
10 �¥áâ¨ª �®áª®¢áª®£® ã¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®®¬¨ï. 1999. ü 3��� 537.84 �������� ������������ ������������ �������������� � ������ ������ ������� ����� � ������������������. �. �ëª®¢, �. �. �®¯®¢(ª ä¥¤à  ¬ â¥¬ â¨ª¨)�ë¢¥¤¥ë ¯à¨¡«¨¦¥ë¥ ¢ëà ¦¥¨ï ¤«ï áª®à®áâ¨ ¤à¥©ä  ¯¥à¥å®¤®£® á«®ï ¨ ¢à¥¬¥¨ ¦¨§¨¥áâ æ¨® à®© ª®âà áâ®© áâàãªâãàë ¢ § ¤ ç¥ £¥¥p æ¨¨ ¬ £¨â®£® ¯®«ï ¢ âãp¡ã«¥â®© áp¥¤¥.�¢¥¤¥¨¥� á®®â¢¥âáâ¢¨¨ á ®¡é¥¯à¨ïâë¬¨ ¯à¥¤áâ ¢«¥¨ï-¬¨ ¬ £¨â®¥ ¯®«¥ ¢ á¯¨à «ìëå £ « ªâ¨ª å á®§¤ -¥âáï §  áç¥â ¤¥©áâ¢¨ï ¯à®æ¥áá  £ « ªâ¨ç¥áª®£® ¤¨ -¬® [1, 2]. �à¨ íâ®¬ ç áâì ª¨¥â¨ç¥áª®© í¥à£¨¨ å ®-â¨ç¥áª®£® ¤¢¨¦¥¨ï ¯à®¢®¤ïé¥£® ¢¥é¥áâ¢  ¯à¥®¡à -§ã¥âáï ¢ í¥à£¨î ¬ £¨â®£® ¯®«ï. � â®ª®¬ £ « ª-â¨ç¥áª®¬ ¤¨áª¥ ¢¥ªâ®à ¬ £¨â®£® ¯®«ï ¬®¦¥â ¡ëâì¯à¥¤áâ ¢«¥ ¢ ¢¨¤¥ B= b(r)u(r; t) . �¥ªâ®à ï äãª-æ¨ï b(r) § ¤ ¥â  ¯à ¢«¥¨¥ ¬ £¨â®£® ¯®«ï,   áª -«ïà ï äãªæ¨ï u(r; t) ®¯à¥¤¥«ï¥â  ¯àï¦¥®áâì.�ãªæ¨ï u(r; t) ®¯à¥¤¥«ï¥âáï ¨§ ãà ¢¥¨ï ¤¨ääã-§¨¨, ¢ ª®â®à®¬ ¯à¨áãâáâ¢ãîâ ¤®¯®«¨â¥«ìë¥ ç«¥-ë, ®â¢¥ç îé¨¥ §  ¯¥à¥®á ¯®«ï ¢¬¥áâ¥ á ¤¢¨¦¥¨¥¬¢¥é¥áâ¢  ¨ £¥¥à æ¨î:ut +V5 u= �4 u+ (u)u: (1)�á«¨ ¯«®â®áâì í¥à£¨¨ ¬ £¨â®£® ¯®«ï ®ª §ë¢ -¥âáï áà ¢¨¬®© á® áà¥¤¥© ¯«®â®áâìî ª¨¥â¨ç¥áª®©í¥à£¨¨, ª®íää¨æ¨¥â à §¬®¦¥¨ï (u) áâ ®¢¨âáïà ¢ë¬ ã«î, ¯®íâ®¬ã ¢ëà ¦¥¨¥ ¤«ï ª®íää¨æ¨¥â à §¬®¦¥¨ï (u) = 0 �1� u2=U2� ¬®¦® ¯à¨ïâì¢ ª ç¥áâ¢¥ ¤®áâ â®ç® å®à®è¥©  ¯¯à®ªá¨¬ æ¨¨, ¥á«¨¥ ãç¨âë¢ âì ¢ (1) ¤àã£¨¥ íää¥ªâë, ¨ ¢ ç áâ®áâ¨¥«®ª «ìë© ¯¥à¥®á ¯®«ï §  áç¥â ¢ëå®¤  á¨«®¢ëå«¨¨© §  ¯à¥¤¥«ë £ « ªâ¨ç¥áª®£® ¤¨áª . �«ï â¨¯¨ç-ëå £ « ªâ¨ª ( ¯à¨¬¥à, �51 ¨ �81) � ¯p ªâ¨ç¥á-ª¨ p ¢® 0,0016, ¥á«¨ ¨§¬¥àïâì ¢à¥¬ï ¢ ¬¨««¨ à¤ å«¥â, à ááâ®ï¨¥ ¢ ª¨«®¯ àá¥ª å. �®íää¨æ¨¥â £¥¥-à æ¨¨ 0 ¯®àï¤ª  2{5 [3, 4]. � à ªâ¥àë© à §¬¥à ¥-®¤®à®¤®áâ¥© ªàã¯®¬ áèâ ¡®£® ¬ £¨â®£® ¯®-«ï � =p�=0 ¯à¨¬¥à®   ¤¢  ¯®àï¤ª  ¬¥ìè¥ ¤¨ -¬¥âà  ¤¨áª , ¯®íâ®¬ã ãà ¢¥¨¥ (1) ¯à®ï¢«ï¥â á¯¥-æ¨ä¨ç¥áª¨¥ á¢®©áâ¢  ãà ¢¥¨© á ¬ «ë¬ ¯ à ¬¥âà®¬¯à¨ áâ àè¨å ¯à®¨§¢®¤ëå ¨ ¥£® à¥è¥¨¥ ®â®á¨âáïª ª« ááã äãªæ¨©, ª®â®àë¥ ¯à¨ïâ®  §ë¢ âì ª®-âà áâë¬¨ áâàãªâãà ¬¨ [5, 6].�®âà áâë¥ áâàãªâãàë (KC) | íâ® á¢®¥®¡à §ë¥ª®ä¨£ãà æ¨¨, ª®â®àë¥ ¬®£ãâ ®¡à §®¢ë¢ âìáï ¢ ¯à®-æ¥áá¥ í¢®«îæ¨¨ ä¨§¨ç¥áª¨å ¯®«¥© à §«¨ç®© ¯à¨à®-¤ë ¢ ¥«¨¥©®¬ à¥¦¨¬¥. � KC ®¡è¨àë¥ ®¡« áâ¨¬¥¤«¥®£® ¨§¬¥¥¨ï ¯®«ï (¬ë ¨å ¤«ï ªà âª®áâ¨  -§ë¢ ¥¬ ¯ïâ ¬¨) à §¤¥«ïîâáï ¬ «ë¬¨ ¯® ®¡ê¥¬ã ®¡-« áâï¬¨ ¡ëáâà®£® ¥£® ¨§¬¥¥¨ï. �®«ìè®© ¨â¥à¥áá â¥®à¥â¨ç¥áª®© ¨ ¯à ªâ¨ç¥áª®© â®ç¥ª §à¥¨ï ¯à¥¤-áâ ¢«ïîâ KC, ®¡à §ãîé¨¥áï ¢ à¥§ã«ìâ â¥ ®£à ¨ç¥-¨ï ¯®«ï ®¯à¥¤¥«¥ë¬ ãà®¢¥¬  áëé¥¨ï, ª ª íâ®

¨¬¥¥â ¬¥áâ® ¤«ï ¬ £¨â®£® ¯®«ï ¢ á¯¨à «ì®© £ -« ªâ¨ª¥. � â¨¯¨ç®© á¨âã æ¨¨ ¯®«®¦¨â¥«ì®¥ ¨«¨®âà¨æ â¥«ì®¥ ¯®«¥ ¢®§à áâ ¥â ¯® ¬®¤ã«î ¤® ãà®¢-ï  áëé¥¨ï,     £à ¨æ¥ ¯®«®¦¨â¥«ì®£® ¨ ®â-à¨æ â¥«ì®£® ¯®«¥© ®¡à §ã¥âáï â®ª¨© ¢ãâà¥¨©¯¥à¥å®¤ë© á«®© (���), ¢ãâà¨ ª®â®à®£® ¯®«¥ ¬¥-ï¥â § ª. �¥à¥å®¤ë© á«®© ¬¥¤«¥® ¯¥à¥¬¥é ¥âáï¢ à¥§ã«ìâ â¥ á®¢¬¥áâ®£® ¤¥©áâ¢¨ï ¤¨ääã§¨¨, ¯¥à¥-®á , £¥¥à æ¨¨. �  áâ®ïé¥¥ ¢à¥¬ï ¤¥â «ì® ¨§ãç¥-ë áâ æ¨® àë¥ KC ¨ à §à ¡®â ë ¬¥â®¤ë   «¨-§  ¨å ãáâ®©ç¨¢®áâ¨ [5{7]. � â® ¦¥ ¢à¥¬ï  ¡«î¤¥¨ï£ « ªâ¨ª ¨ ª®¬¯ìîâ¥àë© íªá¯¥à¨¬¥â [3, 4] ã¡¥¦-¤ îâ ¢ áãé¥áâ¢®¢ ¨¨ ¤®«£®¦¨¢ãé¨å ¥áâ æ¨® à-ëå KC, ª®â®àë¥ ¢ ¯à®æ¥áá¥ í¢®«îæ¨¨ ¬®£ãâ ¯®áâ¥-¯¥® âà áä®à¬¨à®¢ âìáï ¢ áâ æ¨® à®¥ á®áâ®ï-¨¥ ¨«¨ à §àãè âìáï. � ª®ë í¢®«îæ¨¨ ¥ãáâ®©ç¨-¢ëå �� ¯à ªâ¨ç¥áª¨ ¥ ¨§ãç¥ë. �¢®«îæ¨ï KC ®¯p¥-¤¥«ï¥âáï ª®ä¨£ãà æ¨¥© ¯ïâ¥ à §«¨ç®© ¯®«ïà®á-â¨, ¥®¤®à®¤®áâìî ãà®¢ï  áëé¥¨ï, ªà¨¢¨§®©��� ¨ â.¤.�¥«ì  áâ®ïé¥© à ¡®âë | ¨áá«¥¤®¢ âì ¢«¨ï¨¥á®®â®è¥¨ï à §¬¥à®¢ ¯ïâ¥ KC à §«¨ç®© ¯®«ïà®á-â¨   ¢à¥¬ï ¦¨§¨ ¥ãáâ®©ç¨¢ëå ¥áâ æ¨® àëåª®âà áâëå áâàãªâãà ¬ £¨â®£® ¯®«ï ¢ á¯¨à «ì-ëå £ « ªâ¨ª å. �ë ¢ëç¨á«¨¬ ¯à¨¡«¨¦¥® áª®-à®áâì ¤à¥©ä  ��� ¨ ¢à¥¬ï ¦¨§¨ �� á § ¤ ®© ç «ì®© ª®ä¨£ãà æ¨¥©. �®áª®«ìªã ãà ¢¥¨¥ (1) ¤¥ª¢ â® ®¯¨áë¢ ¥â ¥ â®«ìª® ¬ £¨â®¥ ¯®«¥ ¢á¯¨à «ìëå £ « ªâ¨ª å, ® ¨ ¯®«¥ ¢ âãà¡ã«¥â®©¯à®¢®¤ïé¥© áà¥¤¥, ¥ª®â®àë¥ § ¤ ç¨ å¨¬¨ç¥áª®© ª¨-¥â¨ª¨, ¤¨ ¬¨ªã ¯®¯ã«ïæ¨© ¨ â. ¤., ¯®«ãç¥ë¥ ¤ -«¥¥ à¥§ã«ìâ âë ¨¬¥îâ ¤®áâ â®ç® ®¡é¨© å à ªâ¥à.1. �¤®¬¥à ï ¬®¤¥«ì� áá¬®âà¨¬ ®¤®¬¥àãî ¯® ¯à®áâà áâ¢ã § ¤ çã�®è¨ ¤«ï ãà ¢¥¨ï ¤¨ääã§¨¨ á ¯¥à¥®á®¬ ¨ à §-¬®¦¥¨¥¬:@u@t = �@2u@x2 + (u)u; �1 < x <1; t > 0; (2)(u) = 0 �1� u2=U2� , á  ç «ìë¬¨ ãá«®¢¨ï¬¨u(x; 0) = u0(x) ¨ £à ¨çë¬¨ ãá«®¢¨ï¬¨ ¯p¨jxj ! 1 , ®¡¥á¯¥ç¨¢ îé¨¬¨ ®£à ¨ç¥®áâì à¥è¥-¨ï   ¢á¥© ¯àï¬®©. �ãáâì ¢  ç «ìë© ¬®¬¥â¢à¥¬¥¨ ¢ áà¥¤¥ ¨¬¥¥âáï å ®â¨ç¥áª®¥ ¬¥«ª®¬ áèâ ¡-®¥ ¬ £¨â®¥ ¯®«¥,  ¯àï¦¥®áâì ª®â®à®£® ¬®£®



�¥áâ¨ª �®áª®¢áª®£® ã¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®®¬¨ï. 1999. ü3 11¬¥ìè¥ ãà®¢ï  áëé¥¨ï, ju0j � U . �  áç¥â ¤¨ä-äã§¨®®£® ç«¥  ¬¥«ª®¬ áèâ ¡ë¥ ¥®¤®à®¤®á-â¨ u0(x) ¡ã¤ãâ ¡ëáâà® á£« ¦¥ë, ¨ äãªæ¨ï u(x; t)¯à¨¬¥â ¢¨¤  ¡®à  å ®â¨ç¥áª¨ à á¯®«®¦¥ëå ¯ïâ¥¯®«®¦¨â¥«ì®© ¨ ®âà¨æ â¥«ì®© ¯®«ïà®áâ¨. � â¥¬§  áç¥â ¯à®æ¥áá  £¥¥à æ¨¨ ¢¥«¨ç¨  u ¢ãâà¨ ¯ï-â¥ ¢ëà áâ¥â ¤® ¢¥«¨ç¨ë, ¥áª®«ìª® ¬¥ìè¥© ãà®¢-ï  áëé¥¨ï U ,   £à ¨æ¥ ¯ïâ¥ ¯®«®¦¨â¥«ì®©¨ ®âà¨æ â¥«ì®© ¯®«ïà®áâ¨ ®¡à §ã¥âáï ���, ¯®á-«¥ ç¥£® ª®ä¨£ãà æ¨ï à¥è¥¨ï ¢ æ¥«®¬ ¬®¦¥â ¡ëâì®¯¨á   ª ª KC. � ¤ «ì¥©è¥¬ ª ¦¤ë© ��� ¯¥à¥¬¥-é ¥âáï, ¯à¨ç¥¬  ¯à ¢«¥¨¥ ¤¢¨¦¥¨ï, ¢®®¡é¥ £®¢®-àï, â ª®¢®, çâ® ã§ª¨¥ ¯ïâ  ã¬¥ìè îâáï,   è¨à®ª¨¥ã¢¥«¨ç¨¢ îâáï.�à®¢¥¤ï «¨¥©ãî § ¬¥ã ¯¥à¥¬¥ëå x; t ¨äãªæ¨¨ u , ¯à¨¢¥¤¥¬ ãà ¢¥¨¥ (2) ª ¡¥§à §¬¥à®¬ã¢¨¤ã: @u@t = �2@2u@x2 + u(1� u2); (3)£¤¥ � =p�=0 | â®«é¨  ���. C ç «  à áá¬®â-à¨¬ áâ æ¨® àë¥ à¥è¥¨ï â¨¯  KC.2. �â æ¨® àë¥ ª®âà áâë¥ áâàãªâãàë� ¯àï¦¥®áâì ¯®«ï ¢ áâ æ¨® à®© ®¤®¬¥à-®© KC ¬®¦®  ©â¨ ¨§ ãà ¢¥¨ï �2d2u=dx2 +u(1 � u2) = 0 . �®ç®¥ à¥è¥¨¥ ¢ëà ¦ ¥âáï ç¥-à¥§ ¥¯®«ë© í««¨¯â¨ç¥áª¨© ¨â¥£à « ¯¥à¢®£® à®¤ F (�; k) = �R0 �1� k2 sin2 ���1=2 d� :x� x0� = p2a F (�; k);�= arcsin�ub� ; k = ba; (4)x0 | ª®®à¤¨ â  æ¥âà  ���, a = p1+p1�C ,16 a < 2 , b=p1�p1�C , 06 b < 1 , ª®áâ â  C®¯à¥¤¥«ï¥â  ª«® ªà¨¢®© u(x) ¢ æ¥âà «ì®© â®çª¥:(du=dx)x=x0 = (1=�)pC=2.�á«¨ 0 < C < 1 , â® u(x) | ¯¥à¨®¤¨ç¥áª ï äãª-æ¨ï, ¯¥à¨®¤ T à ¢¥T = � 4p2a K � ba� ; (5)£¤¥ K(k) = F (�=2; k) | ¯®«ë© í««¨¯â¨ç¥áª¨© ¨-â¥£à « ¯¥à¢®£® à®¤ . �¥«¨ç¨  T «¥¦¨â ¢ ¯à¥¤¥« å2�� < T <1 , ¯à¨ç¥¬ T !1 ¯à¨ C ! 1 , C < 1 ¨T ! 2�� ¯à¨ C! 0 , C > 0 . � ªá¨¬ «ì®¥ § ç¥¨¥umax = b ¤®áâ¨£ ¥âáï ¯à¨ x�x0 = T=4 , ¬¨¨¬ «ì®¥§ ç¥¨¥ umin = �b ¯à¨ x� x0 = 3T=4 .�ãáâì è¨à¨  ¯®«®¦¨â¥«ì®£® ¯ïâ  W = T=2¬®£® ¡®«ìè¥ � ¨ á®®â¢¥âáâ¢¥® 1 � C � 1 , â ªçâ® k ' 1 . �á¯®«ì§ã¥¬  á¨¬¯â®â¨ç¥áª®¥ à §«®¦¥¨¥í««¨¯â¨ç¥áª®£® ¨â¥£à «  ¤«ï á«ãç ï k < 1 , k! 1 :

K(k) = ln�4=p1� k2� [8]. �®¤áâ ¢«ïï íâ® ¢ëà ¦¥-¨¥ ¢ (5), ¯®«ãç¨¬ ¯à¨¡«¨¦¥®¥ ¢ëà ¦¥¨¥ ¤«ï W :W = T2 = �p2 ln 641�C : (6)�®«¥§® ®¯à¥¤¥«¨âì ¤¨ ¯ §® ¨§¬¥¥¨ï ¯ à ¬¥â-à®¢ ¢ (6), ¢ ¯à¥¤¥« å ª®â®à®£® ¬®¦® ¨á¯®«ì§®¢ âìíâ¨ á®®â®è¥¨ï, ¥  àãè ï ãá«®¢¨© áãé¥áâ¢®¢ ¨ï¯¥à¨®¤¨ç¥áª®£® à¥è¥¨ï. �¨¨¬ «ì® ¤®¯ãáâ¨¬®¥§ ç¥¨¥ C ¬®¦® ¢ëç¨á«¨âì ¨§ á®®â®è¥¨ï ¤«ï¬¨¨¬ «ì® ¢®§¬®¦®£® ¯¥à¨®¤  Tmin = 2�� . �®®â-¢¥âáâ¢ãîé¥¥ § ç¥¨¥ Cmin= 1� 64e�p2� � 0;246 .� ªà¨â¨ç¥áª®¬ á«ãç ¥ C = 1 , u(x) | ¬®®â®- ï äãªæ¨ï, ®¡à é îé ïáï ¢ ã«ì ¢ ®¤®© â®çª¥x= x0 : u= th� 1p2 x� x0� � : (7)� á®®â¢¥âáâ¢¨¨ á ®¡é¥¯à¨ïâ®© ª« áá¨ä¨ª æ¨¥© íâ®à¥è¥¨¥ ®â®á¨âáï ª �� â¨¯  úáâã¯¥ìª û [7]. �á«¨C > 1 , â® à¥è¥¨¥ ¥ ®£à ¨ç¥® ¨ ¥ ¯à¥¤áâ ¢«ï¥â¨â¥à¥á .3. �¢ §¨áâ æ¨® àë¥ ª®âà áâë¥ áâàãªâãàë�¢ §¨áâ æ¨® à ï ®¤®¬¥à ï KC á®áâ®¨â ¨§¯®á«¥¤®¢ â¥«ì®áâ¨ ¯ïâ¥ ç¥à¥¤ãîé¥©áï ¯®«ïà®á-â¨ (¯®«®¦¨â¥«ì®© ¨ ®âà¨æ â¥«ì®©), à §¤¥«¥ëå���, ¯à¨ íâ®¬  ç «ì ï è¨à¨  ª ¦¤®£® ¯ïâ ¬®£® ¡®«ìè¥ â®«é¨ë ���. �â®¡ë ®æ¥¨âì ¢à¥-¬ï ¦¨§¨ ¥áâ æ¨® à®© KC, à áá¬®âà¨¬ í¢®«î-æ¨î ¯¥à¨®¤¨ç¥áª®© á¨áâ¥¬ë ¯®«®¦¨â¥«ìëå ¨ ®â-à¨æ â¥«ìëå ¯ïâ¥, u(x + T; t) = u(x; t) , ¯à¨ç¥¬ ã¯®«®¦¨â¥«ì®£® ¯ïâ   ç «ì ï è¨à¨  ¥áª®«ì-ª® ¡®«ìè¥, ç¥¬ ã ®âà¨æ â¥«ì®£®. � ¯à¥¤¥« å ®¤®-£® ¯¥à¨®¤  u(x; t) ®¡à §ãîâáï ¤¢  ���, ª ¦¤ë© ¨§ª®â®àëå ¡ã¤¥â ¬¥¤«¥® ¤à¥©ä®¢ âì ¢ áâ®à®ã ¡®-«¥¥ ã§ª®£® ¯ïâ , ¢ à¥§ã«ìâ â¥ ç¥£® è¨à¨  ¯®«®-¦¨â¥«ì®£® ¯ïâ  ¡ã¤¥â ã¢¥«¨ç¨¢ âìáï,   ¨§ ç «ì®¬¥ìè ï è¨à¨  ®âà¨æ â¥«ì®£® ¯ïâ  ¡ã¤¥â ã¬¥ì-è âìáï. �®£¤  è¨à¨  ¯ïâ  áâ ®¢¨âáï áà ¢¨¬®©á â®«é¨®© ���, ¯à®¨áå®¤¨â « ¢¨®®¡à §®¥ à §-àãè¥¨¥ ��, ª®â®p ï   íâ®¬ íâ ¯¥ ã¦¥ ¥ ï¢«ï¥âáïª¢ §¨áâ æ¨® à®©.�®§¬®¦ë à §ë¥ à¥¦¨¬ë í¢®«îæ¨¨ KC á è¨-à®ª¨¬¨ (W > �� ) ¯ïâ ¬¨ ®¡®¨å § ª®¢. � áá¬®â-à¨¬ â®«ìª® á¨«ì®  á¨¬¬¥âà¨çë¥ KC, ¤«ï ª®â®àëåè¨à¨  ¯®«®¦¨â¥«ì®£® ¯ïâ  ¬®£® ¡®«ìè¥ è¨-à¨ë á®á¥¤¨å á ¨¬ ®âà¨æ â¥«ìëå ¯ïâ¥. �à¥¤-¯®«®¦¨¬, çâ® ¢ãâà¨ ���, x0 � � < x < x0 + � ,¢ ª ¦¤ë© ä¨ªá¨à®¢ ë© ¬®¬¥â ¢à¥¬¥¨ äãª-æ¨î u(x; t) ¬®¦® ¯à¨¡«¨¦¥® ®¯¨á âì ¢ëà ¦¥-¨¥¬ (7), ¯à¨ç¥¬ ª®®à¤¨ â  æ¥âà «ì®© â®çª¨ ¡ã-¤¥â ¬¥¤«¥® ¯¥à¥¬¥é âìáï á ¥ª®â®à®© áª®à®áâìîv(t) , ª®â®à ï § ¢¨á¨â ®â è¨à¨ë ª ¦¤®£® ¨§ ¯ï-â¥: u(x; t) = f(x� vt) , x0 � � < x < x0 + � . �à¥¤-¯®«®¦¨¬, çâ® ¢ëà ¦¥¨¥ (4), ®¯à¥¤¥«ïîé¥¥ áâ æ¨®- à®¥ ¯¥à¨®¤¨ç¥áª®¥ à¥è¥¨¥, ¬®¦® ¨á¯®«ì§®¢ âì¨ ¤«ï ¥¯¥à¨®¤¨ç¥áª®£® ¥áâ æ¨® à®£® à¥è¥¨ï¢¥ ���, â. ¥. ¤«ï ¯®«®¦¨â¥«ì®£® ¨ ®âà¨æ â¥«ì®-£® ¯ïâ  ¯® ®â¤¥«ì®áâ¨. �«ï ª ¦¤®£® ¨§ ¨å ¡ã-¤¥¬ ¨á¯®«ì§®¢ âì à §ë¥ § ç¥¨ï ª®áâ âë C ,



12 �¥áâ¨ª �®áª®¢áª®£® ã¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®®¬¨ï. 1999. ü 3ª®â®à ï â¥¯¥àì ¡ã¤¥â äãªæ¨¥© t (ª ¦¤®¥ ¨§ íâ¨å§ ç¥¨© ¬ «® ®â«¨ç ¥âáï ®â ªà¨â¨ç¥áª®£® § ç¥-¨ï C = 1). �®®â¢¥âáâ¢ãîé¨¥ § ç¥¨ï ¯ à ¬¥âà®¢a; b â ª¦¥ ¡ã¤ãâ ®â«¨ç âìáï. �¨à¨ã ¯®«®¦¨â¥«ì-®£® ¨ ®âà¨æ â¥«ì®£® ¯ïâ¥ ®¡®§ ç¨¬ W (+)(t) ¨W (�)(t) , ¯à¨ç¥¬ W (+)(t) +W (�)(t) = T . � ª¨¬ ®¡-à §®¬, ¢ãâà¨ ®¤®£® ¯¥à¨®¤  KC ¢ë¤¥«¥ë âà¨ ®¡-« áâ¨, ¢ ª®â®àëå à¥è¥¨¥ ¯à¥¤áâ ¢«ï¥âáï à §ë¬¨ä®à¬ã« ¬¨.�ëç¨á«¨¬ áª®à®áâì ¤à¥©ä  ���. �à®¨â¥£à¨àã-¥¬ (3) ¯® ¨â¥à¢ «ã x0�W (�)=2< x < x0+W (+)=2 ,ª®â®àë© ¢ª«îç ¥â ¢ â®ç®áâ¨ ®¤¨ ���. �á-¯®«ì§ãï ãá«®¢¨¥ �� � W (�) � W (+) , ¯®«ãç¨¬v ' �� � 8p2 expf�p2W (�)=�g . � ª ª ª ã¬¥ì-è¥¨¥ è¨à¨ë ®âà¨æ â¥«ì®£® ¯ïâ  ®¡ãá«®¢«¥-® ®¤®¢à¥¬¥ë¬ ¤à¥©ä®¬ ¤¢ãå ���  ¢áâà¥çã¤àã£ ¤àã£ã á à ¢ë¬¨ áª®à®áâï¬¨, è¨à¨ã ®â-à¨æ â¥«ì®£® ¯ïâ  ¬®¦®  ©â¨ ¨§ ¤¨ää¥à¥-æ¨ «ì®£® ãà ¢¥¨ï dW (�)=dt = �2v . �¥âàã¤-® ¯®«ãç¨âì â®ç®¥ à¥è¥¨¥ íâ®£® ãà ¢¥¨ï:W (�)(t) = � � 2�1=2 ln [�32(t� t0)] . �ë¡¥à¥¬ t0 â ª,çâ®¡ë ¢ íâ®â ¬®¬¥â ¢à¥¬¥¨ è¨à¨  ®âà¨æ â¥«ì-®£® ¯ïâ  ¡ë«  à ¢  ¯®«®¢¨¥ ªà¨â¨ç¥áª®£® § ç¥-¨ï ¯¥à¨®¤  W (�)(t0) = �� : t0 = (ep2�)=32� 2;657 .�ç¨âë¢ ï, çâ® ¢ ¨á¯®«ì§ã¥¬®¬ ¯à¨¡«¨¦¥¨¨ è¨à¨ ª ¦¤®£® ¨§ ¯ïâ¥ ¥ ¬®¦¥â ¡ëâì ¬¥ìè¥ �� , ¬®¬¥â¢à¥¬¥¨ t0 ¬®¦® ¨â¥à¯à¥â¨à®¢ âì ª ª ¬®¬¥â¯¥à¥å®¤  ®â ¬¥¤«¥®© áâ ¤¨¨ í¢®«îæ¨¨ KC ª ¥¥« ¢¨®®¡p §®¬ã p áè¨p¥¨î. �¥¯¥àì ¢ëà ¦¥¨¥¤«ï § ¢¨á¨¬®áâ¨ è¨à¨ë ¯ïâ  ®â ¢à¥¬¥¨ ¯à¨®¡à¥-â ¥â ¢¨¤, ¯à¨£®¤ë© ¤«ï áà ¢¥¨ï á ª®¬¯ìîâ¥àë¬íªá¯¥à¨¬¥â®¬:W (t) = � � 2�1=2 ln��32t+ ep2�� : (8)�¤¥áì t 6 0 , ¨ ¬®¬¥â ¢à¥¬¥¨ t = 0 á®®â¢¥âáâ¢ã¥â¯®«®¬ã à §àãè¥¨î KC. �®®â®è¥¨¥ (8) ¬®¦®¨á¯®«ì§®¢ âì ¨ ¤«ï ¢ëç¨á«¥¨ï ¢à¥¬¥¨ ¦¨§¨ KC á§ ¤ ®©  ç «ì®© è¨à¨®© ¯ïâ  ®âà¨æ â¥«ì®©¯®«ïà®áâ¨ W :t = 132 �expnp2�o� exp�p2W� �� : (9)�à¥¤¯®« £ ¥âáï, çâ® ¢  ç «ìë© ¬®¬¥â ¢à¥¬¥¨è¨à¨  ¯ïâ  ¯®«®¦¨â¥«ì®© ¯®«ïà®áâ¨ ¬®£®¡®«ìè¥ W . �® ¦¥ á ¬®¥ ¢ëà ¦¥¨¥ ¬®¦®, ®ç¥¢¨¤-®, ¨á¯®«ì§®¢ âì ¨ ¤«ï ¢à¥¬¥¨ ¦¨§¨ ã¥¤¨¥®£®¯ïâ  á  ç «ì®© è¨à¨®© W , â ª ª ª íâ®â á«ãç ©¬®¦® ¯®«ãç¨âì ¯à¥¤¥«ìë¬ ¯¥à¥å®¤®¬ W = const ,T !1 .�®áª®«ìªã  ¯àï¦¥®áâì ¬ £¨â®£® ¯®«ï ã¤®¢-«¥â¢®àï¥â ãà ¢¥¨î ¢¥áì¬  ®¡é¥£® ¢¨¤  (3), ¯®«ã-ç¥ë¥ ®æ¥ª¨ ¤«ï áª®à®áâ¨ ¤à¥©ä  ¨ ¢à¥¬¥¨ ¦¨§-¨ ¯à¨¬¥¨¬ë ª è¨à®ª®¬ã ª« ááã § ¤ ç, ¢ ª®â®àëå¥ª®â®à®¥ ä¨§¨ç¥áª®¥ ¯®«¥ u(x; t) ãç áâ¢ã¥â ¢ ¯à®-æ¥áá å ¯¥à¥®á , ¤¨ääã§¨¨ ¨ à §¬®¦¥¨ï, ¯à¨ç¥¬â®«é¨  ¯¥à¥å®¤®£® á«®ï ¬ «  ¯® áà ¢¥¨î á à §-¬¥à ¬¨ ®¡« áâ¨.

4. �¥§ã«ìâ âë ª®¬¯ìîâ¥à®£® ¬®¤¥«¨à®¢ ¨ï�«ï ®¯à¥¤¥«¥¨ï ¯à¥¤¥«®¢ ¯à¨¬¥¨¬®áâ¨ ä®à-¬ã« (9) ¨ (8) ¬ë ¨á¯®«ì§®¢ «¨ ¬¥â®¤ ª®¬¯ìîâ¥à-®£® ¬®¤¥«¨à®¢ ¨ï. �  à¨á. 1 ¯®ª §   í¢®«î-æ¨ï ¥á¨¬¬¥âà¨ç®© ¥áâ æ¨® à®© KC, ¤«ï ª®â®-à®© ¢  ç «ìë© ¬®¬¥â ¢à¥¬¥¨ W (�) = 2;5�� ¨W (+) = 3;5�� . �«ï ¯à®áâ®âë ¬ë ¢ë¡à «¨ ¯ à ¬¥â-àë � = 1 , 0 = 1 . �à¥¤áâ ¢«¥  á¥à¨ï ú¬®¬¥â «ì-ëå ä®â®£à ä¨©û £à ä¨ª  u(x; t) ¢ ¯à¥¤¥« å ®¤®£®¯¥à¨®¤ . �â¥à¢ « ¢à¥¬¥¨ ¬¥¦¤ã ¤¢ã¬ï ¯®á«¥¤®¢ -â¥«ìë¬¨ á¨¬ª ¬¨ �t = 50 . �®«®¥ ¢p¥¬ï ¦¨§¨¯ïâ  p ¢® 1650. �®®à¤¨ â  x ®â«®¦¥  ¯® £®à¨-§®â «ì®© ®á¨ ¢ ¥¤¨¨æ å � . �®à¨§®â «ìë¥ «¨-¨¨ u = 1 ¨ u = �1 á®®â¢¥âáâ¢ãîâ ãà®¢î  áë-é¥¨ï. �   ç «ì®© áâ ¤¨¨ �� ª¢ §¨áâ æ¨® à ,��� ¬¥¤«¥® ¯¥à¥¬¥é ¥âáï, è¨à¨  ®âà¨æ â¥«ì®-£® ¯ïâ  ã¡ë¢ ¥â ¨ è¨à¨  ¯®«®¦¨â¥«ì®£® ¢®§à á-â ¥â. � â®â ¬®¬¥â, ª®£¤  è¨à¨  ¡®«¥¥ ã§ª®£® ¯ïâ áà ¢¨¢ ¥âáï á ªà¨â¨ç¥áª®© (W (�) � �� ),  ç¨ ¥âáï¡ëáâàë© ¯à®æ¥áá à §àãè¥¨ï ��.� ¢¨á¨¬®áâì ¢à¥¬¥¨ ¦¨§¨  á¨¬¬¥âà¨ç®© ª®-ä¨£ãà æ¨¨ ¬ £¨â®£® ¯®«ï á è¨à®ª¨¬ ¯®«®¦¨â¥«ì-ë¬ ¯ïâ®¬ (W (+) = 10�� ) ®â è¨à¨ë ®âà¨æ â¥«ì-®£® ¯ïâ  ¯®ª §     à¨á. 2. �® £®à¨§®â «ì®©®á¨ ®â«®¦¥® ®â®è¥¨¥ è¨à¨ë ®âà¨æ â¥«ì®£®¯ïâ  ¢  ç «ìë© ¬®¬¥â ¢à¥¬¥¨ W (�)(t0) ª ªà¨-â¨ç¥áª®¬ã § ç¥¨î W0 = �� . �¨ªá¨p®¢ «áï ¬®¬¥â¢à¥¬¥¨, ª®£¤  ®âà¨æ â¥«ì®¥ ¯ïâ® ¯®«®áâìî ¨á-ç¥§ ¥â ¨ äãªæ¨ï u ¢ ¯à¥¤¥« å ®¤®£® ¯¥à¨®¤  áâ -®¢¨âáï ¯®«®¦¨â¥«ì®©. �® ¢¥àâ¨ª «ì®© ®á¨ ®â«®-¦¥ ¤¥áïâ¨çë© «®£ p¨ä¬ ¢à¥¬¥¨ ¦¨§¨. �ç¥¢¨¤®,çâ® £à ä¨ª t(W ) ¥®â«¨ç¨¬ ®â ¯àï¬®© «¨¨¨. �£®« ª«®  ¯® £à ä¨ªã à¨á. 2 ®¯p¥¤¥«ï¥âáï ¨§ á®®â®è¥-¨ï tg � 1;912 , £¤¥ tg = (lg t2 � lg t1)=(W2=W0 ��W1=W0) . �à¨¡«¨¦¥ ï ä®à¬ã«  (9) ¤ ¥â § ç¥¨¥tg = �p2= ln10� 1;92952 . � ª¨¬ ®¡p §®¬, ¯®£p¥è-®áâì, ¤ ¢ ¥¬ ï ä®p¬ã«®© (9), á®áâ ¢«ï¥â � 1% ,
�¨á. 1. �¢®«îæ¨ï ¥á¨¬¬¥âà¨ç®© ª®âp áâ®© áâpãªâãpë: ç «ì ï è¨à¨  ®âà¨æ â¥«ì®£® ¯ïâ  W (�) = 2;5�� ,¯®«®¦¨â¥«ì®£® | W (+) = 3;5��
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�¨á. 2. �à¥¬ï ¦¨§¨ t ª®âà áâ®© áâàãªâãàë á § ¤ ®©è¨à¨®© ¯ïâ  ª ª äãªæ¨ï ®â®è¥¨ï è¨à¨ë ¯ïâ ¢  ç «ìë© ¬®¬¥â ¢à¥¬¥¨ W (�)(t0) ª ªà¨â¨ç¥áª®¬ã§ ç¥¨î W0 = ��¯®íâ®¬ã ¯à¨¡«¨¦¥ë¬¨ ä®à¬ã« ¬¨ ¤«ï áª®à®á-â¨ ¤à¥©ä  ��� ¨ ¢à¥¬¥¨ ¦¨§¨ KC ¬®¦®¯®«ì§®¢ âìáï ¥ â®«ìª® ¤«ï á«ãç ï è¨à®ª¨å ¯ï-â¥ KC, ® ¨ ¯à¨ ¬¥¥¥ ¦¥áâª¨å ®£à ¨ç¥¨ïå:W (+)�W (�); W (�) > �� . �®«¥¥ ¯®¤à®¡ë©   «¨§à¥§ã«ìâ â®¢ ª®¬¯ìîâ¥à®£® ¬®¤¥«¨à®¢ ¨ï ¯®ª §ë-¢ ¥â, çâ® ¯®£à¥è®áâì ä®à¬ã«ë ¤«ï ¢à¥¬¥¨ ¦¨§¨¥ ¯à¥¢ëè ¥â 1% . �§ à¨á. 2 ¢¨¤®, çâ® KC ¦¨¢¥â¯à ªâ¨ç¥áª¨ ¡¥áª®¥ç® ¡®«ìè®¥ ¢à¥¬ï: t > 10 000 ,¥á«¨ è¨à¨  ®¡®¨å ¯ïâ¥ (¯®«®¦¨â¥«ì®£® ¨ ®âà¨-æ â¥«ì®£®) ¯à¥¢ëè ¥â ªà¨â¨ç¥áªãî è¨à¨ã �� ¥¬¥¥¥ ç¥¬ ¢ âà¨ à § . �á«¨ è¨à¨  ¯ïâ  ¯à¥¢ëè -¥â ªà¨â¨ç¥áªãî â®«ìª® ¢ ¤¢  à § , ¢à¥¬ï ¦¨§¨ KCã¬¥ìè ¥âáï ¢ 30 à §. � ª®¥æ, ¯ïâ® á â®«é¨®©¯®àï¤ª  ªà¨â¨ç¥áª®© à §àãè ¥âáï ¯à ªâ¨ç¥áª¨ ¬£®-¢¥®. �â¨ à¥§ã«ìâ âë ¯®¤â¢¥à¦¤ îâ ¯à¥¤¯®«®¦¥-¨¥ ® « ¢¨®®¡à §®¬ å à ªâ¥à¥ ¯à®æ¥áá  à §àãè¥-¨ï KC   ¯®§¤¥© áâ ¤¨¨, ª®â®à ï  ç¨ ¥âáï, ª®£¤ â®«é¨  ¯ïâ  áâ ®¢¨âáï áà ¢¨¬®© á ªà¨â¨ç¥áª¨¬§ ç¥¨¥¬.

�æ¥¨¬ ¢à¥¬ï ¦¨§¨ �� ¬ £¨â®£® ¯®«ï ¢ á¯¨-à «ìëå £ « ªâ¨ª å. �¨¯¨çë¥ ¯ à ¬¥âàë [3, 4](¢ ¥¤¨¨æ å ¤«¨ë 1 ª¯ª ¨ ¢à¥¬¥¨ 5 � 108 «¥â,£ « ªâ¨ª¨ �51, �81) � = 0;0016 , 0 = 4 , â®«é¨-  ��� ¯®àï¤ª  � = 0;2 ª¯ª, çâ® ¯à¨¬¥à® ¢ 100à § ¬¥ìè¥ p ¤¨ãá  £ « ªâ¨ª¨ d = 20 ª¯ª. �®à¬ã-«  (9) ¯®ª §ë¢ ¥â, çâ® ¢ ®¤®à®¤®© áà¥¤¥ á ã«¥-¢®© áª®à®áâìî ¢¥é¥áâ¢  (V= 0) âàã¤® ®¦¨¤ âì  -«¨ç¨ï ª®âà áâëå ®¡à §®¢ ¨© à §¬¥à®¬ ¬¥ìè¥2� �0;2 ª¯ª' 1;2 ª¯ª (¢à¥¬ï ¨å ¦¨§¨ ¬¥ìè¥ ¢à¥¬¥-¨ ®¤®£® ®¡®à®â  £ « ªâ¨ª¨), ® ¢¯®«¥ ¢®§¬®¦®áãé¥áâ¢®¢ ¨¥ KC à §¬¥à®¬ ¯®àï¤ª  d > 1ª¯ª. � -§ã¬¥¥âáï,  ¯à ¢«¥®¥ ªàã¯®¬ áèâ ¡®¥ ¤¢¨¦¥¨¥¢¥é¥áâ¢ , ª®â®à®¥ ¢ á¯¨à «ìëå £ « ªâ¨ª å ¯à¥¤-áâ ¢«¥® ¤¨ää¥à¥æ¨ «ìë¬ ¢à é¥¨¥¬, ¯à¨¢¥¤¥â ª¡®«¥¥ ¡ëáâà®¬ã à §àãè¥¨î ª®âà áâëå ¯ïâ¥ ¬ £-¨â®£® ¯®«ï §  áç¥â ¢ëâï£¨¢ ¨ï ¨ ¨áâ®ç¥¨ï, ®à áá¬®âà¥¨¥ íâ®£® íää¥ªâ  ¢ëå®¤¨â §  à ¬ª¨ ¤ -®© à ¡®âë.� ¡®â  ¯®¤¤¥à¦   �®áá¨©áª¨¬ ä®¤®¬ äã¤ -¬¥â «ìëå ¨áá«¥¤®¢ ¨© (£à âë 95-01-01284  ¨98-01-00356).�¢â®àë ¡« £®¤ àë �. �.� á¨«ì¥¢®©, �.�.�ãâã-§®¢ã, �. �.�®ª®«®¢ã ¨ �.�ãªãp®¢ã §  ¯®«¥§ë¥ ®¡-áã¦¤¥¨ï.�¨â¥à âãà 1. �à ã§¥ �., �í¤«¥à �.-�. � £¨â ï £¨¤à®¤¨ ¬¨ª  áà¥¤-¨å ¯®«¥© ¨ â¥®à¨ï ¤¨ ¬®. �., 1984.2. Ruzmaikin A.A., Shukurov A.M., Sokoloff D.D. Magnetic Fieldsof Galaxies. Dordrecht: Kluwer Acad. Publ., 1988.3. Poezd A.D., Shukurov A.M., Sokoloff D.D. // Month. Not. ofRAS. 1993. 264. P. 285.4. Beck R., Brandenburg A., Moss D. et al. // Astron. Astrophys.1996. 34. P. 153.5. � á¨«ì¥¢  �.�., �ãâã§®¢ �.�. �á¨¬¯â®â¨ç¥áª¨¥ ¬¥â®¤ë ¢â¥®à¨¨ á¨£ã«ïàëå ¢®§¬ãé¥¨©. �., 1990.6. � á¨«ì¥¢  �.�. // � â¥¬. ¬®¤¥«¨à®¢ ¨¥. 1991. 3, ü 4.�. 114.7. � á¨«ì¥¢  �.�. // ��� ¨ ��. 1995. 35, ü4. �. 520.8. �ª¥ �., �¬¤¥ �., �¥è �. �¯¥æ¨ «ìë¥ äãªæ¨¨. �., 1968.�®áâã¯¨«  ¢ p¥¤ ªæ¨î17.04.98��� 530.12 �������������� ���� ������� ��������������������� � ������ ���������� ��������. �. � à¥æª¨©(ª ä¥¤à  ª¢ â®¢®© â¥®à¨¨ ¨ ä¨§¨ª¨ ¢ëá®ª¨å í¥à£¨©)� ©¤¥® ®¢®¥ â®ç®¥ p¥è¥¨¥ ãp ¢¥¨© â¥®p¨¨ £p ¢¨â æ¨¨ c ¬ cc¨¢ë¬ £p ¢¨â®®¬ ¢ c«ãç ¥,ª®£¤  ¨câ®ç¨ª®¬ £p ¢¨â æ¨®®£® ¯®«ï ï¢«ï¥âcï ¯«®cª ï í«¥ªâp®¬ £¨â ï ¢®« .�®¦® «¨ ¯à¨á¢®¨âì £à ¢¨â®ã ¬ ááã? �¬¥-¥â «¨ ¢®®¡é¥ á¬ëá« £®¢®à¨âì ® ¬ áá¨¢®¬ £à -¢¨â®¥? � ª¨¥ ¢®¯à®áë áâ ¢¨â �¨áá¥à (Visser) ¢á¢®¥© à ¡®â¥ [1]. � ª ¨§¢¥áâ® ¨§ ®¡é¥© â¥®- à¨¨ ®â®á¨â¥«ì®áâ¨ �©èâ¥© , £à ¢¨â® ¤®«-¦¥ ¡ëâì ¡¥§¬ áá®¢ë¬. �®  áâà®ä¨§¨ç¥áª¨¥ ¤ -ë¥ ¤®¯ãáª îâ [2] áãé¥áâ¢®¢ ¨¥ £à ¢¨â®  á ¬ áá®©mg < 2 � 10�29 í�� 2 � 10�38mnucl � 3 � 10�66 ª£:


