
Pensieve header: Solving the WKO equations using free-Lie Μ-calculus technology; continued pen-

sieve://2013-10/.

Solving the Equations

SetDirectory@"C:\\drorbn\\AcademicPensieve\\2013-05"D;

<< FreeLie.m

$SeriesShowDegree = 3; $SeriesCompareDegree = 5;

<< muCalculus.m

ΜCoefficients@expr_D := Flatten@Last@Reap@Collect@expr, _LW _CW, Sow@ð D &DDDD;

ΜCoefficients@l_ListD := ΜCoefficients �� l;

Α = MakeLieSeries@8"1", "2"<, ΑsD;

Β = MakeLieSeries@8"1", "2"<, ΒsD;

Γ = MakeCWSeries@8"1", "2"<, ΓsD;

V = M@81 ® Α, 2 ® Β<, ΓD;

Κs@d_, 1D := If@OddQ@dD, 0, Κs@dDD;

Κ = MakeCWSeries@8"1"<, ΚsD;

Unprotect@CD; C = M@81 ® MakeLieSeries@0D<, ΚD;

HardR4@d_, V_D :=

Module@8lhs = R+@2, 3D ** R+@1, 3D ** V, rhs = V ** HR+@1, 3D �� dD@1, 1, 2DL<,

8lhs@1D�d - rhs@1D�d, lhs@2D�d - rhs@2D�d,

lhs@3D�d - rhs@3D�d, lhs@WD�d - rhs@WD�d<
D;

TwistEq@d_, V_D :=

Module@8lhs = V ** Q@1, 2D, rhs = R+@1, 2D ** HV �� dΣ@81, 2< ® 82, 1<DL<,

8lhs@1D�d - rhs@1D�d, lhs@2D�d - rhs@2D�d, lhs@WD�d - rhs@WD�d<
D;

UnitarityEq@d_, V_D :=

Module@8lhs = V ** HV �� dA@1D �� dA@2DL, rhs = dΕ@1D Ü dΕ@2D<,

8lhs@1D�d - rhs@1D�d, lhs@2D�d - rhs@2D�d, lhs@WD�d - rhs@WD�d<
D;

CapEq@d_, V_, C_D := Module@
8lhs = V ** HC �� dD@1, 1, 2DL �� dc@1D �� dc@2D, rhs = C Ü HC �� dΣ@1, 2DL<,

8lhs@WD�d - rhs@WD�d<
D;

VerticalFlipEq@d_, V_D :=

Module@8lhs = V ** HV �� dS@1D �� dS@2DL, rhs = R+@1, 2D<,

8lhs@1D�d - rhs@1D�d, lhs@2D�d - rhs@2D�d, lhs@WD�d - rhs@WD�d<
D;
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HardR4@2, VD
:0, 0, -

X12\
2

- X12\ Αs@1, 2D + X12\ Βs@1, 1D, 0>

HardR4@2, VD �� ΜCoefficients

:80<, 80<, :-

1

2
- Αs@1, 2D + Βs@1, 1D>, 80<>

TwistEq@1, VD �� ΜCoefficients

::
1

2
+ Αs@1, 2D - Βs@1, 1D, Αs@1, 1D - Βs@1, 2D>,

:-

1

2
- Αs@1, 2D + Βs@1, 1D, -Αs@1, 1D + Βs@1, 2D>,

8Γs@1, 1D - Γs@1, 2D, -Γs@1, 1D + Γs@1, 2D<>

CapEq@1, V, CD �� ΜCoefficients

88-Αs@1, 1D + Γs@1, 1D, -Βs@1, 2D + Γs@1, 2D<<

VerticalFlipEq@1, VD �� ΜCoefficients

882 Αs@1, 1D, 2 Αs@1, 2D<, 8-1 + 2 Βs@1, 1D, 2 Βs@1, 2D<, 8Αs@1, 1D, Βs@1, 2D<<

UnitarityEq@1, VD �� ΜCoefficients

880<, 80<, 8-Αs@1, 1D + 2 Γs@1, 1D, -Βs@1, 2D + 2 Γs@1, 2D<<

Solve@Hð � 0L & �� Union@ΜCoefficients@8
HardR4@2, VD, TwistEq@1, VD, CapEq@1, V, CD, UnitarityEq@1, VD

<DDD
::Αs@1, 2D ® -

1

2
+ Βs@1, 1D, Αs@1, 1D ® 0, Βs@1, 2D ® 0, Γs@1, 1D ® 0, Γs@1, 2D ® 0>>

sol1 = Solve@Hð � 0L & �� Union@ΜCoefficients@8
HardR4@2, VD, TwistEq@1, VD, CapEq@1, V, CD, VerticalFlipEq@1, VD

<DDD
::Αs@1, 1D ® 0, Αs@1, 2D ® 0, Βs@1, 1D ®

1

2
, Βs@1, 2D ® 0, Γs@1, 1D ® 0, Γs@1, 2D ® 0>>
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sol1 �. Rule ® Set; 8V, C<
:MB:1 ® LSB0, 1 2

q
Αs@2, 1D, 1 1 2

q
s

Αs@3, 1D + 1 2
q

2
s

Αs@3, 2DF,

2 ® LSB
1
p

2
, 1 2

q
Βs@2, 1D, 1 1 2

q
s

Βs@3, 1D + 1 2
q

2
s

Βs@3, 2DF>,

CWSA0, 11
�

Γs@2, 1D + 12
�

Γs@2, 2D + 22
�

Γs@2, 3D,

111
�

Γs@3, 1D + 112
�

Γs@3, 2D + 122
�

Γs@3, 3D + 222
�

Γs@3, 4DEF,

MA81 ® LS@0, 0, 0D<, CWSA0, 11
�

Κs@2D, 0EE>
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80, 0, CW@12D Αs@2, 1D - CW@12D Βs@2, 1D +

2 CW@11D Γs@2, 1D + 2 CW@12D Γs@2, 2D + 2 CW@22D Γs@2, 3D<

HardR4@3, VD �� ΜCoefficients

:80<, 80<, :-

1

24
- Αs@2, 1D,

1

12
+ Βs@2, 1D>, 80<>

TwistEq@2, VD �� ΜCoefficients

::
1

8
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1

8
+ Αs@2, 1D + Βs@2, 1D>,

8Γs@2, 1D - Γs@2, 3D, -Γs@2, 1D + Γs@2, 3D<>

CapEq@2, V, CD �� ΜCoefficients

88Αs@2, 1D - Βs@2, 1D + Γs@2, 2D + 2 Κs@2D, Γs@2, 1D, Γs@2, 3D<<

sol2 = Solve@Hð � 0L & �� Union@ΜCoefficients@8
HardR4@3, VD, TwistEq@2, VD, UnitarityEq@2, VD, CapEq@2, V, CD

<DDD
::Αs@2, 1D ® -

1

24
, Βs@2, 1D ® -

1

12
,

Γs@2, 1D ® 0, Γs@2, 2D ® -

1
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, Γs@2, 3D ® 0, Κs@2D ® -

1
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>>

sol2 �. Rule ® Set; 8V, C<
:MB:1 ® LSB0, -
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UnitarityEq@3, VD �� ΜCoefficients

880<, 80<, 8Αs@3, 1D - Βs@3, 1D + 2 Γs@3, 2D,

-Αs@3, 2D + Βs@3, 2D + 2 Γs@3, 3D, 2 Γs@3, 1D, 2 Γs@3, 4D<<

HardR4@4, VD �� ΜCoefficients

880<, 80<, 8-Αs@3, 1D, -Αs@3, 2D + Βs@3, 1D, Βs@3, 2D<, 80<<

TwistEq@3, VD �� ΜCoefficients

88Αs@3, 1D - Βs@3, 2D, Αs@3, 2D - Βs@3, 1D<, 8-Αs@3, 1D + Βs@3, 2D, -Αs@3, 2D + Βs@3, 1D<,

8Γs@3, 1D - Γs@3, 4D, -Γs@3, 1D + Γs@3, 4D, Γs@3, 2D - Γs@3, 3D, -Γs@3, 2D + Γs@3, 3D<<

CapEq@3, V, CD �� ΜCoefficients

88Αs@3, 1D - Βs@3, 1D + Γs@3, 2D, -Αs@3, 2D + Βs@3, 2D + Γs@3, 3D, Γs@3, 1D, Γs@3, 4D<<

sol3 = Solve@Hð � 0L & �� Union@ΜCoefficients@8
HardR4@4, VD, TwistEq@3, VD, UnitarityEq@3, VD, CapEq@3, V, CD

<DDD
88Αs@3, 1D ® 0, Αs@3, 2D ® 0, Βs@3, 1D ® 0,

Βs@3, 2D ® 0, Γs@3, 1D ® 0, Γs@3, 2D ® 0, Γs@3, 3D ® 0, Γs@3, 4D ® 0<<

sol3 �. Rule ® Set; 8V, C<
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UnitarityEq@4, VD �� ΜCoefficients

:80<, 80<, :-

1

576
+ Αs@4, 1D - Βs@4, 1D + 2 Γs@4, 2D,

-

1

1152
+ Αs@4, 2D - Βs@4, 2D + 2 Γs@4, 3D, -2 Αs@4, 2D + 2 Βs@4, 2D + 2 Γs@4, 4D,

Αs@4, 3D - Βs@4, 3D + 2 Γs@4, 5D, 2 Γs@4, 1D, 2 Γs@4, 6D>>

sol4 = Solve@Hð � 0L & �� Union@ΜCoefficients@8
HardR4@5, VD, TwistEq@4, VD, UnitarityEq@4, VD, CapEq@4, V, CD

<DDD
::Αs@4, 1D ®
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, Βs@4, 3D ®

1

720
, Γs@4, 1D ® 0, Γs@4, 2D ®

1

2880
, Γs@4, 3D ®

1

2880
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1
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>>
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sol4 �. Rule ® Set; $SeriesShowDegree = 4; 8V, C<
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VerticalFlipEq@ð, VD & �� 82, 3, 4<
880, 0, 0<, 80, 0, 0<, 80, 0, 0<<

sol5 = Solve@Hð � 0L & �� Union@ΜCoefficients@8
HardR4@6, VD, TwistEq@5, VD, UnitarityEq@5, VD, CapEq@5, V, CD

<DDD
::Αs@5, 1D ® 0, Αs@5, 3D ® 0, Βs@5, 1D ® -

1

7680
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Γs@5, 4D ® 0, Γs@5, 5D ® 0, Γs@5, 6D ® 0, Γs@5, 7D ® 0, Γs@5, 8D ® 0>>

sol5 �. Rule ® Set; $SeriesShowDegree = 5; 8V, C<
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sol6 = Solve@Hð � 0L & �� Union@ΜCoefficients@8
HardR4@7, VD, TwistEq@6, VD, UnitarityEq@6, VD, CapEq@6, V, CD

<DDD
::Αs@6, 1D ® -

31

967 680
, Αs@6, 3D ® -
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645 120
, Βs@6, 1D ® -

1

645 120
,

Αs@6, 9D ® -

1
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, Αs@6, 2D ®
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, Βs@6, 2D ®
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483 840
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,
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, Βs@6, 3D ® -
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,

Αs@6, 5D ® -
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, Βs@6, 4D ® -

13
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,
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,
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1

120 960
, Γs@6, 8D ® -
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,
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362 880
, Γs@6, 11D ® -
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,

Γs@6, 12D ® -
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, Γs@6, 13D ® -
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120 960
, Γs@6, 14D ® 0, Κs@6D ® -
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>>
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sol6 �. Rule ® Set; $SeriesShowDegree = 6; 8V, C<
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sol7 = Solve@Hð � 0L & �� Union@ΜCoefficients@8
HardR4@8, VD, TwistEq@7, VD, UnitarityEq@7, VD, CapEq@7, V, CD

<DDD
::Αs@7, 1D ® 0, Αs@7, 3D ® 0, Βs@7, 1D ®

1

258 048
, Αs@7, 18D ® 0, Αs@7, 2D ® 0,

Αs@7, 5D ® 0, Αs@7, 14D ® 0, Βs@7, 2D ® -

5

387 072
, Αs@7, 4D ® 0, Αs@7, 16D ® 0,

Βs@7, 3D ®

5

290 304
, Αs@7, 10D ® 0, Αs@7, 6D ® 0, Αs@7, 7D ® 0, Αs@7, 8D ® 0,

Βs@7, 4D ®

1

64 512
, Αs@7, 17D ® 0, Βs@7, 5D ® -

7

1 658 880
, Αs@7, 9D ® 0,

Αs@7, 11D ® 0, Βs@7, 6D ®

1

96 768
, Αs@7, 13D ® 0, Βs@7, 7D ® -

1

60 480
,

Αs@7, 12D ® 0, Βs@7, 8D ® -

1

96 768
, Βs@7, 9D ® -

1

207 360
, Αs@7, 15D ® 0,

Βs@7, 10D ® 0, Βs@7, 11D ® -

17

1 451 520
, Βs@7, 12D ® 0, Βs@7, 13D ®

1

207 360
,

Βs@7, 14D ® 0, Βs@7, 15D ® 0, Βs@7, 16D ® 0, Βs@7, 17D ® 0, Βs@7, 18D ® 0,
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80, 0, 0<

sol10 = Solve@Hð � 0L & �� Union@ΜCoefficients@8
HardR4@11, VD, TwistEq@10, VD, UnitarityEq@10, VD, CapEq@10, V, CD

<DDD
::Αs@10, 1D ® -

73

3 503 554 560
, Αs@10, 9D ® -

73

1 401 421 824
, Βs@10, 1D ® -

1

9 809 952 768
,

Αs@10, 3D ® -

511

2 335 703 040
, Αs@10, 99D ® -

1

95 800 320
, Αs@10, 2D ®

73

875 888 640
,

Αs@10, 5D ®

73

350 355 456
, Βs@10, 2D ®

1129

35 035 545 600
, Αs@10, 88D ®

5

76 640 256
,

Αs@10, 4D ® -

1621

6 812 467 200
, Αs@10, 11D ®

617 777

49 049 763 840
+ 10 Βs@10, 96D,

Βs@10, 3D ® -

1 698 659

735 746 457 600
- 2 Βs@10, 96D, Αs@10, 6D ® -

18 539

6 569 164 800
- 2 Βs@10, 96D,

Αs@10, 95D ®

10 013

3 832 012 800
+ 2 Βs@10, 96D, Αs@10, 7D ® -

471 703

105 106 636 800
- 4 Βs@10, 96D,

Αs@10, 8D ®

12 941

30 656 102 400
, Βs@10, 4D ® -

34 747

245 248 819 200
, Αs@10, 57D ® -

59

283 852 800
,

Αs@10, 97D ®

1679

191 600 640
+ 7 Βs@10, 96D, Βs@10, 5D ®

194 479

122 624 409 600
+ Βs@10, 96D,

Αs@10, 10D ®

45 121

35 035 545 600
+ Βs@10, 96D, Αs@10, 13D ®

34 229

35 035 545 600
+ 2 Βs@10, 96D,

Αs@10, 34D ®

1 280 467

367 873 228 800
+ 3 Βs@10, 96D, Αs@10, 73D ® -

4883

1 149 603 840
-

5

2
Βs@10, 96D,

Βs@10, 6D ®

116 761

61 312 204 800
+

5

2
Βs@10, 96D, Αs@10, 12D ®

383

87 091 200
+

5

2
Βs@10, 96D,
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Dror Bar-Natan: Academic Pensieve: 2013-05: SolvingWKO.nb 2013-10-18 11:19:27

http://drorbn.net/AcademicPensieve/2013-05/#MathematicaNotebooks



Αs@10, 87D ®

52 807

15 328 051 200
+

5

2
Βs@10, 96D, Βs@10, 7D ®

25 271

3 344 302 080
+

15

2
Βs@10, 96D,

Αs@10, 15D ®

6 461 969

735 746 457 600
+

15

2
Βs@10, 96D, Αs@10, 14D ®

65 459

6 569 164 800
+

15

2
Βs@10, 96D,

Αs@10, 31D ®

6103

15 328 051 200
, Βs@10, 8D ®

3349

10 218 700 800
, Αs@10, 16D ® -

2281

4 541 644 800
,

Βs@10, 9D ®

270 493

245 248 819 200
+ Βs@10, 96D, Αs@10, 20D ® -

2 666 999

122 624 409 600
- 19 Βs@10, 96D,

Αs@10, 18D ®

4 751 993

735 746 457 600
+ 5 Βs@10, 96D, Αs@10, 98D ®

16 699

1 916 006 400
+ 7 Βs@10, 96D,

Αs@10, 24D ®

2689

1 061 683 200
+ 2 Βs@10, 96D, Αs@10, 17D ®

16 927

17 517 772 800
+ Βs@10, 96D,

Αs@10, 32D ® -

34 997

7 664 025 600
- 4 Βs@10, 96D, Αs@10, 80D ® -

7039

851 558 400
-

9

2
Βs@10, 96D,

Βs@10, 10D ® -

1873

3 269 984 256
-

1

2
Βs@10, 96D, Αs@10, 19D ® -

152 807

81 749 606 400
-

1

2
Βs@10, 96D,

Αs@10, 39D ®

317 831

16 349 921 280
+ 15 Βs@10, 96D, Βs@10, 11D ® -

2 551 573

735 746 457 600
- 5 Βs@10, 96D,

Αs@10, 91D ® -

904 049

45 984 153 600
- 15 Βs@10, 96D, Αs@10, 22D ® -

35 347

973 209 600
-

51

2
Βs@10, 96D,

Αs@10, 26D ® -

21 706 621

367 873 228 800
- 45 Βs@10, 96D, Αs@10, 21D ® -

1159

82 114 560
-

21

2
Βs@10, 96D,

Αs@10, 44D ®

136 127

30 656 102 400
+

61

32
Βs@10, 96D, Βs@10, 12D ®

1

20 528 640
-

61

32
Βs@10, 96D,

Αs@10, 23D ® -

30 953

7 357 464 576
-

61

32
Βs@10, 96D, Αs@10, 86D ®

101 197

7 664 025 600
+

21

2
Βs@10, 96D,

Βs@10, 13D ® -

128 077

22 295 347 200
- 3 Βs@10, 96D, Αs@10, 28D ® -

255 307

122 624 409 600
- 3 Βs@10, 96D,

Αs@10, 25D ® -

24 103

8 758 886 400
- 3 Βs@10, 96D, Αs@10, 56D ® -

47 701

22 992 076 800
-

3

32
Βs@10, 96D,

Αs@10, 63D ® -

4831

1 703 116 800
-

61

32
Βs@10, 96D, Βs@10, 14D ®

5837

15 328 051 200
- 2 Βs@10, 96D,

Αs@10, 27D ® -

2 119 787

367 873 228 800
-

125

32
Βs@10, 96D,

Βs@10, 15D ® -

4493

1 513 881 600
-

125

32
Βs@10, 96D,

Αs@10, 29D ® -

36 703

4 541 644 800
-

253

32
Βs@10, 96D,

Αs@10, 30D ® -

2 094 149

735 746 457 600
-

125

32
Βs@10, 96D, Βs@10, 16D ® -

4001

8 758 886 400
,

Αs@10, 83D ® -

2501

5 748 019 200
+ Βs@10, 96D, Βs@10, 17D ®

80 447

30 656 102 400
+

5

2
Βs@10, 96D,

Αs@10, 33D ®

161 587

49 049 763 840
+

5

2
Βs@10, 96D, Αs@10, 92D ® -

105 233

5 109 350 400
-

31

2
Βs@10, 96D,

Βs@10, 18D ® -

1 606 277

735 746 457 600
-

7

2
Βs@10, 96D, Αs@10, 35D ®
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-

77 969

8 758 886 400
-

11

2
Βs@10, 96D, Αs@10, 36D ® -

29 767 223

735 746 457 600
-

67

2
Βs@10, 96D,

Αs@10, 50D ®

739 763

91 968 307 200
+

151

32
Βs@10, 96D, Βs@10, 19D ® -

110 491

40 874 803 200
- Βs@10, 96D,

Αs@10, 37D ®

17 827

49 049 763 840
- Βs@10, 96D, Αs@10, 94D ®

14 647

383 201 280
+

61

2
Βs@10, 96D,

Βs@10, 20D ® -

7499

3 832 012 800
-

5

2
Βs@10, 96D, Αs@10, 41D ®

48 227

5 255 331 840
+

15

2
Βs@10, 96D,

Αs@10, 47D ®

17 586 761

735 746 457 600
+ 21 Βs@10, 96D, Αs@10, 38D ®

50 111

13 377 208 320
+

5

2
Βs@10, 96D,

Αs@10, 67D ®

3557

766 402 560
-

1

4
Βs@10, 96D, Βs@10, 21D ® -

69 691

30 656 102 400
+

49

32
Βs@10, 96D,

Αs@10, 40D ®

96 577

73 574 645 760
+

81

32
Βs@10, 96D,

Αs@10, 72D ® -

131 413

10 218 700 800
-

305

32
Βs@10, 96D,

Βs@10, 22D ® -

103 403

10 218 700 800
+

5

2
Βs@10, 96D, Αs@10, 42D ®

3937

26 276 659 200
-

33

32
Βs@10, 96D, Αs@10, 43D ®

8 792 369

735 746 457 600
+

231

32
Βs@10, 96D,

Βs@10, 23D ® -

535

919 683 072
+

61

32
Βs@10, 96D, Αs@10, 45D ®

321 179

49 049 763 840
+ 6 Βs@10, 96D,

Βs@10, 24D ®

9407

61 312 204 800
, Αs@10, 85D ®

44 689

2 554 675 200
+ 14 Βs@10, 96D,

Αs@10, 55D ® -

428 251

91 968 307 200
-

9

32
Βs@10, 96D, Αs@10, 75D ®

-

187 391

30 656 102 400
-

77

16
Βs@10, 96D, Βs@10, 25D ®

863

2 554 675 200
-

29

32
Βs@10, 96D,

Αs@10, 46D ® -

44 771

30 656 102 400
-

61

32
Βs@10, 96D, Αs@10, 84D ®

20 819

8 360 755 200
+

23

32
Βs@10, 96D, Βs@10, 26D ® -

1 887 947

183 936 614 400
+

159

32
Βs@10, 96D,

Αs@10, 49D ®

7 841 569

367 873 228 800
+

255

16
Βs@10, 96D, Αs@10, 48D ®

147 253

15 328 051 200
+

105

16
Βs@10, 96D, Αs@10, 52D ®

2 954 569

147 149 291 520
+

267

16
Βs@10, 96D,

Βs@10, 27D ®

56 099

61 312 204 800
+

45

16
Βs@10, 96D, Βs@10, 28D ®

5303

61 312 204 800
-

61

32
Βs@10, 96D,

Αs@10, 51D ® -

582 863

122 624 409 600
-

119

32
Βs@10, 96D,

Αs@10, 54D ® -

45 817

16 349 921 280
-

61

32
Βs@10, 96D,

Βs@10, 29D ® -

689

61 312 204 800
-

3

16
Βs@10, 96D,

Αs@10, 53D ® -

19 757

6 131 220 480
-

3

16
Βs@10, 96D, Βs@10, 30D ®

10 859

8 360 755 200
-

3

32
Βs@10, 96D,

, ,

Dror Bar-Natan: Academic Pensieve: 2013-05: SolvingWKO.nb 2013-10-18 11:19:27

http://drorbn.net/AcademicPensieve/2013-05/#MathematicaNotebooks



Βs@10, 31D ®

1571

3 832 012 800
, Βs@10, 32D ® -

3047

955 514 880
-

5

2
Βs@10, 96D,

Αs@10, 59D ®

7 677 623

367 873 228 800
+ 17 Βs@10, 96D, Αs@10, 93D ®

1 031 363

45 984 153 600
+ 18 Βs@10, 96D,

Βs@10, 33D ®

15 269

40 874 803 200
, Βs@10, 34D ®

2143

2 874 009 600
+ Βs@10, 96D,

Αs@10, 96D ® -

233

10 948 608
- 17 Βs@10, 96D, Αs@10, 58D ® -

119 033

16 721 510 400
-

13

2
Βs@10, 96D,

Αs@10, 70D ®

23

31 539 200
, Βs@10, 35D ® -

4723

1 437 004 800
+

61

32
Βs@10, 96D,

Αs@10, 60D ®

7 345 673

735 746 457 600
+

61

8
Βs@10, 96D,

Αs@10, 79D ® -

75 823

8 360 755 200
-

251

32
Βs@10, 96D,

Βs@10, 36D ® -

267 661

40 874 803 200
-

11

8
Βs@10, 96D,

Αs@10, 61D ®

101 681

40 874 803 200
+

21

8
Βs@10, 96D,

Αs@10, 62D ®

132 101

22 992 076 800
+

209

32
Βs@10, 96D,

Βs@10, 37D ® -

323

12 262 440 960
-

61

32
Βs@10, 96D,

Αs@10, 71D ® -

260 731

13 138 329 600
-

275

32
Βs@10, 96D,

Αs@10, 77D ® -

20 501

2 090 188 800
-

257

32
Βs@10, 96D,

Βs@10, 38D ®

360 779

367 873 228 800
-

17

32
Βs@10, 96D,

Αs@10, 64D ®

53 533

49 049 763 840
+

47

32
Βs@10, 96D, Βs@10, 39D ®

160 531

31 531 991 040
,

Αs@10, 89D ®

250 403

19 707 494 400
+ 8 Βs@10, 96D, Αs@10, 65D ®

3007

328 458 240
+

27

4
Βs@10, 96D,

Αs@10, 76D ® -

24 806 053

2 207 239 372 800
-

159

16
Βs@10, 96D,

Αs@10, 66D ®

1087

5 109 350 400
-

27

32
Βs@10, 96D,

Αs@10, 69D ® -

3 462 461

551 809 843 200
-

177

32
Βs@10, 96D,

Βs@10, 40D ® -

32 339

26 276 659 200
-

11

32
Βs@10, 96D,

Βs@10, 41D ®

239

66 355 200
+

61

32
Βs@10, 96D, Αs@10, 68D ® -

9709

3 284 582 400
-

75

32
Βs@10, 96D,

Βs@10, 42D ® -

3943

2 874 009 600
-

79

32
Βs@10, 96D,

Βs@10, 43D ®

337 973

183 936 614 400
-

61

16
Βs@10, 96D, Βs@10, 44D ®

1

7 983 360
-

5

2
Βs@10, 96D,
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Βs@10, 45D ® -

1 420 889

367 873 228 800
-

61

32
Βs@10, 96D,

Αs@10, 81D ®

19 669

5 748 019 200
+

17

8
Βs@10, 96D, Αs@10, 82D ®

112 943

11 496 038 400
+

37

8
Βs@10, 96D,

Αs@10, 74D ® -

4 111 993

735 746 457 600
-

33

8
Βs@10, 96D,

Βs@10, 46D ® -

1963

875 888 640
-

93

32
Βs@10, 96D, Βs@10, 47D ®

33 857

13 624 934 400
+ 2 Βs@10, 96D,

Βs@10, 48D ®

48 911

15 328 051 200
-

21

16
Βs@10, 96D, Βs@10, 49D ®

453 757

45 984 153 600
+

51

32
Βs@10, 96D,

Αs@10, 78D ®

467

185 794 560
+

51

32
Βs@10, 96D, Βs@10, 50D ®

14 981

11 496 038 400
- 2 Βs@10, 96D,

Βs@10, 51D ® -

12 077

30 656 102 400
, Βs@10, 52D ®

91 027

20 437 401 600
+

17

32
Βs@10, 96D,

Βs@10, 53D ® -

683

425 779 200
+ 3 Βs@10, 96D, Βs@10, 54D ® -

41 971

61 312 204 800
,

Βs@10, 55D ®

1811

718 502 400
+ 8 Βs@10, 96D, Βs@10, 56D ®

6571

22 992 076 800
+

5

2
Βs@10, 96D,

Βs@10, 57D ® -

299

1 277 337 600
, Βs@10, 58D ®

8033

2 874 009 600
+

29

32
Βs@10, 96D,

Βs@10, 59D ®

2 383 991

551 809 843 200
+

17

32
Βs@10, 96D,

Αs@10, 90D ® -

23 899

2 043 740 160
-

243

32
Βs@10, 96D,

Βs@10, 60D ®

158 003

36 787 322 880
+

61

32
Βs@10, 96D, Βs@10, 61D ®

313

319 334 400
+

29

32
Βs@10, 96D,

Βs@10, 62D ® -

26 513

5 748 019 200
- 2 Βs@10, 96D, Βs@10, 63D ® -

611

851 558 400
,

Βs@10, 64D ® -

678 851

183 936 614 400
-

61

32
Βs@10, 96D,

Βs@10, 65D ®

809

143 700 480
+ 2 Βs@10, 96D, Βs@10, 66D ®

607

1 703 116 800
-

7

16
Βs@10, 96D,

Βs@10, 67D ® -

41

9 580 032
- 10 Βs@10, 96D, Βs@10, 68D ®

3101

1 459 814 400
+

61

32
Βs@10, 96D,

Βs@10, 69D ® -

163 543

55 180 984 320
-

61

32
Βs@10, 96D, Βs@10, 70D ® -

1777

522 547 200
-

7

2
Βs@10, 96D,

Βs@10, 71D ®

10 673

5 748 019 200
+ 15 Βs@10, 96D, Βs@10, 72D ® -

7549

1 277 337 600
-

5

2
Βs@10, 96D,

Βs@10, 73D ®

1

2 052 864
+ 2 Βs@10, 96D, Βs@10, 74D ® -

120 259

61 312 204 800
-

29

32
Βs@10, 96D,

Βs@10, 75D ® -

821

1 916 006 400
, Βs@10, 76D ® -

358 201

183 936 614 400
+

17

32
Βs@10, 96D,

Βs@10, 77D ®

1549

547 430 400
+

5

2
Βs@10, 96D, Βs@10, 78D ® -

1

2 395 008
- Βs@10, 96D,

Βs@10, 79D ®

6253

7 664 025 600
+

1

2
Βs@10, 96D, Βs@10, 80D ®

2159

1 916 006 400
+ 5 Βs@10, 96D,
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Βs@10, 81D ® -

145

76 640 256
-

5

2
Βs@10, 96D, Βs@10, 82D ®

90 313

7 664 025 600
+ 3 Βs@10, 96D,

Βs@10, 83D ® -

389

718 502 400
+ 2 Βs@10, 96D, Βs@10, 84D ®

129 673

22 992 076 800
+

5

2
Βs@10, 96D,

Βs@10, 85D ®

389

383 201 280
, Βs@10, 86D ®

541

638 668 800
, Βs@10, 87D ®

767

1 277 337 600
,

Βs@10, 88D ®

1

11 975 040
, Βs@10, 89D ®

7621

656 916 480
+ 5 Βs@10, 96D,

Βs@10, 90D ® -

4877

766 402 560
- Βs@10, 96D, Βs@10, 91D ® -

791

149 299 200
- 2 Βs@10, 96D,

Βs@10, 92D ® -

1217

153 280 512
- 3 Βs@10, 96D, Βs@10, 93D ®

9179

3 832 012 800
+ Βs@10, 96D,

Βs@10, 94D ® -

1

5 987 520
- 2 Βs@10, 96D, Βs@10, 95D ®

1

3 548 160
, Βs@10, 97D ®

1

1 995 840
,

Βs@10, 98D ®

1

2 280 960
, Βs@10, 99D ® -

1

47 900 160
, Γs@10, 1D ® 0,

Γs@10, 2D ® -

1

191 600 640
, Γs@10, 3D ® -

1

191 600 640
, Γs@10, 4D ® -

1

191 600 640
,

Γs@10, 5D ® -

1

191 600 640
, Γs@10, 6D ® -

1

191 600 640
, Γs@10, 7D ® -

1

191 600 640
,

Γs@10, 8D ® -

1

191 600 640
, Γs@10, 9D ® -

1

191 600 640
, Γs@10, 10D ® -

1

191 600 640
,

Γs@10, 11D ® -

1

191 600 640
, Γs@10, 12D ® -

1

191 600 640
, Γs@10, 13D ® -

1

191 600 640
,

Γs@10, 14D ® -

1

191 600 640
, Γs@10, 15D ® -

1

191 600 640
, Γs@10, 16D ® -

1

191 600 640
,

Γs@10, 17D ® -

1

191 600 640
, Γs@10, 18D ® -

1

383 201 280
, Γs@10, 19D ® -

1

191 600 640
,

Γs@10, 20D ® -

1

191 600 640
, Γs@10, 21D ® -

1

191 600 640
, Γs@10, 22D ® -

1

191 600 640
,

Γs@10, 23D ® -

1
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s
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14 515 200
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1 2
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s
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q

1 2
q

17 418 240
+

1 2
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2
s
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1 209 600
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-
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2
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2
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+
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111112

120 960
-

111122

120 960
-
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120 960
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111222

120 960
-

112112

241 920
-
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120 960
-

112212

120 960
-

112222

120 960
-
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362 880
-
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120 960
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, 0,

11111112

4 838 400
+

11111122

4 838 400
+

11111212

4 838 400
+

11111222

4 838 400
+

11112112

4 838 400
+

11112122

4 838 400
+

11112212

4 838 400
+

11112222

4 838 400
+

11121112

9 676 800
+
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4 838 400
+

11121212

4 838 400
+

11121222

4 838 400
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11122112

4 838 400
+
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4 838 400
+

11122212
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1111111112
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-
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-
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-
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191 600 640
-

1111211212

191 600 640
-

1111211222

191 600 640
-

1111212112
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-

- - - -
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