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Abstract

Sombor index is a concept recently introduced by Gutman. It is a new topological index based on

vertex degree and represented by SO(G)= > \/((dG (Xi))2 +(dG (Xj))z) , where d;(x;) and
xxjeE(G)

dg (X j ) and degrees of vertices mean X; and X; in G.In this paper, this new topological index is

applied in the area of chemical graph theory. In this paper, we study Sombor index of some chemical
graphs such as fan graphs, wheel graphs, special cactus graphs, bow graphs, dutch windmill graphs,
lollipop graphs, barbell graphs, kite graphs quadrangular grid graphs and hexagonal grid graphs.
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1. 518

TEASCHIE G R EA A%V (G) Ml E(G) M, LK G=(V(G),E(G)). K G+, ¥k
itHe(G), MEENILAV(G), A; ZmE G EKE, & RmE G KE/ME. dg(x)Fom s x EE
G PR C &Rt BER tINIE, K &xnMiEae.

FE A R N AR B B &, el W R oA I S A & o SN ERR (T — TR 54 1
WHRNME AL, Hl CAA SR T T B AR R 2 AL, EATE WS BHC “Hdh
febs” [2], HiERA:

TI=3 F(dG(xi),dG(xj))

%ixj€E(G)
KRR F (a,b) VA HEE, BIF(ab)=F(ba). A/FH(ab), Hia=d(x)Rb=ds(x) 2L
e, = XX; € E(G) [ Akz. Bl F(dG (x),dg (xj))z dg (%) +dg (xj)EJidG (x)ds (xj)’éﬁ#ﬁ%: Zagreb
fi, o |(d (%)) +(do (x,))" & Sombor (3],
Sombor &R RIER B TR AR K LATR#ERE, X T 1B G 1 Sombor #45 SO(G)5E XL A:
2

sO(G)= \/((dG(Xi)) +(de(xj))2)

%xj€E(G)

Gutman 7ESCER[3]H @S2 T 5 Sombor FEARAH I LA B PERT . X FPHT ROAR SN R R A T
WA, SR TR RN, (R T ER AV T IERERR, hEWn T
AN R T BB R R AR B R i — N, BT LEME R R 72 i =8k, Fril, mToUHE®
F— AN EERE R AW T 4580, B BB N B2 08 . (e FATRI, 2T R s
TEAMY AT A2 T RS540 S M SR 2 IRV S R, 180T DUE BRIA 7 TS . R HMEARsibr Hidd
AL S SR A B EUE, XU A S SR B - A2 . DA S R AR MR bR R
VY EERCA NIV EEE i -GN F= 9

Sombor fa#r A H LK, 28] 72 AN R, 1521 17 1R 2 3B FUER - Randhir F1 Patekar
FESCHR[A] A3 T m -2 2L EFE N B m -1 Bl ) Sombor $845; Liu & NAESCER[2] 73 H T B
Sombor fEARTES RIS EUF IS, L& Sombor fabr 5HAMBUE 2 M5 R, BP—Lpizk, EE. %
AE DR ETE SRS TS Réti S A/ESCER[S]H S T Sombor FEFRI—LES, HAAC
BIEE RN TS, % s 7 B 5K Sombor FaARIE, FREEH T — AT m B E 5K Sombor
TabrHAE A Cruz 8 NAESCRR[6]H € T 2 2 A =>4 ST IR 1F) Sombor 48 b 1 55 -

AT R R R P T B R T IR T, B X T — SRR 1) 5 B P DA B A% T ) Somibor FE AR A
WA RSB IE, X TARIER e ARSCEEHE T B R0 70— LR iR B S LR Y 7 B RS
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T EIK) Sombor #5487 .
Sombor FEbR A1 T S FE A BRI AR, AR BB T B A 5 AR A, FRATTAT LG @ W %1%

BT B D B, TR B TS R BT B TS BRI, 28 X N BB EERT R 5, SRR
Ja 458
N AR A ST A B R E X
FE L FHRRRT]: W G FIH &AM s, W G ATH I8 R /RFH GUH Fon(nE 14 BUR),
TE A
V(GDH)ZV(G)XV(H)
E(GIH)= {(u,v)(u’,v'):v=v’ﬂuu’ eE(G)vu=uHw' eE(H )}
EX 2. FHRRM8]: G M HEHMEEN K, HoumENaamEt, G AWK, H
HEERE T ER. WE G M HIKEHE R/RBBEGUH RrWE 2 AR UR), &XAH:
V(GI_IH)=V(G)><V(H)
E(GU H):{(u,v)(u’,v’):v:v’ﬂuu'e E(G)vu=uHw'e E(H)Hu%ﬂvﬂ%ﬁlﬂ%ﬁ@} , Hvoyv
1E H 1% R e ) ko

Figure 1. R,UPR,
E 1. RUP
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Figure 2. R,UPR,
E2 RUR
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RN 3. BERRAOA AL IE[9]: 7EFE C, (A A 3 BB C,, A E] AR AL A,
[1C, +C, (I 3 HCyeCy), B M AAERINLE Sy

V(CoeCy) ={v; [ =1,2,--,n; j=1,2,3]
E(CoeCy) = {ViYugn |1 =22, U{vpvy 11212, =123
X A FE: K E C B SR — AN SR K], W, R s 4 W, ).
SEX 5. FE: FEEIW, B ERERE—FLmE R E, B ERR.

5B 6. MMEZE . WA RO F 1 B R s R L ST AR B, BB, R

X T NG E R n ANEC, i — A TUS A2 E, | D) (n>2) Fa(E 5 4
D;).

Figure 3. C,<C,
3. C,C,

& 4. Wy
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Figure 5. D;

E 5 D,

SEX 8. HEHEREE: K AN R, ERERIC, B, BN, TR,

R 9. ATHE: M LAMHEC,, 8P, (b>1), Hrhixp M C, MC, P,
e, HD,,, %5

SEN 10 M K— AR, EREK, b, L, FRE 6 FiR).
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Figure 6. Lop
6. La,b

2. —EeiRTEEIRY Sombor(SO)FE#R

EATRED R, R/, —FRRIOMAEE, BRSE, 2R, R, AR EL
B AZE P Sombor $E8R, HFAFHH DI E -
SEHE 1. 122 KK D] (n > 2) 15 Sombor 845

50(D7) = 4n(v2+VL+n? ) (n=2)

. kit (D ) B HORIiLse, A8 v(D])=3n+1/1e(D])=4n . HREH 2 MR EIIE X,
é%mzﬁ%%%¢§%ﬁﬂﬂ%ﬁEAw=m,DﬁM@ﬁm¢m$%m$ﬁﬁﬁﬁmmﬂ¢ﬁm$

JE RiANER L i, BT LUE ) Sombor 5454

so(Dj )= Zn\/(éDE (v ))2 (o (v ))2 A 2n\/(5DE (v ))2 Hag (v ))z
= 2n2? + 22 + 2n/22 + (20’ -
=204+ 4 +2ny4+ 4n?
= 4n(«/§+m)
SEHL 2. 5 EIW, ¥) Sombor Fa45 A

SO(W,)=n(32+Vo+n}(n>3)

WEH. v(W,)=n+1f1e(W,)=2n, Hn=3WMHENES, =3, BKEA, =n, HTW HH n kil
R NE R R R n FRERRV MY R B Sombor F5 55

- n\/é‘vv" () + S, (Vj )2 * n\/dNn (v) + B, (VJ )2

=3 +3 3 +n? O
= n(3x/§+\/9+n2)
X 3. & F, ) Sombor FEFR A
SO(F,)=3(n-3)v2+ 2413 +(n-2)vYn? +9+2vn? +4(n > 3)

EH. v(F,)=n+1fle(F)=2n-1, Xn>3MRNES =2, Byd(FFA =n, BAFBH 2 %
SRR SN R, (n—2) FEBEROCE AR (8, +1) FE A, 2 AIEHER N 270 (6, +1)
FBEAT, (n-3) &I0IEH: (S, +1) B, &1 Sombor fbrA
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SO(FH):(n—B)\/((éFn +1)(y, )) (5, +2)( +2\/ (%)) +((5, +1)(v ))2
+(n—2)\/(AFn (v,)) 5 +1 +2\/ ) + )2 0

:(n—3)\/32+32+2\/22+32 (n—z)Jn +32 +24n? + 22
=3(n-3)v2+2v13+(n—-2)Vn? +9+2yn? + 4
I 4, BIESEI B, (n> 2) 19 Sombor F5kRA
4(\/§+2«/§), Yn=2
SO(B,,)=
413 +8y1+n? +2(n-2)v9+4n” +6(n-3)v2, 4n>3

B, v(B,,)=1+2nfle(B,,)=4n-2, Mn=20tRNES, =2, BKEA, =4, Hn>3H
BN Sy =2, KA, =2n. XFn=2, B A 2 KILERRNE A, 8 FUERERNE S

KR PTEL

2

so(Bzvz)zz\/aann(vi)ﬁa (v;) +4\/5 V) +4g (V)

=22+ 22 1422 4 4
=4(\/§+2\/§)
T3, B, WH 4 Kb (S, +1) BARUNES, H 4 FODERINE SRR,
2(n-2) il (0, +1) B ARBCAIE, 2(n—3) Foilsiee (0, +1) e, AT

n,|

SO(BM):4\/(( 8, +1)(v) )2+(5B (vj))z+4\/(5B )2+(ABM<VJ-)>
+2(n-2)((8%, +1)) #(8s, (%)

+2(n- 3\/( L+ ) +((8,, +2)( ) 0
—aF 127 a2+ (2n) +2(n-2)|[3 +(2n) +2(n-3)VF + 3
= 413 +8V1+n? +2(n—2)\9+4n° +6(n-3)/2
SEF 5. Rkl N5 K C, +C, 1) Sombor FEH5x A
SO(C,+Cy) = 2n(3v2 +2:5)(n>3)
UEBA. v(C,*Cs)=3nHe(C,+Cy)=4n, & LA HENE S, o =2, KL A o, =4, Hn>3 0,

A n SRIERR/NE A, n SFUERRRE M, 20 SRILERR /N E RORERCRE AL BTEVER) Sombor
LAV

SO(C,<C,) = n\/(5cn,c3 (v ))2 +(5Cn'ca (vj ))2 + n\/(ACn_C3 (v, ))2 +(Acn,03 (vj ))2

+ 2n\/(Acn_C3 (v)) (e, (v, ))2 O
= /8 +n/32 +2n/20
= 2n(3\/§+ 2\/5)
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SEFL 6. PEHEREE N, , f) Sombor $R45 A
SO(N,,)=2(a+b-4)v2+5+3/13

N

EH. V(N,,)=a+bAe(N,,)=a+h, BHRBNES, =1, BAEA,, =3, N, {04 1 Kbk
BERLINEE R (8, +1) LR H 3 SLAERER RIS (8, +1) BEA, 4 (a+b—4) S30EHE (6, +1)
M, FTLLE Sombor fbr A

S0 (Naw) = (3 () # (80, 1)) +3 (A0, () ({50, +1) (1)

2

+(<’;l+b—4)\/(((5Nahb +1)(Vi))2 +((6Na,b +1)(vj )) 0O
=12 427 +3Y32 + 22 +(a+b—4)\/m
=5+3/13+2(a+b-4)y2

ab

2

SEFL 7. FLREI D, , . 1 Sombor 85 A
SO(D, ) =6+13+2(a+b+c—6)v2

iEB. v(D,,.)=a+b+c-1fe(D,, )=a+b+c, EMBNES, =2, HKEA, =3, D,,,

ab,c

ta
H 6 FKIERRCINE RURRKIE R, H (a+b+c—6) FRiliEHm /NE A, FILE R Sombor #8474
SO(D, ) =6v13+2(a+b+c—6)v2 O

EH 8. X THFEL,,, B Sombor f5brA
SO(L,,) =25 +2(b-1)v2

SO(Ly, ) =2(b-1)v2 +5+3V13
so(LaLb):«/§+(2b—4+%(a—1)2 (a—2)jﬁ+\/4+ a’ +(a-1)v2a* -2a+1(a>4)

VERA. v(Lavb):a+b%De(La,b)zéa(a—lﬁb, BHRNES, =1, BAEA, =a,
Ma=2W, L,=P,,, HTHKP KSO(P)=2/5+2(n-3)v2, (n>3),
SO(L,y)=S0(P,,y) =25 +2(2+b-3)v2 =25 +2(b-1)v2 ;

Ha=30, L, =N,,, HEHE6IH
SO(Lyy ) =50(N;, ) =2(b~1)v2 +/5+3V13

MaxaRf, L, 0 1 AEBRUNE R (8, +1) B, # (b-2) Fabiksz (o, +1) B A1

SRIEBERAIE £ (8, +1) BEAS, 1 (a—) SOBIEBEREAIE £ (8, ~1) B, 47 (a-1)(a-2) it
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B (A, —1) B BELET) Sombor fithR
SO(La,b)=\/§+(2b—4+%(a—1)2(a—2))x/§+«l4+a2 +(a_1)m, (3.24) 0

3. - FER Sombor(SO)$E#x

TEAR T Hf BT 50U A A% 7 IR S f ks 1R 1) Sombor R FRIFADIE, H15 &7 & (1) Sombor FE 47
5 71 Sombor $8 bR 2 8] 1% & 3.

3.1. A TER Sombor(SO)EHR

P DYk TR W& B, P G RARBUS IR, i1 P, 0P, R FRIRDY AR TR R
/el C,, A1 C, i R/RBUSG R, i1 C, [C, FRoms HRIUAMS 72 th I C, Mk P M RARBUITS 2
K, HC,[P (8 PC, )&~

SERL 9. I PY Ak B, 0P, (m,n>3) ¥) Sombor f&#54

SO(P,[IP,) =10(m+n—4)+2(4mn—7m-7n+6)2 +813(m,n > 3)

UE#. v(P,0P,)=mn Ale(P,CP)=2mn—n-m, Pl 7FEMHERKEZA, =4, F/D
o p =25 Hmn=3HF, B P, ‘%ﬁS%iﬂﬁa%%d\Eﬁ%D(@ p +1)E,ﬁ, 7 (2m—2n-12) %1 Bz
(dpmfpn +l)}§%,k'21, £ (2m—2n-8) %Kil iE %Bﬁjﬁlﬁﬁﬂl( . +1)f”|5 A (2mn—5n—5m+12) 1L
K, BTRLE ) Sombor f&#5

PJP 8\/ mp+1 vI )2+ vj))2
+(2m-2n-12 \/((5 +1)(w)) +((65, 5, +2)(v,))
+(2m-2n- 8\/( (S0, e, +2)(%)) +(g, 5, ()
+(2mn—5n—5m+12)\/(APnn 5 (vi))z +(Apm h (vj))z
=837 +22+(2m-2n-12)y/3? +37 +(2m-2n-8)3* + 4
+(2mn-5n-5m+12)v4* +4°
=813 +(6m+6n—-36)+/2 +(10m +10n - 40) +(8mn — 20n — 20m + 48)~/2 O

:8«/1_3+(8mn—14m—14n +12)x/§+10m +10n-40
:10(m+n—4)+2(4mn—7m—7n+6)x/§+8«/1_3

BT P, 1 SO(P,)=25+2(n-3)v2 (n>3), WP P,, P, (m,n>3)t Sombor fitx 15 Fifi Iy
ik IEI1¥) Sombor FE A5 A1) 6 R A

SO(P,R,)=(2m~1)SO(PR,)+(2n-1)SO(P, )+(10~45)(m-+n) + 45— 40+8/13(m,n > 3).

Pz

SEEE 10, FROIRPD A 4% T C,,0C, (m,n > 3) ¥) Sombor &5 Ay
SO(C,'C,)=8mnv2(m,n>3)
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nk?

ERA. HISCHR[ATAT AN, 25K G /2 n Brid k-IEMVE, )] G ) Sombor #4534 SO(G) = N AR,
RV AT B C,LC, 24> mn By 4-1E I, )
4%mn _16mn
SO(C,C, =8mnv2(m,n>3 O
(€0 c,) =S 2t 2R a2 (mn =3)

i T/l C, 111S0(C, ) =2ny2 , MPAFE C, #1C, (m,n>3) ¥ Sombor #4755 FoMR DU 1 #% T i)
Sombor fi ¥R A28 RN
so(C,[IC,)=+250(C,,)-SO(C,).
SEHE 11, HoRDUA RS T C, 0P, (34 P,IC, ) (m,n > 3) 1Y Sombor #5H5A
SO(C,P,)=10m+2(4mn-7m)+2(m,n>3).
B, v(C,0R,)=mnfle(C, 0P, )=2mn-n, EHENES, 5 =3, MAKEA, 5 =4, Hmn>3
i, C,0P t&H 2m sFiEER R /INE /L, 2m SRl /N AR R /2, (2mn—5m) SRl i e K
&, 4B/ Sombor fEAR N
SO(C,[R,)= 2m\/(5Cm o (V ))2 +(5Cm b (vj))2 +2m\/(5Cm o (V ))2 +(ACm " (vj ))2
+(2mn—5m)\/(Acm . (vi))er(ACm . (vj))2
= 2m/3 +3 +2my/3 + 42 + (2mn—5m)V/4? + 47 0
:2mx/1_8+2m\/£+(2mn—5m)\/§

=10m+2(4mn-7m)+/2

i P, 1 SO(P,) =245 +2(n-3)v2 (n>3), B C, f1SO(C, ) =2my2, N C, R P, (m,n>3)
1 Sombor $5 45 5 1R PY 4% 7 K Sombor 4R 8] 1155 7 X0

=N
V2
3.2. 73AETE/ Sombor(SO)EHxE

S kTR B &R P, PR KRS IR, P, UP, &R RS AE FEEH
PN C, 1 C ek R /RBIE RN, B C, UC, ®on; HRR AR T EZ B C, Mk PRk
B EIME, HmC, UP (P, UC, &R,

EH 12, P AN TE P, U P, (m AEE0)1 Sombor $5 5

24/10+(6mn—15m—10n+23)+/2 +2(m+n-5)4/13, m H{E%L
2\/—0+( mn — 6m—§n+23)«/§+2(m+n—5)\/ﬁ, n {5

SO(C,1R,)=—=50(C, ) +10my/2 +4m(SO(P,) - 245 ) (m,n > 3).

SO(P, UPR,)=

B (P, LP)=mn, 4 n AfEH, e(PmuPn)=%n(m—l), 0 A
e(P, UB,)=2mn—3m—n , P/ s T EIRANE 8 o =1, BKRE A, o =3, % n NZPEH, P, UP,
W 2 AU BRI SRR S, A (2mn—5m—dn-+7) S UE B AL A (n+1) AL iR
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(Ao, up, = Orup, ) R A (2m+2n-10) FIIESE (Ap g = O, ) BEAURIBKE A, [MILE R Sombor 15
bR

SO(P,UPR,)= 2\/(5PmuPn (v ))2 +H(Bem, (V) ))2
+(2mn—-5m—-4n+ 7)\/(ApmuPn (v ))z + (APmuPn (Vj ))2
+(n +1)\/((5Pmupn _Apmupn )(Vi ))2 +((5pmuPn —APmuPn )(Vj ))

+(2m+2n —10)\/((5Pmupn A )W) +(Apn (v))
= 2x/12+—32+(2mn—5m—4n+7)x/m+(n+1)\/m+(2m+2n—10)m
= 2\/E+(2mn—5m—4n+7)«/1_8+(n +1)\/§+(2m + 2n—10)«/ﬁ
= 2m+(6mn—15m—10n+23)\/§+2(m+ n —5)«/1_3

2

2 S, B, UPR A 2 SR RN E RO A (gmn—Zm—%nHj E U SN

B (L) SR (A —On i ) FERT, (2M+20—10) KAHERE (Ap p — 5 g ) BE UKL AT, T
‘B 1) Sombor #5k5 K

SO(P, LUP,)= 2\/(5Pmupn W) +(Aee, (v))
+@mn —2m—%n+7j\/(APmuPn (%)) +(Bee, (v5))
(DG ~Beym )] (B, =B ) ()]
(2 +20-10)y (3.~ 8.0, )0 (0, ()
— P+ + ( mn— 2m—%n+7}¢m+(n+1)\/m+(2m+2n—10)Jm
_2ﬁ+( mn - 2m—%n+7]\/ﬁ+(n+l)«/§+(2m+2n—10)\/1—3 O

—2ﬁ+[ mn— 6m—§n+23)«/§+2(m+n—5)\/ﬁ

T P, 11 SO(P,)=2v/5+2(n-3)v2 (n>3), W@ P, P, (m,n>3)1 Sombor fiitx5F I/~
Fiks 7 B Sombor FaAR 156 REA:

ENWSEEE G
SO(P, UP,)=(m++2)SO(R,)+nSO(P, )+(2mn—9m—4n-+23)/2
+2(m+n-5)13-2Bm— (215 + 4)n+12
ENWSEE Gl

SO(P, UR,)=(m++2)SO(R,)+nsO(R,)+ (%mn—l—zln+23}/§
+2(m+n—5)\/ﬁ—2\/§m—(2\/§+4)n+12

il
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FEHE 13, RAAKTEC, UC, (mn=4, m,n NEE)K Sombor fEH5r N

_9mn

so(C, uCn)_f(m,n24,m,nj%%§5().
2
ERA. HISCHR[ATAT AN, 25K G /2 n Brid k-IEME, )] G ) Sombor #4534 SO(G) = r:/kz T YT

WAk TR C, uC &> mn Bt 3- 1L,
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