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Abstract

The A«-matrix proposed by Nikiforov in 2017 is a general form of both 4 and Q matrices. Due to the
fact that the results of the A,-matrix vary with the parameters, the A.-matrix possesses many prop-
erties that are not present in A and Q matrices. In this paper, we calculate As-eigenvalues and ener-
gies of the complete graph, complete bipartite graph, complete equal multi-partite graph, friend-
ship graph and windmill graph, and give the energy changes of complete balanced bipartite graphs
after deleting an arbitrary edge.
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1. 5|
B A(G),D(G),Q(G) 4 MIF R IE G (RIALHEHE I , b s 5 e A G 530 3 Bt T4 , 2017 4, Nikiforov
[L5E T A, HEREAT A, HHEL TR T, 3 TAEES K o <[0,1] -

A,(G)=aD(G)+(1-a)A(G),
#(A,(G).A)=det(1l,-A,(G)),

Hoebil 2 n B sazfE. B9%, A (G)=A(G), A(G)=D(G)H2A,(G)=Q(G)-

FIHIE G HOAER E(G) = Y|t Gutman E2HRHE, 36k g, sy, 1, o G HOABBEAEHERARAELH

j=1

P i 2%l 2445 T PRI R O )R (B SR AL FH R ST I R, B, b e 3], A, -RERE[4] A1 ABC
AERt[5], BEAEE[6]. [7]har il T s s iR MIAREE, [8] P4 th T AN A AR R s e 55 2 ER
FIAREEE, [O]Pard T, sedxl, sea i, KB, K4 KK ABC .

ASON A, FERERZ BRI E SO R TR T e, e d EE, A AR R e 255 2

AR, A, KBS LSRRI A, -RAEE A RE R, JRan ) 7 INBRAT — 0 )5 578 445 —HE IR A, -
CEE PN NG A

2. SEEE K KA, -4HFEE
SEE 1. EARE K M A, -RHEZ IR
# (KyA)=(A-n+1)(2-na+1)""
TR e K, 0 REAE RN 48 He i P
D(K,)=(n-1)1,, A(K,)=3,~1,,
H A, - RN 2 T A 52 A

b, (Kn,/l):|[,1—(n—1)a] L, —(1-a)(3,-1,)
=|[(A-na+1)1,-(1-a)J,

Hodr 3, Fona 1 n B J7 R, B TR ) RMEE R SR n Mn—1E 0, JirkL
b, (Kos2) = (2 41)" [(2-na+1)~(1-a)n]
=(A=-na+1)"" (A-n+1),
W 1
specy, (K,)={[na-1]"* [n-1] .
R

K, B A

n a

DOI: 10.12677/aam.2024.1310439 4581 I3RS


https://doi.org/10.12677/aam.2024.1310439
http://creativecommons.org/licenses/by/4.0/

TR, KA« SR M

€, (K,) =n-1+na g (n-1)
=(n-1)(Ina~4+1).

#eid 2.
spec(K,) = {[-1]"",[n-1]},

K, FIREEZ E(K,)=2(n-1).

3. RETEWEK, KA, -4HEE
SEHE 2. A HEK, A, RHEZ TR
By, (KpnA)=(2=na)" (A-ma)'[ 2> =(m+n)ai-mn(1-2a)].

BB 584 EBIET K, B ERE R AT AR R

0(ke)| g o | A=, T

HI A, R 2 350 R A5 2

(A-na)l, —-(1-a)d,..

Pa, (Kmvn'ﬂ): ~(1-a)dpm  (A-ma)l,

=(A-na)" de{(z_ma) (e Jn}

(A=na)"" det[ (A-ma)(A-na)l,~m(1-a)J, ]
(1-na)"* (2-ma)"[(2-ma)(2-na)-mn(l-a)]
=(2-na)"(2A-ma)"" [/12 —(m+n)ai-mn(1- 2a)]

R 3.

spec,, (Kpn) = {[ma]nl [na]™* '{(m+n)ai p(m+n2)2a2+4mn(1—2a)} }

E, (Kn,)= 2mna—(m+n)a+\/(m+n)z a® +4mn(1-2a).

Spec (K, )= {[0]"”"72 [iﬁ}l}
Ko FIRERZ
E(Kp,)=2v/mn.

EEVERRI MK S, =K, » ATLGEE iR EBA R A R EME R,
w5 EEIS 1A -RHEZTIN, A, -FHIEERZ
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By, (S0 A)=(A-a)""[A* —nai—(n-1)(1-2a)],
spec, (5,)- {[a]“ ,{na + Jna? + z;(n —1)(1- 20{)] }

S, 11 A, - E, (S,) = (n—2)a +yn?a? +4(n-1)(1-20) .
#ie 6.

Spec(S, ) = {[O]”'2 ,[i n —1]1},

S, e E(S,)=2Vn-1.
SEH 2. R e REEATH WE K, , ME—%iL, JFHK,, —e @WK, , ke B3, RAITH

E, (Koo )>E, (K,,—€).

WEH: K, ,—elfJ A -FHEL T
A-(n-1)a 0 Opn s ~(1-a)dpns

0 l—(n—l)a _(1_a)‘]1><n—1 Opns

0, 14 -(1-a)d e (A-n2)l,; -(1-a)d,,

—(1—05)‘]”7&1 (U —(1—0:)\]”71 (ﬂ—noz)lrH
A-(n-1)a 0 0 -(1-a)d,y

0 A-(n-1)a -(1-a)dpny 0
[n-Da-A]l, . -(1-a)d . (A-na)l,, 0
-(1-a)dys  [(n-Ya-2] 0 (A-na)l,_,

a, 0 0 0

0 a, 0 0
[(n-Da-2]l, . ~(1-a)dyy  (A-na)l, 0
~(1-a)dyp  [(n-Da-2] 0 (A-na)l,,

¢Aa (Kn,n _e'ﬂ’) =

JiTA

Spec, (K, —¢) =) [naf"?, (na+n—1)ai\/(na+n;1) —4(n-1)(na+a-1)

o —e A

(Z

%
E

—e)= 2noe(n—2)+2\/(noz+n—1)2 ~4(n-1)(na+a-1).

o n,n

(K
HiffEie 2. |ATH

Ea (Kn,n)_ Ea (Kn,n _e)

= 2n%a —2n—2na(n-2)-2y/(na +n-1)° —4(n-1)(ner +a -1)

= 4n0,/_2a—2\/n2a2 -2(n+2)(n-1)a+(n+3)(n-1),

oy
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(n+2)(n-1) 3n*+2n-4 N

2 2

(n+3)(n-1)- . -

01

FITA

n2

:2{&_%}

2\/n2a2 -2(n+2)(n-1)a+(n+3)(n-1) < 2\/n2{a— (n+2)(n_1)}

nZ

<2na-2(n+1)

<4na -2«,
BIE, (K,,)>E,(K,,—€)«
4. FEEHE mBE K, 8 A, -HHEE
F Ky FREE AN M 105 (0578425 m 3L
REH 3. el m A K 10 A, HHES T
b, (Ko 2)=[ 2= (m=-2)ra " [2=(m-1)r ][ A-(m-D)ra+(1-a)r]"".

R SE AR m R K B R A AR AR R 2

(m-1)rl,
m-1)rl
D(Km(r)): (m=1)ri,
(m=1)rl,
0 J, J, J,
J, o 3,
AlKn) = 5
o J,
J RN | 0

H1 A, -HE R 2 0 E A3 5]
[A-(m-Dra]l, -(1-a)J, -(1-a)J, ~-(1-a)J,
-(1-a)J, [A-(m-Dra]l,

b, (Koo 2) = :
-(1-a)J, [A-(m-Dra]l, -(1-a)J,
-(1-a)J, -(1-a)J, [A-(m-Dra]l,

it g, (Km(r),i):|An| :

~(1-a)d, +[A-(m-Dra]l, +(1-a)], -(1-a)J, -(1-a)J,

~ [-(1-a)+0]3, [A=(m-Dra]l, :
|Anl = : . -(1-a)J,
[-(1-a)+0]3, ~(1-a)d, [A-(m-Dra]l,
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=[[2-(m-Dra]i, +(1-a)d, ||A|-(1-a)
(

J, -(1-a)J, -(1-a)J, -(1-a)J -(1-a)

J, [ﬂ—(m—l)ra]lr -(1-a)J, -(1-a)J, -(1-a)

J, -(1-a)J, [A-(m-Dra]l, -(1-a)d, -(1-a)J,

[A-(m-Dra]l,  -(1-a)J,

J, ~-(1-a)J, ~(1-a)J, -(1-a)J, [A-(m-1)ra]l,

=[[,1 (m=Dra I, +(1-a)J, ||A,|-(1-
0 0 0

J [A-(m-Dra]l, -(1-a)J,

J, [A-(m-Dra]l, -(1-a)J,

J, 0 (l). [A-(m- 1ra]| 1-a)d,
=[[2-(m-1)ra]l, +(1-a)3, J|A|-(@-a)3, [[A-(m-Dra i, ~(1-a)3, ]

By

m-1

A =[[A=(m=D)ra |1, +(1-a)d, [|Av]-(1-a) 3, [[A-(m-D)ra]l, -(1-a)J, | .
HHIBHESS R Al 15
b, (Ko 2) =[ (A=(m=-Dra)1, ~(m-1)(1-a)3, |[(2~(m-D)ra)1, +(1-a)3, ]
=[A-(m- 1ra]rfl[/1 m-1)ra—(m-1)(1-a)r]|
[A-(m-1) ] [/I m-1)ra+(1-a) r]
=[A-(m- lra] [i m-1)r][A-(m-1)ra+(1- a)r}mfl.

m-1

Spec,, (Km(r) ) = {[(m -1) I’a]m(r—l) '[(r -1) r]1 ,I:(m -Yra—(1-a) r]m—l},

(m-1) ram(r—1)+(m—1)r+|(m—1) ra—(l—a)r|(m—1)

=(m-1)r[ma(r-1)+1 +|ma-1].

—_
~

E]

2
=

=)

N —

Il

Spec(Km(r) ) = {[O]m("l) J(m-1) r]l : [—r]m’l} :

5. ZiEEF, 89 A, 4F1EE
FOHE F 2 n A 3 KEIEC, 5T A& R3], A 2n+1AMT0SR 3n %34, s 1 2 &K
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A

Figure 1. F, F,F,
E 1. F,F,F,

K F,, F,F .

EH 4. KIHEF 1A, -FRHIE2 T2
¢, (F.. 1) :[(/1—2a)+(1—a)][(/1—2na)(/l—a—1)—n:|[(ﬂ,—2a)2 —(1—(1)2}
VEB: A B R, PR R A S A R

n-1

01111 --11
"2n T 10100 --00

2 11000 --00

2 10001 --00

b(F)= AR)=1L 0010 00
2 ::ZEZ'Z

I 2] 10000 01
10000 10

HT A, R 2 30 1 R A5 2

A-2na -(1-a) -(1-a) -(1-a) —-(1-a) -(1-a)
-(1-a) A-2a -(1-a)
-(1-a) -(1-a) 1-2a
-(1-a) A-2a —(1-a)
b, (Fr2)= ~(1-a) (1-a) A-2a
| A-2a -(1-a)
—(1—a) —(1—a) A-2a i1

¥ AT A AR —1T, A-2na MR TAE
A-2a —(1-a)
-(1-a) A-2a

A-2a -(1-a)
-(1-a) A-2a

HAbHIE 2n A2 n A
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-(1-a) -(1-a)
—(1—a) A-2a
A-2a —(1-a)
-(1-a) A-2a
A-2a -(1-a)
~(1-a) ~(l~a) A-2a|,
Aln A
-(1-a) A-2a
-(I-a) -(1-a)
A-2a —(1-a)
(l1-a) A-2a
A-2a —(1-a)
-(1-a) -(1-a) A-2a .
[,
¢A0(Fn'/1)

n-1

=(2-2na)[ (2-2a) ~(1-a) | ~2n(1-a)[(2-20)+(1-a)][(A-2«) -(1-a) ]

=[(21-2a)+(1~a)][(A-2na)(2-a-1)- 2n(1—a)}[(/1 ~2a) _(1—(1)2}”*1.

#eig 9.
1
Spec,, (Fn) = [30‘ ]M [05 +1] {2n05+oz+1+\/(ZHOHOHJ)2 —28n(a2 +2a—1)
F, i A, -BER 2
E,(F,)=2n-2na-3a +1+\/(2na +a+1) —8n(a2 +2a _1).
i 10.

Spec(F,) = {[-4 [ 1 Evn |

FHIREE R E(F,)=2n+1+V1+8n .
6. MZEEF, K A, -HHEE

KZEE D) 2t n >4 KEIEIC, 5— AN TR &IA2], A 3n+1MTA M 4n ik, Wik 2 2RE
K D?, D2, D) -
SEHL 5. XZEE D] 1 A, -FRIF 2 T2

by, (D, 2) =[(2-2a)+(1-a)][(2-2na)(2-a-1)-n][ (2 -2a)' - (1-a)’]

n-1
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Figure 2. DZ,D;,D;
# 2. D?,D;,D;]

BB : XA E] D} A REHE R A &R e

0110 - 110
[2n 1 1 001 - 000
2 1 001 - 00O
2 0110 .- 000
D(D} )= N A= T ]
2 1 00O 0 0 1
I 2] 000
0000 - 110
B A, -FE R 2 T ) 8 A3
A-=2na —(1—a) —(1—a) 0 —(1—a) —(1—a) 0
-(1-a) i-2a 0 -(1-a) - 0 0 0
-(1-a) 0 A-2a -(1-a) - 0 0 0
0  —(l-a) —(l-a) i-2a - 0 0 0
¢Aa(D‘?’/1)= : ( : ) - : ) : : : : :
-(1-a) 0 0 0 A-2a 0 -(1-a)
~(l-a) 0 0 0 0  i-2z -(1-a)
0 0 0 0 ~(1-a) -(1-a) A-2a|
S
A-2a 0 -(1-a) -(1-a) 0 0 -(1-a) 0 -(1-a)
A= 0 A-2a —-(1-a)|;B=|-(1-a) 0 0;C=|-(1-a) A-2a -(1-a)|
-(l-a) -(1-a) i-2a 0 00 0 -(1-a) A-2a
n] LS E

det(A) = (2-2a)| (2 -2a)" ~2(1-a)’ |;det(B) = 0;det(C) = ~(1-a)(2 - 2a)’,

B,
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cC o 00
B A 0 0

by, (DI 4)=(1-2na)(det(A))" +2n(1-a)det|: i ~. i i
B O -~ AO
B 0 --- 0

= (det(A))"[(4-2na)det(A)+2n(1-a)det(C)]
=(2-2a)'[(2-2a) ~2(1-a) |
| (2-2na)[(2-2a)" ~2(1-a) |-2n(1-a) |
=(2-24)[(2-2a) ~2(1-a) |

[ 2°-2a(n+2)2*+2[(3n+1)a’ +2(n-1)a—(n+1) | A-8nar (2 -1) |

iR 11
SPeCs, { "oax 2(1-a) | 4 Ag]l}
J 00
R ROk R 0RO
R AROE ER ERE
b g —1;/5 . 6[(3n+1)a’ +2(n—1)0;—(n +1)]-4a* (n+2) |

2160 (200 -1) +36a (n+2)[ (3n+1)a” +2(n-1)a - (n+1) |-162° (n+2)’
27

Wa=01f, p=-2(n+1);q=0, AA4=0; 4 =.2(n+1): A =—2(n+1).

#ie 12.

q:

Spec(D"):{[o]"+1 [+ \E]H,[i 2(n+1)T},
D; it iie E(D] ) =4v2n .
7. BE
AT A, -FEREANZ T E SO A, I 2 BOERE PR R, Gl e, sea e, AN ED
AAFE A e s 2 i, AR, GRS LR IR BRI T 0 2K, AU BUBERERO LR, 115

TEATR A, -RHEEAMBER, IR TIMBRAT R e 4 T K A, -REE RN L. (HARZ T3S
R 73 B PR HE AT 73 70 B MR AN VR A 45— B e 255 2 MR T0iE S 1, i T RVE I 2 000
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