åñêîé ñóòè åñòü óäåðæèâàåìîå äâèæåíèå.

Íå ìåíåå èíòåðåñåí âîïðîñ: êàê ïîâåä¸ò ñåáÿ ñèñòåìà
ñ çàìîðîæåííûì ñäâèãîì ôàç, åñëè ìû ìãíîâåííî óäàëèì
ïðåïÿòñòâèå?

Ìû íå çíàåì òî÷íîãî îòâåòà íà ýòîò âîïðîñ, íî ïðåä-
ïîëàãàåì, ÷òî òàêàÿ ñèñòåìà íåâåðîÿòíî áûñòðî îáðåò¸ò
ñêîðîñòü, ñîîòâåòñòâóþùóþ çàìîðîæåííîìó ñäâèãó ôàç, íî
ñàìîå èíòåðåñíîå, ÷òî âñ¸ ýòî áóäåò ïðîèñõîäèòü ÷åðåç îñ-
âîáîæäåíèå îò âûçâàííûõ óäåðæàíèåì âíóòðåííèõ äå-
ôîðìàöèé. Åñëè âíóòðè ñèñòåìû áóäóò íàõîäèòüñÿ îáè-
òàòåëè, íà êîòîðûõ çàìîðîæåííûé èìïóëüñ òàêæå
ðàñïðîñòðàíÿåòñÿ, òî â ñëó÷àå óñòðàíåíèÿ óäåðæèâàþùå-
ãî ôàêòîðà îíè âîñïðèìóò èçìåíåíèå ñêîðîñòè ÷åðåç ñî-
ñòîÿíèå íåâåñîìîñòè.

Ðèñ. 95.  Çàìîðîæåííàÿ ñèñòåìà ñ îáèòàòåëÿìè âíóòðè. Ñëåâà � óäåð-
æèâàåìàÿ, ñïðàâà � íåóäåðæèâàåìàÿ

Äëÿ íàñ, ïðèâûêøèõ ê èíîé ðåàêöèè íà ñâåðõáûñòðîå
èçìåíåíèå ñêîðîñòè, ñèòóàöèÿ àáñóðäíà, ïîòîìó êàê ÷ðåâà-
òà ãèáåëüþ âñåãî æèâîãî. Íî òàê ëè àáñóðäíî ïðîèñõîäÿ-
ùåå? åñëè ìû ìîæåì íàéòè åìó îïðàâäàòåëüíûå ïðèìåðû
â æèçíè.
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Ïðèìåðû åñòü � äîñòàòî÷íî çàãëÿíóòü â ìèêðîìèð, ïî-
áåñåäîâàòü ñ ïðåäñòàâèòåëÿìè êâàíòîâîé ìåõàíèêè î ïîâå-
äåíèè ðàçáèòûõ íà îñêîëêè ýëåìåíòàðíûõ ÷àñòèö, à òàêæå
ó ÓÔÎëîãîâ îçíàêîìèòüñÿ ñ èíôîðìàöèåé î ïîâåäåíèè ÍËÎ
â ïîë¸òå.

Åñòü è ñèòóàöèè, â êîòîðûõ ìû íåîñîçíàííî, íî ñîá-
ñòâåííîðó÷íî çàìîðàæèâàåì ñäâèã ôàç � ýòî ðàâíîìåðíîå
äâèæåíèå ïî îêðóæíîñòè. Èìåííî öåíòðîáåæíàÿ ñèëà ÿâ-
ëÿåòñÿ àíàëîãîì çàìîðîæåííîé ñèñòåìû.

Äåéñòâèå öåíòðîáåæíîé ñèëû ìû èñïûòûâàåì, êîãäà
åäåì â àâòîìîáèëå ïî êðóòîìó ïîâîðîòó äîðîãè: ñ ýòîé
ñèëîé ìû äàâèì íà ñòåíêó, ïðîòèâîïîëîæíóþ öåíòðó çàê-
ðóãëåíèÿ äîðîãè. Öåíòðîáåæíàÿ ñèëà èñïîëüçóåòñÿ â öåí-
òðèôóãàõ, å¸ äåéñòâèå èñïûòûâàþò íà ñåáå ñïîðòñìåíû,
ìåòàþùèå ìîëîò. Ïîïðîáóéòå áûñòðî âðàùàòü ðóêàìè, è
âû îùóòèòå òÿæåñòü îò ïðèëèâøåé ê êèñòÿì êðîâè. Ýòà
æå ñèëà äåëàåò Çåìíîé øàð ñëåãêà ñïëþñíóòûì.

Ðèñ. 96.  Ïðèìåð äåéñòâèÿ öåíòðîáåæíîé ñèëû â êîñìîñå

Èíòåðåñíûì ÿâëÿåòñÿ, íà ïåðâûé âçãëÿä àáñóðäíîå, óò-
âåðæäåíèå, ÷òî èìåííî öåíòðîáåæíàÿ ñèëà ÿâëÿåòñÿ ïðè-
÷èíîé ðåàêòèâíîé òÿãè. Íî äî ïîðû äî âðåìåíè ìû íå
ñòàíåì â ýòîì êîãî-ëèáî óáåæäàòü, à ïðîñòî âûðàçèì öåí-
òðîáåæíóþ ñèëó ÷åðåç ñäâèã ôàç:

Föá=mîV2/ r,
èëè Föá=mîñ2 (∆ϕ /π)2/ r. (3.11)

Íî mîñ2=Å, à ∆ϕ /π=β ,

òîãäà Föá=Åβ 2/ r, (3.12)

èëè Föá=m′ñ2∆ϕ2/πr , (3.13)

Föá=mñ�∆ϕ2/πr. (3.14)
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Ñèòóàöèÿ ñ àðèòìèåé çàñëóæèâàåò íå ìåíüøåãî âíè-
ìàíèÿ � â íåé ìû îïÿòü-òàêè èìååì äåëî ñî ñäâèãîì ôàç,
íî òîëüêî èçìåíÿþùèìñÿ âî âðåìåíè. Åñëè ìåæäó îñöèë-
ëÿòîðàìè ñèñòåìû èìååò ìåñòî èçìåíÿþùèéñÿ ñäâèã ôàç,
òî ìû ãîâîðèì, ÷òî òàêàÿ ñèñòåìà áóäåò ðåàãèðîâàòü íà
ïðîèñõîäÿùåå èçìåíåíèåì ìãíîâåííîé ñêîðîñòè, à çíà÷èò,
è èìïóëüñà:

Vìãí=dm�d(∆ϕ)/dt, (3.15)

ðìãí=m�d(∆ϕ)/dt. (3.16)

Ðàññìàòðèâàÿ äåéñòâèå òàêîé ñèñòåìû íà ïðåïÿòñòâèå,
ìû îáíàðóæèì óâåëè÷åíèå ýòîãî äåéñòâèÿ âî âðåìåíè.
Ñâÿçàíî ýòî ñ ïîñòîÿííî óâåëè÷èâàþùèìñÿ ñäâèãîì ôàç.
Åñëè òàêóþ ñèñòåìó ïîñòàâèòü íà âåñû, òî ìû áóäåì íà-
áëþäàòü óâåëè÷åíèå âåñà. Íó ÷åì íå ïàðàäîêñ?

Ñãîðÿ÷à ìîæíî ñêàçàòü, ÷òî ìàññà ñèñòåìû óâåëè÷èâà-
åòñÿ, íî ìû íå ñëó÷àéíî àêöåíòèðîâàëè âíèìàíèå íà ìàñ-
ñå è äàëè åé êîíêðåòíîå îïðåäåëåíèå � êîëè÷åñòâåííîå, à
ïîòîìó âûíóæäåíû èñêàòü èíûå îáúÿñíåíèÿ ïðîèñõîäÿ-
ùåìó.

Ðèñ. 97.  Êèëîãðàì-
ìîâàÿ ãèðÿ ñ àíî-
ìàëüíûì ñäâèãîì
ôàç ìîæåò èìåòü ãî-
ðàçäî áîëüøèé âåñ

Íåóæåëè Ýâðèêà! Íåóæåëè çäåñü ñîêðûòî ÿâëåíèå ñà-
ìîâîçíèêíîâåíèÿ ñèëû è ïðè÷¸ì áåç êàêèõ-ëèáî íàòÿæåê
è ïàðàäîêñîâ?! Íî íå áóäåì ãîðÿ÷èòüñÿ, à îïèøåì ïîñëå-
äîâàòåëüíî, êàê ýòî ìîæåò ïðîèñõîäèòü. Â íà÷àëüíûé ìî-
ìåíò, êîãäà ñäâèã ôàç îòñóòñòâîâàë, íèêàêîãî äåéñòâèÿ ñè-
ñòåìû íà ïðåïÿòñòâèå íå áûëî. Íî ïîÿâèëñÿ ñäâèã ôàç  � à
çíà÷èò, ïîÿâèëîñü è äåéñòâèå. Ïðîøëî åù¸ íåìíîãî âðå-
ìåíè è ñäâèã ôàç óâåëè÷èëñÿ åù¸, à çíà÷èò, è ñèëà, äåé-
ñòâóþùàÿ íà ïðåïÿòñòâèå, óâåëè÷èëàñü. È òàê äî òåõ ïîð,
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ïîêà ñäâèã ôàç íå äîñòèãíåò îòìåòêè 180î. Ìû íå ñòàíåì
ïîêà ðàññóæäàòü, ÷òî áóäåò äàëüøå, íî êîíñòàòèðóåì, ÷òî
èìååì äåëî ñ âîçðàñòàþùèì âî âðåìåíè äåéñòâèåì:

F=m′ñ�d(∆ϕ)/dt.
Åñëè  d(∆ϕ)/dt→ π,  òî

F→ moñ. (3.17)

Òåïåðü íàì ñòàíîâèòñÿ ïîíÿòíûì ïðîðî÷åñêèé âû-
âîä Àðèñòîòåëÿ î òîì, ÷òî íåáåñíîé ìàòåðèè (òåëàì) ïðè-
ñóùå âíóòðåííåå ñâîéñòâî âîññòàíàâëèâàòü ñèëó, êîòî-
ðàÿ åé íåîáõîäèìà äëÿ ñîõðàíåíèÿ ïîñòîÿíñòâà äâèæåíèÿ.
Ìû æå ïðîäâèíóëèñü äàëüøå è òåïåðü íå òîëüêî íà÷èíà-
åì ïîíèìàòü ôèçèêó ïðîöåññîâ, äàþùèõ òåëàì ñèëó äëÿ
ñàìîäâèæåíèÿ, íî è ïðîäåìîíñòðèðîâàëè ÿâëåíèå ñàìîâîç-
íèêíîâåíèÿ ñèë â Ïðèðîäå.

 Òåïåðü, ãîâîðÿ î ñèëå, ìû ïîíèìàåì, ÷òî îíà ÿâëÿåòñÿ
ñëåäñòâèåì îäíîãî èç âèäîâ ïðåðâàííîãî ñàìîäâèæåíèÿ,
âîçíèêàåò çà ñ÷¸ò äåôîðìàöèè âíóòðåííåãî ïîëÿ èíòåðôå-
ðåíöèè, à ïîòîìó èìååò ôàçî÷àñòîòíóþ ïðè÷èíó. Íî è
ýòî åù¸ íå âñ¸. Ìû íàìåðåíû ââåñòè â ôèçè÷åñêèé ñëî-
âàðü ïîíÿòèå ñàìîäâèæåíèå, êîòîðîå ìîæåò áûòü êàê ðàâ-
íîìåðíûì, òàê è óñêîðÿþùèìñÿ.

§ 7.  Èíåðöèÿ, ýíåðãèÿ è ñîñòîÿíèÿ ïîêîÿ

Ñ÷èòàåòñÿ, ÷òî ìåðà èíåðöèè � ìàññà. Íî â íàøåì ïî-
íèìàíèè ìàññà, ýòî ñóììà ýëåìåíòàðíûõ ñèñòåì. Çíà÷èò,
åñòü ñìûñë ðàññìîòðåòü âîïðîñ èíåðöèè íà ïðèìåðå îäíîé
ýëåìåíòàðíîé ñèñòåìû, à óæ ïîòîì ðàñïðîñòðàíèòü ïîíè-
ìàíèå ýòîãî âîïðîñà íà èõ ñóììó.

Íà÷í¸ì ñî ñòàíäàðòíîãî îïðåäåëåíèÿ èíåðöèè: Âñÿ-
êîå òåëî ñîõðàíÿåò ñâî¸ ïåðâîíà÷àëüíîå ñîñòîÿíèå îòíî-
ñèòåëüíîãî ïîêîÿ, èëè ïðÿìîëèíåéíîãî è ðàâíîìåðíîãî äâè-
æåíèÿ, ïîêà íà íåãî íå ïîäåéñòâóþò äðóãèå òåëà è íå
âûâåäóò èç ýòîãî ñîñòîÿíèÿ.

Åñëè ãîâîðèòü îá èíåðöèè, êàê î âðîæä¸ííîì ñâîé-
ñòâå òåë, òî ïîÿâëÿåòñÿ ïîíÿòèå èíåðòíîñòü. Äëÿ õàðàê-
òåðèñòèêè èíåðòíîñòè òåë ââåëè îñîáóþ âåëè÷èíó �
ìàññó. Âèäèìî îòñþäà è ïîÿâèëîñü îòíîøåíèå ê ìàññå, êàê
ê ìåðå èíåðòíîñòè.
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Òàêîé ïîäõîä íîñèò ïîñòóëàòèâíûé õàðàêòåð, à ïîòî-
ìó íàñ íå óñòðàèâàåò. Ëîãè÷íåå äàòü îïðåäåëåíèå èíåðöèè,
êàê ñóììå ðåàêöèé ýëåìåíòàðíûõ ñèñòåì íà èçìåíåíèå
óñòàíîâèâøåãîñÿ ðåæèìà ñàìîäâèæåíèÿ. Â äàííîé ôîð-
ìóëèðîâêå ìàññîé ÿâëÿåòñÿ ñóììà ýëåìåíòàðíûõ ñèñòåì
ïðîòîîñöèëëÿòîðîâ, à ðåàêöèÿ êàæäîé ýëåìåíòàðíîé ñèñ-
òåìû íà èçìåíåíèå ðåæèìà äâèæåíèÿ åñòü åäèíè÷íûé èì-
ïóëüñ. Íî òîãäà îïðåäåëåíèå èíåðöèè áóäåò èíûì:

Åñëè âåêòîðíàÿ ñóììà åäèíè÷íûõ èìïóëüñîâ îò ñèñòåì
îñöèëëÿòîðîâ íåèçìåííà âî âðåìåíè, òî òåëî íàõîäèòñÿ
â ñîñòîÿíèè ðàâíîìåðíîãî è ïðÿìîëèíåéíîãî ñàìîäâèæå-
íèÿ, ò.å.

    Σdp=const.
Â íîâîì îïðåäåëåíèè èíåðöèè îòñóòñòâóåò ïîíÿòèå

ñîñòîÿíèå ïîêîÿ. Åñëè ïîä ñîñòîÿíèåì ïîêîÿ ïîäðàçóìå-
âàòü îòñóòñòâèå äâèæåíèÿ, òî ýòî îäíà ïîñòàíîâêà âîïðîñà,
íî äëÿ òîãî ÷òîáû íå áûëî ðàçíî÷òåíèé, äîãîâîðèìñÿ, ÷òî
åñëè â ñèñòåìå âåêòîðíàÿ ñóììà âñåõ âíóòðåííèõ ñèë
ðàâíà ïî âåëè÷èíå è ñîâïàäàåò ïî íàïðàâëåíèþ ñ âåêòî-
ðîì èìïóëüñà, òî ñèñòåìà íàõîäèòñÿ â ñîñòîÿíèè âíóò-
ðåííåãî ïîêîÿ.

Åñëè ïî êàêèì-ëèáî ïðè÷èíàì îäíîâðåìåííî è ïðîïîðöèî-
íàëüíî áóäóò óâåëè÷èâàòüñÿ âíóòðåííèå ñèëû è èìïóëüñ,
òî ñèñòåìà áóäåò ñàìîäâèãàòüñÿ ñ óñêîðåíèåì è ïðè ýòîì
íàõîäèòüñÿ â ñîñòîÿíèè ñêîìïåíñèðîâàííîãî äâèæåíèåì
âíóòðåííåãî ïîêîÿ. Ýòî îñîáîå ñîñòîÿíèå íàçâàíî òðåòü-
èì ñîñòîÿíèåì ïîêîÿ.

Íî òîãäà äîëæíû áûòü âòîðîå è ïåðâîå ñîñòîÿíèÿ
ïîêîÿ? Ñëåäóåò ïîíèìàòü óñëîâíîñòü òàêîãî ðàçäåëåíèÿ, à
ïîòîìó ïðåäëàãàåòñÿ ñ÷èòàòü ïåðâûì ñîñòîÿíèåì ïîêîÿ
� îòñóòñòâèå ó ñèñòåìû èìïóëüñà, âòîðûì ñîñòîÿíè-
åì ïîêîÿ � íàëè÷èå ïîñòîÿííîãî èìïóëüñà, òðåòüèì ñî-
ñòîÿíèåì ïîêîÿ � íàëè÷èå óâåëè÷èâàþùåãîñÿ (óìåíüøà-
þùåãîñÿ) âî âðåìåíè èìïóëüñà.

Êàæäîå èç ñîñòîÿíèé ïîêîÿ õàðàêòåðèçóåòñÿ òèïîì
äâèæåíèÿ: ïåðâîìó ñîîòâåòñòâóåò îòñóòñòâèå îòíî-
ñèòåëüíîé ñêîðîñòè äâèæåíèÿ (V=0), âòîðîìó � íàëè÷èå
ñàìîäâèæåíèÿ ñ ïîñòîÿííîé ñêîðîñòüþ (V>0=const), òðå-
òüåìó � äâèæåíèå c ñàìîóñêîðåíèåì (V=at).
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Àíàëèçèðóÿ äàííûå íàìè îïðåäåëåíèÿ ñîñòîÿíèé ïî-
êîÿ, íåâîëüíî çàäóìûâàåøüñÿ: à íå ÿâëÿåòñÿ ëè èìïóëüñ
ñèñòåìû âåêòîðíîé ñóììîé âñåõ âíóòðåííèõ ñèë? È õîòÿ
ýòîò âîïðîñ íå áëåùåò îðèãèíàëüíîñòüþ, ìû îòâåòèì íà
íåãî: èìïóëüñ åñòü âåêòîðíàÿ ñóììà âñåõ âíóòðåííèõ
ñèë ñèñòåìû.

Çíà÷èò, ãîâîðÿ î äâèæåíèè, èìïóëüñå è èíåðöèè ñèñ-
òåì, êîòîðûå èìåþò îáùåå � ðåàêöèþ íà èçìåíåíèÿ ñîîò-
íîøåíèé ôàç îñöèëëÿòîðîâ, ìû ãîâîðèì î ñòàòóñ-êâî, íà-
ðóøåíèå êîòîðîãî ñîïðîâîæäàåòñÿ ïðèðàùåíèåì, ëèáî
âûäåëåíèåì ýíåðãèè èìïóëüñà (êèíåòè÷åñêîé ýíåðãèè).

Èç êóðñà øêîëüíîé ôèçèêè èçâåñòíî, ÷òî êèíåòè÷åñ-
êîé íàçûâàþò ýíåðãèþ, êîòîðîé îáëàäàþò äâèæóùèåñÿ òåëà
(èëè ÷àñòèöû). Êèíåòè÷åñêàÿ ýíåðãèÿ îïèñûâàåòñÿ ñòàí-
äàðòíîé ôîðìóëîé:

        Wk=mîV2/ 2,  èëè  Wk=mîñ2 (∆ϕ /π)2/ 2 3.18)

íî   mîñ2=Å, à ∆ϕ /π=β ,

òîãäà:    Wk=Åβ 2/2, (3.19)

èëè            Wk=m′ñ2∆ϕ2/2π ;  Wk=mñ�∆ϕ 2/2π 3.20)

Äëÿ ñëó÷àÿ òðåòüåãî ñîñòîÿíèÿ ïîêîÿ âûðàæåíèå
êèíåòè÷åñêîé ýíåðãèè áóäåò èíûì ïî òîé ïðè÷èíå, ÷òî
ìû èìååì äåëî ñ óâåëè÷èâàþùèìñÿ ñäâèãîì ôàç:

         Wka=mo(Vìãí)2/2;   Wka=mo(at)2/2. 3.21)

Íî   Vìãí= at=2c∆νt,

òîãäà: Wka=mî(2c∆νt)2/2, (3.22)

èëè   Wka=2mîñ2t2(∆ν)2 ;   Wka=2Åt2(∆ν)2. 3.23)

Åñëè ìû ïðîäîëæèì àíàëèç èíûõ ïîíÿòèé êëàññè-
÷åñêîé ìåõàíèêè, òî óáåäèìñÿ, ÷òî â êàæäîì èç íèõ â òîì
èëè èíîì âèäå ïðèñóòñòâóåò äâèæåíèå, à çíà÷èò, âèáðàöèè,
âîëíû è ôàçî÷àñòîòíûå ðàçëè÷èÿ â ñîñòîÿíèè ñèñòåì.
Íîâûé ïîäõîä ïîçâîëÿåò íàïîëíèòü ïîíÿòèÿ êëàññè÷åñ-
êîé ìåõàíèêè âîëíîâûì âçàèìîäåéñòâèåì.

Ìû íå ñòàâèì ïåðåä ñîáîé çàäà÷ó ïåðåïèñàòü âñþ ôè-
çèêó, íî íàñ èíòåðåñóåò � êàê çà ñ÷¸ò èñêóññòâåííî ñî-
çäàííîé àðèòìèè äîáèòüñÿ îò ñèñòåìû ñàìîóñêîðÿþùå-
ãîñÿ äâèæåíèÿ?
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Ãëàâà 4.  ÒÐÅÒÜÅ ÑÎÑÒÎßÍÈÅ ÏÎÊÎß

Ìû îáíàðóæèëè æ¸ñòêóþ ñâÿçü ìåæäó äèñôàçíîñòüþ,
óñêîðåííûì äâèæåíèåì è ñîñòîÿíèåì îòíîñèòåëüíîãî ïî-
êîÿ. Íî ãäå èñêàòü ïðàêòè÷åñêîå ïîäòâåðæäåíèå ýòîìó?
Ñàìîå áëèçêîå ìåñòî � îêðåñòíîñòè Çåìëè; çäåñü îäíîâðå-
ìåííî åñòü ìåñòî è ÷àñòîòíîé ðàçáàëàíñèðîâêå, è óñêîðåí-
íîìó äâèæåíèþ è ñîñòîÿíèþ ïîêîÿ. Áûòü ìîæåò, èìåííî
êîëëåêòèâíîå èçëó÷åíèå Çåìëè ñîçäà¸ò â îêðóæàþùåì ïðî-
ñòðàíñòâå óñëîâèÿ, ïîïàâ â êîòîðûå, òåëà èñïûòûâàþò âíóò-
ðåííèé äèñêîìôîðò (âåêòîðíóþ äåôîðìàöèþ) è ÷òîáû èç-
áàâèòüñÿ îò íåãî, íà÷èíàþò ñàìîäâèãàòüñÿ ñ óñêîðåíèåì?

§ 1.  Îáùèå âîïðîñû

Òàê óæ ïîâåëîñü, ÷òî îòñóòñòâèå ëþáîãî âèäà ñèë è
âíóòðåííèõ íàïðÿæåíèé ìû âñåãäà ñâÿçûâàåì ñ ñîñòîÿ-
íèåì ïîêîÿ. Åñëè íàáëþäàòåëü, êàê ÷àñòü ñèñòåìû, áóäåò
íàõîäèòüñÿ âíóòðè ñàìîóñêîðÿþùåéñÿ ñèñòåìû, òî îí êîí-
ñòàòèðóåò îòñóòñòâèå îáÿçàòåëüíûõ äëÿ óñêîðåííîãî äâè-
æåíèÿ ýôôåêòîâ, à åñëè åãî ëèøèòü  âîçìîæíîñòè ñðàâíè-
âàòü, ò.å. âûãëÿäûâàòü íàðóæó, òî ó íåãî íå áóäåò ñïîñîáà
îïðåäåëèòü, äâèæåòñÿ ëè îí óñêîðåííî, ïðÿìîëèíåéíî è
ðàâíîìåðíî èëè íå äâèæåòñÿ âîîáùå. Â ýòîì ñìûñëå óñ-
êîðåííîå ñàìîäâèæåíèå ñèñòåìû ÿâëÿåòñÿ íåèçâåñòíûì
ðàíåå òðåòüèì ñîñòîÿíèåì ïîêîÿ.

Åñëè ñîõðàíåíèå ðàâíîìåðíîãî äâèæåíèÿ ïîääåðæè-
âàåòñÿ ôèêñèðîâàííûì ñäâèãîì ôàç, òî óñêîðåííîå äâè-
æåíèå ìû îáúÿñíÿåì ïðîãðåññèðóþùèì èçìåíåíèåì ñäâè-
ãà ôàç âî âðåìåíè. Åñëè èçìåíåíèå ñäâèãà ôàç îáóñëîâëåíî
êîíñòðóêöèåé ñèñòåìû, òî ìû ãîâîðèì î òðåòüåì ñîñòîÿ-
íèè ïîêîÿ.

Ëþáûå ïîïûòêè èçìåíèòü òðåòüå ñîñòîÿíèå ïîêîÿ
ðîæäàþò îòâåòíóþ ðåàêöèþ â âèäå ïðîòèâîäåéñòâèÿ � â
ýòîì ñìûñëå ñèñòåìà, äâèæóùàÿñÿ ñ ñàìîóñêîðåíèåì, îá-
ëàäàåò èíåðöèåé. ×òîáû óáåäèòüñÿ â ýòîì, äîñòàòî÷íî íà
ñâîáîäíî ïàäàþùåå â ïîëå òÿãîòåíèÿ òåëî ïîäåéñòâîâàòü
äîïîëíèòåëüíîé ñèëîé, ò.å. ê îáû÷íîìó óñêîðåíèþ äîáà-
âèòü äîïîëíèòåëüíîå � è âû ïî÷óâñòâóåòå èíåðöèþ ÷åðåç
íåæåëàíèå òåëà äâèãàòüñÿ ñ áîëüøèì óñêîðåíèåì. Ýòîò
òèï èíåðöèè õîðîøî èçâåñòåí â àâèàöèè � åñëè ë¸ò÷èê,
íàõîäÿñü íà áîëüøîé âûñîòå, íàïðàâëÿåò ñàìîë¸ò ê ïîâåð-
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õíîñòè Çåìëè è ïðè ýòîì âêëþ÷àåò ôîðñàæ, òî âìåñòî íå-
âåñîìîñòè èñïûòûâàåò ñèëó, ïðèæèìàþùóþ åãî ê ñïèíêå
êðåñëà(ðèñ. 98). Ýòî ïðîèñõîäèò îòòîãî, ÷òî óñêîðåíèå äâè-
æåíèÿ ñàìîë¸òà ãîðàçäî âûøå åñòåñòâåííîãî óñêîðåíèÿ
ñâîáîäíîãî ïàäåíèÿ.

Ðèñ. 98.  Ñèòóàöèè â ñà-
ìîë¸òå è ëèôòå ìîãóò
áûòü èäåíòè÷íûìè

È â îïèñàííîé ñèòóàöèè, è â ñëó÷àå ñ ïîñòîÿííîé ñêî-
ðîñòüþ ìû èìååì îäíó è òó æå ðåàêöèþ � íåæåëàíèå
ñèñòåìû èçìåíÿòü óñòàíîâèâøååñÿ ñîñòîÿíèå ïîêîÿ. Òà-
êîå ñîïðîòèâëåíèå ñòîðîííåìó äåéñòâèþ íàçûâàåòñÿ
èíåðöèåé (ðåàêöèåé íà èçìåíåíèå).

Ïðè÷èíó ðåàêöèè ìû ñâÿçûâàåì ñ èçìåíåíèåì ñäâè-
ãà ôàç. Íî è èíûå õàðàêòåðèñòèêè äâèæåíèÿ (èìïóëüñ,
ñèëó, ñêîðîñòü, è óñêîðåíèå) ìû ñâÿçûâàåì ñî ñäâèãîì ôàç
� â ýòîì ñìûñëå ñäâèã ôàç ÿâëÿåòñÿ îïðåäåëÿþùèì, à ïî-
òîìó ïåðâè÷íûì. Íî åñëè ñäâèã ôàç ìû îáúÿâèëè ïåðâè÷-
íûì, òî ëþáîå âîçäåéñòâèå íà íåãî áóäåò ïðèâîäèòü ê èç-
ìåíåíèþ âñåõ õàðàêòåðèñòèê äâèæåíèÿ.

Ñëåäóåò, îäíàêî, ïîíèìàòü, ÷òî ñäâèã ôàç è äâèæåíèå
íåðàçðûâíû, à ïîòîìó îíè äðóã äëÿ äðóãà ÿâëÿþòñÿ è ñëåä-
ñòâèåì, è ïðè÷èíîé. Ìåíÿÿ îäíî, ìû èçìåíÿåì äðóãîå, è
íàîáîðîò. Åñëè íàì íåîáõîäèìî èçìåíèòü ñêîðîñòü äâè-
æåíèÿ, òî, âîçäåéñòâóÿ íà ôàçîâîå ñîîòíîøåíèå, ìû äîáè-
âàåìñÿ ýòîãî. Åñëè ìû ðåøèëè èçìåíèòü ôàçîâîå ñîñòîÿ-
íèå, òî ñäåëàòü ýòî ìîæíî ÷åðåç èçìåíåíèå ñêîðîñòè. Íî
îáðàòèì âíèìàíèå, ÷òî èçìåíèòü ñêîðîñòü ìû ìîæåì îä-
íèì ñïîñîáîì � äåéñòâèåì ñî ñòîðîíû, è òîëüêî ïîñëå
ýòîãî ìåíÿåòñÿ ôàçà. Íî åñëè âîçäåéñòâîâàòü íà äâèæå-
íèå ìû ìîæåì òîëüêî ñòîðîííèì äåéñòâèåì, òî íà ñîîò-
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íîøåíèå ôàç ìû ìîæåì âîçäåéñòâîâàòü íàïðÿìóþ, íå âû-
õîäÿ çà ïðåäåëû ñèñòåìû.

Ìû îáíàðóæèëè ýòî ïðàâèëî, íàáëþäàÿ çà ïðîöåññàìè
â ðåàëüíûõ óñòðîéñòâàõ, à ïîòîìó íàìåðåíû ðàñïðîñòðà-
íèòü åãî íà ïðîáëåìó äâèæåíèÿ â öåëîì. Ðàññìîòðèì ïðè-
ìåð:

Ïóñòü ìû èìååì ëîäêó, íà êîðìå êîòîðîé óñòàíîâëåí
âèíò. Îñü âèíòà (âàë) ÷åðåç ñèñòåìó ïåðåäà÷ ñîåäèíåíà ñ
ãåíåðàòîðîì, êîòîðûé îäíîâðåìåííî ìîæåò âûïîëíÿòü ðîëü
ýëåêòðîäâèãàòåëÿ. Â ëîäêå íàõîäÿòñÿ àêêóìóëÿòîðíûå
áàòàðåè, êîòîðûå ïîäñîåäèíåíû ê ýëåêòðîìîòîðó äâîéíî-
ãî äåéñòâèÿ, à ïîòîìó, â çàâèñèìîñòè îò ñèòóàöèè, ìîãóò
ëèáî çàïàñàòü, ëèáî îòäàâàòü ýíåðãèþ.

Åñëè äåéñòâîâàòü íà ëîäêó ñòîðîííåé ñèëîé, òî ïî-
ÿâèòñÿ äâèæåíèå, à âèíò, âðàùàÿñü îò âñòðå÷íîãî ïîòî-
êà âîäû, ïðèâåä¸ò â äåéñòâèå ãåíåðàòîð, ýíåðãèÿ îò êîòî-
ðîãî ñòàíåò íàêàïëèâàòüñÿ â áàòàðåÿõ. Ýòîò ïðîöåññ
îáðàòèìûé, ïîòîìó êàê íàêîïëåííîé â áàòàðåÿõ ýíåðãè-
åé ìû ìîæåì çàñòàâèòü âðàùàòüñÿ âèíò è â ðåçóëüòà-
òå ïîëó÷èòü äâèæåíèå, íå âûõîäÿ èç ñèñòåìû.

Èçìåíåíèå ñêîðîñòè äâèæåíèÿ ÷åðåç ñòîðîííåå äåé-
ñòâèå ïðèâîäèò ê èçìåíåíèþ âíóòðåííåé ýíåðãèè (ñäâèãà
ôàç). Èñïîëüçîâàíèå âíóòðåííåé ýíåðãèè (èçìåíåíèå ñäâèãà
ôàç èçíóòðè ñèñòåìû) ïðèâîäèò ê èçìåíåíèþ ñêîðîñòè
äâèæåíèÿ è íå íóæäàåòñÿ â ñòîðîííåì äåéñòâèè.

Â òî÷íîñòè ýòî æå ïðîèñõîäèò è íà óðîâíå ýëåìåíòàð-
íûõ ñèñòåì. Óâåëè÷èâàÿ ñêîðîñòü ñèñòåìû, ìû óâåëè÷è-
âàåì å¸ êèíåòè÷åñêóþ ýíåðãèþ. Íî êòî ìåøàåò íàì èñ-
ïîëüçîâàòü ýòó ýíåðãèþ äëÿ èçìåíåíèÿ ñêîðîñòè ñèñòåìû?
Íóæíî òîëüêî äîãàäàòüñÿ, êàê ýòî ñäåëàòü íå âûõîäÿ çà
ïðåäåëû ñèñòåìû, íàéòè òîò óñëîâíûé ïåðåêëþ÷àòåëü, ñ ïî-
ìîùüþ êîòîðîãî íàêîïëåííóþ ýíåðãèþ ìîæíî èñïîëüçî-
âàòü äëÿ èçìåíåíèÿ äâèæåíèÿ.

Òåïåðü ñäåëàòü ýòî áóäåò ãîðàçäî ïðîùå, ïîòîìó ÷òî åñòü
ïîíèìàíèå, íà ÷òî íåîáõîäèìî âëèÿòü. Íàéä¸ì ñïîñîá, êàê
âëèÿòü íà ñîñòîÿíèå ôàç èçíóòðè ñèñòåìû � ïîÿâÿòñÿ è ó
íàñ ñîáñòâåííûå ÍËÎ. Òàêîâà ìîÿ öåëü è ìå÷òà!

Åñëè êòî-òî äóìàåò, ÷òî ìû ôàíòàç¸ðû, èëè ãîâîðèì î
äàë¸êîì áóäóùåì, òî îí îøèáàåòñÿ. È ïðèøåëüöû, âðåìå-
íàìè ïîñåùàþùèå íàøó Çåìëþ, êîãäà-òî áûëè â àíàëî-
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ãè÷íîì ïîëîæåíèè � è íè÷åãî, ñïðàâèëèñü ñ ñîáñòâåííû-
ìè íåâåðèåì è íåâåæåñòâîì. Äóìàåòñÿ, ÷òî è ìû íå ëû-
êîì øèòû, à ïîòîìó îáðàòèì âíèìàíèå íà ïðîáëåìó òÿãî-
òåíèÿ. Âåäü èìåííî â ïîëå òÿãîòåíèÿ ïðîèñõîäÿò òå
çàãàäî÷íûå ïðîöåññû, îá îñâîåíèè êîòîðûõ òàê ìå÷òàåò
íàøà öèâèëèçàöèÿ.

§ 2.  Ýôôåêò Ì¸ññáàóýðà è ãðàâèòàöèÿ

Îáñóäèì èçâåñòíûé ýôôåêò Ì¸ññáàóýðà. Ïðè÷èíà:
ýêñïåðèìåíòû íà åãî îñíîâå ïðÿìî óêàçûâàþò íà ñòðàí-
íóþ çàâèñèìîñòü ÷àñòîòíîãî ñîñòîÿíèÿ îñöèëëÿòîðîâ îò
ðàññòîÿíèÿ äî ïîâåðõíîñòè Çåìëè. Ýòîò ýêñïåðèìåíòàëü-
íûé ôàêò äëÿ íàñ êðàéíå âàæåí, ïîòîìó ÷òî îí èìååò ïðÿ-
ìîå îòíîøåíèå ê âîïðîñó òÿãîòåíèÿ.

Ýôôåêò Ì¸ññáàóýðà áûë îáíàðóæåí â 1958 ã., à ýêñïå-
ðèìåíòû íà åãî îñíîâå èíòåðïðåòèðîâàëèñü êàê äîêàçà-
òåëüñòâî ïðåäñêàçàííîé Ýéíøòåéíîì çàâèñèìîñòè õîäà
âðåìåíè îò áëèçîñòè ê ãðàâèòèðóþùåé ìàññå. Â ðåçóëüòà-
òå ñëîæèëîñü óáåæäåíèå, ÷òî âáëèçè Çåìëè âðåìÿ òå÷¸ò
ìåäëåííåå, ÷åì âäàëè îò íå¸.

Ýôôåêò çàìåäëåíèÿ ñêîðîñòè ïðîöåññîâ (ïî Ýéíøòåé-
íó � çàìåäëåíèÿ âðåìåíè) èëëþñòðèðóåòñÿ ãðàâèòàöèîí-
íûì êðàñíûì ñìåùåíèåì è íàáëþäàåòñÿ â ñïåêòðàëü-
íûõ ëèíèÿõ Ñîëíöà è ìàññèâíûõ çâ¸çä. Ýòî ãîâîðèò î òîì,
÷òî àòîìíûå ÷àñû íà ïîâåðõíîñòè Ñîëíöà äîëæíû èäòè
ìåäëåííåå (òèêàòü ðåæå), ÷åì òàêèå æå ÷àñû íà óðîâíå
îðáèòû Çåìëè. Òî æå ñàìîå, íî â ìåíüøåé ñòåïåíè, äîëæíî
ïðîèñõîäèòü è â ãðàâèòàöèîííîì ïîëå Çåìëè.

Ïðîâåðèòü ýòî ñòàëî âîçìîæíûì áëàãîäàðÿ ñòàíäàð-
òàì ÷àñòîòû, â êîòîðûõ èñïîëüçîâàëèñü ôîòîíû, èçëó÷àå-
ìûå ðàäèîàêòèâíûìè ÿäðàìè æåëåçà, âíåäð¸ííûìè â êðè-
ñòàëë. È õîòÿ â ýêñïåðèìåíòàõ, ïî ìåðå ïðèáëèæåíèÿ ê
Çåìëå, íàáëþäàëîñü óìåíüøåíèå ÷àñòîòû èñòî÷íèêà, ýòî
èíòåðïðåòèðîâàëîñü ñîâðåìåííîé íàóêîé êàê îáóñëîâëåí-
íîå ãðàâèòàöèåé (èñêðèâëåíèåì) çàìåäëåíèå âðåìåíè.

Íî åñëè âðåìÿ îïðåäåëÿòü ÷åðåç ïîäñ÷¸ò êîëåáàòåëü-
íûõ ïðîöåññîâ, òî, ãîâîðÿ î ñêîðîñòè åãî òå÷åíèÿ, ìû ãîâî-
ðèì òîëüêî îá èçìåíåíèè ÷àñòîòû íåêèõ ýòàëîííûõ êî-
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ëåáàíèé. Ãîâîðèòü æå î âðåìåíè, êàê î ÿêîáû ìàòåðèàëü-
íîé ñóáñòàíöèè, ó íàñ ïîêà íåò íèêàêèõ ôèçè÷åñêèõ îñíî-
âàíèé.

Íî åñòü ñìûñë ãîâîðèòü î ôèçè÷åñêîé ïðè÷èíå, èçìå-
íÿþùåé ýòàëîííóþ ÷àñòîòó. Âîïðîñ ýòîò ÷åðåçâû÷àéíî âà-
æåí, èáî íàïðÿìóþ êàñàåòñÿ ïðèðîäû ãðàâèòàöèè, à ïîíè-
ìàíèå ôèçèêè ïðîèñõîäÿùåãî ïîçâîëèò îñìûñëåííî
èñïîëüçîâàòü íåèçâåñòíûå äîñåëå ñïîñîáû âîçäåéñòâèÿ íà
ïðàêòèêå. Ê âîïðîñó ïðè÷èíû ìû åù¸ âåðí¸ìñÿ, à ïîêà
áîëåå ïîäðîáíî îñòàíîâèìñÿ íà ýôôåêòå Ì¸ññáàóýðà, êî-
òîðûé îïèøåì êàê ìîæíî ïðîùå.

à    á    â
Ðèñ. 99.  Íàáëþäàòåëÿì À è Â êàæåòñÿ, ÷òî èìåííî â èõ ñèñòåìå ÷àñòî-
òà îñöèëëÿòîðà îñòàëàñü íåèçìåííîé. Òàêîå ìîæåò ïðîèñõîäèòü â îä-
íîì åäèíñòâåííîì ñëó÷àå � êîãäà âñå ïðîöåññû, â òîì ÷èñëå è æèçíåí-
íûå, óñêîðÿþòñÿ èëè çàìåäëÿþòñÿ ñèíõðîííî ñ ÷àñòîòîé îñöèëëÿòîðà

Ïóñòü ìû èìååì äâà îäèíàêîâûõ îñöèëëÿòîðà, ó êîòî-
ðûõ ïðè ðàâíûõ óñëîâèÿõ νΑ=νΒ, è îäèí êàëèáðîâî÷íûé
ïðè¸ìíèê, ñ ïîìîùüþ êîòîðîãî ìû áóäåì îöåíèâàòü çàâè-
ñèìîñòü ÷àñòîòíûõ èçìåíåíèé îò ðàññòîÿíèÿ äî ïîâåðõíî-
ñòè Çåìëè.

Åñëè ìû ðàñïîëîæèì îñöèëëÿòîðû è ïðè¸ìíèê íà
îäèíàêîâîé îò ïîâåðõíîñòè âûñîòå (ðèñ. 99à), òî ïðè¸ìíèê
çàôèêñèðóåò ðàâåíñòâî ÷àñòîò (νΑ=νΒ).

Îñòàâèâ ïðè¸ìíèê â èñõîäíîì ïîëîæåíèè, ðàñïîëîæèì
îñöèëëÿòîðû À è Â (êàê íà ðèñ. 99á). Ïðè¸ìíèê çàôèêñè-
ðóåò èçìåíåíèå ÷àñòîò îáîèõ îñöèëëÿòîðîâ, ïðè÷¸ì:

νΑ′′′′′>νΑ, à νΒ′′′′′< νΒ, ò.å. (νΑ′′′′′>νΒ′′′′′). (4.1)



Ãëàâà 4.  ÒÐÅÒÜÅ ÑÎÑÒÎßÍÈÅ ÏÎÊÎß                                151

Ïîìåíÿâ ìåñòàìè îñöèëëÿòîðû (ðèñ.99â), ìû ïîëó÷èì
íåñêîëüêî èíóþ êàðòèíó:

νΑ′′′′′< νΑ, à νΒ′′′′′> νΒ, ò.å.  (νΑ′′′′′< νΒ′′′′′) (4.2)

Ñëåäóåò ïîíèìàòü, ÷òî ñ ïîìîùüþ îáû÷íîãî ïðè¸ìíè-
êà è îáû÷íûõ èçëó÷àòåëåé ìû âîîáùå íå ïîëó÷èì íèêà-
êèõ ðåçóëüòàòîâ � äëÿ ýòîãî èõ èçáèðàòåëüíîñòè íåäîñòà-
òî÷íî. Íî ýòî çàìå÷àíèå òîëüêî äëÿ íåñïåöèàëèñòîâ.

Ðèñ. 100.  Åñòü çîíû, â êîòîðûõ ñîâåðøàëè ïîñàäêè ÍËÎ. Â ýòèõ çîíàõ
âñå ïðîöåññû èìåþò àíîìàëüíûé ðèòì (óñêîðåííûé èëè çàìåäëåííûé).
Ïðåäïîëàãàåòñÿ, ÷òî â òàêèõ çîíàõ ýôôåêò Ì¸ññáàóýðà áóäåò íàáëþ-
äàòüñÿ è ïðè ãîðèçîíòàëüíîì ðàñïîëîæåíèè ïðè¸ìíèêà è èñòî÷íèêà

Êîíñòàòèðóåì âàæíûé ôàêò: â ñèñòåìå äâóõ êîãåðåí-
òíûõ îñöèëëÿòîðîâ, ïîïàâøèõ â ïîëå òÿãîòåíèÿ, èìååò ìåñòî
÷àñòîòíàÿ ðàçáàëàíñèðîâêà. Ýòîãî íå ðèñêíóò îòðèöàòü
äàæå ñàìûå ÿðûå ïðîòèâíèêè íàøåãî ïîäõîäà, ïîòîìó êàê
èìåííî îíè îáíàðóæèëè ýôôåêò Ì¸ññáàóýðà. È õîòÿ íà-
áëþäàåìîå ðàçëè÷èå â ÷àñòîòàõ èñ÷åçàþùå ìàëî, íàñ ýòî
ñìóùàòü íå äîëæíî: ïóñòü óæ ëó÷øå ñòîëüêî, ÷åì íèñ-
êîëüêî. Êòî çíàåò, áûòü ìîæåò èìåííî â ñòðåìÿùåéñÿ ê
íóëþ àðèòìèè è êðîåòñÿ ðàçãàäêà ìåõàíèçìà ãðàâèòàöèè?
Íèêòî âåäü äî ñèõ ïîð íå ðàññìàòðèâàë âàðèàíò ïîâåäå-
íèÿ ñèñòåìû ñ èñ÷åçàþùåé â âîñüìîì çíàêå ïîñëå çàïÿ-
òîé ðàçíèöåé ÷àñòîò? Íî òåïåðü ó íàñ åñòü âñå ïðåäïîñûë-
êè äëÿ ïðîâåäåíèÿ àíàëèçà, ïîòîìó ÷òî ìû çíàåì:

1. Ôîðìóëüíóþ çàâèñèìîñòü ìåæäó àðèòìèåé è óñêîðåíè-
åì, à òàêæå èìååì îöåíî÷íûå âû÷èñëåíèÿ.

Âàñÿ+
Ëåíà
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2. Çíà÷åíèå óñêîðåíèÿ ñâîáîäíîãî ïàäåíèÿ âáëèçè Çåìëè
(g=9.8 ì/ñåê2).

3. Ïîðÿäîê îòíîñèòåëüíîé àðèòìèè (10�16) â òåëàõ, íàõîäÿ-
ùèõñÿ â ãðàâèòàöèîííîì ïîëå Çåìëè.

Ïðèâåä¸ì ôîðìóëó, êîòîðàÿ èñïîëüçîâàëàñü äëÿ îöå-
íî÷íîãî ðàñ÷¸òà àðèòìèè ïðè óñëîâèè, ÷òî ñ=3�108ì/ñ, ðàñ-
ñòîÿíèå ìåæäó îñöèëëÿòîðàìè ðàâíî 1 ì, à óñêîðåíèå ñè-
ñòåìû, â êîòîðîé îíè íàõîäÿòñÿ, ðàâíî 9.8 ì/c2:

∆ν/ν = gl/c2 (4.3)

∆ν/ν= 9.8/(9�10 16) ≈ 1.1�10�16

Ïîêàæåì ìåõàíèçì ñâÿçè ýòîé ôîðìóëû ñ ðàíåå ïî-
ëó÷åííîé äëÿ óñêîðåíèÿ. Åñëè ðàññòîÿíèå ìåæäó áëèæàé-
øèìè îñöèëëÿòîðàìè ðàâíî ïîëîâèíå äëèíû ñòîÿ÷åé âîë-
íû, òî l=c/2ν. Òîãäà

                                              ∆ν = gν/c2�c/2ν ,  →    g = 2c∆ν (4.4)

Òåïåðü, èìåÿ ýòó ôîðìóëó, ìû ìîæåì îöåíèòü ñòåïåíü
àðèòìèè, âîçíèêàþùåé â ñèñòåìå äâóõ îñöèëëÿòîðîâ â ñè-
òóàöèè êîíêðåòíîãî óñêîðåíèÿ. ×óòü ïîçäíåå ìû ïîêà-
æåì, ÷òî çà îäíó ñåêóíäó ñâîáîäíîãî ïàäåíèÿ ê èñêîìîìó
ñäâèãó ôàç ïðèáàâëÿåòñÿ 5.88�10�6 ãðàä. Ïî ýòîé ïðèáàâêå
ìîæíî ñóäèòü î ðàçíèöå ÷àñòîò, êîòîðóþ íåñëîæíî âû÷èñ-
ëèòü: ∆ν=1.633�10�8Ãö.* Èìåííî ïðè òàêîé ðàçíèöå â ÷àñ-
òîòàõ òðåáóåìîå, äëÿ êîìïåíñàöèè âåêòîðíîé äåôîðìàöèè
ñèñòåìû, óñêîðåíèå äîëæíî áûòü 9.8 ì/ñ2. Íî òîãäà êàêîâî
äîëæíî áûòü óñêîðåíèå äëÿ àðèòìèè  â 1Ãö?

∆ν= 1 Ãö   îòñþäà   à =  600000 êì/ñ2

Èíòåðåñíûì çäåñü ÿâëÿåòñÿ òî, ÷òî äëÿ ïðîòîñèñòåì,
ñîñòîÿùèõ èç îäíîé ñòîÿ÷åé ïîëóâîëíû(!), óñêîðåíèå (à)
íå çàâèñèò îò èñõîäíûõ ÷àñòîò, à òîëüêî îò èõ ðàçíè-
öû (∆ν). Ýòîò âûâîä ñ äàëåêî èäóùèìè ïîñëåäñòâèÿìè.

Âûâîäû ÿâíî îáåñêóðàæèâàþò, õîòÿ â îáùåì-òî ìû
ïðàêòè÷åñêè íè÷åãî íå äîáàâèëè â óæå ñóùåñòâóþùèé ìà-
òåìàòè÷åñêèé àïïàðàò. Ðàññ÷¸òû êàæäûé ìîæåò ïîâòîðèòü.
*  

_________________________________________________________

Ðèòìóñ: Âîò òå íà, íåóæåëè ñòîëü ìàëîå îòëè÷èå â ÷àñòîòàõ ìîæåò
ÿâèòüñÿ ïðè÷èíîé ïàäåíèÿ òåë, äà åù¸ è ñ óñêîðåíèåì?
Äèíàìèêóñ: À ïî÷åìó áû è íåò? Íè÷òî âåäü â êîñìîñå ýòîìó íå ìåøàåò!
Äóìàåòñÿ, ÷òî åñòü ñìûñë ðàññìîòðåòü è òàêîé ïîäõîä ê  ïðîáëåìå ïðè-
ðîäû ãðàâèòàöèè. ×åì ÷¸ðò íå øóòèò...
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Íî íå áóäåì ëèêîâàòü ðàíüøå âðåìåíè, õîòÿ è î÷åíü
õî÷åòñÿ, íàì âåäü åù¸ ïðåäñòîèò ðàçîáðàòüñÿ â ïðîöåññå,
îòâå÷àþùåì çà àðèòìèþ â îêîëîçåìíîì ïðîñòðàíñòâå. Ñêî-
ðåå âñåãî, ìû èìååì äåëî ñ êîëëåêòèâíûì èçëó÷åíèåì
Çåìëè, ñ òîé ñêðûòîé îò ãëàçà è ïðèáîðîâ ýíåðãèåé, ñóì-
ìàðíàÿ àìïëèòóäà êîòîðîé ïðàêòè÷åñêè ðàâíà íóëþ. Íî
îá ýòîé òåìå ãîâîðèòü åù¸ ðàíî; ïðåæäå íåîáõîäèìî ðàñ-
ñìîòðåòü âîïðîñ î òàê íàçûâàåìîì òðåòüåì ñîñòîÿíèè
ïîêîÿ ñî âñåõ ñòîðîí.

§ 3.  Ãðàâèòàöèÿ è òðåòüå ñîñòîÿíèå ïîêîÿ

«Ïî÷åìó â ñëó÷àå âîçäåéñòâèÿ ñèëû íà òåëî îíî óñ-
êîðÿåòñÿ è ïðè ýòîì äåôîðìèðóåòñÿ? à ïðè ñâîáîäíîì
ïàäåíèè òåëà â âàêóóìå óñêîðåíèå åñòü, à äåôîðìàöèè
íåò? Çíà÷èò ëè ýòî, ÷òî ïðè óñêîðåííîì ïàäåíèè îò-
ñóòñòâóåò âñåì èçâåñòíàÿ ñèëà, íàçûâàåìàÿ � òÿãîòå-
íèå? � äåôîðìàöèè âåäü íåò!» Ýòîò âîïðîñ çàäàâàëè ñåáå
ìíîãèå èññëåäîâàòåëè ãðàâèòàöèè.

Ìû óñòàíîâèëè, ÷òî ïðè÷èíîé óñêîðåííîãî äâèæåíèÿ
íå îáÿçàòåëüíî äîëæíà áûòü ñòîðîííÿÿ ñèëà � åþ ìîæåò
ÿâëÿòüñÿ è àðèòìèÿ, ò.å. óâåëè÷èâàþùèéñÿ âî âðåìåíè
ñäâèã ôàç. Ðàññìàòðèâàÿ ñâÿçü äåôåêòà ÷àñòîòû ñ äâèæå-
íèåì, ìû âñåðü¸ç çàäàëèñü âîïðîñîì: à íå ÿâëÿåòñÿ ëè
÷àñòîòíûé äèñáàëàíñ (àðèòìèÿ) ïðè÷èíîé ñâîáîäíî-
ãî ïàäåíèÿ òåë ñ óñêîðåíèåì? Âåäü èìåííî ïðè ïàäå-
íèè ñàìîóñêîðÿþùååñÿ òåëî íå èñïûòûâàåò âíóòðåí-
íèõ äåôîðìàöèé (êîìïåíñèðóåò èõ óñêîðåííûì
ñàìîäâèæåíèåì)!

Èçó÷åíèå âîïðîñà î òðåòüåì ñîñòîÿíèè ïîêîÿ ïðÿìî
óêàçûâàåò íà ôèêòèâíîñòü (èëëþçîðíîñòü) ãðàâèòàöèîí-
íîé ñèëû. Òåïåðü, ãîâîðÿ î ãðàâèòàöèè, ìû çàìåíÿåì å¸
ñàìîäâèæåíèåì, ò.å. ñòðåìëåíèåì òåë ê òðåòüåìó ñîñòî-
ÿíèþ ïîêîÿ. Â ýòîì ñìûñëå ýêñïåðèìåíòû íà îñíîâå ýô-
ôåêòà Ì¸ññáàóýðà ñëóæàò íàì ëàêìóñîâîé áóìàæêîé ÷àñ-
òîòíîãî ñîñòîÿíèÿ âåùåñòâà, îêàçàâøåãîñÿ â ïîëå Çåìíîãî
èçëó÷åíèÿ. Òåïåðü ñâîáîäíîå ïàäåíèå òåë ìû èíòåðïðå-
òèðóåì ðàçíèöåé ÷àñòîò, ìåõàíèçì âîçíèêíîâåíèÿ êî-
òîðîé íàì åù¸ ïðåäñòîèò ïîçíàòü. Ýòî òàêæå è îçíà÷àåò,
÷òî ìû èìååì äåëî ñ åñòåñòâåííûìè óñëîâèÿìè, íà êîòî-
ðûå òåëà ðåàãèðóþò ñàìîäâèæåíèåì ñ óñêîðåíèåì.
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Çíà÷èò, òÿãîòåþùèå ìàññû ñàìîëè÷íî íå ïðèòÿãèâà-
þò? Ïîõîæå íà òî! Íî ãëàâíîå, ÷òî ïîëó÷åííûå íàìè âûâî-
äû íå ïðîòèâîðå÷àò íè îäíîé èç èçâåñòíûõ êîíöåïöèé,
õîòÿ è âñòóïàþò â ïðîòèâîðå÷èå ñ ðÿäîì èäåé, íàïðèìåð
èäååé îá èñêðèâëåíèè ïðîñòðàíñòâåííî-âðåìåííîãî êîí-
òèíóóìà (â ïðèëîæåíèè ìû ïîêàæåì ñîáñòâåííîå îòíî-
øåíèå ê ôèçè÷åñêîé ñóòè èäåè èñêðèâëåíèÿ).

Ïðåäëàãàåìîå íàìè ïðîñòîå îáúÿñíåíèå òÿãîòåíèÿ ñî-
ãëàñóåòñÿ ñî çäðàâûì ñìûñëîì, íî ãëàâíîå � ðàñêðûâàåò
ìåõàíèçì, çàñòàâëÿþùèé òåëà ñàìîäâèãàòüñÿ äðóã ê äðó-
ãó. Èíòåðåñíî òàêæå è òî, ÷òî îäíà èç ñâÿùåííûõ êíèã �
Êîðàí òðàêòóåò ïðèòÿæåíèå ìåæäó ïëàíåòàìè, êàê ïîä-
òàëêèâàíèå èõ äðóã ê äðóãó äóõîâíûìè ñóùíîñòÿìè.

Ðèñ. 101. Âñå òåëà, íåçàâèñè-
ìî îò òðàåêòîðèè ñàìîäâèæå-
íèÿ â ïîëå ãðàâèòàöèè, íàõî-
äÿòñÿ â òðåòüåì ñîñòîÿíèè
ïîêîÿ

Åñëè ãðàâèòàöèÿ � ýòî ñàìîäâèæåíèå, à ñèëà � ñïðîâî-
öèðîâàííîå àðèòìèåé ñëåäñòâèå, òî êàêîâà ôèçèêà ïðîöåñ-
ñîâ, ïîäñòðåêàþùèõ òåëà ê ôàçîâî-÷àñòîòíûì íåñîâïàäå-
íèÿì? Ýòîò âîïðîñ èçó÷àëñÿ ñ îñîáîé òùàòåëüíîñòüþ, è îòâåò
áûë íàéäåí.

Åñëè î ñèëå äåéñòâèÿ èçëó÷åíèÿ ñóäèòü ïî àìïëèòóäå,
òî êîëëåêòèâíîå èçëó÷åíèå òåëà Çåìëè ñîçäà¸ò áåñïðåöå-
äåíòíóþ ñèòóàöèþ, â êîòîðîé èçëó÷åíèå åñòü, à àìïëèòóäû
ïðàêòè÷åñêè íåò.

Èçëó÷åíèå áåç àìïëèòóäû � ýòî ÷òî-òî íîâåíüêîå, õîòÿ
íåêîòîðûì òåîðåòèêàì îá ýòîì èçâåñòíî. Åñëè ãîâîðèòü
î ïëîòíîñòè òàêîãî èçëó÷åíèÿ, òî îíà, áóäó÷è ïðîïîðöèî-
íàëüíîé ìàññå, óáûâàåò ñ ðàññòîÿíèåì. Íî åñëè ïëîòíîñòü
ýòîãî ñòðàííîãî èçëó÷åíèÿ áåç àìïëèòóäû óáûâàåò ñ ðàñ-
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ñòîÿíèåì, òî è å¸ ïðåäïîëàãàåìîå âîçäåéñòâèå íà êîëåáà-
òåëüíûå ïðîöåññû ïîïàâøèõ â ïîëå òåë óáûâàåò ñ ðàññòîÿ-
íèåì. Íî òîãäà ðàçíûå ÷àñòè òåëà, íàõîäÿñü íà ðàçíûõ
ðàññòîÿíèÿõ îò Çåìëè, íàõîäÿòñÿ è â ðàçíûõ óñëîâèÿõ?!
Èìåííî òàê, è ýòî äà¸ò íàì îñíîâàíèå ãîâîðèòü î âîçíèê-
íîâåíèè âíóòðåííèõ âåêòîðíûõ äåôîðìàöèé, «ïîäñòðåêà-
þùèõ» òåëà ê ãðàâèòàöèîííîìó ñàìîñáëèæåíèþ.

Íåñêîëüêî ïîçæå ìû ðàññìîòðèì î÷åíü âàæíûé ýô-
ôåêò çàòÿãèâàíèÿ ÷àñòîò, êîòîðûé âñåãäà ïðîÿâëÿåò ñåáÿ,
êîãäà ðå÷ü èä¸ò î âçàèìîäåéñòâóþùèõ îñöèëëÿòîðàõ. Áîëü-
øîé îñöèëëÿòîð ïî èìåíè Çåìëÿ ðóêîâîäñòâóåòñÿ ýôôåê-
òîì çàòÿãèâàíèÿ âñÿêèé ðàç, êîãäà â ïîëå åãî äåéñòâèÿ
ïîïàäàåò âñÿêàÿ ìàññà. ×åì äàëüøå îò Çåìëè, òåì ñëàáåå
ýôôåêò çàòÿãèâàíèÿ, à çíà÷èò, è áîëåå ñëàáà òåíäåíöèÿ ê
ãðàâèòàöèîííîìó ñáëèæåíèþ.

Ðèñ. 102.   Â ðàçíûõ
ìåñòàõ ðèòìîäèíàìè-
÷åñêîãî îêðóæåíèÿ
ïëàíåòû êàëèáðîâî÷-
íûå îñöèëëÿòîðû ôèê-
ñèðóþò ðàçíóþ ÷àñòî-
òó. (Êàëèáðîâî÷íûå
îñöèëëÿòîðû � ïîíÿ-
òèå ãèïîòåòè÷åñêîå, ñî-
ñòîÿùåå èç äâóõ ÷àñ-
òåé: èç àáñîëþòíîãî è
âåùåñòâåííîãî îñöèë-
ëÿòîðîâ. Ñðàâíèâàÿ ïî-
êàçàíèÿ âåùåñòâåííîãî
îñöèëëÿòîðà ñ êàëèáðî-
âî÷íûì, íàáëþäàòåëü
ñìîæåò îöåíèâàòü ÷àñ-
òîòíîå ñîñòîÿíèå èñ-
ñëåäóåìîé îáëàñòè ïðî-
ñòðàíñòâà)

Íî åñòü è åù¸ îäíà àíàëîãèÿ äëÿ îáúÿñíåíèÿ ãðàâèòà-
öèîííîãî ñáëèæåíèÿ òåë � ãèäðîäèíàìè÷åñêàÿ. Ðàíåå ìû
ïðåäïîëîæèëè, ÷òî Çåìëÿ, êàê è èíûå òåëà, ÿâëÿåòñÿ ñòî-
êîì ýôèðà. Ñêîðîñòü òîêà ýôèðà óáûâàåò ñ ðàññòîÿíèåì
îò öåíòðà Çåìëè, íî èç êëàññè÷åñêîé ôèçèêè íàì èçâåñò-
íà çàâèñèìîñòü ìåæäó ñêîðîñòüþ è äàâëåíèåì: ÷åì ìåíü-
øå ñêîðîñòü ýôèðà, òåì áîëüøå åãî äàâëåíèå, è íàîáîðîò.
Òåëî, ïîïàâ â îïèñàííûå óñëîâèÿ, áóäåò èñïûòûâàòü íà ñåáå
ãðàäèåíò äàâëåíèé ýôèðà, à çíà÷èò, ñòàíåò âûòàëêèâàòüñÿ
(âûòåñíÿòüñÿ) èì â íàïðàâëåíèè ê Çåìëå. Íó ÷åì íå âû-
òàëêèâàþùàÿ ñèëà Àðõèìåäà?

Â

Î

À

À′

Î

Â′

νννννA=νννννB′ ′ ′ ′ ′ ;   ν;   ν;   ν;   ν;   νB =νννννA′′′′′
νννννA<νννννB ;  νννννB′ ′ ′ ′ ′ <νννννA′′′′′

Òàê äåôîðìèðóåòñÿ ïîëå èíòåðôåðåíöèè
äâóõ îñöèëëÿòîðîâ âáëèçè Çåìëè.

×åì áëèæå ñèñòåìà ê Çåìëå,
òåì ñèëüíåå äåôîðìàöèÿ ïîëÿ.
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(íåãàòèâ)

Ðèñ. 103.  Ýôèð äâèæåòñÿ â íà-
ïðàâëåíèè Çåìëè. Âîçíèêøàÿ
ðàçíîñòü äàâëåíèé âûòåñíÿåò
òåëà â íàïðàâëåíèè ê Çåìëå. Â
äàëüíåéøåì ìû ïîêàæåì ïðÿ-
ìóþ ñâÿçü äàâëåíèÿ ñ ÷àñòîòîé
(÷åì áîëüøå äàâëåíèå, òåì âûøå
÷àñòîòà)

Ìîæíî, êîíå÷íî, ïðèíÿòü è òàêîå îáúÿñíåíèå, íî ñëå-
äóåò ïîìíèòü, ÷òî ìû, âûñêàçàâ ãèïîòåçó ñòîêîâ, íå ìîæåì
ïîêà îòâåòñòâåííî ãîâîðèòü, òàê ëè âñ¸ ïðîèñõîäèò íà ñà-
ìîì äåëå. Íàì òàêæå íå ñîâñåì ÿñíî ôèçè÷åñêîå íàïîë-
íåíèå ïîíÿòèé äàâëåíèå è âûòàëêèâàþùàÿ ñèëà, ïîýòîìó
ïðèìåì ê ñâåäåíèþ âûñêàçàííóþ ãèïîòåçó.

Òåïåðü, ãîâîðÿ î ãðàâèòàöèè, ñëåäóåò ïîíèìàòü, ÷òî ìû
èìååì äåëî ñ îäíèì èç ðÿäîâûõ òèïîâ ñàìîäâèæåíèÿ, ñïðî-
âîöèðîâàííîãî âçàèìíîé ïðîñòðàíñòâåííîé íåîäíîðîäíîñ-
òüþ èçëó÷åíèé, ñîçäàâàåìûõ «ïðèòÿãèâàþùèìèñÿ» òåëà-
ìè. Îñòàâèì çà ýòèì óíèêàëüíûì ïðîöåññîì âñåì õîðîøî
èçâåñòíîå è ïðèâû÷íîå íàçâàíèå � ãðàâèòàöèîííîå ïîëå,
òåì áîëåå ÷òî ìû ïîñòåïåííî íàïîëíÿåì ýòî ïîíÿòèå ðå-
àëüíûì ôèçè÷åñêèì ñìûñëîì.

§ 4.  Ãðàâèòàöèîííûé ïàóê è ÿâëåíèå ÁÐÀÕÌÛ

Êîãäà âïåðâûå áûëà ïîëó÷åíà èíòåðôåðåíöèîííàÿ êàð-
òèíêà, äåìîíñòðèðóþùàÿ ïðîöåññ òîêà ýíåðãèè â ïîëå ãðà-
âèòàöèè, ïîÿâèëàñü ìûñëü: à íå ðàñïîëàãàåòñÿ ëè ïàóê
íà ïàóòèíå â òî÷íîñòè êàê íà ïîëó÷åííîé ìîäåëè? Ó
ìåíÿ è òåíè ñîìíåíèé íå áûëî, ÷òî â Ïðèðîäå äîëæíî áûòü
èìåííî òàê. Îáíàðóæåííîå ñîâïàäåíèå ïîäòâåðäèëîñü �
ïàóê, äåéñòâèòåëüíî, ðàñïîëàãàåòñÿ íà ïàóòèíå âñåãäà ãî-
ëîâîé âíèç, åñëè ïàóòèíà âåðòèêàëüíàÿ, êîíå÷íî. Íî â ñâÿ-
çè ñ ýòèì âîçíèêëè èíûå âîïðîñû: îòêóäà ó ïàóêà òàêîå
ñõîäñòâî ñ èíòåðôåðåíöèîííîé êàðòèíêîé? ïî÷åìó èìåííî
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ïàóê, à íå èíûå ñóùåñòâà? õîòÿ è ó èíûõ ñõîäñòâî ýòî ìîæ-
íî ïðîñëåäèòü!

Ñî âðåìåíåì ïîÿâèëñÿ è îòâåò, íî ñàìîå èíòåðåñíîå æäà-
ëî íàñ âïåðåäè: À íå ñîäåðæèò ëè ìèôîëîãèÿ èëè íàñêàëü-
íàÿ æèâîïèñü èíôîðìàöèþ îá îòêðûòûõ íàìè ïðîöåññàõ?
Áûòü ìîæåò, ìû íå ïåðâûå*, áûòü ìîæåò, íàøè äàë¸êèå
ïðåäêè âñ¸ ýòî çíàëè, íî â ðåçóëüòàòå ãëîáàëüíûõ êàòàê-
ëèçìîâ íå ñóìåëè óäåðæàòü çíàíèå â ñâîèõ ðóêàõ?

Ðàíåå ìû óïîìèíàëè ÷òî:

� ó àìåðèêàíñêèõ èíäåéöåâ åñòü ëåãåíäà î ×åëîâåêå-Ïàó-
êå, ÷üÿ ïàóòèíà ñâÿçûâàåò íåáåñíûå ìèðû ñ Çåìë¸é;

� ñåêðåòíûå øêîëû Èíäèè ïðåäñòàâëÿþò íåêîòîðûõ Áî-
ãîâ, êîòîðûå òðóäèëèñü íàä ñîçäàíèåì Âñåëåííîé, êàê òêó-
ùèõ ñåòü-ïàóòèíó, êîòîðàÿ ñâÿçûâàåò ìèð ñâåòà è ìèð
òüìû. Ñòðîèòåëåé êîñìè÷åñêîé ñèñòåìû, ñâÿçàâøèõ çà-
ðîäûø Âñåëåííîé ñ Íåâèäèìîé Ñèëîé, îíè íàçûâàþò Áî-
ãàìè-Ïàóêàìè, à èõ ïðàâèòåëÿ � Âåëèêèì Ïàóêîì.

Ðèñ. 104.  «Ïàó÷üÿ Ñåòü» � èíòåðôåðåíöèÿ îò òð¸õ èñòî÷íèêîâ. Íàáëþ-
äàåòñÿ àñèììåòðè÷íàÿ ÿ÷åèñòàÿ ñòðóêòóðà, äåôîðìèðîâàííàÿ àðèòìè-
åé. Òàêàÿ ñèñòåìà áóäåò ñòðåìèòüñÿ ê ñàìîäâèæåíèþ âëåâî

*  ________________________________________________________

Ðèòìóñ: Íåò ìû ïåðâûå � ò.ê. îáðàòèëè âíèìàíèå è ñäåëàëè ïðàâèëü-
íûé âûâîä, îáîáùèâ çàêîíîìåðíîñòè.
Äèíàìèêóñ: Åñëè ýòî ëüñòèò âàøåìó ýãî, òî ïóñòü áóäåò òàê. È òîëüêî
÷òî ðîäèâøåìóñÿ ðåá¸íêó êàæåòñÿ, ÷òî äî íåãî íèêòî åù¸ íå âèäåë ìèð
òàê êàê îí. Âçðîñëûå â ýòèõ ñëó÷àÿõ ðàäóþòñÿ: «Ìàëûø ïîçíà¸ò ìèð!»
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Íó à ïîñëåäíåé êàïëåé, ïðèâåäøåé íàñ â âîñòîðã, ñòàëè
ôîòîãðàôèè èçâàÿíèé Áðàõìû, Øèâû è Âèøíó. Ïîèñòèíå
ýòî áûëî ãðîìîì ñðåäè ÿñíîãî íåáà. Ìû ïîëîæèëè ðÿäîì
ôîòîãðàôèþ Áðàõìû, èçîáðàæåíèå ïàóêà è êîìïüþòåðíóþ
ðàñïå÷àòêó ñïàéäåð-ýôôåêòà è ïîíÿëè ñìûñë ïðîäåëàííî-
ãî ñðàâíåíèÿ.

Âíå âñÿêîãî ñîìíåíèÿ ìû ñòîëêíóëèñü ñ ñåíñàöèåé, çíà-
÷èìîñòü êîòîðîé íå ïîääà¸òñÿ îöåíêå. Íî ãëàâíîå â ïðî-
èçîøåäøåì òî, ÷òî ìû óêðåïèëè ñâîþ âåðó â ïðàâèëü-
íîñòü âûáðàííîãî íàïðàâëåíèÿ èññëåäîâàíèé. Èìåííî â
ýòîò ïåðèîä è ïðèøëà èäåÿ íàçâàòü ÿâëåíèå, ïðîèñõîäÿ-
ùåå âáëèçè Çåìëè, � ÃÐÀÂÈÒÀÖÈÎÍÍÛÉ  ÏÀÓÊ , íî
áûëè è èíûå âàðèàíòû, íàïðèìåð ÁÐÀÕÌÀ � ÝÔÔÅÊÒ.

Ñëåäóåò îñîáî îòìåòèòü, ÷òî ñî ñïàéäåð-ýôôåêòîì, êàê
ñ ôîðìîîáðàçóþùåé ïðè÷èíîé, ìû ñòàëêèâàåìñÿ ïðàêòè-
÷åñêè âî âñåõ ôîðìàõ Çåìíîé æèçíè.

§ 5.  Àíòèãðàâèòàöèÿ è âåñ

Åñëè ìû ïîñòàâèì âåùåñòâåííûé îáúåêò íà âåñû, òî
ìåðà åãî ñòðåìëåíèÿ ê ñâîáîäíîìó ïàäåíèþ áóäåò ôèêñè-
ðîâàòüñÿ ïîêàçàíèÿìè ïðèáîðà. Â ñâÿçè ñ ýòèì áûëà ïî-
ñòàâëåíà çàäà÷à: ÷òî íåîáõîäèìî èçìåíèòü â îáúåêòå, ÷òî-
áû ïîãàñèòü åãî ñòðåìëåíèå ê äâèæåíèþ, à çíà÷èò �
íåéòðàëèçîâàòü âåñ êàê äåéñòâèå?

Òåïåðü ðåøåíèå òàêèõ çàäà÷ íå ïðåäñòàâëÿåòñÿ ñëîæ-
íûì, ïîòîìó ÷òî îáíàðóæåíà ñâÿçü ìåæäó âåñîì è âåëè÷è-
íîé íåñîîòâåòñòâèÿ ÷àñòîò. Âîñïîëüçóåìñÿ ãåîìåòðè÷åñêèì
ñïîñîáîì ðåøåíèÿ, ïîçâîëÿþùèì îáîéòèñü áåç ïðèìåíå-
íèÿ ìàòåìàòèêè.

Íàëè÷èå åñòåñòâåííîé àðèòìèè ïðèâîäèò ê òàêîé äå-
ôîðìàöèè è äâèæåíèþ ïîëÿ èíòåðôåðåíöèè, êîòîðàÿ ñîîò-
âåòñòâóåòþò íîðìàëüíîìó âåñó òåëà (ðèñ.105à). Îòñóòñòâèå
àðèòìèè ïðèâîäèò ê èñ÷åçíîâåíèþ äåôîðìàöèè ïîëÿ èí-
òåðôåðåíöèè. Îæèäàåòñÿ, ÷òî îáúåêò, íàõîäÿùèéñÿ â ïîêîå
ñ ñîáñòâåííûì ïîëåì èíòåðôåðåíöèè, ïîòåðÿåò âåñ
(ðèñ.105á). Äàëüíåéøåå èçìåíåíèå ñîîòíîøåíèÿ ÷àñòîò ìî-
æåò ïðèâåñòè ê äåôîðìàöèè è äâèæåíèþ ïîëÿ èíòåðôåðåí-
öèè â íàïðàâëåíèè îò Çåìëè. Âûïðàâèòü âîçíèêøóþ äå-
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ôîðìàöèþ ìîæíî òîëüêî â óñêîðåííîì ñàìîäâèæåíèè çà
ñïîëçàþùèì ââåðõ èíòåðôåðåíöèîííûì ïàóêîì. Íå òà
ëè ýòî çàâåòíàÿ àíòèãðàâèòàöèÿ, î êîòîðîé òàê äîëãî
ìå÷òàëè ó÷¸íûå, êîíñòðóêòîðû, ôàíòàñòû è ëþäè ñòðåìÿ-
ùèåñÿ âûðâàòüñÿ èç ñîñòîÿíèÿ ïåðâîáûòíîãî íåâåæåñòâà?!

     à                          á                         â
Ðèñ. 105.  Êóäà ïîëç¸ò «èíòåðôåðåíöèîííûé ïàóê», òóäà è äâèæåòñÿ òåëî

Ìû òåïåðü çíàåì, ÷òî íåîáõîäèìî èçìåíÿòü äëÿ ïîëó-
÷åíèÿ àíòèãðàâèòàöèîííûõ ñèë, íî ïîêà íå óìååì ýòî äå-
ëàòü. Òåì íå ìåíåå, óæå íàéäåíî ðåøåíèå äëÿ ïåðåäâèæå-
íèÿ â îâåùåñòâë¸ííûõ ñðåäàõ, íàïðèìåð â âîäå. Èìåííî
ïîýòîìó ìû ïðèñòóïèëè ê äåòàëüíîìó îñìûñëåíèþ êîíñò-
ðóêöèè àïïàðàòà, ñïîñîáíîãî ïåðåäâèãàòüñÿ áåç òðàäèöèîí-
íûõ â¸ñåë, âèíòîâ è ïðîïåëëåðîâ. Åñëè âåðèòü ïðåññå, êîòî-
ðàÿ ðàäè ñåêóíäíîé ñåíñàöèè ãîòîâà èçâðàòèòü
èíôîðìàöèþ, òî òàêèå ýêñïåðèìåíòû èññëåäîâàòåëÿìè óæå
ïîñòàâëåíû. Áóäåì ðàäîâàòüñÿ, åñëè ýòî ïîäòâåðäèòñÿ!

È õîòÿ â âåùåñòâåííîé ñðåäå èñïîëüçîâàòü ñïàéäåð-
ýôôåêò èëè ôàçîâûé ñäâèã ãîðàçäî ëåã÷å, ÷åì â ýôèðå, ðàç-
ðàáàòûâàåìàÿ «èãðóøêà» ñòàíåò ïåðâûì â ìèðå ïðîòîòè-
ïîì áóäóùåé ëåòàþùåé òàðåëêè. Âñêîðå, ïîñëå ïåðâûõ å¸
èñïûòàíèé, ïîÿâÿòñÿ è ïåðâûå êîñìè÷åñêèå àïïàðàòû, êî-
òîðûå ñêîðåå áóäóò ïîõîæè íà «ïðèìèòèâíûå êðûëüÿ»,
êîòîðûå ïðèìåíèë ÷åëîâåê, ÷òîáû ñïðûãíóòü ñ öåðêâè.

Íî âåðí¸ìñÿ ê âåñó, êîòîðûé ïî îïðåäåëåíèþ ðàâåí
ìàññå òåëà óìíîæåííîé íà óñêîðåíèå ñâîáîäíîãî ïàäåíèÿ
(Ð=mg).
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Òåïåðü, êîãäà ìû îïðåäåëèëèñü ñ ãðàâèòàöèåé, êàê ñ
îñîáûì òèïîì ñàìîäâèæåíèÿ, ïîíÿòèå âåñ îáðåëî äëÿ íàñ
íîâîå ñìûñëîâîå çíà÷åíèå.

Ìû óñòàíîâèëè, ÷òî ñèëà è èìïóëüñ ñèëû ïî ñâîåé ôè-
çè÷åñêîé ñóòè åñòü ñòðåìëåíèå ê ñàìîäâèæåíèþ. Ìû ðàñ-
ñìîòðåëè, ÷òî ñîñòîÿíèå ïîêîÿ, äâèæåíèå è ñäâèã ôàç âçà-
èìîñâÿçàíû ìåæäó ñîáîé, è óñòàíîâèëè, ÷òî çàìîðîæåííûé
ñäâèã ôàç ïðèâîäèò ê ïîñòîÿííîìó âî âðåìåíè äåéñòâèþ, à
ôèêñèðîâàííîå ðàçëè÷èå â ÷àñòîòàõ (â äàëüíåéøåì äëÿ
êðàòêîñòè � àðèòìèÿ, ò.å. íåñîâïàäåíèå ÷àñòîò) � ê äåé-
ñòâèþ, óâåëè÷èâàþùåìóñÿ âî âðåìåíè.

Ñ÷èòàåòñÿ, ÷òî âåñ òåë íå ìåíÿåòñÿ âî âðåìåíè, íî â
óñëîâèÿõ Çåìëè ýòîò ïðîöåññ ïóñòü ìåäëåííî, íî äîëæåí
ïðîèñõîäèòü. Òàêîé âûâîä íàñòîðàæèâàåò è âðîäå áû ïðè-
âîäèò ê ïðîòèâîðå÷èþ. Íî â ðåàëüíîì ìèðå ðàçíî÷òåíèé
íå ñóùåñòâóåò, îíè âîçíèêàþò èç-çà íåñîâåðøåíñòâà íàøå-
ãî ëîãè÷åñêîãî ïðîñòðàíñòâà, ò.å. îò íåäîñòàòî÷íîñòè ïî-
íèìàíèÿ ïðîèñõîäÿùåãî. Â ñâÿçè ñ ýòèì ê çàìå÷åííîìó
ïðîòèâîðå÷èþ áóäåì îòíîñèòüñÿ êàê ê âðåìåííîìó, ïîëà-
ãàÿ, ÷òî åãî ñèþìèíóòíàÿ âèäèìîñòü îáåñïå÷èâàåòñÿ ïåðå-
ñòðîåíèÿìè îñöèëëÿòîðîâ íà àòîìàðíîì è ãëóáæå óðîâ-
íÿõ îðãàíèçàöèè. Íî âåðí¸ìñÿ ê âîïðîñó âåñà.

Èòîã: ñèëà � ýòî îäíà èç êîëè÷åñòâåííûõ õàðàêòå-
ðèñòèê äâèæåíèÿ, âûðàæàþùàÿñÿ â ñäâèãå ôàç! Â ãðàâè-
òàöèîííîì ïîëå âåñ òåëà ÿâëÿåòñÿ ïðåðâàííûì ñîñòîÿ-
íèåì ïîêîÿ, õàðàêòåðèçóþùèìñÿ íàëè÷èåì âåêòîðíîé
äåôîðìàöèè, ò.å. äåôîðìàöèè, ñóììàðíûé âåêòîð êîòîðîé
íàïðàâëåí ê öåíòðó Çåìëè. Ïîíÿòèå çàìîðîæåííîå êîëè-
÷åñòâî äâèæåíèÿ ÿâëÿåòñÿ âåêòîðíîé ìåðîé âíóòðåííèõ
äåôîðìàöèé. Íî òîãäà ìîæíî ãîâîðèòü î âåñå, êàê î âåê-
òîðå çàìîðîæåííîãî êîëè÷åñòâà äâèæåíèÿ. Â ñëó÷àå ñ
ãðàâèòàöèåé ìîæíî ñêàçàòü, ÷òî ÂÅÑ � ýòî âåêòîðíàÿ ìåðà
ñòðåìëåíèÿ òåëà ê ñîñòîÿíèþ ïîêîÿ.

Âûðàçèì ñêîðîñòü ÷åðåç ñäâèã ôàç, à óñêîðåíèå ÷åðåç
àðèòìèþ è ïîäñòàâèì ýòè èçìåíåíèÿ â ôîðìóëû âåñà:

     P = Ft = mîñ/π�∆ϕ = m∆ϕ, (4.5)
èëè   P = mîg = 2mîñ∆ν = m∆ω   (ω=2πν). (4.6)

Ìû âèäèì, ÷òî è âåñ íàõîäèòñÿ â ïðÿìîé çàâèñèìîñòè
îò ñäâèãà ôàç. Òåïåðü ïîíÿòíî, ÷òî íåîáõîäèìî ìåíÿòü,
÷òîáû ïîâëèÿòü íà âåñ. Çàìåòèì, ÷òî óñòðàíåíèå ñäâèãà
ôàç ïðèâîäèò ëèøü ê ïîòåðå âåñà, íî íå ìàññû.
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Ïîêà îòêðûòûìè îñòàþòñÿ âîïðîñû: íà êàêîì óðîâíå
îðãàíèçàöèè âåùåñòâà íåîáõîäèìî óñòðàíÿòü ñäâèã ôàç è
àðèòìèþ? êàê âëèÿòü íà íèõ íå âûõîäÿ çà ïðåäåëû òåëà
èëè àïïàðàòà? Áåç ýêñïåðèìåíòîâ ìû íå ñìîæåì îòâåòèòü
íà ýòè âîïðîñû.

* * *

Èçó÷àÿ ñîñòîÿíèÿ ïîêîÿ ìû îáíàðóæèëè æ¸ñòêóþ, íå-
ðàçðûâíóþ ñâÿçü ìåæäó äâèæåíèåì è ôàçîâûì ñîñòîÿ-
íèåì. Âîçìîæíî, ÷òî âëèÿòü íà äâèæåíèå ìîæíî íå âûõî-
äÿ èç ñèñòåìû, íî äëÿ ýòîãî íåîáõîäèìî íàó÷èòüñÿ
óïðàâëÿòü ôàçîâûì ñîñòîÿíèåì.

Ìû óñòàíîâèëè, ÷òî ñèëà, èíåðöèÿ, äâèæåíèå åñòü íå
÷òî èíîå êàê åñòåñòâåííàÿ ðåàêöèÿ îñöèëëèðóþùèõ ñèñ-
òåì íà ôàêòîðû, èçìåíÿþùèå ñîñòîÿíèå ïîêîÿ. Ôàêòîðû
ìîãóò áûòü âíåøíèìè è âíóòðåííèìè, íî ÷àùå � êîìïëåê-
ñíûìè. Ê âíåøíèì ôàêòîðàì îòíîñÿòñÿ: ïðÿìîå êîíòàê-
òíîå äåéñòâèå, âîëíîâîå ãðàäèåíòíîå âîçäåéñòâèå, âîçäåé-
ñòâèå íà óðîâíå øóìîâ. Ê âíóòðåííèì ôàêòîðàì
îòíîñÿòñÿ: èçìåíåíèå ÷àñòîòû, èçìåíåíèå ôàçîâîãî ñîîò-
íîøåíèÿ, ñîçäàíèå èñêóññòâåííûõ íàïðÿæåíèé.

Áëàãîäàðÿ ýôôåêòó Ì¸ññáàóýðà íàì óäàëîñü ïîäìåòèòü
ñâÿçü òÿãîòåíèÿ ñ àðèòìèåé, èëè, ÷òî òî æå ñàìîå, ìåíÿþ-
ùèìñÿ âî âðåìåíè ñîîòíîøåíèåì ôàç, è âûðàçèòü ýòîò ïðî-
öåññ ìàòåìàòè÷åñêè. Äóìàåòñÿ, ÷òî ìû òåïåðü â ýòîì æóò-
êî èíòåðåñíîì âîïðîñå íàìåðåííî ðàçáåð¸ìñÿ (ýòî, êàê
âåíäåòòà çà íåâåæåñòâî), ïîñëå ÷åãî ñìîæåì òâ¸ðäî ãîâî-
ðèòü î êà÷åñòâåííîì ïîíèìàíèè ïðèðîäû ãðàâèòàöèè.

Ãëàâíîå íàøå äîñòèæåíèå â òîì, ÷òî ìû èíà÷å ñòàëè
îòíîñèòüñÿ ê ïîíÿòèþ ñèëà, à â ñëó÷àå ãðàâèòàöèè òåïåðü
ïîíèìàåì (ýòîò ìîìåíò î÷åíü âàæåí), ÷òî òåëà íå ïðèòÿãè-
âàþò äðóã äðóãà, à ñîçäàþò óñëîâèÿ âî âíåøíåì ïðîñòðàí-
ñòâå äëÿ ñàìîäâèæåíèÿ íàâñòðå÷ó äðóã äðóãó. Âíåøíå ýòîò
îáîþäíûé ïðîöåññ âûãëÿäèò ïðèòÿæåíèåì áåç âèäèìîé
ïðè÷èíû.

Òåïåðü ó íàñ ïîÿâèëñÿ åù¸ îäèí ñïîñîá îöåíêè âñåãî,
÷òî ñâÿçàíî ñ ïåðåäâèæåíèåì â ïðîñòðàíñòâå. Íàñêîëüêî
ýòîò ñïîñîá ëó÷øå ïðåæíèõ, ïîêàæåò âðåìÿ. È õîòÿ ðàñ-
ñìàòðèâàåì ìû ïîêà ïðîñòåéøèå ñëó÷àè, ó íàñ òåïåðü åñòü
âñå îñíîâàíèÿ ðàñïðîñòðàíèòü ìåòîäèêó è íà áîëåå ñëîæ-
íûå ñèñòåìû.
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§ 6.  Ãðàâèòàöèîííûé ñèíòåç

È õîòÿ â ýòîì ïàðàãðàôå èìåþò ìåñòî óòâåðäèòåëüíûå
ôîðìû èçëîæåíèÿ, áóäåì ê íèì îòíîñèòüñÿ ñ ïîíèìàíèåì
� óæ ñëèøêîì èíòðèãóþùåé ïðåäñòàâëÿåòñÿ èäåÿ îáúÿñ-
íèòü «ñàìîïðîèçâîëüíîå» ïðåâðàùåíèå îäíèõ õèìè÷åñêèõ
ýëåìåíòîâ â äðóãèå íå ïðèáåãàÿ ê çàïðåäåëüíûì äîïóùå-
íèÿì. Äî ñèõ ïîð íèêòî òîëêîì íå çíàåò, êàêèì îáðàçîì,
ïî êðàéíåé ìåðå íà Çåìëå, âîçíèêëî õèìè÷åñêîå ìíîãîîá-
ðàçèå è êàêîâ ìåõàíèçì ýòèõ ïðåâðàùåíèé? Åñòü ãèïîòåçà,
÷òî ÷åñòè áûòü íîñèòåëåì òàáëèöû Ìåíäåëååâà óäîñòîåíû
íå âñå ïëàíåòû, à òîëüêî èçáðàííûå � íî çäåñü îïÿòü ïîïà-
õèâàåò ýãîöåíòðèçìîì. Ìû æå èçëîæèì èíîå âèäåíèå.

Ïîñòîÿííîå âî âðåìåíè èçìåíåíèå ñîîòíîøåíèÿ ôàç
(àðèòìèÿ) òàèò â ñåáå óäèâèòåëüíîå ñâîéñòâî � â óñëîâèÿõ
ïëàíåò, à ìîæåò áûòü, è çâ¸çä, ïðåîáðàçîâûâàòü âåùåñòâà.
Íàáëþäàÿ çà ïðåâðàùåíèåì ðàäèîàêòèâíûõ ýëåìåíòîâ, ìû
ÿâëÿåìñÿ ñâèäåòåëÿìè ñàìîïðîèçâîëüíîãî ïðåîáðàçîâàíèÿ
âåùåñòâà. Ïðè÷¸ì îòäåëüíûå ðàäèîàêòèâíûå ïðîäóêòû
ïðåäñòàâëÿþò èç ñåáÿ ëèøü áîëåå èëè ìåíåå óñòîé÷èâûå
ïðîìåæóòî÷íûå ñòóïåíè; â ýòîì ñìûñëå ïðåâðàùàåìîñòü
îäíèõ ýëåìåíòîâ â äðóãèå ìîæíî ñ÷èòàòü äîêàçàííîé. Íå
ÿâëÿåòñÿ ëè ýòî ïðèìåðîì îäíîñòîðîííå íàïðàâëåííîãî
âîññîçäàíèÿ ñëîæíåéøèõ õèìè÷åñêèõ ýëåìåíòîâ ñïîñîáîì,
î êîòîðîì ìû íè÷åãî íå ïîäîçðåâàåì? � ýòî îäèí èç âàæ-
íåéøèõ âîïðîñîâ åñòåñòâîçíàíèÿ.

Ðèñ. 106.  Çàâèñèìîñòü ðàçìåðîâ âîëíîâîé ðåø¸òêè îò ÷àñòîòû

Åñëè ñòðóêòóðó òåëà ïðåäñòàâèòü âîëíîâîé êðèñòàë-
ëè÷åñêîé ðåø¸òêîé, âîëíîâûì ïàêåòîì, â óçëàõ êîòîðîãî
íàõîäÿòñÿ îñöèëëÿòîðû, òî ïðè ïîïàäàíèè íà ïîâåðõíîñòü
ïëàíåòû åìó ãàðàíòèðîâàí ïîñòîÿííî óâåëè÷èâàþùèéñÿ
âî âðåìåíè ñäâèã ôàç. Òàêîå óâåëè÷åíèå ïðèâîäèò ê âîçðà-
ñòàíèþ èìïóëüñà òåëà, à ïîòîìó ñî âðåìåíåì îíî, òåëî, äîë-
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* 
__________________________________________________________

Ðàññóæäàÿ î ñèíòåçå õèìè÷åñêèõ ýëåìåíòîâ, âñïîìèíàþòñÿ ñòðàí-
íûå ñèòóàöèè ñ çàáðîøåííûìè çîëîòîíîñíûìè øàõòàìè. Ñëó÷àéíî çàá-
ðåäøèé ñòàðàòåëü âäðóã îáíàðóæèâàåò çîëîòî, õîòÿ ïî âñåì äàííûì
ìåñòîðîæäåíèå èññÿêëî äàâíî è ïîëíîñòüþ. Âîçíèêàåò âîïðîñ: îòêóäà
îíî òàì âçÿëîñü? È õîòÿ ïðèâåä¸ííûé ïðèìåð îòíîñèòñÿ ê äðóãîìó
ìåõàíèçìó ñèíòåçà, ìû åãî ïðèâåëè â êà÷åñòâå èëëþñòðàöèè íàøåé ñëà-
áîé îñâåäîìë¸ííîñòè î ìíîãîì ïðîèñõîäÿùåì.

æíî òÿæåëåòü. Íî óòÿæåëåíèå òåëà áåç âîçðàñòàíèÿ ìàñ-
ñû, ò.å. óïëîòíåíèå, ìîæåò ïðîèñõîäèòü òîëüêî ÷åðåç óâå-
ëè÷åíèå  óäåëüíîãî âåñà, à çíà÷èò, ñ ïîòåðåé ïåðâîíà÷àëü-
íîãî îáú¸ìà.

Ýòîò âûâîä ïîÿâëÿåòñÿ åñòåñòâåííûì ïóò¸ì è êàæåò-
ñÿ íàì ïàðàäîêñàëüíûì, ïîòîìó êàê åñëè ýòî è ïðîèñõî-
äèò ñ òåëàìè, òî êðàéíå ìåäëåííî ïî ñðàâíåíèþ ñî âðåìå-
íåì æèçíè îòäåëüíîãî ÷åëîâåêà. Òåì íå ìåíåå, êîãäà-òî
è íàøà ïëàíåòà áûëà ñãóñòêîì ïðîòîâåùåñòâà, è òîëüêî
ïîòîì, â ðåçóëüòàòå äîëãèõ åãî ïðåîáðàçîâàíèé, âîçíèêëè
ýëåìåíòû òàáëèöû Ìåíäåëååâà. È â íàñòîÿøåå âðåìÿ àíà-
ëîãè÷íûå ïðåîáðàçîâàíèÿ èìåþò ìåñòî � îá ýòîì ñâèäå-
òåëüñòâóåò íàëè÷èå ðàäèîàêòèâíûõ èçîòîïîâ, êîòîðûå ïî
îêîí÷àíèè âíóòðåííåé ðåîðãàíèçàöèè ïåðåõîäÿò â áîëåå
ñòàáèëüíóþ ôàçó ñâîåãî ñóùåñòâîâàíèÿ*.

Íåïîíÿòíîñòü ñèòóàöèè è â òîì, ÷òî àðèòìèÿ â 10�8Ãö.
âåëè÷èíà çíà÷èòåëüíàÿ è ïîçâîëÿåò óâåëè÷èòü èìïóëüñ
ýëåìåíòàðíîé ñèñòåìû äî ìàêñèìàëüíîãî çíà÷åíèÿ, ïî êðàé-
íåé ìåðå, çà 1 ãîä. Èíîå äåëî, îòëè÷èå ìåæäó ýëåìåíòàðíû-
ìè ñèñòåìàìè â 10�16 ðàç, êîãäà äëÿ àíàëîãè÷íîãî ïðîöåññà
òðåáóåòñÿ îêîëî 300.000.000 ëåò. Çäåñü íå ñëåäóåò çàáû-
âàòü î ÿäðå ñî âñåìè åãî àòðèáóòàìè è îá ýëåêòðîííûõ
îáîëî÷êàõ, ó êîòîðûõ åñòü âîçìîæíîñòü ïîëÿðèçîâàòüñÿ,
ò.å. âûáèðàòü òàêèå òðàåêòîðèè, ïðè êîòîðûõ íàêîïëåíèå
èìïóëüñà áóäåò ìèíèìàëüíûì.

Èíîå ïðîèñõîäèò íà óðîâíå âîëíîâîé êðèñòàëëè÷åñ-
êîé ðåø¸òêè, ãäå ñàìè àòîìû âûïîëíÿþò ðîëü îñöèëëÿòî-
ðîâ. Çäåñü ìû èìååì áîëåå æ¸ñòêóþ ñèñòåìó, à ïîòîìó â
íåé äîëæíî ïðîèñõîäèòü ñàìîïðîèçâîëüíîå íàêîïëåíèå
âíóòðåííèõ äåôîðìàöèé. Î÷åâèäíî, âðåìÿ îò âðåìåíè â
òåëàõ äîëæíà ïðîèñõîäèòü ãëîáàëüíàÿ ðåêðèñòàëëèçàöèÿ,
ñîïðîâîæäàþùàÿñÿ ñáðàñûâàíèåì èçëèøíåãî èìïóëüñà ïî-
ñðåäñòâîì èçëó÷åíèÿ.

Â óäåðæèâàåìûõ ïîâåðõíîñòüþ Çåìëè òåëàõ, çà ñ÷¸ò
ìåíÿþùåãîñÿ âî âðåìåíè ñäâèãà ôàç, ïðîèñõîäÿò åäâà çà-
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ìåòíûå ïðåâðàùåíèÿ ýòîãî âåùåñòâà â äðóãîå. Ýòî ÿâëå-
íèå ïðåäëàãàåòñÿ íàçâàòü ãðàâèòàöèîííûé ñèíòåç. Áûòü
ìîæåò, èìåííî òàêèì îáðàçîì, ÷åðåç ïîñëåäîâàòåëüíóþ
ïåðåãðóïïèðîâêó îñöèëëÿòîðîâ, ìû ñìîæåì ïîíÿòü ïðè-
÷èíó âîçíèêíîâåíèÿ íà Çåìëå ãàììû ñòàáèëüíûõ õèìè-
÷åñêèõ ýëåìåíòîâ, à òàêæå è ðàäèîàêòèâíûõ èçîòîïîâ, íà-
õîäÿùèõñÿ â ïðîìåæóòî÷íîé ñòàäèè ãðàâèòàöèîííîãî
ñèíòåçà.

Åñëè èäåÿ î ãðàâèòàöèîííîì ñèíòåçå ïîäòâåðäèòñÿ, à
ýòî òåïåðü âñåöåëî çàâèñèò îò ïðîâåäåíèÿ çàäóìàííûõ íà
ýòó òåìó ýêñïåðèìåíòîâ, òî ìû ñìîæåì îòâåòèòü íà ðÿä
âîïðîñîâ, íàïðèìåð: îòêóäà Çâ¸çäû áåðóò ýíåðãèþ íà èç-
ëó÷åíèå? áóäåò ëè ïåðèîäè÷åñêàÿ òàáëèöà Ìåíäåëååâà ïî-
ïîëíåíà íîâûìè ñòàáèëüíûìè õèìè÷åñêèìè ýëåìåíòàìè?

Ãðàâèòàöèîííûé ñèíòåç è âûáðîñ èçëèøêîâ ýíåðãèè
� ïðîöåññû âçàèìîñâÿçàííûå. Åñëè íå êàñàòüñÿ ïåðâîïðè-
÷èíû âèáðàöèé, òî è ñîçäàíèå óñëîâèé äëÿ àðèòìèè, è óâå-
ëè÷åíèå èìïóëüñà çà ñ÷¸ò ïîñòîÿííî ðàñòóùåãî ñäâèãà ôàç,
è ãðàâèòàöèîííûé ñèíòåç ñ âûáðîñîì èçëèøêîâ ýíåðãèè
�  ñàìî ñîáîé ðàçóìåþùèåñÿ ïðîöåññû êà÷åñòâåííûõ ïðå-
îáðàçîâàíèé, áëàãîäàðÿ êîòîðûì ìû èìååì òó Âñåëåííóþ,
êîòîðàÿ åñòü.

Ñëåäóåò ïîíèìàòü, ÷òî íà ñèíòåç åù¸ íåñóùåñòâóþùèõ
íà Çåìëå õèìè÷åñêèõ ýëåìåíòîâ òðåáóåòñÿ íåñêîëüêî ìèë-
ëèàðäîâ ëåò, íî ýòî â óñëîâèÿõ íàøåé ïëàíåòû. Íà çâ¸çäàõ
èëè æå íà ïëàíåòàõ ñ áîëåå ìîùíûì òÿãîòåíèåì, òàêîé
ñèíòåç äàâíî óæå ìîã ïðîèçîéòè, à ïîòîìó, ïîïàâ, íàïðèìåð,
íà Þïèòåð, ìû ìîæåì ñòîëêíóòüñÿ ñ íåâåäîìûìè íàì âå-
ùåñòâàìè, à åñëè îíè â ðåçóëüòàòå ïðåîáðàçîâàíèé íå ïå-
ðåðîäèëèñü â áîëåå ë¸ãêèå ýëåìåíòû, òî è ñ èõ óíèêàëüíû-
ìè ñîåäèíåíèÿìè.

Ðàíåå ìû ââåëè ïîíÿòèå àáñîëþòíûé èìïóëüñ, ïðè-
íÿâ â êà÷åñòâå íà÷àëà îòñ÷¸òà ∆ϕ = 0. Íî ìû âèäèì, ÷òî â
ïîëå ãðàâèòàöèè ñäâèã ôàç óâåëè÷èâàåòñÿ ñàì ñîáîé, à ïî-
òîìó êîíñòàòèðóåì, ÷òî àáñîëþòíûé èìïóëüñ óâåëè÷èâà-
åòñÿ.

        p=moñ�∆ϕ/π, åñëè ∆ϕ → π, òî p → moñ  (4.7)

Ìàêñèìàëüíûì èìïóëüñ ñòàíîâèòñÿ â ñëó÷àå ∆ϕ =π. Â
ýòîé ñèòóàöèè ñêîðîñòü äâóõ âçàèìîäåéñòâóþùèõ ïðîòî-
îñöèëëÿòîðîâ äîëæíà áûòü 300000 êì/ñ, à åñëè ïðèíÿòü
âî âíèìàíèå ïðåîáðàçîâàíèÿ ôèçè÷åñêèõ ðàçìåðîâ, òî ïå-
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ðåä ñèñòåìîé âñòà¸ò âûáîð: êîëëàïñ èëè ðàñïàä. À ìîæåò,
è òî, è äðóãîå?

Âîçðàñòàíèå èìïóëüñà ïðèâîäèò ê óâåëè÷åíèþ âíóò-
ðåííåé ýíåðãèè, êîòîðóþ ñèñòåìà ïûòàåòñÿ êîìïåíñèðî-
âàòü âíóòðèÿäåðíûìè ïåðåñòðîåíèÿìè, à åñëè ýòî íå óäà-
¸òñÿ â ïîëíîé ìåðå, òî îíà èçáàâëÿåòñÿ îò èçáûòî÷íûõ
îñöèëëÿòîðîâ è ýíåðãèè ÷åðåç èõ èçëó÷åíèå âî âíåøíåå
ïðîñòðàíñòâî. Â ýòîì ñìûñëå ìû èìååì äåëî ñ òàê íàçû-
âàåìûì ãðàâèòàöèîííûì ðåàêòîðîì.

§ 7.  Ãðàâèòàöèîííûé ïîòåíöèàë

Êàêîå èç óæå ðàññìîòðåííûõ ÿâëåíèé ó÷àñòâóåò â ôîð-
ìèðîâàíèè ïîíÿòèÿ ãðàâèòàöèîííûé ïîòåíöèàë? Êàê îí
ôîðìèðóåòñÿ? Âîïðîñ îòíîñèòñÿ ê ðàçðÿäó ñëîæíûõ ïî ïðè-
÷èíå ñêóäîñòè íàøèõ ýêñïåðèìåíòàëüíûõ âîçìîæíîñòåé.
Òåì íå ìåíåå...

Åñëè, íàïðèìåð, íàì íåîáõîäèìî ïðîâåðèòü, êàêèì áó-
äåò óñêîðåíèå ñâîáîäíîãî ïàäåíèÿ ó òåëà ïðè åãî íà÷àëü-
íîé ñêîðîñòè 20 êì/ñ, òî ìû íå ìîæåì ýòîãî ñäåëàòü, à
ïîòîìó ñòàðàåìñÿ òàêèõ çàäà÷ íå ðåøàòü, à òî è ïîïðîñòó
äåëàåì âèä, ÷òî èõ ðåøåíèå ïîä÷èíÿåòñÿ îáùåèçâåñòíîìó
çàêîíó. Íî âåäü èìåííî â ýêñïåðèìåíòàõ òàêîãî ìàñøòàáà
ìîæåò îêàçàòüñÿ, ÷òî òåëî áóäåò èìåòü îòðèöàòåëüíîå óñ-
êîðåíèå, ò.å. òîðìîçèòüñÿ � ïî êðàéíåé ìåðå, ó íàñ íåò îñ-
íîâàíèÿ îòðèöàòü ýòî. Äëÿ òîãî ÷òîáû õîòü êàê-òî ïðîÿñ-
íèòü ñèòóàöèþ, ðàññìîòðèì çàäà÷ó èíîãî ïîðÿäêà: î
ïðèðàùåíèè ñêîðîñòè ñâîáîäíî ïàäàþùåãî ñ óñêîðåíèåì
òåëà íà åäèíèöó âðåìåíè è íà åäèíèöó ïóòè. Áóäåì èñõî-
äèòü èç òîãî, ÷òî êàæäîé ìãíîâåííîé ñêîðîñòè ñîîòâåò-
ñòâóåò êîíêðåòíûé ñäâèã ôàç, à ñòàíäàðòíûå ôîðìóëû
äëÿ ñâîáîäíîãî ïàäåíèÿ íà ó÷àñòêå â 500 ì îòðàæàþò äåé-
ñòâèòåëüíóþ ðåàëüíîñòü.

Óñëîâèìñÿ, ÷òî àòìîñôåðà îòñóòñòâóåò, òåëî ïàäàåò ñ
âûñîòû 500 ì, à g=9.8 ì/ñ2. Íàñ èíòåðåñóåò:

1. Çàâèñèìîñòü ïðèðàùåíèÿ ñäâèãà ôàç íà ðàâíûõ îòðåç-
êàõ ïðîéäåííîãî ïóòè.
2. Çàâèñèìîñòü ïðèðàùåíèÿ ñäâèãà ôàç çà ðàâíûå ïðîìå-
æóòêè âðåìåíè.
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Ðåøåíèå 1

1. Âû÷èñëèì çíà÷åíèå ìãíîâåííîé ñêîðîñòè òåëà â êîíò-
ðîëüíûõ òî÷êàõ 10, 20, 30, 40... ìåòðîâ îò ìåñòà íà÷àëà
äâèæåíèÿ ïî ôîðìóëàì

Vn=at=(2Sa)0.5, ∆ϕ =0.6�10-6�V
Çàâèñèìîñòü ïðèðàùåíèÿ ñêîðîñòè è ôàçû

îò ïðîéäåííîãî ïóòè

 S(ì)   Vìãí (êì/ñ)    ∆∆∆∆∆V              ϕϕϕϕϕ (ãðàä)            ∆ ∆ ∆ ∆ ∆ ϕϕϕϕϕ
  0      0 0
  10   14.0 +14.0 8.4�10�6 +8.4�10�6

  20   19.8 +5.8 11.88�10�6 +3.48�10�6

  30   24.25 +4.45 14.55�10�6 +2.67�10�6

  40   28.0 +3.75 16.8�10�6 +2.25�10�6

  50   31.3 +3.3 18.78�10�6 +1.98�10�6

  60   34.3 +3.0 20.58�10�6 +1.8�10�6

  70   37.04 +2.74 22.22�10�6 +1.64�10�6

  80   39.6 +2.56 23.76�10�6 +1.54�10�6

  90   42.0 +2.4 25.2�10�6 +1.44�10�6

 100   44.27 +2.27 26.56�10�6 +1.36�10�6

 110   46.43 +2.16 27.86�10�6 +1.3�10�6

 120   48.5 +2.07 29.1�10�6 +1.24�10�6

 130   50.48 +1.98 30.29�10�6 +1.19�10�6

 140   52.38 +1.9 31.43�10�6 +1.14�10�6

 150   54.22 +1.84 32.53�10�6 +1.1�10�6

 160   56.0 +1.78 33.6�10�6 +1.07�10�6

 170   57.72 +1.72 34.63�10�6 +1.03�10�6

 180   59.4 +1.68 35.64�10�6 +1.01�10�6

 190   61.02 +1.62 36.61�10�6 +0.97�10�6

 200   62.61 +1.59 37.56�10�6 +0.95�10�6

 300   76.68 +14.07 46.0�10�6 +8.44�10�6

 310   77.95 +1.27 46.77�10�6 +0.77�10�6

 320   79.2 +1.25 47.52�10�6 +0.75�10�6

 400   88.54 +9.34 53.12�10�6 +5.6�10�6

 410   89.64 +1.1 53.78�10�6 +0.66�10�6

 500   98.99 +8.26 59.39�10�6 +4.95�10�6

 510   99.98 +0.99 59.99�10�6 +0.6�10�6

Ïîëó÷àåòñÿ, ÷òî ñ òî÷êè çðåíèÿ ïðîéäåííîãî ïóòè íà
êàæäîì ïîñëåäóþùåì ó÷àñòêå ïðèáàâêà ê ñêîðîñòè óìåíü-
øàåòñÿ. Ýòî ìîæíî îáúÿñíèòü òîëüêî îäíèì � óìåíüøå-
íèåì äîáàâî÷íîãî äåéñòâèÿ. Åñëè èñêàòü àíàëîãèè, òî æå
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ñàìîå ïðîèñõîäèò è ñ ïðèøâàðòîâàííûì ïàðóñíèêîì: ñòîèò
åìó îòäàòü øâàðòîâûå, è îí, ïîäãîíÿåìûé âåòðîì, íà÷èíàåò
íàáèðàòü ñêîðîñòü. Ñêîðîñòü ïàðóñíèêà áóäåò ïîñòîÿííî
âîçðàñòàòü, íî ïðèðàùåíèå ñêîðîñòè íà ðàâíûõ îòðåçêàõ
ïóòè áóäåò óìåíüøàòüñÿ. Åñëè ñêîðîñòü ïàðóñíèêà ñòàíåò
áîëüøå ñêîðîñòè âåòðà, òî ïîÿâèòñÿ òîðìîçÿùàÿ ñèëà. Ýòî
ñðàâíåíèå íå áëåùåò ïîëíîé àíàëîãèåé, íî äîñòàòî÷íî óáå-
äèòåëüíî.

È õîòÿ íà ðàâíûõ îòðåçêàõ ïóòè ïðèðàùåíèå ñêîðîñ-
òè óìåíüøàåòñÿ, îíî, ïðèðàùåíèå, îñòà¸òñÿ ïîñòîÿííûì çà
ðàâíûå ïðîìåæóòêè âðåìåíè. Íî äëÿ ýòîãî òåëó ïðèõî-
äèòñÿ ïðîõîäèòü âñ¸ áîëüøèå è áîëüøèå îòðåçêè ðàññòîÿ-
íèé.

Ðåøåíèå 2

V=at, S=at2/2, ∆ϕ =0.6�10-6�V
Çàâèñèìîñòü ñäâèãà ôàç è ïðèðàùåíèÿ ñäâèãà ôàç

îò âðåìåíè ïàäåíèÿ

 t(ñ)    V(êì/ñ)     S(ì)           ∆∆∆∆∆ϕ ϕ ϕ ϕ ϕ (ãðàä)           ϕϕϕϕϕ+∆+∆+∆+∆+∆
  0    0.0 0.0 0.0
  1    9.8 4.9 5.88�10�6 +5.88�10�6

  2    9.6 19.6 11.76�10�6 +5.88�10�6

  3   29.4 44.1 17.64�10�6 +5.88�10�6

  4   39.2 78.4 23.52�10�6 +5.88�10�6

  5   49.0 122.5 29.4�10�6 +5.88�10�6

  6   58.8 176.4 32.28�10�6 +5.88�10�6

  7   68.6 240.1 41.16�10�6 +5.88�10�6

  8   78.4 313.6 47.04�10�6 +5.88�10�6

  9   88.2 396.9 52.92�10�6 +5.88�10�6

  10   98.0 490.0 58.8�10�6 +5.88�10�6

  11   107.8 592.9 64.68�10�6 +5.88�10�6

  12   117.6 705.6 70.56�10�6 +5.88�10�6

  13   127.4 828.1 76.44�10�6 +5.88�10�6

  14   137.2 960.4 82.32�10�6 +5.88�10�6

  15   147.0 1102.5 88.2�10�6 +5.88�10�6

  16   156.8 1254.4 94.08�10�6 +5.88�10�6

  17   166.6 1416.1 99.96�10�6 +5.88�10�6

  18   176.4 1587.6 105.84�10�6 +5.88�10�6

  19   186.2 1768.9 111.72�10�6 +5.88�10�6

  20   196.0 1960.0 117.6�10�6 +5.88�10�6

åñëè        (∆ϕ
2
 � ∆ϕ

1
)/∆t=∆(∆ϕ)=5.88�10�6 [1/c] ,

òî                               a=kϕ∇ϕ
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ãäå:
∇ϕ � ðàçíîñòü ðàçíîñòè ôàç çà 1ñ (ñêîðîñòü èçìåíå-
       íèÿ ðàçíîñòè ôàç),
kϕ  � ôàçîâàÿ ïîñòîÿííàÿ (kϕ = ñ/180=1.665514�106ì/ñ�ãðàä-1).

Ìû çíàåì, ÷òî ïî ìåðå óäàëåíèÿ îò Çåìëè çíà÷åíèå
óñêîðåíèÿ óìåíüøàåòñÿ, à çíà÷èò, è âåëè÷èíà ∆(∆ϕ), êîòî-
ðóþ ìû íàìåðåíû ïðèíÿòü (îáñóäèòü) â êà÷åñòâå îñíîâíîé
õàðàêòåðèñòèêè ãðàâèòàöèîííîãî ïîòåíöèàëà, áóäåò èíîé.

Íî òîãäà ãðàâèòàöèîííûé ïîòåíöèàë � ýòî õàðàê-
òåðèñòèêà ñîñòîÿíèÿ ïîëÿ, ïîïàâ â êîòîðîå, òåëà èçìå-
íÿþò ôàçî÷àñòîòíûé ðåæèì è îáðåòàþò ñïîñîáíîñòü ê
óñêîðåííîìó ñàìîñáëèæåíèþ.

Ñëåäóåò ïîíèìàòü, ÷òî íåò ñòàöèîíàðíûõ ïîëåé, íî åñòü
êîëëåêòèâíîå èçëó÷åíèå, êîòîðîå ïîñðåäñòâîì äåéñòâèÿ íà
îêðóæàþùèå òåëà ñîçäà¸ò èëëþçèþ ñòàöèîíàðíîñòè, çàìî-
ðîæåííîñòè. Åñëè ïðèíÿòü âî âíèìàíèå ôàçîâûé ðèñóíîê
èçëó÷åíèÿ, òî äåéñòâèå íà ïîïàâøèé â ïîëå îáúåêò áóäåò
îïðåäåëÿòüñÿ ýòèì ðèñóíêîì (ðèñ. 107).

Ðèñ.107.  Õàðàêòåð äåéñòâèÿ âîëíîâîãî ïîëÿ îäèíî÷íîãî èñòî÷íèêà çà-
âèñèò îò ðàññòîÿíèÿ äî îáúåêòà. Âáëèçè îñöèëëÿòîðà  îáúåêò ïåðåêðû-
âàåò âîëíû ñ ðàçëè÷íîé ôàçîé, ÷òî íàâÿçûâàþò åìó ñïåöèôè÷åñêèå äå-
ôîðìàöèþ è ôîðìó êîëåáàíèÿ. Âäàëè îò îñöèëëÿòîðà ôðîíò âîëíû ïðàê-
òè÷åñêè ïëîñêèé, à ïîòîìó åãî äåéñòâèå èíîå, ÷òî çàñòàâëÿåò îáúåêò êîëå-
áàòüñÿ ïî èíîìó çàêîíó. Åñëè íàáëþäàòåëü âèäèò òîëüêî îáúåêòû, òî ó
íåãî âîçíèêàåò âîïðîñ: ïî÷åìó îíè êîëåáëþòñÿ ïî ðàçíûì çàêîíàì?
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Ïðîâåä¸ì ìûñëåííûé ýêñïåðèìåíò. Äîïóñòèì, ÷òî âîë-
íû íå âèäíû, íî îá èõ íàëè÷èè ìû ìîæåì ñóäèòü ïî äåé-
ñòâèþ íà ïðåäìåòû. Åñëè íà ïîâåðõíîñòü òàêîé ñðåäû ìû
ïîìåñòèì äâà îäèíàêîâûõ ïðÿìîóãîëüíèêà èç áóìàãè, òî
ðàçìîêíóâ, îíè â òî÷íîñòè áóäóò ïîâòîðÿòü êîíôèãóðàöèþ
âîëíîâîãî ïîëÿ, ò.å. êîëåáàòüñÿ â òàêò ñ åãî àìïëèòóäîé.
Åñëè ðàññòîÿíèå ìåæäó êóñî÷êàìè áóìàãè âñåãäà ôèêñè-
ðîâàííîå, òî, óäàëÿÿ èõ îò èñòî÷íèêà, ìû çàìåòèì èçìåíå-
íèå õàðàêòåðà êîëåáàíèé, ïðè÷¸ì íà çíà÷èòåëüíîì óäà-
ëåíèè îáà áóìàæíûõ ïðÿìîóãîëüíèêà áóäóò êîëåáàòüñÿ
ïðàêòè÷åñêè ïî îäíîìó çàêîíó.

Åñëè ìû ïåðåéä¸ì îò ìûñëåííîãî ýêñïåðèìåíòà ê ðå-
àëüíîìó ïðîñòðàíñòâó, òî ëîãè÷íî óòâåðæäàòü, ÷òî êîëëåê-
òèâíîå èçëó÷åíèå Çåìëè íàâÿçûâàåò âåùåñòâåííûì îáúåê-
òàì èäåíòè÷íóþ ñèòóàöèþ: êîëåáàíèÿ áîëåå áëèçêèõ ê
Çåìëå îñöèëëÿòîðîâ ïî õàðàêòåðó îòëè÷àþòñÿ îò êîëåáà-
íèé áîëåå óäàë¸ííûõ. ×åì äàëüøå îò Çåìëè, òåì ìåíü-
øèì ñòàíîâèòñÿ îòëè÷èå. Íî ìû óñòàíîâèëè, ÷òî èìåííî
ðàçíèöà â õàðàêòåðå êîëåáàíèé ÿâëÿåòñÿ îñíîâíîé ïðè-
÷èíîé ñàìîäâèæåíèÿ. Âîëíîâîå èçëó÷åíèå Çåìëè ñáèâàåò
ñîáñòâåííûå êîëåáàíèÿ ó íàïîëíÿþùèõ òåëà îñöèëëÿòî-
ðîâ, è ýòîò ïðîöåññ, (êàê âàðèàíò) íàìè ïîëîæåí â îñíîâó
îáúÿñíåíèÿ ãðàâèòàöèè.

Íà ðîëü ãðàâèòàöèîííîãî ïîòåíöèàëà ìîãóò ïðåòåíäî-
âàòü òîëüêî òå õàðàêòåðèñòèêè, êîòîðûå ìåíÿþòñÿ ñ ðàñ-
ñòîÿíèåì. ßðêî âûðàæåííûõ õàðàêòåðèñòèê êàê ìèíè-
ìóì äâå: àìïëèòóäà è ðàäèóñ êðèâèçíû âîëíû. Êðîìå ýòîãî
âåùåñòâî, íàõîäÿñü íà ãðàíèöå ðàçäåëà äâóõ ÷àñòîòíûõ ñðåä,
ìîæåò äåòåêòèðîâàòü ñêðûòóþ ýíåðãèþ èçëó÷åíèÿ.

Î÷åâèäíî, ÷òî êàæäîé õàðàêòåðèñòèêå ñîîòâåòñòâóåò
ñâîé òèï ñèë. Âèäèìî ïîýòîìó ìû èìååì ðàçíûå âèäû ïî-
ëåé ñèë: ýëåêòðè÷åñêîå, ìàãíèòíîå, ãðàâèòàöèîííîå è ò.ä. È
õîòÿ ðàçëè÷èÿ íàëèöî, ìåõàíèçì âçàèìîäåéñòâèÿ â ïðèí-
öèïå åäèí.

Ìû, ãîâîðÿ î ãðàâèòàöèîííîì ïîòåíöèàëå, ñêîðåå âñå-
ãî èìååì äåëî ñ äåòåêòèðîâàíèåì íåïðîÿâëåííûõ õàðàê-
òåðèñòèê èçëó÷åíèé. Â ðåçóëüòàòå äåòåêòèðîâàíèÿ èçìå-
íÿþòñÿ ôàçî÷àñòîòíûå ïàðàìåòðû, ïîÿâëÿåòñÿ âåêòîðíàÿ
äåôîðìàöèÿ, à çíà÷èò âîçíèêàþò ïðåäïîñûëêè äëÿ ñàìî-
äâèæåíèÿ òåë â îïðåäåëÿåìîì óñëîâèÿìè íàïðàâëåíèè.
Ìîæíî ñ÷èòàòü ïîëå ãðàâèòàöèè íåïðîÿâëåííûì, íî îíî
ðåàëüíî, è ìû ýòî ïîêàæåì â ïîñëåäóþùèõ ãëàâàõ.
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Àíàëîãè÷íûå óñëîâèÿ ìîãóò ñîçäàâàòüñÿ è èñêóññò-
âåííûì ïóò¸ì. Ïîïàâ â ýòè óñëîâèÿ, òåëà áóäóò âåñòè ñåáÿ
â òî÷íîñòè êàê â ïîëå åñòåñòâåííîé ãðàâèòàöèè. Íî ýòî �
áóäóùåå íàóêè, à ïîòîìó ìû ðàññòàâëÿåì âåõè.

§ 8.  Ëåâèòàöèÿ

Ê ñîæàëåíèþ, ïðèìåðû ëåâèòàöèè ðåäêè, à åñëè êòî è
óìååò ëåâèòèðîâàòü, òî èç êàêèõ-íèáóäü ñîîáðàæåíèé òùà-
òåëüíî ñêðûâàåò ñâîè íåîáû÷íûå, íî âàæíûå äëÿ íàó÷íûõ
èññëåäîâàíèé, ñïîñîáíîñòè.

Ëåâèòàöèÿ äåëèòñÿ, êàê ìèíèìóì, íà äâå ðàçíîâèäíîñ-
òè: íåïðîèçâîëüíàÿ (ñëó÷àéíàÿ) è îñîçíàâàåìàÿ. Ñëó÷àè
íåïðîèçâîëüíîé ëåâèòàöèè ìîãóò âîçíèêàòü â ñòðåññîâûõ
ñèòóàöèÿõ, âî âðåìÿ êîòîðûõ ïðîèñõîäèò ÷àñòè÷íàÿ èëè
ïîëíàÿ ïîòåðÿ âåñà ÷åëîâåêà.

Ðèñ. 108.   Ëåâèòèðóþùèé ìîíàõ (ñëåâà).  Èèñóñ Õðèñòîñ ïîääåðæèâàåò
Ïåòðà íà âîëíàõ (ñïðàâà)

Èíîãäà ãîâîðÿò: «Ñòðåññ áûë íàñòîëüêî ñèëüíûì, ÷òî
÷åëîâåê ïîòåðÿë â âåñå íåñêîëüêî êèëîãðàììîâ». Íî áûñò-
ðàÿ ïîòåðÿ âåñà â êîðîòêèé ñðîê, âî-ïåðâûõ, � íåðåàëüíà, âî-
âòîðûõ, � ÷ðåâàòà ãèáåëüþ ÷åëîâåêà, ïîòîìó ÷òî ñâÿçûâàåò-
ñÿ ñ ïîòåðåé æèäêîñòè. Åñëè ñâÿçûâàòü ïîòåðþ â âåñå ñ
îáðåòåíèåì ëåâèòàöèîííûõ ñâîéñòâ, ÷òî â ïîäîáíûõ ñòðåñ-
ñîâûõ ñèòóàöèÿõ âïîëíå ìîæåò ïðîèñõîäèòü, òî ó «ïîñòðà-
äàâøåãî» óìåíüøàåòñÿ òîëüêî âåñ, íî íå ìàññà. Óìåíüøå-
íèå æå âåñà ìû òåïåðü âïîëíå ìîæåì ñâÿçàòü ñî ñïîíòàííûì
èçìåíåíèåì ôàçîâûõ ñîîòíîøåíèé â òåëå ÷åëîâåêà, ïîýòî-
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ìó âçâåøèâàíèå íà îáû÷íûõ âåñàõ íå ïîçâîëÿåò íàì ïî-
ëó÷èòü èñòèííóþ èíôîðìàöèþ î ïðîèçîøåäøåì. Äëÿ òà-
êèõ ñëó÷àåâ íåîáõîäèìî èñïîëüçîâàíèå ãîðèçîíòàëüíûõ
ïðèñïîñîáëåíèé (êðóòèëüíûõ âåñîâ), êîòîðûå ïîçâîëÿþò
îïðåäåëÿòü ìàññó ÷åðåç èíåðöèîííûå ñâîéñòâà òåëà.

Ïðåäïîëàãàåìûìè ïðèìåðàìè îñîçíàííîé ëåâèòàöèè
ìîãóò ñëóæèòü: õîæäåíèå Èèñóñà ïî âîäå, âçë¸òû Ñåðàôè-
ìà Ñàðîâñêîãî âî âðåìÿ ìîëåáíîâ, âîçíåñåíèå Èîñèôà èç
Ôðàíöèñêàíñêîé öåðêâè âî âðåìÿ ñëóæáû íà âèäó ó ïðè-
õîæàí è ìíîãèå äðóãèå ñâèäåòåëüñòâà èñòîðèè.

* * *

Íî ñóùåñòâóþò è ýôôåêòíûå òðþêè, îøèáî÷íî ïðèíèìà-
åìûå çà ëåâèòàöèþ. Ê òàêîâûì îòíîñÿòñÿ, íàïðèìåð, ïîë¸òû
Äýâèäà Êîïïåðôèëäà, òðþêà÷åñòâî(!) Þðèÿ Ëîíãî (çäåñü äîñ-
òàòî÷íî âñïîìíèòü ñêàíäàë ñ îæèâëåíèåì ïîêîéíèêà). Â ýòîé
ñâÿçè ìíîãèå «àâòîðèòåòû» óòâåðæäàþò, ÷òî Êîïïåðôèëä äåé-
ñòâèòåëüíî ëåâèòèðóåò, íî åñòü è èíûå ìíåíèÿ, íàïðèìåð, ÷òî
îí ïîäâåøåí íà íåâèäèìûõ â ãîëóáîì ñâåòå íèòî÷êàõ, à òî è
âîâñå � ìû èìååì äåëî ñ î÷åíü äîðîãîé ãîëîãðàôè÷åñêîé èë-
ëþçèåé. Ïî áîëüøîìó ñ÷¸òó ïîÿâèëñÿ åù¸ îäèí òàëàíòëè-
âûé ÷åëîâåê, êîòîðûé ñâîèìè äåéñòâèÿìè íàëîæèë íà ñîçíà-
íèå ñåðûõ ëþäåé î÷åðåäíóþ ãèïíîòè÷åñêóþ áëîêèðîâêó. Íî
åñëè áëîêèðîâêó Ýéíøòåéíà ìíå, êàê ôèçèêó, ïðèøëîñü ïðå-
îäîëåâàòü â òå÷åíèå íåñêîëüêèõ ëåò, òî ñåêðåò ïîë¸òîâ Êîï-
ïåðôèëäà (âåðíåå � îäèí èç ýêçîòè÷åñêèõ âàðèàíòîâ) óäà-
ëîñü ðàñêðûòü (íå áåç ïîìîùè æåíùèíû � ìàñòåðà ñ÷èòûâàòü
èíôîðìàöèþ äàæå ñ âèäåîçàïèñè) çà òðè äíÿ àíàëèçà âèäåî-
çàïèñè âûñòóïëåíèé. Ïîíà÷àëó îò ãåíèàëüíîñòè òðþêà ó ìåíÿ
«äûìèëèñü ìîçãè», ïîýòîìó íåìóäðåíî, ÷òî àáñîëþòíîå ÷èñëî
ëþäåé ïîïàëîñü íà âåëèêèé îáìàí äâàäöàòîãî âåêà. Íî êàæ-
äîìó îáìàíó ïðèõîäèò êîíåö.

«Â ñàìîì äåëå, � ÷àñòî ñïðàøèâàëè ìåíÿ ïîñëå î÷åðåäíî-
ãî òåëåâèçèîííîãî øîó «ìàãà», � ëåòàåò Êîïïåðôèëä, èëè íåò?»

ß çíàþ ìíîæåñòâî ïîïûòîê îáúÿñíèòü ïðîèñõîäÿùåå, íî
íè îäíà èç íèõ íå âûäåðæèâàåò êðèòèêè ïðîñòîòîé. Äîëæíî
âåäü áûòü ìàêñèìàëüíî ïðîñòîå è êðàñèâîå ðåøåíèå îáñóæ-
äàåìîãî ôåíîìåíà ïîë¸òà. Íî è íàéäÿ òàêîâîå, ìû íå ìîæåì
ãàðàíòèðîâàòü, ÷òî ãåíèàëüíûé ìàã èñïîëüçóåò èìåííî åãî �
óæ ñëèøêîì ãîðàçäû îíè, ìàãè íà âûäóìêè. Ïîïðîáóåì ðà-
çîáðàòüñÿ, èáî áåç ðåøåíèÿ çàäà÷è òàêîãî óðîâíÿ ãîâîðèòü î
ðåøåíèè ïðîáëåìû ëåâèòàöèè íå èìååò ñìûñëà. Îòáðîñèì
âàðèàíòû ñ íèòî÷êàìè è ãîëîãðàôèåé è ðàññìîòðèì äâà ïî-
ëîæåíèÿ:



172                                     ÐÈÒÌÎÄÈÍÀÌÈÊÀ

1) Êîïïåðôèëä ëåâèòèðóåò;

2) Êîïïåðôèëä ëåòàåò, íî íå ëåâèòèðóåò.

Åñëè Êîïïåðôèëä ëåâèòèðóåò, òî îí ìîæåò ïîâòîðèòü
ïîë¸ò â ëþáîì ìåñòå è â ëþáîå âðåìÿ. Êðîìå ýòîãî, ëþáîìó
àðòèñòó ïðèñóùü ñîáëàçí ïîëåòàòü íå òîëüêî íàä ñöåíîé, íî
è â çðèòåëüíîì çàëå. Íè ïåðâîãî, íè âòîðîãî îí íå äåëàåò. À
âåäü ëåâèòàöèÿ îáÿçàòåëüíî ñâÿçàíà ñ èçìåíåíèåì ñîñòîÿ-
íèÿ ñîçíàíèÿ, êîòîðîå âñåãäà ÷óâñòâóåòñÿ, îñîáåííî æåíùè-
íàìè è ýêñòðàñåíñàìè, ÷åãî îïÿòü íå íàáëþäàåòñÿ, à åñëè êòî
è óòâåðæäàåò, ÷òî ÷óâñòâóåò, òî ñêîðåå âñåãî îí âûäà¸ò æåëà-
åìîå çà äåéñòâèòåëüíîå. Íî ñàìîå ãëàâíîå, ÷òî ñàì Êîïïåð-
ôèëä ãîâîðèò òîëüêî îá óìåíèè ëåòàòü, à íå î ëåâèòàöèè � â
ýòîì åãî îòëè÷èå îò Ëîíãî.

Åñëè Êîïïåðôèëä íå ëåâèòèðóåò, íî ëåòàåò, ÷òî ñàìî ñî-
áîé ïàðàäîêñàëüíî äëÿ ëþäåé, íå çíàêîìûõ ñ ôèçè÷åñêèìè
ÿâëåíèÿìè è çàêîíàìè, òî ìû îáÿçàíû îáúÿñíèòü, êàê îí ýòî
ìîæåò äåëàòü. Èìåííî ýòèì ìû è çàéì¸ìñÿ.

 Ñâåðõïðîâîäèìîñòü � õîðîøî èçâåñòíîå ôèçèêàì ÿâëå-
íèå. Åñëè îõëàäèòü ñâèíöîâóþ ÷àøó äî òåìïåðàòóðû æèäêî-
ãî ãåëèÿ, òî ïîìåù¸ííûé íàä íåé îáûêíîâåííûé ìàãíèò áó-
äåò ñâîáîäíî ïàðèòü â âîçäóõå. Åñëè âû ñïðÿ÷åòå
ñâåðõïðîâîäÿùóþ ÷àøó ïîä ñòîë è íèêîìó î íåé íå ñêàæåòå,
òî ïàðÿùèé íàä ñòîëîì ìàãíèò áóäåò âûãëÿäåòü íàñòîÿùèì
÷óäîì. Åñëè ÷àøà áóäåò ñíàáæåíà óïðàâëÿåìûìè ìåõàíèç-
ìàìè âîçâðàòíî-ïîñòóïàòåëüíîãî äâèæåíèÿ, ïåðåìåùåíèÿ
ââåðõ-âíèç è íàêëîíà, òî âû, ïî ñîáñòâåííîìó æåëàíèþ è íå-
çàìåòíî äëÿ äðóãèõ, ñìîæåòå óïðàâëÿòü äâèæåíèåì ìàãíèòà
íàä ñòîëîì.

Ðèñ. 109.  Îõëàæä¸ííàÿ äî î÷åíü íèçêîé òåìïåðàòóðû ÷àøà-ñâåðõïðî-
âîäíèê íàä êîòîðîé ïàðèò ìàãíèò
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Åñëè âû ïóñòèòå ïî ñòîëó æèâîå ñóùåñòâî, íàïðèìåð
ìûøü, òî îíà ñâîáîäíî ïðîáåæèò â ïðîìåæóòêå ìåæäó ñïðÿ-
òàííîé ÷àøåé è ìàãíèòîì. Ñîçäàâàåìîå ÷àøåé è ìàãíèòîì
ïîëå íèêàêîãî ïîäú¸ìíîãî äåéñòâèÿ íà ìûøü íå îêàæåò.

Íî ìû óòâåðæäàåì, ÷òî ìûøü ìîæåò ëåòàòü, ïðè÷¸ì áåç
îñîáîãî óùåðáà äëÿ çäîðîâüÿ. Ìû âûäåëèëè ýòîò ìîìåíò äëÿ
òîãî, ÷òîáû íèêòî íå îáâèíèë íàñ â ñàäèñòñêèõ íàêëîííîñ-
òÿõ. Äëÿ òîãî ÷òîáû ðåàëèçîâàòü çàÿâëåííîå, íåîáõîäèìî äî-
ãàäàòüñÿ, ÷òî äëÿ ýòîãî íóæíî ñäåëàòü. Íó à åñëè âû ñ íàøåé
ïîäà÷è óæå äîãàäàëèñü, òî ïîâåðüòå, åù¸ äîëãî áóäåòå ñìåÿòü-
ñÿ íàä ñîáñòâåííîé íåñîîáðàçèòåëüíîñòüþ.

È åù¸ îäèí ïñèõîëîãè÷åñêèé íþàíñ � ãåíèàëüíûé Êîï-
ïåðôèëä ïîñàäèë âñåõ âíóòðü ñâîåãî ôîêóñà, à ýòî, êàê èçâåñ-
òíî, áëîêèðóåò ìîçã ÷åëîâåêà è ìåøàåò åìó ïîíÿòü, ÷òî æå
ïðîèñõîäèò íà ñàìîì äåëå. Óäèâèòåëüíûé ÷åëîâåê Êîïïåð-
ôèëä � çàòóìàíèë ìîçãè âñåìó ìèðó, íèêîìó è â ãîëîâó íå

Ðèñ. 110. (Êîìïüþòåðíûé ìîíòàæ) Åñëè áû Ìàéêë Äæåêñîí áûë òàê-
æå áîãàò, êàê Äåâèä Êîïïåðôèëä, òî ñìîã áû ñòàòü ïåðâûì ëåòàþùèì
ïåâöîì. Äëÿ ýòîãî åìó áûëî áû äîñòàòî÷íî ïîñòðîèòü ïîä ñöåíîé ãèãàí-
òñêóþ ÷àøó èç ñâåðõïðîâîäÿùåãî ìàòåðèàëà, çàìàñêèðîâàòü ïîä ñâèòå-
ðîì ìàãíèòíóþ «êîëü÷óãó» è, óïðàâëÿÿ äâèæåíèåì ÷àøè èç çàëà, ñâî-
äèòü ñ óìà ïñåâäîôèçèêîâ è ñâîèõ ïî÷èòàòåëåé. (Øóòêà!)
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ìîæåò ïðèéòè, ÷òî îí ïîïðîñòó èçãîòîâèë îãðîìíóþ ñâåðõ-
ïðîâîäÿùóþ ÷àøó, íàäåë íà ñåáÿ êîëü÷óãó èç «áîëüøîãî ÷èñ-
ëà ìàëåíüêèõ ìàãíèòîâ», ñïðÿòàë âñ¸ ýòî ïîä îäåæäîé è çà-
ðàáîòàë íà óäèâèòåëüíîì îáìàíå ãðîìàäíîå ñîñòîÿíèå. Äîøëî
äàæå äî òîãî, ÷òî îäèí ôèçèê ïîñëàë Êîïïåðôèëäó ïèñüìî ñ
ïðîñüáîé ïîäòâåðäèòü ïðàâèëüíîñòü ðàçðàáîòàííîé èì òåî-
ðèè ëåâèòàöèè. Íî íå ñòàíåì îòâëåêàòüñÿ íà ñòðàííûõ ëþ-
äåé è ïðîäîëæèì.

Åñëè ìû êîëü÷óãó èç ìàëåíüêèõ ìàãíèòîâ íàäåíåì íà
ìûøü è çàìàñêèðóåì âñ¸ ýòî øåðñòüþ, òî îíà òåïåðü íå ñìî-
æåò áåçíàêàçàííî ïðîáåæàòü ïî ñòîëó íàä ñâåðõïðîâîäÿùåé
÷àøåé, à âçìîåò ââåðõ. Âàì òîëüêî è îñòàíåòñÿ, ÷òî óïðàâ-
ëÿòü äâèæåíèÿìè ñïðÿòàííîé ïîä ñòîëîì ÷àøè è ýòèì ìî-
ðî÷èòü ãîëîâû æàæäóùèì ÷óäà. Òàêèì îáðàçîì, â ðåçóëüòà-
òå íåñëîæíûõ ðàññóæäåíèé, ìû ïîëó÷èëè «ëåâèòèðóþùóþ»
ìûøü. Äëÿ òîãî ÷òîáû «çàëåâèòèðîâàòü» ñàìèì, íàì òîëüêî
è îñòàíåòñÿ, ÷òî èçãîòîâèòü óïðàâëÿåìûé ìåõàíèçì ñ ãèãàí-
òñêîé ñâåðõïðîâîäÿùåé ÷àøåé, ñïðÿòàòü åãî ïîä àðåíîé öèð-
êà èëè òåàòðà, íàäåòü ìàãíèòíóþ êîëü÷óãó è ïîëåòåòü. Íó
÷åì íå ëåâèòàöèÿ?

Íî íå áóäåì èçäåâàòüñÿ íàä íàøèì íåâåæåñòâîì, íàä
óçîñòüþ è çàìåëü÷¸ííîñòüþ ìûøëåíèÿ, à îáðèñóåì ïåðñïåê-
òèâû. Åñëè íàéä¸òñÿ ñìåëûé áèçíåñìåí, òî ìû ìîæåì ñî-
çäàòü àíàëîãè÷íûé àòòðàêöèîí â îäíîì èç ìîñêîâñêèõ öèð-
êîâ èëè ïàðêîâ. È òîãäà êàæäûé æåëàþùèé ñìîæåò íàäåòü
íà ñåáÿ ìàãíèòíóþ êîëü÷óæêó è íà âðåìÿ ñòàòü Êîïïåðôèë-
äîì. Â ýòîì ñìûñëå èñêóññòâî è øîó � áèçíåñ ïåðåõîäÿò íà
áîëåå âûñîêèé óðîâåíü: ëåòàþùèé öèðê, ëåòàþùèé áàëåò,
ëåòàþùèå ïåâöû, àòòðàêöèîíû â ïàðêàõ òèïà «ëåòàþùèå
òàðåëêè» äëÿ äåòåé è âçðîñëûõ.

* * *

Ïîêà ìû íå çíàåì, êàêîå èç íàïðàâëåíèé áóäåò ðåàëè-
çîâàíî ïåðâûì � ëåâèòàöèÿ, èëè èçìåíåíèå âåñà òåõíè-
÷åñêèõ àïïàðàòîâ, íî íàì âèäèòñÿ, ÷òî ìû íàõîäèìñÿ íà
ïîðîãå íîâîé ýðû ðàçâèòèÿ öèâèëèçàöèè. Èíòóèòèâíîå ÷óâ-
ñòâîâàíèå îæèäàþùèõ íàñ ñîáûòèé ïðÿìî ãîâîðèò, ÷òî ìíî-
ãèå èç íàñ åù¸ ïðè æèçíè ñòàíóò ñâèäåòåëÿìè îñâîåíèÿ
íîâûõ ñïîñîáîâ ïåðåäâèæåíèÿ â ïðîñòðàíñòâå. Âûðàæàåì
íàäåæäó, ÷òî ñòðåìëåíèå ðàçîáðàòüñÿ ïðèâëå÷¸ò íà íàøó
ñòîðîíó âñåõ, êòî ïî-íàñòîÿùåìó æåëàåò óçíàòü õîòü êà-
êóþ-òî ïðàâäó î ìèðå, êîòîðûé ìû òàê äîëãî è ìàëîýô-
ôåêòèâíî ïîçíà¸ì.
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Ïî÷åìó òåëî, ïîãðóæåííîå â æèäêîñòü,
òåðÿåò â ñâî¸ì âåñå ñòîëüêî, ñêîëüêî
âåñèò âûòåñíåííàÿ èì æèäêîñòü?

Ïðèìåðíî 2250 ëåò òîìó íàçàä Àðõèìåä ñôîðìóëèðî-
âàë ñâîé çàêîí, êîòîðûé âïîñëåäñòâèè ïîëó÷èë åãî èìÿ.
Ïîÿâèëîñü è ïîíÿòèå «âûòàëêèâàþùàÿ ñèëà Àðõèìåäà»,
íî äî ñèõ ïîð íèêòî íå èìååò ÷¸òêîãî ïðåäñòàâëåíèÿ î
ôèçè÷åñêèõ ïðîöåññàõ, ëåæàùèõ â îñíîâå ýòîãî âàæíîãî
ïðèðîäíîãî ÿâëåíèÿ.

Â ñàìîì äåëå, ïî÷åìó îäíè ïîãðóæåííûå â æèäêîñòü
òåëà íå òîíóò, à äðóãèå òîíóò? Ïî÷åìó òå òåëà, êîòîðûå òî-
íóò, ñòàíîâÿòñÿ ëåã÷å, êàêîâ ìåõàíèçì? Ïî÷åìó ñèëà Àðõè-
ìåäà äåéñòâóåò è â óñëîâèÿõ íåâåñîìîñòè?

Ïîïûòàåìñÿ ñ ïîçèöèé ðèòìîäèíàìèêè ðàçîáðàòüñÿ â
ñòîëü èçâåñòíûõ è, âìåñòå ñ òåì, íåïîíÿòíûõ ÿâëåíèÿõ.
Ñëåäóåò ïîíèìàòü, ÷òî çà îäèí çàõîä íàì íå îïèñàòü ïðî-
èñõîäÿùåå â ïîëíîé ìåðå, à ïîòîìó, êàê è â ïðåäûäóùèõ
ñëó÷àÿõ, îãðàíè÷èìñÿ îáùèì ïîäõîäîì.

Ðèñ. 111.  Ïîãðóæåí-
íîå â âîäó òåëî ñòàíî-
âèòñÿ ëåã÷å

Äëÿ íàñ ñîâåðøåííî î÷åâèäíî, ÷òî íà òåëî, ïîãðóæåí-
íîå â æèäêîñòü, äåéñòâóåò ñèëà. Íî ïðåæäå ÷åì ìû áóäåì
ãîâîðèòü î å¸ ôèçè÷åñêîé ñóòè, ðàññìîòðèì âàæíîå äëÿ
íàñ ÿâëåíèå � çàòÿãèâàíèå ÷àñòîò, èëè ñòðåìëåíèå ñâÿçàí-
íûõ âèáðèðóþùèõ ñèñòåì ê ñèíõðîíèçàöèè.
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Ðèñ. 112

    F
1
=ρghS,   F

2
=ρg(h+H)S,    F=F

2
�F

1
=ρgHS,

íî:      gH=c2(ν
2
�ν

1
)/ν , òîãäà   F=mîc2∆ν/Uν S�1.

Íî ïðè÷¸ì çäåñü âûòàëêèâàþùàÿ ñèëà è ÷àñòîòû? Åñòü
ñâÿçü, à ïîòîìó ìû íàìåðåíû îïèñàòü ñèëó Àðõèìåäà ÷å-
ðåç ÷àñòîòíóþ àðèòìèþ âçâåøèâàåìîãî òåëà, âîçíèêàþùóþ
â ðåçóëüòàòå ïîâåðõíîñòíîãî êîíòàêòà åãî ñ æèäêîñòüþ.

§ 1.  ×àñòîòíàÿ ïîñòîÿííàÿ

Ìîæíî ëè ñ ïîìîùüþ èçâåñòíûõ ôîðìóë âûðàçèòü
óäåëüíûé âåñ ÷åðåç ÷àñòîòó? À åñëè ìîæíî, òî êàê òîãäà
ñëåäóåò îòíîñèòüñÿ ê âûòàëêèâàþùåé ñèëå Àðõèìåäà?

Âûðàçèì óäåëüíûé âåñ ÷åðåç ÷àñòîòó, èñïîëüçóÿ ïðè
ýòîì èçâåñòíûå ôîðìóëû:

ρ = mî/U [ã/ñì3], (5.1)

ãäå: ρ � óäåëüíûé âåñ,
      mî � ìàññà,
      U � îáú¸ì.

Âûðàçèì ìàññó ÷åðåç ïîñòîÿííóþ Ïëàíêà, ñêîðîñòü ñâåòà
è ÷àñòîòó:

mîc2 = hν   èëè  mî = hν/c2 (5.2)

ãäå: c �  ñêîðîñòü ñâåòà (ñ =2,997925�1010 ñì�ñ�1),
    h � ïîñòîÿííàÿ Ïëàíêà (h = 6,6256�10�34 Äæ�ñ =
         =6,6256�10�27ýðã�ñ),
        ν � ÷àñòîòà, êîòîðóþ íàì ïðåäñòîèò îïðåäåëèòü (Ãö).
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Ïîäñòàâèì

    ρ = hν/Uc2. (5.3)

Âûðàçèì ÷àñòîòó

   ν = ρ�Uc2/h. (5.4)

Ïðèíÿâ U ðàâíûì 1ñì3 è ïîäñòàâèâ èçâåñòíûå çíà÷åíèÿ,
âûðàçèì çàâèñèìîñòü ÷àñòîòû îò óäåëüíîãî âåñà:

   ν = ρ�1,3565�1047 [Ãö], (5.5)

èëè ρ = ν�0,7372�10�47 [ã/ñì3];   σ = ν/ρ (5.6)

Îáîçíà÷èì íàéäåííóþ ÷àñòîòíóþ ïîñòîÿííóþ* áóêâîé
σ è çàïèøåì å¸ ðàçìåðíîñòü:

σ = 1,3565�1047 [ñì2�ýðã�1�ñ�3]. (5.7)

Òåïåðü, ãîâîðÿ îá óäåëüíîì âåñå, ìû ïîíèìàåì, ÷òî
êàæäîå âåùåñòâî èìååò ñîáñòâåííóþ ÷àñòîòó. Ýòî îçíà÷à-
åò, ÷òî ïðè ìàêñèìàëüíî âîçìîæíîì êîíòàêòå âåùåñòâåí-
íûõ òåë íà ãðàíèöå èõ ñîïðèêîñíîâåíèÿ ïðîèñõîäÿò îáóñ-
ëîâëåííûå ðàçíîñòüþ ÷àñòîò ýíåðãåòè÷åñêèå ïðîöåññû. Íî
ýòîãî, äëÿ ïîëíîãî ïîíèìàíèÿ ïðîèñõîäÿùåãî, íàì ïîêà
íåäîñòàòî÷íî.

§ 2.  Çàòÿãèâàíèå ÷àñòîò (ñàìîñèíõðîíèçàöèÿ)

Ñàìîñèíõðîíèçàöèÿ íåóðàâíîâåøåííûõ ñèñòåì ïðåä-
ñòàâëÿåò ñîáîé îäíî èç óäèâèòåëüíûõ ÿâëåíèé, îáóñëîâ-
ëåííûõ âèáðàöèåé. Â ìåõàíèêå ÿâëåíèå ñîñòîèò â òîì, ÷òî
íåñâÿçàííûå ìåæäó ñîáîé âðàùàþùèåñÿ ñèñòåìû (ðîòî-
ðû), óñòàíîâëåííûå íà îáùåì ïîäâèæíîì îñíîâàíèè, âðà-
ùàþòñÿ ñèíõðîííî, ò.å. ñ îäèíàêîâûìè óãëîâûìè ñêîðîñ-
òÿìè è ñ îïðåäåë¸ííûìè âçàèìíûìè ôàçàìè. Ïðè ýòîì
ñîãëàñîâàííîñòü âðàùåíèé âîçíèêàåò íåñìîòðÿ íà èçíà-
÷àëüíî çàäàííîå ðàçëè÷èå óãëîâûõ ñêîðîñòåé.

Âî ìíîãèõ ñëó÷àÿõ òåíäåíöèÿ ê ñàìîñèíõðîíèçàöèè
îêàçûâàåòñÿ ñòîëü ñèëüíîé, ÷òî äàæå âûêëþ÷åíèå îäíîãî
èëè íåñêîëüêèõ ðîòîðîâ íå ïðèâîäèò ê âûïàäåíèþ èõ èç

*  _________________________________________________________
Âïåðâûå ïîñòîÿííàÿ ïåðåâîäà óäåëüíîãî âåñà â ÷àñòîòó áûëà ïîëó÷å-
íà â 1996ã. Í.È. Áàêóìöåâûì âî âðåìÿ ñîâìåñòíîãî îáñóæäåíèÿ ÷àñ-
òîòíîãî õàðàêòåðà âûòàëêèâàþùåé ñèëû Àðõèìåäà.



178                                    ÐÈÒÌÎÄÈÍÀÌÈÊÀ

ñèíõðîíèçìà: ðîòîðû ñ âûêëþ÷åííûìè äâèãàòåëÿìè ìî-
ãóò ïðîäîëæàòü âðàùàòüñÿ íåîãðàíè÷åííî äîëãî.

Ýíåðãèÿ, íåîáõîäèìàÿ äëÿ ïîääåðæàíèÿ èõ âðàùåíèÿ,
ïåðåäà¸òñÿ îò àêòèâíîãî ðîòîðà áëàãîäàðÿ âèáðàöèÿì îñ-
íîâàíèÿ, íà êîòîðîì ðîòîðû óñòàíîâëåíû. Ýòà âèáðàöèÿ
ìîæåò áûòü åäâà çàìåòíà; ó íàáëþäàòåëÿ ñêëàäûâàåòñÿ
âïå÷àòëåíèå, áóäòî ìåæäó ðîòîðàìè èìåþòñÿ íåçðèìûå
ñâÿçè.

Ðèñ. 113.  à) Ìåæäó ðîòîðà-
ìè ñâÿçü îòñóòñòâóåò. á) Ðî-
òîðû óñòàíîâëåíû íà îáùåì
ïîäâèæíîì îñíîâàíèè, íî ñî-
çäà¸òñÿ âïå÷àòëåíèå, áóäòî ðî-
òîðû èìåþò îòíîñèòåëüíî æ¸-
ñòêóþ ìåõàíè÷åñêóþ ñâÿçü
(â). (È.È. Áëåõìàí "Âèáðàöè-
îííàÿ ìåõàíèêà")

Ñàìîñèíõðîíèçàöèÿ íåóðàâíîâåøåííûõ ðîòîðîâ áûëà
îáíàðóæåíà ñëó÷àéíî ïðè èñïûòàíèè âèáðàöèîííîé ìàøè-
íû ñ äâóìÿ ìåõàíè÷åñêèìè âèáðîâîçáóäèòåëÿìè � îòñîåäè-
íèëîñü ïèòàíèå ó îäíîãî èç ýëåêòðîäâèãàòåëåé. Íàëè÷èå
îáðûâà îáíàðóæèëîñü ñïóñòÿ íåñêîëüêî ÷àñîâ, â òå÷åíèå
êîòîðûõ óñòàíîâêà ïðîäîëæàëà íîðìàëüíî ðàáîòàòü.

Åñëè ìû èìååì äâà ðîòîðà ñ èçíà÷àëüíî, íî íåçíà÷è-
òåëüíî ðàçíûìè óãëîâûìè ñêîðîñòÿìè, òî ïðîèñõîäèò óñðåä-
íåíèå óãëîâûõ ñêîðîñòåé çà ñ÷¸ò ïåðåäà÷è íåêîòîðîé ìîù-
íîñòè îò áîëåå áûñòðîãî âîçáóäèòåëÿ ê áîëåå ìåäëåííîìó.

ßâëåíèå ñàìîñèíõðîíèçàöèè áûëî òàêæå âûÿâëåíî è
äëÿ çâóêîâûõ, è äëÿ ýëåêòðîìàãíèòíûõ ãåíåðàòîðîâ. Òàê,
íàïðèìåð, äâå ñëåãêà îòëè÷àþùèåñÿ ïî òîíó îðãàííûå òðó-
áû ñ ðàñïîëîæåííûìè ðÿäîì îòâåðñòèÿìè, íà÷èíàþò çâó-
÷àòü â óíèñîí, ò.å. ïðîèñõîäèò âçàèìíàÿ ñèíõðîíèçàöèÿ
êîëåáàíèé.

Â ìåõàíèêå ÿâëåíèå ñàìîñèíõðîíèçàöèè (çàòÿãèâàíèÿ
÷àñòîò) èçó÷åíî äîñòàòî÷íî õîðîøî, ÷åãî íåëüçÿ ñêàçàòü î
ñâîáîäíî êîëåáëþùèõñÿ â ñðåäàõ îñöèëëÿòîðàõ. Ýòî çàìå-
÷àíèå ñóùåñòâåííî, ïîòîìó êàê óêàçûâàåò íà íåèçó÷åííîñòü
èññëåäóåìûõ íàìè ïðîöåññîâ èç-çà èõ ñëàáîãî âîëíîâîãî
âçàèìîäåéñòâèÿ.
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Íî òàê ëè îáñòîÿò äåëà â ìèêðîìèðå, è îñîáåííî êîãäà
ìû ñòàíåì ïðèáëèæàòüñÿ ê íàèìåíüøèì ýëåìåíòàì âå-
ùåñòâà? Áûòü ìîæåò, â ìèêðîìèðå èíîé ìàñøòàá âçàèìî-
äåéñòâèé? Ïîïðîáóåì ïðîÿñíèòü ñèòóàöèþ íà ïðèìåðå äâóõ
îñöèëëÿòîðîâ ñ äîñòàòî÷íîé ìîùíîñòüþ â ñðåäàõ, èìåþ-
ùèõ ðàçíóþ ïëîòíîñòü.

Ïóñòü íàøè îñöèëëÿòîðû ñëåãêà îòëè÷àþòñÿ ïî ÷àñ-
òîòå è íåçàâèñèìî îò óñëîâèé ãåíåðèðóþò âîëíû ñòðîãî
ôèêñèðîâàííîé àìïëèòóäû. Åñëè ìû ñòàíåì èçìåðÿòü ñòå-
ïåíü èõ âîçäåéñòâèÿ äðóã íà äðóãà â âîçäóõå, òî îáíàðó-
æèì âåñüìà è âåñüìà ñëàáûå ýôôåêòû. Ïîìåñòèâ ýòè æå
îñöèëëÿòîðû â âîäó, ìû îáíàðóæèì óâåëè÷åíèå âîçäåé-
ñòâèÿ. Ýòè æå ýêñïåðèìåíòû â ðòóòè äàäóò íàì îùóòèìîå
çíà÷åíèå âîçäåéñòâèÿ. Çíà÷èò, äåëàåì ìû çàêëþ÷åíèå, ÷åì
âûøå ïëîòíîñòü ñðåäû, òåì ñèëüíåå âëèÿíèå îñöèëëÿòî-
ðîâ äðóã íà äðóãà.

Åñëè ïîñòàâèòü ýêñïåðèìåíò íà ïðåäìåò ïîëó÷åíèÿ
äâèæåíèÿ çà ñ÷¸ò ñäâèãà ôàç, èëè àðèòìèè, òî â óñëîâèÿõ
âîçäóõà ìû âðÿä ëè ïîëó÷èì ñêîëü-íèáóäü îùóòèìûå ðå-
çóëüòàòû, íî ïåðåõîäÿ ê áîëåå ïëîòíûì ñðåäàì, îæèäàå-
ìûå ýôôåêòû ñòàíóò ïðîÿâëÿòü ñåáÿ.

Äî íàñòîÿùåãî ìîìåíòà ìû îáõîäèëè âîïðîñ ñâîéñòâ
ýôèðà ïî òîé ïðè÷èíå, ÷òî àáñîëþòíî íå çíàåì, ñ ÷åì èìå-
åì äåëî. Íî ÿñíî îäíî: ïî îòíîøåíèþ ê îñöèëëÿòîðàì
ýòèõ ñâîéñòâ äîñòàòî÷íî äëÿ ïðåäïîëàãàåìîãî âçàèìîâëè-
ÿíèÿ. ×åì äàëüøå ìû îòõîäèì îò ìèêðîìèðà, òåì ñëàáåå
âçàèìîâëèÿíèå � ýòî ïîäòâåðæäàåòñÿ ñðàâíåíèåì ÿäåðíî-
ãî, àòîìàðíîãî, ìîëåêóëÿðíîãî è ïëàíåòàðíîãî óðîâíåé âçà-
èìîäåéñòâèé.

Íî âåðíåìñÿ ê âîïðîñó, íåïîñðåäñòâåííî êàñàþùåìó-
ñÿ çàòÿãèâàíèÿ ÷àñòîò.

Ðèñ. 114.  ×àñòîòíîå ñîñòîÿ-
íèå òåë äî è ïðè êîíòàêòå.
Ïðè êîíòàêòå èçìåíÿåòñÿ
ñðåäíåå ÷àñòîòíîå ñîñòîÿíèå
îáîèõ òåë.
à) Êîíòàêòà íåò.
á) Çîíà ìàêñèìàëüíî âîçìîæ-
íîãî  êîíòàêòà
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Ìû óòâåðæäàåì, ÷òî â çîíå êîíòàêòà ðàçíûõ ïî ÷àñ-
òîòíîìó ñîñòîÿíèþ òåë âîçíèêàåò òîê âîëíîâîé ýíåðãèè
îò À ê Â. Ýòî ÿâëåíèå îáúÿñíåíî íàìè â ïàðàãðàôå «Ñêî-
ðîñòü òîêà â ïðîâîäàõ» è èìååò ïðÿìîå îòíîøåíèå ê ñïàé-
äåð-ýôôåêòó.

Îïèøåì íåêîòîðûå ñâîéñòâà îáðàçîâàâøåéñÿ ïàðû òåë.

Ðèñ. 115.  Îáðàùàåò
íà ñåáÿ âíèìàíèå ðàç-
íîñòü ïîòåíöèàëîâ,
êîòîðàÿ ôèêñèðóåòñÿ
ñ ïîìîùüþ ìèêðîàì-
ïåðìåòðà. Ýòî ÿâëå-
íèå äîñòàòî÷íî õîðî-
øî èçó÷åíî è øèðîêî
ïðèìåíÿåòñÿ íà ïðàê-
òèêå â ýëåêòðîòåõíè-
êå

Ñëåäóåò çàìåòèòü, ÷òî ñïàéäåð-ýôôåêò â çîíå êîíòàêòà
ïðèñóòñòâóåò íåçàâèñèìî îò òîãî, çàìêíóòà öåïü èëè ðà-
çîìêíóòà. Åñëè öåïü çàìêíóòà, òî âîçíèêøèé ýíåðãåòè-
÷åñêèé ïåðåêîñ óñòðàíÿåòñÿ òîêîì îò Â ê À. Åñëè æå öåïü
ðàçîìêíóòà, òî ïåðåòîê îñóùåñòâëÿåòñÿ ëèáî ÷åðåç îêðó-
æàþùóþ ñðåäó, ëèáî óñòðàíÿåòñÿ óñêîðåííûì äâèæåíè-
åì âïðàâî. Íî íèêòî è íèêîãäà íå íàáëþäàë ñòðåìëåíèÿ
îïèñàííîé ñèñòåìû ê ñàìîäâèæåíèþ. Ïî÷åìó?

Ïðåæäå âñåãî íèêòî íå ñòàâèë ïåðåä ñîáîé òàêîé çàäà-
÷è. Âî-âòîðûõ, ìû íå ïðåäñòàâëÿåì ñåáå ïîêà, êàê áóäóò
âåñòè ñåáÿ ñèñòåìû ñ ðàçíèöåé ÷àñòîò â äâà è áîëåå ðàçà.
Íàì âåäü òåïåðü íåñëîæíî âû÷èñëèòü, ÷òî â ñèñòåìå èç
äâóõ îñöèëëÿòîðîâ îòëè÷èå ÷àñòîò íà 1 Ãö ïðèâîäèò ê
óñêîðåíèþ â 600000 êì/ñ2. Âîò è ïîëó÷àåì ìû âìåñòî
ìåõàíè÷åñêîãî äâèæåíèÿ ñðûâ â èíóþ ôîðìó � â ýëåêòðè-
÷åñêèé òîê. Íî ñ ýòèì âîïðîñîì íàì åù¸ ïðåäñòîèò ðà-
çîáðàòüñÿ.

* * *
Ïðèðîäà, îäíàêî, ïî-ñâîåìó ðåøàåò ýòó ïðîáëåìó. Èìåí-

íî ïîýòîìó ìû îáðàòèëè âíèìàíèå íà âûòàëêèâàþùóþ
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ñèëó Àðõèìåäà. Áûòü ìîæåò ïðè ðàññìîòðåíèè ïðîèñõî-
äÿùåãî íåòðèâèàëüíûì ìåòîäîì íàì õîòü ÷òî-òî óäàñòñÿ
ïîíÿòü, õîòü ÷òî-òî äëÿ ñåáÿ ïðîÿñíèòü? È çäåñü ìû íå
îáîëüùàåìñÿ íà äîñòèæåíèè ñêîðîãî ïîíèìàíèÿ, íî ïî-
ñìîòðèì, êàêèå èçìåíåíèÿ â ÷àñòîòíîì ðàñïðåäåëåíèè âîç-
íèêàþò â ñëó÷àå ïîãðóæåíèÿ òåëà â æèäêîñòü?

Ðèñ. 116.  Óäåëüíûé âåñ ïîãðóæåí-
íîãî â æèäêîñòü íåñæèìàåìîãî òåëà
ìåíüøå óäåëüíîãî âåñà æèäêîñòè
(ρ

î
:ρ

1
:ρ

2
= 0.2 : 0.8 :1.0)

Ìû áóäåì ðàññìàòðèâàòü òîëüêî ãîðèçîíòàëüíûå ïëîñ-
êîñòè ñîïðèêîñíîâåíèÿ ñðåä, à ïîòîìó ïîãðóæåííîå òåëî
íèæíåé ïëîñêîñòüþ èìååò ïðÿìîé êîíòàêò ñ æèäêîñòüþ, à
âåðõíåé � ñ âîçäóõîì. Ó÷èòûâàÿ ÿâëåíèå ñàìîñèíõðîíè-
çàöèè, ïðèâîäÿùåé ê âçàèìíîìó çàòÿãèâàíèþ ÷àñòîò â çîíå
ïðÿìîãî êîíòàêòà ðàçëè÷íûõ âåùåñòâ, ìû óòâåðæäàåì, ÷òî
â ïîãðàíè÷íîì ñëîå êîíòàêòà ñ âîçäóõîì ÷àñòîòû âîçäóõà
è òåëà óñðåäíÿþòñÿ è ñòàíîâÿòñÿ ðàâíûìè. Òî æå ñàìîå
ïðîèñõîäèò è â çîíå êîíòàêòà òåëà ñ æèäêîñòüþ:

(ρ
î
+ρ

1
)/2 = 0.6 ;   (ρ

1
+ρ

2
)/2 = 0.9.

Ïîëó÷åííûå ðåçóëüòàòû óêàçûâàþò íà àðèòìèþ, ïðè-
÷¸ì âîçíèêàþùóþ è â âîçäóõå, è â òåëå, è â æèäêîñòè.
Åñëè ìû, ïîìíÿ î ïðÿìîé çàâèñèìîñòè ìåæäó óäåëüíûì
âåñîì è ÷àñòîòîé, ñòàíåì ðàññìàòðèâàòü ñîîòíîøåíèå ÷à-
ñòîò ïî âåðòèêàëè, òî ïîëó÷èì íèæåñëåäóþùèé ðÿä:

(νo< ν′o) < (ν′1< ν1< ν″1) < (ν″2< ν2)

(p
o
<p

o
′) < (p

1
′<p

1
<p

1
″) < (p

2
″<p

2
) (5.8)

êîíòàêò ñ âîçäóõîì         â òåëå             êîíòàêò ñ âîäîé
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Èíòåðåñíûì çäåñü ÿâëÿåòñÿ òî, ÷òî ñòðåëî÷êè óêàçû-
âàþò íà íàïðàâëåíèå ñàìîäâèæåíèÿ âñåõ òð¸õ êîìïîíåíò:
âîçäóõà, òåëà è æèäêîñòè. Èíà÷å áóäåò âûãëÿäåòü ñîîòíî-
øåíèå ÷àñòîò, åñëè ó òåëà óäåëüíûé âåñ áóäåò áîëüøå, ÷åì
ó æèäêîñòè

(ρ
î
:ρ

1
:ρ

2
=0.2:1.2:1.0)

Ðèñ. 117.  Óäåëüíûé âåñ ó ïî-
ãðóæàåìîãî òåëà âûøå, ÷åì ó
æèäêîñòè

Çàïèøåì âîçíèêàþùåå ñîîòíîøåíèå ÷àñòîò è äàâëåíèé:

(νo< ν′o) < (ν′1< ν1> ν″1) > (ν″2> ν2)

           (ρ
o
<ρ

o
′) < (ρ

1
′ <ρ

1
>ρ

1
″) > (ρ

2
″ >ρ

2
). (5.9)

Ïîëó÷èâ íåîäíîçíà÷íóþ ñèòóàöèþ, ìû ãîâîðèì, ÷òî
ïîâåäåíèå èññëåäóåìîãî òåëà áóäåò çàâèñåòü îò ñóììû ñî-
îòíîøåíèé ÷àñòîò. Â ïðåäûäóùåì ñëó÷àå ñîîòíîøåíèå è
÷àñòîò, è ïëîòíîñòåé îäíîçíà÷íî ïðèâîäèëî ê âûòàëêèâà-
íèþ òåëà.

Êðîìå ýòîãî, ìû íàìåðåííî çàêëþ÷èëè â ñêîáêè ñîîò-
íîøåíèÿ äëÿ êàæäîãî âåùåñòâà � ýòî ïîìîãàåò ïîíÿòü ïî-
âåäåíèå êàæäîãî èç íèõ â îòðûâå îò âñåõ îñòàëüíûõ (ãðà-
äèåíò ïëîòíîñòåé âñåãäà ïðèâîäèò ê äâèæåíèþ). Íî òîãäà
ïîëó÷àåòñÿ, ÷òî êàæäàÿ êîìïîíåíòà ðàññìàòðèâàåìîé ñèñ-
òåìû íàõîäèòñÿ â ñîáñòâåííîì ðåæèìå ñàìîäâèæåíèÿ?!
Èìåííî òàê! Â ïåðâîì ñëó÷àå âåêòîðà ñàìîäâèæåíèé âîç-
äóõà, òåëà è æèäêîñòè íàïðàâëåíû ââåðõ; âî âòîðîì ñëó-
÷àå: äëÿ îáëàñòè âîçäóõà íàä òåëîì � ââåðõ, äëÿ òåëà è
îáëàñòè âîäû ïîä òåëîì � âíèç.

* * *

êîíòàêò ñ âîçäóõîì         â òåëå             êîíòàêò ñ âîäîé
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Òåïåðü, ãîâîðÿ î çàêîíå Àðõèìåäà ñ ïîçèöèè ðèòìîäè-
íàìèêè, íàì ñòàëè ïîíÿòíû ôèçè÷åñêèå ïðîöåññû, ëåæà-
ùèå â åãî îñíîâå. Ìû îãðàíè÷èëèñü ðàññìîòðåíèåì òîëü-
êî äâóõ ñëó÷àåâ, ïîëàãàÿ, ÷òî è ìíîãèå îñòàëüíûå ìîæíî
îïèñàòü ñ ïîìîùüþ ïðåäëîæåííîé ìåòîäèêè. Áîëåå ãëóáî-
êèé àíàëèç ïðîèñõîäÿùåãî ïîìîæåò íàì ïîíÿòü, êàêèì
îáðàçîì ñëåäóåò âîçäåéñòâîâàòü íà òåëî â ñâîáîäíîì ïðî-
ñòðàíñòâå, ÷òîáû ÷åðåç èçìåíåíèå åãî ôàçî÷àñòîòíîãî ñî-
ñòîÿíèÿ ïîëó÷àòü äâèæåíèå.

§ 3.  Ïîâåðõíîñòíûå è îáú¸ìíûå ýôôåêòû

Ïðè ðàññìîòðåíèè ôèçèêè ïðîöåññîâ, ïðèâîäÿùèõ ê
âîçíèêíîâåíèþ ñàìîäâèæåíèÿ (ê âûòàëêèâàþùåé ñèëå
Àðõèìåäà), ìû îáðàòèëè âíèìàíèå, ÷òî îñíîâíàÿ äâèæó-
ùàÿ ñèëà âîçíèêàåò çà ñ÷¸ò ïîâåðõíîñòíûõ ýôôåêòîâ,
íî ïîêà íå ÿñíî, êàê ïðîèñõîäèò òîê ýíåðãèè ïî îáú¸ìó
òåëà. Ìåõàíèçì ïðîèñõîäÿùåãî êðàéíå âàæåí è ìîæåò
áûòü âûÿâëåí ñ ïîìîùüþ ýêñïåðèìåíòîâ. Êàêîâ äîëæåí
áûòü ýêñïåðèìåíò, òðóäíî ïîêà ñêàçàòü, íî ãëàâíîå íà÷àòü,
íå ðàññ÷èòûâàÿ íà ñêîðûé óñïåõ.

Åñëè â ïðîöåññå ýêñïåðèìåíòîâ îêàæåòñÿ, ÷òî ïðèñóò-
ñòâèå æèäêîñòè âëèÿåò íà âåñ âçâåøèâàåìîãî òåëà èëè íà
÷àñòîòó óñòðîéñòâà, íàõîäÿùåãîñÿ âíóòðè âûòàëêèâàåìîãî
òåëà, òî, ïóñòü äàæå íåçíà÷èòåëüíîå, ðàñïðîñòðàíåíèå ñïàé-
äåð-ÿâëåíèÿ íà âåñü îáú¸ì áóäåò äîêàçàíî.

Ðèñ. 118.  Äâà êâàðöåâûõ óñòðîéñòâà, ïðåäâàðèòåëüíî íàñòðîåííûõ íà
îäíó ÷àñòîòó, ïîìåùåíû â ðàçíûå óñëîâèÿ. Èíòåðåñíî, áóäåò ëè èäòè
òîê âíóòðè ñòåêëÿííîãî ñîñóäà ñ ìåäíûìè îáêëàäêàìè?
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Åñëè ðàññìàòðèâàòü óñòðîéñòâà òèïà «êðûëî», äâèæå-
íèå ó êîòîðûõ ïðîèñõîäèò çà ñ÷¸ò ïîâåðõíîñòíûõ ôàçî÷à-
ñòîòíûõ ïðåîáðàçîâàíèé, òî îæèäàåòñÿ, ÷òî ïðè óñêîðåííîì
äâèæåíèè ââåðõ íàõîäÿùèåñÿ âíóòðè ëþäè è ïðèáîðû áó-
äóò èñïûòûâàòü ïåðåãðóçêè. Â ñëó÷àå æå, êîãäà ýòè æå ïðå-
îáðàçîâàíèÿ áóäóò êàñàòüñÿ âñåãî îáú¸ìà àïïàðàòà, à çíà-
÷èò, è íàõîäÿùèõñÿ â í¸ì ëþäåé, òî äàæå ïðè ñàìûõ
íåâåðîÿòíûõ óñêîðåíèÿõ, íàïðèìåð 1000 ì/ñ2, î íàáëþäå-
íèè êàêèõ-ëèáî ýôôåêòîâ, âñåãäà ñâÿçàííûõ ñ óñêîðÿþùèìñÿ
äâèæåíèåì, íå áóäåò èäòè è ðå÷è. Ðàñïðîñòðàíåíèå ýôôåê-
òà íà âåñü îáú¸ì áóäåò îäíîâðåìåííî è â ðàâíîé ñòåïåíè
óñêîðÿòü è òåëî àïïàðàòà, è âñ¸, ÷òî íàõîäèòñÿ ó íåãî âíóò-
ðè. Ýòî îçíà÷àåò, ÷òî íåçàâèñèìî îò óñêîðåíèÿ ðàçãîíÿå-
ìûé îáúåêò áóäåò íàõîäèòüñÿ â ñîñòîÿíèè âíóòðåííåãî ïî-
êîÿ (ñì. Òðåòüå ñîñòîÿíèå ïîêîÿ).

×òî æå íà ïðàêòèêå íåîáõîäèìî äëÿ îáåñïå÷åíèÿ ýòî-
ãî ýôôåêòà? Ìàëîñòü � ðàáîòà íà óðîâíå ÷àñòîò, äëÿ êîòî-
ðûõ òåëî àïïàðàòà ïðàêòè÷åñêè èëè õîòÿ áû ÷àñòè÷íî
«ïðîçðà÷íî». Íî è ïîëíàÿ «ïðîçðà÷íîñòü» òåëà íå îçíà÷à-
åò, ÷òî ìû ñðàçó ñìîæåì äîñòèãàòü òðåáóåìûõ ýôôåêòîâ.
*
  _________________________________________________________

Ðèòìóñ: Ýòî ÷òî æå ïîëó÷àåòñÿ, áîëåå äâóõ òûñÿ÷ ëåò ÷åëîâå÷åñòâî îøè-
áàëîñü? Èëè æå âû äàäèòå îáúÿñíåíèå ñâîåé ïîçèöèè?
Äèíàìèêóñ: Íèêàêîé îøèáêè ÷åëîâå÷åñòâî íå ñîâåðøàëî, ïðîñòî âñ¸
ýòî âðåìÿ îòñóòñòâîâàëî íàïîëíåíèå ïîíÿòèé âûòàëêèâàíèå è ñèëà.
Äîëãîå âðåìÿ ýòè ïîíÿòèÿ ÿâëÿëèñü ñàìî ñîáîé ðàçóìåþùèìèñÿ, ñàìî-
äîñòàòî÷íûìè, íî ñ îòêðûòèåì ñïàéäåð-ýôôåêòà, ò.å. ÷åðåç âèçóàëèçà-
öèþ ðÿäà èíòåðôåðåíöèîííûõ ïðîöåññîâ, ñòàëî âîçìîæíûì ðàñøèðèòü
ïðåäñòàâëåíèå î ïîíÿòèè ñèëà. Ôîðìèðóþùàÿñÿ èñêëþ÷èòåëüíî âîë-
íîâûì ïóò¸ì ñèëà íåïîñðåäñòâåííî ó÷àñòâóåò â ôîðìèðîâàíèè âåêòîð-
íîé äåôîðìàöèè, ïðèâîäÿùåé ê äâèæåíèþ. Â ðåçóëüòàòå ñòàëî âîçìîæ-
íûì ïîíÿòü, ÷òî åñòü äâèæåíèå.
Ðèòìóñ: Íî òîãäà ÷òî åñòü ñïàéäåð-ýôôåêò? Íåóæåëè îí òàê óíèâåðñà-
ëåí, ÷òî ïðèñóòñòâóåò âî âñ¸ì?
Äèíàìèêóñ: Åñëè íàø ìèð ñîñòîèò èç îñöèëëÿòîðîâ è âîëí, òî íåèç-
áåæíîñòü ñïàéäåð-ýôôåêòà î÷åâèäíà ïî ïðè÷èíå îòñóòñòâèÿ ó îñöèë-
ëÿòîðîâ 100% ñèíõðîíèçìà êàê â îòíîøåíèè ÷àñòîò, òàê è â îòíîøå-
íèè ôàç. À ýòî, êàê ìû óæå ïîêàçàëè, âñåãäà ïðèâîäèò ê äåôîðìàöèè
âîëíîâûõ âçàèìîäåéñòâèé. Ñòðåìëåíèå îáðàçîâàâøåéñÿ ñèñòåìû óéòè
îò äåôîðìàöèè è ðîæäàåò äâèæåíèå. Çäåñü ìû èìååì äåëî ñ ÿâëåíè-
åì ñàìîâîçíèêíîâåíèÿ äâèæåíèÿ.
Ðèòìóñ: Íî òîãäà ÷òî åñòü ñèëà? Èëè ýòî ïðåðâàííîå ñàìîäâèæåíèå?
Äèíàìèêóñ: Íå ñîâñåì òàê. Ïðåðâàííîå ñàìîäâèæåíèå, ò.å. èìïóëüñ �
òîæå ñèëà, íî óáûâàþùàÿ âî âðåìåíè èç-çà ïåðåñòðîåíèÿ ôàç. Ñèëà �
ýòî êîãäà ìû èìååì äåëî ñ íåóãàñàþùèì äåéñòâèåì. Äëÿ ýòîãî äîëæ-
íû áûòü: ëèáî ñäâèã ôàç çàìîðîæåí, ëèáî àðèòìèÿ. Ó îáúåêòîâ, ïîïàâ-
øèõ â ïîëå ãðàâèòàöèè, è òî, è äðóãîå èìååò ìåñòî àâòîìàòè÷åñêè.
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Èñïîëüçóåìûå öèâèëèçàöèåé ñïîñîáû ïîëó÷åíèÿ äâè-
æåíèÿ èñ÷åðïàëè ñåáÿ, à ïîòîìó íàñòàëî âðåìÿ èíûõ òåõ-
íè÷åñêèõ ðåøåíèé äëÿ ïåðåìåùåíèÿ â ïðîñòðàíñòâå. Äëÿ
òîãî ÷òîáû ìàêñèìàëüíî áëèçêî ïîäîéòè ê äâèæåíèþ çà
ñ÷¸ò èçìåíåíèÿ ôàçîâîãî ñîîòíîøåíèÿ â ñèñòåìå, íóæíû
ýêñïåðèìåíòû. Íî ÷òîáû ñîçäàâàòü ðåàëüíûå ìîäåëè, íå-
îáõîäèìî òî÷íî çíàòü, ÷òî è êàê â íèõ äîëæíî ïðîèñõî-
äèòü. Âîñïîëüçóåìñÿ àïïàðàòîì ãåîìåòðè÷åñêîãî êîìïü-
þòåðíîãî ìîäåëèðîâàíèÿ äëÿ òîãî, ÷òîáû ïðîèçâåñòè
âèçóàëüíóþ îöåíêó îæèäàåìûõ íà ïðàêòèêå ýôôåêòîâ.

§ 1.  Äâèæåíèå ÷åðåç ôàçîâûé ñäâèã

Ðàññìîòðèì ñèñòåìó èç òðèäöàòè îñöèëëÿòîðîâ. Óñ-
òàíîâèì ìåæäó äâóìÿ áëèæàéøèìè îñöèëëÿòîðàìè ñäâèã
ôàç â 180î, à ðàññòîÿíèå � â ïîëîâèíó äëèíû èçëó÷àåìûõ
èìè âîëí. Òàêîå ñî÷åòàíèå ïàðàìåòðîâ ïîçâîëÿåò íàì îðãà-
íèçîâàòü óäîáíîå äëÿ âèçóàëüíîé îöåíêè èçëó÷åíèå.

Íàñ èíòåðåñóþò ñëåäóþùèå ñèòóàöèè:

1. Ñäâèã ôàç îòñóòñòâóåò:
� ñèñòåìà íåïîäâèæíà (V=0),
� ñèñòåìà äâèæåòñÿ âïðàâî ñî ñêîðîñòüþ V=0.111ñ.

2. Ñäâèã ôàç ðàâåí 20î:
� ñèñòåìà íåïîäâèæíà (V=0),
� ñèñòåìà äâèæåòñÿ âïðàâî ñî ñêîðîñòüþ V=0.111ñ,
� ñèñòåìà äâèæåòñÿ âïðàâî ñî ñêîðîñòüþ V=0.2ñ.

1. Ñäâèã ôàç îòñóòñòâóåò

Ñèñòåìà íåïîäâèæíà.

Îòñóòñòâèå ñêîðîñòè è ñäâèãà ôàç ÿâëÿåòñÿ àòðèáó-
òîì ïåðâîãî ñîñòîÿíèÿ ïîêîÿ ñèñòåìû. Ýòî ñîñòîÿíèå õà-
ðàêòåðèçóåòñÿ ñèììåòðè÷íîñòüþ êàê âíóòðåííåãî, òàê è
âíåøíåãî ïîëÿ èíòåðôåðåíöèè, à òàêæå ñèììåòðè÷íîñòüþ
ðàñïðåäåëåíèÿ èçëó÷àåìîé ñèñòåìîé ýíåðãèè.
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Ðèñ. 119.  Òàê âûãëÿ-
äèò ôîòîãðàôèÿ âîë-
íîâîãî ïîëÿ. Ñèñòåìà
íàõîäèòñÿ â ïåðâîì
ñîñòîÿíèè ïîêîÿ

Ñèììåòðè÷íîå ðàñïðåäåëåíèå ýíåðãèè èçëó÷åíèÿ ÿâ-
ëÿåòñÿ âíåøíåé õàðàêòåðèñòèêîé ñîñòîÿíèÿ ñèñòåìû, íî,
ïðè áîëåå âíèìàòåëüíîì îòíîøåíèè ê ðàñïðåäåëåíèþ ýíåð-
ãèè âíóòðè ñèñòåìû, îáíàðóæèâàþòñÿ ýëåìåíòû äåôîðìà-
öèè, ðàñïðåäåëåíèå êîòîðîé òàêæå ñèììåòðè÷íî.

Ðèñ. 120.  Òàê âûãëÿ-
äèò ðàñïðåäåëåíèå èç-
ëó÷àåìîé ýíåðãèè

Ðèñ. 121.  Ýòîò ñïî-
ñîá îáðàáîòêè èíôîð-
ìàöèè íàçâàí «ãåîäå-
çè÷åñêèì» è ïîçâîëÿ-
åò áîëåå äåòàëüíî, ïî-
ñëîéíî îöåíèâàòü
ýíåðãåòè÷åñêóþ äå-
ôîðìàöèþ â ñèñòåìå
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Ñèñòåìà ïðèíóäèòåëüíî äâèæåòñÿ âïðàâî ñî ñêîðîñòüþ
V=0.111ñ

Ðèñ. 123.  Ïðîèçîø-
ëî ïåðåðàñïðåäåëåíèå
ýíåðãèè èçëó÷åíèÿ ñ
ìàêñèìóìîì âûáðîñà
â íàïðàâëåíèè âåêòî-
ðà ñêîðîñòè. Òàêàÿ
ñèñòåìà áóäåò ñòðå-
ìèòüñÿ âûéòè èç ñî-
ñòîÿíèÿ äèñáàëàíñà, à
ýòî áóäåò ïðèâîäèòü ê
ñàìîòîðìîæåíèþ, ò.å.
ê íåæåëàíèþ ñèñòå-
ìû äâèãàòüñÿ ñ êàêîé-
ëèáî ñêîðîñòüþ, îò-
ëè÷íîé îò V=0.
Çàâîðàæèâàþùåé
ïðåäñòàâëÿåòñÿ êàð-
òèíêà ðàñïðåäåëåíèÿ
ýíåðãèè ïîñëå «ãåîäå-
çè÷åñêîãî» ñïîñîáà
îáðàáîòêè

Ðèñ. 122.  Ôîòîãðàôèÿ
âîëíîâîé êàðòèíêè
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2. Ñäâèã ôàç îðãàíèçîâàí âäîëü îñè õ, ìåæäó ñîñåäíèìè
îñöèëëÿòîðàìè îí ðàâåí 20î, à â öåëîì äëÿ ñèñòåìû �
180î

Ñèñòåìà íåïîäâèæíà (V=0)

Ðèñ. 125.  Ïðîèçîø-
ëî ïåðåðàñïðåäåëåíèå
ýíåðãèè èçëó÷åíèÿ ñ
ìàêñèìóìîì âûáðîñà
âëåâî. Âîçíèêøèé
äèñáàëàíñ ìîæåò áûòü
óñòðàí¸í äâèæåíèåì
ñèñòåìû âïðàâî. Ïî
ñóòè, ìû èìååì ñèñ-
òåìó ñ çàìîðîæåí-
íûì èìïóëüñîì. Äå-
òàëè ïîâåäåíèÿ òàêîé
ñèñòåìû íàìè îïèñà-
íû ðàíåå.
Îáðàùàåò íà ñåáÿ
âíèìàíèå ñõîäñòâî
ïðîèñõîäÿùåãî ñ îïè-
ñàííûì â ïðåäûäó-
ùåé ñèòóàöèè

Äâèæåíèå ñ óñêîðåíèåì

Ðèñ. 124.  Ôîòîãðà-
ôèÿ âîëíîâîé êàðòèí-
êè. Íàëèöî äåôîðìà-
öèÿ âîëíîâîãî ïîëÿ
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Ñèñòåìà äâèæåòñÿ âïðàâî ñî ñêîðîñòüþ V=0.111ñ

Îæèäàåòñÿ, ÷òî èìåííî òàêóþ ñêîðîñòü ïðèîáðåò¸ò ñè-
ñòåìà â ñâî¸ì ñòðåìëåíèè âûéòè èç ñîñòîÿíèÿ âûíóæäåí-
íîé äåôîðìàöèè.

Ðèñ. 127.  Âîññòàíî-
âèëàñü è ñèììåòðèÿ â
ðàñïðåäåëåíèè ýíåð-
ãèè. Òåïåðü ñèñòåìà
èçëó÷àåò îäèíàêîâîå
å¸ êîëè÷åñòâî, à ïîòî-
ìó ó íàñ åñòü îñíîâà-
íèå ãîâîðèòü îá å¸
ïðåáûâàíèè â ñîñòîÿ-
íèè ïîêîÿ. Åñëè íå
îáðàùàòü âíèìàíèÿ
íà íåçíà÷èòåëüíûå
ðàçëè÷èÿ, òî âíåøíå
çàòðóäíèòåëüíî îòëè-
÷èòü ýòó ñèòóàöèþ îò
ñèòóàöèè îòñóòñòâèÿ
äâèæåíèÿ è ñäâèãà
ôàç

Äâèæåíèå ïî èíåðöèè

Ðèñ. 126.  Ó äâèæó-
ùåéñÿ ñèñòåìû âîñ-
ñòàíîâèëàñü ñèììåò-
ðèÿ âîëíîâîãî ïîëÿ
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Ñèñòåìà äâèæåòñÿ âïðàâî ñî ñêîðîñòüþ V=0.2ñ

Çàñòàâëÿÿ ñèñòåìó äâèãàòüñÿ ñ òàêîé ñêîðîñòüþ, ìû
íàðóøàåì ñîîòíîøåíèå ìåæäó ñêîðîñòüþ è ñäâèãîì ôàç
âíîâü âûâîäèì ñèñòåìó èç ñîñòîÿíèÿ ïîêîÿ.

Ðèñ. 129.  Ðàñïðåäå-
ëåíèå ýíåðãèè âíîâü
ñïîñîáñòâóåò òîðìî-
æåíèþ ñèñòåìû. Îá-
ðàùàåò âíèìàíèå âíå-
øíÿÿ è ôèçè÷åñêàÿ
ñõîæåñòü ïðîèñõîäÿ-
ùåãî ñ ðàíåå ðàññìîò-
ðåííûìè ñëó÷àÿìè.
Âûÿâëÿþòñÿ îáùèå
çàêîíîìåðíîñòè

Ðàêåòà ðàçâåðíóëàñü è
òîðìîçèò äâèæåíèå

Ðèñ. 128.  Óâåëè÷åíèå
ñêîðîñòè âíîâü ïðè-
âîäèò ê äåôîðìàöèè
âîëíîâîãî ïîëÿ
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Ìîæíî óâåðåííî ãîâîðèòü, ÷òî êàæäîìó ñîñòîÿíèþ
âíóòðåííåãî ïîêîÿ ñîîòâåòñòâóþò âïîëíå êîíêðåòíûå ñäâèã
ôàç è ñêîðîñòü. Íà èçìåíåíèå ñäâèãà ôàç ñèñòåìà ðåàãè-
ðóåò èçìåíåíèåì ñêîðîñòè, à íà èçìåíåíèå ñêîðîñòè ñèñ-
òåìà ðåàãèðóåò ñäâèãîì ôàç. Â ïðèðîäå ýòà âçàèìîçàâèñè-
ìîñòü ÿâëÿåòñÿ ñâîéñòâîì, íà èçìåíåíèå êîòîðîãî òðåáóåòñÿ
çàòðàòà ýíåðãèè. Åñëè ìû èçìåíÿåì ñêîðîñòü ñèñòåìû èç-
âíå, òî òåïåðü ïîíèìàåì, ÷òî ýíåðãèÿ äåéñòâèÿ íåîáõîäèìà
íà èçìåíåíèå ñîñòîÿíèÿ ôàç îñöèëëÿòîðîâ. Åñëè ìû ïî-
ïûòàåìñÿ èçìåíèòü ñîîòíîøåíèå ôàç èçíóòðè ñèñòåìû, òî
äëÿ àíàëîãè÷íîãî èçìåíåíèÿ ñêîðîñòè îáÿçàíû áóäåì çàò-
ðàòèòü èäåíòè÷íîå êîëè÷åñòâî ýíåðãèè.

Îáðàùàåò íà ñåáÿ âíèìàíèå âíåøíÿÿ ñõîæåñòü ðàñïðå-
äåëåíèÿ ýíåðãèè, ïðîèñõîäÿùåãî â ðåàëüíûõ àïïàðàòàõ, èñ-
ïîëüçóþùèõ ðåàêòèâíûé ïðèíöèï ïåðåäâèæåíèÿ. Íå ìå-
íåå óäèâèòåëüíîå ñõîäñòâî è ñ ëåòàþùèìè ñóùåñòâàìè.

Ðèñ. 130.  V=0. Ñèñòåìà óäåðæèâàåòñÿ. Ñäâèã ôàç îïðåäåëÿåò ôîðìó
ðàñïðåäåëåíèÿ ýíåðãèè è ïðåäðàñïîëàãàåò ñèñòåìó ê äâèæåíèþ âïðàâî
ñî ñêîðîñòüþ V≈ 0.6ñ

Íå îçíà÷àåò ëè îáíàðóæåííîå ñõîäñòâî, ÷òî äëÿ ïîëó-
÷åíèÿ äâèæåíèÿ îðãàíèçìû äàâíî óæå ïîëüçóþòñÿ ôàçî-
âûìè ïðåîáðàçîâàíèÿìè, íî ìû ïîêà åù¸ íå çíàåì îá ýòîì?
Îñìåëþñü âîçðàçèòü: òåïåðü óæå çíàåì!

È õîòÿ ñëîæíîñòåé íà ýêñïåðèìåíòàëüíîì ïîïðèùå
áóäåò ó íàñ åù¸ ìíîãî, ìû íå áîÿñü ìîæåì ãîâîðèòü î ãî-
òîâíîñòè ê ïðîâåäåíèþ ýêñïåðèìåíòîâ. È õîòÿ ýòîò ïðè-
êëàäíîé àñïåêò ÿâëÿåòñÿ äëÿ íàñ ïåðâîñòåïåííûì, íå áó-
äåì ñïåøèòü è âíà÷àëå ðàññìîòðèì âîïðîñ î ñïîñîáàõ
ïîëó÷åíèÿ ñàìîäâèæåíèÿ.
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§ 2.  Óñêîðåííîå ñàìîäâèæåíèå è ñïàéäåð-ýôôåêò

Åñëè ÷åðåç èçìåíåíèå ñîîòíîøåíèÿ ôàç ìû çàñòàâëÿ-
åì ñèñòåìó äâèãàòüñÿ ñ êîíêðåòíîé ïîñòîÿííîé ñêîðîñ-
òüþ, òî ÷åðåç èçìåíåíèå ñîîòíîøåíèÿ ÷àñòîò ðåàëèçóåòñÿ
äâèæåíèå ñ ïîñòîÿííûì óñêîðåíèåì.

Ðèñ. 131.  Ñïàéäåð-
ýôôåêò îò ñèñòåìû ñî
ìíîæåñòâîì îñöèë-
ëÿòîðîâ

Èìåííî òàêîé òèï ñàìîäâèæåíèÿ ÿâëÿåòñÿ èñòî÷íè-
êîì ïîíÿòèÿ ñèëà, à íàì¸ê íà ïðîèñõîäÿùåå ïî ñöåíàðèþ
ñïàéäåð-ýôôåêòà ìû ìîæåì íàéòè â áðîóíîâñêîì äâè-
æåíèè. Âðÿä ëè àòîì êèñëîðîäà è äâà àòîìà âîäîðîäà ìîãóò
ñîçäàòü ïîëíîñòüþ ñêîìïåíñèðîâàííóþ ñèñòåìó � âåðîÿò-
íîñòü ýòîãî êðàéíå ìàëà. Âîò è ïîëó÷àåòñÿ, ÷òî ìû èìååì
äåëî ñ íåóãàñàþùèì äâèæåíèåì ìîëåêóë.

Ðàññóæäàÿ íàä âîïðîñîì ðóêîòâîðíîãî ñîçäàíèÿ ñèñ-
òåì, ñïîñîáíûõ åñòåñòâåííûì îáðàçîì ñàìîäâèãàòüñÿ ñ óñ-
êîðåíèåì, óäàëîñü ïðèéòè ê çàêëþ÷åíèþ: òàêèå ñèñòåìû
� äåëî íåäàë¸êîãî áóäóùåãî. Íî ïðåæäå íåîáõîäèìî îñâî-
èòü ñïîñîáû ïåðåäâèæåíèÿ çà ñ÷¸ò ñäâèãà ôàç.

§ 3.  Ñïîñîáû ïåðåäâèæåíèÿ (ñåðôèíã-ýôôåêò)

Ñîâðåìåííûì òåõíîëîãèÿì óæå â íàñòîÿùåå âðåìÿ
äîñòóïíî ïîëó÷åíèå äâèæåíèÿ çà ñ÷¸ò ôàçîâûõ ïðåîáðàçî-
âàíèé ñèñòåìû. Ïî ñóòè, òàêèå ñèñòåìû óæå ñîçäàíû è
çàïàòåíòîâàíû, íî íèêòî íå ñòàâèë çàäà÷ó èñïîëüçîâàíèÿ
èõ â êà÷åñòâå äâèæèòåëåé. Ðàññìîòðèì øèðîêî èñïîëü-
çóåìûé â ðàäèîïåðåäàþùåé òåõíèêå ñïîñîá ïîëó÷åíèÿ íà-
ïðàâëåííîãî ñèãíàëà çà ñ÷¸ò ïîäáîðà ôàçîâûõ ñîîòíîøå-
íèé ìåæäó íåñêîëüêèìè èçëó÷àþùèìè âèáðàòîðàìè.
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Ðèñ. 132.  Ðàññòîÿíèå ìåæäó âèáðàòîðàìè ðàâíî ïîëîâèíå äëèíû âîë-
íû. Ñäâèã ôàç ìåæäó áëèæàéøèìè âèáðàòîðàìè ðàâåí ∆ϕ. Òàêàÿ ñèñòå-
ìà áóäåò èìåòü èìïóëüñ íàïðàâëåííûé âïðàâî

Ìû íå ìîæåì íàäåÿòüñÿ ñðàçó îò òàêîé ïðîñòîé ñèñ-
òåìû ïîëó÷èòü îùóòèìîå äâèæåíèå, íî ïî ìåðå óâåëè÷å-
íèÿ ÷àñòîòû è êîëè÷åñòâà âèáðàòîðîâ äâèæåíèå ñòàíåò çà-
ìåòíûì.

Ñïîñîá äâèæåíèÿ òàêîé ñèñòåìû ìîæíî ñðàâíèòü ñ
ñåðôèíã-ýôôåêòîì, íî îñîáåííîñòü ñîñòîèò â òîì, ÷òî âèá-
ðàòîðû ñàìè ñîçäàþò ñòîÿ÷óþ âîëíó ñî ñìåù¸ííûìè â íà-
ïðàâëåíèè äâèæåíèÿ óçëàìè, à ïî ýòîé ïðè÷èíå îíè æå
ñàìè (âèáðàòîðû) êàê áû ñêàòûâàþòñÿ â ñìåñòèâøèåñÿ
óçëû ñîáñòâåííîé ñòîÿ÷åé âîëíû.

Ðèñ. 133.   Ñåðôèíã-ýôôåêò
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Åñëè âîïðîñ ñ äâèæèòåëÿìè òèïà àíòåííà ìîæíî ñ÷è-
òàòü ðåø¸ííûì, òî äâèæåíèå êîíêðåòíûõ âåùåñòâåííûõ
îáúåêòîâ ïîêà ïðîáëåìàòè÷íî. Íî îáðàùàåò íà ñåáÿ âíè-
ìàíèå óëüòðàçâóê ñâåðõâûñîêîé ÷àñòîòû. Äëèíà âîëíû òà-
êîãî óëüòðàçâóêà ìîæåò áûòü ñîïîñòàâèìà ñ ðàññòîÿíèåì
ìåæäó àòîìàìè, à ïîòîìó âñåãäà åñòü âîçìîæíîñòü ñîçäàòü
âíóòðè òåëà òàêîå èíòåðôåðåíöèîííîå ïîëå, â êîòîðîì àòî-
ìû îêàæóòñÿ â óçëàõ óëüòðàçâóêîâîãî ïîëÿ. Ïî ýòîé ïðè-
÷èíå äàæå íåçíà÷èòåëüíûé ôàçîâûé ñäâèã ìîæåò çàñòà-
âèòü àòîìû äðóæíî äâèãàòüñÿ â íàïðàâëåíèè ñìåñòèâøèõñÿ
óçëîâ. Ïîëó÷åíèå äâèæóùåé ñèëû òàêèì íåîáû÷íûì ñïî-
ñîáîì áóäåò êàçàòüñÿ ÷óäîì äëÿ íàáëþäàòåëÿ, íî è ñàìî-
ë¸òû êîãäà-òî êàçàëèñü ÷óäîì, è êîìïüþòåðû...

Åñëè îøèáêè íåò, òî ñ ïîÿâëåíèåì íàñòîÿùåé ðàáîòû
öèâèëèçàöèÿ ñäåëàåò ïåðâûé øàã â ýðó ñïàéäåð-òåõíîëî-
ãèé. À ýòî ìîæåò îçíà÷àòü, ÷òî òðåòüå òûñÿ÷åëåòèå áóäåò
âðåìåíåì îñâîåíèÿ ëåòàòåëüíûõ àïïàðàòîâ òèïà ëåòàþ-
ùèõ òàðåëîê.

§ 4.  Ñïîñîáû ñîçäàíèÿ âåêòîðíîé äåôîðìàöèè

Ôàêò ñóùåñòâîâàíèÿ ëåòàòåëüíûõ àïïàðàòîâ òèïà ÍËÎ
óêàçûâàåò íà íàëè÷èå â ïðèðîäå ñïîñîáîâ èñêóññòâåííîãî
ñîçäàíèÿ âåêòîðíîé äåôîðìàöèè èçíóòðè ñèñòåìû. Â ýòîì
ñìûñëå ñîçäàíèå àíàëîãè÷íûõ ëåòàòåëüíûõ àïïàðàòîâ ñâî-
äèòñÿ ê ðåøåíèþ çàäà÷è ïîëó÷åíèÿ âåêòîðà äåôîðìàöèè
ñèñòåìû ñ ïîìîùüþ ìåõàíî-ýëåêòðî-àêóñòè÷åñêîãî ñïîñîáà.

Ìû ðàññìîòðèì âîïðîñ íàëîæåíèÿ àêóñòè÷åñêîé ñòî-
ÿ÷åé âîëíû íà àòîìàðíóþ êðèñòàëëè÷åñêóþ ðåø¸òêó æ¸-
ñòêîãî ñòåðæíÿ äëÿ òîãî ÷òîáû ïîíÿòü åãî ðåàêöèþ, ïî
êðàéíåé ìåðå íà èçìåíåíèå ñîñòîÿíèÿ ôàç àêóñòè÷åñêèõ
èñòî÷íèêîâ.

Ðèñ. 134.
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Ðèñ. 135.  Óçëû è ïó÷íîñòè ýëåêòðîìàãíèòíîé è àêóñòè÷åñêîé ñòîÿ÷èõ
âîëí ñîâïàäàþò

Äîïóñòèì, ÷òî àêóñòè÷åñêàÿ ñòîÿ÷àÿ âîëíà â òî÷íîñòè
ñîâïàäàåò ñî ñòîÿ÷åé âîëíîé êðèñòàëëè÷åñêîé ðåø¸òêè.
Äîïóñòèì, ÷òî àòîìû â òî÷íîñòè íàõîäÿòñÿ â óçëàõ àêóñ-
òè÷åñêîé ñòîÿ÷åé âîëíû. Íåîáõîäèìî ðåøèòü âîïðîñ ïî-
âåäåíèÿ àòîìîâ, åñëè ìåæäó èçëó÷àòåëÿìè 1 è 2 ïîÿâèòñÿ
ñäâèã ôàç (∆ϕ).

Ðèñ. 136.  Êàê îòðåàãèðóåò ñèñòåìà íà ñèòóàöèþ? Äâèæåíèåì?

Ïðåäïîëàãàåòñÿ, ÷òî ñìåùåíèå óçëîâ àêóñòè÷åñêîé ñòî-
ÿ÷åé âîëíû âûâåäåò ñèñòåìó èç ðàâíîâåñèÿ áëàãîäàðÿ ïî-
ÿâëåíèþ âåêòîðíîé äåôîðìàöèè, è îíà, ñèñòåìà, ñòàíåò ñà-
ìîäâèãàòüñÿ â íàäåæäå âíîâü îáðåñòè ñîñòîÿíèå ïîêîÿ, ò.å.
áóäåò ñòðåìèòüñÿ ðàçäåôîðìèðîâàòüñÿ. Òðóäíî ïîêà ñêà-
çàòü, òàê ëè îòðåàãèðóåò ñèñòåìà íà èçìåíåíèå ñîîòíîøå-
íèÿ ôàç íî òî, ÷òî ðåàêöèÿ íåçàìåäëèòåëüíî ïîñëåäóåò, ñî-
ìíåíèé íåò. Äëÿ òîãî ÷òîáû îòâåòèòü íà âîçíèêøèé âîïðîñ,
íåîáõîäèìû òîíêèå äîðîãîñòîÿùèå ýêñïåðèìåíòû ñ ïðè-
âëå÷åíèåì ñåðü¸çíûõ ñïåöèàëèñòîâ â îáëàñòè óëüòðàçâó-
êà ñâåðõâûñîêèõ ÷àñòîò.

Êðîìå îïèñàííîãî ñïîñîáà ïîëó÷åíèÿ âåêòîðíîé äå-
ôîðìàöèè, ñóùåñòâóþò è èíûå, íî ýòî óæå ñïåöèàëüíàÿ òåìà
äëÿ èññëåäîâàíèé.
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§ 5.  Ñïàéäåð-äâèæèòåëü

Ìûñëü î ñïàéäåð-äâèæèòåëå ïîÿâèëàñü îäíîâðåìåííî
ñ îòêðûòèåì îäíîèì¸ííîãî ýôôåêòà. Ïåðâîíà÷àëüíàÿ èäåÿ
ñâîäèëàñü ê ñîçäàíèþ ñëî¸íîãî ïèðîãà èç åäâà îòëè÷àþ-
ùèõñÿ ïî ÷àñòîòàì âåùåñòâ, íî âïîñëåäñòâèè âûÿñíèëèñü
òåõíîëîãè÷åñêèå òðóäíîñòè â ñîçäàíèè òàêîãî ìàòåðèàëà.
Ñàìà ïî ñåáå èäåÿ âûãëÿäåëà î÷åíü êðàñèâî. Ïðåäñòàâüòå
ñåáå óñòðîéñòâî, ïîäîáíîå êíèãå, ãäå âìåñòî ñòðàíè÷åê íà-
õîäÿòñÿ ìèëëèîíû ñëî¸â ðàçëè÷íûõ ïî ÷àñòîòå âåùåñòâ.
Åñëè «êíèãà» ðàñêðûòà, òî äâèæóùèå ñèëû, âîçíèêàþùèå
â ðåçóëüòàòå ïîñëîéíîãî òîêà ýíåðãèé, íà÷èíàþò òÿíóòü.
Íî ñòîèò «êíèãó» çàêðûòü, ñèëû êîìïåíñèðóþò äðóã äðóãà
è óñòðîéñòâî, íå ïðîÿâëÿÿ íèêàêîé àêòèâíîñòè, ñòàíîâèò-
ñÿ îáû÷íûì òåëîì.

Ðèñ. 137.  Âîçìîæíî â áóäóùåì òàêèìè óñòðîéñòâàìè áóäóò îñíàùåíû
âñå ñðåäñòâà ïåðåäâèæåíèÿ. Äàííàÿ ñõåìà ÿâëÿåòñÿ ïðèíöèïèàëüíîé è
ñêîðåå âñåãî ïîñëóæèò ñòóïåíüêîé íà ïóòè ê îñâîåíèþ íîâûõ áåççàò-
ðàòíûõ ñïîñîáîâ ïîëó÷åíèÿ äâèæóùåé ñèëû

§ 6.  Â ÷¸ì ñåêðåò ðåàêòèâíîãî äâèæåíèÿ?

Ïîïðîáóéòå ñêàçàòü ñïåöèàëèñòó, ÷òî ðåàêòèâíàÿ ñèëà,
äâèæóùàÿ ëåòàòåëüíûé àïïàðàò, èìååò öåíòðîáåæíóþ ïðè-
ðîäó � è âû ïî÷óâñòâóåòå âñþ ñëîæíîñòü ñèòóàöèè. ß íå
åäèíîæäû âèäåë íåäîóìåíèå íà ëèöàõ òåîðåòèêîâ, êîãäà
çàÿâëÿë îá ýòîì, òåì íå ìåíåå ìû, ÷òîáû ðàçîáðàòüñÿ â
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ýòîì âîïðîñå, îñòàíîâèìñÿ íà í¸ì. Ýòî íåîáõîäèìî íàì
äëÿ òîãî, ÷òîáû óáåäèòüñÿ â ïîâåðõíîñòíîñòè íàøèõ çíà-
íèé äàæå â êàæóùèõñÿ îñâîåííûìè âîïðîñàõ.

Ðèñ. 138.  Êëàññè÷åñ-
êèé è èçìåí¸ííûé ðå-
àêòèâíûå äâèãàòåëè

Ñ÷èòàåòñÿ, ÷òî äâèæóùàÿ ñèëà âîçíèêàåò çà ñ÷¸ò âûá-
ðîñà âåùåñòâà. Äëÿ òîãî ÷òîáû îïðåäåëèòü ñèëó, íåîáõîäè-
ìî çíàòü ñêîðîñòü âûáðàñûâàåìîãî âåùåñòâà è åãî ìàññó
(p=mV).

Ýòî îçíà÷àåò, ÷òî íàì íåò äåëà äî òîãî, ÷òî ïðîèñõîäèò
âíóòðè, ãëàâíîå ÷òîáû ÷òî-òî âûëåòàëî ñ íåêîòîðîé ñêîðî-
ñòüþ. Íî ìû õîòèì ðàçîáðàòüñÿ â ñóòè ïðîèñõîäÿùåãî,
ïîýòîìó ìûñëåííî èçìåíèì êëàññè÷åñêèé äâèãàòåëü, â êî-
òîðîì ãîðþ÷óþ ñìåñü çàìåíèì íà äâà ìàññèâíûõ øàðà.

Ðèñ. 139.  Ìîäåðíèçè-
ðîâàííûé äâèãàòåëü â
ðàçðåçå. Íà êàæäîì
èç ïîâîðîòîâ øàðû èç-
ìåíÿþò ñâî¸ ôàçîâîå
ñîñòîÿíèå. Ñóììà öåí-
òðîáåæíûõ ñèë â óñò-
ðîéñòâå èìååò âåêòîð
íàïðàâëåííîñòè
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Ïåðåææ¸ì íèòü äëÿ òîãî, ÷òîáû ïðóæèíà ðàñòîëêíó-
ëà øàðû â ïðîòèâîïîëîæíûå ñòîðîíû.

Ïîêà øàðû êàòÿòñÿ ïî ïðÿìîëèíåéíûì ó÷àñòêàì, íè-
êàêèõ äåéñòâèé ñ èõ ñòîðîíû íå íàáëþäàåòñÿ, íî î÷åðåä-
íûå ïîâîðîòû, à òî÷íåå öåíòðîáåæíûå ñèëû, âîçíèêàþùèå
ïðè èõ ïðîõîæäåíèè, çàñòàâëÿþò êîðïóñ äâèãàòåëÿ ðåàãè-
ðîâàòü. È çäåñü ñòðåëêàìè ìû óêàçàëè íàïðàâëåíèå äåé-
ñòâèÿ ñèë.

Íî øàðû ïðîäîëæàþò ñâî¸ äâèæåíèå è, ïðîéäÿ ïîñëå-
äíèå ïîâîðîòû, îòäåëÿþòñÿ îò ñèñòåìû ñî ñêîðîñòüþ V.
Ïîñëåäíèé ïîâîðîò ïðåäñòàâëÿåò äëÿ íàñ îñîáûé èíòåðåñ,
ïîòîìó êàê èìåííî íà í¸ì ïîÿâëÿåòñÿ ñäâèã ôàç, êîòîðûé
îêàçûâàåòñÿ íè÷åì íåñêîìïåíñèðîâàííûì:

F=mc∆ϕ 2/πR (6.1)

Òàêèì îáðàçîì, äâèæåíèå øàðîâ ïî ðàäèóñó ðîæäàåò
öåíòðîáåæíóþ ñèëó, íàïðàâëåíèå äåéñòâèÿ êîòîðîé, â ðàñ-
ñìàòðèâàåìîì ñëó÷àå, ñïîñîáñòâóåò äâèæåíèþ âïåð¸ä. Åñëè
áû ìû íå çíàëè óñòðîéñòâà ìîäåðíèçèðîâàííîãî äâèãàòå-
ëÿ, òî ñêîðåå âñåãî òàê è íå ñìîãëè áû ïîíÿòü ôàçîâîãî
õàðàêòåðà ñèëû, êîòîðóþ ïðèíÿòî ñ÷èòàòü ðåàêòèâíîé. Âåäü
èìåííî íà ïîâîðîòàõ øàðû èçìåíÿþò ñâî¸ ôàçîâîå ñîñòîÿ-
íèå, è ýòî íå ñëîæíî ïîêàçàòü.

Ðèñ. 140.  Êàæäûé
ðàç èçìåíåíèå ñîîòíî-
øåíèÿ ôàç ó ïðîòîäè-
ïîëÿ ïðîèñõîäèò íà
ïîâîðîòå. Ïðè ïîâî-
ðîòå ìåíÿåòñÿ ðàäèóñ
äâèæåíèÿ îñöèëëÿòî-
ðîâ. Èìåííî íà ïîâî-
ðîòå ïðîèñõîäèò äå-
ôîðìàöèÿ ïîëÿ èí-
òåðôåðåíöèè, êîòîðàÿ
ÿâëÿåòñÿ ïðè÷èíîé
ïîÿâëåíèÿ âåêòîðíîé
äåôîðìàöèè â ãàçå

Àíàëîãè÷íîå ïðîèñõîäèò è ñî ñãîðàþùèì ãàçîì. Åñëè
ìû â ìîäåðíèçèðîâàííîì âàðèàíòå çàìåíèì øàðû íà ãàç,
òî íå ñìîæåì îòðèöàòü, ÷òî èìåííî íà ïîâîðîòàõ ïðîèñõî-
äèò ðîæäåíèå äâèæóùåé ñèëû. Ðàññìîòðåíèå ïðîèñõîäÿ-
ùåãî èíòåðôåðîìåòðè÷åñêèì ñïîñîáîì ïîêàçûâàåò, ÷òî ïðè
ïîâîðîòå ïðîèñõîäèò ñïîëçàíèå èíòåðôåðåíöèîííûõ ëè-

→
→

→

→
→ →
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íèé ïî ðàäèóñó îò öåíòðà ïîâîðîòà. ßâëåíèå ñïîëçàíèÿ
îòîæäåñòâëÿåòñÿ ñ öåíòðîáåæíîé ñèëîé.

Ðèñ. 141.  Ìîæåò îêà-
çàòüñÿ, ÷òî öåíòðî-
áåæíàÿ ñèëà çàâèñèò
îò ñïîñîáà ïðîõîæäå-
íèÿ ïîâîðîòà

Òàêèì îáðàçîì, ñ ïîìîùüþ ýëåìåíòàðíîé, íî ðàâíî-
öåííîé çàìåíû, ìû ïîêàçàëè öåíòðîáåæíóþ (èíòåðôåðåí-
öèîííóþ) ïðèðîäó ðåàêòèâíîãî äâèæåíèÿ, à òàêæå óêà-
çàëè êîíêðåòíîå ìåñòî â óñòðîéñòâå, ãäå ïðîèñõîäèò
ðîæäåíèå ñèëû.

Ýêñïåðèìåíòû ñ ìÿãêèìè øëàíãàìè òàêæå ïîêàçàëè,
÷òî äâèæóùàÿ ñèëà âîçíèêàåò íå íà âûõîäå æèäêîñòè èç
øëàíãà, à íà ïîñëåäíåì íåñêîìïåíñèðîâàííîì ïîâîðîòå.

§ 7.  Ïîäú¸ìíàÿ ñèëà êðûëà

Ñàìîë¸òîâ íå áûëî, à çàêîí áûë. Ìû íå çíàëè
î çàêîíå, à êîãäà óçíàëè � ïîñòðîèëè ñàìîë¸ò.
Òàê è â îòíîøåíèè ëåòàþùèõ òàðåëîê. Åñòü
òàêîé çàêîí, îí ïîñòîÿííî ðàáîòàåò, ìû ïîëüçó-
åìñÿ èì êàæäûé äåíü, íî ïîêà î í¸ì íè÷åãî íå
çíàåì.

Í. Èâàíîâà

Êðûëî � ýòî, ïîæàëóé, òà óíèêàëüíàÿ êîíôèãóðàöèÿ,
ñðåç êîòîðîé áëèæå âñåõ ñòîèò ê ôîðìàì ëåòàòåëüíûõ àï-
ïàðàòîâ ïðèøåëüöåâ. Èìåííî êðûëî âûáðàëà ïðèðîäà, à
ïîòîìó ìû ñ âîñõèùåíèåì íàáëþäàåì çà ïîë¸òîì ïòèö.

Â àýðîäèíàìèêå ïðèíÿòî ñ÷èòàòü, ÷òî ïîäú¸ìíàÿ ñèëà
â êðûëå âîçíèêàåò çà ñ÷¸ò ðàçíèöû äàâëåíèé, êîòîðàÿ, â
ñâîþ î÷åðåäü, âîçíèêàåò èç-çà ðàçíîé ñêîðîñòè ïîòîêà íàä
è ïîä êðûëîì. Äëÿ ðåøåíèÿ ìíîãèõ çàäà÷ òàêîé ïîäõîä
âïîëíå ïðèåìëåì, íî ïî áîëüøîìó ñ÷¸òó îí íå ðàñêðûâàåò
ñóòè ïðîèñõîäÿùåãî.
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Åñëè ìû ñíèçîéä¸ì äî ìîëåêóëÿðíîãî óðîâíÿ è âíèê-
íåì â ïîãðàíè÷íûå ïðîöåññû, òî ïîéì¸ì, ÷òî ðàçíèöà äàâ-
ëåíèé íèêàêîãî îòíîøåíèÿ ê ïîäú¸ìíîé ñèëå íå èìååò.

Íî òîãäà êàê áûòü, êàê îáúÿñíèòü ïðîèñõîäÿùåå? Äëÿ
òîãî ÷òîáû ñäåëàòü ýòî ïðîôåññèîíàëüíî, íåîáõîäèìî ïî-
íÿòü âíóòðåííþþ ñóòü ïîâåðõíîñòíûõ âçàèìîäåéñòâèé è
îïèñàòü å¸ ïî âñåì ïðàâèëàì. Ýòà öåëü íå ïðåñëåäóåòñÿ â
äàííîé ãëàâå, íî, èñõîäÿ èç óæå ñäåëàííîãî, ìîæíî óòâåð-
æäàòü, ÷òî ðàçíîìó ñîñòîÿíèþ âåùåñòâà, êàê âïðî÷åì è
ðàçíûì âåùåñòâàì, ñîîòâåòñòâóåò ðàçíàÿ ÷àñòîòà. Åñëè
ðàçíûå ïî ÷àñòîòå âåùåñòâà âñòóïàþò â ïîâåðõíîñòíûé
êîíòàêò, òî âîçíèêàåò ôóíäàìåíòàëüíîå äëÿ ýòèõ ñèòóà-
öèé ÿâëåíèå � ñàìîñèíõðîíèçàöèÿ, èëè, ÷òî òî æå ñàìîå,
çàòÿãèâàíèå ÷àñòîò.

Ðèñ. 142.  Ðàçðåç êðûëà ñàìîë¸òà. Ìåæäó äâè-
æóùèìñÿ âîçäóõîì è ïîâåðõíîñòüþ êðûëà èìå-
åò ìåñòî èíòåðôåðåíöèÿ. Ðàçëè÷èå ïðîöåññîâ èí-
òåðôåðåíöèè â íèæíåé è âåðõíåé çîíàõ êîíòàê-
òà êðûëà ñî ñðåäîé ïðèâîäÿò ê ïîÿâëåíèþ âåê-
òîðíîé äåôîðìàöèè, íàçûâàåìîé � ïîäú¸ìíàÿ
ñèëà

Åñëè äîïóñòèòü, ÷òî íà ïîâåðõíîñòíîì óðîâíå êðûëà
äâèæóùèéñÿ ïîòîê èçìåíÿåò ôàçîâîå ñîñòîÿíèå íàïîëíÿ-
þùèõ êðûëî àòîìîâ, òî çàâèñèìîñòü ôàçîâîãî ñäâèãà îò
ñêîðîñòè ïîòîêà ïðåäñòàâëÿåòñÿ ëîãè÷íûì óòâåðæäåíè-
åì. Íî ðàç ñêîðîñòü ïîòîêà íàä êðûëîì âûøå, ÷åì ïîä
êðûëîì, çíà÷èò, è ñäâèã ôàç ìåæäó ïëîñêîñòÿìè êðûëà
áóäåò ðàçëè÷åí. Óñëîâèÿ ðàçëè÷íûå � ïîÿâëÿåòñÿ ýôôåêò!

Ìû óæå ðàññìîòðåëè âëèÿíèå ôàçîâîãî íåñîîòâåòñòâèÿ
íà ñêîðîñòü, à ïîòîìó óòâåðæäàåì, ÷òî íàèáîëåå âåðîÿòíîé
ïðè÷èíîé ïîäú¸ìíîé ñèëû êðûëà ÿâëÿåòñÿ åãî ñàìîäâè-
æåíèå çà ñ÷¸ò ïîÿâëåíèÿ ñäâèãà ôàç.

Äðóãîé ïðè÷èíîé ìîæåò îêàçàòüñÿ íåñîîòâåòñòâèå ÷à-
ñòîò, íî ìû óéä¸ì çäåñü îò ïîëåìèêè, ïîòîìó êàê îäíî-
çíà÷íûé îòâåò ìîæåò áûòü äàí òîëüêî ïîñëå ïðîâåäåíèÿ
ñåðü¸çíûõ ëàáîðàòîðíûõ èññëåäîâàíèé.
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Â ôèçèêå ýëåìåíòàðíûõ ÷àñòèö ñóùåñòâóåò ìàññà ïðî-
áëåì, îäíà èç íèõ: ïî÷åìó ñòàáèëüíûå ýëåìåíòàðíûå ÷àñ-
òèöû èçëó÷àþò òîëüêî ïðè ïåðåõîäå ñ îäíîãî ýíåðãåòè÷åñ-
êîãî óðîâíÿ íà äðóãîé? Åñëè íàì óäàñòñÿ ïîíÿòü
ïðè÷èííûé ìåõàíèçì îòñóòñòâèÿ èçëó÷åíèÿ ó òàêèõ ÷àñ-
òèö, òî ñâåðøèòñÿ îäíà èç ìíîãî÷èñëåííûõ ðåâîëþöèé â
íàøåì ïðåäñòàâëåíèè î ôèçè÷åñêîì ìèðå. Íî ïåðåéä¸ì
ê ñóòè ïðîèñõîäÿùåãî.

Íà ñâîéñòâî � íå èçëó÷àòü* áûëî îáðàùåíî âíèìàíèå
ïðè èçó÷åíèè ìåõàíèçìà ïðèòÿæåíèÿ è îòòàëêèâàíèÿ â
ñèñòåìå äâóõ êîãåðåíòíûõ îñöèëëÿòîðîâ. Ãåîìåòðè÷åñêèå
êîìïüþòåðíûå ýêñïåðèìåíòû ïîêàçàëè ïðèíöèïèàëüíóþ
âîçìîæíîñòü ñóùåñòâîâàíèÿ íåèçëó÷àþùèõ ñèñòåì èç äâóõ
è áîëåå ÷àñòèö êàê â îäíîì, òàê è â äâóõ èçìåðåíèÿõ.
Îòñóòñòâèå èíñòðóìåíòàðèÿ äëÿ òð¸õìåðíîãî ìîäåëèðîâà-
íèÿ íå ïîçâîëèëî ïðîâåñòè àíàëîãè÷íóþ ýêñïåðòèçó äëÿ
îáú¸ìíûõ ñèñòåì, òåì íå ìåíåå, ó íàñ íåò îñíîâàíèÿ îòðè-
öàòü ðåàëüíîñòü íåèçëó÷àþùèõ òð¸õìåðíûõ ìîäåëåé.

§ 1.  Ìîäåëè íåèçëó÷àþùèõ ñèñòåì

Ðàññìàòðèâàÿ ìåõàíèçì âçàèìîäåéñòâèÿ äâóõ êîãåðåí-
òíûõ îñöèëëÿòîðîâ, áûëî çàìå÷åíî, ÷òî ïîäáîðîì ïàðàìåò-
ðîâ ìîæíî ïîëíîñòüþ ïîãàñèòü èçëó÷åíèå âîâíå. Èìåííî
òîãäà è ðîäèëàñü èäåÿ ðàññìîòðåòü, êðîìå îäíîìåðíûõ, äâóõ
è òð¸õìåðíûå ìîäåëè, òåì áîëåå, ÷òî ó íàñ òåïåðü åñòü âñå
îñíîâàíèÿ íàäåëÿòü òàêèå ìîäåëè ìèíèìàëüíûì «äæåí-
òëüìåíñêèì» íàáîðîì ñâîéñòâ, ïðèñóùèõ âñÿêîé äîáðîïî-
ðÿäî÷íîé ìèêðî÷àñòèöå: ìàññîé, ñêîðîñòüþ, èìïóëüñîì,
ýíåðãèåé.
*  

_________________________________________________________

Ðèòìóñ: Ðàçâå ìîæåò âèáðèðóþùàÿ â ñðåäå ñèñòåìà íå èçëó÷àòü?
Äèíàìèêóñ: Â áîëüøèíñòâå ñëó÷àåâ òàê è ïðîèñõîäèò. Ïðèìåðîâ ýòî-
ìó õîòü îòáàâëÿé. Ïîïðîáóéòå íî÷üþ âûêëþ÷èòü ëàìïî÷êó è âû óâèäå-
òå òüìó. À âåäü â êîìíàòå íàõîäÿòñÿ âåùè, ñîñòîÿùèå èç áåñ÷èñëåííîãî
ìíîæåñòâà îñöèëëÿòîðîâ. Â ýòîì îäíî èç òàèíñòâ Ïðèðîäû!
Ðèòìóñ: À ìîæåò áûòü, âñ¸-òàêè èçëó÷àþò, íî ìû íå âèäèì ýòîãî?
Äèíàìèêóñ: Çäåñü âû àáñîëþòíî ïðàâû, íî âåñü âîïðîñ â òîì, êóäà èñ÷å-
çàåò èçëó÷àåìàÿ ýíåðãèÿ? íî ãëàâíîå, ïîíÿòü êàê ýòî ïðîèñõîäèò?
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     à.

      á.
Ðèñ. 143.  à) Ðàññòîÿíèå ìåíüøå ïîëîâèíû äëèíû ñòîÿ÷åé âîëíû. á)
Ðàññòîÿíèå áîëüøå ïîëîâèíû äëèíû ñòîÿ÷åé âîëíû

Ñëó÷àéíî âûáðàííîå ìåæäó êîãåðåíòíûìè îñöèëëÿ-
òîðàìè ðàññòîÿíèå, êàê ïðàâèëî, ïðèâîäèò ê èçëó÷åíèþ
âîâíå, àìïëèòóäà êîòîðîãî çàâèñèò îò ðàññòîÿíèÿ. Íî ìîæíî
ðàñïîëîæèòü îñöèëëÿòîðû òàê, ÷òîáû ñïðàâà è ñëåâà èçëó-
÷åíèå èñ÷åçëî. Â ýòîì ñëó÷àå ìû ïîëó÷èì îäíîìåðíóþ
ñèñòåìó èç äâóõ îñöèëëÿòîðîâ, ó êîòîðîé àìïëèòóäà èçëó-
÷åíèÿ âîâíå âñåãäà áóäåò ðàâíà íóëþ.

Íå ñëîæíî äîãàäàòüñÿ, êàêîâûì äîëæíî áûòü ðàññòîÿ-
íèå ìåæäó îñöèëëÿòîðàìè. Åñëè ñäâèã ôàç îòñóòñòâóåò, òî
äëÿ V=0  ðàññòîÿíèå âñåãäà êðàòíî âûðàæåíèþ:

ln = n�λñò/2,  ãäå n = 1,3,5,7...� ëþáîå íå÷¸òíîå ÷èñëî

Ðèñ. 144.  Âîëíîâîå ïîëå îò äâóõ îñöèëëÿòîðîâ (n=1). Èçëó÷åíèå âîâíå
«îòñóòñòâóåò»
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Ðèñ. 145.  n=3. Èçëó÷åíèå âîâíå îòñóòñòâóåò

Èíòåðåñíî, êàê áóäåò âåñòè ñåáÿ ÷àñòèöà â äâèæåíèè ñ
ïîñòîÿííîé ñêîðîñòüþ? Îñòàíåòñÿ ëè îíà íåèçëó÷àþùåé?
Îêàçûâàåòñÿ, ÷òî íåò.

Ðèñ. 146.  V
1
=0.11 ñ, V

2
=0.22 ñ. Ñäâèã ôàç îòñóòñòâóåò. Ïî ìåðå âîçðàñ-

òàíèÿ ñêîðîñòè àìïëèòóäà èçëó÷åíèÿ óâåëè÷èâàåòñÿ

Ñ òàêîé ðåàêöèåé ìû óæå çíàêîìû � îíà ïðèâîäèò ê
òîðìîæåíèþ ñèñòåìû. Åäèíñòâåííûì ñïîñîáîì óñòðàíèòü
èçëó÷åíèå ÿâëÿåòñÿ èçìåíåíèå ñîîòíîøåíèÿ ôàç.

Ìû çíàåì çàâèñèìîñòü ìåæäó ñêîðîñòüþ äâèæåíèÿ è
ñäâèãîì ôàç (V=ñ /π�∆ϕ), à ïîòîìó ïîèãðàåì ñäâèãîì ôàç
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è ïîñìîòðèì, êàê íàøè äåéñòâèÿ áóäóò âëèÿòü íà àìïëè-
òóäó èçëó÷åíèÿ.

Ðèñ. 147.  V1= 0.25c, ∆ϕ
1
= 45î; V2= 0.5c, ∆ϕ

2
= 90î. Ïîñòðîåíèÿ âåäóòñÿ â

ïðåîáðàçîâàíèÿõ Ãàëèëåÿ

Â ÷¸ì ïðè÷èíà, ïî÷åìó äâèæóùàÿñÿ ïðîòîñèñòåìà
ïðîäîëæàåò èçëó÷àòü? Äåëî â òîì, ÷òî âî âñåõ íàøèõ ïîñò-
ðîåíèÿõ ïîäñïóäíî ó÷àñòâóþò ïðåîáðàçîâàíèÿ Ãàëèëåÿ, à
îíè, êàê íàì èçâåñòíî, íå ó÷èòûâàþò çàâèñèìîñòü äëèíû
ñòîÿ÷åé âîëíû îò ñêîðîñòè ñèñòåìû. Íî ìîæåò ïðåîáðàçî-
âàíèÿ Ëîðåíöà íàì ïîìîãóò, èëè ïðåîáðàçîâàíèÿ Èâàíî-
âà? Ñêîðåå âñåãî � ïîñëåäíèå. Íî ïîñìîòðèì, ñìîãóò ëè
îíè ïîãàñèòü àìïëèòóäó?

Ðèñ. 148.  V= 0.25c, ∆ϕ
1
= 45î. Èçëó÷åíèå èñ÷åçëî, àìïëèòóäà ñòàëà ðàâ-

íîé íóëþ. Ïîñòðîåíèÿ âåäóòñÿ ñ ó÷¸òîì ãåîìåòðè÷åñêèõ ïðåîáðàçîâà-
íèé
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Ðèñ. 149.  V= 0.5c, ∆ϕ
1
= 90î. Èçëó÷åíèå èñ÷åçëî, àìïëèòóäà ñòàëà ðàâíîé

íóëþ. Ïîñòðîåíèÿ âåäóòñÿ ñ ó÷¸òîì íîâûõ ïðåîáðàçîâàíèé

Çàïèøåì ïðàâèëî, êîòîðûì ìû òåïåðü áóäåì ðóêî-
âîäñòâîâàòüñÿ ïðè äàëüíåéøèõ ïîñòðîåíèÿõ:

ln = n�λñò(1�β 2)/2 , (7.1)

ãäå β = V/c = ñ∆ϕ/πñ = ∆ϕ/π, òîãäà

     ln = n�λñò(1�(∆ϕ/π) 2)/2. (7.2)

Ïîëó÷åííîå ñîîòíîøåíèå äà¸ò íàì òî÷íîå çíà÷åíèå
ðàññòîÿíèÿ ìåæäó îñöèëëÿòîðàìè, ïðè êîòîðîì èçëó÷àå-
ìàÿ âîâíå àìïëèòóäà èìååò íóëåâîå çíà÷åíèå. Åñëè ìû
ïîïûòàåìñÿ ñáëèçèòü èëè æå ðàñòÿíóòü îñöèëëÿòîðû, òî
ñóììàðíîå çíà÷åíèå àìïëèòóäû èçëó÷àåìûõ âîâíå âîëí
áóäåò îòëè÷àòüñÿ îò íóëÿ.

               à)                                    á)

Ðèñ. 150.  Ðàññòîÿíèå ìåæäó îñöèëëÿòîðàìè: à) ìåíüøå ln; á) áîëüøå ln

Î÷åâèäíî, ÷òî â ñëó÷àå (à) íà îñöèëëÿòîðû áóäåò äåé-
ñòâîâàòü ðàñòàëêèâàþùàÿ ñèëà, à â ñëó÷àå (á) ñèëû � ïîä-
òàëêèâàþùèå ê öåíòðó, ñáëèæàþùèå. Ýòè ñèëû áóäóò äåé-
ñòâîâàòü äî òåõ ïîð, ïîêà îñöèëëÿòîðû íå îêàæóòñÿ â óçëàõ
ñîáñòâåííîé ñòîÿ÷åé âîëíû. Îñöèëëÿòîðû ñòàíîâÿòñÿ ïîé-
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ìàííûìè â ëîâóøêó ñîáñòâåííîé ñòîÿ÷åé âîëíû.  Èìåííî
â ýòîì è çàêëþ÷àåòñÿ ôèçèêà óäåðæàíèÿ îñöèëëÿòîðîâ
äðóã âîçëå äðóãà, ïîýòîìó îíè íå ðàçëåòàþòñÿ è íå ñáëèæà-
þòñÿ, à ïîïàäàÿ â ñîçäàííûå èìè æå óçëîâûå çîíû, ñîçäà-
þò ñòàáèëüíóþ íåèçëó÷àþùóþ âîâíå ñèñòåìó � ïðîòîäè-
ïîëü, â êîòîðîé óçëû ÿâëÿþòñÿ äëÿ îñöèëëÿòîðîâ
ïîòåíöèàëüíûìè ýíåðãåòè÷åñêèìè ÿìàìè.

Äëÿ òîãî ÷òîáû çàñòàâèòü ïîòåíöèàëüíûå ÿìû ïåðå-
ìåùàòüñÿ, íåîáõîäèìî ïîâëèÿòü íà ñîîòíîøåíèå ôàç ïðî-
òîäèïîëÿ, à ýòî íåèçáåæíî âëå÷¸ò çà ñîáîé èçëó÷åíèå âîâ-
íå. Âîò è ïîëó÷àåòñÿ, ÷òî íàø ïðîòîäèïîëü èçëó÷àåò òîëüêî
ïðè èçìåíåíèè ñîáñòâåííîé ñêîðîñòè. Êàê òîëüêî ñêîðîñòü
ñòàáèëèçèðóåòñÿ, à ýòî îçíà÷àåò è ñòàáèëèçàöèþ ôàçîâîãî
ñîîòíîøåíèÿ, èçëó÷åíèå ïðåêðàùàåòñÿ.

Áûëî áû òàêæå íåâåðíûì ñ÷èòàòü, ÷òî îòñóòñòâèå àì-
ïëèòóäû îçíà÷àåò îòñóòñòâèå èçëó÷åíèÿ. Ïðîòîäèïîëü ïî-
ñòîÿííî èçëó÷àåò â ïðîñòðàíñòâî, íî èçëó÷åíèå ýòî èíîé
ôîðìû. Ïðÿìûìè ñïîñîáàìè çàôèêñèðîâàòü òàêîå èçëó-
÷åíèå ïðàêòè÷åñêè íåâîçìîæíî, íî ìû íà òî è çàíèìàåìñÿ
ýòîé ïðîáëåìîé, ÷òîáû íàéòè ñïîñîá òàêîé ôèêñàöèè.

Äëÿ òîãî ÷òîáû îáíàðóæèòü äâèæåíèå ýíåðãèè ñ íóëå-
âîé àìïëèòóäîé, ò.å. èíóþ å¸ ôîðìó, ìû âíåñ¸ì íåêîòîðûå
èçìåíåíèÿ â ðàáîòó îñöèëëÿòîðîâ � äîáàâèì øóìû.

Íàáëþäàÿ ïðîöåññ â äèíàìèêå è èñïîëüçóÿ øóìû (ñâî-
åîáðàçíûå ïèëîò-ñèãíàëû) â êà÷åñòâå èíäèêàòîðîâ ïðîèñ-
õîäÿùåãî, ìû íàáëþäàåì èõ äâèæåíèå, ÷òî ïðÿìî óêàçû-
âàåò è íà äâèæåíèå èíîãî âèäà ýíåðãåòè÷åñêîé êîìïîíåíòû.

Òàêèì îáðàçîì, ìû ïîëó÷èëè îäíîìåðíîå ìîäåëüíîå
ïðåäñòàâëåíèå î äâèæåíèè ýíåðãåòè÷åñêè íàñûùåííîãî íå-
÷òî, êîòîðîå, èç-çà îòñóòñòâèÿ ÿâíîé àìïëèòóäû, íèêàê ñåáÿ
íå ïðîÿâëÿåò.

Ðèñ. 151. Äîáàâëåíû
øóìû
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Íî ìû îäíîâðåìåííî âèäèì äâèæåíèå øóìîâ, àìïëè-
òóäà êîòîðûõ íàõîäèòñÿ çà ïðåäåëàìè îáû÷íîé ÷óâñòâè-
òåëüíîñòè. Çíà÷èò, ñóùåñòâóåò íåêàÿ øóìîâàÿ ýíåðãåòè-
÷åñêàÿ ñðåäà, êîòîðàÿ òàêæå ìîæåò îêàçûâàòü âîçäåéñòâèå
íà áëèçêèå åé ïî ÷àñòîòå èñòî÷íèêè øóìà? Ïðè áîëåå áëèç-
êîì ðàññìîòðåíèè øóìà îêàçûâàåòñÿ, ÷òî îí íàäåë¸í ðå-
àëüíûìè âîëíîâûìè ñâîéñòâàìè, à ïîòîìó âñòðå÷íûå øó-
ìîâûå ïîòîêè ìîãóò èíòåðôåðèðîâàòü ìåæäó ñîáîé è
ñîçäàâàòü ñëîæíûå âèðòóàëüíûå (íåâîñïðèíèìàåìûå íà-
ïðÿìóþ) ïîëÿ èíòåðôåðåíöèè. Òàêèå ïîëÿ ìû íàçûâàåì
èí-ôîðìà-öè-åé, ò.å. èíîé, ñêðûòîé îò ïðÿìîé ôèêñàöèè, ôîð-
ìîé ýíåðãèè, âîçìîæíî, èíûì å¸ ýôèðíûì óðîâíåì.

Ïðåäñòàâëÿåòñÿ óíèêàëüíûì ñèëîâîå äåéñòâèå èíôîð-
ìàöèè. Ñêðûòàÿ èíôîðìàöèîííàÿ ýíåðãèÿ (âîëíû) èíòåð-
ôåðèðóÿ ìîæåò ñîçäàâàòü òîêè èíôîðìàöèè, èíôîðìàöè-
îííûå ñòîÿ÷èå âîëíû ñ ÿâíî âûðàæåííûìè óçëàìè è
ïó÷íîñòÿìè, èíôîðìàöèîííûå âèõðè, ñïàéäåð-ýôôåêòû. Ýòè
èíôîðìàöèîííûå ÿâëåíèÿ ñïîñîáíû ïðîâîöèðîâàòü îñî-
áåííî ðàçóìíóþ ìàòåðèþ íà òå èëè èíûå äåéñòâèÿ, à ïîòî-
ìó îíà � èíôîðìàöèÿ � âäðóã, áåç âèäèìîé íà òî ïðè÷èíû,
çàñòàâëÿåò âåùåñòâî ïåðåìåùàòüñÿ. Âñïîìíèì ïðèò÷ó î
Õîäæå Íàñðåääèíå, êîòîðûé, ÷òîáû îò íåãî îòñòàëè äåòè,
ñêàçàë: «Äåòè, íà êëàäáèùå áåñïëàòíî õàëâó ðàçäàþò!» Îá-
ðàäîâàííûå äåòè ïîâåðèëè ìóäðåöó è ïîáåæàëè íà êëàä-
áèùå. Íî è Õîäæà îêàçàëñÿ íå ïðîìàõ: «Åñëè áû íà êëàä-
áèùå õàëâó íå äàâàëè � ïîäóìàë îí � òî äåòè òóäà áû íå
ïîáåæàëè!», è ñàì ïîáåæàë. Çäåñü ïðè÷èíà âîçíèêøåãî
äâèæåíèÿ � èíôîðìàöèîííàÿ, èñõîäÿùàÿ îò äóõà.

Åñëè êòî-òî äóìàåò, ÷òî ïðè÷èíû äâèæåíèÿ àâòîìîáè-
ëÿ, ïîë¸òà ñàìîë¸òà, âçðûâà àòîìíîé áîìáû � ýíåðãåòè÷åñ-
êèå, òî îí ãëóáîêî çàáëóæäàåòñÿ � îíè èíôîðìàöèîííûå, à
åñëè åù¸ áëèæå ê ïåðâîïðè÷èíå, òî � äóõîâíûå. Âîçüì¸ì,
ê ïðèìåðó, äåíüãè. Ïî ñóòè � îáûêíîâåííûå áóìàæêè, êî-
òîðûå ìîæíî ñæå÷ü èëè âûêèíóòü, íî êàê îíè ïðåîáðàæà-
þò ÷åëîâåêà, ïðåäïðèÿòèå, ãîñóäàðñòâî, åñëè èõ äîñòàòî÷-
íîå êîëè÷åñòâî, èëè èõ ìàëî, èëè âîâñå íåò. Ïðîñòûì
ëþäÿì âíóøàþò, ÷òî äåíüãè � ýòî ýêâèâàëåíò òðóäà, � íå-
ïðàâäà, ñêîðåå � ýòî ïðîÿâëåíèå ñêðûòûõ ïîòîêîâ ýíåð-
ãèè. Íî ñ ýòèì âîïðîñîì íàì åù¸ ïðåäñòîèò ðàçîáðàòüñÿ,
ïîòîìó êàê ÷åðåç äåíüãè, èìèòèðóþùèå áîëåå ãëóáèííûå
âçàèìîîòíîøåíèÿ â íåïðîÿâëåííûõ äëÿ íàñ îáëàñòÿõ áû-
òèÿ, ìû íåîñîçíàííî êåì-òî çîìáèðîâàíû. Íî êåì? ãäå èñ-
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êàòü òåõ, ïîä ÷üèì âëèÿíèåì ìû ïîñòîÿííî íàõîäèìñÿ?
Äóìàåòñÿ, ÷òî çà îòâåòîì äàëåêî õîäèòü íå íàäî.

Âïîëíå ìîæåò áûòü, ÷òî íà øóìîâîì óðîâíå ýíåðãèè
ñóùåñòâóåò ðàçóìíàÿ æèçíü, ïî êðàéíåé ìåðå çàïðåòà íà
òàêîå óòâåðæäåíèå íå ñóùåñòâóåò. Íî èìååò ìåñòî è åù¸
îäíà äîãàäêà: ïàðàëëåëüíî íàøåìó ñóùåñòâóåò àíàëî-
ãè÷íûé ïî ìàñøòàáó, íî ñâîåîáðàçíî ïîëÿðèçîâàííûé ìèð,
èìåþùèé ñ íàøèì îáùèå ÷àñòèöû è èçëó÷åíèÿ. Òî, ÷òî
íåïðîÿâëåíî â íàøåì ìèðå, ÿâëÿåòñÿ ïðîÿâëåííûì â ïà-
ðàëëåëüíîì, è íàîáîðîò. Åñëè îïèñûâàòü äâà òàêèõ ìèðà ñ
ïîçèöèè ñòîðîííåãî íàáëþäàòåëÿ, òî îí óâèäèò åäèíûé
(âëîæåííûé, âûïóêëî-âîãíóòûé, ïàðàëëåëüíûé) ìèð.

Íàì, â ñèëó îãðàíè÷åííîñòè îðãàíîâ ÷óâñòâ, òðóäíî
ïðåäñòàâèòü ïðîèñõîäÿùåå, à ïîòîìó îíî äëÿ íàñ ïàðàäîê-
ñàëüíî: ñóùåñòâóåò è íå ñóùåñòâóåò îäíîâðåìåííî. Ïîñòà-
íîâêà âîïðîñà, äîïóñêàþùàÿ íàëè÷èå íåïðîÿâëåííîé Âñå-
ëåííîé, íå íóæäàåòñÿ â ìíîãîìåðíîñòè äëÿ îáúÿñíåíèÿ
ñâîåãî ñóùåñòâîâàíèÿ. Íî òîãäà íà ïðàêòèêå äîëæíî èìåòü
ìåñòî ïðÿìîå âçàèìíîå âëèÿíèå êàæóùèõñÿ íåïåðåñåêà-
þùèìèñÿ ôèçè÷åñêèõ ìèðîâ. Âîïðîñ ýòîò êðàéíå èíòå-
ðåñíûé, íî ìû îòâëåêëèñü.

Ðàññìîòðèì âçàèìîäåéñòâèå ìåæäó ïàðàìè ïðîòîäè-
ïîëåé. Áóäóò ëè äâà íåèçëó÷àþùèõ ïðîòîäèïîëÿ âîçäåé-
ñòâîâàòü äðóã íà äðóãà? Áóäóò ëè îíè âçàèìîäåéñòâîâàòü,
åñëè èõ ÷àñòîòà áóäåò ðàçëè÷íîé? ×òî ïðîèçîéä¸ò, åñëè îäèí
ïðîòîäèïîëü ïîìåñòèòü âíóòðü äðóãîãî?

Ðèñ. 152.  Äâà ïðîòîäèïîëÿ íå îêàçûâàþò âëèÿíèÿ äðóã íà äðóãà, äàæå
åñëè ìåæäó íèìè åñòü ðàçëè÷èå â ÷àñòîòàõ

Åñëè ñîáñòâåííûå ÷àñòîòû ïðîòîäèïîëåé áëèçêè äðóã
ê äðóãó, òî îáùóþ ñèñòåìó ìîæíî ðàçëîæèòü íà äâå ïàðû
ïðîòîäèïîëåé, íàõîäÿùèõñÿ â ë¸ãêîé àðèòìèè. Íî òîãäà
ìû ìîæåì óòâåðæäàòü, ÷òî íàõîäÿùèåñÿ â àðèòìèè ïðî-
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òîäèïîëè ñïîñîáíû ñîçäàâàòü íåéòðàëüíûå íåèçëó÷àþùèå
ñèñòåìû.

Ðèñ. 153.  Ìåæäó ïðîòîäèïîëÿìè èìååòñÿ ðàçëè÷èå â ÷àñòîòå. Ïðîòî-
äèïîëè ïåðåñåêàþòñÿ, íî íå îêàçûâàþò âëèÿíèÿ äðóã íà äðóãà

Ðèñ. 154.  Äâà ðàçíî÷àñòîòíûõ ïðîòîäèïîëÿ íàõîäÿòñÿ âíóòðè äðóã äðóãà.
Èçëó÷åíèå âîâíå îòñóòñòâóåò. Îáðàçîâàëàñü ñèñòåìà, èìåþùàÿ ñîáñòâåí-
íóþ ÷àñòîòó áèåíèÿ

Íåñêîëüêî ñëîæíåå ñîçäàòü ìîäåëü íåèçëó÷àþùåé ÷à-
ñòèöû â äâóõ èçìåðåíèÿõ � íåîáõîäèìî íàéòè åäèíñòâåí-
íî ïðàâèëüíîå ñîîòíîøåíèå ìåæäó êîëè÷åñòâîì îñöèëëÿ-
òîðîâ, èõ ðàññòîÿíèåì äðóã îò äðóãà è ÷àñòîòîé. Ñäåëàòü
ýòî ìîæíî ìåòîäîì ïîäáîðà, íî ïîÿâèëñÿ è ôîðìóëüíûé
àïïàðàò, äàþùèé òî÷íûå çíà÷åíèÿ òðåáóåìûõ ïàðàìåòðîâ.

Ðèñ. 155.  Ìãíîâåí-
íàÿ ôîòîãðàôèÿ íåèç-
ëó÷àþùåé ÷àñòèöû.
Âíóòðè ñèñòåìû îñ-
öèëëÿòîðîâ âîçíèêà-
åò ñòîÿ÷àÿ âîëíà (ïó÷-
íîñòü). Îáðàçíî ãîâî-
ðÿ, âîëíîâàÿ ýíåðãèÿ
îêàçûâàåòñÿ «ïîé-
ìàííîé â ëîâóøêó»
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Ðèñ. 156.  Åñëè ìû ó
òàêîé íåèçëó÷àþùåé
÷àñòèöû óáåð¸ì òîëü-
êî îäèí îñöèëëÿòîð (â
äàííîì ñëó÷àå êðàé-
íèé ïðàâûé), òî îíà
íà÷èíàåò èíòåíñèâíî
èçëó÷àòü. Îæèäàåòñÿ,
÷òî ÷àñòèöà áóäåò
ñòðåìèòüñÿ ê çàõâàòó
áëóæäàþùåãî îñöèë-
ëÿòîðà (áîìæ-ýôôåêò)

Åñëè ïîëÿ ýíåðãèé òàêèõ ÷àñòèö îáðàáîòàòü «ãåîäåçè-
÷åñêèì» ìåòîäîì, òî èçìåíåíèå â ïåðåðàñïðåäåëåíèè ýíåð-
ãèé ñòàíîâèòñÿ îñîáåííî îò÷¸òëèâûì.

Ðèñ. 157.  Ïðè ìîäå-
ëèðîâàíèè íåèçëó÷à-
þùèõ ÷àñòèö ìû èñ-
ïîëüçîâàëè îñöèëëÿ-
òîðû, àìïëèòóäà èçëó-
÷åíèÿ êîòîðûõ íå çà-
âèñèò îò ðàññòîÿíèÿ,
ò.å. âñåãäà ïîñòîÿííà
(êàê ó ôîòîíà, íàïðè-
ìåð). Ñäåëàëè ìû ýòî
ïîòîìó, ÷òî ó íàñ íåò
ïðè÷èíû ñ÷èòàòü àì-
ïëèòóäó çàâèñÿùåé
îò ðàññòîÿíèÿ, íî ïðè
ìîäåëèðîâàíèè ÷àñ-
òèö ìû îáíàðóæèëè,
÷òî ñâîéñòâî àìïëè-
òóäû óáûâàòü ñ ðàñ-
ñòîÿíèåì âîçíèêàåò
ñàìî ñîáîé
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Ðèñ. 158.  Íå ñîâñåì
ñòàáèëüíàÿ ÷àñòèöà, ó
êîòîðîé àìïëèòóäà
óáûâàåò ñ ðàññòîÿíè-
åì. Ýòî ïðîèñõîäèò çà
ñ÷¸ò òîãî, ÷òî âîëíû
îò ïðîñòðàíñòâåííî
ðàçíåñ¸ííûõ îñöèë-
ëÿòîðîâ íà óäàëåíèè
ãàñÿò äðóã äðóãà

Ýòî óñëîâèå ìîæåò ïîêàçàòüñÿ ñòðàííûì, òåì íå ìåíåå,
â ïðîöåññå ìîäåëèðîâàíèÿ óäàëîñü ïîëó÷èòü ñóììàðíîå
èçëó÷åíèå, àìïëèòóäà êîòîðîãî óáûâàåò ñ ðàññòîÿíèåì ïî
ðàçíûì çàêîíàì. È â ïðèðîäå åñòü óðîâíè âçàèìîäåéñòâèé
êîãäà ÷àñòèöû äåéñòâóþò äðóã íà äðóãà ïîä÷èíÿÿñü çàêî-
íàì: 1/r2, 1/r3, ... 1/r8, è ò.ä.

Ðèñ. 159.  Ïàðàìåòðû
ïðîòî÷àñòèö ïîäîáðà-
íû òàêèì îáðàçîì,
÷òî àìïëèòóäà èçëó-
÷åíèÿ áûñòðî ãàñèòñÿ

Â ïðîöåññå ìîäåëèðîâàíèÿ îáíàðóæèëîñü, ÷òî åñëè â öåíòð
ïðîòîñèñòåìû ïîìåñòèòü äîïîëíèòåëüíûé îñöèëëÿòîð è ïî-
èãðàòü åãî ñäâèãîì ôàç, òî ìîæíî äîáèòüñÿ çíà÷èòåëüíîãî
îñëàáëåíèÿ è òàê ïî÷òè ïîãàøåííîé àìïëèòóäû. Ñîçäàííûå
òàêèì îáðàçîì ìîäåëè ïîâåäåíèåì óæå íà÷èíàþò áûòü ïî-
õîæèìè íà ïðîñòåéøèå ýëåìåíòàðíûå ÷àñòèöû.

Åñòåñòâåííûì ìû ìîæåì ñ÷èòàòü óòâåðæäåíèå, ÷òî
èíòåíñèâíîñòü «øóìîâîãî» èçëó÷åíèÿ ïðîïîðöèîíàëüíà
ìàññå, à ïëîòíîñòü åãî ðàñïðåäåëåíèÿ â îêðóæàþùåì ïðî-
ñòðàíñòâå óáûâàåò ñ ðàññòîÿíèåì. Â ýòîì ñìûñëå èçëó÷àå-
ìûå òåëàìè øóìû âïîëíå ïîäõîäÿò íà ðîëü îñíîâû, íàïðè-
ìåð, äëÿ ãðàâèòàöèîííîãî ïîëÿ � ñòåïåíü èõ âîçäåéñòâèÿ
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ìàëà, à ïðîíèêàþùàÿ ñïîñîáíîñòü âåëèêà. Åñëè äàííîå ïðåä-
ïîëîæåíèå îêàæåòñÿ âåðíûì, òî ãðàäèåíò ïëîòíîñòè øóìà
âïîëíå ìîæåò áûòü ïðè÷èíîé ðàññîãëàñîâàíèÿ ÷àñòîò ó òåë,
íàõîäÿùèõñÿ âáëèçè ìîùíîãî èñòî÷íèêà.

Äîïóñòèì, ÷òî â ñëó÷àå ñ ãðàâèòàöèåé âñ¸ äåëî â øóìå,
òàêóþ ïîñòàíîâêó âîïðîñà õóäî-áåäíî, íî ïðèíÿòü ìîæíî.
Íî êóäà èñ÷åçàåò òî íåèìîâåðíîå êîëè÷åñòâî ýíåðãèè, êîòî-
ðîå èçëó÷àåòñÿ ïëàíåòàìè è çâ¸çäàìè � ýíåðãèÿ âåäü íå
ìîæåò èñ÷åçàòü áåññëåäíî? Íó à åñëè ýíåðãèÿ íå èñ÷åçàåò,
çíà÷èò, îíà ïðÿ÷åòñÿ îò íàñ! Íî ãäå, è çà÷åì? Åñëè ìû îä-
íàæäû âûÿñíèì, ÷òî ïðîèñõîäèò, òî ïîÿâèòñÿ è íàäåæäà
íàéòè ñïîñîá èçâëåêàòü å¸ èç íåïðîÿâëåííîãî ñîñòîÿíèÿ, äå-
òåêòèðîâàòü, ÷òîáû ïîëüçîâàòüñÿ. Åñòü, ïðàâäà, ïîäîçðåíèå,
÷òî ðîëü òàêîãî äåòåêòîðà âûïîëíÿþò ñàìè âåùåñòâåííûå
òåëà è èìåííî òàêèì ñïîñîáîì îíè îòáèðàþò ó ñïðÿòàâøå-
ãîñÿ ïîä íóëåâîé àìïëèòóäîé «ýíåðãåòè÷åñêîãî ìîíñòðà»
÷àñòü ýíåðãèè äëÿ ñîáñòâåííîé ïîäïèòêè. Ïîïûòàåìñÿ ìûñ-
ëåííî, íî íà ðåàëüíûõ ñðåäàõ è ðåàëüíûõ îñöèëëÿòîðàõ ïðî-
ìîäåëèðîâàòü ñèòóàöèþ.

Ðàññìîòðèì ìîäåëü. Ïóñòü íà ïîâåðõíîñòè îçåðà ìû
èìååì êðóãîâóþ ñèñòåìó èç îäèíî÷íûõ îñöèëëÿòîðîâ, àì-
ïëèòóäà èçëó÷åíèÿ âîâíå êîòîðûõ ðàâíà íóëþ. Âíåøíå
ïîâåðõíîñòü âîäû íå âîçìóùåíà, à ïîòîìó ó íàñ íåò âèäè-
ìûõ îñíîâàíèé ãîâîðèòü î êàêîì-ëèáî äâèæåíèè è âîäû,
è ýíåðãèè. Íî ñòîèò íàì íà íåêîòîðîì ðàññòîÿíèè ïîìå-
ñòèòü ïðîáêîâûé øàðèê, êàê ìû îáíàðóæèì èíòåðåñíóþ
«âîëíîâóþ òåíü», êîòîðàÿ íå òîëüêî íàìåêàåò íà äâèæå-
íèå âîäû îò ñèñòåìû, íî è ñîçäà¸ò âïå÷àòëåíèå, áóäòî áû
ïðîáêîâûé øàðèê ñòàë èçëó÷àòü â îïðåäåë¸ííîì íàïðàâ-
ëåíèè áåç âèäèìîé íà òî ïðè÷èíû. Íî ìû çíàåì, ÷òî íè î
êàêîì äâèæåíèè âîäû ðå÷è íå èä¸ò, ïîýòîìó ïðåäïîëàãà-
åì, ÷òî ïðîáêîâûé øàðèê ÿâèëñÿ ïðåîáðàçîâàòåëåì íåïðî-
ÿâëåííîé ýíåðãèè â ðåàëüíûå êîëåáàíèÿ. Íî øàðèê ïî-
ãëîùàåò ëèøü ÷àñòü âèðòóàëüíîãî ïîòîêà è âûïîëíÿåò
ôóíêöèþ ñâîåãî ðîäà ôèëüòðà, äåòåêòîðà. Îñòàâøàÿñÿ æå
ïîñëå äåòåêòèðîâàíèÿ ýíåðãèÿ ïåðåõîäèò èç íåïðîÿâëåí-
íîãî ñîñòîÿíèÿ â ïðîÿâëåííîå. Ýòî ïðîèñõîäèò â ñèëó çà-
êîíîâ ñîõðàíåíèÿ, ïðè÷¸ì ó íàñ áóäåò âîçíèêàòü ïîëíàÿ
èëëþçèÿ òå÷åíèÿ æèäêîñòè. Òàêîå èëëþçîðíîå òå÷åíèå
áóäåò îáëàäàòü âñåìè ñâîéñòâàìè ðåàëüíîãî òå÷åíèÿ.

Â ôèçèêå ýëåìåíòàðíûõ ÷àñòèö ïðîèñõîäèò ìíîãî çà-
ãàäî÷íîãî, íåîáúÿñíèìîãî. Èçâåñòíî, íàïðèìåð, ÷òî ïðè îï-
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ðåäåë¸ííûõ óñëîâèÿõ ÷àñòèöû íûðÿþò â èíîé ìèð, îñòàâ-
ëÿÿ ïîñëå ñåáÿ òîëüêî âîëíû, êàê ýòî ïðîèñõîäèò íà ñîðåâ-
íîâàíèÿõ ïî ïðûæêàì â âîäó. Êàê çíàòü, áûòü ìîæåò, «ñî-
ñåä èç ïîëÿðèçîâàííîãî ìèðà» âèäèò â ýòîò ìîìåíò ÷àñòèöó
«âûíûðèâàþùóþ èç íàøåãî ìèðà»?

Ðèñ. 160.  Óãîë îòðàæåíèÿ íå ïîçâîëÿåò íàäâîäíîìó íàáëþäàòåëþ óâè-
äåòü ïîäâîäíûå îáúåêòû, ðàâíî êàê ïîäâîäíîìó � ïîäëåòàþùåãî ê ïîâåð-
õíîñòè íûðÿëüùèêà. Ïåðåõîä ÷åðåç ðåàëüíóþ è îäíîâðåìåííî óñëîâíóþ
ãðàíèöó ìåæäó âîçäóõîì è âîäîé ñîïðîâîæäàåòñÿ íå òîëüêî èñ÷åçíîâå-
íèåì îáúåêòà â îäíîì ìèðå è ïîÿâëåíèåì åãî â äðóãîì, íî è èíòåíñèâ-
íûìè âîëíîâûìè âîçìóùåíèÿìè ãðàíèöû ðàçäåëà. Ó ïîäâîäíîãî
íàáëþäàòåëÿ ìîæåò ñëîæèòüñÿ ìíåíèå, ÷òî ïðîèçîøëî ñïîíòàííîå ðîæ-
äåíèå (ìàòåðèàëèçàöèÿ) îáúåêòà, à ó íàäâîäíîãî � èñ÷åçíîâåíèå (äåìàòå-
ðèàëèçàöèÿ). Â äàííîì ïðèìåðå ãðàíèöà ìåæäó ðàçíî÷àñòîòíûìè ñðåäàìè
î÷åâèäíà, ò.ê. íàøè îðãàíû ÷óâñòâ ïåðåêðûâàþò îáà äèàïàçîíà ÷àñòîò.
Èíòåðåñíîé ïðåäñòàâëÿåòñÿ ñèòóàöèÿ, êîãäà ðàçíî÷àñòîòíûå ìèðû (ñðå-
äû) âëîæåíû îäèí â äðóãîé â îáú¸ìå. Åñëè ðàçðûâ ïî ÷àñòîòå äîñòàòî÷íî
âåëèê, ò.å. íàøèìè îðãàíàìè ÷óâñòâ íå ïåðåêðûâàåòñÿ, òî ïåðåõîä èç
îäíîãî ÷àñòîòíîãî äèàïàçîíà â äðóãîé áóäåò ñîïðîâîæäàòüñÿ ýôôåêòàìè:
èñ÷åçíîâåíèÿ â îäíîì ìèðå è ïðîÿâëåíèÿ â äðóãîì, âîëíîâûìè âîçìó-
ùåíèÿìè óñëîâíûõ ãðàíèö ðàçäåëà. Ýòè ýôôåêòû ïîääàþòñÿ íå òîëüêî
ìàòåìàòè÷åñêîìó îïèñàíèþ áåç ïðèâëå÷åíèÿ äîïîëíèòåëüíûõ êîîðäè-
íàòíûõ èçìåðåíèé, íî è ïîíèìàíèþ ïîñðåäñòâîì òð¸õìåðíîé ëîãèêè.
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§ 2.  Ìèð íåïðîÿâëåííûõ ýíåðãèé

Íå îò õîðîøåé æèçíè íàì ïðèõîäèòñÿ ôàíòàçèðîâàòü
î íåïðîÿâëåííîì ìèðå, íàñ âûíóæäàåò ê ýòîìó ïðîïàæà
îãðîìíîãî êîëè÷åñòâà èçëó÷àåìîé îñöèëëÿòîðàìè ýíåðãèè.
Â ñàìîì äåëå, êóäà èñ÷åçàåò ýíåðãèÿ êîëåáàíèé îò òàêèõ
ãèãàíòîâ, êàê Ëóíà, Çåìëÿ, Þïèòåð è äðóãèõ ïëàíåò? � âåäü
îíè ñîñòîÿò èç áåçóìíîãî ìíîæåñòâà êîëåáëþùèõñÿ ñèñ-
òåì? Ñòîèò âûêëþ÷èòü ëàìïî÷êó ïîä íàçâàíèåì Ñîëíöå è
ìû ïîãðóæàåìñÿ âî ìðàê.

Åñòü îáùåå ìåæäó ïðîòî÷àñòèöàìè è ïëàíåòàìè � è
òå, è äðóãèå ÿâëÿþòñÿ ïðàêòè÷åñêè íåèçëó÷àþùèìè ñèñ-
òåìàìè. Â ýòîì ñìûñëå ïëàíåòû ìîæíî ñ÷èòàòü ãèãàíòñ-
êèìè íåèçëó÷àþùèìè îñöèëëÿòîðàìè ñ âåñüìà ìàëîé, ïî
íàøèì ìàñøòàáàì, êîëëåêòèâíîé ÷àñòîòîé. Íî âåðí¸ìñÿ
ê ïðîòî÷àñòèöå, ÷òîáû â êîòîðûé ðàç óáåäèòüñÿ â ïðàâî-
ìåðíîñòè âûâîäà î íåóíè÷òîæèìîñòè èçëó÷àåìîé ýíåðãèè.

Íà ïðèìåðå ïëîñêèõ ìîäåëåé ÷àñòèö ìû âèäèì, ÷òî
ïðè îïðåäåë¸ííûõ óñëîâèÿõ èõ êîëëåêòèâíîå èçëó÷åíèå
ïðîÿâëÿåò óíèêàëüíûå ñâîéñòâà ñîçäàâàòü âî âíåøíåì ïðî-
ñòðàíñòâå ïåðèîäè÷åñêèå çîíû îòñóòñòâèÿ âîëí � ñâîåîá-
ðàçíûå îáëàñòè ñ íóëåâîé ýíåðãèåé. Ýòî ÿâëåíèå èçâåñòíî
â ðàäèîòåõíèêå ïîä íàçâàíèåì «çîíû çàìèðàíèÿ». Âîçíè-
êàåò ïîëíîå âïå÷àòëåíèå, ÷òî ýíåðãèÿ â ýòèõ çîíàõ: îòñóò-
ñòâóåò, ðàñòâîðÿåòñÿ, îáðåòàåò èíóþ ôîðìó ñóùåñòâîâàíèÿ.
Åñëè òàêàÿ çîíà âåëèêà, òî ìû ìîæåì è íå çíàòü î ïðîèñ-
õîäÿùåì çà å¸ ïðåäåëàìè è äóìàòü, ÷òî âåçäå òàê, êàê è ó
íàñ. Íî âåðí¸ìñÿ ê ñïðÿòàâøåéñÿ îò íàøåãî âçîðà è ïðè-
áîðîâ ýíåðãèè.

Ðèñ. 161.  Ñäâèã ôàç
îðãàíèçîâàí òàê, ÷òî-
áû âáëèçè ÷àñòèöû
ýíåðãèÿ íàõîäèëàñü â
íåïðîÿâëåííîì âèäå.
Ïî ìåðå óäàëåíèÿ îò
÷àñòèöû ýíåðãèÿ íà-
÷èíàåò ïðîÿâëÿòüñÿ

Çîíà îòñóòñòâèÿ ïðî-
ÿâëåííîé ýíåðãèè
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Ìû óæå ãîâîðèëè, ÷òî âíóòðè ñèñòåìû îñöèëëÿòîðîâ
ïîëå íå ãàñèòñÿ; â ýòîé îáëàñòè îáðàçóåòñÿ ñòîÿ÷àÿ âîëíà.
Îáðàçíî ãîâîðÿ, âîëíîâàÿ ýíåðãèÿ îêàçûâàåòñÿ ïîéìàííîé
â ëîâóøêó. Åñëè ãîâîðèòü î òð¸õìåðíîé ìîäåëè, òî ãåíå-
ðèðóþùèé âîëíû ñôåðè÷åñêèé èñòî÷íèê ñîçäà¸ò èëëþ-
çèþ áóäòî áû íè÷åãî íå èçëó÷àåò è íå ïîãëîùàåò! õîòÿ
êîëåáàòåëüíûé ïðîöåññ ïðîòåêàåò. Îáðàçîâàâøèéñÿ ñãóñ-
òîê âîëíîâîé ýíåðãèè ïîêîèòñÿ, à íàðóæó íåò íèêàêîãî
ïîòîêà. Ýòà ñòîðîíà ðàññìàòðèâàåìîé âîëíîâîé ñèñòåìû
ÿâëÿåòñÿ îñîáåííî ïðèâëåêàòåëüíîé, ïðèêîâûâàåò âíèìà-
íèå ê äàííîé ñôåðè÷åñêîé ìîäåëè è ïîáóæäàåò èñêàòü íå
òîëüêî ïóòè å¸ ìîäèôèêàöèè, óñîâåðøåíñòâîâàíèÿ ñ öå-
ëüþ ìàêñèìàëüíîãî ïðèáëèæåíèÿ ê ðåàëüíûì ýëåìåíòàð-
íûì ìèêðîîáúåêòàì, íî è ïåðåñìîòðåòü îòíîøåíèå ê çà-
êîíó ñîõðàíåíèÿ ýíåðãèè.

Äëÿ òîãî ÷òîáû îïðàâäàòü ýôôåêò èñ÷åçíîâåíèÿ ïîòî-
êà ýíåðãèè ñ ïîñëåäóþùèì å¸ ïîÿâëåíèåì â èíîé îáëàñòè
ïðîñòðàíñòâà è â èíîì âèäå, ââåä¸ì ïîíÿòèÿ íåïðîÿâëåí-
íàÿ è ïðîÿâëåííàÿ ýíåðãèÿ.

Êðîìå ýòîãî íàñ âîëíóåò è çàêîí ñîõðàíåíèÿ ýíåðãèè,
êîòîðîìó ìû, âñ¸-òàêè, íàìåðåíû ñëåäîâàòü. Â ñâÿçè ñ ýòèì
ïðåäïîëàãàåòñÿ, ÷òî ñóììà ñêðûòîé è ïðîÿâëåííîé ýíåð-
ãèé âñåãäà ïîñòîÿííà.

Èçëîæèì ìåòîäèêó îöåíêè ñêðûòîé è ïðîÿâëåííîé
ýíåðãèé. Âûðàçèì ñóììó ýíåðãèé âîëí ôîðìóëîé:

ΣE=Åñêð+Åïð=const. (7.3)

Ïðè ðàññìîòðåíèè èäåíòè÷íûõ âîëí äëÿ ÷àñòèöû èç äâóõ
îñöèëëÿòîðîâ (Å1=0.5hν; Å2=0.5hν) ìàêñèìàëüíàÿ ýíåðãèÿ
èõ âçàèìîäåéñòâèÿ ðàâíà ïðîñòîé àðèôìåòè÷åñêîé ñóì-
ìå:

ΣE=Å1+Å2=hν. (7.4)

Íàì èçâåñòíî, ÷òî ïðîÿâëåííàÿ ýíåðãèÿ çàâèñèò îò ôàçî-
âîãî ñäâèãà âîëí:

Eïð=E1+E2+ 2(E1�E2)1/2�cosϕ.
Åñëè Å1=Å2=Å, òî:

   Åïð=2Å +2Å cosϕ =2Å (1 + cosϕ). (7.5)

Òîãäà ñêðûòàÿ ýíåðãèÿ áóäåò ðàâíà:

  Åñêð=ΣÅ � Åïð= E1+E2 
 � 2(E1�E2)1/2�cosϕ.
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Åñëè Å1=Å2=Å, òî:

Åñêð=2Å � 2Å cosϕ =2Å (1 � cosϕ). (7.6)

Òîãäà:

                              ΣÅ=2Å (1 � cosϕ)+2Å (1 + cosϕ)=4Å, (7.7)

ãäå: ϕ    � ñäâèã ôàç ìåæäó âîëíàìè,
Åñêð � ñêðûòàÿ êîìïîíåíòà ýíåðãèè,
Åïð  � ïðîÿâëåííàÿ êîìïîíåíòà ýíåðãèè.

Åñëè (ϕ)=180î, òî cos(ϕ)= �1, òîãäà:

Eïð=0;   Åñêð=hν;   ΣE=hν. (7.8)

Åñëè (ϕ)=0î, òî cos(ϕ)= 1, òîãäà:

Eïð=hν;   Åñêð=0;   ΣE=hν. (7.9)

Åñëè (ϕ)=90î, òî cos(ϕ)= 0, òîãäà:

  Eïð=0.5hν;   Åñêð=0.5hν;   ΣE=hν. (7.10)

Ïðè òàêîé ïîñòàíîâêå âîïðîñà ìû îáÿçàíû ïîñòîÿííî
ïîìíèòü, ÷òî ïðîÿâëåííûé íîëü ÿâëÿåòñÿ âåëè÷èíîé ôè-
çè÷åñêîé, è îí, êàê ïîäòâåðæäàþò ðàñ÷¸òû è êîìïüþòåð-
íûå ýêñïåðèìåíòû, ñîäåðæèò â ñåáå ïîëíóþ èíôîðìàöèþ
î âîëíàõ. Âàæíûì ÿâëÿåòñÿ òî, ÷òî íåïðîÿâëåííûå âîëíû
â ïîëíîì ñìûñëå îáú¸ìíû, èíòåðôåðèðóþò ìåæäó ñîáîé,
ñîçäàþò ñîáñòâåííûå óçëû è ïó÷íîñòè, à ïîòîìó ìîãóò áûòü
ðåàëüíîé îñíîâîé äëÿ íåïðîÿâëåííîãî ñïîñîáà ñóùåñòâî-
âàíèÿ ìàòåðèè. Èíîãäà ðåçóëüòàò ýòîé èíòåðôåðåíöèè ìî-
æåò â âèäå áèåíèé ïåðåõîäèòü â ïðîÿâëåííîå ñîñòîÿíèå.
Ýòè ñïîíòàííûå äëÿ íàñ ñèòóàöèè ìîãóò ïðîÿâëÿòü ñåáÿ â
âèäå áåñïðè÷èííûõ âûáðîñîâ ýíåðãèè â ðàçíûõ ìåñòàõ è â
ðàçíûõ ÷àñòîòíûõ äèàïàçîíàõ.

* * *
Äîïóñòèì íàëè÷èå ÷åëîâåêîïîäîáíîé, ðàçóìíîé æèç-

íè â ìèðå íåïðîÿâëåííûõ äëÿ íàñ ýíåðãèé. Ïîëó÷àåòñÿ,
÷òî ðåçóëüòàòû, íàïðèìåð, ýíåðãåòè÷åñêèõ ýêñïåðèìåíòîâ
òàì âïîëíå ìîãóò èçìåíÿòü ñîîòíîøåíèå ñêðûòîé è ïðî-
ÿâëåííîé ýíåðãèé � îòñþäà è ïîÿâëåíèå ñòðàííûõ, âíåøíå
áåñïðè÷èííûõ àíîìàëüíûõ ÿâëåíèé â âèäå âîçíèêàþùèõ
«íèîòêóäà» ñâåòÿùèõñÿ è äâèæóùèõñÿ øàðîâ, ñòîëáîâ,
ïðèâèäåíèé è ìíîãîãî èíîãî, ñ ÷åì ìíîãèì èç íàñ ëè÷íî
õîòåëîñü áû ïîçíàêîìèòüñÿ. Íå èñêëþ÷åíî òàêæå, ÷òî ðà-
çóìíûå ñóùåñòâà èç íåïðîÿâëåííîãî ìèðà íàó÷èëèñü ïå-
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ðåõîäèòü èç îäíîãî ýíåðãåòè÷åñêîãî óðîâíÿ â äðóãîé, à
ïîòîìó, âðåìÿ îò âðåìåíè, çåìëÿíå ñîïðèêàñàþòñÿ ñ òàê
íàçûâàåìûìè ïðèøåëüöàìè.

Ðàññìîòðèì íåêîòîðûå ìîìåíòû, ñâÿçàííûå ñ âåëè÷è-
íîé cos(ϕ) = �1. Òàêîå çíà÷åíèå ìîæåò ðåàëèçîâàòüñÿ òîëü-
êî â ñëó÷àå èäåàëüíûõ âîëí ñ èäåàëüíî ôèêñèðîâàííîé
÷àñòîòîé. Ïîëàãàòü âûïîëíåíèå ýòèõ òðåáîâàíèé äëÿ ðå-
àëüíûõ, ïîñòîÿííî ìåíÿþùèõñÿ, óñëîâèé áûëî áû íåëî-
ãè÷íûì, à ïîòîìó íà ïðàêòèêå ìû âñåãäà èìååì äåëî ñî
ñäâèãîì ôàç, âèáðèðóþùèì âáëèçè 180î. Ýòà ñèòóàöèÿ
ïðèâîäèò ê âîçíèêíîâåíèþ ýíåðãåòè÷åñêèõ øóìîâ ñ èñ÷å-
çàþùå ìàëîé àìïëèòóäîé. Íî òîãäà, ïî÷åìó ìû íå âèäèì
ýòèõ øóìîâ? Îòâåò ïðîñò: èç-çà ïîðîãà ÷óâñòâèòåëüíîñòè
íàøèõ ïðèáîðîâ è îðãàíîâ ÷óâñòâ. Îòâåò áóäåò íåïîëíûì,
åñëè íå ñêàçàòü îá ýêñòðàñåíñàõ, êàê îá îñîáîé ãðóïïå ëþ-
äåé, îáëàäàþùèõ ñâåðõ÷óâñòâèòåëüíîñòüþ è íàïðÿìóþ âè-
äÿùèõ ïðîèñõîäÿùåå ðÿäîì ñ íèìè, íî ñîêðûòîå îò îñíîâ-
íîé ìàññû ëþäåé.

×òîáû ëåãàëèçîâàòü «ïàðàëëåëüíûé» íàøåìó ìèð è
íàìåòèòü ïóòè ñîçäàíèÿ óñòðîéñòâ, ñ ïîìîùüþ êîòîðûõ
ìîæíî áóäåò íàïðÿìóþ îáùàòüñÿ ñ íåïðîÿâëåííûì ìè-
ðîì, òðåáóåòñÿ ðàñøèðåíèå ãðàíèö ÷óâñòâèòåëüíîñòè ïðè-
áîðîâ è ðàñøèðåíèå òèíêòóðû îðãàíîâ ÷óâñòâ.

* * *

Åñëè ìû ñòàíåì ðàññìàòðèâàòü èíûå ýíåðãåòè÷åñêèå
õàðàêòåðèñòèêè (ïëîòíîñòü ýíåðãèè, ïëîòíîñòü ïîòîêà ýíåð-
ãèè, èìïóëüñ, ïëîòíîñòü ïîòîêà èìïóëüñà), òî îáíàðóæèâà-
åì, ÷òî è ê íèì ïðèìåíèìû òåðìèíû ïðîÿâëåííîå è ñêðû-
òîå.

Òàêèì îáðàçîì, ìû äîïóñòèëè íåîáû÷íîå ñîñòîÿíèå
ýíåðãåòè÷åñêèõ õàðàêòåðèñòèê ñ íóëåâîé àìïëèòóäîé. Ýòè
ñîñòîÿíèÿ ÿâëÿþòñÿ ïðÿìûì àíàëîãîì íåïðîÿâëåííîé
ýíåðãèè âàêóóìà, ôèçè÷åñêèé ñìûñë êîòîðîé äî íàñòîÿ-
ùåãî âðåìåíè áûë àáñòðàêòíûì, à ïîòîìó ìàëîïîíÿòíûì.
Â ñâÿçè ñ ýòèì èíòåðåñíîé ÿâëÿåòñÿ èäåÿ î ïåðåíîñå ýíåð-
ãèè ÷åðåç îáëàñòü ïðîñòðàíñòâà ñ íóëåâîé ïëîòíîñòüþ ýíåð-
ãèè. Òàêîé ïåðåíîñ íèêàê ñåáÿ íå ïðîÿâëÿåò, à ïîòîìó ñêëà-
äûâàåòñÿ âïå÷àòëåíèå îòñóòñòâèÿ â äàííîé îáëàñòè
÷åãî-ëèáî, íî ïðîÿâëÿþùåãîñÿ ïðè îïðåäåë¸ííîãî ðîäà âîç-
ìóùåíèÿõ. Íå ìåíåå èíòåðåñåí è ñïîñîá ïåðåäà÷è èíôîð-
ìàöèè ïóò¸ì íåïðîÿâëåííîé âîëíû, íî ýòî óæå èíàÿ òåìà.
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§ 3.  Ýôôåêò äâîéíîãî òå÷åíèÿ

Åñëè íà ïîâåðõíîñòè îçåðà ñìîäåëèðîâàòü íåèçëó÷àþ-
ùèé îñöèëëÿòîð, òî äëÿ ìíîãèõ ýòî áóäåò êàçàòüñÿ ÷óäîì.
Íî åù¸ áîëüøèì ÷óäîì áóäåò, åñëè íåäàëåêî îò îñöèëëÿ-
òîðà ïîìåñòèòü êóñî÷åê ïåíîïëàñòà è ïîíàáëþäàòü çà åãî
ðåàêöèåé. Âîêðóã ïåíîïëàñòà âîçíèêíóò ñëàáûå âèõðåâûå
âîëíû, ñëîâíî îí ïîïàë â äâèæóùóþñÿ ñðåäó è îíà ïûòà-
åòñÿ åãî óâëå÷ü çà ñîáîé.

Ðèñ. 162. Íåèçëó÷àþ-
ùàÿ ÷àñòèöà è êóñî-
÷åê ïåíîïëàñòà. (Âèä
ñâåðõó). Âîëíîâàÿ
òåíü ñîçäà¸ò èëëþçèþ,
áóäòî ïåíîïëàñò ñàìî-
ñòîÿòåëüíî èçëó÷àåò
âïðàâî, à çíà÷èò äîë-
æåí äâèãàòüñÿ â íà-
ïðàâëåíèè ÷àñòèöû

Íî ìû òî÷íî çíàåì, ÷òî íè î êàêîì äâèæåíèè âîäû
ðå÷è íå èä¸ò. Òîãäà â ÷¸ì äåëî, îòêóäà ïîÿâèëîñü çàãàäî÷-
íîå òå÷åíèå, äà åù¸ è â ïîêîÿùåéñÿ âîäå?

Òàêîå ìîæåò âîçíèêàòü ëèøü â òîì ñëó÷àå, åñëè âåùå-
ñòâåííûé îáúåêò âûïîëíÿåò ðîëü äåòåêòîðà, ñðåçàþùåãî ó
ïîãàøåííîé âîëíû òîëüêî âåðõíþþ å¸ ÷àñòü. Èìåííî ïî-
ýòîìó çà êóñî÷êîì ïåíîïëàñòà âîçíèêàåò âîëíîâàÿ òåíü,
ñîçäàþùàÿ èëëþçèþ òîêà âîäû.

Ðèñ. 163.  Ïåíîïëàñò ñðåçàåò (äåòåêòèðóåò) âåðõíþþ ÷àñòü àìïëèòóäû,
÷åì ñïîñîáñòâóåò ïåðåõîäó ýíåðãèè èç ñêðûòîãî ñîñòîÿíèÿ â ïðîÿâëåí-
íîå

Åñëè â âîäå áóäóò çàìåòíûå ãëàçó ÷àñòè÷êè, òî ïî íèì
ìîæíî ñóäèòü î äâèæåíèè æèäêîñòè, êîòîðîå â íàøåì
ñëó÷àå îòñóòñòâóåò. Íî îäíîâðåìåííî ìû íàáëþäàåì èë-
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ëþçèþ òå÷åíèÿ, î êîòîðîé ñóäèì ïî âîëíîâîé òåíè çà ïå-
íîïëàñòîì. Ïðèìåð òàêîé ïàðàäîêñàëüíîé ñèòóàöèè èçâå-
ñòåí è íàáëþäàåòñÿ â ñâåðõòåêó÷åì ãåëèè, êîãäà ñâåðõòå-
êó÷àÿ êîìïîíåíòà Íå4

 ñâîáîäíî ïðîíèêàåò ÷åðåç îáû÷íóþ
Íå3.

Íî ñìîäåëèðîâàâ ñèòóàöèþ, â êîòîðîé è ó âîäû ïîÿâè-
ëàñü ñâåðõòåêó÷àÿ êîìïîíåíòà, ìû íà÷èíàåì ïîíèìàòü, ÷òî
èìååì äåëî ñ ðåàëüíûì, íî íåïðîÿâëåííûì äëÿ íàñ òå÷å-
íèåì ýíåðãèè êàê áû íà èíîì óðîâíå. Åñëè ýòèõ óðîâíåé,
ïî êðàéíåé ìåðå, äâà, òî òå÷åíèÿ ìîãóò áûòü âñòðå÷íûìè.

Ñóùåñòâóþò è òåîðèè, óòâåðæäàþùèå, ÷òî â óñëîâèÿõ
Çåìëè ýôèð òå÷¸ò âî âñòðå÷íûõ íàïðàâëåíèÿõ: âòåêàåò â
íå¸ â îäíîì ñîñòîÿíèè, à âûòåêàåò â äðóãîì.

Ðèñ. 164.  Ïîïûòêà èçîáðàçèòü ìåõàíèêó âñòðå÷íûõ äâèæåíèé ýôèðà

Âèäèìî, çäåñü ñëåäóåò èñêàòü èñòîêè ãèïîòåçû î ìíî-
ãîóðîâíåâîñòè ýôèðà, à òî÷íåå � î áåñêîíå÷íîì êîëè÷å-
ñòâå ýòèõ óðîâíåé. Åñëè ýòà ãèïîòåçà îäíàæäû ïîäòâåð-
äèòñÿ, à ñêîðåå âñåãî òàê îíî è áóäåò, òî âðÿä ëè ìû
êîãäà-ëèáî äîáåð¸ìñÿ äî ïåðâîýôèðà, ïîòîìó êàê è îí ìî-
æåò îêàçàòüñÿ ôèêöèåé, çà êîòîðîé ñïðÿòàíà î÷åðåäíàÿ
áåñêîíå÷íîñòü. Íî åñëè ýòî òàê, òî íå ëó÷øå ëè îòíîñèòüñÿ
ê ýôèðó êàê ê îäíîìó èç îñÿçàåìûõ íàìè ýíåðãåòè÷åñêèõ
óðîâíåé âîçáóæä¸ííîãî íå÷òî, êîòîðîå ïî ôîðìå è ñîäåð-
æàíèþ íåäîñòóïíî îñîçíàíèþ íèêîãäà, íî îáëàäàåò âñåìè
ñâîéñòâàìè ðåàëüíîé ñðåäû? Íî òîãäà ñëåäóåò çàìåòèòü, ÷òî
àáñîëþòíî ëþáàÿ ñðåäà åñòü âîçáóæä¸ííûé ýôèð.

Ðàññìîòðåííàÿ ñèòóàöèÿ ïðÿìî óêàçûâàåò íà ðåàëü-
íîñòü ïåðåíîñà ýíåðãèè â íåïðîÿâëåííîì, â ñêðûòîì îò
íàñ âèäå. Âîïðîñ ëèøü â òîì, êàê ïðîäåòåêòèðîâàòü ýòó
ýíåðãèþ?
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Íî åñëè åñòü íåïðîÿâëåííàÿ äëÿ íàñ ýíåðãèÿ, çíà÷èò,
íåò çàïðåòà íà íåïðîÿâëåííûé äëÿ íàñ ìèð. Èíòåðåñíî
áûëî áû çíàòü, êàê îí âûãëÿäèò? Ïîïûòàåìñÿ âîññîçäàòü
åãî, èñõîäÿ èç óæå èìåþùèõñÿ ó íàñ ïðåäñòàâëåíèé î çà-
êîíå ñîõðàíåíèÿ ýíåðãèè.

Çàêîí ñîõðàíåíèÿ ýíåðãèè òðåáóåò îò íàñ ââåäåíèÿ â
îáèõîä íàó÷íîãî ïîíÿòèÿ î ïàðàëëåëüíîì íàøåìó, «âû-
âåðíóòîì íàèçíàíêó», íî ðåàëüíîì ìèðå. Â ïàðàëëåëü-
íîì ìèðå äîëæíî áûòü âñ¸ íàîáîðîò: òàì, ãäå ó íàñ òüìà, â
í¸ì ñâåò; åñëè ó íàñ ïðîòî÷àñòèöà íå èçëó÷àåò, ó íèõ ïðåä-
ìåòû è âåùåñòâà èçëèâàþò ñâåò.

Äëÿ òîãî ÷òîáû õîòü êàê-òî ïðåäñòàâèòü ýòó ñòðàííîñòü
è îïðàâäàòü å¸ ïðàâî íà ñóùåñòâîâàíèå, ïðèøëîñü âñïîì-
íèòü î ïîëÿðèçàöèè.

Ðèñ. 165.  È õîòÿ âîëíû ãàñÿò äðóã äðóãà, íî ñðåäó íàïðÿãàþò, à ïîòîìó
îíà (ñðåäà) îáðåòàåò îñîáûå íåïðîÿâëåííûå ñâîéñòâà. Íåïðîÿâëåííóþ
âîëíó íåâîçìîæíî óâèäåòü îáû÷íûìè ñïîñîáàìè, ýòî íå îçíà÷àåò, ÷òî å¸
òàì íåò. Çäåñü èìååò ìåñòî äâèæåíèå â íåïðîÿâëåííîì âàðèàíòå

Äîñòàòî÷íî ñëîæíî ïðåäñòàâèòü ñåáå äâà ñîñóùåñòâó-
þùèõ îäíîâðåìåííî è â îäíîì îáú¸ìå ïåðïåíäèêóëÿðíî
ïîëÿðèçîâàííûõ ìèðà. Åñëè ìû âñ¸-òàêè ñìîæåì ïðè-
íÿòü ýòó âèðòóàëüíóþ ñòðàííîñòü, òî ñóùåñòâåííî îáëåã-
÷èì ïîíèìàíèå îáîñíîâàííîñòè ââåäåíèÿ ìíîãîìåðíîñòåé
äëÿ îáúÿñíåíèÿ òåõ èëè èíûõ íå ìåíåå ñòðàííûõ ÿâëåíèé,
íàïðèìåð, â ÓÔÎëîãèè.

Âðåìÿ îò âðåìåíè ëþäè íàáëþäàþò ñâåòÿùèåñÿ øàðû
è èíûå ýíåðãåòè÷åñêèå ñàìîîáðàçîâàíèÿ. Íî è ìû, èñïû-
òûâàÿ, íàïðèìåð, àòîìíóþ áîìáó, ìîæåì â ïàðàëëåëüíîì
ìèðå âûçâàòü íå÷òî ïîäîáíîå. Åñëè ðàçóì â ïàðàëëåëü-
íîì ìèðå íåâåæåñòâåíåí, òî âäðóã âîçíèêøèé ó íèõ ñâåòÿ-
ùèéñÿ øàð áóäåò âûãëÿäåòü íåîáúÿñíèìûì ÷óäîì. Íî åñëè
ðàçóìíûå ñóùåñòâà â òîì ìèðå áîëåå ðàçâèòû, ÷åì ìû, òî
îíè ïîéìóò, ÷òî ìû â ñòðåìëåíèè îñâîèòü ñîáñòâåííûé ìèð
ïðîâîäèì î÷åðåäíîé ýíåðãåòè÷åñêèé ýêñïåðèìåíò. Íî êàê
èì óäà¸òñÿ çàðàíåå ïðåäóãàäàòü íàøè ïëàíû? Íå åäèíîæ-
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äû âåäü ïåðåä íà÷àëîì êàêîãî-ëèáî ýêñïåðèìåíòà íàáëþ-
äàëèñü òàê íàçûâàåìûå ÍËÎ? ßâëÿþòñÿ ëè òàêèå âèçèòû
êîíòðîëåì çà ïðîèñõîäÿùèì, à åñëè ÿâëÿþòñÿ, òî ïî÷åìó?

Òåïåðü îòâåò íà ýòîò âîïðîñ íå ïðåäñòàâëÿåòñÿ ñëîæ-
íûì, äîñòàòî÷íî âîîáðàçèòü ñèòóàöèþ, â êîòîðîé ìåñòî èñ-
ïûòàíèÿ àòîìíîé áîìáû â íàøåì ìèðå ñîâïàëî ñ ìåñòîì
ðàñïîëîæåíèÿ äåòñêîãî ñàäà ó íèõ � â íåïðîÿâëåííîì äëÿ
íàñ ìèðå. Åñëè îíè îñâîèëè ñïîñîá «ïîäãëÿäûâàíèÿ» çà
íàøèì ìèðîì (à ýòî ìîæåì ñäåëàòü è ìû, åñëè ïîéì¸ì
êàêîâ ìåõàíèçì), òî íàâåðíÿêà èìåþò ñëóæáó êîíòðîëÿ çà
äåéñòâèÿìè ñâîèõ íåâåæåñòâåííûõ áðàòüåâ ïî ðàçóìó. Áûòü
ìîæåò, è íàì ñòîèò ïîñëåäîâàòü èõ ïðèìåðó? � è òîãäà
ìíîãèå ïðîáëåìû âçàèìíîãî ñîæèòåëüñòâà îáåðíóòñÿ íàì
âî áëàãî?!

§ 4.  Ïåðïåíäèêóëÿðíî ïîëÿðèçîâàííûå ÌÈÐÛ

Äîãàäêà î ïàðàëëåëüíûõ ìèðàõ ñòàðà êàê ñàì ìèð.
Ìû, êîíå÷íî, ìîæåì îøèáàòüñÿ â äåòàëÿõ, è ýòî ïðîñòè-
òåëüíî íà íà÷àëüíûõ ýòàïàõ, íî â ãëàâíîì îøèáêè íåò.
Äåëî â òîì, ÷òî ìíîãîå ïðîèñõîäÿùåå ìû òåïåðü ìîæåì
îáúÿñíÿòü áåç ïðèâëå÷åíèÿ ïîíÿòèÿ «Áîã», áåç ïðèâëå÷å-
íèÿ ìèñòèêè, à çíà÷èò ëèäåðû ñîìíèòåëüíûõ ìèñòè÷åñ-
êèõ øêîë áóäóò òåðÿòü âëàñòü íàä ïàñòâîé � âñ¸ òðóäíåå
áóäåò ìîðî÷èòü ëþäÿì ãîëîâû. Çíàíèå ñòó÷èòñÿ â äâåðè.

Ïîôàíòàçèðóåì âîêðóã ñèòóàöèè «âûíóæäåííîãî ñî-
æèòåëüñòâà» è ðàññìîòðèì íåáëàãîâèäíûé âàðèàíò. Âïîë-
íå ìîæåò ñòàòüñÿ, ÷òî ýíåðãåòè÷åñêîå çàãðÿçíåíèå â íà-
øåì ìèðå ÿâëÿåòñÿ áëàãîì äëÿ âèðòóàëüíûõ ñîñåäåé, è
íàîáîðîò. Åñëè èõ öèâèëèçàöèÿ ñòðåìèòñÿ ê ñîáñòåííîìó
áëàãó ëþáîé öåíîé, òî ñäåëàòü îíè ýòî ìîãóò òîëüêî ÷åðåç
âîçäåéñòâèå íà íàñ, à ïî ñóòè � íàøèìè ðóêàìè. Ìîæåò,
ïîýòîìó èì âûãîäíî íàøå íåâåæåñòâî è îíè, áóäó÷è áîëåå
âûñîêîðàçâèòûìè, äåëàþò âñ¸ âîçìîæíîå, â òîì ÷èñëå è
ïðÿìîå çîìáèðîâàíèå «ÿêîáû ñèëüíûõ» ìèðà ñåãî, ÷òîáû
ìû êàê ìîæíî äîëüøå îñòàâàëèñü â æèâîòíî-ïðèìèòèâ-
íîì ñîñòîÿíèè. Íî òîãäà è äåéñòâèÿ ïðàâÿùåé âåðõóøêè
ïðîòèâ ñîáñòâåííîãî íàðîäà, â òîì ÷èñëå è â íàóêå, ñòàíî-
âÿòñÿ ïîíÿòíûìè. À èíà÷å, êàê îáúÿñíèòü òî óïîðñòâî, ñ
êîòîðûì èìåííî ïðàâÿùàÿ âåðõóøêà âñåìè ïðàâäàìè è
íåïðàâäàìè íå äà¸ò íîâîìó õîäà.
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Íî åñòü è åù¸ îäèí ñïîñîá, êàê èçáàâèòüñÿ îò ìåøàþ-
ùåãî èì æèòü ÷åëîâå÷åñòâà � ïîäâåñòè íàñ ê ýêîëîãè÷åñ-
êîé êàòàñòðîôå, ïîçâîëèòü íàì èçîáðåñòè ïðèíöèïèàëüíî
íîâûå àïïàðàòû äëÿ ïåðåäâèæåíèÿ â ïðîñòðàíñòâå, íî òîëü-
êî äëÿ òîãî, ÷òîáû ìû äîáðîâîëüíî-âûíóæäåííî ïîêèíóëè
Çåìëþ.

Íî ïî÷åìó áû ïàðàëëåëüíîé öèâèëèçàöèè ïðîñòî íå
óíè÷òîæèòü íàñ? Ïîõîæå, ÷òî îíè íå èìåþò íà ýòî ïðàâà.
Îíè çíàþò, ÷òî ýòèì ñàìûì áóäåò íàðóøåí âèäîâîé áà-
ëàíñ â íàøåé îáùåé Âñåëåííîé, â êîòîðîé è îíè íå ÿâëÿ-
þòñÿ ïîñëåäíåé èíñòàíöèåé áûòèÿ. Íî òîãäà ñóùåñòâóåò
íå÷òî, ÷òî âûøå èõ, ÷òî ñïîñîáíî âîçäåéñòâîâàòü íà íèõ?
Ïî êðàéíåé ìåðå, òàê óòâåðæäàþò ïðèøåäøèå ê íàì ñ
âîñòîêà çíàíèÿ î íåðàçðûâíîé ìíîæåñòâåííîñòè óðîâíåé
æèçíè â åäèíîì ïðîñòðàíñòâå.

Åñòü è áîëåå ïîïóëÿðíàÿ òðàêòîâêà âîïðîñà áàëàíñà.
Åñëè ìû íà Çåìëå ïîëíîñòüþ óíè÷òîæèì îäèí èç âèäîâ
æèâûõ ñóùåñòâ, òî âîçíèêíåò áèîëîãè÷åñêèé äèñáàëàíñ ñ
íåïðåäñêàçóåìûìè ïîñëåäñòâèÿìè.

Âåñüìà èíòåðåñíûì ïðåäñòàâëÿåòñÿ âîïðîñ: êàê íàì
ñ ïîìîùüþ ïðèáîðîâ íàïðÿìóþ óâèäåòü ïðåäïîëàãàåìûé
ïàðàëëåëüíûé ìèð? Òåì áîëåå, ÷òî ìû òåïåðü äîãàäûâàåì-
ñÿ îá îáúåäèíÿþùèõ íàøè ìèðû ýíåðãåòè÷åñêèõ øóìàõ.

§ 5.  Óâèäåòü íåâèäèìîå

Íåò ñîìíåíèÿ â òîì, ÷òî íà óðîâíå øóìà ìû îáÿçà-
òåëüíî ÷òî-òî óâèäèì, íî ñóùåñòâóåò ïðîáëåìà ÷óâñòâè-
òåëüíîñòè ïðèáîðîâ, à òàêæå äåêîäèðîâàíèÿ ïðèíèìàåìûõ
ñèãíàëîâ. Ïîõîæå, ÷òî ïðîèñõîäÿùåå èìååò îáùèå øóìû
è â íàøåì, è â áëèæàéøåì ê íàì ïî ìàñøòàáàì ïàðàë-
ëåëüíîì ìèðå. Íàèáîëåå áëèçêàÿ ýòîìó àíàëîãèÿ � êâàð-
òèðà ñîñåäà ñ ïëîõîé çâóêîèçîëÿöèåé. Ìû íå ìîæåì óñ-
ëûøàòü, ÷òî äåëàåòñÿ ó ñîñåäà, åñëè ñëóøàåì ãðîìêóþ
ìóçûêó, íî ñòîèò íàì îòêëþ÷èòü âñå çâóêîâûå ïðèáîðû è
ïðèñëóøàòüñÿ ê øóìàì ïåðåãîðîäêè, ìû îáíàðóæèì, ÷òî
çà ñòåíêîé ïðîèñõîäèò áóðíàÿ ñåìåéíàÿ ðàçáîðêà.

È â øïèîíñêî-ðàçâåäûâàòåëüíîé äåÿòåëüíîñòè øèðî-
êî ðàçâèòî ïîäñëóøèâàíèå. Ïðîñëóøèâàòü ðàçãîâîðû íà-
ó÷èëèñü ïî âèáðàöèÿì ñò¸êîë; ÷åðåç òîëñòûå ñòåíû; ïî
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òåëåôîíó, ó êîòîðîãî íå ïîäíÿòà òðóáêà; ïîäêëþ÷àÿñü ê
ïðîòèâîïîæàðíûì äàò÷èêàì.

Íàèáîëåå èíòåðåñíûì äëÿ îáùåíèÿ ñ âèðòóàëüíûìè
ñîñåäÿìè ïðåäñòàâëÿåòñÿ îðãàíèçì ÷åëîâåêà. Â òîì, ÷òî ó
êàæäîãî èç íàñ ðàçëè÷íàÿ ÷óâñòâèòåëüíîñòü, ñïîðó íåò. Ìó-
çûêàíò ñëûøèò è ðàçëè÷àåò íåäîñòóïíûå îáû÷íûì ëþ-
äÿì çâóêè, äåãóñòàòîð � âêóñû è çàïàõè, åñòü ëþäè ñ âåñü-
ìà îñòðûì çðåíèåì � íåêîòîðûå èç íèõ ìîãóò óâèäåòü
ñïóòíèêè Þïèòåðà íåâîîðóæ¸ííûì ãëàçîì.

Íî ñóùåñòâóåò ïðîáëåìà ïðîâåðêè. Åñëè ÷åëîâåê íåâî-
îðóæ¸ííûì ãëàçîì âèäèò ñïóòíèêè Þïèòåðà èëè æå êîëü-
öà Ñàòóðíà, è åñëè ëþäåé ñ òàêîé îñòðîòîé çðåíèÿ ïðàêòè-
÷åñêè íåò, òî ó íåãî íåò ñïîñîáà äîêàçàòü ñâîèì «íåçðÿ÷èì»
ñîðîäè÷àì ðåàëüíîñòü íàáëþäàåìîãî. È äàæå òîãäà, êîãäà â
ðóêàõ ñëàáîâèäÿùèõ ïîÿâèòñÿ òåëåñêîï, ñ ïîìîùüþ êîòî-
ðîãî ìîæíî óçíàòü, òî ëè âèäèò çðÿ÷èé èëè íå òî, îí, çðÿ÷èé,
îòîäâèãàåòñÿ íà âòîðîé ïëàí. Ïðè÷èíà: «Çà÷åì íàì çðÿ÷èé,
âåäü òåïåðü ó íàñ åñòü áåñïðèñòðàñòíûé òåëåñêîï, è ìû
ìîæåì îáõîäèòüñÿ áåç ïîñòîðîííåé ïîìîùè!»

Èíîå äåëî, êîãäà áû âèäåëè âñå, êðîìå îäíîãî. Â ýòîé
ñèòóàöèè ÷åëîâåêà ñ ïëîõîé îñòðîòîé çðåíèÿ îáúÿâèëè áû
èíâàëèäîì � è íèêòî áû åìó íè÷åãî íå ñòàë äîêàçûâàòü,
ìîë � «ýòî òâîè ïðîáëåìû!» Ïîíèìàÿ ïîðî÷íóþ îñîáåí-
íîñòü ÷åëîâå÷åñêîãî îáùåñòâà � óñòàíàâëèâàòü èñòèíó ãî-
ëîñîâàíèåì, áûëî ðåøåíî âîîáùå îòêàçàòüñÿ îò ñèñòåìû
äîêàçàòåëüñòâà è ñîñðåäîòî÷èòüñÿ íà ïîèñêå ñïîñîáîâ òåõ-
íè÷åñêîé ðåàëèçàöèè òîé èëè èíîé èäåè. Ñàìîå ñëîæíîå
çäåñü � íå îáìàíûâàòü ïðåæäå âñåãî ñàìîãî ñåáÿ. Íî âåð-
í¸ìñÿ ê ñâåðõ÷óâñòâåííûì ñïîñîáíîñòÿì ÷åëîâåêà äëÿ
òîãî, ÷òîáû ïîïûòàòüñÿ ïîíÿòü ìåõàíèçì, íàïðèìåð ÿñíî-
âèäåíèÿ, ÿñíîñëûøàíèÿ.

Äóõ èñïîëüçóåò âåùåñòâåííóþ ÷àñòü îðãàíèçìà â êà-
÷åñòâå èíñòðóìåíòà, ñ ïîìîùüþ êîòîðîãî îí îöåíèâàåò îê-
ðóæàþùóþ ñèòóàöèþ. ×óâñòâèòåëüíîñòü èíñòðóìåíòà îï-
ðåäåëÿåòñÿ, ïî-âèäèìîìó, ïðèíöèïîì ñàìîäîñòàòî÷íîñòè.
Íî âîçíèêàþò îáñòîÿòåëüñòâà (ñòðåññû, êëèíè÷åñêàÿ
ñìåðòü), â ðåçóëüòàòå êîòîðûõ íåïîíÿòíûì äëÿ íàñ îáðà-
çîì ïîâûøàåòñÿ ÷óâñòâèòåëüíîñòü îðãàíîâ, îòâåòñòâåííûõ
çà áîëåå øèðîêîå âîñïðèÿòèå äåéñòâèòåëüíîñòè. Íî ñêî-
ðåå âñåãî íà÷èíàþò ôóíêöèîíèðîâàòü îðãàíû ÷óâñòâ, ïðåä-
íàçíà÷åííûå äëÿ îðèåíòàöèè íà î÷åðåäíîì óðîâíå áûòèÿ.
Åñëè ýòî ïðîèñõîäèò � ÷åëîâåê ñòàíîâèòñÿ íå òàêèì, êàê
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âñå. Âòîðîé âàðèàíò ïðåäïî÷òèòåëüíåå, ïîòîìó êàê îáëà-
äàþùèå ÿñíîâèäåíèåì óòâåðæäàþò, ÷òî ãëàçà çäåñü íè ïðè
÷¸ì. Ðàíüøå ýòèõ «íåñ÷àñòíûõ» ëþäåé áåçäóìíî æãëè íà
êîñòðàõ, â íàñòîÿùåå âðåìÿ ê íèì îòíîñÿòñÿ áîëåå ãóìàí-
íî � òåðïÿò, ïîëüçóþòñÿ èõ ñïîñîáíîñòÿìè, íî îò íàèáîëåå
íàçîéëèâûõ ïûòàþòñÿ îòìàõíóòüñÿ ïñèõóøêîé.

Ìû ïðåäïîëîæèëè, ÷òî òåõíè÷åñêîå ðåøåíèå ïðîáëå-
ìû íàáëþäåíèÿ ïàðàëëåëüíîãî ìèðà ñëåäóåò èñêàòü â øó-
ìàõ. Ýòîò íåñóùåñòâóþùèé ïîêà àïïàðàò â êàêîé-òî ñòå-
ïåíè äîëæåí íàïîìèíàòü âèäåîêàìåðó, ñ ïîìîùüþ êîòîðîé
ìîæíî âèäåòü îêðóæàþùåå è â ïîëíîé òåìíîòå. Îäíî èç
òðåáîâàíèé ê àïïàðàòó � íåâîñïðèÿòèå èíôîðìàöèè â äè-
àïàçîíàõ ñèëüíûõ èçëó÷åíèé. Ñëåäóåò ïîìíèòü, ÷òî, íå ñî-
çäàâ òèøèíû, íåâîçìîæíî óñëûøàòü, ÷òî äåëàåòñÿ ó ñîñå-
äåé. Ìîæåò áûòü, ïîýòîìó äëÿ ìíîãèõ óåäèíåíèå, óõîä îò
ìèðñêèõ ïðîáëåì, îò øóìà ìåðêàíòèëüíûõ, ÷àñòî áðåäî-
âûõ ìûñëåé, ãëóïûõ è ïðèìèòèâíûõ æåëàíèé ñïîñîáñòâó-
åò îáîñòðåíèþ íåîáû÷íûõ îðãàíîâ ÷óâñòâ?

Íåò ñîìíåíèÿ â òîì, ÷òî âåùåñòâà, êàê è ëþäè, ðåàãè-
ðóþò íà øóìû. Åñòü è ïîäòâåðæäàþùèå ýòî èññëåäîâà-
íèÿ. Íî êàê çàñòàâèòü âñ¸ ýòî ðàáîòàòü íàì âî áëàãî, ñ ÷åãî
íà÷àòü? «Ñ ïåðâîãî øàãà, � ñêàçàë áû ìóäðåö. � Ëþáîé
ïóòü íà÷èíàåòñÿ ñ ïåðâîãî øàãà».

§ 6.  Âìåñòî çàêëþ÷åíèÿ

Ó ÷åëîâå÷åñòâà åñòü äàâíÿÿ ìå÷òà �  âûðâàòüñÿ èç ãðà-
âèòàöèîííîé òþðüìû. Áåñêîíå÷íûå ïðîñòîðû Âñåëåííîé
ìíîãîîáðàçíû, íî, ÷òîáû óáåäèòüñÿ â ýòîì, íåîáõîäèìà ñâî-
áîäà îò ñàìèõ ñåáÿ, êîòîðàÿ òàê è îñòàíåòñÿ íåñáûòî÷íîé
ìå÷òîé, ïîêà ÷åëîâåê íå ñáðîñèò ñ ñåáÿ ïóòû íåâåæåñòâà.

È îäíàæäû íàì äàíî áóäåò óçíàòü, êòî ìû è çà÷åì
æèçíü. È îòêðîåòñÿ íàì ìíîãîîáðàçèå ïåðåïëåòàþùèõñÿ
ìåæäó ñîáîé ìèðîâ, è ìû ñòàíåì ëþáèòü íå òîëüêî ñåáÿ,
ïîòîìó ÷òî óçíàåì, ÷òî áóäó÷è çäåñü ìû îäíîâðåìåííî âåç-
äå.

Íå íàøà âèíà â òîì, ÷òî ìíîãîå ñîêðûòî îò íàñ � òàêîâ
ïðîöåññ. Íî ìû òðóäîì è òåðïåíèåì ñâîèì î÷èùàåì ãëàçà
è ñîçíàíèå îò ïåëåíû íåâåæåñòâà è ïðîçðåâàåì. È òàê äåíü
çà äí¸ì, ãîä çà ãîäîì, òûñÿ÷åëåòèå çà òûñÿ÷åëåòèåì.
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Îäíàêî ñâîé ïóòü ê ñâîáîäå ìû íà÷àëè ñ âàðâàðñêèõ
äåéñòâèé: çàãàäèëè àòìîñôåðó, ðåêè è îêåàíû, çåìëþ, çà-
òåì áëèçëåæàùèé êîñìîñ. Ïîêà åù¸ åñòü ÷åì äûøàòü, íî
áëèçèòñÿ äåíü, êîãäà ìû áóäåì ïîêóïàòü ÷èñòûé âîçäóõ è
çàáóäåì âêóñ Ïðèðîäû � ôàíòàñòû äàâíî óæå ïðåäðåêàþò
íàì ãàäêîå áóäóùåå. Ïîðîé êàæåòñÿ, ÷òî âûõîäà íåò, à
êîå-ãäå ðàçäàþòñÿ ãîëîñà, ÷òî òàê îíî è äîëæíî áûòü. Îò-
÷àñòè îíè ïðàâû: è ðåá¸íîê, ïîêà íå âûðàñòåò è íå ïîéì¸ò,
ñ óäîâîëüñòâèåì ãîòîâ ìàçàòüñÿ îòõîäàìè ñîáñòâåííîé æèç-
íåäåÿòåëüíîñòè.

Íî äåòñòâî ïðîõîäèò, è ìû óçíà¸ì î ìèðå ñ èíûìè
ïðîáëåìàìè. Ìíîãèå íà÷èíàþò îñâàèâàòü óæå ñäåëàííîå,
íî êòî-òî, âòàéíå îò ëþäåé è íàñìåøåê, ñòðîèò ëåòàþùóþ
òàðåëêó èëè æå âå÷íûé äâèãàòåëü.

È ñàìîë¸òû áûëè êîãäà-òî ãîëóáîé ìå÷òîé, è ïîë¸òû ê
ïëàíåòàì, íî äëÿ íàñ òåïåðü ýòî ðåàëüíîñòü. È óëûáàåìñÿ
ìû íàä ïîâåäåíèåì òåõ, êòî ñ åõèäöåé ñìåÿëñÿ íàä ìå÷òà-
òåëÿìè, äåëàâøèìè ïåðâûå íåóêëþæèå øàãè, è ñíèñõîäè-
òåëüíî ïðîùàåì èì èõ íåâåæåñòâî: îòêóäà èì áûëî çíàòü,
÷òî ñìåþòñÿ è èçäåâàþòñÿ îíè íàä ëþäüìè èç áóäóùåãî?

Åñëè êòî-òî äóìàåò, ÷òî âðåìåíà íåâåæåñòâà êàíóëè â
ëåòó, òî îí è åñòü ñàìûé áîëüøîé íåâåæäà.

Ñ ïîçèöèè îáûâàòåëÿ, ïîëèòèêà èëè áèçíåñìåíà âñ¸
íîâîå ñîìíèòåëüíî è íåýôôåêòèâíî, ïîòîìó ÷òî ñêîðîé ïðè-
áûëè íå äà¸ò. Íî è íîâîå ïîÿâëÿåòñÿ êðàéíå ðåäêî.

Ìîæíî ëè ñ÷èòàòü íîâûì ïðåäñòàâëåííûé â êíèãå ìà-
òåðèàë? Äëÿ ìíîãèõ ëþäåé ìàòåðèàë ÿâëÿåòñÿ íîâûì, íî
ñëåäóåò ïðèçíàòü, ÷òî â ðàçðîçíåííîì âèäå åãî ìîæíî íàé-
òè â îïóáëèêîâàííûõ è íåîïóáëèêîâàííûõ ðàáîòàõ ó÷¸-
íûõ ðàçíûõ âðåì¸í. È òîëüêî ñîçäàâ îñíîâû ÐÈÒÌÎÄÈ-
ÍÀÌÈÊÈ óäàëîñü ñíÿòü ñòàðûå îäåæäû ñ äâèæåíèÿ è
ìíîãîå îáúåäèíèòü. Ðèòìîäèíàìèêà Ïðèðîäû � ýòî âå÷-
íîå ñàìîäâèæåíèå, ñàìîîðãàíèçàöèÿ è íåïðåðûâíîå îáíîâ-
ëåíèå. Êàê ïðåêðàñåí ñòàíåò ÷åëîâåê, íàéäÿ îáùèé ðèòì ñ
Ïðèðîäîé è ïîíÿâ, ÷òî ÿâëÿåòñÿ íåóíè÷òîæèìîé, à ïîòîìó
âå÷íî îáíîâëÿþùåéñÿ åãî ÷àñòüþ.

Ìû ëèøü ñëåãêà ïðèêîñíóëèñü ê òåìå äâèæåíèÿ è îá-
íàðóæèëè «íåïàõàíîå ïîëå» äëÿ äåÿòåëüíîñòè. «Àëÿñêà
çíàíèé» æä¸ò ñâîèõ «çîëîòîèñêàòåëåé».



226                                  ÐÈÒÌÎÄÈÍÀÌÈÊÀ

ÐÈÒÌÎÄÈÍÀÌÈÊÀ â åñòåñòâåííûõ íàóêàõ

Íîâîå íàïðàâëåíèå, ðèòìîäèíàìèêà, çàíèìàåòñÿ òåìè æå
çàäà÷àìè, ÷òî è êëàññè÷åñêàÿ, è êâàíòîâàÿ ìåõàíèêè: êèíå-
ìàòèêà, äèíàìèêà òåë, ðåàêöèè íà êàêèå-ëèáî èçìåíåíèÿ.
Íî â ÷¸ì îòëè÷èå îò íèõ?

Â êëàññè÷åñêîé ìåõàíèêå òåëà ïðåäñòàâëÿþò ñîáîé àí-
ñàìáëè êàêèõ-òî òâ¸ðäûõ îáúåêòîâ, ìåæäó êîòîðûìè äåé-
ñòâóþò ñèëû.

Â ðèòìîäèíàìèêå òåëî ïðåäñòàâëÿåò ñîáîé àíñàìáëü îñ-
öèëëÿòîðîâ (ïðîòîîñöèëëÿòîðîâ), êàæäûé èç êîòîðûõ èçëó-
÷àåò âîëíû. Â ðåçóëüòàòå îáðàçóåòñÿ èíòåðôåðåíöèîííîå ïîëå,
è â çàâèñèìîñòè îò ýòîãî ïîëÿ èçìåíÿåòñÿ ñîñòîÿíèå èñõîä-
íûõ îñöèëëÿòîðîâ. Òàêèì îáðàçîì, ñîâðåìåííûå ïðåäñòàâ-
ëåíèÿ î âîëíîâîé ïðèðîäå âåùåñòâà îðãàíè÷åñêè âõîäÿò â
èñõîäíûå ïðåäñòàâëåíèÿ ðèòìîäèíàìèêè.

Ð À Ñ Ø È Ð Å Í È Å                

ÑÒÐÓÊÒÓÐÀ        ÂÇÀÈÌÎ                

ìîëåêó-
ëû

→→→→→àòîìû→→→→→ÿäðà→→→→→→→→→→ý ë å ì å í -
òàðíûå
÷àñòèöû

→→→→→êâàðêè→→→→→→→→→→îñöèëëÿ-
òîðû

→→→→→? ïðîòî÷à-
ñòèöû

10�10ì
  ÑÓÁÌÈÊÐÎÌÈÐ            Ì È Ê Ð Î Ì È Ð                            

íóêë î -
íû

ÑÒÐÓÊÒÓÐÀ   ÌÀÒÅÐÈÈ               

Ñ ï å ö ð à ç ä å ë û     

10�16ì

ÐÈÒÌÎÄÈÍÀÌÈÊÀ
Õèìèÿ

10�39ì
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Ïðèñòàâêà «ðèòìî» â íàçâàíèè óêàçûâàåò íà òî, ÷òî êî-
ëåáàíèÿ ëåæàò â ïåðâîîñíîâå íîâîãî íàïðàâëåíèÿ.

Äàííîå íàïðàâëåíèå ÿâëÿåòñÿ íîâûì, îíî òîëüêî ðîäè-
ëîñü, à ïîòîìó ìíîãîå â í¸ì åù¸ ïîäëåæèò óòî÷íåíèþ.

Äëÿ òîãî ÷òîáû óêàçàòü ìåñòî íîâîãî íàïðàâëåíèÿ íà
îáùåì «äðåâå» ôèçèêè áûëà ïðîâåäåíà ïðåäâàðèòåëüíàÿ
îöåíêà îñíîâíûõ ïîëîæåíèé ðèòìîäèíàìèêè ñ ïîçèöèè
òåîðèè ïîëÿ. Îöåíêà óêàçàëà íà íàëè÷èå íåèçâåñòíûõ ðà-
íåå ïîëåé Gνµνµνµνµνµ è Fννννν, âõîäÿùèõ â ãðóïïó ïîëåé êëàññà Ψijêl .
Âàæíûì îêàçàëîñü òî, ÷òî ðèòìîäèíàìèêà ìîæåò èçó÷àòü
ýëåêòðè÷åñêè íå çàðÿæåííûå, ýëåêòðîíåéòðàëüíûå îáüåê-
òû. Â êà÷åñòâå «çàðÿäà» çäåñü ìîæåò âûñòóïàòü òîê â ñà-
ìîì îáùåì åãî ïîíèìàíèè (òîê âåðîÿòíîñòè, òîê ìàññû,
òîê çàðÿäà è ò.ä.). Â ýòîé ñâÿçè ãîòîâÿòñÿ ê èçäàíèþ áðî-
øþðû, â êîòîðûõ áóäåò äàí ïîäðîáíûé òåîðåòè÷åñêèé àíà-
ëèç ñëåäñòâèé èç îñíîâíûõ ïîëîæåíèé ðèòìîäèíàìèêè.

                  Â Ñ Å Ë Å Í Í Î É

                ÄÅÉÑÒÂÓÞÙÈÕ    ÍÀÓÊ

ÂÑÅËÅÍÍÀß→→→→→→→→→→ÑÎËÍÅ×ÍÀß
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→→→→→
→→→→→

→→→→→
→→→→→

→→→→→
→→→→→

ïîðîäû
îðãàíû
îðãàíèçìû
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×àñòü 3.  ÏÐÈËÎÆÅÍÈß

1.  Ïî÷åìó àìïëèòóäà âîëíû óáûâàåò ñ
ðàññòîÿíèåì

Äëÿ òîãî ÷òîáû ïîëó÷øå ðàññìîòðåòü âîëíîâûå ïðîöåññû íà
ëþáîì ðàññòîÿíèè, ìû âî âñåõ ïðîãðàììàõ óìûøëåííî çàäàâà-
ëè àìïëèòóäó âîëí íåèçìåíÿþùåéñÿ, íåóãàñàþùåé. Ýòî îçíà÷à-
ëî, ÷òî àìïëèòóäà âîëíû îò îäèíî÷íîãî èñòî÷íèêà íà ëþáîì
óäàëåíèè îò íåãî îäíà è òàæå.

Íî óäèâèòåëüíîå äåëî: ïðè ìîäåëèðîâàíèè ïëîñêèõ íåèç-
ëó÷àþùèõ ñèñòåì ìû îáíàðóæèëè, ÷òî îíè õîòü íåìíîãî, íî èç-
ëó÷àþò â îêðóæàþùåå ïðîñòðàíñòâî. Êàçàëîñü áû îòîðâàâøàÿñÿ
îò ñèñòåìû ñóììàðíàÿ âîëíà òîæå íå äîëæíà çàòóõàòü, íî ýòî
îêàçàëîñü äàëåêî íå òàê � èíòåíñèâíîñòü ñóììàðíîé âîëíû áû-
ñòðî óáûâàåò ñ ðàññòîÿíèåì. Ïðè÷èíà ñòîëü ñòðàííîãî ïîâåäå-
íèÿ ñóììàðíîé âîëíû êðîåòñÿ â ñóïåðïîçèöèè âîëí, à òàê êàê
ýëåìåíòàðíûõ èñòî÷íèêîâ íåñêîëüêî, âîëíû íà íåêîòîðîì ðàñ-
ñòîÿíèè îò ñèñòåìû íà÷èíàþò ãàñèòü äðóã äðóãà. Íå â ýòîì ëè
ïðè÷èíà ñîáëþäåíèÿ çàêîíà îáðàòíûõ êâàäðàòîâ òèïà:

     F=gMm/r2. (3.1)

Åñëè îêàæåòñÿ, ÷òî ïðè ðàññìîòðåíèè îáú¸ìíîé ñèñòåìû
ñóììàðíàÿ èíòåíñèâíîñòü óáûâàåò èìåííî îáðàòíî ïðîïîðöèî-
íàëüíî êâàäðàòó ðàññòîÿíèÿ, òî èìååò ïðàâî íà æèçíü ãèïîòåçà
íåçàâèñèìîñòè àìïëèòóäû âîëíû îò ðàññòîÿíèÿ äî ýëåìåí-
òàðíîãî îñöèëëÿòîðà. Ýòà ãèïîòåçà ìîæåò ïîêàçàòüñÿ ñòðàííîé,
êàê âïðî÷åì è ôàêò ïîñòîÿíñòâà àìïëèòóäû ó ôîòîíà, êîòîðàÿ
òàêæå íå çàâèñèò îò ðàññòîÿíèÿ äî èñïóñòèâøåãî åãî èñòî÷íèêà.

2.  Ñòîÿ÷àÿ âîëíà âáëèçè ÷¸ðíîé äûðû

Åñëè ÷¸ðíóþ äûðó ñâÿçûâàòü ñ òå÷åíèåì ýôèðà â ñòîê, òî è
ñêîðîñòü ñâåòà ìû äîëæíû ñâÿçûâàòü ñ ýôèðîì, à òàêæå ñ àáñî-
ëþòíîé ñèñòåìîé îòñ÷¸òà, èåðàðõèÿ êîòîðîé íà ïîðÿäîê âûøå
ñèñòåìû îòñ÷¸òà, ïðèâÿçàííîé ê ýôèðó. Âîëíîâûì âîçìóùåíè-
ÿì íåò äåëà, äâèæåòñÿ ýôèð êóäà-ëèáî èëè íåò, à ïîòîìó ñêî-
ðîñòü ýòèõ âîçìóùåíèé îòíîñèòåëüíî íåñâÿçàííîãî ñ ýôèðîì àá-
ñîëþòíîãî íàáëþäàòåëÿ ìîæåò áûòü êàêîé óãîäíî è âñåãäà ðàâíà

    ñàáñ=Výô.±ñ. (3.2)

Ïðåäñòàâëÿåò îñîáûé èíòåðåñ ñôåðà Øâàðöøèëüäà, êàê êðè-
òè÷åñêàÿ ïîâåðõíîñòü, íà êîòîðîé ñêîðîñòü ýôèðà ðàâíà ñêîðîñ-
òè ñâåòà:

Výô.= ñ. (3.3)
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Äëÿ àáñîëþòíîãî íàáëþäàòåëÿ ñôåðà Øâàðöøèëüäà ÿâëÿåò-
ñÿ òîé êðèòè÷åñêîé ïîâåðõíîñòüþ, ïîïàâ çà êîòîðóþ, ñâåò óæå íå
ìîæåò âûéòè íàðóæó � ñêîðîñòü ýôèðà â ñòîê ïðåâûøàåò ñêî-
ðîñòü ñâåòà.

Íî ìû âîîáðàçèì ñèòóàöèþ, â êîòîðîé íà ðàññòîÿíèè â îäèí
ìåòð îò ïîâåðõíîñòè êðèòè÷åñêîé ñôåðû óñòàíîâëåíî çåðêàëî, à
íà äîñòàòî÷íî áîëüøîì ðàññòîÿíèè îò ÷¸ðíîé äûðû èìååòñÿ èñ-
òî÷íèê ìîíîõðîìàòè÷åñêèõ âîëí. Íàì íåîáõîäèìî âûÿñíèòü, êàê
áóäóò âåñòè ñåáÿ ïàäàþùàÿ è îòðàæ¸ííàÿ âîëíû, íî ñàìîå ãëàâ-
íîå � âîçíèêíåò ëè ïðè èõ èíòåðôåðåíöèè ñòîÿ÷àÿ âîëíà?

Àáñîëþòíûé íàáëþäàòåëü âèäèò, ÷òî âîëíà, ïàäàþùàÿ â ÷¸ð-
íóþ äûðó, óâåëè÷èâàåò ñêîðîñòü (ñàáñ=Výô+ñ), íî òàê êàê å¸ ÷àñòî-
òà îñòà¸òñÿ âñåãäà ïîñòîÿííîé (ó íàñ íåò îñíîâàíèé ñ÷èòàòü èíà-
÷å), îíà ðàñòÿãèâàåòñÿ, äëèíà å¸ óâåëè÷èâàåòñÿ. Íî íà ïóòè âîëíà
âñòðå÷àåò çåðêàëî, à ïîòîìó âûíóæäåíà îòðàçèòüñÿ è äâèãàòüñÿ â
îáðàòíîì íàïðàâëåíèè, ò.å. óäàëÿòüñÿ îò ÷¸ðíîé äûðû.

Àáñîëþòíûé íàáëþäàòåëü âèäèò, ÷òî ïîñëå îòðàæåíèÿ ñêî-
ðîñòü âîëíû ñèëüíî óìåíüøèëàñü è ñòàëà ðàâíîé ñ′àáñ=ñ�Výô. È
îïÿòü ó íàñ íåò îñíîâàíèé ñ÷èòàòü, ÷òî ÷àñòîòà òåïåðü óæå îòðà-
æ¸ííîé âîëíû èçìåíèëàñü, à ïîòîìó ìû óòâåðæäàåì, ÷òî â ðå-
çóëüòàòå èíòåðôåðåíöèè ïðÿìîé è îáðàòíîé âîëí âîçíèêíåò ïîë-
íîöåííàÿ ñòîÿ÷àÿ âîëíà, ðàññòîÿíèÿ ìåæäó óçëàìè êîòîðîé áóäóò
óâåëè÷èâàòüñÿ ïî ìåðå óäàëåíèÿ îò çåðêàëà è öåíòðà ÷¸ðíîé
äûðû.

Ðèñ. 166.  Ïàäàþùàÿ è îòðàæ¸ííàÿ âîëíû. Ñïðàâà � ðåçóëüòàò èõ èí-
òåðôåðåíöèè � ñòîÿ÷àÿ âîëíà

→
→ →

→→
→

→ → →

Ðàäèóñ ñôåðû Øâàðöøèëüäà
R = 300 ì
Ðàñõîä ýôèðà â ñòîê
Q = 339292,8 êì3/c
Ðàññòîÿíèå îò ïîâåðõíîñòè
ñôåðû Øâàðöøèëüäà (h)
(ðåêîìåíäóåìîå çíà÷åíèå h < 280 ì)
 h = 280 ì
Ðàññòîÿíèå îò öåíòðà ÷åðíîé äûðû
 R + h = 580 ì
Ñêîðîñòü ýôèðà íà óðîâíå èçëó÷àòåëÿ
 V = 80261,59  êì/c
Çåðêàëî ðàñïîëîæåíî â îäíîì ìåòðå
îò ýêâèïîòåíöèàëüíîé ïîâåðõíîñòè
Ñêîðîñòü ýôèðà íà óðîâíå çåðêàëà
V = 298010  êì/c
Ñïðàâà � ñòîÿ÷àÿ âîëíà, êàê ðåçóëüòàò
èíòåðôåðåíöèè ïàäàþùåé è
îòðàæåííîé âîëí
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Äëÿ òîãî ÷òîáû ïðåäëàãàåìóþ èäåþ ìîæíî áûëî ïîùóïàòü
ïðèáîðàìè, íåîáõîäèìî îáðàòèòüñÿ ê ãèäðîäèíàìèêå, îðãàíèçî-
âàòü â ãèãàíòñêîì áàññåéíå ëàìèíàðíûé ñòîê è, ïî àíàëîãèè ñ
ðèñóíêîì, ïðîâåñòè çâóêîâîé ýêñïåðèìåíò. Íî ìîæíî îãðàíè-
÷èòüñÿ è ìàòåìàòè÷åñêîé ìîäåëüþ.

3.  Ê âîïðîñó î ìàññå è ýíåðãèè

Êëàññè÷åñêàÿ ìåõàíèêà ãîâîðèò, ÷òî ìàññà ÿâëÿåòñÿ êîýô-
ôèöèåíòîì ïðîïîðöèîíàëüíîñòè ìåæäó ñèëîé è óñêîðåíèåì. Íî
ïîìèìî ýòîãî, íàèáîëåå ðàñïðîñòðàí¸ííîãî îïðåäåëåíèÿ, èìåþò-
ñÿ òåîðèè, êîòîðûå ôîðìàëüíî ïîçâîëÿþò íàì ïîëó÷èòü ìàññó,
çàäàâøèñü îïðåäåë¸ííîé ìîäåëüþ. Òåîðåòèêè ïðèâëåêàþò ïî-
ðîé íåîæèäàííûå èäåè, ïîçâîëÿþùèå ðàññ÷èòàòü ýòó ìàññó, íî
÷òî ýòî òàêîå, êàêèå ïðîöåññû îòâå÷àþò çà ýòî ïîâñåäíåâíîå ïî-
íÿòèå, íèêòî íå çíàåò. Òåîðåòèêè ïûòàþòñÿ ðåøèòü ýòîò âîïðîñ
âêëþ÷åíèåì â òåîðèþ ñèëüíûõ íåëèíåéíîñòåé, ÷òî â åù¸ áîëü-
øåé ñòåïåíè çàïóòûâàåò ïîíèìàíèå ïðîöåññà.

Â êëàññè÷åñêîé ìåõàíèêå ìàññà òåë, ÷àñòèö, ââîäèòñÿ êàê
êîýôôèöèåíò ïðîïîðöèîíàëüíîñòè ìåæäó ñèëîé, äåéñòâóþùåé
íà òåëî, è óñêîðåíèåì, ïðèîáðåòàåìûì ýòèì òåëîì:

    F=mîa    èëè    mo=F/a. (3.4)

Èëè â èíîé ôîðìå: â ðåçóëüòàòå âîçäåéñòâèÿ íà òåëî åãî
èìïóëüñ è ñêîðîñòü èçìåíÿþòñÿ ïî ïðàâèëó:

        ∆p=mî∆V. (3.5)

Â ïðèâåä¸ííûõ ôîðìóëàõ ìàññà òåëà âûñòóïàåò êàê êîýô-
ôèöèåíò ïðîïîðöèîíàëüíîñòè:

mî=∆p
1
/∆V

1
=∆p

2
/∆V

2
=∆p

3
/∆V

3
 ... (3.6)

ò.å. ∆p
1
/∆V

1
=∆p

2
/∆V

2
= invariant

è ñ ôèçè÷åñêîé òî÷êè çðåíèÿ õàðàêòåðèçóåò ìåðó èíåðöèè (èí-
âàðèàíòíîñòü) òåëà.

Ñîâðåìåííàÿ òåîðåòè÷åñêàÿ ôèçèêà ïûòàåòñÿ îòâåòèòü íà
âîïðîñ î ïðèðîäå ìàññû. Îäíèì èç «ìîäíûõ» âàðèàíòîâ òåîðèè
ÿâëÿåòñÿ ìåõàíèçì ñïîíòàííîãî íàðóøåíèÿ ñèììåòðèè. Îäíà-
êî ýòî îáúÿñíåíèå ëèøü ïåðåêëàäûâàåò âîïðîñ î ïðèðîäå íà ìå-
õàíèçì íåëèíåéíîñòè. Èìåííî ïî ýòîé ïðè÷èíå îñîáåííî ïðè-
âëåêàòåëåí òàêîé ñïîñîá îáúÿñíåíèÿ, â êîòîðîì áû íå
èñïîëüçîâàëàñü êàêàÿ-ëèáî íåëèíåéíîñòü, ò.å. â ðàìêàõ òåîðèè
êîòîðîé ìû èìåëè áû äåëî òîëüêî ñ ëèíåéíûìè äèôôåðåíöè-
àëüíûìè óðàâíåíèÿìè.

Çàñëóãà ÐÈÒÌÎÄÈÍÀÌÈÊÈ ñîñòîèò â òîì, ÷òî ñ å¸ ïîìîùüþ
óäàëîñü èíà÷å âçãëÿíóòü íà ïðîáëåìó è âûäåëèòü äâå êîíêðåò-
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íûå ôèçè÷åñêèå âåëè÷èíû, êîòîðûå îêàçàëèñü íåïðåìåííûìè ñïóò-
íèêàìè âñåõ âåùåñòâåííûõ ïðîöåññîâ, ýòî: ñêîðîñòü ðàñïðîñòðà-
íåíèÿ âîëí â ýôèðå ñ è ÷èñëî π. Èìåííî ýòè äâå âåëè÷èíû è
ëåãëè â îñíîâó îïðåäåëåíèÿ ïîíÿòèÿ êâàíò ìàññû (dm=ñ/π).

Îñîçíàâ, ÷òî â îñíîâå âñåõ èçâåñòíûõ ïðîöåññîâ ëåæèò âèáðà-
öèÿ, áûëî ñäåëàíî ïðåäïîëîæåíèå î íàëè÷èè ðåàëüíûõ èñòî÷íè-
êîâ âèáðàöèè, êîòîðûå íàçâàíû ïðîòîîñöèëëÿòîðàìè, ò.å. � èç-
íà÷àëüíûìè, ïåðâè÷íûìè. Íî âîçíèêëà ïðîáëåìà ïðè÷èííî �
ñëåäñòâåííîãî õàðàêòåðà: à èç ÷åãî ñîñòîÿò ïðîòîîñöèëëÿòîðû?
åñòü ëè òîò ïðåäåë, çà êîòîðûì îíè � «òâ¸ðäûå» ÷àñòèöû?

Äëÿ òîãî, ÷òîáû ðàçãðóçèòü ñîçíàíèå è ðèòìîäèíàìèêó îò
ïîäîáíûõ íåîïðåäåë¸ííîñòåé, áûëî ðåøåíî îòíÿòü ó ïðîòîîñöèë-
ëÿòîðà âñå ñâîéñòâà, êðîìå îäíîãî: áûòü íåóãàñàþùèì èñòî÷íè-
êîì âèáðàöèè. Âîïðîñ áûë ïîñòàâëåí ñëåäóþùèì îáðàçîì: íà
êàêîì ýòàïå ó ñèñòåìû èç äâóõ, ëèø¸ííûõ ñâîéñòâ, îñöèëëÿòî-
ðîâ ïîÿâèòñÿ íîâîå ñâîéñòâî � ñîïðîòèâëÿòüñÿ èçìåíåíèþ ñêî-
ðîñòè äâèæåíèÿ? À åñëè ïîÿâèòñÿ, òî çà ñ÷¸ò ÷åãî?

Îêàçàëîñü, ÷òî ïðè âçàèìîäåéñòâèè ëèø¸ííûõ èíåðöèè îñ-
öèëëÿòîðîâ êîëè÷åñòâî äàëî ñèñòåìå íîâîå êà÷åñòâî. Èçó÷åíèå
âëèÿíèÿ äåéñòâèÿ íà òàêóþ ñèñòåìó ïîêàçàëî, ÷òî âîçíèêàåò ðå-
àêöèÿ ñèñòåìû íà äåéñòâèå. Ýòà ðåàêöèÿ ïî ñâîåìó õàðàêòåðó â
òî÷íîñòè ïîäïàäàåò ïîä îïðåäåëåíèå èíåðöèè. Óäèâèòåëüíîå äåëî,
ó ñèñòåìû èç äâóõ ëèø¸ííûõ ñâîéñòâ, íî âñòóïèâøèõ âî âçàèìî-
äåéñòâèå ïðîòîîñöèëëÿòîðîâ, ïîÿâëÿåòñÿ íåèìåâøååñÿ ðàíåå ñâîé-
ñòâî � èíåðöèÿ. Íî òîãäà, ÷òî åñòü ìàññà, êàêîâà å¸ ðîëü â êà÷å-
ñòâå êîýôôèöèåíòà ïðîïîðöèîíàëüíîñòè?

Ïðîðàáîòêà âîïðîñà ïîçâîëèëà âñêðûòü ïðÿ÷óùèåñÿ ïîä
ìàññîé âåëè÷èíû. Ïîêàæåì ìåõàíèçì, ïîçâîëÿþùèé âûÿâèòü
íàïîëíåíèå êâàíòà ìàññû, à òî÷íåå � èçâëå÷ü èç ñêîðîñòè åù¸
îäèí «ñïðÿòàâøèéñÿ» êîýôôèöèåíò ïðîïîðöèîíàëüíîñòè:

   p=mîV,  åñëè mî=1,  òî  p=V. (3.7)

Íî V=c/π�∆ϕ, òîãäà

      p=c/π�∆ϕ. (3.8)

Â ýòîé ôîðìóëå c/π âûñòóïàåò â êà÷åñòâå ðåàëüíîãî êîýô-
ôèöèåíòà ïðîïîðöèîíàëüíîñòè ìåæäó èìïóëüñîì è ñäâèãîì ôàç.
Íî ïî îïðåäåëåíèþ êîýôôèöèåíò ïðîïîðöèîíàëüíîñòè è åñòü
ìàññà, à ýòî äà¸ò íàì ïðàâî çàïèñàòü:

     dm=ñ/π,   →   p=dm�∆ϕ, (3.9)

íî òîãäà      m=n�dm,

ãäå: n=mî � ÷èñëî êâàíòîâ â òåëå (âñïîìíèì, êîãäà mo=1,2,3...)
Ïîëó÷èâ êà÷åñòâåííî (íî íå êîëè÷åñòâåííî) íîâîå âûðàæå-

íèå ìàññû è êâàíòà ìàññû, ìû òåïåðü èìååì âîçìîæíîñòü ñðàâ-
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íèòü ìåæäó ñîáîé ïðåæíþþ è íîâóþ ôîðìóëû äëÿ ñêîðîñòè è
èìïóëüñà:

V=St        V=dm�∆ϕ, (3.10)

p=mîV      p=n�c/π�∆ϕ=m�∆ϕ, (3.11)

(åñëè ó÷åñòü, ÷òî ∆ϕ/π=β, òî p=moc�β).

Â íîâîé ôîðìóëå n ÿâëÿåòñÿ êîëè÷åñòâåííîé âåëè÷èíîé, à
ïîòîìó å¸ ðàçìåðíîñòü � ÷èñëî êâàíòîâ (íî ìîæíî îñòàâèòü

ïðèâû÷íóþ ðàçìåðíîñòü � êã), à c/π � êà÷åñòâåííàÿ âåëè÷èíà ñ
ðàçìåðíîñòüþ � ì/ñ.

(Ðàíåå ìû ãîâîðèëè, ÷òî ãîòîâû çà êîëè÷åñòâåííûì ñèìâîëîì
n çàêðåïèòü âñåì ïðèâû÷íóþ ðàçìåðíîñòü � êã, íî îáÿçàíû
ïîìíèòü, ÷òî èñòèííàÿ ðàçìåðíîñòü ñèìâîëà � øòóêè.)

Çäåñü íàñ íå äîëæíà ïóãàòü ðàçìåðíîñòü, à íàïðîòèâ, îíà ïî-
êàçûâàåò, êàêîé ñêîðîñòè äîñòèãíåò òåëî ìàññû m, åñëè ñäâèã ôàç
ó êàæäîãî êâàíòà ìàññû ýòîãî òåëà áóäåò ðàâåí ∆ϕ.

Ïàìÿòóÿ î òîì, ÷òî ìíîãèå ôèçè÷åñêèå âåëè÷èíû ÿâëÿþòñÿ
ïîíÿòèÿìè äîãîâîðíûìè (â ýòîì ïðè÷èíà âîçíèêíîâåíèÿ ðàç-
íûõ ñèñòåì èçìåðåíèÿ: ÑÈ, ÑÃÑ è ïð.), ìû âïðàâå ïîä îáùåå
ïîíÿòèå ìàññà ïîäâåñòè è êîëè÷åñòâåííóþ, è êà÷åñòâåííóþ ñî-
ñòàâëÿþùèå. Ýòîìó ïîíÿòèþ îòâå÷àåò ðèòìîäèíàìè÷åñêàÿ ìàñ-
ñà è íîâàÿ ðèòìîäèíàìè÷åñêàÿ ñèñòåìà èçìåðåíèÿ (ÐÄÑÈ).

Ïåðåîïðåäåëåíèå ïîíÿòèÿ ìàññà

Âûÿâèâ ïðîïîðöèîíàëüíîñòü ìåæäó ñêîðîñòüþ è ñäâèãîì
ôàç (V=c/π�∆ϕ), ìû íå òîëüêî óòâåðæäàåì, íî è âèäèì ïðèñóò-
ñòâèå ðåàëüíîãî êîýôôèöèåíòà ïðîïîðöèîíàëüíîñòè ìåæäó èì-
ïóëüñîì è ñäâèãîì ôàç, ò.å.:

p=m∆ϕ    ñîîòâåòñòâóåò     p=mîV.

Íî ìû ïîíèìàåì, ÷òî ìàññà â ôîðìóëå ñëåâà êîëè÷åñòâåííî
íå ñîîòâåòñòâóåò ìàññå â ôîðìóëå ñïðàâà. Ðàñêðîåì ïðàâóþ ôî-
ìóëó, ÷òîáû èìåòü ïåðåä ãëàçàìè å¸ íàïîëíåíèå:

    p=mî�(ñ/π�∆ϕ),    p=(n�ñ/π)�∆ϕ (3.12)

Â ëåâîé ôîðìóëå ñêîáêàìè ìû âûäåëèëè íàïîëíåíèå ñêîðî-
ñòè, êîòîðîå ñîñòîèò èç ïåðåìåííîé ∆ϕ è ïîñòîÿííîé ñ/π, à ïàðà-
ìåòð mî âûñòóïàåò íåêèì ÷èñëîì, ïðåäïîëàãàþùèì êîëè÷åñòâî
êâàíòîâ ïðîïîðöèîíàëüíîñòè ìåæäó ð è V. Âûäåëèâ â ïðàâîé
ôîðìóëå ñêîáêàìè âñå êîýôôèöèåíòû è îáúåäèíèâ èõ â ïîíÿòèå
ïîëíàÿ ìàññà (m), ìû ïîëó÷àåì êà÷åñòâåííî íîâûé êîýôôèöè-
åíò ïðîïîðöèîíàëüíîñòè ìåæäó p è ∆ϕ. Íàøè äåéñòâèÿ íèêîèì
îáðàçîì íå îòðàæàþòñÿ íà ïîíÿòèè èìïóëüñ, à íàïðîòèâ, ñïîñîá-
ñòâóþò áîëåå ðàñøèðåííîìó åãî ïîíèìàíèþ. Òåïåðü ìû ñìîæåì
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òðàêòîâàòü èìïóëüñ íå òîëüêî, êàê êîëè÷åñòâî äâèæåíèÿ, íî è
êàê êà÷åñòâî ñîñòîÿíèÿ ñèñòåìû. Íîâàÿ èíòåðïðåòàöèÿ ïîçâî-
ëÿåò óòâåðæäàòü, ÷òî èìïóëüñ çàâèñèò òîëüêî îò ñäâèãà ôàç è
íå ñâÿçàí ñî ñêîðîñòüþ ñèñòåìû.

Ðèòìîäèíàìè÷åñêîå âûðàæåíèå èìïóëüñà ïðåäïèñûâàåò îò-
íîñèòüñÿ ê ìàññå íå êàê ê àáñòðàêòíîìó êîýôôèöèåíòó, à êàê ê
âåùåñòâåííî-êîëè÷åñòâåííîìó ïàðàìåòðó îñöèëëèðóþùåé ñèñ-
òåìû. Ýòî îñîáåííî âàæíî äëÿ ðåëÿòèâèñòñêèõ ñèòóàöèé, â êî-
òîðûõ íà ìàññó ñïèñûâàþò âñå ñòðàííîñòè, âîçíèêàþùèå â ýêñ-
ïåðèìåíòàõ. Òåïåðü ýòîãî äåëàòü íåëüçÿ, ò.ê., ãîâîðÿ î ìàññå, ìû
èìååì â âèäó êîíêðåòíîå êîëè÷åñòâî îñöèëëèðóþùèõ ñèñòåì.
Áûëî áû ñòðàííûì, åñëè áû ýòî êîëè÷åñòâî ìåíÿëîñü ïðè èçìå-
íåíèè ñêîðîñòè. Íî òîãäà ìû èíà÷å äîëæíû òðàêòîâàòü òàêèå
ïîíÿòèÿ, êàê ðåëÿòèâèñòñêàÿ ìàññà, ýíåðãèÿ, èìïóëüñ.

Â ðåëÿòèâèñòñêîé äèíàìèêå èìïóëüñ îïèñûâàåòñÿ ôîðìóëîé:

      p = mîV/(1� V2/c2) 1/2. (3.13)

Ðàñêðûâ íàïîëíåíèå ñêîðîñòè è ïåðåïèñàâ ôîðìóëó ìû ïî-
ëó÷èì:

          p = mîñ/π�∆ϕ/(1� ∆ϕ 2/π 2) 1/2. (3.14)

Íî mîñ/π=m, ýòîò ïîäõîä ìû óæå îáñóæäàëè. Òîãäà:

            p = m�∆ϕ/(1� ∆ϕ 2/π 2) 1/2. (3.15)

È õîòÿ ó íàñ åñòü âñ¸ äëÿ èíîé çàïèñè ýòîé ôîðìóëû, ìû
óêëîíèìñÿ îò îáñóæäåíèÿ âîïðîñà, ïî êðàéíåé ìåðå, äî ëó÷øèõ
âðåì¸í.

Èòàê, ïðè îïðåäåëåíèè ñîäåðæàíèÿ ðèòìîäèíàìè÷åñêîé ìàñ-
ñû ìû âûÿâèëè âàæíóþ äåòàëü � íàëè÷èå ïàðàìåòðà ñ â ñêðû-
òîì âèäå. Íî ïðè ïåðåñìîòðå îäíîé èç ñàìûõ çíàìåíèòûõ â
íàóêå ôîðìóë E=mc2, âîçíèêàåò âîïðîñ: ñ êàêîé èìåííî ìàññîé
ìû ïîäñïóäíî èìååì äåëî: ñ ïðåæíåé � mo, èëè ñ ïåðåîïðåäåë¸í-
íîé � m?

Åñëè ñ ïðåæíåé, òî ôîðìóëà áóäåò E=mîc2, ãäå mî � êëàññè-
÷åñêàÿ ìàññà; åñëè ñ ïåðåîïðåäåë¸ííîé, òî E=mc2, ãäå m � ïîëíàÿ
ìàññà (ðèòìîäèíàìè÷åñêàÿ). Ðàññìîòðèì ïðîöåäóðó ïåðåîïðå-
äåëåíèÿ Å äëÿ äâóõ ñëó÷àåâ. Â ïåðâîì � ìû ñëåïî ïîäñòàâèì
ðèòìîäèíàìè÷åñêóþ ìàññó (m=nc/π), à âî âòîðîì � âûðàçèì êëàñ-
ñè÷åñêóþ ìàññó ÷åðåç ðèòìîäèíàìè÷åñêóþ (mî=mπ/c).

1. Ìû çíàåì, ÷òî â ïîëíîé ìàññå m ïðÿ÷åòñÿ äîïîëíèòåëüíûé
âêëàä ñêîðîñòè ñâåòà ñ, ïîýòîìó ïðèñîåäèíèì ýòîò ñèìâîë ê óæå
èìåþùåìóñÿ ñ2, òîãäà:

   E = mc2 = n�dm�c2 = n� c/π�c2 = (m′c)�c2 = m′c3. (3.16)
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Ìû ïðèáåãíóëè ê ïîíÿòèþ íåïîëíàÿ ìàññà (m′=n/π), êîòî-
ðàÿ âûñòóïàåò íåïîëíûì êîëè÷åñòâåííûì êîýôôèöèåíòîì ïðî-
ïîðöèîíàëüíîñòè. Òîãäà çàïèøåì:

E = m′c3    [êã�ì3/ñ3]. (3.17)

2. Âûðàçèâ êëàññè÷åñêóþ ìàññó ÷åðåç ðèòìîäèíàìè÷åñêóþ, çà-
ïèøåì öåïî÷êó ýëåìåíòàðíûõ ïðåîáðàçîâàíèé:

   E = mîc2 = n�dm�c2 = (m� π/c)�c2 = (mπ)�c = m″c. (3.18)

Åñëè ó÷åñòü, ÷òî m″=mîc, òî ìû, ïðîéäÿñü ïî êðóãó, âíîâü
ïðèõîäèì ê èñõîäíîé ôîðìóëå:

E = mîc2    [êã�ì2/ñ2]. (3.19)

Òåïåðü, äîïóñòèâ ðÿä âîëüíîñòåé ïî îòíîøåíèþ ê ìàññå, ìû
âèäèì, ê ÷åìó ýòî ìîæåò ïðèâåñòè. Õîòåëîñü áû, êîíå÷íî, èìåòü
îáú¸ìíîå ïîíèìàíèå ýíåðãèè ñ ðàçìåðíîñòüþ êã�ì3/ñ, íî òóò óæ
êàê åñòü.

4.  Ê âîïðîñó îá ýôôåêòå Ì¸ññáàóýðà

Îòðèöàíèå àáñîëþòíîãî íàáëþäàòåëÿ ïðèâîäèò ê ñïîðó, â
êîòîðîì êàæäûé èç íàáëþäàòåëåé êàêîé-ëèáî ñèñòåìû ïûòàåò-
ñÿ âûäåëèòü èìåííî ñâîþ ñèñòåìó îòñ÷¸òà. Â ýòîì ñìûñëå ÒÎ
ïîçâîëÿåò âñåì íàáëþäàòåëÿì îäíîâðåìåííî ñ÷èòàòü ñîáñòâåí-
íóþ ñèñòåìó îòñ÷¸òà ïðèâèëåãèðîâàííîé, ÷òî è ïðèâîäèò ê ïóòà-
íèöå â òðàêòîâêå ýôôåêòà Ì¸ññáàóýðà.

Ñ ïîçèöèè àáñîëþòíîãî íàáëþäàòåëÿ óñ-
ìàòðèâàåòñÿ ïðÿìàÿ çàâèñèìîñòü ñêîðîñòè
êîëåáàòåëüíûõ ïðîöåññîâ â âåùåñòâåííûõ
îáúåêòàõ îò âûñîòû. Ëîãè÷íûì áûëî áû
îáúÿñíÿòü ïðîèñõîäÿùåå òàê íàçûâàåìûì
çàòÿãèâàíèåì ÷àñòîò, êîòîðîå òåì ñèëü-
íåå, ÷åì áëèæå èñòî÷íèê ê ïîâåðõíîñòè
Çåìëè. Íî òîãäà êîëëåêòèâíàÿ ÷àñòîòà Çåì-
ëè, êàê îñöèëëÿòîðà, äîëæíà áûòü ãîðàçäî
íèæå ÷àñòîòû ñèñòåìû, â êîòîðîé íàõîäèò-
ñÿ èñòî÷íèê. Ýòî îáñòîÿòåëüñòâî ÷åðåç çà-
òÿãèâàíèå ÷àñòîò è ïðèâîäèò ê çàìåäëå-
íèþ âñåõ áåç èñêëþ÷åíèÿ êîëåáàòåëüíûõ
ïðîöåññîâ â ñèñòåìå (íå èñêëþ÷åíèå � õè-
ìè÷åñêèå ðåàêöèè íà áèîëîãè÷åñêîì óðîâ-
íå). ×åì äàëüøå ñèñòåìà îò ïîâåðõíîñòè
Çåìëè, òåì ñëàáåå çàòÿãèâàíèå, à ïîòîìó
ñêîðîñòü âñåõ êîëåáàíèé óâåëè÷èâàåòñÿ.

Ïðåäëàãàåìîå îáúÿñíåíèå ïîçâîëÿåò îáîé-
òè òàêóþ ñòðàííîñòü, êàê óâåëè÷åíèå ÷àñ-

Ðèñ. 167.  Ñõåìà ýêñ-
ïåðèìåíòà Ïàóíäà è
Ðåáêå
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òîòû ïàäàþùåãî ôîòîíà, è òðàêòîâàòü âîçíèêàþùèé ýôôåêò èñ-
êëþ÷èòåëüíî çàâèñèìîñòüþ ñêîðîñòè âñåõ êîëåáàòåëüíûõ ïðî-
öåññîâ îò ðàññòîÿíèÿ äî ãðàâèòèðóþùåãî òåëà. Â ýòîì ñìûñëå
ìû îáÿçàíû ïðèçíàòü íàëè÷èå çàìåäëåíèÿ âðåìåíè, íî ïîíèìàòü,
÷òî ïðåäëàãàåìîå îáúÿñíåíèå ýôôåêòà íèêàêîãî îòíîøåíèÿ ê
òåîðèè îòíîñèòåëüíîñòè íå èìååò.

5.  Ê âîïðîñó î ñàìîäâèæåíèè

Äåéñòâóÿ íà ñïè÷å÷íûé êîðîáîê ïàëüöåì, ìû äóìàåì, ÷òî
òàêèì îáðàçîì åãî òîëêàåì è èìåííî ýòî ÿâëÿåòñÿ ïðè÷èíîé
äâèæåíèÿ êîðîáêà. Íî íå ñëåäóåò çàáûâàòü, ÷òî ìû, òîëêàÿ êîðî-
áîê, íå èìååì ñ íèì íåïîñðåäñòâåííîãî, ò.å. ïëîòíîãî êîíòàêòà.
Â ýòîì ìîæíî óáåäèòüñÿ, åñëè ïîñìîòðåòü íà çîíó êàæóùåãîñÿ
êîíòàêòà ÷åðåç ýëåêòðîííûé ìèêðîñêîï � ìåæäó êîðîáêîì è
ïàëüöåì âñåãäà èìååòñÿ ðàññòîÿíèå.

Íî åñëè ïàëåö íå èìååò ïðÿìîãî êîíòàêòà ñ êîðîáêîì, òî
òîãäà, êàêèì îáðàçîì óäà¸òñÿ òîëêàòü êîðîáîê? Åñòü ïðåäïîëî-
æåíèå, ÷òî ëþáîå äåéñòâèå, íàïðàâëåííîå íà ïåðåìåùåíèå îáúåê-
òà, ÿâëÿåòñÿ ñïîñîáîì ñîçäàíèÿ â í¸ì ãðàäèåíòà ÷àñòîò, ïðèâî-
äÿùåãî ê ñàìîäâèæåíèþ.

Äðóãîé ïðèìåð êàñàåòñÿ òàê íàçûâàåìîãî êîñìè÷åñêîãî ïà-
ðóñà, ñ ïîìîùüþ êîòîðîãî ìîæíî «áåççàòðàòíî» ïóòåøåñòâîâàòü,
ïî êðàéíåé ìåðå, â ñîëíå÷íîé ñèñòåìå. Ñ÷èòàåòñÿ, ÷òî àïïàðàò
òàêîãî òèïà ñïîñîáåí äâèãàòüñÿ çà ñ÷¸ò òîãî, ÷òî ñîëíå÷íûé ñâåò,
îòðàæàÿñü îò ïàðóñà, òîëêàåò àïïàðàò.

Ïðåäëàãàåòñÿ èíîå îáúÿñíåíèå ïðè÷èíû äâèæåíèÿ êîñìè-
÷åñêîãî ïàðóñíèêà � ðèòìîäèíàìè÷åñêîå: ïàäàþùèé ñâåò ñî-
çäà¸ò â òåëå ïàðóñà ÷àñòîòíûé äèñáàëàíñ, ïðèâîäÿùèé ê âåê-
òîðíîé äåôîðìàöèè. Ïàðóñ íà÷èíàåò ñàìîäâèãàòüñÿ, à çàîäíî
è «òÿíóòü» çà ñîáîé òåõíè÷åñêèå àòðèáóòû.

6.  Èíòåðôåðåíöèîííàÿ ïðè÷èíà ðåàêöèé
íà èçìåíåíèå ñêîðîñòè âðàùåíèÿ

Ïîíÿòü ïðè÷èíó ðåàêöèè ìîæíî íà ïðèìåðå ïðîòîäèïîëÿ, à
òî÷íåå, � àíàëèçèðóÿ èçìåíåíèÿ â èíòåðôåðåíöèîííûõ ïîëÿõ,
ïðîèñõîäÿùèå ïðè èçìåíåíèè óñëîâèé ýêñïåðèìåíòà.

Èçâåñòíî, ÷òî ïðè âðàùåíèè âîçíèêàþò äâà îñíîâíûõ òèïà
ðåàêöèé: ñîïðîòèâëåíèå (èíåðöèÿ) íà èçìåíåíèå ñêîðîñòè âðà-
ùåíèÿ è öåíòðîáåæíàÿ ñèëà. Îáà òèïà ðåàêöèé èìåþò èíòåðôå-
ðåíöèîííóþ ïðèðîäó. Ïîêàæåì ýòî.

Ïóñòü ìû èìååì ñèñòåìó, â êîòîðîé äâà æ¸ñòêî ñâÿçàííûõ
îñöèëëÿòîðà âðàùàþòñÿ âîêðóã öåíòðà Î.
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à. á.
Ðèñ. 168.  à) Ñèñòåìà èç äâóõ îñöèëëÿòîðîâ æ¸ñòêî ïðèâÿçàíà ê öåíòðó
âðàùåíèÿ. á) Îñöèëëÿòîðû èìåþò äîïîëíèòåëüíóþ ñòåïåíü ñâîáîäû,
êîòîðàÿ ñóùåñòâåííî èçìåíÿåò õàðàêòåð èõ äâèæåíèÿ îòíîñèòåëüíî
îáùåãî öåíòðà âðàùåíèÿ

Åñëè âðàùåíèå îòñóòñòâóåò (ω=0), òî ìåæäó êîãåðåíòíûìè
îñöèëëÿòîðàìè À è Â áóäåò èìåòü ìåñòî ñòàíäàðòíàÿ èíòåðôåðåí-
öèîííàÿ ñèòóàöèÿ (ðèñ. 171). Åñëè ω>0, òî èçìåíåíèÿ â èíòåðôå-
ðåíöèîííîé êàðòèíêå ñëåäóåò ñ÷èòàòü åñòåñòâåííûìè (ðèñ. 170).
×åì âûøå óãëîâàÿ ñêîðîñòü, òåì ñóùåñòâåííåå èçìåíåíèÿ. Ïî
õàðàêòåðó èçìåíåíèé â ïîëå èíòåðôåðåíöèè ìû âñåãäà ìîæåì
ñóäèòü î âîçíèêàþùèõ â ñèñòåìå âåêòîðíûõ äåôîðìàöèÿõ. Ïðè
âíèìàòåëüíîì ðàññìîòðåíèè ïðîèñõîäÿùåãî îáíàðóæèâàþòñÿ óäè-
âèòåëüíûå çàêîíîìåðíîñòè â âîëíîâûõ ïîëÿõ, êîòîðûå íåèçáåæ-
íî ïðèâîäÿò ê äåôîðìàöèè ïîëÿ èíòåðôåðåíöèè, à çíà÷èò, è ê
ðàçëè÷íîãî ðîäà ðåàêöèÿì ñî ñòîðîíû ñèñòåìû îñöèëëÿòîðîâ.

Åñëè äâà îñöèëëÿòîðà æ¸ñòêî ñâÿçàíû ñ öåíòðîì âðàùåíèÿ,
à ω=const, òî èçîáðàæ¸ííûå æèðíî ëèíèè óçëîâ è ïó÷íîñòåé çà-
ìîðîæåíû îòíîñèòåëüíî ñèñòåìû îñöèëëÿòîðîâ. Íî ñòîèò äàòü
ñèñòåìå ñòåïåíü ñâîáîäû (ðèñ. 168á), êàê âåêòîðíî-èíòåðôåðåí-
öèîííàÿ äåôîðìàöèÿ òóò æå èçìåíèò îðèåíòàöèþ ñèñòåìû. Åñòü
â ýòîé äåôîðìàöèè è âåêòîð öåíòðîáåæíîé ñèëû, êîòîðûé (åñëè
ðàññìàòðèâàòü ïðîèñõîäÿùåå âäîëü ëèíèè ìåæäó îñöèëëÿòîðà-
ìè) âîçíèêàåò èñêëþ÷èòåëüíî çà ñ÷¸ò çàâèñèìîñòè äëèí âîëí îò
ðàññòîÿíèÿ äî îñöèëëÿòîðà. Ýòà çàâèñèìîñòü õîðîøî âèäíà íà
ïðèìåðå ñ îäèíî÷íûì îñöèëëÿòîðîì À. Â ðåçóëüòàòå îò À ê Â
äëèíà ñòîÿ÷åé âîëíû óâåëè÷èâàåòñÿ. Ìû òîëüêî ñëåãêà çàòðîíó-
ëè ñïîñîá ðåøåíèÿ ïðîáëåìû è ïîëàãàåì, ÷òî â áóäóùåì ýòó
òåìó óäàñòñÿ îñâåòèòü áîëåå ïîäðîáíî.
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Ðèñ. 169.  Îñöèëëÿòîð À äâèæåòñÿ âîêðóã öåíòðà Î ñ ïîñòîÿííîé óãëî-
âîé ñêîðîñòüþ. Îáðàùàåò íà ñåáÿ âíèìàíèå âîëíîâîå ïîëå, óïëîòí¸ííîå
ñëåâà è ðàçðÿæåííîå ñïðàâà. Èíòåðåñ ïðåäñòàâëÿåò ëèíèÿ ÀÎ, âäîëü
êîòîðîé ïî ìåðå óäàëåíèÿ îò À âïðàâî äëèíà âîëíû óâåëè÷èâàåòñÿ, à
âëåâî ñíà÷àëà óìåíüøàåòñÿ, çàòåì óâåëè÷èâàåòñÿ

Ðèñ. 171.  À òàê âûãëÿäèò ïîëå èíòåðôåðåíöèè îò òåõ æå ñàìûõ êîãåðåí-
òíûõ èñòî÷íèêîâ À è Â, åñëè èõ óãëîâàÿ ñêîðîñòü âîêðóã öåíòðà Î ðàâíà
íóëþ (ω=0). Ñëåäóåò ñ÷èòàòü î÷åâèäíîé çàâèñèìîñòü äåôîðìàöèè èíòåð-
ôåðåíöèîííîé êàðòèíêè îò óãëîâîé ñêîðîñòè. Î÷åâèäíà è ðåàêöèÿ ñèñòå-
ìû îñöèëëÿòîðîâ íà âîçíèêàþùóþ äåôîðìàöèþ

Ðèñ. 170. Òàê âûãëÿäèò ïîëå èíòåðôåðåíöèè îò ñèñòåìû êîãåðåíòíûõ
îñöèëëÿòîðîâ À è Â, âðàùàþùèõñÿ âîêðóã öåíòðà Î ñ ïîñòîÿííîé óãëî-
âîé ñêîðîñòüþ (ω>0). Åñëè íàáëþäàòåëü ïðèâÿçàí ê ñèñòåìå îñöèëëÿ-
òîðîâ, òî ó íåãî âîçíèêíåò ïîëíàÿ èëëþçèÿ íåïîäâèæíîñòè èíòåðôå-
ðåíöèîííîé êàðòèíêè. Äëÿ âíåøíåãî íàáëþäàòåëÿ êàðòèíêà âðàùàåòñÿ
âîêðóã öåíòðà Î, íî  ñòàáèëüíà îòíîñèòåëüíî ñèñòåìû îñöèëëÿòîðîâ ÀÂ
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7.  Èíòåðôåðåíöèÿ, ïîçâîíî÷íûé ñòîëá
è ïàëåîíòîëîãèÿ

Ïîçâîíî÷íèê ôîðìèðóåòñÿ ïîä âîçäåéñòâèåì ñèñòåìû ìíî-
æåñòâ êîãåðåíòíûõ îñöèëëÿòîðîâ, èìåþùèõ ñäâèã ôàç, ÷òî è ÿâ-
ëÿåòñÿ îïðåäåëÿþùèì ïðè åãî ôîðìîîáðàçîâàíèè. Ïî ðàññòîÿ-
íèþ ìåæäó ñîñåäíèìè ñåãìåíòàìè ìîæíî îïðåäåëèòü áàçîâóþ,
çàäàþùóþ ÷àñòîòó. ×åì áîëüøå ðàññòîÿíèå, òåì ìåíüøå ÷àñòî-
òà, è íàîáîðîò. Âèäèìî ïîýòîìó ìàëåíüêèå � ðåçâûå, à áîëüøèå �
ìåäëèòåëüíûå.

Êàðòèíêà â ðàçíûõ ñâîèõ ìîäèôèêàöèÿõ ñõîæà è ñî ìíîãè-
ìè èíûìè îáèòàòåëÿìè íàøåé ïëàíåòû. Ñëåäóåò ïîëàãàòü íå-
ñëó÷àéíîé âíåøíþþ ñõîæåñòü æèâûõ ñóùåñòâ ñ íåæèâûìè èí-
òåðôåðåíöèîííûìè ñèñòåìàìè: è ïåðâûå, è âòîðûå íàöåëåíû íà
ïðåîäîëåíèå ãðàâèòàöèîííîé ñèëû è ïåðåäâèæåíèå â ïðîñòðàí-
ñòâå.

Ðèñ.172     Ñêåëåò Dimetrodon (äëèíà îêîëî 3.5 ì.)

Èíòåðôåðåíöèîííàÿ êàðòèíà
îò òðèäöàòè îñöèëëÿòîðîâ

Ãðóäíàÿ êëåòêà
(âèä ñïåðåäè) Ñêåëåò ÷åëîâåêà

(ôðàãìåíò)

Òðèëîáèò
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Àíàëîãèÿ ñòàíîâèòñÿ ïîëíîé, åñëè ñðàâíèòü ìåæäó ñîáîé
îòïå÷àòîê íåèçâåñòíîãî ñóùåñòâà (ðèñ. 173à), íàéäåííîãî â Àâñò-
ðàëèè, ñ èíòåðôåðåíöèîííîé êàðòèíêîé îò äâóõ îñöèëëÿòîðîâ
(ðèñ. 173á). Ìîæíî ïðåäïîëîæèòü, ÷òî â ôîðìîîáðàçîâàíèè ìíî-
ãèõ æèâûõ îðãàíèçìîâ ó÷àñòâóþò ýëåìåíòàðíûå àêòû èíòåðôå-
ðåíöèè, à ïî ñóòè � å¸ çàêîíû.

Òàêàÿ ïîñòàíîâêà âîïðîñà ìîæåò ñóùåñòâåííî ïðîäâèíóòü
íàóêó î âîçíèêíîâåíèè æèçíè ê ïîíèìàíèþ ôèçè÷åñêèõ ìåõà-
íèçìîâ, êîòîðûå íå÷òî, íàçûâàåìîå � äóõîì, óìåëî èñïîëüçóåò
äëÿ âíåäðåíèÿ â îñîçíàâàåìûé íàìè âåùåñòâåííûé ìèð è ïðå-
âðàùàåò íåæèâîå â æèâîå.

Åñëè âûñêàçàííàÿ ãèïîòåçà âåðíà, òî â îñíîâå ïîñòðîåíèÿ
æèâûõ îðãàíèçìîâ ëåæàò íå òîëüêî ñëåïûå çàêîíû ïðèðîäû,
çàêîíû ãåîìåòðèè è èíòåðôåðåíöèè, íî è äâèæóùàÿ ñèëà, êîòî-
ðàÿ, â ñîîòâåòñòâèè ñ ñîáñòâåííûì, íåèçâåñòíûì äëÿ íàñ ïðåäíàç-
íà÷åíèåì, âûïîëíÿåò ðîëü îðãàíèçàòîðà.

Íî òîãäà ìû âûíóæäåíû ïðèçíàòü, ÷òî âåùåñòâåííàÿ ÷àñòü
æèâîãî îðãàíèçìà ÿâëÿåòñÿ óñòðîéñòâîì, ìåõàíèçìîì, âíóòðè êî-
òîðîãî îáèòàåò íå÷òî, èñ÷åðïûâàþùåãî îïðåäåëåíèÿ êîòîðîìó â
íàñòîÿùåå âðåìÿ íå ñóùåñòâóåò. Íî åñòü äîãàäêà, î ñîîòâåòñòâèè
âèáðàöèé ýòîãî íå÷òî âèáðàöèÿì ñîçäàâàåìîãî èì òåëà.

8.  Ó÷åáíîå ïîñîáèå:  «ñïàéäåð-ýôôåêò»

Åñòü, ïî êðàéíåé ìåðå, äâà êàáèíåòíûõ ñïîñîáà íàáëþäåíèÿ
ñïàéäåð-ýôôåêòîâ: ñòàòè÷åñêèé � ñ ïîìîùüþ ñïåöèàëüíî ðàçðà-
áîòàííûõ ôîòîïëàñòèíîê, è äèíàìè÷åñêèé � òðåáóþùèé êîìïü-
þòåð è ñïåöèàëüíûå ïðîãðàììû.

Êðàòêî îñòàíîâèìñÿ íà ïåðâîì ñïîñîáå, êîòîðûé ÿâëÿåòñÿ
çàìå÷àòåëüíûì ó÷åáíûì ïîñîáèåì ïðè èçó÷åíèè âîïðîñîâ èí-
òåðôåðåíöèè âîëí (óïðîù¸ííûé âàðèàíò èçãîòîâëåíèÿ: ñòð. 110).

Ó÷åáíîå ïîñîáèå ñîñòîèò èç ïëàñòèíîê, íà êîòîðûõ òèïîã-
ðàôñêèì ñïîñîáîì íàíåñåíû êîíöåíòðè÷åñêèå êðóãè, ñèìâîëè-

à      á                                  Ðèñ.173
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çèðóþùèå âîëíû. Íà êàæäîé èç ïëàñòèí óêàçàíû ïàðàìåòðû
âîëí â óñëîâíûõ åäèíèöàõ, ñêîðîñòü è íàïðàâëåíèå äâèæåíèÿ
èñòî÷íèêà (îñöèëëÿòîðà). Äëÿ òîãî ÷òîáû âîñïðîèçâåñòè îòîáðà-
æ¸ííûå íà ðèñóíêàõ êàðòèíêè èíòåðôåðåíöèè, òðåáóåòñÿ ïîäî-
áðàòü äâå ïëàñòèíêè ñ îïðåäåë¸ííûìè ïàðàìåòðàìè è íàëîæèòü
èõ äðóã íà äðóãà.

Ñëåäóåò ïîíèìàòü, ÷òî ñ ïîìîùüþ ïëàñòèíîê ìîæíî íàáëþ-
äàòü òîëüêî ìãíîâåííîå ñîñòîÿíèå ïîëÿ èíòåðôåðåíöèè äëÿ êîí-
êðåòíî âûáðàííîãî ðàññòîÿíèÿ ìåæäó îñöèëëÿòîðàìè.

Äëÿ òîãî ÷òîáû àíèìèðîâàòü èçó÷àåìûå ïðîöåññû, íåîáõî-
äèìî êîìïüþòåðíîå ìîäåëèðîâàíèå. Ñïåöèàëüíî äëÿ ýòîé öåëè
áûëè íàïèñàíû ïðîãðàììû, êîòîðûå ïîçâîëÿþò íå òîëüêî ñîçåð-
öàòü êðàñîòó ïðîèñõîäÿùåãî â äèíàìèêå, íî è óïðàâëÿòü ïðîöåñ-
ñîì ÷åðåç èçìåíåíèå èçíà÷àëüíî çàäàííûõ ïàðàìåòðîâ.

Èñïîëüçîâàíèå ðàçðàáîòàííûõ ïîñîáèé â øêîëàõ, ñïåöèàëü-
íûõ è âûñøèõ ó÷åáíûõ çàâåäåíèÿõ, ñóùåñòâåííî ïîâûñèò íå
òîëüêî êà÷åñòâî óñâîåíèÿ ìàòåðèàëà, íî è áóäåò ñïîñîáñòâîâàòü
ðàçâèòèþ îáú¸ìíîãî ìûøëåíèÿ.

Ðèñ. 174
V=0,
λ1=10,
λ2=8

Ðèñ. 175
V=0,
λ1=10,
λ2=10
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Ðèñ. 176.
V1=0.06�ñ
V2= �0.06�ñ
λ1=λ2

Ðèñ. 177.  V=0, ÷àñòî-
òà îñöèëëÿòîðîâ óâå-
ëè÷èâàåòñÿ âî âðåìåíè

Ôàíòàñòèêà!!! Äëÿ òîãî ÷òîáû âîçíèêëè ýòè ïîòðÿñàþùèå ýôôåêòû,
äîñòàòî÷íî íàëîæèòü äâå ïëàñòèíêè äðóã íà äðóãà. Âû áóäåòå ïðèÿòíî
óäèâëåíû, åñëè ïîñëå èãðû ñ êàðòèíêàìè óëó÷øèòñÿ è âàøå ñàìî÷óâ-
ñòâèå.

9.  Ê âîïðîñó ýíåðãèè ÷åðåç ðåëÿòèâèñòñêóþ ìàññó

Ôîðìóëó E=mc2 ìîæíî çàïèñàòü êàê E=mîc2/(1�V2/c2)1/2, èëè
E=mîc3/(ñ2�V2)1/2, ãäå m � ðåëÿòèâèñòñêàÿ ìàññà, à mî � êëàññè-
÷åñêàÿ, èíåðòíàÿ ìàññà.

Íî èç çàâèñèìîñòè V=ñ�∆ϕ/π, ãäå V/ñ=∆ϕ/π, âèäíî, ÷òî åñëè
V ~ (ñîîòâåòñòâóåò) ∆ϕ, òî c ~ π. Ýòî äà¸ò íàì ïðàâî çàïèñàòü:

E=mîc2/(1�∆ϕ2/π2)1/2 .     (3.20)

Èç ôîðìóëû ñëåäóåò, ÷òî ïîëíàÿ ýíåðãèÿ Å çàâèñèò íå îò
ñêîðîñòè, êàê â ÒÎ, à îò ñäâèãà ôàç ∆ϕ, êîòîðûé ìîæåò èìåòü
ëþáîå çíà÷åíèå è ïðè îòñóòñòâèè ëèíåéíîé ñêîðîñòè ñèñòåìû
(V=0). Òåïåðü óæå ìû íå ìîæåì îäíîçíà÷íî ãîâîðèòü î çàâèñè-
ìîñòè ìàññû îò ñêîðîñòè ñèñòåìû. Åñëè îáðàòèòüñÿ ê ïàðàãðàôó
«Ãðàâèòàöèîííûé ñèíòåç», òî òàì ìû óæå ðàññóæäàëè î âîçíèê-
íîâåíèè ýíåðãèè çà ñ÷¸ò ñàìîïðîèçâîëüíîãî âîçðàñòàíèÿ èìïóëü-
ñà, êîòîðûé ïðÿìî ñâÿçàí ñî ñäâèãîì ôàç. Ïîýòîìó çäåñü ó íàñ
åñòü îñíîâàíèå ïîäîçðåâàòü î íàëè÷èè íîâûõ èíòåðïðåòàöèé!
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Â ñëó÷àå, åñëè V=0, ∆ϕ=0. Òîãäà: E=mîc2. È òîëüêî â ñëó-
÷àå, êîãäà (c2�V2)1/2=1, çíàìåíèòàÿ ôîðìóëà ïðèíèìàåò âðîäå
áû êàê îáú¸ìíûé âèä: E=mîc3. Íî òàêàÿ ëîãèêà ìîæåò ïðèâå-
ñòè ê ÿêîáû àáñóðäó, â êîòîðîì ìû áóäåì èìåòü äåëî è ñ E=mîc4

ïðè (c2�V2)1/2=ñ�1, è ñ E=mîc5 ïðè (c2�V2)1/2=ñ�2, è ò.ä., ïðè÷¸ì
áåç óùåðáà äëÿ ðàçìåðíîñòè.

Â ñâÿçè ñ âîçíèêøåé ñèòóàöèåé áûëà âûñêàçàíà ìûñëü: à íå
ÿâëÿþòñÿ ëè ïåðå÷èñëåííûå äëÿ ýíåðãèè ôîðìóëû îòðàæåíèåì
ñîñòîÿíèÿ âåùåñòâà íà èíûõ óðîâíÿõ îðãàíèçàöèè, íàïðèìåð, íà
ÿäåðíîì, íà ñóáÿäåðíîì è ò.ä.? Åñëè äîïóñòèòü, ÷òî (c2�V2)1/2 õà-
ðàêòåðèçóåò ìàêñèìàëüíî âîçìîæíûé íà ýòèõ óðîâíÿõ ðàçðûâ
ìåæäó ñêîðîñòüþ ñâåòà è ñêîðîñòüþ äâèæåíèÿ îñöèëëÿòîðîâ, òî
÷åì ãëóáæå ìû áóäåì ïðîíèêàòü â ìèêðîìèð, òåì áîëüøóþ ýíåð-
ãîíàñûùåííîñòü áóäåì òàì íàõîäèòü.

Îäíîâðåìåííî ìû îáÿçàíû ïðèçíàòü, ÷òî ðèòìîäèíàìèêà, êàê
è èíûå êîíöåïöèè, èìååò äîïóùåíèÿ òèïà: ïðåäïîëîæèì, äîïóñ-
òèì, ïðèìåì çà îñíîâó... Ìîæåò áûòü, ïîýòîìó êðèòåðèåì ïðà-
âèëüíîñòè ïûòàþòñÿ ñ÷èòàòü ïðàêòèêó. Íî âñåãäà ëè ïðàêòèêà
� êðèòåðèé? Îíà, ïðàêòèêà, òîæå èñ÷åðïûâàåò ñâîé ïîòåíöèàë è
âîçíèêàåò êðèçèñ, ò.å. ïîòðåáíîñòü â îñíîâàòåëüíîì ïåðåñìîòðå
äîìèíèðóþùåé ñèñòåìû âçãëÿäîâ. Çíà÷èò è ïðàêòèêà íå ÿâëÿåò-
ñÿ êðèòåðèåì ïðàâèëüíîñòè? È äà, è íåò, íî ýòî îñîáûé âîïðîñ.
Ïðåîäîëåíèå æå âîçíèêàþùåãî «íåäîìîãàíèÿ» âñåãäà îñóùåñòâ-
ëÿåòñÿ ñìåíîé îòðàáîòàâøåãî íàïðàâëåíèÿ íà íîâîå, ïðîðûâíîå.
Ðèòìîäèíàìèêà, â ýòîì ïëàíå, èìååò âûèãðûøíûå ïîçèöèè.

È äàæå åñëè êòî-òî, ïî èíåðöèè, áóäåò ïðîòèâ, ïóñòü îí, ýêñ-
ïåðèìåíòà ðàäè, ïðèìåðèò «íîâóþ îäåæäó» ê ñîáñòâåííûì íåðå-
ø¸ííûì òåîðåòè÷åñêèì ïðîáëåìàì è ïîñìîòðèò, ÷òî èç ýòîãî
âûéäåò. Íåêîòîðûå óæå ïîñòóïèëè òàê. Â.Ô. Ñòåïàíîâ � ôèçèê-
òåîðåòèê, áóäó÷è îòúÿâëåííûì ðåëÿòèâèñòîì è ïî÷èòàòåëåì
êâàíòîâîé ìåõàíèêè, áëàãîäàðÿ îñíîâíûì ïîëîæåíèÿì ðèòìî-
äèíàìèêè ñóìåë çà íåñêîëüêî íåäåëü ðåøèòü ìó÷èâøóþ åãî â
òå÷åíèå äåñÿòè ëåò ïðîáëåìó èç ðàçðÿäà òåîðèè ïîëåé. Â.À. Èëüèí
â ñâîåé ðàáîòå ïèøåò: «Ïðîñòàÿ ìûñëü î íåîáõîäèìîñòè ïðåîá-
ðàçîâàíèÿ êîîðäèíàò ïî òð¸ì íàïðàâëåíèÿì íà ïîâåðêó îêàçà-
ëàñü î÷åíü ïðîäóêòèâíîé, â ÷àñòíîñòè, â ïðèìåíåíèè ê ÿâëåíè-
ÿì ýëåêòðîìàãíåòèçìà... Ñ ïîçèöèè ðèòìîäèíàìèêè óäàëîñü
ïðîñòî è èçÿùíî îáúÿñíèòü, íàïðèìåð, ìåõàíèçì âîçíèêíîâå-
íèÿ òåëëóðè÷åñêèõ òîêîâ âáëèçè ïîâåðõíîñòè Çåìëè».

10.  ÍËÎ � íåâèäèìêè

Äàäèì âîëþ ôàíòàçèè è äîïóñòèì, ÷òî ìû, ïî ñâîåìó óñìîò-
ðåíèþ, ìîæåì ìåíÿòü ÷àñòîòíîå ñîñòîÿíèå òåë. Ïóñòü íà ñòîëå
ñòîÿò äâà îäèíàêîâûõ ñòàêàíà. Åñëè ìû èçìåíèì (óâåëè÷èì
èëè óìåíüøèì â äâà ðàçà) ÷àñòîòíîå ñîñòîÿíèå àòîìîâ è ìîëå-
êóë, íàïîëíÿþùèõ, íàïðèìåð, ïðàâûé ñòàêàí, òî íàøè äåéñòâèÿ
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ïðèâåäóò ê ðåàëüíûì èçìåíåíèÿì â êðèñòàëëè÷åñêîé ðåø¸òêå.
Óâåëè÷åíèå ÷àñòîòû ïðèâåä¸ò ê óìåíüøåíèþ ðàññòîÿíèé ìåæäó
ìîëåêóëàìè è àòîìàìè (ñòàêàí óìåíüøèò ñâîè ðàçìåðû â äâà
ðàçà), óìåíüøåíèå � ê óâåëè÷åíèþ (ðàçìåðû ñòàêàíà óâåëè÷àòñÿ
â äâà ðàçà). Íî âîçíèêàåò âîïðîñ: êàêèìè åù¸ âèçóàëüíûìè ýô-
ôåêòàìè áóäåò ñîïðîâîæäàòüñÿ èçìåíåíèå ÷àñòîòû?

Åñëè î âíóòðåííåé ÷àñòîòå ìàòåðèàëà ñòàêàíà ñóäèòü ïî
âíåøíèì ïðèçíàêàì, ò.å. ïî âîñïðèíèìàåìîé ãëàçîì ÷àñòîòå
îòðàæ¸ííîãî è ïðåëîìë¸ííîãî ñâåòà (çäåñü èìååò ìåñòî ñòðîãàÿ
çàâèñèìîñòü ÷àñòîòû îòðàæàåìîãî ñâåòà îò ìåæàòîìàðíîé ÷àñ-
òîòû ñòåêëà), è óñëîâíî äîïóñòèòü, ÷òî îíà ðàâíà 500 íì, òî óâå-
ëè÷åíèå å¸ â äâà ðàçà äàñò èíóþ âåëè÷èíó � 250 íì. Åñëè ÷àñòî-
òà áóäåò óìåíüøåíà â äâà ðàçà, òî � 1000 íì. È â ïåðâîì è âî
âòîðîì ñëó÷àÿõ âíóòðåííÿÿ ÷àñòîòà ñòàêàíà ñìåñòèòñÿ â íåâè-
äèìûå ãëàçó îáëàñòè ñïåêòðà: â ïåðâîì � â óëüòðàôèîëåòîâóþ,
âî âòîðîì � â èíôðàêðàñíóþ.

Ïîõîæå íà òî, ÷òî ïðàâûé ñòàêàí èñ÷åçíåò èç ïîëÿ íàøåãî
çðåíèÿ è ýòî ïðè òîì, ÷òî â åãî ðåàëüíîì ñóùåñòâîâàíèè ó íàñ íå
áóäåò íèêàêèõ ñîìíåíèé. Èíòåðåñíûì çäåñü ìîæåò ÿâèòüñÿ è
òî, ÷òî ìû íå ñìîæåì ïîòðîãàòü íåâèäèìûé, íî ðåàëüíûé ñòàêàí
ðóêàìè (âî âñÿêîì ñëó÷àå ïðè áîëåå ãëóáîêîì èçìåíåíèè âíóò-
ðåííåé ÷àñòîòû òàê îíî è áóäåò ïðîèñõîäèòü).

Íî òîãäà ïîëó÷àåòñÿ ñòðàííàÿ êàðòèíà � ñòàêàí åñòü, îí ðå-
àëåí, íî ìû, â ñèëó îãðàíè÷åííîñòè ãëàçíîãî çðåíèÿ, íå ìîæåì
åãî óâèäåòü. Êàê áûòü?

À âûõîä åñòü, ïî êðàéíåé ìåðå, äëÿ çàäàííûõ íàìè óñëîâèé.
Ñóùåñòâóþò ïðèáîðû íî÷íîãî âèäåíèÿ, êîòîðûå êàê ðàç è ðàáî-

Ðèñ. 178.  Äâà ñòàêàíà íà ñòîëå. Ëåâûé íàáëþäàòåëü âèäèò òîëüêî îäèí
ñòàêàí. Ïðàâûé íàáëþäàòåëü ñìîòðèò ÷åðåç ïðèáîð íî÷íîãî âèäåíèÿ è
âèäèò âòîðîé ñòàêàí â èíôðàêðàñíîì äèàïàçîíå. Ïðèáîð ïðåîáðàçóåò
èíôðàêðàñíûå ëó÷è â âèäèìûå. Åñëè èçìåí¸ííûé ñòàêàí ïîòðîãàòü
íåëüçÿ, òî ìîæåò âîçíèêíóòü îøèáî÷íàÿ èäåÿ îá èíôðàêðàñíîé ãîëîãðà-
ôèè. Âîçìîæíî ñ «Ýëäðèäæ», â ôèëàäåëüôèéñêîì ýêñïåðåìåíòå, ïðî-
èçîøëî ýòî æå ñàìîå, åñëè èíôîðìàöèÿ î í¸ì êîíå÷íî íå âûìûñåë

Ïðèáîð íî÷íîãî
âèäåíèÿ
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òàþò â îäíîì èç äèàïàçîíîâ, â êîòîðîì íàõîäèòñÿ ñòàêàí-íåâè-
äèìêà, � â èíôðàêðàñíîì. Åñëè âû âîñïîëüçóåòåñü òàêèì ïðèáî-
ðîì, òî ïðîïàæà áóäåò îáíàðóæåíà � âû óâèäèòå óâåëè÷åííûé â
ðàçìåðàõ ñòàêàí.

Òåïåðü, ïîñëå ýêñêóðñà â îæèäàþùåå è íàñ ôàíòàñòè÷åñêîå
áóäóùåå, íåò ñìûñëà îáúÿñíÿòü êîìó-ëèáî ìåõàíèçì, ñ ïîìîùüþ
êîòîðîãî íàøè ãîñòè-ïðèøåëüöû (à ìîæåò áûòü, õîçÿåâà?) òî
ïîÿâëÿþòñÿ, òî èñ÷åçàþò.

Êðîìå ýòîãî, ìû íà÷èíàåì ñåðü¸çíî çàäóìûâàòüñÿ è íàä ïðî-
áëåìîé ñóùåñòâîâàíèÿ ñêðûòîãî îò íàñ âåùåñòâà. Åñëè ó êîãî-òî,
ïî ñ÷àñòëèâîé ñëó÷àéíîñòè, âêëþ÷èëñÿ ìåõàíèçì âèäåíèÿ â äðó-
ãîì, åäâà ïåðåñåêàþùèìñÿ ñ íàøèì, äèàïàçîíå ÷àñòîò, òî ìû òå-
ïåðü íå ìîæåì îòðèöàòü íåðåàëüíîñòü íàáëþäàåìîé ñ÷àñòëèâ-
÷èêîì èíôîðìàöèè. È åñëè ýòîò íåîáû÷íûé ÷åëîâåê ãîâîðèò,
÷òî âèäèò, íàïðèìåð, ïàðàëëåëüíóþ íàøåé ïëàíåòó ñ å¸ íåïîõî-
æèìè íà íàñ îáèòàòåëÿìè, òî äîëæíî ýòó èíôîðìàöèþ ïðèíÿòü
ê ñâåäåíèþ, à íå «ñæèãàòü ÷åëîâåêà íà êîñòðå».

È óæ ñîâñåì ïðîçâó÷èò ôàíòàñòè÷åñêè äëÿ áîëüøèíñòâà
çåìëÿí óòâåðæäåíèå, ÷òî îïèñàííîå íàìè áóäåò ðåàëèçîâàíî â
áëèæàéøèå 200�300 ëåò. Ïî êðàéíåé ìåðå â ýòîò ïåðèîä ó íà-
óêè áóäåò êîíêðåòíàÿ öåëü-ìèíèìóì, êîíêðåòíûå çàäà÷è, äëÿ
ðåàëèçàöèè êîòîðûõ ìû â êîíöå âòîðîãî òûñÿ÷åëåòèÿ îò ðîæäå-
íèÿ Õðèñòà çàêëàäûâàåì ôóíäàìåíò.

Îñâîèâ ïðèíöèïèàëüíî íîâûå ñïîñîáû ïåðåäâèæåíèÿ â ïðî-
ñòðàíñòâå, îñâîèâ ïåðåìåùåíèå â ÷àñòîòíûõ äèàïàçîíàõ, ìû âäðóã
îáíàðóæèì, ÷òî ñòàëè â òî÷íîñòè òàêèìè æå ïðèøåëüöàìè, î
êîòîðûõ â íàñòîÿùåå âðåìÿ òàê ìíîãî ñëóõîâ è äîìûñëîâ. È
áóäåì ìû ñíèñõîäèòåëüíî óëûáàòüñÿ íàä ïîòóãàìè íåäîñòèã-
øèõ íàøåãî óðîâíÿ áðàòüåâ ïî ðàçóìó è óëûáàÿñü âñïîìèíàòü
ïåðâîáûòíûé ÕÕ âåê.

Äåëî îñòàëîñü çà ìàëûì � èìåííî â íàóêå ïðåêðàòèòü âñåì
íàäîåâøèå áîðüáó ïðîòèâîïîëîæíîñòåé è èìèòàöèþ íàó÷íîé äå-
ÿòåëüíîñòè è ñîñðåäîòî÷èòüñÿ íà äîáðîì ñîçèäàíèè, íà ñîçäàíèè
ðàçîìêíóòûõ (íåçàìêíóòûõ íà ñåáÿ ñàìèõ) òåîðèé. Òîëüêî òàêèå
ïîçâîëÿþò óâåðåííî äâèãàòüñÿ ïî áåñêîíå÷íîé äîðîãå ê èñòèíå.

Îñòà¸òñÿ îòêðûòûì âîïðîñ î ôèíàíñîâîì îáåñïå÷åíèè îá-
ðå÷¸ííîé íà òâîð÷åñòâî ãðóïïû ëþäåé. Íî ïóñòü ýòî áóäåò ïðî-
áëåìà ëèø¸ííûõ íåâåæåñòâà áèçíåñìåíîâ è ðóêîâîäñòâ ñòðàí,
çàèíòåðåñîâàííûõ â ïðîöâåòàíèè è áëàãîñîñòîÿíèè ÷åëîâå÷åñòâà.

11.  Äîêòðèíà � 3000

Äîãàäêà î òîì, ÷òî â ïðèðîäå ñóùåñòâóåò òîëüêî ñàìîäâèæå-
íèå, ïîçâîëÿåò óòâåðæäàòü: íåò ñèë ïðèòÿæåíèÿ èëè îòòàëêèâà-
íèÿ, äåéñòâèÿ èëè ïðîòèâîäåéñòâèÿ, à åñòü óñëîâèÿ, ïîïàâ â êîòî-
ðûå, òåëà ðåàãèðóþò ñîîòâåòñòâóþùèì îáðàçîì.
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Ðåàêöèè òåë íà èçìåíåíèå óñëîâèé âûãëÿäÿò ïî-ðàçíîìó, íî
íåçàâèñèìî îò âèäà âñåãäà ñâÿçàíî ñ ïåðåìåùåíèåì, à çíà÷èò, ñ
èçìåíåíèåì ñêîðîñòè. Åñëè ïåðåìåùåíèå íåâîçìîæíî, òî âîçíè-
êàåò äðóãîãî òèïà äåéñòâèå � ñèëà. Â ýòîì ñìûñëå ñêîðîñòü ÿâ-
ëÿåòñÿ óíèâåðñàëüíîé õàðàêòåðèñòèêîé, êîòîðàÿ îáúåäèíÿåò ìåæ-
äó ñîáîé âñå âèäû ðåàêöèé.

Íî, çàäàâøèñü âîïðîñàìè «÷òî æå òàêîå � äâèæåíèå? â ÷¸ì
åãî ñóòü, êàêîâà ôèçèêà ýòîãî óíèâåðñàëüíîãî ÿâëåíèÿ?», ìû îá-
íàðóæèëè ïðÿìóþ ñâÿçü ìåæäó ñêîðîñòüþ ïåðåìåùåíèÿ òåëà è
åãî ôàçî÷àñòîòíûì ñîñòîÿíèåì. Çàìåíèâ ñêîðîñòü íà ñäâèã ôàç, à
óñêîðåíèå � íà íåñîâïàäåíèå ÷àñòîò, ìû ïîëó÷èëè âîçìîæíîñòü
èíà÷å âçãëÿíóòü íà ìíîãèå ïðîáëåìû, ÷òî è ïðèâåëî íàñ ê ïîíè-
ìàíèþ òàêèõ ïðîöåññîâ, êàê: ïðèðîäà ñèëû (å¸ ñàìîâîçíèêíîâå-
íèå), ïðèðîäà èíåðöèè è ñóòü ìàññû, ïðèðîäà ñàìîäâèæåíèÿ (â
òîì ÷èñëå è ñàìîóñêîðåíèÿ). Âûÿñíèëîñü, íàïðèìåð, ÷òî ïðèðîäó
ãðàâèòàöèè ìîæíî îáúÿñíèòü óñëîâèÿìè, ïîïàâ â êîòîðûå, òåëà
ðåàãèðóþò ñàìîäâèæåíèåì. Íàïðàâëåíèå ñàìîäâèæåíèÿ çäåñü
îïðåäåëÿåòñÿ âîçíèêàþùèì â òåëàõ ðàññîãëàñîâàíèåì ÷àñòîò �
ýòàêàÿ àâòîàðèòìèÿ, íå çàâèñÿùàÿ îò æåëàíèÿ òåë.

Äîñòèãíóòî ïîíèìàíèå òîãî, ÷òî ëþáîå äâèæåíèå åñòü ðåçóëü-
òàò âíóòðèòåëåñíîé âåêòîðíîé äåôîðìàöèè: èçìåíèëñÿ õàðàêòåð
äåôîðìàöèè � èçìåíèëàñü ñêîðîñòü è íàïðàâëåíèå äâèæåíèÿ. Íó
à ÷òî äî ðåàêöèé òèïà èíåðöèÿ, òî îíè âñåöåëî çàâèñÿò îò âûáîðà
ñïîñîáà èçìåíåíèÿ âåêòîðíîé äåôîðìàöèè. Ïîêà ÷åëîâå÷åñòâî
ïîëüçóåòñÿ íàèïðèìèòèâíåéøèì ñïîñîáîì òÿíè�òîëêàé, íî ñ
ýòîãî, î÷åâèäíî, íà÷èíàëè âñå âûñîêîðàçâèòûå öèâèëèçàöèè.

Íî åñëè â Ïðèðîäå èçìåíåíèå óñëîâèé â ïðîñòðàíñòâå ïðåäîï-
ðåäåëåíî (ïîòîìó-òî ìû è íàçûâàåì èõ åñòåñòâåííûìè), òî ïîíèìà-
íèå ôèçèêè óñëîâèé íåèçáåæíî ïðèâîäèò ê íàõîæäåíèþ èñêóññò-
âåííûõ ñïîñîáîâ âëèÿíèÿ íà óñëîâèÿ. Íàì â ýòîì åù¸ ïðåäñòîèò
óáåäèòüñÿ ïðè îñâîåíèè íîâûõ ïðèíöèïîâ ïåðåäâèæåíèÿ â ïðî-
ñòðàíñòâå, à ïîêà ìû âûíóæäåíû àíàëèçèðîâàòü îïûò òåõ ðàçóì-
íûõ ñóùåñòâ, êîòîðûå ñ çàâèäíîé íàñòîé÷èâîñòüþ ïîñåùàþò Çåìëþ
è êîòîðûõ ìû îêðåñòèëè ïðèøåëüöàìè è èíîïëàíåòÿíàìè.

Íàáëþäàÿ çà æèâîé ïðèðîäîé, ìû íåèçáåæíî ïðèõîäèì ê
îòêðûòèþ, ÷òî æèâûå ñóùåñòâà èçìåíÿþò ñâî¸ ìåñòîïîëîæåíèå
â ïðîñòðàíñòâå èñêëþ÷èòåëüíî çà ñ÷¸ò èçìåíåíèÿ ôàçî÷àñòîòíî-
ãî ñîîòíîøåíèÿ ìåæäó âíåøíåé ñðåäîé è ñîáñòâåííûì îðãàíèç-
ìîì. Ìîæíî ñ÷èòàòü åñòåñòâåííûì, ñ òî÷êè çðåíèÿ ýíåðãîçàòðàò,
÷òî æèâîå âûáèðàåò ïóòü íàèìåíüøåãî ñîïðîòèâëåíèÿ. Èçìåíå-
íèå æå ïðèâû÷íûõ óñëîâèé ïðèâîäèò ê íåîáõîäèìîñòè èçìåíå-
íèÿ â ñïîñîáå ïåðåäâèæåíèÿ. Ìèëëèîíîëåòíÿÿ ïðèâû÷êà âûðà-
áîòàëà ëîãèêó: ÷òîáû äâèãàòüñÿ, íåîáõîäèìà ñðåäà, îò êîòîðîé
ìîæíî îòòàëêèâàòüñÿ. Ñëîìàòü óêîðåíèâøóþñÿ ëîãèêó ïðîñòûì
óáåæäåíèåì � äåëî áåçíàä¸æíîå, îñîáåííî êîãäà ìû èìååì äåëî
ñ îòêðûòûì êîñìîñîì. Ýòî òî æå ñàìîå, êàê íåïîíèìàþùåãî ÷òî
òàêîå ïëàâàòü óáåäèòü, ÷òî îí ìîæåò ïëàâàòü.
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Åñòü â Ïðèðîäå òèï æèâûõ ñóùåñòâ, êîòîðûå, åñëè âîëåþ ñóäü-
áû îêàæóòñÿ îäèí íà îäèí ñ îòêðûòûì êîñìîñîì, âûæèâóò èñêëþ-
÷èòåëüíî çà ñ÷¸ò òîãî, ÷òî áûñòðî ñóìåþò îñâîèòü ïðèíöèïèàëüíî
èíîé ñïîñîá ïåðåìåùåíèÿ çà ñ÷¸ò èíîé îðãàíèçàöèè ôàçî÷àñòîò-
íûõ ïðåîáðàçîâàíèé â îðãàíèçìå (ýëåêòðè÷åñêèå ñêàò è óãîðü íàè-
áîëåå áëèçêè ê ýòîìó, ò.ê. îò ðîæäåíèÿ è â çåìíûõ óñëîâèÿõ
âëàäåþò ôàçî÷àñòîòíûìè ïðåîáðàçîâàíèÿìè â îðãàíèçìå, íî èñ-
ïîëüçóþò èõ â äðóãèõ öåëÿõ). Ñî âðåìåíåì ýòè ñóùåñòâà íàó÷àòñÿ,
à ìîæåò óæå íàó÷èëèñü ïóòåøåñòâîâàòü îò çâåçäû ê çâåçäå, îò
ãàëàêòèêè ê ãàëàêòèêå. Áûòü ìîæåò, íåêîòîðûå èç íèõ óæå ïîñå-
ùàëè íàøó ïëàíåòó, à ëþäè ïðèíèìàëè èõ çà òåõíîãåííîå ÍËÎ...
×òî êàñàåòñÿ ïîÿâëåíèÿ òåõíîãåííûõ ÍËÎ ó ãóìàíîèäîâ, òî â íå-
êîòîðûõ ñëó÷àÿõ ýòî ìîæíî ñâÿçàòü ñ ïîèìêîé è òùàòåëüíûì èçó-
÷åíèåì áåçîïîðíî ëåòàþùèõ â êîñìîñå æèâûõ ñóùåñòâ.

Â êíèãå ïîêàçàíî, ÷òî íåîáõîäèìî ìåíÿòü âíóòðè ñåáÿ, ÷òî-
áû áåçîïîðíî ïåðåìåùàòüñÿ. Èññëåäîâàíèÿ ñäâèíóëèñü ñ ì¸ðò-
âîé òî÷êè. Ýêñïåðèìåíòû ñëåäóåò ïåðåíåñòè â êîñìîñ. Ðèòìî-
äèíàìè÷åñêàÿ ëîãèêà � îïîðà áåçîïîðíîãî äâèæåíèÿ.

12.  Ôèçèêà ñæèìàíèÿ äâèæóùèõñÿ ÷àñòèö

Ñïåöèàëüíàÿ òåîðèÿ îòíîñèòåëüíîñòè óòâåðæäàåò, ÷òî ÷àñ-
òèöà, äâèæóùàÿñÿ ñî ñêîðîñòüþ áëèçêîé ê ñêîðîñòè ñâåòà, óìåíü-
øàåò ñâîè ðàçìåðû â ïðîäîëüíîì íàïðàâëåíèè. Ïðè÷èíó ýòîãî
ÿâëåíèÿ îíà íàõîäèò â òðåáîâàíèè êîâàðèàíòíîñòè òåîðèè îòíî-
ñèòåëüíî ïðåîáðàçîâàíèé Ëîðåíöà. Îäíàêî ýòî îáúÿñíåíèå ÿâ-
ëÿåòñÿ ñêîðåå ìàòåìàòè÷åñêèì, ÷åì ôèçè÷åñêèì.

Ðèòìîäèíàìèêà òàêæå ïðåäñêàçûâàåò óìåíüøåíèå ðàçìå-
ðîâ äâèæóùèõñÿ ÷àñòèö. Îäíàêî å¸ îáúÿñíåíèå ýòîìó ÿâëåíèþ
� ïðèíöèïèàëüíî ôèçè÷åñêîå. Îíà óòâåðæäàåò, ÷òî ïðè÷èíà � â
ñòðåìëåíèè âîëíîâûõ ñèñòåì íàõîäèòüñÿ â ñîñòîÿíèè ñ ìèíè-
ìàëüíîé ýíåðãèåé. Äîñòèãàåòñÿ ýòî ñîñòîÿíèå ñïîíòàííî, ñàìî-
ïðîèçâîëüíî, çà ñ÷¸ò âàðèàöèè ñîáñòâåííûõ êîîðäèíàòíûõ è
ôàçîâûõ ïàðàìåòðîâ, ò.å. äâèæóùàÿñÿ âîëíîâàÿ ñèñòåìà ïåðå-
ñòðàèâàåò ñâîþ âíóòðåííþþ ñòðóêòóðó â ñòðåìëåíèè «ñêàòèòü-
ñÿ» â ýíåðãåòè÷åñêèé ìèíèìóì (ñåðôèíã-ýôôåêò).

Ïîêàæåì ýòî íà ïðîñòîé âîëíîâîé ñèñòåìå èç äâóõ ïëîñêèõ
èñòî÷íèêîâ.

Ðèñ. 179.  Äâà ïëîñêèõ èñòî÷íèêà S
1
 è S

2 
(n

1
=n

2
) íàõîäÿòñÿ íà ðàññòîÿ-

íèè d äðóã îò äðóãà è îäíîâðåìåííî äâèæóòñÿ ñî ñêîðîñòüþ V âïðàâî
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Âñ¸ âîëíîâîå ïîëå óñëîâíî ðàçáèâàåì íà òðè ó÷àñòêà: À, Â è Ñ.

Â îáëàñòè À àìïëèòóäà ñóììàðíîãî ïîëÿ ðàâíà:

Â îáëàñòè Ñ àìïëèòóäà ñóììàðíîãî ïîëÿ ðàâíà:

Ïîëîæèì À1=À2=Àî,  Ò1=Ò2=Òî.

Îòìåòèì, ÷òî â ñèëó ýôôåêòà Äîïëåðà â îáëàñòè À äëèíû âîëí

áóäóò ðàâíû λ2A=λ1A=λo�c1/c=λA,
à â îáëàñòè Ñ λ2Ñ=λ1Ñ=λo�c2/c=λÑ,

ãäå

Ïîñëå íåñëîæíûõ òðèãîíîìåòðè÷åñêèõ ïðåîáðàçîâàíèé ïîëó÷èì:

Ïîëó÷åííûå âûðàæåíèÿ óêàçûâàþò íà òî, ÷òî â îáëàñòÿõ À
è Ñ èìååòñÿ âîëíîâàÿ ýíåðãèÿ. Ìîæíî òàêæå ïîêàçàòü, ÷òî â
ýòèõ îáëàñòÿõ ñóùåñòâóþò ïîòîêè ýíåðãèè è èìïóëüñà.

Ñ ôèçè÷åñêîé òî÷êè çðåíèÿ èñòî÷íèêè S1 è S2 íåïðåðûâíî
èçëó÷àþò âîëíîâóþ ýíåðãèþ â îêðóæàþùåå ïðîñòðàíñòâî è ïî-
òîêè ýòîé ýíåðãèè íàõîäÿòñÿ â îáëàñòÿõ À è Ñ. Íî çàäàäèìñÿ
ñëåäóþùèì íåîáû÷íûì âîïðîñîì: ñóùåñòâóåò ëè òàêîå ñîñòîÿ-
íèå ðàññìàòðèâàåìîé âîëíîâîé ñèñòåìû, â êîòîðîì îòñóòñòâîâà-
ëè áû ïîòîêè ýíåðãèè è èìïóëüñà â îáëàñòÿõ À è Ñ? èëè, ÷òî òî
æå ñàìîå, ÷òîáû àìïëèòóäà ΨÀ è ΨÑ èìåëè áû íóëåâûå çíà÷åíèÿ
âñþäó â ýòèõ îáëàñòÿõ?

Àíàëèç ïîêàçûâàåò � ýòî âîçìîæíî, åñëè «ðàçðåøèòü» ñèñ-
òåìå ñàìîïðîèçâîëüíî (ñïîíòàííî) èçìåíÿòü ðàññòîÿíèå d ìåæ-
äó èñòî÷íèêàìè è ðàçíîñòü ôàç ∆ϕ.

Äëÿ òîãî ÷òîáû ΨÀ è ΨÑ èìåëè íóëåâûå çíà÷åíèÿ äëÿ âñåõ
õ
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Äàííûå ñîîòíîøåíèÿ áóäóò âûïîëíÿòüñÿ, åñëè

Ïóñòü n
1
= n

2
=0, α ≠ 0, òîãäà òðåáîâàíèÿ íóëåâûõ çíà÷åíèé ΨÀ

è ΨÑ
 ïðèìóò ñëåäóþùèé âèä:

.

Ðåøàÿ äëÿ îáùåãî ñëó÷àÿ ñèñòåìó óðàâíåíèé îòíîñèòåëüíî
äâóõ íåèçâåñòíûõ d è ∆ϕ, ïîëó÷èì:

Íàéä¸ì çíà÷åíèÿ d è ∆ϕ äëÿ ïðåäåëüíûõ ñëó÷àåâ, êîãäà α=0
è α=π/2, ò.å. äëÿ ïðîäîëüíîé è ïîïåðå÷íîé îðèåíòàöèè èñòî÷íè-
êîâ:

äëÿ  α=0   ïðîäîëüíûå ñäâèã ôàç è ñæàòèå;

äëÿ  α=π/2   ïîïåðå÷íûå ñäâèã ôàç è ñæàòèå.

(Äàííûé âûâîä êàñàåòñÿ ýíåðãåòè÷åñêîé ïðèðîäû ñæèìàíèÿ
âîëíîâûõ ñèñòåì ñ ïîçèöèè ïðèíöèïà ñòðåìëåíèÿ ê ìèíèìó-
ìó.)

Òàêèì îáðàçîì, â ñëó÷àå íàëîæåíèÿ ïîëó÷åííûõ óñëîâèé
(3.28) íà âíóòðåííþþ ñòðóêòóðó âîëíîâîé ñèñòåìû ìû âèäèì,
÷òî îíà âåä¸ò ñåáÿ êàê íåèçëó÷àþùàÿ äëÿ óäàë¸ííîãî íàáëþäà-

( )∆ϕ = − −

− − −

















π β

β α β α β α
1

1

1 1

2

2 2 2 2
sin sin cos

( )π
λ

ϕ ϕ π πd
n

A

− − = +1

2 2
2 1 1 ( )π

λ
ϕ ϕ π πd

n
C

+ − = +1

2 2
2 1 2

π
λ

π

π
λ

π

d

d
A

C

− =

+ =










∆ ϕ

∆ ϕ
2 2

2 2

→V

→

→→ ó ó′

õ,õ′→α α
r r′

′ = ⋅ −

−
r r

1

1

2

2 2

β

β αsin

  à.   á.
Ðèñ. 180.  Çàâèñèìîñòü ðàçìåðîâ ÷àñòèöû îò ñêîðîñòè: à) V=0; á) V=0.7c
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òåëÿ. Äëÿ íàáëþäàòåëÿ, íàõîäÿùåãîñÿ â íåïîñðåäñòâåííîé áëè-
çîñòè îò èñòî÷íèêîâ, èä¸ò ãåíåðàöèÿ âîëí «íà ïîëíóþ êàòóø-
êó». Äàííàÿ ïàðàäîêñàëüíàÿ ñèòóàöèÿ, íà íàø âçãëÿä, èìååò ïðÿ-
ìîå îòíîøåíèå ê ôèçèêå ÷àñòèö ìèêðîìèðà.

Ñ äðóãîé ñòîðîíû èç (3.27) ñëåäóåò, ÷òî íå òîëüêî ïðîäîëü-
íûé, íî è ïîïåðå÷íûé ðàçìåð âîëíîâîé ñèñòåìû óìåíüøàåòñÿ, è
ýòî óìåíüøåíèå íàïðÿìóþ ñâÿçûâàåòñÿ ñ å¸ ñêîðîñòüþ. Ýòîò ôàêò
ïðè îòâåòå íà âîïðîñ � ïî êàêîé ïðè÷èíå ñæèìàþòñÿ äâèæóùè-
åñÿ òåëà? � ïðÿìî óêàçûâàåò íà ýíåðãåòè÷åñêóþ ïðèðîäó ñæèìà-
íèÿ, à ïîòîìó ñëåïî óâåðÿòü, ÷òî âñ¸ äåëî â êîâàðèàíòíîñòè ïî
îòíîøåíèþ ê ïðåîáðàçîâàíèÿì Ëîðåíöà, ó íàñ òåïåðü íåò îñíî-
âàíèÿ. Ýíåðãåòè÷åñêîå òðàêòîâàíèå ìíîãèõ ÿâëåíèé � âåñîìûé
êîçûðü â ðóêàõ ðèòìîäèíàìèêè, à å¸ âíóòðåííèå ïðàêòèêî-òåî-
ðåòè÷åñêèå ðåñóðñû åù¸ òîëüêî íà÷èíàþò ðàñêðûâàòüñÿ.

Ïîëó÷åííûå òàêèì îáðàçîì ðåçóëüòàòû ïîëíîñòüþ óäîâëåò-
âîðÿþò òðåáîâàíèÿì ãåîìåòðè÷åñêèõ ïðåîáðàçîâàíèé Èâàíîâà.

13.  Ïàðàäîêñ äëÿ çäðàâîãî ñìûñëà

Êîìïüþòåðíîå ìîäåëèðîâàíèå âîëíîâûõ ñèñòåì â îäíîìåð-
íîì è äâóõìåðíîì êîîðäèíàòíîì ïðîñòðàíñòâå ïîêàçûâàåò, ÷òî
ñóùåñòâóþò òàêèå îòêðûòûå âîëíîâûå îáúåêòû, äëÿ êîòîðûõ
ìîæíî ïîäîáðàòü óñëîâèÿ, ïðè êîòîðûõ ýòè îáúåêòû íå èçëó÷à-
þò ýíåðãèþ â îêðóæàþùåå ïðîñòðàíñòâî, íî òî÷íåå � èçëó÷àþò â
íåïðîÿâëåííîì âèäå. Òåì íå ìåíåå, ÷àñòü âîëíîâîé ýíåðãèè òà-
êèõ îòêðûòûõ âîëíîâûõ ñèñòåì îñòà¸òñÿ ïðîÿâëåííîé è ëîêà-
ëèçîâàííîé â îãðàíè÷åííîé îáëàñòè ïðîñòðàíñòâà (ïîéìàííîé â
ñâîåãî ðîäà «ëîâóøêó»).

Ó÷èòûâàÿ ïðèíöèïèàëüíóþ âàæíîñòü îáíàðóæåííîãî ÿâëå-
íèÿ, áûëî ïðîâåäåíî òåîðåòè÷åñêîå èññëåäîâàíèå ñ öåëüþ ïîèñêà
àíàëîãè÷íûõ îòêðûòûõ êîëåáàòåëüíûõ ñèñòåì â òð¸õìåðíîì
ïðîñòðàíñòâå.

Â êà÷åñòâå îáúåêòà ìàòåìàòè÷åñêîãî àíàëèçà áûë âûáðàí
îñöèëëÿòîð ñî ñôåðè÷åñêîé èçëó÷àþùåé ïîâåðõíîñòüþ. Ïðèíè-
ìàåòñÿ, ÷òî ýòà ïîâåðõíîñòü ÿâëÿåòñÿ èñòî÷íèêîì âîëí, ðàñïðîñ-
òðàíÿþùèõñÿ â îáëàñòÿõ ïðîñòðàíñòâà âíå ñôåðè÷åñêè-èçëó÷à-
þùåé ïîâåðõíîñòè è âíóòðè å¸.

Ðèñ. 181.  Ñôåðè÷åñêèé îñöèëëÿòîð
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Âîëíà, ðàñõîäÿùàÿñÿ îò ñôåðè÷åñêîé ïîâåðõíîñòè â îêðóæàþ-
ùåå ïðîñòðàíñòâî, èìååò âèä:

ãäå: À1 � ïîñòîÿííàÿ àìïëèòóäà,
r   � ðàäèóñ-âåêòîð èç öåíòðà ñôåðû,
t   � âðåìÿ,
T  � ïåðèîä âîëíû,
λ  � äëèíà âîëíû,
ϕ

1
 � ïîñòîÿííàÿ ôàçà.

Âîëíà, ñõîäÿùàÿñÿ â îáëàñòè ïðîñòðàíñòâà âíóòðè ñôåðû, îïèñû-
âàåòñÿ êàê:

ãäå: À2 � ïîñòîÿííàÿ àìïëèòóäà,
ϕ

2
 � ïîñòîÿííàÿ ôàçà.

Ïîëàãàåì, ÷òî íà ïîâåðõíîñòè ñôåðû âûïîëíÿåòñÿ óñëîâèå
íåïðåðûâíîñòè àìïëèòóäû âîëíîâîãî ïîëÿ:

Èç ýòîãî óñëîâèÿ ñëåäóåò:

Âîëíà Ψ2 ÿâëÿåòñÿ ñõîäÿùåéñÿ è â òî÷êå r~0, îíà èíâåðòèðóåòñÿ
(âûâîðà÷èâàåòñÿ) è ïðåâðàùàåòñÿ â ðàñõîäÿùóþñÿ:

Èç óñëîâèÿ èíâåðñèè:

ñëåäóåò: .

Ïîñëå ó÷¸òà óñëîâèÿ íåïðåðûâíîñòè è óñëîâèÿ èíâåðñèè ïîëó÷à-
åì, ÷òî ñóììàðíîå âîëíîâîå ïîëå â îáëàñòè À îïðåäåëÿåòñÿ êàê:
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Ψ
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à ñóììàðíîå ïîëå â îáëàñòè Â îïèñûâàåòñÿ êàê:

Ïîñëå íåñëîæíûõ òðèãîíîìåòðè÷åñêèõ ïðåîáðàçîâàíèé äëÿ
âîëíû Ψ

Â
 ïîëó÷èì:

Èç ýòîãî âûðàæåíèÿ ñëåäóåò, ÷òî â îáëàñòè Â àìïëèòóäà âîë-
íû èìååò îãðàíè÷åííîå çíà÷åíèå âî âñåõ òî÷êàõ r<ro, â òîì ÷èñ-
ëå è â òî÷êå r=0.

Ïîñëå ñîîòâåòñòâóþùèõ ïðåîáðàçîâàíèé äëÿ Ψ
À
 íàõîäèì, ÷òî

â îáëàñòè À àìïëèòóäà ñóììàðíîãî ïîëÿ ðàâíà:

Çàäàäèìñÿ âîïðîñîì: ñóùåñòâóþò ëè òàêèå óñëîâèÿ, ïðè
êîòîðûõ Ψ

À
 ïðåâðàùàåòñÿ â íóëü äëÿ âñåõ r è t? Äëÿ ýòîãî â

âûðàæåíèè äëÿ Ψ
À
 îáðàòèì âíèìàíèå íà ìíîæèòåëü

Ïîòðåáóåì âûïîëíåíèÿ óñëîâèÿ:

Ýòî óñëîâèå âûïîëíÿåòñÿ, åñëè:

èëè

ò.å. ïðè äàííîì óñëîâèè âîëíîâîå ïîëå â îáëàñòè À (ñíàðóæè
ñôåðè÷åñêîé ïîâåðõíîñòè) ïîëíîñòüþ ãàñèòñÿ è ëîêàëèçóåòñÿ
òîëüêî â îáëàñòè Â (âíóòðè ñôåðè÷åñêîé ïîâåðõíîñòè). Âàæíî,
÷òî ïðè èçìåíåíèè ñêîðîñòè ðàíåå íåèçëó÷àþùàÿ âîëíîâàÿ ñèñ-
òåìà áóäåò èçëó÷àòü âîâíå � ýòî ñâÿçàíî ñ ôàçî÷àñòîòíûìè ïåðå-
ñòðîåíèÿìè. Êàê òîëüêî ñêîðîñòü ñòàáèëèçèðóåòñÿ, ïåðåñòðîå-
íèÿ ïðåêðàùàþòñÿ è ÷àñòèöà âíîâü ñòàíîâèòñÿ íåèçëó÷àþùåé.
Òàêîå ðèòìîäèíàìè÷åñêîå ñâîéñòâî íåèçëó÷àþùèõ îáúåêòîâ-ìî-
äåëåé ïðÿìî óêàçûâàåò íà ïðè÷èíó, íàïðèìåð, èñïóñêàíèÿ êâàí-
òà ýëåêòðîíîì ïðè ïåðåõîäå ñ îäíîé îðáèòû íà äðóãóþ, à çíà÷èò,
ìû èìååì âîçìîæíîñòü îöåíèòü åãî âíóòðåííþþ ñòðóêòóðó.
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Ðèñ. 182.  Íåèçëó÷àþùàÿ ÷àñòèöà (à) èçìåíèëà ñêîðîñòü, íî íå óñïåëà
ïåðåñòðîèòü ñäâèã ôàç (á). Ïðîÿâèëîñü èçëó÷åíèå, ÷àñòèöà ñòàëà âèäèìîé
äëÿ îêðóæàþùèõ

Òàêèì îáðàçîì, ïðîâåä¸ííûé ìàòåìàòè÷åñêèé àíàëèç ïîêà-
çûâàåò, ÷òî ìîæíî ïîäîáðàòü (óêàçàòü) òàêèå êëàññû îòêðûòûõ
âîëíîâûõ îáúåêòîâ â òð¸õìåðíîì ïðîñòðàíñòâå, ïîëå êîòîðûõ
ëîêàëèçóåòñÿ â îãðàíè÷åííîé îáëàñòè. Îòìåòèì, ÷òî ýòîò âûâîä
èìååò íåïîñðåäñòâåííîå îòíîøåíèå ê ôèçèêå ýëåìåíòàðíûõ ÷à-
ñòèö.

14. Ðèòìîäèíàìè÷åñêàÿ ëîãèêà â ýëåêòðîäèíàìèêå.
Åäèíîîáðàçíûé ìåõàíèçì âçàèìîäåéñòâèé

Ïðè¸ìû ðèòìîäèíàìè÷åñêîé ëîãèêè íàõîäÿòñÿ â ïîëíîì
ñîãëàñèè ñ ñîâðåìåííûìè òåîðåòè÷åñêèìè ïðåäñòàâëåíèÿìè ýëåê-
òðîäèíàìèêè. Ïðîäåìîíñòðèðóåì ýòî.

Ïîëîæèì, èìååòñÿ ïîëå ýëåêòðîííûõ îñöèëëÿòîðîâ (ñïèíîð-
íîå ïîëå). Ôóíêöèÿ ïîëÿ ýòèõ îñöèëëÿòîðîâ â ñëó÷àå ðàñïðîñò-
ðàíÿþùåéñÿ âîëíû èìååò âèä:

ãäå: S=Et�px  � ôóíêöèÿ äåéñòâèÿ ñâîáîäíîãî ïîëÿ,
Ψî � ïîñòîÿííàÿ àìïëèòóäà,
Å  � ýíåðãèÿ,
ð  � èìïóëüñ,
t  � âðåìÿ,
õ  � êîîðäèíàòà,
h  � ïîñòîÿííàÿ Ïëàíêà,
i=(�1)1/2.

Ðàññìîòðèì âçàèìîäåéñòâèå ìåæäó ïîëåì ýëåêòðîííûõ îñ-
öèëëÿòîðîâ è âíåøíèì ýëåêòðîìàãíèòíûì ïîëåì. Òàê, â òåî-
ðèè ïîëÿ âçàèìîäåéñòâèå ìåæäó ðàññìàòðèâàåìûìè ïîëÿìè îïè-
ñûâàåòñÿ ôàçîâûì ìíîæèòåëåì â ôóíêöèè ïîëÿ:

Ψ Ψ=
0
e
i S

h ,                           (3.50)
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ãäå: Ψ   � ôóíêöèÿ ïîëÿ äî âçàèìîäåéñòâèÿ,
ΨÂÇ � ôóíêöèÿ ïîëÿ â óñëîâèÿõ âçàèìîäåéñòâèÿ,
Sî  � ôóíêöèÿ äåéñòâèÿ, õàðàêòåðèçóþùàÿ âîçäåéñòâèå

               ýëåêòðîìàãíèòíîãî ïîëÿ íà ýëåêòðîííîå,

     e
i S
h
0

� ôàçîâûé ìíîæèòåëü.

Íàõîäèì îáîáù¸ííóþ ýíåðãèþ W äëÿ ýëåêòðîííîãî ïîëÿ:

Íàõîäèì îáîáù¸ííûé èìïóëüñ Ï:

Èç ïîñëåäíèõ ôîðìóë âèäíî, ÷òî â ðåçóëüòàòå ââåäåíèÿ ôà-
çîâîãî ìíîæèòåëÿ â (3.51) äëÿ ôóíêöèè ïîëÿ, â âûðàæåíèÿõ
ýíåðãèè, èìïóëüñà (3.52, 3.53) ïîÿâëÿåòñÿ äîïîëíèòåëüíûé ÷ëåí,
êîòîðûé õàðàêòåðèçóåò äåôåêòû ýíåðãèè è èìïóëüñà ýëåêòðîí-
íîãî ïîëÿ.

Â îáùåì ñëó÷àå ôóíêöèÿ äåéñòâèÿ So ðàâíà:

ãäå: {Ax, Ay, Az, ϕ} � ÷åòûð¸õìåðíûé ïîòåíöèàë ýëåêòðîìàãíèò-
   íîãî ïîëÿ,

å � ýëåêòðè÷åñêèé çàðÿä,
ñ � ñêîðîñòü ñâåòà.
«Äåôåêòû» ýíåðãèè è èìïóëüñà, êàê ýòî ñëåäóåò èç ïîñëå-

äíåãî âûðàæåíèÿ (3.54), çàâèñÿò îò ïîòåíöèàëîâ ýëåêòðè÷åñêîãî
ïîëÿ, êîòîðûå îòâåòñòâåííû çà èçìåíåíèå ôàç íåâîçìóù¸ííîãî
ñîñòîÿíèÿ ïîëÿ ýëåêòðîííûõ îñöèëëÿòîðîâ.

Òåïåðü ðàññìîòðèì ÷àñòíûé ñëó÷àé, êîãäà ïåðâîíà÷àëüíûé
èìïóëüñ ýëåêòðîííûõ îñöèëëÿòîðîâ ðàâåí íóëþ (ð=0), à ôóíê-
öèÿ äåéñòâèÿ So çàâèñèò òîëüêî îò ñêàëÿðíîãî ïîòåíöèàëà, ò.å.

Åñëè â (3.55) âûïîëíèòü ïåðåõîä îò ñêàëÿðíîãî ïîòåíöèàëà
ϕ ê ÷àñòîòå ν êîëåáàíèé, òî ïîñëå òàêîãî ïåðåõîäà äëÿ ôóíêöèè
So ïîëó÷èì:
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Ñèëà ðåàêöèè (ñèëà) ïîëÿ ýëåêòðîííûõ îñöèëëÿòîðîâ íà âíåø-
íåå âîçäåéñòâèå, êàê ýòî ñëåäóåò èç (3.53), âû÷èñëÿåòñÿ ïî ôîðìó-
ëå:

è ðàâíà:

Ïîëó÷åííàÿ ôîðìóëà ÿâëÿåòñÿ íîâîé ïðèìåíèòåëüíî ê òåî-
ðèè ïîëÿ è îòîáðàæàåò ñâÿçü ðåàêöèè ýëåêòðîííîãî ïîëÿ íà âíåø-
íåå âîçäåéñòâèå ñêàëÿðíûì ïîëåì, ñ ãðàäèåíòîì ÷àñòîòû.

Òàêèì îáðàçîì, èìïóëüñíî-ýíåðãåòè÷åñêèå ñâîéñòâà âîëíî-
âîé ñèñòåìû îïðåäåëÿþòñÿ èçìåíåíèåì ôàçî÷àñòîòíûõ õàðàê-
òåðèñòèê ýòîé ñèñòåìû.

Äàííûé âûâîä, êàê ïîêàçûâàåò íàø àíàëèç, ñïðàâåäëèâ äëÿ
âñåõ âîëíîâûõ ñèñòåì. È èìåííî ïîýòîìó îáúåäèíåíèå âçàèìî-
äåéñòâèé ñëåäóåò èñêàòü íà ïóòè ïðèâëå÷åíèÿ ôàçî÷àñòîòíûõ
õàðàêòåðèñòèê âîëíîâûõ ïðîöåññîâ.

Â çàêëþ÷åíèå îáðàòèì âíèìàíèå íà ôèçè÷åñêóþ èíòåðïðå-
òàöèþ âûðàæåíèÿ (3.58) äëÿ ðåàêöèè ïîëÿ.
à). Åñëè ìåæäó ýëåêòðîííûìè îñöèëëÿòîðàìè, íàõîäÿùèìèñÿ íà
ðàññòîÿíèè ∆õ èìååòñÿ ñäâèã ÷àñòîò ∆ν, òî íà íèõ äåéñòâóåò ñèëà:

á). Åñëè íà ñèñòåìó èç äâóõ îñöèëëÿòîðîâ äåéñòâóåò ñèëà F, òî
ìåæäó íèìè âîçíèêàåò ÷àñòîòíûé ñäâèã, îïðåäåëÿåìûé ôîðìó-
ëîé:

Ýòè äâå ôèçè÷åñêèå ñèòóàöèè ïðèñóòñòâóþò â ðàçëè÷íûõ
ìåñòàõ íàñòîÿùåé ìîíîãðàôèè è îòðàæàþò èñêëþ÷èòåëüíóþ
âàæíîñòü ôàçî÷àñòîòíûõ ñâîéñòâ âîëíîâûõ ñèñòåì. Ýòî òàê íà-
çûâàåìûå äâå ñòîðîíû îäíîé ôèçèêè ïðîöåññîâ, îòâåòñòâåííûõ
çà ïîíÿòèå ñèëà.

15.  ÐÈÒÌÎÄÈÍÀÌÈÊÀ ïðåäñêàçûâàåò?!

Ìû ïðèâûêëè ïåðåìåùàòüñÿ îòòàëêèâàÿñü. Ýòà ïðèâû÷êà
ñôîðìèðîâàëà íàøó ëîãèêó, à ïî ñóòè, çàáëîêèðîâàëà å¸ îò áåçî-
ïîðíûõ ñïîñîáîâ ïåðåìåùåíèÿ. Âåðîÿòíî ïîýòîìó ìíîãèå íàøè
ýêñïåðèìåíòû � îïîðíûå. Íî ÷òî áóäåò ïðîèñõîäèòü, åñëè ýêñïå-
ðèìåíòû ïðîâîäèòü â óñëîâèÿõ íåâåñîìîñòè? Áûòü ìîæåò, â òà-
êèõ ýêñïåðèìåíòàõ óäàñòñÿ íàùóïàòü ïóòü ê áåçîïîðíîìó ïåðå-
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ìåùåíèþ? Âî ìíîãèõ ýêñïåðèìåíòàõ ìû ïðîñòî íå äà¸ì óñòà-
íîâêå äâèãàòüñÿ, à ïîòîìó íà âûõîäå îíà, óñòàíîâêà, âûíóæäåíà
ñáðàñûâàòü èçëèøêè ýíåðãèè â âèäå íàïðàâëåííîãî èçëó÷åíèÿ
(ýôôåêò Äæîçåôñîíà, íàïðèìåð).

Â êíèãå ìû ïîêàçàëè, ÷òî åñëè ñîçäàòü ñäâèã ôàç ìåæäó âèá-
ðàòîðàìè, òî ìíîãîýëåìåíòíàÿ àíòåííà äîëæíà äâèãàòüñÿ â êîñ-
ìîñå. Íî êàê, íàïðèìåð, áóäåò âåñòè ñåáÿ â íåâåñîìîñòè ñâåðõ-
ïðîâîäÿùåå êîëüöî, åñëè ïî íåìó èä¸ò òîê? Ïîÿâèòñÿ ëè ó êîëüöà
âåêòîðíàÿ äåôîðìàöèÿ èëè âîçðàñòàþùèé âî âðåìåíè èìïóëüñ?
Åñëè ÄÀ, òî êîëüöî ñòàíåò ñàìîðàñêðó÷èâàòüñÿ.

Ðèñ.183.  Òî æå ñàìîå ìîæåò ïðîèçîéòè, åñëè ìû ñîçäàäèì çàìêíóòóþ
â êîëüöî áàòàðåéêó èëè çàìêí¸ì â êîëüöî è çàðÿäèì öåïî÷êó ïëîñêèõ
êîíäåíñàòîðîâ

Âûáîòî÷íûé àíàëèç íåêîòîðûõ ýêñïåðèìåíòîâ ïîêàçûâàåò,
÷òî â íèõ ìû ïðîõîäèì ìèìî ñàìîãî ãëàâíîãî � ìèìî ýôôåêòîâ
ñàìîäâèæåíèÿ. À âåäü â ýòèõ ýôôåêòàõ êðîåòñÿ áóäóùåå íîâûõ
òåõíîëîãèé, áóäóùåå íîâûõ ñïîñîáîâ ïåðåäâèæåíèÿ âî Âñåëåí-
íîé. Åñëè ÷òî-òî èçëó÷àåò, çíà÷èò åìó íå äàþò äâèãàòüñÿ.

Åñòü è íîâûå îáúÿñíåíèÿ ñòàðûõ ýêñïåðèìåíòîâ (èäåé), íà-
ïðèìåð ðèòìîäèíàìè÷åñêèé ñòîëáèê-äèîä èç ìåòàëëîâ, õîðîøî
ïðîâîäÿùèõ ýëåêòðè÷åñêèé òîê, ò.å. èìåþùèõ ìàëîå ñîïðîòèâ-
ëåíèå. Îñòàíîâèìñÿ ïîäðîáíåå (ðèñ. 184).

Ðèñ.184.  Ðèòìîäèíàìè÷åñêèé ñïàéäåð-äèîä ñîñòîèò èç íàáîðà ïëîòíî
ïðèæàòûõ äðóã ê äðóãó ìåòàëëè÷åñêèõ ïëàñòèí

Íà ãðàíèöàõ êîíòàêòà ìåòàëëîâ âîçíèêàþò ñïàéäåð-ýôôåê-
òû. Ìåòàëëû òàê ïîäîáðàíû ïî ÷àñòîòíûì õàðàêòåðèñòèêàì,
÷òîáû íàïðàâëåíèå ñïàéäåð-ýôôåêòîâ âî âñåõ ìåñòàõ êîíòàêòîâ
áûëî îäíî. Åñëè ê èçîáðàæ¸ííîé öåïè ïîäêëþ÷èòü èñòî÷íèê
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16.  Ê âîïðîñó î ïðèðîäå ñèë

Ïî÷åìó â îäíèõ ñëó÷àÿõ ìû èìååì äåëî ñ ïðèòÿæåíèåì, à â
äðóãèõ � ñ îòòàëêèâàíèåì? Ðèòìîäèíàìèêà ñïîñîáíà îòâåòèòü íà
ýòîò âîïðîñ áåç ïðèâëå÷åíèÿ îñîáîãî ìàòåìàòè÷åñêîãî àïïàðàòà.
Îáðàòèìñÿ ê ðèñ. 185.

  à.   á.

Ðèñ. 185. Ìû èìååì äâà èñòî÷íèêà À è Â, îòëè÷àþùèõñÿ ïî ÷àñòîòå
(ν

A
<<ν

B
). Åñëè èñòî÷íèêè À è Â âûêëþ÷åíû, òî îñöèëëÿòîðû 1, 2, 3 è 4

èìåþò ðàâíûå ÷àñòîòû (ν
1
=ν

2
=ν

3
=ν

4
=ν). Îáùåå æå ñîîòíîøåíèå ÷àñòîò

òàêîâî: ν
A
<ν<ν

B

Ðàññìîòðèì ñèòóàöèþ (à). Åñëè èçíà÷àëüíî ÷àñòîòû îñöèë-
ëÿòîðîâ 1 è 2 áûëè ðàâíû (ν

1
=ν

2
), òî ïðè âêëþ÷åíèè èñòî÷íèêà

À ñîîòíîøåíèå ÷àñòîò â ñèñòåìå Ñ èçìåíèòñÿ (ν
1
 < ν

2
). Òàêîå

èçìåíåíèå âûçâàíî ÿâëåíèåì çàòÿãèâàíèÿ ÷àñòîò: ÷åì áëèæå
îñöèëëÿòîð ê èñòî÷íèêó, òåì ñèëüíåå èçìåíÿåòñÿ åãî ÷àñòîòà.

Äëÿ íàñ î÷åâèäíî, ÷òî îñöèëëÿòîð 1 áëèæå ê À, ÷åì îñöèë-
ëÿòîð 2, à ïîòîìó èìåííî åãî ÷àñòîòà èçìåíèòñÿ ñèëüíåå. Íî òàê
êàê ÷àñòîòà À ìåíüøå ÷àñòîòû 1, òî âñëåäñòâèå ýôôåêòà çàòÿãè-
âàíèÿ ïðîèçîéä¸ò óìåíüøåíèå ÷àñòîòû 1. È ÷àñòîòà îñöèëëÿòî-
ðà 2 óìåíüøèòñÿ, íî â ìåíüøåé ñòåïåíè, ò.ê. îí, îñöèëëÿòîð, íà-
õîäèòñÿ äàëüøå îò èñòî÷íèêà.

ïèòàíèÿ òàê, ÷òîáû åãî òîê ñîâïàäàë ïî íàïðàâëåíèþ ñî ñïàé-
äåð-ýôôåêòàìè, òî ñîïðîòèâëåíèå ñòîëáèêà áóäåò íåçíà÷èòåëü-
íûì, à òîê áàòàðåéêè ìàêñèìàëüíî óñèëåííûì. Åñëè ïîìåíÿòü
ïîëÿðíîñòü èñòî÷íèêà ïèòàíèÿ, òî ñîïðîòèâëåíèå ñòîëáèêà ðåç-
êî âîçðàñò¸ò. Ýòî äîëæíî ïðîèñõîäèòü ïî ïðè÷èíå, ÷òî âåêòîð
òîêà áàòàðåéêè è âåêòîð ñïàéäåð-ýôôåêòîâ ñòîëáèêà ïðîòèâîïî-
ëîæíû, à çíà÷èò áóäóò ãàñèòü äðóã äðóãà.
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Ïîÿâèâøàÿñÿ â ñèñòåìå Ñ àðèòìèÿ ïðèâåä¸ò ê äåôîðìàöèè
ñîáñòâåííîãî ïîëÿ èíòåðôåðåíöèè. Äëÿ òîãî ÷òîáû âûïðàâèòü
äåôîðìàöèþ ñèñòåìà Ñ âûíóæäåíà ñàìîäâèãàòüñÿ ñ óñêîðåíèåì
â íàïðàâëåíèè À.

Ðàññìîòðèì ñèòóàöèþ (á), â êîòîðîé ÷àñòîòà èñòî÷íèêà Â
âûøå, ÷åì èñêîìûå ÷àñòîòû îñöèëëÿòîðîâ ñèñòåìû D. Êàê è â
ïðåäûäóùåì ñëó÷àå ïðè âêëþ÷åíèè èñòî÷íèêà Â ñîîòíîøåíèå
÷àñòîò, òåïåðü óæå â ñèñòåìå D, èçìåíèòñÿ (ν

3
 > ν

4
). Ïî-ñóòè, â

ñèòóàöèè (á) ïðîèñõîäèò âñ¸ êàê è â ñèòóàöèè (à), íî ñ òî÷íîñòüþ
äî íàîáîðîò. Ïîÿâèâøàÿñÿ â ñèñòåìå D àðèòìèÿ ïðèâåä¸ò ê äå-
ôîðìàöèè ñîáñòâåííîãî ïîëÿ èíòåðôåðåíöèè. Äëÿ òîãî ÷òîáû
âûïðàâèòü äåôîðìàöèþ ñèñòåìà D âûíóæäåíà ñàìîäâèãàòüñÿ ñ
óñêîðåíèåì â íàïðàâëåíèè îò B.

Ìû âèäèì, ÷òî è â ïåðâîì, è âî âòîðîì ñëó÷àÿõ âîçíèêàåò
ñàìîäâèæåíèå ñèñòåì îñöèëëÿòîðîâ. Íî òîãäà ïðàâîìåðåí âîï-
ðîñ: ïðè÷¸ì çäåñü ñèëû ïðèòÿæåíèÿ è îòòàëêèâàíèÿ? Âîïðîñ
íå ëèø¸í ñìûñëà, ò.ê. â ðàññìîòðåííûõ ïðèìåðàõ äåéñòâèòåëüíî
íåò íè ñèëû ïðèòÿæåíèÿ, íè ñèëû îòòàëêèâàíèÿ, íî åñòü ñàìî-
äâèæåíèå, êîòîðîå ñîçäà¸ò èëëþçèþ ýòèõ ñèë.

Íî òîãäà è ñàìî ïîíÿòèå «ñèëà» � èëëþçèÿ? Äà � èëëþçèÿ,
îáìàí ëîãèêè, ïàãóáíàÿ ïðèâû÷êà. Ïðîñòî ó ñòîðîííåãî íàáëþ-
äàòåëÿ âîçíèêàåò âïå÷àòëåíèå, ÷òî èñòî÷íèê ëèáî ïðèòÿãèâàåò,
ëèáî îòòàëêèâàåò ñèñòåìó îñöèëëÿòîðîâ. Èñòî÷íèê ëèøü ñîçäà-
¸ò óñëîâèÿ äëÿ ñàìîäâèæåíèÿ � èìåííî ê ýòîìó âûâîäó è ïðèâî-
äèò ðèòìîäèíàìèêà.
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Àðèòìèÿ � íåñîâïàäåíèå ÷àñòîò â ñèñòåìå îñöèëëÿòîðîâ, ïðèâîäÿùåå
ñèñòåìó ëèáî ê ðàñïàäó, ëèáî ê óñêîðåííîìó ñàìîäâèæåíèþ.
Âåêòîðíàÿ äåôîðìàöèÿ � íàïðàâëåííîå èñêàæåíèå èñõîäíîãî èí-
òåðôåðåíöèîííîãî ïîëÿ, âûçâàííîå ñäâèãîì ôàç, èëè àðèòìèåé. Â îò-
êðûòîì ïðîñòðàíñòâå ïðèâîäèò ê äâèæåíèþ, â çàêðûòîì � ê äåéñòâèþ
íà ïðåïÿòñòâèå.
Âåñ � êîëè÷åñòâåííàÿ ìåðà ïðîÿâëåíèÿ àðèòìèè (âåêòîðíîé äåôîðìà-
öèè) ãðàâèòàöèîííîãî õàðàêòåðà; ìåðà ñòðåìëåíèÿ ê ñîñòîÿíèþ âíóò-
ðåííåãî ïîêîÿ.
Âåùåñòâî � ðåçóëüòàò âîëíîâûõ ïðåîáðàçîâàíèé ýôèðà, õàðàêòåðèçó-
þùèõñÿ óñòîé÷èâûìè ñâîéñòâàìè.
Âîëíà � ïåðèîäè÷åñêîå âîçìóùåíèå, ïåðåìåùàþùååñÿ â ñðåäå-íîñèòå-
ëå âîëí.
Âðåìÿ � àâòîð îòíîñèòñÿ êî âðåìåíè êàê ê èíñòðóìåíòó, ñ ïîìîùüþ
êîòîðîãî ñîçíàíèå ïîñòèãàåò áåçîòíîñèòåëüíûå ôèçè÷åñêèå ïðîöåññû, à
îáíàðóæåííûå òàêèì îáðàçîì çàêîíîìåðíîñòè ñòðåìèòñÿ ïðèñïîñîáèòü
äëÿ ñîáñòâåííûõ íóæä. Àâòîð ïîëàãàåò, ÷òî åñòü òîëüêî íàñòîÿùåå. Íî
òîãäà áóäóùåå � ýòî êîíêðåòíûå óñëîâèÿ äëÿ ñîáûòèé, êîòîðûå ñóùå-
ñòâóþò â íàñòîÿùåì, íî åù¸ íå äîñòèãëè íàøåãî ìèðà; ïðîøëîå � óñëî-
âèÿ, ðåàëüíî ñóùåñòâóþùèå â íàñòîÿùåì, íî óæå ïðîøåäøèå ñêâîçü
ïðîÿâëåííûé äëÿ íàñ ìèð. Â ýòîì ñìûñëå ïîíÿòèÿ áóäóùåå è ïðîøëîå
óñëîâíû.
Ãðàâèòàöèîííûé ñèíòåç � ïåðåõîä âåùåñòâà èç îäíîãî êà÷åñòâåííî-
ãî ñîñòîÿíèÿ â äðóãîå, âûçâàííûé óâåëè÷èâàþùèìñÿ âî âðåìåíè ñäâè-
ãîì ôàç. Ñîïðîâîæäàåòñÿ óâåëè÷åíèåì âíóòðèÿäåðíîãî èìïóëüñà, ÷àñòü
êîòîðîãî â ïðîöåññå ïðåîáðàçîâàíèé âûáðàñûâàåòñÿ íàðóæó â âèäå èç-
ëó÷åíèÿ.
Ãðàâèòàöèîííûé ðåàêòîð � îáëàñòü ïðîñòðàíñòâà, â êîòîðîì åñòå-
ñòâåííûì èëè èñêóññòâåííûì ñïîñîáîì ñîçäàíû óñëîâèÿ, ïîïàâ â êî-
òîðûå â òåëàõ ïðîèñõîäèò ãðàâèòàöèîííûé ñèíòåç.
Äâèæåíèå � ïåðåìåùåíèå îòíîñèòåëüíî íîñèòåëÿ âîëí.
Çàìîðîæåííîå ñîñòîÿíèå ñèñòåìû � ðåçóëüòàò ôèêñèðîâàííîãî ñäâè-
ãà ôàç, íåçàâèñÿùåãî îò ðåæèìîâ äâèæåíèÿ. Èìïóëüñ çàìîðîæåííîé
ñèñòåìû íå çàâèñèò îò ñêîðîñòè. Èñïîëüçóåòñÿ â àíòåííàõ äëÿ ïîëó÷å-
íèÿ íàïðàâëåííîãî èçëó÷åíèÿ.
Èìïóëüñ (õàðàêòåðèñòèêà âåêòîðíîé äåôîðìàöèè):

ïîñòîÿííûé � ïðè îòñóòñòâèè âçàèìîäåéñòâèé îáóñëîâëåí êîí-
êðåòíûì ñäâèãîì ôàç;
ïåðåìåííûé � ïðè îòñóòñòâèè âçàèìîäåéñòâèé îáóñëîâëåí èçìå-
íÿþùèìñÿ ñäâèãîì ôàç (ðàçíîñòüþ ÷àñòîò).
çàìîðîæåííûé � îáóñëîâëåí ôèêñèðîâàííûì, íå çàâèñÿùèì îò
ñêîðîñòè (çàìîðîæåííûì) ñäâèãîì ôàç.

Èíåðöèÿ � ðåàêöèÿ ñèñòåìû íà èçìåíåíèå âíóòðåííåãî ñîñòîÿíèÿ, õà-
ðàêòåðèçóåòñÿ ïîÿâëåíèåì âåêòîðíîé äåôîðìàöèè çà ñ÷¸ò èçìåíåíèÿ
ñîîòíîøåíèÿ ôàç.
Êâàíò âðåìåíè � ïðîìåæóòîê ìåæäó ñîáûòèÿìè íà÷àëà è êîíöà åäè-
íè÷íîãî êîëåáàíèÿ ïðîòîîñöèëëÿòîðà.
Êâàíò ìàññû � ìèíèìàëüêûé êîýôôèöèåíò ïðîïîðöèîíàëüíîñòè ìåæ-
äó èìïóëüñîì è ñäâèãîì ôàç (dm=c/π) äëÿ ïðîòîäèïîëÿ.
Ëîãè÷åñêîå ïðîñòðàíñòâî � êîíêðåòíîå âèäåíèå, âîñïðèÿòèå, ïîíè-
ìàíèå.
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Íåïîëíàÿ ìàññà � íåïîëíûé êîýôôèöèåíò ïðîïîðöèîíàëüíîñòè
(m′=n/π). Âïåðâûå âñòðå÷àåòñÿ ïðè ðàñêðûòèè ïîíÿòèÿ Å=mñ2.
Íîñèòåëü âîëí � ñðåäà ðàñïðîñòðàíåíèÿ âîëí, ýôèð.
Îòñóòñòâèå äâèæåíèÿ (ïîêîé) � ÷àñòíûé ñëó÷àé ëþáîãî âèäà äâèæå-
íèÿ, õàðàêòåðèçóåìûé íóëåâîé ñêîðîñòüþ îòíîñèòåëüíî ýôèðà. Ñêîðîñòü
� ïðèçíàê âñÿêîãî äâèæåíèÿ.
Ïåðåìåùåíèå � èçìåíåíèå ïîëîæåíèÿ â ñèñòåìå êîîðäèíàò, ñâÿçàí-
íîé ñ íîñèòåëåì âîëí.
Ïîëå � îáú¸ìíîå ðàñïðåäåëåíèå ÷åãî-ëèáî; ÷àñòü ïðîñòðàíñòâà (îáú¸ì,
âìåñòèëèùå), â êîòîðîì îáíàðóæèâàþòñÿ ðàçëè÷íîãî ðîäà âîçäåéñòâèÿ,
íàïðèìåð: ýëåêòðè÷åñêîå, ìàãíèòíîå, ãðàâèòàöèîííîå, ñåíñîðíîå, çâóêî-
âîå è ò.ä. Õàðàêòåðèñòèêè ïîëÿ: 1) ïîòîê ýíåðãèè; 2) ïëîòíîñòü ýíåð-
ãèè; 3) íàïðàâëåíèå; 4) íåïðåðûâíîñòü (ïðåðûâèñòîñòü); 5) ïðîòÿæ¸í-
íîñòü.
Ïîëå ñèë � ðàñïðåäåëåíèå îòíîøåíèé ìåæäó îáúåêòàìè; îáëàñòü ïðî-
ñòðàíñòâà, â êàæäîé òî÷êå êîòîðîãî íà ïîìåù¸ííóþ òóäà ÷àñòèöó äåé-
ñòâóåò ñèëà, çàêîíîìåðíî ìåíÿþùàÿñÿ îò òî÷êè ê òî÷êå.
Ïîëíàÿ ìàññà � ñóììà êâàíòîâ ìàññû (m=n�c/π), ñóììàðíûé êîýô-
ôèöèåíò ïðîïîðöèîíàëüíîñòè.
Ïðîòîîñöèëëÿòîð � åäèíè÷íûé (ýëåìåíòàðíûé) ïðîöåññ â ýôèðå, ñïî-
ñîáíûé ãåíåðèðîâàòü êîëåáàíèÿ.
Ïðîòîäèïîëü � ñèñòåìà èç äâóõ êîãåðåíòíûõ ïðîòîîñöèëëÿòîðîâ, õà-
ðàêòåðèçóþùàÿñÿ öåëîñòíîñòüþ è îòñóòñòâèåì èçëó÷åíèÿ ýíåðãèè âî-
âíå âäîëü ñîåäèíÿþùåé èõ îñè.
Ïðîòî÷àñòèöà äâóìåðíàÿ � ïëîñêàÿ çàìêíóòàÿ ñèñòåìà èç n-êîãå-
ðåíòíûõ ïðîòîîñöèëëÿòîðîâ, õàðàêòåðèçóþùàÿñÿ öåëîñòíîñòüþ è îò-
ñóòñòâèåì èçëó÷åíèÿ ýíåðãèè â ïëîñêîñòè èõ ðàñïîëîæåíèÿ.
Ïðîòî÷àñòèöà òð¸õìåðíàÿ � îáú¸ìíàÿ çàìêíóòàÿ ñèñòåìà èç n-êî-
ãåðåíòíûõ îñöèëëÿòîðîâ, õàðàêòåðèçóþùàÿñÿ öåëîñòíîñòüþ è îòñóòñòâè-
åì èçëó÷åíèÿ ýíåðãèè âîâíå.
Ïðåîáðàçîâàíèÿ êîîðäèíàò � ìàòåìàòè÷åñêèé ñïîñîá îïèñàíèÿ ïðî-
èñõîäÿùåãî â îäíîé ñèñòåìå îòñ÷¸òà ñ ïîçèöèè íàáëþäàòåëÿ ëþáîé äðó-
ãîé ñèñòåìû.
Ïðåîáðàçîâàíèÿ Ãàëèëåÿ � ïîÿâèëèñü îðèåíòèðîâî÷íî â 1600 ãîäó
êàê ñðåäñòâî äëÿ îáúÿñíåíèÿ èäåíòè÷íîñòè ïðîèñõîäÿùåãî â ïîêîÿ-
ùåéñÿ è äâèæóùåéñÿ ñèñòåìàõ.
Ïðåîáðàçîâàíèÿ Ëîðåíöà � ïîÿâèëèñü â 1895 ãîäó êàê âûíóæäåí-
íàÿ ìåðà äëÿ îïðàâäàíèÿ îòðèöàòåëüíîãî ðåçóëüòàòà ýêñïåðèìåíòà Ìàé-
êåëüñîíà. Â äàëüíåéøåì èñïîëüçîâàëèñü Ýéíøòåéíîì â êà÷åñòâå èí-
ñòðóìåíòà ïåðåõîäà îò îäíîé äâèæóùåéñÿ ñèñòåìû ê äðóãîé.
Ïðåîáðàçîâàíèÿ Èâàíîâà � ïîÿâèëèñü â 1981 ãîäó â ðåçóëüòàòå òå-
îðåòè÷åñêîãî îòêðûòèÿ ÿâëåíèÿ ñæèìàíèÿ ñòîÿ÷èõ âîëí ïðè èçó÷åíèè
âîëíîâûõ ïðîöåññîâ â äâèæóùåìñÿ îòíîñèòåëüíî ýôèðà èíòåðôåðîìåò-
ðå. ßâëåíèå ïîäòâåðæäåíî â 1990 ãîäó â ýêñïåðèìåíòàõ ñî çâóêîâûìè
ñòîÿ÷èìè âîëíàìè.
Ñàìîäâèæåíèå � åñòåñòâåííàÿ ðåàêöèÿ ñèñòåìû íà âåêòîðíóþ äåôîð-
ìàöèþ. Â çàâèñèìîñòè îò õàðàêòåðà âåêòîðíîé äåôîðìàöèè ñàìîäâè-
æåíèå ìîæåò áûòü ðàâíîìåðíûì (ñ ïîñòîÿííîé ñêîðîñòüþ) è óñêîðÿþ-
ùèìñÿ.
Ñâîáîäíîå ïàäåíèå â ïîëå ãðàâèòàöèè � åñòåñòâåííàÿ ðåàêöèÿ òåëà
íà âåêòîðíóþ äåôîðìàöèþ ãðàâèòàöèîííîãî õàðàêòåðà. Ïðè ñâîáîäíîì
ïàäåíèè âåêòîðíàÿ äåôîðìàöèÿ îòñóòñòâóåò.
Ñäâèã ôàç � íàðÿäó ñî ñòàíäàðòíûì îïðåäåëåíèåì ÿâëÿåòñÿ õàðàêòå-
ðèñòèêîé âåêòîðíîé äåôîðìàöèè (íàïðÿæåíèÿ).
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Ñèëà � õàðàêòåðèñòèêà îòíîøåíèé ìåæäó îáúåêòàìè; ïîòåíöèàëüíîå,
íî ïðåðâàííîå äâèæåíèå; ìåðà íåðåàëèçîâàííîãî ïîòåíöèàëüíîãî äâè-
æåíèÿ; ìåðà çàìîðîæåííîãî ñäâèãà ôàç; ìåðà âðîæä¸ííîé èëè æå âû-
íóæäåííîé àðèòìèè.
Ñèëà èìïóëüñà � õàðàêòåðèñòèêà òèïà äåéñòâèÿ (ñèëû), îòíîñèòñÿ ê
ñèñòåìàì ñ çàìîðîæåííûì ñäâèãîì ôàç (ñì. ñèëà).
Ñèëà ãðàâèòàöèîííàÿ � îáúåêòèâíûå óñëîâèÿ ïîëåâîãî õàðàêòåðà,
ïîïàâ â êîòîðûå, ó òåëà èçìåíÿåòñÿ õàðàêòåð âîëíîâîãî âçàèìîäåéñòâèÿ
íà àòîìàðíîì è ãëóáæå óðîâíÿõ (âîçíèêàåò àðèòìèÿ) è ïîÿâëÿåòñÿ
íàïðàâëåííàÿ âåêòîðíàÿ äåôîðìàöèÿ.
Ñêîðîñòü � õàðàêòåðèñòèêà ïåðåìåùåíèÿ.
Ñîñòîÿíèÿ ïîêîÿ (õàðàêòåðèçóåòñÿ îòñóòñòâèåì âíóòðåííèõ äåôîð-
ìàöèé):

Ïåðâîå ñîñòîÿíèå ïîêîÿ � ñîîòâåòñòâóåò îòñóòñòâèþ äâèæå-
íèÿ. Äëÿ ïðîòîäèïîëÿ õàðàêòåðèçóåòñÿ îòñóòñòâèåì ñäâèãà ôàç.
Âòîðîå ñîñòîÿíèå ïîêîÿ � ñîîòâåòñòâóåò ðàâíîìåðíîìó äâè-
æåíèþ. Äëÿ ïðîòîäèïîëÿ õàðàêòåðèçóåòñÿ ñòðîãî ôèêñèðîâàííûì
ñäâèãîì ôàç.
Òðåòüå ñîñòîÿíèå ïîêîÿ � ñîîòâåòñòâóåò óñêîðåííîìó äâèæå-
íèþ. Äëÿ ïðîòîäèïîëÿ õàðàêòåðèçóåòñÿ ôèêñèðîâàííîé ÷àñòîò-
íîé àðèòìèåé, èëè,÷òî òîæå ñàìîå, ìåíÿþùèìñÿ âî âðåìåíè ñäâè-
ãîì ôàç.

Ñïàéäåð-ýôôåêò � n-ìåðíàÿ èíòåðôåðåíöèîííàÿ êàðòèíà ðàñïðåäå-
ëåíèÿ ëèíèé ñìåíû çíàêà ôàçû îò ðàçëè÷íûõ ïî ÷àñòîòå èñòî÷íèêîâ.
Äåìîíñòðèðóåò âîçíèêíîâåíèå, íàïðàâëåíèå è äåéñòâèå ñèëû. Ïîä äåé-
ñòâèåì ïîäðàçóìåâàåòñÿ èíòåíñèâíîñòü ñïîëçàíèÿ èíòåðôåðåíöèîííûõ
ëèíèé ôàçîâûõ ïåðåõîäîâ.
Òåëî � îáüåäèíåíèå ÷àñòèö, ñïîñîáíîå ñîõðàíÿòü ôîðìó è ðàçìåðû.
Òèïû äâèæåíèé � ñìåùåíèå, ïîâîðîò, äåôîðìàöèÿ � ðàññìàòðèâàþò-
ñÿ êàê èíâàðèàíòû, îñòàëüíûå äâèæåíèÿ � ñóòü èõ êîìáèíàöèè.

Ñìåùåíèå � ëèíåéíîå èçìåíåíèå êîîðäèíàò îñöèëëÿòîðà â ïðî-
ñòðàíñòâå îòíîñèòåëüíî ïåðâîíà÷àëüíîãî ïîëîæåíèÿ.
Ïîâîðîò � êðóãîâîå ñìåùåíèå êîîðäèíàò îñöèëëÿòîðà.
Äåôîðìàöèÿ � èçìåíåíèå êîîðäèíàò îñöèëëÿòîðîâ, ñâÿçàííîå ñ
óïëîòíåíèåì ãåíåðèðóåìûõ èìè âîëí.

×àñòèöà � äîëÿ âåùåñòâà, îáëàäàþùàÿ ñîáñòâåííûìè ñâîéñòâàìè, ïðè
ñîåäèíåíèè ñ äðóãèìè ÷àñòèöàìè ïðèîáðåòàåò óñòîé÷èâûå ñâîéñòâà
êîíêðåòíîãî âåùåñòâà.
Ýôèð � ãèïîòåòè÷åñêàÿ ñðåäà, çàïîëíÿþùàÿ âåñü îáúåì âèäèìîé Âñå-
ëåííîé, ÿâëÿþùàÿñÿ íîñèòåëåì âîëí è ñòðîèòåëüíûì ìàòåðèàëîì äëÿ
âñåõ âèäîâ âåùåñòâà.
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Still, there will be many discussions about fundamentality of rhythmodynamics
and its organizing role. However, its undoubted advantage is that it is
rhythmodynamics that unambiguously shows universal phase-frequency nature of
all types of motions, interactions and forces.

The Nature does not favor humanity with revelations of such a high level of
scientific standards, probably it has certain reasons for that. Saying in terms of
comparisons, we can see, that �changes of seasons� is observed in science too:
spring, summer, fall, winter. Any new break-through of natural science is equiva-
lent to sprouting of a seed, followed by a rapid growth, formation of fruits and
their maturing. One should not hasten events and immediately demand final prod-
uct from a just sprouted idea. We cannot know of what kind the fruit will be,
tasteful or not. However, referring to cultural legacy of the remote past, analyzing
facts of visiting the Earth by so-called strangers, comparing all these with own life
and scientific experience, we can guess, what kind of results the next break-through
of natural science would bring.

Results of simulation of complex oscillating particles consisted of a set of
simple oscillators attract particular attention. And, in spite of the fact that this
problem is not elucidated in English version of the rhythmodynamics because of
lack of elementary means for translation, it should be noted about.

With help of mathematical analysis and computer simulation a series of such
complex particles, which always remain stable at any velocity lower then c pro-
vided that observable outward irradiation is absent, were successfully constructed.
This conclusion is sensational also because the particles begin to irradiate while
changing speed. This irradiation is connected with phase-frequency rearrangements
within the particle.

As a matter of fact, an important theoretical discovery directly concerning
physics of elementary particles has been made. It is very useful to have imaginations
of appearance of irradiation, for example, for an electron when jumping from one
orbit to another.

In addition, (basing on the principle that systems tend to approach state of
the minimum energy) it was shown, that a non-irradiating particle moving in a
medium is affected by forces that make it change its dimensions along all coordinate
axes x, y, z. The obtained results are not covariant relative to the Lorenz transfor-
mations, and, since, a question about revision of attitude to the formed before
systems of views, in which these transformations were accepted as a basis, arises .

We have grounds to believe that rhythmodynamics will become a firm foun-
dation that could be based on in the nearest hundred years or, may be, more.
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STANDING WAVE COMPRESSION, RHYTHMODYNAMICS
AND THIRD STATE OF REST

From the Author

The problem of the ether and the problem of motion are still
waiting for solution. About ninety years ago the ether was treated, to
put it mildly, unfairly - it just was thrown away to a dust-heap of
�unnecessary ideas�. But the time passed, and descendants of those
who had acted hastily got to a deadlock - the crisis makes itself felt. It
looks like none of the descendants wishes to dig the above dust-heap.
So, most of them are waiting for a messiah who would perform a
revolution changing nothing at the same time. Unfortunately, it never
happens.

Nevertheless, followers of those, who did not give up the idea of
ether existence till their last days, remain too. The time has come, and
the medium once having begun to be unnecessary states about itself by
new discoveries. So, a question is legitimate: Is the misguided science
ready to sacrifice its ambition to finally look into and understand? To
do it, it is necessary to forget at least temporarily all the theories
appeared after 1900 and to see, why everything has happened exactly
in this way.

Standing Wave Compression and Transformation of Physical
Dimensions

Standing Wave As a Standard of Length

A question of creating universal units of measurement was posited
as long ago as in the XVII century, but a decisive step to introduce the
universal (metric) system was made only after the Great French
Revolution. The National Assembly of France passed a resolution about
necessity to develop an international system of units. Utilizing three
natural units was discussed: 1) length of a pendulum which oscillation
period is 1 second (oscillation period of a simple pendulum depends
only on its length); 2) length of one quarter of the Earth equator; 3)
length of one quarter of the Earth meridional circle.

As a result of the long and intricate work, the invariable standard
of length was developed and a platinum point measure was manufactured.

In the course of progress in measuring techniques, the meter
standard appeared to be insufficiently precise and, as a point measure,
often inefficient.
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By the time of holding the First General Conference on the
metric system (1889, accepting standard of meter), A. Michelson and
E. Morley had shown that meter can be compared with wave length of
light irradiation of certain frequency by means of interferometer.

So, interferometry became a basis for realization of a length
unit, and, what is more, development of stable highly coherent light
sources let it become the most precise technique.

A. Michelson and his interferometer

But this story has a small and at first sight imperceptible detail:
talking about the number of wave lengths fitting to one meter of the
length standard, we ignore or, more precisely, forget, that we have a
deal with a number of standing waves, which, as it succeeded to show,
is not the same. To understand this small but principle matter, it is
necessary to analyze the wave processes taking place in interferometer
sections between the translucent plate and the mirrors. Such an analysis
was first performed in 1981 and led to discovery of an unknown before
phenomenon which was named �standing wave compression�.

Hertz�s Experiments and Standing Waves

Soon after creating by J. Maxwell the theory of electromagnetic
field, H. Hertz experimentally proved existence of electromagnetic waves.

In one of his experiments Hertz aimed the irradiation at a wide
metal sheet. The direct and reflected waves combined with forming a
standing wave. Moving vibrator, Hertz found nodes and loops of the
standing wave, he measured distance between the nodes and determined
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the wave length. Then, calculating natural frequency of the vibrator, he
determined spreading speed of the electromagnetic wave: c=νλ.
Magnitude equal to the light velocity was yielded. This proved
electromagnetic nature of light.

H. Hertz and modern interpretation of his device

However, one should not forget that Hertz, as well as all scientists
of that time, was a supporter of the ether concept. Like many others, he
did not understand reasons of the Michelson�s failure. So, like the
others, he tried to explain the nonsense.

The scientists of the end of the XIX century split up into two
camps. First of them propounded baseless hypothesis of carrying the
ether along by the Earth. The second continued to search for a
scientifically based reason. Though, Hertz stayed just half of a step
behind the discovery of compression of standing waves, he accepted
position of the first group of scientists - the hypothesis of carrying the
ether along. Soon, the young scientist fell ill and suddenly died (1894),
never having known about the Lorenz transformations (1895), a
hypothesis explaining the Michelson�s failure by the dimension
contraction.

Hertz was really close to discovery of the compression of standing
waves. But his giving preference to the hypothesis of carrying the ether
along allows to suppose that he could not understand, how the
electromagnetic standing waves could coexist with motion of the device
relative to the ether. Actually, if the waves interfering in the Hertz
device have different lengths and speeds due to motion relative to the
ether, then will the standing wave be kept or not? It is believed that if
Hertz had lived longer, then he would
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analyze this situation without fail and would find the solution. But the
fate managed so, that only in 1981 it was succeeded to formulate and
to solve the problem of standing waves in dynamics.

Nowadays, many of scientists are also just unaware, and some of
them do not wish to be aware, about actuality of the problem of standing
waves. So, from the very beginning, they state that the situation under
consideration has nothing in common with standing waves. Is it actually
true? This question was considered in the most serious way in early
1980-s, and a discovery of an unknown before phenomenon, standing
wave compression, was done.

Standing Waves Compression

To make sure that the discovery claimed is real, it is necessary to
perform a series of mathematical procedures and, as a matter of fact, to
solve equation of standing wave for a condition that the Hertz device
moves in the ether with a velocity v.

Fig. 1. Irradiator frequency is constant. When increasing velocity, the
standing wave packet is compressed

Solution of standing wave equation
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where

However

then

However,
                                                       (the derivation is shown
                                                             at the subtitle page)
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In the next chapter, we will describe an acoustic experiment
proving the truth of the regularities derived. However, there is a problem
of transition from the acoustic experiment results to electrodynamics.
The problem is caused by supposed change in the world view, but in
the days of Michelson such a problem did not exist. If our ancestors
had known of standing wave compression in acoustics, then they would
expect, first of all, detection of compressing electromagnetic standing
waves, rather than determination of velocity in the ether. Now we
understand the reason, why it is impossible to detect compressing the
electromagnetic standing waves, but this will follow a little later. For
the time being, we do not discuss legitimateness of extending acoustic
experiment results onto the field of electromagnetic waves, however,
let us see what consequences such an extension can yield.
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Experiment of Yu. Ivanov

In Summer, 1990, a series of experiments with sound standing
waves was carried out. In the experiments, it was reliably ascertained,
that, when increasing wind velocity relative to motionless irradiator of
sound vibrations and mirror, compression of the standing wave packet
occurs.

Fig. 2. The picture shows cases of calm atmosphere and of strong wind

Fig. 3. The picture shows schematic diagram of the experiment

At a calm weather, a standing wave between irradiator (1) and mirror
(3) was generated (usually, the experiments were started at calm before
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a thunderstorm). Node of the standing wave shown by solid line was
detected by means of indicator (2). When wind occurred, shift of the
node toward the mirror (3) was detected. The observed effect was
interpreted by compression of the packet of standing waves, (the
compressed packet is shown by dots).

Fig. 4. Block-diagram of the device utilized in the experiments: 1 � audio
oscillator; 2 � frequency multiplier (×4), serves to form pilot signal; 3 �
mixer; 4,8 � dynamic loudspeakers; 5 � microphone for reception of pilot
signal; 6 � frequency divider (:4); 7 � restorer of base signal

Though, frequency of the driving oscillator was not a principle
matter in the experiment, it was chosen so, the wave length to be equal
to 10 cm, while distance between the irradiator and the mirror was
equal to 70 meters. When wind occurred, detected shift of the monitored
node toward the mirror was up to 5 cm, which corresponded to wind
speed of about 30 km/h. There were detected greater shift values too,
however, the main result of series of the experiments was a clearly
observed regularity: when wind occurred, the standing wave packet
was compressed independently of whether the wind blew along the
device or crosswise.

Lorenz Transformations

In 1895, one year after passing away of the great German physicist-
experimenter Hertz, the Lorenz coordinate transformations came out.
Lorenz, in contrast to Hertz, belonged to the group of scientists searching
for a solution of the Michelson problem alternative to the hypothesis of
carrying along. For fairness� sake we note, that idea of contraction of
the interferometer size along x axis was proposed by George Fitzgerald,
but Lorenz had a concrete theory, that was a reason of appropriation of
his name to the transformations.
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H. Lorenz and his transformations

However, Lorenz also did not manage to solve the problem
completely. The theory propounded by him was not just insufficient, in
addition, it required to introduce new and new hypotheses for its survival.

Appearance of the Einstein�s special relativity theory was a natural
completion of science�s inability to explain reason of the deadlock
arisen. Having severely dealt with the idea of ether, Einstein declared
the light velocity as a world constant, and, as there were no any other
proposals, men of science, though not immediately, accepted it.

A. Einstein and ... relativity, by which means it was learned to explain
everything

Everybody knows, that to reason after the event is easier. This is
why sometimes one can hear: �What a stupid I am. Everything should
have been done in a different way, then everything would be otherwise�.
So, we too, being late for one hundred years, try to find out which way
our remote ancestors should act. It is obvious for us, that they made a
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mistake when choosing the paradigm. What this mistake has led to is
also obvious for many - to protracted crisis of science at all levels.
What still remains mysterious is a question, where is the mistake, in
which place? If we answer this question, then all of us will have a hope
to get out of the crisis. However, to do that it will be necessary to
perform a feat over self: to give up habitual world view, the world
view for which many still receive their salaries.

If to look attentively at the Lorenz transformations and to try to
explain from this position phenomenon of standing wave compression,
then it is discovered that the transformations enter into a contradiction
with the phenomenon. The contradiction consists in that the compression
of standing waves occurs not only along x axis, but also along y and z
too, which runs counter to the Lorenz transformations.

Before we said that standing wave is a base for standard of
length. If to suppose compression of standing waves and contraction of
the length standard to be synchronous due to electromagnetic nature of
bonds between atoms and molecules, then we must admit ineffectiveness
of Lorenz transformations, because of their inability to describe
contraction crosswise to motion. If we are afraid to declare Lorenz
transformations to be erroneous, then we must say that there is no any
compression of standing waves in the nature.

Those, who have got accustomed to Lorenz transformations and
basing on them built personal career and notion of the world, will
defend them or, even, just pass the found disparity over in silence -
practice of silence always helped scientists to overcome obvious
contradictions. Those, who will express a wish to give up the habitual
world view, will go on further together with us.

The arisen contradiction is quite resolvable - it is necessary to
choose such transformations which are in perfect agreement with the
discovered phenomenon.

Ivanov Transformations

For today, it is determined that bonds between elements of
substance (molecules and atoms) have electromagnetic wave nature. If
it is so, then, as a crude approximation, any substantial object can be
considered as a crystal lattice of electromagnetic standing waves, while
elements of substance are located in the lattice points.
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                                 a                        b                     ñ

Fig. 5. Physical dimensions of a wave crystal lattice: a) at V=0 for any
transformations; b) at V≈ 0.5c according to Lorenz; c) at V≈ 0.5c according
to Ivanov

Existence of the ether creates a situation in which any variation
of velocity changes dynamics of wave processes, so, distances between
points of the electromagnetic crystal lattice change. This makes elements
of substance to shift to occupy equilibrium position in the shifted points.
The described process not only causes natural transformation of physical
dimensions, but also clearly demonstrates the reason of the dimension
contraction. So, when increasing velocity, distances between points of
the wave crystal lattice decrease, and the body contracts. When decreasing
velocity, the process goes in opposite direction, and the body expands.

Yu. Ivanov and his transformations (1981)

As we determined, electromagnetic stationary waves and internal
force bonds of any substantial object (interferometer is not an exception)
have common nature. This means that both of them exactly obey common
laws, so, they react to a variation of velocity in the ether in the same
way: by contracting synchronously! But, if compression of standing
waves and contraction of dimensions of a system exactly coincide,
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then there is no more logical step, than to take as a basis of the
transformations a real physical phenomenon: standing wave compression.

Experiment of Albert Michelson

In 1881 Albert Michelson designed a device, by which means he
intended to detect motion of the Earth relative to filling space medium
- to the ETHER. He based on two things: generally shared conviction
of existence of the motionless ether and Galilean transformations.

The results obtained in his experiments differed from those
expected in striking way by their zero magnitudes. As the matter of
fact, there were not any results obtained at all. So, vacuum of convictions
arose in physics, and a crisis arose in science. Wave of this crisis rolled
as far as nowadays, and though, for more than one hundred years, it
was done quite a lot, the question about the physical nature of the
surrounding world is still as vague as one hundred years ago.

Many scientists sweat over the question, why the Michelson�s
interferometer did not work, but a satisfactory answer still was not
found. Returning to the circumstances which were a base for creating
the special relativity theory, it should be especially emphasized that,
for incomprehensible for everybody reasons, it did not come to anybody�s
mind to investigate processes of interference of counter-coming waves
between translucent mirror O and full mirrors M, N.

Fig. 6. Michelson interferometer and a draft for calculation of light veloc-
ity for an arbitrary direction
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For the first time, according to information available to the author,
such an analysis was performed in 1981, and it showed that there is a
different, never considered before explanation of the negative results
of the Michelson�s experiment. Let us dwell upon this point more
thoroughly, because subsequent fate of all ideas propounded before
depends on answer to this question.

Recalculation for the Michelson�s Experiment

Let us refer to a schematic picture of the interferometer.

Fig. 7. Dimensions of moving interferometer contract according to the
Ivanov transformations

Let us calculate travel time at the distance OM for a beam split by the
translucent mirror, assuming that the interferometer moves with a velocity
v in direction indicated by the arrow:

t
OM

 = L
OM

 / (c�V)

Doing the same for the inverse direction MO,

t
MO

 = L
MO

 / (c+V)

Before, we determined dependence of physical dimensions upon velocity
and orientation. For the arm oriented in parallel, this dependence will
have a form:

L
OM

 = L
0
 (1 � V2/c2),    where L

0
 is arm length at V = 0.

For the arm oriented in perpendicular

L⊥ = L
0
 (1 � V2/c2)1/2

Total travel time of the beam along x axis is

Σt
II
  =  t

OM
 + t

MO
  =  L

OM
/(c�V) + L

MO 
/(c+V)  =  2L

OM
 / (c(1 � V2/c2))

As we determined,  L
OM

 = L
0
 (1 � V2/c2) . Thus,
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Σt
II
  =  2L

0
 / c

Now, let us perform analogous calculation for the arm ON oriented in
perpendicular

Total travel time of the ray in this direction is

Σt⊥  =  2L⊥ / (c(1 � V2/c2)1/2),   where   L⊥ = L
0
 (1 � V2/c2)1/2 ,   then

Σt⊥  =  2L
0
 / c,   thus

Σt
II
  =  Σt⊥

It is obvious, that the performed calculation no requiring any
additional hypotheses will yield zero difference between beam travel
times for any velocity. This is a direct indication of unsoundness of the
idea itself to use interferometry for detection of motion in the ether.

Having got a qualitatively new view of transformations of physical
dimensions, having realized sense of the formula part, having proved
all of this with help of geometric analysis and acoustic experiments, it
was decided to find a reason, why the well known theory of relativity
appeared to be incredibly hardy and effective. In other words, if, basing
on the corrected classical ethereal views, we are able to demonstrate
that the theory of relativity is a special case of these views and at the
same time, using the method proposed by Einstein, to understand the
mechanics which always leads to the same value for the light velocity,
then any doubts in legitimateness of the ether hypothesis will be cleared
up.

In this complicated but interesting problem, we will use, on one
hand, unknown before rules of wave ethero-dynamics, on the other
hand, we will use method of Einstein, which formally denies the ether.

We, certainly, have solved this problem. Now, let us see the way
of solving it, so that anybody could personally make sure in
legitimateness of both formulation of the problem and the result obtained.

Special Theory of Relativity (STR) Is a Particular Case of the
Ether Theory

Conclusions of the relativity theory are proved by many
experiments, particularly, when they concern light velocity. It is
experimental results that allowed this theory to hold out at the Olymp
of science for such a long time.
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And, for all this time, there was an alternative to the STR  - the theory
of ether, which supporters could not explain in any way the situation
developed in the science and answer the most principal question: Why
the light velocity does not want to be added and subtracted with velocity
of a system moving in the medium.

Actually, is it possible to be seriously disposed to the ether
concept, if it cannot show mechanics leading to a really analogous
result - to uniformity of light velocity?

For a long time, supporters of the ether struggled against relativism
by intuition, no having effective arguments to counterbalance. Arguments
of etherists were the most various, up to accusations of intentional
falsification of results. As a rule, the main stress was laid on the
Michelson�s experiment, doing this some stated that it contains an
error in computations, others stated that the results obtained with its
help were intentionally kept in silence.

The question - Show the point, where Michelson made a
fundamental error? - never was clearly answered. As to the accusations
of data falsification, it should be reminded, that due to high stability of
interferometry, it is still in use for realization of the standard of length,
and this is while the Earth changes its velocity in ether permanently.
Desire to explain the contradiction gave rise to hypothesis of carrying
ether along by the Earth. Thus, an unique opportunity to explain
everything was born.

It was possible to reasonably give up hypothesis of the carried
along ether only after discovering the phenomenon of standing wave
compression. Analysis of this phenomenon in respect to wave nature of
intermolecular and atomic bonds yielded understanding of the mechanism
leading to contraction of physical dimensions when increasing velocity
in the ether. A worthy substitution for the Lorenz transformations was
found - it was transformations of physical dimensions (Ivanov
transformations).

As far as I aware, nobody has shown that STR can be a particular
case of the ether theory. Solution of a problem of such kind became
possible only after realizing dependence of physical dimensions of a
system on velocity in the ether.

Following to a tradition established, let us list some consequences
from the Ivanov transformation:

1. In a system moving relative to the ether, real contraction of dimensions
by all coordinate axes occurs.
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It is quite naturally, that an observer located in a system together
with a length standard does not have a direct way to detect any motion
in the ether, because both the standard and himself and also surrounding
him substantial objects contract synchronously and proportionally due
to their electromagnetic wave nature. Denoting subjective value of the
standard as L

0
 , we can draw a formula for determination of the physical

length of the standard:

L′ = L
0
 (1 �β 2)/(1�β 2sin2ϕ)1/2

We have written a general formula. By changing the ϕ angle in
it, one can easily obtain dependencies for parallel and perpendicular
orientations of the standard:

0o:  L′ = L
0
 (1�β 2)       90o:   L′ = L

0
 (1�β 2)1/2

It should be understood correctly, that in a moving system
subjective dimension of the standard is always invariable, and, therefore,
numerically different from its physical value. Only at V=0, subjective
and physical dimensions coincide (L′ = L

0
). This moment is extremely

important, so we have to introduce ideas of the subjective (local) and
physical (instantaneous) distances.

2. While Lorenz transformations require time deceleration for their
own survival, the Ivanov transformations do not need it.

To illustrate this statement, let us make use of a well known
method - an imaginary experiment, using the so-called Einstein clock.
Refer to the picture (Fig. 8).

Fig. 8. Schemes for calculation of time deceleration: a) by Lorenz; b) by
Ivanov

′ = → ′ = ⋅ −L L t t
0 0

1
2β ′ = ⋅ − → ′ =L L t t

0
1
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We have considered two schemes of calculation for the purpose
of having clear imagination of dependence of idea of the �time rate�
upon choice of coordinate transformation. By Lorenz, time deceleration
is caused by increasing of the signal path length, by Ivanov, this path
length always remains constant, and it is achieved by contraction of the
arm perpendicular to the motion. Such a solution of the problem allows
to state that, ideally, time rate does not depend on speed of a system,
and, hence, both moving and resting clocks go identically. Let us accept
this statement as the second consequence from the Ivanov
transformations.

Thus, we have a deal with a moving in the ether system, which
physical dimensions vary according to the Ivanov transformations. It is
necessary to show, that experimental measurement of parameter �the
light speed� directly depends upon the choice of way of synchronizing
the clocks utilized in the experiment. We will study two ways of clock
synchronization: 1) proposed by Einstein; 2) based on the conclusion
about independence of time rate upon velocity.

1. Synchronization by Einstein:

Suppose, we have a system, where there are two clocks A and B
placed at a distance L

0
 between them (Fig. 9). There is a source in a

point O at distance of L
0
/2, with which help we will perform

synchronization of the clocks. The method of synchronization is
essentially simple and boils down to triggering the clocks by means of
a signal from the source O. Let us consider two cases: a) the system is
resting in the ether; b) the system moves with a velocity V.

a) The system is resting

Fig. 9. Scheme of synchronization for zero velocity

In this case, we do not have any objections against the chosen
method - after start, the clocks will really go synchronously and indicate
the same time. Now, let us describe the experiment which we will
carry out for V=0.
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After the procedure of synchronization we need to measure light
velocity in one direction. This is the reason, why synchronization is
necessary, because we intend to determine time of passage of a light
signal first from A to B by the clock B, and then from B to A by the
clock A.

t
AB

 = L
0
 / c ;    t

BA
 = L

0
 / c

In the case just having been considered, nobody would have any
objections against equation t

AB
 = t

BA
.

b) The system is moving in the ether with velocity V

Fig. 10. Scheme of synchronization for a moving, and changing its dim-
ensions system

In a system moving with velocity V>0 (ϕ=0), physical distance
between the clocks changes and becomes equal to

L′ = L
0
 (1�β 2)

Speeds of the synchronizing signal  from O to B and from O to A are

c′
OB

 = c�V     and     c′
OA

 = c+V

It is obvious, that times of the signal passages are also different.
The synchronizing signal reaches clock A for t

OA
=L′/(2(c+V))  and

clock B for t
OB

=L′/(2(c�V)).

So, a situation arises, where we have a deal with the clocks
known to be mismatching. Value of the difference is equal to

∆t  =  t
OB

 � t
OA

  =  � L
0
 V/c2.
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This means, that now, if we measure time of light passage from
A to B by means of clock B, then value of error is equal to ∆t. The
same occurs, if we measure by the clock A time of light passage from
B to A. Let us perform a calculation:

True time of signal passage from A to B:  t
AB

 = L′/(c�V) = L
0
(c+V)/c2

True time of signal passage from B to A:  t
BA

 = L′/(c+V) = L
0
(c�V)/c2

If we make corrections for the clock mismatching, then we obtain
different results:

t″
AB

  =  L′/(c�V) � L
0
 V/c2  =  L

0
/c

t″
BA

 = L′/(c+V) + L
0
 V/c2  =  L

0
/c

Thus, t″
AB

. = t″
BA

 = L
0 
/c.

This is it, that leads to the conclusion:   c = const.

Analysis of the obtained results directly indicates that the Einstein
method always leads to a false result, precisely because of
missynchronization of the clocks used in the experiment. In this
connection, nothing is strange in that the group of repudiating ether
scientists, being unaware of physical dimension contraction and having
accepted Einstein method of synchronization, always will come to
conclusion of light speed independence upon motion of a system. We,
in contrast, being guided by the ether concept, have revealed the
mechanism leading to the conceptual error and have shown a reason,
how conclusions of STR come naturally.

2. Clock Synchronization by Ivanov:

If rate of clock work does not depend on its velocity in ether,
then there is nothing to be easier than to synchronize the clocks A and
B with help of an identical clock C just by moving it from A to B with
a constant speed.
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Fig. 11. Synchronization by means of uniform transfer of clock

To make sure in correctness of the synchronization, it is necessary
to make a check performed in reverse order, while the clocks are
already working.

Now, if the synchronization is proved to be successful,
measurement of own velocity in the ether can be started. It is necessary
just to determine time of signal passage from A to B and back. If a
difference in the results is detected, then, substituting the obtained
values into a fairly simple formula, we will find magnitude of own
velocity relative to the ether:

V = c (t
AB

� t
BA

)/ (t
AB

+t
BA

)   �   this formula is correct only for ϕ =0o

*   *   *

In this chapter a curious analysis of the main postulate of the
STR is performed from position of the ether concept. But, a not less
curious question arises: How, now, the results of Michelson experiment
should be treated, as they are the main trump of relativism? What, after
all, this experiment proves?

If Michelson had known about compression of standing waves
and also about wave nature of substance, then he, surely, would exclaim:
�Eureka! I found that not only standing waves shrink, but my
interferometer shrinks too!�
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Lively Standing Wave

This effect was found after discovery of standing wave
compression. Gist of the phenomenon is simple: as soon as we create
difference in frequencies, then the standing wave disappears, but, instead,
we have a deal with energy transfer (current) in direction of oscillator
with lower frequency.

Fig. 12. Lively standing wave

What is interesting is that, here, we first encounter an idea of
energy transfer velocity. Meaning of the idea of energy transfer velocity
is fairly simple and can be illustrated by an action, when an observer
moves in direction of the energy transfer with the same velocity. As
soon as velocity of observer coincides with that of energy transfer, he
observes a fairly normal standing wave moving parallel together with
him. This means that a lively standing wave can be observed in the
only case: if velocity of observer coincides with velocity of its motion
in space. We picture this situation in Figure 12 as well as draw a
formula by which, knowing frequency difference, one can determine
velocity of a lively standing wave or, as the matter of fact, velocity of
the energy transfer.

Below, we will return to discussion of this phenomenon, because
it is arrhythmia that is capable to shed light on questions of energy,
force, inertia, mass and, of course, gravitation, too.

λ
ν ν
ν ν

cò
ñV = ⋅ −

+
1 2
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RHYTHMODYNAMICS

Rhythmodynamics is proposed to be considered as a new branch
of science, studying rhythms of particles, their alterations and interactions
and, as a consequence, possibility of obtaining any kinds of motion on
account of artificially created and controlled phase relation and frequency
arrhythmia of a system.

*   *   *

For each point of a system, an oscillator is put into correspondence.
Its vibrations are characterized by frequency, amplitude and by other
characteristics of rhythms. The rhythms change in interaction with
environment. We introduce the �rhythm� signification with a definite
purpose: to make the frequency absolute. The point is that getting into
a specific area of space, substance objects of a system adjust to the
changing conditions through changing their frequency. But, being inside
of a system, there is no way to detect the changes taking place, because
they are simultaneous for all parts of the system. Nevertheless, an
outside observer can perceive, for example, decrease of frequency in
examined by him system as a time deceleration. However, such time
deceleration can be interpreted by lowering rhythm or slowing pace of
life of the system. For that reason, talking about rhythms we mean
absolute frequency, as if the events would be observed by an absolute
observer, who does not obey laws of the system.

We should understand, that only accepting position of an absolute
observer, who is capable to see an event in its instantaneous reflection,
allows us to look into happenings. Changeover to real coordinate systems,
to real observers inevitably results in distortion of seeing of happenings,
that we must remember permanently! Knowledge about disparity between
subjectively seen and actually happening will enable the science to get
rid of a dangerous sick - egocentrism.

With appearance of computing technology, ways of studying
phenomena of the Nature were changed. One of such new ways is
visualization of wave processes, that allows not only to facilitate work
of an investigator doing exhausting geometrical plots, but also to animate
the processes. A clear example of effectiveness of visualization is
discovery of an unknown before phenomenon of interference pattern
deformation named �spider-effect�. Further investigation of this unique
and, at the same time, obvious natural phenomenon resulted in idea of
establishing a new scientific direction - RHYTHMODYNAMICS.
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Necessity of creating science of motion different than Newton
mechanics is well substantiated in works by A. F. Chernyaev. As a
matter of fact, neither Newton nor his followers still did not succeed to
theoretically explain the reason of motion as a process. It is still not
clear, on account of which internal processes motion of bodies occurs
in ether, in physical vacuum or in emptiness? These are the questions
which solution RHYTHMODYNAMICS is aimed at.

Below we give an example which, though at a macro-level, is
directly related to rhythmodynamics. Subsequently it will help us to
treat the idea of �arrhythmia� more comprehensively.

The action is taking place at absence of frictional force. Suppose,
we are in a boat, and we intend to throw with force two stones of equal
mass simultaneously in opposite directions. If we throw them identically,
then the boat will stay at the same place. But, what will happen, if we
first throw one stone and after a while the other?

Fig. 13. Illustration for the example

For the time interval between the throws, the boat will move, for
example for 100 meters. Does it mean that after the second throw the
boat must return to its initial position and stop? Of course, the boat
will stop, but, still, though it will stop, we will succeed to move it for
100 meters using time delay between the throws. If we repeat the
procedure, then we will move for 100 meters more, and it is despite
that equal amount of substance is thrown in both directions! If, in
addition, this process is infinite in time, proceeds without mass loss
and quicken by million times, then motion of the boat will seem to be
a miracle.

It looks like that motion, as a physical act, is always connected
with time delays of quite concrete intrasubstantial processes. This means
that something, we are not understanding, is going on in the depths of
matter, something very simple and, from this cause, mysterious. Here,
visualization comes to help making possible to �slow� time. In addition,
I am sure that in arsenal of science there is enough investigations
performed to understand and substantiate reasons of motion, but, to do
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it, change of world view is necessary - only then we will be able to
combine that seems to be incompatible and to see things clearly.

The first step to solve the problem of reason of inertial motion
was discovery of phenomenon of the standing wave compression with
its consequent investigation. Even if many researchers still try to ignore
this discovery or, what�s more, some of them just exclaim: �We don�t
believe, as we don�t see!�, but after discovery of the spider-effect,
even they can not do that any longer. The point is that the mentioned
effect does not depend on system of views whatever it is: quantum
mechanics, n-dimensional physics or relativism, inasmuch as it, the
spider-effect, takes place within the all listed concepts. But, the greatest
thing is that the spider-effect is splendid to be visualized. Watching it
with the help of own organs of sight or by using video technology, no
one can say that he doesn�t see - times of intentional blindness in
science come to their close.

*   *   *

In the present work, we refer to the well known Mössbauer
effect. We do not discuss it here, but notice that experiments involving
this effect indicate a direct relationship between frequency state of
objects and distance to the center of the Earth. In this sense, it is
believed that Earth, as well as other objects, has around itself so-called
rhythmodynamic potential which decreases with distance. In a system
of coherent oscillators gotten into area of action of this potential,
frequency destabilization (arrhythmia) arises, which results in appearance
of spider-effect.

Concerning the primary oscillators as possible smallest elements
of substance, we, realizing hypothetical character of the scheme chosen,
provide them with the only property - inborn vibration. We also assume
that an isolated oscillator does not possess such properties like mass,
inertia, charge, but these properties arise immediately if we have a deal
with a system of two or more oscillators.

Solution of question of physical reason of the vibrations, that
determines frequency of the oscillators and provides them with necessary
energy, is not unimportant. Our view of gist of both substance and
accompanying it phenomena will depend on the answer to this question.

Assume, that a primary oscillator is a run-off of the ether, and
the reason of the vibrations is ether flow into the run-off caused by
pressure
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difference inside our Universe and outside. This means that, while
pressure difference and, hence, flow of the ether exist, substance, as
totality of the elementary run-offs, takes place to be. As soon as the
pressures become equal, flow of the ether will end, and, hence, the
customary substance will fade too. In this version, the substantial world
being observed by us is mortal. Equalizing the pressures is equivalent
to the true end of the world.

Assuming reality of the primary oscillators, it was decided to
consider, first, primary interactions between them and, only next,
interactions between oscillator groups (particles). It should be
remembered, that character of interactions between particles always
differs from analogous interactions between oscillators, because the
particles, as being stable aggregates of the oscillators, possess such
properties like mass, inertia, charge.

*   *   *

One should not be afraid of intrusion into hardly understandable
depths of the world beyond the powers of our instruments and common
sense organs, then we always will have a chance to know about the
world everything and, having known, to develop it. Good luck to us!

Interference and Arrhythmia

Thinking about way of representation of the material, about
problems connected with naturalistic demonstration and having some
experience in computer modeling, it was decided to create trustworthy(!)
highly precise programs allowing to observe phenomena without
expensive experiments. The programs can be used both for serious
investigations and as a visual teaching aid.

There is a lot written about interference, and, for the first sight,
this important natural phenomenon can seem to be studied completely
enough. However, this is far not the case. Let us consider two examples:
1) frequencies of sources are equal; 2) the frequencies are different.

1) Frequencies of Sources Are Equal

To make discussion more objective, let us refer to figures,
depicting standard interference patterns for two coherent oscillators
without phase shift:
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                  V=0                                           V>0

Fig. 14

For clearness, we simplify the pictures and show only node lines. Let
us consider a case, when phase shift of the oscillators is zero for any
velocity.

Fig. 15. The sources are coherent. Deformation is obvious

Appearance of an additional node line indicates deformation of
the pattern. Calculation shows that the deformation results in reaction
which vector is directed to decelerate the motion down to V=0. This is
very that reason, why, in case of absence of a phase shift, any inertial
motion is out of question - the system will experience continual braking,
and what�s more, the higher velocity, the stronger braking reaction!

Let us consider another case in which, as velocity increases, the
phase shift grows. For the time being, we do not discuss reason of the
phase shift, this is not a simple question, but we ascertain that phase
difference
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changes automatically. Having spent energy for growing phase difference,
we note that inverse process does not occur and deformation of
interference pattern is absent. Moreover, braking reaction is absent too,
and any attempt to brake the motion causes reaction of other kind
called inertia.

Fig. 16. In presence of appropriate phase shift, deformation is absent

However, what to do, as uniform motion is necessarily connected
with phase difference, and phase difference is impossible without motion?
It does not appear to be possible to say, what is primary. Most probably,
it is a matter of dualism, of indivisible intercommunication. It should,
however, be realized, that the conclusions made by us are true only in
case of presence of the third party - of a real medium! Experience of
the previous generation shows, that absence of a specific carrier of
waves necessarily leads to confusion of the situation with consequent
loss of common understanding.

The most simple and widespread way of obtaining a phase shift
in bodies is an external action changing their velocities. If by changing
velocity of a system we change phase difference, then inverse effect
is possible too: phase shift from inside of a system must change its
velocity.

2) Frequencies of Sources Are Different

So, we determined that a constant phase shift of oscillators is the only
reason of non-violent motion of a system with constant velocity. Will
motion conditions change, if we increase the phase difference
continuously, that, in itself, will be seen by us as a change of frequency?
However, let us see one after another.
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Now, we a little change frequency of one of the sources and see, what
a reaction of the interference field will be:

Fig. 17. V=0. Frequency of the left oscillator is greater than that of the
right one

A wonderful phenomena appears. It has been called SPIDER-
effect because of its resemblance with a spider.

We have already mentioned about lively standing wave arising
in case of frequency difference between interacting sources. As a matter
of fact, lively standing wave appears owing to arrhythmia between
oscillators which, in turn, causes transfer of energy from source with
higher frequency to source with lower frequency. We also found a
mathematical expression for velocity of the energy transfer or for speed
of a lively standing wave, which is the same. Now, it is a time to
proceed from one-dimensional consideration to two-dimensional and
to then tree-dimensional one. However, we will not rush and, first, will
consider some properties of a lively standing wave using one-dimensional
model.

Velocity of Current in Wires

Let, we have two alternating-current generators linked with wires in a
united energy system. For simplicity, let us consider what happens in
one wire only. If frequencies of the generators are equal, then any
transfer of energy along the wire is out of question, because, actually,
we have a deal with a so-called standing wave.
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Fig. 18.  There is no energy transfer between sources with equal frequen-
cies

To observe the desired energy transfer, for example, from A to
B, it is necessary to decrease frequency of the generator B. As soon as
the B frequency is decreased, the standing wave begins to move from A
to B with velocity V. If we start to move with the same velocity in the
same direction, then we will observe the so-called lively standing wave.
Even if for a resting observer, the occurrence looks like rise of current
in the wire, but for the moving observer, any current in the wire is out
of question.

Apparently, determining velocity of the lively standing wave,
we also determine the so-called velocity of energy transfer for a resting
observer, which, as a matter of fact, is the same. Analyzing the formula
used for calculation, we find out, that in the situation under consideration,
speed of the energy current depends only upon the artificially created
frequency difference. For example, if difference between frequencies
of A and B is equal to 1 Hz (v

A
=50 Hz,v

B
=49 Hz), then velocity of the

energy current is equal to 3030 km/s; but for frequency difference of
0.001Hz, the current velocity is only 3 km/s. This means, that if we
begin to move in direction of the energy transfer with speed of 3 km/
s, then for us, the current as a symbol of energy transfer will be
meaningless.

Fig. 19. Seeing a lively standing wave by a resting observer

Statement, that speed of energy current can vary in a wide range,
is easy to check. To do that, it is necessary to make an experiment in
which frequency of the generators should be much higher, for example,
600 MHz. For this value of the counter frequencies, standing wave in
a wire has length of about 0.5 m. The only reason to use such a high
frequency is to simplify procedure of control over the motion of a
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monitored node. If we change (decrease) frequency of the generator B
for 1 Hz, then the monitored node begins to move along the wire from
A to B with velocity of only 0.25 m/s. Even if for a resting observer
such motion is seen as a current of energy, then for an observer, moving
with velocity of 0.25 m/s in direction of B, a current of energy is
absent. If we wish to decrease speed of the energy current down to
0.125 m/s, then frequency of the generator B should differ from A as
little as by 0.5 Hz.

Fig. 20. Running observer sees a different picture

From the model discussed, we found that arrhythmia between
sources results in energy motion which velocity depends only on
frequency difference. Velocity of energy current should not be mixed
with velocity of transfer of information about beginning of the motion,
that spreads along the wire with the speed of light.

Spider-Effect in Motion

The difference of spider-effect from a standard interference pattern is
that symmetry of lines of minimums and maximums distorts, and the
lines themselves encircle into coil structures. It is also interesting, that
spider-effect does not depend on whether the sources are resting or
moving in a medium.

Fig. 21. Velocity is 100 000 km/s
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Studying different cases of motion, interesting shapes of interference
patterns were found. As, for example, if two coherent sources fly nearby
to each other, then interference whirls arise:

Fig. 22

If two sources move with equal velocities away from their common
center, then interference pattern looks like electrical and magnetic lines
of force:

Fig. 23



293

The same is observed, when we have a deal with resting, but gradually
increasing their frequency sources:

Fig. 24

It is extremely curious, that for accelerated motion of coherent oscillators,
we encounter spider-effect again.

Fig. 25
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The cases listed as well as many others were considered in the
most thorough way, that provides us with a right to state: the spider-
effect is a universal phenomenon, it works at all levels of organization
of the matter, and it appears all over, where there are waves and frequency
difference between interacting objects.

Accelerated Self-Motion and the Third State of Rest

If a body is not affected by a force, then it is in state of either
rest or uniform rectilinear motion. But we know, that a body being free
falling in a field of gravitation is also in state of rest?! So, a question
arises: What is state of rest characterized by, what is the physical gist
of this state?

Having got interested by this awfully interesting question, we
tried to find out, what internal processes allow both free falling and
resting bodies to be in the same(!) state of rest. And we found not only
similarity of these processes, but also their indissoluble ties with the
reaction (inertia) arising in response to a disturbance of settled motion
conditions.

Studying behavior of interference patterns for a system of two
coherent sources, we observe a wonderful stability only in two cases:
when the sources are resting in a medium and when they are moving
uniformly and rectilinearly. But, for uniform motion, the necessity of
fixed phase shift is found, otherwise, absence of the phase shift always
causes self-braking the system. It is remarkable, that the higher velocity
in the ether, the greater the phase shift must be.

We have mentioned already about that the phase shift occurs
during an action changing velocity of a system and also about reaction
of the system in form of inertia. But, if so, then phase shifting and
acceleration are connected with each other - accelerating a body we
spend energy for changing its phase state. So far, nobody has seen,
how it happens, but a method of geometrical visualization developed
makes possible an animated viewing.

As soon as we create an arrhythmia or accelerate the sources,
deformation of the interference pattern arises immediately (see Fig 17
and Fig 25), more precisely, encircling the interference lines into coil
structures occurs. In addition to the deformation, current of energy
similar to that considered in the chapter �Velocity of Current in Wires�
appears. In other words, the interference pattern begins to shift within
the system of the sources with velocity and in direction depending on
the acceleration or magnitude of the arrhythmia. Here, we encounter
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with current of wave energy from the source with higher frequency to
the source with lower frequency. However, a question arises: which
way will a system of tightly bound sources react to a current of wave
energy arisen within the system?

Solution of the problem of two sources being in permanent
arrhythmia allowed to answer this question too: the system will strive
for state of internal rest, that is possible only in case of accelerated
motion in direction of the current of energy.

But, what if there is not a daredevil found to give the system
acceleration needed for stabilization of internal processes, then how it
will behave? If the system will remain in its initial state, then we must
identify appearance of internal deformation caused by the energy current.
But, it is an energetically unfavorable state of the system, so another
case is possible: the system, trying to avoid deformation, will have to
move itself with acceleration. Let us consider this question more in
detail.

Paradox of the Third State of Rest

Suppose, we have two plane oscillators being in state of
arrhythmia. Frequency of the oscillator 1 is greater than one of the
oscillator 2 (v

1
 >v

2
). Suppose, that the oscillators re-irradiate direct

waves without loss (are transparent). Let us divide the space into three
areas: A, B and C. We do it to estimate energetic state of the system
and surrounding space.

Fig. 26

Analyzing the situation, we can see that sum of energies irradiated
by the oscillators into area A is equal to that irradiated into area C:
ΣE

12
=ΣE

21
. It indicates that the system irradiates equally in both

directions.

Let us consider, what happens inside the system. If E
1
>E

2
 , then

flow of energy from 1 to 2 takes place: ΣE=E
1
�E

2
 .

VÅ  = c∆Å / ΣÅ
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It is a curious situation. To the left and to the right, the system
irradiates equal amount of energy, so, we cannot say about existence of
an impulse to the outside capable to make the system to move. But, at
the same time, we see that between the sources 1 and 2 current of
energy takes place, that, in principle, can create a real pressure difference
inside the system. Thus and so, we have: 1) If to state that the state
arisen cannot be a reason of motion, then we must recognize paradox
of the situation - gradient of pressure exists, but motion does not; 2) If
to accept statement that the occurred gradient of pressure will,
nevertheless, cause self-motion of the system, then a conflict with a
well known school postulate about impossibility of creating any
additional motion on account of internal forces is unavoidable.

We cannot accept principle 1, otherwise the reason of flights
with balloons as well as with space ships becomes unclear.

Accepting the principle 2, we will justify the case happened with
baron von Münchhausen, when he, having got into a marsh, pulled
himself out by his hair. However, here, it should be reminded that so-
called UFOnauts long ago have understood gist of the question, which,
surely, must be easy to solve, and for a long time demonstrate to us
their skill to control phase-frequency state of their flying vehicles.

It was believed for a long time, that it is impossible to make a
system to move on account of internal forces, and what�s more, to
move with acceleration. Analysis we performed refutes existing before
delusion and directly indicates the only situation in the Nature, in
which accelerated self-motion of bodies occurs exclusively on account
of internal arrhythmia creating current of energy. Suffice it to remember
the example with a boat which passengers throw stones in opposite
directions. This example, though rough, but allows in a similar manner
to explain any motion through pulsing caused by a phase shift.

This state of a system is pretty unusual, besides, due to that start
of accelerated self-motion is immediately accompanied by appearance
of a difference between the sums of energies irradiated to the outside -
to the right, according to Doppler effect, the system begins to irradiate
less than to the left, but it is only for an observer moving together with
the system, so, for him, an impulse seems to appear. However, we
must remember, that in the situation, when the system was kept back
by us (V=0) and we had a deal only with a force from the inside, there
was not even a hint at an excessive impulse irradiated in any direction.

Analysis of situations connected with artificial and with taking
place in the Nature natural arrhythmia showed, that current of energy
inside a system can be stopped in the only case - in case of accelerated
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motion in direction of the energy current. This means that, holding a
system, we always will have a deal with a current causing internal
deformation (stress) indicating action of a force, however, we always
will observe absence of excess of irradiation in any direction. But, as
soon as the system gets free from the holding and acquires free
accelerating self-motion, the stress and other deformations disappear,
but excessive irradiation appears which can be mistaken for an impulse
of a force.

It has become a custom, that disappearance of forces of all kinds
is always associated with state of rest. If an observer is inside of a self-
accelerating system, then he will note absence of effects inevitable for
an accelerated motion. And if, in addition, he has not a possibility to
compare, then he will not be able to distinguish whether he is moving
accelerating, or rectilinearly and uniformly, or is not moving at all. In
this sense, accelerated self-motion of a system is unknown before the
third state of rest.

Gravitation

�Why, in case of action of a force, a body is accelerating and deforming
at the same time? Why, however, while its free falling in vacuum,
acceleration exists, but deformation does not? Does it mean that, while
falling with acceleration, the well known force called gravitation is
absent?, - inasmuch as there is not a deformation!� Many investigators
of gravitation asked themselves this question.

Before we found, that reason of an accelerated motion is not
necessary to be an external force - the reason can be arrhythmia too.
Does, in case of gravitation, arrhythmia happen to be the reason of free
falling with acceleration?, as, it is in case of falling, a self-accelerating
body does not experience internal deformations!

Investigation of the third state of rest being achieved in accelerated
self-motion, allows us to suppose that there is not gravity force, as
such, in the Nature, but there are conditions, having got to those a body
gets into state of auto-arrhythmia. If auto-arrhythmia is actually the
reason of free falling of bodies to the Earth, then direction of the
falling prompts us, that in the vicinity of the surface, frequency of
oscillators filling the body must be somewhat less than at a some
height. If to reject the existing interpretation of the Mössbauer effect,
which strained character is obvious for the author, and to accept another
one, then experiments on its basis actually prove existence of dependency
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of frequency state of a body upon height over the Earth surface. In this
sense, Mössbauer effect can serve as a litmus paper for rhythmic state
of substance in space near to the Earth.

Does it mean that closeness of the Earth influence natural
frequency of bodily oscillators? It looks like that! The nearer oscillator
to the surface, the stronger something affects it and decreases its
frequency. Isn�t it a reason, why coherent before oscillators, being at
different distances from the Earth, begin vibrate with different
frequencies? But, then the arisen frequency difference between them
unavoidably makes their own interference field to move. As a result of
such moving, difference of wave pressure inside the system appears,
which vector is directed to the center of the Earth.

Fig. 27. Gravitational spider

The simple explanation of the reason of gravitation, we propose,
does not contradict common sense, but, on the contrary, reveals the
mechanism making bodies to strive for each other. It is interesting, that
one of holy books, the Koran, interprets attraction between planets as
pushing them to each other, but about it a bit later.

If gravitation is not a force, but conditions provoking rise of
arrhythmia, then what is the physics of processes instigating bodies to
phase-frequency destabilization? This question was studied with a
particular carefulness, and the answer was found:
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Totality of irradiations of the Earth body creates in its environment
a background of wave pulsations. Density of these pulsations is
proportional to amount of the oscillators, i.e. to the mass, and decreases
with distance. An outside body, having got into the background
environment, experiences its influence which is expressed in tightening
(changing) frequencies of oscillators of the body. The more dense the
wave background, the greater frequency tightening and, hence, provided
that distances between oscillators exist, rise of a frequency gradient -
arrhythmia - is unavoidable.

Fig. 28. In different places of the rhythmodynamic environment of planet
an oscillator has different frequency

The effect of tightening frequencies is well known, and it shows
itself particularly brightly among biological objects. We will tell about
this phenomenon in more detail in a different book being prepared for
issue.

Now, while talking about gravitation, it should be understood,
that the force of attraction, as such, does not exist, but there is a
background of wave pulsations, that we intend to call rhythmodynamic
environment of planet. It is wave background that creates illusion of
gravity force through creating arrhythmia in an object; and gradient
change of rhythms of a body unavoidably leads to change in its dynamics.
A body, experiencing influence of rhythmodynamic field, has a deal
not with a force from the outside, but with natural pushing itself into
area of lower rhythms. And it is not our fault that all happen precisely
this way.

This oscillator for is more
free of the wave background

Density of the wave back-
ground is great. Frequency of
the oscillator gets bowen.
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Gravitational Spider

When an interference pattern demonstrating process of energy
current in field of wave background (gravitation) was obtained for the
first time, then an idea appeared: Whether does a spider settle down in
web exactly like in the model obtained? I had not a shadow of doubt,
that in the Nature it must be precisely this way. The found coincidence
was proved - a spider really settles itself in web always head down, if
the web is vertical, of course. However, in this connection, another
question arose: Why a spider has such a likeness with the interference
pattern? Why it is spider, but not other beings?

With time, an answer was found, but the most interesting thing
was waiting us ahead: Whether does mythology or rock carvings contain
information about the processes discovered by us? May be we are not
the first, may be our remote ancestors knew all of this, but, as a result
of global cataclysms, were not able to keep the knowledge in their
hands?

A few days had not passed before corroborations were found.
Skimming through different encyclopedias of historical and esoteric
kinds it was found that:- American Indians have a legend about Man-
Spider, whose web connects heaven worlds with the Earth;- secret
schools of India imagine some gods, who were working on creating the
Universe, as being weaving web-network which links world of light
and world of darkness. They call builders of the cosmic system, who
tied embryo of the Universe with Invisible Power, Gods-Spiders and
their ruler - The Great Spider.

Fig. 29. �Spider�s Network� - Interference from three sources. Asymmetr-
ical cellular structure deformed by arrhythmia is observed. Such a system
will strive for self-motion to the left
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And the last straw, which delighted us completely, was
photographs of statues of Brahma, Shiva and Vishnu. It was really a
bolt from the blue. We put beside photo of Brahma, an image of a
spider and computer printout of spider-effect and realized sense of the
comparison performed. Out of any doubt, we encountered with a
sensation which significance is infinite. But, what really matters in the
happening is that we have strengthened our confidence in correctness
of the chosen direction of the researches. It was that time, when the
idea came to call the phenomenon occurred near to the Earth
GRAVITATIONAL SPIDER (picture on the title page of the cover),
however, there were also other versions, for example, BRAHMA-
EFFECT.

*   *   *

The process, having given rise to galaxies, stars, planets, living
beings including human, did very well without strict mathematics,
physical ideas and magnitudes. It was afterward, that we, humans,
trying to realize happenings, to adjust ourselves for it, began to give
names to phenomena, measure them in kilograms, meters and seconds.
So, a science has arisen, that made possible to develop energy of atom,
to come out to the space, to visit the next planet and also created
unimaginably complicated deadlocking theory of the Universe, that it
cannot already understand itself.

It is for that to lead the science out of the deadlock, we lay stress
on visualization which, as a matter of fact, does not require special
knowledge for understanding happenings. We just see and understand.

Antigravitation

If we put a substantial object on a balance, then measure of its
striving to continue its motion will be indicated by balance reading. In
this connection, a problem was posited: What is necessary to change in
the object to reduce its striving for the motion and, hence, to neutralize
weight as an action?

Now, solving such problems does not seem to be complicated,
since connection between weight and arrhythmia is known.

Let us take advantage of geometrical visualization as a means of
solution, that allows to do well without use of mathematics. Existence
of natural arrhythmia corresponds to normal weight of an object
(Fig.30a). Absence of arrhythmia means absence of motion of the
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interference field. It is expected, that an object being in harmony with
its own interference field will lose its weight (Fig. 30b). If our reasoning
is correct, then further changing frequency ratio will result in motion
of the interference field in direction opposite to the Earth. According
to theory, the arisen deformation can be corrected only in accelerated
motion after the creeping up interference spider. Isn�t it that cherished
antigravitation, that was so long dreamed about by scientists, designers,
visionaries and many ordinary people (Fig. 30c).

   a            b         c

Fig. 30. Where the gravitational spider creeps, there the body moves

Now, we know, what is necessary to do for obtaining
antigravitational forces, but, so far, we cannot do it. Nevertheless, a
solution for moving in substantial media, for example, in water, is
already found. It is because of that we started designing an apparatus
capable to move without traditional oars and propellers. However, there
is an unproved information, that such experiments are already done by
researchers.

Although, it is much easier to utilize the spider-effect in a
substantial medium than in the ether, the designed �toy� will become
the first prototype of a future �flying saucer�. Soon after its first tests,
first space vehicles will also appear, which, most probably will be like
�first wings� that human utilized to take off from the Earth. Besides,
now, it is obvious for us, that there are ways in the Nature for obtaining
energy with no expenditures; it is the future of the Earth civilization,
and now we know how to achieve it.

Levitation
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Ability of spirit to influence rhythms of body is known from
time immemorial. But, changing rhythms of body, we also influence
the spirit. So far, we don�t know, what spirit is, what its nature is, but
we have determined that the connecting link between spirit and substance
is vibrations.

Considering reasons causing gravity, we determined, that change
in phase-frequency ratio is able to lead to loss of weight. So far, we
have not found mechanics for non-inspired matter, but we know, that a
human organism has such a mechanics inside itself.

Fig. 31. A human in three states. Interference patterns are shown

A good hundred of examples in history confirm that levitation is
an objective ability of human, consciously or not, to influence change
of own weight. Having understood mechanism of weight loss, what we
have left to do is to perform analysis of circumstances leading talented
people to levitation, and to try to reproduce the conditions for it.

It should, however, be understood, that there are more and less
talented people in this ability. But, as soon as at least one person
master ability of levitation, and what�s more, consciously repeatable,
then and there mass mastering the unusual, but inborn, ability of organism
will begin.
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Fig. 32. Levitating monk

*   *   *

However, there are also some showy tricks mistaken for levitation.
For example, David Copperfield�s flights are classified as such. In this
connection, many �authorities� state that Copperfield really levitates,
but there are other opinions, for example, that he hangs by invisible in
blue light threads, or, still more - we have a deal with a very expensive
holographic illusion. As a matter of fact, there is one more talented
person appeared, who put by his doings one more hypnotizing block
into people�s consciousness. But, even if I had to spend, as a physicist,
several years to overcome block of Einstein, then secret of Copperfield�s
flights was disclosed for three days of analyzing video record of his
performance. At the beginning, �the top was getting off� in the true
sense, because of genius of the trick, so, no wonder that absolute
majority of people were tricked by the great deceit of the XX century.
But, any deceit comes to an end.

�Indeed,� - I am asked often - �does Copperfield fly or not?�. I
know many attempts to explain the happening, but none of them can
pass test by simplicity. There must be maximal simple and elegant
solution for the discussed phenomenon of flying. However, even having
found such one, we cannot guarantee, that the genius magician uses
exactly that one. Let us try to look into, because without solving this
question, there is no sense to talk about reality of levitation. Let us cast
aside versions with threads and holography and consider two
suppositions:1) Copperfield levitates2) Copperfield flies, but not levitates.

If Copperfield levitates, then he can repeat the flight at any
place and in any situation. Besides, as any actor, he has a temptation to
fly not only over the scene but also in the auditorium. He does not do
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neither the first nor the second. Levitation is necessarily connected
with changing state of consciousness, that is always felt, particularly
by women and by people with extrasensory abilities, which does not
observed too; and if someone states that one feels, then, most probably,
one gives out the desired as to be real. However, the greatest thing is
that Copperfield himself says only about his ability to fly, but not
about levitation.

Superconductivity is a well known phenomenon among physicists.
If to cool a leaden cup down to temperature of liquid helium, then a
usual magnet placed over it will freely soar in the air. If you hide the
superconductive cup under a table and do not tell anybody about it,
then the magnet over the table will seem to be a real wonder. If, in
addition, the cup is provided with controlled mechanisms for
reciprocating motion, for moving up and down and for inclining, then
you can, at will and imperceptibly for others, control motion of the
magnet over the table.

Fig. 33. Superconductive cup with a magnet hanging over it

If you let a living being, for example a mouse, run on the table,
then it will freely run between the hidden cup and the magnet. Created
by the cup and magnet field does not have any elevating effect on the
mouse.

But, we are stating that mouse can fly, and what�s more, without
particular harm for its health. We underline this moment so that nobody
consider us to blame for sadistic tendencies. To realize the stated, it is
necessary to guess, what is needed to do for this. And if you still have
not guessed with our serve, then, believe, you will be laughing long at
your own slow-wittedness.
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And one more psychological nuance - genius Copperfield put all
people inside his trick, that, as it�s known, blocks brain of an individual
and prevents one to understand what actually happens. Wonderful man
Copperfield dimmed brains of all in the world; it cannot even enter
anybody�s head, that he just manufactured a huge superconductive cup,
put on a chain armor made of a great number of small magnets, hid all
this stuff under his clothes and made with the wonderful trick a wonderful
fortune. It, even, came to that one physicist sent to Copperfield a letter
with request to confirm correctness of a theory of levitation developed
by him. However, let us not digress for strange people and proceed
further.

If we put a chain armor composed of tiny magnets on a mouse
and disguise it under its fur, then the mouse won�t get away with that,
but soar up. Now, what you have left to do, is just to operate the
hidden cup moving and take for a ride those who thirst for a wonder.
Thus, as a result of not complicated reasoning, we obtained a �levitating
mouse�. To start �levitating� ourselves, we have only left to manufacture
a controlled mechanism with a huge superconductive cup, to hide it
under arena of a circus or a theater, to put on magnetic chain armor
and to fly. Why isn�t it a levitation?

Fig. 34. Superconductive cup is disguised under the scene. The flying
actor has a magnetic chain armor hidden under his sweater. His assistant
operates the cup moving
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But instead of laughing at our own ignorance, at narrowness and
pettiness of thinking, let us outline prospects. If a daring businessman
would be found, then we could create an analogous show in one of
Moscow circuses or parks. And then, anyone desiring could put on
magnetic chain armor and temporarily become Copperfield. In this
sense, art and show business are brought up to a higher standard: flying
circus, flying ballet, flying singers.

*   *   *

So far, we don�t know, which of directions will be realized first
- levitation or changing weight of technical apparatuses, but it seems to
us, that we are at threshold of a new era of civilization evolution.
Intuitive feeling events to come directly says, that many of us will
witness development of new means of transportation in space. We
express a hope, that striving to look into will attract to our side all of
those, who really wish to know at least some truth about the world
which we are so long and inefficiently getting to know.

Main Definitions

Standing wave compression - discovered in 1981 as a result of theoretical
investigation of wave equations for a �source-and-mirror� system moving in
medium. It is shown that motion in medium changes dynamics of waves, it
does not break down integrity of the standing wave, but affects its main
parameter - distance between its nodes. Dependence of length of a standing
wave upon velocity is such, that, while increasing the latter, the distance
between the nodes contracts, that leads to compression of packet of standing
waves.

Lively standing wave - is a result of transition from a moving system to a
resting one. Any moving sources always can be substituted by resting ones,
provided that lengths of interfering waves are kept at the same value. Laws
of counter waves interference are such, that velocity, at which a standing
wave is observed, always can be found for any frequency difference between
the resting irradiators.

Velocity of current in wires - controversies on the question of current velocity
led to desire to look into. If to relate transfer of energy with frequency
gradient arising between ends of wire connecting source and consumer, then
definition of �current velocity� can be well put in correspondence with definition
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of �velocity of lively standing wave�. However, in view of it, to find the
current velocity, we have a right to use formula for velocity of lively standing
wave.

Spider-effect - distortion of interference pattern geometry caused by frequency
difference between sources (arrhythmia). The phenomenon is characterized
by: 1) encircling interference node lines into coil structures; 2) unidirectional
motion of the interference pattern within the space between the sources.

Velocity of the motion of interference pattern is determined by the
same formula as velocity of a lively standing wave.

State of rest - conditions of motion when internal stresses in a system are
absent. It is assumed, that any internal stresses are directly connected with
distortion of interference geometry of a system. There are at least three states
of rest.

A system of coherent sources resting relative to the medium is classified
as the first state.

The second state of rest is observed in case of uniform motion in the
medium, but, for maintaining constant speed, a definite phase shift between
the sources is required. Absence of the phase shift results in braking.

The third state of rest is pretty unusual. It can be achieved only in
accelerated self-motion, a clear example of which is free falling of bodies to
the Earth. We, for the first time, consider self-motion of a system with
acceleration caused by frequency gradient of the system (arrhythmia). Motion
of interference field caused by constant arrhythmia creates in the system an
internal stress which completely disappears only under accelerated motion. It
is because of this reason, an accelerated self-motion can be considered as the
third state of rest.

Rhythmodynamic potential - Assumed dependence of natural frequency of
an oscillator upon closeness to the Earth led to necessity of introducing this
definition. According to existing notions, density of all irradiations of the
Earth decreases with distance. However, we know that while increasing sources
quantity, in present case, mass of the Earth, sum of all its irradiations decreases,
and density increases. In author�s opinion, influence of rhythmodynamic
potential on natural frequency of an irradiation source is clearly illustrated in
experiments involving Mössbauer effect.

Gravitation - reaction of a body for rhythmodynamic arrhythmia, resulting
in accelerated self-motion in direction of area with higher density of the
potential.

Levitation - ability of living beings to change their weight (but not mass)
down to complete loss of it on account of willed change of phase-frequency
ratio of body shell filling.

Antigravitation - change of weight (but not mass) of a mechanical device on
account of acoustic, mechanic and electromagnetic action with purpose of
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changing phase-frequency ratio of all vibrating parts of the system at atomic
and deeper levels.

In the present brochure, materials from the following books are used: �Living
by Intuition�, �Biological Incompatibility and Levitation�,
�Rhythmodynamics and Nature of the Force�.

*  *  *

For the first time, information on the spider-effect was reported at the
International Symposium �Perestroika of Natural Science� (�Reconstruction
of Natural Science�) held in April of 1996 at Volgodonsk town (Russia). The
discovery had remarkable repercussions among attendees, and subject of
RHYTHMODYNAMICS evoked great interest as a new direction of science.
At an insistent request of colleagues, I publish comments made by the head
of the Symposium, scientific secretary of Joint-Stock Company �Atommash�
N. I. Bakumtsev and by V. F. Stepanov, a physicist, a leading researcher of
Moscow State University and, what is important, a formal opponent of the
ether concept.

N. I. Bakumtsev: At the first acquaintance with the works of Ivanov, they
seemed to me to discover new regularities which before were not revealed
and taken into account. In our view, similar interference takes place for
gravitational, magnetic and sound waves. As to gravitation, having studied
working of spider-effect in reaction motion, we will be able to understand
further applied significance of the discovered phenomenon in propulsive
devices of new generation.

V. F. Stepanov: I am taking a great interest in theoretical studies in classical
field theory for a long time. I keep watching on works of Ivanov since 1990,
and results he obtained appeared to be unexpected. He deals with problems
in such field, that many consider to be well studied and, so, dull and
uninteresting. Ivanov discovered quite unexpected and startling effect (spider-
effect).

At attentive consideration, it is found, that if we try to look from the
new viewpoint at such fundamental notions as force, motion, then we appear
to be shocked in some extent, i.e. the view is quite new, unexpected, and it
puts out of countenance those who are well acquainted with usual, standard
notions of motion, force, velocity. For example, if we consider simple systems
being in arrhythmia, then these systems behave so unexpectedly, that doubt
is cast even on views of the greatest authorities.

I consider this phenomenon to be not just new, but also promising.
Undoubtedly, it is a subject for investigation, after that new devices which
will have their application will be manufactured.
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Ìåæäóíàðîäíûé Èíñòèòóò
ÐÈÒÌÎÄÈÍÀÌÈÊÈ (ÌÈÐÈÒ)

    Ñîçäàíèå èíñòèòóòà, èçó÷àþùåãî äâèæåíèå
âî âñåõ åãî ïðîÿâëåíèÿõ, íàçðåëî. Èíòåðåñ ê ýòî-
ìó íàïðàâëåíèþ ñî ñòîðîíû ñïåöèàëèñòîâ â òà-
êèõ îáëàñòÿõ, êàê òåîðèÿ ïîëÿ, ãåîôèçèêà, áèî-
ôèçèêà, ïàëåîíòîëîãèÿ, ìåäèöèíà, ýêîíîìèêà,
ïîëèòèêà è èíôîðìàöèîëîãèÿ ðàñò¸ò, à ïîòîìó
ðåøåíî ïðîðàáîòàòü âîïðîñ è ñîçäòü ãîëîâíóþ,
îáúåäèíÿþùóþ îðãàíèçàöèþ � ïåðâûé â ìèðå
Ìåæäóíàðîäíûé Èíñòèòóò ÐÈÒÌÎÄÈÍÀÌÈÊÈ
(ÌÈÐÈÒ).
Àäðåñ äëÿ ïðåäëîæåíèé î ñîòðóäíè÷åñòâå:

109193, Ìîñêâà, à/ÿ 8; E-mail: mirit@ipcom.ru

Ìåæäóíàðîäíûé Èíòåëëåêòóàëüíûé Ôîíä
«Ïåðåñòðîéêà Åñòåñòâîçíàíèÿ»

Ôîíä ñóùåñòâóåò ñ 1990 ãîäà. Â çàäà÷ó ôîíäà âõîäèò ñáîð è
ðåãèñòðàöèÿ ðàáîò â îáëàñòè åñòåñòâîçíàíèÿ, íå ïîëó÷àþùèõ ïîä-
äåðæêè ñî ñòîðîíû ãîñóäàðñòâà, âûäà÷à ñåðòèôèêàòîâ-ëèöåíçèé,
ïîäòâåðæäàþùèõ àâòîðñòâî çàÿâèòåëÿ, ïóáëèêàöèÿ ðååñòðîâ òðó-
äîâ, ïóáëèêàöèÿ ñáîðíèêîâ íàèáîëåå èíòåðåñíûõ ðàáîò, ñîçäàíèå
ïîñòîÿííî äåéñòâóþùåãî êàòàëîãà â ÈÍÒÅÐÍÅÒå, âûõîä íà ðû-
íîê íàó÷íî-òåõíè÷åñêîé ïðîäóêöèè ñ ïðèâëå÷åíèåì àâòîðîâ çàò-
ðåáîâàííûõ ðàáîò.

Â ôîíäå ñîáðàíî áîëåå 1500 ðàáîò ðîññèéñêèõ è èíîñòðàí-
íûõ èññëåäîâàòåëåé ïî ðàçëè÷íîé òåìàòèêå.
Àäðåñ ôîíäà:  347340, Âîëãîäîíñê-20, Ðîñòîâñêîé îáë., à/ÿ 1264

Êîíôåðåíöèÿ â INTERNET: (12+1)
(Ïðîäîëæåíèå. Íà÷àëî íà ñòð.6)

Çàäà÷à: Â ñâåòå ðèòìîäèíàìèêè ïðîâåñòè ðåâèçèþ ôóíäàìåíòàëü-
íûõ îñíîâ íàóêè. Âûÿâèòü ðåñóðñû ðèòìîäèíàìèêè. Îáåñïå÷èòü
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Äàòü âîçìîæíîñòü íàó÷íûì îðãàíèçàöèÿì ñêîððåêòèðîâàòü íà-
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ïîëèòèêå, ýêîíîìèêå, íàóêå è ïðî÷èõ îáëàñòÿõ ÷åëîâå÷åñêèõ èíòå-
ðåñîâ.

Öåëü: Ñîçäàíèå ïðèíöèïèàëüíî íîâûõ òåõíîëîãèé äëÿ ðåàëèçà-
öèè ðèòìîäèíàìè÷åñêèõ ñïîñîáîâ ïåðåäâèæåíèÿ â ïðîñòðàíñòâå.

Ñïðàâî÷íàÿ èíôîðìàöèÿ ïî êîíôåðåíöèè:
http://www.ipcom.ru/~mirit
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Ä.Í.Êîæåâíèêîâ � ôèçèê (ÌÝÈ), ëàáîðàòîðèÿ ìîäåëèðîâàíèÿ
ýëåêòðîííûõ ïîâåðõíîñòåé àòîìîâ, ìîëåêóë, êðèñòàëëîâ (ã.Ìîñ-
êâà).
Â.À.Èëüèí � ê.ã.-ì.í. (Ãåîëîãè÷åñêèé èíñòèòóò ÐÀÍ), ÷ëåí ó÷¸-
íîãî ñîâåòà Äîìà Ó÷¸íûõ (ã.Òðîèöê).
È.Á.Øèðÿåâ � õèìèê (ÌÃÓ), ÍÈÕÒÈ, èíæåíåð-ïðîãðàììèñò
(ã.Îç¸ðû, Ìîñê. îáë.).
Å.È.Áîæåíêî � ê.õ.í. (ÌÃÓ), ÃÅÎÕÈ ÐÀÍ (ã.Ìîñêâà).
Ì.À.Òèì÷åíêî � èíæåíåð (ÌÈÈÒ), ïðîãðàììèñò (ã.Ìîñêâà).

«Ðèòìîäèíàìèêà ÏÐÈÐÎÄÛ». Ïëàíèðóåòñÿ âûïóñê ïðèëîæå-
íèÿ ê «Ðèòìîäèíàìèêå». Ðàáîòû íà ðàññìîòðåíèå è ïðåäâàðè-
òåëüíûå çàÿâêè íà ïðèëîæåíèå âûñûëàòü ïî àäðåñó:

109193, Ìîñêâà, à/ÿ 8.

Èçäàòåëüñòâî «Íîâûé Öåíòð»

Êâàëèôèöèðîâàííûå ñïåöèàëèñòû îêàæóò Âàì ïîìîùü â
ñîçäàíèè è èçãîòîâëåíèè êíèæíîé ïðîäóêöèè ëþáîé ñòåïåíè
ñëîæíîñòè. Îò Âàñ òðåáóåòñÿ òîëüêî ðóêîïèñü, ïåðå÷åíü òðåáîâà-
íèé ê êîíå÷íîìó èçäåëèþ è ïðåäîïëàòà.

òåë: 219-8611

Ïëàíèðóåòñÿ ïîñòîÿííî äåéñòâóþùèé ñåìèíàð:
ÐÈÒÌÎÄÈÍÀÌÈÊÀ ÏÐÈÐÎÄÛ

Â ðàáîòå ñåìèíàðà ïëàíèðóåòñÿ î÷íîå è çàî÷íîå ó÷àñòèå
ðîññèéñêèõ è èíîñòðàííûõ ïðåäñòàâèòåëåé èíñòèòóòîâ, óíèâåð-
ñèòåòîâ, ïðîìûøëåííûõ è êîììåð÷åñêèõ ãðóïï, ïîëèòè÷åñêèõ
îðãàíèçàöèé, à òàêæå ÷àñòíûõ ëèö.

Èíôîðìàöèþ î ïîðÿäêå ðåãèñòðàöèè ïðåäñòàâèòåëüñòâ è
óñëîâèÿõ ó÷àñòèÿ âû ìîæåòå ïîëó÷èòü ïèñüìåííî ïî àäðåñó:

109193, Ìîñêâà, à/ÿ 8
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