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Corollary. The following inequalities hold for x ≤ l:
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Combining (3) with (9), we get the following bounds for even d = 2k and x
k

≤ λ :
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where λ λ∗ = - -( )k x1 . The bounds similar to (11), (12) can be obtained from (10) for d = 4k.

Computer experiments
The  four plots on the fig.  1 illustrate the upper bounds for  (1) proposed in the paper. On  the plots on 

fig. 1, a, b, d, we see that the corresponding upper bounds are strictly ordered for the chosen d and l. This ob-
servation allows us to formulate the conjecture that the upper bounds for (1) are ordered as follows: «(6) ≤ (5)» 

for any x ≥ 0, d ∈ ¥, l ≥ 0; «(11) ≤ (12)» for any 0 ≤ ≤x
k
λ , d = 2k (even), l ≥ 0; «(10) ≤ (6) ≤ (11)» for any  

0
2

≤ ≤x λ , d = 4, l ≥ 0. The inequality «(4) ≤ (6)» is not listed, because it obviously follows from (5). The plot 

fig. 1, c, allows to conjecture that for d ≥ 2 the upper bound (8) is better than (4) for small x ≤ x* up to some 
x* ≤ l*, and vice versa for x* ≤ x ≤ l*.

Fig. 1. Noncentral chi-square cdf (1) (lower black lines) and its upper bounds (upperbroken lines)


