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�¢· ³¥´±μ ‘.�. ¨ ¤·. P1-2014-95
�Ò¸É·Ò° ³¥Éμ¤ ¶μ¨¸±  ´ Î ²Ó´μ£μ ¶·¨¡²¨¦¥´¨Ö ¶·Ö³ÒÌ É·¥±μ¢
¤²Ö ¶·μ¢μ²μÎ´ÒÌ ¨ ¸É·¨¶μ¢ÒÌ ¤¥É¥±Éμ·μ¢

„²Ö ¤¥É¥±Éμ·μ¢ ¸ ÎÊ¢¸É¢¨É¥²Ó´Ò³¨ Ô²¥³¥´É ³¨ ¢ ¢¨¤¥ μÉ·¥§±μ¢ ¶·Ö³ÒÌ Å
¶·μ¢μ²μÎ´ÒÌ ¤¥É¥±Éμ·μ¢, ¤·¥°Ëμ¢ÒÌ É·Ê¡μ±, ±·¥³´¨¥¢ÒÌ ¸É·¨¶μ¢ÒÌ ¤¥É¥±Éμ·μ¢
¨ É. ¶. Å ¸ÊÐ¥¸É¢Ê¥É § ¤ Î  ´ Ìμ¦¤¥´¨Ö É·¥±μ¢ ¶μ ¸· ¡μÉ ¢Ï¨³ Ô²¥³¥´É ³ (É·¥-
±¨´£). ‚¢¨¤Ê ¡μ²ÓÏμ£μ ±μ²¨Î¥¸É¢  ± ± ¸ ³¨Ì É·¥±μ¢, É ± ¨ Ô²¥³¥´Éμ¢ ¤¥É¥±Éμ-
·μ¢ ¢ ¸μ¢·¥³¥´´ÒÌ Ô±¸¶¥·¨³¥´É Ì Î¨¸²μ ±μ³¡¨´ Í¨° ¨§¡· ´´ÒÌ ÎÊ¢¸É¢¨É¥²Ó´ÒÌ
Ô²¥³¥´Éμ¢ ³μ¦¥É ¡ÒÉÓ μÎ¥´Ó ¡μ²ÓÏ¨³.

�± §Ò¢ ¥É¸Ö, ¥¸²¨ ¢Ò¡· ÉÓ Î¨¸²μ ÎÊ¢¸É¢¨É¥²Ó´ÒÌ Ô²¥³¥´Éμ¢ ¤¥É¥±Éμ· , · ¢-
´μ¥ Î¥ÉÒ·¥³, Éμ ¶·¨ μ¶·¥¤¥²¥´´ÒÌ Ê¸²μ¢¨ÖÌ ´ °¤¥É¸Ö ¶·Ö³ Ö, ±μÉμ· Ö ¡Ê¤¥É
¸É·μ£μ ¶¥·¥¸¥± ÉÓ ¢¸¥ ¢Ò¡· ´´Ò¥ Î¥ÉÒ·¥ Ô²¥³¥´É  (Î¥ÉÒ·¥ ¸±·¥Ð¨¢ ÕÐ¨¥¸Ö
¶·Ö³Ò¥).

�·¥¤² £ ¥³Ò° ®³¥Éμ¤ Î¥ÉÒ·¥Ì ¶·Ö³ÒÌ¯ ³μ¦¥É ¸²Ê¦¨ÉÓ, ¢ Î ¸É´μ¸É¨, ¤²Ö
¡Ò¸É·μ£μ μ¶·¥¤¥²¥´¨Ö ´ Î ²Ó´μ£μ ¶·¨¡²¨¦¥´¨Ö ¨/¨²¨ μÉ¡μ·  Ô²¥³¥´Éμ¢, ¶·¨-
´ ¤²¥¦ Ð¨Ì ¶·Ö³μ²¨´¥°´μ³Ê É·¥±Ê. Œ¥Éμ¤ Ê¸¶¥Ï´μ ¶·¨³¥´Ö¥É¸Ö ´  Ê¸É ´μ¢±¥
HADES ¢ GSI.

� ¡μÉ  ¢Ò¶μ²´¥´  ¢ ‹ ¡μ· Éμ·¨¨ Ë¨§¨±¨ ¢Ò¸μ±¨Ì Ô´¥·£¨° ¨³. ‚.ˆ. ‚¥±¸²¥· 
¨ �.Œ. � ²¤¨´  �ˆŸˆ.

‘μμ¡Ð¥´¨¥ �¡Ñ¥¤¨´¥´´μ£μ ¨´¸É¨ÉÊÉ  Ö¤¥·´ÒÌ ¨¸¸²¥¤μ¢ ´¨°. „Ê¡´ , 2014

Avramenko S.A. et al. P1-2014-95
Fast Search Method for Initial Approximation of Straight Tracks
of the Wire and Strip Detectors

For detectors with sensitive elements in the form of straight line segments, i. e.
for wire detectors, drift tubes, silicon strip detectors, etc., there is a task to ˇnd
straight tracks for triggered items (tracking). Due to the large number of tracks as
well as elements of the detectors in modern experiments, the number of combinations
of selected sensitive elements can be very large.

It turns out that if the number of sensitive elements of the detector is chosen equal
to four, then under some conditions there is a straight line which strictly crosses all
the selected four elements (four overlapping straight lines).

The proposed ªmethod of four straight linesª can be used, in particular, for rapid
determination of initial approximation and/or selection of items which belong to a
straight track. The method has been successfully used at the facility HADES, GSI.

The investigation has been performed at the Veksler and Baldin Laboratory of
High Energy Physics, JINR.

Communication of the Joint Institute for Nuclear Research. Dubna, 2014
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„²Ö ¶·μ¢μ²μÎ´ÒÌ ¤¥É¥±Éμ·μ¢, ´ ¶·¨³¥·, ´  Ê¸É ´μ¢± Ì HADES (GSI, „ ·-
³ÏÉ ¤É) [1], NIS-GIBS (‹”‚	 �ˆŸˆ) [2] ¸ÊÐ¥¸É¢Ê¥É § ¤ Î  μ¶·¥¤¥²¥´¨Ö
É·¥±μ¢ ¶μ ¸· ¡μÉ ¢Ï¨³ ¶·μ¢μ²μÎ± ³ (É·¥±¨´£). �μÌμ¦ Ö § ¤ Î  Ì · ±É¥·´ 
¨ ¤²Ö ¶·μÎ¨Ì ¤¥É¥±Éμ·μ¢ ¸ ÎÊ¢¸É¢¨É¥²Ó´Ò³¨ Ô²¥³¥´É ³¨ ¢ ¢¨¤¥ μÉ·¥§±μ¢ ¶·Ö-
³ÒÌ Å ¤·¥°Ëμ¢ÒÌ É·Ê¡μ±, ±·¥³´¨¥¢ÒÌ ¸É·¨¶μ¢ÒÌ ¤¥É¥±Éμ·μ¢ ¨ É. ¶. — ¸Éμ
·¥Ï ¥É¸Ö § ¤ Î  ³¨´¨³¨§ Í¨μ´´μ£μ μ¶·¥¤¥²¥´¨Ö ¶ · ³¥É·μ¢ ¶·Ö³μ°, ¡²¨¦ °-
Ï¥° ± ¸· ¡μÉ ¢Ï¨³ ²¨´¥°´Ò³ Ô²¥³¥´É ³. �¤´ ±μ, ¢¢¨¤Ê ¡μ²ÓÏμ£μ ±μ²¨Î¥¸É¢ 
± ± ¸ ³¨Ì É·¥±μ¢, É ± ¨ Ô²¥³¥´Éμ¢ ¤¥É¥±Éμ·μ¢, ¢ ¸μ¢·¥³¥´´ÒÌ Ô±¸¶¥·¨³¥´-
É Ì Î¨¸²μ ±μ³¡¨´ Í¨° ¨§¡· ´´ÒÌ ÎÊ¢¸É¢¨É¥²Ó´ÒÌ Ô²¥³¥´Éμ¢ ³μ¦¥É μ± § ÉÓ¸Ö
μÎ¥´Ó ¡μ²ÓÏ¨³. �·¨ ÔÉμ³ ¨¸¶μ²Ó§μ¢ ´¨¥ É· ¤¨Í¨μ´´ÒÌ ³¨´¨³¨§ Í¨μ´´ÒÌ
 ²£μ·¨É³μ¢ ¶μ¨¸±  ³μ¦¥É ¶·¨¢μ¤¨ÉÓ ± §´ Î¨É¥²Ó´Ò³ § É· É ³ ¢·¥³¥´¨.

‚ ÔÉμ³ ±μ´É¥±¸É¥ ¨´É¥·¥¸¥´ ¸²ÊÎ ° ´ Ìμ¦¤¥´¨Ö ¶·Ö³μ°, ¡²¨¦ °Ï¥° ±
Î¥ÉÒ·¥³ Ô²¥³¥´É ³ (¶·μ¢μ²μÎ± ³). �± §Ò¢ ¥É¸Ö, ÎÉμ ¥¸²¨ ¢Ò¡· ÉÓ Î¨¸²μ ÎÊ¢-
¸É¢¨É¥²Ó´ÒÌ Ô²¥³¥´Éμ¢ ¤¥É¥±Éμ· , · ¢´μ¥ Î¥ÉÒ·¥³, Éμ ¶·¨ μ¶·¥¤¥²¥´´ÒÌ ¨Ì
±μ´Ë¨£Ê· Í¨ÖÌ ´ °¤¥É¸Ö ¶·Ö³ Ö, ¸É·μ£μ ¶¥·¥¸¥± ÕÐ Ö ¢¸¥ Î¥ÉÒ·¥ ÔÉ¨ Ô²¥-
³¥´É .

‚ 1879 £. ƒ¥·³ ´ ˜Ê¡¥·É (1848Ä1911) ¢ · ¡μÉ¥ ®Kalkéul der abzéahlenden
Geometrie¯ (®‹μ£¨±  ¨²¨ ³¥Éμ¤Ò ¨¸Î¨¸²¨É¥²Ó´μ° £¥μ³¥É·¨¨¯) [3] ¸Ëμ·³Ê-
²¨·μ¢ ² ¨ ·¥Ï¨² ®§ ¤ ÎÊ ˜Ê¡¥·É ¯: ®‚ É·¥Ì³¥·´μ³ ¶·μ¸É· ´¸É¢¥ § ¤ ´μ
Î¥ÉÒ·¥ ¶μ¶ ·´μ ¸±·¥Ð¨¢ ÕÐ¨Ì¸Ö ¶·Ö³ÒÌ. ‘±μ²Ó±μ ¸ÊÐ¥¸É¢Ê¥É ¶·Ö³ÒÌ, ¶¥-
·¥¸¥± ÕÐ¨Ì ¢¸¥ Î¥ÉÒ·¥ § ¤ ´´Ò¥ ¶·Ö³Ò¥?¯, ¢ ±μÉμ·μ° ¶·μ¤¥³μ´¸É·¨·μ¢ ²
¨¤¥¨ ¸¢μ¥° ´μ¢μ° ´ Ê±¨. „²Ö ´¥£μ ¡Ò²μ ¢ ¦´μ, ÎÉμ ±μ²¨Î¥¸É¢μ ·¥Ï¥´¨°
§ ¤ Î¨ ¢ ®μ¡Ð¥³ ¶μ²μ¦¥´¨¨¯ ¸É·Ê±ÉÊ·´μ Ê¸Éμ°Î¨¢μ, É. ¥. ´¥ ³¥´Ö¥É¸Ö ¶·¨
®³ ²μ³ Ï¥¢¥²¥´¨¨¯ ¨¸Ìμ¤´ÒÌ ¤ ´´ÒÌ. ‚ 1900 £. ®¸É·μ£μ¥ μ¡μ¸´μ¢ ´¨¥ ¨¸Î¨-
¸²¨É¥²Ó´μ° £¥μ³¥É·¨¨ ˜Ê¡¥·É ¯ ¢±²ÕÎ¥´μ „ ¢¨¤μ³ ƒ¨²Ó¡¥·Éμ³ ¢ Î¨¸²μ 23
®¢ ¦´¥°Ï¨Ì ³ É¥³ É¨Î¥¸±¨Ì § ¤ Î ¸μ¢·¥³¥´´μ¸É¨¯ ¶μ¤ ´μ³¥·μ³ 15. ‚ ´ -
¸ÉμÖÐ¥¥ ¢·¥³Ö ¸Î¨É ¥É¸Ö, ÎÉμ ÔÉ  § ¤ Î  ®·¥Ï¥´  Î ¸É¨Î´μ¯.

‡ ¤ Î  ´ ¸ÉμÖÐ¥° · ¡μÉÒ ¸μ¸Éμ¨É ¢ ´ Ìμ¦¤¥´¨¨ Ê· ¢´¥´¨Ö ÔÉμ° μ¡Ð¥°
¶¥·¥¸¥± ÕÐ¥° (®³¥Éμ¤ Î¥ÉÒ·¥Ì ¶·Ö³ÒÌ¯).
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ˆ¸¶μ²Ó§Ê¥³ ¶ · ³¥É·¨Î¥¸±μ¥ ¶·¥¤¸É ¢²¥´¨¥ ¶·μ¸É· ´¸É¢¥´´ÒÌ ¶·Ö³ÒÌ.
’ ±,

Qi = Vi · ti + Pi =

⎛
⎝ Li

Mi

Ni

⎞
⎠ · ti +

⎛
⎝ Xi

Yi

Zi

⎞
⎠ (i = 1, . . . , 4),

£¤¥ ¤²Ö i-° ¶·Ö³μ° Qi Å ¢¥±Éμ·, μ¶·¥¤¥²ÖÕÐ¨° ´  ´¥° ²Õ¡ÊÕ ÉμÎ±Ê;
Pi = (Xi, Yi, Zi)T Å Ë¨±¸¨·μ¢ ´´ Ö ÉμÎ± ; Vi = (Li, Mi, Ni)T Å ´ ¶· -
¢²ÖÕÐ¨° ¢¥±Éμ· (´¥ μ¡Ö§ É¥²Ó´μ ¥¤¨´¨Î´μ° ¤²¨´Ò); t Å ¶ · ³¥É·.

‘Î¨É ¥³ ¢¥±Éμ·Ò V1, V2, V3, V4 ¨ P1, P2, P3, P4 § ¤ ´´Ò³¨. �·μ¨§¢μ²Ó´μ
¢Ò¡¥·¥³ ¨§ Î¥ÉÒ·¥Ì ¶·Ö³ÒÌ ¤¢¥ (¸ ´μ³¥· ³¨ 1 ¨ 2 ´  ·¨¸. 1). �·μ¢¥¤¥³
Î¥·¥§ ´¨Ì ¢¸¶μ³μ£ É¥²Ó´ÊÕ ¶·Ö³ÊÕ, § ¤ ¢ Ö ¥¥ ¤¢Ê³Ö ÉμÎ± ³¨,   ¨³¥´´μ:
Q1 = V1 · t1 + P1 ¨ Q2 = V2 · t2 + P2. ’μ£¤  ¢ ¶ · ³¥É·¨Î¥¸±μ³ ¢¨¤¥
(¸ ¶ · ³¥É·μ³ τ ) ¢¸¶μ³μ£ É¥²Ó´ÊÕ ¶·Ö³ÊÕ (¨¸±μ³ÊÕ μ¡ÐÊÕ ¶¥·¥¸¥± ÕÐÊÕ)
³μ¦´μ § ¶¨¸ ÉÓ ¸²¥¤ÊÕÐ¨³ μ¡· §μ³:

Q (τ) = [(V2t2 + P2) − (V1t1 + P1)] τ + (V1t1 + P1) . (1)

� · ³¥É· τ μÉ¢¥Î ¥É ¶·¨ ÔÉμ³ ¶·μ¨§¢μ²Ó´μ° ÉμÎ±¥ ´  ¢¸¶μ³μ£ É¥²Ó-
´μ° ¶·Ö³μ°. �Ê¸ÉÓ ¢¸¶μ³μ£ É¥²Ó´ Ö ¶·Ö³ Ö ¶·μÌμ¤¨É ¤μ¶μ²´¨É¥²Ó´μ ¨ Î¥-
·¥§ ÉμÎ±¨ Q3 ¨ Q4, É. ¥. Ö¢²Ö¥É¸Ö μ¡Ð¥° ¶¥·¥¸¥± ÕÐ¥°. �¨¸. 1 ¨²²Õ¸É·¨·Ê¥É
¢§ ¨³´μ¥ · ¸¶μ²μ¦¥´¨¥ ¶·Ö³ÒÌ ¢ ¶·μ¸É· ´¸É¢¥.

�¨¸. 1. ‚§ ¨³´μ¥ · ¸¶μ²μ¦¥´¨¥ ¶·Ö³ÒÌ ¢ ¶·μ¸É· ´¸É¢¥

’μ£¤  ¤μ²¦´μ ¸μ¢³¥¸É´μ ¢Ò¶μ²´ÖÉÓ¸Ö

Q(τ3) = Q3(t3),
Q(τ4) = Q4(t4),

¨²¨ Å ¶μ ±μ³¶μ´¥´É ³ Å

[(L2t2 + X2) − (L1t1 + X1)] τ3 + (L1t1 + X1) = L3t3 + X3,

[(M2t2 + Y2) − (M1t1 + Y1)] τ3 + (M1t1 + Y1) = M3t3 + Y3,

[(N2t2 + Z2) − (N1t1 + Z1)] τ3 + (N1t1 + Z1) = N3t3 + Z3,
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[(L2t2 + X2) − (L1t1 + X1)] τ4 + (L1t1 + X1) = L4t4 + X4,

[(M2t2 + Y2) − (M1t1 + Y1)] τ4 + (M1t1 + Y1) = M4t4 + Y4,

[(N2t2 + Z2) − (N1t1 + Z1)] τ4 + (N1t1 + Z1) = N4t4 + Z4.

	É¨ · ¢¥´¸É¢  ¶·¥¤¸É ¢²ÖÕÉ ¸μ¡μ° ¸¨¸É¥³Ê Ï¥¸É¨ Ê· ¢´¥´¨° ¢Éμ·μ° ¸É¥-
¶¥´¨ μÉ´μ¸¨É¥²Ó´μ Ï¥¸É¨ ´¥¨§¢¥¸É´ÒÌ t1, t2, t3, t4, τ3, τ4:

L2t2τ3 − L1t1τ3 + (X2 − X1) τ3 + L1t1 − L3t3 − (X3 − X1) = 0,

M2t2τ3 − M1t1τ3 + (Y2 − Y1) τ3 + M1t1 − M3t3 − (Y3 − Y1) = 0,

N2t2τ3 − N1t1τ3 + (Z2 − Z1) τ3 + N1t1 − N3t3 − (Z3 − Z1) = 0,

L2t2τ4 − L1t1τ4 + (X2 − X1) τ4 + L1t1 − L4t4 − (X4 − X1) = 0,

M2t2τ4 − M1t1τ4 + (Y2 − Y1) τ4 + M1t1 − M4t4 − (Y4 − Y1) = 0,

N2t2τ4 − N1t1τ4 + (Z2 − Z1) τ4 + N1t1 − N4t4 − (Z4 − Z1) = 0.

�¥·¥³¥´´Ò¥ t3, t4, τ3, τ4 ²¥£±μ ¨¸±²ÕÎ ÕÉ¸Ö. �μ¸²¥ Ô²¥³¥´É ·´ÒÌ  ²£¥-
¡· ¨Î¥¸±¨Ì ¶·¥μ¡· §μ¢ ´¨° ¶μ²ÊÎ¨³ ¸¨¸É¥³Ê ¨§ ¤¢ÊÌ ±¢ ¤· É´ÒÌ Ê· ¢´¥´¨°
¸ ¤¢Ê³Ö ´¥¨§¢¥¸É´Ò³¨ t1 ¨ t2:

B1t1t2 + D1t1 + E1t2 + F1 = 0,
B2t1t2 + D2t1 + E2t2 + F2 = 0,

(2)

£¤¥ ±μÔËË¨Í¨¥´ÉÒ ¶·¨μ¡·¥ÉÊÉ §´ Î¥´¨Ö

B1 = V2 · [V1 × V3] ,
B2 = V2 · [V1 × V4] ,
D1 = (P2 − P3) · [V1 × V3] ,
D2 = (P2 − P4) · [V1 × V4] ,
E1 = (P3 − P1) · [V2 × V3] ,
E2 = (P4 − P1) · [V2 × V4] ,
F1 = V3 · [(P3 − P1) × (P2 − P1)] ,
F2 = V4 · [(P4 − P1) × (P2 − P1)] .

(3)

Š ¦¤μ¥ Ê· ¢´¥´¨¥ ¸¨¸É¥³Ò (2) μ¶¨¸Ò¢ ¥É ±·¨¢ÊÕ ¢Éμ·μ£μ ¶μ·Ö¤±  [4] Å
· ¢´μ¸Éμ·μ´´ÕÕ £¨¶¥·¡μ²Ê ¸  ¸¨³¶ÉμÉ ³¨, ¶ · ²²¥²Ó´Ò³¨ μ¸Ö³ ±μμ·¤¨´ É.
’ ±¨¥ £¨¶¥·¡μ²Ò ³μ£ÊÉ ¨³¥ÉÓ ´¥ ¡μ²¥¥ ¤¢ÊÌ ÉμÎ¥± ¶¥·¥¸¥Î¥´¨Ö. ’·¨ ¶·¨-
³¥·  ¨§ ³´μ¦¥¸É¢  ¢§ ¨³´μ£μ · ¸¶μ²μ¦¥´¨Ö ¶μ¤μ¡´ÒÌ £¨¶¥·¡μ² ¶·¨¢¥¤¥´Ò
´  ·¨¸. 2,  Ä¢. ‘¶²μÏ´μ° ²¨´¨¥° ¨§μ¡· ¦ ¥É¸Ö ®¶¥·¢ Ö¯ £¨¶¥·¡μ² , ¶Ê´±É¨·-
´μ° Å ®¢Éμ· Ö¯. “· ¢´¥´¨Ö £¨¶¥·¡μ² ¢ Ëμ·³¥

(
t1 − t̃1

) (
t2 − t̃2

)
−1 = 0 (£¤¥

t̃1, t̃2 Å ±μμ·¤¨´ ÉÒ ¨Ì Í¥´É· ) ¤ ´Ò ¢ ¶μ¤¶¨¸¨.
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�¨¸. 2. ’·¨ ¶·¨³¥·  ¨§ ³´μ¦¥¸É¢  ¢§ ¨³´μ£μ · ¸¶μ²μ¦¥´¨Ö £¨¶¥·¡μ².  ) �¥É ¶¥-
·¥¸¥Î¥´¨°: (t1 − 0)(t2 − 0) − 1 = 0, (t1 − 1)(t2 − 1) − 1 = 0. ¡) �¤´μ ± ¸ ´¨¥:
(t1 − 0)(t2 − 0) − 1 = 0, (t1 − 2)(t2 − 2) − 1 = 0. ¢) „¢  ¶¥·¥¸¥Î¥´¨Ö:
(t1 − 0)(t2 − 0) − 1 = 0, (t1 − 3)(t2 − 3) − 1 = 0

‡ ¤ Î  ´ Ìμ¦¤¥´¨Ö ¨¸±μ³ÒÌ ¶ · ³¥É·μ¢ t1 ¨ t2 ¸¢μ¤¨É¸Ö ± ¶μ¨¸±Ê ÉμÎ¥±
¶¥·¥¸¥Î¥´¨Ö £¨¶¥·¡μ² ¸¨¸É¥³Ò (2). �¥Ï¥´¨Ö ¤ ÕÉ¸Ö ¸¨³³¥É·¨Î´Ò³¨ Ëμ·³Ê-
² ³¨:

t1 =
−

(∣∣∣ B1 F1

B2 F2

∣∣∣− ∣∣∣ D1 E1

D2 E2

∣∣∣)±
√(∣∣∣ B1 F1

B2 F2

∣∣∣ − ∣∣∣ D1 E1

D2 E2

∣∣∣)2

− 4 ·
∣∣∣ B1 D1

B2 D2

∣∣∣ · ∣∣∣ E1 F1

E2 F2

∣∣∣
2 ·

∣∣∣ B1 D1

B2 D2

∣∣∣ ,

(4)

t2 =
−

(∣∣∣ B1 F1

B2 F2

∣∣∣+ ∣∣∣ D1 E1

D2 E2

∣∣∣)∓
√(∣∣∣ B1 F1

B2 F2

∣∣∣ +
∣∣∣ D1 E1

D2 E2

∣∣∣)2

− 4 ·
∣∣∣ B1 E1

B2 E2

∣∣∣ · ∣∣∣ D1 F1

D2 F2

∣∣∣
2 ·

∣∣∣ B1 E1

B2 E2

∣∣∣ .

�μ¸±μ²Ó±Ê ¶·Ö³Ò¥ 1 ¨ 2 (¸³. ·¨¸. 1) ¡Ò²¨ ¢Ò¡· ´Ò ¶·μ¨§¢μ²Ó´μ, μ´¨ Å
· ¢´μ¶· ¢´Ò, ·¥Ï¥´¨¥ ¤²Ö t2 μÉ²¨Î ¥É¸Ö μÉ ·¥Ï¥´¨Ö ¤²Ö t1 Éμ²Ó±μ ¢§ ¨³-
´μ° § ³¥´μ° ±μÔËË¨Í¨¥´Éμ¢ Di ¨ Ei (i = 1, 2). �¥¶μ¸·¥¤¸É¢¥´´μ · ¸±·Ò¢ Ö
¢´¥Ï´¥ · §´Ò¥ ¤¥É¥·³¨´ ´ÉÒ, ¸ÉμÖÐ¨¥ ¶μ¤ · ¤¨± ² ³¨, ³μ¦´μ Ê¡¥¤¨ÉÓ¸Ö,
ÎÉμ ÔÉ¨ ¤¥É¥·³¨´ ´ÉÒ Éμ¦¤¥¸É¢¥´´Ò. ‡´ ±¨ ¶¥·¥¤ · ¤¨± ² ³¨ ¤μ²¦´Ò ¡ÒÉÓ
¶·μÉ¨¢μ¶μ²μ¦´Ò³¨, ¶μ¸±μ²Ó±Ê £¨¶¥·¡μ²Ò ¢Ò· ¦ ÕÉ μ¡· É´ÊÕ ¶·μ¶μ·Í¨μ-
´ ²Ó´ÊÕ § ¢¨¸¨³μ¸ÉÓ. ‡´ ³¥´ É¥²¨ ¢ (4) ¤μ²¦´Ò ¡ÒÉÓ μÉ²¨Î´Ò μÉ ´Ê²Ö,
±·μ³¥ ¢Ò·μ¦¤¥´´ÒÌ ¸²ÊÎ ¥¢, ±μ£¤  Ê £¨¶¥·¡μ² μ± §Ò¢ ÕÉ¸Ö μ¤´¨³¨ ¨ É¥³¨
¦¥ ± ±¨¥-²¨¡μ  ¸¨³¶ÉμÉÒ.
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‡´ ± ¤¥É¥·³¨´ ´Éμ¢ ¨ μÉ²¨Î¨¥ §´ ³¥´ É¥²¥° μÉ ´Ê²Ö ¢ (4), ¶μ ¸ÊÉ¨ ¤¥² ,
´ ±² ¤Ò¢ ÕÉ ¨¸Î¥·¶Ò¢ ÕÐ¨¥ Ê¸²μ¢¨Ö ´  ¢§ ¨³´μ¥ ¶μ²μ¦¥´¨¥ Î¥ÉÒ·¥Ì ¶·μ-
¸É· ´¸É¢¥´´ÒÌ ¶·Ö³ÒÌ, ¶·¨ ±μÉμ·μ³ ¸ÊÐ¥¸É¢ÊÕÉ ¢¥Ð¥¸É¢¥´´Ò¥, ¨³¥ÕÐ¨¥
Ë¨§¨Î¥¸±¨° ¸³Ò¸² ·¥Ï¥´¨Ö:(∣∣∣∣ B1 F1

B2 F2

∣∣∣∣ −
∣∣∣∣ D1 E1

D2 E2

∣∣∣∣
)2

− 4 ·
∣∣∣∣ B1 D1

B2 D2

∣∣∣∣ ·
∣∣∣∣ E1 F1

E2 F2

∣∣∣∣ > 0,

∣∣∣∣ B1 D1

B2 D2

∣∣∣∣ �= 0,

∣∣∣∣ B1 E1

B2 E2

∣∣∣∣ �= 0.

‚ ¶·μ¢μ²μÎ´μ³ ¤¥É¥±Éμ·¥ ÎÊ¢¸É¢¨É¥²Ó´Ò¥ ¸±·¥Ð¨¢ ÕÐ¨¥¸Ö ²¨´¥°´Ò¥
Ô²¥³¥´ÉÒ (¶·μ¢μ²μ±¨) ¨³¥ÕÉ μ£· ´¨Î¥´´ÊÕ ¤²¨´Ê, ¨ ¨¸±μ³μ¥ ·¥Ï¥´¨¥ ¤μ²-
¦´μ ¤ ¢ ÉÓ ¶·Ö³ÊÕ, ¶¥·¥¸¥± ÕÐÊÕ ¸· ¡μÉ ¢Ï¨¥ ¶·μ¢μ²μ±¨ ¢´ÊÉ·¨ ¸ ³μ£μ
¤¥É¥±Éμ· . 	Éμ ¥¸É¥¸É¢¥´´μ¥ Ê¸²μ¢¨¥ ¤²Ö ¢Ò¡μ·  μ¤´μ£μ ¨§ ¤¢ÊÌ ·¥Ï¥´¨°.
�μ¤μ¡´Ò³ μ¡· §μ³ Å ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ Ëμ·³Ê² (4) Å ´ Ìμ¤ÖÉ¸Ö ·¥Ï¥´¨Ö
¤²Ö ¤¥É¥±Éμ·μ¢ MDC Ê¸É ´μ¢±¨ HADES.

ˆ§ (3) ¢¨¤´μ, ÎÉμ ¥¸²¨ ¶¥·¢Ò¥ É·¨ ¶·Ö³Ò¥ (¶μ ¸ÊÉ¨, ´¥±μÉμ·Ò¥ É·¨ ¨§
Î¥ÉÒ·¥Ì) ´ Ìμ¤ÖÉ¸Ö ¢ ¶ · ²²¥²Ó´ÒÌ ¶²μ¸±μ¸ÉÖÌ, Éμ B1 = 0. ’ ±μ° ¸²ÊÎ ° ³Ò
· ¸¸³ É·¨¢ ¥³, Ëμ·³Ê²Ò (4) ¶·¨ ÔÉμ³ ¶·¨³¥´¨³Ò.

…¸ÉÓ Î ¸É´Ò°, ´μ ¶· ±É¨Î¥¸±¨ ¢ ¦´Ò° ¸²ÊÎ °, ±μ£¤  ¢¸¥ Î¥ÉÒ·¥ ¸±·¥Ð¨-
¢ ÕÐ¨¥¸Ö ¶·Ö³Ò¥ ´ Ìμ¤ÖÉ¸Ö ¢ ¶ · ²²¥²Ó´ÒÌ ¶²μ¸±μ¸ÉÖÌ (± ± ´  Ê¸É ´μ¢±¥
NIS-GIBS). �·¨ ÔÉμ³, ± ± ¢¨¤´μ ¨§ (3), B1 = B2 = 0. ‡¤¥¸Ó ¢³¥¸Éμ ¸¨¸É¥³Ò
±¢ ¤· É´ÒÌ Ê· ¢´¥´¨° (2) ¶μ²ÊÎ ¥³ ²¨´¥°´ÊÕ:

D1t1 + E1t2 + F1 = 0,

D2t1 + E2t2 + F2 = 0,

±μÉμ· Ö ¨³¥¥É ¥¤¨´¸É¢¥´´μ¥ ·¥Ï¥´¨¥

t1 =

∣∣∣∣ E1 F1

E2 F2

∣∣∣∣∣∣∣∣ D1 E1

D2 E2

∣∣∣∣
, t2 =

∣∣∣∣ D1 F1

D2 F2

∣∣∣∣∣∣∣∣ D1 E1

D2 E2

∣∣∣∣
, (5)

¥¸²¨ μ¶·¥¤¥²¨É¥²Ó ¸¨¸É¥³Ò μÉ²¨Î¥´ μÉ ´Ê²Ö. � ¢¥´¸É¢μ ´Ê²Õ μ¶·¥¤¥²¨-
É¥²Ö ¢ (5) μ§´ Î ¥É É¥ ¨²¨ ¨´Ò¥ ¸²ÊÎ ¨ ¶ · ²²¥²Ó´μ¸É¨ ¨¸Ìμ¤´ÒÌ Î¥ÉÒ·¥Ì
¶·Ö³ÒÌ (ÎÊ¢¸É¢¨É¥²Ó´ÒÌ Ô²¥³¥´Éμ¢). „²Ö ¶· ±É¨±¨ ÔÉμ ´¥¸ÊÐ¥¸É¢¥´´μ: ÎÉμ¡Ò
¶μ²ÊÎ¨ÉÓ μ¡ÐÊÕ ¶¥·¥¸¥± ÕÐÊÕ, ¸²¥¤Ê¥É μÉ¡¨· ÉÓ ¨³¥´´μ ¸±·¥Ð¨¢ ÕÐ¨¥¸Ö
¶·Ö³Ò¥.

ˆÉ ±, μÉ¤¥²¨¢ ´¥±μÉμ·Ò³ μ¡· §μ³ ´Ê¦´ÊÕ ¶ ·Ê ·¥Ï¥´¨° ¨§ (4) ¨²¨ ¢§Ö¢
¥¤¨´¸É¢¥´´μ¥ ·¥Ï¥´¨¥ (5), ¶μ²ÊÎ¨³ ¨¸±μ³ÊÕ μ¡ÐÊÕ ¶¥·¥¸¥± ÕÐÊÕ (1).
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�·¨³¥·Ò.
�·¨³¥· 1. ˆ§ ¸É ÉÓ¨ ‚.�.Š¨·¨Î¥´±μ [3].
�·Ö³Ò¥ l1 ¨ l2, ¶¥·¥¸¥± ÕÐ¨¥¸Ö ¢ ÉμÎ±¥ a, μ¡· §ÊÕÉ ¶²μ¸±μ¸ÉÓ P ; ¶·Ö-

³Ò¥ l3 ¨ l4, ¶¥·¥¸¥± ÕÐ¨¥¸Ö ¢ ÉμÎ±¥ a′, μ¡· §ÊÕÉ ¶²μ¸±μ¸ÉÓ P ′. �·Ö³ Ö,
μ¡· §μ¢ ´´ Ö ¶¥·¥¸¥Î¥´¨¥³ ¶²μ¸±μ¸É¥° P ¨ P ′, ¶¥·¥¸¥± ¥É ¢¸¥ Î¥ÉÒ·¥ ¶·Ö-
³Ò¥ l1, l2, l3 ¨ l4. �·Ö³ Ö, ¶·μÌμ¤ÖÐ Ö Î¥·¥§ ÉμÎ±¨ a ¨ a′, É ±¦¥ ¶¥·¥¸¥± ¥É
Ê± § ´´Ò¥ Î¥ÉÒ·¥ ¶·Ö³Ò¥. ‘²ÊÎ ° ¸Î¨É ¥É¸Ö ®¸¶¥Í¨ ²Ó´Ò³¯, ¶μ¸±μ²Ó±Ê ¨¸-
Ìμ¤´Ò¥ Î¥ÉÒ·¥ ¶·Ö³Ò¥ ¶μ¶ ·´μ ¶¥·¥¸¥± ÕÉ¸Ö. „μ± § ´μ, ÎÉμ ¶·¨ ®³ ²μ³
Ï¥¢¥²¥´¨¨¯ ¨¸Ìμ¤´ÒÌ ¶·Ö³ÒÌ, ¶μ¸²¥ Î¥£μ μ´¨ ¸É ´ÊÉ ¸±·¥Ð¨¢ ÕÐ¨³¨¸Ö, Ì -
· ±É¥· ·¥Ï¥´¨Ö ´¥ ¨§³¥´¨É¸Ö: ¶μ-¶·¥¦´¥³Ê μ¡ÐÊÕ ¶¥·¥¸¥± ÕÐÊÕ ³μ¦´μ
¡Ê¤¥É ¶·μ¢¥¸É¨ ¤¢Ê³Ö ¸¶μ¸μ¡ ³¨ (¸³. ·¨¸. 3).

�¨¸. 3. ˆ²²Õ¸É· Í¨Ö § ¤ Î¨ ˜Ê-
¡¥·É 

�¨¸. 4. ’¥É· Ô¤·

�·¨³¥· 2. ’¥É· Ô¤· Å ´ £²Ö¤´Ò° ¢ ·¨ ´É ¤¢ÊÌ ¢¥Ð¥¸É¢¥´´ÒÌ ·¥Ï¥´¨°
¸¨¸É¥³Ò (2). 	ÉμÉ ¸²ÊÎ ° Å ®¸¶¥Í¨ ²Ó´Ò°¯: §¤¥¸Ó Î¥ÉÒ·¥ ¶·μ¸É· ´¸É¢¥´´Ò¥
¶·Ö³Ò¥ ´¥ ¸±·¥Ð¨¢ ÕÉ¸Ö,   ¶¥·¥¸¥± ÕÉ¸Ö ¨ ´ Ìμ¤ÖÉ¸Ö ¶·¨ ÔÉμ³ ¢ Î¥ÉÒ·¥Ì
¶²μ¸±μ¸ÉÖÌ (£· ´ÖÌ É¥É· Ô¤· ) (¸³. ·¨¸. 4).

�·¨³¥· 3. „·Ê£ Ö ³μ¤¥²Ó (Î¥ÉÒ·¥ ¶·Ö³Ò¥ ¶μ¶ ·´μ ¸±·¥Ð¨¢ ÕÉ¸Ö) ¤¢ÊÌ
·¥Ï¥´¨° ¸¨¸É¥³Ò (2) ¶μ¸É·μ¥´  ¸ ¶μ³μÐÓÕ ¢Ö§ ²Ó´ÒÌ ¸¶¨Í (¸³. ·¨¸. 5).

�¨¸. 5. ˆ´¸É ²²ÖÍ¨Ö ¨§ ¢Ö§ ²Ó´ÒÌ ¸¶¨Í
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�¨¸. 6. �μ²μ¦¥´¨¥ ¶·Ö³ÒÌ ¢ ¶·μ¸É· ´-
¸É¢¥

�·¨³¥· 4. —¨¸²¥´´Ò° Ô±¸¶¥·¨³¥´É
¸ ¢Ò¡μ·±μ° ¢ 106 ¸μ¡ÒÉ¨°, ¶·¨ ±μÉμ-
·μ³ ¢ μ¡Ñ¥³¥ ±Ê¡  ¸²ÊÎ °´Ò³ μ¡· -
§μ³ £¥´¥·¨·μ¢ ²¨¸Ó Î¥ÉÒ·¥ ¶·Ö³Ò¥, ¶μ-
± § ², ÎÉμ ¶·¨³¥·´μ ¤²Ö 87% ±μ´Ë¨-
£Ê· Í¨° ¸£¥´¥·¨·μ¢ ´´ÒÌ ¶·Ö³ÒÌ ¸Ê-
Ð¥¸É¢ÊÕÉ ¤¢  ¢¥Ð¥¸É¢¥´´ÒÌ ·¥Ï¥´¨Ö.
‚ μ¸É ²Ó´ÒÌ 13 % ¸²ÊÎ °´ÒÌ ±μ´Ë¨£Ê-
· Í¨° §´ ± ¤¥É¥·³¨´ ´Éμ¢ ¢ (4) μ± -
§Ò¢ ²¸Ö μÉ·¨Í É¥²Ó´Ò³. ’ ±, ¤²Ö μ¤-
´μ° ¨§ É ±¨Ì ®μÉ·¨Í É¥²Ó´ÒÌ¯ ±μ´Ë¨-
£Ê· Í¨° (·¨¸. 6) ¡Ò²¨ § ¤ ´Ò ¶·μ¸É· ´-
¸É¢¥´´Ò¥ ¶·Ö³Ò¥:

Q1 =

(−137,488
−24,998
162,524

)
t1 +

(
85,554
−70,105
−75,476

)
, Q2 =

(−114,633
52,907
20,352

)
t2 +

(
55,592
17,379
−50,728

)
,

Q3 =

(
73,400
−93,524
89,281

)
t3 +

( −5,760
36,967
−97,153

)
, Q4 =

(
67,488
161,005
−12,429

)
t4 +

(
18,956
−70,075
0,310

)
.

„²Ö ´¨Ì ¶μ²ÊÎ¥´Ò Ê· ¢´¥´¨Ö £¨¶¥·¡μ² (±μÔËË¨Í¨¥´ÉÒ μ±·Ê£²¥´Ò):

93076t1t2 + 1003620t1 + 504425t2 − 365205 = 0,

3041680t1t2 + 911827t1 − 1409060t2 − 478109 = 0.

ƒ¨¶¥·¡μ²Ò μ± § ²¨¸Ó ´¥¶¥·¥¸¥± ÕÐ¨³¨¸Ö (·¨¸. 7 ¨ 8), ¶μ¸±μ²Ó±Ê ¤¥É¥·-
³¨´ ´É, ¢ÒÎ¨¸²¥´´Ò° ¶·¨ ¶μ¶ÒÉ±¥ ´ Ìμ¦¤¥´¨Ö ·¥Ï¥´¨Ö, μ± § ²¸Ö μÉ·¨Í -
É¥²Ó´Ò³: det = −3,251 · 1023 < 0.

�¨¸. 7. ‚§ ¨³´μ¥ · ¸¶μ²μ¦¥´¨¥ £¨-
¶¥·¡μ²

�¨¸. 8. �¡² ¸ÉÓ ´ Î ²  ±μμ·¤¨´ É
(Ê±·Ê¶´¥´´μ)
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�·¨³¥· 5. ‡¤¥¸Ó ¶·¨¢μ¤ÖÉ¸Ö ¶·Ö³Ò¥, ¸μμÉ¢¥É¸É¢ÊÕÐ¨¥ ¶¥·¥¸¥± ÕÐ¨³¸Ö
£¨¶¥·¡μ² ³, ¤²Ö ±μÉμ·ÒÌ ¨³¥ÕÉ¸Ö ¤¢  ¢¥Ð¥¸É¢¥´´ÒÌ ·¥Ï¥´¨Ö (·¨¸. 9, 10).
�·Ö³Ò¥ § ¤ ´Ò ¢ ¢¨¤¥

Q1 =

⎛
⎝ −1

1
1

⎞
⎠ t1 +

⎛
⎝ 0

0
0

⎞
⎠ , Q2 =

⎛
⎝ 0

−1
1

⎞
⎠ t2 +

⎛
⎝ 1

1
0

⎞
⎠ ,

Q3 =

⎛
⎝ 0

2
1

⎞
⎠ t3 +

⎛
⎝ 2

0
0

⎞
⎠ , Q4 =

⎛
⎝ 1

−2
1

⎞
⎠ t4 +

⎛
⎝ 3

1
0

⎞
⎠ .

“· ¢´¥´¨Ö £¨¶¥·¡μ²:

−3t1t2 + 2t1 − 6t2 + 2 = 0,

−t1t2 − 6t1 + 4t2 + 2 = 0.

‡´ Î¥´¨¥ ¤¥É¥·³¨´ ´É : det = 136 > 0. ‘μμÉ¢¥É¸É¢¥´´μ, μ¶·¥¤¥²ÖÕÉ¸Ö
¶ · ³¥É·Ò t1 ¨ t2:

t1 =
−6 ±

√
136

10
, t2 =

8 ∓
√

136
−9

.

�¨¸. 9. —¥ÉÒ·¥ ¶·μ¸É· ´¸É¢¥´´Ò¥ ¶·Ö-
³Ò¥ ¨ ¤¢¥ ¨Ì μ¡Ð¨¥ ¶¥·¥¸¥± ÕÐ¨¥

�¨¸. 10. ‚§ ¨³´μ¥ · ¸¶μ²μ¦¥´¨¥ ¶¥·¥-
¸¥± ÕÐ¨Ì¸Ö £¨¶¥·¡μ²
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‡�Š‹�—…�ˆ…

®Œ¥Éμ¤ Î¥ÉÒ·¥Ì ¶·Ö³ÒÌ¯ ¶·¥¤´ §´ Î¥´ ¤²Ö ¡Ò¸É·μ£μ μ¶·¥¤¥²¥´¨Ö ´ -
Î ²Ó´μ£μ ¶·¨¡²¨¦¥´¨Ö ¨/¨²¨ μÉ¡μ·  Ë· £³¥´Éμ¢, ¶·¨´ ¤²¥¦ Ð¨Ì ¶·Ö³μ²¨-
´¥°´μ³Ê É·¥±Ê, ´  ¤¥É¥±Éμ· Ì ¸ ²¨´¥°´Ò³¨ ÎÊ¢¸É¢¨É¥²Ó´Ò³¨ Ô²¥³¥´É ³¨.

Œ¥Éμ¤ Ê¸¶¥Ï´μ ·¥ ²¨§μ¢ ´ ´  Ê¸É ´μ¢±¥ HADES. �´ μ± § ²¸Ö μ¸μ¡μ ¢μ¸-
É·¥¡μ¢ ´ ¤²Ö ·¥±μ´¸É·Ê±Í¨¨ ¢Éμ·¨Î´ÒÌ É·¥±μ¢, É. ¥. É·¥±μ¢ ¸ ¢¥·Ï¨´μ°, μÉ-
¸ÉμÖÐ¥° ´  ´¥±μÉμ·μ³ · ¸¸ÉμÖ´¨¨ μÉ ¢¥·Ï¨´Ò ¢§ ¨³μ¤¥°¸É¢¨Ö, ´ ¶·¨³¥·,
¶·¨ ¸μÊ¤ ·¥´¨ÖÌ AuÄAu. …£μ ¨¸¶μ²Ó§μ¢ ´¨¥ ¶μ§¢μ²¨²μ ¸ÊÐ¥¸É¢¥´´μ Ê²ÊÎ-
Ï¨ÉÓ ·¥§Ê²ÓÉ ÉÒ É·¥±¨´£ . � ¶·¨³¥·, ¡μ²¥¥ Î¥³ ¢ ¤¢  · §  Ê¢¥²¨Î¨²μ¸Ó Î¨¸²μ
·¥±μ´¸É·Ê¨·Ê¥³ÒÌ · ¸¶ ¤μ¢ K0 → π+π− ¨ Ê²ÊÎÏ¨²μ¸Ó ¨Ì · §·¥Ï¥´¨¥ ¶μ ÔË-
Ë¥±É¨¢´μ° ³ ¸¸¥. �·¨ ÔÉμ³ · ¸Î¥É ¶ · ³¥É·μ¢ ´ Î ²Ó´μ£μ ¶·¨¡²¨¦¥´¨Ö ¤²Ö
¶·Ö³μ²¨´¥°´ÒÌ É·¥±μ¢ § ´¨³ ¥É ³ ²μ¥ ¢·¥³Ö ¢ μ¡Ð¥° ¶·μÍ¥¤Ê·¥ É·¥±¨´£ .

�¸μ¡μ ¶·¨¢²¥± É¥²Ó´μ ¨¸¶μ²Ó§μ¢ ´¨¥ ®²¨´¥°´μ° Î ¸É¨¯ ®³¥Éμ¤  Î¥ÉÒ·¥Ì
¶·Ö³ÒÌ¯ ´  Ê¸É ´μ¢± Ì, ¢ ±μÉμ·ÒÌ ÎÊ¢¸É¢¨É¥²Ó´Ò¥ ¸±·¥Ð¨¢ ÕÐ¨¥¸Ö ²¨´¥°-
´Ò¥ Ô²¥³¥´ÉÒ (¶·μ¢μ²μÎ±¨) ´ Ìμ¤ÖÉ¸Ö ¢ ¶ · ²²¥²Ó´ÒÌ ¶²μ¸±μ¸ÉÖÌ (´ ¶·¨³¥·,
´  Ê¸É ´μ¢±¥ NIS-GIBS).

�² £μ¤ ·´μ¸É¨. �¢Éμ·Ò ¢Ò· ¦ ÕÉ ¡² £μ¤ ·´μ¸ÉÓ ƒ. �.�¸μ¸±μ¢Ê §  ¶μ-
²¥§´Ò¥ μ¡¸Ê¦¤¥´¨Ö.
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