
�¥áâ¨ª �®áª®¢áª®£® ã¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®®¬¨ï. 2000. ü6 11�¨â¥à âãà 1. Dittrich J., Inozemtsev V.I. // J. Phys. A. 1993. 20. P. 753.2. �¥é¥àïª®¢ �.�., �¢¥àáª®© �.�. // �¥áâ. �®áª. ã-â . �¨§.�áâà®. 2000. ü1. C. 56 (Moscow University Phys. Bull.2000. No. 1. P. 66).3. Calogero F. // J. Math. Phys. 1971. 12, No. 3. P. 419.4. Sutherland B. // Phys. Rev. 1971. A4, No. 5. P. 2019. 5. Olshanetsky M.A., Perelomov A.M. // Phys. Reports. 1983. 94.P. 312.6. �®§¥¬æ¥¢ �.�., �¥é¥àïª®¢ �.�. // �à. á®®¡é. ����.1984. ü 4{84. �. 22.7. Inozemtsev V.I., Meshcheryakov D.V. // Phys. Scripta.1986. 33, No. 1. P. 99. �®áâã¯¨«  ¢ p¥¤ ªæ¨î10.01.00��� 514.763.85; 514.763.24 ������������ ������ ������������� �������������� ��������� ���������. �. �¨á¥«¥¢(ª ä¥¤p  ¬ â¥¬ â¨ª¨)�¯p¥¤¥«¥ë ¯p®¨§¢®¤ïé¨¥ á¥ç¥¨ï § ª®®¢ á®åp ¥¨ï ¤«ï í««¨¯â¨ç¥áª®£® ãp ¢¥¨ï �¨ã¢¨««ï.�®ª § ®, çâ® ª ¦¤®¬ã ¯p®¨§¢®¤ïé¥¬ã á¥ç¥¨î á®®â¢¥âáâ¢ã¥â ¥âp¨¢¨ «ìë© § ª® á®åp ¥¨ï;ãáâ ®¢«¥®, çâ® ¢á¥ ª« áá¨ç¥áª¨¥ § ª®ë á®åp ¥¨ï ¯®à®¦¤ îâáï á¨¬¬¥âp¨ï¬¨ « £p ¦¨  .�p¨¢¥¤¥ë ï¢ë¥ ä®p¬ã«ë, á®¯®áâ ¢«ïîé¨¥ ª ¦¤®¬ã ¯p®¨§¢®¤ïé¥¬ã á¥ç¥¨î ¥ª®â®àë© § ª®á®åà ¥¨ï.�¢ã¬¥p®¥ í««¨¯â¨ç¥áª®¥ ãp ¢¥¨¥ �¨ã¢¨««ïE = fF � @2u@x1@x1 + @2u@x2@x2 � exp(2u) = 0g (1)¢®§¨ª ¥â ¢® ¬®£¨å p §¤¥« å ¬ â¥¬ â¨ª¨ ¨ ¬ â¥¬ -â¨ç¥áª®© ä¨§¨ª¨. � p¨¬ ®¢®© £¥®¬¥âp¨¨ ®® ¯p¥¤-áâ ¢«ï¥â á®¡®© ãp ¢¥¨¥ � ãáá , § ¯¨á ®¥ ¢ ª®-ä®p¬ëå ª®®p¤¨ â å ¤«ï ¯«®áª®áâ¨ �®¡ ç¥¢áª®-£® [1]. �à®¬¥ â®£®, ãp ¢¥¨¥ (1) ¯à¨¬¥ï¥âáï ¯à¨ ¨á-á«¥¤®¢ ¨¨  ¢â®¬®¤¥«ìëå p¥è¥¨© ãp ¢¥¨© � -¤®¬æ¥¢ {�®£ãæ¥ [2].� áá¬®âà¥ë© ¢  áâ®ïé¥© à ¡®â¥ ¯®¤å®¤ á¢ï§ á à¥è¥¨¥¬ ®¯à¥¤¥«ïîé¨å ãà ¢¥¨©   ¯à®¨§¢®-¤ïé¨¥ á¥ç¥¨ï § ª®®¢ á®åà ¥¨ï [3] ¨ à¥ «¨§ æ¨-¥© ¬¥â®¤  ¢®ááâ ®¢«¥¨ï á®åà ïîé¨åáï â®ª®¢ ¯®¯à®¨§¢®¤ïé¨¬ á¥ç¥¨ï¬ [4].1. �p®¨§¢®¤ïé¨¥ á¥ç¥¨ï�§¢¥áâ® [3], çâ® ¯p®¨§¢®¤ïé¨¥ á¥ç¥¨ï  (¢ á«ã-ç ¥ ¥¤¨áâ¢¥®© § ¢¨á¨¬®© ¯¥p¥¬¥®© u(x1; x2) |¯p®¨§¢®¤ïé¨¥ äãªæ¨¨) § ª®®¢ á®åp ¥¨ï ¯p¨- ¤«¥¦ â ï¤pã ker �`EF �� ®¯¥p â®p , ä®p¬ «ì® á®-¯pï¦¥®£® ®¯¥p â®pã ã¨¢¥pá «ì®© «¨¥ p¨§ æ¨¨,®£p ¨ç¥®¬ã   ãp ¢¥¨¥ E :`F =X� @F@p�D�; (2)£¤¥ p� = @j�ju=@x� , � | ¬ã«ìâ¨¨¤¥ªá, x� ¯p®¡¥-£ ¥â ¢á¥  ¡®pë ¥§ ¢¨á¨¬ëå ¯¥p¥¬¥ëå x1 ¨ x2 ,Di = @=@xi +P� p�+i @=@p� | ¯®« ï ¯p®¨§¢®¤ ï¯® i-© ª®®p¤¨ â¥. �«ï ãp ¢¥¨ï (1) ®¯p¥¤¥«ïîé¥¥ãp ¢¥¨¥   ¯p®¨§¢®¤ïé¨¥ äãªæ¨¨ ¨¬¥¥â ¢¨¤D21 +D22 � 2 exp(2u) = 0: (3)

�p®¨§¢®¤ïé¨¥ äãªæ¨¨ ª« áá¨ç¥áª¨å § ª®®¢ á®-åp ¥¨ï áãâì äãªæ¨¨ ¥§ ¢¨á¨¬ëå ª®®p¤¨ â x1¨ x2 , ¯¥p¥¬¥®© u ¨ ¥¥ ¯¥p¢ëå ¯p®¨§¢®¤ëåp1 � p(1;0) , p2 � p(0;1) :  =  (x1; x2; u; p1; p2) . � íâ®¬á«ãç ¥ p¥è¥¨ï ãp ¢¥¨ï (3) ¨¬¥îâ ¢¨¤ =A(x1; x2)p1+B(x1; x2)p2+C(x1; x2); (4)¯p¨ç¥¬ äãªæ¨¨ A ¨ B ã¤®¢«¥â¢®pïîâ á®®â®è¥¨-ï¬ �®è¨{�¨¬  ,   C ®¯p¥¤¥«ï¥âáï ¨§ íâ¨å á®®â®-è¥¨©: C = @A@x1 = @B@x2 ; @A@x2 + @B@x1 = 0; (5)â. ¥. A = Re(�); B = Im(�) ï¢«ïîâáï á®®â¢¥âáâ¢¥®¢¥é¥áâ¢¥®© ¨ ¬¨¬®© ç áâï¬¨ £®«®¬®pä®© ¢ Cäãªæ¨¨ �(x1 + ix2) .2. � ª®ë á®åp ¥¨ï� ¯ à ¥ ¤ ¥ « ¥  ¨ ¥. �®åà ïîé¨¬áï  §ë¢ ¥âáïâ®ª (S1; S2) = �S2 dx1 + S1 dx2 , ¤¨¢¥à£¥æ¨ï ª®-â®à®£® à ¢  ã«î   ãà ¢¥¨¨ E = fF = 0g :D1(S1) + D2(S2) = �(F ) , � =P� a�D�: �p®¨§¢®-¤ïé ï äãªæ¨ï  § ª®  á®åp ¥¨ï � ¨¬¥¥â ¢ íâ®¬á«ãç ¥ ¢¨¤ ��(1) [3, 5].� p ¥¥ ¥ ¨§¢¥áâ®, ª ¦¤®¬ã «¨ í«¥¬¥âã ï¤p ker�`EF �� á®®â¢¥âáâ¢ã¥â ¥âp¨¢¨ «ìë© § ª® á®åp -¥¨ï ¨«¨ ¦¥ áãé¥áâ¢ãîâ ¯®áâ®p®¨¥ p¥è¥¨ï ®¯p¥-¤¥«ïîé¨å ãp ¢¥¨©. �p®æ¥¤ãp  ¨áª«îç¥¨ï â ª¨åp¥è¥¨© á®áâ®¨â ¢ á«¥¤ãîé¥¬.�ãáâì  2 ker�`EF �� , â. ¥. áãé¥áâ¢ã¥â â ª®©C -¤¨ää¥p¥æ¨ «ìë© ®¯¥p â®p � (®¯¥p â®p ¢¨¤ P� a�D� ), çâ® `�F ( ) = �(F ): (6)6 ���, ä¨§¨ª ,  áâà®®¬¨ï, ü 6



12 �¥áâ¨ª �®áª®¢áª®£® ã¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®®¬¨ï. 2000. ü 6�á«¨, ªp®¬¥ â®£®, áãé¥áâ¢ã¥â ¤pã£®© á ¬®á®¯pï¦¥-ë© C -¤¨ää¥p¥æ¨ «ìë© ®¯¥p â®p r=r� , ¯p¨ç¥¬¢ë¯®«¥® p ¢¥áâ¢®`E +�� =r� `EF (7)(§¤¥áì ¨ ¤ «¥¥ ç¥pâ   ¤ ®¯¥p â®p®¬ ®§ ç ¥â ¥£®®£p ¨ç¥¨¥   ãp ¢¥¨¥ E ), â®  ï¢«ï¥âáï ¯p®¨§-¢®¤ïé¥© äãªæ¨¥© ¥ª®â®p®£® § ª®  á®åp ¥¨ï.�¡p â¨¬ ¢¨¬ ¨¥   ¯®pï¤ª¨ ãª § ëå ¢ë-è¥ ®¯¥p â®p®¢ ¨ áâ pè¨å ¯p®¨§¢®¤ëå, ¢å®¤ïé¨å¢ äãªæ¨¨  ¨ F . �§ ãp ¢¥¨ï (6) á«¥¤ã¥â, çâ®� ¨, á«¥¤®¢ â¥«ì®, «¥¢ ï ç áâì (7) | ®¯¥p â®pë¯¥p¢®£® ¯®pï¤ª . �®áª®«ìªã ¯®àï¤®ª ®¯¥à â®à  `Fà ¢¥ ¤¢ã¬, â® r= 0 ¨`E +�� = 0: (8)� áá¬ âp¨¢ ï ®¯¥p â®pë � ¢¨¤  a0( ) + a1( )D1+a2( )D2 , ¯®«ãç ¥¬, çâ® ãá«®¢¨¥ (8) íª¢¨¢ «¥â® á®-®â®è¥¨î 2C � @A=@x1� @B=@x2 = 0 ¤«ï ª®¬¯®-¥â äãªæ¨¨  . �¤ ª® ®® § ¢¥¤®¬® ¢ë¯®«¥®¢ á¨«ã (5); § ç¨â, ¤®¯®«¨â¥«ìë¥ ®£p ¨ç¥¨ï  ¯p®¨§¢®¤ïé¨¥ äãªæ¨¨ § ª®®¢ á®åp ¥¨ï ®âáãâ-áâ¢ãîâ ¨ ¯p®¨§¢®¤ïé¨¥ äãªæ¨¨  å®¤ïâáï ¢® ¢§ -¨¬®-®¤®§ ç®¬ á®®â¢¥âáâ¢¨¨ á á®åp ïîé¨¬¨áïâ®ª ¬¨.3. �¨¬¬¥âà¨¨ « £à ¦¨  �p ¢¥¨¥ (1) ¬®¦¥â ¡ëâì ¯®«ãç¥® ¯p¨ ¢ pì¨p®-¢ ¨¨ « £p ¦¨   L = R Ldx1 ^ dx2 á ¯«®â®áâìîL= �p21+ p22 + exp(2u)� = 2 . �®®â¢¥âáâ¢ãîé¥¥ ¯p®¨§-¢®¤ïé¥© äãªæ¨¨  í¢®«îæ¨®®¥ ¤¨ää¥p¥æ¨p®-¢ ¨¥ Ev =P�D�( )@=@p�  §ë¢ ¥âáï �¥â¥p®¢®©á¨¬¬¥âp¨¥© « £p ¦¨   L , ¥á«¨ Ev (L) = 0 . �â-¬¥â¨¬, çâ® Ev ï¢«ï¥âáï �¥â¥p®¢®© á¨¬¬¥âp¨¥© Lâ®£¤  ¨ â®«ìª® â®£¤ , ª®£¤ Ev (F ) + `� (F ) = 0: (9)�p¨ íâ®¬  | ¯p®¨§¢®¤ïé ï äãªæ¨ï § ª®  á®åà -¥¨ï ãp ¢¥¨ï (1).�®¤áâ ¢«ïï ¢ (9) ¯®«ãç¥ë¥ p ¥¥ ãá«®¢¨ï (5),¢®á¯®«ì§®¢ ¢è¨áì ¢ëà ¦¥¨¥¬ (4), ¬®¦® ã¡¥¤¨âìáï¢ â®¬, çâ® ãá«®¢¨¥ (9) ¢ë¯®«¥® ¤«ï ¢á¥å äãª-æ¨©  ¨, á«¥¤®¢ â¥«ì®, ¢á¥ ª« áá¨ç¥áª¨¥ § ª®ë á®-åp ¥¨ï ¯p®¨áå®¤ïâ ¨§ á®®â¢¥âáâ¢ãîé¨å á¨¬¬¥âp¨©« £p ¦¨  .4. �®ááâ ®¢«¥¨¥ á®åà ïîé¨åáï â®ª®¢� ®â«¨ç¨¥ ®â  å®¦¤¥¨ï ¯®«¥© �¨ ¯® ¯p®¨§¢®-¤ïé¨¬ äãªæ¨ï¬ á¨¬¬¥âp¨©  å®¦¤¥¨¥ á®åp ïî-é¨åáï â®ª®¢ ¥ áâ®«ì âp¨¢¨ «ì® ¨ âp¥¡ã¥â ¤®¯®«-¨â¥«ì®£®   «¨§ . �¯¨è¥¬ ªp âª® áãé®áâì ¯à¥¤-«®¦¥®£® ¢ à ¡®â¥ [4] ¬¥â®¤  ¯®áâp®¥¨ï 1-ä®p¬,â®çëå   ãp ¢¥¨¨ E .� áá¬®âp¨¬ ¯®«¥ Evf , ª®â®p®¥ § ¤ ® äãªæ¨-¥© f = u ¨ ¯®p®¦¤ ¥â ®â®¡p ¦¥¨¥ A� : (xi; p�) 7!7! (xi; p� exp(�)) . �®£¤ dd� A��(!) =A�� (Evf(!)) = A�� (`!(f)) : (10)

�ë¡¥p¥¬ ¢ ª ç¥áâ¢¥ ! ä®p¬ã ! = hF;  i == F dx1 ^ dx2 , ¨ ¯ãáâì � | ¨áª®¬ë© â®ª  ãp ¢¥¨¨ fF = 0g , á®®â¢¥âáâ¢ãîé¨© ¯p®¨§¢®¤ï-é¥© äãªæ¨¨  . � ¬¥â¨¬, çâ® ¢ ¯p ¢®© ç áâ¨ (10)`!(f) = h`�!(1); fi + dG(`! � f) ; ®â®¡p ¦¥¨¥ G:CDi�(F ;�2)! �1 , ¯¥p¥¢®¤ïé¥¥ ¢ 1-ä®p¬ë ¬®¤ã«ìC -¤¨ää¥p¥æ¨ «ìëå ®¯¥p â®p®¢, ¤¥©áâ¢ãîé¨å  £« ¤ª¨¥ äãªæ¨¨ ¨ ¯p¨¨¬ îé¨å § ç¥¨ï ¢ 2-ä®p-¬ å (¢á¥ ª®áâpãªæ¨¨ ®£p ¨ç¥ë   ãp ¢¥¨¥ E ),®¯p¥¤¥«¥® á«¥¤ãîé¨¬ ®¡p §®¬:G�X� a�D��= Xj�j>08j 2 �(�1)j�j�1D��j(a�)!(�j):�¤¥áì !(�j) = (�1)j+1 dx1 : : :ddxj : : : dxn (¢  è¥¬á«ãç ¥ n = 2), � � j | ¬ã«ìâ¨¨¤¥ªá, ¯®«ãç îé¨©-áï ¢ p¥§ã«ìâ â¥ ®¤®ªp â®£® ¨áª«îç¥¨ï ¨¤¥ªá j = 1; 2 ¨§ ¬ã«ìâ¨¨¤¥ªá  � .�p®¨â¥£p¨pã¥¬ (10) ¯® � ®â �1 ¤® 0 . �®«ãç¨¬hF;  i=A�0(!) == 0Z dd� A�� (!) d� = 0Z A�� (`!(f))d� == d 0Z A�� (G(`! � f))d� � d�; (11)®âªã¤  á«¥¤ã¥â ¨áª®¬ë© ¢¨¤ â®ª  � .�   ¬ ¥ ç    ¨ ¥. � ¯p®æ¥áá¥ ¢ëç¨á«¥¨© ¢á¥ â®ª¨®¯p¥¤¥«ïîâáï á â®ç®áâìî ¤® âp¨¢¨ «ìëå, ª ¦¤ë©¨§ ª®â®pëå ¨¬¥¥â ¢¨¤ �T = D1(T ) dx1 + D2(T ) dx2¯p¨ ¥ª®â®p®© äãªæ¨¨ T .�p®¢®¤ï ®¯¨á ë¥ ¢ëè¥ p ááã¦¤¥¨ï ¤«ï ãà ¢-¥¨ï fF = 0g ¨ äãªæ¨©  ¢¨¤  (4){(5), ¯®«ã-ç ¥¬ ®ª®ç â¥«ìë© p¥§ã«ìâ â: á®åp ïîé¨©áï â®ª(S1; S2) ¨¬¥¥â ª®¬¯®¥âëS1 = 12Aup(0;2)�12A exp(2u)+12Ap21+12Bp1p2 +Cp1��12 @A@x1up1 � 12 @B@x1up2� 12Bup(1;1)� @C@x1u;S2 = 12Bup(2;0)�12B exp(2u)+12Bp22+12Ap1p2+Cp2��12 @A@x2up1 � 12 @B@x2up2� 12Aup(1;1)� @C@x2u:� ª«îç¥¨¥�p®¢¥¤¥ë¥ p ááã¦¤¥¨ï ¯®ª §ë¢ îâ, çâ® í«-«¨¯â¨ç¥áª®¥ ãp ¢¥¨¥ �¨ã¢¨««ï (1) ¡®£ â® p §®-®¡p §ë¬¨ £¥®¬¥âp¨ç¥áª¨¬¨ áâpãªâãp ¬¨. � ç áâ®-áâ¨, ãáâ ®¢«¥®, çâ® § ª®®¢ á®åp ¥¨ï (¯p¨ç¥¬®¤¨å â®«ìª® ª« áá¨ç¥áª¨å) ¤®áâ â®ç® ¬®£® | ®¨
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�¨â¥à âãà 1. �ã¡p®¢¨ �.�., �®¢¨ª®¢ �.�., �®¬¥ª® �.�. �®¢p¥¬¥ ï£¥®¬¥âp¨ï. �. I. �.: � ãª , 1979.2. Gusyatnikova V.N., Samokhin A.V., Titov V.S. et al. // Acta Appl.Math. 1989. 15, No. 1. P. 24.3. �®ç p®¢ �.�., �¨®£p ¤®¢ �.�., �p á¨«ìé¨ª �.�. ¨ ¤p.�¨¬¬¥âp¨¨ ¨ § ª®ë á®åp ¥¨ï ãp ¢¥¨© ¬ â¥¬ â¨ç¥á-ª®© ä¨§¨ª¨. / �®¤ p¥¤. �.�. �¨®£p ¤®¢ , �.�. �p á¨«ì-é¨ª . �.: � ªâ®à¨ «, 1997.4. Vinogradov A. M. // J. Math. Anal. Appl. 1984. 100, No. 1. P. 1.5. Krasil'shchik J., Verbovetsky A. Homological Methods inEquations of Mathematical Physics, Opava. Czech Republic:Open Education & Science, 1998. �®áâã¯¨«  ¢ p¥¤ ªæ¨î17.03.00��� 537.874 ������������ ��������� ������������� ��������� ���� �� ���������. �. �à¥¬¨ , �. �. �¢¥è¨ª®¢(ª ä¥¤à  ¬ â¥¬ â¨ª¨)�®áâà®¥  ¬ â¥¬ â¨ç¥áª ï ¬®¤¥«ì à áá¥ï¨ï ¯®«ïà¨§®¢ ®£® ¨§«ãç¥¨ï ¥®á¥á¨¬¬¥âà¨ç®©áâàãªâãà®©, à á¯®«®¦¥®© ¯®¤ ¯«¥ª®©   ¯à®¨æ ¥¬®© ¯®¤«®¦ª¥. �à¨¢¥¤¥ë à¥§ã«ìâ âë ¤«ïà áá¥ï¨ï ç áâ¨æ ¬¨ à §«¨ç®© ä®à¬ë.�® ¬¥à¥ á®¢¥àè¥áâ¢®¢ ¨ï ®¡ê¥¬ëå ¨â¥£à «ì-ëå áå¥¬ áâ ®¢¨âáï ¢á¥ ¡®«¥¥  ªâã «ì®© ¯à®¡«¥-¬  ®¡¥á¯¥ç¥¨ï ç¨áâ®âë ªà¥¬¨¥¢ëå ¢¥©ä¥à®¢, ¨á-¯®«ì§ãîé¨åáï ª ª ®á®¢  á®¢à¥¬¥ëå ¨â¥£à «ì-ëå áå¥¬. � «ì¥©è ï ¬¨¨ âîà¨§ æ¨ï áå¥¬ ¬¨ª-à®¯à®æ¥áá®à®¢ âà¥¡ã¥â ã¦¥áâ®ç¥¨ï áâ ¤ àâ®¢ ®â-ª«®¥¨ï ¨å ª®ä¨£ãà æ¨© ®â § ¤ ®© áâàãªâãàë, ¢ç áâ®áâ¨ ç¨áâ®âë ¯®¢¥àå®áâ¨ ªà¥¬¨¥¢®£® ¢¥©ä¥-à    à §«¨çëå áâ ¤¨ïå â¥å®«®£¨ç¥áª®£® ¯à®æ¥áá .�¡ àã¦¥¨¥ § £àï§ïîé¨å ç áâ¨æ   ¢¥©ä¥à¥ ®áã-é¥áâ¢«ï¥âáï á ¯®¬®éìî ®¯â¨ç¥áª¨å ¯®¢¥àå®áâëåáª ¥à®¢. �®¢¥àè¥áâ¢®¢ ¨¥ ª®áâàãªæ¨© áª ¥à®¢¯à¥¤áâ ¢«ï¥â á®¡®© ¯à¨®à¨â¥âãî § ¤ çã ¤«ï á¨«¨-ª®®¢®© ¯à®¬ëè«¥®áâ¨ [1]. � §à ¡®âª  ¬ â¥¬ â¨-ç¥áª¨å ¬®¤¥«¥©   «¨§  ¯à®æ¥áá®¢ à áá¥ï¨ï ¯®¬®£ -¥â à¥è¨âì íâã § ¤ çã.�®«ìè®¥ ª®«¨ç¥áâ¢® à ¡®â ¡ë«® ¯®á¢ïé¥®   -«¨§ã à áá¥¨¢ îé¨å á¢®©áâ¢ § £àï§ïîé¨å ç áâ¨æà §«¨çëå ¬ â¥à¨ «®¢   ®á®¢¥ ¬¥â®¤  ¤¨áªà¥âëå¨áâ®ç¨ª®¢ (���). � à ¡®â¥ [2] ¯à®¢®¤¨«áï   «¨§à áá¥ï¨ï á¢¥â  ç áâ¨æ ¬¨ ¨ ï¬ ¬¨   ªà¥¬¨¥¢®©¯®¤«®¦ª¥. � à ¡®â¥ [3] ��� ®¡®¡é¥   á«ãç ©®á¥á¨¬¬¥âà¨ç®© ç áâ¨æë ¢ á«®¥. �¤ ª® ¢®¯à®á ®¢«¨ï¨¨ ¤¥ä®à¬ æ¨©, ¢¥¤ãé¨å ª ¥®á¥á¨¬¬¥âà¨çë¬áâàãªâãà ¬,   à áá¥¨¢ îé¨¥ á¢®©áâ¢  ¬¨ªà®ç áâ¨æ¯à ªâ¨ç¥áª¨ ¥ à áá¬ âà¨¢ «áï. �  áâ®ïé¥© à ¡®â¥��� ®¡®¡é ¥âáï   á«ãç © ¯à®¨§¢®«ì®© ¯à®¨æ -¥¬®© ç áâ¨æë, à á¯®«®¦¥®© ¢ á«®¥   ¯®¢¥àå®áâ¨¯®¤«®¦ª¨, ª®£¤  ç áâ¨æ  á ¯®¤«®¦ª®© ã¦¥ ¥ ®¡-à §ãîâ ®á¥á¨¬¬¥âà¨ç®© áâàãªâãàë. �  ®á®¢¥ ¯à®-

£à ¬¬®© à¥ «¨§ æ¨¨ à §¢¨â®£® ¬¥â®¤  ¯à®¢®¤¨âáï  «¨§ à áá¥¨¢ îé¨å á¢®©áâ¢ íª¢¨®¡ê¥¬ëå ç áâ¨æá à §«¨çë¬¨ £¥®¬¥âà¨ï¬¨.1. � â¥¬ â¨ç¥áª ï ¬®¤¥«ì ¥®á¥á¨¬¬¥âà¨ç®£®à áá¥¨¢ â¥«ï� ç¥¬ á ¬ â¥¬ â¨ç¥áª®© ¯®áâ ®¢ª¨ à áá¬ âà¨-¢ ¥¬®© § ¤ ç¨. �ãáâì fE0; H0g | ¯®«¥ ¯«®áª®©í«¥ªâà®¬ £¨â®© ¢®«ë «¨¥©®© ¯®«ïà¨§ æ¨¨, ¯ -¤ îé¥© ¯®¤ ã£«®¬ �0 ®â®á¨â¥«ì® ®à¬ «¨  ¯«®áªãî £à ¨æã �f à §¤¥«  ¢®§¤ãå{á«®© D0� Df ,  ç áâ¨æ , § ¨¬ îé ï ®¡« áâì Di á £« ¤ª®© £à ¨-æ¥© @D , à á¯®«®¦¥  æ¥«¨ª®¬ ¢ãâà¨ á«®ï â®«é¨-ë d , ®£à ¨ç¥®£® ¯«®áª®áâï¬¨ �f ¨ �1 . �«®á-ª®áâì �1 à §¤¥«ï¥â á«®© ¨ ¯®¤«®¦ªã D1 . �¢¥¤¥¬¯àï¬®ã£®«ìãî á¨áâ¥¬ã ª®®à¤¨ â, ¢ë¡à ¢ ¥¥  ç «®  ¯«®áª®áâ¨ �1 ,   ®áì Oz  ¯à ¢¨¬ ¢¤®«ì ®à¬ «¨ª ¯®¤«®¦ª¥ ¢ ®¡« áâì Df . �®£¤  £à ¨ç ï § ¤ ç à áá¥ï¨ï ¯à¨¨¬ ¥â ¢¨¤rotHt = ik"tEt; rotEt = �ik�tHt ¢Dt; t= 0; f; 1; i;np � (Ei (p)�Ef (p)) = 0;np � (Hi (p)�Hf (p)) = 0; p 2 @D;ez � (Ef (p)�E0;1 (p)) = 0;ez � (Hf (p)�H0;1 (p)) = 0; p 2 �f;1 (1)á ãá«®¢¨ï¬¨ ¨§«ãç¥¨ï (§ âãå ¨ï) ¤«ï à áá¥ïëå¯®«¥©   ¡¥áª®¥ç®áâ¨. �¤¥áì fEt; Htg | ¯®«®¥7 ���, ä¨§¨ª ,  áâà®®¬¨ï, ü 6


