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DEPARTMENT OF THE ARMY 

OFFICE OF THE DE»UTY CHIEF OF STAFF 
FOR RESEARCH. DEVELOPMENT, AND ACQUISITION 

WASHINGTON, DC   20310 

RCW.V TO 
ATTENTION OT 

DAMA-WSW /)/ f / 

IFEB 

<4i 

m* 

MEMORANDUM FOR THE RECORD 

; 

SUBJECT: Declassifieation Action 
dated 1 June 1968. 

- Report of the MI6 Rifle Review Panel (( 

i 

1. The Report on the M16 Rifle Review Panel dated 1 June 1968 was prepared 
for the Office of the Chief of Staff of the Army, by the Office of the 
Director of Weapons System Analysis. The Ground Combat Systems Division, 
Office of the Director of Weapons Systems, Office of the Deputy Chief of Staff 
for Research, Development and Acquisition, is the successor to the originator 
of the report. 

?..    This office has completed a review of subject report and appendices 1 
through 11 and has determined classification of Confidential is no longer 
needed. The report is now Unclassified. Selected extracts of the report are 
at Enclosure 1. 

3. Notification of this deciassification will be forwarded to all 
distribution addressees and a declassified copy will be forwarded to the 
Defense Technical Information Center, Cameron Station, for file. 

1 End 
as Colonel, GS 

Chief, Ground Combat Systems 
Division 
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APPENDIX 11 

M16 PRODUCT IMPROVEMENT MODIFICATIONS 

A. Introduction 

The following two sections of this appendix summarize 165 

requests by Colt's to the U.S. Army Weapons Command for technical 

action on the M16A1 weapon system or for waivers on production lots 

of M16A1 rifles on government contracts DA-11-199-AMC-508 and 

DAAF03-66-C-0018, respectively.  Only requests for technical ac- . 

tion (RTA's) and requests for waiver (RFW's) that affect the rifle 

in terms of dimensions, materials, and performance characteristics 

are included. The concluding two sections of the appendix analyze 

modifications made to date and cite modifications that are under 

consideration as future product improvements. 

The data in sections B and C are extracted from the RTA's and 

RFW's submitted by Colt's.  The numbers in the left hand column are 

those assigned the RTA or RFW.  Blocks of numbers were frequently 

skipped, and iii one instance a number was used twice. The date in 

the second column is the date Colt's signed the RTA or RFW.  The 

description of the request is as given on the RTA or IT«, except 

that for a few cases when the description was technical and lengthy, 

Colt's de.ription was abridged. The rationale in each instance 

"NCLASSIFIED 
t * 

-- - 
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is as stated by Colt's except that the statement that the proposed 

modification would not affect adversely rt»d function, safety, ser- 

vice life, interchangeability or reliability of the rifle has been 

deleted. The Government approval of Colt's request reflected in 

successive indorsements by Springfield Armory, Weapons Command, 

and Defense Contract Administration Services, where granted, was 

subject to the provision that Colt's absorb any price increases or 

give the Government cost consideration.  Information as to Govern- 

ment disposition of Colt's requests of 27 October 1967 to modify a 

series of 18 drawings in order to improve dimensional control and 

to depict the part as produced was not available at the time this 

report was prepared. 

11-2 

'•^ ' '-tl»nnriirirf V'tii'"' W--. ff**» _  ^ib# 



!- 

CZ3 
U-vJ 
"3 

oo 
O 
IT» 

H U 

H Z o o 
z o 
z o 
H 
< 

-4 '~ 

C.,3 

err: 

sc 
w 
H 

§ b 
to 
H 
C/D 
Ld 
=3 

1.. 

«3 

o 

/ &*>**> -    -•�^»�i 



i« -3 t" 
< < U a z < u a. < x 1 

u < 
r o u 
3 < 

�o 
4) 

�o 

«J E > M 
1- C •** «J 
00 U U 1> 

C > iJ T3 

-I   0)   *�>   C   3 
> u a. *�» u 

T3 •a �a �o 
01 0 v 01 > > > > o 0 o o u u u u a. a a. a. a. Q. a a < < < < 

CL.J 

8 
X 

u. o 

u a 

_4 i N (0 o kl ^3- 
0 c a; i a CJ sO T3 
£ 0 

0 
c 
3 

3 > X 
4J U c 

01 
01 

c c 13 V +'i 1» « X U    00 
�H   M CO m «a 4-1 a) c u >v IE u 00 Sfl c 
a c il ^ 1) »» 0 0 « il X 01 c «1 -( 
u -* c a> 0 4J *-4 k> U1 H 4J 

�o — --# 04 o X e 4J 3 T3 CN CO 01    0) 
0 X vD a <D CO a) o u CJ i (J.1 u. (0   ol 

« o E JO ;>% U c ki ~t i) W vT —1 a) s 
3  « CJ Cfl U-l �-< a 3 3 CN U-l u 
0 a) c: u �-I c 3 a 5) 0 cfl ^-1 CJ o "3 >. .e c V) a u CJ tö o u U »: il kl -H     U 
u o «J 2 > CJ OJ u J= cd 4-1 a. u  o 
•H £ "1 a a^ T3 to u c tn sO *J 11  s 
3   3 i- c VI c fl 4-1 �** to IJ    u 

11 �u •o CO ��F4 ^: 3 c 3; P B tU < 
m TJ u -a O « c u 3 a :J ^N, e 
4-1   a) u • c «j 4J X -H 2 u 3 E m o 4J �o 
~4    "D <3 41 X kt *J tn c O �J Ü' U) vO — 
O T3 
jo a 

X MX at u u (0 ca c 0 aA H   OJ 
a X u .;, C u at <0 <u kl 0 u. <; CO X �w    . 

T3 tfl 3 c UJ 01 f0 CO c a» �O   «44   - 

"SJ .o i) *j u «d ^ X 3 x: Ü 4-1 t0 01 —4 u   oo 
a X a u _* (0 3 >» as § (A �Ml a X 4J 0 «  c    • 

en a) •J a. u c u hi V t-i o 4J �o -i <r 
0)   o —4 —i u �o 4J U 01 E C j' o w c C    U   S43 
Iff 4-1 ta c u iJ c C o    • CJ a H-4 *4-l 1-4 s <9  a 
3 > —< « u 5 a 0J o ii X •M  (J TJ 0 —4 o TJ kl uu)   k 

ta a U-l U5 e *J w 4J M   y a fl M 0 »       a. 
v  al T3 M u eu J- �^ 

3    § 
> 00 £ to O '4-1 w " < 

*   3 01 at 1) Li 0 > M 0) > 3 o •Ml c u c 0 c T3 0)   «1 
4 71 u 0 X Ü �*-* > it kl        kl ^1 0 U 0 0 U]           QO 6 ii 3 a u b 3 T7 u e 4J      01 3, ^ £ <4-i <J X 3    C tM 

u T3 a> cr «* u W   —t u �y —i 4J 0 
0  o Ji O 0 f£ 0 ÜI C 0 o C   0 0 a a o -j « a it o  a c 
H K H (JO H H ki �H H tu iH    4J f- 8 u- H E u H s H    3   O 

h 3 
O in 0 4J 
4J >* Zi 4J ��0 JtS m vc 
V   E i-i Li u c u 03  H i ° « X * Oi kl id 1 
a  u ai >. 14-4 ON    01 
i-t *M u in J= 0 <J 0 0> X X fs    4J   4J 
T3 U 'J 4J 1 X 4J « 3   C 

O U-l O �-.�� s 0) a 3 u —i _������4J     11 
in — i TJ « i) �o 4J c 0 c o — — 

8°. 3 « �^ V) ~4 fl —4 vu T-4 U   4J   «3 
u i i-i T3 en W kl E U-4 M    W    > • (fl a 4 iJ 4J 53   JD   « \+i in i-i 1) 01 ot 3 u u C (9 CO    3   3 

�i <a 8 C *J u �a 3 O V' V I 4J (0   a" 
vO c O n w C a. C          01 

d  O u E —. » �^ e u V T3 O   T3 >o    . J «1 «J c N 3 >. ft u —   c  u q - 4-1 u ki < V« « E u T3 �—1 U 4J    «    0 
c V •^ a V 00 T-t C 3 M s 

�a > 3 3 X <n < X X 3 cr u    - o 
.j « 0 cr iJ 3 e «J M j 01 O w   in  00 
3  " X 3} 4J (B E k. kl *J "1- — 
0   « *J o U i U • «u 3 «4     —4    —tf 
£  u u —• X O O o 8 aox •J             (y 
«J   0 «3 3 O 00 • 30 �i «) L. « ol  a c 
•H  —i V c "j T3 v4 q * ON 0) (J- -4 �—• a 4J c 
3 « m •ml J U) S «1 3 c «           -4      . 

ot XJ 3 N �o **-! 0 « 
01 t> A   n a — o Of c <c •g — *-J m ��1 •u c —4 4-1 u «M 

u   0 60 k. V u t T3 C • • 01 0 ki T3 4->           a 
— .c �D u XJ a a 0 o 01 Q. Ü « ~- t 
ic �<-» 5 1) « c u * 4J ry c 'J VI -J 3 V N C    01   3  Q u »4 0 = «0 (*( (M — »n —4 X c ^. 90 «4 -• e e a 

«4 *-* M <w* «n e 01 1 U 0) 3 T3 B c -• 5 
01    « u V N m �j *J V i 3 u u 0 **    -4     C        • 
«I   u «1 m 3 K A 0 » « V £ O 0 u M X s -4      U    ^   4« 

z> -o g -D e Si D c Z3 CM cu A *-» T3 < H-4 u u a  a n 

c:?i 
L:<1 

' c. .:�> 

L-.-, 

tip 
ftl -"�" 

s 
—4 

a Ss 
m 

< < 1 

& 

*>   i 



HM am 

H J H 
< < U 
O Z < 

I     I 

es 
£- 
LA. 

n s 

a -4 

U   *->   C   0)   c 
3    V u 01    ÜC  (U -*4 

3) _< (0 <d y >. >    C    D 
0    (fl   J3 

�u �a 
JJ ai  o. H-4 4j XI « 4J     £ •^ c a �- X c ^ 
S-. 3    O c -3 a u -a x: 

C    U a —i <0 01 41 u 
o -T4 x u £ X 0) T3 X 4j V- 

E   a JJ y   y J-T 
M US C   w X V • 

y w a c K. *J — y   O   y y Ct. >> 0) -«-4 Ö 4J ��H a •*« u a. en u -H —t u   o X c OJ u u> —4 0 0)    u    3 o £ 
£ !fl     U3 'O a a *J 
u �a a ^ .-t 3 x      -a u 
-1-, c w c 'l-l <tl    D    01 0 s 
3 3 (d 3 -o X t3 u 0 

0  -« x c « au^ 1U u 
w ij   <ä u X <8 c c       o 01 <±t 
V C u 0 1-4 <*J   > 

o  « y fc*   o c �n 
<+J o  w ij x y •.J 3          0) OJ 
-et a-   v* <3 3 3 u «   >>  U > u < l-i "C c U   U    gj % 0 0 v, c 3 «0-^3 ^ u u -a a .u M *-w '�M    — u 
a. u u C 3    -    W 0 u 
0 a o 0 li d C XJ    OB u u >, 
u 3 y-i u c Li £ «   8}    C c u .* c 0 e LJ ..- T3 in « 
5) v c -H CL u C — I c c Q. 

w    (3 u "O   'fl    aJ 3 o e o -->    l-i 0 3 "J 3 c   y   u 0 o 
H U.J U H U X «J <d -a Q V4 ji u "-""1 

B 
-4 
3 

u     -         CO . 
�—   -^ 

:•   u        c c i-   - 
8 »•  :     -�,.*-> 0 u co ü. c. 
e M �-*   C   w   C —. -   0 C M   w     - 

�^ u -M a i ��SC**4 —                X 
hi u  u a. w5  «-» c C  '*-• w  c  v*  y < e -«    3 & 0   1*   *J u <^ ac cä (fl   —   c   «3 
•H co )< *« -4 u 
<U —     4J    *«    *J     ^ U3 X)     - c  y  * 
<*4 Ü —   c   U   w .   -C    »J   .- 
U >   9 -   <   'j 

-—   T.     z    -•   �����

k. 3  .ac V V fi. j       w w  « > IM   « u   >\      03 
tn t» <    —     Vi 

-i '».   '-I ja   a    - 
�� CO C                *J J **-.    Z) •   E '~   2. u C   -    Z     *   C V 3   *J Gt  t1  44  « « «   �«   „   -   c B'. efl   a C   ia    3   u m —  an.  o —   » Ä  O 

tfl   Ul            W    u =<  < u et u   o et -  u 
vl *-» T3   c   «J  *J c ^   V u    -j    ~    0 

c   -   -.   �-   J V4   v*4 nuu 
u ;   c   *���•'   . u <*4 c -4 --.  a >» fc*    3   —   X   — > 3    3 C    D    3   -. 
u U. 'j  L.     :     : « rt tü — o u - 

-* vT 
«c SO 

w                                                                U         X 
XXX                       —                 «1          00 
oe      y u                ai        - >      -s 

�������-wi       *J  M         -       u        ao —       t/1 
m GC        M           ««»O.          U           CO 
0 Cw         «JU^lX<S-<        *4y>U 
o 

.. '-    :   -   : -   -  i   v   •  i «         ««    • 
/.U.UMMVC.UUUB            ^  '-'            >* 

U.   50 

--    3    3 
er- eu 

->      -          W«4           Mb>4(IC-T]CXl •M 

U T3    V c   co   • fl  OBS  wMh   -j -;   as&O«   B 
-..:*.'_   r        y            -;        c=>   CCu   i; 

•J » £ i l!   3t  ;���*J    •         -3        «*J        * yi   <  a 
H .   i-   -             z   :.  ~'   i   i-   >, —    -S3-4« 

5c-   -.-es—  o — a*k-      -^< 
«>/)  taao«i3«£       si   »ö 

I                 CCtHU          _    J    t£     -   >    BfiK    u 
-   -   L.   -   -.   -   „i     •<   y   3   a*<   c        x 

<.  J:<     '��
U    3    <8 

u  e « ^ w x «« j< = -• »a«a—   -a 
y   ar    - >  ij  a. ao n y       g « u  y V4 eeH 

)'J                            -      -   ~    Z                   b Bf   LO   J    « 
»•   «3   >. 
w (J  — 
-        X 3           .«jueoiXUl—XUu                      « 
g     -  2 nx*-*ec:cc       etw  3  sji-tjuu 
5 • » M'JXiuii-«— *-«u©fc»og 

3    3   JS 
<  H  < 

a-a-Mifi>ac.3X4«—  0 — -4C 

����- l . I _• 



«��-*t^f"""r,nr'TT 

R   ! 
��! I 

l 
t ! 

n«"i »•• 

�,70 

u. > 
o o z 

o o u <-> 
H J t- < < u O Z «t 

*s 
Ä 

i 

I 

a < 

"   E 
3 -. 

so —1 3 sB c c « 3 TJ "i £ c 
V £ Hi ij 

u u 
ai u c 
t» £ u 3 « 3 3 »4-1 
hi TJ ~I 

o CO 0 �3 a u u m 
u C c 
0 S> c u C Li 
c O 01 « a u 4j 

��4J L> 

.2 ü t 

TJ 
01 

i u 3  ** X **4 —. . 1 
u C C   J-i 01 u o �w -a LJ 

T3 a y T3 —   «3 4J tU -a 4J 41 "a 4J 
0) o en 0 4J   U tfl c 0)   c u c U 4) U u 
*J a •J c >*-! X    « 4J 3 4) *J 0 
(0 BJ il Li 03 O "AJ -r4 0 u «d —^ M <s 4) If-"- •*« a. L   --« E "a 01 L. 0) CL �M i-J u 

<—1 c üä n 4-1 U u cc C   u 4j E -4 c 03 s m 
^H C u �— >,   3 3 c c �*-"    c U 3 0 —4 C 0 • m~ 

0) c u as C u a V (. X *J e »** ft 4J 83 Li >s  E —4 --t X 4-» E £ > 
<U H C TJ -o 60 3 -•   u u E 4) *J u 

3 —< a: 3 ai   a> 4-1 —   O >. U 3 —4 v u I e w �J O 3   4.1 3 a u «3  ~i u u a) c « at £ u 
0) <f) cr u § u 03 u   u -J OJ 3 0) c u — • w4 > O    01 c U-i �-^    4) * CL « Li —4 �u 

CO (5 n U)     —4 o 3 y^  CL 4J w C 11 ��

u —I —, L. X    «4-1 x C •^ X 7) U) 41 —4 —* n T1 B- 

as — 2 3  ai u u * �J   ao 4J T3 a 6C -J 3 
c 9J w   u w e 4i    C C u C m 01 
a 3 �a X X C- a. �- >> 3 3 (3 3 T3 01 kl 

r 
X c H T3   *-» 3 X X «  c u O X C �� c 0J I . 
u X CQ c C •-* 01 to o —* in u fl u X (0 C �w 3 e 

u 0 **-. « « 3 V c u o �1 t o —1 -j 0 00 lu �J 4J    4.J —4 8 01 v4 i-> •^ a CO 
JJ X u w C 0 It u  u X w. 4J X LI 4J oo -a « 3 3 u c —< n ~r*> J 3    C 33 — o M< « 3 3 u a Mri L 

E 
L. �a 0 04   CN 3 4J 4J �O    3 H u < U -a c e 01 
0 (A 3 �—1 « .-4 O *w DO 0 0 in 3 3 3 a u •4-1 < < L. 3 -a Li C u 4_t "3 a. 4-» u IW J4 

t u C CL —. «3 H H �a ifi c 0. MJ fl CL U Li c a �^ h 41 
o u a 3 o£ ai 41 a 0 X a CL 0 O Ü « 0 0 
u c L, E C 0) U Li U o 3 >*_. Ü C u E 3 a # c 2 cy U     L. X �o 0)   a u 'j *. c o 4J 0) ��

CL *J c 4J a   a *J flfl ^. 4J   a] a «3 1) c ft CL 4J C hi ��

E c �a TJ 4) *J    u 4-J u <d n 4J 0 ( 
,0 0 4) c o c  c I«-I 7) ü « c C -rt u ,0 0 i « 0 3 
H u X *J u 3    3 O c *4-4 ^ f- •-t-i tu H u 41 H 41 u 

00 c 
—1 

i 
a �� a e ll 
M 0 

u 
3 0 

u > a 
1 

41 
c M £ 2 

vO 

oo   . 
u C  O hi 
0 «9 ao 0 

IM X »n 
o — 

%4 

in « X 
M ^» oc 
C >40  eo E 

c 3 >» — 3 a r'2 « 
Lj hi 

T)     • u TJ     • 
m tN -a « 

V    4J >< -i 
��c • 14-      C 
—  a TJ TJ —       1 
> c TJ   C 

£ I O    3 
>    00 £ I 

IM 

. . 4! > u       >. u                 • 
c      — -    It         V *      �>  >i C    4) 
—         £ 00 c         * c  a — —   v 
hi  ae E - 00 -          « 41   T3  X i.    o 
a. ?  ii c -i   k.     -u w —   8 at. 

«n  -*   in i-  a. u M   3   *J a *-» 
O.     M c- H «   01 TJ :- o   <��c   o   u c       < 00 0 M üi: s O TJ s - ac c  a fc-    12 < 

41    «   J u   C   3 -« V    Z u SM    0 
(J •j -• — a >   —    ifi *3          J 

U          3 GKIi «•    u    3 X     L* < JH •> q                 - «    CL — U    O     - 
4? '-   2.    -  u u mi > -• -  3   ��c =  —>>«) 

*    C   T3 
- ».    v 

1-  h'    C — —   > C    Ü    > 
«     o k. • 10  £   «« 0   c *4     J   wt > " CL -      s « - «    -3 

�2   u 
UUk 

61 U  TJ   Cl   U U    ^J 

i. 
����Li   #   ft 
C    «   •» « 2£2   §    -a? 

ae  . £ & C    3 < U          3 O    61 
C    9   E i- o te     4- a    - H �o —  w. 
wl TJ   01 3C U TJ TJ   tl 1-   c 4)   T3    V 
I-   —    * IB    C •-•    CL u    3    « *   C   CL as« I* 

ci 3: 3 3 
X   -.   -3 « « a <fl o < t« UJ   «s o HI3 

TJ   C 

£ I 

x> c 
� ~> 
ST. 
.4! 
S $ 

•JÜJ      I 

3S 
if S-o* 
��u 

C T> 
•    «I -• 

5ü 3 

! 

I c 3 
1 

3 

—n«,:-;«- • 

  *•-" �- 



Mtei 

i o c 
t* J h- 
<   �• t! o z < 

<      I 

C3 

errs 
Li. 

§ z 
> o z 

> o z 

> > 
0 0 
u u 
a. a. 
Q. a. < < 

6 ��

0 y 
(4-1 v 0 0« 
c > U4 c 
O   V 3 
u -« u C 4J    ��

o TJ O U   4J 
0 X E 0)   u 
w a 1-   3 

4) M U t*4   TJ 

V 3 —4 «j o 
U) J-t u 
C M 4-> a 

3 
CO    - —4 o -a 
C   00 0 c < x- c 
**  c u 0) u   al 
3 -* c Li M4 

3]    <A VI 3   3) 
u   w �«-i to 4> jC 

"O   0) c u 5)   '- 
u 0) 0 O 

«  o efl E E C •" 
x  u c —* « o 
*> a 

X 
4J 5) u 

v  x 
3S U o •J y —���u 

»M    C XL TJ o -4 
-H    <y u i-> *4 *J ~4 
U     U) ft) > « 
«   Ü 4J **j 0 ttD  3 

-4  lJ I o c  cr 
u  a a 

u U    41 
0   o o 3 X 
H   - TJ '44 H 

c 
o 

4J   *J 

CO 
O   w c Ifl 
<n a e 
o   — E 0 o - 

�J u 
*|-a « 

0) X u 
O     V t*4 

Jl* iV* *M 
r* -o -*4 

OJ   l*-l 5 u 
0 E 41 

c a 
0   c TJ M 
—   0 3 U     -*4 
c *J 0 

15 V c —* 0 
—    0 0 
TJ — XI Li ul ^> 

3 C vT 
00 L" oc �J 1 O* 
c  « c u �>* * 
3 a e * TJ 
•  a. «4 at 

TJ2 
•J �a >. e ^ 
e • -^ 3 

TJ   U a TJ a 

3£ u 
t»4 

0 i. i u 
-a 

J3    u 

a.— a. o < u 

c V] u 
�a �^ (0 a 
c a »w a   • 01 u <~» u p 3 
u *J 3 �-^ W 
c - o �o 

1 § ^J 'TJ 
o 

Of <0 0 e 
> u u u -rH 

0    V X 
u  a. n u o 
a. 3 ~r4 «1 e o O u 8 

•P4   (VI 3 u 
M 

c «�� -r* c 0 
oo^- f o u 

-0 TJ �o 
41 0) tu > > > 
0 0 0 
u u M 
a a. a 
a a. a < < < 

0 
4J 

m (0 QC 1) _4 

(o (0 c oo ty u *a Ü —« 
0) u �»^ W    -4      (I)    -4 1-< X • c —4 U £l    >    3 £ a     �* 

0) T) C c *J �-* ^   0 eo u u ""* �a 5s  0 «   J)   3 « c c 4 s) V ^1   -. C)   Vi   u U) « a X iJ tn 4J x:   o   a   ai X u U) 3 JJ     ffl 4J  a. u  eo * u 
tu •o C   i- c c )-. —* c C IA ty   i-i CO -00 VJ    « o V 
0 <0 tu *• E    C C    C    M   -C SH u u X 0)    0) -* -4  a <J u c 

c 3 —* > <J c u a. a �«4 
SO 0 q) o  c CJ   id   3   r. c 
c -M >i 1-   o X    C           -H 3 �a (A u u a u *J    -4      Q]    X >*-t c -^ c fl D £ fl 

1 «3 4J •w u C    -H    4J 4J V) 31 V) 11 —* 'J u >�* 11 e c  a U   0) X     • ai ^ 
�a 13 u 00 u *j       u  ec •^ 4-1 

Zi 0) .-*  U W 33  «H    3 •w 
�^ 1) c u lA    (A C   3 - a -J        ��

*J w o 
01   u a a X   • u 

TJ   3 c u —i   en « 
�rt TJ c •J   C TJ 
>    01 E -J »J   o C 
0   u �^ u 0)  V4 
u 4J 3  <-> *J 
a. u 0) cr « [A 

to 0) 0)   u 
o o 0 £��T!   0 0 
H   u H u • — H 

�M   00 I 
>   £ 
O •* u  u a 3 
c  <u 

4) *J >,X 
U O «-*    « C > — -* 
4» -* «)   —» u a. -^  a) 

0)  TJ 
—*    U 
—   a« 

T4    « X-   — 

M)   «U ß 
U e 

X   3 0J 
U   « « 
C m 

»4 TJ « 
O   0) 
b   C O Li 
U -J 0) 0) 
-��£��•4 > 
e u 1*4 0 « M u 

»n e u 
CM 41 «J u-l _» .rf a u in 

«j) 0 ON 
0   « a. �M 
«J 41 « 

u �� c 
i-l   0 -4 0 EC 
l£   IU 3 «4 C c 41 
B £ o U 3 
O  « X V «J 
U   *4 4J 

«4    C O 41 TJ 
41  «M • 4J 5S 
m "1 M »4 
c « 01 �M —4 
«  u > TJ 

c 
3 

3 
E 
s 
< 
K 
41 > 

1 

>< 
1 3 

00   . 
c ��
-4   xO 
u try a.— 
��<i 

<U    00 

TJ 

« c <f 
-.   0 vO 
TJ 

o> <e 
eo m 
»r» -* tn 
^4         �� 00 

•       1 c c 
*0   «A 3 
*t>  — 4 �3 

Li U • TJ T) 
0 

4)   « X   • 
oc <u o\ 

5Ü -4    00 
TJ r~ T) 

fij« is £ 

TJ 

14 
O    00 

üi 

40   40 
��e 

• TJ 
5S 

o- 
o 
o> 

j 
^ 

   -*sii 



7 
1 

��: 

H 

Ü o 
J H 

' 

. 

<> -1 

t,:.. 

*' ? 

c 

> a o  u 

��I 

§ § 

3 

c <s 
-1 

c 

0. CD 
•   « �* 

•o �o 
0)   ^\< 0) 
u -i H > 
u i-i cc 0 
01   c u 

�"i 01   01 a 
j §�«« a < 

CD  O    U    C 

0! <0 4-) U-t 
1- 0 
U C P 
c c X L. 

a 
4-J 0 JJ >. u 4-1 

XJ 01 s Ul ^ ^ CJ ft) .* �D * Ä 
3 <*J e 

CJ u n 0 
c 
u o CJ s 

JZ c 
u i-i CJ 
CJ * c 
£ <�*-* ffl 
4J Ü 4-1 IT; 
0T Id o 
c >> CJ 
CJ _> O 1- 
u ��-. > u 
*J �a r> 0) us u T1 

a a. 
0 IS >, 
H u .o 

w 
V 

js d 
c C0£ o 3    S 

0 
u   tc 

<c X.   c 
JJ  a u 1   1-1 

0) j: " 
i-J a -. 
<s 0!   "0 
1? *-   c 

a o 
C H 

<4-( F >- .     . - c 
1*4 a i   a 1 n m  & .* t-> 
IT, ei ü r*.   a -a c 

j-i en -^ �u) �M 

01 CJ 0 Ü1 
•Q U —< o �a -«��

tc<r Wj x: > C c C   fN > 0 es 
0 c 0 a> L i_ —������1 u »* 

�".! ~R c_ 4J c 
T, EL c 

0 0 C U   CN c Ü JZ 
r^ W-l 3 "0     �� - "D u 

» 00 
(0 c 

1 0 •o 1 ft 
0 JS ^ 1 09 
u 4J w <3 L) c Ö 
a XI QJ �o 03 0 0) 

CJ c a CJ u c > u b 
ex o c �H X -a 0 (d u 
c 4J 4-1 e XI i-i 0 -, a) 

•iH c ^ a Li VI AJ 3 a3 T3 w c 4-1 T3 s 01 tw c 
(8 0 J= -r-l CJ 6 4-1 3 en CJ o >% 

u u 0 c QJ JJ �H    Bj 
Li *J a -^ 3 u 3 L4 c (0 �u * u u E XI 'O 0) 0 u QJ u u c cj tS CJ u u (£ e C X v: a: )-. -I m 4J 

'4-1    H) s 3 -o 3 •o u u 
>�» a �— *a 0 QJ CJ CJ •** V 

XJ J3 u 03 L. -a 3 AJ    C 
2 L* U c D*<W C  -H 

P^ *J X! u a a f/1 CJ a 0) CJ % 
CJ u Q. Li Li C JJ a> .* CJ * « CJ « u E 0   3 as 

^c 4J C,1 CX o c x x: CLO 01 
Li c J£ u Iß u ex: c 
CC CO kl u CJ O JJ 0) 

4J •i-J •#�4 XL OJ 0 L. c JZ u -^ > 
0 Xl •o Ü w EC •f< •3- > »rt 

tc « C 1 0 <*-i 44 u 
c p^ u 3 w c u en O  (0 u 

*J CO sS 3 0 T3 CJ 4-1 0) 
c 0) •fH E PJ u c c >4H 
a -o 0 c T3 CJ Li o o a> »4-1 

J= u o u 0 Uj �^  ts 0] u CiC o "1 s c m a Li 4J    CU 
t£ E u e 3 c c CL 3 03   L< c 
C Li CO o E i- 0 c Ifl LI -f* 0 
CJ 1-1 CJ u CJ   3 a u C �o a a c ^-> •o V) -o cr « 

CL 01 c 0 c 3 —  OJ s X XJ > 0 3 E 4-1 w (0 0 (C u 

3 
�3   « 

+ 1^ 
n r> » >* 

o 
o 
S.    -3 
U    U 

*   01 

»I «> u 
JO e; 
—    « 
01 -o no 
C u-i -J 
«3 Q O 
x o »• u     • — 

00 
I 

3    01 
01    O 
U £ 

2S 

c -;j 

o   « 
I* * 

•^ hi 

l- ��.1 

c * '-ii 
• - . J 

1_> J 
c. 

(.." J 

I 
-1 

I 
>* 
*i 
V 

J! 

c 

» 

c 

3    S u     « 

5    S 

5   3 

18»j *��

2 

2 

S 

at 
tn 

c 

s 

u 
u 

9 

�§ 

S 

- 



«II   IM 

56 
H -J H 
< < U 
O SE < 

r—J 
1 1 .-•^ 

1 i c«-j 
i Ul 

fu^ 
£=3 
~~t 
r.-.'S' »Js 

i co cc r.^��
| C» 
1 f-r: 
1 Cl^) 

�� L-i-, 

I • 
« 

I 

V 
tu 

J3 
��4> 
SU 

-4  X> u — 
«3 X 
I JJ 
X   « 

CN 0) 

b 3 
«J a -a 
ova 

01 0) u 
(DU«) 
3 a c c 
b O 
0 C -• 

«*J    "j JJ 
£ u 

01 3 3 
"O T) 
-J   M o 
>   tiv. 
oca u -- a cnu, 

b < 
0 o w 

U <jj 
1 \ß tu 
* = o « S 
b x oo 

�o c 
co -J 

41 r- -* 
c <M -• 

iN ( 
u *0 
o >> 

O o �»   « 
JJ   t) 60 u> 

T3    3 — Ü 
0 oo 
X   b v*  JJ 
WOO» 

i <• V U   «1 
J  "U -J   « 

44 -fl > 
«   > -fl TJ 
C   O ����b 
b   b u   « • a ti i 
«J b   b 
—   O 0 
4 u U<t4 

�o « r- t> 
5 c O..C 

-J 3 »J 

5 
I* I 
o. 
3 

s 

a. a < 

c 
a u 

JJ    JJ   -fl   — 

3 -a 
o" 01 
41   <�> 

-    3 E 

c 
•M    - b 
u   ul 3J 
2.  C w 

a. : 
6  ' 

Ei O 
41 �o 
b c 

11 
I > o- 
41 �v 
b 41 

i-> >• «1 u 
41 4) > �o 

o >, 

I b — 
JJ 'S 
c c 
41 O 
O -fl 
C 4J 
O U 
u C 

3 

UT1 C 
C  — -fl 
« > JJ 
V-    O (3 
aJ i- to « a ^ 
-• £ u o 

H ll 
41 X 

41 , 0   b 
JJ    jO    -J 

— « c 
3  - — 
in   44 «* 
J —• u 
b   0 b 

U 

o -o 
u 

: b g o 
t u "o >*J 

t   -fl   3   4i 
I o   u 

iiSi 

CO« -* *-* c >. E 
u   (0 o 

-"    0    -    C **J 
�-'    E TJ   O b 
•c 5 2 ~* S 

41 
.>���3 
ti -o a 
3     - 
b b. 
j3 < 

41 VI 
tu 13    i 

4> x:  a 
V  JJ   S 

o o x 
H *JJ   u) 

C «T 

g - 
-fl >C 

M 
>>  C »*fl    -« -. > 

s 

£ 

00 0   > 
C    U   -H    AJ 
»4           _     O 
•O  —    4)    C 
•H -• T3 
>    «          «1 o     -a u 
b k' c a 
O. a)  j 

�B 
4i        n 

T> Z  T)    41     • 
41 41          41  -• T3 

O 
>   01   >    3   41 
o - -< u >. 

M hfl   u   O    4)    flJ a o.— > s: -> 
a CL 0   C   O   41 < <u- m-o 

c   >   >> 
O   -fl   « 
U   U  J3 

»«    3 
J   1» £ a c u 

o 
bO u c 

C0.O 
3    E 

It4    (0 

�a « 
O u — 
Ei- 

00-. 
o  -. -ß 

E- M a 

00 
«u C 
o w- �*fl 

Ifl O >> O • 3 4J JZ 
4t   JJ �»-t J= (0 u 
X  -• u JJ c u �--* 
4J   —< 41 oo 1-« V X 

-4 44 c 3 
VM   X) O 41 to E 
0   — 6 b 3 3 -0 U 

M *j J= ^ <u T-* 

C   »1 41 (fl JJ *J 
t.   0 4J <u U-l <a 
4i a 4) u • X �*4 s 
w C 01 c *J L, 0 
U   01 u JJ 0 JflJ 
e r. 41 <t �-J c (u 3 a u U 41 

u 
«1 
c 0 O 

i 
C   41 « 00 . x. u fH 

o o • u �u G 
—    3 !fl c �a JflJ -Q V 
u  T3 41 a § �o < £ V) 
U   41 U y 
g  u 3 u c c C •-^ »4 o jj a 5) 0 
41    O %4 iß 8 > 0) 

JJ « 0 .r 01 
41 tw 41 o *J *-i u 
> -o �o ü 
0 c C —4 «fl y m u *M 
i- a 0 > a 3 0 U) 1 
a •^4 0 3 Tl c «3 0) 
E    41 *J Ifl a- 1) 4) fl—l 

•ofl     »4 u o. 41 U a u J3 
tfl 41 M u 3 

O -< 0 «JJ ,0 0 a» O 
H   b 41 H 0 IH £ T3 T3 

c 
V 
JJ 

& 

Ji 

5. 

V   b 

XI 

a. 
«I u o 
o 

Ifl 

3 

«* c 
•ri 2 CTx 

C          JJ o so o 
o •-fl       m £ �—i 

��������o c 00 b •—t 
3  JJ    U 0 c 3J (JJ -fl 4-1 

tu g  o JJ 1 _v, b     . v   �*�„-—i 
<0 a •3 41 <* •>*�". 

u b e« in 
s ji JJ 

JJ » •JJ 
�o S .?8 f^    -A-" 

b -. c b    • 
0   * u.. u 0 �� 44 

«44           (JJ 41 « ��I 
b   0 Q. �� C •        i 

����41 w c o 0 O F         » 
01  > -o o -J 
« j   g -fl iA ��o ••  «- JJ « JJ *r» 3     • • 
•>"   U -J c C •» •        * 
b  • ^ 

b a 1 O . u —fl £ 13 1 
«0 c ��m Ujfl b *~     *«t 
-J   b   • u c *c -fl V rX f 

•   0..3 

41 > I o u 
l 

b wt 

41  S 
<-   3 •o * ü m   • •         • 00 a • 
'J   _�����u fl? >> c >* -A ti ��

-fl U)    3 w ��fl %* u. b 00 , 
b 43    * JJ -rfl 3 •M « 52 x> -. 0 �a �� TJ TJ JJ V-   • ' 

u. 5 "u 0 
Jj i b 

•o 1 2 • 
8 5°. • -   . » 

' s --": IS "^1 

- / . - 



~:^^T<_^3 

''. 

U fa. 
H -! h. 
< < U a z < 

L/J 
• '           <u^ 

•£2> 
i            _ 4 
1 «=Cu 

c 
L U'~ 

i C3 
C3f^ 

i           c:^> 
Li- 

'     li > 

i 
t1 

fa « fa 
'S 

u. 
0 

f 

rft. 

> > > > 
0 0 0 O 
1* fa fa fa 
a a a. C c a a a. < < •< < 

V 1 b 
c u V a C fa        c 

C X u -o 0    �� u         <0 X 
0   u J-l ~- •fa  fa 

£  _J    u 
JJ i 4J 

-i a C   3 i_)   8} -•* E « 
fa   E 0  o y  fa o -o 3 0 u u   * c r «Cx u —i 

21 3 -H — > 0) « 
oi  si (fa 0»    CO 0 u C -^1 

fa   0 £   « u « — fa c x fa 
X (fa fa   c - 0 • x  fa  a �� « 01 
SI  -H 0 >, c 0 >s �a (0 JJ 

c >.X fa    - 0 fa         0 —4 fa a o 
fa   3 £     w 01   >N a a  a u a 0 oc E 
c (fa    fa c £ X a u c 
a  oi T3   00 e -I - 4J   u  "a 3 u as tl ;-, 
ij  i- 0    -fa » — 3 C U3 a X 
o)   o E £ •fa —  e  e y s �^ 

- E fa    fa fa £ a) d  « UJ £ c �M 

u o u a X •« x — 0 •a fa « 
c a VJ    -J 0)  ~t fa fa    fa    « 3J �J 3 
0 v.   « (fa   —< a      �« 3J cc > fa cr 
U   fa X  X i«   g (fa fa x   fa U c 0 

0 a -J «  fa c « fa  o IM — fa a c 
0   (fa E   CSJ 3 3 c fa 00 "O >v    - >. c   « O a 0. E 
0    OC C    8) —'    01 fa OIE X u « cc « 01 
E    C �fa   -J 11 (fa fa T3 y 

jj a U3   ~- 0   fa ~ >1 fa QJ 
c -o 00    u fa   fal •fa �O   in o a Cl — a Tl <*j 

«i — 0) X X      CK c u IT. c 
a > N -o >    V « >   v _ o a 3 > fa 
fa     0 c �O    'J 0' 0  —    1 -p 0 jj ~ u 
£   u s — u - o fa a 
c  a - e c C  U)   (-1 *�� 3 > c ^. X 

*J   fa 5 c rS •o 01 c 
0      X 3   0 0    (1 £ •a 0 fa 0 t. 0 
H Xi U   fa C   it. u f-   fa w 9 H c B. H c 

c c < 
a a. < 

ir\ lO 
tfi « 
fa «• fa 
a    �« a. 

�< < 
^H c 

0 
�M 

c 0 0 ��

O  fa   0 I fa 
�H             C » üo a 
fa    OB >. fa c a 
tl   fa  »fa «fa    O 01 �fa fa 
« —   0 •*4 X -? = ��'    3 fa 
fa   m *j a c 0 
JVC 3   O «fa fa  u 
O   fa   01 tr — 0 0 x      e fa c 0 
fa    4J     01 c u 01 
•fa    (0    fa •r«     C tfa n         • 
3   ll  < 3 -v4 a cj CM fa fa 0) *fa -- 1~ 
-O          (0 u �a £��

oi  a •fa     A 01 oi a ,< 
C   C   ><fa   �>, u fa   01 H 
fa    *4   Ifa �fa  fa -H y x a£ 
3 TJ  -fa fa    01 > 01 -J 
fa    C   fa y (fa fa •^i O. 0) 
01    01    01 
£    CL  > 

a a 01 oi a oi 
03    00 in 

c X   «1 91 e fa X fa fa fa �o 3 
01 ec c fa   U 

�fa c   00 a O   0 
0 �fa   c (fa   fa fa 3 -fa X a 

o -o (0 
ec X  c �• I a — 
c 10  -fa c �fa    01 fa fa    01 

>. ac<u OI   fa 
X u  a •fa E 0 a fa so c u E  c 

�a C   fa 0 ID 
�fa »fa (fa fa 01 

�a 3 fa c fa    X fa a oc 3 01 a fa 
a fa   c en e Z   -fa 

T3 �o -> . fa —< 
c fa fa I« « 01 — B •fa fa X fa X   3 3 
00 fa   [ff F C" a x 

0 y 01 >. >. fa C fa 01  — 
kfa (fa fa �O (fa 

�fa X u 
u fa  u fa a > fa 
V a fa S c O    01 
0. — e c fa fa 
t. u   E LT fa c a 

OB >. a OI 
0 O   — o fa 
H H   E J< (fa H   00 

C 3 
O fa 

�fa   3 

3   C 
�o o 

—   X 
a • 

oi n . 
�O 3 » 
•fa 01 fa 
> o o 
o fa a 
fa O. fa 

0  c tfa a 

* 
a fa 
�a 

•a I 

a . i a   i 
fa rv 

a fa _4 m oo a -» 
01 m «"! c   E c fa �art fa-0 fa   u a 
a u • > fa 01 « a 
E « O (fa fa 

�M 0 X fa«  fa O 
01 fa 3 «J UB    00 

c "1 M 
a u <f — c e c 01 QJ -» fa a oi X fa fa u (A — fa   �� 0 
V « 

a m 
—   3 �����������SS fa e vC     I£ e -o — —- fa i c c a c 0 a i- -i a c fa �O X) c 01 

a •Ö x 01   c — oi a a OS    SC S   u fa fa a a 01  fal 
•A   C a fa a a -a -4 fa fa 

�� �� c M « s fa fa a a « c a •   3 �o e Q a oi 3 x fa fa 
���a N >. It s 1 • •O   fa 0 — 01 —      a a a "> "O fa e jt •»   _ �� fa 

��
fa 

"3 s • c 3   01 u S5 "a 3 S3 
0 01  — c c a 

I 5S 01 — X t-i -fa — �fa  c E (fa -a» oc (n > fa �o <   fa -T a  fa 
C OB 
a (Ti 

a c a 9 
TJ l �o TJ   • TJ fa fa •0 fa 

5 3 tS- �o  0 <  a fa 
a •o a o 

<   E (fa 3 • 

•a i 

a — 
a  a 

T»   > 
C — 

2 
oc 

X 
at 

S>. 
— X a t 
fa i fa a 
• a *> < 

> 
a fa 

-^ fa 
JK 

X 
OC 

a 1 - 

j £ 

<3 

i 

j 
a 
? 1 

fa 
a 

»'*'*S3 

?«M%     1 

C'-*'»i 

«-• *-^ 
o- 

I 

HtaMfafa __   ' 



wta 

„06 
H J H 
�< -« u 
o z < 

c 
3 

-1 

.«•• I 

2 
o 
C u 

u u 
3 

3 

�a 
01 
AI 

b 
00 

a. a •< 

dec 
• «u o o 

"O    01 -b   -b 
at •** w w 
> AI «J y 
O    «S 3   3 
b   01 -1 -o 
a. 00 
a o > M 
< JJ at a 

0)   JN-b ��

—1  b A4 
X    O *b o 
3   Ai    O -* 
a u 

• c c 
• «-(0 0 

•o n »4 -r4 
91    W4   U ii 
>   u   4 u 
o   a  3 3 
h «--13 
a     « o 
a o > M 
< w ai a 

-* y 
a o v 
> X UJ 
0 *4 U-l 
a «1' 
01 c 
w o >> 
0)   » 0) 
X   » «> 
ü   U h 

«1 0> 
» «b > 
«J   b T3 

3 a 
�a » 
01 00 
AI  0 c ' 
y  5 ~4 
ai  AI 3 
*-i a) 
«tu h 
K on 

e a 
3 — 
o -1 
b U 
I 

O b 
-< 0 a K a. x -• 
A4 b 

0 e ai o 

* c c < 
0 H 

A4 0 3 CK 
0 O" 
c 0 QJ 01 

A4 01 01 
01 X 01 « 01 J? ^ 

�n JS �a 
01 «I 01 
AI u * > 
U Ai 0 

y b 
«-1 0. 0 a 

fa 
; 1 
m 

i 
I 

ft? 
1 

JAJ��

_i < z 
o 

§ 

lb a 

H 
a> 
•b 
a: 

10 
O 

x 01 
U   CT) 
•b x — 
5    00 3 

»4 in g 
—« vo  01 
0 *b 
b -a ai 
u   «TI1 

U   b 
0)  <b   0) 

01 o-P 
01 

5S b 
�a        • < 
(0   01   0? ' 
01 X   u 
b   A4   <fl 

«   «1 A4 C « u ^ a 
b   0) — £- 

> — 5! 
01 -a xi -j 
x <o c 2 

b   C 
00 O 

01 _i 
e 01 

01 
0) AJ 
U 01 

c c 
b ~4 
0) 
A4 >. 
-��Ai 
<s — 

> X 
o 01 
b -> 

H 01 

�a • 

e 
•b              10 O «    1   V T3 
01    Ai    0 O X C    b   «Q    b 
3 -• y so   y b    «   «   « 

In x  0 
B 01  u y X 

c -< Ai <      c a 0   . —.   u m 01 
H)  X X   b   0 « X -t   » 
O   A4   Ai A»    O    0 O « -c a -.    « c 0   • y 

•J    Ai     | b    3 01   6 •" 
0          >b b O    « 

«M    10  IA< O  «n   b <s   w -4   y 
b    0 8  M   «J « -< O   3 

«    01 —   «I • T> 
u > -a Ai          b _�����Ai            0 

>-1   vl    u 0 X 01   b   01   b 
*b   11 -* u CUC « « y 0. 
^.     rj   --. e •b   0 Ai a 3 
b   at  -b •j «A.  3 ������-a 0 

b e 0      X V    0   Ai 

—  b  oi u >,  b   — °H au 
X  ci  » <y U    «I    C <o             « 

a 2 «ax 
> ^4   -^   *4 «0            0    AI 

5 Ai    b  lb .   Ai    «      . 
A«   3 e b p~t   -*           «  Oi 
«      «1 i « ti W   « tl   b >o 
y -.   b 

X 
3   O  u A-.    -4    4)    Ai     1 

-. OJ    3 <r     « <    b   N         Q 
b *fi   (B w Ai <U 
X -   0 «-4 b �O   Ai   b   « 

£5u 0 
Ai 5J2 2 %2Z2. 

Ai >> 
•1 Ai 
B -b 
b -4 
01 -< 
Ai X 

4 X 

>   b 01 
O   « « 
b   Ai X o. « y 

Ai « 
«1 � 01 
c b a 01 
b a y 01 
01 y « 
u my 

a x o o> 
• y 

c 0 1 3 
i Ai -o 

O O 
a •> -4 b 
« -b o a 

«   b   01   Ai     • 
«   •)   y        <N 
*J  a 3 -o \D 
M *0   01    1 

« O   Ai  O 8X b    4 ^ 
h S.I 

« by 
00       O A» ac 

•   Ai 
Ab   -4 Ai    01 
W   4V   4  « 
ib  *4   «   «   01 
<    b    N  X    C 

•   »4 -O 
13  Ai   b -O   b 

3Sx- S^ 

�O T) 
0}   V 
«   b 
b   •« 
X   3 

00 Ai    o- 
C 01 

�b CO    b 
-4  (M 
-4 ffl 
•rt    t   X 
b Ai 

'Ö   00 
c z c 

>>eo -rt 
AI n qj    ��
•*4 AJ   T3 
-4   1 x a 
-4 o « 
X Jf* b 
�» 01   X 
X   00 b   Ai 
V   C 3 

�b   Ai   0 
s     Ai e 
b   01 3 

I     01     O   «b 
1 x w e 

- 3 
�o « 

O   -4 Ai 
(A4   -b U 

3 C 
>> 3 
Ai  X <A4 
•b y 
•J -b T: 
•b x c 
x 3 « « 

Ul -b 0) 
b   c X C 
01   0) 83 >4 
Ai    E -b N 
a) «4 -4 a 
01 *D 01 00 
b b to 
00 a E 

•b 01 
01 -» X 0) 

T3 Ai X 
-A4    4) Ai 
>  c 01 
O   »4 > >A4 
b    N O O a «1 b 

00 a ao 
0 a E c 
H   B -• -b 

0 £ 
X 33 
Ai m s* 

o 
u 
Ai   00 
• c 
e -b 
b   3 
«   «J 

X 
•O   Ai 

3^ 

3 
ol 
b ��

•a u 
c 

o 01 
u E 

o 
e r. 

Ai   X 

« x 

« 
o 

o 

�o « « e 

— c 
�)    b « 

�O   Ai 

3« 

c:» 

oc •< 
o. 

a a. S 

c 
«1 
Ai 

2 
b 

oS 

X 
a 

3 
£ 
3 I 

9 
3 
3 

I •   ' 

-___ 

1- 
2 

S 

b 

2 
b A. b 

3 

  
�' 



-����'"- 

-: 

C£5 

Q. 

«8 
0. a. 

A A 
#   a 

3 3 3 3 3 3 3 
T»   0 •o  0 �o o •a o T3   O �o 0 �o 0 OCX u   q  u 

OCX: 
U  <0  u 

OCX 
"    Bj    U 

OCX 
w   <0  w 

OCX u m u OCX 
u   d  u 

T4 �•* yl 
W   C    3 «  c  3 4J   C   3 «J  e 3 ^   C   3 "   C   3 a  C  3 o o u o u o U   0 o o O   0 "J  o 4) i-t   c U"   c ai -» c 01 •*   c <u *-* c 4» �*   C J)   -rt     C "nil   Q T*i o —1  AJ     0 nu   0 •nu   o *iu   o --» u   O     • x «J •** (D X    BJ   •-> 4) xi   aj -^ « X1!    0)   �«-< 0) X     «J    >4 0) X   «J *4 4) X   Q  -H   o) 3 •**   u u 3   T4    *J u 3 ~«  *J U 3   •*   AJ u 3   -4    u 'J 3   -H    U u 3   •*�<   4J    u n u  4} C m iJ  «j e W)   JJ    (Ö c 03   U    03 c » JJ  o c » w  d c ci   u   aj   C o w 41" 0   u a) 0  « 0) 0  w tu 0   4J at 0  *�> 1) O   *J    4) 

�a "O     ) c u �a GO c u •O   60 C u T3    00  C CJ T3   IBC y T3   CD t u TJ    CO  C    U v > c i <8 4» ai  g U) OJ    01    11 (0 « a;  0) to QJ   at   4) 
>   C   B 

U) 41   4)   4) w Qj   a   ji   in > o 41 >  c  E a< > c a V > c s 01 4! >   C   S 4) >   C   £   4) 0       a> 0          41 0          V •-4 O         4> —t 0           O) —i O          0) O         <u —* •W 
a 

b   U M O U    u   —. 0 u   u -H o u  u ~t 0 U   JJ  M O M   4J  -. o U   4J  —l    o Q. W)    O. «1 a. «> a (0 an  a 09 a « a u> a w   o. CO a n Q, (/) Q. co   a, <n a. a. o   e J-> a ü E -o a. o e x a. o e x a o  B x a o  6 X Q. o e x <! •^     U   -*4 a < u -^ 0 < y �•* 0 <    U   �* 0 <     U    T4 O <  u •* O <    U   -i    O 

e   • u cr o « 3 01 u u 4J u -o a U 8 c a •Ji 01 0 £��a >% 
�H    ») u w 
*J X. a 01 W4 
a u 01 u » u *o c 
«4  «AJ Xi 0 
<u   0 o u     • 

-*    0) *J    &0 
U   C 0 3   c o  c » o .E O C  -rt a — c « 3   u 
«    4J B O   <n *w    (0 

U O v*   c a a c *J   01 <a u 
3 m d E 

V >M c ai oi 
T3 51 i- -a �o > 
—   O s a •-4     -^4 
> £�� > -o >      " O  u �a 41 0   o u 01 —�����4J U    01 Q.J Ki « a a <j u *J    -4 0 .0 •« O O   01 o �« H  S H *J u H  a 

3 cr 
01 •a 

4-1    &) 
u c 
C -i 
3   U 

«5 

c 
o 
W   on 
u c 

> «J 
0 o 

*J oe u c 
B •r* 
3 U 

H4 « 
O d U 

01 01 
�a > 
f-t > *J 
0 u u 01 a u 

0 
0 u 
H a 

I 

3 r« o — 
V    *-» «4 

3 e • o u 
w 
e c 
• o 

00 >> c 
-   3 
�o « 

o 
Tl 

XI 
�3 

"3 
01 

.a 
3 

O 

JO 
3 

GTJ 

�V—x 

U 1~- 
o r~ o o> o <r\ 
* i 

X 
c o 

^3 
et 

>N   C 
<M   14 
-     1 

c 
04 

a. > 
« u 

2 
Ü 

• a 

a 
-4 

04 

2 I 3 
c 
3 l 

!' •  ' 

3 
;•)>;•  j. s , 



��

I i 
I   t 

Co 
9   m 

^SÖ c 

1 

c 

TJ 

> o u a. 
a. < 

oo 
s 
a 
X 

a a * 

X -> 
3   O 

u 
01   IJ 
C   C 
o o 
~* u 

�a »i 
09 

«oo ��can 
•M c 
u u o 
«J O -H 
U  IM    U) 
o       c 
-«IS 

�a E 
>» -H ~4 

<M > TJ 
—    O 
U   b 60 x a, c a -< 
��-< so 

-t b 
OJO 
H   3 tM 

a a. 

01 
�o   • 

to 0   u 
•1 0) 

•o «1 01    > a) u U   -H 
•a u -et   -4 
-4   c U    01 > — ax« 
0 
M    O «    C 
a s U   *H 

a 
TJ   to >4      >N TJ 
«1  ft 4j   a] 01 > C —i > 

0 
b   U o -a u 
a at a 
ax: c o a < " •H     C < 

J4   J( —     L. 
aj xi   a 
u  u      -*  £ 

0 -4 
a o 

<-4 Ll     -4 

3 co- 
0 SO XI 

—� -» a 
— u a 
o u c 

0)    60 00 
> c c 

<** >4 tri •-« 
"NOG 
U v* OO O 
01 -4 -4 — 
4J   0 • M 
0 u u 
b u c c 
a. o -4 3 

01 tu 
01 -4 00 
u i en 
«I «4 gj 
3 t« N ;��

tr o -< 3 
oi g K 

Tl   01 «1 a 
du e 

aj AJ -H 
5 ~ c 
« a. oi ^ 

> o 
01    C 4) tM 

�a x ti 
--4 a i- 
> oo 01 
o c o <J 
U   v4 M 0) 
a u i 4 -a a 

,o  o c -4 
H   u « T3 

0 -4 tw a 
to — 

-4 3 C 
M <*4 o O 
01 HX 

tM -O -4 tfl 
I" C «J3 

XI |>J Cj 
O 0) 

ai tn M 
X u 

O   4J 0)   M 

0) TJ 
CCCJ 
M  a x 
a 

> a 
O   -4 

O   U   M 
-4        TJ C 
ai a c -4 
c �- a 
oi   < -4 c 
ex o 
-*   Ul   tc -* 
�a      CM 
IIDTI < 
Ux   h ^ 

O   • > 
0   >   OJ fl 

H    01 XI > 

TJ 
01 01 
t» 3 
(0 0 
V) X 
u ts 
u 

«J   0) I 
00 > 05 
01 O 00 
e u a 

a s 
»   E 
O   -H 0) 

<M X 
—i u 

>%-4 

-4 X C 
X u o 
03 T4 ^4 
4J X U 
to 3 U 

00 6 
0) TJ 4J 

�a •H 
— a-4 
>   -H - 
a — X 
b to    . 
a. oi T4 OI 

c — c 
o — oi -4 
H    N M    N 

•o -a 
u a 
<e o 
3 oo 00 - 3 O 
C 4J 
01 

0) C 
X o 
U tM 

c 
W O 
o o 

O   »4 c -s «1   3 

25 

Hue 

•a c c c n 
u 
M 

o « .     3 
u 0 

c m «1 03 

58 u 
4J 

m    • UJ C 
B T4 I 

01 r u 
•4  * a u 
�a .» to 3 

M O 
0 

8o a) 
C 
o 8 

u     • 
a-« o 

PI -.  (N 
��Ir- !fl tM 01  (N 

00 c >o c o> 
00   M I 0 

O 
-t    00 

-4    Iß �-4 L: «i   c 
T> 

eg   . 3 TJ   3 
•    C   — X i0 

�8 8 118. 
tM u 

TJ 
TJ TJ 

TJ 

C "o  • £ C 
o 3S 

-*         3 C in $ -^    Id    IS C O    • «J i 
0 o D . vO u Q 
U   ^H    63 u r^ u § •u u  c 0 m "° « u  n -- « *-> —« CM TJ   41 00 
«I *J   c so <o U   *J 
-*  c +* S jM, 1 O   01 ä8 

is "O (Ü -H  « iA    DO o U -4 i 8^ o U   O 
O   0)   V w a to fsi u 
tdw  u «J •   3 u X »N a»   at 

5< OJ   -4    —4 
+ 1 «J or. c o ^ 4J     C 

i W     U <M —4 £ X x a — TJ E 10 

U   * 
u      a c O OJ      • 

-1  o, •1   C u £ M T3 e U   0 tM •M   rl 5 *0 
r^ o *J 3 N ") 8   B 4»      14    -. a — <�� a IN 
m X  b « >NO 0B ri«c —* r»  o 
-4  u x M     -4 V oj <N 
•O          3 -I O c E   00 m* i  O 

O   -4 —4 R   *'| T3 c CH 00 PO 
00 M    1 < U X    -4 vJD tM r* 
C        o 1 • O-" « > 

X   oi 
r*    • 

>J   H   J rn X W 

*5t  • o « —* •o M M 41   (N o —4 V   4 K I » -e C 
rn fc- 00 U eo r- to �«-. oo r** 

3) C   •* i tr> •M   X 3 s ' U  T)    U TJ 4VJ « a >    « « 
O    4)    «  »*-i 3 E 8 u a: «s? es 

Ä 

a « 

s 
X 

£ 

| 
40 
-J 

if 

00 

a. 
•8 

TJ s 
X 

4? 1 
5S 

s 
��< 

3 
00 

1 

c 

X 
00 
-4 
m 
u 
c 
2 

^mmmm .�,--. / 



������am.in I 

o o td >-» 

< < u 
a z. < 

» ��! 

J 

O 
�B-r-ir« 

U.V. 
CD 
OS 
CD 

a. 
A 

3 
�O   0 

O    C £ u  «u 
-4 

AJ C  3 o o 
O -4   C —-, u  o    • x 4 -< oi 
3 -4  U O 
W  AJ   o c 

o AJ oi 
•a  GO c y 
qj   flj    y   W 
> c e a» 
O 41 "2 !_,   jj  _.    O 
O. (0   Q. 01 a o e x < u -4 o 

u   1*> 
o -4 

01 c u o 
U -4 
3 w o o 
a C 3 

C   01 «s -a 
X «t 

u a  • o      X BO« 
AJ '-4 

K C 
o -a �- <u c u 

a 
3 o> 
O  M" -• c « 
—  —    3 
«J  AJ    C 

a oi o - -a 
I" a. w 

I    0) 
«)    O   00 
AJ  y c 
4   u   €   01 
-» «s x *a a au  c 

01 

|1    -X 
O    O   01   AJ 
b CO 
X    Ol    O  X 

a 
<8 

a a 
J ,T X 

T3   O 
0  c .c 
u   4 J 

T* 
�u   C   3 
U   0 
a   t-)   c 
—i *J   o • 
X<    *   -H 0) 
3    MN     *J o 
(0   *J    (Ö c 

0  « <u 
T)    MC u �a 

-    «   a) VI j 
^ c e 4J > 
o       a) 0 
U    UH o L> 
a n  CL Ul a 
a o e XI c 
<   u "* o < 

o «  S  « 
at -H  ai  a> 

U   D  u   n 
0)      T-l       flj        Q 
—i   U    i->   —< 

X:  0  a- 0 xt  a  c  c 
3   00 £   » 
01    U   -H   <0 

3 co <y w 
to   v  E X» 

c      o c  a  o 

a» u G w 
> to  a  3 

n u au 
> to   : 3 

0 0        o w u c x: 
o o •** o 
b   O        £ 

a,      o **• a     *o w 
a. o ** T* a o c •£ < u * 3 < u *J  3 

"J       s 
cj u-i 

ax 

u o  o y o 

<3 — 
C X 
O   to 

as 
-4 oi   • 
e -4 -< a)  as a 
X    >   <H y -4   U 

3   01 
O- AJ 
01   A3 

E 

C     *4    -H 
«4    3-4       . a a oo 
-4 3 X> 
« -4   cr 
-4      0) < 
14    0)    C   H 01  u -4 cd 

in 
Ol ��

01 H 
T3   01 

a)   C — 
O AJ 

C « a -a a 
ci 

5)   01 -O 
-0   « c 
-4    X «1 

0    - c 
a ci -4 *j c 

Er 
•H    4J 

c ui o   ol 
C   -4     14 

ton 3 

o a 
H E 

S3 -O 

" § 
_    -H O 
<o x c at 

a» "O 
5) .— 4J ai 

-O y-i a) u 

>   U    5C  i) 
o a»  c a. 
|4 *J �-* 3 
a. cd   w w 

0)   <o o   t. X o 

O     W   -H 
tM     3  —      • 

a. as a> -. so 
«j -» cr 

�*-»  a      < 
IM    cy   C H 
cy  4J -H ad 
JJ    0) 
Bj tu — 
ESÜ s 
01 <44     C 
4J    >» -4     OS 
tg 4J  u  y 
C -4   o 
u -4   as *a 
u -S " 5 U X OS 

_4     �-•      0 
«   X   C    01 

01 
c o o c c 
-4   O 01 

4J 4J -4 y 
y   aj   4J 01 
a -. «j oi 

—.I U    4J —4 
x o c o 
3    00 Ol 01 
M   01   E X 

C   01 o 
TJ         -4 
oi 4J  a. AJ 
>   01   E 3 
o o «» o u  u X 
a     -a " 
a o c TJ 
<    4J    OS .> 

01 
c   . y o c c 
-4   o 01 

U   U<4 U 
y   ffj  4-1 oi 
V 44   d v 
-11J     U    -4 
x o c o 
3   00 Ol   01 
a  oi fi -° c oi o 
•a     — 
01    4J     O. 4J 
>   01   S   3 
0   0-<0 
by      X 
a     "a « a o c •£ 
< ij a 3 

�O   4J c a oi 
4J     E 

01 
-4      14 
«S   3 
-4 y 

E e 
01 
4J >, 
03 U 
C *< 
U   -4 
0)   -4 
4J   X 
«4     -4 
•)  K 

01 
TJ   -4 
T3 «44 
«S 

I 

O   01   c 
0 -4   c   0 
U    01    41 

C   6 X X     Ol    -"     10 
• e t; - 
-4-4          c 
c -a v. -4 
-4             01   »4 
*fc4    1-t    *.' 

0    3   01 
oi -4 o y 
X      *4                 «1 
A4     41     Ol   -4 

4J   X    1- 
•   C   "J   3 Ul 
M-4            • tN 

5    01   J    01 
v4 

,1 X   3 X 0 
U   u-  « 4-1 

>C   -4 

51 

«   M   «   _ C -4   oi   oi 
OJ    N    OS 
C -   oi   oi 

�} 
L,     |4   X     01 14    14   X    0! «} 

20
 
st
ee
l 

as
 
an
 
al
te
 

P
a
r
t
 
1»
 
to
 
be
 
c
a
r
b
u
 

.
0
1
0
-
.
0
1
5
 
c
a
s
e
 
an

d 
p
r
o
d
u
c
e
 
c
a
s
e
 
h
a
r
d
n
e
 

)2
0 

st
ee

l 
as
 

ar
. 
al
te
 

P
a
r
t
 
is
 
to
 
be
 
ca

rb
u 

.
0
1
0
-
.
0
1
5
 
ca
se
 
an
d 

p
r
o
d
u
c
e
 
ca
se
 
ha

rd
ne
 

c 
^   0 

144 
-4    01 
�a e 
2 ° S    "4 

4J 
•O   43 ss 
0      -4 
3        01 a 
0   oi Ai 

O 

o 
—4 
-4 • 
"3 « 
0)    -4 
A4     U 
������41 

A4 

"° 2 oi e 

Ad
d 

AI
 S
I 

86
 

m
a
t
e
r
i
a
l
.
 

to
 
p
r
o
d
u
c
e
 

t
r
e
a
t
e
d
 
to
 

M 

1 s 
y 

a: Ad
d 

A
I
S
I
 
B<
 

n
a
t
e
r
l
a
l
.
 

to
 
p
r
o
d
u
c
e
 

t
r
e
a
t
e
d
 
to
 

1 s 
y 

o  ~i 
in c 
.*  0 

—4 
01   > 
00 c 
Hi 
03 

•40 

00 c 
3 
«3 
u 

TJ 

14 
41    41 
AJ    AJ 
C    «S 
-4     C 
01      14 

01 
TJ    AJ 
3- 

•�-'2 

-*—4* 

ess 

' 

!^:^ 

c 
-4 
04 

s 
J3 

j 

r^ 4 

— 
oi 

c 
c 
3 

£ 

5 
00 

9 
1 
-4 

AJ 
X 

«J 

*^^   ���- �- 
�*--^- ""��' 



I  I 

I 

i 

C-3 

CD 

i 

a. a. �I    u 
ä 

�O   »   «   >.u 

£ 

«  u u u CO tN 

�o o T4    5J Q <t 
•H    C * > cj CM 

>  T< a-< OV 

0 .-* a *-N 

M   0 AJ   0) tu • 
a c O t) en n to 

id ail iJ 

•a M u c 3 3) «<-4 
0)   -H AJ •* «. c > c 9) efl 3 
0   « o   >, U <U u  u u   es CJ U >o 
a o> (S U eg 
ax C   V c vT <   *i  ^ -a w   ^ <M 

u    • 
U   -4 a  . 
o v> 
(S- 

a 
3 

> a o o> u A. a u a c 

14 -tf 7 
O 00 i 
AJ Ü J 
O 1 - 
a < U 00 
«J C i 
C  -1 X a 01 u 
o c u S) c c u   -^ <u c tu ��

a -a 3 0 in 
cu AJ V CJ u c 
X   C JJ a to a'/ o 
JJ   0 « X 1-1 Ci. f4 

o u i-> •D X 4J >> u f 01 « 
A  ü (fl C 01 u 

0 C 0 £ V —* 
�a — O u 60 

CJ   AJ E u a a. 
AJ ~* a V c j: a 
u c T3 CJ 01 tö CO 

3   3 <*-» £'�� tu 
�o s iJ »w it i* T! 
c e c a »OX 
o  a CO c 4) 
u s 01 u -^* 

B —: u C tu 
« e V u . w CU 
AJ  V£ Q. Zi v CO > C 
« tn O > u Ö 
v   • u -a c o u « 
H ui Cu to 5) H a " 

00 
V c u • 
u >^ *H o 3) 

U « 1 U �J T3 OJ b —4 CJ 
i <v4 o c —1 — > u -a 3   >s u u y-t 

n *o in 8] ffl 3 < nJ X TJ U-i a s N-( 

^4 c u so E c T4 X _-. « X a •H *J u 
�a ^ X i-1 3 ss c CO 
tu ^ £ u <4-l . i c5 td ^ fl u ^T O —J X) 0) E 

�o to 0 [>) a 0 u a. c X 
a <t u -a «7 —i u c AJ --« CO OJ « 4-t 3 
O  00 0 • 3 "O *-* «3 « *J «a �a X CO 
-• CJ «4-. n SJ « CN w u 1) Oi c <-* *J u 4J u 

3 in M V >^ ^ Ü 3 tft u (ft « m CU U �o 
c — 4J OJ 4J o �a X -"i J^ T3 3 JJ >�«• c v4 II 
0 c i O [ft O c e S3 C ^ u —1 £ 
-H     U <y a *J c 1) 3 3 11 OJ 3 ^J 5J w u CJ ij 

AJ    tU E i �-4 4J O ET C u O «3 a*u   • <u 4 u TH 

•H  TJ c 3 o u 0 >-. U-( c  w 4J u 1 
C   3 u t^ m 8 C 4J _• > OJ 3 -a -H 0 
3   O 0) *o >-< Q fj T; u Q (U -^ o c X 4J 4J V g a I- > >» a> e 4J Q 3 �n "J o c X U    3 w- —4 u 

o U.J a 4-< < J5 <s o « Ü ej E 
Ü Id cji 0 u i sS u c en u 11 Q    *- u CO to 

•o «-> Zl at 3 a u 00 3 �a 
£  «1 0! 0 c a a u (A •^ �OJ «a u 
e x X E a Q 0 X v .^ <*-i V E en <5 <+-> X u o 

*© 4-» >n to X 4-1 X O *J u 0 4J u •*-.  c VC -o 4-1 *J l*-t 0 a 4J   PO £ u 
•  u > —* -a c c *j a3 u « ta 0) <M a) 

*n ai X *J Ü 3 UJ •o (ft u c u -o 01 c 
u "S3 0 0 •M %) -4 H « 3 -»* c u u e 

-V   Ifl -a b c *-> c M «�* o d b a 
CD  .0! a ec •> o V 0 c ��r. X 4J *M u u «I c 

•a » V« c CM 4J 8 u 3 rr a < « 0 o>  v 4J 4J a * 
3 *J - X 3 U X   «J CO •3 

> X a u *J « CO y iJ 1) *J a u w 4-J E —i vi n 
0 w a in C *J c Ul *» V Cft V cfl •a > r'j 

<w  -« 3 a> g « 0 <d 3 IS 9) 0 —i c M-« C X X -o4 X £ tN 
o-  i m *-» b <u lH »4-J *~> �a u «3 0 —1 *4   U 4J T3 to >o 

o e 
4J c 

o 
tt . (A4 

to �H QB (U to 0 « XJ c 0 a to » tt) u e 00 
00 «J �a 3 01 c 

c c CO �-J 

01 -1 J3 « td X t-l 

JC to �*< tu 0 
to 0) X a E u a 
AJ > c aj a a 

c -F4 u —�* c 
c o 0 -o to 
0 ti4 u -^ 

1-t 0> 0 u u 01 tu 
u > u c •4 X 
u to tu 0 tM AJ 

a to c u 
c a X «1 "AJ. 

0} 0) S) 3 >, X 0 > AJ E to AJ 4J -rt c ^4 AJ 

JJ to c OJ c 
u 3 •»* « AJ 0) 
a) c 0 3 « E 
[J a �w c cr c tu 
u K 0 00 
0 Aj to 00 E «J 
cj CJ > to c �H 00 

3 o -r4 c 
0) •u 0 >w > CU tu 
X c AJ u o to 
p o c 0 u 0 �^ 

u u a. H �a 

AJ 

no 
��

u   C 
oi o a a. to 
to  ao c cj c to u •* 

U   0) 
X        X 
AJ a. AJ -< « 
3    C    41 

to   CJ 
>.     «J 

�s "° — x c a e «i tu 
OJ AX      • 
to   c        u to ^ OJ 
a a  ��cj IN   « 

73 AJ CM   a, 
CO-« 
a > <N «4 v4 to a 
x a 

CO >> 
to   V   C X 
����X   -H 
•tu   3   u >      a c « o M -< 
K   At 13   b 

.—3 

r- -J 

C^'J 

a to 

u 

CM 

X e 
«i 

�a o 

o 

8 

X e 

O a 

<o 
AJ 

5 

o 

����-'--�����  �������' - ���"• -^ 



JWUUHUIIMP 
��:•:�-::,     ��:.- 

w^ra^ar^ir^ �- - '-—��

, ����

O 5 z: o o u >-• 
H J H 
«t   < U 
Q Z < 

LJ.J 

L„W 

i2 
o 
S 

TJ 
ai 
JJ 

§ 
a 
AJ 

> 

8 
u 

<5 
> 
0 z 

3 
�a 

ON 

TJ 
OJ 
AJ c « 
AA 
60 

�a v 
AJ 

U 
oo 

> 
2 

3 O   0 -A «A« 
c —   0 

a   • I) JJ    AA 
J5    U w —» a 
AJ   o 3 ~ 0 «- 

CM 00 0 

sa .«   3 3 - 
6° E £ X   (U 

AA   u U  H-l 
01    0) OJ   fH U   -H 
a > ax ai -< 

�«-. 3 JJ 

"O   aj TJ c a> 
—t   W -< c T-t       U 
3 a 3   O -*4 

Sä S3 >* u c • 4 4J   4)   0 u u -*A 0!   *�����D. 
«1 J= a > «J.          (0 
> u > a <3     - 01 
-»4  -rt -. T3 w    C   3 
S 3 « 0 
3 3 a JJ   i-t    0J 

a U   *J X 
a u » x o>   u u 

�ri    b •AJ   JJ «J   c 

£1 (S3 0J *M   O 

cc 

JJ    (A «J •rj c --4 u u JJ 

�* TJ iJ 0> 1 •J 0 0) 
3   0 h JJ           l 0 JÄ £ 03 u a T> 0) u O 0)    «) 

x 01 u       u c 03 0 O 0) u  c E 01 JJ E  w 
11    JJ > OJ     *   (J j u > <y -a > --4    Lj 

—«     0) i-t *M    >> jj (0 _• «   > 0 v4 >* JJ   (0 
-Q   E A3 01  «-»   c 85 01 JJ a 03 i JJ a? JJ a. 

3 •O    0)f* 3 J3 Li a 3 a 3 •H c 
JJ    CO tM • 01 03 Ss5 OJ • "^ •H     IJ 

09   C JJ A «   u ü O a u u to jj ft •H 

a -H u w   0 0 u 03 *o 0 0> 3 e u X -.    03 
e >- 0] X TJ -~t u c 03 € _4 0 «3 ej as a 
0 3 4-1 JJ     00 c 0) U 0 03 U-l a    - ••�* Uj C ^    OJ 
U    AJ 1 �H     C      U> a» J-i 0J iu 1 U    U) «3 JJ 1 �»4 >U    Lt 

u V a — ^ > 01 4J 01 »J c UJ. CO 01' CJ 
0)   <o X JJ    -M 3 « 01 «J X 3   0 u X <4J JJ u* 
U  "*-t JJ 0)    U   —1 eg E u 4J U*-J 0) JJ 0 03   0 
C    3 1 u   CJ e en C U 1 0)   4J X <+4 1 E 
a]   C LJ IM   U-l     5J 0) JJ C3 0) L4 U    S3 JJ 01 OJ JJ 
L.   C3 0) «J «j    U C U 4J 01 U 0 u tn •a c 
0   S «J c. <o -4 a a3 0) a3 JJ �O  -* tj-i 0) 0 3 01 01 

UJ 
«w  >^ C s a. E tw a3 «J 0 a UJ a) -*   E 

0 -0 « >. V 0 <d 0  -^ Cfl J 0 >w   O. 
JJ   c o-*a» JJ a u 4J X -4   u T3 J aj s 0)    « u u c 01 01 U  X 
OJ 0)   <A —« u U) 01 ^4 03 00 a -F4 03 03 01  w 

T3    US W    L.       - 1-4 0) �-4 "U 3 C   ui IJJ C TJ a. » 3   0)    C J3 cot) V) ^4 O CO 01 (A    0 
> 03 m >   0 « u > 0» <3 V*    00 JJ --4 03 JJ X 
0   — 3 u-O  ^ 0) « -J 0 3 a c 0 in 3 U) C   JJ 
u   v. �-i   (0   u £0 u hi JO US    -4 c C 0) •H 
a "j at 

Cue 
C 01 a T* •j» 3 OJ U) 3 03   oj *-> •-4 3 "O J-J JJ 0)   a] tA e a* JJ J«: 

O    (8 
H   E (5 01   O   3 X c 0) 

-u (2 o3 
a fSf-S «3   *4 

3 TJ (S u 
X   Q3 
0   E 

u 
u TJ 

3 AJ £ 1    • 
CJ   00 

0 JJ AJ 3 <     »1 T3 OS OJ   0 OJ M  —t 
IU u m U Lt c •O J3 C c �0 -J U    M 1 

tr»  § 23 OJ X 0 U    AJ *AJ O 03 apJ, -<    0) 0 a, > B JJ « 0 GO 3 w  a a iJ JJ 
^   u (A      • 0 3 £   »A4 P* *•* tx> 0 c -1 a a. * 

JJ c u u O r; CD AJ �1 J5 a) ^»   «3N 
OO JJ   + 0 0 9J X U to tn 0 e> �0 AJ u £. 1 
JJ to 3 <r\ JJ AJ N JJ ^3 m AJ T3 tW -* 

�°8 u t -J -A   O c 0 en *»* c 8S U --J C 
w N « IJ -A   M 0 •^ 0 0   3 «3   01 
v£>    O O ""* vj -I 9J V n « • tu «J > 
*n JJ 30 AJ 3   C 3 C   «3 m AO •O -4    ^H . CN  —J U U "O u JA-     0 0 0   3 * —t + 1»-» SO 0 J-' 

x8 V oe E *   u w4 m C C tn   <C 
IA X > l^ a «2J JJ    OJ 0 • in m -C    AJ 2 u *J m U 0 0 8 Ul U    N JJ ^. <N      • ?   = ^4   • tu   -J AJ -0 AJ V   *4 en fn 0 at 5 0 4J 0 £ " c a <* r* AT> •    O >\ ji c  a >> 00 0 AJ   AJ (A r* 0 4J U CO .   OJ 

a -< >N 0 -3" ��� �tf   c 0 c JJ m X c a  1 CO    AA      • 
«1 — •J e 1 <t 0 m 3 - Q. -4    0 �� JJ -4 z a< -+ a. 0 
u  0 — 0 •J3 n 8 r-l 0 -J "v 0 ~* n 
V   3 AJ a NT n <T> a a § Li w r* AJ 3 *n /**�� AJ (AufO 

•M    U 5 " « «1 
*j 04 * O MV cc �H e AJ    C 

Q. U >> U -X) > <n tu a AJ �u <n CN m -^ c 0 - *j a 
a 3 •* u oc 0 K    C «J    1U 3   A. ON   3 

CO 0" — V c c*5 CM U) b  0 TJ JJ -J —A -4      01 Li <A4 ���������������-A 
r^  u JJ AJ 0 OJ e n C « c 0 00 « 03   JJ M « CAI  TJ 
N   • « e 

! 
M u JJ   • a -4 r* 00 *» cn 

oj 3 

00 co 0   • 
IJ a a § 3 c _* 3 a 3 CN c> a SS • j.   • ss 

a u 

V  a u 0 a T   ��AJ OJ  TJ O tn �3 >    AJ    AJ 
a  a 
a a 

—1 
�0 

M 
a 6 Li 

u 
0 
AJ 

AJ 
•O J   S s c 

O Is 6 •0 
W    -«4 z £ aw B c 

€ 

J3 
��

JJ s 

a. 

o 

s z 

a 
��A 
U o 

—* 
o 

J 

T Ä^t*:: *"**'.- -^T': 

JJ e 

i 
i3 

I 
S 

*>,...   -.? ��



*JZ 

<   J CJ 
Q <C < 

-^! 

era 

Li- 

| 

ft 
SI 

«•• 

0)    b 
—t    O. 0 aw 

w   ' § •H «     O 
•O t3 «  JJ 
01 C • 
b "H Q -O * 
C £ 0) u 
«1 *J b -F4 O 
u c UP 
00 ai c  b   C 

b o  «J < 
w  X u 
0)   fll T3    l   T3 
> 41 T3 — •H  D tt   c   a « £ «   3  -rt 
3  ü ufiu 

u b a 
01 0 o _ 

(0 �o 0) TJ a u a: 3 
4 0) ca 0J    u tn 

> b �a >   O T3 m 0) —< 
O   0 « O fl) X a b 01 « M  O at o *J    08 

•r* ao •*4 Q, <N -»4 
u Q. CN u avo �•*. •a 
o < * m 01 <   00 m o oi   a) 
4J 00 t*> AJ m •a to a • 4 �� o •H    01 e . < i • £ * £ i > c 

n « IT» XI -o w m o -v 
�o xj 91  M V -a at M �a u   u     . 
91 oi u <: • u 0) b   <, • �� at a d ^ > 4J so u b (A *o > j; -4 
0 u 0} .-i �*4 u 0)   -H at o X      at 
b 01 3   0) o E V 3    01 O i-i b U    -4       1 
a. �n O" 01 (N O- a» CN b a a.-- e* 
a 

�2 91   4J *o a) 0) 0)   b v£l f* a at  at eo •< b tn 00 a a: b  W Xi S < -a J w 

9)   " a u T3 a. 3 
00 •H 3 9i C o- 1 *   c    c 

U    h 4J o. <ö 0 01 
>> < o 01    91 (9 b 
ai j: *4 « j: c �a c •—4 91 V 
>  v u «a tn § 91 10 u >> o 

•~*          93 e a J= j«: ^4 e c 
«0^ > �a 3 CJ b XI b 
>   U   V �a -a » o 11 c < X) 

a C XI 3 c 01 b 4J a —4 
4J a o a w 4J 0 o 00 CO 0 3 
U  XI 9) u E 0) 4J 0 
a     _. a) xi U o 3 b . b u 

*M XI —' c c « < 0 (0 01 >. O �a 
I   —* i* O     9) u 9) X b »j u u 
1    3    E »4    4J vt ctj V4 o 9S ss 3 

U)    (0 u »M 01 E £ b ax 
c 11 -^4 AJ O 9) 01 a) 4J      • 

*          0 > if • 4J y a b 91 3 4-1 01 >> 
b    C   -" �a w « 0) £ M.I u C 4-> b C    -4 
ft)   0 — at -r4    -^ C J a Ü f4    '-4 
*J   -H     0 at �a 3 o b (0 01 TJ 9J 01 ,0 CXI 
«MUX «u v4 00 4-1 4-» 0) (0 H a 
3t    CJ i 91    9} u c >s —» c 01 91 01 01    01 

«J   T) o X) — « 01 <4-t « T> tl XI XI   b 
(A           01 — SI u e •** X —4 TA 

«    01    01 <vt >   •* 1-9 S "j b 01 u > 0) > 0) > -a 
3    >   <*-�� <3 O   *.' WJ b b <d X) (Ö O > 0 41 O    01 

•H      1 E U     9) 1) 3 �^1 E b o b —4 b   > 
SB    4.J    X3 O a a u CL ej O > a b a 4J O. 0 
*• u  c 4J E at 3 0 0) a. b E 
x  ai  « 3 O  o a 0 b o b b o e 0 01 O   01     . 
H   u JZ <a H   o 00 H a H a «J H ^4 H 

XI 
91 4J 

4J   b 

91 -C, 
N    4J 

— a 
to V at 91 91 b   01 

e <N w e t-r b 01 3 XI 
o — u o aj o VI �� X £1 

0J c C b b »-- S 0 b    01 
VI    ID   U u b tu o �< 4J 9) 93   01 
>*T)    d a  o O (A sa 00 U   «J 
at  at  E 4J    4-» b C o •* 4-J sc c c 0 

JC    CJ    «J 0 tM >v b 0 « E 
o �-* «  M « *H vO cd M -C O    01 

u « -a Cft �� b >»�� c a CO b o b    .M 
01    0) c -• c < (Ö o hH 9) <4-l    --. 
-*       »n 9t      • <a H CJ t-l b -c u b •^ ac U1 tn <d �»« • C   3 

9»   CN H <M M b X —1 IW XI O X 
« at   • 9)  CO « <*> •H < b �� « —4 01 ~4   b 
u  c ~i >o CJ «S E �*4 U XI 4J     < 

x   i 2 ' O 01 O a O b 01 91 «   U 
4J    00 c a. b b at a 01 u 
—   3 O O   91 o (1 i« b U.J b 01 -4    XI 
o  o *n • —    9« -) 8 tf) i <u <u   9) 

X C O -o �� a -4     <l 
u •->  a o *3 so 'J 0) a U   b 

«M    0) Ui So •Ti -* 00 « i* tC 01 
0  u  c c >» b b «j b 00 a. 0 

« o at < O < X- 01 b 0 �•-«�� «i 01 IM    U 
0t  «M b 0 IM e c 4J 
m   u x p4 • o —. *o «J b 4 Ui cSl^ 3   3   U 8 91 -* 'XI at e a b b V E »-• 

•   C 91   91 V -A O O b < 01 o o 
*J         ^-t m W   *4 ��1 b 4) %o tu '•V4 XI 01 e   •  • 
«N  X   O �� •    U * b at QC-J * 01 M 9»« A3 ^. ^ 
SUb 
b   V4    U M 

• 
a* �a 

9. 
c S U7 S •o 1 § 0) 

01 
«on 
01    -4    -4 

»   X    *4 
ft«   1  6 

O 
«4 S3 

,— 
< cj 3 u da CD 

"^ 3 CJ 6 b 
m b o o 

4J      •      • 

91 u 

> o 
2 

C 

c « 
4J 

Qu J C 
91 A4 a 
U 0 c • 04 
91 > u 
a. 04 s in Du b 

oe 91 o 
XI XI c OS XI 
o 0 -4 C 91 
Ü. a b 3 M 

£    i 

2    8 

S 
*1 

r-ir-- 

f,--,' 

«4.V    ��

I 

- 



K^I,:I.II.1.PH!..!WUJU!I|M: ^^p^r^T^n,.--..,,--,---.  ;.._.,-�Tr.^„?TF„ 

j 
i 
�; I 
> 

!>   i 

-J 
".'*• 

J 

Wua 

' i-.. 

^3 

I 

o a z 
H J H 
< < U 
Q Z < 

s 

>» 
5 ..* X 

0> 
[*• 

: cü 
) B) -H 
I 4J T) 

i 3 tU   3 
i co co   o 1 a) en x 
i U D    Ifl 

CO   U    0) 
41    Q.  C 

-hi «J 

u o 
C    W>    0) 
«d — x ��

C -o tS § 

�M   SC-!_  £ "O   U   ft)   *J   4 

1   U --4 
i -H *w x 

C 3 «) u 
«I cr a) Q. c 
*�* ci) i* s o 
q u *a ^ o 

<d O • x X 
V sn 

«J 4J 
w* 0 to 

£ tfl 
10 «J 

<u 
3 M 
C£ a 

�o-t 0) X 
u u u 
u w �rt 

<*-f 
£ 

3 
O *J s OS < 2 �c 
O *J 
U « 
U 4J t-l 
c -4 1) 
-4 3 «J 

0) 4J 

�s 0) Ü 

« 

X 

c 

a a a. a. < �< 

01 
T3 

< < 

i 
4J 

0 ~4 i-t «1 
u 

O    O cu c O 
0) 

u E V u 4» 

» J! a <e «J X a. 00 
0)   U 01 ��4 2 c \J 
3   O d 0   b OÄ o <6 
0-4J <j u a ^-, CD 4J 4J CJ 
01   w �H \o 00 U 4) X 
b 5 4-1     0) vO c c T3 > 

4J a X <TJ C u 
AJ    AJ U 01    A4 c u ki * u •rt 
C   3 V 3 <d aj fl 4j 
0) X H cr-o »-) 3i 0 V 14-1 w 
E 01   c z O 
C   b 0) b    3 ro u «4-1 
b   o o o « 
ai »*4 y-t *-^ >. b HI a lJ 0 01 > -*4 to E • «4-1 JJ > u u 
0  « « c V 4J CJ *-» 
Ü   oo <   « Ut u X c 01 

a vo Al to s_* P -,H *J 0 M 1) 
o c -o a Si E tn u 0 u 
4J �* £ a> O O 0 e c a § c u & u ^-t <0 
•O  b "Ö   V •H «J 0 14 
CTJh D C   > M —i « �a c *o 01 
0 V O    -H «3 4 V 0 
Q,   0) n u a. Ai to y 3 —. •H > 0 
(0 -Q AJ «  u 01 U) X in 0 *J 
01 -4 ~4 a)  a» £ c c £ C u 
b   > «*4 La    *.» X OJ 4J a. 4J 

o 01 £ 0 ai y <n E c 
O   b b o o u X CJ O w 0 0) 
H  a ^ o H   a u H H GJ -a H s 

in o) 
•*4 h 
c a 
•H g 

•o  » 
C    1! 
-1   c 

«  _ 
T3   0 

Si 
*J   C 
M   0 

U 
4 

a 
>* u 

*M 
•*    U ��

U    0) >. 
01 -o -J 

a. u V 
QD     O (0 

o 
o c 
H �-• u 

(j            a» «i e a 
C           1    U   01 E o. u 8 If at       oe'4.4 v- O •      e c 
1*   U   •*   4   0 u     . T> E «1    01 01   -1 
CO     tU     »           «4-1 «4-t   <X> T3 0 + 1 0         u -< b    3 

tu   4-»    y    -j   aj 
e w -o c x 

n   • X < u >n o      A -• a 
c o  c 00 Lt c o r^ *J   - > 3    b 

3    <          0 0—0 3 £ 0 r> <M             bbl    -*4 f-a 

ci
rc

 
Sc

 
re

as
 

be
   

d 
an

d �r*             -«4 0 • o !   O      3 01 
4J M   U u i (fl a u Q o- 

B 3 0 o) 
b    C 

C5 Wl    «J X 0) 0 c 0 
y M   u lei J- u o 01 VOW a 

•   «          CO - < ^ u -»4 00 hi-  o 
0)   3 • Cb           O    B *4-t            1*4 u N c • « s 44 

^4     0-^ 01 0 00 c 3   •   f C    O 
-4 tO   ^         t3     • Ü    4J     U *> «U -M 3 01 X     • 4   B   0 t»4 X X 
4-»             ar c   M 0          01 1 O 0) —^ s y iri i4   o   bo oo a 
c T)   ty  c -4  c i. —    Q. C c\ -8 o      <u m 3 
«)   cu -. »4   »-  •-* in   a   <« m 1 �o b      r« a  a 

4J   X    C    0C 4J 31 •»4 —4 sc r»    • Q  O X rv b   « 
C   0   4   0)          «1 —* aj m T3 i <*j E �o tn 
<U    C   4J    -j  "D    O 4  in   w •a —4 il • m + I        c  c 01   3S 
U    00 CO*    C   <J .4       a >»0 ^ w 8 CJ oi   41   (I    4 U    01 

bin  c 00 e u u ^S m 4  3 x 4 J: 
•    'J                   « 6!  !-> -^ O « D 0 0.' n 0»    O* 4J 1*4 

4J    3J    U      •   *J    U ij O   1-" c 0 -4 fN MO 0) X b  144 
o -u  < <  «a  « « —   « �^ 01 <fi c     • x      xb: 3   0 

E        X vO •o C B w "   «S  !* a 
U (^ 3 -4 0 00 2 o « 

«   C         «J   3 «   0   0 o «J e —1 01 C «1   u u      :    0   • 0)   a 
—    1*   --4  "C           M 'X         00 >. 0C u 001*4           -4   oo 00 4 
ä   *   c   -j  4J 

4 fn m 
oo >n c § 3 �D  O co   i      m s* «         «  *J   <   X �o £ r~ m 4 O   «  4J 

ÖSE g«S *->    C    D    «J    V    c 
w -*  a c x  < 

x o x 
U    -4   U 3 C "J t-l o E5 u 

�a 5 s. fig 

h.-- -.1 

r   .-5 

li   .i»4 

E 
o. 

= 
--4 
C 

»4 
a 

E 
Du 

s 

I 

-43 

1- 

j 

X 
E 
0 

I 

•5 
5 

4 U 

^ 

c 
4 

•tf^MjBa.-' jgfcAja 



1 I 

„i 

C3 

C-k, 

LI'S 

La-. 

I V * 

3 " a 
73 •D �a T3 •o o �o 
<U 01 u V 0)   « 01 > > > > >  >« > 
0 O 0 O O   « 0 
u b kt b u -> u 
a a Q. a. a. « a. 
a. a a. o. a s a. < 

i 

< < < <   a- < 

o a 
*M U    «| M i u ^ i X — 0 <Ü u i   in J3 
U ti ooxi Ü i-i (U   DO 01   il s. M •H «^ g o to W    3 U   «J U 

V  » a c <d c u C - 0    « 0 
to to u « *> 3 •»-* W  —i IM 

a c C   0 o t- 4J -u O U a 
(A v4 -H at a £ 5J X (Ö i «M    0 01 01 
n U a 0) •J c c o w 00 x y 
oi 91 3 a to 0 •1-H 3 u c u c 
C 4J 4J   X c JJ IJ e Ps «0 Wl i-i o 

�a a 5 Ü    " V4 X -*4 *J    L* 00 u  X u 
u 6 0 4J IM •*-:   i-t 3 HJ   iJ W) 31 « �o 4J <J 0 9 •—1 —    >C —* o — u 01 
x >> 01 *J   -^ 1) <-M �^    (U u   3 c 

CO M 4 tu e E O >> u X c u y 
a c a U)   -w w 1 -D �o T*  at 0 01    01 e 
1 tfl *J «U   —< O « « X *J    u a u 

a a (M a —i o C **_! (D     4J in <S    C u u <a 01 11 O —- ~J u 0 o 0 C X   « 4J 
£. o X H PS <u —t a c 5) a-a 3 « 

0} U 0) *J t)    *4 ,o Ü c i-> a 01 ij U)    u a u 
X 2 c X  3 a 0 <n in a*  a X 0   0 i) p 
*J c c �u i* 0 u u 3 X   3 a J=   u u 00 

3 0 £ CJ �n o a! *J  u a. u 
tu u >* u X o u 0) —i « kt 01 

T) o 01 e «M   �«•* *J 'j > a x a 0) c �a 
•��* <M > o �H X 3 01 V u « c a —< > 0 o   3 - �U u —1 3   �) lu O -I E > 
0 c e u 0) •a 01 c 0 X> �o r. «J �o C o u 0 0> u d n (0 £ x. «  c JD a. tn u u 
a. »« u -4 «    <y SI tf] b    0) 3   «! 01 a 

•J M M * a W l-l T3 u > o a) 0 JJ O   0 a u 0 •** 0 0   4» § a 3 0 0 
H u H U) H £ UJ 1M H a. a. H u-i H -a o H 

Jrf CO CO • 
u + | § c (fl lu 
0 �� Qß X X   O 4J 

m4 oem   . ��« X 3 - c *J •J 01 
Xi c r-  u O r- u « t» O -»   3 c 

�p*  n    5) *J   •£ . u a. r~) 0   3 3 3   u 0 
c JJ     ���u ^4 o �a OO 4J     CQ >> 
0 *tj i    a> 0 vD r^ M 11 a ^ .8 w 0    ~~ CD vw y j —• :   -o o -J X 
u c n BJ x a B vO   C CO m «) *a ^ la ^o u a: «j •o X >s  4) a ^ tn u 
u �a -u 41 �a — c 0 ; «J *J  X �o C s •^4 i5. *J c   • 4.1 O c «U b a    - »- 

UJ 5 3 2 ^ o a 3 a: 0 "1    C   3 0 
•pi «      o O    01 z Q CD x to c u 0 -i •-• 
u    > !..     .   « u   > u 0 r-i H c !N    O u —1     '#4 
0)    M �o ;  £ •*4 0 ��� —" —J 0 o _ a r, 4J cr �a 
a 60 u "O fci   E «1 0 a c 
«  c �a a o 0 U c c (J WMI *J i   "a c �O    I XI a 

-4   «J    U r^ �! 0 1 O jj u 3S *J   j *J 
a»   3 a i = so t» r*i U-l u 0i u H �a * T3 4J «   « O 3 8 �J ug m u it U 
U   u =    <   u O     • �o a. u c oi a 
C  TP »-•   y 's» �� 0 o iU « o 0 U �OB ��

"O « "O   *-» CO --J n �G  (N u N    J   !N 
M    U 4J                  -J r^ IT,  A 

CO o 
»i -J �* Ifi o C u o «~ X  <* �o   • «  u 0  »A   £ O B au c m �M • 01 CS   U CM Q     H 

X   V c r-   1 O    ��r^ . 0* ; u '—     %    �£ & — 
r* -P* 8 e iJ •   • a —   00 

*.o «   • -o u ~v Tl 11 j V « • X 1     *J     1 X   c 
*M    3 > • oo<n  a 60 aj-u > oi in Q.&4 a 0M a 
•p«   « 0 O *n c r^-  u C c 1 *N a 1               • c 
"O 1 r^ Q 

«no 
��O   o T3 * « •n o 00O 0 J     11   J K    00 

^§ 6 •   X -J 66 "- .2 s=- X 
CM 

« X - a 3 o - 

~jt—J 

c   > 
6. C. 

s • 
0   > 

J8 S 

c a 

n 
2. 

3 -> 

X 
to 

to 
AJ c 
2 u. 

X 

TJWilflill i ��

JA  ptä 

'�diai 



-.w». �!����»��* ma 

4 

.4 
41 

H O < 
~3 < 
U 
M 
2C E 
U w H 
öS 
O 

00 
H co 
Cd 

a w 
ei 

O 

u 

i �• lUHMfi �,   JÜt.f / „ .   ' - ^.ääSF''*-'«! 



«M 
.,,.,,„,„,,,,.,.:-:.r..v .,_,....., Tzamm 

4 

t«. 4 

."3 

3 

���C 

$ «0 

00 
u 
01 > 

O J= 

o a ' 
*J    3   i 
«J   VI    i 

•*-!      t4 4J a -^ 
*J   >* J TJ JJ Ef 
3  M   ff^ «I C 

-i  a   3 o (u 
�O  u  u -w a. 

<o  «3  o   E   i- —' 

U   C   U   *   •-   0) 

£  o ^  o   u - 

S    § 
s r.,1 V TJ 
0 c to 1) F >. P 

a V) 71 ^' n .-« U i 0 F aj F 
a Ul u a u 

-*4 u 0 C r.) s o X c u -H X 
H V ** a E 3 E 

3 e      « 

-D   C . 
3 -H 0) 
as u 

C •F4 

TJ o u 
3)   --I a >   " 
0   U u 
U   3 u 
a-a -a 
a at h 
<   u JJ 

1-1 
C 
3 

00        w 
c   no cö 

o «1 
I* 

c 
o  o 

6 «��

01  <    « 

-j -a      •** -H  «  a 

c —• 
tC   tN 

§.2 
a o 
X   » 
-» oc 
ae c 
«i — 

— je 
—i u 
-i • i 
in 

o o x x 
H  o  « *J 

o c 

OS 
ace 
a: u 
w 14TJQ 
3 to U O 
0  -C   *-»     ��

5 u -3 8 
o x JJ — 

O    0) 
TJ 

U    C 
o x: 
6 

00 
�^ 01   c 

—-•   U  -^ TJ 
CJ    U UJ    0) 
C    >   CU    60 *-! 
3 u -4 e -< 

U-j        .O  vi   3 

n j in au 
£ u in co ä 
w        o a. >» 

J3      < 
CJ 

CLTJ C    >    X u 

e u x *J 

»  n 
01   JJ 
0) _. 
-* 3 

CO 
4J   (£|    > 
«a: c 

0 
>\      v* 

—• - u 
£) TJ U 
= OS 3 

. u -HTJ 
tn — U 
to  C^ 
aj a 

34J 
i-) CO CO 
C        O 
o) ecu 
5 c 

S oi-4 n x) c 
0)        3 •   aw 

a) x a> 
*-» a 

(0 
o CCN 
3 <d — 

TJ-C   - 
O iJ</V u 

C TJ « 

5 
6 

U   -4 u T3 x: u u 
4 V u o 

U <J > ^ «1 > a; 1^4     h, 3 -r* • a —     « a- V on o -o u �0 i u u c 
ii i1 ^s o 

H 

U 

• 

c 

oe u c ä 

u XI 
10 »J e   • 
C X v a- 
o 0| w n 

�art M m 
4J X «I <M « \C 
u X V 

u T)   >> 
«*J 

�ot 3 • 3 X 
U 0 eo t: « u u "j 
a V « 00 tn 
U) u u C   » 

1 -<   « 
T1 U « i a. u 

C is  u 
0 TJ VM 
v4 �a C <" 
t»  «N a « O    3 
C >» IM n - X 
g2 4J 

3 U X 
�^ *o TJ « <�• ^ 0 V W4 

M i V    1 
>. c m -o u 

tw  w V B a ov 
-����3 u 
•a « u •n a — 

6 tu « 

X 

• 
��

�< 
u   -v 
u • • 
-1 

�o 

• <3 

00 
>. c 
- » 

hi 
a. < 

00 

> 
•I 
u 
s 
u 

s j 

3 

* i 
u   C 

��
b   C 
!2 

* 

« r a < 1 
-» 

X 
E 
: 

I 
ti 

'"tftr   Atf  r' »* *....      "*��



_ 

f. - 

ll 

- I 

C-3 

t. i 

i 

u. > o o z „ u o 
H J h < < u 
Q Z < 

c 

60 

< �s o z 
> o z 

���•'   > o z 

b 0) 

5-    <s 

s p 
a. 

�a a c 0   c • —( JJ X c o 
3)    0 J3 0 a o 0) X) 01 eo 0 a a e 1-1 oj JJ c a 3 ü j= M 3   o 4 M-l -rt 4J 3 

•H   a) u ffl U9    U 0) <1> 0 CO a es 
<-> e —4 N -w t) « x: J-l N « 3 iH C   3 > 0) a -H c 
a co �*    O- a <j u c in 
S  c a 0) e •H c u 
o -^ a JJ c-t b o >, JJ a iJ >S  tO 
U   ti u 3 u •** (0 u CO 3 4-1     *J 

3 — c jj Ps -H �** a c •« c 
CJ    4J IM �d 'J    0 u ti �a —i 01 �H •o U     CJ 
y u O 0 « �-, c d aj <ä u 01 a e 
C   0 to C u 3 JJ aj 0) u 3 (fl Q.  0> 
a tu 11 « a u y-l •H u • IJ �o a a i-i 
L.    3 u <u U    3 JJ 01 01 U   -i 
1)    C c M �o tM •^t QJ c QJ > C u 3 
-.  a a u CJ    0 0 H U u U 0 u 4t    CT 
o  e u c c  u 0 c 0 �� *j 1-4 c C     CJ 
u o —  a u a £ 0 S S) tß •w �rt     Li 

T3 CJ £ Ul x: a o (0 c •C 
a c —1 �� U U   T3 « u <0 c ti c 0 0) u U T3 

a u >> 0 a  o CJ 0 3 a. i-i 0 a cj 
ai —i Vxi c   w >> 0 u CD u X <M E   "J 
-o  w a XI a OJ ^0 "U �Q 01 01 0) c a 

u E 3 «   Cl u -<H TD u 0 3 CO CJ 
>    «8 3 a c c  u 3 "0 *> L< > 0 3 T3 �-< 0 C    li 
0   — ug W •M     U X a a (3 a JJ ul C u �^ o 
u   u c to 1J   c C JJ u -J u s a a <-> c 
a  -j a S3 -J> --< •,-H IB a C a Jj �H u a W    -H 

u aj <xt c u 01 �n 
O   4 0 JJ 0 X m Q 3 0 JJ 0 a o o o. 0 X u-> 
H   S f- a H u  o H a- H tß H E H *J 0 H CJ    0 

kl 
a 

�a 
JJ 

t3 
C 03 

JJ 

t 
u 

0 8 
c 
o -* Q '.? m JJ —1 J JJ U J.J 

vO "E. 0 3 0 Ö c m 
n -* x a 1) c e QJ i~l 

u 0 i-i U X kJ 0 x: i-i 3 B + '-<*! O 
CJ jj JB 4J >. <J g VJ Bt 3 0 �

HJ « r^ 
0 Q. -C m �o .r i-i r- u-i 
u V MXJ V c c 5) •M *o —1 ��

CJ q g "0 U tj, 3 iO vO 
X �o 3 0 H B *. J2 8) IM 9J c cr �� CN 
in * « a = JZ JJ a u Oi CO in 
r-i tf V JJ « JJ V +J «S ^ B 0 O E c �-4 

C X C d « X o i-J u IM a 0 
«4 ^_ X)-    . 0 n 3 1-1 ta JJ _. JJ M 3 

C £ ^    5) S-. *j M 09 1-1 x: M M-l a 0 
U 0 u W   —t VJ a M! �� 3 X a 3 ^3 E b u kl 

1-1 V «1    0 0 j J a s. (Q •J Q j U �o 
fl s. — X 0 b 1^ u «*J c >-. X u in U r* 
*ß �� £ JJ &l C c U X -o •+4 r- c in 
m 3 u v-   c > ÜB u a JJ rsj 0 • E * 3 

0.   Q. 
X V 4 «3 u — 4 X H ��

j u 4J �o X. X «0 �J c in 
i  r- <M « m 0 3 X .J i b. c CJ 8 t CO 

*I ~« 3 w    U r-4 u JJ J 4 >H (j\ 0 -J X -u »o 
CJv   in £ x. in «    0 CL 0 1 XI 3 3 u- 3 — r^ a >n — 8 «   iJ JJ o u .* 0" 00 ^ 
�n o 3C —•. «*^   *J 33 'J i- a u y �J U n M        . 3 �� r-t vO 

iTl u « 1« u VM x: Ö 0 ft) oC IS ce (N u e ^ JJ ��*J y �� CM 00 
01   c o M -j 3   *J 3 u OJ e) Ifl JJ 1 0 0     1 <U r- ��c 
cc - a u E    X in ce 3 X BB ü u. — x> a u-t CO 
c   3 .o c -M    CJ c Ji »4 JJ c 0 TJ m 9 « 3 
a a �a « X 13 V 3 U 0 c < y-i c a 
X   1- �q IM r. 7*    Wl •G c JS 0 «4 0 5 X Pv BJ 0   u £ o X u 
tj -c < 0 o e o < c Ü — <+4 JJ u rN u C X u *J u �a 

es;" 

§ 

V •o ~* c 4 a 

3 u 01 • C 
0 Ä 
u a 
J= -4   u 

CO b    0) 
U J= 

U1 « k — « c 
u  u 0   > 
C   01 W J< t. 
0   > ta   u 
U    01 -   0 

U. J a. -�; H 

« «e K «• >D Mt 

—4 IH4 _ 
3 3 ; 
n -1 "1 

c » 

3 
-1 

- i i  - 



1 
>  O Z u o 

u M 
H J H 
•<  < U 
a a < 

a 

ex 
I i? 

8 

hi 

5 

o 
c 
u 

3 < 
v> 
3 

S 
�a     o 
« — �•• 

A«O 2° • 
o      o 
U    U   AJ 
a o 

* T3  ai   • 
-a  as  aooc 
<•• c 
>   tb      (Ö   —4 
o — J: -��

u  u  u o 
Q. as • 
a a ai 
< a> x + 

a < 

�a 
ai > o u a a < 

u 

< 
z 
o 
c 

CO 

-   1 

t. „.J 

�^j 

.J 

u 

8 

5 
H 
a. 

tu 
o 

«1  u -* 
3   «3   3 

«w u-t BO 

V <    «J 
3 F-i   -4 

now 
tu tfl 

C X 
»03 
M   ~4    tfl 
«    X 
4)   M £ 

u fi M 
c J 3 
•b    3 

in a) 
o at o H   uiri 

CO 
c 

E   CJ   CJ   AJ ol 
3   4J   u    <0 
U   u    «J   O >. 
u « e x c 
~l   u   CO « 

ai u 

-4 b 
« CJ 
C 3 
o 

at -u «i 
U   (J u 
c « o 
-i   E - en   u 

0 u"i uiu o 
e c — 

ai u o 
b o 

�b tU <0 
3 AJ 
CT* CO «Ö 
i) m *o 
b 3 
01 iJ C 
x c « 

a -i c   . 
C   3      •   CJ *><   ex in —. 

•u AJ  a      -H  a E X 

CJ   CJ   c       *b 

uox: 
AJ   00 

^ 3 
U   b    «3 

- X 
C 3 AJ —    ff 

CJ    C 
>. b   0 

—4   to 
o o u o 

«EC 
tu CJ 3 
•H   b 

ijs   5 
eg u M 

•a -a 
c c 
0 CJ 
a 

I T3    CJ -H  ��

3    CO  CJ 
O    C   b 

O £ 
tH  AI 

0 

.2- 
«a « �* o     -^ 

�o « 

•H     J- 

O   X •«   0 
H   51   OH 

C 
a» o 

o x 

3 CJ 
oca 
00 U —' 

•rt O 
<U   U • 

Li W 

o ��-> a> u a to 
c a) <ö 
B �£ a> 

•** u 
at u 

,0 -c c 
l< i-t -^ 

*4 tn 

ei 
U   CJ CJ   c 

4i b    0 "^3 
C   « «T C 
«j c a 
«i  u c «J 
a*4 OH ^ eo 

« c 
*J   4J U    O «^ 
o -a — u T) 
xx c   . 
•   09 ffl   CO •*   ft* 

« u    c b   c 
^ b a. *< ec ^ 
����O 41   C u 
« y  ill t 
" c u si c o 
!»« «M <    U 

-a 
c 
41 

3 - 
CJ *J 
x a 
> o 
«1 c 

cj -« cj m 
- Ji « 
J3 S u 3 
aj aJ 
b UI >» 01 
3 Ul X 10 

13 4 CO 
�a ai 

CJ jr: a> u 
b u AJ Ü 
0 O « C 
E *J C -H 

in Aj 
to u *J 

U AJ UI ft] 
0) 0» aj E 
b  _�����3  ,-, 

O 
H 

cr u •* 
ai m c 
b 0)   3 

01 >. 
b -^ 
3 XI 
« E 
C «I 

•H 10 

AJ    >    AJ 

to   0J -* 

ax AJ 
AJ c 

o -< u 
:- 3 B 

3 �w* CM 
AJ     0" AJ   3 ss 0   01 o  er 
X   b X    41 tJU   --. 
to CO    b u 

AJ 
�a Aj 2^  . 

•o   01 •tj   tö 
«    b to  01 b tb  T> 

AJ b ü   OÜ TJ TJ    AJ 
3 a S    AJ 

-4     iJ     —4 
b.        -t « 4-«    IAJ 

OfX CO 4) 
0    41    b c C X •»* b —   c 

AJ    >> AJ    >» •AJ   -4    Si 
10   «A4 to tu —4    ^4 
«3  t-t a -4 -4  til   1U 

—•   b -4    b « 
X   «3 X  « vi   b   to 

b ty to 
41 X    • �o U •a u 

9 1 • w  tu 
«     �� to    - ���������— 

013 SO C 
41    C 41    C �� 41   O  O 
AJ   -t a AJ   -4 « 00 AJ ft « c AJ V  c 4-1 5 u - «OB 

X u X 
0 ~ b. 

-«      41 c — ei c 
Jl    JJ   01 n a 8 S I 1 

«a 

7   I 

^£ 

s. 
to 

< 
0. 

£ 

«J 

N   C 
N   O is 

je 
u 
o 

a 

!>&-, 

<to 
5 £ 5 

•I 
S 
"i 

'   ' 
.<U ^ 



I 

,'     \ 

\ 

��

'��
.      1 
• .9 • * 

u- J 

C-5 

*4 

H -J H 
«C < -��
��z 5 5 

CO 

�3 

•o u 0)   u 
0) e c 
T) u 01 �H    01 
•u U tu M �o E 
>   u 0)   0 01 01 
o c u c �*-! X cm u 
U   Hi ui 0 X  c s c �* 
a e 0 �-4 3   O �H    3 

c u u 01   -*4 X u  cr 
• u « U u (0   a) 

Tl o •a a) Ml 1-1 T3 �a a •W   u 
V oi 01   > CJ C; 01 § 1 �a X > > >   0 > �o > 0) 01 -4 
O 0 0 u 0 0   -H E a 
M u u CJ ol 14 u tu o x c a a. a. a) u C a. a c u u   0 
a a ax CJ 0 a a o X •H   -H < < <  u u CJ < < o u S    "> 

5 u 
00 

a) a 

« o w tu 
0 O. u 0 ;* 
o a c t—i 

3 01 01 �u 
01    1) U e o 10 
u X 0) u C 
4-4   u c u 3 0 
14 �»4 v4 0 
X tu 3 01 4J 
3   O 00 cr u 

-1 c 01 01 c 
��x u c 3 
O  u u 0 tu 
U    CO 3 c 
u   C u 0 § 5) 
sj   Qj u 

CU   — « u X a 
tu y u �o 

oi  oi 3 3 <44 
>  u C �a 0) > 

�44    T-* a 0 u 0      • 
41    4J E u o u X 
�u   C a s a. « 
09    01 0) 
O u �a u o  c 
D. 0) a 01 0 H      -4 

X u 01 tu tu 
01   u -*4 « u P4 01 2 •   a 
3   M • i»4 u 0 00 u 
01   0 �a U u c  a 
C tu c 31 c •-4 �H      3 
^4 9 tu -r4 a u   cr 

BC U a  a 
0   c X o tu 0 -4 -a 
H »t 4J H o H a o3 

1-1 u 01 c 4J -4 n 
0 3 X «s 0) a   • 

U-t 0 u X c U    _4 
J= 01 4J -44 c «> 

a; 4J s u 0) u --4 o § tu X E   » 
§ 3 u o u c <s 

tu 4-1 •44 0   3 
i-i u tfl >> 4_) 44 
a 01 •-4 -^4 u to �44      0J 
01 > a w c >   01 

—4 �M 01 0) o c a 
u CJ u Ui •o u 01   01 

u 0) c u 
4J 01 u c CJ 01 0)   Ü 
c u 5) 0 4J 3 to   c 
0) E 4H �a >4    -H 

1-4 u w 0) 01 
u 01 w 0 X 01 > u a. Ul 1-4 u 01 �a «l 

tu a 01 • u 14 ej o 
tu 3 o u 0 01 u 
3 X 01 u u �o k4 
m 01 0) > 3 g 1) 

X �u 01 �o �o   . 
01 4J tu 01 W) 01 C   01 

�a o u « u 0) 3   C 
—4 00 31 01 00 o > c U kl >.-o U   -i 
o 4-4 a Ü X 0)   U 
k4 U > U c 01 u X   -4 
a 0 o 0) �•4 u u 5? > E 3 01 u 
o 01 0 ,0 X s) X   0 
H a u #-H H 4J u o u 

a 

�a -J c to 
a o 

oi >i 
u 
a oo 

X 3 
00 « 

�44 )>• 
•> TJ 
U c 
c o 
o 
U 01 

»4 « 

O -o 

tl 
tl tu   «I 
0 
0  c 
14      O 
C   -4 

4J 
V  u 
00 01 

52- 65 

�o s 

a.   • 
X 

0  c u  -~ 
X tu 

t)  CM 
01   ^. 

o > : 
-4    4» 

6£ 

09 9, X JZ 
tu 0 14 tu 14 «J �u 
0 u 01 

a 0 01 
<u 0 

00 u o CO u 
c -o • c*l 3 u «0 

01 0 0) J8 u   «3 01 u 
a 0 <*> 01 u 3 
0   0 X 01 X 01 4J 
ü  u 01 a T3 

u 10 0 c 01 
�a -a c X 0 O X 
It   c 01 �a VI U 4J 
o a u CJ X a 
X 0) 4.' u 01 0J tu 

(0 ��� « U E 0 
01   c E .3 ��

>•   0 u �44 01 u 01 >> 
V4    T4 0 U 01 44 u 
U    01 > 01 u O 01 c X 
*H    C 01 U E i o E 
01    01 a. CO Li 0) 
0    S 01 a a 01 5) 01 
a — tu fl 01 01 

�a o 3 01 4 01 a) O 
01 00 01 �D X u u  u 01 0) « u -4 4J u 
3   0 tc Ul > c > E « 
01    -4 to a) CO 0 U 3 
C     44 c QJ « u t-l I« E u 

V4     01 �»4 1-4 01 01 a. «H X 
V id O �o c 00 

.0   c u C O o 0 § H -^ �o "1 f- 4J H E to 

e o 
01 <r u 

»4 
0 8 tu 

X d 01 , 
u 0 «o 
c >< X •—1 
01 X CD 
u 
01 -i J "* 

�a „ 3 
I 

u x 
0 tn m > • < o 
-4 -i M oo 
a. * <u 

— 

0 u O 
u 01 

u t>j 
0 

01 • 
w tn 

Jar-   1 
-*..t>> 
i . ����•* 

or 
tN 

C,Z  i 

•3 

5 

0 X 

3 

S5 
ooo c — 
• 00 

s 
-i 

X 
E 

•     C -4 

I U        k. 

�a 

—4 
-4   /> « e 

? b 
•»4 V a 
V X u u 00 
£ U a u U) 

u kJ 

$ u e 
i*4 o 

0 £ 

I 00 

3 

 -lltMt �tfiYtt-''.tivmlii  £j  



ii 

i 

i 

i 
��

1 
: i 

.ti 

fe a o o u o u       M 
H J H 
< < U 
Q Z < 

Q. 
«�• 

s e o 

o 
4J 

�a 

o u 

«    CLTJ c in c c "O « a c c c c c 
3 * «I C 51 a 3) a) a a 

C   0) V) u �*n « 
•H   .£ « 01 *o 
*M   U -C at o 0 e 0 a 0 0 0 n o 

U u Id u u u Li Li Li 
U    CD u TJ i-l TJ u T) JJ �o u •t) u -o JJ *o Li �o U �a *i  TI 
V4    -U c Jj u c m c O c CJ c OJ c 0) C 0) c CJ c CJ C CJ C    01 
•w   n) •M a. c u 0 u o u 0 u 0 u o o 0 L» 0 o 0 u o  u 
to u u CJ 3 u 3 u 3 u 3 o 3 u 3 o 3 u 3 u 3 U    3 
-rt   -.-1 «*-l U a -a TJ T3 �o •a •a T3 T5 XI T3 

X o 0 0 0 0 o 0 0 o —    0 
«J   *4 cr <B u a U a U 01 Li HI b « Kt o) Li a Li a Li d    Li 
CD    U �U en *J c £», c a c a. C a c a c CL c a c a c a C   a. 
k>   cd L. ij * �u ,r 0 o 0 0 o n o 0 0 0 

*M c o <rt en X CO >H n , —* <a en �-^ U5 V) —i «l 1^ 01 -~4     01 
a m «.) 3 w as UJ to to rt Ul eg «a <0 ao a 01 a to « 01 a (a a 

>M      O n, F 0) 0 c c c c c C c E c c 
0 H -i 01 < (fl J] u m u II w QJ u a) u CJ u g LJ -J JJ CJ fci OJ    Li 
E V) u H JJ fi Li P U u P u F U p u F Li fi Li B Li E   L. 

oc c ri « «1 «1 « o —* «J i-i S -*4 a •« a 
te   . c 3 J3 TJ a. T) a �a a. �o o. T) a T3 o. TJ a �o a. T) a T3 a 

4J •*-t cr V) (= 
«u c a) c Jj SJ D a» <u 01 u CJ a» a 0) 0'' CJ 9 CJ CJ 31 s 01    01 

�O   tB Z) u Li 0 > x �� > _c > J= > s: > r. > .c: > _n > J > £ > £��

�M e u 0) a) c 0 «J 0 u 0 4J 0 u o AJ () 4J 0 «j o u 0 u 0   •" 
>  o c si u u u u u u u Li U 
o  u TJ o o TJ n. *j a u a. iJ a u a u a. u n. u c -j a LJ a u 
L.   -. (A » t= u fi u e O R u F u B j P u b. u p u e o 
a 3 U iJ 3 cr O o n a. a. a a a a. a a a 

U -1 £ -C X 0 o V 0 0 o 0 t> o CJ 0 s 0 01 C    01 K.   u a-u AJ « H TJ H TJ H T) H -i. H TJ H �a H �a H •a H �u H -a 

>". 

in 
��

�* en 8 CO » 
r> CO <e CO 
in 8 (N 
pal CN <N (N 
>C ^ •A vO >i5 

oc cm M 40 DO 
c c c C C 

s 3 J 1 3 a « a a a 

L: 

�a 

to 

L. u u u u e 0 m4 
CJ • �� a a �� -a > > > B1 03 4J —I 

a �w •ol w4    . M 0 Li 
c V « V �a �o ii m £ X u U u c c ��

a. of i s a >. a x u 
01 u 

«J 
c 

•ji 
c 

00 — *> — Si > 1 •»-1 •�"1 
c Li u u II  c •J e N w cm 

1-» s 1 V u   « L.    CJ 01 
a 

a c Li 
Li a b   • u   to u M o « 
«4 0 c a a  at a <o 3 c 2 M 6 u. —; n » 00 < n < u u. 

00 
3 < 
o 

00 

�HBB)&>'* 
- j 



u c 
Ul i-J 
H -1 H 
<  < U 
Q 5r. < 

wo—W 

CTD 
L-. ! 

era 

P       • 

 i 

�o �o TJ x> �a n �a ki 
c c c c c B c « a « 0 o a tC XI c _, ^ „_, .* _, _N —« 
0 0 o o 0 0 O u    • u k» u u b kt 
u -o AJ Tl u �a u T) i-i T3 AJ -a AJ �a O T3 
C   01 c 01 c 01 c a c 4) c 01 c 01 U    51 
0   o 0 U o ci 0 u o U Q u o o AJ     U 
U   3 u 3 u 3 u 3 u 3 U 3 u 3 C   3 

�o T) X> �a �o �a XI O  XI _.   o O 0 0 0 o u   0 ti  u « L< * U <0 u a u « u 5) VJ V- c a. c a c a c a c a. c a. c Q. c  a 
0 0 o 0 0 o o 0 
•*    VI ui v-t ui Ul Ul �H Ul -i Ul •H    Ul 
ui  uj ul « V) a Ul a ul « 01 a Ul »3 ul   to 
c c c c c c c c 
It 01 AJ oi AJ si *J oi AJ a» AJ 01 iJ 01    4-1 

E u s i* E u g Li E ki E u E   t, 
�H    « •H « •H a 3 O •** a « -i   s •o a �a a x> D. �a a -o a XI a -a o. xi a 

01   oi oi 5) 91 01 o> a a» ai 0) oi 01 0) 01    01 
> X > .e > .ß > .n > X > £ > JE > J= o  *• o AJ 0 AJ 0 +j 0 AJ 0 AJ o i-l O   w u ki u IN u u u kl 
a *J a AJ a. AJ a 4J Q. i-i a AJ a. u a AJ 
E u E o e u E =J E u E O B Ü E  o 

a CL a. a a. a a a 
o   0) 0 ai o « 0 01 0 «1 0. o o a» O    01 
H TI H �o H �o H •o H XI H �a H �o H XI 

CM 

>- 
" �»« 

^3 

s 
s u-i 

-o *C ^o 
all 00 0» 
c c c 
3 3 3 a « « 

XI XJ 
2 

XI XI 
£ 

XI 

i 

XI 

«A4 

XI 
5 

XI 

2 

£      £ 

- 



.#' 

FOR OFFICIAL USE ONLY 

D. Analysis of Request for Technical Action Data 

Colt's initiated production of the M16 and the XM16E1 rifles 

in March 1964, under contract DA-11-199-AMC-508, having obtained 

the rights from the Armalite Division of the Fairchild Corporation —i' 

In April and May 1964 eight RTA's were submitted to allow 

dimensional and material or surface treatment changes, and two 

RFW s to permit acceptance of weapons with cyclic rates of fire up 

to 900 rounds per minute.  Cyclic rate apparently was not a major 

area of concern in 1964, as no test evidence substantiated the 

AR15-M16 Rifle Technical Coordinating Committee's approval of the 

specification change, nor was cyclic rate measured in the engineer 

design test of propellants conducted during this period of time 

at Aberdeen Proving Ground.  In May 1964 two RTA's requested 

revision of the drawings, as obtained from Armalite, for 58 parts 

in order to incorporate changes in the subject components to pro- 

vide a better product and to eliminate certain malfunctions. 

These  requests were followed by two more proposals in June and 

August 1964 to modify the drawings for 19 components.  Again in 

June 1964 Colt's requested and received a waiver to produce M16's 

with cycle rates up to 900 rounds per minute. 

Provision was made for ti->e use of stainless steel for the 

gas tube and gas tube assembly in November 1964. 

1/ 

29,000 M16 rifles had been procured in fiscal years 1961- 
1963 (See Appendix 5). 

11-27 

S.t 
>'  



y- — IIIPI 

"In January,  February,  and March  1965,  Colt's subcontractor 

for the M16 upper receiver forgings was behind his delivery 

schedule.     In order to meet the deliveries scheduled for  the U.S. 

Air Force,   Colt's  requested and  received permission  to utilize 

XM16E1  upper receiver  forgings   (with the bolt assist device)   in 

fabricating MI6 upper receivers by milling off  the  forward assist 

boss.     Most other RTA's  in  the   1964 and  1965  time period proposed  small 

dimensional  changes,   alternate materials,  or surface  finish 

modifications.     Significant among the latter was a series of 

requests  in May  1965  to parco-lubrite   instead of electrolize  the 

bolt,  ejector,  extractor,   and extractor pin.     This was  the  change 

from  the  "shiny"   to   the  "black"   bolts,   and  was   reported  to  improve 

wear resistance  and  s> -vice   life.     In June   1965  the  bolt carrier 

finish was changed from elcctrolized  to a chrome-plated  interior 

and a parco-lubrited exterior.     Three months  later  the electrolized 

bolt carrier key was  replaced by one  chrome-plated on the  inside 

and parco-lubrited on all   remaining  surfaces.     A further change 

in  the  bolt  finish was requested in January   1966 with  initiation of 

steel   shot peening  to  increase   the  fatigue   life.     The  only pub- 

lished  test  report     in the efficacy of  the  bolt finishes  is  a 

February   1936  Lackland Air Force Base   report.     Tne  Colt's January 

1966  request was  rejected until   such  time  as  satisfactory firing 

test  results with shot-peened bolts  substantiated  the value of  the 
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requested improvement. After the Air Force tests, Colt's again 

submitted the RTA to shot-peen bolts on 24 June 1966, and it received 

final approval on 13 September. 

Colt's requested permanent change in the cyclic rate upper 

limit specification from 850 to 900 rounds per minute in September 

1965, if they were to be required to continue to utilize ammunition 

loaded with WC846 ball propellant for rifle acceptance testing, 

The Colt's request was rejected on 15 September 1965. Two months 

elapsed before the Project Manager - Rifles, acting on preliminary 

reports from the Army Small Amis Weapons Systems (SAWS) Study sites 

directed Frankford Arsenal to conduct a comparati.e evaluation of 

typical lots of 5.56mm ammunition loaded with ball and extruded- 

grain propellants. 

The first of the two major product improvement modifications 

made to the M16 since Colt's began production in March 196A was to 

change the action spring guide (buffer) assemblies, replacing the 

original nested-spring design by a variable impact buffer utilizing 

sliding weights separated by rubber washers. Modification of the 

buffer had been proposed by Colt's at the 12-13 January 1966 

meeting of the M16 Rifle Technical Coordinating Committee. At this 

meeting Fr.-.nkford Arsenal representatives reported on i.heir 

December 1965 test of the SAWS ammuniticn lots.2' 

:t:( 

Frankford Arsenal, A Test of Caitridge  5.56mm,  Ball, M193 
Lots RA5074 and WCC6089  in Rifles,   5.56«m XM16E1 and AR15,  February 
1966 
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In this test the increased cyclic rate with WC846 ball propellant 

and the association of high cyclic and malfunction rates were 

confirmed.  Colt's data had given similar results.  The Committee 

approved Colt's suggestion that new buffer designs be tested. 

These tests were undertaken at Springfield Armory.  On 4 March 

1966 Colt's submitted a formal request to change the buffers.  The 

request was approved by Springfield Armory on 17 May 1967 and by 

the Project Manager - Rifles on 6 July 1966.  On 16 July the 

contracting officer notified Colt's of governmental approval 

subject to a reduction in the contract prices.  Rifles utilizing 

the new buffer design were first received in December 1966. 

On 12 April 1967 Colt's proposed chrome plating the chamber 

to increase corrosion resistance and thereby to reduce the tendency 

of the cartridge and laming residue to stick in the chamber under 

adverse environmental conditions.  Approval was granted on 26 May 

1967 without Army test.  On 4 April 1967 the Air Force had reported 

favorably on its test at Lackland Air Force Base on six chrome- 

chambered M16 rifles. Meanwhile, the Army shipped 12 M16A1 rifles 

with chrome-plated chambers to Vietnam for evaluation. When a 

U5AWEC0M technical team visited Vietnam in May 1967, it could 

locate only two of these rifles, and no useful information could be 

obtained as to the efficacy of the chrome-plated chamber. 
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In May 1967 the firing pin was changed to provide for hard 

chrome plating in lieu of electrolizing.  This modification has 

been the last in a series begun in November 1964, with introduction 

of stainless steel for the gas tube, to make the weapon system 

less susceptible to solid particles of residue contained in the 

propellant gases. 

In October 1967, when the Army was obtaining production rights 

and engineering drawings for the M16, Colt's submitted 18 RTA's 

to modify drawings for the stated purpose of improving dimensional 

control and depicting the part as produced.  These RTA'$ confirm 

the fact that dimensional tolerances on weapons as produced 

can and have deviated from the drawings over a period of time. 

Similarly RTA's which result in dimensional modifications on 

drawings may or may not result in a significant modification of 

production parts. 
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E.  Pending Product Improvements 

In March 1968 the U.S. Army Weapons Command and Colt's wevt 

considering twelve product improvement modifications, which had 

not yet baen formally proposed in an RTA. 

1. Buttstock.  Change the filler material and provide space 

for storage of the four-piece cleaning rod and other cleaning 

equipment. 

2. Magazine. Change the configuration to provide for a 

thirty-round capacity. 

3. Magazine.  Develop new plastic materials and a new 

follower assembly to permit issue of disposable, pre-loaded maga- 

zines. 

4. Magazine Spring. Make the spring of stainless steel to 

prevent rust and corrosion, thereby increasing magazine life and 

reliability. 

5. Upper and Lower Receiver. Shot peen the surfaces to 

provide a more durable finish and to aid in the prevention of 

exfoliation and inter-granular corrosion. 

6. Handguard Slip Ring and Spring.  Redesign the slip ring 

to allow easier removal of the handguard and cadmium coat the spring. 

7. Eviction Port Cover and Pin.  USJ stainless steel for 

these parts to prevent rusting. 
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8. Barrel.  Chrome plate the barrel to improve resistance 

to corrosion and metal fouling deposits. 

9. Extractor Spring. Utilize nested springs to provide for 

longer spring life. 

10. Magazine Cover.  Utilize a plastic bag or cap cover to 

protect magazines from adverse environments.  (As of 19 April 1968, 

two million magazine covers had been delivered from the contractor, 

693,089 shipped to Vietnam, and another two million were still on 

contract.) 

11. Rear Sight. Provide for a center index "0". 

12. Charging Handle Latch. Add Delrin to the charging handle 

latch material to prevent wear of the upper receiver. 

UNCi ASSIFIED 
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F. Conclusions 

1. RTA's are submitted by Colt's, most often at Colt's 

initiative, but also in response to Army requests for modifications 

to the system. 

2. The majority of RTA's have been relatively minor -- calling 

for dimensional and surface or material finish changes. Many of 

these were to correct drawings, making them compatible with the 

rarts being produced. 

3. Between November 1964 and May 1967, a series of modifi- 

cations were introduced to make reliable functioning of the M16A1 

system less susceptible to solid particles of residue contained in 

the propellaut gases. 

4. Colt's recognized as early as September 1965 the increased 

cyclic rate effects of WC846 (ball) propellant. 

5. There was a delay of five months between final approval 

of the redesigned buffer and it-s introduction into production. 

6. RTA's were often not supported by detailed test data. 

Even the major modification to chrome plate the chamber was not 

tested by the. Army. Tests of the redesigned buffer prior to its 

introduction were limited, despite the eleven-month lapse of time 

between Celt's proposal to modify the buffer and its being introduced 

on production rifles. 
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