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�¡Ñ¥¤¨´¥´´Ò° ¨´¸É¨ÉÊÉ Ö¤¥·´ÒÌ ¨¸¸²¥¤µ¢ ´¨°, „Ê¡´ 

�Ê¸ÉÓ P (t, T ), t ∈ [0,∞], Ö¢²Ö¥É¸Ö ËÊ´±Í¨¥° · ¸¶·¥¤¥²¥´¨Ö ³µ³¥´Éµ¢ ·¥£¨¸É· Í¨¨ ± ±µ£µ-
²¨¡µ ¢·¥³¥´´µ£µ ¸µ¡ÒÉ¨Ö; ¶ · ³¥É· T ´¥¨§¢¥¸É¥´, ´µ ¶·¥¤¸É ¢²Ö¥É ¨´É¥·¥¸. ˆ´É¥·¢ ² ´ ¡²Õ¤¥´¨Ö
ÔÉµ£µ ¸µ¡ÒÉ¨Ö Å [0, b], £¤¥ b Å ¸²ÊÎ °´µ¥ §´ Î¥´¨¥, ¢Ò¡· ´´µ¥ ¨§ [0, B] ¸µ£² ¸´µ ËÊ´±Í¨¨ · ¸-
¶·¥¤¥²¥´¨Ö F (t, B). ‡ ¤ Î : ÎÉµ ³µ¦´µ ¸± § ÉÓ µ ¶ · ³¥É·¥ T , ¥¸²¨ ¢ ¶¥·¨µ¤ [0, b] ¸µ¡ÒÉ¨¥,
¶·¥¤¸É ¢²ÖÕÐ¥¥ ¨´É¥·¥¸, ´¥ ´ ¡²Õ¤ ²µ¸Ó? ‚ ¤ ´´µ° · ¡µÉ¥ ¶·¥¤²µ¦¥´ ³¥Éµ¤ ¤²Ö ¶µ¸É·µ¥´¨Ö
µÍ¥´±¨ ´¨¦´¥° £· ´¨ÍÒ ¶ · ³¥É·  T Å ¢¥²¨Î¨´Ò, ³¥´ÓÏ¥° T ¸ µ¶·¥¤¥²¥´´µ° ¢¥·µÖÉ´µ¸ÉÓÕ.
Œ¥Éµ¤ ¨²²Õ¸É·¨·Ê¥É¸Ö  ´ ²¨§µ³ ¤ ´´ÒÌ, § ·¥£¨¸É·¨·µ¢ ´´ÒÌ ¢ Ô±¸¶¥·¨³¥´É¥ ¶µ ¸¨´É¥§Ê 114-£µ
Ô²¥³¥´É .

Let P (t, T ), t ∈ [0,∞], be the probability function of a time event occurence; the parameter T is
unknown, but is of interest. The observation interval of this event is [0, b], where b is a random value
picked up from [0, B] according to some probability function F (t,B). The problem is: what can we
say about the parameter T , if within [0, b] the interesting event hasn't been observed? In this paper a
method is suggested to build an estimate of the lower bound of parameter T , which is less than T with
a certain probability. The method is illustrated by the analysis of data registered in the experiment on
the synthesis of the element 114.

‚ µÉ´µÏ¥´¨¨ ± ÔÉµ° ¶·µ¡²¥³¥ ³µ¦´µ µÉ³¥É¨ÉÓ ¤¢¥ ±· °´µ¸É¨: ¨·µ´¨Î¥¸±¨¥ ±µ³-
³¥´É ·¨¨ ¶µ ¶µ¢µ¤Ê µÍ¥´µ±, ¶µ²ÊÎ¥´´ÒÌ ¨§ ®¤ ´´ÒÌ ´¥É¯, ¸ µ¤´µ° ¸Éµ·µ´Ò, ¨ Ö¢´µ
¶·¥Ê¢¥²¨Î¥´´Ò¥ ´ ¤¥¦¤Ò, · ¸¶·µ¸É· ´Ö¥³Ò¥  ¢Éµ· ³¨ ¸É É¨¸É¨Î¥¸±¨Ì ³¥Éµ¤µ¢ ¤²Ö  ´ -
²¨§  ³ ²ÒÌ ¢Ò¡µ·µ±, ¸ ¤·Ê£µ°. �·¥¦¤¥ ¢¸¥£µ, ¸¤¥² ¥³ ¤¢  Ë¨²µ¸µË¸±¨Ì § ³¥Î ´¨Ö. ‚µ
¢¸¥ ¢·¥³¥´  ¤¥°¸É¢Ê¥É §µ²µÉµ¥ ¶· ¢¨²µ: ®´¥É ¸É É¨¸É¨±¨ Å ´¥É ¨´Ëµ·³ Í¨¨¯; ¸ ¤·Ê£µ°
¸Éµ·µ´Ò, µÉ¸ÊÉ¸É¢¨¥ ¨´Ëµ·³ Í¨¨ Å ÔÉµ Éµ¦¥ ¨´Ëµ·³ Í¨Ö. ’ ± ÎÉµ ¢¸Ö± Ö · §Ê³´ Ö
¸É· É¥£¨Ö ¤µ²¦´  ³ ´¥¢·¨·µ¢ ÉÓ, ¡Ê¤ÊÎ¨ ´ ¶· ¢²Ö¥³µ° ÔÉ¨³¨ ¤¢Ê³Ö Ê± § É¥²Ö³¨.

Šµ´¥Î´µ, Í¥²ÓÕ Ê¸¨²¨° ³µ¦¥É ¡ÒÉÓ Éµ²Ó±µ ³ ²µ¥ ±µ²¨Î¥¸É¢µ ¨´Ëµ·³ Í¨¨, ¸µ¤¥·¦ -
Ð¥¥¸Ö ¢ Ë ±É¥, ÎÉµ ¸µ¡ÒÉ¨¥, ±µÉµ·µ¥ a priori ³µ£²µ ¶·µ¨§µ°É¨, a posteriori ´¥ ¶·µ¨§µÏ²µ.
�Ò²µ ¡Ò ´¥·¥ ²¨¸É¨Î´µ ´ ¤¥ÖÉÓ¸Ö ¶µ¸É·µ¨ÉÓ ÉµÎ´Ò¥ µÍ¥´±¨ ¶ · ³¥É·µ¢ ¢ ÔÉµ³ Î ¸É´µ³
¸²ÊÎ ¥. �µ ¢¸¥ ¦¥ µ¸Éµ·µ¦´ Ö ³ É¥³ É¨Î¥¸± Ö ¸É· É¥£¨Ö ¤²Ö ¶µ²ÊÎ¥´¨Ö, ¶µ ±· °´¥° ³¥·¥,
¢ µ¶·¥¤¥²¥´´µ³ ¸³Ò¸²¥ £· ´¨Í ¶ · ³¥É·  ¢¶µ²´¥ ¢µ§³µ¦´ .

Œµ¤¥²Ó ®µÉ¸ÊÉ¸É¢¨Ö ¸µ¡ÒÉ¨Ö¯. �µ¸²¥¤´¥¥ µ¡ÒÎ´µ · ¸¸³ É·¨¢ ÕÉ ± ± Î ¸É´Ò° ¸²Ê-
Î ° ¢Ò¶ ¤  ®´Ê²Ö¯ ¶·¨ ¨¸¶ÒÉ ´¨ÖÌ, ¶µ¤Î¨´¥´´ÒÌ ¸µµÉ¢¥É¸É¢ÊÕÐ¥³Ê · ¸¶·¥¤¥²¥´¨Õ, ´ -
¶·¨³¥·, ¶Ê ¸¸µ´µ¢¸±µ³Ê, ±µÉµ·µ¥ Î ¸Éµ ¨¸¶µ²Ó§Ê¥É¸Ö ¤²Ö µ¶¨¸ ´¨Ö ·¥¤±¨Ì ¸µ¡ÒÉ¨° [1].
�¤´ ±µ ÔÉµ ´¥ ¢¶µ²´¥ ¶· ¢¨²Ó´µ. ®�É¸ÊÉ¸É¢¨¥ ¸µ¡ÒÉ¨Ö¯ Å ÔÉµ ´¥ ¶·µ¸Éµ µ¤¨´ ¨§ ³´µ£¨Ì
¢µ§³µ¦´ÒÌ ¢ÒÌµ¤µ¢ ¨¸¶ÒÉ ´¨°,   ¸±µ·¥¥ ¶·¨´Í¨¶¨ ²Ó´Ò° ¤¥Ë¥±É ´ Ï¥£µ Ô±¸¶¥·¨³¥´É ,
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±µÉµ·Ò° ¸¢µ¤¨É ¶·µ¸É· ´¸É¢µ §´ Î¥´¨° ¸²ÊÎ °´µ° ¢¥²¨Î¨´Ò N ± §´ Î¥´¨Õ 0; ¨³¥ÕÐ¨-
¥¸Ö ¢Ò¡µ·±¨ ¢¸¥£¤  ¸µ¸ÉµÖÉ Éµ²Ó±µ ¨§ 0; ´¥ 0 Å ÔÉµ ¸µ¡ÒÉ¨¥, ±µÉµ·µ¥ ³µ£²µ ¶·µ¨§µ°É¨,
´µ ´¥ ¶·µ¨§µÏ²µ.

‡¤¥¸Ó ³Ò ¨³¥¥³ ¤¥²µ Ê¦¥ ¸ ¤·Ê£µ° ¸²ÊÎ °´µ° ¢¥²¨Î¨´µ° ψ, µ¶·¥¤¥²¥´´µ° ´  ¤¨¸-
±·¥É´µ³ ¢Ò¡µ·µÎ´µ³ ¶·µ¸É· ´¸É¢¥ [0, 1], ÌµÉÖ ¨ ¨³¥ÕÐ¥° ¶ · ³¥É·Ò, Ê´ ¸²¥¤µ¢ ´´Ò¥
µÉ ¨¸Ìµ¤´µ£µ · ¸¶·¥¤¥²¥´¨Ö. � ¶·¨³¥·, ¢ ¶Ê ¸¸µ´µ¢¸±µ³ ¸²ÊÎ ¥ ËÊ´±Í¨Ö · ¸¶·¥¤¥²¥´¨Ö
P (x) ¤²Ö ψ ¡Ê¤¥É É ±µ°

P (ψ) =
{

exp (−λ), ¥¸²¨ ψ = 0,
1 − exp (−λ) ¨´ Î¥.

(1)

Œ É¥³ É¨Î¥¸±µ¥ µ¦¨¤ ´¨¥ ψ, ¢ÒÎ¨¸²¥´´µ¥ Éµ²Ó±µ ¶µ ¢Ò¡µ·µÎ´Ò³ §´ Î¥´¨Ö³ 0, ¡Ê-
¤¥É ¸³¥Ð¥´´Ò³; ± Éµ³Ê ¦¥ ¢¥²¨Î¨´  ÔÉµ£µ ¸³¥Ð¥´¨Ö ´¥¶·¥¤¸± §Ê¥³  ¨ ´¥±µ´É·µ²¨-
·Ê¥³ .

�¡ ¨´É¥·¢ ²Ó´ÒÌ µÍ¥´± Ì. �µ¶·µ¡Ê¥³ ¶µ¸É·µ¨ÉÓ ¨´É¥·¢ ², ¸µ¤¥·¦ Ð¨° ¨¸É¨´´µ¥
§´ Î¥´¨¥ ¶ · ³¥É·  λ ¸ ± ±µ°-Éµ µ¶·¥¤¥²¥´´µ° ¢¥·µÖÉ´µ¸ÉÓÕ. �¡ÒÎ´µ ¢ ³ É¥³ É¨Î¥-
¸±µ° ¸É É¨¸É¨±¥ ¨¸¶µ²Ó§ÊÕÉ¸Ö 2 É¨¶  ¨´É¥·¢ ²Ó´ÒÌ µÍ¥´µ±: ¤µ¢¥·¨É¥²Ó´Ò¥ ¨´É¥·¢ ²Ò ¨
¤µ¢¥·¨É¥²Ó´Ò¥ ³´µ¦¥¸É¢ .

�·¥¤¶µ²µ¦¨³, ÎÉµ ¤²Ö ´¥¶·¥·Ò¢´µ° ¸²ÊÎ °´µ° ¢¥²¨Î¨´Ò, ¶µ¤Î¨´¥´´µ° ËÊ´±Í¨¨ · ¸-
¶·¥¤¥²¥´¨Ö (”�) F (x, p), ¸ÊÐ¥¸É¢Ê¥É ËÊ´±Í¨Ö g(x, p), ³µ´µÉµ´´µ § ¢¨¸ÖÐ Ö µÉ ¶ · ³¥É· 
p, ¨ ÎÉµ ”� ¤²Ö g(x, p) ´¥ § ¢¨¸¨É µÉ p. ’µ£¤ , ¥¸²¨ xs Å ¢Ò¡µ·µÎ´µ¥ §´ Î¥´¨¥ x ¨ ¤²Ö
Î¨¸¥² g1, g2 ¸¶· ¢¥¤²¨¢µ · ¢¥´¸É¢µ

∫ g2

g1

f(x, p)dx = 1 − α, £¤¥ fÅ ¶²µÉ´µ¸ÉÓ F, (2)

Éµ ¤²Ö ±µ·´¥° p1, p2 Ê· ¢´¥´¨° g(xs, p) = g1 ¨ g(xs, p) = g2 ¢Ò¶µ²´Ö¥É¸Ö

P (p1 ≤ ptrue ≤ p2) = 1 − α, (3)

£¤¥ P Å ¢¥·µÖÉ´µ¸ÉÓ Éµ£µ, ÎÉµ ¸µ¡ÒÉ¨¥ ¢ ¸±µ¡± Ì ¨³¥¥É ³¥¸Éµ ¶·¨ x = xs ¨ ptrue Å
¨¸É¨´´µ¥ §´ Î¥´¨¥ ¶ · ³¥É·  [2]. ˆ´É¥·¢ ² [p1, p2] ´ §Ò¢ ¥É¸Ö α · 100 % ¤µ¢¥·¨É¥²Ó´Ò³
¨´É¥·¢ ²µ³ ¤²Ö ¶ · ³¥É·  p.

„µ¢¥·¨É¥²Ó´µ¥ ³´µ¦¥¸É¢µ ¢µ§´¨± ¥É, ±µ£¤  ËÊ´±Í¨Ö g(x, p) ´¥ Ê¤µ¢²¥É¢µ·Ö¥É Ê¸²µ-
¢¨Õ ³µ´µÉµ´´µ¸É¨. ‚ ÔÉµ³ ¸²ÊÎ ¥ ³Ò ¶µ²ÊÎ ¥³ ³´µ¦¥¸É¢µ E ¶ · (p1(xs), p2(xs)), ±µÉµ-
·µ¥ ¨ ´ §Ò¢ ¥É¸Ö ¤µ¢¥·¨É¥²Ó´Ò³ ³´µ¦¥¸É¢µ³. ‡¤¥¸Ó (3) § ³¥´Ö¥É¸Ö ´  [2]:

P (ptrue ∈ (p1(xs), p2(xs))‖(p1(xs), p2(xs)) ∈ E) = 1 − α. (4)

‚ [2] ´¥ ·¥±µ³¥´¤Ê¥É¸Ö ¨¸¶µ²Ó§µ¢ ÉÓ ¤µ¢¥·¨É¥²Ó´Ò¥ ³´µ¦¥¸É¢  ¢ ¸²ÊÎ ¥ µ¤´µ£µ ¶ · ³¥-
É· , É ± ± ± ¸ÊÐ¥¸É¢Ê¥É ³¥Éµ¤ ¤²Ö ¶µ¸É·µ¥´¨Ö ËÊ´±Í¨¨ g ¸ É·¥¡Ê¥³Ò³¨ ¸¢µ°¸É¢ ³¨,  
¤µ¢¥·¨É¥²Ó´Ò¥ ¨´É¥·¢ ²Ò ¨´É¥·¶·¥É¨·ÊÕÉ¸Ö ´  ¶· ±É¨±¥ ²¥£Î¥ ¨ ¶·µÐ¥, Î¥³ ³´µ¦¥¸É¢ .
Š·µ³¥ Éµ£µ, p1, p2 ¢ ¸²ÊÎ ¥ ¨´É¥·¢ ²µ¢ ¸±µ·¥¥ ¸Ê¡Ñ¥±É¨¢´Ò, Î¥³ ¸²ÊÎ °´Ò, Éµ£¤  ± ± ¢
¸²ÊÎ ¥ ³´µ¦¥¸É¢ ÔÉµ ¶·¥¦¤¥ ¢¸¥£µ ¸²ÊÎ °´Ò¥ ¢¥²¨Î¨´Ò, ¨³¥ÕÐ¨¥ ¸É É¨¸É¨Î¥¸±¨° · §-
¡·µ¸, ±µÉµ·Ò° ³µ¦¥É ¶¥·¥±·ÒÉÓ µ¡² ¸ÉÓ p2 − p1, ± ± ¢ ¶·¨³¥·¥, ¤ ¢ ¥³µ³ ¶·¨² £ ¥³µ°
± ·Ê±µ¶¨¸¨ ¶·µ£· ³³µ°.
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� ³¥Éµ¤¥ G. J. Feldman ¨ R. D. Cousins. �´ [1] ¢ ´ ¸ÉµÖÐ¥¥ ¢·¥³Ö, ¶µ-¢¨¤¨³µ³Ê,
Ö¢²Ö¥É¸Ö ´ ¨¡µ²¥¥ ¶µ¶Ê²Ö·´Ò³ ³¥Éµ¤µ³ ¤²Ö  ´ ²¨§  ³ ²ÒÌ ¢Ò¡µ·µ± ¢ Ë¨§¨±¥. �´ ¸µ¢¶ -
¤ ¥É ¸ ³¥Éµ¤µ³ ¶µ¸É·µ¥´¨Ö ¤µ¢¥·¨É¥²Ó´ÒÌ ³´µ¦¥¸É¢ ¤²Ö ¶ · ³¥É· , ´µ  ²£µ·¨É³¨Î¥¸±¨
¶·µÐ¥: ËÊ´±Í¨Ö g(x, p) ´¥ É·¥¡Ê¥É¸Ö,   ¨¸¶µ²Ó§Ê¥É¸Ö Éµ²Ó±µ xs.

�¤´ ±µ ¸²¥¤Ê¥É ¶µ¤Î¥·±´ÊÉÓ, ÎÉµ ÔÉµÉ ³¥Éµ¤ · ¡µÉ ¥É Éµ²Ó±µ ¢ ¶·µ¸ÉÒÌ ¸²ÊÎ ÖÌ: ±µ-
£¤ , ´ ¶·¨³¥·, µÍ¥´±  ¶ · ³¥É·  ¸¨²Ó´µ ±µ··¥²¨·Ê¥É ¸ ¢Ò¡µ·µÎ´Ò³ ¸·¥¤´¨³ ¨²¨ ¥¸²¨
F (x, p) É ±µ¢ , ÎÉµ x, p ¢ ´¥° ³µ£ÊÉ ³¥´ÖÉÓ¸Ö ³¥¸É ³¨ ¨ ¢Ò¶µ²´ÖÕÉ¸Ö Ê¸²µ¢¨Ö ¤²Ö ¶µ-
¸É·µ¥´¨Ö Ë¨¤ÊÍ¨ ²Ó´ÒÌ ¨´É¥·¢ ²µ¢ ”¨Ï¥· .

�·¨¢¥¤¥´´ Ö ¤ ²¥¥ ¶ ¸± ²Ó-¶·µ£· ³³  ¶µ± §Ò¢ ¥É, ÎÉµ ±µ£¤  ¶ · ³¥É· ¨³¥¥É §´ Î¥´¨¥
¸·¥¤´¥£µ x, ³¥Éµ¤ · ¡µÉ ¥É Ìµ·µÏµ, ´µ ¸µ¢¥·Ï¥´´µ ¨´ Ö ¸¨ÉÊ Í¨Ö ¨³¥¥É ³¥¸Éµ ¢ ¸²ÊÎ ¥,
´ ¶·¨³¥·, ¤¨¸¶¥·¸¨¨ ¨²¨ ¤·Ê£¨Ì ¸²ÊÎ ÖÌ.

‚ µ¡Ð¥³ ¸²ÊÎ ¥, ÌµÉÖ (4) Ê¤µ¢²¥É¢µ·Ö¥É¸Ö, ³¥Éµ¤ ¨³¥¥É ¢¸¥ ¢ÒÏ¥Ê± § ´´Ò¥ ´¥¤µ-
¸É É±¨. �Î¥´Ó §´ Î¨É¥²Ó´Ò³ ¤µ¶µ²´¨É¥²Ó´Ò³ ´¥¤µ¸É É±µ³ ³¥Éµ¤  Ö¢²Ö¥É¸Ö ¨ Éµ, ÎÉµ
£· ´¨ÍÒ ¶ · ³¥É·  ³µ£ÊÉ ¨³¥ÉÓ Ë¨§¨Î¥¸±¨ ¡¥¸¸³Ò¸²¥´´Ò¥ §´ Î¥´¨Ö, ¥¸²¨ Éµ²Ó±µ µ´¨
¨¸±Ê¸¸É¢¥´´µ ´¥ µ£· ´¨Î¨¢ ÕÉ¸Ö µ¡² ¸ÉÓÕ ¤µ¶Ê¸É¨³ÒÌ §´ Î¥´¨°, ÎÉµ, µ¤´ ±µ, É·¥¡Ê¥É
 ¶·¨µ·´µ° ¨´Ëµ·³ Í¨¨ µ ¶ · ³¥É·¥. �Ê¸ÉÓ ¢ ¶µ¸²¥¤´¥³ ¸²ÊÎ ¥ µ¡² ¸ÉÓ ¤µ¶Ê¸É¨³ÒÌ §´ -
Î¥´¨° ¶ · ³¥É·  · ¢´  δ; · §Ê³´µ µ¦¨¤ ÉÓ, ÎÉµ ¤¨ ³¥É· ³´µ¦¥¸É¢  §´ Î¥´¨° £· ´¨Í
¶ · ³¥É· , ¶µ²ÊÎ ¥³ÒÌ ¸ ¶µ³µÐÓÕ [1], ´¥ ¶·¥¢µ¸Ìµ¤¨É ®¤µ¢¥·¨É¥²Ó´Ò° ¨´É¥·¢ ²¯ ¸²¥-
¶µ£µ Ê£ ¤Ò¢ ´¨Ö (±µÉµ·Ò° µÎ¥¢¨¤´µ · ¢¥´ (1 − α) · δ), ´µ, ± ± ¶µ± §Ò¢ ¥É ¶·¨²µ¦¥´´ Ö
¶·µ£· ³³ , ¸¨ÉÊ Í¨Ö ³µ¦¥É µ± § ÉÓ¸Ö ¶·Ö³µ ¶·µÉ¨¢µ¶µ²µ¦´µ° ÔÉµ³Ê.

‘²ÊÎ ° · ¸¶·¥¤¥²¥´¨Ö �Ê ¸¸µ´ . ‡¤¥¸Ó ¶ · ³¥É· λ ¨³¥¥É §´ Î¥´¨¥ ³ É¥³ É¨Î¥¸±µ£µ
µ¦¨¤ ´¨Ö; ´µ §¤¥¸Ó ³Ò ´ É ²±¨¢ ¥³¸Ö ´  É·Ê¤´µ¸É¨ ¤·Ê£µ£µ ·µ¤ .

� ¸¶·¥¤¥²¥´¨¥ �Ê ¸¸µ´  ¤¨¸±·¥É´µ, ¨ ³Ò ´¥ ³µ¦¥³ ¢Ò¡· ÉÓ g1, g2, ¢ ±µÉµ·ÒÌ (2)
¢Ò¶µ²´Ö¥É¸Ö ÉµÎ´µ, ´µ, · §Ê³¥¥É¸Ö, ³Ò ³µ¦¥³ ¢§ÖÉÓ É ±¨¥ Î¨¸² , ¶·¨ ±µÉµ·ÒÌ (2) ¸¶· -
¢¥¤²¨¢µ ± ± ´¥· ¢¥´¸É¢µ [2]. ‘Ê¡Ñ¥±É¨¢´µ¸ÉÓ ¢Ò¡µ·  ÔÉ¨Ì £· ´¨Í, ´¥ ¸Éµ²Ó § ³¥É´ Ö ¢
´¥¶·¥·Ò¢´µ³ ¸²ÊÎ ¥, §¤¥¸Ó ¸É ´µ¢¨É¸Ö µÎ¥¢¨¤´µ°, µ¸µ¡¥´´µ ¤²Ö ´ Ï¥£µ ¡¨´µ³¨ ²Ó´µ£µ
· ¸¶·¥¤¥²¥´¨Ö. ‡¤¥¸Ó ³Ò ¨³¥¥³ Éµ²Ó±µ ¤¢¥ ÉµÎ±¨, £¤¥ ”� ´¥ · ¢´  ´Ê²Õ: 0 ¨ ´¥ 0. ŒÒ ´¥
§´ ¥³ £· ´¨Í ¤µ¢¥·¨É¥²Ó´µ£µ ¨´É¥·¢ ²  ¤²Ö ¨¸É¨´´µ£µ §´ Î¥´¨Ö ¶ · ³¥É· , ´µ ³Ò ³µ¦¥³
Ê¸É ´µ¢¨ÉÓ É ±¨¥ g1, g2, ±µÉµ·Ò¥ ± ¦ÊÉ¸Ö ´ ³ ¤µ¸É ÉµÎ´µ ®¤µ¢¥·¨É¥²Ó´Ò³¨¯, ¨, ¢ÒÎ¨¸²ÖÖ
λ1, λ2 Å ·¥Ï¥´¨Ö Ê· ¢´¥´¨°: exp (−λ) = g2 ¨ 1 − exp (−λ) = g1, ¸µµÉ¢¥É¸É¢¥´´µ, ³Ò
¡Ê¤¥³ ¨³¥ÉÓ [2]

P (λ1 ≤ λtrue ≤ λ2) ≥ g,

£¤¥ g = 1 − g1 − g2. ‚¥·Ì´¨° ¶·¥¤¥² ¢ ´ Ï¥³ ¸²ÊÎ ¥ ®µÉ¸ÊÉ¸É¢¨Ö ¸µ¡ÒÉ¨Ö¯ ´ ¸ ´¥
¨´É¥·¥¸Ê¥É. ˆ§ ¤·Ê£µ£µ Ê· ¢´¥´¨Ö ³Ò ¨³¥¥³

λ2 = ln (1/g2).

ƒ· ´¨ÍÒ ´¥ § ¢¨¸ÖÉ µÉ ¶ · ³¥É· , É. ¥. µÉ ¸·¥¤´¥£µ. �¥¡µ²ÓÏ¨¥ ¨§³¥´¥´¨Ö ¢ g2 ³µ£ÊÉ
¸¤¥² ÉÓ λ2 ¸±µ²Ó Ê£µ¤´µ ¡²¨§±µ° ± ´Ê²Õ. �µ ´ ¸ ± ± · § ¨´É¥·¥¸Ê¥É ¢µ¶·µ¸: λtrue = 0
¨²¨ ´¥É? ˆ ¥¸²¨ ´¥É, Éµ ´ ¸±µ²Ó±µ ¡²¨§±  ÔÉ  ¢¥²¨Î¨´  ± ´Ê²Õ. ‘µ¢¥·Ï¥´´µ µÎ¥¢¨¤´µ,
ÎÉµ · ¸¸³µÉ·¥´´ Ö ¶·µÍ¥¤Ê·  ´¥ ¤ ¸É ´ ³ µ¡Ñ¥±É¨¢´µ£µ µÉ¢¥É .

Šµ´Í¥¶Í¨Ö ´¨¦´¥£µ ¶·¥¤¥²  ¤²Ö ¶ · ³¥É· . ˆÉ ±, ¤µ¢¥·¨É¥²Ó´Ò¥ ¨´É¥·¢ ²Ò ¨ ³´µ-
¦¥¸É¢ , µÉ´µ¸ÖÐ¨¥¸Ö ±  ¸¨³¶ÉµÉ¨Î¥¸±¨³ ³¥Éµ¤ ³ ¸É É¨¸É¨±¨, ´¥ Ö¢²ÖÕÉ¸Ö ¶µ¤Ìµ¤ÖÐ¨³
¨´¸É·Ê³¥´Éµ³ ¤²Ö ¸²ÊÎ Ö ®µÉ¸ÊÉ¸É¢¨Ö ¸µ¡ÒÉ¨Ö¯. �¥Í¥²¥¸µµ¡· §´µ É ±¦¥ ¨ ¨¸¶µ²Ó§µ-
¢ ´¨¥ ¡ °¥¸µ¢¸±¨Ì ³¥Éµ¤µ¢, ¶µ¸±µ²Ó±Ê É¥ É·¥¡ÊÕÉ  ¶·¨µ·´µ¥ · ¸¶·¥¤¥²¥´¨¥ ¶ · ³¥É· ,
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ÎÉµ ¢ ¸²ÊÎ ¥ ®¶¥·¥¤µ¢µ° ¨¸¸²¥¤µ¢ É¥²Ó¸±µ° Ë¨§¨±¨¯ (¶µ¤²¨´´µ ¶¥·¥¤µ¢µ°), £¤¥ ®µÉ¸ÊÉ-
¸É¢¨¥ ¸µ¡ÒÉ¨Ö¯ Å ÔÉµ ¢¥¸Ó³   ±ÉÊ ²Ó´ Ö ¶·µ¡²¥³ , µ§´ Î ²µ ¡Ò ´¥¤µ¶Ê¸É¨³ÊÕ ¸É¥¶¥´Ó
¸Ê¡Ñ¥±É¨¢¨§³ .

–¥²ÓÕ ¤ ´´µ° · ¡µÉÒ ¡Ò²µ ¸µ§¤ ´¨¥  ²ÓÉ¥·´ É¨¢´µ£µ ³¥Éµ¤ , ±µÉµ·Ò° ¡Ò ¶µ²ÊÎ ²
µÉ¢¥ÉÒ ´  ¢µ¶·µ¸Ò ´¥ ¨§ ¸Ê¡Ñ¥±É¨¢´ÒÌ ¶·¥¤¶µ²µ¦¥´¨°,   ¨§ Ê¸²µ¢¨° Ô±¸¶¥·¨³¥´É .

ŒÒ ¡Ê¤¥³ ¤¥°¸É¢µ¢ ÉÓ ¸²¥¤ÊÕÐ¨³ µ¡· §µ³. �Ê¸ÉÓ P (t, T ), t ∈ [0,∞], ”� ³µ³¥´Éµ¢
´ ¡²Õ¤ ¥³µ¸É¨ ´¥±µÉµ·µ£µ ¢·¥³¥´´µ£µ ¸µ¡ÒÉ¨Ö (µ¡µ§´ Î¨³ ¥£µ ψ); ¶ · ³¥É· T ´¥¨§¢¥-
¸É¥´, ´µ ¤²Ö ´ ¸ ¶·¥¤¸É ¢²Ö¥É ¨´É¥·¥¸.

�Ê¸ÉÓ § É¥³ [0, B] Å ¢µ§³µ¦´Ò° ¨´É¥·¢ ² ´ ¡²Õ¤¥´¨Ö ¸µ¡ÒÉ¨Ö ψ. �µ¤²¨´´Ò° ¨´É¥·-
¢ ² ´ ¡²Õ¤¥´¨Ö [0, b], £¤¥ b Å ¸²ÊÎ °´µ¥ §´ Î¥´¨¥, ¢§ÖÉµ¥ ¨§ [0, B], ¸µ£² ¸´µ ´¥±µÉµ·µ°
”� F (t, B). B ³µ¦¥É ¡ÒÉÓ · ¢´µ, ¢ Î ¸É´µ¸É¨, ¡¥¸±µ´¥Î´µ¸É¨.

‡ ¤ Î : ÎÉµ ³Ò ³µ¦¥³ ¸± § ÉÓ µ ¶ · ³¥É·¥ T , ¥¸²¨ ¢ ¶¥·¨µ¤ [0, b] ¸µ¡ÒÉ¨¥ ψ ´¥
´ ¡²Õ¤ ²µ¸Ó?

…¸²¨ ¶ · ³¥É· T ¶·¨´¨³ ¥É Éµ²Ó±µ ¶µ²µ¦¨É¥²Ó´Ò¥ §´ Î¥´¨Ö, ³µ¦´µ ¸± § ÉÓ, ÎÉµ
µÉ¸ÊÉ¸É¢¨¥ ¸µ¡ÒÉ¨Ö ¢ ¶¥·¨µ¤ ´ ¡²Õ¤¥´¨Ö ¤µ± §Ò¢ ¥É, ÎÉµ ¶µ¤²¨´´µ¥ §´ Î¥´¨¥ T ´ ¨¡µ²¥¥
¢¥·µÖÉ´µ ²¥¦¨É £¤¥-Éµ ¤ ²¥±µ §  b ¨ ³Ò ³µ¦¥³ ¶µ¶ÒÉ ÉÓ¸Ö µÍ¥´¨ÉÓ, ¶µ ±· °´¥° ³¥·¥,
Tl Å ´¨¦´ÕÕ £· ´¨ÍÊ T Å §´ Î¥´¨¥, ±µÉµ·µ¥ ¸ µ¶·¥¤¥²¥´´µ° ¢¥·µÖÉ´µ¸ÉÓÕ ³¥´ÓÏ¥,
Î¥³ T .

‚§£²Ö¤ ´  b Å ¶· ¢ÊÕ £· ´¨ÍÊ ¨´É¥·¢ ²  ´ ¡²Õ¤¥´¨Ö Å ± ± ´  ¸²ÊÎ °´ÊÕ ¢¥²¨-
Î¨´Ê Å ÔÉµ ´¥µ¡Ìµ¤¨³µ¸ÉÓ. �·¥¦¤¥ ¢¸¥£µ, ¢§ÖÉÓ ¤¥°¸É¢¨É¥²Ó´µ ´Ê¦´µ¥ ¢·¥³Ö ¤²Ö ´ ¡²Õ-
¤¥´¨Ö ³µ¦´µ ²¨ÏÓ, ¥¸²¨ ¨³¥¥É¸Ö  ¶·¨µ·´ Ö ¨´Ëµ·³ Í¨Ö µ ¶ · ³¥É·¥ T , ÎÉµ ´¥É¨¶¨Î´µ
¤²Ö ¶µ¤²¨´´µ ´µ¢ Éµ·¸±¨Ì Ô±¸¶¥·¨³¥´Éµ¢. „ ²¥¥, Î ¸Éµ ¤²¨´  ¨´É¥·¢ ²  ´ ¡²Õ¤¥´¨Ö
²¨³¨É¨·Ê¥É¸Ö ´¥ ¸Éµ²Ó±µ ´ ÊÎ´Ò³¨, ¸±µ²Ó±µ É¥Ì´¨Î¥¸±¨³¨ ¨ Ë¨´ ´¸µ¢Ò³¨ Ê¸²µ¢¨Ö³¨
Ô±¸¶¥·¨³¥´É . ˆ, ´ ±µ´¥Í, Î ¸Éµ (¢ ¸²ÊÎ ÖÌ · ¤¨µ ±É¨¢´µ£µ · ¸¶ ¤  ¢¸¥£¤ ) ÔÉ  ¤²¨´ 
¢ ¶·¨´Í¨¶¥ ±µ·µÎ¥, Î¥³ ¶¥·¨µ¤, ¢ É¥Î¥´¨¥ ±µÉµ·µ£µ ¸µ¡ÒÉ¨¥ ³µ¦¥É ¶·µ¨§µ°É¨; ¶·¥´¥-
¡·¥¦¥´¨¥ ÔÉ¨³ Ë ±Éµ³ ¢¥¤¥É ± ¸¨¸É¥³ É¨Î¥¸±µ° µÏ¨¡±¥ µÍ¥´±¨ ¶ · ³¥É·  Å ¸³¥Ð¥-
´¨Õ.

�Í¥´±  Tl. ‡ ¶¨Ï¥³ ¢¥·µÖÉ´µ¸ÉÓ Q Éµ£µ, ÎÉµ ψ ´¥ ´ ¡²Õ¤ ¥É¸Ö ¢ ¶¥·¨µ¤ ¢·¥³¥´¨
[0, b0], £¤¥ b0 ¢§ÖÉµ ¨§ [0, B] ¸µ£² ¸´µ F (t, B). �Î¥¢¨¤´µ, ¤²Ö ²Õ¡µ£µ u, u ≤ B ÔÉ 
¢¥·µÖÉ´µ¸ÉÓ · ¢´ 

Q(b0 < u) =
∫ u

0

dF (t, B)
dt

(1 − P (t, T ))dt. (5)

�  µ¸´µ¢¥ (5) ³Ò ³µ¦¥³ ¶µ¸É·µ¨ÉÓ ³ É¥³ É¨Î¥¸±µ¥ µ¦¨¤ ´¨¥ É ±µ° ¢¥²¨Î¨´Ò b

Êb =
∫ B

0

u
dQ

du
du, (6)

¥¥ ¤¨¸¶¥·¸¨Õ ¨ ®¸¨£³Ê¯ (±µ·¥´Ó ±¢ ¤· É´Ò° ¨§ ¤¨¸¶¥·¸¨¨):

V̂ b =
∫ B

0

u2 dQ

du
du − (Êb)2, σb =

√
V̂ b. (7)

…¸²¨ [0, b0] Å ¢Ò¡µ·µÎ´Ò° ¨´É¥·¢ ² ´ ¡²Õ¤¥´¨Ö, ¢ É¥Î¥´¨¥ ±µÉµ·µ£µ ψ ´¥ ¡Ò²µ § ·¥£¨-
¸É·¨·µ¢ ´µ, ³Ò ³µ¦¥³ ¸Ëµ·³Ê²¨·µ¢ ÉÓ ¸²¥¤ÊÕÐÊÕ µÍ¥´±Ê ´¨¦´¥£µ ¶·¥¤¥²  T :

Tl = b0. (8)
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…£µ ³ É¥³ É¨Î¥¸±µ¥ µ¦¨¤ ´¨¥ ¨ ¤¨¸¶¥·¸¨Ö ¤ ÕÉ¸Ö Ëµ·³Ê² ³¨ (6), (7), ¨ ¥£µ §´ Î¥´¨¥
¶µ±·Ò¢ ¥É¸Ö ¨´É¥·¢ ²µ³ [0, Tx], £¤¥ Tx = min (Eb + σb, B), ¸ ¢¥·µÖÉ´µ¸ÉÓÕ P1 = Q(Tx).

—Éµ¡Ò ¶µ± § ÉÓ, ÎÉµ ¤¥°¸É¢¨É¥²Ó´µ ± ¦¤µ¥ §´ Î¥´¨¥ x, x ∈ [0, Tx] ¸ ¢¥·µÖÉ´µ¸ÉÓÕ
P1 ³¥´ÓÏ¥, Î¥³ T , ´ ³ ´¥µ¡Ìµ¤¨³µ ±µ´±·¥É¨§¨·µ¢ ÉÓ ËÊ´±Í¨¨ F (t, B) ¨ P (t, T ).

Œµ¤¥²Ó 1: F (t, B) ¨ P (t, T ) Å · ¢´µ³¥·´Ò¥ · ¸¶·¥¤¥²¥´¨Ö. ˆ³¥¥³

F (b < t) =




0, t < 0;
t/B, 0 ≤ t ≤ B;
1, t > B;

P (ψ < t) =




0, t < 0;
t/T, 0 ≤ t ≤ T ;
1, t > T .

�µ¤¸É ¢²ÖÖ ÔÉ¨ Ëµ·³Ê²Ò ¢ (5)Ä(7), ¶µ²ÊÎ¨³

Q(u) =
∫ u

0

1
B

T − t

T
dt =

Tu − u2/2
BT

, u ∈ [0, B],

Êb = Eb =
∫ B

0

t

B

T − t

T
dt =

{
1/TB(B2(T/2 − B/3)), ¥¸²¨ T > B;
T 2/(6B), ¥¸²¨ T ≤ B,

Êb2 =
∫ B

0

t2

B

T − t

T
dt =

{
1/TB(B3(T/3 − B/4)), ¥¸²¨ T > B;
T 3/(12B), ¥¸²¨ T ≤ B,

V̂ b = Êb2 − E2
b , σb =

√
V̂ b.

‡¤¥¸Ó Tx ¸²¥¤Ê¥É § ³¥´¨ÉÓ ´  min (Tx, B). „µ¸É ÉµÎ´µ ¤µ± § ÉÓ, ÎÉµ µÉ´µÏ¥´¨¥ Tx ± T
¤¥°¸É¢¨É¥²Ó´µ ³¥´ÓÏ¥, Î¥³ 1 ¤²Ö ²Õ¡µ° ¶ ·Ò B, T .

• ‘²ÊÎ ° T > B. �µ²µ¦¨³ r = B/T. ˆ³¥¥³

R =
Tx

T
=

r

2
− r2

3
+

r

6

√
3 + 3r − 4r2.

’ ± ± ± 3 + 3r − 4r2 < 4, Éµ ÔÉµ ¢¥¤¥É ± R < r(1/2 + 1/3)− r2/3 < 1 ¤²Ö ²Õ¡µ£µ r ≤ 1.
• ‘²ÊÎ ° T ≤ B. �µ²µ¦¨³ r = T/B. ˆ³¥¥³

R =
Tx

T
= r/6 + 1/6

√
r − r2 < r/6 + 1/6 < 1

¤²Ö ²Õ¡µ£µ r ≤ 1.
�Éµ § ¢¥·Ï ¥É ´ Ï¥ ¤µ± § É¥²Ó¸É¢µ: Tx ≤ T ¤²Ö ²Õ¡ÒÌ B, T .

Œµ¤¥²Ó 2: F (t, B) · ¢´µ³¥·´µ¥,   P (t, T ) Å Ô±¸¶µ´¥´Í¨ ²Ó´µ¥ · ¸¶·¥¤¥²¥´¨¥.

F (b < t) =




0, t < 0;
t/B, 0 ≤ t ≤ B;
1, t > B;

P (ψ < t) =
{

0, t < 0;
1 − exp (−t/T ), t ∈ [0,∞].

�µ¤¸É ¢²ÖÖ ÔÉ¨ Ëµ·³Ê²Ò ¢ (5)Ä(7), ¶µ²ÊÎ¨³

Q(u) =
∫ u

0

1
B

exp (−t/T )dt =
T

B
(1 − exp (−u/T )), u ∈ [0, B],
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Êb = Eb =
∫ B

0

t

B
exp (−t/T )dt =

T

r
(1 − (r + 1) exp (−r)),

Êb2 =
∫ B

0

t2

B
exp (−t/T )dt =

T 2

r
(2 − (r2 + 2(r + 1)) exp (−r)),

V̂ b = Êb2 − E2
b , σb =

√
V̂ b.

‡¤¥¸Ó Tx ¸²¥¤Ê¥É Éµ¦¥ § ³¥´¨ÉÓ ´  min (Tx, B); r = B/T, r ∈ (0,∞]. ‚Ò· ¦¥´¨¥
R = Tx/T ¢ ÔÉµ³ ¸²ÊÎ ¥ µÎ¥´Ó £·µ³µ§¤±µ¥, ´µ Î¨¸²¥´´µ ³µ¦´µ ¶µ± § ÉÓ, ÎÉµ R < 1.

Œµ¤¥²Ó 3: F (t, B) ¨ P (t, T ) Å Ô±¸¶µ´¥´Í¨ ²Ó´Ò¥ · ¸¶·¥¤¥²¥´¨Ö.

F (b < t) =
{

0, t < 0;
1 − exp (−t/T ), t ∈ [0,∞];

P (ψ < t) =
{

0, t < 0;
1 − exp (−t/T ), t ∈ [0,∞].

�µ¤¸É ¢²ÖÖ ÔÉ¨ Ëµ·³Ê²Ò ¢ (5)Ä(7), ¶µ²ÊÎ¨³

Q(u) =
∫ u

0

1
B

exp (−t/B) exp (−t/T )dt =
T

(T + B)
(1 − exp (−u(1/B + 1/T ))),

Êb = Eb =
∫ B

0

t

B
exp (−t/B) exp (−t/T )dt =

B

(1 + r)2
,

Êb2 =
∫ B

0

t2

B
exp (−t/B) exp (−t/T )dt =

2B2

(r + 1)3
,

V̂ b = Êb2 − E2
b , σb =

√
V̂ b.

‡¤¥¸Ó r = B/T ¨ u ´¥ µ£· ´¨Î¥´Ò. ˆ³¥¥³

R =
Tx

T
=

r

(1 + r)2
+ r

√
(2r + 1)/(1 + r)4;

R ³¥´ÓÏ¥, Î¥³ ¸Ê³³  ³ ±¸¨³Ê³µ¢ µ¡µ¨Ì Î²¥´µ¢, ±µÉµ· Ö ³¥´ÓÏ¥ 1.

‚Ò¢µ¤Ò

• ƒ · ´É¨·µ¢ ´´Ò³ µ¡· §µ³ (¸ ¢¥·µÖÉ´µ¸ÉÓÕ P1) Tl ¤¥°¸É¢¨É¥²Ó´µ ³¥´ÓÏ¥, Î¥³ T
¤²Ö ¢¸¥Ì §´ Î¥´¨° B, T ¨ ³µ¦¥É · ¸¸³ É·¨¢ ÉÓ¸Ö ± ± ´¨¦´¨° ¶·¥¤¥² T .

• ‚¥·µÖÉ´µ¸ÉÓ P1(Tx) § ¢¨¸¨É µÉ ´¥¨§¢¥¸É´ÒÌ ¢¥²¨Î¨´ B ¨ T ¨ ± Î¥¸É¢¥´´µ ³µ¦¥É
¡ÒÉÓ µÍ¥´¥´  ¢ ¸²¥¤ÊÕÐ¨Ì ¤¢ÊÌ ±· °´¨Ì ¸²ÊÎ ÖÌ.

Å �É´µÏ¥´¨¥ B > T ´¥ É¨¶¨Î´µ ¤²Ö ¸¨ÉÊ Í¨¨ ®µÉ¸ÊÉ¸É¢¨¥ ¸µ¡ÒÉ¨Ö¯ Å ³Ò · ¸¸³µ-
É·¨³ ¡µ²¥¥ ¨´É¥·¥¸´Ò° ¸²ÊÎ °: B ¸· ¢´¨³µ ¸ T . ‚ ÔÉµ³ ¸²ÊÎ ¥ ³Ò ³µ¦¥³ ¶µ²µ¦¨ÉÓ
B � T ¨ ¨§¡ ¢¨ÉÓ¸Ö, ¶µ ±· °´¥° ³¥·¥, µÉ T . � ¸¸³µÉ·¨³, ´ ¶·¨³¥·, ³µ¤¥²Ó 2. ˆ³¥¥³:

T

B
(1 − exp (−u/T )) � 1 − exp (−u/B).

�É¸Õ¤  Tl � B · 0,264 ¨ P1(Eb) � 0,23.
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Å � ¨¡µ²¥¥ ¨´É¥·¥¸´Ò° ¤²Ö ´ ¸ ¸²ÊÎ ° ÔÉµ: B ¶·¥´¥¡·¥¦¨³µ ³ ²µ ¶µ ¸· ¢´¥´¨Õ
¸ T . ‚ ÔÉµ³ ¸²ÊÎ ¥ ³Ò ³µ¦¥³ ¶µ²µ¦¨ÉÓ T → ∞ ¨ ¶µ± § ÉÓ, ÎÉµ Q(u) � u/B ¤²Ö
u ∈ [0, B]. „¥°¸É¢¨É¥²Ó´µ, ¤²Ö ³µ¤¥²¨ 2 ¶·¨ u ∈ [0, B] ³Ò ¨³¥¥³:

T

B
(1 − exp (−u/T )) � T

B
(1 − (1 − u/T )) =

u

B
.

‚¨¤´µ, ÎÉµ Eb → B, ±µ£¤  T → ∞, ¨, É ±¨³ µ¡· §µ³, P1(Eb) → 1.
�² £µ¤ ·Ö ³µ´µÉµ´´µ° § ¢¨¸¨³µ¸É¨ Q µÉ T ¢ ¤·Ê£¨Ì ¸²ÊÎ ÖÌ P1 ¡Ê¤¥É § ±²ÕÎ¥´µ

³¥¦¤Ê ÔÉ¨³¨ ¤¢Ê³Ö ¢¥²¨Î¨´ ³¨.

�·¨³¥´¥´¨¥ ± ¤ ´´Ò³ ¶µ ¸¨´É¥§Ê 114-£µ Ô²¥³¥´É . �²¥³¥´É 114 ¡Ò² ¨¤¥´É¨Ë¨Í¨-
·µ¢ ´ ¶µ ¶µ¸²¥¤µ¢ É¥²Ó´µ¸É¨, ¸µ¸ÉµÖ¢Ï¥° ¨§ ¸¨£´ ²µ¢ Ö¤·  µÉ¤ Î¨, É·¥Ì  ²ÓË -Î ¸É¨Í ¨
§ ±²ÕÎ¨É¥²Ó´µ£µ ¸¶µ´É ´´µ£µ ¤¥²¥´¨Ö [3], § ·¥£¨¸É·¨·µ¢ ´´µ£µ ´  ¶·µÉÖ¦¥´¨¨ ¢·¥³¥´-
´µ£µ ¨´É¥·¢ ²  ¢ 34 ³¨´; ¶µ²´µ¥ ¢·¥³Ö Ô±¸¶¥·¨³¥´É  ¨ ¢·¥³Ö ± ²¨¡·µ¢±¨ ¸µ¸É ¢²Ö²¨
µ±µ²µ 48800 ³¨´ ± ¦¤µ¥ [4]. ‚¸¥ ¸¨£´ ²Ò ¡Ò²¨ § ·¥£¨¸É·¨·µ¢ ´Ò ¢ µ¤´µ³ ¨ Éµ³ ¦¥
¸É·¨¶¥ ¤¥É¥±Éµ· .

Š ²¨¡·µ¢µÎ´µ¥ ¨§³¥·¥´¨¥ ¸²ÊÎ °´ÒÌ ¸¨£´ ²µ¢ ¤ ²µ ¸²¥¤ÊÕÐ¨¥ Î ¸ÉµÉÒ ¶µ¸²¥¤´¨Ì:
¨³¶² ´É Í¨° Ö¤¥· µÉ¤ Î¨ = 1,3 ¢ Î ¸;  ²ÓË -Î ¸É¨Í = 1 ¢ Î ¸; ¨³¨É Éµ·µ¢ ¸¶µ´É ´´µ£µ
¤¥²¥´¨Ö § ·¥£¨¸É·¨·µ¢ ´µ ´¥ ¡Ò²µ §  ¢¸¥ ¢·¥³Ö ± ²¨¡·µ¢±¨. �²ÓÉ¥·´ É¨¢´µ° £¨¶µÉ¥-
§µ° ¶·¨ ¨´É¥·¶·¥É Í¨¨ ÔÉµ° ¶µ¸²¥¤µ¢ É¥²Ó´µ¸É¨ Ö¢²Ö¥É¸Ö: ¢¸¥ ¸¨£´ ²Ò Å ¸²ÊÎ °´Ò¥
¨³¨É Éµ·Ò (É. ¥. ´¥ ¶µ¤²¨´´Ò¥). ŒÒ ¡Ê¤¥³ ¨¸¶µ²Ó§µ¢ ÉÓ ¢·¥³¥´´Ò¥ ¸ÉµÌ ¸É¨Î¥¸±¨¥ ¶·µ-
Í¥¸¸Ò ¶Ê ¸¸µ´µ¢¸±µ£µ É¨¶ , ±µÉµ·Ò¥ Ö¢²ÖÕÉ¸Ö, ¶µ-¢¨¤¨³µ³Ê, ´ ¨²ÊÎÏ¨³ Ëµ·³ ²¨§³µ³
¤²Ö µ¶¨¸ ´¨Ö ¸²ÊÎ °´ÒÌ (Ëµ´µ¢ÒÌ) ¸µ¡ÒÉ¨°.

�Éµ ËÊ´±Í¨¨ ¢·¥³¥´¨ k(t), µ¶¨¸Ò¢ ÕÐ¨¥ Î¨¸²µ ¸²ÊÎ °´ÒÌ ¸µ¡ÒÉ¨°, ¶·µ¨§µÏ¥¤Ï¨Ì
§  ¢·¥³Ö (0, t) ¸ ¢¥·µÖÉ´µ¸ÉÓÕ Qk(t) ¨ Ê¤µ¢²¥É¢µ·ÖÕÐ¨Ì µÎ¥´Ó µ¡Ð¨³ ¨ ¶·µ¸ÉÒ³ É·¥¡µ¢ -
´¨Ö³ ± ¶·¨·µ¤¥ ÔÉ¨Ì ¸µ¡ÒÉ¨°, É ±¨³, ± ± ¸É Í¨µ´ ·´µ¸ÉÓ, ´¥§ ¢¨¸¨³µ¸ÉÓ µÉ ¶·¥¤Ò¸Éµ·¨¨
¨ ·¥¤±µ¸ÉÓ [5]. ”Ê´±Í¨Ö · ¸¶·¥¤¥²¥´¨Ö k(t) ¥¸ÉÓ

Qk(t) =
(lt)k

k!
exp (−lt), t ∈ [0,∞], (9)

£¤¥ l Å ¶ · ³¥É· · ¸¶·¥¤¥²¥´¨Ö �Ê ¸¸µ´ ; t Å ¢·¥³Ö. ‚¥²¨Î¨´  lt Å ÔÉµ ³ É¥³ É¨Î¥¸±µ¥
µ¦¨¤ ´¨¥ ¨ ¢ Éµ ¦¥ ¢·¥³Ö ¤¨¸¶¥·¸¨Ö k(t) ¢ ³µ³¥´É t.

„²Ö ¸¨£´ ²µ¢ · §´µ£µ É¨¶  Ëµ·³Ê² , µ¶¨¸Ò¢ ÕÐ Ö ¢¥·µÖÉ´µ¸É¨ ¨Ì ¸Ê³³ ¸ ÊÎ¥Éµ³ ¨Ì
¶µ·Ö¤±  ¨ ±µ´Ë¨£Ê· Í¨¨, ¨³¥¥É ¢¨¤

Qsk(t) = ps

m∏
i=1

Qki(t), t ∈ [0,∞], (10)

£¤¥ m Å Î¨¸²µ É¨¶µ¢,   ps Å ¢¥·µÖÉ´µ¸ÉÓ Ê¶µ·Ö¤µÎ¥´´µ° ±µ³¡¨´ Í¨¨ ¸¨£´ ²µ¢ s-É¨¶µ¢,
¨ sk ¥¸ÉÓ ¶µ²´ Ö ¸Ê³³  ÔÉ¨Ì ¸¨£´ ²µ¢.

ˆ§ ÔÉ¨Ì ¤ ´´ÒÌ ³µ¦´µ ¶µ²ÊÎ¨ÉÓ ¢¥·µÖÉ´µ¸É¨ Í¥¶µÎ±¨ ¸µ¡ÒÉ¨°: µ¤¨´ ¨³¨É Éµ· ¨³-
¶² ´É Í¨¨ Ö¤·  µÉ¤ Î¨ §  34 ³¨´ ¤µ ¸¶µ´É ´´µ£µ ¤¥²¥´¨Ö ¨ É·¨ ¨³¨É Éµ·   ²ÓË -Î ¸É¨Í
³¥¦¤Ê ´¨³¨.

‚·¥³¥´´µ° ¨´É¥·¢ ² ¢ 34 ³¨´ Ö¢²Ö¥É¸Ö ³¨´¨³ ²Ó´µ ¢µ§³µ¦´Ò³, ´µ, ±µ´¥Î´µ, µ´ ´¥
µ¶É¨³ ²¥´. �¥ ²Ó´Ò° ¨´É¥·¢ ², ¸µ¤¥·¦ Ð¨° 5 ¸²ÊÎ °´ÒÌ ¸¨£´ ²µ¢, ¤µ²¦¥´ ¡ÒÉÓ Ê³´µ¦¥´
´  (n + 1)/n Å ÔÉµ ¤ ¸É ´ ³ É. ´. ¸Ê¶¥·ÔËË¥±É¨¢´ÊÕ (É. ¥. ¨³¥ÕÐÊÕ  ¸¨³¶ÉµÉ¨±Ê 1/n2)
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µÍ¥´±Ê · §³¥·  ¨´É¥·¢ ² ; ¨³¥¥³ n = 5, É ± ÎÉµ ¸²¥¤Ê¥É ¶µ²µ¦¨ÉÓ ¨´É¥·¢ ² · ¢´Ò³
40,8 ³¨´. ˆ§ ± ²¨¡·µ¢µÎ´ÒÌ ¤ ´´ÒÌ ³Ò ¨³¥¥³:

li · 60 = 1,3, la · 60 = 1,

ÎÉµ ¤ ¥É ´ ³ li = 1,3/60; la = 1/60.
�µ ¢µ§´¨± ¥É ¢µ¶·µ¸:   ± ± ¨§¢²¥ÎÓ lsf ²¨ÏÓ ¨§ µ¤´µ£µ Ë ±É  ´¥´ ¡²Õ¤¥´¨Ö ²µ¦´µ£µ

¸¨£´ ²  ¸¶µ´É ´´µ£µ ¤¥²¥´¨Ö? ŒÒ ¶·¨³¥´¨³ ³¥Éµ¤, µ¶¨¸ ´´Ò° ¢ÒÏ¥, ¨ ¶µ¸É·µ¨³ ´¨¦-
´¨° ¶·¥¤¥² ¸µµÉ¢¥É¸É¢ÊÕÐ¥£µ ¶ · ³¥É·  T ¶·¨ Ê¸²µ¢¨¨, ÎÉµ §´ Î¥´¨Ö, ¡µ²ÓÏ¨¥, Î¥³ µ´,
¸¤¥² ÕÉ ´ Ï ¢Ò¢µ¤ ¥Ð¥ ¡µ²¥¥ Ê¡¥¤¨É¥²Ó´Ò³. Œµ¤¥²Ó 1 Ö¢²Ö¥É¸Ö, ¶µ-¢¨¤¨³µ³Ê, ´ ¨¡µ²¥¥
¶µ¤Ìµ¤ÖÐ¥°. �É¸Õ¤  ³Ò ¨³¥¥³ Tl = 48800,   É ± ± ± ¸·¥¤´¥¥ ¥¸ÉÓ ¶µ²µ¢¨´  µÉ ÔÉµ£µ, Éµ
lsf = 1/24400.

„ ²¥¥ ³Ò ¨³¥¥³ ¸²¥¤ÊÕÐ¨¥ ¢¥·µÖÉ´µ¸É¨:

Q1i(40,8) =
(40,8 · 1,3/60)1

1!
exp (−(40,8/60)) Å ¨³¶² ´É Í¨¨,

Q3a(40,8) =
(40,8 · 1/60)3

3!
exp (−(40,8/60)) Å  ²ÓË -Î ¸É¨Í,

Q1sf
(40,8) =

(40,8 · ln (2)/24400)1

1!
exp (−(40,8 ln (2)/24400)) Å ¸¶µ´É. ¤¥².

ˆ¸¶µ²Ó§ÊÖ ¢¥·µÖÉ´µ¸ÉÓ ¶µ·Ö¤±  ¸¨£´ ²µ¢ ps = 0,05, ³Ò ¶µ²ÊÎ¨³ ¶µ²´ÊÕ ¢¥·µÖÉ´µ¸ÉÓ

Ptot = psQ1iQ3aQ1sf
∼ 0,0000008093.

„ ²¥¥, ³Ò ³µ¦¥³ µÍ¥´¨ÉÓ ¸·¥¤´¥¥ Nm ¨ ¤¨¸¶¥·¸¨Õ Nv Î¨¸²  ¨´É¥·¢ ²µ¢, ¸µ¤¥·¦ Ð¨Ì
¶µ¤µ¡´ÊÕ ±µ´Ë¨£Ê· Í¨Õ ¸¨£´ ²µ¢

Nm = 48800/40,8 · Ptot ∼ 0,001, Nv ∼ Nm.

„·Ê£¨³¨ ¸²µ¢ ³¨, ¢ É¥Î¥´¨¥ ¢·¥³¥´¨ (0,48800) ³ É¥³ É¨Î¥¸±µ¥ µ¦¨¤ ´¨¥ Î¨¸²  ¨´É¥·¢ -
²µ¢ ¸ ¶µ¤µ¡´µ° ±µ´Ë¨£Ê· Í¨¥° ¸¨£´ ²µ¢ · ¢´µ ´Ê²Õ. ‚ ¸¨²Ê ÔÉµ£µ ³Ò ³µ¦¥³ ¸± § ÉÓ,
ÎÉµ Î¥ÉÒ·¥ ¸¨£´ ² , § ±²ÕÎ ¥³Ò¥ ¸¨£´ ²µ³ ¸¶µ´É ´´µ£µ ¤¥²¥´¨Ö, ¶·µÉ¨¢µ·¥Î É £¨¶µÉ¥§¥
µ¡ ¨Ì Ëµ´µ¢µ° ¶·¨·µ¤¥.

� ¸± ²Ó-¶·µ£· ³³  ¤²Ö É¥¸É¨·µ¢ ´¨Ö ³¥Éµ¤  [1]. �´  µ¸ÊÐ¥¸É¢²Ö¥É  ´ ²¨§ É·¥Ì
³´µ¦¥¸É¢ ¤ ´´ÒÌ, ¶µ·µ¦¤¥´´ÒÌ:

1) ¸²ÊÎ °´µ° ¢¥²¨Î¨´µ° 10 ∗ r + λ, £¤¥ r ¨³¥¥É · ¢´µ³¥·´µ¥ · ¸¶·¥¤¥²¥´¨¥ ¢ [0, 1];
2) ¸²ÊÎ °´µ° ¢¥²¨Î¨´µ° λ(r − 0,5) ¸  ´ ²µ£¨Î´Ò³ r;

3) ¸²ÊÎ °´µ° ¢¥²¨Î¨´µ°, ¶µ¤Î¨´¥´´µ° ËÊ´±Í¨¨ · ¸¶·¥¤¥²¥´¨Ö ¸ ¶²µÉ´µ¸ÉÓÕ f(x) =
(λ − x)2/(λ2 − λ + 1/3).

‡¤¥¸Ó λ Å ¶ · ³¥É·. ˆ§ ¢ÒÌµ¤´ÒÌ ¤ ´´ÒÌ ³µ¦´µ ¢¨¤¥ÉÓ, ÎÉµ, ¢ Éµ ¢·¥³Ö ± ± ¢ ¶¥·¢µ³
¸²ÊÎ ¥ ³¥Éµ¤ [1] · ¡µÉ ¥É Ìµ·µÏµ, ¢ ¸²ÊÎ ÖÌ 2, 3 ®µÍ¥´±  ¸²¥¶µ£µ Ê£ ¤Ò¢ ´¨Ö¯ ¤ ¥É
²ÊÎÏ¨¥ ·¥§Ê²ÓÉ ÉÒ.
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