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�[I\^K^~M( FMdQ\^\I(d�K^~^K^MJS(�R^�R(�[\KQ^PEKM( K[( KRM( �[QOdK^[\([�( FMdQ\MQJ¯(\M�(�[\J�^[EJ\MJJ(d\]( ^\�QMdJM(
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Introduction

�RM(]M~MF[NOM\K([�(O[]MQ\(J�R[[F(M]E�dK^[\(JKd\]dQ]J(^J(PdJM]([\(KRM(^]Md([�(M]E�dK^[\(dJ(d\(^\JK^KEh
K^[\( [�( NMQJ[\dF^KG( J[�^dF^�dK^[\S( �R^�R( ]MQ^~MJ( �Q[O( KRM( Od^\( NQ[~^J^[\J( [�( ¢<L<( �GI[KJ�G¯J( �EFKEQdFh
R^JK[Q^�dF( �[\�MNK( [�( KRM( L[�^dF^JdK^[\( ¡\JK^KEKM<( �RM( �EFKEQdFhR^JK[Q^�dF( JGJKMOhd�K^~^KG( dNNQ[d�R( ]M�^\MJS(
�^QJKFGS(KRM(Od^\(I[dFJ([�(M]E�dK^[\(dJ(d\(^\JK^KEK^[\([�(J[�^dF^�dK^[\(d\]S(JM�[\]FGS(d(JMK([�(~dFEMh\[QOdK^~M(
�RdQd�KMQ^JK^�J([�(d(JKE]M\K¯J(NMQJ[\dF^KG(dJ(d\( ^]MdF(QMNQMJM\KdK^~M([�(�^~^F(J[�^MKG<(�RM(NQ^[Q^KG([�( KRM(\M�(
M]E�dK^[\dF(JKd\]dQ]J(^J(KRM(^ONFMOM\KdK^[\([�(KRM(]M~MF[NOM\KdF(N[KM\K^dF([�(M]E�dK^[\<(

¡JJEMJ( �[\�MQ\^\I( KRM( JKd\]dQ]( [�( M]E�dK^[\( d\]( ^\KMQNMQJ[\dF( �[\\M�K^[\J( R[F]( J^I\^�^�d\�M( ]EQ^\I(
N^~[KdF(NMQ^[]J([�(J[�^MKdF(KQd\J�[QOdK^[\(d\](^\(K^OMJ([�(MOMQI^\I(�Q^JMJ(KRdK(]MOd\](�Rd\IM<(�RM(d]~M\K([�(
\M�(�^Q�EOJKd\�MJ(E\]MQO^\MJ(�[\~M\K^[\dF(d\](MJKdPF^JRM](�dGJ([�(F^~^\IS(QM¤E^Q^\I(O[]^�^�dK^[\J(d�Q[JJ(
dFF(J[�^dF(][Od^\JS(^\�FE]^\I(M]E�dK^[\(d\](KRM(^\KQ^�dKM(\MK�[Q�([�(J[�^dF(QMFdK^[\JR^NJ<(�RQ[EIR[EK(R^JK[QG(
d\]( ^\K[( KRM( �EKEQMS( M]E�dK^[\( �[\J^JKM\KFG( JKd\]J( dJ( KRM( IM\E^\M( dJJMK( d\]( NQ^OdQG( �dKdFGJK( �[Q( J[�^MKdF(
NQ[IQMJJS(KRMQMPG(R^IRF^IRK^\I(KRM(\M�MJJ^KG(K[(QMM~dFEdKM(^KJ(J^I\^�^�d\�M<(

¡\(^KJ([Q^I^\dF(JM\JMS(KRM(\[K^[\([�(­M]E�dK^[\®(OMd\J(d\(d]EFK¯J(d�¤E^J^K^[\([�(d\(^OdIM([�(KRM(�[QF](d\](
R^J([Q(RMQ(NFd�M(^\( ^K<(�RM(QdN^](�Rd\IMdP^F^KG([�( KRM(O[]MQ\(�[QF](d\]( ^KJ(]G\dO^JO(]MKMQO^\M( KRM(J[�^dF(
[Q]MQ(�[Q(M]E�dK^[\(d\]([Q^M\K(KRM(KMd�RMQ¯J(d�K^~^KG(K[�dQ]J(KRM(]M~MF[NOM\K([�(JKE]M\KJ¯(dP^F^KG(K[(F^~M(d\](
�E\�K^[\(JE��MJJ�EFFG(^\(KRM(�[\JKd\KFG(�Rd\I^\I(�[QF]<(

¢d\IEdIM(FMdQ\^\I(JKQdKMI^MJ(m¢¢LJn(M\�[ONdJJ(d(Qd\IM([�(d�K^[\J(KRdK([��MQ(JKE]M\KJ(d(PQ[d](NMQJNM�h
K^~M(d�Q[JJ(~dQ^[EJ(JEP�M�K(dQMdJS(�[JKMQ^\I(P[KR(KRM^Q(�\[�FM]IM(d\](O[K^~dK^[\(K[(FMdQ\<(¡\(d(PQ[d]MQ(�[\h
KM�KS( KRM( KMQO(­Fd\IEdIM( FMdQ\^\I( JKQdKMI^MJ®( QM�MQJ( K[( KRM( J�^FFJ( [�( JMF�h]M~MF[NOM\K( d\](JMF�h^ONQ[~MOM\K(
KRQ[EIR(�[\J�^[EJ(d\](d�K^~M(M\IdIMOM\K(�^KR(\M�(J[�^dF(M�NMQ^M\�MJ<(¡\(d(\dQQ[�MQS(NJG�R[F[I^�dF(JM\JMS(^K(
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JNM�^�^�dFFG(QM�MQJ( K[(d(JMK([�(OMKR[]J(MONF[GM](PG(JKE]M\KJ(K[( ^\]MNM\]M\KFG(d�¤E^QM(\M�(�\[�FM]IM(d\](
J�^FFJS(^\�FE]^\I([QId\^�dK^[\([�(KRM(FMdQ\^\I(NQ[�MJJ<(

¢d\IEdIM( FMdQ\^\I( JKQdKMI^MJ( �[QO( d\( ^\KMQ�[\\M�KM]( JGJKMO(�RMQM( KRM( ]M~MF[NOM\K( [�( Md�R( KGNM( [�(
¢¢L(^J(^\�FEM\�M](PG(^KJ(QMFdK^[\JR^N(�^KR([KRMQ(KGNMJ(d\](�[FF[�J(KRM(IM\MQdF(F[I^�([�(dIMhQMFdKM](]M~MF[Nh
OM\K<(�RM(E\^~MQJdF(\dKEQM([�(KRMJM(FMdQ\^\I(d�K^~^K^MJ(^J(M~^]M\K(^\(KRM^Q(KQd\J�M\]M\K(d\](�Q[JJh]^J�^NF^\dQG(
�RdQd�KMQ^JK^�JS(dJ(KRMG(�d�^F^KdKM(KRM(JKdIMJ([�(OdJKMQ^\I(FMdQ\^\I(�[\KM\K(d\](�EFK^~dK^\I(JKE]M\KJ¯(NJG�R[F[Ih
^�dF(dP^F^K^MJ<(

Experimental

¢¢LJ(d]]QMJJ^\I(KRM(PQ[d]MQ(I[dFJ([�(�EFKEQdFS(NMQJ[\dF(~dFEMJS(d\](�[I\^K^~M(]M~MF[NOM\K([�(JKE]M\KJ(
dQM(^ONFMOM\KM](�^KR^\(KRM(�[ONQMRM\J^~M(M]E�dK^[\dF(�QdOM�[Q�S(M\�[ONdJJ^\I(JEP�M�KJS(]^J�^NF^\MJS(d\](
OMKdh]^J�^NF^\dQG(d�K^~^K^MJ(ªTo(9U«<(

L^\�M(KRM^Q(^\KQ[]E�K^[\(^\(TU)|S(^K(RdJ(PM�[OM(]^��^�EFK(K[(]M�^\M(Fd\IEdIM(JKQdKMI^MJ<(�MJMdQ�RMQJ(Rd~M(
Od]M(JM~MQdF(dKKMONKJ(K[(�QMdKM(d(�[OO[\(KMQO^\[F[IG(d\](]MJ�Q^PM(KRMJM(JKQdKMI^MJS(PEK(KRMQM(^J(JK^FF(\[(�[\h
JM\JEJ<(¡\(KRM(�[\KM�K([�(�Md�R^\I(}\IF^JR(dJ(d(Z[QM^I\(¢d\IEdIM(m}Z¢�nS(Fd\IEdIM(JKQdKMI^MJ(QM�MQ(K[(KRM(
KR[EIRKJ([Q(d�K^[\J(KRdK(JKE]M\KJ(Kd�M(K[(^ONQ[~M(KRM^Q(FMdQ\^\I(d\](EJM([�(d(�[QM^I\(Fd\IEdIM<(H��[Q]^\I(K[(
�^I\MG¯J(mTU)yn(]M�^\^K^[\S(Fd\IEdIM(JKQdKMI^MJ(dQM(NQ[�MJJMJ(dJJ[�^dKM](�^KR(KRM(d�¤E^J^K^[\S(JK[QdIMS(QMKQ^M~h
dF(d\](dNNF^�dK^[\([�(^\�[QOdK^[\<(�dQ[\M(mTUy9nS(^\(KEQ\S(~^M�M](KRMO(dJ(dKKMONKJ(K[(]M~MF[N(F^\IE^JK^�(d\](
J[�^[F^\IE^JK^�( �[ONMKM\�^MJ( ^\( KRM( KdQIMK( Fd\IEdIM<(£KRMQ( QMJMdQ�RMQJ( JE�R( dJ( M\]M\( d\](�EP^\( mTUy)n(
Rd~M(]MJ�Q^PM](Fd\IEdIM(JKQdKMI^MJ(dJ(NFd\JS(NQ[�M]EQMJS([Q(JMKJ([�(d�K^~^K^MJ(KRdK(FMdQ\MQJ(EJM(K[(�d�^F^KdKM(KRM(
d�¤E^J^K^[\S(JK[QdIMS(QMKQ^M~dFS(d\](EJM([�(^\�[QOdK^[\<(ª,«<(

�GN^�dFFGS(M�^JK^\I(JGJKMOJ(�[Q(�FdJJ^�G^\I(Fd\IEdIM(JKQdKMI^MJ(]^~^]M(KRMO(^\K[(KRQMM(Od^\(KGNMJz(�[I\^h
K^~M(JKQdKMI^MJS(OMKd�[I\^K^~M(JKQdKMI^MJS(d\](d��M�K^~M([Q(J[�^dF(JKQdKMI^MJ( m¬d\S(©EONRQMGJS(©dONh¢G[\¯JS(
,::*n<(LKE]M\KJ(OdG(EJM(KRMJM(JKQdKMI^MJ(P[KR(�[\J�^[EJFG(d\](E\�[\J�^[EJFG<(¡\(TUU:(£��[Q](]M~MF[NM](d(
�^]MFG(d��MNKM](�FdJJ^�^�dK^[\(JGJKMO(KRdK(JMNdQdKMJ(JKQdKMI^MJ(^\K[(]^QM�K(d\](^\]^QM�K(�dKMI[Q^MJ<(s^QM�K(JKQdKh
MI^MJ(^\�FE]M(OMO[QG(JKQdKMI^MJS(�[I\^K^~M(JKQdKMI^MJS(d\](�[ONM\JdK^[\(JKQdKMI^MJS(�R^FM(^\]^QM�K(JKQdKMI^MJ(
^\�FE]M(OMKd�[I\^K^~MS(d��M�K^~MS(d\](J[�^dF(JKQdKMI^MJ<(

�[I\^K^~M( JKQdKMI^MJ(dJ(d(OMd\J([�(�[QO^\I( Fd\IEdIM( FMdQ\^\I(d�K^~^K^MJ(dQM( QM�[I\^�M]( K[(NQ[~^]M( KRM(
�QMdK^[\([�(O[K^~MJ(�[Q(FMdQ\^\IS(d\](�^KR(KRM(RMFN([�(�R^�R(G[E(�d\(�dEJM(d(�[�EJM](d�K^~^KG([�(KRM(JKE]M\KS(
]MKMQO^\^\I(KRM(�R[^�M([�(K[[FJ(d\](KM�R\^¤EMJ(K[(d�R^M~M(KRM(I[dF([�(FMdQ\^\I(d(�[QM^I\(Fd\IEdIM(dK(KRM(^\^K^dF(
JKdIM<(�RM(QMJEFK([�(^\�FE]^\I(KRM(JKE]M\K(^\(�QMdK^~M(�[I\^K^~M(d�K^~^K^MJ(^J(KRM(d�¤E^J^K^[\([�(d(O[K^~dK^[\dF(
PdJ^J(�[Q(�[ONEFJ[QG(FMdQ\^\I(d\](�[I\^K^~M(KdJ�J<((

�RM(KMQO(OMKd�[I\^K^[\S(dF[\I(�^KR(d(NMQJ[\¯J(d�dQM\MJJ([�(KRM^Q(KR[EIRK(NQ[�MJJMJS(dFJ[(QM�MQJ(K[(E\h
�[\J�^[EJ(Od\^�MJKdK^[\J(^\(KRM(�[I\^K^~M(NQ[�MJJ<(£\M([�(KRM(]^QM�KFG(FdPMFM](dNNF^M](I[dFJ([�(OMKd�[I\^K^~M(
]M~MF[NOM\K( ^J(­K[( KMd�R(d(NMQJ[\( K[( FMdQ\®<(�MKd�[I\^K^~M(]M~MF[NOM\K( ^J(dJJEOM]( K[(Rd~M(d\( ^ONd�K([\(
d�d]MO^�(NMQ�[QOd\�M<(¡]M\K^�^�dK^[\(d\](d�dQM\MJJ([�([\M¯J(^\]^~^]EdF(KR^\�^\I(KQd^KJ(^J(NQd�K^�dFFG(dNNF^�dh
PFM(K[(KRM(M��M�K^~M\MJJ([�(FMdQ\^\I(dK(dFF(JKdIMJ([�(FMdQ\^\I(d\](]EQ^\I(KRM(JKE]G([�(]^��MQM\K(�[\KM\K(]^J�^h
NF^\MJo(KRM(JKE]M\K¯J([�\(M��M�K^~M\MJJ(�^FF(^\�QMdJM(P[KR(�[\�^]M\�M(d\](O[K^~dK^[\(d\](�[QO(d(�FMdQMQ(O[K^h
~dK^[\(�[Q(�R[[J^\I(MFM�K^~M(�[EQJMJ<(�RM(]M~MF[NOM\K([�(OMKd�[I\^K^~M(J�^FFJ(QMJN[\]J(K[(KRM(QM¤E^QMOM\KJ(
[�(KRM(M]E�dK^[\(JGJKMO(K[(]M~MF[N(~dQ^[EJ(NQ[]E�K^~M(KR^\�^\I(J�^FFJ(d\](^J(dFJ[(d(J^I\^�^�d\K(JENN[QK(�[Q(KRM(
IF[PdF( ^]Md([�( F^�MF[\I( FMdQ\^\IS( ^<M<( ^�(d(IQd]EdKM(\MM]J(M�KQMOMFG(\M�(J�^FFJ(d\](�[ONMKM\�MJS(RM�JRM(�d\(
]M~MF[N( KRMO( PG( R^OJMF��RMQJMF�S(�^KR[EK( KRM( RMFN( [�( d( KMd�RMQS( KRQ[EIR(OMKd�[I\^K^~M( J�^FFJ<( ¡\( d]]^K^[\S(
P[KR( KRM(IF[PdF(d\](gd�d�RJKd\^(M]E�dK^[\dF(M\~^Q[\OM\KJ(dJ([\M([�( KRM([Q^M\KdK^[\J([�(O[]MQ\(M]E�dK^[\(
R^IRF^IRK(KRM(dP^F^KG(K[(JMF�h[QId\^�M(d\](JMF�h]MKMQO^\M<(

H��M�K^~M(JKQdKMI^MJ(QM�MQ(\[K(K[(d(JKdKM([�(d��M�K(PEK(K[(�dGJ([�(�[\KQ[FF^\I(d\](Od\dI^\I([\M¯J(MO[K^[\J(
KRdK(^\KMQ�MQM(�^KR(FMdQ\^\IS(dKK^KE]MJ(K[�dQ]J(Fd\IEdIM(d\](KRM(FMdQ\^\I(NQ[�MJJ<(�RMJM(dQM(�dGJ(K[(�[NM(�^KR(
\MIdK^~M(MO[K^[\JS( K[(QM]E�M(d\�^MKGS( K[(Id^\(JMF�hM\�[EQdIMOM\KS( K[(�[\�M\KQdKMS( K[(�[QO(d\](]M~MF[N(QMdh
J[\^\I(J�^FFJ<(L^\�M(JMF�h�[\KQ[F(^J(d\(^\KMQ\dF(OM�Rd\^JO([�(JNMM�R(d�K^~^KG(KRdK(QMIEFdKMJ(KRM(OdJKMQG([�(M�h
KMQ\dF( JNMM�R( d�K^~^KGS( KMd�R^\I( JMF�h�[\KQ[F( J�^FFJ( ^J( \dKEQdFFG( QMFdKM]( K[( KRM( NJG�R[F[I^�dF( �MdKEQMJ( [�( KRM(
FMdQ\MQS( d\]( RM\�M( K[( d��M�K^~M( FMdQ\^\I( JKQdKMI^MJ<( L�^M\K^�^�( NJG�R[F[I^�dF( QMJMdQ�R( RdJ( JR[�\( KRdK( JMF�h
�[\KQ[F([QId\^�M](^\(�FdJJ(QM¤E^QMJ(�[\�M\KQdK^[\([�(dKKM\K^[\S(�[QOJ(KRM(dP^F^KG(K[(QMdJ[\S(Od�MJ(^K(N[JJ^PFM(K[(
PMKKMQ(E\]MQJKd\](KRM(OdKMQ^dF(PM^\I(JKE]^M](^\([Q]MQ(K[(M��FE]M(MQQ[QJ(ª9«<(

L[�^dF(JKQdKMI^MJ(dQM(~dFEdPFM(K[[FJ(�[Q(JKE]M\KJ(�RM\(^\KMQd�K^\I(�^KR(�MFF[�(JKE]M\KJ([Q(\dK^~M(JNMd�h
MQJ<(L^\�M(Fd\IEdIM(FMdQ\^\I(^J(^\RMQM\KFG(d(J[�^dF(d�K^~^KG(d^OM](dK(�[OOE\^�dK^[\S(^\KMQd�K^[\(PM�[OMJ(\M�h
MJJdQG<(LKE]M\KJ(�R[(Rd~M(M��M�K^~M(J[�^dF(JKQdKMI^MJ(dQM(PMKKMQ(dPFM( K[(NdQK^�^NdKM( ^\( Fd\IEdIM( ^\KMQd�K^[\JS(
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^\�FE]^\I(dJ�^\I(¤EMJK^[\JS(�[FFdP[QdK^\I(�^KR([KRMQJS(NdG^\I(dKKM\K^[\(K[(KRM(KR[EIRKJ(d\](MO[K^[\J([�([KRh
MQJS(d\](PM^\I(�EFKEQdFFG(QM�MNK^~M<(cdQK^�^NdK^[\(^\(�[\~MQJdK^[\J(JMQ~MJ(�[Q(JKE]M\KJ(dJ(d(KMJK([�(KRM(dNNF^�dh
K^[\([�(KRM^Q(�\[�FM]IM(^\(NQd�K^�M(d\](d\(dJJMJJOM\K([�(KRM(JE��MJJ([�(KRM(M��Rd\IM([�(~^M�J<(LKE]M\KJ(�d\(
Id^\(~dFEdPFM(Pd��IQ[E\](^\�[QOdK^[\(�[Q(KRM^Q(FMdQ\^\I(PG(EJ^\I(J[�^dF(JKQdKMI^MJ(JE�R(dJ(JMM�^\I(M�NFd\dh
K^[\JS(�[QQM�K^[\JS([Q(�RM��J<(�[\~MQJMFGS(^�(JKE]M\KJ(d~[^](J[�^dF(JKQdKMI^MJS(QM�EJM(K[(�[OOE\^�dKM(�^KR(KRM^Q(
NMMQJS([Q(�[OOE\^�dKM(�^KR(NM[NFM(�R[(JNMd�(KRM(Fd\IEdIMS( KRMG(O^JJ([EK([\(^ON[QKd\K(�MM]Pd��<(�dKEQdF(
^\R^P^K^[\J(�d\([�KM\(FMd](K[(JE�R(d~[^]d\�M<(�[(d]]QMJJ(KR^J(^JJEMS(KMd�RMQJ(�d\(^\�[QN[QdKM(�[FFdP[QdK^~M(d\](
�[ONMK^K^~M(MFMOM\KJ(^\K[(KRM^Q(�FdJJQ[[OJ(d\](�RdFFM\IM(NQM�[\�M^~M](�EFKEQdF(d\](J[�^dF(�[\JKQd^\KJ(ª*«<(

�RM( JGJKMO( [�( Fd\IEdIM( FMdQ\^\I( JKQdKMI^MJS( �R^�R( M\�[ONdJJMJ( NMQJ[\dFS( QMIEFdK[QGS( �[I\^K^~MS( d\](
�[OOE\^�dK^~M(d�K^[\JS(NFdGJ(d(�QE�^dF(Q[FM(^\(]M~MF[N^\I(KRM(NJG�R[F[I^�dF(dP^F^K^MJ([�(d\(^\]^~^]EdF<(�R^J(
]M~MF[NOM\K([��EQJ(�^KR^\(KRM(�[\KM�K([�(\[QOdF(dIMhQMFdKM](NQ[IQMJJ(^\(KRM(NMQJ[\dF(d\](�[I\^K^~M(][Od^\J(
[�(d(�R^F]<(�RM(FMdQ\^\I(NQ[�MJJ(^KJMF�(^\�FEM\�MJ(KRM(�[\KM\K(d\](�RdQd�KMQ^JK^�J([�(KRM(�R^F]¯J(FMdQ\^\I(JKQdKMh
IGS(KRMQMPG(JRdN^\I(KRM(�[\M([�(NQ[�^OdF(]M~MF[NOM\K([�(KRMJM(JKQdKMI^MJ<(�R^J(�[\M(�[QQMJN[\]J(K[(KRM(FM~MF(
[�(JKQdKMIG(�[QOdK^[\(KRdK(^J(M�NM�KM](�[Q(d(NdQK^�EFdQ(JKdIM([�(\[QOdK^~M(]M~MF[NOM\K<(¡K(^J(dJJ[�^dKM](�^KR(
KRM(]M~MF[NOM\K([�(­R^IR(\[QO®(�dNdP^F^K^MJ(d\](KRM^Q(QMJNM�K^~M(NQ[NMQK^MJ(ª|«<(

�RM(�Q^KMQ^d(�[Q(dJJMJJ^\I(d(JKE]M\K¯J(¢¢LJ(FM~MF([�(]M~MF[NOM\K(dQMz(�[ONF^d\�M(�^KR(dIM(d\](NJG�R[h
F[I^�dF(\[QOdK^~M(QM¤E^QMOM\KJo(�[ONF^d\�M([�(¢¢LJ(NQ[NMQK^MJ(�^KR(NQMh]MKMQO^\M](QM¤E^QMOM\KJ<(

�RM(�[QOdK^[\([�(JKE]M\KJ¯(�MG(�[ONMKM\�MJ([��EQJ(�^KR^\(KRM(�QdOM�[Q�([�(KRM(Od^\(M]E�dK^[\dF(NQ[h
IQdO([�(IM\MQdF(M]E�dK^[\S(\M�MJJ^KdKMJ([�(�R^�R(KRM(�QMdK^[\([�(d(FMdQ\^\I(M\~^Q[\OM\K(PG(KMd�RMQJ(KRdK(�[Jh
KMQJ(KRM(]M~MF[NOM\K([�(Fd\IEdIM(FMdQ\^\I(JKQdKMI^MJ(m¢¢LJn<(¢¢LJ(QMNQMJM\K(d(�[ONQMRM\J^~M(JGJKMO(�RMQM(
KRM(MOMQIM\�M(d\](NQ[IQMJJ^[\([�(Md�R(FMdQ\^\I(d�K^~^KG(dQM(^\�FEM\�M](PG(^KJ(^\KMQ�[\\M�K^[\(�^KR([KRMQ(d�h
K^~^K^MJ(d\](KRM([~MQdFF(]M~MF[NOM\KdF(F[I^�(dJJ[�^dKM](�^KR(dIM<(�RQ[EIR(�[OOE\^�dK^[\(d\](�[hQMIEFdK^[\S(
FMdQ\MQJ(d�¤E^QM(KRM(�dNd�^KG(K[(QMIEFdKM(KRM^Q([�\(FMdQ\^\I(M\]Md~[QJ<(�RM(M~dFEdK^[\(d\](�MM]Pd��(NQ[~^]M](
PG([KRMQJ(�[\KQ^PEKM(K[(KRM(]M~MF[NOM\K([�(JMF�hNMQ�MNK^[\(d\](JMF�hMJKMMOS(EFK^OdKMFG(JRdN^\I(FMdQ\MQJ¯(JMF�h
�[\�^]M\�M(d\](JMF�h]MKMQO^\dK^[\<(LKE]M\KJ¯(�[I\^K^~M(d�K^~^KG(^J(�EFK^~dKM](KRQ[EIR(J^KEdK^[\dFh�[I\^K^~M(d\](
�[OOE\^�dK^~M(d�K^~^K^MJS(�EQKRMQ(M\Rd\�^\I(KRM^Q([~MQdFF(�[I\^K^~M(M\IdIMOM\K<(

Results and discussion

H��[Q]^\I(K[(KRM([P�M�K^~MJ([�(KRM(�[I\^K^~Mh�[OOE\^�dK^~M(dNNQ[d�RS(�M(Rd~M(]M~MF[NM](d(JMK([�(M�MQh
�^JMJ(K[(M\Rd\�M(�QMdK^~M(�Q^K^\I(J�^FFJ(^\(d(�[QM^I\(Fd\IEdIM(m�dPFMn<(

sEQ^\I(KRM(JMJJ^[\JS(�M(Rd~M(MJKdPF^JRM](M~dFEdK^[\(�Q^KMQ^d(�[Q(dJJMJJ^\I(JKE]M\KJ¯(�[Q�S(�R^�R(�d\(PM(
EK^F^�M](�[Q(d\dFG�^\I(KRM(]M~MF[NOM\K([�(�QMdK^~M(�Q^K^\I(J�^FFJ(^\(KRM(}\IF^JR(Fd\IEdIM<(�RMJM(�Q^KMQ^d(^\h
�FE]Mz(

h(�M�FM�K^[\([�(KRM(O[JK(^ON[QKd\K(dJNM�KJ([�(KRM([Q^I^\dF(KM�K(�[\KM\K<(
h(�K^F^�dK^[\([�(KMQOJ(�Q[O(KRM([Q^I^\dF(KM�K<(
h((�[RMQM\�M(^\(KRM(�[\JKQE�KM](KM�K<(
h((�[ONF^d\�M(�^KR(KRM(�[Q](�[E\K(QM¤E^QMOM\K<(
h((�[QQM�K(]^~^J^[\([�(KRM(KM�K(^\K[(NdQdIQdNRJ<(
h((�^OMFG(^\�[QN[QdK^[\([�(~[�dPEFdQG<(
h((¬QdOOdK^�dF(d��EQd�G([�(KRM(M�NQMJJ^[\S(d]RMQM\�M(K[(JNMFF^\I(d\](NE\�KEdK^[\(QEFMJ<(
h((HP^F^KG(K[(M�NQMJJ([\M¯J([�\([N^\^[\(dP[EK(KRM(KM�K<(
h((cQ[�^�^M\�G(^\(]MJ�Q^P^\I([P�M�KJ(PdJM]([\([\M¯J(�\[�FM]IM(d\](KRM(OdKMQ^dF(d\](F^\IE^JK^�(�[\KM�K<(
(
(
(
(
(
(
(
(
(
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� d P F M (

Set of exercises to build foreign language creative writing skills

HJJMJJOM\K(�Q^KMQ^[\(�[Q(
�[O6FMKM](M�MQ�^JMJ(

HJJMJJOM\K(
M��MFFM\K( I[[]( JdK^J�d�K[QG(

}�MQ�^JM(Tz(�Md](KRM(KM�K(
6Q[~^]M](d\](�[QQM�KFG(]^h
~^]M(^K(^\K[(6dQdIQd6RJ<(

�RM(JKE]M\K(]MO[\JKQdKMJ(
KRM(dP^F^KG(K[(6Q[6MQFG([Qh
Id\^�M(KRM(KM�K(^\K[(]^Jh
K^\�K(6dQdIQd6RJ<(

�RM(JKE]M\K(JKQEIIFMJ(�^KR(
�[QQM�KFG(]^~^]^\I(KRM(KM�K(^\K[(
6dQdIQd6RJS(Od�^\I(J[OM(
O^JKd�MJ(^\(KRM(6Q[�MJJ<(

�RM(JKE]M\K(Fd��J(KRM(J�^FF(K[(
d��EQdKMFG(]^~^]M(KRM(KM�K(^\K[(
6dQdIQd6RJS([�KM\(Od�^\I(MQh
Q[QJ(^\(KRM(6Q[�MJJ<(

}�MQ�^JM(,z(�Md](KRM(KM�K(
6Q[~^]M](d\](6Q[~^]M(d\(
d66Q[6Q^dKM(K^KFM(�[Q(^K<(

�RM(JKE]M\K(]MO[\JKQdKMJ(
KRM(dP^F^KG(K[(d��EQdKMFG(
^]M\K^�G(KRM(Od^\(^\�[Qh
OdK^[\([�(d(KM�K(d\](dJJ^I\(
d\(d66Q[6Q^dKM(K^KFM(K[(^K<(

�RM(JKE]M\K(�d�MJ(�RdFFM\IMJ(
^\(]^JK^\IE^JR^\I(PMK�MM\(
Od^\(d\](JM�[\]dQG(^\�[Qh
OdK^[\S([�KM\(JMFM�K^\I(]MKd^FJ(
QdKRMQ(KRd\(�d6KEQ^\I(KRM(6Q^h
OdQG(^\�[QOdK^[\(�RM\(dJh
J^I\^\I(d(K^KFM(K[(KRM(KM�K<(

�RM(JKE]M\K(JKQEIIFMJ(K[(^]M\h
K^�G(KRM(Od^\(^\�[QOdK^[\(^\(
KRM(KM�K(d\]([�KM\(�d^FJ(K[(6Q[h
~^]M(d\(d66Q[6Q^dKM(K^KFM(KRdK(
d��EQdKMFG(QM�FM�KJ(KRM(�[\KM\K(
[�(KRM(KM�K<(

}�MQ�^JM(9z(�QMdKM(d\([Q^I^h
\dF(M\]^\I(�[Q(KRM(KM�K(6Q[h
~^]M]<(

�RM(JKE]M\K(]MO[\JKQdKMJ(
KRM(dP^F^KG(K[(M�KM\](KRM(
KM�K(�R^FM(JKdG^\I([\(K[6^�(
d\](Od^\Kd^\^\I(�[\h
J^JKM\�G(�^KR(KRM(JKGFM([�(
KRM([Q^I^\dF(KM�K<(

�RM(JKE]M\K(JR[�J(J[OM(NQ[h
�^�^M\�G(^\(�[\K^\E^\I(KRM(KM�KS(
PEK([��dJ^[\dFFG(]M~^dKMJ(�Q[O(
KRM(KRMOM(d\](JKGFMS(QMJEFK^\I(
^\(O^\[Q(^\�[\J^JKM\�^MJ<(

�RM(JKE]M\K(JKQEIIFMJ(K[(�[\h
K^\EM(KRM(KM�K(^\(d(Od\\MQ(KRdK(
dF^I\J(�^KR(KRM(KRMOM(d\](
JKGFM([�(KRM([Q^I^\dF(KM�KS([�KM\(
QMJEFK^\I(^\(J^I\^�^�d\K(]M~^dh
K^[\J(d\](^\�[\J^JKM\�^MJ<(

}�MQ�^JM(*z(LRdQM(G[EQ(6MQh
J[\dF([6^\^[\(QMIdQ]^\I(KRM(
KM�K(G[E(Rd~M(QMd]<(

�RM(JKE]M\K(M��M�K^~MFG(
�[OOE\^�dKMJ(KRM^Q(
6MQJ6M�K^~M([\(KRM(K[6^�(
6QMJM\KM](^\(KRM(KM�K<(

�RM(JKE]M\K(dKKMO6KJ(K[(
M�6QMJJ(KRM^Q(6[^\K([�(~^M�([\(
KRM(K[6^�(�[~MQM](^\(KRM(KM�KS(
PEK(M\�[E\KMQJ(�MQKd^\(�RdFh
FM\IMJ(^\(M��M�K^~MFG(�[\~MGh
^\I(KRM^Q(6MQJ6M�K^~M<(

�RM(JKE]M\K(�d�MJ(]^��^�EFK^MJ(
^\(M�6QMJJ^\I(KRM^Q(~^M�J([\(
KRM(K[6^�(�[~MQM](^\(KRM(KM�KS(
[�KM\(JKQEIIF^\I(K[(dQK^�EFdKM(
KRM^Q(6MQJ6M�K^~M(M��M�K^~MFG<(

}�MQ�^JM(|z(Z[QOEFdKM(¤EMJh
K^[\J(PdJM]([\(KRM(R^IRF^IRKh
M](�[Q]J(^\(KRM(KM�K<(

�RM(JKE]M\K(JE��MJJ�EFFG(
^]M\K^�^MJ(KRM(QMFM~d\K(~[h
�dPEFdQG(�Q[O(KRM(FMJJ[\(
d\](�[QOEFdKMJ(d66Q[6Q^dKM(
¤EMJK^[\J(�[Q(KRM(R^IRh
F^IRKM](�[Q]J<(

�RM(JKE]M\K(]MO[\JKQdKMJ(KRM(
dP^F^KG(K[(dJ�(O[JK([�(KRM(
d66Q[6Q^dKM(¤EMJK^[\J(�[Q(KRM(
R^IRF^IRKM](�[Q]JS(�^KR([\FG(d(
�M�(O^\[Q(MQQ[QJ([Q([O^Jh
J^[\J<(

�RM(JKE]M\K(JKQEIIFMJ(K[(F[�dKM(
KRM(\M�MJJdQG(�[Q]J(^\(KRM(
KM�KS(Od�^\I(^K(�RdFFM\I^\I(�[Q(
KRMO(K[(�[QOEFdKM(d66Q[6Q^dKM(
¤EMJK^[\J(�[Q(KRM(R^IRF^IRKM](
�[Q]J<(

(
�R^J(JMK([�(M�MQ�^JMJ(d^OJ(K[(M\Rd\�M(JKE]M\KJ¯(�[QM^I\(Fd\IEdIM(�QMdK^~M(�Q^K^\I(J�^FFJ(d\](dP^F^K^MJ<(¡K(

�d\(dFJ[(JMQ~M(dJ(~dFEdPFM(OdKMQ^dF(�[Q(M�NMQ^OM\KdF(�[Q�S(dFF[�^\I(M]E�dK[QJ(K[(dJJMJJ(d\](O[\^K[Q(JKE]M\KJ¯(
�\[�FM]IMS(J�^FFJS(d\](�dNdP^F^K^MJ(M��M�K^~MFG<(

Conclusion

�RM( ^ONF^�dK^[\J( [�( Fd\IEdIM( KMd�R^\I( JEIIMJK( KRdK( FMdQ\MQJ( JR[EF]( \[K( J[FMFG( �[�EJ( [\( d�¤E^Q^\I(
�\[�FM]IM([�(d(�[QM^I\(Fd\IEdIM(PEK(dFJ[(PM(M\�[EQdIM](K[(M�NF[QM(]^~MQJM(FMdQ\^\I(JKQdKMI^MJ<(�RMG(JR[EF](
Rd~M( KRM( [NN[QKE\^KG( K[( M�NMQ^OM\K(�^KR( KRMJM( JKQdKMI^MJS( M~dFEdKM( KRM^Q( M��^�d�GS( d\]( EFK^OdKMFG( JMFM�K( KRM(
[\MJ(KRdK(JE^K(KRMO(PMJK<(H]]^K^[\dFFGS(dFF(FMdQ\MQJ(�d\(PM\M�^K(�Q[O(]M~MF[N^\I(OMKd�[I\^K^~M(JKQdKMI^MJ(KRdK(
M\dPFM(KRMO(K[(NFd\S(O[\^K[QS(d\](dJJMJJ(KRM^Q([�\(FMdQ\^\I(NQ[IQMJJ<(�RM(J^I\^�^�d\K(�[QQMFdK^[\(PMK�MM\(KRM(
EK^F^�dK^[\([�( Fd\IEdIM( FMdQ\^\I(JKQdKMI^MJ(d\](JKE]M\K(d�R^M~MOM\K(MONRdJ^�MJ( KRM(\MM](�[Q(O[QM(M��^�^M\K(
FMdQ\^\I(OMKR[]J<(©[�M~MQS(�EQKRMQ(QMJMdQ�R(^J(\M�MJJdQG(K[(]MF~M(]MMNMQ(^\K[(KR^J(OdKKMQ<(
(
(

�M�MQM\�MJ(

T! �b"v$"%Y(`<w<(w&baY.Y@bv$&%b$(Y&"Y?3(V$#1@Y@b%b<(mw&baY.Y@YhV$#1@Y@bv$&%b$(Y&"Y?3(VY&06Y$"bB(&b&0$23(614?bh
?1=�$@Y(YCAv$"bB(¶<k<(i.>%Y"b"1/`<`<(¶1?3#Y?1nz(Av$C<(VY&<(�(`<w<(�b"v$"%YS(�<�<(¥Y6CY?1S(p<¶<(¥Y6#$$?1<(²(t<S(,::,<(²(
*9T(&<(

,! �dQ[\M( }<( L[OM( KR[EIRKJ( [\( KRM( \[K^[\( [�( ­�[OOE\^�dK^[\( JKQdKMIG®( �(}<(�dQ[\M( ��(¡\( �<(ZdMQ�R( »( ¬<(gdJNMQ( m}]J<n<(
LKQdKMI^MJ(^\(^\KMQFd\IEdIM(�[OOE\^�dK^[\<(²(TUy9<(²(c<(+Th)*<(

9! �b2"BB( !<j<( �12Y%Y"06Y.>( %1%( %Y2VY"$"0( 6$v$?Y8( #$B0$.>"Y&0b( b( A&.Y?bB( $@Y( &01"Y?.$"bB( �(!<j<(�b2"BBS(
f<j<(tbvA6b"1S(!<!<(fb06Y&&%1B(��(�C�1B(2$0Y#b%1(YCAv$"bB(b"Y&061""32(B43%12<(²(t<S(TUUT<(²(�<(T**/T|*<(
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*! £��[Q]( �<¢<( ¢d\IEdIM( ¢MdQ\^\I( LKQdKMI^MJz(  RdK( }~MQG( �Md�RMQ( LR[EF]( g\[�( �(¢<�<(£��[Q]<(}\IFM�[[]( �F^��JS( �Dz(
�M�PEQG(©[EJM<(²(TUU:<(

|! t1.>@b"1(�<j<(�Y62b6Y?1"b$(%Y22A"b%10b?"3a(A"b?$6&1.>"3a(Av$C"3a(#$8&0?b8(A(#$0$8(&016W$@Y(#YW%Y.>"Y@Y(
?Y461&01( ?( V6$#W%Y.>"Y2( YC614Y?1"bb( �(�<j<(t1.>@b"1( ��(�Y?6$2$""1B( "1A%1z( 1%0A1.>"3$( V6YC.$23( 0$Y6bb( b( V61%0b%b<(
�$6<(¥A21"b016"3$("1A%b<(²(,:T*<(²(�(US(T:<(²(�<(*T/*9<(

(
(

j<f<(k1.01C1$?1S(_<j<(i&%14b"Y?1S(·<j<(x0$AC1$?1S(t<p<(-1Ba2$0Y?1S(·<q<(r1;bC1$?1(

Ағылшын тілі сабағында оқушылардың əмбебап оқу əрекеттерін
қалыптастырудың теориялық негіздері

t151.1#1(Y601(2$%0$V0$(Y5AW3.16#3�(1X3.W3"(0'.'"(Y530A(V6Yu$&'"#$(ə2C$C1V(Y5A(ə6$%$00$6'"(5Y.h
#1"A#3�(0b'2#'.'@'(01.#1"X1"<(ƏмC$C1V(Y5A('&hə6$%$00$6'(²(C'.'2(1.AW3"3�(C$.&$"#'(l4'"hl4'(#12A3h
"1(35V1.($0$0'"S(;1�1(C'.'2#'(l4(C$0'"W$(b@$6A@$S(ə.$A2$00'%(тəжі6bC$"'(b@$6A@$(2$"(C'6$@$8.'%0'(51h
.3V01&036AX1( 35V1.( $0$0'"( ə6076.'( '&hə6$%$00$6#'�( ;b3"03X3<(_1.V3( 5161V1832( &l4C$"( 18051"#1S(
�1#12#3(C'.'2#'(2$�@$6'V(Y530AX1�(%l2$%0$&$0'"(ə6$%$00$6<(j?0Y6.16(;1.V3(C'.'2(C$6$0'"(2$%0$V0$(
514'6@'(%$4$�#$@'(Y5A(V6Yu$&'"'�(1;36121&("$@'4'(Y5AW3"3�(l4(5342$0'"(#$6C$&(C1&516AX1(#$@$"(¦203h
.3&3( 2$"( 51C'.$0'"( 51.3V01&036A( CY.3V( 01C3.103"3"( 101V( l00'z( C1&01AS( 215&10( V$"( 2'"#$0( 5Y=S(
Y.16#3(074$0AS(нə0b;$.$6#'(C1X1.1AS(Y#1"(ə6'(Y5Ah01"32#35('&hə6$%$00$6#'(;Y&V16.1A<(�Y"32$"(51016(
ə2C$C1V( Y5A( ə6$%$00$6'"'�( %$.$&'( 076.$6'( 1;36103.3V( %l6&$0'.@$"z( ;$%$( ml2'6.'%S( %ə&'Cb( l4'"hl4'(
1"3501Ano(6$00$AW'.'%(mC'.'2(1.AW3.16#3�(l4(Y5A(5342$0'"(¦832#1&036A3(m;Y&V16.1AS(CY.;1AS(074$h
0AS(C1X1.1Ano(01"32#35(mY5AW3"3�(;1.V3(C'.'2(C$6AS(.Y@b%1.35(51C'.$00$6'"(51.3V01&036Ano(%Y22Ah
"b%10b?0'( mY5AW3"3�( ə.$A2$00'%(5¦436$00'.'@'"(51.3V01&036An<( (k'.'2(1.AW3"3�(;1�1( &1"1&3"( 51h
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