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6281'�*(1(5$7,21�$1'�5(&(37,21��6RXQG� LV� SURGXFHG�ZKHQ� VRPHWKLQJ� YLEUDWHV�� 7KHVH� YLEUDWLRQV� SURGXFH�ORFDO�YDULDWLRQV�LQ�DLU�SUHVVXUH�GXH�WR�D�VTXHH]LQJ�RI�WKH�DLU�LQ�LPPHGLDWH�FRQWDFW�ZLWK� WKH�REMHFW� LQ�YLEUDWLRQ�� DQG� WKLV�PRWLRQ� LV� WKHQ� WUDQVPLWWHG�WR� DGMDFHQW� DLU� PROHFXOHV�� :LWK� LQFUHDVLQJ� GLVWDQFH� IURP� WKH� VRXUFH��WKHUH�LV�D�ORVV�RI�HQHUJ\�DQG�WKH�VRXQG�GHFD\V��� :LWKLQ� D�ZHOO� GHILQHG� UDQJH�� WKH� HDU� LV� DEOH� WR� GHWHFW� WKHVH� FKDQJHV�IURP�QRUPDO�DWPRVSKHULF�SUHVVXUH��WKH�UHIHUHQFH�DW�DOO�WLPHV��HYHQ�ZKHQ�WKH\�DUH�PLQXWH��WKDW�LV�DERYH���������1�UQ��DW������+]��WKH�WKUHVKROG�RI�KXPDQ�KHDULQJ��� 7KH� GRPLQDQW� SDUDPHWHUV� RI� VRXQG� DUH� IUHTXHQF\�� ZDYHOHQJWK� DQG�HQHUJ\�OHYHO��)LJXUH��������� )UHTXHQF\� LV� WKH�QXPEHU�RI�FRPSOHWH�YLEUDWLRQV�ZKLFK�RFFXU�LQ�HDFK�VHFRQG�� 6XEMHFWLYHO\�� KLJK� IUHTXHQFLHV� DUH� KLJK� SLWFKHG� VRXQGV� �WUHEOH��DQG�ORZ�IUHTXHQFLHV�DUH�ORZ�SLWFKHG�VRXQGV��EDVV���� :DYHOHQJWK� LV� WKH�GLVWDQFH�RFFXSLHG�E\�RQH�FRPSOHWH�YLEUDWLRQ��/RZ�SLWFKHG�VRXQGV�KDYH�ORQJHU�ZDYHOHQJWKV�WKDQ�WKRVH�RI�KLJK�SLWFK��� (QHUJ\� OHYHO� LV� D� FRQVHTXHQFH� RI� WKH� DPSOLWXGH� RI� VRXQG�YLEUDWLRQV��/RXG� VRXQGV� SURGXFH� JUHDWHU� DPSOLWXGHV� �ELJJHU� SUHVVXUH� FKDQJHV�� DW�QRUPDO� DWPRVSKHULF� SUHVVXUH� WKDQ� TXLHW� VRXQGV�� 7KHVH� DPSOLWXGHV� DUH�LQGLFDWLYH�RI�WKH�HQHUJ\�OHYHOV��



PHDVXUHG�LQ�GHFLEHOV��G%���WKH�UDQJH�RI�LQWHUHVW�LV�IURP���G%��WKUHVKROG�RI�KHDULQJ��WR�DURXQG�����G%��WKUHVKROG�RI�SDLQ���)LJXUH�����D��
7KH�KXPDQ�HDU�LV�DEOH�WR�GHWHFW�VRXQG�IUHTXHQFLHV�LQ�WKH�UDQJH�IURP����WR�������YLEUDWLRQV�SHU�VHFRQG��KHUW]��V\PERO�+]���7KH�FRUUHVSRQGLQJ�ZDYHOHQJWKV�LQ�DLU�DUH�IURP���P�GRZQ�WR���PP��)LJXUH�����E��
:LWK�ROGHU�SHUVRQV��LW�LV�WKH�GLVFULPLQDWLRQ�RI�KLJK�IUHTXHQFLHV�ZKLFK�LV�LPSDLUHG��WKH�ORZ�IUHTXHQF\�UHVSRQVH�UHPDLQV�YLUWXDOO\�XQFKDQJHG��)UHTXHQFLHV�DERYH�DQG�EHORZ�WKH�KXPDQ�UDQJH�DUH�GHWHFWHG�E\�VRPH�DQLPDOV��IRU�H[DPSOH�GRJV�
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(YHQ� WKRXJK� SHRSOH� DUH� DEOH� WR� GHWHFW� VRXQGV� ZLWKLQ� WKH� EURDG�IUHTXHQF\� UDQJH� RI� ��� WR� ������ +]�� WKHLU� UHFHSWLRQ� RI� WKHP� LV� QRW�XQLIRUP�� %HFDXVH� RI� WKH� SK\VLRORJ\� RI� WKH� HDU�� WKH� FRUUHVSRQGLQJ�UHVSRQVH�LV�QRW�OLQHDU��7KH�HDU�LV�PRUH�VHQVLWLYH�WR�KLJK�IUHTXHQF\�VRXQGV�WKDQ�WR�ORZHU�RQHV��VR�WKDW�ZKHQ�PHDVXULQJ�VRXQGV�ZLWK�HTXLSPHQW��VXFK�DV� D� VRXQG� OHYHO� PHWHU� �)LJXUH� ������� FRUUHFWLRQV� PXVW� EH� EXLOW� LQ� WR�PLPLF�WKH�HDU¶V�UHVSRQVH��7KH�UHDGLQJV�WKXV�REWDLQHG�FDQ�WKHQ�SURYLGH�D�UHOLDEOH�JXLGH� WR�KXPDQ�VXEMHFWLYH�UHDFWLRQ�WR�VRXQGV�RI�GLIIHUHQW�PL[HV�RI� IUHTXHQFLHV��6RXQG� UHDGLQJV�� VR�PRGLILHG�� DUH�PHDVXUHG� LQ�G%$�� WKH�OHWWHU� $� VLJQLI\LQJ� WKH� DSSOLFDWLRQ� RI� WKLV� VHOHFWLYH� IUHTXHQF\�PRGLILFDWLRQ�� 7KH� XQLWV� G%� DQG� G%$� VKRXOG� QRW� EH� FRQIXVHG�� RU� XVHG�WRJHWKHU�LQ�FDOFXODWLRQV��FRQVLVWHQW�XQLWV�DUH�HVVHQWLDO��)LJXUH��������� 6RPH�LPSRUWDQW�DSSUR[LPDWH�UHODWLRQVKLSV�EHWZHHQ�FKDQJHV�LQ�VRXQG�SUHVVXUH�OHYHO�DQG�WKH�FRUUHVSRQGLQJ�FKDQJHV�LQ�DSSDUHQW�ORXGQHVV�DUH�DV�VKRZQ�LQ�)LJXUH��������)LJXUH������5HODWLRQVKLS�EHWZHHQ�VRXQG�SUHVVXUH�FKDQJHV�DQG�ORXGQHVV�&KDQJH�LQ�G%�RU�G%$�$SSDUHQW�ORXGQHVV�FKDQJH
MXVW�QRWLFHDEOH�� FOHDUO\�QRWLFHDEOH�� GRXEOLQJ�������RU�KDOYLQJ��²��RI�ORXGQHVV��

7+(�&+$5$&7(5�2)�6281'�$1'�68%-(&7,9(�5(63216(��$OO� WKH� SUHFHGLQJ� FRPPHQW� KDV� EHHQ� UHOHYDQW� WR� VRXQG� LQ� JHQHUDO�� EXW�QRLVH�PD\�EH�VLPSO\�VWDWHG�DV�µXQZDQWHG�VRXQG¶��6RXQG�LV�WKH�SURFHVV�RI�JHQHUDWLQJ�DFRXVWLF�HQHUJ\�DQG�RI�LWV�UHFHSWLRQ�E\�WKH�HDU��ZKHUHDV�QRLVH�LV� RXU� VXEMHFWLYH� UHDFWLRQ� WR� LW�� 0XVLF� PD\� EH� HQMR\DEOH�� EXW� ZKHQ�LQWUXGLQJ�LQ�D�FRQYHUVDWLRQ�LW�FDQ�EH�GLVWUDFWLQJ�DQG�VR�EHFRPH�D�QRLVH��� /RXG�QRLVHV�GR�QRW�DOZD\V�SURGXFH�FRPSODLQWV��DQG�QHLWKHU�DUH�TXLHW�HQYLURQPHQWV�DOZD\V�SUHIHUUHG��5HDFWLRQV�DUH�LQIOXHQFHG�E\�IDFWRUV�RWKHU�WKDQ�HQHUJ\�OHYHO�DQG�LQFOXGH�IUHTXHQF\�RI� RFFXUUHQFH�� IUHTXHQF\� PL[� RI� WKH� VRXQG� �LWV� VSHFWUXP�� DQG� RWKHU�HQYLURQPHQWDO� VLJQDOV� �WRR� KRW�� WRR� FROG�� JODUH� HWF���� 7KHVH� IDFWRUV� DUH�RIWHQ�DV�LPSRUWDQW�DV�WKH�PRUH�HDVLO\�PHDVXUHG�DQG�GHILQHG�SDUDPHWHUV��� 6XEMHFWLYH�UHVSRQVH�LQ�DQ\�QRLVH�HQYLURQPHQW�LV�QRW�EHVW�UHODWHG�WR�WKH�
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DYHUDJH�RU�PHDQ�QRLVH�OHYHO�ZKLFK�SUHYDLOV��5HVHDUFK�KDV�VKRZQ�WKDW�WKH�/��� OHYHO� �WKH� QRLVH� OHYHO� H[FHHGHG� IRU� ���� RI� WKH� UHOHYDQW� RU� FKRVHQ�WLPH�� LV� D� PXFK� PRUH� UHOLDEOH� LQGLFDWRU�� 2IWHQ�� DV� LQ� WKH� FDVH� RI� 8.�OHJLVODWLRQ�RQ�VRXQG�SURRILQJ�JUDQWV�IRU�GZHOOLQJV��WKH�/������KRXU�LQGH[�LV�XVHG�DV� WKH�EHVW�GHVFULSWRU��7KLV�LV� WKH�/���YDOXH�HVWDEOLVKHG�RYHU� WKH�SHULRG�IURP���D�P��WR�PLGQLJKW��)LJXUH��������� 7KH�/���YDOXH� LV�XVHIXO� LQ�GHILQLQJ� WKH� UHOHYDQW�QRLVH�FOLPDWHV� IRU� D�ZLGH� YDULHW\� RI� VLWXDWLRQV� EXW� LV� JUDGXDOO\� EHLQJ� VXSHUVHGHG�E\� DQRWKHU�FRQFHSW�� WKH� HTXLYDOHQW� QRLVH� OHYHO� /HT��7KLV� LV� WKH�QRWLRQDO� FRQWLQXRXV�QRLVH�OHYHO�ZKRVH�WRWDO�HQHUJ\�RYHU�D�JLYHQ�SHULRG�LV�HTXDO�WR�WKDW�RI�WKH�UHDO�YDU\LQJ�VRXQG��RU�QRLVH��RYHU�WKH�VDPH�SHULRG��7KLV�LQGH[�LV�EHWWHU�DEOH� WR� FRPSDUH� QRLVHV�ZKLFK� GLIIHU� LQ� OHYHO� DQG� LQ� WKHLU�YDULDWLRQ�ZLWK�WLPH��7KXV�WKH�LPSDFW�RI�FRQWLQXRXV�URDG�WUDIILF�QRLVH�FDQ�EH�FRPSDUHG�ZLWK�WKDW�IURP�LQWHUPLWWHQW�DLUFUDIW�RU�UDLOZD\�QRLVHV��� %HFDXVH�WUDQVSRUWDWLRQ�QRLVHV�DUH�WKH�PDLQ�RIIHQGHUV�LQ�EXLOGLQJV��LW�LV�RI� LQWHUHVW� WR� FRPSDUH� WKH� GLIIHUHQW� FKDUDFWHULVWLFV� RI� WKH� SULQFLSDO�VRXUFHV��)LJXUHV�����D��E����
)LJXUH�����D�5RDG��UDLOZD\�DQG�DLUFUDIW�QRLVH�� 5RDG�WUDIILF�QRLVH�7KH�QRLVH�VSHFWUXP�RI�URDG�WUDIILF�QRLVH�ZLOO�EH�LQIOXHQFHG�E\�IDFWRUV� VXFK� DV� WKH� SHUFHQWDJH� RI� KHDY\� YHKLFOHV�� VSHHG�� QDWXUH� RI� URDG�VXUIDFH��URDG�JUDGLHQW�HWF���EXW�WKH�RYHUDOO�W\SLFDO�VSHFWUXP�ZLOO�DOZD\V�H[KLELW�WKH� VWURQJHVW� FRPSRQHQWV� DW� ORZ� IUHTXHQFLHV�� FLW\�FHQWUH�QRLVH� LV� W\SLFDOO\�DW�DURXQG����G%$��DV�LV�WKH�QRLVH�FORVH�WR�PRWRUZD\V��� 5DLOZD\�QRLVH�7KLV� LV� SULQFLSDOO\� LQIOXHQFHG�E\�ZKHHO�WUDFN� LQWHUDFWLRQV�� WUDFN�W\SH��ZHOGHG�RU�MRLQWHG���VOHHSHU�W\SH��WLPEHU�RU�FRQFUHWH���ORFDO�WHUUDLQ��FXWWLQJV�HWF��3HDN�QRLVH�FDQ�EH�KLJK��SHUKDSV�RI�WKH�RUGHU�RI�����G%$��EXW�UHDFWLRQ�WR�WKLV� LV� QRW� DV� DGYHUVH� DV� PLJKW� EH� H[SHFWHG�� 7KH� QRLVH� LV� LQWHUPLWWHQW�VRPHWLPHV�ZLWK� ORQJ�SHULRGV�RI�VLOHQFH��$OVR��WUDLQV�ZDUQ�RI�WKHLU�DSSURDFK�E\�JUDGXDO� QRLVH�EXLOG�XS��DQG�DUULYDO� LV� IROORZHG�E\�D�SUHGLFWDEOH�GHFD\��+HQFH�SHRSOH¶V�WROHUDQFH�WR�WUDLQ�QRLVH�LV�DURXQG���²����G%$�KLJKHU�WKDQ�IRU�WKH�URDG�WUDIILF�VSHFWUXP��L�H�����G%$�RI�UDLOZD\�QRLVH�VLPLODU�OHYHO�RI�GLVWXUEDQFH�������G%$�RI�URD�WUDIILF�QRLVH�$LUFUDIW�QRLVH�7KH�VSHFWUXP�RI�DLUFUDIW�QRLVH�YDULHV�ZLGHO\�DFFRUGLQJ�WR�DLUFUDIW�W\SH��ORDG�UDWLR��DQG�ZKHWKHU�WDNLQJ�RII�RU�ODQGLQJ��DQG�LV�FULWLFDOO\�GHSHQGHQW�RQ�WKH� ORFDWLRQ� RI� WKH� KHDUHU�ZLWK� UHVSHFW� WR� WKH� DLUFUDIW¶V� IOLJKW� SDWK�� $LUFUDIW� LQ�IOLJKW�JHQHUDOO\�KDYH�DQ�HYHQ�PL[�RI�VRXQG� IUHTXHQFLHV��2Q� WKH�JURXQG�� WKHLU�QRLVH�LV�PRVW�RIWHQ�GRPLQDWHG�E\�WKH�KLJK�SLWFKHG�ZKLQH�RI�WKH�DX[LOLDU\�SRZHU�XQLW�IURP�WKH�WDLO�RI�WKH�DLUFUDIW��7KLV�YDULDELOLW\�RI�DLUFUDIW�QRLVH�PDNHV�LW�GLIILFXOW�WR� GHILQH� W\SLFDO� QRLVH� OHYHOV�� 8QWLO� UHFHQWO\�� FRQWRXUV� RI� QRLVH� DQG� QXPEHU�LQGH[� 11-� ZHUH� SUHSDUHG� IRU� DOO� PDMRU� 8.� DLUSRUWV� WR� DLG� WKH� SODQQLQJ� RI�GHYHORSPHQW� DURXQG� WKHP�� 7KH� FRPSRVLWH� LQGH[�11,� WDNHV� DFFRXQW� RI� SHDN�QRLVH�OHYHO�DQG�DOVR�WKH�QXPEHU�RI�RFFXUUHQFHV��7KH�/�LV�QRZ�FRQVLGHUHG�WR�EH�PRUH�LQGLFDWLYH�RI�DQQR\DQFH�DQG�LV�JUDGXDOO\�VXSHUVHGLQJ�11,��� ,QGXVWULDO� DQG� RWKHU� noise sources %HFDXVH� RI� WKH� ZLGH� YDULDELOLW\� RI� LQGXVWULDO�PDFKLQHU\�DQG�SURFHVVHV��LW�LV�LPSRVVLEOH�WR�DGRSW�D�VLQJOH�QRLVH�VSHFWUXP�DV�UHSUHVHQWDWLYH� IRU� GHVLJQ� SXUSRVHV�� ([SHUW� DGYLFH� LV� QHFHVVDU\� LQ� RUGHU� WR�
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HVWDEOLVK�WKH�GRPLQDQW�FRPSRQHQWV�WR�EH�DWWHQXDWHG���

,1�',&(6�2)�$&2867,&�3(5)250$1&(��$QDO\VHV� RI� DFRXVWLF� SUREOHPV� LQYROYH� PHDVXULQJ� WKH� OHYHO� DQG�IUHTXHQF\� RI� DOO� WKH� QRLVH� FRPSRQHQWV� DQG� GHWHUPLQLQJ� WKHLU�PRGLILFDWLRQ� E\� WKH� JOD]LQJ� DW� DOO� IUHTXHQFLHV�� LQ� RUGHU� WR� GHULYH� D�UHVLGXDO� WUDQVPLWWHG�VSHFWUXP��7KLV�PD\�WKHQ�EH�MXGJHG�DJDLQVW�QRWLRQDO�WDUJHWV� RU� FULWHULD�� 7KHVH� SURFHGXUHV� DUH� WLPH� FRQVXPLQJ� DQG� PD\�LQYROYH�H[SHUWLVH��� $V� H[SHGLHQW� DOWHUQDWLYHV�� VLQJOH� ILJXUH� LQGLFHV� KDYH�EHHQ�GHYHORSHG�ZKLFK�JLYH�TXLFN�� DSSUR[LPDWH� LQGLFDWLRQV�RI� WKH� DFRXVWLF� HIILFLHQF\� RI�PDWHULDOV�� LQFOXGLQJ� JOD]LQJ�� 7KH\� VKRXOG� EH� XVHG� ZLWK� FDXWLRQ� DQG�VKRXOG�QRW�EH�UHJDUGHG�DV�FRPSOHWH�VXEVWLWXWHV�IRU�IXOO�DQDO\VHV��� ,Q� FRQVLGHULQJ� WKH� GHILQLWLRQ� RI� WKHVH� LQGLFHV� LW� VKRXOG� EH� QRWHG� WKDW�WKH� UDQJH� RI� IUHTXHQFLHV� HQFRPSDVVHG� YDULHV� QDWLRQDOO\�� 7\SLFDOO\� WKH�%ULWLVK� 6WDQGDUG� UDQJH� FRYHUV� ���²��� ��� +]� ���� YDOXHV�� LQ� WKLUG�RFWDYHV� DQG� ���²����� +]� ��� YDOXHV�� LQ� IXOO� RFWDYHV�� WKH� $PHULFDQ�VWDQGDUGV�FRYHU����²�����+]�LQ�ERWK�WKLUG�RFWDYH�����YDOXHV��DQG�IXOO�RFWDYH����YDOXHV��DQDO\VHV���0($1�6281'�,168/$7,21�5YDOXHV� RI� WKH�PHDVXUHG� VRXQG� LQVXODWLRQ� RI� WKH�JOD]LQJ��%HFDXVH�RI� WKH�VOLJKW� GLIIHUHQFH� EHWZHHQ� WKH� %ULWLVK� 6WDQGDUG� DQG� $PHULFDQ� 6WDQGDUG�IUHTXHQF\�UDQJHV��QDPHO\�D�VKLIW�XSZDUGV�E\�D�WKLUG�RFWDYH�LQ�$PHULFDQ�GDWD� FRPSDUHG�ZLWK� %ULWLVK�� WKHUH�PD\� EH� D� VPDOO� GLVFUHSDQF\� LQ� WKHLU�FRPSDULVRQ�� 7\SLFDOO\�� WKH� $PHULFDQ� 5P� LV� ,� G%� KLJKHU� WKDQ� WKH�FRUUHVSRQGLQJ�%ULWLVK�5P�GHULYHG�IURP�WKH�VDPH�GDWD���5�,1'(;��,62�����%6��������7R� WDNH�DFFRXQW�RI� WKH�HDU¶V�UHVSRQVH�� WKLV�PRUH�FRPSOLFDWHG� LQGH[�KDV�HYROYHG�� ,W� LQYROYHV� SORWWLQJ� WKH� VRXQG� LQVXODWLRQ� FXUYH� RQ� D� VHULHV� RI�UHIHUHQFH�FXUYHV��ZKRVH�VKDSH�DSSUR[LPDWHV�WR�WKDW�RI�WKH�µ$�ZHLJKWLQJ¶�RU�HDU¶V�UHVSRQVH�FXUYH��%\�ILQGLQJ� WKH�UHIHUHQFH�FXUYH�ZKLFK� LV�FORVHVW�WR� WKDW� XQGHU� LQYHVWLJDWLRQ�� WKH� 5Z� LQGH[� LV� GHULYHG� DFFRUGLQJ� WR�SUHVFULEHG�UXOHV��WKH�PDLQ�RQH�RI�ZKLFK� LV�WKDW�WKH�WRWDO�VKRUWIDOO��ZKHUH�WKH�DFWXDO�VRXQG�LQVXODWLRQ�LV�OHVV�WKDQ�WKH�UHIHUHQFH�FXUYH�FKRVHQ��PXVW�QRW�H[FHHG����G%��7KH�5Z�LQGH[�LV�FKDUDFWHUL]HG�E\�WKH�VRXQG�LQVXODWLRQ�RI�WKLV�PDWFKLQJ�UHIHUHQFH�FXUYH�DW�����+]��)LJXUH�
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��������67&�9$/8(��7KH� VRXQG� WUDQVPLVVLRQ� FODVV� LQGH[� RULJLQDWHG� LQ� WKH�86$� DQG� IRUPHG�WKH�EDVLV�RI� WKH�5Z�LQGH[�FDOFXODWLRQ�SURFHGXUH��7KH�PDLQ�GLIIHUHQFH�LV�LQ�WKH�IUHTXHQF\�UDQJH�FRQVLGHUHG��VR�WKDW�W\SLFDOO\�67&�YDOXHV�DUH�DERXW���G%�JUHDWHU�WKDQ�5Z�LQGLFHV�GHULYHG�IURP�WKH�VDPH�GDWD���575$�,1'(;��7KH� 5P�� 5Z� DQG� 67&� LQGLFHV� DUH� GHULYHG� IURP� WKH� EDVLF� VRXQG�LQVXODWLRQ� SHUIRUPDQFH� RI� WKH� JOD]LQJ� DFURVV� WKH� IUHTXHQF\� EDQGV�� ,Q�RUGHU� WR� REWDLQ� EHWWHU� FRUUHVSRQGHQFH� ZLWK� SHRSOH¶V� UHDFWLRQ� WR� WKH�WUDQVPLWWHG� QRLVH�� LW� LV� DOVR� QHFHVVDU\� WR� WDNH� DFFRXQW� RI� WKH� GRPLQDQW�FRPSRQHQWV� RI� WKH� LQFLGHQW� QRLVH�� 7KH� 575$� LQGH[� LV� FDOFXODWHG� E\�DGRSWLQJ� D� VSHFWUXP� VKDSH� RI� W\SLFDO� URDG� WUDIILF� QRLVH�� DQG� WKHQ�PRGLI\LQJ�LW�� IUHTXHQF\�E\�IUHTXHQF\��DFFRUGLQJ�WR� WKH�VRXQG�LQVXODWLRQ�GDWD�RI� WKH�JOD]LQJ��7KH�UHVLGXDO� DJJUHJDWH� OHYHO�� LQ�G%$��LV� WKH�575$�LQGH[�� 8QOLNH� WKH� LQGLFHV� DERYH�� LW� PD\� EH� XVHG� GLUHFWO\� LQ� VLPSOH�FDOFXODWLRQV�WR�\LHOG�DSSUR[LPDWH�OHYHOV�RI�LQWHULRU�QRLVH�LQ�G%$���,W� KDV� DOVR�EHHQ� IRXQG� WKDW� VLPSOH�FRUUHFWLRQ� IDFWRUV�PD\� EH�DSSOLHG� WR�575$� WR� GHULYH� UHDOLVWLF� HVWLPDWHV� RI� FRUUHVSRQGLQJ� DWWHQXDWLRQ� WR�UDLOZD\�DQG�DLUFUDIW�QRLVHV��7KLV�LV�FXUUHQWO\�XQGHU�FRQVLGHUDWLRQ�DV�SDUW�RI�D�(XURSHDQ��&(1��VWDQGDUG���
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,17(5,25�12,6(�/(9(/�&5,7(5,$��5RRPV� DUH� QRW� QHFHVVDULO\� GHVLJQHG� WR� KDYH� WKH� ORZHVW� SRVVLEOH�EDFNJURXQG� QRLVH� OHYHOV�� VLQFH� WKLV� FRXOG� OHDG� WR� XQVDWLVIDFWRU\�HQYLURQPHQWV� DQG� ZRXOG� EH� FRVWO\�� 7KH� JOD]LQJ� VKRXOG� DWWHQXDWH� WKH�RXWVLGH� QRLVH� WR� D� OHYHO� ZKLFK� GRHV� QRW� DQQR\�� EXW� LV� VWLOO� VXIILFLHQW� WR�PDVN� WKH� DPELHQW�� LQWHUQDOO\� JHQHUDWHG� QRLVHV�� 7KLV� WDUJHW� QRLVH� OHYHO�ZLOO� EH� GHSHQGHQW� XSRQ� WKH� QDWXUH� RI� WKH� DFWLYLW\� LQVLGH� WKH� EXLOGLQJ��ZRUNVKRSV� GR� QRW� GHPDQG� DV� KLJK� DWWHQXDWLRQ� IURP� WKH� JOD]LQJ� DV�ZRXOG� FRQIHUHQFH� URRPV��� 5HFRPPHQGHG� EDFNJURXQG� QRLVH� OHYHOV� DUH�LGHQWLILHG� LQ� QDWLRQDO� VWDQGDUGV� IRU� D� ZLGH� UDQJH� RI� VLWXDWLRQV�� IRU�H[DPSOH� LQ� %6� ����������� ZKLFK� DGRSWV� WKH� /DHT� �HTXLYDOHQW� QRLVH�OHYHO�� PHDVXUHG� LQ� G%$�� DV� DQ� DSSURSULDWH� LQGH[�� $SSUR[LPDWH�FRQYHUVLRQ�WR�/����G%$��LV�VLPSOH���/��� �/D�HT�������
([DPSOHV� RI� WKH� /DHT� WDUJHWV� IRU� FRPPRQ� ORFDWLRQV� DUH� VKRZQ� LQ�)LJXUH��������

)LJXUH�������/DHT�WDUJHWV�IRU�FRPPRQ�ORFDWLRQV�� /DUJH�RIILFHV��LQFOXGLQJ�RSHQ�SODQ�� ��²���� 3ULYDWH�RIILFHV��VPDOO�FRQIHUHQFH�URRPV� ��²���� /LYLQJ�URRPV� ��²���� %HGURRPV� ��²���� FODVVURRPV����²���SHRSOH��ZLWK�FRPPXQLFDWLRQ�GLVWDQFH�QRW�PRUH�WKDQ��P��6,03/(�$66(660(17�2)�*/$=,1*�5(48,5(0(176��%HFDXVH�LW�LV�XVXDO�WR�GHULYH�DPELHQW�RXWVLGH�QRLVH�OHYHOV�LQ�G%$��WKH� UHTXLUHG� DFRXVWLF� SHUIRUPDQFH� RI� WKH� JOD]LQJ� PD\� EH�GHWHUPLQHG� E\� FRPSDULVRQ�ZLWK� WKH�DSSURSULDWH� UHFRPPHQGDWLRQ�RI�EDFNJURXQG�QRLVH� OHYHO��)RU�H[DPSOH�� LI�DQ�RSHQ�SODQ�RIILFH� LV�ORFDWHG�LQ�D�FLW\�FHQWUH�ZKHUH�WKH�DPELHQW�WUDIILF�QRLVH�LV����G%$��WKH�JOD]LQJ�QHHGV� WR�SURYLGH�DQ�DWWHQXDWLRQ�RI����PLQXV����G%$��RU� ��� PLQXV� ��� G%$� LI� SUHIHUUHG��� L�H��575$�PXVW� EH� ��� �RU� ����G%$�� 5HIHUHQFH� WR� JOD]LQJ� SHUIRUPDQFH� GDWD� LV� WKHQ� DEOH� WR�



��

HVWDEOLVK�VDWLVIDFWRU\�DOWHUQDWLYHV���
7+(�3(5)250$1&(�2)�*/$66��7KH� IXQGDPHQWDO� SULQFLSOH� RI� WKH� VRXQG� LQVXODWLRQ� RI� JODVV� DQG�ZLQGRZV� LV� WKH� 0DVV� /DZ�� ZKLFK� GHPRQVWUDWHV� WKDW�� ZLWK� HDFK�GRXEOLQJ�RI�JODVV�WKLFNQHVV��WKH�FRUUHVSRQGLQJ�VRXQG�LQVXODWLRQ�LV�LQFUHDVHG�E\�DERXW���G%��7KLV� LV�QRW�H[DFW�DQG� WDNHV�DFFRXQW�RI�LQWULQVLF� UHVRQDQFH� SKHQRPHQD� ZKLFK� LPSDLU� WKH� DFRXVWLF�SHUIRUPDQFH�DW�FHUWDLQ�IUHTXHQFLHV��� 6LQJOH� JOD]LQJ� VKRZV� WZR� PDLQ� W\SHV� RI� UHVRQDQFH�� 2QH� LV�UHODWHG� WR� LWV� VL]H� �ORZ� IUHTXHQF\��DQG� WKH� RWKHU� WR� LWV� WKLFNQHVV��PHGLXP� WR� KLJK� IUHTXHQF\��� 7KLV� ODWWHU� UHVRQDQFH� LV� YHU\� VHQ�VLWLYH�� WKH� IUHTXHQF\�EHLQJ� LQYHUVHO\�SURSRUWLRQDO� WR� WKLFNQHVV��VR�WKDW��IRU�H[DPSOH�����PP�IORDW�JODVV�UHVRQDWHV�DW�,�N+]�ZKHUHDV���PP�IORDW�JODVV�UHVRQDWHV�DW���N+]��)LJXUH���������� 2QH� PHDQV� RI� VXSSUHVVLQJ� VRPH� RI� WKH� FKDUDFWHULVWLF�UHVRQDQFHV�LV�WR� ODPLQDWH�WZR�RU�PRUH�JODVV�SDQHV�WRJHWKHU�ZLWK�UHVLOLHQW� SODVWLF� LQWHUOD\HUV�� ZKLFK� DEVRUE� VRPH� RI� WKH� LQFLGHQW�VRXQG� HQHUJ\�� UHGXFLQJ� WKDW� ZKLFK� SDVVHV� WKURXJK� LW�� 7KH�PRVW�FRPPRQ� ODPLQDWLQJ�PDWHULDO� IRU� WKLV�SXUSRVH� LV� SRO\YLQ\O�EXW\UDO��DQG� LW� UHGXFHV� WKH� ORVV� LQ� VRXQG� LQVXODWLRQ� DW� WKH� UHVRQDQW�IUHTXHQFLHV��)LJXUH���������� 2WKHU� PDWHULDOV�� LQFOXGLQJ� SRO\PHWK\O�PHWKDFU\ODWHV�� DUH� HYHQ�µVRIWHU¶� DQG� VR� DUH� DEOH� WR� UHGXFH� IXUWKHU� WKH� ORVVHV� RI� VRXQG�LQVXODWLRQ� DW� WKH� EDVLF� IUHTXHQFLHV� DQG� WKH� FRPSRQHQW� JODVV�SDQHV�DUH�GHFRXSOHG�VR�HIILFLHQWO\�WKDW�WKH�DVVRFLDWHG�UHVRQDQW� IUHTXHQFLHV� DUH� VKLIWHG� WR� D� KLJKHU� SRVLWLRQ� LQ� WKH� QRLVH�VSHFWUXP��ZKHUH�WKH\�DUH�OHVV�WURXEOHVRPH��� 'RXEOH� JOD]LQJ� XQLWV� RU� VHFRQGDU\� VDVKHV� H[KLELW� WZR� DGGLWLRQDO�UHVRQDQFHV�� 2QH� LV� FDXVHG� E\� WKH� LQWHUDFWLRQ� RI� YLEUDWLRQV� RI� WKH� WZR�LQGLYLGXDO� SDQHV��ZKLFK�PD\� EH� HQKDQFHG�RU� VXSSUHVVHG�E\� WKH�SUHFLVH�GLVWDQFH� EHWZHHQ� WKHP�� 7KH� RWKHU� LV� SURGXFHG� EHFDXVH� RI� LQWHU�UHIOHFWLRQV� RI� VRXQG� WUDSSHG� EHWZHHQ� WKH� WZR� SDQHV�� DQG� LV� D� KLJK�IUHTXHQF\� SKHQRPHQRQ�� ,I� GLVVLPLODU� JODVV� WKLFNQHVVHV� DUH� XVHG� LQ�GRXEOH� JOD]HG� XQLWV�� WKHUH� DUH� DFRXVWLF� EHQHILWV�� EHFDXVH� DV� RQH� SDQH�WHQGV�WR�UHVRQDWH��WKH�RWKHU�SURYLGHV�DFRXVWLF�VWDELOLW\��+LJK�DFRXVWLF�SHU�IRUPDQFHV� IRU� GRXEOH� JOD]HG� XQLWV� DUH� DFKLHYHG� ZKHQ� ODPLQDWLRQ� DQG�DV\PPHWULF� FRQVWUXFWLRQ� DUH� HPSOR\HG� VLPXOWDQHRXVO\�� 7KH� DGGLWLRQ� RI�
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PRUH�SDQHV�RI�JODVV�WR�IRUP�JOD]HG�XQLWV�ZLWK�PRUH�WKDQ�WZR�SDQHV�PD\�LPSDLU�WKH�FRUUHVSRQGLQJ�DFRXVWLF�SHUIRUPDQFHV�RZLQJ�WR�WKH�JHQHUDWLRQ�RI�IXUWKHU�UHVRQDQFHV�ZLWK�HDFK�H[WUD�SDQH��� 2WKHU�JDVHV�PD\�EH�XVHG�DV�WKH�FDYLW\�ILOO�LQ�SODFH�RI�GU\�DLU��IRU�WKHLU�WKHUPDO� EHQHILWV�� )RU� H[DPSOH�� DUJRQ� ILOOHG� XQLWV� VKRZ� QR� FKDQJH� LQ�DFRXVWLF� SHUIRUPDQFH� IURP� VWDQGDUG� DLU� ILOOHG� XQLWV�� IRU� WKH� VDPH� EDVLF�FRQVWUXFWLRQ��6XOSKXU�KH[DIOXRULGH��6)���JDV��KRZHYHU��PD\�EH�XVHG�IRU�DFRXVWLF� SXUSRVHV�� ,WV� KHDY\� PROHFXODU� VWUXFWXUH� WHQGV� WR� HQKDQFH� WKH�PLGGOH�IUHTXHQF\�SHUIRUPDQFH��DERXW����²�����+]���EXW�LW�LQWURGXFHV�D�UHVRQDQFH�DW� ORZ�IUHTXHQFLHV� �DURXQG�����+]��ZKLFK� OLPLWV� LWV�HIIHFWLYH�DSSOLFDWLRQ�ZKHUH� ORZ� IUHTXHQF\�LQVXODWLRQ� LV� WKH�GRPLQDQW�UHTXLUHPHQW��WUDQVSRUWDWLRQ�QRLVHV���� 3RWHQWLDOO\� WKH� KLJKHVW� DFRXVWLF� LQVXODWLRQ� PD\� EH� DWWDLQHG� E\�VHSDUDWLQJ� WKH� WZR� PDLQ� JODVV� FRPSRQHQWV� ZLWK� D� ODUJH� DLU� VSDFH� LQ�H[FHVV�RI�����PP��FUHDWLQJ�D�GRXEOH�ZLQGRZ��7KH�LQWHUDFWLRQV�EHWZHHQ�WKH� SDQHV� DUH� PLQLPL]HG� DQG� HDFK� DFWV� PRUH� LQGHSHQGHQWO\� DV� DQ�HIIHFWLYH� EDUULHU�� +RZHYHU�� XQOHVV� DOO� DLU� JDSV� DUH� IXOO\� VHDOHG� E\�HPSOR\LQJ� HLWKHU� IL[HG� OLJKWV� RU� KLQJHG� ZLQGRZV� ZKLFK� KDYH�FRPSUHVVLEOH�VHDOV�DQG�PXOWL�SRLQW� ORFNLQJ�WR�DYRLG�WKH�IUDPHV�WZLVWLQJ��WKH� DFWXDO� LQ�VHUYLFH� SHUIRUPDQFH� RI� WKHVH� ZLQGRZV� LV� OLNHO\� WR� EH� QR�EHWWHU� WKDQ� WKDW� RI� D� VHDOHG� GRXEOH� JOD]HG� XQLW�� )RU� WKLV� UHDVRQ�� VOLGLQJ�VDVKHV� DUH� QRW� FRPSDWLEOH� ZLWK� KLJK� DFRXVWLF� SHUIRUPDQFH� �)LJXUH���������D�IDoDGH��ZDOOV��DUH�FRQVLGHUHG�WR�KDYH�D�VRXQG�LQVXODWLRQ�DW�OHDVW����G%�KLJKHU�WKDQ�WKH�ZLQGRZ��WKHQ�HDFK�KDOYLQJ�RI�ZLQGRZ�DUHD�LQFUHDVHV�WKH�HIIHFWLYH� VRXQG� LQVXODWLRQ� E\� �� G%�� ,I�� IRU� H[DPSOH�� D� ����� �IXOO\��JOD]HG� IDoDGH� KDG� D� VRXQG� LQVXODWLRQ� RI� ��� G%�� FKDQJLQJ� WR� ���� DQG����� JOD]HG� IDoDGHV� ZRXOG� VHFXUH� FRUUHVSRQGLQJ� DJJUHJDWH� VRXQG�LQVXODWLRQV�RI����G%�DQG����G%��UHVSHFWLYHO\���
())(&7�2)�',67$1&(��:LWK� LQFUHDVLQJ� GLVWDQFH� IURP� D� QRLVH� VRXUFH�� WKHUH� LV� D� FRUUHVSRQGLQJ�GHFUHDVH� LQ� QRLVH� OHYHO�� 7KH�GHFD\� UDWH� LV� GHSHQGHQW� XSRQ�ZKHWKHU� WKH�VRXUFH�RULJLQDWHV�DW�D�SRLQW�RU�RYHU�DQ�DUHD��ZKLFK��LQ�WXUQ��GHSHQGV�RQ�LWV�VKDSH�DQG�WKH�GLVWDQFH�DW�ZKLFK�WKH�VRXQG�LV�KHDUG��� 1RLVH�IURP�DQ�DLUFUDIW�RU�D�VLQJOH�YHKLFOH�PD\�EH�FRQVLGHUHG� WR�EH�DSRLQW� VRXUFH�� DQG� WKH�GHFD\� UDWH� DSSUR[LPDWHV� WR� �� G%�SHU�GRXEOLQJ�RI�GLVWDQFH��1RLVH� IURP�D� OLQH�RI� WUDIILF�RU� UDLOZD\� WUDLQ�GRHV�QRW�GLPLQLVK�
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DV�UDSLGO\����G%�SHU�GRXEOLQJ�RI�GLVWDQFH�LV�D�W\SLFDO�GHFD\�UDWH��� )RU� H[DPSOH�� LI� D� URDGVLGH� QRLVH� PHDVXUHPHQW�� �� PHWUHV� IURP� WKH�YHKLFOHV��LQGLFDWHV�D�OHYHO�RI����G%$��WKLV�ZRXOG�UHGXFH�FRUUHVSRQGLQJO\�WR� ���G%$�DW� ���PHWUHV�� WR����G%$�DW����PHWUHV� DQG� WR����G%$�DW����PHWUHV��7KLV���G%$�GURS�LQ�OHYHO�IURP�WKH�LQLWLDO�PHDVXUHPHQW�LV�DOPRVW�HTXLYDOHQW�WR�D�KDOYLQJ�LQ�LWV�SHUFHLYHG�ORXGQHVV�DW�WKH�NHUEVLGH���())(&7�2)�+(,*+7��:LWK� LQFUHDVLQJ�EXLOGLQJ�KHLJKW�� WKHUH� VKRXOG�EH�DQ�DVVRFLDWHG�GHFUHDVH�LQ�UHFHLYHG�VWUHHW�QRLVH�OHYHO��EXW�WKH�DFRXVWLF�KRUL]RQ�RI�WKH�XSSHU�IORRUV�LV�FRUUHVSRQGLQJO\�LQFUHDVHG��7KHVH�DUH�RSSRVLQJ�WUHQGV��DQG�WKH�UHVXOW�LV�WKDW�WKH�YHUWLFDO�QRLVH�ILHOG�LV�DOPRVW�XQLIRUP���%$55,(56��6RXQG� ZDYHV� KDYH� ORQJ� ZDYHOHQJWKV�� DV� PHQWLRQHG� HDUOLHU�� 7KHUHIRUH�GLIIUDFWLRQ� HIIHFWV� DUH� VLJQLILFDQW�� WKDW� LV�� EHQGLQJ� DURXQG� REVWDFOHV� LV�UHODWLYHO\�HDV\��)HQFHV��HDUWK�PRXQGV�DQG�VFUHHQV�DUH�WKHUHIRUH�UHODWLYHO\�LQHIIHFWLYH�� XQOHVV� SRVLWLRQHG
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HLWKHU� FORVH� WR� WKH� VRXUFH� RU� FORVH� WR� WKH� UHFHSWLRQ� SRLQW�� :LQGRZ�IXUQLWXUH��OLNH�EOLQGV��KDV�QR�LQIOXHQFH�RQ�WKH�QRLVH�WUDQVPLVVLRQ�WKURXJK�ZLQGRZV�
27+(5�*/$=,1*�7<3(6
$SDUW� IURP� ODPLQDWLRQ�� RWKHU� JODVV� W\SHV� GR� QRW� H[KLELW� DQ\� GHSDUWXUHV�IURP� WKH� VRXQG� LQVXODWLRQ� RI� RUGLQDU\� FOHDU� IORDW� JODVV�� 7KLFNQHVV� IRU�WKLFNQHVV�� WRXJKHQHG�� ZLUHG�� FRDWHG� DQG� WLQWHG� JODVV� SURGXFWV� KDYH�H[DFWO\� WKH� VDPH�DFRXVWLF�SHUIRUPDQFH��3DWWHUQHG�JODVV�SURGXFWV��ZKLFK�KDYH�VXUIDFH�LQGHQWDWLRQV��EHKDYH�LGHQWLFDOO\�WR�RUGLQDU\�FOHDU�IORDW�JODVV�RI�WKH�VDPH�DYHUDJH�WKLFNQHVV�
),;,1*�())(&76
%HWWHU�VRXQG�LQVXODWLRQ�LV�DFKLHYHG�E\�LQVWDOOLQJ�JODVV�LQ�UHVLOLHQW�JDVNHWV�LQVWHDG� RI� WLJKWO\� FODPSLQJ� LW� ZLWK� EHDGV��$Q\� VWUXFWXUDO� YLEUDWLRQV� DUH�WKHQ�OHVV�DEOH�WR�EH�WUDQVPLWWHG�WR�WKH�JODVV��WKXV�PDLQWDLQLQJ�LWV�DFRXVWLF�LQWHJULW\�


	Sound.DOC
	SOUND GENERATION AND RECEPTION
	THE CHARACTER OF SOUND AND SUBJECTIVE RESPONSE
	IN DICES OF ACOUSTIC PERFORMANCE
	INTERIOR NOISE LEVEL CRITERIA
	SIMPLE ASSESSMENT OF GLAZING REQUIREMENTS
	THE PERFORMANCE OF GLASS
	EFFECT OF DISTANCE
	EFFECT OF HEIGHT
	BARRIERS
	OTHER GLAZING TYPES
	FIXING EFFECTS



