BRNO UNIVERSITY OF TECHNOLOGY

VYSOKE UCENI TECHNICKE V BRNE

FACULTY OF MECHANICAL ENGINEERING

FAKULTA STROJNIHO INZENYRSTVI

INSTITUTE OF PHYSICAL ENGINEERING

USTAV FYZIKALNIHO INZENYRSTVI

DESIGN OF AUTOMATED SET-UP INTENDED FOR
INSPECTION OF PMMA COATED SILICON WAFERS

NAVRH AUTOMATIZOVANE APARATURY URCENE PRO INSPEKCI KREMIKOVYCH DESEK
OVRSTVENYCH PMMA

BACHELOR'S THESIS

BAKALARSKA PRACE

AUTHOR Michal Drozd

AUTOR PRACE

SUPERVISOR Ing. Alexandr Knapek, Ph.D.

VEDOUCI PRACE

BRNO 2020






PRL ju§j~28——= ~j £2-°"1t=q; E££8

af®~2«£-2 fot2232f =0z | - Hij ~2=~¥-££°4-¥

pZ3CE J@sit~=ac-.¢

P3¢ - R -¥°~ << << £l NRRHREC=P S~ j £+5-D~¥-ELS-¥

pz3¢-= °~=jlll m} - 4§j ~b-¥~£L£%4- ¥~ 0k ~~-2£ j | ~--¥-
P3RE°” §+-°| AL T~ °=h ~g®EOCIM ! Kak
Ni~CE«Sj=-£~°l OMNVLOM

M3°43~—22_27 25 (:NNNINVVU = £0mfn¥e3 £ 4+~ 02 £ Q230 - s~ G oE ~ <cfndm =3 4] -3
1~ £ EE-o~ttY-£02] £0-0-U§-¥R- 0]z -2} EtPIERCE 2=~ 1Al | £

ALYz -0~32- < ~2£C=t£2 3RF2ECECD-C"F-+®F jB——=-om J_JN=j-~2£C
8§ — = ~0E°t

T —mi8Esj 0~ 204 = -0=2 ] £22~200

PBCE-2-U-CE~ R | 22 £:CE™ £2-@ < E22-0-£OL < £2~f-42°B < £ 2~ A== CE£H-EC0-=CE2L | B2~
-~ ~B—mm-0=CLOE 24402 ) £2£0L 20—z £ 4812 Em § J M-t — s u~0£ 2L S CE£C - =L [®-£3°£ 2 } o
£ E~«BR) ¥R -t £2E kR ) 2 £~ £2-022 ) £2 U017 32— <= )~ CU~E: Ui £2CE7£2-REC~=C
S<@EEEC: - scE~nt-0E (¥ £2] - C-A-¥ - 2| =423CE£-2 [°E~2£C=4-0?U~°£K=q | E:U-"0=puf¥= £
i~MEC=-32:§2  £:0~ _°~2_%%ftz_n21fzh  £~« IR -¥°~0) - :d°-3@:~222 | £:f42§232L z—0=p §E 2

fa+2°3 <« £2+=-—1=2 : £;/\p ~of

d-~24:_ ~j VEa- D=} £454
NK=Q =€ - =~=*RE~° - °£+E£~°j | =< ~@B§~¥ 2] £2-0fj =~-102-20°— | £E++:2 ] £2]3°°L2242~2£ =022 | E=°L+£~° |
CEL| ) §-¥=2] £ ~4j=2-@E+=—0=CEE j 24

OK=Q-=CE££§¥ =2} £=<<£ | ~—§j ~~=C=£I£ [2° =] 2@~°2:-0=2] £=4£2 3@=p }§j § =i £:31L£C2-FRE«E?2]E
EIHA-¥ccE2) -G 2-¥ -~ | HIE T §¥a38. 2~ B2 cc~2f 0= -2 -8B ¥~ | - «<®32£

PKzq -G £48¥ =~ §<@AE < £ 22~z | =20 -8~ O} << 20-°2C£2L A — 2054 | - < ~¥EERE+ 2~ 0227 £°00 - 24
13 4-~2. 34 CEHY£0= )~ CU~£X

QUeq-=BE 1~ cc~4£22 1L RE Jec £ 2~ E~ 4B L £t~ 2f” ~EB~2£ 2] £OL4BRH(NY 4 BYYLA2-Q- 4] f

~0'3+2 £ 247 ®°- " £« £t 22 ] £20323°L£(
Of j—<«<<«<E£-CEC: § 3-¥~@] -l

J QRN =ChMP~0% 0G0 E0% — - §=i R-¥°~0iE ]z °~-l-E42~" @H7+2°~" = h=2£ 1 40~ s=NoIOMNPkfp_k
VTUIUMIUTQQNIMQISK

i3m0 J £ §=~dj ~D-YELS-Yl: a-mraf £°4-2-02qE | | 2-*-¥-21:GE | | -§{0§-0UVSLOL-SNS=SVALz_°--



1 boNMINMe~=gh-pkv r "Kk=p<«<~°2:b]_£~<«1-’zafof j2=fCE-H0 j ~H——=CN~2- tit=f==2 | £k ~——-1 ] ~£
gEij §--¥-:k-CEtlqL j § i ~*mE°+OL | 4™ £2K=bE j2°--§j £=OMNTI=SI=®K-UTK

mbbop I KI-f=£2~¥=12-¥~®} - =CE0£ j2HIFOL£C3 j§~¥r~Czcc~~¥i-¥: - {E3C-OFE 22| °-3¥ 1=@ | -2-={ £2
<<= G-¥(VEEA: § ~~¥E «£-22p 338t |=5 -%0-f£+3£-P=-OMMMI-@@K=NTJOQK

hl~ el=" jk~gkgi-ofkhbfm ] -2-82-¥°~@®] -l ~#§j=-0= § §j°-+2°323°%-¥|= §§j°-~ 1E«fj~*t=d« el:N+?
£¢§8--=OMNTI-@®K-RUJISOK

AE~CH-£0-243 ccfbti-— ~j 1EA-lbzq N EabtbaN £ 21 £:p I ECIE—02] £ ~CE = - E~°=OMNVLOM

@°-sokatzg-«ge-nio-~I~ pik G- jfef-¥iag~*—+*~"=h~2-%jCLI:m jhal
a§o£ i 2_0-_p=2 : £:f.¢2§232£ Cj b=¢CE~~

(32202 J £ §~~4j D Y~EE ¥l s £°48-2-0:E | ~-*-¥-2L:0E | §{0G-0UVSLO:L=NSSVAL:_°-



amKK "v
.M BM; i?2 +Q iBM; i?2 bm#bi> i2 rBi? i?BMH v2 Q7 TQHVK2"
iQ Q++m > r?B+? +QmH// K ;2 M 2tTQbm 2 #v 2H2+i'QM #2 K HB
i?72 "2bBbi@+Q i2/bm 7 +2 T°BQ iQ i?22tTQbm 2 Bb HbQ p2-v
TmM+iBQM HBiv Q7 i?2 7 # B+ i2/ KB+ ' Q /2pB+2X h?2 [m HBiv C
#2 K2 bm 2/ #v K2 Mb Q7 ?mK M pBbm HBMbT2+iBQM rBi? pBEk
# +?2HQ 06b i?2bBb Bb 7Q+mb2/ QM i?2 /2bB;M M/ bb2K#Hv Q7 i
BMbT2+iBQM miQK iB+ HHvX

JQ 2T 2+Bb2Hv-i?2/2bB;M2/ b2i@mT Bb + HH2/ g 72 a+ M M
r 72 +Q i2/rBi? "2bBbiH v2'X h?2r 72 bm 7 +2 Bb b+ MM2/ rE
i?72 i F2M BK ;2b "2 M Hvx2/ mbBM; +QKTmi2 iQ /2i2°KBM2 i?2
i?72 /272+ib M/ i?2 /Imbi T "iB+H2b BM i?2 "2bBbi H v2 X h?2 2N
KQpBM: t2b-t M/ v-Ui? i HHQri?2 KQp2K2Mi Q7 i?2 + K2  V \
+B +mBivX aQ7ir "2iQ +QMi'QH i?2 b+ MMBM; /2pB+2 M/ i?2 B
/2p2HQT2/X

#bi® Fi
SUB Qp bipQpEMQ bm#bi €imi2MFQm p bipQm TQHVK2 MQ?Q "z
KQ?2Qm TQ FQ/Bi +2HQm- MyF/v B MyFQHBF /2MMQ 2tTQxB+B
i QMQpQmM HBIQ;  }QX Ep HBi M M2b2MQO p bipv- Fi2 €D2TQilu?Z
D2 p2HKB /iH2"Bi€ x ?H2/BbF ME€bH2/M0O 7TmMFIMQDbiB pv €#yMN
FQMi'QHmM Fp HBivM M2b2M0?Q "2bBbim D2 KQ MO /yH i "miMy
o €K+B illiQ# F HEUDFO T €+2 pxMBFH T QiQivT x tQx2MQ- Fi2
pi MiQK iB+FvX

Si2bMyDB D/2Q  bi'Qp +Qx UQx2MQ TQDK2MQp Mliqg 72 a+
FQpOQMTQ/HQ " FmUr 72 VQTIiB+FQmF K2 Qm M HwxQm Q# X
HBFQbi /272Fii T > +?2Qpw+? (€biB+ p "2xBbim M M2b2MGOK M r 7
X2 IpQm TQ?v#HBpw+? Qb 't v- Fi2 '0d mKQ™SmDQ TQ?v# F K2'v
aQmi€biQ D2 i FO bQ7ir "2 FQpHE€/€EMQ x 1Qx2MQ XxT  +Qp€MQ

E2vrQ /b
2@#2 KHBi?Q;  T?v-1"G- "2bBbi /Bb+QMiBMmBiB2b-[m HBiv +

EHQIQpPE bHQp
2H2Fi'QMQp€ HBiQ; }2-/272Fivp "2xBbim- FQMi"QH Fp HBiv-

. Pw.- JX€p ? miQK iBxQp MO T im'v m'i2M0 T°'Q BMbT2F+
Qp ' bip2Mw+XSIMQ, ovbQFI MI2MQ i2+?MB+Fl p ""My-6 FmHi t
kykyX 9y bX 02/Qm+Q # F HEUDFO T €+2 AM;X H2t M/> EMET2F-






A 2?2 2#v [2+H "2 iQ ? p2 r'Bii2M i?Bb i?2bBb QM Kv QrM- ml
AM;X H2t M/ EMET2F- S?X.X- Kv # +?2HQ 6b i?2bBb bmT2 pE
"2bQm +2b 2t+2Tii?Qb2 +Bi2/ M/ K2MiBQM2/ BM i?2 272 2M+2

JB+? H . Qx/






A 2?2 2#v 2tT 2bb Kv ;" iBim/2iQ KvbmT2 pBbQ - AM:X H2t M/
iBK2- :mB/ M+2-2M+Qm" :2K2Mi- +QKK2Mib M/ B/2 b 2H i2/iQ
i? MFbiQ /Q+X AM:;X oH /BKQ  EQH UQF- S?X.Xc ai MBbH p E €
"+X C M *?HmMKbFE€ M/ HHQ7 Kv +QHH2 :m2b 7 QK i?21 "2 KG
AMbiBimi2 Q7 a+B2MiB}+ AMbi mK2Mib Q7 i?2 *x2+? + /2Kv Q7
rQ /b Q7 /pB+2 M/ i"2K2M/Qmb ?2HTX ArQmH/ HbQ HBF2 iQ -
bmTTQi _oP,e3y3RdjR T QpB/2/ #vi?2 *x2+? + /[2Kv Q7 a+B2M+
iQ Kv7 KBHV 7Q  i?2 2t+2HH2Mi + "2 M/ bmTTQ iAr b T QpB/2/

JB+? H . Qx/






*QMi2Mib

R AMi"Q/m+iBQM

Kk

j

9
8

e

*

*PLhlLha

j

h?2Q 2iB+ H S i 8
kKXR >BbiQ B+ H# +F; QmM/ Q7 IDX@X2XKXGB X X; XTRWwW8 X X X
kXk 1H2+i " QM #2 K HBi?X; XTRWbXbX2K X X X X X X 8 X X X
kXj] S°2T " iBQM Q7 i?2X 2bEBbXHEKK WX X X X X X X X ¥ X X X
kKXj]XR q 72 i?2iviB+ Hbm#KIiX i KOQX X'X X X X3X X X
kKXjXk *?2KB+ HT QT2 iB2b Q7 i?72 ZHR XiHQM X2XKBX 2b Kb.
kX9 hvT2b Q7 /272+ib BMX?22 X2EBHiIXHXX X X X X X B X X X
KX9XR .272+ib+ mb2/ ¥v BKTNMXBKBXbX X X X X XNX X X |
kX9Xk .272+ib + mb2/ #v i?2 T Q#2IKbRBNK; X2 X?X FMNQ Xv X >
kX8 AMbDT2+iBQM Q7 XX XbBHK M X2X X X X X X X XR¥ X X X
kXe 1tTQbMX2X X X X X X X X X X X X X X X X X X RyX X X
kXd .2p2HQTK2Mi Q7 i?2 2tXQbX/ X K2XMK X X X X XK X X X

J2 bm 2K2Mib M/ 2bmHib R9
JXR > "/r "2 BKTH2KXMX BEMX X X X X X X X X X X RX X X
JXRXR 1M;BM22 BMXbXMKMBOQK X X X X X X X XR® X X X
JXRXKk 1H2+XQMBHHX X X X X X X X X X X X X R& X X
Xk aQ7ir "2 bQHKIBAMK X X X X X X X X X X X X XRKdX X X
JXkXR a+ MMBM; X HX EKIiXKX X X X X X X X X X R3X X X
JXkXk AK ;2 T Q&ZXbEBMX X X X X X X X X X X XR8 X X X
iXkXj GQ+ iBM; i?2 + HB#XiIiBQXMXKX KK X X X X XKk X X X
IXj 32 bm 2KMIX X X X X X X X X X X X X X X X XK X X X
X9 SQbbB#H2 7minK XbQMMKBOX KX X X X X X X X XjK X X X

*QM+HmMbBQMb iR

GBbi Q7 avK#QHb- S?vbB+ H *QMbi Mib M/
GBbi Q7 TT2M/B+2b
S'Q:° K +Q/2 2t KTH2

121 BH2/ TB+im 2 Q7 i?2 miQK i2/ b2i@mT

## 2pB jBQMb
jd
i3

iN

“iB+H2, miQK i2/ bvbi2K 7Q° QTiB+ H BMbT2+iBQM Q7 /272

+Q i2/ MQM@T ii2 M2/ r 72°

9y



*PLhlLha



RX ALh_P.I*hAPL

RX AMi"Q/m+iBQM

1H2+i QM #2 KHBi?Q; T?vU1"GVr bBMp2Mi2/ M2 "Hv bBtiv v
Q71?2 KQbi +QKKQM i2+?2MB[m2b 7Q T ii2"MBM; ii?2bm#@Ry |
i?72 M MQ7 # B+ iBQM Q7 bi'm+im 2b M/ /2pB+2b rBi?BM i?2 "2k
M/ M MQb+B2M+2X .2K M/b 7Q BKT Qp2K2Mi M/ bi 2 KHBMBI
"2 biBHH ;"QrBM;- M/ i?2°27Q°2 Bi Bb M2+2bb v iQ /2p2HQT
1"G-i?22 2 /2pB+2b HBF2 bQHB/@bi i2 /'Bp2b- " M/QK@ ++2
Q KQ 2b+B2MiB}+ TTHB+ iBQMb HBF2 [m MimK bi'm+im 2b- i
b2KB+QM/m+iQ BMi2'7 +2b Q  QTiB+ H/2pB+2bX

AMi?2*x2+? 2Tm#HB+ i?Bbi2+?MQHQ;VvV/2p2HQTK2Mi #2; M
rbT 2+2/2/#v +QHH #Q  iBQM Q7i?°'22b+B2MiBbibQ7 " "MQ IM
.2HQM;- oH /BKQ" . ?2Q M/ G /BbH p wQ# IX AM i?2 RN8yb- i?
b+ MMBM; 2H2+i"QM KB+ Qb+QT2 UallJV BM i?2 i?2M *x2+?QbH
bm++2bb7mHX AM RN83-BirQM ;QH/ K2/ HBM i?2 RN83 ""mb
M/ T°Q72bbQ'b X .2HQM; M/ oX . ?2Q '2+2Bp2/ bii2 r /X
AMbiBimi2 Q7 a+B2MiB}+ AMbi " mK2Mib Q7 i?2 *x2+?QbHQp F +
rb7Qmm/2/ M/ ;" Mi2/ T'Q/m+iBQM HB+2Mb2 iQ h2bH ""MQ +
alJ mMBibr2 2K /12X AM AaA *a o-#2; MIQrQ FQM M2rT QD2+
i?72+QMbi m+iBOQM Q7 M2H2+i QM #2 KHBi?Q; T?vbvbi2K h2b
#22M +QMIiBMMQmbHV KQ/2 MBx2/ mMIiBHMQrX h?2 "2+Q /BM; .
8y MK M/ i?Bb HBi?Q; T?? bQM2#B; /p Mi ;2 i?2 T2 im 2b 7C
r?B+? Bb MQi 2MiB ' 2Hv +QKKQM BM BM/mbiB HHv T°Q/m+2/ HB
2tTQbm 2 iBK2 QTiBKBx iBQMX AM kyRj- HBi?Q; TiKX&Bbh2+ 1"
Tm +? b2/ #v i?Bb BMbiBimi2- rBi? rQ FBM; pQHi ;2 Q7 mT iQ Ry
2H2+i"QM #2 KX h? MFb iQi? i- M2rQTTQ imMBiB2b 2K2";2/X

AM i?2}'bi T 'iQ7i?Bb # +?2HQ 06kki2ZbBb2M?7B *?2M2™ H Qp2
Q7 i?22H2+i"QM #2 KHBi?Q; T?vi2+?MB[m2 7°QK i?2 ?BbiQ v
2H2+i QM #2 KHBIi?Q; T?vbvbi2K-i?22H2+i QM #2 KHBIi?Q;"
+Q iBM;- M 2tTH M iBQM Q7 /272+ibr?B+? + M TT2 " BM "2b]
/2i2+i2/ ii?2 AMbiBimi2 Q7 a+B2MiB}+ AMbi mMK2Mib Q7 i?2 *x2
*aVX Ai Bb K /2 K Mm HHv mM/2"° pBbB#H2@NWR; 71 2KIB+B Q I + Kb
K2 bm 2b Bi BM "Qrb i j KK BMi2'p Hb BM +QMi " QBHWXKKX2 Q7
12 +?2TH +2r?2 2 [/272+iBb7QmM/-Bib/BK2MbBQMb "2 K2 br
h?mb-Bii F2b HQiIi Q7 iBK2-/Qx2Mb Q7 KBMmi2b T2 QM2 r 727>
?mMK M2 Q' b/m2iQBM ii2MiBQM Q" Qp2 ' bB;?i br2HH bi?27
TH +2/ QM i?2 KB+ ' Qb+QT2 TQbBIiBQMBM: i #H2X

h? MFb iQ i? i- MB/2 "Qb2iQ miQK i2i?2 BMbT2+iBQM T (
r72°X aQi?2Tm TQb2 Q7 i?Bb # +?2HQ 6b i?2bBb Bb iQ /2bB;N\
b2i@mTBMi Q/m+2/ BM?B272?PQMmMH/ T Qp2iQ /2i2+i HH/272+ib B
K2 bm 2i?2K M/ b2M/i?2B " TB+im ' 2biQ /i # b2X Ai2Mi BHb
r?B+? +QMbBbib Q7 M 2M;BM22'BM; M/ M 2H2+i'Qi2+?MB+ H
“2[mB*2b T '2+Bb2/2bB;MBM +H2 M 'QQK-rBi? bm{+B2MiHv"
Q7 KQiBQM bm{+B2Mi 7Q" K2 bm 2/ r 72°bX h?2 2H2+i Qi2+?ME
rBi? KB+ Q+QMi"QHH2 #Q /-iQ +?2QQb2i?2 'B;?i KQiQ'b M/ Q
iQi F2 TB+im 2b rBi? bm{+B2Mi "2bQHmMIiBQMX "mi Bi HbQ BMp
+QMi"QH i?2b2imT M/iQT Q+2bbi?2i F2ZM BK ;2b- mbBM; M



6B;m 2 RXR, h?2 b+B2MiBbi BMbT2+ib /272+ib QM i?2r 72 bm 7 +2
b+QT2

gBi? i?2 bb2K#H2/ b2imT M/ i?2 T Q; KK2/ bQ7ir "2 b2iQ7 K2

K /2 r?B+? Bb 2tTH BM2/ BXKi?K /ai2Ri BDMBERMIiBQMb TQbbB#H2 7mil
BKT Qp2K2Mib 7QHHQIBM: i?2 }M/BM:b Q7 i?2 K2 bm 2K2MiX



kX h>1P_1hA* G S _h
kX h?2Q 2iB+ HS i
KXRX >BbiQ B+ H# +F:"QmM/ Q7 1@#2 K G|

GBi?Q:  T?vBb T Q+2bbQ7i Mb72 'BM;T ii2’MbiQi?2bm’ 7 +
r b BMp2Mi2/ #v HQBDb a2M272H/2  BM RdNeX >2 mb2/ BiiQ T B
h?2 QH/ HBi?Q: T?2v T Q+2bb K v#2 bmKK2/ mT b 7QHHQrbX M
rBi? QBHv BMF Q" HBi?Q:" T?B+ +? HF r?B+? JHHb i?2 TQ 2b Q7
Q7ri2  /Q2b MQi}HH i?2 T BMi2/ TH +2b M/i?2 T'BMiBM: BMF }
MQr i2 X h?2 #B; /p Mi ;2Bbi? i bBM;H2biQM2 + M VvB2H/ M
Q7 +QEBXb (
bi?2iBK2:Q2b-T2QTH2r Mi2/iQ K F2HBi?Q;  T?B+ bi'm+in
bQi?2vbi "i2/iQmb2HB:?i M/T?QiQb2MbBiBp2K i2'B HbX h?B
bm#bi> i2Bb+Q i2/rBi? T?QiQb2MbBiBp2K i2°B HUT?QiQ 2b
HB:?i M/ 2i+?2/ mbBM; +?2KB+ Hbm#bi M+2X h?2 KBMBK H 2
HBKBi2/ #vi?2 mb2/ H2Mb bvbi2K M/ i?2r p2H2M:i? Q7 i?2 mb2/
T2 im 2L Q7 i?2 H2Mb bvbi2K M/ Db?2Q2i@bei2H2BL?2  "2bQHT
R Q7 i?2 QTiB+ H HBi?Q;  T?v Bb T  +iB+ #H2- BXBIP2Bp2M #v
Bb +QMbi Mi /2T2M/2Mi QM i?2 “2bBbi K i2°B H- i?2 T°Q+2bb-
i2+?MQHRQ)BLK ( )
1

#B; +? M;2 + K2 BM i?2 RNeyb r?2M "2b2 +22°b ii?2 "2HH C
b+ MMBM; 2H2+i°'QM KB+ Qb+QT2 UallJV BMiQ M 2@#2 K r Bi
2@#2 K HBi?Q;  T?v U1"GV bvbi2KX 1H2+i'QMb- HBF2 T?QiQN
T QT2 iB2bX >Qr2p2 - i?2B r p2H2M:i? Bb QM i?2 Q /2 Q7 72r
i?2B° "2bQHMiBQMb "2 MQi HBKBi2/ #v /Bz  +iBQMX aQ- Bi Bb
bi'm+im 2b + T #H2 Q7 bm#KB+ QK2i2 T ii2"M /2}MBiBQM M/ E
+QKT MB2biQ K Mm7 +im 2 bT2+B Hiv- ?B;?@ 2bQHmMiBQM /2pl
bKm+? bB:MB}+ M+2 b QTiB+ HHBi?Q:  T?VBMK bb7 # B+ iB
KBHBQMb Q7 TBt2HDb- 1"G + M #2 mb2/ BM i?2 7 # B+ iBQM Q7 1
T QD2+iBQM T?QiQHBI?Q)X TPV RBVDTZIKOBE iBQMb Q7 1"G "2 2
/2p2HQTK2Mi BM i?2 "2 Q7 BMi2; i2/ +B +mBib M/ /B 2+i + 2 |
BMi?2M MQb+ H2 " M;2X
AM i?2 AMbiBimi2 Q7 a+B2MiB}+ AMbi mK2Mib Q7 i?2 *x2+? +
#v 1"G-/Bz  +iBp2 QTiB+ HHvp 'B #H2 BK ;2 /2pB+2b U.PoA.bV.
bT2+BK2Mb b r2HH b 2H2+i'Q+?2KB+ H M/ #BQHQ:B+ H b2Mb(
7Q° 2t KTH2 M2+2bb v BM i?2 +QKTmi2  +?BTb 7 # B+ iBQMX

kXkX 1H2+i"QM #2 K HBi?Q:  T?v bvbi2K

h?22H2+i"QM #2 KHBi?Q; T?vbvbi2K UXWRBD?UBKBER 2 i-(ba 23X
2p2 - BiBb #H2 iQ 2tTQb2 Km+? #B;;2 T ii2 " MbrBi? KQ 2 T 2+
bi ;2X M "+?Bi2+im° H 2t KTH2 Q7 i?2 HBi?®@Xk Th?2 Bb2b? @M
QTiB+ H+QHMKM ? b M 2H2+i'QM #2 KbQm ' +2 QM i?2iQT M

i?72 K H2KBbbBQM + i?Q/2 Q° 1?2 K HHv bbBbi2/ }2H/ 2KBb]

8



kXkX 1G1*h_PL "1 J GAh>P:_ S>u auahll

6B;m 2 kXR, M2t KTH2 Q7 2H2+i QM #2 K HBi?Q; T?v b2i mT- oA
i AaA * gX

#2 Kb? TBM; QTiB+b-i> Mb72 "BM;i?2} bi T2 im 2BK :2BMiQ i?2
i i?72 2M/ Q7 i?2 +QHMKM- i?2°2 "2 /2~2+iQ b- M2+2bb v 7Q" b+ I
#2 K- M/ b2iQ77Q+mbBM; M/ Q#D2+iBp2 H2Mb2bX Ai Bb M2+2bb
Tmi- ++m> +v- M/ 2bQHmMIiBQM Q7 i?2 bvbi2KX h?2 +QHmMKM b?2Qmt
QMW®S iQ0® S X

6B;m 2 kXk, M "+?Bi2+im 2 2t KTH2 Q7 M 2H2+ikQM #2 K HBi?C



kX h>1P _1hA* GS _h

h?2 K2+? MB+ Hbvbi2K+QMbBbibQ7 r 72 bi ;2 M/ HQ /BM;
BMbB/2i?2 +? K#2 ' BMi?2p +mmK mM/2 i?2 +QMi'QH Q7 H b2"
i?72?B;? T 2+BbBQM KQp2K2MiX AiBb #2+ mb2i?2 b+ MMBM; }2
bK HH2 i? M /2bB 2/ T ii2 MX AiBb bK HH2 i? M 72r KBHHBI
HBKBi M/ QTiB+ H #2 " iBQMbX h?2 bvbi2K HbQ BM+HmM/2b r
Qp2° HH bvbi2K M/ Q7 bQ7ir "2 r?B+? ? M/H2bi?2 /i T 2T ~ iB
M/i?2 Qp2° HH /B ;:MQbBb WMPK)BMi2M M+2 (

kXjX S'2T " iBQM Q7 i?2 “2bBbi H v2°

h?2 }bi bi M/ “/ bi2T Q7 i?2 2H2+i"QM #2 K HBi?Q: T?v T Q+2l
Q#D2+iBp2 Q7 i?Bb bi2T Bb iQ Q#i BM mMB7Q K- /2?2 2Mi- /27:
2MiB 2 bm#bi> i2X 72r KBHHBHBI2b Q7 i?2 HB[mB/ TQHVK2 B
bm#bi> i2rBi? TBT2ii2 Q" “2bBbibmTTHv M/i?2MbT 2 / Qmi #
P2HQ+Biv Q7 TT OXX By KBM i?2bTBM bT22/ Bb BM+'2%H2/iQ k
©) X 6B:kXKBHHmMbi® i2b M2t KTH2 Q7 bTBM +Q i2 Xt6@?B+Bp2M
Bb 7mM+iBQM Q7 i?2 TQH\K2?2 XDPH2MMHB QB ;?i r?B+? Bb "2
#v i?2 BMi'BMbB+ pBbhiRQOBIivViBM;-biP2Z/Q KmH HQQFb HBF2 b 7

t:K? UK XKV

(?2°'R Bb M Qp2" HH +QMbiMMi ‘/+QMbi Mib Q7 “2H2p Mip "B #I

6B;m 2 kXj, aTBNM)+Q iBM; (

q?BH2 7QKKKHHQrb mb iQ T 2/B+i i 227i PR+ FHMC-bBI /Q2b MQi T°
i22 [m HBiv Q7 i?2 }JHK i? i rBHH #2 Q#i BM2/X h?2b2 T'QT2 iB2
#v i?2 bTBMMBM:; bQHp2Mi- Bib pQH iBHBiv M/ TQHVK2 @bQH,
"2 ?B;?Hv pQH iBH2- 2p TQ  i2 > TB/Hv- i?2v ? p2 ?B:? BM+"
T 2p2MiBM; i?2 }HK 7°QK 7Q ' KBM; mMB7Q K i?B+FM2bb Qp2°
“2bBbib 2T 272 °2/7Q  #2ii2° "2bQHMIiBQM-#mi "2 T QM2 iQ T
/2MbBiv "> TB/HvVvBM+ 2 b2b rBi? HQX 2bBbi i?B+FM2bb (

d



kX9X huSlaP6 .161*ha AL h>1 _l1aAah G ul_

7i2° bTBM +Q iBM; M/ B @/ vBM;-i?2 TQHVK2 }HK +QMi BMb R
bQHp2MiX AM Q' /2 iQ 2KQp2Bi- T 2@# FBM; bi2T T'BQ iQi?22
A7 i?2 T'2@# FBM; b+?2/mH2 Bb 7QHHQr2/ "B;Q QmbHv- i?Bb bi2T
Mv T'Q#H2Kb BM bm#b2[m2Mi T°Q+2bbBM;- mMH2bb Q7 +Qm b2- i
+QMi KBM i2/X AMi? i+ b2-/272+ib K v #2 ;2M2" i2/X PM+2 T "iB
bm 7 +2 T°'BQ  Q  /m"BM; i?2T 2@# FBM;-i?2v "2 HKQbi BKTQbb
+ mMb2 QT [mM2 bTQib Q TBM?QH2b 7i2 2«BHXbm 2 M/ /2p2HQTK2M!

KXj]XRX g 72" i?2 iviB+ Hbm#bi i27Q 1"G

iviB+ Hbm#bi i27Q 1"GBb bBHB+QMr 72 -r?B+? Bb i?BMbHB
BM:QiX h?2 + vbi H Q'B2Mi iBQM Bb /2}M2/ #v i?2 JBHH2 BM/2t |
i?72r 72?2 b~ ib- +mi BMIiQ QM2 Q" KQ'2 bB/2b BM/B+ iBM; i?2 +°
i AaA * a-r 72°b rBi? i?72 JBHH2 BM/2t URyyV "2 Q7i2M mb2/ #2:
Tii2Mb 7' QK QM2 r 72°-BiBb 2 bB2 iQ# 2 Fi?2KBM ?Q ' BxQMi F
i?2 + vbi HHQ; T?B+ TH M2bX g2 rBHH #2 BMi2 2bi2/ BM bBx2b 96
+QKKQMHV mb2/ BM b+B2MiB}+ TTHB+ iBQMbX h?2v +Q "2bTQM/
M/ R8y KK "2bT2+iBp2HvX h?B+FM2bb Q7 i?2r 72° Bb "QmM/ yXe K

KXjXkX *?22KB+ H T QT2 iB2b Q7 i?2 2H2+i'QM #2 K “2b

_2bBbib + M #2 /BpB/2/ BMiQ b2p2  H :’QmTb-iQ Q' ; MB+ M/ BMQ"
M/ M2: iBp2 iQM2X AM + b2 Q7 i?2 TQbBiBp2 “2bBbi- 7i2 i?2 2tTQ
/2p2HQTK2Mi-i?2 M2: iBp2 "2bBbi Bb /2p2HQT2/ BM TH +2b-r?22"2

aQQM 7i2- +QKKQMHvV mMb2/-Q ; MB+ TQHvV UK2i?vH K2i? + vH
iQ #2 B/2 H7Q M 2H2+i'QM #2 K HBi?Q:  T?2vX Ai #2? p2b b TQI
1"G #mi HbQ s@  vb M/ .22T lo /B iBQMX h?2 2tTQbm 2 BM/m+2
+? BM Q7 K2i? + VH i2 KQMQK2' b- bQ i?2 K BM T°Q+2bb +QMbBbib
+? BM- #mi Qi?2  b+BbbBQM TQbbB#BHBi®HNKAMX HbQ Q++m  UiQ b

6B:m 2 kX9, a+?2K iB+ /B
"2 +iBOM T i? (

S K 7Q° QM2 "2T2 i mMBi Q7 SJJ M/ C

kX9X hvT2b Q7 /272+ib BM i?2 2bBbi H v2

.m " BM; "2bBbiH v2 T°2T " iBQM-p BQmb /272+ib K vQ++m X h?;
iB2b QM i?2r 72 -bm+? b/mbi T "iB+H2b-}#2'b Q" KB+ Q@#m##H:
i?72v "2+ mb2/#v TQQ +2Mi2°'BM; Q7 i?2r 72" QM bTBM +Q i2 X .
#2 /IBpB/2/ BM irQ ;" QmTbX .272+ib + mb2/ #v BKTm BiB2b bi +F2/ i
i?72 +Q iBM; Q  i?2 T 2# FBM:X P  /272+ib + mb2/ #vi?2 T ' Q+2bbBM;
Hv2 T'2T RBQM (



kX h>1P _1hA* GS _h

kX9OXRX .272+ib + mb2/ #v BKTm BiB2b

Hi?Qm:?i?2 T°2T " iBQM Q7 "2bBbiBb T2 7Q K2/ mM/2  H KBM
i? i BKTm Biv Q++m b BM i?2 T°2T "2/ H v2 X Ai /2T2M/b QM i?:
bi M/ /b 2KTHQV mMMBib Q7 T iB+H2bKNER(MABAKAI2 aUi#H2X"
+H2 M "QQKb rBi? AaP +H bb bi M/ /j M/ 9X M/i?2T 2T " iBQI
MM/2 ~Qr#QtX h?2 aTRbQIH BKK2/B i2HV #27Q 2 i?2 "2bBbi +
#HQr rv +2i BM 7 +iBQM Q7 i?2 T iB+H2b 7 QK i?2 bm#bi > |
BKTm BiB2b ;2i iQ i?2 '2bBbiH v2  /m BM; i?2 bTBM +Q iBM; Q"

h #H2 kKXR, AaP bi M/ '/ Q7 T "iB+H2KN2 MHBM2bb +H

yXR 'K yXk'K yXj'’K yX8 'K R|'K 8 'K
AaP +H |bb RRYy k
AaP +H |bb kRyy k9 Ry 9
AaP +H |bbR yyy kjd Ryk |8
AaP +H |blR9 yyy kK jdy R yky ] 8k 3]
AaP +H bRy yyy kjdyy Ry Kkyy ] 8ky 3jk k N

A7 /mbi T iB+H2 Q  }#2 7 HHb QM i?2r 72 bm 7 +2 /m BN
i?2 "2bBbi H v2' M/ 7Q Kb 6*QK2i6X h?mb Bi K F2b i?B+FM2]
7 QK i?2 +2Mi2° Q7 i?2 T 'iB+H2iQ i?22/;2 Q7 i?22r 72 X Pi?2" E
~ F2b i? i biB+F iQ i?2 H v2> M/ :2i T2 K M2MiHv ii +?2/iQ i?
# FBM)K

6B;m 2 kX8, 6B#2 + 2 iBM; +Q M2i UH27iV- "2bBbi~ F2 #

KX9XkX .272+ib + mb2/ #v i?2 T Q+2bbBM; i2+?MQHC

"2bB/2b BKTm BiB2b-/272+ib+ M7Q K/m2iQ2 "Q bBMi?2 T C
#2 ;2M2° i2/ /m"BM; i?2bTBM +Q iBM; QT2 iBQM BM r?B+? + b2
iQ #2 /Bbi B#mi2/ /B HHvX KQM; i?2K "2 #m##H2b BM i?2 "2
MBM+Q TQ iBQM Q7 B #m##H2b BMiQ i?2 HB[mB/ "2bBbi /m
#QiiH2 U2X; X BMi?2 +H2 M QQKV-Q #v 2}HHBM; 2bBbi BMiQ
h?2 KB+ Q #m##H2b "2 +°2 i2/ 7i2 i?2bm#b2[m2Mi +Q iBM; QM
bTQib BM i?2 "2bBbi H v2 rBi? ?m;2 i?B+FM2bb /Bz2 2M+2- r?

N



kX8X ALaS1*hAPL P6 h>1 laAah G ul_

i?722tTQbm 2-bm+? b+ +FbBMi?2 "2bBbiH v2™ "QmM/i?2b2bTQ
#v /2; bbBM; i?2 KBtim 2 BM /2bB++ iQ - #v bHQrHv TQm BM; i?2
r 72°-Q  #v [2H v- T'2p2MiBM; i?2 KQpBM; Q7 i?2 “2bBbi BM i?2 +C(
MQi?2  Bbbm2 BM i?Bb + i2;Q'vQ7 /272+ib Q++m b /m2iQ M BM
r722QMi?2bTBM +Q i2 -2Bi?2 #v TQQ Hv H2p2HH2/ bTBM +Q i2
Q7 i?2 bTBM +Q iBM; T ~ K2i2 ' bX h?Bb ivT2 Q7 /272+i Bb /IB{+mHi
#2+ mb2 Q7 i?2 bK HH }2H/ Q7 pB2rX AiBb Km+? 2 bB2 b22M #v M
BMbi mK2MirBi? H ;2 }2H/ Q7 pB2ri? Mi? iQ7 KB+ Qb+QT2X

6B;m 2 kXe, JB+ Q #m##H2b UH27iV- M BM?QKQ;2M2Biv HH Q

kX8X AMbT2+iBQM Q7 i?2 "2bBbi H v2°

h?2 /2TQbBIiBQM #v M 2H2+i QM #2 KiQi?2 +Q i2/ bm#bi”~ i2 +QmH/
+ b2b 72r/ vbX h?mb Bi Bb M2+2bb "v- #27Q 2 i?2 2tTQbm 2 Bib2H"
/Q2b MQi +QMi BM /272+ib r?B+? +QmH/ z2+ii?2 "2bmHi Mi T ii2"
i?72 2bBbi@+Q iBM; Bb p2 v BKTQ i Mi BMi2 Kb Q7 i?2}M H7mM+
KB+ Q /2pB+2X i AaA * a-i?2 BM?QKQ;2M2BiB2b BMi?2 "2bBbi H
T Q#H2K iB+ BM i?2 1"G T Q+2bbX 6Q i?2 /2i2+iBQM Q7 bm+? bB
KB+ Qb+QT2rBi? 8s Q#D2+iBp2 Bb mb2/X h?2 b+B2MiBbi K Mm HHv
BMt M/ v t2biQ +QMi QH BKTQ i Mi +2Mi° HTH +2b BM i?2 "2bBb
#OQmi 8y KBy KKX Ai Bb / QM2 BM Qrb Q7 j KK BMi2'p HbX gq?2M /
Bi Bb r Biiz2M iQ /272+i K T BM i?2r 72 /B ;" Kc Bib bBx2- TQbBil
FioXk XWX *Q i2/r 72°b "2 i?2M biQ 2/ rBi? Bib B/2MiB}+ iBQM MmK#2
BbM22/2/iQ #2 2tTQb2/- bmBi #H2 QM2 Bb +?Qb2M ++Q /BM; iQ i

kXeX 1tTQbm 2

g?2M r 72 bm'7 +2Bb +Q i2/rBi? "~ /B iBQM@b2MbBiBp2 TQHVK?2
#2 K + M #2 mb2/ iQ 2tTQb2 i?2 T ii2"MX Ai + M #2 7Q+mb2/ iQ
/B K2i2 X q?2M Bi 2Mi2°b i?2 "2bBbi- Bi HQb2b 2M2 ;v pB 2H biB
M/ i?2 "2bBbi +? M;2b Bib +?2KB+ HT QT2 iB2b "2bmHiIiBM; BM i?Z
/IBz2 ' 2Mi bQHmM#BHBiv BM T "iB+mH ~bQHp2Mi Q" /2p2HQT2  i? N
h?2 2 HBx iBQM Q7 i? D 2FmB] B/b/ QB2 BM2/ b BM KX 7Q KmH

Ry
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D=1J UKXjV

r?2°'2Bbi?2+m "2Mi/2MbBiv Q7 iRR iZ@ #RKR Q7 2tTQbm 2 Q7 C
*m T 2Mi /2MbBivBb p2'v? /iQ+? M;2BM b?Q i iBKX-bQ i?72 /(

6B;m 2 kXd, J2 bm 2K2Mi Q7 i?2 bBx2 M/ TQbBiBQM Q7 /272+ib

h?2 +QMi /Bb+ B#2b 2Qr # mTii?2 /2T2M/2M+2 QW iR QMH iB
i72 /Qb2X Ai Bb /2i2 °KBM2/ 7°QK i?2 HBM2 ~ bHQT2 Q7 i?2 b2M
}: kX3M/ Bi Bb :BEX®MQVi?2 TQbBiBp2 "REBQi iM2 #M2: iBp2 "2bBbi

L H%—ip l UkX9V
HO} HOF 5

1

|
>|os

HQ@F HOQY i Ukx8v

r?2°DR; Bb i?2 /Qb2 Q7 +QKTH2i2 2tTQbm 2 Q" 7nDH HB b?IP2F M 2|

/Qb2i? i + mb2b MQ “2bBbi /BbbQHmMIBQM Q" MQ 2K BMBM: i?B

1H2+i"QM #2 Kb "2#°Q /2M2/BMK i2'B Hb b "2bmHi Q7 2H?2

Q7 i?2b2 b+ ii2°BM; T?22MQK2M QM i?2 "2bmHiBM; 2tTQb2/ BK

2z2+iX h?2 KQbi +QM+Bb2 KQ/2H 7Q" i?2 +H bbB}+ iBQM M/
KQ/mH iBQM i° Mb72  7niM#iBQM UJh6V (

2 2 2 2

M = 2 + exp 2

UkXeV

exp

1+

RR



kXeX 1sSPal_1

uyvVv U#V
6B;m 2 kX3, hvTB+ Hb2MbBiBpBiv+m p2 Q7 U V TQbBRBp2 M/ U#V

q?2 2 +Q2{+B2ZMi +i2 ' Bx2b 7Q'r /@b+ ii2 2/ 2H2+ "QMB-BXQ2Dd{+B 2]
# +Fb+ ii2°2/@2HR2b+i?QMHBQ Q7 i?2 # +Fb+ ii2°2/iQi?27Q ' r "/@b+
i QM 2M2 ;wBWBMP2 bT iB HT2'BQ/X Jh6 + M#2 /2i2 ' KBM2/ 2Bi?2" #v
K2Mib Q  #vmbBM; JQMi2* "HQ 2H2+i QM kX 2?RQ 2wIiBKm W bQ2U}
bBKmH iBQM Q7 2H2+i'QM b+ ii2"BM; BM +Q i2/ SJJ QM r 72" i
PQHI ;2bX

6B;m 2 kXN, JQMi2 * "HQ bBKmH iBQM Q7 2H2+i'QM b+ ii2'BM; B
bm#bi> i2 i V 8 Fo- #V Ry Fo- +V jyEp M/ /V 8yFo (

Mv T “iB+H2i? iH M/b QM i?2 "2bBbi Q" Mv Qi?2 mM/m2 /272+i
b?B2H/i?2 }JHK mM/2 M2 i?i?2T "iB+H27 QK i?2 2tTQbBM:; " /B iBQ
bTQib BMi?2 + b2 Q7 TQbBiBp2 "2bBbi- Q° TBM?QH2b BM i?2 + b2 C
+QMi KBM iBQM Bb 2bT2+B HHvV i 'Qm#H2bQK?2 rBi? 2H2+i"QM #2 K
i?2 T°Q# #BHBivQ7 T iB+H2H M/BM; QM bm#bi’ i2BbBM+ 2 b2/
#2+ mb2 Q7 i?2 Km+? HQM:2  2tTQbm 2 iBK2b BMpQHp2/X

Rk



kX h>1P_1hA* G S _h
kXdX .2p2HQTK2Mi Q7 i?2 2tTQb2/ T ii2 M

q?2Mi?2H i2MiBK ;2? b#22M7Q K2/ BM i?2 "2bBbiH v2 #v 2tT
iQ T°Q/m+2i?2 M Hi? 22@/BK2MbBQM H "2HB27 BK ;2X h?Bb |
1"G T°Q+2bb M/ ? bi?2:°2 i2bi BM~m2M+2 QM i?2 T ii2 "M [m H
HB[mB/ /2p2HQTK2Mi U# i?V M/ /v /2p2HQTK2Mi UTH bK V)
Bb 7m i?2  bm#/BpB/2/ BMiQ bT v M/ BKK2'bBQMX h?2 bT" v/
#2ii2° T ii2"M mMB7Q KBiv M/ 2T Q/m+B#BHBivX 6Q  i?2 HB|
mb2/- B/2 HHvV i?2 [m i p2bb2HDb rBi? 2?2 iBM; M/ i2KT2" im 2
rBi?r i2° M/ +?22KB+ HbX h?22tTQb2/r 72  Bb BKK2 b2/ BM i?2 |
M/ i?2M i° Mb72° °2/iQ bBKBH i MFb 7Q" "BMbBM;X aT  viQQ
M/ i?2 HB[mB/ Bb bT"> v2/ 7°QK bi iBQM v MQxxH2bX 7i2  i?2
+ M +QMiBMm2 rBi? /Bz2 2Mi +?2KB+ Hb BM i?2 b K2 p2bb2HX h
POQHMK2b M/ 7°2b? KBtBM)XQ7 +?2KB+ Hb (

Rj



] X J2 bm 2K2Mib M/ _2bmHib

AM 6BXRVQmM + M b22 K2 bm 2K2Mi b2i@mT + HH2/ q 72 a+ MX
K F2 ° bi2° KQp2b Qp2 i?2r 72 bm 7 +2 #v /2:°22b rBi? + K2° M
i F2M BK ;2b BM H TiQT /m BM; M/ 7i2 i?2 b+ MMBM; T Q+2bbX £
BKTH2K2Mi iBQM M/ bQ7ir "2 /2p2HQTK2Mir?B+? "2 /26R B#2/ BM
M /j X X

6B;m 2 jXR, J2 bm 2K2Mi b2i@mT

JXRX > "/r "2 BKTH2K2Mi iBQM

JXRXRX 1M;BM22 BM; bQHmMIBQM

h?2 K2+? MB+ Hbvbi2KBb Q B;BM HHv / Ti2/7 QK j. T BMi2 S ml
bi2TT2  KQiQ'b M/ +QMi'QH #Q '/ KBMB@ _ J"QX h?2}'bi KQiQ" K
2ti'm/2° BM i?2t tBb M/ i?2 b2+QM/ KQiQ  KQp2b rBi? bi ;2 i #H2
bi2Tbh +Q " "2bTQM/BM; iQ ky '"KX h?2 }H K2Mi 2ti'm/2° ?QH/2° b r2HF
+QMM2+i2/iQ iBKBM; TmHH2v Q7 i?2 KQiQ  rBi? iBKBM; #2HiX
AM i?2 K2 bm 2K2Mi b2imT TTHB+ iBQM Uq 72 a+ MV-i?22 b K2 ¢
rbmb2/U/2i BHTB+im 2 BM TT2M/Bt "VX Cmbi i?2 }H K2Mi 2ti m/
iQ ?2QH/ 1?2+ K2 X hQ +'2 i2i?Bb T "i-j. TTBMiBM;r bmb2/X h?2 JE
#Q "/ r b "2TH +2/ #v KQ 2 mb2  7°'B2M/Hv BRQRb+ B/#H2BNBM IIPR M2ti
bm#b2+DBR¥MK JQ 2Qp2 - i?2 bi ;2 i #H2 r b [/ Ti2/iQ ?QH/ i?2 r 72"
TQbBIiBQWWYEBAXBb bi BMH2bb@bi22H TH i2 rBi? i? 22 b+ 2rb M/

R9
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b?22i K2i HiQ ?QH/ i?2r 72" BM }t2/ TQbBIiBQMX h?2 TQbBIiE
[12T2M/b QM i?2r 72  bBx2 96 Q eb6X hQi?2 bi ;2 i #H2- + HB#
r2HH +QKT BbBMR +R FR2+2 Q7 r 72 -rBi? + Qbb@bi m+im 2 2
iQ T°2b2 ' p2i?2tv+QQ /BM i2 bvbi2KX

6B;m 2 jXk, .2bB;M bQHmMiBQM Q7 i?2r 72  ?2QH/2 - BM i?2 HQr
b KTH2 rBi? i?2 + HB#' iBQM K “F

JXRXkX 1H2+i QMB+b

“/ImMBMQ IELP+QMi'QH #Q /- Bb i?2 K BM 2H2+i'QMB+ T i Q7 i?:
Ai Bb # b2/ QM i?2 hK2; jk3S KB+ Q+?2BT M/ + M #2 TQr2 2/ #v
Rk o .* TQr2' bmTTHvX h?2 #Q '/ ? be M HQ; BMTmi TBMb- I
M/ Bib #2? pBQ - BM+HmM/BM; r?2i?2 Bi +ib b MBMTmiQ b
mb2" i mMIiBK2X h?2 e TBMb + M T QpB/2 SqJQmiTmi- 7Q 2
7Q° +QMi"QHHBM; bi2TT2  KQiQ'bX T'Q; Kr b/2p2HQT2/ M/t
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