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∆ =





cosβ cos γ sin α sin β cos γ − cosα sin γ cosα sin β cos γ + sin α sin γ
cosβ sin γ sin α sin β sin γ + cosα cos γ cosα sin β sin γ − sin α cos γ
− sinβ sin α cosβ cosα cosβ
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sin α ≈ α
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Ψp =





cos ρp − sin ρp 0
sin ρp cos ρp 0

0 0 1
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1 −ρp 0
ρp 1 0
0 0 1
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ΣΨ

′

pq̂p

) âG�mã

Ý¡¹2°D´¡¹r58´�5�BD*R58´c+/´4Åm1r5C-4*R´K²£E8-43�µ2°U¿ *8¿:ÃK*�3�5�Î�²£Em-,3�12BD5C+,*�+,¹:*�¶�Em´c+�²£127:¶�+,°DE87�1:´,°F7:@
2n
-4*R´,°D921:5CBx²£127r¶j+,°DE87r´�ß

2n∑

j=1

r2

j

Ã�°X+4¹
r2i−1 = xi −
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∂r1

∂a
∂r1

∂b
∂r1

∂c
∂r1

∂α
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∂β
∂r1

∂γ
∂r1

∂ρ1

∂r1

∂ρ2

· · · ∂r1
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∂r2n

∂a
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∂b
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∂c
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∂α
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∂β
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∂γ
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∂ρ1

∂r2n

∂ρ2

· · · ∂r2n

∂ρn
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α, β, γ, ρ1, . . . , ρn
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B

B

B

B

B

@

x̂1u11 ŷ1u12 u13 (bŷ1u13 − cu12) (cu11 − ax̂1u13) (ax̂1u12 − bŷ1u11) u14 · · · 0
x̂1v11 ŷ1v12 v13 (bŷ1v13 − cv12) (cv11 − ax̂1v13) (ax̂1v12 − bŷ1v11) v14 · · · 0��� ��� ��� ��� ��� ��� ��� � � � ���
x̂nun1 ŷnun2 un3 (bŷnun3 − cun2) (cun1 − ax̂nun3) (ax̂nun2 − bŷnun1) 0 · · · un4

x̂nvn1 ŷnvn2 vn3 (bŷnvn3 − cvn2) (cvn1 − ax̂nvn3) (ax̂nvn2 − bŷnvn1) 0 · · · vn4
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C
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B
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bR23ŷi − cR22

cR21 − aR23x̂i

aR22x̂i − bR21ŷi

c(bR21x̂i + aR22ŷi) − abR23

1

C

C

A

vi = s
2

i

0

B

B

@

cR12 − bR13ŷi

aR13x̂i − cR11

bR11ŷi − aR12x̂i

abR13 − c(bR11x̂i + aR12ŷi)

1

C

C

A
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si = (aR31x̂i + bR32ŷi + cR33)
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r2i−1 = xi − si (aR11x̂i + bR12ŷi + cR13)

r2i = yi − si (aR21x̂i + bR22ŷi + cR23)
�Ð°X+4¹�+,¹2*i*�ÂY³2BD°D¶�°X+!*�ÂY³2-4*R´4´c°DE87r´$²£E8-O+,¹2*g]m5m¶�E8»:°D587^587:9^+4¹2*/-4*R´,°D921:5CBY²£1:7:¶j+4°FEm7:´�µAÃ!*

¹:5�½8*�@8°D½8*�7¸5CBDB<°F7:@8-4*R9Y°D*�7A+4´i-4*RÅA12°D-,*~9>+,E�E8³2+,°D3�°DÖ�*�+4¹2*�¶�Em´c+�²£127:¶j+4°FEm7Í1r´c°D72@�*8¿ @:¿x+,¹:*
ý�*�½m*�70»_*�-4@CÕ�ÀÁ5C-ÅA1:5C-90+�E8-�=?581:´,´cÕRh�*�Ã¡+4E87Ø3^*�+,¹2EY92´R¿<×�7Ø+4¹2*�²£E8BDBFEnÃ�°D72@¸³:5C-5C@m-458³2¹�µ
ÃK*?´c¹:EnÃ ¹2EnÃÐ+4E�»_*�72*�Ù2+�²£-4E83þ+,¹:*?´,³:58-4´,°X+eÎ^E8²�+,¹2*�]A58¶�E8»2° 5C7ºâ�72*R58-,BDÎ�5CBDB'9Y*�-4°D½�5C+,°D½8*~´
Ã�°X+4¹�-4*R´,³_*R¶j+¡+4E^+,¹2*

ρp

5C-4*�Ö�*�-4EAã�¿



i �Aö~ö~ü>�2úKò Ý¡¹2*?»:5m´c° ¶?5C³2³:-,E�ÂY°D3^5C+,°DE87�+4E�+,¹2*�å/*R´4´c° 5C7�3�5n+,-4°FÂ;1:´,*R9�°F7�BD*R58´c+�´,ÅA1:58-,*~´
E8³Y+4°F3^°DÖ�*�-´$´c1r¶¹�5m´$=?581:´4´eÕRh�*RÃ¡+,E87�°D´

H = JT J
¿j�O5m¶¹�°F+,*�-5n+4°FEm7�E8²r´,1:¶¹�5i72Em7YÕIBD°D72*R58-

3�*�+,¹2EY9�¶�Em3^*R´�9YEnÃ�7�+,E�´,E8BD½A°D72@�5�BF°D72*~5C-�*RÅA1:5C+,°DE87�´cÎY´c+,*R3ÄEC²�+,¹2*�²£EmBFBDEnÃ�°F7:@�²£Em-,3�ß
(

A6×6 B6×n

B
T

Dn×n

) (
x6
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=
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(
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x = a − BD
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