
8 ÂÌÓ. Ñåðèÿ 3. ÔÈÇÈÊÀ. ÀÑÒ�ÎÍÎÌÈß. 2012. � 5
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om, b sokolov.sev�inbox.ruÑòàòüÿ ïîñòóïèëà 23.04.2012, ïîäïèñàíà â ïå÷àòü 24.05.2012.Ïðîâåäåíî âû÷èñëåíèå íåëèíåéíî-ýëåêòðîäèíàìè÷åñêèõ ý��åêòîâ, âîçíèêàþùèõ â ýëåêòðîìàã-íèòíîì ïîëå áûñòðî âðàùàþùåãîñÿ ïóëüñàðà. Ïîëó÷åíû òî÷íûå è àñèìïòîòè÷åñêèå óðàâíåíèÿäëÿ ëó÷åé è çàêîí äâèæåíèÿ ïî ýòèì ëó÷àì ýëåêòðîìàãíèòíîé âîëíû. Ïîêàçàíî, ÷òî âåëè÷èíàâðåìåíè íåëèíåéíî-ýëåêòðîäèíàìè÷åñêîãî çàïàçäûâàíèÿ äëÿ áûñòðî âðàùàþùèõñÿ ïóëüñàðîâ ïî÷òèâ 3.5 ðàçà áîëüøå, ÷åì äëÿ ïîêîÿùèõñÿ èëè ìåäëåííî âðàùàþùèõñÿ ïóëüñàðîâ, à âåëè÷èíà óãëàíåëèíåéíî-ýëåêòðîäèíàìè÷åñêîãî èñêðèâëåíèÿ ëó÷åé � áîëüøå ïî÷òè â 1.7 ðàçà.Êëþ÷åâûå ñëîâà: ïóëüñàð, íåëèíåéíàÿ ýëåêòðîäèíàìèêà, óðàâíåíèÿ ýéêîíàëà, ëó÷è.ÓÄÊ: 537.8, 524.354.4. PACS: 97.60.Gb, 03.50.De, 95.30.Sf.

ÂâåäåíèåÂ ïîñëåäíèå ãîäû â íàó÷íîé ëèòåðàòóðå [1, 8℄âîçðîñ èíòåðåñ ê íåëèíåéíîé ýëåêòðîäèíàìèêå âàêóóìàè ê åå ïðîâåðÿåìûì ý��åêòàì. Ïðîâåäåííûå èññëåäî-âàíèÿ ïîêàçàëè, ÷òî ïðîÿâëåíèå íåëèíåéíûõ ñâîéñòâýëåêòðîìàãíèòíîãî âàêóóìà íàèáîëåå ÿðêî ïðîèñõîäèòâ ñèëüíûõ ïîëÿõ ïóëüñàðîâ è ìàãíåòàðîâ. Ïîýòîìó ðàñ-÷åò íåëèíåéíî-ýëåêòðîäèíàìè÷åñêèõ ý��åêòîâ â òàêèõïîëÿõ ïðåäñòàâëÿåò íåñîìíåííûé èíòåðåñ.Â ðàíåå îïóáëèêîâàííûõ ðàáîòàõ [7, 8℄ àâòîðûèññëåäîâàëè ý��åêòû òîëüêî â ïîëÿõ ïîêîÿùèõñÿ èëèìåäëåííî âðàùàþùèõñÿ ïóëüñàðîâ, êîãäà 
R� 
, ãäå
 � óãëîâàÿ ÷àñòîòà âðàùåíèÿ ïóëüñàðà, R � åãîðàäèóñ. Â ýòîì ñëó÷àå ýëåêòðîìàãíèòíûå âîëíû, ïðîõî-äÿùèå âáëèçè ïóëüñàðà, ïîäâåðãàþòñÿ íåëèíåéíî-ýëåê-òðîäèíàìè÷åñêîìó âîçäåéñòâèþ ñî ñòîðîíû òîëüêî ìàã-íèòíîãî è ãðàâèòàöèîííîãî ïîëåé ïóëüñàðà. Ýòî ïðèâî-äèò ê ïîÿâëåíèþ ý��åêòà äâóëó÷åïðåëîìëåíèÿ, â ðå-çóëüòàòå êîòîðîãî ýëåêòðîìàãíèòíàÿ âîëíà, ïðîõîäÿîáëàñòü ñèëüíîãî ìàãíèòíîãî ïîëÿ, ðàñùåïëÿåòñÿ íàäâå íîðìàëüíûå âîëíû, ïîëÿðèçîâàííûå âî âçàèìíîïåðïåíäèêóëÿðíûõ ïëîñêîñòÿõ, ðàñïðîñòðàíÿþùèåñÿ ïîðàçíûì ëó÷àì ñ ðàçëè÷íûìè ñêîðîñòÿìè. Â ñëó÷àå æåáûñòðîãî âðàùåíèÿ, êîãäà 
R � 
, ó ïóëüñàðà ïîÿâ-ëÿåòñÿ è ýëåêòðè÷åñêîå ïîëå, ñðàâíèìîå ïî âåëè÷èíåñ ìàãíèòíûì ïîëåì. Ýòî îáñòîÿòåëüñòâî ïîçâîëÿåò íà-äåÿòüñÿ, ÷òî íåëèíåéíî-ýëåêòðîäèíàìè÷åñêèå ý��åêòûâ ïîëÿõ áûñòðîâðàùàþùåãîñÿ ïóëüñàðà áóäóò ïðîÿâ-ëÿòüñÿ ñèëüíåå. Âûÿñíåíèþ ýòîãî âîïðîñà è ïîñâÿùåíàíàñòîÿùàÿ ñòàòüÿ.1. Âûâîä óðàâíåíèé äëÿ ëó÷åé�àññìîòðèì ïóëüñàð ðàäèóñà R, âðàùàþùèéñÿ ñ ÷à-ñòîòîé 
 âîêðóã îñè, ðàñïîëîæåííîé ïîä óãëîì � ê íà-ïðàâëåíèþ ðàñïðîñòðàíåíèÿ ïëîñêîé ýëåêòðîìàãíèòíîéâîëíû. Áóäåì ñ÷èòàòü, ÷òî âðàùåíèå ðåëÿòèâèñòñêîå,â ðåçóëüòàòå ÷åãî 
R � 
. Ïðèìåðîì òàêîãî ïóëüñàðà

ñëóæèò, íàïðèìåð, ïóëüñàð J1748�2446ad, èìåþùèé ïå-ðèîä 1.4 ìñ [9℄.Òàê êàê ìàãíèòîñ�åðà ïóëüñàðîâ ïðîçðà÷íà òîëüêîäëÿ ðåíòãåíîâñêîãî è ãàììà-èçëó÷åíèÿ, òî èñòî÷íèêîìïëîñêîé âîëíû áóäåì ñ÷èòàòü óäàëåííûå íà áîëüøèåðàññòîÿíèÿ îò ðàññìàòðèâàåìîãî íàìè ïóëüñàðà ÿäðààêòèâíûõ ãàëàêòèê, êîòîðûå èçëó÷àþò â ýòîì äèàïàçîíå÷àñòîò.�åøåíèå óðàâíåíèé Ìàêñâåëëà â îáëàñòè R < räëÿ âðàùàþùåãîñÿ ïóëüñàðà ñ ìàãíèòíûì äèïîëüíûììîìåíòîì m äàåò [10℄B(r, �) = 3(m(�)r)r� r2m(�)r5 � 
m(�)
r2 ++ 3( 
m(�)r)r
r4 + (�m(�)r)r� r2 �m(�)
2r3 ,E(r, �) = [r, 
m(�)℄
r3 + [r, �m(�)℄
2r2 ,ãäå òî÷êà íàä âåêòîðîì îçíà÷àåò ïðîèçâîäíóþ ïîçàïàçäûâàþùåìó âðåìåíè � = t � r/
 , à m(�) == jmjf
os(
�) sin� , sin (
�) sin�, 
os�g � âåêòîð ìàã-íèòíîãî äèïîëüíîãî ìîìåíòà ïóëüñàðà.�àññìîòðèì ïàðàìåòðèçîâàííóþ ïîñòìàêñâåëëîâ-ñêóþ ýëåêòðîäèíàìèêó [11℄ ñ ëàãðàíæèàíîìL= p�g(0)32� �2I2 + ��(�1 � 2�2)I 22 +4�2I4�	� 1
 jnAn, (1)ãäå g(0) � îïðåäåëèòåëü ìåòðè÷åñêîãî òåíçîðàg(0)ik , îïèñûâàþùåãî ãðàâèòàöèîííîå ïîëå, � = 1/B2q ,Bq = 4, 41 � 1013 �ñ, I2 = FnmFmn , I4 = FnmFmkFkiF in �èíâàðèàíòû òåíçîðà ýëåêòðîìàãíèòíîãî ïîëÿ, à âåëè-÷èíà áåçðàçìåðíûõ ïîñòìàêñâåëëîâñêèõ ïàðàìåòðîâ �1è �2 çàâèñèò òîëüêî îò âûáîðà ìîäåëè íåëèíåéíîéýëåêòðîäèíàìèêè âàêóóìà.Äëÿ íåëèíåéíîé ýëåêòðîäèíàìèêè Áîðíà�Èí�åëü-äà [12℄ ýòè ïàðàìåòðû ñîâïàäàþò: �1 = �2 = a2B2q/4, ãäå1/a � õàðàêòåðíàÿ äëÿ ýëåêòðîäèíàìèêè Áîðíà�Èí-�åëüäà âåëè÷èíà èíäóêöèè ìàãíèòíîãî ïîëÿ.



ÒÅÎ�ÅÒÈ×ÅÑÊÀß È ÌÀÒÅÌÀÒÈ×ÅÑÊÀß ÔÈÇÈÊÀ 9Äëÿ íåëèíåéíîé ýëåêòðîäèíàìèêè �åéçåíáåðãà�Ýéëåðà [13℄ ïàðàìåòðû �1 è �2 ðàçëè÷íû:�1 = �45� = 5.1 � 10�5, �2 = 7�180� = 9.0 � 10�5,ãäå � � ïîñòîÿííàÿ òîíêîé ñòðóêòóðû.Êàê ïîêàçàíî â ðàáîòàõ [7, 14℄, óðàâíåíèå ýéêî-íàëà ýëåêòðîìàãíèòíîé âîëíû, ðàñïðîñòðàíÿþùåéñÿ âîâíåøíåì ýëåêòðîìàãíèòíîì ïîëå â íåëèíåéíîé ýëåêòðî-äèíàìèêå ñ ëàãðàíæèàíîì (1), çàâèñèò îò ïîëÿðèçàöèèâîëíû è èìååò âèä�gik(1) �S�xi �S�xk �� �gnm(2) �S�xn �S�xm �= 0, (2)ãäå g(1)ik � ìåòðè÷åñêèé òåíçîð ý��åêòèâíîãî ïðîñòðàí-ñòâà-âðåìåíè äëÿ îäíîé íîðìàëüíîé âîëíû, à g(2)nm �ìåòðè÷åñêèé òåíçîð äëÿ äðóãîé íîðìàëüíîé âîëíû,èìåþùåé ê ïåðâîé âîëíå îðòîãîíàëüíóþ ïîëÿðèçàöèþ.Ýòè òåíçîðû çàâèñÿò îò ìåòðè÷åñêîãî òåíçîðà g(0)nm,îïèñûâàþùåãî ãðàâèòàöèîííîå ïîëå, è êâàäðàòè÷íîéêîìáèíàöèè òåíçîðà âíåøíåãî ýëåêòðîìàãíèòíîãî ïîëÿ:g(1)ik = g(0)ik � 4�1�FipFp��k ,g(2)nm = g(0)nm � 4�2�FnlF l��m.Îòìåòèì, ÷òî èíäåêñû ó òåíçîðà ýëåêòðîìàãíèòíîãîïîëÿ Fik â ýòèõ âûðàæåíèÿõ ïîäíèìàþòñÿ ñ ïîìîùüþìåòðè÷åñêîãî òåíçîðà g(0)ik.Òàê êàê ý��åêòû, ñâÿçàííûå ñ âîçäåéñòâèåì ãðàâè-òàöèîííîãî ïîëÿ ïóëüñàðà íà ðàñïðîñòðàíåíèå ýëåêòðî-ìàãíèòíûõ âîëí, äîñòàòî÷íî õîðîøî èçó÷åíû â íàó÷íîéëèòåðàòóðå è ïî âåëè÷èíå ìàëû, òî èõ ìîæíî ñ÷èòàòüàääèòèâíûìè äîáàâêàìè ê íåëèíåéíî-ýëåêòðîäèíàìè-÷åñêèì ý��åêòàì. Ïîýòîìó â íàñòîÿùåé ðàáîòå ìû èõðàññìàòðèâàòü íå áóäåì. Âûðàçèì ñ ó÷åòîì ýòîãî îáñòî-ÿòåëüñòâà êîìïîíåíòû ìåòðè÷åñêîãî òåíçîðà ý��åêòèâ-íîãî ïñåâäîðèìàíîâà ïðîñòðàíñòâà-âðåìåíè g(1,2)ik ÷åðåçêîìïîíåíòû ïîëåé B è E :g(1,2)00 = 1� 4��1,2E2(r, �),g(1,2)0� =�4��1,2[E(r, �)B(r, �)℄�, (3)g(1,2)�� =�Æ�� � 4��1,2nB2(r, �)Æ�� �E�E� �B�B�o.Êàê ïîêàçàíî â ìàòåìàòè÷åñêîé �èçèêå, óðàâíåíèÿýéêîíàëà (2) ìåòîäîì Ëàãðàíæà�Øàðïè ìîãóò áûòüïðåäñòàâëåíû â âèäå óðàâíåíèé ãåîäåçè÷åñêîãî äâèæå-íèÿ: dkmd� +�mpnkpkn = 0, g(1,2)nm knkm = 0, (4)ãäå � � íåêîòîðûé à��èííûé ïàðàìåòð, km == dxm/d� � âîëíîâîé ÷åòûðåõâåêòîð, à �mpn � ñèìâî-ëû Êðèñòî��åëÿ ý��åêòèâíîãî ïðîñòðàíñòâà-âðåìåíèñ ìåòðè÷åñêèì òåíçîðîì g(1)nm äëÿ íîðìàëüíûõ âîëíïåðâîãî òèïà è g(2)nm � äëÿ íîðìàëüíûõ âîëí âòîðîãîòèïà.�åøàÿ ñèñòåìó óðàâíåíèé (4), ìîæíî íàéòè ëó÷è, ïîêîòîðûì ðàñïðîñòðàíÿþòñÿ ýëåêòðîìàãíèòíûå âîëíû âîâíåøíåì ýëåêòðîìàãíèòíîì ïîëå, à òàêæå îïðåäåëèòüçàêîíû äâèæåíèÿ íîðìàëüíûõ âîëí ïî ýòèì ëó÷àì.

Â óðàâíåíèÿõ (4) óäîáíî ïåðåéòè îò äè��åðåíöè-ðîâàíèÿ ïî ïàðàìåòðó � ê äè��åðåíöèðîâàíèþ ïîêîîðäèíàòå z â ñîîòâåòñòâèè ñ ðàâåíñòâîìdd� = dx3d� ddz = k3 ddz .Â ðåçóëüòàòå ïðèõîäèì ê ñèñòåìå óðàâíåíèé:d2x0dz2 +��0mi � dx0dz �3mi� dxidz dxmdz = 0,d2xdz2 +��1mi � dxdz�3mi� dxidz dxmdz = 0, (5)d2ydz2 +��2mi � dydz�3mi� dxidz dxmdz = 0,g(1,2)nm dxndz dxmdz = 0.Ïîäñòàâëÿÿ âûðàæåíèÿ (3) â ñèñòåìó óðàâíåíèé (5),îïóñêàÿ âñå ñëàãàåìûå, îïèñûâàþùèå ãðàâèòàöèîííîåâîçäåéñòâèå è óñðåäíÿÿ óðàâíåíèÿ ïî ïåðèîäó âðàùåíèÿïóëüñàðà, äëÿ òîãî ÷òîáû èñêëþ÷èòü áûñòðîîñöèëëèðó-þùèå ÷ëåíû, ïðèâåäåì èõ ê âèäód2
tdz2 + ��1,2jmj2r12 nsin2 �h2k4r4�4r4(z� r) ++ (10r3 � 8r2z)(x2 + y2) + (3z� 5r)(x2 + y2)2�++24k2r2z(x2+y2)2+6z�2r4�8r2(x2+y2)+15(x2+y2)2�i++36z(x2 + y2)�4r2 � 5(x2 + y2)� 
os2 �o= 0, (6)d2xdz2 + ��1,2jmj2r12 nsin2 �h2k4r4x�2r3(r � z) ++ 3z2(x2 + y2)�� 4k3r5y�4r(z� r) + 5(x2 + y2)�++6k2r2x�5r2(x2 + y2)� 4(x2 + y2)2�� 24kr4yz++18x�7r2(x2 + y2)� 5(x2 + y2)2 � r4�i++12x 
os2 �h11r4 � 25r2(x2 + y2) + 15(x2 + y2)2io= 0,d2ydz2 + ��1,2jmj2r12 nsin2 �h2k4r4y�2r3(r � z) ++ 3z2(x2 + y2)�+4k3r5x�4r(z� r) + 5(x2 + y2)�++6k2r2y�5r2(x2 + y2)� 4(x2 + y2)2�+24kr4xz++18y�7r2(x2 + y2)� 5(x2 + y2)2 � r4�i++12y 
os2 �h11r4 � 25r2(x2 + y2) + 15(x2 + y2)2io= 0,ãäå r =px2 + y2 + z2.Ýòè óðàâíåíèÿ íåîáõîäèìî äîïîëíèòü íà÷àëüíûìèóñëîâèÿìè. Äëÿ ýòîãî çàäàäèì äâå òî÷êè, ÷åðåç êîòîðûåäîëæåí ïðîõîäèòü ëó÷. Â ñîîòâåòñòâèè ñ ïîñòàíîâêîéçàäà÷è áóäåì ñ÷èòàòü, ÷òî ëó÷è îáåèõ íîðìàëüíûõ âîëííà÷èíàþòñÿ â îäíîé è òîé æå òî÷êå x = x0 , y = y0 ,z=�L â ìîìåíò âðåìåíè t = t0 è ïðîõîäÿò ÷åðåç òî÷êóx = x0 , y = y0 , z= L, â êîòîðîé íàõîäèòñÿ äåòåêòîððåíòãåíîâñêîãî èëè ãàììà-èçëó÷åíèÿ.2. Èíòåãðèðîâàíèå óðàâíåíèé äëÿ ëó÷åéÈíòåãðèðóÿ óðàâíåíèÿ (6) ñ ó÷åòîì ïîñëåäíåãî èçñîîòíîøåíèé (5), ïîëó÷èì óðàâíåíèå ëó÷åé5 ÂÌÓ. Ôèçèêà. Àñòðîíîìèÿ. � 5



10 ÂÌÓ. Ñåðèÿ 3. ÔÈÇÈÊÀ. ÀÑÒ�ÎÍÎÌÈß. 2012. � 5x(z) = zC1 +C2 + ��1,2jmj2�sin2 ��k4x0� z2 � r208(z2 + r20 )2 �� 19z8r30 ar
tg� zr0�� 4z3r20qz2 + r20 ��� k3y0� 2zr20 (z2 + r20 ) + 2r30 ar
tg� zr0�+ 43q(z2 + r20 )3 �++ k2x0� 3z2 � r208(z2 + r20 )3 � 45z16r50 ar
tg� zr0�+ 1516r20 (z2 + r20 )��� ky0r50 "32 ar
tg� zr0�+ zr0(5r20 +3z2)2(z2 + r20 )2 #�
� 855zx0128r70 ar
tg� zr0�+ 57x064r20 (z2 + r20 )2 + 285x0128r40 (z2 + r20 ) ++ 3x0(5z2 � r20 )16(z2+ r20 )4 �++ x0 
os2 �� 15(7r20 +5z2)64r40 (r20 + z2)2 � 5r20 +23z28(r20 + z2)4 �� 225z64r70 ar
tg� zr0���,y(z) = zC3 +C4 + ��1,2jmj2�sin2 ��k4y0� z2 � r208(z2 + r20 )2 �� 19z8r30 ar
tg� zr0�� 4z3r20q(z2 + r20 )�++ k3x0� 2zr20 (z2 + r20 ) + 2r30 ar
tg� zr0�+ 43q(z2 + r20 )3 �++ k2y0� 3z2 � r208(z2 + r20 )3 � 45z16r50 ar
tg� zr0�+ 1516r20 (z2 + r20 )�++ kx0r50 �32 ar
tg� zr0�+ zr0(5r20 +3z2)2(z2+ r20 )2 ��� 855zy0128r70 ar
tg� zr0�+ 57y064r20 (z2 + r20 )2 + 285y0128r40 (z2 + r20 ) ++ 3y0(5z2 � r20 )16(z2 + r20 )4 �++ y0 
os2 �� 15(7r20 +5z2)64r40 (r20 + z2)2 � 5r20 +23z28r40 (r20 + z2)4 �� 225z64r70 ar
tg� zr0���è çàêîí äâèæåíèÿ ýëåêòðîìàãíèòíûõ èìïóëüñîâ ïîýòèì ëó÷àì

t(z) = ��1,2jmj2�sin2 ��k4� r20 z4(r20 + z2)2 ++ 198r0 ar
tg� zr0�� 13z8(r20+z2) + 4qr20+z2 � 2r203q(r20+z2)3 �++ k2� 15z16r20 (r20 + z2) + 5z8(r20 + z2)2 + 1516r30 ar
tg� zr0�+

+ r20 z2(r20 + z2)3 �+ 171z128r40 (r20 + z2) + 57z64r20 (r20 + z2)2 ++ 5z16(r20 + z2)3 + 9zr208(r20 + z2)4 + 171128r50 ar
tg� zr0���� 9 
os2 �� z(5r20 � z2)24(r20 + z2)4 � 5z(5r20 +3z2)192r40 (r20 + z2)2 �� 564r50 ar
tg� zr0���+ z+C5,ãäå C1, C2, C3, C4, C5 � ïîñòîÿííûå èíòåãðèðîâàíèÿ,r0 � ïðèöåëüíîå ðàññòîÿíèå ëó÷à R < r0 = qx20 + y20 ,R � ðàäèóñ ïóëüñàðà.Ïîñòîÿííûå èíòåãðèðîâàíèÿ C1, C2, C3, C4, C5 ìîæ-íî îïðåäåëèòü, ïîòðåáîâàâ, ÷òîáû ëó÷è îáåèõ íîðìàëü-íûõ âîëí íà÷èíàëèñü â îäíîé è òîé æå òî÷êå x = x0 ,y = y0 , z=�L â ìîìåíò âðåìåíè t = t0 è ïðîõîäèëè÷åðåç òî÷êó x = x0 , y = y0 , z= L, â êîòîðóþ ïîìåùåíäåòåêòîð ðåíòãåíîâñêîãî è ãàììà-èçëó÷åíèÿ.Ó÷èòûâàÿ, ÷òî ïóëüñàðû íàõîäÿòñÿ îò Çåìëè íàðàññòîÿíèÿõ ïîðÿäêà 10 êïñ, áóäåì ñ÷èòàòü, ÷òî L!1 ,è âî âñåõ âûðàæåíèÿõ îãðàíè÷èâàòüñÿ òîëüêî àñèìï-òîòè÷åñêè ãëàâíîé ÷àñòüþ. Òîãäà ïîëó÷èì ñëåäóþùèåâûðàæåíèÿ, ñïðàâåäëèâûå òîëüêî ïðè jzj � L!1 :
t(z) = 
t0 + z+ L+ ��1,2jmj2r50 �
�("19k4r408 + 15k2r2016 + 171128# sin2 �+ 4564 
os2 �)�� ��2 + ar
tg� zr0�� ,x(z) = x0 + ��1,2jmj2x0r70 �("19k4r408 + 45k2r2016 + 855128# sin2 �+ 22564 
os2 �)�

� ��L2 � z ar
tg� zr0��++ 4��1,2jmj2k4x03r20 h zL � sgn(z)i sin2 �++ ky04r50 (4k2r20 +3) ��zL � 2 ar
tg� zr0�� sin2 �,y(z) = y0 + ��1,2jmj2y0r70 �
�("19k4r408 + 45k2r2016 + 855128# sin2 �+ 22564 
os2 �)�

� ��L2 � z ar
tg� zr0��++ 4��1,2jmj2k4y03r20 h zL � sgn(z)i sin2 ��� kx04r50 (4k2r20 +3) ��zL � 2 ar
tg� zr0�� sin2 �.



ÒÅÎ�ÅÒÈ×ÅÑÊÀß È ÌÀÒÅÌÀÒÈ×ÅÑÊÀß ÔÈÇÈÊÀ 113. Âû÷èñëåíèå íåëèíåéíî-ýëåêòðîäèíàìè÷åñêèõý��åêòîâÏîëó÷åííûå ñîîòíîøåíèÿ ïîçâîëÿþò íàéòè âðåìÿíåëèíåéíî-ýëåêòðîäèíàìè÷åñêîãî çàïàçäûâàíèÿ ýëåê-òðîìàãíèòíîãî ñèãíàëà, ïåðåíîñèìîãî èç òî÷êè x == x0, y = y0, z = �L â òî÷êó x = 0, y = 0, z = L ïåðâîéíîðìàëüíîé âîëíîé, ïî ñðàâíåíèþ ñ ñèãíàëîì, ïåðåíî-ñèìûì âòîðîé íîðìàëüíîé âîëíîé:�t = t2 � t1 = ��(�2 � �1)jmj2
r50 �
�(4564 
os2 �+ "19k4r408 + 15k2r2016 + 171128# sin2 �) .Èç ýòîãî âûðàæåíèÿ ñëåäóåò, ÷òî âåëè÷èíà âðåìåíèíåëèíåéíî-ýëåêòðîäèíàìè÷åñêîãî çàïàçäûâàíèÿ �t äî-ñòèãàåò ìàêñèìàëüíîãî çíà÷åíèÿ ïðè �= �/2 è ìèíè-ìàëüíîãî ïðè �= 0.Íàéäåì òåïåðü óãëû �1,2 íåëèíåéíî-ýëåêòðîäèíàìè-÷åñêîãî èñêðèâëåíèÿ ëó÷åé íîðìàëüíûõ âîëí ïîñëå èõïðîõîæäåíèÿ ÷åðåç ýëåêòðîìàãíèòíîå ïîëå âðàùàþùå-ãîñÿ ïóëüñàðà. Äëÿ ýòîãî âû÷èñëèì êîìïîíåíòû êàñà-òåëüíûõ âåêòîðîâ ê ëó÷ó K(1) = (dr/dz)jz=�L â òî÷êåz=�L è K(2) = (dr/dz)jz=L â òî÷êå z= L :K(1)x =�K(2)x = ���1,2jmj2x02r70 �
�("19k4r408 + 45k2r2016 + 855128# sin2 �+ 22564 
os2 �) ,

K(1)y =�K(2)y = ���1,2jmj2y02r70 �
�("19k4r408 + 45k2r2016 + 855128# sin2 �+ 22564 
os2 �) ,K(1)z = K(2)z = 1.Ñîñòàâëÿÿ âåêòîðíîå ïðîèçâåäåíèå ýòèõ âåêòîðîâè îïðåäåëÿÿ èç íåãî ñèíóñ óãëà ìåæäó íèììè, íàéäåìóãëû �1,2 ìåæäó àñèìïòîòàìè ê ëó÷àì îáåèõ íîðìàëü-íûõ âîëí:sin�1,2 � �1,2 = ���1,2jmj2r60 �
�("19k4r408 + 45k2r2016 + 855128# sin2 �+ 22564 
os2 �) .

Èç ýòîãî âûðàæåíèÿ ñëåäóåò, ÷òî âåëè÷èíà óãëà �1,2íåëèíåéíî-ýëåêòðîäèíàìè÷åñêîãî èñêðèâëåíèÿ ëó÷åéíîðìàëüíûõ âîëí ïîñëå èõ ïðîõîæäåíèÿ ÷åðåç ýëåê-òðîìàãíèòíîå ïîëå âðàùàþùåãîñÿ ïóëüñàðà äîñòèãàåòìàêñèìàëüíîãî çíà÷åíèÿ ïðè �= �/2 è ìèíèìàëüíîãîïðè �= 0. Çàêëþ÷åíèåÏðîâåäåííûå ðàñ÷åòû ïîêàçàëè, ÷òî íàëè÷èå ó áûñò-ðî âðàùàþùåãîñÿ ïóëüñàðà ýëåêòðè÷åñêîãî ïîëÿ, ñðàâ-íèìîãî ñ ìàãíèòíûì ïîëåì, óâåëè÷èâàåò âåëè÷èíóâðåìåíè íåëèíåéíî-ýëåêòðîäèíàìè÷åñêîãî çàïàçäûâà-íèÿ �t ïî÷òè â 3.5 ðàçà (ïðè kr0 � 1), à âåëè÷èíóóãëà íåëèíåéíî-ýëåêòðîäèíàìè÷åñêîãî èñêðèâëåíèÿ ëó-÷åé �1,2 � ïî÷òè â 1.7 ðàçà.Ñëåäóåò îòìåòèòü, ÷òî èç-çà áîëüøîãî ðàññòîÿíèÿ îòÇåìëè äî ïóëüñàðîâ ïðîâåñòè ýêñïåðèìåíò ïî èçìåðå-íèþ óãëîâ �1,2 â íàñòîÿùåå âðåìÿ íåâîçìîæíî. Âåëè-÷èíà æå �t äîñòèãàåò çíà÷åíèÿ, êîòîðîå ïîñëå óâåëè-÷åíèÿ òî÷íîñòè ïîëÿðèçàöèîííûõ èçìåðåíèé ó ðåíò-ãåíîâñêîãî è ãàììà-èçëó÷åíèé ìîæåò áûòü èçìåðåíîâ áóäóùèõ ñïóòíèêîâûõ ýêñïåðèìåíòàõ.�àáîòà âûïîëíåíà ïðè ÷àñòè÷íîé �èíàíñîâîé ïîä-äåðæêå �ÔÔÈ (ãðàíò 12-02-31033à_ìîë).Ñïèñîê ëèòåðàòóðû1. Burke D.L., Feld R.Ñ., Horton-Smith G. et al. // Phys. Rev.Lett. 1997. 79, N 9. P. 1626.2. Denisov V.I. // Phys. Rev. D. 2000. 61, N 3. P. 036004.3. Ëîáàíîâ À.Å., Ìóðàòîâ À.�. // ÆÝÒÔ. 2003. 123. � 4.Ñ. 757.4. Êàäûøåâñêèé Â.�., �îäèîíîâ Â.Í. // ÒÌÔ. 2003. 136,� 3. Ñ. 517.5. Denisov V.I., Kriv
henkov I.V., Kravtsov N.V. // Phys.Rev. D. 2004. 69, N 6. P. 066008.6. �îäèîíîâ Â.Í. // ÆÝÒÔ. 2004. 125, � 3. Ñ. 453.7. Denisov V.I., Svertilov S.I. // Phys. Rev. D. 2005. 71, N 6.P. 063002.8. Äåíèñîâ Â.È., Äåíèñîâà È.Ï. // Äîêë. �ÀÍ. 2003. 393,� 4. Ñ. 465.9. Hessel J., Staris S., Freire I. et al. // S
ien
e. 2006. N 311.P. 1901.10. Äåíèñîâ Â.È. // ÆÝÒÔ. 1978. 74, � 2. Ñ. 401.11. Äåíèñîâ Â.È., Äåíèñîâà È.Ï. // Äîêë. �ÀÍ. 2001. 378,� 4. Ñ. 463.12. Born M., Infeld L. // Pro
. Roy. So
. 1934. A144. P. 425.13. Heisenberg W., Euler H. // Z. Phys. 1936. 26. P. 714.14. Äåíèñîâ Â.È. // ÒÌÔ. 2002. 132, � 2. Ñ. 211.
Nonlinear-ele
trodynami
 effe
ts in the ele
tromagneti
 field of the rotating pulsarM. I. Vasilyev 1,a , V.A. Sokolov 2,b1Department of Applied Mathemati
s and Information Te
hnologies, Fa
ulty of Applied Mathemati
s, Me
hani
sand Computer S
ien
e, Russian State Te
hnologi
al University, Mo
sow 121552, Russia.2Department of Quantum Theory and High-Energy Physi
s, Fa
ulty of Physi
s, M.V. Lomonosov Mos
ow StateUniversity, Mos
ow 119991, Russia.E-mail: awasiljevmi
hail�gmail.
om, b sokolov.sev�inbox.ru.Nonlinear-ele
trodynami
 effe
ts have been 
al
ulated in the field of a fast-rotating pulsar. Exa
t and asymptoti
equations of ele
trodynami
 rays and the law of these rays' motion have been derived. It has been shown that6 ÂÌÓ. Ôèçèêà. Àñòðîíîìèÿ. � 5



12 ÂÌÓ. Ñåðèÿ 3. ÔÈÇÈÊÀ. ÀÑÒ�ÎÍÎÌÈß. 2012. � 5the value of time for a nonlinear-ele
trodynami
 delay is 3.5 times greater for a fast-rotating pulsar thanfor fixed or slow-rotating pulsars, and the value of an angle for a nonlinear-ele
trodynami
 
urvature ofrays is 1.7 times greater.Keywords: pulsar, nonlinear-ele
trodynami
, eikonal fun
tion, rays.PACS: 97.60.Gb, 03.50.De, 95.30.Sf.Re
eived 23 April 2012.English version: Mos
ow University Physi
s Bulletin 5(2012).Ñâåäåíèÿ îá àâòîðàõ1. Âàñèëüåâ Ìèõàèë Èâàíîâè÷ � àññèñòåíò; e-mail: wasiljevmi
hail�gmail.
om.2. Ñîêîëîâ Âëàäèìèð Àíäðååâè÷ � êàíä. �èç.-ìàò. íàóê, ñò. ïðåïîäàâàòåëü; e-mail: sokolov.sev�inbox.ru.


