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‚ Ô±¸¶¥·¨³¥´É Ì ¶μ ¨§³¥·¥´¨Õ ¢¥²¨Î¨´ ¸¶¨´μ¢ÒÌ ´ ¡²Õ¤ ¥³ÒÌ ¢ Ê¶·Ê£μ³ ´¥°É·μ´-¶·μÉμ´´o³
(np) ¢§ ¨³μ¤¥°¸É¢¨¨ ¢ μ¡² ¸É¨ Ô´¥·£¨° ´¥°É·μ´μ¢ 230Ä590 ŒÔ‚ ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ¶ÊÎ±μ¢ ¶μ²Ö·¨§μ-
¢ ´´ÒÌ ´¥°É·μ´μ¢ ¨ ³¨Ï¥´¥° ¶μ²Ö·¨§μ¢ ´´ÒÌ ¶·μÉμ´μ¢ ¢ ˆ´¸É¨ÉÊÉ¥ ¨³.�. ˜¥··¥·  ¨¸¸²¥¤μ¢ ´μ
16 ¸¶¨´μ¢ÒÌ ´ ¡²Õ¤ ¥³ÒÌ:  ´ ²¨§¨·ÊÕÐ Ö ¸¶μ¸μ¡´μ¸ÉÓ A00n0, ¶μ²Ö·¨§ Í¨Ö Î ¸É¨Í μÉ¤ Î¨ P0n00,
±μÔËË¨Í¨¥´ÉÒ ±μ··¥²ÖÍ¨¨ ¶μ²Ö·¨§ Í¨¨ A00nn, A00ss, A00sk , A00kk , ±μÔËË¨Í¨¥´ÉÒ ¶¥·¥¤ Î¨
¶μ²Ö·¨§ Í¨¨ K0nn0, K0ss0, K0sk0, ±μÔËË¨Í¨¥´ÉÒ ¤¥¶μ²Ö·¨§ Í¨¨ D0n0n, D0s0s , D0s0k ¨ É·¥Ì¸¶¨-
´μ¢Ò¥ ±μÔËË¨Í¨¥´ÉÒ N0nkk , N0skn, N0ssn, N0sns ¤²Ö Ê£²μ¢ · ¸¸¥Ö´¨Ö ¢ ¸¨¸É¥³¥ Í¥´É·  ³ ¸¸
60Ä164◦. �¥§Ê²ÓÉ ÉÒ ÔÉ¨Ì ¨¸¸²¥¤μ¢ ´¨° ¶·¥¤¸É ¢²ÖÕÉ ¶μ²´Ò° ´ ¡μ· ¶·¥Í¨§¨μ´´ÒÌ ¤ ´´ÒÌ
μ¡ Ê¶·Ê£μ³ np-· ¸¸¥Ö´¨¨, ±μÉμ·Ò° ¸μ¢³¥¸É´μ ¸ ¶μ²´Ò³ ´ ¡μ·μ³ ¤ ´´ÒÌ ¤²Ö Ê¶·Ê£μ£μ ¶·μÉμ´-
¶·μÉμ´´μ£μ (pp) · ¸¸¥Ö´¨Ö, ¶μ²ÊÎ¥´´Ò³ · ´¥¥, ¸μ§¤ ¥É μ¸´μ¢Ê ¤²Ö μ¤´μ§´ Î´μ£μ μ¶·¥¤¥²¥´¨Ö  ³-
¶²¨ÉÊ¤Ò ³ É·¨ÍÒ · ¸¸¥Ö´¨Ö Ê¶·Ê£μ£μ ´Ê±²μ´-´Ê±²μ´´μ£μ (NN) ¢§ ¨³μ¤¥°¸É¢¨Ö ¤²Ö ± ´ ²  ¸ ¨§μÉμ-
¶¨Î¥¸±¨³ ¸¶¨´μ³ I = 0 ¨ ¶μ§¢μ²Ö¥É μ¶¨¸ ÉÓ ¶·μÍ¥¸¸ NN-¢§ ¨³μ¤¥°¸É¢¨Ö ³μ¤¥²Ó´μ-´¥§ ¢¨¸¨³Ò³
μ¡· §μ³.

In the experiments to measure the values of spin observables in neutron-proton (np) elastic scattering
in the neutron energy range 230Ä590 ŒeV with a polarized neutron beam and a polarized proton target
at the Paul Scherrer Institute 16 spin observables: the analyzing power A00n0, polarization of recoil
particles P0n00, the spin correlation parameters A00nn, A00ss, A00sk , A00kk , the polarization transfer
parameters K0nn0, K0ss0, K0sk0, the depolarization parameters D0n0n, D0s0s , D0s0k , and three-index
spin parameters N0nkk , N0skn, N0ssn, N0sns for centre of mass scattering angles from 60 to 164◦ have
been investigated. Obtained data represent complete data base of precise values of spin observables for
elastic np scattering which together with complete set of data for elastic protonÄproton (pp) interaction
obtained earlier will allow a direct reconstruction of the isotope spin I = 0 nucleonÄnucleon scattering
matrix amplitudes thus providing complete information on the nucleonÄnucleon interaction in a model
independent way.
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‡´ ´¨¥ μ¸´μ¢´ÒÌ ¸¢μ°¸É¢ ¶·μÍ¥¸¸  ´Ê±²μ´-´Ê±²μ´´μ£μ (NN) ¢§ ¨³μ¤¥°¸É¢¨Ö ¨³¥¥É
¸ÊÐ¥¸É¢¥´´μ¥ §´ Î¥´¨¥, É ± ± ± ÔÉ¨ ¸¢μ°¸É¢  ¶·μÖ¢²ÖÕÉ¸Ö ¢μ ³´μ£¨Ì μ¡² ¸ÉÖÌ Ö¤¥·´μ°
¨ ¸Ê¡ÑÖ¤¥·´μ° Ë¨§¨±¨. •μÉÖ ³Ò ¨³¥¥³ §¤¥¸Ó ¤¥²μ ¸ ¶·μ¸ÉÒ³ ¶·μÍ¥¸¸μ³, ¤μ ¸¨Ì ¶μ· ´¥
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¸ÊÐ¥¸É¢Ê¥É ¥£μ Ê¤μ¢²¥É¢μ·¨É¥²Ó´μ£μ É¥μ·¥É¨Î¥¸±μ£μ μ¶¨¸ ´¨Ö. ‘²¥¤ÊÖ ¨¤¥¥ μ ¶μ²´μ³ ´ -
¡μ·¥ Ô±¸¶¥·¨³¥´Éμ¢ �Ê§¨±μ¢a ¨ ¤·. [1], ¶·¨ μ¶¨¸ ´¨¨ NN-¢§ ¨³μ¤¥°¸É¢¨Ö ¢ Ëμ·³ ²¨§³¥
³ É·¨ÍÒ · ¸¸¥Ö´¨Ö (¸³. [1Ä3]), ¢μ§³μ¦´μ μ¶·¥¤¥²¨ÉÓ É ±μ° ´ ¡μ· Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ´ -
¡²Õ¤ ¥³ÒÌ, ±μÉμ·Ò° ¶μ§¢μ²¨É μ¸ÊÐ¥¸É¢¨ÉÓ ¶·Ö³μ¥, μ¤´μ§´ Î´μ¥ ¨ ³μ¤¥²Ó´μ-´¥§ ¢¨¸¨³μ¥
¶μ¸É·μ¥´¨¥  ³¶²¨ÉÊ¤ ³ É·¨ÍÒ · ¸¸¥Ö´¨Ö. � ²¨Î¨¥ Ê ´Ê±²μ´  ¸¶¨´  ¶μ§¢μ²Ö¥É § ¶¨¸ ÉÓ
³ É·¨ÍÊ Ê¶·Ê£μ£μ NN-· ¸¸¥Ö´¨Ö ¢ μ¡Ð¥° Ëμ·³¥ ¢ ¢¨¤¥ ²¨´¥°´μ° ±μ³¡¨´ Í¨¨ ¢μ¸Ó³¨
´¥§ ¢¨¸¨³ÒÌ Î²¥´μ¢, ¶μ¸É·μ¥´´ÒÌ ¨§ ¸¶¨´μ¢ÒÌ ±μμ·¤¨´ É ´Ê±²μ´μ¢, ÊÎ ¸É¢ÊÕÐ¨Ì ¢ · ¸-
¸¥Ö´¨¨, ¨ ¢μ¸Ó³¨ ±μ³¶²¥±¸´ÒÌ ¨´¢ ·¨ ´É´ÒÌ  ³¶²¨ÉÊ¤, ±μÉμ·Ò¥ Ö¢²ÖÕÉ¸Ö ËÊ´±Í¨Ö³¨
Ê£²  · ¸¸¥Ö´¨Ö ¨ Ô´¥·£¨¨ [2]. �·¥¤¶μ²μ¦¥´¨¥ μ ¸μÌ· ´¥´¨¨ ¶·μ¸É· ´¸É¢¥´´μ° Î¥É´μ¸É¨
¨ ¢·¥³¥´´μ° ¨´¢ ·¨ ´É´μ¸É¨, μ ¤¥°¸É¢¨¨ ¶·¨´Í¨¶  � Ê²¨ ¨ ¨§μ¸¶¨´μ¢μ° ¨´¢ ·¨ ´É´μ-
¸É¨ ¶·¨¢μ¤¨É ± ¸μ±· Ð¥´¨Õ Î¨¸²  ´¥§ ¢¨¸¨³ÒÌ ¸² £ ¥³ÒÌ ³ É·¨ÍÒ · ¸¸¥Ö´¨Ö ¤μ ¶ÖÉ¨
Î²¥´μ¢. „²Ö μ¤´μ§´ Î´μ£μ ¶μ¸É·μ¥´¨Ö ³ É·¨ÍÒ · ¸¸¥Ö´¨Ö ¢ ÔÉμ³ ¸²ÊÎ ¥ ´ ¤μ μ¶·¥¤¥²¨ÉÓ
¤²Ö ± ¦¤μ£μ ¨§ ± ´ ²μ¢ ·¥ ±Í¨¨ ¸ ¨§μ¸¶¨´μ³ I = 1 ¨ I = 0 ¶ÖÉÓ ËÊ´±Í¨° ¨ Î¥ÉÒ·¥
¨Ì μÉ´μ¸¨É¥²Ó´Ò¥ Ë §Ò. „²Ö ÔÉμ£μ É·¥¡Ê¥É¸Ö μ¸ÊÐ¥¸É¢¨ÉÓ ± ± ³¨´¨³Ê³ ¤¥¢ÖÉÓ · §´ÒÌ
μ¶ÒÉμ¢ ¤²Ö ± ¦¤μ£μ ± ´ ² . ˆ§³¥·¥´¨¥ · §´ÒÌ ¸¶¨´μ¢ÒÌ ´ ¡²Õ¤ ¥³ÒÌ ¢ Ê¶·Ê£μ³ pp- ¨
np-· ¸¸¥Ö´¨¨ ¶·¨ · §´ÒÌ Ô´¥·£¨ÖÌ ¨ Ê£² Ì · ¸¸¥Ö´¨Ö ¶μ§¢μ²Ö¥É ·¥Ï¨ÉÓ ÔÉÊ § ¤ ÎÊ. ˆ§³¥-
·¥´¨¥ ¸¶¨´μ¢ÒÌ ´ ¡²Õ¤ ¥³ÒÌ ¢ Ê¶·Ê£μ³ pp-¢§ ¨³μ¤¥°¸É¢¨¨ ¶μ§¢μ²¨²μ ¢ 1981 £. ¢ ¶¥·¢Ò°
· § ¶·μ¢¥¸É¨ ¶·Ö³μ¥ ¶μ¸É·μ¥´¨¥ ³ É·¨ÍÒ · ¸¸¥Ö´¨Ö ¤²Ö ± ´ ²  ¸ ¨§μ¸¶¨´μ³ I = 1, ¨ ¤μ
´ ¸ÉμÖÐ¥£μ ¢·¥³¥´¨  ³¶²¨ÉÊ¤Ò ³ É·¨ÍÒ Ê¶·Ê£μ£μ pp-· ¸¸¥Ö´¨Ö ¤²Ö I = 1 Ô±¸¶¥·¨³¥´-
É ²Ó´μ ¨¸¸²¥¤μ¢ ²¨¸Ó ¢¶²μÉÓ ¤μ Ô´¥·£¨¨ 2,6 ƒÔ‚ [2Ä6]. ‘¨¸É¥³ É¨Î¥¸±¨¥ ¨¸¸²¥¤μ¢ ´¨Ö
Ê¶·Ê£μ£μ np-· ¸¸¥Ö´¨Ö ¡Ò²¨ ´ Î ÉÒ ²¨ÏÓ ¸ 1985 £., ±μ£¤  ¸É ²¨ ¤μ¸ÉÊ¶´Ò ¶ÊÎ±¨ ¶μ²Ö·¨-
§μ¢ ´´ÒÌ ´¥°É·μ´μ¢. �Î¥´Ó ·¥§Ê²ÓÉ É¨¢´Ò³¨ μ± § ²¨¸Ó Ô±¸¶¥·¨³¥´ÉÒ, ¢Ò¶μ²´¥´´Ò¥ ¶·¨
ÊÎ ¸É¨¨  ¢Éμ·  ¢ ˆ´¸É¨ÉÊÉ¥ ¨³. �.˜¥··¥·  (PSI) [7Ä17]. ‘ ¨¸¶μ²Ó§μ¢ ´¨¥³ ¶μ²Ö·¨§μ¢ ´-
´ÒÌ ¶ÊÎ±μ¢ ´¥°É·μ´μ¢ ¨ ³¨Ï¥´¥° ¶μ²Ö·¨§μ¢ ´´ÒÌ ¨ ´¥¶μ²Ö·¨§μ¢ ´´ÒÌ ¶·μÉμ´μ¢ ¡Ò²μ
¶μ²ÊÎ¥´μ 16 ¸¶¨´μ¢ÒÌ ´ ¡²Õ¤ ¥³ÒÌ ¢ Ê¶·Ê£μ³ np-¢§ ¨³μ¤¥°¸É¢¨¨ ¢ μ¡² ¸É¨ Ô´¥·£¨°
260Ä535 ŒÔ‚ ¨ Ê£²μ¢ · ¸¸¥Ö´¨Ö ¢ ¸¨¸É¥³¥ Í¥´É·  ³ ¸¸ 60Ä164◦. ’ ±¨³ μ¡· §μ³, ¶μ²ÊÎ¥´
¶μ²´Ò° ´ ¡μ· ÉμÎ´ÒÌ ¤ ´´ÒÌ ¢ Ê¶·Ê£μ³ np-· ¸¸¥Ö´¨¨, ±μÉμ·Ò° ¸μ¢³¥¸É´μ ¸ ¶μ²´Ò³ ´ -
¡μ·μ³ ¤ ´´ÒÌ ¤²Ö Ê¶·Ê£μ£μ pp-· ¸¸¥Ö´¨Ö, ¶μ²ÊÎ¥´´Ò³ · ´¥¥, ¶μ§¢μ²¨É μ¶·¥¤¥²¨ÉÓ ¢¸¥  ³-
¶²¨ÉÊ¤Ò, ´¥μ¡Ìμ¤¨³Ò¥ ¤²Ö ¶μ¸É·μ¥´¨Ö ³ É·¨ÍÒ · ¸¸¥Ö´¨Ö Ê¶·Ê£μ£μ NN-¢§ ¨³μ¤¥°¸É¢¨Ö
¤²Ö ± ´ ²  I = 0 ¢ ¤ ´´μ° μ¡² ¸É¨ Ô´¥·£¨¨ ´¥°É·μ´μ¢ ¨ Ê£²μ¢ · ¸¸¥Ö´¨Ö Î ¸É¨Í n ¨ p.
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�ÊÎμ± ¶μ²Ö·¨§μ¢ ´´ÒÌ ´¥°É·μ´μ¢. ‚Ò¸μ±μ¨´É¥´¸¨¢´Ò° ¶ÊÎμ± ¶·μ¤μ²Ó´μ-¶μ²Ö·¨§μ-
¢ ´´ÒÌ ´¥°É·μ´μ¢ ¸ Ô´¥·£¨¥° 230Ä590 ŒÔ‚ ¶μ²ÊÎ ²¸Ö ¢ ·¥ ±Í¨¨ § ·Ö¤μ¢μ£μ μ¡³¥´ 
¶·μ¤μ²Ó´μ-¶μ²Ö·¨§μ¢ ´´ÒÌ ¶·μÉμ´μ¢ (Ô´¥·£¨Ö 590 ŒÔ‚) ¸ Ê£²¥·μ¤´μ° ³¨Ï¥´ÓÕ p(C, N)n
¶μ¤ Ê£²μ³ 0◦ [4, 5]. �ÊÎμ± ¨³¥¥É Ê´¨± ²Ó´Ò¥ Ì · ±É¥·¨¸É¨±¨: Ô´¥·£¥É¨Î¥¸±¨° ¸¶¥±É·
´¥°É·μ´μ¢ Ö¢²Ö¥É¸Ö ´¥¶·¥·Ò¢´Ò³ ¨ ¸μ¸Éμ¨É ¨§ ±¢ §¨Ê¶·Ê£μ£μ ¶¨±  ¶·¨ Ô´¥·£¨¨ 530 ŒÔ‚
¨ ¸¶²μÏ´μ£μ · ¸¶·¥¤¥²¥´¨Ö ¶·¨ ¡μ²¥¥ ´¨§±¨Ì Ô´¥·£¨ÖÌ. ‘·¥¤´ÖÖ ¨´É¥´¸¨¢´μ¸ÉÓ ¢Éμ·¨Î-
´μ£μ ¶ÊÎ±  ´¥°É·μ´μ¢ ¶·¨ ¨¸¶μ²Ó§μ¢ ´¨¨ ¶·μÉμ´´μ£μ ¶ÊÎ±  ¸ ¨´É¥´¸¨¢´μ¸ÉÓÕ ∼10 ³±�
¸μ¸É ¢²Ö¥É μ±μ²μ 5 · 106 c−1· c³−2 ´  · ¸¸ÉμÖ´¨¨ 13,735 ³ μÉ ³¨Ï¥´¨, ·μ¦¤ ÕÐ¥° ´¥°-
É·μ´Ò. �·¨ ¶μ²Ö·¨§ Í¨¨ ¶¥·¢¨Î´ÒÌ ¶·μÉμ´μ¢ ∼75% ¶μ²Ö·¨§ Í¨Ö ¶ÊÎ±  ´¥°É·μ´μ¢
¢ ·Ó¨·Ê¥É¸Ö μÉ ∼15% ¶·¨ Ô´¥·£¨¨ 260 ŒÔ‚ ¤μ ∼ 40 % ¤²Ö ´¥°É·μ´μ¢ ¸ Ô´¥·£¨¥° ¢ÒÏ¥
450 ŒÔ‚. � ¶· ¢²¥´¨¥ ¶μ²Ö·¨§ Í¨¨ ´¥°É·μ´μ¢ ¶·μÉ¨¢μ¶μ²μ¦´μ ´ ¶· ¢²¥´¨Õ ¶μ²Ö·¨§ -
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Í¨¨ ¶·μÉμ´μ¢. � ¡μ·μ³ ³ £´¨Éμ¢ ¨³¥¥É¸Ö ¢μ§³μ¦´μ¸ÉÓ ¶μ¢¥·´ÊÉÓ ¸¶¨´ ´¥°É·μ´  ¢ ²Õ¡μ³
¨§ É·¥Ì ´ ¶· ¢²¥´¨° ¡ §¨¸´ÒÌ ¢¥±Éμ·μ¢ · ¸¸¥Ö´¨Ö (k, s, n). 	Ò¸É· Ö ¸Ì¥³  § ¤ ´´μ£μ ´ -
¶· ¢²¥´¨Ö ¶μ²Ö·¨§ Í¨¨ ¶ÊÎ±  ´¥°É·μ´μ¢ ´  μ¡· É´μ¥ μ¸ÊÐ¥¸É¢²Ö¥É¸Ö ¨§³¥´¥´¨¥³ ´ ¶· -
¢²¥´¨Ö ¶ÊÎ±  ¶·μÉμ´μ¢ ¸μμÉ¢¥É¸É¢ÊÕÐ¨³ ¢Ò¡μ·μ³ ¶μ²Ö·¨§ Í¨μ´´μ£μ ¸μ¸ÉμÖ´¨Ö ¶·μÉμ´μ¢
¢ ¨μ´´μ³ ¨¸ÉμÎ´¨±¥ Ê¸±μ·¨É¥²Ö. ˆ§³¥·¥´¨¥ Ô´¥·£¨¨ ´¥°É·μ´μ¢ ¢ ¶ÊÎ±¥ μ¸ÊÐ¥¸É¢²Ö¥É¸Ö
¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ³¥Éμ¤¨±¨ ¢·¥³¥´¨ ¶·μ²¥É  ¸ ¶·¨¢Ö§±μ° ± ¸¨£´ ² ³ ¢Ò¸μ±μÎ ¸ÉμÉ´μ°
¸¨¸É¥³Ò (50,63 ŒƒÍ) Ê¸±μ·¨É¥²Ó´μ£μ ±μ³¶²¥±¸ . �´¥·£¥É¨Î¥¸±μ¥ · §·¥Ï¥´¨¥ ¢ Ô±¸¶¥·¨-
³¥´É Ì ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ¢·¥³Ö¶·μ²¥É´μ° ¡ §Ò 13,735 ³ ¸μ¸É ¢²Ö²μ μÉ 15 ¤μ 50 ŒÔ‚ ¤²Ö
Ô´¥·£¨¨ ´¥°É·μ´μ¢ μÉ 200 ¤μ 590 ŒÔ‚ ¸μμÉ¢¥É¸É¢¥´´μ.

�·μÉμ´´ Ö § ³μ·μ¦¥´´ Ö ¶μ²Ö·¨§μ¢ ´´ Ö ³¨Ï¥´Ó. �μ²Ö·¨§μ¢ ´´ Ö ³¨Ï¥´Ó ¶μ¸É·μ-
¥´  ´  ¡ §¥ ·¥Ë·¨¦¥· Éμ·  · ¸É¢μ·¥´¨Ö 3�¥Ä4�¥ ¸ ¡ §μ¢μ° É¥³¶¥· ÉÊ·μ° ∼50 ³Š, ¶μ-
²Ö·¨§ÊÕÐ¨³ (2,5 ’²), Ê¤¥·¦¨¢ ÕÐ¨³ (0,8 ’²) ¸¢¥·Ì¶·μ¢μ¤ÖÐ¨³¨ ³ £´¨É ³¨,   É ±¦¥
¢Ò¸μ±μÎ ¸ÉμÉ´Ò³¨ ¸¨¸É¥³ ³¨ ´ ± Î±¨ ¶μ²Ö·¨§ Í¨¨ ¶·μÉμ´μ¢ (´  Î ¸ÉμÉ¥ ∼70 ƒƒÍ) ¨ ¥¥
¨§³¥·¥´¨Ö ³¥Éμ¤μ³ Ö¤¥·´μ£μ ³ £´¨É´μ£μ ·¥§μ´ ´¸ . ‚¥Ð¥¸É¢μ³ ¶μ²Ö·¨§μ¢ ´´ÒÌ ¶·μÉμ-
´μ¢ ³¨Ï¥´¨ ¸²Ê¦¨² ¡ÊÉ ´μ² ‘�3(‘�2)2‘�2�� (∼100 ¸³3). ‚ § ³μ·μ¦¥´´μ³ ¸μ¸ÉμÖ´¨¨
¶μ²Ö·¨§ Í¨¨ ¶·μÉμ´μ¢ (∼50 ³Š) ¨ ³ £´¨É´μ³ ¶μ²¥ 0,8 ’² ¢·¥³Ö ¸¶¨´-·¥Ï¥ÉμÎ´μ° ·¥-
² ±¸ Í¨¨ ¶μ²Ö·¨§ Í¨¨ ¸μ¸É ¢²Ö²μ ¡μ²¥¥ 1000 Î. �μ²Ö·¨§ Í¨Ö ¶·μÉμ´μ¢ ¨§³¥·Ö² ¸Ó ¸
μÉ´μ¸¨É¥²Ó´μ° ÉμÎ´μ¸ÉÓÕ 3Ä4%. • · ±É¥·´ Ö ¢¥²¨Î¨´  ¶μ²Ö·¨§ Í¨¨ ¶·μÉμ´μ¢ ¢μ ¢·¥³Ö
´ ¡μ·  ¸É É¨¸É¨±¨ ¸μ¸É ¢²Ö²  60Ä80%. Œ £´¨É´ Ö ¸¨¸É¥³  ³¨Ï¥´¨ ¶μ§¢μ²Ö²  Ê¸É ´μ-
¢¨ÉÓ ¶μ²Ö·¨§ Í¨Õ ¶·μÉμ´μ¢ ³¨Ï¥´¨ ¢ ²Õ¡μ³ ¨§ ´ ¶· ¢²¥´¨° n, k ¨ s. ‚ ± Î¥¸É¢¥
´¥¶μ²Ö·¨§μ¢ ´´ÒÌ ³¨Ï¥´¥° ¶·μÉμ´μ¢ ¨¸¶μ²Ó§μ¢ ²¨¸Ó ¢¥Ð¥¸É¢  ‘�2 ¨²¨ ‘.

„¥É¥±Éμ· ¶·μÉμ´μ¢ μÉ¤ Î¨ ¨ ¸¨¸É¥³  ¨§³¥·¥´¨Ö ¨Ì ¶μ²Ö·¨§ Í¨¨. „¥É¥±Éμ· ¸μ¸ÉμÖ²
¨§: ¸Í¨´É¨²²ÖÍ¨μ´´μ£μ ¸Î¥ÉÎ¨± , ¤ ÕÐ¥£μ ¸É ·Éμ¢Ò¥ ¸¨£´ ²Ò ¤²Ö ¢¸¥£μ ¸¶¥±É·μ³¥É·¨-
Î¥¸±μ£μ ¨ ¨§³¥·¨É¥²Ó´μ£μ ±μ³¶²¥±¸ ; É¥²¥¸±μ¶¨Î¥¸±μ° ¸¨¸É¥³Ò ³´μ£μ¶·μ¢μ²μÎ´ÒÌ ¶·μ-
¶μ·Í¨μ´ ²Ó´ÒÌ ± ³¥·, ¶μ§¢μ²ÖÕÐ¥° ¨§³¥·ÖÉÓ ¶μ²Ö·¨§ Í¨Õ ¶·μÉμ´μ¢ μÉ¤ Î¨ ³¥Éμ¤μ³
· ¸¸¥Ö´¨Ö ¶·μÉμ´μ¢ ´  ‘-· ¸¸¥¨¢ É¥²¥- ´ ²¨§ Éμ·¥.

„¥É¥±Éμ· · ¸¸¥Ö´´ÒÌ ´¥°É·μ´μ¢. ‘¨¸É¥³  ¸Í¨´É¨²²ÖÍ¨μ´´ÒÌ ¸Î¥ÉÎ¨±μ¢ ¤²Ö ¤¥É¥±-
É¨·μ¢ ´¨Ö ´¥°É·μ´μ¢ ¶μ§¢μ²Ö²  μ¶·¥¤¥²ÖÉÓ ¢·¥³Ö ¶μ¶ ¤ ´¨Ö ´¥°É·μ´μ¢ ¢ ¤¥É¥±Éμ· ¨ ¨Ì
£μ·¨§μ´É ²Ó´ÊÕ ¨ ¢¥·É¨± ²Ó´ÊÕ ±μμ·¤¨´ ÉÒ.

‘¨¸É¥³  ¸¡μ·  ¤ ´´ÒÌ. ‘¶¥±É·μ³¥É·¨Î¥¸± Ö ¸¨¸É¥³  ¶μ§¢μ²Ö²  ¢Ò¤¥²ÖÉÓ ¸μ¡ÒÉ¨Ö
Ê¶·Ê£μ£μ np-· ¸¸¥Ö´¨Ö ¢ Ï¨·μ±μ³ ¤¨ ¶ §μ´¥ Ô´¥·£¨° (200Ä590 ŒÔ‚) ¨ Ê£²μ¢ · ¸¸¥Ö´¨Ö
(60 � ΘÍ.³ � 180◦).
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�¶·¥¤¥²¥´¨¥ ±μÔËË¨Í¨¥´Éμ¢  ¸¨³³¥É·¨¨ A000δ ¨ ±μ··¥²ÖÍ¨¨ ¶μ²Ö·¨§ Í¨¨ A00γδ

(γ, δ = n, k, s). —¨¸²μ ¸μ¡ÒÉ¨° Ê¶·Ê£μ£μ np → np · ¸¸¥Ö´¨Ö ´¥°É·μ´μ¢ ¸ Ô´¥·£¨¥° En ¢
´ ¶· ¢²¥´¨¨ ¸ ¶μ²Ö·´Ò³ Ê£²μ³ θn ¨  §¨³ÊÉ ²Ó´Ò³ Ê£²μ³ ϕ

N(En, θn, ϕ) = [d2σ/(dΩdEn)]η(En, θn, ϕ)L, (1)

£¤¥

[d2σ/(dΩdE)] = I0000{1 + (PB · n)A00n0 + (PT · n)A000n+
+ PBPT [(PB · n)(PT · n)A00nn + (PB · s)(PT · s)A00ss+

+ (PB · k)(PT · k)A00kk + ((PB · s)(PT · k) + (PB · k)(PT · s))A00sk]}. (2)
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‡¤¥¸Ó d2σ/(dΩdEn) Å ¤¨ËË¥·¥´Í¨ ²Ó´μ¥ ¸¥Î¥´¨¥ Ê¶·Ê£μ£μ np-· ¸¸¥Ö´¨Ö;
η(En, θn, ϕ) Å ¢¥²¨Î¨´ , μ¶·¥¤¥²ÖÕÐ Ö  ±¸¥¶É ´¸ ¨ ÔËË¥±É¨¢´μ¸ÉÓ ¤¥É¥±É¨·ÊÕÐ¥°  ¶-
¶ · ÉÊ·Ò; L Å ¸¢¥É¨³μ¸ÉÓ ¸¨¸É¥³Ò. Šμμ·¤¨´ ÉÒ ¢¥±Éμ·μ¢ s, n, k ´ ¶· ¢²¥´¨Ö ¶ÊÎ± 
´¥°É·μ´μ¢ ¨ ¢¥±Éμ·μ¢ PB ¨ PT ´ ¶· ¢²¥´¨Ö ¶μ²Ö·¨§ Í¨¨ ¶ÊÎ±  ¨ ³¨Ï¥´¨ ¤ ´Ò ¢
x, y, z-¸¨¸É¥³¥. �¶·¥¤¥²Ö²¨¸Ó ¢¥²¨Î¨´Ò  ¸¨³³¥É·¨° A00n0 ¨ A000n ¨ ±μÔËË¨Í¨¥´ÉÒ
±μ··¥²ÖÍ¨¨ A00nn, A00ss, A00kk, A00sk. „²Ö ± ¦¤μ° ¨§ Î¥ÉÒ·¥Ì ¢μ§³μ¦´ÒÌ ±μ³¡¨´ -
Í¨° μ·¨¥´É Í¨° ¶μ²Ö·¨§ Í¨¨ ¶ÊÎ±  ¨ ¶μ²Ö·¨§ Í¨¨ ³¨Ï¥´¨, (γ, δ) = (n, n), (s, s),
(k, k), (s, k), ·¥£¨¸É·¨·μ¢ ²¨¸Ó §´ Î¥´¨Ö Î¨¸¥² ¸μ¡ÒÉ¨° N(En, θn, ϕ, P γ±

B , P δ±
T ). ˆ¸-

¶μ²Ó§ÊÖ ¢¸¥ Î¥ÉÒ·¥ · §´Ò¥ ±μ³¡¨´ Í¨¨ ´ ¶· ¢²¥´¨Ö ¶μ²Ö·¨§ Í¨¨ ´¥°É·μ´μ¢ ¨ ¶·μÉμ-
´μ¢ (PB, PT ) = (P+

B , P+
T ), (P+

B , P−
T ), (P−

B , P+
T ), (P−

B , P−
T ), ¨§ (1) ¶μ²ÊÎ ¥³ 16 Ê· ¢´¥´¨°

¤²Ö μ¶·¥¤¥²¥´¨Ö ¢Ìμ¤ÖÐ¨Ì ¢ ´¨Ì ¢¥²¨Î¨´, ¢ Éμ³ Î¨¸²¥ ¸¶¨´μ¢ÒÌ ´ ¡²Õ¤ ¥³ÒÌ. ‚ ¶μ-
¸É ´μ¢±¥ Ô±¸¶¥·¨³¥´Éμ¢ ¤²Ö μ¶·¥¤¥²¥´¨Ö ¸¶¨´μ¢ÒÌ ´ ¡²Õ¤ ¥³ÒÌ A00n0(A000n), A00nn,
A00ss, A00kk , A00sk ¨§³¥·Ö²¨¸Ó ¢¥²¨Î¨´Ò  ¸¨³³¥É·¨° ε(P δ±

T ) = ε(En, θn, ϕ, P δ±
T ) =

[N(P+
B )−N(P−

B )]/[N(P+
B )+N(P−

B )] ¤²Ö · §´ÒÌ ´ ¶· ¢²¥´¨° (+/−) ¶μ²Ö·¨§ Í¨¨ ¶ÊÎ± 
¨ ³¨Ï¥´¨, ±μÉμ·Ò¥ ´¥ ¸μ¤¥·¦ É Ê¦¥ § ¢¨¸¨³μ¸ÉÓ μÉ η(En, θn, ϕ) ¨ L.

�¶·¥¤¥²¥´¨¥ ±μÔËË¨Í¨¥´Éμ¢ ¶¥·¥¤ Î¨ ¶μ²Ö·¨§ Í¨¨ K0βγ0, ±μÔËË¨Í¨¥´Éμ¢ ¤¥¶μ²Ö-
·¨§ Í¨¨ D0β0δ ¨ É·¥Ì¸¶¨´μ¢ÒÌ ±μÔËË¨Í¨¥´Éμ¢ N0βγδ(β, γ, δ = n, k, s). „²Ö ·¥Ï¥´¨Ö
ÔÉμ° § ¤ Î¨ ¢ Ô±¸¶¥·¨³¥´É¥ μ¶·¥¤¥²Ö²μ¸Ó ¸¶¨´μ¢μ¥ ¸μ¸ÉμÖ´¨¥ ¶·μÉμ´μ¢ μÉ¤ Î¨. ‚ ÔÉμ³
¸²ÊÎ ¥ ¨§³¥·Ö¥³μ¥ Î¨¸²μ ¸μ¡ÒÉ¨° ¡Ê¤¥É

N(Ep, θC , ϕC) = IC{1 + AC(Ep, θC)Pn cos ϕC − AC(Ep, θC)Ps sin ϕC}η(Ep, θC , ϕC),
(3)

£¤¥ AC(Ep,θC) Å  ´ ²¨§¨·ÊÕÐ Ö ¸¶μ¸μ¡´μ¸ÉÓ Ê£²¥·μ¤´μ£μ ¶μ²Ö·¨³¥É· . …¸²¨ μ´  ¨§-
¢¥¸É´ , Éμ ·¥Ï¥´¨¥ Ê· ¢´¥´¨° (3) ¶μ§¢μ²Ö¥É μ¶·¥¤¥²¨ÉÓ ¶·Ö³Ò³ μ¡· §μ³ ¢¥²¨Î¨´Ò ±μ³-
¶μ´¥´É ¢¥±Éμ·  ¶μ²Ö·¨§ Í¨¨ · ¸¸¥Ö´´ÒÌ ¶·μÉμ´μ¢ Pn ¨ Ps. …¸²¨ ËÊ´±Í¨Ö ÔËË¥±É¨¢-
´μ¸É¨  ±¸¥¶É ´¸  η(Ep, θC , ϕC) ¢ (3) ¨³¥¥É ¶¥·¨μ¤ ¸¨³³¥É·¨¨ π ¶μ  §¨³ÊÉ ²Ó´μ³Ê Ê£²Ê
ϕ, Éμ  ´ ²¨§ ”Ê·Ó¥ ¨§ (3) ¤ ¥É ¤²Ö  ¶¶·μ±¸¨³ Éμ·μ¢ ¶μ²Ö·¨§ Í¨¨ 〈Pn〉 ¨ 〈Ps〉 ¸¨¸É¥³Ê
Ê· ¢´¥´¨° [9](

Σcμ¡AC cos ϕ
Σcμ¡AC sin ϕ

)
=

(
Σcμ¡A

2
C cos2 ϕ, Σcμ¡A

2
C sin ϕ cos ϕ

Σcμ¡A
2
C sin ϕ cos ϕ, Σcμ¡A

2
C sin2 ϕ

) (
〈Pn〉
〈Ps〉

)
. (4)

‡ ¶¨¸Ò¢ Ö ¶μ²Ö·¨§ Í¨¨ 〈Pn〉 ¨ 〈Ps〉 ¨§ (4) ¢ Ö¢´μ³ ¢¨¤¥ ¶·¨ ¶μ³μÐ¨ ¸¶¨´μ¢ÒÌ ´ ¡²Õ-
¤ ¥³ÒÌ ¤²Ö Ê¸²μ¢¨° ¶μ¸É ¢²¥´´μ£μ Ô±¸¶¥·¨³¥´É , ¶μ²ÊÎ ¥³ ¸¨¸É¥³Ê Ê· ¢´¥´¨°

〈Pn〉 = {P0n00 + PBnK0nn0 + PTnD0n0n + PBnPTnN0nnn + PBsPTsN0nss+
+ PBkPTkN0nkk + PBkPTkN0nsk + PBkPTsN0nks}×

×
{
1 + PBnA00n0 + PTnA000n +

∑
γδ=k,n,s

PBγPTδA00γδ

}−1

, (5)

〈Ps〉 = {PBsK0s′′s0 + PBkK0s′′k0 + PTsD0s′′0s + PTkD0s′′0k + PBsPTnN0s′′sn+
+ PBnPTsN0s′′ns + PBkPTnN0s′′kn + PBnPTkN0s′′nk}×

×
{
1 + PBnA00n0 + PTnA000n +

∑
γδ=k,n,s

PBγPTδA00γδ

}−1

,

·¥Ï¥´¨¥ ±μÉμ·μ° ¶μ§¢μ²Ö¥É μ¶·¥¤¥²¨ÉÓ ¸¶¨´μ¢Ò¥ ´ ¡²Õ¤ ¥³Ò¥ D0β0δ, K0βγ0 ¨ N0βγδ

¤²Ö § ¤ ´´ÒÌ (β, γ, δ) = n, k ¨ s.
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3. ��‹“—…��›… ‘�ˆ��‚›… ���‹�„�…Œ›…

‚ ·¥§Ê²ÓÉ É¥ ¶·μ¢¥¤¥´´ÒÌ ¢ PSI Ô±¸¶¥·¨³¥´Éμ¢ ¶μ Ê¶·Ê£μ³Ê np-· ¸¸¥Ö´¨Õ ¸ ¨¸¶μ²Ó-
§μ¢ ´¨¥³ ¶μ²Ö·¨§μ¢ ´´ÒÌ ¶ÊÎ±μ¢ ´¥°É·μ´μ¢ ¸ Ô´¥·£¨¥° 230Ä590 ŒÔ‚ ¨ ³¨Ï¥´¥° ¶μ²Ö-

�¨¸. 1. ’·¥Ì¸¶¨´μ¢Ò¥ ±μÔËË¨Í¨¥´ÉÒ N0nkk , N0skn, N0sns ¨ N0ssn [9]
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·¨§μ¢ ´´ÒÌ ¨ ´¥¶μ²Ö·¨§μ¢ ´´ÒÌ ¶·μÉμ´μ¢ ¡Ò²  ¨§³¥·¥´  ¸ ¢Ò¸μ±μ° ÉμÎ´μ¸ÉÓÕ Ê£²μ¢ Ö
¨ Ô´¥·£¥É¨Î¥¸± Ö § ¢¨¸¨³μ¸ÉÓ ¢ μ¡Ð¥° ¸μ¢μ±Ê¶´μ¸É¨ 16 ¸¶¨´μ¢ÒÌ ´ ¡²Õ¤ ¥³ÒÌ:  ´ -
²¨§¨·ÊÕÐ¥° ¸¶μ¸μ¡´μ¸É¨ A00n0 [7, 8], ¤¢ÊÌ¸¶¨´μ¢ÒÌ ±μÔËË¨Í¨¥´Éμ¢ ±μ··¥²ÖÍ¨¨ ¶μ²Ö-
·¨§ Í¨¨ A00nn, A00ss, A00sk ¨ A00kk [8], ±μÔËË¨Í¨¥´Éμ¢ ¶¥·¥¤ Î¨ ¶μ²Ö·¨§ Í¨¨ K0nn0,
K0ss0 ¨ K0sk0 [7, 9], ±μÔËË¨Í¨¥´Éμ¢ ¤¥¶μ²Ö·¨§ Í¨¨ D0n0n, D0s0s ¨ D0s0k [9], É·¥Ì-
¸¶¨´μ¢ÒÌ ±μÔËË¨Í¨¥´Éμ¢ N0nkk , N0skn, N0ssn ¨ N0sns [9],   É ±¦¥ ¶μ²Ö·¨§ Í¨¨ Î ¸É¨Í
μÉ¤ Î¨ P0n00 [7Ä17] ¢ μ¡² ¸É¨ Ô´¥·£¨¥° 260Ä535 ŒÔ‚ ¨ Ê£²μ¢ · ¸¸¥Ö´¨Ö ¢ ¸¨¸É¥³¥ Í¥´É· 
³ ¸¸ 60Ä164◦. �μ²ÊÎ¥´´Ò¥ ¤ ´´Ò¥ ¸ÊÐ¥¸É¢¥´´μ · ¸Ï¨·¨²¨ ¡ §Ê ¤ ´´ÒÌ ¶μ ¸¶¨´μ¢Ò³
´ ¡²Õ¤ ¥³Ò³ ¢ Ê¶·Ê£μ³ np-¢§ ¨³μ¤¥°¸É¢¨¨, ¢ ¡μ²ÓÏ¨´¸É¢¥ ¸²ÊÎ ¥¢ μ´¨ · ´¥¥ ´¥ ¨§³¥·Ö-
²¨¸Ó. ‚¥²¨Î¨´Ò D0s0s ¨ D0s0k ¨ É·¥Ì¸¶¨´μ¢Ò¥ ±μÔËË¨Í¨¥´ÉÒ · ´¥¥ ¢μμ¡Ð¥ ´¥ ¨§³¥·Ö-
²¨¸Ó. �μ²ÊÎ¥´´Ò¥ ·¥§Ê²ÓÉ ÉÒ ¶μ É·¥Ì¸¶¨´μ¢Ò³ ±μÔËË¨Í¨¥´É ³ ¶·¨¢¥¤¥´Ò ´  ·¨¸Ê´±¥.
‘¶²μÏ´μ° ²¨´¨¥° §¤¥¸Ó Ê± § ´Ò ·¥§Ê²ÓÉ ÉÒ Ë §μ¢μ£μ  ´ ²¨§  £·Ê¶¶Ò ‘ ±²¥Ä†¥´¥¢  [18]
¨ ÏÉ·¨Ìμ¢μ° Å ·¥§Ê²ÓÉ ÉÒ Ë §μ¢μ£μ  ´ ²¨§  £·Ê¶¶Ò �·´¤É  [19]. ‚ ¶·μ¢¥¤¥´´μ³ Ë -
§μ¢μ³  ´ ²¨§¥ ¤ ´´Ò¥ · ¡μÉ ¨§ PSI [7Ä17] ¶μ±a ´¥ ÊÎ¨ÉÒ¢ ²¨¸Ó. �Ê´±É¨·´μ° ²¨´¨¥°
¶μ± § ´Ò ¶·¥¤¸± § ´¨Ö · ¸Î¥Éμ¢, ¶·μ¢¥¤¥´´ÒÌ ´  μ¸´μ¢¥ ®¶ ·¨¦¸±μ£μ ¶μÉ¥´Í¨ ² ¯ [20]
¨ ÏÉ·¨Ì¶Ê´±É¨·´μ° ²¨´¨¥° ¶·¥¤¸± § ´¨Ö ´  μ¸´μ¢¥ ®¡μ´´¸±μ£μ ¶μÉ¥´Í¨ ² ¯ [21].

‡�Š‹�—…�ˆ…

�μ²ÊÎ¥´´Ò¥ ¢ PSI Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ ¤ ´´Ò¥ ¶μ ¸¶¨´μ¢Ò³ ´ ¡²Õ¤ ¥³Ò³ ¢ Ê¶·Ê£μ³
np-· ¸¸¥Ö´¨¨ ¶·¥¤¸É ¢²ÖÕÉ ¶μ²´Ò° ´ ¡μ· ÉμÎ´ÒÌ ¤ ´´ÒÌ, ±μÉμ·Ò° ¶μ§¢μ²¨² § ¢¥·Ï¨ÉÓ
¶μ²´Ò° Ô±¸¶¥·¨³¥´É ¢ Ê¶·Ê£μ³ NN-¢§ ¨³μ¤¥°¸É¢¨¨ ¢ μ¡² ¸É¨ Ô´¥·£¨° 230Ä590 ŒÔ‚ ¨
Ê£²μ¢ · ¸¸¥Ö´¨Ö ¢ ¸¨¸É¥³¥ Í¥´É·  ³ ¸¸ 60Ä164◦. �μ²ÊÎ¥´´Ò° ¶μ²´Ò° ´ ¡μ· ¤ ´´ÒÌ ¶μ
Ê¶·Ê£μ³Ê np-· ¸¸¥Ö´¨Õ ¸μ¢³¥¸É´μ ¸ ¶μ²´Ò³ ´ ¡μ·μ³ ¤ ´´ÒÌ ¤²Ö Ê¶·Ê£μ£μ pp-· ¸¸¥Ö´¨Ö,
¶μ²ÊÎ¥´´Ò³ · ´¥¥, ¶μ§¢μ²¨É μ¶·¥¤¥²¨ÉÓ  ³¶²¨ÉÊ¤Ò ³ É·¨ÍÒ · ¸¸¥Ö´¨Ö Ê¶·Ê£μ£μ ´Ê±²μ´-
´Ê±²μ´´μ£μ (NN) ¢§ ¨³μ¤¥°¸É¢¨Ö ¤²Ö ± ´ ²  I = 0. �  μ¸´μ¢¥ ¢¸¥° ¸μ¢μ±Ê¶´μ¸É¨ ¨³¥-
ÕÐ¨Ì¸Ö ¢ ´ ¸ÉμÖÐ¥¥ ¢·¥³Ö ¤ ´´ÒÌ ¶μ ¨§ÊÎ¥´¨Õ Ê¶·Ê£μ£μ NN-¢§ ¨³μ¤¥°¸É¢¨Ö ³μ¦´μ
¡Ê¤¥É ¶·μ¢¥¸É¨ Ë¥´μ³¥´μ²μ£¨Î¥¸±¨°  ´ ²¨§, É ±μ° ± ± ¶·¥Í¨§¨μ´´Ò° Ë §μ¢Ò°  ´ ²¨§
¨ ¢μ¸¸É ´μ¢²¥´¨¥  ³¶²¨ÉÊ¤ · ¸¸¥Ö´¨Ö, ·¥§Ê²ÓÉ ÉÒ ±μÉμ·μ£μ ¶μ¸²Ê¦ É ¸É·μ£μ° ¶·μ¢¥·-
±μ° ¶·¥¤¸± § ´¨° · §´ÒÌ É¥μ·¥É¨Î¥¸±¨Ì ³μ¤¥²¥° ¨ · §¢¨É¨Õ ´μ¢ÒÌ ¨¤¥° ¢ ¶μ´¨³ ´¨¨
¸¢μ°¸É¢ ´Ê±²μ´-´Ê±²μ´´ÒÌ ¢§ ¨³μ¤¥°¸É¢¨°.
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