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	ÇÀÃÀËÜÍÀ ÕÀÐÀÊÒÅÐÈÑÒÈÊÀ ÐÎÁÎÒÈ



	Ïóëüñàðè - ãàëàêòè÷í³ ðàä³îäæåðåëà ç ³ìïóëüñíèì õàðàêòåðîì âèïðîì³íþâàííÿ - º îäíèì ç íàéö³êàâ³øèõ îá’ºêò³â àñòðîô³çè÷íèõ äîñë³äæåíü.  ¯õ îñíîâíîþ îñîáëèâ³ñòþ º òî÷íà ïåð³îäè÷í³ñòü ³ìïóëüñ³â. Ïåð³îäè ïóëüñàð³â íå ïåðåâèùóþòü äåê³ëüêîõ ñåêóíä ³ çàëèøàþòüñÿ ñòàá³ëüíèìè ç äóæå âèñîêîþ òî÷í³ñòþ. Ïåðøå òàêå äæåðåëî áóëî â³äêðèòî ó 1967 ð., à çàðàç â³äîìî âæå áëèçüêî 700 ïóëüñàð³â.

	Çàãàëüíîïðèéíÿòî îòîòîæíþâàòè ïóëüñàðè ³ç øâèäêî îáåðòîâèìè çàìàãí³÷åíèìè íåéòðîííèìè ç³ðêàìè. Âîíè âèíèêàþòü íà çàêëþ÷íîìó åòàï³ åâîëþö³¿ ìàñèâíèõ ç³ðîê âíàñë³äîê âèáóõó íàäíîâî¿. Âèïðîì³íþâàííÿ ïóëüñàðà çîñåðåäæåíî ó âóçüêîìó êîíóñ³ ïîáëèçó ìàãí³òíî¿ îñ³. Îáåðòàííÿ íåéòðîííî¿ ç³ðêè ïðèâîäèòü äî ïåð³îäè÷íîãî ïîâòîðåííÿ ñïîñòåðåæóâàíèõ ³ìïóëüñ³â. Ïðè öüîìó, çâè÷àéíî, ïåð³îä ïîâòîðåííÿ ³ìïóëüñ³â çá³ãàºòüñÿ ç ïåð³îäîì îáåðòàííÿ ç³ðêè.

	Ñèëüíå åëåêòðè÷íå ïîëå, ùî âèíèêàº âíàñë³äîê îáåðòàííÿ íåéòðîííî¿ ç³ðêè ³ç íàäñèëüíèì ìàãí³òíèì ïîëåì, ìîæå âèðèâàòè ç ¿¿ ïîâåðõí³ çàðÿäæåí³ ÷àñòèíêè ³ ïðèñêîðþâàòè ¿õ äî óëüòðàðåëÿòèâ³ñòñüêèõ åíåðã³é. Ðóõ öèõ ÷àñòèíîê â ìàãí³òíîìó ïîë³ ïóëüñàðà ñïðè÷èíÿº ðîçâèòîê åëåêòðîí-ïîçèòðîííîãî êàñêàäó, ÿêèé çàïîâíþº ìàãí³òîñôåðó ïëàçìîþ. Öÿ ïëàçìà òå÷å âçäîâæ ìàãí³òíèõ ñèëîâèõ ë³í³é ó âóçüê³é òðóáö³ ïîáëèçó ìàãí³òíî¿ îñ³ ³ íàïðèê³íö³ ïîêèäàº ìàãí³òîñôåðó â ôîðì³ ïóëüñàðíîãî â³òðó.

	Òàêèì ÷èíîì, ó ñèëîâ³é òðóáö³ ïîñò³éíî ãåíåðóºòüñÿ óëüòðàðåëÿòèâ³ñòñüêà åëåêòðîí-ïîçèòðîííà ïëàçìà, ÿêà º äæåðåëîì ðàä³îâèïðîì³íþâàííÿ ïóëüñàðà. Âèïðîì³íþâàííÿ óëüòðàðåëÿòèâ³ñòñüêî¿ ïëàçìè õàðàêòåðèçóºòüñÿ ñèëüíîþ íàïðàâëåí³ñòþ âïåðåä, íåçàëåæíî â³ä ìåõàí³çìó âèïðîì³íþâàííÿ, - òîìó øèðèíà ³ìïóëüñó ïóëüñàðà ïîâèííà âèçíà÷àòèñÿ ðîçõèëîì ñèëîâî¿ òðóáêè â îáëàñò³ ãåíåðàö³¿ âèïðîì³íþâàííÿ. Âóçüê³ñòü ñïîñòåðåæóâàíèõ ðàä³î³ìïóëüñ³â ñâ³ä÷èòü ïðî òå, ùî âèïðîì³íþâàííÿ âèíèêàº äîñèòü ãëèáîêî âñåðåäèí³ ñèëîâî¿ òðóáêè. Çà òåïåð³øíüîãî ÷àñó íå ³ñíóº çàãàëüíîïðèéíÿòî¿ òåîð³¿ ãåíåðàö³¿ ðàä³îâèïðîì³íþâàííÿ ïóëüñàð³â. Îäíà÷å ÿñíî, ùî ðÿä õàðàêòåðèñòèê ïóëüñàðíîãî âèïðîì³íþâàííÿ ìàº âèçíà÷àòèñü âëàñòèâîñòÿìè ìàãí³òîñôåðíî¿ ïëàçìè ÿê ñåðåäîâèùà ðîçïîâñþäæåííÿ õâèëü. Õàðàêòåðèñòèêè õâèëü, ùî âèõîäÿòü ç ìàãí³òîñôåðè, ìîæóòü ñóòòºâî çì³íþâàòèñü âíàñë³äîê ðåôðàêö³¿, åâîëþö³¿ ïîëÿðèçàö³¿, öèêëîòðîííîãî ïîãëèíàííÿ òà ðîçñ³þâàííÿ íà ÷àñòèíêàõ ïóëüñàðíî¿ ïëàçìè. Äàíà äèñåðòàö³éíà ðîáîòà ïðèñâÿ÷åíà äîñë³äæåííþ åôåêò³â ðîçïîâñþäæåííÿ âèïðîì³íþâàííÿ â ñèëîâ³é òðóáö³ ïóëüñàðà.

	Ó ðîáîò³ [1] áóëî ïîêàçàíî, ùî ðåôðàêö³ÿ õâèëü ó ïóëüñàðí³é ïëàçì³ ìîæå ñóòòºâî çì³íþâàòè ñïîñòåðåæóâàíó øèðèíó ðàä³î³ìïóëüñ³â; êð³ì òîãî, áóëî ðîçãëÿíóòî âïëèâ ðåôðàêö³¿ íà ÷àñòîòíó çàëåæí³ñòü øèðèíè ³ìïóëüñó, âèõîäÿ÷è ç çàñíîâêó, ùî âèïðîì³íþâàííÿ â øèðîêîìó ä³àïàçîí³ ÷àñòîò âèíèêàº íà ô³êñîâàí³é âèñîò³ â ñèëîâ³é òðóáö³. Îäíà÷å ³ñíóº óÿâëåííÿ, ùî ðàä³îõâèë³ âèíèêàþòü íà ÷àñòîòàõ ïîðÿäêó õàðàêòåðíî¿ ïëàçìîâî¿ ÷àñòîòè (äèâ., íàïð., [2]). Îñê³ëüêè ãóñòèíà ïëàçìè çìåíøóºòüñÿ ç â³äñòàííþ äî íåéòðîííî¿ ç³ðêè, âèïðîì³íþâàííÿ ð³çíèõ ÷àñòîò ìàº âèíèêàòè íà ð³çíèõ âèñîòàõ ó ñèëîâ³é òðóáö³. Ðîçãëÿä ÿâèùà ðåôðàêö³¿ ñòîñîâíî äî öèõ óìîâ ñòàíîâèòü ³íòåðåñ.

	Â óëüòðàðåëÿòèâ³ñòñüê³é ñèëüíî çàìàãí³÷åí³é ïëàçì³ ³ñíóþòü äâ³ ë³í³éíî ïîëÿðèçîâàí³ íîðìàëüí³ õâèëüîâ³ ìîäè, ùî ðîçïîâñþäæóþòüñÿ áåç çàãàñàííÿ. ßêùî ãóñòèíà ïëàçìè çìåíøóºòüñÿ âçäîâæ òðàºêòîð³¿, íîðìàëüí³ õâèë³ áóäóòü âèõîäèòè ó ôîðì³ âàêóóìíèõ åëåêòðîìàãí³òíèõ õâèëü. Ïîëÿðèçàö³ÿ õâèëü áóäå çì³íþâàòèñü âçäîâæ òðàºêòîð³¿, äîêè ãóñòèíà ïëàçìè íå ñòàíå äîñòàòíüî ìàëîþ (äèâ., íàïð., [3]). Çã³äíî ç îö³íêàìè, ïðîâåäåíèìè â ðîáîòàõ [4-5], ïðè ðîçïîâñþäæåíí³ õâèëü â ñèëîâ³é òðóáö³ ïóëüñàðà ¿õ ïîëÿðèçàö³ÿ ìàº ñóòòºâî çì³íþâàòèñü. Ó ðîáîò³ [4] íà ÿê³ñíîìó ð³âí³ ïîêàçàíî, ùî âèïðîì³íþâàííÿ íà âèõîä³ ç ìàãí³òîñôåðè ìàº áóòè åë³ïòè÷íî ïîëÿðèçîâàíèì. Âèíèêàº íåîáõ³äí³ñòü äåòàëüíî ðîçðàõóâàòè çì³íþâàííÿ ïîëÿðèçàö³éíèõ ïàðàìåòð³â ïðè ðîçïîâñþäæåíí³ â ìàãí³òîñôåðí³é ïëàçì³, ùîá âèÿñíèòè, ÷è ìîæå öåé åôåêò ïîÿñíèòè êîëîâó ïîëÿðèçàö³þ âèïðîì³íþâàííÿ ïóëüñàð³â, ùî ÷àñòî ñïîñòåð³ãàºòüñÿ ïîðÿä ç âèñîêîþ ë³í³éíîþ ïîëÿðèçàö³ºþ.

	ªäèíèì â³äîìèì ìåõàí³çìîì ïîãëèíàííÿ â ìàãí³òîñôåðàõ ïóëüñàð³â º ïîãëèíàííÿ öèêëîòðîííå. Åôåêòèâí³ñòü öüîãî ïðîöåñó äóæå âèñîêà [6-7], òîìó ìîæíà ñïîä³âàòèñÿ, ùî â õîä³ öèêëîòðîííîãî ïîãëèíàííÿ ÷àñòèíêè ïëàçìè íàáóâàþòü äîñòàòíüî åíåðã³¿ äëÿ òîãî, ùîá ¿õ ðóõ ó ñèñòåì³ öåíòðà îðá³òè ñòàâ ðåëÿòèâ³ñòñüêèì. Çâè÷àéíî, ó öüîìó âèïàäêó ïðîöåñ ïîãëèíàííÿ âæå íå áóäå îïèñóâàòèñü öèêëîòðîííèì ïåðåð³çîì. Ñòàíîâèòü ³íòåðåñ ðîçãëÿíóòè ðåçîíàíñíå ïîãëèíàííÿ ÷àñòèíêàìè, ùî íàáóëè ðåëÿòèâ³ñòñüêî¿ îáåðòàëüíî¿ åíåðã³¿, òà îö³íèòè éîãî åôåêòèâí³ñòü â óìîâàõ ïóëüñàð³â.

	Ñïîñòåðåæóâàíå ðàä³îâèïðîì³íþâàííÿ ïóëüñàð³â ìàº íàäçâè÷àéíî âèñîê³ ÿñêðàâ³ñí³ òåìïåðàòóðè, �EMBED Equation.3���(�EMBED Equation.3���K. Òîìó ìîæíà ñïîä³âàòèñü, ùî ³íäóêîâàíå êîìïòîí³âñüêå ðîçñ³þâàííÿ ðàä³îõâèëü íà ÷àñòèíêàõ ïóëüñàðíî¿ ïëàçìè ãðàº çíà÷íó ðîëü. Çàãàëüíà òåîð³ÿ öüîãî ïðîöåñó ñòîñîâíî ïóëüñàð³â áóëà ðîçâèòà â ðîáîòàõ [7-9]. Ó ñòàòò³ [9] âèíèêëà ñóòòºâà ðîçá³æí³ñòü ç îñíîâíèìè ð³âíÿííÿìè, îäåðæàíèìè â ðîáîòàõ [7-8]. Äëÿ óñóâàííÿ ñóïåðå÷íîñòåé íåîáõ³äíèé á³ëüø äåòàëüíèé ðîçãëÿä ïðîöåñó ³íäóêîâàíîãî ðîçñ³þâàííÿ â óìîâàõ ïóëüñàð³â.

	Òàêèì ÷èíîì, âàæëèâ³ õàðàêòåðèñòèêè õâèëü, ùî âèõîäÿòü ç ìàãí³òîñôåðè, ìàþòü âèçíà÷àòèñü ðîçïîâñþäæåííÿ ó ïëàçì³ ïóëüñàðà. Äîñë³äæåííÿ åôåêò³â ðîçïîâñþäæåííÿ ïîãëèáëþº çâ’ÿçîê òåîð³¿ ïóëüñàð³â ç ðåçóëüòàòàìè ñïîñòåðåæåíü, ó ÷îìó ³ ïîëÿãàº àêòóàëüí³ñòü äàíî¿ òåìè.

	Çâ’ÿçîê ðîáîòè ç íàóêîâèìè ïðîãðàìàìè. Ðîáîòà âèêîíàíà ó â³ää³ë³ äåêàìåòðîâî¿ ðàä³îàñòðîíîì³¿ Ðàä³îàñòðîíîì³÷íîãî ³íñòèòóòó ÍÀÍ Óêðà¿íè; ¿¿ ðåçóëüòàòè îäåðæàí³ â ðàìêàõ ôóíäàìåíòàëüíèõ äîñë³äæåíü ÍÀÍ Óêðà¿íè çà òåìàìè “Ãàëàêòèêà”, “Ïàðñåê”; âîíè òàêîæ º ñêëàäîâîþ ÷àñòèíîþ ÍÄÐ “Ïóëüñàð” ÄÊÍÒ Óêðà¿íè. ×àñòèíà ðåçóëüòàò³â äèñåðòàö³¿ îäåðæàíà  â ðàìêàõ ì³æíàðîäíîãî ïðîåêòó INTAS “The study of pulsars (neutron stars) and their applications in investigations of general relativity”.

	Ìåòîþ äàíî¿ äèñåðòàö³¿ º ç’ÿñóâàííÿ îñîáëèâîñòåé ñïîñòåðåæóâàíîãî ðàä³îâèïðîì³íþâàííÿ ïóëüñàð³â, ùî îáóìîâëåí³ åôåêòàìè ðîçïîâñþäæåííÿ â ìàãí³òîñôåð³, à òàêîæ îäåðæàííÿ îáìåæåíü íà ïàðàìåòðè ïóëüñàðíî¿ ïëàçìè. Ó çâ’ÿçêó ç öèì, çàäà÷à äîñë³äæåííÿ ïîëÿãàº ó âèâ÷åíí³ ðîçïîâñþäæåííÿ ðàä³îõâèëü â óëüòðàðåëÿòèâ³ñòñüê³é çàìàãí³÷åí³é ïëàçì³, ùî çàïîâíþº ñèëîâó òðóáêó ïóëüñàðà.

Íàóêîâà íîâèçíà îäåðæàíèõ ðåçóëüòàò³â:

âïåðøå ïîÿñíåíî ñïîñòåðåæåí³ îñîáëèâîñò³ çàëåæíîñò³ øèðèíè ³ìïóëüñó â³ä ÷àñòîòè ÿê íàñë³äîê ðåôðàêö³¿ â ìàãí³òîñôåð³, âèõîäÿ÷è ç çàñíîâêó, ùî õâèë³ âèíèêàþòü íà õàðàêòåðí³é ïëàçìîâ³é ÷àñòîò³;

âïåðøå îäåðæàí³ ð³âíÿííÿ, ùî îïèñóþòü ïåðåíîñ ïîëÿðèçàö³¿ â ïóëüñàðí³é ïëàçì³;

âïåðøå îö³íåíî ñòóï³íü êîëîâî¿ ïîëÿðèçàö³¿ âèïðîì³íþâàííÿ ïóëüñàð³â âíàñë³äîê åôåêòó ãðàíè÷íî¿ ïîëÿðèçàö³¿; ïðîàíàë³çîâàíî çì³íó ñòóïåíÿ êîëîâî¿ ïîëÿðèçàö³¿ âçäîâæ ³ìïóëüñó;

âïåðøå ðîçãëÿíóòî ñèíõðîòðîííå ïîãëèíàííÿ çà óìîâè ìàëîñò³ ï³ò÷-êóò³â ÷àñòèíîê;

âïåðøå îö³íåíî ïîòóæí³ñòü ñïîíòàííîãî ñèíõðîòðîííîãî âèñâ³òëåííÿ ÷àñòèíîê; çíàéäåíî, ùî â êîðîòêîïåð³îäè÷íèõ ïóëüñàðàõ çíà÷íà ÷àñòèíà ïîãëèíóòî¿ åíåðã³¿ ïåðåâèïðîì³íþºòüñÿ ó äàëåêèé ²×-ä³àïàçîí;

âïåðøå ðîçãëÿíóòî ³íäóêîâàíå ðîçñ³þâàííÿ ðàä³îâèïðîì³íþâàííÿ ïóëüñàð³â ï³ä âåëèêèì êóòîì äî ïåðâ³ñíîãî ïðîìåíÿ; ïîêàçàíî, ùî öåé ïðîöåñ çàâæäè äîì³íóº íàä ðîçñ³þâàííÿì óñåðåäèí³ ïðîìåíÿ;

âïåðøå ïîêàçàíî, ùî ïðîöåñ ³íäóêîâàíîãî ðîçñ³þâàííÿ ðàä³îâèïðîì³íþâàííÿ ìîæå ïðèçâîäèòè äî íèçüêî÷àñòîòíèõ çàâàë³â ó ñïåêòðàõ ïóëüñàð³â.

	Ïðàêòè÷íå çíà÷åííÿ ðîáîòè. Äîñë³äæåííÿ åôåêò³â ðîçïîâñþäæåííÿ ðàä³îõâèëü ó ìàãí³òîñôåð³ äîïîâíþº òåîð³þ ïóëüñàð³â, ïîêðàùóþ÷è ¿¿ óçãîäæåí³ñòü ³ç ñïîñòåðåæåííÿìè. Êð³ì òîãî, â ðîáîò³ íàì³÷åíî ìîæëèâ³ñòü ä³àãíîñòèêè ìàãí³òîñôåðíî¿ ïëàçìè íà îñíîâ³ ñïîñòåðåæóâàíèõ îñîáëèâîñòåé ðàä³îâèïðîì³íþâàííÿ.

Îñîáèñòèé âíåñîê çäîáóâà÷à:

îäåðæàíî ÷èñåëüíå ð³øåííÿ ñèñòåìè ð³âíÿíü Ãàì³ëüòîíà äëÿ õâèëüîâîãî ïàêåòà, ùî ðîçïîâñþäæóºòüñÿ â óëüòðàðåëÿòèâ³ñòñüê³é çàìàãí³÷åí³é ïëàçì³; ðåçóëüòàòè çàñòîñîâàíî ïðè àíàë³ç³ ñïîñòåðåæóâàíèõ íàñë³äê³â ðåôðàêö³¿ â ïóëüñàðàõ;

âèâåäåí³ ð³âíÿííÿ, ùî îïèñóþòü åâîëþö³þ ïîëÿðèçàö³¿ íîðìàëüíèõ õâèëü ïðè ðîçïîâñþäæåíí³ â ìàãí³òîñôåðí³é ïëàçì³; îö³íåíî ñòóï³íü êîëîâî¿ ïîëÿðèçàö³¿, ùî âèíèêàº âíàñë³äîê âçàºìîä³¿ íîðìàëüíèõ ìîä â îáëàñò³ ãðàíè÷íî¿ ïîëÿðèçàö³¿;

çíàéäåíî óìîâè, çà ÿêèõ ÷àñòèíêè ïëàçìè ìîæóòü íàáóâàòè ðåëÿòèâ³ñòñüêî¿ îáåðòàëüíî¿ åíåðã³¿ çàâäÿêè öèêëîòðîííîìó ïîãëèíàííþ ïàäàþ÷îãî âèïðîì³íþâàííÿ; ïîêàçàíî, ùî öå çàâæäè âèêîíóºòüñÿ â ïóëüñàðàõ;

îäåðæàíî ôîðìóëè äëÿ êîåô³ö³ºíò³â ñèíõðîòðîííîãî ïîãëèíàííÿ çâè÷àéíèõ ³ íåçâè÷àéíèõ õâèëü ÿê ìåòîäîì êîåô³ö³ºíò³â Åéíøòåéíà, òàê ³ ìåòîäîì òåîð³¿ ïëàçìè; îá÷èñëåíî ïîòóæí³ñòü ñïîíòàííîãî ñèíõðîòðîííîãî âèñâ³òëåííÿ;

ïðîâåäåíî âèâ³ä ê³íåòè÷íîãî ð³âíÿííÿ äëÿ ³íäóêîâàíîãî ðîçñ³þâàííÿ ðàä³îâèïðîì³íþâàííÿ, ùî óñóâàº ñóïåðå÷íîñò³ â ë³òåðàòóð³; ïîêàçàíî, ùî â óìîâàõ ïóëüñàð³â ðîçñ³þâàííÿ ³ç ïðîìåíÿ â ôîí çàâæäè äîì³íóº íàä ðîçñ³þâàííÿì óñåðåäèí³ ïðîìåíÿ; îö³íåíî åôåêòèâí³ñòü öüîãî ïðîöåñó.

	Àïðîáàö³ÿ ðîáîòè. Ðåçóëüòàòè äèñåðòàö³¿ äîïîâ³äàëèñü íà êîíôåðåíö³¿ “Ô³çèêà íåéòðîííèõ ç³ðîê” (Ñàíêò-Ïåòåðáóðã, 1997), à òàêîæ îáãîâîðþâàëèñü íà íàóêîâèõ ñåì³íàðàõ ó Ðàä³îàñòðîíîì³÷íîìó ³íñòèòóò³ ÍÀÍ Óêðà¿íè, ó Äåðæàâíîìó àñòðîíîì³÷íîìó ³íñòèòóò³ ³ì. Øòåðíáåðãà (Ìîñêâà), â ²íñòèòóò³ êîñì³÷íî¿ ô³çèêè (Ãàð÷èíã) òà â ²íñòèòóò³ ÿäåðíî¿ ô³çèêè (Ãåéäåëüáåðã).

	Ïóáë³êàö³¿. Îñíîâí³ ðåçóëüòàòè äèñåðòàö³¿ âèêëàäåíî ó 3 ñòàòòÿõ.

	Ñòðóêòóðà òà îá’ºì äèñåðòàö³¿. Ðîáîòà ñêëàäàºòüñÿ ç³ âñòóïó, ï’ÿòüîõ ðîçä³ë³â, âèñíîâêó, ñïèñêó âèêîðèñòàíî¿ ë³òåðàòóðè òà îäíîãî äîäàòêó. Çàãàëüíèé îá’ºì äèñåðòàö³¿ ñòàíîâèòü 138 ñòîð³íîê, ó òîìó ÷èñë³ 15 ìàëþíê³â, 169 íàçâ á³áë³îãðàô³÷íèõ äæåðåë íà 15 ñòîð³íêàõ òà äîäàòîê íà 5 ñòîð³íêàõ.



ÇÌ²ÑÒ ÐÎÁÎÒÈ



	Ó âñòóï³ â³äîáðàæåíî àêòóàëüí³ñòü òåìè äèñåðòàö³¿, ìåòó äîñë³äæåííÿ, íàóêîâó íîâèçíó ðîáîòè, ¿¿ ïðàêòè÷íó ö³íí³ñòü.

	Ó ïåðøîìó ðîçä³ë³ (îãëÿä³) íàâåäåíî çàãàëüíó õàðàêòåðèñòèêó ïóëüñàð³â ÿê îá’ºêòà äîñë³äæåííÿ. Ïåðøèé ï³äðîçä³ë ì³ñòèòü â³äîìîñò³ ïðî ñïîñòåðåæóâàí³ îñîáëèâîñò³ ðàä³îâèïðîì³íþâàííÿ ïóëüñàð³â. Ðîçãëÿíóòî ð³çíîìàí³òí³ñòü ôîðìè ñåðåäí³õ ïðîô³ë³â ðàä³î³ìïóëüñ³â òà ¿¿ ³íòåðïðåòàö³þ, à òàêîæ îñíîâí³ âëàñòèâîñò³ ñåðåäí³õ ïðîô³ëåé: ÷àñòîòíó çàëåæí³ñòü ¿õ øèðèíè, ïîëÿðèçàö³þ, ñïåêòð. Ó äðóãîìó ï³äðîçä³ë³ îñâ³òëåíî ìîäåëü ìàãí³òîñôåðè Ãîëäðàéõà - Äæóë³àíà - Ñòàððîêà. Íàâåäåíî ñòðóêòóðó ìàãí³òîñôåðè ³ ïàðàìåòðè ïóëüñàðíî¿ ïëàçìè. Òðåò³é ï³äðîçä³ë ïðèñâÿ÷åíî îãëÿäó çàïðîïîíîâàíèõ ó ë³òåðàòóð³ ìåõàí³çì³â ðàä³îâèïðîì³íþâàííÿ ïóëüñàð³â.

	Ó ÷åòâåðòîìó ï³äðîçä³ë³ çðîáëåíî âèñíîâêè. Âóçüê³ñòü òà ñòàá³ëüí³ñòü ñïîñòåðåæóâàíèõ ðàä³î³ìïóëüñ³â ñâ³ä÷àòü ïðî òå, ùî âèïðîì³íþâàííÿ âèíèêàº â ãëèáèí³ ìàãí³òîñôåðè, îòæå ðÿä õàðàêòåðèñòèê âèõ³äíèõ ðàä³îõâèëü ìàº âèçíà÷àòèñü íå ñò³ëüêè ìåõàí³çìîì ãåíåðàö³¿, ñê³ëüêè äèñïåðñ³éíèìè âëàñòèâîñòÿìè ïëàçìè. Ñë³ä çàçíà÷èòè, ùî äîñë³äæåííÿ åôåêò³â ðîçïîâñþäæåííÿ ðàä³îõâèëü â ïóëüñàðí³é ïëàçì³ ìîæå áóòè ïðîâåäåíî íà îñíîâ³ çàãàëüíèõ ïðèíöèï³â áóäîâè ìàãí³òîñôåðè ³ âîíî ïðàêòè÷íî íå çàëåæèòü â³ä ïðèéíÿòîãî ìåõàí³çìó ðàä³îâèïðîì³íþâàííÿ.

	Ó äðóãîìó ðîçä³ë³ ðîçãëÿíóòî ðåôðàêö³þ çâè÷àéíèõ íàäñâ³òëîâèõ õâèëü â óëüòðàðåëÿòèâ³ñòñüê³é ñèëüíî çàìàãí³÷åí³é ïëàçì³ ïóëüñàðà. Ïðèéìàëîñÿ, ùî ÷àñòîòà âèõ³äíèõ õâèëü ó âëàñí³é ñèñòåì³ ïëàçìè áëèçüêà äî ëîêàëüíî¿ ïëàçìîâî¿ ÷àñòîòè â îáëàñò³ ãåíåðàö³¿ (äèâ., íàïð., [2]). Î÷åâèäíî, ùî òîä³ â³äõèëåííÿ ïðîìåíÿ âíàñë³äîê ðåôðàêö³¿ â îòî÷óþ÷³é ïëàçì³ ìàº áóòè çíà÷íèì. Äëÿ ê³ëüê³ñíîãî îïèñó åâîëþö³¿ õâèëüîâîãî ïàêåòà ïðè ðîçïîâñþäæåíí³ â ñèëîâ³é òðóáö³ ïóëüñàðà áóëè âèêîðèñòàí³ ð³âíÿííÿ Ãàì³ëüòîíà. ×èñåëüí³ ð³øåííÿ, îäåðæàí³ äëÿ ð³çíîìàí³òíèõ íàáîð³â ïàðàìåòð³â, äàþòü çìîãó âèçíà÷èòè îñíîâí³ ðèñè ïîâåä³íêè õâèëü, ùî ðîçïîâñþäæóþòüñÿ â ìàãí³òîñôåðí³é ïëàçì³.

	Óçäîâæ òðàºêòîð³¿ ïðîìåíÿ ïîêàçíèê çàëîìëþâàííÿ çì³íþºòüñÿ çàâäÿêè çì³í³ ãóñòèíè ïëàçìè ³ êóòà ì³æ õâèëüîâèì âåêòîðîì òà ìàãí³òíèì ïîëåì. Ãðàä³ºíò ãóñòèíè âïîïåðåê òðóáêè â³äêðèòèõ ñèëîâèõ ë³í³é äàº âèçíà÷àëüíèé âíåñîê ó ðåôðàêö³þ. Ïðè öüîìó ïðîì³íü â³äõèëÿºòüñÿ â á³ê çìåíøåííÿ ãóñòèíè ïëàçìè. Ïëàçìîâà ãóñòèíà ìàëà ÿê çà ìåæåþ ñèëîâî¿ òðóáêè, òàê ³ ïîáëèçó ìàãí³òíî¿ îñ³. Îòæå ìîæíà ñïîä³âàòèñü, ùî âñåðåäèí³ òðóáêè ïîïåðå÷íèé ãðàä³ºíò ãóñòèíè ïðèéìàº ³ äîäàòí³, ³ â³ä’ºìí³ çíà÷åííÿ. Îñê³ëüêè ïîò³ê ïëàçìè ðîçøèðþºòüñÿ ðàçîì ³ç ñèëîâîþ òðóáêîþ, ïîïåðå÷íèé ãðàä³ºíò çìåíøóºòüñÿ ç âèñîòîþ. Òàêèì ÷èíîì, ðåôðàêö³ÿ ñóòòºâî çàëåæèòü â³ä ïîëîæåííÿ òî÷êè ãåíåðàö³¿ ïðîìåíÿ: ÷èì ìåíøà âèñîòà (òîáòî ÷èì âèùà ÷àñòîòà âèïðîì³íþâàííÿ), òèì ñèëüí³øà ðåôðàêö³ÿ. ßêùî ãóñòèíà ïëàçìè ìåíøàº â íàïðÿì³ ìàãí³òíî¿ îñ³, ïðîì³íü â³äõèëÿºòüñÿ äî îñ³. Ó ðàç³ äîñòàòíüî ñèëüíî¿ ðåôðàêö³¿ ïðîì³íü ïåðåòèíàº â³ñü ³ îïèíÿºòüñÿ â îáëàñò³ ç ïðîòèëåæíî íàïðàâëåíèì ãðàä³ºíòîì ãóñòèíè, âíàñë³äîê ÷îãî â³í ïî÷èíàº â³äõèëÿòèñü ó ïðîòèëåæíèé á³ê. Îòæå ê³íöåâå â³äõèëåííÿ ïðîìåí³â º íåìîíîòîííîþ ôóíêö³ºþ ÷àñòîòè.

	Çà óìîâè, ùî õâèë³ âèïðîì³íþþòüñÿ â ñèëîâ³é òðóáö³ íà ÷àñòîòàõ ïîðÿäêó ëîêàëüíî¿ ïëàçìîâî¿ ÷àñòîòè ³ ðîçïîâñþäæóþòüñÿ áåç ðåôðàêö³¿, øèðèíà ³ìïóëüñó ïóëüñàðà çì³íþºòüñÿ çà äîáðå â³äîìèì çàêîíîì: �EMBED Equation.3���.  Îäíà÷å ðåôðàêö³ÿ ïðîìåí³â ó ìàãí³òîñôåð³ ìàº ñóòòºâî âïëèâàòè íà ñïîñòåðåæóâàíó øèðèíó ³ìïóëüñó. ×àñòîòíà çàëåæí³ñòü øèðèíè ³ìïóëüñó ìàº â³äð³çíÿòèñü â³ä çàêîíó �EMBED Equation.3���, îñê³ëüêè ðåôðàêö³ÿ çàëåæèòü â³ä âèñîòè, íà ÿê³é âèíèêàº ïðîì³íü, òîáòî â³ä éîãî ÷àñòîòè.

	Âíàñë³äîê ðåôðàêö³¿ â ïëàçì³, ãóñòèíà ÿêî¿ ìåíøàº â íàïðÿì³ ìåæè ñèëîâî¿ òðóáêè, ïðîìåí³ â³äõèëÿþòüñÿ â³ä ìàãí³òíî¿ îñ³, çá³ëüøóþ÷è ñïîñòåðåæóâàíó øèðèíó ³ìïóëüñó, ïðè ÷îìó öå â³äõèëåííÿ òèì á³ëüøå, ÷èì âèùà ÷àñòîòà. Íà íèçüêèõ âèñîòàõ, äå ãåíåðóºòüñÿ âèïðîì³íþâàííÿ âèñîêèõ ÷àñòîò, ñèëîâà òðóáêà äîñòàòíüî âóçüêà ³ âíåñîê ðåôðàêö³¿ â øèðèíó ³ìïóëüñó º ñóòòºâèì. Íà á³ëüøèõ âèñîòàõ ñèëîâà òðóáêà ðîçøèðþºòüñÿ ³ ðåôðàêö³ÿ ñòàº ìåíø çíà÷íîþ, òîìó øèðèíà ³ìïóëüñó íà íèçüêèõ ÷àñòîòàõ â îñíîâíîìó âèçíà÷àºòüñÿ øèðèíîþ ñèëîâî¿ òðóáêè ³, â³äïîâ³äíî, ðîñòå ç äîâæèíîþ õâèë³. Òàêèì ÷èíîì, íà âèñîêèõ ÷àñòîòàõ øèðèíà ³ìïóëüñó çàëèøàºòüñÿ ìàéæå ïîñò³éíîþ, à íà íèçüêèõ ÷àñòîòàõ âîíà ðîñòå. Òàêà çàëåæí³ñòü ïîãîäæóºòüñÿ ç³ ñïîñòåðåæóâàíèìè êðèâèìè äëÿ áàãàòüîõ ïóëüñàð³â. Ïîä³áíî äî òîãî ìàº çì³íþâàòèñÿ ç ÷àñòîòîþ ³ â³äñòàíü ì³æ êîìïîíåíòàìè ïîäâ³éíèõ ïðîô³ëåé, ùî òàêîæ ïîãîäæóºòüñÿ ç³ ñïîñòåðåæåííÿìè.

	ßêùî ãóñòèíà ïëàçìè çìåíøóºòüñÿ â íàïðÿì³ ìàãí³òíî¿ îñ³, ïðîìåí³ ìàþòü â³äõèëÿòèñÿ äî îñ³. Ç³ çðîñòàííÿì ÷àñòîòè ðåôðàêö³ÿ ñòàº á³ëüø åôåêòèâíîþ ³ â³äõèëåííÿ ðîñòå; ñïîñòåðåæóâàíà øèðèíà ³ìïóëüñó çìåíøóºòüñÿ, äîêè ïðîìåí³  íå ïî÷íóòü ïåðåòèíàòè â³ñü. Ïðîìåí³, ùî ïåðåòèíàþòü â³ñü, ôîðìóþòü ïðîòèëåæíó ÷àñòèíó ïðîô³ëÿ; ÷èì ñèëüí³øå âîíè â³äõèëÿþòüñÿ, òèì á³ëüøà ñïîñòåðåæóâàíà øèðèíà ³ìïóëüñó. Îäíà÷å ïðîìåí³, ùî âèíèêëè íà ùå íèæ÷èõ âèñîòàõ, âñòèãàþòü ïî÷àòè â³äõèëåííÿ ó ïðîòèëåæíèé á³ê çàâäÿêè ïðîòèëåæíî íàïðàâëåíîìó ãðàä³ºíòó ïëàçìîâî¿ ãóñòèíè â îáëàñò³ çà ìàãí³òíîþ â³ññþ, âíàñë³äîê ÷îãî ñïîñòåðåæóâàíà øèðèíà ³ìïóëüñó çíîâ çìåíøóºòüñÿ. Òàêà ÷àñòîòíà çàëåæí³ñòü øèðèíè ³ìïóëüñó ïîãîäæóºòüñÿ ³ç êðèâèìè, ñïîñòåðåæóâàíèìè ó äåÿêèõ ïóëüñàð³â, îòæå òàê çâàíà “àáñîðáö³éíà îñîáëèâ³ñòü” (“absorption feature”) ìîæå ïîÿñíþâàòèñü ðåôðàêö³ºþ.

	Ó òðåòüîìó ðîçä³ë³ äîñë³äæóºòüñÿ ïåðåíîñ ïîëÿðèçàö³¿ íîðìàëüíèõ õâèëü â îáåðòîâ³é ìàãí³òîñôåð³. Ó ïëàçì³, ùî çàíóðåíà ó íåñê³í÷åííî ñèëüíå ìàãí³òíå ïîëå, íîðìàëüí³ õâèë³ ë³í³éíî ïîëÿðèçîâàí³. Ïîáëèçó åì³ñ³éíî¿ îáëàñò³ ìàñøòàá áèòò³â íîðìàëüíèõ ìîä íàáàãàòî ìåíøèé, í³æ õàðàêòåðíèé ìàñøòàá çì³íþâàííÿ ïàðàìåòð³â ïëàçìè, îòæå íîðìàëüí³ õâèë³ ðîçïîâñþäæóþòüñÿ íåçàëåæíî, à ¿õ ïëîùèíà ïîëÿðèçàö³¿ äîäåðæóºòüñÿ ïîâîðîòó ëîêàëüíîãî ìàãí³òíîãî ïîëÿ. Îñê³ëüêè ãóñòèíà ïëàçìè çìåíøóºòüñÿ ç âèñîòîþ â ñèëîâ³é òðóáö³, ìàñøòàá áèòò³â ðîñòå âçäîâæ òðàºêòîð³¿ õâèëü. Çðåøòîþ ãóñòèíà ïëàçìè çìåíøóºòüñÿ íàñò³ëüêè, ùî ñåðåäîâèùå á³ëüø íå âïëèâàº íà ðîçïîâñþäæåííÿ õâèëü; çâè÷àéíî, ¿õ ïîëÿðèçàö³ÿ ñòàº ïîñò³éíîþ. Òàêèì ÷èíîì, âèõ³äíà ïîëÿðèçàö³ÿ âèçíà÷àºòüñÿ ïðîöåñàìè ó òàê çâàí³é îáëàñò³ ãðàíè÷íî¿ ïîëÿðèçàö³¿, äå ìàñøòàá áèòò³â íàáëèæóºòüñÿ äî ìàñøòàáó çì³íþâàííÿ ïàðàìåòð³â ïëàçìè ³ ïîðóøóºòüñÿ íàáëèæåííÿ ãåîìåòðè÷íî¿ îïòèêè. 

	ßêùî õâèë³ âèïðîì³íþþòüñÿ ó ïëîùèí³ ñèëîâèõ ë³í³é íåîáåðòîâîãî äèïîëüíîãî ìàãí³òíîãî ïîëÿ, ïëîùèíà ïîëÿðèçàö³¿ íå çì³íþºòüñÿ âçäîâæ òðàºêòîð³¿; òîä³ íîðìàëüí³ õâèë³ ðîçïîâñþäæóþòüñÿ íåçàëåæíî, çáåð³ãàþ÷è ñâ³é ïåðâ³ñíèé ïîëÿðèçàö³éíèé ñòàí. Ïðè ðîçïîâñþäæåíí³ â îáåðòîâ³é ìàãí³òîñôåð³ õâèëüîâèé âåêòîð íàáóâàº íàõèëó äî ëîêàëüíèõ ïëîùèí ìàãí³òíèõ ñèëîâèõ ë³í³é, îòæå �EMBED Equation.3���-ïëîùèíà çì³íþºòüñÿ âçäîâæ òðàºêòîð³¿. ²íøèì íàñë³äêîì îáåðòàííÿ, ùî âåäå äî çì³íþâàííÿ �EMBED Equation.3���-ïëîùèíè, º çàêðó÷óâàííÿ ñèëîâèõ ë³í³é, àëå öåé åôåêò ìåíø çíà÷íèé. Êîëè ìàñøòàá áèòò³â äîñòàòíüî çðîñòàº, ïîëÿðèçàö³ÿ íîðìàëüíèõ õâèëü íå âñòèãàº â³äñë³äêîâóâàòè çì³íó ëîêàëüíîãî ìàãí³òíîãî ïîëÿ ³ ïî÷èíàºòüñÿ âçàºìîä³ÿ õâèëüîâèõ ìîä.

	Ïðîâåäåíî ê³ëüê³ñíèé îïèñ åâîëþö³¿ ïîëÿðèçàö³¿ íîðìàëüíèõ õâèëü â îáëàñò³ ãðàíè÷íî¿ ïîëÿðèçàö³¿, âèõîäÿ÷è ç ð³âíÿíü Ìàêñâåëëà òà ð³âíÿííÿ ðóõó ÷àñòèíîê â îáåðòîâîìó ìàãí³òíîìó ïîë³; îäåðæàí³ ð³âíÿííÿ çàñòîñîâàíî äî ìàãí³òîñôåð ïóëüñàð³â. Äëÿ ïðîñò³ñò³ áóëà ðîçãëÿíóòà âçàºìîä³ÿ íîðìàëüíèõ õâèëü âíàñë³äîê îáåðòàííÿ äèïîëüíîãî ìàãí³òíîãî ïîëÿ ó äâîõ ãðàíè÷íèõ âèïàäêàõ: �EMBED Equation.3���((�EMBED Equation.3���((( òà �EMBED Equation.3���((�EMBED Equation.3���(((, äå �EMBED Equation.3��� - ðàä³óñ ñâ³òëîâîãî öèë³íäðà, ( - ðîçõèë ïðîìåíÿ, �EMBED Equation.3��� - ðàä³óñ ãðàíè÷íî¿ ïîëÿðèçàö³¿. Âíàñë³äîê öüîãî åôåêòó âèõ³äíå âèïðîì³íþâàííÿ ìàº áóòè åë³ïòè÷íî ïîëÿðèçîâàíèì, ïðè ÷îìó çíàê êîëîâî¿ êîìïîíåíòè ìàº çàëèøàòèñÿ ïîñò³éíèì óçäîâæ ³ìïóëüñó. Çíàéäåíî, ùî ïðè �EMBED Equation.3���(((�EMBED Equation.3��� ñòóï³íü êîëîâî¿ ïîëÿðèçàö³¿ ñòàíîâèòü ê³ëüêà ïðîöåíò³â ³ çàëèøàºòüñÿ ïîñò³éíèì íà ïðîòÿç³ ³ìïóëüñó, ùî ïîãîäæóºòüñÿ ³ç ñïîñòåðåæóâàíèìè äàíèìè äëÿ áàãàòüîõ ïóëüñàð³â. Çíà÷íî á³ëüøà êîëîâà ïîëÿðèçàö³ÿ, ñïîñòåðåæóâàíà ó äåÿêèõ ïóëüñàð³â, ìîæå ïîÿñíþâàòèñÿ âçàºìîä³ºþ õâèëüîâèõ ìîä ó âèïàäêó �EMBED Equation.3���(; ïðè öüîìó ïðîô³ëü êîëîâî¿ ïîëÿðèçàö³¿ ìàº áóòè ñèìåòðè÷íèì, ç ìàêñèìóìîì ó öåíòð³.

	Ó ÷åòâåðòîìó ðîçä³ë³ âèâ÷àºòüñÿ ïðîöåñ ñèíõðîòðîííîãî ïîãëèíàííÿ; çàãàëüí³ ðåçóëüòàòè çàñòîñîâàíî äî ïóëüñàðíèõ óìîâ.

	Öèêëîòðîííå ïîãëèíàííÿ ðàä³îõâèëü ó ìàãí³òîñôåðàõ äîâãîïåð³îäè÷íèõ ïóëüñàð³â, P(1c, åôåêòèâíî çà óìîâè: ((�EMBED Equation.3���, äå ( - ôàêòîð ðîçìíîæóâàííÿ ïëàçìè, à â êîðîòêîïåð³îäè÷íèõ ïóëüñàðàõ, P(0.1ñ, öåé ïðîöåñ åôåêòèâíèé çà áóäü-ÿêèõ ðåàëüíèõ óìîâ. Ñë³ä çàçíà÷èòè, ùî ê³ëüê³ñíèé ðîçãëÿä ïîãëèíàííÿ ìîæëèâèé ëèøå ó òîìó ðàç³, êîëè ðàä³óñ öèêëîòðîííîãî ðåçîíàíñó çíàõîäèòüñÿ âñåðåäèí³ ñâ³òëîâîãî öèë³íäðà (ïóëüñàðè ç ïåð³îäàìè P(0.1ñ, à òàêîæ ðåöèêëåí³ ïóëüñàðè ç ïåð³îäàìè P(10ìñ), îñê³ëüêè óìîâè çà ñâ³òëîâèì öèë³íäðîì ïîãàíî â³äîì³.

	Îö³íêè çì³íþâàííÿ ïàðàìåòð³â ïëàçìè ó ïðîöåñ³ ðåçîíàíñíîãî ïîãëèíàííÿ, îäåðæàí³ ç çàêîí³â çáåð³ãàííÿ, ñâ³ä÷àòü ïðî òå, ùî â ñèñòåì³ öåíòðà îðá³òè îáåðòàííÿ ÷àñòèíîê ñòàº ðåëÿòèâ³ñòñüêèì çà äîñòàòíüî ñëàáêèõ óìîâ, ÿê³ çàâæäè âèêîíóþòüñÿ â ïóëüñàðàõ. Êîëè ÷àñòèíêè íàáóâàþòü ðåëÿòèâ³ñòñüêî¿ îáåðòàëüíî¿ åíåðã³¿, õàðàêòåð ïîãëèíàííÿ ìàº ñóòòåâî çì³íþâàòèñü.

	Çàãàëüíèé ðîçãëÿä ñèíõðîòðîííîãî ïîãëèíàííÿ çà óìîâîþ ìàëîñò³ ï³ò÷-êóò³â ÷àñòèíîê ïðîâåäåíî ìåòîäîì êîåô³ö³ºíò³â Åéíøòåéíà. Âèâåäåíî ôîðìóëè äëÿ êîåô³ö³ºíò³â ñèíõðîòðîííîãî ïîãëèíàííÿ çâè÷àéíèõ òà íåçâè÷àéíèõ õâèëü, íåõòóþ÷è â³äì³íí³ñòþ ¿õ ïîêàçíèêà çàëîìëþâàííÿ â³ä îäèíèö³. Öå íàáëèæåííÿ îáãðóíòîâàíå ó äîäàòêó, äå ïðîâåäåíî ðîçãëÿä ñèíõðîòðîííîãî ïîãëèíàííÿ ìåòîäàìè òåîð³¿ ïëàçìè.

	Çã³äíî ç îäåðæàíèìè ôîðìóëàìè, äîêè ï³ò÷-êóò ÷àñòèíîê ìåíøèé çà êóò, ï³ä ÿêèì ïàäàþ÷å âèïðîì³íþâàííÿ íàõèëåíî äî ìàãí³òíîãî ïîëÿ, â ëàáîðàòîðí³é ñèñòåì³ ðåçîíàíñíà ÷àñòîòà ³ êîåô³ö³ºíòè ñèíõðîòðîííîãî ïîãëèíàííÿ ñï³âïàäàþòü ³ç â³äïîâ³äíèìè öèêëîòðîííèìè âåëè÷èíàìè. Çâè÷àéíî, ó ñèñòåì³ öåíòðà îðá³òè ÿê ðåçîíàíñíà ÷àñòîòà, òàê ³ ïåðåð³ç ïîãëèíàííÿ çì³íþþòüñÿ, àëå öÿ çì³íà êîìïåíñóºòüñÿ ñïîâ³ëüíåííÿì ðóõó ñàìî¿ ñèñòåìè öåíòðà îðá³òè. Òàêèì ÷èíîì, îïòè÷íà òîâùà ùîäî ñèíõðîòðîííîãî ïîãëèíàííÿ çíà÷íà, îñîáëèâî â êîðîòêîïåð³îäè÷íèõ ïóëüñàðàõ. Ó öüîìó âèïàäêó ò³ëüêè íåîäíîð³äí³ñòü ðîçïîä³ëó ïëàçìè â îáëàñò³ ðåçîíàíñó ìîæå ïîÿñíèòè âèõ³ä âèïðîì³íþâàííÿ ç ìàãí³òîñôåðè.

	Çíàéäåíî, ùî ïîòóæí³ñòü ñèíõðîòðîííîãî âèïðîì³íþâàííÿ âíàñë³äîê ñïîíòàííî¿ ðååì³ñ³¿ ïîãëèíóòî¿ åíåðã³¿ çíà÷íî ïåðåá³ëüøóº â³äïîâ³äíó öèêëîòðîííó ïîòóæí³ñòü. Ñïîíòàííà åì³ñ³ÿ ÷àñòèíîê, ùî ìàþòü ðåëÿòèâ³ñòñüê³ îáåðòàëüí³ åíåðã³¿, ñèëüíî çàëåæèòü â³ä ïåð³îäó ïóëüñàðà: â êîðîòêîïåð³îäè÷íèõ ïóëüñàðàõ ñóòòºâà ÷àñòèíà ïîãëèíóòî¿ åíåðã³¿ ïåðåâèïðîì³íþºòüñÿ ó äàëåêèé ²×-ä³àïàçîí.

	Ó ï’ÿòîìó ðîçä³ë³ ðîçãëÿíóòî ³íäóêîâàíå ðîçñ³þâàííÿ ðàä³îâèïðîì³íþâàííÿ ó äâîõ ãðàíè÷íèõ âèïàäêàõ: ((((�EMBED Equation.3��� (ñèëüíå ìàãí³òíå ïîëå) òà ((((�EMBED Equation.3��� (ñëàáêå ïîëå), äå (( - ÷àñòîòà âèïðîì³íþâàííÿ ó âëàñí³é ñèñòåì³ ÷àñòèíîê, �EMBED Equation.3���- ã³ðî÷àñòîòà. Ñèëüíå ìàãí³òíå ïîëå çì³íþº âèä åëåêòðîííî¿ â³ääà÷³ òà ïåðåð³çó ðîçñ³þâàííÿ, îñê³ëüêè â öüîìó âèïàäêó ÷àñòèíêè ïëàçìè ðóõàþòüñÿ âçäîâæ ìàãí³òíèõ ñèëîâèõ ë³í³é. Âïëèâîì ñëàáêîãî ìàãí³òíîãî ïîëÿ íà ïðîöåñ ðîçñ³þâàííÿ ìîæíà çíåõòóâàòè. Î÷åâèäíî, ùî ãðàíèöåþ ñòîñîâíîñò³ äàíèõ íàáëèæåíü º ðàä³óñ öèêëîòðîííîãî ðåçîíàíñó, äå (((�EMBED Equation.3���. Ó á³ëüøîñò³ ïóëüñàð³â öèêëîòðîííèé ðåçîíàíñ ðàä³î÷àñòîò â³äáóâàºòüñÿ âñåðåäèí³ ñâ³òëîâîãî öèë³íäðó, îòæå ñòàíîâèòü ³íòåðåñ ðîçãëÿäàòè îáèäâà íàáëèæåííÿ. Â îáëàñò³ ðåçîíàíñó ìàº â³äáóâàòèñÿ ðåçîíàíñíå ðîçñ³þâàííÿ, àëå öèêëîòðîííå ïîãëèíàííÿ º á³ëüø ñóòòºâèì.

	Äåòàëüíî ðîçãëÿíóòî ðîçñ³þâàííÿ âóçüêîãî ôîòîííîãî ïðîìåíÿ, ùî ïåðåòèíàº ïîò³ê óëüòðàðåëÿòèâ³ñòñüêî¿ ïëàçìè (((((((, äå ( - ðîçõèë ïðîìåíÿ, ( - ëîðåíö-ôàêòîð ïëàçìè). Çâè÷àéíî, ÿêùî ïîçà ïðîìåíåì ÷èñëà çàïîâíåííÿ ôîòîí³â äîð³âíþþòü íóëþ, ³íäóêîâàíå ðîçñ³þâàííÿ ìîæå â³äáóâàòèñÿ ò³ëüêè âñåðåäèí³ ïðîìåíÿ. Òàêà çàäà÷à òðàäèö³éíî ðîçãëÿäàëàñÿ â ë³òåðàòóð³. Îäíà÷å ó ïðîñòîð³ çàâæäè º ôîíîâå âèïðîì³íþâàííÿ, ³ õî÷à éîãî ³íòåíñèâí³ñòü äóæå íèçüêà, âîíà ìîæå çðîñòàòè�EMBED Equation.3���åêñïîíåíö³àëüíî âíàñë³äîê ³íäóêîâàíîãî ðîçñ³þâàííÿ ôîòîí³â ïðîìåíÿ. Îòæå ÿêùî îïòè÷íà òîâùèíà ( ùîäî ³íäóêîâàíîãî ðîçñ³þâàííÿ â ôîí áóäå ((((, ÷èñëà çàïîâíåííÿ ôîíîâèõ ôîòîí³â ñóòòºâî çðîñòóòü, à ³íòåíñèâí³ñòü ïðîìåíÿ ñóòòºâî çìåíøèòüñÿ. Òàêèì ÷èíîì, ðîçñ³þâàííÿ ³ç ïðîìåíÿ â ôîí áóäå åôåêòèâíèì çà óìîâîþ, ùî (((((. ²ìîâ³ðí³ñòü ðîçñ³þâàííÿ íà âåëèê³ êóòè çíà÷íî á³ëüøà, í³æ íà ìàë³, îòæå â óìîâàõ ïóëüñàð³â ³íäóêîâàíå ðîçñ³þâàííÿ ôîòîí³â ïðîìåíÿ â ôîí çàâæäè äîì³íóº íàä ðîçñ³þâàííÿì óñåðåäèí³ ïðîìåíÿ; ïðè öüîìó ðîçñ³þâàííÿ âñåðåäèí³ ïðîìåíÿ íå âñòèãàº çíà÷íî âïëèâàòè íà õàðàêòåðèñòèêè âèïðîì³íþâàííÿ.

	Ç îö³íêè îïòè÷íî¿ òîâùèíè ùîäî ³íäóêîâàíîãî ðîçñ³þâàííÿ ³ç ïðîìåíÿ â ôîí ó íàáëèæåíí³ ñèëüíîãî ìàãí³òíîãî ïîëÿ âèïëèâàº, ùî öåé ïðîöåñ ìîæå áóòè åôåêòèâíèì äëÿ ÷àñòîò ((�EMBED Equation.3���Ãö. Ìîæíà ñïîä³âàòèñü, ùî â³í º ïðè÷èíîþ íèçüêî÷àñòîòíèõ çàâàë³â, ñïîñòåðåæóâàíèõ ó ñïåêòðàõ áàãàòüîõ ïóëüñàð³â. Ðîçñ³þâàííÿ, ùî â³äáóâàºòüñÿ ó âóçüê³é îáëàñò³ ïîáëèçó ìàãí³òíî¿ îñ³, ìîæå áóòè îñîáëèâî åôåêòèâíèì, ùî ïîãîäæóºòüñÿ ³ç ñïîñòåðåæóâàíèìè äàíèìè ïðî òîíêó ñòðóêòóðó ïðîô³ëÿ PSR 1919+21. ²íäóêîâàíå ðîçñ³þâàííÿ ó íàáëèæåíí³ ñëàáêîãî ìàãí³òíîãî ïîëÿ ìîæå òàêîæ áóòè ñóòòºâèì íà ÷àñòîòàõ ((�EMBED Equation.3���Ãö, àëå ðîçñ³þâàííÿ ó ñèëüíîìó ïîë³ çàâæäè äîì³íóº; îòæå âèïðîì³íþâàííÿ ðîçñ³þºòüñÿ ùå â ãëèáèí³ ìàãí³òîñôåðè ³ íå äîõîäèòü äî îáëàñò³ ñëàáêîãî ìàãí³òíîãî ïîëÿ.

	Ó âèñíîâêàõ â³äîáðàæåíî îñíîâí³ ðåçóëüòàòè äèñåðòàö³éíî¿ ðîáîòè, ÿê³ çâîäÿòüñÿ äî íàñòóïíîãî.

	1. Äîñë³äæåíî ðåôðàêö³þ çâè÷àéíèõ íàäñâ³òëîâèõ ðàä³îõâèëü, ùî ðîçïîâñþäæóþòüñÿ â óëüòðàðåëÿòèâ³ñòñüê³é çàìàãí³÷åí³é ïëàçì³ ïóëüñàð³â. Çíàéäåíî, ùî öåé åôåêò ìîæå ñóòòºâî âïëèâàòè íà ñïîñòåðåæóâàíó øèðèíó ³ìïóëüñó ïóëüñàðà. Ïîêàçàíî, ùî óðàõóâàííÿ ðåôðàêö³¿ ìîæå ïîÿñíèòè ÿê³ñíó ïîâåä³íêó ñïîñòåðåæóâàíèõ çàëåæíîñòåé øèðèíè ³ìïóëüñó â³ä ÷àñòîòè. Çîêðåìà, òàê çâàíà “àáñîðáö³éíà îñîáëèâ³ñòü” (“absorption feature”) ìîæå ïîÿñíþâàòèñü ðåôðàêö³ºþ.

	2. Ðîçãëÿíóòî ïåðåíîñ ïîëÿðèçàö³¿ â ìàãí³òîñôåð³ ïóëüñàðà. Ïîêàçàíî, ùî çàâäÿêè îáåðòàííþ ìàãí³òîñôåðè â³äáóâàºòüñÿ âçàºìîä³ÿ õâèëüîâèõ ìîä, âíàñë³äîê ÷îãî ë³í³éíî ïîëÿðèçîâàí³ õâèë³ íàáóâàþòü åë³ïòè÷íî¿ ïîëÿðèçàö³¿. Îá÷èñëåíèé ñòóï³íü êîëîâî¿ ïîëÿðèçàö³¿ âèõ³äíîãî âèïðîì³íþâàííÿ ïîãîäæóºòüñÿ ³ç ñïîñòåðåæóâàíèì äëÿ áàãàòüîõ ïóëüñàð³â.
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	Ñïîíòàííå âèñâ³òëþâàííÿ ó ñèíõðîòðîííîìó âèïàäêó º ñóòòºâèì äëÿ êîðîòêîïåð³îäè÷íèõ ïóëüñàð³â. Ïðè öüîìó çíà÷íà ÷àñòèíà ïîãëèíóòî¿ åíåðã³¿ ïåðåâèïðîì³íþºòüñÿ ó äàëåêèé ²×-ä³àïàçîí.

	4. Ðîçãëÿíóòî ³íäóêîâàíå ðîçñ³þâàííÿ ðàä³îõâèëü. Ïîêàçàíî, ùî â ïóëüñàðàõ ðîçñ³þâàííÿ ³ç ïðîìåíÿ â ôîí çàâæäè äîì³íóº íàä ðîçñ³þâàííÿì óñåðåäèí³ ïðîìåíÿ. Çíàéäåíî, ùî íà ÷àñòîòàõ (((((ÌÃö öåé ïðîöåñ åôåêòèâíèé ³ ìîæå ïðèçâîäèòè äî íèçüêî÷àñòîòíèõ çàâàë³â, ñïîñòåðåæóâàíèõ ó ñïåêòðàõ áàãàòüîõ ïóëüñàð³â.
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	Ïðîàíàë³çîâàíî âïëèâ ðåôðàêö³¿ õâèëü íà ÷àñòîòíó çàëåæí³ñòü øèðèíè ³ìïóëüñó ïóëüñàðà. Îá÷èñëåíî ñòóï³íü êîëîâî¿ ïîëÿðèçàö³¿ ïóëüñàðíîãî âèïðîì³íþâàííÿ âíàñë³äîê âçàºìîä³¿ õâèëüîâèõ ìîä â îáëàñò³ ãðàíè÷íî¿ ïîëÿðèçàö³¿. Ðîçâèòî òåîð³þ ñèíõðîòðîííîãî ïîãëèíàííÿ, îö³íåíî éîãî åôåêòèâí³ñòü â óìîâàõ ïóëüñàð³â. Óïåðøå ðîçãëÿíóòî ³íäóêîâàíå ðîçñ³þâàííÿ ðàä³îõâèëü ³ç ïðîìåíÿ â ôîí. Ïîêàçàíî. ùî öåé ïðîöåñ ìîæå ïîÿñíþâàòè íèçüêî÷àñòîòí³ çàâàëè â ñïåêòðàõ ïóëüñàð³â.
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ABSTRACT

	Petrova S.A. The propagation of radio emission in pulsar magnetospheres. - Manuscript.

	Dissertation for the scientific degree of the candidate of physical and mathematical sciences on the speciality 01.03.02 - astrophysics and radioastronomy. - The Main Astronomical Observatory of National Academy of Science of Ukraine, Kyiv, 1999.

	The thesis is devoted to the investigation of radio wave propagation in an ultrarelativistic highly magnetized pulsar plasma. Refraction, polarization evolution, synchrotron absorption and induced scattering of radio emission are considered. The observational consequences of these effects are analysed as well.

	Refraction of ordinary superluminous waves is treated on the basis of Hamilton’s equations. Obtained numerical solutions permit to outline the characteristic features of radio wave behaviour in pulsar plasma. Refraction appears to occur mainly on account of plasma density gradient across the open field line tube, the ray deviation being directed oppositely to the gradient. At large distances from the neutron star the plasma flow widens, so that transverse density gradient decreases and refraction ceases. Given that the radiation at a given frequency originates at a corresponding radius refraction should be essentially dependent on the frequency.

	In the plasma with the density decreasing towards the tube edge the rays deviate away from the magnetic axis causing the enhancement of the observed pulse width. At high frequencies refraction is found to contribute essentially to the pulse width, while at low ones the pulse width is chiefly determined by the open field line tube width. Thus at high frequencies the pulse width remains almost constant and at low ones it increases with the wavelength. Such dependence is compatible with the pulse width versus frequency curves observed for a number of pulsars.

	Provided that the plasma density increases outwards the tube the rays should deviate towards the magnetic axis. The deviation increases with the frequency and leads to the corresponding decrease of the pulse width. At least the rays begin to intersect the axis. Then they form the opposite half of the profile, the pulse width increasing with the frequency. The rays emitted at still higher frequencies have time to start deviation in the opposite direction due to oppositely directed transverse density gradient in the region beyond the magnetic axis. This results in repeat decrease of the pulse width. Such dependence of the pulse width upon the frequency agrees with the curves with the so called “absorption feature” observed for some pulsars.

	Polarization transfer of normal waves in the rotating magnetosphere is examined. The ultrarelativistic plasma embedded in a superstrong magnetic field allows two nondamping normal waves. In the emission region, they are linearly polarized. While propagating inside the magnetosphere, the waves are influenced by the plasma. The emergent polarization is known to be set up  by the wave mode coupling in the polarization-limiting region. As a result of this effect the outgoing radiation should be elliptically polarized, with the sense of the circular component being the same throughout the pulse. The quantitative description of the polarization evolution is carried out proceeding from Maxwell’s equations together with the equation of plasma particle motion in the rotating magnetosphere. It is shown that at pulsar conditions the final degree of circular polarization due to the wave mode coupling ranges from a few to dozens per cents. The polarization profiles are compatible with those observed for a number of pulsars.

	Resonance absorption of pulsar radiation by the plasma particles is studied. Cyclotron absorption is known to be significant in pulsar magnetospheres. It is found that as a result of this process the particles can readily acquire relativistic gyration energies. General theory of synchrotron absorption is developed in terms of the Einstein’s coefficient method. The absorption coefficients for ordinary and extraordinary waves are also obtained by plasma methods. As long as the energy absorbed is less than the initial plasma energy both the frequency of the absorbed radiation and the absorption coefficients remain the same as in the cyclotron case. Corresponding absorption depth appears to be high, especially in the short-period pulsars. The radio wave escape from the magnetosphere then can be explained only by the nonuniformity of plasma distribution within the open field line tube. In short-period pulsars, a significant fraction of the energy absorbed is found to be reemitted spontaneously in the far infrared band.

	The induced scattering of pulsar radio emission by the plasma particles is investigated. Kinetic equations describing the change of photon occupation numbers in the course of the scattering are deduced. It is shown that at pulsar conditions the induced scattering from the beam to a background always dominates over the scattering inside the beam. The process turns out to be intense at frequencies ( 100 MHz. It can account for the low - frequency turnovers observed in pulsar spectra.

	Key words: pulsars, radio wave propagation, ultrarelativistic highly magnetized plasma, refraction, wave mode coupling, limiting polarization, synchrotron absorption, induced scattering.
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