
�¥áâ­¨ª �®áª®¢áª®£® ã­¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®­®¬¨ï. 2000. ü4 15£¤¥ K22 ¨ T12 | í«¥¬¥­âë ¬ âà¨æK = I cos(�1�1) cos(�2�2=2)+M1M2 sin(�1�1) sin(�2�2=2);T =M1 sin(�1�1) cos(�2�2=2) +M2 cos(�1�1) sin(�2�2=2):�«¥¤®¢ â¥«ì­®,z0 =� Pm~ ImK22D ; _z0 = Pm~ ImT12D ;£¤¥ D = ReT12 ImK22�ReK22 ImT12 . �âáî¤ z(t) =8>>>><>>>>:z0 cos�1t+ _z0�1 sin�1t; t 2 [0; �1];z1 cos!0(t� �1) + _z1!0 sin!0(t� �1);t 2 [�1; �1 + �2=2];£¤¥ z1 = z0 cos�1�1 + _z0�1 sin�1�1 , _z1 = �z0�1 sin�1�1 ++ _z0 cos�1�1 . � ª¨¬ ®¡à §®¬, ä¨«ìâàãîé ï äã­ªæ¨ï ¨¬¥¥â¢¨¤v(t) =8>>>>>>>><>>>>>>>>:z0 cos�Ret ch�Imt++ _z0j�1j2 (�Re cos�Ret sh�Imt� �1 sin�Imt ch�Imt);t 2 [0; �1];Imz1 cos!0(t� �1) + Im _z1!0 sin!0(t� �1);t 2 (�1; �1 + �2=2):

�¨¤ äã­ªæ¨© z(t) ¨ v(t) ­  ¯à®¬¥¦ãâª¥ [�1 + �2; 2�1 + �2]®¯à¥¤¥«ï¥âáï ¨§ ¨å ç¥â­®áâ¨ ®â­®á¨â¥«ì­® â®çª¨ t = �1 ++�2=2 .�â­®è¥­¨¥ á¨£­ «/èã¬ á ãç¥â®¬ â®£®, çâ® á¨«  ¤¥©áâ¢®-¢ «  ªà âª®¢à¥¬¥­­® ¢ â®çª¥ t= �1+ �2=2 , à ¢­®sn = 1Z�1 F (t)v(t) dt= Pv��1+ �22 �== P 2m~ 1D (ImT12 ImT21� ImK11 ImK22):�®¤áâ ¢¨¢ ¢ëà ¦¥­¨ï ¤«ï ImKij ¨ ImTij , ¯®á«¥ ã¯à®é¥­¨ï¯®«ãç¨¬ ä®à¬ã«ã (7).�¨â¥à âãà 1. �à £¨­áª¨© �.�., �®à®­æ®¢ �.�. // ���. 1974. 114. �. 41.2. �à £¨­áª¨© �.�., �®à®­æ®¢ �.�., � «¨«¨ �.�. // �¨áì¬  ¢����. 1978. 27. �. 296.3. Braginsky V.B., Khalili F.Ya. // Phys. Lett. 1999. A257. P. 241.4. �à £¨­áª¨© �.�., � ­ãª¨­ �.�. �§¬¥à¥­¨¥ ¬ «ëå á¨« ¢ä¨§¨ç¥áª¨å íªá¯¥à¨¬¥­â å. �.: � ãª , 1974.5. Braginsky V.B., Khalili F.Ya. Quantum Measurement.Cambridge University Press, 1992.6. �¥¢¨­ �.�. �â â¨áâ¨ç¥áª ï à ¤¨®â¥å­¨ª . �.: � ãª ,1975. �®áâã¯¨«  ¢ p¥¤ ªæ¨î27.10.99��� 519.6 ���������� ������ GCV ��� ����������� ������������ ������. �. �¨â à¥­ª®, �. �. �£®« (ª ä¥¤à  ¬ â¥¬ â¨ª¨)�  ¯à¨¬¥à¥ á¨áâ¥¬ «¨­¥©­ëå  «£¥¡p ¨ç¥áª¨å ãp ¢­¥­¨© ¯®ª § ­®, çâ®  «£®à¨â¬ à¥è¥­¨ï ­¥ª®à-à¥ªâ­ëå § ¤ ç, ®á­®¢ ­­ë© ­  ¬¥â®¤¥ GCV, ¢ ®¡é¥¬ á«ãç ¥ ­¥ ï¢«ï¥âáï à¥£ã«ïà¨§¨àãîé¨¬.�­®£¨¥ ¯à ªâ¨ç¥áª¨¥ § ¤ ç¨ ¬®¦­® § ¯¨á âì ¢ä®à¬¥ ®¯¥à â®à­®£® ãà ¢­¥­¨ïAz = u; z 2 Z; u 2 U; (1)£¤¥ ¯à®áâà ­áâ¢  Z , U ï¢«ïîâáï ­®à¬¨à®¢ ­­ë¬¨.� ¤ ç  (1) ­ §ë¢ ¥âáï ª®àà¥ªâ­®© (¯® �¤ ¬ àã)­  ª« áá¥ ú¤®¯ãáâ¨¬ëåû ¤ ­­ëå �= f(A; u)g , ¥á«¨:1) § ¤ ç  ¨¬¥¥â à¥è¥­¨¥ ¤«ï «î¡ëå ¤ ­­ëå(A; u)2 � ,2) à¥è¥­¨¥ § ¤ ç¨ ¥¤¨­áâ¢¥­­® ¤«ï «î¡ëå ¤ ­­ëå(A; u)2 � ,3) à¥è¥­¨¥ § ¤ ç¨ ãáâ®©ç¨¢® ®â­®á¨â¥«ì­® ¢®§¬ã-é¥­¨ï ¨áå®¤­ëå ¤ ­­ëå § ¤ ç¨.�®á«¥¤­¥¥ ®§­ ç ¥â, çâ® ¤«ï «î¡ëå ¤ ­­ëå(Ah; u�) 2 � â ª¨å, çâ®kAhz �AzkU 6 hkzkZ ; ku� � ukU 6 �;
à¥è¥­¨¥ z(Ah; u�) Z! z(A; u) ¯à¨ h; �! 0 . �á«¨ å®âï¡ë ®¤­® ¨§ ãá«®¢¨© ª®àà¥ªâ­®áâ¨ ­¥ ¢ë¯®«­ï¥âáï,â® § ¤ ç  (1) ­ §ë¢ ¥âáï ­¥ª®àà¥ªâ­®©. �à¨ ­ àã-è¥­¨¨ ãá«®¢¨© áãé¥áâ¢®¢ ­¨ï ¨ ¥¤¨­áâ¢¥­­®áâ¨ § ®¡®¡é¥­­®¥ à¥è¥­¨¥ § ¤ ç¨ (1) ®¡ëç­® ¯à¨­¨¬ ¥âáï­®à¬ «ì­®¥ ¯á¥¢¤®à¥è¥­¨¥, â. ¥. à¥è¥­¨¥ ¢ á¬ëá«¥¬¥â®¤  ­ ¨¬¥­ìè¨å ª¢ ¤à â®¢ á ¬¨­¨¬ «ì­®© ­®à-¬®©, ¥á«¨ ®­® áãé¥áâ¢ã¥â. � ¤ «ì­¥©è¥¬ ¢ ª ç¥áâ¢¥®¡®¡é¥­­®£® à¥è¥­¨ï § ¤ ç¨ (1) ¡ã¤¥¬ à áá¬ âà¨-¢ âì ­®à¬ «ì­®¥ ¯á¥¢¤®à¥è¥­¨¥.�.�. �¨å®­®¢ ¢ à ¡®â å [1, 2] ®¯à¥¤¥«¨«, çâ® ¯®¤-à §ã¬¥¢ ¥âáï ¯®¤ à¥è¥­¨¥¬ ­¥ª®àà¥ªâ­®© § ¤ ç¨ (1),¨ ¯à¨¢¥« à¥£ã«ïà¨§¨àãîé¨©  «£®à¨â¬, ®á­®¢ ­­ë©­  ¬¨­¨¬¨§ æ¨¨ á£« ¦¨¢ îé¥£® äã­ªæ¨®­ « M�[z] = kAhz � u�k2+ �kzk2; (2)£¤¥ � > 0 | ¯ à ¬¥âà à¥£ã«ïà¨§ æ¨¨. �«ï á«ãç ï,ª®£¤  ¯p®áâp ­áâ¢  Z ¨ U £¨«ì¡¥àâ®¢ë, ¬®¦­® § ¯¨-8 ���, ä¨§¨ª ,  áâà®­®¬¨ï, ü 4



16 �¥áâ­¨ª �®áª®¢áª®£® ã­¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®­®¬¨ï. 2000. ü 4á âì í«¥¬¥­â z� , ¬¨­¨¬¨§¨àãîé¨© á£« ¦¨¢ îé¨©äã­ªæ¨®­ « (2), ¢ ¢¨¤¥z� = (�I +A�hAh)�1A�hu�; (3)£¤¥ I | ¥¤¨­¨ç­ë© ®¯¥à â®à ¢ ¯à®áâà ­áâ¢¥ Z ,  A�h | ®¯¥à â®à, á®¯àï¦¥­­ë© Ah .� à ¡®â å [3{7] ¯®ª § ­®, çâ® ­¥«ì§ï à¥è¨âì ­¥-ª®àà¥ªâ­ãî § ¤ çã, ­¥ ¨á¯®«ì§ãï ¨­ä®à¬ æ¨¨ ® ¯®-£à¥è­®áâïå h (®¯¥à â®à ) ¨ � (¯à ¢®© ç áâ¨) ®¯¥à -â®à­®£® ãà ¢­¥­¨ï (1). �¥£ã«ïà¨§¨àãîé¨©  «£®à¨â¬,­¥ ¨á¯®«ì§ãîé¨© ¯®£à¥è­®áâ¥© h ¨ � , áãé¥áâ¢ã¥ââ®«ìª® ¤«ï ª®àà¥ªâ­ëå § ¤ ç. �®íâ®¬ã ¢á¥ ¯®¯ëâ-ª¨ â ª¨¬ ®¡à §®¬ ®¡®¡é¨âì  «£®à¨â¬ à¥è¥­¨ï ®¯¥-à â®à­®£® ãà ¢­¥­¨ï (1) ¤«ï ª®àà¥ªâ­ëå § ¤ ç ­ ­¥ª®àà¥ªâ­ë¥ § ¤ ç¨ ­¥ ¬®£ãâ ¯®«ãç¨âì â¥®à¥â¨ç¥á-ª®£® ®¡®á­®¢ ­¨ï, â ª ª ª íâ¨ ¯®¯ëâª¨ ¨§­ ç «ì­®ï¢«ïîâáï ­¥¯à ¢¨«ì­ë¬¨.�¥¬ ­¥ ¬¥­¥¥ ¨ ¤® á¨å ¯®à áãé¥áâ¢ãîâ ¯®¯ëâª¨¯®áâà®¥­¨ï â ª¨å  «£®à¨â¬®¢. � ª, á¥©ç á ®ç¥­ì à á-¯à®áâà ­¥­ ¬¥â®¤ GCV (generalized cross validation),¯à¥¤«®¦¥­­ë© ¢ p ¡®â¥ [8] ¨ à §¢¨âë© ¢ [9{16]. �â®â¬¥â®¤ ¨¬¥¥â ­¥áª®«ìª® (¢®®¡é¥ £®¢®àï, ­¥ íª¢¨¢ -«¥­â­ëå) ¢ à¨ ­â®¢. � áá¬®âà¨¬ ­ ¨¡®«¥¥ ¯®¯ã«ïà-­ë© ¢ à¨ ­â: ¯ à ¬¥âà � ­ å®¤¨âáï ª ª â®çª  £«®-¡ «ì­®£® ¬¨­¨¬ã¬  äã­ªæ¨¨G(�) = k(�E +AhA�h)�1u�ktr[(�E+AhA�h)�1]¯à¨ �> 0 , £¤¥ E | ¥¤¨­¨ç­ë© ®¯¥à â®à ¢ ¯à®áâà ­-áâ¢¥ U .�á­®, çâ® ª ª ¬¥â®¤, ­¥ ¨á¯®«ì§ãîé¨© ¨­ä®à¬ -æ¨î ® ¯®£à¥è­®áâïå h ¨ � , ¬¥â®¤ GCV ­¥ ¬®¦¥â¯à¨¬¥­ïâìáï ¤«ï à¥è¥­¨ï ­¥ª®àà¥ªâ­ëå § ¤ ç. � á-á¬®âà¨¬ ¯à¨¬¥­¥­¨¥ ¬¥â®¤  GCV ¤«ï ­¥ª®àà¥ªâ­ëåá¨áâ¥¬ «¨­¥©­ëå  «£¥¡p ¨ç¥áª¨å ãp ¢­¥­¨© (����).� à ¨ ¬ ¥ à 1. �ãáâì Z ¨ U | ¤¢ã¬¥à­ë¥ ¥¢ª«¨-¤®¢ë ¯à®áâà ­áâ¢  á ®¡ëç­®© ¥¢ª«¨¤®¢®© ­®à¬®©.�¯¥à â®àã A á®¯®áâ ¢¨¬ ¬ âà¨æã A . � âà¨æ  A ¨¢¥ªâ®à u ¨¬¥îâ ¢¨¤A= �1 12 2� ; u= �24� :�¥£ª® ¢¨¤¥âì, çâ® ­®à¬ «ì­®¥ ¯á¥¢¤®à¥è¥­¨¥ (à¥-è¥­¨¥) ¯à¥¤áâ ¢«ï¥â á®¡®© ¢¥ªâ®à z = (1; 1)T . � á-á¬®âà¨¬ ¢®§¬ãé¥­­ãî ¬ âà¨æã Ah :Ah = �1 + h 12 2� ; u� = u= �24� :� íâ®¬ á«ãç ¥ ­®à¬ «ì­®¥ ¯á¥¢¤®à¥è¥­¨¥ ¤«ï ¢®§-¬ãé¥­­®© ¬ âà¨æë ¨¬¥¥â ¢¨¤ zh = (0; 2)T . �á­®, çâ®zh 6! z ¯à¨ h! 0 , â. ¥. § ¤ ç  ï¢«ï¥âáï ­¥ãáâ®©ç¨¢®©ª ¯®£à¥è­®áâï¬ ¢å®¤­ëå ¤ ­­ëå ¨, á«¥¤®¢ â¥«ì­®,­¥ª®àà¥ªâ­®©.�ãáâì D = �2+ 10�+ 2h�+ h2�+ 4h2; (4)

â®£¤ (�E +AhA�h)�1 = 1D � �+ 8 �4� 2h�4� 2h �+ 2+ 2h+ h2� ;(5)tr[(�E+AhA�h)�1] = 1D(2�+ 10+ 2h+ h2); (6)(�E +AhA�h)�1u� = 2D � �� 4h2(�+ h+ h2)� :� ¯¨è¥¬ äã­ªæ¨î G(�) ¤«ï ¬¥â®¤  GCV:G(�) = 2p(�� 4h)2+ 4(�+ h+ h2)22�+ 10+ 2h+ h2 ;�min = 8h3+ 4h450+ 10h� 3h2 ;z�(h) = 50+ 10h� 3h2h4 + 4h3+ 8h2 + 40h+ 100��0@2h�1� 35 + h�4 1A ;limh!0 z�(h) = (0; 2)T 6= (1; 1)T :�¨¤­®, çâ® à¥è¥­¨¥, ­ ©¤¥­­®¥ ¯® ¬¥â®¤ã GCV,¯à¨ h! 0 áâà¥¬¨âáï ­¥ ª ­®à¬ «ì­®¬ã ¯á¥¢¤®à¥è¥-­¨î á¨áâ¥¬ë (1),   ª ®¤­®¬ã ¨§ ®¡ëç­ëå à¥è¥­¨©á¨áâ¥¬ë (1).�®¦­® à áá¬®âà¥âì ¥é¥ ®¤¨­ å à ªâ¥à­ë© ¯à¨-¬¥à ¯à¨¬¥­¥­¨ï ¬¥â®¤  GCV ¤«ï ­¥ª®àà¥ªâ­ëå����.� à ¨ ¬ ¥ à 2. � áá¬®âp¨¬ ¬ âp¨æã Ah ¨ ¢¥ª-â®p u� : Ah = �1+ h 12 2� ; u� = �20� :�á¯®«ì§ãï (4){(6), ¯®«ãç¨¬(�E +AhA�h)�1u� = 2D � �+ 8�4� 2h� ;G(�) = 2p(�+ 8)2+ 4(2+ h)22�+ 10+ 2h+ h2 ; �max = 16(5+ h)h2 + 2h� 6 :�®áª®«ìªã ¬¥â®¤ à áá¬ âà¨¢ ¥âáï ¯à¨ h! 0 , â®¡ã¤¥¬ áç¨â âì, çâ® h < p7 � 1 , â®£¤  �max < 0 .�«¥¤®¢ â¥«ì­®, ¯à¨ �> 0 äã­ªæ¨ï G(�) ¬®­®â®­­®ã¡ë¢ îé ï. �®íâ®¬ã inf�>0G(�) =G(+1) = 1 . �®£¤ ¯® ä®à¬ã«¥ (3): z+1 = (0; 0)T 6= (1; 1)T . �§ íâ®£®á«¥¤ã¥â, çâ® ¯®«ãç¥­­®¥ ¯® ¬¥â®¤ã GCV úà¥è¥­¨¥û ­¥áå®¤¨âáï ­¥ â®«ìª® ª ­®à¬ «ì­®¬ã ¯á¥¢¤®à¥è¥­¨î,­® ¨ ¤ ¦¥ ª ®¡ëç­®¬ã à¥è¥­¨î á¨áâ¥¬ë (1). �à¨¢¥-¤¥­­ë¥ ¤¢  ¯à¨¬¥à  ¯®ª §ë¢ îâ ­¥á®áâ®ïâ¥«ì­®áâì¬¥â®¤  GCV ¯à¨ ¯à¨¬¥­¥­¨¨ ¥£® ª ­¥ª®àà¥ªâ­ë¬����, çâ® ¨ á«¥¤®¢ «® ®¦¨¤ âì.



�¥áâ­¨ª �®áª®¢áª®£® ã­¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®­®¬¨ï. 2000. ü4 17�®ª ¦¥¬ â¥¯¥àì, çâ® ¬¥â®¤ GCV, ¢®®¡é¥ £®¢®àï,­¥¯à¨¬¥­¨¬ ¨ ¤«ï à¥è¥­¨ï ª®àà¥ªâ­ëå ����.� à ¨ ¬ ¥ à 3. � áá¬®âp¨¬ ¬ âp¨æã A ¨ ¢¥ªâ®p u :A= �1 11 2� ; u = ��2�1� :�¥è¥­¨¥ á¨áâ¥¬ë (1) (®­® ¦¥ ï¢«ï¥âáï ­®à¬ «ì-­ë¬ ¯á¥¢¤®à¥è¥­¨¥¬) ¨¬¥¥â ¢¨¤ z = (�3; 1)T . � á-á¬®âà¨¬ â¥¯¥àì ¢®§¬ãé¥­­ë¥ ¬ âp¨æã Ah ¨ ¢¥ª-â®p u� :Ah = �1 + h 11 2� ; u� = u= ��2�1� :�ãáâìD = �2 + 7�+ 1+ 2h�+ 4h+ h2�+ 4h2;â®£¤ (�E +AhA�h)�1 = 1D � �+ 5 �3� h�3� h �+ 2+ 2h+ h2 � ;tr[(�E +AhA�h)�1] = 1D (2�+ 7+ 2h+ h2);(�E +AhA�h)�1u� = 1D ��2�� 7 + h4� �� h2 � ;G(�) = p(2�+ 7� h)2 + (�� 4+ h2)22�+ 7+ 2h+ h2 ;�min = h3� 3h2� 18h+ 203h+ 5 :� ª ª ª ¬¥â®¤ à áá¬ âà¨¢ ¥âáï ¯à¨ h ! 0 , â®¡ã¤¥¬ áç¨â âì, çâ® h < 1 , â®£¤  �min > 0 . �®£¤  ¯®ä®à¬ã«¥ (3)z�(h) = 3h+ 52h4 � 3h3 � 7h2+ 35h� 75 �5+ 2h� h25� 5h � ;limh!0 z�(h) = ��13 ;�13�T 6= z:� ª¨¬ ®¡à §®¬, úà¥è¥­¨¥û, ­ ©¤¥­­®¥ ¯® ¬¥â®¤ãGCV, ­¥ áâà¥¬¨âáï ª à¥è¥­¨î á¨áâ¥¬ë (1). � áá¬®â-à¨¬ ¥é¥ ­¥ª®â®pë¥ å à ªâ¥à­ë¥ ¯à¨¬¥àë.� à ¨ ¬ ¥ à 4. �ãáâìA= �1 11 �1� ; u= �20� :�¥è¥­¨¥ á¨áâ¥¬ë (1) (®­® ¦¥ ï¢«ï¥âáï ­®à¬ «ì-­ë¬ ¯á¥¢¤®à¥è¥­¨¥¬) ¨¬¥¥â ¢¨¤ z = (1; 1)T . � á-á¬®âà¨¬ â¥¯¥àì ¢®§¬ãé¥­­ë¥ ¬ âp¨æã Ah ¨ ¢¥ª-â®p u� :Ah = �1� h 11 �1 + h� ; u� = u = �20� :

�«ï íâ®£® ¯p¨¬¥p D = �+ 2� 2h+ h2; (�E +AhA�h)�1 = 1D �1 00 1� ;tr[(�E +AhA�h)�1] = 2D;(�E +AhA�h)�1u� = 1D �20� ; G(�) = 1:� ª¨¬ ®¡à §®¬, ¢ ª ç¥áâ¢¥ ¯ à ¬¥âà  à¥£ã«ïà¨§ -æ¨¨ ¤«ï ¬¥â®¤  GCV ¬®¦¥â ¡ëâì ¢§ïâ® «î¡®¥ ­¥®âà¨-æ â¥«ì­®¥ ç¨á«®. �ãáâì �= h , â®£¤  ¯® ä®à¬ã«¥ (3)z�=h = 2h2 � h+ 2 �1� h1 � ; limh!0 z�=h = �11�= z:�á«¨ ¦¥ �= 1=h , â®z�=1=h = 2hh3 � 2h2+ 2h+ 1 �1� h1 � ;limh!0 z�=1=h = �00� 6= z:�§ íâ®£® p¥§ã«ìâ â  á«¥¤ã¥â, çâ® ú¯à¨¡«¨¦¥­­®¥à¥è¥­¨¥û ãà ¢­¥­¨ï (1) ­¥ ï¢«ï¥âáï ¥¤¨­áâ¢¥­­ë¬¤«ï ®¤­®© ¨ â®© ¦¥ ¢®§¬ãé¥­­®© ¬ âà¨æë.� á«¥¤ãîé¥¬ ¯à¨¬¥à¥ ¨á¯®«ì§®¢ ­¨¥ à¥è¥­¨ïãà ¢­¥­¨ï (1) ¯® ¬¥â®¤ã GCV ¤ ¥â ¯à ¢¨«ì­®¥ à¥è¥-­¨¥ ¤«ï ¢®§¬ãé¥­­®© ¬ âà¨æë ®¯à¥¤¥«¥­­®£® ¢¨¤ .� à ¨ ¬ ¥ à 5. � ¯¨è¥¬ ­¥¢®§¬ãé¥­­ãî:A= �1 11 �1� ; u= �20�¨ ¢®§¬ãé¥­­ãî á¨áâ¥¬ã:Ah = �1+ h 11 �1 + h� ; u� = u= �20� :�ãáâìD = �2 + 4�+ 2h2�+ 4+ h4� 4h2;â®£¤  tr[(�E+AhA�h)�1] = 2D (�+ 2+ h2);(�E +AhA�h)�1u� = 2D ��+ 2� 2h+ h2�2h � ;G(�) = p(�+ 2� 2h+ h2)2+ 4h2�+ 2+ h2 ;�min = 4h� h2 � 2< 0:�®íâ®¬ã � = 0 ¨ z� =A�1h u�; â®£¤ limh!0 z� = limh!0� 22� h2 �1� h1 ��= �11�= z:9 ���, ä¨§¨ª ,  áâà®­®¬¨ï, ü 4



18 �¥áâ­¨ª �®áª®¢áª®£® ã­¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®­®¬¨ï. 2000. ü 4�§ ¯à¨¢¥¤¥­­ëå à ááã¦¤¥­¨© ¨ ¯à¨¬¥à®¢ ¢¨¤­®,çâ® ¬¥â®¤ GCV ­¥«ì§ï ¨á¯®«ì§®¢ âì ¤«ï à¥è¥­¨ï ­¥-ª®àà¥ªâ­® ¯®áâ ¢«¥­­ëå § ¤ ç. � á«ãç ¥ ¦¥ ª®àà¥ªâ-­ëå ���� ­¥®¡å®¤¨¬® ¨áá«¥¤®¢ âì ®¡« áâì ¯à¨-¬¥­¨¬®áâ¨ ¬¥â®¤  GCV. �à¨¬¥à 5 ¯®ª §ë¢ ¥â, çâ®áãé¥áâ¢ãîâ â ª¨¥ ¢®§¬ãé¥­­ë¥ á¨áâ¥¬ë «¨­¥©­ëåãà ¢­¥­¨©, ¤«ï ª®â®àëå ¬¥â®¤ GCV ¤ ¥â ­®à¬ «ì­®¥¯á¥¢¤®à¥è¥­¨¥ á¨áâ¥¬ë (1). �® ¯®á«¥¤­¨© ¯à¨¬¥à¨¬¥¥â å à ªâ¥à­ãî ®á®¡¥­­®áâì: ¯ à ¬¥âà à¥£ã«ïà¨-§ æ¨¨ �= 0 ­¥§ ¢¨á¨¬® ®â ¯®£à¥è­®áâ¨ h . � â ª¨¥á¨âã æ¨¨, ª®£¤  ¯ à ¬¥âà � = 0 , ç áâ® ¢®§­¨ª îâ¨ ¯à¨ ¢ë¡®à¥ ¯ à ¬¥âà  à¥£ã«ïà¨§ æ¨¨ ¤àã£¨¬¨ ¬¥-â®¤ ¬¨. �®íâ®¬ã ¤ ­­ë© ¯à¨¬¥à ­¥ å à ªâ¥à¥­ ¤«ï®¡®á­®¢ ­¨ï ¯à ¢¨«ì­®áâ¨ ¢ë¡®à  ¯ à ¬¥âà  à¥£ã-«ïà¨§ æ¨¨ ¯® ¬¥â®¤ã GCV. � «î¡®¬ á«ãç ¥ ¯à¨¬¥à 4¯®ª §ë¢ ¥â ­¥á®áâ®ïâ¥«ì­®áâì ¬¥â®¤  GCV ¤«ï ª®à-à¥ªâ­ëå § ¤ ç, â ª ª ª ¯à¨ ®¤­®© ¨ â®© ¦¥ ¢®§¬ã-é¥­­®© ¬ âà¨æ¥ ¬®¦­®, á®£« á­® ¤ ­­®¬ã ¬¥â®¤ã,à §«¨ç­ë¬¨ á¯®á®¡ ¬¨ ¢ë¡à âì ¯ à ¬¥âà à¥£ã«ïà¨-§ æ¨¨ â ª, çâ® ¯®«ãç¥­­ë¥ ú¯à¨¡«¨¦¥­­ë¥ à¥è¥­¨ïû­ å®¤ïâáï ­  ª®­¥ç­®¬ à ááâ®ï­¨¨ ¤àã£ ®â ¤àã£ .�à¨¬¥à 3 ¯®ª §ë¢ ¥â, çâ® ­ ©¤¥­­®¥ ¯® ¬¥â®¤ã GCVúà¥è¥­¨¥û â ª®¢ë¬ ­¥ ï¢«ï¥âáï.� ¡®â  ¢ë¯®«­¥­  ¯p¨ ¯®¤¤¥p¦ª¥ ¯à®£à ¬¬ëú�­¨¢¥àá¨â¥âë �®áá¨¨ | �ã­¤ ¬¥­â «ì­ë¥ ¨áá«¥-¤®¢ ­¨ïû (£à ­â 4-5220) ¨ ���� (£à ­â 99-01-00447).�¨â¥à âãà 1. �¨å®­®¢ �.�. // ��� ����. 1963. 153, ü 1. �. 49.2. �¨å®­®¢ �.�. // ��� ����. 1963. 151, ü 3. �. 501.3. �¥®­®¢ �.�., �£®«  �.�. // �¥áâ­. �®áª. ã­-â . �¨§. �áâ-à®­. 1995. ü4. �. 28 (Moscow University Phys. Bull. 1995.No. 4. P. 25).
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®­®¢ ï¢«ï¥âáï áãé¥áâ¢¥­­® ­¥¯¥àâãà¡ â¨¢­ë¬ [3].� (2+1)-¬¥à­®¬  ­ «®£¥ ��� ãç¥â à ¤¨ æ¨®­­ëå ¯®-¯à ¢®ª ¨­¤ãæ¨àã¥â â®¯®«®£¨ç¥áª¨© ç«¥­ �¥à­ {� ©-¬®­á , çâ® á®¯à®¢®¦¤ ¥âáï ¯®ï¢«¥­¨¥¬ ¬ ááë ª «¨-¡à®¢®ç­®£® ¯®«ï, ­¥ ­ àãè îé¥© ª «¨¡à®¢®ç­ãî¨­¢ à¨ ­â­®áâì â¥®à¨¨ (íâ®â ¯à®æ¥áá  «ìâ¥à­ â¨¢¥­¯® ®â­®è¥­¨î ª ¬¥å ­¨§¬ã á¯®­â ­­®£® ­ àãè¥-­¨ï á¨¬¬¥âà¨¨ [4]). �­¤ãæ¨à®¢ ­­ ï â®¯®«®£¨ç¥áª ï¬ áá  ¨£à ¥â ¢ ¦­ãî à®«ì ¢ à¥£ã«ïà¨§ æ¨¨ ¨­äà -ªà á­ëå à áå®¤¨¬®áâ¥© ¬­®£®¯¥â«¥¢ëå ¤¨ £à ¬¬ [5].�®ï¢«¥­¨¥  ­â¨á¨¬¬¥âà¨ç­®© ç áâ¨ �� ®§­ ç ¥â


