
16 �¥áâ¨ª �®áª®¢áª®£® ã¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®®¬¨ï. 1999. ü 3������� � ������� ��������� 530.145 ����������� ������������ ���������� ����������������� � ������������� �� �������������������� ����������� �������. �. �®¯®¢, �. �. �ã§ ª®¢(�����)�áá«¥¤ã¥âáï ¯®¢¥¤¥¨¥ ¤¨ää¥à¥æ¨ «ìëå á¥ç¥¨© à¥ ªæ¨¨ A(e;3e)A++ ¢ £¥«¨¨ ¢ § ¢¨á¨¬®áâ¨®â â¨¯  ¢®«®¢®© äãªæ¨¨  â®¬ . �¥®à¥â¨ç¥áª¨¥ à áç¥âë íâ¨å á¥ç¥¨© ¯®ª § «¨, çâ®   ®á®¢ ¨¨ã£«®¢ëå á¯¥ªâà®¢ (e; 3e) íªá¯¥à¨¬¥â®¢ ¬®¦® ¤¥« âì ¯® ªà ©¥© ¬¥à¥ ª ç¥áâ¢¥ë¥ § ª«îç¥¨ï® å à ªâ¥à¥ ¬¥¦í«¥ªâà®ëå ª®àà¥«ïæ¨© ¢ ¢®«®¢®© äãªæ¨¨ ¬¨è¥¨.�¯¥à¢ë¥ æ¥«¥á®®¡à §®áâì (e; 3e) íªá¯¥à¨¬¥â®¢¤«ï ¨áá«¥¤®¢ ¨ï ¬¥¦í«¥ªâà®ëå ª®àà¥«ïæ¨© ¢¢®«®¢®© äãªæ¨¨ ¬¨è¥¨ ®¡áã¦¤ « áì ¢ à ¡®â å�¬¨à®¢  ¨ ¤à. [1],   â ª¦¥ �¥ã¤ ç¨  ¨ ¤à. [2].� íâ¨å à ¡®â å £« ¢ë¬ ®¡à §®¬ ¡ë«  à áá¬®âà¥ ª¨¥¬ â¨ª  ¯à®æ¥áá , ®â¢¥ç îé ï ¡®«ìè®©  ç «ì-®© í¥à£¨¨ ¨ ¬ «®¬ã ¯¥à¥¤ ®¬ã ¨¬¯ã«ìáã. � ª®©¯®¤å®¤ ¯®§¢®«ï¥â ¯à®¢¥áâ¨   «®£¨î ¬¥¦¤ã (e; 3e)¨®¨§ æ¨¥© ¨ (; 2e) ¨®¨§ æ¨¥© ¨ ¨á¯®«ì§®¢ âì íâ®¤«ï áà ¢¥¨ï à¥§ã«ìâ â®¢ (e; 3e) ¨ (; 2e) íªá¯¥à¨-¬¥â®¢.�¥à¢ë¥ (e; 3e) íªá¯¥à¨¬¥âë ¯®ï¢¨«¨áì áà ¢¨-â¥«ì® ¥¤ ¢® [3, 4]. �¥¬®£®ç¨á«¥ë¥ (e; 3e) íªá-¯¥à¨¬¥â «ìë¥ ãáâ ®¢ª¨, ¨¬¥îé¨¥áï ¢ ¬¨p¥ ¢  -áâ®ïé¥¥ ¢à¥¬ï, à¥ «¨§ãîâ ª¨¥¬ â¨ªã á ¬ «ë¬ ¯¥à¥-¤ ë¬ ¨¬¯ã«ìá®¬, ¯à¥¤«®¦¥ãî ¢ à ¡®â å [1, 2].�¤ ª®, ª ª ¡ë«® ¯®ª § ® ¢ à ¡®â å [5, 6], ¯à¨à áç¥â¥ ¯à®æ¥áá®¢ á ¬ «ë¬ ¯¥à¥¤ ë¬ ¨¬¯ã«ìá®¬¢®§¨ª ¥â íää¥ªâ ú¤¢®©®© ¬®¤¥«ì®© § ¢¨á¨¬®á-â¨û [6], áãâì ª®â®à®£® § ª«îç ¥âáï ¢ â®¬, çâ® ¥®¡å®-¤¨¬®áâì ãç¥â  ¬¥¦í«¥ªâà®ëå ª®àà¥«ïæ¨© ¢ ª®¥ç-®¬ á®áâ®ï¨¨ ¢«¥ç¥â ¥®¤®§ ç®áâì ¨ä®à¬ æ¨¨® ¬¥¦í«¥ªâà®ëå ª®àà¥«ïæ¨ïå ¢ ®á®¢®¬ á®áâ®ï-¨¨, â. ¥. ¬¨è¥¨.� â¥å ¦¥ à ¡®â å [5, 6] ¡ë«® ®¡à é¥® ¢¨¬ ¨¥  ª¨¥¬ â¨ªã (e; 3e) ¯à®æ¥áá®¢, ®â¢¥ç îé¨å á«ãç î¡®«ìè¨å ¯¥à¥¤ ¢ ¥¬ëå ¨¬¯ã«ìá®¢. � íâ®© ª¨¥¬ -â¨ª¥ ¢ ª®¥ç®¬ á®áâ®ï¨¨ ¯à¨áãâáâ¢ãîâ ¤¢  ¡ëáâ-àëå í«¥ªâà® , ¨¬¥îé¨¥ ¡«¨§ª¨¥ ¯® ¢¥«¨ç¨¥ í¥à-£¨¨ ¨ ã£«ë ¢ë«¥â  ®â®á¨â¥«ì®  ¯à ¢«¥¨ï  -ç «ì®£® ¨¬¯ã«ìá , ¯à¨ íâ®¬ ¨å áã¬¬ à ï í¥à£¨ï¯®çâ¨ à ¢  í¥à£¨¨ ¯ ¤ îé¥£® í«¥ªâà® ; âà¥â¨©ª®¥çë© í«¥ªâà® ¬¥¤«¥ë©. � ª ï ª¨¥¬ â¨ç¥á-ª ï áå¥¬    «®£¨ç  ¯à¥¤«®¦¥®© ¢ à ¡®â å [7, 8]¤«ï ¨áá«¥¤®¢ ¨ï ®¤®í«¥ªâà®ëå ¢®«®¢ëå äãª-æ¨© ¢ (e; 2e) íªá¯¥à¨¬¥â å, ®  ï¢«ï¥âáï ¥¥ ®¡®¡-é¥¨¥¬   á«ãç © (e; 3e) ¨®¨§ æ¨¨. �â® ¯®§¢®«ï-¥â ®¯¨á âì ¤¨ ¬¨ªã (e; 3e) ¯à®æ¥áá  ¯à¨ ¡®«ìè®©¯¥à¥¤ ç¥ ¨¬¯ã«ìá  â ª¨¬ ¦¥ ®¡à §®¬, ª ª ¨ ¢ á«ã-ç ¥ á¨¬¬¥âà¨çëå (e; 2e) áâ®«ª®¢¥¨©,   ¢®«®¢ãîäãªæ¨î ª®¥ç®£® á®áâ®ï¨ï ¯à¥¤áâ ¢¨âì ¢ ¢¨¤¥¯à®¨§¢¥¤¥¨ï ¤¢ãå ¯«®áª¨å ¢®«, ®â¢¥ç îé¨å ¯ à¥¡ëáâàëå í«¥ªâà®®¢,   ªã«®®¢áªãî ¢®«ã, á®®â¢¥â-

áâ¢ãîéãî ¤¢¨¦¥¨î ¬¥¤«¥®£® í¦¥ªâ¨à®¢ ®£®í«¥ªâà®  ¢ ¯®«¥ ¨®  ®â¤ ç¨.�  áâ®ïé¥© à ¡®â¥ à áá¬ âà¨¢ îâáï ¢®§¬®¦®á-â¨ ¨áá«¥¤®¢ ¨ï ¬¥¦í«¥ªâà®ëå ª®àà¥«ïæ¨©   ¡ -§¥ ã£«®¢ëå á¯¥ªâà®¢ (e; 3e) íªá¯¥à¨¬¥â®¢ ¯à¨ ¡®«ì-è¨å ¯¥à¥¤ ¢ ¥¬ëå ¨¬¯ã«ìá å. �®áª®«ìªã  è¥ à á-á¬®âà¥¨¥ ®á¨â à¥ª®¬¥¤ â¥«ìë© å à ªâ¥à, â® ¬ë®£à ¨ç¨¬áï ¢ ª ç¥áâ¢¥ ¬¨è¥¨  â®¬®¬ £¥«¨ï. � ª¨¬®¡à §®¬, § ¤ ç  á¢®¤¨âáï ª ®¯à¥¤¥«¥¨î å à ªâ¥à-ëå ç¥àâ ã£«®¢®£® á¯¥ªâà  à¥ ªæ¨¨ He(e; 3e)He++¢ § ¢¨á¨¬®áâ¨ ®â â¨¯  ¬¥¦í«¥ªâà®ëå ª®àà¥«ïæ¨©,¯à¨áãâáâ¢ãîé¨å ¢ ¢®«®¢®© äãªæ¨¨  â®¬  He.�à¥¦¤¥ ¢á¥£® § ¯¨è¥¬ § ª®ë á®åà ¥¨ï í¥à-£¨¨ ¨ ¨¬¯ã«ìá  ¤«ï à¥ ªæ¨¨ He(e; 3e)He++ :E0+ "He0 = Ea+Eb +Ec;p0 = pa + pb + pc + q;£¤¥ (E0;p0) , (Ea;pa) , (Eb;pb) ¨ (Ec;pc) | í¥à£¨¨¨ ¨¬¯ã«ìáë ¯ ¤ îé¥£®, à áá¥ï®£® ¨ ¤¢ãå í¦¥ªâ¨-à®¢ ëå í«¥ªâà®®¢ á®®â¢¥âáâ¢¥®, q | ¨¬¯ã«ìá¨®  He++ , "He0 | í¥à£¨ï á¢ï§¨  â®¬  He. �¨¥¬ -â¨ç¥áª¨© à¥¦¨¬, ®â¢¥ç îé¨© á«ãç î ¡®«ìè®© ¯¥à¥-¤ ç¨ ¨¬¯ã«ìá , ¬®¦¥â ¡ëâì à¥ «¨§®¢  ¯à¨ ¢ë¯®«-¥¨¨ á«¥¤ãîé¨å ãá«®¢¨©:Ea 'Eb � E0=2� Ec; �a ' �b; (1)£¤¥ �a ¨ �b | ã£«ë ¢ë«¥â  à áá¥ï®£® ¨ í¦¥ªâ¨-à®¢ ®£® í«¥ªâà®®¢ á®®â¢¥âáâ¢¥® ®â®á¨â¥«ì® ¯à ¢«¥¨ï ¨¬¯ã«ìá   ç «ì®£® í«¥ªâà®  p0 .�á«®¢¨ï (1) ®¯à¥¤¥«ïîâ ¤¨ ¬¨ªã ¯à®æ¥áá :  «¥-â îé¨© í«¥ªâà® ¢ëá®ª®© í¥à£¨¨ ¢ë¡¨¢ ¥â í«¥ª-âà® ¬¨è¥¨, ®¡à §ãï á ¨¬ ¡ëáâàãî á¨¬¬¥âà¨ç-ãî í«¥ªâà®ãî ¯ àã,   ¢â®à®© £¥«¨¥¢ë© í«¥ªâà®¢ à¥§ã«ìâ â¥ ¨§¬¥¥¨ï íää¥ªâ¨¢®£® ªã«®®¢áª®£®¯®«ï ¯¥à¥å®¤¨â ¢ á®áâ®ï¨¥ ª®â¨ãã¬  á í¥à£¨¥©Ec . � ª®© ¬¥å ¨§¬ à¥ ªæ¨¨ He(e; 3e)He++ ,  §ë-¢ ¥¬ë© ¬¥å ¨§¬®¬ ú¢áâàïáª¨û, ¤ ¥â ®á®¢ ¨ï ¤«ï¢ëç¨á«¥¨ï á®®â¢¥âáâ¢ãîé¥£® ¯ïâ¨ªà â®£® ¤¨ää¥-à¥æ¨ «ì®£® á¥ç¥¨ï à áá¥ï¨ï (5DCS | fivefold



�¥áâ¨ª �®áª®¢áª®£® ã¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®®¬¨ï. 1999. ü3 17differential cross section) ¢ à ¬ª å ¨¬¯ã«ìá®£® ¯à¨-¡«¨¦¥¨ï ¯«®áª¨å ¢®«:d5�dEbdEcd
ad
bd
c = 2papb(2�)3p0 ���� tee2� ����2 �(pc;�); (2)£¤¥ jtee=2�j2 | ¬®ââ®¢áª®¥ á¥ç¥¨¥ ee-à áá¥ï¨ï:���� tee2� ����2 = 4Q4 f(x)C(y);8><>:f(x) = 2�xe2�x�1; C(y) = [1+ y4 � y2 cos(2x lny)]x= jpa � pbj�1; y = jp0� pajjp0� pbj ; Q= jp0 � paj 9>=>;:� ä®à¬ã«¥ (2) äãªæ¨ï �(pc;�) ¨¬¥¥â ¢¨¤�(pc;�) = pc(2�)3 �� ����ZZ dr1dr2'��(pc; r1) expfi�r2g�0(r1; r2)����2; (3)£¤¥ �= pc+q , '�(pc; r) | ¢®«®¢ ï äãªæ¨ï ª®-â¨ãã¬ , ®¯¨áë¢ îé ï ¤¢¨¦¥¨¥ ¬¥¤«¥®£® í«¥ª-âà®  ¢ ¯®«¥ ¨®  He++ ,   �0(r1; r2) | ¢®«®¢ ïäãªæ¨ï ®á®¢®£® á®áâ®ï¨ï  â®¬  £¥«¨ï.�à¥¤áâ ¢¨¬ '�(pc; r) , exp(i�r) ¨ �0(r1; r2) ¢ ¢¨-¤¥ à §«®¦¥¨ï ¯® ¯ àæ¨ «ìë¬ ¢®« ¬:'�(pc; r) = 4�� 2��e2�� �1�1=2�� 1Xl=0 il expf�i�lgRl(pc; r)hYl(pc)Yl(r)i ;exp(i�r) = 4� 1Xl=0 iljl(�r)hYl(�)Yl(r0)i ; (4)�0(r; r0) = 4� 1Xl=0 �0l(r; r0)hYl(r)Yl(r0)i :� ¢ëà ¦¥¨ïå (4) ä §  �l ®¯p¥¤¥«ï¥âáï ¨§ ãá«®-¢¨ï exp(2i�l) = �(l + 1 + i�)=�(l + 1 � i�) , � == �2=pc; Rl(pc; r) | ¯ àæ¨ «ì ï ªã«®®¢áª ï ¢®«- , jl(�r) | áä¥à¨ç¥áª ï äãªæ¨ï �¥áá¥«ï,hYl(a)Yl(b)i � lXm=�l Y �lm(
a)Ylm(
b) == (2l+ 1)4� Pl(cos �ab):

�®¤áâ ¢«ïï â¥¯¥àì à §«®¦¥¨ï (4) ¢ (3), ¤«ï 5DCS¯®«ãç¨¬ d5�dEb dEc d
a d
b d
c = 27� papbp0Q4f(x)C(y)���1�exp��4�pc���1�����1Xl=0(2l+1) expfi�lgPl(cos ��pc)�� 1Z0 r21jl(�r1) dr1 1Z0 r22Rl(pc; r2)�0l(r1; r2) dr2�����2: (5)� ä®à¬ã«¥ (5) ¬®¦® ¢ë¯®«¨âì ¨â¥£à¨à®¢ ¨¥ ¯®â¥«¥á®¬ã ã£«ã ¬¥¤«¥®£® í¦¥ªâ¨à®¢ ®£® í«¥ª-âà® , â®£¤  ¯®«ãç¨¬ ç¥âëà¥åªà â®¥ ¤¨ää¥à¥æ¨- «ì®¥ á¥ç¥¨¥ (4DCS) â ª  §ë¢ ¥¬®£® (e; 3{1e) íªá-¯¥à¨¬¥â , ¢ ª®â®à®¬ ¤¥â¥ªâ¨pãîâáï   á®¢¯ ¤¥¨¥¤¢  ¡ëáâàëå ª®¥çëå í«¥ªâà®  ¨ ¨§¬¥àï¥âáï í¥à-£¨ï ¬¥¤«¥®£®:d4�dEb dEc d
a d
b = 29 papbp0Q4 f(x)C(y)�� �1� exp��4�pc ���1 1Xl=0(2l+ 1)� (6)� ����� 1Z0 r21jl(�r1) dr1 1Z0 r22Rl(pc; r2)�0l(r1; r2) dr2�����2:�á«¨ à áá¬ âà¨¢ âì ¯®«®áâìî á¨¬¬¥âà¨çãî ª®¬-¯«  àãî ª¨¥¬ â¨ªã, â. ¥. Ea =Eb = E , �a = �b == � , ¨ áç¨â âì, çâ® ¨¬¯ã«ìáë p0 , pa ¨ pb «¥¦ â¢ ®¤®© ¯«®áª®áâ¨, â® á¥ç¥¨¥ (6) ¯à¨ ä¨ªá¨à®¢ -®¬ § ç¥¨¨ E ¨ Ec ¡ã¤¥â äãªæ¨¥© ã£«  � ,   á¥-ç¥¨¥ (5) | ã£«®¢ � ¨ � = ��pc .�«ï æ¥«¥© ª ç¥áâ¢¥®£®   «¨§  ¡ë«¨ ¢ë¡à ëâà¨ ¯à®áâë¥ äãªæ¨¨, ¢®á¯à®¨§¢®¤ïé¨¥ í¥à£¨î á¢ï-§¨ £¥«¨ï á â®ç®áâìî ¥ åã¦¥ 95%. �â® å àâà¨-ä®-ª®¢áª ï äãªæ¨ï ¨§ ¨§¢¥áâ®£® á¯à ¢®ç¨ª  �«¥¬¥-â¨{�®¥ââ¨ [9], ª®â®àãî ¬ë ¡ã¤¥¬ ®¡®§ ç âì  ¡¡à¥-¢¨ âãà®© RHF:8><>:�(RHF)0 (r1; r2) = �(r1)�(r2);�(r) = 5Xi=1 �i'1si (r); (7)®¤  ¨§ äãªæ¨© �¨«ì¢¥à¬  {�« â á {� âá¥ (SPM) [10], ¢ª«îç îé ï ï¢® ª ª à ¤¨ «ìë¥, â ª¨ ã£«®¢ë¥ ª®àà¥«ïæ¨¨:�(SPM)0 (r1; r2) = 1p1 + �2 ��(Nh'1s(r1)'1s0(r2) +'1s0(r1)'1s(r2)i++ 4��p3 '2p(r1)'2p(r2)hY1(r1)Y1(r2)i); (8)



18 �¥áâ¨ª �®áª®¢áª®£® ã¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®®¬¨ï. 1999. ü 3¨ ®¤  ¨§ äãªæ¨© â¨¯  �¨««¥à  á  (H) [11], â ª¦¥á®¤¥à¦ é ï à ¤¨ «ìë¥ ¨ ã£«®¢ë¥ ª®àà¥«ïæ¨¨:�(H)0 (r1; r2) =Nh'1s(r1)'1s0(r2) + '1s0(r1)'1s(r2)i�� (1+C0 expf��r12g): (9)� ä®à¬ã« å (7){(9)'1s(r) =r3� e�r ; '2p(r) =r �53�r e��r :� ª ¦¤®¬ á«ãç ¥ ¯ à ¬¥âàë  ¨ � § ¢¨áïâ ®â â¨-¯  ¬®¤¥«¨. � à ªâ¥à®© ®á®¡¥®áâìî ¯à¨¢¥¤¥ëå¢ëè¥ äãªæ¨©, ª ª, ¢¯à®ç¥¬, ¢á¥å ¨¬¥îé¨åáï ¢ «¨-â¥à âãà¥ ¬®¤¥«¥©, ï¢«ï¥âáï â®, çâ® ¢ ¨å ¤®¬¨¨àã-¥â (á®áâ ¢«ï¥â 95{97%) ¢ª« ¤ 1S0 -ª®¬¯®¥âë, â. ¥.(1s)2 -á®áâ®ï¨¥ ¢ á«ãç ¥ RHF ¨ (1s1s0)-á®áâ®ï¨¥ ¢á«ãç ïå SPM ¨ H.�  à¨á. 1 ¯à¥¤áâ ¢«¥  § ¢¨á¨¬®áâì 4DCS à¥ ªæ¨¨He(e; 3�1e)He++ ®â ã£«  � . � á«ãç ¥ ¬®¤¥«¥© SPM ¨H ¢®§¨ª ¥â íää¥ªâ à áé¥¯«¥¨ï ¯à®áâ®£® ¡¨ à®-£® ¯¨ª , ª®â®àë©  ¡«î¤ ¥âáï ¤«ï ¬®¤¥«¨ RHF,  ¤¢  ¯¨ª  à §®© ¨â¥á¨¢®áâ¨. �â®â íää¥ªâ ®¡ê-ïáï¥âáï ¤®áâ â®ç® ¯à®áâ®, ¥á«¨ ¯à¨ïâì ¢® ¢¨-¬ ¨¥, çâ® £« ¢ë© ¢ª« ¤ ¢ 4DCS ¤ ¥â (1s1s0)-á®-áâ®ï¨¥ íâ¨å äãªæ¨©. �¥©áâ¢¨â¥«ì®, ¯®« ï  ¬-¯«¨âã¤  ¯à®æ¥áá  ¢ ¯¥à¢®¬ ¯à¨¡«¨¦¥¨¨ ï¢«ï¥âáïáã¬¬®© ¤¢ãå  ¬¯«¨âã¤, ®â¢¥ç îé¨å ¤¢ã¬ à §«¨çë¬¬¥å ¨§¬ ¬ ¨®¨§ æ¨¨ á®®â¢¥âáâ¢¥®:  «¥â îé¨©í«¥ªâà® ¢ë¡¨¢ ¥â £¥«¨¥¢ë© í«¥ªâà®,  å®¤ïé¨©áï¢ 1s-á®áâ®ï¨¨,   ®áâ ¢è¨©áï í«¥ªâà® úâã¥«¨àã-¥âû ¨§ £¥«¨¥¢®£® 1s0 -á®áâ®ï¨ï ¢ á®áâ®ï¨¥ ª®â¨ã-ã¬  á¨áâ¥¬ë He++ + e ¨  ®¡®à®â. �â¥àä¥à¥æ¨ï ¬¯«¨âã¤ ¯à¨¢®¤¨â ª  ¡«î¤ ¥¬®¬ã   à¨á. 1 à á-é¥¯«¥¨î ¡¨ à®£® ¯¨ª .� ¢¨á¨¬®áâì 5DCS à¥ ªæ¨¨ He(e; 3e)He++ ®â ã£-«®¢ � ¨ �c ¨§®¡à ¦¥    à¨á. 2 â®«ìª® ¤«ï ¬®¤¥«¥©SPM ¨ H, ¯®áª®«ìªã ¢ á«ãç ¥ ¬®¤¥«¨ RHF á®®â¢¥â-áâ¢ãîé¥¥ á¥ç¥¨¥ ¥ § ¢¨á¨â ®â �c . �®¢¥¤¥¨¥ 5DCS
�¨á. 1. 4DCS-à¥ ªæ¨¨ He(e; 3{1e)He++ ¯à¨ Ea =Eb == 250 í�, Ec = 1 í�; á¯«®è ï «¨¨ï | äãªæ¨ï RHF(�0;25) , èâà¨å®¢ ï «¨¨ï | SPM, â®çª¨ | H

¢¤®«ì � -®á¨ ª ç¥áâ¢¥® ®âà ¦¥® ¢ � -§ ¢¨á¨¬®á-â¨ 4DCS (á¬. à¨á. 1) ¨, á«¥¤®¢ â¥«ì®, ®¡êïáï¥âáï  ®á®¢¥ ¢ëè¥¯à¨¢¥¤¥ëå á®®¡à ¦¥¨©. �â® ª -á ¥âáï § ¢¨á¨¬®áâ¨ 5DCS ®â ã£«  �c , â® ¨§ áà ¢¥-¨ï à¨á. 2,   ¨ ¡ ¬®¦® ¯à¥¤¯®«®¦¨âì, çâ® ®  ¡ã¤¥ââ¥¬ á¨«ì¥¥, ç¥¬ ¡®«ìè¨© ¢ª« ¤ ¢ à §«®¦¥¨¨ (4) ¡ã-¤¥â ¯à¨ ¤«¥¦ âì â®«ìª® ®¤®© ª®¬¯®¥â¥ á l 6= 0 .�«¥¤ã¥â ¯®¤ç¥àªãâì à §¨æã ¢ ¨ä®à¬ æ¨¨ ®¡ ã£«®-¢ëå ª®àà¥«ïæ¨ïå, ª®â®àãî ¬®¦® ¨§¢«¥çì ¨§   «¨§ 4DCS ¨ 5DCS. �á«¨ 4DCS á®¤¥à¦¨â áã¬¬ã ª¢ ¤à â®¢ ¡á®«îâëå ¢¥«¨ç¨ ¢ª« ¤®¢ ®â à §«¨çëå ª®¬¯®-¥â ¢ à §«®¦¥¨¨ (4), â® ¢ 5DCS íâ¨ ¢ª« ¤ë ¢å®¤ïâá® á¢®¨¬¨ ä §®¢ë¬¨ ¬®¦¨â¥«ï¬¨, çâ®, ¢ ¯à¨æ¨¯¥,¤ ¥â ¢®§¬®¦®áâì ¡®«¥¥ ¤¥â «ì® ¨áá«¥¤®¢ âì ã£«®-¢ë¥ ª®àà¥«ïæ¨¨ ¢ äãªæ¨¨ �0(r1; r2) .�â ª, â¥®à¥â¨ç¥áª¨¥ à áç¥âë ¯®ª §ë¢ îâ, çâ®ã£«®¢ë¥ á¯¥ªâàë à¥ ªæ¨© He(e; 3 � 1e)He++ ¨He(e; 3e)He++ ¯à¨ ¡®«ìè¨å ¯¥à¥¤ ¢ ¥¬ëå ¨¬¯ã«ì-á å ª ç¥áâ¢¥® ®âà ¦ îâ å à ªâ¥à ¬¥¦í«¥ªâà®ëåª®àà¥«ïæ¨© ¢ ¬¨è¥¨. � ¤¨ «ìë¥ ª®àà¥«ïæ¨¨ ¢ë-§ë¢ îâ à áé¥¯«¥¨¥ ¡¨ à®£® ¯¨ª    ¤¢  ¯¨ª 

�¨á. 2. 5DCS-à¥ ªæ¨¨ He(e; 3e)He++ ¯à¨ Ea = Eb == 250 í�, Ec = 1 í�: äãªæ¨¨ SPM ( ) ¨ H (¡)
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5. Popov Yu.V., Dal Cappello C., Joulakian B., Kuzmina N.M. //J. Phys. B: At. Mol. Opt. Phys. 1994. 27. P. 1599.6. �®¯®¢ �.�., � «ì � ¯¯¥««® �., �ã«ïªï �., � à ª¥-¥¢ �.�. // ����. 1995. 107. �. 337.7. �¬¨à®¢ �.�., �¥ã¤ ç¨ �.�. // �¨áì¬  ¢ ����. 1966.3. C. 298.8. �¥ã¤ ç¨ �.�, �®¢®áª®«ìæ¥¢  �.�., �¬¨à®¢ �.�. //����. 1968. 55. �. 1039.9. Clementi E., Roetti C. // At. Data and Nucl. Data Tables. 1974.14. P. 177.10. Silverman J.N., Platas O., Matsen F.A. // J. Chem. Phys. 1960.32. P. 1402.11. Bonham R.A., Kohl D.A. // J. Chem. Phys. 1966. 45. P. 2471.�®áâã¯¨«  ¢ p¥¤ ªæ¨î11.02.98��� 539.125.4 ������������ ��������� ����������� ������ ��������� ����������� ������� ������� � ���������! -��������� ������ ��������. �. �¤¨, �. �. �¢¨à¨¤®¢ , �. �. �¥ã¤ ç¨(�����)�®ª § ®, çâ® ¢ ª¨¥¬ â¨ç¥áª®© ®¡« áâ¨ Q2 > 3 �í�2=c2 , Q2� k2 , ®á®¢®© ¢ª« ¤ ¢ ¯®-¯¥à¥ç®¥ á¥ç¥¨¥ d�T =d(k2) í«¥ªâà®à®¦¤¥¨ï ¥©âà «ìëå ¯¨®®¢ ¤ ¥â ¬¥å ¨§¬ ª¢ §¨ã¯àã£®£®¢ë¡¨¢ ¨ï �0 - ¨ ! -¬¥§®®¢ á ¨å ¯¥à¥áâà®©ª®© ¢ �0 -¬¥§®. �à¥¤« £ ¥âáï ¨á¯®«ì§®¢ âì íâ® á¢®©áâ¢®í«¥ªâ®à®¦¤¥¨ï ¤«ï ¯àï¬®£® §®¤¨à®¢ ¨ï áâàãªâãàë ! -¬¥§®®£® ®¡« ª  ãª«® , çâ® ¯®§¢®«¨â®¯à¥¤¥«¨âì ¥ â®«ìª® ¨¬¯ã«ìá®¥ à á¯à¥¤¥«¥¨¥ ! -¬¥§®  ¢ ãª«®¥, á¯¥ªâà®áª®¯¨ç¥áª¨© ä ªâ®à¥£® ®â¤¥«¥¨ï ¨ ª®áâ âã !NN -¢§ ¨¬®¤¥©áâ¢¨ï, ® â ª¦¥ ¨ ®â®á¨â¥«ìë© § ª ª®áâ â G�NN¨ G!NN .�¤®© ¨§ ¢ ¦¥©è¨å ¯à®¡«¥¬ ¥¯¥àâãà¡ â¨¢®©¤¨ ¬¨ª¨  ¤à®®¢ ï¢«ï¥âáï ®æ¥ª  à®«¨ íää¥ªâ¨¢-ëå ¬¥§®ëå áâ¥¯¥¥© á¢®¡®¤ë ¢ áâàãªâãà¥ ãª«®- , ¨«¨, ¨ë¬¨ á«®¢ ¬¨, ¢®¯à®á ® à®«¨ ¬¥§®®£® ®¡-« ª  ãª«® . �  ¯®á«¥¤¨¥ £®¤ë §¤¥áì  ¬¥â¨«áï áã-é¥áâ¢¥ë© ¯à®£à¥áá. � á¢ï§  á ¯®áâ¥¯¥ë¬ ®á®-§ ¨¥¬  ãç®© ®¡é¥áâ¢¥®áâìî [1{5] â®£® ®¡áâ®-ïâ¥«ìáâ¢ , çâ® í«¥ªâà®à®¦¤¥¨¥ ¬¥§®®¢ ¢ ª¨¥¬ â¨-ç¥áª®© ®¡« áâ¨ k2 6 0; 2 �í�2=c2 , �Q2 > 1 �í�2=c2(k� | 4-¨¬¯ã«ìá ¢¨àâã «ì®£® ¬¥§® , �Q2 | ª¢ ¤-à â 4-¨¬¯ã«ìá  ¢¨àâã «ì®£® ä®â® ) ®áãé¥áâ¢«ï¥â-áï ª ª ª¢ §¨ã¯àã£®¥ ¢ë¡¨¢ ¨¥ ¯¨®  í«¥ªâà®®¬.�  è¥© ¯à¥¤ë¤ãé¥© à ¡®â¥ [5], ¨á¯®«ì§ãï ª®-æ¥¯æ¨î ª¢ §¨ã¯àã£®£® ¢ë¡¨¢ ¨ï ¯à¨   «¨§¥ íªá-¯¥à¨¬¥â «ìëå ¤ ëå [1] ® ¯à®¤®«ì®¬ á¥ç¥¨¨í«¥ªâà®à®¦¤¥¨ï ¯¨®®¢   ¯à®â®¥ ¢ ãª § ®© ª¨-¥¬ â¨ç¥áª®© ®¡« áâ¨, ¬ë ®¯à¥¤¥«¨«¨ ¨¬¯ã«ìá®¥à á¯à¥¤¥«¥¨¥ ¯¨®®¢ ¢ ãª«®¥ Pn�p (k) ¨ á¯¥ªâà®-áª®¯¨ç¥áª¨© ä ªâ®à ¯¨®  Sn�p .� à áá¬ âà¨¢ ¥¬®© ª¨¥¬ â¨ª¥ ¯à®æ¥áá ª¢ §¨ã¯-àã£®£® ¢ë¡¨¢ ¨ï ï¢«ï¥âáï áãé¥áâ¢¥® à¥«ïâ¨¢¨áâ-áª¨¬. � ç áâ®áâ¨, íâ® ¯à¨¢®¤¨â ª â®¬ã, çâ® ®ç¥ì¢ ¦ãî à®«ì ¨£à îâ Z -¤¨ £à ¬¬ë á à®¦¤¥¨¥¬ ¬¥-§®®© ¯ àë, ª®â®àë¥ ¥®¡å®¤¨¬® ãç¨âë¢ âì ¯à¨à áá¬®âà¥¨¨ ¢ « ¡®à â®à®© á¨áâ¥¬¥ («. á.), çâ® ã¢¥-«¨ç¨¢ ¥â  ¬¯«¨âã¤ã ¯à¨¬¥à® ¢¤¢®¥. �®¤ç¥àª¥¬,

çâ® ¨¬¥® íâ® ®¡áâ®ïâ¥«ìáâ¢® ¯®§¢®«¨«®  ¬ [5] ¯®-«ãç¨âì á®£« á¨¥ á íªá¯¥à¨¬¥â®¬ ¤«ï ¢®«®¢®© äãª-æ¨¨ ¯¨® ,  ©¤¥®© ¢ à ¡®â¥ [6] ¯à¨   «¨§¥ ä §�N -à áá¥ï¨ï.�ä®à¬ æ¨ï ® áâàãªâãà¥ ¯¨®®£® ®¡« ª  ¡ë-«  ¨§¢«¥ç¥   ¬¨ ¨§ ¤ ëå ® ¯à®¤®«ì®¬ á¥ç¥-¨¨ �L í«¥ªâà®à®¦¤¥¨ï ¯¨®®¢. � ¬¥ç â¥«ì ï ¢®§-¬®¦®áâì ®âªàë¢ ¥âáï ¯à¨   «¨§¥ á íâ¨å ¦¥ ¯®§¨-æ¨© ª¢ §¨ã¯àã£®áâ¨ ¯®¯¥à¥çëå á¥ç¥¨© �T í«¥ªâà®-à®¦¤¥¨ï ¯¨®®¢ [1, 7]. �  è¥© à ¡®â¥ [8] ¯®ª § -®, çâ® ¯®¯¥à¥ç®¥ á¥ç¥¨¥ ¯à¨ ¤®áâ â®ç® ¡®«ìè¨åQ2 (� 3 �í�2=c2 ) ¨ ¬ «ëå ª¢ ¤à â å ¨¬¯ã«ìá  ¢¨à-âã «ì®£® ¬¥§®  k2 ¯à ªâ¨ç¥áª¨ æ¥«¨ª®¬ ®¯à¥¤¥-«ï¥âáï ¯à®æ¥áá®¬ ª¢ §¨ã¯àã£®£® ¢ë¡¨¢ ¨ï �-¬¥§®-®¢, ¯¥à¥áâà ¨¢ îé¨åáï ¢ à¥§ã«ìâ â¥ í«¥ªâà®®£®ã¤ à  ¢ ¯®«®¦¨â¥«ìë© ¯¨®. �âáî¤  á«¥¤ã¥â, çâ®¨§ãç¥¨¥ ¯®¯¥à¥ç®£® á¥ç¥¨ï �T í«¥ªâà®à®¦¤¥¨ï¯¨®®¢ ¯®§¢®«ï¥â ¯®«ãç¨âì ¨ä®à¬ æ¨î ® áâàãªâãà¥�-¬¥§®®£® ®¡« ª  ãª«® .�  áâ®ïé¥© à ¡®â¥  è   «¨§ [8] �-¬¥§®®-£® ®¡« ª  à á¯à®áâà ï¥âáï   ! -¬¥§®®¥. � íâ®©æ¥«ìî à áá¬ âà¨¢ ¥âáï ª¢ §¨ã¯àã£®¥ ¢ë¡¨¢ ¨¥ ¥©-âà «ìëå ¯¨®®¢. �â® ¢ë¡¨¢ ¨¥ ®áãé¥áâ¢«ï¥âáï § áç¥â ¯à¥¢à é¥¨ï �0 - ¨ ! -¬¥§®®¢ ¢ �0 -¬¥§® ¯®¤¤¥©áâ¢¨¥¬ ¢¨àâã «ì®£® ä®â® . �¤¥áì ¢®§¨ª ¥â ®-¢®¥ ï¢«¥¨¥ | ¨â¥àä¥à¥æ¨ï  ¬¯«¨âã¤ �0 - ¨ ! -¬¥-


