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Atmospheric Impact of Biogenic Volatile Organic Compounds: Im-

proving Measurement and Modeling Capabilities

Namrata Shanmukh Panji

(ABSTRACT)

Biogenic volatile organic compounds (BVOCs) are naturally occurring organic compounds
emitted by plants, trees, and ecosystems, exerting a profound influence on the Earth’s at-
mosphere, air quality, climate, and ecosystem dynamics. This research project aims to ad-
vance our understanding of BVOC emissions and their implications through a comprehensive
and multi-faceted investigation. We investigate the dynamics of BVOCs in the atmosphere
through three key objectives. First, we introduce a novel enriching inlet that uses selective
permeation to preconcentrate reactive organic gases in small sample flows for atmospheric
gas sampling, enhancing the sensitivity and detection limits of analytical instruments. En-
richments between 4640% and 111% were measured for major reactive atmospheric gases
at ultra low flow rates and roughly several hundred percent for ambient samples at mod-
erately low flow rates. Second, we constrain light-dependency in BVOC emissions models
by comparing modeled and long-term observed BVOC concentrations measured at a mid-
canopy monitoring site in a southeastern US forest. The Model of Emissions of Gases and
Aerosols from Nature (MEGAN) and the Framework for 0-D Atmospheric Modeling (FOAM)
were utilized to simulate emissions and chemical transformations, respectively to disentangle
the time- and species-specificity of light dependency for various BVOC ( -pinene, cam-
phene, and -fenchene are completely light-independent and limonene, -thujene, sabinene,
and -terpinene are seasonally light-dependent). Finally, we examine these models deeper

to investigate uncertainties and highlight current limitations due to variability in planetary



boundary layer height (PBLH) datasets. We highlight the significance of simultaneous PBLH
and BVOC measurements for improving the accuracy of BVOC concentration models. We
show that a lack of co-located measurements is a large source of uncertainty in modeling
BVOC concentrations. The successful completion of these objectives contributes to a bet-
ter understanding of the complex interactions between BVOC emissions and atmospheric

chemistry.



Atmospheric Impact of Biogenic Volatile Organic Compounds: Im-

proving Measurement and Modeling Capabilities

Namrata Shanmukh Panji

(GENERAL AUDIENCE ABSTRACT)

Biogenic volatile organic compounds (BVOCs) are natural chemicals released by plants,
trees, and ecosystems. They interact with combustion emissions such as those from vehicles
(nitrous oxides or NOp species) in the presence of light to produce secondary pollutants such
as ozone and particulate matter which significantly affect human health, Earth’s atmosphere,
air quality, climate, and ecosystems. This research aims to deepen our understanding of
BVOC emissions and their effects through a detailed study of measurement and modeling
techniques used to study BVOC. We accomplish this via three main goals. First, we introduce
a new method to enhance the detection of reactive gases in small air samples, improving
the sensitivity of currently available analytical instruments. This method showed significant
improvements in detecting key atmospheric gases. Second, we examine how BVOC emissions
depend on light by comparing models with long-term observations from a forest in the
southeastern US. We used two models, Model of Emissions of Gases and Aerosols from Nature
(MEGAN) and Framework for 0-D Atmospheric Modeling (FOAM), to simulate emissions
and chemical changes, revealing that some BVOC emissions are completely light-independent
processes, while others depend on the season. Finally, we examine these models deeper to
investigate the uncertainties due to variability in planetary boundary layer height (PBLH)
datasets (the layer of air closest to the Earth’s surface where pollutants are concentrated).
We show that a lack of BVOC and PBLH measurements made at the same location is a large

source of uncertainty in modeling BVOC concentrations. Achieving these goals will enhance



our understanding of the complex interactions between BVOC emissions and atmospheric

chemistry.
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70 M;2b 7QK XiR ZyX X X X X X X X X X X X X X XN)B X X X )

9X9 a+ ii2° THQI Q7 Q#b2 p@ ToHOM2KWIQ/288/+2Mi> iBQM UBM TT#\
/ vViBK2 U @+V M/ MB;?2iiBK2U/@7V7Q CmM2i?°Qm;? m;mbi
“2/- M/ ;°22M K "F2'b 2T 2b2Mi bBKmH iBQMb rBi? i?2 S"G> T
J2°:2/1_8- M/ >___ [ i b2ib 2bT2+iBp2HvX h?2 bQHB/ #H +F
R,R HBM2 Q7 i?2 @EBRIPM2 +QM+2Mi° iBQMX h?2 S2 “hQM +
+Q277B+B2Mi Q7 Bb /2MQi2/ #v _ M/ i?2 K2 M #B b 2°°Q UV
J"IX LQi2i? ii?2Vv@ tBb7Q" -#-/-2"  M;27 QKyiQe TT#r?l
+ M/ 7 M;2b 7 QKXY KORIXX X X X X X X X X X X XN¥ X X X

Xk a+?2K iB+ Q7 i?2 2tT2 ' BK2Mi H b2imT mb2/iQ +QM7B K Kmin
M HVi2 +QM+2Mi> iBQM M/ 2M B+?K2Mi Q772 H@v i?2 BMH2i
k9yy Bb "2T 2b2Mi2/ #v i?2 #Hm2 HBM2- i?2 KBMBSA.k T?QiQ
Bb /2MQi2/ #v SA.- M/ i?2 K bb 7HQr +QMi ' QHH2" /QrMbi 2 K
[2MQi2/ #V JB*X X X X X X X X X X X X X X X X X RR8X X X X



Xj hBK2 i F2M iQ 2 +? 2[mBHB# BmK 7Q  2M B+2K2Mi Q7 8yy T
i Kk b++K b KTHBM: 7HQr ~ i2- T 2bbm 2 /B772 2MiB H Q7 yX
Q7 jyy +KX h?2 T'BK 'vv@ tBb b?Qrb i?2 SA. bB;M H BM TTK
Q7 iBK2 M/i?2b2+QM/ 'vv@ tBb b?Qrbi?2 +mKmH iBp2 B 2
+QMbi Mi k b++K b KTHBM; 7HQr- U"V j KBMmi2b i3 b++K M
k b++K b KTHBM; 7HQr- U"V eX8 KBMmi2b i 3 b++K M/ 2K B
b KTHBM XIBQXXK X X X X X X X X X X X X X X X RR& X X X

"Xj hBK2b2'B2b Q7 K2i2Q QHQ:B+ HT * K2i2'b K2 bm>2/ ii?2 oF
b2 "+? G #Q  iQ'v U0o6_G- #H +F HBM2bV M/ i?Qb2 Q#i BM2
IM/2°;°QmM/ B/2MiB7B2 b b K2 M{BXBIR/ BW X2r?B G "bQM
*Q "2H iBQM +Q277B+B2M BbX2MR iR/ XWX X X X XRRXK X X X

"X9 bM Tb?Q@DEM2M2 +QM+2Mi’ iBQMb UBM TT#V 7Q  CmHv
kyky mbBM; i?72 KQMi?Hv G.6 b jpX2QmM2BR6BM22Q " 2H iBQM
+Q277B+B2Mip Hm2b Q7 i?2 /Dmbi2/ M/ /2FXRHIGMN@2H2/ U 2
+2Mi° iBQMb ; BMbi i?2 Q#b2 ' p2/ +QM+2MijpmiB@Mb 2 "2TQ"
M/ 27 mHigdKX X X X X X X X X X X X X X X X X X XRKk¥X X X X

"Xe JQMi?Hv p "B iBQM @720 6?@MM22HH M@RPMPB2M2- + K@
T?2M2- i'B+v+H@M2TBIM2M2 2biBK i2/ #v K tBKBXxBM; i?2 +Q°
#2ir22M Q#b2 p2/ +QM+2Mi> iBQMb M/ i?Qb2 2biBK i2/ #v J1
6y J i 06_GX h?2 #Hm2 K "F2 b "2T 2b2Mi i?2 /Dmbi2/ G.6 p
"2/ HBM2 2T 2b2Mib i?2 G.6 mb2/ #v /27 mHi BM J1: LpjXkX |
"2/ bQHB/ HBM2b T 2b2Mi i?2 G.6 p Hm2b M/ i?2 / b?2/ HBM
+Q "2bTQM/BM; S2 "bQM +Q " 2HX BXQX % Q2 X7B B XRKEX X X X



"Xd o B iBQM Q7 i?2 S2 'bQM +Q "2H iBQM +Q277B+B2Mi #2ir2
bm 2/ +QM+2Mi’ iBQM r@PBG.EMWD HBKIQREAMM/ 2M2- + K@
T?22M2- i B+v@ HPIMR2EW2-M+?22M2- b #@VM2NIBM2MM2 i06_GX
h?2 2/ HBM2b "2T 2b2Mi rBMi2  U.2+- C M- 62#V- #Hm2 HBM?
JVV-; 22M HBM2b bmKK2  UCmM- CmH- m;V- M/ Q  M;2 HB
LOpV KOMI?ZHX X X X X X X X X X X X X X X X X XRKj X X X X

*XR a+ ii2° THQIi Q7 Q#b2 p2/ pbX KQ/2H2/ BbQT 2M2 +QM+2Mi"
/ ViBK2 U @+V M/ MB;?iiBK2U/@7V7Q CmM2i?°Qm;? m;mbi
"2/- M/ :'22M K "F2'b "2T 2b2Mi bBKmH iBQMb rBi? i?2 d@/ v
Q7i?2S"G>7'QK J. -J2;2/1_8- M/>___ | ib2ib 2bT2+iBy
h?2bQHB/#H +F HBM2 Bb i?2 R,R HBM2 Q7 i?2 Q#b2 p2/BbQT
S2 "bQM +Q "2H iBQM +Q277B+B2Mi Q7 Bb /2MQi2/ #v _ M/ i?2
Bb /2MQi2/ #v X"XXX X X X X X X X X X X X X X X RReX X X >

*Xk a+ ii2  THQi Q7 Q#b2 p2@FBMKP22HPM +2Mi> iBQM UBM TT#V
/ ViBK2 U @+V M/ MB;?iiBK2U/@7V7Q CmM2i?°Qm;? m;mbi
“2/- M/ ;722M K E2'b 2T 2b2Mi bBKmH iBQMb rBi? i?2 d@/ v
Q7i?2S"G>7 QK J. _-J2;2/1_ 8- M/>___ /i Db2ib 2bT2+iBy
h?2 bQHB/ #H +F HBM2 Bb i?2 R,R @BRIN2Q/M2i?DIP#BRMipIABQM
h?2 S2 "bQM +Q "2H iBQM +Q277B+B2Mi Q7 Bb /2MQi2/ #v _
2°°Q  UWV Bb /2MQiX/ ¥vXIXLX X X X X X X X X X XR¥XdX X X X



*XJ

a+ ii2° THQiIi Q7 Q#b2 p2/ pbX KQ/2H2/ b #BM2M2 +QM+2Mi" i
/ ViBK2 U @+V M/ MB;?iiBK2U/@7V7Q CmM2i?°Qm;? m;mbi
“2/- M/ ;°22M K F2°b 2T 2b2Mi bBKmH iBQMb rBi? i?2 d@/ v
Q7i?2S"G>7"QK J. _-J2;2/1_ 8- M/>___ /i b2ib 2bT2+iBy
h?2bQHB/#H +F HBM2 Bbi?2 R,RHBM2 Q7 i?2 Q#b2 p2/b #BM
S2 "bQM +Q "2H iBQM +Q277B+B2Mi Q7 Bb /2MQi2/ #v _ M/ i?2
Bb /2MQi2/ #v J"1X LQi2 i? ii?2 v@ tBb Bb KmHiBTHB2/ #v 8 i
PBOBH#BHBI X X X X X X X X X X X X X X X X X X RK8 X X X .



GBbi Q7 h #H2b

kXR GBbi Q7 QT2 iBM: +QM/BiBQMb i2bi2/iQ bim/v 2M B+?K2M
H2M:i? Q7 2M B+RBMXBMHX X X X X X X X X X X X XX X X X

JXR amKK 'vQ7 +QM/BiBQMb i2iXi2¢ BMKiXBX Kim/XXX X8X X X X
O9XR AMTmi T  K2i2 bmb2/iQ bBKmH i2X P XHQMH2MBBIiRB XM

XR p2° ;22M B+?K2Mi Q772 2/ #v jk8 +K H2M;i? Q7 2M B+?BM
TQmMM/b i HH QT2 iBM; +QM/BiBXMb KK 2X X XRRX X X X
"XR 1KBbbBQM 7 +iQ b 7Q" "B/ +2HH Xi Ki XK X HQ X MRiBAMb X X

"Xk h 22 bT2+B2b +QKTQbBiBQM i06_G rBi? i?27 +iBQM Q7 i?
i72 +Q "2bTQMI/BNG KTRXBEZDX X X X X X X X X X XRRX X X X

"X8 _ i2b Q7 "2 +iBQM Q7 "oP*b //2/ iQ JsJ@iMiXR%?2 2 F
20?2 b2+QM/ Q /2 "2 +iBQM " i2b Q7 +QKTQMBIM 2KT?B rBi-
FHRXKQHERPRH A X X X X X X X X X X X X X X X X RKRX X X X
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GBbi Q7 ## 2pB iBQMb

J. B '+ 7iJ2i2Q " QHQ;B+ H. i _2H v
"1Aa"BQ;2MB+ 1KBbbBQMb AMp2MiQ v avbi2K

"oP* "BQ;2MB+ 0QH iBH2 P': MB+ *QKTQmM/

1S 1MpB 'QMK2Mi H S'Qi2+iBQM ;2M+v

1 81m QT2 M*2Mi'27Q  J2/BmMK@_ M;2 g2 i?2° 6Q 2+ bib _2 M Hy
6y J p2 bBQB IKIIrQ ' F7Q y@. iKQbT?2 B+ JQ/2HBM;
6A. 6H K2 AQMBxX iBQM .2i2+iQ"

* b *? QK iQ; T?v

>SS >B:? S°2bbm~2

> >B;?@_2bQHmiBQM _ TB/ _27°2b?

G AG27 "2 AM/2t

G.6 GB;?2i@/2T2M/2Mi 6 +iBQM

J*J J bi2" *?2KB+ HJ2+? MBbK

J1: LiXKR@1B3®/2H Q7 1KBbbBQMb Q7 : b2b M/ 2°QbQHb BM L im’
S'Q+2bbQ  p2 'bBQM jXkR

J1: LpjXkJQ/2H Q7 1KBbbBQMb Q7 : b2b M/ 2 °QbQHb 7°QK L im 2

J6J J bb 6HQr J2i2°

ttBB
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LPs LBi Q;2M QtB/2b ULV M/ LP

P, PxQM2

P> >v/ QtvH "~ /B+ H

S  S?QiQbvMi?2iB+ HHv +iBp2 /B iBQM
S"G>SH M2i 'v"QmM/ v G v2 >2B;?i

S* S'2bbm 2 *QMi"QHH2"

SA. S?QiQ AQMBx iBQM .2i2+iQ"

TT#T 'ib T2 #BHHBQM

TTKT 'ib T2 KBHHBQM

TTi T 'ib T2 i BHHBQM

a am#@ IKQbT?2 B+

b++Kai M/ "/ +m#B+ +2MiBK2i2 b T2 KBMmi2
aP a2+QM/ 'vP'; MB+ 2 'QbQH

aP aaQmi?2 M PtB/ Mi M/ 2 QbQH aiml/v
ahS ai M/ "/ h2KT2 im 2 M/ S 2bbm 2
aqg_a?Q’ir p2 _ /B iBQM

h;* 1277 ;7 Kb Q7 + "#QM
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06 GoB ;BMB 6Q 2bi _2b2 "+?2 G #Q iQ'v
oP* oQH IBH2 P; MB+ *QKTQmM/

ql g2 i?2 IM/2;"QmM/



*?2 Ti2 R

AMIi Q/m+iBQM

_2 +iBp2 Q°; MB+ + "#QM U_P*V BM i?2 iKQbT?2 2Bb +'BiB+ H/C
iQ Bib /B'2+i M/ BM/B 2+i BKT +ib QM ?mK M ?2 Hi?- +ABEK i2 +? N\
M/ J+: 2;-kyyi3>2 H/ M/ E'KYRWHX _Qm;?Hv Nj8 h; Q7 _P* Bb 2KBii2
i?72 iKQbT?2 2 MMMB HHBEMRKYIRMKXh?2 T?QiQ+?2KB+ H/2;  / iBQM !
BMi?2 iKQbT?2'2H2 /biQi?2T ' Q/m+iBQM Q7 F2v iKQbT?2 B+ TQ
Q'; MB+ 2°'QbQH U +QMbiBim2Mi Q7 H ~HBZ+nkifiy@2 KQ H B -Xif K U

*H 2vb 2k iFBMbiNMy i FBMbQM MAKyYe&#&m2Mi?2" 2RNM3E M/
QXQMQRHJbiIi2BM M/ :kyHaHHW/ M/ EkQKWX h?2b2 b2+QM/ v iKQbT?:
TQHHmMiI Mib "2 FMQrM iQ ? p2 /2i'BK2Mi H 2772+ib QM ?2mK M ?2 |
U2v2- MQb2-i?"Q i B' ' Bi iBQM- M/ "2bTB" iQ v bvKTiQKbV M/ +?(
M/ / K ;2iQ Qm" +2Mi° H M2 pQmb bvbi2K- HBp2'- M/ FB/M2vV T
pmHM2" #H2 TQEH A iBMgMbUMylyd mpQHQ MR RREBX 2i-KiyXyX

T i 770K i?2B° +QMi'B#miBQM iQ ?2B;?i2M2/ Tm#HB+ 22 Hi? +QNMN
BKT +i 7QQ/ b2+m Biv #v + mbBM; +2HHmMH ~/ K ;2 iQ + ' QTb M/ Bk
VB2H/BJ2i -KYRH B M/ J iBWRWOX 6m i?2°'KQ ' 2- SJ Q aP + M #bQ"
b+ ii2” BM+QKBM; * /B iBQM M/ ?2M+2 /IB'2+iHv BM7HmM2M+2 1 "i?
r "KBM; Q" +QQHBM; 2772+ib? 2BT-2kyR2HWQ Q/ M/ _ K br Kv
RNBSBvVIQQ/ M/ "Qrky¥¥X oQH iBH2 Q°; MB+ +QKTQmM/b UoP*bV
_P*i? i 2tBbiBMi?2 ; bT? b2 i "QQK i2KT2 im 2X rB/2 M;2 Q7



i2°Qm;?M im°> HT Q+2bb2b U#BQ;2MB+ 2KBbbBQMbV M/ #v ?2mK M(
2KBbbBQMbVX _Qm:;?Hv NyW Q7 MQM@K2i? M2 Q; MB+ + "#QM E
Q'; MB+ +QKTQmM/b U"oP*bV- 7 QKnEIMif 2 H2RMMNSDID+® b i?22
“2;mH " K2i #QHB+ T'Q+2bb2b Q7 p2;2i iBQ®HM/IXBM @#B H#KHBRE
kyydX >2M+2-i?2 +? ~ +i2 Bx iBQM M/ K2 bm 2K2Mi Q7 oP*b BM i?.
70 mMM/2 bi M/BM; i?2B  bQm +2b- /Bbi'B#miBQM- M/ BKT +ibX

RXR AKT QpBM; K2 bm 2K2Mi + T #BHBiB2b

bB;MB7B+ Mi?m /H2iQ ++m i2Hv K2 bm BM; K#B2MioP*b Bb i?

T 'ib T2 #BHHBQM UTT#V Q 2p2M T 'ib T2 i BHHBQM UTTIiV H2p2
KBtim 2 Q7 i?Qmb M/biQ ?mM/ 2/b Q7 i?Qmb M/b Q7 +QKTQmM/b 2N\
P "VBM; T?2VbB+Q+?2KB+QH /MIQBR iBI2bKy#XHV?Bb T 2b2Mib M HViE
+? HH2M;2b M/ ivTiB+ HHv 2[mB 2b i?2 mb2 Q7 +QKTH2t M/ 2tT2
b; b+?2 QK iQ; T?2v U:*V +QmTH2/1Q bmBi #H2 /2i2+iQ - bm+? |
UJaV-7H K2BQMBxX iBOQM /2i2+iQ  UBA.V-7H K2 T?QiQK2i B+ /2i2+i
[2i2+iQ U1l*.ViQ+ Tim 2i?27mHHDbT2+i mKQ7o0P*bT 2b2MiBM K#
oP*b2MbQ bbm+? bT?QiQBQMBxX iBOM/2i2+iQ b USA.V-TQ i #H2
Q772 HBKBib Q7 /2i2+iBQMBBM 2 HEVEVG-MXRiUT " QpB/2 HBiiH2 bT2+
biQr? i +?2KB+ Hbi?2v "2 K2 bm'BM;X hQ //°2bb i?2 HQr +QM+2N
Q7 K#B2Mi B - ?B;?HvDb2MbBiBp2 K2 bm 2K2Mii2+?MB[m2b Q mbE
iQ /2i2+i M/ [m MiB7vi> +2 KQmMib Q7 oP*bX

b 2i WYYW 2pB2rb i?2 /B772 2Mi K2i?Q/b +m "2MiHvV mb2/iQ T 2+
+iBp2 M/ T bbBp2 b KTHBM:X *'vQ:2MB+ i TTBM: Bb QM2 bm+?
+QHH2+i2/ QM +'vQ;2MB+ HHv +QQH2/ im#2 ©Bri?i bl rb b BYXB b BH BH>



KyRAX h?Bb K2i?Q/ T QpB/2b 2t+2HH2Mi i TTBM; 277B+B2M+v M,
Q7 oP* +QM+2Mi" iBQMbX >Qr2p2 - i?2 '2[mB 2K2Mi 7Q  + vQ;2MI
B+2 7Q K iBQMb +HQ;;BM; b KTH2 7THQPHBR M QR N M? MH2M;2b |
mbiBKWYeX +iBp2 b KTHBM; mbBM; im#2b rBi? bQHB/ bQ #2Mib bm-
SQ T +F Z- 2i+X- Bb MQi?2 i2+?MB[m2 r?2°2 TmKT / rb B i? C
im#2- + Tim BM; oP*b 7Q bm#b2[m2Mi i?2 K H.2XK2QbLIPBQ i NH/X M
kyydX h?Bb K2i?Q/ T 'QpB/2b ?B;? b KTH2 pQHmMK2b- HHQrBM; 7Q°
M MQim#2b U*LhbV "2 HbQ #2BM; BMp2biBGRR-GYXEO i+ QM +2Mi"
2i HKyydNdmbb BM-XiyyMX #mi ? p2 i?2 b K2 HBKBi iBQMb b Qi?2" b
i2+?MQHQ;B2b M/ K v MQi VB2H/ mMBMQb IK B M2 +NDAOBRRG " iBQM U

Hi?Qm:? /bQ #2Mi@# b2/ K2i?Q/b 2 2772+iBp2 M/ rB/2Hv mb2/ B
BMbi"mK2Mi iBQM-i?2B" HQM;@i2 K mb2 + M+ mb2/2;" / iBQM M/
T Q/m+ibX h?mb-i?2°2 Bb M22/7Q° K2i?Q/iQ T 2+QM+2Mi" i2 i
i BMBM; +QKTQmM/b Q7 p "BQmb pQH iBHBiB2b 7Q° QM@HBM2 b K
rQmH/ T QpB/2 //BiBQM H 7H2tB#BHBiv M/ +QKTH2K2Mi 2tBbiBM; i
HH + T #BHBiv7Q" iKQbT?2'B+b KTHBM; M/ M HvbBbX

RXk AKT QpBM; KQ/2HBM; + T #BHBiB2b

b /Bb+mbb2/ #Qp2- "oP*b +QMbiBimi2 i?2 /QKBM Mi 7 +iBQM Q7
Um2Mi?2" 2RNWE "oP* T Q/m+0QpPpQ T BK "BHv 2KBii2/ BMiQ i?2 iKQ
i2°Qm;? i?2 H2 7 biQK i H bi'm+im 2b U T i 7°QK #2BM; biQ 2/ B
Wi /H2® M/ _2B7AYNd6iRH M/ JORNAMBM2K2ibkyiR®#HmMi + M HbQ
#2 2KBii2/ 7°QK H2 7bm 7 +2b i +QKNJIOMQDBF B+ BIBEIBBMN2K 2ib

> "H2kyR4X h?2 7 +iQ b BM7HM2M+BM; i?2 " i2 Q7 "oP* 2KBbbB QM|



bim/B2/ ii?2 H2 7@b+ HAMMM] 2 P @f&dRI22W 2i-kifXopm M: 2+ HX
KyREBpPpBK 2MT -KyiREIXHKB; 2k yh\EX

1KBbbBQMb "2 bi'QM;Hv BM7HmM2M+2/ #v +HBK i2 p "B #H2b- bm+
H2p2Hb- K#B2Mi + "#QM /BQtB/2 +QM+2Mi’ iBQMb- bQBH KQBbim"
K2i #QHB+ +iBpBiv- ;"Qri? T? b2- H2 7 ;2- 2i+X h?2 M im 2 Q7 i?:
TH2t M/ 7Q KBMi B+ i2 7TR&/VHK+A HHAWDRMK AM+"2 b2/ i2KT2 im 2b t
iQ BM+ 2 b2/ "oP* 2KBbbBQMb /m2 iQ BM+'2 b2/ T Q/mBNBQW M/ K
2i HRyye bKmbb2M M/RYWX *QMi° "BHv- BM+'2 b2/ "oP* 2KBbbBQ|
+'2 b2 i2KT2 im 2b/m2iQ "oP*@ BM/m* Q/MHaPT -BGIEMB-QM B M2 M
M/ :2 b?22MkyQR Q° "2/ m+2 i2KT2 im 2b /m2 iQ "oP*@BM/m+2/ +HQ
Mm+H2B 7 QEKnN HEKQM QkyRMX 1KBbbBQMb 2 7Q0mM/iQ #2 bB;MB7B+
rBi? i?2 p BH #BHBiv Q7 T?QiQbvMi?2iB+ HHv +iBp2 " /B iBQM U
WE2bb2HK2B2 MRMbBN/BM2K2ibk¥iyWHXBi? BM+ 2 b2 BM ~ /B iBQM bi
BM; "oP* T"Q/m+iBQM /m2 iQ BM+ 2 B2¥M TRRNZIEBEMIi?22b Blbh U v
kyyg.BM/Q' 7 2kyMB®GB M/ a? - IE@RIX K#B2Mi +QM+2Mi° iBQMb Q7 Q
HbQ BKT +i "oP* 2KBbbBQMb TQbBiBp2HV Q" M2; iBp2H% H2@ 2M/B M
7 TB2i° 2kyRJem 2i-KRIN M/ ? p2 722/# +F K2+? MBbKb i? i 2772+ "
Tm i?72 QxQM2 T Q/m+iBQM /m2 iQ +7? M;RIb+Brivb {2 HE@BW i F2 U
2i HRyyah /B[ 2i-HyRa&v?22M; 2ikyHRBX h?2 2772+ib Q7 K#B2Mi + "#QN
+QM+2Mi’ iBQMb QM i?2 2KBbbBQMb ‘2 +@KWMH2MirBiiB @Wbr/2+b 2/ b
biQK i H+QM/m+i M+2- BMiQM2HHMHB QMW M/ ?2M+2 /2+ 2 b2b "oP*
*QMpP2 b2Hv- BMdBD BRIQTM iQ BM+"2 b2 M2r H2 7 T°Q/m+iBQM i i?
M/ ?22M+2- M BM+ 2 b2 BM "oP* 2KBbbEQWMK HHM2& 2 REIT 2Fi2i/ U
7°QK p "BQmb 2MpB " QMK2Mi H7 +iQ b 2772+iBM; "oP* 2KBbbBQM-
i?2TH Mi HbQ TH v "QH2BM/2i2 KBMBM; i?2 i2 M/ +@HdaB@ HDbLT



bB 2i-Ky¥\8- BM+'2 bBM; i?2 +QKTH2tBiv Q7 i?2 2KBbbBQM T Q7BH
7Q°2bibX S'BQ  bim/B2b ? p2 bim/B2/ Q#b2 p2/ "oP* +QM+2Mi" iBQI
b+ HEGBM/r HHIR)RIB2X#2p2+ M/ a +kpky2 M/ Qi?2 b ? p2 #mBHIi K i?2K i
KQ/2Hb iQ 2biBK i2 "oP* 2KBbbBQMbX

*m > 2MiHv- i?2 KQbi TQTmH “Hv mb2/ KQ/2Hb iQ bBKmH i2 "oP* 2K
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2+Qbvbi2Kb- #mi /Q MQi ;' 22aBW Qi 2 Qb kRRMBM/2H “Qp 2i HX
KyRO MIKK2'bQM 2kyREMQi2 i? i MB;?2i@iBK2 KQMQi2'T2M2 2KBhbt
T 2/B+i2/ /m2 iQ bbB;MBM; i?2K #Qi? HB;?2i@ M/ i2KT2 im'2@/2T
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H iBQMb rBi? Q#b2 p2/ HQ+ H+QM+2Mi® iBQMb Q7 KQMQi2 T2M2b
rQ F #V+:HVMM 2kyk¥X- r?2°2 HQM;@i2 K "oP* +QM+2Mi’ iBQMb 7°C
bBi2 HQ+ i2/ BM bQmi?2 bi2"M la 7Q 2bi r2°2 M Hvx2/- b?2Qr2/ i?
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J1: L#v /27 mHiIi M/ Bbi?2 b2+QM/iQTB+ Q7 bim/vBM i?Bb /Bbb2"i
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I1"2bbBM; i?Bb Bbbm2 M/ BKiQ mM/2 b+Q 2i?2m ;2Mi M2+2bbBiv
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i?2 [m MiBiv- +QKTQbBiBQM- M/iBKBM; Q7 "oP* 2KBbbBQMb 7 QK 7
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mM/2 bi M/i?2 TQi2MiB H+? M;2b BM "oP* 2KBbbBQMb mM/2  p "BQ|

RXj

2b2 “+? Q#D2+iBp2b
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KXAKT Qp2 mM/2 bi M/BM: Q7 2KBbbBQMb /2T2M/2M+B2b BM KQ/2
+QM+2Mi° iBQMb BM bQmi?2 bi2"Mla 7Q 2bi iQ 2t KBM2 KQ/2F

iXAKT Qp2 Qm> mM/2 bi M/IBM; Q7 i?2 HBKBib Q7 iKQbT?2 B+ KQ
bOmi?2 bi2"Mla 7Q°2bi /m2iQ mM+2 i BMiB2b BM i?2 TH M2i v

RX9 P ; MBx iBQM Q7 i?2 /Bbb2 i iBQM
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i72 b2H2+iBQM Q7 S"G>/ i b2ib BKT +ib i?2 KQ/2H2/ "oP* +QM+2Mi

*2 TIBBM+Hm/2b i?2 Qp2° HH +QM+HmMbBQMb Q7 i?Bb /Bbb2'i iBQ
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iFBMbQM- X UkyyyVX iKQbT?2 B+ +?2KIKIQbBT D27 B 2 p\B/ (INDK R |
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iFBMbQM- X M/ “2v- CX Ukyyj VX iKQbT?2 B+ /2:° / iBQM Q7 pQl
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Nd3I@N9@yyd@Xeye@ 3nRy
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y RX
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Hi2 K ii2 - M/ ?2 Hi?1BKB¥XQBWXK2Mi H >2 Hi? SReWTRRYBR2BN R98
2iiTb,ff/QBXQ ;fRYXRK3NX2? TXRRO9e€]j
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bBQM kXR UK2; MKkX RV, M 2ti2M/2/ M/ mT/ i2/ 7° K2rQ F 7Q K
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i*QHb M/ KQ/2Hb Q7 i22 pQH iBH2 Q;-MB *2 b RASRQ ky\3 X 2KB BIVB &
2iiTbh,ff/QBXQ ;fRYyXRyydfNd3I@NE@yyd@eeye@ 3nd

> vrQQ/-CX M/ "Qm+?2 - PX UkyyyVX 1biBK i2b Q7 i?2 /B 2+i M/ B
Im2 iQ i QTQbT?2 B+ 2 QbQHB2rb QFB;2XBAD\B,BR j?Bi9TjIX,
ff/IQBXQ ;fRYXRYKNfRNXNN _ :yyyyd3

> vrQQ/- CX M/ _ K br Kv- oX URNN3VX :HQ# Hb2MbBiBpBiv bim/B
7Q +BM; /m2 iQ Mi? QTQ;2MB+ bmH7 i2 KQ#HM H+Q7# Q) T2 Vv® Bd
2b2 "+?, iIKQbTRYIWIeV,ey9j?eiffdm3kK/QBXQ ;fRYyXRYkNXNdC.yj9ke

>2 H/-*X GX M/ E'QHH- CX UkykyVX h?2 7Tm2H Q7 iKQbT?2 B+ +7?
/2b+ " BTIiBQM Q7 "2 +iBp2axB2WBR +/p#HQ@QHE, 2 VvBINEHXT/QBX
Q ;fRyXRRkefb+B /pX Vv3Ned



>2HKB;- . X- P'i2; - CX- .m?H- hX- h MM2 - . X- :m2Mi?2 - X- > "H2
JBH7Q /- CX- M/ a FmHv MQMipBii v - hX UkyydVX a2b[mBi2 T2M
B/2MiB7B+ iBQMb- 2KBbbBQM * i2b M/ 7Hmt 2biBK 2N Y& QiMz+ Q \
K2Mi H b+B2M+2 -iDRIMYHRBIBIiR88fHQBXQ ;fRYXRYkRX2byeR3N:

>2 #BM:2 - EX- h?22M- *X- > #2°2 - EX- H2tQm- JX- GOr- JX- _2K:
>X-J ivbb2F- _X- :'BHH- .X- qB2b2 - :X- 2i HX UkyydVX : b 2t+?
+QKTQmM/b BM vQmM; #22+?2 i°22b mM/2° 7°22@ B QxQM2 2tTQb
i"228X Mi "BOQMQykV,k33ikmbdX/QBXQ ;fRyXRy88fb@kyye@Nk9ee

>Q;'272- *X- AbmF T HHB- aX aX- h M;- sX- :2Q ;QTQmHQb- SX :X-
gX- Em- CX@uX- E2v- hX- M/ aBbiH - : X UKyRRVX AKT +i Q7 #BQ
QM i?2 bBKmH i2/ "2bTQMb2 Q7 QxQM2 M/ 7BM2 T “iB+mH i2 K ii2
"2/m+iBQ@ImMXM H Q7 i?2 B° q bi2 J M ;2K2&R UBRWQ NRIi iFByi3M
ff/QBXQ ;fRYXjR88fRy9d@ pk3NXeRXRXNK

>SQHQT BM2M- CX EX Ukyy9VX JmHIiBTH2 7mM+ilB'QM bb BMBTVH mvB #
b+B2MH2RRV, 8RNI BhjXf/QBXQ ;fRyXRYyRefDXiTH MXbXkyy9XyNXyy

>SQHQT BM2M- CX EX M/ :2°b?2MxQM- CX UkyRyVX JmHIBTH2 bi
Q7 TH Mi phQ2iwHd BM TH MiR8WBjZ/MRAE IRBOXT/QBXQ ;fRYyXRyRefDX
ITH MibXkyRyX¢§RXyye

>m M;- CX-> iK MM- >X- >2HHOM- >X- qBbi? H2 - X- S22+ - 1X-
PM.K-LXJIX-:2"b?2MXQM- CX- h"mK#Q 2- aX- 2i HX UKyR3VX |
i2KT2  im 2- M/ HB;?i2772+ib QM #pQ+ 2KBbbBQMb mbBM; QMHB
+ pBiv 'BM:@/QrM bTLM{i BOQ MERWK H b+B2M+@k UiRiV2 RIBR®; Rj3kjX
2iiTh,ff/QBXQ ;fRYXRYykRf +b¥X2biX3#yR9j8



>mbb BM-*XJX M/JBi -aXUKyRRVXJB+ QT 2+QM+2Mi  iBQM mM
U+MiWXHviB+ H M/ #BQ M HwiBNNHd8?2NEBb,fVQBXQ ;fRyXRyydf
byykReE@YRY®RORNI@ e

>mbb BM-*XJX-a "B/~ -*X- M/JBi -aXUkyy3VX* "#QM M MQim#
T? b2 T°2+QM+2Mi° iBQM Q7 b2KBpQH iBH2 BvR\IjBRPBMRYRBX " Q
2iiTb,ff/QBXQ ;fRYXRYyjN¥"3yR9R8

E KT -JX M/* bi M b-1XUkyy3vVX >mK M ?2 Hi? PMpB+OMEX2MI" H Q
TOQHHMRBRMKYV,jekiijle Xf/QBXQ ;fRYyXRyRefDX2MpTXQHXKkyydXyeX

E "H- hX- :m2Mi?2 - X- hm MBTb22/- X- hvM/ HH- :X- i tQ- SX-
_ TB/7Q° K iBOQM Q7 BbQT 2M2 T?QiQ@QtB/ iBQMiKQ@BMm*2bBHb2"
*22KBbi'v M/ S NbByADL dd8PidTe X/ QBXQ :fRYX8RNOf +T@N@ dd8]

E2bb2HK2B2 - CX M/ ai m/i- JX URNNNVX "BQ;2MB+ pQH iBH2 Q°
Qp2 ' pB2r QM 2KBbbBQM- T2VICEQH @ W Q7 2iKDHP 22X B kj+22KBbi v
2iiTh,ff/QBXQ :fRyXRykjf ,Ry)XeRkd8RedNR

EBK- aX@uX- EBK- 1X- M/ EBK- gX CX UkykyVX >2 Hi? 2772+ib Q
2 b2hx#2°+mHQbBb M/ _2bTB3jQamTEMHZ PRABEEN QBXQ ;fRyX
9y9eWKko6i /I XKkyky¢ XyR89

EBpBK 2MT -JX-:?BKB 2-_X SX-amiBM2M-aX-> BFB°-1X-E bm'E
>QHQT BM2M- CX EX UkyReVX AM+° 2 b2b BM pQH iBH2 Q°; MB+ +
BM "2bTQMb2 iQ 2H2p i2/ QxQM2 M/ r "KBM; "2 KQ/B7B2/ #v 722"
p BH #BHBI@QX2 M DQm M H Q7-7Ry82p9 | pdR2XTH?ff/QBXQ ";fRyX
RyydfbRyj9k@YyRX@ yNjN@t

E'QHH-CX >X-L;-LXGX-IJm T?v-aXJX-6H ; M-_X*X- M/ a2BM72



Q'; MB+ 2°'QbQH 7Q K iBQM 7°'QK BbQT 2M2 T?QiQQtR/Q®QM mM
T?vbB+ H _2b2 +jkGRBEXD,ff/QBXQ ;fRYXRykNfkYXy8:Gykjejd

EmHK H - JX- LB2KBM2M- hX- *?2HH T2 K H- _X-J FFQM2M- _X-
oX@JX UkyRjVX *HBK i2 722/# +Fb HBMFBM; i?2 BM+ 2 bBM; iK(
#pQ+ 2KBbbBQMb- 2°'QbQHb M/ +HQMBRBK;VQ +AbM 2 Q®ilbv b\WZ KKbQ
Q7 i'22 pQH iBH2 Q; MB+ +QRKTQmM NKBBEBQPOBXQ ;fRyXRyydf
Nd3I@N9@yyd@Xeye@ 3nRd

G pB- X-6 K2'- . XEX-a2;2-1X-JQBb2-hX-_Qi2M#2 ;- 1X- CBK2|
UKyRjVX 6HmMt2b Q7 7BM2 T "iB+H2b Qp2° b2KB@ "B/ TBM2 7Q "2
12" BMXQbQH a+B2M+2 M/ H@W3MNY@;NRBKI/QBXQ ;fRYyXRy3yf
ykd3e3keXkyRjX3yyN9y

G2/ m- JX M/ :" v- . X UkyyjVX 1+QHQ;v M/ 2pQHmMIiBQM Q7 HB;
BM/2T2M/2Mi T?viQ;2MB+ pQH LBHS3 TVi;QM BR8] ¥\D,RRINTHR R X
ff/QBXQ ;fRYyXRy9efDXR9eN@3R§dXkyyjXyyedjXt

GB- ZX@GX- um M- .X@sX- M/ GBM- ZX@JX Ukyy9VX 1p Hm iBQJ
Qim#2b b M /bQ #2Mi 7Q  i° TTBM: pQH iBH2 Q' ; MB+ +QKTQmM
TH2EBXM M H Q7 *? QK -i®RYKEDR @KV, XKi3TBF3MBXQ :fRyXk9j3Rf
+/bX [##kX9d

GB- wX M/ a? "F2v- hX . X UkyRjVX J2i #QHB+ T'Q7BHBM; Q7 i?2
T i?rv '2p2 Hbi?2bQm +2 Q7 TQbi@BHHMKBM iBIQMBOQRRM?2 #
1IMpB QMKeWKV,9kRi9TdXff/QBXQ ;fRYXRRRRfDXRje8@jX9yXkyRk

GBM/r HH- 6X-6 m#2 i- SX- M/ _BMM M- _X UkyR8VX .B2H p B iBQ
+QKTQmMM/ 2KBbbBQMb@ 7B2H/ bim/vBMi?2 bm#- HQr M/ ?B;?



im 2 M/ HBHQa -QORYU IOV , 2yRKJERYX/QBXQ ;fRYXRjJjdRfDQm M HX"
YyRKkjeRYy

GBm- aX M/ GB M;- sX@wX UkyRyVX P#b2 p2/ /Bm M H +v+H2 +HI
v Hv2 ?22BQmMKM H Q7-*KBKRY,8dNYIBBpNX/QBXQ ;fRYyXRRdA8f
kKyRyC*GAjBE8kXR

GBm-uX-GB-GX- M-CX->m M;-GX-u M-_X->m M;-*X-q M;->X-
W? M;- gX UKkyR3VX 1biBK iBQM Q7 #BQ;2MB+ pQ+ 2KBbbBQMb M/
Qp2 i?2v M:ix2 'Bp2  /2Hi iTROBDJ M2 B4B M ¥-BR @&/ R RYPRIK DX
ff/IQBXQ ;fRYyXRyRefDX iKQb2MpXkyR3Xy8Xykd

GHmbB - CX-S2Mm2H b-CX- H2bbBQ-:X X- M/ 1biB "i2-JX Ukyy3
+QKTQMmMM/@bT2+B7B+- b2 bQM H- M/ BMi2° MMm H "2bTQMb2b
2tT2'BK2Mi H/°Qm:?i BM K2/Bi2 ' AMI2 M bBQMH MM M H Q7 St
2M+2ReNU8V,ejdigd®8X/QBXQ ;fRyXRyXef8jjey]

Gm-sX-w? M;- GX- M/ a?2M- GX UkKkyRNVX J2i2Q " QHQ;v M/ +HBK i
QxQM2, "2pB2rQ7 M im>  HbQm +2b- +?2KBimv-2MIi 5 QWMHNQI B Q@
_2TQ- i kj3 keyiXb,ff/QBXQ ;fRyXRyydfb9ydkeX@d yRN@yyRR3 @ j

J JiBM-aX hX- i tQ-SX-J +? /Q-GX-J MxB- XPX-aQmx - _X /X-&
CX-"Bb+ Q- hX-""BiQ-CX-* H?2B Qb- X-2i HXUkyRdVX h?2 ;2
U;Q K xQMKkyR9f8V Q#b2 p2b TQHHmMIBQM 772+iBM; ; b2b- 2 Qk
i?72° BM 70m2bHRiBM Q7 i?2 K2 'B+ M J2i2Q3UBY; B8 B¢ K 2iv
ff/QBXQ ;fRYyXRRd8f" Ja@ . @R8@YyykkRXR

J+:HVMM- .X 6X- 6 xB2 - :X-" ""v- GX 1X- G2/ m- JX hX- Smb2/2-
0 Mg2 ix- :X UkykjVX JBMQ  +QMi'B#miBQMb Q7 / ViBK2 KQMQi2"



iQ'biQ IKQbT?2 B+"BXQ+2BhBBIYNR\D, 9B iFOXIF/QBXQ ;fRYX8RNOf
#,@Oky@ 98X kykj

J+:0 i?7@aT M:H2 - 1X GX M/ .2MMBM:- X aX UkyRkVX 1biBK i2b Q1
iBK2 TH M2i v #QmM/ v H v2  /2Ti?b /2 Bp2/ T MTH+Q® #20 @
T?2vbB+ H 2b2 "+?, -iIRRUU?RBAK, ff/QBXQ ;fRyXRYKNfkXRKC.yRd¢

Jv? 2- :X- a?BM/2HH- . X- ""0QM- 6X- *QHHBMb- gX- 6m;H2bip2/i-
G K "[m2- CX- G22- .X- J2M/Qx - "X- L F DBK - hX- Q#Q+F- X-
Km™ - hX- M/ w? M;- >X UKyR9VX Mi? ' QTQ;2MB+ MFHB@n H
Ki2*? M;2 kyRj@h?2 S?vbB+ Ha+B2M+2 " bBbX *QMi B#miBQM (
6B7i? bb2bbK2Mi 2TQ'i Q7 i?2 AMi2 ;Qp2 MK2MXR®RiBTM2H QM °
ff/tX/QBXQ ;fRYXRYRdf*"PNd3RRYdIR8jkIXYyR3

LBBM2K2ib- BX- 6 “2b- aX- > "H2v- SX- M/ C '/BM2- EX CX UKyR9V
#BQ:2MB+ pQH iBH2b rBi? p2:2i iBQM, 2KBbbBQM bQm +2b- "2 +il
SH Mi- +2HH 2MpBUBMKRM 9 iRBy,NXQBXQ ;fRYXRRRRFT+2XRkjk|

LBBM2K2ib-BX-GQ 2iQ-6X- M/ _2B+?bi2BM-JX Ukyy9VX S?vbBQH
i " QHb QM 7QHB " pQH IiBH2 Q'; MBRMQOIK BRI MMM/ M INRAB/RERRBE R 3 e X
2iiTb,ff/QBXQ ;fRYXRyRefDXIiTH MXbXkyy9XykXyye

LmpQHQM2- .X- S2i'B- .X- M/ 0QHH2 - 6X UkyR3VX h?2 2772+ib
IMpB QMK2Mi H a+B2M+2 M/ S®8,3wmdB @GYBiTAb2f/@BXQ ;fRyX
RyydfbRRj8e @ yRX @ NKjN @ j

PHBp2 - EX .X- / Kb-CX _X-. m;?i 2v- 1X >X- J+*H2MMv- gX X-u
JX X- HK bB-1X"X- M/ EB b?2M-LX X URNNeVX h2+?MB[m2 7Q
B, bQ #2Mi T '2+QM+2Mi’ iBQM- +HQb2/@+Vv+H2 +Q QHRp B-@vQ 7 Q
"QMK2Mi Ha+B2M+2hDe¥VVMRONH ;RN 8IXQBXQ ;fRYXRYkRX2bN8yej



S2¢m2H b- CX M/ ai m/i- JX UkKkyRyVX "pQRrIEMVE BM # H MP? v BR2M
R8UjV,Rjj R99X

SB2 +2- hX-:2 QM- *X-"2M/2 - GX- .2MMBb- _X- hQMM2b2M- :X- M/
2M+2 Q7 BM+"2 b2/ BbQT 2M2 2KBbbB QM bC@Vh " ; BIQQ7 H2@XTQ MI2BK
2b2 "+?, iIKObTRVIWIRNV,k8eRRIKBeffNXBXQ ;fRYXRYKkNXN3C.yR 3

Cb-JX _X-"Q "mHH-6X- M/J +0- _XJIXUKyyNVX a KTHBM; M/ T 2
7Q° /2i2°KBM iBQM Q7 pQH iBH2 Q ; MB+ +QEKN (bmBMb B M vBB +b H:
*22KBbBikBUjV,j9d?jéeRXf/tX/QBXQ ;fRyXRyRefDXi  &XXkyy3XRyXyy

_ bKmbb2M- _X X M/ g2Mi- 6X URNe8VX 0QH iBH2 Q ; MB+ K i2"|
iKQbT?2S2Q@+22/BM;b Q7 i?2 L iBQM H + /RKRQ KRPHHEMX2Db
ff/QBXQ :fRyXRydjfTM BXX8jXRXKRS8

a /IB[- JX- h B- X SX- GQK# /QxxB- .X- M/ o H J iBM- JX UkyRd\
p2;2i iIBQM +QmTHBM; QM bm'7 +2 QxQM2 B [m HBiv pB #BQ;2
722/# +FOQAbT?22 B+ *?22KBbi'v- RIASPVDhB 8B ijiylere X/ QB XQ *;fRyX
8RNOf +T@RJ@ j¥88@kyRd

a 7B2//IBM2- aX X- >2 H/- *X GX- M/ >2M/2 bQM- "X >X UkyRdVX
"2 +iBp2 Q; MB+ + "#QM #m/;2i, KQI/2QB®MvbB2r HT 22bhBp20° G2ii?2
99U3V,j3Nd?jNiyie Xf/QBXQ ;fRYyXRyykfkyRd:Gydkeyk

a M /x2- :XURNeNVX GB;?2i@/2T2M/2Mi 2t+" 23B@;M5 QQ Q@ MR+ H2 b B
k,dyR dydX

a+?2r2/2- .X- SOQOMHBQi-:X- M/ SB2 +2- hX Ukyy8VX *? M;2biQ i?2 #E
bvbi2K p2 'bBQM | IB¥DBRA/EMAK Q7 i?2 9i? *J a JQ/2Hb@+ 1b2 bd
T ;2b ke k3X



a2B#2 i- SX- "2v B+?- 6X- : 'VMBM;- aX@1X- CQ77 2- aX-_bKmbb?2
_2pB2r M/ BMi2 '+QKT 'BbQM Q7 QT2 iBQM H K2i?Q/b 7Q" i?2 /:
BM; ?2B;PKQDbT?2 B+ 2MpBOUMNK2RNMY R?Riibd K/ QB X Q ";fRyXRyRef
aR|jBk@kjRYUNNXYYjON@Y

aBHp -CX aX-_QD b-CXSX-LQ #m2M -JX- M/a2;m2H- _XCX UKkyl
+QKTQmM/b BM i?72 K2i QTQHBIi M "2 87 HABKIRBIv-HHK Qb T2 i X
>2 HIRRU3V,NN7iRWy,3XQBXQ ;fRYXRYYydfbRR3IXN@YR3@yey9@ k

aBM/2H "Qp - EX- :> MB2 - *X-"Qm ~ - AX- :m2Mi?2 - X- hBHK2b-
CX@6X- Em?M- IX- ai27 MB- SX- M/ EMQ - gX UKYROVX :HQ# ¢
2KBbbBQMb + H+mH i2/ #v i?2 K2; M KQ/2H KQPRT 2228+ B P PKBD i tyx
M/ S?vbBROIRIV,NjRdi NHIRMMBXQ ;fRyX8RNOf +T@RI@NjRd@ ky

aBim- aX-: m2Mi?2 - X-g M;-sX-CB M;-sX-hm MBTb22/- X-gm-w
T +ibQ7b2 bQM H M/ '2;BQM Hp 'B #BHBivBM #BQ;2MB+ pQ+ 2K
T2 "H Bp2 /2Hi "2;BIQMbT+?B B +X*?2KBbi 'v- RjUk3VhBRRBY] RR3Rd
2iiTh,ff/QBXQ ;fRYyX8RNI9f +T@Rj@RR3yj@kyR]j

AaTBM2HH2- GX- :2 #QH2b- JX- EQF-:X-S2bBDM-aX- M/a m2'r H/-
M/ HQr@+Qbi b2MbQ b 7Q  i?2 K#B2Mi B  KQMBiIQ BM; Q7 #2Mx:
+QKTQmMaRMKEQRHUIV, Ri8KXT/QBXQ ;fRYyXjjNyfXXRdydR8ky

ai /H2 - 1X M/ _2B72M" i?- EX UkyyNVX :Hm+QbBMQH i2b QM i?2 H
?22 #BpQ " 2b, 2pB2r Q7 K#B;mQmb "2bmHIBVIMY+NM2K B Mip 2 b iBp B BrQ
3,kyd kR8iXb,ff/QBXQ ;fRYyYXRyydfbRRRXR@yy3@NRy3@k

aimHH- X "X WkBRKVQ/mM+iBQM iQ #QmM/ v- b @HmK2i RQX QaTQ BM ; 2
a+B2M+2 "mbBM2biFB2fBQBXQ ;f#QQFfRYXRYyydfNdX@N9I@yyN @



hB- X SX M/ J iBM-JX oX UkyRdVX AKT +ib Q7 QxQM2 B TQF
2ti " 2K2b QM + QT vB2H/b, aT iB Hp B #BHBiv- / Ti iBQM M/ BK
b2+m BKQOT?2 B+ 1MpBROWRERMKRXff/QBXQ ;fRYXRyRefDX iKQb?2
KyRdXyNXyyk

h B- XSX-J iBM-JX0X- M/>2 H/-*X GX UKYyRO9VX h? 2 iiQ 7mim" 2
+HBK i2 +?2 M:2 M/ QxQM2L Bin TQHHBKIi BD MXWNY , 3R @ i BKIR X
ff/QBXQ :fRyXRyj3fM+KBK i2kjRd

hm+F2 - aX *X- a2M77-*X CX- q2B+FK MM- X JX-"'2r2'-gX X-" Mi -
G r-.X*X- M/> /2biv- _X JX UKyyNVX .QTTH2 HB/  2biBK iBQM
im#mH2M+2- b?2 - M/ 2CQmQOM H Q7BHRQXT?2 B+ M/ Q+2 MB+
keU9V,edj?eiTdXff/QBXQ ;fRyXRRd8fkyy3xh1*> RR8dXR

g ;M2 - SX M/ a+? 72 - EX UKyRdVX AM7HmM2M+2 Q7 KBtBM; H v2"
+2Mi> iBQMb BM M m # M b4 R25HB KMKiRMX @NXb,ff/QBXQ ;fRyX
RyRefDXm+HBKXKk)XR8XRRXyYR

gM;-.X M/ mbiBM- *X UkyyeVX .2i2 " KBM iBQM Q7 +QKTH2t KBti
+QKTQmM/bBM K#B2Mi B, + MBIbH2Z I B2 HQMQ MBQVM HViIB+ H *?2
j3e,RYNN RREKpPXIf/QBXQ ;fRYyXRyydfbyykRe@yye@y9ee@ e

gBMF2 - . X JX->mMi- gX >X- M/ J+:BHH-JX CX UkyydVX AMBIiB H"
+ HBQRDX ?vbB+ H _2b2-"HOURNVIK ff/QBXQ ;fRYXRYKNfkXyd:GyjyF

UM;- . X- GB- *X- G m- X EX@>X- M/ GB- uX UkyRjVX GQM;@i2 K
iKQbT?2 B+ KBtBM; H v2' ?22B;TiQQp2M HOM7 EXQM;XvbB+ H _2b2 "+
bT?22-RIR3USBV,KOKKiKDjjiX/ QBXQ fRyXRyykf®; /X8yk8R



uM;-2ZX-:mbi 7bQM C - gX- 6 bi- CX . X-q M;- >X-1 bi2 - X *X- JC(
LX-*? TK M- 1X :X- aT F- aX- M/ J2M @* "~ b+Q-JX UkyRRVX bl
T'2/B+iBQMb Q7 2°QbQHb- K "BM2 bi’ iQ+mKmHmb- M/ i?2B" BI
MbBM; r 7@KRIKR2 B+ *?22KBbi v- RIRS8RMWAHBRHFON &Ri TROR N 4@ K X
Q ;fRyX8RN9f +T@RR®RRNBR@KyYRR

um- >X M/ "H M/2- CX .X UkykRVX .Bm"M Hp "B iBQM BM #pQ+ 2KB
7 QK #Qp2@ M/ #2HQr; QmM/ T "ibQ7irQ+QMB72 QmbbT2+B2b
QjXMpB QMK2Mi H EOHRReBMN,ff/QBXQ ;fRYXRYyRefDX2MpTQH:
RRe3y

W?2M;- uX-IM;2 - LX-" "FH2v- JX SX- M/ um2- sX UkyR8VX _2H IiE

bvMi?2bBb M/ 7Q K H/2?v/2 b T Q#2 QR@HOT2"BU2*2REBbB @ MWK/
S?vbBRBURS8V,38&N BBdeEMBXQ ;fRYX8RNI9f +T@R8®@388N@KyRS8



*? Ti2 K

LQp2H AMH2i 7Q° 1M 'B+?BM;
*QM+2Mi> iBQMb Q7 2 +iBp2 P°
b2b BM GQr a KTHBM: 6HQrb

L K'i a? MKmFRSMVIDB ' B2H Ab +K MW®@o Mqg2 ix
R2T "iK2Mi Q7 *BpBH M/ 1MpB ' QMK2Mi H1M;BM22'BM;-0B ;BMB h

la

_2T°Q/m+2/ b BM,

S MDB-LX aX- Ab +K M@o M@g2 ix-:X UkykjVX MQp2H BMH2i 7Q"
"2 +iBp2 Q'; MB+ ; b2b BM HQ1i hQOTTHPR MB +7 HD blrX 2 K 2 M i khyddj 2 M B [m 2
Re- 9jRN @jijii-b, ff/QBXQ ;fRYyX8RNIf Ki@Re@9]RN@ kykj

KXR #bi  +i

S'2+QM+2Mi’ iBQM Q7 b KTH2b Bb Q7i2M M2+2bb v iQ /2i2+i i?2 }
+QKTQmM/b T 2b2Mi BM i?2 iKQbT?2 2X g2 BMi'Q/m+2 MQp2H BM
iBQM iQ +QMiBMmQmbHV +QM+2Mi" i2 Q' ; MB+ ; b2b BM bK HH b K
M/ +QMb2[m2MiHv BKT Qp2 i?2 b2MbBiBpBiv M/ HBKBib Q7 /2i2+i

K]



q2 2bi #HBDb? i?2 /2T2M/2M+2 Q7 2M ' B+?K2Mi QM i?2 b KTH2 7HQr |
7HQrV M/ T 2bbm 2 /B772 2MiB H + Qbb Bibr HHb UBM+"2 bBM;
2MiB HVX g2 7m i?2  b?Qr i? i r?BH2 i?2 2 Bb bQK2 /2T2M/2M+2 Q
i ;20 M Hvi2- KQbi M Hvi2b Q7 iKQbT?2 B+ BMi2 2bi 2t?B#Bi bBI
K2Mib #2ir22M 9e9yW M/ RRRW r2°2 K2 bm 2/ i 7HQrb Q7 yXkiQ jb
iKQbT?2 B+ ; b2b, SH\Q-TKOMDU> T@ VIR K MM * M/ HF M@dy/ M *

h?2 "2H iIBQMb?BT #2ir22M BMH2i /2bB;M T > K2i2 b- QT2  iBM; +QI
"2 KQ/2H2/ M/ p HB/ i2/-2M #HBM; T 2/B+i #H2 2M B+?K2Mi Q7 K¢

kXk AMiQ/m+iBQM

rB/2 ° M:2 Q7 pQH iBH2 Q'; MB+ +QKTQmM/b UoP*bV 2 2KBii2
+2bb2b U#BQ;2MB+ 2KBbbBQMbV M/ #v ?mK M@K /2 T Q+2bb2b U
2KBii2/- i?2b2 +QKTQmM/b mM/2 ;Q T?QiQ+?2KB+ H QtB/ iBQM iQ
2°Qb@HOWH M/ aXkBMFQHT Q/m+2 QxQM2 BM i?2 T 2ph2MP2 Q7 LP
b 2M@aREBK .2bTBi2 i?2B  bBx2 #RpPy2 BB DROOMW/DWi2BM M/
. H# HKyw\MV- i?2v "2 Q7i2M T 2b2Mi BM KBtBM; iBQb  M;BM; 7 QK
UTTiIViQT “ib T2 #BHHBQM UTT#V M/ ? p2 H “;2 BKT +ib QM ?mK

M/ B [m HBBv W/ J+: 2k QY\BX

bi?2 iKQbT?2'2Bb +QKTH2tKBtim' 2 Q7 i? Qi NoiBEM Q/ :MB@ ;
# HHwyd- M Hvb2b Q7 Bib +QMbiBim2Mib T 2b2Mib b2p2° H +? HH
TQmM/b bT MrB/2  M;2b BM pQH iBHBiB2b U M/ ?22M+2 T? b2bV- HE
"2[mB 2 ?B;?Hv b2MbBiBp2 BMbi ' mK2Mi iBQM iQ #2 /2i2+i2/X hQ i
2tT2MbBp2 BMbi"mK2Mi iBQM bm+? b : b +?2 QK iQ;  T?v U:*V +Qm
iQ -bm+? b- K bbbT2+i'QK2i2  UJaV-7H K2 BQMBx iBQM /2i2+iQ



[2i2+iQ  U6S.V- Q  2H2+i'QM + Tim 2 /2i2+iQ  U1l*.V- 2 mb2/X PM
/2p2HQTK2Mib BM HQr@+Qbi oP* b2MbQ b ? p2 T'QKTi2/ M BM+ 2
K2 bm 2 iQi HaPBMRHHRYROH2PB2r2/ b2p2° H HQr@+Qbi oP* b2MbQ
i? i +2°i BM T?QiQ BQMBX iBQM /2i2+iQ b USA.V- TQ i #H2 :*b- M
72° HBKBib Q7 /2i2+iBQM BM i?2 TT# > M:2X .2bTBi2 i?Bb- r?2M Bi
oP*b BM i?2 TTiiQ bm#@TT#  M;2- b2MbBiBpBiB2b Q7 HQr@+Qbi b:
Hi?Qm;? K Mv Q7 i?2 BMbi mK2Mib +m "2MiHv mb2/ Q772" b2MbBi
+QM+2Mi’ iBQM bi2Tb "2 "2[mB 2/iQ // 2bb i?2 oP* H2p2Hb BM K#
HBKBib Q7 /2iB + PBrOH +kiy\BXX

S'2+QM+2Mi’ iBQM Q7 oP*b 7Q" #Qi? +iBp2 M/ T bbBp2 b KTHBM;
U b 2i -HXYWX *vQ;2MB+ i° TTBM;- r?B+? BMpQHp2b T bbBM; i?2 b
im#2 rBi? ;H bb #2 /b Q  bB'HBW ihQMmMBIABy RG BIX r2HH@2bi #HBbD
K2i?Q/ mb2/ 7Q T 2+QM+2Mi> iBQM Q7 oP*b BM iKQbT?2 B+ b KTH
B+2 7Q K iBQMb +HQ;;BRMHB QT HR N#©RMb WM/ mbik/MeX /bQ ' T@
iBp2 2M B+?K2Mi mbBM; bQHB/ bQ #2Mib bm+? b h2M t- * "#QT +F
2KTHQV2/ 2ti2MbBp2Hv #mi ivTIB+ HHv "2[mB 2b i?2 K H.22®Q TiBQ
K22bi2 2 &kiyy aBKBH "Hv- + "#QM M MQim#2b U*LhbV "2 #2BM; B
T 2+QM+2MOEBI QiokNA M M 2i-ky¥ddmbb BM-KyyMX#mi “2[mB 2 i?2

b K2 KmHIiB@bi2T Tm ;2@ M/@i° T+QM7B:m > iBQMb b Qi?2 bQ #2
MQi VB2H/ mMMB7Q K T 2nChM+2M i MIBIBRR b 7Q T 2+QM+2Mi’ iBQ
QM@HBM?2 oP* /2i2+iBQM- K2K#> M2 BMi"Q/m+iBQM K bb bT2+i QK
#2BM; 2KTHQvV2/ M/ BKT Q@p2i {HKQWNK U>Qr2p2 - i2+?MB[m2b bm+?
JAJa 2 i?2 +QKTH2i2 BMbi'mK2Mib r?B+? +QMi BM +QKTQM?2
b KTH2 7HQrbX "v BMi'Q/m+BM; bBKTH2 BMH2i bBM Qm  rQ F- r2
7Q° T 2+QM+2Mi’ iBQM i2+?MB[m2 /[ Ti #H2 rBi? Qi?2  /2i2+iQ b



rBi? :*bX

AM M 277QiiQ T'QpB/2 T 2+QM+2Mi’ iBQM Q7 iKQbT?2'B+ b KTH
PQH iBHBiB2b 7Q  QM@HBM2 b KTHBM;-r2 T 2b2Mi MQpP2H 2M B+
h27HQM@k9yy K2K#> M2X h?Bb K2K# > M2? b T 2pBQmbHvV #22M mb
"2 +iQ iQ 7 +BHBi i2 2 +iBQMb i; b@HB[mB/ #QmM/S@Bbx®b HB[
2i HRYRRFQr2 bFBRYyR®P¥" B2M 2kyRE bi" QM /B Ay R§X#mi Bib
TTHB+ iBQM 7Q  i?2 +QMiBMmQmb 2M B+?K2Mi Q7 iKQbT?2 B+ oP
h?2 7QHHQIBM; b2+iBQM T ' QpB/2b i?2 QT2  iBM; K2+? MBbK Q7 i
/21 BHX

kXj J2i?Q/b

kXjXR S 'BM+BTH2 Q7 PT2 iBQM
h?2 bi2 /vbii27HMt Q7 ; bi?"Qm;? T2'K2 #H2 K2K#KXMR2 Bb ;Bp2

J=P M:pi 7'0 UkXRV

r?2 %Bbi?2bi2 /vbii2; b7HmMt Q7 bR@2 QK TQWI2MB-+UKMHSB M +K

+KHOY T,5., M /My, 2122 T 2bbm 2b QM i?2 ?B;? M/HQr T 2bbm 2 bB/2
"2bT2+iBp2Hv BM FRb:i®DT 2bbm 2 /B772 2M+2 + Qbb i?2 r HH Q
K2K#  MRRbB i?2 i?B+FM2bb Q7 i?2 T2 K2 #H2 EBK#? MDR2B KI2+ KB HB/i v
+Q277B+B2Mi Q7 i?2 ;SBMM b HMRHABES RO + QKKQMHV 2tT 2bb2/ BM |
Q7i?2 MQM@aA mMMBi " ®REKWIMSN P HAR K>P®) " jXjRYRRQH K

K@K R ©XR



h?2 : b 78mtM #2 2tT 2bb2/ BM i2 Kb Q7 pQHMK2i B+ 7HQr i2i? i T
K2K# M2 mbBM; I{MKIBQEEU«.Bb BM bi M/ / +m#B+ +2MiBK2i2 b T2
b++K QIUahSV ®KBW Bb i?2bm 7 +2 "2 Q70?22 T2 K2 #4¥X2 K2K#* M2

Qperm;i =Ji A UkXkV

AM i?Bb rQ F- r2 2tTHQBIi i?Bb T2 K2 #BHBiv rBi? i?2 Tm TQb2 Q7
7HQrb iQ ? p2 ?B;?2  +QM+2Mi> iBQMb Q7 i  +2; b2b Q7 BMi2 2biX
+QKT Bb2/ Q7 T2 K2 #H2 K2K# M2 bm#D2+i2/iQ T 2bbm 2 /B772
22°2-b KTH2 7HQri?°Qm;?i?2 im#BM; Bb K BMi BM2/ i ?B;?2 T 2k
Q7 ; b2b Qmi Q7 i?2 b KTH2- b b?QrM BM 6B;m 2 R- i?Qm:? BM T B
/2bB;M2/iQ QT2  i2 mM/2  "2p2°b2/ T 2bbm 2 /B772 2MiB HX

6B;m 2 kXR, GQM;Bim/BM H + Qbbb @ @i BYOBMPHRi A2 BT 7 RIELNV i 2/ #V |
/| b?2/ "2;BQMbV® BNM2MM?H /B K2iM] QAH i?B+EMBBB QQHMK2i B+
THQr " i2b 2Mi2 ' BM; i?2 im#BM;- KQpBM; + ' Qbb i?2 im#BM; r HHbDb-
I12MQi2/Zt%Zro k MUEgmi 2bT2+iBp2HvX h?2 pQHmMK2i B+ 7HmMt Q7 i?z
KQpBM; + Qbb i?2 im#BMOCBb /2MQi2/ #v

IM/2" i?2b2 +QM/BBQNm-i BRMVBY ;Bp2Ms#®2'2 M/G "2 i?2 BM@

M2 /B K2i2 M/ H2M;i? Q7 im#BM; "2bT2+iBp2HVX AMKDBY-rQ F- r
+QKK2 +B HHv p BH #H2 KQ 'T?Qmb ;H bbv +QTQHVK2 Q7 i2i  7H
#BbUI'B7HMQ QK2i?vHV@9-8@/B7THMQ Q@R-j@/BQtQH2U"..VX h?



6@k9yy 7TQHHQrb bBx2@bB2pBM; i 2M/ r?2°2 T2 K2 #BHBiv /2+"
+ HpQHmMK2 Q7 i?2 ; b2Qmb bT2+B2b i° MbTQWIBM; M™/Qd2#PR?2 K2k
KyR\IRX AM T°'BM+BTH2-i?2 TT Q +? /2b+ B#2/ ?2 2 +QmH/ #2 TTHI
i2°B Hb- T°QpB/2/i?2 K i2°'B HBb b2H2+iBp2Hv T2 K2 #H2 #2ir22M
#mi h2THQ@WkO9yy 77Q /b QM2 Q7 i?2 ?B;?2bi +m "2MiHv FMQrM T
6m i?2 ' KQ ' 2- h27HQM Bb T°272 72/ K i2°'B H 7Q .BKBINH;BM ; HXQbT
KyRW bQ Bi Bb M B/2 HK i2'B H7Q i?Bb TTHB+ iBQMX

*QK#BMBM: 2[hXVB QMBI M/ ++QmMiBM; 7Q  i?2 mMBi +QMp2 bBQM
KXV,

h i
_ S cmHg
Qperm;i [scCM] = 60 min bar

p[bar] A [cm?]

10 P[B
i [Barrer ] X [om

UkXjV

h?2 bi M/ / pQHMK2i"B+ T2 K2 iBQM "~ i2 + M #2 mM/2 biQQ/ b K
1[m iB @MY

h i 2
moles _ 6o S 335 101 P [Barrer] —PLRA1_AlM]
min min X [m]
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UkX9V

AMi?Bb rQ F-i?2 pQHmMK2i B+ 7HQr  i2 H2 pBMZg?RNB BIBIRXR i?2 b k
Bb T 2b2i +QM/BiBQM-b2i #vi?2b KTHBM; BMbi ' mK2MiX 6HQr BM
Q7 T2 K2 iBQM 7HQr M/ QmiH2i 7HXBrH,b BM 1[m iBQM U

Qin;i = Qperm;i + Qout;i U k X 8V

bi?2;Q HQ7 i?Bb rQ ' FBbiQb KTH2 i  +2 ; b2b BM b KTH2 7HQ



+ M +QMbB/2  i? i ;Bp2A.i@bH?2HQUK Q7 i?2 +QK#BM2/ 7HQr * i2b
Mv Qi?2 +QKTQM2Mib Q7 i?2 ; b U2X:X- M M Hvi2 Q7 BMi2 2biV
T 2/QKBM MiHv B b KTH2 7HQr Bb TT QtBK i2Hv 2[m HiQ i?2 B

Qj;tot = Qj;air + Qj;analyte + Qj;air UkXeV

1 +2 M HvVi2 BM 2B+22BBIi®@m-Bi? bQK2 + QMH#2MbmiBRQ M-Bib KBtBM; ° iF
UKQH2b Q7 M HvVi2 T2  KQH2 Q7 BV,

Cianayte = —Qg-na-lyte UkXdV
jiair

1 +2 M HVi2rBHH? p2 T2 K2 #BHBiv + Qbbi?2 K2K# M2 ++Q /BN
i2KT2  im 2-BMi2  +iBQMbrBi? i?2 im#BM; TQHVK2 - M/iQ bQK2 2
BBMM m MRINME AM i?2 + b2 Q7 M M Hvi2 i? i 2 b HQr2 T2 K2 ¢
"2H iBp2Hv KQ 2 B rBHH + Qbb i?2 K2K#  M2- Mkhi?2BKIQ#HMi Q7
2M B+?2/ "2H iBp2 iQ i?2 "2K BMBM; B X h?Bb 2M B+?K2Mi + M #
+QM+2Mi’ iBQM M Hvi2 BM i?2 QmiH2i 7HQr "2H iBp2 iQ i?2 BMH2i

Q out;analyte

. C . out;air
Enrichment = —outanabte 9 _ Qgt—, 1 UkX3Y
Cin;analyte Ban&

h?2 K tBKmK TQbbB#H2 +QM+2Mi® iBQM 2M 'B+?K2Mi Q++m b 7Q" M
#BHBiv + Qbb i?2 K2K# M2X AMbm+? + b2-MQ MZiwvig B HQDbI
Bb 2[m EiQ m XidM B+?K2Mi i i?Bb 2ti 2K2 +QM/BiBQM Q7 MQ M H
;Bp2M b,



Q in;analyte

Maximum enrichment = QQ‘— 1= Qnar 4 UKkXNV
e Qoutiair

6°QK 1[m iBIQMbMIKMN 2M B+?K2Mi Bb T°'BK "BHV /2i2 ' KBM2/ #v i?2
i? 1 T2 K2 i2b + Qbb i?2 K2K# M2X h?2 K tBKmK 2M B+?K2Mi Bb b
Km+? B 2Mi2 b i?2 BMH2i p2 'bmb ?2Qr Km+? 7HQrb iQ i?2 BMbi mKk
rBi?BM i?2 T2 K2 i2/ 7HQr 2K BMb BM i?2 KBMQ  QmiH2i 7HQrX

AM "2 HBiv- HH M Hvi2; b2b+ M T2'K2 i2 + Qbb i?2 K2K# M2 iQ
iQ r?2B+? QM2 +QKTQM2Mi + Qbb2b i?2 K2K#> M2 "2H iBp2 iQ MQi-
7mM+iBQM Q7 i?2 " iBQ Q7 T2 K2 #BHBiB2bX h?2 b2H2+iBpBiv Q7 E
M Hvi2 Ur?B+? B/2 HHv 2K BMb BM i?2 b KTH2 7HQrV "2H iBp2iQ
i?72 K2K# BaVidSeX 11?2 2ti'2K2 +QM/BiBQM Q7 MQ b2H2+iBpBiv- r
K2 #BHBiv TT Q +?2b i? i Q7 MBi'Q;2M M/fQ  Qtv;2M- i?2 +QKTQ
7HQr Bb B/2MiB+ H iQ i? i Q7 i?2 b KTH2 7HQr M/ i?2°2 Bb MQ 2M
b2H2+iBpBiBb /2TH2i2/ BM M Hvi2 "2H iBp2iQ B'-rBi? 2K BMBM;
i i2/ BMiQ i?2 b KTH2 7HQrX ;2M2° H 7Q K /2b+ B#2b 2ti'2K2 M,
r?B+? 2M B+?K2Mi Q7 M M Hvi2 Bb "2/m+2/ 7°QK K tBKmK 2M B+?
b2H2+iBpBiv,

Qnair_ 1) (1 Panﬂ) 100 UkXRyV

out;air I:)air

Enrichment [%] = (

hQi H2M B+?K2Mi+ Mi?2 27Q 2 #2 + H+mH iRANHKOAE KMIBURBYM ; 1[m
b,

p[bar] Afemz] N g
Qout:air [SCCW! X[Cm] W
cmHg

bar

Enrichment [%] = (Par ~ Panalyte )
UKkXRRV
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AM 1[m iBRWRU?2 7B bi i2 K 2T 2b2Mib i?2 b2H2+iBpBiv Q7 i?2 M
K i2'B H-i?2b2+QM/i2 K 2T 2b2Mib bvbi2K QT2 iBM; +QM/BiBQM
T?2vbB+ HT > K2i2 b Q7 i?2 im#BM; K2K#  M2- M/ i?2 "2K BMBM; i2
pP2'bBQMb M/ +QMbi MibX 6Q  i?2 Tm TQb2 Q7 Qm" TTHB+ iBQM-
KQbi M Hvi2b Q7 BMi2 2bi "2 M Q /2 Q7 K ; MBirm/2VHB2Z B-2ii? MWXi?
KyykX S2 K2 #BHBiB2b Q7 KBt2/; b2b ivIB+ HHv /Bp2 ;2 7°QK Tm 2
KBtBM; M/ p “v #v i2KT2 im 2 M/ T 2bbm 2 /B772 2MiB HX 6m i?2
im 2 Q7 irQ ; b2b- bQ r?BH2 M p2 ;2 T2 K2 #BHBigy@7 MR Q;2M
70 "QQK@i2KT2 "m &@GhRIWMARM iB2p-RyyKEX Bb mb2/ BM i?Bb rQ F iQ
b+ B#2 B - i?Bb TT Q +? K v MQi 2t +iHv 2T 2b2Mi i?2 T2 K2 #B}t
i72°27Q°2 ;2M2° HHv 2tT2+i2/i? i T 2+Bb2 T2 K2 #BHBiv Q b2H2-
2 +? M Hvi2 BM i?2 +QKTH2t iKQbT?2 B+ KBtim 2X >Qr2p2 - KQb
bT?2°2 "2bm77B+B2MiHVH ;2iQ K tBKBx2 b2H2+iBpBivBM i?2 K i
b?QrM iQ TT Q +? K tBKmK 2M B+?K2Mi- bQ T'2+Bb2 ++QmMiBM
MQi M2+2bb “vX

h?2 7QHHQrBM: b2+iBQM /2b+ B#2b i?2 2tT2 ' BK2Mi H K2i?Q/ mb?2
2M B+?K2Mi 7Q  b2H2+i2/ +QKTQmM/b Q7 BMi2ZghBX% AM B 2bPQm 2|
bZ 7Q  bBKTHB+Biv- bi?Bb Bb i?2 7HQri? i Bb +im HHv b KTH2/ #

kXjXk 1tT2 BK2Mi Ha2imT M/ .i M HvbBb

>B;? +QM+2Mi" iBQM 2uflI22 BBKKR2W bbb r2°2 +QM/m+i2/iQ 2p Hm i2i?2 T
i?722M B+?BM; BMH2i mbBM; i?2 bR¥KTS 2bB@rBxX&V 6B HvHBM/2 br2
iIQ/2HBp2 i?72b KTH2iQi?22M B+?BM; BMH2ii? " Qm;? T 2bbm 2 "
R M/ j#  #bQHmi2 UR9X8 iQ 9jX8 TbhB V M/ i2bibr2°'2 T2 ' 7Q K2/



h?2b2 HQr 7HQrb "2 HB;M2/ rBi? ivTiB+ H:* 7THQrb M/ M TTHB+ il
2tT2+i2/ iQ BM+Q ' TQ  i2 i?Bb TT Q +? BMiQ +QK#BM2/ BMbi mK:
b2T ~ iBQM Q7 M Hvi2b BM K#B2Mi iKQbT?2'2b T°QpB/2/ bQK2 2
+? HH2M;2b +QmH/ #2 Qp2 +QK2X SQ’'i #H2 + HB#  iBQM ; b +VHE
URW J2i? M2 " H M+2 B *2'iB7B2/ ai M/ '/ JBtim 2- B ; b V- T QT
"H M+2 B *2'iB7B2/ai M/ "/ JBtim 2- B ; b V- M/ #mi M2 UyXNW L
*2'iB7B2/ ai M/ "/ JBtim 2- B'; b VX a KRHBM2M2B B ¥HIMW2+t M2 -

T2Mi M2r2 2 +[mB 2/ i =N3W Tm Biv7 QK aB;K @ H/'B+? M/ T 2T
B a KTHBM; * MBbi2'b U_2bi2F *Q'TQ  iBQMVX IHi® w2'Q :~ /2 |
b KF2mT; bBMi?2 + MBbi2 ' bX h?2 TT QtBK i2 +QM+2Mi  iBQN
+ MBbi2 ' br2°'2eyy@TRM®OM2 M/ Nyy TTK 7Q BbQT 2M2- +v+HQ?2t
h?2 T 2bbm 2 /QrMbi*2 KQ7i?2+vHBM/2 Q"+ MBbi2 r b +QMi " QHH
U YYOYR@YYY- qBHF2'bQM *Q ' TQ  iBQMVX h?2 b"RKTE@kSDyy2HBp?2
im#BM; U"BQ;2M2° HAM+XV-r?B+?? / MBMi2°M H/B K2i2 Q7 yXe
KK- M/ H2M;i? Q7 jk8 +KX hrQ K bb 7HQr +QMi QHH2 b U HB+ i a+B
K2 bm 2 7THQr BMiQ igrUhBAVRy ¥Yb++K- J6J BN O6M/m2Mi QH 7HQTr iC
1?72 /2i2+i@nUd*a@Ryb++K- J6* BKMME&B ;2" +v Q7 7HQrb Bb "2TQ i2
K Mm7 +im 2 byXkW Q7 7mHHDb+ H2Z THmbyX3W Q7 2 /IBM;c KQbi
ik@kyW Q7 7mHH b+ H2-BM/B+ iBM; mM+2'i BMivQ7 H2bbi? M Ry\
h?22M'B+?BM; BMH2i "2bi2/BM M B'iB;?i HmMKBMmK +QMi BM2" U
dX8+KV i? ir b2Bi?2  QT2M iQ i?2 iKQbT?2 2 U?B;? T'2bbm 2 i2bi
M/ "2/m+2/ iQ yXk # ° #bQHmi2 Ubm#@ iKQbT?2 B+ i2biBM; +QM/
/IB T? ;Kp +mmK TmKT U: ahJ Mm7 +im BM;VX 6H K2 AQMBx iBQ
AMbi " mK2MibVr bmb2/iQ /2i2+ii?2 M HvVi2 +QM+2Mi’ iBQMX h?Bb
Bib p BH #BHBiv- "Q#mbiM2bb- M/ 7H2tB#Hv 2M;BM22 2/ /2bB;M 7C
h?2 KBMBKmK /2i2+iBQM HBKBi Q7 i?Bb /2i2+iQ Bb R TTK- "2[mB E



i?72 TTKiQ T2 +2Mi H2p2Hb 7Q  i2biBM: i?2 2M B+?BM: BMH2iX h?2
“/mMBMQ IMQ _jU “/mBMQ *Q TQ  iBQM- aQK2 pBHH2-J Vr?22°2i?2
2p2 v b2+QM/ b i?2vr2°2 #2BM; "2+Q /2/X

6B;m 2 kXk, a+?2K iB+ Q7 i?2 2tT2 'BK2Mi H b2imT mb2/ iQ K2 bm
i72 BMH2iX h?2 2@ KON Bb "2T 2b2Mi2/ #v i?2 #Hm2 HBM2- i?2 T 2
/2MQi2/ #v S*- i?2 K bb 7HQr +QMi"QHH2 b mTbi'2 K M/ /QrMbi 2 K
"2 /2MQi2/ #v J6J UK bb 7HQr K2i2 - mb2/ 7Q " K2 bm 2K2Mi QMHV\
+QMi"QHH2'V "2bT2+iBp2Hv- M/i?2 7H K2 BQMBx iBQM /2i2+iQ" B

GQr +QM+2Mi’ iBQMX2t DX BIK2MibK#2 Q7 2tT2 BK2Mib r2°2 T2 7Q K
i iBQMb TT Q +?BM: iKQbT?2 B+ H2p2Hb BM Q' /2  iQ 2p Hm i2 r*
Bb +QM+2Mi’ iBQM BM/2T2M/2Mi M/ + M #2 +?B2p2/ i 2H2p Mi +C
[2°2 T2 7Q°K2/ ibm#@TTK +QM+2Mi° iBQMb mbBM: bHB:?iHv /B7
TT# KBMBSA.k T?QiQBQMBxX iBQM /2i2+iQ  UAPL a+B2M+2 AM+XV 1
[2i2+i i?2 M Hvi2X M Hvi2 b KTH2b r2'2 T°2T "2/ BM R GBi2" h2/
TQ iBQMV mbBM; yX8 TTK "2Mx2M2 * HB# iBQM : b U: a*P 77BHE
IHi> w2 Q: /2 B'U B ; b VX h?22M B+?K2Mii2bibr2'2+ B2/ Qm
Q7 2M B+?BM; BMH2i iyXdk# ~bm#@ iKQbT?2 B+ T 2bbm 2 /B772
h?2 2tT2 ' BK2Mi Hb2i@mTr b bXYRQrM BRM 6B«K2Mi i2bib r2 2 +QM,
BMi'BTHB+ i2X M2tTQM2MiB HKQ/2Hr bmb2/iQ 7BiiQi?2 Rb2+Q
i?72 bi #H2 2[MBHB# BmK +QM+2Mi  iBQM i 2M B+?2/ M/ mMM2M B+



kXjXj * HB# iBQM Q7 i?2 BA.

S'BQ iQ2 +? 2tT2 ' BK2Mi-i?2 2bTQMb2 Q7 i?2 6A. UBM pQHibV r |
M Hvi2 K bb#vp "vVBM; i?2K bb7HQriQi?2/2i2+iQ "X hQ F22T Mv H
+QMbi Mi- QMHV i?2 2M'B+?BM; BMH2ir b "2KQp2/X TQHVMQKB H
"2bTQMb2 M/K bb7HQriQ ++QmMi7Q° MVMQM@HBM?2 "BivBMi??2
rbiviB+ HHv HBMRg HXMB2®R7_ HH + HB# iBQM +m 'p2br2°2 #Qp2 yX
UmMH2bb Qi?2 rBb2 /2WXRIA B IhTHHRb2 r b + HB# i2/ + Qbbi?2 2]
Q7 2M'B+?2/ M/ mM2M B+?2/ +QM+2Mi" iBQMb #2BM; K2 bm 2/ UB>
2ti° TQH i2/VX

kXjX9 1tT2 BK2Mi H +QM/BiBQMbD

1tT2 BK2Mib r2°2 +QM/m+i2/iQ bim/v i?2 "2H iBQMb?BTb #2ir22M =
+QM/BiBQMbX 6Q 2 +? 2tT2 'BK2Mi- b KTH2 /2HBp2'v T 2bbm 2 r b
6B;mKXk M/ i?2 b K2 bmTTHvV T 2bbm 2r b mb2/ 7Q #Qi? + HB# iB
iQp B #H2 7HQr " i2brBi?Qmii?2 BMHBM2 2M B+?BM; im#BM;V M,
rBi? i72 BMHBM2 2M ' B+?BM; im#BM;VX a KTH2 7HQr  i2iQ i?2/2i2:
2M ' B+?2/ 6A. 2bTQMb2 HHQr2/iQ bi #BHBx2 # b2/ QM pBbm H BM|
Qp2 b2p2 HKBMMi2bVX AMH2i 7THQr K2 bm 2/ mbBM; i?2 J6J r b A
T2'K2 iBQM 7HQr 2biBK i2/ KXPKM[mM2MD M HY 7QmM/ iQ :'22c BM
MQM@ ; 22K2Mi-i?2 2tT2 BK2Mi Hb2imTr b2t KBM2/7Q H2 Fb M
B7 H2 Frb7QmM/X 1t KTHXXKfi2 BRIMBEE mi2b 6A. "2bTQMb2 7Q° T°Q
T 2bbm 2 /B772 2MiB HQ7j# M/ b KTH2 7THQr i2 Q7 yX8 b++KX

6Q 2 +? 2tT2 ' BK2Mi- 2M ' B+?K2Mi Bb + KXRK QK il? B K2 m i B QAW
+2Mi° iBQM UBX2X-+ HB#  i2/6A. 2bTQMb2V Q7 i?->M2 HVi2p/2n B M



6B;m 2 kXj, 6A. bB;M HK2 bm 2/ /m BM; b KTH2 2tT2 BK2Mi mM
T QT M2Si4 j# " Ua X4 yX8 b++K- M/ 2M ' B+?BM; im#BM; H2M;i? Q7
‘mMr bbi i2/ i " Qm;?Hv i?2yX3?2Qm K 'F M/ biQTT2/ i kX8y ?2Qm

iQ i?72 +QM+2Mi> iBQM BM i?2 b KTH2 KBtim'2X h?2 +QM+2Mi" iBQ
i?72 # b2HBM2 +QM#2Min2BQW2MiBM: mM2M B+2?22/ 7HQr ii?2b2ib
h?2 2M° B+?BM; im#BM; r b /I Bb+QMM2+i2/ 7i2 2 +? 2tT2 BK2Mi M/
i?72 im#BM; r b "2KQp2/ mbBM; TmKT- #27Q°2 "2T2 iBM; Q" +QM/m
h?2 p2° ;2 M/bi M/ "//2pB iBQM Q7 2M B+?K2MiQp2 i BTHB+ i2 2
7Q0° 2 +?2 b2iQ7 QT2 iBM; +QM/BiBQMb XK/ Bb "2TQ'i2/ BM h #H2

. Cenri Chasel
Enrichment (%) = e””"“éd baseline 100 UkXRkV
baseline

AM //BiBQM iQ p HB/ iBM; i?2 T 2/B+iBQM Q7 2M B+?2K2Mi # b2/ C
/2b+ B#2/ #Qp2- 2tT2 BK2Mib r2°2 /2bB;M2/ iQ mM/2 bi M/ i?2 277
+QM/BiBQMb- T "iB+mH "Hvb KTH2 ZNQM/iR 2LB@I2i/B7 D2 @MiB H
i72 K2K# MSVW 6m i?2 KQ 2- "2bmHib i T 29bm@/2TRM/2\NiMI Bl P2

#bQHMi2 T 2bbm 2bmb2/iQ +?B2p2i?2/B772 2MiB HX h?2 T 2bbm



K2K# M2 772+ib i?2 T2 KRZBQBERp-RNWMN F2H 2IRNMXKM2MiB2p
2i HRYYK- bQ M HvVi2 T2 K2 iBQM " i2b ‘2 2tT2+i2/iQ #2 HQr2  i? (
r?2M i?2 /QrMbi*2 K T'2bbm™2 Bb +HQb2 iQ p +mmK Ubm#@ iKQbT?
T2 K2 #BHBiv +Q277B+B2Mib p BH #H2 BM HBi2 H2NRIBQRPpRQrHRrN
RNMd-QKT 2/ iQ ?B;? T 2bbm R2MQRIZBiBQMEHP M;2b BM T2 K2 iBC
i2b mM/2° HQr /QrMbi*2 K T'2bbm™2b "2 2biBK i2/ iQyBKTQQp2 2M
K2i? M2X >Qr2p2 -r?BH2 i 2M/ Q7 BKT Qp2/2M B+?K2Mi mM/2" bn
Bb 2tT2+i2/-[m MiBi iBp2 2biBK iBQM Q7 BKT Qp2K2Mi UBM+HmM/BI
MM+2i BM/m2iQ H +FQ7/i QM KQbi M Hvi2b M/ /B772 2M+2b 1
g2 i?72°27Q 2 2t KBM2 T 2bbm 2 /B772 2MiB Hb BM irQ r vb, URV ?B
+QM/BiBQMr?2°2i?2b KTH2 7HQr BMbB/2i?22M ' B+?BM; im#BM;r b
M/ 1?2 QmibB/2 Q7 i?2 im#BM; i K#B2Mi T 2bbm 2b- M/ UKV bm#@
+QM/BiBQM r?2°2 i?2 b KTH2 7HQr BMbB/2 i?2 2M'B+?BM; im#BM;
K#B2Mi T 2bbm™2b M/i?22QmibB/2 Q7 i?2im#BM; ip +mmK T 2bbm
T 2bbm 2 b KTHBM; Bb HBKBi2/iQ R # " T 2bbm 2 /B772 2MiB H-
+ M#2 T bb2/i?2°Qm;? +QKT 2bbQ  Q  TmKT rBi2QmMi 2ByRB7B+ Mi
bm;;2biBM;i? i T 2bbm Bx2/b KTH2bi 2 K+QmH/2M #H2 ?B;? 2M"
Tm i?2 bim/B2/ mbBM; /B772 2Mi M Hvi2zb UK2i? M2- T QT M2- #m
@TBM2M2- M/ BbQT 2M2V iQ bim/vi?2 BM7HmM2M+2 Q7 i?2 T2 K2
QM b KTH2 2M 'B+?K2MiX HBbi Q7 HH +QM/BiBQMYRIM¥B2/ Bb -
+QM/BiBQM r b i2bi2/ BM i’ BTHB+ i2 mMH2bb Qi?2 rBb2 MQi2/X 6C
T?vbB+ H/BK2MbBQMb Q7 i?2 2M B+ UBWK eilt #BMy XryleD/ KK-2 ,M/
G4 jk8 +KX _2bB/2M+2 iBK2 BM i?72 2M ' B+?K2Mi im#BM; rBi? i?2b?2
TT QtBK i2Hv R KBMmi2 i Rb++K U M/ b+ H2b HBM2 "Hv rBi? 7THQ
r2z 2+ B2/ QmiiQp2 B7vi?2Kmim HBM/2T2M/2M+2 Q7 2M B+?K2I
M/ ? p2 #22M /2i BH2/ BMM/BXK 2D



h #H2 kXR, GBbi Q7 QT2 iBM; +QM/BiBQMb i2bi2/iQ bim/v 2M B+?2K
Q7 2M B+?BM: BMH2i

S2 K2 #BHBiv +Q@HQB+B22bibm 2 /B77§\‘%I\bﬂgj§nk&-+QM/BiB<

M Hvi2

SU" "2 Wb++KYV S U#
K2i? M2 9yy k k a->S
#mi M2 Ky k k a->S
T2Mi M2 j8 Kk k a->8S
@TBM2M2 3 k k a->8
BbQT 2M2 9y k k a->8S
y XK j a
y X8 j a
R k a->S
+v+HQ?2t M2 R R j a
k k a ->S
j R a->S
8 j aYy
y Xk j a
y X8 j a->8
R R a->S
T QT M2 Ryy R k a->8S
R j a->S
k k a ->S
8 j aYy

a,am#@ iKQbT?2 B+ +QM/BiBQMc >S, >B,; ?pR 2 b/nQ 22+ QMARNBQ ’/bxti° TQH @
iBQM X

kX9 _2bmHib M/ .Bb+mbbBQMbDb

KX9XR 1772+i Q7 PT2 iBM; *QM/BiBQMb

6'QK i?2 QT2 iBM; T'BM+BTH2 Q7 i?22 T2 K2 #H2 K2K#  M2-i?2 KQ
Q7i?22M B+?BM; BMH2i Bb BM/2T2M/2Mi Q7 i?2b KTHBMKXHQr" i2
MKXWOX AMbi2 /- BM+ 2 bBM;i?Bb 7HQr  i2iQi?2/2i2+iQ BM+ 2 b2
#2BM; TMHH2/ BMiQ i?2 2M B+?BM; BMH2i #XBX ¥ QM2 Wi 2N 22Vt [rB i
BM+ 2 bBM; 7HQr  i2-i?2 T2 K2 iBQM 2K BMb +QMbi Mi M/i?2 pQl
BMiQ r?B+? Bi Bb +QM+2Mi > i2/ BM+"2 b2b- bQ 2M B+?K2Mi Bb 2tT:



KXNX hQ 2t KBM2 i?Bb "2H iBQMb?BT-i?2 2M ' B+?2K2Mi 7 +iQ Q7 T’
+? ° +i2°Bb2/ Qp2° " M;2 Q7 7THQr  i2b M/ Q#b2'p2/iQ /2+ 2 b2 rBi
2tT2+i2/ UGBX\OX 26m i?2 ' KQ 2- Q#b2 p2/ 2M B+?K2Mi i2M/b iQ bQK:
T 2/B+i2/ 7Q° ;Bp2M 7HQr i2 M/ T 2bbm 2 /B772 2MiB H U/ b?2/t
MmM+2'i BMivBM i?2 2biBK i2/ T2 K2 #BHBiv +Q277B+B2Mi Q K v #:
#2? pBQ " + mb2/ #v i?2 BM?2 2Mi T'2bbm 2 /'QT HQM; i?2 H2M;i?
r?B+? +ib b "2bi'B+iBQM /m2 iQ Bib M "Qr /B K2i2 X .2pB iBQM
Q#b2 p2/ 2M°'B+?K2Mi "2 HBF2Hv /m2 BM T i iQ mM+2'i BMiv BM
P HM2b r2'2 K2 bm 2/ i bHB;?iHV/B772 2Mi i2KEZRMIBRPRYyYWMXT 2bbt
i? Mi?2Qb2 mb2/ 7?22 M/ BiBb/B77B+mHiiQ [m MiB7vi?2 T 2+Bb2E
T2'K2 #BHBiv 7Q" KQbi Q7 i?2 M Hvi2b K2 bm 2/X AM //BiBQM- i?
POQHMK2 mb2/iQ 2biBK i2 T2 'K2 #BHBivBMi'Q/m+2b bQK2 mM+2'i B
jy8y8eW M/ 9e99ROW UBX2X-7 +iQ Q7 jRX8 M/ 9dX9 iBK2bVr b +?B
+v+HQ?2t M2 b KTH2b- "2bT2+iBp2Hv 1ii?2 HQr2bi 7HQr" i2 Q7 yXk |
IB772 2MiB H-Q7 j# X q2 HbQ MQi2i? ii?2 2bTQMb2 iBK2 Q7 i?.

72r KBMmi2b BM +QMi” biiQ i?2 HQM; "2bTQ MKZVvBRKRTIHb2BplZ/ BI
BM+ 2 bBM; b KTHBM; 7HQr " i2b U2X;X- 3 b XK Tm ;2 7THQr- b22 6E

aBM+2 T2 K2 iBQM " i2i?2°Qm;?i?2 K2K# M2 Bb /B 2+iHv "2H i2/iQ
+ Qbbi?2 i?B+FM2bb Q7 Bibr HHb- 2M B+?K2Mi Bb 2tT2+i2/iQ BM+
BM+ 2 b2bX 1t KBM2/ b 7mM+iBQM Q7 T 2bbm 2 /B772 2MiB H- i
KX92KQMbi® i2 i?2 2tT2+i2/ BM+'2 b2 BM 2M B+?K2Mi rBi? BM+"2
UGB MXB7Q  T°QT M2 M/ +v+HQ?2t M2X AM KQbi + b2b- 2M B+?|
r?2M i?2 T°2bbm 2 /B772 2MiB H Bb +?B2p2/i? Qm;? bm#@ iKQbT
Bb K BMi BM2/ QmibB/2 Q7 i?2 2M ' B+?BM; BMH2i + “VBM: b KTH?2
Q ?B;?2 V- HBF2HV/m2iQi?2 T 2bbm 2 /2T2M/2MH2\QIB IR 24 2 HHG H



Ky yWkX

6B:m 2 kX9, p2 ;2 K2 bm 2/ 2M B+?2K2QpU2"202 #27/bi B7HbV 7Q" |
T°QT M2 M/ U"V +v+HQ?2t M2 ib KTHBM: 7HQr  i2b Q7 yXk- yX8-
HBM2b 2T 2b2Mii?2i?2Q 2iB+ H2M B+?K2Mi 2biBK i2/7Q i?2 QT2
BM+ 2 bBM; T'2bbm 2 /B772 2MiB H Bb /BbiBM;mBb?2/ #v / 'F2MB
KQ/2b Q7 i2biBM;- bm#@ iKQbT?2 B+ M/ ?B:? T 2bbm 2- "2 /2MQi2
K "F2'b "2bT2+iBp2HvX

kX9Xk 1772+i Q7 M Hvi2 S2 K2 #BHBiv

bb?QrM BM 1[kX RERMNIB+?2K2Mi /2T2M/b QM i?2 /B772 2M+2 BM T2 K:
#2ir22M B> M/ M M Hvi2 Q7 BMi2 2biX h?2 T2 K2 #BHBiv +Q277B
Bb 7mM+iBQM Q7 + BliBWi BI2pRy plodQ iQ 2t KBM2 i?2 2772+i Q7 T2
Biv QM 2M 'B+?K2Mi- ~ M:2 Q7 M Hvi2b rBi? p "vVBM; + BiB+ H pQF
i72 b K2 b2i Q7 QT2  iBM; +QM/BiBQMb UT 2bbm 2 /B772 2MiB H Q
b++KVX *"BiB+ HpQHMK2b r2°2 Q#i BM 2/ mQbTBIMBM ?-Xily Rtk \Bhi 8 @ T U
+ HT QT2 ivT 2/B+iBp2 iQQH r?B+? 2KTHQvVb i?2 2hi BKVIBQWM K2i?
2i HKyy®X J2i? M2- rBi? + BiB+ H pQHMRMHQ7 BR2LINIKRKbmM 2/ i



6B:m 2 kX8, p2 ;2 K2 bm 2/ 2M B+1KDWYRU22TQ i2/ DB HbV 7Q  7Q
T QT M2 M/ U"V +v+HQ?2t M2 i T 2bbm 2 /B772 2MiB HQ7 R- k- M,
2M'B+?BM; BMH2iX . b?2/ HBM2b "2T 2b2Mii?2i?2Q 2iB+ H2M B+?
+QM/BiBQMb i2bi2/ r?2 2 /2+ 2 bBM; b KTHBM; 7HQr  i2 Bb /BbiBM
;0 /IB2MiX h?2 /B772 2Mi KQ/2b Q7 i2biBM;-bm#@ iKQbT?2 B+ M/ ?
+B"+mH ~ M/i B MjmH " K "F2'b 2bT2+iBp2HvX

? p2 T2 K2 #BHBiv +Q277B+B2Mi@RIQM OmM27HQBYW Q7 MBi Q;2M
i 8y TbB; 722/ T 2bbm 2 r?BH2 T°QT M2r b K2 bm 2/ iQ #2 k8W b T:
i72 b K2 +QM/BBEBVOM M UMRNQME >2M+2- i?2 T2 K2 #BHBiB2b Q7 +QK
+ BiB+ HpQHmMK2b bBKBH "~ iQ M/ #Qp2i? iQ7 T°QT M2 rQmH/ #2 t
T2 K2 #BHBiB2b M/ i?mb b2H2+iBpBiB2b 2 b2MbBiB2iQiB2p/ T 2
2i HOYyK- KQbi +QKTQmM/b Q7 iKQbT?2 B+ BMi2 2bi+ M#22tT2+i2
M2 "Hv K tBKmKV 2M B+?K2MiX AM +QMi" bi- +QKTQmM/b rBi? + Bi
B UBOXIKOKGDKKQM 2kybyV + M #2 2tT2+i2/iQ "Qm:?Hv T2 K2 i2

r HHb Q7 i?2 2M B+?BM; BMH2iiQ i?2 b K2 /2;°22 b B - M/ 2tT2 B2
2772+i Bb "27H2+i2/ BM QRXE DM BiiP D @B B2 K2Mi QgVKRb? M2 U*
dy jW M/ 9RW 7Q  bm#@ iKQbT?2 B+ M/ ?B;? T 2bbm 2 QT2 iBM; -
r?BH2i?2 2M B+?K2Mib7Q T QT M2- M@#mi M2- M@ T@ MB MI2M 2 v +



r2°2 RejW iQ jRKW rBi? QMHv KBMQ  i'2M/ rBi? KQH2+mH2 bBx2X |
i?2 bBx2@/2T2M/ Mi bB2pBM; K MM2" Q7 T2 K@ TBYIMMi? B2 VP B 2BK
2bi- r?BH2 2M 'B+?K2Mib Q7 T°QT M2- M@#mi M2- M@T2Mi M2 M/
HQr2> M/ TT QtBK i2HvV ;'22 rBi? i?2 2tT2+i2/ > M;2 Q7 2M B+?K 2N\
2M B+?K2Mib +QmH/ #2 /m2 iQ +?2KB+ H BMi2  +iBQMb #2ir22M i?
K2K#  M2X

6B:m 2 kXe, p2' ;2K2 bm 2/ 2M B+PKQMI'U2T®D 12/ ibBQAbY b 7mM:
Q7 + BiB+ H pQHMK2 74/ R2PTMEBIVI ¥ mi M2gW: T2Mi MM+
+VHHQ?2 2t MV UBDQT >M2 UM@TBMAMRM* U V bm#@ iKQbT?2 B+-
U"V ?B;? T'2bbm 2 +QM/BiBQMbX h?2b2 i2bib r2°2 +QM/m+i2/ i T°
+ Qbbi?2r HHb Q7 i?2 2M B+?BM; BMH2i-b KTHBM; 7HQr  i2Q7kb
+K BM H2M;i?X h?2 :"22M b? /2/ "2 2T 2b2Mib i?2 2tT2+i2/ 2M B+
T2 K2 #BHBiv +Q277B+B2Mi BM i?2 > M:2 Q7 yiQ Ryy " “2 - rBi?B|
+QKTQmM/b "2 2tT2+i2/iQ HB2X



KX9Xj] 1772+i Q7 M Hvi2 *QM+2Mi" iBQM

aBM+2 7H K2 BQMBxXx iBQM /2i2+iQb "2 b2MbBiBp2iQ +QKTQmM/b
2mM/ 2/b Q7 TTK- T 2pBQmbHv /Bb+mbb2/ 2tT2 BK2Mib r2° 2 +QM/n
#Qp2 ivIB+ H K#B2Mi +QM/BiBQMbX AM Q /2  iQ 2Mbm 2 i? i 2M"
iKQbT?2 B+ HHv "2H2p Mi +QM/BiBQMb- bm#b2i Q7 2tT2 ' BK2Mit
+QM+2Mi’ iBQMb Q7 #2Mx2M2 U b HQr b 98 TT#V mbBM; T?QiBQM
M Hvi2 +QM+2Mi° iBQM QM 2M B+?K2Mir b [m MiB7B2/ YaBM; i??2
h?2 p2° ;2b Q7 i'BTHB+ i2 K2 bm 2K2Mib ii?°22 /B772 2Mi M Hvi:
M/ 8yy TT# Q7 #2Ma2M2 W 2TQ i2/ BAKG R2MO2b2 p2 i? i i?22 +QM+2
i iBQM Q7 i?2 M Hvi2 /Q2b MQi bB;MB7B+ MiHv 772+i i?2 H2p2H
TT "2Mi 2772+i Bb Q#b2 p2/- K2 bm 2K2Mib i HQr2' +QM+2Mi  iBQ
K2Miéb HBKBi Q7 /2i2+iBQM M/ bm#D2+i iQ bQK2 K2 bm 2K2Mi m]
BM i?2b2 2tT2 'BK2Mib "2 Q/2°b Q7 K ;MBim/2 HQr2  i? M i?Qb2 B
biBHH TT QtBK i2Hv 7QHHQr T 2/B+i2/p Hm2b 2p2M ii?2b2 HQr +C
BKT +i Q7 +QM+2Mi> iBQM B7 MvX h?Bb- +QK#BM2/ rBi? i?2 7 +ii?
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im 2 bi 2bRQT -ByyeMOHQT BM2M M/ :XYIRAXMXE:i p BH #BHBiv Tl
+ m+B H QH2BM i?2 2;mH iBQM Q7 2KBbbBQMb- rBi? ?B;?2 " /E
bvMi?2bBb M/ bm#b2[m2Mi " @PMTH@RNESIB Q¥ UM/ :kwyd.BM/Q "7
2i HRYyEGB M/ a? -K2RfX PxQM2 H2p2Hb + M HbQ BM7HmM2M+2 "oP
2H2p i2/ QxQM2 +QM+2Mi> iBQMb 2t +2°# iBM; Q" BM?B#BiBM; 2KB



iBOM Q7 2tTQUMTB i~ -Ry RHDM 2i-KYRMNK >Qr2p2 - KQbi bim/B2b BMp2
i?72b2 2772+ib i i?2 H2 7@ H2p2M/Q Hi NRZ@HP2P2 RilkiyXo>m M;

2i HRYREBpPBK 2MT -RyREBXHKB; 2ikyy¥ M/ 2ti° TQH iBQM iQ + MQ
Q  2+Qbvbi2K@b+ H2 BKT +ib + M #2 +QKTH2tX 6m i?2 KQ 2- Bi +
KmHIBTH2 +QKT2iBM; Q  +QKTH2K2Mi v 2772+ib- bm+? b i?2 +?2
"OP*b #v BM+'2 b2/ QxQM2 K bFBM; TQi2MiB H BM+ 2 b2/ 2KBbbB(
mTi F2 mM/2  /B772 BRBb QRERIBEIMEDHABM; 2 -RyyYWRBKT +iBM; #Qi?
"oP* M/ QxQM2 2KBbbBQM /B[ &iF KiFR? 2 M ; 24k HREX

AM //BiBQM iQ i?2 b2MbBiBpBiv Q7 "oP* 2KBbbBQMb iQ K2i2Q QHQ
?B#Bi TH MibT2+B2b@bT2+B7B+BivGMmDB-RE QAXQ=2 @b T 24EPPB+B |
"2 2KBii2/ ip "VBM;  i2b M/ +QKTQbBIiBQM /m2iQi?2/B772 2Mi T
7Q°2bi 2+Qbvbi2K- M/ 7 +iQ bbm+? bi?2B H2 7 ;2-TH Mi?2 Hi?-
bim/B2b ? p2 BMp2biB; i2/ Q#b2 p2/ i2KTQ  H "oP* i T\B/M /@ M HM 2+
2i HRYRB2#2p2+ M/ a thpky2 M/ Qi?2°b ? p2 KQ/2H2/ ;HQ# H "oP* 2K
Um2Mi?2 2dy#eX HQ# H M/fQ  "2;BQM H"oP*2KBbbBQMb + M #2 2b
"1Aa UlIMpB QMK2Mi H S Qi2+iBQM ;2M+v "BQ;2MB+ 1KBbbBQMb £
UrrX2T X:Qpf B @2KBbbBQMb@KQ/2HBM;f#BQ;2MB+@ 2KBbbBQM G
M/ i?2 JQ/2H Q7 1KBbbBQMb Q7 : b2b M/ 2 °QbQHb 7°'QK L im 2
i 2iiTh,ff# BX2bbXm+BX2/mfK2; Mf/ i @ MX@\\Q T2 RHB;QMijlk + QKT "B
rBi? b?Q i@i2 K Q#b2 p iBQMb-J1: L ? b #22M b?QrM iQ #2 BM ;QC
+QKTQmM/b M/ bQK2 2+Qbvbi2Kb- #mi ? p2 /B@aB8MT2M+Bb BiMHX ?
kyROX h?2 KQ/2H ? b #22M b?QrM iQ Qp2 T 2/B+i MB;?2i@iBK2 KQMC
+QK#BMBM; #Qi? HB;?2i@ M/ i2KT2 im 2@/2T2M/2Mi 2772+ib iQ +
bBQMIWKER bQM -XyRIKBM/2H "Qpk2RAMX Qr2p2 - i?2 /2bB;M Q7 J1: L
+QmTH2 rBi? /B772 2Mi +?22KB+ Hi> MbTQ i K2+? MBbKb ? b HHQr:



Q7 "oP*+QM+2MaBIiBMQNHELKK2 bQM-XiyRIXb2+QM/ 'vQ ; MB+ 2°Q
7Q K iBIOM;2i-KYyRR M/ QxQM2 T GBm PBGHAL a2 bQM Hp 'B iBQMLI
"oP* 2KBbbBQMb ‘2 b2MbBiBp2 iQ i2KT2' im ' 2@/2T2MW2MM7 +iQ" b
21 HRY K\RX

JMvQ7i?2T  K2i2 'bmb2/#v /27 mHiBMJ1: L ? p2 #22M 2biBK i2/
#mip "B iBQM Bb TQbbB#H2 BM i?2b2 T ~ K2i2 b iQ #2ii2° "27H2+i H
T "iB+mH >~ BMi2 2bi iQ i?Bb rQ F Bb i?2 HB;?i @ LXKK2MBDW+2i QH X Q
KyRBbim/B2/i?2 2772+i Q7 HB;?2i@/2T2M/2M+2 Q7 KQMQi2 ' T2M2 2K
2 bi2°M mbi® HB r?2°2 i?2v +QM+HmM/2/ i? i /Bb #HBM: i?2 KOMQi
BKT Qp2/i?2 Qi?2 rBb2 mM/2 T 2/B+i2/ HQ+ H KQMQi2 T2M2 2biB
i2°K bT2+B i2/ "oP* +QM+2Mi  iBQMb i Qm > "2b2 +? bBi2 BM bQn
b?QrM i? i bQK2 KQMQi2 T2M2b 2t?B#Bi HB;?2i @BM/2T2M/2Mi #2? p
/27 mHib BM i?2 KQ/2H- r?BH2 Qi?2 b ? p2 b2 bQM HHUBVRIT2M/2M
2i HOYKjV-r?B+? BbMQi /27 mHi+ T #BHBivQ7i?2 KQ/2HX AMi?Bb
Qm > mM/2 bi M/BM; Q7 "oP* 2KBbbBQMb #v T Q#BM; i?2bT2+B2b@Db
HB;?2i@/2T2M/2Mi 7  +iBQMb iQ #2ii2° "2T 2b2Mii?2 Q#b2 p iBQMb

la 7Q 2biX

iXj J2i?Q/b

iXjXR :"QmM/@# b2/ K2 bm 2K2Mib

"OP* +QM+2MiX iBRIBM: ° iBQb Q7 "oP*b r2 2 K2 bm 2/ ii?2 0B :BM
b2 "+?2 G #Q  iQ'vU06 _GVBMS HKv' -0B ;BMB UjdXNKkN@éL-d3Xke
" p+?2 QK iQ;  T?rBi? 7H K2BQMBxX iBQM /2 32+ HY MM 2@yadX bvbi2K



h?2 b KTH2 Bb +QHH2+i2/ kyK #Qp2; QmM/- TT QtBK i2Hv BM i?2
M/ T bb2/i?2°Qm;? bQ/BmKi?BQbmH7 Q@B M b2g j\atil i s 7 Briki 2 ° U
70 QxQM2X AiBbi?2M +QHH2+i2/ QMiQ KmHiB@#2/ /IbQ #2Mi i’
QM+2 2p2'v20Qm 7Q° M HvbBb #VVikAR ZIyBMRX Bbm i?22° /2i BHb #Qm
i72 BMbi mK2Mi Hb2imT-Bib+ HB#  iBQM M/+QH2M VBZXKMKNR2 p BH
M/J+:HVMM 2KkyRM}EX *m "2MiHv- k v2 b Q7 "oP* KBtBM; J+B®Mb 2 p
HvMW KK #mi BM i?Bb bim/v-r2 7Q+mb QM K2 bm 2K2Mib K /2 #2ir22N
2+2K#2" jRbi- kykyX

J2i2Q QHQ; B+ HTii7 QK "oP*K2 bm 2K2Mib-i?Bb/ i # b2 +QMbBbib
B/2 KBtBM; ~ iBQb UGA@d8yyc GA@*P_- GBM+QHM- L2#" bF V- K2i
/IQIM@r2HHBM; b?Q ir p2 * /B iBQM U*L_9¢c EBTT wWQM2M- .2H7i- L
"2H iBp2 ?mKB/Biv U>JS98c 0 Bb H - >2HbBMFB- 6BMH M/V- T 2Dl
+QHM-L2# bF V-rBM/bT22/ M/ rBM//B 2+iBQM U*a hjc* KT#2HH .
h?2bQH " /B iBQM K2 bm 2K2Mib "2 K /2 i ?22B:?2iQ7 9RK M/ i?2
i ?2B:?i Q7 j8 K 7°QK i?2 ;"QmM/X 6m’i?2 - 2+QHQ;B+ H BM7Q K
7Q2bibm+? bbT2+B2b +QKTQbBIiBQM M/ #mM/UWRRBb p BH #H:

iXjXk 1KBbbBQMb KQ/2H

Pp2 'pB2r Q7 XT "€ *2KBbbBQMb 2 KQ/2H2/ mbBM; J1: L UJQ/2H
Q7 : b2b M/ 2°QbQHb 7°QK L im 2V- rB/2HvV "2+Q;MBx2/ K2+? MB
2KBbbBQMb Q7 "oP*b BM i?2 iKQbT?2'2 Q'B:BM iBMMZMQK2i2 "2b
2i HRYRKX G2p2° :BM: BMTmib bm+? b TH MibT2+B2b- 2MpB QMK?2
Q QHQ;B+ H/ i -i?2 KQ/2H T 2/B+ib "oP* 2KBbbBQM " i2b- HHQrB
+QMi"B#miBQMb iQ iKQbT?2 B+ T°Q+2bb2bX J1: LpjXk Bb mb2/ BM



J1: L 2biBK i2b 2KBbbBQYMW +#PRAKB®6 H bT2+B2b B ++QXRBM: iQ 1[m

Fi= i u UjXRV

r?72°2.8bi?22KBbbBQM 7 +iQ" ibi M/ */+QM/BDBR KB 2Q 2 M2b2i?PBQ
7 +iBQM H "2 Q7 KQ/2H ;' B/ +2HH +Qp2°'2/rBi? p2;2i iBlYMX h?2
++QmMib 7Q" i?2 2MpB " QMK2Mi H M/ T?2MQHQ;B+ H +QM/BiBQMt
bm+? b HBV?IiRKT2 ipfV2H2 7 ,2-bQBH KQERWNVi-MH2 @ "2 BM/2t UG A\
M/ *RBM?B#BJdB¥MbLb?QrM BM 1[KYMB QM U

i = CceLAl pi 14 Ai smi coui UjXkV

1KBbbBQM +iBpBiv 7 +iQ b /2b+ B#BM; HB;?i M/ i2KT2 im 2 BKT
[2T2M/2Mi M/ @BM/2T2M/2Mi +QKTQM2Mib b

pi =(1 LDF;)+ LDF; pnpr M/ 1i=@ LDFi) truri + LDFi thpri UjXjV

AM 2[m jRDDF; Bb i?2 HB:?2i@/2T2M/2Mi 7 +iBRM:78b +72KA B MM
/2T2M/2Mi +iBpBiv 7 +iQ - r?B+? Bb # b2/ QM KmMBMIi2K2BibHNQ " B
Kyye- Minri M/tnori 20122 HB;?2i@BM/2T2M/2Mi M/ HB;?2i@/2T2M!/
i?72 i2KT2  im 2 +iBpBiv 7 +iQB FQ2b~QREF DAEMI? 2" 2Ky X

PM+2 "0P*b "2 2KBii2/BMiQi?2 iKQbT?2 2-i?2vmM/2 ;:Q T?2QiQ+7?2
/Im+2 b2+QM/ v T Q/m+ibX h?2°27Q°2-iQ #2 #H2iQ +QKT "2 Qm" Q
+2Mi> iBQMb rBi? i7Qb2 KQ/2H2/-r2 +QMp2 ii?2 "oP* 2KBbbBQM " i:
iQ +QM+2Mi’ iBQMb mbBM; y@/BK2MbBQM H #Qt@KQ/2HX J1: Lpj



6B;m 2 jXR, JQ/2HBM; 7> K2rQ ' F mb2/iQ 2biBK i2 iBK2 "2bQHp2/ H
i i72 0B ;BMB 6Q 2bi _2b2 "+? G #Q  iQ vX

"2 T°QpB/2/ bBMTmibiQi?26 K2rQ'F7Q y@. iKQbT?2 B+ JQ/2H
bBKmH i2 T?2QiQ+?2KBbi'v M/ 2biBK i2 iBK2 "2bQHp2/ "oP* +QM+2\
Q7 i?Bb KQ/2HBM; T°Q+2bb BbHR?QrM BM 6B:m 2

J1: Lpj Xk T " K2i2 BXx JBQMpjXkr b mM7 QK C Mm v k- kyky iQ .2
kKN- kykyX H K#2'i +QM7Q°K HT ' QD2+iBQM Q7 i?2 IMBi2/ ai i2br
7Q i?2 bBKmH iBQMb- r?2 2 2KBbbBQMb r2°2 KQ/2H2/ BM i?2 +2t
bBi2X 1KBbbBQW7®@iQ?”?R 06_G bBi2r2°'2 + H+mH i2/ mbBM; i?2 J1:
6 +iQ S 2T Q+2bbQ  UJ1: LiXKkR@16SV-?2ipThHf f##HER XBND ISX n?+B\K BJ/ m f
K2: Mf/l i @ M/@+Q/2¥KMbMBjM; i?2 i'22 bT2+B2b +QKTQBBKBQM b2
# b2/ QM T 2pBQmbHv "2TQ i2/*p2 MR iBkyRAMRm MXYTW ivT2 Bb ke X3¢
M22/H2H2 7 UT 2/QKBM MiHv TBM2V M/ djXRKW #° Q /H2 7 UT 2/Q
+QM/BiBQMb 2KBbbBQM 7 +iQ  7Q" 2 +? +QKTQmM/ M/ +QKTQmM/
#22M HBbi2/ BXMRhGIHZ 2 AM/2t UG AV r b T QpB/2/ b M BMTmi 7



h #H2 jXR, amKK v Q7 +QM/BiBQMb i2bi2/ BM i?Bb bim/

G #2H 2b+‘BTIBQM @TBMZ@Z-G—IBKQMZMZ

.27 mHi G.6b mb2/ #v /27 mHi BM J1: LpjXKk yXe
SJ6bymm 6 +iBQM Q7 +QM+2Mi” iBQMb ii'B#hyR/ iQ yX8d
HB;?i /2T2M/2Mi 7 +iQ° 7°QK SJ6 M HvbBb
Q7i?2 MMmM Ho06YG /i b2i
SJ6imkk2- 6 +iBQM Q7 +QM+2Mi” iBQMb ii'B#ky2/iQ yXed
HB;?i /2T2M/2Mi 7 +iQ 7 QK SJ6 M HvbBb
Q71?72 06_G bmKK2 /i b2i
* b2yarxyt b2b mb2/ 7Q° +Q "2H iBQM bim/lé;?éﬁ@’fﬁ@e?ﬂ;g(éﬂ
/IDmbi2/ hBK2@/2T2M/2Mi G.6 # b2/ QM #¢t) " 2H iBQOM bim/v

Y IJ+:HVMM 2k kg (t) fo(t) b /2b+ B#2/ BNX6eB;m ™ 2

JP.Aa UJQ/2  i2 2bQHMIiBQM AK :BM; aT2+i Q" JBQXKMR A /HX T C
kyRB 2ti> +i2/ b3@/ v p2 :2b ii?2+QQ /BM i2b Q7i?206_G mbBN
1ti° +iBM; M/ 1tTHQ BM; M HvbBb 121/vax BTH2b | h2-KIWV VX

1bb2MiB HK2i2Q QHQ;B+ H/ i "2[mB 2/ #vJ1l: LpjXk BM+HmM/2b i2K
bT22/-ri2 p TQ KBtBM;  iBQ- M/ T?QiQbvMi?2iB+ HHv +iBp2"
K2Mib Q7 "2H iBp2 ?mKB/Biv UWV r2°2 +QMp2i2/iQr i2 p TQ KBtB
i2KT2  im 2 M/ T 2bbm 2X .QrM@r2HHBM; B¢ Q2rbp2 2 KB MBIQMN2 "2q f
KmHIBTHB2/ #v yX8 iQ +QMp2 i ¢ 2KLE/ M TJ2KBQmbHY "2TQ i2/ 2
i? i? H7 Q7 HH BM+QKBM; /B iBQM Bb JT®'Q PN BIK? 2HBH+ KR HAWQ @i B
"QHQ;B+ HK2 bm 2K2Mib i06_Gr2°2 2b KTH2/iQ ?2Qm Hv /i M/ -
M2i+/7 7Q K i bmBi #H2 b BMTmiiQ J1: LpjXkX : Tbh BM Q#b2 p2/ K:
7BHH2/rBi? K2 bm 2K2Mib 7 QK irQ T2 'bQM Hr2 i?2 bi iBQMb Uq2
7B2°'b Eoh_PuRN M/ Eo S GJUujRV HQ+ i2/ rBi?BM k KBH2b Q7 06_G
+Q "2H i2/ rBi? Q#b2 p2/ 06_G /"K[UP2R@B2MBM7Q K iBQMVX

bQBH ivT2 Q7 bBHIiV@HQ K r b mb2/Q7/BH an2 pBKmiH7 B QMMUH _2b«
*QMb2 p iBQM a2 pB+2-IMBi2/ai i2b .2 FKyK@RMaQBH; iBKTHiim22 M



bQBH KQBbim 2r2 2 Q#i BM2/ 7°QK i?21 8 Ui?2 7B7i? ;2M2" iBQM
J2/IBmMK@_ M:2 g2 i?2° 6Q 2+ bib _2 M2HwhBBRV2ikyHR mMUBM: i?2
PT2M@ J2i2 Q BIA DM R ME;

aBKmH iBQMb r2°'2 mM i /B772 2Mi HB;?i /2T2M/2Mi 7° +iBQMb U
+? M;BM; 2KBbbBQM T Q7BH2b QM /Bm @ THBM 2B ZBHBKWQ®2 BB Q TV
KQMQi2 T2M2bX bmKK "vQ7i?2 KQ/2H +XRh?22GHBlb @FBM hMeH 2
M/ HBKQM2M2 BM J1: LpjXkr2'2 +? M;2/iQ i?2 "2bmHib Q7 TQbBi
UsJ6v M HvbBb +QM/m+i2/ QM i?2 MMm HUa2Ti2K#2 kyRN iQ a2T
UCmM2- CmHv- M/ m;mbi kykyV "oP* KBtBM; = IBQHMHVQIHD 2ipHX i o€
kykjVX h?2 "2bmHIiBM; iBK2b2 B2b Q7 2KBbbBQM " i2b UBM KQH2l
J1: LpjXkr2'2 +QMp2-i2/iQ HQ+ H 2KBbbBQW #WmMBDIB ABBWM RKEDHB
#v i?2 ; B/ +2HH "2 X

JXjXj) 6y J b2imT

S?QiQ+?2KBbi'v Bb KQ/2H2/ mbBM; i?2 6° K2rQ'F 7Q  y@. iKQbT?
WQH72 2kyH¥V y@/BK2MbBQM H #Qt KQ/2H i? i BM+Q TQ" i2bi?2J
MBbK UJ*J pjXji¥R-kYkYV- rBi? bi "iBM; TQBMi Q7 i?2 b KTH2 +Q/
a2imTn.B2H*v+H2XKd p BH #H2 rBi? i? i KQ/2HX b i?2 06_G Bb HQ
+HQb2bi 1S K2 bm 2K2KBWBBQ7, LHBQb "2 +HQb2 iQ M/ MP+BiB2b-
p Hm2b r2 2 +QMbi° BM2/iQ i?7Qb2 K2 bm 2/ /m BM; i?2 kyRj aQmi?
aim/vUaPaQmi?2 M PtB/ Mi M/ 2-RyWwRIHXaiivmb2 /B 2+i K2 bm 2K
Q7 LPii?2iQr2 r2°2 MQi p BH #H2- QxQM2 +QM+2Mi’ iBQMb r2°2
piBQMb * i?2° i2 M T ' Q/m+2/i?2°Qm;? T?QiQ+?2KBbi'vBM i?2 KQ/2
iBQbr2'2 T°QpB/2/ bi?Qb2 Q#i BM2/ 7°QK i?2 M2 2bi 1MpB QMK



UlSV B'.i B Zm HBiv KQMBIiQ b HQ+ i2/ i H#2 K H2 >B;? a+?C(
LQi?r2bi Q7 06_GV mbBM; i?2 B Zm HBiv azHidKBS TMK2SA pkSUQ (
i2+iBQM :MWXvaBM+2 QxQM2 /i ii?Bb bBi2r b QMHvV p BH #H2 ;
LQp2K#2 Q7 kyky- KBbbBM; p Hm2b BM C Mm 'vi? Qm;? J +?2r2 2
kykR7°QK a?2M M/Q ?2L iBQM HS "FU ' Qm;?HVI9R KBH2b LQ'i? Q7 «
U'Qm;?Hv 8) KBH2b aQmi? Q7 06_GVX JBbbBM; p Hm2b BM LQp2K#
rBi? QxQM2 KBtBM;  iBQb K2 bm 2/ i06_G mMB Mz KBRBNK; 6mBiQRB" - >
r2°2 +QMbi° BM2/iQ 88y TT# M/ Rddy TT# "2bT2+iBp2HvX S?QiQHv
i?72 L iBOM H *2Mi2  7Q° iKQbT?2'B+ 2b2 "+?2 i'QTQbT?2 B+ mHi’
i Mb72° KQ/2H U piBH #H2rkX +QKXm¥ HXQOFEMT i #H2b b /2b+ B#
qQH72 2kyHReX b i?Bb KQ/2H 2biBK i2b T?QiQHvVbBb ~ i2b i +H2 * +
“i2br2°2 +Q  2+i2/ mbBM; i?2 K2i?Q/ /2jp«aBri 2/i #/ R iB QM

SWR .
Jeorrected = JTUV SW—R(C:::LJ: UjXov

r?2 8o 2+iBb 1?2 +Q 72412/ T?QRHBDBRZ2 T2QiQHvbBb ~ i2 + H+mH
i?2 hlo KQ/2H HQQF md_i % Bdhi?2 Q#b2 p2/ /IQrMr2HHBM; b?Q ir p2°
iBK2 i BM'gftMAQ ,n2Bb i?2 d@/ v "QHHBM; K tBKmK Q7 i?2 Q#b2 p:
b?Qir p2 " /B iBQMBM2JfRb2Mi +H2 “@bFv +Q M/ B@EQ M XB HQiN3 iM
“i2Q7Rf/ vri bmb2/X P#b2 p2/ K2i2Q QHQ:B+ H/ i 7Q i2KT2" im"
?mMKB/Bivr2'2 mb2/X P> +QM+2Mi  iBQMb r2°'2 7Q°' K2/ BM@bBim #
Q#b2 ' p2/ +QM+2Mi> iBQMb Q7 QxQM2 M/r i2  p TQ X

hQ BM+Q 'TQ  i2i?2 2KBbbB &Xb¥Hxhi RIKB V2 MKWQHIFKLpjXk BMiQ i?2 6\
+?2KB+ H #Qt KQRQRH2Yy 2 +iBQMb r2°2 //2/ iQ i?2 +?2KB+ H K2+?
+?22KB+ H +QKTQmM/- bbmKBM; BMbi Mi M2Qmb 2KBbbBQM M/ K



rb# b2/ QM i?2 #QmM/ v H v2 ?22B;?2IMUQBYIBINX/ PHDPR p iBQMb B
i?72 J. /i b2i "2 pBH #H2 2;mH Hv#mi MQM@+QMIiBMmMQmbHYvV
2biBK iBQM Q7 #QmM/ v H v2" ?2B;?i "2[mB 2b MQM@ i ' BpB H / i
iBK2 2biBK i2b "2 MQi p BH #H2 M/ d@/ v QHHBM; p2 ;2 Q7 T 2y
Hv2 ?22B;?ib 7Q kyyd iQ kyWRERYyXWwxb2MUp2 ;2 #QmM/ v H v2 ?2I
i B'TQ'ibA . M/ _.1 "2mb2/X h?Qm;? "2 H@iBK2 #QmM/ v H v2°
2TQi2/ BMi?2 1_ 8 /i b2i- TTBQ rQ ' F? b b?QrM i?2b2 2biBK i2]
IB772 2Mi i? M Q#b2 ' p iBQMb- bwp? \2; M QkkyX/H?22 2KBbbBQM ™ i2 7
6y Jr b?2M+2 + H+mH i2/ bjB8 1[m iBQM

molecules nmol molecules
kEmission;i T3 Fi > 6:023 1022 ———
cms:s m2:s mol .
3 UjXxsv
10 © mol 1 106 M
nmol BLH (m) cm?

r?2 BgBb i?2 2KBbbBQM 7Hmt 2biBK i2/ #v J1: BpMKGHBb+QRTQmM
#QmM/ v H v2  ?22B;?i BM KX h?2b2 b2iiBM;b r2°2 F2Ti mM+? M;2
h #HjXR _2bmHib Q7 i?2 6y J bBKmH iBQMb HHQr mb iQ +QKT "2 b
+QM+2Mi’ iBQMb b 2TQ'i2/BMi?2 7TQHHQrBM; b2+iBQMX

J X9 _2bmHib M/ .Bb+mbbBQMbD

JX9XR 1772+1 Q7 +? M;BM; G.6 QM 2KBbbBQMb

1KBbbBQMb T2 Fb /m BM: i?2/ v- 2p2M rBi? "2H iBp2Hv ?B:? 7" +iB
bBQMb UPBKX Rp2" HH- HB:?2i@/2T2M/2M+2 ?2 b bi'QM;2  BKT +i Q



| V@iBK2 +QM+2Mi’ iBQMbX "v /2+@TBBN M2 XBB6NOR@K i?22 /27 mHi
p Hm2 Q7 yXeiQ M2 Hvy UyXyk M/ yXyjBM MMm H M/ amKK2 + b
2KBbbBQMb BM+'2 b2 #v RiINW@R9jW- M/ i?2 / viBK2 2KBbbBQMb
H "Hv- #v BM+ 2 bBM; i?2 G.6 QI XkEKQ RRN22U@B;mHi Q7 yX9 iQ yX
yXed BMi?2 MMm H M/ amKK2"  + b2b "2bT2+iBp2Hv-r2b22 /2+°2
bBQMb  M;BM; 7 QK k3IW@98W M/ / viBK2 2KBbbBQMb #v RRW @ kN
rbMQi +? M;2/ Qp2 Mv Q7 i?2bim/B2b-i?2 2biBK i2/ 2KBbbBQM /E
UQp2'H TTBM; #Hm2- “2/- M/ ; PoWd4 HBM2KBM 6B ;b2i?2 /Bm M H -
Q7 T7mHHvV HB;?21@/2T2M/2Mi +QKTQmMM/ UG.6 Q7 RXyVX h?2b2 2
KQMi?b-i?2Qm;? i?2 2KBbbBQM "~ i2b BM i?2 rBMi2° KQMi?b "2 TT°
i22 bmKK2  KQMi?bX Pm" Q#b2 i KKQMQ WM By RBI?Q MQi2i? ii?2

MB;?iiBK2 KQMQi2 T2M2 2KBbbBQMb BM bmKK2 BM+ 2 b2 #v NyWC(

‘Bp2M i?2 BKT +i Q7 G.6 QM MB;?2i@iBK2 2KBbbBQMb +QmTH2/ rBi?
Hv2 ?22B;?i iMB;?iiBK2Ur?B+? rBHH T 2b2Mi bBM+'2 b2/ +QM+2N\
Q7 2KBbbBQMbV- Bi Bb BKTQ'i Mi iQ KQ'2 +HQb2HvV 2t KBM2 i?2
Q#b2 p2/ +QM+2Mi" iBQMb Q7 p BQmb +QKTQmM/bX

JX9Xk J2 bm 2/ pbX KQ/2H2/ "oP* +QM+2Mi  iBQMDb

JQ/2H2/ +QM+2Mi  iBQMb Q7 KQMQi2 T2M2b ;2M2" HHv ? p2 K tBK

rBi?@TBM2M2 Q#b2 p iBQMb #mi Bb BM +QMi’ bi i QXhXKKR i BIK2 HE
KQMQi2 T2M2b- 2p2M i?Qm;? Q#b2 p2/ rBMi2 iBK2 +QM+2Mi’ iBQM
bmKK2 - i?2 KQ/2H biBHH bm#bi MiB HHv mM/2 2biBK i2b +QM+2M
UC Mm "viQ J vVX S'BQ  bim/B2b +QKT "BM; Q#b2 p2/ +QM+2Mi |
r2°2 + "B2/ Qmi BM T2 F bmKK2 M/ ?2M+2 7BM/ "@8MiR pi2 H¥p; Q Q /



6B;m 2 jXk, JQMi?Hv /Bm M H p2 :2b Q7 i?2 UV BbQT 2M2-
@TBM2M2 2KBbbBQNKIb WERMIBWKKIQHIKv J1: LpjXk i 06_G /m BM;
m v UiQTV M/ CmM2 U#QIiiQKV Q7 kykyX h?2 #Hm2- “2/- M/
1?72 .27 mHigd&FHe- G rBrovkVX 9- GreuAgXeV- e WG .ot diR-
G.GiskoveXX8d- GeRAYXYIV- M/ .5d& UG .6hordfr G ubrowkyXed-
G.6ramAXYKkY +QM/BiBQMb b /2p¥RB#2/ BM h #H2

2i HRYROX *QM+2Mi’ iBQMb Q7 BbQT 2M2 r2 2 #2HQr H2p2Hb Q7
bvbi2K i?°Qm;? i?2 rBMi2 - BM +QMi’ biiQ HQr- #mi MQM@x2 Q- 2KE
JQ/2H2/ M/ Q#b2 p2/ +QM+2Mi’ iBQMb BM i?2 bmKK2  KQMi?b "2 4
7Q° HHi? 22+QKTQmM/bBMi?2bmKK2 - M/bQK2/ v@ijQ@&{ vp B
aQK2/ v@iQ@/ v/2pB iBQMb #2ir22M KQ/2H2/ M/ K2 bm 2/ +QM+2]1
#QmM/ v H v2 ?2B;?ib M/ bQK2 iKQbT?2 B+ +QKTQbBIiBQM / i

+ Tim 2 2 H@rQ H/ p "B #BHBivX Hi?Qm;? i?2°2 "2 MQ BbQT 2M?2
U6B;MXY- MQM@x2 Q MB;?i@iBK2 BbQT 2M2 +QM+2Mi" iBQMb "2 ¢
i? i MB;?iiBK2 +?2KBbi'v M/fQ  /BHMIBQM K v MQK¥X 7mHHvV + Tim

b MQi2/ BMHNVMM 2kyWK - HBKQM2M2 BM bmKK2> 7QHHQr / ViBK?2
+2Mi> iBQM +QMbBbi2Mi rBi? T iB HHv HB:?2i@/2T2M/2Mi #2? pBQ’
FBMi2 X h?2 KQ/2H 7 BHbiQ + Tim 2 i?2b2 Q#b2 p2/ i 2M/b- 2Bi?2"



6B;m 2 jXj, JQMi?Hv /Bm M H p2 ;2b Q7 i?2 UV BbQT@M2- U¢
TBM2M2 +QM+2Mi’ iBQMb UBM TT#V 2biBK i2/ #v J1: LpjXk M/ 6
BM; C Mm v UiQTV M/ CmM2 U#QiiQKV Q7 kykyX h?2 #Hm2 M/

27 mHi W 6di- G uBkomvkiX 9- GrenApXeV M/ GNE WG .Hot 4R
G.GigkovknX8d- GghA¥XYyjV +QM/BiBQMb b /2bpXB#2/ BM HhF#HEM 2 Db
BM/B+ i2 Q#b2 ' p2// i X P#b2 p2/ +QM+2Mi° iBQMb 7Q  BbQT 2M2 r
/[2i2+iBQM 7Q  C Mm v kykyX

rBi? i7Qb2 2biBK i2/ mbBM; i?2 7° +iBQM Q7 HBKQM2M2 2biBK i2/
7 +iQ Bx iBYWIVX AM +Q@TBM2M2 ? b MB;?iiBK2 T2 Fb-r?B+? "2 1T
+ Tim 2/ #v /127 mHi p Hm2b M/ #v +? M;BM; i?72 G.6 iQ yXyjX AKTQ
i?72 G.6 1?7 i #2bi + Tim 2b Q#b2 p2/ p B #BHBivK vp vi? Qm;?2Qm
BKTQ i Mib2 bQM HBivX

jX9Xj JQMi?Hv p 'B iBQM Q7 G.6

hQ mM/2 bi M/ i?2p "B iBQM Q7 G.6i?2 ' Qm;?2Qmii?2v2 -r2 M J1:
IB772 2Mi p Hm2bs @:ML B.6skqmahz YXKk- yX9- yXe- yX3- M/ RX 1KBbt
2 +? b+2M "BQ r2°2 T'QpB/2/iQ i?2 6y J KQ/2H M/ bM Th?Qi Q7 i
kyky "2 b b?QrM BMSBBKT 22/ iQ Q#b2 p2/ /i X b 2tT2+i2/ 7°QK °
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