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�¥áâ­¨ª �®áª®¢áª®£® ã­¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®­®¬¨ï. 2003. ò1 11R(r�) =(Ae�i!r� ; r ! 2M (r� ! �1);e�i!r� +B ei!r� ; r ! 1 (r� ! 1);£¤¥ ®¡®§­ ç¥­  <ç¥à¥¯ èìï> ª®®à¤¨­ â  r� = r ++ 2M ln j1 � r=2M j . � à ¡®â¥ [1] ãâ¢¥à¦¤ ¥âáï,çâ® ¯®«ãç ¥¬ë© £ ¬¨«ìâ®­¨ ­ á ¬®á®¯àï¦¥­ ¢¥§¤¥,ªà®¬¥ ­ ç «  ª®®à¤¨­ â, £¤¥ ®­ ¯à®¯®àæ¨®­ «¥­¤¥«ìâ -äã­ªæ¨¨.�ë à áá¬®âà¨¬ ¢®§¬®¦­®áâì ¯®áâà®¥­¨ï íà¬¨â®-¢  £ ¬¨«ìâ®­¨ ­  ¯ãâ¥¬ á®®â¢¥âáâ¢ãîé¥£® ¢ë¡®à (  ­¥ § ¤ ­¨ï  ¯à¨®à¨) £à ­¨ç­ëå ãá«®¢¨©.�¡®§­ ç¥­¨ï. �¡é¨¥ ¯®«®¦¥­¨ï�â®¡ë ã¯à®áâ¨âì § ¯¨á¨, ¢¬¥áâ® ®¡ëç­®© à ¤¨- «ì­®© ¯¥à¥¬¥­­®© r ¨ ¢à¥¬¥­¨ � ®¯à¥¤¥«¨¬ ª®®à¤¨-­ âë, ®â«¨ç îé¨¥áï ¬ áèâ ¡®¬. �ãáâì x = r=2M ,t= �=2M , « ­£à ­¦¨ ­ ¨ ¬¥âà¨ç¥áª¨© â¥­§®à à ¢­ëá®®â¢¥âáâ¢¥­­®L= 12p�g g�� @�'@�';g�� = diag�x� 1x ; �xx� 1;�x2;�x2 sin2 �� ;£¤¥ g | ®¯à¥¤¥«¨â¥«ì ¬ âà¨æë g�� . � ãà ¢­¥-­¨¨ ¤¢¨¦¥­¨ï, á«¥¤ãîé¥¬ ¨§ ãà ¢­¥­¨ï � £à ­¦ ,¯¥à¥¬¥­­ë¥ à §¤¥«ïîâáï, ¨ ¢®«­®¢ãî äã­ªæ¨î '¬®¦­® ¯à¥¤áâ ¢¨âì ¢ ¢¨¤¥'(t; x;
) = X06J<1�J6m6J Z d! ei!tR(x)Y (m)J (
);£¤¥ Y (m)J | áä¥à¨ç¥áª ï äã­ªæ¨ï,   R(x) ã¤®¢«¥-â¢®àï¥â ãà ¢­¥­¨î@x(x(x� 1)@xR(x)) + �x3(x� 1)�1!2� j2	R(x) = 0;j2 = J(J + 1): (1)� ãà ¢­¥­¨¨ (1) â®çª  x = 1 ï¢«ï¥âáï ®á®¡®©. �­ ¤¥«¨â ¯®«­ãî ®¡« áâì ­  <¢­ãâà¥­­îî> (0 < x < 1)¨ <¢­¥è­îî> (1< x <1) .�¯¥à â®à ¤¢¨¦¥­¨ï� ¤¨ «ì­ë© ¤¨ää¥à¥­æ¨ «ì­ë© ®¯¥à â®à ¤¢¨¦¥-­¨ï ®¯à¥¤¥«ï¥âáï ª ªK = 1�(x) T(e) = 1~�(x) T(i);£¤¥ ¢® ¢­¥è­¥© ®¡« áâ¨ ®¯¥à â®à T(e) ¨ äã­ªæ¨ï �(x)à ¢­ë á®®â¢¥âáâ¢¥­­®T(e)R=�@x(x(x� 1)@xR) + j2R;�= x3(x� 1)�1 > 0; x 2 (1;1);  ¢® ¢­ãâà¥­­¥© ®¡« áâ¨ ®¯¥à â®à T(i) ¨ ¢¥á®¢ ïäã­ªæ¨ï ~�(x) ¨¬¥îâ ¢¨¤T(i)R=�@x(x(1� x)@xR)� j2R;

~�= x3(1� x)�1 > 0; x 2 (0; 1):� ¯®¬®éìî ®¯¥à â®à  K ãà ¢­¥­¨¥ (1) § ¯¨-áë¢ ¥âáï ª ª § ¤ ç  ­  á®¡áâ¢¥­­ë¥ §­ ç¥­¨ï,KR(x) = !2R(x) . �®ª ¦¥¬, çâ® ®¯¥à â®à K á ¬®-á®¯àï¦¥­ á ¨­¤¥ªá®¬ ¤¥ä¥ªâ  (0; 0) .�® ¢­¥è­¥© ®¡« áâ¨ ã¤®¡­® ¨á¯®«ì§®¢ âì <ç¥-à¥¯ èìî> ª®®à¤¨­ âã � ¨ ­®¢ãî äã­ªæ¨î u(�) ,§ ¯¨á ­­ë¥ á®®â¢¥âáâ¢ãîé¨¬¨ ¢ëà ¦¥­¨ï¬¨� = x+ ln(x� 1); �1< � <1$ 1< x <1;R(x) = u(�(x))=x:�à ¢­¥­¨¥ (1), ¯à¨­¨¬ ¥â ¢¨¤K�u(�) = f�@2� + q(x)gu(�) = !2u(�);q(x) = (x� 1)x�4(xj2 +1): (2)�®â¥­æ¨ « q(x)> 0 ¤«ï «î¡ëå � ¨ J ¨ áâà¥¬¨âáï ª­ã«î ¯à¨ �!�1 . �®íâ®¬ã ®¯¥à â®à K� ï¢«ï¥âáïíà¬¨â®¢ë¬ á ¨­¤¥ªá®¬ ¤¥ä¥ªâ  (0; 0) ¨ á ¤¢ ¦¤ë ¢ë-à®¦¤¥­­ë¬ ­¥¯à¥àë¢­ë¬ á¯¥ªâà®¬ ¢ ¯à®áâà ­áâ¢¥L2(�1;1) [2]. �®§¢à é ïáì ª ª®®à¤¨­ â¥ x; ¯®«ã-ç ¥¬, çâ® ®¯¥à â®à K ¨¬¥¥â â¥ ¦¥ á¢®©áâ¢ , çâ® ¨ K�¢ ¯à®áâà ­áâ¢¥ L2�(x)(1;1) äã­ªæ¨©, ª¢ ¤à â¨ç­®¨­â¥£à¨àã¥¬ëå á ¢¥á®¬ �(x) ­  ¨­â¥à¢ «¥ (1;1) .�â®â à¥§ã«ìâ â ¤«ï ®¯¥à â®à  K ¬®¦­® ¯®«ãç¨âì­¥¯®áà¥¤áâ¢¥­­® à áá¬ âà¨¢ ï ¥£® ¢ â¥à¬¨­ å ª®®à-¤¨­ âë x .�¨­¨¬ «ì­ë¥ ¨ ¬ ªá¨¬ «ì­ë¥ ®¯¥à â®àë¤«ï T(e) ¨ T(i)�¯¥à â®àë T(e) ¨ T(i) ¨¬¥îâ ¢¨¤TR=�@x(p̂(x) @xR) + kR; k = const;£¤¥ ¤«ï ¢­¥è­¥© ®¡« áâ¨ T = T(e) , p̂= p= x(x� 1) ,  ¤«ï ¢­ãâà¥­­¥© T = T(i) , p̂ = ~p = x(1� x) . �®« -£ ¥¬ k > 1 (¢® ¢­ãâà¥­­¥© ®¡« áâ¨ íâ® ¤®áâ¨£ ¥âáï¤®¡ ¢«¥­¨¥¬ kj = j2 + 2 ¤«ï «î¡®£® j2 ).�«ï T(e) ¨ T(i) ¯®áâà®¨¬ ¤¢  ®¯¥à â®à : ¬¨-­¨¬ «ì­ë© _T á ®¡« áâìî ®¯à¥¤¥«¥­¨ï D( _T ) == C10 (a; b) ¨ ¬ ªá¨¬ «ì­ë© T á D(T ) = H(a; b) |¬­®¦¥áâ¢® äã­ªæ¨© u(x) : u; Tu 2 L2(a; b) . �­â¥à-¢ « (a; b) à ¢¥­ (1;1) ¤«ï T(e) ¨ (0; 1) ¤«ï T(i) .�â¬¥â¨¬, çâ® ®¡  ®¯¥à â®à  ¤¥©áâ¢ãîâ ¢ ®¡« áâïå á¤¢ã¬ï á¨­£ã«ïà­ë¬¨ ª®­æ ¬¨: ¢® ¢­¥è­¥© ®¡« áâ¨¯à ¢ë© ª®­¥æ ¯à®áâ¨à ¥âáï ¤® ¡¥áª®­¥ç­®áâ¨,   ¯à¨x! 1 äã­ªæ¨ï p�1(x) ­¥¨­â¥£à¨àã¥¬ ; ¢® ¢­ãâà¥­-­¥© ®¡« áâ¨ äã­ªæ¨ï ~p�1(x) ­¥¨­â¥£à¨àã¥¬  ­¨ ­ ®¤­®¬ ª®­æ¥ [3]. �á¨¬¯â®â¨ª¨ äã­ªæ¨© u2H(1;1) ,~u 2H(0; 1) à ¢­ë (¯à¨ �; � > 0) á®®â¢¥âáâ¢¥­­®limx!1u(x) = (x� 1)1=2+� ¨«¨ limx!1u(x) = const;limx!1u(x) = x�1=2�� ; (3)limx!1 ~u(x) = (1� x)1=2+� ¨«¨ limx!1 ~u(x) = const;6 ���, ä¨§¨ª ,  áâà®­®¬¨ï, ò1



12 �¥áâ­¨ª �®áª®¢áª®£® ã­¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®­®¬¨ï. 2003. ò1limx!0 ~u(x) = x1=2+� : (4)�à®áâà ­áâ¢® C10 (a; b) ¯«®â­® ¢ L2(a; b) (  â ª-¦¥ ¢ ¬­®¦¥áâ¢¥ H(a; b)), ¨ â ª ª ª _T � T = _T � ,â® ®¯¥à â®à _T á¨¬¬¥âà¨ç¥­. �«ï «î¡®© äã­ªæ¨¨u 2 C10 (a; b) áª «ïà­®¥ ¯à®¨§¢¥¤¥­¨¥ à ¢­®( _Tu; u) = bZa dxf(�p̂u0)0u� + kjuj2g== bZa dxfp̂ju0j2 + kjuj2g> kuk2: (5)�«¥¤®¢ â¥«ì­®, 8u 2 C10 (a; b) , ( _Tu; u) 2 < ¨ ç¨-á«®¢ ï ®¡« áâì §­ ç¥­¨© �(e_T ) (¬­®¦¥áâ¢® ª®¬¯-«¥ªá­ëå ç¨á¥« � = (e_Tu; u) , £¤¥ e_T | § ¬ëª ­¨¥_T ) ï¢«ï¥âáï ¯®¤¬­®¦¥áâ¢®¬ ¢¥é¥áâ¢¥­­®© ¯àï¬®©� > 1 . �®¯®«­¥­¨¥ ª �(e_T ) : � | á¢ï§­®¥ ¬­®¦¥áâ¢®,á®¤¥à¦ é¥¥ ¢¥àå­îî ¨ ­¨¦­îî ¯®«ã¯«®áª®áâ¨ ¨â®çªã � = 0 . �¥ä¥ªâ­ë¥ ç¨á«  ­  ¢¥àå­¥© ¨ ­¨¦­¥©¯®«ã¯«®áª®áâïå à ¢­ë n ,   ¨­¤¥ªá ¤¥ä¥ªâ  à ¢¥­(n; n) . �¨á«® n | íâ® ¤¥ä¥ªâ ®¯¥à â®à  e_T�� , � 2 � ,â. ¥. ¤¥ä¥ªâ ®¡« áâ¨ §­ ç¥­¨© R(e_T � �) , ¢ â®¬ ç¨á«¥¨ ¤«ï â®çª¨ � = 0 , ¯®áª®«ìªã ®­  á®¤¥à¦¨âáï ¢¬­®¦¥áâ¢¥ � . �¥çì ¨¤¥â ® ¤¥ä¥ªâ¥ á ¬®£® ®¯¥à â®à e_T ¨ ¤¥ä¥ªâ¥ ¬­®¦¥áâ¢  R(e_T ) .�¡®§­ ç¨¢ ç¥à¥§ N(T ) ­ã«ì-¯à®áâà ­áâ¢® ®¯¥à -â®à  T , ¨¬¥¥¬_T � = T ) R( _T )? =N( _T �) =N(T ):�®íâ®¬ã, ¥á«¨ ¨­¤¥ªá ¤¥ä¥ªâ  e_T à ¢¥­ (0; 0) , â® ®¯¥-à â®à á ¬®á®¯àï¦¥­; _T áãé¥áâ¢¥­­® á ¬®á®¯àï¦¥­¨ ®¯¥à â®à _T � = T á ¬®á®¯àï¦¥­ [2].� ¬®á®¯àï¦¥­­®áâì ®¯¥à â®à®¢ T(e) ¨ T(i)�®¤¥«¨¬ ¨­â¥à¢ « (1;1) à¥£ã«ïà­®© â®çª®©c 2 (1;1) ¨ ¢¢¥¤¥¬ ¢ ­¥¬ à¥£ã«ïà­ë¥ £à ­¨ç­ë¥ãá«®¢¨ï. �ã¦¥­¨ï _T(e) á ¤¥ä¥ªâ­ë¬ ç¨á«®¬ ne ­ ¨­â¥à¢ «ë (1; c) ¨ (c;1) ®¡®§­ ç¨¬ _T (1)(e) ¨ _T (2)(e)á®®â¢¥âáâ¢¥­­®,   ¨å ¤¥ä¥ªâ­ë¥ ç¨á«  n1 ¨ n2 . �«ï®¯¥à â®à®¢ ¢â®à®£® ¯®àï¤ª  ¨¬¥¥¬ [3]ne = n1 + n2 � 2: (6)� áá¬®âà¨¬ ®¯¥à â®àë _T (2)(e) ¨ T (2)(e) . �®áª®«ìªã®¤¨­ ª®­¥æ à¥£ã«ïà¥­,   ¯à¨ x ! 1 ¨­â¥£à «1Rc dx p�1=2(x) à áå®¤¨âáï, â® ¯® â¥®à¥¬¥ �¥¢¨­á®­ [2, 3] ¨­¤¥ªá ¤¥ä¥ªâ  à ¢¥­ (1; 1) . �«¥¤®¢ â¥«ì­®,n2 = 1 .� áá¬®âà¨¬ ®¯¥à â®àë _T (1)(e) ¨ T (1)(e) ­  ¨­â¥à-¢ «¥ (1; c) . �¯à¥¤¥«¨¬ n1 . �­ «®£¨ç­® ¢ëà ¦¥-

­¨î (5), 8v 2 C10 (1; c) ¨¬¥¥¬ ( _T (1)(e) v; v) > kvk2 .�ãáâì u 2 L2(1; c) ¨ T (1)(e) u = 0 . �á«¨ ¢¥é¥áâ¢¥­­ ïäã­ªæ¨ï w 2 C10 (1; c) , â® v = uw 2D(e_T (1)(e)) ¨ ¬®¦­®¯®ª § âì [2], çâ®kvk2 = cZ1 dxw2juj2 < ( _T (1)(e) v; v) = cZ1 dxx(x�1)w02juj2:�ã­ªæ¨ï w(x; �) ¤«ï «î¡®£® ¬ «®£® � ¢ë¡¨à ¥âáïá® á¢®©áâ¢ ¬¨w = 1; x 2 (1 + �; c��); w(1) =w(c) = 0;1+�Z1 dxw02 = 1; cZc�� dxw02 = 1: (7)� ª ª ª w0(x) = 0 ¤«ï x 2 (1 +�; c� �) , â®c��Z1+� dx ju(x)j2 < 1+�Z1 dxx(x� 1)w02ju(x)j2++ cZc�� dxx(x� 1)w02ju(x)j2:�çâ¥¬ (7) ¨, ¯à¨¬¥­¨¢ â¥®à¥¬ã ® áà¥¤­¥¬, ¯à¨ �! 0¨¬¥¥¬ c��Z1+� dx ju(x)j2 !kuk2 << p(1)ju(1)j2 + p(c)ju(c)j2 = p(c)ju(c)j2;â ª ª ª p(1) = 0 . �â®¡ë ¯®«ãç¨âì kuk = 0 , ­¥®¡-å®¤¨¬® ®£à ­¨ç¨âì ®¡« áâì ®¯à¥¤¥«¥­¨ï ãá«®¢¨¥¬u(c) = 0 . �®íâ®¬ã à §¬¥à­®áâì ­ã«ì-¯à®áâà ­áâ¢ à ¢­  ¥¤¨­¨æ¥ ¨ n1 = 1 ,   ¨§ ãà ¢­¥­¨ï (6) á«¥¤ã¥â,çâ® ne = 0 .�¯à¥¤¥«¨¬ ­ã«ì-à §¬¥à­®áâì ®¯¥à â®à  T(i) .�ãáâì äã­ªæ¨ï u 2 H(0; 1) â ª ï, çâ® T(i)u = 0 .�«ï ¢¥é¥áâ¢¥­­®© äã­ªæ¨¨ w 2 C10 (0; 1) ¨¬¥¥¬v = uw 2 D(e_T (i)) . � ª ¨ ¢® ¢­¥è­¥© ®¡« áâ¨, ¤«ï¨­â¥à¢ «  (1; c) ¬®¦­® ¯®«ãç¨âì á«¥¤ãîé¨© à¥§ã«ì-â â, â®«ìª® á § ¬¥­®© ¥£® ­  ¨­â¥à¢ « (0; 1) :kuk2 6 ~p(0)ju(0)j2 + ~p(1)ju(1)j2 = 0;â ª ª ª ~p(0) = ~p(1) = 0: �®áª®«ìªã u 2 H(i) �� L2(0; 1) , â® u� 0 , ¯®íâ®¬ã à §¬¥à­®áâì ­ã«ì-¯à®-áâà ­áâ¢  ®¯¥à â®à  T(i) à ¢­  ­ã«î ¨ ni = 0 . � ª¨¬®¡à §®¬, ®¯¥à â®àë T(e) ¨ T(i) á ¬®á®¯àï¦¥­ë.



�¥áâ­¨ª �®áª®¢áª®£® ã­¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®­®¬¨ï. 2003. ò1 13�¯¥à â®à K� áá¬®âà¨¬ ®¯¥à â®à K ¢ ¯à®áâà ­áâ¢¥L2�(x)(1;1) äã­ªæ¨©, ª¢ ¤à â¨ç­® ¨­â¥£à¨àã¥¬ëåá ¢¥á®¬ �(x) . � ¬¥â¨¬, çâ® L2�(x)(1;1) � L2(1;1) .�á«®¢¨ï u;Ku 2 L2�(x)(1;1) ¯à¨¢®¤ïâ ª  á¨¬¯â®â¨-ª ¬limx!1u(x) = (x� 1)�; limx!1u(x) = x� 32�� (�; � > 0);(8)â®£¤  ª ª äã­ªæ¨¨ ¨§ H(1;1) ¨¬¥îâ  á¨¬¯â®â¨-ª¨ (3). � «®¦¨¬ ­  L2�(x)(1;1) âà¥¡®¢ ­¨¥, çâ®¡ëäã­ªæ¨¨ ¨¬¥«¨ á¢®©áâ¢  (8) ¯à¨ � > 1=2 , ¨ ®¡®§­ -ç¨¬ íâ® ¯à®áâà ­áâ¢® H�(e) � H(1;1) . �®£¤  ¥á«¨T(e) ¯«®â­® ®¯à¥¤¥«¥­ ¢ H(1;1) , â® ®­ ¯«®â­® ®¯à¥-¤¥«¥­ ¢ H�(e) ¨ á¨¬¬¥âà¨ç¥­. �¯¥à â®à A ã¬­®¦¥­¨ï­  �(x) á¨¬¬¥âà¨ç¥­ ¢ H�(e) . �®íâ®¬ã A�1T(e) =Ká¨¬¬¥âà¨ç¥­ á ¢¥á®¬ � ®â­®á¨â¥«ì­® áª «ïà­®£®¯à®¨§¢¥¤¥­¨ï ((u; v)) ,((u; v)) = (Au; v) = 1Z1 dx �(x)u�(x)v(x);(u; v) = 1Z1 dx u�(x)v(x):�â®â à¥§ã«ìâ â ¢ ª­¨£¥ [2] ¯à¨¢®¤¨âáï ¤«ï § ¬ëª ¥-¬®£® ®¯¥à â®à  T(e) ¨ ®¯¥à â®à  A , ®£à ­¨ç¥­­®£®¢¬¥áâ¥ á ®¡à â­ë¬ ®¯¥à â®à®¬ A�1 ®â­®á¨â¥«ì­®áª «ïà­®£® ¯à®¨§¢¥¤¥­¨ï ¢ L2(1;1) ,kAuk2 = 1Z1 dx �2ju(x)j2 <1;kA�1uk2 = 1Z1 dx ��2ju(x)j2 <1: (9)�«ï äã­ªæ¨© u 2 H�(e) ¢ëà ¦¥­¨¥ (9) ¤«ï A�1®£à ­¨ç¥­®. �â®¡ë (9) ¡ë«® ¢¥à­® ¨ ¤«ï A , ­¥®¡-å®¤¨¬® áã§¨âì L2�(x) ¤® ¯à®áâà ­áâ¢  L2�2 äã­ªæ¨©,ª¢ ¤à â¨ç­® ¨­â¥£à¨àã¥¬ëå á ¢¥á®¬ �2 . �£à ­¨ç¥­-­®áâì A ­¥®¡å®¤¨¬  ¤«ï ¯®«­®âë ¯à®áâà ­áâ¢ H ¨AH ®â­®á¨â¥«ì­® áª «ïà­®£® ¯à®¨§¢¥¤¥­¨ï (u; v) .�¥©áâ¢¨â¥«ì­®, ¯ãáâì A ®£à ­¨ç¥­ ¨ H ¯®«­®,â. ¥. ¤«ï «î¡®© ¯®á«¥¤®¢ â¥«ì­®áâ¨ �®è¨ fung 2H ,fung! u 2H . �®£¤  kAu�Aunk6 kAk ku�unk ! 0¯à¨ n ! 1 . �®áª®«ìªã kAuk 6 kAk kuk < 1 , â®Au 2H . �¤­ ª® ¢ ãá«®¢¨ïå ¤ ­­®© § ¤ ç¨ A= � |­¥ á ¬®áâ®ïâ¥«ì­® ¤¥©áâ¢ãîé¨© ®¯¥à â®à,   ¢¥á®¢ ïäã­ªæ¨ï áª «ïà­®£® ¯à®¨§¢¥¤¥­¨ï, ®â­®á¨â¥«ì­® ª®-â®à®£® ¯®«­®â  ®¡¥á¯¥ç¨¢ ¥âáï ¯®áâà®¥­¨¥¬ H�(e) .� ¬¥â¨¬, çâ® H�(e) ¯®«­® ®â­®á¨â¥«ì­® K : ¥á«¨u 2H�(e) , â® Ku 2H�(e) .�® ¢­ãâà¥­­¥© ®¡« áâ¨ ®¯¥à â®à K ¤¥©áâ¢ã¥â¢ ¯à®áâà ­áâ¢¥ L2~�(x)(0; 1) ª¢ ¤à â¨ç­® ¨­â¥£à¨àã-

¥¬ëå äã­ªæ¨© á ¢¥á®¬ ~�(x) ­  ¨­â¥à¢ «¥ (0; 1) .�á«®¢¨ï u;Ku 2 L2~�(x)(0; 1) ¯à¨¢®¤ïâ ª  á¨¬¯â®â¨ª¥limx!0u(x) = x2+�; limx!1u(x) = (1� x)� (�; � > 0):(10)�ã­ªæ¨¨ ¨§ H(0; 1) ¨¬¥îâ  á¨¬¯â®â¨ª¨ (4). �ãáâì®¡« áâì ®¯à¥¤¥«¥­¨ï D(K) =H ~�(i) á®áâ®¨â ¨§ äã­ª-æ¨© u : u;Ku 2 L2~�(x)(0; 1) ¨ ¢¥à­® (10) ¯à¨ � > 1=2 .�®£¤  H ~�(i) � H(i) ¨, ¯®¤®¡­® ¢­¥è­¥© ®¡« áâ¨,K = ~��1T(i) á¨¬¬¥âà¨ç¥­ á ¢¥á®¬ ~� ®â­®á¨â¥«ì­®áª «ïà­®£® ¯à®¨§¢¥¤¥­¨ï((u; v)) = (Au; v) = 1Z0 dx ~�(x)u�(x)v(x): (11)�ç¨â ¥¬ â ª¦¥, çâ® ¤®áâ â®ç­® ®¡¥á¯¥ç¨âì § ¬ª­ã-â®áâì H ~�(i) ®â­®á¨â¥«ì­® ãà ¢­¥­¨ï (11), íâ® ãá«®¢¨¥¢ë¯®«­¥­® á ¬¨¬ ¯®áâà®¥­¨¥¬ H ~�(i) .�ª®­ç â¥«ì­® ¯®«ãç ¥¬ à¥§ã«ìâ â, çâ® K == ��1T(e) = ~��1T(i) á ¬®á®¯àï¦¥­ á ¨­¤¥ªá®¬ ¤¥ä¥ª-â , à ¢­ë¬ (0; 0) ¢ ¯à®áâà ­áâ¢¥ H�(e) ¢® ¢­¥è­¥© ¨¢ ¯à®áâà ­áâ¢¥ H ~�(i) ¢® ¢­ãâà¥­­¥© ®¡« áâïå.�®¡áâ¢¥­­ë¥ ¢¥ªâ®àë ¢® ¢­ãâà¥­­¥© ®¡« áâ¨�®¦¥â ¯®ª § âìáï ­¥®¦¨¤ ­­ë¬, çâ® K ¢®¢­ãâà¥­­¥© ®¡« áâ¨ ¤¢ ¦¤ë ¢ëà®¦¤¥­. � áá¬®âà¨¬à¥è¥­¨ï ¢® ¢­ãâà¥­­¥© ®¡« áâ¨. �à¨ � ! �1(x ! 1) ãà ¢­¥­¨¥ (2) á¢®¤¨âáï ª ¢®«­®¢®¬ã,@2�u(�) + !2u(�) = 0 . �¥è¥­¨ï ¯à®¯®àæ¨®­ «ì­ësin(!�) ¨ cos(!�) , ¨ ­¨ ®¤­® ­¥ ¬®¦¥â ¡ëâì ®â¡à®-è¥­®. � áá¬®âà¨¬ ¯à¥¤¥« �! 0 (x! 0). �ë¯¨è¥¬à §«®¦¥­¨¥ ¤«ï �(x) ¨  á¨¬¯â®â¨ç¥áª®¥ ¢ëà ¦¥­¨¥¤«ï ãà ¢­¥­¨ï (2):� =�x22 +O(x3);x4 @2�u(�) + u(�) = 0) 4�2 @2�u+ u= 0:�®«ãç ¥¬ ãà ¢­¥­¨¥ �©«¥à . �®¤áâ ­®¢ª  u = �s¤ ¥â â®«ìª® ®¤­® §­ ç¥­¨¥ s= 12 , â ª çâ® ¤«ï ¯¥à¢®£®à¥è¥­¨ï ¨¬¥¥¬ u1 ' �1=2 . �«ï ®¯à¥¤¥«¥­¨ï  á¨¬¯â®-â¨ª¨ ¢â®à®£® ­¥§ ¢¨á¨¬®£® à¥è¥­¨ï ¢®á¯®«ì§ã¥¬áï¢à®­áª¨ ­®¬u1 u02 � u01 u2 = C) (u2=u1)0 = C=(u21):�­â¥£à¨àãï ¯®á«¥¤­¥¥ ¢ëà ¦¥­¨¥ ¢¡«¨§¨ � = 0 , ¤«ï á¨¬¯â®â¨ª¨ u2 ¯®«ãç¨¬ �1=2 ln � . � ª u2 , â ª ¨ju2j2 ª®­¥ç­ë ¢ ­ã«¥, â® ¦¥ á ¬®¥ ¢¥à­® ¤«ï u1 .�®íâ®¬ã ju1j2 ¨ ju2j2 ¬®¦­® à áá¬ âà¨¢ âì ª ª¯«®â­®áâì ¢¥à®ïâ­®áâ¨, ¨ ®¡¥ äã­ªæ¨¨ u1 , u2 ¬®£ãâ¡ëâì ¨á¯®«ì§®¢ ­ë ¢ ª ç¥áâ¢¥ äã­ªæ¨¨ á®áâ®ï­¨ï.�­ «®£¨ç­®¥ à áá¬®âà¥­¨¥ ¢ ¯à®áâà ­áâ¢¥ x ¤ ¥â¯®¤®¡­ë¥ à¥§ã«ìâ âë. �à¨ x ! 0 ãà ¢­¥­¨¥ (1)á¢®¤¨âáï ª á«¥¤ãîé¥¬ãx(1� x) @2xR(x) + (1� 2x) @xR(x) + j2R(x) = 0:7 ���, ä¨§¨ª ,  áâà®­®¬¨ï, ò1



14 �¥áâ­¨ª �®áª®¢áª®£® ã­¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®­®¬¨ï. 2003. ò1�­® ï¢«ï¥âáï ãà ¢­¥­¨¥¬ £¨¯¥à£¥®¬¥âà¨ç¥áª®©äã­ªæ¨¨ F (�; �; 1; x) , £¤¥ �� =�j2 , �+� = 1 . �â ª,¢¡«¨§¨ x = 0 R1(x) = F (�; �; 1; x) á  á¨¬¯â®â¨ª®©R1 ! 1 ¯à¨ x ! 0 . �à®­áª¨ ­ ¤¢ãå ­¥§ ¢¨á¨¬ëåà¥è¥­¨© à ¢¥­R1R02 �R01R2 = C(x(1� x))�1)) (R2=R1)0 = C(x(1� x)R21)�1:�­â¥£à¨à®¢ ­¨¥ ¯®á«¥¤­¥£® ¢ëà ¦¥­¨ï ¢¡«¨§¨x = 0 ¤ ¥â ¤«ï R2 «®£ à¨ä¬¨ç¥áªãî ®á®¡¥­­®áâì¯à¨ x ! 0 . �á­®¢­ ï ¨­â¥à¯à¥â æ¨ï ¢¥ªâ®à  á®-áâ®ï­¨ï á¢ï§ ­  á ¯«®â­®áâìî ¢¥à®ïâ­®áâ¨. �á-«¨ á¨áâ¥¬  ¢® ¢­ãâà¥­­¥© ®¡« áâ¨ ­ å®¤¨âáï ¢á®áâ®ï­¨¨ 	(x) , â® ¯«®â­®áâì ¢¥à®ïâ­®áâ¨ à ¢­ P (x) = ~�(x)	2(x) . �ã­ªæ¨ï R2 ¨¬¥¥â «®£ à¨ä-

¬¨ç¥áªãî ®á®¡¥­­®áâì ¢ ­ã«¥, ®¤­ ª® ¢¥«¨ç¨­ P2(x) = ~�(x)R22(x) ¢ ­ã«¥ ª®­¥ç­ , ¨ ¯®íâ®¬ã P2¬®¦­® à áá¬ âà¨¢ âì ª ª ¯«®â­®áâì ¢¥à®ïâ­®áâ¨,  äã­ªæ¨ï R2 ¬®¦¥â ¡ëâì ¨á¯®«ì§®¢ ­  ¢ ª ç¥áâ¢¥¢¥ªâ®à  á®áâ®ï­¨ï.�¨â¥à âãà 1. Sanchez N. // J. Phys. Rev. 1977. D16, No. 4. P. 937.2. � â® �. �¥®à¨ï ¢®§¬ãé¥­¨© «¨­¥©­ëå ®¯¥à â®à®¢. �., 1972.3. � ©¬ àª �.�. �¨­¥©­ë¥ ¤¨ää¥à¥­æ¨ «ì­ë¥ ®¯¥à â®àë.�., 1969. �®áâã¯¨«  ¢ p¥¤ ªæ¨î17.06.02��� 523.72:323.43������������� �������������� ������� ���������� ������.�. �ã£ ¥¢, �.�. � «¨­ç¥­ª®(ª ä¥¤à  ª¢ ­â®¢®© áâ â¨áâ¨ª¨ ¨ â¥®à¨¨ ¯®«ï)E-mail: shugaev@phys.msu.ru�à¨¢®¤¨âáï ªà¨â¥à¨© ­¥ãáâ®©ç¨¢®áâ¨ ¯«®áª®© ��� ã¤ à­®© ¢®«­ë.�ãé¥áâ¢ãîâ ¤¢  ¢¨¤  ­¥ãáâ®©ç¨¢®áâ¨ à §àë¢®¢:1) ­¥ãáâ®©ç¨¢®áâì ¯® ®â­®è¥­¨î ª à á¯ ¤ã; 2) ­¥-ãáâ®©ç¨¢®áâì ª ¨§¬¥­¥­¨î ä®à¬ë, ¨«¨ £®äà¨à®¢®ç-­ ï ­¥ãáâ®©ç¨¢®áâì. �®äà¨à®¢®ç­ ï ­¥ãáâ®©ç¨¢®áâìã¤ à­ëå ¢®«­ ¢ ª« áá¨ç¥áª®© £ §®¤¨­ ¬¨ª¥ ¡ë« ¨áá«¥¤®¢ ­  �ìïª®¢ë¬ [1], �®­â®à®¢¨ç¥¬ [2], �®à-¤ ­áª¨¬ [3]. �«ï á«ãç ï ã¤ à­ëå ¢®«­ ¢ ¬ £­¨â­®©£¨¤à®¤¨­ ¬¨ª¥ â ª¨¥ à ¡®âë ®âáãâáâ¢ãîâ.� ¤ ç  áâ ¢¨âáï á«¥¤ãîé¨¬ ®¡à §®¬: ­  äà®­â¥¯«®áª®© ã¤ à­®© ¢®«­ë, à á¯à®áâà ­ïîé¥©áï ¯®®¤­®à®¤­®© ¯®ª®ïé¥©áï áà¥¤¥, ¨¬¥¥âáï ­¥¡®«ìè®¥¢®§¬ãé¥­¨¥. � ­ ç «ì­ë© ¬®¬¥­â áª®à®áâì ã¤ à­®©¢®«­ë ¢® ¢á¥å â®çª å äà®­â  ¯®áâ®ï­­ . �à®¬¥ â®£®,¯à¥¤¯®« £ ¥âáï, çâ® ¢ ­ ç «ì­ë© ¬®¬¥­â ¢®§¬ãé¥-­¨ï à á¯à®áâà ­ïîâáï ¢ ­ ¯à ¢«¥­¨¨ ®â äà®­â ¢®«­ë,   ­¥ ª ­¥¬ã.�ë áç¨â ¥¬, çâ® ã¤ à­ ï ¢®«­  ãáâ®©ç¨¢ , ¥á«¨¢®§¬ãé¥­¨¥ ã¡ë¢ ¥â á® ¢à¥¬¥­¥¬, ¨ ­¥ãáâ®©ç¨¢ , ¥á-«¨ ¢®§¬ãé¥­¨¥ ­ à áâ ¥â. � à ¡®â å [1{3] à¥è ¥âáï«¨­¥©­ ï § ¤ ç . �¨¦¥ ¨á¯®«ì§®¢ ­ë ­¥«¨­¥©­ë¥ãà ¢­¥­¨ï, ®¤­ ª® à áá¬®âà¥­¨¥ ®£à ­¨ç¥­® «¨èì¬ «ë¬ ¯à®¬¥¦ãâª®¬ ¢à¥¬¥­¨.� ¯¥à¥¬¥­­ëå �©«¥à  ãà ¢­¥­¨ï ¬ £­¨â­®© £¨¤-à®¤¨­ ¬¨ª¨ § ¯¨áë¢ îâáï á«¥¤ãîé¨¬ ®¡à §®¬:@vi@t + vj @vi@xj =�1� @p@xi + 14��(rotB�B)i;@Bi@t = roti(v�B);

@Bi@xi = 0;dSdt = 0;@�@t + @(�vj)@xj = 0; (1)£¤¥ vi | ª®¬¯®­¥­âë áª®à®áâ¨ áà¥¤ë, p | ¤ ¢«¥­¨¥,� | ¯«®â­®áâì, S | í­âà®¯¨ï, B | ¨­¤ãªæ¨ï ¬ £-­¨â­®£® ¯®«ï. �ç¨â ¥âáï, çâ® ¯à®¢®¤¨¬®áâì áà¥¤ë¡¥áª®­¥ç­ .�¨áâ¥¬  (1) ¤®¯ãáª ¥â à¥è¥­¨ï ¢ ¢¨¤¥ ¢®«­ âà¥åâ¨¯®¢: 1) ¡ëáâàëå ¬ £­¨â®§¢ãª®¢ëå ¢®«­; 2) ¬¥¤«¥­-­ëå ¬ £­¨â®§¢ãª®¢ëå ¢®«­; 3)  «ì¢¥­®¢áª¨å ¢®«­.�ª®à®áâ¨ ¨å à á¯à®áâà ­¥­¨ï ®â­®á¨â¥«ì­® áà¥¤ëà ¢­ë á®®â¢¥âáâ¢¥­­®U1;2 =p1=2vuutc2 + B24�� �s�c2 + B24���2 � c2B2n�� ;U3 = Bnp4��:�¤¥áì Bn | ­®à¬ «ì­ ï ª äà®­âã ¢®«­ë ª®¬¯®­¥­â ¢¥ªâ®à  ¬ £­¨â­®© ¨­¤ãªæ¨¨.�¨¦¥ à áá¬ âà¨¢ îâáï ¡ëáâàë¥ ã¤ à­ë¥ ¢®«­ë.� ª ¨§¢¥áâ­® [4], â¥¬¯¥à âãà  ¨ ¬ £­¨â­®¥ ¯®«¥


