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Abstract

� �QVP]QjNPQUY�P]MYa�UW�P]SYVQMYP�PMRiM]SPN]M�i]UW�QOM�UW�[UiiM]�LMSP�iQiM�W]UR�PLM�VPS]P=Ni�UW�

UNPM]�nSOO�PMRiM]SPN]M�UW�M^SiU]SPU]�VM[PQUY�NYPQO�PLM�PMRiM]SPN]M�nSV�VPMSac�nSV�VPNaQMa+���PnU=

aQRMYVQUYSO�RUaMO�NVMa�YNRM]Q[SO�VUONPQUY�nLQ[L�jSVMa�UY�W�QYQPM�aQWWM]MY[M�RMPLUa+�KLM�P]SYVQMYP�

PMRiM]SPN]M�aQVP]QjNPQUYV�RMSVN]Ma�QY�SOO�E�LMSP�iQiM�VM[PQUYV�nM]M�[URiS]Ma�nQPL�]MVNOPV�W]UR�PLM�

YNRM]Q[SO�VUONPQUY�UW�PLM�PnU=aQRMYVQUYSO�RUaMO�PLSP�NPQOQoMa�PLM�[UY[MiP�UW�PMRiM]SPN]M�aQVP]QjNPQUY�

QY�PLM�iQiM�nSOO�aN]QYT�P]SYVQMYP�UiM]SPQUY+�bMVNOPV�VLUnMa�PLSP�PLM�M�iM]QRMYPSO�P]MYa�SYa�PLM�

PLMU]MPQ[SOOc�i]MaQ[PMa� PMRiM]SPN]M�i]UW�QOMV�nM]M�VQRQOS]+�fU]MU^M]q� PLM]M�nSV�TUUa�ST]MMRMYP

nLMY�[URiS]Ma�nQPL�PLM�YNRM]Q[SO�VQRNOSPQUY�UW�fQVP]c�MP�SO+�kHtltm+�KLM]MWU]Mq�PLM�YNRM]Q[SO=

^SOQaSPMa�LMSP�iQiM�PMRiM]SPN]M�aQVP]QjNPQUYV�nM]M�VN[[MVVWNOOc�VQRNOSPMa�QY�S�PnU=aQRMYVQUYSO�RUaMO+
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1. Introduction
� eMSP�iQiMV�S]M�[N]]MYPOc�NVMa�QY�S�nQaM�

^S]QMPc�UW�LMSP�P]SYVWM]�]MOSPMa�SiiOQ[SPQUYV�

VN[L� SV� MOM[P]UYQ[� SYa� MOM[P]Q[SO� iS[gQYTq�

LMSP�M�[LSYTM]Vq�i]UaN[PQUY�PUUOVq�MYTQYMVq�

QYaNVP]cq�SYa�VUOS]�VcVPMRV+���LMSP�iQiM�[SY�

MWW�Q[QMYPOc�P]SYVWM]�LMSP�PL]UNTL�PLM�NVM�UW�

QYPM]YSO�iLSVM�[LSYTM+��YSOcVMV�UW�LMSP�iQiM�

UiM]SPQUYV� jUPL� SYSOcPQ[SO� SYa� YNRM]Q[SO�

LS^M�jMMY�iM]WU]RMa�M�PMYVQ^MOc�jc�RSYc�

QY^MVPQTSPU]V+� �ORUVP� SOO� UW� PLM� SYSOcPQ[SO�

VPNaQMV�LS^M�jMMY�UW�PLM�M�iM]QRMYPSO�PciMq�

nLQ[L�QV�aQWW�Q[NOP�SYa�]M�NQ]MV�T]MSP�aMPSQO+�

�V�VN[Lq�RUaMOQYT�QV�UWPMY�NVMa�PU�i]MaQ[P�

PLM�iM]WU]RSY[M�UW�LMSP�iQiMV+�XM]WU]RSY[M�

SYSOcVQV�QY[ONaQYT�PLM�[UY[MiP�UW�PMRiM]SPN]M�

aQVP]QjNPQUYq�W]UoMY�VPS]PNi�jMLS^QU]�UW�S�LMSP�

iQiMq�SY�M�NSPQUY�WU]�SYSOcoQYT�PMRiM]SPN]M�

aQVP]QjNPQUY� UW� PLM� LMSP� iQiM�nSOOq� aMVQTY�

UW�PLM�LMSP�iQiMq�SYa�^S]QSjOM�[UYaN[PSY[M�

aM^Q[MV� WU]� ViS[M[]SWP� PLM]RSO� [UYP]UO�

LSV� jMMY� [UYaN[PMa+��N]QYT� PLM� SYSOcVQVq�

VNj_M[PV� [UYVQaM]Ma� QY[ONaMa�Lca]UVPSPQ[Vq�

Lca]UacYSRQ[Vq� LMSP� P]SYVWM]� QYPU� SYa�

UNP� UW� PLM� iQiMq� W�ONQa� VMOM[PQUYq� RSPM]QSOV�

[URiSPQjQOQPc� SYa�^S]QSjOM� [UYaN[PSY[M�UW�

S�LMSP�iQiM�k�PMV�MP�SO+q�Htltm+

� hM^M]SO� Sii]US[LMV� PU� YNRM]Q[SO�

VQRNOSPQUY�UW�LMSP�iQiMV�LS^M�jMMY�i]M^QUNVOc�

VPNaQMa+�fSL_UNj�SYa�fSLPSj]UVLSY�kHttFm

VPNaQMa� PLM� MWWM[P� UW� aQWWM]MYP� iS]SRMPM]Vq�

VN[L� SV� nSOO� PLM]RSO� [UYaN[PQ^QPcq� nQ[g�

iU]UVQPcq�SYa�LMSP�iQiM�aQRMYVQUYV�UY�PLM

LMSP�iQiM�UiM]SPQUY+�KLM�TU^M]YQYT�M�NSPQUYV�

LS^M� jMMY� VUO^Ma� jc� NVQYT� PLM� hdfX���

SOTU]QPLR� nQPL� [UOOU[SPMa� T]Qa� V[LMRM+�

KLM� ]MVNOPV� VLUn� PLSP� PLM]RSO� ]MVQVPSY[M�

UW� S� [UY^MYPQUYSO� [cOQYa]Q[SO� LMSP� iQiM�

T]UnV� nQPL� QY[]MSVQYT� nQ[g� iU]UVQPc� SYa�

aM[]MSVMV�nQPL�SY�QY[]MSVM�QY�nSOO�PLM]RSO�

[UYaN[PQ^QPc�SYa�LMSP�iQiM�]SaQNV+�dVRSQO�SYa�

fQ]SYaSP�klxxym�i]UiUVMa�PLM�PnU=aQRMYVQUYSO�

S�QVcRRMP]Q[SO�RUaMO�WU]�S�]UPSPQYT�iU]UNV�

nQ[gMa�LMSP�iQiM+�KLM�i]UiUVMa�RUaMO� QV�

jSVMa�NiUY�PLM�[UYVM]^SPQUY�M�NSPQUYV�PLSP�

nM]M�YNRM]Q[SOOc�VUO^Ma�NVQYT�PLM�SOTU]QPLR�

hdfX��+��QSULUYT�MP�SO+�kHtllm�VPNaQMa�PLM�

PnU=aQRMYVQUYSO�P]SYVQMYP�PLM]RSO�SYSOcVQV�

UW�PLM�X\f�[SYQVPM]�UW�S�LMSP�iQiM�]M[MQ^M]�

NYaM]�RQ[]UT]S^QPc+��SYT�SYa��SWSQ�kHtttm

VPNaQMa� �YSOcPQ[SO� RUaMOV� WU]� i]MaQ[PQYT

PLM� P]SYVQMYP� iM]WU]RSY[M� UW� S� PciM� UW

iOSPM�LMSP�iQiM+�KLM� ]MVNOPV� ]M^MSOMa� PLSP

PLM� PLM]RSO� aQWWNVQ^QPcq� PLM� PLQ[gYMVV� UW

PLM�nSOO�SYa�PLM�nQ[gq�SYa�PLM�LMSP�QYiNP�

iSPPM]Yq�SWWM[P�PLM�LMSP�iQiM�PQRM�[UYVPSYPV+�

KLM�nQ[gV�[]MSPM�PLM�RSQY�PLM]RSO�]MVQVPSY[M�

]MVNOPQYT� QY� PLM� OS]TMVP� PMRiM]SPN]M� a]Ui�

QY�PLM�LMSP�iQiM+�hLSjTS]a�SYa��STL]Q�kHtllm

VPNaQMa� PLM�iM]WU]RSY[M�[LS]S[PM]QVPQ[V�UW�

[cOQYa]Q[SO� LMSP� iQiMV� nQPL� RNOPQiOM� LMSP�

VUN][MV+� dP� nSV� WUNYa� PLSP� PLM� M�[ONVQUY�

UW� PLM� MWWM[PV� UW� S�QSO� LMSP� [UYaN[PQUY� QY�

PLM� nSOO� [SY� ]MVNOP� QY� SY� U^M]MVPQRSPQUY�

UW� PLM� i]MVVN]M� a]UiV� QY� S� LMSP� iQiM+�
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��QSO�LMSP�[UYaN[PQUY�QV�SOVU�QRiU]PSYP�PU�

UjPSQY� S[[N]SPM� PMRiM]SPN]M� aQVP]QjNPQUY�

SOUYT�PLM�LMSP�iQiM�nSOO+��NR]UUY]NP�SYa�

XQPSgPLSiSYSiLUYT�kHttxm�VPNaQMa�PLM�W�QOOQYT

SYa� VUOQaQW �Q[SPQUY� VQRNOSPQUY� UW� PLM

SONRQYNR� [SVPQYT� i]U[MVV+� KLQV� nU]g�

QY^MVPQTSPMV� PLM� [SVPQYT� UW� SONRQYNR� ^QS�

W�QYQPM� aQWWM]MY[M� VQRNOSPQUY+� �LNS� SYa�

�SWSQ� klxxxm� VPNaQMa� S� PnU=aQRMYVQUYSO�

SYSOcPQ[SO�RUaMO�WU]�[cOQYa]Q[SO�LMSP�iQiMV+�

KLMc� QY^MVPQTSPMa� [cOQYa]Q[SO� LMSP� iQiMV�

QY[U]iU]SPQYT� PLM� MWWM[PV� UW� OQ�NQa=^SiU]�

[UNiOQYT� SYa� YUY=�S][QSY� P]SYViU]P+

��[OUVM=WU]R�VUONPQUY�nSV�UjPSQYMa�jSVMa�

UY�SY�QY=aMiPL�QYPMT]SO�RMPLUa+�KLM�]MVNOPV�

VLUn�PLSP� PLM� QYPM]WS[QSO�MWWM[PV�S]M�VRSOO�

SYa�[SY�jM�YMTOM[PMa+�eUnM^M]q�VNjVPSYPQSO�

M]]U]V�[SY�U[[N]�nLMY�NVQYT��S][c�V�OSn�QY�

[SO[NOSPQYT�PLM�OQ�NQa�i]MVVN]M�aQVP]QjNPQUYV�

SV� nMOO� SV� PLM� RS�QRNR� LMSP� ]MRU^SO�

[SiSjQOQPc�UW�PLM�LMSP�iQiM+�KLN[LScSiUYT�

MP�SO+�kHtlHm�VPNaQMa�PLM�MWWM[P�UW�[SiQOOS]c�

i]MVVN]M� UY� iM]WU]RSY[M� UW� S� LMSP� iQiM+�

KLMQ]�QY^MVPQTSPQUY�UW�PnU=aQRMYVQUYSO�LMSP�

P]SYVWM]� SYa� W�ONQa� W�OUn� QY� S� LMSP� iQiM� SP�

S� VPMSac� VPSPM�nSV� YNRM]Q[SOOc� VQRNOSPMa�

NVQYT�PLM���QYQPM��OMRMYP�fMPLUa�k��fm+�dP�

WUNYa�PLSP�PLM�PnU=aQRMYVQUYSOq�VPMSac=VPSPM�

LMSP� P]SYVWM]� SYa� W�ONQa� W�OUn� WU]�LMSP�iQiM�

UiM]SPQUYV�LS^M�jMMY�VN[[MVVWNOOc�VQRNOSPMa�

NVQYT���f�SYa�YNRM]Q[SO�]MVNOPV�UW�PLM�̂ SiU]�

SYa�nSOO�PMRiM]SPN]M�aQVP]QjNPQUYV�nM]M�QY�

TUUa� ST]MMRMYP� nQPL� PLM� M�iM]QRMYPSO

aSPS�UjPSQYMa�jc�eNSYT�MP�SO+�klxxEm+�KLM�

VPSYaS]a� aM^QSPQUYV� UW� ^SiU]� SYa� nSOO�

PMRiM]SPN]M� nM]M� t+IF� �U\� SYa� l+yF� �U\q�

]MViM[PQ^MOc+��PMV�MP�SO+�kHtltm�VPNaQMa�PLM�

P]SYVQMYP�[UY_NTSPMa�LMSP�P]SYVWM]�QY�PLQ[g�

nSOOMa� iQiMV+� KLMQ]� QY^MVPQTSPQUY� QY^UO^Ma

PnU=aQRMYVQUYSO� nSOO� SYa� S�QSO� W �ONQa�

[UYaN[PQUY+�KLM�i]UjOMR�QV�VUO^Ma�YNRM]Q[SOOc�

jc� S� W�QYQPM=aQWWM]MY[M�RMPLUa+�KLM� ]MVNOPV�

S]M�i]MVMYPMa�jc�YUY=aQRMYVQUYSO�QYPM]WS[QSO�

LMSP� W�ON�� ^SONMVq� SYa� QP� QV� UjVM]^Ma� PLSP�

LMSP� P]SYVWM]� [LS]S[PM]QVPQ[V� S]M� VP]UYTOc�

aMiMYaMYP� UY� PLM� nSOO� PLQ[gYMVV� ]SPQUq

nSOO=PU=W�ONQa� PLM]RSO� [UYaN[PQ^QPc� ]SPQUq�

nSOO=PU=W�ONQa� PLM]RSO� aQWWNVQ^QPc� ]SPQU� SYa�

PLM� XM[OMP� YNRjM]+� fQVL]S� MP� SO+� kHttBm

VPNaQMa�PLM�MWWM[P�UW�PMRiM]SPN]M�aMiMYaMYP�

PLM]RSO�[UYaN[PQ^QPc�UY�P]SYVQMYP�[UYaN[PQUY�

SYa� ]SaQSPQUY� LMSP� P]SYVWM]+� KLM� PLM]RSO�

[UYaN[PQ^QPc� QV� SVVNRMa� PU� ^S]c� OQYMS]Oc�

nQPL� PMRiM]SPN]M+� KLM� ]SaQSPQ^M� iS]P� UW�

PLM�MYM]Tc�M�NSPQUY�nSV�VUO^Ma�NVQYT�PLM�

[UOOSiVMa� aQRMYVQUY� RMPLUa+� KLM� MYM]Tc�

M�NSPQUY�nSV�VUO^Ma�NVQYT�PLM�SOPM]YSPQYT�

aQ]M[PQUY� QRiOQ[QP� V[LMRM+� bMVNOPV� WU]� PLM�

MWWM[PV�UW�PLM�^S]QSjOM�PLM]RSO�[UYaN[PQ^QPc�

nM]M� WUNYa� WU]� PMRiM]SPN]M�SYa�LMSP� W�ON��

aQVP]QjNPQUYV+�fQVP]c�MP�SO+�kHtltm�VPNaQMa�PLM�

P]SYVQMYP� jMLS^QU]� UW� S� LMSP� iQiM� aN]QYT

VPS]P=Ni+� KLM� TU^M]YQYT� M�NSPQUYV� SYa�

jUNYaS]c�[UYaQPQUYV�nM]M�aQV[]MPQoMa�NVQYT�

PLM� W�QYQPM� aQWWM]MY[M� PM[LYQ�NM+� �NOM]�V�

M�iOQ[QP�RMPLUa�nSV� NPQOQoMa� PU� VUO^M� PLM
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VMP�UW�M�NSPQUYV�SYa�PLM�]MVNOPV�nM]M�NVMa�

PU��NSYPQWc�PLM�PQRM�]M�NQ]Ma�PU�]MS[L�VPMSac�

VPSPM+� dP�nSV� WUNYa� PLSP� PLM� M�iM]QRMYPSO�

P]SYVQMYP� PMRiM]SPN]M� i]UW �QOM� WU]� PLM

SaQSjSPQ[� VM[PQUY� [URiS]Ma�nMOO�nQPL� PLM�

PLMU]MPQ[SOOc�UjPSQYMa�PMRiM]SPN]M�i]UW�QOMV+

dP�nSV�[UY[ONaMa�W]UR�PLM�SjU^M�[URiS]QVUY�

PLSP�PLM�S�QSO�[UYaN[PQUY�aN]QYT�PLM�P]SYVQMYP�

UiM]SPQUY� UW� S� LMSP� iQiM� QV� VQTYQW�Q[SYP

SYaq� PLM]MWU]Mq� [SYYUP� jM� YMTOM[PMa+� KLM�

M�iM]QRMYPSOOc�UjPSQYMa�PMRiM]SPN]M�i]UW�QOMVq�

WU]�jUPL�PLM�P]SYVQMYP�SYa�VPMSac�VPSPMq�nM]M�

VN[[MVVWNOOc�[URiS]Ma�nQPL�i]MaQ[PQUYV�W]UR�

PLM�PnU=aQRMYVQUYSO�RUaMO+

� KLM�i]MVMYP�nU]gq� PLM]MWU]Mq� WU[NVMV�

UY�PLM�PMRiM]SPN]M�i]UW�QOM�UW�LMSP�iQiM�nSOO�

QY�S�PnU=aQRMYVQUYSO� P]SYVQMYP�RUaMO�SYa�

^SOQaSPMV� QP�nQPL� PLM� M�iM]QRMYPSO� ]MVNOPV+�

KLM� RUaMO� nSV� VUO^Ma� YNRM]Q[SOOc� nQPL�

PLM� W�QYQPM�aQWWM]MY[M�RMPLUa+�KLM�[UY[MiP�

UW�PLM�PMRiM]SPN]M�aQVP]QjNPQUY�SV�i]UiUVMa�

jc��STL]Q�klxxBm�nSV�NPQOQoMa�QY�PLM�SYSOcVQV�

PU� [URi]MLMYVQ^MOc� VQRNOSPM� PLM� VPS]P=Ni�

iM]QUa+� KLM� M�iM]QRMYPV� nM]M� [UYaN[PMa�

nQPL�S�OUn=PMRiM]SPN]M�[UiiM]�RMVL�LMSP�

iQiMq� SYa� PLM� PMRiM]SPN]M� aQVP]QjNPQUY�

nSV� RMSVN]Ma� SV� S� WNY[PQUY� UW� PQRM� WU]�

aQWWM]MYP� [UYVPSYP� UNPM]� nSOO� PMRiM]SPN]M�

QY�PLM�M^SiU]SPU]�VM[PQUY+�KLM�PMRiM]SPN]M�

UW� M^SiU]SPU]q� [UYaMYVM]q� SYa� SaQSjSPQ[�

VM[PQUYV� nSV� RMSVN]Ma� nQPL� PQRM� PU

SYSOcoM� PLM� P]SYVQMYP� PMRiM]SPN]M� i]UW�QOMV�

UW� PLM� LMSP� iQiM� SYa� PLM� SPPSQYRMYP� PU�

PLM� VPMSac� VPSPM+� KLM� M�iM]QRMYPSO� SYa�

PLMU]MPQ[SO� ]MVNOPVq� QY� PM]RV� UW� P]SYVQMYP�

PMRiM]SPN]M�i]UW�QOMV�QY�SOO�PL]MM�]MTQUYV�UW

PLM�LMSP�iQiMq�PLM�VPMSac=VPSPM�i]UW�QOMq�SYa�

PLM� PLMU]MPQ[SO� SYa� M�iM]QRMYPSO� PQRMV�

]M�NQ]Ma� PU� SPPSQY� PLM� VPMSac� VPSPM� S]M�

[URiS]Ma�QY�PLQV�VPNac+�

2. Materials and Methods

2.1 Conceptual Framework

� +G%G%�n��H�f`�x!f�x_e�w� �e

� KLM�i]UiUVMa�RUaMO�nSV� WU]RNOSPMa�

jSVMa�UY�PLM�SVVNRiPQUYV�PLSP�PLM]RUiLcVQ[SO�

i]UiM]PQMV�UW�PLM�nSOO�S]M�[UYVPSYP�PL]UNTLUNP�

PLM�UiM]SPQUY+

� KLM� V[LMRSPQ[� UW� PLM� LMSP� iQiM� QV�

VLUnY� QY� ��QTN]M� l� nQPL� PLM� [UU]aQYSPM�

VcVPMR�NVMa� QY� PLM� i]MVMYP� SYSOcVQV+� KLM

LMSP� iQiM� nSV� SOVU� aQ^QaMa� QYPU� PL]MM�

VM[PQUYVr� M^SiU]SPU]� VM[PQUYq� SaQSjSPQ[�

VM[PQUYq� SYa� [UYaMYVM]� VM[PQUY+� �� PnU=

aQRMYVQUYSO�LMSP�[UYaN[PQUY�M�NSPQUY�nSV�

NVMa�PU�RUaMO�PLM�nSOO�UW�PLM�LMSP�iQiM+

� KLM�M�NSPQUY�WU]�PLM�nSOO�QV�TQ^MY�SV

klm

� �LM]M��
n
� QV� PLM�aMYVQPc�UW� PLM�iQiM�

nSOO+�C
p,w

�QV�PLM�ViM[QW�Q[�LMSP�UW�iQiM�nSOO+�

k
w
�QV�PLM�PLM]RSO�[UYaN[PQ^QPc�UW�iQiM�nSOO+�

� �U]�S�OUn�PMRiM]SPN]M�LMSP�iQiMq�PLM�

SYSOcVQV�UW�PLM�P]SYVQMYP�LMSP�P]SYVWM]�QY�PLM�
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nSOO� nSV� aQ^QaMa� QYPU� PL]MM� PQRM� oUYMV+

�P�PQRM�P���tq�PLM�PMRiM]SPN]M�nSV�SiiOQMa�

PU�PLM�M^SiU]SPU]�nSOO�UNPM]�VN]WS[Mq�SYa�PLM�

iQiM�nSOO�VPS]PMa�PU�QY[]MSVM�PLM�PMRiM]SPN]M+�

�OO� UW� PLM� QYiNP� PMRiM]SPN]M� nSV� VPU]Ma�

nQPLQY� PLM�iQiM�nSOOq� [SNVQYT�SY� QY[]MSVM�

QY�PLM�PMRiM]SPN]M�UW�PLM�nSOO�nQPL�PQRM+���

[UYVQaM]SjOM�iU]PQUY�UW�PLM�QYiNP�PMRiM]SPN]M�

nSV� P]SYViU]PMa� PU� PLM� SaQSjSPQ[� SYa�

[UYaMYVM]�VM[PQUYV�QY�PLM�WU]R�UW�[UYaN[PQUY+�

KLM�SRUNYP�UW�PMRiM]SPN]M�P]SYViU]PMa�PU�

PLM�[UYaMYVM]�VM[PQUY� QY[]MSVMa�T]SaNSOOc�

SYa�M^MYPNSOOc�jM[SRM�M�NSO�PU�PLM�QYiNP�

PMRiM]SPN]M�SP�PLM�VPMSac�VPSPM+

� KLM�QYQPQSO�[UYaQPQUY�UW�nSOO�PMRiM]SPN]M�

QV

� t = tq    T = T
i

� �LM]M� T
i
� QV� PLM� NYQWU]R� QYQPQSO�

[UYaQPQUY� PMRiM]SPN]M+� KLM� [U]]MViUYaQYT

jUNYaS]c� [UYaQPQUYV� WU]� MS[L� UW� PLM� PQRM�

VPSTMV�WUOOUn+

� KLM� PQRM�iM]QUa�aN]QYT� PLM�T]UnQYT�

PMRiM]SPN]M� nSV� nQPLQY� PLM� nSOO+� KL]MM�

aQWWM]MYP� jUNYaS]c� [UYaQPQUYV� nM]M� NVMa

F�fjg���%�\UU]aQYSPM�hcVPMR�UW�S�eMSP�XQiM

WU]�PLM�UNPM]�nSOO�UW�MS[L�UW�PLM�PL]MM�]MTQUYV+�

dY� PLM� M^SiU]SPU]� SYa� [UYaMYVM]� VM[PQUYq�

[UYVPSYP�PMRiM]SPN]M�nSV�VNiiOQMa�aN]QYT�

PLM�MYPQ]M�UiM]SPQUY+�KLM�SaQSjSPQ[�VM[PQUY�

nSV� QYVNOSPMaq� SYa� LMY[Mq� PLM� SaQSjSPQ[�

jUNYaS]c�[UYaQPQUY�nSV�NVMa+

� KLM�[UUOSYP�W�OUn�]SPM�UY�PLM�[UYaMYVM]�

VM[PQUY�nSV� QY�PLM� OSRQYS]�]MTQUY+��P�PLM�

nSOO=nQ[g� QYPM]WS[Mq� YU� LMSP� P]SYVWM]� PUUg�

iOS[M�aN]QYT�PLQV�PQRM+�KLM]MWU]Mq

����������������t�SP�r = R
i
�WU]�SOO�y

� hQY[M� jUPL� MYaV� UW� LMSP� iQiM� nM]M�

QYVNOSPMa�

� ����������t�SP�y���t�SYa�y���L

� +G%G+�mg`��f^_e��^[�`�

� KLM�TU^M]YQYT�M�NSPQUYV�SYa�jUNYaS]c�

[UYaQPQUYV� nM]M� aQV[]MPQoMa� NVQYT� PLM

W�QYQPM� aQWWM]MY[M� PM[LYQ�NM+� KLM� ViSPQSO�

aM]Q^SPQ^MV� nM]M� Sii]U�QRSPMa� NVQYT� PLM

W�Q^M=iUQYP� VM[UYa=U]aM]� [MYP]SO� aQWWM]MY[M�

Sii]U�QRSPQUY� WU]� PLM� QYPM]QU]� iUQYPV� SYa�

WUN]=iUQYP� VM[UYa=U]aM]� Sii]U�QRSPQUY� WU]�

PLM�jUNYaS]c�YUaMV+�

� KLM�TU^M]YQYT�M�NSPQUYV�S]M�iS]SjUOQ[�

M�NSPQUYV+� KLM� [UMWW�Q[QMYPV� S]M� [UYVPSYPq�
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SYa�PLNVq�PLMc�jM[URM�YUY=OQYMS]�M�NSPQUYV+�

KLM� �U]nS]a� KQRM� \MYPM]� hiS[M�RMPLUa�

k�K\hm� nSV� NPQOQoMa� PU� VUO^M� PLM� VMP� UW�

M�NSPQUYV+� �[[U]aQYT� PU� PLQV� V[LMRMq� PLM�

PMRiM]SPN]M�nSV�gYUnY�SP�M^M]c�YUaM�SP�

PQRM t+�KMRiM]SPN]M�WU]�MS[L�YUaM�SP�PQRM�

t + �t nSV�[SO[NOSPMa�NVQYT�PLM�^SONMV�UW�

YMQTLjU]QYT�YUaMV�SP�PQRM�t+�KLM�RS][LQYT�

i]U[MaN]M� nSV� [UYPQYNMa� NYPQO� SPPSQYQYT�

S� VPMSac� VPSPM+� KQRM� VPMi�nSV� [SO[NOSPMa�

NVQYT� VPSjQOQPc� []QPM]QS� WU]� PLM� TU^M]YQYT�

M�NSPQUYV+� KLM� VUONPQUY� i]U[MaN]Mq� PLM�

PQRM�]M�NQ]Ma�WU]�PLM�PMRiM]SPN]M�PU�]MS[L�

VPMSac�VPSPM�nSV�aMPM]RQYMa�jc�aMPM[PQYT

S� PMRiM]SPN]M� ]QVM� SP� PLM� nSOO� QY� PLM�

M^SiU]SPU]�VM[PQUY+��LMY�PLM�PMRiM]SPN]M�

]UVM� W]UR� PLM� QYQPQSO� PMRiM]SPN]Mq� QP� nSV�

SVVNRMa�PLSP�PLM�PMRiM]SPN]M�LSa�]MS[LMa�

PU�P]SYVQMYP�PMRiM]SPN]M+

� KLM� PQRM� VPMi� nSV� PSgMY� S[[U]aQYT

PU� VPSjQOQPc� []QPM]QSq� nLQ[L� aMiMYaV� UY�

PLM�T]Qa� VQoM+��V� PLM�YNRjM]�UW�YUaMV� QV�

QY[]MSVMaq� PLM� PQRM�VPMi�nQOO� aM[]MSVM+� dY�

PLM� i]MVMYP� SYSOcVQVq� PLM� PQRM� VPMi� nSV�

PSgMY� PU� jM� lt=B� VM[+�Z]Qa� QYaMiMYaMY[M�

nSV�[LM[gMa�jc�M�SRQYQYT�PLM�iM][MYPSTM�

[LSYTM�UW�PLM�VPMSac=VPSPM�PMRiM]SPN]M�SP

S� W�Q�Ma� OU[SPQUYq� YSRMOc� PLM� RQaaOM� UW�

PLM�nSOO� UW� PLM�M^SiU]SPU]q� SaQSjSPQ[q� SYa�

[UYaMYVM]�VM[PQUYV+�bMVNOPV�nM]M�UjPSQYMa�

WU ] � B�lH� SYa� lt�HI� YUaS O � iU QYPV

k]SaQSO� SYa� S�QSOq� ]MViM[PQ^MOcm� WU]� UNPM]

nSOO�PMRiM]SPN]M�SP�PLM�M^SiU]SPU]�VM[PQUY�

UW�wt��U\�SYa�S]M�i]MVMYPMa�QY�KSjOM�l�WU]

PLMVM�PnU�T]Qa�VQoMV+�KLM�lt�HI�T]Qa�VQoM�

PSgMV�SjUNP�PL]MM�PQRMV�RU]M�[URiNPSPQUYSO�

PQRM� PLSY� PLSP� UW� PLM� B�lH� T]Qa� VQoM� PU�

]MS[L�VPMSac�VPSPM+�KLM]MWU]Mq�S�B�lH�T]Qa�

nSV�NVMa� QY�PLQV�VPNac+��U]� PLQV�T]Qaq� PLM

[MOO� aQRMYVQUYV� nM]M� H�lt=I� R� QY� PLM

]SaQSO� aQ]M[PQUY� WU]� PLM� iQiM� nSOO� nLQOM

H�lt=E�R�QY�PLM�S�QSO�aQ]M[PQUY+

n_de��%�Z]Qa�dYaMiMYaMY[M�hPNac

�\�_ �H!\_\��n�`]��_\g���L�olO
q�_\�of]��

��^\f�x!
9|%+ %X|+3

l[_xj��

L�O
�^SiU]SPU] yy+IxEy yy+IIxF t+tBy
�aQSjSPQ[ Ix+Hlxl Ix+Htyt t+tHB
\UYaMYVM] Ht+tFFF Ht+txtl =t+ttw

� +G%G/��|]��f`�x\_e��\g �

� KLM�LMSP�iQiM�NVMa�QY�PLQV�VPNac�nSV

S� [UiiM]� iQiMq� VMSOMa� SP� jUPL� MYaV� nQPL�

[UiiM]�MYa�[SiV+��SPM]�nSV�NVMa�SV� PLM�

nU]gQYT�W�ONQa+�KLM�LMSP�iQiM�nSV�HIt�RR�

OUYTq� nQPL� S� F� RR� UNPM]� aQSRMPM]q� SYa�

S� l� RR� nSOO� PLQ[gYMVV+� KLM� aMPSQOV� SYa�

i]UiM]PQMV�UW�PLM�LMSP�iQiM�nSOO�S]M�TQ^MY

QY� KSjOM� H� SYa� SVVNRMa� PU� jM� [UYVPSYP�

SOUYT�PLM�LMSP�iQiM�nSOO+�KLM�M�iM]QRMYPSO�

VMP=Ni�QV�VLUnY�QY���QTN]M�H+�KLM�M^SiU]SPU]�

VM[PQUY�nSV�LMSP�NVQYT�S�LUP�nSPM]�_S[gMP

kHI�RR�UNPM]�aQSRMPM]m+�KLM�UNPM]�VQaM�UW�

PLM� LUP� nSPM]� _S[gMP� SP� PLM� M^SiU]SPU]

VM[PQUY� nSV� [U^M]Ma� nQPL� SM]UW �OM�
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QYVNOSPQUYq� SYa� PLM� LMSP� iQiM�nSV� iOS[Ma�

^M]PQ[SOOc�QY�S�PMVPQYT�iUVQPQUY+�KLM�SaQSjSPQ[�

VM[PQUY� nSV� [U^M]Ma� nQPL� hPc]UWUSR� PU�

i]M^MYP�LMSP�OUVV�PU�PLM�VN]]UNYaQYTV+�KLM�

[UYaMYVM]�VM[PQUY�nSV�[UUOMa�NVQYT�S�[UUO�

nSPM]�_S[gMP�kHI�RR�UNPM]�aQSRMPM]m+�KLM�

nSPM]� W�OUn� QY� PLM� [UUO� nSPM]� _S[gMP� nSV�

[UYP]UOOMa�jc�S�W�OUn�RMPM]q�SYa�PLM�UNPVQaM�

UW�PLM�[UUO�nSPM]�_S[gMP�nSV�SOVU�QYVNOSPMa�

nQPL�SM]UW�OM�+�hM^MY�PLM]RU[UNiOMV�PciM=��

nM]M�SPPS[LMa�UY� PLM�UNPVQaM�nSOO� UW� PLM�

LMSP� iQiM+� �OO� PLM� PLM]RU[UNiOMV� nM]M�

[SOQj]SPMa� STSQYVP� SYc� ^S]QSPQUY� QY� PLM

]UUR� PMRiM]SPN]M+� KLM� QYOMP� SYa� UNPOMP�

PMRiM]SPN]M� UW� [UUO� nSPM]� nM]M� SOVU�

RMSVN]Ma�[S]MWNOOc+

n_de��+�hiM[QW �Q[SPQUYV� SYa� X]UiM]PQMV� UW

� eMSP�XQiM��SOO
q�_\�of]��_x ��x �l_]�w_\��f_e l�]]��

XQiM�UNPM]�aQSRMPM]�kD
o
m F���lt=E�m

XQiM�QYYM]�aQSRMPM]�kD
i
m y���lt=E�m

XQiM�OMYTPL�kLm t+HI�m

�MYTPL�UW�PLM�M^SiU]SPU]�VM[PQUY�kL
e
m t+ll�m

�MYTPL�UW�PLM�SaQSjSPQ[�VM[PQUY�kL
o
m t+tH�m

�MYTPL�UW�PLM�[UYaMYVM]�VM[PQUY�kL
c
m t+ll�m

KLM]RSO�[UYaN[PQ^QPc�kk
w
m Itl�W/m K

�MYVQPc�k�
n
m� FxEE�kg/mE

hiM[QW�Q[�LMSP�[SiS[QPc�kC
p,w

m EFB��/ kg K

� �P�PQRM�t ��tq�PLM�LMSPM]�nSV�PN]YMa�

UY� PU� QYiNP� PLM� PMRiM]SPN]M� nQPL� nSPM]�

QY�LUP�nSPM]� _S[gMP�SYa�PLM�nSPM]� W�OUnMa�

PU� M^SiU]SPU]� VM[PQUY+� �P� PLM� VSRM� PQRMq�

PLM�[UUOQYT�nSPM]�W�OUnMa�PU�PLM�[UYaMYVM]�

VM[PQUY+� KLM� UNPM]�nSOO� PMRiM]SPN]MV� SYa�

PLM� nSPM]� QYOMP� SYa� UNPOMP� PMRiM]SPN]MV�

nM]M�]M[U]aMa�SP�SY�QYPM]^SO�UW�H�VM[+�KLM�

[UUO�nSPM]�W�OUn�]SPM�nSV�[S]MWNOOc�RMSVN]Ma�

aN]QYT�MS[L�PQRM�QYPM]^SO+�KLM�LMSP�]M[U^M]c�

W]UR�PLM�[UYaMYVM]�nSV�RMSVN]Ma�jc�RMSYV�

UW�PLM�nSPM]�QYOMP�SYa�UNPOMP�PMRiM]SPN]MV�

NYPQO� PLM� SPPSQYRMYP� UW� VPMSac� VPSPM+� KLM�

QYiNP�UNPM]�nSOO�PMRiM]SPN]M�UW�M^SiU]SPU]�

VM[PQUY�UW�wtq�ytq�SYa�Ft��U\�SYa�PMRiM]SPN]M�

QYiNPV�SP�UNPM]�nSOO�UW�[UYaMYVM]�VM[PQUY�UW�

Ht��U\�nM]M�NVMa�WU]�PLM�M�iM]QRMYPV+

3. Results and Discussion 
� KLM�]MVNOPV�W]UR�PLM�M�iM]QRMYPSOq�PLM�

YNRM]Q[SO�VUONPQUYV�UW�PLM�PnU=aQRMYVQUYSO�

RUaMOq� SYa� PLM� M�iM]QRMYPSO� [URiS]Ma�

nQPL� PLM� YNRM]Q[SO� VUONPQUYV� UW� PLM� PnU=

F�fjg���+�KLM���iM]QRMYPSO�hMP=Ni
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aQRMYVQUYSO� RUaMO� S]M� ]Mi]MVMYPMa� QY

��QTN]MV�Eq�Iq�SYa�B�]MViM[PQ^MOc� WU]�wt�� U\�

UW� UNPM]� nSOO� PMRiM]SPN]M� QYiNPV� SP� PLM�

M^SiU]SPU]�VM[PQUYq���QTN]MV�wq�yq�SYa�F�WU]

yt�� U\�UW�UNPM]�nSOO� PMRiM]SPN]M� QYiNPV�SP

PLM�M^SiU]SPU]�VM[PQUYq�SYa���QTN]MV�xq�ltq

SYa�ll�WU]�Ft��U\�UW�UNPM]�nSOO�PMRiM]SPN]M�

QYiNPV� SP� PLM� M^SiU]SPU]� VM[PQUY+� KLM�

P]SYVQMYP� PMRiM]SPN]MV� SP� PLM� M^SiU]SPU]q�

SaQSjSPQ[q� SYa� [UYaMYVM]� VM[PQUYV� W]UR�

M�iM]QRMYPSO� SYa� PnU=aQRMYVQUYSO� RUaMO

S]M�VLUnY�QY�PLM��QTN]MV�E�SYa�I�WU]�PLM�UNPM]�

nSOO� PMRiM]SPN]M� QYiNPV�SP� PLM�M^SiU]SPU]�

VM[PQUY�UW�wt��U\+��V�[SY�jM�VMMY�W]UR�PLM

W�QTN]MVq� PLM� P]SYVQMYP� PMRiM]SPN]M� i]UW�QOM

QY� PLM� M^SiU]SPU]� VM[PQUY� ]QVM� aN]QYT

VPS]P=Ni� W]UR� PLM� QYQPQSO� PMRiM]SPN]M� PU�

PLM� QYiNP� UNPM]� nSOO� PMRiM]SPN]M� UW� PLM�

M^SiU]SPU]� VM[PQUYq� PLM� PQRM� ]M�NQ]Ma� WU]�

PLM� VPMSac� VPSPM� nSV� SjUNP� yFt� VM[UYaV�

WU]� PLM�M�iM]QRMYPSO� SYa�Ftt� VM[UYaV� WU]�

PLM� PnU=aQRMYVQUYSO�RUaMO+�KLM� P]SYVQMYP�

PMRiM]SPN]M�i]UW�QOM�QY�PLM�SaQSjSPQ[�VM[PQUY�

]UVM� aN]QYT� VPS]P=Ni� W]UR� PLM� QYQPQSO�

PMRiM]SPN]M� PU� PLM� UiM]SPQUY� PMRiM]SPN]M�

kIt�� U\mq� PLM� PQRM� ]M�NQ]Ma� WU]� PLM� VPMSac�

VPSPM�nSV�M�NSO�PU�PLM�M^SiU]SPU]�VM[PQUY+

dY� PLM� PnU� VM[PQUYV� PLM� PMRiM]SPN]MV

�NQ[gOc� QY[]MSVMa� QY� PLM� W�Q]VP� PQRM�iM]QUaq�

SYa� PLMY� PLM� PMRiM]SPN]MV� nM]M� VOUnOc�

QY[]MSVMa�WU]�PLM�M�iM]QRMYP+�dY�PLM�RQaaOM�

PQRM�iM]QUa�PLM�PMRiM]SPN]MV�WU]�PLM�PnU=

aQRMYVQUYSO� RUaMO� nM]M� OUnM]� PLSY� PLM�

M�iM]QRMYPSO� RUaMO� WU]� PLM� M^SiU]SPU]�

VM[PQUY� nLQOM� PLM� SaQSjSPQ[� VM[PQUY� nSV

UYOc�VOQTLPOc�LQTLM]�PLSY�PLM�M�iM]QRMYPSO�

RUaMO+� dY� PLM� W �QYSO� PQRM� iM]QUa� PLM�

PMRiM]SPN]M�WU]�PLM�PnU=aQRMYVQUYSO�RUaMO�

nSV� M�NSO� PU� PLM� PMRiM]SPN]M� QYiNP�nQPL�

PLM� UNPM]�nSOO� PMRiM]SPN]Mq�nLQOM� WU]� PLM�

M�iM]QRMYPSO�RUaMOq� PLM� PMRiM]SPN]M�nSV�

VOQTLPOc� OUnM]� PLSY� PLM� PnU=aQRMYVQUYSO�

RUaMO+�KLM�P]SYVQMYP�PMRiM]SPN]M�i]UW�QOM�QY�

PLM�[UYaMYVM]�VM[PQUY�]UVM�aN]QYT�VPS]P=Ni�

W]UR�PLM�QYQPQSO�PMRiM]SPN]M�PU�PLM�QYiNP�UNPM]�

nSOO�PMRiM]SPN]M+�KLM�PQRM�]M�NQ]Ma�WU]�PLM�

VPMSac� VPSPM�nSV� M�NSO� PU� PLM� M^SiU]SPU]�

SYa�SaQSjSPQ[�VM[PQUYVq�jNP�PLM�PMRiM]SPN]M�

QY� PLQV� VM[PQUY� nSV� VOUnOc� aM[]MSVMa�

jM[SNVM� PLM� UNPM]� nSOO� PMRiM]SPN]M� UW�

PLM�[UYaMYVM]�VM[PQUY�nSV�OUnM]�PLSY�PLM

QYQPQSO�PMRiM]SPN]M�UW�[UYaMYVM]�VM[PQUY+

� KLM� ]MVNOPV� W]UR� PLM� M�iM]QRMYPSO�

RUaMO� nM]M� [URiS]Ma� nQPL� PLM� PnU=

aQRMYVQUYSO�RUaMO�SYa�S]M�]Mi]MVMYPMa�QY�

��QTN]M�B�WU]�wt��U\�UW�UNPM]�nSOO�PMRiM]SPN]M�

UW� PLM� M^SiU]SPU]� VM[PQUY+� KLM� P]SYVQMYP�

PMRiM]SPN]M� i]UW �Q OMV� SP� QYPM]RMaQSPM

OU[SPQUYV�QY�PLM�M^SiU]SPU]q�SaQSjSPQ[q�SYa�

[UYaMYVM]�VM[PQUYV�S]M�iOUPPMa�SV�WNY[PQUYV�

UW� PQRM+� KLM� VcRjUOV� [U]]MViUYa� PU�

M�iM]QRMYPSOOc� RMSVN]Ma� PMRiM]SPN]MV� SP�

RQaaOM� OU[SPQUYV�UW� MS[L�VM[PQUYq� SYa� PLM�

VUOQa�OQYMV�[U]]MViUYa�PU�PLM�PnU=aQRMYVQUYSO�

RUaMO�i]MaQ[PMa�]MViUYVM�UW�PLM�PMRiM]SPN]M�

nQPL�PQRM+��V�[SY�jM�VMMY�W]UR�PLMVM�W�QTN]MVq�



32 ���������������������������������/0�12�3�4����12�5��1�����:;;<��

PLM� [URiS]QVUYV� jMPnMMY� PLM� ]MVNOPV� UW

PLM�M�iM]QRMYPSO�SYa�PLM�PnU=aQRMYVQUYSO�

RUaMO� ]MViUYVM� [N]^MV� S]M� M�[MOOMYP� WU]�

SOO� PLM� PL]MM� VM[PQUYV+� KLM� aQWWM]MY[M� QY�

PLM�M^SiU]SPU]�PMRiM]SPN]MV�SP�PLM�MYa�UW�

]NY�klEtt�VM[m�WU]�wt��U\�UW�PLM�UNPM]�nSOO�

PMRiM]SPN]M� QV� UYOc� E+IE�q� PLM� aQWWM]MY[M

QV� E+Hl�� WU]� PLM� PMRiM]SPN]M� UW� PLM

SaQSjSPQ[�VM[PQUYq�nLQOM�WU]�PLM�PMRiM]SPN]M�

UW� PLM�[UYaMYVM]�VM[PQUY�PLM�aQWWM]MY[M� QV�

UYOc�H+tB�+

� KLM� P]SYVQMYP� PMRiM]SPN]MV� SP� PLM�

M^SiU]SPU]q�SaQSjSPQ[q�SYa�[UYaMYVM]�VM[PQUYV�

W]UR� M�iM]QRMYPSO� SYa� PnU=aQRMYVQUYSO�

RUaMO� S]M� VLUnY� QY� PLM��QTN]MV�w�SYa�y�

WU]�PLM�UNPM]�nSOO�PMRiM]SPN]M�QYiNPV�SP�PLM�

M^SiU]SPU]�VM[PQUY�UW�yt��U\+��V�[SY�jM�VMMY�

W]UR�PLM�W�QTN]MVq�PLM�P]SYVQMYP�PMRiM]SPN]M�

i]UW�QOM�QY�PLM�M^SiU]SPU]�VM[PQUY�]UVM�aN]QYT�

VPS]P=Ni�W]UR�PLM�QYQPQSO�PMRiM]SPN]M�PU�PLM�

QYiNP�UNPM]�nSOO�PMRiM]SPN]M�UW�PLM�M^SiU]SPU]�

VM[PQUYq� PLM� PQRM� ]M�NQ]Ma� WU]� PLM� VPMSac

VPSPM� QV� SjUNP� lHwI� VM[UYaV� WU]� PLM�

M�iM]QRMYPSO� SYa� lEtt� VM[UYaV� WU]� PLM

PnU=aQRMYVQUYSO� RUaMO+� KLM� P]SYVQMYP�

PMRiM]SPN]M�i]UW�QOM�QY�PLM�SaQSjSPQ[�VM[PQUY�

]UVM� aN]QYT� VPS]P=Ni� W]UR� PLM� QYQPQSO�

PMRiM]SPN]M� PU� PLM� UiM]SPQUY� PMRiM]SPN]M�

kIB�� U\mq� PLM� PQRM� ]M�NQ]Ma� WU]� PLM� VPMSac�

VPSPM�nSV�M�NSO�PU�PLM�M^SiU]SPU]�VM[PQUY+�

KLM� P]SYVQMYP� PMRiM]SPN]M� i]UW�QOM� QY� PLM�

F�fjg���/�KMRiM]SPN]M�X]UW�QOM�UW�eMSP�XQiM��SOO�

� W]UR���iM]QRMYPSO�WU]�K
M
���wt��U\

F�fjg���3�KMRiM]SPN]M� X]UW�QOM� UW� eMSP� XQiM�

� �SOO�W]UR�H=��fUaMO�WU]�K
M
���wt��U\

F�fjg���9�\URiS]QVUY� jMPnMMY� KMRiM]SPN]M

� X]UW�QOM� W]UR� ��iM]QRMYPSO� SYa� H=��

� fUaMO�UW�eMSP�XQiM��SOO�WU]�K
M
���wt��U\
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[UYaMYVM]�VM[PQUY�]UVM�aN]QYT�VPS]P=Ni�W]UR�

PLM� QYQPQSO� PMRiM]SPN]M� PU� PLM� QYiNP� UNPM]�

nSOO�PMRiM]SPN]Mq�PLM�PQRM�]M�NQ]Ma�WU]�PLM�

VPMSac� VPSPM�nSV� M�NSO� PU� PLM� M^SiU]SPU]�

SYa�SaQSjSPQ[�VM[PQUYVq�jNP�PLM�PMRiM]SPN]M�

QY� PLQV� VM[PQUY� nSV� VOUnOc� aM[]MSVMa�

jM[SNVM�PLM�UNPM]�nSOO�PMRiM]SPN]M�UW�PLM�

[UYaMYVM]�VM[PQUY�nSV�OUnM]�PLSY�PLM�QYQPQSO�

PMRiM]SPN]M�UW�PLM�[UYaMYVM]�VM[PQUY+

� KLM� ]MVNOPV� W]UR� PLM� M�iM]QRMYPSO

RUaMO� S]M� [URiS]Ma� nQPL� PLM� PnU=

aQRMYVQUYSO� RUaMO� SYa� S]M� ]Mi]MVMYPMa�

QY� ��QTN]M� F� WU]� yt�� U\� UW� PLM� UNPM]� nSOO�

PMRiM]SPN]M� UW� PLM� M^SiU]SPU]� VM[PQUY+

KLM� P]SYVQMYP� PMRiM]SPN]M� i]UW �QOMV� SP�

QYPM]RMaQSPM� OU[SPQUYV� QY� PLM� M^SiU]SPU]q�

SaQSjSPQ[q� SYa� [UYaMYVM]� VM[PQUYV� S]M

iOUPPMa�SV� WNY[PQUYV�UW� PQRM+�KLM�VcRjUOV�

[U]]MViUYa� PU� M�iM]QRMYPSOOc� RMSVN]Ma�

PMRiM]SPN]MV� SP� RQaaOM� OU[SPQUYV� UW� MS[L�

VM[PQUYq�SYa� PLM�VUOQa� OQYMV�[U]]MViUYa� PU

PLM� PnU=aQRMYVQUYSO� RUaMO� i]MaQ[PMa�

]MViUYVM� UW� PLM� PMRiM]SPN]M� nQPL� PQRM+�

�V� [SY� jM� VMMY� W]UR� PLMVM� W�QTN]MVq� PLM�

[URiS]QVUYV� jMPnMMY� PLM� ]MVNOPV� UW� PLM�

M�iM]QRMYPSO� SYa� PLM� PnU=aQRMYVQUYSO

RUaMO� ]MViUYVM� [N]^MV� S]M� M�[MOOMYP� WU]�

SOO� PLM� PL]MM� VM[PQUYV+� KLM� aQWWM]MY[M� QY�

PLM�M^SiU]SPU]�PMRiM]SPN]MV�SP�PLM�MYa�UW�

]NY�klFtt�VM[m�WU]�yt��U\�UW�PLM�UNPM]�nSOO�

PMRiM]SPN]M� QV� UYOc� t+lt�q� PLM� aQWWM]MY[M

QV� l+ww�� WU]� PLM� PMRiM]SPN]M� UW� PLM�

SaQSjSPQ[�VM[PQUYq�nLQOM�WU]�PLM�PMRiM]SPN]M�

UW� PLM�[UYaMYVM]�VM[PQUY�PLM�aQWWM]MY[M� QV�

UYOc�t+wl�+

F�fjg���;�KMRiM]SPN]M�X]UW�QOM�UW�eMSP�XQiM��SOO�

� W]UR���iM]QRMYPSO�WU]�K
M
���yt��U\

F�fjg���?� KMRiM]SPN]M�X]UW�QOM�UW�eMSP�XQiM��SOO�

� W]UR�H=��fUaMO�WU]�K
M
���yt��U\

F�fjg���C�\URiS]QVUY� jMPnMMY� KMRiM]SPN]M�

� X]UW�QOM� W]UR� ��iM]QRMYPSO� SYa� H=��

� fUaMO�UW�eMSP�XQiM��SOO�WU]�K
M
���yt��U\
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� KLM� P]SYVQMYP� PMRiM]SPN]MV� SP� PLM�

M^SiU]SPU]q�SaQSjSPQ[q�SYa�[UYaMYVM]�VM[PQUYV�

W]UR� M�iM]QRMYPSO� SYa� PnU=aQRMYVQUYSO�

RUaMO�S]M�VLUnY�QY�PLM��QTN]MV�x�SYa�lt�WU]�

PLM� UNPM]� nSOO� PMRiM]SPN]M� QYiNPV� SP� PLM�

M^SiU]SPU]�VM[PQUY�UW�Ft��U\+��V�[SY�jM�VMMY�

W]UR�PLM�W�QTN]MVq�PLM�P]SYVQMYP�PMRiM]SPN]M�

i]UW�QOM�QY�PLM�M^SiU]SPU]�VM[PQUY�]UVM�aN]QYT�

VPS]P=Ni�W]UR�PLM�QYQPQSO�PMRiM]SPN]M�PU�PLM�

QYiNP�UNPM]�nSOO�PMRiM]SPN]M�UW�PLM�M^SiU]SPU]�

VM[PQUYq� PLM� PQRM� ]M�NQ]Ma� WU]� PLM� VPMSac

VPSPM� nSV� SjUNP� lwHH� VM[UYaV� WU]� PLM�

M�iM]QRMYPSO� SYa� lytt� VM[UYaV� WU]� PLM

PnU=aQRMYVQUYSO� RUaMO+� KLM� P]SYVQMYP�

PMRiM]SPN]M�i]UW�QOM�QY�PLM�SaQSjSPQ[�VM[PQUY�

]UVM� aN]QYT� VPS]P=Ni� W]UR� PLM� QYQPQSO�

PMRiM]SPN]M� PU� PLM� UiM]SPQUY� PMRiM]SPN]M�

kBt�� U\mq� PLM� PQRM� ]M�NQ]Ma� WU]� PLM� VPMSac�

VPSPM�nSV�M�NSO�PU�PLM�M^SiU]SPU]�VM[PQUY+�

KLM� P]SYVQMYP� PMRiM]SPN]M� i]UW�QOM� QY� PLM�

[UYaMYVM]�VM[PQUY�]UVM�aN]QYT�VPS]P=Ni�W]UR�

PLM� QYQPQSO� PMRiM]SPN]M� PU� PLM� QYiNP� UNPM]�

nSOO� PMRiM]SPN]M+� KLM� PQRM� ]M�NQ]Ma� WU]

PLM�VPMSac�VPSPM�nSV�M�NSO�PU�PLM�M^SiU]SPU]�

SYa�SaQSjSPQ[�VM[PQUYVq�jNP�PLM�PMRiM]SPN]M�

QY� PLQV� VM[PQUY� nSV� VOUnOc� aM[]MSVMa�

jM[SNVM� PLM� UNPM]� nSOO� PMRiM]SPN]M� UW�

[UYaMYVM]�VM[PQUY�nSV�OUnM]�PLSY�PLM�QYQPQSO�

PMRiM]SPN]M�UW�[UYaMYVM]�VM[PQUY+

� KLM� ]MVNOPV� W]UR� PLM� M�iM]QRMYPSO�

RUaMO� nM]M� [URiS]Ma� nQPL� PLM� PnU=

aQRMYVQUYSO�RUaMO�SYa�S]M�]Mi]MVMYPMa�QY�

��QTN]M�ll�WU]�Ft��U\�UW�UNPM]�nSOO�PMRiM]SPN]M�

UW� PLM� M^SiU]SPU]� VM[PQUY+� KLM� P]SYVQMYP�

PMRiM]SPN]M� i]UW �Q OMV� SP� QYPM]RMaQSPM

OU[SPQUYV� QY� PLM� M^SiU]SPU]q� SaQSjSPQ[q�

SYa� [UYaMYVM]� VM[PQUYV� S]M� iOUPPMa� SV�

WNY[PQUYV�UW�PQRM+�KLM�VcRjUOV�[U]]MViUYa�

PU� M�iM]QRMYPSOOc� RMSVN]Ma� PMRiM]SPN]MV�

SP�RQaaOM�OU[SPQUYV�UW�MS[L�VM[PQUYq�SYa�PLM�

VUOQa�OQYMV�[U]]MViUYa�PU�PLM�PnU=aQRMYVQUYSO�

RUaMO�i]MaQ[PMa�]MViUYVM�UW�PLM�PMRiM]SPN]M�

nQPL�PQRM+��V�[SY�jM�VMMY�W]UR�PLMVM�W�QTN]MVq�

PLM� [URiS]QVUYV� jMPnMMY� PLM� ]MVNOPV� UW

PLM�M�iM]QRMYPSO�SYa�PLM�PnU=aQRMYVQUYSO

RUaMO� ]MViUYVM� [N]^MV� S]M� M�[MOOMYP� WU]�

SOO� PLM� PL]MM� VM[PQUYV+� KLM� aQWWM]MY[M� QY�

PLM�M^SiU]SPU]�PMRiM]SPN]MV�SP�PLM�MYa�UW�

]NY�kHEtt�VM[m�WU]�Ft��U\�UW�PLM�UNPM]�nSOO�

PMRiM]SPN]M� QV� UYOc� t+BB�q� PLM� aQWWM]MY[M

QV�E+Bx��WU]�PLM�PMRiM]SPN]M�UW�PLM�SaQSjSPQ[�

VM[PQUYq� nLQOM� WU]� PLM� PMRiM]SPN]M� UW� PLM�

[UYaMYVM]� VM[PQUY� PLM� aQWWM]MY[M� QV� UYOc�

t+lt�+

F�fjg���N�KMRiM]SPN]M�X]UW�QOM�UW�eMSP�XQiM��SOO�

� W]UR���iM]QRMYPSO�WU]�K
M
���Ft��U\
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� KLM� PQRM� ]M�NQ]Ma� PU� ]MS[L� VPMSac�

VPSPM� QV� SY� QRiU]PSYP� iS]SRMPM]� WU]� PLM�

VPS]P=Ni�UW�S�LMSP�iQiM+�KLM�PQRM�]M�NQ]Ma�

PU� ]MS[L�S�VPMSac�VPSPM�LSV�jMMY�aMW�QYMa�

SV�PLM�PQRM�]M�NQ]Ma�PU�VPMSac�VPSPM�^SONMV+�

KLQV� LSV� jMMY� [SO[NOSPMa� W]UR� PLM�

M�iM]QRMYPSO� ]MVNOPV� SYa� nSV� M^SONSPMa�

W]UR� PLM� PnU=aQRMYVQUYSO� RUaMO� SV� nMOO+�

KLM� ]MVNOPV� S]M� i]MVMYPMa� QY� KSjOM� E� WU]�

PLM�aQWWM]MYP�UNPM]�nSOO�PMRiM]SPN]M�QYiNPV�

UW�M^SiU]SPU]�VM[PQUY+�KLM�PnU�^SONMV�S]M�

QY� TUUa� ST]MMRMYP+� KLM� M]]U]� jMPnMMY

PLM�M�iM]QRMYPSO�SYa�PLM�PnU=aQRMYVQUYSO

RUaMO�VLUnV�S�aQWWM]MY[M�UW�OMVV�PLSY�B�+�

KLM� ]MVNOP� W]UR� M�iM]QRMYPSO� RUaMO� LSV�

PLM�^SONMV�OUnM]�PLSY�PLM�PnU=aQRMYVQUYSO�

RUaMO�aNM�PU�PLM�WS[P�PLSP�PLM�M�iM]QRMYPSO�

RUaMO� LSa� SY� M]]U]� QY� PLM� M�iM]QRMYPSO�

VMP=Ni+� �LMY� PLM� UNPM]� nSOO� PMRiM]SPN]M�

[LSYTMa�W]UR�wt�PU�yt�SYa�Ft��U\q�PLM�PQRM�

]M�NQ]Ma�PU�]MS[L�VPMSac�VPSPM�QY[]MSVMa+

n_de��/�K]SYVQMYP�bMViUYVM�UW�PLM�eMSP�XQiM

nf`�����gf�� �\���\\_fx

�\�_ ���\_\��L��^O
n�`]��_\g���

�x]g\�L��lO
�|]��f`�x\_e n[����\f^_e ������L�O

wt yFt Ftt =H+Bw
yt lHwI lEtt =H+FI
Ft lwHH lytt =I+Ft

F�fjg���%X�KMRiM]SPN]M� X]UW�QOM� UW� eMSP� XQiM

� �SOO�W]UR�H=��fUaMO�WU]�K
M
���Ft��U\

F�fjg���%%�\URiS]QVUY�jMPnMMY�KMRiM]SPN]M�

� X]UW�QOM�W]UR���iM]QRMYPSO�SYa�H=��

� fUaMO� UW� eMSP� XQiM� �SOO� WU]�

� K
M
���Ft��U\

F�fjg���%+���\URiS]QVUY�UW�KMRiM]SPN]M�X]UW�QOM�

� QY��aQSjSPQ[�hM[PQUY�UW� PLQV�hPNac�

� SYa�fQVP]c�MP�SO+q�kHtltm
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� KLM���QTN]M�lH�VLUnV�PLM�M�iM]QRMYPSO�

]MVNOP�SYa�PLM�YNRM]Q[SO�VQRNOSPQUY�QY�PLQV�

VPNac�[URiS]Ma�PU�PLM�YNRM]Q[SO�VQRNOSPQUY�

UjPSQYMa�jc�fQVP]c�MP�SO+q�kHtltm+�dP�nSV�WUNYa�

PLSP� PLM� PMRiM]SPN]M� i]UW�QOM� QY� PLM� LMSP

iQiM�nSOO� QV� QY� TUUa� ST]MMRMYP�nQPL� PLM�

YNRM]Q[SO�VQRNOSPQUY�SYa�PLM�M�iM]QRMYPSO�

RUaMO�QY�PLQV�VPNac+�KLM�PQRM�]M�NQ]Ma�PU�PLM�

VPMSac�VPSPM�PMRiM]SPN]M�UW�PLM�M�iM]QRMYPSO�

]MVNOP�SYa�PLM�YNRM]Q[SO�VQRNOSPQUY�QY�PLQV�

VPNac�SYa�PLM�YNRM]Q[SO�VQRNOSPQUY�UjPSQYMa�

jc�fQVP]c�MP�SO+q�kHtltm�S]M�aQWWM]MYP�aNM�PU�

PLM�WS[P�PLSP�PLM�LMSP�QYiNP�SP�PLM�M^SiU]SPU]�

VM[PQUY�LSa�aQWWM]MYP�^SONMV+

4. Conclusion
� ��iM]QRMYPV� nM]M� [UYaN[PMa� PU�

M^SONSPM� PLM� P]SYVQMYP� ]MViUYVM� UW� S�

[cOQYa]Q[SO�LMSP�iQiM�RSaM�UW�[UiiM]�nQPL�

nSPM]� SV�S�[UUOSYP+�\UYVPSYP� PMRiM]SPN]M�

nSV�VNiiOQMa�PU�PLM�M^SiU]SPU]�VM[PQUYq�SYa�

PLM�UNPM]�nSOO�PMRiM]SPN]M�SP�PLM�[UYaMYVM]�

VM[PQUY�nSV�M�iM]QRMYPSOOc�RMSVN]Ma+�KLM�

TU^M]YQYT�M�NSPQUYV�WU]�S�PnU=aQRMYVQUYSO�

RUaMO�nM]M� VUO^Ma� YNRM]Q[SOOc� NVQYT� PLM�

[UY[MiP� UW� PLM� PMRiM]SPN]M� aQVP]QjNPQUYq

SYa�PLM�]MVNOPV�nM]M�NVMa�PU�[URiS]M�PLM�

PQRM�]M�NQ]Ma�PU�]MS[L�VPMSac�VPSPM+�

� KLM� M�iM]QRMYPSO� RUaMO� P]SYVQMYP�

PMRiM]SPN]M� i]UW�QOM� WU]� PLM� M^SiU]SPU]q�

SaQSjSPQ[q� SYa� [UYaMYVM]� VM[PQUY� nSV�

[URiS]Ma�nQPL�PLM�PnU=aQRMYVQUYSO�RUaMO�

PMRiM]SPN]M� i]UW�QOMV� nQPL� PQRM� ]M�NQ]Ma�

PU� ]MS[L� VPMSac� VPSPM+�KLM� M�iM]QRMYPSOOc�

UjPSQYMa�PMRiM]SPN]M�i]UW��QOMVq�WU]�jUPL�PLM�

P]SYVQMYP� SYa� VPMSac� VPSPMq� VN[[MVVWNOOc�

[URiS]Ma� nQPL� i]MaQ[PQUYV� W]UR� S� PnU=

aQRMYVQUYSO� RUaMO+� hQRQOS]� ST]MMRMYPV

nM]M�UjPSQYMa�QY�PM]RV�UW�PLM�PQRM�]M�NQ]Ma�

PU�]MS[L�PLM�VPMSac�VPSPM�kSjUNP�lE=lI�RQY�

WU]� PLM� UNPM]� nSOO� PMRiM]SPN]M� UW� wt� U\q�

Hl=HH�RQY� WU]� PLM� UNPM]�nSOO� PMRiM]SPN]M�

UW�yt�U\q�SYa�HF=Hx�RQY�WU]�PLM�UNPM]�nSOO

PMRiM]SPN]M� UW� Ft� U\m+� KLM� M�iM]QRMYPSO�

]MVNOP�SYa�PLM�YNRM]Q[SO�VQRNOSPQUY�QY�PLQV�

VPNac� nM]M� [URiS]Ma� PU� PLM� YNRM]Q[SO�

VQRNOSPQUY�UjPSQYMa�jc�fQVP]c�MP�SO+q�kHtltm

SYa�nM]M�WUNYa�PU�jM�QY�TUUa�ST]MMRMYP+
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