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IS�ARE�INITIATED�AND�THEN� 

DEVELOP�IN�THE�INTERNAL�ENVIRONMENT�OF�


LOOD�VESSELS� 

)N�THE�CASE�OF�PENETRATING�TRAU 
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#MPPE 
#MPPE�JT�NBEF�VQ�PG�TPMJE�FMFNFOUT�DFMMT�TVT� 
QFOEFE�JO�B�nVJE�NBUSJY�TFSVN��*UT�JNQPSUBODF� 
EFSJWFT�GSPN�UIF�GBDU�UIBU�JUT�DFMMT�BSF�FYUSFNFMZ� 
JNQPSUBOU�GPS�CPEJMZ�GVODUJPOT�BOE�JUT�TFSVN�JT� 
UIF�FTTFOUJBM�NFBOT�PG�EFMJWFSZ�PG�NVMUJQMF�TVC� 
TUBODFT�	FH�DFMMT�IPSNPOFT�DZUPLJOFT�NFEJDB� 
UJPOT
�UP�BMM�QBSUT�PG�UIF�CPEZ��ЅF�TFSVN�DPN� 
QPOFOU�PG�CMPPE�JT�SBUIFS�FBTZ�UP�SFQMBDF�BOE�DBO� 
CF�TVCTUJUVUFE�CZ�B�WBSJFUZ�PG�JOUSBWFOPVT�nVJET� 
TVDI�BT�TBMJOF�PS�MBDUBUFE�SJOHFST�TPMVUJPO��5IF� 
CMPPE�DFMMT�BSF�IBSEFS�UP�SFQMBDF�BOE�MPTT�PG�CMPPE� 
DFMMT�VTVBMMZ�IBT�EJSF�DPOTFRVFODFT� 
5IF�NPTU�JNQPSUBOU�DFMMT�BSF�UIF�SFE�CMPPE� 

DFMMT�XIJDI�DBSSZ�BOE�EFMJWFS�PYZHFO��*G�B�IVNBO� 
JT�EFQSJWFE�PG�PYZHFO�GPS�B�NBUUFS�PG�NJOVUFT�UIF� 
SFTVMU�JT�VTVBMMZ�SFWFSTJCMF�PSHBO�GBJMVSF��*G�UIF� 
UJNF�PG�EFQSJWBUJPO�JT�MPOHFS�UIF�PSHBO�GBJMVSF� 
CFDPNFT�JSSFWFSTJCMF�BOE�XJUI�MPOHFS�QFSJPET�PG� 
EFQSJWBUJPO�UIF�SFTVMU�JT�VOJGPSNMZ�GBUBM��3BQJE� 
SFQMBDFNFOU�PG�MPTU�CMPPE�JT�PCWJPVTMZ�PG�QBSB� 
NPVOU�JNQPSUBODF��6OGPSUVOBUFMZ�UIF�TPVSDF� 
PG�SFQMBDFE�CMPPE�JT�VTVBMMZ�BMMPHFOFJD�	GSPN� 
BOPUIFS�QFSTPO
�BOE�USBOTGVTJPO�PG�BMMPHFOFJD� 
CMPPE�DBSSJFT�TJHOJmDBOU�SJTLT�JODMVEJOH�USBOT� 
NJTTJPO�PG�WJSBM�JMMOFTTFT�TVDI�BT�)*7�BOE�IFQB� 
UJUJT���ЅF�DPNQMFUF�MJTU�PG�USBOTGVTJPO�SJTLT�SBOH� 
FT�GSPN�UIF�GBJSMZ�DPNNPO�GFCSJMF�SFBDUJPOT�UP� 
SBSF�WJSBM�EJTFBTFT�	5BCMF�ͥ 
� 
4VCTUJUVUJPO�PG�SFE�CMPPE�DFMMT�CZ�B�WBSJFUZ�PG� 

DIFNJDBMT�TVDI�BT�G MVPSPDBSCPOT�	FH�'MVPTPM
� 
IBT�CFFO�SFTFBSDIFE�GPS�NPSF�UIBO�ͦͤ�ZFBST�BOE� 
UIF�SFTVMUT�IBWF�CFFO�EJTBQQPJOUJOH��"MUIPVHI� 
nVPSPDBSCPOT�IBWF�CFFO�VTFE�XJUI�MJNJUFE�TVD� 
DFTT�JO�VOVTVBM�DJSDVNTUBODFT�TVDI�BT�QBUJFOUT� 
SFGVTJOH�CMPPE�QSPEVDUT�GPS�SFMJHJPVT�SFBTPOT�UIF� 
UPYJDJUJFT�BOE�EJċDVMUJFT�JO�USBOTQPSUJOH�PYZHFO� 
XJUI�B�nVPSPDBSCPO�NPMFDVMF�IBWF�TFWFSFMZ�MJN� 
JUFE�UIFJS�VTF� 
ЅF�LFZ�UP�UIF�SFE�CMPPE�DFMM�T�BCJMJUZ�UP�USBOT� 

QPSU�PYZHFO�MJFT�JO�UIF�IFNPHMPCJO�NPMFDVMFT� 
DPOUBJOFE�XJUIJO�FBDI�DFMM�¤�4VCTUJUVUJPO�PG�SFE� 
CMPPE�DFMMT�XJUI�IFNPHMPCJO�CBTFE�TPMVUJPOT� 
TFFNT�UP�IPME�TPNF�QSPNJTF�CVU�UIFSF�BSF�TUJMM� 
OP�IFNPHMPCJO�CBTFE�CMPPE�TVCTUJUVUFT�UIBU� 
IBWF�HBJOFE�XJEF�BDDFQUBODF�PS�UIBU�BSF�DPN� 
NFSDJBMMZ�BWBJMBCMF� 

���� %&$&.#&3������ ��$&�$3&%*5�*/�$"5&(03:�� 

ЅF�XIJUF�CMPPE�DFMMT�	8#$
�BSF�B�IFUFSPHF� 
OFPVT�HSPVQ�PG�DFMMT�UIBU�TFSWF�B�MBSHFMZ�QSPUFD� 
UJWF�GVODUJPO�CZ�mHIUJOH�CBDUFSJB�BMMFSHFOT�BOE� 
B�WBSJFUZ�PG�PUIFS�GPSFJHO�JOWBEFST��"MUIPVHI�UIF� 
BCTFODF�PG�8#$T�DBO�CF�EFWBTUBUJOH�TVDI�BT�JO� 
)*7�EJTFBTF�UIF�FGGFDU�PG�8#$�MPTT�JT�VTVBMMZ� 
OPU�BO�BDVUF�QSPCMFN�EVSJOH�BDUJWF�CMFFEJOH� 
5IF�QMBUFMFUT�BSF�UIF�MBTU�NBKPS�DMBTTJGJDB� 

UJPO�PG�CMPPE�DFMMT��5IFZ�BSF�VTVBMMZ�QSFTFOU�JO� 
MBSHF�FOPVHI�OVNCFST�UIBU�BDVUF�CMPPE�MPTT�BOE� 
IFNPEJMVUJPO�EP�OPU�QSFTFOU�QSPCMFNT�XJUI� 
UISPNCPDZ UPQFOJB�	MBDL�PG�QMBUFMFUT
��1MBUF� 
MFUT�BSF�FYUSFNFMZ�JNQPSUBOU�GPS�UIF�QSPDFTT�PG� 
IFNPTUBTJT�TP�XIFO�UIFJS�OVNCFST�ESPQ�CFMPX� 
ͩͤͤͤͤ�DNN�	OPSNBM�MFWFMT�BSF�ͥ ͩͤͤͤͤoͧͫͩͤͤͤ� 
DNN
�BOE�UIF�QBUJFOU�JT�BDUJWFMZ�CMFFEJOH�QMBUF� 
MFUT�BSF�VTVBMMZ�USBOTGVTFE��8JUIPVU�BDUJWF�CMFFE� 
JOH�UIFJS�OVNCFST�NBZ�CF�BT�MPX�BT�ͥ ͤͤͤͤ�DNN� 
XJUIPVU�DMJOJDBM�DPOTFRVFODFT� 

$MPU�GPSNBUJPO 
8IFO�UIF�JOUFHSJUZ�PG�UIF�FOEPUIFMJBM�MJOJOH�PG� 
UIF�CMPPE�WFTTFMT�JT�EJTSVQUFE�UIF�GJSTU�CMPPE� 
FMFNFOU�PO�UIF�TDFOF�JT�UIF�QMBUFMFU�©�ЅF�QMBUF� 
MFU�JT�FYQPTFE�UP�UIF�DPMMBHFO�PG�UIF�WFTTFM�XBMM� 
XIJDI�DBVTFT�UIF�VTVBMMZ�TNPPUI�TVSGBDFE�QMBUF� 
MFU�UP�CFDPNF�JSSFHVMBS�BOE�iTUJDLZw�	'JHVSF�ͥ
�� 
ЅF�QMBUFMFU�BEIFSFT�UP�UIF�BSFB�PG�UIF�JOKVSZ�BOE� 
CFDPNFT�BDUJWBUFE��ЅF�BDUJWBUFE�QMBUFMFU�TFDSFUFT� 
B�OVNCFS�PG�GBDUPST�JODMVEJOH�WPO�8JMMFCSBOE� 
'BDUPS�	W8'
�XIJDI�SFDSVJUT�NPSF�QMBUFMFUT�UP� 
UIF�BSFB�PG�JOKVSZ�BOE�TUJNVMBUFT�UIFN�UP�BEIFSF�� 
0UIFS�GBDUPST�SFMFBTFE�CZ�UIF�QMBUFMFUT�JOJUJBUF�UIF� 
DPBHVMBUJPO�DBTDBEF� 
$PBHVMBUJPO�PDDVST�WJB�UXP�NBJO�QBUIXBZT� 

UIF�JOUSJOTJD�BOE�FYUSJOTJD�ņ�ЅF�JOUSJOTJD�QBUI� 
XBZ�JT�QSJNBSJMZ�JOWPMWFE�JO�TJUVBUJPOT�XIFSF� 
UIFSF�JT�OP�EJTSVQUJPO�PG�WFTTFM�JOUFHSJUZ�TVDI�BT� 
IZQFSDPBHVMBCMF�TUBUFT�BOE�EFFQ�WFOPVT�UISPN� 
CPTJT��5IF�FYUSJOTJD�QBUIXBZ�JT�JOWPMWFE�XIFO� 
UIFSF�IBT�CFFO�WFTTFM�JOKVSZ�BOE�FYQPTVSF�PG�UIF� 
CMPPE�UP�UJTTVF�GBDUPST�JO�UIF�WFTTFM�XBMM��3FHBSE� 
MFTT�PG�XIJDI�QBUIXBZ�JOJUJBUFT�DPBHVMBUJPO�UIF� 
GJOBM�DPNNPO�FWFOU�JT�UIF�DPOWFSTJPO�PG�QSP� 
UISPNCJO�UP�UISPNCJO�XIJDI�DBUBMZ[FT�UIF�DPO� 
WFSTJPO�PG�TPMVCMF�mCSJOPHFO�UP�JOTPMVCMF�mCSJO� 
mMBNFOUT�	'JHVSF�ͦ
��ЅFTF�mMBNFOUT�GPSN�B�OFU� 
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3JTL *ODJEFODF 

"#0�SFBDUJPO�IFNPMZUJD ɧ�ɧɩɦɦɦ� 
'FCSJMF�SFBDUJPO�QMBTNB� 
MFVLPDZUF�FUD 

ɧ�ɫɦɦ 

$.7 6OLOPXO 
)FQBUJUJT�# ɧ�ɫɦɦɦɦ 
)FQBUJUJT�$ ɧ�ɩɦɦɦɦɦɦ 
)*7�"*%4 ɧ�ɪɦɦɦɦɦɦ 

UIBU�USBQT�NPSF�CMPPE�DFMMT�TVDI�BT�SFE�CMPPE� 
DFMMT�BOE�DBVTFT�B�DMPU�UP�GPSN�HSPX�BOE�NBUVSF� 
	TIPXO�PO�DPWFS�BOE�QBHF�ͥͤ
��$PBHVMBUJPO�JT� 
PЂFO�DPNQSPNJTFE�CZ�BO�JOIFSJUFE�MBDL�PG�DPBH� 
VMBUJPO�GBDUPST�	FH�IFNPQIJMJB�"�BOE�#
�PS�B� 
MBDL�PG�WPO�8JMMFCSBOE�'BDUPS�	WPO�8JMMFCSBOE� 
%JTFBTF
��5SFBUNFOU�PG�UIFTF�EJTPSEFST�VTVBMMZ� 
JOWPMWFT�SFQMBDFNFOU�PG�UIF�NJTTJOH�GBDUPST�BOE� 
JT�CSJFnZ�EJTDVTTFE�CFMPX� 
-JLF�NBOZ�PUIFS�QIZTJPMPHJD�SFTQPOTFT�JO� 

UIF�CPEZ�UIF�DMPUUJOH�TZTUFN�IBT�JUT�PXO�OFH� 
BUJWF�GFFECBDL�DPOUSPMT��"MNPTU�BT�TPPO�BT�DMPU� 
GPSNBUJPO�CFHJOT�PUIFS�QSPDFTTFT�CFHJO�UP�UVSO� 
PĊ�	PS�EPXO�SFHVMBUF
�DMPUUJOH�BOE�EJTTPMWF�UIF� 
BMSFBEZ�GPSNFE�CMPPE�DMPUT��6OEFS�UIF�EJSFDUJPO� 
PG�QMBTNJO�UIF�GPSNFE�GJCSJO�OFUXPSL�JT�CSP� 
LFO�EPXO�JOUP�mCSJO�TQMJU�QSPEVDUT��&YDFTTJWF� 
PS�VOUJNFMZ�BDUJWJUZ�PG�QMBTNJO�NBZ�OPU�POMZ� 
EJTTPMWF�OFFEFE�DMPUT�CVU�JU�NBZ�DBVTF�VOXBOU� 
FE�CMFFEJOH�JO�BSFBT�TVCKFDUFE�UP�NJOPS�SFQFBU� 
FE�JOKVSZ�TVDI�BT�UIF�NVDPTBM�MJOJOH�PG�UIF�(*� 
USBDU��0CWJPVTMZ�UIF�JNQPSUBOU�FMFNFOUT�PG� 
DMPUUJOH�BOE�DMPU�EJTTPMVUJPO�BSF�QSPQFS�SFHVMB� 
UJPO�BOE�DPSSFDU�UJNJOH��ЅF�CPEZ�TIPVME�GPSN� 
B�DMPU�JO�SFTQPOTF�UP�BO�JOKVSZ�UIBU�DBVTFT�MPTT�PG� 
CMPPE�GSPN�UIF�WBTDVMBS�TZTUFN�CVU�TIPVME�BMTP� 
CF�BCMF�UP�EJTTPMWF�UIBU�DMPU�XIFO�JU�IBT�TFSWFE� 
JUT�QVSQPTF��*U�TIPVME�OPU�GPSN�VOXBOUFE�DMPUT� 
TVDI�BT�UIPTF�UIBU�DBVTF�IFBSU�BUUBDLT�PS�EFFQ� 
WFOPVT�UISPNCPTJT�BOE�TIPVME�CF�BCMF�UP�EJT� 
TPMWF�UIFTF�VOXBOUFE�DMPUT�XIFO�UIFZ�EP�PDDVS�� 
*NQPSUBOUMZ�JU�TIPVME�OPU�EJTTPMWF�B�DMPU�UIBU� 
JT�OFFEFE�UP�QMVH�IPMFT�JO�UIF�WBTDVMBUVSF�VOUJM� 
UIF�CPEZ�IFBMT�UIF�JOKVSZ� 

0QFSBUJWF�DPOTJEFSBUJPOT 
)FNPTUBTJT�JT�DSJUJDBMMZ�JNQPSUBOU�JO�UIF�PQFSBUJOH� 
SPPN�BOE�GPS�UIJT�SFBTPO�B�UIPSPVHI�FWBMVBUJPO�PG� 
UIF�CPEZ�T�BCJMJUZ�UP�GPSN�CMPPE�DMPUT�NVTU�CF�EFUFS� 
NJOFE�QSJPS�UP�CFHJOOJOH�BOZ�PQFSBUJPO��ЅF�QSF� 
PQFSBUJWF�IJTUPSZ�BOE�QIZTJDBM�FYBN�BSF�JNQPS� 
UBOU��ЅJT�TIPVME�JODMVEF�B�IJTUPSZ�PG�FBTZ�CSVJTJOH� 
FYDFTTJWF�CMFFEJOH�GSPN�NJOPS�USBVNB�	FH�UPPUI� 
CSVTIJOH
�BOE�NPTU�JNQPSUBOUMZ�ESVH�JOHFTUJPO� 
	DFSUBJO�ESVHT�TVDI�BT�BTQJSJO�DPNQSPNJTF�DMPU� 
UJOH
��ЅF�QIZTJDBM�FYBN�TIPVME�GPDVT�PO�UIF�QSFT� 
FODF�PG�CSVJTFT�QFUFDIJBF�BOE�CMPPE�JO�UIF�TUPPM� 
"OPUIFS�JNQPSUBOU�BTQFDU�PG�UIF�QSFPQFSBUJWF� 

FWBMVBUJPO�JT�MBC�UFTUJOH��.PTU�QBUJFOUT�HPJOH�UP� 
UIF�PQFSBUJOH�SPPN�IBWF�B�DPNQMFUF�CMPPE�DPVOU� 

'*(63&�ɧ 
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QSPUISPNCJO�UJNF�BOE�B�QBSUJBM�UISPNCPQMBT� 
UJO�UJNF��ЅFTF�UISFF�MBC�UFTUT�DPWFS�UIF�NBKPS� 
JUZ�PG�CMFFEJOH�EJTPSEFST�UIBU�BSF�FODPVOUFSFE�Ň� 
*G�POF�PS�NPSF�PG�UIFTF�CBTFMJOF�UFTUT�BSF�BCOPS� 
NBM�PS�JG�UIF�IJTUPSZ�BOE�QIZTJDBM�FYBNJOBUJPO� 
IBWF�VODPWFSFE�B�CMFFEJOH�EJTPSEFS�B�DPOTVMUB� 
UJPO�XJUI�B�IFNBUPMPHJTU�BOE�BEEJUJPOBM�UFTUT� 
TVDI�BT�B�CMFFEJOH�UJNF�UISPNCJO�UJNF�PS�TQF� 
DJmD�GBDUPS�MFWFMT�NBZ�CF�OFFEFE��1SFUSFBUNFOU� 
PG�CMFFEJOH�EJTPSEFST�EFQFOET�PO�UIF�TQFDJGJD� 
EJTPSEFS�BOE�NVTU�CF�EPOF�QSJPS�UP�TVSHFSZ� 
"T�TPPO�BT�UIF�QBUJFOU�FOUFST�UIF�PQFSBUJOH� 

SPPN�QSFQBSBUJPOT�TIPVME�CF�NBEF�GPS�USFBUJOH� 
FYQFDUFE�CMPPE�MPTT��5ZQFE�BOE�DSPTT�NBUDIFE� 
CMPPE�TIPVME�CF�BWBJMBCMF�GSPN�UIF�CMPPE�CBOL� 
GPS�USBOTGVTJPO��%FWJDFT�UP�LFFQ�UIF�QBUJFOU� 
XBSN�EVSJOH�UIF�QSPDFEVSF�TVDI�BT�XBSN�BJS� 
TVJUT�PS�XBSNJOH�CMBOLFUT�TIPVME�CF�BQQMJFE� 
CFDBVTF�QBUJFOUT�HFU�DPME�EVSJOH�MPOH�PQFO�QSP� 
DFEVSFT�BOE�CMPPE�DMPUT�CFTU�BU�OPSNBM�CPEZ�UFN� 
QFSBUVSFT��'PS�DBTFT�JO�XIJDI�B�MBSHF�BNPVOU�PG� 
CMPPE�NBZ�CF�MPTU�FRVJQNFOU�UP�SFVTF�CMPPE�	DFMM� 
TBWFST
�PS�IFBU�NBTTJWFMZ�USBOTGVTFE�CMPPE�NVTU� 
CF�TFU�VQ��$PNQSFTTJPO�TUPDLJOHT�NVTU�CF�QMBDFE� 
UP�QSFWFOU�VOXBOUFE�DMPUUJOH�XIJDI�NBZ�CF�BT� 
EFWBTUBUJOH�BT�JOTVċDJFOU�DMPUUJOH� 
0ODF�UIF�PQFSBUJPO�IBT�TUBSUFE�BMM�PQFSBUJOH� 

SPPN�QFSTPOOFM�TIPVME�NBLF�BO�FĊPSU�UP�NPO� 
JUPS�CMPPE�MPTT�NPOJUPS�UIF�QBUJFOU�T�WJUBM�TJHOT� 
SFQMBDF�MPTU�CMPPE�BOE�UP�NPWF�BT�RVJDLMZ�BT�QPT� 
TJCMF�XJUIPVU�NBLJOH�NJTUBLFT��ЅJT�MBTU�QPJOU�JT� 

'J JO�DM

� �

5ISPNCJO�	**
 

CSJOPHFO�	*
 'JCS PU 

*OUSJOTJD 
'BDUPST 9**�7*** 

&YUSJOTJD 
'BDUPST�7**���5' 	***
 

DSJUJDBM�CFDBVTF�TQFFE�JT�JNQPSUBOU�UP�NJOJNJ[F� 
UIF�UJNF�B�QBUJFOU�TQFOET�JO�UIF�PQFSBUJOH�SPPN�� 
.JOJNJ[JOH�UIF�UJNF�JO�UIF�PQFSBUJOH�SPPN�BOE� 
TQFDJmDBMMZ�UIF�UJNF�UIBU�BOZ�NBKPS�CPEZ�DBWJ� 
UZ�JT�PQFO�XJMM�BMTP�NJOJNJ[F�IFBU�MPTT�XIJDI�JT� 
B�NBKPS�GBDUPS�JO�QFSJPQFSBUJWF�NPSCJEJUZ��#PEZ� 
UFNQFSBUVSF�XJMM�BMTP�ESPQ�XJUI�UIF�JOGVTJPO�PG� 
SPPN�UFNQFSBUVSF�PS�DPMEFS�JOUSBWFOPVT�nVJET�� 
6TJOH�XBSNFE�nVJET�IFMQT�CVU�UIF�NBKPS�FĊPSU� 
PO�UIF�QBSU�PG�UIF�PQFSBUJOH�UFBN�TIPVME�CF�UP� 
DPNQMFUF�UIF�PQFSBUJPO�BOE�DMPTF�BMM�CPEZ�DBWJ� 
UJFT�BT�FYQFEJUJPVTMZ�BT�QPTTJCMF� 

)FNPTUBUJD�NBUFSJBM�FRVJQNFOU�BOE�UFDIOJRVFT 
.BUFSJBMT�TVDI�BT�DPMMBHFO�BOE�DFMMVMPTF�CBTFE� 
QPXEFST�TIFFUT�BOE�TQPOHFT�BSF�VTFE�JO�UIF�PQFS� 
BUJOH�SPPN�UP�QSPNPUF�IFBMJOHň�	5BCMF�ͦ
��/PU� 
POMZ�EP�UIFTF�NBUFSJBMT�QSPWJEF�B�NBUSJY�PO�XIJDI� 
DMPUT�GPSN�CVU�UIFZ�QSPWJEF�DPMMBHFO�XIJDI�TUJN� 
VMBUFT�QMBUFMFU�BDUJWBUJPO�BOE�BEIFSFODF� 
5IF�OFXFS�DMPUUJOH�NBUFSJBMT�BSF�BWBJMBCMF� 

JO�UIF�GPSN�PG�HMVFT��*O�HFOFSBM�UIFZ�XPSL�MJLF� 
FQPYJFT�VTJOH�DPBHVMBUJPO�GBDUPST�GPVOE�JO�QMBT� 
NB�BOE�NJYJOH�UIFN�XJUI�B�QSPDPBHVMBOU�TVDI� 
BT�UISPNCJO��"T�TPPO�BT�UIF�UXP�DPNQPOFOUT� 
NJY�B�TPMJE�DMPU�JT�GPSNFE��ЅF�BEWBOUBHF�PG�UIF� 
HMVFT�PWFS�UIF�TIFFUT�BOE�TQPOHFT�JT�UIBU�UIF�MJR� 
VJE�DPNQPOFOUT�NBZ�CF�TRVJSUFE�PS�TQSBZFE�PO� 
BSFBT�PG�BDUJWF�CMPPE�MPTT��#FDBVTF�UIFZ�BSF�MJR� 
VJE�VOUJM�UIFZ�TPMJEJGZ�UIFZ�DBO�QFOFUSBUF�TNBMM� 
DSFWJDFT�BOE�DPOGPSN�FYBDUMZ�UP�UIF�JSSFHVMBS� 
DPOUPVST�PG�BDUJWFMZ�CMFFEJOH�TVSGBDFT� 
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