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95>:0:5-45?()90(9-R-/00( >5.57( *(95>:0600(89B)/*45+R65@/2A()*;59*:( ce-qfD(G*1,5+/*(

[6f(5,1-@9507-+85?(4*.-,C(U*94B,09B-6+?(+,-.BEH04(*@95>*4M
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<' (1.2.9)

1.-(r(*)9-.-,?-6+?(0>(,*85,C/2A(*+*@-//*+6-<(6-7-/0?D

#( >5:0+04*+60( *6( )*+65/*:80( >5.570( :2@95//5?( 4*.-,C( 4*;-6( .5:56C(

/-B.*:,-6:*906-,C/2-( 9->B,C65623( 8*1.5( 858( .9B15?( 4*.-,C( *85;-6+?( @*,--(

)90+)*+*@,-//*<(.,?(--(9-R-/0?D(L9-;.-(7-4()9*:*.06C(95+7-62(+(0+)*,C>*:5/0-4(6*<(

0,0(0/*<(4*.-,0(F-,-+**@95>/*(6-+609*:56C(:2@095-4BE(4*.-,C(/5(9-R-/00(8*/89-6/*<(

>5.570D

A*3.46 9*(.8/;

#( 95@*6-( ckf( )9-.,*;-/*( :( 15>*.0/5407-+80A( 95+7-65A( 0+)*,C>*:56C( 9->B,C6562(

6*7-7/2A( 4*.-,-<3( 95>95@*65//2A( .,?( 0/6-195,C/*<( *F-/80( *@+65/*:80( )90( )*;595A( :(

)*4-H-/0?A(cjs3(jjfD(t*9E75?(/519B>85(J:(;0.8*<(0,0(6:-9.*6-,C/*<(U5>-K(95+)*,515-6+?(

:( *)9-.-,-//*<( )*.*@,5+60( 95+7-6/*<( *@,5+60D( #( *)9-.-,-//2<( 4*4-/6( :9-4-/0( :(

*)9-.-,-//*<(6*78-(J6*785AK(/5()*:-9A/*+60(1*9E7-<(/519B>80(>5.5-6+?(1*9-/0-D(V5,--(*6(

>5.5//*1*( *7515( /570/5-6+?( 95+)9*+695/-/0-( :*,/2( 1*9-/0?( +( )*+6*?//*<( +8*9*+6CE3(

>5.5:5-4*<(.,?(85;.*<(1*9E7-<(/519B>80( J+4D(+)95:*7/2-(65@,0F2(:(95@*65A(ck3(jsfKD(#(

+,B75-(6*7-7/*1*(0+6*7/085(:*,/5(1*9-/0?(@B.-6(95+A*.06C+?(+(*.0/58*:*<(+8*9*+6CE()*(
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:+-4( /5)95:,-/0?4( :.*,C( )*:-9A/*+60( 1*9E7-<( /519B>80( RF=WFt J95.0B+( *7515(

)9*)*9F0*/5,-/( :9-4-/0( +( 8*IUU0F0-/6*4(WF – /*945,C/*<( +8*9*+6CE( 1*9-/0?KD( L90(

I6*4 ),*H5.C3(*@=?65?(1*9-/0-43(@B.-6(95+60()9*)*9F0*/5,C/*(8:5.956B(95.0B+5(*75153(5(

+**6:-6+6:-//*(0(8:5.956B(:9-4-/0D

L*404*( +8*9*+60( 95+)9*+695/-/0?( :*,/2( 1*9-/0?( :( 4*.-,0( /-*@A*.04( B7-6(

:2.-,-/0?( )9*.B86*:( 1*9-/0?( 0( I/-9100( :( >*/-( *7515D( S.-+C( 5:6*92( ck3 jsf( )9-.,515E6(

0+)*,C>*:56C( 0>:-+6/2-( I4)0907-+80-( >5:0+04*+60( /5( *+/*:-( +8*9*+6-<( :21*95/0?( .,?(

95>,07/2A(1*9E70A(/519B>*8D(G**6:-6+6:-//*(0>4-/-/0-(45++2(1*9E7-<(/519B>80(4*;/*(

)9-.+65:06C(7-9->(0>:-+6/BE(+8*9*+6C(:21*95/0?M

!j
!# = 9k (1.3.1)

G*1,5+/*(cjsf(+8*9*+6C(:21*95/0?(.,?(;0.8*<(1*9E7-<(/519B>80M

k(t) = lkmFnt/opq, t r opqkmF, t s opq t (1.3.2)

1.-(u 0 - B.-,C/5?( +8*9*+6C( :21*95/0?( 1*9E7-1*( 456-905,5Z( F – ),*H5.C( *68926*<(

)*:-9A/*+60( 1*9E7-<( ;0.8*+60Z( t – :9-4?( *6( /575,5( )9*F-++5( :21*95/0?Z( vst – :9-4?(

+65@0,0>5F00( 1*9-/0?D( V,?( 6:-9.*1*( 1*9E7-1*( 456-905,5( >5:0+04*+6C( *6( :9-4-/0(

+*.-9;06+?(6*,C8*(8*+:-//*(7-9->(0>4-/-/0-(),*H5.0(:21*95/0?(F:

k(t) = kmF(t) (1.3.3)

G6*80( J)*1,*H-/0-K( 80+,*9*.5( 0( 0+6*7/080( J:2.-,-/0-K( )9*.B86*:( 1*9-/0?(

,*85,C/*( *)9-.-,?E6+?( 7-9->( 0>:-+6/BE( +8*9*+6C( :21*95/0?3( >5.5:5-42-( 65@,07/*(

8*IUU0F0-/62 )*69-@,-/0?(80+,*9*.5(0(:2.-,-/0?()9*.B86*:()*(45++-()90(+1*95/00(j81(

1*9E7-1*(456-905,5(LXi 0()*,/*6B(+1*95/0?(wM

(53)678 =
uvwx+
y& (1.3.4)

G*1,5+/*(cjjf()*,/*65(+1*95/0?(4*;-6(@26C(>5.5/5()*(U*94B,-M

z = 0.63 + 0.2Q{| + 1500Q{|} (1.3.5)

1.-(XO2 – +9-./-*@=-4/5?(45++*:5?( 8*/F-/695F0?( 80+,*9*.5( :( 95++45690:5-4*4(*@=-4-(

xV3( 8*6*92<( :( +,B75-( 0+)*,C>*:5/0?( 6*7-7/*<( 4*.-,0( :( 15>*.0/5407-+80A( 95+7-65A(

+**6:-6+6:B-6( *@=-4B( 95+7-6/*<( ?7-<803( :( 8*6*9*<( /5A*.06+?( >*/5( 9-58F003( :2.-,?-6+?(

I/-910?( 0( )9*.B862( 1*9-/0?( 0( )*1,*H5-6+?( 80+,*9*.D( #( :0.B( 6*1*3( 76*( )90( 95+7-6-(

89B)/*15@5906/2A( )*4-H-/0<( *;0.5-6+?( 0+)*,C>*:56C( .,?( 95+7-65( .*:*,C/*( 89B)/2-(

95+7-6/2-( ?7-<803( )9-:*+A*.?H0-( )*( ,0/-</24( 95>4-954( 95++6*?/0-( *6( )*:-9A/*+60(

1*9E7-<( /519B>80( .*( U9*/65( ),54-/03(x V )9-.+65:,?-6( *@=-4( ?7-<803( 195/075H-<( +(
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1*9E7-<( /519B>8*<D( G**6:-6+6:-//*( :8,5.( I/-9100( 0( )9*.B86*:( 1*9-/0?( +,-.B-6(

95++7062:56C(6*,C8*(:()90,-15EH0A(8(1*9E7-4B(?7-<85AD(X.-,C/2<(I/-91*:8,5.(*6(>*/2(

1*9-/0?(:(95+7-6/BE(?7-<8B(95++7062:5-6+?()*(U*94B,-

(F)678 =
uv~�
"y& (1.3.6)

1.-( Q0 – /0>R5?( 95@*75?( 6-),*65( +1*95/0?( 1*9E7-1*3([x V – 45++5( 15>5( :( ?7-<8-3( /5(

8*6*9BE()90A*.06+?(:2.-,0:R5?+?(I/-910?D

V,?(5/5,0>5(*@+65/*:80(:(>5.24,-//*4()*4-H-/003(:(8*6*9*4(95>:0:5-6+?()*;593(

:(95@*6-(ckf()9-.,*;-/*(9-R56C(B95:/-/0-(.,?(15>*.0/5407-+8*1*()-9-/*+5(75+60F(.2453(

:( +9-./-4( 4-/CR0A( d-10 484( 0( )-9-/*+042A( +*:4-+6/*( +( )*6*8*4( 15>5D( X95:/-/0-(

)-9-/*+5(75+60F(.245(:(658*<(+06B5F00()9-.+65:,?-6(B95:/-/0-3(5/5,*107/*-(JjDjDkKD($58(

858( :2A*./24( )5954-69*43( /-*@A*.0424( .,?( 5/5,0>5( ?:,?-6+?( *)607-+85?( ),*6/*+6C(

.2453( )9?4*()9*)*9F0*/5,C/5?( -1*(45++*:*<( 8*/F-/695F003( 6*( B95:/-/0-( :( :0.-( JjDjDkK(

4*;/*(>5)0+56C(/-)*+9-.+6:-//*(.,?(*)607-+8*<(),*6/*+60(.245(D!L:

!���
!# + , !���

!% + - !���
!' +. !���

!) = 5�� (1.3.7)

t.-( m!L – 0+6*7/08*:2<( 7,-/3( *)0+2:5EH0<( .24**@95>*:5/0-( :( >*/-( 1*9-/0?3(

*)9-.-,?-42<()*(U*94B,-3(5/5,*107/*<(U*94B,-(JjDlDiKM

5�� =
uvw���
y& (1.3.8)

t.-(L!Lt – .24**@95>BEH5?(+)*+*@/*+6C(1*9E7-1*(456-905,5D

D/14.88E2$&49*(/+-

G0+6-45(B95:/-/0<(((1.1.1-1.1.8)3(*)0+2:5EH5?(456-45607-+8BE(4*.-,C3(9-R5,5+C(

70+,-//*( /5( *+/*:-( I<,-9*:*-,5195/;-:5 4-6*.5( cjkf3( 4*.0U0F09*:5//*1*( +( F-,CE(

)*:2R-/0?(6*7/*+60(95+7-65()*()9*+695/+6:-//24()-9-4-//24D((!+/*:/5?(0.-?(4-6*.53(

75+6*( /5>2:5-4*1*( n4-6*.*4( 89B)/2A( 75+60Fo( +*+6*06( :( 95+H-),-/00( )*( *6.-,C/24(

U0>07-+804( )9*F-++54( /-+65F0*/59/*<( +0+6-42( B95:/-/0<( ( '5:C--G6*8+5D( %5+7-6(

85;.*1*(:9-4-//*1*(R515(J:270+,06-,C/*1*(F08,5K((95>@0:5-6+?(/5(690(I65)5D(O-6*.(@2,(

9-5,0>*:5/( :(!"#$(%&'(/5( 95:/*4-9/*<()9?4*B1*,C/*<( +-68-( +( )*+6*?//24(R51*4()*(

)9*+695/+6:BD

'5( )-9:*4( I65)-( )9-/-@9-15-4( :+-40( IUU-865403( +:?>5//240( +( )-9-4-H-/0-4(

:-H-+6:5 7-9->(195/0F2(I,-4-/659/*<(?7-<80(J/-6(8*/:-860:/2A()*6*8*:(7-9->(?7-<80K3(0(

B7062:5-4( IUU-862( B+8*9-/0?( ,0RC( >5( +7-6( .5:,-/0?D( '5( I6*4( I65)-( *)9-.-,?E6+?(
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)9*4-;B6*7/2-( >/57-/0?( 0+8*42A( )5954-69*:( )*6*85( 4*,C/*<( 8*/F-/695F00( i-*<(

8*4)*/-/623()*,/*<(B.-,C/*<(J/5(-.0/0FB(45++2K(I/-9100(0(8*4)*/-/62(+8*9*+60D

V5,--( +*1,5+/*( cjlf( 3( )9*0>:*.06+?( B7-63( 0+8,E7-//2A( 95/--3( 8*/:-860:/2A(

7,-/*:D(#270+,?E6+?()*6*80(),*6/*+603(04)B,C+53( I/-9100(0(8*/F-/695F00( J8*,07-+6:5(

:-H-+6:5K3( 7-9->( 195/0F2( ?7--8D( S/57-/0-( ),*6/*+60( /5( 195/0F-( :2@095-6+?( )9*60:

)*6*85D

'5( 69-6C-4( I65)-( J>58,E706-,C/*4K( *)9-.-,?E6+?( :( /*:2<( 4*4-/6( :9-4-/0(

*8*/756-,C/2-( >/57-/0?( 10.9*.0/5407-+80A( )5954-69*:( )*6*85( ),*6/*+603( ( 4*,C/*<(

8*/F-/695F003(:+-A(8*4)*/-/6*:(:-86*95(+8*9*+603(B.-,C/BE(I/-910E(/5(*+/*:-(>58*/*:(

+*A95/-/0?(45++23(04)B,C+5(0(I/-9100(.,?(85;.*<(?7-<80(0(.,?(:+-<(+0+6-42(:(F-,*4(/5(

U08+09*:5//*<(95+7-6/*<(+-68-D

#( cjlf( )*85>5/*3( 76*( B+6*<70:2<( +7-6( )*,B75-6+?3( 8*1.5( )-9-/*+( 7-9->( 195/0FB(

?7--8( )9*0>:*.06+?( +*( +8*9*+6CE3( 95:/*<( )*,B+B44-( +8*9*+6-<( :( +*+-./0A( ?7-<85AD( #(

I6*4( +,B75-( :6*9*<( I65)3( 53( +,-.*:56-,C/*3( 0( :-+C( 5,1*90643( 04--6( )-9:2<( )*9?.*8(

6*7/*+60()*()9*+695/+6:BD(L9-.,*;-//2<(:( cjlf( +)*+*@()*+69*-/0?(,5195/;-:*1*( I65)5(

+*( :6*924( )*9?.8*4( 6*7/*+60( )*( )9*+695/+6:B( .-,5-6( +A-4B( :( @*,CR0/+6:-( +,B75-:(

/-B+6*<70:*<D( #4-+6*( I6*1*( 4*;/*( 0+)*,C>*:56C( .9B1*<( 4-6*.( )*:2R-/0?( 6*7/*+60(

:6*9*1*( I65)5D( ( G7065-6+?3( 76*( +8*9*+6C( 4-;.B( F-/69540( +*+-./0A( ?7--8( 0>4-/?-6+?( )*(

,0/-</*4B(>58*/BD((L90(I6*4(>5(+8*9*+6C()-9-/*+5(:-H-+6:5(4-;.B(+*+-./040(?7-<8540(

)90/045-6+?(+8*9*+6C(:(6*78-3(0>(8*6*9*1*(45++5(>5(:2@95//2<(R51()*(:9-4-/0(.*+6015-6(

195/0F2(?7-<80D(#(I6*4(+,B75-()-9-/*+(45++23(+8*9*+60(0(I/-9100(0>(?7-<80( i :(?7-<8B(

(i+1) :(:2@95//*4(/5)95:,-/00(:2)*,/?-6+?(+*(+8*9*+6CE

/
0

1
2
3

4
D

6
5

5
% 55 Liiii uuuu

u 11 1
2

,

1.-(D - 95>4-9(?7-<803(L - R51()*(:9-4-/0D

O*.0U0F09*:5//2<( 65804( *@95>*4( 4-6*.( n89B)/2A( 75+60Fo( 0+)*,C>*:5,+?( .,?(

9-R-/0?( R09*8*1*( 89B15( >5.57( 1*9-/0?( 15>**@95>/2A( 1*9E70A( +4-+-<( 0( .5,( A*9*R--(

+*1,5+0-( +( I8+)-904-/6540( )90( 70+,-//*4( 4*.-,09*:5/00( 6580A( 6*/80A( IUU-86*:3( 858(

95>:060-(/-,0/-</2A(/-B+6*<70:*+6-<(U9*/65(),54-/0(0 )-9-A*.5 9-;04*:(4-.,-//*1*(

1*9-/0?(:(.-6*/5F0E(cjl-15].
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@+(C,+C(&$,*-567+.(8*2$5(*9(&--EF$(.&4/'C7=.2$&49*(/+-$0/14.88*9*$(.G.8/;$

C(&:8.8/2 +(.>-.(8*2$9&'*3/8&-/,/$5*<&(&.

p,*8-+A-45(8*4)CE6-9/*1*(8*.5 )9-.+65:,-/5(/5(%0+D(jD

G69B86B95( 5,1*90645( 9-R-/0?( >5.57( 15>*.0/54080( )*;595( .*,;/5(

)9-.B+45690:56C(/5,070-(+,-.BEH0A(@5>*:2A(@,*8*:M

1) p,*8(>5.5/0?(/575,C/2A(.5//2AZ

2) p,*8( 95+7-65( 6-94*.0/5407-+80A( )5954-69*:( +9-.2( J.5:,-/0?3(

6-4)-956B92K( +*1,5+/*( >5.5:5-424( B95:/-/0?4( +*+6*?/0?( 0( 95+7-65(

80/-607-+80A(8*IUU0F0-/6*:(+9-.2(J:?>8*+603(6-),*)9*:*./*+60KZ

3) p,*80(9-R-/0?(+0+6-42(B95:/-/0<(15>*.0/54080(+()90:,-7-/0-4(I<,-9*:*-

,5195/;-:5(5,1*90645(y89B)/2A(75+60FyZ

4) p,*8(B7-65(:,0?/0?(6B9@B,-/6/*+60(+*1,5+/*(:2@95//*<(4*.-,0Z

5) p,*8(95+7-65(4*.-,0(1*9-/0?Z

6) p,*8(*@95@*680(:2A*./2A(.5//2A

 

%0+D(j. p,*8-+A-45(8*4)CE6-9/*1*(8*.5
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H&,470.8/.

#( .5//*<( 95@*6-( )*+69*-/5( 456-45607-+85?( 4*.-,C3 70+,-//*1*( 4-6*.5

69-A4-9/*1*( 4*.-,09*:5/0?( )9*F-++5( 1*9-/0?( :( )*4-H-/00( 0( +**6:-6+6:BEH0<(

8*4)CE6-9/2<(8*., 8*6*92<(9-5,0>B-6 >5.57B()9*1/*>09*:5/0?(95+)9*+695/-/0?()*;595(

/5(*+/*:-(:2@95//*<(/540()*,-:*< U0>08*-456-45607-+8*<(4*.-,0D( (`-;5H0<(:(*+/*:-(

:270+,06-,C/*1*( 4-6*.5( 70+,-//2<( 5,1*9064( n89B)/2A( 75+60Fo( /-*./*8956/*(

0+)*,C>*:5,+?( )90( 9-R-/00( +,*;/2A( 15>*.0/5407-+80A( >5.573( +:?>5//2A( +( 95>:060-4(

/-+65F0*/59/2A()9*F-++*:(1*9-/0?(0(:>92:53(0(>59-8*4-/.*:5,(+-@?(858(*.0/(0>(/50@*,--(

@2+692A( 0( /5.-;/2A( 4-6*.*:3( )*>:*,?EH0A( +( A*9*R-<( 6*7/*+6CE( 9-R56C( R09*80<(

+)-869( 15>*.0/5407-+80A( >5.57D %5>95@562:5-42<( 8*4)CE6-9/2<( 8*.( 4*.-,09*:5/0?(

95+)9*+695/-/0?()*;59*:()*>:*,06()9*:*.06C()9*1/*>09*:5/0-()*;59*:(:()*4-H-/0?A(0(

*695@562:56C( +0+6-4B( )9*60:*)*;59/*<( >5H062( *)9-.-,-//2A( *@=-86*:3( 5( 658;-(

*F-/0:56C( )*;59/BE @->*)5+/*+6C( 95>,07/2A( +*>.5:5-42A( 8*/+69B8F0*//2A(

J59A06-86B9/2AK(>.5/0<D

@5/1*,$4/+.(&+C(E
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