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ABC  "! �$#$�&% !"')(+*-,. 0/"( % ! %�1 !�*-*2 �32( � , � *2!4* � A′ 5 B′ 5 C ′ (+*768/ � *7,"69,"*76: %  � *2 # 6�;< !=6>*?/ #>� / � 6>*@,"*BA � ! �$# * #�C  �*B(+*76D37E �>F 6G,. �$#$�&% !"')(+* ABC 6 � ! � ,"*76IH � 6>6J*73 �$#$� 37*76

,. �$#$�&% !"')(+* A′B′C ′ ;

K�LNM � ! �$# * #OC  �*P( % 6 � A=A9*Q,"*76 % !"')(+*76@,"*R, #>����� *76 (A′A,A′B′) + (A′A,A′C ′) *76 �
!S "(�(+*UT C  �*R/�*2 �WVX� !Y, ��# *Z,"*76[37* # 32(+*76P,"*\, �&% A9] �$# *76 AB * � AC ^ L ;

_`L[a � !�32(� # *);

K



b�c�dfe.gihic�j
k *76l/ ��� ! � 6 A 5 A′ 5 B 5 B′ T # *76$/�; A 5 A′ 5 C 5 C ′

L 6 � ! � 3 � 32m.32( �+C  �*76 5 /" � 6 C  �n � (+6% /"/ %o#$�$� *2!"!�*2! �R%  �37* # 32(+*Z,"*Z, �&% A9] �$# * AB T # *76$/�; AC L ; < ! % , � !�3Gp
(A′A,A′B′) + (A′A,A′C ′) = (BA,BB′) + (CA,CC ′)

= (BA,AC) + (AC,BB′) + (CA,AB) + (AB,CC ′)

= 0

T F ' % ( ���>F 6P,qn % !"')(+*26P,"*Z, #>����� *76 L ;

rtsvu9w�x$y e s�z
�S� (+* �$#$�&% !"')(+* ABC %[�>�  �6D6>*76 % !"')(+*26 %o� ') �6 5 (+*76 : %  � *2 # 6 AA′ 5 BB′ * � CC ′ 6 � ! �
(+*76[H � 6>6>*73 �$#$� 37*76 � ! �>F2#$� *2 # *76P,. �$#$�&% !"')(+* A′B′C ′ { 6 � (|n  "!�,"*76 % !"')(+*76t,. �$#$�&% !"')(+*
ABC *76 �B� H �  �6 5 ,"*2 .}l,"*76 : %  � *2 # 6O,"* ABC 6 � ! � ,"*76BH � 6J6>*73 �$#$� 37*76@*v} �>F2#$� *2 # *76
,"* A′B′C ′ 5 (|n %  �$# *\ "!�*\H � 6>6>*73 �$#$� 37* � ! �>F2#$� *2 # *);
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ABC  "! �$#>�+% !�')(�*�,. �/"( % ! %�1 !�*Y*2 �32( � , � *2! % 32 �J% !"')(+*�Ti, � ! � (+*76 % !"')(+*76

6 � ! ��%o� ') �6 L * � P 5 Q 5 R �$#>��� 6Z/ ��� ! � 6 % /"/ %o#$� *2! % ! ��# *76$/�*73 �$��� *2A9*2! ��%  .}�37E �>F 6
BC 5 CA * � AB ,. �$#$�&% !"')(+*U* � , � 6 �$� !�3 � 6�,"*=6>*76Z6 � A=A9* � 6 � *2(+6 C  �*=( % 6 � A=A9*
PQ + QR + RP 6 ����� A � ! � A % (+*); < !�6>*�/ #>� / � 6>*8,"*�A � ! �$# * #ZC  �*�(+*76R37E �>F 6\,. �$#$�&% !"')(+* ABC 6 � ! � (�*76RH � 6>6>*73 �$#$� 37*76\*v} �>F2#$� *2 # *76Z,. �$#$�&% !"')(+* PQR ; k *76 % !"')(+*76C  �q� ! � * #$��� *v!�, #>� ! � 6>* #>� ! � ' F7� A F2�$#$�+C  �*76 5 3)n�*76 �P� , ��# *\! � ! ��#$� *2! �>F 6t* � (+*2 # A9* V
6$ # *Z6>* #J% / #$� 6>*Z, % !�6 [0,π] ;
� % !�6Q "!�/ # *2A � * #\� *2A=/�6 5 � !��"}.* P 6$ # (+*86>*2')A9*2! � [BC] ; �.����� P ′ T # *76>/�; P”

L
(+*\6>mSA F2�$#$�+C  �*Z,"* P / %o#O#J% /"/ ��#$�Q� ( % , #>����� * (AB) T # *76$/�; (AC) ;

k *N/ F2#$� A9] �$# *B,"* PQR *76 � P ′R+RQ+QP ′
C  � *26 � A � ! � A % ( C  % !�, P ′, R,Q,P”

6 � ! �Q% ( � ')! F 6P* � , % !�6P37* �P��# , # *);�3)n�*76 � (+*�3 % 6t6 � * � 6J*2 "(+*2A9*v! � 6 � R T # *76$/�; R L *76 �
(|n � ! � * # 6>*73 �$�+� !0,"* (P ′P”) * � ,"* [AC] T # *76$/�; [AB]

L 3 %o# P̂ ′AP = 2Â < π 6 � Â
, F 6 � ')!�*\(|n % !"')(+* B̂AC ;
k * �$#$�&% !"')(+* P ′AP”

F2�J% ! �P� 6 � 37]2(+*�*2! A 5 � ! % P ′P” = 2APsin2Â 5 C  � *76 � A ��V
! � A % ( C  % !�, AP (|n�*76 � 3)n�*76 ��� , ��# * C  % !�, P *76 � (+*=/ � *7,�,"*=( % : %  � *2 #�� 6>6$ �*
,"* A 5 C  �G% /"/ %o#$�$� *2! � H � *2! %  �6>*2')A9*2! � [BC] /" � 6 C  �*�(+*76 % !"')(+*76 B̂ * � Ĉ 6 � ! �%o� ') �6�;�������

TP (+* �$#$�&% !"')(+* � !�6>3 #$��� , % !�6 ABC / %o# 37* �$� *�3 � !�6 �$#  �3 �$�+� !�* � 6 ����� p 6 � !
/ F2#$� A9] �$# *); ������� P ′Q′R′  "! %  �$# * �$#$�&% !"')(+*U,"*9/ F2#$� A9] �$# * p′ ; �S� P ′ = P 5 � ! %

�



p′ > p 5 6 � P ′ 6= P * � p′ > / F2#$� A9] �$# *�,"* TP ′ > p ;k *9A9�2A9* #J%o� 6 � !"!�*2A9*2! �8% /"/"( �+C  F�� Q * � R A � ! �$# * C  �*8(+* �$#$�&% !"')(+* ��#$� : �+C  �*
*76 � (+*Z6>*2 "( �>#$�&% !"')(+* � !�6>3 #$��� , % !�6 ABC ,"*\/ Fv#>� A9] �$# *ZA � ! � A % (|;

rtsvu9w�x$y e s8� p� �  �6 %���� !�6 %  �/ % 6>6 % '`*U, F A � ! �$#>F 5 C  �*U, % !�6�(+*U3 % 6�,qn  "! �$#$�&% !"')(+* % 32 �J% !"')(+* 5C  �*R(+*76 : %  � *2 # 6P,"* ABC 6 � ! � H � 6>6>*73 �$#$� 37*76 � ! �>F2#$� *2 # *76P,. �$#$�&% !"')(+* ��#$� : �+C  �*);
rtsvu9w�x$y e s�� pk * �$#>�+% !�')(�* PQR *76 � , � !�3 � ( %9�i��� 6Q(+* �$#$�&% !"')(+*8,"*�/ F2#$� A9] �$# *�A � ! � A % ( � !�6J3 #$���
, % !�6�(+* �$#$�&% !"')(+* ABC * � (+*[6J*2 "( �$#$�&% !"')(+*P,"*O(� "A � ] # *�T �  �$#J%�� *73 �>����# *t,"*OH � (�( %o# , L
3 � ! � *2!S �, % !�6�37* �$#$�&% !"')(+*); �S� (|n  "! ,"*76 % !"')(+*76�,. �$#$�&% !"')(+* ABC *76 ��� H �  �6 5 � (
!�n�*v} � 6 � *¡/ % 6=,"* �$#J%�� *73 �>����# *-,"*¡(� �A � ] # *�, % !�68(+* �$#$�&% !"')(+* ABC * � (+* �$#$�&% !"')(+*
,"*�/ F2#$� A9] �$# *¡A � ! � A % (O*76 �=% /"( %o�$� pD3)n�*76 � (+* �$#$�&% !"')(+* APA 6 � (|n % !"')(+*¡*2! A ,. �$#$�&% !"')(+* ABC *76 �[� H �  �6�;
rtsvu9w�x$y e s�¢ pk %��£� !�3 �$�+� ! (P,Q,R) 7→ PQ+QR +RP ,"* [BC]× [CA]× [AB] , % !�6 R *76 �
3 � ! �$� !S �* 5 , � !�3 %o�$� * � ! � 6 � !UA � ! � A� "A¤6$ # (�*P3 � A=/ % 3 � [BC]× [CA]× [AB] ; < !��� *2! � ,"* ������#�C  �*N6 � 37*�A � ! � A� "A¥*76 �I%o�$� * � ! � *2!�,"*76�/ ��� ! � 6 P 5 Q 5 R , � 6 �>� !�3 � 6�,"*76
6 � A=A9* � 6 A 5 B 5 C 5 37*76t/ ��� ! � 6Q6 � ! � ! F 37*76>6 %o��# *2A9*2! � (�*76P/ � *7,"6P,"*76 : %  � *2 # 6�; �S�
(+*[A � ! � A� "A F2�J%o���B%o�$� * � ! � / �  # R′ = A T
/ %o# *v}.*2A=/"(+* L 5 � ! %  #J%o���B%  �6J6 � Q′ = A

* � P ′ 6>* #J%o��� (+*[/ � *7, P ,"*[( % : %  � *2 #?� 6>6$ �*[,"* A { (+*[/ F2#$� A9] �$# *P,"* P ′Q′R′ 6>* #J%o���
, � !�3 2AP 5 37* C  � *76 � 6$ "/ F2#$� *2 #t%  ¡/ F2#$� A9] �$# *Z,"* PQR ; k * �$#$�&% !"')(+* PQR *76 �
, � !�3\H � *2!-(+* �$#$�&% !"')(+*Z,�*R/ F2#$� A9] �$# *ZA � ! � A % ( � !�6>3 #$��� , % !�6[(+* �$#$�&% !"')(+* ABC ;
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