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Reditel ustavu Vam v souladu se zakonem & 111/1998 o vysokych Skolach a se Studijnim
a zkusebnim Fadem VUT v Brné uréuje nasledujici téma dfplomové prace:

Automatizovany bioreaktor pro kultivaci zivych bunék

Struéna charakteristika problematiky ukolu:

PIné robotizované kultivagni zatizeni (bioreaktor) se pfi biologickych experimentech jevi jako nezbytné.
Toto zafizeni bude umoZiovat fizenou zmé&nu kultivaénich podminek Zivych bunék a bude pfipadné
vybaveno minimalné jednou pozorovaci komorou. V komofe bude mozno Fidit koncentrace roztokd
latek v médiu a také kontrolovat atmosféru s CO2.

Biologicka ¢ast prace bude garantovana Ing. Danielem Zichou, CSc.

Cile diplomové prace:
1) ReserSe stavajicich systém( pro Fizeni zmény kultivaénich podminek Zivych bunék.
2) Uprava stavajiciho konceptu bioreaktoru, pfipadn& navrh nového feseni.
3) Navrh obsluzného pfislusenstvi pro fizeni zmény kultivadnich podminek.
4) Testovani bioreaktoru.
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;B+Fw+? 2tT2 ' BK2Mii xH2T mD2 D2DB+? pwTQpYy/MQ ?2Q/MQim X
i QHQp MO 2T Q/mFQp i2HMGO-D2 MmiMlO QK2xBi KMQ bipQ TC
Mm"Bp i2H2K KBF ' QbFQTm M ?° /BiD2 miQK iBxQp MwKB T Q +.
FOM+2Ti MQp0?Q miQK iBxQp MO?Q FmHiBp IMQ x 1Qx2MQ U#I
KyMm KO0/B pTQxQ Qp +Q FQKQUU2-x DB #mD2 +B "FmH +B pwk
bHQ " 2MQX "BQ'2 FIiQ D2 m'i2M T QTQmM "BiQ p G #Q  iQuUB 2tTz
#Q 1QU/BbTQMMD2 FQ?2 2M+Q UQx2MwK ?QHQ; }+FwWK KBF ' Q
K2iQ/v Fp MiBi iBpMQ?Q 7€xQpi?Q xQ# xQpEMQ UZSAVX "BQ .
IiMEHMQK TQ" / pFiKiliQH #Q  iQi2 D2?Q QTiB+FOi€biB pv?2(Q
0i2timDbQmMbT2+B}FQPEMV FmMHiIBp IMQTQ/KQMFvV "Bpw+? #
D FD2Hx2#y?2KKBF QbFQTQPEMQ UQ/BiX . €H2DbQMTQTbEM
Xx2MQ D2 x?Q/MQ+2M D2DB+? p?Q/MQbi T QTQmM " BiQp G #Q°
aiy"2DMQ [€bi T'€+2 b2 pyMmD2 M€p ?m- "2 HBx +B i2biQp€MC
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HQ;B+ H2tT2 BK2Mib M/ K F2b i?2 2tT2 BK2Mi H "2bmHib KQ 2
i?72 +mHiBp iBQM +QM/BiBQMb BM +QMi QHH2/ K MM2" M/ BM
2tT2 BK2Mib- Bi Bb M2+2bb "'viQ 2/ m+2i?2 KQmMi Q7 K Mm H
rBi? miQK i2/ T°Q+2/m 2bX h?2°27Q 2-i?2 +QM+2Ti Q7 M2r
U#BQ 2 +iQ ' Vr b+ 2 i2/Xh?Bb/2pB+2 +QMi QHb i?72 2t+? M;2 C
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"Jy?22K TQXxQ Qp€EMQ "Bpw+? #mMyF M QTiB+Fw+? KBF QbFC
PTOXQ Qp +Q+? FQKQ €+?X LYFi2 0 FQKQ vmKQ"SmDQ #y?2K
h FQpl FQKQ'v #wp DQ QxM IQpeEMV D FQ T2 ' 7mxMQ M2#Q T ii
KG/B b2 M xwp DQ bi +BQM€ MQX SQFmM/ Ka/BmK T°Qm/Q p FQI
K DQ QxKy ' vpu€/mKBF QK2i'i-M xwp€K2i iQx 1Qx2MQ D FQ |
KBF Q~mB/B+FQ IBTvX

CFb2pT i#y?mKMQ? H2ipvpQD2Hv KBF QbFQTv #BQHQ;B
XQ Qp +Q FQKQ vX S'QiQ /M2b 2tBbimD2 p2HFO KMQ " bipQ /2bB
X MB+? T iUQ FH bB+F€ KBF ' QbFQTB+F€ bFHQIF M2#Q S2i'B?Q
FQp MyD QT iiQ miQK iBxQp MO KBF'Q~mB/B+F0IBTvX p FT
TH iQ- "2 #v KYHV bTHS3Qp i m IBid TQ" / pFvX Si2/My KmbQ KQi
#v M2QpHBpPSQp Hv +?2Q/ T T bFi M2x?Q Qp Hv i F pwbH2/M
S°'Q bT2+B}F +B QTiB+Fw+? T ~ K2i'i D2 i2/v /[iH2"Bid py/yi- M
/IQm FQKi'FvTQmM " QpEMvVX 0 iliQT €+B b2 x #wp€K FQKi"F KB T°
**>J- Fi2'w D2 mKQbiyM p G #Q iQuUB 2tT2 BK2MIi€HMMEBQT7Q
**>J bi'miMy TQTbEM #m/Qm xKQMYyMv QTiB+F0 TQ"~ / pFv pvT
TmMmMFEF+2X

. HQTQ  / pFvM TQxQ Qp +Q FQKQ 'vb2iwF DQ 7vxBQHQ;E
KQ'v#vp "€/MOK TUQT /y M2KyHV #mSFv M2; iBpMy QpHBpSQp |
KQi /Qbi i2iIMQm p2HBFQbi- KyHv #v #wi M T QbiQ bi2 ' BHBxQp
T Qbiu2/Q pQIF2K iybMyMQK KyHV #v #wWi pv Q#2Mv x +?2KB+F)\
DbQm #BQFQKT iB#BHMQX | KMQ? #BQHQ;B+Fw+? THBF +Q I
M2#vHv FQKi'F KB M2; iBpMy QpHBpSQp€EMv- H2 M QT F #v FQ
2MbipQK p?Q/M0O 7vxBQHQ;B+FO TQ/KQMFvV pvip€u2HvX aT2+E

TUQbHM 2MbipQK T Q D2DB+RUQXx2MQ b2 x #wp€ (€bi

o [€bkBD2 "2 2° 2 FQK2'IMy /QbimTMw+? bvbidKi T°Q iQx2MQ
C2HBFQ " p F #VHQ xDB iyMQ- "2 "€/M0 FQK2 IMy /QbimTMQ 02
MWK TQ" / pFiK-#VHQ M p "2MQ x'2 HBxQpEMQ pH biMQ miQK
FmHiBp IMQ+? TQ/KQM2F UixpX bvbiGK #BQ 2 Bi@X mMXFIQRNW2E32 T
p I€bid®M2 TQTbEMQ D2?2Q i2biQpEMQX






RX EmHiIBp IMQ TQ/KQMFv D
UQx2MQ
RXRX SQm/yMQ K0/B

SOXQ ' Qp +QFQKQ VHXx2 Q#2+My " Qx/yHBK RIi 2Q il22oNi @ b i i vprii B
SMDQH2T QTUQbIimTF#mSFEK D2/MQ/m QK MBTmH +B b K/l
p FTQK Hm pv QpMEPE bHQ " 2MQ iKQb70'vp FQKi“+2 p QFQH
IX p2M0O FQKQ v DbQm miybMyMv-i F72 M2/Q+?€xQ F pvT UQpéE
b QFQHMQ iKQb70°QmX J MBTmH +2 b #m&F KB b KU/B2K D2
pu2Mw+? FQKIi 2F Q#b ?mD2 TQ ivT QTuQpQ/ Q/pQ/Ku/B X h
T iiQFQpPUOX S'iiQFQpl FQKi"Fv DbQm p2HKB m"Bi2iM0 T°Q KBF"
"QxHB 2MQKX hviQ KBF QbFQTv iQiB" TQiu2#mDQ Q#D2FiBpvVv E
T2 im Qm FpiHB iQKm K DQ Q#pvFH2 K HQm T +QpMQ px/€H
K HO FmHiBp IMQFQKQ'vbK HWK Q#D2K2K K(/B - Fi2 ' 0 TQFm/ |
M2DbQm p?Q/MO T Q/HQM?Q/Q#HEIXTQAXQ QpEMQ #mMVYF (
"y?22K T°Qm/YyMQ KGO/B b2 Ki"2 Q#D2pBi MYFQHBF T Q#HOKiX
bFHQIF TUB xKyMy T iiQFmMX S'Q?W#EMQ bFHQIFQ K2+? MB+F\
TQxQ Qp MO #m38Fv- Fi2 0 DbQm F2 bFHQIFm TuUB+?2v+2Mv- b2
S'Q#HOK KQ?Qm i FO xTibQ#Qp i TmMKTv b F QFQpwWKB KQiQ v
U2i 2v/"Q/vM KB+F(O TmHbv- Fi2 0 KQ?Qm M "m Qp i MyFi2 0 21
#Wi 2HBKBMQpPEMYVY TOQmM BiQK TQF QiBHwW+? {2 T /2H- Fi2 € Db
MQbKYy MwKB KQiQ 'vVTUBTQD2MwWKB Tu2b Tu2pQ//Q TQK H Fp
VH?HQKB H QT Q#HUOK D2 ipQ # px/m+?2Qpw+? #m#HBM FpiHB
bvbiGKmX "m#HBMv p FQKQU2 KQ?Qm xTibQ#Qp i im#mH2M+2
#mMyiMO HBMB2 DbQm +BiHBpO M bKVFQpO M TyiQ- T 'QiQ T
pWKYM KO/B T Q#Q? i TuB MQxFw+? T iiQFQpw+? "v+?HQbi2+
T OQm/2K /QFQM+2 B Q/T Hp2MvX hQ Hx2 QK2xBi TUBHMMIiQK #m
#m&Fv TUBHMQm F2 bFHQIFmM TUB Qx2My b KvX | Qbi iMQ+? #nm
TQpH FQPEMQK /M FQKQ'vUM TiUX TQHVHVbBM2KQ¥RH ;2M2K
S'Qm/YyMQ Ki/B p FQKQuU2 D2 x DB iyMQ /Q/€pEMQK MQpi~
pbimTMQ TQ'i MQpd KG/BmK pviH imD2 bi "0 KO/BmK bF x pwk
TOQM " QpEM QT IMw TUQbimT- F/v bi "0 KG/BmK D2 M pwbimTMC
MQpl KG/BmK D2 M b€pEMQ TQ/iH F2KX SQ?QM T°Q TQ?v# F
bT€/- K MMEHMQ pbitQFMmiQ biiQF IFQm- T2 Bbi HiB+F€ Tmt
pvipQu2MQ TiU2iH Fm p iH FQpPW+? »BmKMF®8FE/(D2 M2DD2/MQ/
H2pMyD Q i2+?MBF - H2 D2 TiB MQ Q#iQ"M0O "2;mHQp i T iiQF
2 HBxmD2 b2 Q#pVvFH2 TQKQ+Q p2HFUO X€bQ#MQ M€/ "2 KU/B |
TUBTQD2MO bi2"BHMQ ? /BIFQmMX S iiQF Ki"2 #wi FQMi " QHQPpPEN
H2K M pwbimTm x FQKi“Fv M2#Q M ?Qi2 M M€/ "BX S Q 2tT2 ¢t
TU2bMOK /€EpFQPEMQ "QxiQFi M2#Q M TuU2bMOK T iiQFm-D2 Mmi



iOKvX aiiQF IFQpa TmKTvDbQM T Q TuU2bM0 /EpFQPEMQ p?Q/MYyD (
QK2x2MOKmM Q#D2Km bitQF IFvp F M2DbQm p?2Q/MO T Q /HQmM?Q/
?2Q/Q#0 2tT2 ' BK2Miv b2 i2/v D2pQ D FQ M2Dp?Q/MyD Q TQm ™BiQ
iH FQPEMQ XFmK p2F px/m+XbWWipBy BIEDMBHBQM S +F Q/ } Kv *?2
"BQi2+? P ; M@PM@*?BT Q/} Kve6HmMB;2MiVX

RXRXRX S2'Bbi HiB+F€ i2 T /H
h2Q B2 T2 Bbi HiB+F0?Q TQ?2v#m

S2'Bbi HIiB+F0 i2°TEMQ D2 7Q K i° MbTQ im i2FmiBM- F2 Fi2 0 /Q-
TQbimTmD2 p QxXxTQM i2HMGO ? /B+BXQ#HWB7TmMBIX+IGH2TOHBRI MBI HIiB
TQ?v#2K i MbTQ imDQ i2FmiBMvp KMQ? i m#B+Q+? x ?H /FOG bp H
p KQIQpQ/m- p DQ+Mm TiiB TQHVFEMQ TQi > pv- p HVK7]JB+Fw+? +1
h2MiQ K2+? MBbKmb D2p Fi FOpvm™Bip T2 Bbi HiB+Fw+? TmKTE€+
? IB+Qp0 TMKTV (

S'BM+BT T2 Bbi HiIB+FU?Q i2 " TEMQ bTQIQpPE p2 xKEIFMmMiQ ? /B-
9THMY mx pi2H - TQbmMm xKE€IFMmitd?Q KQbi TQ ? /B+B-IQK" b2
/IB+BX J2+? MBF T2 Bbi HiB+F0?Q TQ?v#m #m/2 TQTb€EM M /pQn
T2pMy mFQip2M TQ?2v#mD2 b2 TQ MQ K M™2i #V K M"2i b2 M2T
T Qm/QF T HBMRNBEBxXx Q# X

o TUQT /y V mp "mD2K2 p2HKB /HQmM?Qm M2TQ?v#HBpQm ? /BH
FOQM+Q+?X L ? /B+B b2 'v+?HQbIQ + TQ?v#mD2 TQbmpM£€ K M™2i
i FT2'Bbi HIB+FQm pHMmX EpiHB mx pi2MwK FQM+iK- M2MQ p Q#I
"E/MO T QM/YMQX .QFv M2biH IBi2HMQbiB F T HBMv b2 p F p x9°2
TU2HOGPpE xT p /IQH2p X S ' QmM/YMQ F T HBMv p ? /B+B D2 i2/v M2bi
p/ MOK KQbiy ? /IB+2 x€pBbHO M | b2VX

oTUQT /y #V b2 K M"2i M2TQ?v#mD2 T QiQ Q#€HF pHMv b2 D2
? /IB+2 F T HBM p KQbi2+? p2HFG?Q T id2xm b2 TQ?v#mDQ /QH2p
2v# biyM ? /B+2 piiB K M"2iy D2 i2/v p TuQT /y V B #V bi2DMwX Ep
M2biH IBi2HMOF T HBMVv KmbQ T iKYy "M€ "v+?HQbi F T HBMv p x9"2|
HQbi+X Ip "mD2K2@HB pBbF!XxMQF T HBMm #2x b2i'p IMQbiB-T F |
T #QHv b "v+?HQDbLIQ4XM biyME€+7? (

0 Q#Qm TuUQT /2+? M2MQ p KQbi2+? p2HFO?Q T iu2xm ? /IB+2 "€
p X9"2MUOK KQbiy FpiHB pBbF|xMQK xi €i€K FH2b€ iH FxT p /QH2p
pvip€iuQ biQmT DQ+Q iH Fp2bKy m Qu2MQ pHMvVX wiQ?Q pvTHwpE
D2 x€pBbHO M pBbFQxBiy F T HBMvX "2x pBbF|xMQ+? xi €i #v p x9°
"Qx/QHIiIH Fi FI2'TEMQF T HBMv #v pi#2+ M2/Q HQX

. H Qx€py Q T2 'Bbi HIB+FOK TQ?v#m xQbF€K2 x Tu2/bi pv- "2 ?
T iQU2 K€ Qi2pu2MiO FQM+2X C F b2 #m/2 K M"2i TQbQmp i TQ ? /E
b2#Qm iH IBiF T HBMmX o "Qx Qi2M0 (€biB ? /B+2 i2/vF T HBM T
p2 bKy ' m T2 Bbi HiB+F0 pHMvVvV- x iQK+Q p x9"2M0OK KQbiy T - Qm/
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P# €x2F RXR, AHmbi> +2 T2 Bbi HiB+F0?Q i2"TEMQ, V p M2TC
K M 2iQm- #V p TQ?2v#mDQ+Q b2 ? /B+B b M2TQ?2V#KBpQm K M".

UiDX T QiB bKy m T2 Bbi HiB+Fd pHMvVX PT QiB TUuQT /m b Q
P XM 2MOK KQDbij)XK2M Q (

EQMbi mF+2 TQm "BiQ T2 'Bbi HiB+Fw+? {2 T /2H

S2'Bbi HIB+FE€i2 T /H DbQm Q#D2KQp€i2 T /H x I Hvb2 Q#D
()X 6H2tB#BHMQ ? /B+2 b i2°T MQm F T HBMQm D2 mKQbiyM p
p IFVvMKQbiyMOM F> DB "QiQ m-biuQ/ py K IF DQ mpQH3SmMDQ

pviH IQPEMQ F T HBMvV p2M RXR)KXKH XUpBx Q# X

S2'Bbi HIiB+F0O TmKTv i biQ pv: /ImDQ K xEMQ T°'Q Q/pQ/ i2TH
/IB+2X C FQ K xBpQ b2 QpvFH2 TQmM "Qp€ ;HV+2 ' QH- Fi2'w D2 T
b piF KBpv /mD2 pyi Q KMQ bipQ K xBp M2~ "QiQ b FH /F K
[2F TQ ? /IB+B b2 pvip€iQ pQ+2 i2TH M2~ TiB Q/p HQpPEMQ FH
PXMBFHO?Q i2TH M2KQ?Qm #wi TmKTvbp IF KBTQmM "QpEMv p
bQFw+? Qi€iFE€+?2X L TUQFH / T2 ' Bbi HiB+F€ TmKT b p iF KB b
Ki"2 p FQMIBMMEHMQK "2"BKm 2 T dXKQYABKBNH VS O+ PH OBMQ T
pv Q+? QIi€IFE+?2 D2 MmMiMO TQmM "Qii2 T /HQ bFH /F KB M2#Q



P# €x2F RXk, AHmMbi> +2 T'"BM+BTm T2 Bbi HiB+F0?Q i2 T /H X hiB
bMQKFV I2 ' TEMQX I2'p2M€ BTF mF xmD2 bKy > Qi€i2MX QiQ mX S

k 2Q/BM€+?2 T°QpQxm pvTMQmi M2+? i x+?H /BiX LYyFi2 0 THBF +=
iBMMEHMQ?Q "2"BKm pvm™Qp DQ /py TmKTv- Fi2 0 b2 bitQ/ DQ p Iz
KQ?2Qm p KMQ? TUQT /2+?2 7TmM;Qp igBX9THMY #2x K xBp (

8/°"# T2 Bbi HiB+Fw+? (2 T /2H D2 p2HKB D2/MQ/m+?€X C2/BM
T pB/2HMYy KyMBi- D2 ? /B+2 TuQT /MO K xBpQX >H pMQK 7 FiQ
TQIi2i biH I2MQ ? /B+2 #y?2K D2/M0 Qi€iFvX 12 T /H b K2M QK TQIi
TQK H2DB QTQiu2#Qp€p DQ ? /B+BX L2DIi biyDB #wp€ TQIi2i p i2F
p Fx 9i2H2K /HQm?0 "BpQiMQbiB b2 DB” pv €#yDQ B D2/MQ@ F1
bp IF KBpvpQD2DQ pQ+2i2TH -Fi2 0 MBIiQ? /B+2- T ' QiQb2T QI
"BpQiMQbiQ MZPPQOM " Qp DQ (

S2'Bbi HIB+FOGO TmKTv b2 TQm ™ Qp DQ i2?/v-F/v D2 "€/Qm+Q- #v
M2TUiB+?€x2H /Q bivFm b K2+? MB+FwKB [€biKB TmKTvX # m~ Fp
M2TQ FQ/BH TmKTmUM TUXIi2 " TEMQ # xBpMQ+? M2#Q FQ QxBp)
TQFmM/ iQ ? /IB+2 mKQ"3mD2V M2#Q #v i2° T MEF T HBM M2#VvH
[2°TEMQF p2-TQi> pBM TQ/XVhiQi2 T /H DbQmi FOp?Q/MET Q
PBObF!XMQ+? F T HBM-Fi2 G #v b2 Q#iQ "My §2X T H vODIBMWBKR p m?Q /v
DbQm-"2M2TQiu2#mDQ Q/px/m MyMQ ? /B+2 Tu2/x [€iF2KI2 " TEMQ

i FOM2TQilu2#mBXiykMyM@ZDB+? M2pw?Q/v D2 K Hw T iiQF px
[2°TEMQX LYFi2 0 THBF +2 T QiQ pv®)XmDQ TQm BiQ iHMKBIi (

| T2 ' Bbi HiB+Fw+? TmMKT D2 T iiQF F T HBMvV i0Kyi HBM2£€ My x€j
"QiQ9n (QFV iQKm DbQm T2 Bbi HiB+F€ (2 T /H p?Q/ME€ T Q /€pFQ
FOQPEMQ b2 i FO I biQ TQm " Qp DQ iI2 T /H b FKBi pwK TQ?v#2K UQ
#WpPE /EPFQPEMQ TiU2bMyD Q- T QiQ 2 FQH2K TQbii D2 K2M Q 9MBF
F KBT2 Bbi HIB+Fw+? {2 T /2HX SQbiQp€i2 T /H DbQmp F Q#2+N\
T2 Bbi HIB+F€-T°QiQ "2 Q#b ?mDQepXQ+2 TQ?v#HBpw+? [€biQ (

RXKX h2THQi

S'Q T'€+B b "BpwKB #m&F KB D2 i2THQi /iH2"BiQm FmHiBp iMQ °
QpHBpSMD2 +?QpEMQ pBi HBim #mMyFX S Q /HQmM?Q/Q#€ TQxQ"
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PXQ FmM 7vxBQHQ;B+FQMBAZVH 2w QfyiuBMIQMXibi MQm #mSFv M

D2DB+? TQXxQ QpEMQ K€ im/Q” M2DpVyi Q pwTQpy/MQ ?2Q/MQir
T Qbiti2/QX o MyFi2 w+? #BQHQ:;B+Fw+? 2tT2 ' BK2Mi2+? b2 bH
i2THQiIvX 0 iy+?2iQ TUQT /2+? D2 TQiu2# TQM Qi x UQx2MQ- Fi
TU2bMQbiQ 'v+?H2 KYyMBi i2THQIim pxQ FmX h2THQi p F K€ pH
KBF ' QbFQTX WKYyMV i2THQiv xTibQ#mDQ i2T2HMO "Qxi ?QpEMQ
KBF QbFQTm-+Q" " TUB KBF'QbFQTQPEMQ b pvbQFwWK "QxHB 2M
X2MQX L2Dx€p "MyD Q D2 "Qxi ?QpEMQ bK' #QpEMQ Q#D2FiByp
#mMMVyF i2T2HM€ Qxi "MQbiV D2 T Q pyi BMm 2tT2 BK2Mii TQi
p QFQHQ pxQ Fm Q#D2FiBpmX

S'Qi2KT2 ' QpEMQ KBF'QbFQTm UixMX Q?U€iQ KBF QbFQTm A
M "QpE BMFm# iIMQ FQKQ" - Fi2 € Q#FHQTmMD2 pyi BMnREBFE "QbF
E K2° TuQT /y/ H Q Q#bHmM" M€ 2H2Fi'QMBF D2 mKQbiyM KB
bi p2M pvbQFWK i2THQI€KX AMFm# IMQ FQKQ > F QKV i2THQi\
PH?FQbIB px/m+?m FQMH»)HXMav2HPEMQiDH2 "2 HBXxQpEMQ TQK!H
Q/TQ'i M2#Q TQKQ+Q "2:mH +2 i2THQiv TUBpPE/YMIWFBTHVMIX t
M/ i2THQim QFQHQX h2THQiv MB” Q M2" D2 QFQHMQ i2THQi |
FHBK iBx +2- +Q" b2 /yD2 p2HKB QD2/BMyH2X 0o TQ ' QpM£MQ b
DbQm BMFm# IMQ FQKQ' v p2HKB bi #BHMQ p i b2 DbQm Q/QH
MQbiBX L /' m?2Qmbi> Mm /Qb "2MQ TQ™ /Qp MO i2THQiv i p€ /H
“D2/MQi2F ?Q/BMVX L2DbQm T QiQ p?Q/M0 T Q 2tT2 BK2Miv
T FDbQmB/2EHMQ pQH#QM T Q /HOQM?Q/Q#€ TQXxQ QpEMQ "Bp
FQKT iB#BHMQ b2 p 2KB / m?v pxQ Fi- H2 x b2 M2KQ?Qm #wi
M KBF QbFQTX EQKQ v DbQm pyi BMQm pv €#yMv x T i?H2/MQ
M€im- T°Q 2tT2'BK2Miv +BiHBpG M QFQHMQ bpyiHQ p F 2tBbi
M X i2KMMQ (

SQFmM/ #BQHQ;B+F0 2tT2 'BK2Miv M2pv” /ImDQ i2KT2 ' QpEMQ K
;mH +2 i2THQiv p Q#H biB pxQ Fm-Ki"2b2T Q Q?202pTQmM Qi p\
M2#Q pv?20Qp M€ TQAXQ Qp +Q FQKQ X 0 2+?M i iQ x uQx2MQ
b2 xXKyM KB i2THQi- M2#Q# bi #BHBx +2 i2THQiv i p€ K tBKE€HM
20Qp MO biQHFv K DQ p2HFw "Qxb ? M bi pBi2HMw+? i2THQi-
Q/ 190* "~ /@O0 * ()X S'QiQ #wp DQ TQM " QpEMV T°Q 2tT2 ' BK2Mi
M2#Q M QT F MQxFwKB i2THQi KBX S'Q #BQHQ;B+F0 THBF +2
5* 799 *X ov?uUQp MObIiQHFvV #wp DQ Q?UQpEMVTQKQ+Q Q/TQ i
ivMpQ+ mKQ"35mDQ B Q+?H xQpEMQ biQHFmM TQ/ i2THQim QFQ
b2 /QiwF DQ FmHiBp iIMQ?Q x iQx2MQ-M TUX  TQ/HQ"MQ?Q bFt
R¥X h2THQ b2 T F/B7mxQ QUQ TQ bFHQIFmM "~ F pxQ'Fm Q?iC
biQHFiIi D2- "2 FpiHB p2HFO px/€EH2MQbiB K2xB pxQ F2K Q?0Qr¢
M2 QpMQRKEX BIW?2(lQp MO biQHFVvDbQmM FQKT iB#BHMQ b "ixMwKE
UKBbFv- F MEHFvV- TQ/HQ"MQ bFHQIF i/XV b2 pxTuQK2MwKB

. H Q xTibQ# D F Q?2iUQp i pxQ ' Fv D2 TQm~"BiQ ai ;2 hQT BMF1
XM IimD2-D2/M€ b2 QBMFM#€iQ v TQHQ " 2MO M KBF QbFQTQp(
DbQm Hi2 M iBpQm FBMFm# IMQK FQKQ €K-T QiQ"2bi2DMy D

N



P# €x2F RXj, AMFm# IMQ FQKQ ' mKQbiyM M BMp2'iQp MUK KBF"
KEMQ D2 mKQbiyM KBKQ BMFm}XiQ X Sii2px iQ x (

P# €x2F RX9, ov?iQp Mw biQH2F M BMp2 iQ@R)w KBF QbFQT:

i2THQivi FO pH?2FQbipx/m+?2m BOWYX2MPQ+8mMKNVIMR{(B BMFm# iMQ
KQ €K DbQm K2M Q "QxKy'v BMFm#€iQ m /QFv iQKm B "v+?H2D
D2DB+? M2pw?Q/Qm D2- "2 M "Qx/QH Q/ BMFm# iMQ+? FQKQ - Q?
T2'mDQ KBF'QbFQTX ov?UQpeEMQ Ki“2 #wi "2 HBXQpPEMQ +B FmH +
UixpX qi2° C +F2i BNI¥nvi2eiQ 2H2Fi B+FwK pv?2iQp MQK bFH2MyM
PQIF BMFmMAEHKQPXNB(Q H2T Q p2/2MQ i2TH x2 biyM BMFmM#€iQ m F2
p DQ K ;M2iB+FO pHQ"FVX ETQKY Tu2MQbm i2TH iviQ K ;M2iB+F0 p
b2 pxQ F2K- #v b2 p BMFM#€iQ m M2TQ?v#Qp H X h2THQIMQ "Qxb
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X? m# Q/i2THQiv @FQHQ@B T/Qm " BiQqi2 C +F2iBMFm#€iQ mD
PXxQ 2B5* TQ/i2THQIiMQAFQHQ (

P# €x2F RX8, ai ;2 hQT BMFmM#€iQ  >jyR@E@6_ J1 b /pyKB T2i E
/IQ K ;M2iB+FO pHQ FvX)®u2px iQ x (

E"QKYy pv?20Qp Mw+? biQHFi ai ;2 hQT BMFm#€iQ i D2 KQ "M
pv2iQp MO FQKi'Fv M2#Q IBTvX C2/M€ b2 p F Q KaMy 7 2Fp2N
iV+?2iQ x 1Qx2MQ TQmMx2 MYFQHBFX EQMF GiMy FQKi Fv .2Hi h .
i2K DbQm TQTbEAKWPVIEIIB *?22 v h2KT b pv?2iQp MWK IBT2K D2 T
KX .QFVIiQKmM- "2 piy+?2iQ x UQx2MQ+? b2 Q?2UQp€ TQmx2 K Hw
iIBTm-DbQm xKyMv i2THQiv QT p/m "v+?HO Up UE€/m b2FmM/V-

SQFM/ M KBF'QbFQTm M2MQ M BMbi HQp M€ BMFm# iMQ F(
X pw 2 TQTb Mw+? x 0Qx2MQ T Q Q?2U2p pXxQ Fm- Ki"2 b2 bi€i- "~
PXQ Fm Q/p€/yii2THQ #m/2i FM m 2M i2THQIMQ QpMQp€?
M bi€p€ Q#XpHE€ #TUBTQM " BiQ BK2 ' xMQ?Q QH2D2-Fi2 w7mM;
pxQ F2K bim/2MwK Q#D2FiBp2KX S'Q 2HBKBM +B iQ?QiQ D2p
M Q#D2FiBp BERK ®@KX¥42 KQ?2Qm #wi pv?2UQp€MV 2H2Fi B+Fv N
HBMQmMX ST Q H2T Q "2;mH +B i2THQiv Q#b ?mDQ 2H2Fi B+Fv p\
Fi2w#2 2p TQi xi FOQ?U€IiQ Q#D2FiBpm T Q+?2€x2DQ+QK bpyVi
m Bi2IMETUB/HQmM?0K KBF ' QbFQTQPEMQX GQK+2b +B " FmHmMD
MyD Q M2" 2H2Fi'B+FO HQK+2 p TuQT /y TQiu2#v KQ?Qm Q#D2
hviQ HQK+2 K DQ ip " FQpQp0?Q /'mid?Q T bi2M+2-/Q Fi2 0?2Q I
aT €EpMO TOM " QpPpEMQ HQK+i M2MQ 9THMYy D2/ MQ/m+?20- T 'QiQ~
2U0QPEMQ HQK+2 /"m?20?7Q x UQx2MQ T Q Q?2uU2p pxQ Fm i F- #\
" /B2MivX hQ D2 Q#xpH€ # M€ QIMO TUB 2tT2 BKRMi2+? b2 xKy
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P# €x2F RXe, 1H2Fi'B+Fv pv?2iQp Mw HQKIQX M Q#D2FiBpX ¢
RXjX 1KQb70"

0 iIKQb7002 FmHiBp iIMQ?Q x 1Qx2MQ b2 "2;mHmMDQ /p T K2i'v (
+2Mi° +2 THYMi UT L/ QKFQDi iKQb70 v QpHBpEmMD2 "v+?HQbi p
x Ki/B X IQK D2 pH?FQbi MB” Q- iQK D2 pvT (iQpPEMQ "v+?H2D QX |
M2°€/Qm+Q D2p- T QiQ"2 b m#wp DQ+Q pQ/Qm b2 xpv mDQ FQM+2
#VHQ pvT UQPEMQ +Q M2DTQK H2D Q-TQ" /mD2 b2 p FmHiBp IMQ-
PH?FQbi- Q#pvBH MQHQ WM XB(Q /Qb "2MQ TQ~ /Qp MO pH?FQbiB
p DQ xpH?IiQp i2X wpH?iQp i2 T°'Q FmHiBp +B #mMVyF Ki"2K2 “Qx/Vyt
p2 xpH?iQp IB T Q+?2€xQ FQH2K pQ/v M2#Q D2biHBRWEK xwpQ/m T C
M2DD2/MQ/m Q xpH?iQp | Ki"2K2 TQp "Qp i ME€/Q#m b pQ/Qm mKQ
iBpQp Mw+?2 #mMyFX C F b2 pQ/ x M€/Q#v Q/T iumD2- xpH?imD2 it
XpH?2IQp IQ+?2- F/2 THVM T Q+?2€xQ FQH2K pQ/v- Ki"2 #wi pH?i2MQ
M2#Q K2K# €M- x2 Fi2'w+? b2 pQ/ HOT2 Q/T imD2 M2~ x pQHMG 2|
iQp i D2 M pv?2uQp MG M2pv?iQp MOX SuB pv Q i2THQiy D2 pv1
pwbH2/M€ pH?FQbi iIKQb70 v pv QX 2;mH +Q i2THQiv pQ/v M2¢
KYyMBi pwbH2/MQm pH?FQbiX

OoT Q#m#HEP +Q+? xpH?2iQp IQ+? D2 THVM i m#BIiFQm TuBp2/2M
IBMm pQ/v x/2 b2 mpQHMQ /Q pQ/vbF xTQ 0xMQ K i2 ' BEHX C F +#
F?H /BMy-pvT imD2Db2/Q #m#HBM pQ/MQ T€ X owbH2/M€ pH?FQb
HQiy pQ/v-iH Fm p M€/Q#Yy- T iiQFm THvMmM ?2HQmMAYPX-WOH@i2 0 D
FH /MQ T'Q#m#HE€p +Q xpH?iQp i2 b2 bFHE/ DQ TQmx2 x ME/Q#V b

TUBPE€/y+Q i mM#FvX SQF QIBHGO T Q#m#HEp +Q xpH?iQp i2 Q#b ?
2H2Fi QMB+Fv UQx2M0O b pvm ™ BiQK XPKiMO p x#v x2 b2MxQ i (

E'QKY pw 2 xKQMyMw+? ivTi xpH?iQp [li- Fi2 0 DbQm M2DIi biyD
I bid /2bB;MvX C2/2M x Hi2 M iBpMQ+? xTibQ#i xpH?  QpEMQ D2- "
MQmM i m#B+Q Q#FHQT2MQmM ?2Qm#QpBiwK pH?FWK K i2"BEH2KX IQk
iIQK #m/2 pwbH2/M€ "2H iBpMQ pH?FQbi THvMmM pv QX h2MiQ / m? x
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P# €x2F RXd, wpH?IiQp i- p2 F2i2°0K THVM V 7QmF€ M / pQ/Qm
Su2px iQ mT  E2KIQ x (

TUQKQ/Q TQxQ Qp +Q FQKi"Fv-D FiQKmD2m T i2MiQp M0?Q E
F'QbFQTRBPBX R¥3XXSQFmM/ D2 p F xpH?iQp imx pi2M p FQKi +2
TOXQ QpEMQ /QTHSQpP iM pH?IQ+Q K i2"BEH pQ/m- IQK" D2 QK
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P# €x2F RX3, AMFmM#€iQ  T°'Q bpyi2HMQm KBF ' QbFQTBB b2 x #]
T Q+?€xQ T2'7Q°Qp MQm i ' m#B+Q UjyV- Fi2 € p2/2 FQH2K /QF
IQTQAXQ Qp +Q FQKQ vUjj8VX h m#B+2 D2 Q#FHQT2M€ ?2Qm#Qp
Si2px iQ mT  B2KIQ x (

. H QK bH2/Qp MwK T °~ K2i 2K iKQb70 v D2 D2DQ bHQ"2MQ
*P,X "y?22K FmHiBp +2 #mMyF Ki"2 /Q+?€x2i F pw Ky MK EERXBIZH v
*P, p Ki/BmX aKy™ "v+?HQbi pwKyMv x€p BbQ#M mK™M Qi iip2J Q-
UpBx QX SQFmM/ D2 FQMARMIKQHR7ORI2 TUQHB MQXKE&/Bn VB F € *
iKQb7a'v /Q+?€xQ F HF HBx +B KGi/B Uxpw 2MQ T>VX S"QiB
IW+?2EMQ #mMVYFX "m3Fv iQiB” TuB /w+?6&M QP @ HEBMDIQ @ 6 V2 /HE
UbMB™ " mDQ T>VX

Rj



Atmosféra
nad médiem

C02+H:0+0,+N.

C0,+H,0 =HCO, +H* Médium

P# €Xx2F RXN, owKJyM ,THVKNQBQUP2 "GRTmM iyMd?2Q p KG/Bm b #BQF °
MEIQpWK Tm7 2KXLSH2px iQ mT RYPXMQ x (

S°Q m/°"2MQ bi #BHMQ?Q T> KG/B b2 /Q FmHiBp IMQ+? x iQx2
| biQb2 TQM " Qp€ #BF " &MENTpWIIm HEIFV b+?2QTM0O TQ TUB/EM
FVb2HBMv m/ "Qp i T> "QXxiQFm M TQiu2#M0 ?2Q/MQiy- /QFm/ M2MQ
FT +Bi XaT €pM0 KMQTWQUIER2 b2 M bi pmD2 TQ/H2KMQ bipQ TQr
0?2Q/M0FQM+2Mi" +2 Hx2 Q/?R/NWRYMITX @& tExBFtH G Qb2 b2 xpQHQ FQ N
*P, p iKQb70U2 M H2pd bpBbHO Qb2 b2 xpQHQ FQM+2Mi® +2 #BF
/Ipy 2Q/MQiv b2 TTQHQ"Q TUQKFQmM TUQKF T QiM2 Qbm T>p ?Q/N
Ka/B X

3.8 1

3.6

3.4
3.2
3
2.8
2.6
2.4
2.2
2
1.8

L.6

mg/mL NaHCO;

1.4
1.2

1
8.8
0.6 19.3

0.4 18
P# €x2F RXRy, LQKQ:" KT ' Q Q/? / FQM+2Mi  +Q #Bf HBMEiQpi?Q
M?HBIBiga?@3>PQ/MQi TQ/H2 >2M/2°bQM@> bb2H# H+?Qpv "QpMB +
TQPQ/€ bi M/ "iMQK TQ/KQMFE€K Tl B &K 5K H5 Li 2% RQIX (

SiB FmHiBp +B b2 pyi BMOmM TOQmM Qp DQ kK; #BF "#QM£€iQp0?Q
FOQM+2Mi  +B 8W THvNIQPRPTRIJR C2p FKQ"Mi#mSFvFmHIiBpQp iB x
TQ/KQM2FX o G #Q iQuUB 2tT2 BK2MIi€HMQ #BQ7QiQMBFvV b2 pyVyi
#mMYyF-i F72#mSFv bpwK /wW+?€EMQK QFVb2HMDQ Ki/BmK D2M K€H:
b2 /Q KO/B TuB/€p€ K2M Q KMQ bipQ Tm7 m- D2M RK;fKH #BF "#(
TQ/H2 Q#REKBYT QpQ/€ T Q 7vxBAHQNBH+HENMIT>HWXPLYyF/v D2 i Fi
TOQM QpEM Q' ; MB+Fw Tm7 >1Sla Q FQM+2Mi  +B kyKJ- Fi2 ' w M2
*P, p iIKQb70ud2X

R9



kX EQK2 ' IMYy /QbimTMG bvbilGK
UQXx2MQ FmHIiBp IMQ+? TQ/K

obQmi bMO /Q#y D2 M i'?2m KMQ?Q M€bi"QDi- Fi2 0 xH2T mD
iBp IMQ+? TQ/KQM2F #y?2K KBF ' QbFQTQpPEMQX S'Q/€p DQ b2
X FQOKTQMQp i /Q bpw+? bvbidKiX hviQ /QHIQ FQKTQM2Miv DbQ
"Q~mB/B+F0 TmKTv- p2MiBHv i/X LYFQHBF FQK2 iMy /QbimTM\
PEMQ /Q pH biMQ?Q bvbidKm- Fi2>w D2 TQT8EM p T° FiB+Fl i€b

JMQ?Q 1} 2Kp Fi FOM #QxQ FQKTH2iMQ bvbidKv-Fi2 0 miQK
m IBiQm 7mMF+BX 0 i0iQ €biBT €+2#m/Qm  TQTbEMv pv#> MO F
D2 1Qx2MQ FmHiBp IMQ+? TQ/KQM2F TuB KBF ' QbFQTQpEMQ ~
A#B/B M2#Q *?22 v "BQi2+?V M #Qx2DQ bvbidKv- Fi2 0 iQ/Q F
TQ/KQMFmMX hQ xM K2M£€- "2 TQFm/ x€F xXMQF +?2+2 M TUQFH |
T2 ' 7mxB- KmbQ bB FQmTBIi iiiB b KQbi iMO bvbiGKv- Fi2 G DbQ
M FmMmTmD2@HB m D2/M0 }’KvX L i'?2m DbQm p Fi FO FQK#BMQ(
pQ+2 FmHIiBp IMQ+? TQ/KQM2F M D2/MQmX L TUQFH / FQKIi F
} ' Kv "BQTi2+?-x DB #mD2 m™Bp i2HbFv /2}MQpQ MQm WK YyMm
L2DFQKTH2tMyD Q bvbiGKv- Fi2 0 x DB #mDQ KMQ?Q FmHiBp I
i b-b2 M xwp DQP ; M@PM@*?BT UM TUX *m#Bs J 3F M2@RQ} Kv
P: M@PM@*?BT SH i7Q K)Q@X6HmMB:;2Mi (

kXRX A#B/B

02HFWK pw Q#+2K H #Q  iQ MQ+?2 TQiu2# T'Q #mMyiMQm M Hw
A#BREBX S Q pv?UQpeEMQ TQXxQ Qp +Q+? FQKi"2F M #QxQ pv?uQnp
i2K- b2bi€p DQ+Q x FQMi"QHQ m i2THQiv Uh2KT2  im 2 *QMi Qt
SH i2V-pv?2iQp MO?Q pQIiF U>2 iBM; GB/VUM2MQ M2x#viMQOV
U>2 iBM; AMb2 iV T Q "ixM0- KBbFv bFHQIF X

E pv?20Qp +QKm bvbiGKm Hx2 TUuBTQDBi bvbidK T°Q FQMi QH
# iIBQM avbi2K Q# bvbiGKv /Q? QK /vb2 M xwp DQ A#B/B ai ;2
kKXRX avbioK T'Q FQMi"QHm iKQb70 v Q#b ?mD2 bHQmMT+Qpw T°
pv2iQp MO ? /BiIFv KBtl' iKkQDAUQV TMY BXI QP

S'Q 2tT2'BK2Mivb T°Qm/Q+QK KG/B2K M #QxQ } 'K A#B/B T2
avbi2KX avbidK Q#b ?mD2 TmKTm- MQi2#QQF b2 bQ7ir 2K Sm
Ub M€/°"2KB ? /BIF KBV ~mB/MQ D2/MQiFm- Fi2 €/ "Q M€/ "
MBKB TQKQ+Q 2H2Fi'QMB+Fv 1QXx2Mw+? p2MiBHiX S2°7mxMQ b
DmD2 FT iiQFQpwK FQKi FEKX A#B/B SmMKT avbi2K D2 FQKT iB#
BbA#B/B >2 iBMi)2&vbi2K (

S'Q pv?UQpPEMQ b2 ~mB/MQ D2/MQiF b M€/ "2KB b Ki/B2K mK
#HQXFQ KBF QbFQTm- T 'iiQFQpPE€ FQKi'F b2 pHQ"Q /Q bT2+B*
7mxMQ 2tT2 'BK2MivX > /BiFv 2H2Fi'B+Fw F #2H DbQm TuBp2

R8



Probublavaci zvlhéovaé Vyhtivané hadicky Mixér atmosféry

.

Ohtev vody

Vyhtivana deska a
vyhtivané vicko

/

Izolace Elektricky kabel

P# €x2F kXR, a+?0K x TQD2MQ bvbidGKm A#B/B ai ;2 hQT AM+m# iQ
20Qp MO pQIFQ D2 bQmi€biQ A#B/B >2 iBM; avbi2KX Pbi iMQ /QHV T
avbi2KX Sti2px iQ ma)yXp2MQ x (

#€IQ MX o TUQT /y- "2 p BMFm#€iQ ™ m "€/Mw x /MQ QipQ  M2MQ- i F
BMFmM#€iQ mX oyi BM BMFmM#€iQ i KEp2 /p20Q+? ;mKQplUiybMyMQ -
#v ? IBIFVv F #2H M2TQ FQMKMV UpBx Q# X

Notebook Pumpa Susici nadoba Inkubétor

e\t TE

USB kabel Natlakované hadicky se vzduchem

P# €x2F kXk, a+?20K T2 7mxMQ?Q bvbiGKm A#B/B SmMKT avbi2K b ~1
MQmM /Q BMFmM#€iQ mX SU2pkxhHR mT p2MQ x (

Fluidni
jednotka

Re



kKXkX *?22 v "BQi2+?

6B K *?22 v "BQi2+? M #QxQ iiB T Q/mFiv, *?22 v h2KT T Q v+
7mbBQM S +F T'Q T2 7mxB TuU2TQMEMQ Ka/B *m#Bs T Q /F
i F € MX(

*?22° v h2KT

avbioK *?22 v h2KT bHQmM " Q F "v+?HwWK xKYyM€K i2THQiv Ka/B
P Qxb5?@5 *b TU2bMQb i@ 8bili2/MQ bQmI€biQ bvbiGKm D2 pv?ii(
D2 TUBHQ"2M M bFHQIFQ kXnX3WKK Bl UiRBHQ# Yv2?2uQp MO?2Q IBT
PEM TQKQ+Q i2 'K HBx IMQF T HBMv-Fi2 ' €D2 Q?2UQpEM M2#Q
b S2HiIB2 ' QpwKB IHEMFvVX h2T2HMw pwKYMQF D2 iiQx2M SA. FQ
i2°K HBx IMQ F T HBMv K2xB X€bQ#MQF2K- i2T2HMwWK pwKyMQ
X2M QpH / I2K *?22 " vGQIQMXIpBx Q# X

Vyhtivany ThermaFlow Chip

Pozorovaci komora s butikami

P# €x2F kXj, ov?2uQp Mw IBT- Fi2'w D2 bQmi€biQ bvbiadKm *?22"
KQ mbTQOxQ Qp MwKB #m8F KB FQKQ" b2 m+?viQ F KBF QbF
mT ™ p2MPXX (

avbiGK *?2 v h2KT Ki"2 #wi pv# p2Miu2KB/ m?v pv?2iQp Mw+?
h?2 K 6HQr *?BT h?2 K j8 *?BTX S ' pMQ x MB+?- h?2 K *?BT- |
pw# pv *?2 v h2KTX ."m?w IBT- h?2'K 6HQr *?BT- D2 TQ/Q#Mw
*?BT- H2 Q#b ?mD2 M pQ+ T iiQFQpwF M€H2F pbimTMQ pwhbi
i2/vmKQ"SmD2 F QKY xKyM i2THQivi FO pwKyMm Ki/B TuB/€p:
F'OQbFQTQPEMQ WKpMBX QWKENMR FKG/B Ki“2 #wi "2 HBXQpPEM #ma
bitQF IFv M2#Q miQK iB+Fv b pvm ™ BiQK T2 ' 7mxMQ?Q bvbidKn
p FKHw Q#D2K FQKi'Fv b #m3SF KB- M2DbQm T QiQ p?Q/Md
bFQTQPEMQ "Bpw+? #mMyFX S°'Q /HQmM?Q/Q#0 2tT2 BK2Miv D2
*?PBT- Fi2w D2 FQKT iB#BHMBRPKK2 DAIiME?QMBKWEB KBX h?2 K j8 *-
p FT QD2/MQ €xQpi TQmM™'BiQ-M "Qx/QH Q/ h?2 K *?BT h?2
"BpQiMQbi k KybQ+2X

Rd



Kontrolor teploty CherryTemp Ovlada¢ cirkulace CherryLoop

ST

Ligui Lewed

§ . @
\ | B o\ —
% o ; @ CherryLoop
. A o @ @ (@3 (@3
. @ CherryTemP b o ° Tepelny vyménik
U b, . o

Zasobnik termaliza¢ni kapaliny

\ (I

P# €x2F kX9, a+?0K bvbiGKm *?22 v h2KTX S§i2px iQ mT  p2

P# €x2F kX8, S iiQFQpw pv?iQp Mw IBT h?2 K 6HI{DXX Si2px iQ
S2 7TmbBQM S +F

avbiK S2°7mbBQM S +F pxMBFH p2 bTQHmMT €+B }'Kv #¥32 v "BQi2
Fi2 " €b2x #wp€ pwpQD2K KBF ' Q~mB/B+Fw+? x 1Qx2MQX S2 ' 7mbBQ
#BHMQ M2#Q TmHXxmMDQ+Q T Qm/yMQ p HB#QpQHMUO T iiQFQpl FQKi
p "Qxb 20 Q®O00 HfKBMX .QFV 2H2Fi QMB+Fv QpH€/ MOKm p2MiBHnm
K2xB "~ Ry xX€bQ#MQFv b "QxiQFvX avbidK Q#b ?mD2 QpH / I iH Fm
QpH€/ Mw p2MiBH- b2MxQ" T iiQFm- x€EbQ#MQFvV T°Q Ki/BmK- ? /B
UpBx ®#AEX

R3



PC se softwarem

4 L Ovladac¢ tlaku

-
]
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Déli¢ ‘Deseticestny ventil Senzor pritoku Pritokovy ¢ip
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|

it

S

p Zasobniky se vzorky
» Sl

1
l

Tlakova zkumavka

RNREE

P# €x2F kXe, Va+?0K bvbiGKmS2 ' 7mbBQM S +FX #V .2i BH x€b
KG/B D2 2 HBXQPEMQ TQKQ+Q Tu2iH FmpiH FQpw+? XBXK pF¢

*m#Bs J F A

L2DFQKTH2tMyD Q bvbidK Q/ } Kv *?22 v "BQi2+? D2 bvbiaK *m
TQ/Q#QpPEMQ 7vXBQHQ : B+Fw+? T iQHQ;B+Fw+? TQ/KQM2F T«
Q#KXWMX IKQ"EmD2 T2 7mxB Ki/B p FQMiBMMEHMQK B TmMHXMQ
i2THQivX 0 iKQb70i02 Hx2 M bi,pB FQN+2MiFEEF MPHX2 x DBbIiB
X2MQ FQM+2Mi® +2 / k- QBR2IMHW MM PV M2#Q iFEMY KQ?2Qm #wi F
p HB#QpQHMw+? KBbFE€+? M2#Q IBT2+? KBF QbFQTQpEMv M

bFQTmX 0Q/Q+Q D2/MQiF Q#b ?mD2 pH biMQ bQ7ir "2-i F'2 F
*m#Bsi FOmMKQ 8mD2 b? QK "4QpEMQ TQm "Biw+? KA/BQ T Q / |

kKXj]X 6HmMB;2Mi
6B°'K 6HmMB;2Mi pvpQDQ M€bi"QD2 T°Q "ixM(O KBF'Q~mB/B+Fi
KBF'Q~mB/B+F0 b2MxQ v T iiQFm iH Fm- KBF'Q~mB/B+F0 p2N\

FOQKTH2iMQ+? bvbitKi-M TuX bvbidK "B T ' Q /€EpFQpPEMQ "QxiQ
SH i7QRKX

RN



CubiX ftidici jednotka

Nadoby s pouzitym (-]

médiem
y 99 °

Vzorek Zasobniky s médiem

P# €x2F kXd, a+?0K bvbidKm *m#Bs J F AX S)XRpx iQ mT p2
B
B D2 KBF'Q~mB/B+F0 x 1Qx2MQ T°Q miQK iB+F( /EpFQPEMQ "Qx
FOQOHMX w UQx2MQ mKQ " §mD2 /€pFQPEMQ "Ry "QxiQFi D2 FQKT it
F KBM2#Q KBF ' Q~mB/B+FWKB IBTvX S iiQGF HX XN Nb KYB KBMMXb ?2m (
MiQK iBx +2 mKQ"§mD2 /Qb€?2MQmi pyi Q 2T Q/mMFQp i2HMQbiB 21
KBM +BXK MMEHMQ?Q TBT2iQpeEMQ m 2iiBii bX "B Q#b ?2mD2 Qj
bQ7ir "2 Qi IMQp2MiBH T Q /2b2i pbimTkXB2/ZNF pw'tBi mbTQU prB xnQ #°
D2 KQ"MO M bi pBiil bQpeEMQ- T iiQF Q#D2K pbitQFMmit?Q "QxiQl

Prepinaci ventil Vzorek

—_— e

Odpad

P# €x2F kX3, a+?0K /€pFQp +Q?Q bvbidKm  BRYSGI2px iQ mT

Ky



P, M@PM@*?BT SH i7Q K

BHMB;2Mi p2 bTQHMT €+B b))} pK QP IBH IQWBIK P'; M@QM®@ *?E
Fi2’w bHQM " Q F /HQM?Q/Q#0Km M TQ/Q#QpeEMQ 7vxBQHQ;B+F
PWKYyMm F T HBM THvMi x DB #mD2 D2DB+? bi #BHMQ iH F T
X iy+?2iQ KBF'Q~mB/B+Fw+? FQOKTQM2Mi, KBF ' Q~mB/B+F€ TmKT
BHMBr2HH- b2MxQ T iiQFmM 6HQr IMBib- iBT JB+ ROMEiaWBTK /"
P: M@PM@*?BT Hx2 D2 iy /IQTHMBi Q pQ+2+?2Q/w p2MiBH T Q T

Pumpy Tlakové zkumavky 7 @
I

Senzory prutoku Buiiky na porézni membrané

\:.-‘ “ . .
Mikrofluidicky ip

microtechnologies

P# €x2F kXN, a+?20K bvbidKm P ; M@PM@*?BT SH iHIXKX Si2

kX9X "BQTi2+?b

6B K "BQTiR2FPBpPQDQ bvbiadKv TUiQbHM 2MbipQ T'Q 1Qx2MQ T
"Bpw+? #mMyF-M TuX Q?iQp | Q#D2FiBpm- T2 Bbi HiB+F& TmK
pv2iQp MO FQKi'Fv .2Hi h avbi2K 6Q+?i *? K#2 avbi2KX

.2Hi h avbi2K

.2Hi havbi2KD2 FQKTH2tMQ bvbidK T Q iQx2MQ TQ/KQM2F T°(
#mMyiMw+?2 FmHim™ #2x T iiQFm KO/B X .2Hi h avbi2K Q#b ?mC
h- pv?iQp MO pQIiFQ- pQIFQ b F'v+QK bFHQIF2K- liviB FmHIiBp
b iHQm #FQhi KM UpBx Q¥%¥R¥ E /BbTQxB+B D2 B/ H Q pQHBIi2H
/| TIiGOOT'QTUBTQD2MQ FKBF'QbFQTm D2 MmiM0 Q#D2/M i b K¢

avbidK .2Hi h K€ QD2/BMyHw xTibQ# pv?2iQpeEMQX L "Qx/Q
pv?2UQpEMQ "2 HBXQPEMQ T Qbitu2/MB+ipQK pv?2iQp MO?Q biQt

kR



Regulator Delta T Delta T misky

_ /7&“\

w e
>y Ao Ay

Vyhtivané vicko Vicko s krycim sklickem Kultivaéni valce

P# €x2F kKXRy, EQKTQM2Miv .2Hi h avbi2KmX$Xi2px iQ mT p

PXQ Fv- H2 pv?iQpE€ b2 TUQKQ KBbF X JBbFVK DQM bTQ/MQ bi" |
iB+Fvi> MbT "2MiMQ TQpH F x QtB/m BM/B +QMm UAhP TQpH FV-
i"B+Fw T°Qm/- TUQKQ x 20Qp€ KBbFm b #m38F KBX ai M/ "/MQ “Qxb
QFQHQ "*¥XQIByx FEXFmMm Hx2 x DBbiBi B pyi Q Qxb ?i2THQIiX

S'QTUBF'viQ .2Hi h KBb2F DbQm F/BbTQxB+B /py pQIiF @ pv?i
ov?20Qp MO pQIFQ K€ bi2DMy D FQ .2Hi h KBbF AhP TQpH F Q#b
iKQb70 ' vX 0QIFQ b F'v+QK bFHQIF2K KE mMT QabsiIRK FTV+@ bFHQIF
Ky 82 KK- Fi2 0 D2 mKQbiyMQ TUiQKQ M "Qx?° MQ K0/B iKQb70"
iQKm QTiB+Fv "QpM0- D2 QK2x2MQ pvT UQpEMQ TQ?2v# Ki/B X hQ
Xx2DKOM T Qi MbKBbMQ KBF QbFQTB+F0 i2+?MBFv KyiQ+Q FQMi
D2 M #Qx2MQ p2 p "B Mi€+? b TQ iv T Q pwKyMm iKQb70' v B #2x |
Qi2pu2Mw- iQ xM K2M€- "2 B TUB TQm BiQ pQIi2F bi€H2 /IQ+?€xQ F
Ki'FQm QFQHQK- MB+KOMYy pQIFQ b F'v+QK bFHQIF2K QK2xmD2
PQ+2 M2~ pv?2iQp MO pQIFQX

ST Q FQHMQ pwmFm M #QxQ "BQTi2+?b xD2/MQ/m 2MQm p2 xB .
D FQ 1.1Xh mKQ"3mD2 M bi p2MQ i2THQiv D2M M /BbEXiiMQ ?2Q/N
L "Qx/QH Q/ .2Hi hbvbiGKm K€ i FOD2M D2/MQ/m+?0 pQIFQ- Fi2 0
HO?€ F2 ?H /IBMYy M2KE€ TQ ivT Q pwKyMm iKQb70'vX 02 x2 1.1 DB
biQHMQ / Til X

k k



6Q+7?1 *? K#2 avbi2zK U6*ak 6*ajVv

C F#VHQ xKQMYyMQ pw 2- FQKi'Fv .2Hi h M2x DB #mD2 pwKyMnm
K2Mivb T Qm/Q+QK Ki/B2K M #QxQ "BQTi2+?b T iiQFQpl FQKIi
U*aVX hviQ FQKi'Fv pvm™"Qp DQ MYyFQHBF T i2MiQp MWX? i2+7?
C2/2M x T i2Mii D2 T2 7mx2 bF' x KBF Q@ Fp /mFiv UKBF QF M
H KBME'MQ T'Qm/yMQX avbiGK i F x DB #mD2 m"Bp i2HbFv /2}

i FOG Ta2bMQm 2;mH +B i2THQivX 6*a D2 THMYy FQKT iB#BHMC
"BKv M2QpHBpSmMD2 E°?H2 QpQ QbpyiH2ZMQX 02 x2 bvbiGKm 6*
M xwp€ 6*ak T Q pxTuQK2Mw KBF QbFQT b2 M xwp€ 6*ajX avbil
"2:mHE€IQ i2THQiv- 8 bFHQI2F b KBF Q@ FALFmOIKKRZYK M +Q+7?
.2b ;ke jy Fmbi iybMyMQ "ixMw+XkX®RR UpBH QF Xm+?2v+2MQ F
"QbFQTm T2'Bbi HiB+F0O TmKTv T Q I2'TEMQ K0/B iKQb70™

P# €x2F kXRR, QOxHQ"2MQ b+?0K FQKi Fv 6*ak, RX 2H2Fi"QM
iX T2°7mxMQ ? /BiFv- 9X 2Q "MQ iybMyMQ- 8X bFHQIFQ b KBF"
iybMyMQ- dX F'v+Q bFHQIFQ 3X bTQ/MQ@XQH FQKi FvX SU2pXx |

"mEFvDbQmMM b x2MvM F v+QOEKXR hRQ@BIFHQYImQ D2 TQil x
MQPEMQ /Q T iIiQFQplO FQKi Fv-D2DQ " ip D2/2}MQpEM m™Bp i2

K]



EQKi"F b2 TQiG TuBT2pMQ M / Tid" KBF QbFQTmX JG/BmK b2 Tul
bi> My FQKi ' Fv Q/+?2€xQ TQ i2K M /" m?0 bi> MyX *? °~ Fi2 BbiBFv
KQ/B}FQpEMvV pw#Yy 2K ip miybMyMQX ov?2UiQp€EMQ D2 "2 HBXQpEM(
pQPG?Q €KmFQH2K FQKi'Fv D2/M FbF X AhP TQpH F-TQ/Q#My L
h avbiGKmX .Q? QK /v mKQ"SmDQ "v+?HQmM Q#MQpm TQ"™ /Qp Ml i2
b2FmM/V TQ i2THQIMQ+? ~mFim +Q+? xTibQ#2Mw+? T Qm/yMQK Ki
i2THQiIi D2 Q/i2THQivVQFQHMQ®R Ti QMW EFH 2 XA 8QiB px/ m+?2Qp0l
+HQMvX

hp "Qp MO iybMyMQ D2 pv Q#2MQ x2 bBHBFQMM D2 mKQbiyMQ |
ImFiv F'V+QK bFHQIF2K b #m3F KB50 hK QinK#&FX [§B M yMHRDB2K | ~ 2
pv# . i MYFi2 ' 0 xiybMyMQ /Q/€p Mw+? b2 bvbiGK2K M2#Q bB Ki"2 pv !
iVbMyMQ K DQ ip ~ "ixMw+? F MEHFiIi M2#Q /'miBMX JBF Q@ Fp /mF|
bi> Mv? "MQ?Q bFHQIF  KNDUPpBX ¥R IBF Q@ Fp /mFiv TQKE? [
KGa/Bm ?H2/ i +2bim M2DK2M Q?Q Q/TQ m T Qm/yMQ b2 i F bi€p€ i

Proud média ven I

l Proud média dovnitf

P# €x2F kKXRk, a+?0K T ' Qm/YyMQ bF x KBF'Q@ Fp /mFiv p bvbiaKm
kXip "Qp MG/QHMQ iybMyMQ- jX bFHQIFQ b KBF QbFp /mFiv 9X ?Q
p2M QX

k9



iX JBF'QbFQTB2 "Bpw+? #mM}y
DG #Q  iQUB 2tT2 'BK2Mi€H|
#BQ7QiQMBFv

G #Q  iQU 2tT2'BK2Mi€HMQ #BQ7QiQMBFvV M 8bi pm 7vxBF£|
b2 x #wp€ pwpQD2K TQF QIBHGO bpyi2HMO KBF ' QbFQTB2- x2DK{
KBF QbFQTBBX o H #Q  iQuUB #vH pvpBMmi xFQMbi mQp€M EQ
F'QbFQT U**>J x M;HB+F0?Q M€xpm *Q?2 ' 2M+2@+QMi"QHH2/
T x2MQ iQKiQ KBF QbFQT2K K€k v brKFI™ S@DHBb RO i v+?H2 |
/yD2 M2pv™ /ImD2 # "p2MQ pxQ FmX .QFv iyKiQ pH biMQbi2K M
p #BQHQ;BB TiUB TQXQ QpPpEMQ XxKyXl @ GBHQ+ PQUNMBSEEH? BK2Mi €
7TQIQMBFV b2 T QiQ pyMmDQ #BQHQ;B+FwK THBF +QK KBF Qb
T FQpBMvV M2mdBpy/v (

i XRX EQ?2 2M+Q UQx2Mw ?QHQ; > }+Fw KBF

**>] D2 ?QHQ;" }+Fw KBF ' QbFQT-m Fi2 0?Q Hx2 1Q/Bi KQ m FC
}+F0O KBF QbFQTv DbQm x 0Qx2MQ- Fi2 € pvm™Qp DQ KBKQQb(
X TU2/KyiQpad "272°2MIMQ pyip2X AMi2 72 2MIMQ 9?22H K€ i F
BMi2 ' 72°Q;" KD2 ?QHQ;” K2K- iDX mKQ"SmD2 x D2/MQ?Q bMQ
TU2/KyiQpQm pHMm UD2DQk &KX HBFm /M KMEXBYN{ ?QHQ ;" }+F{ k
P?Q/MO T QTQOXQ QpeEMQ 'V+?H2 b2 KYMQ+Q+? /yDi- D FQ DbQr

L2pw?Q/Qm KBKQQbQpl BMi2 72 °2M+2 #Yy"Mw+? ?2QHQ ;" }+F
M2MmMHQpPOKmM 9?2HmM K2xB Tu2/KyiQpQm 272°2MIMQ pyipQ M2

p MyFi2 w+? TUGQT /2+? M2MQ MB T QbiQ " Qpy BMp "B MiMQX
BMi2 72 2M+2 p +2HOK Q# > xQp(OK TQHB-D2 MmiMO TQm Qi FQ?
H2MQ b QK2x2MQmM T QbiQ QpQdm FQ?2 2M+QX SUB FQ?2 2MiM
?2Q0° QM2 " TUB M2FQ?2 2MiMQK QbpyiH2ZMQXL pQ+TQm"BiQ FQ
MQKmXx mKyMQ Q#> xmUbT2+FH2V F2 pxMBFmMm M2 €/Qm+Q+? |
IQI2F M2#Q TuUuQT /Mw+? M2iBbiQi M D2DB+? TQp  Q+?X EpiHB
QKm 'QxHB 2MQ D2 Fp HBi pwbH2/M0?Q xQ#  x2MQ pw" xMy MI
QbpyiH2MQ (

**>J M2TQm " Qp€ FipQ #Y ?QHQ;" Km FH bB+F0?Q BMi2'72°Q
T°QbiQ ' QpyBMp "B MIiMQ?QBMi2 72" QK2i m-Fi2 wpvm ™ Qp€ T I
kKIX .QFVIiQKmM D2 KQ"MO p **>J TQmM " Qp i QbpyiH2ZMQ b HB#Qp(
b2 pvbQ+2 FQ?2 2MiMQ QbpyiH2MQ D2 KQ"MU0 "2kl BxFXPm "H hK
bpyiH b MQXFQm FQ?2'2M+Q xH2T mD2 Fp HBim xQ#' x2MQ

TOXQ Qp i pxQ 2F p QOXTiVHMDXQPRBRAF® bA/Q (- MbKBbMQ ~
D2 xQ# x2M M j@R €xXxFm
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P# €x2F jXR, PTiB+F0 b+?20K **>J, w/ @ x/" QD bpyiH - *@ T2 im" |
72°2MIMQ }Hi'- EQH @ FQH2FiQ' - . @ /yHBI bp xFi-w @ x + /H - E «
P @ 272°2MIMQ Q#D2Fi- P @ Q#D2FiBpv- hi @ im#mbQpd IQIiFv-
J@/B7 FIMQKUQ F -0oP @ pwbhimTMQ Q#D2FiBpv-0_ @ pwbimTM{(
Si2px iQ mT  pIKIQ x (

C FQx/"QD bpyiH bHQOQM " QpiQKIiQ KBF'QbFQTm? HQ;2MQp£€H K
K iB+Fw x/ " QDX apyiHQ x H KTv D2 pvp2/2MQ /Q "QpBMDZX/ QD2 w/
"Qx/YH2MQ /Q 272 2MIMQ Q#D2FiQpl pyip2X oxQ '2F aT 272 2N\
H2Mv TQKQ+Q E°?H2°'Qp T'BM+BTmX hQ xM K2M€- "2 F ~/w #Q/ x/
FOQH2FiQ ' QpQm IQIFM EQH /Q x /IMQ+? Q?MBbLFRQpmG M I\BOI FQ M/
b2 T°'QiQ QuUQ b2bi p "QpBMMw+? pHMX 0xQ '2F 272 °2MIMQ Q#D2

im#mbQpw+? LQ lF#hIx2Mv /Q "QpBMv- F/2 pxMBF DQ;X2DB+? K2
.Q "QpBMv K2xBQ#DRip)R#D2FiQpl pyipB pHQPp2RT2Xx2MIMQ wyipB
/IB7° FIMQ KiUQ"F .JX _QpBMv.KRoBQ#PpwhihPTMQKB, Q#Q2@®iBpv oP
X2Mv M **  F K2'm E- F/2 /IQ+?€xQ F BMi2 72 °2M+B K2xB Q#D2F
T p0d?Q /B7  FIMQ?Q U€/m KiQ "FvX oxMBFHw BMi2 72 2MiMQ Q#°
7 2Fp2M+B T Qp 2+?Mv pHMQpO /OHFv bpyiH p2p 2BX W@BM®B+? pwt
i2°72°2MIMQ?Q Q#  x+2 b2 TQKQ+Q)WRHEBFFY F? KR iQ# (XxQpw #C
Fp MiBi iBpMQ BM7Q 'K +2 Q KTHBim/y 7€xB Q#D2FiQp0 pHMvVX
D FQ Fp MiBi iBpMQ 7€xQp0 xQ# > XQpPEMQ UZSAVX 6€xQpld BM7Q K
i 1T M THQ MQmM ?2mbiQim bm+?2/(QXKQ ixKyMEFP2 QOxHQ 2MQ bm+?0 ?K
KQ" MO TQxQ ' Qp i #mMyiMQ /yD2-M TUQFH / ibi- /yH2MQ M2#Q TQ"
im/Q” bH2/Qp i 2 F+2 "Bpw+? #mMyF M /2}MQp MQm x€iy" p TQ/Q:
(k)X

ke



JXkX SQxQ Qp +Q FQKQ v T Q **>J

SUB KBF QbFQTQpPEMQ DbQm #mSFv mKQbiyMv p TQXQ Qp +Q+~
HQ"MQ bFHQIF TQ/XVX hviQ FQKQ'VKmbQ bTH3Qp i m IBi0 Q!
XT BM+BTm 7TmMF+2 **>JX SUB xQ# xQp€EMQ **>J /Q+?€xXxQ F BN
72°2MIMQ Q#D2FiQpl pyip2 #v M2/Q+?2€Xx2HQ F TQFH2bm ?Q
#v T T 'bFv p Q#Qm pyipQ+? m> xBHB bk2)DXMQM2QANVB MEQ@#MD L P
QTIiB+FQm /" €?2m Tu2bMy /2}MQp MQm- D2HBFQ™" b2 D FQ 272 "¢
bTu2bMy /2}MQp MQmM iHQM #FmM TQ +2HOG THQ 2X SQxQ Qp Mw |
iBp IMQ FQKQ™ b#m3F KBV #vi FOKYHKQi FQMbi MiMQ QTiB+F
D2 MmiMO- #vTQxQ Qp +Q FQKQ KyH "QpMQ#y" M0 ?Q MQ B b’
FQMbi MIiMQ iHQm #FmX L QTiB+FQm / €?m Ki"2 KQi pHBp i F
[€EbiBTQOXQ Qp +Q FQKIi'Fv-bF ' x Fi2 0T Q+?2€xQ bpyiHQ- #v T Q
SH biv M2DbQm QTiB+Fv BXxQi ' QTMQ KQ?Hv #v /Q QTiB+F{ +2]
bpyiH pM€ 2i "ixMO 7€xQpa xTQ /yMQX

"mMSFvb2pyi BMOQM FmMHIBpmDQ TQxQ mDQp FQKQ €+?b F 1
KG/B b2 Ki"2p/ibH2/FmpMyD Q+? pB#  +Q pHMBiI M pQ+ p KQEL
b2 M pQHMO ?H /BMY ipQUQ K2MBbFmbX hviQ M2 QpMQbiB ?H /
bF ' x KG/BmK M2DbQm x+2H "QpMQ#y " MlO- +Q" K€ M2; iBpMQ |
M2 QpMQbi2K ?H /IBMv X # €MBHQ- KmbQ #wi TuB KBF QbFQTC
MyD FWK xTibQ#2K x F vi€X

0 2+?2MViviQ TQ" / pFVbTHEMDQ TQmMx2 MyFi2 0 FQK2 IMy /Ql
p G #Q iQUB 2tT2'BK2MIi€HMQ #BQ7QiQMBFvV pvpQD2Mv pw €
DbOQmM TUBxTibQ#2MOTQmM ™ BIiQM **>JX CB"/HQmM?Q 9bTy My b
BT iiQFQpl F@KQXv (

JXjJX SUQbHM 2MbipQ **>J x?Q/MQ+2MQ p-
K2 IMy /I QbimTMw+? x i1Qx2MQ

EpiHB x DB iyMQ 7vxBQHQ;B+F0 i2THQiv #mMVyF #y?22K TQxQ C(
20Qp MQm BMFm# IMQ FQKQ Qm x TH2tBbFH - Fi2 € x/)DXB #mLC
ovV?UQpPEMQ FQKQ'vD2 2 HBXQpPEMQ “2xBbiQ v piQTMw+? /2bF
KBF ' QbFQTmMX EQKQ™ D2 pv?ZDHQMEIM KJu2M M KBF QbFQTQ

M iyH2 KBF'QbFQTmX ov?2iQpEMQ D2 /iH2"Biid M2D2M T Q pBi
X Qbit2MQ KBF )XbFOQF MQHQLEMQ i2THQIiv iQiB™ /Q+?2€xQ F i2T
pw+? [€biQ KBF'QbFQTm iQp2/2F2 xKYyMEK /OGHFv QTiB+Fw+?/
[€EbiB KBF'QbFQTm i2KT2 Qp i- x2DKOM Q#D2FiBpvX

SUB 2tT2'BK2Mi2+? b T°'Qm/Q+QK K0O/B2K b2 pwKyM Ka/B py
MQK bTE€/2KX C F DB” #VHQRXR MIN/GNMWQEDiIBBIi IMQK bT€/2K D
2;mHQp i2HME€ pvipQu2Mw T°Qm/ M2MQ H KBME€'MQX S QiQ #
TQF QIBH2D QK T2 ' 7mxMQK bvbidK2KX ox?H2/2K F2 bM x2 Q b
bvbiGKm- #v #vHQ TUuQMQbMG- #v MQpw bvbiGK UQ/BH B pwKy

kd



TQiu2# m/ "Qp i /Qbi i2iMQm pH?FQbi bT €pMQm FQM+2Mi > +B Q
XKQMYMQ RXIOTBEPME FOM+2MV KYyH*BWX aQmi bMw pv?2iQp +Q bvbi
M2MQ TQili2# KyMBi- M2#Q# BMFm# IMQ FQKQ™ THMYVy pv?QpmD2T
# IMQ FQKQ ™ -p F/€pEQK2x2MQ T ' QbiQ mT Q MQpl Q#bHm MG T
2HBKBMmMD2 TQmM "BiQ MyFi2 w+? FQK2 I MQX?LbV b QKH- /T/bh OMw + ?
"B UBHmMB;2MiV *m#Bs U*?2 v "BQi2+?2VDbQmTUQHB p2HFGO Kn
FOQKQ mX "B M2K€ "€/M0 pH biMQ pv?2UQpEMQ-i F72 #v KO/BmK x2
/IQ TAXQ Qp +Q FQKQ v M2x 20€i0M TQ™ /Qp MQmM i2THQimX

avbidKv } ' Kv"BQTi2+?b-.2Hi havbi2KU#2x T2 7mx2 Ki/B V 6*a
b2 x KyumDQ Tu2/2p QK M Tu2bMO pv?2i0QpEMQ TQOxQ Qp +Q+? FQ
pWwKyMm KG/B - M2DbQm TmKTv T'Q i2 " TEMQ Ki/B iIKQb70 v bQn
im/Q"M2DbQm MBx ? Mmivp +2My bvbiGKm-Fi2 '€ D2 DB” FpiHB FQ
pv?20Qp MwK FQKi"FEK TQKYy My pvbQF£X

avbiGKv S2°'7mbBQM S +F U*?2 'v "BQi2+?V P ; M@PM@*?BT U
TQ/Q#MU- D2HBFQ™ Q# /p bvbiGKvTQm"Qp DQ F /€pFQpEMQ Tu2iH
Q#b ?mDQ pQ+2+?2Q/w p2MiBH b2MxQ T iiQFmX S2 ' 7mbBQM S A
FQpEMQ Ki/B M2 T°Qm/yMQ iKQb70'vX P'; M@PM@*?BT mKQ Sn
D2?2Q M2pw?Q/Qm D2- "2 m MyD M2MQ x "mi2MQ- D2biHB D2 FQKT
FQKQ' KB M2 b JB+ QMBi IBT2KX

SOQm™BiQ bvbidKi A#B/B SmKT avbi2K A#B/B : b AM+m# iBQM a
x DB #Qp HQ pwKyMm iKQb70'v B Ki/B X P# A#B/B bvbiGKv DbQr
#QpPpQHMWKB T iiQFQpwKB FQKi'F KB b Gm2 FQM2FiQ vX L2pw?Q/
A#B/B : b AM+m# iBQM avbi2K TQmx2 /Q/€p€ M KQ+? MQm iKQb70Q
M2Q/I2 TEPE XTYiIXL2MQ i2/vKQ MO iKQb7G m +B FmHQp i- H2 iK
/IQ/€p iX

P#2+MV i2/v Hx2 1Q+B- "2 FQK2'IMQ bvbiGKv xH2T mDQ Tu2bMQ
KQM2F i FO mKQ"SmDQ m/ " "Qp ibi #BHMQ TQ/KQMFvVv B TQ /HQm ?(
X pP2/12MQK b2MxQ i1 b2 xTyiMQm p x#Qm MiQK iBxQp Mw+? T Q+2/
MMEHMQ 9FQMvV-D FQD2 M TUuX TBT2iQpEMQX .QFVIiQKm DbQm mi
KOMy ME'QIMOM Q#bHmM?m m Bp i2HDb2i FKi"2pQ+2 pyMQp ib KC
LB+KOMY x2 x?Q/MQ+2MQ D2/MQiHBpw+? FQK2 IMQ+? bvbiaKi D2 T
pv?QpmD2 x+2H FIim€HMQK TQIiu2#€K G #Q  iQuU2 2tT2 BK2Mi€HNM
b2 "Qx?Q/H T Qpw Q#m pH biMQ TQxQ Qp +Q FQKQ v b TUQbHmM 2
p - "2MIOKmMm M KQ m TQIiUu2#€K H #Q iQu2X
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9X *QH2 /IBTHQKQpPGO T €+2

*2QPEMQ #mMMYF D2 QpHBpPSQPEMQ FmHiIBp IMQKB TQ/KQMF &
M +?2€x2DQX SUB MyFi2 ' w+? #BQHQ:B+Fw+? 2tT2 ' BK2Mi2+? #Vv #
"Qx2MOK T Qbit2/Q im/Q"D2T QMY TQiu2# x DBbiBi p?2Q/Mi
L QT FTUB 2tT2 ' BK2Mi2+?-F/vDbQmbH2/QpEMvV "2 F+2 #mMVF
FmHiBp IMQ TQ/KQMFvV KYMBiX o Q#Qm TuQT /2+?2 D2 p F Mmil
"QHQp i UQ/BiX S°QiQ b2 D2pQ D FQ M2x#VviM0O TUuB #BQHQ;B+
iQK iBxQp MO FmHiBp IMQ x UQx2MQ U#BQ 2 FiQ VX hQiQ x uQ
iIKQb70'vb/2}MQp MQOm FQM+2Mi® +Q QtB/m m?HBIBid?Q i F
b70°vX "BQ 2 FiQ  KmbQ i FO x DB #Qp i /Qbi i2iIMQm QTiB+FQ!
ZSA- T QiQ #m/2 pv# p2MQ KBMBKEHMYy D2/MQm TQxQ Qp +Q
iQm D2 TQiu2# /QbE€?MQmiiy+?2iQ /IQHIQ+? +QHi,

C mT pBibi€p DQ+Q FQM+2Ti #BQ 2 FiQ m-TuQT /My M p 2\
CMPp ?2MQmi Q#bHM" MO TUQbHM 2MbipQ T°Q 1Qx2MQ xKyMv
CMp?2MQmMi 1Q/Q+Q bQ7ir "2-

C #BQ 2 FiQ Qi2biQp iX

kK N
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8X LEP ? mMIQK iIBxQp Mu?Q Db
#BQ 2 FiQ ™ m

0i0iQ [€biB Db2K M p ?H bvbiGK #BQ 2 FiQ m- Fi2 'w D2 m {2
}J+FOK KBF'QbFQTm **>J p G #Q" iQUB 2tT2'BK2Mi€HMQ #BQ70Q
BM 2Mw bipQ olh p " " MyX 8i2H2K bvbidGKm #BQ 2 FiQ ' m D2 miQ
TQ/KQMFv-i F #v #vHQ +Q M2DKOMYy M "m 2MQ TQxQ QpEMQ #
"2 b2 #BQ 2 FiQ  M2KmbQ FpiHB xKyMy FmHiBp IMQ+? TQ/KQM
biQHFmM M2#Q "2 b2 TQXxQ Qp +Q FQKQ> M2KmbQ QipQ i TQ/
DbQm /py mx pui2M0 TQxQ Qp +Q FQKQ'vX L FQKQ'v D2 M TQ
Fi2 0 /QFv Q#bHM"MOKm bQ7ir mx DB #mD2 iviQ TmMF+2,

pwKyMm F'KMO?Q KG/B p FQKQU2-

TUB/€pEMQ IBMB/2H /Q FQKQ v-

Kyi2MQ KMQ, pipROB70U2 Kyu2MQ D2DQ "2H iBpMQ pH?F(
+B"FmH +B pwKyMm iKQb70 v-

C mMmiQK iB+FQm pwKyMm iKQb70 v p T B KRQFQME2HRIM G K 2§

O O O O

8XRX SQTBb 7mMF+2 #BQ 2 FiQ ' m

Lp "2Mw bvbiGK #BQ 2 FiQ m D2XRPIPY 2O ®@p A XmSFv DbQm r
p F KMOK KG/Bm mpMBill TQxQ Qp +Q FQKQ v SEX SQxQ Qp +(
THMYM KG/B2K x [€biB p?Q/MQm iKQb70°'QmX EQKQ™ SE D2
Fb KQpQHMO pwKYyMy iKQb70vb QFQHQKX 0Qx2M€ pwKyM il
TQ'iv S-/Q Fi2'w+? DbQm x p2/2M0 D2?Hv b TUBT QP DNbWRKB ?
TQM Biv T Q pbimT pwbimT KIEBT Qrbim® pwbimT iKQb70
F2ZK TQxQ Qp +Q FQKQ™ Q#b ?mD2 2bi TQS iBbaaHlx/piZViv
pTUQT /Yy TQit2#v KQ?2Qm #wi TQm BivM TUuX T°Q TUB/€pEMQ i
2tT2 BK2MimX avbidK #BQ 2 FiQ m D2 pv# p2M /pyK TQxQ Qp
bHM"MOKmMm TUQbHmM 2MbipQ D2 p Fp /v TUBTQD2M D2M D2/M
id2# TUQbHM 2MbipQ Tu2TQDBIiX

avbioK TUQbHmM 2MbipQ Hx2 "Qx/yHBi M [€bix DB #mDQ+Q p\
P?Q/MQm iKQb70 mX SQ?v# KG/B D2 x DB iy M iRk M B R
PWhimTMQKsTXQSImKST i2°T€ KG/BmK x FQKQ'v SE p2M TQ/iH F:
MQpO KG/BmKX #v b2 MQpO KG/BmK M b&pDHQ m @bk 2MQr QviinB S
MX pU2MvXSQSWEOM mx plu2Mv i pTHDXpSPIimT iKQb7a0d v D2 m
PpVTMmMiQm T2 Bbi HIB+FQm TmKTQm- /QFv iQKm "2 "QiQ 12 T +
S T'Q pbimT iKQb70'v D2 mx pu2M TQKQ+Q Tu2TQM i2 2 /Bi2
TQTbEM p EOORBYBU2TQM | S> Hx2 M bi pBi /Q TQHQ?v- F/v m
pbimTmDQ+QK KU/B2K MRAFQ AMBIFmM b2 pbimTmDQ+QK pX/m+?22
ol b2 F/vb2 M2pv. ImD2 TQ2v# KGH/BVvIBDIMTmMRT2S®M [ S>D2 M ¢
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P# €x2F 8XR, a+?0K x TQD2MQ #BQ 2 FiQ mX o [€biB T°Q pwKyMr
X XM [2Mvi2 "My-pi€biBT QpwKyMmKG/B (2 p2MyX C2/MQiHBpQO F
XQ Qp +Q FQK@ TX8bi HiB+F€ TmKT T °Q (2, T@MIR " BbQ HiBWF £ S
TmKT T Q I2°TEMQ KGO/B - So @ TUu2TQM +Q p2MiBHEWQ#® QpH?I1C
ME/"" b KO/BR2®- Q/T /IMQ M€/ "- Aa @ BM79xMQ b2i T°Q TUB/€pEMQ
1tTHQ  A_@J-Js @ k:6 KBtd® PFQH #- @ F'iB/HQ-hb®@H FQpE£ |
px/mM+?Qp€ TMKT PEP@ S PFQH #X

| co,

/IQ TQHQ?v- F/Ivmx pQ € ? /B+B b KO/BYK Si®nXxxt pTR K TQH\V-SF/v b2
pvKYySmD2 KG/BmK- Tu2TM2 b2 Ti2TQM I S>i F- #v mx pQ> H ? /B]
UiDX T\X $0/BmK Q/i2°T MO X TQxQ Qp +Q FQKQ' v SE b2 b#Q € /Q
TQbFQMiI2MQ 2tT2 'BK2Mim b2 Ki"2 M HvxQp iX

" m?€ (€bi Q#bHM "M0?Q bvbiGKm bHQM"Q F x DB iyMQ T Qm/yMC
iOKm Hx2 Ti2TQM +QK p2MiBH2K So Ti2TQM i K2xB Qi2pii2MwK mx
0 Qi2pui2MOK Kl//m b2 p KBtd™ m Js M KQ+?€ p?Q/M€ iKQb704  x2 px
M bE€iIG?2Q TMKTQm oS x QtB/mm?HBIBiG?Q xiH FQpl M€/Q#v hLX L
D2 p2/2M Ti2b xpH?iQp i px/m+?2m wo /Q TQxQ Qp +Q FQKQ' v SE
S$D2pvIi2 ' TEPEM Tu2b p2MiBH So p2M x2 bvhix kM QQRQY T2 p K DVMWE /°
K!/ b2 TQmM "Qp€- F/v  p TQxQ Qp +Q FQKQi2 SE M2MQ iKQb70  b:
*P, D2 i2/v MmiMO M2p?2Q/MQm iKQb70 ' m Q/i2 T i TuBplabi MQpQ
"2 pTQOxQ'Qp +Q FQKQU2 SED2 iKQb70> b p?Q/MwK bHQ"2MQK- N

ik



ip€0d2i TuBp€/yi MQpQm iKQb70 mX T QiQ b2 p iQKiQ TuQT /
omx pui2MOK K|/m D2 KBtd™ iKQb70 v Js pvTMmiw TuU2TMmiQ|
iQ?Q-"2 iIKQb70" +B FmHmMD2 p mx pu2MiK QF m?mX S Q xDB
D2 bvbiGK pv#,p@MXQ 2K aX SQFmM/ b2MxQ ™ a /2i2FDnXDRBKD?H
bi MQp2MO K2x2- miQK iB+Fv b2 bvbiGK TU2TM2 x mx pu2Mi?Q
b2 M2Q#MQpQ bT €pM€ ?2Q/MQ iU FQBRKMII"BP ¥FPH i FO Ki"2 TQ
TQiu2#v K2xB K!/v TU2TQM i T'Qbiti2/MB+ipQK Q#bHmM"M0?2Q bC

E'QKYy pwKyMv iKQb70 v KE i iQ i€bi bvbiGKm D2 iy / H Q 7m
T2/ TuUQHB pvbQFQmM?H /BMQmMK(/B pTQxQ ' Qp +Q FQKQu2X
S D2M KQMiQpEM i F- #v D2DQ FQM2+ #vH p2 pw +2TQ" /Qp M
IBMvV TU2b€?2M2 imiQ K2x- D2 Tu2#vi2iMO KO/BmK Q/i2"DEMQ T
SUB T QpQxm p Qi2pui2MiK K{j/m D2 M b€id KO/BmK pyg238B Q /C
T QpQxmp mx pi2MUK K{/mb2 M b€id KG/BmK /Qbi M2 /Q pQ/v p
i2MQ 2tT2 ' BK2Mim b2 xpH?iQp I wo p*/v pvHOpPE T Q MQpw 2tT|
pQ/QmX

SUB KBF ' QbFQTQpPEMQ "Bpw+? #mMyF b2 [ biQ bH2/mD2 D2DB
ibiQpd pw Bpv- BM?B#BiQ v- iQtB+F0O HE€iFv- HOIBp TQ/XV IB
FQKQ'V/QT p2MQ D FQ #QHmbQp€ /€pF UixMX K HO KMQ bipC
iQFmM K(O/B X STQ BMb2 iiBMB/H 7Q ' KQm #QHmbm D2 #BQ 2 FiQ
Fi22wD2x FQKTQMQPEM/QQF mM?mT Q+B FmH +B iKQb70 vX
i F-"2Q/KYyiu2MO KMQ bipQ iBbit?Q IBMB/H b2 pbitQFM2 BMD21
Aa Q/im/ D2 iBMB/HQ bTQHmM b KK bordi @) TIMKRQ@pSSQ FQKQ

1]
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eX 2 HBx +2 miQK iBxQp MO
#BQ 2 FiQ ™ m
MiQK iBxQp Mw bvbidK #BQ 2 FiQ m b2 bFHE/€ x TQxQ Qp +(
TUQbHM 2MbipQX hQiQ TUQbHM 2MbipQ b2 bFHE/€ x K2+? MB+F
PQKQiQ v- xpH?iQp IV 2H2Fi'QMB+Fw+? FQKTQM2Mi- Fi2 0 bt

K2+? MB+Fw+? [€biQ TQIQi I2X L2x#viMQm bQmi€biQ #BQ 2 F
M T'Q;" KQp Mw p G #0B2rX C2/MQiHBpO i€biB #BQ 2 FiQ ' m Db

eXRX SQxQ Qp +Q FQKQ"~

SQXxQ ' Qp +Q FQKQ 'm SE #BQ 2 FiQ'm M p ?H /QFiQ S p2H 02b
+2KB **>J p Q#H biB #mMyiM0 #BQHQ:B2X SUB bpw+? #BQHQ B
M p "2Mw #BQ 2 FiQ | biQ pvm Qp iX C F BRRHB/P'Q FKQMD K Qv
# p2M /pyK TQxQ Qp +QKB FQKQ™ KB SE- TuBI2K " T°Q TQxQ Q|
D2/M T Q xKYyMm FQKQ v SE D2 MmiMQO Tu2TQDBi TUBTQDQp -

EQMbi'"mF+2 TQOxQ Qp +Q FQKQ v SE D 2exXMR80QU MM M b Q¥ K
KQ'vD2 bFH2MyME€ S2i'B?Q KBBKKSIJBHAFiKSJrh KG/B2K b #m3F
J2D2 mKQbiyM K2xB bTQ/MQK /QH2K a. ?Q MQK /QH2K >.- F]i
bTQD D2 miybMyM ;mKQpwK iybMyMQK hX .QFv iQKm b2 Tu2/+?
FpwKyMy iKQb70'vb QFQHQKX 02 biti2/MQ i€biB ?2Q"MQ?Q /QH
D2 bMQ"2M i F- "2 b2 bFHQIFQ /QiwF€ ?H /BMv KG/B X .QFv iQK
PQHME ?H /BM KQO/B J2- Fi2 € #wp€ M2 QpMEX

P# €x2F eXR, 02X TQXxQ Qp +Q FQKQ ' Qm SE, >. @ ?2Q " MQ /QH- S
J2 @ KG/BmK b TQxQ Qp MWKB #m&F KB-a. @ bTQ/MQ /QH- h @

avbiGOK TUQbHM 2MbipQ b2 FTQOXQ ' Qp +Q FQKQUU2 TUBTQDmMD
SEUpBX&IRXKSQ ivSDbQm QT it2Mv x€pBiv-i F72/Q MB+? Hx2 |
T°Q ?2vTQ/2 'KB+F( D2?Hv b M TQD2MwKB ? /BIF KBX EpiHB mi}\
QKQI€MV i2~QMQpQm TEDFQM D2?Hv DbQmM QT it2Mv ;mKQpwl
M Q?2w# (+2 TQ/H2 7TmMF+2 b2iQxMmiv M “ixMa /OHFvX C2?H
#vH b20QxMmi i F- #v #vH TQMQU2ME€ p KG/Bm J2- H2 M2/Ql
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C2?H M pwbimTm KO0iB BETQ MMm/MQ FQKQ v SE- #v #VHQ KQ"M0O T
SSTUBTQD2MQmMM i2MiQTQ ipvi2 T ip2 F2'0KO/BmK J2x FQKQ "\
iKQb70'vp T@2mMmBuiQxMmi i F- #v FQM2+ D2?Hv #vH 9THMYy M ?2Q
M pwbimTm iKQb70 wvp2TKQHIEM i F- #v D2DQ FQM2+ #vH Tuz2l
TQ" /Qp MO ?H /BMv K(O/B X .QFV iQKMIRITQ D&AMET FIBD2 i MED i
TU2#vi2iMO KG/BmK M / TQ" /Qp MQm ?H /BMQmX P#y TQxQ Qp +Q
/IQ bTQH2IM0O?Q ?HBMQFQpPU?@OXKREFmM . UpBx Q# X

P# €x2F eXk, SQxQ Qp +Q FQKQ' SE M KQMiQp M€ p /" €F

eXkX J2+? MBF

LYFQHBF FQKTQM2Mi #BQ 2 FiQ m UM TuX xpH?iQp I wo KBt("®
JiQp2 TQM " QpEMV p G #Q  iQUB 2tT2 ' BK2MIi€EHMQ #BQ7QiQMBFVX
#wi MQpy x FQmT2M M2#Q pv Q#2M Xw FQmMT2Mw+? FQKTQM2Mi 1
[2°T +Q ?H pv- ? /IBIFv- "Qm#2MQ i/XV LB+KOMy #v #VvHQ KQ "M
/IQHV /Q #BQ 2 FiQ ' m- #VHQ MyF/v MmiM0O T°Q My pv Q#Bi biQD M\
#VHV #ma pv Q#2Mv x 2HBMQFmM M2#Q X Q+2HB M bi"QDQ 2MbF |
b2 pQKQIiQ iV M2#Q #VHv pviBbFMmiv M j.iBbFE'My ME€bH2/My Q
? IBI2F S>- FLWhZ2MxQ m a M2#Q F iB/HQ VX

eXkXRX S2 " Bbi HIiB+FO TmKTv TQ?€EMYyMO b2 pQKQIiQ v

"BQ 2 FiQ  Q#b ?mD2 /py B/2MiB+F( T2 'Bbi HiB+FG TmKTv SS- D2/
I'm?2QmT QI2 ' TEMQKO/B XWEFH /IMQ /pybQmi€biBTQm Biw+? Tn
Fi2 € x DB #mD2 TQ?v# i2FmiBMWi2b® plEDTQ DaFQ TQ?QMX "vH

je



[2°T +Q ?H p J bi2 ~2t Gfa ai M/ | SHKBxQ¥MXFi2 € Q#b ?mD
"QiQ b iU2KB FH /F KBX _QiQ  pi2iMy FH /2F D2 pv Q#2M x2 x
D2 pv ' Q#2M x i° MbT "2MiMQ?Q TQHVF "#QM€im-i F'2 D2 KQ™M
D2 ? /BIF pTmKTy bT €pMy mKQbiyM X

P# €x2F eXj, 12 T +Q ?H p J bi2 ' ~2t Gfa ai M/ '/ Sm&X >2 /X ¢

P# €x2F eX9, M HQ;Qpw b2 pQKQIiQ >a@8y8 J:X Su2px

12T +Q ?H pvI>DbQmMTQ?2EMYyMV M HQ; Op@KB D 2 pPBR i@# V
e X)X a2 pQKQIiQ v DbQm KQiQ v-m Fi2'w+? Hx2 M "Qx/QH Q
Ti2bMQm TQHQ?mM M iQi2MQ pwbhimTMQ?Q ?2i0Q/2H2X a2 ' pQKQi
#Wi TQKQ+Q FQM2FiQ m TuBTQD2M F M /i x2MOKm GQ/Q+QKm
/Q+Q TQp2HvV bF'x Fi2’w D2 TuBTQD2M F2 x/"QDB M TyiQX o |
M /U x2Mw 0Q/Q+QKm bvbiGK aPa@ h- FEX[j¥kD22 T@QKQ EM |® #bb P
bi2DMQbKYy " Mw 2H2Fi ' QKQiQ - Fi2 w Tu2b pQ+2bimTSQpQm T
UpBx @8X wT' pB/H TQbH2/MQ FQHQ Ti2pQ/QpFv D2 TUBTQD?2
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+BQK2i'm 2H2Fi'QMB+2-Fi2 € TQ QpME€pE€-x/ bB;MEH x QpH / i2
#v b2 ' pQKQiQ'v KQ?HVv bHQM ™ Bi D FQ TQ?QMvV i2 T +Q+? ?H p- #v
Q/bi> MBi xTYyiMQm p x#m- Fi2 € FQMi'QHmMD2 TQHQ?m ?2u0Q/2H2-
xmDQ "Qxb ? TQ?2v#mX .QFv iyKiQ i2+?MB+FwK 9T p€EK TQ TuBDKn
pwbimTMQ 20Q/2H "QpMQKYy Mw Qi IMQ TQ?v# Hx2 bB;M€Hv x F
Qi€i2MQ pwbhimTMQ?Q 20Q/2H2X 1tT2 ' BK2Mi€HMYy #VvHQ xDB iyMQ
b2 'pQKQIiQ m D2 T iiQIR;72 03)/ KRAKB M X

P# €x2F eX8, a+?20K FQMi mF+2 b2 pQKQIiQ mXSu2px iQ mT

0X?H2/2K F iQKm- "2 {2 T +Q ?H pv I>; DQHWEKOID@ WQAaJixMw+?
pw Q#+i- #VHQ MmiMO FQMbi mFIiMy pvi2 Bi bTQD2MQ iy+?2iQ T p
ME€p 2?2 pw Q#m bTRIRPFY/ RAI2ME Q F OmMiQ+Q KQK2MVMxP2h T ' pQKQiQ 1
?H pmi>- /[/€H2 biQDX&FH dMm- WE€F 0 /°"Q bQmIi€biB p2 bT €pMl px¢
TQxB+BX >SHBMQF@REMTMD Miali- My TiB "Qm#QpEM K T€+2 b2 p

M /"m?0 bi> My KE /"€Fm T°Q 2UQ/2H I2 T +Q ?H M2KQXRH#V b2 b
MPQHMBIi-i FD2 +2H€ FQMbi mF+2 bTQD2M /Q? QK /gNeXiKB /HQn
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P# €x2F eXe, a2bi p T2 'Bbi HIB+FO TmKTv SSX V LEp ?,I>@ T

aJ @ b2 'pQKQIi@ bBPDF@- RIQD M@WEFH /M @.MBbi MIMQ i "m#F
#V 2 HBx +2X
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eXkXkX Si2TQM +Q p2MiBH

SiU2TQM +Q p2MiBH So "2 HBxmD2 TUu2TQM£€MQ K2xB mx pu2MwK
iIKQb70'vX C2/M€ b2 Qi QD+2biMw p2MiBH ho x TQMwWF2#XMWEIimM T
i0B pv9biyMQ p2MiBHmM ho DbQm QT it2Mv Gm2 FQM2FiQ vX #v #vl
T Qbit2/MB+ipQK GQ#bHM"M0?Q bQ7ir m-#vH p2MiBadHhdyBUBTQD:
J:X a2 pQKQixQp aB M2#vHQ MmiMd MBD F K2+? MB+Fv mT  pQpQp i-
Q/ TQ?2QMmM i2 T +Q+?2 ?2H p I> x/2 M2MQ TQiu2# FQMiIBMmM€HMQ °
pvDKQmMi FQM};m> IMQbTQDFmM _puQ/Q+QF ‘iyaPa@ hX ovDKmiQ
TQ?2v#M b2 pQKLHI I NMrQil2#Mw 90Q x(b\) X

aTQD2MQ p2MiBHmM ho bZVWHXXQH#QQMMI D FQ p FQMbi mF+B T2
TmKTv SSUIXMX TQKQ+RIiQDOMAEWEEH /MyMWEETQDRB2aM D2/Mi
bi> My QTyYiTiB Qm#Qp€EM FTE£+RMb2 mMAQKRIQMM KE bTQDF aT/ € F
T QTEFmM p2MiBHmMm hoX ."€°"F p F Kmb2H #wi bHQ"BiyDB ip Qp VN
a7 T Q TmKTm UppBXXMY ¥x?H2/2K FiQKm- "2 Ta2TQM +Q p2MiBH h
"€/MwKB +?viv- Fi2 " wKB #v #vHQ KQ"M0 D2D TuQKQ TuBT2pMBi F b
PV Q#Bi bT2+BE€HMPA7ERF .KB | UpBXHYH¥ X . "6M2 TQKQ+Q livi
"Qm#AI TUBT2pMyM F2 x#viFmeb®3i pv UpBx Q# X

P# €x2F eXd, .2i BHV FQMbi"mF+2 Ti2TQM +Q?Q pREIXBHIMA EX V
POKQiIQ 2K BDD+2biMwK p2MiBH2K hoX hp ° b ©F T pRx0TIQ@#2Ma T
ip°m TEFV p2MiBHmM hoX #Vh QD+2biMw p2MiBH TQED TQB P QoM y M
9+?Vi2F IX

eXkXjX Su2TQM [ ? /BIi2F

0 [€EbBB(#RVHV TQTbEMV 7mMF+2 #BQ 2 FiQ'm KBKQ DBM{ x/2 #vH xK
S>-Fi2’w TQ/H2 TQiu2#vmx pQ € #ma ? /BIFmb iKQbM2¥®m pbimT
? IBIFm b KOG/B2K pbimTmDQ@ XQ.KQFQ TEKIMDR x # €EMyMQ M bE€PEMC
KQbiQ iKQb70'v Q# €+2MyX SuU2TQM i D2 TQ?EMYMXbE pQKQiQ"®
TE+2 b2 pQKQiR2nM&aB "Qm#Qp€eEM p IF o0 -Fi2 "€ TQ/H2 M iQi2MQ Q
ak TUu2b TQDbi SQ biH imD2 D2/Mm M2#Q /eMRRM F/AMBIBmQhp BXQ RDi#"

9y



P# €x2F eX3,a2bip Ti2TQM +Q?Q p2MiBHmM SoX WLWIEp ?§Mmo @
i"QD+2biM0?Q p2MIPHPQ K@ biQID, @ BTQDF @wWEFH /M - .h @
/IBbi MIMQ i m#FvX #V _2 HBx +2X
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SQ pv' Q#2Mv x Q+2HB- DbQm /Qbi i2iMy H2?FO M iQ- #v T°Q p €+
TQHQ?v bi iIBH im?Qbi ? /Bi2FX

P# €x2F eXN, a2bi p Tu2TQM (2 ? /BIi2F S>X; @LER PQEQ@QP -IBQ a.
@ TQbiv- 0€ @ pEH+2 @ Q EFbIVLBI2F JTQbhiQdD M@WEFH /M X
#V 2 HBx +2X

eXkX9X F'iB/HQ

SQ/Q#MQm 7TmMF+B D FQ TuU2TQM i ? /Bi2F So K€ F'iB/HQ X aHC
b QtB/2K m?HBIBiwK K2xB iH FQpQm M£€/Q#Qm $MMX KBt 2KsJs UpB:
M2HXx2 pvTQM i x TQM i- T°QiQD2MmMiMOdpvTQM i x TQM iTuQpQ
ox/m+? x2 px/m+?2Qpd TMKTv 0S b2 bTQM€ TQKQ+Q @XjX-jFi2 0 D2
SUQpQ/ QtB/m m?HBIBit?Q D2 pvTQMEM x TQMEM TQKQ+Q F'iB/H
iKQb70" KyH bT €pMQm FQM+2Mi® +B- KmbQ “2HG F'iB/HQ T°
hQ D2 x DB iyMQ Q#bHm"MwK bQ7ir "2KX F'iB/HQ D2TQ?€EMyMQ |
al,- FD2?2Q  T€+2 D2 TiUB "QmM#QpEMQ ~ K2MQ _ - Fi2, WKBKX€ ? /BIl
Q# X R X

9k



P# €x2F eXRy, a2bi p F iB/H®@ D2LEQKQIAT-_ @  K2M@ F'iB
|I""€FX #V _2 HBx +2X

eXkX8X wpH?iQp I iKQb7d v

0#BQ 2 FIQ mMD2TQOmM "Bi T'Q#m#HEp +Q xpH?iIQp I px/m+?m wo
RXjp T'Q#m#HEP +Q+? xpH?IQp iIQ+?2 D2 THvM ? /BIFQm TuBp2/:
IBMm pQ/v x/2b2bF xTQ GxMQ K i2 BEH MpQHMQ /Q pQ/vX .Q
F?H /BMy b2 pvT itmD2 pQ/MQ T£€" iIQK b2 xpv mD2 pH?FQbi ik
i0OKm #BQ 2 FiQ m Q#b ?mD2 /p pbimTv iKQb70eXRR2C2K Mwb
pbimT D2 T°Q MQpy M KQ+? MQm iKQb70 m x KBtd™ m Js /™ m?yv
iKQb70 ' m TUB+?2€x2DQ+Q x TQxQ Qp +Q FQKQ'v SEX E “/w pb
"OXMQK K i2'BEH2K M D2DQK FQM+BX hQKiQ TQ 0xMQK K i2 B:
Fi2>w D2 TipQ/My m i2M T°Q Fp 'BbiBFm D2i2/vbM /MQ /Qbim

owbH2/M€ pH?FQbi iKQb70'vD2 KBKQ DBMUO x€EpBbHE M ?HQ]
QK D2 THVM TUBpE€/YM 2HQmM#YyDB- iQK D2 pwbH2/M€ pH?FQbi i
THvMm i p€/GH2 M2" pvbiQmT DQM ?H /BMm Ki“2b2i2/v/Q ME
oyi Q ?HQmM#F pv9biyMQ THvMmM p Fi FO XM K2M€ pyi Q@ Q/TQ"
TU2FQM i- T QiQ "2 p2 pyi Q ?2HQM#+2 D2 pyi Q ?v/ " Qbi iB+Fw iH
X#Vi2IMy M iH FOQPEM- pQHQK2 +Q M2DK2M Q ?HQM#Fm TQMQ
D2 pwbH2/M€ pH?FQbi iKQb70'vD2 iy /Qbi i2iMy pvbQF€X

eXkXeX > /BIFv

C2/MQiHBpO K2+? MB+F(0 [€biB #BQ 2 FIQ ' m DbQm T QTQD2Myv
"Biv TU2/2p QK /p /I'm?v ? /IBI2FX S’ pMQ ivT DbQm ? /BIFvI/Q T
C2/M€ b2 QbBHBFQMQph ? /BiFvpvip ' x2MQ Tit6 KBMO) X BBII@i 0 M
T2 'Bbi HiB+FO TmKTv SSDbQm TQm Biv KYFIQ bBHBFQKKQ PO ? /
@)X S'QbTQD2MQ ? /BI2F M2MQ TQiu2# TQm "Qp i 2/mF+2-T"
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P# €x2F eXRR, S'Q#m#HE€p +Q xpH?2IiQp I px/m+?m woX .Q xpH?IQp
[2M pwbimT px/m+?2mX E2 pbimTiK DbQm TiBTQD2Mv ? /BiFv b TQ

i FQpE€- "2 ? /IBIFvXx T2 Bbi HiB+Fw+? TmKT Hx2 x bmMQmi /QpMBii
/IQb "2MQ iybMO?Q bTQD2X ST Q TUBTQD2MQ ? /Bi2FF/ H QK /QHIiK
D FQD2iQKm m TUBTQD2MQ F xpH?bQ®R MBx Q onMa2X Q M2Wieh DBQm T
"BivGm2' FQM2FiQ'v-D FQ D2 iQKm m TuUBTQD2MQ FTQxQ ' Qp +Q
p2MiBHmM SoX

eXjX 1H2Fi QMBF

IH2Fi " QMB+FQO T pFv p #BQ 2 FIiQ m b2 TQ/QH2DQ M miQK iBx +
p IMQ+? TQ/KQM2FX o #BQ 2 FiQ ' m DbQm iiB /iH2"BiGl 2H2Fi QM
b2MxQ  1tTHQ A_ @J a- Fi2'w KyuQ KMQ bipQ QtB/m m?HBIBiG?Q |
FQbi-# "QK2i'B+FwiH F i2THQIimX 0Q/Q+QF i aPa@ hbHQmM "QF
b TQiIQi i2K x DB #mD2 i FO D2DB+? M TED2MQX iu2iQ T p2F D2
px/m+?Qpl TMKTv 0SX 2HO D2 i1Qx2MQ Ti2b F “imL iBQM H AMbi®

eXjXRX a2MxQ > 1tTHQ A_ @1J

a2MxQ  1tTHQ'A_ @J a KyiQ FQM+2Mi® +B QtB/m m?HBWBiG?Q p il
JGBW §¥X 1tTHQ A @J Q#b ?mD2 M2/BbT,25 B MQQB WKF [ £ +@RMIWL* R _
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X M;:HB+F0?Q ME€Expm LQM/BbT2 EEBXAMM [2MQUM BABRPHF2X xMQ
"2 b2MxQ > M2Q#b ?mD2 "€/M0O /BbT2 xMQ T pFv UM TuX KuQ"F
pvm Qp DQiQ?Q-"2THvVMv #bQ #mDQbpyiHQ Q +? ~ Fi2 BbiB+I
QtB/ mM?HBIBiw #bQ #mD2 bpVyiHQR QKpEIMQPB2RH @2 FRQHAKQ A _ D
X/"QDBM7 (2 p2M0?Q bpyiH TQm "Bi G1./BQ/ XapyiHQ x/BQ/v
Si2/ /2i2FiQ 2K D2 mKQbiyM }Hi - Fi2>w bHQmM " Q F pv}Hi ' Qp€M
JOHFQmMX .2i2FiQ" KyiuQ BMi2MxBim BM7 (2 °p2M0G?Q bpyiH - x
p iKQb70iU2 TQ/H2 G K#2 i@"22 Qp Xx€FQM ,

A= cl UeXRYV

F/A D2 #bQ # DI2XKQHE MQ #bQ TIMQ FQ2}+B2Mi £ D2/ K\@n p
HE'MQ FQM+2Mi~ +2 "QxiQFm Up iQKiQ TUQT /Y FQMp 2N H 2402t
K2xB x/°QD2K /2i2FiQ 2K bpyiH X

P# €x2F eXRk, a2MxQ  QtB/m m?HBIBi0G?Q 1tTHQ A _

JYi2MQ b L.A_ b2MxQ v M2MQ x€pBbHO M pH?FQbiB K€ D2
S'Q+2b #bQ ' T+2 bpyiH D2 p F x€EpBbHw M xK§WEa2 XK@ R@"
MQK iH Fm b2 xpw Q B pvTQIiQi, MQFEM2MYX S2B*RIQ KEHMQK
b2 pvTQIiQi M€ ?Q KM QA ML K# "X a2MxQ D2 bi M/ /My M F F
T°Q TQM BiQ THBK#H Hma2MxQ  p F Hx2 M FQM};m Qp i T'Q DB
iH FiQK-"2b2 TiB BMbi H +B M bi pQ bT)ep V& M vHK KIF 81w H
/Qp i FIMEHMQ iH F-D2 1tTHQ A_ @J pv# p2M b2MxQ 2K # QK
P Qxb500N1150 K# "X /€H2 1tTHQ A_ @J Q#b ?mD2i FO b2MxQ v

i2THQivX

PYQmMbKY M€ FQKMMBF +2 K2xB 1tTHQ A_ @J b2MxQ 2K a
b 'BQpQm HBMFmMX Ry@iB TBMQpw FQM2FiQ" M b2MxQ m b2 F
TUBTQDMD2 Fla"TQ imp  TQIiQi IBX a2MxQ  aD2xla" TQ imi F
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S'QT €+Bb1tTHQ'A_ @Jb2MxQ ' 2KaDbQmF/BbTQxB+BiiiB T Q]
D2 TQM "Qp€M /27 mHIMQ "2"BK ER Uai'2 KBM; JQ/2V- TuB Fi2 0K
T Qp€/yMQ Kyi2MQ /i DbQm Q/2bQHEM /Q S*X o0 "2"BKm Ek USC
bi€H2 T"Qp€/YyMQ /p F €ix b2FmM/m- H2/ i DbQmQ/2bHEM ~TuB
F2bMQ " 2MQ bTQiu2#v2M2 ;B2X 02 il2IiQKK|/mMEyU*QKK M/JQ/2V M
Kyti2MQ MB M2DbQm Q/2bQH€M /i - TQFm/ M2?MQ x /EMTQ" / p2
m'i2M T°Q BMi2® F+B b2 b2MxQ 2K UM TiuX xDB #QpEMQ b0l BQp?!
THI® +2 X

SUQF xvT ' Qb2MxQ aK DQ7Q K€ii2tiQpa?Q u2iyx+2-Fi2 'wb2bl
K2x2'v UpQHBIiI2HMYVY D2/MQ?Q M2#Q /pQm MmK2'B+Fw+? TQHQ
W F "/WKTUQF x2KKmbQ #wiD2 iy M IHeM & XMBIQPMm/@R!TUQF x
p HB/MQ bT €pMy M 7Q K€iQp Mw-b2MxQ  a TUQF x T'Qp2/2X SQF
b2MxQ" +2v#QpwK ?HE€ 2MQKX *?2v#Qpl ?NEMEM B¢ QO W KRR 2018 k

8@iB +B72"MwK IQbH2K bT2+B}FmDQ+QK +2v#mX . H Q Q/TQpy/I
D FQ +?2v#Qpa ?HE 2MQ- TQmx2 M x [€iFm F!/m D2 DBM0O TQbK2M
Q/TQpPY/Q b2MxQ maXRp i #mH+2

h #mHF eXR, Si2?H2/ x€FH /MQ+? Q/TQpy/MQ+? Fl/i x 1tTHQ A_
BMi2 T 2tt+tAXxM IQ 8@iB +B72 MO IQPMQX Sii2px iQ x (

| E¥. |ovwlL J | SG1SPilh | C1.LPhE |

w ttttt) *P, FQM+2Mi® +2 TQ /B;Bif€HMQ }Hi® +B TTK
X ttttt| *P, FQM+2Mi® +2 #2x /B;B[i€HMQ }Hi~ +R TTK

httttt| i2THQI 1000 T F10 | *
> ttttt| "2H iBpMQ pH?FQbi 10 W
"ttttt| # "QK2i'B+Fw iH F 10 K#

00 #mHXIR2 xXKQMBEMQM+2Mi® +2 b #2x /B;Bi€HMQ }Hi® +2X .B;Bi
:mD2D FQ/QHMQ T ' QTmbi UHQr@T bb}Hi2 VX hQ xM K2M€- "2 M2T
pv Q+? M2° D2 x / M€ ?2Q/MQi }Hi'mX .B;Bi€HMQ }Hi" +2 i2/v bMB"r
K HmD2 Q/2xpm b2MxQ mX SUB MB™ Q+? ?Q/MQi€+? }JHi m#m/Qm Q/
pv Q+?2 ?2Q/MQIi€+? #m/2 HOT2 Q/bi> MyM mK- QK" b2 xH2T Q B ~Qx
MQi }Hi'm b2 /QTQ mimD2 TuB ?H2/€MQ Tu2bMO T iKYy M0 ?2Q/MQi\
M ?Q/MQim R ~e88j8X LB+KIMy T°Q MQ ' KEHMQ TQm~ BiQ b2 M2/Q
MQimpv Q MpRX ed7(mHiIMyD2M bi p2M ?2Q/MQi jk-Fi2'€D2 TQm"Bi

a2MxQ  1tTHQ A_ @J a#vH TUBTQD2M /Q bvbidKm #BQ 2 FiQ m |
XQ Qp +Q FQKQ™ m SBBMXpBtw BB XH #wi b2MxQ a TuUBTQD2M- #vH T (
F'vi- Fi2 w #VvH pviB iyM M j. iBbFE€ My x FQT QR i22 M XS4V Up
D2 /QF vimTiuB Qm#Qp€M K HWKB "Qm#v p2M x F'vim p2/2 D2M
D2 F2 F'vim TUB "Qm#QpEMQ "Qm#v #v #VHQ x # €MyMQ M2iybM
T QbBHBFQMQpw Q@F QM "2FX L Q#Qm #Q+Q+? F ' vim DbQm /Q v
b? /BIF KBX "Qm#2MQ DbQm F2 biyMy F'vim mT2pMyMv M2 2xQpw

R* > U+ "B ;2 2im MWEdbFpQ¥YQIFromM2 Fm xQ M x kEGBF WK BMHh2 722/-
I2bETQbmM Q WETDMMM2 Fm xQ ™ M / H Q U€/2FX
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P# €x2F eXRj, a2MxQ  1tTHQ A_ @JTuUB "Qm#Qp Mw /Q TH biQg
PQF D2/ €F b2 bBHBFQMQpwWK Q@F Qm F2KX

eXjXkX 0Q/Q+Q F i aPa@ h

S'Q QPHE/EMQ p 2+2 {ivi b2 pQKQiQ'iaJp bvbiGKm #BQ 2 FiQ"
aPa@ h Ual BQpw QpH / i b2 ' pQK2+? MBbKi b KBF QIXR%2bQ"
PpHE/EMQ D2 KQ"MQO Ti2b ba'BQpQm FQKmMBF iIMQ HBMFm /H
_a938NX

P# €x2F eXR9, 0Q/Q+Q F i aPa@ hX
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E 'imaPa@ h D2 KQ"MQ M FQM};m Qp i T°Q "ixMO /" m?v T QpQx
M2#Q pvbmMmiQ xF > iQp +Q+? bTQD2F - eXRRaTKQDFUpBx ®# X
k bHQM " Q F /"2bQp€EMQ UQ/Q+Q F "ivX EQK#BM +Q b2DKmiQ
PXMBEM® /'2bX .QFv /'2bQpEMQ D2 i2/vKQ"MOM D2/Mm FQKmMB
"3 F "2iXE "/EF i aPa@ hKi"2 iQ/Bi ~3 b2 pQKQiQ iX L “€xi2/
QpHE€/ i +2HF2K "~ e9 b2 pQKQIQ i X wF  iQp +tQ bTQDF "M bi pmD:
b0 'BQpl HBMFvVX a2 x bmMmiQm bTQDFQ9600"D2 BD KWAMBHEI QMQ v+
bTQDFZHAO D)X WF® iQp +Q bTQDF _ m'imD2 "Qxb 2 TQ?2v#m b2 pX a
FQm _ D2 "Qxb ? b2'4QK®IZDK2M Q /Qb "Bi2HMw F QF pwbimTMQ"
036 X SQ pvbmMmMiQ bTQDFv _ b290Q x bl 2 xqmpijjii @KV B M2DK2M Q /Qb ~
F'QF pwbhimTMQ?Q ?1DQP22HR Y Mp/IMQDMEDQ#2F F QFmM TipQ/MQ?QX
XKQMyMQ X&KIHBQ Qi€i2MQ Tiu2TQM +Q?2Q p2MiBHmM BR-TQiu2# C
T QiQ #vH bTQDF _ xF "ivpvDKmi X

P# €x2F eXR8,a+?0K 0Q/Q+QF ‘ivaPa@ hXJQ/U2DbQmxpw xMVI
P2MYy iGQTBMQpld FOM2FiQ vT Q TUBTQD2MQ b2 ' pQKQiQ i- "Hmiy |
skX SU2px iQ mT  p2MQ x K Mm€HKHNKpw Q#+2 F "iv (

aPa@ h F2 bpdKm T'QpQxm TQiu2#mD2 /py M TED2+Q M TVyiQ IR
P Qxb+28 60X L TED2+Q M TYyiQIRD2m i2MQFM TED2MQ KBF Q"
SUBTQDmMD2b2M /p TBMvV YIR :L.IliviTBMQpi@XQMBQMTZEDRmQPsR U
M TyiQ lk bHQM"Q FM TED2MQ b2 pQKQiQ'i D2 TUuBTQD2MQ M T
skX ."m?20/p TBMvYaA @aAFQM2FiQ msRDbDHQM " Q FTUBTQD2MC
TU2M€ Q bB;M€HvV x TQIQi i2 /Q aPa@ hX h2MiQ F #2H D2 M bi° M
M2FiQ QpQm x€EbmpFQm .@bm# NX C2HBFQ " p FUQ/Q+Q TQIiQi i M
HBMFQm b .@bm# N FQM2FiQ 2K- H2 D2 pv# p2M TQ i2K la"- Kmb:
la" @ _akjkX SQFm/ D2 b0'BQp€ HBMF bT €pMy TUBTQD2M - iQ/Q
aPa@ h KETUBTQD2MQ M TED2+Q M TVyiQ- "QxbpQiQ b2 i2 p2ME€ bE
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0Q/Q+Q TQp2HvV x TQIQi I2 /Q F "ivaPa@ h K DQ 7Q K€i iuQ
S'pPMQ #vi2 D2 bvM+?2 ' QMBx IMQ K€ p /v?2Q/MQim 66X . m?2w #v
b2 p K€ i2/v 2Q/MQiv yy ~ydX hi2iQ #vi2 m IimD2 TQxB+B p

KE?Q/MQivyy 61X 0Q/Q+Q TQp2Hv D2 iu2# pvbQH i TQmx?2
XKyM TQHQ?v MyFi2 0?2Q xb2 pQKQIiQ iXI/""Qp +QuUQ/Q+Q bB;
aPa@ hb€K miQK iB+FvX

a2 'pQKQiQ'Vb2 FUQ/Q+Q F “iyaPa@ hTUuBTQDmMDQ iiQTBM(
M2/Q+?€x2HQ TiB x TQDQPEMQ F xEKYyMYy Q' B2Mi +2 F #2Hm bz
pw+? "BHF #2Hm m pyi BMv pw Q#+i bD2/MQ+2MVX WETQ Mw Tt
[2°Mw x TQDmMD2b2 M TBM- FeEXRBKE N 2Q#2EXF #2H b FH /MwK
M TED2+Q?2Q M TyiQ UYIV #wp€i2'p2Mw x TQDmD2b2 M T Qbi
bB;MEH /Q b2 ' pQKQIQ mUSqJV M2KE€ bi M/ "/BxQp MQm # “pm-
"Hmiw) X

0Q/Q+Q bB;MEHV Q TQ™ /Qp MO TQxB+B ?2uQ/2H2 DbQm x F i\
M€ 2Mv 7Q KQm TmHxMy QUFQpYy KQ/mMHQp Mw+? USqJV bB;M£
b2'p Q/TQpPQ/€T QTQ +BQMEHMYy QuU+2 UQ/Q+Q?Q BKTmHXxm X
/IQm5 o0 QT FQp +Q 7 2Fp2Hd»>® QHDPVEIDKDYV MBHROXxX S°Q "Qxb ?
b2 pQKQiQ'i M bi p2MD® MFiBpMQ QIiUF UQ/QJREHXbB#BOHL2 F@
iQ m#vH K2+? MB+Fw Qxb ? 20Q/2Hi b2 pQKQIiQ i xpyi 2M pvb
M 90 X S'Qi2MiQ "Qxb ?b2xpyi Q Qxb ? @b F\2&®&QU B Q@B ;X :
e X KX

P# €x2F eXRe, SUQFH /v SqJ bB;:M€Hi b "ixMQm QUFQm TmHx
X F'2bH2M b2 pQKQiQ b Q/TQpQ/ DQ+QK M iQi2MQK ?2iQ/2H2
F ivii) X

#v #VH F i aPa@ h +? €MyM Tu2/ K2+? MB+FwK TQ FQx2
/Q TH biQpa?Q F vieX®MBx Q# X

eXjXjX aTQM +Q "2HU

S'TQ M KQ+?€EMQ iKQb70'vb2 bT €pMwK TQ/QH2K QtB/m m?HBI
KBt JsX JBt(O  Js KQ+?€ iKQR7TH MPUPME€/Q#v hL x2 px/m+7?n
i0?2Q Xx KQbiMQbiB px/m+2QpQm TMKT® M B B P& FQ SK@ MKEXIN p I
TUQpQ/v Q#Qm THvMiIi D2 MmiMO bvM+? QMBxQp MP D bTQN € M X
F'iB/H2K X SuQpQ/ px/m+?m b2 bi M/ "/Myx TQM€ pvTQME€ T
D2 mKQbiyMQ x2Tud2/m px/m+?2Qpl TmKTv oSX #v #vHQ KQ "M T
iB+Fv T Qbit2/MB+ipQK Q#bHmM"M0?Q bQ7ir m-#vHQF MQ M B\
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P# €x2F eXRd, 0Q/Q+Q F i aPa@ h mKQbiyM p TH biQpldK F vimX
D2 TuUBTQD2M D2/2M b2 pQKQiIiQ X

6PhlE aa_@9y . XL TED2+Q F #2H TmKTv oS #vH Ti2 m 2M K2xB
#VHQ "2HO TUBTQD2MQX w /ipQ/m Q+?° Mv "2HO #2xT2iMQbiB Q#l
FQpQpi?Q F vimeREBx Q# X

P# €x2F eXR3, 2HQ0 6Ph1E aa_@9y . X

S'Q b2TMmiQ "2HG i2/vB x TMmiQ TmKTv 0S D2 MmiMa TiBpab
bi2DMQbKy MG M TyBQop “3mRm KIK TUQT /Yy D2 TQM BKQ M TVyiQ
hQiQM TyiQ D2 xQbFEMQ X M HQ;Qpda?Q pwhimTmF “ivL iBQM H AN
D2 Ti2b la" "Qx? MQ TUBTQD2M F iiQ/Q+QKm TQIiQi iBXw TQD2M
D2 M Q# &€XRM
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P# €x2F eXRN, w TQD2MQ F “ivL iBQM HAMbi"mK2Mib la"@ey:
p FQpQpUOK F'vim px/m+?2Qpd TmKTv PEP@ S PFQH #X

exX9X aQ7ir "2

MiQK iBxQp MG I€biB#BQ 2 FiIQ mpv" /ImDQT Q;  KQpl QpHE/
r'm #vHQ x /ipQ/m Ti2?H2/MQbiB T°Q;" Km ‘v+?HQbiB T Q;"
G #0B2rX ovipQu2Mw bQ7ir "2 Q#b ?mD2 iuB p bipv T Q; KiX L
FOQOKMMBFmMD2 TUQKQ b ? "/r " 2KXE "/wxiy+?2iQT Q; KiuQ/QD
#BQ 2 FiQ m,

b2MxQ™ 1tTHQ A_ @J a-

b2 ' pQKQIQ p TIMKQYISSTEMQ iKQb70 v-

b2 ' pQKQIQ p TLMKDQYISSTEMQ KO/B -

b2 'pQKQIiQ p Tu2TQM iB ? /BI2F S>-

b2 'pQKQiQ p TU2TQM +QK p2MiBHm So-

F'iB/HQ T QbTQMEMQZHRPYIMTFRMEMQ px/m+2Qpd TmK

O O O OO0

F'iB/HQ "2HO DbQmM UQx2Mv D2/MQK T'Q;" K2K-T'QiQ"2D2D
+?€EMQ bT €pM0O FQM+2Mi® +2 iKQb70'vbvM+?2 " QMBxXxQp MwX o
? /r "' mDbQm TQm Bivp/ H Qp bipy-Fi2QmDbQm T°Q; Kv [i
FiQ m,
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+B"FmH +2 iKQb70 v-
pwKyM iKQb70 v-
pPWKYyM KQO/B -

FHB/X

O O O O

hi2iQ p bip D2T°Q;° Km"Bp i2HbF0O?Q "Qx?  MQ-Fi2 w UQ/Q +2Hw

eX9XRX S'Q;  Km™Bp i2HbFO?Q "Qx? MQ

S’Q;° Km™Bp i2HbF0?Q "Qx?  MQ D2 m'i2M T Q m"Bp i2H2 T +mDQC
UE/EMQ I2HMQ?Q T M2HmM iQ?QiQ T Q:eKiyd 2 QUDKIE xi B #2EMFM?
T M2HmM KmbQ m™Bp i2H pv#  i- F2 Fi2’wK TQ iiKk D2 TUBTQD2M b2M
aPa@ hX o H2pOd bTQ/MQ (€biB b2 M +?2€x2DQ iH IQiF T Q TU2TQM¢H
FiQ mX

P# €x2F eXky, I2HMQ T M2H T Q:" Km m"Bp i2HbF0?Q ~Qx

S'QDbii2/MQ bTQ/MQ [€bi i 2HMQ?Q T M2Hm D2 m'i2M F QpHE/€
L +?2€xQ b2 x/2 pw#Yy Qpld K2Mm T °Q pQH#m Kyiu2MWM& p2HBPIBMvV- iDX
# "QK2i'B+FwiH F M2#Q "2H iBpMQ pH?FQbiX SQ/ pw#y QpwK K2M
xmD2 xF > iF Kyu2MQ0 p2HBIBMv p2 /" m?20K QFMy ?2Q/MQi i0iQ p2HE
iH IQIFQ- Fi2 0 x TQM€ mMiQK iB+F( ,0Q3QMQBHEMMIMiiQRPDIO iH i
T°Q:" KM X€FH /Yy Kyi2Mw+? ?2Q/MQbEIQ M2 MQME2KPxB T> +QpMC
Ki/v+B FmH +2 pwKyMv iKQb70 vX

"HQFQpw /B ;" KT Q;" Km m™Bp i2HbFO?Q \\AXx® QNIQKDR 2Vix @# "€ X
HQ"2M M T BM+BTm FQM2iMG?Q bi pQpd?Q miQK im- Fi2 w /BbTC
bi p2K D2 BMB+B HBx +2-TiB Fi2 ' 0/Q+?€xQF x ?€D2MQ FQKmMBF

F iQm aPa@ aX . H QK FTQF2K BMB+B HBx +2 T°Q;> Km D2 bTm
+BFmH +2 iKQb70 v p #BQ 2 FiQ mX J!/ +B 'FmH +2 iKQb70 v D2
KBF QbFQTQPEMQX . m?2w bi p T Q;" Km m™Bp i2HbFO?Q T Qbit2/Q
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Q#b ?mD2 /py b2Fp2M+2X >Q MQ X MB+? bHOM"Q F QpHE€/€EMQ 1
iB+FO "2:mH +B FQM+2Mi® +2 QtB/m m?HBIBid?Q M x€FH /y xK
bHQM " Q F 1Qx2MQ #BQ 2 FiQ m TQKQ+Q iH IQi2FX hii2iQ bi p°
bQ7ir m F /2 FiBp +B FQKmMmMBF +2 b ? "/r 2KX

P# €x2F eXkR, "HQFQpw /B ;> KT 'Q;  Km m"Bp i2HbFQ?¢

eX9XkX 0Qx2MQ #BQ 2 FiQ m TQKQ+Q iH iQi2F

02 bTQ/MQ b2Fp2M+B T Q;" Km m™Bp i2HbF0?Q "Qx?  MQ D2 M
livi T> +QpMQ+? K!/i #BQ 2 FIQ mM TQKQ+Q iH IQi2FX E ~/O iH It
T°Q;" K- Fi2’w x TQME€ pvTIQME€ Q/TQpQ/ DQ+Q K!/X SuUB #y?m
FOQOMi'QHQpPEM HQ;B+F€ ?2Q/MQi F "/0?Q iH IQiF X hviQ ?2Q/M¢(
T Q:;" KiK!/i UQ/Q D2X

0 2+?Mv T Q; Kv K|//i K DQ Q#/Q#MQm bi mFim m #HQFQpQ-
TQ/KQMFQpQmM bi mFim m Uh m2-6 Hb2V tQx2MQm HQ;B+FwK
M2Q#b ?mD2 "€/M0 TUQF xv MBD Fi2/v M2KYyMQ Fim€HMQ bi
pD2/MQiHBpw+? T°Q;° K2+?2i'Q+?m Q/HB MwX o T Q; K2+?2T'Q
KG4/B Q#b ?mD2 TUuQT / h m2 b2Fp2M+B- &XXkE D 2pM QK#QENMFYMI DI
b2Fp2M+2 DbQm i FQpld TQFVMV T Q b2 pQKQiIiQ'v "2HGO- #v /Q
iBHv TQ™ /1Qp Mw T° +QpMQ K!/X hviQ TQFVMvV DbQm mx pu2Mv g

DbQm i2/v pvFQMEPEMYVY TQ +2HQmM /Q#m- +Q D2 iH IQiFQ xK&€
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MFQMIQ T Q;  K#y? TQ/KQMFQp( bKviFv pvFQME€ TUQF xvp/ ' m?0
TUQF xv mMFQMIQ TiQbHmM Mw K!/ Ti2TMQm #BQ 2 FiQ  xTVyi /Q xf*
px/m+?mX

P# €x2F eXkk, "HQFQpw /B ;" KT Q;  KmT QbTQMEMQ K|/m pv

S°Q;" KVvT ' Qx TMmMiQ +B "FmH +2 iKQb70 v- T°Q FHB/ UiH IQiFQ
MyMQ F'iB/H M2Q#b ?mDQ TuUQT /v h'm2 b2Fp2M+B MB TQ/KQM
b2 'pQKQiQ'v "2HGO DbQm mKQbiyMv TUQKQ p TUQT /y h'm2X S* +C
KQb70 vi pE/QFmM/ b2 pQKQiQ'v "2HO M2/Qbi MQm DBM0O TQFVMyv
i F/HQmM?Q /QFm/ D2 biBbFMmid iH IQiFQ ahPS GGX

C FDB” #VHQ xKQMyMQ MXQDEFFDR ED2B K » QEKEQE MKV
K!/iQ#b ?mDQ T Q;  Kv-Fi2 0 FQKmMMBFmMDQb? “/r "2KX"HQFQpak
T'Q;" KiD2 M QeéX&kdMm Q;  K2+?2 T°Q iQx2MQ b2 ' pQKQiQ i Hx2 M b
Qi€i2F iQK TiU2M bi pBi v+?HQDbLIBIiI2'TEMQ KO/B px/m+2mX wKy |
TUQKQ p #HQFQpw+? /B ;° K2+?2 T°Q;  KiX

P# €x2F eXkj, I2HMQ T M2H T'Q:" Km m"Bp i2HbFd?Q "Qx"
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eX9XjX miQK iB+F€ "2;:mH +2 QtB/m m?HBIBi0d?Q

>Q MQ THQ+?€ b2Fp2M+2 p #HQFQpPUK /B ;- Km T Q; Km m™Bp
UQx2MQ pVvIiQIi€EMQ b2MxQ m 1tTHQ'A_ @J i FO miQk iB+FQ
M X€FH /y xKyi2Mw+?2 / iX miQK iB+F€ "2;mH +2 QtB/m m?HBI|
F/v DbQmbTHMyMv p 2+?2Mv MEbH2/mMDQ+Q TQ/KQMFvX w T 'p
D FQ p2HBIBM F Kyiu2MQX@M+mMDT 2 XPTMmid iH IQiFQ T°Q n
2;mH +BX x i0i2iQ M2MQ iH IQiF2K bTm iyM MB pwKyM iKQ

MB M2MQ pv™ /Qp Mw FHB/X .QFv iyKiQ TQ/KQMF£€K bQ7ir 2
iH IQiIFVTUO2/ miQK iB+FWK iUQXx2MQK M Xx€FH /y/ ix2b2MxQ ' m
iKQb70 'vX h2M D2 TQp "Qp€M x X€FH /MQ K!/ M2MQ mTu2/MQ
UQXx2MQKX

a KQIME€ "2:mhH FRHN?€iI F- "2 T°Q;" KTQ ' QpMEpPE M Kyi2MQ
b2 x / MWK bTQ/MQK ?Q ' MQK HBKBi2KX TQFmM/ D2 Fim€HMC
Ti2TM2 #BQ 2 FiQ /Q K!/m pwKyMv iKQb70 'vX h2MiQ K!/ T Q#(
FQM+2Mi L, WR2PP €iQ /Q TQPQH2MW+? K2xQX SQil +Q D2 K!/ pwKYy
TU2TM2 b2 #BQ 2 FiQ xTVyi/Q K!/m +B "FmH +2 iKQb70 vX
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dX h2biQpeEMQ #BQ 2 FiQ ' m

SQx'2 HBXQpPEMQ +2HO?Q #BQ 2 FiIQ m b2 bvbidK #BQ 2 FiQ"
MQbi QpyiQp H b2 M2iQtBiIMQbi TQmM "Biw+? K i2 'BEHIX L2D/i
?2Q/MQiv M iQi2MQ ?2UQ/2HQ b2 pQKQiIQip Tu2TQM iB ? /Bi2F

p F'iB/H2 X | T2 'Bbi HiB+tFW&#THQMM®SM0O M bi pBi bT €pMi
Qi€i2MQ xDBbDiBi- TUB D Fw+? pbimTMQ+? TUQF x2+? b2 TmKT
?Q/MQiv #VHv x /€EMV /Q Q#bHmM"M0?Q bQ7ir mX

L KBtd'm iKQb70'vJsb2K MMEHMY M bi pmD2 T iiQF px/m+?
QtB/m m?HBIBiIi0?Q x iH FQpd ME€/Q#v hLX S iiQRVgK Bivk ? " #@H M
iQF »PM0;03 MHKKBMX hviQ T iiQFv x DBbiQ pwbH2/MQm iKQb70da m
3W *BX *Q " #VHQ i FO Qi2biQpeEMQ TQip ' x2MQX "y?22K i2biQpEM
KQb70 v x KBtd'm Js #VHQ bQmi bMy i FO FQMi"QHQpPEMQ- "2 M
2:mH +2 iKQb70'v 7mM;mD2 bT €pMyX hxMXHT KBHK/QF QQVpHR N2 |
K2x2- miQK iB+Fv b2 bTmbiBH pwKyM iKQb70 v- F/v™ #vH |
MQp2M - pwKYyM iKQb70'v b2 pvTMmH X SQpQR;2Wa3RRKR #VH\
"Y?22K i2biQpEMQ b2 p FmMFE€x HQ-"2 F'iB/HQ M2/QF€°2? [BIF
mx piQi M pQ+ b2 b2 pQKQIiQ TiUB T €+B xM IMy x 20Qp HX SC
MwK xXKEIFMmMiQK ? /Bi2F Tu2?2U0QpEMQK b2 pQKQiQ m b2 TQx
? IBI2F S>X A TuU2b iviQ T'Q#HOKV i2biQpEMQ T Q#y?HQ KQ+7?
p F/IQ#m/Qm+M F iB/HQ B TuU2TQM i S>pv: /ImDQTQm BiQ b
T /My B XxKyMmbpd?Q /2bB;MmX

SUB i2biQpEMQ +B ' FmH +2 iKQb70'v b2 mF€x HQ- "2 MQp€ i
S- H2 M KQbiQ iQ?Q b2 M b€p€ KUMMKVK Q@IANMSF xTibQ#2MQ
TU2TQM [ ? /Bi2F S> M2/QF€x H? /BiFm b KG/B2K x+2H x F'iB

/€H2 FpiHB iQKm- "2 BM7mxMQ b2i Aa Q#b ?mD2 K2K# €Mm- Fi
T VIiQFmMpx/m+?mX S Q#HOK b M bEPEMQK x2 T iMOU?2Q TQ im #VvH
S> #VHv TipQ/MQ ? /BiFv b pMB4KNMKQWK T iXKIMIK? /BIF KB b pMBi
T iKYy 26 KKX hviQ MQpa ? /BIFVTU2TQM I S>/QF€°2 x+2H x F
D2DB+? bBHMYD QK biyMEK b2 b2 ' pQKQIiQ Tu2TQM i2S>TuBT
? /IBI2F b K2M QK pMBiiiMQK T iKy 2K K2 pu Q #OP2KR 2R -Bikk M X
KMQ"bipQ KGi/B M b€id p ? /Bi+2 K2xB FQKQ; X ”AMTEM x MED ® 2 M4
Fi2>w bHQM"BH F TUB/€pEMQ IBMB/2H- #VH, M U pBXMAMRX/pQ D
C2/2M TQ i Qx/pQDFv _ #m/2 #y?2K T QpQxm mx pu2M x€iFQm
TUB/€pEMQ IBMB/H - Fi2 00 b2 pbiliQFM2 TUQKQ /Q bvbidKm ? /B

h2biQpEMQ pwKYyMv KO/B pTQxQ Qp +Q FQKQU2 SE#VHQ T°Q
/Qm bviy Q# "p2MQm 72MQHQpPQmM i2 ' p2MQX L2D/iQp2 #VH S2i
My KHIiIBbid pQ/vX JBbF SJ#vH TQiGdpHQ"2M /QTQxQ Qp +0Q
EQM2+ ? /BIFV % BQHIiM@EMQU2M /Q x &bTRA@MHQPR M (2 ' p2MQX S(
PWKYyMv KG/B b2 pQ/ XxXFQKQ'VSEXx I H Q/b@WiT2/ M QHLK SBv L

72MQHQpPE€i2 ' p283b2x I H M beEX i xQXEkFBR QFMBL2 TQ bQ#V D/
+Q+? 7QiQ; }Q x +?2v+mDQ+Q+? imiQ pwKyMm F T HERMK-*2HE |
pi2iMy T bm TQiti2#M0?Q M /QT  pmF T/ ®IBRIK®2w8EQFWQF Bl F
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P# €x2F dXR, Qx/pQDF _ bHQmM " Q+Q F TUB/€pEMQ IBMB/2H /Q bv
TUB/€pPEMQ IBMB/2H D2 mx pii2M x€iFQm we€X

SQm"Bi€ ? /BIF KyH pMBiKMQ/THRWOBBX h iQ i2MF€ ? /BiF #vH
FD2?H2 FQKQ'VSETUBTQD2M iHmbi Q ? 4 KK Q/ri Hp+@IVHBBXM QK T iK
P#D2K KG/B p Q#Qm ? /BIFKEHX S\QF nb/B#v #VH #BQ 2 FiQ " M BMbi |
KBF QbFQT **>J- px/€H2MQbi K2xBF Q&K AVMQFR KWL #VH pyi Q /Q#
pwKyMv #v b2 i2/v T " Q/HQm"BH X owKyM Q#Qm F T HBM #VvH MYVF
bQ#MQPV/Q/€p MQmM F T HBMQm #vHvV pvKYySQpEMvV K MMEHMY X Si
/[€p i TQxQ - #v b2 2?2 /BIF M2x px/m MBH - DBM F b2 /Q TQxQ Qp
px/m+?2Qpd #m#HBMvVX

P# €x2F dXk, h2biQpEMQ pwKYyMv F T HBM p TQxQ ' Qp +Q FQKQUU2 S
D2 pvKYySQpEM x pQ/m Q# 'p2MQm 72MQHQpPQM i2 ' p2MQX AMi2 p
D2 x? kX

L2iQtBiMQbi TQm Biw+? K i2'BEHi #BQ 2 FiQ m #vH QpyiQp€M |
BM# 2/MQ?Q TQiF M G2rBbX "m&Fv #vHvV M b x2Mv /Q S2i'B?Q KBb
JQH2K >. TOXQ Qp +Q FQKQ v #VHVMKQbiyMVM MQ+/Q BMFmM#€i(
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XFQMi QHQpEMV M FH bB+FOK QTiB+FOK KBF QbFQTmX "mSFv
bi pm UpBdoXM¥ WiQ?Q Hx2 mbmxQp i- "2 TH bi- x2 Fi2 ' 0?7Q D2 F

H2TB/HQ TQmM Bil T'Q TiUBH2T2MQ bFHQIF M2DbXPR2 T Bi#m s
KQ"MQ pB/yi- "2 TQxQ Qp +Q FQKQ" D2 /Qbi i2iMy QTiB+Fv Fp

P# €x2F dXj, "m3Fv }# Qb "FQKm BM# 2/MQ?Q TQiF M

PTiB+F€ Fp HBi TQxQ Qp +Q FQKQ v #vH i FO QpyuUQp€EM |
FOQOKQU2 #VHV TQXQ Qp€MvVv #mSFv HB/bF0?Q F "+BIMRXMEKPR w x
bMQK2F D2/MUO #mSFVvX C2HBFQ " #mSFv #VHvp bmbT2MxB- #VvH »x

Qbi iIMQ #m&Fv #vHv KBKQ "QpBMm Qbi"QbiBX .Q #m/Qm+M #
T Q#Q? i ?HmM# Qi2biQpEMQ 7TmMMF+Q bvbidKm#BQ 2 FiQ m /HC

bTQH2?HBpPQbiIBX

P# €x2F dX9, 6€ExQpw bMQK2F #m3&Fv HB/bFG?Q F "+BMQKmM
M **>JX
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wWEPY

0i0iQ T €+B #VHV TQTbEMvV FmMHiBp IMQ TQ/KQMFvV "Bpw+? #m
b70° V #vHvb? MmivKQ"MQbiB D2DB+? iQXx2MQ #y?2K TQxQ "C
JQ"MQDbiBUQx2MQ FmHIiIBp IMQ+?2 TQ/KQM2F #VHV MFE€X€MvV M F
X UQX2MQ+?2X miy+?2iQx UQx2MQ #VvVHQ TQid TQbQmx2MQ-x/ b
MyFi2 G x MB+? pv?2QpmD2 FIimEHMQK TQiU2#€K G #Q  iQU2 2tT
F'QbFQT **>J TQm "Qp Mw piliQH #Q" iQUB /BbTQMmMD2 BMFm;:
bi #BHMQ 7vXxBQHQ;B+FQm i2THQim pxQ ' Fm bQmi bMy i2KT2
IQ#y p F **>J M2MQ pv# p2M Q#bHM"MwK TiQbHmM 2MbipQK- F
Ka/B iIKQb70'vX S ' QiQ#VvHQ M p "2MQ x 2 HBXxQpEMQ miQK
U#BQ 2 FIiQ VX h2M x DB #mD2 iviQ 7TmMF+2,

PWKYyMm F'KM#?Q Ki/B pTQOxQ ' Qp +Q FQKQUu2-

+B " FmH +B pwKyMm iKQb70 v-

TUB/€pEMQ IBMB/2H /Q TQXxQ Qp +Q FQKQ v-

Kyi2MQ FQM+2Mi® +2 QtB/m m?HBIBid?Q p iKQb7au2-

C miQK iB+FQm pwKyMm iKQb70 vp TuQT /y-"2b2 FQM+2M
bi M2 KBKQ TQpQH2M0O K2x2X

O O O O

S°Q "2 HBx +B #BQ 2 FiQ m #VHQ MmiMO M p ?2MQmi pv Q#B
Fw+? (€biQ i FO TUBTQDBiIi FQK2'IMQ K2+? MB+F(O B 2H2Fi"QM
HO0?Q #BQ 2 FiQ m #VvH pvipQu2M Q#bHm " Mw bQ7ir "2 p T Qbil2,
mT > p2M /2bB;M MyFi2 ' w+? FOQKTQM2Mi-M TUQFH / Tu2TQM i2
/IQm 7mMF+2 #BQ 2 FIQ mTQ/ " Q#MyDB i2biQpEMvV M **>J #m/2
i2biQpeEMQX
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