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8>ORyXbf[jZ�ªh� Ä�2�D¢MwdYQaOqS7VXp�o^gsLjOk�rVsLNORgXJ	n�gh[�LjMfZ^SHgXJiSHZ7WfL3gsnFQ�LUVsvfORpkOkL�dX� 6 VspRp>gXJfZ<VsJPc	LNMf[jZ7Z6[NZ\Wf[NZlQaZ\J~L�QaLjVsvPpkZ<VsJPc�bfJPQaLjVsvPpkZQaLNZlVXcYd~zKQ�LUVrLjZ\QF[NZlQaW}Z\SHLNOR�XZ\pkdh� 6 VXpkp¼L�]Fg^ORQ�JPgsL�OkJ`V^QaLNZ\VhcYd~z{QaLjVsLNZh� �µ��nÒLjZ7[�E_cYZ7pqQ�LjZ7ORJYzAF�Z\QNMfZHL�G ¸�HJI��
¡ MPZ<S7gXJPS7Z7WYL#gsnFQ�LUVsvfORpkOkL�d`OqQ�[NZ\pRVsLNZ\c`LNgE]�MPVrL�MPVXWfWiZ\JPQ�LNgtZ7OkLNMPZ7[�vPVspRp�gXJfZ<gX[�LjMf[NZ\Z6Okn�LjMfZ7d�Vs[jZmo^gr�XZlc	vwd	V	ÌãQNo^VXpkp¯ÍVXo^gXbfJ~L\��IKJ�n�VXS�Ll�wLNMfZ#�~bfZlQ�LjOkghJBLNMiVrL ]_Z�]FVXJ~L�LNgTVXJPQa]FZ7[_ORQFLjMfOqQ 2�I{nÀZ\O�LjMfZ7[ vPVXpkp¼OqQFo<gr�hZ\cTvwdBV�Ì QNoTVspRpµÍYVXo<ghbfJ~LF]�ORpRp}OkL[jZHLjbf[jJ�LjgTO�LUQ gX[jOkyhOkJPVXp¼pkgYS7VsLNORgXJi±
ËYbfWfW}ghQNZ#LNMPVsL�LjMfZmWfpqVXS7Z7o^Z7J~L�gXn@vPVspRpÀghJfZ�OqQ�SUMPVXJfyXZlctv~dto^gr�wOkJfy�O�L�v~dEV Å ÖT¹rÈÒÈ¢Vso^ghbfJ~L(LNg�QNpROkyhMhLjpkdtMfORyXMfZ\[�yh[NghbfJPc¦�Z\O�LjMfZ7[FLjgmLjMfZ�pkZ7nÒL gh[FLNMfZ�[jOkyhMhLFgsn>O�LUQFQaLjVsLNOqS�Wig~QaOkLNORgXJ:�@¡ MfZ�vPVXpkp¦]�ORpkp¼[jgXpRp¦cYgr]�JBLjMfZ#QapRgXW}ZX�wZ7�hZ7J~LNbiVspRpkdT[jZHLjbf[NJPOkJfymLNg^OkLjQ
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QaLjVsLNOqS�W}ghQNO�LjOkghJ:� �3JTLNMfZ3gsLjMfZ7[_MPVsJPc:�~QNbfWfW}ghQNZ(LjMPVrL_LNMfZ3WfpRVhSHZ\o<Z\J~L�gsn:vPVXpkpiLNMP[NZ\Z(ORQFSUMPVXJfyXZlc^v~d<o^gr�wOkJfymO�LFv~d^V Å ÖT¹rÈÒÈVXo^gXbfJ~L�LNg	QNpkORyXM~Ljpkd	pRgr]FZ7[�yX[jgXbfJic¦�:Z7OkLNMPZ7[#LjgELNMfZTpRZHnÒL�gh[�LNMfZT[jOkyhM~L�gXnFOkLjQmQ�LUVrLNOqS^W}ghQNO�LjOkghJ:�B¡ MfZTvPVXpkp@]�ORpkp�[Nghpkp¢cYgr]�JLjMfZ�QNpkghWiZh�@I{n>OkL(]FVhQ�cYOqQaWfpqVXS7Z\c�LNg<LNMPZ#pkZ7nÒL�O�L(oTV´dTuiJfORQNMEOkJEW}ghQNO�LjOkghJx�aªl�H�@I{n>OkL�OqQ�cYORQNWfpqVXS7Z\c�LNg^LNMPZ#[NORyXM~L LNMfZ#viVspRp¦]�OkpRpWP[NgYSHZ\Z\ctgXJ	QNgXo^Z#pRZ7JfyXLNMwdtZH�fSHbf[UQNOkghJ�� LNMfZmuPyXbf[jZ�cYgwZ\Q(JfgsL3QNMfgr] bPQ(]�MPZ7[jZ#LNMfZmvPVspRp�]�ORpkp�uPJfOqQaM�� 6FbYL3Z7�wORcfZ7J~LNpRdX�iOkJZ\O�LjMfZ7[�QjSHZ7JiVs[jOkgi�\LjMfZFvPVspRpYcYgwZ\QÀJfgsL�[NZ7LNbf[jJ#Ljg3OkLjQ>gX[jORyXORJPVsphWfpRVhSHZ\o<Z\J~L�2:OkL�S\VsJ:Í L�[Nghpkp~bfWmMPOkpRp��>I{L�ORQÀOko^W}gX[NLjVXJhL>LNg3[NZlSHghyXJfOqQaZLjMPVrL�QaLjVXvfORpkOkL�dBOqQ�QaghpkZ\pkd�S7gXJPS7Z7[jJfZ\c�]�O�LjME]�MfZHLjMfZ7[ LjMfZ#vPVspRp¦]�ORpkp:[jZHLjbf[jJ�Ljg<OkLjQ(gX[jOkyhOkJPVXp¼Wig~QaOkLNORgXJtO�n�OkL(ORQ�cYOqQNWfpRVhSHZlc�vwd�VÌãQNo^VXpkp¯ÍfVso^ghbfJ~L��YOkL(ORQ�JPgsL�SHghJPSHZ\[NJPZ\cB]�OkLNME]�MfZ\[NZ�LjMfZ#vPVspRp:yhg~ZlQFO�n@OkL�cYgwZ\Q JfgXL [jZHLjbf[jJ�Ljg^O�LUQ�gX[jOkyhOkJiVsp¼pkgYS\VrLNORgXJ��
¡ MwbPQ�VXp�LjMfgXbfyhM�vPVXpkpqQ�gXJfZ^VsJic`LNMP[NZ\Z^VX[NZ6vigXLNM®VrL�QaLNZ\VhcYd~z{QaLjVsLNZ6]_Z^S7VXJ�cY[UV´] VtcYORQaLNORJPSHLNORgXJxviZ7L�]_Z\Z7J	LjMfZ7o viZlS7VsbiQaZLjMfZ7dx[jZ\QNWighJPcxLNg	V	QNoTVspRp_SUMPVXJfyXZ^ORJecYOqQaWPpRVhSHZ7o^Z\JhL�ORJ��hZ7[jd�cYOk|}Z\[NZ\JhL<]FV´dYQ�2mV Å Ö^¹sÈÒÈ(SUMPVsJPyXZ^LNg�vPVspRp¢gXJPZ�cYgwZ\QmJfgsLSUMiVsJfyhZ<OkLjQmpkghJfysz¯LNZ\[No Wig~QaOkLNORgXJ®]�MfZ\[NZlVXQ#V Å Ö^¹sÈÒÈ�SUMPVsJfyhZ<LNg`vPVXpkp�LNMf[jZ7ZBcYgwZlQ�SUMPVsJPyXZ^O�LUQ�pRgXJfyXzµLjZ7[jo W}ghQNO�LjOkghJ:��¡ MfOqQcfORQaLNORJPS�LjOkghJ�pRZ\VhcfQ(LjgBLjMfZ<S7gXJPS7Z7WYL�gsn�QaLjVXvfpRZ<VXJPc`bfJPQaLjVXvfpRZ<QaLNZlVXcYd~zKQ�LUVrLNZ6QaghpkbYLjOkghJPQ\��� Q�LjZ\VhcYd	Q�LUVrLjZmOqQ(LjZ7[jo<Zlc Å�Æ ¹XÇ7ÈkÉOkn�Qab��BS7OkZ\JhLjpkd�JfZ\VX[#JfZ7ORyXMwv}gXbf[jOkJPytQaLjVsLNZ\Q#VX[NZ^VrLNLN[UVXSHLNZ\c�LNgEOkLmVsJPc°ÊYº ÅUÆ ¹XÇ7ÈkÉ^OknFLNMfZBS7gXJw�XZ\[jQNZmOqQ�LN[jbfZX�B¡ MwbPQ�viVspRp@gXJfZ[jZ7WP[NZlQaZ\JhLUQ_V^QaLjVXvfpkZ�QaLNZ\VhcYd~z{QaLjVsLNZ�viZlS7VXbPQaZ�Okn>OkL�ORQ o^gr�XZlcTvwd�V<QaoTVspRp:Vso^ghbfJ~LFOkL�[NZ7LNbf[jJPQ_LNg^OkLjQ gX[jORyXORJPVsp}Wig~QaOkLNORgXJ®�ÒLjMfZQaLNZlVXcYd~zKQ�LUVrLjZ�ORQ�Ì VsLaLj[jVhS�LNORJfyiÍ �H�!6 VspRp:LjMf[NZ\ZmOqQ3VXJ`bfJPQaLjVXvfpkZ<Q�LjZ\VhcYd~z{QaLjVsLNZmVhQ(OkL�]�ORpkp>JfgXL3[jZHLNbP[NJELjgBLNMPORQ3Wig~QaOkLNORgXJ�O�n¢OkL�OqQo^gr�hZ\cBvwdtV<QNoTVspRp:Vso^gXbPJhL���LNMfZmQaLNZlVXcYd~zKQ�LUVrLjZ3OqQ�Ì [NZ\WiZ\pkpROkJPyPÍã���
IKJ�LNMfOqQ�cYORQjSHbiQNQNOkghJ#O�L�OqQ�ZlQNQNZ7J~LNOqVsphLNMiVrL�LjMfZFvPVspRphOqQÀgXJfpRd�o<gr�hZ\c�vwd#V Å ÖT¹rÈÒÈPVXo<ghbfJ~L\� 8fgX[>OknP]_Z_o^gr�XZ¢vPVXpkp~gXJPZ_QNb��BSHORZ7J~LNpRdn�VX[ LNg<LNMPZ#[NORyXM~L\�YWiVXQaL�LNMfZ#pRgYS7VrLjOkghJ�gXnÀvPVXpkp:LNMf[jZ7Zh�wLNMfZ\JtOkL(]�ORpkp¢º � Æ [NZ7LNbf[jJ�LNgTOkLjQ�gh[NORyXORJPVsp¼W}ghQNO�LjOkghJ:���gr] cYgwZ\Q�LNMfZxcYORQaLNORJPSHLNORgXJ³v}ZHL�]FZ7Z\J�Q�LUVsvfpRZ�VXJPc«bfJPQaLjVXvfpRZ�QaLNZ\VhcYd~z{QaLjVsLNZ	QNgXpRbYLNORgXJiQB[jZ7pqVrLNZ	LNg�LjMfZ�WP[NZlcYORSHLNORgXJPQ�gsnmVoTVsLNMfZ\o^VsLNOqS7VXpÀo^gYcYZ7p@VXJPcELNgt]�MPVsL3]FZmgXviQaZ\[N�hZ�OkJ�LNMfZ<[jZ\Vspkz{]_gh[NpqcP±�¡ MPZ<S7[NbPS7ORVXpÀW}gXORJ~L3OqQ3LNMPVsL�OkL�OqQ3JfgsL�Wig~QNQNORvfpkZmLNgghvPQNZ7[j�XZ�bPJPQ�LUVsvfpRZ Q�LjZ\VXcfdhzKQaLjVrLjZ_QNgXpRbYLNORgXJiQÀORJ�LjMfZ�Ì [jZ\VXpw]_gh[Npqc¦ÍR�À¡ MfZF[NZlVXQNgXJ#n�gh[>LNMfOqQ>ORQ>LjMPVrL�OkJ6LNMPZ3Ì [jZ\Vsp~]FgX[jpRc¦ÍlLjMfZ7[jZFVX[NZVXpk] V´dYQ�QNoTVspRpi[UVsJPcfgXo	�PbPSHLNbf[UVrLjOkghJPQ7�78fgh[_Z7�fVso^WfpRZX�wOkJtV�W}gXWfbPpRVsLNORgXJ�o^gYcYZ\pi]FZ�VhQNQNbfo^Z(LjMPVrL_LNMfZ#cYZlVrLjMYz¯[UVrLjZ(OqQ�uP�wZlc¦���gr]_Z\�XZ\[\�rORJ6WP[jVhS�LNOqSHZFLjMfZ(cYZ\VsLNMYz{[UVrLNZ oTV´d��rVs[jdmQNpkORyXM~Ljpkd#n�[jgXo dXZ\VX[az¯LNgXz¯dhZ\VX[��´Qagho^ZHLNORo^Z\Q@v}Z7ORJfy#V�pRO�LNLNpRZ�vfO�L�QNoTVspRpkZ\[¢VsJPcQNgXo^Z7LNORo<ZlQ�V�pkOkLaLjpkZ<vfOkL3pqVs[jyXZ7[l��ËwbPSUM
�PbPS�Ljbf[UVrLNORgXJiQ(MPV´�hZ#LNMfZ<ZH|¼Z\SHL3gXn�QapROkyhM~LNpRd�o^gr�wOkJPy�QadYQaLNZ\o^Q�LNMiVrL�VX[NZ6VrL�QaLNZlVXcYd~zQaLjVsLNZ�V´] V´d`n�[jgXo LNMfZ�Q�LjZ\VXcfdhzKQaLjVrLjZBQaghpkbfLNORgXJ:�`�(Jic�VsJ¬bfJiQ�LUVsvfpRZ�QaLNZ\VhcYd~z{QaLjVsLNZTOqQ�pRO\�hZ�VEvPVXpkp_vPVspqVsJPS7Z\c®Wf[jZ\S\Vs[jOkghbPQNpkdghJ�V�MfOkpRp
2�V�cYZ7W}Z7JPcfZ7J~L#�´VX[NOqVsvPpkZ6]�OkpRp�JfgsL�[NZ7LNbf[jJ�JPgsL�[NZ7LNbf[jJ	LjgtVXJ	bfJPQaLjVXvfpkZTQaLNZlVXcYd~zKQ�LUVrLNZmO�nFO�L#OqQ�cfORQaLNbf[jv}Z\c	ORJ	LjMfZQNpROkyhMhLjZ\QaL\�
¡ MwbPQ�O�n(]FZTbPQNOkJfy	V	o^VsLNMfZ\oTVrLNOqS7VXp¢o^gYcYZ7p�LNg	oTV �hZTWf[jZ\cYOqS�LjOkghJPQ�Vsv}gXbfL#LNMfZ�n�bYLNbf[jZBv}Z7MPV´�wORgXbf[#gXn(V`QadYQaLNZ7o¶]FZBS7VsJcfORQjSHghbfJ~L�LNMfZ#W}ghQjQaORvfORpkOkL�dBLjMPVrL�LjMfZ�cYZ\WiZ\JPcYZ7J~L��rVX[NOqVsvfpRZ�]�OkpRp:Z\�XgXpR�XZ�Ljg^VXJEbfJPQaLjVsvPpkZ�QaLNZlVXcYd~zKQ�LUVrLNZ#QNgXpRbYLNORgXJ��¢²�gwZ\Q�LNMfOqQo^ZlVsJ	LjMPVrL#bfJiQ�LUVsvfpRZ<QaLNZlVXcYd~zKQ�LUVrLjZ6QNgXpRbYLNORgXJPQ�VX[NZ<JfgsL�gsn_OkJ~LN[jORJPQaOqS6OkJ~LNZ\[NZlQ�L�±`8iVs[�n�[Ngho O�L��mIKJ�n�VXSHL\�¦bfJPQaLjVXvfpRZ^QaLNZlVXcYd~zQaLjVsLNZTQNgXpRbYLNORgXJPQ�gXnÒLNZ7J®WfpqV´d	Vt[NghpkZ^ORJxcfZHLNZ\[No^ORJfORJfytLNMfZBcYdwJPVXo^ORS\Q�gsnFVto^gYcYZ7p¢VXJPc �~JPgr]�pkZlcYyXZ^Vsv}gXbYL�LjMfZ7OR[#pkgYS\VrLNORgXJgXnÒLNZ\JeWf[jgr�wORcYZlQ�ORJPQNOkyhMhLUQ�LjMPVrLTVs[jZ�MPZ7pRWYn�bfp OkJ"Wf[jZ\cYOqS�LjOkJfy�LNMPZ�v}Z7MPV´�wORgXbf[6gsn3V�o^gwcfZ7p¯� 8Pbf[NLNMfZ\[No^gX[jZX�@oTVXJ~d®o^gYcYZ7pqQS7gXJ~LjVXOkJ`V^WPVX[jVXo^ZHLNZ\[ LNMPVsL3S7VXJEviZmSUMiVsJfyhZ\c¦�F��Q�LjMfOqQ(WPVX[jVXo<Z7LNZ\[�ORQ3SUMPVsJfyhZ\c�LNMfZ6Q�LUVsvfORpkOkL�dtgsn>LNMfZmQaLNZlVXcYd~zKQ�LUVrLjZ\Q oTV´dSUMiVsJfyhZX�`��¡ MfZTJwbfo6viZ\[�gsn Q�LjZ\VhcYd~z{QaLjVsLNZ\Q�oTV´d�VXpRQNgESUMPVsJfyhZl�H�B¡ MfZBSUMPVsJPyXZ<OkJ¬QaLjVsvPOkpRO�L�d�gsn V`Q�LjZ\VXcfdhzKQaLjVrLjZ6gXnÒLNZ\JxMiVXQORo^Wigh[aLUVsJ~L��¼ÏN¹XÑ Æ Ð�ÑU¹sÈ}ÐÒÖ �}È�Ð�Ñj¹ Æ Ð��sº Å � 8PgX[�Z7�fVso^WfpRZX�wV�SUMPVsJPyXZ�ORJ�Q�LUVsvfORpRO�L�d^S7VXJBOkJicYORS\VrLjZ�LNMPVsL�LjMfZ3QNOk�\Z(gsn:V#W}gXWPbfpRVsLNORgXJBOqQVXvighbYL LNgBS7[jVhQaM:�YW}ghQjQNOkvfpRdBv}Z\S7gXo^OkJPy<Z7�wLNORJPS�Ll�fgX[ LjMPVrL�V^cYOqQaZlVXQNZ�]�OkpRp�QNWf[NZlVXc�LNMf[jgXbPyXMEV6W}gXWPbfpRVsLNORgXJ:�¢¡ MPORQ/^7ÊP¹rÈ Ð Æ ¹ Æ ÐÒÓrÉORJYn�gh[NoTVrLjOkghJtVXvighbYL�]�MfZHLjMfZ7[3SUMPVsJfyhZ3OqQ�ORo^o<ORJfZ\JhL(OqQ�W}gsLjZ7J~LNOqVsp¦gXn@ÎXÏNÉU¹ Æ ÐÒÖ����rÏ Æ ¹rº¼ÑjÉ7�
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¡ MPZ�QaLNZ\VhcYd~z{QaLjVsLNZtQaghpkbYLjOkghJPQ�gXn�LNMfOqQ<o^gwcfZ7p�Vs[jZB� Ô £«§ �@� � £ cT¨�VXJPc¬��� £ c����(gXL �wJfgr]�ORJfy�VXvighbYL<QaLjVXvfORpkOkL�d®]_Zo^ORyXM~L�ZH�YW}Z\SHL#LNMPVsL6VXQ�LjOko^ZBORJPSH[jZ\VhQaZlQ�Z7OkLNMfZ\[��m�µ�a� : § gh[#�m���a� : cB¨TgX[#�m�µ�a� : c�� ��gr]_Z\�XZ7[l�¦vPVhQaZlc�bPWighJ�LjMfZcfORQjSHbPQjQNOkghJ�ORJ`QaZlS�LNORgXJxªX� ÄP�ã¸m]_Z#VsJ~LjORS7OkWPVsLNZ�LNMiVrL�LNMPZ�QadYQaLNZ7o S7VXJ�JfgXL�Z7�Xghpk�hZ�LNgTVsJtbfJPQaLjVXvfpkZ�QaLNZlVXcYd~zKQ�LUVrLjZ�QNgXpRbYLNORgXJ��
IKJ	LNMfZ<Wf[jZ7�wOkghbPQ�QNZ\SHLNORgXJ	]FZ6cfZHLNZ\[No^ORJfZ\c	LNMfZ^QaLjVsvPOkpRO�L�dEgXn¢vPVspRpRQ3gXJPZ6VsJicELNMf[jZ7Z<vwd`SHgXJiQaOqcYZ7[jORJfyB]�MPVsL3MPVXWfWiZ\JPQ3O�n¢LjMfZviVspRp:ORQ(o<gr�hZ\c�vwd�VtÌãQaoTVspRp¯ÍPVso^gXbPJhL�V´] V´d^n�[jgXo­OkLjQ�Q�LjZ\VXcfdhzKQaLjVrLjZ�pkgYS7VsLNORgXJ�2�O�n@OkL([NZ7LNbf[jJPQ LjgTO�LUQ(Q�LjZ\VhcYd~z{QaLjVsLNZ�pkgYS\VrLNORgXJ��vPVspRp:ghJfZl�_OkL(ORQ(QaLjVXvfpRZ��YgsLjMfZ7[j]�OqQaZT��viVspRp¼LNMf[jZ7Z´�FO�L(OqQ�bfJPQaLjVXvfpRZX�



�

�xZ�S7VXJ`cYZHLjZ7[jo<ORJfZ�LNMPZmQ�LUVsvfORpRO�L�dBgXnÀLjMfZ�QaLNZ\VhcYd~z{QaLjVsLNZ#QNgXpRbYLNORgXJPQ � Ô £�§ �f� � £ c ¨ VXJPct� � £ c OkJ`V^QaORo^OkpqVs[�oTVXJfJfZ7[l��xZ^OkoTVXyXORJfZ<LNMPVsL#LNMfZTQNdwQaLNZ\o MPVhQ�viZ\Z7Jxo<gr�hZ\c�V´]FV´dEn�[jgXo VEQaLNZ\VhcYd~z{QaLjVsLNZ^QaghpkbfLNORgXJxv~d�VtQNoTVspRp@Vso^gXbfJ~L�VsJic	LjMfZ7JcfZHLNZ\[No^ORJfZ#Okn>OkL(]�OkpRp:[jZHLjbf[NJ�LNg<LjMfZ�Q�LjZ\VhcYd~z{QaLjVsLNZ#QaghpkbfLNORgXJ®��QaLjVsvPpkZ´�FgX[ yXgTQNgXo^Z7]�MfZ\[NZ�Z7pqQNZB��bfJPQaLjVXvfpRZl���
¡ MPZ�cfO�|¼Z7[jZ7JPS7Z#viZ7L�]_Z\Z7J�LNMfZ#WP[NghvfpkZ\o�ORJEQNZ\SHLNORgXJxªX� ÄP�ã¸mVXJPc�gXbf[(S7bf[N[jZ7J~L�Wf[jgXvfpRZ7o­ORQFLjMPVrL(ORJ�LjMfZ�n�gX[jo^Z7[�]FZ�bPQaZlcBLjMfZÌ yXZ\gXyh[jVXWfMwd�gsn:LjMfZ�pqVsJicfQNS\VsW}ZXÍR�XuiyXbf[jZmªh� Äi�XLjg6cYZ7LNZ7[jo^OkJPZ�ÌãQ�LUVsvfORpkOkL�d¼Íh]�MPZ7[jZ\VXQ¢n�gX[FZ\�~bPVsLNORgXJ`ªX� ��]FZ3cfZHLNZ\[No^ORJfZ3QaLjVXvfORpkOkL�dbiQaORJfy<LNMfZ#yh[jVXWfMtgsn�LjMfZ�cYZ\[NOR�rVrLNOR�XZh�wuPyXbP[NZ^ªX� �Y�
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Bifurcation parameter µ8>ORyXbf[jZ�ªh� � 2�Ë~LNZlVXcYd~zKQ�LUVrLjZ�cYOqVsyh[jVXo n�gh[mLjMfZtcfO�|¼Z7[jZ7J~LNOqVspFZ\�~bPVsLNORgXJ¿�l��7� £ �¦� b·� � 2�V�QNgXpRORcepkORJfZ�OkJPcfORS\VrLNZlQ^V�QaLjVsvPpkZQNgXpRbYLjOkghJ�]�MfORpqQ�L�V^cYgXLaLNZlctpkORJfZ#ORJPcYOqS7VrLjZ\Q�VXJtbPJPQ�LUVsvfpRZ#QaghpkbfLNORgXJ:�@¡ MfZ#ghWiZ\Jtv}g´��ORJPcYOqS7VsLNZ\Q�V<vf[UVsJiSUM�W}gXORJ~L\�
¡ MPZ�WPVs[NLNOqSHbPpRVX[ L�d~W}Z�gXn�vPO�n�bf[US7VsLNORgXJ`gYS7S7bf[j[NORJfy^OkJEuiyXbf[jZTªX� Ht��O¯� Zh�k�}]�MfZ\[NZ#ghJ`Z7OkLNMfZ\[3QNORcYZmgsn@VTWPVs[UVso^Z7LNZ7[��rVXpkbfZ�LNMfZ\[NZVX[NZ Æ V �^Q�LjZ\VhcYd~z{QaLjVsLNZ#QaghpkbfLNORgXJPQ ORJtLNMfZ#JfZ\OkyhMwvighbf[NMPg~gYc�gsn>LNMfZ#vPO�n�bf[US7VsLNORgXJtWighOkJ~L(vfbfL3VrL LNMPZ#vfO�n�bP[jS\VrLNORgXJEW}gXORJ~L�LNMfZ\[NZOqQ3gXJfpRd�ghJfZmQaLNZlVXcYd~zKQ�LUVrLNZ6QaghpkbYLjOkghJi� OqQ �wJfgr]�J	VhQ�V Æ ÏN¹sº Å ÑHÏ�Ð Æ Ð�ÑU¹rÈ¢Ç7Ð 
UÊYÏNÑU¹ Æ Ð��rºP��¡ MfOqQ�vfOkn�bf[US7VsLNORgXJEn�[jZ\�~bfZ7J~LjpkdEgYS7S7bf[jQ(OkJoTVsLNMfZ\o^VsLNOqS7VXp¦Z7WfOqcYZ7o^ORgXpRgXyhdX�
IKJxuPyhbf[jZtªh� � VEv}g´��MPVhQ�viZ\Z7J�cY[UV´]�JxVX[NghbfJPc	LNMfZBvPO�n�bf[US7VsLNORgXJxWighOkJ~L#Ljg`OkJPcfORS\VrLNZ^LjMPVrL�OkL�OqQ�VxÌ vP[jVXJPSUM�W}gXORJ~L\ÍR��¡ MfZ[jZ\VhQaghJPQ_n�gX[ LjMfORQ�Vs[jZ�cYOqQjSHbPQjQaZlc�ORJ`QaZlS�LjOkghJ�ªh� �f� ¸f� Äi�
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Bifurcation parameter µ8>ORyXbf[jZ�ªh� �12�Ë~LNZlVXcYd~zKQ�LUVrLjZ�cYOqVsyh[jVXo n�gh[mLjMfZtcfO�|¼Z7[jZ7J~LNOqVspFZ\�~bPVsLNORgXJ �l��7� £ �¦� b·� � 2�V�QNgXpRORcepkORJfZ�OkJPcfORS\VrLNZlQ^V�QaLjVsvPpkZQNgXpRbYLjOkghJ�]�MfORpqQ�L�V^cYgXLaLNZlctpkORJfZ#ORJPcYOqS7VrLjZ\Q�VXJtbPJPQ�LUVsvfpRZ#QaghpkbfLNORgXJ:�@¡ MfZ#ghWiZ\Jtv}g´��ORJPcYOqS7VsLNZ\Q�V<vf[UVsJiSUM�W}gXORJ~L\�
¡ MPZ�WPVs[NLNOqSHbPpRVX[ L�d~W}Z�gXn�vPO�n�bf[US7VsLNORgXJEgYS7S7bf[N[jORJfyTOkJEuiyXbf[jZTªX� �`��O¯� Zh�k�i]�MfZ7[jZ�ghJtghJfZ�QNORcYZmgsn¢V^WPVs[UVso^Z7LNZ7[��´VXpkbPZ�LNMfZ\[NZ�OqQ�sº}ÉTQaLNZlVXcYd~zKQ�LUVrLjZ6QNgXpRbYLNORgXJ�OkJ�LNMfZ^JfZ\OkyhMwvighbf[NMPg~gYc`gXn¢LNMPZ<vPO�n�bf[US7VsLNORgXJ�WighOkJ~L�VsJPc�gXJ�LNMfZ^gsLjMfZ7[#QNORcfZmLjMfZ7[jZ<VX[NZ Æ TwÏNÉUÉQaLNZlVXcYd~zKQ�LUVrLjZ�QNgXpRbYLNORgXJiQ OkJtLNMPZ#JfZ7ORyXMwv}gXbf[jMfgwgYc�gXn�LNMPZ#vfO�n�bP[jS\VrLNORgXJtW}gXORJhL��FORQ��~JPgr]�JtVhQ�V/�¼Ð Æ Ñ�T 
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IKJxuPyhbf[jZtªh� �EVEv}g´��MPVhQ�viZ\Z7J�cY[UV´]�JxVX[NghbfJPc	LNMfZBvPO�n�bf[US7VsLNORgXJxWighOkJ~L#Ljg`OkJPcfORS\VrLNZ^LjMPVrL�OkL�OqQ�VxÌ vP[jVXJPSUM�W}gXORJ~L\ÍR��¡ MfZ[jZ\VhQaghJPQ_n�gX[ LjMfORQ�Vs[jZ�cYOqQjSHbPQjQaZlc�ORJ`QaZlS�LjOkghJ�ªh� �f� ¸f� Äi�
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cY�cY�E£�¤ ���}�
S7VXJtv}Z�n�gXbPJPctv~d�WfpkgXLaLjOkJfy^LjMfZ�n�bfJPSHLNORgXJ

½ £�¤ ���}�j±
¸Y� # gXJPQNOqcYZ7[ LjMfZ�cYOk|}Z\[NZ\JhLjORVXp¦Z\�~bPVsLNORgXJ cY�cY�E£�¤ ���}�:©�«MPVrL�cfg~ZlQ�OkL(o<ZlVsJ�n�gX[ LjMfZ#WighOkJ~L(� Á LNgTv}Z�V^Q�LjZ\VXcfdhzKQaLjVrLjZ3gXnÀLjMfOqQ(cYOk|}Z\[NZ\JhLjORVXp¦Z\�~bPVsLNORgXJi±
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E@�YWfpqVsORJ�]�Mwd�O�L(OqQ Oko^W}gX[NLjVXJhL Ljg^uPJPc�LNMfZ�QaLNZlVXcYd~zKQ�LUVrLjZ\QFgsn>LNMfZ�n�bPJPS�LjOkghJ ¤ ���¼�H�ÄP�(ËwbfWfW}ghQNZ�LNMiVrL(� Á ORQ(V^QaLNZlVXcYd~zKQ�LUVrLNZ�QNgXpRbYLNORgXJtgsn>LNMfZ�cfO�|¼Z7[jZ7J~LNOqVsp¦Zl�~bPVrLjOkghJ
cY�cY�E£�¤ ���}�:©

��V~���«MiVrL�cYgwZ\Q OkL(o^Z\VXJ�n�gh[ LNMfZ�QaLNZlVXcYd~zKQ�LUVrLjZ�LjgTviZ�QaLjVXvfpkZ´±
��v}���«MiVrL�cYgwZ\Q OkL(o^Z\VXJ�n�gh[ LNMfZ�QaLNZlVXcYd~zKQ�LUVrLjZ�LjgTviZ#bfJiQ�LUVsvfpRZl±
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�Y�(ËwbfWfW}ghQNZ�LNMiVrL(� Á ORQ(V^QaLNZlVXcYd~zKQ�LUVrLNZ�QNgXpRbYLNORgXJtgsn>LNMfZ�cfO�|¼Z7[jZ7J~LNOqVsp¦Zl�~bPVrLjOkghJ
cY�cY� £�¤ ���}�:©
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VsJPcEQaLjVsLNZ�O�LUQ�ORJhLjZ7[jWf[jZHLjVsLNORgXJtOkJ�LNZ\[NoTQ�gXn>QaLjVXvfOkpROkL�dX�

� �(ËwbfWfW}ghQNZ�LNMiVrL(� Á ORQ(V^QaLNZlVXcYd~zKQ�LUVrLNZ�QNgXpRbYLNORgXJtgsn>LNMfZ�cfO�|¼Z7[jZ7J~LNOqVsp¦Zl�~bPVrLjOkghJ
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