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GRAPH EDGE CUT AND THE GRAPH ISOMORPHISM PROBLEM
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The presented research is devoted to one of the fundamental structures in graphs  the edge cut of a 
graph. In this article the authors provide formal definitions of central and edge cuts of a graph and show 
the relation between central cuts and quasi-cycles in a graph. For that they use the notion of a ring sum 
of graphs and prove three special lemmas. The first lemma states that the ring sum of all central cuts of a 
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graph is an empty set. The second one establishes that the same statement holds also for all edge cuts of 
a graph. In turn, the third lemma states that the ring sum of the intersection of central cuts for the edges 
of any quasi-cycle of a graph is a quasi-cycle. Further, based on the notion of edge cut and the 
generation operation, the authors show the process of constructing a spectrum of edge cuts. The 
spectrum is basically characterized by a set of edges of a determined level. Moreover, it is shown that 
the spectrum of graph edge cuts can be applied to the graph isomorphism recognition problem. In 
addition, the authors consider the specificity of isomorphism recognition in a case of strongly regular 
graphs. The detailed examples of solving the problem of isomorphism recognition using the spectrum of 
graph edge cuts are given in the final part of the article. 

Keywords: graph, isomorphism, central cuts, edge cuts, quasicycles, spectrum of edge cuts. 
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uij = w i) w j

:

u12 u23 up1 = (w 1) w 2)) (w 2) w 3))

(w p) w 1)).
(2)

p
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w k) w k+1). (3)

G,
3.

. G

S = {s1,s2,s3,s4,s5,s6

s1 = {u1,u2,u3}; s2 = {u1,u4,u5,u6}; s3 = {u4,u7,u8,u9};

s4 = {u2,u5,u7,u10}; s5 = {u8,u10,u11}; s6 = {u3,u6,u9,u11}.

{u1,u2,u3} {u1,u4,u5,u6} {u4,u7,u8,u9} {u2,u5,u7,u10} {u8,u10,u11} {u3,u6,u9,u11} =

u4,u6,u9}.

{u1,u5,u6,u7,u8,u9} {u1,u3,u4,u5,u9,u11} {u3,u4,u6,u7,u8,u11} = 

({u1,u4,u5,u6} {u4,u7,u8,u9}) ({u1,u4,u5,u6} {u3,u6,u9,u11}) ({u3,u6,u9,u11}

{u4,u7,u8,u9}) = {u4} {u6} {u9} = {u4,u6,u9}.
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s(x1) = s1 = {u1,u2,u3};

s(x2) = s2 = {u4,u5,u6}; 

s(x3) = s3 = {u1,u4,u7}; 

s(x4) = s4 = {u2,u5,u7}; 

s(x5) = s5 = {u3,u6}. 

G
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-

w0(u1) = s1 s3 = {u1,u2,u3} {u1,u4,u7} = {u2,u3,u4,u7};

w0(u2) = s1 s4 = {u1,u2,u3} {u2,u5,u7} = {u1,u3,u5,u7};

w0(u3) = s1 s5 = {u1,u2,u3} {u3,u6} = {u1,u2,u6};

w0(u4) = s2 s3 = {u4,u5,u6} {u1,u4,u7} = {u1,u5,u6,u7};

w0(u5) = s2 s4 = {u4,u5,u6} {u2,u5,u7} = {u2,u4,u6,u7};

w0(u6) = s2 s5 = {u4,u5,u6} {u3,u6} = {u3,u4,u5};

w0(u7) = s3 s4 = {u1,u4,u7} {u2,u5,u7} = {u1,u2,u4,u5}.

-

w1(u1) = ({u2,u3,u4,u7}) = s1 s4 s1 s5 s2 s3 s3 s4 = s2 s5 =

= {u4,u5,u6} {u3,u6} = {u3,u4,u5};

w1(u2) = ({u1,u3,u5,u7}) = s1 s3 s1 s5 s2 s4 s3 s4 = s2 s5 =

= {u4,u5,u6} {u3,u6} = {u3,u4,u5};

w1(u3) = ({u1,u2,u6}) = s1 s3 s1 s4 s2 s5 = s2 s3 s4 s5 =

= {u4,u5,u6} {u3,u6} {u1,u4,u7} {u2,u5,u7} = {u1,u2,u3};

w1(u4) = ({u1,u5,u6,u7})s1 s3 s2 s4 s2 s5 s3 s4 = s1 s5 =

= {u1,u2,u3} {u3,u6} = {u1,u2,u6};

w1(u5) = ({u2,u4,u6,u7})s1 s4 s2 s3 s2 s5 s3 s4 = s1 s5 =

= {u1,u2,u3} {u3,u6} = {u1,u2,u6};

w1(u6) = ({u3,u4,u5}) = s1 s5 s2 s3 s2 s4 = s1 s3 s4 s5 =

= {u1,u2,u3} {u1,u4,u7} {u2,u5,u7} {u3,u6} = {u4,u5,u6};

w1(u7) = ({u1,u2,u4,u5}) = s1 s3 s1 s4 s2 s3 s2 s4 = .

-

w2(u1) = ({u3,u4,u5}) = s1 s5 s2 s3 s2 s4 = s1 s3 s4 s5 =

={u1,u2,u3} {u1,u4,u7} {u2,u5,u7} {u3,u6} = {u4,u5,u6};

w2(u2) = ({u3,u4,u5}) = 1 s5 s2 s3 s2 s4 = s1 s3 s4 s5 =

= {u1,u2,u3} {u1,u4,u7} {u2,u5,u7} {u3,u6} = {u4,u5,u6};

w2(u3) = ({u1,u2,u3}) =s1 s3 s1 s4 s1 s5 = s1 s3 s4 s5 =

= {u1,u2,u3} {u1,u4,u7} {u2,u5,u7} {u3,u6} = {u4,u5,u6};

w2(u4) = ({u1,u2,u6}) =s1 s3 s1 s4 s2 s5 = s2 s3 s4 s5 =

= {u4,u5,u6} {u3,u6} {u1,u4,u7} {u2,u5,u7} = {u1,u2,u3};

w2(u5) = ({u1,u2,u6}) = s1 s3 s1 s4 s2 s5 = s2 s3 s4 s5 =

= {u4,u5,u6} {u3,u6} {u1,u4,u7} {u2,u5,u7} = {u1,u2,u3};

w2(u6) = ({u4,u5,u6}) = s1 s3 s1 s4 s2 s5 = s2 s3 s4 s5 =

= {u4,u5,u6} {u3,u6} {u1,u4,u7} {u2,u5,u7} = ;

w2(u7) = .
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-

w3(u1} = ({u4,u5,u6}) = s1 s3 s1 s4 s2 s5 = s2 s3 s4 s5 =

= {u4,u5,u6} {u3,u6} {u1,u4,u7} {u2,u5,u7} = {u1,u2,u3};

w3 (u2) = ({u4,u5,u6}) = s1 s3 s1 s4 s2 s5 = s2 s3 s4 s5 =

= {u4,u5,u6} {u3,u6} {u1,u4,u7} {u2,u5,u7} = {u1,u2,u3};

w3(u3) = ({u4,u5,u6}) = s2 s3 s2 s5 s2 s6 = s2 s3 s4 s5 =

{u4,u5,u6} {u3,u6} {u1,u4,u7} {u2,u5,u7} = {u1,u2,u3} = w1{u3} = 

w3(u4) = ({u1,u2,u3}) = s1 s3 s1 s4 s1 s5 = s1 s3 s4 s5 =

= {u1,u2,u3} {u1,u4,u7} {u2,u5,u7} {u3,u6} = {u4,u5,u6};

w3(u5) = ({u1,u2,u3}) = s1 s3 s1 s4 s1 s5 = s1 s3 s4 s5 =

= {u1,u2,u3} {u1,u4,u7} {u2,u5,u7} {u3,u6} = {u4,u5,u6};

w3(u6) = ({u1,u2,u3}) = s1 s3 s1 s4 s1 s5 = s1 s3 s4 s5 =

= {u1,u2,u3} {u1,u4,u7} {u2,u5,u7} {u3,u6} = {u4,u5,u6} = w1{u6} = ;

w3(u7) = .

-

w4(u1) = ({u1,u2,u3}) = s1 s3 s1 s4 s1 s5 = s1 s3 s4 s5 =

= {u1,u2,u3} {u1,u4,u7} {u2,u5,u7} {u3,u6} = {u4,u5,u6} = w2{u1} = ;

w4(u2) = ({u1,u2,u3}) = s1 s3 s1 s4 s1 s5 = s1 s3 s4 s5 =

= {u1,u2,u3} {u1,u4,u7} {u2,u5,u7} {u3,u6} = {u4,u5,u6} = w2{u1} = ;

w4(u3) = ;

w4(u4) = ({u4,u5,u6}) s2 s3 s2 s5 s2 s6 = s2 s3 s4 s5 =

= {u4,u5,u6} {u3,u6} {u1,u4,u7} {u2,u5,u7} = {u1,u2,u3} = w2{u4} = ;

w4(u5) = ({u4,u5,u6}) s2 s3 s2 s5 s2 s6 = s2 s3 s4 s5 =

= {u4,u5,u6} {u3,u6} {u1,u4,u7} {u2,u5,u7} = {u1,u2,u3} = w2{u5} = ;

w4(u6) = ;

w4(u7) = .

0 1 2 3 4

u1 {u2,u3,u4,u7} {u3,u4,u5} {u4,u5,u6} {u1,u2,u3} {u4,u5,u6} =

u2 {u1,u3,u5,u7} {u3,u4,u5} {u4,u5,u6} {u1,u2,u3} {u4,u5,u6} =

u3 {u1,u2,u6} {u1,u2,u3} {u4,u5,u6} {u1,u2,u3} =

u4 {u1,u5,u6,u7} {u1,u2,u6} {u1,u2,u3} {u4,u5,u6} {u1,u2,u3} =

u5 {u2,u4,u6,u7} {u1,u2,u6} {u1,u2,u3} {u4,u5,u6} {u1,u2,u3} =

u6 {u2,u4,u6,u7} {u4,u5,u6} {u1,u2,u3} {u4,u5,u6} =

u7 {u1,u2,u4,u5}
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W F1{W} F2{W} F3{W} F4{W} .

w1 = s1 s3 s2 s5 s1 s3 s4 s5 s2 s3 s4 s5 s1 s3 s4 s5 = ;

w2 = s1 s4 s2 s5 s1 s3 s4 s5 s2 s3 s4 s5 s1 s3 s4 s5 = ;

w3 = s1 s5 s2 s3 s4 s5 s1 s3 s4 s5 s2 s3 s4 s5 = ;

w4 = s2 s3 s1 s5 s2 s3 s4 s5 s1 s3 s4 s5 s2 s3 s4 s5 = ;

w5 = s2 s4 s1 s5 s2 s3 s4 s5 s1 s3 s4 s5 s2 s3 s4 s5 = ;

w6 = s2 s5 s1 s3 s4 s5 s2 s3 s4 s5 s1 s3 s4 s5 = ;

w7 = s3 s4 .

3.

Lattice graph Shrikhande graph srg(16,6,2,2) 
))(GC( 1 ))(GC( 2 = 44.

G1 (lattice graph
srg(16,6,2,2)

G2 (shrikhande
graph srg(16,6,2,2)

G1 (lattice graph

1 = {u1,u2,u7} {x1,x2,x3}; 2 = {u1,u3,u10,u37} {x1,x2,x9,x10};

3 = {u1,u4,u11} {x1,x2,x12}; 4 = {u1,u5,u9,u36} {x1,x2,x8,x15};

5 = {u1,u6,u8,u32} {x1,x2,x7,x16}; 6 = {u2,u3,u12,u18} {x1,x3,x4,x10};

7 = {u2,u4,u14} {x1,x3,x12}; 8 = {u2,u5,u15,u47} {x1,x3,x14,x15};

9 = {u2,u6,u13,u24} {x1,x3,x5,x16}; 10 = {u3,u4,u39,u42} {x1,x10,x11,x12};
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11 = {u3,u5,u40} {x1,x10,x15}; 12 = {u3,u6,u41} {x1,x10,x16};

13 = {u4,u5,u44,u46} {x1,x12,x13,x15}; 14 = {u4,u6,u27,u29} {x1,x6,x12,x16};

15 = {u5,u6,u48} {x1,x15,x16}; 16 = {u7,u8,u13,u22} {x2,x3,x5,x7};

17 = {u7,u9,u15,u35} {x2,x3,x8,x14}; 18 = {u7,u10,u12,u17} {x2,x3,x3,x9};

19 = {u7,u11,u14} {x2,x3,x12}; 20 = {u8,u9,u30} {x2,x7,x8};

21 = {u8,u10,u31} {x2,x7,x9}; 22 = {u8,u11,u25,u27} {x2,x6,x7,x12}; 

23 = {u9,u10,u33} {x2,x8,x9}; 24 = {u9,u11,u34,u44} {x2,x8,x12,x13};

25 = {u10,u11,u38,u42} {x2,x9,x11,x12}; 26 = {u12,u13,u16} {x3,x4,x5};

27 = {u12,u14,u19,u42} {x3,x4,x11,x12}; 28 = {u12,u15,u20} {x3,x4,x14};

29 = {u13,u14,u21,u27} {x3,x5,x6,x12}; 30 = {u13,u15,u23} {x3,x5,x14};

31 = {u14,u15,u44,u45} {x3,x12,x13,x14}; 32 = {u16,u17,u22,u31} {x4,x5,x7,x9};

33 = {u16,u18,u24,u41} {x4,x5,x10,x16}; 34 = {u16,u19,u21,u26} {x4,x5,x6,x11};

35 = {u16,u20,u23} {x4,x5,x14}; 36 = {u17,u18,u37} {x4,x9,x10};

37 = {u17,u19,u38} {x4,x9,x11}; 38 = {u17,u20,u33,u35} {x4,x8,x9,x14};

39 = {u18,u19,u39} {x4,x10,x11}; 40 = {u18,u20,u40,u47} {x4,x10,x14,x15};

41 = {u19,u20,u43,u45} {x4,x11,x13,x14}; 42 = {u21,u22,u25} {x5,x6,x7};

43 = {u21,u23,u28,u45} {x5,x6,x13,x14}; 44 = {u21,u24,u29} {x5,x5,x16};

45 = {u22,u23,u30,u35} {x5,x7,x8,x14}; 46 = {u22,u24,u32} {x5,x7,x16};

47 = {u23,u24,u47,u48} {x5,x14,x15,x16}; 48 = {u25,u26,u31,u38} {x6,x7,x9,x11};

49 = {u25,u28,u30,u34} {x6,x7,x8,x13}; 50 = {u25,u29,u32} {x6,x7,x16};

51 = {u26,u27,u42} {x6,x11,x12}; 52 = {u26,u28,u43} {x6,x11,x13};

53 = {u26,u29,u39,u41} {x6,x10,x11,x16}; 54 = {u27,u28,u44} {x6,x12,x13};

55 = {u28,u29,u46,u48} {x6,x13,x15,x16}; 56 = {u30,u31,u33} {x7,x8,x9};

57 = {u30,u32,u36,u48} {x7,x8,x15,x164}; 58 = {u31,u32,u37,u41} {x7,x9,x10,x16};

59 = {u33,u34,u38,u43} {x8,x9,x11,x13}; 60 = {u33,u36,u37,u40} {x8,x9,x10,x15};

61 = {u34,u35,u45} {x8,x13,x14}; 62 = {u34,u36,u46} {x8,x13,x15};

63 = {u35,u36,u47} {x8,x14,x15}; 64 = {u37,u38,u39} {x8,x10,x11};

65 = {u39,u40,u43,u46} {x10,x11,x13,x15}; 66 = {u40,u41,u48} {x10,x15,x16};

67 = {u42,u43,u44} {x11,x12,x13}; 68 = {u45,u45,u47} {x13,x14,x15}.

G2 (shrikhande)

1 = {u1,u2,u7} {x1,x2,x3}; 2 = {u1,u4,u9} {x1,x2,x8};

3 = {u1,u6,u11,u43} {x1,x2,x11,x16}; 4 = {u2,u3,u13,u21} {x1,x3,x5,x7};

5 = {u2,u5,u14} {x1,x3,x10}; 6 = {u3,u4,u28} {x1,x7,x8};

7 = {u3,u6,u30} {x1,x7,x16}; 8 = {u4,u5,u32,u39} {x1,x8,x10,x15};

9 = {u5,u6,u40} {x1,x10,x16}; 10 = {u7,u8,u12} {x2,x3,x4};
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11 = {u7,u10,u15,u34} {x2,x3,x9,x12}; 12 = {u8,u9,u17,u25} {x2,x4,x6,x8};

13 = {u8,u11,u18} {x2,x4,x11}; 14 = {u9,u10,u31} {x2,x8,x9};

15 = {u10,u11,u33} {x2,x9,x11}; 16 = {u12,u13,u16} {x3,x4,x5};

17 = {u12,u14,u19,u38} {x3,x4,x10,x13}; 18 = {u13,u15,u22} {x3,x5,x12};

19 = {u14,u15,u37} {x3,x10,x12}; 20 = {u16,u17,u20} {x4,x5,x6};

21 = {u16,u18,u23,u42} {x4,x5,x11,x14}; 22 = {u17,u19,u26} {x4,x6,x13};

23 = {u18,u19,u41} {x4,x11,x13}; 24 = {u20,u21,u24} {x5,x6,x7};

25 = {u20,u22,u27,u45} {x5,x6,x12,x15}; 26 = {u21,u23,u29} {x5,x7,x14};

27 = {u22,u23,u44} {x5,x12,x14}; 28 = {u24,u25,u28} {x6,x7,x8};

29 = {u24,u26,u30,u47} {x6,x7,x13,x16}; 30 = {u25,u27,u32} {x6,x8,x15};

31 = {u26,u27,u46} {x6,x13,x15}; 32 = {u28,u29,u31,u35} {x7,x8,x9,x14};

33 = {u29,u30,u48} {x7,x14,x16}; 34 = {u31,u32,u36} {x8,x9,x15};

35 = {u33,u35,u42} {x9,x11,x14}; 36 = {u33,u36,u41,u46} {x9,x11,x13,x15};

37 = {u34,u35,u44} {x9,x12,x14}; 38 = {u34,u36,u45} {x9,x12,x15};

39 = {u37,u39,u45} {x10,x12,x15}; 40 = {u37,u40,u44,u48} {x10,x12,x14,x16};

41 = {u38,u39,u46} {x10,x13,x15}; 42 = {u38,u40,u47} {x10,x13,x16};

43 = {u41,u43,u47} {x11,x13,x16}; 44 = {u42,u43,u48} {x11,x13,x16}.

, G1 G2

G1 G2

,

G3 G4

G3: G4:

s1 = {u1,u2,u3}; s1 = {u1,u2,u3};

s2 = {u1,u4,u5}; s2 = {u1,u4,u5};

s3 = {u2,u4,u6}; s3 = {u2,u4,u6};

s4 = {u5,u6,u7,u8}; s4 = {u5,u6,u7,u8};

s5 = {u3,u7,u9}; s5 = {u3,u7,u9};

s6 = {u8,u10,u11,u12}; s6 = {u8,u10,u11};

s7 = {u9,u10,u13}; s7 = {u9,u10,u12,u13};

s8 = {u11,u14,u15}; s8 = {u12,u14,u15};

s9 = {u12,u14,u16}; s9 = {u13,u14,u16};

s10 = {u13,u15,u16}. s10 = {u11,u15,u16}.

G3: G4:

1 = {u1,u2,u4}; 1 = {u1,u2,u4};

2 = {u1,u3,u5,u7}; 2 = {u1,u3,u5,u7};

3 = {u2,u3,u6,u7}; 3 = {u2,u3,u6,u7};
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4 = {u4,u5,u6}; 4 = {u4,u5,u6};

5 = {u7,u8,u9,u10}; 5 = {u7,u8,u9,u10};

6 = {u10,u11,u13,u15}; 6 = {u10,u11,u12,u15};

7 = {u10,u12,u13,u16}; 7 = {u10,u11,u13,u16};

8 = {u11,u12,u14}; c8 = {u12,u13,u14};

9 = {u14,u15,u16}. c9 = {u14,u15,u16}.

G3 G4

,

- G3: - G4:

w(u1) = s1 s2 = {u2,u3,u4,u5}; w(u1) = s1 s2 = {u2,u3,u4,u5};

w(u2) = s1 s3 = {u1,u3,u4,u6}; w(u2) = s1 s3 = {u1,u3,u4,u6};

w(u3) = s1 s5 = {u1,u2,u7,u9}; w(u3) = s1 s5 = {u1,u2,u7,u9};

w(u4) = s2 s3 = {u1,u2,u5,u6}; w(u4) = s2 s3 = {u1,u2,u5,u6};

w(u5) = s2 s4 = {u1,u4,u6,u7,u8}; w(u5) = s2 s4 = {u1,u4,u6,u7,u8};

w(u6) = s3 s4 = {u2,u4,u5,u7,u8}; w(u6) = s3 s4 = {u2,u4,u5,u7,u8};

w(u7) = s4 s5 = {u3,u5,u6,u8,u9}; w(u7) = s4 s5 = {u3,u5,u6,u8,u9};

w(u8) = s4 s6 = {u5,u6,u7,u10,u11,u12}; w(u8) = s4 s6 = {u5,u6,u7,u10,u11};

w(u9) = s5 s7 = {u3,u7,u10,u13}; w(u9) = s5 s7 = {u3,u7,u10,u12,u13};

w(u10) = s6 s7 = {u8,u9,u11,u12,u13}; w(u10) = s6 s7 = {u8,u9,u11,u12,u13};

w(u11) = s6 s8 = {u8,u10,u12,u14,u15}; w(u11) = s6 s10 = {u8,u10,u15,u16};

w(u12) = s6 s9 = {u8,u10,u11,u14,u16}; w(u12) = s7 s8 = {u9,u10,u13,u14,u15};

w(u13) = s7 s10 = {u9,u10,u15,u16}; w(u13) = s7 s9 = {u9,u10,u12,u14,u16};

w(u14) = s8 s9 = {u11,u12,u15,u16}; w(u14) = s8 s9 = {u12,u13,u15,u16};

w(u15) = s8 s10 = {u11,u13,u14,u16}; w(u15) = s8 s10 = {u11,u12,u14,u16};

w(u16) = s9 s10 = {u12,u13,u14,u15}. w(u16) = s9 s10 = {u11,u13,u14,u15}.
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1

- G3: - G4:

w(u1) = {u3,u5,u6,u8,u9}; w(u1) = {u3,u5,u6,u8,u9};

w(u2) = {u3,u5,u6,u8,u9}; w(u2) = {u3,u5,u6,u8,u9};

w(u3) = {u1,u2,u7,u8,u9,u10,u13}; w(u3) = {u1,u2,u7,u8,u9,u10,u12,u13};

w(u4) = ; w(u4) = ;

w(u5) = {u1,u2,u5,u6,u9,u10,u11,u12}; w(u5) = {u1,u2,u5,u6,u9,u10,u11};

w(u6) = {u1,u2,u5,u6,u9,u10,u11,u12}; w(u6) = {u1,u2,u5,u6,u9,u10,u11};

w(u7) = {u3,u7,u9,u11,u12,u13}; w(u7) = {u3,u7,u9,u11,u12,u13};

w(u8) = {u1,u2,u3,u13,u15,u16}; w(u8) = {u1,u2,u3,u8,u10,u11,u12,u13,u15,u16};

w(u9) = {u1,u2,u3,u5,u6,u7,u10,u11,u12,u13,u15,u16}; w(u9) = {u1,u2,u3,u5,u6,u7,u9,u11,u15,u16};

w(u10) = {u3,u5,u6,u9,u10,u13}; w(u10) = {u3,u5,u6,u8,u10,u11};

w(u11) = {u5,u6,u7,u9,u11,u12,u15,u16}; w(u11) = {u5,u6,u7,u8,u9,u10,u15,u16};

w(u12) = {u5,u6,u7,u9,u11,u12,u15,u16}; w(u12) = {u3,u7,u8,u12,u13,u15,u16};

w(u13) = {u3,u7,u8,u9,u10,u15,u16}; w(u13) = {u3,u7,u8,u12,u13,u15,u16};

w(u14) = ; w(u14) = ;

w(u15) = {u8,u9,u11,u12,u13}; w(u15) = {u8,u9,u11,u12,u13};

w(u16) = {u8,u9,u11,u12,u13}. w(u16) = {u8,u9,u11,u12,u13}.

2

- G3: - G4:

w(u1) = {u3,u7,u9,u11,u12,u13}; w(u1) = {u3,u7,u9,u11,u12,u13};

w(u2) = {u3,u7,u9,u11,u12,u13}; w(u2) = {u3,u7,u9,u11,u12,u13};

w(u3) = {u1,u2,u5,u6,u9,u10,u15,u16}; w(u3) = {u1,u2,u5,u6,u12,u13,u15,u16};

w(u4) = ; w(u4) = ;

w(u5) = {u3,u7,u8,u9,u10,u15,u16}; w(u5) = {u3,u7,u9,u11,u15,u16};

w(u6) = {u3,u7,u8,u9,u10,u15,u16}; w(u6) = {u3,u7,u9,u11,u15,u16};

w(u7) = {u1,u2,u5,u6,u8,u9,u11,u12,u13}; w(u7) = {u1,u2,u5,u6};

w(u8) = ; w(u8) = {u12,u13,u15,u16};

w(u9) = ; w(u9) = {u1,u2,u5,u6};

w(u10) = {u3,u5,u6,u8,u9,u11,u12,u15,u16}; w(u10) = {u12,u13,u15,u16};

w(u11) = {u1,u2,u7,u8,u9,u10,u13}; w(u11) = {u1,u2,u5,u6,u12,u13,u15,u16};

w(u12) = {u1,u2,u7,u8,u9,u10,u13}; w(u12) = {u1,u2,u3,u8,u10,u11};

w(u13) = {u1,u2,u7,u9,u11,u12,u15,u16}; w(u13) = {u1,u2,u3,u8,u10,u11};

w(u14) = ; w(u14) = ;

w(u15) = {u3,u5,u6,u9,u10,u13}; w(u15) = {u3,u5,u6,u8,u10,u11};

w(u16) = {u3,u5,u6,u9,u10,u13}. w(u16) = {u3,u5,u6,u8,u10,u11}.
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3

- G3: - G4:

w(u1) = {u1,u2,u5,u6,u8,u9,u11,u12,u13}; w(u1) = {u1,u2,u5,u6};

w(u2) = {u1,u2,u5,u6,u8,u9,u11,u12,u13}; w(u2) = {u1,u2,u5,u6};

w(u3) = {u3,u7,u8,u9,u10,u15,u16}; w(u3) = ;

w(u4) = ; w(u4) = ;

w(u5) = {u1,u2,u7,u9,u11,u12,u15,u16}; w(u5) = {u1,u2,u5,u6};

w(u6) = {u1,u2,u7,u9,u11,u12,u15,u16}; w(u6) = {u1,u2,u5,u6};

w(u7) = {u3,u5,u6,u9,u10,u13}; w(u7) = ;

w(u8) = ; w(u8) = ;

w(u9) = ; w(u9) = ;

w(u10) = {u3,u7,u9,u11,u12,u13}; w(u10) = ;

w(u11) = {u1,u2,u5,u6,u9,u10,u15,u16}; w(u11) = ;

w(u12) = {u1,u2,u5,u6,u9,u10,u15,u16}; w(u12) = {u12,u13,u15,u16};

w(u13) = {u1,u2,u7,u8,u9,u10,u13}; w(u13) = {u12,u13,u15,u16};

w(u14) = ; w(u14) = ;

w(u15) = {u3,u5,u6,u8,u9,u11,u12,u15,u16}; w(u15) = {u12,u13,u15,u16};

w(u16) = {u3,u5,u6,u8,u9,u11,u12,u15,u16}. w(u16) = {u12,u13,u15,u16}.

4

- G3: - G4:

w(u1) = {u3,u5,u6,u9,u10,u13}; w(u1) = ;

w(u2) = {u3,u5,u6,u9,u10,u13}; w(u2) = ;

w(u3) = {u1,u2,u7,u9,u11,u12,u15,u16}; w(u3) = ;

w(u4) = ; w(u4) = ;

w(u5) = {u1,u2,u7,u8,u9,u10,u13}; w(u5) = ;

w(u6) = {u1,u2,u7,u8,u9,u10,u13}; w(u6) = ;

w(u7) = {u3,u5,u6,u8,u9,u11,u12,u15,u16}; w(u7) = ;

w(u8) = ; w(u8) = ;

w(u9) = ; w(u9) = ;

w(u10) = {u1,u2,u5,u6,u8,u9,u11,u12,u13}; w(u10) = ;

w(u11) = {u3,u7,u8,u9,u10,u15,u16}; w(u11) = ;

w(u12) = {u3,u7,u8,u9,u10,u15,u16}; w(u12) = ;

w(u13) = {u1,u2,u5,u6,u9,u10,u15,u16}; w(u13) = ;

w(u14) = ; w(u14) = ;

w(u15) = {u3,u7,u9,u11,u12,u13}; w(u15) = ;

w(u16) = {u3,u7,u9,u11,u12,u13}. w(u16) = .
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5 G3

- G3: - G3:

w(u1) = {u3,u5,u6,u8,u9,u11,u12,u15,u16}; w(u1) = ;

w(u2) = {u3,u5,u6,u8,u9,u11,u12,u15,u16}; w(u2) = ;

w(u3) = ; w(u3) = ;

w(u4) = ; w(u4) = ;

w(u5) = {u1,u2,u5,u6,u9,u10,u15,u16}; w(u5) = ;

w(u6) = {u1,u2,u5,u6,u9,u10,u15,u16}; w(u6) = ;

w(u7) = ; w(u7) = ;

w(u8) = ; w(u8) = ;

w(u9) = ; w(u9) = ;

w(u10) = ; w(u10) = ;

w(u11) = {u1,u2,u7,u9,u11,u12,u15,u16}; w(u11) = ;

w(u12) = {u1,u2,u7,u9,u11,u12,u15,u16}; w(u12) = ;

w(u13) = ; w(u13) = ;

w(u14) = ; w(u14) = ;

w(u15) = {u1,u2,u5,u6,u8,u9,u11,u12,u13}; w(u15) = ;

w(u16) = {u1,u2,u5,u6,u8,u9,u11,u12,u13}. w(u16) = .

G4

G3

1. , . :
, 1990. 384

2.
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