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APPENDIX P (CONTINUED) 

HARD PAN I INSTRUMENTATION PLANS 

This volume, containing the remaining three parts of Appendix P, pre- 

sents the instrumentation plans for the final two events of the HARD PAN I 

test series and a general description of the instrumentation used throughout 
the series. 

PART 6 

HARD PAN I-2B EVENT 

1.   TEST SITE LAYOUT 

FTgure P-32 is a plan view of the HARD PAN I-2B test site showing 

the test structure, the HEST cavity and the BLEST field. Figure P.33 shows 

the instrumentation hole layout in the HEST area and identifies specific 

measurement locations. Figure P.34. the associated elevation view, shows 

the depths at which each of the measurements is made. 

2.    COORDINATE SYSTEMS 

Two coordinate systems were used to describe measurement locations 

Structure and near field measurements were made with respect to a right- ' 

handed cylindrical coordinate system with z-direction (depth) positive down- 

ward and with azimuth angle measured clockwise (as viewed from above) from 

a reference azimuth. The datum azimuth was taken to be toward the simulated 

detona ion ground zero (along the array center line) from the test structure 
centerline. ^«.urc 

For free field measurements a right-handed rectangular cartesian 

coordinate system with downward pointing Z was used. The origin of"this sys- 

tem was taken to be at one of the corners of the HEST cavity as indicated 

in   ,gure P-32. with the positive X axis extending paraliel to the array cen- 
terline and away from the simulated detonation ground zero. In this system 

the test structure centerline was located at X = 50 ft, Y = 44 ft. 

WggSmmmmmmmmm 



3.    INSTRUMENTATION 

a. Blast Pressure 

Twenty-five blast pressure gages were fielded.    Seventeen of them 

were in free field installations and eight were mounted in the top of the 

test structure.    Figures P-33 and P-34 show the free field locations and 

figure P-35 shows the structure locations.    Tables P-58 and P-59 list the 

blast pressure measurements together with predicted levels. 

b. Pneumatic Pressure 

Three pressure gages were placed in a toroidal pressurized collar 

installed in the space between the upper and lower structures. These are 

listed in table P-59 and shown in figure P-35. 

c. Stress 

In the free field 46 soil stress gages of the WES SE type were 

emplaced.    These are listed in table P-60 and their locations shown in 

figures P-33 and P-34. 

Structure and nea^' field stress measurements totaled 49,    The 

22 in the near field were made with the WES SE gage.    The gages installed 

on the structure included 19 interface pressure gages (WAM) and 4 CERF developed 

interface stress gages, each of which measured normal stress as well as one 

component of interface shear stress.    Table P-61  lists these measurements 

whose locations are shown in figure P-35. 

d. Acceleration 

Acceleration measurements in the free field totalled 128 (which 

includes 8 experimental measurements).    The measurements are listed in Table 

P-62 and their locations are shown in figures P-34 and P-35. 

In the near field there were 52 acceleration measurements and in 

the structure there were 42.    These are listed in table P-63 and shown in 
figure P-36. 

e. Velocity 

Sixty velocity gages were emplaced in the free field at locations 



shown ,„ fibres P.33 and P.34 and listed in table P.64 

face velocity gages developed by CERF. * S,X ** inter- 

f-    Relative Displacement 

and tbe TOdiM.    These are   i teT ia   e ; «1^ ^ ^ ^ 
eu m «Die P-66 and shown in figure P-36 

9.    Structural Steel Strain 

Steel  strain measurements wore +« K« 

"»ed in table P.67 and sb.n HjT^     "   ' at ^ '32 ,0Catf0nS 

d-    Strong Motion Seismic 

- at tbe7:-?::::::: z: jrrsr- reasu^ts - 
i-    Experimental 

—y J:c::x::zz::z::rauon —* - 
»/ I' « locations sbown In fi 1     .        / rr"?" ^ "'^ 

igures H.33 and P-34 and listed in table P-69. 

4- CHANNEL RECORD ASSIGNMENTS 

AFWL Instrumentation Vans E-l    F i   r c       ^ r « 

the instr^ntation channels for „P ij.'   a' ie P 7 " isTtbTV T" 
recorded together with raiihr^,-      ,     , the channels ycmcr witn calibration levels     TaKiar- o -n    , 

the channel assignrents in a concise fo™.' ' thr0U9h ^ Sh,),' 



^ 

• • • .   — 
CO 

cu 
■M 

CO 

10 

CO 
CM 

I 

0) 

CVJ 

i 
Q. 

3 
C71 



Lny3r^cDo>ou-)»or^oOmo 

I 

UJ   uj   z C 
CC    OC    ul to 

z  oi        i 
o         p-   Q: Q. 
—    _J    V)    UJ 
*-   *-   <   ü_ 
O    O    J    X 
•C     C/l     O)     LU 

C 

oo • < o 
■t-> 
« 

Ö 5 - 

Ul""1 I"" lMi,l..,.l....l 1^ 

°       S       5       S 

CO 

i 
Q- 

O) 

^ ""'■"■ '^ i i I i i i i I 

{ii) sivNiaaooD-A 



(Ti O CTi O 
AJ rw <r «P a* o 

Kl T 

O-, «y rj- r j 
fTi «t ^r 
- T *t 

"^2El^ln ^~ 

■f^-  -flf n -J w en <■ w tn 
LÜ UJ z 
ct M 
►— a. :■- 

z (/> 
J »- ar 

-1 V) UJ 
H 4 a O o -j ^ 1 {/} CO 

UJ 
o 
j 0 0 • 0 

>" " ' '  '   " I ' ' ' ' I ' Ii.i.l,. , . I, ., , l!,  ., I | 

R « # » 1 
(U) Hidja '3i.vNiadoo:-z 

I 

> 
I— 

c 
0) 
E 

■t-> 
1/1 
c 

T3 

i 
00 

I 

Q- 

Q I 

7 
Q- 



RANGE   (FT ) 

16 12 
i—i—T —i 1 r—i     T 

0 00°   AZ1HUTH 

022^021 

6« 

8- 

12 

644 0 

649 0 

643 

648, 

646 k 
6471 

8) 
641 

645 

652 0 «10 

C3 
o 

16 

20 

24 

28- 

32 

■t 

69U 

650 

1 Q  
663      654 

o 1 
1—i—r 

8 12       ,      16 
-1—I—1     I     I 

180°   AZIMUTH 

0251326  rn 
662 

C8 
663 

664 

|666 

4p669 

I6 

O 665 

0 670 

671 

030 

i 667 
668 

(0672 0673 

675 674 

'—c 

LEGEND 
0     SOIL STRESS   (SE) 
[)  INTERFACE PRESSURE (KAM) 

# INTERFACE STRESS 

0 AIR PRESSURE 

• BLAST PRESSURE 

Figure P-35. Near Field and Structure Stress Measurements 

(000° and 180°) - HP I-2B 

8 



 fri— ■_,„. 

RANGE   (FT) 

16  
I—T 

12 
I 1 1—T 

090°   AZ I MUTH 

J 0 I 
"i 1—I—i r 

8- 

Z   12 

1— 
Q- 

UU 
0   16 

; 20 

Y   2*. 

28- 

32- 

36«- 

0P4023 
?"•— 

655  ) 

> 
657 r 
658 | 

691 

029 

661 

12 16 
i 1—i—i—r 

270°   AZIMUTH 

0270^8 

676 

C8 
677 

67»! 
0679 

685 

031 

AT 

O 684 

CO 686 0687 

1681 
68? 

J 
689 

LEGEND 

Q     SOIL STRESS   (SE) 

0  INTERFACE PRESSURE (WACl) 
41  INTERFACE STRESS 
O  AIR PRESSURE 
•  BLAST PRESSURE 

Figure P-35.    Near Field and Structure Stress Measurements 

(090° and 270°) - HP I-2B (Continued) 



RANGE   (FT) 

16 r 12 8 

12 

t— 
a. 
LU 

a     20 

m 

C3 

CD 

O 

28 

32 

36 

40 

"i     i     i     i—i—\—i—i—i—r 

000°   AZIMUTH 

8              12              16 
~l 1 1 1 1 

506 n 
506 O 

IWQ 

513U 

504 
0 

508 
609 

461 

462 

50? 
503 

601 667 

18 0°   AZIMUTH 

476 556 
o 

a» Q O601   ^o 
463 

511 

o 

507 

514 
515 

466 w464 

711 

(A* 71? 

.   466 

6I90 
5?0»-' 

b?6W 

553 
664 

66R() 

7?? 

516 I 
517 

621 
5?' 

5?3 

5?7 
520 
529 

o 
604 

467 

725 

532 O 

480 

587 
668 

572 
573 

674 

57E 
579 

566 
W    566 

n 47', 

481 

656 
567 

^ 569 _ 
O 560 O 561 

477 

O 56? O '
J63 „ 564 

478       479 

570 
571 

»-'577 

LEGEND 

O    ACCELERATION 

4     VELOCITY 

■      INTERFACE  VELOCITV 

——   RELATIVE   DISPLACEMENT 

0 582 

Figure P-36. Near Field and Structure Motion Measurements 
(000° and 180°) - HP I-2B 

10 



* 

16 12 8 
i     i—i—i—i—r 

0 9 0°   A Z I fl U T H 

RANGE   (FT) 

\ 0 I 12 16 _| j 1 1 1  

2 7 0°   AZ 1 I1UTH 

UJ 
Q 

O 
O 

12 

16 

20 

24 

28- 

32 

36- 

10 

535 0 

536 U 

534 
0169 

539Q|  C) 

471 

468 

54(). 
541' 

533 

"X 

583 ̂ S 

537 

54,'' 716 

473 w 472 472 [li.' 

-Jo 
717 

545/ 
546l 

5490 
550'-' 

474 

543 
544 

547 

485 

593 

596 

I 

0 584 O 585 
586 

482 
587 (>  i) 588 

*  W 589 
«83 

723     w 

724 »J^—-G^ 

475 

5510 
726 

486 

.590 
591 

484 

.594 
'595 

0598 
U 599 

LEGEND 

O    ACCELERATION 

A    VELOCITY 

■     INTERFACE VELOCITY 

—►  RELATIVE VELOCITY 

O600 

Figure P-36. Near Field and Structure Motion Measurements 
(090° and 270°) - HP I-2B (Continued) 

11 



a. 
LU 
ca 

16 

H- 

8- 

12- 

16 

<=.    20 

o 

24 

28 

32 

36 

12 
T —i—r 

000°   AZ IMUTH 

RANGE  (FT) 

4 0 4 
T 

8 12 

l 

261 

260 

262_ 

266 

265 

269 
270 

253 I 251 
| 252 

255 
256 

254 

257 

H 258 
31259 

M. 263 

264 

>     267 yyjL- 
>73J\ 1274 

271 
273 

272 
274 

275*285 
279 
283 
284 

K 
277 

278 
282 
201 

288   J 285 

287  1% 286 

291 

292 

299 

289 

i     i—i—i—i—i—r 

18 0°   AZIMUTH 

16 

.*. 316 
»T  , 318 

I  319 

320"»- 

"~\ 
321  | 

326 

327 

331 

330 

340 
34) r 343 trm 

342 
345 t^ 346 
344 

348 

349 

353 

352 

i( 
335 

337| 

324 

I, 
329 

32fl 

332 

333 

l-334 
336 

i' 

347 

351 

350 

354 

355 

LEGEND 

RADIAL STRAIN 

VERTICAL STRAIN 

TANGENTIAL STRAIN 

Figure P-37. Structure Steel Strain Measurements (000° and 180°) - HP I-2B 

12 



16 r 12 

RANGE   (FT) 

4 0 H 
i—i 1—r 

I 

T 
12 16 

1—I 

12 

16 

20 

o 
o 
<_> 

I     2H 

28 

32 

36 

n—r i—r T 

090°   AZ 1 MUTH 

295 

299 

298 

356 
-t- 367 

296 

^1-297 

303 
302 

306 
307 

311 

310- 

314 

315 

300 

1^-301 

305 
304 

308 

309 

•313 

312 

270°   AZIMUTH 

360 

364 
365 n 

3/6 
377 f 

381 

380 

384 

385 

389 

388 

369 h Ä 370 
368

  I'(|  37) 

363 

366 
367 

TTT-S 37? 
374 

379 
378 

382 

383 

375 

r 
387 

386 

390 

391 

LEGEND 

RADIAL STRAIN 

VERTICAL STRAIN 

TANGENTIAL STRAIN 

Figure P-37. Structure Steel Strain Measurements (090° and 270°) 

(Continued) 

HP I-2B 

13 



i- r- i- 

O •!- ^   CO CM  00 
VO m 

<T> o 
in m 
UJ UJ 
to to 

in in 
n co 

ininininininininin}«J«}«jiJ 

1        '        '^.l^-rl-ri-riririr-F-r- 

m   m 
ro   ro 

i      i 

0)r—        ^-^-r—     r—     i r—     r— 
U  0) t        •        '        '        '        1     .i 

Ss:    S  S  x  x   x  x  x 
i^^^^^^i to   to 

CO r— 

C\J s- re 
1 0)   C   O)'*- O O <_> 

U -r-   CT-r- O o 

D. 
3   E   C   W 
-o o re Q. § 8 8 

i 

xzoc — ' r~ r" 

H* ,i-i. 
■M "O   0) "r- r» r*» r-- 
c 0J   >   U) o o o 
4» t.   0)  Q. **• W • 
i O. -J^* r- f- r— 

oooooooo ooooooog 
OOOÖOOOO oooooooo 

3 
I« 
re 

0) 

0) 
s- 

in in 

0J  x       >    > 
to < 

</)  0) 
10   Q. 

inQCJCSieMCUJNJtNi 

COtVJCVJCVjCMCMtVJCSJ 

>   >  > 

o o o o 0 2 o o 

CM CSJ 
CNJ CNJ 
CM     CM 

o o ■ s 0 2 o o 

in   3 
CM     CO 
i—    o 

o o o o ■ 2 o o 

3 s 
o   o 

&&&&fe&&ä&&ää&&&«« 
U1 
re 

CD 

T3 

5^? 
I- o   o o   o   o   o   o   o  o oooooooo 

■o 
E o — 
OH- 

(vivfiO^'^^-OOOOOCOOO'S ~5rS55?-eMCM*o*oi^cO 
*■   CM   3   vo 
^   I—   *   f*» 

2 
E 
§*. 
OH- 

I 
X 

5 OO^äIS^^^^SSSS 

0) 
> 
0) 

0) 
t. 
o 

0) 
x: 
o 

5 
u 
o 

0) 
J-   CM   «*> r-     CM     «'*    «   'Ift-   Ä    IS    Ä    B   Ä    C    St    2 8888§8§§S555o 

in vo r^ 
O O o 

14 



ft* 

<—     t\J     CVi     CVJ 

i~ I- i~ 
<D   to   <V 
U -r- Xi 
3 J- E 

T3 OJ 3 
X </) Z 

^J- ID 
tO CM 
UJ Q 
Pi 01   91 

f*»   CT>   vo   r* 
CVJ     CVJ     Ul     If) 
a 
to 

a   LU 

oo 
CVI 
a CVJ     ID 

o 
9 

oi   oo   co   oo   <   <c   «c 

io   m   m   m   m   in 
r^   r*   r»»   r%.   !>»   r^ 

L 
<Uf- 
U (L 
3 T3 

TJ   O 
x ac 

n    ro 
i 

m   in 

^ 
^ 

co    co   ro   ro   in   rö   Si 
*        '       •       )       I       I     r- 

'      ■      i  

3: 
^   ^   ^ 

■     i 
to   «n 

i 
CO 

L. re 

u -^ cn-i- 
3   E C   U) 

T3   O «3   Q. 

siiiiiiis-8 
to o in in o o m 

o 
o cvj tvj in 

5 
^"^  22200000oor-« •o OJ •<- 

a» > in 
t-   <U   Q. 

m 

I 
W>   10 

uo «t >   >   >   >   oe   oe   Q; 

I 
03 

■o 

tt» 

0) 

«   Q. 
>>       «mSä&Sä^^0-0- co   <    <    < 

OJ 
« oo oo m   in   m 

TJ 
C 
<a 

o» 
i. 
3 

U 
3 
J- 

■4-> 
CO 

io 
i 

a> 

•JJ ai a» o 
3   k • . 
E   O» h^ CM 

N -o ro 

Q.-M 

s 
a»   o 

or^ooror^hvioin 
•-     ■-     CM     CM »-•     CM 

r««   rs.   r«» 

^^    oooooooo^*^^ 

«/»    CO    to 
=    =3    3 

=   =   ^iQiGi2i2^«^«oto 

5sS|gi~ii§s 

>— CM 

10 

t 

15 



kr-   I. 
V 10 9> 

3  «- ^        O    O 
T3 0» 3       in    «s- Q     <*>    M     CM     to 

«*>    CO     CO     <»^     CO is CM     CO     O ü M B 
^-   co   co 

O  9) 
3 "O ÜJ     UJ      LU     LU ^o^     ***isiUiUiViXXXXXX$%%%%ü%% 

I—• 

i 
i 

IIiP   ggggggRSSSSgfSsee 
xat ill 1111111 i I i i i i i 11 i i § i o   o 

o 
o 

■poiT-     ooooooooo ooooooooooo 
cococococococococococo 

I C-i- 

co < in x   x   m 

00 

U)  0) 

5^ tn in in m   m (VJ 
m m 

^^    jooojoooinoocsj<Minoo*oo^*oo^oo*oo^ oo 

2 
u. 

to 

0» 

i 

o>   00 
o   m 

cSSi^SSSSSSSS^^'^oo^-niniootni^r^ m^-ftrt^-^rtco*-*- i-ScMcvj^SSjinin 

in   m 
• ■ 

I? 
^1 «—    o   o 

m  f— 

^^   228SRRSSSS?S§SS§S5?5?S5K 

55 
U      U.   U.   UL   u. u.   u.   u.   u. H-f'-H-li-li-li-Ü.Ü.lJUÜ.U.U.U.Ll.Ü.lj.lL. 

ii.u.u.u.(Zii.CLU.ü.u.i^£iZiZiIiZtiI 

II  BiSSllS^05^ o o  o ^   -     »n   m   in 
o   o   o   o   o 

i- 

16 



m m m 
U -r- ^ 
■ k M •— o»«*»!— ^-r- 
"00)3 ocsiroininvo 
xooz      ^-   «»   ^-   •*   «*   <*■ 

CVJ »— CVJ Q o» i« u? r^ r*. oo o o 
W w w w W W 

OtOvOI^OOOOCTievj 
■—   esjMCMCNjevjococvj 

I 
I 
i 
n 

u « 
3 "O        UJ     LLl     Ul     UJ     UJ     UJ 

■o O       l/l    (/)    to    CO    to    </> to   to   to   to   c/i   to 

0) C O)"-*- o    o    o    o    o    o 
O «^  0>'r- Q    O     O    O     ~     " 
3ECM OQOQ 
"oorao. ^v^-^ 
xz o:-^ 

S 8 
o   o   o   o   o   o 
-    -   o   o   o   o 

i § § § 

«•r- oooooo > w> in in m ir> in if» 
<y CL      ro    CO    CO    CO    CO    CO 

oooooo m   u)   m   m   ut   m 
CO     CO     CO     CO     CO    P» 

 ■1     111    111    111    1»i    111     I u 
totot/)to«/)tot/>toto 

ooooooooo 
§00000000 oooooooo 

ooooooooo 
inmtnoooooo 
i—   t—   ^-csjevjesicjCMCM 

in u) 
C'r- 

to< 
tm    M    M    I* ZC     X 

"»g. 
a)>t    t/jtotot/itot/itotocototototototototototototo 
X (—        ü.U-U.lJ-U.U.tl.Ü.Ü.Ll.U.ll-U-U.U.Ll.Ll.Li.U-U.U. 

4-» 
to 

i 
r— 
a» 
u. 

I 
u- 

i 
V 

f— i 

5^ 
Q.-M u-     mooi/)OOCNjmoooocsico«omoooocvjcNjcNjcNj(MCNjcsj u<t-     in   oo   m 

I 

m   in   m 
• • • 

«o 
^-'    «Ni^oopr-Q^cjjinininoooooyvjcjcsjesjjojojo 

»©»otor^r^ooooooooooooov^in^-r—   ^p».r^r^ 

§ 
o 

I 
X 

in 
CO 

r^   r- 

^*     S^inStnin^-ioSioioSwÄootor*.   r<.iop^r^ 

JO        U.U-li-Ü-U.U.ll.Ü-lJ-ll.LuU.U.IJL.U.U.U.U.lJull-Ll. 
5        U.U.U.Ü-U-Ü-Ü.Ü.U.U.U.U.U-U.IJ_U.U.Ü.IJ-U.Ü. 

«'S e\ico«»in»orv«»Q = ^»otdriQjoi>;OOa}Oj-cvi 
aiS r<^r^rsii^r^r«>^^>ooooaoooooooooaooOaoovg>9t 
Xae     ooooooooooooooooooooo 

17 

IIIMMMI—II  



t-1— I. 
m m m 
3 t. E ^ u, ^. ^ 

T3 « 3 •— O fO r- 
X «/) Z        «5f     «*■     *t     ^f C^r-Q^-i-COcVJO 

I I 
I 

I 
>-l 

I 

f 
I 
I 
I 
u. 

! 

u a* 
3 "O        UJ     LU     iii     iii 

0) C tt»—» o   o   o   o 
o »^ a>.i- o   o   o   o 
3  E   C  l/l OOOO 
X ZOT-w ^r    ^    -^ 

^  G> ••-       O    O    O    Q 
C  OJ  O.      R    W    S    « 
a. —i«-'    r*  «B  g»   m 

M to 

Ä5 »- »- »- »- 

N
ea

s.
 

Ty
pe

 

12 to 
u. 

in 
u. 

in 
u. 

D
ep

th
 

(f
t)

 

in • 
oo 

in 

oo 

Y
-C

oo
rd

. 
(f

t)
 

in 
• 

«o 
in 

• 

CM s 

i 

X
-C

oo
 

(f
t)

 

m 
in in » s 

mmmmmmmco 

oooooooo oooooooo 

§00000000 
Q O O O O O O 2 2 2 2 <=> o 5 «■ «t 9 <■ «■ «<■ 9 

inminininininin 

(nmcomcomcoco 
ÜLU.ll.li.U.U.Ll.U. 

rN.r^r«»t«»r>.ooo 
p—   r-vo«omooo •     ••••»., 
tnin^^t^iovoto 

ocsjr'.or^ooo 
•na»r—   OOP-OAOO 

•      1     •    T    1     1     1 

ininoocsj(Mivro<\j 
•^•"»«O^f^-r—     coo» 

12 Jfi si ** * pj «2 •- ^h^fobototrstooot 
mmmininvovovc 

co     u.   u.   u.   u. 
« O     u.   u.   u.   u. u.   u.   u.   u.   u.   u. 

il 
H«   8 S S 8 Mcn^iniorvoooj 

waBaBoDaBaDttS 

18 



IQ 
• 

i- f—  u 
9i  <0 0) 
U •#- ^ 
3   t-   E O    Q    CO 

■O   O»   3        CO    CM    M     IT) 
x tn z     i—   r-   *t   <r 

"O   O        cC     Lü     LU     LU 
xx     a:   oo   oo   oo 

co co 
o o 

i i 
ID in 
r*» r«.   io   vo 

i i    m   in 
c\j CM   ^-   ^t- 

r«.   oo 
ir>   in   o«   >—   vo   o% 
<■   «*■   oo   r».   r- 

co co 
o o 

i i 
in in 
i»«. r-,                 co 

i t    m   it   \o 
CM CM   vo   r—   ^c 

tn   to 
•-•   »-i   co   tn 

LU     ^ Ul    LU 
tO    00 

5   5^=^ <   <   «c   «t to   to   <   «t 
oo 

(U 

c 

2! 
3 

e 
OO 

I 

<u c u ••- 

3   E   C   ß.       O     Q     O 
x z o: 

O    O    Q    O    O 
o   o   o   o   o 
<*    «ä;    ^    **• § 

o   o   o   o  o   o o   o   o 
§   §   §   s   5   5'   ^   '"'   -^ 

§o   o o   o 
§ § § § 

o o o 
o o o 
o o o 
• # • 

■u 0» ••- 
0) > w 
C   9i  O. ^     !is!i'lilliiiiiiSS888 

ö- —1'—'       ^-f—    ^i—CM CMCMCMCMCMCMCMr-i—     CM in   in   in   in   in 

91 X 
00< aepe>>Q£>Q£>QeQfae>>cKtta:> h-     O:    Q£ 

«/> 0) 
IQ  Q. 

0) 
ototin^-vt^-otm^-otmcoto««- «t   Tt-   vo   ^t   o> 

•5« 

5^ 
Q.4-> 

C   U 

<$5 

0) 

o\   o\ PO 

COPOCOCOCO co    co   co   co   co   co 

o>   in   o 

in 

o co   PO O «o   m 

oeMoooo«ooocMojr>.mmuoo>r*. 
^mmootehatotPocopoioto^oöoöoö 

in 

vo   «*   Kf 

to JÖS^^ÜtÖt^^^^^^^wioii. 

M ja 

XZ       VO<OlO«0(OVD2«0«0«OtO 

* *    * 
CMCO^-UOlOr^OOr— 
u>inmmmu>tn«o «o«o«oto«oioioio 

CM   co 
vo   vo 
vo    VO 

19 



I I 

J 
CQ 

I 

IV rv 

9)  10  V 
CO o o 

Ot- .Q 
3 S» B 1* 1^5 je 'S & 3 U) VO O      I X CO Z 

^■ ^ m  tsi CNJ 
O     CO 
K    p^.    r- 
^t-   ^r   oo oo <t »>. oo rv rv R. m w w «   3 

0)r- 

I/)     (/)     UJ     LU 

|J|J § § i 
X Z DC 

CO    CO <     <     Ul     LU     Ixl 
■P ap w  wl  01 co   </) 

iiiiiiiiiiii 
•-<     CO    CO 

o   o 

to 
■M 
c 

0) 
L. 
3 
V) 
ID 
0) 

V) 

U 
•M 
CO 

■o 

0» 

JU > irt      o    o    ö C « Q.    K   S   § 
o- -1^-'      ^-    ^    CJ 

V)   W 
C -f- 
ai x 

oo <c 

o   o   o   o  o  o   o 
S 8 8 § ö ^.iiiiiiiiiisiii 

^^     BP     OB     ^^     OC >    (£    äC 

n ü P> SS ie js is 

oe   ae   a;   >   > 

CM CM     CNJ 

as   =»   »-   as   tt 

M  0) 
«  Q. 

Bftööfigftefi|.ftÄßreftl!tött|g 

ID 
0) 

c 
«o 

3 

u I 
CO 

0) 

91 

sir 223325325^33 ^nn«!1!^^    - aw      -     ^ ^ "^ ^ '^ ^ -: «o « ^ i>: i>: ^ rs: ^ ^ ^   • 
o%   lO 

Ul    r-     r- 

11 SS5JIS«SS««1811llföiei to 
CNJ 

«O 
I 

V 

1 

5^ 

e u 

a» 

to 
O    O    Ot o   O   O   O 

Ä5   Sfe 3    3   3   ae    »    ^    b- S   S    ^ «    Z    3    3    ^ 

J8 _ 
«o   «o 

!**•    00    O» 
«O   VO   «o "   *o  25 <o S 2 (O 

20 



t. I— fc. 
tt> <o  0) 

3  4. E <*> 
T3 a> 3     in   oo 
x to m   «t 

CM   oo 
co   i—   r^. 

0>i- 
u <u 
3 T3 

to   CO 

CD 
CM 1.   «TJ        r*. 

a>cai-i-     ooooö 
3 E c o. 

T3  O  « 

TO    tt)T- 
<Ü   >   V) 

C  «1- 
a* x 

o   o   o   o a § § § § t § 

o   o o   o 8 a> Q.    o   o   o   tn   m g 
CVJ    CNJ     <M     r-     p—     ^- 

ac   oe   >   oc   oe   ae 

i 

% 
£ 1 

mi* 

a* 

5S 

5- 
0.-M 

«, 

(A 

a.   «.o   (/>   o.   c   a. 

^   w   i«   *o   co   «n 
nJ«*-      r».   »>.   F-   ro   vo   »o 

a)    o«   tn   m   o   u1)   o «o   «o   to   ^   in   o» 
(Vi    <M    CM    CM     CO 

Iff 
o>   o   o   o»   m   in 

«Jf-       CM    CO    CO    «9 00    00 

(/)   Lk   u.   to   tn   (/> 

oo   ob   dh   91 io   io   io   m 

21 



u r- J- 
a> <a <V a 

■o 

•r- 
1. 

X</) z 

I- 
(U r— 
o at 
3 T3 

vo rn «• 
i>. o oo 

vootoooo«r^-i>^to m I^füS^S^^^CTi 
, Q Q Q Q Q o o a m 

<c < «t 

liiiiiiiiiiiliiiliiil 
t. <0 
a> c u u «p o> *—K 

3 E c o> 
TJ o IO xzoc 

■ 

■o a» <u > ^-^ 
i~ a» o» a. _j 

iiiiiiiiiiiiiiiiiiiii 
aiiiililiiiii§§iii§§i§ 

15 a:   K   >   x 

<<:<<< <<<<<<< <  <  <  <   «t   <  < 

5^ 
Q.4J 

CM«VJCM0000«>«)mWCsIt^r^OOO^^-o> 

ID in • • 
f CO     00 
# • • 

I 
CM 

I a. 
4» 

§^ 
I 

U 
I 

X 

CVi     N     N     CM     CNJ    (Ni    CVJ 
^r   «T   *   «*   ^ *•   «»   ^ 5 ^ ^- ^■ 

UDVDvDvOvoioaDcOOO 

sssgsggsssggsggsssggs 
01 

II p-»^?r2.^^^|f!J2J2j2,'>*o*o«o»o*o*orv,r^iv. 

Ji     oöööoSooS"^^22u>v0r,'00o,O'- p-NC2«tn«orvaoc»o S^oopooooS 

22 



U r- fc. 
O) <o 0) 
O-r- JJ 
3 i- E 

■o o» 3  a 
x to z  < 

s 

1 
c 
•r- 

| 

R 
i 

i—i 

I 
i 

^3 

S 
1 

I 

1 
V 

4 

( \ 

0>f— «c 

3-0 VO 
"O O CM 
X Z CM 

a» c (u o 
3 e c en o 
T3 O "O^-» CM 
x z ae 

a> oo o so x»- F- 
«* <*■ O* O» '•^ to 
00  CO  UJ  LlJ  CD  00 

\o so vo to so to 
CM  CM  <M  CM  CM  CM 
CM  CM  CM  CM  CM  CM 

<v>o»'»,u3CMCMO'>oooor».eMioor>» 
CMf—     VOOOOfOCvJOOOOOr-OOOOeTi 
OQOQOaUJU-LüüJOOOOaOLiJ 

VOVOIOVO«OtO(0«OtO(OVOtOVOSO 
CMCMCMCMCMCMCMCMCMCMCMCMCMCM 
CMCMCMCMCMCMCMCMCMCMCMCMCMCM 

■O   01 

O    O    O    O    O    O 

S S 8 S S 
CM     CM     Ut     !/>     CM     CM 

O    O 

8 8 
OOOOC.OOOOOOOOO 
ooooooooooooo ooooooooooooo 

CMCMOininiomincMCMCMCMCMin 

2>^-^       8    W    ■•    O     O     Ö 
OICT    «t-cMCMv^at 

CM     CM 

oooooooooooooo 

W^Q^^o^^-CMCMinincn^- R CM    CM     CM     CM     CM CM 

0» X      z    >    z    > >   z   z 

M   0) 
a Q. 

5^ 

O' 

I 

<<<<<<<<<<<<<<<<<<<<< 

in   IT» 

•        • •        • 
ootosocMCMr^r^cooocMCMOooommoooooooooooo 
w    9    m CMCM«"* •—    f—    <■    <■    CM    4-     «t 

£ § oooo^t-^r^t^«*-^- 
^■«tCMCMCMCMCMCM 

*   ^ 5 9  Z  A  9   9   # 
*     *     SO     ^-     ^     CM 

T3 
E 

u 
01 0)  n 

rrg     rs',,,*r>hooooooooooooo»o»o»o»o»o«04o»or-F- 
52    T n,~;r~. ,~:r^,~:,-:,~:'-:,~:p"r",-r-,-,-«M<^<M 

CM 
CM 

«§       CMCMCMCSJCMCMCM£j$m$i(3($(n<$(nr3£)3** 

23 



i 
§ 

v ie v 
O ••- .Q COOOO^Of^-^-lftCSjOOr^lf)«»^!—    «r^r-oo»«©«*- 

•o a> 3 ouoooucscsaoaaooaa.ooooo 
x co z <<<<<<<<:<<<«£<<<<•-<<<< 

■O   O CSI(NJCSJ(\JCSJCSJC\JCVJCSJC\J(MCMCSJ(NJ(VJCMCMCMC\JCMCM 
XX CVJCMCVJCViCSiCVCVJCSJCMCVJCNJCSJCMCVJCVJCVJCVJCMCMCJCM 

i.« 
OfC« ooooooooooooooooooooo 
yc O»*^ OOOOOOOQOOOOOOOOOOOOQ 
^SS01 goooooooooooooooSoooo 
X Z QC r— 

"o a» ooooooooooooooooooooo 
^?'^ SQeSQQOSOQOOOOOQQOQöS 
Caio> Qi7>vvvov9ooomin?9nomcvjco?<F 
O. _J>-' mCNJOJCVJCMCMCSJOJi—     r-r- CM 

ut vt 

It £>» <<<<<<<<<<<<<<<<<<<<< 

5-^ mm m 
«H- csj<Njoooo^-«-oooOf—   mmoQcorooorocnoooocvj 

o «•- QooocvNV^'^'vovo^-^-mwom^o^ovDtO'O- 

h t •—' mmmmmmmmmmmmmmmmmmmmm x 

r-V. «^«nrocoSS^^^-mm^^-mmmmmmmso 
O 3 (SJCMCMCMCMNCsJCNiCVJCSICMCSJCMCMCMCSJNCMCMCVJCSJ 

<u9 ««•-«««'^««'uSmmmmmmmmmSio««« 

24 



■ 

u r— i- 
V IO Oi 

3 
•r- 1 s CO 

o £ 
T? 0) o ÜJ UJ 
x ^n z < < < 

J- 
a» ig <: -¥ «? 

p s ro   CM   »—   w   vo CsJ i 00 VO     r-     ^-     CO     CVJ     r- 
^■(*)mcoon,i<*>ooQc<jc\jcjcj 

uicanoocQucsocscsLi-u-Ooaoa 

u. as     ^   ^   «+   $   $   §   $   5   $   $   $   §   s*   *   *   -^   '»*   **   **   "f § «1   <   < 
$ «?  <: $ 

3 t5        irtiot£)VOVD^OVOVDVDVOVOVOVOVO«OVD*OVOVO*OVD 
■oo     {NJCNJCNJCvjcjcvjevicNjcsieMesjcvieviCMevicvjcvjesjpocMCNi 
5s        cSjCslc\JC\JCVICVICjeSI<Vl<NJCNJCVJCMCMtMCM{VJ(MCMCVjeM 

1-  n <UC0> OOOOOOOOQOOOOOOOOOOOO 

3Eco»    QööSSpoopooSooooooooS 

X Z QC 

CO»      OOOOOOOOOPOÖOOOQOOOOO 

I31- ill 
O. —l^-*       CM     CSJ     CM     <NJ     «M    •—     ^- 

ooooooooooooooooo 

CM    •—     f— COCMCOCMCMCMCMCM 

C •»- 
«*   K        I-     > >     Z     5> 

(o a. 
>,    <<<<<<< <<<£<<<<<<< 

v 
f— 
0) 
u 
u 

Q.4J 

oo   oo 
o   o 

(U •«-        CMO00O0O0OCMCM000O CMCMCOOOmtnoooor^r^cMCM 
^r—     r—     r—     Or0«a"0" 

0) 
■o 

CM 

(0 

■o 

I? 
I 

X 
w    SSSSSSSSSSSSSinir>tr>S?ioir>inu> 

4, rt 
»«»©«orx.r'-.h-i^r^i^ooooooooooooovo^criCTvPO 
CMCMCMeMCMCMeMCMCMCMCMCMCMCMCMCMCMCMOJ«»»« 

01 

ll ^'U»tpr^000»Or-CMp*iPSPt«-00P»Q'rSiS2S W3«O«S«O«O«O^r*>rx.^*>^^,'r'*'a><'^r^'wC0C00000 

25 



I* 

i- f—  &. 
a <0  0) 

3 ti 
"O 4)   3 
X«^ z 

L 
tt»f- 
u a> 
3 "O 

s0** ■o O 

3 

X £ 

C 
•^ r— 
•I-» t. (0 c 0) c 0» o <J a>^ o •3 g C   C7» *'*-*' ■o Q (0 — 

00 
X Z QC 

H^ ,_ 
TJ at 

Q. 
3: E 

i 
Q. -Jw 

CO 
■M • 
C 

a> x 
t. <^< 
3 
V> 
« • 
£! </) a» 

i9 a. 

c 2£ o •^ 
•M 

2 5^. 
0) Q.4J 
r- W<f- 
H O  o 
u 
< 
•o Y 
V o—^ *• o ** u. 0^, 

>- 

«voojojojncvij-CTicsjooor^^o^GOooop-r«.« 

<<<<<«i<:<<:<:<<<:<<55^5a™ 

$$$§§§$§$$§$§$$$$^^^ < < «t 
$ 

eSJCNJ{\JCMCMCMCVje\JCMfM«MC\JC\J<\J(MC\JC\IC\IcVICVICVi 

§§ii§iiilSS§§§§§§2i§§ 

aig§S§§?§i§§§§§§§s§§§g CM     CM    CM     CM     CM     CM     CM 

X     I-     > 

CM     CM     CM     CM     CM     CM     CM 

=»     X     I-     > 

Q    m    Q    S    O 
<^    CM    <n    CM    <n 

5»     X     >     Z 

<<<<<<< <<<<<<<<<<<<< 

IT)     ID 
CO     CO 
00     00 

i.    22.<SfS2S2a22r^,s*0o«'«>ooooeMCMi^t^oo 

^1    S5SPJ?SP^t,»■^■,*■,* ^^■^^■^■^■CMCMCMCMCM 
tCMCMCMCMCM«*«*-^»-^-^- 

o. 
0) 

r— 

I 

■E 
o ••-» 
I 

X 6 sssssssissstssssssssssg 

II Rftii|ISi^i|33$|täli$(^XllftiD uj m m 
CO CO o 

if in to r^ ao 
CO 00 00 00 O^-CMCo^fintohnoo a» g»—   esi   co   ^   m 

o   o   o   o   o 
CM     CM     CM    CM     CM    CM 

26 

; i 



x oo z      «t 
BfiBKBKBBISSilSii 

i „    CT   «    -,    Kt   ^   ^   s  5 $$$^^^^* Zr-        <     §     $     $ 
3-0       \OVOVOVOiO*f>     :.r.     Ki    CM    CSJ    CO     rvj    •/«     ^-    •■■'•' 

{SRHflNMMWM 

c 
o 

co 
I 

o   o   o 

I 

slgu  § § S ö ö o 
3 E c a>    o   Q 
•o o ■«-' x z ac 

ooooooooo 
OOQOOPOQQ 

ölftgssssssssgsss 

•a  0) O    O    Q 
u >^    o   m   in 
s_ a» a>     m   csj   CJ 
a. Jj>^     CM   <NJ   c^J   •— 

C -r- 
0)  X       X 

CO < 

OOQOOOOQ 
O    O    O    Q    O    Q    O o   o   o   o   m   m   *■ i-fl 

o   o   o   o 
2 S § 

i 
£ 

F— I I 
■o 

'tt» 
•r- 
U. 

CNJ 

(A  0) «a a. 
^ 

5^ 
ft 

<:  <   «i  «c   «c  <  <: <  <  <  «c  «c  «c  ■* 

85 

ir>   m m   IT 

«^^ÄÄSSSSSWW^? coooc2£2S222§ 

C 

2^   SS 5 5 5 
>- 

5555lS§§*^^ 

c 
0) > 

X 

£   SSS88888SSSSSSS 

i 

. 

f-  "^  £:  £;  C;  5; fO     CO     C)    PO     CO || «2SISS3SSS3 
I» 

(us     QPpOj-j-jrjrpj^evjcotMCNJCvj 
(M     CM     CM 

pg     CM     CM     CM     CM    CM     CM 

27 



0) 

U r— i. 
O» <TJ tt) 
U -r- & O 

TJ a» 3 
co   r^   vfs   v© 

^   ^   E        t     «"J     '"'     f—     O     0>     K     00     VÖ 
OQicocooQmeamcöcQübcQo 

Wf—     CSJOh*.r—     VOODOO 
VD     CO     to     <T>     VO     in s X     (9    U    UJ    liJ    O 

lO     CM     ^-    Q    O 
00     o>     «CT    00    r- 
<<£«£<<: 

tt»>- 

xx:      «vfPJtvitvJcvicsiCNjcvi^fvjcNjcvics'pjScOcCjSJRIe^KJ 

iiiiiif4 
-s-?<^^$<$§$<$ 

at c a« 
3 E C en 

■o o «•— 
§i§§ii§i§§§§s§S§§§§e§ 

•O  0) ^ s o  o   o   o 

u> w» 

Ä5 " * * >   ae   >   ae >^a:>ei:>oc>Cc5«a 

• & 
<<<     «£<<<<«£<<■£<«<<< 

I 
I 

CO 

CO 
VO 

I 
Q. 

k. 4J     {NJ,/|l^o>inir>coö>o»tocj>iomoQoo C>i     PJ 

<g «♦-     o   u)   u> 

J= a» 
5& 

inißfncoCT^^coco 

00     00 

go»    ooooooooooooooooocöcöo© 

Q.4J        .... cvifijtoin 
X^,    r~,'"**'*wo*o»o^cocoro^'^fusnooococo 

X) 

II O      _J    to   (/)   u. 
O    =)    3    Z 

«/) U.U.CO^tncnU.ii.tOWO z   a;   3   =>   _j   _j   ac   s    j   _j 

0) 

S §     o o   o   o   o   o   o   o   ^   w   0   ^   ^   ^   ^    ^    ** 
m   m   m   m 

28 

r. - ■ ,     -   . 



91 10  9) 
3  ' 

X to 

T3 

3 

c 

i 

I 

10 

6» 

01  C  0) 

3 e c a> 
-o ■ ta-^ 
x z ae 

J T3        «CVOVOVOVOVOVOVO«£>VO\OVOVD 
5 <*   *»■   «»   5   5   ^   5 

_      _      „,      *,.     VO     <0     iO     VD     ^O     iO     iA     to 

cvpjcsicsjcsitvjcNjcsjevjcvitsiojweNjcvjc^cvitNlcviSjcvi 
(VI    (VJ     CVJ     CNJ 

o   o   o  o   o O    O    O    O    O    O    O    w    w    '.^    w    i_> 

ppopooooooSöeopoööööio 
SSSSoooo oooooooo 

CNjcMcvjcMCNjeMevjininu>inSSSSS°°°°° 

0) 

m I 

a» 
'S 
o 
o 
< 

TJ a« 

ITL. 
c «'S) 

O    O 

«rt I/) 
B 'r- 
0» X (^< 

ä ä SSS22SS220ooooo Qoooooo©opp©ooooo in   in   in   m   o 

ae   ae   >   ae   > 

«C   «c   < 

    o   §   8 
mmooooöö 

(NJ     CM     (M     CM    Csl     CM 
§ R m   m   tr> 

§22° poo o   5   o   o 

ESC     Q£     Of     > 

«£<<<< 

ae   oe   > >   a:   oe   h-   > 

<<<<<<««-<< 

<u 

2! 

«O'*-        ^    O*    <T>    CO     CM    CNJ     o>    U>    1^    r-    r 

3 2! 
e a» 
T5l 

M   CTV   o>   m   in   oo oo   oo 
•     •••»* ■    j 

tOf^^.1—    r—    incococooo 

oo   oo 
tn   ro 

oo 
oooroooooooo 

u>a\ot»a\crtotot o   o   o 
9«    «7k    9 § o   o   o 

o>   o>   a> 

g 

J 

5^ 
CL-M 

r»   p»   r«v r».   r«.   r>»   r«. CM   in   tn 
oo   oo   oo 
CM    CM     CM ^ic>i?ioo"*,*,,**o*ww<n*,o,i,:v*>voc> o 

CM    CM 

i J5    jzae^j^ae^^^i^^^^iia^^fe^ 

si 

29 



i- r- i. 
it 10 Q) 
U 'f- ^ 
3 J- E ■o a» 3 
X CO z 

o>roCTioo><\jr-mr^ 
oooasaacaxo'-s'-a <:«>:<<<<<<3 

TJ 
0) 
3 ■ 

k 
4J OJ •— ■ (j a> 
o 3 T3 
u "O  O ^*«^ X X 

oQ 
CSJ p.- 

%. <a 
»-H a» 1 at 

y •i- o>^-^ 
Q. 3 E c en 
X ■T3 

X Z QC 
' 

1/1 
■U PV 
c ■O   0) 

i t «»'oi 
(U a. _i^^ 
E 
3 
m 
10 t 

1 M   M 

c 
o 00< 

M 
<© • 
E «A   0) 
0) It)   Q. 

'a) ^^ o 
u 
ct 

"?   S   5   5   <   < II   !■   9   W   9 ^   «?   < 

CMCVJCJCvlCMeVJCJCVJCNjeNjevjCMCMCVICMCSJCVlSjtVIC^CSJ 

S22£'
00
OQQOO 

OOOOOOQOOOO o o o   o   o o   o   o 
if>c\jvnu-)ir)ir)if>ininc\JCvjcM(\jcvjc\j CVJ 

O   O   o   o ~    -.,   ä     i   2   2   S   S   2   0   o   o   o   o   o   o   o   o   o   CD   es 
2   SSSS|g|8|g888§SSSsiii 

0) 

<o 
0) 

c 

a, 
i. 
3 
M 
O 
3 
S. 
4-> 

a. 

IP« 

«0 

>    »-    >    OS    5» a:>acac>>>tt a:   >   oc   > 

<   <   <   < <   <   <   <   < <<<<<<<<■£< 

si 

m 
oocNjminotminrootaiLnatmmoooo 

sssssssssssssssssssss 

CO CO 00 00 p— 
(VJ  CM  CM  (O 

h» r^. r>» r«» f». r«. 
•  •  t  •  i 

^ ^- «* * «9- 

CM CM in m 
•  •  •  • o>o*o»wcororo^«^ vo vo 

0» O   bOU.LL.uu_l 
<3_i  -J sr z z u 

to to 
o = => V) 

il £. 9» SrrCM(*>^-iotpr^ooa>op-cMco«u>inis. 
iniAinintAinininmmtninininlnufiAinininin 

co   «/»   co   to 

oo 

30 



** 

i. I— l- 
o.2 5      ovoQr<.^ocon-^-ioco^^o;-oo<BCNjrp.^o^; 

T3 at 3 
x to 

■o 
0) 

c 
o 

<_> 

CM 
I 

10 

0) 
i. 
3 
«/> 
«TJ 
Qi 
s: 
c 
o 

1- 

'S 
o 
o 

a» 

01 

c 
« 

2! 
3 

■tJ 
o 
3 

i; 
to 

i- 
a» r— 
u 0) 
3"0 

TJ o 
X X 

,_ 
i. n 
<u c a> o ■•• o>^^ 
3 E c a> 

■o O <o **-*' 
X z DC 

r— 
•o a» 
£ > **** 

<u O) a. —i ^-^ 

w »rt 

0) X 

• 

5 
g»^ 
n) «♦- 
ot *-' 

^-» 
in 

| I 
•r- 
N « 
< *»■--• 

5 
Q.-M 

£ H- 

«t   <   <c   «c $ 
Sc\je>JCNJ<VjesJCJ<VieMCOC\JCS)C>JC\JCVICMCsje\J«MCM<Nl 
SSSSSSSc^e^tMevjcMCMCMCMtvjcvjcvjcvjcvjesj 

1300000000000000000000 ooooooooooooooooooooo oooooooooooooooooooop 

o   o   o   o   o   o 
8o   o  o   o   o 

o   o   kn   u>   m 

oooooooooooooo 
80000000000000 Kinoooooooioinmo 
r- CVjesiCMCVJCMCMCMi—     »—     •—     •— 

«>aea£>>»-acoe>> oe   oe   >   ae   >   ae   ac 

<<<<<<<<< <<<<<<<<:<< 

oooo ooooiniooomoioinrowaitnu^oo 
oooooocooöooevicooomrv»-!—   vor^r^i—   i—mco 

r».   r^ r«.   r^ 

uiuioOQuiinQO^pppppppoooo 
eNJPJCMCMCVjesjCVJtMCMCMCM 

r*.   r- r»   r».   r<«   r». CM     If) 

*t-        OOfOCOOOOOOOCSJCM« 
w     cMeyicMCsicvjesiCNJcncoco 

«»•^t^-*o»wo>pon^-« 

CO 
to 

i a. 

n 

<s 
u 
o 

«A 
9) 

U.U-</)«/)«/)U.ll.«/)«/>U.«/>U.U.U.«/)U.U.lJ-U.</2«/> 
zz—i—i—»zz—«-Ja:3zzz3zzzz=>—' 

S!>^r*^^.r»»r«.i»»r^8ooäo6«ooÄOOwo;ojo; 
uimmtAiniAkntnminuiinmmmiAknmmu)!/) 

31 



I. f—  u 
a» IO a> 
o •»- ^ a» r«. 
3   l-   E CNJ CM 

■O   O)   3 CO CQ 
X 00 z < < 

SCVJ    CJ    CVJ    o    f—    »—    o 
oo   oa   oa   o   u   (_>   o 

■o 
0) 
3 
C 

O 
o 

m 
CNJ 

i 

i 

0 

X 

;-$ *$§$$$$$$ 
5        JMi^iJJSJJCViCMCMCNJCNJCVJ 
at        CSJCVJCViCNJOJCSICMCSJOJCSJ 

J- «a 
B ft H 
M   X —   ^* '^'      V^      ,f*J'      5^'      ^—'     *-J      UJ      O      C~J      o 
go «"-^ «VitVJCMCMCMOJCVJCNJCJCJ 

oooooooo oooooooo 
QOOOOOOOOO 

s o o 

I 
4» 
i. 
3 
I/) 

"O o o   o   o   o 
P ?.'=:    o  o   o  o > a» o>    o   c a. _iw     ^   ,- 

C-r- 
0) X 

CO < 

o m   in 
o s 

of   ae   > 

s o 
o in   m 

o 8 

ae   ce   >   ae 

u 
tt) 

"äJ u 
u 
< 

0) 

^g. 

V 

<  <  <  < < <  < 

o»*-^    oooo ooooooooincnir) 
«««-     oooorooooooo^-ooo 

4» 

c 
10 

u 
3 

■M 
U 
3 
J- 

I 
at 

N ■«        CNJ     CSJ     CVi    CNJ     CNJ    CM 

5^ 
SI**-     pococoooaoatcncnoo 
Q^-       CMCMCMCMCMM CM 

I 

2! 

■o 
01 

I 
a. 

<0 

■a 
i- 
u 

«»-J        ZZ-<ZZZ53=3_| 

sl ^ m «o 00 a» o» o» at u> m in u> in   S   S S 8 
10 

32 



00 
CVJ 

I 

Q. 
X 

U i—   I. 

w«       >    >    X    >    > 
_L    _L      ii       s       i       i       i       i       i       i       ,       , I      I 

cQosoQoocacoasassäSssasSSgg 

m 
CVJ 

0) u 
3 

« 

a» 

■o 
at 

J a. 

i 

a» x 

M« 

#Q     « in in   m 

E 
O -M 

E 

tn   in   in •      •      • 
555J§^^555SiSSSSSJ5J?!$SiSi^ 

ii 
UM 
03        r—r—     r—    ^p-p-r-p-^.ZIZ: 
^^        -l-l-l-l_l-J_l_J_l_|_| 

u 
M J[ 
55   oKSSicis^??«©^- 

0000^~r— f^CSJCVJPO 
CSiCSirsJ(M<MOJCMCVJ(MCVj 
—'—»—'-J—l-J_J_l_J_J 

IIsislfflsslSiSSssssSSas 

33 



i- r-   i. 
■I 4i ■ 

B5    0\ 

a £ 6 
r«*   r- 

CM 

00    i— 
CO    i— 

T3 

c o o 

k 
o «u x a: > a: 
3 "O I I I         | ■no i x 3: a: 
X aC CQ CO CQ CO     00 

1        ' '        •        • •        t        I I I xxxxxxxxx 
OQOOOOOQOOOQOOOOOO oa 

U •r-   (Ti U) ompininmooovnioinm o   o 
■§§«£■     ^"-^-^^^^-^^^«VJCVJCJ 
XZ OC^-- 

I      I 
X     X 
00     00 

8 ft 

I I      I 

00     00 

CVJ    if» 

I 
X 

00     00 

o   in 

00 
C\J 

I Ji|   S^g-|2-°S°tcSSSgg88~S2J2 
a. _i-^ 

01   X 
CO < 

»->■»->»-> >   x   >   i: 

QJ 
i- 
3 
1/1 
(0 

o 
<D 

I/)   «U 
US o. 

5, 
Q.- I 

in 

>    3»    5» 

in   in 

>   > 

-   ^-^^SS^SS^^^^SS^IS^^SS 

'cü •o 
1- 
o. o 
I • 

>- 
CVJ   <\j VO«OVO<-«t^-^f««-«cvjcVJ ^^■^T^v^rcvjcvj^^-vnio cvicvjioioiovorvi^r^rs.ri.iS. 

a. O ♦* 

I 
O  =1 

SSSSggggggggooooooooo 

CV^CVJCVJCVJCVJCVJfsJCVICVJCVjSSSjSjgg CVJ   CVJ   cvi   tvj   CSJ 

tt) 
«f 
*! ISS09Slt0 5ii!ii invotvoootor-cvj 

—        -     CO     CO    ?*)     ^    Tf     ^ 

3* 



■D I 
§ 

<-< 

I 

ii <• • 
o    >— 

R R 
0) r- 

■O  O 
I 

X 

X     >    > 
_L      •      I 

X 

>     X 
I      I 

X     X 
cDoooQoQoooooQoQoQoommmaJiaM 

> 
i 

X     X 
I 

X 
co   en 

|| ||     S-Sg^-ooc.jojnjnooooojn 
X Z Qi»-^ 

a. _j<—, 

i/) (/> 
C «r- 
0)   X        > >   ►-   >   > =   >   x   >   >   x 

I 
to a» 
<o a. 

f a. 

(. 
o 
o 

(_> 
• 

>- 

>   s»   > 

IM 

«   M   ^-   *t   c\j   n   «n   co   co   ä   S   -'    —   -       ; «—'     m   m   ««■ P> 9 9 « 

<♦-        1£>     t£>     <■     «t     <t 
^-»     r^   p^   \o   to   in «o   to   vo   •»   «f   <■ 

a. 

C 
o—» 
o ••-> 
I 

X £ sssssstssssssssssss 

■si sg555SRSs«ss3ft3ftft 
fc. 

• at 

35 



I f 

« <a a 
U'r- 
3   ' 
-a a) 3     Q 
x </) z     en 11   ß°«SS5^SSi^5SP:^S(iS§S5 <VJ     CM 

O     00     CM     CM     CD     00 
<*i     •—     CM     t—     M    t— CM     CM S®^^8gS2S?J3 

u 
0>i— 
u <u > 

i 
■ 

1 
■ > > > 

I 
X 

1 ■o o z X > Z X X X X T x s: CO CO »—1 00 CO oQ CO CO CO 

«-« 

du
ce
 

an
ge
 

fp
s)
 

n i s i ^ o 
CM 

o 
CM s i 

xzoc — 
—> 

• 

Pr
ed
 

Le
ve
 

(f
ps
 M s ^ s? o 

CM 
o 
CM ^ R 

$ 

=»xxx>    >x>> 
'  >  >  I  i     I  I  I  I 
3:xxxx>xxxx 
COCQOOCOOOi—iCOCOCOCO 

M«CMCM° SSSS 

W  Cd 

i 

00 

i4[ > 

Me
as

. 
Ty

pe
 

> 

>    h- >    > >    > 

>•    >    >    5»    >    5» 

■ 
ir> 

VI 
x: 0) s in 

EOI      OO«MOOOOOOCÖ05OOOOOP-*QQQ0 

<c^ 

CM 5—.    IN.   m 
0.4-> . 
««*-     **■   m   CTI   ^r 

mr^r».inr-i/)CM in   in   r^   r^   CM •      •      • •      • 
^O    CM     <«■    U)    OS    Ol    <4> 

VOCM<J-0>*t«9-»OCM 
r-     CO ,_     ,_     ,_     (V) 

5o     g^^^^^uiiqiOi^iojovjuoco^tnüo^^vo 

tt> 

IIiSiiSSSIISSSSSssjIRgi 

36 



1.1— I. 
O 10 v 

■o a» 3 
X W) z 

^-   so   if)   ro   r«. 
03     CO     O 
CSJ     CM     CM     r-     i— 

S   r^. 

a»i— 
u a> 
3-0 

■o o 
XX 

x   a:   x 
>    >     X     X     X 
I-H     »-I     CO     CO     00 

-^ W   ITJ 

1 0) a,. 

3 E c o. 
"OS«««- 

s o   o 
CM     CM 

n «U  >  O. 

a. _i^— 

m   ID   Q o   o 
CM     CM 

V)   IA 
C -r- 

M a» 
10 o. 

^J-     «*•     CO 

r^I   r««.   *o   ro   co 

IS en   co 
_  O)       OO^OOO 

f- a»     o»   *o   r*«   f"»   f^ 
N TJ        CM     CM     CM     CM     CM 

s 
5^ 
D.4-> 

o   ^r mm •     • •     • 
O*    Ol    ^    «O    CM 

i 
55 m co   to   to 

i/t I a CO 

5 

37 



I 
i-r-   I. 
OJ  <0   0) 

&    f^    00    if)    00    \o 
• Ä    - 
VO     VO      »£)      lO      lO 

      tO     O     r— 
."5     ^t     "^     ^     ^     "^     W vo   vo   IO   vo   vo 

<*>   co   n    ro   ro    ro 

r^   r«.   r^ 

CVJ 

■o o 

«££SS£SS oe   oc 
aj.—      r-   ,_     '      '      '      '      !      '      i      • 

%    .2 o   o o   O   o   o   o   o   o 

0.0.0.0.0.^5. O.     O. 

ft?  c  «>*-» 
•p;   0> 

w       ««««««««A +1   +1   +1   +1   +1 
in   in 

+i    +i    +i    +i    +i 

<u- 
0) > c 
C  0) •<- 

CVJ cs» CM CVJ 

-J v— I +1 I 4.1 1 J.1 i +1 +1 
co   vo   to 
+1   +1    +1 

C  "F- 

00 <c «   >   oc   >   ac   a   o: 

w 

I 
I 
| 

CO 

f 
ig 

2. 

(0 <«- 

S o   o   a   a 
oe   ae   K   « §   §   §   g 

o   o 
J»     po«y><y)<w>rorocoror—   i-T 

«/» 

E o» 

: J 8 3 3 3 3 3 Ji 
«/>   v> 

s s s s s s s 00   u.   u. 

I 

s 
a» 

■ 
«a I 
I 
s 

a)    is 

■o   +» 
<u    c 

I § 
JO M 
i. 19 
U 00 ■ 

«A 
0) 

§     ^CMtor>.i—   (Mco^mto 

«A 

</> 

38 



i. ,— fc. 
<u <o <D o 
3 

'1— •g 
TJ 0) 3 
X 1/1 Z 

00 
OJ 

I 

b 
OJi— 
U   0) 
3 -O 

■o O 
xz: 

,_ 
J-   ITS 
OJ   C   0) 
(J ••-   CT 
3   E   C 
■o O « x z o: 

■o o»-^. O o 
04 > u> 
C  0)  3. 

o o 
o o 

Q. -J—- CM CNJ 

ooooooooooooooooooo ooooooooooooooooooo ooooooinuioooooooiniopo 

C i- 
0)  X ►-    >    «    > 

£ 
CO 

S   >v       ujijjijjuJljJUJÜJUJUJLÜÜJUJUiLÜUJUJLiJUJLLlUILiJ 

<u OOCM^OOOCMU) invocvj cn^-»    cooooo>*oo<v>**'-«Mm**-«*cNJCM**,^,CNjnoo 

«» 
5 S ^c Ä m 3  C . • • 
EO» 00000000000*^0^-0000000 

•Si s 
I 

Q. 

01 5^ COCVJ ronoo «*> CSJ 52°^   —   iP?^ COCO^-^OOOlOOOOO«—    OCT>0>O00C^00r>.«t 

Or^r^CNl<,Ö«v>,**0*OVO*Oa>00»WO«,,>«¥><v><v'^- 

55 o   o 33300000300000000 
CO     (/) 

• 0) 
a € i— cMrotrtnvoi^oootQ'— cvjco 
OJ S inkninkniAmi/)tnm(o«0(0«o 
£ z      csJCMoacsicjcsicsjCMesjcMfsj 

^   in   »o   r^   oo   a> 
vo   iO   io   VD   vo   vo 

CMCNJ(MCM(M(VCVJCM 

t 

CM     CM 

39 



f 

■o 

o 
o 

oo 
tNJ 

I 

I/) 
10 
0) 

J- r— t- 
0) « 4) 
u 
3 

••- 
■o 0) 3 
xco z 

j. 
<u f^ 

<J i> 
3-0 

X ä 
1  

s. 10 
Ol c <u 
o M» Ol 
3 £ c 

■o Q (0 x z cc 

"O 0) ^-^ 
t > (J 

3. 
a i •—' 

CO < 

U)& 

8    00000000000000 oooooooooooooo tnuninooooommmmooo 
o o o o o o o o o   o   o   o 

>S       r-,—     r-r-(V)CVJCViCSiCSJ 

LU     LU     Ul a»  >«       LÜUJUJLUUJLtlUJUJLÜlJJUJIxiUJUJiiii^^";»"»-     —? 

<o 

Ul 

0) 
01 

■M 
to 

I 
I 
to 

I 

01 
r— 

»*-.    o»u»«oa»r«>or-5Fu>Of-*«*o»-^,^,Or-^ 
io«^     |/>»ol/>mvo«ocofocorooorocococococo CO     CO     CO     PO 

M 

5S 
io»     OOOOOOOOOOOOOOOOOOOOO 

r«.   r». CO    CO 
5^    teÄSSScNiSSJScNii^^w^r-oobor.r^inin^ 

CJCNJCSJCNJOJCMCsJCM 

C  O 

52 Ift  li Ift M IS f» «^ 4^ M ^ 44  M 44  ^ (^  ^  ^ M  «3  *3  ^| 

StMCMeMeMCMevjeMeMCsicsiCsiCMCjevjcsiesjcsicjojeM 

40 



■■MMMMI 

U r-   t. 
01  («9   OI 

X00 Z 

4-> 
c 
o 

00 

I 

k «•— 
O   (U 
3 X> 

T> O 
XZ 

l-'iö v e u 
o •<- O) 
SEC 

■o o « 
x z o: 

&?. y     222222222Q0ooeooooooo 

«jx     a:s»i-i->.>i-»-s»5»h-i->>h-i_>>.h.h.>, 

V>   0) 
IQ  Q. 
itf .>>       UiiJLÜLÜÜJUiUJlJJUJUJLULlJUJLLlLlJLlJLlJUJLLlLLlLiJ 

o»^.     iA««csj(\joi-<Finoi-<>inoi-<ähmor=«« 

Mj 
4-> tu     ov in 

SS?    21ü-:2222222OOOOOOOOQOO 

5**»^^ g»o» mm r«.r^ mm 
^*3     '-^oooocNj^^tMr^mmr^rN.oooor^r^mmr^ 
JUH-     otoddd«ou>«osoc()aöoöoöcvJcöcJcvjr>Ir^i^rC 

"c Ü 

k 

Xae     ftcNjcNjcsjcsiMmmRRRmftAmmmmmmm 

41 



t-r-   J. 
0) <a <v 

x oo z 

■a 

o 

■I 

Bi 
5 

i.   10 
a) c a) 
o •!- a> 
3 E c 

"0 0(0 
X Z QC 

CO 

I 

I 

(/I 

2! 

«a 
L. 

■M 
U) 

"aJ 
a> 

■*-> 

to 
a* 
3 

O 
3 
i~ 

4-> 

I 
a. 
at 

i 

■^  0).—» O O    O    C3    C5 
a» > (j o o   —   9   - C a» a o o 

O. _Jv-» r- CM iiiillliiiMiHii! o 
o 
o 
CM 

10 V> 
C «r- 
0)  X 

(/> < 

io a. 

>   oe   s»   > >   >   >   oe 

o> 
^ ,»•        •     •     • 
•OH-     <■   «»■   m   to   «o 

41 E 

i^cvj^^cNjco^JgcsjS^ovtnwcnoo 
Jto^toto^i^^^r^rv:«;^«:^-- tO     If)     to     If)     IT)     to 

W "*     ID     to CO 

||   S?SgSSaSgg8S88588888g 

00 CM     IO P0 
|g    *~SSo5oo^SoSwfC«,^oo«,tn..   ^ 
JJ^    -cMCMcn^totoooodwco^w^     * t   «*   m   to   to 

Ä5   SSSSSSSSSSSS^^^^^^^^«^ 

SS   J2 E: 
ro   co slssssslsssls sS§aS««8iiS(gssRSSsftSR 

42 



1- ,— i. 
0» IO 0» 

3 u ■g 
■o 01 3 
X «/) z 

3 "O 

OJ   C   OJ 
o T- a> 
sec 

T3   O   (O 
x z a: 

-o  <U— OOOOOOOOOOOOOOOOOOOOO 
0»  >   U) OOOOOOOOOOOOOOOOOOOOO 
i- oi 3. oooommunmooooooooooooo 

Q. _j  CMCMCVJCMi—     f—     r—     r—     r—     i—     f—     »—     p-i—     i—f—•CMCMCVJtMCVJ 

VI   1A 

>   »—   h-   >   a:   oc 

1/1  C) 
n> Q. 
tt»   >, ll}      Ul      <■>      '•■      '''      '■'      '■■      '''      '''      '■'      '*'      '''      i''      '"      L'-1      '■'      LLJ      LU      LlJ      LU       LiJ 

OOOOCSJ^-OOOCMVO *o.—   f>r>« 
Tj-O'—   ^»•ir>o>—   ^•i«o>—   >*«* 

CM   m   oo 
X»-    OJ    co 

0» 00     CM 
5»—. O    r— 
C -M  .        .         . 
<o <♦- POirjfnmrocoroMroronrococoPonoo^of^vo 

a. 

0) 

XI 
10 

-C   Of 
4J  4) f^« I"«. 

3   £~ ^ '     «5 ' 

N "O        •—     t—     i—     r-r-t—     r-r-f—     .—     ^-t—     r—i—     r-f—     CVJCSJCMCMCM 
<^« 

4E o\   a* r«»r*. r^i»«. <»>ror».cM 
+J,-».     c\j^-^,cvjis«conr>.r«oooor^r»«inmr»»n"ij-»oo\o 
Q.+J  
am-     u3«o«otoooooaooocMCMCViCNJCMr^r>.r«>f—   OVOIAO 
«5»—       •—     ^-•—    ^-^-'"•'—     »-CVCVJCMCMCMCMCNJCM •— 

P"- 

'c o 
<S_i     _I_J_I_I_I_J_I_I_I_I-J-J_J_J_I_IO<_>O=}=> 

01 
VI 4 

ll O'— <^^<•»,•'^'»»©r*0po>O,■-c^^<•^,*»'>*o^-,■o^l^^■ 
cn en en co en   en en en ro en en co   fo   m en en en en en en en 

43 



s 
1 
I I 
to 

r«. f 
o. 
a> 

i 

Q> (O 0) 
O »r- ^ 
3   «-   E 

u a» 
3 "O 

Si 
i-   <0 
<U   C   (U 
O •!-   O) 
3 E  c 

"0   0(0 
X Z QC 

111   SSSSSSg'SS.. i 11 § i § i § i i | § § i i iU * * §0     O     O     O o   o   o   o o   o 

V)   IA 
C -r- 
0) X 

<o S. 
^^^^^^^^^^^-----^0.^^ 

CO 

gry   ~ - cvj 
* • •••••• «^   4Wii»«(f|^«4i^iiii^iC4^ 

«A 

3 t. 
E 0> 

CO 

5^ 
Q.4J 

O    O    O 
CO 
00 s a>   oo   *r ^r<   co   to 

CM   m   r- 00 

I O        gggggg^^^UJJ/Jt/JoocOUOOOt/l 

CM     CM 

«/)</)«/»«/) 

44 



1.1- J. 
at <a at 
U-r- ^ 

xo z 

^ 
QJ ^— 
O  0) 
3-0 

^^ Si i 
c i- n •»- a; C OJ 

■M O"-   O) 

g sec 
■a o «o 
x z a: 

) 
§!^ o 

o g 8 s 
01 a o ^5 o o 

| -J^-« •"■ 
,— f— 

| 
• 

10   IS) 

F. 0)  X t- > > t- 
* (/)< 

<s> 

a 

iA a> 
<o a. 

>»       Ul     LLI     UJ     ÜJ     Ul     LU 
»-     to   «/>   to   IO   to   to 

g.^ «n   a>   r«.   r-   *   oo 

•o«*- CO CO CO CO CO CO 
r— a:>— 

1 
to «/i 

t 

Az
im
ut
h 

(d
eg

re
e 

5 s s R s s s 1 CM CM CM CM CM CM 

f» 
to 

5^ r«. CO CO • 00 r»» r«. in U> r* 
f- a.4-* 1 • • • • • 
vo |£ CM CM r>«. r^ r». r». 

1 
o. CVJ CM CM CM CM CM 

o     to   </>   to   to   to   CO 5 

*    « 

11 ^ s § S § R 

45 



CVJ 
I 

l~ ■— I- 
<u ITJ   0» 
o 
3 tl 

T3 01   3 
X to z 

k 
OJr- 
U   (U 
3TO 

s^ 
_ 

J- (C 
<u c OJ u •f- O)  
3 £ C   C7) 

■o o (O^-* 
X QC 

■o Ol 

2! >^ 
<u o> 

Q. -J^— 

»^ «O 00 o> •— 
•— 00 ■— w o 
O 00 (.> CO 0Q 
CO M OQ < < 

2 00    r-     W 
Or—   f—   inio^tcvirv. 
—it      i      i      i    <   o   a: 
>-CJOO<JM0Q>- 

O    O    O O    o 
CNJCJCJCJCVJtVJ CO     <\J     CVJ 
vovotoiotovooooomoovo^oio 

C\iCM<MC<JfMCSJ_J_|_J_jeSJ<VJCVI 

LnininininminLOf—   r-ininm 

"^wi« in   ir>   f—   r—   m   m   ID 
'** ••••••• 

cnnfOcvjcsitvjoooocMCMCM 

0) 
t. 
3 
I/) 

(J 
•r» 
E 
i/t 

V» 
<u 

CO 

c 
o 

o 

a; x tn < 

M   01 

5.1 

5^ 
Q.+J 

x   >   3:   3: 

<<<<<<< <   <   <   < 

ooooooooooooo 

o» 

e 8^? 
*■> 0<f- </> 

>- 

00* a • 
i 

a. Y 
O"^ 

9> O 4J 
r~ 0«4- M 
to X (— 

§>. 
•i- 0) 

SI 
CO z 

^        5t      *»■      «• 

o 

«*  ^-   *   ^• c: ^: ^ ^ «^ <v» ^ o» o» o> 
m in cvj CM CM 
p- r- | | | 

SO   o   o   o 
o   tn   in   in m m 

SO O) O» <T> 
VO «» *t ^• 

O     O     O     O r- ^ ,- 
^-     ^-     CM     CM 

cMCMCMr—   F—   p-atf-^-inincocnro 

I 

46 







a» 
a» > 
o> 0) 
■o _l 
0) o 

■o • IT) 
C r- 
ia re 
OQ o 

OOOOOOOOOOOCDOO o   o   o   o   o   o   o to   in   in   ir>   in   in   ui 

a^ <s> 

=J a. 
HP 

Q. 

•r- 

a. Q. 

•r— 

O. a. 
■p» 
l/> 
a. 

•r- 

o. 
•r- 

a. 
•r- 

Q. 

•r- 
V) a. 

•r- 
V) 
a. 

•1- 

a. a. Q. 

•p- 

o. 
•r- 

O. o. 
•IP" 
</) 
Q. 

in a. 
V) 
CL 

a» LU 
■ - CM CO 

CM 
at 00 

CM 
CM n CO 

CM 
VO 

co 
00 

00 
vo s 00 

CT» CO 
VO 

00 VO 
VO 
in o • 

c 

_i 

3 
4-> 

o 
CO 

• 
o 
CM 

i 
■ 

CO i 
• 

CM 
• 

VO 
a» 
in in 

00 
in 
m 

CM 
in j vo 

in 
m 

in CT» 00 x CM 

CO B 1 
00 

CO 
CO CO 

•r- IS u r— ^— ^— ^~ ^— Pm 
p- ^~ ^^ ^~ ■ '"' ' ^~ 

4-* o< 
C 
o o 

o 1 

CD o 1 1 I m VO r«. 1 i i i i • i i 1 ' 1 ' 1 1 1 1 

«NJ > 
1-4 

5 JM 
B o 

in vo r>» ^ r— ,_ CO ^• in vo r» 00 a\ o ^ CM CO CO «* in vo r«. 
a E CM CM CM pa r- r- ^ r- ^ p" 
a h- 1 

i 
i. 
9) 
"2 
o P0 CO CO CM CM CM <- — ^ - r- 1- r- r— ^ "- «- CM CM CM CM CM 

_i 
o 

o> oc 
c 

'9— 

E 
o a 

c 
> 

CT> a> o> CO ro CO o\ a> (Tl CT» CT> a <Tt a\ CTi CT» «n en CT» o> CT» a> 

4J > 
OC 

1 a. Q. ril 
X 

00 X 
X 

i 
cn 

X K- 

Q. 
OQ 

1 

> 
■ 

CL 
< 
in • 

< < zc a: CO in 
u. 

1 
1 

CO u. X CO 
1 

CO 
1 

CO 

l c 
o 

1 
a. 
OQ 

■ 

> 
1 

m 
CO 

in 
• 

CO 

1 
CO 
u. 

X 
i 
00 

CO 
u. 

X 
1 

CO 

u. 
1 
m 

X 
1 

CO CO 

X 

CO 

in • 
in 

u. 
o!> 

in 
i 
CO 
u. 

« 
u> 

u. 
vn 

X 

CO 

u. 
1 

CM 

3 oo 00 CO i 1 u. 1 u. • u. Li. U- ^" 1 •* ^ • • u. CT» 
■M 

c 
•r- 

• 
m 

i 

R 

1 
ID 

1 

s 
i 

i 

o 
in 
CM 

t 

vo 

CM 

vo 
1 

M Ik 
in 

I 
o!> 

1 

• 

1 
CM 

% 

1 
CM 

4 
CO 

m 

in 
• 
r— 

i 
in 

■ 

vo 

00 

in 
• 

1 o m 

i 

CM 

1 
00 

1 
CO 
CM 

■ 

1 
in 
CM 

• 
o 

M 

£ 1 
O 

1 

CM 
1 
O 

CM 

4 *t 
• • 

p— 
i 

1 o 
1 
o o 

CM 

1 

8 
1 

A 
1 
i R 

1 

• 
CO 
CO 

CO 
CO 

1 
s 

1 

00 
**• 

1 
in 

i 

0?) 
1 

■ o 
in 

i 
r». 
a. 
■ 

■M 
C 

1 
Ui 

1 
IO 

0 
OQ 
CM 

UJ 
1 

00 
1 

oo 

Ui 
1 

(/) 
1 

00 

UJ 

m 
i 
00 

UJ 
i 
CO 

1 
00 

UJ 

en 
i 
00 

UJ 
1 

u. 
00 

UJ 

U. 
1 

oo 

UJ 
• 
u. 
00 

UJ 
1 

u. 
1 

QQ 

UI 
1 

U. 
1 
00 

UI 
1 
u. 

1 
00 

UJ 
i 
u. 
00 

UI 
1 

l.u 
1 

00 

UJ 
1 

u. 
1 

OQ 

UJ 

u. 
1 

00 

Ui 

u_ 
oo 

Ui 

u. 
00 

UJ 

u. 
i 

0Q 

UI 
1 

u. 
1 
00 

UI 
1 

u. 
1 

0Q 

UI 

u. 
OQ 

»— 
3 

CJ 
1 

CM CM CM 
1 

CM 
1 

CM 
1 

CM CM CM CM CM CM CM CM 
1 

CM 
1 

CM CM 
i 

H4 

CM 

|-4 

CM 

1-4 

CM 

1-4 

CM 
1 

»-4 

2 
i-4 

1 
a. 

1—1 

a. 

i-4 

1 
a. 

to* 

a. 
H4 

1 
H4 

1 
a. a. 

1 
o. Q. 

X 

1 
Q. 
X 

i 
o. 
X 

i 
a. 
X 

a. 
1 

o. 
1 

Q. 
X 

1 
a. 
X 

o. 
X 

a. 
X 

a. 
X 

1 
a. 
X 

3  V 
«a E     vo   ^   oo   CT> 
OJ  3        CM    CM     CM    CM 

Or-r-CMCO«tin«Or^OOO%Of-CMCO«JinvO c^coininininmininininvgvgvovovovovo 
ööoöoooooooooooooo   oooo 

49 



IP 
Oi   > 
a> a) 

T3 _J & o O o o O g o ■*-> •M o o o o o o o o o o o o o 
■o    • in in in in in in in c c in in in in in in in in in in in ir in 
C i— 0) 0) 
m to > > 
00 o Ol 0) 

*« e& 2! 
•^ •r- •r- •r- •n* •r- •r- 0) Q> •^ •^ •^ •^ •^ tf/t •p- •pa *^ ^->. »« V> U) cn «O ISI IA J3 -Q •r- V) i« i« w •^ w v\ VI l/> ifl •r- •^ 

r- =3 Q. CL C D. Q. a. a. 10 a. CL o. Q. (/> Q. Q. o. Q. Q. w W) 
0) ui ■o "O a. D. a. Q. >^-' pM r— 00 «It 00 t 0) 0) *t r^ ^t 00 in m CO CVJ m *""* 0) U3 o r** <Tt ^t r>^ r>. -C JC 00 <T) ^— CVJ 00 CVJ o 00 <* CM lO ■p _J r- • • • • • • ■ u o • • 1 • 

s ■ in r» io in esj ro «t 4-> ■»J m r— r«* r^ i 00 00 cö CO 00 CM r_ vo 
3 •   3 iS Ü ^— in ^■ m m (0 <o **• ft X 51- ^■ ^■ in in CM CO 00 CTl 
C i— -tJ co 00 00 CO CO CO CO u k. co co CO CO CO CO ^ 
*■ IQ   U r"« p"" ^— r™ ^— r— r— u o ^ ^— f— f— p— pH f— pBa ^^ r^ P— ,_ P» 

B 
O □ > 

1 
, , 

1 1 1 1 

in to 

i 1 1 1 1 1 

Irt 

o 
(0 

i~ 
QJ 

T3 
i_ 
O 
O 
(U 

oowoi—   cMcoco^-mio OOCTIOI—   cvicoco^j-inio 

CMCMCMCMCMCM^d-^t«!-**-^^^ ^■^■«j-ininminin 

c 
«o CT>CT»CT»CT>CT>0>CT>CTtO>CTv     Cr>CTvCTlO>CTlCT>(TiCT>0^      <T>0>     CT» 

(5 
CL 

i 

^7 
00 

i 

t- f- h- J, u. t— i 1 1 h- h- H- Lu 
1 i in in »- X «n i tn X in s in «n • u. i X 1 h- 1— u. co X 00 00 L. z ^■ CM x T: c 1 ■ u. •* i CO in i U. i u. u. to i 1 i I o to ^- J» ^— 00 u. m Ü. to 00 oo oj, <n u. m <n VO to 00 

*p u. ^~ oo | t 1 u. | u. u. • r"" u. CM 1 Lu u. • u. u. 
4-> I i i § m m i m 1 1 in • 1 1 i in 1 i CM 
ID 00 CT» 00 VO r— oo r— 00 CM oo 00 m in in 00 00 m CM CM 
C 1 • • • • 1 i 1 1 i • • i 1 i 1 1 a> *o o> a» i^ r^ CM CO 00 o f— s r** 3 in m in 00 5 00 in CM CM 

•p- cvj CM esj in m vo •£> ■O r>. r«* 00 00 oo 00 CO ^- co p— 

o Q i 
o\ ,1 1 

o A ^t 
i 

O »i o ob 1 
o 

i 
o 

i 
«» 

i i 

s S i • 
CM 

1 1 

in 
i 

m in *t in 
■ 

m 
UI 

in 
■ 

m in 
1 

in 

UJ 

* in 
■ 

in 
i 

UJ 

in in oo vo r^. 
*t LU Ui UJ UI 

I 
UJ UI UI UI 

1 
UI UJ 

1 
UI UI 

i 
UI UI UI UJ UI 

1 
UI 

i 
UI 

C 1 I I i I | 1 i | i i 1 1 i i 1 1 I 

u U. 
1 

u. u. u. u. u. 
i 

u. u. 
1 

u. 
i 

u. 
1 

u. u. u. 
1 

u. 
1 

u. 
i 

u. u. u. 
1 

U- 
1 

u. 
1 

u. u. 
1 

£ 00 CO oo 00 oo CO 00 00 00 oo 00 CO 00 00 00 00 00 00 oo oo oo CO 
CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM 

3 
t-4 i—i 

1 
t—t t—t HH 

1 
1-4 

1 
i—i 

1 1 
t-4 I—I i—l 

1 1 
i—l 

1 
l-H l-< 

1 
»-I 

1 1 1 
I—I t—t 

1 

10 1 
a. a. o. a. 

1 
Q. o. 

1 
a. o. o. OL. a. 

i 
a. 

1 
a. CL a. 

1 a. 1 
Q. 

i 
CL 

1 
a. a. 

1 
a. 

X X X X X X X X X X X X X X X X X X X 

3  01 «I »^^OOO>OP—   CMCo«*invo>«ooo»CD'—   CMCo^-mior^oo 
gipvorv.rvrsr^r^iv.rvr^r>.rvS)coooaoooooo5oooo 

ooooooooooooooooooooo 

50 



tt» > 
o> 0) 

TJ _J ■ O o 
■o    • in m 
c <— 
<o m 

CO o 

ooooooooooo 
ir)ir)if>mmir)ir)ir>ir>ir)ir) 

o 

00 

»«! <& 

>• 

to a 

o 
o 

I/) •!- 
Q. (/» 

CX 
lO 
CM ^- 

J£ t 
CVJ i— 

•t- •!- V» 
I/) n Q. 
Q. U. 

m 
^- OJ CSJ 

• • * 
co r^. r*. 
9v 00 at 
f— i— CNJ 

Q. 
to 
Q. 

U)    <■ 
i—   *o 

CO 

CNJ 

o. 

o 
91 

o>   cn   o   o>   cn 
r>.   o 
a\    r- 

ir>   vo 

•♦-•oooooooo 
■ 
> 
a» 

■ 

0) CO 
CM a» 

oo CM a» CO CM «> CO 
00 O f- t» CM •— 
CM Q 'D CTl O in 
i— <n CM r— CO CM 

u 
u 
<n 

co r«. 
r- en 

CM  CM 

00 
CO 

o 
o 
in 
CM 

oo 

ov 

in 
o 

CO s 
a« at m oo 
9> 9 O 9« 
9» 9» «»•  ^■ 

9>Or-^inior^in«or^inio^'CMCo^cMCO 

I 
I 

i 

u 

0) 
•a 
o 
u 
9) 

CO 9» O r~ O O O 

mininmcMCMCMCM 

^^-r—     CMCMCMCOCOCO^-r—     r—     CMCM 

99»9»9»cocococoininininmininininininininin 

i      i    (/) i >, 
CO    (/)    u.    »-    CO | 

x   x   u.   u.     i      i    u.   h- >x>xtf>x>3: 
5 • i i •»«OOSIS.XI-^XIIIIIITII 
o     ^»cocMCM'ü-incoi     i     i     i     i<<<<in<<<<: 

+* I        IJOlOr-OO^I        I        |        |i        LV0109t9)CMr>^r^OO 
«        CMCJl^r«.       I f-OOCMCMCMOOOOr-^X^CMCsjCMCO^ 
c       i      i     i     i    m   m    i      i      i      i     i     i      i     i      i      i      i     i      i     i     i     i 
O» CMJO^r». ••^lOCMCMCMCMCMCMCM**-^>«t^-4tvOlO 
•r- p-tN.r-p-«)rN.CMCM^-^-^t^^t^^-55555-*5* 
O <> '*l<lllllltlllSll):« 

Ä     ^«oi^r>.ir)ininin<MCMeM«MCüSSSSSSSS° 
■*-» UJUJUJLÜLÜlJjLÜUlüJUIUJUJLLlLlJUJLLlLlJLiJÜJUJLUlJj 

S IALAIX.^.LL.U.LAL^.1'' ! ! ! ' ' ' ' ' ' ' ' 
E *        <        *        >        I *        I < I •        •        I        I        I I I        I I I        I        I        I 
V COOOOOOOCQOOCDOOCQOQOQ CO. OOCOOQOQOOODOQeQOQCQ 
fc «MCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMNCM 

Mi-nJaiiiiiiJlaJtiitJ«1        '        '        '        ''        '        '        '        '        '        ,,        ' 
S 0.0.0.0.0.0.0.0.0.0.0. ,'~*~'^'^~'~*'~i'7'~i'7 
*     =a=xxxxxxxxxxxxxxxxxxxx 

tu 

ll 8   2srS^!I?2!!5*S^Ö**)Sl'>«ö'^ooo»Of-CMco 

51 



o 
o 

CO 
CO 

I 

0) 
tt» > 
en a) 
•a _J 
0) 
■o   • 
c >— 

CO o 

*8 SJ 

9) LLl 

0) 

<o u 

o  o 
in   m 

ggsssssssssssssssss 

C7»a)C7»c7»o)a)0>CTcno>cre7>o>CTcnCTa>C7>cnD>C7) 

c 

> 

I 
J3 

O 
O 

to    00    CO 
a*   as   o 
**   co   ^■ 

CVJ    co 

o ot to ot to 
o o CT» w o> 
?o   ro   co   C\J   co 

o>   o   •—   w 

o 
CM 

OJ CO O 
o 25 0 
^ co o» 
CJ CVJ 

co   vo 

CM 

o 
o co   a\   a>   &>   o 

Or»    ni    CO    O    ^ 
CVJ     CNJ     Od     ■—     CM 

OJ 

<0 

o 

o»—   u,>*o'^rofor^lf>u5^ 

< 
Q. 

Q 

u 
<0 CM COCOCOr—     i—     f—     CMCVJCM^- ^•^■«tcoco^s-mmmvoto 

■M 
«A 

I 
i. 
o 
u 
OJ 

c: minmmmmmto minmmmmminmmmifl^^ 

I 
o 
r^ 

i 
a. 
ai 

(0 

3 « 

52 



V  > 
en <u 
•o _J 
9> 
•a • 
c »— 
(O to 

00 o 

oooooooooooooooooooooo uiLOir)uninioir)ir)ioir)ir)ir)ir>ir>LOir>ir>LnLftLOif>Ln 

O) Q>  0>  0>  0>  O) 0> CJ>  O)  0> 0>  ü>  O)  0>  CT*  ü> ü> ü*  ü>  0>  Q>  0> 
<u Ul >«— If) r— CO r** CJ in CJ 00 m 00 oo CVJ ^• 00 p— «• n 00 CD r«. **• ^—^ 1 o> oo vo oo w ro ^ fs. r» ro o> m p— ^- r«« en r— in ^ ^- 

"O _l  F- • • • • • • • t • • • • • * ■ • • • ■ • • • 
V ■ 

(SJ 

f^ ro m CO a* r^ oo r" O) m IT) r* o r^ ^— vo O rs. w ^— 

1 •   3 
i— -U s 1 1 £5 o 

IT» § S 5 S 8 a» 8 w 
* s $ 1 i 

•^ 10 u CVJ CVJ CVJ CVJ CM CVJ cvj r^ ^— 
♦J o< 

J 
i 

• 
•-• 

o D > J a> ^t o ^- r* m «O !>. If) «O r>^ CNj PO ^■ CVJ en «* CVJ ^■ CM 

i f 
2 CO «* ^- * w vo r« »*» fV 00 00 00 m in m «o vo to r«. r* r*. 00 

§ 
X 

W 
1 j 
♦* t «« o v ^ ^ ^ ^ ' '— ' 1 ' F 1 ' ' ' ' 1 

I 
(O inininininLninininininininininininininininin 

v 

i 

C lllllt->X>XIIIIIIIIIIII 
o <«<<<£<     i     i     i     i     iinin<<<<<<<<<in 
v III         I         !<<<<«£        ••II         I        III        III» 
•M 0000000000      a        I        II        i^-^-OOOOr—    VOVOQQOCOOQ 
10 ^^•CMV^,00CMCM0O0Or-^-f—     ^-CMCMCM^iWcOCOCO 
& I        I        I        I        I        I        I        I        I        I        I         I        I         I         I        I        I        i        I        •        I         I 

*-4-<tf-^'^<«-CM(MCMCMCMCM^-«*-VOVO«t'<-VOVO«0 
•*- ^^yOf^CMr-^-r-r-r-r-r—    T—     r-r-f—    r-f—    r-*—     r- 
V) I        I        I        I        I        I        I        I        I        I        I        I        I        I         I        I        I        I        I        I        I        I 
SI QQQinmgooQovovoooooocpoooo O «POo'Sroco^inininininininininininininininin 

i      i      i      i      i      i      i      i      i      i      i      i      i      i      i      i      i      i      i      i      i      i 
4-* liJ    UJ    Ü    Lü    (xJ    UJ    LÜ    UJ    LLI    IxJ    l±J    LU    111    Lü     Lü    ÜJ    UJ    Lü     Ixl    ÜJ    UJ    UJ 
e i     i     i     i     i     i     i     i     i     §     i     i     i     i     i     i     i     i     i     i     •     i 

E I      I      I       I      I      i      I      I      I      I      I      I      I       I       I      I       I      I      I      I      I       I 
flj CO     CO     CO     CO     CO     CO     CO     CO     CO     CO     CO     CO     CO     00     CO     00     CO     CO     CO     00     CO     00 
k CMCMCMCVICVICMCMCMCVJCMCVJCMCMCMCMCMCMCMCMCVICMCVJ 
3 I         I        I         I         I        I        I        I        I        I        I         I        I         I         I        I        I        I        I        I        I         I 
«/I _||_l|_IM|_|-lt_||_||_|l_l_)l>-ll-ll-ll-ll-il-ll-4l-ll-l)-l«-4 
«0 I        I        I        I        I        I        I        I        I        I        I        I        I        I        I        I        I        I        I        I        I        I 

Z xxxxxxxxxxxxxxxxxxxxxx 

3 a* 

si r*.OQO»o>—   CM<n«*-»nvor«.ooo»Or-cM«r)^-invor»oo 
romtn^^^-^v^v^-vatf-minininininininin 

53 

'     i 
i 



4 
0» 

0)  > 

■o _i ■ 
■o    • 
c •— 

00 o 

oooooooooooooooooooooo 

1 
•r- 

I 

a> UJ 

_i i— 

•   3 

«3   U 

CTi01ü>01O>CnCT)ü»C7>CJ>O)CDC7)CnO>O>CJ>O)O>0>CriCT> 

nrnoo»—   r«»o<o<o* oo eg 3 <T>   CM   c\i   »a-   ^t   ir>   CM 
^-    m   CM   o*   r^   t*-   in 

OOWOO^-CMr-o^-^WOOOOr^OCMlOO^O^-^ 
OO0>Qg)QOOQO0t0tatC00>0tO9i9tr-OO 

CM      CM      CM     CM     CM     CM CMCMMCMCMCMCMCM 

O 
o     <,r>CT»Or-io«o^«'m*or«.^i'eMco^-io*or«ir)\or,*cvjf|0 

□ 
p     ooir>mir>atO)9>ooooooto>at>—   r-f—   cMcvicMoo 

I 
1-      i—     •—     •—     •—     f—     r-i—     •—     i—     r-i—     i—     r-i—     ^->—     —     —     ,____ 

S 

AS     mmmmmmmmmmmLnminmmininmmmm 

a. 

1 

i      i 

>I->X                                            >i-x»- >xf"f 
S      i','':*»->»->t-'J.J.    i>a:>»- i     loooo o     <<<<•••'     i     •<<<<    I     i     i     i <   <c   o   o 

■r-        i      i      )!<<<<<<     i      i      i      t    «t   «c    «c   < I      i       •• 
■W *2 «2 00 00 I •'•IICMCMOpOÖl I I I ID ID oo oo 
•O        «"»«t^f^-CMCMOOOOOOOOCMCMPOcnCMCMOOOOt—     i—     ^-f— 
SL       iiiiiittiiiiiiiiiiiiii 

M       i      *      i      i      i      i      i      i      i      i      i      i      i      i      i      i      i      i      i      i      i      i 
a     uSuSunuSSininuSinufiAuSufuSini/tiniASininS 

i     •     i     •     i     i      i     i     i     i     •     i     i     i     i     i      i     i     i     i     i     i 
4-> UJ      LU      LlJ      LlJ      LlJ      LU      LlJ      LlJ      UJ      LtJ      lij      lij      UJ      111      111      I.I      I.I      !■!      111       .1 
Clllllillllllilllllllll 

Elllllllilllllliillllll 
V ODOOOOODOQOOOOOQODCOODCDOÖOQOOCDODOOCOOOOQOQ 
U CMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCVJCMCMCMCMCM 
3 ■        I        I        I        I i I I        I I        I        I        I        I        I I I I I        I        I        I 

«illlllllllllllllllllll 

X     xxx   =   xxixxacxix   =   i   =   xxxxix 

3  <U 

Si in   S   VD 
(sjro^m«or«>coeriOr—   CMCO ^   in   to   r»   oo R s 

54 

  



I 

I 

■o _l 

■o   • 
C i— 
«a <e 

00 o 

0) LU 

-J >— 
10 

10  u 

o o ■ 

o 
o 

oooooooooo 
LnininmtOLOintnmm 

0>     C7>     0> 

■»-»     O     O 
c    in    LO 

> 
0) 

0) E 

Ji 

s oooooooo 
LOLOLDLOminLOLO 

oo 

I 

C7)     0>     CT)     CT>     C7)     Ü)     Cn 0>     CT 

-►SÄSIS2225Ü2S tt»i«'^«vj<TicNjnr»corvooir> ^■CMroincooio^-usx:»— •— •— ofOcMinvocNjcnrs. 
•     • o  
222J522£:*Jo*Soooo0r^oor>~P<cr»o 
o ^t TJ- M ^t ^j- to rDoooatrocorococnffio 
»a-csjevjtsjcMCMCM    WC«JOCVJI—   c\jc\jc\jcvjcsjo>in 

X <Ni     CM 

O I 

CTIO>CT>cnCT>CT>CTO>0) 

^»•CMO^O»—   OOI—O^OPO»—   a>r—   a»Of—   CT>OI—   mvo 

D 
10        o 

{ 

^«O^OVOr^for^OOOOr-OOO^i—     C\iO>(nO(VJCVjCOC*) 

c 
(0 knmkDminiDmmmininmmminmLnuitnmintn 

i 

0) 

5 

c ::r:?<i:"f::?,^=r^:r:?h->,:c<<>, = ^>x 

; rrrrprrr,Tfrrrprv?v?v?T?T3cv,<rcVScv,3!S! 
I ssssssssssststssstststsssss 
4J WlULÜLÜtUUJUJlLlLulUJUJUIUJLÜUIUJÜJUJliuJU) 
aj LL.U.U.LL.kL.uLlALL.1'1        ! ! !        ' ! ' lllll 
p l!      f       I       I      I       I       I      I       I      I      I      I       I       I      I       I       I       I       I      1      1     'v 
fc csiesjcvjcvicvicsjevicycvjojcvjevicvjcvjcsievjSSSjS"" 

s at 
■ 

aooooaoaoaoooSoootoototototmotototooo 

55 



V  > 

•a _i « 
c •— 
to  <a 
CO «_) 

a0- s> 

01 UJ 

SSSSgSgSggggggoooo o   o 
in   m 

■M   o 
c   in 

I 
I 

oio>cr>o>o>o>o)0) 
r»   oo   i— 
m   %o   <f 

00)0>CTCTCnc7)C7) 
o 

o>   o» 
w   f—   r^ 
cy>   vo   «» 

oo   r>*   ^t 
in   m   oo 

o. 

(O 

«3   U 

OOCMCOCVJoÖr-^Oi— 

s f**   in   r*.   ui   vo   oo 
PO    |/>    i—    ^-    1^    0 

o o i  ^   - 
00 

m   Q   o   o 
Csj    (M     S     O    O 

SJIi«000*0010®« 0>     Ol O    <T> 
m   n n o 

CSJ   ro 

o» C\J 
o <t • 
o m r>. vo 
o o 
CM csj 

0) •>- 
JO (/I 

Q. 
■o 
a» rv 
x: o 
u 

it> m 
«- o 
o CSJ 

£     -J2*^^~J2^CVJ^^CVJC2^O^O,O^CVJ^^ 

2      "^^^-^^JNf^^ro^^^oo^^rocncn^ 

f 
O r^,^^^r~,■-•—•—      >—     •—      i—     .—      ,~r-,—      ,_ 

| 

<o      tnminininininin mininininininmininronnc*) 

o 
i 

■a 
»- 

i   88888888888888888822:: 

■     •    i    •,T,T,TVTV,^'*?'^,,~,,~,'-,,-,»-'»-««-HI-I«I-IIJI 

0) 

s s 
CSJ    CSJ 

Äg^gojoi-csjco^tfjvorv.oo 
CSJ CSJCSJCSJCSJCSJciSw^^^^iQSSS ^   csi   KJ   «vi   »vi   .«.•.«.■-..   r:   "r   '■   r~   ^   '— 

56 



at 
T3    • 
c •— 
to  <0 

o   o   o   o   o 
ir>   ID   in   in   un 

o   o   o   o   o   o   o 
if)   to   in   in    in   m   tn 

o o o o ■M o o o o ■«-> 

in m in in C 
Of 
> 

in in m m c 

■r- ■r* •t— 
(/I «/) 

•*- 
(/) 

•r- 
</) l/t «/» 

•r— 
irt 

'1- •p- 
</) V) 

•r- 

f— Z3 Q. Q. Q. o. Q. Q. Q. a. Q. Q. a. a. Q. IX o. Q. 
•a 
at at tu 

CM «t »— <T» vo ,_ ^_ m ^« <Ti CM o> O en o 00 

at 
_jf— 

. 3 
in 

O 
• 

CO 
CM 

• 
CM 
CO 

O o • 
CVJ M 

CM • O 
• • 

in 

o • 
o 

in 
ID 

• 
in 

• 
m 
CO 

u 
•M 

i—  4-> o O O o in in o CXI o o o o o in in o» w 
10 O CVJ CM CVJ r- CM CM CM CM CM CM CM r~ '~ r~ m o<: 

•i—      «r-     •!—     tp-       QJ 
(fl       (fl      (/)(/)     ^ o. a. o. o. 

■o 
<T> in (o co a» 
CM io o ^ £ . • • • u 
r* o CM vo ■•-» 
vp o\ <* ^t <o 
^t •* in in u 
r- i- i— «- o 

CO 

S      inioi^ooaiO>-CMPO**-inior^oOi-CMro^»-inior»oo 

concococoncnrocococonforo^- >*   ^r ^f   «• 

a» 

o 
o 
ä 

o 
i 

Q. 

0) 

.Q 
(O 

| 
I. 
o 
(J 
at a: 

rorooocodooco fOoiropocorocococoMcococo 

■ 
Ul 7 1 > h- tt 

> 
i 

UJ 
«A 

> CO Ul Ul i > OH > > > > i 

> 
i 

oe 
i 

UJ 

i 
Ul 
CO 

i- 

Ul 
1- 

§ 

1 
in 

• 
> 

i 
UJ 

CO 
1 h- 

CO 
1 

in 

Ul 
CO 

1 

Ul 
CO 

1 Ul 
Ul 
CO 

1 
Ul 
CO 

Ul 
00 

Ul 
CO 

i 
Ul 
CO 

Ul 
(/> 

UJ 
CO 

c i en i CM 
«n Ul 

CO 
LU 
CO i 1 

• Ul 
CO 

CM ID CM 00 
1 

1 
CO oo a* m A a\ rs. 

o 
■M 
■a 
c 

• 
in 

i 
o 

1 

o 

1 
o 
CO 

CO 
• 

1 
o 
«A 

• 
lO 

1 
o 
oi> 

i • 
i 
o 

1 

1 

* 

o 

CM 

o 
i 

• 
CO 

1 
CO 

1 
o 

1 
o 

■ 

CM 

1 
CM • 

o 

in 
• 
o 

1 
o 

• 
vo 
o 

1 
CO 
00 

o 
1 

CM 

CM • 

o 
ot, 

• 
I*» 

1 
o 
in 

• 

4 
CM 

• 
in 

i 
o 
in 

vo 
1 
o 

1 
m 
CM 

in 

o 
i 
^• 
m 

in 
i 
o 
vo 
in 

vo 
o 
oS, 
o 

(A o 00 VO o o O o 
1 1 

• • • 
• 
o 

• 
CO 

• 
CO CO 

• 
CO 

• 
^■ ^• m in VO 

<n CO * «o lO «o SO 

Ul 

a» 
• 
Ul 

w •"■ 
r— 

1 
Ul 

1 
UJ 

•"— f •"J" ^ i 1 

+> i 
UJ 

1 
LU Ul 

1 
Ul 

1 
Ul UJ Ul UJ Ul UJ UJ Ul Ul Ul Ul Ul UJ UJ 

c 
i 

i 
in 

1 

00 
(M 

1 
(/) 

1 
ob 

1 
CO 

00 

1 
«/) 

1 
00 

«n 
i 

00 

CO 
1 
m 

i 
CO 

1 
oo 

CO 

CO 

1 
in 
i 
oo 

1 
in 
to 

CO 
i 

oo 
CO 

1 
00 00 

1 
00 

00 

1 
CO 

oo 
00 

1 
oo 

«n 
i 

00 

CO 
I 
oo 

i/> 
i 
00 00 

«A 
1 

oo 
CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM 

1 
CM 

3 1 1 1 i 1 1 1 i • • ' ' ' 
(fl 

1 
a. 
X 

•-< 
a. 
X 

HI 
1 

a. 
X 

1 
a. 

1-4 
1 

a. 
X 

•-4 

o. 
1 

a. 
X X 

i 
O. 
X 

1 
a. ■ i i 

a. 
X 

• 
a. 
X 

1 
Q. a. 

X 

1 
Q. 
X 

a. a. 
X 

a. 
X 

o. 
X 

at 

I mvor^oowor-cMco^mvoi^oooj o   •—   CM   co   ^   in   vo pi   r*«   h^   r«»   ^   r«»   r». 

57 



V  > 
en a» 

■o _J 
0) 

■o • 
c •— 
(0 <Q 
CO o 

o o o 
in m 10 

ooooooooo oooooooo 
inmioioinininini«    cmmmtnininioio 

2 
•f-        ■!-        •■- <U 0) 

l/)^l/>l/)*/)l/)l/)l/)l/)</l«/>.0 

1 
0) Ul >-— 
a; 

W)     «/>      -.    — 
Q.O.O. Q.Q.Q.Q.Q.Q.I_I.I-I. 

r'.r^.oj    oioocsjvovovo'*^-^- 

oo^-^mooo^ooo n 
(/)«/)</) </) (/> i/> 

o.   o.   o.   a.    O.   Q.    Q. 
a)   ^*-   CM   tn   C\J 
.c   o   o   f^   * 

esj   r>^   r«» 
^-   o   o 

vo   vo   m 
mm« 
o   o   o 

♦J^-^-CMCv/coooooooro+Joo^-omommm 

».^■mmmooooo    toomooooo 
CViCVICM      Oi—    t—     ■—>—'—     r-     i—     r-^-U 

(/) to 

a a\ o^-tvico^-m^-r^oOf—   cvjM^m«* oo   m   o   f—   CVJ 

^r-   «a-   t   «a- <a-«3-Lf>mmunmommommiD 

(U 

I 
CM CM 

roco    rorocococoronror^rococoronncocororoco 

H- h- 
LU 
m 

tu m </) i 
m I i ui 

i CM m to 
to  I 

tO  tO  LU 
I  Ul 

00 t-  ^ 
o V 

to to 
to to Ul Ui to to Ul 

m ui ui 
to 

to to 

CO 
CO  CO 

m o 
r^r-^toorv.«— 4-oovo>— 

O Q 
i to r^ 

to to ui m to 

i m to 
to CM 

oo 

o o 
I  CO  CO 

i m m 
CM •*• ^• 

vo vo to 

i o o 

CO  CO 
i  i 
o o 

CM 
^ I—     I 

^- o 
• • 

CO CO 
I I 
o o 

CO  CO 
I  I 
o o 

i r*. fe 

*t o 

CO CO 
I I 
o o 

r«. vo ^ t CM f» o 

CO CO 
i i 
o o 

• i 
CO CO 

CO  CO 
vo «o r^ m co 

o CM »— o o 
o ^" w CTI o\ o^ 8 

i 
riföcori.K.bö<xiK>f>.mmr^«öoooocM 

,,     ,, i—     ,...• 
vooooooooocMCMCMCMCMr^r-^     «oooom 
__    —    —    —    cvicvieviCMCMCMCMCSJO»'—    f—    ^-•—    f- 

to   to   m   to   to   c/> 

CO    CO     CO    CO    CO 

tomuimcotyjmuicowiootoiotomto 

CM     CM     CM     CM     CM    CM SSSCMCMCSJCMCMCMCMCMCMCMCMCVICM 

0.0.0.0.0.0.0.0.0.0. o.   o.   o.   o.   o. 
X    X    z 

a.   o.   a. 

v> 

K        CMCMCMCMCMCMCMCMCMCMCMCMCMCMCM 

CM m to r^ oo o> o 

a a 0\    0\    0\    9* 
CM  CM  CM  CM S 

58 



Oi   > 
en a» 
■o _j 

CO <_> 

i« <& 

OOOOOOOOOOOO-POOOOO-MOOO mminmininmtnif)    tn   in   m    c   in   in   in   LO   in 
at 0) > 

0) 

<u 

in   in   in 

Q) ui 

<u 

a> <o 

i/i(/)i/)i/>«/)t/)i/)t/)i/)«/) 
a» 

Q.a.Q.Q.O.Q.O.Q.O.Q.Q.0. 
<U 

ÜIJDtOlrtlOtOlflXJ 
Q.     Q. a.   Q. Q.   a. 

>*-'     oorv.io«) i—   vocvitvi 
**■    ^-    O    O    «*> l>-    CO    O    o 

poüiCTimaif^o    cuo^a» 
co   .c   tvj   co   io   o   ^■ o   r^   o • • • 

o   vo   o t—   i—   «oojcoocjco^-^-om-tJrvo^ooiOf— 
ininin^-cvJO^CNji—    r—   OCTI'OVOO'—   if>m    iavo^t-r^ 
ooommminooooot    UCMOOOO    »-OOO 
CMCSJCSlf—     I—     r-i—     r—     I—     r-f— U i—     f—     e\JPJOr-(MCVl 

00 oo 

CO 
CVJ 

co^-mior«»»Of—   evico    •ürmiois»ooo<Oi—   evico^-invo 

(O ininLnininoioio^voiDiovoioiovoioioiovoioio 

I 
<u 

CM 

C3> 

10 rococorocooococococorocorococococococococoro 

at 

o> 
V) 

> > 

to UO </> CO 
I I I I . 

(VJ 10 Q f^ *- 
r- v in o  • 

Ä   CO CO CO CO 

(/) CO 
I  UI  CO 

co co 
o o 

to 
in 
CO CO 

I  UJ I  UJ I  UJ 
UI     CO     CO       IUJ(/>(OUICOUJCOCO 

«M  VO CO 
UI to 

I 00 »- ^■ 
o o 

I  CO 
CM 

CO  CO 

o o 

en o 
CO CO 

vo <— «s- r^ o» 
CO CO 

o o I  CO 

CO 
i vo r- 
Svo — 

• in vo 

vo 
ac  i 
I  CM 

CO 

CO 

00000\OtOOO>0»000>0«0 
o>  o*  o*  o\ 

I      CO     CO 
i   a*   o\ 0\    (T> 

I     CO    CO 
o> 

•r-      o^ocMi^cocof^f^oooor^r^ininr^vo 
VOOOOOOOCOCMCMCMCMCMr^r^h*. 

a» CM §8 

«!»•  CO 

vo in 
co 

vo 
i co 

CM 

00  Q  00  00  CO  00 CM 

CO T  00  i 
00 o o o 

VOVOr—    >—     r—     r—     r—     CSJCslCMCMCMCMCMCMr—     CSJCMCO^tVOVO 

0) i 
IA 

cocotoio</>co«/>cocooocoioiocococooocoootococo 
I     •     I     I     I      I     I      i      I      I     I     I     I     I     I     I     I     I      I      I     I     I 

OOOOCOOQCOOQCDCQOOOOOOOOCOOOOOOOQOCOCQCQCOCQ 
CMCMCMCMCSJCMCMCMCMCMCMCMCMCVJCMCMCMCMCMCMCMCM 

a.   a.   o.   a.   a.   a.   a. a.   a.   Q.   o. 
xxx 

o.   a.   a.   a.   o.   a.   a. 
x   x   x   x   x   x   x 

v) 

i   5 __    CMCo^-iovof^.oowO'—   cMco^mvot^ooavOr-   «s- 
RSWrSHnSRRSwKJncöwfömcöoömf^^co 

59 



! 

0) 
V   > 

CO o 

»e (2/ 

9) Ui 

o   o ooooo    +J    +J    +J 

<u 
ID     IT)     IT)     IT)     m 

Q>      0)      0» >      >      > 
<u   «u    a> 

0)      0)      0) >    >    > 
0>     U     0» 

♦-»ooooooo 
cmir>ir>inir>Lntr> 

•r-     'r       Q) 
</>      I/)      ^J 

£  21  £       a. Ol 

*•   <{■   *P   «^    ■   •   a 
JO       I/)       «/»«/)      .Q     .Q      .Q 

Q.    Q. 
"O   -o 

:f!w    99    ocMcviococsj    a»    a» 

10       »—     i— 
ID   m 

'-•♦->     o   o 
10  u 

D 
•M    ID m r- vo m 
-     tO VO ID <t VO 

O O tf> ID O 
CVJCVJ      UCVJCNJr—     ■—     OJ 

«5-     H-     »»_ 
a>    a)    <u 

■O    JJ    .o (0       (/I       (/>       (/)       (/)       (/)       (/) a-   o.   Q.   o.   a.   a.   CL 
at <u      <U      0)    Ot    CM    CM     r— 00     CJ 

+J      -M     CO 
ID      (O     CM 

U      U     i— 

o   o   ^t    o>   O   O   O 

p   ^f   ID   o>   o   fv   «a- 
r«.   r—   ya   c\j   o   co   i— 

co   to   to 
u 

<D     «D     (/) 

too s «*    ID     If)     to 
UCMCMCMr-     r—     r-i— 

rvoOf—   cMco«j-u>vor«» 00     O)     O     f—     CM     CO     ^■ »D     VO     f^    i—     r-     CM 

o 
(0 VOVO0000C0C0C00000C0C0C000C0 oooooooooor-   crier» 

I 
I 
I 

I 
rococorororocororocococo ronrococorocococo 

LU IO LU 
(D ID 

^ 

\o 

<* CM LU 
vo r». 

I  I 
ID ID 

to 
I 
CO 

to 
I 

VO 
I 

to 

I- 5» 
> > > oe i ui 

yf?%ti&A**A*%*i*m «D  CO  LU 

$ 
CM 00 I to to «/) to to to 

0& CM CM 
<D 

• forv.«iDcoo\oooi--5 
oo oo ^- ^ ^ 
««*■ o 

00 O»  I  CO ♦O'^VplDIOlDlD VO     CO     «O     CO    CO     CO 
CO     CO 

ID 

CO 
cor^F>ooööffli-öAAAJ.J.-lJ.    •     •     'QO     i 
S277S7§72S88S88SS888Sg8 
icMiDico    i   io    i77777T,T,Tr7r7r'J''- 
o<*oöööo>fCoo 

•    i     •     •    •    •    # 
o    o    O    O    CO    CO    CO 

<h A IDlOr-CMCTtOtCMrvCOCO 

""S°J-:JI:p-,*',t*inu,*ö«> 
t   «* 

vo   oo   oo   oo   oo 
VO     VO    p-     i—     i—     f—     pi 

LULUUIUJUJUIUJLkl 
' ■ I I I        I        I        i 

VDVDtOlOOOtOVOOO «D     CO     tD     VD     tO     U0 
fib   cö   cö 
CMCMCMCMCMCMCMCM 

cDcocoooooaJcoeo 
totoioootototovo 

eoopoooQoDfiQcQcoaa 
CMCMCMCMCMCMCMCMCM CM     CM    CM     CM     CM 

o.   a.   a. &&&o.Q.a.o.aL CL   a.   o.   a.   a.   a.   a. 

3 <u 

vp^>ooo»Qp-cM(n 

««     «^«WrococoSSRRRSRSSSSSSSS 

60 



1 
c 

i 

0) 
a> > 
a> a» 

"O _l ■ Q O O o O o O O •M o o O o o O o O 4-> -M o 4-> o x>   • in in IT) in in m in in C m in in in in m in m c C in C in c •— 0) a* 01 at <o <o > > > > 
00 CJ <u a» 0) at 
S1? SJ 

•»— •^ •^■ •r- •r- •r- •r- •^ •f- •^ •^ •r- •r» •^ •i— •r* 

e 
o 

<♦- 
a» 

2! 
at •r- 

at 
i- 
o 

«4- 
at •r" *~** </> «/) (A (A l/l V) (/) «A JO «0 U) u* l/t iA a» U) vt xi ^ 1/1 ^3 1/) <— => Q. o. a. Q. Q. Q. Q. o. Q. a. o. a. Q. Q. a. a. Q. Q. 

OJUJ "O T3 ■o "O >—^ CM 00 a> tv. n <T» HI r»» OJ to r«. r^ CM O m CM w a» at in at o a» O a» vo vn CO ID «o -C r^ f». o ^j- in r^ «t o .c ^ !>. .c «t 
—i •— • • • # • • 1 • o • ■ ■ • • ■ o (j • ij t 

«0 «t- £ 00 «a- in 00 n ^t •M o **• vo in P* ID in o ■M 4-> o 4-> •   3 ^— ^^ o at r-" C\J o <o VO r>. m ID CM <* ID ri <a to ID m in r— 4J O o» o o w o o o t. o o o o p"* O o o j- i- O i~ in IQ   U r^ ^" ps r~ r~ ^~ u CVJ CM CM CM CM csj CM CM o u CM (_> 
«J< CO CO m CO 

o 
> 

CO ^f in lO CSJ 00 at o 1^ CM CO ^i- m ID Cv 00 '" CM CO *»■ in n 

J^ □ 
«5 <T> CTl a> w n— CT> o% o» o> o\ CT> a» en O» cr> en O O o O o pM 
L. )K r— r— 
t- 

t- 
0) 

■o E r— ^ ^- r— CO r— F— r— ^ ^" r— ^ ^ r— r— r— ^ ^ r— r— r— CM 

I 
co ro ro ro ro co ro ro ro ro ro ro rocorocorooo coco ro ro 

i 

w— 

c 
a» 

i 
21 

ui oo oo 
CO  I I 

oi Jü J? 
o 

•  CO CO 
CO   I I 

8S s 
r-   I I 

oo oo 
i 

Co 

CM CM CM 
CM CM CM 

I I I 
LU UJ LU 

I I I 
CO CO CO 
I I I 
CO CO 00 
CM CM CM 

I I I 

CO 
I 

in 

CO 
I 

s 
I 

■ 

CM 
CM 

I 
CO 

I 
00 
CM 

I 

I UJ 
Ui CO 
CO I 

• CO 
CO I 
1 8 8 2 2 8 

00 LU 
I CO 

CO I 
* r». 
CO • 

I CO 

8 ' 
I CO 

■ • 

CM r». 
CM CM 

I I 
uj UJ 

I I 
to CO 

I I 
00 00 
CM CM 

I I 

CO I 

• • 

CM CM 
I I 

UI UI 
I I 

OO CO 
I I 

00 00 
CM CM 

I I 

oc 
i ae 

ui I 
CO UI 

I CO 
O I • o 
O I K o 
CM !><. 

I CM 
r«. i 
CO ^ 

•— o 
I I 
UI UJ 

I I 
«/) U) 

I I 
00 oo 
CM CM 

i I 

CO 
I 

CM 

VO 
I 

CM 
I 

CM 
ID 

• 
ID 

I 
UJ 

I 
00 

I 
00 
CM 

I 

> 
I 

Ui 
> CO 

I  I 
UJ 00 
CO  CO 

I 
m vo 
CM   I 

• to 
00 ID 
ID CM 
CM i 

i 
cn 

CO i 

00 CO 
I  t 

CM r- 

VD 
I 

cn 
ID 

i i 
CM CM 

I   I 

> 1 UI »- LU ae UI 
1 CM CO 1 CO CO 

UI «* 1 UJ i UJ 1 
00 • ^• 00 CM CO (M 

1 ID **• 1 $ cn 
CM | • r— r^ o • r^ ID • i • in 
f* • r«^ CO r^ i | ID o | • i o oo ID r. o o o r^ 
ID CM CM i^ vo r^. CM 
CM 1 | CM CM CM 

o 
CO 
oo s i 

cn 0& * m 
CM 

in 
i 

o o o 
•  •••••  ■••• 

OOOOCOCO coco«*-^ 

I 
UI UI 

I I 
co */) 

i i 
oo oo 
CM CM 

I I 

CO 01 
I I 

00 00 
CM CM 

I I 

I I I 
Ol CO 00 

GO 00 CO 
CM CM CM 

I i I 

I   I 
CO  CO 

I 
00 

I 
00 

I  I 
CO  00 

CM CM 
I 

I 
OO 

I 
00 

CM  CM 
I   I 

I   I   I 
a. o. a. 

x x z x 
i  i 

a. o. i  i 
a. a. i 

CL 
I   I 

Q. O. 
I 

o. 
I  I 

a. a. 
• i 

CL 
X 

I 
Q. 

I 
a. 

s at 

a 9 oo ot Sr- CM CO 
in in un co co co iSioioin2voSvo*0r,"*00wo,-CN,*n 

cocococoÄJnincorJJococncocococo 

61 

M   i        I        .       . !   . 



0) 
<u  > 
Oi V 
•0 _l i 0 4-> 
■0 • ID C 
C 1— (W 
»0 10 > 
CO 0 0) 

0000 
Uf)     ID     IT)     tf) 

o   o 
IT)     ID 

I 
g 

B 

S« S> 

r- =3 
0) Ixl 
>>— 
0» 

i— 4J 
10   O 

O 
O 

•1- a» 

Q. 

* -5 
o» P 
en t- 
r- U 

to 

«/) to to 
Q. Q. Q. 

co r^ m 
r» o f*^ 

00 iO iO o 
1— ^- ID vo 
0000 
CM     CM     CSJ     CsJ 

CO 
CL 

10 tn a. a. 
o ID 
ID CO 

t • 

00 tn 
t^ o n ID 

> 

{ 
o 

«♦- 
0) 
X) 

■o 

.c 
o 

■«■> 

fO 
s- 
o 

o 
ID C     ID ■ > 

01 

000 
ID     ID     ID 

O 
ID c c 

0) a» 
> > 
a» 01 

o 
•1-      <U •f- 
(S)   .a to 
a. a. 

■o 1»   ■ « 
r-     ^ O 

•      U 
ID     +J 00 
ID     <0 CM 
PI   IE a 
1—     U 1— 

CO 

1/) to «/» 
0.0.0. 

t— O U3 
r«. to »o • • • 
CM 00 CO 
«O ^- CM 
O m O 

21 
0) 
.0 

■o 
■—   (Ü 

in o. 

0000 
ID     ID     ID    ID 

CM 
CO 
O 

«0 
1. 
u 
to    00 

2! 
o 

«♦- 
01 

■o I 
JC D 
■M     CM 
<0     CM E 
D 

10 o. 

ID 

to a. 

00 

V) 
o. 

to 
Q. 

CM     CO 

CM     00 
1—     CM 

to 

r^OOO^O»—     CM<O*»-lDlO^-00r-CMCO^-lDtOVOf»00CM 

u 
0000 OOOOOOOOOOOOi—     1—     ^r-i—     Of—     r-     f—     to 

{ 
o 
o 

c 
c 
> 

co(Oco«orocororo<o<ococorococo«orocoiDiDinin 

8 
> OS > 1 1 s» > 1 1 s» 1 1 1 > 1 1 5> 

1 1 1 Ul Ul 1 1 Ul Ul > Ul Ul LU 1 Ul Ul 
Ul LU LU CO to Ul Ul to CO 1 Ul CO CO to LU CO CO Ul 
CO CO IO 1 1 CO to 1 1 Ul CO 1 1 CO 1 1 CO 

1 1 
0 oj, 

CM p"» Jt. 0& 
CO i to 

1 p* 
CM ID 

<Ti 
1 

P-» 
t— 5 00 

> 
1 • • 0 • • ID 0 ■ ID 0 • t *t O • • ^- > > I > 

c ID pv CO CO • • CO «0 • • CO CO ■ • CO CO • 1 
0 1 1 CO 1 1 CO ro 1 CO CO CO CO 1 i CO ID > > > •^ O p 1 0 0 1 | 0 0 1 1 0 0 1 1 0 0 1 • 1 
4J t"*. r-. p r^ 1». 0 0 p^ p^ 0 0 p^ p* 0 0 p* Pv 0 CM p> P«. i <a CM CM p^ CM CM p^ pv CM CM p^ p«. CM CM p^ r^. CM CM 1"*. CM CM CM c A | CM 1 | CM CM 1 1 CM CM CM CM 1 1 CM 1 en *o 1 at av 1 ^— r— 1 r*« P». 1 1 CO CO 1 <* <■ *1- to 
«A 

ID *- CM ^■ * CM Pv CO PO r^ r^ 00 00 r^ P*. ID ID r>. ^ *t 5 «* 
ID \6 VO vo to «O 00 00 00 00 CM CM CM CM CM P^ P^ p>. 

1 
O 

1 
O 

i 
O 

1 
0 Sp 

1 
LU 

•~ T 
Ul Ul Ul 

'"" ■ ■ 

r— CM 

Ul 

CM CM 
1 

Ul 

CM CM CM CM CM CM CM CM CM 

+J LU Ul Ul 
1 

Ul 
1 

Ul Ul Ul Ul 
1 

Ul LU Ul 
1 

Ul 
1 

Ul 
1 

LU LU 
1 

Ul c | 1 1 1 1 1 1 1 1 1 | | | 1 I 1 1 1 1 

i to in CO to u» to CO in CO to to CO (Si CO to CO t/> «0 u. U- U. u. 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 | 1 i 1 1 1 

£ CO CO SP CO 00 00 00 00 CO 00 00 00 00 00 CO 00 00 00 00 00 00 00 
CM «M CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM 

3 

IS H4 
1 ^^ * • 1 1 1 1 1 1 1 1 1 

1 1 1 1 1 1 1 1 1 j "J j? J H^ 
i 1 1 1 

►"< HH 
I 

£ a. O. a. CL O. a. a. a. a. O. a. a. a. a. 0. a. a. O. a. Q. 0. O. z z z X ac X X X X X X X X X X 5 

2». 
3  01 

!S| 
Hi ^p>»p««p*p>»pv.oocoogoooooooooo 

CO    CO    CO     CO     CO     CO    COCOCOCOCOCOCOCO 

O    1—    1—    CM    CO    <»• 

^ 535 § § § § 

62 



* 

m <u > 
O) <u 

■D _l ■ o o •o    • in ID c ^ 
<o <o 
00 CJ 

o   o   o   o   o   o 
in   tn   in   in   in   u") 

o 
in 

o   o 
in   m 

o m ooooooooo 
inmininininininm 

o 
m 

s-? <a 

Q.     Q. 
V) 
a. 

I 
0) ÜJ >—' ■ 

•   3 
i— -M 

O vo 
«* 00 

• o 
r— CVJ 

Q. 

in 

IS) 
Q. a. 

to CO 
Q. 

«4- 
a. 

10       10       10 
a.   o.   Q. a. 

«o 
D. 

(/>(/)(/) c/) I/) 
Q. Q. Q. Q. Q. 

M-     S-     «^     M_     «,_ 

o^oocooooor^intoin 
^•r-   noOr—   onrooo 

CVJ   oo   r*» 
co   CM   o •      •      • 
cvipo^jvivovor^voioiocs. 
«M-—     «Mi—    «NJr-     <SJi—     tVJr-^-~ 

rv.   .-   o 
^   CTi   a> 

CO 
CO 

«o    m    r».    VO    r—    «f    r- 
«MCVJCVJCMi—     «Mi—     ,— 

o o coiotnr-   (Miorvootoco^-rs. mr-covor^ooiooo oo 

o 
iocovor».r^tMCMCMCOf»»r^cor>. 00    co    «s-    «*    «J-    m    r— in   m 

t 
o o I 
c 

in   in   in ininininininininmininininmin in   in   in   in 

i iiiiiiiiiiiiiiiiiiiiti 
t.   L 
a a» 
to ^ 

ll m   vo   r*   oo   o*   o § 5 § "  ' p-   CM   co   *r   m   to   r*> 
^t^t«*«-*»-^-^-—- *   ^■ 

ooo»Op-CMCo^-invo 
S^^SütVIt^CMCMCM 
—    *•   <d-   «t   «^   o-   «4-   ^t   <3- 

63 



0) 
V  > 

■o_i 

« f29f2^OOC30ooooooooooooo o 
m 

in 10 
CD o 

1 
C 

5 
00 
CVJ 

I 

> 
0) 

,0.0.0.0.0.0.0.0.010.0. 
W VI to 
O. Q. Q. 

<♦-     «I-     «♦- 
O. 

V) 
o. 

«1 
o. 

I/I      V)      I/) 
o   o   o o. 

w s 
l— 4J 
ID  U 

o 
o 

o»   § co 00     CO     <Ti     VD     <t     ^J- 
^o   CM   «•   r«.   ^-   o 

»"^   o   oo   cvj   po   co   <yi 
o>   in   vo   f—   »—   in   CTI o $ 

r^.   oo 
to   «* 

*0Or—   »—   oowoomoMr>.«ttPovocvj*oi—   »ocsif—   r«>us 
•—    f—     CMi—     CVJCVJCMCVJCSJCMCViPOi—     CMi—     ^F-^r-CJCOr- 

«Ocvjro^j-r^ooior^mr-coior^oocMro^j- ID     r—     KO     t^»     CVJ 

i u 

s- 
o 
u 

(0000000tO«ors.r^000tCVI000000C»O>9iCTtO<tf-OtO 

c 
iDinm    minmiftinminmLntniDLntninmtninmin 

I r- 
i i 

►- 
> »- > t- 

X 
1 

»- > X 
1 
> = > X 1 

> 
1 
X 

i 
> »- > > 

1 
> o 

•T- 
> m > i 

> 
1 i 

> 
> 

1 
> 

i 
> 

■ 
> 

1 
> > > 

1 
> > 

1 
> > > >* 

1« 
i 
S 

i 

CO i 
CO 

4 
ci 

I 
oj, 1 

oo A 00 
CO 

m 

CM 

in 
CM CM 

00 oo 00 
in 

oo 
in 

00 s s CO 

o. * *o u> «o * ^■ **• «*■ CM ^• «* lO m m vo 
i 

^t «J- 
1 

«/I i "Y i 1 
CM CM 

1 
to to «o r«. r». rs. r^ 

i 
o 
in 

r» R (O lO VO <* 

£ o 
1 

s 
1 
g 

1 
s 

1 
g 
UJ 

U. 

g g g 
i 

Ul 
i 

u. 

o 
in g g g g g s s s in 

VO 
4-1 UJ 

u. 
UJ 

i 
u. 

Ul 
1 

u. 
UJ 

u. 
UJ 

u. 
Ui 

i 
u. 

UJ 
i 

u. 
Ul 

1 
u. 

UJ 

u. 
UJ 

i 
u. 

UJ 

u. 
UJ 

i 
u. 

UJ 
i 

U. 

UJ 
i 

u. 
Ul 

u. 
UJ 

1 
u. 

UJ 

u. 

i 
Ul 

1 

1 
Ul 

1 
It 

1 
Ul 

1 
It i 00 

1 
00 

1 
00 oo 

1 
00 

1 
00 00 

1 
00 00 

1 
CO 

1 
00 00 00 

1 
oo 

1 
00 00 00 

1 
on 

1 
en 00 

1 
oo 

1 
on 

3 
CVJ 

1 
CVI 

t-4 

CM 

»-4 

CM 
1 

CVJ CM 
1 

CM CM CM CM 
1 

CM 
I 

CM CM CM 
1 

CM CM 
1 

CM 
1 

CM 
i 

CM 
i 

CVJ CM 
1 

CVI 

<0 1 
a. a. a. 

1 
a. 

1 
Q. a. 

1 
o. Q. a. 

1 
a. 

1 
Q. a. 

1 
Q. 

1 1 
0L 

1 
a. Q. 

i 
n 

1 
Q, a. n X 1 1 X X x X X X X X X X X X X X X X X 

I/) .Q 

ll rv oo at o 
cvj CM CM <n 
*   *   «*   ««■ 

64 





■ 
Ol   > 
at v 

■o _i ■ 
T3     • 
C i— 
« <0 
00 o 

*« <2i 

oooooooooooooooooooooo 
ir>inLnLnmir>ir>LnLnLnir>mir)ir)ir>i/)ir>ir)ir>mir)in 

1 s 
I 
I 

0) LÜ >^^ 
0) 
_l r- 

•   3 
i— 4J 

o o 

(/I (/) t/l (/) (/) 
Q- Q. Q. Q. Q. 

<4_     <♦_     ^_     14-     «4_ 

</)(/ll/)t/)l/)l/)l/)l/)l/l 
0.0.0.0.0.0.0.0.0. CT>    ü>     0>     CT 

«/)      I/) 
CO. o> 

«♦-     «f-      CT 
CNJ n i>. vo o> 

ooioot— no.— mor-« o   o   !■■   ^   ro      •••••• 
 •^•0*0'—    P"»«* 

p—   cococvjcsjo.—   roroeviCM^-i—   cocvjnaiw^-omo 
CVJ    ^-    ^-    CM    r-    CM 

o   >—   n   ro   r«, 
O     00     .—     <Ti     VO 

in 
CM 

o 
o <M     VO     O     •— #  ^   K   M 

^CMn"*mr—     CMf»*»-lDr-CMC0^,ir)r-f.00«O»—     CM 

u 
(O CMCocococo^-^j-^t^j-^-mioininwnuj 

u 

c 
<0 mmmmmtommmminuimio iniDcncocorofoco 

K- > >■ 
> 

1 
> 

1 > 
1 

1 

1 > i 1 * > »- > > ^f «* »- H- t- a: ■> | > »- t- ►- > ■ 

c!> 1 1 1 1 1 ae Of > tf ^ 1 1 1 1 | f* > > m i>. Pv > > > 1 <r <■ c • CO > > > in 1 • • • 1 1 < «r <■ «r i o 1^ • 1 | 1 ■ in in CO CO CM CO CO CO CO CO i m in 
'r- | to «n «*> CO in o> I • 1 1 • • 1 1 CM in m m • • 
4-> 
(9 

CSi • i o 
« 1 
o 

1 
o i s 

• 8 lO 8 s CO 
at \o VO 

1 R s • 
o 

■ 

m in 
■ 5 j; 

§. s o» i as at 00 p» s ^~ CM CM o CM CM i i i i i 
1 o i | ^■* r~ • 1 1 i 1 r». t o o o o o o •»- • CM a> m m 1 i CM m r^ p«. in CM in in i «/) If) | i • • t** r>» • 1 • • o «t 1 • • !•* r^ r«. r^ r«. r«» 

S • *» ^■ to « 
• • 

at 
«* ^ to « 

■ 

a! 
^■ lO M • 

«t 
• • • • 

1 1 i i i 1 1 1 i i 1 1 i | i i 
4-» Lü LÜ LÜ Ul UJ Ul tu LÜ LÜ lü LÜ Ui LÜ Ul lü Ul Ul Ul Ul Ul lü Ul c 1 1 1 1 i | | 1 1 1 i i 1 1 1 i i 1 i 
tt in trt to U) co CO CO CO in in in CO CO CO CO CO in CO CO CO CO CO c I 1 1 1 i 1 • 1 t t 1 i 1 1 1 1 1 S) 00 CO 00 00 00 CO CO 00 CO CO CO CO 00 CO CO CO CO CO 00 00 00 00 w CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM 
3 i I 1 1 1 1 1 • i 1 1 1 1 i 1 1 1 

«o 1 1 1 1 1 i 1 i 1 1 i 1 1 1 1 1 

X X X X X X X X X X X X X 
a. 
X 

t/t £ 

ll »—   CMco«*iniors.ooa»Qi—   CJCO r<>r^^roi>>r^^r»r^maoooop 3tf>«r-CMC0«»iniO 
**-^-inininininin 

66 



•a 

3 

0» 
0)  > 

■o _i 
<u 

T3     • 
C r— 

CO (_> 

i— =3 
O» UJ >—' 
0) 

OtSOOOOOOOOOOOOOOOr-» 

CT>   oi   o>   cr>   en   o>    CT   CD   w   o»   o> 
r«»    r— 

CO M «o 
00 

m 
m 

!£J CVJ w CM o in 
«r» o> o Co n> CVJ 
o CT> o a> m r». 
CSJ r- <\J ^ ^- ^- 

00 If) if) CO 
co r« CTi o 
If) CO ^ o 
f— CNJ ^- f— 

• 
O) 
O) 
O) 

0)0    0)0)0)0)0) 

o CVJ    vo    »— 
O    tVJ    CO 

VO     ^-     CM 
i^    r-.    r- 

0) > 

i- 

"O 

o   o 
If)   If) 

o 
If) 

0)0)0) 

O) o   in o 
If) 

CVJ 
O) 

O) 
00 

C\J 00 o 
<J t • • 
♦J 1^ o o 
P r- O O 
i- O If) If) 
O r- 

00 

o 
o co^i^tOf^oOf-csjco^-mvor^ooo)©^^^^ m   i— 

u 
2 ^^JI^J^^^J^j^JCNJCVjevJCNJCVJCJCMCSJesjCMCSJCVJCO 

I 
o 
o 

5 

cocococococococococn cocococorococococococoro 

I 
Q. 

4 
I- 

< i 

> oc > oc 
oc m ec > < < 

CM 

< oc > h- < 
c ae oe > > > < <• < i 

< 
1 

ec > CM CM Q£ > OC CM < < < CM 
u i 

< < < < < in 
■ 

if) 
00 • 00 3 < O» 

oS> 
O) < 

1 
O 

< 
1 
o 

< O) 
1 

oo 
O) m m in O) 

<0 CO 
i 

O) O) 
If) • 9) • 

• • in in CO 
1 

CO 
1 00 o oS> CM CM CM 00 

c 
O) 

«/) 

• 
1 o 

• 
i 
o 

• 
i 
o o 

1 
O 

i o 
i 
o 

i 

o 
i 

CM • 

o 
i 
CM 

o 
1 

in 

o 
1 
m 

CO 
m 
CO 

i 
• 

UJ 

CO 
1 

00 
CM 

1 

CO CO 

o • 
CO 
CM 

CO 

o 
CO 

1 
o 

CO CO 
in 
CO 

o 
1 
o 

1 

i o 
1^. 

CO 

£ 1 
O) 

1 
O» O) 

i 1 

CO CO 

1 

CO 

1 
Ul UJ 

1 
00 

iO 

i 
UJ 

CO 
1 

00 
CM 

vo 
i 

Ul 

00 

00 
CM 

o 
CM CM 

co 
CM CM 

00 
CM fa 

• 
CM 
CO 

• 
CM 
co CO 

■M UJ 
1 

Ul UJ 
1 

UJ 
1 

UJ 
1 

UJ 
1 

UJ UJ 
1 

in 
i 

00 
CM 

1 

Ul UJ 
1 

Ul Ul Ul UJ 
1 

UJ 
i 

Ul 
1 

UJ s 00 
1 

CO 
1 

CO 
1 

00 CO U) CO 
1 

00 
1 00 

1 
00 
CM 

CO oo 1 
CO 

i 
CO 

1 
oo 00 CO Ol 

3 
«/) 

00 
CM 

00 
CM 

00 
CM 

00 
CM 

1 

00 
CM 

1 

CO 
CM 

1 

00 
CM 

1 

CO 
CM 

m 
CM 

i 

00 
CM 

00 
CM 

1 

1 
00 
CM 

1 

1 
oo 
CM 

00 
CM 

1 
00 
CM 

1 
00 
CM 

CO 
CM | 

1 
a. n 

1 
CL, a. i 

Q 
1 1 i 1 1 1 1 1 1 i 1 

•—I t— HH 

X z X X X X X X 
CL 
X X 

& a. 
X 

a. 
X 

Ob Q. 
X 

Q. a. 
X 

a. 

3 0) 
«/) 
5^   ooS2^:^J2*l0,0,,,'0»o-^ 
Xx     »«•nKinininininininininSuiS» 

co to «o rv oo O) CM 
,« .„  ^  <V  CM CM  CM CM CM CO 
mininininminininm 

67 



0) 
OJ > 
CD 9) 

i 
is n 

co o 

SSgggggggooooo Q    O    O    O    O    O in   ir)   ir>   in   in   in o 
in 

1 
g 

•—3 CD    o>    cr>    O»    O) 
at LU 

J"— <VJ   m   oo   in   «r   r>.   oo 
0J CMCMOinr-O« 

O»    O»    O»   Ol    o>    o> o» CDCDO» CD     CD     CD     CD     O»     O» 

s; s ^ o ?: s I g s « . ^ j§ s 
S 

to 
Ö   o\   m    O 
PO    f—    i—     CVJ 

00 
CM cvjroTi-inior^oowoi-esjm ^-mior^GOf—   cvjro in 

i 
2 <*>   en   co   co   m   co   «o   n focooconrocoo 

W) 

| 

o 
o 
at 

C^CVitNJCMCsiCViCMtvjCMcvj^^^^^^^^^^^^ 

X» 
fc. 
o 
u 

Si 

c 
<0 

ro«ncocoroconcororofo«n(n«»>fn(n<^ <*>   o   n   co   co 

ec oc i 1 Of > oc 
1 > oc > > 

c o 
< 

i m 

1 
< i m • 

< 

• < 
oc 

< 
> 

i 
< 

< 
1 
in 

< 
i m 

< 

• 
i 
< 

■ 

> 
< 

i 
< ec | oc 

1 
< 

> 
»- 

1 
< 
CM 

1 
< 

1 
in 

i 
< 
in 
< 

1 
CD 

in r«. sz ^ «A i 
m 

• • m 
i 

P0 PO 00 oo < 
CO 

1 

g 

< « o in 
• 

in 
• 

3 o a» 
i ? 

r^ 

• • 

o 
T 
1 

i g 
CM 

1 
in 

g 
i m 

co 
i o 

00 
i 

g 
1 o 1 
o 
en 

00 

o s 
1 

g i 

s 
1 

s 
1 

^ 
• 

i i 

• • 
1 

a» 
i 

a» 
i 
en 

i 

PO PO 

UJ 
1 

u> 
1 

5f 

1 
UJ 

CO 
1 f 

UJ 

IO o 
CM S CM CM CM s 

rv • ■ • 

c LÜ 
1 
U Ul 

i 
Ul UJ 

i i 
UJ UJ 

1 Ul 
i 
00 

00 
CM 

i 

UJ UJ UJ Ul Ul 
1 
Ul UJ UJ 

1 
Ul 

i 
iii s 1 I 

CO 
1 

00 
1 

</> in 
i 

to CO 
i 
00 
CM 

1 

CO «n 1 
to 

1 
CO 

1 i 
CO 00 

1 
CO CO 

i 
to 

3 
2 

CO 00 
CM 

1 

CO 
CM 

1 

00 
CM 

00 
CM 
i 

00 
CM 

1 

00 
CM 

00 
CM 1 

00 
CM 

1 

oo 
CM 

00 
CM 

1 

1 
00 
CM 

i 
00 
CM 

1 

00 
CM 

1 

00 
CM 

1 

CO 
CM 

1 

1 
00 
CM 

i 
oo 
CM 

<o 1 

1 
1 a. 1 a. 
X 

1 a. 1 a. a. 1 
£L 
X 

a. 0L, 
X 

1 
Q. 
X 

1 a. 
X a. 

X 
a. a. 

X 

•—i 

o. 
X 

1 
Q. OL 

X 

•—1 

1 a. 
X 

i—i 

o. 1 a. 
3" 

1 
Q. 

1 
a. 
f 

l/l I S 5 ä « P; s R 
m   m   m   in   m   in   m 

r;-     CM     PO     ««■     in     tO     ^. g»    O    F-    CM    PO 
SSSSSSSStSffiffiig^i« 5 m 

68 



I 
I 
i 

»I 
I . 
C f— 
«a ia 

OQ O 

r- 3 
0) Ul 

tt) 

8 

o o o s o o 4J O o o o o o g o o o •M ♦J o o o m m m m m c in in in in m in in m in c C in in in 
a> a» 0) 

1 
> 
at 

{ 
o 

> 
a> 

2! 
o 

5 a»   ai 
C7>     ü>     0>     CT>     0>     CT» O)     Q)     0>     0>     CT     0>     O)     Ü)     CT»     0> O)     0>     CT> 

■o "O   -o 
^-^ooco^oo    aiCiincNjr^ioojm^cor—    at    atioo^ 
ooooi^ooo^cvifotmcocNjinoocootcvjinf^f—   oi— 

•  •••••^■••••■••••^^••* 

>—   (*ir»ioo>00'4->i—   coiooocvjr^rvi—   mot'^'Miovoio 
O^OOr—     Off»      «>0»C0O^0»O0»r-CsJ0»      <0      <TJ     00     O     0% 
otowoo^ot    i.«tininin<TiOCT>oo*i-    fc-    t-   «*   o   T»- 
r-C^df—     CSJ»—     <—      Or-»-^-i— r- f—     F- UU r- 

C/) «/)    to 

»or^ooo»Or-cM<,r)'«tiniots«oo^-CMn^fu»r^ooo%o 

ininminininininin 

I 
C^IC>aCVJC\JCSJCNJC>JC>JC\JC\JCNJCSJC^C*JCJCVJCVjCViCSJCNiCSJCsJ 

ro co co ro co co ro ro co co oo co co co co co co co co co co co 

i 

QC ~« QC > ae > Qt > > »- 
1 i ae > | | i 1 • 
< < > > i «C < ec > < < < < «c < 

1 
m 

oe QC > 
i 

i 
< 

i 
< < < i ci 00 

i 
< < <h ci ec > Oi 

i 
oo A 2 i 

in 
c • ■ < < < i in m • • i i • • i • 1 • • • t 
o ^B r-* 1 i m o\ • • in in «o ro 00 00 < < < 00 00 CM CM 
•r- r™ r™ CO o> a> • • rmm r- i | i | i 1 i 1 1 1 
•M 1 

8 
1 

s 
• 

SO 
• • 1— 

i •y i 3 3 3 3 r- ro CO ro • 3 3 
§> s s 

i 

8 s 3 s 3 § i 
r- in 3 8 3 in in 

• •^ • 1 CM CM in m ^w r-" i— .— r*- A 
(A r». r>. r- 1 A i • • i i i { I 1 • <h ob a • 
£ • • 1 I i 1 CO ro * * vo m o o CO CO CO Pi CM * ^- o* o» Ot o> ^— ^B r«- r— CM CM CM CM CM CM CM fO | | 1 1 i 1 1 • 1 1 i | 1 1 1 1 I | 
+* LU Ul Ul Ul Ul Ul Ul Ul Ul Ul Ul Ul Ul Ul Ul Ul Ul Ul Ul Ul Ul Ul 
c 1 i 1 1 J, 1 i 1 1 1 ! I • 1 1 1 1 

IS) to tA to »/» to to to «n m to to to to m to Ml 1» iri iSi M 
g 1 

GO 00 
1 
00 

1 
00 

1 
00 oS» 1 

as 
i 

s?o 
1 

00 
■ 
CO oS. ^ 1 

ea 
i 

so 
1 m n oo 

1 
CO 00 oo 

w CM CM ivi CM (Si CM CM CM «M ftj •M CM CM CM CM m «M **M m CM ej 
3 | | 1 1 1 1 i 1 1 1 1 1 I 1 1 1 • i 1 t 1 i «/> 1-4 •-4 M ¥*4 8»»e m >-* 1"* I-« »—t >—< •-< i—t i—t »a« ►-« i** «=— t-* H^ l-H i—• 

<e | | 1 | 1 i i 1 1 1 i 1 1 1 | 1 i • • | i i 

£ a. o. Q. a. a. a. a. a. a. a. a. a. i 0- OL a. a. a. o. ii a. n 
z X X X X X X X X X X X X X X X X 

II \&    T**     &*    STi 
m   in   in   in 
in   in   in   in 

r*tMco^tniö!,^coo^«'C><ico«»ier«»oo3» 
mininininiA^inininininininininm 

69 



■ 
V  > 
CD 0) 

I 
■D     • 
C r- 

co o 

OtDOOOOOOOOOOOOOOOO o   o   o   o in   in   in   ir> 

■o 

c 
o 
o 

CO 
CVJ 

I 

0) Ul 

_l I— ■ 
•   3 

(0   O 

o 
o 

0>CT>CnO>0>CT>010>CT>ü>C7>CT>CnCT)0)CTiO>C7>CT>CT>CT> a> 
m 
in JSÄSir: ~»S0^Q,-por,,"r-'^'-'^CNjioinioio 
)OOcoc\jroooinoSininin^»-iorors.fnCT('*t-o? 
?-?-!-?—*      •    _;      •    „•     J    ^     _•    _•       • • s ifiSG^^^oojcoinroiooo 

ooroooio^-aio^ebnoi— CMOO 
^■OCT>oowo»o>iommooo 

«MOO 
O    O    » 
m   in 

vo   oo   o   •— 
O     CT>    CT>     O 
m   ^-   «»   m 

i—   cNjcn^-mior^oOr—   eMCO^mioi^oooor-esi P0 

a. 

a £ »ninininininininioioioiDvovoioioiovoiovovoio 

M 

o» 

L. 

O 
u 
<u 

CVJCVICJCNjCMCVJCMCgCMCVJCMCMCJCMCMCVJCVJCSJCViCVIOJCM 

o u 

3 
I/) 

o 
I 

a. 

r— 

10 

c 
<0 > fOcofororopornfornrococoMcorororocofOforotn 

i 

I 
ao 
00 

I 

m 

a: 
i 
< 

i 
m 

• 
in 
i s 

P»  I 
• r^ 
00   i 
Ü <* 

I  I 
UJ  Ui 
t I 

«/» l^ 
I I 
00 oo 
<M esi 

• r 
t-t i—i 

J  • a. a, 
x x 

i 
in 

i 
O 

I 

<V1 CM 
i   I 

t $ 
UJ UJ 

i i 
in «/) 

i i 
eo oo 
CVJ CM 

I i 

I 
< 

I 
m 

i 
o 
CM 

I 

i 

i 
CO 

so 
I 

(Q 

CM 
I 
m 

i 

ae > 
i i 

«t < 
i i 

* • 

i i 
O o 
r». rs. 
CM CM 

• i 
o\ a\ 

i i 
ui ui 

i 
«/» */> tfl in 

1 | 1 
00 
CM 

OO 
CM a oo 

CM 
i i i ! 

I I 
< < 

i I 
m m 

i  i 

CM  «Nj 
I   I 

I   I 
to in 

I 
< oe > 

1 1 1 
CO «c < 

t 

m ^ ci | 1 • 
R g oo 
CM CM ^■a 

1 P«. 

fh 

Ht «I M 
« vo 

i 
00 

i 
eo 

i i 
a. 

i 

X 

i 
a. 

i 
a. 

CM  CM 
I   I 

I 
0L. 

O 
CM 

!    i I 
HI   111 I.I 

i   I I 
«/)</> «n 

i  i i 
CB GO 00 
CM  CM CM 

I   I I 
*""*  tr* t-^i 

I    I I 
cu o. a. 

< ae 
i 
< 

00 CO 
i I 

CM CM 

O CO 
CM CM 

I I 
UI UI 

I I 
to to 

i i 
oo eo 
CM CM 

I I 
»^* »—I 

I I 
Ok Q- 

oe > 
i  i 
< < 

i 
< 

i 
00 00 00 •    • • 
ao oo oo 

i i i 

K ft K 
CM CM CM 

• J. ' 
00 00 00 
CM CM O 

I I I 
UJ UJ UI 

I I I 
to to to 

I I 
03 00 
CM CM 

I I I 
»-•i «=< i—« 

oe oe 
i i 
< < 

i i 
oo in 

■ • 

* o 
I I 
o o 

I I 
at a\ 

i i 
ui ui 

i i 
to to 

I 
< 

I 
in 

o 
I 
o 

I 

oe 
i 
< 

i 
in 

t 

o 
i 
o 

I 
«o 

R 
I 
oo 

I 
oo 

a* CM 

i  i 
to to 

CM CM 
! 

I 
00 

I 
00 

CM «M 
I   I 

I   I 
a. a. 

i i 
a. 

i 
CL 
X 

I 
a. 

i 
a. 

3 
«n 

CO 00 CO 00 ^ 00 
m »n m tn m in 

go^-CMfO^rmiooocnoi—   cMrt«*- 
OjvnO»avO<CT»0>0%0>00000 

intninmininminininioiSioSio 

70 



0) 
<u > 
a> tt> 

■o _l 
0) 

"O i 

c ^— 
10 f0 

00 o 

o   o   o   o   o   o o m •J   o 
C     IT) ■ 

C 

C 
o 
o 

*« <a- 

0» ÜJ 

_l r- 
«5 

•   3 
r- 4J 
IQ   U 

o O O +-> ■t-> o 
IT) ID IT) C 

> 1 K o   o 

o. Q. 

<*> i>x r>. oo 
io ^t ui eo 

■ • • • 
ro o *o ^• 
o> o f^ tn V 81 w V 

•'-     W*     'f—     'r-     •!—     «r-     «K     .^       aj     -^ 

0.0.0.0.0.0.0.0. CL 

<Vi     CM     O     CM     ^-     CVJ CO 
r»   co   CVJ   g   r— 

«to>oooa>o    »-in 
CM     CM     CM     t—     CM      O     J_ 

if) 

a. o 
CM o 

CO in 

s 
CM 

•r-       OJ 

a. 
i—    a» 

•    o 
«*   <-> 
*t E 

u 
«<o 

0) 

10 
a. 

•a 
0) CM 
f CM 
u 
+J to 
<o o 
t- m 
u ^- 
to 

o. Q. 

<— o 
• • 

>— o 
CM O 
in in 

OQ 
CM 

I 

O 
o ii2jor^oo1_CViro^.u,vorv00o>0i_c>j<r) 

^   m   vo   r».   oo 

I u 
in 
i. io   m   m   vo   oo 

oooooooooooooooooooooooooooooo 00 

I 

4-» 
to 

_J 

en 

<u 
■o 
l- 
o 
u 
a» 
a: 

CM     CM      CM     CM     CM 
CMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCM CM 

CO     CO cococococococococorocococococofocofoco^ 

< 
4 

1 

c 
a 

■M 
<o 

i 
a. 
»-^ 

i 

• 

• 

i 

u. 
i 

at • 

1 
tn 
u. 

i 

• 

> • 

m • 

DC 

CL 

1 

t 

in 

> 
1 

00 ** 

• 

ae 
• 

CO 

i 

> 
i 

CO 
u. 

1 

• 

a: 
CO u 

i 
in • 

1 

• 
i 

CO • 
CO 
in 

ae 
i 

CO u 

■ 

m 

■ 

> 
i 

00 

in • 

m 
CO 

> 

• 
IO 

1 
in 
in 
CO 

i 

CM 

OS 

Q. 
•—i 

1 
IO • 
CO 

ae 
CL 

| 
i 

m 

oe 
i 

a. 
>—« 

**■ • 

> 
01 
•—1 

1 

■ 

<Ti 

i- 
t 

«n 
i—< 

i 

• 

ae 
i 

a. 
»-< 

i 
IO 

■ 
CO 

1 

ae 
i 

CL 
►-« 

1 

• 

• 

ae 
i 

00 
u. 
o* 
i«v 

>> 
00 
u. 

1 
as • 

£ C 
cn 

•r" 
IA 

in 
CO 

i 

m 
CO 

in 

in 
in 
CO 

1 
in 
in 
CO 

CO 
| 

CM 

9> 

00 
• 

CO 

in 
i 

in 

3 
CO 

i 
IO 

1 o s o 
i 

• 
CO 
at 

i 

• 
CO 
a» 

i 1 

m 
i 

in 

cn 
c 

•r— 

• £ • 
i 

• 
i 

m 
i 

• 
1 

t 

i 1 i 

1 CO 

UI 
1 

in 

1 
CO 

1 
UJ 

1 
00 

1 
CO 
CM 

t-H 
1 

CL 
X 

i 
UI 

in 
i 

CO 
CM 

• 
IO 

• 
IO • in 

oo 
m • 
00 

m 
• 

00 
IO 

m 
i 

in 

10 
U 
10 • 

* C 
UJ Ui UI 

i 
UJ 

i 
UI 

1 
UI UI Ui UI | UI UJ UI 

i i 
UI 

i 
UI UI UJ 

i 
UI 

i 
UI L. 

n & to IS) 
1 

«n 
i 

00 00 CO 
1 

to 
1 

00 00 

00 
CM 

1 

1 
00 

1 
I/» 

i 
CO in in 

1 
in 

1 
00 

i 
in 

i 
in £ 

2 3 

CO 
CM 

1 

OQ 
CM 

00 
CM 

1 

00 
CM 

CO 
CM 

1 

CO 
CM 

00 
CM 

CO 
CM 

CO 
CM 

1 
I-* 

1 
CL 
X 

1 
00 
CM 

CO 
CM 

CO 
CM 

1 i 
CO 
CM 

i 
CO 
CM 

i 
CO 
CM 

1 
CO 
CM 

00 
CM 

i 
CO 
CM 

■o 
0) p* VI — 

1 1 •7* 1-4 HH *•* 
1 1 1 

*4 

Q. 
X 

1 
>—i t—i 

1 
l-H •-4 •—i 

1 — 1 i •—• 1 
i—« 

(/I 
3 

£ Q. 
X 

Q. a. a. 
X 

CL 
X 

a. 
X 

CL CL 
X 

1 
CL Q. 

X 
CL 
X 

CL 
X 

1 
a. 
X 

1 
CL 
X 

i 
Q. 

1 
a. 
X 

a. 
X 

CL 
X 

CL 
X 

•a 

ff fc. <0 
o 3 4» 

l/l 1 z 
r— 

IO s 
CO 9 m 1 rv 11 1 

IO 
In 
«o 

CM 
in 
IO 

CO 
in 
IO IO 

in 
m 
IO 

in 
IO 

oo 
m 
IO 

IO 
IO 

CM    CO 
IO 
IO 

■M 
O z * 

71 

( 



01 
en 9) 

c 

01 UJ 

0» 

f— +J 
(O u 

. ssgsggsggssssg^g^ssggg 
0> > 
01 

I I 
I/) 
a. 
O    CO    (\j 
m   m   CVJ 

to 
o. 
o 
o 

I/I a. 
oo 

a. Q. 
b1! 
Q. 

8 

»— •— «f U3 CO 
O O CSJ f— kO 
i o m vo oi 
■— CS/ r- 

g     ^     ~    ü    S 
Cn    o    ot   cn 
»—     CVl     r-     r- 

*■ •p- •i- •^• •^ 01 •^ a> •^ 
«A (/) IA W) iA XI IA ^ M </> l/l i/i )/> o. Q. tx a. a. 

■o 
a. 

"O 
a. a. a. Q. a. 

P: O o a> CNJ 0) t>* 0» r>. on o rt (M o •■> «*• «*• m Ä «5 f oo CO vo • • • • u • o • • 
M <P «* ^• W +J CM +J m CO CO on in I 2 eg n p CO <a «7» ^f in Jn o ^r u> to I. o &. «*• o a\ (t\ o isj r~ 1 r~ ^~ ^ u CM e\j 

•-c\jco^-mvors.oowo»-eMCo^invorN.oOi-c\jfO«t 

u 
10 cT>o>wa>cno>oiCT>cr>(T«o>crtcn<yio\cji<n w   o   o   o   o 

I CVJtXJtVJCMCVJOOiNiCVJCOCMCMOJCVJCMCMCVJCSJCVjeNJtvjt^tvj 

corororococococoo^mconrof^cn co ro ro ro oo co ro 

r3 

I 
(A 

I 

I 
Q. 
>—« 

t 

■ 

i 
in 

i 

i 

i 
to 

• oe oe 
«* > i i 
_• i to Q. 
^ t/> u. •-• 

i u. i i 
•— i m <»• 

I 

I 

i 

i 
to 

I 
a. 

i 
CO 

oc 
a 

i 

'- ^» oo 3 r^ r—  i  •  i 
i 

io 
r«« 

i m 
i 

Ui 
i 

00 
I 
OB 
CVJ 

I 
•—I 

I 
a. 

I I 
VO * 
at o 

• * 
00 OV 

I t 
UI Ui 

I I 
to 00 

I I 
00 00 
CM CM 

I I 
—* —i 

I I 
Q. CL 

•— i i m 
• m uo r». 

^- r^. r^ ^ 
o »- i- i 

• I I co 
Cf> w Ö« ^~ 

■ i i i 
Ui UI UI UJ 
III! 

(/) tO CO (/) 
I I I I 
00 CO CO 00 
CM CM CM CM 

I I I I 

• to CO 
1— | 1 
r- to s 
m p-» 

r«. i 1 
•— ^- CM o\ 

i 
co 

i 
to 

i 
oo 
CM 

I 

I   I 
Q. a. 

i 
a. 

i 
oo 

i 
oo 
CM 

I 

I 
o. 

to 

I 
to 

I 
00 
CM 

I 

to 

I 

on 
I 

I 

i s 
CM 

I 

i 

oc 
i 

oo 
u. 

I 

i 
to 

i  i 
oo to 

I 
tn 
vo 

i 

i 
in 

i i 
oo oo 

I i 
00 00 
CM CM 

I I 
I—I <-H 

I I 
a. a. 

i 
CM IO 

I io tO 
IO CM CM 

•  i  I 
^f in in 

i  i  i 
UI UJ  UI 

I  I 
tn tn 

i  i 
oo oo 
CM CM 

i  i 

o\ 

i 
tn 

i 
oo 
CM 

I 

I  I  I 
a.   a.   a. 

oc 
i 

oo 
i 

CM • 
CO K 
CM 

tn 
• 

oo 
i 

UI 
I 

to 
I 

oo 
CM 

I 

I 
tn 

i 
to 

i 
00 

oo $ 
I 

CM 00 

co m 
l«v |>. 
CM CM 

I I 
m m 

■ • 

00 00 
I I 

ui ui 
• i 

to tn 

oc 
i 

to 
u. 

I 
OV 

oc 
I 

to 
u. 

I 
in 

i 
Q. 

i 

oc 
tn 

oo i 
00 

CM  CM 
I   I 

i 
0L 

r». 
in •— 
to i 
CM in 

i to 
tn CM 

• i 
oo ov 

i i 
UJ UI 

I I 
tn to 

i i 
oo oo 
CM CM 

I I 

OV 
IO Is* 
CM I 

i in 
to to 
OV CM 

CM CO 
r— F— 

I I 
ui 4 
to to 
I I 
OO 00 
CM CM 

I I 

I   I   I   I a. a. a. a. 
x z x z 

I/I , 
<o in to 

to to 

r^ 00 
to 
to £ «OtOtOtOtOtOlOtOtOtOIOtOtOtoSSSS 

72 



# 

& 
5! 
0) 

"O-J 
0) 
•o • 
c ^ 
it» (0 
03 O 

SS    cir>if>ir>ir>in 
at > 

^ 5? S S 
> i 

Jr? (& 

0) Ul 

a» 
_J r- 

(0 
•   3 

c    c    a    c 
•r-     -r-     X5     •»- 

.,-.,-     .r-       01      C      C 
I/)      «/)      «/)     ^     'r-     •'- 
0-Q-0--oi^or-vor>--0(^cr)'fi 

r^inOO-JjCNJcNJcOeNJcM-PCMCSJCVJ 
00     00     CO      « 
<n   *«■   in    u 

■^   ^   ^   to 

4-> o ■t-> o o o 
C in c ir> in in 
Ö) I 
> > 
a» <u 

c t 
4^ 1 
a» 0) 

x> •p- JO •r~ •r- 
i/) M 10 (/i 

•o a. "O Q. o. Q. 

CT> 
■ 

«•1 in «J 
u Q O. «* 00 
4-> • 0 • • * 
(O ^l- « 00 o^ s t. CM c o ^^ 00 
o l£> B o ^r 9!\ 

CO «a- IS) ^t ^■ 
CO 

o o 

CO 

I 

o 

u 
10 
i~ 

in   ID oo   oo   <y>   o r-     04     CO     ^t     iC)     <£> 

o   o   o   •— 1_,-r-.---'-'--,-r" ^ 
Vi-> 

< 

c 
•r" 

8 

| 
5        CMCVICVJCMCMOJCVJCVJ CM    (M     CM     «SI     «V     «M 

5 

<o      f    «^ 
co    ro    CO    co    co ro   co   co   ro   co   co   co »n 

iß 

o> 

VD 

en 

vo VD 

Cn C7> 

0) 
I* 

i 

<o 

& 
•r- 

C 

I 
3 
I/) 
fO 

I i 
i/» •-• 
u. I 

I vo 
in      • 

• co 
f- i 

7 15 
m CM   in 
vo i    o 
CM CT» 

I 
a. 

i 
CO 

I 
m 

i 
CO     ID 

I 

I 
m 

oo 
i 

i     i 
CO     CO 

I 

I 
to 

I I 
00 CD CO 
CM CM CM 

I I I 
Mt «■• M 

' ' J a. o. a. 

o. 
I-H 

I 
CO • 
VO 

I 
o a\ 

i 
m 

• 
oo 

i 
Ul 

I 
co 

i 
00 
CM 

I 

I 
IV. 

J 
H in 
co 

i 
r«. 

a: 
i 

• 
co 

\ o 
in 
co 

i 

i 

OC 
I 

§ 
I 

CO 
I 

i i 

i i 

cö co 
i i 

8 8^^ 
■ i     i     i 

r»   r«.   r». 

i i 

§ g 
i i 

■ • 
CO CO 

I I 

vo vo 
esi CM 

i i 

ac 
i 

i o 
i 

r«. 
co 

on 
I 
o 
oc 

I 

I 

5% 
^-  * 

I 
CO 

I 
00 
CM 

I 

I 
IU 

I 
CO 

I 
0Q 
CM 

I 

UJ     Ul 
1 1 1 1 

CO CO </) (/» 
1 | 

00 00 CD OO 
CM     CM    CM    CM 

I I I 

I I 
I/) CO 

I I 
00 00 
CM CM 

I I 

I        I        I        I        I        > 
Q.     Q.     Q.    O.     &■     ^ 5    X    X    X    X    X 

I 

CO 
I 

LU 
I 

00 
I 

CD 
CM 

I 
t—t 

I 
a. 

co 
i 

UJ ■ 
CO 

I 
00 
CM 

I >—< 
I 

a. 
x 

i 

in 

• 
o 
m 

o 
CM 

I 
in 

m 
vo 
"* 
in 

i 
ui 

i 
«t 

i 
co m 
CM «* 

i   i 
►-I co 

i u. 
a. 

in 

i 

CM 
0^ 

VO 
CM 

I 
in 
r«» 

VO 
*t 
m 

i 
ui 

i 
< 

i 

• 
VD 

I 
00 
o 

I 
a» 
co 
in 

i 
UJ 

i 
< 

i 

i 
rv 
vo 

ro 
co 

co 
• 

in 
i 

ui 
i 

«t 
i 

co in oo in co in 
CM * CM ^ CM «* 
ii      it ii 

>—i to •-< CO i—< CO 
I   U.       I   U. I   u. 

a. a. o. 
x x a: 

■ 

| 

i 

| 
vo 

i 
CM 

• 

in 
i 

ui 
i 

<C 
i 

co in 
CM ^• 

i    i 
i—• co 

i u. 
Q. 
X 

3 01 

01 9      00   w    QJ    en 
ac Z      vo   vo    vo    vo 

cMvor^i-CMCO^-invo    Oü 
r-r-i—    CMCMCM^CM^J      g 

ro        ^-       m        vo 

8     8     8     8 

73 

, 



at 
a> > 
a> a» 
■o_i ■ o o •o • m in 
Ci- 
fO 10 

CO o 

oooooooo 
iDtniniDuni/iLnun 2 ooooooooo 

inmcsjcjcgcvjcNJCMCNj 

^« <S) 

^^ W) t«» </» 
r-- =3 B a. Q. CT 
a> UJ 
>»-- ^— CM O oo 
A* o u> O n 
_i i— I • • 

<o S r— o ««t 
• 3 CO o m 

i— 4J 
10   U g} % § 1 
o«i 

O)     O>O^CJ>C0CT>CTiü>O> 

ooojooen   I^VOIT)**- o   o   o   o o 

i s U>    Vp    ^    0>    00    OsJ    00    IT)    oo    a?     in CO     00   o «et-sDwinp^QOvooo    oooooo 
^O»—   inin^-inLninin '.n   <»■   f—   o>   »—   CM 

CMCMCMtAJ^-CMCMfO 

I      CM I      r- 

03 WiOi—   tmi—   ro*or»r—   cM«itmvor*-oOi,Tio 

vt vo in 

c 
<0 cr» CR <n   ■— in   in   in   in   in   in   in 

c 
o 

>o 
c 

I/) 

o o 
VO 

i 

CM 
r^ in 

i   i 
uioo 

i u. 
< i 

I o 
COO 
CM     • 

o 
in • 
VO 

I 

• 
ro 
CO • 
in 
oo in 
m ♦ 

i    i 
UJ is) 

I   LL. 
<C    I 

I   O 
oo o 
CM     • 

co 
00 • 
o 
VO 

I 

I 
CM 
cr> 

cyi in 
m *t 

i    i 
UJ in 

I   U- 
<   t 

I o 
CD O 
CM     • 

I   VO 

I I 
< «I 

I I 
CM CM 

I I 

§ 9 
i i o o 

CM CM 
I I 

UJ UJ 
I I 

X X 
I I 

CO CO 
CM Rj 

I I 

■I < 
I I 

CM CM 
I I 

in in 
i • 

o o 
CM CM 

I I 
UJ UJ 

I I 
X X 

I I 
CO CO 
CM CM 

I I 

X     X 

< 
I 

CM 
I 

CM 

I 
CM 

I 
CM CO 

I 
«/)    to 

I        I 
CO 

I 
CO     CO 

I      I 
CO 

I • ■ < < < < ^— pw pm r— pm t— pm 
^»« ^— | | 1 1 • ■ ■ • i • • 
CM CM CM CM CM CM o O O o O o O 

1 1 1 1 1 1 1 1 1 1 
oo 00 ^r * O o CM VO r^. r». in m CO 
m in VO VO m in t— 1^ «* *»■ 

f— CM VO • ci oi 3 
i 

8 
1 

CO 
1 

CO 
i m 1 <*> ^ CO 

CM 

UJ 

CM CM CM »— •— CM CO 
1 
UJ UJ 

«<• ^- 

UJ UJ UJ UJ UJ UJ UJ UJ UJ UJ 
( | | | 1 1 1 1 i 1 | i 1 
X X X X X X X X X X X X X 

1 1 1 1 1 1 1 1 
00 CO CO oo CO CO CO oo 00 CO 00 CO 00 
CM 

1 
CM CM 

1 
CM 

1 
CM CM 

1 
CM 

1 
CM 

1 
CM 

1 
CM 

1 
CM CM 

1 
CM 

1 

I 
a. 
x 

i 
a. 

i i 
Qu 
X 

I 
o.   a. 

i 
a. 

i 
a. 
x 

i     i     i 
a.   D.   o. 

i     i 
o.   a. 

i i i 
a. a. a. 
xxx 

oo at 
0D 00 00 

i—     CM     CO o  o   o  o 
o>    ON    0\    Ch 

*tio»or>»oog>o«—   CMCi^-mvot"^ 
OOOOO'-'-f-r-r-f-i—    •- 
Ol    OS    9>    Ch    Ol    9>    0»    0\    Oi    O)    O*    OS    0\ 

74 

BHMMMaMBam 



a» 
o; > 
en o 
•a _i 
•o    • 
c »— 

CO u 

o   o   m 
Csi    CO     PO R CO     ^     ^ 

o   o   o   o   m   u>   uo 
in   in   o>   o>   C\J   ^-   «* 

■o 

3 

4-> 
C 
o 
o 

«VJ 

C7>     O» 

fO     CO 
ir>   in   in mioi—   ^miDin 

oo co   co   o   CM   CVJ   csj O    O    O    O    CVI    CM    PJ 

O 
O 

u 

^-CMCO«tinr-<\jroir>i—   csjco*»- 

i—   CM   CM   f\i   CVJ   eg   co   co   co   co   «■   *!•   «*•   ^ 

k • ■ 
•M 

T3 
E 

M o □ 
—1 fi 
o> e* 
c 

■a E 
■ 
«3 

o > 
u 
<u m 

I/) 

_(    K-    t- 
-J i~ X X » 

«1 X X 1 i 
c _i i- i i < <c «t 

—i H- ts —i t- !- X < < i 
c m X X S» i i i i o o o 
V C 0^ i t i | 1 < < o o 
t. o < < < < < < i i i 1 #~^ ^—^ ,'—■* 

3 •r- ^- i 1 1 i i 1 o o ^— ^— CM CM ifM ■ M • o o O o o o CO CO a> cn & 
10 10 o i 1 l i • ^t **• in in CM CM CM 

£ c 1 «* X* ^s- i 5 *■ ^• ^• f— r- 1 1 
en CO «* ** **■ ^• i 1 i i **.* ^m^f ^M' 

•r- rv i 1 t i i o o o s 1 1 1 
M A ^5 o ^5 o o o m in VO 9» a» Ol\ • I § 1 ^p in to in o o o o *■ ^' "t 

o ^t ^f in in m (pM CM CM ^ r— r— 

f-^ i 1 1 1 i i | | | 1 1 1 1 • 
1 •M 'JJ LÜ ÜJ Ixl LÜ LÜ IU LÜ LU UJ UJ Ul UJ UJ 

o. g X 
1 

U. 
1 

u. U- U. U. u. U. 
1 

U. 
1 

u. 
1 

u. u. 
1 

u. 
1 

u. 
a« B 1 1 1 I 1 1 

w 00 CO CO 00 00 00 00 CO 00 00 CO CO CO CO S c CM CJ CM CM CM CM CM CM CM CM CM CM CM CM 
3 

10 

1 1 • 1 1 1 • 1 • 1 1 1 1 
r— j 1 1 • ( *? | 1 | ""J* "7 1 1 j 

£ a. a Q. a. a. o. a. a. a. a. o. a. a. a. 
X X X X X 3: X 

1   2 «n   \o 
CM     CM 

O)   en   o\ 
^   ^j   o   co   to   <*>   co   ro   ro   o 

O*    0>    Ch    0)    0>    Ot    Cft    0> 

75 

«M 
en   o\  <T% 



CO 

CO 
to 

£ 

'S 

00  o 
r—   p— 

00 
VD | 

CM 
CM 
n vo 

n 
in 
00 
co 

CM 

in 

r^ O in 
00 
CM 

in 
o 

vo 
CM 
n CO 

vo 
vo 
CO CO in 

vo o to 
(O 00 

CM 
CM 

CO 

CO 

in 
vo 
CO 

CO 
00 
CO 

o 
in 

ir> o in 
vo 

CO 
00 
CM 

CO 

m CM 
CO 

CM 

CO 
to 
CO 

CM 
00 
CO 

o 
in 

CM 
in 

«a- o 
vo 
CM 

CM 
00 
CM 

CM 

8 
o 
CM 
CO 

5 
co 

CO 
vo 
CO 

00 
CO 

00 
o 
in 

00 
CM 
in 

Ul 

i 
as 

N 

Q 
t—t 

1 
1 

n o 
CVJ 

00 
CM S CO 

o 
CO CO 

§ 
co s CM 

in 

<M  o CVJ 
to 
CVJ CM 

O 

m 
00 

«n 
1 
CO 

in 
CO 

CTt 

CO 

to 
o 
in 

vo 
CM 
m 

.— o 
CSI CM CM CO 

00 
CO 
CO 

to 
to 
CO 

00 

CO 

in 
o 
in 

m 
CM 
in 

o o o 
vo 
CVJ 

00 

CM 

00 
a» 
CVJ 

vo 
Jo CO 

CO 

to 
to 
CO 

r«. 

CO 
o 
m 

CO 
CM 
in 

w ° o> 
IT) 
CVI CM 

in 

CO 
1 
CO 

in 
co 

to 

CO 

CO 
o 
m 

CM 
CM 
m 

o P > 
oo o 00 

in 
CVJ 

to 

CM 

vo 

CM CO 

in 
CO 
CO 

CO 
in 
CO 

m 
CO 

CM 
O 
m m 

^ 2 m 
CVJ 

in 

CM 

to 

CM 

co 

CO 
co 
CO CO 

o 
in 

o 
CM 
in 

^2 vo 
m 
CVJ CM 

CM 

CO 

CO 
CO 
CO 

in 
CO i In 

in« 
CVJ CM CM m 

M 
CO 

s 
CO 

CM 
Ps, 
CO 

o 
CO in 

"* 2 s 
CVI 

CM 

CM 

o 
CM 

o 
CO 
CO CO CO 

s 
CO 

to ^— 
in 

« 2 en 
to 
CVJ CM 

s 
CM § i 

CO 

00 i e 
CO 

1 
CO 

m 
in 

CM|O CVJ 
m 
CVJ 

O 

CVJ CM § § CO 
to 
CO * in 

■ 

H2 to 
CVJ 

to 
CM 

P<« 
00 
CM 

f«. CO 

co 
00 1 CO 

CO 

in 

t -ae<(_>^ - <NJ ro ^■ to vo r» 00 o> o 
^ CM CO * 

1 ^« CM «n **• I 
> 

to to r«. oo 0\ 

76 

mmmm 



CSJ 

PO 

CO 

•—I 

CNJ 

Ol 

00 O 
o 
in 
in 

CO 
vo 
in 

00 
in vo 

«a- 
VO 
VO 

CM 
CO 
vo 

r«^ O 
in 

vo 
in in 

co 

vo 

ro 
vo 
vo 

r— 
00 
vo 

vo 
CM 

vo O «a- 
in 

vo 
vo 
in 

00 
in 

CM 
•a- 
vo 

CM 
VO 
vo vo 

vo 
R 

m 
CM 

in O 
vo 

m 

in 
vo 
in in 

5- 
VO 

vo 
vo VO CM 

CM 
1^ 

«*• o 
m 

in 
vo 
in 

in 
00 
in 

o 
vo 

00 
m 
vo 

00 

VO 

CM 

CM 

CO 
CM 

a: 
UJ 

N 

1- o 

i 
1 

CO o 
in 

CO 
vo 
in in 

CO 
o 
VO 

in 
vo 

r-. 
vo 

CM 
CM 
r>«. 

CM o 
CO 

m 
CM 
VO 
m 

CO 
00 
m 

CM 
o 
vo 

vo 
in 
vo 

VO 

vo 
CM 

- 
o 

CM 

m vo 
in 

CM 
00 
in 

o 
VO 

in 
m 
vo 

m 

vo 

in 

o r«. 

o o 
in 

o 
vo 
in 

a» 
r-» 
m 

s 
vo 

m 
vo vo o 

vo 
r». 

Ch o 
o 
in 

m 
in 

00 

m m 
CO 
in 
vo 

CO 

VO 

CO 

o 

CM 

o D 
3« 00 o R 

in 

CO 
in 
in in 

00 
o> 
in 

CM 
in 
vo 

CM 

vo VO 

p>» o | 
in 

in 
in 

vo 

m 

vo 

m 
in 
vo vo 

o 

vo o 

\o o CO 
in 

1 
in 

m 

in 

o 
m 
vo vo vo 

| 
o 

in o ro 
in 

in 
in 
m m 

Ol 
in vo 

a» 
vo 
vo 

co 
vo 

o> 
CM 
o 

^j- o 
in 
CO 
in 

in 
in 

CO 

m 
CO 

in 

oo 

vo 

co 
VO 
vo vo 

vo 
at 
o 

CO o 1 
in 

CO 
in 
in 

CM 

m 
CM 

in VO 
VC 
vo 

in 
00 
vo 

CO 

CO 

CM o 
CO 
CO 
m 

CM 
in 
in in in 

VO 

vo vo 
3 
VO 

CM m 
CO 

•- O H 
m 

in 
in m in 

in 

VO 

in 
vo 
VO 

CO 
oo 
VO 

in 

»-a:«« oü - CM CO * in vo r^ co at o 5 CM CO ^- 

| 
f CM CO ^• 1 

i-4 
> 

in vo r«» CO at 

77 



f«.  VO o 
VO 
o O co CO 

CM in 00 
«a- 

m 
vo 

00 
vo 
r— 

in CO CO 
O 
CM 

vo 
O 
CM 

vo vo CM 
O 

If) 
o 

00 
O 

vo 
cvj 
r— 

CO 
CO 

vo 
co *3- vo vo 

«3- CM 
O 
CM 

in 
o 
CM 

m vo O 
•a- 
o o 

Vf) 
CM 

CM 
CO 

in 
CO 

co vo 
r— 

CO 
vo 

vo 
vo 

CO vo 
O 
CM 

o 
CM 

2 00 
CM ID 00 O) 

CO If) 
^f 
in m 

cn 
vo 

CM 
» o 

CM 

o 
CM 

CO VO 

CM 

r- 

N 

i 
| 

00 

< 

J2 oo £ ^J" 
r— 

00 
CM 

o 
If) 

co 
in 

vo 
in in r». g <Ti 

CT» 

B 
CM 

?3 
in 

0£ 
UJ 
a 
o 

«1 00 
o CO VO 

CM s CM 
in 

m 
in 

00 
in 

O 5 s 00 
o 
CM ^ CM 

o 
ÜJ 

1 

- ^■ 
^j CM PO 5 CM 

vo 
m 
00 | 

CM 
as O) 

00 

CM 
a» 

O 
O 
CM 

5 
° • o 

CM 
n 
CM s | VO s 00 

o vo 
at 

o 
CM 
CM 

> 
i 

Ul 

o\ ^i- 
<Ti CM 

CM 
O) 
CM 

00 
CO l CO 

00 
VO 
00 s CO 00 

tn 
o> 

CM 

m 

1 o o 
> 

00  CM 
CO 

5 
CM 

5 
o> CSJ 

CM 
VO 
CM 

CM 
CO 

o 
in 

CO 
m «t 

CM CO 

i t>.  CM 
CM 

5 
VO 

5 
m 
CM CO co o> 

*t 
CM m 

in 
m r». 

i <X)     CM O 
O 

5 
PO 

5 
o 
CM 

co 
CM CM 

CO 
CO 

oo 
CO 

r— 
in 

>* 
in 

a» VO 
O 

VO 

9 
If)  f— 

ID 
VO 

o s £ 
^t 5 

m 
co m 

• 

^- i- 
it 

s 
* 

m CO vo 
m 

CO  r- 
en 

SI 
00 
VO 
'S- 

CO 

'S- 

00 CO 
00 

in 
5 

O) 
CM 

CM 

5 
a> 

§ 
0) 
r— 

CVJ  i— 
CM 
VO 

CSJ c^ CM C7» 00 

5! 
00 

5 
O) m 9 

i VO 
VO 

VO 

«if i 3 1 00 

5- S 
* 

m 
5 

00 
m w 

i-Qe< u^ r— CM CO «• in VO rv oo a\ o 5 CM co ^• 

X 

i r- CM 

i 

CO ^• If) «o r^ 00 a\ o s CM co ^- 

78 



#1 
CM 

«3- 00 
O CM 

r_ CM CO CM ,_ 
00 
CM 
O 

CO vo r^ 00 s f— r» 
o O o o CM 

o r_ CM o 
CM 
O 

CM vo r^ 00 f"" VO 
o o o o CM 

a> o p— CM a» vo 
CM 
o 

p— in r». 00 a\ o m 
r~ o o o o o CM 

o 
00 m 1 i 00 

o xt in 
CM 
o o O o o CM 

vo r«> 00 (T> o w r«. 
CM 
O 

1 at in VO r* tT> § o CO 
'— o o o O o CM 

</) 
VO f- 00 a» oo «o CO 

CM 
o 

Q 

o o 
UI 

u 
00 m 

o 
vo 
o o § 1 8 CM 

CM 

oe < m VO r^ 1 
o 

r>. m < CM 
CM 
O M is in 

o 
VO 
o o 1 8 ■ ^ 

>- h- 

^• Ut VO p» vo ^J- 
«r vo in VO r* 00 8 o O CM 

O > o o o o o CM 

UI CO ^• m VO m CO 1»* 
_i 1ft in VO r^ 00 

| 
o a» 

< 
o o o o o o 

1- 

1— «M CO t m ^- CM vo ^t m VO r^ 00 s O 00 
UI 

•—1 

o o o o O '"" o 

, CM CO 1 co t_ m 
iS\ CO IJI VO !•». 1 o r^ 
in 
< 

o o o o o r~ o 

a 
on o CM vo *t 
u 
UI 

^ o 
oe 

- m co 
o 

a. 
0) at 

UI o o o o o m 
J3 a LU o o o o o 

ae K r- ■*■ 

»- o >■ 1 1 1 1 1 25 o >- Q. o. a. a. CL 2* 
UI o (_> 9 o U ^t S 

ae 
UI oc 
Q UI 
ec 
o 3E r- CM ^■ m VO CO 

o 5 
^ 

79 



PART 7 

HARD PAN 1-3 EVENT 

1. TEST SITE LAYOUT 

Figure P-38 is a plan view of the HARD PAN 1-3 test configuration. 

Figure P-39 is a plan view of the HEST area showing the locations of all free 

field measurements. Figure P-40 (in six parts) shows measurement locations 
in elevation view. 

2. COORDINATE SYSTEMS 

Free field measurements are located with respect to a rectangular car- 

tesian coordinate system whose origin is at the upper left hand corner of 

the HEST cavity as shown in figure P-38.    The positive X-axis extends parallel 

to the array centerline away from the simulated detonation ground zero as 

shown in that figure. 

Structure and near field measurement location are defined in a cylin- 

drical coordinate system similar to that for HP I-2B.    In the rectangular 

coordinate system the structure centerline is at X = 150 ft, Y = 60 ft. 

3. INSTRUMENTATION 

a. Blast Pressure 

Table P-75 lists the 32 free field blast pressure gages in HP 1-3. 

Their locations are shown in figures P-39 and P-40. Table P-76 lists the 

eight structure mounted blast pressure gages which are shown in figure P-41. 

b. Pneumatic Pressure 

Three pressure gages measured air pressure in the inflatable collar 

between the upper and lower structure parts. Locations are shown in figure 

P-41 and the measurements are listed in Table P-87. 

c. Stress 

Forty-five soil stress measurements were made in the free field 

as listed in Table P-77 with locations shown in figures P-39 and P-40. 
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Twelve soil stress measurements were made in the BLEST field. 
These are listed in Table P-78. 

Twenty-two soil stress measurements were made in the structure 

near field at locations indicated in table P-79 and shown in figure P-41. 

Installed in the structure were 22 WAM gages and two interface 

shear gages. The latter were configured to measure two components of shear 

as well as normal stress. Figure P-41 and table P.79 apply here. 

The Event 1 upper structure was emplaced at the location shown 

in figure P-39. It had four WAM gages with locations indicated in table P-79, 

d. Acceleration 

There were 206 transducers installed in the free field to measure 
acceleration.    These are listed in table P-80 and shown in figures P-39 and 
P-40. 

Fifty-three near field accelerometer installations are listed in 
table P-81 and shown in figure P-42.    Shown on that figure and listed in that 
table are the 49 structure mounted accelerometers. 

e. Velocity 

Free field velocity transducer emplacements totalled 56 as listed 
in table P-82. 

Structure mounted velocity transducers were 26 in number, with six 

being CERF developed interface velocity sensing devices. Table P-83 and 
figure P-42 apply to these. 

f. Relative Displacement 

Twelve relative displacement gages were installed in the structure. 

These are listed in table P-84 and shown in figure P-42. 

g. Structure Steel Strain 

Steel strain measurement channels were 143 In number and are listed 
in table P-85 and shown In figure P-43. 
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h.    Strong Motion Seismic 

Table P-86 lists the twelve accelerometers installed at four 
strong motion seismic stations. 

i.    Special Measurements 

To determine blast effects at the trailer shelter, two pressure 
gages were installed.    These are listed in table P-87. 

j.    Time-of-arrival 

As listed in table   P-88, a total of 115 TOA gages were installed 
in the HEST and BLEST areas. 

4. CHANNEL RECORD ASSIGNMENTS 

AFWL Instrumentation Vans E-l, E-3. E-5. and E-9 were used to record 
the instrumentation channels to HP 1-3. Table P-89 is a listing of all 
channels recorded together with calibration levels. The record assignments 
are also shown in tables P-90 through P-94. 
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Table P-88.   Time-of-Arrival Measurements - HP 1-3 

Measurement Locaf ion Measurement Gage 
Number X (ft) Y (ft) Type Type 

1001 0 0 TOA Pin 
1002 201 0 TOA Pin 
1003 350 0 TOA Pin 
1004 443.43 0 TOA Pin 
1005 503.16 0 TOA Pin 
1006 478.48 0 TOA Pin 
1007 533.37 0 TOA Pin 
1008 266.6 0 TOA Pin 
1009 318.4 0 TOA Pin 
1010 266.6 16.40 TOA Pin 
1011 405.98 28.41 TOA Pin 
1012 473.52 32.97 TOA Pin 
1013 528.73 35.71 TOA Pin 
1014 446.91 31.25 TOA Pin 
1015 505.75 35.46 TOA Pin 
1016 556.97 39.70 TOA Pin 
1017 318.4 21.6 TOA Pin 
1018 667.27 94.85 TOA Pin 
1019 346.59 48.71 TOA Pin 
1020 439.11 61.71 TOA Pin 
1021 498.26 70.03 TOA Pin 
1022 473.82 66.59 TOA Pin 
1023 528.05 74.35 TOA Pin 
1024 576.93 81.98 TOA Pin 
1025 623.28 87.69 TOA Pin 
1026 637.67 135.19 TOA Pin 
1027 679.73 144.27 TOA Pin 
1028 398.08 84.61 TOA Pin 
1029 464.29 98.69 TOA Pin 
1030 438.21 93.14 TOA Pin 
103? 496.61 104.90 TOA Pin 
1032 546.47 116.38 TOA Pin 
1033 593.23 126.27 TOA Pin 
1034 647.58 185.49 TOA Pin 
1035 687.75 197.61 TOA Pin 
1036 336.44 96.47 TOA Pin 
1037 426.25 122.23 TOA Pin 
1038 459.93 131.87 TOA Pin 
1039 512.70 147.02 TOA Pin 
1040 560.43 160.99 TOA Pin 
1041 604.78 173.30 TOA Pin 
1042 211.00 86.40 TOA Pin 
1043 276.4 125.00 TOA Pin 
1044 612.07 223.17 TOA Pin 
1045 382.43 139.19 TOA Pin 
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Table P-88. Time-of-Arrival M 

Measurement Location 
Number X (ft) Y (ft) 

1046 420.98 153.23 
1047 476.48 173.43 
1048 525.16 191.14 
1049 569.41 208.01 
1050 266.6 -16.4 
1051 405.98 -28.41 
1052 473.52 -32.97 
1053 528.73 -35.71 
1054 446.91 -31.25 
1055 505.75 -35.46 
1056 556.97 -39.70 
1057 318.4 -21.6 
1058 667.27 -94.85 
1059 346.59 -48.71 
1060 439.11 -61.71 
1061 498.26 -70.03 
1062 473.82 -66.59 
1063 528.05 -74.35 
1064 576.93 -81.98 
1065 623.28 -87.69 
1066 637.67 -135.19 
1067 679.73 -144.27 
1068 398.08 -84.61 
1069 464.29 -98.69 
1070 438.21 -93.14 
1071 496.61 -104.90 
1072 546.47 -116.38 
1073 593.23 -126.27 
1074 647.58 -185.49 
1075 687.75 -197.61 
1076 336.44 -96.47 
1077 426.25 -122.23 
1078 459.93 -131.87 
1070 512.70 -147.02 
1080 560.43 -160.99 
1081 604.78 -173.30 
1082 211.00 -86.40 
1083 276.4 -125.0 
1084 612.07 -223.17 
1085 382.43 -139.19 
1086 420.98 -153.23 
1087 476.48 -173.43 
1088 525.16 -191.14 
1089 569.41 -208.01 
1090 0 0 

nts - HP 1-3 (Cont.) 

Measurement Gage 
Type Type 

TOA Pin 
TOA Pin 
TOA Pin 
TOA Pin 
TOA Pin 
TOA Pin 
TOA Pin 
TOA Pin 
TOA Pin 
TOA Pin 
TOA Pin 
TOA Pin 
TOA Pin 
TOA Pin 
TOA Pin 
TOA Pin 
TOA Pin 
TOA Pin 
TOA Pin 
TOA Pin 
TOA Pin 
TOA Pin 
TOA Pin 
TOA Pin 
TOA Pin 
TOA Pin 
TOA Pin 
TOA Pin 
TOA Pin 
TOA Pin 
TOA Pin 
TOA Pin 
TOA Pin 
TOA Pin 
TOA Pin 
TOA Pin 
TOA Pin 
TOA Pin 
TOA Pin 
TOA Pin 
TOA Pin 
TOA Pin 
TOA Pin 
TOA Pin 
TOA Pin 
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Table P-88. T1me-of-Arrival Measurements - HP 1-3 (Cont.) 

Measurement 
Number 

1101 
1102 
1103 
1104 
1105 
1106 
1107 
1108 
1109 
1110 
1111 
1112 
1113 
1114 
1115 
1116 
1117 
1118 
1119 
1120 
1121 
1122 
1123 
1124 
1125 

Location 
X (ft)   Y (ft) 

0.380 
7.885 

15.229 
22.427 
29.484 
36.422 
43.245 
49.974 
56.609 
63.172 
69.661 
76.083 
82.458 
88.590 
95.073 
95.073 
107.562 
119.974 
132.359 
138.557 
144.766 
150.995 
157.245 
169.849 
182.620 

-56 
-48 
-40 
-32 
-24 
-16 
-8 
0 
8 

16 
24 
32 
40 
48 
56 

-56 
-40 
-24 
-8 
0 
8 

16 
24 
40 
56 

Measurement Gage 
Type Type 

TOA Break-wire 
TOA Break-wire 
TOA Break-wire 
TOA Break-wire 
TOA Break-wi re 
TOA Break-wire 
TOA Break-wire 
TOA Break-wire 
TOA Break-wire 
TOA Break-wi re 
TOA Break-wire 
TOA Break-wire 
TOA Break-wire 
TOA Break-wire 
TOA Break-wire 
TOA Break-wire 
TOA Break-wire 
TOA Break-wire 
TOA Break-wire 
TOA Break-wire 
TOA Break-wire 
TOA Break-wire 
TOA Break-wi re 
TOA Break-wire 
TOA Break-wire 
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PART 8 

HARD PAN I GENERAL INSTRUMENTATION PLAN 

This section addresses area«: uMot. 

events, such as «J^T^Zt^   ZZ! - ^ the *" PAN teSt 

connection schemes. s18^t1on. transducers employed, and their 

»• MEASUREMENT IDENTIFICATION 

a.    Measurement Numbers 

To each transducer fielded fhOM •« 

"^er.    m general. the measur 1 t nu^     r" iT' a UntqUe "^^ 
three digits, as 001. 184 or 601; for spec al 1 ^^ts consists of 

appended as In the series 901. 9 1A   90 1C    T"^5 a **** ** be 

still only one transducer Inv 1 e     bu     t'   s       ^ ^ ***** *** ^ ** 

tn different ways before recor In '      si el9"     ^ ^ ^ COnd1tt0"ed 

^tter P.    ^ureTCnt numbers J«^ r^^t S ^ ^ 
as shown below.    FF means free field   S/MF      / haVe been assl9ned 

BLEST area. 1e1d• S/NF " ^ture/near field, and BL means 

HPI-l 

001-020 
101-186 
301-394 
401-420 
421-430 

201-257 
601-636 
501-504 

901-903 
P1-P32 

HPI-2A 

001-026 
101-213 
301-378 
401-503 
511-520 
531-542 
221-296 
601-663 
551-560 
701-716 

027 
901-920 
P1-P40 

HPI-2B 

001-028 
101-220 
251-391 
401-460 
461-486 

501-604 
641-691 
711-726 

802-809 
925-938 
051-096 
029-030 
901-918 
P1-P45 

HPI-3 

001-040 
041-247 
251-400 
401-458 
461-493 

501-640 
641-704 
711-724 

801-815 
816-827 
851-895 
909-911 
950-957 
P1-P57 

Blast Pressure 
Acceleration (FF) 
Strain (S) 
Velocity (FF) 
Velocity (S) 
Velocity (BL) 
Acceleration (S/NF) 
Stress (S/NF) 
Displacement (S) 
Acceleration (BL) 
Stress (BL) 
Strong Motion Seismic 
Stress (FF) 
Waterstop Air Pressure (S) 
Experimental ' 
Passive (S) 
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Field 6 indicates the (horizontal) radial distance In feet from the 

structure axial centerllne or the Cartesian system 2-coordlnate. 

Field 7 denotes the type of basic measurand: 

A - Acceleration 

V - Velocity 

BP - Blast Pressure 

SE - Steel Strain 

RD - Relative Displacement 

FS - Soil Stress 

IP - Interface Pressure (WAM Gage) 

IS - Interface Stress (CERF Gage) 

IV - Interface Relative Velocity 

ID - Interface Relative Displacement 

Field 8 indicates the transducer sensing axis orientation: 

V - Vertical 

H - Horizontal 

R - Radial (Horizontal) 

T - Tangential or Transverse 

VS - Vertical Shear 

0 - Omnidirectional 

A ninth field is normally used to contain the three digit measurement 

number. The Measurement Designation as described above will appear on all 

Calcomp and other computer generated plots for the convenience of the data user, 

c. Measurand/Polarity Convention 

The convention to be followed in setting up transducer output polarities 
is as follows: 

(1) Steel and concrete strains - tension is positive 

(2) Blast pressure, normal interface pressure and soil stress - 
compression is positive 

170 



(3) Interface shear stress - model movement down relative to 

soil to give positive output (Events 1, 2A). Model up relative to soil positive 

(Events 2B, 3). Model rotation clockwise relative to soil to give positive 

output. 

(4) Acceleration and velocity - motions downward, radially outward, 

and azimuthally clockwise are positive (Events 1, 2A). Up, out, and clockwise 

are positive (Events 2B, 3). 

(5) Interface relative velocity - model downward with respect to 

media to yield positive output (Events 1, 2A). Model up relative to media is 

positive (Events 2B, 3). Model motion clockwise relative to media positive. 

(6) Relative displacement - upper model motion down with respect to 

lower model to yield positive output (Events 1, 2A). Upper model up relative 

to lower is posiere (Events 2B, 3). Upper model motion radially outward relative 

to lower model for positive output. Model diameter increase is positive. Items 

(3)-(6) apply to cylindrical coordinate system. Positive motioi in the free 

field Cartesian coordinate system was in the negative X direction (Event 2A), 

positive X-direction (Events 2B, 3), positive Y-direction (all events), positive Z- 

direction (Event 2A), and negative Z-dlrection (Events 2B, 3). 

2.   TRANSDUCERS 

a. Velocity 

Both vertical and horizontal velocity measurements will be made using 

the Sandia DX type velocity gages manufactured by Bell and Howell. Their specifi- 

cations follow: 

(1) Horizontal Velocity Transducer 364137 

PERFORMANCE SPECIFICATIONS 

jl 1 to + 500 ft/sec Range: 

Undampened Natural Frequency: 

Resolution: 

Linearity of Undampened Gauge: 

Repeatability of Undampened Gauge: 

Hysteresis of Undampened Gauge: 

Shock Load: 

The transducer performance will not be degraded by 5 half-sine acceleration pulses 

of .30 ms In duration and 5000 "g" magnitude. The special pivots are 

secured within the head assembly, and when subjected to the above environmeist. 

3 Hz + 0.25 Hz 

Infinite 

0.5% of full scale 

0.5% of full scale 

+ 0.25% of full scale 

5000 "g" any axis 
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no degration will occur beyond the specification parameters.    The E-core will 
remain tight and in place during the shock excursion. 

Temperature Sensitivity of full range:    Less than 1.5X per »C. 

UtpUt: Ac differential, compatible with carrier 

oscillators and amplifiers. 
Power Output: } watt mximm 

Output Impedance: (28 + j a 0<18) ohms m ^^ nominal 

Excitation: mz   m   ms 

Physical Specifications: See DOD:    CEC 364137 
We19ht: 520 grams 

(2)   Vertical Velocity Transducer 364142 

PERFORMANCE SPECIFICATIONS 

Range: 

Undampened Natural Frequency: 

Resolution: 

Linearity of Undampened Gauge: 

± to ± 500 ft/sec 

3 Hz ± 0.25 Hz 

Infinite 

0.5X of full scale 
Repeatability of Undampened Gauge: 0.5X of full scale 

Hysteresis of Undampened Gauge: ± 0.25X of full scale 

Zero Adjust: Capability Provided 
Shock Load: 5000 -g- any ax1s 

The transducer performance will not be degraded by 5 half-sine acceleration 

pulses of .30 ms In duration and 5000 "g" magnitude.    The special pivots are 

secured within the head assembly, and when subjected to the above environment, 

no degration will occur beyond the specification parameters.    The E-core will 
remain tight and In place during the shock excursion. 

Temperature Sensitivity of full range: 

0utput: AC differential, compatible with carrier 

oscillators and amplifiers. 
Power Output: } watt mximm 

Output Impedance: (28 + j w 0J8) ohms full bridge ^^ 

Excitation: 3KHZ   10y   ^ 

Physical Specifications: See DOD:   CEC 364142 
Me19ht: 520 grains 
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The velocity gage uses a silicone fluid compound manufactured by Dow 

Coming. Series 210. as a damping fluid. The gage velocity range and response 

may be changed by using damping fluids of different viscosities. The viscos- 

ities currently available and the corresponding approximate linear ranges are: 

Viscosity 
(Centistokes) 

7000 
5000 
3000 
2000 
1000 
500 
200 

Approximate Linear Range 
 (Ft/Sec) 

Brass Pendulum 

200 
100 
75 
30 
18 

Because the damping fluid viscosity is temperature dependent, a number 

of thermistors will be installed at velocity transducer locations. Accurate 

calibration of these thermistors will enable the temperatures at the velocity 

gage locations to be determined through measurement of the thermistor resis- 

tances. These temperature determinations will be made frequently and will be 

logged. Those measurements made just prior to shot time will be used for data 
reduction. 

b. Acceleration 

Acceleration measurements for both free field and structures will be 

made using the following acceleration transducers: 

Endevco 2264A-5K-R 

Endevco 2261C-2500 

Kulite GB1000-1000 (Modified) 

Kulite GB1000-500 (Modified) 

Endevco 2269C-250 

Endevco 2262C-25 

5000g 

2500g 

1000g 

500g 

250s 

25g 

Specifications for these gages appear on the following pages. 
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The Model ?264A Series of Piezoresistive Acceleromelers is designed for 
use m high shock applications. Their small si/e and low mass assure min- 
imum loading of the test structure. 

With a nominal full scale output of 500 millivolts at 10V dc excitation the 
acceleromelers can be operated directly into voltmeters, oscilloscopes'and 
many recorders without amplification. High resonance frequencies and 
essentially zero damping allow the accelerometers to respond accurately 
to fast rise time, short duration shock motion. 

Piezite* Type P-16 Elements are utilized in two active arms with fixed 
internal bridge completion resistors to provide a low impedance full bridge 
circuit With a frequency response extending down to dc or steady stale 
acceleralion these accelerometers are ideal for the measurement of lono 
ouration motion. ■ 

UM*«M 
tin Mt 

Two times actual size 

COMMON SPECIFICATIONS FOR THE 3264A SERIES ACCELEROMETERS 
(Arco, drng to ANSI »id ISA Smndard,) 

DYNAMIC 

RANGES AVAILABLE   + 5,000,   110,000. 

t 20.000, 1 50,000 g pk 
OUTPUT, FULL SCALE ... 500 mV nominal 
THERMAL SENSITIVITY 

SHIFT    + 15/0/-15% nominal, at 0/75/150°F 
O, AT RESONANCE 50 dB, nominal 

DAMPING FACTOR 0.002. nominal 

TRANSVERSE SENSITIVITY .. Dasigned for 5%. nominal 

ELECTRICAL 

EXCITATION'    too v dc 

ZERO MEASURAND OUTPUT . ± 50 mV dc maximum, at 75-F (24*0 

THERMAL ZERO SHIFT i 30 mV dc maximum, at O^F and 150°F 
(-180C and 66'C) reference 75'F 

INPUT RESISTANCE 
{full bridge) 500 ± 100ohms (-50 K-R: 700 ± 150ohms) 

OUTPUT RESISTANCE 
(lull bridge)  500 ± 100 ohms (-50 K-R: 850 ± 200ohms) 

BRIDGE COMPLETION 
RESISTORS 500 ± 100 ohms 

INSULATION RESISTANCE» .. 100 Mfl minimum at 100 V dc 

TABLE OF SPECIFIC CHARACTERISTICS 

Dash Number1 

Range, g pk 

Sensitivity. mV/g. at 10 V dc, nom: 
minimum: 

Mounted Resonance Frequency, 
Hz nominal 

Useful Frequency Response, Hz, dc to 

Environmental Acceleration Limits 
Sensitive Axis, g pk 

Transverse Axis, g pk 

Minimum Half-Sine Pulse 
Duration*, j» 

-5K-R 

±5.000 
0.100 
0.075 

50,000 

8,000 

±12,500 

±12,500 

-10K-R 

125 

±10,000 

0.050 
0.037 

70,000 
9.000 

±25,000 
±25,000 

90 

NOTES: 
•Unit it calibrated with 10 0 Volta dc «citation 
Warmup time to meet all specificationt la one 
minute  The Endevco* Model 4203 Power Supply 
or Model 4470 Umveraal Signal Conditioner it 
recommended at the axcitalion tource. 

The aenalng alementa, cate,  and cable thield 
•re   insulated  from   each  other.  To  ahiald  the 
tenting   alementa   from   atray   electric   fields 
ground the cate by removing the anodlie on the 
(lange under a tsrew head. 

"The tuffi« fl eftor the part number mdicatet that 
bridge completion retlttort are mounted within 
the Iranaducar 

'Model 2264A 50K R haa bean detlgnad to with- 
atand 100.000 g In aenaitlva ant. but It not tetled 
to thla level 

Werommended minimum pulaa duration for half- 
tine or triangular pulaaa to avoid enceaaiva high 
frequency ringing Sae.Endevco* Pieioreaiative 
Inalruction Mtnual 

-20K-R 

±20.000 

0.025 
0.018 

100,000 

12.000 

±50.000 

±30,000 

-50K-R 

65 

±50,000 
0.010 
0.007 

180,000 

30,000 

± lOO.OOQ* 

±50,000 

30 
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COMMON SPECIFICATIONS 
FOR THE 2264A SERIES 

INtlRNAl BRIOGf 
COMPttTION 
-RFSlSIOB'j 

CNDIVCO I7J70 
4 CONDUCIOB SMlIlDtD C*Blf 

CONDUCTOBS  30 *WC   7 X 31 
SIB*NO£D BARI COPPIR 

CONDUCTOR INSULATION  llfill 
SHIELD  BRAIDED  004 DI« BARC 

COPPER  «l%COV[RAG! 
OUTER JACKET. PVC 

"I    .-, 
+-+ -tORED-t INPUT 

TOCRN -t OUTPUT 
1 

-rOBlK - INPUT 

-tOWMT- OUTPUT 

(1 98) -»H    r» 
MAX i    ' t>'0(») 

■ 2 PLACES 

 J    V 
/ CASE (GROUND "-O CABLE SHIELD 
— TO SHIELD SENSORS) 

SCHEMATIC 

-INTEGRAL METAL 
BASE 

-ALUMINUM CASE 

-PATENT PENDING 
LABEL 

CENTER Of SEISMIC MASS 

RANGE 

5,000 g 
TO.000 o 
20.000 g 
SO 000 g 

•X" +030(7») 

OM (2 39) 
090(2 29) 
099 (2 S2) 
IPS (2 67) 

010 ( 25) 

tO0(2M) 
100(2 54) 
100 (2 54) 
081 (2 06) 

d-r 
h ■ ir r % mm1 

Oimenuoni in .i chei and imillim«(ers) 

Tol»r»ncM    XX (X X) «+0 3 (±0 8) 
.XXX(XXX)- t0 0t0(±<)25) 

SEE TABLE -*J 

rl99 
am 
MAX 

"r»" 

oon (06) 
^     «m too) 

DIRECTION FOR 
POSITIVE OUTPUT 
PER SCHEMATIC 

■V ' SEE TABLE 

PHYSICAL 
WEIGHT 

SENSING ELEMENTS 
CASE MATERIAL 
BASE BLOCK MATERIAL 
CABLE 

MOUNTING« 

ACCESSORIES SUPPLIED 

1.S grams nomlna!, excluding cable 
Pieille* Type P-16 
Anodized Aluminum Alloy 
Nickel Alloy 

4-conduclor integral shielded cable, 48 inches (12 m) long mir imum, 
Tefzel insulated conductors, gray PVC jacket, Enfllevco P/N17370 
Two flanges, drilled to clear 4-40 screws. Recommended 
mounting torque: 6 in-lb (0 68 Nm) maximum. 

Two each EH470, 4-40 x VA cap screws; two 17147, Hat, size 4 special 
washers; EHM464 hex key wrench: protective sleeve'. 

ENVIRONMENTAL 

ACCELERATION LIMITS 
TEMPERATURE RANGE 

HUMIDITY 

See Table 
Operating: 0"F to 150"F (-IB'C to BBC) 
Non-Operating: -B5°F to 200'F (-54'C to 93'C) 
Epoxy sealed 

NOTES: i ' £ ... ' b!.'" ,0 wl,hJnJX»1 *• T"» •n<< •'»Wy 9'M4«d' to obu.n good coupling bttwnn occelaromMor .nd test mounlmg 
•urt.« T^htAn Mtk sctw with th. fmgor. *.n torqu« «ch .crt» •Itorn.l.ly, m I m lb incromonts to tht recommended mounting 
torqu» Screw htidt mutl not touch com wallt. Check torque on eech ecrew eher eech ehotk input II check le not leaiibte lock 
screw with safety wires, an anaerobic thread tealant or other suitable meana.  'Dow Corning High Vacuum Grease  la recommended 

'/mporiem   Keep protective eleeve on unit while accelerometer la not mounted  Although these accelerömetera are rated (or an accelere- 
tion limit aeverel times their operating range, they must be handled with care. 
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The Models 2^61 and 2261C Accelcfomcters are designed as «en 

to lonK duration shorks ,., the  -2500 ■ rWM   The h.Ph nalu al 

(OTITLZIT* ün',,S (K",'1,er ,l"'n :,0 kH" and IcfdaCnR 
.nn ..f     K     ?K   "TJ!.1"  accu'a,e  repro.tuction  of  rapid  nse Imie 

J,^!in.Iran,S.',UCe'V'S.e,P'e",e' T^e P 9 ^ments m a lull bridge 
circuit to obtain a high level output at low impedance  The 226 C is 

JnH».W;re deV'Ce. •"Ü lJSe5 a Pair 0' ""^ r«lst°" «W ha" o thl 
M i'L^I .P'e!;en,.a cP"!•,an, an" '"'own resistance to the extra pair 
of leads lor shunt calibration techniques 

2261M4 
2261M7 

2261 
2261C 

•p.elfic.ti.n. for th. M.d.l 2261 and 22610 Ace.l.r.m.t.r. 
(According to USASI and ISA Standards) 

• iC 

RANGE 

SENSITIVITY (at rated encitation) 
EXCITATION 

INPUT RESISTANCE 

OUTPUT RESISTANCE 

MOUNTED RESONANT FREQUENCY 

FREQUENCY RESPONSE (±5%)' 
DAMPING (apprommately) 

TRANSVERSE SENSITIVITY 
LINEARITY (END POINT) AND 
HYSTERESIS 
2ERO BALANCE 
(at rated excitation and +7S'F) 

THERMAL ZERO SHIFT 

THERMAL SENSITIVITY SHIFT 

INSULATION RESISTANCE' 
WARMUP TIME 

Model 2261 

±2500g 
0.1 mV/g nominal 
lOVdc' 

510'.I nominal 

330 H nominal 

31.000 Hz nominal 
0 to 6000 Hi 

01 of critical 

3% maximum' 

±2% of range 

±25 mV maximum 

112 mV, maximum,   ±6 mV. maximum 
fiZSSJ*!* at-65'Fand 
+ 250'F, re(. +75*F.  +250^, ref +75^. 

-10% maximum, at -65'Fand -250^ 
rtf. +75^. 

100 Mil minimum at 100 Vdc. 

1 minute to meet all specifications 

Model 226IC 

♦2500 B 

0.05 mV/g nominal 
10 Vdc' 

330!( nominal 

375 II nominal 

31.000 Hz nominal 
0 to 6000 Hz 

.01 of critical 

3% maximum' 

i2% dränge 

±3.5 mV maximum 

TVFIC« 

0 1 
"    "—' L—I.I^. 

" 
in 

"^"^ 

•r 
•c 

-M 0 

Temperature 

+ l« •0 

11 

NOTU 

'Urnt ii cnl.br.ltd al 10 Vdc 11 may be op.r 
•ltd at lower vollagos but should bt ipecifiad 
Uimo 0' 0'^'r f NDEVCO' Modal 4201 or 
«03 Power Supplies ot Model 4400 Signal 
condilionert are recommended a> the e<cila 
lion source. 

•Worst case error in any a>is perpendicular to 
sensitive am«. 

'AM leads to case (shield is common to case 
groundl. 

•In shock measuremenls, minimum pulse dur 
I™!0« .'," *"" " "l*n«l'l" Pul'ts should 
eiceea 0.1/ milliseconds lo avoid huh tre- 
ciuency nnting. See Endevco Accelerameter 

The curve left shows typical deviation of 
sensitivity with temperature Note that 
although the acceleromeler is well com- 
pensated over the entire range from 
-65'F to +250-F. there is an inner 
range from O'F to ♦ 165-F over which 
sensitivity is extremely flat, typically less 
than 3% total deviation The great ma- 
jority of measurements will fall within 
this smaller interval. 
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•pacification» for tho Modal 2261 and 22«1C 

2261M4 
AND 2261M7 

<i Kin * IN 
<JWMT/RED C*LIB.  (2261C  ONLY) 

WMT /CRN   CALIB   OT61C  ONLY) 
«GflEtN   +   0U1 

«WHITt    -   OUT 
«CASE,CABLE SHIELD 

.117  MIN   THO   DEPTH 
10 32 NF 7B 

TOLERANCIS 
XX - +  03 

Dim*nt<on tn inch«»       XXX       *   010 

PHYSICAL 

WEIGHT 

MATERIAL 
SENSING ELEMENT 
MOUNTING 

ELECTRICAL CONNECTION 

GROUNDING 
ACCESSORIES INCLUDED 

OPTIONS AVAILABLE 

35 5 grams (1.25 oz.) nominal plus cable 
Stainless Steel 
Piezite* Element Type P 9 

Base tapped tor 10 32 NF x >/," stud 
Recommended mounting torque: 18 in. lb (20 kg cm) 

2261' Two leet of integral (our conductor shielded cable, tinned leads. 
2261C: Two feet of integral six-conductor shielded cable, tinned leads. 
Circuit is isolated, shield is common to case 

Mounting Stud Model 2981 3 (10 32) 

Model 226IM4, same as Model 2261 except with top connector. 
Model 2261M7, same as Model 2261C except with top connector 

STATIC ACCELERATION 
VIBRATION 
SHOCK 

TEMPERATURE RANGE 
Compensated: 

Environmental Limits: 
HUMIDITY 

•fNUl 
±75001 

± 7500 g, 150 ysec half sine pulse or longer 

-54*010 +121,C(-65,Fto +250^) 
-73,Cto +149,C(-100,Fto +300^) 
Unit is «poxy sealed 
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Mnnh^1^1?^5 F0R K"I-ITE ACCELEROMETFR 
MODLL m*. üB-1000-500 & UH-IüOO-IOOO MflnTFTFn 

Range 

Over-Range 

Mounted Natural Freq. 

Damping Ratio 

Transverse Sensitivity 

Combined Non Linearity & 
Hysteresis 

Sensitivity 

Excitation 

Input Impedance 

Output Impedance 

Zero Output 

Insulation Resistance 

Operating Temperature 

Compensated Temperature Range 

Thermal Zero Shift 

Thermal Sensitivity Shift 

Size 

Weight 

Mounting 

Electrical Connection 

GB-1000-500 

+ 500G 

+ 3500G 

9 KHZ, nominal 

0.01 of critical 
nominal 

3% max. 

GB-1000-1000 

+ 1000G 

+ 7000G 

14 KHZ, nominal 

0.01 of critical 
nominal 

3% max. 

±1% of F.S. +1% of F<s# 

0.2 mV/g, nominal     0.1 mV/g, nominal 

10 volts DC (or ACRMS) 

1000 ohms nominal 

500 ohms nominal 

+ 3% of F. S. maximum 

100 megohm min. @ 50 VDC 

-65 F to +250 F 

0° F to +120 F 

+ 3mv over compensated temp, range 

± 2% over Compensated Range 

5/8 hex x .785 max. height 

25 grams nominal, exclusive of cable 

10-32 tapped hole. 10-32 threaded MTG 
stud furnished 

3 ft. of 5 conductor #2S Awii, shielded 
cable tntesrai with unit 
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Compensation 

Case Material 

Accessories Supplied 

Span and zero shift components contained 
within unit. In addition a shunt calibration 
resistor to simulate 50% (nominal) of full scale 
with a preselected TCR that minimizes temperature 
effects. Shunt calibration is put into effect 
by shorting the 5th lead to output terminal of 
bridge (See Schematic 

316 Stainless Steel 

Mounting stud and Calibration Data 
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The Model 2260 and 2260C Accelerometers were designed to provide 
measurement of static and dynamic accelerations at a high signal to 
noise ratio, often without the need of auxiliary amplifications. This unique 
design with its high natural frequency and near zero damping provides 
for response from steady state to 2000 Hz without phase shift, over the 
entire compensated temperature range of -65* F to +250* F. 
These transducers use Piezite* Type P 9 elements in a full bridge circuit 
to obtain a high level output at low impedance. The 2260C is a six wire 
device that uses a pair of fixed resistors in half the bridge to present a 
fixed resistance to the extra pair of leads for shunt calibration techniques. 

ACTUAL SIZE 

Specification* for Modal 22SO and 2260C Accalaromatars 
(According to USASI and !SA Standards) 

DYNAMIC 
Model 2260 Model 2260C 

RANGE     -250 g to + 250 g -250 g to +250e 
'Unit it calibrated at 10 Vdc. It rTU<w be opar- 

SENSITIVITY         1.3 mV/g nominal 
1.0 mV/g minimum 

0.62 mV/g nominal 
0.50 mV/g minimum 

ated at lower voltages but should be specified 
at time of order. EN^V-TO« Model 4201 or 
4203 Power Supplies or 4400 Signal Condi- (at rated excitation) 

EXCITATION 10 Vdc' 10 Vdc' tioners are recommended excitation sourct. 

INPUT RESISTANCE  
OUTPUT RESISTANCE     

500 it nominal 
500 11 nominal 

333 11 nominal 
375 » nominal 

'Worse case error in any axis perpendicular 
to sensitive axis. 1% spec available on spe- 
cial order. 

MOUNTED RESONANT 'All leads to case (shield is common to case 
FREQUENCY 14 kHz nominal 14 kHz nominal ■round). 

10 kHz minimum 10 kHz minimum 'In   shock   measurements,   minimum   pulse 
FREQUENCY RESPONSE 
(±5%)« 0 to 2000 Hz 0 to 2000 Hz 

duration for half sine or triangular pulses 
should exceed OS milliseconds to avoid high 
frequency ringing See Endevco Accalerometer 

DAMPING (approx )       .01 of critical .01 of critical Manual. 
TRANSVERSE SENSITIVITY 3% maximum2 3% maximum2 

LINEARITY (END POINT) 
AND HYSTERESIS  ± 1 % of range ± 1 % of range 
ZERO BALANCE ±7 mV maximum ±3.5 mV maximum 
(at rated excitation and 
+ 75* F) 
THERMAL ZERO SHIFT ±12mVat -65* F ±6mVat -65* F 

and +250* F, and +250* F, 
maximum, maximum. 
ref. +75* F. ref. +75^. 

THERMAL 
SENSITIVITY SHIFT    -10% maximum, at -65* F and 

-250" F. ref. +75* F. 
INSULATION RESISTANCE^ 100 MO minimum at 100 Ml) minimum at 

100 Vdc. 100 Vdc. 
WARMUP TIME  1 minute 1 minute 

I 

* 

•F 
•C 

10 

< 

-« 
-•4 

0 + 75 + 16S 

+ 2« + 74 

+ 250 
+ 121 

The curve shows typical deviation of 
sensitivity with temperature. Note that 
although the accelerometer is well com- 
pensated over the entire range from 
-65* F to +250' F, there Is an inner 
range from 0* F to +165* F over which 
sensitivity is extremely flat, typically less 
than 3% total deviation. The great ma- 
jority of measurements will fall within 
this smaller interval. Specially compen- 
sated accelerometers are available for 
use over a narrower range. 
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Specification« for Modal« 2260 and 2260C 

I-— M   — 
.600 Dl« 

62 HEX 

-o WHT./RED  CALIB   (2260C ONLY) 
■• RED    + INPUT 

GREEN     +   OUTPUT 
■« WHT/GREEN    CALIB. (2260C ONLY) 

108 

BLACK    -   INPUT 

3^—° WHITE     -   OUTPUT 

' o CASE, CABLE   SHIELD 

PHYSICAL 

WEIGHT 

MATERIAL 

SENSING ELEMENT 

MOUNTING 

ELECTRICAL CONNECTION 

GROUNDING 

ACCESSORIES INCLUDED 

STATIC ACCELERATION 

VIBRATION 

SHOCK 

TEMPERATURE RANGE 

HUMIDITY 

Dimensions in inches 

Tolerance: 
.XX ■ ±.03 
.XXX = ±010 

.117 MIN. THD DEPTH 
10-32  NFZB — 

± .004 

35.5 grams (1 25 oz.) nominal, plus cable 

Stainless Steel 

Piezite* Element Type P-9 

Base tapped for 10 32 NF x >4n stud. 
Recommended mounting torque: 18 in. lb. (20 kg cm) 

2260: Two feet of integral four conductor 
shielded cable, tinned leads. 
2260C: Two feet of integral six conductor 
shielded cable, tinned leads. 

Circuit isolated, shield common to case. 

Model 2981 3 Mounting Stud (10-32) 

±750 g 

±750 g (frequencies below 2500 Hz) 

±750-g, 500 «isec half-sine pulse, or longer. 

Compensated:  -65* F to +250* F^W C to +121• C) 
Environmental Limit:  -100* F to +300* F (-73* C to +149* C) 

Unit is epoxy sealed. 
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The Models 2262-25 and 2262C-25 Accelerometers are designed to 
measure a broad variety of long duration, low level acceleration phe- 
nomena. Endevco PIEZITE« Type P-11 elements are employed in a 
full bndge circuit to obtain a high level output of * 500 millivolts 
at ±25 g full scale. This output is high enough to drive most tape 
recorders and low frequency galvanometers directly without ampli- 
fication. The Model 2262C is a 6-wire device that uses a pair of fixed 
resistors in half the bridge to present a fixed resistance to the extra 
pair of leads for shunt calibration techniques. 

Although the rated range of these transducers is ± 25 g they may 
be used to ±50 g. A unique system of overrange stops'(US Pat 
No 3,474,526) limits the movement of the seismic element at ac- 
celerations of 60 g or more. This allows the units to withstand up 
to 80 limes their rated range without calibration shift. The use of 
subcritical viscous damping extends their useful frequency range 
and reduces the effect of spurious, high frequency vibrations. 

Typical applications for these accelerometers Include transportation 
environment testing, transient accelerations on large structural mem- 
bers and combined environments of steady state acceleration plus 
transient inputs. K 

ACTUAL SIZE 

SPECIFICATIONS FOR MODEL 2262-25 and 2262C2S ACCELEROMETERS 
(Aecordmo to ANSI and ISA Standirdi) 

DYNAMIC 

Rated Rang« 
Useful Range 
Overrange Limiting 
Sensitivity (at 10 V do) 
Mounted Natural Frequency 
Frequency Response 

Damping Ratio (at +72"F) 
Transverse Sensitivity 
Linearity and Hysteresis 

Thermal Sensitivity Shift 

ELECTRICAL 

Excitation» 
Input Resistance (at +72"F) 
Output Resistance (at -t-72'F) 
Zero Measurand Output 

(at 10Vdcand+72'F) 
Thermal Zero Shift 

Insulation Resistance4 

(atlOOVdc) 

MODEL 2262-25 MODEL 2262C-2S 

-25 to +25 g 
±60g 
±60 to ±150g< 
20 mV/g, nominal 
2500 Hz, nominal 

-25 to+25 g 
±50g 
±60 to ±150g, 

10 mV/g, nominal 
2500 Hz, nominal 

±5%. 0 to 750 Hz at +72^ (+22"C)- 
-35%/+10%1 nominal at 0JF/+200,,F 
and 750 Hz. 
0.7. nominal 0.7. nominal 
3% maximum* 3% maximum' 
* 22^ 0' read'nB. maximum, to ± 25 g; 
± 3% of reading, nominal, to ± 50 g. 

+200-/F/~9%' nom'na1, • 0*/+72V 

lOVdc 
2100 ll. nominal 
1400 n. nominal 
±25mV 

lOVdc 
1000 n, nominal 
1000 n. nominal 
±25mV 

NOTES: 

'Unit output It contlnuoui between rcted rang* 
•nd thi affactivt limit point, with performance 
to ±50 g ■■ noted 

V/or»t caae error In any axla perpendicular to 
the aonaitiva axla 1% aelectlon it available on 
tpeclal order 

•Unit la calibrated at 10 V de. Lower excitation 
volieooe may be employed but ahould be ep*c- 
Hied at lima o» order to obtain beat thermal 
compenaatlon. Warmup time to meal all apoclfl- 
cationa la 1.5 mlnutae, maximum. Endevco* 
Model 4203 or 4204 Power Suppliaa. or Modal 
44«) Signal Conditioner are recommended aa 
Ina excitation aourca. 

"All laada to caae (ahiald la common to caaa 
ground). 

±15 mV. maximum at 0*F and +200'^ 
reference +72^. 
100 Mn. minimum      100 MR, minimum 
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SPECIFICATIONS FOR MODEL 2262-25 and 2262C-2S 

WHITE DOT IDENTIFICATION 
LABEL 

CONNECTOR 
MATES WITH 

CABLE ASSEMBLY 
SUPPLIED   " 

+ IN PIN I RED 

CALIB PIN 5 WHT/RED (22620 ONLY) 
CALIB. PIN 6 WHT./GRN (2262C ONLY) 
+ OUTPUT PIN 2 GREEN 

— INPUT PIN 4 BLACK 
— OUTPUT PIN 3 WHITE 
SHIELD 

576 
CENTER OF 

SEISMIC MASS 

In model 2262C. 
R - 1000(1 ±1% Dimensions in inches 

^ .1I7MINTHD  DEPTH 
10-32 NF-2B 

Tolsrsncss:   .XX —= ±0 03 
.XXX—±0 010 

PHYSICAL 

WEIGHT 
MATERIAL 
SENSING ELEMENTS 
MOUNTING 

ELECTRICAL CONNECTION 
ACCESSORIES INCLUDED 

2262-25: 

2262C-25: 

28 gram (1 oi.), nominal, plus cable at 6 gram (0.2 02.) per toot. 
Stainless Steal 
PIE2ITE«TypeP-11 
Tapped hole for 10-32 x H' stud. 
Recommendtd mounting torque: 18 in.-lb. (20 kg-cm). 
Integral 6-pin connector. 

Model 2981-3 Mounting Stud (10-32), or Model 2981-4 (MS metric). 
Model 3022-30 Cable Assembly, 4-conductor, Rhielded, 30 Inches long 
with accelerometer mating connector. 
Model 3023-30 Cable Assembly, 6-conductor, shielded, 30 inches long 
with accelerometer mating connector. 

ENVIRONMENTAL 

ACCELERATION LIMITS 

TEMPERATURE RANGE 

Static: 
Vibration: 
Shock: 
Operating: 
Non-operating: 

HUMIDITY 
BASE STRAIN SENSITIVITY 

2000 g, in any direction 
1000 g pk, in any direction 
2000 g, in any direction 
O'F to +200'F (-18*0 to +e3'C) 
-20,Fto+220JF(-29oCto+104,C) 
Hermetically sealed by glass to metal fusion and welding. 
0 05 equivalent g, maximum, at 250 M in./in. strain. 
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c.    Blast Pressure 

All blast pressure measurements will be made with the Kulite HKS-5-375 
series of blast pressure transducers.    Specifications for these gages are as 
follows: 

(1)    Kulite HKS-5-375 Series Blast Pressure Transducer 

The HKS-5-375 Series of high pressure transducers is the result 
of a significant state of the art advance by Kulite in the employment of micro- 
circuitry in the field of transducers. 

Manufactured by using a monolithic integrated circuit Wheatstone 
bridge atomically diffused on a silicon diaphragm, these devices cortnne the 

major features of microcircuitry:    substantial size reduction, excellent 
repeatability and relaibility. low power dissipation, etc. 

The high output and the low output impedance inherent in 
piezoresistive sensors make the transducers suitable for operation in hostile 

enviornments and obviate the requirement for expensive signal conditioning 
equipment, such as charge amplifiers and impedance matching devices. 

The miniaturization process also yields a marked increase in 
the natural frequencies of the transducers making them suitable of blast and 
shock pressure measurements. 

The small size, flush diaphragm and robust construction of the 
HKS-5-375 enable installation of the transducer directly in the wall of pressure 
containers eliminating costly, space consuming hardware. 

The microcircuity techniques and the miniaturization process 
employed in the Kulite sensors combine tc yield a novel and improved device 

making possible reliable pressure measurements in areas previously inaccessible 
with conventional transducers. 

The HKS-5-375 transducer is installed in a 3/8-24 threaded hole 
with sealing accomplishes by a copper washer.    The sensing surface is covered 
by a sllicone based thermal barrier material  (GE TBS-758). 
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Pressure 
Rated (psi) 
Maximum (psi) 

Output-nominal (mV) 

Acceleration Sensitivity 
Perpendicular {% FS/g) 
Transverse (% FS/g) 

Natural Frequency (kHz) 

Bridge Type 

Bridge Excitation 

Bridge Impedance 

Zero Balance 

Combined Non-Linearlty 
and Hysteresis 

Repeatability 

Operating Temperature 

Change of Sensitivity 
with Temperature 

Resolution 

SPECIFICATIONS 

HKS-5-375- 5000          I ■IKS-5-375-10000 

5000 
7500 

10000 
15000 

125 no 

.00003 
.000006 

.00002 
.000004 

675 700 
Fully active four am 

diffused into sil 
i Wheats tone bri 
icon diaphragm 

5V   DC or AC 
350 ohms nom. 

± 7% FS 

± 1% FS 

0.25% 

-650F to +300oF (-550C to 150oC) 

± 6%/100oF 

Infinite 

d. Structure Steel Rebar Strain Gages 

During construction of the LER and LT. strain gages were bonded to 

the rebar structure at selected locations to measure various vertical, tangential 

and radial strains in the rebar.    The strain gages employed were the Type EA-06. 

125TG-350 manufactured by Micro-Measurements of Romulus. Michigan.    The gages were 

applied in pairs, one on each side of the prepared rebar.    Each of the gages is 

of planar rosette configuration, with one part sensitive to strain in the 

longitudinal direction and the other circumferentially.    The two gages on opposite 

sides of the rebar are connected electrically in a full bridge configuration. 

e. Soil Stress 

Soil Stress measurements will be made using the SE gage manufactured 

by Watervays Experiment Station (WES).   Specification for this gage are as follows: 
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f. 

Gage output (approximately) 
Linear range 

Design pressure 

Max pressure limit 

Linearity, max 

Hysteresis, max 

Temperature range 

Suggested excitation 

Max excitation 

Acceleration sensitivity 
normal  to diaphragm 

Apparent strain sensitivity 
Thermal sensitivity 

(zero shift) 

Natural frequency 
Rise time 

Gage modulus 

Relative Displacement 

(1)    Radial Motion 

0.20 mv/v/psi 

0 to 1800 psi 
500 psi 

2000 psi 

0.4 percent full range 

1.6 percent full range 
-30 to +150 F 

6 to 10 volts 
21 volts 

< 0.04 psi/g 

20 to 30 yin./in./psi 

1 psi/F 

40,000 Hz 
6 ysec 

4.52 x 105 psi 

Two rectilinear potentiometers to be used to measure diametral 
distortion of the LT are the Model 111 manufactured by Computer Instruments 
Corporation (CIC) 

The CIC rectilinear potentiometers are standard slide-wire 
potentiometers in which a wiper moves over a resistance element as a shaft travels 
in or out of the potentiometer body. 

Electrical Specifications are as follows: 

Resistance 
Electrical Stroke 
Linearity 
Dissipation 
Temperature Range 
Dielectric Strength 

2,000 ohms i 10% 
4 inches ± 0.005 
1% electrical stroke 
1 watt/Inch 
-55° to +150oC 
750 volts RMS 
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Mechanical Specifications are as follows; 

Mechanical Travel Beyond 
Electrical Stroke 

Starting Force (Max) 
Stroke Velocity 
Shaft is Free to Rotate 

Weight 

+ 1/16; - 0 
8 oz (? 250C 
50 inches/sec 

Approx 6 ounces 

The potentiometer is electrically connected into the sensing 

circuitry as two arms of a full bridge with the bridge completion resistors 
located in the Splice Bunker. 

(2)    Vertical Motion 

Two measurements will be made of the relative vertical motion of 

the LER with respect to the LT using a position/displacement transducer 

incorporating a multiple turn linear potentiometer of Lockheed manufacture. 

The potentiometer is attached to the top of the LT and the end of the cable 

responsible for driving the wiper is attached to the LER.    Relative motion 

between the two results in the cable being drawn out of or pulled back into the 

potentiometer housing.   This cable motion is translated into motion of the wiper 

along the potentiometer resistance element.    The potentiometer is connected as 

two arms of a full bridge, with the bridge completion resistors being located 
in the Splice Bunker. 

g.    Relative Velocity 

The CERF developed relative velocity gage measures the relative velocity 

between two adjacent media.    The gage is in two parts with a permanent magnet 

being embedded in one medium and a conducting coil embedded in the other.   The 

voltage generated across the coil as a result of changing flux linkages when the 

magnet moves relative to the coil can be related to the relative velocity of the 
two media. 

Figure P-44 illustrates schematically the configuration of a typical 
relative velocity gage installation.    The coil, which is long and cylindrical, 

may be replaced by several colls connected in series to give greater sensitivity. 

Since linear gage response Is lost when the magnet nears the ends of the sensing 

coil, the length of coil to be used In a particular application must take into 
account the expected relative displacements of the two media. 
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Medium 1 

EMF 
Output 

Coll Canister / 
Imbedded in 
Medium 1 

Medium 2 

Motion of 
Medium 1 
Relative to 
Medium 2 

Figure P-44. CERF Single Degree of Freedom 
Relative Velocity Gage 

188 



J 

h.    Interface Stress 

The CERF developed Interface stress transducer is designed to measure 
both the normal stress at the interface between two media and the shear stress. 

Measurement of the normal stress is done by measuring the compression of a steel 

column.    Measurement of shear stress is accomplished by measuring the bending 

of the same end-loaded column.    Figure p.45 is a cross section of the gage showing 
a typical installation at an interface, with the gage case being embedded in 

medium 1 and the end of the sensing column in contact with medium 2.    Semiconductor 
strain elements are bonded to both the primary and secondary elements to sense 
their deformations. 

For sensing column compression (normal stress measurement), both an 
n-type and a p-type element are bonded to opposite sides of the primary column. 
These are connected together in a full bridge configuration. 

For sensing column bending (shear stress measurement), p-type strain 
elements are bonded to opposite sides of both the primary and secondary columns. 

The two columns are identical in both dimensions and mass so that acceleration 
effects can be cancelled out when the strain elements are connected 

to yield two arms of a full bridge.    Bridge completion is accomplished with two 

external resistors.    Although only the vertical component of shear stress will be 

measured in the DISC HEST event, additional strain sensing elements could be 

added to the gage to read shear stress in the horizontal (tangential) direction, 

i.    Interface Pressure 

The gage which will be used to measure the pressure exerted on the 
structure by the surrounding medium is known as the WAM gage.    It is essentially 

a load-cell type device dependent for its output on the compression of a strain- 

gaged column.    Mechanical features of the gage are as illustrated in figure P-46 

The four strain gage elements bonded to the load spool are connected electrically 
in a full bridge configuration. 

For the DISC HEST event twelve WAM gages were cast into the structure 
at the time of construction, ten in the LER and two in the LT. 
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j.    Passive Scratch Gages 

As a backup to the active .otlon 1nstrUTCntat1on a nu^er of scratch 

gages will be installed to measure relative motions of tho . e mot10ns o^ the two parts of the model 
and the motion of the upper part of the model with respect to *. 
T. c! witn respect to the surrounding soil 
These scratch ga^s are .„ustrated 1„ f,9ures p.47 and p.48 
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Scnber Point on 
End of Bolt 

Medium 1 
(Structure) 

Surface of Plate 
Polished and Blued 

Figure p.48.    Relative Slip Gage 
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3. CANISTER PLACEMENT IN SLANT HOLES 

Placement of canisters in slant holes uses a special tool which locates 

canister by "distance" downhole and in "roll" about the axis of hole.    It also 

measures the declination of the hole in the neighborhood (5 ft uphole) of the 
canister. 

The canister is screwed onto the end of a placement rod (see figure P-49) 

and the placement rod is pinned to the inclinometer gage housing to prevent 

rotation.    Care must be taken that the canister orientation is correct with respect 

to the inclinometer when they are connected. 

Rods (square tubing) of sufficient length to permit placing the canister 

at the proper location downhole are attached to the other end of the inclinometer 

housing.    These rods, of calibrated length, are attached as required to attain 
the desired depth. 

When the desired depth has been attained the square rod is rotated to 

obtain a null reading on the roll inclinometer gage.   The pitch inclinometer 

gage reading is recorded in order that the actual transducer orientation be 
known. 

While maintaining the correct depth and roll conditions, grout is pumped 

downhole (through a hose) to cover the canister to approximately one toot.   After 

the grout has set up sufficiently to hold the canister in place the positioning 

rod is rotated to unscrew the placement rod from the canister.    The placement 

rod is coated with silicone grease prior to insertion downhole to prevent bonding 
to the grout. 

After removal of the positioning device, grouting and/or filling of the 

hole continues to the next higher canister emplacement level where the procedure 
outlined above is repeated. 
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4.    FREE FIELD BLAST PRESSURE GAGE INSTALLATIONS (Event HPI-I as example) 

Of the twenty blast pressure gages to be fielded, fourteen will be in 

free field installations along (approximately) the 000, 120, and 240° radials 

as shown in figure P 2  Typically, the gage mount will be fastened to a steel 

rebar stand which will be placed in a three foot deep hole so that the active 

gage face will be at the desired sensing level, namely, the surface of the HEST 

cavity floor. The hole will then be filled with grout to bring the surface level. 

Figure P-50 illustrates typical installations. 

To prevent gage breakage due to excessive overpressure peaks the Primacord 

in the vicinity of some of the gages will be tied up in such a way that the 

Primacord is not closer than 12 inches to the gages. This procedure will be 

followed for measurement numbers 005, 013, 019, and 020 as well as for all six 

of the gages mounted in the top of the LER. 

An alternative protective measure will be taken for the gages with 

measurement numbers 007 and 010. At these locations bolts will be cast into the 

grout column for the installation of heavy steel ported shields as illustrated 

in figure P-51 . Neither at these particular locations nor at any of the other 

gages not mentioned above will the twelve Inch Primacord clearance be required. 
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5.   CONNECTION DIAGRAMS 

Figures P.52 through P-69 Illustrate typical connection diagrams for the 
active instrumentation channels. These diagrams show all connections between the 
transducer and the splice bunker terminal strip. 
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