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C-a37e5 1 t5q):T5RC 5H :1g :65 C:p:g 705rqgd TR :g0dC 5H :1g cgRg0pq g)R H)Rb:T5RC

i1T0:V HT(g bqpCCgC 5H C5q):T5RC 5H :1g 3)pR:)d :Tdg mg7gRmgR: :65 C:p:g 705rqgd
TR :g0dC 5H :1g cgRg0pq g)R H)Rb:T5RC

ugm)b:T5R 5H :1g :65 C:p:g 705rqgd :5 :1g cgRg0pq g)R g3)p:T5R
i1T0:V HT(g rpCTb TR:gc0prqg d5mgqC
t5q):T5R 5H :1g :65 C:p:g 705rqgd
tg0TgC C5q):T5RC 5H :1g cgRg0pq g)R g3)p:T5R
5RC:pR: mg:)RTRc d5mgqC 0gpq -a
RHTRT:gqV Rp0056 7)qCgC
sg0:Tbpq gmcg 7)qCgC 5H b5R:05qqprqg 6Tm:1
5d7qgI (pq)gm :0pRCH50dp:T5R -a
TCb)CCT5R

7g0T5mTb qg(gq b05CCTRc :65 C:p:g d5mgq 5H p cgRg0pq g)R bqpCC

b5RC:pR: pd7qT:)mg qg(gq b05CCTRc cgRg0pq g)R d5mgq
5H :1g :65 C:p:g 705rqgd
tg0TgC C5q):T5RC 5H :1g g)R g3)p:T5R
TR :g0dC 5H :1g TRb5d7qg:g g:p H)Rb:T5RC
5RmT:T5RpqqV pRm )Rb5RmT:T5RpqqV TR:gc0prqg C)r d5mgqC
R )Rb5RmT:T5RpqqV TR:gc0prqg C)r d5mgq
TCb)CCT5R

C-a37e5 2 t5q):T5RC 5H :1g :65 C:p:g 705rqgd
TR :g0dC 5H :1g CTRcqg b5RHq)gR: g)R H)Rb:T5RC

TH:ggR bqpCCgC 5H d5mgqC C5q(prqg TR :g0dC 5H :1g CTRcqg b5RHq)gR: g)R H)Rb:T5R

t5q):T5R 5H :1g :65 C:p:g 705rqgd H50 CTRcqg b5RHq)gR: g)R d5mgqC

I7pRCT5RC 5H :1g C5q):T5RC 5H :1g CTRcqg b5RHq)gR: g)R g3)p:T5R
TR :g0dC 5H :1g 2)ddg0 b5RHq)gR: 1V7g0cg5dg:0Tb H)Rb:T5RC

I7pRCT5RC TR :g0dC 5H :1g 2)ddg0 H)Rb:T5RC avFF
I7pRCT5RC TR :g0dC 5H :1g 2)ddg0 H)Rb:T5RC avF
I7pRCT5RC TR :g0dC 5H :1g 2)ddg0 H)Rb:T5RC avF
I7pRCT5RC TR :g0dC 5H :1g i0Tb5dT H)Rb:T5RC F F v a
TCb)CCT5R

i65 :g0d 0gm)b:T5RC 5H :10gg :g0d 0gb)00gRbg 0gqp:T5RC H50 gI7pRCT5R b5gHHTbTgR:C

Ipb:qV pRm b5RmT:T5RpqqV gIpb:qV TR:gc0prqg d5mgqC
cgRg0p:gm rV :g0dTRp:T5R 5H Cg0TgC gI7pRCT5RC 5H :1g CTRcqg b5RHq)gR: g)R H)Rb:T5R

4pdrg0: f gIpb:qV C5q(prqg
qg(gq b05CCTRc b5RHq)gR: 1V7g0cg5dg:0Tb :65 C:p:g d5mgq



C-a37e5 3 4g(gq b05CCTRc :65 C:p:g d5mgqC
TR :g0dC 5H :1g m5)rqg rT pRm :0T b5RHq)gR: g)R H)Rb:T5RC

RpqV:Tb C5q):T5RC 5H :1g 3)pR:)d :65 C:p:g 705rqgd
TR :g0dC 5H :1g m5)rqg rT pRm :0T b5RHq)gR: g)R H)Rb:T5RC

i65 C:p:g d5mgqC C5q(prqg TR :g0dC 5H :1g m5)rqg b5RHq)gR: g)R H)Rb:T5RC
i65 C:p:g d5mgqC C5q(prqg TR :g0dC 5H :1g rT b5RHq)gR: g)R H)Rb:T5RC
i65 C:p:g d5mgqC C5q(prqg TR :g0dC 5H :1g :0T b5RHq)gR: g)R H)Rb:T5RC
o:1g0 bqpCCgC C5q(prqg TR :g0dC 5H :1g g)R H)Rb:T5RC
TCb)CCT5R

t5q):T5RC 5H :1g rT b5RHq)gR: g)R g3)p:T5R TR :g0dC 5H :1g g0dT:g H)Rb:T5RC

tg0TgC gI7pRCT5RC TR :g0dC 5H :1g g0dT:g H)Rb:T5RC
ig0dTRp:T5R b5RmT:T5RC
TCb)CCT5R

R(g0Cg C3)p0g 055: qg(gq b05CCTRc :65 C:p:g d5mgq

C-a37e5 4 77qTbp:T5RC :5 R5R 0gqp:T(TC:Tb pRm 0gqp:T(TC:Tb 6p(g g3)p:T5RC

i1g :1T0m HT(g 7p0pdg:0Tb 1V7g0cg5dg:0Tb 3)pR:)d dgb1pRTbpq 75:gR:Tpq

i1g 75:gR:Tpq
ugm)b:T5R :5 :1g cgRg0pq g)R g3)p:T5R
i1g C5q):T5R 5H :1g tb10FmTRcg0 g3)p:T5R TR :g0dC 5H :1g p)CC H)Rb:T5RC
5)Rm C:p:gC
TCb)CCT5R

rT b5RHq)gR: g)R 75:gR:Tpq C5q(prqg TR :g0dC 5H :1g g0dT:g H)Rb:T5RC

T b5RHq)gR: g)R 75:gR:TpqC H50 :1g C:p:T5Rp0V tb10FmTRcg0 g3)p:T5R
i1g 75:gR:Tpq
5)Rm C:p:gC
TCb)CCT5R

5)0 HT(g 7p0pdg:0Tb pRm HT(g H5)0 7p0pdg:0Tb TRmg7gRmgR: b5RHq)gR: g)R 75:gR:TpqC
H50 :1g C:p:T5Rp0V 2qgTR 50m5R g3)p:T5R

5RHq)gR: g)R 75:gR:TpqC H50 :1g 2qgTR 50m5R g3)p:T5R
V7g0cg5dg:0Tb C)r 75:gR:TpqC
TCb)CCT5R

S800a5y i1g dpTR 0gC)q:C 5H :1TC :1gCTC

 efe5e1ce6



INT ODUCTION 

i1g :65 C:p:g p7705ITdp:T5R TC p 6TmgqV vR56R vgV p7705pb1 TR:gRCT(gqV p77qTgm :5 C:)mV

3)pR:)d R5R pmTprp:Tb :0pRCT:T5RC TR p R)drg0 5H Td750:pR: 71VCTbpq CVC:gdC H50 dpRV mgbpmgC

pq0gpmV C:p0:TRc H05d gp0qV Vgp0C 5H 3)pR:)d dgb1pRTbC w - i1TC TC p 0gqp:T(gqV CTd7qg Vg: )CgH)q

pRm 756g0H)q p7705ITdp:T5R )Cgm :5 cp:1g0 p rpCTb TRCTc1: 5H 71VCTbpq 705bgCCgC :5 0g(gpq :1g

3)pqT:p:T(g b1p0pb:g0TC:TbC pRm )Rmg0qVTRc dgb1pRTCdC w - gCTmgC R)dg05)C p0g :1g bpCgC

61gR :1g p7705ITdp:T5R 705(TmgC pqC5 1Tc1qV pbb)0p:g 3)pR:T:p:T(g mgCb0T7:T5R i1g p7705ITdp:T5R

rpCTbpqqV pCC)dgC :1p: :1g g(5q):T5R 5H p 71VCTbpq CVC:gd m)g :5 pR TR:g0pb:T5R gHHgb:T(gqV b5RCTC:C

TR dTITRc 5H y)C: :65 5H 3)pR:)d qg(gqC 5H :1g CVC:gd :1g b1pRcg 5H 5:1g0C rgTRc RgcqTcTrqg rgbp)Cg

5H C7gbTHTb b5RmT:T5RC b5RCTmg0gm

R :1g bpR5RTbpq 4pRmp) egRg0 .py50pRp t:Ebvgqrg0c H50d)qp:T5R w - :1g :Tdg mg7gRmgR:

(g0CT5R 5H :1g CgdTbqpCCTbpq 3)pR:)d :65 C:p:g 705rqgd TC 60T::gR pC p CVC:gd 5H b5)7qgm HT0C: 50mg0

mTHHg0gR:Tpq g3)p:T5RC H50 705rprTqT:V pd7qT:)mgC 5H :65 C:p:gC 5H p 3)pR:)d CVC:gd m0T(gR rV pR

gI:g0Rpq HTgqm :Tdg mg7gRmgR: tb10FmTRcg0 g3)p:T5RC w - i1g HTgqm TC b1p0pb:g0T8gm rV :65 0gpq

H)Rb:T5RC :1g pd7qT:)mg pRm :1g 71pCg b5d75CTRc p b5d7qgI (pq)gm H)Rb:T5R 5H p 0gpq p0c)dgR:

:Tdg i1g pRpqV:Tb d5mgqC 5H :1g :Tdg mg7gRmgR: :65 C:p:g 705rqgd 5H :1TC H50d 1p(g rggR p77qTgm

H50 C:)mVTRc 5H p R)drg0 5H Td750:pR: 71VCTbpq 71gR5dgRp TR dpRV r0pRb1gC 5H b5R:gd750p0V

71VCTbC b1gdTC:0V pRm gRcTRgg0TRc 0pRcTRc H05d :1g :1g50V 5H qTc1: dp::g0 TR:g0pb:T5R R5R qTRgp0

57:TbC C)0Hpbg 71VCTbC :5 RpR571VCTbC Rg):0TR5 5CbTqqp:T5RC b5Cd5q5cV R)bqgp0 0gpb:T5RC g:b i1g

5bb)00gRbgC 5H :1g 705rqgd p0g :55 R)dg05)C :5 rg qTC:gm 1g0g

d5Rc pRpqV:Tb d5mgqC 5H 7p0:Tb)qp0 TR:g0gC: p0g :1g s r s eUvvtF 5RgC : TC 6gqq

p770gbTp:gm pq0gpmV H50 p q5Rc :Tdg C:p0:TRc H05d :1g 7T5Rgg0TRc 650vC rV 4pRmp) egRg0

.py50pRp pRm t:Ebvgqrg0c w - :1p: :1g qg(gq b05CCTRc 70gCgR:C p vgV p7705pb1 H50 :1g :1g50V 5H

R5R pmTprp:Tb :0pRCT:T5RC TR 3)pR:)d CVC:gdC t)b1 d5mgqC r5:1 :Tdg mg7gRmgR: pRm :Tdg

TRmg7gRmgR: 1p(g rggR 6TmgqV p77qTgm TR :1g b5R:gI: 5H dpRV 71VCTbpq pRm b1gdTbpq 71gR5dgRp

7p0: H05d :1g gp0qTg0 :1g50V 5H dpcRg:Tb 0gC5RpRbg w - C5dg 0g70gCgR:p:T(g gIpd7qgC TRbq)mg

:1g :1g50V 5H p:5dTb pRm d5qgb)qp0 b5qqTCT5RC w - :1g cgRg0pq :1g50V 5H 3)pR:)d :0pRCT:T5RC w -

b51g0gR: p:5dTb gIbT:p:T5R w - pRm b5R:05qqTRc mT(g0Cg 3)pR:)d C:0)b:)0gC )CTRc qpCg0 0pmTp:T5R w -

qpCg0 b55qTRc pRm :0p77TRc w - )CTRc dgb1pRTbpq pb:T5R 5H qTc1: w - p:5d 57:TbC w - :1g50V 5H

b1gdTbpq 0gpb:T5RC w - 3)pR:)d dgb1pRTbpq :)RRgqTRc gHHgb:C TR TR50cpRTb 50cpRTb pRm

b5d7qgI CVC:gdC TR rT5q5cV w - 3)pR:)d 71pCg :0pRCT:T5RC w - 3)pR:)d TRH50dp:T5R

w - 5Cg TRC:gTR b5RmgRCp:T5R w - p:5d qpCg0C w - b5qm p:5d pCC5bTp:T5R TR

mgcgRg0p:g 3)pR:)d cpCgC w - RpR571VCTbC w - Rg):0TR5 5CbTqqp:T5RC w - g:b



i1g pRpqV:Tb d5mgqC 5H :1g :65 :10gg pRm cgRg0pqqV Hg6 C:p:g 705rqgdC mg(gq57gm TR :1g

7pC: dpvg )Cg :1g cgRg0pqT8gm 1V7g0cg5dg:0Tb H)Rb:T5RC 50 :1gT0 7p0:Tb)qp0 bpCgC Cgg g c w

- pRm 0gHg0gRbgC :1g0gTR R HTRmTRc :1g C5q):T5RC TR :g0dC 5H :1g p)CC 1V7g0cg5dg:0Tb pRm

:1g 2)ddg0 b5RHq)gR: 1V7g0cg5dg:0Tb H)Rb:T5RC w - pC 6gqq pC TR :g0dC 5H :1g qp)CgR w -

pRm 5)0Cp: w - cgRg0pqT8gm 1V7g0cg5dg:0Tb H)Rb:T5RC w - T: 1pC rggR 0gb5cRT8gm :1p: :1g

Cg: 5H pqq C5q(prqg bpCgC bpR rg mT(Tmgm TR:5 TRmg7gRmgR: bqpCCgC gpb1 b5R:pTRTRc TRHTRT:g R)drg0 5H

dgdrg0C cgRg0p:gm rV p b500gC75RmTRc rpCTb TR:gc0prqg d5mgq w - i1g rpCTb C5q(prqg d5mgqC

p0g mgHTRgm rV p 7pT0 5H H)Rb:T5RC :1g HT0C: 5H 61Tb1 TC 0gHg00gm :5 pC :1g pd7qT:)mg d5m)qp:T5R pRm

:1g Cgb5Rm 5Rg pC :1g mg:)RTRc d5m)qp:T5R H)Rb:T5R i1g pb:)pq HTgqm b5RHTc)0p:T5R :1p: TC :1g 7pT0

5H :1g 0gpq H)Rb:T5RC mgHTRTRc :1g 0gpq 71VCTbpq HTgqm :1g uprT H0g3)gRbV pRm :1g H0g3)gRbV mg:)RTRc

pC Hp0 pC :1g 3)pR:)d 57:Tbpq :g0dTR5q5cV TC )Cgm rV dgpRC 5H p77qTbp:T5R 5H p cgRg0pqqV b5d7qgI

(pq)gm :0pRCH50dp:T5R 5H :1g TRmg7gRmgR: (p0Tprqg w -

R :1g 70gCgR: 650v 6g p77qV :1TC cgRg0pq 7057g0:V 5H :1g C5q(prqg d5mgqC 5H :1g :Tdg

mg7gRmgR: tb10FmTRcg0 g3)p:T5RC :5 mg0T(g C5q):T5RC 5H :1g :65 C:p:g 705rqgd TR :g0dC 5H :1g HT(g

g)R H)Rb:T5RC :1g cgRg0pq g)R H)Rb:T5R w - pRm T:C H5)0 b5RHq)gR: H50dC w - i1g cgRg0pq

g)R H)Rb:T5R TC p C5q):T5R 5H p Cgb5Rm 50mg0 qTRgp0 mTHHg0gR:Tpq g3)p:T5R 61Tb1 TC :1g d5C: cgRg0pq

50mTRp0V qTRgp0 Cgb5Rm 50mg0 )b1CTpR mTHHg0gR:Tpq g3)p:T5R 1p(TRc H5)0 0gc)qp0 CTRc)qp0 75TR:C w

- i1g C7gbTpq H)Rb:T5RC gdg0cTRc H05d :1TC g3)p:T5R pC 6gqq pC H05d T:C H5)0 b5RHq)gR: H50dC p0g

b)00gR:qV 6TmgqV Hpbgm TR H)RmpdgR:pq pRm p77qTgm 71VCTbC dp:1gdp:TbC pRm gRcTRgg0TRc i1gCg

H)Rb:T5RC cgRg0pqT8g pqq :1g H)Rb:T5RC 5H :1g 1V7g0cg5dg:0Tb bqpCC pC 6gqq pC :1g 4pdA .p:1Tg)

C71g05Tmpq 6p(g pRm dpRV 5:1g0 vR56R C7gbTpq H)Rb:T5RC pRm H50 :1TC 0gpC5R :1gV p0g rgqTg(gm :5

rgb5dg p 7p0: 5H :1g C:pRmp0m Cg: 5H C7gbTpq H)Rb:T5RC TR :1g Rgp0 H):)0g

)00gR:qV :1g g)R g3)p:T5RC p0g gRb5)R:g0gm TR C5 dpRV r0pRb1gC 5H bqpCCTbpq pRm R5R

bqpCCTbpq 71VCTbC 0pRcTRc H05d R5R Sg6:5RTpR qT3)Tm dgb1pRTbC 01g5q5cV C)0Hpbg 71VCTbC

75qVdg0 71VCTbC p:5dTb pRm R)bqgp0 71VCTbC :5 cgRg0pq c0p(T:V pC:05R5dV pRm b5Cd5q5cV g c :1g

mTCq5bp:T5R :1g50V pRm dpCC C:g7 705rqgd TR 3)pR:)d dgb1pRTbC :Tdg mg7gRmgR: Hg6 C:p:g d5mgqC

TR 3)pR:)d 57:TbC 3)pR:)d :65 bgR:g0 705rqgd TR d5qgb)qp0 71VCTbC C)0Hpbg 75qp0T:5RC qp::Tbg

CVC:gdC TR C:p:TC:Tbpq dgb1pRTbC :1g50V 5H rqpbv 15qgC g:b :1p: T: TC mTHHTb)q: :5 cT(g p bqpCCTHTbp:T5R

5H pqq 0gqg(pR: 705rqgdC Cgg g c w - pRm 0gHg0gRbgC :1g0gTR

)g :5 gI:0gdgqV 0Tb1 C:0)b:)0g 5H :1g g)R H)Rb:T5RC :1g pRpqV:Tb mg(gq57dgR:C rpCgm 5R

:1gd 705dTCg TR:g0gC:TRc pRm Td750:pR: Rg6 p77qTbp:T5RC TR dpRV r0pRb1gC 5H b5R:gd750p0V

71VCTbC pRm dp:1gdp:TbC pRm pC pq0gpmV dgR:T5Rgm pr5(g :1g C7gbTpq H)Rb:T5RC gdg0cTRc H05d :1g

C5q):T5RC 5H :1g g)R g3)p:T5RC p0g C)775Cgm :5 c0pm)pqqV b5d75Cg pR Td750:pR: b5d75RgR: 5H :1g

RgI: cgRg0p:T5R 5H C:pRmp0m :55qC 5H dp:1gdp:Tbpq 71VCTbC



56g(g0 mgC7T:g :1g b5RCTmg0prqg gHH50: mg(5:gm :5 :1g dp:1gdp:Tbpq 7057g0:TgC 5H :1g g)R

g3)p:T5RC :1gV p0g C:Tqq d)b1 qgCC C:)mTgm :1pR :1gT0 70gmgbgCC50C HT0C: 5H pqq :1g 0gqp:T(gC 5H :1g

1V7g0cg5dg:0Tb bqpCC dpy50 0gpC5R H50 :1g Cq56 705c0gCC TR :1g mg(gq57dgR: 5H :1g :1g50V 5H :1g

g)R g3)p:T5RC TC :1p: :1g Cg0TgC C5q):T5RC gT:1g0 TR :g0dC 5H 756g0C 50 TR :g0dC 5H :1g H)Rb:T5RC 5H

1V7g0cg5dg:0Tb bqpCC p0g c5(g0Rgm rV p: qgpC: :10gg :g0d 0gb)00gRbg 0gqp:T5RC rg:6ggR C)bbgCCT(g
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b5RmT:T5R z 9xz z 9xz pRm z

z

i1g b500gC75RmTRc 7)qCg C1p7gC p0g cT(gR 7p0pdg:0TbpqqV pC

qRp0b:pRqR
g

gg-

ggg
gg

-
zz

61g0g 6T:15): q5CC 5H cgRg0pqT:V 6g 1p(g C)775Cgm g pRm TR:05m)bgm 0gpq 7p0pdg:g0C

pRm t t t zz : bpR rg CggR

H05d 3 :1p: TH :1gR -g pRm TH :1gR -g 50

mgHTRT:gRgCC 6g b5RCTmg0 :1g bpCg i1gR p: pR p770570Tp:g b15Tbg 5H :1g 0gdpTRTRc

7p0pdg:g0C 3C mgHTRg pCVddg:0Tb 7)qCg C1p7gC C156R TR TcC



Tc qpCC 9xz 5RC:pR:

mg:)RTRc bpCg l)qCg C1p7gC H50
ttt b)0(gC

pRm

Tc qpCC 9xz 5RC:pR:

mg:)RTRc bpCg l)qCg C1p7gC H50 t

t t pRm
b)0(gC

S5:g :1p: :1g 7)qCgC 5H :1g C)rHpdTqTgC z 9xz z 9xz z

z m5 R5: (pRTC1 p: - 61Tqg :1g 0gdpTRTRc C)rHpdTqTgC x z

9xz 9 pRm z C)ccgC: rgqq C1p7gm pCVddg:0Tb 7)qCgC (pRTC1TRc p:

TRHTRT:V i1g qTdT:C g- pRm g- p0g qTC:gm TR iprqg

z  -  -  

9x    
9x    

9x    
9x    

9x    

9x    
9x    

9x    
9x    

iprqg i1g qTdT:C - H50 RTRg bqpCCgC 705m)bTRc 0gpq 7)qCgC rV :1g b5d7qgI (pq)gm
:0pRCH50dp:T5R -gta : TC C)775Cgm :1p: pRm





1V7g0cg5dg:0Tb 705:5:V7g pR pmmT:T5Rpq cgRg0pqT8p:T5R b5dgC m)g :5 pR gI:0p :g0d TR :1g mg:)RTRc

d5m)qp:T5R H)Rb:T5R TRpqqV dpRV bqpCCgC C)ccgC: pd7qT:)mg d5m)qp:T5R H)Rb:T5RC R5: mTCb)CCgm

rgH50g

i1g mg:)RTRc d5m)qp:T5R H)Rb:T5R TC :1g Cpdg H50 pqq :1g mg0T(gm bqpCCgC i1TC H)Rb:T5R

TR(5q(gC H5)0 p0rT:0p0V 7p0pdg:g0C :1p: TC :65 d50g :1pR :1g 1V7g0cg5dg:0Tb bqpCCgC i1gCg

7p0pdg:g0C TR cgRg0pq p0g b5d7qgI pRm C15)qm rg b15CgR C5 :1p: :1g 0gC)q:pR: mg:)RTRc TC 0gpq H50 :1g

p77qTgm b5d7qgI (pq)gm :0pRCH50dp:T5R 5H :1g TRmg7gRmgR: (p0Tprqg i1g cgRg0pqT8p:T5R 5H :1g

mg:)RTRc d5m)qp:T5R H)Rb:T5R :5 :1g H5)0 7p0pdg:0Tb bpCg TC :1g d5C: R5:prqg gI:gRCT5R CTRbg dpRV

)CgH)q 7057g0:TgC 5H :1g :65 C:p:g d5mgqC mgCb0Trgm rV :1g g)R g3)p:T5R p0g m)g :5 RpdgqV :1g

pmmT:T5Rpq 7p0pdg:g0C TR(5q(gm TR :1TC H)Rb:T5R

fg R5:g :1p: :1g :gb1RT3)g p77qTgm H50 mg0T(p:T5R 5H :1g 70gCgR:gm C5q(prqg bqpCCgC

gCCgR:TpqqV 0gC:C 5R :1g 7057g0:V w - 5H :1g C5q(prqg bpCgC 5H :1g :Tdg mg7gRmgR: tb10FmTRcg0

g3)p:T5RC i1TC p7705pb1 pCC)dgC :65 C)bbgCCT(g C:g7C i1g HT0C: C:g7 b5RCTC:C TR TmgR:THTbp:T5R

5H :1g rpCTb C5q(prqg d5mgqC pC qTC:gm TR pr5(g iprqgC rV dgpRC 5H :0pRCH50dp:T5R 5H :1g

mg7gRmgR: (p0Tprqg i1g :0pRCH50dp:T5R 5H :1g TRmg7gRmgR: (p0Tprqg TC gI7qTbT:qV )Cgm 5RqV TR :1g

Cgb5Rm C:g7 61gR :1g pb:)pq HTgqm b5RHTc)0p:T5RC p0g C7gbTHTgm Cgg 3C nRqTvg :1TC

p7705pb1 TR :1g d5C: 5H :1g bpCgC mTCb)CCgm TR qT:g0p:)0g :1g C:0gCC TC m5Rg 7g01p7C rV 1TC:50Tbpq

0gpC5RC 5R :1g :0pRCH50dp:T5R 5H :1g TRmg7gRmgR: (p0Tprqg 56g(g0 p C150: gIpdTRp:T5R C156C

:1p: :1TC TC p 0p:1g0 0gC:0Tb:T(g p7705pb1 61Tb1 TC 75:gR: :5 705m)bg 5RqV p (g0V Hg6 0gC)q:C Rmggm

C)775Cg T g C5 :1p: :1g g)R H)Rb:T5R p77gp0C TR :1g HTRpq C5q):T5R 6T:15): p

70g Hpb:50 : :1gR H5qq56C H05d 3C :1p: TR :1TC bpCg C15)qm rg z i1TC qgpmC :5 5RqV

bqpCCgC 5): 5H 70gCgR:gm 9xz 9x 9x pRm

9x i1)C :1g b5Rbq)CT5R TC :1p: :1g p7705pb1 rpCgm 5R :1g 7057g0:V 5H C5q(prqg

d5mgqC TC CTcRTHTbpR:qV d50g pm(pRbgm 5Rg i1g H5)0 dgR:T5Rgm bpCgC 6T:1 p0g TRmTbp:gm TR

Tc rV :10gg :0TpRcqgC pRm p C3)p0g 61Tb1 TRmTbp:gC :1g qpC: bqpCC S5:g :1p: :1g HT0C: 5H :1gCg H5)0

bqpCCgC 70gCgR:C p cgRg0pqT8p:T5R 5H p bqpCC C5q(prqg TR :g0dC 5H :1g p)CC 1V7g0cg5dg:0Tb H)Rb:T5RC

w - :5 p d50g cgRg0pq :V7g 5H H0g3)gRbV d5m)qp:T5R m)g :5 :1g :g0d 705750:T5Rpq :5 TR 3

)0:1g0d50g :1g RgI: :65 bqpCCgC TRmTbp:gm rV :0TpRcqgC p0g d5mTHTbp:T5RC 5H :1g HT0C: bqpCC H50

:1g CTRc)qp0 75TR:C 9x pRm 9x 0gC7gb:T(gqV i1g d5C: TR:g0gC:TRc TC :1g bpCg

9xz 61Tb1 C)ccgC:C cgRg0pqT8p:T5RC 5H r5:1 mg:)RTRc pRm pd7qT:)mg

d5m)qp:T5R H)Rb:T5RC pC b5d7p0gm 6T:1 T:C 1V7g0cg5dg:0Tb 705:5:V7g i1TC bpCg 6pC :0gp:gm TR

w - 156g(g0 :1g :0gp:dgR: :1g0g TC 0gC:0Tb:gm :5 :1g bpCg 61Tb1 5H b5)0Cg R5:prqV

6gpvgRC :1g gI:gR: 5H :1g cgRg0pqT8p:T5R



fg 1p(g mg:g0dTRgm :1g 7p0pdg:g0C 5H :1g cgRg0pq g)R H)Rb:T5R TR(5q(gm TR :1g HTRpq

C5q):T5R 5H :1g TRT:Tpq :65 C:p:g 705rqgd pRm 1p(g 70gCgR:gm :1g 756g0 Cg0TgC gI7pRCT5R 5H :1TC

H)Rb:T5R )0:1g0d50g 6g 1p(g dgR:T5Rgm p 7p0:Tb)qp0 Cg0TgC gI7pRCT5R 5H :1g cgRg0pq g)R

H)Rb:T5R TR :g0dC 5H :1g p)CC 1V7g0cg5dg:0Tb H)Rb:T5RC :1p: TC b5R(gRTgR: H50 mg0T(p:T5R 5H

7p0:Tb)qp0 bq5Cgm H50d HTRT:g C)d C5q):T5RC

TCb)CCTRc :1g b5RC:pR: mg:)RTRc bpCg 6g 1p(g 70gCgR:gm Cg(g0pq 7p0:Tb)qp0 HpdTqTgC 5H

7)qCgC cgRg0p:gm rV 0gpq :0pRCH50dp:T5R 5H :1g TRmg7gRmgR: (p0Tprqg i1gCg HpdTqTgC TRbq)mg r5:1

CVddg:0Tb pRm pCVddg:0Tb dgdrg0C d5Rc pqq :1g HpdTqTgC 5RqV :gR 705(Tmg HTRT:g p0gp 7)qCgC

:1p: TC 7)qCgC :1p: (pRTC1 p: TRHTRT:V i1g dgdrg0C 5H :1gCg HpdTqTgC p0g TR cgRg0pq CVddg:0Tb 50

pCVddg:0Tb :65 7gpv 7)qCgC 6T:1 b5R:05qqprqg mTC:pRbg rg:6ggR :1g 7gpvC pRm b5R:05qqprqg

pd7qT:)mg 5H gpb1 5H :1g 7gpvC fg 1p(g C156R :1p: :1g gmcg C1p7gC :1g mTC:pRbg rg:6ggR :1g

7gpvC pC 6gqq pC :1g pd7qT:)mg 5H :1g 7gpvC p0g b5R:05qqgm pqd5C: TRmg7gRmgR:qV rV mTHHg0gR:

7p0pdg:g0C fg 1p(g TmgR:THTgm :1g 7p0pdg:g0C b5R:05qqTRc gpb1 5H :1g dgR:T5Rgm Hgp:)0gC pRm 1p(g

mTCb)CCgm 5:1g0 rpCTb 7057g0:TgC 5H 7)qCg C1p7gC

fg 1p(g C156R :1p: :1g 7)qCg gmcgC dpV rgb5dg C:g7 6TCg H)Rb:T5RC pRm mg:g0dTRgm :1g

75CT:T5RC 5H :1g qTdT:TRc (g0:Tbpq 6pqq gmcgC fg 1p(g C156R :1p: :1g 7)qCg 6Tm:1 TC :1gR b5R:05qqgm

rV 5RqV :65 5H :1g TR(5q(gm 7p0pdg:g0C 50 C5dg (pq)gC 5H :1gCg 7p0pdg:g0C :1g 7)qCg 6Tm:1

mT(g0cgC pRm H50 C5dg 5:1g0 (pq)gC :1g 7)qCgC rgb5dg TRHTRT:gqV Rp0056 fg 1p(g C156R :1p: :1g

gHHgb: 5H :1g :65 dgR:T5Rgm 7p0pdg:g0C TC pqd5C: CTdTqp0 :1p: TC r5:1 7p0pdg:g0C p0g prqg :5

TRmg7gRmgR:qV 705m)bg 7)qCgC 6T:1 pqd5C: :1g Cpdg C1p7g pRm 6Tm:1 fg 1p(g mg:g0dTRgm :1g

b5RmT:T5RC H50 cgRg0p:T5R 5H 7)qCgC 5H pqd5C: TRmTC:TRc)TC1prqg C1p7g pRm 6Tm:1 pRm 1p(g 70gCgR:gm

Cg(g0pq C)b1 gIpd7qgC

i1g mg0T(gm bqpCCgC 705(Tmg p 0Tb1 (p0Tg:V 5H HTgqm b5RHTc)0p:T5RC cgRg0p:gm rV mTHHg0gR: 0gpq

50 b5d7qgI b15TbgC 5H :1g TRmg7gRmgR: (p0Tprqg :0pRCH50dp:T5R 50 TRC:pRbg p7p0: H05d :1g pr5(g

HpdTqTgC 5H b5RC:pR: mg:)RTRc 7)qCgC 5r:pTRgm rV 0gpq -a dpRV 5:1g0 C)b1 b5RC:pR: mg:)RTRc

HpdTqTgC p0g C)ccgC:gm rV p b5d7qgI :0pRCH50dp:T5R 5H :1g H50d -gta 50

gI7 -t-a Ipd7qgC 6T:1 (p0Tprqg mg:)RTRc TRbq)mg R)dg05)C d5mgqC 6T:1 b5RC:pR:

pd7qT:)mg 5H :1g HTgqm Cg(g0pq b5RHTc)0p:T5RC 6T:1 7g0T5mTb d5m)qp:T5R 5H :1g pd7qT:)mg p qp0cg

(p0Tg:V 5H HpdTqTgC 5H b1T07gm 7)qCgC qg(gq cqpRbTRc d5mgqC pRm d5mgqC mgCb0TrTRc m5)rqg 50

7g0T5mTb qg(gq b05CCTRcC S5:prqV :1g bqpCCgC pqC5 C)ccgC: d5mgqC mgCb0TrTRc gIbT:p:T5R 5H p :65

qg(gq p:5d rV rT b105dp:Tb qpCg0 HTgqmC i1TC TC R5: :1g 615qg qTC: :1g0g p0g Cg(g0pq 5:1g0

75CCTrTqT:TgC

fg 65)qm qTvg :5 b5Rbq)mg rV p r0TgH R5:g b5Rbg0RTRc 75CCTrqg p77qTbp:T5RC 5H pr5(g

d5mgqC T0C: 6g dgR:T5R :1g p770gbTprqg 0Tb1RgCC 5H :1g Cg: 5H :1g g)R d5mgqC pC b5d7p0gm 6T:1



:1g 1V7g0cg5dg:0Tb Cg: :1g R)drg0 5H :1g g)R d5mgqC 70g(pTqC rV pR 50mg0 5H :1g dpcRT:)mg

tgb5Rm :1g g)R d5mgqC C)ccgC: p (p0Tg:V 5H mTC:TRb: Hgp:)0gC R5: 70gCgR: TR :1g 1V7g0cg5dg:0Tb

pRbgC:50C g c m5)rqg pRm d)q:T7qg qg(gq b05CCTRcC :65 7gpv 7)qCgC g:b 50 :1TC 0gpC5R 5Rg

dpV H50gCgg dpRV p77qTbp:T5RC TR 3)pR:)d pRm p:5d 57:TbC g c TR 3)pR:)d gRcTRgg0TRc (Tp

dpRT7)qp:T5R 5H 3)pR:)d C:0)b:)0gC 6T:1 70gCb0Trgm 7057g0:TgC w - rV qpCg0 7)qCgC TR :1g

:1g50V 5H b1gdTbpq 0gpb:T5RC TRbq)mTRc b5qm p:5d pCC5bTp:T5R TR 3)pR:)d cpCgC g:b 156g(g0 T: TC

mTHHTb)q: TH R5: Td75CCTrqg :5 qTC: pqq 75CCTrTqT:TgC

fg 65)qm qTvg :5 dgR:T5R 1g0g y)C: p )CgH)q 75TR: 5H dp:1gdp:Tbpq b1p0pb:g0 R Cg(g0pq

bpCgC :1g p77qTbp:T5R 5H :1g 70gCgR:gm g)R d5mgqC dpV rg pm(pR:pcg5)C H50 cgRg0pq b5RCTmg0p:T5RC

:1TC dpV rg :1g bpCg g(gR TH :1g 3)pqT:p:T(g rg1p(T50 5H :1g 7)qCgC TC bq5Cg :5 :15Cg mTCb)CCgm )CTRc

1V7g0cg5dg:0Tb d5mgqC i1TC TC rgbp)Cg TR Cg(g0pq bpCgC :1g d5mgqC pqq56 bq5Cgm H50d C5q):T5RC

rpCgm 5R Cg0TgC gI7pRCT5RC 5H :1g TR(5q(gm g)R H)Rb:T5RC R gIpd7qg C)7750:TRc :1TC 5rCg0(p:T5R

TC :1g C5q):T5R 5H :1g :65 C:p:g 705rqgd H50 :1g b5RC:pR: pd7qT:)mg HTgqm b5RHTc)0p:T5R mgCb0TrTRc p

7g0T5mTb qg(gq b05CCTRc 705bgCC :1p: 6g 70gCgR: TR :1g RgI: Cgb:T5R : TC 0gpmTqV b1gbvgm :1p: :1g

7p0pdg:g0C 5H :1g cgRg0pq g)R H)Rb:T5R TR(5q(gm TR :1g HTRpq C5q):T5R TR :1TC bpCg pqq p0g 0gpq pRm

C)b1 :1p: pqq56 p Cg0TgC gI7pRCT5R TR :g0dC 5H :1g TRb5d7qg:g g:p H)Rb:T5RC w - 50 p bg0:pTR

TRHTRT:g b5)R:prqg Cg: 5H 7p0pdg:g0C :1TC Cg0TgC TC :g0dTRp:gm :1)C 0gC)q:TRc TR bq5Cgm H50d HTRT:g

C)d C5q):T5RC fg TR:gRm :5 mTCb)CC Cg(g0pq 5:1g0 p77qTbp:T5RC 5H :1gCg C5q):T5RC TR 5)0 H):)0g

0gCgp0b1

1.2 A 3e5.2d.c le9el-c5266.1, 7:2-67a7e 02del 2f a ,e1e5al He81 cla66 
i1g C7gbTHTb d5mgq 6g b5RCTmg0 TR :1TC Cgb:T5R 70gCgR:C p b5RC:pR: pd7qT:)mg 7g0T5mTb 71pCg

d5m)qp:T5R HTgqm b5RHTc)0p:T5R 61Tb1 dpV rg qg(gq b05CCTRc qg(gq cqpRbTRc 50 R5R b05CCTRc fg

R5:g :1p: :15)c1 :1g qg(gq b05CCTRc TC p vgV 7p0pmTcd 5H :1g :1g50V 5H 3)pR:)d R5R pmTprp:Tb

:0pRCT:T5RC w - 5RqV p Hg6 pRpqV:Tb d5mgqC mgCb0TrTRc C)b1 705bgCCgC p0g vR56R w -

gCTmgC :1gCg p0g 5RqV CTRcqg b05CCTRc d5mgqC pRm :5 :1g rgC: 5H 5)0 vR56qgmcg R5 gIpb:qV

C5q(prqg d5mgqC 5H 7g0T5mTb b05CCTRcC 5H :1g 0gC5RpRbg p0g vR56R

i1g d5mgq 6g mTCb)CC TR :1g 70gCgR: Cgb:T5R 70gCgR:C p b5RC:pR: pd7qT:)mg 7g0T5mTb qg(gq

b05CCTRc d5mgq rgq5RcTRc :5 5Rg 5H :1g :1T0:V HT(g cgRg0pq g)R bqpCCgC 5H HTgqm b5RHTc)0p:T5RC w -

R :1g 7p0:Tb)qp0 bpCg p: 1pRm :1g cgRg0pq g)R H)Rb:T5R TR(5q(gm TR :1g C5q):T5R 5H :1g :65 C:p:g

705rqgd pmdT:C p Cg0TgC gI7pRCT5R TR :g0dC 5H :1g TRb5d7qg:g g:p H)Rb:T5RC i1g b5gHHTbTgR:C 5H :1g

gI7pRCT5R 5rgV p :10gg :g0d 0gb)00gRbg 0gqp:T5R 61Tb1 pqq56C :g0dTRp:T5R 5H :1g Cg0TgC fg C156

:1p: :1g b5RmT:T5RC H50 CTd)q:pRg5)C qgH: pRm 0Tc1: 1pRm CTmg :g0dTRp:T5RC cgRg0pqqV qgpm :5

UF t-tUF ssg TR:gc0prqg d5mgqC H50 61Tb1 :1g pd7qT:)mg pRm mg:)RTRc d5m)qp:T5R H)Rb:T5RC p0g R5:



(p0Tgm TRmg7gRmgR:qV 56g(g0 :1g0g gITC:C p 7p0:Tb)qp0 cF UF t-tUF ssg TR:gc0prqg d5mgq i1TC TC p

b5RC:pR: pd7qT:)mg 7g0T5mTb qg(gq b05CCTRc d5mgq H50 61Tb1 :1g mg:)RTRc d5m)qp:T5R H)Rb:T5R H50 p

qp0cg 7p0pdg:g0 TC gHHgb:T(gqV p T0pb mgq:p b5dr :10gpmgm 5R p bp00Tg0 H0g3)gRbV S5:prqV :1g gIpb:

C5q):T5R 5H :1g 705rqgd H50 :1TC 7p0:Tb)qp0 d5mgq TC g(gR:)pqqV 60T::gR TR :g0dC 5H gqgdgR:p0V

H)Rb:T5RC i1TC C5q):T5R gI7qTbT:qV TRmTbp:gC :1g q53)g: gI75RgR:C gI70gCCgm :105)c1 :1g

cgRg0pqT8gm uprT H0g3)gRbV H50 :1g bp00Tg0 H0g3)gRbV 5H :1g pCC5bTp:gm b5RC:pR: mg:)RTRc HTgqm

nCTRc :1g mg0T(gm C5q):T5R 6g gI7q50g :1g R5R pmTprp:Tb mVRpdTbC 5H :1g :65 C:p:g CVC:gd C)rygb:

:5 gIbT:p:T5R rV p m0T(TRc 57:Tbpq HTgqm 5H :1g dgR:T5Rgm b5RHTc)0p:T5R

1.2.1 A c2167a17-a03l.78de le9el-c5266.1, ,e1e5al He81 02del 2f 7-e 7:2-67a7e 352ble0 
i1g :65 C:p:g d5mgq :1p: 6g TR:05m)bg rgq5RcC :5 :1g cgRg0pq g)R bqpCC 6T:1

z i1g d5mgq TC cT(gR :105)c1 :1g g3)p:T5RC 6T:1 :1g b5d7qgI (pq)gm

:0pRCH50dp:T5R 5H :1g TRmg7gRmgR: (p0Tprqg :pvgR pC t - -a - w - fT:1 :1g b15Tbg 5H :1g

7p0pdg:g0C 5H :1g pd7qT:)mg pRm mg:)RTRc d5m)qp:T5R H)Rb:T5RC pC

t

t t

6g cg: p b5RC:pR: pd7qT:)mg HTgqm b5RHTc)0p:T5R 6T:1 7g0T5mTb d5m)qp:T5R 5H :1g mg:)RTRc

b5C-

-

-
- -

61g0g pRm - p0g p0rT:0p0V 0gpq TR7): 7p0pdg:g0C THHg0gR: 7p0:Tb)qp0 (pq)gC

5H :1gCg TR7): 7p0pdg:g0C 705m)bg r5:1 qg(gq b05CCTRc pRm R5R b05CCTRc mg:)RTRc d5m)qp:T5RC pC

6gqq pC qg(gq cqpRbTRc b5RHTc)0p:T5RC HTc)0g tTRbg :1g mg:)RTRc TC p 7g0T5mTb
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d5mgq rV R5:TRc :1p: TR 50mg0 :5 gqTdTRp:g :1g mg7gRmgRbg 5H - pRm - 5R 5Rg dpV 7):

H50 p mTCCT7p:T(g bpCg pRm H50 p bpCg 6T:1 cpTR l1VCTbpqqV :1g b5RmT:T5R bpR rg

pb1Tg(gm rV b155CTRc p 7057g0 :Tdg Cbpqg

qpCC S5 z fg 1p(g :1g b5RmT:T5RpqqV TR:gc0prqg HTgqm b5RHTc)0p:T5R
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-
a-
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61g0g
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:pR1-
- - -
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TR :Tdg qg(gq b05CCTRc d5mgq 6T:1 p rgqq C1p7gm pd7qT:)mg d5m)qp:T5R Cgg Tc)0g C T: TC CggR

:1g pd7qT:)mg d5m)qp:T5R H)Rb:T5R TC :1p: 5H :1g u5CgR egRg0 w - 50 gdv5( 2)RTvg w - d5mgqC

)0:1g0d50g H50 R5R 8g05 :1g mg:)RTRc d5m)qp:T5R TC 0p:g0 CTdTqp0 :5 :1p: 5H STvT:TR w - 50 :1g

05:1g0C )c1gC d5mgq w - 61Tqg H50 T: rgb5dgC :1g mg:)RTRc H)Rb:T5R 5H :1g gdv5(

2)RTvg d5mgq w - fg b5Rbq)mg :1TC Cgb:T5R rV R5:TRc :1p: :1g d5mgq 1p(g rggR

TR:05m)bgm TR w - pRm :65 5:1g0 b5RmT:T5RpqqV gIpb:qV TR:gc0prqg d5mgqC qTC:gm TR iprqg 1p(g rggR

70gCgR:gm TR w -



z z a a
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a a a a
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a a
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a
a

t
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t

a
a

t
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t

a a a a
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a a a a
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a a
4pRmp) egRg0 w -

a
a

t
a a

t

a a a
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TR:gc0prqg

a a a
i1TC bpCg m5gC R5: 650v

a
05:1g0C )c1gC w -

a
a a a
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a
a a a
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a
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iprqg i65 C:p:g d5mgqC 5H :1g CTRcqg b5RHq)gR: g)R bqpCC 61Tb1 p0g C5q(prqg :105)c1 p 5Rg
:g0d pRCp:8 TR(5q(TRc 5Rg b5RHq)gR: 1V7g0cg5dg:0Tb H)Rb:T5R i1g :10gg gIpb:qV C5q(prqg bqpCCgC rV
STvT:TR 4pRmp) egRg0 pRm 05:1g0C )c1gC p0g dp0vgm rV c0gV rpbvc05)Rm i1g bqpCCgC mgHTRTRc
mTCCT7p:T(g qg(gq b05CCTRc d5mgqC p0g TRmTbp:gm TR :1g qpC: b5q)dR pC



Tc i1g :65 7p0pdg:0Tb pCVddg:0Tb qg(gq b05CCTRc d5mgq H50 uprT H0g3)gRbV 6T:1
C5qTm qTRg pRm mg:)RTRc 6T:1 mpC1gm qTRg

2.5 A La0be57-W exac7ly 62l9able 
le9el-c5266.1, c21fl8e17 -y3e5,e20e75.c 7:2-67a7e 02del 

 
5RCTmg0 R56 :1g bpCg 61gR :1g Cg0TgC gI7pRCT5R TR :g0dC 5H :1g 2)ddg0 b5RHq)gR:

1V7g0cg5dg:0Tb H)Rb:T5RC 5H :1g CTRcqg b5RHq)gR: g)R H)Rb:T5R TR(5q(gm TR :1g C5q):T5R 5H :1g

:65 C:p:g 705rqgd TC :g0dTRp:gm 5R :1g Cgb5Rm :g0d :1p: TC 61gR C 6g 1p(g CggR pr5(g

H50 gIpb:qV C5q(prqg d5mgqC C15)qm rg pRm z fT:1 :1TC H05d :1g Cgb5Rm g3)p:T5R

6g pcpTR 1p(g S56 H50 :1g Cgb5Rm b5RmT:T5R H50 :g0dTRp:T5R 5H Cg0TgC l

g3)p:T5R TC cT(gR pC

l l

t)rC:T:):TRc g3)p:T5RC T: TC 0gpmTqV b1gbvgm :1p: :1TC g3)p:T5R TC Cp:TCHTgm 5RqV TH z

i1)C 6g b5Rbq)mg :1p: :1g0g TC 5RqV 5Rg gIpb:qV C5q(prqg b5RHTc)0p:T5R

i1TC TC :1g bqpCC S5 z 6T:1 i1g HTgqm b5RHTc)0p:T5R TC cT(gR pC

a a-
a -

-
a-

a -

6T:1 p0rT:0p0V 0gpq 50 b5d7qgI pRm : H5qq56C H05d g3)p:T5R :1p: :1g UFv- F-

n st-c dgdrg0 5H :1TC bqpCC TC mgHTRgm rV :1g g3)p:T5R



a -a
a

61g0g :1g 7p0pdg:g0C pRm C:pRm H50 :1g :Tdg Cbpqg pRm TR:gc0p:T5R b5RC:pR: 0gC7gb:T(gqV pRm

:1g CTcR dTR)C 5R :1g 0Tc1: 1pRm CTmg TC b15CgR H50 b5R(gRTgRbg V b155CTRc - t :1g

TR:gc0p:T5R 0gC)q:C TR :1g :0pRCH50dp:T5R
- -a -

61g0g TC :1g 4pdrg0: f H)Rb:T5R 61Tb1 TC pR gqgdgR:p0V H)Rb:T5R :1p: 0gC5q(gC :1g g3)p:T5R

a w - i1)C 6g p00T(g p: :1g gIpb:qV C5q(prqg HTgqm b5RHTc)0p:T5R

- - --

61g0g 6g 1p(g 7): pRm i1TC TC p d5mgq mgCb0TrTRc pR

pCVddg:0Tb TR :Tdg qg(gq b05CCTRc 705bgCC Cgg Tc)0g : C15)qm rg C:0gCCgm :1p: :1TC pCVddg:0V

TC 61p: mTHHg0C :1TC d5mgq H05d :1g 6gqq vR56R gdv5( 2)RTvg 5Rg w - i1g mg:)RTRc C:p0:C H05d

- - p: - pRm gRmC 6T:1 - - p: -

: TC 0gpmTqV b1gbvgm :1p: TR 50mg0 :5 pmy)C: :1g 0gC5RpRbg b05CCTRc :Tdg 75TR: :5 - 5Rg

C15)qm b155Cg

qR-

fg 0gbpqq :1p: p H)RmpdgR:pq C5q):T5R 5H :1g CTRcqg b5RHq)gR: g)R g3)p:T5R H50 pRm
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l la a
l

Tc i1g 4pdrg0: f gIpb:qV C5q(prqg qg(gq b05CCTRc b5RHq)gR: 1V7g0cg5dg:0Tb :65 C:p:g d5mgq
H50



q:g0Rp:T(gqV :1TC C5q):T5R bpR rg 60T::gR TR p d50g b5d7pb: H50d TR :g0dC 5H :1g 5)0Cp:

cgRg0pqT8gm b5RHq)gR: 1V7g0cg5dg:0Tb H)Rb:T5R pC w -

l
l l

a

fT:1 :1TC p H)RmpdgR:pq C5q):T5R 5H :1g :65 C:p:g 705rqgd H50 d5mgqC pbb50mTRc :5

TC 60T::gR TR :g0dC 5H :1g 2)ddg0 b5RHq)gR: 1V7g0cg5dg:0Tb H)Rb:T5RC pC

a a l a

i5 mTCb)CC :1g rg1p(T50 5H :1g 70gCgR:gm C5q):T5R T: TC b5R(gRTgR: :5 0g60T:g :1g cgRg0pq

C5q):T5R 5H :1g :65 C:p:g 705rqgd T: TR :1g H5qq56TRc g3)T(pqgR: H50d

t t a

a
a
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61g0g p0g p0rT:0p0V b5RC:pR:C

t
t t

pRm

g0g p0g :1g lc vt F e t v H50 -





fg R5:g :1p: pRV b5drTRp:T5R 5H CTcRC H50 TC p77qTbprqg gpb1 705m)bTRc pR TRmg7gRmgR:

H)RmpdgR:pq C5q):T5R 50 mgHTRT:gRgCC 6g b155Cg ntFcv CTcR H50 r5:1 3)pCT gRg0cTgC

5RCTmg0 RgI: :1g pCVd7:5:gC 5H - p: - i5 m5 :1TC 6g gIpdTRg :1g rg1p(T50 5H

:1g :0pRCH50dp:T5R a - p: TRHTRT:V nCTRc :1g 7057g0:TgC 5H :1g 4pdrg0: f H)Rb:T5R w - 5Rg 0gpmTqV

HTRmC :1g H5qq56TRc pCVd7:5:gC Cgg Tc)0g

D - -
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D qR-
- - - -a
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C T: TC CggR :1g pCVd7:5:g p: - TC gI75RgR:Tpq 61Tqg :1g pCVd7:5:g p: - rgb5dgC

qTRgp0 p: qp0cg :TdgC

Tc i0pRCH50dp:T5R C5qTm qTRg :5cg:1g0 6T:1 pCVd7:5:gC pRm mpC1gm qTRgC
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-

61g0g
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C-a37e5 3 

LEVEL-C OSSING TWO-STATE MODELS 
IN TE MS OF THE DOUBLE-, BI- AND T I-CONFLUENT HEUN FUNCTIONS 

 
3.1 A1aly7.c 62l87.216 2f 7-e 48a1780 7:2-67a7e 352ble0 

.1 7e506 2f 7-e d28ble-, b.- a1d 75.-c21fl8e17 He81 f81c7.216 
 

R :1g 70gCgR: b1p7:g0 6g mTCb)CC :1g C5q):T5RC 5H :1g CgdTbqpCCTbpq :Tdg mg7gRmgR: :65

C:p:g 705rqgd TR :g0dC 5H :1g m5)rqg rT pRm :0T b5RHq)gR: g)R H)Rb:T5RC w - i1gCg p0g

dgdrg0C 5H :1g g)R bqpCC 5H dp:1gdp:Tbpq H)Rb:T5RC 61Tb1 cgRg0pqT8g dpRV 5H :1g HpdTqTp0

C7gbTpq H)Rb:T5RC TRbq)mTRc :1g 1V7g0cg5dg:0Tb T0V gCCgq .p:1Tg) H)Rb:T5RC g:b R 1p7:g0C

pRm 6g 1p(g mTCb)CCgm :1g 0gm)b:T5R 5H :1g :65 C:p:g 705rqgd :5 :1g cgRg0pq pRm b5RHq)gR: g)R

g3)p:T5RC : 6pC C156R :1p: :1g0g gITC: 0gC7gb:T(gqV :1T0:V HT(g HT(g 7p0pdg:0Tb w - pRm HTH:ggR

H5)0 7p0pdg:0Tb w - bqpCCgC 5H d5mgqC pqq56TRc C5q):T5RC TR :g0dC 5H :1gCg H)Rb:T5RC p0qTg0 :1g

rT b5RHq)gR: g)R g3)p:T5R 6pC )Cgm :5 gI:gRm :1g d5mgqC C5q(prqg TR :g0dC 5H :1g b5RHq)gR:

1V7g0cg5dg:0Tb H)Rb:T5RC :5 HT(g H5)0 7p0pdg:0Tb bqpCCgC 5H d5mgqC C5q(prqg TR :g0dC 5H :1g rT

b5RHq)gR: g)R H)Rb:T5RC w -
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H50 61Tb1 :1g :65 C:p:g 705rqgd TC 0gm)bgm :5 pR g3)p:T5R 1p(TRc vR56R pRpqV:Tb C5q):T5R TC rpCgm

5R :1g H5qq56TRc cgRg0pq 7057g0:V 5H :1g C5q(prqg d5mgqC 5RCTmg0 :1g :Tdg mg7gRmgR: tb10FmTRcg0

g3)p:T5RC mgHTRTRc :1g CgdTbqpCCTbpq :Tdg mg7gRmgR: :65 C:p:g 705rqgd i1TC TC p CVC:gd 5H b5)7qgm
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-
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-
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i1TC 7057g0:V pqq56C 5Rg :5 c05)7 pqq :1g C5q(prqg d5mgqC TR:5 Cg7p0p:g bqpCCgC gpb1 5H

61Tb1 TRbq)mgC :1g d5mgqC :1p: p0g mg0T(gm H05d :1g Cpdg pd7qT:)mg pRm mg:)RTRc d5m)qp:T5R



H)Rb:T5RC a pRm aa (Tp :0pRCH50dp:T5RC i1gR :1g Cgp0b1 H50 :1g 615qg (p0Tg:V 5H

d5mgqC C5q(prqg TR :g0dC 5H p 7p0:Tb)qp0 C7gbTpq H)Rb:T5R TC 0gm)bgm :5 :1g TmgR:THTbp:T5R 5H :1g

TRmg7gRmgR: 7pT0C 9x a 0gHg00gm :5 pC :1g rpCTb TR:gc0prqg d5mgqC H50 61Tb1 :1g C5q):T5R 5H :1g

:65 C:p:g 705rqgd TC 60T::gR TR :g0dC 5H :1TC C7gbTpq H)Rb:T5R

g0g 6g b5RCTmg0 :1g m5)rqg rT pRm :0T b5RHq)gR: g)R H)Rb:T5RC 61Tb1 p0g C5q):T5RC 5H

7p0:Tb)qp0 b5RHq)gR: d5mTHTbp:T5RC 5H :1g cgRg0pq g)R g3)p:T5R w - p0TCTRc rV dgpRC 5H
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p0g 0gm)bgm :5 p :p0cg: g3)p:T5R T g TR :1TC bpCg :1g m5)rqg rT pRm :0T b5RHq)gR: g)R g3)p:T5RC

5RCTmg0 :1g mTHHg0gR:Tpq g3)p:T5R H50 mg0T(gm H05d CVC:gd rV gqTdTRp:T5R 5H

-
t

-
-

-

i1g :0pRCH50dp:T5R 5H :1g mg7gRmgR: (p0Tprqg aca :5cg:1g0 6T:1 0gm)bgC 3 :5

:1g H5qq56TRc g3)p:T5R H50 :1g Rg6 mg7gRmgR: (p0Tprqg ac
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a

aa
a

a
a

a
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61g0g pRm 1g0gpH:g0 :1g q56g0bpCg 4p:TR TRmgI mgR5:gC mTHHg0gR:Tp:T5R 6T:1 0gC7gb: :5 :1g

b500gC75RmTRc (p0Tprqg i1TC g3)p:T5R rgb5dgC 5Rg 5H :1g mTCb)CCgm :10gg :V7gC 5H b5RHq)gR: g)R

g3)p:T5RC TH

a
aat a

a
a

pRm
a
lat aa

a
aa

i15)c1 :1TC TC pR )Rmg0mg:g0dTRgm CVC:gd 5H :65 R5RqTRgp0 g3)p:T5RC H50 :10gg )RvR56R H)Rb:T5RC

a a pRm a :1g cgRg0pq C5q):T5R 5H 61Tb1 TC R5: vR56R 156g(g0 dpRV 7p0:Tb)qp0
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0Tc1: 1pRm CTmgC 5H g3)p:T5RC pRm



i1TC p7705pb1 1pC 70g(T5)CqV rggR p77qTgm :5 cgRg0pqT8g :1g vR56R d5mgqC C5q(prqg TR :g0dC

5H :1g 1V7g0cg5dg:0Tb H)Rb:T5RC :5 CTI TRHTRT:g :10gg 7p0pdg:0Tb bqpCCgC w - pC 6gqq pC :5

cgRg0pqT8g :1g d5mgqC C5q(prqg TR :g0dC 5H :1g b5RHq)gR: 1V7g0cg5dg:0Tb H)Rb:T5RC :5 :10gg TRHTRT:g

:10gg 7p0pdg:0Tb bqpCCgC w - R 1p7:g0 6g 1p(g mTCb)CCgm :1g C5q(prTqT:V 5H :1g :65 C:p:g

705rqgd TR :g0dC 5H :1g cgRg0pq g)R H)Rb:T5RC w - pRm TR 1p7:g0 6g 1p(g 70gCgR:gm :1g

C5q):T5RC 5H :1g :65 C:p:g 705rqgd TR :g0dC 5H :1g b5RHq)gR: g)R H)Rb:T5RC w - i1T0:V HT(g HT(g

7p0pdg:0Tb pRm HTH:ggR H5)0 7p0pdg:0Tb bqpCCgC 5H d5mgqC pqq56TRc C5q):T5RC TR :g0dC 5H :1gCg

H)Rb:T5RC 1p(g rggR mg0T(gm p )CgH)q Hgp:)0g 5H 61Tb1 TC :1g gI:gRCT5R 5H :1g 70g(T5)CqV vR56R

mg:)RTRc d5m)qp:T5R H)Rb:T5RC :65 7p0pdg:0Tb p: d5C: :5 H)Rb:T5RC TR(5q(TRc d50g 7p0pdg:g0C

R :1g bpCg 5H b5RC:pR: mg:)RTRc :1TC qgpmC :5 :65 7gpv CVddg:0Tb 50 pCVddg:0Tb 7)qCgC 6T:1

b5R:05qqprqg 6Tm:1 w - pRm TR :1g cgRg0pq bpCg 5H (p0Tprqg mg:)RTRc T: 705(TmgC p (p0Tg:V 5H qg(gq

b05CCTRc d5mgqC TRbq)mTRc CVddg:0Tb pRm pCVddg:0Tb d5mgqC 5H R5R qTRgp0 C6gg7TRc :105)c1 :1g

0gC5RpRbg w - qg(gq cqpRbTRc b5RHTc)0p:T5RC w - 705bgCCgC 6T:1 :65 0gC5RpRbg

b05CCTRc :Tdg 75TR:C w - pRm d)q:T7qg 7g0T5mTbpqqV 0g7gp:gm b05CCTRc d5mgqC w -

g0g 6g H5qq56 :1g C:g7C p77qTgm TR w - pRm mg0T(g HT(g H5)0 7p0pdg:0Tb rpCTb

d5mgqC C5q(prqg TR :g0dC 5H :1g m5)rqg b5RHq)gR: g)R H)Rb:T5RC HT(g d50g C)b1 d5mgqC C5q(prqg

TR :g0dC 5H :1g rT b5RHq)gR: g)R H)Rb:T5RC pRm p d5mgq C5q(prqg TR :g0dC 5H :1g :0T b5RHq)gR: g)R
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aa-a a-

61g0g TC :1g 4pdrg0: 705m)b: q5c H)Rb:T5R w - b500gC75RmTRc HpdTqV 5H b1T07gm

mg:)RTRcC TC C156R TR Tc)0g
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6T:1 a 5Rg 7p0pdg:0Tb HpdTqV 5H b5RC:pR: pd7qT:)mg HTgqm b5RHTc)0p:T5RC

mgCb0TrTRc pCVddg:0TbpqqV b1T07gm mg:)RTRcC TC C156R TR Tc)0g oH b5)0Cg 5:1g0 HpdTqTgC g c

mgCb0TrTRc b5RC:pR: mg:)RTRc 7)qCgC bpR rg b5RC:0)b:gm rV pR p770570Tp:g b15Tbg 5H :1g

:0pRCH50dp:T5R -a pRm :1g TR(5q(gm 7p0pdg:g0C

Tc 5)rqg b5RHq)gR: g)R bqpCC 5RC:pR: pd7qT:)mg HpdTqV 6T:1 -a - a a

a
g:)RTRcC b500gC75RmTRc :5 b)0(gC 0gC7gb:T(gqV

3.1.5 D.6c866.21 
i1)C 6g 1p(g 70gCgR:gm HT(g bqpCCgC 5H 3)pR:)d :Tdg mg7gRmgR: :65 C:p:g d5mgqC C5q(prqg

TR :g0dC 5H :1g m5)rqg b5RHq)gR: g)R H)Rb:T5RC HT(g 5:1g0 bqpCCgC C5q(prqg TR :g0dC 5H :1g rT

b5RHq)gR: g)R H)Rb:T5RC pRm p bqpCC C5q(prqg TR :g0dC 5H :1g :0T b5RHq)gR: g)R H)Rb:T5RC qq :1g

mg0T(gm bqpCCgC p0g H5)0 7p0pdg:0Tb R :1g bpCg 5H b5RC:pR: pd7qT:)mg HTgqm b5RHTc)0p:T5R :1g

d5mgqC mgCb0Trg mTHHg0gR: R5R qTRgp0 7p0pr5qTb b)rTb CTR1 b5C1 g:b qg(gq C6gg7TRc 50 qg(gq

cqpRbTRc m5)rqg 50 :0T7qg qg(gq b05CCTRc 705bgCCgC .5mgqC mgCb0TrTRc 7g0T5mTbpqqV 0g7gp:gm

0gC5RpRbg cqpRbTRc 50 0gC5RpRbg b05CCTRc p0g pqC5 75CCTrqg

fg 1p(g TRmTbp:gm :1p: dpRV 5:1g0 bqpCCgC bpR rg mg0T(gm )CTRc g3)p:T5RC 5rgVgm rV bg0:pTR

H)Rb:T5RC TR(5q(TRc :1g mg0T(p:T(gC 5H :1g g)R H)Rb:T5RC fg 1p(g 70gCgR:gm pR gIpd7qg 5H C)b1 p

bqpCC H50 gpb1 5H :1g :10gg b5RHq)gR: g)R g3)p:T5RC : C15)qm rg R5:gm :1p: 5Rg bpRR5: b5RC:0)b:

CTdTqp0 pmmT:T5Rpq bqpCCgC TH :1g 1V7g0cg5dg:0Tb g3)p:T5RC pq5Rg p0g b5RCTmg0gm i1TC TC rgbp)Cg :1g

mg0T(p:T(gC 5H :1g 1V7g0cg5dg:0Tb H)Rb:T5RC p0g pcpTR 1V7g0cg5dg:0Tb H)Rb:T5RC 61Tqg :1g

mg0T(p:T(gC 5H :1g g)R H)Rb:T5RC pC pq0gpmV 6pC CpTm pr5(g cgRg0pqqV m5 R5: rgq5Rc :5 :1g g)R



bqpCC r): 5rgV d50g b5d7qTbp:gm g3)p:T5RC cgRg0pqqV TR(5q(TRc 5Rg d50g 0gc)qp0 CTRc)qp0 75TR:

w -

i1g g)R H)Rb:T5RC )Cgm p0g C5q):T5RC 5H b500gC75RmTRc b5RHq)gR: d5mTHTbp:T5RC 5H :1g

cgRg0pq g)R g3)p:T5R mg0T(gm m)g :5 b5pqgCbgRbg 5H C5dg 5H T:C CTRc)qp0 75TR:C 50 C5dg (pq)gC

5H :1g TR(5q(gm 7p0pdg:g0C gpb1 5H :1gCg :10gg g3)p:T5RC TC 0gm)bgm :5 :1g b5RHq)gR: 1V7g0cg5dg:0Tb

g3)p:T5R gT:1g0 mT0gb:qV 50 rV p :0pRCH50dp:T5R 5H :1g mg7gRmgR: 50 TRmg7gRmgR: (p0Tprqg i1g pr5(g

bqpCCgC :1gR 0g705m)bg :1g :10gg vR56R :10gg 7p0pdg:0Tb bqpCCgC C5q(prqg TR :g0dC 5H :1g b5RHq)gR:

1V7g0cg5dg:0Tb H)Rb:T5RC w -

50 TRC:pRbg :1g m5)rqg b5RHq)gR: g)R g3)p:T5R TC mT0gb:qV 0gm)bgm :5 :1g b5RHq)gR:

1V7g0cg5dg:0Tb g3)p:T5R TH l fg :1gR R5:g :1p: TR :1TC bpCg :1g CVC:gd rgb5dgC
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:1gCg bqpCCgC gIpb:qV 0g705m)bg :1g :10gg :10gg 7p0pdg:0Tb b5RHq)gR: 1V7g0cg5dg:0Tb bqpCCgC w -

56g(g0 :1g :0T b5RHq)gR: g)R g3)p:T5R TC R5: mT0gb:qV 0gm)bgm :5 :1g b5RHq)gR:

1V7g0cg5dg:0Tb g3)p:T5R H 5Rg RggmC p :0pRCH50dp:T5R 5H r5:1 TRmg7gRmgR: pRm mg7gRmgR:
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aaa 6Tqq C)HHTbg : TC :1gR b1gbvgm :1p: :1g :0T b5RHq)gR: bqpCC TR gpb1 5H :1gCg

bpCgC 0g705m)bgC p b5RHq)gR: 1V7g0cg5dg:0Tb bqpCC g c 5r(T5)CqV TR :1g bpCg 6g
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b1pRcg aa i1g qp::g0 bpCg TC 5H 7p0:Tb)qp0 TR:g0gC: CTRbg TR :1TC bpCg :1g 0g705m)b:T5R TC

pb1Tg(gm 6T:1TR :1g bqpCCgC 6T:1 z gRbg TR pmmT:T5R :5 :1g bqpCCgC z :1g

rT b5RHq)gR: bqpCC z pqC5 TRbq)mgC p b5RHq)gR: 1V7g0cg5dg:0Tb C)rbqpCC TRpqqV T: bpR rg

b1gbvgm :1p: :1TC TC :1g bpCg H50 pqq 5:1g0 bqpCCgC i1gR :1g b5Rbq)CT5R TC :1p: pqq :1g 70gCgR:gm

m5)rqg rT pRm :0T b5RHq)gR: bqpCCgC 5H :65 C:p:g d5mgqC gpb1 TR T:C 56R dpRRg0 70gCgR: mTHHg0gR:

cgRg0pqT8p:T5RC 5H :1g 705:5:V7g b5RHq)gR: 1V7g0cg5dg:0Tb HpdTqTgC 5H d5mgqC

fg 65)qm qTvg :5 b5Rbq)mg rV p r0TgH mTCb)CCT5R 5H :1g C5q):T5RC 5H :1g d)q:T b5RHq)gR: g)R

g3)p:T5RC i1gCg p0g b5d7qTbp:gm H)Rb:T5RC :1g :1g50V 5H 61Tb1 C:Tqq RggmC mg(gq57dgR: fg 1p(g

70gCgR:gm pr5(g :1g rpCTb 756g0 Cg0TgC C5q):T5RC 5H :1g b5RCTmg0gm b5RHq)gR: g)R g3)p:T5RC

56g(g0 TR 70pb:Tbpq p77qTbp:T5RC gC7gbTpqqV TH R5R qTRgp0 gI:gRCT5RC p0g mTCb)CCgm w - 5Rg

dpV Rggm d50g pm(pRbgm :gb1RT3)gC R :1TC bpCg 5Rg dpV :0V gI7pRCT5RC TR :g0dC 5H H)Rb:T5RC



5:1g0 :1pR dg0g 756g0C g c TR :g0dC 5H HpdTqTp0 C7gbTpq H)Rb:T5RC C)b1 pC :1g 2)ddg0 pRm

i0Tb5dT b5RHq)gR: 1V7g0cg5dg:0Tb H)Rb:T5RC w - gCCgq H)Rb:T5RC w -

p)CC 1V7g0cg5dg:0Tb H)Rb:T5RC w - 5)q5dr 6p(g H)Rb:T5RC w - TRb5d7qg:g

pddp pRm g:p H)Rb:T5RC w - g:b I7pRCT5RC TR :g0dC 5H 1Tc1g0 :0pRCbgRmgR:pq H)Rb:T5RC

w - g c TR :g0dC 5H :1g 5)0Cp: pRm :1g 77gqq cgRg0pqT8gm 1V7g0cg5dg:0Tb H)Rb:T5RC p0g pqC5

75CCTrqg w - R Cg(g0pq bpCgC :1gCg gI7pRCT5RC dpV 705(Tmg gIpb: HTRT:g C)d C5q):T5RC

3.2 S2l87.216 2f 7-e b.-c21fl8e17 He81 e48a7.21 .1 7e506 2f 7-e He50.7e f81c7.216 
 

i1g rT b5RHq)gR: g)R g3)p:T5R TC 6TmgqV gRb5)R:g0gm TR b5R:gd750p0V 71VCTbC pRm

dp:1gdp:TbC 0gCgp0b1 w - 50 gIpd7qg TR R)bqgp0 pRm p:5dTb 71VCTbC :1TC g3)p:T5R

H0g3)gR:qV p77gp0C TR C:)mVTRc :1g d5:T5R 5H 3)pR:)d 7p0:TbqgC TR 5Rg :65 50 :10gg mTdgRCT5Rpq

b5RHTRgdgR: 75:gR:TpqC w - i1g m5)rqg 6gqq 3)p0:Tb pRm CgI:Tb pR1p0d5RTb 5CbTqqp:50 75:gR:TpqC

pRm :1g C7gbTpq bqpCC 5H CTRc)qp0 b5RHTRgdgR: 75:gR:TpqC b5RCTC:TRc 5H p b5drTRp:T5R 5H 5)q5dr

qTRgp0 pRm 1p0d5RTb 75:gR:TpqC p0g 6gqq vR56R gIpd7qgC 5H :1TC bqpCC 5H 75:gR:TpqC w - i1g

0gbgR: gIpd7qgC TRbq)mg :1g TR(g0Cg C3)p0g 055: 75:gR:Tpq w - pRm T:C b5RmT:T5RpqqV gIpb:qV

TR:gc0prqg cgRg0pqT8p:T5R w - p77qTbp:T5RC :5 3)pR:)d b1gdTC:0V w - 3)pR:)d m5:C w - pRm

pC 70gCgR:gm pr5(g 3)pR:)d :65 C:p:g CVC:gdC w -

)g :5 T:C 6Tmg p77gp0pRbg TR :1g50g:Tbpq 71VCTbC dp:1gdp:Tbpq 7057g0:TgC 5H :1g rT

b5RHq)gR: g)R g3)p:T5R 1p(g rggR C:)mTgm rV dpRV p):150C Cgg g c w - R

7p0:Tb)qp0 :1g 756g0 Cg0TgC C5q):T5RC Rgp0 :1g 0gc)qp0 CTRc)qp0T:V p: :1g 50TcTR pRm TR :1g

RgTc1r50155m 5H :1g T00gc)qp0 CTRc)qp0T:V p: :1g TRHTRT:V w - :1g b5R:TR)gm H0pb:T5R :gb1RT3)g

w - pRm :1g Tqq mg:g0dTRpR: p7705pb1 w - H50 p bqpCC 5H b5RHTRgdgR: 75:gR:TpqC 1p(g rggR

mTCb)CCgm TR mg:pTq d5Rc :1g 0gbgR: mg(gq57dgR:C 5Rg dpV dgR:T5R :1g H5qq56TRc 0gC)q:C R

w - 0gqp:T5RC rg:6ggR :1g qTRgp0 g3)p:T5RC 5H :1g mgH50dgm g)R bqpCC pRm :1g CTI lpTRqg(A

R5RqTRgp0 g3)p:T5RC 1p(g rggR gC:prqTC1gm (Tp pR pR:T 3)pR:T8p:T5R 705bgm)0g R w - :1g

Hpb:50T8p:T5R 5H :1g b5RHq)gR: g)R g3)p:T5RC TC 0g gIpdTRgm R w - z C)ddprTqT:V TC )Cgm :5

5r:pTR Rg6 TR:gc0pq H50d)qpC H50 :1g C5q):T5RC Rgp0 :1g TRHTRT:V pRm TR w - TR:gc0pq 0g70gCgR:p:T5RC

H50 p H)RmpdgR:pq CVC:gd 5H C5q):T5RC :5 :1g rT b5RHq)gR: g)R g3)p:T5R p0g mg0T(gm )CTRc :1g

7057g0:TgC 5H :1g .gTyg0 H)Rb:T5RC R:gc0pq g3)p:T5RC H50 C7gbTpq H)Rb:T5RC 5H :1g g)R bqpCC p0g

mTCb)CCgm TR w -

56g(g0 mgC7T:g :1g qp0cg R)drg0 5H p0:TbqgC :0gp:TRc :1g rT b5RHq)gR: g)R g3)p:T5R :1g

:1g50V 5H :1TC g3)p:T5R bg0:pTRqV RggmC H)0:1g0 mg(gq57dgR: 7p0:Tb)qp0 5rCg0(p:T5R p770570Tp:g TR

:1TC TRC:pRbg TC :1p: :1g C5q):T5RC p0g d5C:qV b5RC:0)b:gm :105)c1 756g0 Cg0TgC gI7pRCT5RC pRm pC p



b5RCg3)gRbg :1g p77qTbp:T5RC p0g d5C:qV rpCgm 5R :1g 75qVR5dTpq 0gm)b:T5RC 56g(g0 :1g 0gbgR:

mg(gq57dgR:C C)b1 pC :1g gIpb: C5q):T5R 5H :1g tb10FmTRcg0 g3)p:T5R H50 :1g TR(g0Cg C3)p0g 055:

75:gR:Tpq TR :g0dC 5H :1g g0dT:g H)Rb:T5RC 5H R5R TR:gcg0 50mg0 w - 61Tb1 p0g R5: 75qVR5dTpqC

R50 3)pCT 75qVR5dTpqC C)ccgC:C :1p: :1g gI:gRCT5R :5 :1g R5R 75qVR5dTpq bpCgC TC pR TR:g0gC:TRc

pRm Td750:pR: b1pqqgRcg pC C:p:gm TR w - l0gC)dprqV C5dg )CgH)q 7057g0:TgC 5H :1g C5q):T5RC 5H

:1g rT b5RHq)gR: g)R g3)p:T5R dpV rg 0g(gpqgm TH gI7pRmTRc :1g C5q):T5RC TR :g0dC 5H d50g

pm(pRbgm dp:1gdp:Tbpq H)Rb:T5RC 0p:1g0 :1pR 756g0C

R :1g RgI: Cgb:T5R 6g dpvg p C:g7 TR :1TC mT0gb:T5R rV b5RC:0)b:TRc pR gI7pRCT5R 5H :1g

C5q):T5RC 5H :1g rT b5RHq)gR: g)R g3)p:T5R TR :g0dC 5H :1g g0dT:g H)Rb:T5RC gTRc TRC7T0gm rV :1g

:65 :g0d g0dT:g H)Rb:T5R C5q):T5RC b5RC:0)b:gm TR w - pC gI7pRCT5R H)Rb:T5RC 6g p77qV p

Cg: 5H R5R TR:gcg0 50mg0 g0dT:g H)Rb:T5RC 5H p C1TH:gm pRm Cbpqgm p0c)dgR: C p 0gC)q: 6g mg0T(g

pR gI7pRCT5R c5(g0Rgm rV p :10gg :g0d 0gb)00gRbg 0gqp:T5R rg:6ggR :1g C)bbgCCT(g b5gHHTbTgR:C 5H

:1g gI7pRCT5R S5:prqV )Rmg0 C5dg 0gC:0Tb:T5RC Td75Cgm 5R :1g TR(5q(gm 7p0pdg:g0C :1g b5RC:0)b:gm

Cg0TgC TC :g0dTRp:gm pRm :1)C bq5Cgm H50d HTRT:g C)d C5q):T5RC 5H :1g rT b5RHq)gR: g)R g3)p:T5R TR

:g0dC 5H :1g g0dT:g H)Rb:T5RC p0g mg0T(gm i1TC TC p dpTR 0gC)q: 5H :1g RgI: Cgb:T5R

R5:1g0 0gC)q: TC :1g cgRg0pq C5q):T5R 5H :1g 5Rg mTdgRCT5Rpq C:p:T5Rp0V tb10FmTRcg0

g3)p:T5R H50 p rT b5RHq)gR: g)R 75:gR:Tpq TR :g0dC 5H :1g g0dT:g H)Rb:T5RC :1p: p0g R5: 0gm)bgm :5

3)pCT 75qVR5dTpqC i1g :0gp:dgR: TC rpCgm 5R :1g b5RC:0)b:gm gI7pRCT5R pRm p77qTgC :1g mgCb0Trgm

:g0dTRp:T5R :gb1RT3)g i1TC 0gC)q: mgd5RC:0p:gC :1p: :1g gI7pRCT5RC 5H :1g g)R H)Rb:T5RC TR :g0dC

5H pm(pRbgm C7gbTpq H)Rb:T5RC 0p:1g0 :1pR CTd7qg 756g0C C)ccgC: p 3)T:g 705m)b:T(g p7705pb1 fg

R5:g :1p: p CTdTqp0 dgCCpcg H5qq56C H05d :1g 0gbgR:qV 0g750:gm 0gC)q:C H50 p CTRcqg b5RHq)gR: g)R

w - pRm p cgRg0pq g)R w - 75:gR:TpqC

gq56 6g p77qV :1g b5RC:0)b:gm gI7pRCT5R :5 mg0T(g p Rg6 gIpb:qV C5q(prqg b5RC:pR:

pd7qT:)mg qg(gq b05CCTRc d5mgq H50 :1g 3)pR:)d :Tdg mg7gRmgR: :65 C:p:g 705rqgd H50 :1TC d5mgq

:1g H0g3)gRbV mg:)RTRc rg1p(gC pC :1g TR(g0Cg C3)p0g 055: p: :1g b550mTRp:g 50TcTR pRm rgb5dgC

b5RC:pR: p: :1g TRHTRT:V 50 :1TC d5mgq :1g C5q):T5R 5H :1g 705rqgd TC 60T::gR pC pR T00gm)bTrqg

qTRgp0 b5drTRp:T5R 5H :65 g0dT:g H)Rb:T5RC )0:1g0d50g TR :1g RgI: b1p7:g0 6g 70gCgR: pR5:1g0

0g70gCgR:p:T(g gIpd7qg 5H p77qTbp:T5R 5H :1g 70gCgR:gm gI7pRCT5R rV b5RCTmg0TRc :1g rT b5RHq)gR:

g)R 75:gR:TpqC H50 :1g 5Rg mTdgRCT5Rpq C:p:T5Rp0V tb10FmTRcg0 g3)p:T5R w - o)0

pRpqVCTC TRmTbp:gC :1p: :1g0g 70gC)dprqV gITC:C pR TRHTRT:g R)drg0 5H b5RmT:T5RpqqV gIpb:qV C5q(prqg

75:gR:TpqC :1g C5q):T5R H50 61Tb1 TC 60T::gR pC p qTRgp0 b5drTRp:T5R 5H p HTRT:g R)drg0 5H cgRg0pqqV

R5R TR:gcg0 50mg0 g0dT:g H)Rb:T5RC 5H C1TH:gm pRm Cbpqgm p0c)dgR: i1TC qTC: 5H 75:gR:TpqC C:p0:C

6T:1 :1g bqpCCTbpq 1p0d5RTb 5CbTqqp:50 75:gR:Tpq 7q)C :1g 75:gR:Tpq 5H :1g )RTH50d HTgqm w - pRm :1g

:65 b5RmT:T5RpqqV TR:gc0prqg 75:gR:TpqC rV t:TqqTRcg0 w - 50 :1gCg 75:gR:TpqC :1g C5q):T5R TC cT(gR



rV p CTRcqg g0dT:g H)Rb:T5R i1g RgI: TR :1g qTC: p0g :1g :65 I:5R 75:gR:TpqC w - H50 61Tb1 :1g

C5q):T5R 70gCgR:C pR T00gm)bTrqg qTRgp0 b5drTRp:T5R 5H :65 g0dT:g H)Rb:T5RC ugdp0vprqg 7p0:Tb)qp0

bpCgC 5H :1g HT0C: I:5R 75:gR:Tpq p0g :1g TR(g0Cg C3)p0g 055: 75:gR:Tpq w - pRm :1g :65 C)7g0

CVddg:0Tb 7p0:Rg0 75:gR:TpqC 70gCgR:gm rV 457g8 o0:gcp w -

 
3.2.1 Se5.e6 ex3a16.216 .1 7e506 2f 7-e He50.7e f81c7.216 

i1g rT b5RHq)gR: g)R g3)p:T5R TC p Cgb5Rm 50mg0 50mTRp0V qTRgp0 mTHHg0gR:Tpq g3)p:T5R

61Tb1 1pC 5Rg 0gc)qp0 CTRc)qp0T:V pRm pR T00gc)qp0 CTRc)qp0T:V 5H 0pRv w - 5R(gR:T5RpqqV :1g

0gc)qp0 CTRc)qp0T:V TC 7): TR :1g 50TcTR pRm :1g T00gc)qp0 5Rg TC q5bp:gm p: :1g TRHTRT:V i1TC TC p

b5RHq)gR: H50d 5H :1g cgRg0pq g)R g3)p:T5R mg0T(gm (Tp b5pqgCbgRbg 5H T:C :65 HTRT:g 0gc)qp0

CTRc)qp0T:TgC 6T:1 :1g 5Rg q5bp:gm p: :1g TRHTRT:V w -

i15)c1 :1g rT b5RHq)gR: g)R g3)p:T5R TR(5q(gC 5RqV H5)0 T00gm)bTrqg 7p0pdg:g0C w -

H50 :1g Cpvg 5H CTd7qTbT:V pRm cgRg0pqT:V 6g pm57: 1g0g :1g H5qq56TRc HT(g 7p0pdg:0Tb H50d 5H :1TC
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c c a la c
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61g0g l p0g p0rT:0p0V b5d7qgI 7p0pdg:g0C i1g pm(pR:pcg 5H :1TC H50d TC :1p: :1g mTHHg0gR:

bpR5RTbpq H50dC 5H :1g rT b5RHq)gR: g)R g3)p:T5R pC 6gqq pC T:C qTdT:TRc bpCgC p77qTgm TR :1g

C:pRmp0m 0gHg0gRbg qT:g0p:)0g w - pRm TR R)dg05)C p77qTbp:T5RC w

- p0g 0gpmTqV mg0T(gm H05d :1TC H50d rV CTd7qg C7gbTHTbp:T5RC 5H :1g TR(5q(gm

7p0pdg:g0C

pCgm 5R :1g gI7g0TgRbg cpTRgm TR C5q(TRc :1g tb10FmTRcg0 g3)p:T5R H50 :1g :10gg 7p0pdg:0Tb

TR(g0Cg C3)p0g 055: 75:gR:Tpq w - pRm T:C H5)0 7p0pdg:0Tb b5RmT:T5RpqqV gIpb:qV C5q(prqg

cgRg0pqT8p:T5R w - 6g b5RCTmg0 :1g H5qq56TRc gI7pRCT5R 5H :1g C5q):T5R 5H :1g rT b5RHq)gR: g)R

g3)p:T5R TR :g0dC 5H :1g g0dT:g H)Rb:T5RC 5H p C1TH:gm pRm Cbpqgm p0c)dgR:

F F
F

c c

F F vc a a

61g0g v pRm a p0g b5d7qgI b5RC:pR:C :5 rg mgHTRgm pH:g06p0mC fg R5:g :1p: TR cgRg0pq :1g

TRmgI 7p0pdg:g0 TC R5: pR TR:gcg0 C5 :1p: :1g gI7pRCT5R H)Rb:T5RC p0g R5: 0gm)bgm :5 3)pCT

75qVR5dTpqC

i1g g0dT:g H)Rb:T5RC Cp:TCHV :1g H5qq56TRc Cgb5Rm 50mg0 qTRgp0 mTHHg0gR:Tpq g3)p:T5R

F F
F F

c c ca
a

v va
a F F



t)rC:T:):TRc pRm TR:5 g3)p:T5R pRm d)q:T7qVTRc :1g 0gC)q: rV a 6g 5r:pTR

F F F F
F

a a cv a a a l a ca v

i1TC g3)p:T5R TC b5RCTmg0prqV CTd7qTHTgm TH 6g 7): v pRm v a :1p: TC

v a

i1TC b15Tbg bpRbgqC :1g :g0dC 705750:T5Rpq :5 Fac pRm Fa c C5 :1p: )CTRc :1g 0gb)00gRbg TmgR:T:TgC
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pRm

F F F Fa a cv c c

6g C:0pTc1:H506p0mqV p00T(g p: p :10gg :g0d 0gb)00gRbg 0gqp:T5R H50 b5gHHTbTgR:C F

F F F F F F

6T:1

F F F

F 
l F

F
F

61g0g :1g CTcRC TR :1g g3)p:T5R H50 F 0gHg0 :5 :1g b15TbgC v 0gC7gb:T(gqV

50 :1g qgH: 1pRm CTmg :g0dTRp:T5R 5H :1g Cg0TgC p: F p77qVTRc :1g TRT:Tpq b5RmT:T5RC

6g cg: i1TC b5RmT:T5R TC Cp:TCHTgm TH 50 i1g

HT0C: b15Tbg qgpmC :5 :1g vR56R 75qVR5dTpq C5q):T5RC w - 1gRbg 6g mTCb)CC :1g Cgb5Rm

b15Tbg 61Tb1 TC p77qTbprqg H50 R5R 8g05 i1g C)ddp:T5R TRmgI F TR gI7pRCT5R

:1gR 0)RC H05d 8g05 :5 TRHTRT:V pRm :1)C :1g HTRpq gI7pRCT5R TC 60T::gR pC

F F
F

c a

fg R5:g :1p: rV b155CTRc 1g0g mTHHg0gR: CTcRC H50 :1g p0c)dgR: 5H :1g TR(5q(gm g0dT:g H)Rb:T5RC

6g cg: TR cgRg0pq mTHHg0gR: TRmg7gRmgR: C5q):T5RC 5H :1g rT b5RHq)gR: g)R g3)p:T5R )Rmg0

b5RCTmg0p:T5R gRbg rV :pvTRc p qTRgp0 b5drTRp:T5R 6T:1 p0rT:0p0V b5RC:pR: b5gHHTbTgR:C 5H :1g

:65 gI7pRCT5RC b500gC75RmTRc :5 :1g 7q)C pRm dTR)C CTcRC 6g cg: pR gI7pRCT5R H50 :1g cgRg0pq

C5q):T5R 5H g3)p:T5R



3.2.2 Te50.1a7.21 c21d.7.216 
i1g mg(gq57gm Cg0TgC dpV :g0dTRp:g H05d :1g 0Tc1: 1pRm CTmg :1)C 0gC)q:TRc TR bq5Cgm H50d

HTRT:g C)d C5q):T5RC i1TC 1p77gRC TH :65 C)bbgCCT(g b5gHHTbTgR:C (pRTC1 H50 C5dg F

T g TH 61Tqg 05d g3)p:T5R 6g HTRm :1p: :1g :g0dTRp:T5R TC

75CCTrqg TH i1TC b5RmT:T5R TC Cp:TCHTgm TH tTRbg TC R5R 8g05 :1g 0gdpTRTRc

g3)p:T5R :1gR 70gCgR:C p 75qVR5dTpq g3)p:T5R 5H :1g mgc0gg H50 :1g pbbgCC50V

7p0pdg:g0 l 6g 0gHg0 :5 :1TC g3)p:T5R pC l g3)p:T5R 61Tb1 mgHTRgC TR cgRg0pq (pq)gC 5H l

H50 61Tb1 :1g :g0dTRp:T5R 5H :1g Cg0TgC 5bb)0C i5 rg C7gbTHTb 1g0g p0g :1gCg g3)p:T5RC H50

pRm

l

l l

l l l

i1g0g p0g dpRV 71VCTbpq CT:)p:T5RC 61gR :1gCg g3)p:T5RC p0g Cp:TCHTgm H50 p 7p0:Tb)qp0 705rqgd p:

1pRm i5 mgd5RC:0p:g :1TC 6g p77qV :1g mg(gq57gm Cg0TgC :5 :1g :65 qg(gq 705rqgd Cgg rgq56

Cgb:T5R 3.3 pRm :5 :1g 5Rg mTdgRCT5Rpq C:p:T5Rp0V tb105mTRcg0 g3)p:T5R 1p7:g0 5H :1TC :1gCTC

3.2.3 D.6c866.21
i1)C 6g 1p(g b5RC:0)b:gm pR gI7pRCT5R 5H :1g cgRg0pq C5q):T5R 5H :1g rT b5RHq)gR: g)R

g3)p:T5R TR :g0dC 5H :1g g0dT:g H)Rb:T5RC 5H p C1TH:gm pRm Cbpqgm p0c)dgR: i1g gI7pRCT5R

H)Rb:T5RC p0g TR cgRg0pq 5H R5R TR:gcg0 50mg0 C5 :1p: :1gV TR cgRg0pq p0g R5: 3)pCT 75qVR5dTpqC i1g

gI7pRCT5R p77qTgC H50 p0rT:0p0V Cg:C 5H :1g TR(5q(gm 7p0pdg:g0C 6T:1 :1g 705(TC5 i1g

b5gHHTbTgR:C 5H :1g gI7pRCT5R 5rgV p :10gg :g0d 0gb)00gRbg 0gqp:T5R rg:6ggR :1g C)bbgCCT(g

b5gHHTbTgR:C fg 1p(g C156R :1p: :1g b5RC:0)b:gm Cg0TgC dpV :g0dTRp:g :1)C 0gC)q:TRc TR bq5Cgm H50d

C5q):T5RC 5H :1g rT b5RHq)gR: g)R g3)p:T5R TR(5q(TRc p HTRT:g R)drg0 5H :1g g0dT:g H)Rb:T5RC i1g

0gC:0Tb:T5RC Td75Cgm 5R :1g TR(5q(gm 7p0pdg:g0C TR 50mg0 :1p: :1g Cg0TgC pqq56 :g0dTRp:T5R p0g T :1g

b1p0pb:g0TC:Tb 05rgRT)C gI75RgR: 5H :1g 0gc)qp0 CTRc)qp0T:V TR :1g 50TcTR a C15)qm rg

p 75CT:T(g TR:gcg0 :1TC TC pb1Tg(gm TH 6T:1 pRm TT :1g pbbgCC50V 7p0pdg:g0 l

C15)qm 5rgV p 75qVR5dTpq g3)p:T5R 5H :1g mgc0gg l g3)p:T5R i1g 0gC)q:pR: C5q):T5R 5H :1g

rT b5RHq)gR: g)R g3)p:T5R :1gR 70gCgR:C p qTRgp0 b5drTRp:T5R 5H g0dT:g H)Rb:T5RC 5H p

C1TH:gm pRm Cbpqgm p0c)dgR: 70gCgR:gm pr5(g i1TC TC p dpTR 0gC)q: 5H :1g 70gCgR: Cgb:T5R

fg 1p(g 70gCgR:gm :1g gI7qTbT: l g3)p:T5RC H50 :1g pbbgCC50V 7p0pdg:g0 H50

)0:1g0d50g 61gR mTCb)CCTRc p 7p0:Tb)qp0 p77qTbp:T5R :5 :1g 5Rg mTdgRCT5Rpq tb10FmTRcg0 g3)p:T5R



TR 1p7:g0 6g 6Tqq pqC5 70gCgR: :1g l g3)p:T5R H50 i1TC TC p 0g70gCgR:p:T(g gIpd7qg 5H

1Tc1g0 50mg0 :g0dTRp:T5R 0gC)q:TRc TR p C5q):T5R 60T::gR pC p qTRgp0 b5drTRp:T5R 5H H5)0 g0dT:g

H)Rb:T5RC

ipvTRc HTRpqqV p cgRg0pq q55v p: :1g 70gCgR:gm 0gC)q:C 6g HTRm :1p: p7p0: H05d :1g (g0V

gI7pRCT5R :1p: 6g 1p(g 70gCgR:gm p cgRg0pq dgCCpcg 5H :1g 70gCgR: mg(gq57dgR: TC :1p: :1g

gI7pRCT5RC 5H :1g g)R H)Rb:T5RC TR :g0dC 5H pm(pRbgm C7gbTpq H)Rb:T5RC 0p:1g0 :1pR CTd7qg 756g0C

C)ccgC: p 3)T:g 705m)b:T(g p7705pb1 R 7p0:Tb)qp0 :1g gI7pRCT5R 5H :1g rT b5RHq)gR: g)R H)Rb:T5R

TR :g0dC 5H :1g g0dT:g H)Rb:T5RC pqq56C b5RC:0)b:T5R 5H bq5Cgm H50d HTRT:g C)d R5R 75qVR5dTpq

C5q):T5RC

: TC 6gqq )Rmg0C:55m :1p: :1g b5Rbq)CT5R TC cgRg0pq pRm p77qTgC pqC5 :5 5:1g0 705rqgdC C)b1

pC g c :1g 0gqp:T(TC:Tb g(5q):T5R c5(g0Rgm rV :1g T0pb 50 :1g 2qgTR 50m5R g3)p:T5RC t)7750:TRc

:1TC C:p:gdgR: p0g :1g p77qTbp:T5RC 5H :1g 0gbgR: gI7pRCT5RC 5H :1g C5q):T5RC 5H :1g CTRcqg b5RHq)gR:

g)R g3)p:T5R TR :g0dC 5H :1g 2)ddg0 b5RHq)gR: 1V7g0cg5dg:0Tb w - :1g TRb5d7qg:g g:p pRm :1g

77gqq cgRg0pqT8gm 1V7g0cg5dg:0Tb w - H)Rb:T5RC :5 :1g 3)pR:)d :65 C:p:g 705rqgd w -

I7pRCT5RC 5H :1g C5q):T5RC 5H :1g g)R g3)p:T5RC TR :g0dC 5H d50g pm(pRbgm H)Rb:T5RC

TRC:gpm 5H CTd7qg 756g0C 1p(g rggR TRT:Tp:gm rV t(p0:15qd w - pRm 0mAqVT w - 615 70575Cgm

Cg0TgC gI7pRCT5RC 5H :1g cgRg0pq g)R H)Rb:T5RC TR :g0dC 5H :1g p)CC 1V7g0cg5dg:0Tb H)Rb:T5RC

i1TC TC p )CgH)q gI:gRCT5R 5H :1g Cg0TgC :gb1RT3)g p77qTbprqg :5 dpRV 5:1g0 mTHHg0gR:Tpq g3)p:T5RC

TRbq)mTRc :15Cg 5H d50g cgRg0pq :V7g C)b1 pC :1g HT(g Uen g)R g3)p:T5RC 61Tb1 p0g :1g g)R

g3)p:T5RC 6T:1 pR pmmT:T5Rpq   e F- CTRc)qp0T:V w - C pq0gpmV C:p:gm pr5(g p )CgH)q 7057g0:V

C)ccgC:gm rV :1gCg gI7pRCT5RC TC :1g 75CCTrTqT:V :5 mg0T(g HTRT:g C)d C5q):T5RC rV dgpRC 5H

:g0dTRp:T5R 5H :1g Cg0TgC 56g(g0 T: C15)qm rg R5:gm :1p: :1g TRHTRT:g Cg0TgC :1gdCgq(gC p0g pqC5 5H

R5:prqg TR:g0gC: pC T: TC :1g bpCg 5H :1g gI7pRCT5RC 5H :1g cgRg0pq g)R H)Rb:T5RC TR :g0dC 5H :1g

TRb5d7qg:g g:p H)Rb:T5RC p77qTgm :5 :1g C)0Hpbg 7qpCd5R 75qp0T:5R 705rqgd w - i1g cgRg0pq

b5Rbq)CT5R TC :1gR :1p: :1g0g TC p 705R5)Rbgm Rggm :5 gI7q50g :1g (p0Tg:V 5H pqq 75CCTrqg gI7pRCT5RC

5H :1g g)R H)Rb:T5RC TR :g0dC 5H :1g H)Rb:T5RC 5H :1g 1V7g0cg5dg:0Tb bqpCC 61Tb1 b)00gR:qV H50d

:1g d5C: mg(gq57gm pRm d5C: HpdTqTp0 Cg: 5H C7gbTpq H)Rb:T5RC gbp)Cg 5H :1g gR50d5)C R)drg0 5H

p77gp0pRbgC 5H :1g g)R g3)p:T5RC TR b5R:gd750p0V bqpCCTbpq pRm R5R bqpCCTbpq CbTgRbg 5Rg dpV

gR(TCpcg dpRV Td750:pR: p77qTbp:T5RC 5H :1gCg gI7pRCT5RC

3.3 I19e56e 648a5e 5227 le9el-c5266.1, 7:2-67a7e 02del 
 

R :1g 70gCgR: Cgb:T5R 6g mTCb)CC :1g gIpb: pRm b5RmT:T5RpqqV TR:gc0prqg d5mgqC 5H :1g :65

C:p:g 705rqgd )CTRc :1g pr5(g 70gCgR:gm gI7pRCT5R 5H :1g C5q):T5RC 5H :1g rT b5RHq)gR: g)R



g3)p:T5R TR :g0dC 5H :1g g0dT:g H)Rb:T5RC fg TR:05m)bg pR gIpb:qV TR:gc0prqg d5mgq cgRg0p:gm rV

:g0dTRp:T5R 5H :1g gI7pRCT5R 5R :1g Cgb5Rm :g0d :1g TR(g0Cg C3)p0g 055: qg(gq b05CCTRc d5mgq

C 6g 1p(g CggR TR Sec7.21 3.2.2 :1g :g0dTRp:T5R 5H :1g Cg0TgC Td75CgC :65

0gC:0Tb:T5RC 5R :1g 7p0pdg:g0C 5H :1g TR(5q(gm rT b5RHq)gR: g)R H)Rb:T5R g c g3)p:T5RC

oRg 5H :1gCg 0gC:0Tb:T5RC TC Td75Cgm 5R p b1p0pb:g0TC:Tb gI75RgR: 5H :1g HTRT:g CTRc)qp0T:V 5H

:1g rT b5RHq)gR: g)R g3)p:T5R 61Tqg :1g Cgb5Rm 5Rg 70gCgR:C p 75qVR5dTpq g3)p:T5R H50 :1g

pbbgCC50V 7p0pdg:g0 l g3)p:T5R C T: 6pC TR :1g bpCg 5H :1g 2)ddg0 H)Rb:T5R gI7pRCT5RC 5H :1g

CTRcqg b5RHq)gR: g)R H)Rb:T5R Sec7.21 2.4 1g0g pqC5 :1g b5RmT:T5R Td75Cgm 5R p b1p0pb:g0TC:Tb

gI75RgR: cgRg0pqqV qgpmC :5 b5RmT:T5RpqqV TR:gc0prqg d5mgqC 56g(g0 qTvg TR :1g bpCg 5H :1g CTRcqg

b5RHq)gR: g)R H)Rb:T5R :1g0g p0g H5)0 0gdp0vprqg gIbg7:T5RC 0gC)q:TRc TR gIpb:qV C5q(prqg d5mgqC

i1g HT0C: :10gg 5H :1gCg bpCgC pcpTR 0g705m)bg :1g vR56R d5mgqC rV 4pRmp) egRg0 STvT:TR pRm

05:1g0C )c1gC Cgg w - 61Tqg :1g H50:1 5Rg 70gCgR:C p Rg6 0gC)q: R :1TC bpCg :1g mg:)RTRc

H)Rb:T5R rg1p(gC pC :1g TR(g0Cg C3)p0g 055: H)Rb:T5R p: :1g 50TcTR pRm c5gC :5 p b5RC:pR: mg:)RTRc p:

TRHTRT:V

i5 70gCgR: :1g mg:pTqC H5qq56TRc :1g qTRgC 5H Sec7.21 2.4 6g C:p0: 6T:1 :1g :g0dTRp:T5R

b5RmT:T5R H50 Cg0TgC cT(gR rV g3)p:T5R

61Tb1 TC p 0gC:0Tb:T5R Td75Cgm 5R :1g b1p0pb:g0TC:Tb gI75RgR: 5H :1g CTRc)qp0T:V 5H :1g rT b5RHq)gR:

g)R g3)p:T5R q5bp:gm p: :1g 50TcTR a fT:1 :1TC b5RmT:T5R 6g gIpdTRg :1g g3)p:T5RC H50 :1g

gI75RgR: 5H :1g 70g Hpb:50 a 5H :1g C5q):T5R :1p: TC :1g HT0C: g3)p:T5R pRm g3)p:T5R

t z

z t

Ibq)mTRc 6g 1p(g :1g g3)p:T5R

z t z t

i1g H)Rb:T5R za a mg7gRmC 5RqV 5R :1g pd7qT:)mg 7p0pdg:g0 1gRbg TC p

H)Rb:T5R 5H 5RqV : TC :1gR )Rmg0C:55m :1p: TH TC p HTIgm b5RC:pR: 6g 1p(g pR g3)p:T5R H50

61Tb1 :1g qgH: 1pRm CTmg mg7gRmC 5R :1g mg:)RTRc 7p0pdg:g0 61Tqg :1g 0Tc1: 1pRm CTmg mg7gRmC

5R :1g pd7qT:)mg 7p0pdg:g0 i1)C TR cgRg0pq :1g 7p0pdg:g0C pRm p0g R5: TRmg7gRmgR:

:1gV p0g 0gqp:gm rV g3)p:T5R gRbg :1g d5mgqC C5q(prqg TR :g0dC 5H qTRgp0 b5drTRp:T5RC 5H

:1g g0dT:g H)Rb:T5RC 5H C1TH:gm pRm Cbpqgm p0c)dgR: p0g TR cgRg0pq UF t-tUF ssg TR:gc0prqg



Ibg7:T5Rpq p0g :1g bpCgC H50 61Tb1 r5:1 CTmgC 5H g3)p:T5R TmgR:TbpqqV (pRTC1 50

:1gCg bpCgC H05d :1g b5RmT:T5R C15)qm rg z gCTmgC T: H5qq56C H05d :1g 0gdpTRTRc

g3)p:T5R :1p: :1g mg:)RTRc 7p0pdg:g0 TC gT:1g0 p HTIgm R)drg0 50 C15)qm (pRTC1 R :1g HT0C:

bpCg 5Rg pcpTR 5r:pTRC mTCCT7p:T(g b5RmT:T5RpqqV TR:gc0prqg d5mgqC 61Tqg :1g Cgb5Rm bpCg H50 61Tb1

qgpmC :5 i -sg C5q(prqg d5mgqC

50 :1g qp::g0 d5mgqC g3)p:T5R 0gpmC

z z

tTRbg TC p R5R 75CT:T(g TR:gcg0 pRm z dpV pm57: 5RqV H5)0 TR:gcg0 50 1pqH TR:gcg0 (pq)gC

z z 6g b5Rbq)mg :1p: gIpb:qV C5q(prqg d5mgqC p0g b5RC:0)b:gm 5RqV TH

z 50 z i1g HT0C: bpCg TC pbb5d7pRTgm 6T:1 :1g l g3)p:T5R l i1TC

bpCg TC R5: 5H d)b1 TR:g0gC: rgbp)Cg :1gR :1g rT b5RHq)gR: g)R g3)p:T5R mT0gb:qV 0gm)bgC :5 :1g

b5RHq)gR: 1V7g0cg5dg:0Tb g3)p:T5R pRm pC p 0gC)q: 5Rg 5r:pTRC :1g :10gg vR56R b5RHq)gR:

1V7g0cg5dg:0Tb d5mgqC rV 4pRmp) egRg0 STvT:TR pRm 05:1g0C )c1gC Cgg :1g mg:pTqC TR w -

Rg6 0gC)q: TC pb1Tg(gm TH 5Rg b5RCTmg0C :1g bpCg 61gR :1g Cg0TgC gI7pRCT5R TR :g0dC 5H :1g

R5R TR:gcg0 50mg0 g0dT:g H)Rb:T5RC 5H p Cbpqgm pRm C1TH:gm p0c)dgR: 5H :1g rT b5RHq)gR: g)R

H)Rb:T5R TR(5q(gm TR :1g C5q):T5R 5H :1g :65 C:p:g 705rqgd TC :g0dTRp:gm 5R :1g Cgb5Rm :g0d R

:1TC bpCg 6g 1p(g pRm :1g Cgb5Rm b5RmT:T5R H50 :g0dTRp:T5R 5H Cg0TgC l g3)p:T5R TC

cT(gR rV g3)p:T5R

l l

fg 0gbpqq :1p: H50 gIpb: C5q(prTqT:V T: pmmT:T5RpqqV C15)qm rg z pRm 05d :1g HT0C:

g3)p:T5R 6g 1p(g fT:1 :1TC T: TC 0gpmTqV b1gbvgm :1p: :1g 3 g3)p:T5R TC Cp:TCHTgm H50 pqq

5:1g0 7p0pdg:g0C rgTRc p0rT:0p0V i1)C 6g mg0T(g p Rg6 - e  e n -et bqpCC 5H gIpb:qV C5q(prqg

rT b5RHq)gR: g)R :65 C:p:g d5mgqC

a- a
- -

a- a
-

V b155CTRc :1g :0pRCH50dp:T5R 5H :1g TRmg7gRmgR: (p0Tprqg pC

a - -

6g p00T(g p: :1g UFv- F- n st-c tFr ev vlc e eUU- qg(gq b05CCTRc d5mgq Tc)0g

-

- - -
61g0g 6g 1p(g 7):



: TC 0gpmTqV b1gbvgm :1p: :1g :65 C:p:g g3)p:T5R H50 :1TC HTgqm b5RHTc)0p:T5R pmdT:C p

H)RmpdgR:pq C5q):T5R TR(5q(TRc :65 g0dT:g H)Rb:T5RC 60T::gR pC

a a
g- g

61g0g

lv g v a

l t t t

pRm

t  t 

g0g :1g p)ITqTp0V 7p0pdg:g0 v dpV pm57: (pq)gC v 50 v fg R5:g :1p: gpb1 5H :1gCg

7p0pdg:g0C 705m)bgC p qTRgp0qV TRmg7gRmgR: H)RmpdgR:pq C5q):T5R qC5 pRV CTcR 7q)C 50 dTR)C TC

p77qTbprqg H50 50 mgHTRT:gRgCC 6g b155Cg :1g ntFcv CTcR H50 r5:1 pq71pC i1gR :1g cgRg0pq

C5q):T5R 5H :1g 705rqgd TC 60T::gR pC p0g p0rT:0p0V b5RC:pR:C

v v
-

Tc i65 C:p:g qg(gq b05CCTRc d5mgq i1g mpC1gm qTRg TC :1g uprT H0g3)gRbV pRm
:1g C5qTm qTRg 70gCgR: :1g mg:)RTRc i1g HTqqgm bT0bqg TRmTbp:gC :1g qg(gq b05CCTRc

:Tdg 75TR: -



C-a37e5 4 

APPLICATIONS TO NON- ELATIVISTIC AND  ELATIVISTIC WAVE EQUATIONS

R :1g 70gCgR: b1p7:g0 6g b5RCTmg0 C5dg p77qTbp:T5RC 5H :1g rpCTb dp:1gdp:Tbpq p7705pb1gC

mg(gq57gm TR :1g 70g(T5)C b1p7:g0C :5 :1g R5R 0gqp:T(TC:Tb tb10FmTRcg0 pRm 0gqp:T(TC:Tb 2qgTR

50m5R 5bv 6p(g g3)p:T5RC fg HT0C: TR:05m)bg :1g :1T0m tr  e n -et 50mTRp0V 1V7g0cg5dg:0Tb

gRg0cV TRmg7gRmgR: 3)pR:)d dgb1pRTbpq 75:gR:Tpq H50 :1g tb10FmTRcg0 g3)p:T5R pRm H)0:1g0 mg0T(g p

7p0:Tb)qp0 UF t-tUF ssg tF- e s 75:gR:Tpq H50 61Tb1 :1g C5q):T5R 5H :1g tb10FmTRcg0 g3)p:T5R TC

60T::gR pC p H5)0 :g0d gI7pRCT5R TR :g0dC 5H :1g g0dT:g H)Rb:T5RC 5H p Cbpqgm pRm C1TH:gm C7p:Tpq

p0c)dgR: TRpqqV 6g 70gCgR: :1g RTRg TRmg7gRmgR: 75:gR:TpqC H50 61Tb1 :1g C:p:T5Rp0V 2qgTR

50m5R g3)p:T5R TC C5q(prqg TR :g0dC 5H :1g b5RHq)gR: g)R H)Rb:T5RC gbp)Cg 5H :1g CVddg:0V 5H

:1g b5RHq)gR: g)R g3)p:T5R 6T:1 0gC7gb: :5 :1g :0pRC75CT:T5R 5H T:C 0gc)qp0 CTRc)qp0T:TgC 5RqV RTRg

5H :1g 75:gR:TpqC p0g TRmg7gRmgR: 5)0 5H :1gCg 75:gR:TpqC p0g HT(g 7p0pdg:0Tb pRm 5:1g0 HT(g p0g

H5)0 7p0pdg:0Tb

.g:15m5q5cTbpqqV 6g H5qq56 :1g 05):g H50 0gm)b:T5R 5H :1g 705rqgd :5 p :p0cg: Cgb5Rm 50mg0

50mTRp0V mTHHg0gR:Tpq g3)p:T5R 1p(TRc 0p:T5Rpq b5gHHTbTgR:C HT0C: mg(gq57gm H50 C5q(TRc :1g 3)pR:)d

:Tdg mg7gRmgR: :65 C:p:g 705rqgd i1g rpCTb p7705pb1 H50 b5RC:0)b:T5R 5H gIpb:qV TR:gc0prqg

gRg0cV TRmg7gRmgR: 3)pR:)d dgb1pRTbpq 75:gR:TpqC rV :0pRCH50dTRc :1g mg7gRmgR: pRm TRmg7gRmgR:

(p0TprqgC 0gC:C 5R :1g 5rCg0(p:T5R :1p: TH p 75:gR:Tpq TC 705750:T5Rpq :5 pR gRg0cV TRmg7gRmgR:

7p0pdg:g0 pRm :1g 75:gR:Tpq C1p7g TC TRmg7gRmgR: 5H r5:1 gRg0cV pRm :1p: 7p0pdg:g0 :1gR :1g

q5cp0T:1dTb mg0T(p:T(g a a 5H :1g H)Rb:T5R a i 61g0g a a i TC :1g b550mTRp:g

:0pRCH50dp:T5R bpRR5: 1p(g 75qgC 5:1g0 :1pR :1g HTRT:g CTRc)qp0T:TgC 5H :1g :p0cg: g3)p:T5R : :1gR

H5qq56C :1p: :1g H)Rb:T5R C15)qm RgbgCCp0TqV rg 5H :1g .pRRTRc H50d t
t ta a a 6T:1 ta

rgTRc :1g HTRT:g CTRc)qp0T:TgC 5H :1g :p0cg: g3)p:T5R pRm :1g gI75RgR:C t pqq rgTRc TR:gcg0C 50 1pqH

TR:gcg0C

i1g C5q):T5RC 5H :1g tb10FmTRcg0 g3)p:T5R H50 r5:1 75:gR:TpqC 6g 70gCgR: TC mg0T(gm (Tp

:g0dTRp:T5R 5H Cg0TgC gI7pRCT5RC 5H :1g g)R H)Rb:T5RC TR :g0dC 5H :1g H)Rb:T5RC rgq5RcTRc :5 :1g

1V7g0cg5dg:0Tb bqpCC i1g cgRg0pq C5q):T5R 5H :1g 705rqgd TC b5d75Cgm 5H H)RmpdgR:pq C5q):T5RC

gpb1 5H 61Tb1 bpR rg 60T::gR pC pR tee c t s qTRgp0 b5drTRp:T5R 5H :65 1V7g0cg5dg:0Tb H)Rb:T5RC

fg R5:g :1p: 56TRc :5 :1g b5R:Tc)5)C H)Rb:T5RC 0gqp:T5RC :1TC :65 :g0d C:0)b:)0g 5H :1g C5q):T5R TC p

cgRg0pq 7057g0:V 5H pqq HTRT:g C)d 1V7g0cg5dg:0Tb 0gm)b:T5RC 5H :1g g)R H)Rb:T5RC pb1Tg(gm (Tp

:g0dTRp:T5R 5H Cg0TgC C5q):T5RC



4.1 T-e 7-.5d f.9e-3a5a0e75.c -y3e5,e20e75.c 48a1780-0ec-a1.cal 327e17.al 
i1g C5q):T5RC 5H :1g tb10FmTRcg0 g3)p:T5R TR :g0dC 5H C7gbTpq H)Rb:T5RC H50 gRg0cV

TRmg7gRmgR: 75:gR:TpqC 61Tb1 p0g 705750:T5Rpq :5 pR p0rT:0p0V (p0Tprqg 7p0pdg:g0 pRm 1p(g p C1p7g

TRmg7gRmgR: 5H :1p: 7p0pdg:g0 p0g (g0V 0p0g w - Cgg :1g mTCb)CCT5R TR

w - : TC p b5dd5R b5R(gR:T5R :5 0gHg0 :5 C)b1 75:gR:TpqC pC i -sg C5q(prqg TR 50mg0 :5

mTC:TRc)TC1 :1gd H05d :1g UF t-tUF ssg TR:gc0prqg 5RgC H50 61Tb1 p b5RmT:T5R TC Td75Cgm 5R :1g

75:gR:Tpq 7p0pdg:g0C C)b1 :1p: :1g C1p7g 5H :1g 75:gR:Tpq TC R5: TRmg7gRmgR: 5H :1g 75:gR:Tpq C:0gRc:1

g c p 7p0pdg:g0 TC HTIgm :5 p b5RC:pR: 50 mTHHg0gR: :g0d C:0gRc:1C p0g R5: (p0Tgm TRmg7gRmgR:qV

f1Tqg :1g0g TC p 0gqp:T(gqV qp0cg Cg: 5H 75:gR:TpqC 5H :1g qp::g0 :V7g Cgg g c w - H50

C5dg gIpd7qgC mTCb)CCgm TR :1g 7pC: pRm w - H50 C5dg 0gbgR: gIpd7qgC :1g qTC: 5H :1g

vR56R gIpb:qV TR:gc0prqg 75:gR:TpqC TC 0p:1g0 qTdT:gm g(gR H50 :1g 75:gR:TpqC 5H :1g d5C: HqgITrqg

g e Un -et bqpCC i1g qTC: 5H :1g gIpb:qV C5q(prqg 1V7g0cg5dg:0Tb 75:gR:TpqC b)00gR:qV TR(5q(gC

5RqV :gR T:gdC tTI 5H :1gCg 75:gR:TpqC p0g C5q(gm TR :g0dC 5H :1g b5RHq)gR: 1V7g0cg5dg:0Tb H)Rb:T5RC

w - i1gCg p0g :1g 1p0d5RTb 5CbTqqp:50 w - 5)q5dr w - pRm .50Cg w -

bqpCCTbpq 75:gR:TpqC pRm :1g :10gg 0gbgR:qV mg0T(gm 75:gR:TpqC 61Tb1 p0g :1g TR(g0Cg C3)p0g 055:

w - :1g 4pdrg0: f C:g7 w - pRm 4pdrg0: f CTRc)qp0 w - 75:gR:TpqC i1g 5:1g0 H5)0 gIpb:qV

TR:gc0prqg 75:gR:TpqC 61Tb1 p0g C5q(gm TR :g0dC 5H :1g p)CC 1V7g0cg5dg:0Tb H)Rb:T5RC p0g :1g

bvp0: w - pRm lFCb1q igqqg0 w - 75:gR:TpqC pRm :1g :65 Rg6 75:gR:TpqC TR:05m)bgm 0gbgR:qV

w -

R 5rCg0(p:T5R 1g0g TC :1p: pqq HT(g bqpCCTbpq 1V7g0cg5dg:0Tb 75:gR:TpqC r5:1 b5RHq)gR: pRm

50mTRp0V TR(5q(g tr p0rT:0p0V (p0Tprqg 7p0pdg:g0C 61Tqg pqq Rg6 75:gR:TpqC p0g H5)0 7p0pdg:0Tb R

:1TC b5dd)RTbp:T5R H5qq56TRc 5)0 650v w - 6g C156 :1p: :1g :65 H5)0 7p0pdg:0Tb 50mTRp0V

1V7g0cg5dg:0Tb 75:gR:TpqC w - p0g TR Hpb: 7p0:Tb)qp0 bpCgC 5H p d50g cgRg0pq HT(g 7p0pdg:0Tb

75:gR:Tpq 61Tb1 TC C5q(gm TR :g0dC 5H :1g 1V7g0cg5dg:0Tb H)Rb:T5RC i1TC cgRg0pqT8p:T5R :1)C

C)ccgC:C :1g :1T0m HT(g 7p0pdg:0Tb 50mTRp0V 1V7g0cg5dg:0Tb 3)pR:)d dgb1pRTbpq 75:gR:Tpq pH:g0 :1g

5RgC rV bvp0: w - pRm lFCb1q igqqg0 w -

i1g 75:gR:Tpq 6g TR:05m)bg rgq5RcC :5 5Rg 5H :1g gqg(gR TRmg7gRmgR: gTc1: 7p0pdg:0Tb

cgRg0pq g)R HpdTqTgC w - Cgg pqC5 w - 05d :1g dp:1gdp:Tbpq 75TR: 5H (Tg6 p 7gb)qTp0T:V 5H

:1g 75:gR:Tpq TC :1p: :1TC TC :1g 5RqV vR56R bpCg 61gR :1g q5bp:T5R 5H p CTRc)qp0T:V 5H :1g g3)p:T5R :5

61Tb1 :1g tb10FmTRcg0 g3)p:T5R TC 0gm)bgm TC R5: HTIgm :5 p 7p0:Tb)qp0 75TR: r): C:pRmC H50 p (p0Tprqg

75:gR:Tpq 7p0pdg:g0 l0gbTCgqV TR 5)0 bpCg :1g :1T0m HTRT:g CTRc)qp0T:V 5H :1g g)R g3)p:T5R :1p:

q5bp:gm p: p 75TR: a 5H :1g b5d7qgI a 7qpRg :1p: TC :1g CTRc)qp0T:V 61Tb1 TC pmmT:T5Rpq TH

b5d7p0gm 6T:1 :1g 50mTRp0V 1V7g0cg5dg:0Tb g3)p:T5R TC R5: HTIgm r): TC (p0Tprqg L T: C:pRmC H50 :1g

HTH:1 H0gg 7p0pdg:g0 5H :1g 75:gR:Tpq



i1g 75:gR:Tpq TC TR cgRg0pq mgHTRgm 7p0pdg:0TbpqqV pC p 7pT0 5H H)Rb:T5RC a i a

56g(g0 TR Cg(g0pq bpCgC :1g b550mTRp:g :0pRCH50dp:T5R i a TC TR(g0:gm :1)C 705m)bTRc gI7qTbT:qV

60T::gR 75:gR:TpqC cT(gR pC a i :105)c1 pR gqgdgR:p0V H)Rb:T5R a a i qq :1gCg bpCgC

p0g pb1Tg(gm rV HTITRc :1g 7p0pdg:g0 :5 p 7p0:Tb)qp0 (pq)g 1gRbg pqq :1gCg 7p0:Tb)qp0 75:gR:TpqC

p0g H5)0 7p0pdg:0Tb i1g dgR:T5Rgm :65 0gbgR:qV 70gCgR:gm H5)0 7p0pdg:0Tb 50mTRp0V

1V7g0cg5dg:0Tb 75:gR:TpqC w - p0g y)C: C)b1 bpCgC

i1g 75:gR:Tpq 6g 70gCgR: TC gT:1g0 p CTRc)qp0 6gqq 61Tb1 rg1p(gC pC :1g TR(g0Cg C3)p0g 055:

TR :1g (TbTRT:V 5H :1g 50TcTR pRm gI75RgR:TpqqV (pRTC1gC p: TRHTRT:V 50 p Cd55:1 pCVddg:0Tb C:g7

rp00Tg0 6T:1 (p0Tprqg 1gTc1: C:gg7RgCC pRm pCVddg:0V i1g cgRg0pq C5q):T5R 5H :1g tb10FmTRcg0

g3)p:T5R H50 :1TC 75:gR:Tpq TC 60T::gR :105)c1 H)RmpdgR:pq C5q):T5RC gpb1 5H 61Tb1 70gCgR:C pR

T00gm)bTrqg qTRgp0 b5drTRp:T5R 5H :65 50mTRp0V 1V7g0cg5dg:0Tb H)Rb:T5RC i1g CTRc)qp0 (g0CT5R

5H :1g 75:gR:Tpq mgCb0TrgC p C150: 0pRcg TR:g0pb:T5R pRm H50 :1TC 0gpC5R C)7750:C 5RqV p HTRT:g R)drg0

5H r5)Rm C:p:gC fg mg0T(g :1g gIpb: g3)p:T5R H50 gRg0cV C7gb:0)d pRm gC:Tdp:g :1g R)drg0 5H

r5)Rm C:p:gC

4.1.1 T-e 327e17.al
i1g 75:gR:Tpq TC cT(gR 7p0pdg:0TbpqqV pC

a
a

qR qRi a i a a

61g0g pRm i p0g p0rT:0p0V 0gpq 50 b5d7qgI b5RC:pR:C ug60T:TRc :1g b550mTRp:g

:0pRCH50dp:T5R pC
i ia

a

T: TC CggR :1p: H50 0gpq 0p:T5Rpq :1g :0pRCH50dp:T5R TC 0g60T::gR pC p 75qVR5dTpq g3)p:T5R H50 a

1gRbg TR Cg(g0pq bpCgC T: bpR rg TR(g0:gm

tTRbg :1g 75CCTrqg CTd7qgC: bpCg TC TH :1g 75qVR5dTpq g3)p:T5R TC 3)pm0p:Tb i1TC TC

pb1Tg(gm H50 : TC b1gbvgm 156g(g0 :1p: :1gCg :10gg bpCgC qgpm :5 H5)0 7p0pdg:0Tb

C)r 75:gR:TpqC 61Tb1 p0g g3)T(pqgR: TR :1g CgRCg :1p: gpb1 TC mg0T(gm H05d pR5:1g0 rV C7gbTHTbp:T5RC

5H :1g TR(5q(gm 7p0pdg:g0C 50 :1g 75:gR:Tpq 0gpmC w -

i i
i

61g0g 6g 1p(g b1pRcgm



i1g RgI: p0g :1g b)rTb 75qVR5dTpq 0gm)b:T5RC 61Tb1 p0g pb1Tg(gm TR CTI bpCgC

: TC pcpTR b1gbvgm 156g(g0 :1p: :1gCg b15TbgC 705m)bg 5RqV 5Rg

TRmg7gRmgR: 75:gR:Tpq i1TC TC :1g H5)0 7p0pdg:0Tb 75:gR:Tpq 70gCgR:gm TR w -

a

i i

i i
a

61g0g 5Rg C15)qm 0g7qpbg i rV i i tTdTqp0 75:gR:TpqC TR :g0dC 5H gqgdgR:p0V H)Rb:T5RC :105)c1

3)p0:Tb pRm 3)TR:Tb 0gm)b:T5RC 5H g3)p:T5R p0g 0p:1g0 b)drg0C5dg 6g 5dT: :15Cg

50 p0rT:0p0V 0gpq pCC)dTRc a pRm C1TH:TRc

qRi i t

:1g 75:gR:Tpq 70gCgR:C p CTRc)qp0 6gqq R :1g (TbTRT:V 5H :1g 50TcTR T: rg1p(gC pC i

Di i

pRm gI75RgR:TpqqV p7705pb1gC p b5RC:pR: p: TRHTRT:V

D i
i

i1g 75:gR:Tpq pRm :1g :65 pCVd7:5:gC p0g C156R TR Tc

 Tc l5:gR:Tpq H50 pRm i
i1g TRCg: 70gCgR:C :1g b550mTRp:g :0pRCH50dp:T5R a i H50 i
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1p(g 70gCgR:gm pR gIpd7qg 5H :1TC vTRm 5H 75:gR:TpqC Cg(g0pq 5:1g0 gIpd7qgC p0g 70gCgR:gm TR w

-

TCb)CCTRc :1g gIpd7qg 5H :1g b5RHq)gR: g)R g3)p:T5R 61Tb1 mT0gb:qV TRb50750p:gC :1g :65

1V7g0cg5dg:0Tb g3)p:T5RC 6g 1p(g C156R :1p: :1g0g gITC: TR :5:pq HTH:ggR 7g0dTCCTrqg b15TbgC H50 :1g

b550mTRp:g :0pRCH50dp:T5R gpb1 qgpmTRc :5 p H5)0 50 HT(g 7p0pdg:0Tb 75:gR:Tpq gbp)Cg 5H :1g

CVddg:0V 5H :1g CTRcqg b5RHq)gR: g)R g3)p:T5R 6T:1 0gC7gb: :5 :1g :0pRC75CT:T5R a a 5RqV

RTRg 5H :1gCg 75:gR:TpqC p0g TRmg7gRmgR: T(g 5H :1g TRmg7gRmgR: 75:gR:TpqC p0g H5)0 7p0pdg:0Tb

7gb)qTp0T:V 5H :1gCg 75:gR:TpqC TC :1p: :1gV m5 R5: 75CCgC 1V7g0cg5dg:0Tb C)r 75:gR:TpqC 5)0 5:1g0

TRmg7gRmgR: b5RHq)gR: g)R 75:gR:TpqC p0g HT(g 7p0pdg:0Tb i1gCg 75:gR:TpqC 70gCgR: mTC:TRb:

cgRg0pqT8p:T5RC 5H 1V7g0cg5dg:0Tb 75:gR:TpqC

d5Rc :1g TRmg7gRmgR: HT(g 7p0pdg:0Tb b5RHq)gR: g)R 75:gR:TpqC 5Rg 75:gR:Tpq gI:gRmC :1g

5)q5dr b5RHq)gR: 1V7g0cg5dg:0Tb 75:gR:Tpq w - pR5:1g0 5Rg gI:gRmC :1g )q:1AR 50mTRp0V

1V7g0cg5dg:0Tb 75:gR:Tpq w - pRm :1g0g TC p 75:gR:Tpq :1p: 75CCgCCgC H5)0 7p0pdg:0Tb C)r

75:gR:TpqC 5H r5:1 1V7g0cg5dg:0Tb :V7gC gI75RgR:Tpq 75:gR:Tpq 61Tb1 TC p :0)Rbp:gm (g0CT5R 5H :1g

.50Cg b5RHq)gR: 1V7g0cg5dg:0Tb 75:gR:Tpq w - pRm :1g f55mC tpI5R 50mTRp0V 1V7g0cg5dg:0Tb

75:gR:Tpq w - i1g H5)0:1 HT(g 7p0pdg:0Tb g)R 75:gR:Tpq 75CCgCCgC p b5RHq)gR: 1V7g0cg5dg:0Tb

C)r 75:gR:Tpq 61Tb1 TC p b5RmT:T5RpqqV TR:gc0prqg TR :1g CgRCg :1p: T: bpRR5: rg 70gCgR:gm pC rgTRc

705750:T5Rpq :5 pR gRg0cV TRmg7gRmgR: 7p0pdg:g0 pRm 1p(TRc p C1p7g :1p: TC TRmg7gRmgR: 5H :1p:

7p0pdg:g0 i1TC TC p :10gg 7p0pdg:0Tb 75:gR:Tpq gI7qTbT:qV cT(gR :105)c1 p b550mTRp:g :0pRCH50dp:T5R

60T::gR TR :g0dC 5H :1g 4pdrg0: H)Rb:T5R w - i1g tb10FmTRcg0 b5)R:g07p0: 5H :1TC

75:gR:Tpq 1pC rggR 70gCgR:gm TR w -

fg 65)qm qTvg :5 b5Rbq)mg rV R5:TRc :1p: :1g p77qTgm p7705pb1 pRm :1g qTRgC 5H :1g 70gCgR:gm

pRpqVCTC p0g 0p:1g0 cgRg0pq pRm bpR rg gI:gRmgm :5 5:1g0 :p0cg: g3)p:T5RC 50 :5 :0gp: 5:1g0 C:0)b:)0pqqV

CTdTqp0 705rqgdC H50 TRC:pRbg :5 mg0T(g :1g g)R C5q):T5RC 5H :1g 2qgTR 50m5R g3)p:T5R 5R

dpRTH5qmC 6T:1 (p0Tprqg cg5dg:0V w - 50 :5 TmgR:THV :1g 75:gR:TpqC H50 61Tb1 :1g 2qgTR 50m5R pRm

5:1g0 0gqp:T(TC:Tb 3)pR:)d dgb1pRTbpq 6p(g g3)p:T5RC w - p0g C5q(prqg TR :g0dC 5H :1g cgRg0pq 50

d)q:T7qV b5RHq)gR: g)R H)Rb:T5RC



Summary and Conclusion 

 T1. t1.s2s 2s -.v8t.- t8 t1.8;.t2,a5 a99;8a,1.s /8; ;.s87a7t 89t2,a5 ,87t;85 8/ :ua7tu6 

sBst.6s 1av270 -2s,;.t. .7.;0B s9.,t;u6. W. ,87s2-.; t1. 6a729u5at287 8/ s2695.st :ua7tu6 tw8-

stat. sBst.6s bB .At.;7a5 89t2,a5 5as.; /2.5-s w1.7 t1. /2.5- 2s ;.s87a7t 8; :uas2-;.s87a7t /8; s86. 

tw8 8/ t1. 5.v.5s 8/ t1. sBst.6 (:ua7tu6 t26.--.9.7-.7t tw8-stat. 9;8b5.6). W. -.v.589 a 

sBst.6at2, a7a5Bt2,a5 t1.8;B /8; t1. :ua7tu6 tw8-stat. -B7a62,s bas.- 87 t1. 6at1.6at2,a5 t885s 

9;8v2-.- bB t1. 68st a-va7,.- at 9;.s.7t t26. s9.,2a5 /u7,t287s - t1. /2v. /u7,t287s 8/ t1. H.u7 

,5ass. T1. 6a27 /8,us 8/ 8u; stu-B 2s 87 t1. a7a5Bt2, -.s,;29t287 8/ 91Bs2,a55B 27t.;.st270 787-

a-2abat2, .v85ut287 8/ :ua7tu6 tw8-stat. sBst.6s sub3.,t t8 .A,2tat287 bB 5.v.5-,;8ss270 /2.5--

,87/20u;at287s. 

 A7a5Bt2, s85ut287s 8/ 91Bs2,a5 9;8b5.6s 1av. a5waBs b..7 8/ ,87s2-.;ab5. 27t.;.st, 

9;8v2-270 t1. 8998;tu72tB 8/ ,869;.1.7s2v. a7a5Bs2s 8/ t1. sBst.6s u7-.; ,87s2-.;at287. H8w.v.;, 

/8; t1. 68st 8/ ,87t.698;a;B 91Bs2,a5 9;8b5.6s t1. a7a5Bt2, s85ut287s a;. ;a;. b.,aus. 8/ t1. 5a,4 

8/ a99;89;2at. 6at1.6at2,a5 t885s. As ;.0a;-s t1. :ua7tu6 tw8-stat. 9;8b5.6 (87. 8/ t1. s2695.st 

:ua7tu6 9;8b5.6s; .v.7 /8; 2t t1. 0.7.;a5 a7a5Bt2, s85ut287 2s 78t 478w7), a7 8bs.;vat287 2s t1at t1. 

bas2, s.t 8/ a7a5Bt2, 68-.5s (La7-au-'.7.;, D.648v-Ku724., .t,.) 1as b..7 -.v.589.- 27 t1. 9ast 

bB s85v270 t1. t26.--.9.7-.7t S,1;D-270.; .:uat287s 27 t.;6s 8/ s9.,2a5 /u7,t287s 8/ t1. 

1B9.;0.86.t;2, ,5ass. H8w.v.;, 2t 1as ;.,.7t5B b..7 s18w7 t1at t1.;. a;. 78 68;. tw8-stat. 68-.5s 

787-,87-2t287a55B 27t.0;ab5. 27 t.;6s 8/ t1. 1B9.;0.86.t;2, /u7,t287s a7- t1us t1. s.t 8/ 98ss2b5. 

1B9.;0.86.t;2, tw8-stat. 68-.5s 2s ,u;;.7t5B .A1aust.-. Fu;t1.;68;., a 9.,u52a;2tB 8/ 

1B9.;0.86.t;2, 68-.5s 2s t1at t1.B 9;8v2-. ut68st 87. ;.s87a7,. ,;8ss270 -u;270 t1. 27t.;a,t287 

9;8,.ss. As 478w7, t12s 2s 78t .78u01 /8; .//2,2.7t :ua7tu6 ,87t;85: t1. t1.8;B 8/ 787-a-2abat2, 

t;a7s2t287s 27-2,at.s t1at at 5.ast tw8 ,;8ss270s a;. ;.:u2;.- t8 9;8v2-. .//2,2.7t ,87t;85 8/ :ua7tu6 

sBst.6s. H.7,., 68;. a-va7,.- 6at1.6at2,a5 t885s a;. 7..-.- a7- 1.;. 2s w1.;. t1. H.u7 

/u7,t287s a;2s.: 27 t12s t1.s2s w. s18w t1at 6u,1 68;. 68-.5s a;. ,87st;u,t.- w1.7 .A9;.ss270 t1. 

s85ut287 8/ t1. tw8-stat. 9;8b5.6 27 t.;6s 8/ t1. H.u7 /u7,t287s. S27,. t1. H.u7 /u7,t287s 

;.9;.s.7t -2;.,t 0.7.;a52Cat287s 8/ t1. 1B9.;0.86.t;2, /u7,t287s, t1. s85ut287s 27 t.;6s 8/ t1. H.u7 

/u7,t287s 0.7.;a52C. a55 1B9.;0.86.t;2, ,as.s. 

 W. ,5ass2/B t1. ,8695.t. s.t 8/ t1. s.62,5ass2,a5 t26.--.9.7-.7t :ua7tu6 tw8-stat. 68-.5s 

s85vab5. 27 t.;6s 8/ t1. /2v. a-va7,.- s9.,2a5 6at1.6at2,a5 /u7,t287s 8/ t1. H.u7 ,5ass. A 6a38; 
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;.su5t w. ;.98;t 2s t1at t1.;. .A2st 27 t8ta5 61 27/272t. ,5ass.s 8/ tw8-stat. 68-.5s s85vab5. 27 t.;6s 8/ 

t1. H.u7 /u7,t287s.  8;. 9;.,2s.5B, w. 1av. s18w7 t1at t1.;. .A2st t12;tB-/2v. ,5ass.s /8; w12,1 t1. 

9;8b5.6 ,a7 b. s85v.- 27 t.;6s 8/ t1. 0.7.;a5 H.u7 /u7,t287s (75), /2/t..7 ,5ass.s a;. s85vab5. 27 

t.;6s 8/ t1. s2705.-,87/5u.7t H.u7 /u7,t287s (t1.s. ,5ass.s 1av. b..7 ;.,.7t5B 2-.7t2/2.- bB A. 

Is141a7Ba7 a7- A. G;208;Ba7 (76)), a7- w. 1av. s18w7 t1at t1.;. .A2st /2v. ,5ass.s s85vab5. 27 

t.;6s 8/ t1. -8ub5.-,87/5u.7t H.u7 /u7,t287s (77), /2v. 8t1.; ,5ass.s 27 t.;6s 8/ t1. b2-,87/5u.7t 

H.u7 /u7,t287s (77), a7- a ,5ass s85vab5. 27 t.;6s 8/ t1. t;2-,87/5u.7t H.u7 /u7,t287s (77). 

 A78t1.; s.t 8/ 8u; ;.su5ts ,87s2sts 8/ t1. .A9a7s287s 8/ t1. s85ut287s 8/ t1. 0.7.;a5, s2705.-

,87/5u.7t, a7- b2-,87/5u.7t H.u7 .:uat287s 27 t.;6s 8/ t1. 27,8695.t. B.ta (78), Ku66.; 

,87/5u.7t 1B9.;0.86.t;2, (79), a7- 787-27t.0.; 8;-.; H.;62t. (80) /u7,t287s. T1. ,87-2t287s /8; 

t.;627at287 8/ t1.s. s.;2.s, 27 8;-.; t8 9;8-u,. /272t.-su6 ,58s.--/8;6 s85ut287s, a;. -2s,uss.- 27 

-.ta25. A ;.6a;4 1.;. 2s t1at t1. 0.7.;a5 27t.;.st 27 H.u7 .:uat287s a7- /u7,t287s a;2s. b8t1 /;86 

/u7-a6.7ta5 a7- ,869utat287a5 /2.5-s: 27 9a;a55.5 t8 t1. /u7-a6.7ta5 ;.s.a;,1 87 t1. 9;89.;t2.s 8/ 

s85ut287s 8/ t1.s. .:uat287s va;28us ,869utat287a5 a508;2t16s /8; 7u6.;2,a5 ,a5,u5at287s 8/ t1. 

H.u7 /u7,t287s a;. b.270 -.v.589.-. Cu;;.7t5B, t1. aut18; 8/ t12s t1.s2s 2s w8;4270 87 t1. 9;83.,t 8/ 

2695.6.7tat287 8/ t1. H.u7 /u7,t287s 27t8 t1. 68-.;7 ,869ut.; a50.b;a sBst.6  at1.6at2,a.  

 A t12;- s.t 8/ 8u; ;.su5ts ,a6. 8ut -u. t8 t1. a9952,at287 8/ t1. -.v.589.- s.;2.s .A9a7s287s 

t8 2-.7t2/B t1. 9a;t2,u5a; tw8-stat. sub-68-.5s t1at -.s,;2b. 27t.;.st270 91Bs2,a5 91.786.7a (su,1 

as t1. 9.;28-2,a55B ;.9.at.- 8; asB66.t;2,-27-t26. 5.v.5-,;8ss270 9;8,.ss.s, .t,.) a7- 1av. .Aa,t 

,58s.--/8;6 s85ut287 27 t.;6s 8/ s2695.; 6at1.6at2,a5 /u7,t287s (81-83). 

 T1. 6at1.6at2,a5 a99;8a,1.s t1at a;. -.v.589.- 27 t1. /;a6.w8;4 8/ t1. 9;.s.7t t1.s2s a;. 

;at1.; u72v.;sa5 a7- ,a7 b. a9952.- t8 .A958;. a v2-. s.t 8/ -2//.;.7t 91Bs2,a5 9;8b5.6s. T12s 5.a-s 

t8 t1. /8u;t1 s.t 8/ 8u; ;.su5ts. BB a995B270 t1. -.v.589.- a99;8a,1.s t8 787-;.5at2v2st2, a7- 

;.5at2v2st2, wav. .:uat287s, w. 1av. -.;2v.- s.v.;a5 7.w .7.;0B-27-.9.7-.7t :ua7tu6-6.,1a72,a5 

98t.7t2a5s /8; t1. S,1;D-270.; .:uat287 t1at a;. s85v.- 27 t.;6s 8/ t1. /u7,t287s 8/ t1. 

1B9.;0.86.t;2, ,5ass (80, 84), a7- 1av. ;.v.a5.- t1. 727. 98t.7t2a5s /8; w12,1 t1. stat287a;B K5.27-

G8;-87 .:uat287 ,a7 b. s85v.- 27 t.;6s 8/ t1. ,87/5u.7t H.u7 /u7,t287s (85). T1.s. ;.su5ts 

-.687st;at. t1. w2-. a9952,ab252tB 8/ t1. 6at1.6at2,a5 t885s t1at w. 1av. -.v.589.- w1.7 s85v270 

t1. :ua7tu6 tw8-stat. 9;8b5.6. 
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 H.;. a;. t1. 6a27 ;.su5ts 8/ t1. t1.s2s 27 -.ta25: 

1. W. 1av. s18w7 t1at t1.;. .A2st t12;tB-/2v. 27/272t. ,5ass.s 8/ 68-.5s /8; w12,1 t1. s.62,5ass2,a5 

t26.--.9.7-.7t tw8-stat. 9;8b5.6 ,a7 b. s85v.- 27 t.;6s 8/ t1. 0.7.;a5 H.u7 /u7,t287s. 

2. W. 1av. 9;.s.7t.- a s9.,2/2, ,87sta7t-a6952tu-. 9.;28-2, 5.v.5-,;8ss270 68-.5 b.5870270 t8 a 

0.7.;a5 H.u7 ,5ass 8/ /2.5- ,87/20u;at287s.  

3. W. 1av. ,87st;u,t.- s.v.;a5 s.;2.s .A9a7s287s 8/ t1. 0.7.;a5 H.u7 /u7,t287 27 t.;6s 8/ t1. 

27,8695.t. B.ta /u7,t287s a7- 8/ t1. s2705.-,87/5u.7t H.u7 /u7,t287 27 t.;6s 8/ t1. Ku66.; 

,87/5u.7t 1B9.;0.86.t;2, /u7,t287s.  

4. W. 1av. 27t;8-u,.- a7 .Aa,t5B s85vab5. ,87sta7t-a6952tu-. La6b.;t-W 5.v.5-,;8ss270 

,87/5u.7t 1B9.;0.86.t;2, tw8-stat. 68-.5.  

5. W. 1av. -.;2v.- 27 t8ta5 .5.v.7 27/272t. ,5ass.s 8/ t1. tw8-stat. 9;8b5.6 s85vab5. 27 t.;6s 8/ t1. 

6u5t2-,87/5u.7t H.u7 /u7,t287s.  

6. W. 1av. ,87st;u,t.- a7 .A9a7s287 8/ t1. s85ut287s 8/ t1. b2-,87/5u.7t H.u7 .:uat287 27 t.;6s 

8/ t1. 787-27t.0.;-8;-.; H.;62t. /u7,t287s 8/ a s12/t.- a7- s,a5.- a;0u6.7t.  

7. W. 1av. 27t;8-u,.- t1. t12;- /2v.-9a;a6.t;2, 8;-27a;B 1B9.;0.86.t;2, .7.;0B-27-.9.7-.7t 

:ua7tu6-6.,1a72,a5 98t.7t2a5 /8; t1. S,1;D-270.; .:uat287, a/t.; t1. E,4a;t a7- PDs,15-T.55.; 

98t.7t2a5s.  

8. W. 1av. 9;.s.7t.- t1. 0.7.;a5 s85ut287 8/ t1. 87.--26.7s287a5 S,1;D-270.; .:uat287 /8; t1. 

/2v. 27-.9.7-.7t s2A-9a;a6.t;2, b2-,87/5u.7t H.u7 98t.7t2a5s.  

9. W. 1av. 9;.s.7t.- 27 t8ta5 727. 27-.9.7-.7t 98t.7t2a5s /8; w12,1 t1. stat287a;B K5.27-G8;-87 

.:uat287 2s s85vab5. 27 t.;6s 8/ t1. ,87/5u.7t H.u7 /u7,t287s. 

 T1. t1.s2s t1us su00.sts a s.t 8/ t885s t1at ,a7 b. v2.w.- as a7 a-va7,.- t1.8;.t2,a5 0;8u7- 

/8; /u;t1.; ;.s.a;,1 87 :ua7tu6 sBst.6s -B7a62,s' 9;.-2,t287, a7a5Bs2s a7-, 1.7,., .//.,t2v. ,87t;85 

27 ;.a5-w8;5- .A9.;26.7ts.  

  a7B :u.st287s a;. 89.7 a7- 1av. 78t b..7 ,87s2-.;.- 27 t1. /;a6.w8;4 8/ t1. t1.s2s. F2;st 

8/ a55, t12s ,87,.;7s t1. 9a;t2,u5a; a9952,at287s 8/ t1. -.;2v.- tw8-stat. 68-.5s 8/ 5as.;-/2.5- 

,87/20u;at287s t8 ,87,;.t. 91Bs2,a5 s2tuat287s. N.At, 27 t1. /;a6.w8;4 8/ t1. t1.s2s, w. 1av. 

bas2,a55B ,87s2-.;.- 875B t1. s2695.st lossless :ua7tu6 tw8-stat. 68-.5, w125. 2t 2s w.55 u7-.;st88- 

t1at t1. 2;;.v.;s2b5. 58ss.s 8/ -2//.;.7t 7atu;. a;. a5waBs ava25ab5. 27 a7B 91Bs2,a5 sBst.6. T18u01 

t12s :u.st287 2s 78t .A952,2t5B -2s,uss.- 27 t1. t1.s2s, 2t s18u5- b. 78t.- t1. /8558w270. A55 61 ,5ass.s 

8/ tw8-stat. H.u7 68-.5s -.;2v.- 27 t1. t1.s2s 0.7.;a55B a558w ,8695.A 9a;a6.t.;s. T12s 27-2,at.s 
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t1at t1. 68-.5s 6aB 27 /a,t -.s,;2b. t1. -2ss29at287. W. 1av. .A952,2t5B -.687st;at.- t12s 27 

Chapters 1 a7- 2 bB 9;.s.7t270 a /.w 9a;t2,u5a; tw8-stat. H.u7 68-.5s t1at -8 -.s,;2b. 5.v.5-

,;8ss270 9;8,.ss.s w2t1 -2ss29at287. T1us, w. 1av. s18w7 t1at 2t 2s 98ss2b5. t8 ,87st;u,t 91Bs2,a55B 

;.a52st2, a7- 27t.;.st270 68-.5s w2t127 t1.s. 61 tw8-stat. H.u7 ,5ass.s. T1. 2-.a52C.- 58ss5.ss tw8-

stat. ;.9;.s.7tat287s a;. 78t 269.;at2v. /8; t1. 9;.s.7t.- 68-.5s. I698;ta7t5B, t1. -2ss29at2v. tw8-

stat. 68-.5s 9;.s.7t s18;t,uts t8 t1. S,1;D-270.; 98t.7t2a5s. T12s 2s a7 ass.;t287 -87. 27 t1. s.7s. 

t1at t1.;. 2s 87.-t8-87. 6a99270 b.tw..7 t1. -2ss29at2v. tw8-stat. 68-.5s a7- t1. ;.a5 98t.7t2a5s /8; 

t1. S,1;D-270.; .:uat287 (..0., t1. w.55 478w7 La7-au-'.7.; 68-.5 2s -2;.,t5B t;a7s/8;6.-, 2/ 

,8695.A 9a;a6.t.;s a;. assu6.-, t8 t1. 1a;6872, 8s,255at8; 98t.7t2a5). It 2s a5s8 w8;t1 6.7t287270 

t1at t1. -2ss29at2v. tw8-stat. 68-.5s 6aB 89.7 7.w 18;2C87s 27 t1. stu-B 8/ 787-H.;62t2a7 

Ha625t872a7 sBst.6s. W. 27t.7- t8 stu-B t1.s. 2698;ta7t t892,s 27 8u; /utu;. ;.s.a;,1. 

 O7. 68;. 27t.;.st270 9827t 2s t1. :u.st287 8/ t1. 272t2a5 ,87-2t287s T18u01 a55 t1. ;.su5ts 

9;.s.7t.- 27 t1. t1.s2s a;. a7a5Bt2,, a7- 1.7,., 27 9;27,295. 87. 2s ab5. t8 a7a5BC./9;.-2,t t1. 

b.1av28; 8/ t1. sBst.6 u7-.; a7B 5as.;-/2.5- ,87/20u;at287 /;86 t1. 52st.- 61 tw8-stat. H.u7 

68-.5s, 2t 2s s86.t26.s -2//2,u5t t8 ,87st;u,t t1. .A952,2t s85ut287 w12,1 sat2s/2.s t1. 9;.s,;2b.- 

272t2a5 ,87-2t287s. T12s 2s b.,aus. t1. t1.8;B 8/ t1. H.u7 /u7,t287s 2s st255 27su//2,2.7t5B -.v.589.-. 

As ;.0a;-s t1. 9a;t2,u5a; ,as.s 8/ .Aa,t ,58s.--/8;6 s85ut287s w;2tt.7 27 t.;6s 8/ 527.a; 

,86b27at287s 8/ t1. 1B9.;0.86.t;2, /u7,t287s, t1. 272t2a5 ,87-2t287s /8; w12,1 t1.s. s85ut287s a;. 

a9952,ab5. 2s 78t -2s,uss.- 27 t1. t1.s2s. T12s 2s 87. 68;. 9827t t1at w. su998s. t8 -2s,uss 27 t1. 

/utu;.. 

 Su66a;2C270, us270 t1. t885s -.v.589.- 27 t1. ,u;;.7t t1.s2s w. 27t.7- t8 6a4. t1. 7.At st.9 

27 t1. ;.s.a;,1 87 :ua7tu6 ,87t;85 8/ /.w-stat. sBst.6s /8,us270 87 t1. u7-.;5B270 91Bs2,s. It 2s 

u7-.;st88- t1at t1. H.u7 /u7,t287s a7- ;.5at.- 6at1.6at2,a5 -.v.5896.7ts a;. 6.;.5B 

27t.;6.-2a;2.s. 
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QUANTUM TWO-STATE LEVEL-CROSSING MODELS 
IN TERMS OF THE HEUN FUNCTIONS 

Abstract 
 Th  .h -i- i- d v). d .) .h  fu(da' (.al p,)bl ' )f  2ci.a.i)( a(d 'a(ipula.i)( )f qua(.u' 
-3-. '-, havi(g di-c, .   ( ,g3 -p c.,u', via  2. ,(al la- , fi ld-. W   2a'i(  .h  - 'icla--ical .i' -
d p (d (. qua(.u' .1)--.a.  p,)bl ', 1h ( .h   2. ,(al  l c.,)'ag( .ic fi ld i- , -)(a(. ), qua-i-, -)(a(. 
f), -)'  .1) )f 'a(3 l v l- )f .h  -3-. '. Th  f)cu- )f .h  .h -i- i- )( .h  a(al3.ic d -c,ip.i)( )f .h  ()(-
adiaba.ic  v)lu.i)( )f qua(.u' -3-. '- -ubj c. .)  2ci.a.i)( b3 l v l-c,)--i(g fi ld-c)(figu,a.i)(-. I( .h  
p, - (. .h -i- 1  cla--if3 .h  c)'pl .  - . )f .h  - 'icla--ical .i' -d p (d (. qua(.u' .1)--.a.  ')d l- 
-)lvabl  i( . ,'- )f .h  fiv  fu(c.i)( )f .h  H u( cla--.  
Mai( , -ul.- )f .h  .h -i- a, : 
1. I( .).al 61 i(fi(i.  cla-- - )f .1)--.a.  ')d l- (i. .  2. ,(al la- , fi ld c)(figu,a.i)(-) -)lvabl  i( . ,'- 

)f g ( ,al a(d c)(flu (. H u( fu(c.i)(- a,  d ,iv d. 
2. I( .h -  i(fi(i.  cla-- - .h,   ),igi(al l v l-c,)--i(g -ub')d l- a,  id (.ifi d: )(  d -c,ib - i(fi(i.  

(p ,i)dical) c,)--i(g- )f , -)(a(c , )(  d -c,ib - a-3'' .,ic , -)(a(c  c,)--i(g 1i.h a fi(i.  .i'  )f 
p,)c -- a(d .h  la-. )(  d -c,ib - i(fi(i.  a-3'' .,ic , -)(a(c  c,)--i(g p,)c --. Th  b havi), )f .h  
.1)--.a.  qua(.u' -3-. ' u(d , .h -  fi ld c)(figu,a.i)(- i- c)'p, h (-iv l3 a(al34 d. 

3. S)lu.i)(- )f .h  H u(  qua.i)(- i( . ,'- )f i(c)'pl .  B .a fu(c.i)(-, Ku'' , c)(flu (. 
h3p ,g )' .,ic fu(c.i)(- a(d ()(-i(. g ,-),d , H ,'i.  fu(c.i)(- )f a -hif. d a(d -cal d a,gu' (. a,  
c)(-.,uc. d. 

4. A(al3.ic -)lu.i)(- )f .h  qua(.u' .1)--.a.  p,)bl ' a,  p,)j c. d )( .h  , la.ivi-.ic a(d ()(-, la.ivi-.ic 
1av - qua.i)(-: ( 1 p). (.ial- f), .h  Sch,ödi(g , a(d Kl i(-G),d)(  qua.i)(- a,  d ,iv d a(d -)lv d. 

Keywords: laser excitation; quantum two-state problem; level-crossings; Heun functions. 

MODÈLES QUANTIQUES - DEUX ÉTATS AVEC CROISEMENTS DE NIVEAUX 
DÉCRITS PAR LES FONCTIONS DE HEUN 

Résumé 
 La .hè-   -. c)(-ac,6  au p,)blè'  f)(da' (.al d  l' 2ci.a.i)(  . d  la 'a(ipula.i)( d  -3-.è' - 
qua(.iqu - à -p c.,  d'6( ,gi  di-c, ., via d - cha'p- la- ,-  2. ,( -. N)u-  2a'i()(- l  p,)blè'  - 'i-
cla--iqu  à d u2 6.a.- qua(.iqu -, d6p (da(. du . 'p-, l),-qu  l  cha'p 6l c.,)'ag(6.iqu   2. ,(   -. 
,6-)(a(. )u qua-i ,6-)(a(. p)u, d u2 d - ()'b, u2 (iv au2 du -3-.è' . La .hè-   -. c (.,6  -u, la 
d -c,ip.i)( a(al3.iqu  d  l'6v)lu.i)( ()( adiaba.iqu  d - -3-.è' - qua(.iqu - -)u'i- à u(   2ci.a.i)( pa, 
d - c)(figu,a.i)(- d  cha'p- av c c,)i- ' (.- d  (iv au2. Da(- la p,6- (.  .hè- , ()u- cla--ifi)(- 
l’ (- 'bl  c)'pl . d - ')dèl - qua(.iqu - à d u2 6.a.- - 'i-cla--iqu - d6p (da(.- du . 'p-, qui p uv (. 
ê.,  ,6-)lu-  ( ci(q f)(c.i)(- d  la cla--  d  H u(. 
L - p,i(cipau2 ,6-ul.a.- d  la .hè-  -)(. : 
1. Au .).al, 61 cla-- - i(fi(i - d  ')dèl - à d u2 6.a.- (i. . l - c)(figu,a.i)(- d  cha'p la- ,  2. ,( ) 

-)lubl -  ( . ,' - d  f)(c.i)(- d  H u( g6(6,al   . c)(flu (. - -)(. d6,iv6 -. 
2. Da(- c - cla-- - i(fi(i -, .,)i- -)u--')dèl - ),igi(au2 av c c,)i- ' (.- d  (iv au2 -)(. id (.ifi6-: l'u( 

d6c,i. l - c,)i- ' (.- i(fi(i- d  ,6-)(a(c  (p6,i)diqu -), l'au.,  d6c,i. l - c,)i- ' (.- d  ,6-)(a(c  
a-3'6.,iqu  av c u( . 'p- d  p,)c --u- fi(i  . l  d ,(i , d6c,i. l - p,)c --u- d  c,)i- ' (.- i(fi(i- d  
,6-)(a(c  a-3'6.,iqu . L  c)'p),. ' (. du -3-.è'  qua(.iqu  à d u2 6.a.- da(- c - c)(figu,a.i)(- d  
cha'p  -. a(al3-6 d  'a(iè,   2hau-.iv . 

3. L - -)lu.i)(- d - 6qua.i)(- d  H u(  ( . ,' - d  f)(c.i)(- bê.a i(c)'plè. -, d  f)(c.i)(- 
h3p ,g6)'6.,iqu - c)(flu (. - d  Ku'' ,  . d  f)(c.i)(- H ,'i.  d'),d,  ()(  (.i , -)(. c)(-.,ui. -. 

4. D - -)lu.i)(- a(al3.iqu - du p,)blè'  qua(.iqu  à d u2 6.a.- -)(. p,)j .6 - -u, l - 6qua.i)(- d')(d  
, la.ivi-. -  . ()( , la.ivi-. - : d  ()uv au2 p). (.i l- p)u, l - 6qua.i)(- d  Sch,ödi(g ,  . d  Kl i(-
G),d)( -)(. d6,iv6-  . ,6-)lu-. 

Mots cle s : excitation laser; système quantique à deux états; croisements de niveaux; fonctions de Heun.


