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�����������������������������������®¬ 107, ò 2¬ ©, 1996
�.�. �®£¤ ­®¢, �.�. �¥¢®àªï­, �.�. �¥­¨á¥­ª®, �.�. �ã¡à®¢áª¨©������������� �ǱǱ����������S-������� ������������������������� ������� Ǳ����������� ����������������� Ǳ�����������®««¨­¥ à­ ï § ¤ ç  ® âà¥åç áâ¨ç­®© à¥ ªæ¨¨ ¯¥à¥áâà®©ª¨ ¢ à ¬ª å ª¢ §¨ª« áÄá¨ç¥áª®£® ¬¥â®¤  ¯ à ¡®«¨ç¥áª®£® ãà ¢­¥­¨ï �®ª {�¥®­â®¢¨ç  á¢®¤¨âáï ª ª¢ ­â®¢®©§ ¤ ç¥ ® ¤¨­ ¬¨ª¥ ®¤­®¬¥à­®£® £ à¬®­¨ç¥áª®£® ®áæ¨««ïâ®à  á ¯¥à¥¬¥­­®© ç áâ®â®© ¢¯®«¥ ¢­¥è­¥© á¨«ë. �â® ¤ ¥â ¢®§¬®¦­®áâì ¢ëà §¨âì ¬ âà¨ç­ë¥ í«¥¬¥­âë S-¬ âà¨æë,®â¢¥ç îé¨¥ ª ­ «ã ¯¥à¥áâà®©ª¨, ç¥à¥§ ¨§¢¥áâ­ë¥  ­ «¨â¨ç¥áª¨¥ äã­ªæ¨¨ ®áæ¨««ïÄâ®à­®© ¬®¤¥«¨, ¨á¯®«ì§ãîé¨¥ ¯ à ¬¥âàë ¯®â¥­æ¨ «ì­®© ¯®¢¥àå­®áâ¨ «¨­¥©­®© ª®­Ää¨£ãà æ¨¨ âà¥å â¥«. 1. ���������®««¨­¥ à­ ï¬®¤¥«ì ¯¥à¥áâà®©ª¨, ª ª ­ ¨¡®«¥¥ ¯à®áâ®¥ ¯à¨¡«¨¦¥­¨¥ à¥ ªâ¨¢­®£®à áá¥ï­¨ï, ¢ â¥ç¥­¨¥ ¬­®£¨å «¥â ¨­â¥­á¨¢­® ¨á¯®«ì§ã¥âáï ª ª ¤«ï ¨§ãç¥­¨ï ¯à¨­æ¨¯¨Ä «ì­ëå ¢®¯à®á®¢ â¥®à¨¨, â ª ¨ ¤«ï ­¥¯®áà¥¤áâ¢¥­­ëå à áç¥â®¢ ª®­áâ ­â áª®à®áâ¥© å¨Ä¬¨ç¥áª¨å à¥ ªæ¨© ¯à¨ ã¬¥à¥­­ëå ¨ ­¨§ª¨å í­¥à£¨ïå [1]. � ¦­ë¥ à¥§ã«ìâ âë ¤«ï íâ®©¬®¤¥«¨ ¢ ª¢ §¨ª« áá¨ç¥áª®¬ ¯à¨¡«¨¦¥­¨¨ ¡ë«¨ ¯®«ãç¥­ë ¯ãâ¥¬ âà ¥ªâ®à­ëå à áç¥Äâ®¢ á ãç¥â®¬ ª®¬¯«¥ªá­ëå ¯ãâ¥©, à¥§®­ ­á®¢ ¢ à ¬ª å ª« áá¨ç¥áª®© S-¬ âà¨æë [2{4].�«¥¤ã¥â ®â¬¥â¨âì, çâ® à áç¥âë â ª®£® à®¤  âà¥¡ãîâ §­ ç¨â¥«ì­ëå ¢ëç¨á«¨â¥«ì­ëåãá¨«¨©¯à¨­¥®¡å®¤¨¬®áâ¨à áá¬®âà¥­¨ïè¨à®ª®£® ªàã£  á¨áâ¥¬ (ª ª, ­ ¯à¨¬¥à, ¢ä¨§¨Äç¥áª®© ª¨­¥â¨ª¥), ¢ àì¨à®¢ ­¨¨ ¯®â¥­æ¨ «ì­ëå ¯®¢¥àå­®áâ¥©, ¯®¯ëâª å à á¯à®áâà ­¥Ä­¨ï ¬¥â®¤  ­  § ¤ ç¨ á ¡®«ìè¥© à §¬¥à­®áâìî (âà¥å¬¥à­ë¥, á ãç áâ¨¥¬ ¡®«ìè¥£® ç¨á« â¥«, ¤«ï å¨¬¨ç¥áª¨å à¥ ªæ¨© ­  ¯®¢¥àå­®áâ¨, ¢ ª®­¤¥­á¨à®¢ ­­®© ä §¥ ¨ â.¤.). �ª § ­Ä­®¥ ®¯à¥¤¥«ï¥â ¨­â¥à¥á ª à §¢¨â¨î  ­ «¨â¨ç¥áª¨å ¬¥â®¤®¢ à¥è¥­¨ï íâ®© ¯à®áâ¥©è¥©¬­®£®¬¥à­®© § ¤ ç¨, ¢ à ¬ª å ª®â®àëå ç áâ® ã¤ ¥âáï ­ ©â¨ íää¥ªâ¨¢­ë¥  ­ «¨â¨ç¥áÄª¨¥  ¯¯à®ªá¨¬ æ¨¨, ã¤®¡­ë¥ ¤«ï ¯à¨«®¦¥­¨©, ­ ¬¥â¨âì ¯ãâ¨ ¤ «ì­¥©è¨å ®¡®¡é¥­¨©.� ª, ­ ¯à¨¬¥à, ¤«ï ®æ¥­ª¨ íää¥ªâ¨¢­®áâ¨ âã­­¥«ì­ëå å¨¬¨ç¥áª¨å à¥ ªæ¨© ¨á¯®«ì§®Ä¢ « áì ¯à®áâ ï ¬®¤¥«ì ®¤­®¬¥à­®£® ¯®â¥­æ¨ «ì­®£® ¡ àì¥à  [2{4], ª®â®à ï ï¢«ï¥âáï£àã¡ë¬¯à¨¡«¨¦¥­¨¥¬ªâà¥åç áâ¨ç­®©¤¨­ ¬¨ª¥, ­¥ ãç¨âë¢ îé¨¬¬­®£¨¥ä¨§¨ç¥áª¨¥íää¥ªâë (ªà¨¢¨§­ã ¯ãâ¨, ¢ª« ¤ë ¯à¨¬ëª îé¨å âà ¥ªâ®à¨©, ­ ¤¡ àì¥à­ë¥ ¯¥à¥å®¤ë).�®«¥¥ áâà®£¨¥ à¥§ã«ìâ âë, ª á îé¨¥áï ª¢ §¨ª« áá¨ç¥áª®£® ¯à¥¤áâ ¢«¥­¨ï ¢¥à®ïâ­®áÄâ¨ à¥ ªâ¨¢­®£® ¯¥à¥å®¤  ¢ ¢¨¤¥ ¨­â¥£à «  ¯® ¯ãâ¨ à¥ ªæ¨¨ ¢ à ¬ª å ¬¥â®¤  ¯ à ¡®«¨Äç¥áª®£® ãà ¢­¥­¨ï �®ª {�¥®­â®¢¨ç , ¡ë«¨ ¯®«ãç¥­ë ¢ à ¡®â å [5{7]. � ©¤¥­­®¥ ¢ à Ä238



������������� �ǱǱ���������� S-������� : : : 239¡®â å [5{7] ®¤­®¬¥à­®¥ ¯à¥¤áâ ¢«¥­¨¥ ¢¥à®ïâ­®áâ¨ ¯¥à¥å®¤  ¬®¦¥â ¡ëâì ¨á¯®«ì§®¢ ­®¤«ï  ­ «¨â¨ç¥áª¨å  ¯¯à®ªá¨¬ æ¨© [8], ®¤­ ª® ®­® ï¢«ï¥âáï ¥é¥ ¤®¢®«ì­® á«®¦­ë¬.� ­ áâ®ïé¥© à ¡®â¥ ¢ à ¬ª å ¬¥â®¤  ¯ à ¡®«¨ç¥áª®£® ãà ¢­¥­¨ï ­ ©¤¥­ ¡®«¥¥ ¯à®áÄâ®© á¯®á®¡ ¯®«ãç¥­¨ï  ­ «¨â¨ç¥áª¨å  ¯¯à®ªá¨¬ æ¨© S-¬ âà¨æë à¥ ªâ¨¢­®£® à áá¥ïÄ­¨ï. �â®â á¯®á®¡ § ª«îç ¥âáï ¢ ¤®ª § ­­®© ¢®§¬®¦­®áâ¨ á¢¥¤¥­¨ï § ¤ ç¨ ®¡S-¬ âà¨æ¥ª®««¨­¥ à­®© ¬®¤¥«¨ ¯¥à¥áâà®©ª¨ ª ¨§¢¥áâ­®© ¢ ª¢ ­â®¢®© ¬¥å ­¨ª¥ § ¤ ç¥ ®¡ ®áæ¨«Ä«ïâ®à¥ á ¯¥à¥¬¥­­®© ç áâ®â®© ¢ ¯®«¥ ¢­¥è­¥© á¨«ë. � ©¤¥­­ ï á¢ï§ì ¯®§¢®«ï¥â ¨áÄ¯®«ì§®¢ âì ¯à¨ à áç¥â¥ S-¬ âà¨æë à¥ ªâ¨¢­®£® à áá¥ï­¨ï ¨§¢¥áâ­ë¥  ­ «¨â¨ç¥áª¨¥¯à¥¤áâ ¢«¥­¨ï ¢¥à®ïâ­®áâ¨ ¢®§¡ã¦¤¥­¨ï ®áæ¨««ïâ®à  ç¥à¥§ à¥è¥­¨¥ á®®â¢¥âáâ¢ãîé¥©ª« áá¨ç¥áª®© § ¤ ç¨. �â® ¨¬¥¥â ¯à¨­æ¨¯¨ «ì­®¥ §­ ç¥­¨¥ ¤«ï â¥®à¨¨ áâ®«ª­®¢¥­¨© á¯¥à¥áâà®©ª®© ¨ ¯à¥¤áâ ¢«ï¥â á®¡®© ­®¢ë© ¯®¤å®¤, ãáâà ­ïîé¨© âàã¤­®áâ¨ ¨á¯®«ì§®Ä¢ ­¨ï à §«¨ç­ëå, ­¥ ®àâ®£®­ «ì­ëå ¤àã£ ¤àã£ã ¡ §¨á®¢ ¢ ­ ç «ì­®¬ ¨ ª®­¥ç­®¬ ª ­ Ä« å. �á®¡ë© ¨­â¥à¥á ¯à¥¤áâ ¢«ïîâ ¯®¨áª¨ ¯ãâ¥© ®¡®¡é¥­¨ï íâ®£® à¥§ã«ìâ â  ­  âà¥åÄ¬¥à­ë¥ § ¤ ç¨ á æ¥«ìî ¨á¯®«ì§®¢ ­¨ï  ­ «¨â¨ç¥áª¨å ¯à¥¤áâ ¢«¥­¨© à¥è¥­¨© ª¢ ­â®Ä¢®-¬¥å ­¨ç¥áª¨å § ¤ ç á £ ¬¨«ìâ®­¨ ­ ¬¨ ¢ ¢¨¤¥ ª¢ ¤à â¨ç­®© ä®à¬ëª®®à¤¨­ â ¨ ¨¬Ä¯ã«ìá®¢. 2. Ǳ��������� �������ã¤¥¬à áá¬ âà¨¢ âì ª®««¨­¥ à­ãî§ ¤ çã âà¥å â¥«A,B,C á¬ áá ¬¨mA,mB ,mC ,¯à¨¢®¤ïéãî ª âà¥¬ ¢®§¬®¦­ë¬ ª ­ « ¬ à áá¥ï­¨ï: ¢®§¡ã¦¤¥­¨ï, ¯¥à¥áâà®©ª¨ ¨ ¤¨áÄá®æ¨ æ¨¨ { A+ (BC)n −→





A+ (BC)m;(AB)m + C;A+B + C: (1)� ­ áâ®ïé¥© à ¡®â¥ ®£à ­¨ç¨¬áï à áá¬®âà¥­¨¥¬ ¬ âà¨ç­ëå í«¥¬¥­â®¢ Snm, ®â¢¥ç Äîé¨å ª ­ «ã ¯¥à¥áâà®©ª¨. �«ï ¢ëç¨á«¥­¨ï íâ¨å ¬ âà¨ç­ëå í«¥¬¥­â®¢ ­¥®¡å®¤¨¬®,ª ª ¨§¢¥áâ­®, §­ ­¨¥ ¯®«­®© áâ æ¨®­ à­®© ¢®«­®¢®© äã­ªæ¨¨ 	+n , ¯¥à¥å®¤ïé¥© ¢  á¨¬Ä¯â®â¨ç¥áªãî ¢®«­®¢ãî äã­ªæ¨î 	0n ¢å®¤­®£® ª ­ « , ¨  á¨¬¯â®â¨ç¥áª¨å ¢®«­®¢ëåäã­ªæ¨© 	0m, ®â¢¥ç îé¨å ¢ëå®¤­®¬ã ª ­ «ã à¥ ªæ¨¨. � ¤ ç  á®áâ®¨â ¢ ­ å®¦¤¥Ä­¨¨  ¯¯à®ªá¨¬ æ¨© äã­ªæ¨¨ 	+n ¨ ¢ëç¨á«¥­¨¨ ¬ âà¨ç­ëå í«¥¬¥­â®¢ Snm. �á­®¢­ ïá«®¦­®áâì § ¤ ç¨ à áá¥ï­¨ï á ¯¥à¥áâà®©ª®© § ª«îç ¥âáï ¢ â®¬, çâ® £à ­¨ç­ë¥ ãá«®Ä¢¨ï ¤«ï äã­ªæ¨¨ 	+n ä®à¬ã«¨àãîâáï á ¯®¬®éìî ¤¢ãå à §«¨ç­ëå ­ ¡®à®¢ ª®®à¤¨­ â�ª®¡¨ R′i = RA−BC , r′i = rBC ; R′f = RC−AB , r′f = rBA ¢® ¢å®¤­®¬ ¨ ¢ëå®¤­®¬ª ­ « å, á¢ï§ ­­ëå ¬¥¦¤ã á®¡®© á®®â­®è¥­¨ï¬¨
(R′fr′f ) = A′

(R′ir′f); A′ = ( mAmA+mB mB(mA+mB+mC )(mA+mB)(mB+mC)1 − mCmB+mC ) : (2)� ¯®¬®éìî ¬ áèâ ¡­®£® ¯à¥®¡à §®¢ ­¨ïR′i = aRi; r′i = ri=a; R′f = cRf ; r′f = rf=c;a = (�BC=�0)1=2; c = (�AB=�0)1=2; �0 = ( mAmBmCmA +mB +mC)1=2 ; (3)�BC = mBmCmB +mC ≡ �+; �AB = mAmBmA +mB ≡ �−;
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¬ë ¯à¨¢®¤¨¬ á®®â­®è¥­¨¥ (3) ª ¯à¥®¡à §®¢ ­¨î ¢à é¥­¨ï ¯«®áª®áâ¨Ri, ri ­  ã£®« �
(Rfrf ) = A(Riri); A = ( cos� sin�sin� − cos�) ; sin� = ac; tg � = mB=�0: (4)�¨­¥â¨ç¥áª ï í­¥à£¨ï T á¨áâ¥¬ë âà¥å â¥« ¢ á¨áâ¥¬¥ æ¥­âà ¬ áá ¢ëà ¦ ¥âáï â®£¤  á«¥Ä¤ãîé¨¬ ®¡à §®¬ (PR, pr { ¨¬¯ã«ìáë, ª ­®­¨ç¥áª¨ á®¯àï¦¥­­ë¥ ª®®à¤¨­ â ¬R, r):T = 12�0 (P 2Ri + p2ri) = 12�0 (P 2Rf + p2rf ); (5)â.¥. ¨¬¥¥â ®¤¨­ ª®¢ë© ¢¨¤ ¢ ª®®à¤¨­ â å ­ ç «ì­®£® (Ri; ri) ¨ ª®­¥ç­®£® (Rf ; rf ) ª ­ Ä«®¢ ¨ íª¢¨¢ «¥­â­  ª¨­¥â¨ç¥áª®© í­¥à£¨¨ â®çª¨ á ¬ áá®© �0 ­  ¯«®áª®áâ¨, § ¯¨á ­­®©¢ ª®®à¤¨­ â å ­ ç «ì­®£® ¨«¨ ª®­¥ç­®£® ª ­ «®¢. �ã­ªæ¨ï � ¬¨«ìâ®­  § ¤ ç¨ § ¯¨áëÄ¢ ¥âáï â®£¤  ¢ ª®®à¤¨­ â å ­ ç «ì­®£® ¨ ª®­¥ç­®£® ª ­ «®¢ ¢ ¢¨¤¥H = 12�0 (P 2Ri + p2ri) + V (Ri; ri) = 12�0 (P 2Rf + p2rf ) + V (Rf ; rf ); (6)£¤¥ V { ¯®¢¥àå­®áâì ¯®â¥­æ¨ «ì­®© í­¥à£¨¨ á¨áâ¥¬ë âà¥å â¥«, ¢ëà ¦¥­­ ï ¢ ª®®à¤¨­ Äâ å ¢å®¤­®£® ¨ ¢ëå®¤­®£® ª ­ «®¢. �¢ ­â®¢ ­¨¥ á¨áâ¥¬ë, ®¯¨áë¢ ¥¬®© £ ¬¨«ìâ®­¨ Ä­®¬ (6), ¯à®¢®¤¨âáï áâ ­¤ àâ­ë¬ ¯ãâ¥¬ ¨ ¯à¨¢®¤¨â ª ¤¢ã¬¥à­®¬ã ®¯¥à â®àã � ¯« á ,¨­¢ à¨ ­â­®¬ã ®â­®á¨â¥«ì­® § ¬¥­ë ª®®à¤¨­ â ­ ç «ì­®£® ¨ ª®­¥ç­®£® ª ­ «®¢, ¨ ¯®Äâ¥­æ¨ «ì­®© äã­ªæ¨¨ V , ª®â®à ï ­¥ ¨­¢ à¨ ­â­  ®â­®á¨â¥«ì­® íâ®© § ¬¥­ë. � ¨¬¥­­®,¬ë ¨¬¥¥¬ á«¥¤ãîé¥¥  á¨¬¯â®â¨ç¥áª®¥ ¯®¢¥¤¥­¨¥ V ¢ ª ­ « å (á¬. à¨áã­®ª):V (Ri; ri) −→Ri→∞

VBC(ri); V (Rf ; rf ) −→Rf→∞
VAB(rf ); (7)



������������� �ǱǱ���������� S-������� : : : 241£¤¥ VBC(r), VAB(r) { ¯®â¥­æ¨ «ë ¢§ ¨¬®¤¥©áâ¢¨ï ¬¥¦¤ã ç áâ¨æ ¬¨ B ¨ C ¨ ç áâ¨Äæ ¬¨ A ¨ B, á®®â¢¥âáâ¢¥­­®. � «¨ç¨¥ à §«¨ç­ëå  á¨¬¯â®â¨ç¥áª¨å ¯à¥¤¥«®¢ V ¯®Äà®¦¤ ¥â ®¤­ã ¨§ âàã¤­®áâ¥© â¥®à¨¨ à¥ ªæ¨© á ¯¥à¥áâà®©ª®©, á¢ï§ ­­ãî á ¨á¯®«ì§®Ä¢ ­¨¥¬ ­¥®àâ®£®­ «ì­ëå ¡ §¨á®¢ ¢ ­ ç «ì­®¬ ¨ ª®­¥ç­®¬ ª ­ « å. �¤¨­ ¨§ á¯®á®¡®¢¯à¥®¤®«¥­¨ï íâ®© âàã¤­®áâ¨ § ª«îç ¥âáï ¢ ¨á¯®«ì§®¢ ­¨¨ ªà¨¢®«¨­¥©­ëå ª®®à¤¨­ âà¥ ªæ¨¨ u, v, ®âà ¦ îé¨å ä ªâ «®ª «¨§ æ¨¨ ¯®«­®© ¢®«­®¢®© äã­ªæ¨¨ ¢ ®ªà¥áâ­®áâ¨¬¨­¨¬ã¬  ¯®â¥­æ¨ «ì­®© äã­ªæ¨¨ V , ¯® ª®â®à®¬ã ¯à®å®¤¨â ª« áá¨ç¥áª ï âà ¥ªâ®à¨ï¨§®¡à ¦ îé¥© â®çª¨ ¤¨­ ¬¨ç¥áª®© á¨áâ¥¬ë (¯ãâì à¥ ªæ¨¨ ­  à¨áã­ª¥). �®®à¤¨­ âëà¥ ªæ¨¨,®â«¨ç îé¨¥áï ®â ¯ãâ¨ à¥ ªæ¨¨, ¢¢®¤ïâáï á«¥¤ãîé¨¬ ®¡à §®¬. �  ¯«®áª®áÄâ¨ Ri, ri ®¯à¥¤¥«ï¥âáï ­¥ª®â®à ï ªà¨¢ ï L (à¨áã­®ª),  á¨¬¯â®â¨ç¥áª¨ ¯ à ««¥«ì­ ïª®®à¤¨­ â­ë¬ ®áï¬ Rf , Ri. �«¨­  ¤ã£¨ u, ®âáç¨âë¢ ¥¬ ï ®â ­¥ª®â®à®© â®çª¨ ­  íâ®©ªà¨¢®©, ï¢«ï¥âáï ®¤­®© ¨§ ª®®à¤¨­ â (−∞ < u < +∞), ¢â®à ï ª®®à¤¨­ â  { à ááâ®ïÄ­¨¥ v ¯® ­®à¬ «¨ ª ªà¨¢®©L ¢ ª ¦¤®© â®çª¥. �ë¡®à ªà¨¢®©L ¯à®¨§¢®«¥­ ¨ ®¯à¥¤¥«ï¥âÄáï á®®¡à ¦¥­¨ï¬¨¡«¨§®áâ¨ªà¨¢®©Lª ¯ãâ¨à¥ ªæ¨¨ á â®çª¨ §à¥­¨ï¬¥âà¨ª¨, ¢¢¥¤¥­­®©­¨¦¥, ¨ ®âáãâáâ¢¨ï ­¥®¤­®§­ ç­®áâ¨ ª®®à¤¨­ â u, v (®¡« áâì 
 ­  à¨áã­ª¥) ¢ ®¡« áâ¨ª®­ä¨£ãà æ¨®­­®£® ¯à®áâà ­áâ¢ , £¤¥ ¢®«­®¢ ï äã­ªæ¨ï á¨áâ¥¬ë 	+(u; v) § ¬¥â­® ®âÄ«¨ç­  ®â ­ã«ï [9, 10]. �®¯à®áë ¢ë¡®à  ª®®à¤¨­ â à¥ ªæ¨¨ ­¥®¤­®ªà â­® ®¡áã¦¤ «¨áì¢ «¨â¥à âãà¥ ¯à¨ ç¨á«¥­­®¬ ®¯à¥¤¥«¥­¨¨ ¬ âà¨ç­ëå í«¥¬¥­â®¢ S-¬ âà¨æë [11{14].�à ¢­¥­¨¥�à¥¤¨­£¥à  ¢ ªà¨¢®«¨­¥©­ëå ª®®à¤¨­ â å u, v ¨¬¥¥â ¢¨¤�u;v	+(u; v) + ~
−2p2(u; v)	+(u; v) = 0; (8)£¤¥ �u;v { ®¯¥à â®à � ¯« á  ¢ ªà¨¢®«¨­¥©­ëå ª®®à¤¨­ â å�u;v = 1huhv [ @@u (hvhu @@u)+ @@v (huhv @@v)] ; hu = 1; hv = 1 + v=�; (9)¨ � = �(u) { à ¤¨ãá ªà¨¢¨§­ë ªà¨¢®© L.Ǳ®«­ë© ¨¬¯ã«ìá á¨áâ¥¬ë ¢ëà ¦ ¥âáï á«¥¤ãîé¨¬ ®¡à §®¬:P (u; v) =√2�0(E − U(u; v)) : (10)�à ­¨ç­ë¥ ãá«®¢¨ï ¤«ï 	+n (u; v) ¯à¥¤áâ ¢¨¬ ¢ ä®à¬¥limu→−∞

	+n (u; v) = 	0n(u; v) (Ri → ∞);limu→∞
	+n (u; v) =∑m Smn	0m(u; v) (Rf → ∞): (11)�¤¥áì Smn ¨¬¥¥â á¬ëá«  ¬¯«¨âã¤ë ¢¥à®ïâ­®áâ¨ ¯à®æ¥áá  ¯¥à¥áâà®©ª¨.3. ������������� �������������������������� ���������������������Ǳ���������� ������������������Ǳ����������Ǳà¨ ­ å®¦¤¥­¨¨ ª¢ §¨ª« áá¨ç¥áª¨å  ¯¯à®ªá¨¬ æ¨© 	+(u; v) ¯à¨ ~ → 0 ¡ã¤¥¬ ¨áå®Ä¤¨âì ¨§ á«¥¤ãîé¥£® ¯à¥¤áâ ¢«¥­¨ï, ¢ ª®â®à®¬ ¢ë¤¥«ïîâáï á¨«ì­® ®áæ¨««¨àãîé ï ­ 3 �¥®à¥â¨ç¥áª ï ¨ ¬ â¥¬ â¨ç¥áª ï ä¨§¨ª , â. 107, ò 2, 1996 £.



242 �.�. ��������, �.�. ��������, �.�. ���������, �.�. ����������ªà¨¢®© L íªá¯®­¥­â  ¨ ¡®«¥¥ ¯« ¢­® ¬¥­ïîé ïáï ¯® ª®®à¤¨­ â¥ u äã­ªæ¨ï A(u; v) (®áÄ­®¢­ ï ¨¤¥ï ¬¥â®¤  ¯ à ¡®«¨ç¥áª®£® ãà ¢­¥­¨ï �®ª {�¥®­â®¢¨ç  [15]):	+(u; v) = A(u; v) exp{i~−1 ∫ u0 du′P (u′; 0)}: (12)�¥©áâ¢¨â¥«ì­®, áãé¥áâ¢ãîâ ¯® ªà ©­¥© ¬¥à¥ ¤¢  ¯à¥¤¥«ì­ëå á«ãç ï, ¢ ª®â®àëå à¥è¥Ä­¨¥ ¬®¦­® ¯®«ãç¨âì ¯®«ã ­ «¨â¨ç¥áª¨ (¢ ª¢ ¤à âãà å) { íâ® á«ãç © ª¢ §¨ª« áá¨ç¥áÄª®£® ¯à¨¡«¨¦¥­¨ï ¨ á«ãç © ¢®«­®¢®© äã­ªæ¨¨, «®ª «¨§®¢ ­­®© ¢ ®ªà¥áâ­®áâ¨ «¨­¨¨(¯ãâ¨ à¥ ªæ¨¨). �á¨¬¯â®â¨ç¥áª¨©  ­ «¨§ [15] ¯®ª §ë¢ ¥â, çâ® ®âª«®­¥­¨¥ â®ç­®© ¢®«Ä­®¢®© äã­ªæ¨¨ ®â ¯à¥¤¥«ì­®© (§  ¨áª«îç¥­¨¥¬ ­¥ª®â®àëå ®á®¡ëå á¨âã æ¨©, âà¥¡ãîÄé¨å á¯¥æ¨ «ì­®£® à áá¬®âà¥­¨ï ¨ á¢ï§ ­­ëå á â®­ª¨¬¨ ä¨§¨ç¥áª¨¬¨ íää¥ªâ ¬¨) ¬¥Ä­ï¥âáï ¬¥¤«¥­­® ¯® áà ¢­¥­¨î á á ¬®© äã­ªæ¨¥©,   ¯®íâ®¬ã ¨¬¥¥â á¬ëá« ¢¢¥áâ¨ ¯à¥¤Äáâ ¢«¥­¨¥ (12) ¨ ¯®«ãç¨âì ¤«ï A(u; v) ãà ¢­¥­¨¥, ª®â®à®¥ ¢® ¬­®£¨å ®â­®è¥­¨ïå ï¢«ïÄ¥âáï ¯à®é¥ ¨áå®¤­®£®. �¥âàã¤­® ¯®ª § âì [15], çâ® ¬®¤¨ä¨æ¨à®¢ ­­ ï ¢®«­®¢ ï äã­ªÄæ¨ï 	+(u; v) ­ ¨¡®«¥¥ ¡ëáâà® ¬¥­ï¥âáï ¢ ®ªà¥áâ­®áâ¨ ¯ãâ¨ à¥ ªæ¨¨, ¯®íâ®¬ã, ¤¥©áâ¢ãï¢ ¤ãå¥ ª« áá¨ç¥áª®© â¥®à¨¨ ¢®§¬ãé¥­¨©, ¥áâ¥áâ¢¥­­® ¢¢¥áâ¨ à áâï­ãâãî ¯®¯¥à¥ç­ãîª®®à¤¨­ âã, ¯®§¢®«ïîéãî \à §à¥è¨âì" íâ¨ ª®«¥¡ ­¨ï. � ááâ ­®¢ª  ¯ à ¬¥âà®¢ ¯à¨¯à®¨§¢®¤­ëå ¢ ãà ¢­¥­¨¨ (8) ¯®ª §ë¢ ¥â, çâ® ¢ ª ç¥áâ¢¥ ¬ áèâ ¡­®£® ¬­®¦¨â¥«ï ¥áÄâ¥áâ¢¥­­® ¯à¨­ïâì ~
−1=2.�á¯®«ì§®¢ ­¨¥ ¤àã£¨å ªà¨¢ëå L (£¤¥, ­ ¯à¨¬¥à, P (u; 0) ¬¥­ï¥â §­ ª ¨«¨ ®¯¨áë¢ ¥âá¢®¡®¤­ë¥ ç áâ¨æë ¢  á¨¬¯â®â¨ç¥áª®© ®¡« áâ¨) ¯®§¢®«ï¥â ®¯¨áë¢ âì ª ­ «ë ¢®§¡ã¦Ä¤¥­¨ï ¨ ¤¨áá®æ¨ æ¨¨.Ǳ®¤áâ ¢«ïï (12) ¢ (8), ¯®«ãç ¥¬ ãà ¢­¥­¨¥ ¤«ï A@2A@v2 +(1 + v�) @2A@u2 + 1� (1 + v�) @A@v + 2iP

~

(1 + v�)−2 @A@u++(1 + v�)−1 @@u (1 + v�)−1 @A@u + i
~

(1 + v�)−1( @@u (1 + v�))A++ p2
~2 [P 2(u; v)p2 −

(1 + v�)−2]A = 0; p = P (u; 0): (13)Ǳ« ¢­®áâì ¨§¬¥­¥­¨ï äã­ªæ¨¨A(u; v) ¯® u ¨ ¥¥ «®ª «¨§ æ¨ï ¯® v ¢ ¯®«®á¥ |v| = O(~1=2)¤ îâ ¢®§¬®¦­®áâì ¯®«ãç¨âì á«¥¤ãîé¨¥ ®æ¥­ª¨ [15]:A = O(1); @A@u = O(1); @A@v = O(~−1=2); @2A@v2 = O(~−1): (14)�®åà ­ïï ¢ (14) ç«¥­ë ¯®àï¤ª O(~−1) ¨ O(~−2), ¯®«ãç¨¬Avv + 2i
~
pAu + i

~
puA+ p2

~2 [P 2(u; v)p2 −
(1 + v�)−2]A = 0;pu = @P (u; v)@u ∣∣∣∣v=0: (15)



������������� �ǱǱ���������� S-������� : : : 243� á¨«ã «®ª «¨§ æ¨¨ ¢®«­®¢®© äã­ªæ¨¨ (12) ¯® v ¬®¦­® à §«®¦¨âì ¯®«­ë© ¨¬-¯ã«ìá (10) ¯® áâ¥¯¥­ï¬ v, ®£à ­¨ç¨¢ ïáì ç«¥­ ¬¨, ª¢ ¤à â¨ç­ë¬¨ ¯® v,P (u; v) = p+pvv+ 12pvvv2+ : : : ; pv = @P (u; v)@v ∣∣∣∣v=0; pvv = @2P (u; v)@v2 ∣∣∣∣v=0: (16)�à ¢­¥­¨¥ (15) ¯¥à¥¯¨áë¢ ¥âáï â®£¤  ¢ ¢¨¤¥Avv + 2i
~
pAu + i

~
puA+ 2

~
p2R−1v2A− ~

−2K(u)v2A = 0; (17)R(u) = [�−1(u) + pv(u)p(u) ]−1 ; K(u) = −p2(pvvp + p2vp + 2pup� ) : (18)�ã­ªæ¨ï R(u), ®¯à¥¤¥«¥­­ ï á®®â­®è¥­¨¥¬ (18), ¨¬¥¥â á¬ëá« \íää¥ªâ¨¢­®£® à ¤¨Äãá  ªà¨¢¨§­ë"ªà¨¢®© L. �â¬¥â¨¬, çâ® ¥á«¨ ªà¨¢ ï L á®¢¯ ¤ ¥â á ¯ãâ¥¬ à¥ ªæ¨¨, â®R−1(u) = 0 [15].Ǳ¥à¥©¤¥¬ ª ¨áá«¥¤®¢ ­¨î ãà ¢­¥­¨ï (17). �«ï íâ®£® ¢¢¥¤¥¬ ­®¢ãî ­¥§ ¢¨á¨¬ãî ¯¥Äà¥¬¥­­ãî x = ~
−1=2

κ(u)v; κ(u) > 0; (19)£¤¥ äã­ªæ¨ï κ(u) ¯®¤«¥¦¨â ®¯à¥¤¥«¥­¨î. �à ¢­¥­¨¥ (17) ¢ ­®¢ëå ¯¥à¥¬¥­­ëå ¯à¨®¡Äà¥â ¥â ¢¨¤Axx + 2i
κ2 pAu + i

κ2 puA+ 2p2
κ3R∗

xA+ 2iκu
κ2 pxAx − K

κ4 p2x2A = 0; (20)£¤¥ R∗ ≡ ~
1=2R.�¥è¥­¨¥ ãà ¢­¥­¨ï (20) ¯à¥¤áâ ¢¨¬ ¢ á«¥¤ãîé¥© ä®à¬¥:A(u; x) = B(u; x) exp{ix2l(u)}; (21)£¤¥ l(u) { ¥é¥ ®¤­  äã­ªæ¨ï, ¯®¤«¥¦ é ï ®¯à¥¤¥«¥­¨î. Ǳ®¤áâ ¢«ïï (21) ¢ (20), ­ å®¤¨¬Bxx + 4ix(l + κu2κ3 p)Bx + 2i

κ2 pBu + 2p2
κ3 R∗ −1xB + i(2l+ pu

κ2 )B−

− x2 (4l2 + 4κu
κ3 lp+ 2lu

κ2 p+ K
κ4)B = 0: (22)�«ï ®¯à¥¤¥«¥­¨ï äã­ªæ¨© κ(u) ¨ l(u) ¯®âà¥¡ã¥¬ ¢ë¯®«­¥­¨ï á«¥¤ãîé¨å ãá«®¢¨©:




l(u) + κu2κ3 p = 0;2l(u) + pu

κ2 = 0: (23)�¥è¥­¨¥ (23) ­ å®¤¨âáï ¢ ï¢­®¬ ¢¨¤¥:
κ(u) = cp; l(u) = −pu=2c2p2; (24)3∗



244 �.�. ��������, �.�. ��������, �.�. ���������, �.�. ����������£¤¥ c { ¯®áâ®ï­­ ï, ª®â®àãî á«¥¤ã¥â ®¯à¥¤¥«¨âì ¨§  á¨¬¯â®â¨ç¥áª¨å ãá«®¢¨©¤«ï 	+n (u; v).� ãç¥â®¬ (23), (24) ãà ¢­¥­¨¥ (22) ¯à¨­¨¬ ¥â ¢¨¤Bxx + 2ic2pBu − x2NB + 2c3pR∗
xB = 0; (25)N = c−4p−4(p2u − ppuu +K) > 0:�¢¥¤¥¬ ¯¥à¥¬¥­­ãî t á®£« á­® á®®â­®è¥­¨ît = c2 ∫ u0 du′P (u′; 0): (26)�§ (26) ¢ëâ¥ª ¥â á«¥¤ãîé¥¥  á¨¬¯â®â¨ç¥áª®¥ ¯®¢¥¤¥­¨¥ äã­ªæ¨¨ t = t(u):t(u) −→u→±∞

±∞; t(u) −→u→0 0: (27)�®á¯®«ì§®¢ ¢è¨áì (27), ¯à¥®¡à §ã¥¬ (25) ª ¢¨¤ãiBt = −12Bxx + [12
2(t)x2 − F (t)x]B(x; t); (28)£¤¥ ¢¥«¨ç¨­ë 
, F ®¯à¥¤¥«ïîâáï á®®â­®è¥­¨ï¬¨
(t) = N1=2; F (t) = (c3pR∗)−1: (29)�ã­ªæ¨¨ 
(t) ¨ F (t) ã¤®¢«¥â¢®àïîâ á«¥¤ãîé¨¬ ãá«®¢¨ï¬:limt→±∞

(t) = 
±; limt→±∞

F (t) = 0;£¤¥ 
± áãâì ­¥ª®â®àë¥ ¯®áâ®ï­­ë¥. �«¥¤ã¥â ®â¬¥â¨âì, çâ® ¢ á«ãç ¥, ª®£¤  ªà¨¢ ï Lï¢«ï¥âáï ¯ãâ¥¬ à¥ ªæ¨¨, F (t) = 0.� ª¨¬ ®¡à §®¬, ¯®á«¥¤®¢ â¥«ì­ë¬¨ ¯à¥®¡à §®¢ ­¨ï¬¨ ª®««¨­¥ à­ãî § ¤ çã ® ¯¥Äà¥áâà®©ª¥ ã¤ ¥âáï á¢¥áâ¨ ª ®¤­®¬¥à­®© ­¥áâ æ¨®­ à­®© § ¤ ç¥ ® ª¢ ­â®¢®¬ ®áæ¨««ïâ®Äà¥ á ¯¥à¥¬¥­­®© ç áâ®â®© 
(t) ¢ ¯®«¥ ¢­¥è­¥© á¨«ë F (t), ª®â®à ï å®à®è® ¨áá«¥¤®¢ ­ ¢ «¨â¥à âãà¥ (á¬., ­ ¯à¨¬¥à, [16]). �ç¨âë¢ ï á¯¥æ¨ä¨ªã ¨áå®¤­®© § ¤ ç¨, ­¥®¡å®¤¨¬®¯à¨¢¥áâ¨ ®á­®¢­ë¥ à¥§ã«ìâ âë ¯à¨¬¥­¨â¥«ì­® ª ­ è¥¬ã á«ãç î.Ǳãáâì F (t) = 0. �ã¤¥¬ ¨áª âì à¥è¥­¨¥ (28) ¢ ¢¨¤¥B(x; t) = �−1=2(t) exp{−i�(x; t)}D(y; �); (30)£¤¥ y = x=�(t), � = 
(t)=
−,   äã­ªæ¨¨ �(t) ¨ 
(t) ¯®¤«¥¦ â ®¯à¥¤¥«¥­¨î.Ǳ®¤áâ ¢«ïï (30) ¢ (28), ¨¬¥¥¬ �(x; t) = − _�x=2�; (31)i _

−

@D@� = −2�−2@2D@y2 + 12 [
2(t) +( _��)2 + ddt _��]xD: (32)
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 = 
−=�2; ��=� +
2(t) = _
2: (33)Ǳà¨ íâ®¬ (32) ¯à¨­¨¬ ¥â ¢¨¤ iD� = −12Dyy + 12
2−y2D: (34)�«ïD(y; �) ¨¬¥¥¬ à¥è¥­¨¥D(y; �) = ( 12nn!√
−� )1=2 exp(−iEn� − 12
−y2)Hn(√
− y); (35)£¤¥Hn(z) { ¯®«¨­®¬ �à¬¨â ,En = (n+ 1=2)
−; � = ∫ t
−∞

dt′=�(t′): (36)� ª¨¬ ®¡à §®¬, ¤«ï à¥è¥­¨ï (28) ¯à¨ F (t) = 0 ¤®áâ â®ç­® ­ ©â¨ äã­ªæ¨¨ �(t) ¨ 
(t).Ǳ¥à¥¯¨è¥¬ (33) á«¥¤ãîé¨¬ ®¡à §®¬:��(t) + 
2(t)�(t) = 
2−=�3(t): (37)�à ­¨ç­ë¥ ãá«®¢¨ï ¤«ï�(t) ¨ 
(t) ¢ëâ¥ª îâ ¨§ âà¥¡®¢ ­¨ï áãé¥áâ¢®¢ ­¨ï ¯à¨ t → −∞áâ æ¨®­ à­ëå à¥è¥­¨© (28) ¨ ¨¬¥îâ ¢¨¤limt→−∞
�(t) = 1; 
(t) ∼t→−∞


−t: (38)�¡é¥¥ à¥è¥­¨¥ ãà ¢­¥­¨ï (28) § ¯¨áë¢ ¥âáï â ª¨¬ ®¡à §®¬:�(t) = [ 2∑i;k=1aik�i(t)�k(t)]1=2; (39)£¤¥ �1(t) ¨ �2(t) { ¤¢  «¨­¥©­® ­¥§ ¢¨á¨¬ëå à¥è¥­¨ï ®¤­®à®¤­®£® ãà ¢­¥­¨ï��(t) + 
2(t)�(t) = 0 (40)¨ aij (i; j = 1; 2) { ¯à®¨§¢®«ì­ë¥ ª®¬¯«¥ªá­ë¥ ¯®áâ®ï­­ë¥, ã¤®¢«¥â¢®àïîé¨¥ ãá«®¢¨ï¬W 2 det ‖aij‖ = 1; aij = aji; W ≡ �1 _�2 − �2 _�1: (41)� ª ç¥áâ¢¥ «¨­¥©­® ­¥§ ¢¨á¨¬ëå à¥è¥­¨© �1;2 ¢ë¡¥à¥¬�1(t) = �(t); �2(t) = �∗(t): (42)



246 �.�. ��������, �.�. ��������, �.�. ���������, �.�. �����������à ­¨ç­ë¥ ãá«®¢¨ï ¤«ï �(t) ¯®«­®áâìî ®¯à¥¤¥«ïîâ à¥è¥­¨¥ (40),   á«¥¤®¢ â¥«ì­®, ¨äã­ªæ¨¨ �(t) ¨ 
(t). Ǳ®«®¦¨¬�(t) =t→−∞
C̃1ei
−t + C̃2e−i
−t; C̃1 = |C̃1|ei~�1 ; C̃2 = |C̃2|ei~�2 ; (43)£¤¥ |C̃i|, ~�i (i = 1; 2) { ¯à®¨§¢®«ì­ë¥ ¢¥é¥áâ¢¥­­ë¥ ¯®áâ®ï­­ë¥. Ǳ®¤áâ ¢«ïï (43) ¢ (39)¨ ãç¨âë¢ ï (41), ¯ãâ¥¬ ¯à®áâëå ¢ëç¨á«¥­¨© ¬®¦­® ¯®ª § âì, çâ® ãá«®¢¨ï (38) ¢ë¯®«Ä­ïîâáï ¯à¨ ¢ë¯®«­¥­¨¨ á«¥¤ãîé¨å âà¥¡®¢ ­¨©:

|C̃2| = 0; ~�i = 0; |C̃1| = 1: (44)� ª¨¬ ®¡à §®¬, à¥è¥­¨¥ (30) ãà ¢­¥­¨ï (28) ¯à¨ F (t) = 0 ®¯à¥¤¥«ï¥âáï à¥è¥­¨ï¬¨ãà ¢­¥­¨ï (40) á £à ­¨ç­ë¬¨ ãá«®¢¨ï¬¨�(t) ∼t→−∞
ei
−t; �(t) ∼t→∞

C1ei
+t − C2e−i
+t; (45)£¤¥ Ci { ¯à®¨§¢®«ì­ë¥ ª®¬¯«¥ªá­ë¥ ¯®áâ®ï­­ë¥, ¬¥¦¤ã ª®â®àë¬¨ áãé¥áâ¢ã¥â ®ç¥¢¨¤Ä­®¥ á®®â­®è¥­¨¥
|C1|2 − |C22 | = 
−=
+: (46)�¢¥¤¥¬ ¢¥«¨ç¨­ã #, # = |C2=C1|2; (47)ª®â®à ï ¯à¨ § ¤ ­­®¬ ®â­®è¥­¨¨ 
+=
− ®¯à¥¤¥«ï¥â ¬®¤ã«¨ ª®íää¨æ¨¥­â®¢ C1 ¨ C2,C1 = eiÆ1√
−=
+ (1− #)−1=2; C2 = eiÆ2√
−=
+√#=(1− #) : (48)�¥«¨ç¨­  # á¢ï§ ­  á ª®íää¨æ¨¥­â®¬ ®âà ¦¥­¨ï ®â ®¤­®¬¥à­®£® ¯®â¥­æ¨ «ì­®£®¡ àì¥à . �¡à §ã¥¬ ¨§ �(t) ¨ �∗(t) «¨­¥©­ãî ª®¬¡¨­ æ¨î �1(t) á® á«¥¤ãîé¨¬¨ á¢®©áâÄ¢ ¬¨: �1(t) = �(t) +R�∗(t) = { ei
−t +Re−i
−t; t → −∞;Dei
+t; t → ∞: (49)�¨¤­®, çâ® �1(t) á®¢¯ ¤ ¥â á ¢®«­®¢®© äã­ªæ¨¥© ®¤­®¬¥à­®£® ãà ¢­¥­¨ï �à¥¤¨­£¥à ,¨¬¥îé¥£® ¢¨¤ (40) . �®£¤  ª®íää¨æ¨¥­âëR ¨D ¨¬¥îâ á¬ëá«  ¬¯«¨âã¤ ®âà ¦¥­­®© ¨¯à®è¥¤è¥© ¢®«­ [17]. �à ¢­¨¢ ï (49) á (45), «¥£ª® ¯®«ãç¨âìC1 = D=(1− |R|2); C2 = RD∗=(1− |R|2); # = |R|2: (50)�â® ®¡áâ®ïâ¥«ìáâ¢® ¯®§¢®«ï¥â ¨á¯®«ì§®¢ âì ¤«ï ®¯à¥¤¥«¥­¨ï # ¨§¢¥áâ­ë¥ à¥§ã«ìâ âëª¢ ­â®¢®© ¬¥å ­¨ª¨, ¯®«ãç¥­­ë¥, ­ ¯à¨¬¥à, ¢ à ¬ª å ¬¥â®¤  ���.�®£¤  ­  ®áæ¨««ïâ®à ¤¥©áâ¢ã¥â ¢­¥è­ïï á¨«  (ªà¨¢ ïL ­¥ ï¢«ï¥âáï ¯ãâ¥¬ à¥ ªæ¨¨),§ ¤ çã ¬®¦­® á¢¥áâ¨ ª á«ãç î ®âáãâáâ¢¨ï ¢­¥è­¥© á¨«ë á ¯®¬®éìî ¯®¤áâ ­®¢ª¨ [18]B(x; t) = exp{i(Scl(t) + _��x)}'(�x; t); �x = x− �(t): (51)Ǳ®¤áâ ¢«ïï (51) ¢ (28), ¤«ï äã­ªæ¨¨ '(t) ¯®«ãç¨¬i't = −12'�x�x + 12
2�x2'+ (�tt +
2� − F )�x'+( _Scl − 12(�2t − 
2�2)− F�)': (52)
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2(t)� = F (t); �(−∞) = �t(−∞) = 0; (53)Scl = ∫ t
−∞

dt′(12�2t′ − 12
2(t′)�2 + F�) : (54)�¥¬ á ¬ë¬ ­¥¨§¢¥áâ­ë¥ ¢ (51) ®¯à¥¤¥«¥­ë. �ã­ªæ¨î �(t), ï¢«ïîéãîáï à¥è¥­¨¥¬ (53),¬®¦­® ¢ëà §¨âì ç¥à¥§ à¥è¥­¨¥ �(t) ãà ¢­¥­¨ï (40):�(t) = (2
−)−1=2(�(t)d∗(t) + �∗(t)d(t)): (55)�¤¥áì ¢¢¥¤¥­  ¢ ¦­ ï ¤«ï ¤ «ì­¥©è¥£® äã­ªæ¨ï d(t):d(t) = i=(2
−)1=2 ∫ t
−∞

dt′�(t′)F (t′); (56)d = limt→∞
d(t) ≡ (�)1=2ei�: (57)�ç¨âë¢ ï (30), (31), ¬®¦­® ­ ©â¨ ®¡é¥¥ à¥è¥­¨¥ ãà ¢­¥­¨ï (28)B(x; t) = (�(t))−1=2 exp{i [Scl + _�(x− �) + _�2� (x − �)2]}D(x− �� ; �) : (58)�¥è¥­¨¥ ãà ¢­¥­¨ï �à¥¤¨­£¥à  (8), ®¯¨áë¢ îé¥¥ í¢®«îæ¨î ª®««¨­¥ à­®© á¨áâ¥Ä¬ë âà¥å â¥« ¢ ª ­ «¥ á ¯¥à¥áâà®©ª®©, ­¥á«®¦­® â¥¯¥àì ¯®«ãç¨âì, ®¡ê¥¤¨­ïï (12), (21)¨ (58), 	+n (x; t) = (�)−1=2 exp(i S̃

~

)[(2n!)−1=2√
−� ]1=2
×

× exp(−
−2 (x− �� )2Hn(− (
−)1=2� (x − �)) ; (59)£¤¥ S̃ ¨¬¥¥â á¬ëá«ª« áá¨ç¥áª®£® ¤¥©áâ¢¨ï á¨áâ¥¬ë âà¥å â¥«, ãç¨âë¢ îé¥£® ¢ª« ¤ ¯à¨Ä¬ëª îé¨å âà ¥ªâ®à¨© ¢ â®ª®¢®© âàã¡ª¥:S̃ = S∗cl − ~

[(n+ 1=2)
−

∫ t
−∞

dt′=�2(t′) + ( _� − _p�=p)(x− �)++ 12( _�=� − _p=p)(x− �)2 − _p2p�2]; S∗cl = c−2t+ ~Scl(t): (60)�«ï ®¯à¥¤¥«¥­¨ï ¯®áâ®ï­­®© c ¢ á®®â­®è¥­¨¨ (24) ­¥®¡å®¤¨¬® ¯¥à¥©â¨ ª ¯à¥¤¥«ãt → −∞ ¢ ãà ¢­¥­¨¨ (59). �®£¤  ¨§ ãá«®¢¨ïlimt→−∞
	+n (x; t) = 	0n(x; t) (61)
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P (u; v)∣∣v=0: (62)4. ���������� ������������������������ ����������� Ǳ��������®­¥ç­®© æ¥«ìî § ¤ ç¨ ï¢«ï¥âáï ­ å®¦¤¥­¨¥ ¢¥à®ïâ­®áâ¨ à¥ ªâ¨¢­ëå ¯¥à¥å®¤®¢ ¯ãÄâ¥¬ ¢ëç¨á«¥­¨ï ¬ âà¨ç­ëå í«¥¬¥­â®¢ Smn. �â  § ¤ ç  à¥è ¥âáï á«¥¤ãîé¨¬ ®¡à Ä§®¬. � á¨«ã (59) ¬ë §­ ¥¬ ª¢ §¨ª« áá¨ç¥áª®¥ ¯à¨¡«¨¦¥­¨¥ ª ¯®«­®© ¢®«­®¢®© äã­ªæ¨¨	+(x; t) ¯à¨«î¡®¬ t, ¢ â®¬ç¨á«¥ ¨ ¯à¨ t → ±∞. �®íää¨æ¨¥­âëà §«®¦¥­¨ï íâ®©äã­ªÄæ¨¨ ¯®  á¨¬¯â®â¨ç¥áª¨¬ ¢®«­®¢ë¬äã­ªæ¨ï¬	0m(x; t) ¢ ª®­¥ç­®¬ ª ­ «¥ áãâì ¨áª®¬ë¥¬ âà¨ç­ë¥ í«¥¬¥­âë. �â®â á¯®á®¡ ¢ëç¨á«¥­¨ï ª®íää¨æ¨¥­â®¢ à §«®¦¥­¨ï ¬®¦­® ã¯Äà®áâ¨âì, ¢¢¥¤ï ¯à®¨§¢®¤ïéãî äã­ªæ¨î	(z; x; t) = ∞∑n=0 zn(n! )1=2	+n (x; t); (63)£¤¥ z { ­¥ª®â®à ï ¢á¯®¬®£ â¥«ì­ ï ª®¬¯«¥ªá­ ï ¯¥à¥¬¥­­ ï.Ǳ®¤áâ ¢«ïï ¢ (63) 	+n (x; t) ¨§ (59) ¨ ¯à®¨§¢®¤ï áã¬¬¨à®¢ ­¨¥, ¯®«ãç¨¬	(z; x; t) = (�(t))−1=2(
−=�)1=4 exp{−12[−i _�� (x− �)2 − _pp(x − �)2−

− 2(2
−)1=2� (x− �)z + z2e−2i
]+ i[( _� − _p�=p)(x− �)− _p2p�2 + S∗cl=~]}:(64)�­ «®£¨ç­® ¢ëç¨á«ï¥âáï ¯à®¨§¢®¤ïé ïäã­ªæ¨ï  á¨¬¯â®â¨ç¥áª®£® á®áâ®ï­¨ï ¯à¨ t→∞:	0(z; x; t) = (
=�)1=4 exp{−12(
+x2 − 2(2
+)1=2zxe−i
+t++ z2e−2i
+t + i
+t)+ ic2t=~}: (65)� áá¬®âà¨¬ ¨­â¥£à « I(z1; z2; t) = ∫ ∞

−∞

dx	∗0(z1; x; t)	(z2; x; t): (66)Ǳà¨ t → ∞ íâ®â ¨­â¥£à « á®¢¯ ¤ ¥â á ¯à®¨§¢®¤ïé¥© äã­ªæ¨¥© ¬ âà¨ç­ëå í«¥¬¥­Äâ®¢ Snm, limt→∞
I(z1; z2; t) = J(z1; z2) = ∞∑n;m=0 zmzn(m!n! )1=2Snm: (67)�«¥¤ãï à ¡®â¥ [19], ¬®¦­® ¯®«ãç¨âì ¤«ï J(z1; z2) á«¥¤ãîé¥¥ ¢ëà ¦¥­¨¥:J(z1; z2) = (1− #)1=4 exp{−�2 (1−√# cos 2')++ 12[√# (z22 − z21) + 2√1− # z1z2]++√# [√1− # e−i'z1 − (ei' −

√# e−i')z2]}: (68)



������������� �ǱǱ���������� S-������� : : : 249Ǳà¨ ¯®«ãç¥­¨¨ (68) ãçâ¥­ë ãá«®¢¨ï (45) ¨ (53),   â ª¦¥ ®¯ãé¥­ë ­¥áãé¥áâ¢¥­­ë¥ ¤«ï¢ëç¨á«¥­¨ï ¢¥à®ïâ­®áâ¥© ¯¥à¥å®¤®¢ ä §®¢ë¥ ¬­®¦¨â¥«¨ ã z1 ¨ z2.�ëç¨á«¥­¨¥ ¬ âà¨ç­ëå í«¥¬¥­â®¢ Snm á¢®¤¨âáï ª à §«®¦¥­¨î äã­ªæ¨¨ J(z1; z2) ¢àï¤ �¥©«®à  [16]. Ǳà¨¢¥¤¥¬ ®ª®­ç â¥«ì­®¥ ¢ëà ¦¥­¨¥ ¤«ï ¢¥à®ïâ­®áâ¨ ¯¥à¥áâà®©ª¨:Wmn =√1− #m!n! ∣∣Hmn(y1; y2)∣∣2 exp{−�(1−√# cos 2')}: (69)�¤¥áìHmn(y1; y2) áãâì ¯®«¨­®¬ë �à¬¨â  ®â ¤¢ãå ¯¥à¥¬¥­­ëå [20]:y1 =√�(1− #) ei'; y2 = −
√� (e−i' − ei'); ' = (Æ1 + Æ2)=2− �;  ¯ à ¬¥âàë#, �, �, Æ1 ¨ Æ2 ®¯à¥¤¥«¥­ë á®®â­®è¥­¨ï¬¨ (47), (57) ¨ (48), á®®â¢¥âáâ¢¥­­®.� á«ãç ¥ ®âáãâáâ¢¨ï ¢­¥è­¥© á¨«ë � = 0 ¨ ¢ëà ¦¥­¨¥ ¤«ïWmn ¬®¦­® ã¯à®áâ¨âì:W̃mn = n<!n>!√1− # ∣∣∣P |n−m|=2
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250 �.�. ��������, �.�. ��������, �.�. ���������, �.�. ����������[7] �®£¤ ­®¢ �.�., �®à¡ ç¥¢ �.�., �¥¢®àªï­ �.�., �ã¡à®¢áª¨© �.�. �¢ §¨ª« áá¨ç¥áª®¥ ¨­Äâ¥£à «ì­®¥ ¯à¥¤áâ ¢«¥­¨¥ T -®¯¥à â®à  ¤«ï ¯à®æ¥áá®¢ á ¯¥à¥áâà®©ª®© ¢ à ¬ª å ª®««¨­¥ à­®©¬®¤¥«¨: Ǳà¥¯à¨­â ò 998. �.: ����� ����, 1986.[8] �¥­¨á¥­ª® �.�., �¨â¢¨­¥­ª® �.�., �®ª®«®¢ �.�. �­ «¨§ í«¥¬¥­â à­ëå ä¨§¨ç¥áª¨å ¯à®Äæ¥áá®¢, ¯à®â¥ª îé¨å ¯à¨ ä®à¬¨à®¢ ­¨¨ áâàãªâãàë ¤¨í«¥ªâà¨ª{¯®«ã¯à®¢®¤­¨ª: Ǳà¥¯à¨­âò 1469. �.: ����� ����, 1990.[9] Marcus R.A. // J. Chem. Phys. 1966. V. 45. P. 4493{4498.[10] Marcus R.A. // J. Chem. Phys. 1968. V. 49. P. 2610{2617.[11] Pancin C.C., Light J. // J. Chem. Phys. 1969. V. 51. P. 1701{1704.[12] Miller G., Light J. // J. Chem. Phys. 1971. V. 54. P. 1635{1642.[13] Miller G., Light J. // J. Chem. Phys. 1971. V. 54. P. 1643{1648.[14] Light J. // Adv. Chem. Phys. 1971. V. 19. P. 1{22.[15] � ¡¨ç �.�., �ã«¤ëà¥¢ �.�. �á¨¬¯â®â¨ç¥áª¨¥ ¬¥â®¤ë ¢ § ¤ ç å ¤¨äà ªæ¨¨ ª®à®âª¨å ¢®«­.�.: � ãª , 1972.[16] � §ì �.�., �¥«ì¤®¢¨ç �.�., Ǳ¥à¥«®¬®¢ �.�. � áá¥ï­¨¥, à¥ ªæ¨¨ ¨ à á¯ ¤ë ¢ ­¥à¥«ïâ¨Ä¢¨áâáª®© ª¢ ­â®¢®© ¬¥å ­¨ª¥. �.: � ãª , 1976.[17] � ­¤ ã �.�., �¨äè¨æ �.�. �¢ ­â®¢ ï ¬¥å ­¨ª . �.: � ãª , 1976.[18] Husimi K. // Progr. Theor. Phys. 1953. V. 9. P. 381{394.[19] Ǳ®¯®¢ �.�., Ǳ¥à¥«®¬®¢ �.�. // ����. 1969. �. 56. �. 1355{1361.[20] Ǳ¥à¥«®¬®¢ �.�., Ǳ®¯®¢ �.�. // ���. 1970. �. 3. �. 377{381.�­áâ¨âãâ ¬¥¦ä §­ëå ¢§ ¨¬®¤¥©áâ¢¨©,�¥å­¨ç¥áª¨© ã­¨¢¥àá¨â¥â Ǳ®áâã¯¨«  ¢ à¥¤ ªæ¨î12.VII.1994 £.A.V.Bogdanov, A.S. Gevorkyan, A.I. Denisenko, G.V.DubrovskyQUASI CLASSICAL ANALYTICAL APPROXIMATION TO THES-MATRIX OF COLLINEAR REARRANGEMENT REACTIONCollinear problem of three-particle rearrangement reaction in the framework of the quasi clasÄsical method of Fock{Leontovich parabolic equation is reduced to the quantum problem of theone-dimensional harmonic oscillator with variable frequency in an external force �eld. This allowsone to express the S-matrix elements responsible for the rearrangement channel via analytical soluÄtion of the oscillator model by using the parameters of the linear con�guration of the three particles.


