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Abstract: A kind of regret theory approach is developed for multiple attribute decision making with three-parameter in-

terval number. Firstly, three-parameter interval number is converted into two-parameter interval number before comparison

between two three-parameter interval numbers for avoiding loss of uncertain information. Secondly, regret-rejoice value

and overall perceived utility value of alternatives are obtained by the utility value of each attribute for alternatives and the

positive ideal alternative according to the decision information with two-parameter interval number under different states.

Thirdly, if the scope of attribute weights is known the attribute weights are achieved by constructing a programming

model which satisfies the maximum overall perceived utility values of alternatives if weight information is completely

unknown,the attribute weights are got by water-filling theory. Finally overall utility values of alternatives are calculated

with weighted sum method, therefore, a ranking of alternatives can be determined by comparison of overall utility value of

alternatives.

Key words: decision making; multiple attribute decision making; three-parameter interval number; regret theory; water-

filling theory
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2 (Three-parameter interval

number)
2.1 (Basic concept of

two-parameter interval number)
1 a = [aL, aR] , ac

=
aL + aR

2
, ar =

aR − aL

2
a

( ).

a = [aL, aR] b = [bL, bR]

, 0 � aL � aR, 0 � bL � bR,
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[15]. [16] 6

, (1):

p(a � b) =

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

0, bR � aL,

(bR − aL)
2

8arbr
, bL<aL<bR<aR,

bc − aL

2ar
, aL<bL<bR�aR,

1− (aR − bL)
2

8arbr
, aL�bL<aR<bR,

bR − ac

2br
, bL�aL<aR�bR,

1, aR � bL,
(1)

p(a�b)�0.5, a�b, a> b.

2.2 (Ranking of three-

parameter interval number)
2 a , a = [aL,

a∗, aR], aL, aR

, a∗ ,

.

.

, 3 ,

.

( (1)),

, ,

.

, ,

.

1 , a = [aL, aR]

: a = 〈ac, ar〉, : ac

a , ar a . ,

a = [aL, aR] = [ac − ar, ac + ar] .

,

, ,

, .

, . ,

,

, (2) :

a = [(a∗ + ac)− ar, (a∗ + ac) + ar] . (2)

,

,

, , (2)

τ(τ ∈ [0, 1]), (3) :

a = [{a∗ + τ (ac)} − ar, {a∗ + τ (ac)}+ ar] . (3)

(3) :

1) τ a∗ , a∗

, , τ

; τ .

2) ,

,
aR − aL

2
,

, .

3) , a∗ =
aR + aL

2
τ = 0,

, τ = 0 a∗ =
aR + aL

2
(3), a =

[aL, aR]. , (3)

.

(3) ,

(1) , [5]

, 1 ,

.

, [4–5, 17] ,

, ,

.

1 [5]

Table 1 The result comparison of this paper and [5]

a, b

(3) [5]

[10, 35, 45]

[40, 60, 70]

[20, 40, 60]

[20, 35, 60]

[20, 35, 50]

[15, 40, 45]

p ([45, 80] < [100, 130]) =

1 > 0.5

p ([60, 100] < [55, 95]) =

0.3828 < 0.5

p ([55, 85] = [55, 85]) =

0.5

a < b

a > b

a = b

1 : 1)

, . 2

a, b,

p([60, 100] < [55,

95]) = 0.3828 < 0.5, a > b; 2)

2

, 3 a = [20,

35, 50] b = [15, 40, 45] ,

( ) ,

,

, (3)

, . [5]

, a = [1, 2,

3] b = [1.5, 2, 2.5] , [5]

G(a) = G(b) = 2, a b ,
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, a b ,

.

,

. ,

, ,

.

3 (Regret theory)

,

, , , .

,

, ,

.

,

– .

, ,

,

v(x) =
1− exp(−αx)

α
, 0 < α < 1, (4)

: α , α ,

x ,
[9]. ,

v(x) = 1− exp(βx), 0 < β < 1, (5)

: β , β ,

x ,
[9]. A1, A2

x1, x2, A1 A2

–

R (x1, x2) = 1− exp(−δ(v(x1)− v(x2))), (6)

: v(x1) v(x2) A1, A2

, δ , δ(δ > 0) ,

, – .

R(x1, x2) > 0 , R(x1, x2) ,

A1 A2 ; R(x1, x2) <

0 , R(x1, x2) , A1

A2
[9].

, A2 , A1

u (x1, x2) = v(x1) +R (x1, x2) . (7)

4 (Multiple at-

tribute decision making with three-parameter

interval number)
4.1 (Decision making statement)

Dl(l = 1, 2, · · · , t) l ,

l P̄l, , A =

{A1, A2, · · ·, Am} , C={C1, C2, · · · , Cn}
, l A C

Dl =

⎡
⎢⎢⎢⎢⎣
ξl11 ξl12 · · · ξl1n
ξl21 ξl22 · · · ξl2n

...
...

...
...

ξlm1 ξ
l
m2 · · · ξlmn

⎤
⎥⎥⎥⎥⎦ , (8)

: ξlij = [aL
ij , a

∗
ij , a

R
ij ](l=1, 2, · · · , T ; i=1, 2, · · ·,

m; j = 1, 2, · · · , n) l Ai Cj

.

4.2 (Approach to

multiple attribute decision making with three-

parameter interval number )
l , Ai Cj

ξlij = [aL, a∗, aR], (3)

, Tl:

Tl =

⎡
⎢⎢⎢⎢⎣
ς l11 ς l12 · · · ς l1n
ς l21 ς l22 · · · ς l2n
...

...
...

...

ς lm1 ς
l
m2 · · · ς lmn

⎤
⎥⎥⎥⎥⎦ , (9)

ς lij = [bLij, b
R
ij ] Ai Cj

.

ς lij = [bLij , b
R
ij ] ,

[9],

:⎧⎪⎪⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎪⎪⎩

rLij =
bLij − min

1�i�m

{
bLij

}
max
1�i�m

{
bRij

}− min
1�i�m

{
bLij

} ,

rRij =
bRij − min

1�i�m

{
bLij

}
max
1�i�m

{
bRij

}− min
1�i�m

{
bLij

} .
(10)

:⎧⎪⎪⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎪⎪⎩

rLij =
max
1�i�m

{
bRij

}− bRij

max
1�i�m

{
bRij

}− min
1�i�m

{
bLij

} ,

rRij =
max
1�i�m

{
bRij

}− bLij

max
1�i�m

{
bRij

}− min
1�i�m

{
bLij

} .
(11)

Rl:

Rl =

⎡
⎢⎢⎢⎢⎣
ζ l11 ζ l12 · · · ζ l1n
ζ l21 ζ l22 · · · ζ l2n

...
...

...
...

ζ lm1 ζ
l
m2 · · · ζ lmn

⎤
⎥⎥⎥⎥⎦ , (12)

ζ lij =
[
rLij, r

R
ij

]
Ai Cj
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. (1) l

A+
l =

[
ζ l+1 , ζ l+2 , · · · , ζ l+n

]
. (13)

, (10)–(11)

, 0–1

,

, , ζ l+j = [rL+j ,

rR+
j ] = maxi([r

L
ij , r

R
ij ]) Cj .

(12) (4)

:

Vl =

⎡
⎢⎢⎢⎢⎣
χl
11 χl

12 · · · χl
1n

χl
21 χl

22 · · · χl
2n

...
...

...
...

χl
m1 χ

l
m2 · · ·χl

mn

⎤
⎥⎥⎥⎥⎦ , (14)

χl
ij =

[
cLij , c

R
ij

]
Ai Cj

.

(13) (4)

:

V+
l =

[
χl+
1 , χl+

2 , · · · , χl+
n

]
, (15)

χl+
j = [cLj , c

R
j ] Cj

.

,

, ,

, .

,

, , ,

. (6) l

Cj , Ai

A+ –

R(xl
ij , x

l+
j ) = 1− exp(−δ(v(xl

ij)− v(xl+
j ))), (16)

: xl
ij l Ai Cj ;

xl+
j l A+ Cj

, v(xl
ij) Ai Cj ;

v(xl+
j ) A+ Cj

.

, (7) l , Ai

Cj

u(xl
ij) = v(xl

ij) +R(xl
ij, x

l+
j ). (17)

(14)–(15) (17) l

:

Ul =

⎡
⎢⎢⎢⎢⎣
ul
11 ul

12 · · · ul
1n

ul
21 ul

22 · · · ul
2n

...
...

...
...

ul
m1 u

l
m2 · · · ul

mn

⎤
⎥⎥⎥⎥⎦ , (18)

ul
ij = [dLij , d

R
ij ] l Ai

Cj .

:

U =

⎡
⎢⎢⎢⎢⎣
ϕ11 ϕ12 · · · ϕ1n

ϕ21 ϕ22 · · · ϕ2n

...
...

...
...

ϕm1 ϕm2 · · ·ϕmn

⎤
⎥⎥⎥⎥⎦ , (19)

:

ϕij = [ϕL
ij, ϕ

R
ij] =

t∑
l=1

ul
ij × P̄l =

t∑
l=1

([dLij , d
R
ij]× P̄l)

Ai Cj , P̄l l

, P̄l ,

(3) , P̄l , P̄ L
l = P̄R

l .

Ai Cj

, Ai

:

U ′ =

⎡
⎢⎢⎢⎢⎣
γ1
γ2
...

γm

⎤
⎥⎥⎥⎥⎦ , (20)

:

γi = [γL
i , γ

R
i ] =

n∑
j=1

ϕijωj =

n∑
j=1

([ϕL
ij , ϕ

R
ij ]× ωj)

Ai , ωj Cj ,

.

(1) [γL
i , γ

R
i ]

( (20)) , P:

P =

⎡
⎢⎢⎢⎢⎣
p11 p12 · · · p1m
p21 p22 · · · p2m

...
...

...
...

pm1 pm2 · · · pmm

⎤
⎥⎥⎥⎥⎦ , (21)

: pik(γi � γk, i=1, 2, · · · ,m; k = 1, 2, · · · ,m)

Ak Ai , pik�0.5,

Ak Ai. P = (pik)m×m

( pik � 0, pik + pki = 1, pii = 0.5).

[16]

θi =

m∑
k=1

pik +
m

2
− 1

m(m− 1)
(i = 1, 2, · · · ,m) (22)

P θ = (θ1, θ2, · · · , θm)T,

θi ,

.
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5 (Solving attribu-

te weights of multiple attribute decision mak-

ing)
5.1 (Scope of attribute

weights known)
[19] , Ai Cj

( (19)), :

W =

⎡
⎢⎢⎢⎢⎣
ω11 ω12 . . . ω1n

ω21 ω22 . . . ω2n

...
...

...
...

ωm1 ωm2 . . . ωmn

⎤
⎥⎥⎥⎥⎦ , (23)

ωij (i = 1, 2, · · · ,m; j = 1, 2, · · · , n)
Ai Cj .

Γ = (UWT)T (UWT) = (WUT) (UWT),

Γ ρ = [ρ1 ρ2 · · · ρm]
T

,

,

, (20)

ω = WTρ =

⎡
⎢⎢⎢⎢⎣
ω11 ω21 · · · ωm1

ω12 ω22 · · · ωm2

...
...

...
...

ω1n ω2n · · ·ωmn

⎤
⎥⎥⎥⎥⎦

⎡
⎢⎢⎢⎢⎣
ρ1
ρ2

...

ρm

⎤
⎥⎥⎥⎥⎦ . (24)

,

,

, (23) ωij

, . ,

,

max Ui =
n∑

j=1

ωijϕij , i = 1, 2, · · · ,m,

s.t.
n∑

j=1

ωij = 1, ωij � 0,

ωij � ωij � ω̄ij ,

(25)

[ωij, ω̄ij ] ωij . (19)

ϕij = [ϕL
ij , ϕ

R
ij ] (25) :

max Ui = [
n∑

j=1

ωijϕ
L
ij,

n∑
j=1

ωijϕ
R
ij ],

s.t.
n∑

j=1

ωij = 1, ωij � 0,

ωij � ωij � ω̄ij,

(26)

(26) 2 . ,

:

max Fi = (1− ε)

n∑
j=1

ωijϕ
R
ij +

n∑
j=1

ωijϕ
L
ij

2
+

ε

n∑
j=1

ωijϕ
R
ij −

n∑
j=1

ωijϕ
L
ij

2
,

s.t.
n∑

j=1

ωij = 1, ωij � 0, (27)

ωij � ωij � ω̄ij,

: Fi , 0 � ε � 1 .

(27) MATLAB fmincon

. (27) (23) W,

(24) .

5.2 (Attribute weights

completely unknown)
[20]

, ,

(20) ωj ,

CW =
N∑

k=1

log2(1 +
μjωj

σj

). (28)

( (9)),

T:

T =

⎡
⎢⎢⎢⎢⎣
ψ11 ψ12 · · · ψ1n

ψ21 ψ22 · · · ψ2n

...
...

...
...

ψm1 ψm2 · · ·ψmn

⎤
⎥⎥⎥⎥⎦ , (29)

:

ψij = [ψL
ij, ψ

R
ij] =

t∑
l=1

ς lij × P̄l =
t∑

l=1

([bLij , b
R
ij]× P̄l)

Ai Cj ;

ς lij l Ai Cj

, (9), P̄l l .

, ,

, :

max CW =
n∑

j=1

log2(1 +
μjωj

σj

),

s.t.
n∑

j=1

ωj = 1, ωj � 0,
(30)

: μj j ,

μj =
1

m

m∑
i=1

ψij; (31)

σj j ,

σj =

√
1

m

m∑
i=1

(ψij − μj)
2
. (32)

ψij = [ψL
ij , ψ

R
ij ] ,

(31)–(32) , μj =
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[μL
j , μ

R
j ] σj = [σL

j , σ
R
j ] (30)

max CW = [
n∑

j=1

log(1 +
μL
j ωj

σR
j

),

n∑
j=1

log(1 +
μR
j ωj

σL
j

)],

s.t.
n∑

j=1

ωj = 1, ωj � 0.

(33)

(33) 2 . ,

:

max CW ′ =

(1− ε)

n∑
j=1

log2(1+
μR
j ωj

σL
j

)+
n∑

j=1

log2(1+
μL
j ωj

σR
j

)

2
+

ε

n∑
j=1

log2(1 +
μR
j ωj

σL
j

)−
n∑

j=1

log2(1 +
μL
j ωj

σR
j

)

2
, (34)

s.t.
n∑

j=1

ωj = 1, ωj � 0,

: CW ′ , 0 � ε � 1

. (34) MATLAB

fmincon .

6 (Steps of algorithm)
1 (3)

,

( (9));

2 , (10)–(11)

,

( (12)),

( (13));

3 (4)

( (14)) ( (15));

4 (16)–(17)

– ,

( (19));

5 (27)(34)

;

6
, (

(20)); (21)–(22)

,

.

7 (Simulation analysis)
[5]

.

, 5

A = {A1, A2, A3, A4, A5}, 3

C = {C1, C2, C3},

. : C1

, C2, C3 .

, 3

, P̄1, P̄2, P̄3.

3 5

[5].

1 (3)

, 3

, 2.

2

Table 2 The data of multiple attribute decision making with two-parameter interval number

C1 C2 C3 C1 C2 C3 C1 C2 C3

A1 [115, 135] [380, 410] [60, 90] [80, 100] [220, 245] [50, 70] [40, 55] [205, 235] [40, 55]

A2 [105, 125] [250, 330] [130, 160] [50, 75] [240, 275] [105, 125] [35, 60] [225, 250] [80, 115]

A3 [90, 105] [260, 310] [110, 125] [45, 70] [240, 290] [90, 105] [35, 45] [180, 230] [55, 75]

A4 [95, 110] [370, 400] [160, 180] [50, 80] [225, 265] [125, 150] [40, 55] [195, 220] [65, 100]

A5 [85, 105] [400, 425] [145, 165] [70, 85] [240, 300] [115, 135] [50, 70] [200, 240] [65, 90]

2 (10)–(11)

, ,

.

3 (4)

, 3–4, α = 0.02.

4 (16)

– , δ = 0.3, (17)

, 5–6.
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3 I

Table 3 The utility values of each attribute and their positive ideal alternative under different states I

C1 C2 C3 C1 C2 C3

A1 [0.0000, 0.3984] [0.7374, 0.9060] [0.0000, 0.2494] [0.0000, 0.3623] [0.0000, 0.3115] [0.0000, 0.1996]

A2 [0.1996, 0.5964] [0.0000, 0.4551] [0.5799, 0.8264] [0.4525, 0.9009] [0.2494, 0.6828] [0.5470, 0.7444]

A3 [0.5964, 0.8919] [0.0571, 0.3417] [0.4149, 0.5387] [0.5425, 0.9901] [0.2494, 0.8674] [0.3984, 0.5470]

A4 [0.4975, 0.7936] [0.6810, 0.8498] [0.8264, 0.9901] [0.3623, 0.9009] [0.0625, 0.5593] [0.7444, 0.9901]

A5 [0.5964, 0.9901] [0.8498, 0.9901] [0.7033, 0.8674] [0.2720, 0.5425] [0.2494, 0.9901] [0.6458, 0.8428]

A+ [0.5964, 0.9901] [0.8498, 0.9901] [0.8264, 0.9901] [0.5425, 0.9901] [0.2494, 0.9901] [0.7444, 0.9901]

4 II

Table 4 The utility values of each attribute and their positive ideal alternative under different states II

C1 C2 C3

A1 [0.4267, 0.8498] [0.3559, 0.7796] [0.0000, 0.1996]

A2 [0.2849, 0.9901] [0.6387, 0.9901] [0.5305, 0.9901]

A3 [0.7092, 0.9901] [0.0000, 0.7092] [0.1996, 0.4645]

A4 [0.4267, 0.8498] [0.2138, 0.5682] [0.3322, 0.7936]

A5 [0.0000, 0.5682] [0.2849, 0.8498] [0.3322, 0.6622]

A+ [0.7092, 0.9901] [0.6388, 0.9901] [0.5305, 0.9901]

5 I

Table 5 The data of perceived utility value I

C1 C2 C3 C1 C2 C3

A1 [−0.3458, 0.3372] [ 0.6586, 0.9227] [−0.3458, 0.0604] [ 0.5190, 1.1157] [−0.3458, 0.3300] [−0.3458, 0.0220]

A2 [−0.0680, 0.5964] [−0.3458, 0.3293] [ 0.4490, 0.8264] [−0.2188, 0.5425] [ 0.0005, 0.8047] [ 0.4048, 0.7444]

A3 [ 0.4711, 0.9768] [−0.2659, 0.1770] [ 0.2266, 0.4486] [−0.3458, 0.4251] [ 0.0005, 1.0366] [ 0.2042, 0.4860]

A4 [ 0.3383, 0.8511] [ 0.5839, 0.8498] [ 0.7761, 1.0380] [−0.2188, 0.6589] [−0.2584, 0.6481] [ 0.6679, 1.0611]

A5 [ 0.4711, 1.1015] [ 0.8069, 1.0313] [ 0.6135, 0.8796] [ 0.2775, 0.7744] [ 0.0005, 1.1893] [ 0.5370, 0.8719]

6 II

Table 6 The data of perceived utility value II

C1 C2 C3

A1 [−0.1468, 0.5250] [ 0.1463, 0.8209] [−0.3458, 0.0952]

A2 [−0.3458, 0.7092] [ 0.5276, 1.0901] [ 0.3827, 1.1189]

A3 [−0.3458, 0.1491] [−0.3458, 0.7301] [−0.0680, 0.4445]

A4 [−0.1468, 0.5250] [−0.0484, 0.5468] [ 0.1141, 0.8695]

A5 [ 0.2426, 1.0709] [ 0.0493, 0.9112] [ 0.1141, 0.7010]
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:

U =

⎡
⎢⎢⎢⎢⎢⎣

[ 0.0007, 2.0069] [ 0.4019, 2.0961]

[−0.3354, 1.8330] [−0.1262, 2.0219]

[ 0.0608, 1.8344] [−0.3599, 1.8450]

[ 0.0999, 2.1724] [ 0.3277, 2.1732]

[ 0.7031, 2.9798] [ 0.7438, 3.2412]

[−0.6744, 0.1647]

[ 0.8214, 2.6205]

[ 0.3231, 1.4067]

[ 1.2060, 3.0818]

[ 0.9680, 2.5582]

⎤
⎥⎥⎥⎥⎥⎦ .

5 1) .

,

, 5.1

, [5]

0.2 � ω1 � 0.29, 0.25 � ω2 � 0.38, 0.28 �
ω3 � 0.4. (27), ε 0.5,

:

W =

⎡
⎢⎢⎢⎢⎢⎣

0.2900 0.3100 0.4000

0.2200 0.3800 0.4000

0.2200 0.3800 0.4000

0.2900 0.3800 0.3300

0.2900 0.3100 0.4000

⎤
⎥⎥⎥⎥⎥⎦ .

:

ρ = [0.4509 0.4441 0.4441 0.4461 0.4509]
T
.

:

ω = [0.2622 0.3518 0.3860] .

2) .

, :

T1 =

⎡
⎢⎢⎢⎢⎢⎣

[115, 135] [380, 410] [ 60, 90]

[105, 125] [250, 330] [130, 160]

[ 90, 105] [260, 310] [110, 125]

[ 95, 110] [370, 400] [160, 180]

[ 85, 105] [400, 425] [145, 165]

⎤
⎥⎥⎥⎥⎥⎦ ,

T2 =

⎡
⎢⎢⎢⎢⎢⎣

[80, 100] [220, 245] [ 50, 70]

[50, 75] [240, 275] [105, 125]

[45, 70] [240, 290] [ 90, 105]

[50, 80] [225, 265] [125, 150]

[70, 85] [240, 300] [115, 135]

⎤
⎥⎥⎥⎥⎥⎦ ,

T3 =

⎡
⎢⎢⎢⎢⎢⎣

[40, 55] [205, 235] [40, 55]

[35, 60] [225, 250] [80, 115]

[35, 45] [180, 230] [55, 75]

[40, 55] [195, 220] [65, 100]

[50, 70] [200, 240] [65, 90]

⎤
⎥⎥⎥⎥⎥⎦ .

:

T =

⎡
⎢⎢⎢⎢⎢⎣

[173.5000, 321.2500] [567.7500, 955.2500]

[141.7500, 284.0000] [471.7500, 894.0000]

[124.7500, 242.7500] [465.0000, 871.5000]

[134.5000, 266.7500] [588.7500, 954.5000]

[143.0000, 275.5000] [598.0000, 1038.500]

[103.0000, 229.7500]

[218.5000, 420.2500]

[181.2500, 326.7500]

[254.2500, 464.0000]

[233.7500, 421.5000]

⎤
⎥⎥⎥⎥⎥⎦ ,

:

μ =

⎡
⎢⎣ [143.5000, 278.0500][532.2500, 942.7500]

[198.1500, 372.4500]

⎤
⎥⎦

T

,

σ =

⎡
⎢⎣ [119.9779, 150.7855][361.3550, 461.2156]

[122.0214, 236.2417]

⎤
⎥⎦

T

.

(34), ε 0.5,

ω = [0.2903 0.3201 0.3897] .

6 5

.

1) ,

:

U ′ =

⎡
⎢⎢⎢⎢⎢⎣

[−0.1188, 1.3269]

[ 0.1849, 2.2036]

[ 0.0140, 1.6730]

[ 0.6072, 2.5238]

[ 0.8172, 2.9090]

⎤
⎥⎥⎥⎥⎥⎦ .

( (1))

P:

P =

⎡
⎢⎢⎢⎢⎢⎣

0.5000 0.2235 0.3594 0.0935 0.0426

0.7765 0.5000 0.6694 0.3293 0.2270

0.6406 0.3306 0.5000 0.1786 0.1050

0.9065 0.6707 0.8214 0.5000 0.3626

0.9574 0.7730 0.8950 0.6374 0.5000

⎤
⎥⎥⎥⎥⎥⎦ .

(22) P

θ = (0.1359 0.2001 0.1627 0.2381 0.2631)T,

,

A5 � A4 � A2 � A3 � A1,

[5] .

2) ,

:
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U ′ =

⎡
⎢⎢⎢⎢⎢⎣

[−0.2701, 1.1284]

[ 0.3233, 2.4155]

[ 0.2779, 2.0656]

[ 0.7193, 2.7059]

[ 0.7096, 2.7221]

⎤
⎥⎥⎥⎥⎥⎦ .

( (1))

P:

P =

⎡
⎢⎢⎢⎢⎢⎣

0.5000 0.1108 0.1447 0.0301 0.0312

0.8892 0.5000 0.5942 0.3461 0.3456

0.8553 0.4058 0.5000 0.2552 0.2555

0.9699 0.6539 0.7448 0.5000 0.4984

0.9688 0.6544 0.7445 0.5016 0.5000

⎤
⎥⎥⎥⎥⎥⎦ .

(22) P θ =

(0.1158 0.2088 0.1886 0.2433 0.2435)T,

,

A5 � A4 � A2 � A3 � A1, [5]

, .

,

, ,

. , ,

, .

α, δ, τ , α ,

. δ

- ,

. τ

, τ ,

, . ,

, .

,

, τ .

8 (Conclusions)

,

, [5]

;

, :

1) ,

, ; 2)

, ,

. ,

, ,

, , .
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