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Local and Global Sensitivity Analysis of Thin Ply Laminated Car-

bon Composites

Thomas A. Neigh

(ABSTRACT)

Recent work in the area of composite laminates has focused on the characterization of the
strength of laminates constructed from very thin plies. Interlaminar shear and normal stress
components have been shown to be concentrated on the edges, the so-called edge effect,
of unidirectional laminates at the interface between plies of different fiber orientation. Re-
search has shown that decreasing ply thickness can reduce these interlaminar stress edge
effects, and delay delamination in quasi-isotropic laminate specimen for laminates of equal
total thickness. First ply failure stress has also been shown to increase with decreasing ply
thickness. For these reasons, there has been a great deal of interest in laminated composites
constructed from very thin plies. This work studies the impact of manufacturing tolerances
on ply orientation on the mechanical properties of the constructed laminate. Direct Monte-
Carlo simulation is used to model the variance introduced in the manufacturing process.
First-order variance-based sensitivity analysis using a local analysis of variance technique is
used to study the contribution of each individual ply to the variation in as built mechanical
properties. Variation in mechanical properties of thick-ply and thin-ply laminate designs are
compared to study if thin-ply laminate designs show more or less variation than their thick-
ply counterparts. This work has found potential impacts of ply angle variation on variance of
as-built stiffness in laminates of different ply thicknesses. These differences are attributable
to the total ply count in a laminate. For a fixed height laminate, the ply count is inversely

proportional to thickness, yielding the apparent benefit of thin plies. Using thinner plies



in a sub-laminar stacking arrangement, repeating a sublaminate instead of repeating plies,

reduces sensitivity to manufacturing errors and would suppress tranverse failure modes.



Local and Global Sensitivity Analysis of Thin Ply Laminated Car-

bon Composites

Thomas A. Neigh

(GENERAL AUDIENCE ABSTRACT)

Carbon fiber reinforced polymer composites, a material consisting of carbon fiber filaments
bound within a polymer matrix, are commonly used in aerospace applications for their excel-
lent strength to weight ratio. This class of materials is highly tailorable, with strength and
stiffness controlled by the number of fiber layers, their thickness, and each layer’s respective
orientation. Variability in these characteristics arising from manufacturing processes can
result in changes in the laminate’s engineering properties. This work shows that characteriz-
ing the impacts to the engineering properties through Monte-Carlo simulation of variability
in the orientation is possible. A Monte-Carlo simulation is a type of statistical simulation
where a sample population is generated using an assumed mean and standard deviation.
Engineering and statistical analyses can then be performed on this sample population to
determine the variability in the engineering properties of the population. In addition, the
variability in the population can be studied as a function of each individual fiber layer to un-
derstand individual impacts based on orientation and position within the larger composite.
Using these analysis techniques presented in this work allows for the study of laminate vari-
ability prior to manufacturing, allowing engineers to better understand the material during

the design of complex aerospace structures.
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Thin ply composites are gaining an increasing interest due to their apparent ability to delay
first ply failure of CFRP composites. Analytical evidence of such behavior was first shown in
[11]. Modern manufacturing techniques have allowed for the construction of composites from
thin plies without damaging fibers [16]. Minimizing imperfections in the fiber, cured ply,
and layup are critical to ensuring that laminated composites perform as designed. Statistical
analyses can be completed based on expected errors to determine bounding cases for the
expected performance. These bounds establish an expectation for both stiffness and strength,
which is critical to design of aerospace hardware to meet strength and stiffness requirements
This work is built upon the intersection of these fields of study, composite analysis, statistical
analysis, and thin ply composites. A brief introduction to each of these fields is given in this

chapter, followed by literature review in subsequent chapters.

0i0 DbOobolot OUbooom

Laminated CFRP composites are popular due to their high specific strength and specific
stiffness. Engineering properties of these materials, called laminated composites through
the remainder of the paper, are highly tailorable for desirable characteristics [6]. Material
selection for fiber and matrix, processing of raw material during manufacturing, environ-

mental conditions during layup, layup techniques, and stacking sequence all contribute to
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the engineering properties of the final layup.

Variation in any step of the manufacturing process can affect the engineering properties
of the final laminate. Fluctuation in temperature during fiber curing, excessive moisture
during cure, and deviations from nominal ply orientation during stacking are all examples of
variation/errors that can contribute to differences between as-designed and as-manufactured
engineering properties. This work focuses on ply angle error that arises in hand layup
techniques. Variation of the ply angle orientation impacts the final laminated composite

engineering properties.

Qo0 boooobooodl booooooo

The impact of variation in manufacturing processes on the laminate’s stiffness and strength
can be simulated with statistical models. For a given model of the errors introduced in
manufacturing, the Monte-Carlo method may be used to generate a simulated sample of as-
built composites containing manufacturing defects. Variation in the model output is studied
using a combination of uncertainty and sensitivity analysis. Uncertainty analysis studies
variation in the output, while sensitivity analysis studies how the variation in model output
may be attributed to variation in the model input [15]. In the case of laminated composites,
these processes are applied to studying the resulting stiffness matrices of as built composites.
Sensitivity analysis is used to study how variation in stiffness may be attributed to variation
in the manufacturing process. In this work, the variation of ply angle that arises from errors
during hand layup is focused on as a source of variation. Additional sources of variations,
such as void content, ply thickness, and other defects, could be included in the mathematical

models but are not studied in this work.
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Thin-ply composite laminates are defined by NASA as those that are constructed from plies
that measure 2.5mil or thinner [19]. Such laminates are gaining increasing interest in the
aerospace industry due their ability to suppress through thickness failure modes of a laminate.
This delay in delamination is thought to be due to suppression of interlaminar stresses on
the ply boundaries at the free edge of a laminate. In exchange for damage suppression,
composite laminates constructed from thin plies fail in a more brittle manner [11, 16]. This
research studies how variation from the nominally designed configuration introduced in the

manufacturing process affects the mechanical properties of the laminate.
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Ply thickness has been shown analytically to be connected to interlaminar stresses, which
are concentrated at laminate edges in specimen subjected to axial extension [11]. These
stresses contribute to transverse micro-cracking and delamination failures. Experimental
studies have shown that decreasing ply thickness in quasi-isotropic laminates suppresses
these failure modes, increasing laminate strength up to the ultimate fiber strength [11, 16,
20]. This increase in strength and simplification of failure mode make thin ply composites

attractive to aerospace designers.

OooiD  O00o0itdtoon boodooo

The size effect of ply thickness has been studied extensively by [16, 2, 21]. Four sources of
potential size effect: probability of flaws, crack propagation, laminate scaling, and manufac-
turing were proposed in [2]. Total laminate volume was conserved in all experimental studies
to eliminate this size effect, though the effect of volume of an individual ply on probability
of a defect persists. Crack propagation is thought to be blunted at the boundary of plies
with different orientation angle, due to the discontinuity in ply angle. In-situ strength mod-

els have been proposed by [4, 21] showed that repetition of a sub-laminate [45;90; 45;0],,

4
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as opposed to ply block scaling [45,;90,; 454;0,], was critical to laminate performance.
Sub-laminate scaling showed an increase in unnotched tensile strength and increase in onset
of damage stress for open hole tension. In exchange for the increase in onset of damage,
laminates failed in a more brittle manner at a lower ultimate strength than the ply block
scaling. Studies performed by [2, 21] demonstrated that thick ply laminates behave similarly
to ply block scaled thin ply laminates. Thin ply laminates were shown to provide significant
improvements in strength compared to thick ply counterparts. Unnotched tensile specimen
demonstrated an ultimate strength comparable to the ultimate strength of the constituent
fibers [2, 16]. Onset of damage in open hole tension was demonstrated to be at a higher
load than for their thick ply counterparts [2, 16]. In open hole fatigue testing, thin ply
composites were demonstrated to have a quasi-infinite life for sufficiently low loading, which
was not observed for any level of loading for thick ply laminates [2]. Thin ply laminates were
also shown to have improved hot/wet performance and resistance to onset of damage from

impact testing [2].

00000 J000o0boooibd Oooooioood

Ply thickness of carbon fiber composites is controlled by the thickness of the tow of carbon
fiber used to manufacture the ply. Thinner plies are achieved through spreading of fiber
tows. Modern tow spreading techniques reduce tension in the filaments during spreading
using air flow to prevent fiber damage [16, 12]. Air is pulled downwards using a vacuum,
which results in a tension free state in the fibers. A vibrating spreader is then used to
decrease tow thickness uniformly. This technique is referred to as pneumatic tow spreading
or the pneumatic method [12]. Unidirectional laminates studied in [16] of both thin and
thick ply laminates created from prepreg sheets from the same original tow using this tow

spreading technique showed comparable moduli and strength, demonstrating that thin ply
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laminates can be constructed without introducing any fiber damage. Standard deviations
of the tested samples were also comparable, suggesting that any manufacturing errors are

independent of the ply thickness.

0o0i0  000ooo 00booioooo

Analytical prediction of experimentally observed laminate failure strengths generated by [2]
using a variety of techniques. Techniques employed included CLT without damage, CLT with
damage considerations, in-situ strength techniques, and shell modeling in Abaqus/CAE [5].
Damage was introduced into the CLT model though progressive load steps where the stiff-
ness of any ply is penalized by 99% when the Tsai-Hill failure criterion of that ply reached a
value of one. Ultimate failure was defined as failure of the 0° ply. Their calculations showed
that strength predictions with CLT reasonably predicted failure strengths of laminates with
predicted first ply failure corresponding with the onset of damage observed in thick ply
laminates. Ultimate strength predictions with damage matched well with observed failure
strength of intermediate ply laminates and ultimate strength predictions without damage.
The in-situ strength model, which was first proposed in [4], postulates that apparent trans-
verse strength of a ply is increased by its neighbors constraining crack propagation. This
model for strength prediction is based on linear elastic fracture mechanics. This method did
not agree well with experimental results in [2], whose results follow a linear relationship as
opposed to an asymptotic relationship proportional to the inverse of the square root of ply
thickness. Other limiting mechanisms such as free edge delamination and matrix damage
are suspected of contributing to these differences [2]. Shell modeling was found to be a poor
predictor of first ply failure in thick ply laminates, with improved accuracy for thin and
intermediate ply laminates. These results have shown that simple model techniques such as

shell modeling and CLT are reliable for predicting strength of laminates with thin plies due
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to the suppression of delamination and other transverse failure modes [2].

00 OOdbboiot Dobiooo

Composite analysis performed in this work is completed using CLT. The two key assumptions
that accompany this theory are plane stress and the Kirchhoff hypothesis, which states that
a line normal to the mid-plane does not deform, but instead only translates and rotates [6].
This hypothesis assumes no out of plane shear deforms the normal to the mid-plane, which is
typically applicable for a structure whose thickness is small compared to in-plane dimensions.
Through thickness normal and shear stresses are not considered in CLT. Methods such as
first-order shear deformation theory, or higher-order shear deformation theory include the

effects of through the thickness shear effects, but are not considered in this work.

poooiD  DOdooboo Dohooot oo

To perform analysis with laminated composites, laminate level properties are developed from
the properties of the individual plies. Using the plane stress assumption, the orthotropic
stiffness properties can be reduced to a 3x3 matrix for in-plane extensional stiffness and
shear stiffness, the so called reduced stiffness matrix. This matrix and subcomponents are

defined in Egs. 2.1 through 2.5 [6]:

2 3
Qu Qi O
Qij=8Q1 Qn O % (2.1)
0 0 Qes
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E
Qu = 1—1 (2.2)
12 21
E
Qu = # (2.3)
12 21
E
Q2 = 1—2 (2.4)
12 21
Qes = G2 (2.5)
The stress strain relations for a single ply are given by 2.6:
8 9 2 38 9
% 1% an Qn 0 § 1§
% 2§: Quz Q 02% 2§ (2.6)

0 0 Qe - 1

12

Ply orientation is then used to transform the lamina level stiffness into the laminate coordi-
nate system for the transformed reduced stiffness Gij, i=1,2,6. The transformation matrix
T and transformation equation are defined in Eqs. 2.7 and 2.8, respectively. The shorthand
notation m = cos( ) and n = sin( ), where is the ply orientation angle relative to the lam-
inate O-direction is used for cleanliness [6]. Errors in ply orientation at any individual ply
impact the larger laminate stiffness matrix by changing the transformed reduced stiffnesses.

The stiffness of each individual ply is then assembled into the laminate stiffness matrix.
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2
m? n?  2mn
T =§ n? m? 2mn é (2.7)

Q =[T] *[QIT] (2.8)

The laminate stiffness matrix can then be constructed by relating the mid-plane strains and
curvatures to the laminate force and moment resultants, respectively. The matrix shown in
Eq. 2.9, commonly referred to as the LJLJL] Matrix, is comprised of the extensional matrix
[J, the extensional bending coupling [, and the bending matrix [1. Each of the 3 submatrices

are computed from the transformed reduced stiffnesses of each lamina using the following,

i=1, 2, and 6:
2 3
A B
ABD=9% % (2.9)
B D
>
Aij = Qy.( zk 1) (2.10)
k=1
1 X 2 2
Bij = 5 Qij ™z 1) (2.11)
k=1
1 X 3 .3
D;; = 3 Qi z¢ 1) (2.12)
k=1

Force and moment resultants [J and [, respectively, are related to mid-plane strains and
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curvatures, " and , using:

2 3

ng Bg
D

B

IV ©
IV ©

(2.13)

Vo N

Y
WoON®

Y

N
M
Certain classifications of laminates, based on their stacking sequences, result in select terms

of the ABD matrix reducing to 0. Symmetric, balances, and cross-ply laminates each result

in select 0 terms. Definitions of these classifications are given in the following [6]:

o Symmetric: For every ply on one side of the laminate mid-plane with specified thick-
ness, material properties, and ply orientation angle there exists another ply the same
distance from the mid-plane with identical thickness, properties, and orientation an-
gle. For these laminates all components of the B matrix reduce to 0, resulting in the
decoupling of the A and D matrices.

» Balanced: For every ply with a specified thickness, material properties, and ply orien-
tation angle there exists another ply somewhere in the laminate with identical thickness
and properties, but opposite orientation angle. For these laminates, Ajg and Ay are
zZero.

o Cross-ply: Every ply has its fibers oriented at either 0° or 90°. For these laminates 16
and 26 components of all 3 submatrices are zero. The combination of a symmetric and
balanced laminate is frequently used in engineering applications due to the decoupling
of the extensional-bending behavior, and the decoupling of in-plane shear from in-plane
extensional behavior. Classical techniques exist for writing effective laminate level
engineering properties for these laminates, which are discussed in the next section.
Variation in ply orientation can result in a final laminate that does not satisfy the
symmetric balanced condition. Errors in ply thickness and properties (voids) can also

violate these assumptions but are not investigated in this work.

10
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Effective engineering properties of a laminate are often used to describe how a laminate will
respond to laminate level loading. As the laminate matrix discussed thus far is based on
CLT, the discussion will be limited to in-plane loading. These effective engineering moduli
are defined to relate the average stress in a laminate to the mid-plane strains [6]. Average

stresses can thus be defined as the force resultants divided by laminate thickness H:

N Z H/2
“x = Ny wxdz (2.14)
H H/2
N Z H/2
—y = —2; Ny yydz (2.15)
H H/2
ny Z H/2
Txy = o ; Nyy i xydZ (2.16)

Assuming a symmetric balanced laminate, inverting the ABD matrix, and applying 2-D

Hooke’s law, the effective engineering properties for a laminate can be written as follows [6]:

2 3
ab
] =4 £=[ABD] * (2.17)
bT d
_ 1
= (2.18)
_ 1
&= h (2.19)



*?2 Ti2 " kX GBi2° im 2 _2pB2r kXkX *QKTQbBi2 M Hvb

_ 1

Gy = UkXkyV

—y = o UkXKRYV
a1

KQ/B7B+ iBQM Q7 i?2 +H bbB+ H TT Q +?2 7Q  /2p2HQTK2Mi Q7 27
r?2°2 MQ "2bi'B+iBQMb 2 BKTQb2/ QM bi +FB}K AR[iPBW+ T BLQQHPi
+m'p im2Q7i?2H KBM i2BbbmTT 2bb2/r?BH27Q +2 M/ KQK2Mi |
K i'BP-- Bb i?2M /2 Bp2/iQ "2H i2i?2 KB/@TH M2 bi° BMb iQ i?2 7Q
KQ/mMHB M/ TQBbbQMob ™ iBQ "2 i?22M /2 BiR/My- BNIXpB/m HHv T

89 2 38 9
2.2 22
=374 UkXkkV
700 bd M7
P=[a] [dd] '[b'] UkXkjV
8 9 2 38 9
2«3 gPu P Pig§ Ni§
EYE gplz Pos %EN)’E UkXk9V

Pie P2s Pess - Nyy:

h?2 "2bmHiBM; 2[m iBQMb 7Q" 2772+iBp2 2M;BM22'BM; T' QT2 iB2k
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Py, —2)H
(P22 Pes)
G,y = - UkXk3V
o p P16(P22P1s  P12P26)  P2s(P11P2s  P12P2s) H
66
PisP
P12 1; 28
Ty = —PG; UkXKkNYV
= _ 16
P66

_2+Qp2'vQ7i?2 +H bbB+ H2[m iBQMbr b p2 ' B7B2/ MmK2 B+ HHv
M+2/ H KBIM0i20k mbBM; K i2'B H T QTeXiB2b 7, QEK2Mi #2ir22M +H
bB+ H M/ KQ/B7B2/ K2i?Q/b 7Q  i?Bb H KEMBIM BBYRKQMbi™ i2/ 7Q"

Rj



*?2 Ti2 " kX GBi2° im 2 _2pB2r kXkX *QKTQbBi2 M Hvb

6B;m 2 kXR, GQM;Bim/BN ;;90B/ mHmMb 7Q"

6Q  H KBM i2b i? i /Q MQi b iBb7vi?2b2 +H bbB7B+ iBQMb- bm+? b
M+2/ H KBMO,9br mbBM; K i2'B H T QTe2XiB2b MHIK Q7 i?2 irQ K2i?¢
IB772" b b?QrMXBW/ GEX7E, ME,- "2bT2+iBp2Hyv,

6B;m 2 kXk, GQM;Bim/BM;BEDR/MHmMb 7Q°

R9



*?2 Ti2 " kX GBi2° im 2 _2pB2r kXkX *QKTQbBi2 M Hvb

6B:m 2 kXj, h> Mbp2' b 2QeaHmMb 7Q°

6B;m 2 kX9, a?2 "~ JRASImb 7Q°

R8



*?2 Ti2 " kX GBi2° im 2 _2pB2r kXkX *QKTQbBi2 M Hvb

6B;m 2 kX8, SQBbbQN®IWLr iBQ 7Q°



*2 Ti2 kX GBi2' im 2 _2pB2r kXjX ai iBbiB+ H M Hvb

q?BH2 i?Bb KQ/B7B2/ K2i?Q/ T QpB/2b ;"2 i2  7TH2tB#BHBivi? M i?:
BM i2b bim/B2/ BM i?Bb rQ"F 2 MQKBM HHvV bvKK2i'B+ M/ # H M+
i?72 MQKBM H "2 bbmK2/ ++2Ti #H2X AM //BiBQM- r?BH2 i?2 KQ
i?72 +H bbB+ H K2i?Q/ M HviB+ HHv BM i?2 + b2 Q7 bVvKK2i'B+ M
"2/m+iBQM Bb /B77B+mHi iQ +?2BPpR MBKD BEBHKIWK iR?7H KBM i2b I
2HH +QM/BiBQM2/ 7Q  MmK2 B+ H BMp2 bBQM- vB2H/BM; 2 " QM2
7Q° MmK2 B+ H BKTH2K2Mi iBQM i?2 +H bbB+ H K2i?Q/ 7Q" Q#i Bl
T QT2 iB2b Q7 H KBM i2/ +QKTQbBi2 Bb 2KTHQvV2/ BM i?Bb rQ FX

kXj ai iBbiB+ H M HvbBb

hrQ +H bb2b Q7 bi iBbiB+ H M HvbBb i2+?MB[m2b 2 2KTHQvV2/ BM
i BMiv BM i?2 KQ/2H Q7 i?2 K Mm7 +im 2/ H KBM i2/ +QKTQbBi2 H
M/ b2MbBiBpBiv M HvbBbX IM+2"i BMiv M HvbBb Bb mb2/iQ [m Mi
Tmi-r?BH2 b2MbBiBpBiv M HvbBb Bb mb2/iQ bim/v ?Qri?2p B iBC
iiB#mi2/ iQ bQm +2b Q7 p 'B iBQMRPBMAM2 KEX 28 BEMTMIKQ/2H 27
i?72 +QKTQbBi2 M HvbBb bBKmH iBQM-i?2 QmiTmiiQi?2 "2bmHiBM
iQi?2T QT2iB2b Q72 +?2 Q7 i?2THB2b rBi? p B iBQM #2BM; HBKB
;H2X a2MbBiBpBivBM/B+2b+ M B/ BM B/2MiB7vBM; + BiB+ H THB?2
M HvbBb K2i?Q/b-i?2 JQMi2@* "HQ K2i?Q/ Bb 2KTHQvV2/ b +QKK(
7Q  bBKmH iBM; M BMTmi TQTmH iBQMX *QKKQM K2i'B+bh Q7 mM+
bi M/ “/ /2pB iBQM- M/ +QM7B/2M+2 BMi2 p REX Q7 DmRi Krai /BB " B2 r
[m MiBi iBp2 M/ mM/2'biQQ/ #v KQbi 2M;BM22 bX

AM 2M;BM22 BM:- b2MbBiBpBiv M HvbBb i2+?MB[m2b "2 ivTB+ HH
BbiB+ KQ/2HbV # b2/ QM b2i Q7 2tT2 'BK2Mi H/ i Q> M/QKHv ;2

Rd



*2 Ti2 kX GBi2' im 2 _2pB2r kXjX ai iBbiB+ H M Hvb

PmiTmi Q7 b2MbBiBpBiv M HvbBb /2T2M/b QM i?2 i2+?MB[m2 +72(
M/ p "B M+2 i2+?MB[m2b 2tBbi 7Q" i?2 +QKTmi iBQM Q7 b2MbBiBplk
"2 [m MiBi iBp2-#mi /B77B+mHiiQ +QKTmi2 7Q  +QKTH2t T Q#H2K
+QKTmi iBQMX _2:°2bbBQM i2+?MB[m2b-bm+? b H2 bi@b[m 2b@"
i? ivB2H/ [m HBi iBp2 K2i'B+b-#mi K F2bQK2 bbmKTiBQMb #Qmi i
M+2 # b2/ i2+?MB[m2b "2 b2i Q7 bi iBbiB+ Hi2+?MB[m2b i? i/Q N
#Qmii?2 KQ/2H i? i+ M#2 T2 7Q K2/ #Qi? QMR8 R + P2Q2 jB QH@H &
MB[m2b mb2 #Qi? +QM/BiBQM Hp "B M+2-i?2p B M+2r?2M p "B #
M/ MM+QM/BiBQM Hp B M+2-i?2p B M+2r?2M HH p B #H2b
#2bi bmBi2/ 7Q T Q#H2Kb r?2 2 i?2 BMTmi T = K2i2'b+ M #2 #2bi /
/IBbi'B#miBQM- bm+? b K Mm7 +im BM; 2°°Q° BM +QKTQbBi2 H vm
rBHH #2 2KTHQV2/ BM i?Bb rQ F/m2iQ i?2B° TTHB+ #BHBiviQ K M

kXjXR M HvbBb Q7 o B M+2

o B M+2# b2/ b2MbBiBpBiv M HvbBb i2+?MB[m2b + M#2 # QF2M /C
MB[m2b M/ "2 # b2/ QM bi iBbiB+b M HvbBb Q7 p "B M+2 i2+?MB|[n
Bb biiBbiB+ H M HvbBb i2+?MB[m2 7Q bim/vBM; i?2 "2H iBQMb?E
T2M/2Mi p "B #H2b BEX KBI/ZBIM(i?2 b+QT2 Q7 i?Bb rQ F- Bi Bb b2
21+ M#2 mb2/iQ bim/vi?2 "2H iBQMb?BT #2ir22M i?2 BMTmi M;H
BMH KBM i2biB77M2bbX GQ+ Hb2MbBiBpBiv M HvbBb 7Q+mb2b (
BMTmip B XHh2MbBiBpBiv BM/B+2b "2 +QKTmi2/ #v +QKT "BM; i?2
TmirBi? 7Bt2/ BMTmi T  K2i2 -+ HH2/ +QM/BiBQM Hp B M+2- i
7Bt2/ BMTmi T K2i2 b-+ HH2/ i?2 mNRBR M/BABD KI2H? @ /1B QW72 { H Q
+QKTmi iBQM H iBK2 i? M ;HQ# H M HvbBb i2+?MB[m2b- ii?2 2tT
b2H2xi2H8N X

R3



*2 Ti2 kX GBi2' im 2 _2pB2r kXjX ai iBbiB+ H M Hvb

MQi?2 /QrMbB/2 Q7 HQ+ Hb2MbBiBpBiv M HvbBb i2+?MB[m2b Bb
b2H2+iRQWQQI#i BM +QM/BiBQM Hp 'B M+2 ;2 i2 i? Mi?2 mM+Q
i?Bb + b2-i?2 b2MbBiBpBiv BM/2t "2im M2/ #v i?2 i2+?MB[m2 Bb M
7BtBM; i?2p B #H2 H2 /biQ; 2 i2 p B iBQMX :HQ# Hp B M+2 # ¢t
MB[m2b /Q MQi BKTQb2 i?2 "2bi'B+iBQMb Q7 HQ+ H b2MbBiBpBiv |
+ M +QKTmi2 #Qi? 7B 'bi@Q /2" b2MbBiBpBiv K2 bm 2b- b r2HH b
i2° +iBQM #2ir22M BMTmip "B #H2bX "Qi? HQ+ H M/ ;HQ# H b2MbeE
mb2/ BMi?BbrQ F- M/i?2bT2+B7B+ i2+?MB[m2b "2 /2b+ B#2/ 7m"’

GQ+ H M HvbBb Q7 0 "B M+2

GQ+ H M HvbBb Q7 p "B M+2 +QKTmi2b 7B'bi@Q /2  b2MbBiBpB
T K2i2'b i b2H2+i2/p Hm2r?BH2 HHQrBM; Qi?2 biQp VX PM2 +
TT Q +? BbiQ 7Bt BMTmi T ~ K2i2 ' tlNXIiRRK®R MB Bin@@2Q"/2° K2i?Q/ |
n bBKmH iBQMb QM/I@QR p "B #H2 "2 ;2M2' i2/ r?BH2 F22TBM; HH Q
i?2B° K2 M p Hm2X h?2 bi M/ '/ /2pB iBQM Q7 i®2p 2B mHDb 7KQMi ki + 7
#2 +QKTmi2/- b r2HH b i?2 bi M/ "/ /2pB iBQM Q7 HH p "B #H2b

7B 'bi@Q /2" K2i?Q/ Q772°b HQr +QKTmi iBQM 2tT2Mb2 #mi /Q2b MC
#2ir22M p "B #H2bX M BKT Qp2KRYI BbQArmMTIQBR/ BW (2  +iBQM #
p "B #H2b #v "2p2 bBM; i?2 67BtBivo Q7 i?2 BMTmi p" B #H 2ZbX AMbi
iQ p "v-i™d "B #H2 Bb 7Bt2/ i Bib K2 M p Hm2 M/ Qi?2 p 'B #H2b
a2MbBiBpBiv BN 2d 7R #HP2Bb i?2M +QKTmi2/ 7'R¥ i?2 7TQHHQrBM;

0 =1 ! UkXjyV

q?2°2

RN



*2 Ti2 kX GBi2' im 2 _2pB2r kXjX ai iBbiB+ H M Hvb

CO Bbi?2b2MbBiBpBiv BM/2t

C i Bbi?2bi M/ *//2pB iBQM Q7 i? 2"QBWMTImii r? 2MK2A2" Bb 7Bt2/ i
K2 Mp Hm2

C oig Bbi?2bi M/ "/ /2pB iBQM Q7 i?22QmiTmir?2M HHBMTmi T °
p v

G ;2 p HNO2IBR7B+ i2 i2™ BA2Tmi T ° K2i2°?2 b KQ'2 bB;MB7B+ Mi
i?72 p B M+2 Q7 i?2 QmiT@GiX 20 M 2BpQ7 M/ K v MQi bmK iQ R +°Q
/IQK BM Q7 HHBMTmi T ® K2i2'bX Ai b?QmH/ #2 MQi2/i? i BiBbi?2¢
M2; iBp2 p Bm2hBQ; i?Bb i2+?MB[m2X L2; iBp2p Hm2b?,§FF2MBM i?
r?B+? rQmH/ BM/B+ i2 i? ii?2 p "B M+2"BM+B2#bl2/ mr D2MBt22X h?Bb
KQ'2 +QKKQM BM i?2 + b2 Q7 +Q "2H i2/ BMTmip ‘B #H2b M/ Bb r
M HvbBb i2+RyB[m2b (

aQ#QHo6b J2i?2Q/ 7Q° M HvbBb Q7 0 "B M+2

aQ#QHOb i2+?MB[m2 7Q" ;HQ# H b2MbBiBpBiv M HVREX 02HB@b QM
M+2 Bb /2+QKTQDb2/BMiQ Bib bm#@+QKTQM2Mib M/ i?2b2 bm#@ +(
b2MbBiBpBiv BM/B+2bX iQi Hb2MbBiBpBiv BM/2t Bb i?2M /27BM2
BM/BpB/m Hp "B #H2 + Qbb HH 7B bi@Q /2  2772+ib M/ i?2 277
Q/2° Q7 i?2 T 'RYXi2M(2t KTH2 /2+QKTQbBIiBQM Q7 bm+7TSiQi H b2\
+ Qbb BM/BpB/& 7TH)BMKR¥2bH rBi? BMTmzg T2  Kr&j2 b

TS(z1) = S(z1)+ S(z1;22) + i+ S(z1;z¢) + 0+ S(21; 0005 ) UKkXjRV

a2MbBiBpBiv BM/B+2b +QKTmi2/ mbBM; i?Bb K2i?Q/ "2 +QKKQMHv

Ky



*2 Ti2 kX GBi2' im 2 _2pB2r kXjX ai iBbiB+ H M Hvb

M/ rBHH #2 272 °2/iQ b bm+? BM i?2 "2K BM/2 Q7 i?Bb rQ FX h
K2i?Q/ Bb 7mM+iBQM /2+QKT @ {xB BQ/NM X Q KTQWRIBEMIQ bmKK M/b Q
iBQM Q7 BM+ 2 bBM; /BK2MhB&M 2HVEiBiBlp BiM 1QX?2 QmiTmi u Q7 i?:
Bb /2i2 " KBM2/ #v /[27BMBM; BMTR)X aQ@ QBB KTi2Q(¢ 7Q° Q#i BMB
iBpBiv BM/B+2b 7Q K i?2b2 2[m iBQMb Bb bmKK "Bx2/BRHQr T2 i?!
bmKK "BxJ3)BM (

Xk X
f(X1; ;Xk)= fot fi(xi) + fij (Xis X))+ i+ fro w(Xe; 5 Xk) UkXjkV
i=1 19 k

q?2° 2 Bbi?2 6x2 Qi?06 @ fig- M//2+QKTQbBiBQMb Q7 BM+ 2 hBM; |

h?2 /2°Bp iBQM Q7 i?2 K2i?Q/r b +QKTH2i2/ bbmKBM: M M@/BK2N\

k bm+?i7? i,

k=(xj0 x;i Li=1; ;k) UkXjjV

>Qr2p2 - i?BbK2i?Q/K v#2 TTHB2/iQ T'Q#H2Kbr?Qb2p "B #H2b 2
AM Q /2kXj@Q ?QH/i"m2 Qp2y fQKnBM #2 +QMbi Mi M/i?2 BMi2;  Hb

+QKTQM2Mib Q7 i?2 /2+QKTQDbBIBQM Qp2° Mv Q7R),b QrM p "B #H?2

Zl
fir is(Xi1; ;Xis)dxx =0; B k s UkXjoV
0

q?2° 814 2/2+QKTQbBiBQMb Q7 BM+'2 bBM; Q /2" rBi? BMi2  +iB(

6 QK XjKM/KXj9Bi + M #2 b22M i? i i?2 BM/BpB/m H bmKK M/b Q7 i?2
TQbBIiBQM Kmbi #2 RUX?0@?268K & (?Q:QM HBiv + M #2 2tT 2bb2/ BM

kR



*2 Ti2 kX GBi2' im 2 _2pB2r kXjX ai iBbiB+ H M Hvb

b,

fir s fju gdx=0; B(fi; ;is) 6 (i1 ;J): (sl =1; ;k) UkXj8V

k
aBKBH “Hfy; 22 22 /2+QKTQbBiBQMb Q7 BM+"2 bBM; Q /2  rBi? BMi2"
Q' /2 b-BM/2t2/ BM/2i2 MX2MiHvV Q7

aBM+2 i H2 bi QM2 BM/2t rBHH WK}8i#2 22M2iBAYMB M MB&EX2® /m2 iQ
_2bmHIBM: 7°QK #Qi? 2[m iBGMb Bb i?2 +QMbi Mi

z
fo= f (x)dx UkXjeV

k

h?2 /2+QKTQbBIiBQM ? b #22M b?QrM iQ #2 mMB[m2 M/ KQKTQM2M
+ M#22tT 2bb2/ BM KmHiB/BKR¥bB®DM HEEW P2 Hbb7(Q" 7B bi@Q /2"
Q' /2  +QKTQM2Mib "2 b?QrM #2HQd¥dAM b?@b2 BilQiBM/BE-i2 /B772°
iBQM + Qbb HH p BXtH2b 2t+2Ti

Z, Z,

fi(xi)= fo+ f (x)dx/ dx; UkXjdV
0 0

Z, Z,

fij (Xi;Xj): fo fi(X) fj(Xj) f(X)dX/dXide UkXj3V
0 0

IbBM; i?22[m iBQMb 7QkKX{E@RMRQMI2AiQi Hp DBNW+I2 'iB Hp "B M+2b
Di;; ;is Q7 7TmMBQM/27BM2/ #2HQr17Q; BM/Bs+2lb Mi;s=1; ;k

Z
D= f2(x)dx f2 UKXjNV

k

k k



*2 Ti2 kX GBi2' im 2 _2pB2r kXjX ai iBbiB+ H M Hvb

Z, Z,

Diy; jis = fir, as(Xins 5 Xis)dXi1; 5 dXis UkX9yV
o 0

h?2 "2H iBQMb?BT #2ir22M iQi H M/ T 'iB Hp B M+XXj K2 Q#i B
BMi2:" iBMCIQRZQHHQIBM: + M #2 r'Bii2M 7i2° ++QmRMiBM: 7Q° Q"
Xk X
D= D + Dij+ +D1;2; K UkX9RV

i=1 1 k

IbBM:i?2 2H iBQMb?BT #2ir22Mi?2p 'B M+2b-i?2 b28(LBiBpBiv BM
+ M #2 /27BRIX b (

- b”is 7Q i1<ini<is K UKXO9KV

h?2 7B bi@Q /2 b2MbBiBpBiGBWI2tHhBMbBIBMRIN BM/2t 7Q° BMTmi
xiX a2+QM/ Q' /25;BiN6/B+2@° BMTmi T x; KMb@:bb r2HH b ?B;?2° Q'/2°
BM/B+2b "2 bBKBH "Hv /27BM2/ BM i?Bb 7 b?BQMX h?2 iQi Hb2M
T K2i2°+ Mi?mb #2 /27BM2/ b i?2bmK Q7 i?2 7B bi@Q /2  BM/2t
Q'/2  7Q  BMi2" +iBQM rBi? HH Qi?2  BMTkXR Aiki2i2 27 @ B 7@ WHE
7 QKX9RI/kX9R ii?2 bmK +'Qbb HH b2MbBiBpBiv BM/B+2b 7Q" HH
#2 R- BX2X-

Xk X

S + Sj + i+ S k=1 UkX9jV

i=1 10 k
g?BH2 TQr2 ' 7mHIQQH 7Q +QKTmiBM; b2MbBiBpBiv@MIBQZKQD®
HiBQMbQ7p B M+2 M/ b2MbBiBpBivBM/2t "2 /B77B+mHiiQ TTH:
Q7 biiBbiB+ HTQTmH iBQM 7Q° b2i Q7 BMTmi T = K2i2 bX /Bb+
7Q  mb2 BM bi iBbiB+ H M HvbBb + M #2 Q#i BM2/ mbBM; JQMi2@

K]



*2 Ti2 kX GBi2' im 2 _2pB2r kXjX ai iBbiB+ H M Hvb

1[bXX9RX98MAKXOIE kRX h?2b2 2[m iBQMb + M #2 BKTH2K2Mi2/ 2 b
Tmi2> H;Q Bi?Kb 7Q  b2MbBiBpBiv M HvbBb rBi? BMTmi T * K2i2"
i72 JOMi2@* "HQ K2i?Q/X

fo= oo 0w UKX99V
k=1
1 X 2 g2
D= [P 3] UkX98V
k=1
1 X 0 \12
Di=D m [f(xk) f(Xik X ik)] UkX9eV
k=1
tot 1 X\I 0 2
D™ = N If (xk) (XX )] UkX9dV
k=1

q?2° 2

CD Bbi?2iQi Hp "B M+2

CD Bbi?2 7B bi@Q /2  2772+ip B M+2

CDM Bb i?2iQi H2772+ip "B M+2

CN Bbi?2b KTH2 bBx2

CX i=(Xy::X 1;X+1:Xm) Bb T ° K2i2 " bT +2 +QKTHIXK2Mi "viQ

k9



*2 Ti2" ]

AMBIB Haim/B2b M/ J2i?Q/Db

i XR M HvbBb J2i?Q/

ai iBbiB+ H M HvbBb BM i?Bb rQ ' FBb +QKTH2i2/ mbBM; i?2JQMi2@
iBQMb 2 :2M2° i2/ mbBM:;J hG "6b  M/QK MmK#2  :2M2" iQ  7Q " T
7mMM+iBQMbX h?2ivT2 Q7 /Bbi'B#miBQM Bb bT2+B7B2/ #vi?2 mb2"

/Bbi'B#miBQMX J hG "6b > M/QK MmK#2" ;2M2" iQ  Bb Th2m/Q M.
K2 MBM; i? i r?BH2 Bi + Tim 2b i?2 bi iBbiB+ H T ' QT2'iB2b Q7 |
b2[m2M+2 Bb ;2M2" i2/ #v /202 KBS hiB2b 2HYQUIB#2Kb( "2 i?2M 72/
i?2 /2bB 2/ 7TmM+iBQM 7Q" ;2M2" iBM; QmiTmip Hm2bX IM+2 i BMiv
iB7v K2 M M/ bi M/ *//2pB iBQMX a2MbBiBpBiv M HvbBb Bb i?2M +
QmiTmiiQ bb2bb BKT +i Q7 i?2BMTmip ‘B iBQMX h?Bb T°Q+2bb B
MmK#2> Q7 Bi2  iBQMb iQ ;2M2" i2 M p2  :2b2i Q7 b2MbBiBpBiv B
Bb b?QrM BMBB28b i2+?MB[m2 Bb TTHB2/ 7Q" #Qi? i?2 bBKTH2 2
H KBM i2 M HvbBbX

k8



*2 Ti2' jX AMBIiB H aim/B2b M/ J2i?Q/b jXkX J2i?Q/ 02 B7B+ iBC

6B;m 2 jXR, *Q/2aim+im 2 6HQr+? "i
jiXk J2i?Q/ 02°'B7B+ iBQM

hQ p2 ' B7v i?2 ++m’ +v Q7 i?2 M HvbBb K2i?Q/ +?2Qb2M 7Q  i?Bb rQ
Tmi2/ mbBM; i?Bb +Q/2 r2 " RyQGRT B2HRF (T Q#H2KbX JQ/2H M/ T
/Bbi'B#miBQMb r2°2 mb2/ 7°QK i?2 272 2M+2 bQm +2X M HvbBb r
K2 Mp Hm2 M/p "B M+2Q7i?2b2MbBiBpBivBM/B+2b7Q 2 +?p 'B
p Hm2b BM i?2 bQm +2 i2tiX hQ 2Mbm 2 +QMp2 :2M+2 Q7 i?2 “2bm|
bBx2r b +?2Qb2M iQ #2 Ry-yyy M/ Ryyy Bi2  iBQMb Q7 JQMi2@* "HQ
:2M2° i2 Ryyy b2ib Q7 b2MbBiBpBiv BM/B+2b 7Q" 2 +? KQ/2HX a2M

ke



*?2 Ti2  jX AMBiIB Haim/B2b M/ J2i?Q/b jXkX J2i?Q/ 02 ' B7B+ iBC
Ki+? r2HH rBi? p Hm2b 7 QK i?2 HBi2  im 2X _2bmHib 7Q 2 +? bim
"2bT2+iBp2 bm#b2+iBQMbX

JXkXR "Bp B i2 SQHVMQKB H

h?2 7B bi M/ bBKTH2bi 2t KTH2 mb2/iQ i2bii?2 +Q/2r b #Bp "B iz
#2HQrX "Qi? p "B #H2b "2 bbmK2/iQ ? p2 bi M/ */ RybbB M /Bbi |

Y= Xi+ Xo+ X5+ X3 Xo+3 UjXRV

a2MbBiBpBiv BM/B+2b r2°'2 +QKTmi2/ 7Q #Qi? BMTmip B #H2b mt
p B M+2UG LPoV M/aQ#QHBM/2tK2i?Q/bX JQMi2@* "HQ bBKmH
bBKmH i2/ TQTmH iBQM Q7 BMTmi T ° K2i2'bX ?BbiQ;" KQ7i?2 (
+?2Qb2M BMTmi T ' Q# #BHBiv /2MbBiv 7jXM +i B2 M B B M Q8 §IMB Bl b6 IBE
"B;?i-r?B+? Bb 2tT2+i2/ b i?2 TQHVMWQ-KBI? BRQ[Mp/ " BBAHRKE MQ K |
IBbi’B#mi2/ Qp2 i®2xQK;iBM;2X

6B;m 2 Xk, "Bp B i2SQHVMQKB HPmMiTmi xBbMB#miBQM o "VE

kd



*2 Ti2' jX AMBIiB H aim/B2b M/ J2i?Q/b jXkX J2i?Q/ 02 B7B+ iBC

GQ+ H M HvbBb Q7 0 "B M+2, "Bp "B i2 SQHVMQKB H

G LPo b2MbBiBpBivBM/B+2b "2 +QKTmi2/7Q  i?2 TQHVMQKB H #v
i Bib K2 M p Hm2X 6Q° : mbbB M /Bbi'B#miBQM i?2 K2 M p Hm2 Bb
i? 11?2 b2MbBiBpBiv BM/2txBBD QR Zmii2Q #v X2 KD PEM M/ pB+2
pP2'b X h?2 b2MbBiBpBBOBMIAR 75 BM/B+ iBM; H “:2° 7B bi@Q /2
QM i?2 QmiTmi /Bbi ' B#miBQMX h?Bb H ;2" BKT +ixB 0 Qbh2bi®R Mm 2 i
?B;?2° K tBKmK 2tTQMXMAM WM/BiBQM- i?2 irQ BM/B+2b /Q MQi b
BM/B+ iBM;i? ii?2iQi Hp "B iBQMBM QmiTmi+ MMQi bQH2Hv #2 2
Im2iQ i?2 BMi2  +iBQMMQRK2AMIB+2b "2 +QKT 2/iQ 272 2M+2 p H
jXR *QKTmi2/ BM/B+2b +QKT "2 r2HH rBi? 272 2M+2 p Hm2b- rBi?B
/2pB iBQM Q7 i?2 +QKTmi2/ b2MbBiBpBiv BM/B+2bX

h #H2 jXR, GBi2° im 2 SQHVMQKB HG LPo a2MbBiBpBiv AM/Z

AMTmio BJZ2H2 G LPo AM/2it/X .2pX272 2M+2RWIA2tQ BM ai/X .2p;
X1 yXkk88 yXyyN8 yXkk8y yXy8
X2 yX88kd yXyydd yX88Kky yXyN

h?2 /Bbi"B#miBQM Q7 i?2 +QKTmi2/ BM/B+2b + Qbbi?2 Ryyy JQMi2
2 +?2 rBi? TQTmH iBQM bBx2 Q7 Ryy¥yM/ @B P BMBOB;X#miBQM Q
+QKTmi2/ BM/B+2b "2b2K#H2b MQ2KQH/BIRBBMTiBBMXbir b +QKT
BMJhG " M/ /B/ MQi 2D2+i i?2 MmHH ?2vTQi?2bBb ii?2 8W bB;M
QmiTmi /Bbi ' B#miBQM K i+?2/ MQ 'K H /Bbi B#miBQMX

k3



*2 Ti2' jX AMBIiB H aim/B2b M/ J2i?Q/b jXkX J2i?Q/ 02 B7B+ iBC

6B:m°2 jXj, .Bbi'B#miBQM Q7 +QKTmi2 G LPo BM/B+2b 7

kN



*2 Ti2' jX AMBIiB H aim/B2b M/ J2i?Q/b jXkX J2i?Q/ 02 B7B+ iBC

6B:m 2 jX9, .Bbi'B#miBQM Q7 +QKTmia/ G LPo BM/B+2b 7

iy



*2 Ti2' jX AMBIiB H aim/B2b M/ J2i?Q/b jXkX J2i?Q/ 02 B7B+ iBC

aQ#QHGb J2i?Q/, "Bp "B i2 SQHVMQKB H

AM //BiBQM iQ G LPo - aQ#QHob K2i?Q/ rb TTHB2/iQ Q#i BM b2\
#Bp "B i2 TQHVMQKB H T Q#H2KX p2 ;2 BM/B+2b +QKTmi2/ 7 QK
iBQMb "2 b?QrM +QKT "2/iQ 272 JK¥ 2 QKHM2P/EEMNBE#RD + QKT 2
rBi? "272 2M+2 p Hm2b- rBi?BM QM2 i2Mi? Q7 i?2 bi M/ “//2pB iBQM
BM/B+2bX AM //BiBQM- i?2 irQ BM/B+2b /Q MQi bmK iQ QM2- BM/B
BM QmiTmi+ MMQi bQH2Hv #2 2tTH BM2/ #v 7B bi@Q /2 @772+ib- |/
M Kk, X

h #H2 jXk, GBi2  im 2 SQHVMQKB HG LPo a2MbBiBpBiv AM/2

AMTmio BJBHR 6PRAI/X .2pX272 2M+2RWMA2tQ U ai/X|.2pXV
X1 YyXRNN3 yXykk yXkyyy @yXyR
X2 yXeyyR yXyR yxeyyy yXyR

h?2 /Bbi'B#miBQM Q7 i?2 +QKTmi2/ BM/B+2b + Qbbi?2 Ryyy JQMi2
2 +?2 rBi? TQTmH iBQM bBx2 Q7 RyyY¥§M/ @BjX® MP BMBBB:B#MiBQM (
+QKTmi2/ BM/B+2b "2b2K#H2b MQ? KQH/BIRIBB#nTiBBMXbir b +QKT
BMJhG " M/ /B/ MQi 2D2+i i?2 MmHH ?2vTQi?2bBb ii?2 8W bB;M
QmiTmi /Bbi ' B#miBQM K i+?22/ MQ 'K H /Bbi B#miBQMX

iR



*2 Ti2' jX AMBIiB H aim/B2b M/ J2i?Q/b jXkX J2i?Q/ 02 B7B+ iBC

6B:m° 2 jX8, .Bbi'B#miBQM Q7 +QKK«mi2/ aQ#QH BM/B+2tL

jK



*2 Ti2' jX AMBIiB H aim/B2b M/ J2i?Q/b jXkX J2i?Q/ 02 B7B+ iBC

6B:m°2 jXe, .Bbi'B#miBQM Q7 +QK&mi2/ aQ#QH BM/B+2tL

j]



*2 Ti2' jX AMBIiB H aim/B2b M/ J2i?Q/b jXkX J2i?Q/ 02 B7B+ iBC
JXkXk "2 K.27H2+iBQM

bBKTHV bmTTQ i2/ #2 KmMMB7Q K “2+i M;mH " #2 KrBi? mMB7Q K
jXdr b HbQ bim/B2/iQ BMi'Q/m+2 //BiBQM HBMTmip 'B #H2b M/
7mMM+iBQMbX h?2 7mM+iBQM 7Q" KB/bT MNKXBBMHT m2 K 2M+ BOb2M i @
#2 i?2 KB/bT M /27H2+iBQM Q7 i?2 #2 K- b /2b+ B#2/ #2HQrX AMTn
22B;?i- i?B+FM2bb- uQmM:;6b KQ/mHmb- M/ /Bbi'B#mi2/ HQ / BMi2M\
HQ:@MQ K H T Q# #BHBiv /Bbi B#miBQMX J2 M M/ bi M/ */ /2pB il
b?QrM BM jX¥H 2

6B;m 2 jXd, aBKTHvamTTQ i2/ _2+i M;mH ~ "R rBi? IMB7Q ' |

_ 5 ¢gL*

VL/2—3—2W UJXkV
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*2 Ti2' jX AMBIiB H aim/B2b M/ J2i?Q/b jXkX J2i?Q/ 02 B7B+ iBC

h #H2 jXj, "2 K S'Q#H2K AMTmi o 'B #H2 &iyiBbiB+ H S QT2

AMTmio B #H2 IMBib
b yXR§Xyy/d8K
H yXjyyXyR8K
E ky| 9X8 :S
q Ry k FLfK
L 8 yXyg K

6Q° HQ;MQ'K H/Bbi'B#miBQM{RR RbT/2¥EM B/ KL [ X

2
EX)=e 2 UjXjV

a2MbBiBpBiv BM/B+2b r2'2 +QKTmi2/ 7Q  #Qi? BMTmip "B #H2b mbl
K2i?Q/X JQMi2@* '"HQ bBKmH iBQM r b mb2/ iQ ;2M2" i2 bBKmH
T K2i2'bX ?BbiQ; K Q7 i?2 QmiTmi /Bbi'B#miBQM Q7 7Q  i?2 -
/2MbBiv 7mM+iBQMb Bji)XE?QrM BM 6B ; X

i8



*2 Ti2' jX AMBIiB H aim/B2b M/ J2i?Q/b jXkX J2i?Q/ 02 B7B+ iBC

6B;m 2 jX3, "2 K.27H2+iBQM PmiTmi .Bbi B#miBQM

GQ+ H M HvbBb Q7 0 "B M+2, "2 K .27H2+iBQM

G LPo b2MbBiBpBivBM/B+2b "2 +QKTmi2/7Q  Mv ;Bp2M BMTmip °
#v 7BtBM; i?2 2K BMBM; p "B #H2b i Bib K2 M p Hm2X

a2MbBiBpBiv BM/B+2b 2 +QKT "2/ rBi? 'Ry BN\ M #38 +QKITm;iRp2M B
BM/B+2b +QKT "2 r2HH rBi? 272 2M+2 p Hm2b-i?2Qm;? MQi rBi?BM
2°2M+2p Hm2br2 2 +QKTmi2/ mbBM; M2m  HM2irQ F2Mb2K#H2-r
rQ'FBM; r2°2 +QKTmi2/ mbBM; /B 2+i JQMi2@* "HQ bBKmH iBQMX _
r2HH rBi? 272 2M+2 p Hm2bX "Qi? KQ/2Hb 2 BM ; 22K2Mi QM "2
BMTmip B #H2X

je



*2 Ti2' jX AMBIiB H aim/B2b M/ J2i?Q/b jXkX J2i?Q/ 02 B7B+ iBC

h #H2 jX9, GBi2°  im 2 "2 KG LPo a2MbBiBpBiv AM/2t *QKT

AMTmio BJZHR2 G LPo AM/&it/X .2pX272 2M+2RWIA2TQ U ai/X|.2pX\
# yXyRd8 yXyykj yXyRN @yXe8
> yXR89d yXyy8d yXRej @RX9e
1 yXR8N9 yXyy83 yXRdd @jXYy]
[ yXke3 yXyyeR yXk8N RX93
G yXYyRYR yXyyR3 yXyyk 9X8y

h?2 /Bbi B#miBQM Q7 i?2 +QKTmi2/ BM/B+2b + Qbbi?2 RyyyJQMi2
2 +?2rBi? TQTmH iBQM bBx2 Q7 RyYjYyW? Qnb;?Q6 B8 M?62B//Xbi B @
#miBQM Q7 +QKTmi2/ BM/B+2b "2b2K#H2P ;@Q/K 2Hb d BT BEimiiZEbQ M )
+QKTH2i2/ BMJ hG " M/ /B/ MQi 2D2+ii?2 MmHH ?vTQi?2bBb ii?
i?7 11?22 QmiTmi /Bbi'B#miBQM K i+?2/ MQ K H/Bbi'B#miBQMX

jd



*2 Ti2' jX AMBIiB H aim/B2b M/ J2i?Q/b jXkX J2i?Q/ 02 B7B+ iBC

6B:m 2 XN, .Bbi'B#miBQM Q7 +QKTmi®2/ b2MbBiBpBiv BM

i3
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