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Fatigue Life Evaluation of a Closed-Loop Oscillating Heat-Pipe 
with Check Valves (CLOHP/CV) at Operated Temperature
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Abstract
� EFMP� PLcbY� GNQScQLGP� LFG� OQLM[cG� SMOG� HO� Q� KSHPGb6SHHT� HPKMSSQLMU[� FGQL6TMTG�aMLF� KFGK^�
NQSNGP�1k���Xuk�92�EFG�WGLFHb�aQP�TRGbMKLMU[�LFG�OQLM[cG�SMOG�HO�LFG�KHTTGR�LcIG�LH�QTTSY�OHR�LFG�
k���Xuk�2�EFG�OQLM[cG�LGPL�aQP�KQRRMGb�HcL�IY�cPMU[�LFG�PTGKMWGUP�WQbG�HO�KHTTGR�LcIG�1k833d9�
QL�LFG�LGWTGRQLcRG�HO�3:?�1RHHW�LGWTGRQLcRG9`�@5?�QUb�45?�¦2�EFG�LFRGG�LYTGP�HO�FHcR[SQPP�PFQTGb�
PTGKMWGU�MUKScbGb�cUMOHRW�LYTG`�HUG6aQNG�LYTG�QUb�LaH6aQNG�LYTG�PTGKMWGUP2��L�aQP�OHcUb�LFQL�
LFG�GOOGKL�aQP�Q�bMRGKL�GfLGUPMHU�HO�WQLGRMQS�PLRcKLcRGP�HO�PTGKMWGU�QUb�FHcR[SQPP�PFQTGb2��L�KQU�
IG�PQMb�LFQL�LFG�UcWIGR�HO�KYKSGP�LH�OQMScRG�1]O9�HO�LFG�LaH6aQNG�LYTG�PTGKMWGU`�FHcR[SQPP�PFQTGb�
PTGKMWGU�aQP�RQLFGR�PGUPMLMNG�LH�OQLM[cG�WHLMHU�bcRMU[�LGPLMU[`�QUb�LFG�LGWTGRQLcRG�HO�45?�¦�FQP�
LFG�[RGQLGPL�OQMScRG�MWTQKL2
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1. Introduction

� ]HaQbQYP`� LFG�k���Xuk�� MP� Q� UGa�
LYTG�HO�FGQL�LRQUPOGR�bGNMKG2��L�[MNGP�Q�FM[F�
TGROHRWQUKG� QUb� PGNGRQS� QbNQULQ[GP� QUb�
KFGK^�NQSNGP�QRG�MUPLQSSGb�LH�LFG�KGULGR�HO�
FGQL6TMTG� LH�KHULRHS� LFG� OSHa�bMRGKLMHU�HO�
aHR^MU[�OScMb�PH�LFQL�LFG�OSHa�PFHcSb�IG�HUSY�
MU�HUG�bMRGKLMHU�1ZMLLMbGKF�GL�QS2`�3dd59`�QP�
PFHaU�MU�}M[cRG�82�EFG�k���Xuk��OQIRMKQLGb�
IY�KHTTGR� LcIG�WQLGRMQS2� �L�aHR^P�aGSS� MU�
aMbG�NQRMGLY�HO�QTTSMKQLMHUP`�PcKF�QP�KHHSMU[�
MU�Q�PGL�HO�KHWTcLGRP�IY�KHUPLRcKLMU[�Q�FGQL�
GfKFQU[GR`�GLK2�

QNHMbQUKG�HO�PcKF�bQWQ[G�aQP�bGLGRWMUGb�
IY�TGROHRWMU[�NQRMHcP�LGPLP�HU�LFG�TRHTHPGb�
WQLGRMQS� 1kFGU� GL� QS2`� 3dd792� �GKQcPG� LFG�
WQLGRMQS�FQP�IGGU�WQbG�MU�Q�SHQb�KYKSG`�ML�
aMSS�IG�bQWQ[Gb�cUbGR�Q�PLRGPP� SHQb�QL�Q�
SHaGR�YMGSb�LFQL�NQRMGP�MU�LFG�OQLM[cG�LGPLP2�
vHWGLMWGP`�aG�FQNG�LH�PMWcSQLG�HU�Q�LGPL�
ORGgcGUKY�HLFGR�LFQU�LFQL�HO�LFG�QKLcQS�cPQ[G�
IGKQcPG�HO�SMWMLGb�LMWG�OHR�LGPLMU[2�EFMP�KQU�
IG�bHUG�MO�LFG�GUNMRHUWGUL�bHGP�UHL�QOOGKL�
LFG� ORGgcGUKY� HO� LFG� OQLM[cG� bQWQ[G2� �U�
PHWG�KQPGP`�LFG�LGWTGRQLcRG�IGMU[�FM[FGR�
LFQU� LFG� RHHW� LGWTGRQLcRG� HR� Q� [QPGHcP�
GUNMRHUWGUL� aMSS� QOOGKL� LFG� ORGgcGUKY� HO�
OQLM[cG�bQWQ[G�1_MaQ�GL�QS2`�8::C92�}QLM[cG�
aQP�HUG�HO�LFG�WHPL�KHWTSMKQLGb�TRHISGWP�
OHR�WGLQS`�QUb�LFG� OQMScRG�WGKFQUMPW�aQP�
PLMSS� UHL� aGSS� cUbGRPLHHb2� jfTGUPMNG� LGPL�
WcPL� IG� KHUbcKLGb� LH� cUbGRPLQUb� LFG�
WGKFQUMPW2� �O� GNGRY� KHUbMLMHU�aQP� LH� IG�
MUNGPLM[QLGb`�LFMP�RGPcSL�aQP�MU�WQUY�bMOOGRGUL�
GfTGRMWGULP�MUNHSNMU[�WQUY�NQRMQISGP2�EFG�
TRHISGW�MP�KHWTHcUbGb�IY�LFG�TRHSMOGRQLMHU�
HO� UGa� WQLGRMQS� RGgcMRMU[� GNQScQLMHU� QUb�
LFG� MUKRGQPMU[SY� bGWQUbMU[� QTTSMKQLMHUP�
OHR�LFGPG�WQLGRMQSP�1vQKFP`�3dd492�iU�MbGQS�
PMLcQLMHU�aQP�bGPM[UGR�LFQL�PFHcSb�IG�QISG�
LH�QPPGPP`�aMLF�RGQPHUQISG�KHUOMbGUKG`�LFG�
OQLM[cG�RGPTHUPG�HO�GMLFGR�Q�UGaSY�bGNGSHTGb�
WQLGRMQS� HR� QU� GfMPLMU[� WQLGRMQS� cUbGR�
KHUbMLMHUP�OHR�aFMKF�LGPLP�RGPcSLP�aGRG�UHL�
YGL� QNQMSQISG� QUb� ORHW� Q� RGSQLMNGSY� PWQSS�
bQLQIQPG� HO� OQLM[cG� LGPL� RGPcSLP`� PH� QP� LH�

�\]n��	!	 kSHPGb6SHHT��PKMSSQLMU[��GQL6TMTG�aMLF�
� kFGK^��QSNG�1k���Xuk�9�

� �cL� aFGU� bQWQ[G� HKKcRP� LH� LFG�
k���Xuk�`�MLP�KQcPGP�IGMU[�KHWTSGf�QUb�
RGgcMRGP� LMWG� KHUPcWMU[� WQMULGUQUKG`�
PH� ML� MP� MWTGRQLMNG� LH� PLcbY� LFG� OQLM[cG�
LGPLMU[� MU� LFG� GQRSY� bGPM[U� TFQPGP� HO� Q�
PYPLGW�LH�bGLGRWMUG�LFG�RGQS�HTGRQLMU[�SMOG�
QUb� TRHJGKLGb� WQMULGUQUKG� RGgcMRGWGULP�
IGOHRG�bQWQ[G�HKKcRP2�EFG�LYTG�HO�bQWQ[G�
RGSQLGP�LH�LFG�WQLGRMQS�IGMU[�cPGb�QUb�LFG�
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GUQISG� LFG� bGPM[UGR� LH� WQ^G� TRGSMWMUQRY�
TRGbMKLMHUP� HO� LFG� TRHIQISG� OQLM[cG� SMNGP�
HO� LFG�WQLGRMQS2�EFGRGOHRG`� LH�HILQMU�WHRG�
PTGKMOMK�bQLQ`�Q�KHTTGR�LcIG�HO�k���Xuk��
OQLM[cG� LGPL� PTGKMWGU� aQP� KHUPLRcKLGb�
QUb� LGPLGb2� EFG� KHTTGR� LcIG� OQLM[cG� LGPL�
PTGKMWGU� aQP� PcIJGKLGb� LH� OQLM[cG� SHQb�
bcRMU[� UHRWQS� LGWTGRQLcRG� HTGRQLMHU� QUb�
WGKFQUMKQS�TGROHRWQUKG�HO�Q�KHTTGR�LcIG2�
EFG� LGPL� aQP� bGPM[UGb� LH� PMWcSQLG� LFG�
FHcR[SQPP� QUb� LGWTGRQLcRG� KHUbMLMHU� MU�
PLRGPPGb�RG[MHU�HO�LFG�WQLGRMQS�QUb�LH�cPG�
PYPLGW�LH�KHUOMRW�LFG�IQPMK�bGPM[U�KHUKGTL�
OHR�OcRLFGR�bGNGSHTWGUL2

� EFMP� TQTGR� aMSS� PLcbY� LFG� GOOGKLP� HO�
PLRGPP� LH� PLRcKLcRQS� [GHWGLRY� HU� OQLM[cG�
PLRGU[LF�cUbGR�SHQb6KHULRHSSGb�KHUbMLMHU�QL�
LFG� KHULRHS� LGWTGRQLcRG`� �U� NMGa� HO� LFGPG�
RGgcMRGWGULP`�QU�GfTGRMWGULQS�TRH[RQWWGb�
aQP�MUMLMQLGb�LH�GfQWMUG�LFG�OQLM[cG�IGFQNMHR�
HO� KHTTGR� LcIG� 1k833d9� MU� LFG� LFGRWQS�
KHUbMLMHUP2�EFG�OQLM[cG�TGROHRWQUKG�HO�LFGPG�
WQLGRMQSP�MU�LFG�LFGRWQS�KHUbMLMHU�FQP�IGGU�
RGTHRLGb�GQRSMGR2�EFG�TRGPGUL�aHR^�GfQWMUGP�
LFG�OQLM[cG�IGFQNMHR�HO�KHTTGR�LcIG�1k833d9�
MU�LFG�LFGRWQS�KHUbMLMHUP�QL�3:?`�@5?�QUb�
45?� ¦2� �L� PFHcSb� IG� THMULGb� HcL� LFQL� LFG�
GOOGKL�HO�LFG�KYKSG�OQLM[cG�IGFQNMHR�HO�LFGPG�
WQLGRMQSP�aQP�UHL�QNQMSQISG�MU�LFG�SMLGRQLcRG�
QUb�LFG�TRGPGUL�aHR^�aQP�LFG�OMRPL�MU�LFMP�
QRGQ2�iSS� LMWG�FMPLHRMGP�HO� SHQb�QUb�PLRGPP�
QP�aGSS�QP�TFHLH[RQTFP�HO� LGPL�PTGKMWGUP�

aGRG� RGKHRbGb� QUb� LFGPG� bQLQ�aGRG� cPGb
MU� KHUJcUKLMHU� aMLF� bGLGRWMUQLMHU� HO�
QWTSMLcbG`�KRQK^�MUMLMQLMHU�QUb�TRHTQ[QLMHU2�
vGNGRQS� bQWQ[G� QKKcWcSQLMHU� RcSGP� aGRG�
GfQWMUGb� aMLF� LFG� LGPL� bQLQ� HILQMUGb� MU�
LFMP� PLcbY2� i� bQWQ[G� WHbGS� KHUPMbGRMU[
LFG�GOOGKL�HO�UHU�TRHTHRLMHUQSMLY�MU�SHQbMU[�
bcG�LH�SHQbMU[�WHbG�KFQU[GP�aQP�TRHTHPGb2�

2. Experimental Method

2.1 Specimens and Fatigue Test

� EFG� OQLM[cG� LGPL� aQP� KQRRMGb� HcL�
IY� cPMU[� LFG� LaH� WHbGSP� HO� PTGKMWGU°�
SQIGSGb� QP� PKRGa6WHbGS� QUb� OSQU[G6WHbGS�
PTGKMWGUP`�IHLF�HO�aFMKF�QRG�WQbG�HO�LYTG�
KHTTGR�LcIG�1k833d9�QP�PFHaU�MU�}M[cRG�3
PFHaP� LFG� [GHWGLRY� HO� PTGKMWGUP� 1Q9�
PKRGa6WHbGS� PTGKMWGU� 1I9� OSQU[G6WHbGS�
PTGKMWGU`�RGPTGKLMNGSY2��Y�LFMP�OQLM[cG�LGPL�
aMSS�IG�QTTSMGb�aMLF�k���Xuk��LH�bGLGRWMUG�
UcWIGR� HO� KYKSGP� LH� OQMScRG� 1]O9� QUb� LFG�
GOOGKL�HO�LGWTGRQLcRG�HKKcRRMU[2��Y�PGLLMU[�
LFG� �UG6aQNG� LYTG� aQP� Q� RGTRGPGULQLMNG
HO� KQTMSSQRY� LcIG� HR� KHTTGR� LcIG� QUb� LFG
EaH6aQNG� LYTG� aQP� Q� RGTRGPGULQLMNG� HO�
KFGK^6NQSNG`�aFMKF�aQP�LFG�QRGQ�LFQL�FQP�
KFQU[Gb� QUb� LFG� WHPL� GQPMSY� bQWQ[Gb2�
�GKQcPG� LFG� QRGQ� aQP� KHUUGKLGb� LH� LFG�
KHTTGR�LcIG�QUb�LFG�TQRL�HO�\UMOHRW�LYTG�
LFQL�aMSS�IG�cPGb�LH�LGPL�OHR�LFG�OHcUbQLMHU�
NQScG� HO� KHWTQRMPHU� aMLF� LaH� PFQTGP� HO�
PTGKMWGUP2�EFG�PcROQKG�HO�PTGKMWGUP�aQP�
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THSMPFGb� WGKFQUMKQSSY� IY� LFG� ±8ddd� QUb�
±3ddd�OMUG�PQUb�TQTGRP2�EFG�TFYPMKQS�QUb�
WGKFQUMKQS�TRHTGRLMGP�HO�LGPLMU[�PTGKMWGUP�
1MU�LFMP�PGKLMHU�RGOGRP�LH�LFG�VGHfMbMhGb�FM[F�
TFHPTFHRcP� KHTTGR� 1V�X9� QUb� k833d9� QP�
PFHa�MU�EQISG�8�aGRG�LFG�TFYPMKQS�TRHTGRLMGP�
QUb�WGKFQUMKQS�TRHTGRLMGP�1vFMRQM�®�vQG^M`�
3dd@92�

� kHWTQRMU[�LFG�OQLM[cG�PTGKMWGU�aMLF�
KYSMUbRMKQS�[Q[G�PGKLMHU�aMLF�QU�FHcR[SQPP�
PFQTGb�PTGKMWGU`�LFG�RGPMPLQUKG�OHR�IcK^SMU[�
bcRMU[�TcPF6TcSS�OQLM[cG�LGPLMU[�QL�FM[F�PLRQMU�
QWTSMLcbG�aQP�RQLFGR�FM[F�OHR�LFG�SQLLGR2

k_me�	!	XFYPMKQS�QUb�_GKFQUMKQS�XRHTGRLMGP

Up_�_lf��\ f\l 
U�dd��	
S[�jT

U�dd��	fnm�
SU!%%BT

_GSLMU[�THMUL`�¦ 8?47 8?47
EFGRWQS�KHUbcKLMNMLY`
�u1W²¦9

??: ??:

jSGKLRMKQS�KHUbcKLMNMLY`
1¨�ikv9

C4 C4

EGUPMSG�PLRGU[LF`�_XQ 3?d6344 37d63:d
jSHU[QLMHU`�¨ @C64@ 3d6@d

� vKRGa�QUb�OSQU[G6WHbGS�aGRG�cPGb�OHR�
LFG�FQUbSMU[�QUb�PTGKMWGU�KSQWTMU[2�EFG�
KHUOM[cRQLMHU�HO�LFG�LGPL�QRGQ�HO�LFG�PTGKMWGU�
aQP�bGLGRWMUGb� LH�IG�TRHTHRLMHUQS� LH� LFG�
FHcR[SQPP� OQLM[cG� PTGKMWGU� aMLF� KMRKcSQR�
KRHPP�PGKLMHU�MU�ivE_�j358@�1ivE_`�3dd:92
EH�WMUMWMhG�LFG�GOOHRL� OHR� LFG�bGPM[U�QUb
LFG� bGNGSHTWGUL� HO� LFG� GgcMTWGUL`� LFG�
WQLGRMQS� aQP� cPGb� MU� LFG� OHRW� HO� LcIG�
aFMKF�FQb�Q�LcIcSQR�[GHWGLRY�aMLF�QU�HcLGR�
bMQWGLGR�HO�83�WW�QUb�QU�MUUGR�bMQWGLGR�HO�
7�WW�QL�LFG�[Q[G�PGKLMHU2�EFG�IQR�aQP�KcL�
LH�LFG�PTGKMWGU�SGU[LF`�LHLQS�SGU[LF�HO�5d�WW�
QUb�LFG�GUb�aMbLF�HO�83�WW�aGRG�KFHPGU
LH�IG�PQWG�QP�LFHPG�OHR�HcR�LGUPMSG�PTGKMWGUP�
MU�KcRRGUL�GfTGRMWGULP�QUb�ML�FQP�bMOOGRGUL�
LFG� FHcR[SQPP� PGKLMHU� HO� LGPL� PTGKMWGU2
EFG� KHUOM[cRQLMHU� HO� LFG� PTGKMWGU� aQP
PFHaU� MU� }M[cRG� 32� EFMP� aQP� HUG� HO� LFG�
RGQPHUP�OHR�LFG�KFHMKG�HO�LFG�FHcR[SQPP�LYTG�
KHUOM[cRQLMHU2��U�LFG�HLFGR�FQUb`�LFGRG�aGRG�
PHWG�bMOOMKcSLMGP�MU�GPLMWQLMU[�LFG�QfMQS�PLRQMU�
RQU[G�ORHW�LFG�RGPcSLP�HO�LFG�bMQWGLRMK�PLRQMU�
HO� FHcR[SQPP� PTGKMWGUP2� }HR� LFMP� RGQPHU`�
LFG� KFHMKG� HO� Q� PTGKMWGU� KHUOM[cRQLMHU�
aMLF� Q� KYSMUbRMKQS� [Q[G� PGKLMHU� FQP� IGGU�
RGKHWWGUbGb�IY�PGNGRQS�RGPGQRKFGP2�
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}SQU[G6WHbGS�PTGKMWGUe�1Q9�\UMOHRW�LYTG`�
1I9�EaH6aQNG�LYTG�QUb�1K9��UG6aQNG�LYTG

�\]n��	%	xGHWGLRY�HO�vTGKMWGUP2

2.2 Experimental Setup

� EFG�OQLM[cG�LGPL�aQP�KQRRY�HcL�IY�cPGb�
HO�Q�vFMWQbhc�PGRNH6FYbRQcSMK�LGPL�WQKFMUG�
cUbGR� PLRGPP� KHULRHS� QUb� Q� KHULRHS� bGNMKG�
1�QLQUQIG�GL�QS2`�3dd59`�LFG�ORGgcGUKY�cPGb�
MU�LFG�LGPL�aQP�8d��h�QUb�PQWTSMU[�RQLG�aQP�
3dd2�iU�GSGKLRMK�OcRUQKG�aQP�KHULRHSSGb�IY�
LFG�TRH[RQW`�aQP�MUKHRTHRQLGb�MU�LFG�LGPLMU[�
WQKFMUG� OHR� PGLLMU[� LFG� KHUbMLMHUP� HO� LFG�
LGPL�LGWTGRQLcRG2�EFG�HTGRQLMU[�LGWTGRQLcRG�
aQP� LQ^GU� LH� IG� KHUPLQUL�aGRG� 3:?`� @5?�
QUb� 45?� ¦`� QUb� LGWTGRQLcRG� MUKRGQPMU[
RQLG� aQP� ?5?� ¦uFHcR2� EFG� bMPTSQKGWGUL�

aQP�WGQPcRGb�IGLaGGU�LaH�THMULP�FQNMU[�
LFMP� [Q[G� SGU[LF� QUb� QTTSMGb� SHQb� aQP�
WGQPcRGb�IY�LFG�SHQb�KGSS2�EFG�bQLQ�HcLTcL�
QUb�MUTcL�aGRG�KHUNGRLGb�LFRHc[F�LFG�iV�
QUb� Vi� IHQRb� ORHW� LFG� LGPL� WQKFMUG� LH�
LFG�TGRPHUQS�KHWTcLGR2�}QMScRG�KYKSGP�QTTSMGb�
OHR� PTGKMWGUP� aGRG� QSPH� PFHaU� MU� EQISG�
32�i�kkV�NMbGH�KQWGRQ�aMLF�Q�hHHW�SGUP�
aQP�PGL�HU�GSGKLRMK�OcRUQKG�OHR�WHUMLHRMU[�
KRQK^�MUMLMQLMHU�QUb�TRHTQ[QLMHU�QP�PFHaU�
MU�}M[cRG�?2��QIHRMHcP�TRHKGbcRGP�QPPHKMQLGb�
aMLF�HTLMKQS�bGLGKLMHU�HO�KRQK^�FQNG�IGGU�
RGbcKGb�IY�cPMU[�LFG�QcLHWQLGb�PYPLGW�HO�
kkV�NMbGH�KQWGRQ2�EFG�TRGPGUL�kkV�NMbGH�
KQWGRQ� RGKHRbGb� TFHLH[RQTFP� HO� PcROQKG�
HO� LFG� PTGKMWGU� GNGRY� 8d� WMUcLG� aMLF�
RGPHScLMHU�HO�83Cdf8d3@�TMfGSP2

vKRGa6WHbGS�PTGKMWGUe� 1Q9�\UMOHRW�LYTG�QUb�
1I9��UG6aQNG�LYTG

�\]n��	)	jfTGRMWGULQS�vGLcT�OHR�}QLM[cG�EGPL

(�6�LNOPQRUPVWXY�ZXWX

� EFG� OQLM[cG� SHQbMU[� QTTSMGb� LH� LFG�
PTGKMWGU� aQP� LGUPMHU6KHWTRGPPMHU2� EFG�
SHQb�aQP�HILQMUGb�ORHW�LFG�SHQb�KGSS�HO�LFG�
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WQKFMUG� LFQL� aQP� KHUNGRLGb� LH� PLRGPP� HO�
PTGKMWGU`�aFMKF�aQP�HILQMUGb�IY�UGL�QRGQ
HO� PTGKMWGUP�QL� LFG�KGULGR2�EFG�HILQMUGb�
PLRQMU�QUb�PLRGPP�aGRG�RG[QRbGb�QP�UHWMUQS�
PLRQMU�QUb�PLRGPP`�RGPTGKLMNGSY2�EFG�HILQMUGb�
QfMQS� SHQb� aQP� KHULRHSSGb� OHR� LFG� OQLM[cG�
LGPL`� QUb� LFG� KHULRHSSGb� SHQb� KFQU[GP� QP�
QSLGRUQLMU[� KYKSMK� aQNGOHRW� QP� PFHaU� MU�
}M[cRG�@2�

IQPG�HU�\UMOHRW�LYTG�HO�KHTTGR�LcIG�aFMKF�
Q�OcSSY6RGNGRPGb�PLRGPP�KYKSG�aMLF�Q�PMUcPHMbQS�
OHRW2� }HR� LFMP� ^MUb� HO� PLRGPP� KYKSG`� LFG�
WQfMWcW� QUb�WMUMWcW� PLRGPPGP�aGRG� HO�
GgcQS�WQ[UMLcbG�IcL�HTTHPMLG�PM[U2�\PcQSSY�
LGUPMSG�PLRGPP�aQP�KHUPMbGRGb�LH�IG�THPMLMNG�
QUb�KHWTRGPPMNG�PLRGPP�UG[QLMNG2�EGPLP�aGRG�
TGROHRWGb� aMLF� Q� PMUcPHMbQS� aQNGOHRW� QL�
hGRH�WGQU� PLRQMU� OHR� QSS� PTGKMWGUP2� EGPLP�
aGRG� LGRWMUQLGb�aFGU� LFG� PTGKMWGU�aQP�
RcTLcRGb2� vcWWQRY� HO� OQLM[cG� LGPLP� aQP�
PFHaU�MU�EQISG�32�

k_me�	%	vcWWQRY�HO�}QLM[cG�EGPLP

i���e	
k�d�

k�`d��_fn���
K

yd�l\`�^	
k�d��yl���	
��	�e_^]�

�_\en��	
U�le�		
S�gT

\UMOHRW @5? v @5`4:8
�UG6aQNG @5? v 44`C4@
�UG6aQNG 45? v 4?`44d
\UMOHRW 3:? } ?d5`:C@

�UG6aQNG 3:? } @?7`545
EaH6aQNG 3:? } 3d?`4?4
\UMOHRW @5? } 358`8?8

�UG6aQNG @5? } 87C`:4d
EaH6aQNG @5? } 7C`5:8
\UMOHRW 45? } 8d5`547

�UG6aQNG 45? } 8?`85@
EaH6aQNG 45? } 8d`?:?

� EFG�OQMScRG�KYKSG�UcWIGR�]O aQP�bGOMUGb�
IY�LFG�UcWIGR�aFGU�LFG�LGUPMSG�SHQb��TGQ^�

aQP� bGKRGQPGb`� QUb� RGQKFGb� 54¨� HO� LFG�
WQfMWcW�TGQ^�SHQb��WQf2�iL�LFMP�KHUbMLMHU`�
LFG�LGPLMU[�WQKFMUG�PLHTP2

�\]n��	-	iPPcWGb��HQb��QNG�OHR�}QLM[cG�EGPL

� EFG�QPPcWGb�UHWMUQS�PLRGPP�QWTSMLcbG�
ORHW�TGQ^�LH�TGQ^�aQP�3dd�_XQ�OHR�QSS�LGPL�
PTGKMWGUP� aFMKF� WGQUP� LFQL� WQfMWcW�
LGUPMSG�PLRGPP�aQP�8dd�_XQ�QUb�WMUMWcW�
KHWTRGPPMHU�PLRGPP�aQP�68dd�_XQ`�OHR�IHLF�
LYTGP� HO� PTGKMWGUP2� EFHPG� KYKSMK� SHQbP�
TRGPGUL�SHQb�RQLMH�1Z9�HO�68`�vFMWQbhc�PGRNH6
FYbRQcSMK� KHULRHSSGb� LGPLMU[�WQKFMUG�aMLF�
85^]�QUb�5^]� SHQb�KGSS�aQP�cPGb� 1PKRGa�
QUb�OSQU[G�WHbGS`�ZGPTGKLMNGSY9�QUb�OHSSHaGb�
KHUKGRUMU[� PTGKMWGU� IY� ivE_� j358@�
aFMKF� LFG� KQSKcSQLMHU� HO� LFG� QTTSMGb� SHQb�
OHR�OQLM[cG�LGPL�ORHW�LFG�PFQTG�HO�PTGKMWGU�
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6��[P\]YW\�XV^�ZR\_]\\R`V�

� EFG�PcWWQRY�HO�GfTGRMWGULQS� OQMScRG�
KYKSG`�LFG�UcWIGR�HO�KYKSGP�LH�OQMScRG�1]O9`�
aGRG�PFHaU�MU�EQISG�32��U�LFMP�TQTGR`�LFG�
UcWIGR�HO�KYKSGP�LH�OQMScRG�1]O9�aQP�bGOMUGb�QP�
LFG�KYKSG�aFGU�LFG�PTGKMWGU�aQP�RcTLcRGb�
QUb� QOLGR� KHWTSGLMU[� QSS� GfTGRMWGULP� HU
LFG�HTGRQLMHU�HO�LFG�OQLM[cG`�LFG�MUOScGUKGP�HO�
LFG�NQRMHcP�GfTGRMWGULQS�TQRQWGLGRP�HU�LFG�
UcWIGR�HO�KYKSGP�LH�OQMScRG�aGRG�KHUPMbGRGb2

6���bfj� _]QkP\� `q� v`OOPQ� w]yP�

� zv�(({|�RV�}XWR~]P�wP\W

� }RHW� }M[cRG� 4� PFHaP� LFG� [RQTF� HO�
v6]� KcRNG� HO� KcTTGR� LcIG� 1k833d9� aFMKF�
MSScPLRQLG�LFG�PLRGPP�NQScGP�QUb�LFG�UcWIGR�
HO�KYKSGP� LH� OQMScRG� 1]O9� NQScGP�aFMKF�aQP�
^UHaU�QP�QU�v6]�KcRNG2�i� SH[�PKQSG�aQP�
QSWHPL� QSaQYP� cPGb� OHR� LFG� UcWIGR� HO�
KYKSGP� LH� OQMScRG� 1]O9� LFGU� ML� aQP� OHcUb�
LFQL�LFG�PLRGPP�HO�3dd�_XQ`��UG6aQNG�LYTG�

�\]n��	?	v6]�kcRNGP�V�X�QUb�k833d�MU�}QLM[cG�
� EGPL�1vKRGa6WHbGS9

PTGKMWGU� NQScGP� QL� LGWTGRQLcRG� @5?� ¦�
aQP�WHRG� LFQU� �UG6aQNG� LYTG� PTGKMWGU�
NQScGP�QL� LGWTGRQLcRG�45?�¦�QUb�\UMOHRW�
LYTG�PTGKMWGU�NQScGP�QL�LGWTGRQLcRG�@5?�¦�
RGPTGKLMNGSY`� aFMKF� FQP� LFG� UcWIGR� HO
KYKSGP� LH� OQMScRG� 1]O9� aGRG� 44C4@`� 4?44d�
QUb�@54:8�QUb�QL� LFG� LGWTGRQLcRG�@5?�¦�
HO��UG6aQNG�LYTG�PTGKMWGU`�]O�NQScG�aQP�
HNGR2� �GKQcPG� HO� LFG� FM[FGR� LGWTGRQLcRG`�
LFQL� QOOGKLP� LH� LFG� WHSGKcSQR� PLRcKLcRG� HO�
KHTTGR� LcIG� OHR� SGPP� LQ^GU� LH[GLFGR� PH� ML�
KQcPGb�LFG�ORQKLcRG�cUKHWTSMKQLGbSY2��FGU�
KHTTGR� LcIG�aQP�FGQLGb`� ML�aHcSb�IG� LFG
HUG� TRHKGbcRG� aMLF� LFG� WGLQSSMK� WQLGRMQS�
aQP�Q�SMUGQR�GfTQUPMHU2��Y�LFQL`�LFG�WQLGRMQS�
aHcSb�IG�GfTQUPMHU�MU�QfMP�aFMKF�QOOGKLGb�
LH� LFG� LFMK^UGPP� HO� LFG� KHTTGR� LcIG`� QL�
LFG� FM[FGR� LGWTGRQLcRGP`� LFGRG� aQP� WHRG�
GfTQUPMHU� QUb� LFG� \UMOHRW6LYTG� QL� LFG�
LGWTGRQLcRG�@5?�¦�aQP�PWQSS�IGKQcPG�LFG�
ORQKLcRG�HO�PTGKMWGU�HKKcRRGb�MU�PKRGa�QRGQ�
QL�LFG�LMT�HO�LFG�PKRGa`�UHL�HKKcRRGb�MU�LFG�
KGULGR� HO� PTGKMWGU2� �GKQcPG� HO� LFMP� QRGQ
aQP� ORQ[MSG� IY�bGPM[U� HO� LGUPMSG6KHWTRGPP�
SHQb�PH� LFG� ORQKLcRG�aHcSb�cUKHWTSMKQLGb�
WHRG� LFQU� LFG� KGULGR� HO� PTGKMWGU�aFMKF�
KQcPGb�LFG�PKRGa6WHbGS�PTGKMWGU�FQP�LFG�
bQWQ[G� TRHISGW� HO� LFMP� QRGQ� LFQL� ML� aQP�
PFHaGb� MU� }M[cRG� 5� QP� PFHa� LFG� ORQKLcRG�
PcROQKGP� HILQMUGb� HO� LFG� PKRGa6WHbGS�
PTGKMWGU�QL�RGSQLMNGSY�PLRGPP� SGNGSP�HO�3dd�
_XQ� HO� LFG� �UG6aQNG� LYTG� PTGKMWGU� QL�
45?� ¦� QUb� \UMOHRW� LYTG� PTGKMWGU� QL

วา
รส
ารว
ิชา
กา
รแ
ละ
วิจ
ัย

มท
ร.พ
ระน
คร



49RMUTP Research Journal, Vol. 8, No. 2, September 2014

@5?� ¦2� EFGRGOHRG`� LFG� RGPGQRKFGR� aHcSb�
bGPM[U�HO�LFG�PTGKMWGUP�WcPL�IG�MWTRHNGb�
LH�LFG�PTGKMWGU�aQP�Q�OSQU[G6WHbGS�aFMKF�
GfTSQMUP� LFG� GfTGRMWGUL� RGPcSLP� HO� LFG�
PTGKMWGU�MU�}M[cRG�C�QUb�KHWTQRMU[�aMLF�
LFG� [RQTF� HO� V�X� KHTTGR� LFQL� OHcUb� LFG�
PLRGPP�HO�3dd�_X�FQP�LFG�UcWIGR�HO�KYKSGP�
LH� OQMScRG� 1]O9� NQScGP� aQP� QTTRHQKF� LFG�
V�X�QUUGQSGb�KHTTGR�NQScGP��2�1V�X�KHTTGR�
aQP�ORHW�WQLGRMQS�HO�KHTTGR�PHSMb�WQLGRMQS�
MU[HLP�OHRWGb�TQRLP�LH�OQLM[cG�aFMKF�aQP�LFG�
PLQUbQRb�NQScG�HO�LFG�OQLM[cG�LGPL�PTGKMWGU�
KHWTQRMU[�aMLF�KHTTGR�LcIG�QUb�V�X�KHTTGR�
aQP�Q�SMLGRQLcRG�bQLQ�1vFMRQM�®�vQG^M`�3dd@992�

� }RHW�}M[cRG�7�PFHaP�LFG�TFHLH[RQTFP�
HO�OQLM[cG�LGPL�OHR��UG6aQNG�LYTG�PTGKMWGU�
QL�@5?�¦�MU�LFG�PKRGa6WHbGS`�PLRGPP�SGNGSP
HO� 3dd�_XQ� MU� IGOHRG� QUb� QOLGR`� LFQL� KQU�
PGG�LFG�QOLGR� LGPL�HO� LFG�KHTTGR� LcIG�FQP�
bGOHRWQLMHU2

� �L� aQP� OHcUb� LFQL� LFG� OQLM[cG� aQP�
Q� WQJHR� KQcPG� HO� KHTTGR� LcIG� PTGKMWGU�
IGKQcPG�LFG�TSQPLMK�bGOHRWQLMHU�RQU[G�aMSS
OMRPL� FQNG� cUbGR[HUG� GSQPLMK� bGOHRWQLMHU`�
aFMKF� aQP� RGNGRPMISG`� QUb� PH� LFQL� LFG
HIJGKL�aMSS�RGLcRU�TQRL�QaQY�LH�MLP�HRM[MUQS�
PFQTG2� vHOL� LFGRWHTSQPLMKP� FQNG� Q� RQLFGR
SQR[G� TSQPLMK� bGOHRWQLMHU� RQU[G� QP� bH�
KHTTGR�LcIG�PTGKMWGU�aQP�bcKLMSG�WGLQSP2�
\UbGR� LGUPMSG� PLRGPP� TSQPLMK� bGOHRWQLMHU�
aQP� KFQRQKLGRMhGb� IY� Q� PLRQMU� RG[MHU� QUb�
Q�UGK^MU[�RG[MHU�QUb�OMUQSSY`�ORQKLcRG�1QSPH�
KQSSGb�RcTLcRG92�VcRMU[�PLRQMU`�LFG�WQLGRMQS�
IGKHWGP� PLRHU[GR� LFRHc[F� LFG� WHNGWGUL
HO�QLHWMK�bMPSHKQLMHUP2�EFG�UGK^MU[�TFQPG�
aQP� MUbMKQLGb� IY� Q� RGbcKLMHU� MU� KRHPP6
PGKLMHUQS� QRGQ� HO� LFG� PTGKMWGU2� ]GK^MU[�
IG[MUP� QOLGR� LFG� cSLMWQLG� PLRGU[LF� aQP�
RGQKFGb2�VcRMU[�UGK^MU[`�LFG�WQLGRMQS�KQU
UH� SHU[GR� aMLFPLQUb� LFG�WQfMWcW� PLRGPP
QUb� LFG� PLRQMU� MU� LFG� PTGKMWGU� RQTMbSY�
MUKRGQPGP2� XSQPLMK� bGOHRWQLMHU� GUbP� aMLF
LFG�ORQKLcRG�HO�LFG�WQLGRMQS2

�\]n��	@	XFHLH[RQTFP�HO�LFG�IGOHRG�QUb�QOLGR�
� MU� OQLM[cG� LGPL� 1�UG6�QNG� LYTG`�
� @5?�¦9

�\]n��	N	XFHLH[RQTFP�HO�1Q9��UG6aQNG�EYTG�
� 45?�¦�QUb�1I9�\UMOHRW6LYTG�@5?�¦�
� MU�}QLM[cG�EGPL
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� iUHLFGR�bGOHRWQLMHU�WGKFQUMPW�aQP�
WGLQS� OQLM[cG`� aFMKF� HKKcRP� TRMWQRMSY� MU�
bcKLMSG� WGLQSP2� �L� aQP� HRM[MUQSSY� LFHc[FL
LFQL� Q�WQLGRMQS� bGOHRWGb� HUSY� aMLFMU� LFG�
GSQPLMK� RQU[G� RGLcRUGb� KHWTSGLGSY� LH� MLP�
HRM[MUQS�PLQLG�HUKG�LFG�OHRKGP�aGRG�RGWHNGb2�
�HaGNGR`� LFG� OQcSLP� aGRG� MULRHbcKGb� QL�
LFG�WHSGKcSQR�SGNGS�aMLF�GQKF�bGOHRWQLMHU2�
iOLGR�WQUY�bGOHRWQLMHUP`�KRQK^P�aMSS�IG[MU�
LH�QTTGQR`�OHSSHaGb�PHHU�QOLGR�IY�Q�ORQKLcRG�
QUb� QP� bGOHRWQLMHU� HKKcRP°� MULGRUQS� MULGR6
WHSGKcSQR� OHRKGP� QRMPG� LFQL� HTTHPG� LFG�
QTTSMGb�OHRKG2��O�LFG�QTTSMGb�OHRKG�aQP�UHL�
LHH�SQR[G`�LFGPG�OHRKGP�WQY�IG�PcOOMKMGUL�LH�
KHWTSGLGSY�RGPMPL�LFG�QTTSMGb�OHRKG`�QSSHaMU[�
LFG� HIJGKL� LH� QPPcWG� Q� UGa� GgcMSMIRMcW
PLQLG� QUb� LH� RGLcRU� LH� MLP� HRM[MUQS� PLQLG
aFGU� LFG� SHQb� aQP� RGWHNGb2� i� SQR[GR
QTTSMGb� OHRKG� WQY� SGQb� LH� Q� TGRWQUGUL�
bGOHRWQLMHU� HO� LFG� HIJGKL� HR� GNGU� LH� MLP�
PLRcKLcRQS�OQMScRG2�

� EFG� UcWIGR� HO� KYKSGP� LH� OQMScRG� 1]O9�
NQScGP�MU�LFG�v6]�KcRNGP�aMLF�LFG�PTGKMWGUP�
QL�LFG�3dd�_XQ�aGRG�KHWTQRGb�aMLF�LFHPG�
aMLF� PLQUbQRb� PMhG� PTGKMWGUP� HO� PHScLMHU�
V�X�KHTTGR�LcIG�LGPLGb�MU�FM[F�LGWTGRQLcRG2�
iP�PGGU�MU�}M[cRG�C`�LFG�UcWIGR�HO�KYKSGP�
LH� OQMScRG� 1]O9� NQScGP� aMLF� LFG� PTGKMWGUP�
aGRG�GgcQS�LH�HR�PSM[FLSY�[RGQLGR�LFQU�LFHPG�
aMLF� PLQUbQRb� PWHHLF� IQR� PTGKMWGUP2�
]H� PLRHU[� GOOGKL� HO� PTGKMWGU� PMhG� HU� LFG�
UcWIGR�HO�KYKSGP�LH�OQMScRG�1]O9�aQP�OHcUb�
OHR� LFMP�PTGKMWGU2� �L�KQU�IG�PQMb�LFQL� LFG�
UcWIGR�HO�KYKSGP�LH�OQMScRG�1]O9�HO�LFG�EaH6
aQNG� LYTG� PTGKMWGU� QL� 45?� ¦`� FHcR[SQPP�
PFQTGb� PTGKMWGU� aQP� RQLFGR� PGUPMLMNG�
LH� OQLM[cG� WHLMHU� bcRMU[� LGPLMU[� 1KYKSMK�
LGUPMHU6KHWTRGPPMHU�SHQbMU[92��U�LFG�HLFGR�
FQUb`�ML�aQP�RQLFGR�MUPGUPMLMNG�LH�LFG�SQLGRQS�
bMPTSQKGWGUL�QUb�LFG�MUKRGQPG�LGWTGRQLcRG�
aMSS�QOOGKL�LH�LFG�PLRcKLcRG�HO�KHTTGR�LcIG�
aFMKF�KQcPGb�LFG�WQLGRMQS�bQWQ[G�HKKcRP�
gcMK^SY2�_HPL�WQLGRMQSP�GfTQUb�PHWGaFQL�
aFGU�FGQLGb�LFRHc[F�Q�LGWTGRQLcRG�RQU[G�
LFQL�bHGP�UHL�TRHbcKG�Q�KFQU[G�MU�TFQPG2�
�FGU�LFG�QbbGb�FGQL�MUKRGQPGP`�LFG�QNGRQ[G�
QWTSMLcbG�HO�NMIRQLMHU�HO�LFG�QLHWP�MU�LFG�
WQLGRMQS� aMSS� MUKRGQPGP� aMLF� LFG� QNGRQ[G�
PGTQRQLMHU�IGLaGGU�LFG�QLHWP2�vcTTHPG�QU�
HIJGKL� HO� SGU[LF�cUbGR[HGP� Q� LGWTGRQLcRG�
KFQU[G� HO� WQ[UMLcbG`� MO� LGWTGRQLcRG�
bMOOGRGUKG�aQP�RGQPHUQISY�PWQSS`�LFG�KFQU[G�
MU� SGU[LF� aQP� [GUGRQSSY� TRHTHRLMHUQS� LH�
SGU[LF� QUb� LGWTGRQLcRG� bMOOGRGUKG2� vLQLGb�

�\]n��	O	v6]�kcRNGP�V�X�QUb�k833d�MU�}QLM[cG�
� EGPL�1OSiU[G6WHbGS9
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WQLFGWQLMKQSSY°� LFMP`� HO� KHcRPG`� LFQL� LFG�
WQLGRMQS�aMSS�FQNG�LFG�PQWG�GfTQUPMHU�MU�QSS�
bMRGKLMHUP�OHR�Q�[MNGU�LGWTGRQLcRG�KFQU[G2�
EFMP�aQP�LRcG�OHR�GQKF�HO�LFG�KHTTGR�LcIG�
WQLGRMQSP� LFQL�aG�aMSS�IG�cPMU[� 1WQLGRMQSP�
LFQL� GfFMIML� LFMP� LYTG� HO� IGFQNMHR`� aQP�
KQSSGb�SMUGQR�GfTQUPMHU9`�PH�SMUGQR�GfTQUPMHU�
FQNG�GOOGKL�LH�KHTTGR�LcIG�PTGKMWGU�aFGU�
MUKRGQPGb� LGWTGRQLcRG2� }RHW� v6]� kcRNG�
OHcUb� LFQL� LFG� �UG6aQNG� LYTG� PTGKMWGU�
QL� RHHW� LGWTGRQLcRG� FQP� LFG� FM[FGPL� LFG�
UcWIGR�HO�KYKSGP�LH�OQMScRG�1]O9�NQScG�IGKQcPG�
QL� UHRWQS� LGWTGRQLcRG`� LFG� PLRcKLcRG� HO�
KHTTGR�LcIG�FQP�Q�OGa�KFQU[MU[�LFQL�QISG�
LH�IGQR�LFG�OQLM[cG�SMOG�WHRG�LFQU�PTGKMWGUP�
LGPLGb�QL�@5?�QUb�45?�¦�QUb�aFGU� LFGRG
aGRG�KFQU[GP�FHcR[SQPP�PFQTGb�PTGKMWGU`
ML�aMSS�IG�GfLGUbGb�LH�LFG�OQLM[cG�PTGKMWGU�
aMLF� LFG� EaH6aQNG� LYTG� PTGKMWGU�
KHWTHUGULP� QUb� \UMOHRW6LYTG� PTGKMWGU2
EFG� RGPcSLP� PFHaGb� LFQL� LFG� GOOGKL� aQP�
Q� bMRGKL� GfLGUPMHU� HO� LFG� PTGKMWGU� QUb�
�HcR[SQPP�PFQTGb�QP�OHcUb�LFG�LGWTGRQLcRG�
FQP�LFG�[RGQLGPL�MWTQKL�QUb�LFGU�OHKcP�HU�
TQRL�HO�LFG�PTGKMWGU�LGPL�[RHcT�KHWTQRGb�
aMLF� LFG�KcRNG�HO� LFG�V�X�KHTTGR�HO� LFG�
PLRGPP� 3dd� _XQ`� LFG� UcWIGR� HO� KYKSGP�
LH� OQMScRG� 1]O9� NQScG� aQP� PMWMSQR2� �Y� LFG�
TRHTGRLMGP� HO� KHTTGR� LcIG� 1k833d9� aMLF�
bGHfMbMhGb� FM[F� TFHPTFHRcP� KHTTGR� 1V�X�
KHTTGR9�aQP�PMWMSQR`�PH�ML�aQP�LH�IG�MU�LFG�
PQWG� RQU[G� QUb� cPGb� LFG� MUOHRWQLMHU� OHR�
QTTSMKQLMHUP�MU�LFG�OcLcRG�bGNMKG2�EFMP�aQP�

TQRLMKcSQRSY� MWTHRLQUL� bGNGSHTWGUL� MU� LFG�
OcLcRG2�

�\]n��	P	}RQKLcRG�vcROQKGP�HO� LFG�vTGKMWGUP�
� 1}SQU[G6WHbGS9

6�(���`W`~QXO�\��y\PQkXWR`V\�̀ V�W�P�

� }QX_W]QP�b]QqX_P�̀ q�W�P�bOP_RUPV\

� XFHLH[RQTFP� HIPGRNQLMHUP� HU� LFG�
ORQKLcRG� PcROQKG� HO� LFG� PTGKMWGUP`� OQMSGb�
QL� bMOOGRGUL� LGWTGRQLcRG� SGNGSP`� RGNGQS�
LFQL� bMOOGRGUL� KRQK^� TRHTQ[QLMHU� HTGRQLG�
QL� bMOOGRGUL� SGNGSP� HO� LFG� LGWTGRQLcRG`� QP�
PFHaU� MU� }M[cRG� :1Q6F92� EFG� PTGKMWGU�
PcROQKG�aQP�WGQPcRGb� cPMU[� TFHLH[RQTFP�
LQ^GU�IY�LFG�kkV�NMbGH�KQWGRQ2�EFG�KRQK^�
MUMLMQLGb� QL� LFG� QSS� PTGKMWGU� PcROQKG� QUb�
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TRHTQ[QLGb2�EFG�KRQK^�PcROQKG�aQP�HIPGRNGb�
LH�IG�QSWHPL�TGRTGUbMKcSQR� LH�LFG� SHQbMU[�
bMRGKLMHU2�}QLM[cG�PLRMQLMHUP�aGRG�HIPGRNGb�
HU� LFG� PcROQKGP2� EFG� ORQKLcRG� PcROQKGP� HO�
LFG� WMUMQLcRMhGb� PTGKMWGUP� aGRG� PMWMSQR�
LH� LFHPG� HO� LFG� PLQUbQRb� PMhG� PTGKMWGUP2�
}M[cRG�:1Q9�QUb�1I9�PFHaP�LFG�ORQKLcRG�PcROQKGP�
HILQMUGb�HO� LFG� OSQU[G6WHbGS�PTGKMWGU�QL�
RGSQLMNGSY� PLRGPP� SGNGSP� HO� 3dd�_XQ� HO� LFG�
\UMOHRW6LYTG� PTGKMWGU� QL� 3:?� ¦2� �U� Q�
WQKRHPKHTMK�PKQSG`�LFG�PcROQKGP�MU�IHLF�LFG
OM[cRGP�aGRG�HRMGULGb�UHRWQS�LH�LFG�WQMU�
TRMUKMTQS� PLRGPP� 1SHU[MLcbMUQS� QfMP� HO� LFG�
PTGKMWGU9� QUb� GfFMIML� TSQUQR� LHTH[RQTFY�
aMLF� [RQbcQSSY� MUKRGQPMU[� RHc[FUGPP� QP�
LFG�KRQK^�TRHTQ[QLGP2�EFG�RG[MHU�HO�KRQK^�
TRHTQ[QLMHU�aQP� KFQRQKLGRMhGb�IY� PWHHLF�
QUb�IRM[FL�ORQKLcRGb�PcROQKG`�NMNMbSY�KQTLcRGb�
MU� }M[cRG� :1Q92� EFG� QRGQ� HO� OMUQS� ORQKLcRG�
aQP� RQLFGR�PWQSS� MU� LFGPG�KQPGP�HaMU[� LH�
RGSQLMNGSY�SHaGR�QTTSMGb�PLRGPP2�EFG�[GHWGLRY�
QUb�WQKRHPKHTMK�HRMGULQLMHU�HO�LFG�ORQKLcRGb�
PcROQKG� 1LGUPMSG9� KRQK^� TRHTQ[QLMHU� 1PFHa�
LFG� KRQK^� FQP� [RHaU� MU� ORQKLcRGP� aFGRG�
LFGRG� FQNG� IGGU� PcIPLQULMQS� NQRMQLMHUP� MU
LFG� KHWTHUGUL� PLRGPP� QP� LFG� KRQK^� [RGa�
QKRHPP�LFG�TMGKG9�QUb�\UMOHRW�LYTG�PTGKMWGU�
QL�@5?�QUb�45?�¦�FQNG�LFG�PQWG�ORQKLcRG�
PcROQKGP� HO� LFG� \UMOHRW6LYTG� QL� RHHW�
LGWTGRQLcRG� IcL� ML� FQP� LFG� bMOOGRGUKG� QL�
LFG�UcWIGR�HO�KYKSGP�LH�OQMScRG�IGKQcPG�LFG�
LGWTGRQLcRG�QOOGKLP�LFG�PLRcKLcRG�KHTTGR�HO�
LFG�SMUGQR�GfTQUPMHU2�EFG�MWTHRLQUL�OGQLcRG�

aQP� LFG� PFQTG� HO� LFG� ORQKLcRG� QP� NMGaGb�
ORHW� LFG� PMbG2� �O� LFG� PLRGPP� KHUKGULRQLMHU�
aQP�RGSQLMNGSY�MUPM[UMOMKQUL`�LFG�ORQKLcRG�OQKG�
aMSS�GPPGULMQSSY�IG�Q� OSQL�TSQUG2��cL� MO� LFG�
PLRGPP� KHUKGULRQLMHU� TSQYGb� QU� MWTHRLQUL�
TQRL�MU�KQcPMU[�LFG�OQMScRG`�PcKF�QP�Q�PFQRT�
KHRUGR�HU�Q�PLGT�MU�Q�PFQOL`�LFG�ORQKLcRG�OQKG�
aMSS�IG�KcRNGb�MU�LFQL�QRGQ�QOOGKLGb�IY�LFG�
PLRGPP�KHUKGULRQLMHU2�EFG�P^GLKF�MU�}M[cRG�
:1Q9�PFHaP�Q�PMbG�NMGa�HO�LFG�KRHPP�PGKLMHU�
HO�PTGKMWGU�QUb�LFG�KHUKQNG�ORQKLcRG�OQKG�
MUbMKQLGP� LFQL� LFGRG� aQP� Q� PGRMHcP� PLRGPP�
KHUKGULRQLMHU2�1�O�LFGRG�FQb�IGGU�QU�QbGgcQLG�
RQbMcP� HU� LFG� PTGKMWGU� QUb� Q� SHa� PLRGPP�
KHUKGULRQLMHU�OQKLHR`�LFG�ORQKLcRG�OQKG�aHcSb�
FQNG�IGGU�GPPGULMQSSY�OSQL`�HR�LFG�OQMScRG�WQY�
UHL� FQNG� FQTTGUGb� QL� QSS9� QUb� PFHa� LFG�
RMNGR�WQR^P� KHTMGb� ORHW� LFG� ORQKLcRG� OQKG�
HO�Q�OQMSGb�PTGKMWGU2�ZMNGR�WQR^P�PFHa�cT�
WHPL�ORGgcGULSY�MU�LFG�RGSQLMNGSY�OQPL6[RHaMU[�
PGKLMHUP�HO�LFG�OQLM[cG�hHUG�QUb�HLFGR�LFQU�
MUbMKQLMU[� LFG� bMRGKLMHU� HO� KRQK^� [RHaLF`
LFGY� PcTTSY� SMLLSG� MUOHRWQLMHU� LFQL� KQU�IG�
cPGb�LH�bMQ[UHPG�LFG�KQcPG�HO�LFG�OQMScRG2�
}M[cRG� :1I9� PFHaP� LFG� THPMLMHU� QL� LFG�
IG[MUUMU[� HO� LFG� ORQKLcRG� MU� KHTTGR� LcIG`�
LFG�PLQRL�HO�Q� ORQKLcRG�aQP�bGLGRWMUGb�IY�
LFG� KRQK^MU[� LGUbGUKMGP� QL� LFG� LMT� HO� LFG�
KRQK^2��O�Q�TSQPLMK�bGOHRWQLMHU�OSQa�GfMPLGb�QL�
LFG�LMT`�LFG�PLRcKLcRG�aQP�UHL�GUbQU[GRGb�
IGKQcPG� LFG� WGLQS� WQPP� PcRRHcUbMU[� LFG�
KRQK^�aMSS�PcTTHRL�LFG�PLRGPP2��FGU�bcKLMSG�
ORQKLcRG� HKKcRP`� 1cUbGR� LFG� KHUbMLMHUP� OHR�
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bcKLMSG� ORQKLcRG� PLQLGb� QIHNG9`� LFG� KRQK^�
aMSS� MUMLMQLG� QUb� TRHTQ[QLG� LFRHc[F� LFG�
WQLGRMQS�QL�[RGQL�PTGGbP� 1PTGGb�HO�PHcUb9�
ML�PFHcSb�IG�UHLGb�LFQL�PWQSSGR�[RQMU�PMhG`�
FM[FGR�LGWTGRQLcRG`�QUb�SHaGR�PLRGPP�LGUb�LH�
WMLM[QLG�KRQK^�MUMLMQLMHU2��QR[GR�[RQMU�PMhG`�
SHaGR�LGWTGRQLcRGP`�QUb�FM[FGR�PLRGPP�LGUb
LH� OQNHR� KRQK^� TRHTQ[QLMHU2� EFGRG� aQP� Q�
PLRGPP� SGNGS�IGSHa�aFMKF�Q�KRQK^�aMSS�UHL�
TRHTQ[QLG� QL� QUY� LGWTGRQLcRG2� EFMP� aQP�
KQSSGb� LFGU� SHaGR� ORQKLcRG� TRHTQ[QLMHU
PLRGPP2� iP� LFG� LGWTGRQLcRG� MUKRGQPGP`� Q�
FM[FGR� PLRGPP�aQP� RGgcMRGb� OHR� Q� KRQK^� LH�
TRHTQ[QLG2� }M[cRG� :1K9� PFHaP� LFG� ORQKLcRG�
HILQMUGb�HO� LFG� OSQU[G6WHbGS�PTGKMWGU�QL�
RGSQLMNGSY� PLRGPP� SGNGSP� HO� 3dd�_XQ� HO� LFG�
�UG6aQNG�LYTG�PTGKMWGU�HU�LFG�LGWTGRQLcRG�
QL� @5?� ¦2� }M[cRG� :1b9� PFHaP� LFG� ORQKLcRG�
HILQMUGb�HO� LFG� OSQU[G6WHbGS� PTGKMWGU�HO�
LFG� �UG6aQNG� LYTG� PTGKMWGU� QL� 3:?� ¦2�
}RHW� LFG� GfTGRMWGUL� HO� KHTTGR� LcIG� QL�
LFG� RHHW� LGWTGRQLcRG� aQP� PGGU� LFQL� LFG�
ORQKLcRG� PcROQKG� HO� KHTTGR� LcIG`� aMSS� SHH^�
LFG�PcROQKG�bHGP�UHL� PWHHLF�IGKQcPG� LFG�
KHTTGR� FQNG� LFG� TRHTGRLMGP� HO� LHc[FUGPP2�
�FGU�KHWTQRGb�LH�LFG�ORQKLcRG�PcROQKG�LFQL�
HKKcRP�LH�LFG�LGWTGRQLcRG�bMOOGRGUKG2��L�KQU�
IG�PGGU�ORHW�LFG�PcROQKG�HO�LFG�ORQKLcRG�HO�
PTGKMWGU2� }M[cRG� :1G9� PFHaP� LFG� ORQKLcRG�
PcROQKG� MU� KRHPP� PGKLMHU� HO� LFG��UG6aQNG
LYTG�PTGKMWGU�HU�LFG�LGWTGRQLcRG�QL�@5?�¦2�
�L�aQP�OHcUb�LFQL�Q�KSHPGR�GfQWMUQLMHU�HO�LFG�
OQMScRG� PcROQKGP�TRHNMbGP�WHRG� MUOHRWQLMHU�

RG[QRbMU[� LFG� UQLcRG� HO� LFG� ORQKLcRGP� QUb�
MU�LFG�KHUbMLMHU°�LFG�PTGKMWGUP�aGRG�OQMSGb�
IY� LFG�KSQPPMK� OQLM[cG�KRQK^� MUMLMQLMHU�QUb�
[RHaLF�WGKFQUMPW2� EFG� OQLM[cG� PLRMQLMHUP�
aGRG�KSGQRSY�GNMbGUL�HU�LFG�OQMScRG�PcROQKGP�
MUbMKQLMU[�LFQL�LFG�KRQK^�QbNQUKGb�LFRHc[F�
LFG� PTGKMWGU2� EFG� KSGQR� MUbMKQLMHU� HO�
MULGRPGKLMHU� OSHa� SMUGP� HNGR� LFG� GULMRG
WQLGRMQSP� PcROQKG� MUbMKQLGP� LFG� GfLGUL� LH�
aFMKF�TSQPLMK�bGOHRWQLMHU�aQP�bMPLRMIcLGb�
QRHcUb� LFG� UGK^� PTGKMWGU� RG[MHU2� �FMSG�
UGK^MU[� aQP� PGGU� MU� LFG� KHUbMLMHUP`� LFG�
UQLcRG�HO�LFG�OMUQS�ORQKLcRG�PcROQKGP�aQP�PMWMSQR�
aMLF� kkV� KQWGRQ2� i� SMWMLGb� QWHcUL� HO�
TSQPLMKMLY6MUbcKGb�bGOHRWQLMHU�NHMb�OHRWQLMHU�
aQP�QTTQRGUL�QUb�LFG�OMUQS�OQMScRGP�QTTGQR�
LH�IG�RGSQLMNG�bcKLMSG�MU�UQLcRG2�}M[cRG�:1O9�
PFHaP�LFG�ORQKLcRG�PcROQKG�HO�LFG��UG6aQNG�
LYTG�PTGKMWGU�HU�LFG�LGWTGRQLcRG�QL�45?�¦2�
�L�aQP�OHcUb�LFQL�LFG�ORQKLcRG�HO�PTGKMWGUP�
aQP�QSM^G�QP��UG6aQNG�LYTG�QL�@5?�¦�IcL�
LFGY�aHcSb�IG�HKKcRRMU[�OQPLGR�IGKQcPG�LFG�
LGWTGRQLcRGP�cPGb�MU�LGPLMU[�aGRG�bMOOGRGUKG2�
�GKQcPG�LFG�LGWTGRQLcRG�aQP�QOOGKL�LH�LFG�
KFQU[MU[� HO� KHTTGR� PLRcKLcRG� LFQL� KQcPGb�
LFG�PTGKMWGU�IG�GfTQUb`�LFcP�ML�QOOGKLGb�LH�
LFG�LFMK^UGPP�HO�PTGKMWGU2�iP�Q�RGPcSL`�LFG�
�UG6aQNG�LYTG�PTGKMWGU�QL�45?�¦�aHcSb
IG� ORQKLcRG� GQPMSY� LFQU� �UG6aQNG� LYTG�
PTGKMWGU�QL�@5?�¦�QUb�LFG�UcWIGR�HO�KYKSGP�
LH�OQMScRG�1]O9�NQScG�aQP�SGPP�LFQU�LFQL2�}M[cRG�
:1[6F9�PFHaP�LFG�ORQKLcRG�PcROQKG�HILQMUGb�
HO�LFG�OSQU[G6WHbGS�PTGKMWGU�QL�RGSQLMNGSY
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PLRGPP�SGNGSP�HO�3dd�_XQ�HO�LFG�EaH6aQNG�
LYTG�PTGKMWGU�HU�LFG�LGWTGRQLcRG�QL�@5?�¦2�
�L�aQP�OHcUb�LFQL`�LFG�ORQKLcRG�QL�LFG�LHT�HO�
PTGKMWGU�PFHaU�MU�OM[cRG�bMQ[RQW�PH�MU�LFMP�
QRGQ�aQP� THPMLMHUGb� KSHPG� LH� LFG� SHQbMU[2�
EFcP� LFG� ORQKLcRG� PTGKMWGU� aQP� GQPMGR
LFQU��UG6aQNG�LYTG�PTGKMWGU�aFMKF�KQcPG�
LFG�NQScG�HO�LFG�UcWIGR�HO�KYKSGP�LH�OQMScRG�
1]O9�aQP�SHa�QUb�LFG�LGWTGRQLcRG�MUKRGQPG�
aFMKF� KQcPG� LFG� PTGKMWGU� aMSS� IG� OQPLGR�
ORQKLcRG�QUb�LFG�LGWTGRQLcRG�aMSS�QOOGKL�LFG�
NQScG�HO�LFG�UcWIGR�HO�KYKSGP�LH�OQMScRG�1]O92

7��v`V_Y]\R`V

� EFG� WQJHR� RGPcSLP� aGRG� PcWWQRMhGb
QP�OHSSHaPe

� 6� EFG� LGWTGRQLcRG� QUb� FHcR[SQPP�
PFQTGb� PTGKMWGU� HO� LFG� LGPL� FQNG� GOOGKLP
HU� LFG� OQLM[cG� SMOG� HO� LFG� FGQL� TMTG� IY
LFG� EaH6aQNG� LYTG� PTGKMWGU� aQP� RQLFGR�
PGUPMLMNG�LH�OQLM[cG�WHLMHU�bcRMU[�LGPLMU[�QL�
LFG�LGWTGRQLcRG�aQP�45?�¦�QUb�UcWIGR�HO�
KYKSGP�LH�OQMScRG�aQP�8d?:?�FQP�LFG�[RGQLGPL�
MWTQKL2

� EFG�OQKLHRP�LFQL�MUOScGUKG�LFG�OQLM[cG�
SMOG� HO� PLRcKLcRGP� QRG� PcKF� QP� WGQU� QUb�
PLRGPP`� FHcR[SQPP� PFQTGb� QUb� LGWTGRQLcRG�
GOOGKL2�vHWG�WGLFHbP�FQNG�IGGU�bGNGSHTGb�
OHR� MWTRHNMU[� LFG� OQLM[cG� TGROHRWQUKG`�
aFMKF�MP�QSPH�GNQScQLGb2�xHHb�gcQSMLY�bGPM[U�
QUb� OQIRMKQLMHU�HO�Q�aGSbGb�PLRcKLcRG�KQU�
PM[UMOMKQULSY�QOOGKL�LFG�OQLM[cG�SMOG2

� }RHW� LFG� KHWTQRMPHU� LH� LFG� LHLQS�
OQLM[cG� SMOG� HO� LFG� PTGKMWGU� ML� KQU� IG�
KHUKScbGb� LFQL� MU� LFG� KQPG� HO� PTGKMWGUP�
LGPLGb� cUbGR� LFG� KYKSG� OQLM[cG`� LFG� KRQK^�
TRHTQ[QLMHU� TFQPG� KHUPLMLcLGP� LFG� WQJHR�
TRHTHRLMHU�HO� LFG� OQLM[cG� SMOG� QUb�QUQSYPMP�
HO�GfTGRMWGULQS�RGPcSLP�WQY�FGST�LH�bGOMUG�
LFG�OQLM[cG�PLRGU[LF�OHR�Q�[MNGU�UcWIGR�HO�
KYKSGP�LH�OQMScRG2

:���_�V`�YP^~PUPVW\

� EFG� RGPGQRKFGR� FQP� IGGU� PcTTHRLGb�
[GUGRHcPSY� IY� EFQMSQUb� ZGPGQRKF� }cUb�
LFRHc[F� LFG� ZHYQS� xHSbGU� ­cIMSGG� XF2V2�
XRH[RQW� 1xRQUL� ]H2X�Vuddd3u344?9� QUb�
vHSMb� _GKFQUMKP� QUb� _QLGRMQS� vKMGUKG`�
VGTQRLWGUL�HO�jU[MUGGRMU[�_GKFQUMKP�QUb�
jUGR[Y`�}QKcSLY�HO�vYPLGWP�QUb��UOHRWQLMHU�
jU[MUGGRMU[`�\UMNGRPMLY�HO�EPc^cIQ`�­QTQU2

>��[PqPQPV_P\

ZMLLMbGKF`� v2`� ]2� XMTQLTQMIHHU� QUb� X2�
� EGRbLHHU2� 3dd52� �GQL� L RQUPOGR�
� KFQRQKLGRMPLMKP� HO� Q� KSHPGb� SHHT�
� HPKMSSQLMU[� FGQL� TMTG� aMLF� KFGK^�
� NQSNGP2�Wdde\��	�^��]���C@e�47464552�
kFGU`��c2`�V2�­MU�QUb�¦v2�¦MW2�3dd7"	}QLM[cG�
� SMOG� TRGbMKLMHU� HO� LYTG� ?d@� PLQMUSGPP�
� PLGGS�cUbGR�PGgcGULMQS�IMQfMQS�SHQbMU[2�
� v^f��^_f\�^_e	��n�^_e	�g	�_f\]n���3Ce�
� 3C:63::2
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_MaQ`��2`�v2�­MLPc^QaQ�QUb�i2��MPFMUcWQ2
� 8::C2�VGNGSHTWGUL�HO�Q�WMUMQLcRMhGb�
� FHcR6[SQPP� PFQTGb� OQLM[cG� PTGKMWGU2�
� ��n�^_e	 �g	 �nle�_�	 i_f��\_e `� 34Ce�
� @456@782
vQKFP`�]�2�3dd42�\UbGRPLQUbMU[�LFG�PcROQKG�
� OGQLcRGP�HO�OQLM[cG�ORQKLcRGPe��Ha�LFGY�
� bGPKRMIG� LFG� OQMScRG� KQcPG� QUb� LFG�
� OQMScRG� FMPLHRY2� ��n�^_e	 �g	 �_\en��	
	 W^_e� \ 	_^�	j��h�^f\�^��4e�886842
vFMRQM`�E2�QUb�k2�vQG^M2�3dd@2�VGNGSHTWGUL�
� HO� FM[F� PLRGU[LF`� FGQL� RGPMPLQUL
� ¦�ZE�KHTTGR�QSSHY�LcIG2���m�	yf��e	
	 �^]\^���\^]	��d��f ��4@e�5C6C32
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� QUb� ]2� ¦QPQFQRQ2� 3dd52� }QLM[cG�
� vLRGU[LF� jNQScQLMHU� HO� XGROHRQLGb�
� XSQLG�QL�jSGNQLGb�EGWTGRQLcRG�cPMU[�
� vLRGPP� ZGbMPLRMIcLMHU� �HKcP� _GLFHb2�
	 v^	fp�	Ofp	v^f��^_f\�^_e	U�^g���^l�
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