
62 �¥áâ­¨ª �®áª®¢áª®£® ã­¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®­®¬¨ï. 2006. ò2������������ 551.466+622.83 ������������� ���������� � �� ��������� ������ �����.�. �àá¥­ì¥¢, �.�. �¥«ª®¢­¨ª®¢(ª ä¥¤à  ä¨§¨ª¨ ¬®àï ¨ ¢®¤ áãè¨)E-mail: shelkovnikov@phys.msu.ru� ¯®¬®éìî â¥®à¨¨ ¤«¨­­ëå ­¥«¨­¥©­ëå ¢®«­ ­  ¢®¤¥ ãáâ ­®¢«¥­®, çâ® ¬¨ªà®á¥©á¬¨ç¥áª¨¥ª®«¥¡ ­¨ï §¥¬­®© ª®àë ¬®£ãâ ¯®à®¦¤ âìáï ¢ ¯à¨¡à¥¦­®© §®­¥ ¢â®à®© £ à¬®­¨ª®© ¬®àáª¨å¢®«­. �§ãç¥­® à á¯à®áâà ­¥­¨¥ ¬¨ªà®á¥©á¬ ¢ £«ã¡ì �¥¬«¨ ¢ ®á ¤®ç­ëå ¯®à®¤ å è¥«ìä ,­ áëé¥­­ëå ¢®¤®© ¨«¨ ­¥äâìî.�à®¡«¥¬  ¯®áâà®¥­¨ï â¥®à¨¨ ¬¨ªà®á¥©á¬¨ç¥áª¨åª®«¥¡ ­¨© §¥¬­®© ª®àë ¢®§­¨ª«  ¯®á«¥ ¨å ®âªàëâ¨ï¢ 1875 £.  áâà®­®¬®¬ �¥àâ¥««¨ ¨ íªá¯¥à¨¬¥­â «ì­®£®¨áá«¥¤®¢ ­¨ï ¢ ­ ç «¥ �� ¢. £¥®ä¨§¨ª®¬ �.�. �®«¨-æë­ë¬ [1]. �¤­  ¨§ ¯¥à¢ëå â¥®à¨© ¡ë«  ¯®áâà®¥­ �. �. �ã«¥©ª¨­ë¬. �­ áç¨â «, çâ® ¬¨ªà®á¥©á¬ë¢®§¡ã¦¤ îâáï ã¤ à ¬¨ ¯à¨¡®ï ®¡ ®â¢¥á­ë¥ ¬®àáª¨¥¡¥à¥£ , ¨ ¤¥â «ì­® ¨áá«¥¤®¢ « íâ®â ¯à®æ¥áá [2, 3].�«ï ®¯à¥¤¥«¥­¨ï ¤ ¢«¥­¨ï ­  ¢¥àâ¨ª «ì­ãî áâ¥­-ªã, ®ª §ë¢ ¥¬®£® ¬®àáª¨¬¨ ¢®«­ ¬¨, �. �. �ã«¥©-ª¨­ ¯à¥¤«®¦¨« ¯à®áâãî ¨­¦¥­¥à­ãî ä®à¬ã«ã [3]P (â/¬2) = cT 2 . �¤¥áì c = 0:09 | à §¬¥à­ë© ª®íä-ä¨æ¨¥­â ¨ T | ¯¥à¨®¤ ¢®«­ë ¢ á¥ªã­¤ å. � ¯à¨¬¥à,èâ®à¬ 19 ï­¢ àï 1931 £. ­  �¥à­®¬ ¬®à¥, ¨¬¥ï ¬ ªá¨-¬ «ì­ãî ¢ëá®âã ¢®«­ 11 ¬, ¤«¨­ã �= 170 ¬ ¨ ¯¥à¨®¤T = 54:3 á, ¢ë§¢ « á¨«®¢®¥ ¤ ¢«¥­¨¥ ¢ 265.5 â/¬2 .�â®£® ¤ ¢«¥­¨ï ¢¯®«­¥ ¤®áâ â®ç­® ¤«ï ¢®§¡ã¦¤¥-­¨ï ¬¨ªà®á¥©á¬ á ¡®«ìè®©  ¬¯«¨âã¤®©, ª®â®àë¥¯à¥¢à â¨«¨ ®£à®¬­ãî áª «ã <�®­ å> ã ¯®¡¥à¥¦ìï�àë¬  ¢ £àã¤ã ®¡«®¬ª®¢ [3, à¨á. 85]. � à ¡®â ¬�ã«¥©ª¨­  ¯à¨¬ëª ¥â â¥®à¨ï ¯®à®¦¤¥­¨ï ¬¨ªà®-á¥©á¬ �¨è{�®­£¥{�¨££¨­á {� áá¥«ì¬ ­  (���),á®£« á­® ª®â®à®© ¬¨ªà®á¥©á¬ë £¥­¥à¨àãîâáï áâ®ï-ç¨¬¨ ­¥«¨­¥©­ë¬¨ ¢®«­ ¬¨ �â®ªá  ¯à¨ ®âà ¦¥­¨¨®â ªàãâëå ¡¥à¥£®¢ ®ª¥ ­  [4]. �â  â¥®à¨ï ®¡êïá­¨-«  ®á­®¢­ãî ®á®¡¥­­®áâì ¬¨ªà®á¥©á¬ | ã¤¢®¥­¨¥ç áâ®âë ¯® ®â­®è¥­¨î ª ç áâ®â¥ ¯®à®¦¤ îé¨å ¨åèâ®à¬®¢ëå ¢®«­. �ë«® ¯®ª § ­®, çâ® ¬¨ªà®á¥©á-¬ë ¬®£ãâ ¯®à®¦¤ âìáï ­¥§ âãå îé¨¬ á £«ã¡¨­®©¯¥à¥¬¥­­ë¬ ¤ ¢«¥­¨¥¬ ¢ áâ®ïç¨å ¢®«­ å, ª®â®à®¥¯®ï¢«ï¥âáï ¢® ¢â®à®¬ ¯à¨¡«¨¦¥­¨¨ â¥®à¨¨p� pa � g�z = 2a1a2 cos 2!t: (1)�¤¥áì a2 ¨ a1 |  ¬¯«¨âã¤ë ¯àï¬®© ¨ ®âà ¦¥­­®©®ª¥ ­áª®© ¢®«­ë á ç áâ®â®© ! , pa |  â¬®áä¥à­®¥¤ ¢«¥­¨¥, z | ¢¥àâ¨ª «ì­ ï ª®®à¤¨­ â , ­ ¯à ¢-«¥­­ ï ¢­¨§ ®â ­¥¢®§¬ãé¥­­®© ¯®¢¥àå­®áâ¨ ®ª¥ -­  (z = 0), g | ãáª®à¥­¨¥ á¨«ë âï¦¥áâ¨ ¨ � |¯«®â­®áâì ¢®¤ë. �¥®à¨ï ��� ¡ë«  ¯®¯ã«ïà­®©¢ 1950{1960-¥ ££. �¤­ ª® ¢ 1960{1970-¥ ££. ¢ à ¡®â å�¦. � ©âå¨«« , �. �. � å à®¢ , �. �¥­¤¦ ¬¨­ 

¨ �¦. �¥©à  ¡ë«  ¤®ª § ­  ­¥ãáâ®©ç¨¢®áâì ­¥«¨-­¥©­ëå ¢®«­ �â®ªá . �â¨ ¢®«­ë ­¥ ¬®£ãâ à á¯à®-áâà ­ïâìáï ­  §­ ç¨â¥«ì­ë¥ à ááâ®ï­¨ï ®â ¨áâ®ç­¨-ª , £¤¥ ®­¨ à §¢ «¨¢ îâáï ­  ¯ ª¥â ¡ëáâà® § âã-å îé¨å á«ãç ©­ëå ¢®§¬ãé¥­¨©, ¡®«ìè¥ ¯®å®¦¨å­  âãà¡ã«¥­â­®áâì, ç¥¬ ­  ¢®«­ë [5, 6]. �¥â «ì-­ë¥ ­ ¡«î¤¥­¨ï ¯à®æ¥áá  £¥­¥à æ¨¨ ¬¨ªà®á¥©á¬¢ 1960{1970-¥ ££. [7, 8] ¯®ª § «¨, çâ® ®­¨ ¢®§-¡ã¦¤ îâáï ¯à®£à¥áá¨¢­ë¬¨ (¡¥£ãé¨¬¨) ®ª¥ ­áª¨¬¨¢®«­ ¬¨ ­  ª®­â¨­¥­â «ì­®¬ ¨«¨ ®áâà®¢­®¬ è¥«ìä¥¢ §®­¥ ¯à¨¡à¥¦­®£® ¬¥«ª®¢®¤ìï, £¤¥ ¯à®¨áå®¤¨â ®¡-àãè¥­¨¥ ®ª¥ ­áª¨å ¢®«­. �®§­¨ªè¨¥ ¬¨ªà®á¥©á¬ë§ â¥¬ à á¯à®áâà ­ïîâáï ¢ £«ã¡ì ª®­â¨­¥­â®¢ ¨ ®ª¥- ­®¢, ¯à¨ç¥¬ § ¬¥ç¥­® [7, 8], çâ® ­  áãè¥ ãà®¢¥­ì¬¨ªà®á¥©á¬¨ç¥áª¨å èã¬®¢ ¡®«¥¥ ç¥¬ ­  ¯®àï¤®ª¬¥­ìè¥, ç¥¬ ¢ ®ª¥ ­ å.�à®æ¥áá ®¡àãè¥­¨ï ¢®«­ ­  è¥«ìä¥ ¨§ãç «áï ¢â®à ¬¨ ­ áâ®ïé¥© à ¡®âë á ¯®¬®éìî â¥®à¥â¨ç¥-áª®£® ¨ « ¡®à â®à­®£® ¬®¤¥«¨à®¢ ­¨ï [9{13]. �ë«®¯®ª § ­®, çâ® áâ ¤¨¨ ®¡àãè¥­¨ï ¢®«­ë á ç áâ®â®© !¯à¥¤è¥áâ¢ã¥â ­ à áâ ­¨¥  ¬¯«¨âã¤ ¢ëáè¨å £ à¬®-­¨ª, ¨§ ª®â®àëå ­ ¨¡®«ìèãî  ¬¯«¨âã¤ã ¨ í­¥à£¨î¨¬¥¥â ¢â®à ï £ à¬®­¨ª . �â® ­ ¢®¤¨â ­  ¬ëá«ì® â®¬, çâ® ¬¨ªà®á¥©á¬ë ¯®à®¦¤ îâáï ¢ §®­¥ ¯à¨-¡®ï ¢â®à®© £ à¬®­¨ª®©, â ª ª ª £«ã¡¨­  è¥«ìä §¤¥áì ¬¨­¨¬ «ì­  ¨ ¢®«­®¢ ï í­¥à£¨ï á®áà¥¤®â®ç¥­ ¯à¥¨¬ãé¥áâ¢¥­­® ¢ ¢®«­¥ á ç áâ®â®© 2! . �«ï â®£®çâ®¡ë ¤®ª § âì íâ®, à áá¬®âà¨¬ â¥®à¨î £¥­¥à æ¨¨¢â®à®© £ à¬®­¨ª¨ ¢ ¤«¨­­ëå ­¥«¨­¥©­ëå ¢®«­ å­  è¥«ìä¥, ¯®áâà®¥­­ãî ¢ à ¡®â å [12{14]. �­ ãâ¢¥à¦¤ ¥â, çâ® ­  à ááâ®ï­¨ïå x> LnLn = HpgHa! (2)®â ªà®¬ª¨ è¥«ìä , í­¥à£¨ï ®á­®¢­®© ¢®«­ë á ç áâ®-â®© ! ¨  ¬¯«¨âã¤®© a ¯¥à¥¤ ¥âáï ¢â®à®© £ à¬®­¨ª¥,¢ ª®â®à®© ¯®«­ë© ¯®â®ªS = apgH cos(2!t� 2kx): (3)



�¥áâ­¨ª �®áª®¢áª®£® ã­¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®­®¬¨ï. 2006. ò2 63�¤¥áì S = <u>H , ¯à¨ç¥¬ <u> = (1=H) HR0 u dz |áà¥¤­ïï ¯® £«ã¡¨­¥ áª®à®áâì â¥ç¥­¨ï ¢ ¤«¨­­®©¢®«­¥. �¥ ¬®¦­® ®¯à¥¤¥«¨âì â ª¦¥ á ¯®¬®éìî á®-®â­®è¥­¨ï <u> = agk=! , ¢ ª®â®à®¬ k = 2�=� |¢®«­®¢®¥ ç¨á«®. �«ï ®¯à¥¤¥«¥­¨ï ãà®¢­ï ¯®¢¥àå­®-áâ¨ ®ª¥ ­  � ­¥®¡å®¤¨¬® ¯®¤áâ ¢¨âì (3) ¢ ãà ¢­¥­¨¥­¥à §àë¢­®áâ¨ @S@t = @&@t :�¬¥¥¬ @&@t = 2!a sin(2!t� 2kx):�âáî¤ , ¨­â¥£à¨àãï, ¯®«ãç¨¬& = &0 � a[cos(2!t� 2kx)� cos(2kx)]; (4)£¤¥ �0 | ãà®¢¥­ì ¯®¢¥àå­®áâ¨ ®ª¥ ­  ¢ ¬®¬¥­â¢à¥¬¥­¨ t= 0 . �¥è¥­¨¥ (4) ­¥®¡å®¤¨¬® ¯®¤áâ ¢¨âì¢ ãà ¢­¥­¨¥ £¨¤à®áâ â¨ª¨@p@z = g�; p= pa + g�(z � &);ª®â®à®¥ ®¯à¥¤¥«ï¥â ¤ ¢«¥­¨¥ ¢ ¤«¨­­®© ¢®«­¥. �®-«®¦¨¢ �0 = 0 , ¨¬¥¥¬p= pa + g�z � g�a[cos(2kx)� cos(2!t� 2kx)]:�â® á®®â­®è¥­¨¥ ã¤®¡­® ¯¥à¥¯¨á âì ¢ ¢¨¤¥p� pa � g�z = g�a(1� cos 2!t): (5)� ª¨¬ ®¡à §®¬, ¯à¨ à á¯à®áâà ­¥­¨¨ ­¥«¨­¥©­ëå®ª¥ ­áª¨å ¢®«­ ­  è¥«ìä¥ ¢®§­¨ª ¥â ­¥ § âãå îé¥¥á £«ã¡¨­®© ¯¥à¥¬¥­­®¥ ¤ ¢«¥­¨¥, ª®â®à®¥ ¬®¦¥â¯®à®¦¤ âì ¬¨ªà®á¥©á¬ë á ã¤¢®¥­­®© ç áâ®â®© ¯®áà ¢­¥­¨î á ç áâ®â®© ¢®«­ ­  ¯®¢¥àå­®áâ¨ ®ª¥ ­ .�®à¬ã«ã (5) ­¥®¡å®¤¨¬® áà ¢­¨âì á ä®à¬ã«®© (1),¨á¯®«ì§ãï ­ ¡«î¤¥­¨ï, ­ ¯à¨¬¥à [7], ­  ®áâà®¢¥�¨ª®â ­. �ª¥ ­áª¨¥ ¢®«­ë ¢®§¡ã¦¤ «¨áì £«ã¡®ª¨¬æ¨ª«®­®¬, ¯à®è¥¤è¨¬ 8{11 ä¥¢à «ï 1974 £. ­ à ááâ®ï­¨¨ 500 ª¬ ®â ®áâà®¢ . �­¨ ¨¬¥«¨ ¯à¥®¡-« ¤ îé¨© ¯¥à¨®¤ T = 12 á,  ¬¯«¨âã¤ã a = 3 ¬¨ à¥£¨áâà¨à®¢ «¨áì ¤ âç¨ª®¬ ¤ ¢«¥­¨ï (¢¨¡à®ä®-­®¬), ãáâ ­®¢«¥­­ë¬ ­  £«ã¡¨­¥ 120 ¬ ­  à ááâ®-ï­¨¨ 10 ª¬ ®â ®áâà®¢ , â. ¥. ­  ®ª¥ ­áª®¬ ªà ¥®áâà®¢­®£® è¥«ìä  á® áà¥¤­¥© £«ã¡¨­®© H = 60 ¬.�§ ä®à¬ã«ë (2) á«¥¤ã¥â, çâ® ¤«ï ¤ ­­®£® á«ãç ïLn � 1 ª¬ ¨ á®®â­®è¥­¨¥ (5) ¤ ¥â ¢¥«¨ç¨­ã  ¬¯«¨-âã¤ë ¯¥à¥¬¥­­®£® ¤ ¢«¥­¨ï g�a = 29 400 � . �«ïíâ¨å ¦¥ §­ ç¥­¨© ä®à¬ã«  (1) ¯®§¢®«ï¥â ¯®«ãç¨âì ¬¯«¨âã¤ã ¯¥à¥¬¥­­®£® ¤ ¢«¥­¨ï 2!a1a2 = 4930 � (¯à¨ ãá«®¢¨¨ a1 = a2 = a). �â­®è¥­¨¥ íâ¨å ¢¥«¨-ç¨­ ¤®áâ¨£ ¥â è¥áâ¨, â. ¥. à áá¬®âà¥­­ë© ¢ ¤ ­­®©à ¡®â¥ ¬¥å ­¨§¬ ¢ è¥áâì à § íää¥ªâ¨¢­¥¥, ç¥¬ ¢ â¥-®à¨¨ ���. � ª¨¬ ®¡à §®¬, ¤«¨­­ë¥ ¯à®£à¥áá¨¢­ë¥­¥«¨­¥©­ë¥ ¢®«­ë ¯à¨ à á¯à®áâà ­¥­¨¨ ¯® è¥«ìäã­¥ â®«ìª® ã¤¢ ¨¢ îâ á¢®î ç áâ®âã, ­® ¨ ¯®à®¦¤ îâ¯¥à¥¬¥­­®¥, ­¥ § âãå îé¥¥ á £«ã¡¨­®© ¤ ¢«¥­¨¥,¤®áâ â®ç­®¥ ¤«ï £¥­¥à æ¨¨ ¬¨ªà®á¥©á¬.

�§ (5) á«¥¤ã¥â, çâ® ¤ ¢«¥­¨¥ ­  ¤­¥ ¯à¨ z =HpH = pa + g�(H + a)� g�a cos 2!t: (6)� § ¢¨á¨¬®áâ¨ ®â áâà®¥­¨ï ¤­  ¢®§¬®¦­ë à §«¨ç­ë¥ãá«®¢¨ï ¤«ï à á¯à®áâà ­¥­¨ï á¥©á¬¨ç¥áª¨å ¢®«­,¯®à®¦¤ ¥¬ëå ª®«¥¡ ­¨ï¬¨ ¯®¢¥àå­®áâ¨ ¤­ . �¤¥áì¬ë ¨§ãç¨¬ ¯à®áâ®© á«ãç ©, ¢ ª®â®à®¬ ¤®­­ë¥ ®á ¤ª¨¯à¥¤áâ ¢«ïîâ á®¡®© ¯®à¨áâãî áà¥¤ã, ­ áëé¥­­ãî­¥äâìî ¨«¨ ¢®¤®© (à¨á. 1). � ª ¯®ª § ­® ¢ à ¡®-â¥ [15], ¢ íâ®© áà¥¤¥ íää¥ªâ¨¢­® à á¯à®áâà ­ïîâáï¢®«­ë ¤¢ãå â¨¯®¢ | ã¯àã£¨¥ ¢®«­ë ¢ ¦¨¤ª®áâ¨(¢®«­ë ¯¥à¢®£® à®¤ ) ¨ ã¯àã£¨¥ ¢®«­ë ¢ ¯®à¨áâ®©¬ âà¨æ¥ ®á ¤®ç­ëå ¯®à®¤ (¢®«­ë ¢â®à®£® à®¤ ).�®¦­® ¯®ª § âì [15], çâ® ¢®«­ë ¢â®à®£® à®¤  ¡ëáâà®§ âãå îâ ¢¡«¨§¨ ª®«¥¡«îé¥£®áï ¤­ . � á¯à®áâà -­¥­¨¥ ¢®«­ ¯¥à¢®£® à®¤  ®¯¨áë¢ ¥âáï ¢ «¨­¥©­®¬á«ãç ¥ â¥«¥£à ä­ë¬ ãà ¢­¥­¨¥¬ [15]@2p@t2 � c2 @2p@x2 + f @2p@t2 = 0; (7)£¤¥ f = �01 � �02�1 q� ; (8)c=r 1��1 ; 1�1 = m0�02 � (1�m0)�01 ; (9)�= (1�m0)�1 +�2m0; � = a0�� ; (10)�= �01 + 1�m0m0 �02; (11)�01 ¨ �02 | à ¢­®¢¥á­ ï ¯«®â­®áâì â¢¥à¤®© ¨ ¦¨¤ª®©ä §ë á®®â¢¥âáâ¢¥­­®, � | ¤¨­ ¬¨ç¥áª ï ¢ï§ª®áâì¦¨¤ª®áâ¨, �1 | ª®íää¨æ¨¥­â ®¡ê¥¬­®£® á¦ â¨ïâ¢¥à¤®© ¬ âà¨æë, �2 | ®¡ê¥¬­ ï á¦¨¬ ¥¬®áâì á®-¤¥à¦ é¥©áï ¢ ¯®à å ¦¨¤ª®áâ¨, a0 = k(1�m0) , k |¯à®­¨æ ¥¬®áâì ¯®à¨áâ®© áà¥¤ë (k = �m=r , ¯à¨ç¥¬r | ¥¥ ä¨«ìâà æ¨®­­®¥ á®¯à®â¨¢«¥­¨¥), m0 |à ¢­®¢¥á­ ï ¯®à¨áâ®áâì â¢¥à¤®© ¬ âà¨æë ®á ¤®ç­ëå¯®à®¤. �¥è¥­¨¥ ãà ¢­¥­¨ï (7) á £à ­¨ç­ë¬ ãá«®¢¨-¥¬ (6) «¥£ª® ­ å®¤¨âáï:p= pa + g�(H + a)� g�a exp ��z �Hd � (1� cos 2!t);(12)£¤¥ d= cfvuuut2241 +s1 +� f2!�2 35 (13)| â®«é¨­  áª¨­-á«®ï ¤«ï ¢®«­ ¯¥à¢®£® à®¤ . �¥-è¥­¨¥ (12) ®¯¨áë¢ ¥â ª®«¥¡ ­¨ï ¯« áâ®¢®£® ¤ ¢«¥-­¨ï ¢ ­ áëé¥­­ëå ¦¨¤ª®áâìî ¯®à¨áâëå ®á ¤ª å,¢ë§¢ ­­ë¥ ¢®«­ ¬¨ ­  ¯®¢¥àå­®áâ¨ ®ª¥ ­ .� ª ç¥áâ¢¥ ª®­ªà¥â­®£® ¯à¨¬¥à  à áá¬®âà¨¬ â¨-¯¨ç­ë¥ ¤®­­ë¥ ®á ¤ª¨, á®áâ®ïé¨¥ ¨§ ª¢ àæ¥¢®£®¯¥áª . �«®â­®áâì ¯¥áª  �01 = 2:65 £/á¬3 , ¯®à¨á-â®áâì m0 = 0:3 , ¯à®­¨æ ¥¬®áâì k = 3 � 10�6 c¬2 ,
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��¨á. 1. �®®à¤¨­ â­ë¥ ®á¨ ¨ ®¡®§­ ç¥­¨ï, ¯à¨­ïâë¥ ¢ à ¡®â¥ª®íää¨æ¨¥­â ®¡ê¥¬­®£® á¦ â¨ï â¢¥à¤®© ¬ âà¨æë�1 = 2:7 � 10�12 á¬2 /¤¨­. �«ï ®¯à¥¤¥«¥­­®áâ¨ ¯®-«®¦¨¬, çâ® ¯®àë ¢ ¯¥áª¥ § ¯®«­¥­ë «¥£ª®© ­¥äâìîá ¯«®â­®áâìî �02 = 0:807 £/á¬3 , ®¡ê¥¬­ë¬ á¦ â¨-¥¬ �2 = 10�10 á¬2 /¤¨­ ¨ ¤¨­ ¬¨ç¥áª®© ¢ï§ª®áâìî� = 4:4 � 10�2 ¯ã §(£/c¬ �á). �®¤®¡­ ï ­¥äâì ¤®¡ë-¢ ¥âáï ­  � ¤ãèª¨­áª®¬ ¬¥áâ®à®¦¤¥­¨¨ ¢ � «¨-­¨­£à ¤áª®© ®¡« áâ¨ ¢ ª®««¥ªâ®à å ª¥¬¡à¨©áª®£®¢®§à áâ . �«¨§ª¨¥ ª íâ¨¬ §­ ç¥­¨ï �02 , �2 ¨ �¨¬¥¥â ¨ ¯« áâ®¢ ï ¢®¤ . �® íâ¨¬ ¤ ­­ë¬ «¥£ª®¯®¤áç¨â âì, çâ® � = 4:53 £/á¬3 ; q = 0:66 ; f = 3554 ;� = 3:189 � 10�11 á¬2 /¤¨­; (�1)�1 = 0:108 á¬3 /£;c= 1412 ¬/á.�  à¨á. 2 ¯à¥¤áâ ¢«¥­ë à¥§ã«ìâ âë à áç¥â®¢ § ¢¨-á¨¬®áâ¨ â®«é¨­ë áª¨­-á«®ï d ®â ¯¥à¨®¤®¢ ¢®«­ ­ ¯®¢¥àå­®áâ¨ ¬®àï T = 2�=! . � ª ¢¨¤¨¬, £«ã¡¨­  dã¢¥«¨ç¨¢ ¥âáï á à®áâ®¬ ¯¥à¨®¤®¢ T ¨ ã¬¥­ìè ¥âáïc à®áâ®¬ ¨å ç áâ®âë. �«ï ¢¥âà®¢ëå ¢®«­ á ¯¥-à¨®¤ ¬¨ T ®â 1 ¤® 20 á ¨¬¥¥¬ d 2 [9:5; 42:3] ¬.� â¥¬ á«¥¤ãîâ ¯à¨¡®©­ë¥ ¡¨¥­¨ï ¨ ªà ¥¢ë¥ ¢®«­ëá ¯¥à¨®¤ ¬¨ ®â 0.5 ¤® 10 ¬¨­ ¨ £«ã¡¨­®© áª¨­-á«®ïd 2 [51:8; 231:5] ¬ á®®â¢¥âáâ¢¥­­®. � à¨ç¥áª¨¥ ¢®«-­ë, ¬¥â¥®ª®«¥¡ ­¨ï ¨ ¢®«­ë æã­ ¬¨ á ¯¥à¨®¤ ¬¨ T®â 10 ¤® 60 ¬¨­ ¬®£ãâ ¯®à®¦¤ âì ¬¨ªà®á¥©á¬ë,à á¯à®áâà ­ïîé¨¥áï ­  £«ã¡¨­ã d 2 [232; 567] ¬.
���������	
��¨á. 2. � ¢¨á¨¬®áâì £«ã¡¨­ë ¯à®­¨ª­®¢¥­¨ï á¥©á¬¨ç¥áª¨å¢®«­ ¯¥à¢®£® à®¤  d ®â ¯¥à¨®¤®¢ ¬®àáª¨å ¢®«­ T�à¨«¨¢­ë¥ ¢®«­ë ¨ ¨­¥àæ¨®­­ë¥ ª®«¥¡ ­¨ï á ¯¥à¨-®¤ ¬¨ 3, 6, 12 ¨ 24 ç ¯®à®¦¤ îâ ¬¨ªà®á¥©á¬ë, ¯à®­¨-ª îé¨¥ ­  £«ã¡¨­ã 982, 1389, 1964 ¨ 2777 ¬ á®®â¢¥â-áâ¢¥­­®. � ª®­¥æ, á¨­®¯â¨ç¥áª¨¥ á£®­­®-­ £®­­ë¥¢®«­ë á ¯¥à¨®¤ ¬¨ 3{15 áãâ ¢®§¡ã¦¤ îâ ¬¨ªà®á¥©á-

¬ë, ¯à®­¨ª îé¨¥ ¤® £«ã¡¨­ d 2 [4811; 10 757] ¬. �â-¬¥â¨¬ â ª¦¥ ª®«¥¡ ­¨ï ãà®¢­ï ¯®¢¥àå­®áâ¨ ®ª¥ ­ ,á¢ï§ ­­ë¥ á á¥§®­­ë¬¨ ¨§¬¥­¥­¨ï¬¨, â. ¥. á ¯¥à¨®-¤ ¬¨ 0.5 ¨ 1 £®¤. �®®â¢¥âáâ¢ãîé¨¥ ¨¬ ª®«¥¡ ­¨ï¤ ¢«¥­¨ï ¯à®­¨ª îâ ¤® £«ã¡¨­ 37 521 ¨ 53 063 ¬.�à¨¢¥¤¥¬ â ª¦¥ à¥§ã«ìâ âë à áç¥â®¢ ª®«¥¡ ­¨©¯« áâ®¢®£® ¤ ¢«¥­¨ï ¢ ­ áëé¥­­®¬ ­¥äâìî ¯®à¨á-â®¬ ¯« áâ¥ ­  £«ã¡¨­¥ z = 500 ¬ ­¨¦¥ ãà®¢­ï¤­ , ¢ë§¢ ­­ë¥ ¬¥â¥®ª®«¥¡ ­¨ï¬¨ ¨«¨ ¡ à¨ç¥áª¨¬¨¢®«­ ¬¨ ­  ¯®¢¥àå­®áâ¨ ®ª¥ ­  á ¯¥à¨®¤®¬ 60 ¬¨­¨  ¬¯«¨âã¤®© 10 ¬ (èâ®à¬). �®¤®¡­ë¥ ¢®«­ë ­ -§ë¢ îâ â ª¦¥ ¨­äà £à ¢¨â æ¨®­­ë¬¨ ¢®«­ ¬¨ [14].� íâ®¬ á«ãç ¥ d= 567 ¬. �«ã¡¨­ã è¥«ìä  H ¢ë¡¥-à¥¬ à ¢­®© 100 ¬. �§ à¨á. 3 ¢¨¤­®, çâ® ª®«¥¡ ­¨ï¯« áâ®¢®£® ¤ ¢«¥­¨ï ¤®áâ¨£ îâ ®¤­®©  â¬®áä¥àë.� íâ®© á¢ï§¨ ¬®¦­® ®¦¨¤ âì ã¢¥«¨ç¥­¨ï ¤¥¡¨â®¢­¥äâ¥¤®¡ë¢ îé¨å áª¢ ¦¨­, ­ å®¤ïé¨åáï ¢ è¥«ì-ä®¢ëå ¨ ®ªà ¨­­ëå ¬®àïå, ­ ¯à¨¬¥à ¢ � á¯¨©áª®¬¬®à¥ ¨«¨ ­  è¥«ìä¥ ®áâà®¢  � å «¨­ ¯à¨ á¨«ì­®¬èâ®à¬¥.
����������¨á. 3. �®«¥¡ ­¨ï ¯« áâ®¢®£® ¤ ¢«¥­¨ï p ¢ ®á ¤®ç­ëå¯®à®¤ å è¥«ìä  ­  £«ã¡¨­¥ 500 ¬ ­¨¦¥ ãà®¢­ï ¤­ ,¢ë§¢ ­­ë¥ èâ®à¬®¢ë¬¨ ¡ à¨ç¥áª¨¬¨ ¢®«­ ¬¨� § ª«îç¥­¨¥ ®â¬¥â¨¬, çâ® ã¤¢®¥­¨¥ ç áâ®âë¬¨ªà®á¥©á¬ ­ ¡«î¤ ¥âáï ­¥ ¢á¥£¤ , å®âï ç áâ®âë¬¨ªà®á¥©á¬, ª ª ¯à ¢¨«®, ¢ëè¥ ç áâ®â ¯®à®¦¤ î-é¨å ¨å ¢®«­ ­  ¯®¢¥àå­®áâ¨ ®ª¥ ­  [7, 8]. �®à¬¨à®-¢ ­¨¥ ¤à®¡­ëå (¢¬¥áâ® ªà â­ëå) £ à¬®­¨ª ¢ á¯¥ªâ-à å ¬®àáª¨å ¢®«­ ¢ ¯à¨¡à¥¦­®© §®­¥ ®¡êïá­ï¥âáï¢ à ¡®â¥ [16] ®á®¡¥­­®áâï¬¨ á¯¥ªâà®¢ ¬®àáª®© âãà-¡ã«¥­â­®áâ¨, ª®â®à ï ¢ë§ë¢ ¥â ¤¨áá¨¯ æ¨î ¤«¨­-­ëå ¢®«­. �â¬¥â¨¬ â ª¦¥, çâ® ¢®«­ë æã­ ¬¨, ¯®¯ -¤ îé¨¥ ­  è¥«ìä, ¬®£ãâ ¤®áâ¨£ âì ¢ëá®âë 60 ¬. � ª¯®ª § ­® ¢ à ¡®â¥ [17], ¨§¬¥­¥­¨ï ¤®­­®£® ¤ ¢«¥-­¨ï pH ¯à¨ æã­ ¬¨ ¤®å®¤ïâ ¤® 5{6  â¬. �â®£® ¢¯®«­¥¤®áâ â®ç­®, çâ®¡ë ¢ë§¢ âì ¯®¢â®à­ë¥,  äâ¥àè®ª®-¢ë¥ §¥¬«¥âàïá¥­¨ï, ¥á«¨ æã­ ¬¨ à á¯à®áâà ­ïîâáï­ ¤ ¯¥à¥­ ¯àï¦¥­­ë¬¨ ®¡« áâï¬¨ §¥¬­®© ª®àë.�¨â¥à âãà 1. �®«¨æë­ �.�. �¨ªà®á¥©á¬¨ç¥áª¨¥ ¤¢¨¦¥­¨ï // �®«¨-æë­ �.�. �§¡à ­­ë¥ âàã¤ë. �. II. �¥©á¬®«®£¨ï. �., 1960.�. 379.2. �ã«¥©ª¨­ �.�. �¨§¨ª  ¬®àï. �., 1941.3. �ã«¥©ª¨­ �.�. �ç¥àª¨ ¯® ä¨§¨ª¥ ¬®àï. �., 1949.4. Hasselman K. // Rev. Geophys. 1963. 1, N 2. P. 177.
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