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7KLViUHVHDUFKiLQWURGXFHViDiQRYHOiKHOLFDOO\iWULOREHGiGHQWDOiLPSODQWiJHRPHWU\iGHVLJQHGiWRiHQKDQFHi

RVVHRLQWHJUDWLRQi WKURXJKi LPSURYHGi IRUPi FORVXUHi DQGi LQFUHDVHGi ERQHi HQJDJHPHQWi DWi UHGXFHGi

RVWHRWRP\yi C\i PLQLPL]LQJi WKHi DPRXQWi RIi ERQHi UHPRYHGi GXULQJi GULOOLQJvi WKHi SURSRVHGi GHVLJQi

SUHVHUYHViYDOXDEOHiERQHiWLVVXHiDQGiIDFLOLWDWHViHDVLHUviPRUHiFRPIRUWDEOHiLPSODQWiSODFHPHQWiIRUiWKHi

SDWLHQWyiDGGLWLRQDOO\viDFFHOHUDWHGiRVVHRLQWHJUDWLRQiZLWKiQDQRlVXUIDFHiVXSSRUWViLPPHGLDWHiRUiHDUO\i

ORDGLQJviWKHUHE\iUHGXFLQJiRYHUDOOiWUHDWPHQWiGXUDWLRQyi7KHiKHOLFDOO\iWULOREHGiLPSODQWiGHVLJQViZHUHi

GHYHORSHGi DQGiHYDOXDWHGiXVLQJiVWDWLFi ILQLWHiHOHPHQWiDQDO\VLVi tkHDoiXQGHUi IXOO\iRVVHRLQWHJUDWHGi

FRQGLWLRQViWRiHQVXUHiVDIHiERQH±LPSODQWiLQWHUIDFLDOiVWUHVViGLVWULEXWLRQyikROORZLQJiYHULILFDWLRQiRIiWKHi

QRYHOiGHVLJQiIURPiWKHiVWDWHlRIlWKHlDUWiSDWHQWHGiGHQWDOiLPSODQWiV\VWHPiRIi®®7ixHOKLviWKHiLPSODQWVi

ZHUHi PDQXIDFWXUHGyi xHQWDOi LPSODQWVi DUHi W\SLFDOO\i PDFKLQHGi RQi N1Ni VOLGLQJlKHDGi PXOWLlD[LVi

PDFKLQHVi WRi DFKLHYHi FRQVLVWHQWi SUHFLVLRQi DQGi KLJKi SURGXFWLRQi HIILFLHQF\yiLRZHYHUviPDFKLQLQJi

KHOLFDOO\iOREHGiJHRPHWULHViQHFHVVLWDWHViWKHiXVHiRIiDiSRO\JRQDOiWXUQLQJiDWWDFKPHQWiRQiWKHiVOLGLQJi

KHDGiWXUQiPLOOyi7KLViZRUNiWKXViSURYLGHViLQVLJKWViLQWRiDFKLHYLQJiVXFKiJHRPHWULHViDWiUHGXFHGiF\FOHi

WLPHViE\i OHYHUDJLQJi WKHiSURFHVViNLQHPDWLFViDWi IUDFWLRQDOiVSHHGiUDWLRVviRIIHULQJi DQiDOWHUQDWLYHi WRi

FRQYHQWLRQDOi NlD[LVlDVVLVWHGi PLOOLQJyiDiPDWKHPDWLFDOi IUDPHZRUNi IRUi JHQHUDWLQJi YDULRXVi OREHGi

KHOLFDOiSURILOHViLViHVWDEOLVKHGviDORQJiZLWKiDiFRUUHVSRQGLQJiPRGHOiIRUiSUHGLFWLQJiPDFKLQLQJiWLPHyiDi

5D72DC�i DSSi ZDVi GHYHORSHGi WRi DVVLVWi WKHi PDFKLQLVWbi SURJUDPPHUi LQi FKRRVLQJi WKHi FRUUHFWi

PDFKLQLQJi SDUDPHWHUVi IRUi WKHi GHVLUHGi KHOL[i DQJOHi RQi WKHi SDUWyi kXUWKHUPRUHvi WKHi LQIOXHQFHi RIi

PDFKLQLQJiSDUDPHWHUViRQiFXWWLQJiWLPHiLViH[DPLQHGiWKURXJKiDQDO\WLFDOiPHWKRGViDQGiH[SHULPHQWDOO\i

YHULILHGyi7KLVi DQDO\VLVi FRQWULEXWHVi WRi WKHi XQGHUVWDQGLQJi RIi SURGXFWLRQi F\FOHi WLPHi DQGi RIIHUVi Di

IRXQGDWLRQi IRUi IXWXUHiVWXGLHViRQi WRROi IDLOXUHiPHFKDQLVPVyi8VLQJi WKHiGHYHORSHGiKHOLFDOiSRO\JRQi

WXUQLQJiPHWKRGRORJ\viWKUHHiKHOLFDOO\iWULOREHGiLPSODQWiYDULDQWViLDviLCviDQGiLxiZLWKiKHOL[iDQJOHVi

gByBιvi pByBιi DQGi .Bιi ZHUHi VXFFHVVIXOO\iPDFKLQHGyi 6XEVHTXHQWi FOHDQLQJi DQGi VXUIDFHi WUHDWPHQWi

SURFHVVHVi ZHUHi SHUIRUPHGi WRi JHQHUDWHi Di QDQRVFDOHi VXUIDFHi WRSRJUDSK\i WKDWi HQKDQFHVi

RVVHRLQWHJUDWLRQi DQGi SURYLGHVi SRWHQWLDOi IRUi GUXJlORDGLQJi IXQFWLRQDOLW\yi5HFKDQLFDOi WHVWLQJiZDVi

WKHQiSHUIRUPHGiRQiDUWLILFLDOiERQHitVDZERQHVoiWRiDVVHVViLQVHUWLRQiWRUTXHviUHPRYDOiWRUTXHviDQGiSXOOl

RXWiVWUHQJWKviHDFKiRIiZKLFKiVHUYHViDViDiGLUHFWi LQGLFDWRUiRIiSULPDU\iVWDELOLW\yiLCiGHVLJQiRIIHUHGi

PD[LPXPiWRUTXHiUHGXFWLRQiDQGiXQFRPSURPLVHGiLPSODQWiVWDELOLW\iTXRWLHQWit®6qoiLQiDOOiWKHiERQHi

W\SHViGHPRQVWUDWLQJiRYHUDOOiVXSHULRULW\iDPRQJiWKHiFRQVLGHUHGiGHVLJQVyiCDVHGiRQiWKHVHiUHVXOWVviDQi



RVWHRWRP\iFKDUWiZDViIRUPXODWHGiWRiJXLGHiFOLQLFLDQViLQiVHOHFWLQJiWKHiRSWLPDOiGULOOLQJiSURWRFROiIRUi

YDULRXVi LPSODQWi VL]Hi YDULDQWVyi7KHi ILQDOi LPSODQWViZHUHi SDFNDJHGi LQi Di FOHDQURRPi HQYLURQPHQWvi

VWHULOL]HGiXVLQJiJDPPDi LUUDGLDWLRQviDQGiVXEVHTXHQWO\iVXEPLWWHGi WRi WKHiFOLQLFDOiSDUWQHUvi5D®x6i

t5DXODQDiD]DGi®QVWLWXWHiIRUixHQWDOi6FLHQFHVoviIRUiFOLQLFDOiWULDOVyii7KLViZRUNiLViDQiRIIVKRRWiRIiWKHi

SUHYLRXViZRUNViDQGiDPDOJDPDWHViWKHiQHZiVWDWHlRIlWKHlDUWiZRUNiRIiOREXODUiGHQWDOiLPSODQWViLQWRiDi

QRYHOiSURGXFWiGHYHORSHGiDQGiUHDG\iWRiEHiWUDQVIHUUHGiWRiLQGXVWU\iE\i®®7xy 

.H\ZRUGVEy 'HQWDOy ,PSODQWly 7LWDQLXPy PDFKLQLQJly 3RO\JRQDOy WXUQLQJly 2VVHRLQWHJUDWLRQly )(y

DQDO\VLVly/REXODUyLPSODQWVm 
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