
, [3] [1] ,
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. ,

.

, (QSD problem) (ρ(θ)⊗n, U, L(θ, u)) . ρ(θ)

, , H Trρ(θ) = 1, ρ(θ) ≥ 0, ∀θ ∈ Θ

. (Θ .) U , L(θ, u) θ

, u ∈ U . U M(du) POVM ,

Po(U) . POVM . ( & [2].)

, Po(U) . & [2] ,

, , k m ,

(ρ(θ)⊗km,Θ, ‖θ − u‖2) . ω Eω , θ̂ = θ+ oPθ,ω
(m−1/2)

POVM .

Rkm(θ;M) :=

∫
U

‖θ − u‖2 Trρ(θ)⊗kmM(du) =
1

m
TrJ−1

k (θ) + o(1/m)

, Jk(θ) Eω ρ(θ)⊗k Fisher . M Eω θ̂

POVM. k R(1)(θ;M) := k ·TrJ−1
k (θ) ,

POVM . TrJ−1
k (θ)

, k , .

ρ(θ) = 1
2

(
1 θ1 − iθ2

θ1 + iθ2 1

)
, Θ := {θ = (θ1, θ2) ∈ R2 : ‖θ‖ := (θ21 + θ22)

1/2 < 1}

. ω = (cosα, sinα)� ∈ R2, α ∈ [0, π) , α1, . . . , αk

. k = 2, α1−α2 = π/2

(Mstd) , [2] k = 4, α2−α1 = π/2, α3−α1 = π/4, α4−α1 = 3π/4

(Mprop) . θ1 = r cosϕ, θ2 = r sinϕ ,

R
(1)
2 (r, ϕ;Mstd) = 2(2− r2) ≥ R

(1)
4 (r, ϕ;Mprop) = 2(2− r2) ·

{
16(1− r2) + 2r4

16(1− r2) + 3r4

}

Mprop Mstd . QSD problem ,

( ) .
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