
�¨±¼¬  ¢ ����, ²®¬ 91, ¢»¯. 12, ±. 724 { 728 c 2010 £. 25 ¨¾¿�¨§ª®¯®°®£®¢»¥ ¯ ° ¬¥²°¨·¥±ª¨¥ ° ±¯ ¤»¥ ¥³±²®©·¨¢®±²¨¢ ½ª±¯¥°¨¬¥² µ ¯® ½«¥ª²°®®-¶¨ª«®²°®®¬³  £°¥¢³¢ ²®°®¨¤ «¼»µ «®¢³¸ª µ�. �. �³± ª®¢1), �.�.�®¯®¢�¨§¨ª®-²¥µ¨·¥±ª¨© ¨±²¨²³² ¨¬. �.�.�®´´¥ ���, 194021 � ª²-�¥²¥°¡³°£, �®±±¨¿�®±²³¯¨«  ¢ °¥¤ ª¶¨¾ 5 ¬ ¿ 2010 £.� «¨§¨°³¾²±¿ ½ª±¯¥°¨¬¥² «¼»¥ ³±«®¢¨¿, ¯°¨¢®¤¿¹¨¥ ª ±³¹¥±²¢¥®¬³ ±¨¦¥¨¾ ¯®°®£  ®²° -¦ ²¥«¼»µ ¯ ° ¬¥²°¨·¥±ª¨µ ° ±¯ ¤»µ ¥³±²®©·¨¢®±²¥© ¯°¨ ½«¥ª²°®®-¶¨ª«®²°®®¬ (��)  £°¥¢¥¯« §¬» ¢ ¬ £¨²»µ «®¢³¸ª µ ¢ ®²±³²±²¢¨¥ ¢¥°µ¥£® £¨¡°¨¤®£® °¥§® ±  (���) ¤«¿ £°¥¾¹¥© ¢®«-». �¡±³¦¤ ¥²±¿ °®«¼ ¥¬®®²®®£® ¯°®´¨«¿ ¯«®²®±²¨ ¯« §¬» ¢¡«¨§¨ �-²®·ª¨ ¬ £¨²®£® ®±²°®¢ ,ª®²®°»© ¤¥« ¥² ¢®§¬®¦»¬ «®ª «¨§ ¶¨¾ ¨®»µ ¡¥°¸²¥©®¢±ª¨µ (��) ¢®« ¢  ¯° ¢«¥¨¨ £° ¤¨¥-²  ¯«®²®±²¨ ¨ ¯®¤ ¢«¥¨¥ ª®¢¥ª²¨¢»µ ¯®²¥°¼ ¨§ ®¡« ±²¨ ° ±¯ ¤ . �®ª § ®, ·²® ¢¡«¨§¨ «®ª «¼®£®¬ ª±¨¬³¬  ¯°®´¨«¿ ¯«®²®±²¨ ¯®°®£ ¥³±²®©·¨¢®±²¨ ¨¤³¶¨°®¢ ®£® ° ±±¥¿¨¿  § ¤ ±¨¦ ¥²±¿  ·¥²»°¥ ¯®°¿¤ª  ¢¥«¨·¨» ¨ «¥£ª® ¯°¥¢®±µ®¤¨²±¿ ¢ ±®¢°¥¬¥»µ ½ª±¯¥°¨¬¥² µ ¯® ��  £°¥¢³   ³°®¢¥¬®¹®±²¨ ¢ ¥±ª®«¼ª® ±®²¥ ª¨«®¢ ²².�¢¥¤¥¨¥. �«¥ª²°®-¶¨ª«®²°®»© (��)  £°¥¢¯« §¬» µ®°®¸® § °¥ª®¬¥¤®¢ « ±¥¡¿ ¢ ½ª±¯¥°¨¬¥-² µ   ±²¥«« ° ²®° µ ¨ ²®ª ¬ ª µ. � ¥£® ¯®¬®¹¼¾¢®§¬®¦® ¥ ²®«¼ª® ®±³¹¥±²¢«¥¨¥ ½´´¥ª²¨¢®£®  -£°¥¢  ½«¥ª²°®®© ª®¬¯®¥²» ¯« §¬», ® ¨ ¢®§¡³¦-¤¥¨¥ ²®ª®¢ ³¢«¥·¥¨¿. �«¿ ¥£® ±®§¤ » ½´´¥ª²¨¢-»¥ £¥¥° ²®°»{ £¨°®²°®», ª®²®°»¥ ¯®§¢®«¿¾² ¢®§-¡³¦¤ ²¼ ¯³·ª¨ �� ¢®« ± ¬®¹®±²¼¾ ®² 100ª�² ¤®1��². � ²®ª ¬ ª¥-°¥ ª²®°¥ ITER ¯« ¨°³¥²±¿ ¨±-¯®«¼§®¢ ¨¥ ��  £°¥¢ , ¢ · ±²®±²¨, ¤«¿ ¯®¤ ¢«¥-¨¿ ¥®ª« ±±¨·¥±ª®© ²¨°¨£-¬®¤». �®£« ±® ±®¢°¥-¬¥»¬ ¯°¥¤±² ¢«¥¨¿¬, ° ±¯°®±²° ¥¨¥ �� ¢®« ¨¨µ ¯®£«®¹¥¨¥ ¢ ¯« §¬¥ µ®°®¸® ®¯¨±»¢ ¾²±¿ ¢ ° ¬-ª µ «¨¥©®© ²¥®°¨¨ ¨ ¿¢«¿¾²±¿ ¤¥² «¼® ¯°¥¤±ª -§³¥¬»¬¨. �¥®°¥²¨·¥±ª¨©   «¨§ ² ª¨µ ¥«¨¥©»µ¿¢«¥¨© ª ª ¯ ° ¬¥²°¨·¥±ª¨¥ ° ±¯ ¤»¥ ¥³±²®©·¨-¢®±²¨ �� ¢®«, ¯°¥¤±ª §»¢ ¥² ª° ©¥ ¢»±®ª¨© ¯®-°®£ ¨µ ¢®§¨ª®¢¥¨¿ (¡®«¥¥ 1��²) ±³¹¥±²¢¥®,  ¥±ª®«¼ª® ¯®°¿¤ª®¢, ¯°¥¢»¸ ¾¹¨© ¬®¹®±²¼ £¨°®-²°®®¢ [1 { 3]. �°¨·¨®© ±²®«¼ ¢»±®ª®£® ¯®°®£  ¯ -° ¬¥²°¨·¥±ª®© ¥³±²®©·¨¢®±²¨ ±«³¦ ², ¢ · ±²®±²¨,¡®«¼¸¨¥ ª®¢¥ª²¨¢»¥ ¯®²¥°¨ ¤®·¥°¨µ ¢®« ¨§ ®¡-« ±²¨ ¯ ° ¬¥²°¨·¥±ª®£® ° ±¯ ¤  ¢  ¯° ¢«¥¨¨ ¥®¤-®°®¤®±²¨ ¯« §¬». � ª ¨§¢¥±²®, ¯ ° ¬¥²°¨·¥±ª¨©° ±¯ ¤ ¢®«»  ª ·ª¨ ¢ ¥®¤®°®¤®© ¯« §¬¥ ¨¬¥-¥² ¬¥±²® ¢ ³§ª®¬ ±«®¥, £¤¥ ¢»¯®«¥® °¥§® ±®¥³±«®¢¨¥ �°½££  �k = k1 � k2 � k0 = 0, (k1, k2 ¨k0 { ¢®«®¢»¥ ¢¥ª²®°» ¤¢³µ ¤®·¥°¨µ ¢®« ¨ ¢®«» ª ·ª¨). �®½´´¨¶¨¥² ³±¨«¥¨¿ ¯°¨ ½²®¬ ¤ ¥²±¿´®°¬³«®© �¨«¨¿{�®§¥¡«¾²  [4 { 6]1)e-mail: evgeniy.gusakov@mail.io�e.ru

SPR = exp ��20 l2= (v1v2)�; (1)£¤¥ 0 {¬ ª±¨¬³¬ ¨ª°¥¬¥²  ¥³±²®©·¨¢®±²¨, ª®-²®°»© ¯°¿¬® ¯°®¯®°¶¨® «¥  ¬¯«¨²³¤¥ ¢®«»  -ª ·ª¨, v1 ¨ v2 { £°³¯¯®¢»¥ ±ª®°®±²¨ ¤®·¥°¨µ ¢®« ¨l = jd(�k)=dxj�1=2. �·¥¢¨¤®, ·²® ¯®°®£ ¯ ° ¬¥²°¨-·¥±ª®© ¥³±²®©·¨¢®±²¨ ¬®¦¥² ±³¹¥±²¢¥® ±¨§¨²¼-±¿, ¥±«¨  ¬¯«¨²³¤  �� ¢®«»  ª ·ª¨ ³¢¥«¨·¨¢ ¥²-±¿ ¨/¨«¨ ³¬¥¼¸ ¥²±¿ £°³¯¯®¢ ¿ ±ª®°®±²¼ ¤®·¥°¨µ¢®« (±¬. (1)). �¡  ½²¨ ½´´¥ª²  ¨¬¥¾² ¬¥±²® ¢ ±«³-· ¥ ¨¤³¶¨°®¢ ®£® ° ±±¥¿¨¿  § ¤ ¢ ®ª°¥±²®±²¨¢¥°µ¥£® £¨¡°¨¤®£® °¥§® ±  (���) [7], ·²® ®¡º¿±-¿¥²  ¡«¾¤¥¨¥ ¯ ° ¬¥²°¨·¥±ª¨µ ¯°®¶¥±±®¢ ¢ ½ª±-¯¥°¨¬¥² µ ¯® ½«¥ª²°®®¬³ ¡¥°¸²¥©®¢±ª®¬³  -£°¥¢³ ³¦¥ ¯°¨ ¬®¹®±²¨  £°¥¢  100ª�² [8]. �«¥¤³¥²¯®¤·¥°ª³²¼, ·²® ¢ ½ª±¯¥°¨¬¥² µ ¯®  £°¥¢³ ¯« §-¬»   2-© �� £ °¬®¨ª¥ ³±«®¢¨¿ ���, ª ª ¯° ¢¨«®, ¥¢»¯®«¥», ²¥¬ ¥ ¬¥¥¥, ¥¤ ¢® ¢ µ®¤¥ ½ª±¯¥°¨¬¥-²®¢ ¯® ��  £°¥¢³   ²®ª ¬ ª¥ TEXTOR ( £°¥¢ ¥-®¡»ª®¢¥®© ¢®«®© ± ¬®¹®±²¼¾ 200{600ª�²) ¡»-«® ®¡ °³¦¥®  ®¬ «¼®¥ ° ±±¥¿¨¥  § ¤ �� ¢®«-»  ª ·ª¨ [9, 10]. � ±±¥¿»© ±¨£ «, ¬®¤³«¨°®¢ -»© ¯®  ¬¯«¨²³¤¥   · ±²®²¥ ��� ¬®¤»,  ¡«¾¤ «-±¿ ¯°¨  «¨·¨¨   ¯³²¨ �� ¢®«» ¬ £¨²®£® ®±²-°®¢  m = 2, n = 1. �£® ±¯¥ª²° ¡»« ±¬¥¹¥ ¢¨§¯® · ±²®²¥ ¯°¨¡«¨§¨²¥«¼®   1��¶, ·²® ±®®²¢¥²-±²¢®¢ «® ¤«¿ ³±«®¢¨© ½ª±¯¥°¨¬¥²®¢   TEXTOR'¥¨¦¥£¨¡°¨¤®© (��) · ±²®²¥ ¨«¨ · ±²®²¥ ¢»±®ª®©(k = 30) £ °¬®¨ª¨ ¨®®£® ¶¨ª«®²°®®£® °¥§® -± . �®±ª®«¼ª³ ¢ ½²¨µ ½ª±¯¥°¨¬¥² µ ³±«®¢¨¿ ���¤«¿ �� ¢®«» ¥ ¢»¯®«¿«¨±¼, ¬®¦® ¯®« £ ²¼, ·²®§ ·¨²¥«¼®¥ ±¨¦¥¨¥ ¯®°®£  ¯ ° ¬¥²°¨·¥±ª®© ¥-³±²®©·¨¢®±²¨ ¢»§¢ ® ®¢»¬ ¥¨§³·¥»¬ ¬¥µ ¨§-724 �¨±¼¬  ¢ ���� ²®¬ 91 ¢»¯. 11 { 12 2010



�¨§ª®¯®°®£®¢»¥ ¯ ° ¬¥²°¨·¥±ª¨¥ ° ±¯ ¤»¥ ¥³±²®©·¨¢®±²¨ : : : 725¬®¬ ¨ ª ª¨¬-²® ®¡° §®¬ ±¢¿§ ® ±  «¨·¨¥¬ ¬ £¨²-®£® ®±²°®¢ . �  ±²®¿¹¥© ° ¡®²¥   «¨§¨°³¾²±¿½ª±¯¥°¨¬¥² «¼»¥ ³±«®¢¨¿, ¯°¨ ª®²®°»µ ¯°®¨±µ®-¤¨² ±³¹¥±²¢¥®¥ ±¨¦¥¨¥ ¯®°®£  ¯ ° ¬¥²°¨·¥±ª®©¥³±²®©·¨¢®±²¨ ¯® ±° ¢¥¨¾ ± ¯°¥¤±ª § ¨¥¬ ±² -¤ °²®© ²¥®°¨¨ [1 { 3]. � ±±¬ ²°¨¢ ¥²±¿ ¯°®¶¥±± ¯ -° ¬¥²°¨·¥±ª®£® ®²° ¦¥¨¿ ¢®«»  ª ·ª¨ ¢ ®ª°¥±²-®±²¨ ²®·ª¨ ¯®¢®°®²  ¨®®© ¡¥°¸²¥©®¢±ª®© (��)¢®«», £¤¥ ª®¢¥ª²¨¢»¥ ¯®²¥°¨ ¨§ ®¡« ±²¨ ¯ ° ¬¥²-°¨·¥±ª®£® ° ±¯ ¤  ¬¨¨¬ «¼». �°¨·¥¬, ¨±¯®«¼§³-¥²±¿ ²®² ´ ª², ·²® ¢ ®ª°¥±²®±²¨ �-²®·ª¨ ¬ £¨²-®£® ®±²°®¢  ¢® ¬®£¨µ ½ª±¯¥°¨¬¥² µ, ¢ · ±²®±²¨,  ²®ª ¬ ª¥ TEXTOR [11, 12]  ¡«¾¤ ¥²±¿ ¥¬®®-²®»© ¯°®´¨«¼ ¯«®²®±²¨ ¯« §¬». �°¨ ½²®¬ ��¢®«  ¬®¦¥² ¨¬¥²¼ ¤¢¥ ²®·ª¨ ¯®¢®°®² , ·²® ¢ ±¢®¾®·¥°¥¤¼ ¬®¦¥² ¯°¨¢®¤¨²¼ ª ¥¥ § ¯¨° ¨¾ ¢ ° ¤¨- «¼®¬  ¯° ¢«¥¨¨, ¯®¤ ¢«¥¨¾ ±®®²¢¥²±²¢³¾¹¨µª®¢¥ª²¨¢»µ ¯®²¥°¼ ¨, ¡®«¥¥ ²®£®, ¢®®¡¹¥ ª ¨µ ±³-¹¥±²¢¥®¬³ ±¨¦¥¨¾ ¢  ¯° ¢«¥¨¨ ¯®¯¥°¥ª ¬ £-¨²®£® ¯®«¿. � ° ¡®²¥  ©¤¥  ¬¨¬ ¿ ¯®¯° ¢ª  ª¯®±²®¿®© ° ±¯°®±²° ¥¨¿ ¯« §¬¥®£® ¢®«®¢®¤ ,ª®½´´¨¶¨¥² ³±¨«¥¨¿ �� ¢®«» ¨ ¯®°®£ ¢®§¡³¦¤¥-¨¿ ¯ ° ¬¥²°¨·¥±ª®© ¥³±²®©·¨¢®±²¨ ¨¤³¶¨°®¢ -®£® ° ±±¥¿¨¿ �� ¢®«»  § ¤.�° ¢¥¨¿ ¤«¿  ¬¯«¨²³¤ ¢®«, ³· ±²-¢³¾¹¨µ ¢ ° ±¯ ¤¥. � ° ¡®²¥   «¨§¨°³¥²±¿¯ ° ¬¥²°¨·¥±ª®¥ ®²° ¦¥¨¥ �� ¢®«» ¥®¡»ª®-¢¥®© ¯®«¿°¨§ ¶¨¨, ±®¯°®¢®¦¤ ¾¹¥¥±¿ £¥¥° -¶¨¥© �� ¢®«», ¢ ° ¬ª µ ¬®¤¥«¨ ¯«®±ª®±«®¨±²®©®¤®¬¥°®-¥®¤®°®¤®© ¯« §¬». �³¤¥¬ ¯®« £ ²¼,·²® £° ¤¨¥²» ¯«®²®±²¨ ¨ ¬ £¨²®£® ¯®«¿  -¯° ¢«¥» ¢¤®«¼ ®±¨ x,    ¯° ¢«¥¨¥ ¬ £¨²®£®¯®«¿ ¢»¡¥°¥¬ ¢¤®«¼ ®±¨ z. �°¥¤¯®«®¦¨¬, ·²® ��¢®«  ¥®¡»ª®¢¥®© ¯®«¿°¨§ ¶¨¨, ¤«¿ ª®²®°®©���  µ®¤¨²±¿ ¢¥ ¯« §¬¥®£® ¸³° , ¢®§¡³¦-¤ ¥²±¿ ¢¥¸¥©  ²¥®© ¨ ° ±¯°®±²° ¿¥²±¿ ¢ ¯° ¢«¥¨¨ x. �°¥¤¯®«®¦¨¬ ² ª¦¥, ·²® · ±²®²  ��¢®«»  ª ·ª¨, ª ª ¨ ¢ ½ª±¯¥°¨¬¥² µ   ²®ª ¬ ª¥TEXTOR, ¬®£® ¡®«¼¸¥ ½«¥ª²°®®© ¯« §¬¥®©· ±²®²» ¨ ½«¥ª²°®®© ¶¨ª«®²°®®© · ±²®²»,!i � !pe; !ce. �²® ¯®§¢®«¿¥²  ¬ ¯°¥¥¡°¥·¼ ¢®¡« ±²¨ ° ±¯ ¤  § ¢¨±¨¬®±²¼¾ ¢®«®¢»µ ¢¥ª²®°®¢¢»±®ª®· ±²®²»µ ¢®«, ki;x ¨ ks;x, ®² ª®®°¤¨ ²» x¨ ¯°¥¤±² ¢¨²¼ ¯³·®ª �� ¢®«, ° ±¯°®±²° ¿¾¹¨µ±¿®²  ²¥» ¢³²°¼ ¯« §¬» ¯®¯¥°¥ª ¬ £¨²®£®¯®«¿, ¢ ¢¨¤¥ Eiy = ai exp (iki;xx� i!it), £¤¥ ai (y; z) == p8�Pi=(��y�zc) exp ��y2=(2�2y)� z2=(2�2z)� { ¬¯«¨²³¤ , Pi {¬®¹®±²¼, �y ¨ �z { ° ¤¨³± ¯³·ª ±®®²¢¥²±²¢¥® ¢ ¯®«®¨¤ «¼®¬ ¨ ²®°®¨¤ «¼®¬ ¯° ¢«¥¨¿µ. � «¥¥, ¤«¿ ³¯°®¹¥¨¿   «¨§  ¡³-¤¥¬ ¯®« £ ²¼, ·²® ° ¤¨³± ¯³·ª  ¢ ²®°®¨¤ «¼®¬ ¯° ¢«¥¨¨ ¬®£® ¡®«¼¸¥, ·¥¬ ¢ ¯®«®¨¤ «¼®¬.

�«¥ª²°¨·¥±ª®¥ ¯®«¥ ®²° ¦¥®© ¢»±®ª®· ±²®²®©¢®«» ®¯¨±»¢ ¥²±¿ ³° ¢¥¨¥¬@2Esy@x2 + k2s;xEsy = i4�!sc2 jsy ; (2)£¤¥ ¥«¨¥© ¿ ¯«®²®±²¼ ²®ª  ¥±²¼ ¯°®¨§¢¥¤¥¨¥¢®§¬³¹¥¨¿ ½«¥ª²°®®© ¯«®²®±²¨ �n
, ¢»§¢ ®¥¨§ª®· ±²®²®©, 
 = !i � !s � !i, �� ¢®«®©, ¨ ®±-¶¨««¿²®°®© ±ª®°®±²¨ uiy ¢ ½«¥ª²°¨·¥±ª®¬ ¯®«¥ ¢®«-»  ª ·ª¨, jsy = e�n
uiy. �®±ª®«¼ª³ �� ¢®«  ¿¢-«¿¥²±¿ ¯®²¥¶¨ «¼®©, E = �r' exp (i
t), ¬» ¯°¥¤-±² ¢¨¬ ¢»° ¦¥¨¥ ¤«¿ ¯«®²®±²¨ ¥«¨¥©®£® ²®ª ¢ ¢¨¤¥ jsy ' � emec2 !2pe!2ce @2'@x2Eiy : (3)�³¤¥¬ ¨±ª ²¼ °¥¸¥¨¥ ³° ¢¥¨¿ (2) ¢ ¢¨¤¥ Esy =as(x) exp (�iks;xx� iks;yy � i!st), £¤¥ as(x) {  ¬¯«¨-²³¤ , ¬¥¤«¥® ¬¥¿¾¹ ¿±¿ ¢ ®¡« ±²¨ ¯ ° ¬¥²°¨·¥±-ª®£® ° ±¯ ¤  ¨§-§  ¥«¨¥©®£® ¢§ ¨¬®¤¥©±²¢¨¿. �®-²¥¶¨ « �� ¤®·¥°¥© ¢®«» ®¯¨±»¢ ¥²±¿ ¨²¥£° «¼-»¬ ³° ¢¥¨¥¬Z 1�1 dr0D (r� r0; r+ r0)' (r0) = 4��
: (4)� ±« ¡®¥®¤®°®¤®© ¯« §¬¥ ¿¤°® ¨²¥£° «¼®£® ®¯¥-° ²®°  D (r� r0; r+ r0) ¢ ³° ¢¥¨¨ (4) § ¢¨±¨² ¯°¥-¨¬³¹¥±²¢¥® ®² ° §®±²®£®  °£³¬¥²  r � r0. � -¢¨±¨¬®±²¼ ½²®© ´³ª¶¨¨ ®²  °£³¬¥²  r + r0, ª®²®-°»© ®¯¨±»¢ ¥² ¥®¤®°®¤®±²¼ ±°¥¤», § ·¨²¥«¼®¡®«¥¥ ±« ¡ ¿. �²® ¯®§¢®«¿¥²  ¬ ¯°¥¤±² ¢¨²¼ ¿¤°®¨²¥£° «¼®£® ®¯¥° ²®°  ¢ ¢¨¤¥ D (r� r0; r+ r0) == (2�)�3 R1�1D (q; r+ r0) exp (iq(r� r0))dq; £¤¥D (q; r+ r0) = q2 (1 + �e + �i) = D? +Dk; (5)�e=q2?q2 !2pe!2ce � q2zq2 !2pe
2 ; �i= 2!2piq2v2ti (1�X(�)� Y (�)R)(6){ ½«¥ª²°® ¿ ¨ ¨® ¿ [11] ¢®±¯°¨¨¬·¨¢®±-²¨ ¢ ®¤®°®¤®© ¯« §¬¥, q? = qq2x + q2y;� = 
=(q?vti); R = cot (�
=!ci) + i=p� � !ci=jqzjvti �� Pm exp ��(
�m!ci)2=(q2zv2ti)� ¨ X(�) + iY (�) == �=p� R1�1 exp ��t2�=(t� � � io)dt: � ¢»° ¦¥-¨¨ (5) ¬» ¢¢¥«¨ ² ª¦¥ ±«¥¤³¾¹¨¥ ®¡®§ ·¥¨¿:D? = q2? �1 + !2pe=!2ce�+q2�i ¨ Dk = q2z �1� !2pe=
2�.�¥«¨¥© ¿ ¯«®²®±²¼ § °¿¤  �
 ¢ ³° ¢¥¨¨ (4)¨¤³¶¨°³¥²±¿ ¢ °¥§³«¼² ²¥ ¥«¨¥©®£® ¢§ ¨¬®¤¥©-±²¢¨¿ ¢®«»  ª ·ª¨ ¨ ®²° ¦¥®© ¢®«» (°¥§³«¼² ²¤¥©±²¢¨¿ ±¨«» �¨««¥° ) ¨ ¤ ¥²±¿ ¢»° ¦¥¨¥¬�
 = 14� eme !2pe!2ce!2i @@x �E�iy @Esy@x +Esy @E�iy@x � : (7)�¨±¼¬  ¢ ���� ²®¬ 91 ¢»¯. 11 { 12 2010



726 �. �. �³± ª®¢, �.�.�®¯®¢�®±ª®«¼ª³ ¯ ° ¬¥²°¨·¥±ª®¥ ¢§ ¨¬®¤¥©±²¢¨¥, ±®-£« ±® ¢»° ¦¥¨¾ (1), § ·¨²¥«¼® ³±¨«¨¢ ¥²±¿ ¢®¡« ±²¨, £¤¥ £°³¯¯®¢ ¿ ±ª®°®±²¼ ¤®·¥°¥© ¨§ª®· ±-²®²®© (��) ¢®«» ±²°¥¬¨²±¿ ª ³«¾, ¬» ¡³¤¥¬¨±ª ²¼ °¥¸¥¨¥ ³° ¢¥¨¿ (4) ¢ ®ª°¥±²®±²¨ ²®·ª¨¯®¢®°®²  �� ¢®«» ¢  ¯° ¢«¥¨¨ x (x = x0). � ½²®©²®·ª¥ ¤«¿ �� ¢®« ± · ±²®²®© 
 = 
0 ¨ ¢®«®¢»¬¢¥ª²®°®¬ qx0 = qq2?0 � q2y0 (qy0 = ks;y = tan# � ks;x;# {³£®« ° ±±¥¿¨¿) ®¤®¢°¥¬¥® ¢»¯®«¿¾²±¿¤¨±¯¥°±¨®®¥ ±®®²®¸¥¨¥ Djq?0;
0;x0 � Dj0 = 0¨ ³±«®¢¨¥ @D=@q?j0 = 0 (®¡¥±¯¥·¨¢ ¾¹¥¥  «¨·¨¥²®·ª¨ ¯®¢®°®² ). � ª ¢¨¤® ¨§ °¨±.1, ¨§-§  ¯¥°¨-
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W p0/2 (GHz)�¨±.1. � ° ¬¥²°» �� ¢®«» ¢ ²®·ª µ ¯®¢®°®²  ¯°¨:Ti = 600 ½�; # = 20�; n = 1 � 1013 ±¬�3 (²°¥³£®«¼¨ª¨);n = 2 � 1013 ±¬�3 (ª°³¦ª¨); n = 3 � 1013 ±¬�3 (§¢¥§¤»);±¯«®¸»¥ «¨¨¨{ ki;x(x0) + ks;x(x0) ¤«¿ ±®®²¢¥²±²¢³¾-¹¨µ ¯«®²®±²¥©®¤¨·®±²¨ ´³ª¶¨¨ cot (�
=!ci), ¢µ®¤¿¹¥© ¢ D?,±³¹¥±²¢³¥² ±¥¬¥©±²¢® °¥¸¥¨© ±¨±²¥¬» ³° ¢¥¨©Dj0 = 0 ¨ @D=@q?j0 = 0, ¯°¨·¥¬ ¬» ¬®¦¥¬  ©²¨² ª®¥ q? = q?0, ª®²®°®¥ ¡«¨§ª® ª °¥§® ±®¬³³±«®¢¨¾ �°½££  (qx0 = ki;x + ks;x; qy0 = ks;y).� «¥¥, ¯°¨¬¥¬ ¢® ¢¨¬ ¨¥, ·²® ° ±±¥¿®¥  § ¤¨§«³·¥¨¥,  ¡«¾¤ ¢¸¥¥±¿   ²®ª ¬ ª¥ TEXTOR,¡»«® ±¨«¼® ¬®¤³«¨°®¢ ® ¯®  ¬¯«¨²³¤¥   · ±²®²¥��� ¬®¤» m = 2; n = 1, ¯°¨·á¬ ¢±¯»¸ª¨ ¨§«³-·¥¨¿ ¨¬¥«¨ ¬¥±²® ¯°¨ ¯°®µ®¦¤¥¨¨ ¬ £¨²®£®®±²°®¢  ·¥°¥§ ¯³·®ª £°¥¾¹¥£® ¨§«³·¥¨¿ [9, 10].�®£« ±® ½ª±¯¥°¨¬¥² «¼»¬ ¤ »¬, ¯®«³·¥»¬ª ª ± ¯®¬®¹¼¾ �����-°¥´«¥ª²®¬¥²°¨¨ [12], ² ª ¨± ¯®¬®¹¼¾ ²®¬±®®¢±ª®© ¤¨ £®±²¨ª¨ [13]   ²®©¦¥ ³±² ®¢ª¥, ¯°®´¨«¼ ¯«®²®±²¨ ¯« §¬» ¨¬¥¥² ¢®±²°®¢¥ ¥¬®®²®»© µ ° ª²¥° ª ª ¯® ° ¤¨³±³, ² ª¨ ¯® ¬ «®¬³ ®¡µ®¤³ ²®° , ¯°¨·¥¬ �-²®·ª¥ ®±²°®¢ ±®®²¢¥²±²¢³¥² ¬ ª±¨¬³¬ ¯«®²®±²¨. �°®¬¥ ²®£®,³·²¥¬, ·²® § ¢¨±¨¬®±²¼ ¯«®²®±²¨ ¯« §¬» ®² ª®-®°¤¨ ² y ¨ z ±³¹¥±²¢¥® ¡®«¥¥ ±« ¡ ¿, ¯®½²®¬³ ¢ ±²®¿¹¥© ±² ²¼¥ ½²®© ¥®¤®°®¤®±²¼¾ ¬» ¡³¤¥¬¯°¥¥¡°¥£ ²¼, ®±² ¢ ¿±¼ ¢ ° ¬ª µ ¯«®±ª®±«®¨±²®©

¬®¤¥«¨. � §«®¦¨¬ ¤ «¥¥ ¤¨±¯¥°±¨®®¥ ±®®²®¸¥¨¥¢ ®ª°¥±²®±²¨ �-²®·ª¨ ®±²°®¢ , ²® ¥±²¼ ¬ ª±¨¬³¬ ¯«®²®±²¨, £¤¥ ®¤®¢°¥¬¥® ¢»¯®«¿¾²±¿ ³±«®¢¨¿@D=@xj0 = 0 (³±«®¢¨¿ ½ª±²°¥¬³¬  ´³ª¶¨¨) ¨q2x0L�2nx � @2D=@x2j0 > 0 (³±«®¢¨¥ ¬ ª±¨¬³¬ ). �½²®¬ ±«³· ¥ ¢ ¯« §¬¥ ¡³¤¥² ¤¢¥ ²®·ª¨ ¯®¢®°®² ,ª®²®°»¥ ±¢¿§»¢ ¾² \²¥¯«³¾" ¨ \£®°¿·³¾" ¬®¤»�� ¢®«». � ±«³· ¥, ª®£¤  ¢»¯®«¿¥²±¿ ¤®¯®«-¨²¥«¼®¥ ³±«®¢¨¥ @2D=@q2?j0 < 0, ¨¬¥¥² ¬¥±²®§ ¯¨° ¨¥ �� ¢®«» ¢ ° ¤¨ «¼®¬  ¯° ¢«¥¨¨(±¬. °¨±.2, £¤¥ ¯®ª § » ¯°®´¨«¼ ¯«®²®±²¨ ¯« §¬»
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�¨±.2. �¨±¯¥°±¨® ¿ ª°¨¢ ¿ �� ¢®«» (±¯«®¸ ¿ «¨-¨¿), ¯°®´¨«¼ ¯«®²®±²¨ ¯« §¬» (¸²°¨µ-¯³ª²¨° ¿«¨¨¿). �²°¨µ®¢ ¿ «¨¨¿{ ki;x(x0) + ks;x(x0)¯°¨  «¨·¨¨ ®±²°®¢  ¨ ¤¨±¯¥°±¨® ¿ ª°¨¢ ¿ ��¢®«» q?(x), ¯®«³·¥ ¿ ¤«¿ · ±²®²» 
0 = 0:85 ��¶¨ ¨®®© ²¥¬¯¥° ²³°» Ti = 600 ½�). � ª¨¬ ®¡-° §®¬, ¯°®¨±µ®¤¨² ´®°¬¨°®¢ ¨¥ ½´´¥ª²¨¢®£®®¤®¬¥°®£® ¯« §¬¥®£® ¢®«®¢®¤ , ¢ ª®²®°®¬ª®¢¥ª²¨¢»© ¢»®± ¢  ¯° ¢«¥¨¨ ¥®¤®°®¤®±²¨x ®²±³²±²¢³¥². �°¥¤¯®« £ ¿, ·²® �� ¢®«  ° ±¯°®-±²° ¿¥²±¿ ¯®¯¥°¥ª ¬ £¨²®£® ¯®«¿, ²® ¥±²¼ qz = 0;°¥¸¥¨¥ ³° ¢¥¨¿ (4) ¡³¤¥¬ ¨±ª ²¼ ¢ ¢¨¤¥ ' =b(x) exp (�iqx0x+ i�qyx tan(#)=2� i (qy0 + �qy) y): �°¥§³«¼² ²¥ ¨²¥£° «¼®¥ ³° ¢¥¨¥ (4) ¢ ®ª°¥±²®±-²¨ �-²®·ª¨ ®±²°®¢  ±¢®¤¨²±¿ ª ¤¨´´¥°¥¶¨ «¼®¬³³° ¢¥¨¾ ¤«¿  ¬¯«¨²³¤» b(x):�@D@
 ����0�
� @2D2@q2x ����0 @2@x2 + q2?0�x2L2nx � �D� b =(8)= 4��
 exp�iqx0x� i�qyx tan#2 + i (qy0 + �qy) y�;£¤¥ �D = �qy sin#=2 � q�1? @2D=@q2?j0 � @2=@x2 ++ i2!2pi=v2tiP1m=�1 � (
=!ci(y)�m)Y; �x = x � x0¨ �
 = 
 � 
0: �¥°¢®¥ ±« £ ¥¬®¥ ¢ �D ®²¢¥²±²¢¥-® §  ª®¢¥ª²¨¢»© ¢»®± �� ¢®«» ¢ ¯®«®¨¤ «¼-®¬ (y)  ¯° ¢«¥¨¨. �²®°®¥ ±« £ ¥¬®¥ ®¯¨±»¢ ¥²�¨±¼¬  ¢ ���� ²®¬ 91 ¢»¯. 11 { 12 2010



�¨§ª®¯®°®£®¢»¥ ¯ ° ¬¥²°¨·¥±ª¨¥ ° ±¯ ¤»¥ ¥³±²®©·¨¢®±²¨ : : : 727§ ²³µ ¨¥ ¢ ° ±±¬ ²°¨¢ ¥¬®¬ ±«³· ¥ qz = 0. �¥-«¨¥© ¿ ¯«®²®±²¼ ¨¤³¶¨°®¢ ®£® § °¿¤  �
, ¨§-§  ª®²®°®£® ³° ¢¥¨¥ (8) ±² ®¢¨²±¿ ¥®¤®°®¤»¬,®¯¨±»¢ ¥² ¨±²®·¨ª �� ¢®«. �  ¯°®¯®°¶¨® «¼ ¬®¹®±²¨ ¢®«»  ª ·ª¨ ¨ § ¢¨±¨² ®² ª®®°¤¨ ²»³ � exp ��y2=�2y�. �²³ § ¢¨±¨¬®±²¼ ¡³¤¥¬ ¯®« £ ²¼¯« ¢®© ¢ ��� ±¬»±«¥.� «¨§ ¯ ° ¬¥²°¨·¥±ª®£® ®²° ¦¥¨¿ ��¢®«». � ±±¬ ²°¨¢ ¿ �D ¨ �
 ª ª ¢®§¬³¹¥¨¥,  ©-¤¥¬ °¥¸¥¨¥ ³° ¢¥¨¿ (8) ¯°¨ �D = 0, �
 = 0 ¨�qy = 0. �²® °¥¸¥¨¥ ®¯¨±»¢ ¥² ±®¡±²¢¥³¾ ¬®-¤³ ®¤®¬¥°®£® ¯« §¬¥®£® ¢®«®¢®¤ , «®ª «¨§®¢ -³¾ ¢  ¯° ¢«¥¨¨ x:b(x) = 'k(x) = Hk (�x=�x) exp ���x2=(2�2x)�; (9)¨ ¨¬¥¾¹³¾ ±®¡±²¢¥³¾ · ±²®²³ �
k == @D=@
j�10 qj@2D=@q2?j0 =2 � q?0=Lnx � (2k + 1).� (9) ¢¢¥¤¥» ±«¥¤³¾¹¨¥ ®¡®§ ·¥¨¿: Hk ¯®«¨®¬�°¬¨²  ¨ �x = (Lnx=qx0)1=2 �@2D=@q2?j0=2�1=4 {° §¬¥° ®¡« ±²¨ «®ª «¨§ ¶¨¨ ³«¥¢®© ¬®¤». � «¥¥,¨±¯®«¼§³¿ °¥¸¥¨¥ (9) ³° ¢¥¨¿ (8) ¢ ®¤®°®¤-®¬ ±«³· ¥, ¢®±¯®«¼§³¥¬±¿ ¯°®¶¥¤³°®© ²¥®°¨¨¢®§¬³¹¥¨© [14]. �³¤¥¬ ¨±ª ²¼ ² ª®¥ ¢®§¬³¹¥-¨¥ ª®¬¯®¥²» ¢®«®¢®£® ¢¥ª²®°  �q00y , ª®²®°®¥®¡¥±¯¥·¨¢ ¥² ²®¦¤¥±²¢¥®¥ ®¡³«¥¨¥ ¢®§¬³¹¥¨¿· ±²®²» ±®¡±²¢¥®© ¬®¤» ¨, ¯® ±³²¨, ¿¢«¿¥²±¿¯®±²®¿®© ° ±¯°®±²° ¥¨¿ ¯« §¬¥®£® ¢®«®¢®¤ :(4�)�1 Z 1�1 'k(x)�D ['k(x)] dx = (10)= Z 1�1 'k(x)�
 ['k(x)] exp (iqx0x+ iqy0y)dx;£¤¥ �
 ['k(x)] exp (iqx0x+ iqy0y) == �i q3?016� !4pe!2ce!2i a2iH2 Z x�1 exp (i�K(x� x0))'k(x0)dx0¨ �K = qx0 � ki;x � ks;x. �®½´´¨¶¨¥² ³±¨«¥¨¿�� ¢®«» ¤ ¥²±¿ ¢»° ¦¥¨¥¬ S = exp (�), £¤¥ � =2 R1�1 q00y (y)dy = 2p��yq00y (0). �  °¨±.3 ¯°¨¢¥¤¥»§ ·¥¨¿ � ¤«¿ ° §«¨·»µ § ·¥¨© ¯«®²®±²¨ ¢ ®±²-°®¢¥, ° §»µ ±®¡±²¢¥»µ ¬®¤ k ¨ ²¨¯¨·»µ ¯ ° -¬¥²°®¢ ° §°¿¤  ¢ ²®ª ¬ ª¥ TEXTOR. � ±¨«³ ²®£®,·²® �K 6= 0, ¬ ª±¨¬³¬ ¨ª°¥¬¥²  ¥³±²®©·¨¢®±²¨¥ ¢±¥£¤  ±®®²¢¥²±²¢³¥² ³«¥¢®© ¬®¤¥ ¯« §¬¥®£®¢®«®¢®¤ . �  °¨±.4 ¯®ª § ®, ·²® · ±²®²  �� ¢®«»,±®®²¢¥²±²¢³¾¹ ¿ ¬ ª±¨¬³¬³ ª®½´´¨¶¨¥²  ³±¨«¥-¨¿, ³¢¥«¨·¨¢ ¥²±¿ ± ³¢¥«¨·¥¨¥¬ ¯«®²®±²¨ ¯« §¬»¢ ®±²°®¢¥. �®¤®¡®¥ ¯®¢¥¤¥¨¥ · ±²®²» �� ¢®«» ±®-£« ±³¥²±¿ ± § ¢¨±¨¬®±²¿¬¨,  ¡«¾¤ ¢¸¨¬¨±¿ ½ª±¯¥-°¨¬¥² «¼® [10]. � ¯°¥¥¡°¥¦¥¨¨ § ²³µ ¨¥¬ ��
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�¨±.3. � ¢¨±¨¬®±²¼ «®£ °¨´¬  ª®½´´¨¶¨¥²  ³±¨«¥¨¿®² ®¬¥°  ° ¤¨ «¼®© ¬®¤»; P = 400 ª�²; Ti = 600 ½�;# = 20�; ²°¥³£®«¼¨ª¨ { n = 1 � 1013 ±¬�3; 
0=(2�) =0:68 ��¶; ª°³¦ª¨{ n = 2 �1013 ±¬�3; 
0=(2�) = 0:83 ��¶;§¢¥§¤» {n = 3 � 013 ±¬�3; 
0=(2�) = 0:92 ��¶
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�¨±.4. � ¢¨±¨¬®±²¼ · ±²®²», ±®®²¢¥²±²¢³¾¹¥© ¬ ª±¨-¬ «¼®¬³ ¨ª°¥¬¥²³ ¯ ° ¬¥²°¨·¥±ª®© ¥³±²®©·¨¢®±-²¨ ®² ¯«®²®±²¨ ¯« §¬». # = 20�; ²°¥³£®«¼¨ª¨ {Ti = 300 ½�; ª°³¦ª¨{Ti = 600 ½�; §¢¥§¤» {Ti = 900 ½�¢®«» ¬¨¬ ¿ · ±²¼ ¯®«®¨¤ «¼®© ª®¬¯®¥²» ¢®«-®¢®£® ¢¥ª²®° , ®¯¨±»¢ ¾¹ ¿ ¯ ° ¬¥²°¨·¥±ª®¥ ¢®§-¡³¦¤¥¨¥,  µ®¤¨²±¿ ¨§ (10) ¢ ¢¨¤¥q00y (y) = �kjq4?�3xj0 !4pe!2ce!2i jaij2(y; 0)H2 ; (11)£¤¥ �k = p�'2k (�K�x)sin#k!2k(2k + 1)@2D=@q2?j0 :�®°®£ ¯ ° ¬¥²°¨·¥±ª®© ®²° ¦ ²¥«¼®© ¥³±²®©·¨-¢®±²¨, ª®²®°»© ±®®²¢¥²±²¢³¥² ¬®¹®±²¨ ¢®«»  -ª ·ª¨, ¯°¨ ª®²®°®© � > 1, ¤ ¥²±¿ ¢ ½²®¬ ±«³· ¥ ¢»-° ¦¥¨¥¬ Pth = c�zH216p��k !2ce!2i!4pe ���� 1q4?�3x ����0 : (12)�«¿ ²¨¯¨·»µ ¯ ° ¬¥²°®¢ ²®ª ¬ ª  TEXTOR (H =19ª�±, fi = 140��¶, n = 3 � 1013 ±¬�3, Ti = 600 ½�,�z = 1 ±¬) ¯°¨ ¢ °¨ ¶¨¨ ¯«®²®±²¨ ¢ ®±²°®¢¥ �n=n =�¨±¼¬  ¢ ���� ²®¬ 91 ¢»¯. 11 { 12 2010



728 �. �. �³± ª®¢, �.�.�®¯®¢0:1 ¨ ¸¨°¨¥ ®±²°®¢  w = 3 ±¬ [13], ¯®°®£ ¯ ° ¬¥²°¨-·¥±ª®© ¥³±²®©·¨¢®±²¨ ¤«¿ ´³¤ ¬¥² «¼®© ¬®¤»(k = 0) ¯°¨ �K�x � 1 ¨ # = 20� ±®±² ¢«¿¥² Pth �78 ª�², ·²® ¯°¥¢®±µ®¤¨²±¿ ¢ ½ª±¯¥°¨¬¥² µ   ²®ª -¬ ª¥ TEXTOR. � ±²®²  �� ¢®«» ¯°¨ ½²®¬ ±ª« ¤»-¢ ¥²±¿ ¨§ 
0=2� = 0:92 ��¶ ¨ �
0=(2�) = 4��¶,  ®¡« ±²¼ ¥¥ «®ª «¨§ ¶¨¨ ¤ á²±¿ �x = 0:6 ±¬. �«¥¤³-¥² ®²¬¥²¨²¼, ·²® ¯®°®£®¢®¥ § ·¥¨¥ ¬®¹®±²¨ (12)¯°®¯®°¶¨® «¼® ±¨³±³ ³£«  ° ±±¥¿¨¿, ·²® ¯°¨¢®-¤¨² ª ´®°¬ «¼®¬³ ®¡³«¥¨¾ ¯®°®£  ¥³±²®©·¨¢®±-²¨ ¯°¨ ° ±±¥¿¨¨ ±²°®£®  § ¤. �²®² ½´´¥ª² ±¢¿-§  ± ¯®«»¬ ®¡³«¥¨¥¬ ¯°¨ ½²®¬ ¨ ¡¥§ ²®£® ¬ «»µ¯®²¥°¼ �� ¢®« ¢  ¯° ¢«¥¨¨ ¯®¯¥°¥ª ¬ £¨²®£®¯®«¿ ¨ £° ¤¨¥²  ¯«®²®±²¨. �®°®£ ¥³±²®©·¨¢®±²¨¯°¨ ½²®¬, ª®¥·®, ®±² ¥²±¿ ª®¥·»¬ ¨ ®¯°¥¤¥«¿-¥²±¿ ¤¨´° ª¶¨®»¬¨ ¯®²¥°¿¬¨, ±¢¿§ »¬¨ ± ª®-¥·®© ¸¨°¨®© ®¡« ±²¨ ³±¨«¥¨¿ ¨ ®¯¨±»¢ ¥¬»¬¨·«¥®¬ �D � �q2y. � ±«³· ¥ ��� ¯³·ª  ³§ª®£® ¢  -¯° ¢«¥¨¨ ¬ £¨²®£® ¯®«¿, ¬®£³² ±² ²¼ ±³¹¥±²¢¥-»¬¨ ¨ ¤¨´° ª¶¨®»¥ ¯®²¥°¨ �� ¢®« ¢ ½²®¬  -¯° ¢«¥¨¨, ®¯¨±»¢ ¥¬»¥ �D � �q2z . � ¬¥²¨¬, ®¤ ª®,·²® ¤¨´° ª¶¨®»¥ ¯®²¥°¨ ª ª ¯®¯¥°áª ¬ £¨²®£®¯®«¿, ² ª ¨ ¢¤®«¼ ¥£® ±«¥¤³¥² ³·¨²»¢ ²¼ ®¤®¢°¥-¬¥® ±® ±« ¡®© ¥®¤®°®¤®±²¼¾ ¬ £¨²®£® ¯®«¿¢¤®«¼ ¡®«¼¸®£® ° ¤¨³±  ³±² ®¢ª¨, ¯°¨¢®¤¿¹¥© ª § -¯¨° ¨¾ �� ¢®«» ¨ ¢ ¯®«®¨¤ «¼®¬  ¯° ¢«¥¨¨,´®°¬¨°®¢ ¨¾ ¤«¿ ¥á ¤¢³¬¥°®£® ¯« §¬¥®£® ¢®«-®¢®¤  ¨, ¢ ª®¥·®¬ ±·á²¥, ª ¯®¤ ¢«¥¨¾ ¤¨´° ª-¶¨®»µ ¯®²¥°¼. �¯¨± ¨¾ ½²¨µ ²®ª¨µ ½´´¥ª²®¢¡³¤¥² ¯®±¢¿¹¥  ®²¤¥«¼ ¿ ±² ²¼¿.� ª«¾·¥¨¥. � ° ¡®²¥ ¯°®  «¨§¨°®¢ » ½ª±¯¥-°¨¬¥² «¼»¥ ³±«®¢¨¿, ±¯®±®¡»¥ ¯°¨¢®¤¨²¼ ª ±³-¹¥±²¢¥®¬³ ±¨¦¥¨¾ ¯®°®£  ®²° ¦ ²¥«¼»µ ¯ ° -¬¥²°¨·¥±ª¨µ ¥³±²®©·¨¢®±²¥© ¯°¨ ��  £°¥¢¥ ¯« §-¬» ¢ ¬ £¨²»µ «®¢³¸ª µ ¢ ®²±³²±²¢¨¨ ��� ¤«¿£°¥¾¹¥© ¢®«». �°¥¤«®¦¥  ²¥®°¥²¨·¥±ª ¿ ¬®¤¥«¼,¯°¥¤±ª §»¢ ¾¹ ¿ ¯®«®¥ ¯®¤ ¢«¥¨¥ ª®¢¥ª²¨¢»µ¯®²¥°¼ ¨§ª®· ±²®²®© ¤®·¥°¥© ¢®«» ¢  ¯° ¢«¥-¨¨ ¥®¤®°®¤®±²¨ ¯«®²®±²¨ ¯« §¬» ¨, ª ª ±«¥¤±²-¢¨¥, § ·¨²¥«¼®¥ ±¨¦¥¨¥ ¯®°®£  ¯ ° ¬¥²°¨·¥±ª®©¥³±²®©·¨¢®±²¨ ¯® ±° ¢¥¨¾ ± ¯°¥¤±ª § ¨¥¬ ±² -¤ °²®© ²¥®°¨¨. � ° ¬ª µ ° §¢¨²®© ²¥®°¥²¨·¥±ª®©¬®¤¥«¨ ¯°¥¤«®¦¥ ¬¥µ ¨§¬, ¯°¨¢®¤¿¹¨© ª § ¯¨° -¨¾ �� ¢®«» ¢ ½´´¥ª²¨¢®¬ ¯« §¬¥®¬ ¢®«®¢®¤¥,ª®²®°»© ¢®§¨ª ¥² ¨§-§  ±¯¥¶¨´¨·¥±ª¨µ ³¤¥°¦¨¢ ¾-¹¨µ ±¢®©±²¢ ¬ £¨²®£® ®±²°®¢ . �» ¯®« £ ¥¬, ·²®¤ »© ¬¥µ ¨§¬ ¿¢«¿¥²±¿ ®¡¹¨¬ ¤«¿ ¢±¥µ ²®°®¨-

¤ «¼»µ ³±² ®¢®ª ¨ ¬®¦¥² ¯°¨¢®¤¨²¼ ª  ®¬ «¼®-¬³ ®²° ¦¥¨¾ �� ¢®« ¢ ½ª±¯¥°¨¬¥² µ ¯® ��  £°¥-¢³ ¯« §¬». � ¯®£«®¹¥¨¥¬ �� ¢®«, ¢®§¡³¦¤¥»µ¯® ®¯¨± ®¬³ ¢  ±²®¿¹¥© ±² ²¼¥ ¬¥µ ¨§¬³, ±ª®°¥¥¢±¥£®, ±¢¿§ ®  ¡«¾¤ ¥¬®¥ ¢® ¬®£¨µ ½ª±¯¥°¨¬¥-² µ ¯® ���  £°¥¢³   ¢²®°®© £ °¬®¨ª¥ ³±ª®°¥¨¥¨®®¢ ¨  £°¥¢ ¨®®© ª®¬¯®¥²» [15]. �«¥¤³¥² ®²-¬¥²¨²¼, ·²® ¥ ²®«¼ª® ¬ £¨²»© ®±²°®¢, ® ¨ ¢®§-¬³¹¥¨¥ ¯«®²®±²¨, ¢»§¢ ®¥ ¤°¥©´®¢®© ¥³±²®©-·¨¢®±²¼¾, ¬®£³² ¯°¨¢®¤¨²¼ ª § ¯¨° ¨¾ �� ¢®«.�´´¥ª² § ¯¨° ¨¿ �� ¢®« ¬®¦¥² ² ª¦¥ ¨¬¥²¼ ¬¥±-²® ¯°¨ ¯ ° ¬¥²°¨·¥±ª®¬ ° ±¯ ¤¥   ®±¨ ° §°¿¤ .� ¡®²  ¯®¤¤¥°¦   £° ² ¬¨ �®±±¨©±ª®£® ´®¤ ´³¤ ¬¥² «¼»µ ¨±±«¥¤®¢ ¨© #10-02-90003-�¥«,# 10-02-00887, NWO-RFBR Centre of Excellence onFusion Physics and Technology (grant #047.018.002)¨ £° ²®¬ ¯®¤¤¥°¦ª¨ ¢¥¤³¹¨µ  ³·»µ ¸ª®« {6214.2010.2.1. A.G. Litvak, A.M. Sergeev, E. V. Suvorov et al., Phys.Fluids B 5, 4347 (1993).2. M. Porkolab and B. I. Cohen, Nucl. Fusion 28, 239(1988).3. B. I. Cohen, R.H. Cohen, W. McCayNevins et al., Rev.Mod. Phys. 63, 949 (1991).4. A.D. Piliya, Proc. 10th Conf. Phenomena in IonizedGases (Oxford), 1971, p.320.5. M.N. Rosenbluth, Phys. Rev. Lett. 29, 564 (1972).6. A.D. Piliya, Zh. Eksp. Teor. Fiz. (Sov. Phys.-JETP) 64,1237 (1973).7. E. Z. Gusakov and A.V. Surkov, Plasma Phys. Control.Fusion 49, 631 (2007).8. H.P. Laqua, Plasma Phys. Control. Fusion 49, R1(2007).9. J.W. Oosterbeek, A. Burger, E. Westerhof et al., Rev.Sci. Instrum. 79, 093503 (2008).10. E. Westerhof, S.K. Nielsen, J.W. Oosterbeeket et al.,Phys. Rev. Lett. 103, 125001 (2009).11. A.D. Piliya and A.N. Saveliev, Plasma Phys. Control.Fusion 36, 2059 (1994).12. A. J. H. Donne, J. C. vanGorkom, V. S. Udintsev et al.,Phys. Rev. Lett. 94, 085001 (2005).13. M.Yu. Kantor, A. J. H. Donne, R. Jaspers et al., PlasmaPhys. Control. Fusion 51, 055002 (2009).14. E. Z. Gusakov and V. I. Fyodorov, Plasma Phys. Reports5, 827 (1979).15. D. Rapisarda, B. Zurro, V. Tribaldos et al., PlasmaPhys. Control. Fusion 49, 309 (2007).
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