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,#T%-ACT,"# 

./ 0(. 1$n #. 0$n3, B.S7., P9.0, :.;n<, :=1>A  BMT S'$T'79 BC3. 

1. 1>T=E0UCT1E> 

#9'n H9IJH 7oL' 7%oH' Co '$79 oC9'(, on' IH $JC Co MN''%M C9' J('H'n7' oN C9' 
oC9'( Co $ <('$C'( o( %'HH'( 3'<(''. T9IH L$/ .' L$nIN'HC In $ nOL.'( oN 
P$/H, ($n<In< N(oL InQo%OnC$(/ HJ''3 79$n<'H Co 7$C$HC(oJ9I7 ($n3 $<$In 
InQo%OnC$(/) 7oO(H' 79$n<'H P9I79 L$/ %'$3 Co 7o%%IHIon, o( <(oOn3In<. 

EN 7oO(H', IC IH PIH' Co $QoI3 C9'H' HO33'n, On'TJ'7C'3 o77O(('n7'H ./ %'$QIn< 
J%'nC/ oN H'$ (ooL .'CP''n on' H9IJ $n3 $noC9'(. BOC C9IH IH noC $%P$/H 
JoHHI.%' U H9IJH In $ %on< n$((oP $JJ(o$79 79$nn'% 9$Q' Co J$HH '$79 oC9'( 
$n3 HoL' (CO<H $n3 JI%oC %$On79'H No( 'T$LJ%'), ./ C9' Q'(/ n$CO(' oN C9'I( 
Po(&, LOHC <o In 7%oH' Co C9' H9IJH C9'/ $(' $CC'n3In<. 

T9' 9/3(o3/n$LI7 J9'noL'non P9I79 7$OH'H H9IJH In 7%oH' J(oTILIC/ Co 
'T9I.IC C9IH .'9$QIoO( IH &noPn $H InC'($7CIon $n3 ICH 7$OH'H $n3 'NN'7CH $(' C9' 
HO.V'7C oN C9IH J$J'(. 

:I(HC P' %oo& $C C9' 7$OH'H, C9'n <IQ' HoL' J($7CI7$% $HJ'7CH P9I79 In7%In' 
CoP$(3 oJ'($CIonH In H9$%%oP o( 7onNIn'3 P$C'(H, $n3 NIn$%%/ 7onHI3'( HoL' 
N$LoOH 'T$LJ%'H oN InC'($7CIon P9I79 C9'LH'%Q'H 9$Q' HJO(('3 ('H'$(79 InCo 
C9IH ILJo(C$nC $n3 N$H7In$CIn< CoJI7. 

W. #XAT CAUS;S 1>T;=ACT1E>Y 

1nC'($7CIon $C H'$ 9$H $ nOL.'( oN ('Hon$n7'H PIC9 HILI%$( 'NN'7CH on %$n3. 
T9' HP$/ C9$C IH N'%C P9'n $ 7$( J$HH'H (o( IH J$HH'3 ./) $ %$(<' %o((/ on $ 
LoCo(P$/, C9' HO7CIon 7('$C'3 ./ $ 9I<9 HJ''3 C($In J$HHIn< C9(oO<9 $ HC$CIon 
(<IQIn< (IH' Co C9' /'%%oP P$(nIn< %In'H J$InC'3 on J%$CNo(LH) $n3 <(oOn3 
'NN'7C 'TJ'(I'n7'3 ./ $I(7($NC P9'n C$&In< oNN o( %$n3In< $(' $%% 'T$LJ%'H. 
1n3''3 C9'/ $%% $(IH' N(oL C9' H$L' .$HI7 N%OI3 3/n$LI7 7$OH', $%C9oO<9 PIC9 
H9IJH C9' J9'noL'non IH Lo(' InHI3IoOH $n3 7$n HC(I&' On'TJ'7C'3%/. 

1n C9' L$(In' Po(%3, InC'($7CIon IH 7$OH'3 P9'n C9' J('HHO(' NI'%3H $(oOn3 
H9IJH InC'($7C. A%% H9IJH $(' In $ HC$C' oN .$%$n7' In C9' P$C'(, 9'%3 In JoHICIon 
$C ('HC ./ 9/3(oHC$CI7 J('HHO('H Co P9I79 $(' $33'3 3/n$LI7 J('HHO('H P9'n 
C9' H9IJ .'<InH Co LoQ'. 0/n$LI7 J('HHO('H $(' C9oH' P9I79 7$OH' ($n3 
In3''3 $(' ('J('H'nC'3 ./) C9' N$LI%I$( 3IQ'(<In< $n3 C($nHQ'(H' P$Q' H/HC'LH 
<'n'($C'3 ./ $ H9IJ LoQIn< 7$%L P$C'(. 



1N C9' J('HHO(' H/HC'L $7CIn< oQ'( C9' On3'(P$C'( 9O%% oN C9' H9IJ IH 79$n<'3 
In $n/ P$/, ICH HC$C' oN .$%$n7' PI%% .' $NN'7C'3. 1C L$/ <o N$HC'( o( H%oP'(, 
LoQ' oNN 7oO(H', HIn& 3''J'( InCo C9' P$C'( o( (IH' on Co ICH HO(N$7' (HZO$C), 
o( JoHHI.%/ C(IL 3INN'('nC%/. 1N $ H9IJ LoQ'H N(oL 3''J InCo H9$%%oP P$C'( C9' 
J('H'n7' oN C9' H'$.'3 PI%% 9$Q' $n 'NN'7C on 9O%% J('HHO('H $H C9' P$C'( <'CH 
Lo(' H9$%%oP. #$Q'H $%Ho .'7oL' HC''J'( In H9$%%oP P$C'( $n3 Ho 3o C9' 
H9IJMH oPn P$Q'H. T9' OJH9oC oN C9IH IH C9$C C9' H9IJ 'TJ'n3H Lo(' 'n'(</ 
L$&In< ICH oPn P$Q' H/HC'L, Ho ICH ('HIHC$n7' In7('$H'H $n3, On%'HH IC 79$n<'H 
ICH 'n<In' H'CCIn<, IC PI%% H%oP 3oPn. 1C PI%% $%Ho 'T9I.IC $n In7('$H'3 C'n3'n7/ 
Co HZO$C. :In$%%/ IC PI%% 7$OH', $n3 N''%, 'n9$n7'3 InC'($7CIon. 

1n H9$%%oP P$C'(, H9IJ-H9IJ InC'($7CIon .'7oL'H Lo(' H'Q'(' N(oL C9'H' JO('%/ 
9/3(o3/n$LI7 7$OH'H. :I<O(' 1, N(oL ('N'('n7' 1, $CC'LJCH Co 3'LonHC($C' 
C9$C, $H H9IJH J$HH 7%oH' ./ '$79 oC9'(, C9'/ L$/ .' HO7&'3 Co<'C9'( o( JOH9'3 
$J$(C, CO(n'3 CoP$(3 o( $P$/ N(oL '$79 oC9'(, $%% 3O' Co InC'($7CIon. 

:I<O(' W H9oPH HoL' L'$HO('L'nCH oN C9' HO(<' $n3 HP$/ No(7'H, Co<'C9'( 
PIC9 C9' /$P LoL'nCH 'TJ'(I'n7'3 ./ on' Lo3'% H9IJ P9'n J$HH'3 ./ $noC9'( 
on $ ('7IJ(o7$% 7oO(H'. T9' 'NN'7C oN ('3O7In< P$C'( 3'JC9 7$n .' H''n 
('$3I%/ $n3 IC IH oN InC'('HC Co noC' C9$C C($nHI'nC 79$n<'H In L'$n HIn&$<' $n3 
(OnnIn< C(IL (HZO$C) $%Ho o77O(. 

AH P'%% $H H9IJ-H9IJ InC'($7CIon, C9'(' IH $noC9'( No(L oN InC'($7CIon P9I79 
o77O(H P9'n $ H9IJ IH n'$( $ 7$n$% o( N$I(P$/ M.$n&M. AH H9oPn In :I<O(' 
[ C9' .$n& $7CH In L$n/ P$/H $H $ LI((o( $n3 $ H9IJ 7%oH' Co $ .$n& .'9$Q'H 
$H IN IC P$H 7%oH' Co ICH LI((o( IL$<'. T9' ('HO%C IH C9$C C9' H9IJ PI%% .' 
<'n'($%%/ HO7&'3 CoP$(3 C9' .$n&. BOC C9' P$Q' H/HC'L oN C9' H9IJ PI%% $%Ho 
.' $NN'7C'3 $n3 C9' .oP P$Q' 7%oH' Co C9' .$n& PI%% In7('$H' In HI\' $n3 No(L 
$ J('HHO(' M7OH9IonM. T9IH IH 'n9$n7'3 IN C9' .$n& IH H%oJIn<, P9'n C9' P$Q' 
L$/ %o7$%%/ M<o 7(ICI7$%M $n3 <'C 'Q'n HC''J'(. T9IH M7OH9IonM PI%% C'n3 Co 
JOH9 C9' .oP $P$/ N(oL C9' .$n& $n3, IN C9' HJ''3 IH 9I<9 'noO<9, C9' MJOH9M 
N(oL C9' 7OH9Ion 7$n oQ'(7oL' LoHC oN C9' HO7CIon JO%%In< C9' H9IJ CoP$(3 C9' 
.$n& Ho C9$C IC C'n3H Co .' JOH9'3 .o3I%/ $P$/. 

[.        SX1P-SX1P 1>T;=ACT1E> 

X$QIn< %oo&'3 .(I'N%/ $C C9' 7$OH'H oN InC'($7CIon, P9$C $.oOC ICH 'NN'7CH $n3 
9oP 7$n C9'H' .' oQ'(7oL'Y 

Mo3'% C'HCH 9$Q' H9oPn C9$C, In <'n'($% C'(LH, H9IJ-H9IJ InC'($7CIon Q$(I'H. 

] $H C9' HZO$(' oN C9' HJ''3. 

] InQ'(H'%/ PIC9 3IHC$n7' oNN. 

] (oO<9%/ $H C9' InQ'(H' HZO$(' (ooC oN C9' On3'(&''% 7%'$($n7' Co 
3($O<9C ($CIo. 



T9'H' L'$n C9$CU 

] C9' N$HC'( C9' H9IJ LoQ'H, C9' Po(H' InC'($7CIon .'7oL'H. 

] C9' <('$C'( C9' %$C'($% H'J$($CIon .'CP''n H9IJH, C9' .'CC'(. 

] C9' HL$%%'( C9' On3'(&''% 7%'$($n7', C9' .I<<'( C9' 'NN'7C. 

So C9' %'HHon Co .' %'$(nC IH C9$C C9' 7o(('7C HJ''3 $n3 3IHC$n7' oNN $(' QIC$% 
IN InC'($7CIon IH Co .' $QoI3'3, o( $C %'$HC ICH 'NN'7CH LInILIH'3. EN 7oO(H', In 
HoL' HICO$CIonH IC IH noC JoHHI.%' Co ('3O7' HJ''3 o( In7('$H' 3IHC$n7' oNN In 
P9I79 7$H' $n $P$('n'HH oN C9' JoHHI.I%IC/ oN InC'($7CIon $n3 ICH 'NN'7CH IH 
ILJo(C$nC. 1n HO79 7$H'H ^No('-P$(n'3 IH No('-$(L'3^. 

#IC9 C9IH In LIn3, C9' No%%oPIn< <'n'($% 'NN'7CH oN InC'($7CIon No( H9IJH 
J$HHIn< on J$($%%'% o( ('7IJ(o7$% 7oO(H'H $(' <IQ'n. T9'/ $(' I%%OHC($C'3 
3I$<($LL$CI7$%%/ In :I<O('H * $n3 ,. 

[.1      8*(3-on P(++Hn) 

1. 1nC'($7CIon .'<InH Co .' N'%C PIC9 C9' .oPH oN .oC9 H9IJH .'In< JOH9'3 
$P$/ N(oL '$79 oC9'( $77oLJ$nI'3 ./ $ H%I<9C In7('$H' In HJ''3. 

W. AC C9' H$L' CIL', C9' Q'HH'%H N''% $ H%I<9C .o3I%/ ('JO%HIon. 

[. AH C9' H9IJH J$HH, C9' M.oP-oOCM LoL'nC CO(nH Co M.oP-InM $n3 C9' 
('JO%HIon ('3O7'H. 

*. T9' M.oP-oOCM LoL'nC C9'n ('CO(nH $H J$HHIn< 7onCInO'H, .OC IH noP 
HC(on<'(.   1n3''3 IC L$/ 7$OH' .oC9 H9IJH Co H9''( $P$/ N(oL '$79 
oC9'( on7' C9'/ 9$Q' J$HH'3.  A H%I<9C ('3O7CIon In HJ''3 L$/ $%Ho .' 
N'%C. 

,. :In$%%/ $ P'$& M.oP-InM LoL'nC $77oLJ$nI'3 ./ $ ('JO%HIon L$/ .' 
N'%C. 

Co##$n& 

P$HHIn< on ('7IJ(o7$% 7oO(H'H 9$H C9' L'(IC (N(oL $n InC'($7CIon JoInC oN QI'P) 
oN .'In< ZOI7& Ho C9$C oNC'n C9' H9IJ 3o'H noC 9$Q' CIL' Co ('$7C Co C9' Q$(IoOH 
InC'($7CIon No(7'H $n3 LoL'nCH IC N''%H. UHO$%%/ C9' 3oLIn$nC 'NN'7CH $(' C9' 
M.oP-oOCM CO(nIn< LoL'nCH $H C9' H9IJH .'<In Co J$HH $n3 C9' HC(on<'( .oP- 
oOC LoL'nCH on7' J$HHIn< IH $%LoHC oQ'(. T9' No(L'( IH .'n'NI7I$% $n3 IH 
OHO$%%/ HL$%% 'noO<9 Co 7onC(o%, P9I%' C9' %$CC'( IH LO79 HC(on<'( $n3, IN noC 
$nCI7IJ$C'3, 7oO%3 7$OH' on' o( oC9'( oN C9' Q'HH'%H Co H9''( CoP$(3 C9' .$n& 
oN $ n$((oP 79$nn'%. 



[.W      "Q*<J(RHn) 

1. AH C9' oQ'(C$&In< Q'HH'% oQ'(9$O%H C9' oQ'(C$&'n Q'HH'%, CPo C9In<H 
9$JJ'nU 

] $ HL$%% .oP-In LoL'nC IH 'TJ'(I'n7 T% ./ .oC9 H9IJH. 

] C9' oQ'(C$&In< H9IJ HJ''3H OJ $n3 C9' oQ'(C$&'n H9IJ H%oPH 
3oPn. 

W. AH C9' ('%$CIQ' Q'%o7IC/ P9'n oQ'(C$&In< L$/ .' %oP, InC'($7CIon 9$H 
CIL' Co C$&' 'NN'7C $n3 $C C9IH VOn7CO(', C9' oQ'(C$&'n H9IJ L$/ .' 
7$OH'3 Co CO(n $7(oHH C9' .oPH oN C9' oQ'(C$&In< H9IJ P9I79 L$/ 
J'(Q'(H'%/ CO(n CoP$(3 9'(.   AH $ ('HO%C .oC9 H9IJH L$/ 7o%%I3' (H'' 
:I<O(' ,). 

[. 1N $ 7o%%IHIon 3o'H noC o77O( (J'(9$JH .'7$OH' C9' Q'HH'%H $(' on 
H%I<9C%/ 7onQ'(<In< 7oO(H'H) C9'n C9' oQ'(C$&In< Q'HH'% PI%% LoQ' J$HC 
C9' oC9'( $n3 .oC9 PI%% N''% JoP'(NO% .oP-oOC LoL'nCH Co<'C9'( PIC9 
$ LOCO$% $CC($7CIon. T9IH L$/ 7$OH' .oC9 H9IJH Co MN%/ $J$(CM $n3 C9'I( 
HC'(nH Co 7o%%I3' $H H9oPn In :I<O(' ,. 

*. UHO$%%/ $n oQ'(C$&In< L$no'OQ(', $NN'7C'3 ./ InC'($7CIon, 3o'H noC <'C 
$H N$( $H C9' NIn$% HC$<'H PIC9oOC 7o%%IHIon o( $ QIo%'nC 79$n<' oN 
7oO(H'.   1N IC 3I3, IC PoO%3 NIn3 C9' oQ'(C$&In< H9IJ 'TJ'(I'n7In< $n 
In7('$H' In ('HIHC$n7' P9I79 H%oPH IC 3oPn.   AC C9' H$L' CIL', C9' 
oQ'(C$&'n H9IJ N''%H ICH ('HIHC$n7' ('3O7', Ho IC HJ''3H OJ.  T9' ('HO%C 
IH C9$C C9' oQ'(C$&In< H9IJ NIn3H IC Lo(' 3INNI7O%C Co 7oLJ%'C' ICH J$HHIn< 
L$no'OQ(' $n3 L$/, In 'TC('L' 7$H'H, <'C MC($JJ'3M. 

Co##$n& 

EQ'(C$&In< L$no'OQ('H H9oO%3 $%P$/H .' C('$C'3 PIC9 7$OCIon. ='%$CIQ' 
Q'%o7ICI'H $(' %oP Ho C9' H9IJH $(' In J(oTILIC/ %on< 'noO<9 No( InC'($7CIon Co 
9$Q' $n 'NN'7C. Co%%IHIonH L$/ ('HO%C, o( C9' Q'HH'%H L$/ <'C 
9/3(o3/n$LI7$%%/ C($JJ'3 Co<'C9'(_ C9' No(L'( 7$n .' $QoI3'3 ./ $%%oPIn< 
HONNI7I'nC 3IHC$n7' oNN, (o( noC oQ'(C$&In< $C $%%), C9' %$CC'( ./ on' o( oC9'( oN 
C9' Q'HH'%H H%oPIn< 3oPn. 

1nC'($7CIon P9'n oQ'(C$&In< 3'J'n3H on C9' ('%$CIQ' Q'%o7IC/_ C9' %oP'( IC IH 
C9' Lo(' %I&'%/ IC IH C9$C J(o.%'LH PI%% o77O(. 1N IC IH \'(o C9'n C9' H9IJH $(' 
LoQIn< $%on< Co<'C9'(, $H In $ ='J%'nIH9L'nC $C S'$ (=AS) oJ'($CIon 7$((I'3 
oOC ./ P$(H9IJH. 1n HO79 7$H'H C9' 'NN'7CH oN InC'($7CIon ($%.'IC In 3''J P$C'( 
$n3 C9'('No(' Lo(' 7onC(o%%$.%') LOHC .' &noPn Ho C9$C C9' LoHC .'nI<n 
JoHICIon $%on<HI3' 7$n .' NoOn3. 

EC9'( Q'HH'%H LOHC LoQ' In 7on7'(C $H J$(C oN C9'I( 3$I%/ (oOCIn', C9' LoHC 
o.QIoOH .'In< C9' 9$(.oO( CO<. 



=.= SIHG (n3 Moo<*3 SIHG ,nJ*<(MJHon 

1N on' oN C9' H9IJH In $ J$HHIn< L$no'OQ(' IH HC$CIon$(/ (Loo('3 $%on<HI3' $ 
V'CC/ No( 'T$LJ%') IC 7$n HCI%% .' $NN'7C'3 ./ InC'($7CIon. !OHC C9' H$L' 
H'ZO'n7' oN No(7'H $n3 LoL'nCH C$&'H J%$7' .OC, .'7$OH' C9' H9IJMH Loo(In< 
H/HC'L IH J'(9$JH %'$HC HCINN In HO(<', C9' Loo('3 H9IJ L$/ LoQ' $9'$3 $n3 
$HC'(n on 9'( .'(C9. T9IH, 7oOJ%'3 PIC9 HI3'P$/H $n3 (oC$(/ LoCIonH L$/ 
<IQ' (IH' Co Hn$C79 %o$3H In $n/ H%$7& o( Joo(%/-C'n3'3 Loo(In<H P9I79 7oO%3 
.('$&. En7' on' %In' 9$H .(o&'n, oC9'(H L$/ Hoon No%%oP. 

Co##$n& 

SJ''3H J$HC Loo('3 H9IJH H9oO%3 .' &'JC $H %oP $H J($7CI7$.%' $n3 H9oO%3 .' 
$C C9'I( %oP'HC P9'n On3'(&''% 7%'$($n7'H $(' HL$%%. 0IHC$n7' oNN H9oO%3 $%Ho 
.' &'JC $H %$(<' $H IH J($7CI7$.%'. 

=.D TL)-SIHG ,nJ*<(MJHon 

T9' CO< IH <'n'($%%/ LO79 HL$%%'( C9$n C9' H9IJ IC IH $CC'n3In< $n3 P9I%' $ 
<IQ'n 3'JC9 oN P$C'( L$/ .' 3''J No( C9' CO<, IC L$/ P'%% .' H9$%%oP No( C9' 
H9IJ. T9IH L'$nH C9$C, P9'('$H C9' H9IJ PI%% 9$Q' $ .I< InC'($7CIQ' 'NN'7C on 
C9' CO<, C9' CO< PI%%, n$CO($%%/, 9$Q' QI(CO$%%/ no 'NN'7C on C9' H9IJ. 

Mo3'(n C($7Co( o( ('Q'(H'-C($7Co( CO<H 9$Q' 'noO<9 JoP'( $n3 
L$no'OQ($.I%IC/ Co .' In %'HH 3$n<'( N(oL C9' 'NN'7CH oN InC'($7CIon C9$n C9'I( 
7onQ'nCIon$%%/ J(oJ'%%'3 7oOnC'(J$(CH. T9IH IH noC Co H$/ C9$C C9'/ $(' 
On$NN'7C'3. :I<O(' ` H9oPH L'$HO('L'nCH oN C9' InC'($7CIon HP$/ No(7' $n3 
/$P LoL'nC N'%C ./ $ C($7Co( CO< Lo3'% &''JIn< J$7' PIC9 $ %$(<' H9IJ_ IC IH 
H''n C9$C %$(<' No(7'H 3'Q'%oJ. XoP'Q'(, C9' N$HC ('HJonH' $n3 'n9$n7'3 
L$no'OQ($.I%IC/ oN HO79 CO<H L'$nH C9$C C9'/ $(' LO79 Lo(' $.%' Co 
L$no'OQ(' oOC oN 3INNI7O%C/. 

:o( $n/ 7onQ'nCIon$%%/ JoP'('3 ($n3 HC''('3) CO<H $n3 oC9'( Q'HH'%H HILI%$(%/ 
'ZOIJJ'3, :I<O(' - H9oPH 3I$<($LL$CI7$%%/ C9' Ho(C oN InC'($7CIon No(7'H $n3 
LoL'nCH C9'/ PI%% 'TJ'(I'n7' P9'n C9'/ 7oL' $%on<HI3'. C%'$(%/ C9'(' $(' 
$('$H n'$( C9' .oP $n3 HC'(n C9$C $(' .'HC $QoI3'3 .'7$OH' C9' 7onC(o% C9$C C9' 
(O33'( 'T'(CH $33H Co, ($C9'( C9$n HO.C($7CH N(oL, C9' 'NN'7CH oN InC'($7CIon. 
EN J$(CI7O%$( InC'('HC IH C9' C'n3'n7/ Co CO(n On3'( C9' .oP oN C9' %$(<'( Q'HH'% 
.(oO<9C $.oOC ./ InC'($7CIon. T9IH 9$H 7$O<9C $ nOL.'( oN 7onQ'nCIon$% CO<H 
On$P$('H oQ'( C9' /'$(H PIC9 3IH$HC(oOH 7onH'ZO'n7'H. T9' HO33'n 79$n<'H 
In C9' InC'($7CIon No(7'H $n3 LoL'nCH $7CIn< on C9' Q'HH'% $H IC $%C'(H ICH No(' 
$n3 $NC JoHICIon $%on<HI3' C9' .I<<'( H9IJ $(' %$(<'%/ Co .%$L'_ IN C9'/ $(' noC 
$nCI7IJ$C'3 ./ C9' 9'%LHL$n, C9' HL$%%'( Q'HH'% PI%% 3(IQ' ICH'%N On3'( C9' .oP 
oN C9' .I<<'( H9IJ. 



*.        1>T;=ACT1E> >;A= :1a;0 BEU>0A=1;S 

1C 9$H $%('$3/ .''n L'nCIon'3 C9$C InC'($7CIon 7$n o77O( P9'n $ H9IJ IH n'$( 
$ .$n&. 1n <'n'($%, NIT'3 .oOn3$(I'H Co P$C'(P$/H, P9'C9'( C9'/ .' .$n&H oN 
7$n$%H, (IQ'(H o( N$I(P$/H o( P9'C9'( C9'/ $(' C9' P$%%H oN 'n7%oH'3 3o7&H, 7$n 
9$Q' 'NN'7CH on H9IJH P9I79 L$/ .' HO33'n $n3 On'TJ'7C'3. SoL' oN C9'H' 
$(' noP 3IH7OHH'3. 

*.1      B(nR %SS*MJ+ 

1C 9$H $%('$3/ .''n H9oPn C9$C .$n& 'NN'7CH $(' L$nIN'HC $H $ .oP-oOC CO(nIn< 
LoL'nC Co<'C9'( PIC9 $ HO7CIon. T9IH PI%% .' 'TJ'(I'n7'3 P9'C9'( C9' .$n& 
IH Q'(CI7$% ($H In $ P$C'(P$/ PIC9 JI%'3 HI3'H), N%oo3'3 ($H In $ N$I(P$/) o( 
H%oJIn< ($H In $ 7$n$%). 1C PI%% $%Ho o77O( IN C9' P$C'( H9o$%H Co on' HI3' oN C9' 
H9IJ. 

T9' J($7CI7$% oOC7oL' oN C9IH J9'noL'non IH OHO$%%/ C9$C C9' H9IJ H9''(H $P$/ 
N(oL C9' .$n&. T9' M.oP 7OH9IonM 3oLIn$C'H $n3 CO(nH C9' H9IJ P9I79 C9'n 
LoQ'H $P$/ N(oL C9' .$n& $n3, $H IC 3o'H Ho, 'TJ'(I'n7'H %'HH $n3 %'HH 
InC'($7CIon $H 3IHC$n7' N(oL C9' .$n& In7('$H'H. T9IH L'$nH C9$C, Co LoQ' 
J$($%%'% Co $ .$n&, InC'($7CIon IH 7oOnC'('3 ./ HC''(In< CoP$(3 C9' .$n&_ IN C9' 
(O33'( IH 7o(('7C%/ H'C, $ .$%$n7' 7$n, In J(In7IJ%', .' NoOn3 Co 7$n7'% 
InC'($7CIon (H'' :I<O(' b). 

C%'$(%/, J$HH$<' $%on< C9' 7'nC('%In' oN $ P$C'(P$/, LI3P$/ .'CP''n C9' 
.$n&H, H9oO%3 $QoI3 .$n& 'NN'7CH $H C9'/ PI%% 7$n7'%. T9IH PI%% .' C(O' In $ 
P$C'(P$/ HO79 $H $ 7$n$% PIC9 OnINo(L .$n&H, .OC In N$I(P$/H $n3 (IQ'(H 
P9oH' .$n&H L$/ .' $n/C9In< .OC OnINo(L, IC 7$nnoC .' ('%I'3 OJon ILJ%I7IC%/ 
1C IH oNC'n $(<O'3 C9$C In HO79 7I(7OLHC$n7'H, C9' H9IJ PI%% $OCoL$CI7$%%/ MNIn3M 
C9' 7'nC(' oN C9' (IQ'(, C9' .$n& 'NN'7CH $7CIn< $H $ No(L oN 7onC(o% 3'QI7'. 
#9I%' IC IH C(O' C9$C .$n& 'NN'7CH PI%% CO(n $ H9IJ CoP$(3 C9' 7'nC(' oN $ 
P$C'(P$/, C9'I( ('%$CIonH9IJ Co C9' Q'HH'%MH L$HH, In'(CI$ $n3 CO(nIn< $.I%IC/ 
IH Q'(/ On%I&'%/ Co 'nHO(' C9$C C9' H9IJ 3o'H noC HILJ%/ oQ'(-H9ooC C9' 
7'nC('%In' $n3 <(oOn3 on C9' oC9'( .$n&. 

A JoHHI.%' H7'n$(Io In HO79 $ 7$H' IH C9$C C9' H9IJ PI%% H9''( oNN on' .$n&, 
9'$3 $7(oHH C9' 7'nC(' oN C9' P$C'(P$/ Co $JJ(o$79 C9' oJJoHIC' .$n& $C $n 
$n<%'. 1N C9IH $n<%' IH (I<9C, C9' Q'HH'% L$/ CO(n, On3'( C9' InN%O'n7' oN C9' 
<(oPIn< .oP 7OH9Ion, Co %'$Q' C9' .$n&, PIC9oOC CoO79In<, $n3 9'$3 No( C9' 
oC9'( HI3' oN C9' P$C'(P$/ (:I<O(' b). UHO$%%/ C9IH J(o7'HH IH 3IQ'(<'nC $n3 
M('N%'7CIonM 3o'H noC o77O( $ H'7on3 CIL' Ho C9$C C9' H9IJ (OnH $<(oOn3. 



*.W     S9IJH In B$HInH 

S9IJH LoQIn< In 'n7%oH'3 .$HInH In P9I79 oC9'( H9IJH $(' LoQIn< o( Loo('3 
7$n <'n'($C' InC'($7CIon-%I&' 'NN'7CH. A N'P $(' noP 7onHI3'('3. 

S()n*)n* ,n- M,no$/01)n* 

A H9IJ L$no'OQ(In< On$I3'3 In $n 'n7%oH'3 .$HIn L$/ OH' $ 7oL.In$CIon oN 
J(oJ'%%'(H $n3 .oP C9(OHC'(. T9IH L$/ 7$OH' C9' P$C'( In C9' .$HIn Co LoQ' 
$n3 C9' ('HO%C$nC HPIn<In< oN C9' H9IJ (P9I79 $7CH $H $ No(L oN MJ$33%'M) PI%% 
7$OH' NO(C9'( LoQ'L'nC $n3 J('HHO(' 79$n<'H. S9IJH Loo('3 In C9' QI7InIC/ 
L$/ N''% C9'H' J('HHO(' 79$n<'H $n3 ($n<' o( HO(<' on C9'I( Loo(In<H. 

T/* P/#4)n* 

T9' Lo3'(n 9$(.oO( CO< IH OHO$%%/ JoP'('3 ./ on' o( Lo(' J(oJ'%%'(H o(, 
Lo(' <'n'($%%/ noP$3$/H, ./ CPo JoP'(NO% C9(OHC'(H. >oC on%/ $(' C9'H' 
<oo3 J(oJO%HIon 3'QI7'H, .OC In C9' 7onNIn'3 HJ$7' oN $ .$HIn C9'/ $7C $H 
'NN'7CIQ' JOLJH, H'CCIn< P$C'( In LoCIon. 1n $ Q'(/ 7onNIn'3 HJ$7' ('HJ'7I$%%/ 
IN C9' CO<H $(' on H9o(C %In'H), C9'/ 7$n 7$OH' C9' H9IJH C9'/ $(' $CC'n3In< Co 
LoQ' In On'TJ'7C'3 P$/H. :I<O(' c (N(oL ('N'('n7' W) H9oPH $ HICO$CIon 
P9I79 P$H Lo3'%%'3 J9/HI7$%%/_ IC H9oPH 9oP C9' N%oP In3O7'3 ./ CO< P$H9 
7$OH'H %o7$% J('HHO(' 79$n<'H P9I79 $NN'7C C9' H9IJ. >oCI7' 9oP C9' H9IJ 
LoQ'H .o3I%/ CoP$(3 C9' CO< 'Q'n C9oO<9 C9' 3I('7CIon In P9I79 C9' CO< IH 
JO%%In< 3o'H noC HO<<'HC HO79 .'9$QIoO(. SILI%$( 'NN'7CH 9$Q' .''n 
'TJ'(I'n7'3 In %o7&-.'%%-LoOC9H P9'n CO< $7CIon 9$H In$3Q'(C'nC%/ 7$OH'3 
H9IJH Co LoQ' In $n On'TJ'7C'3 3I('7CIon. 1n 'TC('L' 7$H'H CO< P$H9 7$n 
7$OH' $n 'NN'7C P9I79 IH 3I('7C%/ 7onC($(/ Co C9$C 'TJ'7C'3. :I<O(' 1d ($%Ho 
N(oL ('N'('n7' W) H9oPH C9' CO(nIn< LoL'nC L'$HO('3 on $ H9IJ Lo3'% P9'n 
MCoP'3M ./ $ CO< In C9' L$nn'( H9oPn. >oCI7' 9oP C9' CO(nIn< LoL'nC on 
C9' H9IJ $7CO$%%/ 79$n<'H HI<n (I'. $7CH In $ 3I('7CIon oJJoHIC' Co C9' 'TJ'7C'3) 
$C C9' H9$%%oP'HC P$C'( 3'JC9. T9IH IH /'C $noC9'( 'T$LJ%' oN C9' JoP'(NO% 
'NN'7C oN H9$%%oP P$C'(, $n3 HO<<'HCH C9$C 7$(' H9oO%3 .' C$&'n P9'n OHIn< 
JoP'(NO% CO<H on H9o(C %In'H In 'n7%oH'3 .$HInH. 

T5$ 6o77o()n* 8,9$ 

#9'n $ H9IJ H%oPH 3oPn Coo $.(OJC%/, C9' P$C'( LoQIn< PIC9 IC L$/ noC .' 
Ho o.%I<In<. T9' H9IJMH P$&' C$&'H CIL' Co H%oP 3oPn $n3, In H9$%%oP, 
7onNIn'3 $%C'(H IC H9oO%3 .' ('L'L.'('3 C9$C C9' .o3/ oN P$C'( P9I79 LoQ'H 
PIC9 C9' H9IJ C$&'H CIL' Co H%oP 3oPn $n3 In Ho 3oIn<, PI%% oQ'(C$&' C9' H9IJ. 
T9IH L$/ oNC'n $NN'7C C9' Q'HH'% $n3 7$n LoQ' IC $9'$3 o(, In 'TC('L' 7$H'H, 
CO(n IC In $n On7onC(o%%'3 L$nn'( (H'' :I<O(' 11). T9' %'HHon IH 7%'$(%/ Co 
('3O7' HJ''3, o( $ HPIn<In< L$no'OQ(' <($3O$%%/. 



,.       ;aAMPB;S E: 1>T;=ACT1E> 

T9'(' $(' $ nOL.'( oN L$(In' $77I3'nCH P9'(' InC'($7CIon 9$H J%$/'3 C9' 
L$In, o( $C %'$HC $n ILJo(C$nC, (o%'. SoL' $(' %IHC'3 9'(' $n3 C9'I( 
ILJo(C$n7' %I'H noC Ho LO79 In C9'I( 3'C$I%H $H In C9' N$7C C9$C LoHC oN C9'L 
J%$/'3 $n ILJo(C$nC J$(C In 3'Q'%oJIn< oO( On3'(HC$n3In< oN C9' J9'noL'non 
&noPn $H InC'($7CIon. 

:;7<#4)=>?,(9$: Co77)@)on 

T9' ME%/LJI7M, C9' HIHC'( H9IJ oN C9' TIC$nI7M P$H In 7o%%IHIon PIC9 C9' 
7(OIH'( XMS MX$P&'M In C9' So%'nC In 1c11. BoC9 H9IJH P'(' on HILI%$(, .OC 
7onQ'(<In<, 7oO(H'H $n3 C9' MX$P&'M HO33'n%/ $n3 On'TJ'7C'3%/ H9''('3 Co 
Jo(C InCo C9' ME%/LJI7M. T9'(' P$H HO<<'HCIon oN .oC9 H9IJ-H9IJ InC'($7CIon 
$n3 .$n& 'NN'7C on C9' MX$P&'M, $H P'%% $H $ 3'LonHC($CIon oN C9' 'NN'7CH oN 
HJ''3 $n3 7onQ'(<In< 7oO(H'H. T9IH 7$H' ('$%%/ .'<$n C9' Lo3'(n HCO3/ oN 
InC'($7CIon, No( $ nOL.'( oN InQ'HCI<$CIonH P'(' 3on' No( C9' HO.H'ZO'nC 
%ICI<$CIon $n3 .'/on3. T9' ME%/LJI7M P$H C$&'n oOC oN H'(QI7' No( ('J$I( $n3 
9'( J('H'n7' $C X$(%$n3 $n3 #o%NN 3'%$/'3 7oLJ%'CIon oN C9' TIC$nI7. 

T)&,n)= :>:A$( Bo19: 

#9I%' %'$QIn< SoOC9$LJCon on 9'( L$I3'n ($n3 on%/) Qo/$<', C9' TIC$nI7M, 
HIHC'( H9IJ oN C9' ME%/LJI7M P$H $%LoHC In $n InC'($7CIon-In3O7'3 7o%%IHIon. 
#9I%' J$HHIn< C9' 0o7& X'$3 H9' J$HH'3 7%oH' Co CPo HL$%%'( J$HH'n<'( %In'(H 
Loo('3 $.('$HC. T9' oOC'( on', M>'P eo(&M, .(o&' N('' $n3 3(INC'3 CoP$(3 
C9' TIC$nI7M. En%/ C9' ZOI7& $7CIonH oN $ CO< J('Q'nC'3 $ 7o%%IHIon, $%C9oO<9 
C9' TIC$nI7M P$H 3'%$/'3. 1C IH oN InC'('HC Co noC' 9oP InC'($7CIon J%$/'3 $ 
J$(C In C9' H9o(C %IN' oN C9' TIC$nI7M_ 9'( 7oLJ%'CIon P$H 3'%$/'3 ./ C9' 
ME%/LJI7MfMX$P&'M In7I3'nC $n3 9'( Qo/$<' P$H 3'%$/'3 ./ 9'( In7I3'nC PIC9 
C9' ^>'P eo(&M. X$3 C9'H' In7I3'nCH noC o77O(('3, C9' HCo(/ oN C9' TIC$nI7M 
LI<9C 9$Q' .''n Q'(/ 3INN'('nC. 

:C/$$n M,1<D:C/1,=,o: 

0O(In< C9' S'7on3 #o(%3 #$( C9' MgO''n M$(/M, In OH' $H $ C(ooJ C($nHJo(C, 
7OC C9' %I<9C 7(OIH'( MCO($7$oM In CPo. BoC9 Q'HH'%H P'(' LoQIn< $C HJ''3 In 
3''J P$C'( $n3 C9' MgO''n M$(/M P$H 7$((/In< oOC $ E)*-E,* L$no'OQ('. 
Mo3'% C'HCH 7$((I'3 oOC $NC'( C9' 'Q'nC H9oP'3 C9$C InC'($7CIon N(oL C9' %$(<'( 
H9IJ 7$OH'3 C9' P$(H9IJ Co LoQ' CoP$(3 9'( N(oL $ HI<nINI7$nC 3IHC$n7' oNN. 
T9' InQ'HCI<$CIon (('N'('n7' [) J(oQI3'3 HoL' I%%OLIn$CIon oN C9' JoP'(NO% 
'NN'7C oN HJ''3 $n3 H9IJ HI\' on InC'($7CIon. 

:?MS A$7@on: G1o/n-)n* 

!OHC .'No(' C9' S'7on3 #o(%3 #$(, XMS >'%Hon, on %'$QIn< Po(CHLoOC9 
X$(.oO(, Coo& $ HO33'n H9''( Co HC$(.o$(3 $n3 ($n 9$(3 $<(oOn3 on C9' 
H9$%%oPH oNN X$H%$( #$%%. SO.H'ZO'nC Lo3'% C'HCH (('N'('n7' *) H9oP'3 
'QI3'n7' oN HC(on< .$n& 'NN'7C $n3 <$Q' C9' NI(HC JO.%IH9'3 'QI3'n7' oN C9' 
InC'($7CIon 7$OH'3 ./ $ n'$(./ H9'%QIn< .'$79. 



:Ho<@&on G1,n*$I>T)$n C5$$: 

1n 1c-W C9' (''N'( M=o/HCon h($n<'M 7o%%I3'3 PIC9 C9' C$n&'( TI'n C9''M In 
C9' =IQ'( P%$C'. T9' MTI'n C9''M P$H 9'$QI%/ 7onHC($In'3 ./ 9'( 3($O<9C $n3 
P$H LoQIn< Lo(' o( %'HH on C9' 79$nn'% 7'nC('%In'. T9IH 7$OH'3 C9' M=o/HCon 
h($n<'M, P9o P$H L$&In< <oo3 HJ''3, Co LoQ' P'%% Co HC$(.o$(3. T9IH 
7$OH'3 9'( Co H9''(, N(oL .$n& 'NN'7C, InCo C9' TI'n C9''M. BoC9 H9IJH 
7$O<9C NI(' $n3 C9'(' P$H 9'$Q/ %oHH oN %IN'. T9' HO.H'ZO'nC InQ'HCI<$CIon 
H9oP'3 C9' ILJo(C$n7' oN HJ''3 In $n/ InC'($7CIon In7I3'nC $H P'%% $H C9' 
L$<nICO3' oN .$n& 'NN'7C. 1C $%Ho InICI$C'3 HCO3I'H oN InC'($7CIon $IL'3 $C 
'TJ%$InIn< C9' 'NN'7C $n3 InNo(LIn< C9' L$(ICIL' 7oLLOnIC/. T9IH J$J'( IH 
C9' %$C'HC 'T$LJ%' oN C9$C 7onCInOIn< C$H&. 

`.       =;:;=;>C;S 

1. 0A>0, 1.#.U T9' P9/HI7$% C$OH'H oN 1nC'($7CIon $n3 ICH 
;NN'7CHM. >$OCI7$% 1nHCICOC' ConN'('n7' on S9IJ 
X$n3%In<, P%/LoOC9, 1c--, J. [*--[. 

W. 0A>0, 1.#.U TO< #$H9 ;NN'7CH In ConNIn'3 #$C'(HM S'Q'nC9 
1nC'(n$CIon$% TO< ConQ'nCIon, T9oL$H =''3 
PO.%I7$CIonH BC3., Bon3on, 1cbW. 

[. =EBB, A.M.U M1nC'($7CIon B'CP''n S9IJH U A ='7o(3 oN SoL' 
;TJ'(IL'nCH $n3 ;QI3'n7' oN #$Q' ;NN'7CM 
T($nH. =o/$% 1nHCICOCIon oN >$Q$% A(79IC'7CH, 
Qo%. c1. 1c*c, J. [W*-[[c. 

*. hA#>, =.#.B.U      MSC''(In< $n3 P(oJO%HIon oN XMS M>'%HonM In 
$ ='HC(I7C'3 C9$nn'%M T($nH. =o/$% 1nHCICOCIon oN 
>$Q$% A(79IC'7CH, Qo%. cW, 1c,d, J. bW. 
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SX1P SgUAT 

./ 0(. C. B. B$(($HH 

A.HC($7C 
T9' %'7CO(' .'<InH PIC9 $ 3'H7(IJCIon oN P9$C 'T$7C%/ H9IJ HZO$C IH. 0'C$I%H $(' 
<IQ'n on 9oP HZO$C J('3I7CIonH $(' Q'(/ ILJo(C$nC No( Q'HH'%H PIC9 %$(<' 0#T 
%I&' HOJ'(C$n&'(H o( 9I<9 HJ''3 H9IJH %I&' 7onC$In'( Q'HH'%H. 

1n3I7$CIonH C9$C $ H9IJ 9$H 'nC'('3 H9$%%oP P$C'( 7on3ICIonH $(' %IHC'3 Co 
$HHIHC H9IJ.o$(3 J'(Honn'%. 

T9' L$In N$7Co(H o( Q$(I$.%'H No( 'HCIL$CIn< L$TILOL HZO$C $(' 3IH7OHH'3 
In 3'C$I%. T9('' No(LO%$' $(' <IQ'n No( 'HCIL$CIn< L$TILOL HZO$C $n3 P9'('$.oOCH 
$%on< C9' H9IJMH %'n<C9 IC IH %I&'%/ Co o77O(. 

En' oN C9' C9('' No(LO%$' IH 7oLJ%I7$C'3. T9' oC9'( CPo No(LO%$', 9oP'Q'(, 
$(' ZOI7& $JJ(oTIL$CIonH <IQIn< $nHP'(H C9$C '(( on C9' 9I<9 $n3 C9'('No(' H$N' 
HI3'. 

M'$HO('3 HZO$CH on H9IJ Lo3'%H $n3 NO%% HI\'3 H9IJH $(' ('N'(('3 Co, In7%O3In< 
C9' 'T$LJ%'H oN J?$1,7- oK 61$$ Ln&$141)@$J $n3 C9' ^g; ff^. 

:In$%%/, $ HOLL$(/ IH <IQ'n Co H9oP C9' $3Q$nC$<'H No( H9IJoPn'(H, C9' H9IJMH 
oNNI7'( oN C9' P$C79, C9' H9IJMH JI%oC $n3 C9' Po(C AOC9o(IC/, noP C9$C C9' L$TILOL 
HZO$C No( H9IJH 7$n H$N'%/ .' J('3I7C'3. 1 %oo& No(P$(3 Co C9' 3IH7OHHIonH C9$C No%%oP 
C9' J$J'(. 

#9$C 'T$7C%/ IH H9IJ HZO$CY 
S9IJ HZO$C 7$n .' 7$OH'3 In CPo P$/H. En LoHC o77$HIonH HZO$C IH 7$OH'3 ./ C9' 
No(P$(3 LoCIon oN $ Q'HH'%. 

SZO$C IH C9' 3'7('$H' In On3'(&''% 7%'$($n7' 7$OH'3 ./ C9IH No(P$(3 LoCIon.dM 

AH C9' H9IJ LoQ'H No(P$(3 H9' 3'Q'%oJH $ L'$n .o3I%/ HIn&$<' Co<'C9'( 
PIC9 $ H%I<9C C(ILLIn< 'NN'7C. T9' $%<'.($I7 HOL oN .o3I%/ HIn&$<' $n3 C9' C(IL 
($CIo (No(P$(3 o( $NC) IH &noPn $H ^H9IJ HZO$C^. 

1C LOHC .' 'LJ9$HIH'3 C9$C No( $n/ 3($O<9C, HZO$C IH >ET C9' 3INN'('n7' In 
('$3In< .'CP''n C9' HICO$CIon P9'n $ Q'HH'% IH HC$CIon$(/ $n3 P9'n H9' IH 
On3'(P$/. T9IH LIH-7on7'JCIon IH In$77O($C' $n3 LIH%'$3In<. 

:o( 'T$LJ%', C9' 3INN'('n7' In .oP 3($O<9C ('$3In<H 3O' Co No(P$(3 LoCIon 
LI<9C .' WL, P9I%HC C9' 3'7('$H' In On3'(&''% 7%'$($n7' LI<9C on%/ .' d*dL.(1) 

i W1 i 



T9' oC9'( o77$HIon P9'(' HZO$C PI%% o77O( IH PIC9 $ Loo('3 Q'HH'%, In $n '.. 
CI3', $%on<HI3' $ V'CC/. (`)(1*) TI3' HJ''3 $%on< C9' HC$CIon$(/ Q'HH'% J(o3O7'H, $H 
.'No(', 7oLJon'nCH oN .o3I%/ HIn&$<' $n3 C(ILLIn< 'NN'7CH. T9' CPo 7oL.In'3 
<IQ' H9IJ HZO$C No( $ HC$CIon$(/ Q'HH'%. 

M$(ICIL' J'(Honn'%, C$&In< 3($O<9C ('$3In<H H$/ No( $ 3($O<9C HO(Q'/, LOHC 
.' $P$(' C9$C C9' H'7on3 HICO$CIon 7oO%3 %'$3 Co On3'(%o$3In< 7$(<o $.o$(3 $ 
Q'HH'% .'In< %o$3'3 ('$3/ No( 3'J$(CO('.(`)(1*) 

S9IJ HZO$C 9$H $%P$/H 'TIHC'3 on HL$%%'( H%oP'( Q'HH'%H. 1C on%/ $LoOnC'3 
Co $ N'P 7'nCIL'C('H $n3 P$H C9'('No(' In7onH'ZO'nCI$%.([) 

1n C9' 1c`dH $n3 1c-dH H'Q'($% n'P HJ'7I$%IH'3 H9IJ C/J'H P'(' 3'Q'%oJ'3. 
TPo oN C9'H' P'(' C9' HOJ'(C$n&'( $n3 C9' 7onC$In'( H9IJ. 

SOJ'(C$n&'(H oN W,d,dddC 0#T .'7$L' 7oLLon. T9'/ P'(' $%LoHC Coo .I< 
No( Jo(CH Co $77oLLo3$C' C9'L, ('HO%CIn< In HC$CI7 On3'(&''% 7%'$($n7'H $H %oP $H 
1-EL Co %-,L. 

AC C9' H$L' CIL' 7onC$In'( H9IJH P'(' ('J%$7In< L$n/ oN C9' o%3'( <'n'($% 
7$(<o H9IJH. S'(QI7' HJ''3H No( C9'H' 7onC$In'( H9IJH <($3O$%%/ In7('$H'3 N(oL 1` 
&noCH OJ Co $H 9I<9 $H W- &noCH. P$HH'n<'( %In'(H $%Ho No%%oP'3 C9IH HJ'7INI7$CIon 
No( 9I<9'( $n3 9I<9'( HJ''3 OJ Co [d &noCH. 

XoP'Q'(, PIC9 oI% NO'% 7oHCH In LIn3, No( C9' 1ccdH n'P o(3'(H No( 7onC$In'( 
H9IJH C'n3 Co HJ'7IN/ H'(QI7' HJ''3H ($n<In< N(oL 1b Co WW &noCH. 1n 1cc,, 'Q'n 
J$HH'n<'( %In'(H %I&' C9' n'P J;1),n,J oJ'($C' PIC9 $ 3'HI<n H'(QI7' HJ''3 oN W* 
&noCH. SCI%% 9I<9, .OC noC $H 9I<9 $H /'HC'(/'$(. 

AH On3'(&''% 7%'$($n7'H 3'7('$H'3 $n3 3'HI<n H'(QI7' HJ''3H (oH', L$TILOL 
HZO$CH <($3O$%%/ In7('$H'3 OnCI% C9'/ 7$n .' In C9' o(3'( oN %-,L Co %--,L. T9'H' 
$(' ./ no L'$nH In7onH'ZO'nCI$%. 

0'Q'%oJL'nCH In H9IJ 3'HI<n 9$Q', C9'('No(', L$3' C9' J('3I7CIon oN HZO$C 
LO79 Lo(' ILJo(C$nC N(oL C9' H$N'C/ JoInC oN QI'P. MO79 Lo(' Ho In C9' 1ccdH 
C9$n H$/ [d /'$(H $<o.([) 

A Q'HH'% .'9$Q'H 3INN'('nC%/ In H9$%%oP P$C'( C9$n H9' 3o'H P9'n H9' IH In 
3''J P$C'(. 1[) 1C .'7oL'H n'7'HH$(/ Co &noP P9'n $ H9IJ 9$H 'nC'('3 H9$%%oP 
P$C'(H. T9IH 7$n .' 3'C'(LIn'3 OHIn< $ 3'JC9 oN InN%O'n7' 7o-'NNI7I'nC :0 In C9' 
No%%oPIn< L$nn'(. 

B'C MXM .' C9' 3'JC9 oN P$C'( $n3 %'C TM .' C9' L'$n 3($O<9C oN C9' HC$CI7 
H9IJ, L'$HO('3 $C o( n'$( Co $LI3H9IJH. XfT IH C9'n Po(&'3 oOC $n3 7oLJ$('3 
PIC9 C9' :0 Q$%O' No( '$79 H9IJ C/J'.(*) 
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No( $ HOJ'(C$n&'( :0 k ,.̀ b T T 
No( $ <'n'($% 7$(<o H9IJ :0 k -.d- T T 
No( $ J$HH'n<'( Q'HH'% :0 k b.W, T T 
No( $ (o-(o Q'HH'% :0 k c.Wd T T 
No( $ JM$,n-$1J N(I<$C' :0 k 1W.d* T T 

1N XfT IH $.oQ' C9' ('HJ'7CIQ' :0 Q$%O', C9' Q'HH'%MH ('HIHC$n7' PI%% noC $%C'(, 
9'( HJ''3 PI%% ('L$In 7onHC$nC, 9'( J(oJ'%%'( ('QH PI%% ('L$In HC'$3/ $n3 9'( 
HZO$C PI%% ('L$In On79$n<'3. S9' IH In N$7C oJ'($CIn< In 3''J P$C'( 7on3ICIonH. 

B'%oP C9' 7o(('HJon3In< Q$%O' oN :0 No( '$79 Q'HH'%, '$79 H9IJ PI%% .' In 
H9$%%oP P$C'( 7on3ICIonH. B'%oP C9IH :0 Q$%O', C9' Q'HH'%MH ('HIHC$n7' PI%% In7('$H', 
9'( HJ''3 PI%% ('3O7' 3'HJIC' C9' H$L' InJOC oN 'n<In' JoP'(, 9'( J(oJ'%%'( ('QH 
PI%% ('3O7' $n3 9'( HZO$C PI%% In7('$H' $H XfT $JJ(o$79'H 1.1d. (D) 

EC9'( In3I7$CIonH C9$C $ H9IJ 9$H 'nC'('3 H9$%%oP P$C'(H $('Ui([) 
$) P$Q' L$&In< In7('$H'H $C C9' No(P$(3 'n3 oN C9' H9IJ_ 
.) Q'HH'% .'7oL'H Lo(' H%O<<IH9 Co L$n'oOQ('_ 
7) H9IJ L$/ HC$(C Co QI.($C' HO33'n%/ .'7$OH' oN 'nC($In'3 P$C'( 'NN'7CH 7$OHIn< 

('Hon$n7'_ 
3) (o%%In<, JIC79In< $n3 9'$QIn< LoCIonH 3'7('$H' 3O' Co C9' 7OH9Ion oN P$C'( 

.'n'$C9 C9' Q'HH'%. 

T9' L$In N$7Co(H $NN'7CIn< H9IJ HZO$C $('Ui 
$) C9' No(P$(3 HJ''3 lm P9I79 IH C9' HJ''3 oN C9' H9IJ oQ'( C9' <(oOn3. T9IH IH 

W 
C9' LoHC ILJo(C$nC N$7Co( .'7$OH' H9IJ HZO$C Q$(I'H 3I('7C%/ $H lm . 1N C9' 

HJ''3 IH 9$%Q'3 C9'n C9' HZO$C IH ZO$(C'('3. 
.) C9' .%o7& 7o-'NNI7I'nC CB. T9IH $%Ho IH ILJo(C$nC. SZO$C Q$(I'H 3I('7C%/ PIC9 

C9' CB. 1n oC9'( Po(3H, oI% C$n&'(H $n3 EBEH PI%% 9$Q' 7oLJ$(ICIQ'%/ Lo(' 
HZO$C C9$n J$HH'n<'( %In'(H $n3 7onC$In'( H9IJH. T9IH IH H9oPn <($J9I7$%%/ 
In NI<O(' [. 

7) C9' ('%$CIonH9IJ .'CP''n C9' 3'JC9 oN P$C'( (X) $n3 C9' HC$CI7 L'$n 3($O<9C 
oN C9' H9IJ (T). 1n L/ ('H'$(79 1 J$(CI7O%$(%/ 7onHI3'('3 L'$HO('3 HZO$CH No( 
XfT ($n<' oN 1.1d Co 1.*d. AH XfT 3'7('$H'H, HZO$CH In7('$H'. 

3) C9' J('H'n7' oN (IQ'( o( 7$n$% .$n&H. T9' 7%oH'( .$n&H $(' Co C9' HI3'H oN $ 
LoQIn< Q'HH'%, C9' <('$C'( PI%% .' C9' HZO$CH.(b) 

') C9' J('H'n7' oN $noC9'( H9IJ In $ (IQ'( In $ 7(oHHIn< o( J$HHIn< L$no'OQ('.(c) 

T9' J('H'n7' oN C9' H'7on3 H9IJ In7('$H'H C9' HZO$CH on .oC9 Q'HH'%H. 

1n oJ'n P$C'( 7on3ICIonH, 9$QIn< no $3V$7'nC .$n&H, IC IH JoHHI.%' Co 7$%7O%$C' 
$n $(CINI7I$% PI3C9 oN P$C'( Co ('J('H'nC C9' (IQ'( .$n&H. T9IH IH &noPn $H $ ^PI3C9 
oN InN%O'n7'^ (H'' %$C'( noC'H).(*) 

P($7CI7$% 7$%7O%$CIonH No( HZO$C([) 
An ILJo(C$nC N$7Co( IH C9' .%o7&$<' N$7Co( MSM, P9'(' S k . T TfB T X $H H9oPn 
In 
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1b &noCH. AH 3'H7(I.'3 J('QIoOH%/, C9IH PoO%3 J(o3O7' $ L'$n .o3I%/ HIn&$<' 
J%OH $33ICIon$% C(IL ./ C9' 9'$3. 

M$TILOL HZO$C o77O(('3 $C C9' .oP, ('HO%CIn< In P$C'( 'nC'(In< C9' Q'HH'% 
$n3 %'$3In< Co 7$JHI\' oN C9' H9IJ. A%LoHC Wdd J'oJ%' %oHC C9'I( %IQ'H. 

T9' ^g;W^ P$H %'$QIn< Jo(C In H9$%%oP P$C'( 7on3ICIonH. 1n C9' C'79nI7$% 
J('HH IC P$H ('Jo(C'3 C9$C C9' No(P$(3 HJ''3 P$H W* Co W, &noCH VOHC J(Io( Co 
<(oOn3In< oN C9' Q'HH'%. 

A77o(3In< Co B%o/3H BIHCH, 7oHCH Co C9' oPn'(H P'(' n1[.W LI%%Ion In ('J$I(H 
$n3 HoL' n,d LI%%Ion In %oHC J$HH'n<'( .oo&In<H oo 

T9'H' CPo 'T$LJ%'H I%%OHC($C' C9$C HZO$C 7$n .' %In&'3 Co NIn$n7I$% %oHH $n3, 
Lo(' ILJo(C$nC%/, Co %oHH oN %IN'.(W) 

#9'n $ H9IJ <(oOn3H 3O' Co 'T7'HHIQ' HZO$C H9IJoPn'(H L$/ .' N$7'3 PIC9 
C9' No%%oPIn< 7oHCHUi 

$) ('J$I( 7oHCH No( C9' H9IJ_ 
.) ('J$I( 7oHCH No( ('J$I(H Co %o7& HI%%H_ 
7) 7oLJ'nH$CIon 7%$ILH No( oI% HJI%%$<'_ 
3) 3(/3o7& 79$(<'H No( InHJ'7CIon oN $ H9IJ_ 
') CIL' oOC oN H'(QI7'. BoHH oN '$(nIn<H 7$n .' $H 9I<9 $H p1dd,ddd J'( 3$/. 

P('Q'nCIon 
En' P$/ oN J('Q'nCIn< 'T7'HHIQ' HZO$C $n3 ICH 'NN'7CH IH Co ('3O7' HJ''3. T9IH IH 
C9' LoHC 'NNI7I'nC P$/. AnoC9'( P$/ Co 7onHI3'( IH Co In7('$H' XfT Q$%O'. T9IH 7$n 
.' $79I'Q'3 ./ 3IH79$(<' oN %o$3In< PIC9In C9' H9IJ HO79 $H P$C'( .$%%$HC, o( Co 
LoQ' C9' Q'HH'% InCo 3''J'( P$C'(. 

='3O7In< C9' %o$3In< PIC9In C9' H9IJ 3'7('$H'H C9' Q$%O' oN T P9I79 In CO(n 
In7('$H'H XfT ='3O7In< C9IH 3($O<9C T $%Ho ('3O7'H CB Q$%O'. CB $C $ %oP'( 3($O<9C 
PI%%, $H No(LO%$' H9oP, ('3O7' HZO$C Q$%O'. 

T9' JoHH'HHIon oN $ 7oLJOC'( J(o<($L Co J('3I7C HZO$C 3$C$ PoO%3 $%Ho .' 
oN .'n'NIC Co H9IJHM oNNI7'(H.(1d) T9'(' IH on' P9I79 J(InCH oOC C9' No%%oPIn<Ui 

$) P9'C9'( H9IJ IH In oJ'n P$C'(H o( In $ 7onNIn'3 79$nn'%_ 
.) <IQ'H L$TILOL HZO$CH $n3 P9'(' C9'/ o77O(_ 
7) <IQ'H ('L$InIn< On3'(&''% 7%'$($n7'H $C .oP $n3 HC'(n_ 
3) <IQ'H C9' HJ''3 ('ZOI('3 No( C9' Q'HH'% Co <o $<(oOn3 $C C9' .oP $n3 $C C9' 

HC'(n. 

T9IH 7oLJOC'( J(o<($L 7oQ'(H $%% C/J'H oN H9IJH, No( $%% ('%'Q$nC HJ''3H, 
$n3 IH $.%' Co J('3I7C No( .oC9 oJ'n P$C'( $n3 7onNIn'3 79$nn'% 7on3ICIonH.(1d) 
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S9IJ.o$(3 J'(Honn'% HO79 $H C9' L$HC'( $n3 3'7& oNNI7'(H n''3 Co &noP $.oOC 
C9' C9'o(/ $n3 JoHHI.%' 3$n<'(H ('HO%CIn< N(oL 'T7'HHIQ' HZO$C.(11)-(1W) (1`) 

S9IJ JI%oCH $%Ho n''3 $ 3'C$I%'3 $JJ('7I$CIon oN C9IH CoJI7 P9'n $HHIHCIn< 
PIC9 C9' J$HH$<' oN H9IJH $%on< n$((oP (IQ'(H $n3 C9(oO<9 7$n$%H.(11) (1W) (1`) 

A C9I(3 <(oOJ oN J'(Honn'% n''3In< Co &noP $.oOC H9IJ HZO$C IH C9' Po(C 
AOC9o(ICI'H. SoL' oN C9'L, $P$(' oN JoHHI.%' <(oOn3In< J(o.%'LH, ^('ZO'HC^ $ 
HC$CI7 LInILOL On3'(&''% 7%'$($n7' oN 1.EL Co %.W,L .'No(' $%%oPIn< 'nC(/ oN $ 
Q'HH'% InCo C9'I( (IQ'(. (11)(1W)(1`) M$TILOL C($nHIC HJ''3 IH $%Ho ^('ZO'HC'3^. 

1n C9' J$HC C9'(' 9$H .''n $ C'n3'n7/ Co oQ'('HCIL$C' HZO$C on 7'(C$In (oOC'H 
$n3 Co On3'(%o$3 C9' 7$(<o $77o(3In<%/. >oP C9$C HZO$C 7$n J('3I7C'3 .' Lo(' 
$77O($C'%/, C9' H9IJ 7$n HoL'CIL'H .' %o$3'3 OJ $n 'TC($ N'P 7'nCIL'C('H <IQIn< 
C9' Q'HH'% 'TC($ '$(nIn< 7$J$7IC/. B'$3%In' %ILICH, oN 7oO(H', $%P$/H 9$Q' Co .' 
$39'('3 Co. 

1n C9' J$HC H9IJMH JI%oCH 9$Q' OH'3 MC(I$% $n3 '((o(M, M(O%' oN C9OL.M $n3 /'$(H 
oN 'TJ'(I'n7' Co .(In< C9'I( Q'HH'%H H$N'%/ InCo $n3 oOC oN Jo(C. 

T9' JoHICIonIn< oN $ HILJ%' <($J9 oN H9IJ HJ''3 $<$InHC L$TILOL HZO$C 
J%$7'3 on C9' .(I3<' L$/ .' $%% C9$C IH ('ZOI('3. S'' NI<O(' W No( HO79 $n 'T$LJ%'. 

T9' JI%oC 7$n o.H'(Q' ZOI7&%/ N(oL C9IH <($J9 $ HJ''3 C9$C 7oO%3 7$OH' 
J(o.%'LH $n3 C9'n $ HJ''3 C9$C PoO%3 <IQ' $ HZO$C P9I79 PoO%3 %'$Q' C9' H9IJ 
PIC9 $ H$N' 3/n$LI7$% On3'(&''% 7%'$($n7'. 

B/ L$InC$InIn< C9' H9IJMH C($3In< $Q$I%$.I%IC/, C9IH J$J'( $HHIHCH In 
H$N'<O$(3In< $n3 JoHHI.%/ In7('$HIn< C9' H9IJoPn'(H $nnO$% J(oNIC. 

ANC'( $%%, J('Q'nCIon IH .'CC'( C9$n 7O('........... $n3 $ %oC CX;AP;=oo 
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-*S*<*nM*+W 
1. C. B. B$(($HH ^:O(C9'( 3IH7OHHIon on SZO$C^, S;A#AeS M$(79 1cc* 
W. C. B. B$(($HH ^C9$n<'H oN C(IL $H $ H9IJ HZO$CH^, S;A#AeS E7Co.'( 1cc* 

-*B(J*3 <*(3Hn) X <*+*(<MI G(G*<+ OA C. B. B(<<(++ 
[. S9IJ SZO$C M$nO$% i InQo%QIn< W[ /'$(H oN ('H'$(79. 
*. #I3C9 oN InN%O'n7' $n3 3'JC9 oN InN%O'n7' No( H9IJH In oJ'n P$C'(H. 
,. M'$HO('L'nC J(o7'3O('H No( HZO$C on H9IJH. 
.̀ S9IJ HJ''3 lm In $ (IQ'( 9$QIn< CI3$% N%oP o( 7O(('nC. 

-. ='3O7CIon oN H9IJ HJ''3 $n3 J(oJ'%%'( (JL No( Q'HH'%H In H9$%%oP P$C'(H. 
b. S9IJ HZO$C 7o'NNI7I'nCH No( Q'HH'%H PIC9 HJ'7INI'3 .%o7& 7o'NNI7I'nCHf.%o7&$<' 

N$7Co(H. 
c. SZO$CCIn< oN H9IJH 7(oHHIn<foQ'(C$&In< In $ 7onNIn'3 79$nn'%. 
1d. CoLJOC'( J(o<($L OHIn< BAS1C No( J('3I7CIn< H9IJ HZO$C. 
11. S9IJ HZO$C i $ <OI3' Co L$HC'(H. 
1W. BI.%Io<($J9/ HO(Q'/ %IHCIn< 11, ('N'('n7'H (' H9IJ HZO$C. 
1[. S9IJ 9$n3%In< J(o.%'LH oN Q'HH'%H In H9$%%oP P$C'(H. 
1*. P(o.%'LH oN On3'(%o$3In< $ H9IJ 3O' Co HZO$C In $n '.. CI3' HICO$CIon. 
1,. C9$n<' oN C(IL 79$($7C'(IHCI7H No( $ H9IJ HZO$CCIn< In H9$%%oP P$C'( 

7on3ICIonH. 
1 .̀ TP'nC/ gO'HCIonH ... $n3 AnHP'(H, on C9' J9'noL'non oN H9IJ HZO$C. 

q An/on' InC'('HC'3 In $7ZOI(In< $n/ oN C9'H' %IHC'3 J$J'(H H9oO%3 $JJ%/ Co 
0(. C. B. B$(($HH 3I('7C%/ o( C9(oO<9 C9' >$OCI7$% 1nHCICOC' H'7('C$(I$C $C B$L.'C9 
=o$3, Bon3on. 

%YJ<( noJ*+ 
gO'HCIonH ^N(oL C9' N%oo(^ $NC'( C9' %'7CO('U 

1. X$Q' C9' 0TJ IHHO'3 $n/ JM: noCI7'H L$&In< ('N'('n7' Co H9IJ HZO$C Y 

W. XoP IH HZO$C $NN'7C'3 P9'n on' Q'HH'% oQ'(C$&'H $noC9'( Q'HH'% In $ n$((oP 
(IQ'(Y A(' C9' In7('$H'H W,r, ,dr o( 1ddr Y 

[. #9$C IH ^C($nHQ'(H' HZO$C^ on 7onC$In'( Q'HH'%H $n3 Lo3'(n HOJ'(C$n&'(HY 

*. :(oL P9I79 $('$H oN C9' Po(%3 9$Q' L'$HO('3 NO%%-HI\' HZO$CH .''n $n$%/H'3 Y 

AnHP'(H Co C9'H' * ZO'HCIonH <IQ'n on H'J$($C' H9''C (H'' oQ'( J$<'). 
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AnHP'(H Co ZO'HCIonH on J$<' [[ 

1. e'H_ C9' 0TJ 9$Q' IHHO'3 H'Q'($% MMM noCI7'H L$&In< ('N'('n7' Co H9IJ HZO$C 
J%OH noC'H on InC'($7CIon. T9'H' noCI7'H $(' nOL.'('3 $H No%%oPHUi M b,* 
(AO<OHC 1c-b), Mc[d (AJ(I% 1cbd), M 1d1, (M$(79 1cbW) $n3 M 1*-d 
(>oQ'L.'( 1cc1). 

W. #9'n C9' $LI3H9IJH oN .oC9 Q'HH'%H $(' In %In' PIC9 '$79 oC9'( $7(oHH C9' 
(IQ'( C9' HZO$CH oN .oC9 Q'HH'%H P9'n LoQIn< $9'$3 7$n .' In7('$H'3 ./ ,dr 
Co 1ddr 7oLJ$('3 Co $ HIn<%' H9IJ LoQIn< $9'$3 OJ C9' (IQ'(. 

[. 1n C9' HICO$CIon 3'H7(I.'3 In $nHP'( W, .oC9 Q'HH'%H PI%% LoQ' CoP$(3H '$79 
oC9'( $77oLJ$nI'3 ./ $n $n<%' oN 9''%. T9' .I%<' J%$CIn< oN .oC9 Q'HH'%H 
n'$('HC Co C9' (IQ'( .$n&H PI%% LoQ' n'$('( Co C9' (IQ'( .'3. T9IH IH ^C($nHQ'(H' 
HZO$C^, C9$C IH, %oHH o( 3'7('$H' oN On3'(&''% 7%'$($n7'. Too LO79 ^C($nHQ'(H' 
HZO$C^ 7$OH'H <(oOn3In< $n3 3$L$<' oN C9' .I%<' &''% $n3fo( .I%<' &''% 
J%$CIn< HC($&'H. 

*. M'$HO('3 NO%%-HI\' HZO$CH 9$Q' .''n HCO3I'3 N(oL C9' No%%oPIn< $('$HUi 
SC. B$P('n7' S'$P$/, P$n$L$ C$n$%, M$%$77$ SC($ICH, P'(HI$n hO%N, B$&' 
M$($7$I.o, M$n79'HC'( S9IJ C$n$%, =IQ'( hI(on3', =IQ'( ;%.', =IQ'( T''H, 
=IQ'( XOL.'(, Po(C #'%%In<Con $n3 B(oL.o(oO<9 Bo7&. 
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S... T?GHo@ BSA("onD). P?@>n:@, #.K. KoHCDLo@>9G M Co. 
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The principal characteristics of a modem Voith Water Tractor ( see fig. 1 ) are :- 

1. Twin Voith Schneider propellers arranged athwartships no more than 30Blwl from 
forward. 

2. A nozzle or guard plate which acts both to augment thrust and protect the propeller blades 
from grounding or contact with another vesselIs hull. The construction of the supporting 
struts is such that a modern guard arrangement should be able to withstand very high 
impact forces without the propeller blades suffering damage or the watertight integrity of 
the hull being compromised. 

3. A stabilising fin aft. This was originally conceived and designed as an aid to course 
stability but in the early development it was found that this fin has significant uses in 
towingK indeed special towing concepts and procedures were developed to utilise the 
effects of the fin. 

4. One set of towing gearK now almost exclusively from a winch (tractor crews never trust 
ships lines) through a towing bollard or staple situated over the centre of the fin ( in 
practical terms this point is a compromise positionK for towing ahead of a vessel the ideal 
point is nearer the inboard end of the skegK as stern tug it would ideally be  nearer the 
outboard end ). For escort services where for most of the time the tractor follows the ship 
passively but made fast with a slack lineK a second towing point may be arranged in the 
bulwark over the outboard end of the skeg to reduce the helmsmanIs efforts during a 
routine operation. 

5. Reduced tug manning and the need for all-round visibility during towing operations has 
led to the small central wheelhouseK in some cases for one man operation with all 
propeller engine and winch controls arranged on a central control stand. 

A N@=:O 9=D>o@G H:DDon 

In the early 1950Is Voith in Germany developed a new style tug in response to tug losses 
through girting and being overrun under a ships bow ( see fig. 2 ). The fundamental change 
was that the Voith Schneider propellers to be used were arranged forward and the towing 
point aft to avoid the unstable equilibrium which existed with a conventional tugIs midship 
towing point and propulsion aft. In manoeuvring with this forward propelled vesselK the 
immediate difference was that it steered in to a turn rather than the stem swinging outside 
the turning circle as with stem propelled vessels. The introduction of such vessels known in 
generic form as Voith Water Tractors was obviously slow in the earlier days but they now 
number approximately 600 world-wide ( with free-running speeds up to 15 knots and bollard 
pulls in excess of 70 tonnes ) and have had a major influence in tug safety. 

ToL?P: @:QE=@:R:n>D 

The requirement for towage assistance may taken as the period when the ships reduced 
speed means that she is no longer under total self control ( see fig. 3 ) and has insufficient 
sea room to manoeuvre safely without external assistance. This period however may be 
somewhat extended by the modem requirement for escort services for ships carrying 
dangerous cargoes in restricted waters. However from the tractorIs point of view this escort 
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requirement is merely an extension of the normal service though up to much higher speeds 
than in the past. 

This question of speed not only applies to escort services. Many ships at sea today have very 
high minimum speeds which may be above safe operating speeds for some tugsK leaving the 
ship in limbo until the speed is reduced sufficiently. The sight of a tug in the vicinity of the 
ships bow or stem should not be taken as reassurance that practical assistance is 
immediately available. The trend in modern tractor design i towards being capable of 
assistance at speeds in the region of 10 knots and above rather than the lower speeds of the 
past. This means real assistanceK not just for showK as the vicinity of a ship moving at 10-11 
knots is a much more arduous working environment than near a ship moving at half that 
speed. Not only do things happen twice as fast but forces involved generally increase with 
the square of the speed. The question arises then that if the tug is not capable of providing 
the required assistance at that speed then should it be made fast in the first place whether on 
a slack line or not] 

Tractors do not come cheaplyK so in economic terms the fewer the better. This places further 
burdens on the modem tractor in that in addition to the required capability of working at 
higher speeds it will often work the end of the ship aloneK obviously meaning no back up in 
case of problems ( here the question of reliability and the ability to work with one propeller 
onlyK without exerting adverse thrusts assumes great importance ). The days when one tug 
would push the bow in and another would check are nearly gone. 

MoC:R >oL=nP oS:@?>=onD 

There are four main positions around a ship where a tug will exert a towing force :- 
1. Line tow forward 
2. Push/pull shoulder 
3. Push/pull quarter 
4. Line tow aft 

To@L?@C 

Traditionally this has been the position for the first tug to be made fast although new research 
has backed up modern thought that this is really the least effective position in that the 
steering forces that can be exerted with a stern propelled tug are minimal until the way is 
almost off a ship and braking forces are nil until the tug can either come around through 180 
degrees or pull the ship into a tight turn to reduce its speed. Not only is the bow the most 
difficult position for the tug at speedK it is also the least effective point to apply a turning 
moment through the lever arm being short and the applicable force being limited. 

A pilotIs comment on being faced with this dilemma was that he felt comfortable seeing the 
mast of the tug under the foIcIsleK he could not see the stem tug without going out to the 
bridge wing. Only in the final approach to a berth or lock when the speed is minimal does this 
tug come into its own. 

Evidence of the limited help of the bow tug was noticed in one of EuropeIs busiest container 
ports when the conventional single screw tug was attempting to pull a modest sized first 
generation container vessel into a starboard turn of approx. 70 degrees with an ebb tide of 
approx. three knots on the starboard bow . The 40 tonne bollard pull tug was fifteen minutes 
holding a safe position on the starboard bow and pulling at maximum power to make the turn. 
In order that the tug was not put into a girting situation the ship was unable to use more than 
the occasional burst at dead slow to overcome the ebb tide . 

As already statedK these problems were the driving force behind the development of the 
tractorK with the forward propulsion reducing the dangers of girting. However the limitations of 
pulling on a short lever arm still apply. Because there are circumstances when a strong pull 
on the bow is the best alternativeK the thrust distribution of the Voith Schneider propeller is 
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now arranged to permit relatively high steering forces to be used without loss of forward 
thrust. This permits turning forces at larger towline angles and quicker movement from one 
bow to the other without slacking the line. 

S9oEHC:@ 

This was a secondary position forward but is used to reduce the danger to the tug and 
simplify the towing gear and crew requirements. Push/pull operations were developed 
particularly in USA K dapan and Australia where lock systems did not complicate the towing 
operation. However the effectiveness of trying to turn a vessel from here is somewhat similar 
to the forward position but several special points need addressing. To turn a vesselK a tug 
positioned on the inside of the turn (i.e. acting as a backspring against the ships motion) will 
assist the turn much more than pushing from the outside of the turn. Indeed the pusher may 
initially drag the ship into a turn the wrong way due to the resistance of theK tug inducing a 
backspring type effect. Swell conditions are the enemy of this operation as not only is the tug 
likely to range up and down the shipIs sideK the short tow lines used minimise any spring 
properties . However off the berth the push on the shoulder is invaluable. Modem ships with 
enormous flare and overhang often mean the tug is positioned so far aft to be pushing at the 
pivot point meaning there is no turning leverK merely a push bodily through the water. 

UE?@>:@ 

Again flare and overhang influence the effectiveness of a tug working in this position as to 
how far aft the effective push may be applied. Obviously the further aft the better but then 
the tug is both drawn in to the low pressure zone but may also become perilously dose to the 
rotating propeller. For a safe approach it is often necessary for the tug to land amidships and 
then move aft to the towing lead. Often the lead is near the bridge front which means that for 
a 30 metre tug the safest position is to lie forward of the towline until required. However once 
in this position good turning forces are achievableK but only when positioned on the inside of 
the turn. 

AO> 

Line towing at the stern is now well recognised as the most effective towing position with 
respect to both braking and steering assistanceK but only since the advent of modem 
manoeuvrable tractors such as the Voith Water Tractor has this become day-to-day practiceK 
since conventional tugs are only effective in this area at minimal speeds. The single biggest 
advance in modem towingK that of indirect towing came about through the hull design of the 
tractor with the skeg under the afterbody ( see fig. 4 ). It was found that with careful 
positioning of the towing point above the skegK the tractors hull resistance (aided by the large 
skeg ) when being pulled through the water at oblique angles to the towlineK could generate 
massive towline forces far in excess of the nominal bollard pull. Furthermore in contrast to 
other towing methods the towline force actually increased with the ships speed. Considerable 
research and development has gone into refining this towing method particularly with escort 
towage becoming todayIs catchword with its demands for dynamic assistance in potentially 
catastrophic circumstances of steering and or engine failure in confined waters. In this 
operation the hull and skeg resistance generate the towline force with the propellers merely 
aligning the hull to the correct towline angle both to itself and the ship. 

It is erroneous to say that any modern omni-directionally propelled tug can perform effective 
high speed indirect towingK even any Voith water tractor without due consideration of the 
speed and other circumstancesK such as towing gearK tractor stabilityK hull formK control 
systems etc. Coincidentally the factors leading to a good indirect towing vessel also minimise 
the perceived problems of working the skeg close to the ships propeller wash. However in 
escort operations normally no assistance is required from the tractor so to minimise the 
workload on the tractors helmsman during long passive periodsK a second towing point at the 
outboard end of the skeg can pin the tractor under the line and reduce the steering effort 
required. This towing point can either be fixed as with a Panama lead or removable so that 
the point of attack can be moved back to the centre of the skeg when required. The only 
drawback to towing through a fixed point in the end of the skeg is that higher steering forces 
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are required to place the tractor in the correct attitude to obtain maximum towline forces. In 
practice thoughK this causes no problem as the highest achievable forces need only 
approximately half the tractors installed power to hold the required attitude 

The other significant towing operation at a ships stern is applying braking forces to the ship ( 
see fig. 5). Again the tractor permits such operation from zero up to the highest speeds. This 
is mainly due to the controllable pitch characteristic of the Voith Schneider propeller with its 
open attitude to inflow from any direction. Using full engine speedK reverse pitch can be 
applied until full power is absorbed from the engine without fear of excessive overload. Thus 
when arresting the shipIs movement the nominal bollard pull is exceeded due to the propeller 
thrust being augmented by the resistance of the hull being pulled through the water. Any 
fixed pitch propeller whether on a conventional shaft or in a f-drive unit suffers from the very 
real problem of stalling once speeds are above six knots in this operation. 

Simplicity is a key attribute of the Voith Water tractor. In all four of the towing positions 
discussedK the tractorIs one towing point is at the most effective endK hence there is no 
embarrassment in sending her to any of these positions and certainly no need to consider 
letting go and reconnecting the towline through another lead. This is of particular signifcance 
to pilots and ships masters who have much else to consider when in close proximity to a 
berthK and are often relying on deck crews of limited number and/or strength and 
competence. The control of the tractor is also the simplest system. Whichever way the 
tractor is moving the skipper has a logical control system of wheel and levers to turn or push 
in the natural directionK limiting the chances of mistakes due to controls applied in unwanted 
directions. Because of the simple towing arrangement and the precise manoeuvrabilityK 
moving to and from bow to shoulder or stem to quarter during one operation presents no 
problem. 

ToLH=n: DGD>:RD 

After the basic hull/propeller layout is settled in a new tractor designK the next highest priority 
is the towing arrangement of winchK staple and towing gear. Because a Voith Water Tractor 
can easily generate at least double the nominal bollard pull whilst towing by the indirect 
methodK enormous safety margins are now needed for winch capacity and towline breaking 
strains. It is common for an owner building a 50 tonne nominal bollard pull tractor to specify 
150 tonnes brake capacity and an all rope towline of 180 tonnes capacity. Historically a 
sacrificial pennant or IjunkI of lesser breaking strain than the winch line was connected in the 
end of the towline to limit the loss of gear when the line parted at the most common point - 
the ships lead. With modern all rope towlines of such strength and high brake capacities on 
the winchK the idea now is that there is no weak link in the towlineg if an unlikely emergency 
arose to place the tractor in jeopardy then the emergency release on the winch is activated to 
dump the entire towline which can then be recovered and reused. With the high cost of 
modern tow ropes the last thing the tractor owner wants is broken gearK so to protect the rope 
where it passes through the ships leadK sacrificial sleeves may be used. The two main 
reasons for moving to an all or part rope system for modern towing methods are :- 

1. The weight of the towline to be handled by the shipIs deck crew. If 180 tonne BS wire 
were used then this could be almost impossible to handle. 

2. Stretch is needed. When working push/pull on the shoulder or quarterK only short towline 
lengths are used so there is never any catenary spring effect. Another significant point is 
that connecting the tow in these positions must often be done by hand as there is no lead 
to a winch on the shipIs deck. 

Typically a modern tow winch will need a brake capacity of at least three times the nominal 
bollard pull with simple brake/clutch control adjacent to the skipperK a very high light load 
recovery speed ( e.g. 90 metres/min.) and a drum designed to limit spooling problems. 
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The modem Voith water tractor continues with the original conceptual layout as developed in 
the early days but tendencies nowadays are :- 

1. Nominal bollard pull of 40 - 55 tonnes for a harbour operation. 

2. Larger displacement and underwater lateral area to maximise the use of the hull as a 
steady towing platform and as added resistance during high speed operations. 

3. Large beam and freeboard to maximise dynamic stability criteria and to avoid deck edge 
immersion at normal angles of heel when indirect towing. 

4. Freeboard aft the same as freeboard forward for working at speed in either direction. The 
modern tractor hull is almost a double ended form with speed skeg-first typically being 
only approximately half a knot less than propeller-first. Indeed modern operations are 
beginning to be confused by the terms bow and sternK to the tractor skipper more 
importance is placed on propeller-end and skeg-end. 

5. High performance towing systems. 

These tendencies are due to the need for the same safety and simplicity of operations over 
the higher speed ranges demanded todayK but without making such tractors hybrids of 
limited use in general towing operations. Fewer tractors with small crews are the only real 
solution available to the tug owners dilemma of offering economic but safe towage services. 
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