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bpH32}) AflbiT_JYyb m €Fpr_afus pp _prbC) m prbHblyx TJfb BF §) ib C3b miB Mt mnlf bCK
afys pp 3Bfb bCK XUjh itb UThF OF iitH, i) OHykp Hfyc ib 6y3y} NMB bfc eyK pb .pH Kk
LLyblYh O _TChiT €F m nppH> 1. 6K i} umd, up Ik U B wdP FOIC_ AT yx Jrv_apblef OYyb m €Fpf_
St gt et it Crghp Af ¢ dybp) odTF C w LLyx OFkppb 6 333 0 1h POA CF .UT yrdrm_
_btr) me aFt nepRs M ppnt OIrK 6 EE_Xc wrp pb mibit bits_C B §) 3 BFp Fp pr JYyb m EFpp_
38fb bCK i1b U atb 0J_1p apnt_et %3} .perH s prlpk fp oprr Ky afmtXc o) 1w

_C%1 XUjh ab Urrnx 1?3 dpspblsf MIral pp runff

FCy _cBHnYB cnif UifCK C B p erant ) fu .UhHF anff UFCK eyK 63nt putu it Ay Cip)
Fk up it fp il it .C B F) ©rx ofor Kp3, CF oppy I ) itrte oy BF fykp erF pp FIC b CFHPX
fp SAF MpHrx 6yar fp SHCHCIT m updX  pFCORp Fp Frive upfHiFD M mCxpap Dall i) Fp uf3, <% IV
c)fp Yk OfpdK _c3(p CY 4 eswp) it fp eIt 5 _ pY ditets fyip erff pb A ©B
M ppHD Fp AFd b bfe it fp €t b pY Cicrts fyxp eff pp Afvh &B_UTHF upY wir_ m erp
CB ... M upC afem} afd b 1)_C3 B WKyl pp Fp YT m CALISI B apds aH> Flp M Dpth F)

_ b3 drCrts Fyrp eff pp 3B pHA 113 AfHh

CY 9) C 1 ondaF JYyb m €Ffpg_n Cuptdpp B 1 Cupt Spye v Uspyll 3 F :Ctv_ B 610b Agdl
Cpt dryc J_F CtH, B 6kn_ YU Tofmppx CxnFCa 33 634 M UHF 694 rnKuk m YTHF oCwiC> bCK
FB :UThfmppx CxFCa 33 oppbdK M UTF i v M 23K YUY CE 3 prb pp OC¥ m %Y AFtF_m
il b afr, (UBF re v_0) Yyuds iblstiid B 1CH) 8. 6TMCTOTRK | 1M DAF) fp eyBC M afr b
FC Y)iAb Fprus b B 16 . ShE CF afl b ey 9) ofm EE__ CxnCst ppsK pp € UUylc ) itb UThF
FT_PFp 6YKFH3pRIL afprblndy Carpe Cfuprp aptir gl 17 1 OfKpFb M nppnt afrt (03BFy_M pFlB M
Cxpd. B C) OFKpfb “zbldB 1ib A f16 () _ pFp GYKFHD pRol pHtT M XTI T OKF C3iB fp AFpFbIYKI
riffc pp 6yKp PRl Cxmpdb Vsl 15 B pFb M Cxfuppué AFrTF b rispdB Cakfs Fp fmé 1ib Cupdb Afr
eyBC M fiFr b CiFCs m.UTF mirblc C) CuCifp b mirblc, Ubrapl bir a4 17,08 m r1_Ci€ ib
i Yy i1 EFPOMT 1) NI b IK 1bsForY) m UThF uCrIT(rE H_m DAF) it} iK)Xc i) fp
. OUT), C3kfHbx proll 644, pprs 30K Af M_CTHI upddb &I b

i opp arp3t YT yk puCUB Fykp pb bFrKF OB €Fpr_m Yyt OfYysF CH afy) it pHA OfFrK
afCKF 0 F <3c _ pfp Iy Fp mF fyxp pp afeh &B Vi Y _uCirp 33l i) Fp YK FKEFIK ff FKCH
UTp F EECYB M iylfK PICKF OF0) fp S apt it oCyn 1 .CThp &rx pua Yy i) C)_pH I
i) UBC> O} fp DIrK it <t _prll K & BIpE_wF i1} 7y Cire B L) fyip pb 18 CKp &B
ECf ©Kf, _ pfh wF it} ofvh B €Fpp_afH3K i) fp 2 W fyp pp _CHT B Urct fk ol
< _CxC .ppfCx Fp bFrKF af of)) €Ffpr_ Uyl OHyp OFK €Ffpr_ it UThf 6y3K pClL af bFrKF
_UBF gk v oyx OF0) €Fpp_ %l it . UK &3acprk M FK OpfaTd, CF 3 it apnt erf Opfs
cB pRlT yrpyl ) bFrKF €pp_ti U _UBF @iC 1 &iT v Syl Urgs agdl Jyylh id) il cCryrp
et bprKr oYyt m €Fpr__px B vpfp vF 1) oplwF OYyt ff €Fpp it eff KIT 3) &TIA F _ pdy,
WAF &» :CredT B (M)cAK afCche obHB | bl &B uprp Fit Mk Aryc A3 il (036 f[ FKEup
M Fykp €3l w dpfic IF 99) Ay CFCo_JAFCK b FFUK b M JACFyING fFl fl‘l_)v/f)_l,' Of M jih

.CKp pFll Sipsr Bp Yyt w pHa agoup EFpp_fp af it AT x Y (a5 YUyTo aCK

pp OpFCh m pryIaF_C33y¥) fp S[HD 3BE Yy M €Ffpp_fykp pp UKIH 1} 6K Af_pFOTF Mrk J.F

®H B ff PRC PH3 0AF3 i) irk m pi B B 19T, ol 6 _UTF 8y hm CRp 09l ) it IrK
CKFHD €Cpf CUFT _JBF eff Uhf &niC) .C3¥ B pfIT fK OC) CF [ npfp fK &> i} eh CiC 1l

42




M ngBfp W (biB FK OHydys Fp ©93nl qme md M YoMt Mpbakk M DpFEs i) p,rl_»(F PO .pH}
fp Xc_WyYx u CY OFK ndy i M fK EEHK M FK DHK Ary8 pb Fh COTS Fp aFI W CwwFC> .Cipip
CHSDB OFK SHt putu ) AR m Xc ufp afys pp Afl it U eff 6518 CrFr Wbk

.CKO) w3, CF m upfp 0 «iadiiMi/iB» pp1 B (M)CToHr C3iFrK :ppim. §_O(€ fp EEHKM DHK

W) Fnsh i LR af_ s €Fpp_m Yyt F[C_ LT yx MkbppK _ppfie LI ph DpHT Yyt M EFpp_
bprB Iral B pHA 11} af Y38 m B OFKCBRY_M a5 aCrHl M KoMK W #)_pH B X uf % OrK pu>
Pbi> ) afrh v aph J¥y .pH B Ofjl 6K 4 pfls m 1398 m aCUs _ atoll dyyh A3 m pdy, Rl ATHy
FBF _ UF oppt dyk fyib pb ©NMUs OFk E€FpE_n FKIYY it eff erY . e[fd)s) .UhF UfiCK
cB X jfB a5 in) dyx bprKr acrH) m ol m € 663 6K pb a8 ¢F EE_&3c m IrK 336 fy prOTF nCrmd_
G .ppd, F_07 OBf J¥y M €Fpp_OF)) dI3§ O M uCy I} OHyip af3k it iBC fh pH
e B RC _pofp anff Arcp m CIY) ) YfTp3B _3BE Hjx i3 Yy OF)TF ppfvB &33% pp _ &TIA
_FpF Fp iBMIF &TfB PHUC _UbitF Fp pHD /UM NIHh M Ciipp MbIYsE T [ F) Opf 13, m adte Uk
E_.CIf) B W IrK dCs afrh pp Ufne adsl B J8F eff it Cd Nt fp CH}Ll ChHrYB M
OFE_fh fo S B JyBf w aply B afp pb CyNY ol w it UBF af enff Urcp v CIr ofL Il
clIm of)) Uine eff C¥ Ok ppfm, FOPF i4Y Aine afrtf €F C/3 fp afh Yy m Ckp Uins IrK
:CifBIT B bf/lsg CwFC> .pr B afrh aps pdY i) m upYabf_Hb )P

_bHB Jisnp eB-#uCHT eZCKuy 6n WA 6l ST 1) GruaFOT M) YrCHF Ml DHYRR ™ B M»

OhpmE i Ok _C3 CIrCrte aF Nk if) fp ik UBFH3 B O F LUBF Urcp &cib m CHEBE HY pF,pomd
<« Y 1Fp C3kFHPX OpFIT ufp ab ACyHPFIT f) I UHF OCKHB fib OFD3 €M .ppahIT €8 pne 3% Fp MiuK

Ch e Citr [pp IMFCc p¥ K3, © [ it UPF eff C¥ B uMB UC3 [H it DI _[p UHYHB
CrF} fBF .CHfp ©B CHFCK &) &KHi fp 630t pp CF OF)) Om apH) fBF pp I &B Uf3, 4 1B WlF
O F 8 zprmb CF CNY oAl % m uCs3pb pp AFKF3, <Y3B OFKCBRY_M KoK e3Td. 03k pp ) -y,
M R aprdl B pH Mt up afyB 3T OBfK ff _ UCE px M pry BMdyk OfkON 1 afpRir) OsfK
63nt pp C¥ fh 9_F Crpd, ¥k Afpfdk AC B 6yIr m OYx fKCH aC B wipwé m AC B g Bt iA) it DFOK
W) it OYx FKCH e3ip &) 2Kf) it &3p dy0 Mg+ [ uCal rHk fi . U yx UFCK eyK _C3lf)
MO (b OFK DT % 2% s Jylih m O _[p PFITF 03 ROV eff Jylfh M C3FHD B fp oM M54 6yUsl B pHA
6[Jy .3 I3x pp Fp .... ndyO m Frk up3, pp OM apr) 6ynTo muC 1 PIJ3B prITF AfkF3, e9Td, I3k pp
EHBIT nC3 [k fiH. €TIA GF . UBF €HFCK &) C B} 63nt pp C¥F iy OF OF uCsl 1k eys s
ANy pp fp FOUT g it g fp_up3 .y} Ol o) T | m_Jfoyk bpref it C¥ B
Arup F) AFBRy_it eHITE fib .pH B pROLYY ek YFCK ) pH) C3kfHa 63nT alyk _C3d B
M MpH) pHD EE Yk OFKHK MOy M uCiepm pi3K <m Cf upd &k 63nt OCF Sk CF Fp e afuraT
Fke afd3Bry_d B Uhf cHfCK &) C3 B} 63nt pp C¥ y 3_F_C npX ngAHy FC> aFd3sry nydK

_ CxpY x pucd) 63ntT pp C¥F OF) apH? CF Fp

C[RIT dipdyis M FKIYYb AFrK_ Opfppflll AreFtB -1 :UThf ikH, W FKIYyb m dftpte @ AY . Cif)
_pfH3 M1 Cc 218 _Cbes UYn anif Y0 ff nlF afpm, apll 007 Wt pp iib UTHF
.CH§)n3 B fp putm < Topsh AYyb M adt ey) CiF) Cwiingy . nrk diCpts vixi, eff pp . ...m 3bfll_pCp
b &b w ppfp A€ b opfbpi¢ Aicrts ey). UF uC Il ii3chiB DI ey’ abibF pp b af3

b pPWF M DNC3Hb CF BpfF Fp D3¢ Fr pOb DpCh bk pi b &b ey) .ppfp prtm SmpYh ppFCx A¢
_UTF uCrptp fp 23 ppiF m duC3ks esl bl B §) fi_ UThF DHATIC peh b & b m uCrptp igl)
ey) birB _ppfp ctHANB M UK ff &3(Hbly T ¥p SrK ¢} b chierte -2 . ... ppfp prtm HupYh
FFCHF)F J_CHCx 4 m CC) JbP I i _ppfb putm &3pbly M%p AC K anr B M 6 AppH>
OfrK _pil B avrl B _ppub} €l b Ok Csberk €T ... u3, &) ff CHF) prblkf3, x pd)
W erf iib Csbery KFIKF 6K DCCF u ppiCx putn < sy T eff ph. pi I ©B ii3CbiB DpHA
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UysyK m 61 1 itb chferts -3 .UTF 1isT). HpHib ..M uf3, &) ff iF ) Xc pp it UBF erij
<K JyO m 694 wfp CF fp afrys) brHer b cxpié - UTF uCst Atdl pp . UHF up3, M adt edlf
M CeB pb St YpHtb 1) 6ysr bfs &3/f .C33beB ppim pra 66l B pp Sis lfm ph. CipHaEB
ob AW Ay atb Yyb u adt ey) “ ) 6K Uicrts 6 Unk erf pb . AfKF3. IFP pHA eyrk
i) m C3beB FCy 61 T /bb 1 3rK pus iiblf)_ UTF uC Wk NYu CiCa PIA ¢F 20Yyb Ulylc
ob Fo op ¥ afwp m ppr il Yy O I [p ib FC i) cUydc WO m JYDb .CieB pp 3N eff
VB M ppfp Fp S[C¥ >Kp 0 oMdsF M &3yK 61 1T J_p o0 H ph Ckhbes plll XArs &blrpph
e, 1) _1gTd, YC¥ “xp Jbb B ampp pp YUUyUc prbliF m IYb Uifc &3/ .pv I &B &rifp IYyb
. Opre Ofykp b f Aaf CF FBF pH) CkFHD 1k, eyrk _C B} Opfe Ofp pp C¥ fh J.F b OF
UYydc prblif M YD pHnflL M _ UToF Uspyll avpp M eAf) e prnf, iAcds _ppiCx UiCF < [l
FK €Fpp__ CYrifmp m CSfrs 6 oppy I ) Cppn B 1) F3) - bMF - DY, Crp) vityax pp .CAT yx 6Cup T
WHD - G[fk eff M UTHFB OHyKp OFKEFPIb M bFrKF Irm pr Mp3ath i Ty 9% JyapaTop CMp OFKIYybM
bofp OrM px Mf3gtt aCrud) gt pp O W) bEr KF b pHA Af r K . ppd. riB 8 Jy_3BFp - MFHIfK M
C) , g B Fpprb m O 3blF M MO B 7} fK SACB inb pfl _yB PIT W[ LB , ppd . r rk FCT af G w
opfb 6KCx F) 1ib € b [ pd) I i) prry) <Al m CAb mpn T xp AC) F) fp IrK uCxre CLLF%
B Ch m LWy OFKpfb ey# rk_ C3b Drjh Crfl fp Aas GHp IrK AfE_f Mpr UTp CF Fp pH> 6 BU
vtyax .C3xkp rie af Wk fp pH3 m Cxpd, risprbl B8 eyl Fm Cup pp ib C33 I K risCHHl M pfls OFpfp
_FKOYyb m . BFpE_CF mirne dr U effd)s) ;CBf) &rifpy OCF CiiHh B 6K [ (F &30)
B O F . 6[FCx KFMIKF m i, Xc UHke yk . UThfs OfKpipdb 6y4Ysl B JIF M fB bFrKF uCy(ic
pfH_fk M C) “UH K effpp b 3 Ik , O[pHrx mB 6y33y MO B rilfK m oy jtb nBfd?3 F) fp pa 1 Cxe
ccn m YK XA 1ib 6y B uC B nr 6 oifam “UHK eff ¢F nb Uhf eff 6n8 ; 6[CH mrk
s el . 6y B F) 9 BFCx € KblAF &) pindin 9. Xc Uspyl] pp fh uC B npfp B 11} atb OFKpFC T K
3t Chb phCH M YUHF rirht OfkpHIp OFTF eBrY |, eyl _fu Cp OFKIYyb M fK €Fpf_
YuKp Lyx OfFkppb i1 fp Sif, C33 pH M pr CAPh M ML Ofk MCKm ) CxmC . Crpfp r13y’dh
M rYH Th SUx Cfdy riB ribpHHbpp UCKM efF . ppfp mie CF) U BC bprKF CF Fp Af6 M MpHIK
JF , CHf) CAbh brrack ag pp J.F . CRFOMpx CAbh m mIlCL Ch pp CH 14b C3b FY[F fp OCiCrih
M Crrn ey 3 pp3 A€ ¥k L b ppfCx Dylp 3 tp m pfp CkiHa UTHp € mfdb i) fp pH > rigyIdh
(F CifHh B c3c iblf). CHHT 6 1Y SHIH ofk EEHK opfy ) CF fr pud) LLyx brrKF m Apytiu
WMK. pH) 6K &38Ryl 0 F b by eff i1)_Cxd) prChof m Yb i1} Uhp, uCy Bb Uhp pHs Afrf
M afblcF OF)TF eBfY Caifdy riB rihphkb pp Ml OfkIYyb M fK €. UBF €MNis af
WHk o yk m C3ripp Iy px CAbh M /LT U nCKm W Yputb % b Cxpd, rirhi OfkpHIp
batm efd%3) . Crrrak QrK pus uCKum it} b ap ¢k LAHF ndss CmFCa .Copyx ufp ap i) CAbh bFrack
AFBF pp OF) iy FK afl W OF) UTBF Urcp cant ¢ dCen ACl eyrk f) omdsF OfK MK
.C33 pHD Sy T Fp afpupt AR ) v uppmb Mp ™ yk DFKpPRE i) fr CF ACKrB




i) UiFbp eff m UhF upfp e3ip Usw ¢ Sy Th iyydn_ €F upraHIT edas i) agnt pr, ClaTs
¢F & [ YUydc pp .pH B &B uClp ppfp putm At pp i Wprat u iiNept i) AHOB ap CF phb uHYM
i Urysp Usw c 3y Th i) AwdB cKfrath ay cf .abiBF efp ap) O8f 3rbp eIrns
OpIT dYfpHghp i) IR j3B fn3y &Bbif ap cf .UHF upX 6pfa DpIT FTIb utHc CF fp erp
M Sy0 m Mupp CF Dpup _ AFd tp bfs appHPx _ppfe M pC_i1) & yk _uCmp _CFrx : A rK

Ay WY fBF .pfITF ©rx OFYF DIMHD M~ 3t M, © yk fcrre _pH) eyd e 3.F it CHF)
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Ybiybl Wh 1) AHB eyifHl b UThf et prdj CrfiCr pint it ey Ny afdery it UhF eniC)
Urphgop m 1FF MAF A W 90y} affhr erf w %) .C3 0§} g B ip ppnt appll fh_ CrpfCx CKpratr
nb YUhf c3th abITF fBF ... CrpHPx fp apdB bf _CytH x Mmpp _CytH 3 UThfp :Cifp ClbIaF
M Yivp _iNept W b Cfpcs eTf fp pHa Cnfth M AYyAm .OpIT clUbIaF HiphgHp v ap cf 33 nmbiK
URf eniC)m CHF) &B dy WFrath w ilBpt iA) AWYB ap cf Ofgfp _Fvl Ckb Sybl I UBHbIC
butn ppnt 1) ©kfp m praTF pp SpCl apcib ) U 7)) B c3p UsH ¢ pRYsHE OF) it

.Y B fp CKFHPx

15 fpuCe)pntF b &3 .ol B bl Ny UM ¢F E_flf B ppnt 6 ¢ ey J_p PIA €F
iib cht .Cxy, B pFOU OHbEgB M CyMp m ity B O[C aprdl B W 3f CF CMY (L) &F EE_bfb
ob 0F) eyivF pFd) dft etf_ UhF 6e npH 41-38 Ut U uCst ppnt WY i) At atdl pp

.CxC 1 bCpx 4Tk amp bFb

07 CkmrC> WMF m_ uCl 69T frné 149 FOTC_CH wpfp pO% m ppnt UThsp pHI B Jyrjh e O3 3t it kb ir)
(39/6C) .UTpHY bIBE F/IKe DpFT

bk ¥ B &3f er Bp OfnkF_ [f_e[dhC3emdyx 3} (J)Crjs oty F = _cirbé prahp eff u
:Crp2,

(2/mC%B) phD. CMpth M OCh 4 THB i Ca3 BFPCF) aFd JIFCTT B ClpfiC CFip pr 1l it €BpdB f} earlp

Mm_CH ppfm i B On B iA) OBt DOCMIy M pFCallF F) abiF B8R, by it 20Tk 63T K bib pp
Ury)dCe pp it cxlt W m 1) DAF) myt afpfCTOA _pHrx 6pr> af OB M ppt Up CF fp af
nprp apti Swrprr m () ad F 03sry_iA) fp paysr Bp wm pabppl T w pirs e[hC) _iig M, brb
OFOOK w apdet _ aforr erdan) aps .CxC B praTd. EEdh m YW em v 4Kp CF OF Uil pp _ CxpH)
oF) erCs m uCipnd_0 pp Fp I%BFy_ 9l MgAH) FKpF)_MCy Bt gus um 3 iA) fp (J) FC bHTp
doLic biss it} vk B i CxpH) il aps .CxpH) nC B XTHBpx SAFyArK ppfu 3By _pmdhy ChL i)
UbhH cFpd, pp W B 3T €F CN) aHY rK fBF _C33 WL AL fp mF C39fHa &B M npd} aHtk
el .CipY B opr 1 W30 (J) MBF_O%4Y98 Ir/ilF & K m apyaw pr39iF i) _nC B praTd,
fp abiF 6 J It _ uppK €) CN'h (F ¥ B OKF it CyTop bHD OWF i) &BF 3K MM YF n & X
CBf 3K «.UThf dpff m 23(HHD M~ 3T Cmp CMIBF» :pC &B pffdT it CxCys I . U BFp Enp )
fp abITof 6 Q_prp phaop m C B Uckppx diLlc af_CyTp (IJ) FCo bHThp €H, M) pf1l eff it
_pH> 9yBt UYAbIB m SP¥fpt apsPh ) E™H m_Cigf T3 (W) K Ubp it} m ingTd, Wk CF
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M InB MF _ atol 6F oF irh CCRIL F3 m pJ o & B HBRIT IAhH) i) Fp pmb ppp M € OFK g B M aFrh
p2al™, afppx m Okpt op I af 0 93 fp SHs UTHIK

M pOM Cup CMOBF it b WTFYF_pHrk afph fp afd x mm r3 K apdB_afone NKp Af it ©BF 3K
frl ozt CH opub pif 6K fp iy x eff m .UHF Uy m Urcp Cwp CuIsF it M) _ U yx apyar
NC3KF3_it 20n af i) m Crpd  amdy) af x> CF FIB fr B _CipHi eB OF)) &> afdn I rk
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0% pb UrpdK M 6YAT h_abiBF_ 3/ Ccin erp i) fp apds_ afdsry_iirk _Cyts agdl ur, Crp CF
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Snow / Hail _ .
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. Growth o
Environment Snow / Hail
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Environment at Ground
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15 to 20 minutes required for snow
Airborme Seeding Gk, crystals lo grow and fall out

" Evaporation
Rag?t?n

Many snow crystals form in seeded clouds, thus
deposeiting some of the clowd water on the ground.
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b Y508 3L .pH) CKFHD HuFYdB fké & C3bF)_fBF_ UTp Cakfubk ey) CF FylFryk OfK il C3 Ik
of3n_fBf _CH C3kfH3 3bIrss MH3tT Urh pp J9bk Hb DU m UT), C3kFfHa pfl iAUIr3s bfr il

CiB CKFH3 cUf) AT afdyB eyrk i) pylFryk

W Lithosphere

UBHF upd vpp BF pxé apHd €t fh vk ndE ot dc i) afdl pp Sy bfb /- pp CwkCa
AR .UBF uChd, nIre pikH  prrF 3BfK afHsK i1} eyt €0, _afdl pb eys rk
st pp it CHF) B Jpx eyl Ut dc 3B i) (Wi Arx) mpH D ppb pikd Ot Oc afy)
CHF B gpl CFHKF O [p Ofk Wyt CF Caal wp B gt X I8 m Ul fp eysC it (I)IBRy_
erf it UBHFuCl vpr BF OpfHIToF bprt pp ¢ Wrk S3;0Té i) ife eff pp it UHF I M i) alb
Ut dc apH) AuPB JyFYh m g Bip frs OpingF eyK pp ik Ot Oc ¢ af Bx &> i) pHd
erf St piyl ) iy x .UBF &Yy tK pyl[) g il eff .ChF) arx UThpp Uspyl tp pp FIKH
a8 pp i) C33l K Ot dc bfc pp it Cysy) B Fp fK ud :C3(fBIT &rx CwiCa it U af i
fp prne M 3y) ©BFp fK ud :CiIT B W M) (C B F) Uspyl Cup i) AH0B UT WHy &B CpHbb
OpY pHPh et fH -6y3 B pHhh et Fb fp fK ud and F B it pHIMKFrK) Cyd &B pHhp et Fh
F clperit Clk U dc bfc pp it &lfc pp (Ckp &rx 38 Uspyl Cup pp FK nH
G[pfp Rl (eysE)m JB" [ oM M Fk ud M e aw m CHfF) B (UKOB) Ut dc apH) &I«
Fclpm it fkud I [p Utdc I (b PIA G w 6ylF) €rxfk udé Ut dc Sbyp I i) pprll
crx B BhH) Sbyp I 3%l Ut Ic eff eyf UKIH UK it} dyx CBF) B eyst ghy Ut Oc
M eyst Ut Ic pf & B)C33l K Ut Oc bfc pp it bfc eyK pp Fp Fk 8 UK eyrk ity m C 1 )
pF, CrOT6 putm nCs33t ApiF i3y i} CifHh B [ eff .6yd B pHhh et Fh(eyst ghu_dt Ic
.CHF) afdl apH) pr, CriTe abit m (J)CrjB Yuikm
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.C2 B cTB ETfjB €YUD af rkip afrbt it Uk eff Al erik ofk ¥t F e |
o, YW «fORY§B YUY FriF a1t m»
«16rpFp pFOL nC33 EYCc &YYP Fp HT m»

mC 1 UhppnCszr EYc CU C3ufB HT @A 16 MY X

cITIrk ofk afdt Syip i) .UHF af e yApB AfCys_eyst 68 pyl ) Ofk € hm 6 & |

eyst_c\Mwp opXkE" [ €T yAfMe AfCys it B B_ T YA ©XCyB_ 2 y-ekb O Il K
UBF St _UhF & Mip DF3Ks ™ [ Cie eyst e yAfpMe afCys .UTF WITd, ) pb fp
4T ppb a8 e yARMB st <l v eyst Must Il pp F03ké eff bpr B 4l i CywC)
A Q_AfpM 9% pp €33TrgB T h eysl bx € yAflBe AfCys eff .ppfp pfll RyTFNT bfr i
.Cxomb B antkK POA IK CF fB npfy o OH P i} it tThf DCy B pHD OFK AfpHT M FKPF) M Gyt

Cy B pH> Hpfdc ppfm, &rxm C3 B I(CMy fp fBI o m Hpfdc IF UBHF eff eyst HT CIfHT CF & |
CB YfpHTHB Wirk m Cef B €t i) Uk FKrph M6 _Cwp pp bF M CTHI) eyst i) 6yYsl B
B €[ diputHB Nrk m CyFop B Y € itpp 150 puCc i3 I itph <z 1 pp m C333HD
brO _yar o itpp C#  fnish eyBC OfBp ey Ky I F it EE) eyrk vt ofsp 6y33) UyrkF ph .Cxpe
op ct gl en RlF _ppvd B 6K M6 1Y _pill B pfb) FK EHpylF ME _ClH ST
Abfc i n’ W ey i) B WepF I M uCke eyst artwdH v ppd, B prt ot Ryt

.pH1 &B J[CY




Far UV 120-200nm |8

Extreme UV  10-120 nm

ner mosphere

Mesosphere

s“atoshere
e~ Troposphere

<

pFCUB 11} ameF & B i) Myt F 6 &) O .C33 B Mmt fp SY3FOT pusafiC prKkHy)_eyst Ht
CF 09rt OHB bHA [} SY3) _FoupB OFKHE) M 1i3 B fp prtm eyst HT &rbf) OFK b pp 68 Ryl )
cB Wt UBFm pirs piyl ) uCit Uipptus cIsbiHd OF) 1 Fp Cy BpH> J9BHipk 320
Ext 0T uCkr BB %l pHk I8 0 pdY <) m CyYB Sr NNNY sy vt it UPF “ipt .C3
OF) NI eff eBfrh .Ckp &B pHAK uCrtF fp crH[pfp OFHBF M SY3FIT i1 BF upnCjs
[ CF opfCUB fn3) eysC vt it SSY3FOT i1 I F upnCjs Ext T .C33l k opmdY eyst omp dfyc
UBFCyYB oy ) pi B B aFtw afkry, pp it 393 oHHT IrK aptiF OF)) CKbp &B piK neFh fp
3T, Ht By Cii I B NAFD Cy B pHs POA F it oHll SYFOT YT NI 09 1y) Ulydc pp
eyst T c3lf . OxYjB CUD eff 3 F .Chp &B eyst it} i opmdY Url U BUT u Gl B
.C3 Uswpys M5aTs pHr D%UB pp U wH) ek i3J0" [ Ic el o yk CHF) g BFCk put
.ppd. B Crpfmde b m Un_afAIH 2K SY3) _fours W1 RF

Ulpb m Ip dipM .C3 B UITfJB _CHrhé Ok “3h %) ppb B CF eysl HT eyF rk
YrKrYhok pp fBF _C33 &B ppHad3 eysC HT F) UKF pp JgBHAY 100000 YUKI P 3 FLIT pp CHMFIT
.Cimp B ey) (F m CitH o &B s OHAT OFHK AC B MPI I T CF & B fx Obf) OFBh JF 3} HT DbF)
CwiCa bl B afrbs pb Yn B pHnfll 2Kf) < 1 pp afdtt eyrk CyThy m essn® Wl pp
n3 BFCx fp eysC n} aCyTop uCrtr ardth eff fy UThF uCdTe OF ki, 143 fp eysC T _ppfll m OfFK
M _HT FIm p THF OB pp nCsS pHtH) i€ Hpfdc JIF pp eyt oM B i) aCyTop CF D3 m C3 B F)
YU BFCx prtv exrhi Ofk “3H 3%4B pp fB UFYC pp HT SUx eff 3 F it Cy3 pHhh .Cxx I
c 3B ppHad) a0 x tup Ik U [) B Ul af _Cet B pp ¥ B W 1) eyst Uln af

.Cl cBccibhupmmpunlp ¢ Gt # it cIHFY) .6y B §) eysl [} ciFr b
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.C3 B &TJB Ut Ic pp pH> uf_ pFL pp Fp Cy B pH> Aol

38 EEf «plousl r) o0t EEr TiF w»
«!UBF Yt dc pp pH3 wf, pFL pp Cy I pHD M»

YRR Yt Oc pp pHD uF, pFOL pp Cy B pHD A 16 11 9Y X

erY UBF g pb PATFF @l it UBf chb B v U oOft :e3/B i) «QU3 |LV=B » M
pp C3¥ B CytbHh it it pHIMFrk Cy BpHs .C3 B CBi M UTp Jyx PIMKe m PIC3tt i) v 31
off it UBF el iy 338 338 CyBpHd «QYsl B» .UF Ut dc pp pHd «Q Ul B»
r T CMp 28 Fy 27 Ok it UTaf > puC) af ot Oc WArt ¢ a8 ot Oc v .URF ot STbP IB M UYL
900000 Y KIB f} it © Tof D0y 1 wip aF BV it ph DpfCB pp Ut Ic af I p Ut dc m UL pup
cA fp ot fh Ckp ©B bHA b anyflys 250 f1 225 m YRR Ot Ic pp A8 pp UKFhH pp 39 BHAY!




AH3 fy Cy B pH> ppfp prtm bITT it iy rgs %37 .ot pHa ) dykfp €T r 1 B33 & M C3
.UHF upC pmp pH3 pFCB pp pup 18

et .CxCy3¥ B a5 puC3 drpryH v Cy B pu> v pH) gpnt ¥ I8 eysC :3Bry_dHK antk 67 K I%3)
0B itt) pHd «QUslB» pp fp Cy BpHd afdll v .pH) cUf) pHd UnY) 1543 bFb F) DpHSh
YoLlc F¥ Uy fiCo abt Afdll JF 'UBF upd af) Utdc ppb (CHF) €l ril iiBH33B
b eyBC pup i) DpFCB pp Cy B pH> it WAgY x upyg BF iA) pf_Cwp af antx 69K EfHF 9) (J)Crjs
cB 2Kp pH) &B aidl pp upg BF eyrk J_F 'AHF Ot dc pp pHa wF pfL pp 3y, m YR Ot dc
ApH) pf C{OTs abk 93 & jB cAylp pH> _upg BF prtm aCK eyrk .peHl 3 (J)Crjs e it C 1
Vikk 6 _ apal 0K udrdt iy B pp uCxHbx Epp m &BF 2pIT pd puf) AfHh B ik v . UTHF agdl

A1, ey bF g i) g, o4 vpppt i, CFCM ik Civ 3 ebPh




uCl OB & w iitkus ™ [ afusK i) afdll pb afsC it UTF eff atdl CrKF ofk 3T 6F & |
UHF

(47 /ec) .«ouClhpre i3 CHf © % C3K fBHr OF W>»
«'UDFr I 9pyBrgs ph b prOK C3kfB FC3 OF3 CMp™ ™

.« e[CanB i FB M _FUR) M eqmiF O 3 Cl 6n3y) anTpp/lar ppnslk @B Kb bf fueydr 60 af 6K I W [ aHr m»
(45 /Ewmy )

cBFp 3 _1CrKk m CxF vpH¥x D3l pp Cmp CF e9Krh CF Syj it Caure €B etr CaksB CF uCKC Fp pne it DCmp m»
«!X C3KFHD AFTC C30F) ubd % Mba Fp UTFCK m C3HF) bt v b Fp I3 piCTp i yislt 76 . C3Pps

(104u103/AA) .«fBH[ BF 6IY) aF AUIIA 6fref bHUp MF aHIYL Fr) 69KF e jix FO N K bf 69r)) aF 6n3y) AxITibap

_CatH, eB It IF xb i) 6TObpKED B .CTF WpdY %~ xpp Cmp up CF Syj ik C3tH, eP eifn3_ir) pH3 afyB ph»
«CThupd x “xph Cmpr 13t :CtH, eB UYylc i) prné et ThIK IF uF K6

(TWB/6FMB) <AL PACOK W FCyM) ANNO[ Gk
«.0y3y) €™ TPk Fp A6 B M C33y3 €B pMp Fp (CMmP) A6 Fibx»
(19/Cnt ) .«anr VAN wF B[ F303) HIFL 69v)) 66 6138 05| bl»
« OTF uCkB Cmp CF OpFCUB T Cmp T T :C39Y (C1F uCs Fath pp) pC = UY kb CF OF nC3tH »

box_afeC pm, i U eff 9T fi_ C3y)cB " [pdk CiFCs cfim_C3syies pup Fp Usfyll _apds F¥

Cnt Mg ararp pp fp (isC YA K) afst oM. AupYh eyrk_ AT yk gV [ apds m CiC>
i) S e eI} o) Enpylp CnK pp UHI_fy [ gt it ©BF 3K .6y3y)cB 3 1w i)
WF3_uMH  HHAD m FMOKF pp It af I C3aTryx Ofupp  afpHBYB Ckpd &B “7yUNh Fp apé m C33ToFa F_
YWHD CF it bfb ik m ChyP 6 EE_m C33Tp MIT CFpp EE) &FH> pp _ CuFC dpCll 147 apxé .Crdy .

MEMpT [ .CMpT [CF cWP)FrCmpr [ :Cagy, _CiCyfH> ACB it :CyPd g €F & [_C3ahfad)
opfK & Cit it eIt of)) afse i c9hip i) fit bib vixu Chyh uftt ' [ T P)
fp opIT U B M. B AFFVv [ CipH) i9Y> pfO bp pp it cipfut ) Cipd B DI H fp clHr/lB M
MF pF3 _ AfBC 6K pHA 1} D3 _[p pIT .UTaF npn? MiHapp pFCBFY fy 4z B Dnryk CF it ©rdy 3 I3k pp
POT it ;8 fr pH) CkH apl v 1 OYx up erf 93k pp afsC O WM. fib .UToF uCks prCy) fp CCB AfFrK




CxieB OB i) WH3 pp MpIK it _ Yk Mp OF) afsC i C3 &B EEfI CF ) &ibHA fp AfBC _ prCy)
OFKMiHD M EWRE pp b it 20.1p m C3ykcB eyl m €ud OfKMHD g F &' [ i
BEFOF UMy FREHCHF ppb AvpYh eff UK .9 Ik _pom. B ol v _UBHFuCl ™ 3l cu
OyKiH> _C3HI CxiisTp fyxp CF eyt o ud pp it ek afl F eyii«e360p» IrK oupriph
06 6K pp it &Kl t pHa GFfp SHI_eyrk J0.F .UPFiig M, bib pppyfys ™ [ (bivB) - LY,
(F Sy} 00 _amb I3k pp cxbHA HCB eff _ pip C3kiHd cbPhp_ it _6yHJI 7 Cdies I it}

U npHX Cup p fhT T

ob JF> Uy ¥ I3k 1lRpF F) (1955-1879 Albert Einstein) eys B 3 A% 631y} adl S pp
W 1) ebiyk eBHrK WIMFT um YT eywrul] pnsh Tk 1915 b pp afkK Uy k 03k m 1905 bfh
nre afst apv) &3« 631y} adll Srfur pp YUy pb . CHEN Fp pud JRK T [T OFfK Mff_
UKIB My e sy 8 .Ary gl v 1 9p iirk of0) m pt irk pp afst it <3718 et it} C 1l
bpi1B €IKIP pb .pom, B Af ) 2d9rt afeC CHF) 9 0y) uCiC_UKIP i Ik _ppfp uCtC_
crx af ) ot C3 Ut dc pux Y KIB ) 23yu J.F &3/t .Chp &B YH 1) afsC pHk UKIH
M .ppM, B C3 pryl ) wF OF)) afeC C3 Ot Oc pHx UKI B ' [(px UKIB ) erl T calv .ppm,
Ci e U Icpht pyMI UKIB P it erltadt palys ' v H 61 T eff piIF eyF rk
S ast _C3 Ut dc pik UKIH f) erF T J.F .C3 B FCy_prptr v 7 Ay A%t 0 b
Atd3x" OF 1l p pp eys I3t .py By Uipisy) SeIT u CHIys YW i) SIHA_pill &B ClHIB
I3k ablBF efp 21hfck it 1ig B ax M upfh Xy 21prck M 61%  Afdl 6 chfts F) fp pH "UYI &
UTF crCc idrt ¢ .CF uC Wy af ntrgs afCar Wi 0t F cim uprp WRpF Fp "W " uCF y
PE_fT eBip eyst ¢F eghfad) af 3k it uCH 4 (J)adk F bup cxr T 6fB ppHs pp it
(J)ad F Pepy_iv 31 ¢F EE_fBF .pu W yB gn 9 PO, af m ppubys <% PIA i1} (J)Nsfy™ pfB
PO af Y6 Chsk apsC irk erf A B w, 6F EE_ i C3¥ yB uCKF I B Cxpd_yB CF) cipr I~ T 6f/B CF
Wy B offi By crik drsy) etdlpnid CF fp 21Cc et eys B3 .UHF eyst pump e3P bfc pp
CI3ys af 9) cihys < 1yT nO B w sl wp "afeC Uy K" p i3ysC pp

wi 9P LW dyx cWHD, AFCys .peH)_cB pip M3l pPFK wf_ 9bp chpd) it} afk Sy
AFCys LT CF pHAK aF 3K pHY Jyl B FOIC_ Y F uCyr> fLIT piC¥3 B pFK vF_3p pp .UHF piCka i
M UPF nCyr> afsC-fLIT M0 .pH B B nIB AfBC - FLIT AfH3K U jh iib UThF c3§3B C K,
UKFh _ ) pHl € T, afCys pp <3/t .C3b B pfb HC3b UK _CHEF 91y) ¢ Cyra it IK
ob WD oudyk FIMPA w0 pofp pRLl URYhgF pb it aKFB OF0) O & I pb .UBF JCsb
PFOLL 09 MY) & WD, DMy pp it &9KFh DF)) v .ppm, &B HhC3h afsC UTF dart b
o pHl € 1), AfCys LW pp b cKFP _afK Uy x 103k XOA .ppy. ©B hC3  afsC ppFp

.bofb 0RO oy CyIY < W afCyB pp iib C3b B pib CIKFP CF XC3b_pprp proll




Atomic clock at Bowulder,
Colorado (faster)

Aromic olock ar Greenwick,
Frnoland (siower)

Gravitational Time Dilation: 7le rare
crd which arn atomic ofock records fime is
diminished as graviry increases.

WIB T [ pp pHk it pH) CYaB ebuyk i WK aCys ' [ prd CF pHAK pp pHY & Cyr>
x 03} WMFT OfCys T [ OFgfp r T J0.F it pip af Wk eys W3fF f8F C3 B Ut Ic 6yYsl B
eys Ny A .pnl B pH 6y4Ysl B JyI B CF PROJW pp p C3 pH3K 4f prd CF pHx m CBF)
fp ZArB eff pH) & re M U _C3 B PIJ3B fp pix OKFT < I w). afCys it UY B
ob m C ) WM of o B prCasf pp UThpp Cy B pH> OHP a8 Afr b pb Ofnpra P I F .pY A j 98F
ot pb OCy BpH> 6y3 KIT it ifBC ) Fp e MYm O F_C IF) Ur¥p D%l Cy Bpus_ PHI ffsC
nddt ppb PHI Wike pb AFCsr Wwp .UBF 68 B s pik ACH 63 6y3 il [fUs C B Py
C3t Ut ic Uhfp b i) i w6 OFT) FKupFIH pHx It C»(C[b G0 DFULITE pb WL bR~ yIx)_
c3/lf .C3fteB pp 3§38 HpHhn Ci I €B 63 A5 € 10, O mdyk AF pb m Cy B pH> Hpurte pp
Uy W03k oMy afrh Uykss 6y3y3CB SyﬂLLFM 2)B (F Wbf) &rt fp FKUPFI ¥ B
o) cKp €f of it CiCy It B Al ¢ afCsr K wp civ _pw) ceutr eys Ky A afk
BThoHh i1} 103k eff axBth OF)) cArK ekt efCy  Fyaf g3k .C3a B fp vp_ B [FBCE pp A AF § 98F

UBFuCH iigsfb Bl gyt mr yT afcsr Kxp




Pt MCF _ OHl pryl_% c 1), afCys pb rnsKr'Fa i pH) af N3k eff ofny3y) Sy F & |
PJj38 |o|-|3 6y4sl B8 oyl B pp ol I} €W, OfCys pp pHk ey$ rk u C3d B
Irk _ il kpy® ppHB pp €z b afny OfFKfr/iB CF opryl‘% W) A ¥Hy 103x eff.Cm Il &B

Ckp € _...m gt clF Y g BV it wpKupra O dipry m AFY

Opfi€ CFFKF Ofk 3T Ofpfp _ (J)A3BFy_e[d36 Civupt ndte gfusK i) afdll it UhHF &niC)
W gtk afgrp pp it UTF OCFTKF aF uC 1 ap lithis & Cph 1) “axtsrf it OF iy x CHF) B
pelyjsp it arl T 2)CH iy, afK Uy SP)pp it ik xrk .UHFuC 1 afy) Crt
op_ OHll piyI) €W WD, AFCyB pp pHK €yF TK M .ppM, &B NC3  AFBE ppfp pFOL MybF) SHI, * |
_ByjBr [ SO, pb oy prtiF i UBF XM i) atb .Ci I e PJOJ3B b 6y4sl B oyl B
FLIT dnt s nd S, omdyx o6 iiyy B 1) afCLF afCsr B wh v UHF ciC 1 biBf GKHYHB
n0th eysC n pp fp IYb SKI, omdyx pp apH) AFppHiFLIT € LN &3c i v CkF MpHIK AFppHK

.CH np

ciy B pp ApH) F) DpRTF .CHF) €B Yy TK u Pt piyl ) dp x Ofpfp Crit M HeF afghip
n3 BFp pFl ByjB eff CF 6pFa it DPFITF OF)) .UTF ng I M, J_[p ki, i) pwe OF) afeC T
eyy " rmUBFugl M, Cupr [ pn3h CF mpH) prO ampp pp i DPFRITF OF)% M DIrl] b 309 Ci
ntya pp m T cArbp 11 Byjs a8 S, dyylh ap BF €97, I3k pp ) &riK I3k € Dy
.C 1) B byl Il biBft _ CiF upH) prO ampp pp it it OFY) agsC pM, Jdyyh

b)) € W), afCye " [ pid CRpdK af 3k i) pix CH nOMB afK Uk Sb) pp it pHIMKFrK
a8 4t oyl ) iy x fBF .C3 B dyyih €I B it &3/B eff i) pill &B uCyra n PJjs3B
CF pAK af 3K 1) Cy B pH> pHr Ot Oc JyI B JyyMh R 14} Crt upH 6F 6KCYK 1ifh pp it YUTHF

AUBRFCE gy Crt M gHbf prO pF3

cBf 3K M C¥ B 3yB URfp Urh i) gfl pfO 3% CF it €3y} B C* UHIA it B 3K Fp Cy I pH3 (DHX) M
.CxprO b CF cNyhom OFLIT pp e M pH I €B 31praB M pd3 eB e U Ur'h CF (Fp EpHi) €2 eB Mmd0 if
(17/Crt) .UBF CkmC> AFITNB M fK ks Ik CF erh

oy Ay} 6 CMY MAbFTLI) i .Cyd Ulp "UThF CwrCa dFIT/B v fK Vikg Wk CF eff ":iirt i)
i) Cy BpH> (pHx) Uy/lue it UTHF Jbb I a3 lup i) m .UBF uCl apy) Cy B pH> pHx Y B
(0.1b 28fK K Ff M_pfO ByjB ppb SKI_ Jyyh UdK i) T WMus af pp_pf0 pF3 CF pIK af 3K
ApY Jbb I B OF)) CyBpHs Uyflue afy) itu o yk i) m .UBF upH) et BRI DFpfp
J.1p POACFm CHF) erx prO Uy/lHe eyyh OFf)) <7 Hrs & v eff f¢ C B F) &rx pfO Yy/lHs
.. Cxf npH) pFO ampp pp it DPFRITF OFY) &b dyylhy bt 2Kf) T2 Bifd 1 pp Cy B pH> pHy Sy
eff M) .CHF gl CFTKF ofk aF Wk CF Cifrhy &rx Cy B3 pHk S 0. tp PIA GF bl &rx

.C 1) €B cta Uifc Ofpfh Cy B pHD pHk it Ckp B afF Nk pHd

i UBF g B putu vyl 6 201t pp fn3y_prO pb bf) € W), afCys eff U ¥ M i) alb
3§ n . UHF g 0w, Jyifh C B F) B PriC piyl ) UK Ofpp it phx HH_J) fn3h Byilh eyrk i
i) edTp U3 N m pryl ) aret <A pp w Cy B pu> UHAA afet pb bF) € W), DMdyx eff bfrkr
OCmp afy wmd0 pp fUyllp pFITE I o OF)3 b 309 U I M, F CMY ey® rk m UTHF upry (MC3rb
2Kr)_Cy B pH> M0 af 3K i) prO BRI B pp dyylh m .UF npH? pFO pb fwé nppup pHLIC afsC _

.UTBFuC I pHx yF B yyMh

"CxpFO b CF <NyTom OFLIT pb prné " .UF uC B vpr BF yx DI _[p “#lft iy x 1) 6KCYK Wb pp

Cfb i) uppe _bf) € I ), OfCye pp M ppd, €B & Cy Bt 2Kf) bf) SHI, AfCy" [ ph ApH) FBF
ob .UBFuC I wpr BF A i) ik eff pp cKux i) it _ppd. B € T afCys af ¢F &0t m it
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I el Ofpip Cxf 1Ag B Fp pROL a6 pp afsC €F KD} a6 pp Crit Wbk it OpFO W 3[F ppHB
:UBHFuC I JbbP I B J€ i pp UTLF npH)

CFQ_Ap6 CF Uprtm iirk m ¢ B UT_pd i) mfArd. FrAl B (€33 ™K CF M) €T VIbIAF ks ) Af
(18/Crt) .pHl e EX

O Cfug) iy CHFIEB 61" [ of) & re UKD 3UCc 90, UKIB ik UBF I M ii) atb
Ards g pb pfO it UBF eff Uf Jbb W il ¢ if ¥ .C3 pROT 0 1p erlt e W), afCys
AfBC oM. 1t pu B &B Jbb KB I dff ¢F eyF rk .UBF up} ctbfa B 1 Ofpfp Jf> &ifst
cB af Nk €3 i) eff n .UTF upH) Ay Cxf ubH) pFO CF GpFa it DPRITF f) Crt M jHbf OF)
Fxe afeC erf cA pp m Mg M, e 3% b 309 pRITF Off o C3kpB O K Frak it MpHK VikH _3(F IF CKp
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