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1.  ���CN: H-�[Rzzs)h�[';?�ffEi/. <#, I�2Q�[nG�CN: H- �[2bn-�/Z3, `E�)Y~1';i//X� (��� [1-10]). Varga z�1 20 m~ 70 G(fKaPZB?/-�,Berman h Plemmons U� 1 50 Q�E�/��, �R�n)�7�lR�� [1] fS 12%\GCN: H- �[�/I6>�V^/�E��, K�14E/�b (�� [5-9]), ��%j�9VFR�� [2] f9Z2�b~1�2�K�, 7��R�� [3] f� 12%�/4(!k/I6�E��, <Q|u k /V&, 4(k��pp
�`, $<�"1CN: H- �[I6/>�, K�1�� [2] /q/�b. �>R#r"a�dYS�/℄9<vKx, .,1xQI6>�V^/�/h�#I���, K�1�� [1-3] /q/�b. }l�s,vu�1�f�bI6>�/V�^�#.p�| Mn(C)(Mn(R)) � n �I	h
�[/uk,N = 1, 2, · · · , n . d A = (aij) ∈

Mn(C), F| Λi(A) =
∑

j 6=i

|aij |, ∀i ∈ N , ℄b |aii| > Λi(A), ∀i ∈ N , U� A �+O9WB�[, |� A ∈ D._%R℄9[ X , j. AX �+O9WB�[, U� A �^8+O9WB�[,w A �CN: H- �[, |� A ∈ D̃.|
N1 = {i ∈ N |0 < |aii| = Λi(A)}, N2 = {i ∈ N |0 < |aii| < Λi(A)},

N3 = {i ∈ N | |aii| > Λi(A)}, N = N1 ⊕N2 ⊕N3._N3 = ∅,U A /∈ D̃�_N1

⋃

N2 = ∅,U�X A ∈ D̃. [�>z�dN1⊕N2 6= ∅, N3 6= ∅.

* 2018 H 3 P 18 \o-.
1) s��C: a�xY�*s� (11461027) imDe�J��.s� (16A173).



220 { { t * 2019 HDG H- �[/q9K�C4, <#�fv�[M9K��d�C4. �>n�6�[/=2"/C9�Kx/Bh�℄, Æ�fR�q�/T#��| Λi = Λi(A).�� 1
[1]
. d A = (aij) ∈ Mn(C) �� N�[, _ |aii| ≥ Λi(A)(i ∈ N), QMfebE2Q+O�1k�., U A �� N9WB�[.�� 2

[2]
. d A = (aij) ∈ Mn(C), _ |aii| ≥ Λi(A)(i ∈ N), QMfebE2Q+O�1k�., F9=Q1k�./�� i, 8%RC4Kx/ aij1aj1j2 · · ·ajk−1jk 6= 0, j.

|ajkjk | > Λjk(A), U� A ��EC4Kx/9WB�[.�� 1
[4]
. d A = (aij) ∈ Mn(C) �� N9WB�[, U A ∈ D̃.�� 2

[4]
. d A = (aij) ∈ Mn(C) ��EC4Kx/9WB�[, U A ∈ D̃.�� [1] fS 1℄�q/�b:��. d A = (aij) ∈ Mn(C), _9[7 i ∈ N2 E

|aii| >
Λi

Λi − |aii|





∑

t∈N1

|ait|+
∑

t∈N2,t6=i

|ait|
Λt − |att|

Λt

+
∑

t∈N3

|ait|
Pt(A)

|att|



 ,Q |aii| 6=
∑

t∈N1,t6=i

|ait|, ∀i ∈ N1, U A nCN: H- �[.Mf,

Pi(A) =
∑

t∈N1

|ait|+
∑

t∈N2

|ait|+ r
∑

t∈N3,t6=i

|ait|, (i ∈ N3), r = max
i∈N3







∑

t∈N1

|ait|+
∑

t∈N2

|ait|

|aii| −
∑

t∈N3,t6=i

|ait|






.�>9J6'��K�l, .,1V���h�QI6>�V^/�I6�E��.

2. &����1(rB�, >^�3Hg:

ωi =
Λi(A)

Λi(A) + |aii|
(i ∈ N2),

r1 = max
i∈N3







∑

t∈N1

|ait|+
∑

t∈N2

|ait|

|aii| −
∑

t∈N3,t6=i

|ait|
Pt(A)
|att|






, δ = max {ωi, r1}

Pi,r(A) =
∑

t∈N1

|ait|+
∑

t∈N2

|ait|+ r1
∑

t∈N3,t6=i

|ait|
Pt(A)

|att|
(i ∈ N3).

h = max
i∈N3











δ(
∑

t∈N1

|ait|) +
∑

t∈N2

|ait|ωt

Pi,r(A)−
∑

t∈N3,t6=i

|ait|
Pt,r(A)
|att|











.�� 1. d A ∈ Mn(c), _<{
|aii| >

δ

ωi

∑

t∈N1

|ait|+
∑

t∈N2,t6=i

|ait|
ωt

ωi

+
h

ωi

∑

t∈N3

|ait|
Pt,r(A)

|att|
, ∀i ∈ N2, (1)
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⋃

N3, j. ait 6= 0, U A nCN: H- �[.#. DG 0 < r1 ≤ r < 1. U� r, Pi(A), r1, Pi,r(A) /68, 9[7 i ∈ N3, E
r1|aii| ≥

∑

t∈N1

|ait|+
∑

t∈N2

|ait|+ r1
∑

t∈N3,t6=i

|ait|
Pt(A)

|att|
,w Pi,r(A) ≤ r1|aii| (∀i ∈ N3), UE

0 <
Pi,r(A)

|aii|
≤ r1 ≤ r < 1, ∀i ∈ N3,FD ωi, δ 68, 9[7 i ∈ N3 E

δ(
∑

t∈N1

|ait|) +
∑

t∈N2

|ait|ωt

Pi,r(A)−
∑

t∈N3,t6=i

|ait|
Pt,r(A)
|att|

≤

δ

(

Pi,r(A) − r1
∑

t∈N3,t6=i

|ait|
Pt(A)
|att|

)

Pi,r(A)−
∑

t∈N3,t6=i

|ait|
Pt,r(A)
|att|

< 1,D h /68, 9[7 i ∈ N3, E 0 < h < 1, Q
hPi,r(A) ≥ δ

∑

t∈N1

|ait|+
∑

t∈N2

|ait|ωt + h
∑

t∈N3,t6=i

|ait|
Pt,r(A)

|att|
. (2)9[7 i ∈ N2, D	1
kE

ωi|aii| > δ
∑

t∈N1

|ait|+
∑

t∈N2,t6=i

|ait|ωt + h
∑

t∈N3

|ait|
Pt,r(A)

|att|
,6

Ri ,
1

∑

t∈N3

|ait|



ωi|aii| −



δ
∑

t∈N1

|ait|+
∑

t∈N2,t6=i

|ait|ωt + h
∑

t∈N3

|ait|
Pt,r(A)

|att|







 . (3)+ ∑

t∈N3

|ait| = 0g, | Ri = +∞. D (3) k` Ri > 0(∀i ∈ N2), F 0 <
hPt,r(A)

|att|
< 1(∀t ∈

N3), $<�E�E�/℄s ε j 0 < ε < min
i∈N2

Ri ≤ +∞, Q max
t∈N3

{

hPt,r(A)
|att|

+ ε
}

< 1.YS℄9�[ D = diag(d1, d2, · · · , dn), | B = AD = (bij), Mf
di =



















δ i ∈ N1,

ωi i ∈ N2,
hPi,r(A)

|aii|
+ ε i ∈ N3.

1) 9[7 i ∈ N1, <�9[j i ∈ N1, %R t ∈ N2

⋃

N3, j. ait 6= 0, Q9[7 t ∈ N3,z 5U,�E�/℄s ε, j. 0 <
hPt,r(A)

|att|
+ ε < δ < 1, UE

Λi(B) = δ
∑

t∈N1,t6=i

|ait|+
∑

t∈N2

|ait|ωt +
∑

t∈N3

|ait|

(

hPt,r(A)

|att|
+ ε

)

< δ





∑

t∈N1,t6=i

|ait|+
∑

t∈N2

|ait|+
∑

t∈N3

|ait|





= δΛi(A) = δ|aii| = |bii|.
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2) 9[7 i ∈ N2, D	3
kE

Λi(B) = δ
∑

t∈N1

|ait|+
∑

t∈N2,t6=i

|ait|ωt +
∑

t∈N3

|ait|

(

hPt,r(A)

|att|
+ ε

)

= ε
∑

t∈N3

|ait|+ δ
∑

t∈N1

|ait|+
∑

t∈N2,t6=i

|ait|ωt + h
∑

t∈N3

|ait|
Pt,r(A)

|att|

< Ri

∑

t∈N3

|ait|+ δ
∑

t∈N1

|ait|+
∑

t∈N2,t6=i

|ait|ωt + h
∑

t∈N3

|ait|
Pt,r(A)

|att|

= ωi|aii| = |bii|.

3) 9[7 i ∈ N3, D (2) kE
Λi(B) = δ

∑

t∈N1

|ait|+
∑

t∈N2

|ait|ωt +
∑

t∈N3,t6=i

|ait|

(

hPt,r(A)

|att|
+ ε

)

= ε
∑

t∈N3,t6=i

|ait|+ δ
∑

t∈N1

|ait|+
∑

t∈N2

|ait|ωt + h
∑

t∈N3,t6=i

|ait|
Pt,r(A)

|att|

≤ ε
∑

t∈N3,t6=i

|ait|+ hPi,r(A)

< ε|aii|+ hPi,r(A) = |bii|.ya}r, |bii| > Λi(B) (∀i ∈ N), w�[ B n+O9WB�[, [�[ A nCN:
H- �[.' 1. #6'f, DG9 ∀i ∈ N3, 0 < h < 1, E

0 <
hPi,r(A)

|aii|
<

Pi,r(A)

|aii|
≤

Pi(A)

|aii|
≤

Λi(A)

|aii|
< 1,QU� ωi, δ 68, 9 ∀i ∈ N2 E

0 <
Λi − |aii|

Λi

< ωi ≤ δ < 1.�X6' 1 /���f1�� [1] f6' 1 /��, $<K�1�� [1] /q/�b. <Q~��� [2,3]6' 1f/�E��I6>�1V�^�, l?/s,v℄u�1Z23.+�>' 1 h>' 2, %w�� [1] /_�B=, �>E℄��;:�� 2. d A ∈ Mn(C), A � N, _
|aii| ≥

δ

ωi

∑

t∈N1

|ait|+
∑

t∈N2,t6=i

|ait|
ωt

ωi

+
h

ωi

∑

t∈N3

|ait|
Pt,r(A)

|att|
, ∀i ∈ N2, (4)Q (4) febE2Q+O�1k�., U�[ A nCN: H- �[.�� 3. d A ∈ Mn(C), _

|aii| ≥
δ

ωi

∑

t∈N1

|ait|+
∑

t∈N2,t6=i

|ait|
ωt

ωi

+
h

ωi

∑

t∈N3

|ait|
Pt,r(A)

|att|
, ∀i ∈ N2,

K(A) =



i ∈ N2 : |aii| >
δ

ωi

∑

t∈N1

|ait|+
∑

t∈N2,t6=i

|ait|
ωt

ωi

+
h

ωi

∑

t∈N3

|ait|
Pt,r(A)

|att|



 6= ∅



2 L �S 2: ℄H�3&DO; H- �\J70 ���3�0s} 223Q ∀i ∈ N −K, %RC4Kx/ aii1 , ai1i2 , · · · aisi∗ , Mf i 6= i1, i1 6= i2, · · · is 6= i∗, i∗ ∈ K, U
A nCN: H- �[.

3. �$��� 1. d
A =

















3 1 1 1 0

3 5 0 1 1

30 10 60 0 110

1 0 1 4 0

0 1 1 2 50

















.6` N1 = {1, 2}, N2 = {3}, N3 = {4, 5}. D r = r1 = 1
2 , x3 = Λ3(A)−|a33|

Λ3(A) = 3
5 , P4(A) =

2, P5(A) = 3, P4,r(A) = 2, P5,r(A) =
5
2 , max

i∈N3

(Mi) =
4
5 , E

36 = x3|a33| < |a31|+ |a32|+max
i∈N3

(Mi)|a35|
P5(A)

|a55|
= 40 + 110×

3

50
×

4

5
= 45

7

25

< |a31|+ |a32|+ |a35|
P5(A)

|a55|
= 40 + 110×

3

50
= 46

3

5
.�X A �<{�� [1,2] f6' 1 /��, �FI6M�CN: H- �[.FD P5,r(A)− |a52| − |a53|x3 − |a54|

P4,r(A)
|a44|

= 5
2 − 1− 3

5 − 1 = − 1
10 < 0, [1�F���

[3] f6' 1 $I6.*n, D ω3 = δ = 5
7 , h = 20

21 , E
42

6

7
= ω3|a33| > δ

∑

t∈N1

|a3t|+ ω3

∑

t∈N2,t6=i

|a3t|+ h
∑

t∈N3

|a3t|
Pt,r(A)

|att|

= (30 + 10)×
5

7
+ 0 + 110×

1

20
×

20

21
= 33

17

21
.�X�[ A <{Æ�6' 1 /��,  `�[ A nCN: H- �[.� 2. d

A =













6 1 3 4

3 7 4 2

2 2 9 2

2 3 3 10













.6` N2 = {1, 2}, N3 = {3, 4}. Q A n� N�[. zz . r = 5
7 , x2 = Λ2(A)−|a22|

Λ2(A) =
2
9 , P3(A) =

38
7 , P4(A) =

50
7 , DG x2|a22| = 1 5

9 < |a21| = 3, �X A �F<{�� [1,2,3] f6' 1 /��, �FI6M�CN: H- �[.*n, D r1 = δ = 105
172 , ω1 = 4

7 , ω2 = 9
16 , P3,r(A) =

419
86 , P4,r(A) =

525
86 , h = 40893

64736 , E
3.4286 = ω1|a11| > ωt

∑

t∈N2,t6=i

|a1t|+ h
∑

t∈N3

|a2t|
Pt,r(A)

|att|

= 1×
9

16
+

40893

64736
× (3×

419

774
+ 4×

105

172
) = 3.1309.
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3.9375 = ω2|a22| > ωt

∑

t∈N2,t6=i

|a2t|+ h
∑

t∈N3

|a2t|
Pt,r(A)

|att|

= 3×
4

7
+

40893

64736
× (4×

419

774
+ 2×

105

172
) = 3.8534.�[ A <{Æ�6' 2 /��,  `�[ A nCN: H- �[.�  � �

[1] �S, o*, 8�m. 3&DO; H- �\J70 �� [J]. {{t*, 2008, 30(02): 177–182.

[2] Æ	, &k, :W. J7_9,P:ÆXC�\03| �� [J]. {{t*, 2011, 33(3): 225–232.

[3] 8��. DO; H �\5)l�F�� [J]. {{t*, 2017, 39(3): 328–336.

[4] Varga R S. On Recurring Theorems on Diagonal Dominance[J]. Lin. Alg. Appl., 1976, 13: 1–9.

[5] M��, o�t. DO; H- �\0iA�F�� [J]. {{t*, 2004, 26(1): 109–116.

[6] Gan Tai-Bin, Huang Ting-Zhu. Simple Criteria for Nonsingular H-matrices[J]. Linear Algebra and

Its Applications, 2003, 374(2): 317–326.

[7] o�t. DO; H �\0��J� [J]. {{t*, 1993, 15(3): 318–328.

[8] Nh�, o�t, Æ_�. DO H- �\0�F�� [J]. t*�(*, 2005, 25A(3): 409–413.

[9] Li W. On Nekrasov Matrices[J]. Linear ALgebra Appl., 1998, 281: 87–90.

[10] Berman A, Plemmons R J. Nonnegative Matrix in the Mathematical Sciences[M]. New York:

Academic Press, 1979.

NOTE ON�ONE TYPE OF NEW CRITERIA CONDITIONS FOR

NONSINGULAR H-MATRICES�
Tuo Qing Chen Xi

(College of Math. and Statistics, Jishou University, Jishou 416000, China)

Abstract

In this paper, we obtain several new sufficient conditions for nonsingular H-matrix by

constructing new positive diagonal factors. Also, our results improve and generalize main

achievements of “One Type of New Criteria Conditions for Nonsingular H-matrices”. The

effectiveness and extension of the result are illustrated by numerical examples.

Keywords: nonsingular H-matrix; diagonally dominant; irreducible; nonzero elements
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