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Ôèçèêà, ñîçíàíèå, æèçíü è Âñåëåííàÿ

Ñóùåñòâóþùàÿ ôèçè÷åñêàÿ êàðòèíà ìèðà 
ïðèíöèïèàëüíî íåïîëíà. Äî ñèõ ïîð íå óäàëîñü 
óäîâëåòâîðèòåëüíûì îáðàçîì âïèñàòü â ðàìêè ôèçè÷åñêèõ 
ïðåäñòàâëåíèé ôåíîìåíû ïñèõèêè è ñîçíàíèÿ, à òàêæå 
ñâÿçàííûå ñ íèìè àñïåêòû æèçíè. Íî èìåííî ïñèõèêà óïðàâëÿåò 
æèâûì ôèçè÷åñêèì òåëîì. È ýòîò ïðîöåññ íå ïîëó÷èë ïîêà 
àäåêâàòíîãî ôèçè÷åñêîãî îïèñàíèÿ. Êàê ïîêàçàëî ðàçâèòèå 
êâàíòîâîé ìåõàíèêè, ñîçíàíèå  íàáëþäàòåëÿ íåóñòðàíèìî èç 
ïðîöåññà íàáëþäåíèÿ. Èíûìè ñëîâàì è, èññëåäóåìûé ìèð ñâÿçàí ñ 
êîíêðåòíûìè íàáëþäàòåëÿìè. Îòñþäà, êàê ñëåäñòâèå, 
âîçíèêàåò àíòðîïíûé ïðèíöèï, ñâÿçûâàþùèé íàëè÷èå æèçíè è 
íàáëþäàòåëåé ñ ôèçè÷åñêèìè ïàðàìåòðàìè Âñåëåííîé. 
Ðàññìîòðåíèå ôåíîìåíà çåìí îé æèçíè è ñóùåñòâîâàíèÿ 
âíåçåìíûõ ôîðì æèçíè, ãðàí èöû ìåæäó æèâûì è íåæèâûì 
òåñíî ñâÿçàíî ñ êîñìîëîãè÷åñ êèìè ïàðàìåòðàìè Êîñìîñà è 
àñòðîôèçè÷åñêèìè ïðîöåññàìè . 

Æóðíàë "Ôèçèêà ñîçíàíèÿ è æèçíè, êîñìîëîãèÿ è 
àñòðîôèçèêà" ïîñâÿùåí âûðàáîòêå íîâûõ ôèçè÷åñêèõ 
ïðåäñòàâëåíèé î ïðèðîäå ñîçíàíèÿ, ïñèõèêè, æèçíåííûõ 
ïðîöåññîâ íå òîëüêî â çåìíîì, íî  è â êîñìè÷åñêîì ìàñøòàáå. Ïîä 
ýòèì óãëîì çðåíèÿ ðàññìàòðèâàþòñÿ è íèçêîýíåðãåòè÷åñêèå 
âçàèìîäåéñòâèÿ â æèâîì âåùåñ òâå, è âëèÿíèå êîñìè÷åñêèõ 
èçëó÷åíèé è ïîëåé íà áèîñôåðó . Òåìàòèêà íàøåãî æóðíàëà 
íàïðàâëåíà â ïåðâóþ î÷åðåäü íà èíòåãðàöèþ ñïåöèàëèñòîâ èç 
ðàçíûõ îáëàñòåé çíàíèÿ ñ öå ëüþ âûðàáîòêè íîâûõ íàó÷íûõ 
ïðèíöèïîâ îïèñàíèÿ æèâ îé ìàòåðèè è ñîçíàíèÿ.  

Æóðíàë îòêðûò äëÿ íåïð åäâçÿòîãî èçëîæåíèÿ è 
îáñóæäåíèÿ íîâûõ ýêñïåðèìåíòàëüíûõ èññëåäîâàíèé è 
òåîðåòè÷åñêèõ êîíöåïöèé. Òîëüêî òàêîé èíòåãðàòèâíûé 
ïîäõîä äàñò âîçìîæíîñòü îï èñàòü ÿâëåíèÿ, êîòîðûå óæå 
îáíàðóæåíû â öåëîì ðÿäå ðàçð îçíåííûõ èññëåäîâàíèé, íî íå 
óêëàäûâàþòñÿ â ðàìêè ñóùåñòâóþùåé êîíöåïöèè 
ôóíäàìåíòàëüíûõ âçàèìîäåéñòâèé. Èíòåãðàöèÿ òàêèõ 
èññëåäîâàíèé ìîæåò è äîëæíà ïðèâåñòè ê âûðàáîòêå íîâûõ 
íàó÷íûõ ïðåäñòàâëåíèé î ïðèðîäå Ìèðà, à òàêæå î òîé ðîëè, 
êîòîðóþ âûïîëíÿåò æèçíü è ïñèõèêà â ýòîì Ìèðå. 

À. Â. Áóêàëîâ, äîêòîð ôèëîñîôèè, äèðåêòîð 
Ìåæäóíàðîäíîãî èíñòèòóòà ñîöèîíèêè,

ãëàâíûé ðåäàêòîð
 







Ôèçèêà ñîçíàíèÿ è æèçíè, êîñìîëîãèÿ è àñòðîôèçèêà 
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�I�h�d�Z�a�Z�g�h, �q�l�h �w�e�_�d�l�j�h�f�Z�]�g�b�l�g�h�_ �\�a�Z�b�f�h�^�_�c�k�l�\�b�_ �g�_ �y�\�e�y�_�l�k�y �h�k�h�[�u�f �\�b�^�h�f 
�\�a�Z�b�f�h�^�_�c�k�l�\�b�y �f�_�`�^�m �f�Z�l�_�j�b�Z�e�v�g�u�f�b �q�Z�k�l�b�p�Z�f�b. �M�j�Z�\�g�_�g�b�y �w�e�_�d�l�j�h�f�Z�]�g�b�l�g�h�]�h �i�h�e�y 
�i�h�e�m�q�_�g�u �d�Z�d �i�j�y�f�h�_ �k�e�_�^�k�l�\�b�_ �a�Z�d�h�g�h�\ �f�_�o�Z�g�b�d�b. �H�g�b �\�u�\�_�^�_�g�u �b�a �j�Z�k�k�f�h�l�j�_�g�b�y 
�d�j�b�\�h�e�b�g�_�c�g�h�]�h �^�\�b�`�_�g�b�y �d�e�Z�k�k�b�q�_�k�d�h�c �q�Z�k�l�b�p�u �i�h �b�g�_�j�p�b�b, �[�_�a �b�k�i�h�e�v�a�h�\�Z�g�b�y 
�]�b�i�h�l�_�a�u �h �k�m�s�_�k�l�\�h�\�Z�g�b�b �w�e�_�d�l�j�b�q�_�k�d�b�o �a�Z�j�y�^�h�\, �k�i�h�k�h�[�g�u�o �i�h�j�h�`�^�Z�l�v �d�m�e�h�g�h�\�k�d�h�_ 
�i�h�e�_. �I�j�b �m�d�Z�a�Z�g�g�h�f �^�\�b�`�_�g�b�b �b�g�^�m�p�b�j�m�x�l�k�y �d�Z�d �w�e�_�d�l�j�b�q�_�k�d�b�c, �l�Z�d �b �f�Z�]�g�b�l�g�u�c 
�a�Z�j�y�^�u �q�Z�k�l�b�p�u. �H�k�h�[�_�g�g�h�k�l�v �b�g�^�m�p�b�j�h�\�Z�g�g�u�o �a�Z�j�y�^�h�\ �k�h�k�l�h�b�l �\ �l�h�f, �q�l�h �h�g�b �g�_ 
�e�h�d�Z�e�b�a�h�\�Z�g�u �g�Z �q�Z�k�l�b�p�_, �i�h�j�h�`�^�Z�x�s�_�c �w�e�_�d�l�j�h�f�Z�]�g�b�l�g�h�_ �i�h�e�_, �Z «�j�Z�a�f�Z�a�Z�g�u» �\ �l�h�c 
�h�[�e�Z�k�l�b �i�j�h�k�l�j�Z�g�k�l�\�Z, �\ �d�h�l�h�j�h�c �i�j�h�b�k�o�h�^�b�l �^�\�b�`�_�g�b�_ �q�Z�k�l�b�p�u �i�h �b�g�_�j�p�b�b. �G�Z�e�b�q�b�_ 
�b�g�^�m�p�b�j�h�\�Z�g�g�h�]�h �f�Z�]�g�b�l�g�h�]�h �a�Z�j�y�^�Z �h�a�g�Z�q�Z�_�l, �q�l�h �f�Z�]�g�b�l�g�h�_ �i�h�e�_, �i�h�j�h�`�^�_�g�g�h�_ 
�^�\�b�`�m�s�_�c�k�y �q�Z�k�l�b�p�_�c, �k�h�^�_�j�`�b�l, �i�h�f�b�f�h �h�[�u�q�g�h�c �\�b�o�j�_�\�h�c �d�h�f�i�h�g�_�g�l�u, �g�_�h�[�u�q�g�m�x 
�k�d�Z�e�y�j�g�m�x (�i�h�l�_�g�p�b�Z�e�v�g�m�x) �d�h�f�i�h�g�_�g�l�m. �G�Z �k�m�s�_�k�l�\�h�\�Z�g�b�_ �k�d�Z�e�y�j�g�h�c �d�h�f�i�h�g�_�g�l�u 
�f�Z�]�g�b�l�g�h�]�h �i�h�e�y �\�i�_�j�\�u�_ �m�d�Z�a�Z�e �=. �<. �G�b�d�h�e�Z�_�\ [1-3]. �K�h�]�e�Z�k�g�h �_�]�h �j�_�a�m�e�v�l�Z�l�Z�f, �m�q�_�l 
�k�d�Z�e�y�j�g�h�c �d�h�f�i�h�g�_�g�l�u �f�Z�]�g�b�l�g�h�]�h �i�h�e�y �i�h�a�\�h�e�y�_�l �m�k�l�j�Z�g�b�l�v �f�g�h�]�b�_ �l�j�m�^�g�h�k�l�b 
�h�[�s�_�i�j�b�g�y�l�h�c �l�_�h�j�b�b �w�e�_�d�l�j�h�f�Z�]�g�b�l�g�h�]�h �i�h�e�y �b �i�h�e�m�q�b�l�v �h�[�t�y�k�g�_�g�b�_ 
�w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�o �n�Z�d�l�h�\, �d�h�l�h�j�u�_ �g�_ �m�^�Z�_�l�k�y �h�[�t�y�k�g�b�l�v, �h�k�l�Z�\�Z�y�k�v �\ �j�Z�f�d�Z�o 
�m�d�h�j�_�g�b�\�r�b�o�k�y �i�j�_�^�k�l�Z�\�e�_�g�b�c �w�e�_�d�l�j�h�^�b�g�Z�f�b�d�b. 

�D�e�x�q�_�\�u�_ �k�e�h�\�Z: �i�j�h�[�e�_�f�Z �>�b�j�Z�d�Z, �w�e�_�d�l�j�h�f�Z�]�g�b�l�g�h�_ �\�a�Z�b�f�h�^�_�c�k�l�\�b�_ �d�Z�d 
�k�e�_�^�k�l�\�b�_ �a�Z�d�h�g�h�\ �f�_�o�Z�g�b�d�b, �d�j�b�\�h�e�b�g�_�c�g�h�_ �^�\�b�`�_�g�b�_ �i�h �b�g�_�j�p�b�b, �b�g�^�m�p�b�j�h�\�Z�g�g�u�_ 
�w�e�_�d�l�j�b�q�_�k�d�b�c �b �f�Z�]�g�b�l�g�u�c �a�Z�j�y�^�u, �i�h�l�_�g�p�b�Z�e�v�g�Z�y �d�h�f�i�h�g�_�g�l�Z �f�Z�]�g�b�l�g�h�]�h �i�h�e�y. 

1. �<�\�_�^�_�g�b�_ 

�>�Z�g�g�Z�y �j�Z�[�h�l�Z �y�\�e�y�_�l�k�y �i�j�h�^�h�e�`�_�g�b�_�f �b �j�Z�a�\�b�l�b�_�f �b�k�k�e�_�^�h�\�Z�g�b�c [4], �i�h�k�\�y�s�_�g�g�u�o �j�_-
�r�_�g�b�x �i�j�h�[�e�_�f�u �>�b�j�Z�d�Z. 

�D�Z�d �\�b�^�g�h �b�a �Z�g�Z�e�b�a�Z �l�j�m�^�g�h�k�l�_�c �w�e�_�d�l�j�h�^�b�g�Z�f�b�d�b, �h�g�b �d�h�j�_�g�y�l�k�y �\ �l�h�f, �q�l�h �\ �h�[�s�_-
�i�j�b�g�y�l�h�c �n�h�j�f�m�e�b�j�h�\�d�_ �l�_�h�j�b�b �w�e�_�d�l�j�h�f�Z�]�g�b�l�g�h�]�h �i�h�e�y �b�k�i�h�e�v�a�m�_�l�k�y �n�_�g�h�f�_�g�h�e�h�]�b�q�_�k�d�b�c 
�i�h�^�o�h�^, �[�Z�a�b�j�m�x�s�b�c�k�y �g�Z �i�h�g�y�l�b�y�o, �n�b�a�b�q�_�k�d�h�_ �k�h�^�_�j�`�Z�g�b�_ �d�h�l�h�j�u�o �h�k�l�Z�_�l�k�y �^�h �k�b�o �i�h�j �g�_�b�a-
�\�_�k�l�g�u�f. �D �q�b�k�e�m �l�Z�d�b�o �i�h�g�y�l�b�c �h�l�g�h�k�y�l�k�y, �\ �q�Z�k�l�g�h�k�l�b, �w�e�_�d�l�j�b�q�_�k�d�b�c �a�Z�j�y�^, �w�e�_�d�l�j�b�q�_�k�d�h�_ �b 
�f�Z�]�g�b�l�g�h�_ �i�h�e�y. �I�j�b�g�y�l�h �k�q�b�l�Z�l�v, �q�l�h �w�e�_�d�l�j�b�q�_�k�d�b�c �a�Z�j�y�^ �y�\�e�y�_�l�k�y �]�_�g�_�j�Z�l�h�j�h�f (�b�k�l�h�q�g�b�d�h�f) 
�w�e�_�d�l�j�b�q�_�k�d�h�]�h �i�h�e�y, �g�h �g�b�d�l�h �g�_ �a�g�Z�_�l, �q�l�h �l�Z�d�h�_ �a�Z�j�y�^ �k �n�b�a�b�q�_�k�d�h�c �l�h�q�d�b �a�j�_�g�b�y, �d�Z�d �h�g �h�[-
�j�Z�a�m�_�l�k�y, �b �g�b�d�l�h �g�_ �f�h�`�_�l �m�d�Z�a�Z�l�v �l�_ �n�b�a�b�q�_�k�d�b�_ �i�j�h�p�_�k�k�u, �d�h�l�h�j�u�_ �i�j�b�\�h�^�y�l �d �]�_�g�_�j�b�j�h�\�Z-
�g�b�x �a�Z�j�y�^�h�f �w�e�_�d�l�j�b�q�_�k�d�h�]�h (�d�m�e�h�g�h�\�k�d�h�]�h) �i�h�e�y. �D�Z�d �i�h�d�Z�a�u�\�Z�_�l �h�i�u�l, �f�Z�]�g�b�l�g�h�_ �i�h�e�_ �i�h-
�j�h�`�^�Z�_�l�k�y �w�e�_�d�l�j�b�q�_�k�d�b�f �l�h�d�h�f, �l. �_. �i�h�l�h�d�h�f �w�e�_�d�l�j�b�q�_�k�d�b �a�Z�j�y�`�_�g�g�u�o �q�Z�k�l�b�p, �b�e�b �b�a�f�_�g�y�x-
�s�b�f�k�y �k�h �\�j�_�f�_�g�_�f �w�e�_�d�l�j�b�q�_�k�d�b�f �i�h�e�_�f. �B�k�l�b�g�g�h�_ �k�h�^�_�j�`�Z�g�b�_ �i�h�g�y�l�b�y �f�Z�]�g�b�l�g�h�_ �i�h�e�_ �g�_-
�\�h�a�f�h�`�g�h, �h�q�_�\�b�^�g�h, �m�y�k�g�b�l�v �\ �m�k�e�h�\�b�y�o, �d�h�]�^�Z �n�b�a�b�q�_�k�d�Z�y �i�j�b�j�h�^�Z �w�e�_�d�l�j�b�q�_�k�d�h�]�h �a�Z�j�y�^�Z �g�_-
�b�a�\�_�k�l�g�Z �b �g�_ �m�k�l�Z�g�h�\�e�_�g �n�b�a�b�q�_�k�d�b�c �f�_�o�Z�g�b�a�f �]�_�g�_�j�Z�p�b�b �a�Z�j�y�^�h�f �w�e�_�d�l�j�b�q�_�k�d�h�]�h �i�h�e�y. �I�j�b-
�r�e�h �\�j�_�f�y �j�Z�k�d�j�u�l�v �n�b�a�b�q�_�k�d�h�_ �k�h�^�_�j�`�Z�g�b�_ �h�k�g�h�\�g�u�o �i�h�g�y�l�b�c, �\ �l�_�j�f�b�g�Z�o �d�h�l�h�j�u�o �h�i�b�k�u�\�Z-
�_�l�k�y �w�e�_�d�l�j�h�f�Z�]�g�b�l�g�h�_ �\�a�Z�b�f�h�^�_�c�k�l�\�b�_, �Z �l�Z�d�`�_ �n�b�a�b�q�_�k�d�b�_ �f�_�o�Z�g�b�a�f�u �]�_�g�_�j�b�j�h�\�Z�g�b�y �w�e�_�d-
�l�j�b�q�_�k�d�h�]�h �b �f�Z�]�g�b�l�g�h�]�h �i�h�e�_�c, �[�_�a �q�_�]�h �m�k�l�j�Z�g�_�g�b�_ �k�_�j�v�_�a�g�u�o �l�j�m�^�g�h�k�l�_�c �b �^�Z�e�v�g�_�c�r�_�_ �j�Z�a-
�\�b�l�b�_ �w�e�_�d�l�j�h�^�b�g�Z�f�b�d�b �g�_ �i�j�_�^�k�l�Z�\�e�y�_�l�k�y �\�h�a�f�h�`�g�u�f.  

�< �k�l�Z�g�^�Z�j�l�g�h�c �n�h�j�f�m�e�b�j�h�\�d�_ �w�e�_�d�l�j�h�^�b�g�Z�f�b�d�b �w�e�_�d�l�j�b�q�_�k�d�b�c �a�Z�j�y�^, �w�e�_�d�l�j�b�q�_�k�d�h�_ �b 
�f�Z�]�g�b�l�g�h�_ �i�h�e�y �\�u�k�l�m�i�Z�x�l, �\ �k�m�s�g�h�k�l�b, �d�Z�d �Z�[�k�l�j�Z�d�l�g�u�_ �w�e�_�f�_�g�l�u �f�Z�l�_�f�Z�l�b�q�_�k�d�h�c �k�o�_�f�u, 
�k�e�m�`�Z�s�_�c �^�e�y �h�i�b�k�Z�g�b�y �w�e�_�d�l�j�h�f�Z�]�g�b�l�g�u�o �y�\�e�_�g�b�c, �g�h �n�b�a�b�q�_�k�d�h�_ �k�h�^�_�j�`�Z�g�b�_ �w�l�b�o �w�e�_�f�_�g�l�h�\ 
�g�_ �j�Z�k�d�j�u�\�Z�_�l�k�y.  
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�I�j�b�\�_�^�_�f �i�j�b�f�_�j �j�Z�k�k�m�`�^�_�g�b�c, �o�Z�j�Z�d�l�_�j�g�u�o �^�e�y �b�k�i�h�e�v�a�m�_�f�h�c �k�o�_�f�u. �K�h�]�e�Z�k�g�h �h�[�s�_-
�i�j�b�g�y�l�u�f �i�j�_�^�k�l�Z�\�e�_�g�b�y�f (�k�f., �g�Z�i�j. [5]), �l�h�q�_�q�g�Z�y �q�Z�k�l�b�p�Z �k �a�Z�j�y�^�h�f 0q , �g�Z�o�h�^�y�s�Z�y�k�y �\ �l�h�q�d�_ 

�k �j�Z�^�b�m�k-�\�_�d�l�h�j�h�f 0r
�G

, �i�h�j�h�`�^�Z�_�l �\ �l�h�q�d�_ �g�Z�[�e�x�^�_�g�b�y �k �j�Z�^�b�m�k-�\�_�d�l�h�j�h�f r
�G

 �w�e�_�d�l�j�b�q�_�k�d�h�_ �i�h�e�_ 
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, �k�e�m�`�b�l �b�k�l�h�q�g�b�d�h�f �w�e�_�d-

�l�j�b�q�_�k�d�h�]�h �i�h�e�y: 4E k� ´ �  � S � U
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�h�i�_�j�Z�l�h�j �g�Z�[�e�Z). �?�k�e�b �\ �l�h�q�d�m �g�Z�[�e�x�^�_�g�b�y �i�h�f�_�k�l�b�l�v �i�j�h�[-

�g�u�c �a�Z�j�y�^ 1q , �l�h �g�Z �g�_�]�h �^�_�c�k�l�\�m�_�l �k�b�e�Z 0
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��

�G �G�G
�G �G . �I�j�b �^�\�b�`�_�g�b�b �a�Z�j�y�^�Z 0q  �\ �l�h�q�d�_ 

�g�Z�[�e�x�^�_�g�b�y �\�h�a�g�b�d�Z�_�l �f�Z�]�g�b�l�g�h�_ �i�h�e�_ H
�G

, �d�h�l�h�j�h�_ �f�h�`�g�h �g�Z�c�l�b �k �i�h�f�h�s�v�x �m�j�Z�\�g�_�g�b�c �F�Z�d�k-
�\�_�e�e�Z. 

�D�Z�d �\�b�^�g�h �b�a �i�j�b�\�_�^�_�g�g�h�]�h �n�j�Z�]�f�_�g�l�Z �j�Z�k�k�m�`�^�_�g�b�c, �b�k�i�h�e�v�a�m�y �h�[�s�_�i�j�b�g�y�l�m�x �w�e�_�d�l�j�h-
�^�b�g�Z�f�b�q�_�k�d�m�x �k�o�_�f�m �\�u�q�b�k�e�_�g�b�c, �f�h�`�g�h �h�i�b�k�Z�l�v �i�h�\�_�^�_�g�b�_ �w�e�_�d�l�j�b�q�_�k�d�h�]�h �a�Z�j�y�^�Z �b �i�h�j�h�`�^�Z-
�_�f�h�]�h �b�f �w�e�_�d�l�j�h�f�Z�]�g�b�l�g�h�]�h �i�h�e�y. �G�h �w�l�h �h�i�b�k�Z�g�b�_ �b�f�_�_�l �q�b�k�l�h �n�h�j�f�Z�e�v�g�u�c, �f�Z�l�_�f�Z�l�b�q�_�k�d�b�c 
�o�Z�j�Z�d�l�_�j, �l�Z�d �d�Z�d �b�a �i�h�e�y �a�j�_�g�b�y �\�u�i�Z�^�Z�x�l �\�h�i�j�h�k�u, �d�Z�k�Z�x�s�b�_�k�y �h�[�j�Z�a�h�\�Z�g�b�y �a�Z�j�y�^�Z, �n�b�a�b�q�_-
�k�d�b�o �f�_�o�Z�g�b�a�f�h�\ �]�_�g�_�j�b�j�h�\�Z�g�b�y �a�Z�j�y�^�h�f �w�e�_�d�l�j�h�f�Z�]�g�b�l�g�h�]�h �i�h�e�y, �l. �_. «�a�Z �d�Z�^�j�h�f» �h�k�l�Z�x�l�k�y 
�\�k�_ �n�b�a�b�q�_�k�d�b�_ �i�j�h�p�_�k�k�u, �i�j�h�b�k�o�h�^�y�s�b�_ �i�j�b �^�\�b�`�_�g�b�b �b �\�a�Z�b�f�h�^�_�c�k�l�\�b�b �a�Z�j�y�^�h�\ �b �i�h�e�_�c. �I�h-
�k�d�h�e�v�d�m �a�Z�j�y�^�u �b �i�h�e�y �\�u�k�l�m�i�Z�x�l �e�b�r�v �d�Z�d �Z�[�k�l�j�Z�d�l�g�u�_ �w�e�_�f�_�g�l�u �k�o�_�f�u, �n�b�a�b�q�_�k�d�h�_ �k�h�^�_�j-
�`�Z�g�b�_ �d�h�l�h�j�u�o �g�_ �h�i�j�_�^�_�e�_�g�h, �n�b�a�b�q�_�k�d�Z�y �k�m�s�g�h�k�l�v �m�d�Z�a�Z�g�g�u�o �i�j�h�p�_�k�k�h�\ �h�k�l�Z�_�l�k�y �g�_ �\�u�y�k-
�g�_�g�g�h�c, �g�_�k�f�h�l�j�y �g�Z �k�h�\�_�j�r�_�g�k�l�\�h �b�k�i�h�e�v�a�m�_�f�u�o �f�Z�l�_�f�Z�l�b�q�_�k�d�b�o �f�_�l�h�^�h�\.  

�=�e�Z�\�g�u�c �g�_�^�h�k�l�Z�l�h�d �h�[�s�_�i�j�b�g�y�l�h�c �w�e�_�d�l�j�h�^�b�g�Z�f�b�q�_�k�d�h�c �k�o�_�f�u �k�h�k�l�h�b�l �\ �l�h�f, �q�l�h �\ 
�w�l�h�c �k�o�_�f�_ �g�_ �m�q�b�l�u�\�Z�x�l�k�y �a�Z�d�h�g�u �^�b�Z�e�_�d�l�b�d�b – �h�k�g�h�\�g�u�_ �a�Z�d�h�g�u �^�\�b�`�_�g�b�y �f�Z�l�_�j�b�b. �K�h�]�e�Z�k-
�g�h �a�Z�d�h�g�Z�f �^�b�Z�e�_�d�l�b�d�b, �e�x�[�Z�y �n�b�a�b�q�_�k�d�Z�y �j�_�Z�e�v�g�h�k�l�v �i�j�_�^�k�l�Z�\�e�y�_�l �k�h�[�h�c �k�h�k�m�s�_�k�l�\�h�\�Z�g�b�_ 
�i�j�h�l�b�\�h�i�h�e�h�`�g�h�k�l�_�c, �d�h�l�h�j�u�_, �k �h�^�g�h�c �k�l�h�j�h�g�u, �h�[�j�Z�a�m�x�l �g�_�j�Z�a�j�u�\�g�u�c �k�h�x�a, �_�^�b�g�h�_ �p�_�e�h�_, �Z 
�k �^�j�m�]�h�c – �g�_�i�j�_�j�u�\�g�h �i�j�h�l�b�\�h�k�l�h�y�l, �i�j�h�l�b�\�h�^�_�c�k�l�\�m�x�l �^�j�m�] �^�j�m�]�m. �H�q�_�\�b�^�g�h, �q�l�h �i�j�b�\�_�k�l�b 
�w�e�_�d�l�j�h�^�b�g�Z�f�b�d�m �\ �k�h�h�l�\�_�l�k�l�\�b�_ �k �a�Z�d�h�g�Z�f�b �^�b�Z�e�_�d�l�b�d�b �f�h�`�g�h �_�^�b�g�k�l�\�_�g�g�u�f �k�i�h�k�h�[�h�f: �g�_�h�[-
�o�h�^�b�f�h �h�[�h�[�s�b�l�v �b �j�Z�k�r�b�j�b�l�v �f�Z�l�_�f�Z�l�b�q�_�k�d�m�x �k�o�_�f�m �l�Z�d�b�f �h�[�j�Z�a�h�f, �q�l�h�[�u �_�_ �m�a�e�h�\�u�_ �w�e�_-
�f�_�g�l�u �b�f�_�e�b �q�_�l�d�b�c �n�b�a�b�q�_�k�d�b�c �k�f�u�k�e. �W�l�h �i�h�a�\�h�e�y�_�l �\�u�y�\�b�l�v �\ �j�Z�k�k�f�Z�l�j�b�\�Z�_�f�h�c �f�h�^�_�e�b 
�i�j�h�l�b�\�h�i�h�e�h�`�g�h�k�l�b, �k�h�h�l�\�_�l�k�l�\�m�x�s�b�_ �b�k�k�e�_�^�m�_�f�h�c �j�_�Z�e�v�g�h�k�l�b, �b �m�q�_�k�l�v �n�b�a�b�q�_�k�d�b �k�m�s�_-
�k�l�\�_�g�g�u�_ �k�\�y�a�b �f�_�`�^�m �g�b�f�b. 

�K�e�_�^�m�_�l �i�h�^�q�_�j�d�g�m�l�v, �q�l�h �h�[�s�_�i�j�b�g�y�l�Z�y �w�e�_�d�l�j�h�^�b�g�Z�f�b�d�Z �k�m�s�_�k�l�\�_�g�g�h �g�_ �i�h�e�g�Z. �W�l�h 
�k�e�_�^�m�_�l �b�a �l�h�]�h �n�Z�d�l�Z, �q�l�h �h�g�Z �^�Z�_�l �n�h�j�f�Z�e�v�g�h�_, �Z�[�k�l�j�Z�d�l�g�h�_ �h�i�b�k�Z�g�b�_ �y�\�e�_�g�b�c �b �i�j�h�p�_�k�k�h�\, �g�h 
�g�_ �k�i�h�k�h�[�g�Z �h�[�t�y�k�g�b�l�v �b�o �n�b�a�b�q�_�k�d�m�x �k�m�s�g�h�k�l�v. �H�q�_�\�b�^�g�h, �q�l�h �g�b�d�Z�d�h�_ �m�k�h�\�_�j�r�_�g�k�l�\�h�\�Z�g�b�_ 
�f�Z�l�_�f�Z�l�b�q�_�k�d�h�]�h �Z�i�i�Z�j�Z�l�Z �g�_ �f�h�`�_�l �j�_�r�b�l�v �i�j�h�[�e�_�f�m �g�_�i�h�e�g�h�l�u �b �m�k�l�j�Z�g�b�l�v �l�j�m�^�g�h�k�l�b �n�b�a�b-
�q�_�k�d�h�c �l�_�h�j�b�b, �_�k�e�b �_�_ �h�k�g�h�\�g�u�_ �b�k�o�h�^�g�u�_ �i�h�g�y�l�b�y �h�k�l�Z�x�l�k�y �\ �i�j�_�`�g�_�c �Z�[�k�l�j�Z�d�l�g�h�c, �g�_�n�b�a�b-
�q�_�k�d�h�c �n�h�j�f�_. 

�J�m�d�h�\�h�^�k�l�\�m�y�k�v �k�h�h�[�j�Z�`�_�g�b�y�f�b �>�_�d�Z�j�l�Z �h �l�h�f, �q�l�h �h�d�j�m�`�Z�x�s�b�c �g�Z�k �f�b�j �i�j�_�^�k�l�Z�\�e�y�_�l 
�k�h�[�h�c �f�Z�l�_�j�b�x, �g�Z�o�h�^�y�s�m�x�k�y �\ �k�h�k�l�h�y�g�b�b �^�\�b�`�_�g�b�y, �_�k�l�_�k�l�\�_�g�g�h �b�k�o�h�^�b�l�v �b�a �l�h�]�h, �q�l�h �h�k�g�h�\-
�g�u�_ �w�e�_�f�_�g�l�u �w�e�_�d�l�j�h�^�b�g�Z�f�b�q�_�k�d�h�c �k�o�_�f�u – �w�e�_�d�l�j�b�q�_�k�d�b�c �a�Z�j�y�^ �b �w�e�_�d�l�j�h�f�Z�]�g�b�l�g�h�_ �i�h�e�_ 
�i�h�j�h�`�^�Z�x�l�k�y �^�\�b�`�m�s�_�c�k�y �h�k�h�[�u�f �h�[�j�Z�a�h�f �f�Z�l�_�j�b�_�c. �N�m�g�^�Z�f�_�g�l�Z�e�v�g�u�f�b �^�\�b�`�_�g�b�y�f�b �f�Z�l�_-
�j�b�b, �h�l�\�_�l�k�l�\�_�g�g�u�f�b �a�Z �w�e�_�d�l�j�h�f�Z�]�g�b�l�g�h�_ �\�a�Z�b�f�h�^�_�c�k�l�\�b�_, �y�\�e�y�x�l�k�y, �h�q�_�\�b�^�g�h, �d�j�b�\�h�e�b�g�_�c-
�g�u�_ �^�\�b�`�_�g�b�y �d�e�Z�k�k�b�q�_�k�d�b�o �q�Z�k�l�b�p �i�h �b�g�_�j�p�b�b [6-8], �i�h�k�d�h�e�v�d�m �l�Z�d�b�_ �^�\�b�`�_�g�b�y �i�j�h�b�k�o�h�^�y�l �\ 
�h�l�k�m�l�k�l�\�b�_ �d�Z�d�b�o-�e�b�[�h �w�g�_�j�]�_�l�b�q�_�k�d�b�o �a�Z�l�j�Z�l. 

�< �^�Z�g�g�h�c �j�Z�[�h�l�_ �i�h�d�Z�a�Z�g�h, �q�l�h �w�e�_�d�l�j�h�f�Z�]�g�b�l�g�h�_ �\�a�Z�b�f�h�^�_�c�k�l�\�b�_ �f�Z�l�_�j�b�Z�e�v�g�u�o �q�Z�k�l�b�p 
�g�_ �y�\�e�y�_�l�k�y �h�k�h�[�u�f �\�b�^�h�f �\�a�Z�b�f�h�^�_�c�k�l�\�b�y; �h�g�h �i�j�_�^�k�l�Z�\�e�y�_�l �k�h�[�h�c �i�j�y�f�h�_ �k�e�_�^�k�l�\�b�_ �a�Z�d�h�g�h�\ 
�f�_�o�Z�g�b�d�b. �W�e�_�d�l�j�h�f�Z�]�g�b�l�g�h�_ �i�h�e�_ �i�h�j�h�`�^�Z�_�l�k�y �d�e�Z�k�k�b�q�_�k�d�h�c �l�h�q�_�q�g�h�c �q�Z�k�l�b�p�_�c, �k�h�\�_�j�r�Z�x-
�s�_�c �m�k�d�h�j�_�g�g�h�_ �^�\�b�`�_�g�b�_ �i�h �b�g�_�j�p�b�b. �<�u�\�_�^�_�g�u �m�j�Z�\�g�_�g�b�y, �m�i�j�Z�\�e�y�x�s�b�_ �i�h�\�_�^�_�g�b�_�f �w�e�_�d-
�l�j�h�f�Z�]�g�b�l�g�h�]�h �i�h�e�y, �d�h�l�h�j�u�_ �i�h �\�b�^�m �Z�g�Z�e�h�]�b�q�g�u �h�[�u�q�g�u�f �m�j�Z�\�g�_�g�b�y�f �F�Z�d�k�\�_�e�e�Z �^�e�y �w�e�_�d-
�l�j�h�f�Z�]�g�b�l�g�h�]�h �i�h�e�y, �]�_�g�_�j�b�j�m�_�f�h�]�h �w�e�_�d�l�j�b�q�_�k�d�b �a�Z�j�y�`�_�g�g�u�f�b �q�Z�k�l�b�p�Z�f�b. 

�K�h�]�e�Z�k�g�h �i�h�e�m�q�_�g�g�u�f �j�_�a�m�e�v�l�Z�l�Z�f, �i�j�b �m�k�d�h�j�_�g�g�h�f �^�\�b�`�_�g�b�b �i�h �b�g�_�j�p�b�b �d�e�Z�k�k�b�q�_�k�d�Z�y 
�q�Z�k�l�b�p�Z �i�h�j�h�`�^�Z�_�l �d�Z�d �w�e�_�d�l�j�b�q�_�k�d�b�c �a�Z�j�y�^, �l�Z�d �b �f�Z�]�g�b�l�g�u�c. �B�g�^�m�p�b�j�h�\�Z�g�g�u�_ �a�Z�j�y�^�u �q�Z�k�l�b-
�p�u �h�l�e�b�q�Z�x�l�k�y �h�l �]�b�i�h�l�_�l�b�q�_�k�d�h�]�h �w�e�_�d�l�j�b�q�_�k�d�h�]�h �a�Z�j�y�^�Z, �j�Z�k�k�f�Z�l�j�b�\�Z�_�f�h�]�h �\ �k�l�Z�g�^�Z�j�l�g�h�c 
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�w�e�_�d�l�j�h�^�b�g�Z�f�b�d�_, �l�_�f, �q�l�h �h�g�b �g�_ �e�h�d�Z�e�b�a�h�\�Z�g�u �g�Z �q�Z�k�l�b�p�_, �Z «�j�Z�a�f�Z�a�Z�g�u» �i�h �\�k�_�c �h�[�e�Z�k�l�b 
�^�\�b�`�_�g�b�y �q�Z�k�l�b�p�u. �H�g�b �i�j�_�^�k�l�Z�\�e�y�x�l �k�h�[�h�c �h�[�e�Z�d�Z �a�Z�j�y�`�_�g�g�h�c �f�Z�l�_�j�b�b, �d�h�l�h�j�u�_ �h�d�m�l�u�\�Z�x�l 
�q�Z�k�l�b�p�m, �g�_�i�j�_�j�u�\�g�h �b�a�f�_�g�y�y�k�v �\�h �\�j�_�f�_�g�b �b �\ �i�j�h�k�l�j�Z�g�k�l�\�_. 

�D�j�Z�l�d�h �b�a�e�h�`�b�f �k�h�^�_�j�`�Z�g�b�_ �i�h�k�e�_�^�m�x�s�b�o �j�Z�a�^�_�e�h�\ �j�Z�[�h�l�u. 
�< �j�Z�a�^�_�e�_ 2 �\�u�\�_�^�_�g�u �\ �h�[�s�_�f �\�b�^�_ �m�j�Z�\�g�_�g�b�y �w�e�_�d�l�j�h�f�Z�]�g�b�l�g�h�]�h �i�h�e�y, �i�h�j�h�`�^�Z�_�f�h�]�h 

�d�e�Z�k�k�b�q�_�k�d�h�c �l�h�q�_�q�g�h�c �q�Z�k�l�b�p�_�c, �^�\�b�`�m�s�_�c�k�y �m�k�d�h�j�_�g�g�h �i�h �b�g�_�j�p�b�b. �M�j�Z�\�g�_�g�b�y �i�h�e�m�q�_�g�u �k 
�i�h�f�h�s�v�x �f�_�l�h�^�Z, �b�a�e�h�`�_�g�g�h�]�h �\ �j�Z�[�h�l�_ [4]. �I�h�d�Z�a�Z�g�h, �q�l�h �i�j�b �^�\�b�`�_�g�b�b �d�e�Z�k�k�b�q�_�k�d�h�c �q�Z�k�l�b-
�p�u �i�h �d�j�b�\�h�e�b�g�_�c�g�h�c �l�j�Z�_�d�l�h�j�b�b �i�h �b�g�_�j�p�b�b �g�Z �q�Z�k�l�b�p�m �^�_�c�k�l�\�m�_�l, �i�h�f�b�f�h �i�h�e�y �k�b�e�u �b�g�_�j-
�p�b�b F

�G
, �^�h�i�h�e�g�b�l�_�e�v�g�h�_ �i�h�e�_ H

�G
, �y�\�e�y�x�s�_�_�k�y �Z�g�Z�e�h�]�h�f �h�[�u�q�g�h�]�h �f�Z�]�g�b�l�g�h�]�h �i�h�e�y. �I�h�e�y F

�G
 �b 

H
�G

 �i�j�_�^�k�l�Z�\�e�y�x�l �k�h�[�h�c �d�h�f�i�h�g�_�g�l�u �_�^�b�g�h�]�h �w�e�_�d�l�j�h�f�Z�]�g�b�l�g�h�]�h �i�h�e�y, �h�[�j�Z�a�m�_�f�h�]�h �i�j�b �m�k�d�h-
�j�_�g�g�h�f �^�\�b�`�_�g�b�b �q�Z�k�l�b�p�u �i�h �b�g�_�j�p�b�b. �K�b�k�l�_�f�Z �m�j�Z�\�g�_�g�b�c �^�e�y �i�h�e�_�c F

�G
 �b H

�G
, �Z�g�Z�e�h�]�b�q�g�Z�y 

�m�j�Z�\�g�_�g�b�y�f �F�Z�d�k�\�_�e�e�Z, �k�h�^�_�j�`�b�l �i�h�i�j�Z�\�d�b �d �b�a�f�_�g�y�x�s�b�f�k�y �k�h �\�j�_�f�_�g�_�f �w�e�_�d�l�j�b�q�_�k�d�h�f�m �b 
�f�Z�]�g�b�l�g�h�f�m �i�h�e�y�f. �M�q�_�l �w�l�b�o �i�h�i�j�Z�\�h�d �f�h�`�_�l �i�j�b�\�_�k�l�b �d �h�[�g�Z�j�m�`�_�g�b�x �n�b�a�b�q�_�k�d�b�o �w�n�n�_�d�l�h�\, 
�\�u�i�Z�\�r�b�o �b�a �i�h�e�y �a�j�_�g�b�y �w�e�_�d�l�j�h�^�b�g�Z�f�b�d�b �F�Z�d�k�\�_�e�e�Z. �D�Z�d �\�b�^�g�h �b�a �i�h�e�m�q�_�g�g�u�o �j�_�a�m�e�v�l�Z�l�h�\, 
�w�e�_�d�l�j�h�f�Z�]�g�b�l�g�h�_ �\�a�Z�b�f�h�^�_�c�k�l�\�b�_, �d�Z�d �b �]�j�Z�\�b�l�Z�p�b�y [6,8,9], �i�j�_�^�k�l�Z�\�e�y�x�l �k�h�[�h�c �i�j�h�y�\�e�_�g�b�y 
�h�k�h�[�u�o �^�\�b�`�_�g�b�c �d�e�Z�k�k�b�q�_�k�d�b�o �q�Z�k�l�b�p �i�h �b�g�_�j�p�b�b. 

�< �j�Z�a�^�_�e�_ 3, �\ �d�Z�q�_�k�l�\�_ �b�e�e�x�k�l�j�Z�p�b�b �d �h�[�s�_�c �l�_�h�j�b�b, �b�a�e�h�`�_�g�g�h�c �\ �i�j�_�^�u�^�m�s�_�f �j�Z�a�^�_-
�e�_, �j�Z�k�k�f�h�l�j�_�g�Z �i�j�h�k�l�_�c�r�Z�y �f�h�^�_�e�v �d�e�Z�k�k�b�q�_�k�d�h�c �q�Z�k�l�b�p�u, �g�Z�o�h�^�y�s�_�c�k�y �\ �^�\�m�o�^�b�i�h�e�v�g�h�f �k�h-
�k�l�h�y�g�b�b �b �^�\�b�`�m�s�_�c�k�y �i�h �b�g�_�j�p�b�b �i�h �w�e�e�b�i�l�b�q�_�k�d�h�c �l�j�Z�_�d�l�h�j�b�b. �I�h�d�Z�a�Z�g�h, �q�l�h �i�h�e�_ �k�b�e�u 
�b�g�_�j�p�b�b, �^�_�c�k�l�\�m�x�s�_�c �g�Z �q�Z�k�l�b�p�m, �k�h�^�_�j�`�b�l �d�Z�d �i�h�l�_�g�p�b�Z�e�v�g�m�x, �l�Z�d �b �\�b�o�j�_�\�m�x �k�h�k�l�Z�\�e�y�x-
�s�b�_. �G�Z�e�b�q�b�_ �i�h�l�_�g�p�b�Z�e�v�g�h�c �k�h�k�l�Z�\�e�y�x�s�_�c �i�h�e�y �k�b�e�u �b�g�_�j�p�b�b �h�a�g�Z�q�Z�_�l, �q�l�h �q�Z�k�l�b�p�Z, �^�\�b�`�m-
�s�Z�y�k�y �i�h �d�j�b�\�h�e�b�g�_�c�g�h�c �l�j�Z�_�d�l�h�j�b�b �i�h �b�g�_�j�p�b�b, �h�[�e�Z�^�Z�_�l �b�g�^�m�p�b�j�h�\�Z�g�g�u�f �w�e�_�d�l�j�b�q�_�k�d�b�f 
�a�Z�j�y�^�h�f. �B�g�^�m�p�b�j�h�\�Z�g�g�u�c �a�Z�j�y�^ �o�Z�j�Z�d�l�_�j�b�a�m�_�l�k�y �l�_�f, �q�l�h �h�g �g�_ �e�h�d�Z�e�b�a�h�\�Z�g �g�Z �i�h�j�h�`�^�Z�x�s�_�c 
�_�]�h �q�Z�k�l�b�p�_, �Z �j�Z�k�i�j�_�^�_�e�_�g �i�h �h�[�e�Z�k�l�b �i�j�h�k�l�j�Z�g�k�l�\�Z, �\ �d�h�l�h�j�h�c �i�j�h�b�k�o�h�^�b�l �^�\�b�`�_�g�b�_ �q�Z�k�l�b�p�u. 

�< �j�Z�a�^�_�e�_ 4 �i�h�e�m�q�_�g�u �b �b�k�k�e�_�^�h�\�Z�g�u �j�_�r�_�g�b�y �m�j�Z�\�g�_�g�b�c �^�e�y �w�e�_�d�l�j�h�f�Z�]�g�b�l�g�h�]�h �i�h�e�y, 
�k�h�a�^�Z�\�Z�_�f�h�]�h �d�e�Z�k�k�b�q�_�k�d�h�c �q�Z�k�l�b�p�_�c, �^�\�b�`�m�s�_�c�k�y �i�h �b�g�_�j�p�b�b �i�h �l�j�Z�_�d�l�h�j�b�b �\ �\�b�^�_ �w�e�e�b�i�k�Z. 
�K�h�]�e�Z�k�g�h �i�h�e�m�q�_�g�g�u�f �j�_�a�m�e�v�l�Z�l�Z�f, �f�Z�]�g�b�l�g�h�_ �i�h�e�_ H

�G
, �i�h�j�h�`�^�Z�_�f�h�_ �q�Z�k�l�b�p�_�c, �^�\�b�`�m�s�_�c�k�y 

�i�h �b�g�_�j�p�b�b �i�h �w�e�e�b�i�k�m, �k�h�^�_�j�`�b�l �i�h�l�_�g�p�b�Z�e�v�g�m�x �d�h�f�i�h�g�_�g�l�m, �d�h�l�h�j�Z�y �h�[�j�Z�s�Z�_�l�k�y �\ �g�m�e�v 
�l�h�e�v�d�h �i�j�b 0e �  (e�� �w�d�k�p�_�g�l�j�b�k�b�l�_�l �w�e�e�b�i�k�Z). �G�Z�e�b�q�b�_ �i�h�l�_�g�p�b�Z�e�v�g�h�c �d�h�f�i�h�g�_�g�l�u �f�Z�]�g�b�l�g�h-
�]�h �i�h�e�y �h�a�g�Z�q�Z�_�l, �q�l�h �\�h�a�g�b�d�Z�_�l �b�g�^�m�p�b�j�h�\�Z�g�g�u�c �a�Z�j�y�^ �q�Z�k�l�b�p�u. �D�Z�d �b �b�g�^�m�p�b�j�h�\�Z�g�g�u�c �w�e�_�d-
�l�j�b�q�_�k�d�b�c �a�Z�j�y�^, �f�Z�]�g�b�l�g�u�c �a�Z�j�y�^ �g�_ �e�h�d�Z�e�b�a�h�\�Z�g �g�Z �q�Z�k�l�b�p�_, �Z «�j�Z�a�f�Z�a�Z�g» �i�h �h�[�e�Z�k�l�b �^�\�b�`�_-
�g�b�y �q�Z�k�l�b�p�u. �B�g�l�_�j�_�k�g�h, �q�l�h �i�j�b 2 1e ����  �i�h�l�_�g�p�b�Z�e�v�g�Z�y �d�h�f�i�h�g�_�g�l�Z �f�Z�]�g�b�l�g�h�]�h �i�h�e�y �a�g�Z�q�b-
�l�_�e�v�g�h �i�j�_�\�u�r�Z�_�l �i�h �\�_�e�b�q�b�g�_ �\�b�o�j�_�\�m�x �d�h�f�i�h�g�_�g�l�m. �G�Z �k�m�s�_�k�l�\�h�\�Z�g�b�_ �k�d�Z�e�y�j�g�h�c �d�h�f�i�h�g�_�g-
�l�u �f�Z�]�g�b�l�g�h�]�h �i�h�e�y �\�i�_�j�\�u�_ �h�[�j�Z�l�b�e �\�g�b�f�Z�g�b�_ �=. �<. �G�b�d�h�e�Z�_�\ [1-3], �d�h�l�h�j�u�c �i�h�d�Z�a�Z�e, �q�l�h �m�q�_�l 
�k�d�Z�e�y�j�g�h�c �d�h�f�i�h�g�_�g�l�u �f�Z�]�g�b�l�g�h�]�h �i�h�e�y �i�h�a�\�h�e�y�_�l �m�k�l�j�Z�g�b�l�v �f�g�h�]�b�_ �i�j�h�l�b�\�h�j�_�q�b�y �h�[�s�_�i�j�b-
�g�y�l�h�c �n�h�j�f�m�e�b�j�h�\�d�b �w�e�_�d�l�j�h�^�b�g�Z�f�b�d�b �b �h�[�t�y�k�g�b�l�v �j�y� ̂ �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�o �n�Z�d�l�h�\, �g�_ �g�Z�o�h-
�^�b�\�r�b�o �h�[�t�y�k�g�_�g�b�y �j�Z�g�_�_. �H�l�f�_�l�b�f, �q�l�h �k�d�Z�e�y�j�g�h�_ �f�Z�]�g�b�l�g�h�_ �i�h�e�_ �h�[�e�Z�^�Z�_�l �i�h�\�u�r�_�g�g�h�c �[�b�h-
�e�h�]�b�q�_�k�d�h�c �Z�d�l�b�\�g�h�k�l�v�x, �d�h�l�h�j�Z�y �[�u�e�Z �\�i�_�j�\�u�_ �h�[�g�Z�j�m�`�_�g�Z �_�s�_ �\ 1961 �]. �;. �<. �;�h�e�h�l�h�\�u�f [10].  

�< �A�Z�d�e�x�q�_�g�b�b �n�h�j�f�m�e�b�j�m�x�l�k�y �h�k�g�h�\�g�u�_ �\�u�\�h�^�u �j�Z�[�h�l�u. 

2. �D�j�b�\�h�e�b�g�_�c�g�h�_ �^�\�b�`�_�g�b�_ �d�e�Z�k�k�b�q�_�k�d�h�c �q�Z�k�l�b�p�u �i�h �b�g�_�j�p�b�b 
�d�Z�d �b�k�l�h�q�g�b�d �w�e�_�d�l�j�h�f�Z�]�g�b�l�g�h�]�h �i�h�e�y (�h�[�s�Z�y �l�_�h�j�b�y) 

�< �i�j�_�^�u�^�m�s�_�c �j�Z�[�h�l�_ [4] �i�h�e�m�q�_�g�u �b �b�k�k�e�_�^�h�\�Z�g�u �m�j�Z�\�g�_�g�b�y �w�e�_�d�l�j�h�f�Z�]�g�b�l�g�h�]�h �i�h�e�y, 
�i�h�j�h�`�^�Z�_�f�h�]�h �d�e�Z�k�k�b�q�_�k�d�h�c �l�h�q�_�q�g�h�c �q�Z�k�l�b�p�_�c, �h�[�e�Z�^�Z�x�s�_�c �w�e�_�d�l�j�b�q�_�k�d�b�f �a�Z�j�y�^�h�f �b, �k�e�_�^�h-
�\�Z�l�_�e�v�g�h, �]�_�g�_�j�b�j�m�x�s�_�c �\ �h�d�j�m�`�Z�x�s�_�f �i�j�h�k�l�j�Z�g�k�l�\�_ �d�m�e�h�g�h�\�k�d�h�_ �i�h�e�_. �K�h�]�e�Z�k�g�h �j�_�a�m�e�v�l�Z-
�l�Z�f, �i�h�e�m�q�_�g�g�u�f �\ [4], �^�_�c�k�l�\�b�_ �i�j�h�[�g�h�]�h �a�Z�j�y�^�Z, �k�e�m�`�Z�s�_�]�h �\ �d�Z�q�_�k�l�\�_ �i�j�h�k�l�_�c�r�_�]�h �i�j�b�[�h�j�Z, 
�g�_�h�[�o�h�^�b�f�h�]�h �^�e�y �i�j�h�\�_�^�_�g�b�y �i�j�h�p�_�^�m�j�u �b�a�f�_�j�_�g�b�y �i�h�e�y, �g�Z �b�k�k�e�_�^�m�_�f�h�_ �w�e�_�d�l�j�h�f�Z�]�g�b�l�g�h�_ 
�i�h�e�_, �g�_ �y�\�e�y�_�l�k�y �f�Z�e�u�f �\�h�a�f�m�s�_�g�b�_�f. �I�j�h�[�g�u�c �a�Z�j�y�^ �g�_ �l�h�e�v�d�h �b�k�d�Z�`�Z�_�l �b�k�k�e�_�^�m�_�f�h�_ �i�h�e�_. 
�?�]�h �\�a�Z�b�f�h�^�_�c�k�l�\�b�_ �k �b�k�o�h�^�g�h�c �q�Z�k�l�b�p�_�c, �i�h�j�h�`�^�Z�x�s�_�c �d�m�e�h�g�h�\�k�d�h�_ �i�h�e�_, �^�_�e�Z�_�l �g�_�h�[�o�h�^�b-
�f�u�f �\�g�_�k�_�g�b�_ �k�m�s�_�k�l�\�_�g�g�u�o �b�a�f�_�g�_�g�b�c �\ �m�j�Z�\�g�_�g�b�y �^�\�b�`�_�g�b�y �w�e�_�d�l�j�h�f�Z�]�g�b�l�g�h�]�h �i�h�e�y. �F�h-
�^�b�n�b�p�b�j�h�\�Z�g�g�u�_ �m�j�Z�\�g�_�g�b�y �i�h�e�y �k�h�^�_�j�`�Z�l �i�h�i�j�Z�\�d�b, �i�h�y�\�e�_�g�b�_ �d�h�l�h�j�u�o �m�d�Z�a�u�\�Z�_�l �g�Z �\�h�a-
�f�h�`�g�h�k�l�v �k�m�s�_�k�l�\�h�\�Z�g�b�y �n�b�a�b�q�_�k�d�b�o �w�n�n�_�d�l�h�\, �\�u�i�Z�\�r�b�o �b�a �i�h�e�y �a�j�_�g�b�y �w�e�_�d�l�j�h�^�b�g�Z�f�b�d�b 
�F�Z�d�k�\�_�e�e�Z. 
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�<�\�b�^�m �l�h�]�h, �q�l�h �d�j�b�\�h�e�b�g�_�c�g�h�_ �^�\�b�`�_�g�b�_ �i�h �b�g�_�j�p�b�b �h�l�g�h�k�b�l�k�y �d �q�b�k�e�m �g�Z�b�[�h�e�_�_ 
�m�k�l�h�c�q�b�\�u�o �^�\�b�`�_�g�b�c �d�e�Z�k�k�b�q�_�k�d�b�o �q�Z�k�l�b�p, �i�j�_�^�k�l�Z�\�e�y�_�l �h�k�h�[�u�c �b�g�l�_�j�_�k �\�u�\�h�^ �m�j�Z�\�g�_�g�b�c 
�^�\�b�`�_�g�b�y �b �^�_�l�Z�e�v�g�h�_ �b�k�k�e�_�^�h�\�Z�g�b�_ �w�e�_�d�l�j�h�f�Z�]�g�b�l�g�h�]�h �i�h�e�y, �d�h�l�h�j�h�_ �i�h�j�h�`�^�Z�_�l�k�y �d�e�Z�k�k�b�q�_-
�k�d�h�c �q�Z�k�l�b�p�_�c, �g�Z�o�h�^�y�s�_�c�k�y �\ �k�h�k�l�h�y�g�b�b �d�j�b�\�h�e�b�g�_�c�g�h�]�h �^�\�b�`�_�g�b�y �i�h �b�g�_�j�p�b�b. �< �^�Z�g�g�h�f �j�Z�a-
�^�_�e�_ �f�u �\�u�\�_�^�_�f �m�j�Z�\�g�_�g�b�y �w�e�_�d�l�j�h�f�Z�]�g�b�l�g�h�]�h �i�h�e�y, �]�_�g�_�j�b�j�m�_�f�h�]�h �m�k�d�h�j�_�g�g�h �^�\�b�`�m�s�_�c�k�y �i�h 
�b�g�_�j�p�b�b �q�Z�k�l�b�p�_�c, �b�k�i�h�e�v�a�m�y �f�_�l�h�^, �b�a�e�h�`�_�g�g�u�c �\ �j�Z�[�h�l�_ [4]. 

�K�m�l�v �w�l�h�]�h �f�_�l�h�^�Z �k�h�k�l�h�b�l �\ �k�e�_�^�m�x�s�_�f. �D�e�Z�k�k�b�q�_�k�d�Z�y �q�Z�k�l�b�p�Z, �^�\�b�`�m�s�Z�y�k�y �i�h �l�j�Z�_�d-
�l�h�j�b�b �\ �g�_�d�h�l�h�j�h�c �b�g�_�j�p�b�Z�e�v�g�h�c �k�b�k�l�_�f�_ �h�l�k�q�_�l�Z (�B�K�H) �b �i�h�j�h�`�^�Z�x�s�Z�y �k�b�e�h�\�h�_ �i�h�e�_ (�g�Z�a�h-
�\�_�f �_�]�h �i�_�j�\�b�q�g�u�f), �h�[�e�Z�^�Z�_�l �l�_�f �k�\�h�c�k�l�\�h�f, �q�l�h �h�g�Z �i�j�b �k�\�h�_�f �^�\�b�`�_�g�b�b �k �g�_�h�[�o�h�^�b�f�h�k�l�v�x 
�]�_�g�_�j�b�j�m�_�l �^�h�i�h�e�g�b�l�_�e�v�g�h�_ (�\�l�h�j�b�q�g�h�_) �k�b�e�h�\�h�_ �i�h�e�_. �I�_�j�\�b�q�g�h�_ �b �\�l�h�j�b�q�g�h�_ �k�b�e�h�\�u�_ �i�h�e�y 
�h�[�j�Z�a�m�x�l �k�\�y�a�Z�g�g�m�x �f�_�`�^�m �k�h�[�h�c �k�b�k�l�_�f�m �i�h�e�_�c, �d�h�l�h�j�u�_ �_�k�l�_�k�l�\�_�g�g�h �b�g�l�_�j�i�j�_�l�b�j�h�\�Z�l�v �d�Z�d 
�d�h�f�i�h�g�_�g�l�u �_�^�b�g�h�]�h �w�e�_�d�l�j�h�f�Z�]�g�b�l�g�h�]�h �i�h�e�y.  

�?�k�e�b �i�_�j�\�b�q�g�h�_ �i�h�e�_ �y�\�e�y�_�l�k�y �d�m�e�h�g�h�\�k�d�b�f, �Z �l�h�q�d�Z �g�Z�[�e�x�^�_�g�b�y �j�_�a�m�e�v�l�b�j�m�x�s�_�]�h �i�h�e�y 
�g�_�i�h�^�\�b�`�g�Z, �l�h, �d�Z�d �i�h�d�Z�a�Z�g�h �\ [4], �j�_�a�m�e�v�l�b�j�m�x�s�_�_ �i�h�e�_ �h�i�b�k�u�\�Z�_�l�k�y �m�j�Z�\�g�_�g�b�y�f�b �F�Z�d�k�\�_�e-
�e�Z. �?�k�e�b �`�_ �\ �l�h�q�d�m �g�Z�[�e�x�^�_�g�b�y �i�h�e�y �\�g�_�k�l�b �i�j�h�[�g�u�c �a�Z�j�y�^, �l�h, �\�k�e�_�^�k�l�\�b�_ �_�]�h �^�\�b�`�_�g�b�y �b 
�\�a�Z�b�f�h�^�_�c�k�l�\�b�y �k �b�k�o�h�^�g�u�f �a�Z�j�y�^�h�f, �]�_�g�_�j�b�j�m�x�s�b�f �d�m�e�h�g�h�\�k�d�h�_ �i�h�e�_, �m�j�Z�\�g�_�g�b�y, �m�i�j�Z�\�e�y�x-
�s�b�_ �i�h�\�_�^�_�g�b�_�f �j�_�a�m�e�v�l�b�j�m�x�s�_�]�h �i�h�e�y, �k�m�s�_�k�l�\�_�g�g�h �b�a�f�_�g�y�x�l�k�y. 

�?�k�e�b �d�e�Z�k�k�b�q�_�k�d�Z�y �q�Z�k�l�b�p�Z �^�\�b�`�_�l�k�y �\ �B�K�H �m�k�d�h�j�_�g�g�h, �l�h �k�h�]�e�Z�k�g�h �d�b�g�_�f�Z�l�b�q�_�k�d�h�f�m 
�h�i�j�_�^�_�e�_�g�b�x �k�b�e�u, �i�j�b�g�y�l�h�f�m �\ �f�_�o�Z�g�b�d�_, �g�Z �q�Z�k�l�b�p�m �^�_�c�k�l�\�m�_�l �k�b�e�Z �b�g�_�j�p�b�b F mr� 

�G �G���� ( m– 
�f�Z�k�k�Z �q�Z�k�l�b�p�u, r

�G
- �j�Z�^�b�m�k-�\�_�d�l�h�j, �h�i�b�k�u�\�Z�x�s�b�c �i�h�e�h�`�_�g�b�_ �q�Z�k�l�b�p�u �g�Z �l�j�Z�_�d�l�h�j�b�b). �I�h�e�_ �k�b-

�e�u �b�g�_�j�p�b�b F
�G

 �y�\�e�y�_�l�k�y �j�_�Z�e�v�g�u�f �n�b�a�b�q�_�k�d�b�f �i�h�e�_�f, �\ �h�l�e�b�q�b�_ �h�l �n�b�d�l�b�\�g�h�]�h �d�m�e�h�g�h�\�k�d�h�]�h 
�i�h�e�y, �d�h�l�h�j�h�_ �\ �i�j�b�j�h�^�_ �g�_ �k�m�s�_�k�l�\�m�_�l, �g�h �r�b�j�h�d�h �b�k�i�h�e�v�a�m�_�l�k�y �i�j�b �i�j�h�\�_�^�_�g�b�b �j�Z�k�q�_�l�h�\ �n�b-
�a�b�q�_�k�d�b�o �i�j�h�p�_�k�k�h�\ �\ �w�e�_�d�l�j�h�^�b�g�Z�f�b�d�_ (�k�f. [11-13]). �< �k�b�e�m �m�k�l�Z�g�h�\�b�\�r�_�c�k�y �l�j�Z�^�b�p�b�b, �j�Z�k�q�_�l�u 
�i�j�h�\�h�^�y�l�k�y �i�h �h�[�s�_�i�j�b�g�y�l�h�c �n�_�g�h�f�_�g�h�e�h�]�b�q�_�k�d�h�c �k�o�_�f�_ �\�u�q�b�k�e�_�g�b�c, �h�k�g�h�\�u�\�Z�x�s�_�c�k�y �g�Z 
�m�j�Z�\�g�_�g�b�y�o �F�Z�d�k�\�_�e�e�Z �b �i�j�_�^�k�l�Z�\�e�_�g�b�b �h �k�m�s�_�k�l�\�h�\�Z�g�b�b �\ �i�j�b�j�h�^�_ �w�e�_�d�l�j�b�q�_�k�d�b�o �a�Z�j�y�^�h�\. 

�?�k�l�_�k�l�\�_�g�g�h �h�`�b�^�Z�l�v, �q�l�h �w�e�_�d�l�j�h�f�Z�]�g�b�l�g�h�_ �i�h�e�_, �]�_�g�_�j�b�j�m�_�f�h�_ �d�e�Z�k�k�b�q�_�k�d�h�c �q�Z�k�l�b-
�p�_�c, �^�\�b�`�m�s�_�c�k�y �m�k�d�h�j�_�g�g�h �i�h �b�g�_�j�p�b�b, �[�h�e�_�_ �Z�^�_�d�\�Z�l�g�h �i�j�b�j�h�^�_ [13], �q�_�f �i�h�e�_, �i�h�j�h�`�^�Z�_�f�h�_ 
�a�Z�j�y�`�_�g�g�u�f�b �q�Z�k�l�b�p�Z�f�b, �d�h�l�h�j�u�_ �i�h�^�q�b�g�y�x�l�k�y �a�Z�d�h�g�m �D�m�e�h�g�Z. �I�h�w�l�h�f�m �i�h�b�k�d �m�j�Z�\�g�_�g�b�c, 
�m�i�j�Z�\�e�y�x�s�b�o �i�h�\�_�^�_�g�b�_�f �w�e�_�d�l�j�h�f�Z�]�g�b�l�g�h�]�h �i�h�e�y, �g�Z �h�k�g�h�\�_ �d�h�g�p�_�i�p�b�b �d�j�b�\�h�e�b�g�_�c�g�h�c �b�g�_�j-
�p�b�b �d�e�Z�k�k�b�q�_�k�d�b�o �q�Z�k�l�b�p, �a�Z�k�e�m�`�b�\�Z�_�l �h�k�h�[�h�]�h �\�g�b�f�Z�g�b�y. 

�J�Z�k�k�f�h�l�j�b�f �d�e�Z�k�k�b�q�_�k�d�m�x �l�h�q�_�q�g�m�x �q�Z�k�l�b�p�m �f�Z�k�k�h�c m, �^�\�b�`�m�s�m�x�k�y �i�h �b�g�_�j�p�b�b �i�h 
�d�j�b�\�h�e�b�g�_�c�g�h�c �l�j�Z�_�d�l�h�j�b�b �\ �B�K�H; �i�h�e�h�`�_�g�b�_ �q�Z�k�l�b�p�u �g�Z �l�j�Z�_�d�l�h�j�b�b �\ �f�h�f�_�g�l �\�j�_�f�_�g�b t  �h�i�b-
�k�u�\�Z�_�l�k�y �j�Z�^�b�m�k-�\�_�d�l�h�j�h�f r

�G
, ( )r r t� 

� G � G
. �M�q�b�l�u�\�Z�y, �q�l�h �g�Z �q�Z�k�l�b�p�m �^�_�c�k�l�\�m�_�l �k�b�e�Z �b�g�_�j�p�b�b 

/ , ,F dp dt p mv v r�  �  �  
�G � G � G � G � G � G��, �m�k�e�h�\�b�_ �m�d�Z�a�Z�g�g�h�]�h �^�\�b�`�_�g�b�y �f�h�`�g�h �a�Z�i�b�k�Z�l�v �\ �\�b�^�_: 

( ) 0.dA Fdr vd mv�  �  �  
�G� G � G � G

  (1) 
�M�k�e�h�\�b�_ (1), �d�h�l�h�j�h�_ �^�h�e�`�g�h �b�f�_�l�v �f�_�k�l�h �i�j�b �^�\�b�`�_�g�b�b �q�Z�k�l�b�p�u �g�Z �d�Z�`�^�h�f �m�q�Z�k�l�d�_ dr

�G
 �l�j�Z�_�d-

�l�h�j�b�b, �\�u�i�h�e�g�y�_�l�k�y, �_�k�e�b 0| |mv p const�  �  
�G

. �H�l�k�x�^�Z �f�Z�k�k�Z �q�Z�k�l�b�p�u �k�h�k�l�Z�\�e�y�_�l: 0 /m p v� . �K�e�_-
�^�h�\�Z�l�_�e�v�g�h, �k�b�e�m �b�g�_�j�p�b�b �f�h�`�g�h �i�j�_�^�k�l�Z�\�b�l�v �\ �\�b�^�_: 

0 , / .v v

d
F p e e v v

dt
�  �  � G � G

�G � G � G � G
  (2) 

�<�u�q�b�k�e�b�f �^�b�\�_�j�]�_�g�p�b�x �\�_�d�l�h�j�Z �k�b�e�u �b�g�_�j�p�b�b ( r� ´ �  � �́G
�G �G

): 

0( / )v F
F p de dt� ´ �  � ´ � • � U�G�G

� G � G � G�G
.  (3) 

�<�_�e�b�q�b�g�Z 
F

�U�G �i�j�_�^�k�l�Z�\�e�y�_�l �k�h�[�h�c �b�k�l�h�q�g�b�d �i�h�e�y �k�b�e�u �b�g�_�j�p�b�b, �^�_�c�k�l�\�m�x�s�_�c �g�Z �q�Z�k�l�b�p�m. �>�e�y 

�m�i�j�h�s�_�g�b�y �a�Z�i�b�k�b �\�\�_�^�_�f �h�[�h�a�g�Z�q�_�g�b�y: 

0/ , /v F A
de dt A p�  � U �  � U� G � G�G

�G�G
.  (4) 

�L�h�]�^�Z �i�j�_�^�u�^�m�s�_�_ �j�Z�\�_�g�k�l�\�h �i�j�b�f�_�l �\�b�:̂ 
.

A
A� ´ �  � U�G
�G�G

  (5) 

�K�q�b�l�Z�y, �q�l�h �n�m�g�d�p�b�b 
A

�U�G �b A
�G

 �a�Z�\�b�k�y�l �l�h�e�v�d�h �h�l r
�G

, ( )r r t� 
�G �G

, �g�Z�c�^�_�f: 
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2

, , ,

, ( ) ( ),

, , , .

drd
v v t v r

dt dt r r

Av v v vd d
e A A A

dt r r dt r r r r r r

�D
� D � D � D

� D � D� D � D

�E� D � D � D � D
�E � E � E

� D � E � D � E � D � E � D � E� � � �� E � D � E � D � D � E � D � E

� ™ � ™
�  �  �  

� ™ � ™

�™� ™ � ™ � ™ � ™� ™ � ™� Ì � Ü � Ì � Ü� ´ �  � � � ´ �  � � �  � � � �� Í � Ý � Í � Ý� ™ � ™ � ™ � ™ � ™ � ™ � ™ � ™� Î � Þ � Î � Þ

� È � È

� È � È � È � È � È

�G
� � � �

�G� G � G� � � � � � � ��G
 

�I�h�k�d�h�e�v�d�m 
2

( ),
v v

v
r r r r r

� D � D

� D � D� D � E � E � D � E

� ™ � ™� ™ � ™
�  �  � ´

� ™ � ™ � ™ � ™ � ™� È � È
�G�G� � � �
��  �l�h �i�h�k�e�_�^�g�_�_ �\�u�j�Z�`�_�g�b�_ �f�h�`�g�h �a�Z�i�b�k�Z�l�v �l�Z�d: 

�� �� �� �� �� ��, ( ) ( )( ) ( ) ( ) ( ).
A

d
A A v A v A v A v v

dt ��

� © � ¹�’ �  � �� ’ � ’ � � � ’ � ’ �  � �� ’ � ’ � � � ’ � ’ � � � U � ’� ª � º� « � »
�G

� G � G � G � G � G�G � G � G � G � G�G � G � G � G � G � G � G � G � G � G
� � � � � � � � � �  (6) 

�<�u�r�_ �b�k�i�h�e�v�a�h�\�Z�g�u �k�e�_�^�m�x�s�b�_ �h�[�h�a�g�Z�q�_�g�b�y: ,e A e A
r� D � D � D

� D � D�D

�™
� ´ �  �  

�™� È � È
�G�G �G �G

, e�D

�G
– �h�j�l�u �^�_�d�Z�j�l�h-

�\�h�c �k�b�k�l�_�f�u �d�h�h�j�^�b�g�Z�l, �d�h�l�h�j�u�_ �k�q�b�l�Z�_�f �n�b�d�k�b�j�h�\�Z�g�g�u�f�b (�g�_ �b�a�f�_�g�y�x�s�b�f�b�k�y �\�h �\�j�_�f�_�g�b); 
[ / , ] ( / ) ( / )d dt d dt d dt��� ´ �  � ´ � � � ´

� G � G � G
 – �d�h�f�f�m�l�Z�l�h�j �h�i�_�j�Z�l�h�j�h�\ /d dt �b �´

�G
; ( )v v r� 

� G � G�G� � � �– �\�_�d�l�h�j �k�d�h�j�h-
�k�l�b �q�Z�k�l�b�p�u, �j�Z�k�k�f�Z�l�j�b�\�Z�_�f�u�c �d�Z�d �n�m�g�d�p�b�y �j�Z�^�b�m�k-�\�_�d�l�h�j�Z r

�G
, �d�h�l�h�j�u�c �h�i�j�_�^�_�e�y�_�l�k�y �b�a �m�k�e�h-

�\�b�y ( ) ( )v r v t�•
�G� G � G�� . 

�>�Z�e�_�_, �b�k�i�h�e�v�a�m�y �h�q�_�\�b�^�g�h�_ �j�Z�\�_�g�k�l�\�h 

,
d d d

A A A
dt dt dt ��

�Ì �Ü� ´ �  � ´ � � � ´�Í �Ý�Î �Þ

� G � G � G� G � G � G
  (7) 

�b �m�q�b�l�u�\�Z�y (5), �g�Z�o�h�^�b�f: 
( )

( ) ( ) ( ).A A A
A A A

d v
v v v v

dt r r
�D

�D
� D � D� D � D

� U � ™� U � ™ � U
�  �  � � � U � ´ �  � ´ � U � � � U � ´

� ™ � ™� È � È
� G � G � G

� G � G � G
�G � G � G�G � G � G��

� � � � � � � � (8) 

�>�b�n�n�_�j�_�g�p�b�j�m�y �i�h �\�j�_�f�_�g�b �h�[�_ �q�Z�k�l�b �j�Z�\�_�g�k�l�\�Z (5) �b �b�k�i�h�e�v�a�m�y (6)-(8), �i�h�e�m�q�Z�_�f: 

� � � �0 ( ) ( ) .
A A

d dA
A A v A v v

dt dt

� ¦ � ¶
�  � ’ � � � U �  � ’ � � � ’ � � � ’ � � � U� § � ·

� ¨ � ¸
� G � G

�G
� G � G � G�G � G � G� G � G � G � G

� � � � � � (9) 

�B�a �i�h�k�e�_�^�g�_�]�h �j�Z�\�_�g�k�l�\�Z �k�e�_�^�m�_�l, �q�l�h �k�m�s�_�k�l�\�m�_�l �g�_�d�h�l�h�j�h�_ �\�_�d�l�h�j�g�h�_ �i�h�e�_ H
�G

, �d�h�l�h�j�h�_ �m�^�h-
�\�e�_�l�\�h�j�y�_�l �k�h�h�l�g�h�r�_�g�b�x: 

1( ) ( ) [ ],
A

dA
A v A v v c H

dt
� � � ´ � � � ´ � � � U �  � ´�G

�G
� G � G� G � G � G� G � G � G � G

� � � � � � (10) 

�]�^�_ / ,v A
A de dt A�  � U �  � ´�G�G
� G � G�G�G

, 1( ) ( ), .A
A A

d
v v c const

dt

�U
�  � ´ � U � � � U � ´ �  

�G
� G � G
�G �G�G �G
� � � �  

�<�\�_�^�_�f �b�k�l�h�q�g�b�d �i�h�e�y H
�G

: 
.H H� U �  � ´�G

� G � G
 (11) 

�>�b�n�n�_�j�_�g�p�b�j�m�y �h�[�_ �q�Z�k�l�b �w�l�h�]�h �j�Z�\�_�g�k�l�\�Z �i�h �\�j�_�f�_�g�b, �b�f�_�_�f �i�h �Z�g�Z�e�h�]�b�b �k �j�Z�\�_�g�k�l�\�h�f (9): 

� � � �0 ( ) ( ) .H H

d dH
H H v H v v

dt dt

� ¦ � ¶
�  � ’ � � � U �  � ’ � � � ’ � � � ’ � � � U� § � ·

� ¨ � ¸
� G � G

�G
�G � G � G� G � G � G � G � G � G � G
� � � � � � 

�H�l�k�x�^�Z �k�e�_�^�m�_�l �m�j�Z�\�g�_�g�b�_, �Z�g�Z�e�h�]�b�q�g�h�_ �m�j�Z�\�g�_�g�b�x (10): 

2 2( ) ( ) [ ], .H

dH
H v H v v c A c const

dt
� � � ´ � � � ´ � � � U �  � ´ �  �G

�G
�G� G � G � G� G � G � G � G � G

� � � � � � (12) 

�B�l�Z�d, �f�u �i�j�b�o�h�^�b�f �d �k�e�_�^�m�x�s�_�c �k�b�k�l�_�f�_ �m�j�Z�\�g�_�g�b�c �h�[�s�_�]�h �\�b�^�Z: 

2

1

( ) [ ], ,

( ) [ ], ,

H H H

A A A

dH
D v v c A H

dt

dA
D v v c H A

dt

� � � � � U �  � ´ � ´ �  � U

� � � � � U �  � ´ � ´ �  � U

� G � G � G

� G � G � G

�G
�G� G � G� G � G � G � G

� � � �
�G

�G� G � G� G � G � G � G
� � � �

 (13) 

�]�^�_  
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0( ) ( ) ( ) , / /vA
D v A v A v A de dt F p�  � ´ � � � ´ �  �  �G �G

� G � G � G�G � G � G� G � G � G � G�G
� � � � � �.  (13�Z) 

�N�b�a�b�q�_�k�d�b�c �k�f�u�k�e �k�b�k�l�_�f�u �m�j�Z�\�g�_�g�b�c (13) �k�h�k�l�h�b�l �\ �l�h�f, �q�l�h �_�k�e�b �d�e�Z�k�k�b�q�_�k�d�Z�y �q�Z�k�l�b-
�p�Z �^�\�b�`�_�l�k�y �i�h �b�g�_�j�p�b�b �m�k�d�h�j�_�g�g�h (�k�f. �m�k�e�h�\�b�_ (1)), �l�h �g�Z �q�Z�k�l�b�p�m �^�_�c�k�l�\�m�_�l, �i�h�f�b�f�h �i�h�e�y �k�b-

�e�u �b�g�_�j�p�b�b 0F p A� 
�G�G

, �^�h�i�h�e�g�b�l�_�e�v�g�h�_ �i�h�e�_ H
�G

, �d�h�l�h�j�h�_ �f�u �g�Z�a�u�\�Z�_�f �f�Z�]�g�b�l�g�u�f �i�h�e�_�f. �I�h�e�y 

F
�G

 �b H
�G

 �_�k�l�_�k�l�\�_�g�g�h �j�Z�k�k�f�Z�l�j�b�\�Z�l�v �d�Z�d �k�h�k�l�Z�\�e�y�x�s�b�_ �_�^�b�g�h�]�h �w�e�_�d�l�j�h�f�Z�]�g�b�l�g�h�]�h �i�h�e�y, �k�h�a�^�Z-
�\�Z�_�f�h�]�h �q�Z�k�l�b�p�_�c �i�j�b �_�_ �m�k�d�h�j�_�g�g�h�f �^�\�b�`�_�g�b�b �i�h �b�g�_�j�p�b�b. 

�M�j�Z�\�g�_�g�b�y (13) �Z�g�Z�e�h�]�b�q�g�u �m�j�Z�\�g�_�g�b�y�f �F�Z�d�k�\�_�e�e�Z, �o�h�l�y �f�_�`�^�m �g�b�f�b �b�f�_�x�l�k�y �k�m�s�_-
�k�l�\�_�g�g�u�_ �j�Z�a�e�b�q�b�y. �H�[�k�m�^�b�f �w�l�b �j�Z�a�e�b�q�b�y �[�h�e�_�_ �i�h�^�j�h�[�g�h. �< �h�l�e�b�q�b�_ �h�l �m�j�Z�\�g�_�g�b�c �F�Z�d�k�\�_�e�e�Z, 
�\ �m�j�Z�\�g�_�g�b�y (13) �\�o�h�^�y�l �i�h�e�g�u�_ �i�j�h�b�a�\�h�^�g�u�_ �i�h�e�_�c �h�l �\�j�_�f�_�g�b. �D�Z�d �j�Z�a�t�y�k�g�y�_�l�k�y �\ [4], �w�l�h �k�\�y-
�a�Z�g�h �k �l�_�f, �q�l�h �m�j�Z�\�g�_�g�b�y �F�Z�d�k�\�_�e�e�Z �h�i�b�k�u�\�Z�x�l �i�h�\�_�^�_�g�b�_ �w�e�_�d�l�j�h�f�Z�]�g�b�l�g�h�]�h �i�h�e�y �\ �l�h�q�d�_ 
�g�Z�[�e�x�^�_�g�b�y �i�h�e�y, �d�h�l�h�j�Z�y �k�q�b�l�Z�_�l�k�y �g�_�i�h�^�\�b�`�g�h�c �\ �b�a�[�j�Z�g�g�h�c �B�K�H, �\ �l�h �\�j�_�f�y �d�Z�d �m�j�Z�\�g�_�g�b�y 
(13) �h�i�b�k�u�\�Z�x�l �w�e�_�d�l�j�h�f�Z�]�g�b�l�g�h�_ �i�h�e�_ �\ �l�h�q�d�_ �g�Z�o�h�`�^�_�g�b�y �d�e�Z�k�k�b�q�_�k�d�h�c �q�Z�k�l�b�p�u, �k�h�\�_�j�r�Z�x-
�s�_�c �m�k�d�h�j�_�g�g�h�_ �^�\�b�`�_�g�b�_ �i�h �b�g�_�j�p�b�b. �I�h�f�b�f�h �w�l�h�]�h, �\ �m�j�Z�\�g�_�g�b�y�o (13), �k�h�^�_�j�`�Z�s�b�o �j�h�l�h�j-
�g�u�_ �q�e�_�g�u, �b�f�_�x�l�k�y �i�h�i�j�Z�\�d�b �d �b�a�f�_�g�y�x�s�_�f�m�k�y �k�h �\�j�_�f�_�g�_�f �f�Z�]�g�b�l�g�h�f�m �i�h�e�x ( ( )HD v�G

�G�G
�� ) �b �d 

�l�h�d�m �k�f�_�s�_�g�b�y ( ( )ED v�G
�G�G
�� ). �I�h�y�\�e�_�g�b�_ �w�l�b�o �i�h�i�j�Z�\�h�d �h�[�m�k�e�h�\�e�_�g�h �m�k�d�h�j�_�g�g�u�f �^�\�b�`�_�g�b�_�f �q�Z�k�l�b-

�p�u �i�h �b�g�_�j�p�b�b. �M�q�_�l �m�d�Z�a�Z�g�g�u�o �i�h�i�j�Z�\�h�d �f�h�`�_�l �i�j�b�\�_�k�l�b �d �h�l�d�j�u�l�b�x �n�b�a�b�q�_�k�d�b�o �w�n�n�_�d�l�h�\, 
�\�u�i�Z�\�r�b�o �b�a �i�h�e�y �a�j�_�g�b�y �w�e�_�d�l�j�h�^�b�g�Z�f�b�d�b �F�Z�d�k�\�_�e�e�Z. 

�K�e�_�^�m�_�l �i�h�^�q�_�j�d�g�m�l�v, �q�l�h �w�e�_�d�l�j�h�f�Z�]�g�b�l�g�u�_ �i�h�e�y, �h�i�b�k�u�\�Z�_�f�u�_ �m�j�Z�\�g�_�g�b�y�f�b �F�Z�d�k-
�\�_�e�e�Z �b �m�j�Z�\�g�_�g�b�y�f�b (13), �i�h �k�\�h�_�f�m �i�j�h�b�k�o�h�`�^�_�g�b�x �d�Z�q�_�k�l�\�_�g�g�h �h�l�e�b�q�Z�x�l�k�y �^�j�m�] �h�l �^�j�m�]�Z. 
�M�j�Z�\�g�_�g�b�y �F�Z�d�k�\�_�e�e�Z �h�i�b�k�u�\�Z�x�l �w�e�_�d�l�j�h�f�Z�]�g�b�l�g�h�_ �i�h�e�_, �k�h�a�^�Z�\�Z�_�f�h�_ �d�e�Z�k�k�b�q�_�k�d�h�c �l�h�q�_�q�g�h�c 
�q�Z�k�l�b�p�_�c, �d�h�l�h�j�h�c �i�j�b�i�b�k�u�\�Z�_�l�k�y �h�k�h�[�Z�y �n�b�a�b�q�_�k�d�Z�y �o�Z�j�Z�d�l�_�j�b�k�l�b�d�Z – �w�e�_�d�l�j�b�q�_�k�d�b�c �a�Z�j�y�^, 
�y�\�e�y�x�s�b�c�k�y, �i�h �i�j�_�^�i�h�e�h�`�_�g�b�x, �b�k�l�h�q�g�b�d�h�f �d�m�e�h�g�h�\�k�d�h�]�h �i�h�e�y. �M�j�Z�\�g�_�g�b�y �`�_ (13) �h�i�b�k�u�\�Z-
�x�l �w�e�_�d�l�j�h�f�Z�]�g�b�l�g�h�_ �i�h�e�_, �d�h�l�h�j�h�_ �i�h�j�h�`�^�Z�_�l�k�y �d�e�Z�k�k�b�q�_�k�d�h�c �q�Z�k�l�b�p�_�c, �^�\�b�`�m�s�_�c�k�y �m�k�d�h�j�_�g-
�g�h �i�h �b�g�_�j�p�b�b �b �g�b�q�_�]�h �g�_ «�a�g�Z�x�s�_�c» �h�[ �w�e�_�d�l�j�b�q�_�k�d�h�f �a�Z�j�y�^�_. �>�Z�e�_�_ �[�m�^�_�l �i�h�d�Z�a�Z�g�h, �q�l�h 
�d�e�Z�k�k�b�q�_�k�d�Z�y �q�Z�k�l�b�p�Z, �^�\�b�`�m�s�Z�y�k�y �m�k�d�h�j�_�g�g�h �i�h �b�g�_�j�p�b�b, �^�_�c�k�l�\�b�l�_�e�v�g�h, �i�h�j�h�`�^�Z�_�l �d�Z�d �w�e�_�d-
�l�j�b�q�_�k�d�b�c, �l�Z�d �b �f�Z�]�g�b�l�g�u�c �a�Z�j�y�^�u, �g�h �w�l�b �a�Z�j�y�^�u �g�_ �y�\�e�y�x�l�k�y �e�h�d�Z�e�v�g�u�f�b �o�Z�j�Z�d�l�_�j�b�k�l�b�d�Z�f�b 
�l�h�q�_�q�g�u�o �q�Z�k�l�b�p, �k�h�o�j�Z�g�y�x�s�b�f�b�k�y �k�h �\�j�_�f�_�g�_�f. �W�e�_�d�l�j�b�q�_�k�d�b�c �a�Z�j�y�^, �]�_�g�_�j�b�j�m�_�f�u�c �q�Z�k�l�b-
�p�_�c, �^�\�b�`�m�s�_�c�k�y �m�k�d�h�j�_�g�g�h �i�h �b�g�_�j�p�b�b, �h�d�Z�a�u�\�Z�_�l�k�y �h�[�e�Z�d�h�f �a�Z�j�y�`�_�g�g�h�c �f�Z�l�_�j�b�b, �b�a�f�_�g�y�x-
�s�b�f�k�y �k�h �\�j�_�f�_�g�_�f �b �j�Z�k�i�j�_�^�_�e�_�g�g�u�f �i�h �\�k�_�c �i�j�h�k�l�j�Z�g�k�l�\�_�g�g�h�c �h�[�e�Z�k�l�b �^�\�b�`�_�g�b�y �q�Z�k�l�b�p�u; 
�_�]�h �e�b�g�_�c�g�u�_ �j�Z�a�f�_�j�u �i�h�j�y�^�d�Z �e�b�g�_�c�g�u�o �j�Z�a�f�_�j�h�\ �l�j�Z�_�d�l�h�j�b�b �q�Z�k�l�b�p�u. �I�h�^�h�[�g�u�_ �a�Z�j�y�^�u, 
�h�q�_�\�b�^�g�h, �g�_�\�h�a�f�h�`�g�h �h�i�b�k�Z�l�v �\ �j�Z�f�d�Z�o �h�[�s�_�i�j�b�g�y�l�h�c �l�_�h�j�b�b. 

�L�Z�d�b�f �h�[�j�Z�a�h�f, �k�b�k�l�_�f�Z �m�j�Z�\�g�_�g�b�c (13) �h�i�b�k�u�\�Z�_�l �w�e�_�d�l�j�h�f�Z�]�g�b�l�g�h�_ �i�h�e�_ �d�Z�d �k�e�_�^-
�k�l�\�b�_ �d�j�b�\�h�e�b�g�_�c�g�h�]�h �^�\�b�`�_�g�b�y �d�e�Z�k�k�b�q�_�k�d�h�c �q�Z�k�l�b�p�u �i�h �b�g�_�j�p�b�b, �l. �_. �d�Z�d �i�j�y�f�h�_ �k�e�_�^�k�l�\�b�_ 
�a�Z�d�h�g�h�\ �f�_�o�Z�g�b�d�b. �I�h�^�h�[�g�h �]�j�Z�\�b�l�Z�p�b�b [6,8,9], �w�e�_�d�l�j�h�f�Z�]�g�b�l�g�h�_ �\�a�Z�b�f�h�^�_�c�k�l�\�b�_ �g�_ �y�\�e�y�_�l�k�y 
�h�k�h�[�u�f �\�b�^�h�f �\�a�Z�b�f�h�^�_�c�k�l�\�b�y �f�_�`�^�m �q�Z�k�l�b�p�Z�f�b; �w�l�h �i�j�h�y�\�e�_�g�b�_ �h�k�h�[�h�]�h �\�b�^�Z �m�k�d�h�j�_�g�g�h�]�h 
�^�\�b�`�_�g�b�y �f�Z�l�_�j�b�Z�e�v�g�u�o �q�Z�k�l�b�p �i�h �b�g�_�j�p�b�b. �D�Z�d �k�e�_�^�m�_�l �b�a �a�Z�d�h�g�h�\ �^�b�Z�e�_�d�l�b�d�b, �e�x�[�Z�y �n�b�a�b-
�q�_�k�d�Z�y �j�_�Z�e�v�g�h�k�l�v �i�j�_�^�k�l�Z�\�e�y�_�l �k�h�[�h�c �k�h�k�m�s�_�k�l�\�h�\�Z�g�b�_ �i�j�h�l�b�\�h�i�h�e�h�`�g�h�k�l�_�c: �k �h�^�g�h�c �k�l�h�j�h�g�u, 
�b�f�_�_�l �f�_�k�l�h �k�h�x�a �i�j�h�l�b�\�h�i�h�e�h�`�g�h�k�l�_�c, �Z �k �^�j�m�]�h�c �k�l�h�j�h�g�u – �b�o �i�j�h�l�b�\�h�^�_�c�k�l�\�b�_. �I�h�e�y A

�G
 �b 

H
�G

, �\�o�h�^�y�s�b�_ �\ �k�b�k�l�_�f�m �m�j�Z�\�g�_�g�b�c (13), �b �i�j�_�^�k�l�Z�\�e�y�x�l �k�h�[�h�c �^�b�Z�e�_�d�l�b�q�_�k�d�b �i�j�h�l�b�\�h�i�h�e�h�`-
�g�u�_ �d�h�f�i�h�g�_�g�l�u �_�^�b�g�h�]�h �w�e�_�d�l�j�h�f�Z�]�g�b�l�g�h�]�h �i�h�e�y, �g�_�i�j�_�j�u�\�g�h �\�a�Z�b�f�h�^�_�c�k�l�\�m�x�s�b�_ �f�_�`�^�m �k�h-
�[�h�c �\�k�e�_�^�k�l�\�b�_ �d�j�b�\�h�e�b�g�_�c�g�h�]�h �^�\�b�`�_�g�b�y �q�Z�k�l�b�p�u �i�h �b�g�_�j�p�b�b.  

3.  �F�h�^�_�e�v �^�\�m�o�^�b�i�h�e�v�g�h�]�h �k�h�k�l�h�y�g�b�y �d�e�Z�k�k�b�q�_�k�d�h�c �q�Z�k�l�b�p�u, 
�k�h�\�_�j�r�Z�x�s�_�c �d�j�b�\�h�e�b�g�_�c�g�h�_ �^�\�b�`�_�g�b�_ �i�h �b�g�_�j�p�b�b 

�< �d�Z�q�_�k�l�\�_ �b�e�e�x�k�l�j�Z�p�b�b �d �h�[�s�_�c �l�_�h�j�b�b, �i�j�_�^�k�l�Z�\�e�_�g�g�h�c �\ �i�j�_�^�u�^�m�s�_�f �j�Z�a�^�_�e�_, �j�Z�k-
�k�f�h�l�j�b�f �i�j�h�k�l�_�c�r�m�x �f�h�^�_�e�v �^�\�b�`�m�s�_�c�k�y �m�k�d�h�j�_�g�g�h �i�h �b�g�_�j�p�b�b �d�e�Z�k�k�b�q�_�k�d�h�c �l�h�q�_�q�g�h�c �q�Z-
�k�l�b�p�u A �f�Z�k�k�h�c m �\ �b�g�_�j�p�b�Z�e�v�g�h�c �k�b�k�l�_�f�_ �h�l�k�q�_�l�Z S �k �g�Z�q�Z�e�h�f �d�h�h�j�^�b�g�Z�l �\ �l�h�q�d�_ O . �I�j�_� -̂
�i�h�e�Z�]�Z�y, �q�l�h �q�Z�k�l�b�p�Z �g�Z�o�h�^�b�l�k�y �\ �^�\�m�o�^�b�i�h�e�v�g�h�f �k�h�k�l�h�y�g�b�b, �j�Z�^�b�m�k-�\�_�d�l�h�j �q�Z�k�l�b�p�u r

�G
, 

,r OA� 
�J�J�J�G�G

 �a�Z�i�b�r�_�f �\ �\�b�^�_: 

,Cr R R�  � �
�G �G�G

 (14) 
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�]�^�_ CR OC� 
�J�J�J�G�G

– �j�Z�^�b�m�k-�\�_�d�l�h�j �l�h�q�d�b C , �y�\�e�y�x�s�_�c�k�y �p�_�g�l�j�h�f �\�b�o�j�y; a bR r r�  � �
�G � G � G

– �j�Z�^�b�m�k-�\�_�d�l�h�j 

�q�Z�k�l�b�p�u A, �h�l�k�q�b�l�Z�g�g�u�c �h�l �p�_�g�l�j�Z �\�b�o�j�y C ; ar
�G

 �b br
�G

 – �j�Z�^�b�m�k-�\�_�d�l�h�j�u �d�h�f�i�h�g�_�g�l �^�\�m�o�^�b�i�h�e�v-
�g�h�]�h �k�h�k�l�h�y�g�b�y �q�Z�k�l�b�p�u.  

�B�k�i�h�e�v�a�m�y �i�h�e�y�j�g�u�_ �d�h�h�j�^�b�g�Z�l�u, �i�j�_�^�k�l�Z�\�b�f �\�_�d�l�h�j�u ar
�G

 �b br
�G

 �\ �k�e�_�^�m�x�s�_�c �n�h�j�f�_: 

(0)

, , (cos ,sin ), ,

( sin ,cos ), , , .

a a ra b b rb r rr r e r r e e e e

e t a b

� D � D � D � D � D � I� D

�I�D �D �D �D �D �D

�  �  �  � I � I �  � I

�  � � � I � I � I �  � Z � � � I � D �  

� G � G � G � G � G � G � G�� ��

�G  (15) 

�J�Z�^�b �m�i�j�h�s�_�g�b�y �\�u�d�e�Z�^�h�d �^�Z�e�_�_ �i�h�e�Z�]�Z�_�f, �q�l�h �\�u�i�h�e�g�y�x�l�k�y �j�Z�\�_�g�k�l�\�Z 
(0), , .r const const const� D � D � D � D�  � I � • � Z �  � I �  ��  (16) 

�M�q�b�l�u�\�Z�y �k�h�h�l�g�h�r�_�g�b�y (15), �j�Z�^�b�m�k-�\�_�d�l�h�j R
�G

 �f�h�`�g�h �a�Z�i�b�k�Z�l�v �\ �k�e�_�^�m�x�s�_�c �n�h�j�f�_: 
( ) ( )

( ) ( ) ( ) ( ) ( )

( )cos ( )sin ,

(cos , sin ), ( sin , cos ), ( ) / 2.

a b r a b

r a b

R r r e r r e

e e

� � � �
�I

� � � � � � � � � ”
�I

� … � …�  � � � I � � � � � I

� … � …�  � I � I �  � � � I � I � I �  � I � ” � I

�G �G �G

� G � G (17) 

�< �^�Z�e�v�g�_�c�r�_�f �[�m�^�_�f �i�h�e�Z�]�Z�l�v, �q�l�h  

0 0 0, , 0 ,a b b ar r r r r const�  � � � H �  � � � H � � � H � � � Z �  � �� Z �  . (18) 

�< �w�l�h�f �k�e�m�q�Z�_ ( ) (0) (0) ( ) (0) (0)( ) / 2 , ( ) / 2a b a a bconst t� � � �� I �  � I � � � I �  � I �  � Z � � � I � � � I �b, �a�g�Z�q�b�l, �h�j�l�u re�…�G
 �b e�I�…

�G
 �g�_ 

�b�a�f�_�g�y�x�l�k�y �k�h �\�j�_�f�_�g�_�f. 

�B�f�i�m�e�v�k �q�Z�k�l�b�p�u p
�G

 �b �^�_�c�k�l�\�m�x�s�Z�y �g�Z �g�_�_ �k�b�e�Z �b�g�_�j�p�b�b , / ,F F dp dt� 
�G �G �G

 �\ �k�b�k�l�_�f�_ �h�l-
�k�q�_�l�Z S �^�Z�x�l�k�y �j�Z�\�_�g�k�l�\�Z�f�b: 

, , ,C C C Cp mr P P P mR P mR F dP dt dP dt�  �  � � �  �  �  � �
� G � G � G � G � G � G � G � G � G� G � G � � � ��� . (19) 

�B�a �m�k�e�h�\�b�y �^�\�b�`�_�g�b�y �q�Z�k�l�b�p�u �i�h �b�g�_�j�p�b�b  
0dA� ,  (20) 

�]�^�_ dA – �w�e�_�f�_�g�l�Z�j�g�Z�y �j�Z�[�h�l�Z, �k�h�\�_�j�r�Z�_�f�Z�y �k�b�e�h�c �b�g�_�j�p�b�b �g�Z�^ �q�Z�k�l�b�p�_�c �i�j�b �_�_ �i�_�j�_�f�_�s�_�g�b�b 

�g�Z �m�q�Z�k�l�d�_ dr
�G

 �a�Z �\�j�_�f�y dt , dr rdt� 
� G � G�� , 

�� ��( ) ( ) , , ,C C C CdA Fdr V V d m V V V R V R�  �  � � � � �  �  
� G � G � G � G � G � G � G � G � G�G � � � � (21) 

�i�h�e�m�q�Z�_�f:  

0| |Cm V V p const� � � • �  
� G � G

. (22) 
�I�h�k�e�_�^�g�_�_ �j�Z�\�_�g�k�l�\�h �h�i�j�_�^�_�e�y�_�l �f�Z�k�k�m �q�Z�k�l�b�p�u, �^�\�b�`�m�s�_�c�k�y �m�k�d�h�j�_�g�g�h �i�h �b�g�_�j�p�b�b: 

0 / | |Cm p V V�  � �
� G � G

, (23) 

�\�_�e�b�q�b�g�Z 0p  �i�j�_�^�k�l�Z�\�e�y�_�l �k�h�[�h�c �f�h�^�m�e�v �b�f�i�m�e�v�k�Z �q�Z�k�l�b�p�u. �B�k�i�h�e�v�a�m�y �j�Z�\�_�g�k�l�\�Z (19) �b (23), 

�k�b�e�m �b�g�_�j�p�b�b F
�G

�f�h�`�g�h �a�Z�i�b�k�Z�l�v �\ �k�e�_�^�m�x�s�_�c �n�h�j�f�_: 

0 , / | |,v v CF p e e v v v V V�  �  �  � �
� G � G � G� G � G � G � G � G�� , (24) 

ve
�G

 – �h�j�l �\�_�d�l�h�j�Z �k�d�h�j�h�k�l�b �q�Z�k�l�b�p�u v r� 
�G �G��. 

�H�]�j�Z�g�b�q�b�f�k�y �j�Z�k�k�f�h�l�j�_�g�b�_�f �k�e�m�q�Z�y �g�_�i�h�^�\�b�`�g�h�]�h �p�_�g�l�j�Z �\�b�o�j�y: , 0C CR const V�  �  
� G � G

. �< 
�k�b�e�m �k�h�h�l�g�h�r�_�g�b�c (20)-(24), �\ �w�l�h�f �k�e�m�q�Z�_ �i�h�e�m�q�Z�_�f: 

0 0( ), / , , / ,V VdA Vd mV m p V F p e e V V�  �  �  �  
� G � G � G � G�G �G��  (25) 

�]�^�_ | |V V� 
�G

. �B�k�i�h�e�v�a�m�y �j�Z�\�_�g�k�l�\�Z (17) �b (18) �b �\�\�h�^�y �h�[�h�a�g�Z�q�_�g�b�y: , ,a b a br r a r r b� � �  � � �   �i�h�e�m-
�q�Z�_�f �k�e�_�^�m�x�s�b�_ �k�h�h�l�g�h�r�_�g�b�y: 

( ) ( )
0

2 2 ( ) 2 2

( ) ( ) 2 2 ( )

cos sin , 2 , 2 ,

1 sin , / ,

( sin cos ), | | 1 cos .

r

a r a

R a e b e a r b

R a e e a b a

V a e b e V a e

� � � �
�I

��

� � � � � �
�I

� … � …�  � I � � � I �  �  � H

�  � � � I �  � �

� … � …�  � �� Z � I � � � I �  � Z � � � I

�G �G �G

�G � G � G
  (26) 

�M�q�b�l�u�\�Z�y, �q�l�h �h�j�l�u ,re e�I� … � …� G � G
, �h�i�j�_�^�_�e�_�g�g�u�_ �n�h�j�f�m�e�Z�f�b (17) �b �\�o�h�^�y�s�b�_ �\ �\�u�j�Z�`�_�g�b�y �^�e�y 

�\�_�d�l�h�j�h�\ R
�G

 �b V
�G

(26), �\�a�Z�b�f�g�h �i�_�j�i�_�g�^�b�d�m�e�y�j�g�u �b �g�_ �b�a�f�_�g�y�x�l�k�y �k�h �\�j�_�f�_�g�_�f, �f�h�`�g�h �g�Z�i�j�Z-
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�\�b�l�v �b�o �\�^�h�e�v �h�k�_�c ,x y  �^�_�d�Z�j�l�h�\�h�c �k�b�k�l�_�f�u �d�h�h�j�^�b�g�Z�l �b �i�h�e�h�`�b�l�v: ,r x ye e e e�I� … � …�  �  
�G � G � G � G

, �]�^�_ xe
�G

 �b 

ye
�G

 – �h�j�l�u, �g�Z�i�j�Z�\�e�_�g�g�u�_ �\�^�h�e�v �h�k�_�c x �b y . �B �l�h�]�^�Z �j�Z�^�b�m�k-�\�_�d�l�h�j R
�G

 �f�h�`�g�h �a�Z�i�b�k�Z�l�v �\ �\�b�^�_ (�\ 

�^�_�d�Z�j�l�h�\�u�o �d�h�h�j�^�b�g�Z�l�Z�o): 
( ) ( ), cos , sinx x y y x yR R e R e R a R b� � � ��  � � �  � I �  � I

�G � G � G
. (27) 

�K�h�]�e�Z�k�g�h (27), �l�j�Z�_�d�l�h�j�b�_�c �q�Z�k�l�b�p�u �y�\�e�y�_�l�k�y �w�e�e�b�i�k 
2 2( / ) ( / ) 1x yR a R b� � �   (28) 

�k �i�h�e�m�h�k�y�f�b a  �b b  �b �w�d�k�p�_�g�l�j�b�k�b�l�_�l�h�f e (�k�f. (26)). �K �^�j�m�]�h�c �k�l�h�j�h�g�u, �_�k�e�b �j�Z�^�b�m�k-�\�_�d�l�h�j R
�G

 
�\�u�j�Z�a�b�l�v �q�_�j�_�a �i�h�e�y�j�g�u�_ �d�h�h�j�^�b�g�Z�l�u , RR �I : 

, (cos ,sin ), , ( sin ,cos ),
R RR R R R R R R R R RR Re e e e e� I � I�  �  � I � I �  � Z �  � � � I � I � Z �  � I

�G � G � G � G � G � G�� �� , (29) 

�l�h, �d�Z�d �e�_�]�d�h �i�j�h�\�_�j�b�l�v, �m�j�Z�\�g�_�g�b�_ �l�j�Z�_�d�l�h�j�b�b �q�Z�k�l�b�p�u �b�f�_�_�l �\�b�:̂ 

2 2
.

1 cos R

b
R

e
� 

� � � I
 (30) 

�I�h�k�e�_�^�g�_�_ �j�Z�\�_�g�k�l�\�h �h�i�b�k�u�\�Z�_�l �w�e�e�b�i�k �\ �m�k�e�h�\�b�y�o, �d�h�]�^�Z �p�_�g�l�j �w�e�e�b�i�k�Z �k�h�\�i�Z�^�Z�_�l �k �g�Z�q�Z�e�h�f 
�^�_�d�Z�j�l�h�\�u�o �d�h�h�j�^�b�g�Z�l (�b �i�h�e�x�k�h�f �i�h�e�y�j�g�u�o �d�h�h�j�^�b�g�Z�l). �?�k�e�b �`�_ �i�h�e�x�k �i�h�e�y�j�g�u�o �d�h�h�j�^�b�g�Z�l 
�i�h�f�_�k�l�b�l�v �\ �i�j�Z�\�h�f �n�h�d�m�k�_ �w�e�e�b�i�k�Z ( , 0)ae  �b �j�Z�^�b�m�k-�\�_�d�l�h�j �q�Z�k�l�b�p�u R

�G
 �i�j�_�^�k�l�Z�\�b�l�v �\ �\�b�^�_ 

xR aee�  � � � U
�G �G�G

, �]�^�_ �U
�G

 - �j�Z�^�b�m�k-�\�_�d�l�h�j �q�Z�k�l�b�p�u, �h�l�k�q�b�l�Z�g�g�u�c �h�l �l�h�q�d�b �n�h�d�m�k�Z ( , 0)ae , �l�h �m�j�Z�\�g�_-
�g�b�_ �l�j�Z�_�d�l�h�j�b�b �q�Z�k�l�b�p�u �i�j�b�f�_�l �\�b�:̂ 

.
1 cos

p
e

� U �  
�…� � � I

  

�< �i�h�k�e�_�^�g�_�c �n�h�j�f�m�e�_ 2 /p b a�  – �n�h�d�Z�e�v�g�u�c �i�Z�j�Z�f�_�l�j, �U �b �…�I – �i�h�e�y�j�g�u�_ �d�h�h�j�^�b�g�Z�l�u �j�Z�^�b�m�k-
�\�_�d�l�h�j�Z �U

�G
.  

�< �k�b�e�m (27) �b (29) �k�\�y�a�v �f�_�`�^�m �^�_�d�Z�j�l�h�\�u�f�b �b �i�h�e�y�j�g�u�f�b �d�h�h�j�^�b�g�Z�l�Z�f�b �j�Z�^�b�m�k-�\�_�d�l�h�j�Z 
R
�G

 �^�Z�_�l�k�y �j�Z�\�_�g�k�l�\�Z�f�b: 
( ) ( )cos cos , sin sin .x R y RR a R R b R� � � ��  � I �  � I �  � I �  � I (31) 

�B�k�i�h�e�v�a�m�y �m�d�Z�a�Z�g�g�u�_ �j�Z�\�_�g�k�l�\�Z, �g�_�l�j�m�^�g�h �i�h�e�m�q�b�l�v �k�e�_�^�m�x�s�b�_ �i�j�_�^�k�l�Z�\�e�_�g�b�y �^�e�y �f�h�^�m�e�y �\�_�d-
�l�h�j�Z �k�d�h�j�h�k�l�b V

�G
 (26), �d�h�l�h�j�u�_ �b�f�_�x�l �f�_�k�l�h, �k�h�h�l�\�_�l�k�l�\�_�g�g�h, �\ �^�_�d�Z�j�l�h�\�u�o �d�h�h�j�^�b�g�Z�l�Z�o �b �\ �i�h-

�e�y�j�g�u�o �d�h�h�j�^�b�g�Z�l�Z�o �k �i�h�e�x�k�h�f, �k�h�\�i�Z�^�Z�x�s�b�f �k �p�_�g�l�j�h�f �w�e�e�b�i�k�Z: 
2 2

2 2 2 2 2 2
2 2| | | | 1 (2 )cos , / 1a x y a R

b a a
V R R �b V R e e b a e

ba b
�  � Z � � �  � Z � � � � � I �  � �.  (32) 

�B�a (31) �i�h�e�m�q�Z�_�f �k�e�_�^�m�x�s�b�_ �k�h�h�l�g�h�r�_�g�b�y: 
( ) ( )( / ) , cos ( / )cosR Rtg b a tg a R� � � �� I �  � I � I �  � I. 

�>�b�n�n�_�j�_�g�p�b�j�m�y �i�_�j�\�h�_ �b�a �g�b�o �i�h �\�j�_�f�_�g�b �b �b�k�i�h�e�v�a�m�y �\�l�h�j�h�_, �i�j�b�o�h�^�b�f �d �n�h�j�f�m�e�_ �^�e�y �m�]�e�h-
�\�h�c �k�d�h�j�h�k�l�b: 

2/R R aab R� I � • � Z �  � Z�� . (33) 
�I�j�b�\�_�^�_�f �l�Z�d�`�_ �n�h�j�f�m�e�u, �\�u�l�_�d�Z�x�s�b�_ �b�a (26) �b (31), �d�h�l�h�j�u�_ �[�m�^�m�l �b�k�i�h�e�v�a�h�\�Z�g�u �\ �^�Z�e�v�g�_�c-
�r�_�f: 

2 2 2 2 2 4 2 2 4 2 2 2 2

2 2 2 ( ) ( ) 2

, , (1 / ),

( / ) cos sin ( / ) cos sin , .

a x y a x y

a R R a a

R R R R R R V a e e R R a b

R a b e R a e R VV RR� � � �

�  � �� Z �  � � �  � Z � � � �

�  � � � Z � I � I �  � � � Z � I � I �  � �� Z

� G � G����

� � � � � �
  (34) 

�N�h�j�f�m�e�u (33) �b (34) �i�j�_�^�k�l�Z�\�e�y�x�l �b�g�l�_�j�_�k �i�h �l�h�c �i�j�b�q�b�g�_, �q�l�h �h�g�b �i�h�a�\�h�e�y�x�l �\�u�j�Z�a�b�l�v �i�j�h�b�a-
�\�h�^�g�u�_ �i�h �\�j�_�f�_�g�b �h�l �i�Z�j�Z�f�_�l�j�h�\ �a�Z�^�Z�q�b �q�_�j�_�a �^�_�d�Z�j�l�h�\�u �d�h�h�j�^�b�g�Z�l�u �j�Z�^�b�m�k-�\�_�d�l�h�j�Z �q�Z�k�l�b�p�u 
R
�G

. 
�I�_�j�_�c�^�_�f �d �\�u�q�b�k�e�_�g�b�x �\�_�d�l�h�j�Z Ve

�G�� , �h�i�j�_�^�_�e�y�x�s�_�]�h �k�b�e�m �b�g�_�j�p�b�b F
�G

 (�k�f.(25)). �B�k-

�i�h�e�v�a�m�y �i�j�_�^�k�l�Z�\�e�_�g�b�_ (29) �^�e�y �j�Z�^�b�m�k-�\�_�d�l�h�j�Z R
�G

 �b �m�q�b�l�u�\�Z�y �j�Z�\�_�g�k�l�\�h V R� 
�G �G��, �i�h�e�m�q�Z�_�f �n�h�j-
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�f�m�e�m: 
( ) /

RV R Re Re R e V�I�  � � � I
� G � G � G���� .  (35) 

�<�_�d�l�h�j�u Ve
�G

 �b Ve
�G��  �f�h�`�g�h �a�Z�i�b�k�Z�l�v �\ �k�e�_�^�m�x�s�_�c �n�h�j�f�_: 

(cos ,sin ,0), ( sin ,cos ,0) [ , ],V V V V V V V V z Ve e e e�  � I � I �  � Z � � � I � I �  � Z
� G � G � G � G��  (36) 

�]�^�_ , (0,0,1).V V ze� Z �  � I �  
�G��  �I�j�b �\�u�\�h�^�_ �i�h�k�e�_�^�g�_�c �b�a �n�h�j�f�m�e (36) �b�k�i�h�e�v�a�h�\�Z�g�u �j�Z�\�_�g�k�l�\�Z: 

[ , ] ,
Rz Re e e�I� 

� G � G � G
 [ , ] .

Rz Re e e�I �  � �
� G � G � G

 �< �k�b�e�m (35) �b (36) �\�u�i�h�e�g�y�x�l�k�y �j�Z�\�_�g�k�l�\�Z 

( )( ), | | | |
RV V R R V Ve V Re R e e�I�  � Z � � � I �  � Z

� G � G � G � G� � � ����� . (37) 

�K �^�j�m�]�h�c �k�l�h�j�h�g�u, �b�f�_�_�l �f�_�k�l�h �k�e�_�^�m�x�s�Z�y �p�_�i�h�q�d�Z �j�Z�\�_�g�k�l�\: 
2

2 2 .a
V

d R R R R
e V R V

dt V V VV V

� É � Ù �Z
� Ê � Ú�  �  � � �  � � � �
� Ê � Ú
� Ë � Û

� G � G � G � G� � � �� � � � � ��G�G�� � � � � (38) 

�I�j�b �\�u�\�h�^�_ �i�h�k�e�_�^�g�_�c �n�h�j�f�m�e�u �[�u�e�h �b�k�i�h�e�v�a�h�\�Z�g�h �i�_�j�\�h�_ �b�a �j�Z�\�_�g�k�l�\ (34). �K�j�Z�\�g�b�\�Z�y �f�_�`�^�m 
�k�h�[�h�c �j�Z�\�_�g�k�l�\�Z (37) �b (38) �b �b�k�i�h�e�v�a�m�y �n�h�j�f�m�e�m (33) �b �i�h�k�e�_�^�g�_�_ �b�a �j�Z�\�_�g�k�l�\ (34), �i�j�b�o�h�^�b�f �d 
�k�e�_�^�m�x�s�b�f �n�h�j�f�m�e�Z�f �^�e�y �m�]�e�h�\�h�c �k�d�h�j�h�k�l�b V�Z : 

2 2 2 3 2/ / .V a R aR V ab V� Z �  � Z � Z �  � Z (39) 

�H�l�f�_�l�b�f �k�e�_�^�m�x�s�_�_ �k�h�h�l�g�h�r�_�g�b�_, �d�h�l�h�j�h�_ �\�u�l�_�d�Z�_�l �b�a �k�j�Z�\�g�_�g�b�y �d�h�w�n�n�b�p�b�_�g�l�h�\ �i�j�b Re
�G

 �\ 
(37) �b (38): 

2.V R a

VR
VR

�  � Z � Z � � � Z
� � � �

 (40) 

�<�u�r�_ �k�h�h�l�g�h�r�_�g�b�y (39) �b (40) �\�u�\�_�^�_�g�u �i�m�l�_�f �\�u�q�b�k�e�_�g�b�y �\�_�d�l�h�j�Z Ve
�G��  �^�\�m�f�y �j�Z�a�g�u�f�b �k�i�h�k�h-

�[�Z�f�b �k �i�h�k�e�_�^�m�x�s�b�f �k�h�i�h�k�l�Z�\�e�_�g�b�_�f �i�h�e�m�q�_�g�g�u�o �\�u�j�Z�`�_�g�b�c �^�e�y Ve
�G�� . �E�_�]�d�h �m�[�_�^�b�l�v�k�y �\ �l�h�f, 

�q�l�h �m�i�h�f�y�g�m�l�u�_ �k�h�h�l�g�h�r�_�g�b�y �f�h�`�g�h �i�h�e�m�q�b�l�v �b �g�_�i�h�k�j�_�^�k�l�\�_�g�g�h, �g�_ �\�u�q�b�k�e�y�y �\�_�d�l�h�j Ve
�G�� , �Z 

�b�k�i�h�e�v�a�m�y �j�Z�\�_�g�k�l�\�Z (26), (33) – (36). �D�Z�d �\�b�^�g�h �b�a �j�Z�\�_�g�k�l�\ (33) �b (39), �i�j�b 2 1e �œ �m�]�e�h�\�u�_ �k�d�h-
�j�h�k�l�b R�Z  �b V�Z  �k�m�s�_�k�l�\�_�g�g�h �h�l�e�b�q�Z�x�l�k�y �^�j�m�] �h�l �^�j�m�]�Z, �i�j�b�q�_�f R V a� Z �  � Z �  � Z �i�j�b 2 1e � .  

�Q�l�h�[�u �m�i�j�h�k�l�b�l�v �i�h�k�e�_�^�m�x�s�b�_ �\�u�q�b�k�e�_�g�b�y, �d�h�f�i�h�g�_�g�l�u �\�_�d�l�h�j�Z Ve
�G��  (38) �\�u�j�Z�a�b�f �q�_�j�_�a �^�_�d�Z�j-

�l�h�\�u �d�h�h�j�^�b�g�Z�l�u �j�Z�^�b�m�k-�\�_�d�l�h�j�Z R
�G

. �B�k�i�h�e�v�a�m�y �j�Z�\�_�g�k�l�\�Z (26), (31) �b (34) �b �\�u�l�_�d�Z�x�s�b�_ �b�a �g�b�o 
�k�h�h�l�g�h�r�_�g�b�y 

2 3 2( / ) , ( / ) , ( / ) ,x a y y a x a x y aR a b R R b a R VV a b e R R RR�  � � � Z �  � Z �  � Z �  � �� Z� � � � � � � � (41) 

�i�h�e�m�q�Z�_�f �k�e�_�^�m�x�s�_�_ �i�j�_�^�k�l�Z�\�e�_�g�b�_ �\�_�d�l�h�j�Z Ve
�G�� : 

�� ���� ��
2

2 2 2 2 2 2 2 2 2 2
, ,1 ( / ) , (1 ) ( , )

x y

a
V a y x a x y V R V Re e a b R V R e R V R e e

V
�Z

�  � � � � � Z � � � Z � {
�G�� � � � �, (42) 

�]�^�_ �n�m�g�d�p�b�y ( , )x yV V R R�  �^�Z�_�l�k�y �i�_�j�\�h�c �b�a �n�h�j�f�m�e (32).  

�I�j�b�\�_�^�_�f �n�h�j�f�m�e�u �^�e�y �q�Z�k�l�g�u�o �i�j�h�b�a�\�h�^�g�u�o �d�h�f�i�h�g�_�g�l �\�_�d�l�h�j�Z Ve
�G�� (42): 

2 22 2
4 2 2 4 2 2 2 2

, ,3 2 3 2

22
4 2 2 4 2 2 2 2

, ,3 2 3 2

1 3 , 1 3 ( / ) ,

1 3 , 1 3 ( / ) .

x y

x y

y yx x
V R a a V R a a

x y

x y x y yx
V R a a V R a a

y x

R RR R
e e e e a b

R RV V V V

R R R R RR
e e e e a b

R RV V V V

� É � Ù� É � Ù� ™ � ™
�  � �� Z � � � Z �  � �� Z � � � Z� Ê � Ú� Ê � Ú� Ê � Ú� ™ � ™� Ë � Û� Ë � Û

� É � Ù� É � Ù� ™ � ™
�  � Z � � � Z �  � Z � � � Z� Ê � Ú� Ê � Ú� Ê � Ú� ™ � ™� Ë � Û� Ë � Û

� � � �

� � � �

 

�K �i�h�f�h�s�v�x �i�h�k�e�_�^�g�b�o �n�h�j�f�m�e �\�u�q�b�k�e�y�_�f �^�b�\�_�j�]�_�g�p�b�x �b �j�h�l�h�j �\�_�d�l�h�j�Z �k�b�e�u �b�g�_�j�p�b�b F
�G

(25): 
2 22

4 4 2 2 2 2 6 2 2 2 2
0 03 2 2 5( ) 1 3 ( / ) , [ ] 3 [( / ) ]x y x y

a a a y x z

R R R RR
F p e a b F p e a b R R e

V R V V

� É � Ù
� ´ �  � � � Z � � � Z � ´ �  � � � Z � �� Ê � Ú� Ê � Ú

� Ë � Û

� G � G � G � G �G
. (43) 

�M�q�b�l�u�\�Z�y �j�Z�\�_�g�k�l�\�h 2 2 2 2 2 2 2 2 2[( / ) ] ,a y x a xa b R R V e R� Z � � �  � � � Z �i�h�k�e�_�^�g�x�x �b�a �n�h�j�f�m�e (43) �f�h�`�g�h �i�j�b-
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�\�_�k�l�b �d �\�b�^�m: 
2

2 4 2 2
0 3 2[ ] 3 1 .x y x

a a z

R R R
F p e e e

V V

� É � Ù
� ´ �  � � � Z � � � Z� Ê � Ú

� Ë � Û

� G � G �G
 

�D�Z�d �\�b�^�g�h �b�a �i�h�e�m�q�_�g�g�u�o �j�_�a�m�e�v�l�Z�l�h�\, �d�e�Z�k�k�b�q�_�k�d�Z�y �q�Z�k�l�b�p�Z, �^�\�b�`�m�s�Z�y�k�y �m�k�d�h�j�_�g�g�h �i�h 
�b�g�_�j�p�b�b, �i�h�j�h�`�^�Z�_�l �\ �h�d�j�m�`�Z�x�s�_�f �i�j�h�k�l�j�Z�g�k�l�\�_ �i�h�e�_ �k�b�e�u �b�g�_�j�p�b�b, �d�h�l�h�j�h�_ �\ �h�[�s�_�f �k�e�m�q�Z�_ 
�k�h�^�_�j�`�b�l �d�Z�d �i�h�l�_�g�p�b�Z�e�v�g�m�x, �l�Z�d �b �\�b�o�j�_�\�m�x �k�h�k�l�Z�\�e�y�x�s�b�_. �W�l�h �i�h�e�_ �h�d�Z�a�u�\�Z�_�l�k�y �q�b�k�l�h �i�h-
�l�_�g�p�b�Z�e�v�g�u�f �l�h�e�v�d�h �\ �i�j�_�^�_�e�_ 2 0e �‘ , �d�h�]�^�Z �l�j�Z�_�d�l�h�j�b�_�c �^�\�b�`�_�g�b�y �q�Z�k�l�b�p�u �y�\�e�y�_�l�k�y �h�d�j�m�`-

�g�h�k�l�v, �l�Z�d �d�Z�d �\ �m�d�Z�a�Z�g�g�h�f �i�j�_�^�_�e�_ ( ) / , [ ] 0F const R F� ´ �  � ´ �  
� G � G � G � G

 (�k�f. �k�h�h�l�g�h�r�_�g�b�y (32) �b (43)). 
�I�j�b �b�k�i�h�e�v�a�h�\�Z�g�b�b �n�_�g�h�f�_�g�h�e�h�]�b�q�_�k�d�h�]�h �i�h�^�o�h�^�Z �d �h�i�b�k�Z�g�b�x �^�\�b�`�_�g�b�y �q�Z�k�l�b�p�u �k�i�h�k�h�[�g�h�k�l�v 
�q�Z�k�l�b�p�u �k�h�a�^�Z�\�Z�l�v �\ �h�d�j�m�`�Z�x�s�_�f �i�j�h�k�l�j�Z�g�k�l�\�_ �i�h�l�_�g�p�b�Z�e�v�g�h�_ �k�b�e�h�\�h�_ �i�h�e�_ �i�j�b�i�b�k�u�\�Z�x�l �l�h-
�f�m, �q�l�h �q�Z�k�l�b�p�Z �h�[�e�Z�^�Z�_�l �i�h �k�Z�f�h�c �i�j�b�j�h�^�_ �\�_�s�_�c �h�k�h�[�h�c �n�b�a�b�q�_�k�d�h�c �o�Z�j�Z�d�l�_�j�b�k�l�b�d�h�c – �w�e�_�d-
�l�j�b�q�_�k�d�b�f �a�Z�j�y�^�h�f, �d�h�l�h�j�u�c �b �i�h�j�h�`�^�Z�_�l �\ �_�_ �h�d�j�_�k�l�g�h�k�l�b �k�b�e�h�\�h�_ �i�h�e�_ �g�_�a�Z�\�b�k�b�f�h �h�l �k�h�k�l�h�y-
�g�b�y �^�\�b�`�_�g�b�y �q�Z�k�l�b�p�u. �D�Z�d �j�Z�a�t�y�k�g�y�_�l�k�y �\ �j�Z�[�h�l�_ [13], �q�Z�k�l�b�p�Z, �i�h�d�h�y�s�Z�y�k�y �\ �g�_�d�h�l�h�j�h�c �b�g�_�j-
�p�b�Z�e�v�g�h�c �k�b�k�l�_�f�_ �h�l�k�q�_�l�Z, �g�_ �k�i�h�k�h�[�g�Z �\ �i�j�b�g�p�b�i�_ �i�h�j�h�^�b�l�v �d�Z�d�h�_-�e�b�[�h �k�b�e�h�\�h�_ �i�h�e�_. �I�h� -̂
�q�_�j�d�g�_�f, �q�l�h �\ �j�Z�a�\�b�\�Z�_�f�h�c �a�^�_�k�v �l�_�h�j�b�b �i�h�e�_ �k�b�e�u �b�g�_�j�p�b�b �]�_�g�_�j�b�j�m�_�l�k�y �q�Z�k�l�b�p�_�c �i�j�b �_�_ 
�^�\�b�`�_�g�b�b �i�h �b�g�_�j�p�b�b �i�h �d�j�b�\�h�e�b�g�_�c�g�h�c �l�j�Z�_�d�l�h�j�b�b �b �h�[�j�Z�s�Z�_�l�k�y �\ �g�m�e�v (�l. �_. �b�k�q�_�a�Z�_�l) �\ �h�l-
�k�m�l�k�l�\�b�_ �^�\�b�`�_�g�b�y (�\ �k�b�e�m (24) �b (42) 0F � 

�G
 �i�j�b 0a� Z �  ). 

�J�Z�a�e�h�`�b�\ �\�_�d�l�h�j �k�d�h�j�h�k�l�b V
�G

 �q�Z�k�l�b�p�u �g�Z �i�h�k�l�m�i�Z�l�_�e�v�g�m�x (�j�Z�^�b�Z�e�v�g�m�x) �b �\�j�Z�s�Z�l�_�e�v-
�g�m�x �d�h�f�i�h�g�_�g�l�u �k�h�]�e�Z�k�g�h �n�h�j�f�m�e�Z�f 

, , [ , ], ,
R R RR R R R R R R zV V V V Re V R e R e� I � I � I�  � � �  �  � I �  � Z � Z �  � I

� G � G � G � G � G � G�G �G�G � G � G� � � ���  (44)  

�\�_�e�b�q�b�g�m �j�Z�[�h�l�u dA (25) �f�h�`�g�h �i�j�_�^�k�l�Z�\�b�l�v �\ �\�b�^�_ �j�Z�a�e�h�`�_�g�b�y: 
,

RRdA dA dA�I�  � � (45) 

�]�^�_  
, ,

R R RR R RdA F V dt dA F V dt� I � I � I�  �  
� G � G � G � G

 (46)  

R R RF F e� 
�G �G

 �b 
R R R

F F e� I � I � I� 
�G �G

– �i�h�k�l�m�i�Z�l�_�e�v�g�Z�y �b �\�j�Z�s�Z�l�_�e�v�g�Z�y �d�h�f�i�h�g�_�g�l�u �k�b�e�u �b�g�_�j�p�b�b 

( ) /F d mV dt� 
� G � G

. �< �k�b�e�m (24) �b (37) - (41) �b�f�_�_�f: 

2
0 0 0 0 2, .

RR R V a V R

R R VR R RV
F p p F p p

V V VR V V�I

� É � Ù
�  � � � Z � Z �  � � � Z � � �  � Z �  � � � Z� Ê � Ú

� Ë � Û

� � � � � � � �
  (47) 

�B�k�i�h�e�v�a�m�y �i�j�_�^�k�l�Z�\�e�_�g�b�_ (29) �^�e�y �j�Z�^�b�m�k-�\�_�d�l�h�j�Z R
�G

, �i�h�e�m�q�Z�_�f �k�e�_�^�m�x�s�b�_ �k�h�h�l�g�h�r�_�g�b�y: 
2/ , ( ),

/ / , / , 0.
R R R

R R R R

R R R

dA dt F R F mR m R R

dA dt F R dL dt F L R R� I � I � I

�  �  � � � � � I

�  � I �  � Z �  � I � œ

��� � � � � �� ���
�G�G� � � ���  (48) 

�A�^�_�k�v L
�G

 – �f�h�f�_�g�l �b�f�i�m�e�v�k�Z �q�Z�k�l�b�p�u �h�l�g�h�k�b�l�_�e�v�g�h �p�_�g�l�j�Z �\�b�o�j�y C : 
2[ , ] ,z RL R mV Le L mR�  �  �  � I

� G � G � G�G �� . (49) 
�B�a �m�k�e�h�\�b�y (20) �^�\�b�`�_�g�b�y �q�Z�k�l�b�p�u �i�h �b�g�_�j�p�b�b �b �j�Z�\�_�g�k�l�\ (45) �b (48) �i�h�e�m�q�Z�_�l�k�y �k�e�_�^�m-

�x�s�_�_ �\�u�j�Z�`�_�g�b�_, �k�\�y�a�u�\�Z�x�s�_�_ �f�_�`�^�m �k�h�[�h�c �d�h�f�i�h�g�_�g�l�u �k�b�e�u �b�g�_�j�p�b�b, �d�h�l�h�j�h�_ �b�f�_�_�l �f�_�k�l�h 
�i�j�b 0RR� I � œ�� : 

( / )
R R RF R R F�I �  � � � I���� . (50) 

�K�h�]�e�Z�k�g�h (50), �\�j�Z�s�Z�l�_�e�v�g�Z�y �d�h�f�i�h�g�_�g�l�Z �k�b�e�u �b�g�_�j�p�b�b �h�[�j�Z�s�Z�_�l�k�y �\ �g�m�e�v �e�b�r�v �i�j�b R const� , 
�l. �_. �i�j�b �m�k�e�h�\�b�b, �q�l�h �l�j�Z�_�d�l�h�j�b�_�c �q�Z�k�l�b�p�u �y�\�e�y�_�l�k�y �h�d�j�m�`�g�h�k�l�v. �H�l�f�_�l�b�f, �q�l�h �\ �k�b�e�m �k�h�h�l�g�h-
�r�_�g�b�c (33) �b (49) �f�h�f�_�g�l �b�f�i�m�e�v�k�Z L  �k �l�h�q�g�h�k�l�v�x �^�h �i�h�k�l�h�y�g�g�h�c �k�h�\�i�Z�^�Z�_�l �k �f�Z�k�k�h�c �q�Z�k�l�b�p�u: 

aL ab m�  � Z. �B�k�i�h�e�v�a�m�y (48), �i�h�e�m�q�Z�_�f �k�e�_�^�m�x�s�_�_ �i�j�_�^�k�l�Z�\�e�_�g�b�_ �^�e�y �\�_�e�b�q�b�g�u 
R

F�I : 

/
R aF ab m R�I �  � Z�� , �i�j�b�q�_�f /

R R a RdA dt L ab m�I �  � Z �  � Z � Z�� �� . (51) 

�K �i�h�f�h�s�v�x �k�h�h�l�g�h�r�_�g�b�c (25), (41) �b (51) �f�h�`�g�h �i�h�e�m�q�b�l�v �k�e�_�^�m�x�s�_�_ �\�u�j�Z�`�_�g�b�_ �^�e�y �\�j�Z�s�Z-
�l�_�e�v�g�h�c �d�h�f�i�h�g�_�g�l�u �k�b�e�u �b�g�_�j�p�b�b, �k�i�j�Z�\�_�^�e�b�\�h�_ �i�j�b R const�œ : 
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2 2 4
0 2 3 ( , )

R

x y
a y x

R R
F e a p R R

R V�I �  � Z � �
�G

. (52) 

�B�k�i�h�e�v�a�m�y �n�h�j�f�m�e�m (52) �b �Z�g�Z�e�h�]�b�q�g�m�x �n�h�j�f�m�e�m �^�e�y �d�h�f�i�h�g�_�g�l�u �k�b�e�u �b�g�_�j�p�b�b RF
�G

, �g�_�l�j�m�^�g�h 
�i�h�d�Z�a�Z�l�v, �q�l�h �d�Z�`�^�Z�y �b�a �m�d�Z�a�Z�g�g�u�o �d�h�f�i�h�g�_�g�l �k�b�e�u �b�g�_�j�p�b�b �k�h�^�_�j�`�b�l �d�Z�d �i�h�l�_�g�p�b�Z�e�v�g�m�x �k�h-
�k�l�Z�\�e�y�x�s�m�x, �l�Z�d �b �\�b�o�j�_�\�m�x. 

�<�g�Z�q�Z�e�_ �j�Z�k�k�f�h�l�j�b�f �m�k�d�h�j�_�g�g�h�_ �^�\�b�`�_�g�b�_ �q�Z�k�l�b�p�u �i�h �b�g�_�j�p�b�b �\ �k�b�e�v�g�h�f �k�f�u�k�e�_. �I�h-
�e�Z�]�Z�y, �q�l�h 0R� Z � œ, �b�a �m�k�e�h�\�b�c �^�\�b�`�_�g�b�y �i�h �b�g�_�j�p�b�b ( ) 0dA Vd mV�  �  

�G �G
 �b 0

R RdA Ldt�I �  � Z �  ��  (�k�f. 

(20), (45) �b (48)) �i�h�e�m�q�Z�_�f �k�h�h�l�g�h�r�_�g�b�y: 
2

0 , RmV p const L mR const�  �  �  � Z �  , (53)  

�]�^�_ 2 2 2
RV R R�  � � � Z�� . �D�Z�d �i�h�d�Z�a�Z�g�h �\ [14], �k�h�h�l�g�h�r�_�g�b�y (53) �\�u�i�h�e�g�y�x�l�k�y �e�b�r�v �i�j�b 

0R R const�  �  , �i�j�b�q�_�f 0 0 0 0/ , | |R L p L L�  �  . �K�e�_�^�h�\�Z�l�_�e�v�g�h, �d�j�b�\�h�e�b�g�_�c�g�h�_ �^�\�b�`�_�g�b�_ �q�Z�k�l�b-
�p�u �i�h �b�g�_�j�p�b�b �\ �k�b�e�v�g�h�f �k�f�u�k�e�_ �i�j�_�^�k�l�Z�\�e�y�_�l �k�h�[�h�c �j�Z�\�g�h�f�_�j�g�h�_ �\�j�Z�s�_�g�b�_ �q�Z�k�l�b�p�u �k �i�h�k�l�h-
�y�g�g�h�c �f�Z�k�k�h�c �i�h �h�d�j�m�`�g�h�k�l�b ( 2 0,e � �k�f. �m�j�Z�\�g�_�g�b�_ �l�j�Z�_�d�l�h�j�b�b (30)). �I�Z�j�Z�f�_�l�j�u �^�\�b�`�_�g�b�y �l�Z-
�d�h�\�u: 

0 0 0 0 0 0 0 0

0 0

/ , , | | ,

/ , .
a

R V a

R R L p a b L mR V V R V

m p V

�  �  �  �  �  �  � Z � •

�  � Z �  � Z �  � Z
  (54) 

�D�Z�d �b �^�h�e�`�g�h �[�u�l�v, �n�h�j�f�m�e�u (54) �k�h�]�e�Z�k�m�x�l�k�y �k �\�u�j�Z�`�_�g�b�y�f�b (32) �b (40).  
�< �k�e�m�q�Z�_ �k�b�e�v�g�h�c �b�g�_�j�p�b�b, �l. �_. �i�j�b 0e � , �^�_�c�k�l�\�m�x�s�m�x �g�Z �q�Z�k�l�b�p�m �k�b�e�m �b�g�_�j�p�b�b 

0 VF p e� 
�G �G��  �f�h�`�g�h �\�u�q�b�k�e�b�l�v �k�e�_�^�m�x�s�b�f �h�[�j�Z�a�h�f. �M�q�b�l�u�\�Z�y, �q�l�h 0R � ��  �b | | 0R R Rsign� Z �  � Z � Z � œ, 

�b�a �j�Z�\�_�g�k�l�\ 
RV R RV Ve Re R e�I�  �  � � � Z

�G � G � G � G�� �\�u�\�h�^�b�f: 

, | | ,
RV R V R R R ae e sign e e�I�  � Z �  � � � Z � Z �  � Z

� G � G � G � G�� . (55) 

�A�g�Z�q�b�l, 

0 0| | | | 0R R a RF p e p e�  � � � Z �  � � � Z � œ
�G �G �G

, (56) 

�g�h �i�j�b �w�l�h�f 0, 0
R R

dA FVdt dA FV dt� I � I�  �  �  �  
�G� G � G � G

. �D�Z�d �\�b�^�g�h �b�a (56), , 0
RRF F F�I�  �  

�G � G � G
 �\ �k�h�h�l�\�_�l-

�k�l�\�b�b �k �n�h�j�f�m�e�Z�f�b (50) �b (51). �G�Z �h�k�g�h�\�Z�g�b�b (56) �f�h�`�g�h �a�Z�i�b�k�Z�l�v: 

0, | |aF U U p R�  � �� ´ �  � Z
� G � G

. (57) 
�I�h�^�q�_�j�d�g�_�f, �q�l�h �\�u�j�Z�`�_�g�b�y (56) �b (57), �d�Z�d �y�\�k�l�\�m�_�l �b�a �g�Z�r�_�]�h �Z�g�Z�e�b�a�Z, �k�i�j�Z�\�_�^�e�b�\�u �e�b�r�v �i�j�b 

2 0e �‘ , �l. �_. �i�j�b 0R R�‘ .  
�< �k�e�m�q�Z�_ �k�e�Z�[�h�c �b�g�_�j�p�b�b �g�m�`�g�h �\�h�k�i�h�e�v�a�h�\�Z�l�v�k�y �m�j�Z�\�g�_�g�b�_�f �l�j�Z�_�d�l�h�j�b�b (30), �\ �d�h�l�h-

�j�h�f �l�_�i�_�j�v 0e �œ , �l. �_. ( )R R t� . �B�k�d�e�x�q�Z�y �\�_�e�b�q�b�g�m R �b�a �k�h�h�l�g�h�r�_�g�b�c (30) �b (33), �i�j�b�o�h�^�b�f �d 
�^�b�n�n�_�j�_�g�p�b�Z�e�v�g�h�f�m �m�j�Z�\�g�_�g�b�x 

�� ��2
2 2 / 1 .

1 cos
R

a
R

d
e dt

e
�I

�  � Z � �
� � � I

 (58) 

�?�]�h �j�_�r�_�g�b�_ �f�h�`�g�h �i�h�e�m�q�b�l�v, �b�k�i�h�e�v�a�m�y �l�Z�[�e�b�q�g�u�c �b�g�l�_�]�j�Z�e (�k�f. [15], �k.94, 446.7): 
2 2

2 2 2 2 2 2 2

1
, , 0.

cos
dx atgx

arctg a b a
a b x a a b a b

�  � ! � !
�� � � � �

�Õ  

�I�h�e�Z�]�Z�y �\ �i�h�k�e�_�^�g�_�c �n�h�j�f�m�e�_ 2 21, 1,a b e�  �  � � �j�_�r�_�g�b�_ �m�j�Z�\�g�_�g�b�y (58) �f�h�`�g�h �i�j�_�^�k�l�Z�\�b�l�v �\ 

�\�b�^�_: 
2

.
1

R
a

tg
arctg t C

e

� É � Ù�I
�  � Z � �� Ê � Ú� Ê � Ú��� Ë � Û

 �I�h�k�l�h�y�g�g�m�x �b�g�l�_�]�j�b�j�h�\�Z�g�b�y C  �h�i�j�_�^�_�e�b�f �b�a �m�k�e�h�\�b�y 0R� I �   

�i�j�b 0t t� , �d�h�l�h�j�h�_ �^�Z�_�l: 0aC t�  � �� Z . �<�\�h�^�y �h�[�h�a�g�Z�q�_�g�b�_ ( )
0( )a t t ��� Z � � �  � I, �i�j�b�o�h�^�b�f �d �k�e�_�^�m�x�s�_�c 

�n�h�j�f�m�e�_: 

( )

2
.

1
Rtg

arctg
e

��� É � Ù�I
�  � I� Ê � Ú� Ê � Ú��� Ë � Û

 (59)  
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�I�h�k�e�_�^�g�_�_ �j�Z�\�_�g�k�l�\�h �w�d�\�b�\�Z�e�_�g�l�g�h �k�e�_�^�m�x�s�_�f�m (�_�k�e�b �]�e�Z�\�g�h�_ �a�g�Z�q�_�g�b�_ �n�m�g�d�p�b�b ( ) arctgx��� I �   

�e�_�`�b�l �\ �h�[�e�Z�k�l�b ( )/ 2 / 2�����S �� �I �� �S ): 

( ) ( )

2
, / 2 / 2.

1
Rtg

tg
e

� � � ��I
� I �  � � � S � � � I � � � S

��
 (60)  

�G�_�l�j�m�^�g�h �m�[�_�^�b�l�v�k�y �\ �l�h�f, �q�l�h �i�h�k�e�_�^�g�_�_ �j�Z�\�_�g�k�l�\�h �g�Z�o�h�^�b�l�k�y �\ �k�h�]�e�Z�k�b�b �k �k�h�h�l�g�h�r�_�g�b�y�f�b 
(31). �<�h�a�\�_�^�y �h�[�_ �q�Z�k�l�b �j�Z�\�_�g�k�l�\�Z (60) �\ �d�\�Z�^�j�Z�l, �i�h�e�m�q�Z�_�f �i�h�k�e�_ �i�j�h�k�l�u�o �i�j�_�h�[�j�Z�a�h�\�Z�g�b�c �k�e�_-
�^�m�x�s�b�_ �n�h�j�f�m�e�u:  

2 ( ) 2 ( ) 2 2 ( )
2 2 2

2 2 ( ) 2 2 ( ) 2 2 ( )

1 sin cos (1 )sin
(1 ) 1 cos , sin .

cos cos 1 sin 1 sinR R
R

e
e

e e

� � � � � �

� � � � � �

� I � I � � � I
�  � � � � � ‘ � I �  � I �  

� I � I � � � I � � � I
 (61)  

�B�k�i�h�e�v�a�m�y �i�h�k�e�_�^�g�b�_ �n�h�j�f�m�e�u, �\�u�j�Z�`�_�g�b�_ �^�e�y R (30) �f�h�`�g�h �i�j�b�\�_�k�l�b �d �\�b�^�m: 
2 2 ( )1 sin .R a e ���  � � � I (62) 

�>�b�n�n�_�j�_�g�p�b�j�m�y �h�[�_ �q�Z�k�l�b �w�l�h�]�h �\�u�j�Z�`�_�g�b�y �i�h �\�j�_�f�_�g�b, �i�h�e�m�q�Z�_�f �n�h�j�f�m�e�m (34) �^�e�y R��. 
�< �k�\�y�a�b �k �\�u�j�Z�`�_�g�b�_�f (60) �\�h�a�g�b�d�Z�_�l �\�h�i�j�h�k: �d�Z�d �\�u�]�e�y�^�b�l �a�Z�\�b�k�b�f�h�k�l�v R�I  �h�l ( )���I  �\�g�_ 

�h�[�e�Z�k�l�b ( )���I  �/  ( / 2, / 2)���S �� �S ? �Q�l�h�[�u �h�l�\�_�l�b�l�v �g�Z �w�l�h�l �\�h�i�j�h�k, �m�f�g�h�`�b�f �h�[�_ �q�Z�k�l�b �^�\�m�o �i�h-

�k�e�_�^�g�b�o �j�Z�\�_�g�k�l�\ (61) �g�Z 2R �b �b�k�i�h�e�v�a�m�_�f �n�h�j�f�m�e�m (62). �I�h�k�e�_ �b�a�\�e�_�q�_�g�b�y �d�\�Z�^�j�Z�l�g�h�]�h �d�h�j�g�y 
�b�a �h�[�_�b�o �q�Z�k�l�_�c �i�h�e�m�q�_�g�g�u�o �j�Z�\�_�g�k�l�\ �i�h�e�m�q�Z�_�f �h�[�h�[�s�_�g�b�_ �j�Z�\�_�g�k�l�\ (31): 

( ) ( )cos cos , sin sin .R Ra R b R� � � �� ” � I �  � I � ” � I �  � I 
�?�k�e�b �\ �w�l�b�o �j�Z�\�_�g�k�l�\�Z�o �a�Z�n�b�d�k�b�j�h�\�Z�l�v �d�Z�d�b�f-�e�b�[�h �k�i�h�k�h�[�h�f �h�^�b�g �b�a �a�g�Z�d�h�\, �l�h �w�l�b �j�Z�\�_�g�k�l�\�Z 
�^�Z�^�m�l �g�_�i�j�_�j�u�\�g�m�x �a�Z�\�b�k�b�f�h�k�l�v ( )( )R R ���  � I

� G � G
, �h�i�j�_�^�_�e�y�x�s�m�x �l�j�Z�_�d�l�h�j�b�x �^�\�b�`�_�g�b�y �q�Z�k�l�b�p�u, 

�i�j�b �i�_�j�_�o�h�^�_ �q�_�j�_�a �]�j�Z�g�b�p�m �k�h�k�_�^�g�b�o �h�[�e�Z�k�l�_�c �a�g�Z�q�_�g�b�c ( )���I : �h�l n�)  �d 2n���) , �]�^�_ n�)  – �h�[�e�Z�k�l�v 

�a�g�Z�q�_�g�b�c ( )���I , �e�_�`�Z�s�b�o �\ �b�g�l�_�j�\�Z�e�_ ( )/ 2 ( 2) / 2n n��� S � � � I � � � � � S, , 1,1, 3,n �  � �� ! � ! �< �q�Z�k�l�g�h�k�l�b, 
�_�k�e�b �\ �m�d�Z�a�Z�g�g�u�o �j�Z�\�_�g�k�l�\�Z�o �\�u�[�j�Z�l�v �\�_�j�o�g�b�c �a�g�Z�d, �l�h �i�h�e�m�q�Z�x�l�k�y �j�Z�\�_�g�k�l�\�Z (31). 

�< �a�Z�d�e�x�q�_�g�b�_ �j�Z�a�^�_�e�Z �h�[�j�Z�l�b�f�k�y �d �l�_�h�j�_�f�_ �=�Z�m�k�k�Z �^�e�y �i�h�e�y �k�b�e�u �b�g�_�j�p�b�b (�k�f. �i�_�j�\�h�_ 
�b�a �j�Z�\�_�g�k�l�\ (43)), �k�j�Z�\�g�b�\ �_�_ �k �l�_�h�j�_�f�h�c �=�Z�m�k�k�Z �^�e�y �w�e�_�d�l�j�b�q�_�k�d�h�]�h (�d�m�e�h�g�h�\�k�d�h�]�h) �i�h�e�y, �i�h-
�j�h�`�^�Z�_�f�h�]�h �w�e�_�d�l�j�b�q�_�k�d�b�f�b �a�Z�j�y�^�Z�f�b. �J�Z�k�k�f�h�l�j�b�f �^�\�_ �d�e�Z�k�k�b�q�_�k�d�b�_ �l�h�q�_�q�g�u�_ �q�Z�k�l�b�p�u �k �a�Z�j�y-
�^�Z�f�b 1q  �b 2q , �j�Z�k�i�h�e�h�`�_�g�g�u�_ �\ �g�_�d�h�l�h�j�h�c �B�K�H �\ �l�h�q�d�Z�o 1r r� 

�G �G
 �b 2r r� 

�G �G
. �I�h �a�Z�d�h�g�m �D�m�e�h�g�Z, �g�Z 

�q�Z�k�l�b�p�m 1 �^�_�c�k�l�\�m�_�l �k�h �k�l�h�j�h�g�u �q�Z�k�l�b�p�u 2 �k�b�e�Z 12,F
�G

 

1

3
12 1 2 1 2 1 2 1 2 1 2 1 2( ) / / , 0.rF kq q r r r r kq q r r r r�  � � � � �  � �� ´ � � � � � œ�G
� G � G� G � G � G � G � G � G � G � G

 

�B�a �w�l�h�]�h �\�u�j�Z�`�_�g�b�y �k�e�_�^�m�_�l �l�_�h�j�_�f�Z �=�Z�m�k�k�Z: 

1 1

2
12 1 2 1 2 1 2 1 2/ 4 ( ),r rF kq q r r kq q r r� ´ �  � �� ´ � � �  � S � G � �� G � G

� G � G � G�G � G � G � G
 (63)  

�d�h�l�h�j�m�x �i�j�b�g�y�l�h �l�j�Z�d�l�h�\�Z�l�v �k�e�_�^�m�x�s�b�f �h�[�j�Z�a�h�f. �I�e�h�l�g�h�k�l�v �a�Z�j�y�^�Z 1 1 2 1( )q r r� G � � � • � U
� G � G

�y�\�e�y�_�l�k�y 

�b�k�l�h�q�g�b�d�h�f �w�e�_�d�l�j�b�q�_�k�d�h�]�h �i�h�e�y, �i�h�j�h�`�^�Z�_�f�h�]�h �a�Z�j�y�^�h�f 1q  �\ �l�h�q�d�_ �g�Z�o�h�`�^�_�g�b�y �a�Z�j�y�^�Z 2q , �Z 

�i�e�h�l�g�h�k�l�v �a�Z�j�y�^�Z 2 1 2 2( )q r r� G � � � • � U
� G � G

 – �b�k�l�h�q�g�b�d�h�f �i�h�e�y, �i�h�j�h�`�^�Z�_�f�h�]�h �a�Z�j�y�^�h�f 2q  �\ �l�h�q�d�_ �g�Z�o�h�`-

�^�_�g�b�y �a�Z�j�y�^�Z 1q . �H�l�f�_�l�b�f, �q�l�h 

1 12 0r F� ´ �  �G
� G � G

 �i�j�b 1 2 0r r� � � œ
� G � G

. (64)  

�B�a �k�j�Z�\�g�_�g�b�y �k�h�h�l�g�h�r�_�g�b�c (63) �b (64) �k �i�_�j�\�u�f �b�a �j�Z�\�_�g�k�l�\ (43) �\�b�^�g�h, �q�l�h �b�f�_�_�l�k�y �k�m�s�_-
�k�l�\�_�g�g�h�_ �j�Z�a�e�b�q�b�_ �f�_�`�^�m �\�_�e�b�q�b�g�Z�f�b F�´

�G�G
(43) �b 

1 12r F�´ �G
�G �G

(63). �I�h�k�d�h�e�v�d�m 0,F� ´ � œ
� G � G

�l�h �f�h�`�g�h 

�m�l�\�_�j�`�^�Z�l�v, �q�l�h �q�Z�k�l�b�p�Z, �^�\�b�`�m�s�Z�y�k�y �m�k�d�h�j�_�g�g�h �i�h �b�g�_�j�p�b�b, �b�g�^�m�p�b�j�m�_�l �w�e�_�d�l�j�b�q�_�k�d�b�c �a�Z�j�y�^, 
�g�h �\ �k�b�e�m (43) �w�l�h�l �a�Z�j�y�^, �\ �h�l�e�b�q�b�_ �h�l �a�Z�j�y�^�Z, �i�h�j�h�`�^�Z�x�s�_�]�h �d�m�e�h�g�h�\�k�d�h�_ �i�h�e�_, �g�_ �e�h�d�Z�e�b�a�h-
�\�Z�g �g�Z �q�Z�k�l�b�p�_, �Z «�j�Z�a�f�Z�a�Z�g» �i�h �\�k�_�c �h�[�e�Z�k�l�b �^�\�b�`�_�g�b�y �q�Z�k�l�b�p�u. �B�g�^�m�p�b�j�h�\�Z�g�g�u�c �a�Z�j�y�^ �i�j�_�-̂
�k�l�Z�\�e�y�_�l �k�h�[�h�c �h�[�e�Z�d�h �w�e�_�d�l�j�b�q�_�k�d�b �a�Z�j�y�`�_�g�g�h�c �f�Z�l�_�j�b�b, �d�h�l�h�j�h�_ �h�d�m�l�u�\�Z�_�l �q�Z�k�l�b�p�m, �g�_�i�j�_-
�j�u�\�g�h �b�a�f�_�g�y�y �k�\�h�x �n�h�j�f�m �b �i�_�j�_�f�_�s�Z�y�k�v �\�f�_�k�l�_ �k �q�Z�k�l�b�p�_�c; �_�]�h �e�b�g�_�c�g�u�_ �j�Z�a�f�_�j�u �i�h�j�y�^�d�Z 
�j�Z�a�f�_�j�h�\ �l�j�Z�_�d�l�h�j�b�b, �i�h �d�h�l�h�j�h�c �^�\�b�`�_�l�k�y �q�Z�k�l�b�p�Z. 
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4.  �M�j�Z�\�g�_�g�b�y �w�e�_�d�l�j�h�f�Z�]�g�b�l�g�h�]�h �i�h�e�y, �i�h�j�h�`�^�Z�_�f�h�]�h �m�k�d�h�j�_�g�g�h �^�\�b�`�m�s�_�c�k�y  
�i�h �b�g�_�j�p�b�b �d�e�Z�k�k�b�q�_�k�d�h�c �q�Z�k�l�b�p�_�c, �b �b�o �j�_�r�_�g�b�_ 

�I�_�j�_�c�^�_�f �d �\�u�\�h�^�m �m�j�Z�\�g�_�g�b�c �w�e�_�d�l�j�h�f�Z�]�g�b�l�g�h�]�h �i�h�e�y, �]�_�g�_�j�b�j�m�_�f�h�]�h �d�e�Z�k�k�b�q�_�k�d�h�c 
�q�Z�k�l�b�p�_�c, �h�i�b�k�Z�g�g�h�c �\ �i�j�_�^�u�^�m�s�_�f �j�Z�a�^�_�e�_. �>�e�y �m�i�j�h�s�_�g�b�y �\�u�d�e�Z�^�h�d �^�Z�e�_�_ �h�]�j�Z�g�b�q�b�f�k�y �j�Z�k-
�k�f�h�l�j�_�g�b�_�f �h�[�e�Z�k�l�b 2 1e ���� .  

�J�Z�a�e�h�`�b�f �k�b�e�m �b�g�_�j�p�b�b F
�G

, �j�Z�k�k�f�Z�l�j�b�\�Z�y �_�_ �d�Z�d �n�m�g�d�p�b�x �h�l ,x yR R , �i�h �k�l�_�i�_�g�y�f 2e . �K 

�w�l�h�c �p�_�e�v�x �\�h�k�i�h�e�v�a�m�_�f�k�y �n�h�j�f�m�e�h�c 2 2 2/ 1b a e�  � �, �j�Z�a�e�h�`�_�g�b�_�f (�k�f. (32)) 
2 2

2 2 2 2
2 2

1
| | (1 ) | | 1

1 2
x y

a x y a

R R
V e R R R e

e R

� É � Ù��
�  � Z � � � � �  � Z � � � �� Ê � Ú� Ê � Ú�� � Ë � Û

�"  (65) 

�b �j�Z�\�_�g�k�l�\�Z�f�b (24) �b (42). �G�_�k�e�h�`�g�u�_ �i�j�_�h�[�j�Z�a�h�\�Z�g�b�y �^�Z�x�l �\ 2e �� �i�j�b�[�e�b�`�_�g�b�b: 
2 2 2 22 2

0 2 2

3 31
| | 1 ; 1

2 2
x y x y

a x y

R R R Re e
F p R R

R R R

� É � Ù� É � Ù � É � Ù� � � �
� Ê � Ú�  � � � Z � � � �� Ê � Ú � Ê � Ú� Ê � Ú � Ê � Ú� Ê � Ú� Ë � Û � Ë � Û� Ë � Û

�G
. (66) 

�I�j�b�\�_�^�_�f �l�Z�d�`�_ �\�u�j�Z�`�_�g�b�y �^�e�y �^�b�\�_�j�]�_�g�p�b�b �b �j�h�l�h�j�Z �k�b�e�u �b�g�_�j�p�b�b, �k�i�j�Z�\�_�^�e�b�\�u�_ �k �l�h�q�g�h-
�k�l�v�x 2e  (�k�f. (43)): 

2 2
2 2

0 02 3

2 3
0

1 3
( ) | | 1 ; [ ] 3 | | ,

2

( [ ]) ( [ ]) 3 | | / .

x y y x yx
a z a zR R

x y

z z a x yR R

R R F R RF
F p e F e p e e

R R RR R

e F Fe p e R R R

� É � Ù� É � Ù� � � ™�™
� ´ �  � � � Z � � � ´ �  � � �  � � � Z� Ê � Ú� Ê � Ú� Ê � Ú� Ê � Ú� ™ � ™� Ë � Û� Ë � Û

� ´ �  � ´ �  � � � Z

� G � G

� G � G

� G � G � G � G �G �G

� G � G � G � G� G � G
 (67) 

�M�q�b�l�u�\�Z�y �j�Z�\�_�g�k�l�\�Z (41), �\�_�d�l�h�j �k�d�h�j�h�k�l�b V
�G

 �f�h�`�g�h �a�Z�i�b�k�Z�l�v �\ �\�b�^�_ �n�m�g�d�p�b�b, �a�Z�\�b�k�y-
�s�_�c �h�l ( ) ( , )x yR R t R R�  �  

� G � G
: 

�� ��( / ) , ( / ) ( )a y xV R a b R b a R V R�  �  � �� Z � � � {
�G� G � G � G�� �� . (68) 

�K�q�b�l�Z�y, �q�l�h �\�k�_ �j�Z�k�k�f�Z�l�j�b�\�Z�_�f�u�_ �^�Z�e�_�_ �n�m�g�d�p�b�b �y�\�e�y�x�l�k�y �k�e�h�`�g�u�f�b �n�m�g�d�p�b�y�f�b �\�j�_�f�_�g�b �\�b�^�Z 
( ) ( ( ))f t f R t� 

�G
, �\�u�\�h�^�b�f (�k�f. �j�Z�a�^�_�e 2): 

.

,

, ,

x y a y a x
x y x y

x y a x yR R
x y y x

d a b
R R R R

dt R R b R a R

d b a
e e e e

R R dt a R b R��

� ™ � ™ � ™ � ™
�  � � �  � � � Z � � � Z

� ™ � ™ � ™ � ™

� É � Ù� ™ � ™ � ™ � ™� Ì � Ü� ´ �  � � � ´ �  � �� Z � �� Ê � Ú� Í � Ý� Ê � Ú� ™ � ™ � ™ � ™� Î � Þ� Ë � Û
� G � G

� � � �

� G � G� G � G � G � G
 (69) 

�< �k�b�e�m (68) �b (69) �\�u�i�h�e�g�y�_�l�k�y �j�Z�\�_�g�k�l�\�h 

0,RV� ´ �  �G

�G�G ��  (70) 

�\�k�e�_�^�k�l�\�b�_ �d�h�l�h�j�h�]�h �b�f�_�_�l �f�_�k�l�h �k�h�h�l�g�h�r�_�g�b�_: 

( ), .
R

d
j j V

dt
�U

�  � �� ´ �  � � � U�G

�G�G � G � G��  (71) 

�>�b�n�n�_�j�_�g�p�b�j�m�y �i�h �\�j�_�f�_�g�b �h�[�_ �q�Z�k�l�b �l�_�h�j�_�f�u �=�Z�m�k�k�Z �^�e�y �k�b�e�u �b�g�_�j�p�b�b, 
R F
F� ´ �  � U�G �G

�G �G
 

(�k�f. (3)), �i�h�e�m�q�Z�_�f: 

( ) , F
R R R

dd dF d
F F

dt dt dt dt��

�U� Ì � Ü� ´ �  � ´ � � � ´ �  � Í � Ý� Î � Þ

�G
� G � G � G

�G
� G � G � G � G � G

. (72) 

�K �i�h�f�h�s�v�x �i�h�k�e�_�^�g�_�c �b�a �n�h�j�f�m�e (69) �\�u�\�h�^�b�f: 

, .yx
aR

y x

FFd b a
F

dt a R b R��

� É � Ù�™�™� Ì � Ü� ´ �  � �� Z � �� Ê � Ú� Í � Ý� Ê � Ú� ™ � ™� Î � Þ� Ë � Û
�G

� G � G
 (73) 

�?�k�e�b �g�Z�j�y�^�m �k �\�_�d�l�h�j�h�f ( , )x yF F F� 
�G

 �\�\�_�k�l�b �\�_�d�l�h�j  

( , )y x

a b
F F F

b a
�  � �

�G
�� , (74) 
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�l�h �i�j�Z�\�m�x �q�Z�k�l�v (73) �f�h�`�g�h �a�Z�i�b�k�Z�l�v �\ �\�b�^�_ �^�b�\�_�j�]�_�g�p�b�b: ( ) ( )a aR RF F� Z � ´ �  � ´ � Z� G � G

�G �G�G �G� � � �. 

�K�e�_�^�h�\�Z�l�_�e�v�g�h, �j�Z�\�_�g�k�l�\�h (73) �f�h�`�g�h �i�j�_�^�k�l�Z�\�b�l�v �\ �n�h�j�f�_: 

, ( ).aR R

d
F F

dt ��

� Ì � Ü� ´ �  � ´ � Z� Í � Ý� Î � Þ
� G � G

�G� G � G � G��  (75) 

�B�k�i�h�e�v�a�m�y (71) �b (75), �k�h�h�l�g�h�r�_�g�b�_ (72) �f�h�`�g�h �a�Z�i�b�k�Z�l�v �\ �\�b�^�_: 

0.aR F

dF
F V

dt

� É � Ù
� ´ � � � Z � � � U �  � Ê � Ú

� Ë � Û
� G � G

�G � G � G�G � � � �  (76) 

�F�u �i�j�b�o�h�^�b�f, �l�Z�d�b�f �h�[�j�Z�a�h�f, �d �k�e�_�^�m�x�s�_�c �i�Z�j�_ �m�j�Z�\�g�_�g�b�c: 

1[ , ], ,a F R R F

dF
F V c H F

dt
� � � Z � � � U �  � ´ � ´ �  � U� G � G � G � G

�G � G � G�G � G � G � G� � � �   (77) 

�]�^�_ 1c const� , H
�G

– �g�_�d�h�l�h�j�h�_ �\�_�d�l�h�j�g�h�_ �i�h�e�_ (�[�m�^�_�f �g�Z�a�u�\�Z�l�v �_�]�h �f�Z�]�g�b�l�g�u�f), �k�h�i�m�l�k�l�\�m�x�s�_�_ 
�d�e�Z�k�k�b�q�_�k�d�h�c �q�Z�k�l�b�p�_, �d�h�l�h�j�Z�y �^�\�b�`�_�l�k�y �m�k�d�h�j�_�g�g�h �i�h �b�g�_�j�p�b�b. �H�l�f�_�l�b�f, �q�l�h �_�k�e�b �i�h �Z�g�Z�e�h�]�b�b 

�k �\�_�d�l�h�j�h�f F
�G
��  (74) �\�\�_�k�l�b �\�_�d�l�h�j ( , )y x

a b
R R R

b a
�  � �

�G
�� , �l�h �\�_�d�l�h�j �k�d�h�j�h�k�l�b V

�G
�� (68) �f�h�`�g�h �a�Z�i�b�k�Z�l�v �\ 

�\�b�^�_: aV R�  � �� Z
� G � G
� � � �. 
�I�_�j�_�c�^�_�f �d �\�u�\�h�^�m �i�_�j�\�h�c �i�Z�j�u �m�j�Z�\�g�_�g�b�c �^�\�b�`�_�g�b�y �i�h�e�y. �<�\�h�^�y �l�_�h�j�_�f�m �=�Z�m�k�k�Z �^�e�y 

�f�Z�]�g�b�l�g�h�]�h �i�h�e�y, 

R HH� ´ �  � U� G � G
� G � G

, (78) 

�]�^�_ 
H

�U�G– �b�k�l�h�q�g�b�d �f�Z�]�g�b�l�g�h�]�h �i�h�e�y, �^�b�n�n�_�j�_�g�p�b�j�m�_�f �h�[�_ �q�Z�k�l�b �j�Z�\�_�g�k�l�\�Z (78) �i�h �\�j�_�f�_�g�b. �B�k-

�i�h�e�v�a�m�y �j�Z�\�_�g�k�l�\�Z: ( )H
R H

d
V

dt

�U
�  � ´ � U

�G
� G � G

�G�G
��  �b , ( ),aR R

d
H H

dt ��

� Ì � Ü� ´ �  � ´ � Z� Í � Ý� Î � Þ
� G � G

�G�G � G � G��  �]�^�_ ( , )y x

a b
H H H

b a
�  � �

�G
�� , �k�f. (71), 

(74) �b (75), �i�h�k�e�_ �g�_�k�e�h�`�g�u�o �i�j�_�h�[�j�Z�a�h�\�Z�g�b�c, �Z�g�Z�e�h�]�b�q�g�u�o �l�_�f, �d�h�l�h�j�u�_ �i�j�b�\�_�e�b �d �m�j�Z�\�g�_�g�b�y�f 
(77), �i�h�e�m�q�Z�_�f �k�h�h�l�g�h�r�_�g�b�_: 

0.aR H

dH
H V

dt

� É � Ù
� ´ � � � Z � � � U �  � Ê � Ú

� Ë � Û
� G � G

�G � G � G�G � � � �  (79) 

�L�Z�d �f�u �i�j�b�o�h�^�b�f �d �i�_�j�\�h�c �i�Z�j�_ �m�j�Z�\�g�_�g�b�c (�k�j. �k (77)): 

2[ ],a H R R H

dH
H V c F H

dt
� � � Z � � � U �  � ´ � ´ �  � U� G � G � G � G

�G � G � G�G � G � G � G� � � � . (80) 

�H�l�f�_�l�b�f �k�h�h�l�g�h�r�_�g�b�y: 

( ) , ( ) ( ),a aF R F RD V F D V F�  � Z � ´ �  � ´ � Z� G � G � G � G

� G � G � G � G� G � G � G � G� � � � � � � � (81)  

�]�^�_  

( ) ( ) ( )F R RD V F V F V�  � ´ � � � ´� G � G � G

� G � G � G� G � G � G � G � G
� � � � � �. (82) 

�<�u�i�b�r�_�f �i�h�e�g�m�x �k�b�k�l�_�f�m �m�j�Z�\�g�_�g�b�c, �m�i�j�Z�\�e�y�x�s�b�o �i�h�e�_�f, �d�h�l�h�j�h�_ �b�g�^�m�p�b�j�m�_�l�k�y 
�d�e�Z�k�k�b�q�_�k�d�h�c �q�Z�k�l�b�p�_�c, �k�h�\�_�j�r�Z�x�s�_�c �m�k�d�h�j�_�g�g�h�_ �^�\�b�`�_�g�b�_ �i�h �b�g�_�j�p�b�b �i�h �l�j�Z�_�d�l�h�j�b�b �\ �\�b�^�_ 
�w�e�e�b�i�k�Z (�k�j. �k (13)):  

2

1

[ ], ,

[ ], ,

a H R R H

a F R R F

dH
H j c F H

dt
dF

F j c H F
dt

� � � Z � � �  � ´ � ´ �  � U

� � � Z � � �  � ´ � ´ �  � U

� G � G � G � G

� G � G � G � G

�G �G �G � G � G � G�G��

�G �G � G � G � G � G�G��
 (83)  

�]�^�_ 
F�U�G �b 

H�U�G– �b�k�l�h�q�g�b�d�b �i�h�e�_�c F
�G

 �b H
�G

; F Fj V�  � � � U�G �G

�G�G ��  �b H Hj V�  � � � U�G �G

�G�G �� – �i�e�h�l�g�h�k�l�b �w�e�_�d�l�j�b�q�_�k�d�h�]�h �b 

�f�Z�]�g�b�l�g�h�]�h �l�h�d�h�\, �i�h�j�h�`�^�Z�_�f�u�o �q�Z�k�l�b�p�_�c, �^�\�b�`�m�s�_�c�k�y �m�k�d�h�j�_�g�g�h �i�h �b�g�_�j�p�b�b; 

�� ��( / ) , ( / )a y xV a b R b a R�  � �� Z � �
�G
�� ; aF�Z

�G
��  �b aH�Z

�G
�� – �i�h�i�j�Z�\�d�b �d �w�e�_�d�l�j�b�q�_�k�d�h�f�m �b �f�Z�]�g�b�l�g�h�f�m �l�h�d�Z�f. 

�I�e�h�l�g�h�k�l�b �a�Z�j�y�^�h�\ �b �l�h�d�h�\ �m�^�h�\�e�_�l�\�h�j�y�x�l �l�h�`�^�_�k�l�\�Z�f (�k�f. (71)): 
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( ) 0, ( ) 0.F H
R F R H

d d
j j

dt dt

� U � U
� � � ´ �  � � � ´ �  

� G � G
� G � G � G � G

� G � G� G � G
 (84) 

�M�j�Z�\�g�_�g�b�y (83) �i�j�_�^�k�l�Z�\�e�y�x�l �k�h�[�h�c �q�Z�k�l�g�u�c �k�e�m�q�Z�c �k�b�k�l�_�f�u �m�j�Z�\�g�_�g�b�c (13), �h�i�b�k�u�\�Z�x�s�b�c 
�w�e�_�d�l�j�h�f�Z�]�g�b�l�g�h�_ �i�h�e�_, �i�h�j�h�`�^�Z�_�f�h�_ �i�j�b �^�\�b�`�_�g�b�b �d�e�Z�k�k�b�q�_�k�d�h�c �q�Z�k�l�b�p�u �i�h �b�g�_�j�p�b�b �i�h �w�e-
�e�b�i�l�b�q�_�k�d�h�c �l�j�Z�_�d�l�h�j�b�b. �M�j�Z�\�g�_�g�b�y (83) �Z�g�Z�e�h�]�b�q�g�u �h�[�u�q�g�u�f �m�j�Z�\�g�_�g�b�y�f �F�Z�d�k�\�_�e�e�Z: �d�Z�d �b 
�m�j�Z�\�g�_�g�b�y �F�Z�d�k�\�_�e�e�Z, �h�g�b �h�i�b�k�u�\�Z�x�l �i�h�e�_, �i�h�j�h�`�^�Z�_�f�h�_ �d�e�Z�k�k�b�q�_�k�d�h�c �q�Z�k�l�b�p�_�c. �J�Z�a�e�b�q�b�_ 
�f�_�`�^�m �g�b�f�b �k�h�k�l�h�b�l �\ �l�h�f, �q�l�h �m�j�Z�\�g�_�g�b�y (83) �h�l�g�h�k�y�l�k�y �d �g�_�a�Z�j�y�`�_�g�g�h�c �q�Z�k�l�b�p�_, �^�\�b�`�m�s�_�c�k�y 
�i�h �b�g�_�j�p�b�b �i�h �d�j�b�\�h�e�b�g�_�c�g�h�c �l�j�Z�_�d�l�h�j�b�b, �Z �m�j�Z�\�g�_�g�b�y �F�Z�d�k�\�_�e�e�Z �h�l�g�h�k�y�l�k�y �d �l�h�q�_�q�g�h�f�m �w�e�_�d-
�l�j�b�q�_�k�d�h�f�m �a�Z�j�y�^�m, �d�h�l�h�j�u�c �k�h�a�^�Z�_�l �]�b�i�h�l�_�l�b�q�_�k�d�h�_ �d�m�e�h�g�h�\�k�d�h�_ �i�h�e�_. 

�I�_�j�_�c�^�_�f �d �j�_�r�_�g�b�x �m�j�Z�\�g�_�g�b�c (83). �A�Z�^�Z�q�Z �k�h�k�l�h�b�l �\ �l�h�f, �q�l�h�[�u �i�h �b�a�\�_�k�l�g�u�f �d�h�f�i�h-
�g�_�g�l�Z�f �\�_�d�l�h�j�Z �k�b�e�u �b�g�_�j�p�b�b ( , )x yF F F� 

�G
 �\�u�q�b�k�e�b�l�v �d�h�f�i�h�g�_�g�l�u �f�Z�]�g�b�l�g�h�]�h �i�h�e�y 

( , , )x y zH H H H� 
�G

. �I�h�k�d�h�e�v�d�m �j�Z�k�k�f�Z�l�j�b�\�Z�_�l�k�y �i�e�h�k�d�Z�y �a�Z�^�Z�q�Z, �l. �_. ( , )x yR R R� 
�G

, �l�h �k�q�b�l�Z�_�f, �q�l�h 

( , ), , , .i i x yH H R R i x y z�  �   

�<�g�Z�q�Z�e�_ �\�u�i�b�k�u�\�Z�_�f �^�b�\�_�j�]�_�g�l�g�u�_ �k�h�k�l�Z�\�e�y�x�s�b�_ �m�j�Z�\�g�_�g�b�c (83): 
2 2

2
0 2

1 3
| | 1 ; .

2
x y yx

aF R H R
x y

R R HH
F p e H

R R RR

� É � Ù� � � ™�™
� U �  � ´ �  � � � Z � � � U �  � ´ �  � �� Ê � Ú� Ê � Ú� ™ � ™� Ë � Û

� G � G � G � G
� G � G � G � G

 (85) 

�E�_�\�u�_ �q�Z�k�l�b �^�\�m�o �h�k�l�Z�\�r�b�o�k�y �m�j�Z�\�g�_�g�b�c (83) �m�^�h�[�g�h �a�Z�i�b�k�Z�l�v �\ �\�b�^�_: 

, , , , , 0 ,H H z F F
a aH F

y x y x

A A A AdHdH dF
H j F j

dt R R dt dt R R

� É � Ù � É � Ù� ™ � ™ � ™ � ™
� � � Z � � �  � � � � � Z � � �  � �� Ê � Ú � Ê � Ú� Ê � Ú � Ê � Ú� ™ � ™ � ™ � ™� Ë � Û � Ë � Û

� G � G � G � G
� G � G

� G � G� G � G� G � G� � � � (86) 

�]�^�_ ,a x x y y a x x y yH F

b a b a
A R H R H A R F R F

a b a b
� É � Ù � É � Ù�  � Z � � �  � Z � �� Ê � Ú � Ê � Ú
� Ë � Û � Ë � Û

� G � G. �E�_�]�d�h �i�j�h�\�_�j�b�l�v, �m�q�b�l�u�\�Z�y (66) �b 

(67), �q�l�h �b�f�_�x�l �f�_�k�l�h �j�Z�\�_�g�k�l�\�Z:  

2
0 0 3| | , [ ] 0, 0, 3 | | ,

[ ] , , .

x y
a a aF R

y xz z
R

y x x y

R R
A p R F p e

R

H HH H
H

R R R R

� É � Ù
�  � � � Z � Z � ´ �  � � � Z� Ê � Ú

� Ë � Û

� É � Ù�™ �™� ™ � ™
� ´ �  � � � �� Ê � Ú� Ê � Ú� ™ � ™ � ™ � ™� Ë � Û

� G � G

�G

�G �G

� G � G
 (87) 

�I�h�^�_�c�k�l�\�m�_�f �\�_�d�l�h�j�g�h �h�i�_�j�Z�l�h�j�h�f R�´ �G
�G

 �g�Z �h�[�_ �q�Z�k�l�b �i�_�j�\�h�]�h �b �l�j�_�l�v�_�]�h �m�j�Z�\�g�_�g�b�c (83). 

�M�q�b�l�u�\�Z�y (86) �b �i�j�b�g�b�f�Z�y �\�h �\�g�b�f�Z�g�b�_, �q�l�h �\�_�e�b�q�b�g�u HA�G �b FA�G �g�_ �a�Z�\�b�k�y�l �h�l zR , �g�Z�c�^�_�f: 

2 2
2

2 2

2 2
2

1 12 2

, , ( ) ,

0, 0, ( ) .

z z
H R R R

y x x y

F R R R
x y

dH dH
A F F

R dt R dt R R

A c H c H
R R

� É � Ù� É � Ù� ™ � ™ � ™ � ™
� Ê � Ú� � � � � � �  � ´ � ´ � � � ´� Ê � Ú� Ê � Ú� Ê � Ú� ™ � ™� ™ � ™� Ë � Û� Ë � Û

� É � Ù� É � Ù� ™ � ™
� Ê � Ú� � � � �  � ´ � ´ � � � ´� Ê � Ú� Ê � Ú� Ê � Ú� ™ � ™� Ë � Û� Ë � Û

� G � G � G � G

� G � G � G � G

�G � G � G � G � G

� G � G � G � G � G
 (88) 

�I�j�b �i�h�e�m�q�_�g�b�b �j�Z�\�_�g�k�l�\ (88) �f�u �i�h�e�Z�]�Z�e�b, �q�l�h �\ �m�j�Z�\�g�_�g�b�y�o (83) 2 1c �  �b 1 1( )c c R� , �b �i�h�w�l�h�f�m 

�\�_�e�b�q�b�g�Z 1[ ]Rc H�´ �G
� G � G

 �[�u�e�Z �a�Z�f�_�g�_�g�Z �\�_�e�b�q�b�g�h�c 1[ , ]R c H�´ �G
�G �G

. �I�_�j�\�h�_ �b�a �m�j�Z�\�g�_�g�b�c (88) �w�d�\�b�\�Z�e�_�g�l�g�h 

�k�e�_�^�m�x�s�b�f �l�j�_�f �m�j�Z�\�g�_�g�b�y�f: 
2 2

2 2
2 2, , 0.z z

x yF R F R H
y x x y x y

dH dH
F F A

R dt R R dt R R R

� É � Ù� ™ � ™ � ™ � ™ � ™ � ™
�  � U � � � ´ � � �  � U � � � ´ � � �  � Ê � Ú� Ê � Ú� ™ � ™ � ™ � ™� ™ � ™� Ë � Û

� G � G � G � G � G
� G � G

 (89) 

�A�Z�f�_�l�b�f, �q�l�h �_�k�e�b �i�h�^�_�c�k�l�\�h�\�Z�l�v �h�i�_�j�Z�l�h�j�h�f / xR� ™ � ™�g�Z �h�[�_ �q�Z�k�l�b �i�_�j�\�h�]�h �b�a �m�j�Z�\�g�_�g�b�c (89) �b 

�h�i�_�j�Z�l�h�j�h�f / yR� ™ � ™�g�Z �h�[�_ �q�Z�k�l�b �\�l�h�j�h�]�h �b �a�Z�l�_�f �h�[�Z �m�j�Z�\�g�_�g�b�y �k�e�h�`�b�l�v �i�h�q�e�_�g�g�h, �l�h �i�h�e�m�q�Z�_�l-

�k�y, �d�Z�d �b �^�h�e�`�g�h �[�u�l�v, �l�h�`�^�_�k�l�\�h: 
2 2

2
2 2 ( ) 0

F R R
x y

F
R R

� É � Ù� ™ � ™
� � � U � � � ´ � ´ �  � Ê � Ú� Ê � Ú� ™ � ™� Ë � Û

� G � G � G
� G � G � G

. �<�l�h�j�h�_ �b�a �m�j�Z�\�g�_�g�b�c (88) 
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�w�d�\�b�\�Z�e�_�g�l�g�h �k�e�_�^�m�x�s�b�f: 
2 2

2 2 2
1 1 1 1 12 2( ) ( ), ( ) ( ), ( ).x y zR R R R F R

x y x y

c H c H c H c H A c H
R R R R

� É � Ù� ™ � ™ � ™ � ™
� ´ �  � ´ � ´ �  � ´ � � �  � ´� Ê � Ú� Ê � Ú� ™ � ™� ™ � ™� Ë � Û

� G � G � G � G � G � G
� G � G � G � G � G � G � G

 (90) 

�G�_�k�e�h�`�g�u�_ �i�j�_�h�[�j�Z�a�h�\�Z�g�b�y �i�j�b�\�h�^�y�l �i�_�j�\�u�_ �^�\�Z �b�a �m�j�Z�\�g�_�g�b�c (90) �d �k�e�_�^�m�x�s�b�f: 

1 1 1 1( ) ( ) 0, ( ) ( ) 0.y x x y
y x y x y x

c H c H c H c H
R R R R R R

� É � Ù � É � Ù� ™ � ™ � ™ � ™ � ™ � ™
� � �  � � �  � Ê � Ú � Ê � Ú� Ê � Ú � Ê � Ú� ™ � ™ � ™ � ™ � ™ � ™� Ë � Û � Ë � Û

 

�H�l�k�x�^�Z �k�e�_�^�m�_�l, �q�l�h  

1 1 1( ) ( ) .y x
x y

c H c H B const
R R
� ™ � ™

� � � • �  
� ™ � ™

 (91) 

�M�q�b�l�u�\�Z�y �j�Z�\�_�g�k�l�\�Z (86), �k�b�k�l�_�f�m �m�j�Z�\�g�_�g�b�c (83) �f�h�`�g�h �a�Z�i�b�k�Z�l�v �\ �\�b�^�_:  

2
0 3

1 1
1 1

0, 0, 3 | | ,

( ) ( )
( ) 0, ( ) 0, 0.

x yH H
a y x z a

y x x y

y x
z zF F

y x x y

R RA A a b
R R H p e

R R b R a R R

c H c H
A c H A c H

R R R R

� É � Ù� ™ � ™� ™ � ™
�  �  � Z � � � � �  � � � Z� Ê � Ú� Ê � Ú� ™ � ™ � ™ � ™� Ë � Û

�™ �™� ™ � ™
� � �  � � �  � � �  

� ™ � ™ � ™ � ™

� G � G

� G � G

 (92) 

�H�l�f�_�l�b�f, �q�l�h �i�_�j�\�u�_ �^�\�Z �m�j�Z�\�g�_�g�b�y (92) �k�h�]�e�Z�k�m�x�l�k�y �k �i�h�k�e�_�^�g�b�f �b�a �m�j�Z�\�g�_�g�b�c (89). �B�a �k�j�Z�\-
�g�_�g�b�y �i�h�k�e�_�^�g�_�]�h �b�a �m�j�Z�\�g�_�g�b�c (92) �k (91) �\�b�^�g�h, �q�l�h 1 0B � . �B�a �q�_�l�\�_�j�l�h�]�h �b �i�y�l�h�]�h �m�j�Z�\�g�_�g�b�c 
�i�j�b�\�_�^�_�g�g�h�c �k�b�k�l�_�f�u �i�h�e�m�q�b�f: 

1 2 ,zF
A c H B const� � � • �  �G  (93) 

�Z �b�a �l�j�_�l�v�_�]�h �m�j�Z�\�g�_�g�b�y �g�Z�c�^�_�f:  

0

| | 1
3 a

z
a

H p
R

�Z
�  � �

�Z
.  (94) 

�I�h�e�Z�]�Z�y 2 0,B � �b�a �^�\�m�o �i�h�k�e�_�^�g�b�o �j�Z�\�_�g�k�l�\ �\�u�\�h�^�b�f:  
2 2

1 / 3ac R�  � Z . (95) 
�H�l�f�_�l�b�f, �q�l�h �\�u�j�Z�`�_�g�b�_ (93) �k�h�]�e�Z�k�m�_�l�k�y �k �i�h�k�e�_�^�g�b�f �b�a �m�j�Z�\�g�_�g�b�c (90). 

�B�a �m�j�Z�\�g�_�g�b�c (92) �g�Z�f �h�k�l�Z�e�h�k�v �j�Z�k�k�f�h�l�j�_�l�v �i�_�j�\�u�_ �^�\�Z �m�j�Z�\�g�_�g�b�y, �j�_�r�_�g�b�_ �d�h�l�h�j�u�o 

�f�h�`�g�h �a�Z�i�b�k�Z�l�v �\ �\�b�^�_: , ,
H

A B B const�  �  �G  �]�^�_ H
x x y y

a

A b a
R H R H

a b
�  � �

�Z

�G

, �b �i�h�k�e�_�^�g�_�_ �m�j�Z�\�g�_�g�b�_. 

�A�g�Z�q�b�l, �h�k�l�Z�_�l�k�y �g�Z�c�l�b �l�Z�d�h�_ �j�_�r�_�g�b�_ �m�j�Z�\�g�_�g�b�y 
1 1

( ) ( )
0y x

x y

c H c H
R R

�™ �™
� � �  

� ™ � ™
,  (96) 

�d�h�l�h�j�h�_ �i�h�^�q�b�g�y�_�l�k�y �^�h�i�h�e�g�b�l�_�e�v�g�h�f�m �m�k�e�h�\�b�x 

x x y y
a

b a B
R H R H const

a b
� � �  �  

�Z
. (97) 

�M�q�b�l�u�\�Z�y �j�Z�\�_�g�k�l�\�h (95), �\�\�_�^�_�f �g�h�\�u�_ �i�_�j�_�f�_�g�g�u�_: 
2 2, .x yX R H Y R H�  �   (98) 

�< �w�l�b�o �i�_�j�_�f�_�g�g�u�o �m�j�Z�\�g�_�g�b�_ (96) �b �m�k�e�h�\�b�_ (97) �i�j�b�g�b�f�Z�x�l �\�b�:̂ 

2

1
0, .x y

x y a

Y X b a B
R X R Y

R R a bR
� ™ � ™� É � Ù� � �  � � �  � Ê � Ú� ™ � ™ � Z� Ë � Û

 (99) 

�?�k�e�b �i�h�e�h�`�b�l�v: 
, , , ,x x y y x yX R Y R const const�  � D �  � D � D �  � D �    (100) 

�l�h �m�j�Z�\�g�_�g�b�_ (99) �m�^�h�\�e�_�l�\�h�j�y�_�l�k�y, �Z �^�h�i�h�e�g�b�l�_�e�v�g�h�_ �m�k�e�h�\�b�_ �i�j�b�\�h�^�b�l�k�y �d �\�b�^�m: 

2 2
2

1
.x x y y

a

b a B
R R

a bR
� É � Ù� D � � � D �  � Ê � Ú�Z� Ë � Û
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�H�l�k�x�^�Z, �i�h�e�Z�]�Z�y (0) 2 (1), , ,i ie i x y� D �  � D � � � D �   �\ �g�m�e�_�\�h�f �i�j�b�[�e�b�`�_�g�b�b �i�h 2e  �b �\ 2e –�i�j�b�[�e�b�`�_�g�b�b 
�i�h�e�m�q�Z�_�f: 

(0) (1) (0) (1) (0)/ , / 2, / 2.a x yB� D �  � Z � D �  � D � D �  � �� D 

�H�d�h�g�q�Z�l�_�e�v�g�u�_ �n�h�j�f�m�e�u �b�f�_�x�l �\�b�:̂ 
2 (0) 2 (0) 2 (0)/ , , , (1 / 2), (1 / 2), / .i i i x y aH R R i x y e e B�  � D �  � D �  � D � � � D �  � D � � � D �  � Z  (101) 

�G�Z �h�k�g�h�\�Z�g�b�b �k�h�h�l�g�h�r�_�g�b�c (87), (94) �b (101) �i�h�e�m�q�Z�_�f �k�e�_�^�m�x�s�b�_ �j�Z�\�_�g�k�l�\�Z: 
2 2

2 (0)
4

2 (0)
03 3 4

,

| |
[ ] , , 2 , 3 .

x y
H R

y x yx a
R

a

R R
H e

R
R R RR

H e p
R R R

��
� U �  � ´ �  � � � D

� É � Ù�Z
� ´ �  � E � � � E � D � E �  � Ê � Ú�Z� Ë � Û

� G � G

�G

� G � G

� G � G
  (102) 

�D�Z�d �\�b�^�g�h �b�a (102), 0
H

� U �  �G  �e�b�r�v �i�j�b 2 0e � . �I�j�b 2 0e �œ  �f�Z�]�g�b�l�g�h�_ �i�h�e�_ H
�G

 �k�h�^�_�j�`�b�l, �i�h�f�b�f�h 

�\�b�o�j�_�\�h�c �d�h�f�i�h�g�_�g�l�u, �b �i�h�l�_�g�p�b�Z�e�v�g�m�x �d�h�f�i�h�g�_�g�l�m. 
�F�Z�]�g�b�l�g�h�_ �i�h�e�_ H

�G
 �f�h�`�g�h �i�j�_�^�k�l�Z�\�b�l�v �\ �\�b�^�_ �k�m�i�_�j�i�h�a�b�p�b�b �h�[�_�b�o �d�h�f�i�h�g�_�g�l:  

, , [ ],R RH H H H H A� … � …� … � … � …� …�  � � �  � ´ � I �  � ´� G � G
�G� G � G � G � G � G � G � G

   (103) 

�]�^�_ �I  �b A
�G

 – �k�d�Z�e�y�j�g�u�c �b �\�_�d�l�h�j�g�u�c �i�h�l�_�g�p�b�Z�e�u �f�Z�]�g�b�l�g�h�]�h �i�h�e�y. �< 2e – �i�j�b�[�e�b�`�_�g�b�b �i�h�l�_�g-
�p�b�Z�e�u �\�u�j�Z�`�Z�x�l�k�y �n�h�j�f�m�e�Z�f�b: 

2 2

1 2 22 2ln , , , 2 ,x y y x yx
R R R R RR

c R c A c
R RR R

�� � É � Ù
� I �  � � �  � E � � � E� Ê � Ú

� Ë � Û

�G
  (104) 

�]�^�_ (0) 2 (0)
1 2 0

| |
, / 4, 3 a

a

c c e p
�Z

�  � D �  � D � E �  
�Z

. �E�_�]�d�h �m�[�_�^�b�l�v�k�y �\ �l�h�f, �q�l�h �\�u�i�h�e�g�y�_�l�k�y �j�Z�\�_�g�k�l�\�h 

0
R
A� ´ �  �G
�G�G

, �l. �_. �\�_�d�l�h�j–�i�h�l�_�g�p�b�Z�e A
�G

 (104) �h�i�b�k�u�\�Z�_�l �q�b�k�l�h �\�b�o�j�_�\�h�_ �i�h�e�_. �I�j�b�\�_�^�_�f �h�d�h�g�q�Z-

�l�_�e�v�g�u�_ �n�h�j�f�m�e�u �^�e�y �d�h�f�i�h�g�_�g�l �f�Z�]�g�b�l�g�h�]�h �i�h�e�y:  

� � � �
�� ��

(0) 2 2 2 2 2 2 2 2

2 (0) 2 2 4 2 (0) 2 2 4

( / )(1 / ), ( / )(1 / ), 0 ,

( ) / (2 ), ( ) / (2 ), / .

x y y x

x x y y x y

H R R e R R R R e R R

H e R R R R e R R R R R

�c�  � D � � � �

�c�c�  � D � � � D � � � � � E

�G

�G   (105) 

�K�h�]�e�Z�k�g�h (105), 2/ ~i iH H e�…�… �…�i�j�b ,i x y� , �l. �_. �i�j�b 2 1e ����  �i�h�l�_�g�p�b�Z�e�v�g�u�_ �d�h�f�i�h�g�_�g�l�u 

,i x y�  �f�Z�]�g�b�l�g�h�]�h �i�h�e�y �h�d�Z�a�u�\�Z�x�l�k�y �a�g�Z�q�b�l�_�e�v�g�h �[�h�e�v�r�b�f�b �i�h �\�_�e�b�q�b�g�_, �q�_�f �\�b�o�j�_�\�u�_. �K 
�n�b�a�b�q�_�k�d�h�c �l�h�q�d�b �a�j�_�g�b�y, �g�Z�e�b�q�b�_ �i�h�l�_�g�p�b�Z�e�v�g�h�c �d�h�f�i�h�g�_�g�l�u �f�Z�]�g�b�l�g�h�]�h �i�h�e�y �h�a�g�Z�q�Z�_�l, �q�l�h 
�d�e�Z�k�k�b�q�_�k�d�Z�y �q�Z�k�l�b�p�Z, �^�\�b�`�m�s�Z�y�k�y �m�k�d�h�j�_�g�g�h �i�h �b�g�_�j�p�b�b, �h�[�e�Z�^�Z�_�l �f�Z�]�g�b�l�g�u�f �a�Z�j�y�^�h�f, �\�_�e�b-
�q�b�g�Z �d�h�l�h�j�h�]�h �i�j�h�i�h�j�p�b�h�g�Z�e�v�g�Z 2

R RH �…� ´ �  � ´ � I�G �G
�G � G � G

. �D�Z�d �b �w�e�_�d�l�j�b�q�_�k�d�b�c �a�Z�j�y�^, �b�g�^�m�p�b�j�m�_�f�u�c �q�Z-

�k�l�b�p�_�c, �b�g�^�m�p�b�j�h�\�Z�g�g�u�c �f�Z�]�g�b�l�g�u�c �a�Z�j�y�^ �g�_ �e�h�d�Z�e�b�a�h�\�Z�g �g�Z �q�Z�k�l�b�p�_, �Z �j�Z�k�i�j�_�^�_�e�_�g �\ �\�b�^�_ �h�[-
�e�Z�d�Z �f�Z�]�g�b�l�g�h �a�Z�j�y�`�_�g�g�h�c �f�Z�l�_�j�b�b �\ �l�h�c �h�[�e�Z�k�l�b �i�j�h�k�l�j�Z�g�k�l�\�Z, �\ �d�h�l�h�j�h�c �e�_�`�b�l �l�j�Z�_�d�l�h�j�b�y 
�^�\�b�`�_�g�b�y �q�Z�k�l�b�p�u. 

�H�l�f�_�l�b�f, �q�l�h �\�i�_�j�\�u�_ �g�Z �k�m�s�_�k�l�\�h�\�Z�g�b�_ �^�\�m�o �l�b�i�h�\ �f�Z�]�g�b�l�g�h�]�h �i�h�e�y – �h�[�u�q�g�h�]�h, �\�b�o-
�j�_�\�h�]�h, �b �g�_ �b�a�\�_�k�l�g�h�]�h �j�Z�g�_�_, �k�d�Z�e�y�j�g�h�]�h, �h�[�j�Z�l�b�e �\�g�b�f�Z�g�b�_ �=. �<. �G�b�d�h�e�Z�_�\ [1-3]. �K�h�]�e�Z�k�g�h 
�=. �<. �G�b�d�h�e�Z�_�\�m, �_�k�e�b �h�[�u�q�g�h�_ �f�Z�]�g�b�l�g�h�_ �i�h�e�_ �h�i�j�_�^�_�e�y�_�l�k�y �n�h�j�f�m�e�h�c [ ]H A�  � ´

�G� G � G
, �l�h �g�h�\�u�c �l�b�i 

�f�Z�]�g�b�l�g�h�]�h �i�h�e�y �h�i�j�_�^�_�e�y�_�l�k�y �q�_�j�_�a �i�h�l�_�g�p�b�Z�e�v�g�m�x �d�h�f�i�h�g�_�g�l�m �\�_�d�l�h�j-�i�h�l�_�g�p�b�Z�e�Z �k�e�_�^�m�x-
�s�b�f �h�[�j�Z�a�h�f: ||H A�  � �� ´

�G�G
. �?�k�e�b A �  � �� ´� <

�G �G
, �]�^�_ �< - �k�d�Z�e�y�j�g�Z�y �\�_�e�b�q�b�g�Z, �l�h 2

||H �  � ´ � <
�G

. �W�e�_�d�l�j�b-

�q�_�k�d�h�_ �b �f�Z�]�g�b�l�g�h�_ �i�h�e�y �k�e�_�^�m�_�l �j�Z�k�k�f�Z�l�j�b�\�Z�l�v, �h�q�_�\�b�^�g�h, �g�Z �j�Z�\�g�u�o �h�k�g�h�\�Z�g�b�y�o, �b�k�i�h�e�v�a�m�y 
�h�^�g�h�l�b�i�g�u�_ �i�h�g�y�l�b�y �b �h�i�j�_�^�_�e�_�g�b�y. �I�h�w�l�h�f�m �_�k�l�_�k�l�\�_�g�g�h �k�q�b�l�Z�l�v, �q�l�h �k�d�Z�e�y�j �< , �\�o�h�^�y�s�b�c �\ 
�i�h�k�e�_�^�g�x�x �n�h�j�f�m�e�m, �k�h�\�i�Z�^�Z�_�l �k�h �k�d�Z�e�y�j�g�u�f �i�h�l�_�g�p�b�Z�e�h�f �I , �h�i�j�_�^�_�e�y�x�s�b�f �i�h�l�_�g�p�b�Z�e�v�g�m�x 

�d�h�f�i�h�g�_�g�l�m H �…
�G

 �f�Z�]�g�b�l�g�h�]�h �i�h�e�y (�k�f.(103)). �L�h�]�^�Z �k�d�Z�e�y�j�g�h�_ �f�Z�]�g�b�l�g�h�_ �i�h�e�_ ||H , �\�\�_�^�_�g�g�h�_ 

�G�b�d�h�e�Z�_�\�u�f, �b �i�h�e�_ H �…
�G

 �k�\�y�a�Z�g�u �f�_�`�^�m �k�h�[�h�c �n�h�j�f�m�e�h�c: || .H H �…�  � ´
�G�G

 �H�l�k�x�^�Z �\�b�^�g�h, �q�l�h �k�d�Z�e�y�j-
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�g�h�_ �f�Z�]�g�b�l�g�h�_ �i�h�e�_ ||H  �b�f�_�_�l �k�e�_�^�m�x�s�b�c �n�b�a�b�q�_�k�d�b�c �k�f�u�k�e: �_�]�h �\�_�e�b�q�b�g�Z �i�j�h�i�h�j�p�b�h�g�Z�e�v�g�Z 

�b�g�^�m�p�b�j�h�\�Z�g�g�h�f�m �f�Z�]�g�b�l�g�h�f�m �a�Z�j�y�^�m �q�Z�k�l�b�p�u. �L�Z�d�b�f �h�[�j�Z�a�h�f, �n�b�a�b�q�_�k�d�Z�y �k�m�s�g�h�k�l�v �h�l�d�j�u�l�b�y 
�G�b�d�h�e�Z�_�\�Z �k�h�k�l�h�b�l �\ �l�h�f, �q�l�h �^�\�b�`�m�s�Z�y�k�y �w�e�_�d�l�j�b�q�_�k�d�b �a�Z�j�y�`�_�g�g�Z�y �q�Z�k�l�b�p�Z �h�[�e�Z�^�Z�_�l �f�Z�]�g�b�l-
�g�u�f �a�Z�j�y�^�h�f, �d�h�l�h�j�u�c �]�_�g�_�j�b�j�m�_�l �\ �h�d�j�m�`�Z�x�s�_�f �i�j�h�k�l�j�Z�g�k�l�\�_ �i�h�l�_�g�p�b�Z�e�v�g�h�_ �f�Z�]�g�b�l�g�h�_ �i�h�e�_ 
(�i�h�^�h�[�g�h �l�h�f�m, �d�Z�d �\ �h�[�s�_�i�j�b�g�y�l�h�c �l�_�h�j�b�b �w�e�_�d�l�j�b�q�_�k�d�b�c �a�Z�j�y�^ �]�_�g�_�j�b�j�m�_�l �d�m�e�h�g�h�\�k�d�h�_ �i�h�e�_). 
�J�_�a�m�e�v�l�Z�l�u �b�k�k�e�_�^�h�\�Z�g�b�c, �i�j�_�^�k�l�Z�\�e�_�g�g�u�o �\ [1-3], �i�h�d�Z�a�u�\�Z�x�l, �q�l�h �h�l�d�j�u�l�b�_ �k�d�Z�e�y�j�g�h�]�h �f�Z�]-
�g�b�l�g�h�]�h �i�h�e�y �i�h�a�\�h�e�b�e�h �m�k�l�j�Z�g�b�l�v �f�g�h�]�b�_ �i�j�h�l�b�\�h�j�_�q�b�y �b �i�Z�j�Z�^�h�d�k�u �k�h�\�j�_�f�_�g�g�h�c �w�e�_�d�l�j�h�^�b-
�g�Z�f�b�d�b �b �h�[�t�y�k�g�b�l�v �j�y� ̂ �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�o �n�Z�d�l�h�\, �g�_ �g�Z�o�h�^�b�\�r�b�o �h�[�t�y�k�g�_�g�b�y �j�Z�g�_�_. �W�l�h 
�k�\�y�a�Z�g�h �k �l�_�f, �q�l�h �i�h �k�\�h�b�f �n�b�a�b�q�_�k�d�b�f �k�\�h�c�k�l�\�Z�f �k�d�Z�e�y�j�g�h�_ �f�Z�]�g�b�l�g�h�_ �i�h�e�_ �k�m�s�_�k�l�\�_�g�g�h �h�l-
�e�b�q�Z�_�l�k�y �h�l �\�b�o�j�_�\�h�]�h �f�Z�]�g�b�l�g�h�]�h �i�h�e�y. �L�Z�d, �_�k�e�b �w�e�_�d�l�j�b�q�_�k�d�b�c �a�Z�j�y�^ �^�\�b�`�_�l�k�y �\�^�h�e�v �f�Z�]�g�b�l-
�g�u�o �k�b�e�h�\�u�o �e�b�g�b�c, �l�h �k�b�e�Z �\�a�Z�b�f�h�^�_�c�k�l�\�b�y �a�Z�j�y�^�Z �k �f�Z�]�g�b�l�g�u�f �i�h�e�_�f �h�[�j�Z�s�Z�_�l�k�y �\ �g�m�e�v �\ 
�k�e�m�q�Z�_ �\�b�o�j�_�\�h�]�h �i�h�e�y, �d�Z�d �w�l�h �k�e�_�^�m�_�l �b�a �\�u�j�Z�`�_�g�b�y �^�e�y �k�b�e�u �E�h�j�_�g�p�Z, �b �^�h�k�l�b�]�Z�_�l �f�Z�d�k�b-
�f�Z�e�v�g�h�]�h �a�g�Z�q�_�g�b�y �\ �k�e�m�q�Z�_ �k�d�Z�e�y�j�g�h�]�h �i�h�e�y. �I�h�f�b�f�h �w�l�h�]�h, �k�d�Z�e�y�j�g�h�_ �f�Z�]�g�b�l�g�h�_ �i�h�e�_, �\ �h�l�e�b-
�q�b�_ �h�l �\�b�o�j�_�\�h�]�h, �g�_ �\�a�Z�b�f�h�^�_�c�k�l�\�m�_�l �k �n�_�j�j�h�f�Z�]�g�b�l�g�u�f�b �f�Z�l�_�j�b�Z�e�Z�f�b [3].  

�K�d�Z�e�y�j�g�h�_ �f�Z�]�g�b�l�g�h�_ �i�h�e�_ �h�[�e�Z�^�Z�_�l �[�h�e�_�_ �\�u�k�h�d�h�c �[�b�h�e�h�]�b�q�_�k�d�h�c �Z�d�l�b�\�g�h�k�l�v�x, �q�_�f 
�\�b�o�j�_�\�h�_. �H�d�Z�a�Z�e�h�k�v, �g�Z�i�j�b�f�_�j, �q�l�h �a�_�j�g�Z �i�r�_�g�b�p�u, �h�[�j�Z�[�h�l�Z�g�g�u�_ �k�d�Z�e�y�j�g�u�f �f�Z�]�g�b�l�g�u�f �i�h-
�e�_�f �b �h�[�u�q�g�u�f, �h�l�e�b�q�Z�x�l�k�y �i�h �i�j�h�j�Z�k�l�Z�g�b�x �k�_�f�y�g �i�h�q�l�b �g�Z �i�h�j�y�^�h�d [1]. �< �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�h�c 
�f�_�^�b�p�b�g�_ �m�^�Z�e�h�k�v �g�Z�c�l�b �q�b�k�l�h �h�i�u�l�g�u�f �i�m�l�_�f �l�Z�d�b�_ �d�h�g�n�b�]�m�j�Z�p�b�b �i�h�k�l�h�y�g�g�u�o �f�Z�]�g�b�l�h�\, �i�j�b 
�d�h�l�h�j�u�o �w�n�n�_�d�l�b�\�g�h�k�l�v �e�_�q�_�g�b�y �f�Z�]�g�b�l�Z�f�b (�f�Z�]�g�b�l�g�Z�y �l�_�j�Z�i�b�y) �a�g�Z�q�b�l�_�e�v�g�h �\�h�a�j�Z�k�l�Z�_�l [16]. 
�W�d�k�i�_�j�b�f�_�g�l�u �i�h�d�Z�a�u�\�Z�x�l, �q�l�h �e�_�q�_�[�g�u�_ �k�\�h�c�k�l�\�Z �f�Z�]�g�b�l�h�\ �h�[�m�k�e�h�\�e�_�g�u, �]�e�Z�\�g�u�f �h�[�j�Z�a�h�f, 
�k�d�Z�e�y�j�g�u�f �f�Z�]�g�b�l�g�u�f �i�h�e�_�f, �d�h�l�h�j�h�_ �n�Z�d�l�b�q�_�k�d�b �\�i�_�j�\�u�_ �[�u�e�h �h�[�g�Z�j�m�`�_�g�h �;. �<. �;�h�e�h�l�h�\�u�f 
[10]. �B�a�m�q�Z�y �i�h�e�_, �k�h�a�^�Z�\�Z�_�f�h�_ �w�e�_�d�l�j�h�f�Z�]�g�b�l�h�f �k �l�h�j�h�b�^�Z�e�v�g�u�f �k�_�j�^�_�q�g�b�d�h�f, �;. �<. �;�h�e�h�l�h�\ 
�h�[�g�Z�j�m�`�b�e, �q�l�h, �i�h�f�b�f�h �h�[�u�q�g�h�]�h �f�Z�]�g�b�l�g�h�]�h �i�h�e�y �\�g�m�l�j�b �l�h�j�h�b�^�Z, �\ �i�j�h�k�l�j�Z�g�k�l�\�_ �h�d�h�e�h �l�h-
�j�h�b�^�Z �b�g�^�m�p�b�j�m�_�l�k�y �^�h�i�h�e�g�b�l�_�e�v�g�h�_ �i�h�e�_, �d�h�l�h�j�h�_ �h�g �g�Z�a�\�Z�e �[�b�h�i�h�e�_�f �\ �k�\�y�a�b �k �_�]�h �\�u�k�h�d�h�c 
�[�b�h�e�h�]�b�q�_�k�d�h�c �Z�d�l�b�\�g�h�k�l�v�x �b «�g�_�w�e�_�d�l�j�h�f�Z�]�g�b�l�g�u�f �Z�]�_�g�l�h�f �f�Z�]�g�b�l�g�h�]�h �i�h�e�y».  

5. �A�Z�d�e�x�q�_�g�b�_ 

�G�Z �h�k�g�h�\�Z�g�b�b �j�_�a�m�e�v�l�Z�l�h�\ �b�k�k�e�_�^�h�\�Z�g�b�c, �b�a�e�h�`�_�g�g�u�o �\ �^�Z�g�g�h�c �j�Z�[�h�l�_, �f�h�`�g�h �k�^�_�e�Z�l�v 
�k�e�_�^�m�x�s�b�_ �\�u�\�h�^�u: 

1. �W�e�_�d�l�j�h�f�Z�]�g�b�l�g�h�_ �\�a�Z�b�f�h�^�_�c�k�l�\�b�_ �y�\�e�y�_�l�k�y �i�j�y�f�u�f �k�e�_�^�k�l�\�b�_�f �a�Z�d�h�g�h�\ �f�_�o�Z�g�b�d�b. 
�W�e�_�d�l�j�h�f�Z�]�g�b�l�g�h�_ �i�h�e�_ �i�h�j�h�`�^�Z�_�l�k�y �d�e�Z�k�k�b�q�_�k�d�h�c �l�h�q�_�q�g�h�c �q�Z�k�l�b�p�_�c, �^�\�b�`�m�s�_�c�k�y �i�h �d�j�b�\�h-
�e�b�g�_�c�g�h�c �l�j�Z�_�d�l�h�j�b�b �i�h �b�g�_�j�p�b�b. �K�b�k�l�_�f�Z �m�j�Z�\�g�_�g�b�c, �m�i�j�Z�\�e�y�x�s�b�o �^�\�b�`�_�g�b�_�f �w�e�_�d�l�j�h�f�Z�]-
�g�b�l�g�h�]�h �i�h�e�y, �f�h�`�_�l �[�u�l�v �i�h�e�m�q�_�g�Z �b�a �j�Z�k�k�f�h�l�j�_�g�b�y �m�d�Z�a�Z�g�g�h�]�h �\�u�r�_ �^�\�b�`�_�g�b�y �d�e�Z�k�k�b�q�_�k�d�h�c 
�q�Z�k�l�b�p�u. �K�e�_�^�h�\�Z�l�_�e�v�g�h, �n�b�a�b�q�_�k�d�b�_ �o�Z�j�Z�d�l�_�j�b�k�l�b�d�b �w�e�_�d�l�j�h�f�Z�]�g�b�l�g�h�]�h �i�h�e�y �f�h�`�g�h �h�i�j�_�^�_-
�e�b�l�v, �b�k�i�h�e�v�a�m�y �a�Z�d�h�g�u �f�_�o�Z�g�b�d�b. 

2. �I�j�b �m�k�d�h�j�_�g�g�h�f �^�\�b�`�_�g�b�b �d�e�Z�k�k�b�q�_�k�d�h�c �q�Z�k�l�b�p�u �i�h �b�g�_�j�p�b�b �b�g�^�m�p�b�j�m�_�l�k�y �d�Z�d �w�e�_�d-
�l�j�b�q�_�k�d�b�c, �l�Z�d �b �f�Z�]�g�b�l�g�u�c �a�Z�j�y�^�u. �B�g�^�m�p�b�j�h�\�Z�g�g�u�_ �a�Z�j�y�^�u �o�Z�j�Z�d�l�_�j�b�a�m�x�l�k�y �l�_�f, �q�l�h �h�g�b �g�_ 
�e�h�d�Z�e�b�a�h�\�Z�g�u �g�Z �i�h�j�h�`�^�Z�x�s�_�c �b�o �q�Z�k�l�b�p�_, �Z «�j�Z�a�f�Z�a�Z�g�u» �\ �l�h�c �h�[�e�Z�k�l�b �i�j�h�k�l�j�Z�g�k�l�\�Z, �\ �d�h�l�h-
�j�h�c �i�j�h�b�k�o�h�^�b�l �^�\�b�`�_�g�b�_ �q�Z�k�l�b�p�u. �B�g�^�m�p�b�j�h�\�Z�g�g�u�c �a�Z�j�y�^ �i�j�_�^�k�l�Z�\�e�y�_�l �k�h�[�h�c �h�[�e�Z�d�h �a�Z�j�y-
�`�_�g�g�h�c �f�Z�l�_�j�b�b, �h�d�m�l�u�\�Z�x�s�_�_ �q�Z�k�l�b�p�m; �_�]�h �\�_�e�b�q�b�g�Z �g�_ �k�h�o�j�Z�g�y�_�l�k�y, �b�a�f�_�g�y�y�k�v �k�h �\�j�_�f�_�g�_�f 
�i�j�b �^�\�b�`�_�g�b�b �q�Z�k�l�b�p�u. �K�m�s�_�k�l�\�h�\�Z�g�b�_ �f�Z�]�g�b�l�g�h�]�h �a�Z�j�y�^�Z �k�\�y�a�Z�g�h �k �l�_�f, �q�l�h �f�Z�]�g�b�l�g�h�_ �i�h�e�_, 
�\�h�a�g�b�d�Z�x�s�_�_ �i�j�b �^�\�b�`�_�g�b�b �q�Z�k�l�b�p�u, �k�h�^�_�j�`�b�l �i�h�l�_�g�p�b�Z�e�v�g�m�x �d�h�f�i�h�g�_�g�l�m. 

3. �H�[�s�_�i�j�b�g�y�l�Z�y �n�h�j�f�m�e�b�j�h�\�d�Z �w�e�_�d�l�j�h�^�b�g�Z�f�b�d�b �b�k�o�h�^�b�l �b�a �i�j�_�^�k�l�Z�\�e�_�g�b�c �h �l�h�f, �q�l�h 
�w�e�_�d�l�j�b�q�_�k�d�b�c �a�Z�j�y�^ – �h�k�h�[�Z�y �o�Z�j�Z�d�l�_�j�b�k�l�b�d�Z �q�Z�k�l�b�p�u, �h�l�\�_�l�k�l�\�_�g�g�Z�y �a�Z �h�[�j�Z�a�h�\�Z�g�b�_ �d�m�e�h�g�h�\-
�k�d�h�]�h �i�h�e�y �\ �h�d�j�m�`�Z�x�s�_�f �i�j�h�k�l�j�Z�g�k�l�\�_. �W�e�_�d�l�j�b�q�_�k�d�b�c �a�Z�j�y�^, �[�m�^�m�q�b �d�Z�d �[�u �k�h�[�k�l�\�_�g�g�h�k�l�v�x 
�q�Z�k�l�b�p�u, �e�h�d�Z�e�b�a�h�\�Z�g �g�Z �g�_�c �b �k�h�o�j�Z�g�y�_�l�k�y �k�h �\�j�_�f�_�g�_�f. �F�Z�]�g�b�l�g�h�_ �i�h�e�_, �i�h�j�h�`�^�Z�_�f�h�_ �^�\�b-
�`�m�s�b�f�k�y �a�Z�j�y�^�h�f, �y�\�e�y�_�l�k�y �q�b�k�l�h �\�b�o�j�_�\�u�f. �B�a �i�h�e�m�q�_�g�g�u�o �\ �^�Z�g�g�h�c �j�Z�[�h�l�_ �j�_�a�m�e�v�l�Z�l�h�\ �\�b�-̂
�g�h, �q�l�h �m�i�h�f�y�g�m�l�u�_ �i�j�_�^�k�l�Z�\�e�_�g�b�y, �e�_�`�Z�s�b�_ �\ �h�k�g�h�\�_ �w�e�_�d�l�j�h�^�b�g�Z�f�b�d�b, �g�_ �b�f�_�x�l �g�b�q�_�]�h �h�[-
�s�_�]�h �k �j�_�Z�e�v�g�h�k�l�v�x. �I�h�w�l�h�f�m �g�_ �m�^�b�\�b�l�_�e�v�g�h, �q�l�h �l�_�h�j�b�y �w�e�_�d�l�j�h�f�Z�]�g�b�l�g�h�]�h �i�h�e�y, �b�k�o�h�^�y�s�Z�y 
�b�a �m�i�h�f�y�g�m�l�u�o �i�j�_�^�k�l�Z�\�e�_�g�b�c, �i�j�b�\�h�^�b�l �d �g�_�\�_�j�g�u�f �h�k�g�h�\�g�u�f �m�j�Z�\�g�_�g�b�y�f �i�h�e�y. �H�q�_�\�b�^�g�h, 
�q�l�h �l�j�m�^�g�h�k�l�b �w�e�_�d�l�j�h�^�b�g�Z�f�b�d�b �g�_�\�h�a�f�h�`�g�h �m�k�l�j�Z�g�b�l�v �i�m�l�_�f �k�h�\�_�j�r�_�g�k�l�\�h�\�Z�g�b�y �b �m�k�e�h�`�g�_-
�g�b�y �b�k�i�h�e�v�a�m�_�f�u�o �\ �l�_�h�j�b�b �f�Z�l�_�f�Z�l�b�q�_�k�d�b�o �f�_�l�h�^�h�\, �k�h�o�j�Z�g�y�y �i�j�b �w�l�h�f �[�_�a �b�a�f�_�g�_�g�b�c �m�d�h�j�_-
�g�b�\�r�b�_�k�y �i�j�_�^�k�l�Z�\�e�_�g�b�y �h�[ �w�e�_�d�l�j�b�q�_�k�d�h�f �a�Z�j�y�^�_ �b �d�m�e�h�g�h�\�k�d�h�f �i�h�e�_. 
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4. �< �^�Z�g�g�h�c �j�Z�[�h�l�_ �j�Z�k�k�f�Z�l�j�b�\�Z�_�l�k�y �w�e�_�d�l�j�h�f�Z�]�g�b�l�g�h�_ �i�h�e�_, �]�_�g�_�j�b�j�m�_�f�h�_ �i�j�b �m�k�d�h-
�j�_�g�g�h�f �^�\�b�`�_�g�b�b �i�h �b�g�_�j�p�b�b �h�^�g�h�c �d�e�Z�k�k�b�q�_�k�d�h�c �q�Z�k�l�b�p�u. �K�h�]�e�Z�k�g�h [4], �m�q�_�l �i�j�h�[�g�h�]�h �w�e�_�d-
�l�j�b�q�_�k�d�h�]�h �a�Z�j�y�^�Z, �j�Z�k�k�f�Z�l�j�b�\�Z�_�f�h�]�h �\ �d�Z�q�_�k�l�\�_ �w�e�_�f�_�g�l�Z�j�g�h�]�h �b�a�f�_�j�b�l�_�e�v�g�h�]�h �i�j�b�[�h�j�Z, �k�e�m-
�`�Z�s�_�]�h �^�e�y �i�j�h�\�_�^�_�g�b�y �i�j�h�p�_�^�m�j�u �b�a�f�_�j�_�g�b�c �\ �w�e�_�d�l�j�h�f�Z�]�g�b�l�g�h�f �i�h�e�_, �l�j�_�[�m�_�l �k�m�s�_�k�l�\�_�g�g�h-
�]�h �b�a�f�_�g�_�g�b�y �m�j�Z�\�g�_�g�b�c �^�\�b�`�_�g�b�y �i�h�e�y. �I�h�w�l�h�f�m �k�e�_�^�m�x�s�b�c �r�Z�] �^�h�e�`�_�g �k�h�k�l�h�y�l�v �\ �j�Z�k�k�f�h�l-
�j�_�g�b�b �i�h�e�y, �]�_�g�_�j�b�j�m�_�f�h�]�h �^�\�m�o�q�Z�k�l�b�q�g�h�c �k�b�k�l�_�f�h�c, �g�Z�o�h�^�y�s�_�c�k�y �\ �k�h�k�l�h�y�g�b�b �m�k�d�h�j�_�g�g�h�]�h 
�^�\�b�`�_�g�b�y �i�h �b�g�_�j�p�b�b. �J�_�r�_�g�b�_ �w�l�h�c �a�Z�^�Z�q�b �i�h�a�\�h�e�b�l �h�i�j�_�^�_�e�b�l�v �k�b�e�m �\�a�Z�b�f�h�^�_�c�k�l�\�b�y �f�_�`�^�m 
�q�Z�k�l�b�p�Z�f�b, �^�\�b�`�m�s�b�f�b�k�y �m�k�d�h�j�_�g�g�h �i�h �b�g�_�j�p�b�b. 
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Oleinik V. P. 
The Dirac problem, part 2.  

Electromagnetic interaction as a direct consequence of the laws of mechanics 
It is shown that electromagnetic interaction is not a special kind of interaction between material particles. 
Electromagnetic field equations are obtained as a direct consequence of the laws of mechanics. They are derived 
from consideration of the curvilinear motion of a classical particle by inertia, without resorting to the hypothesis 
of the existence of electrical charges that can generate the Coulomb field. At the specified motion, both the 
electric and magnetic charges are induced by particle. The peculiarity of the induced charges is that they are not 
localized on the particle generating electromagnetic field, but are «smeared out» in the space region in which the 
particle motion by inertia takes place. The presence of the induced magnetic charge means that the magnetic 
field generated by moving particle contains the unusual scalar (potential) component, in addition to the usual 
vortex one. The existence of scalar component of the magnetic field was first discovered by G. V. Nikolaev [1-
3]. According to his results, taking into account the scalar component of the magnetic field allows one to remove 
a lot of difficulties of standard electrodynamics and to explain a number of experimental facts that can not be 
explained, while remaining within the rooted ideas of electrodynamics. 
Key words: Dirac problem, electromagnetic interaction as a result of the laws of mechanics, curvilinear motion 
by inertia, induced electric and magnetic charges, potential component of magnetic field. 
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�K�h�]�e�Z�k�g�h �d�h�k�f�h�e�h�]�b�q�_�k�d�h�c �f�h�^�_�e�b �k�h �k�\�_�j�o�i�j�h�\�h�^�b�f�h�k�l�v�x, �j�Z�^�b�m�k�u 

�i�j�b�q�b�g�g�u�o �h�[�e�Z�k�l�_�c �\ �H�L�H �h�i�j�_�^�_�e�y�x�l�k�y �d�h�j�j�_�e�y�p�b�h�g�g�h�c �^�e�b�g�h�c �\�a�Z�b�f�h�^�_�c�k�l�\�b�y 
�i�_�j�\�b�q�g�u�o �n�_�j�f�b�h�g�h�\ �\ �j�Z�k�k�f�Z�l�j�b�\�Z�_�f�h�c �n�Z�a�_ �d�h�g�^�_�g�k�Z�l�Z �w�l�b�o �n�_�j�f�b�h�g�h�\. 
�D�h�]�_�j�_�g�l�g�h�k�l�v �d�h�g�^�_�g�k�Z�l�Z �h�[�_�k�i�_�q�b�\�Z�_�l �m�k�e�h�\�b�_ �]�e�h�[�Z�e�v�g�h�c �h�[�s�g�h�k�l�b �b �b�a�h�l�j�h�i�g�h�k�l�b �\ 
�g�Z�[�e�x�^�Z�_�f�h�c �<�k�_�e�_�g�g�h�c. �>�e�y �j�Z�a�e�b�q�g�u�o �n�Z�a �w�l�b �^�e�b�g�u �j�Z�a�e�b�q�g�u �b �b�a�f�_�g�y�x�l�k�y �\�h 
�\�j�_�f�_�g�b. �J�Z�a�f�_�j�u �]�h�j�b�a�h�g�l�Z �q�z�j�g�h�c �^�u�j�u �l�Z�d�`�_ �h�i�b�k�u�\�Z�x�l�k�y �Z�g�Z�e�h�]�b�q�g�h�c 
�d�h�j�j�_�e�y�p�b�h�g�g�h�c �^�e�b�g�h�c, �_�k�e�b �j�Z�k�k�f�Z�l�j�b�\�Z�l�v �q�z�j�g�m�x �^�u�j�m �d�Z�d �h�k�h�[�u�c �d�h�g�^�_�g�k�Z�l. 
�I�h�w�l�h�f�m �\ �k�`�b�f�Z�x�s�_�c�k�y �<�k�_�e�_�g�g�h�c �m�f�_�g�v�r�_�g�b�_ («�l�Z�y�g�b�_») �q�z�j�g�u�o �^�u�j �i�j�h�b�k�o�h�^�b�l 
�i�j�b �m�k�e�h�\�b�b �m�f�_�g�v�r�_�g�b�y �i�j�b�q�b�g�g�h�]�h �j�Z�^�b�m�k�Z �O�Z�[�[�e�Z RH < 3,06 RG, �q�l�h �m�l�h�q�g�y�_�l 
�j�_�a�m�e�v�l�Z�l, �i�h�e�m�q�_�g�g�u�c �Z�\�l�h�j�h�f �j�Z�g�_�_.  

�D�e�x�q�_�\�u�_ �k�e�h�\�Z: �j�Z�^�b�m�k �O�Z�[�[�e�Z, �q�z�j�g�u�_ �^�u�j�u, �d�h�k�f�b�q�_�k�d�b�c �]�h�j�b�a�h�g�l, 
�d�h�j�j�_�e�y�p�b�h�g�g�Z�y �^�e�b�g�Z, �i�_�j�\�b�q�g�u�_ �n�_�j�f�b�h�g�u, �]�j�Z�\�b�l�Z�p�b�y, �k�\�_�j�o�i�j�h�\�h�^�b�f�h�k�l�v, 
�m�f�_�g�v�r�_�g�b�_ �q�z�j�g�u�o �^�u�j. 
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1. �<�\�_�^�_�g�b�_  

�< �i�j�_�^�e�h�`�_�g�g�h�c �Z�\�l�h�j�h�f �j�Z�g�_�_ �d�h�k�f�h�e�h�]�b�q�_�k�d�h�c �f�h�^�_�e�b �k�h �k�\�_�j�o�i�j�h�\�h�^�b�f�h�k�l�v�x �[�u�e�h 
�i�h�d�Z�a�Z�g�h, �q�l�h �h�g�Z �j�_�r�Z�_�l �i�j�h�[�e�_�f�m �i�e�h�l�g�h�k�l�b �l�_�f�g�h�c �w�g�_�j�]�b�b �b �i�h�a�\�h�e�y�_�l �g�Z �d�\�Z�g�l�h�\�h�f 
�m�j�h�\�g�_ �h�i�b�k�Z�l�v �w�\�h�e�x�p�b�x �<�k�_�e�_�g�g�h�c. �I�j�b �w�l�h�f �i�e�h�l�g�h�k�l�v �l�_�f�g�h�c �w�g�_�j�]�b�b �k�h�k�l�Z�\�e�y�_�l 
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�:�g�Z�e�h�]�b�q�g�u�f �h�[�j�Z�a�h�f �f�h�`�_�l �[�u�l�v �h�i�b�k�Z�g�Z �b �d�j�b�l�b�q�_�k�d�Z�y �i�e�h�l�g�h�k�l�v �<�k�_�e�_�g�g�h�c c�U: 
12 2

2 2
0 2

3 3
(8 )

8 84
jF H

c P
N N

mp c
H L e

G G
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, 

�]�^�_ j�O — �i�Z�j�Z�f�_�l�j �\�a�Z�b�f�h�^�_�c�k�l�\�b�y �i�_�j�\�b�q�g�u�o �n�_�j�f�b�h�g�h�\, �k�h�h�l�\�_�l�k�l�\�m�x�s�b�c �h�i�j�_�^�_�e�_�g�g�h�c 

�n�Z�a�_ �d�h�g�^�_�g�k�Z�l�Z. �I�j�b 0z � , �\ �k�h�\�j�_�f�_�g�g�m�x �w�i�h�o�m, j�O �[�e�b�a�h�d �b�e�b �j�Z�\�_�g �i�h �a�g�Z�q�_�g�b�x �i�h�k�l�h�y�g-

�g�h�c �l�h�g�d�h�c �k�l�j�m�d�l�m�j�u: em� O � # � D [1]. 

�I�j�b �w�l�h�f �i�Z�j�Z�f�_�l�j �O�Z�[�[�e�Z 1 1 9(8 ) 14,38 10j
P HH L e t� O � � � ��  � S �  �  � ˜�k�\.�e�_�l. �I�h�w�l�h�f�m �d�h�k�f�h�e�h�]�b-

�q�_�k�d�h�_ �\�j�_�f�y �y�\�e�y�_�l�k�y �n�m�g�d�p�b�_�c �n�Z�a�h�\�h�]�h �i�_�j�_�o�h�^�Z, �d�h�l�h�j�u�c �h�i�j�_�^�_�e�y�_�l �w�\�h�e�x�p�b�x �g�Z�[�e�x�^�Z�_-

�f�h�c �<�k�_�e�_�g�g�h�c: 
1

0 8 j
H Pt t t e

���O
� | �  � S, �]�^�_ 5 1/2( / )P Nt G c� �= . 

2. �D�h�k�f�b�q�_�k�d�b�_ �]�h�j�b�a�h�g�l�u �b �j�Z�^�b�m�k�u �d�\�Z�g�l�h�\�u�o �d�h�j�j�_�e�y�p�b�c �n�_�j�f�b�h�g�h�\ 

�<�k�_�e�_�g�g�m�x �f�h�`�g�h �j�Z�k�k�f�Z�l�j�b�\�Z�l�v �d�Z�d �k�h�\�h�d�m�i�g�h�k�l�v �n�Z�a — �m�`�_ �k�n�h�j�f�b�j�h�\�Z�g�g�u�o (�l�Z�d�b�o, 
�d�Z�d �l�z�f�g�Z�y �w�g�_�j�]�b�y) �b �n�h�j�f�b�j�m�x�s�b�o�k�y. �D�Z�`�^�h�c �b�a �g�b�o �f�h�`�g�h �k�h�i�h�k�l�Z�\�b�l�v �\�j�_�f�_�g�g�h�c �i�Z�j�Z-
�f�_�l�j, �\ �q�Z�k�l�g�h�k�l�b — �i�Z�j�Z�f�_�l�j �O�Z�[�[�e�Z. �L�Z�d�b�_ �i�Z�j�Z�f�_�l�j�u �i�j�_�^�k�l�Z�\�e�y�x�l �k�h�[�h�c �w�g�_�j�]�_�l�b�q�_�k�d�b�_ 
�s�_�e�b , ,...H�/� ' � '  �^�e�y �j�Z�a�e�b�q�g�u�o �n�Z�a �d�h�g�^�_�g�k�Z�l�Z �i�_�j�\�b�q�g�u�o �n�_�j�f�b�h�g�h�\. �I�j�b �w�l�h�f �f�Z�k�k�Z �i�_�j�\�b�q-

�g�u�o �n�_�j�f�b�h�g�h�\ �[�e�b�a�d�Z �d �i�e�Z�g�d�h�\�k�d�h�c: b Pm M�| . �J�Z�^�b�m�k �d�h�j�j�_�e�y�p�b�b �i�_�j�\�b�q�g�u�o �n�_�j�f�b�h�g�h�\ �\ 
�l�_�h�j�b�b �k�\�_�j�o�i�j�h�\�h�^�b�f�h�k�l�b �k�h�k�l�Z�\�e�y�_�l  
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�M�q�b�l�u�\�Z�y, �q�l�h �k�d�h�j�h�k�l�v �g�Z �i�h�\�_�j�o�g�h�k�l�b �N�_�j�f�b �f�h�`�_�l �[�u�l�v �h�p�_�g�_�g�Z �d�Z�d / 4Fv c n�  � S , �]�^�_ 

n — �p�_�e�h�_ �q�b�k�e�h, �i�j�b / 8F Pp M c�  � ˜ � S � S, 
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� [ �  � S . �L�h�]�^�Z �o�Z�[�[�e�h�\�k�d�b�c �j�Z�^�b�m�k �d�h�j�j�_�e�y�p�b�h�g-

�g�h�c �^�e�b�g�u j�[  
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�L�Z�d�b�f �h�[�j�Z�a�h�f, �d�h�j�j�_�e�y�p�b�h�g�g�Z�y �^�e�b�g�Z �d�Z�d �j�Z�k�k�l�h�y�g�b�_ �f�_�`�^�m �k�i�Z�j�_�g�g�u�f�b �i�_�j�\�b�q�g�u�f�b 
�n�_�j�f�b�h�g�Z�f�b �h�i�j�_�^�_�e�y�_�l �j�Z�a�f�_�j �i�j�b�q�b�g�g�h�]�h �]�h�j�b�a�h�g�l�Z 1

HcH R�� �  �\ �m�j�Z�\�g�_�g�b�y�o �N�j�b�^�f�Z�g�Z �b 
�Z�g�Z�e�h�]�b�q�g�u�c �f�Z�k�r�l�Z�[ r�/  �^�e�y �l�z�f�g�h�c �w�g�_�j�]�b�b (�d�h�k�f�h�e�h�]�b�q�_�k�d�h�]�h �q�e�_�g�Z) �d�Z�d �j�Z�^�b�m�k �d�j�b�\�b�a�g�u 
�i�j�h�k�l�j�Z�g�k�l�\�Z �^�_ �K�b�l�l�_�j�Z. �H�l�k�x�^�Z �k�e�_�^�m�_�l, �q�l�h �e�x�[�Z�y �i�j�b�q�b�g�g�Z�y �h�[�e�Z�k�l�v, �h�i�b�k�u�\�Z�_�f�Z�y �\ �H�L�H �b 
�K�L�H, �h�i�j�_�^�_�e�y�_�l�k�y �d�h�j�j�_�e�y�p�b�h�g�g�h�c �^�e�b�g�h�c �\�a�Z�b�f�h�^�_�c�k�l�\�b�y �i�_�j�\�b�q�g�u�o �n�_�j�f�b�h�g�h�\ �\ �j�Z�k�k�f�Z�l-
�j�b�\�Z�_�f�h�c �n�Z�a�_-�i�j�h�k�l�j�Z�g�k�l�\�_. �I�j�b �w�l�h�f �a�Z�\�b�k�b�f�h�k�l�v �^�e�y �i�Z�j�Z�f�_�l�j�Z �O�Z�[�[�e�Z �f�h�`�_�l �[�u�l�v �a�Z�i�b�k�Z-
�g�Z �\ �\�b�^�_  

�� ��2 4 3 28
(1 ) (1 ) (1 )

3
N r M curH G z z z �/

�S
�  � U � � � � � U � � � � � U � � � � � U. 

�b�e�b 
2 2 4 2 3 2 2 2(1 ) (1 ) (1 )H r M curz z z� � � � � � � � � �

�/� [ �  � [ � � � � � [ � � � � � [ � � � � � [. 
�L�h �_�k�l�v �d�h�j�j�_�e�y�p�b�h�g�g�Z�y �^�e�b�g�Z �h�i�j�_�^�_�e�y�_�l�k�y �i�e�h�l�g�h�k�l�v�x �f�Z�l�_�j�b�b, �b�a�e�m�q�_�g�b�y, �l�z�f�g�h�c 

�w�g�_�j�]�b�b �b �d�j�b�\�b�a�g�h�c �i�j�h�k�l�j�Z�g�k�l�\�Z. �L�h, �q�l�h �i�j�b�q�b�g�g�Z�y �h�[�e�Z�k�l�v 1cH��  �h�i�j�_�^�_�e�y�_�l�k�y �d�h�j�j�_�e�y�p�b-
�h�g�g�h�c �^�e�b�g�h�c, �h�a�g�Z�q�Z�_�l, �q�l�h �k�d�h�j�h�k�l�v �k�\�_�l�Z �h�i�j�_�^�_�e�y�_�l �k�d�h�j�h�k�l�v �\�a�Z�b�f�h�^�_�c�k�l�\�b�y �k�i�Z�j�_�g�g�u�o 
�n�_�j�f�b�h�g�h�\ �k �f�Z�k�k�h�c, �[�e�b�a�d�h�c �d �i�e�Z�g�d�h�\�k�d�h�c Pm M�| , 
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�i�j�b �w�n�n�_�d�l�b�\�g�h�f �b�f�i�m�e�v�k�_ �k�Z�f�b�o �i�_�j�\�b�q�g�u�o �n�_�j�f�b�h�g�h�\ 
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�]�^�_ �]�j�m�i�i�h�\�Z�y �k�d�h�j�h�k�l�v 1 1
* 6010
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ee
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� O � D
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�S
�k, c  — �k�d�h�j�h�k�l�v �k�\�_�l�Z. �I�j�b �w�l�h�f �n�Z�a�h�\�Z�y �k�d�h-

�j�h�k�l�v �k�h�k�l�Z�\�e�y�_�l 
12

*
* 8 jc

u ce
v

���O
�  �  � S. �I�j�b j em�O �  � D  * 60 694,1 10 1,23 10u c�  � ˜ �  � ˜�f /�k. �I�Z�j�Z�f�_�l�j �O�Z�[�[�e�Z 

�y�\�e�y�_�l�k�y �n�m�g�d�p�b�_�c �w�g�_�j�]�_�l�b�q�_�k�d�h�c �s�_�e�b: 2 / 3jH � � ' � S, �\�_�e�b�q�b�g�Z �d�h�l�h�j�h�c �b�a�f�_�g�y�_�l�k�y �\�h �\�j�_-

�f�_�g�b. �L�Z�d�b�f �h�[�j�Z�a�h�f, �i�j�b�q�b�g�g�Z�y �h�[�e�Z�k�l�v �i�j�h�k�l�j�Z�g�k�l�\�Z-�\�j�_�f�_�g�b �h�i�j�_�^�_�e�y�_�l�k�y �d�h�j�j�_�e�y�p�b�h�g�g�h�c 
�^�e�b�g�h�c �b�e�b �k�h�h�l�\�_�l�k�l�\�m�x�s�_�c �w�g�_�j�]�_�l�b�q�_�k�d�h�c �s�_�e�v�x �' , �d�h�l�h�j�u�_ �h�d�Z�a�u�\�Z�x�l�k�y �k�\�y�a�Z�g�g�u�f�b 
�f�_�`�^�m �k�h�[�h�c. 

�L�Z�d�b�f �h�[�j�Z�a�h�f �h�[�g�Z�j�m�`�b�\�Z�_�l�k�y �k�\�y�a�v �f�_�`�^�m �k�l�Z�g�^�Z�j�l�g�h�c �f�h�^�_�e�v�x �b �d�h�k�f�h�e�h�]�b�q�_�k�d�h�c 
�l�_�h�j�b�_�c �k�h �k�\�_�j�o�i�j�h�\�h�^�b�f�h�k�l�v�x. 

3. �Q�z�j�g�Z�y �^�u�j�Z �\ �d�\�Z�g�l�h�\�h�c �l�_�h�j�b�b �k�\�_�j�o�i�j�h�\�h�^�b�f�h�k�l�b 

�J�Z�g�_�_ �g�Z�f�b �[�u�e�h �i�h�d�Z�a�Z�g�h, �q�l�h �b�a �\�u�j�Z�`�_�g�b�y �^�e�y �k�j�_�^�g�_�c �i�e�h�l�g�h�k�l�b �q�z�j�g�h�c �^�u�j�u  
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�Z�g�Z�e�h�]�b�q�g�h�]�h �\�u�j�Z�`�_�g�b�x �^�e�y �d�j�b�l�b�q�_�k�d�h�c �i�e�h�l�g�h�k�l�b c�U, �k�e�_�^�m�_�l, �q�l�h �q�z�j�g�m�x �^�u�j�m �f�h�`�g�h 
�j�Z�k�k�f�Z�l�j�b�\�Z�l�v �d�Z�d �h�k�h�[�u�c �\�b� ̂�d�h�g�^�_�g�k�Z�l�Z — �d�h�g�^�_�g�k�Z�l�Z �]�j�Z�\�b�l�Z�p�b�h�g�g�h�]�h [1]. �L�h�]�^�Z  
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�]�^�_ / gc R� ' � |�=  �b �]�j�Z�\�b�l�Z�p�b�h�g�g�u�c �j�Z�^�b�m�k �j�Z�\�_�g �^�e�b�g�_ �d�h�j�j�_�e�y�p�b�b �i�_�j�\�b�q�g�u�o �n�_�j�f�b�h�g�h�\: 
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�I�j�b �n�b�d�k�b�j�h�\�Z�g�g�h�f 
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 �b�e�b 1~ BHM ��

�'� ' �  � Z�= . 

�=. �>�\�Z�e�b �b �P. �=�h�f�_�k �i�j�_�^�e�Z�]�Z�e�b �j�Z�k�k�f�Z�l�j�b�\�Z�l�v �q�z�j�g�m�x �^�u�j�m �d�Z�d �]�j�Z�\�b�l�h�g�g�u�c �d�h�g�^�_�g-
�k�Z�l [6, 7]. �B�a �g�Z�r�_�]�h �i�h�^�o�h�^�Z �k�e�_�^�m�_�l, �q�l�h �q�z�j�g�m�x �^�u�j�m �f�h�`�g�h �j�Z�k�k�f�Z�l�j�b�\�Z�l�v �d�Z�d �d�h�g�^�_�g�k�Z�l �k 
�w�g�_�j�]�b�_�c �k�\�y�a�b ~ 1/� ' � [, �Z �w�l�h �b �_�k�l�v �w�n�n�_�d�l�b�\�g�Z�y �w�g�_�j�]�b�y �]�j�Z�\�b�l�h�g�h�\. �L�Z�d�b�f �h�[�j�Z�a�h�f, �w�g�_�j�]�_-
�l�b�q�_�k�d�Z�y �s�_�e�v �a�Z�^�Z�_�l �w�g�_�j�]�b�x �]�j�Z�\�b�l�h�g�h�\, �Z �k�Z�f�b �]�j�Z�\�b�l�h�g�u �y�\�e�y�x�l�k�y �Z�g�Z�e�h�]�h�f �n�h�g�h�g�h�\ (�\ 
�b�g�l�_�j�i�j�_�l�Z�p�b�b �i�j�h�k�l�j�Z�g�k�l�\�_�g�g�h�c �i�e�Z�g�d�h�\�k�d�h�c �j�_�r�_�l�d�b [4]), �d�h�l�h�j�u�f�b �h�[�f�_�g�b�\�Z�x�l�k�y �i�_�j�\�b�q-
�g�u�_ �n�_�j�f�b�h�g�u. �L�h�]�^�Z �q�z�j�g�u�_ �^�u�j�u �y�\�e�y�x�l�k�y �h�^�g�h�c �b�a �j�Z�a�g�h�\�b�^�g�h�k�l�_�c �d�h�g�^�_�g�k�Z�l�h�\ (�n�h�l�h�g-
�g�u�o, �Z�l�h�f�g�u�o, �g�_�c�l�j�h�g�g�u�o, �d�\�Z�j�d-�]�e�x�h�g�g�u�o �b �^�j.), �i�j�_�^�k�l�Z�\�e�y�y �k�h�[�h�c �k�e�_�^�m�x�s�b�c �w�l�Z�i �d�h�g-
�^�_�g�k�Z�p�b�b �f�Z�l�_�j�b�b �i�h�k�e�_ �g�_�c�l�j�h�g�g�u�o �a�\�z�a�^. �<�h�a�f�h�`�g�h, �q�l�h �\�g�m�l�j�b �q�z�j�g�h�c �^�u�j�u �k�m�s�_�k�l�\�m�_�l 
�b�_�j�Z�j�o�b�q�_�k�d�Z�y �k�l�j�m�d�l�m�j�Z �j�Z�a�e�b�q�g�u�o �d�h�g�^�_�g�k�Z�l�h�\, �\�i�e�h�l�v �^�h �i�e�Z�g�d�h�\�k�d�h�]�h �d�h�g�^�_�g�k�Z�l�Z, �d�h�l�h�j�u�c 
�g�_ �h�i�b�k�u�\�Z�_�l�k�y �m�j�Z�\�g�_�g�b�y�f�b �H�L�H. �< �w�l�h�f �k�e�m�q�Z�_ �k�b�g�]�m�e�y�j�g�h�k�l�v �q�z�j�g�h�c �^�u�j�u — �w�l�h, �\�_�j�h�y�l�g�h, 
�i�e�Z�g�d�h�\�k�d�b�c �d�h�g�^�_�g�k�Z�l �k �f�b�g�b�f�Z�e�v�g�h�c, �g�h �g�_�g�m�e�_�\�h�c �d�h�j�j�_�e�y�p�b�h�g�g�h�c �^�e�b�g�h�c, �\�h�a�f�h�`�g�h, 
�[�e�b�a�d�h�c �d �i�e�Z�g�d�h�\�k�d�h�c: PL� [ � | .  

�L�Z�d�b�f �h�[�j�Z�a�h�f, �e�x�[�Z�y �n�b�a�b�q�_�k�d�b �j�_�Z�e�b�a�m�_�f�Z�y �i�j�b�q�b�g�g�Z�y �i�j�h�k�l�j�Z�g�k�l�\�_�g�g�h-�\�j�_�f�_�g�g�Z�y 
�h�[�e�Z�k�l�v, �k �e�x�[�h�c �d�j�b�\�b�a�g�h�c, �f�h�`�_�l �[�u�l�v �h�i�b�k�Z�g�Z �d�Z�d �n�Z�a�Z �d�h�g�^�_�g�k�Z�l�Z �k �d�h�j�j�_�e�y�p�b�h�g�g�h�c �^�e�b-
�g�h�c i iR� [ �  . �L�h�]�^�Z �m�j�Z�\�g�_�g�b�y �H�L�H �\�b�^�Z 
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�i�h�d�Z�a�u�\�Z�x�l, �q�l�h �\ �k�b�e�m �d�h�]�_�j�_�g�l�g�h�k�l�b �d�h�g�^�_�g�k�Z�l�Z �j�_�Z�e�v�g�Z�y �k�l�j�m�d�l�m�j�Z �i�j�h�k�l�j�Z�g�k�l�\�Z-�\�j�_�f�_�g�b 
�a�Z�^�Z�_�l�k�y �g�Z �i�e�Z�g�d�h�\�k�d�b�o �f�Z�k�r�l�Z�[�Z�o, �\ �\�b�^�_ �^�_�n�h�j�f�Z�p�b�b �i�e�Z�g�d�h�\�k�d�b�o �h�[�e�Z�k�l�_�c (�^�h�f�_�g�h�\) �i�j�b 
�\�a�Z�b�f�h�^�_�c�k�l�\�b�b �i�_�j�\�b�q�g�u�o �n�_�j�f�b�h�g�h�\ �k �i�e�Z�g�d�h�\�k�d�h�c �f�Z�k�k�h�c. 

�F�_�o�Z�g�b�a�f �d�h�g�^�_�g�k�Z�p�b�b �n�_�j�f�b�h�g�h�\ �\ �k�\�_�j�o�i�j�h�\�h�^�y�s�_�_ �d�h�j�j�_�e�b�j�h�\�Z�g�g�h�_ �k�h�k�l�h�y�g�b�_ �i�h-
�j�h�`�^�Z�_�l �w�d�k�i�h�g�_�g�p�b�Z�e�v�g�h�_ �j�Z�k�r�b�j�_�g�b�_ �i�j�h�k�l�j�Z�g�k�l�\�Z-�\�j�_�f�_�g�b �k �k�h�h�l�\�_�l�k�l�\�m�x�s�b�f �m�f�_�g�v�r�_�g�b-
�_�f �w�n�n�_�d�l�b�\�g�h�]�h �i�e�Z�g�d�h�\�k�d�h�]�h �b�f�i�m�e�v�k�Z 
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�b �m�\�_�e�b�q�_�g�b�_�f �f�Z�k�r�l�Z�[�g�h�]�h �n�Z�d�l�h�j�Z 
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���O�  
�:�g�Z�e�h�]�b�q�g�u�f �h�[�j�Z�a�h�f �i�j�h�b�k�o�h�^�b�l �b �w�\�h�e�x�p�b�y �\�h �\�j�_�f�_�g�b, �d�h�l�h�j�m�x �f�h�`�g�h �[�u�e�h �[�u 

�h�i�j�_�^�_�e�b�l�v �d�Z�d «�\�j�_�f�_�g�g�m�x �b�g�n�e�y�p�b�x», �h�^�g�Z�d�h �w�l�h �n�Z�a�h�\�u�c �i�_�j�_�o�h�^ �\ �\�b�^�_ �n�h�j�f�b�j�h�\�Z�g�b�y 
�d�h�g�^�_�g�k�Z�l�Z, �\�h�k�i�j�b�g�b�f�Z�_�f�u�c �g�Z�[�e�x�^�Z�l�_�e�_�f �d�Z�d �w�\�h�e�x�p�b�y �<�k�_�e�_�g�g�h�c. �L�Z�d�Z�y �w�\�h�e�x�p�b�y �k�\�y�a�Z�g�Z 
�k �j�h�k�l�h�f �d�h�j�j�_�e�y�p�b�h�g�g�h�c �^�e�b�g�u  
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H P HL e ct

���O� [ �  � S �  . 
�:�g�Z�e�h�]�b�q�g�u�f �h�[�j�Z�a�h�f �j�Z�k�l�_�l �b �d�h�j�j�_�e�y�p�b�h�g�g�Z�y �^�e�b�g�Z �\ �q�z�j�g�u�o �^�u�j�Z�o �k �j�h�k�l�h�f �b�o �j�Z-

�^�b�m�k�Z. 

4. �M�k�e�h�\�b�y �m�f�_�g�v�r�_�g�b�y (�l�Z�y�g�b�y) �q�z�j�g�h�c �^�u�j�u  

�J�Z�k�k�f�h�l�j�b�f �l�_�i�_�j�v, �q�l�h �i�j�h�b�a�h�c�^�_�l, �d�h�]�^�Z �\ �k�`�b�f�Z�x�s�_�c�k�y �<�k�_�e�_�g�g�h�c, �k�h�^�_�j�`�Z�s�_�c 
�q�z�j�g�u�_ �^�u�j�u, �o�Z�[�[�e�h�\�k�d�b�o �j�Z�^�b�m�k �k�l�Z�g�h�\�b�l�k�y �f�_�g�v�r�_ �j�Z�^�b�m�k�Z �d�Z�d�h�c-�e�b�[�h �q�z�j�g�h�c �^�u�j�u: 

H gR R�� . �W�l�h �w�d�\�b�\�Z�e�_�g�l�g�h �m�k�e�h�\�b�x  

H BH� ' � ! � ', 
�b�e�b 
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c BH� U � ! � U 
�b�e�b �i�e�h�l�g�h�k�l�v �w�g�_�j�]�b�b-�b�f�i�m�e�v�k�Z �<�k�_�e�_�g�g�h�c �k�l�Z�g�h�\�b�l�k�y �\�u�r�_ �i�e�h�l�g�h�k�l�b �d�h�g�^�_�g�k�Z�l�Z �q�z�j�g�h�c 
�^�u�j�u. �L�h�]�^�Z �l�h�d �w�g�_�j�]�b�b-�b�f�i�m�e�v�k�Z �[�h�e�_�_ �\�u�k�h�d�h�c �i�e�h�l�g�h�k�l�b �j�Z�a�j�m�r�Z�_�l �d�h�g�^�_�g�k�Z�l �q�z�j�g�h�c �^�u-
�j�u, �i�h�d�Z �g�_ �[�m�^�_�l �^�h�k�l�b�]�g�m�l�h �j�Z�\�g�h�\�_�k�b�_: *

c BH�U �  � U , �i�h�^�h�[�g�h �l�h�f�m, �d�Z�d �\�u�k�h�d�Z�y �i�e�h�l�g�h�k�l�v �l�h�d�Z 
�\ �w�e�_�d�l�j�b�q�_�k�d�h�f �k�\�_�j�o�i�j�h�\�h�^�g�b�d�_ �j�Z�a�j�m�r�Z�_�l �k�h�k�l�h�y�g�b�_ �k�\�_�j�o�i�j�h�\�h�^�b�f�h�k�l�b. �W�l�h �w�d�\�b�\�Z�e�_�g�l�g�h 
�m�k�e�h�\�b�x �Z�g�Z�e�h�]�b�q�g�h�]�h �k�h�h�l�g�h�r�_�g�b�y �l�_�f�i�_�j�Z�l�m�j �^�e�y �]�h�j�b�a�h�g�l�h�\ �O�Z�[�[�e�Z �b �q�z�j�g�h�c �^�u�j�u [2, 3]: 

H BHkT kT�t . 

�I�j�b �w�l�h�f 3,06 1 /BH c ckT T T� ' �  � �, �]�^�_ cT  — �d�j�b�l�b�q�_�k�d�Z�y �l�_�f�i�_�j�Z�l�m�j�Z �j�Z�k�i�Z�^�Z �d�h�g�^�_�g�k�Z�l�Z [4]. 
�L�h�]�^�Z �^�e�y �g�Z�q�Z�e�Z �j�Z�k�i�Z�^�Z �d�h�g�^�_�g�k�Z�l�Z �q�z�j�g�h�c �^�u�j�u �o�Z�[�[�e�h�\�k�d�b�c �j�Z�^�b�m�k �^�h�e�`�_�g �k�h�k�l�Z�\�e�y�l�v 

1 3,06
(1 / )

H c g
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, 

�q�l�h �m�l�h�q�g�y�_�l �j�Z�g�_�_ �i�j�b�\�_�^�_�g�g�h�_ �m�k�e�h�\�b�_ [3] H gR aR�� , �]�^�_ a  — �d�h�g�k�l�Z�g�l�Z. 

�H�l�f�_�l�b�f �l�Z�d�`�_, �q�l�h �k �l�h�q�d�b �a�j�_�g�b�y �i�j�_�^�e�h�`�_�g�g�h�c �d�\�Z�g�l�h�\�h�c �l�_�h�j�b�b �]�j�Z�\�b�l�Z�p�b�h�g�g�h�c 
�k�\�_�j�o�i�j�h�\�h�^�b�f�h�k�l�b �]�j�Z�\�b�l�h�g �f�h�`�g�h �j�Z�k�k�f�Z�l�j�b�\�Z�l�v �d�Z�d �\�h�a�[�m�`�^�_�g�b�_ �\�Z�d�m�m�f�Z, �d�h�l�h�j�u�f �h�[�f�_-
�g�b�\�Z�x�l�k�y �i�Z�j�u �i�_�j�\�b�q�g�u�o �n�_�j�f�b�h�g�h�\. �L�h�]�^�Z �]�j�Z�\�b�l�h�g �f�h�`�g�h �j�Z�k�k�f�Z�l�j�b�\�Z�l�v �d�Z�d �\�l�h�j�b�q�g�u�_ 
�n�h�g�h�g�g�u�_ �d�h�e�_�[�Z�g�b�y, �\�u�a�u�\�Z�_�f�u�_ �\�k�_�f�b �\�b�^�Z�f�b �i�_�j�\�b�q�g�u�o �\�h�a�[�m�`�^�_�g�b�c �\�Z�d�m�m�f�Z, �l�h �_�k�l�v �[�h-
�a�h�g�Z�f�b �b �n�_�j�f�b�h�g�Z�f�b, �d�h�l�h�j�u�_ �n�h�j�f�b�j�m�x�l�k�y �i�_�j�\�b�q�g�u�f�b �n�_�j�f�b�h�g�Z�f�b. �W�l�h �h�[�t�y�k�g�y�_�l �j�Z�a�j�m-
�r�_�g�b�_ �q�_�j�g�u�o �^�u�j �d�Z�d �\�l�h�j�b�q�g�u�o �h�[�j�Z�a�h�\�Z�g�b�c �i�h �k�j�Z�\�g�_�g�b�x �k�h �k�l�j�m�d�l�m�j�h�c �\�Z�d�m�m�f�Z �k�`�b�f�Z�x-
�s�_�c�k�y �<�k�_�e�_�g�g�h�c. �I�j�b �w�l�h�f �d�h�]�_�j�_�g�l�g�h�k�l�v �b �d�h�j�j�_�e�y�p�b�h�g�g�Z�y �^�e�b�g�Z, �a�Z�^�Z�x�s�Z�y �d�h�k�f�h�e�h�]�b�q�_-
�k�d�b�c �f�Z�k�r�l�Z�[, �h�[�m�k�e�Z�\�e�b�\�Z�x�l �h�^�g�h�j�h�^�g�h�k�l�v �b �b�a�h�l�j�h�i�g�h�k�l�v �<�k�_�e�_�g�g�h�c �\�h �\�k�_ �w�i�h�o�b �_�_ �w�\�h�e�x-
�p�b�b, �Z �g�_ �l�h�e�v�d�h �\�h �\�j�_�f�y �b�g�n�e�y�p�b�b. 
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Bukalov A.V. 
Quantum properties of the causal horizon of the Universe and the decay (melting) of 

black holes in the cosmological model with superconductivity 

According to the cosmological model with superconductivity, the radii of causal areas in general relativity are 
determinated by the correlation length of the interaction of primary fermions in the given phase of the conden-
sate of the fermions. The coherence of the condensate provides the condition of the global community and isot-
ropy in the observable Universe. For various phases the lengths are different and change over time. The dimen-
sions of the horizon of the black hole are also described by a similar correlation length, if we consider the black 
hole as a special condensate. Therefore, in a contracting Universe the reduction (“melting”) of black holes occurs 
in the case of the reduction of the causal Hubble radius RH < 3,06 RG, that specifies the result obtained earlier by 
the author. 

Key words: Hubble radius, black holes, cosmic horizon, correlation length, primary fermions, gravity, supercon-
ductivity, reduction of black holes. 
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�< �i�j�_�^�u�^�m�s�b�o �j�Z�[�h�l�Z�o, �\ �j�Z�f�d�Z�o �d�h�k�f�h�e�h�]�b�q�_�k�d�h�c �f�h�^�_�e�b �k�h �k�\�_�j�o�i�j�h�\�h�^�b�f�h�k�l�v�x �Z�\-
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�f�h�`�g�h �j�Z�k�k�f�Z�l�j�b�\�Z�l�v �d�Z�d �n�Z�a�m �d�h�g�^�_�g�k�Z�l�Z �b�e�b �d�Z�d �k�h�\�h�d�m�i�g�h�k�l�v �n�h�g�h�g�g�u�o �\�h�a�[�m�`�^�_�g�b�c �d�h�g-
�^�_�g�k�Z�l�Z.   

2. �=�j�Z�\�b�l�Z�p�b�h�g�g�Z�y �i�h�k�l�h�y�g�g�Z�y �G�v�x�l�h�g�Z �\ �d�\�Z�g�l�h�\�h�c �l�_�h�j�b�b 

�J�Z�k�k�f�h�l�j�b�f �l�_�i�_�j�v �d�\�Z�g�l�h�\�u�_ �Z�k�i�_�d�l�u �k�\�_�j�o�i�j�h�\�h�^�b�f�h�k�l�b �\ �i�j�b�f�_�g�_�g�b�b �d �g�Z�r�_�c �d�h�k-
�f�h�e�h�]�b�q�_�k�d�h�c �f�h�^�_�e�b. �< �h�[�u�q�g�u�o �w�e�_�d�l�j�h�g�g�u�o �k�\�_�j�o�i�j�h�\�h�^�g�b�d�Z�o, �^�e�y �k�l�Z�g�^�Z�j�l�g�h�]�h �f�_�l�Z�e�e�Z, 
�i�e�h�l�g�h�k�l�v �k�h�k�l�h�y�g�b�c 1/2(0)e FN AE� , �]�^�_ 21 3/2 36,82 10 �w�< �k�fA � � � ��  � º � º, FE  — �w�g�_�j�]�b�y �N�_�j�f�b [3]. 
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�]�^�_ e — �w�e�_�d�l�j�b�q�_�k�d�b�c �a�Z�j�y�^, 
pm ��  — �f�Z�k�k�Z �i�j�h�l�h�g�Z. 
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�b�a �w�l�h�]�h �k�e�_�^�m�_�l, �q�l�h �d�Z�`�^�h�c �n�Z�a�_ �d�h�g�^�_�g�k�Z�l�Z i, j, k,… �k�h�h�l�\�_�l�k�l�\�m�_�l �o�Z�j�Z�d�l�_�j�g�Z�y �i�e�h�l�g�h�k�l�v �k�h-
�k�l�h�y�g�b�c �g�Z �i�h�\�_�j�o�g�h�k�l�b �N�_�j�f�b �i�j�b �h�i�j�_�^�_�e�_�g�g�h�c �l�_�f�i�_�j�Z�l�m�j�_: 

11 22( ) (0) , ( ) (0) ,...ji
i jN T N e N T N e

���� � � � O� � � O�  �  . (13) 

�M�q�b�l�u�\�Z�y, �q�l�h 0 (0) 1/137,03599G emN V� O �  �  � D �   [1, 2], �i�h�e�m�q�Z�_�f: 
2 2 2/ (0) 8 8G em em P PV N L c L e�  � D �  � S� D �  � S�= . (14) 

232,2 10eV ��� ž � º�k�f3 �w�<1/2, 
71/ (0) 2,43 10G em GV N ���  � D � ž � º  �k�f3 �w�<1/2. (15) 

�I�j�b �w�l�h�f  
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�L�Z�d�b�f �h�[�j�Z�a�h�f, �i�h�k�l�h�y�g�g�u�_ �]�j�Z�\�b�l�Z�p�b�h�g�g�h�]�h �\�a�Z�b�f�h�^�_�c�k�l�\�b�y �f�_�`�^�m �l�Z�d�b�f�b �w�e�_�f�_�g-
�l�Z�j�g�u�f�b �q�Z�k�l�b�p�Z�f�b, �d�Z�d �i�j�h�l�h�g�u �b �w�e�_�d�l�j�h�g�u, �m�k�l�Z�g�Z�\�e�b�\�Z�x�l �b �k�\�y�a�v �f�_�`�^�m �w�e�_�d�l�j�h�g�g�h�c 
�k�\�_�j�o�i�j�h�\�h�^�b�f�h�k�l�v�x �i�_�j�\�b�q�g�u�o �n�_�j�f�b�h�g�h�\ �k �i�e�Z�g�d�h�\�k�d�h�c �f�Z�k�k�h�c. 

�M�q�b�l�u�\�Z�y, �q�l�h 2 2 2(0) 1/ 1/G P P PlN L c L Q�  �  �= , 2 2(0) 1/Pl G nQ N L�  �  , �f�h�`�g�h �]�h�\�h�j�b�l�v, �q�l�h 

�i�e�Z�g�d�h�\�k�d�b�c �a�Z�j�y�^ 11,7Q e�  �b �i�e�h�l�g�h�k�l�v �k�h�k�l�h�y�g�b�c (0)GN  �h�i�j�_�^�_�e�y�x�l �i�e�Z�g�d�h�\�k�d�m�x �d�j�b�\�b�a�g�m, 
�b�e�b �m�i�j�m�]�h�k�l�v �i�j�h�k�l�j�Z�g�k�l�\�Z �i�h �: .�>. �K�Z�o�Z�j�h�\�m. �I�j�b �w�l�h�f  
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3. �<�u�\�h�^�u  

�L�Z�d�b�f �h�[�j�Z�a�h�f, �]�j�Z�\�b�l�Z�p�b�h�g�g�Z�y �i�h�k�l�h�y�g�g�Z�y �G�v�x�l�h�g�Z �f�h�`�_�l �[�u�l�v �h�i�j�_�^�_�e�_�g�Z �q�_�j�_�a �i�Z-
�j�Z�f�_�l�j�u �d�\�Z�g�l�h�\�h�c �f�h�^�_�e�b �d�h�g�^�_�g�k�Z�p�b�b �i�_�j�\�b�q�g�u�o �n�_�j�f�b�h�g�h�\. �I�j�b �w�l�h�f �b�a �j�Z�\�_�g�k�l�\ 
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�k�e�_�^�m�_�l, �q�l�h �d�j�b�\�b�a�g�Z �i�j�h�k�l�j�Z�g�k�l�\�Z-�\�j�_�f�_�g�b �y�\�e�y�_�l�k�y �w�g�_�j�]�_�l�b�q�_�k�d�h�c �s�_�e�v�x �\ �d�h�g�^�_�g�k�Z�l�_ �i�_�j-
�\�b�q�g�u�o �n�_�j�f�b�h�g�h�\ �k �i�e�Z�g�d�h�\�k�d�h�c �f�Z�k�k�h�c. �I�h�w�l�h�f�m �\�_�k�v �g�Z�[�e�x�^�Z�_�f�u�c �f�b�j �b �f�h�`�g�h �j�Z�k�k�f�Z�l-
�j�b�\�Z�l�v �d�Z�d �k�h�\�h�d�m�i�g�h�k�l�v �g�_�k�d�h�e�v�d�b�o �n�Z�a �n�_�j�f�b�h�g�g�h�]�h �d�h�g�^�_�g�k�Z�l�Z, �d�Z�`�^�Z�y �b�a �d�h�l�h�j�u�o �b�f�_�_�l 
�k�\�h�x �w�g�_�j�]�_�l�b�q�_�k�d�m�x �s�_�e�v 

� E � b � l � _ � j � Z � l � m � j � Z:  
1. �;�m�d�Z�e�h�\ �:.�<. �J�_�r�_�g�b�_ �i�j�h�[�e�_�f�u �l�_�f�g�h�c �w�g�_�j�]�b�b �b �w�g�_�j�]�b�b �\�Z�d�m�m�f�Z �\ �d�h�k�f�h�e�h�]�b�q�_�k�d�h�c �f�h�^�_�e�b �k�h 

�k�\�_�j�o�i�j�h�\�h�^�b�f�h�k�l�v�x // �N�b�a�b�d�Z �k�h�a�g�Z�g�b�y �b �`�b�a�g�b, �d�h�k�f�h�e�h�]�b�y �b �Z�k�l�j�h�n�b�a�b�d�Z. — 2014. — �‹  1. — 
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Bukalov A.V. 
The quantum nature of Newton's gravitational constant  

in cosmological models with superconductivity 

It is shown that in the quantum cosmological model with superconductivity Newton's gravitational constant GN 
is determined by the density of the primary fermions in the Planck mass at the Fermi surface. These fermions 
form different phases of condensate, including the phase of “dark energy”. 

Key words: gravitation, cosmology, primary fermions, energy gap, dark energy, Newton's gravitational constant. 



Ôèçèêà ñîçíàíèÿ è æèçíè, êîñìîëîãèÿ è àñòðîôèçèêà 
 

 

 
¹ 4, 2014 31  

 
�M�>�D 523.11:524.827:539.12:524.854:530.11 

�;�m�d�Z�e�h�\ �: .�<.  

�H �D�<�:�G�L�H�<�:�G�B�B �=�J�:�<�B�L�:�P�B�H�G�G�H�=�H �I�H�L�H�D�: 

�P�_�g�l�j �n�b�a�b�q�_�k�d�b�o �b �d�h�k�f�b�q�_�k�d�b�o �b�k�k�e�_�^�h�\�Z�g�b�c, �F�_�`�^�m�g�Z�j�h�^�g�u�c �b�g�k�l�b�l�m�l �k�h�p�b�h�g�b�d�b,  
�m�e.�F�_�e�v�g�b�d�h�\�Z, 12, �].�D�b�_�\-50, 04050, �M�d�j�Z�b�g�Z. e-mail: bukalov.physics@socionic.info 

 
�B�a �i�j�_�^�e�h�`�_�g�g�u�o �Z�\�l�h�j�h�f �]�j�Z�\�b�l�Z�p�b�h�g�g�u�o �m�j�Z�\�g�_�g�b�c �k�\�_�j�o�i�j�h�\�h�^�b�f�h�k�l�b, 

�h�i�b�k�u�\�Z�x�s�b�o �^�\�b�`�_�g�b�_ �i�_�j�\�b�q�g�u�o �n�_�j�f�b�h�g�h�\, �k�e�_�^�m�_�l �d�\�Z�g�l�h�\�Z�g�b�_ �]�j�Z�\�b�l�Z�p�b�h�g�g�h�]�h 
�i�h�l�h�d�Z �Z�g�Z�e�h�]�b�q�g�h �d�\�Z�g�l�h�\�Z�g�b�x �f�Z�]�g�b�l�g�h�]�h �i�h�l�h�d�Z �\ �l�_�h�j�b�b �w�e�_�d�l�j�h�g�g�h�c 
�k�\�_�j�o�i�j�h�\�h�^�b�f�h�k�l�b. �D�\�Z�g�l �]�j�Z�\�b�l�Z�p�b�h�g�g�h�]�h �i�h�l�h�d�Z �b�f�_�_�l �]�_�h�f�_�l�j�b�q�_�k�d�m�x �i�j�b�j�h�^�m: 

224(0)G PL� ) �  � S. �>�e�y �q�z�j�g�h�c �^�u�j�u �d�h�e�b�q�_�k�l�\�h �d�\�Z�g�l�h�\ �]�j�Z�\�b�l�Z�p�b�h�g�g�h�]�h �i�h�l�h�d�Z 
�k�h�h�l�\�_�l�k�l�\�m�_�l �w�g�l�j�h�i�b�b �O�h�d�b�g�]�Z–�;�_�d�_�g�r�l�_�c�g�Z. �G�Z�e�b�q�b�_ �l�z�f�g�h�c �f�Z�l�_�j�b�b �\ �d�h�j�h�g�Z�o 
�]�Z�e�Z�d�l�b�d �f�h�`�_�l �[�u�l�v �h�[�t�y�k�g�_�g�h �k�m�s�_�k�l�\�h�\�Z�g�b�_�f �f�Z�d�j�h�k�d�h�i�b�q�_�k�d�h�]�h �]�j�Z�\�b�l�Z�p�b�h�g�g�h�]�h 
�\�b�o�j�y �k�\�_�j�o�l�_�d�m�q�_�c �`�b�^�d�h�k�l�b, �d�h�g�^�_�g�k�Z�l�Z �k�i�Z�j�_�g�g�u�o �i�_�j�\�b�q�g�u�o �n�_�j�f�b�h�g�h�\. 

�D�e�x�q�_�\�u�_ �k�e�h�\�Z: �]�j�Z�\�b�l�Z�p�b�y, �d�\�Z�g�l �]�j�Z�\�b�l�Z�p�b�h�g�g�h�]�h �i�h�l�h�d�Z, 
�k�\�_�j�o�i�j�h�\�h�^�b�f�h�k�l�v, �l�z�f�g�Z�y �f�Z�l�_�j�b�y, �]�Z�e�Z�d�l�b�d�Z. 
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�<�\�_�^�_�g�b�_ 

�D�Z�d �b�a�\�_�k�l�g�h, �\ �l�_�h�j�b�b �w�e�_�d�l�j�h�g�g�h�c �k�\�_�j�o�i�j�h�\�h�^�b�f�h�k�l�b �b�f�i�m�e�v�k p �w�e�_�d�l�j�h�g�g�h�c �i�Z�j�u �\ 

�f�Z�]�g�b�l�g�h�f �i�h�e�_ �b�a�f�_�g�y�_�l�k�y �b �k�h�k�l�Z�\�e�y�_�l /p p qA c� ‘ � � . �I�h�k�d�h�e�v�d�m 2 r n� S �  � O, 2pdl n�  � S�² �=�v , �l�h  

( ) ( ) 2mv r dl q A r dl n� � �  � S� ² � ²�=� v � v.  (1) 

�K�\�_�j�o�l�h�d s s sj qn v� , �]�^�_ sn  — �i�e�h�l�g�h�k�l�v, sv  — �k�d�h�j�h�k�l�v 

( ) ( ) 2s
s

m
j r dl q A r dl n

qn
� � �  � S� ² � ²�=� v � v. (2) 

�I�j�b �w�l�h�f �p�b�j�d�m�e�y�p�b�y �\�_�d�l�h�j�g�h�]�h �i�h�l�_�g�p�b�Z�e�Z �i�h �a�Z�f�d�g�m�l�h�f�m �d�h�g�l�m�j�m �j�Z�\�g�Z �f�Z�]�g�b�l�g�h�f�m �i�h�l�h�d�m 
n�) , �i�j�h�o�h�^�y�s�_�f�m �q�_�j�_�a �i�e�h�s�Z�^�v �6, �g�Z�l�y�g�m�l�m�x �g�Z �w�l�h�l �d�h�g�l�m�j [1]: 

( ) rot nA r dl Ads Bds
�6

�  �  �  � )� ² � ²� ² � ²� ²�v . (3) 

�D�\�Z�g�l�h�\�Z�g�b�_ �]�j�Z�\�b�l�Z�p�b�h�g�g�h�]�h �i�h�l�h�d�Z 

�J�Z�k�k�f�Z�l�j�b�\�Z�y �m�j�Z�\�g�_�g�b�y �]�j�Z�\�b�l�Z�p�b�b �W�c�g�r�l�_�c�g�Z �d�Z�d �m�j�Z�\�g�_�g�b�y �^�\�b�`�_�g�b�y �i�_�j�\�b�q�g�u�o b-
�n�_�j�f�b�h�g�h�\, �h�[�j�Z�a�m�x�s�b�o �k�\�_�j�o�l�_�d�m�q�m�x �`�b�^�d�h�k�l�v, 

4

8 NG
G T

c
�P�Q �P�Q

�S
�  � � �� , (4) 

�i�j�b �l�h�f, �q�l�h �Z�g�Z�e�h�]�h�f �b�f�i�m�e�v�k�Z �\�u�k�l�m�i�Z�_�l �l�_�g�a�h�j �w�g�_�j�]�b�b-�b�f�i�m�e�v�k�Z 

4 48 8 8N NG G
T T g

c c
�P�Q �P�Q �P�Q� S �  � � � S � � � S� /�� , �Z 2

0/s Gn Q m� / �  , sn  — �i�e�h�l�g�h�k�l�v �n�_�j�f�b�h�g�h�\, 1/2
0G NQ G m�  — 

�]�j�Z�\�b�l�Z�p�b�h�g�g�u�c �a�Z�j�y�^. �I�j�b  

0 0 04

0

8 8 8 8 ( )

8

N
N s N s N s

N s

G
T G n m U U G n m g G n m U U g

c
G n m U U

�P�Q �P �Q �P�Q �P �Q �P�Q

� P � Q

� S �  � � � S � � � S �  � � � S � � �  

�  � � � S

��

� � � �
,  (5) 

�f�u �i�h�e�m�q�Z�_�f �i�h�e�g�u�c �Z�g�Z�e�h�] �m�j�Z�\�g�_�g�b�c �E�h�g�^�h�g�h�\ �\ �l�_�h�j�b�b �w�e�_�d�l�j�h�g�g�h�c �k�\�_�j�o�i�j�h�\�h�^�b�f�h�k�l�b 

[2]. �I�j�b �\�h�e�g�h�\�h�c �n�m�g�d�p�b�b 1/2( ) ( / 2) i
b Gr n e�T� < �  � º��  �d�h�g�^�_�g�k�Z�l�g�h�c �q�Z�k�l�b�p�u b-�n�_�j�f�b�h�g�g�h�c �d�m-
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�i�_�j�h�\�k�d�h�c �i�Z�j�u �k �w�n�n�_�d�l�b�\�g�h�c �f�Z�k�k�h�c 0m , 
0 0

, vU U
m c m c� P � P � Q� ´ � T �  � ´ � T �  
� = � =

 [2]. �L�h�]�^�Z �^�\�h�c�g�h�c 

�d�j�m�]�h�\�h�c �b�g�l�_�]�j�Z�e �i�j�b �p�b�j�d�m�e�y�p�b�b �i�h�l�h�d�Z �i�h �a�Z�f�d�g�m�l�u�f �d�h�g�l�m�j�Z�f 

� � � �0 0

2
0

0 0

8 8

8 8 2 2

N s N sG n m U U G n m g dl dl

dl dl n f
m c m c

� P � Q
� P � Q � P� Q

� P � Q
� P � Q

� � � S � � � S �  

� ¦ � ¶
�  � S� / � � � ´ � T � ´ � T �  � S� / � º � O � º � S � º � S� § � ·

� ¨ � ¸

�²�²

�²�²
� = � =� � � �

�w

�w
 (6) 

�I�j�b 2 1
0

��� O �  � / 

3
48 8 2 2 32NG

G dl dl T dl dl n f nf
c

� P � Q � P � Q
�P�Q �P�Q�  � � � S �  � S � º � S � º � S �  � S�²�² �²�²��� w � w, (7) 

�]�^�_ 1... , 1...n m f z�  �  . 

�L�Z�d�b�f �h�[�j�Z�a�h�f, 2 2
0 0( / )m c� O �  �=  �b�]�j�Z�_�l �j�h�e�v �d�\�Z�g�l�Z �]�j�Z�\�b�l�Z�p�b�h�g�g�h�]�h �i�h�l�h�d�Z, �Z�g�Z�e�h�]�b�q�g�h 

�d�\�Z�g�l�m �f�Z�]�g�b�l�g�h�]�h �i�h�l�h�d�Z /em c e� ) �  � S�= . 
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8
G GG dl dl nf nf nf� � � P � Q

�P�Q� / �  � ) �  � S� O �  � )
�S�²�²�w . (8) 

�< �k�e�m�q�Z�_ �h�^�g�h�k�\�y�a�g�h�]�h �]�j�Z�\�b�l�Z�p�b�h�g�g�h�]�h �i�h�l�h�d�Z, �g�Z�i�j�b�f�_�j — �q�z�j�g�h�c �^�u�j�u, 1n f�  �  , 

� � � �2 2(0) / 2 / 4G P PL L� ) � S �  � S � S �  � S. �I�h�e�m�q�_�g�g�u�_ �\�u�j�Z�`�_�g�b�y �^�e�y �d�\�Z�g�l�h�\�Z�g�b�y �]�j�Z�\�b�l�Z�p�b�h�g�g�u�o �i�h�l�h-

�d�h�\ �i�j�_�^�k�l�Z�\�e�y�x�l �h�k�h�[�u�c �b�g�l�_�j�_�k �^�e�y �j�_�r�_�g�b�y �i�j�h�[�e�_�f�u «�l�z�f�g�h�c �f�Z�l�_�j�b�b» �\ �d�h�j�h�g�Z�o �]�Z�e�Z�d-
�l�b�d. �< �k�Z�f�h�f �^�_�e�_, �j�Z�k�k�f�Z�l�j�b�\�Z�y �l�y�]�h�l�_�g�b�_ �b �l�_�f�g�m�x �f�Z�l�_�j�b�x (�b�e�b, �i�h �d�j�Z�c�g�_�c �f�_�j�_, �a�g�Z�q�b-
�l�_�e�v�g�m�x �_�z �q�Z�k�l�v) �d�Z�d �k�e�_�^�k�l�\�b�_ �k�m�s�_�k�l�\�h�\�Z�g�b�y �]�j�Z�\�b�l�Z�p�b�h�g�g�h�]�h �\�b�o�j�y �k�\�_�j�o�l�_�d�m�q�_�c �`�b�^�d�h�k�l�b 
�k�i�Z�j�_�g�g�u�o b-�n�_�j�f�b�h�g�h�\ �i�h�e�m�q�Z�_�f �f�Z�d�j�h�k�d�h�i�b�q�_�k�d�b�c �]�j�Z�\�b�l�Z�p�b�h�g�g�u�c �\�b�o�j�v �k �^�\�m�o�k�\�y�a�g�h�c �l�h-
�i�h�e�h�]�b�_�c, �\�_�j�h�y�l�g�h �l�h�j, �i�h�j�h�`�^�Z�x�s�b�c �w�n�n�_�d�l �l�y�]�h�l�_�g�b�y «�l�z�f�g�h�c �f�Z�l�_�j�b�b». �I�j�b �w�l�h�f �w�d�\�b�\�Z-
�e�_�g�l�g�Z�y �^�e�b�g�Z �\�h�e�g�u 222 10GalR�P� O �  � S � ž�f , �Z 220,5 10�Q� O � ž � º�f . �I�j�b 422 10GalM � ž � º�d�] �b 410 HR��� O � ž  

3,2220�d�f/�k=10v c��
�Q�ž . 

�J�Z�k�k�f�Z�l�j�b�\�Z�y �\ �i�j�b�[�e�b�`�_�g�b�b �f�Z�e�u�o �k�d�h�j�h�k�l�_�c [4] 
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�P�b�j�d�m�e�y�p�b�y �]�j�Z�\�b�l�Z�p�b�h�g�g�h�]�h �i�h�l�h�d�Z �Z�g�Z�e�h�]�b�q�g�Z �k�l�Z�p�b�h�g�Z�j�g�h�f�m �^�\�b�`�_�g�b�x �w�e�_�d�l�j�h�g�h�\ 
�\ �Z�l�h�f�_. �J�Z�\�_�g�k�l�\�h  
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�k�i�j�Z�\�_�^�e�b�\�h �h�l �f�b�d�j�h�k�d�h�i�b�q�_�k�d�b�o �^�h �f�Z�d�j�h�k�d�h�i�b�q�_�k�d�b�o �f�Z�k�r�l�Z�[�h�\. �K�e�_�^�h�\�Z�l�_�e�v�g�h, �h�g�h �f�h�`�_�l 
�h�i�b�k�u�\�Z�l�v �b �\�k�_ �l�y�]�h�l�_�x�s�b�_ �q�Z�k�l�b�p�u �d�Z�d �d�\�Z�g�l�h�\�u�_ �\�b�o�j�b �k�\�_�j�o�l�_�d�m�q�_�c �`�b�^�d�h�k�l�b �b�a �i�_�j�\�b�q-
�g�u�o b-�n�_�j�f�b�h�g�h�\, �g�Z�q�b�g�Z�y �k �i�e�Z�g�d�h�\�k�d�h�]�h �m�j�h�\�g�y, �d�h�l�h�j�u�c �k�Z�f �f�h�`�_�l �k�h�k�l�h�y�l�v �b�a �f�b�d�j�h�\�b�o-
�j�_�c-�^�h�f�_�g�h�\. �L�Z�d�b�f �h�[�j�Z�a�h�f, �\�_�j�h�y�l�g�h, �e�x�[�h�_ �l�y�]�h�l�_�x�s�_�_ �f�Z�l�_�j�b�Z�e�v�g�h�_ �l�_�e�h �f�h�`�_�l �[�u�l�v �h�i�b-
�k�Z�g�h �d�Z�d �k�h�\�h�d�m�i�g�h�k�l�v �]�j�Z�\�b�l�Z�p�b�h�g�g�u�o �\�b�o�j�_�c — �]�j�Z�\�b�l�Z�p�b�h�g�g�u�c �d�\�Z�g�l�h�\�u�c �i�h�l�h�d — �\�i�e�h�l�v 
�^�h �]�Z�e�Z�d�l�b�d �b �<�k�_�e�_�g�g�h�c �\ �p�_�e�h�f. �<�u�j�h�`�^�_�g�g�u�c �k�e�m�q�Z�c �i�j�_�^�k�l�Z�\�e�y�_�l �k�h�[�h�c �k�l�Z�p�b�h�g�Z�j�g�Z�y �q�z�j-
�g�Z�y �^�u�j�Z. �< �k�e�m�q�Z�_ �\�j�Z�s�Z�x�s�_�c�k�y �q�z�j�g�h�c �^�u�j�u �\�h�a�f�h�`�g�h �k�m�s�_�k�l�\�m�_�l �b �^�\�m�k�\�y�a�g�h�_, �g�_�\�u�j�h�`-
�^�_�g�g�h�_ �j�_�r�_�g�b�_. �H�^�g�Z�d�h �\�i�h�e�g�_ �\�_�j�h�y�l�g�h �k�m�s�_�k�l�\�h�\�Z�g�b�_ �]�j�Z�\�b�l�Z�p�b�h�g�g�u�o �a�Z�f�d�g�m�l�u�o �h�[�t�_�d�l�h�\ 
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�k�h �k�e�h�`�g�h�c �l�h�i�h�e�h�]�b�_�c — �\�b�o�j�_�c �k�\�_�j�o�l�_�d�m�q�_�c �`�b�^�d�h�k�l�b, �d�h�l�h�j�u�_ �g�_ �y�\�e�y�x�l�k�y �g�b �q�z�j�g�u�f�b 
�^�u�j�Z�f�b, �g�b �d�h�f�i�Z�d�l�g�u�f�b �h�[�t�_�d�l�Z�f�b, �d�h�l�h�j�u�_ �a�Z�o�\�Z�l�u�\�Z�x�l �g�_�d�h�l�h�j�h�_ �d�h�e�b�q�_�k�l�\�h �\�_�s�_�k�l�\�Z. 
�<�h�a�f�h�`�g�h, �i�_�j�\�b�q�g�u�_ �y�^�j�Z �]�Z�e�Z�d�l�b�d �f�h�]�e�b �\ �g�Z�k�l�h�y�s�_�_ �\�j�_�f�y �\�h�a�g�b�d�g�m�l�v �b�a �l�Z�d�b�o �h�[�t�_�d�l�h�\ �k 
�i�h�k�l�_�i�_�g�g�h�c �w�\�h�e�x�p�b�c �\ �g�Z�[�e�x�^�Z�_�f�u�_ �h�[�t�_�d�l�u, �d�h�l�h�j�u�_ �b�g�l�_�j�i�j�_�l�b�j�m�x�l�k�y �d�Z�d �k�\�_�j�o�f�Z�k�k�b�\-
�g�u�_ �q�z�j�g�u�_ �^�u�j�u.  

�H�l�f�_�l�b�f, �q�l�h �d�h�g�p�_�i�p�b�y �i�j�h�b�k�o�h�`�^�_�g�b�y �k�\�_�j�o�f�Z�k�k�b�\�g�u�o �q�z�j�g�u�o �^�u�j — �y�^�_�j �d�\�Z�a�Z�j�h�\ 
�b �y�^�_�j �]�Z�e�Z�d�l�b�d — �i�m�l�_�f �]�j�Z�\�b�l�Z�p�b�h�g�g�h�c �d�h�g�^�_�g�k�Z�p�b�b �b�k�i�u�l�u�\�Z�_�l �k�_�j�v�z�a�g�u�_ �l�j�m�^�g�h�k�l�b, �l�Z�d 
�d�Z�d �h�[�g�Z�j�m�`�_�g�u �k�\�_�j�o�f�Z�k�k�b�\�g�u�_ �q�z�j�g�u�_ �^�u�j�u — �y�^�j�Z �]�Z�e�Z�d�l�b�d �k 102 10M m� ž � º �: , �d�h�l�h�j�u�f 
900 �f�e�g. �e�_�l, �Z �w�l�h�]�h �\�j�_�f�_�g�b �g�_�^�h�k�l�Z�l�h�q�g�h �^�e�y �h�[�j�Z�a�h�\�Z�g�b�y �l�Z�d�b�o �f�Z�k�k�b�\�g�u�o �h�[�t�_�d�l�h�\. 

�< �d�\�Z�g�l�h�\�Z�g�b�b �]�j�Z�\�b�l�Z�p�b�h�g�g�u�o �i�h�l�h�d�h�\ �\�h�a�g�b�d�Z�_�l �d�\�Z�g�l�h�\�Z�g�b�_ �]�_�h�f�_�l�j�b�b, �q�Z�k�l�g�u�f 
�k�e�m�q�Z�_�f �d�h�l�h�j�h�]�h �y�\�e�y�_�l�k�y �d�\�Z�g�l�h�\�Z�g�b�_ �i�e�h�s�Z�^�b �q�z�j�g�h�c �^�u�j�u [3]. 
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�I�j�b n f�  �i�h�e�m�q�Z�_�f �w�g�l�j�h�i�b�x �]�h�j�b�a�h�g�l�Z �q�_�j�g�h�c �^�u�j�u �b�e�b �d�h�k�f�b�q�_�k�d�h�]�h �]�h�j�b�a�h�g�l�Z 
2 2 2/ PS n R L�  � S �  � S  �b �d�\�Z�g�l�h�\�Z�g�b�_ �w�l�b�o �]�h�j�b�a�h�g�l�h�\. 
�L�Z�d�b�f �h�[�j�Z�a�h�f �\�h�a�g�b�d�Z�_�l �d�\�Z�g�l�h�\�Z�g�b�_ �]�j�Z�\�b�l�Z�p�b�h�g�g�u�o �i�h�l�h�d�h�\. �H�l�f�_�l�b�f �\ �k�\�y�a�b �k 

�w�l�b�f, �q�l�h �i�j�y�f�h�_ �d�\�Z�g�l�h�\�Z�g�b�_ �]�j�Z�\�b�l�Z�p�b�h�g�g�h�]�h �i�h�e�y �\�k�l�j�_�q�Z�_�l �g�_�i�j�_�h�^�h�e�b�f�u�_ �^�h �k�b�o �i�h�j 
�l�j�m�^�g�h�k�l�b �b �k�\�y�a�Z�g�h �k �g�_�m�k�l�j�Z�g�b�f�u�f�b �j�Z�k�o�h�^�b�f�h�k�l�y�f�b. �G�h, �\�_�j�h�y�l�g�h, �f�h�`�_�l �[�u�l�v �i�j�_�^�e�h�`�_�g �b  
�\�h�a�g�b�d�Z�_�l �g�h�\�u�c �i�h�^�o�h�^ �d �d�\�Z�g�l�h�\�Z�g�b�x �]�j�Z�\�b�l�Z�p�b�b, �d�\�Z�g�l�h�\�h�f�m �^�\�b�`�_�g�b�x �\ �]�j�Z�\�b�l�Z�p�b�h�g�g�h�f 
�i�h�e�_.  
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Bukalov A.V. 
On the quantization of the gravitational flow 

From the gravitational equations of superconductivity, proposed by the author, describing the motion of the pri-
mary fermions, follows the quantization of the gravitational flow similar to the quantization of magnetic flux in 

the theory of electron superconductivity. Quantum of gravitational flow has a geometric nature: 224(0)G PL� ) �  � S. 
For a black hole the number of quantum of gravitational flow corresponds to the entropy of Hawking-
Bekenstein. The presence of dark matter in the coronas of galaxies can be explained by the existence of macro-
scopic gravitational vortex of superfluid condensate of paired primary fermions. 

Key words: gravity, quantum of gravitational flow, superconductivity, dark matter, galaxy. 
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