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Abstract　 Th ree new cyclic g raphs w ere const ructed by using computer. The fo llow ing resul ts

w ere obtained: R ( 4, 15)≥ 138, R ( 4, 16)≥ 150, R ( 4, 17)≥ 158 , in which the f irst one is bet ter

than the known resul t R ( 4, 15)≥ 134, the last tw o fi ll in tw o blanks in the table of bounds of

Ramsey numbers.
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摘要　通过计算机构造了 3个新的循环图 , 从而得到了 3个 Ram sey数新的下界: R ( 4, 15)≥ 138, R( 4, 16)≥

150, R ( 4, 17)≥ 158 . 其中第一个结果超过目前已知最好的 R ( 4, 15)≥ 134 , 后两个结果填补了 Ram say数下

界表的 2个空白 .
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　　 It i s a dif ficul t problem in g raph theo ry to de-

termine Ramsey numbers. So fa r there is no sign o f

break-through in both theo ry and methods. Conse-

quently in the last few years schola rs of di fferent na-

tions used special methods to estima te some specific

Ramsey mumbers[1 ] , assisted by computers. K. Pi-

w akow ski obtained low er bounds of Ramsey num-

bers R ( 4, 10) , R ( 4, 11) , R ( 4, 12) , R ( 4, 13) , R ( 4, 14)

in [2 ] , and R ( 4, 15)≥ 134 in [3]. But the calcula-

tion for finding new low er bounds becomes mo re

and more complicate w ith the increase of Ramsey

numbers. So w e made a new at temp in [4]: Utilizing

the t ransi tion, rota tion and other properties o f cyclic

g raphs o f prime order to improve the genera tion of

parameters so that the computation became more ef-

ficient. In this paper w e use the way in [4] , and ob-

tain oth er three new low er bounds of Ramsey num-

bers.

For a giv en prime number p , let Zp = { 0, 1, 2,

… , p - 1} . Choose a pa rameter set S { 1, 2, … ,

( p - 1 ) /2}. Let G be a g raph whose ver tex set i s

VG= Zp and the edge set is defined as fo llow s: tw o

ver tices x and y are connected by an edge i f and only

if min {|x - y|, p - |x - y|}∈ S. The g raph G

is called the cyclic g raph o f o rder p with respect to

the pa rameter set S and deno ted by Gp ( S) .

From this approach w e const ructed 3 cyclic
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g raphs of prime o rder as follow s:

1) p = 137 and parameter set o f g raph G

　 S= { 1, 3, 4, 9, 11, 12, 14, 24, 26, 30,

32, 33, 37, 39, 43, 49, 53, 59, 64, 66}.

2) p = 149 and parameter set o f g raph G

　 S= { 1, 2, 4, 7, 10, 14, 16, 20, 27, 29,

32, 41, 42, 44, 49, 60, 61, 65, 67, 70}.

3) p = 157 and parameter set o f g raph G

　 S= { 1, 2, 5, 9, 17, 18, 20, 21, 25, 28,

32, 33, 36, 40, 42, 46, 56, 62, 66, 68, 72,

77} .

We have verified by computer the follow ing

facts: The cyclic graph G137 ( S) in 1) contains nei ther

4-point clique K4 nor subset K- 15 o f 15 isola ted

points; the cyclic g raph G149 ( S) in 2) contains nei-

ther 4-point clique K4 nor subset K- 16 of 16 isola ted

points; the cyclic g raph G157 ( S) in 3) contains nei ther

4-point K4 no r subset K- 17 of 17 isola ted points.

Therefore by Ramseys Theo rem we proved

Theorem 1　 R ( 4, 15)≥ 138,R ( 4, 16)≥ 150,

R ( 4, 17)≥ 158.

No te that our first example is bet ter than the

known result R ( 4, 15)≥ 134 . Th e last tw o fi ll in

tw o blanks in the table o f bounds o f Ramsey num-

bers, and much better than the resul ts in [5 ]: R ( 4,

16)≥ 120,R ( 4, 17)≥ 128 and R ( 4, 18)≥ 135.
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4 ( a )位置 , 等效点坐标见表 2。 DyNiSn的晶体结构

数据见表 3。
表 3　 DyNiSn的晶体结构数据

Table 3　Crystal structure data for DyNiSn

晶系 Crystal sys tem 正交 Orthorh om bic

空间群 Space group Pna21

点阵参数 Lattice parameter
a = 7. 1018( 1)• , b = 7. 6599( 2)• ,
c = 4. 4461( 2)• 　　　　　　　

单位晶胞中的化合式量
Number form ula uni t

z = 4

单胞体积 V olume of the uni t
cell

v = 241. 86• 3

计算密度 Calculated densi ty Dx = 9. 334 g /cm3
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