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1O WCA NCA 1@ AHPTT aowlqb: o0 LK 10+ nPh0 T
Prdméts: AOhH &40 i UL ABF AT BFAN (AEdT YO
1988):

NCP1E AS At &8

PMA.C @« 9°7 LIPY? aOnLAM0 97 LUPT? WP A AR TEOPT
AP +avl gl PA: (INH AL TEAPT HYE +POLTT PTT®- 784, YAz
Pmd.C av€avse nNCPrt (singularity) +€avs PoAD- 1@< (HYIP
78:4. 700 aPwlt: MAC KB head (LLL&9°: NFAk aohatt( (the big
crunch) +i91#: h7215 OL CPrF (191t - AT - KCTE ORI
OL HE tm2) LaPAdA::

A7 W89 NPHE RTC MAL N&tTT 2TC (Lhéd O-mt OF.
e ¢7.m?2 NPT ePC 10 PULPIO= NHPTETI® HPHE PT=
AHPFEE 180 PAAD RTC BE (BCTT) 10 A28 &TC (175 O
®1C) OHEC Nhdd: Omk PHE +PeL - AMFAPTE OOT PAOD-
(HARATI® & TC) LUPGA: PZAN AATI® U1 T175 @-9° 4270 I°CI°C &F
PILTLD NHY HAAATIE |TC D¢h, AT OF 10 LUTT HAAATIP
®PC NOCPTE IC NGHIPLD ALTENRT +avs-golm- eI CANT VP
Tt D

PMECT avBavse NACPTT 74, YA IC LoHave: K70 YA
A&t FmIna?

AOVELT YO0 117 : “meC aPBavsP NRTLM- T+ MAL aPEavse
PAAD HAAATIP LOA 10C: 17 10 O@L2” (1IN A.aPL-0C WU NAA:

8 hF® N@-ONTF7 Lot ITL NICT hrtdamés (A 10+ e mCIo-:
7 Stephen Hawking (1988): A Brief History of Time.
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“Mé.C HAAATIP IPS AHY PLLAT NPT T2 NME.C D-AT AHAAAT® PNE-
NCY7: QU-F OPF MECT v NCYT ONCYT ALCrE: NP0 17159
ACY7 OF L1P7 INCx mdC 1 P (NCY7 BAh AHAAAT® 21.mé-0t
U3 D)z QU AHAAAG® P04-@< NCY7T hndC AAT1emé: Qv 1L
AT PTLOA TIC ATC ALTAP 104 TIC U7 NAv-r LHh MEC U
ANCY7 ONCY7T A&LAT® PAD-:: AAHLY hHED* NCY7 & MEC “erna?’®
PINZ0TF L aPFC AANT LAGT: MEL 2918 avBavsf LGLPA” (1INt
£,L.a08:afy::

PANELT YO-07 PNCPTE A0PAAN PFMINAD- DALPT TNA
N3AG Ca7 A%0 % (discovery) Navhrtd 10C: W&P7 TN méC
APO4 U8 PADP ALTEAT 1W< ANELII® WP HNAT Navhtd:
MELC hPO% L7128 NP hld a1 herh?e (logic) Neriat 1NC P07
FANES PPmANT:

“MA.C PTI£LA1G PTILADT (LIPT §C: AHD- Lo1F AHAAAT® LBLA
@0t SPA 1NCE 17 MAC LAGA Az harpdel 1440 A28 T 10C?
N T0N7T 77 £ALPAY” NIVt AlvEL? SMEPST: “AT18.00-0 MEC
ATV 04 () heors (44 A8 maN (F70) 21Nk LH ASC
eFAd: @ T A&t 1047 LA eV TPfE eHTATEY AT
oL eavAnt® ®L (ACPrF (DL BCTT P7lmp)) 124 A Lavid”
N9t 2.Lave a9z

&Pl Peavsm- hFad €797 Novidt hPt: hACIHANRC
“Pavgavg @ ARHH (4 (MECT LG THCD 42AD- (&) £ A§ 8T @
FONIEt QP - (OB aPLP P4l “1IC” - (WhAR PALPT?.) 046 NA7& T
AT U3 &7 INC? PTLA@-T TP PANTAA:

nNCPrE 284, a0 (kS erAd €787 184 1A
N7t 1@ £U7T7 WL 1PE AgraoA( O+ PN @ hHUI® TPE Nav1art
10 PLI° (LA “NFAd 783" 14, 1Al avwlt: he )@+ (density)
@f HAAATILTT 27Lm) “TIC - PLA." 104 SHAAD-:: U “TIC - PEA.”
Qa2 (vacuum) e+hO0E HELO-9° A8l enAT1G A8 $HPH INC":
APAT 10 HAONFID QU TR (AL 1701 F OO0 PA “TIC - DA 2

8 A\@- PN FOPOY @ATT ATIPAN:
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(ML DT PTLTTO7 PO ANAT P §PLIP (PLav avHCOT)
(33 ATPAZ A0A NCPrE (singularity) P90 aeméf 9° +Ama-:

ONCPYE 724, 700 aPwlet:- A18Y A&+ 29°90@- M4.C ALHLD
Wt: Ot 20 POP0P (BOTAT) Ohe: (A7 PO Ut
eHTTOF “LH” 10C hULA@- 740 OF AT100 7=

£V U3 W& INC? PME.C P A (P avs M) DAL “PL0
T O PPSAOT  BU “CPLA WP hovd 18k 04T DAL AL
POPNP 07I0HS (ovFavdp: APHPRI® NoPhN ANTONT LH SLLA:
Ohe+g PHSH SHNOO TIC H° AATLY 7

(HSL@- LA PUPH AI°T o> ET AAALPI® (LAA: &(+7 AATO
oL HE rhm? “NC” PULALP aopt ARTC S TANE DRII° AT 7T
LUGh: © eFavdm- A PNPNP he: NPHPHI® +h0: AT ALY
“PCX” BH ¢ (LON: £77 “TIC - PLA" 0J P10 LHaPOAPA= PTI0+
-NCcerr (singularity) 784, Y40 aowlst @ eavBavsem- ¢ Favd “p( -
20" (&Y MPAA PMA.C ANA U-v) ANPLI® 9°79° (\F A8H ONCPrT
CF70 UPS) QHAATIR av-pt- 1F SR

ATI00: DAL 1PN N7 QLY AL 1PN NS (NPT
U 09300 “NC - 2807 OOTP Adhte T1th AS PRhALC
SRt A P94mg hhaet? “@ha@”  eoTTE INCOF@- (AT
hPPeopo eANA mOL htia? TINT 10 PRI AN NIARID-:
NALINF L7 784, 10 aPwlit: “OhAD AT AICH- O AN ALLATC:
RICO®- 34 OL E0 ANATE FADM- TINIT7 10+ 178, =

2Y W%t AUP7? FA?

M tmPOD ANAR LAV “TIC - PLA" OOT U0 ALLT 2RAT
(LTF:- ATRG® PRA ®L4T P7L4méet? Lk AhAT (AADTC7:
TCFY: 1OFCL.OHt) Om: Oa- hfA 7014 P4+ DA U7
AT 5N LA 0t PRAT NPPLT: WTIVR OL4T
PULMGT kb ANATT: 0L Own, AR8LLtAN  (FhPIPLO-
AT8LOM): (AT ANTANE P7LeH 10T DLA LIPGA=

S U 7IC TV DYI° 1IC (00 FII°) PUILADM: @-g TP PUTLAT0 1D+
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0 PRA havdl eavienAz:  QUID avdit (AATF): PaD 4
MAL PAFDY ((3A D0 M PTLPHFY - 9ULRRET e TIET) HU-
0t EA UL ITLO KIROM: 07144 10

1T 220 hhAhte 9995t hrhALC A hatk (gravity)
LavyemA: Ot DA 0U104TT (9P P47 “(AA” AT DAL DOL Lo
TPL T L RTT (20 - LA PAPFFT - 0918 ET) A9PP DAL+
ACO NCA POPNP NAD- ATLPL 079,510 102

avEavs® +Pe DRAT “QU-T AT ARUT PULADT YA
N7.L4P LHD ACA NCH L4TT: ANAT® ALdmC $0:= 20N (ALY
ASTE vid NINLOF OPt: @-Om T DeA: PHPH: ATIO
“Cavii(It LH” AAINC: £ DA £Favd 1NCE H4LO-7 (T heHPHG
NRATT OOT 07 AAT0 #0: @ DRA (AhAR LAUTR.) £Favd I0C
NTINE AAFPCE AU AT INC TINT ARFAICE AT PIPSD-p@- PANATY
mae F oG

méC T ¢ Ak &8 FEavl (W SNCPTTT 14
740 Qeehtd 10+ (HU- Pwlt méC (LA (1926 Lam- apA-A
paLaoM@- eP-NPNLA hivit A72815 @L NCPrT (singularity) eoL.oohn
LUSH TNt 1@

027N ANTTIHNGTFO- 180FG NPPRPFTT 2C: AA NCPTE AG
A Ak €787 184 YA 04 N0AT H718: (HenOsEr 99983 0Pm-7
U Ah 102 4270 10+ WAt AGPLIP: Av-ie T1C FANSSP aowlst
A7R91.G LM avTIHA LOLAIA: ALTN £7 U CPP Ihe T6nOT aPN
ATINTT T g P ET adME-MCP UL 10 NCPrE WG Ak &8
184, 1A AO-rEEE - ARTAPRTT 907 PUA 10+ lde aomPPI® POLA DA

A18 ARTAR aPAGOF avfv AGD( APOLTT PILLTTM 2 (1aPAI -F
AL PUIPCHF TPBPT Ut aPAN LETT 1@ AR €78 avAT (K-
AL TEOPT H2& ALY (LTI ME.C A%V 0 PS: N@-am- SAD-
AMA v 027N AgJ@P: @AM hHY ANNHY 10 420A: i

10 178 YR8 Lot
" AL LG a8 LT
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PIICO-PFD- TICT hPA: PMLT PHCOT OHY (A7 A AN
avA 9ot AF av@A7 Fhhd ALLAT PTLA AL TEAPT Ak

(Mé.C 9°CI°C PTTT AL TR THOLPT Al NH (LIPRIP: 2Mé.C
ABTIaoC W80 10C Ne AgPLIPLI° 00100 P avl B AaeANAN NP TG
L PATF@ APTF DHUT °&C L5 N TI00: AN aparg P jm-
PILAGC AL TEAPT Al

hAL etmeat HINPTFS PEEPTF  v-te A4 P10+ POCPTTHY
(singularity) avAg>t av-fe lav-fe LULLNTF AA aPATOF AT TIO:

AT “AoPr N0 @A P10 “NIC- DA het apa?
av-pt(y WA TAmé?” D e P TIC 17 LUTIN TLE M6
APPTYT APavAnt: aPA(T A aP 1L TIDP At FAIO:

£ TG DNCPrE 041 PINLD- v-53 HAAATIP QAP AN 08
(hAP® AL) 10<F PRI AL A78mPAT: HAANTIR OPT |TC £71.0A
PZAN AT AGC A& TAIG:

F8.0: eUT? ONCPTT LMK 107 “TIC - 20" A28 hHLANAC
PA $TLT 0H OTIA ARTE L1022 NAIHLANAC 7976 F7 PNAM DL
At POAMISA WYE, ALCPII°::

AT.U-9°: RUTT ME.C @F HC havavaa: A7 A%<l 177410
av&7 ULLUA DRI 0 RULLUA A AAJANTP?

PWOEE (CPYT) LA YLTIPF hoICio: pC LavanAd
(AMHANRC ALLTC hIPWP - LUT (I NF 10-6)= QUIP PAD- AR
AL JPCIOC DL AOF APFM) - ADLLT ARG Y2TITH hetde-Llt
A7L91489° LMETIN (BUT?)x

OLHU~ LT MA.C NTPAN: AMHANRC BUTT AT PI°GD-PD-7
MEC NAPHCOEI AQPLI® ALY MéEC aPHCOT havE P17 2584
Wt dPzd: £9° hémC &40 N@Om- Paré.mC hivtt A1Lo1.8C
NTLotat P4t HNECohd:

mé.C haPHC o (6t

£y “avBavg " O+OA PN PHUT PHED7 (NHG 12 ORI 15 (LAPT Gav St
& PHmem7) méL PoL.LavAht avPr AANT A78: DHEI® 04t
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AILANMDC OH MECTT Af4mdé (WPHZOST hPANAN): LUP° - A4
PAO- ROV HAAATIR (LIPT: AU-T9° WG LUTT AGD-P ATTFAT: 07t
ABUSM-PT ASOFE U U7 ADPT A hCAPNT: “h7t OHF
PRI AT 26 WCTYA - @7 hchovars h@YYN” 1A@- had-T (&Y
PILLNICI® WAV hHY Tmeda)=

PHED: MAC 1071 AL NPh-(T A7L9T0A S OO0 T (PO
o 30) 1@z &C (A (LALT 9o (147F) APU AAINLIC: ATPUY
pPLqe@- (primordial) mé.C A28t £A 10C? NTLA ACANT NH P+ALE
aOAGOPF FATHLPA

e méC 04T - PPLPD MméC AT9.0- hPPA 220 - muh
e+110 mé.C (nebulae - constant primordial universe) +gav
P9 aPA 9O U4 (ANNURTIP &40 ANz (FAd G783 aPA 9Ot aowhgo
PPA 020 - MO ATLING ALNLI: heF8I @ A PHdmd aPvr
£.3avGN RYE

AU (LPT TIPA PO - M. PaPAA (1ML AT P94
LrOPA: 3801 mAL PFHLOD- NFAd €787 1@+ PTLADT avhavt
ngeA 120 NTPNAD-I°: AdoT FAAP €78 FPF hA+E8 (AtPC Imé.C
@7 PotT hPhT (mPAA €A AhAT) vt DA FAP €79 OF
Tttt 1ETT heem? 1AL APAde aeavdnt APT S FAN (TIATIP
PHALE 427D HI0PT LATHE (s

PAMANAC 42L& ML NePHCOE N&t NiNd: OCH 4.9
ANARD AA® (ANAR (1ICY7) AT TEML U-v: QU AT PIPGM-P@ ME.C
haeHC ot 1419° PANMLANC 4.8 PT4APAVTFD APA HOPGT (LG4 AS
AMLANNC 18.98 MELTT hEHLIT hPANAN $L-F (LT AT AGD-PgO:
AP WTRU WY PADT KR FANGS O1POPO: (HHPPS ALY
L9 7 PN AP T0T 1@

PaBavsP@- (27 7E) MEC AT §28F F ALhtH9®: md.C
A78 NF ALLAT® PHL.MLD R9°3A NPT I MECT 104 TINFT7 10
LU (NH ATEAPT £L124%A= NH MLCT 1N4: LFEAI® oLk
ALTEOPT A0OH e p+PA: hFAd €383 (&4 (LP7: AT AL
(14,2 P& MECT 1042 AA PIIGPD MA.C ATCI° &TAA NTINTFE AL TP
@APLTG GANGTP AoeannT NPP NRAPMARD- LA P
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HaoS L +IPUCT PATTT4 - b (L (L 8.7 PABMSG - (&AVTD- 4.2+
AQPFFD NBRAFD- av3chG T ALIN(HG hPTaPLavs. (190AR 0N
Plbd: PATERL PInATE QUFO-PT “hu-te ANPLT AL TIC INC
£AOAANE £V TIC 97 10C?" FNAD- (LnPk: “hu-te AQPL P104: husde
aPavsP: Uk LA PTLTC ACMLANRC NF 1@< avBavgeq
ARl LD ATHANMC 103 ANGS A9% SHIATP ACA 102" LA
“38.L KIMANAC NTL: AT ATC: (@O 7 1002 +NAD- L.mPE”
RICOT° 0D~ “OA LA NRC NDOM- “PA” 104 (AA): 020 P&OT°
nca- OC 104 (AA)” SAGA:

DL, &1 AT NALTIN APTIMeE7 LLNINT DL AD-1T PPN
APt 1900 DL AMWA AR AD-Pt - DL ATPPHG Y2716+ avd\\D-
(L19%7: WICK (@O-OATFD+ IO9° A2 TCMGT APLA% Ah 1@<

AOTANOTT A28 AR PEOPTI® 1P1 ATL. Y9958 Nh2e avyq
avidf: o790 ALLA: LU hAZE aoid avidt: (142709° P 0729957
ADp hLarMgr::

UAET QTP APIAH APT: HES A®LLT helhat PagTn
PTIFG ATREGP hOIRTF DG A18L: NALD AD-PFT7 IC N@-ATNTY
22007F (0&7F) FATT7:- “hPT RGOk 10+ A9PAR - PMAC TH: NACH
4PL PO - AP ORI ARLCA” NMYA: LU APIFTFT  hagratd
ALLGPNTIIP: “TTIGD-I° ¢ avBavs PG avg A NALA® NACTH AN GG
Lavhs BN AIAIP: LUTT AIP1ITTT AR TFhe AR TAD-9O:

AOPHR P OO PNCPTE 184 YA OLANT TAP 427D
YH3PF @A PAINGAT ARPILFTI AP LO& PULAT ATE,
PILLLGPO ARLATO: P N@PLF AL PINLD TIC (PLA?) 444 NT\:
N72995F9°:-  hAHANRC N0V OPt: Ch 49L& AVP7T -
NAMANRC PA MEC THED LA U-NEI® PO~ 10:: PhILANNC 4.5
(‘thHN) AT FPLT A2 101 FavC SFHHAL AATEmMEI° ThHET ke
P67 BPPAN: .0 AT 0010+ aow s -

o ‘4270 P71 mAT 1@ PTLOAD- AP AL 102
o 5 LHG “CHAD AATY LH AT PEméf D (LALT
qav gt avms. I°7 TCHI° LOATA?
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o  AMMANMC aBavs 9P avgn.Za° PAAD NUPT: NAIPTD-PD-
ME.C NGO PHY MELC A&TLD AWTHANMC 9o 107

o PAIUHANMC &L 7 LHI® RIS PA Y1z (ATE: (AT
“OPT” MELT (LHLD: £ “OPT JOIL1D"?

o PAIANMNC 4.2 PHY LH TEavl TNt 7 FCHI° LATNA?

o “CHY LH Bl PTLAD- AAOA PALAIN?

o (LPALATN: AT (NIPLe-P F1%TT) TAT ATTIHAPAT? LUd
AL TEAPT ALTATI® OSATID- HAANTIPR RTC ALIPANTIO?

NPeRPFFT vk OXIC: A28 MA.C haPHC | Ndt: ORI APA,
M.t NAPHCOFFD- - u-te (& - 9125 PPLCT (AhAD-977 U+Y)
nevems &t - A MANAC NP2 E 2SC 14 AdE BFE-OIE
AONHAAAI® NTI0T ASIPGAT

AP POPX G P&O TPOTI® NHY ANAR MAC AA 279252 AL
A2RINE (W78A) LMz

“NILANNC 00715 aPBavLP hQLTHE (PLIP XL+ avPavs Pz
NPk NHAAAT® B9°C +09Pu-: 9°2C Nevd.me: AP LI ALt 16
ALTE Al TOALU-E .. ATITT MHED L AN MNCV-E .27 A, 8:
22 - 30

“OA9° A4RLMC: (&t P%A7T 10C PANT NGPC AIWPT HIL:
OhCOH+O a2lm 7" hodo. 134

PPOE: Q728 (A AT 299,307 NAPT OAHPC: MA PAI° AT8TAL
AT8.0-9°: LY NANA IC APHOPL Y NALIPChTT PP TLD- P71 OC:
Gavit: g9 QAR AATS AIPLETT F aoPRy LmeTi::

OMé.L @-AT IR INMAT ANAST PLA dA PTAP T1C MATPTS
R8T ARIAP avl® AAFTT I AAGPTTE 291.000AN+@ ANIPTS7
ALLAIP: 201030 AN NATPTE (1AL7ME P71 08F3DPI°:  @-Om
ANGT? NARS QAJ@P o071 RTIHAA: ALTIHNI:  ANTPTTE?
hfavAhrgo:

2 “hmé.C NAL OA Nee 77t ATI9T PP%ATT /26 U-v LarlIPldz:”
29,1743
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A@< (AL 7'+ ANAR OALT: ANHG @ Ad-pE hAhA Polovlsp
(LP79°: -\HE 'F a0.AP AAPT: PAD-PE: aPTAG av QM- navd.n IC
PHPPH LUPGA: NANA hANA®R mAC PH4mC? aPPe 7 087N (L1107
av AR aIATFYY AG AT N7 AADOPID-9O:: R 78D (184.5D-
NANAPD MA.C TL8 AWA aPAP MEC 9°FC AATE ATINT A0 PNz 7
o Wd=F7 LUTT APTIC AV.L-NT: APRTEFTTII NALTh Hi1TAT:
APT QA 90718 aPLANG W7L&CTP:

A7 MACI® (L7 - @LTP° U-(ts
POt (L7 - AP aPAG s
TATESI® (L7 - (PLav- LHO T+
KA ONC 9P 27k £9C 101G
nNH.L9° - H.L° N4t

RIMLANAE MACT NIPHCIE 0471 KA QAP o012k @-0p
LTC: LUTT SCOT ¢ KIS.P0AT: (CAI® WI9.P0AN aARhY
(“GXIOT ANAR - AT ARNAR” hPPTT) T

“DH ALY Go0FT (1HA L LUTr PATHANNE ¢
NP RADTT AILI0ANT: FaANTI° RISGRIPAT: AL
RIEGaAND: W57 (MANAR 2T AG A919R hPOTT OHPGRT APTT)
KIMLAAOMC &M QLY PRTET AMLANAG KPEY e +614:-

“haz NPC AT A9IANT ALU-HAVE 2" HA. 20:3 - 6

(A a8 avPPE Pmé.C AMATS AA hPh (T 924.mC

IGO0 SN DL AN ANDT LA £ AA A7524.MC 27.0ANA Tac-4
- ATé@- - & Ahd (anti matter) hanak 102013: 03¢ 71837 784,
YA PP7HA NP PéC ANAt vie AR €783 (A T TINTT
10z PMA.C ANAT A (L AT8LE4.M4G PULnAN MAPT 1N FD-:

BB 0T K& ARV AT T PEL U Lk ANATT NGOTFD: KICH BMé4S
NPFFD- €87 RAMEA:
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ZTHACT (PAONTCT 2C): A4 TERY hG &4 10-HCT: Ahat
hA ao P @L av Py A8 0 0310 &4 ANAT SUP'F AhAt GF@- KICA-9P::
hahd 2990t +Pe1 (P10 MOSFD- NF 10

PavEavg 0P Rk ANAT NavBavsem- 5040 0L ANATT A.ADM-
(LA: NEHT 0CA NCA aPMé-4t TNLL A 84 917 haomé4t Phe Mé.C
THED OWHN: POt Lkt T Kot (AADTCTE TERT WG
L0-1C7) hAoPTC @L aoFC LULLHINNT v Tdmdé TINT 1D

has Ahd LAP: AA A4 ALOATP: J°RTEEIP: PhANA aTT T
PToT aPFC AYE, aPIET AT TTNIET ALTAKICE BU ATAGP 106 172
LU AR 10 7D 9°7 TINFTT 102 AP 024 AMAT mé.C (LFCH -
Ty S PA?

NA &2 AKNAD-T TR4-41T ANAD-27 01H MAD-GCFD-7 A0
PS40 MAC NWFHZINFD-: A% (LAAY® = £ P1CA AAY° AICH-O-
10 (FHFPELO DA ANAD-PT TA6ETE Ad ANARLT P hAD-GF D7
ANNLD 0TG4 F MEC NWHHEINFD-: RICA AT (LAATC: € PIC(
AN AICO-O- Y@=

A PIPC@P@7 MELT PaPwltt &4 AhAT (LUPF T AICH
AC OAFD- BPCT AnAt 2TLAD<7 (9° LONS 1NC: ATI° NAL AhAat
eE7I0T ATPT INCE ATV UAT - PANATS P02 AhAt AN
AATPTCTFD-9° Al LAA: PTIP: oA PPTLHI® A7L91.SC AG hATLUIP
AT Hé PIPGO-FPTFM® AnA@-L7 (1190 AHY A7LLALMN NTTIHAT LN PA:

PACO OCA aPmédek Ot AT AB9 ThAT AT
(2014 TYHT. OHF) PANTA AAPT: AONU-T &40 ATTY AFl Tha?
AT WG9 2LPd AMAT (PLHL@ hmd.C @L avirt Lo aPPSF@-7
Oha9PA nlC (Cosmic rays) PAnSPT AT10P +T4.A =

LO-T4S WG A 1O-ST 17 hCA NCA NATTILM4G4: ME.C ALHLD
P10 LOTSTPT AT MNLLTT (19PLHI°) LTt e LFaPGA:

Q-+ O (AN HSL NN LO-H6T IPCI°C LLLIN: (1MIP
ProP@I° (14.L70L5 NAPA avhhd €za Am7l CERN (Conseil
Européen pour la Recherche Nucléaire) ¢H0AD- NAD-CT @7 A1CT
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paiavs. 04 AhAT (particles) avavcavge M(Q 1@< NHY G+
A8 e TS (WP 224 L ANATT 191060 @-mET ATI0T 9Phi-d=

Hé PIPSOFD- NP0t hFa® €787 (1A PHems SF@- (TA:
RICAT P70 774 1ICT v-te A28 LH M TINFTFT ALLATE U9
LRO7 MmO PoloeM @Gz F8P PavEaviPm-  (PTE) ML
(primordial universe) Hé AT2IPGP@- P 477G &7MC NAD-
PR ATRAING P10t APPTIIO: PPNTLEIC O TR MAC WP
PPt AP DoO-aLa A0FeC e hne & 71l et AS40T
AR TAIP::

A hrcoba- enPhOt MA@ &t (WPht NP NP
hTINFFO- 047F) (aPEaL LD ME.C NINL > bt ASC PTUTh R &CH
e+aA 71 1C (element) NF 10C: QALY: 020 MO @0 DTLTF
AMNTFCTTS TERST - vtvk NF (MILrE AP PaPBavsem<7 17!,
7€ - Y2.8CE 7T NF Tz

NHe PPz NaPANHS avdt ATC LTLTFA ZALI® 10N 7T
71C AAPT: QU ot M9°%- YR&CEET +dmdi= PLALI® N7L.LCRY
NPLE® aoT20F (ALT10) 103 Av<T A 09°GPD<7 Pavp G OCYTT DLA
AT9.5C £RLT (N91£:4°1 AL PA)=

ho-0t 072CE T AT #78T LALP° AdmC: $4@- SNCYTS
pav-p SLA (PFGT avlenT) NCYTT AATT: AE PGP+ CY7 WF
PG O-p@- AT AP “AILANMC “0CY7 LU-T” AAE CY79° PY” HE.
1:3

(avEavsem- PN 170F PhPh-(VF MADS +L21m TNt
LFANT aPFLFDT WG PPGISHN@- (NCYSTFO- OAPI= hLh (7AAz
PME.C ao Pt KB oo LUIRPC 106 TERT AG 1O-TCT hCA NCA
AP A ANTCTTT (HGPTFO Naval PATe 774 TG (element)
Wl QIO API° L8 N8LE L4 T4 B

PLI° AT ATLINK1D-: PR 1T T1C (element) 7 1L
PRI+ AP PHOAD ANA Navdmé ANPLIP: PH Ph-tar Thd AhAet
(AARTCT: DhCRL) NEP8F0- B4z (AT AD7E & ORI hH QAL

4 https://home.cern/about
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(4.8 LI T 7LD LUPGA: WL (A a0 A0PIA (L'EL:: LT AhAT
(ARONTCTT: TCPTTS LOFCTT) PAAM PmP)F Bavd.:

N7@.L:CE 7 AT ez Pl ALTFG oot A1 F (MANARYTH
a@TTH) At 774 TICT apdmC ot A4 A HCLD- Pbét
ANDTECT: TERT A 1OHCT (AL Pavdt £28 MM 174 11CT7
710 TNt 10 780 PFOAL d 17 hYLLCRY AT NZAP® OivteC
MA ARG LDIP: 380 it TPe TICT PATTFD K1977 CFm-?

PAZL DOl TIADAR A°§¢- NNL O P& T4 TICTT (APAN:
NCO7: AROET RS AALCT) Srbdds ATTU 174 TICTS Abbeto® hae
nne £ s NET ALLMALTFD: N HALP Pavpt L8 Fdmés AL
NZF 0L NN P 1L NICT PUlLmét T PGANT PATS hh
aPFO 7 A PN LN SPTA:

o0 - MmO mOe PATFD PYLHI® DL DR, (19P4AN
NTIANARD: Pl §¢- LCPA= OAHY: hPh-(t P91T¢TF D PIE
T4 TICT 0PLI Ftd (hbhh(k SCF B9°C) ALl tA@- 1@-:-

70087 LA.L9°: NCNT: ANAE T LAY AT N4t

hPhOT: TARRF: LPPT: ANTI® PméC AnaT (PhPht
ACEEAPTT ONCASPT: el LTLEPTE Pmél AALPT .OH+.)
A& 1 Dot A tabaet 77 TICT Tavwisk:

PT: NaohnAF@- PAD<T ARTF P4.md oot KTR&P ARTTH
TP TICTI Qb PHE PUA APT ATLA (99849 10 ATPAA:-
Og°LeT7 (n$8 avgd: han 70hA héd, PAD<): PIE@- 77l 11C Nt
(32%): AhAE7 (30%): AADT (15%)F TIUHLT® (13%): ANLC
(3%)..OH+ .22 WHPUI° (F°LETT 0178 TICT hQYTS s (04SN
(ALC: NAD AT AKX PT HTL: OHALE 10+ PTLU 7

eheh-rt Aa°

LAIPAT® ALA: 4778 NI ACYTT PHavd PF 23060  hehO+
Omé.C hHS hH HOF1I0: NCYSFO- 09LCATT NF AT PTFPAT:
MImONEEP aonnd ATt 271048 avase hivtmbar: ¢o73¢ AL
nPh-(t 9oL F D7 ATTIHAA 7=
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ach® Aovst AAPLOTS hadet hPhOt G aoad AT
ahe NA7T M&ST A78: MARGNMZP 1 (H10Z: hadeT heh0t
PUIAL: 1CYS, @L. (LBt 7lm) A%t aomis bl 6 ACO9P:

PPYE vl TILPTF NAK 091307 NPV APTIav T ATIPSTT
ATR.L00T AIAD-: ANTIR P8.AA%1C4 NCH ANdAD-AFA: 174N PHALR
PATINAT PCE NePhm T LA9E T WS LMY (1998 NATTE AT ATPAN
nhPhNt+ (constellation) hé&A@-Fd: (LU oowlt: JA 1A NAD-
299,307 NPt NaeaaeC N9190H:- ATNAD- AP: AST hSPT: (T
A4PN: G0N TEh9P: av @ s TAN AAD<: FO40 (6D hCA
@BC FAk &0 ZAdh I SN.OHt.. 090t Aa  hPhOt
ATLavL.avé: ABTISPTFI NPRNTT (LER NPAN ATLARKTD- AL CIPA::

A8 A0 hPht (constellation) Qu-ak9® (NO2L7S
00N 7S+ hnat (hemispheres) e300 A291&E LA (APAA,
PO o) ULt 10787 &P hN (northern hemisphere)
MLT7O AT NF 10 ANE (ATPAN L0 L7 avhPd) N0
7%+ h0N (southern hemispheres) 0 L77@w- Av1g OF 1@-
009, F et

PLI° ALA PPAGTTFD- ATPAN NPHOT NALSTT 09130 TF -
W70 NRAT: DA 9°79° TIHAL aPAgR: A91%7 NALIIN ALTIN
027 AChd hPh-Ot 204N A0t AN, U<t POCYTFD- @907 Ah
W28 T84 TT T L3 0A= LUIP NCHAYE AF8 O AATLaPAA: aPAh
o+ 145 (milky way) +0te eméh: AnPAL $C& AL hAP TI°H
(spiral) £4 1@ A5 17 (@O WAAT BUTT AmPAL PC& 07T “I8F
APTOgP:

A Hhe P99me@ méC BALORT hhdAadd. A: méC
7 (4 P FOP: (LY BAONT (PomeI®: K&PT 700 TiA
HAAD- POt +aPs914: £AOHH - 4IMC - &7IMC NAD<: (5% AL
ImA DPh-OT 0992047 O-OT APA NPh(I'F P FD-7: hhPh-EI°
2C 10 220 - mua (nabulae) av¢47 Agvavpnct Fac:

HLPT TN (Ahk 889 AQh 1953) h MNP T AL
qavi+ }78wi: (A hPht n917et P0AM 9°79° PAI° (1 TIAT: 26D
The hPh(T +ave914 Ut AL 10+
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NAHLPT TNA 034 MEC N LALT nPh Ot P9LTH0 T PAT
P PRt AIC P Heo1m= 5 AT DIPSPD- (918 CP AU~
nPhOt A28 Ahd ANmCnC (HCHC) NA®<+ QA O L9° AZAN
NAD- 29910 PméL hGA NTAV OBAART 238 BaoC: (L4P
ALGTT &HH - &7mC N N4k 29902 A7 hhl (LFC: £ AT
P9.aoNY Dl BAODRT A2 H hPh-OF7 ot QAP AT A28
PPt AIC LBmeA: AAHU: hPh0t AL PC2T7 (ooPH
P9°q OF @7 PP ho -+ A1 hPh-(t (galaxy) A7 ATmeFPaT:

(méC @07 OF o> Ly (LALPT ANAL(?) A2 hPh T A4
L1 FAz hPTET4I° A1 NPRT PHr PUA(?) hPh-(F 94 Fdx DAL
hPhOT @aP: 47MC - 47MC QAD- 291004 FAAP OFF hPh-OT9°
Alr:

A1 Pk (@O FO- WTLTE hPh 0t PPN 220 - auh
(nebulae) S ANT9® AnteFFo- (TApPT: eldPT: OHT.) IC
PHALY PCX (9PAh) LALA: (A hPhNT TTANAR AGFEPFTFD Ut
eant (gravity) @Ihhd 9294 FZoim Az &V PA0F TTAhA Amé.CF
@-QT U NATLEC PAL NP AnPAL PCATFD-:- W78 O TIHH
(spiral): A78 1mA 19°HH (barred spiral): A7 HCP P4 &é
(elliptical) A5 A28 ¥C& (LA (irregular) £ ePr? ATIOP +7F4 A

P &ch2S NONE hAA OO PA HPS PAhL & (planets)
v P\ @+ 289 e hTlme-@+ haR THH 1o+ - 0§ Al
nPhE hoL 8CF - auAPAT® DA (A 150 N8LP ARSTT L.
(992, (avavp it -NHF P9°SOF@- Pk N A1 nPhVF PAT7 100+

h% A12 hPht PPoe (240.37F7) 09075 W1&CT4 H0A ha®
T°HH (spiral) evr FAP A1 hPhOt Adz P99° A77 WG A
PO A8 0ot (LPT9°: FAPTE P10 AT9.0-9° TTANARD- A6
AN AATLLNL: NA BAANT A7T: &IC Lavd e LF-0Ax:

Mé.C PTALY PCA ONFD- A1l hPh(VF oFavA APy A% A1l
nPh-0t hAAD ALCP: AADI® DL AAD- ALPCN: OV W79V AT
a4 PG avpllA RATIRT NG Ahavlm-::

NME.C DT AL AP NPT 226 hB9 NMI° P9L.004 “A7L.
nh” PA9° Ak ATLU hehHC (Quazar) £0Ak:= hiChk £64.2 1
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AATLaDI 048,92 NPRNTI® L0AN:: sBpe0 bl AAPPPGTFD- 10+ “A77L.
nh LA PO AN He &40 Pmé.C Tarsa1sPF: hriv hh avae
TCTF 29900158 A W<l NGHE W1 ATE.: OMACAT 9°7 A1LU'HI°
HhADERIC::

W18 1 AN Nl PRt Az OPET Ao (u-tt oo
qavtt Q1A LH OQT) ABl L8990 1PF N091L 09132 $¢-F9° hh
e PUlme@- he%t (comet) o< B 90 bl +0A ATE: hih(l
ALLAT® - NAZE 90NAR 170 Hi0P: A28 Bt hnakaam- ehana-
PMELC A0l 14E KS 20 - MO 10 AT 091907 Ah® APCO OF
1@-::

EAADT (0PaANTS EP010a N9 NOLTT alEPTF Az
AA NCY7 ARTH: QA P1&F. OHt. APA PTGT IPCICT Ln%8n:
AP0t aonA hue? &+ °79° - 9790 AL AANT 08 2§88 PC
PINL@- MAL DNT htC PO PMAC D0 - aud (PNCY7 aPHAALS Ut
- “YMAC KPCY) WHRANT APlST AHTAAE QAHY (méC @t 0L
PILADAND* Gl Uk LT 0& AAPPPET AS NHU- NAHCS AMA AE
9G0P F@- 1T Ptavd aoPry WTTIHON 7=

ATeU9° (IMEC AhAeT DOLTHF LendC 18T avhhd NHAL
@ehe R0 PFAAD- PNCYT ™18 AG MATNT AgPr: A héP Al
nPhk Polavm avpy 9187 NTLPNAG N9.AN ALTAP avaseP T
ATIOP T4 A

N7 maC ANTLFet hPhOt +19C APAPP® (Aten 14
T4 NPLHO- (&4 12T PTLenavl @7 PR RS 2hdTAA)x

&t

hPh-OF? ACA ACA ALAAN A 2764 ATI80F: AIOHE® (LPT 218
eoAT A0 LA 90790 097,098 ¢t (friction)’ nAANT méc
@-0: 7, Q0T 47 bl FANCEPAT= FO79° 097,098 11C AN+
A& aviinchc £2avs il av$aLe PA@-9°:: RV 1@< AME.C DT Vv

5 eATPOPO, 112
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ATLFCD Wrav(\ 20, (H4T) PPN2EE: (ALUI® LUPTA P59 e DT AD-T
POHOTE Amé.C @O 9°79° ArPOPO. 0LFC TC: TICETS aPig°
hRTCIOT (?)=

A nPhAOF ((@-0MFo haet hPhOt 2C) Ohets 48
CHE(vz 927 K@Y HdA 102 AP DA P79° 7+ AT PILTPAPN
11C £TEH?

PAhe PRCET U AhS7T NoP7d ALCI0+ W7L9LHG U2
AhLI° NIPECE 05 A1 NPT TTANAR 276¢- H69'C: CPr mN P2
FHEAT: NADTE 240 Tte 9LHC APTaHT: A7 bl A9Pandn 220
AT Ga0FF LLLTNFAE Ao NPRNE ATLU QHAA (N ALY
Hdt AA):

ATLCTL8 N7 300 NLACLHC APFAH: 957 A1 hPhOt
03AP &7t APTm? 10+ 2OAA: (HU- hPmA: AT CTLE AS 05 Al
hPh-0F et (LALT Goo -t (A 219776 AT LS e 00A:
AUT PGOFD- A1 nPhF hadeT A1 nPhF 2C APHIamsS
APTATaD BIPSA ALY 2240

PHU PCO (CO aPATI° aogp LA~ P78 1@-? NAMPAL PU-AT79°
A NPRAVE PC& AL hOTT PCX AIONID- (LAA: £V $C& AL OF1°
(sponge) ALt gavhAd (&UP7?) NHY PC& @OT A9 A1l nPht
ALADT ALHCE 8V WS 9275 o-AI0 1=

Cet A5 04T

I°% ARYE v lp - IO RRITO avdllA 1@< PA@ N PhAT AAIP?
LUTT HRL (AN AdAE (oomt ATIVEPA: (NCY7T endC ST -
e0C77 9ot (speed of light — light year) eom#9® 18- gad:

TGO eNCY7 el PULAHD- NANTE 300 000 Nde 92+C
(LP7: (HU- ST AP T2H: POCY7 6l C NAWS T10F avdt Aavgdn 8
LELPPT LLBNFA: BV PNCYT hdC ST A hPh(F ATLavsavs.
Ute 2CPT aPANY PSAE OHU- PCP T aPAng aowlt: AAMEC 4T
W1avg.av .\

16 0,0 A8 N4V PPz PATL DPRNE FAP hAP “TAhA 10+
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AIPAA:- PNCYT eRlC AaPS T NN9° PCN DrFaATFa- b (A%
A 7EAG) TI0E ol AaPL LN hevt Gt QAN NheT Gavt
OO L7 AT (1 300,000 M990+ : PHYUT Ct: 4 PNCYT Gav It
NF errt nhl havdt 37,843,200,000,000 e “LHC PUA CP 15 AT
TNt -

oot NPhOFIP: AILLCPIFO aomy: OCYT endC vt
AaoC/0 5% 6% 7¢ 20% 100+ 1,000% 10,000% 10,000,000..0Ht.2(CY7
qavgt (LS ATLUT? S0CY7 9ovd~t hAL ONmeNi1@- eLAN Adt OL
NACTLHC WNIPLLF D O M FD- (AG 2710114 RPCT LG+

PhPhNTY CPT ONCYT Gavt hPART: (A MéC 4T Agvavt
LMY WILPY: 04 A1l NPhOt NF: hATS 17 0L AA@- 77 NCY7Y
AgeaH PULLENF LH @F avf QY Gavd-t ROl BPSA: 10T
o A28 8 Ao Al hehrk foleeanm- (1CYY avét
ANNLLCA 40 A28 TLALTY A oot 0480T A

PT A2 NPT 04 FO- +19°0: NerhhAF@- PAD-9° Gt
tav’y Fo-$: AMPAL MEC 74T LV 10+ he 7151C: AD- eHE.md
ALTCIP: W77 PMACT @-OAMP MO a8  LPCT IS TET WTNT
avav qPaTFy 1AL ATLTLPTNT 0HL8T SNPSA: LU v+ nIPGPD-
ANAP MAC 1@ AA PTIGPD- ANAR MACI° ATC &TAA:

AT PG OF @ nPh-NTS N PI°G15 T D avlBPT

NN LT OPFT 0L A918 N977om T 9P rerAn S Fa- hPh-(t
v-er AP0 NCYSTFOT N Gav gt (14t 241me WA NATE: 0Pt
ARG TT PILLCAD NCYT PALD-Y 36N A8, CAUTT hEIAKIO::

ATPAA:- NATL DS PoL.ap M@« NCYT P8 AANLCA &40 A28
TALT TR Geodt LB AT HE P9PGR@- PHT LH (PHE ATE:
TALT HA %) QINLDT U3 WTEF MHED- AAT A2L:C 88 (9°7
ARTF U3 AR A78A AGO-PI°::

h?7t (hHe A QU 9ovdt B9°C) tmé.C +avio1ePT
hPhOt AP7iovT (AT ATNAD AP: AT A6PT: 0T hefh: &R
NTehgP: a0F@- T oh: OHF) NN LAPTPM-AT AU-79° KRN MUt
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270 NLY qavd~t o-aT hPhO+ A28k TFO- 990t 10+ N7AIP: LY
Gav ot MOT ADT AN 7 PHLDT ALAD-PI9°: NPCOT NTLTTF
nPh0t NOtC::

Pr.ANANT aPlBPTF A28 A AA MEC APS1E hD-P T
ehatda: A QA L9990 NH- H A%%0 7a0F7 AG TLPPT7
fantak:  AMPAL AAMLL 148 NTICFD: aolBPTF QAP TORPE
APHIPA:  (ACIT OLH @O P7Lhat@® AR Aot At
PG9S A: PFATF: PHAS 011 A 1PT A28 NATILUPR: NATE hO- 1t
AT AA WO APThAT: PPEPO AT te- (LPT PHAD “(LOAT”
AOTO-AGA::

NH P99IGD-PF D 11T IOFLFD7 TI0ANN ~h8N4-I°:: NIPGPD-
71C AL OF (MNCY7 P1€) APTNCT ATD-P PP TFAD- U7 PUA 7T
N AATIGRD- W8t 0P CFAGA::

TPC BT PTIRIOPG A FOPI® 0TI PrT (AThE
Pavplvt: PP Y FLANLPT TFD: PHAPE L 4. PCT VFTI° (L7
ToP LFAN N7LA APTFE MOPTFD-: TIOP LTLFADT PUN ATIDP
L EehLL6bb (s

AP A hPhOT TIPet AN7 LA PATA: NPAPT ALANT
ALIPCT PAGAT AHY ATE Ah 10 A@- PH4mlD<E (A@-9° 79+ hAS
W19.5D% PhOILANCY 2 h19.902 AP PI° W19, 0L bz

PrIPECT ATPOP0

NGPLtE OAT PTICRCT ATPOAPA AAE GTLT PT ABAT® (WBLIIP):
herst poe (&Lt OC) P7IeECa HAPCAR hivit hd: he7875
GM-C N0 QDG 27 ALPL - AQNLEL L4N: AADT -.CO AONADT
@L79° nFAOM OAAT (L7 (@AM L919RCT hivtF 85 eA: ATPAN:
- Q@ ot Wit mnC: hé.Cr OHt.. HAPCAR P T7 Hhrte
P9 %L ND-Om- PTICRCT hivi-t Ad@-x LUIP hirtt NACTHANMC heIs
QINCAT PTLOTRLC (WP £V v (TdE (APT LFOPAT (APAN
N&ah: NOeAE: ATLATSe.): NPT P99 0P Mo LTehx AF
PI9030P OHLTC hl AT TINT N7 FAP L€ LT 1D
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ALTEAPT NHY DATMHAONG MG AICKT PEET - AE
PEET ACO AMMANNC NTLLPLD oMt WOT45 AGTI° hD-Pk7Y
aANLAT: RN p-ATIR oo’ 4RI A@-Pt ST Ao
NP TG Hao( 17

TPC PPTLRI® AOD- 0197102 (AL OFOAT hl OF ARLAT®
PULOHRLCE hHY PP &V LoPMA  A%INT AAGPFA
(unpredictability) A9: 47478 L1 £9°: AQD- 297210 HANCPCP LA
+2Che hirtt (randomness) (HérC @Ot &5460 Stephen
Hawking (1988): a%4v 0gUr? ¢¢ hOhu<? &40 2V mé.C het
TEIEC 0Lt A1L91EL NALTENRT HL av (1aoh FPE LT INC:

IOYI° W77 AL TN AL AHLY LLF avfel: Punde TIC APMRG
18t L3O NTLA AT NaPidt (LP79°: QA AnFPAL ME.C hS A
AT ATIOP LPPTTAD- U~ (7 PP T FAk ARTEOT AAELT YONF
A2LTNTAD- K4\

“..We could still emagine that there is a set of laws
that determine events completely for some super natural
being, who could observe the present state of the universe
without disturbing it. However, such models of the universe
are not of much interest to us ordinary mortals..” Stephen
Hawking (1988), pp.55.

LI “UBFPTT ook (190 aPSNMEL I TT LTt
A7 AFANP: LU PILmPar® AHOEF LOPIPMDT PMEL hl AT
ML ATPOAPO APHA AU~ ATLoPANT:E NHTC (AL AUT D2A
(AILANNC) NF 10« KT8 ARG ATLFT h@LATO:”

NANA OThedTE 90790 avbadnl OHAID AlrkdT YO0~ Wb
A0 IR FAD 148 O-OT MAF a@OT 9°7 PLCANTA (LA Apar-q
M7 (AOP 1@ 7 hordAGG P919RCT Nevrr: (HAhche @70C
AL hPT14: NALIPCD* CAMANNCT &7 ¢ hELIPE OA NCPYE AT
PavAaN PAP 284 YANT ALQTIIL LFCAE AT OPT AA
AIMANNC PFC ATIOP LCAT PO LMANPA: ACK 17 AT W78,
et FPUCE OAAPT: APTE 2A 10 (1910T: AATIeD-PD- T1C
hevq1C 2emaa::
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AHO7 L AL7AR heedhht PAF@- APT 1L7N N7INLE
PI10L21MT7 T1C ARG149°E (L& $I° LL-NVFD7 A1t LANPD-: “(14.MS
PoLe9°r (creationists) A4V LAX” NTINT 1@< PTI° AlvkdT?
Y007 DA SHATI07 (&G 4T AT LNTAD X4 :-

“..It would be very difficult to explain why the universe
should have begun in just this way, except as the act of God
who intended to create beings like us” Stephen Hawking
(2005), pp.55.

(LHEP:- “DOH AT AT1667TF o AP2L1@+ (HY A1t
a8 F MméC PHEavl: A 18D NPT YR WG AdPeMC hILANHAC
A0 AT OOk

AAZE 11C av4.mC N7 ANPL avd.mC SANTT APOT DNz
AT hovdme-T7r 0&F: AANRC U7 11C Ah ATLHY Adthhie
ehbarmm-: W57 APEMC ANPL® LAND- aoiP? AANT PATA= hHY
70 AT (LA AR AT APTF PU-TFE APT ATPI9° INC:. ATE I°7 ARTH
FEMCT ATLIOIPTY...t WMANAC AOPL LOOA: ANPLI® Po1.00
MOLA 10 71C NALIP AP 0990900 907 L0AA:

oL LI 11LTT AI9PANGE Pmé.C PHCOT TNt PP
PAMLANACT TRHT aPATPRG avtd TI0T Pr: ALY AL 10 @8 Fu~t
AN LIYIND-: AHY AL 10+ ANTICRCMD- +LPCAR hvit avl8t
PIOYEIOLMD:: ARTIN PULLDAD- AA TLPCAR hivtt A8 A Tt
ARLAT® (NTLNHAD- 2046 (AA (N9°04-§ 4 AG 5) P9°raPAhT@« QA
T4 PCAL ATt LUPGH)x

A8 €mC (AL OPF ALmC: §PotT avfavdy ATlavdnt
LA STt A28 L NF 10+ Hde 211éd: BVI° AMANRC (LETC
28 L A8 i LH A1L9IeLBNT A“larAnt AP STAA: 1H
PILLD PEPLT PTILRCT Lt 1 CAMHANAC TAHH LK
ALDNL:JP::  QavPavsPm+ avPavsP (L PavC: LU 2911 &7t
(L7280 oV 10 Ph9MANAC ThHH - N8C Adh SC: aPenli@-
ANNLeRLZN &40 PTI8PP(

A0 A78.0-9° AT A0 (LLMG A7 SPTA AIAT® OHLTCY
hl TtA@- NTLNB8. MELP ATPOAPAPT Ui IC aPPrT AN LAA:
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AMHANAC A28 LH NF LTC AANPIPSE NPLED- L4THA7 NIAI
S PTICD-PDY U 9100 Pl AdDPT &40 2V A0NA havt T
OOT ALTPAT &TAA:

nCatO:- “A0E AQD He BWEE AL L9° Awi-AU-.=" 7. 5:
17 (LA AMANAC A7 4TC ANPLAGT: DA “0A” 226 K180~ P1PaPm
AT8LaPON\7 LUPGA::

Mo PATFD XINAT ASATFD7 NTLLAH0T OPTF AT NOH9I°
N3A: QANONETFO- hTLLeITIVFD- U2 U~ IC OI°9° P1@- AaoG(
10 NFOAL TOAL A% AT AT PA LIPGA: &V N4 TE OC
Po9PHIPL: @AM hartt (mutation) AA ©HPC hl £OAAN ATE:
&1lT ARNATR: BV N4 TE OC ParHarl: (vt (4 TC 2T OO T
PR DAMLANAC aP&EMC OC PHEPH PACH TAHH (4.9£) KT8, A
hG LA ::

AQNUT SHLOICTINTT TRE U TP SRF (7L FAD- (ABT L0
07207 PPO) AnPoeddx

“A0E ATE NTTE POLCT aPw ity

ATILTI° ChBY ¢ STz

RICO BM&ei AP 17 G E-AVE

UAFO 178 AN PLBNE

AL aPIGRLL° FAD-NVFPAY: LADM-TIAE

Art 17 PO Rt 3

Gav Y9 Nt APARI:

PALLPTUI AET T2

HEF@-9° AHARAI® FAGAT=” aPH, 1028 25 - IR, A

1H PIIeAD-MD-7 Ui PARTIN ATt ATAU ATLHLM-
ANT0440T heht Y Geedt (&1 GUT7T PN TR~ APt (516
NADPFI® ACA NALTEOTI® NAL - 1.0 aoP'Ry PALA::

17 g.a.me-d 70: -y 0ét PATLMGTT AG N91PLCT PH4TPE PAPOMTF D-OT
Po9e kY 990N 1@
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Pmé.C 2N

A2 74P 9°CI°C NANLL ANAR hivtfT Adh &P ANAP hatPT £2CAA::
PavBavs M-y ATIDP PaAVER,LAMT NaPavCIPC hRAPPI::

920G U0t Ahd U=tk PHANL o0 teTT A QU7 aPFANC
DAL TP TIC OLI° DATE: ANAR hP@- BI°L7 hah mé.C 4N
NTHAPD-: v-F K81 aPANANT ATITHANT:-

o FAP av{iTibP (avnaPC):- QANS POANAN FAP aP{TIPP
(the big crunch) Aé.mC AT emé.C AhAT vh @L AT
Pl A (N (Y
o 70-0 aANAN:- AL e LA NQHIFD- aomis P90
A0S ePr PRt vt 0CANT NCYSTF@ AndS  Ahher-
(RO
NFak 283 LH PHéaae@®- ao(1+7 AOPLP PINLO<7 1t
S0 ALHL@O AQIL.D< W78, 4.5 AAMG@-9°: AAHY: oo+ AhhtAd-
o-mt AL PHOFIO- PN A2 PFOAT 264 it Ce (LEe9°:
NoPEav4 P (4.MLD MEC OOT - AHD- 09177 A0t P04 - ACH (CA
AP HAAN F@AT hAA @O 2130 AL av1+F hEavl: (L@ 00T
20 aANAN 29PN (70, PANT LA T70 avdi-dA htEavl
DOPT BI°C: apAAG aPPL-L(¢ hLeaPl L5440 =

PmPaA PmeC heoF (density) htoar o4 erc (critical
value) 0FF &ho® PA (LIP? §C: a0t A7215 MECT AGPANAN
AATLePTD-: MAC AHAAAI® A0S LB4A “INt LFA I0C: T1IC 17
AHAAAGD 181 A0 (AR04 F) ARZL® P9LA®- YA ONOH
AL TEOAPT AP PorM@- AUty PHAha PméC AeDF h&
PILLRCT: AT PUIGOFM- hPA ANAT AT4 SFAk NI 10+ (2V Y4
034 2§FJd)=
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MEL ML ALTLD WI8U- A0S BB O7A: Mé.C het
10 ORI H? PULADT TP PANFAA: ATPAA:- ANC OAPT A ALE
(LECH (U9 AP AA AE 0PH (LUPY): A% APT (Lav-go: (LbarmgP
LCMI°: (AZL TOAT hAA O-OT NPT APaPAMIP: -(rd° 072L AL
NAAE NATPC ANLD Cn@- PT9° ALLCAIP: AT8Y PAD- U3 it
PII0LGET NALPT MOl AIAPAT:

hANG APTF aohhd A8 PAPH ABT (L§4%: APld avieq
aAPP: ADNGTG aDLLPI® BTEAT SUIP HAATIR AP OALTA:
LU Ub 3 &t ATAPAT:

M4.L h& T P Mé.C AHAAAT® 040 PTLAD-T 740 - OC
AHTPLTT IR M-

N 116 DOAM- 2L DL D¢h, AL ~ARAN7°E hevt T 11C
I7 OO 2LA OFL Dep, APZL LOhTA: LV 10+ -k ARTT: NMAC
OQT ATTEOI kO AhA TINFANLE PHIPLS Y4 o+ AT
(gravity) 1@ QHI méC @0 a0t mOe PAD: U<k ACh NCA
hootAaC (hovHaol: - AOC heerr? - ANCE hovHAP) hPaPATIP:
TEOI° AMLC OO LA TIC NNLC DR, A3 h@TAIPG:

AAHV:MAC H 10 hAT: ASI° NMEC O-OT LA PANA A&
(density) m&.c? aeraNAN O AN (LFLD<: MAC LANANA TIAT 10+

OtPer: méC het 10 AT\ NMéL @O PA PANA AGDS
ME.C7 APANAN NE Q0T ALTLDI: TG D9° NME.C DT £A T1C
Nmé.C @¢n, APaPAM NHAAATIP TH D8AFOP 764 8B8A TINT 1D+

eant (gravity) 2246 haAh T 799%HS hrFhALC 280 OC
LD8LC LT (LIPT9°: DL MR, P91.74 2240 hAA: hahd Am7N AA
70 AT PO P2A (LSC: PaNt PN @F a1+ A Paom Dt
NN LFEAE (HY ARTE AN eI P  (LF4: mé.C hih Of 1H
AP04 (F ARLLI® TNt LFAN: F4.0: mdC N WPtz hFAd €78
0AA oo+ hatt (PméC oPadt) Avr9° hePma (LEL°: 6t
POHSFD AAeT v A2215 (A0 ANl S FAad:

MEC AHARAT® hR04 ARBLI® Oih: YR7ITHE &ANGT
NAR7AL &AOG IC P71.5°LD7 HPPLTI® ANl LAA:
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ME.C N s No-m- £A O0F 220 hPhT7 Ut A28 7
LANANFPA= 0CPrt (singularity) 7409 Aming FA@ ME.C 1
10 LA 740 (9PrAtS DAL RT YA OC NTINT199T 10+ Wi T?

Fak  agrkit  AANCT ALWNFLT ML U1 OAPPR
eontat? Pt 10T APCOA:-

e  mM4C h&T 10 Nhe hovidt LAP: MmAC H 10 e avidt
074N AATF® A8 gpah:

o APt TNt 091300 AT AU (P10 méC NAhA
Mg @OF S HY 10 A7 ('790L-avC RIPGTTD- APt
£enGA: MéL het 10 A7 PICTTO APt hPLn79v:
MELC e 10« h9INt 2AP: MEC HA 10« Tk AAGTANQ
LPAA::

o G@-Pm-9°: PMA.C “IRNAR A&D7 (average density) @LC
PA@- 1@ (K hQUT9P) 1de 100 SPAA:

PaomLLA<7 17 (Fevant: @A7 PAAD h&T mAC ASC
PrLTA PMA.C TTANAR Ae)F (density) @£ HE (um) 1@ hPhAF
NPLH@* APt ek (AL NPT aPhhd PAD-9° CPT (1PLHD* APeRIP,
(2L Navavp\t 10+ PME.C A2 F DL HE BmIA L7L0A: (HY ARTH:
MEC KB (4 T M@ LA-T7 kO AhdeT AG0 3 09100 (h§ 0 0-
P+8hav) L7 MA.C a0l7 SHAPP P TINE 10+ AHARAT® AP0G- R480
TNt 100

MEL AHARAT® AP04 AT8L%L P91.08CT (P91hAhA) A7
PO PME.C AFDF Ah FC AN AAHY: MAC A28 7 LANNAA
NHAA: MAC AHARAT® APO4 W78REBL PILLLCIM- PaPaR.LAM-S T
aepd (critical value) (médC @0t Ah @RI LA PTLADT TPE
avav(\(y POLHIA

8 v AhhHY &4a (boundary condition)
9 Epistemology

20 49 AQHEPT:- MAC ATL (14,8 P04 PF: hég AP hqDd 0L FCNT DL
TANAPD- 264~ FT0 ATT aPAN PTLA (LIPY: (LOG DL TTRNAPD- 2G4 avd( (1
AATLPT ME.C A8.000N AFS NTeT P 9InT 1o
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Omé.C 2713917 Ahat HT N7LI°C AT AmA.C (N@-Am- LA T7
AN pte O281F) AEDFOF NGOM: RPGTTD- £ PC MACT AANAN
P90 FA AIOHS RTC 1@ QTP T

MECT APANAN 9PN NIPRLADS Fi hG2F A1
RGO 117 MMEC DT NTLFF AAT 999277 aoP 2 0%1m A
28.0: MA.C AHAAAI® AP04 10+ P9LLLD? KLLAJP:

heCN 1 ©8Y: A8 NO-QNFD- 9°7 A0 097830
RAIPAT® A ANAOLLTFI: At N5V hPROT eRATIDT 64 (LHS
A0 LY Mootk nPh-(H7 (HSLD- £91.900LNC: A8 SRAT PV
a0t aSC ABANT P

AAHLY:- OMEC DAT ATl 27§¢ G2 PmA: (FAID-gP
aw/d: IMEC ONT NH ATPAT® Pie 266PT BT BavC: mé.Cy
A7 O7H APGLA: A0 PTLLANT: ND-Om- MBCHC PA 26~ (RATO+
TAPT) APFP T NPLHLO (A THCHT P7LPCNO AL HG
PavAnFA: (HU- A0 TrF AL PMAC AT DL HE LmIAI MEC
het 10f PTAD7 YAl @-&P eoLLLCID- AQtAnl m7ng. avwlt
ATT:

OHYI® PN70T: NALT 299832 (Mé.C OOT ANTI® hets
ANt PAFD- 260 PTF Pmé.CT AmPAL ANt NG ATLILPLCTT INK
naoyrrg® (1AL ME.CT ATPANNN PULPeNP AG DT 0PG4 FDP::

et lEPT Az NTTF O LHS 266 (09775 O-g°
APMeR) MALT (LaPANET A& h&TF a0k MA.C Tl AT N PP
LMmETI\::

PA@  APrE  ARTAP  hAevAhhEr  ASNMLO-  SFAA:
NAMANNC PTLLIORI® P 09909%: PMELCT N1 aPP? AG ANGPUPY
L0PLavé: ARIAP havAHFOF7 @-ANP HIAFO (MATHANNC
a0y AATIOPTF D<) ASNMLD ATLTLTA A LAA: AHUI® hh 10
U-AETI° avavp\k BTl PIOIND-x:

AL7NT NY@MITT PG PIPTHIPL: NPT: MAC AHAANT: APN4
%80 070t aPlEPT (LPCOAT: NANTANATYS h7R9ITHTT OC
ARPYL P AT ATPOAIO:
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A8 NATILANMC PI99° ANNNT ME.C & 10+ (LA: PLIP
LA PmPAIOF YFF NATMSHOFD-9° (1AL: APO4 PILBLM7 ML
P30 - (HLTC @AT MAP 09010 aPAhTP SLA - AAIPTET
A990av7 AP A1 OC ALEUI® ATRTLTA AN LAA:

AONPLT O+L111 AS PILRCT hivtt

NeANAN OAT LaPHCIT h2T: NPHCIT @-ATI° LaPANAN ho2T
ANTLTE: ADLLT PTLLRAAPDT U+ PULOAT: ANPLT® 18111 hl
LFCA: AT 9107 AL A0 LA PP A (LIPT: DRTI° A AT
P9901079° “hl”?  (LTC: TATC (hS MNINCET P7LOH8LC hvrr:
AMé.C @O LA ANA U PTHEPCT h9 AT FA: Thbded® A7%AH
a0 av 0@ FRHH (PATMANNC PA) TATFIA (AI°1T)=

QA ME.C aPHCITI® T8L (LT AMHANMC MECT LG FHCD
AAD EHZOA: F4.9 8V ACHH W78 PULLOTANLD: ThHH (FA) 10+
PoIeECT T PCAR hivtt eH0Az JPNT9EI° PmA.C aPHCIT (N@-Om-
oot t@- +H4PCAR W1POPOPT vt IC) dA PATLANMC ThHH
haogeal-t: (4t ARLT (A1F) ALTAPE PA FPA 106 (PhLANMC)x
AAHY: AR7EAPT MméC APA4 LBAA (L& Ah §F@= QA méc
(NN T4L (LP7: emdC P00 (M@ hoLe @ 4 PCAP
ATPOPOPT Ute 2C) AA PAMLANAC TAHH hoogeME (&F ARLT
(A1F) AQTAP: PO PN 106 (PAIAHANKC): 3405 AT4.U 204 ML
AN (LEIC: AT AMANAC 0P ALA (LBL: RLAD I°7 AT
eFal (ardad) hNCPrt (singularity) aorkec:

PavA-NA-NT AG PaPHCOTT K70 VAT NoPAhI R LA 171Phe
aap\nt WITIFN A18718 AL TENTT AP1INFO- avpdi: @V +FHCD
eI PAMANMNC PO PTG FAP 10 AU LU AN PULA
PAULANMAC PO UG FAP 10 ATIV UAT PAT RS hAAD-
ALHGINGC: eTIECT hartt CAIDI° 17 ke 2912H: (U-Ark9®
(ATHCOS ATANAQ) aPhhd £A dPPETI° NPT 7HA 1@+

21 “he” (P AND- PU0D-: 970 D-TI° RIPC 1D~
43



ngeL:e- 1217 041C

AU-T® MEC AP0% ATLTLEEL AP avlBPT emeoIn: %
A7815 A0 ARTCOT: AHAAAI® APA4 L340 TINT: AA -ThHH
ALTCI® W1LTINT £PME-ASTE U YA NALT0I° (/L7159 P972,014:
SUPG::

aMLADT APLADP PTIAH - I°IeC 10 82U Mmé.C AHAAAID:
AP0% £28A TINF? (HYUT OmOQ, L eTr TOT A77 (LIP7 Pen.am-
AeFOP (PMlA ALTLD) W90~ AHAAAI® 291n%L hatt 9o79°
PATC::

ML AU79° hP04 (LP°/ALU 79 Emé.C aPhdt HAKATTE
WIBOUT (WHEF) “UF - AN 0TA PAMLANMG PO (18 ¢ (14 -
THCD) DTLAD< OC ANC 2T (A0 NaPTeTT OC W7 ARLAT®
PA1D?)z haPHC Ok (&4 eHANAN: horaNA 04T PHHLD - &V mAC
- PHEM: PP TG PORLEATE MACT AF AL DRIC: AAGS A7) hUPio-
NATANAC AOTPC 977 ASNMEAD: (ALATRLETFD?) LT FA
PAgG::

AIHLANMDC MECT THCD e (AH8A) Adh HAAAG> HI® (LAE
0L AMHANMC MECT TANAN Ode (A79A4) AN HARAGP HIP (LAZ
U-AEP hPMeny, 927 LLMC U7 e TN Pg® (1AL 1@« 0o P 7
A KIMANAC DAz ACAI® PULLLCAT P71.429° hUPi: aPHCOT
A7R91GC aPO-NANI° LTz U7 PANTFT Ut ANP LI ACH- PO-PAGE
U0 79° NOPE LLCIN=

MEC AHAAAY® 299204 hP1: QANT P LAA @RI° A101S
LANANA: aANF ¢T LAA hoIAT LAP: LANANA N7\ AHY £I§
PULPET ARTAP GANETPT ATMIP:  AAHY Pmé.C PN A& T
A7 ATLTLTA hSOT@-Az:
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Pmé.C ANAN AFE?

04270 A78 T1C BUPTA ALNA: A28 WZRILPYI° TINCAT LOdNIA=
QALY AT maC LANANA P°IND7: AQTALIPCATT ALTAP ACh
NAY: W&t WI8PT aP9IAR RTCAGH (RUIG@D-P@- (LNHIP)::

nPhE NPLE®- LOASA: AICAI® A7LAD ACE-FD- 290 F -z
PAZL DIl ahAd® (PF): QA Ak §285G PO MEL PPLNDT
aAP>F AP A aPAD: ALPIPANC STAA: & TI@-9P:- (AL hhl O-OT9P:
NS Tt WPt 8Tt ok Po.0av1i@- Nhh(k hOA @+

(A7 & DO OOT £A AAT (P722C8T DL LALI° aPADT)
OL Tk AFPLAN: Ak DTLOHAT ANON. - AhAET: NCOT AT ZAPP
PA@- hnl hGA - AP Ladd: (HYT LHh: £ hh( 09 A he s
NCY7? &AL 2V FAP () ATCTA (supernova) £0Ad: AU
PAD- (913 WPl NG hootPr o414 097 AT AL eTAA: (HY
ALTF: A& AP (9 (supernova) dmc A& bhAl haoe “qot”
AN 7=

T1C 17 AhA OmOR A% L AA Ahd LADMA A78. 4.3°
ALM4&IP: AAHLY: PAZS DN IO A28 A2 AdT oo Péet LBMe-A W18~
PANATT ORLLAD ALLAIP: AGT 12 12 (Lmé: £ AAT OF av-i:
NCY7: A0S Aore RPN AP0 A& bh(l +PMPhe (Lmé-
PaYPLD- N AG AT DAL - hNL P TP MICT LUPSHe:

NPLHO hnd.C DL a0t hP0L5 PTLPCH: hAE hAET® 90T
paiavd: emd.C £00T 9P F@- (meteorites) NHu- AR Phaar- -
A8 T2P7 PNPhF TCEEAPT TR JoLT79° N7 (41 (NHG 5
WLAPT Goodt 04T) AL TAP Dl AhA 104F: ACAS AbeTgP
TARPT (PRAL PECT) NFaP 09 ((supernova) N4a Phaor: - A8
TFP7 PhNF ACFELPT G-

MEC AU-T9° K04 10+ PA N7A°:  PhPh-0t aPhad® hnd.C
A OC LEPHA: OAHY fhhAl @vhag® hEael0t 1H E9°C:
a@MIFP (L7 mé.C aPONAN0 10C “I0T 10+ ehPh-t aPhag® hHe
5 ALY 90T (&t (&t SETTFAF ANO) A28I04 ACANTT
w77 (Le70 (L0720 hH? LH E9°¢ ehPh-(F aphad® A78PmA ATD-PAT
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At o= 4L 0 5 ALY Gert @0 vt hPh-t 2hadine
(NP

AOh HS &0 fhaer hPh-(k arF SF@? hhh HE £40
hhaoe-+S kvt (He @10t 109) ot hPhF &7PC PHFF@ LNATA?
AQh He L0 ehaoe-t nPh-(F €7C Av-T haet hPh(F €7C LOATIR:
PmA.C AN aPEavgTy APANCTP: PMé.C PO NAN7 PTLONID- PMé.C
AMPAL AGIF MECT APANAN holeNd@- Wil @047 Ao
(critical density) ao1AT @R79° AAGPNAT 1@+

A7 bl AT A Ohh(e POn, Ut (AAT 0L @n,
ATRILLIMC TINF 107) FRH PNl DA AELDT ANGTE
(PAADTE 712 AT PFRALC PRA) BAPA: PP NGTT s AA
TPGET (AT APC ORI DA-aLA) PLA AAGANTE Nk CTFF 0 D84
eI Ad07 0G0 LATIPPPA: £ DIl (NGHT Pt mOe LATIPPS
A4 bl LO-L dN LPGTA Tt 10

PLP° Ah:  ONPhOT @O OAtemé (WAFTIF) 7L TICT
MAGA: ATIV 774 TICT ao@ed  LeeQFD- 907 WILTLUPT
Ao\t -

NA7L AP9° O-OT AADRTCY: TERIS 10T 2150 8.0
o7 LHI® TTANARDT &4 PTLLHF TORIG 1O-TCT GFD<:: Ohblm-
PG MANNTETT OF0H 1@

ATET API° (ATE: OF NIPAND-: TEPT hS 10-HC7 P7LLeH-T
TANAPD- 766 NATL 29°6-P mAF LTICNAT AT N TPLD §¢
Uz 0RO ANA AS 2912 ML PAD-:- PANANTETT avd.1sm 02 17§
LUPGA TINT 1@

ATV HY ARrH: A& NPT (LA91PP (1-Om- PA 08 /Fé-
U (Lmd)E &%k ALP70 (A7%A IPF)E £ G HIPT hATe P0G G4
P10 LUPGA TINT 10 ATR0-9P: NATE FAP bl @O N9LTF T
et fA & 0F v (FaeAag ev7e (LGP ehhN? Lot
A7271.0a0 T avravt A PNFOICI:

P57k bl (AhL) AP NPT PLANT OPFI: Ah ATLANE
nPhOt 09 990k ARPCIO: (LT LH 27L4MC PaPanlA (913 (NG
ACY7) P&t MWeT? TARFT v RORTTPA £0AA: 197%0LA -
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hodo« A4 - PTLPLD< PAhL PTTANARD: h&dA NF LUPGTh: LUIP
Mhet+sd et Mm% AATLATIPP NP ld 1 L@-@ hhl LPid
£0AA:

e5ek7 bl (che) N&HT wivk 1H 27L0AT hh- NeLhas>0
OPF PPl NLT OFPH PTIANARD- hGd (1F SIPGA: PHU hh
Prrd 2LA hALIev (hbh(t FAPYE O114) AS he+5 AATLr7:
nahe aiv1dP A9 PNAM: N&tG aoioI¢P LLCantd: LV A&t
A28 Wravdnt:-

PLI° AA: hATE hhl ACF 0L TTRNARD- &¢- LI TLNCT
hNLt Afenarl ATL912L mPash:= OAbh(+ @A av(99PP (Aarm:
Nph+ “9ANAR OFe- NTLPLD- PNt AT Ot Pie AMNTETT vt
NTERTFFO OC LATa>G TERE U OL 1O-FCT LADMA::

TCPT hS ANDCT APYS - fAnnTCTT etart mae
NTERET ALt mOe IC (LPYE: - HALI® AL LALT MmOS LAD-T
LO-FCTT BATEA TINE 10 2V NPT LH: Abh(e PolPlo-
LO-FCT OF AATLP T haoi@ied e+44.0- il 02o-HC7 hhl e
Zmdéa:

AL 1@0-FCT bh(l A7 P42 9770.P PUN AhA (LBL0: PHY
ANA NNLE 9°7 PUA LUP7? (LOA: A28 ANELT YO0 (1988) 19t
2V NAZE 4L T77e FeLN P17 Ahd hdh AZe AV LAY
nLA14-9° ALaPHT LAl

NHo- MPPmAS (A MméC eaNaN EarCId<7 A“ImshC:
AT9.0-9° PLI° (LA IMELC DT MECHC L PGP T NPT FFo-
L1010 188, NPAPE aPav AT ATEIOC:

KAt PAPT

mé.C @t eaPht NCY7 P99.mé40FS mBCHC LA ~F¢- Nt
AT8A ATIOP HTFAA: (HY ML 2 NemA ™ (OTPC 297,32 9°79°
ACY7 MAPTG: LY G- TRC (AWIP) Az NRATID- 2764 HEF
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PMAC AQLS MteT ANt AsATPD- 2§ aomiT 1CY7T (LAMm-T9°:
hoLavyie W A1 AT ZAev+ TAPT (black hole)?? -+0a:

PLI® (LA ATLINKID- U-vi- NATETE P4 hANT NHSOTFD-
On&+Hs 2% Po1hihg hPh T F24Ph: hA 9°79° “TADAR 5LA
AU evinchc AATIe Tz PAICA aPlincnC h&daet APt T9AhAP
PE6 191,000 P1tF 5840 a7 PavAn i

PTe 7 bl (Rch2) (LHT v 1H 291047 hh NoLhase0t
0Pt NNk QT PATI TOCRET vtk OL 1O FCTIF LADM N NAGTA::

71C 17 MLO-TCST OATI° Abet THALE ML 29,048 (HhCh:
ATF?: TUHT: YCET) 070N A PLbd AndeT Ades AT914 aoIdd
AT9PTA PTLLLCID- ppd A (Phh(k PAADTC “190%T AG PrhALC
PO AP hetd hwrh): AICAI° ACO (CA LeRdANRT Pavavs M-
hhl eA0T 580 ATERA PT: PTLGHD: /G 17 hRTCI® - NCPrH
(singularity) grrea “int G-

PXOIt PAPT Atk A A8 NeHT 00T DA holF e Fa-
hPhF 1@ oLy hPhOt FAPrh: DALII0v¢. K8 et (Ache7
ANC LH @L9° hiH (AL PUA PTLOAT) hiPh: Lo 97Pd 300 DNT hEl
NG+ AATLU T PaPnTY44g° o LAD- M4 bl NAhA @L 7907
(NCPYT) LPLLPH TN 10

N5 D9 hd HeL PONT ALTI0 Ad: ATPAN AcheS NHEPP
0 TALRT Q287 20T hAA ANF@-: (1Faade, av - 9H4- bl
oot &+ LANE AL9IN £T4PA: phlk AN IPP: Nhh( H4PD- A
PANT ALTING® ANCT 1T @8ANT APMem LATIPPA: LU (LUPY:-
(PC2 PP TITAL (PHST PP LavAA ALIIN LA.MEA: (HY “ T
PLP TG DIP 1IC aPav\§ PAD-IP::

NCY7T 2126 20 AhA MmO AAA@- QAT A3 eTFAA:

AAHU: ONCPrE HSPL P4 LONT hAA TP @79° (CY7T i@ hdd
@R, CP A79L8L Ok &1 P

22 pC P/ ORI PRC FCAL NTINVE LAP: At PAPT LOA: PPAPEY
MDA AG TAPTET AMIOL T 2TLIAK SUPTA:
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£1C10: 0A FAd 783 (big bang) A9 AA mé.C aPHCOH+
ATU9° QA FAak avi@ied (big crunch) AS emé.C aPa-0aN hG@A
10C PNCPTHT (singularity) Aimd 740 PPaPbhID=: A LA9°: P18
ate bl AT (L) 0FAP 093 (supernova) PILLnd-7 SLA hT
hH ¢Phe AAPOTIPE 1485 OA AT PAPTI® +48 A7 (HU-
arPrA: OL PP eNCPrE? (singularity) Qe 740 +arAny=
U790 ALISHAT A1PL:

Fad oA (AP FANES)

nPht OFSmA ATIPE AmPAL PMEC PANAN PPN T ST
A29.09° (2414 nPh-F (galaxie) 710nAR 7§ A0PT 2T etei A7
A1 nPht hAA fh mPAA hPh-OF v OHY TI0NAR °&¢- HEE
enncneie: LU 90NAP ANETF (MEC V- aPFeFD7 SmeTIA::

OtnPO@ AmPAL ShPh-OF eofinchC (Hét) @aT: CheD
NA72L APMeB, TlavHy (4mC: A1l hPht ACh OCH Laans
LmANGNe: A1 PhOT ACH NCAYTFD- A TmAANG: v-OT: Pirk: Aets:
ANC: YO .OHF. A1 0Ph-OF OMI°LE e Al nPht Qaow(dfv:
2vU faoph @O+t 186 PHAA@- 0§ Al hPhT hwad PAIL ATl
hPh0t A28 AL HITF0F aoPr R1av I

RILCTLE AS OF favhn Ot 185 hetPllt aPPGFDY
N7978 ALMP KT FovhntGh: 388 eV h@ Tt WPtz ATTUI®
FAAP A1 DPROE tmAND: (PIGEOY) A& APR: “ThhAR
PEETFOP KL LUPSA TINT 10+

nHo- Nevhat: (méc @aT LAt AdeT Al hPhOt
(+aoqde, av hetPelit (Lavm-=: IMEL @-OT PILTLD- T6nAP
PGe METHS PT.SL0- (N Toed APl AP aoPr? ATTIHOAT:
AT19LD0 £V U+ hD-TH NUPT:-

o JAAP PRt Lhhov G AL TETD- AN “ThNA: A79.0-9°
eant AL910 (event horizon) g4.1étvx

e A NPh0TI® EmOTHS PANT TIANA 24T e

o (T@AT ®PT AF i hPhNT £hhaeq: emd.C PaNT DLA
LGN (20918 SLAT REOM():
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Pmé.C a0t 224 AG2: hPht h9°7 L9 eAP NNHT
DLLAPLNETD- PME.C ANAT TLLN4T U Ld.mi-A=
N DPhOF L% PméC POt 2N @L +OAT (e
LAININ (PaPHGA)x

Pmé.C a0t 2L @L +oAT (F¢ ALaPNT: A1l hPht
ALP4 NALE: hPMeny, AN

A1 WPhOT @ A8 APMet, (LPaPé: KGO NCH LMANSS
NM-47 A1l NPONTT LTl

947 Al DPhANTI® 990hAR 264 £ PmPhid- Zdaot
PAPT AATLSTC: MAC H Oz PmdC aeannN N&daet
TAPT N&TT 0T 2LA £N0AA::

tmetet ONHY? A2 hPh-(F M9 nédC AT 017
LT AL nPht ATIPE AAmPAL PméC aPanA
(aoiTIbP) IoNTT LG

nAL et PPRISPT APA aPATIPST +mPAD-: DL AT
av{TIPP Lavd.G: MA.C LAPERLAM+ aPANA SIPTA::

hHY (A ANARYE OPRFA TIat aar: aePmd PANT
MLOF Ute AA ANAR DBAVPT AAT° L FANGA (BUPT?)x

“The day we roll up the heavens like a scroll rolled up

for books (completed) — even as We produced the first
creation, so shall We produce a new one, a promise we have
undertaken. Truly We shall fulfill it." Sura?® 21:104

TCHIP:- “N&G TMPAN PNET WILTLP: 471017 AMPANT

LH= PaPBavs PM-19° it ATANGTOT7: ATLUI° A% FTETT PP TC
aPGTFYT g AAMT: NADTE QUTT W H.ZTINT:” (vé- 21514

“The whole cosmic order is under Me. Under My will

it is automatically manifested again and again, and under My
will it is annihilated at the end.” B.G?*. 9:8 (see also 8:19)

23 The Qur’an: Translation by Abdullah Yusuf Ali

24 Bhagaavad Gita As It Is: by His Devine Grace A. C. Bhaktivedanta
Swami Prabhupada
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FCHIP:- “A710F (AL TAHH 2C CFD-: (AL 4.98 (1L,
LA.MeA: NAPRLAT® (W@ 42L& Lmbes” 1. 9:8 (L. 8:19 79°
g,ﬂng\hdz::)

ImFPAL
AANCT ALI0F L7 P9LNFAD-T +5IC 10C:

“NTHLAT? Oeh, (P MEL DT L7Lhat ATe AP 204
aCC AANT AN PTLLLCTY OAMP (9%t: A AMHANNC PATTY
Aoopant LOAGA=" gU ANOA 24870 A@Pt: AN AIHLANGC
0Py AEGHTT AG AIPTFT PULPMSIC PR PALA

AG ATIET:  aadAR MméCS OATIeFoPm pi OGO
PLMEAT T ChMLANMNCT 2PATT T1L1PTT KePCIP: AdhU-T POAID-9P
996 ALCHT T (ALSSIT7 AL 299.hANT (LIP7 aPANY® j@-::

AOD- A ATIA O PTLPrAT AR 14, 7a0T hndaA
PhHOT €TC (LOAT ARICAPIP: £97,1CaP0- PERTTE AD T AATPTT T
10 A< OB ACMHANNC MECT A%t ARCT A18HLIDG KI8T
AL:CI9° AZLTLANNND- ATIOP PTLLATA ADPTG NP PADP® (A.F LD
ASTAI)E U7 PTLLDPOIG LMD AaPPAMC PUN NF T
FaTPFd

NATMANRC DL ALTEOPT 42742 AdFAan( OC N&TAT
PEOID-: AICAHI® NANFD @L AMHANMC PUILaANTDT 784, YA
AOT@-: @ WIHLANKC PLPaPANT®T 184, AN Hhtae aohne?y
LUPGA: TIC 7 MHVT FAPPE ANTTTT O-AT: QD U~ AP0 LAY
AS ATIHN® (LA: AOTFT AQAT STFAASE O HFA aom? A9P1T7
N@-ANFT NTLFC ADrE OC (LBL 10+ PTLAAD-::

ANLETT 700 “‘méL DOT LHAD-: PUIRHLDE 2TIRANN*
ANPLI PINLS RU18M4: &7 NG P7LEPL 10 e “I00: ALM6
a@C 9o9° hett AdePamet 10" (Adrkd? Y@ 2005) (10T
AOVFAOET NATTHLANAC 9°FC PATINA ALPENT 10C:

25 http:/www.spaceandmotion.com/albert-einstein-god-religion-
theory.htm
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A714%.0-9° “The Theory of Everything” 0-+0A a°&h$-: “Hé
A AS L0t PTLAD A@-Pk PavenlAM OQIPTIP: PANAR
NOHRTFT 181 ALO-P LTUFAD AdNT@ONT 848 &40 NF aoPrT meqP
e

71C U7 PN L OLU: MPAA MELP ANATT 90 TH chl aPFC
AAHE QU vl NOPT AP LTAN 2710 AATAAN Ao ropbhdz:
LUTIP A0tANN N £o1.e720C “The Grand Desighn” ¢+0a
@G 0PCH I +AFdA

PIICAPD-: RUTT IPK & P40 Ahu<T (A AMHANAC a°FC
N 914 R0 ANtd? Y007 10-: hod NG DAASCE
PPN 8. D DIC::

OHY 9% h$: “And hI°I9° ALmC STAA: AhA hgPr9° 4775
P79 kA P92 hrt: PNAL ASMME ALALATIDIPE AAHY
P4.MGI° avGC APALATT” LA

avRh$« Aé- A0 A78.10 NPAN 10+ PHRE.D-: aowl-t 490
N0 AhAT aond P9LTHTT AdET DAT NATE hnPAL 184, a1
AGPINRE PPACI®  PUTTTDI° MALP ATPOPO MELP WATT N9LH
hl OTOAT WILTLPTE avBavs PG avgn,lAm-: Y.LEI° PSP aviPy
ATYLTT 1@<z WL av%chg- ANOA: 9775090 AnAP hatt htmeho-
AMPAL 9l AATILOM: CUTT M7 PATPOPOAPT L&+ PTIlADP -
NNAL T TATPC PTLwe-: PR, P20 °FTC ALALATI® AN (PATP
ALA® - 70 PECHTT PTCME NGHT k)=

AT97L OPT eUTT ANOA NF FSmA SHO- NATMHANRC
ANTIaPY ARTAR avlF P aPNAFPA: ¢ APT hAZ& hCatey
A4 oLaav<t av AP FIPUCT OC AL AP NTLERNT DPt=
"hG hHG BI°C (AT APAh AGIPTATY S 10C:

PHOPGTFI® PeH ImST LA LARTENPTY APYE avhrtd
PIPLFPA: WT8.0M(0 PANTATYY WIPrH AvFAAU- PTLA TAISP 224N
ANETI® 09948 aoP7 AADF: T90PT AAETTS A0+ NFALP P
PILAT ATMHANNG OAPTE A970PT @ORI° AATIaPTy PARTLOPTFY hG
an(P PN o
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AOEAT POUC €45 PFI° NALTAR IPCI°C AharAdd: (1M9°
P1.L1P €m-C 10z navpavsBm- L9 TINt eI TN avP'r: NANFAN(:
AL LONTA®T +&Th TIOP heFAP: htameao- “The Grand
Desighn” ¢+0A ap&hé- (aA: “h0vEdT (LY 9°&ché- havtt AL OLP:
» MA@ PH AR TENET NHPT SFo-:

nNoen, P17 T4.2C7T ParavAn T ALA ASTY: NHLY H10 7 ALY
AT7LCANT A7 (FFhhA oo+ hPg® 1AL AL P97

AL TEART AdurT &40 PPTANT PAPC MNRT AD-P@- (Thhie
a+NL TAPA (LAA 10 ATE: PAGt 19°¢ o8t y: Pavdt
ayppppY: . APHING PADT AT NPT AASHFIP: ADLLTI® P4t
Havy (Lav@) +30PD+ A LL M AT NgPx:

NrAPTHS Ahed 291000 AL TEAPT NPIPFD- NAL A TMl4=
TYED-9° ANAR bt hamPAL hel ALOMI® Nz PAPTFI® ATPOPOS
781 eI AANTLLPYE 19 1 A PRPTTIC ALTCI® TINIFD- 1M
NA7ZLHY ALY YA aodP+ QATILMParT: LUTT HU- W71 T D~

NU-e9® APTE CTLOAT PR PULLNCA: NAPRhG P40 AT
A% PAP ML PAD- PPA NooPPh QA ML LOLIDT AAOT
ASOEAT: LUI° PO PTLNFAD- 1D-:-

“WPPTTIP 04 AAIPGSLCID- TIC PULLALATE PUIGRDTI° 1IC
PrYPN4 1@ AGUINPT  erevanlAT@® (HY  10-6E  GAPT
NAMANAC PO A7LAHIE: AAHVIP 27LF2@- 11C N1 ATSAUT
NAPPrE AGOT@DANT" DL ANE-D-07 1101 - 3

CHAZHOT? ASOT@A: OACTIT LU TPO TRL0< PHIPR
ALTEONPTT ARTAP ACE OtevAhrt AAPPE 10K 1@ T
AL TEOPT PANA FYATE oalam- haDIPT &40 10 APX (LIPL-av4
Nae$e Fm+: 009,30 11C N9LF T AP9APT M FPA:

AN U ANOA AATG7E AL TEATT AALTAP AG ChAPEPT
PLqL T R121C APAA S TN BIPGAE 917 PAD- AP & T4k D7 Pz
GRIIP AD-TTI° §2.9° NP1 AC-1F NA@- P9ILLLANT 1D+ PILP 1M
PNTIEEI® G290 PP T1C DAY PAD-9P: A OO PP A0+ DAY PAND-Y
(W78 NCPIT: W28 KA+ PAPT LADT.) ALCANT ASTAI:
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TG 17 hAhARD- Q@ NOTECA PA (D 2 PP ALIPC D+ D-¢h,
NHAAATIRD mMéC AT ALLCA:E  O&)RrE P9718mPD<7
a0 ARTE.” ALD-PG \.aPsavC S TFANGE ALV 10 11CTT NTAPE
Aavavi\n-t P907A

Pa 0@ 11C NTLIT AIBAPT (ATPTE ASATD-ANT (LA:- (D~
A MEC ANMC PLA10<7 (LN (Adw? PHHLHLD v @
(LIP29°) 9°79° AD-P AIRIIPaPME hu-ed® APTE PULOAT @PUPY
LavAn iz

“WOSTUT @ AR RWINHTu- tavdhvk: AIHUY f4.mdé TT1m-?”
AA. 40:26

nht adet

% CA@TE AOPTHTEY ATIRT PTLLOTA aPAP TN LATNT

% N9PLLP ha@-pt havavhyh Qe

P PIPCDPDY AD-P T PTIGD-PDT AGD-PI° ATINT 271.L0P PAN
P77k eam7:

% PPCOPDYG PTG MP@T  avARt  (LOPTTE AD-P
NATMANAC H2E KT8 NA@- H2L 998777 QAT AATTID ST
ATEL0N6R 1P 0900400 av N BACINT =

@ APIFTT WS YeTISHTT ALATT A@TE WPLUPIAT ATE:
ArPNR TP T L&CT Y

@ PAMANAC &.2L NCYT MANTFT 20&E AIANKCT OF
N9t heOFFT7 K18 av s
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IO T - avg 3T QT s ARCT7

NPLavt PoHL4et MPAGTTFD- AP avAPPT NLHNNG NZAN At
ATLePbe ALTEORT ATRT APl mAP P CFO-: hT9° AL ALY
Pz A789° NPCN AAIPTD-P T QAL E-TT: W TU9° (A ANARTHT
188 av7RCRAL (V1) ATRUIAT AT 10C

OME.C AS N7 PPLC 9°CI°C N7L 070 & 7aNTFT AP hhe
(lgvavg.avC: (A PPLeTT POPIDT NaPghe P40 MIPTO-P@- OC
ATIaPANC LD+ Av-T 103 RUT P87 NG @1 IC +arMa™ x1nh
eat YA PméC mNF AAPTTF: Neomtd® (LUPF ACPSHA NTINH:
AACA, A7978 MMAPT A99L2° NAIPTE AT

PIPL T ANAR T PC: ND-AMIP PTLTTDF hPDG MODT
AN U OFacam N7avADR: @L ALIPC AH- NH YAt LACTHS
T PCT N9IL1PI° 1AL aP@-L.0:% avgn.LAPII® Aav+ING Adh av PNt
P9.eCN vz O-OT L0tT LPGA: LU AhAR hatPF7? NagTaP
IOCIPC: a AP NANTTII® (199720 ACPS avav At jm-:

Pa9.NA 9P9 havsd: P9l mM @ AUz L PHIFADI° APC
NHSPPE NAAL (F°FTTD-9P av-Pprt: POLFT U7 AdtahA aAFPLT T2
NABIPS hP7 BI°C 02720 21T COT GATTFT PSAT:: aogLAP AOTLUY
L0 WA hEPT U=tk LAMENTAT RIENTAIP::

PIPLC APl PTLPID- AchL OO LUPGA: RIPL P hPPY
aonLLA Ty NHY® (6 AaPM S FAA::

Pahe PnlA PTLID- (O-am, PULNGO7: NCYT FIMmd
(P7&CET @L AL aADT hartT) A10L.L SUPTA: PTIP: AmPAL
P57 PP CT AS PAhLT hADS LTI.ON 1D NME.C DOT PULhGO 10+
U~ 1@
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h&7 AF NoPBavsP KGHS AOEY: PPN PPCN HIPLEYS
ANOLO-T vk PnGA: PA10 AS A1 APTAA: (HIPLS avplldAS
aLLP WILTLFOP v WGI° NIPL T BIPC At MAC &40 NAhA
HIPLGFT 997 0997 2C W8T A9PART ATPhC:

GAR ANFANNTT vt QANT (M1ARTEAPE) PAATAAN hAA
@07 N0t &INC OO PAADT AdPt TIPANG LIATE aPAh
Mt - A< 019 A28LAN 7149 HAaPL PSA: AT 17 hargh&
PLA° 1 heT a3hG T NEATI AP haoahht CP7 ATELe:
AAME.C: QAL (PP RANGNT OPF: 24270 ADPTG WMt
AGPARTTI® LTLLINNN aPP'RT NaPTYHA 1

A LT TINET hevBargdr & an FAd méc:
AALMEPI® AL RbF CUN WTT (LT AG Oz

NME.C N4t ATAC IPLe-T7 W18 A1E: PAUC AOP P9°TSmMC Gt
NAZL 70 207 mNF 9°2hd vPa (cell) L7LTT A+IoF NHHIP PHY-
PUA 1@ 8P oIS 9Pz aPadetG avp(I: FAPTHS YA
oYL D ARR?

PrAPTIG PTTATEY @A APLIC: LUTT U R4MC.
LMSOTYY N9ILIPS NTIoOTT AN PPATET APTIHA 99190
ALIPC WILTILSLT £10GA: PFIP: AR TT TImShe? LT HIL:
PIOLCT OOMYS HELPT WILATGE 903 a8 hrarhhJ T

“goR(7 hehTi NaPEavs Pm- T I hhh aPen.aD- £4N NCca, AL
nwe.m 24 1z 030 PAPAN 6@ Uk ATRLADT A
ALCHE” %Th 1

NOhCT: NP ett: OMFeCT: NAASPT: N8P TFG
NBNPT AI°%S AONC.F: HEEPT W9l 09°F P PA DLI° 18] PIOTNCE:
A& 00927 AS 0200 PAFPE L& Hihel: hNALPI® 140
A014.0F: aopt N8 087G APATANLT: APHINT: @Y N1PP WO F e T
N@-am, ANAR APPT? NFCoPOIPN: NAT-TTI® PPLC 19499 PS AGY
ANNHG &40 ASPT T

oL T ARG LUTT Ut OFLC: AG £° ACA, NATLANMC
AN NG 2P NFhhA A28 TFwe0TF ASO0FAT: W8T 10+
CUTET 19497 F°L&C 9P ravANIT?
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WAL 7§66 - K& heTE (F ARLAT® AD-Ps
OMEL Ute LFEN hD-1HE
17 7915 3P h@-13PF (LLNE: PP APt HHE
AL hOPPFI° A5k YR9ITTT NAL T T1GHA ALLP T
AG RGPS L AGOT @A 4 PCT:
NS OFT han mds-F7r:
U-eP° PAOHLANMCG 226 aPP' Y
NEIPTS D Adl-db:
U9 T1C (NLH @0 LPLPCH
a4 +G OchC ATAONT*
A% heOT MEF WA DT (LLMEE
O7H rtéd- hin ARG &40 (LLNE
14-09° (158 AAI°T ALLACHZ
PAA LAD- PAUC @Y DAL A TAL52
6R@+ LMELD-I° av-+7y ALLATANTE
APCS @Y L1015+
hAhd4s: hACS hemie OC ALHIPG=
U9 AT LA U9 AT PPFt Aaphe:
htéd & hhg o
naneo- ¢ hipFo-:
gD~ PIPGPMD?
IOLND- PIPYNTI D7
hop8m-q hepnm-:
n$e: NOLBDG AL TR D
a3 APTET ATPTIC NIFATT PO~ POL LY
AGOtO-A: RINTPFO: A,PG9147E
PAUC P18 L7437 140 $-ebt T
PICE $NC-0-7: PHG NOT@-F O
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PPMmA 191472 RavNLP s TirEkY
PTG e avLIPLavy: QUG av AN Y2
oLk 180 AN aPAA (hED-1ET O FE 01T+
IOLIM- PIPGPM+ aPINO (1T
TOULND P Dl &I - LI°INTID+:
OWtHF P
&5 67 Mz ()7 Oz Az (h): &
AL B9 - & PTLAD
(LLI° - (LLIII® BPAT ACT (HHT PTL.ONLD-E
NALGTT hIPGRm-: P8I @- (ARIPCATT Po.aPHIND-?
OILID- AhAST7 P PaPD-?
U-Oe79° 116 QA 19497 e OF 291, 00PNAD-?
PN OHLPC P G
ANC ATPHAP 271 00TAD-?
U7 0§PC he7 htardnt@-:
ANA U+t ANATT - h@OFF7 10
ANC AaPHAP*
ACQ OCh av+aa:
TLPET NTIL1P ANG: aP@-L.L:
v 10+ Av-ATF7 PTNE D

neeC K3t E°C

aA hPhOt a0t oPt: AdtaPaet TPE TICT ASOFO-ANTE
A°LC P7UTT PIE T NCT (WLAL® QdFPC) h9PA LA AICH-D-
CF@= 7IC U7 OPLeTT @ hoot NAL 774 NCT h7L91.54
AGD-PAT: (AATIP Phaer: NPRNTS At PméC AhAt o-ard® -
TP TCTF 85 s
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nar °eC (geology) AS QANTI® JoCIPET ATLIPGD-Pm-:
U@ AQPL aghtahAat e9l4mc PP 116 PAPE NAHY:
(ML DT PN 774 TICTT OHTS AT 2910010+ Pu-3 3@+ aviirtha
10+ W78 QUAIP AP A1 M-z

PLeTT MMM (NAEIvZ): ehhl Tdd GF A28
NE D9 eMe.C And ATALIP: 17 MMt nPh-OF A9 (LPmie:
ACO, U7 YA AAPTE QFTATL Rde haeoF: pae AQFNAZRIR: foe
AAAPHPHT SIPTA A M 7PE TIC QP rFm-::

NU-e9® (AL P99CaPD-: KhCAT OA “OH” TPL TICT Wi
£221 KhAR v v TOFnhde a7k 10 QA O 774 TIC AP
QC 9L CTT - 0F9° avp\h PTAP SUPT INC:E A9PAN: NIPL LT hANRIP
ATOT LA FC: PPLeTT P59 a1 T PCR WY ATSUT
ALUPY9° INC:

LT WL Al NPRAOE OA 788 (AAF9T) INLTFE v-AaPqP
A28 POAM AT T A $LFATF: AP ¢S 04 o> (AToUT)
APHPH oPCavs® hhdg W2LTLPT Ui BU @ONME AL (9vd)
H4LR7 ANNAT PHPH ANCLAT - a0t avpit b (PO APPIO ALLL: -
PHPHLO hd 4: EIPC OL hC, H1014: (Ot OPF AL 4410 CUP'1d-
PULLOD hOF@AT PAPT L0 QAP hihdg: £9°C Aah 10 92 HC
PA@- KN4, @AY LH (RA 49T (L&D mAC a°6t Pl

oL NPHPH ANPE PCE NFOMIP: Av~79° (NCA TIONARD-
qe NPAMS AL 774 TICT (AL 0NLHS Nee8A) ¢+PH aPUPr
23 PA::

aph0ek hert aTTFo- aopt O tenols: AL Nerana
AEATFO7 27APO-- 774 11CT (radio active elements): a.na-a
N LA AATLLebs: P47 NCA TTANAR 2°6¢- hah hd.g: &40 At
19°¢- W17t @-FA

hhd& BI°C oL °&C hch APMm Lin: +a (PO TIALGT
O+ALe P78 PTALE ANPTT dméi Lk avet L7 RFA (4AN7
aoing® Lo T0) MANC €6 KT (PPt AR Az av-¢t (heat):
9t (pressure) AS 1 (time) OF0A »ort FAAPG O e+4rE
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U3 P T NIt OFALR T0LGTT Ptk AT (FFALE PCRT PATTT
AGNCPD- PO (PO NP - NP TINE Tovg.:

NP TCT B9°C AdD T10LG T PPARI® Adh AAPT L0 “10-H7
eHANT Uk A28 1840T ANTRL TG eFm v TONT SN TFD-
a7 W AnF AT

oot @O (990015 av-pt AAPBF (PLHO- hovdt @A
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(aoFavs e+ 104t Adt OAST A7 Téms (TONS) W78+
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APt 16 - (- &4 - aPhd- L PFo- 10C=
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ANGPLODT (AA 1@-GT (@M, RIS o>t (48 (1) AOLA L4ns
anhca, 9102 29022007 UL vaed® i Havy $LA0Fd URT hAGk
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£V ANTPLIDE (AL Pav-diG 098t DRAT PavEavs 0P
POTLIT PhOTF OALTT (19 4&T° MANC ANT ALV P4T7) hLINM-
APAIM4E mAC QUPFFII® AROONG: He NLN-NS NATL7: APE.U-9°
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(a0 avs e 12 FOLC P10 ANFT (AAT DAL AMFTFIP) AADM- (ADM
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26 Ao'm AAPTT NAAT ANPT POLAPFD: NO-ANFO- PTLTT 44 A NAD- 999 32
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MBAP® ALC OMAZE 66 TP AnTC: £798 P90 aoméf O9°
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TAM@: AdS9° WL AT (Spong) PHS(? @7 (eemAt ((19vfing®)
@Y aPmeP i PFAIMES A0S AARTFS &30 T (o-GMFo-
@Y aEMSEPT Pr

HEN NTILTCOT LH v 92t NPANT @Y PPPFGEAPAP QA
N T Pris heCTe (e td 2662 T 09140 1T vt
PARN LOCS: NIPAACTFTFD-I® OC LITT 9ot OA N OTHTFG hLST
APy NPT

PHSN @Y (Rhe hALAN: PRI (oory hovdt o NP
NAN: LT aP(\lT ARPCIP: @Y L2l P01 AP T LUTT Phch
JoOC MY havMp h@PDFA: AAHLVI: OFHS 7B MALANT 276
U - A9PAA, NB8D ANA(L - Adh Y9°4 9LHC PILLCH PO 1CALTY
AP0 LTI

OY9° OLIT avm-L L ATIG 1DGE AmIt:  PTTDT APME-d1
AT87L AFAGEN TTALGT T APAN NAALT: EANAYP... NDOM- AL,
M7NECEW: APAN AHZT(Quartz): TIgh.  AP14 @L 08 Aee-
(LT OUC: hLP) LeRI°PCTF@- TavC:: &y hatt AdhHE APmA:
NALMNM4 P77 PINLDT PAUC @ AFOEN MPF TIREST ava] oyt
NIt NLH NHT ADLLD-: fQUC @< (ALPPPA-T A& P7LhN&S
P9 2a0NH - g PY PPID- ALY 1D

PAUC LTS OLEAT ATLEMG hEPT AdVE U7 dmds: 1T
1T - DALRIP: AL29°: AG AL SR PIS PANAP et
TIPTF CFO= PTLY 774 NCT P0LLT AL ALR® NINZ0- PQUC
noLte ToNT Lt

NNCASTF AT NANAEST M9ert Ptémé PaCN8eAhALS
20F NNLt MANFD- hOUC OC gA+ar Bao(C: hCNTELANALE APC
(P0-au) WA NALCTE MORT MAS h@<Y D¢ aoFC QNI TFA: (07
@O 0991 100

NCN8LANARE (@Y @A A°199: haPLaord- (OIHFS
NSt @YPTF 99007 A1 QALY ATTFD-: RICAI® 15 ANPT

27 11 DALLRI® AG TINILI® ANPL I - HPm ANPT A24.M4 Nét - NANT Adt
DOALS HPM AAPT O-AT 104
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(PA) QAING: NNCOTSLANARE IC APHMaveS hetolt: hAMLRI®
henzt (calcium carbonate) eH0A®<7 @107 (2774 T1CT “IWNEP
RILYT) aow oz

ATR19 L A4 v 9PAh OA\: PHT LH (T7F 19 hEPT
424.M%) hAAEST N7LLCEST AT NNCOST IC APHI( NASR: (ARG
OOT PULTC LI PANAET? aP7 AP -+ 101G

OH.L7 1LH vt OALC OHPHD< Q918 PhHT aP)LE AAAINLD-
&AL 2o1a0M Phivte- ANt 6dC hP4T hPMNA PPLe-FTT 8PPt
0C:

TOCPS Pl PPNFOI (Pmdl LoTF - meteorites)
ONHT NMEC APTOLDG NIPLe-TT hPC @OT A Af4% Ah(LE?
PILAD AAPIS (MAe AATIePNMA: ot T (NHT 2200  10C:

APC AAN PUTTPT 057390 end. P Pmd.C £7108+F (meteorites)
ONHT DG APHOLD4: NPLED PmPm A= ALY 1@ QA mPmd
aoA PRIt P

oot QUTY (PLH@: P99aoMOFY v TA (AN ST
L7t eHY LH, h@@F QANING: 9 CLLANT hPD- ANINLI::

RO-PPTN MY Navst WeHAL0S N91.0°Mm- AL ST O-GC ALA*
QUCP® OLeT AT LM hPPT PN LT HIE +HIEH +Paom::
AhCPT U+ ANAET PALAITFPA: LVI° ANAET NAPC @A APILA
(LavA) (@R7F9° Kitvts (LIP7) OL OMC AP0 $LEAx

A% @O P104 KhALE? A0S NINLNT OPt: MM PIPLC
NE.& AhPP? aP4.MC I°79° havF AAINZIP: NOUC 17 9291 U~ +H B
$L1AGT PaDBavLPPE MPPY NAUC OAT Teamé NI OE FPNIeAT
CH? 1Mz

PFI: AheD T avd,mC °10-H7 1Tl 11CT TOGLTD- $¢ K782
NUCI® 1 oot AL he@F ASC PTLTFANT LHED: 28 - 1B (1Mg°
ZB9° _ A\ LAY Gav ot 048 101G

RavBav PP HPPT V.Mt NAUC BT ATLPT: NIPEh&
PLN AT TnRILA:

“OY hPD 160 PAFO7 +7PAPETF 0T HE. 1:20
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MM LPLC héF

PNCA 9°8:C TPGE A% Parst hed he: ALADTI HP ALLLC: PaUC
®-Y 208 (P10 avlt AL LOMG (&M< LLP avet (@Y L AFIPA:
(HYU7? 1LHh: PQUC @Y hPSo- QUC +1r PR (ATL$L: NO-YD DT
a9 go+m- 104 TIREGT PO NP0 @YD APHPM- LNTIF (v

PHPm AdtT (sedimentary rocks) AdMmc have eo A d+
IC OHEPH NALT: 06¢- &10e 8 (limestones) AG Parann-t: havs
TALTD OLIT LHPMNx

PAUC 1000 K7L AHET (quartz) AS feeaanTT (@Y
preagav: RRGTT hETIAFG ALTIPAA: OFL avYNh KIC A%
e4FPa: (HUT 1H PAOP L7209+ (sandstones) havs +ae+a-
N9°LC AL LTI Fx

ATM9Y PLCT hP~ed hah °0cN: ha? Aah La-N:
H6LPT HET NP5 $2I° (LA hnPOTFD:- NAAT OALS AD-M AT
IC HPM AANBTI® IO ATIVY POt ARTE aowldP AAPTG
HCLPFFDY AF 1@ 0I°GTT Dz

HPM AAPTI® APHPM-: PPAM- ANPTI® NATE (FONT 76¢-
AT ORI OPF hPMNES Novet ATTST hPtté: +e-d-PT7
710 OTHF ANAFD ool tT A TR hPALNSE TASPTY
(A7PCPTT) ALOSE -9 NNNATFO- AaPLF OM T PCR bt dgAts

ATPAA: PAFERET PO0C A2 05 (00Y) &7108F  Navph,:
N21CS A0S NA®: NLNZL AATAS AT 66PT MM 27.0¢
CFOx NICA 2C et AT ANPTIP (HPm ANPT - PANP £7.00F)
RS (AL DT 916G 75 80k

nHPM AAPE Uk 2C Pot: P29° (LA PPOSTTFD ADm
AVET NACTES 098 OOHTF 2150 NOAD: (L8PS (hiCLIP
NPAASPE N1AsR: 8PN (NTIHY 74P T H 0990877 TS £E8A=

oot @O N99.005 av<pt: AAPF hhca °LC APPAM-:
OAAt 19°¢- AT OL @R, AL H4: NTIRNARD: AAERE (APG

28 0@ ¢ & 0NY LTI HNAD- LMtz
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189°) BIPC hah (%7 +eePT (807 ted) L4h: 000 PP
ATEEET (MhLC) FANP FPTF TP

hAQt 1PEPT AePAM NLLATI® PAANT (TRC ANPT) AAz
W18 KOG OL AT1L HOTID- N@Y IC heTPY%: WILITI° avlrt 0414t
At OART: AL PP avgk AL APFmAmé: 1M 1M P -
ALINGLA AT PLIP AN NNPAGTTFD- RA &L HPm AART AL
TLLNFD: A4T&PI NANT PATSN AVTST v+ & A P92
OA -+ hG 73897 AIC Pris LU P10t PhHeRe +eC T (the
Ethiopian Plateau - Amhar Mountains) aha(.®? hat Passh
LT vte PHPH Lo Pz PPACI® T-6-PHEG AASPE O\ NPT P

PANLG OTH avlk? WRALNL FAP IA® (1ePe€mC hAdT OAL:
ANVET 2T OLTTFII° HPmM ANPT IANF@= A28 hH AAE
NHPm AAPE OFF PILTTOI° ADM ANt AAE AAE N178 W93
ALCIFA: TG &9 AT OTHFI (DAIS NhLC AP0~ 906tT
APALAG: Al A M Adk 240 PATT AAPT TAAMPTFPA

PrmPOAD 19497 PHLPC ATPOPO, ATRA UT: AURCT
(oh44 PF0P@- P P°2C ArPOPO CAEXET T°2C AT -
AUv-OT DEATS: (&t LAINGTT (9T BAP eH0A 405 9ot hédotadt:

NV ACTHES N7 Nkd ML A4-C DA P10@- Pavst hgit
(A7TP) OL L0-0 Adh (%9° - DHI® AAE - AIC AkCm: 0L 799
PHIP(LN T2 QUL WGt AL F1C14 avhirf 09H PLTNA Fé-d- 08FC
TC LAUC @Y @F L08@ (hQUC h&d (T OLUId-) 0L Kicd £10
0C:

ONF Zat 19°¢-PF N7 Or2e-d 0L Ll 0N hPMen,
LG NG TANLD- At AGMVF: AP HPAL. . OHF.. L0 NPT AP
PFOE TP 110z

hnca °C PAAT 160+ ALTPAG: AAE AAET ATISANTS
AA0TE 0L FT ALTPMPT: ALAITP: POIPT QAP 194097 a0t PGA:
AUI° 080 ANANL - OACHA AAT 1PEPT hat OAL hAPT7:
TREGTT: GA OYPTI Weté- CFo-: hen@-S he™ (sulphur) o¢
(PP PGA D7 hOTFAPAP LLANE ATTII LenAd::
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PheA AUTST ATP0P0

NEA AUTETT T N8LP $8 g tTF 20 QUCTI® NHiher: 8LP &4
av ot (1FF - 9P8C AU-TIP HSPPT A 440 SF - PP - hhca.:
AAHU: HG PIPSOF@- hGAt AUret v A790-9° havc NFF PA-
MAC $4 avgt: (hdA AT (P10 Ant (mantle) Ag A7 avchl
P1704.4 QAP PTLI4F @ RN (LIPNOVFD- 074

WAt AUt WPeFo han o-kfea afN7 N7Lhek
(ocean floor spreading) @-0Me 52At+ NATIRLT 14 - (L14: NI
NHT $LI° AN PING0TT N APAPE LL4A:= ATIU @ONMP PLAT
PAGTFD: hoogt avyppbs avym$: hhca 9°LC holi hadt
MPE-PFI° ICI° IC ¢ TFm-=:

nFF A0 st NAGT 19°¢ APT14 OF J°8C $8 ot NS
(Lev: NOUC T PAD-T $8 avltd® TP ALDMN: AOPLI® P10
$4 avlt P98 ARG avet N avphdP hANF: AAHY (POt PO-AT
S84t PN0T 4t havdt NCh @LALS @L7T (LaPM h&AtT AVTST
Po1.€: av4t INLOVF@ WICK W7L0PChl hdA 440 (P10 AL 217044
NPPGTFED: 70114« - b8 - hOT 7004 BLTPA=

pager fad (rift valley) havaddt N9A OAFTEEL I°LC
(L3890 APA NIPT TASPT NAUC NF-T9° Adex: LV PATATER O-RPTN
NA7 PIIME@: AG4N7T hS A986N7TT PALL: Ah AL Ae&e ehgeT
fia® DL O34 PH4md 1@+ (AP TA® aohdt hiCLS TP A8 tALR
Ve A79.0-9° NPT QAP aond At FoNT0F AT24NG AGdh AR

NAFLKE AP GAS: O Adt 1°6PTF FAAP +6-6-PFT WL
710 v-t: MAFATER O-<2PTOI° A79.0- NN9LT Adh L1 aPYd\ aP/Tr:
N2q NLes TNNLD: PAUC @OT PTéd OTANTT (the Mid
Oceanic Ridges) e CtPax: ALOATE SHAATP AI1C (HU- ALTTH
navc 0  +é.1e- N2t nAAE NAM havuc 0P NA ANFTT 10 Fad
Lot PG AIC APPY NP TFO- W38.u-9° (Forade navc o0t NP
NAD- AAF R LAt AgPOA PNk AL, GTFm-:

A8 Pavst hhd Nhed (vertically) @8 AL AL (LA @07
L70C PANFIC: 7 ha19Ph (horizontaly) A9 (LA ik £A AA Pavgt
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And (h&A 710) NPAR AL14ATIP: AG.A PAUC 2L (Lhdol 10C PaVC
a@Al 0L P4t (GNP DLI° -7 TI0IN) AT

970 A0 (P10 AL P171044. $8 a0t (L1945 (F14-0F APTsB)
MMG %t ALLITIDG AN (LAD: PAD- A1+ AAN OLILAD-
@R avR4 (a00L) AAVPY: hhFA AUTST £°C (Pad L1104 - &7
2244 (subduction):

(HY7? LHh: Mg oot ¢ HANe1 aPad 102 hae LA
ot g A AThh AM80Pomt A DAL h& 2Ad: DRT°
(WPRU9°) Povst aPHOF R4.MCS ALAT 19°¢- 4704t he ST
(HV7? Lh: PaPet avyppdrq POUC @79° ooty TIPAPAP ((+59)
AnTA eTad:

ANPT A2L 24T A7 PET APOM- Ahovs: ORAL F A7
PPNt avet PO NP0 NE N AA: (HY ALTH aP71 102 (AATP
W48 Ho PIOGOFM- FAAP i AT (LIA0: AATA: ChL: AZ8N
OHt.) 912 MmPh PAND- 097, FPos:

NMg° 21CTIA: NZTIAL LTLNAAM: Ted-PTI° ND-EETH D-OT
noy 0FF L5029 hANG NASS N9 728 N7 P7LNAAM-
NASPFEI® (@SN O-OT @Y OFT hde:

(0 9°C I°CI°C QA h&At AVTFST PTILRCT ATPOPAS 1T
PO O GANE TRF OmAd 1@ Fhhd QAPPSR
OnPOASTFO AT AT ATPOPOPT (Pa0&T aPnd S aoan.&AP) P10
PhAT 1PCPTFG vt avip e T (PLHLD- P91NLEL: PP AL A&
7201, aEMC LFAN:

ATTV ATPOPOLPT LR NTLFCOTF GEPT Ul (WK P:
AROATE: BT RIISSUL: her: Thad T MALT: LR Lo
A% oHt.) kAt 19PCPTG Pavet aie et PLNH PP A
a92.0758, 1@< h(hHe &40 AILINLD: ADLLTI NTIY PGP T AP
PIPLC ATPOPN £NBSAE NAPT ALY N 7T LLCAA=

PPReC avpt NIPLC hig BIPC OLIT - ML hCA, APen.avd,
AILTULE RPN LU PIPLC avp T AND- AP PTALE PPIOTT APAM
10 PA@<= (1LY PI°LC avdt 9°NTeT ehCa 9°8C @Y PP AATLA=
AN PN AIC ANHOTF (APAA NG8): LPFFOT PUPH AcPPIN:
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W09 TROCTT ATTALD: P PTINDT O TAP PO 1CAL BEC
NT@-Dt: PET @ 01079, AaPANR- LmPar-(FA::

eeC avpt 304 (Geothermal energy) a%8 a9t dad
Pavg b avGOp QAT 22§66 Ui &8 avdt (LAIMPS Ahdt: earPe
PAPT WG Pt AT PHGSN @Y9° At Nde: Adh i @Y 72HC
L0 OLIT CHAPA: (HUT LH SLATD 09°C avpt PhCA L4
@7 (&S ANF (Ahh 200 4.8 A TENLE AG DHI® 1AL) LEAPA=
LA AT PTLTFA P2AD: @7 MLAL +TF h78LOM NNAR AP Po1.LH
PANTT CNCN A28 TNP D87 PT AATLEGID- 1@+ h78.: (1908t AL DY
OL Wr4tet PTPLLM AN 100 414 AT EALE AAD- av-dt AF 1<

A% TP (At AV 9%EC AT hHI® NAL) @Y TCALT
Nae$LCx PNCA I°C FA @Y MANRT COCN avFavd  APCATS OFL
PeC hPC Adoth: AZ h&HE (P 9é 4t 10 iy 6t eoLTT O
PEA 10 FCORT PTLLHCS OHC PoLPOPh: MLV PThe 10+ hFAAP
AOF A0 N§HE ParNdt (Abhihsh) SR P17

PL° AN hnPATFO AICT OO (AROAIL: BT
AETMER: Wt T T ALY P00 L0 A9%sh DHt.): TAP
TCALTT (PLCS NNEHT Nt F9°8 P80M7 A @Y APDM-:
AAhTSh TYa0ys 'k e mbar-(1 3z

NAFCEETIP LU OHLTC 700F MO NAP 2766-PT vtk ALTC
RILTUTA: APA PORT HI0LPA: NTGHRI® aowlt: (AL P78 AG
PAZIT ANAOLPT Oheksrt Ntbaeme $LHPA: AT U7 §A O avgt
&0 PR ALONT 10 ATE: PHeNPD T PHLTC YO OFASR
PNIET APt SLTTA (PPTANT DL

PI°LC ARC

NPPF TIC PPLC ALC ACTAPOM: MLV PhIT ETLIT heme-:
N0Z NF9° APFALS. BLAPA: AN PLLTT PIPWIUD- Utk (SO
PADI° LALAD?) NIPLC PAPC AD-T IC PHPPH 1=

68



IORCtT - AP I QUG T: W17

Ot 1LH P9°LC APC TAOM NAD- v} 23 8 IBeBN: AT
NNNATF7T 9°7 AGLC NAD- T 7PPAE TIC 17 LUT 16497 °LC 9°7
A00 LUrr? NA@ ALMELRI::

AG 907 71220 WILIPTTA o4t 0 PATE hCA, PANTD- Az
PAD AP IOV9° (LEERLLERC 070 T1LL WS TAP: ALY 10+ &CP PA
a0 AL avepepr NINF: @L avd N 4L 1aP0F MmAP e aPLANG
291040\
oe:C 9°7 AANTF MA@ 05 AL enhrF?
AOU-T P8OTF7: AT A, AGAN: A, AT ALANTE
AU-T 907 TOHG 10 FRANETS ATNNOLPTY PP1aTE
APTF ALt Amgt? heeMF+ A.avAQ
ALSF? avrdn AiOPIT!
AT OYPS APz ANLPPOT2
220 NPAFP AhPAMOT:
PAUC &F LRIPC: PHhT heDF A TRPTC:
LUTT hPAN PAAT MHAN AT8LFICE
P47 NPRAPTE ANLT AGAN NIPLC DCE
P47 NPRARTF ANLT AGAN NgP&C ICx

L7 ¢ - Weh@@F KA AOh OA MeDF

U330 AaPL P AgaHhANT P9LLMC °79° 11C PAT° TINITT he DT
ANTFD- (1F ALLATP: AMLAT@DI® 10 A78:= AIPAM:- ATL BOTC:
heOA s AT ATAS 2P0k APANTE LCT 097 710109 NhdA
?hns (semi-precious) 108G+ OHALe A§G6-PT WL i &1L
M4 LPD- L5 N WA 10+ AL MM ETFD-:-

O WIPP AT rP AP av-p DL PI1@- ML, 9°L:C NCA (LAH: DL
W70 TrE BAOTS WTL1S ATTP ALLTT: FavAn OF avgd Nas (T
ap\h LOMA: T11C 17 W0t Poe @Lavet tavp( L9L.0M(T vt
NADMAPD: WHD- (HS LD PAD7 ANT (9P 1S (194 hEAND SPPA::
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Ll NHE: 9026k (Minerals) (A74-0ek aoHatE (LOHOFO-=
hovo OC OVLTT L e (LML) NTOLT DT PTLTF 7T
1et9e (elements) h@oo- o¢ NeePY e 04,9 LY AIC0%: PTHASR
PAPPFFD 1426 1426 L' 1Mé(:

N HT AL AT U@ 8490 hovdt @t L10L@-9°
AOT0CLd. LOLPAE ATIVI® AL té £7108 NPANT D8P
PG 0T 19227 (LANGGT O-NTVTFD- A3 L: PTALE UL PATTE CATD-:
P LH PTHETC ¢ PR Nn&A P4 908Gt GFm-: heot
NAATFO- H7L: ATV AT 220N - &7P - 870 P26-PT Lwintvs

(hOPT HILIO: L% 174 BWeA: ATPAN: 1OUC O-OT PTALE
PPPT WOAT AT T PTLPT MLIFOT A A CPP A a8 -
NT6LGT L8 10~

oot AgIP:  APAA,  HCOTF°  AFFOT s AE
N9LAGNT ATRAA 10 OAT (LVF ANGC 7 £7108 NavlA QALY
oUP° (LPT PATOAET PUA LbPS 78 AQUPIIP::

AMHANDNC &TLTT OPLI° Hhtd AP TNA nd W Y8 W10~
nA L thtd - (HEPL hLLATC: PhHANNC 7¢ hAd- 27¢
PILAPD AT 10D-:-

NAIANNC 2 OFTF oo NO-ANVFO- TICEHG  avqot
LTCAUFD-9°: Pl NVFO ARG §TLTT POAL  PHIGTPA
(t@AL VFOAL &0l QD T7 AT PWed 6 AT L6\
APAN:- AT ASA. ATt mCN: PUlweFm o NET: aPST: ot
U-(e9° ACET@- (LI°E= £ LaPenl AT m- IPTH W78.: NO-ANTFD- 099,
A 92790 TG RRSCIP:

PTPPT 1FATT (PG QLT 0. OHt.) RC
AeTaoANTT  AGRTPATE MEOT AAN SPHTI° AU~ P91.81% G-
U-c9° CAMLANNG ¢ 0% &P RILPT 10+ 099 LAPD-x:

“Ov7 R9HH 13 A9PAR PRE 26U FAPG &P 101 )V Sdh.
4&0.15:3

29 44C01 - wasp
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Joe2FY AS D17

PoLATT HET WIoANI T WCBT A18? P lAP +Eavl0t me?
RADLLAPO O UL avF 1@< LYY TR A0 NFD:
PYRIIGt FIPYCTI® VFD-T T PTLaPAND+ ALLATO::

ANAR Ui aPBavg® RILTNGLD: dORLATC BTLPAE hTY
AOAL 078, 10+ W& +av 78 ACEFI° ALIPTI° A7 10+ 17 N& 7
hovteen, (OtPC A0 ALLT A1 O@OM: HEPCAR hivhPi7
ANZE 107 @f T ANDIC AU 1@< (aPFCT WPt OC RHT 10
PIOYTLD)z

A8V (4 T P9LL mésTT NO-Om- PHALE TLTCAP
a7 ANZE 10« hHY 22400 MmAC A9°F ALAIP/THO<T OLI°T
(L% + W10~ NO-OM- PTALE TEPCAR NAOHETT T1N%8 AL PCIPE
MACI° aPFCT N+ IC LH 1@< PTIRHD-: 8,01 (@< A.LL8 OLI>T
W28+ FN  (DACES  PARRE) hodr HI8: PG 0Lt
WICAPLOT PUL1°147 PPANPT 2T (v

PLTI® MW MANNC PHEalAT avBavsPP Wit NS
ANNTLA &40 2PPAAx: @ 1@ (1P PTLAD- - PIPLC aPeR.LAP
paLBav @2 @ (LOLE ((LONF: ${@-° (Lh9+C): DL avgn.lim-
a0 P+ AANIND &40 NH £F 6 F8.° (HU- L1828 (0T I°&C I°CI°C*
“AOm ANPT FAPD- M@z HPM AAPTI® HPMD-: PTLPAM- ANRTIP
PAMD-i......... 9217 AL avwisd PANT U~ TWCH AARA @L?” N
NeemeP NH- LP°IIHND- 11C £FC LUPTA:

APAA: NIPLC AL NTALE 2264 NhAT 19°¢- P47 NOVC
PHPM-T7 AAPT NPLI° Fntd NIALTLATFD®- oAt ATTU PEANE,
N1O-CF S PFD7 0RI9° TN PIF DY (1ovavCavC: LYt 9PLC
PUATTE AT PTFCIPNG LHPT A10£4 0L AIING 6L9LP avat
AN@PIO:ET avravt RO BPGA: QUT NLLAT Az f9°LC (hAD-S
POt t@m APPLC N, 27¢ @PPRIANPTRY NPT Oo-OT
AGTOIONPAT:

AD AL WTPOPAD AILTLPIN U PHmPOTT CEANE,
N7@0GF Novavp\n'h: GUT PLC OL ACESP PHPLNT Lavhd LUPTA:
A7 PLC NFEEI°: CACESP Dt POHE BT (ACEFI° (i A48
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TFANT)=  o@LAP TEPC LPTA (DL P@MLAP (H1090): P°0:C
W18 7 O@LLAP LT PPTAONT PHT LH PANARTTI® Pl SUPTA
TN &F AN

U7 £7 PUA &P AT NavL8TT (4t “PPLCT 044, NF (hA
AheS MAeT PmaC Ahaet) aeavdht eNPA ©L?” AT aPmP 7
ARPCIP:  PPC AL A1 KhA  AIRIPPS aPm7:  aPGRLLAP
Pt ndeT 24712 AhAT IC OATLPT: AOHEPE heh(E
Ahhoe: PRALI® NCYIS avbt (Lnédi PHY LH PPLETT aPepld
SUPG::

PLC W18 TETENTTE AT TménT: NALP PIN4G AU-79°
Pt hPP? U-v Laav®-« L0°1a0M+ (L&M4G (Ln$ - NP4 MCT (9P T4t
a AP (PAPDT AL.0 T4t APPth Y L2ASA= hu-? NHhAgP:
(Me.C @OT PULNGOF: 15 LC - N, @-aTT NALP hoLhS Ot
FAAP 23 PTF vk OC OATE APMNem (L134: PANARIFTT avendd
PILPINE OPF APl (T LI

PIORCT ALTLG PEANE, N7 (NAhLS Nt mécP Anat
I2C) NEANE 1H APTNMC (N7LAL7TG ALAPLT %o Ft) RIRIPIPTCE
PANARTTI® oL LE PCAN AATPPEY WTTIHAN T 17 AMLANRC N2
PHTCT h9 AADT LTAAI ACH NLATI: LU PG i APAP
PANARTT aDPLEDY A LPCND- LFAA::

e N2 T PolavM@m-7 K80 AevhAhA o190 TAD- Pad-
AP YA 1@ A4PC AND (G U9 PAHRNAA: AT 917 hOgeq
1Pl NAPHY e WG MWOTI° HLTCAPR ALY NHMLNVFD- 264-PF Féh
+927 PON-ATF YT 99849 LMOPNGA::

Pt AF PULLALANIDTT wCHF ANPFAT Tt SFAA:
POCP: P0G Por8N h9oTF: hCOy9® 0728 Ned +F700C DHS Het
AOT oA
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Poc& WPt
gL P hNAR PP

RILANAC U 266 L2150 A7A: C0 G2 U-ed® 2264 hd TINT7
10GE LTS PEPLIT Uie ATPAPA (0L hatt) NHLIMATFo-
T TE h hAA @O T: NATHANDNC £.92:G FCrE NATIRLT 2hBad
@t o LU hirtt N9Im? 10+ ShCILANGCT PPATE 127N
PIOYL O M-z

NAHANNC 4. PHEal@ &Pl ACH NP hAahd 240
avR /P AATILTA: PO NPO: N9NAS NAVC OH 9290 +HB:: ©77 929
Aetaril PQUCS 2NN &me¢7 TOSvk: et APte-0 avd): -y
A0 Famé: PHALE ThASG AT0AT F4.mé: NAPC AL P99.04 75T
Fd.mé: AT NG NALTE NF ALPT “0OTPeT9> BI°C LAHNTE
NN&HPE WA aomed h@OF AHNLNt LT 1aTY
LIt

ETLIT ANAR WPD- ATPPIS AGPTC Al 9°9H NTIPNLAI T+
TEavlS 0L PATE Pmhx WD NHPHE AT APAT (MieT)
A78.800C P15 APNO° NOWCI® U7 HHIEF PPN 92N ARTaP(S
AOtARE @FCT ATLPTAD FOAL ATINTANG O7LPATA ParsOrt
P4 C MO APFOH 0k

OTALe AZPT AG ATONAT TOH = &7l 0°919°F hHd APivE
avp. @G\ ¢F Gavt TIC ALNHG LOH A7LINCE AADHY £20 Nag 7P
ADPFTF7 19°M'+ ACINGT PIGA

“DIULANMCI® Ah:- PPLC hEPT EPLITT AL OTr: AINATFYS
FIPAPOTT PIPLC AGPTII° WILDTE FO-M: WI80-9° P1” HE. 1:24

AN SHIDICIOTY  (tavAnt: PR hG PSNT NASTFO-
NN BANE NTLONTI TCLACT: - “ACH NWCANGT PRI hC(-
AHHAAS  +T4.mé&9P:i.” avH. 148:5 99007 TPO ATTISPFFO-
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DEANN (LOATFIOG: ARTNT RADISIIT DRI PaoRhG PG
PO NANFO- AAFMPI(PE AR AD<PT NYLTITH (APTF) OC
AgMA aHAP PHFANT Hovy O aOPSTFYY PRI AHPT G-

AA ANAR hPPT NIPLC avOHt 188 AL70 AL, avA JofoF
(LPCO-I°: AQDNHSG £40 ThRAT DT fOP PAIP: AT 17 4270 LOTSF D7
A 1T (19vavCd: “AMLANAC OHNAD- PhLOTF HE QA H PCTRE
YIS DY LL0E7 D9lA 270 YaNG ATt A7 PPTLRIC 14270
POFLLANTI® ATIDP PTILATA aPTAFT AIPIHTT WTAUPT 4PLY:
PLOPIDY PUN NNTATPNIE ALIGTT ATPTANT:

h®st KAt P99TT avlBPT

ANAR MPPT W1LA (9°C (MPNAG NOYC) A7A4.MES A28+ (L,
O-QT OF BA AFHT avavCao RECAIGAE AT PAID Av-T 1D<E
alEPFFI® RCETPA  (TAPD-MPA)= PTI°: OLAA  AdPaPANS
ADTET AT PIIMPIPNT PAD-PT aPASOTT NAL7TN I AT TAP
CFO-G: N L E9°C T a0l 8P T AT T

He RIRIPGPD- U+ hPAT N7LE0T OP+: ana(SFa-
M9LTTO AdC LOLSH: hésI® NLH (1A @L HPm ANT SADMA:
HV7? Lz OFALE ChPAT AMA OHPm ANT @A +hoT @« 15 s
ey ho Tt ot AhA LOAAT hANAR PO 160 A.ONAT: oot
PILPLD- AA YOO AdC IC TPUE MMANCTE PP AT CH
PCAAG=

NALGTT NIPGPM- Pot AA: PETLITT PhéNMC PLI° it
OHPm ANFE PO0CTH (oeaedbt (sedimentology): hit v
PHTTOT AAR NAD- PLEA hPAT: MNTIP PAIIPLC JPCIPC hDPT7
(paleontology and structural geology) Qgemed® APs+ hhat
PALMMC PLI° 0t AOMNINFD-x: AR TIRF DI LHD- (4.L-D- aPASP
(oomdg: N72OSTF @O WoLTh PhCn? CHETr (*C) aPm? Aapravt
PUA (PTG NHU-I° aowlit: T PPT hPAT EI°C Al TAAP A0
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AN TTROF L0 LA+ 1LH OOH AV OF agPy: ONH avf 99027
Gav gt Q4 avt av PR AL D1 T

NHPm AAPTF @OT P997F AhA PSFT ATe P24 mOL
LHLOFPA: LNMI°:- OmPAL: NPT 0L9% ANFO- NPM ANPT
OAT OFTEF Pét AhAt: NetT 0897 MATF® HPM AnPTF @-OT
TR Pét RAT QANA et SNAANN: AT LHIP O-(HT
LNANN: ANPAL OO 1T PCR: RIPG: AG AATIP ANAP avolnsB P
aowlt: P hdméet BAP A PHAmét “RLPek TTFO- - 2AAN
TNt FAPPLAE VT LU (FEPLLO° CPINTI® LH RFEAE P4k
LIFHG 9o ONHF OFoeCh: @e79° (HALR PhIeAT 9o
LIAQT: AHD- aoM7 PIPLC-P chPPII° PRHT aPMYG T LAPDMAG =

“Wrat it LH B¢ OHAPt ADT ANTOT 19Pm7S
Oret “AfA0N" aAeem: (A ST AT0AT vt AL hiNet
LOM” (PH4mé AT PHTF) TF@- 0910 AovAnht hrtHA Athorhye:
Paven, aPPr7 (ULt 9°04-4+T hraPAn AT

Noowlot:  etmea@ HHA  ATherh? holhtA®« PEANE,
eNNETN M (law of superposition) NaPidt 47T LaPANAN:- AL
HPm ANF 0GAD< AL HLCN hJP: AT £9° HPm ANT hJ@-
nATIAOME (H 266 TN 2720 HPm AvT A4 hA@< HPm At
NALTY Kt aoP? AAQH: AAHV: (9°L4P 220 AL1ANT: hAL
tPaem HPm ANt @A P9LTF Pt AnATH® ATl WO hao-
Nem AMF OO NTLTT AMA PEHT AT 1A= (BUTP: ARTY
nneNH@D- AL, Q@-A®<: A%, NMZOLHD* AL h9I.4 N4t mLNHD- INC
ATV LBMEA)=

NHY ePONCT A 0ovhat (AA AP aolF AgFhANT):
“NAL PO AhA PEFT haPMMFDG (AZA T4TC ABUT: (22T -
NAF (LE OOF $0 (PO (TPADT 1@< lhe PLIPLI® G20 4LINP
AAALPE: LUFT NN P04 AravAn AT
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PAAET HovGt

PAAET HoPGt oG L F <y MHPM ANPT 0T F AhA PSBTF aoOHT AS
N (ORI TET TINT) av1evt RFAN: (AL ¢H@OT PHAPT hAA
O-OT: MHPM AMET O OOHT Ao 0997F et Andt A
Hooy @\ (Heae ANPT O-QF TET Ai: 2V PhAdET (extinction)
HovGt AN aGeFD Z% PPTTIHANT AT 10+ PANAP hPPTYY
a1k NT1LTE v P AnQ: aPPLEFD-I° RILINLATFD- Phitt
Haoqt gavangte: 3Pe AP+t ChbET HovG T O-OT ALN Pa0L TS POUC
AT AAPPA: LUIC CPID-:-

" PHG APOVE oot LAY GavF AhO(L:

" PHE AlF avt WG TLALT Gav et RhA(L:

" PHE POt avt QA TLALST Gav T RhA(L:

" PHG U-NF g Y9PA TN 0T Gav T hhO(L:

" PHG UNF 9o Al AP TLALST Gov gt AhA(L:
" PHE avf ACA AdeT TLALT GavF Rha(L:

= PHSG OAG APOT TLALT Gavdt ANANL AT

" PHS AAG TLALTY GardF RhA(L INCE

PAUCS 2ot WAt A28.00% PTLERCT AL T4 TCAR hRD
avg Z9° NL0F: QU ARLD: NAPC AT (PHPH OLI® AE h&q
aph): (107 aAtFG ACE: M40z (AAt 19°¢PT ANGO7 eFads
TAAP PméC L7200 (meteorites) N7L.OLENT AhAN. AN FTLIT
LOLT - AH AhA(L PAAET HoP? BUPSA TINT 1

aAth PCN LH 40 MLV AhGOT avpdat PPN U
A8 0L Hovh INC: OTALE OPPTG OFALE FPZeAT (ATPAN:-
TL:C AAhS Pl WRI° &b LI FANT B (LLMC)* Pav-dF aoMT GG
NP LA $L:1A= ALV PPN20T: PTFT (rFPHPH ONLE ARTOLTT:
APF T L&D RPAMG NETT PICE PAPAP APU1: AN S TLIT
M&+PH: P04-L HoP7 1800 - 600 “1LAL7 4oz 350 - 250 TLAL7
Gavt: A PHG 4 TLALT Gavt AN, 924 a0 NEANE, TGT avl GO T
ATIOP T4 A=

76



LR ANAR h PP

99C L& NFAP ANt Adh F70 mnC: £.9P AdCT AP £40
P07 U9 QLT APE heP N avpt ALLPAMD- PHANIP D7
v 078 ARS AT L AHZD- 91)P@< PHPmM ANT ALTH:
Ptmeat 16-L HavGt (9PLC AL NATPNSOGTFD- T9avAnge PLANE,
avl G @30

tnbaet LHET OAT AbT ALA TPPT ORIP ao MG Qav-ptq
PPHPH HaoGt (L.$4: QU LH aPLlEPET Ui AMTPC U-XTI° TIOP
ALFAIP: IPTI°: (1PCA LK - NHS 2 TLALT Gav St B9°C hhth HE &40
Lot 7P LH Paod TG NS HoPGF TANET NTALe A1CT T
PEANE, avlBPTF 02 1M

PaRLLAD PN HOPT AN PHG ANC TLY Gov-t Ldn 080
AILINC L3O PA: hH 074 PAM TINT 1@0<E 917 hH? LH E9°C hahHé
LN LAPAMNT €4 10937 A%Tsh: 094741 10987 AT 0L
PIPLC PAT LT A=

KAt 9°7 Amg? ATRUN PAD: PTETE AL AP aPNOTFD-?
PILADT TEE AL ALIPAND-IO:: A5I° UTT TP ATPaPAO A7 P MO
QA AdET HovSF RUTT LU NH1DICT (A he DT HAPGT AS A heOT
ao(H-+ OFPC 04 AT79°ANF A7

ehe @t Havg+

N Po&+ AnA eHTTOT Havy: DHEG AP0k avd A0 99007 Gaot B9o©
PAD- 1@ he@F (IMI° AHNSNt Par @+ (\HY Hovy @O AAUPT:
LU Hovy N9ttt APt FAAP PHOPGF AChS T Novhi.d: (PHOPS |
04T PATAAET ALY 019110 TIPS HTFAA:-

o ML Q@1 (Paleozoic) - hageart avf A0 T.A7 Gavt
Ah v-At aof ACO TLALT Gavti

30 M@PHS 140 N4 avst AL DIV AR NAD- P99,302 19191C 142 (glaciers)
A0H14< HNTVE HPAT - (128 avp &70e-F (tillites) enAn:
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o @hd Hhe®t (Mesozoic) hu-dt et ACO T1LAL7 Gavt
Aah QAA AP0t 1AL Govrt:

o 2348 meot (Cenozoic) hhAa T1AL7 %avt hhh Hé
KAt

he491e MmO+ &+ L@ Havy  TSNIPNSLT
(Precambrian) g0ad:= gv Havy oot ntédmét 4500 TLA27
qavit T Ahh 570 TLALET 9ot 240 PAD7 fnFPOAN: (HY Havy
@07 h4500 AQh 2500 4ot &40 PAD- Havy Alnf7 (Archean)
A~ 10 (IHY NACTET HaPy @O 9°79° LT ANTTTOTIP:

he®F PHEavsm NU-NHT D PTSNIPNELT AT AR: HaPY
41cieh (Phanerozoic): hHé 2500 91087 Gavdt B9°C h2LINC
L1903\

h2500 TLAS7 Gavd~F BI°C Aah A0 aof A0 TLALT Gavt
- hah +4912 meot (Paleozoic) £40 0A®-< Hory @0t: AhAP
hPPT? hE-AFDT AT QA avAh AAARI® TNC: PHY LH ANAR hPPT
A8 FGTTF A7LING 104 TINF 10 NACAT OAIPPTLFDI° OHTT
avl 8 PH'R PUA PAHH 10 09LPY: ANA PSPE TPPT AG NRTC AP
RIS (oPeF@<: DHLT L E9°C IO 0T IPLC ArPAPAL.I°
alEPFY ANTLAPDT: AATIV TP Pt Ahat PPco-pm- (Mg°
@AY 10 PFIP: PPt At hA T9P7 oo PHY LH 0OUC
O-OF 10D+ P NaPn'r ATLINES AP PULLINTND-9° ATDA T
hEPT \F avP'ry Pavn iz

PHIav+ a@-p (evolution) +hd et eheot He (Tree of
Life) NA@ e9lmet: PHS- £°C: hHu- TE9*N6L7 OHAAD- HavYy
AD970 AL (Hovy 43cHgh (Phanerozoic) 1@-: »¢9°: hH (4-+9°
(L.r7: (Hevh AChLe7 (Archean) ieod avte @@t AT - (19107
ANATS (hf@ YPOTF avhpd ACH OCAH “APH8PA?” Po0.0H IPe-
(monera) ¢tak A28 &0 (gel) nento- eoLhavs. 1Ns LAK (LU
YANR WTE: 0o aPlEPT PAD-P)::
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NHe PPhe oo he@F PAF@ A9R0PTF +HOH PILAI Ak
OAHY PheOT HE 4L (AA (R0 0Lat) (a4t P9Pravant@-
80 QAT ok PATIOAET ALTE AN APAT ATAS:

NANA PST ALTHS N HPM ANPT ALTTHS h&9%: PALC
A@-P7 NTLPavAnE JPCIPET: Navst AL NDLE FAAP emé.C 10T
A AT PEANE, NIOCTF (ovhat: O tanba-t Pt ALS Lheot
HavGt ANFEL.Aa0 PG PG U3 3P WILTLNFAD- avl 8t A A=

+999¢, He0+ (Paleozoic)

ANAP (PP NG P10+ NANATT RASE NAD- T (P89 heDT
Havy (Paleozoic) 10C: ik (A NQUC @-OT 90 ATt (LBL
ANAP PPII €7 APNA TAP AP TINT Bavg.::

evgavse NOUC OOHTF OFet NP7 e eHanT 104
ATTZUP NLHO- A2 47 17 000G ArdAd P00t §meé? GFm-:
PPAeI® AL P1L AD-M Pi: PAONNG AA PaPaan OA ANAG AD-RTs
PPAed® NG - e i TEAeNe At PO HEPLPA: U LNHS (LOH-=
APTEPAI® AioT NALTE PoLavAA FO<7 AL AICAI® ALOHG ALOH=
NUC @07 MLOT t0éhrt:

hHe AFPtvt avf TLALT Govdt B9°C hah v-0t aof T1A L7
Gav b £40 PAVET AAT® CTHF PHALE AAPT (PAA ALYTT) 104

(HY7? L v-de PaPrk AAT® AGPLF EPT hTHIE I10C ATE:
(LLk ao&T AR TPT9° MLOT ANINLIP: 17 ¢0 (+a (nlH PHG
08T (AA): (IPRC AL PaP%T AL.C DAL NTI0LGTS (@Y PR
PrPAPA: ANAN LA 9O NoPet AL AHIEP PN TIC 17 ALE@- &V
g PHHIL O Ao AANINC: PNk 0 0F AgrPAdh: ATLELT
TSP7 h&PT OF 10C=

AZPT Ute NP4 @07 PILLTHTT hCN78LANALL Naombd®
AhAE7? @f AfC OefA7HLO (photosynthesis) AePdd-t AP
@A PO 0PA ANOET 0t ARPF &bk
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170 $LP: ATLUT AXPT 090010+ 7 2PT AI0AT NaPL 9P AL,
Fdmés: LaPBavsPPE Qavgt AINAT NFTALFO eH1A AATFO-7
RO QA aPAh AAAR® INCE 1IC U7 ASPTT APTar1 QASR NAhA
TOAP PG AaeFot (e

hhé-t avf AT Gavg-t BI°EC (19v4+ AL P1HEavl he.dt
NAPC AL N384 ANESLPT B9 hhh (166 78T eHALR +Oe-T:
NLET: HI® AAE AN KAPT L0

NauC AT0APTFI® avnhd AT81&FE  hPIHS (L9Pme: AADY
TpPt: APALSIY avlAt MOAPFD- APPT OAGPT: PV AAYP
ALNTIPTF AOenSE PIVF®-: (HUT LHh A747&F PQUC AT0MAT 0L QUG
SCF NavBe Qavlrky AP avavCav( Bavg.: (A@-rF NICA £GI0
APMNTE LTLPE ALPTTG PO NP0 DLICAD- A2 PAVET AAT® D~
ML avgr WAJ® T(A15 ATLUI® ATRéST: AH: ACET WG Lavannt
G @z

PHoov+ A@-r (evolution) +hde-F eheot He (Tree of
Life) A@« eoL.nsT PH PG@- 718 NP7 et (Paleozoic)
Havy hiNe: amPae 2htéha (Gastreada) NA@- hTimzFo-
tatet BPE: k9P (Amphibea) AT (WTRéST: RO
OHT.) SmPAAA:

ahi Hhe® T (Mesozoic)

OANAR hEPT 36NE ALTE @-OT: AT0AT NLH @FL LH APOHS AL HOH
NANAF@D-G° APTHS- (LaPa-: 29 (AT PP RHIP: FGGHTT (LOAS: ACD
Nch  Aencdtr  A2RINL:  hPA  PhA®RT  (extinction) HovGt+
RILaoMOF®9° ZYTIHAA Y DTV AARPTF avhhd hHé v-At aof agea
TALT Gov St ANAN, PavL S PAUC ATOAT CARNT HavT A4 40P
1 10C:E 9°7 LRI® hadet OAA &7t AATLFN: NGTLTI° STt
A% ALTHE met P9Ifm(t ATOAT PAROT: met TLEm(+ AT
et 10+ Parchd e @+ Havy (Mesozoic) =
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ahN MO PELGHC ALTF PAHNT HAPy AILAPVPr Uv:
A9 A7 ACm @@ P FSTA M@t ATOPT: QUCS vt
A20AT° SFOHOF Hovy 10C::

@hd  heOT (Mesozoic) 0evetd® NAUCT  Heot
POt Havy I0C: (HPmM AAPT @A (FP@- avl§ aow/st:
9o hA QDT aPBavs P ANO(L 7L HING LA PHALR FAAP HET
O-OHT 3 TPA:

PHY LH: Hé PIPSO-PFM hedt Avred v 0281 104
(Pangea): h&A AUreT A4 a3 FO PhtATEh AG 7040
O-PTATT NP nAFD- 2178010 Uz Av-79° LD ATPAPA APPMA
2L NGA AUTETT R1815 AT W1804E W18 CLCITFPA e
2130 (Pangea Ultima):

£C NEAT AVTe-t MAZLTE N104 L A0+ NaPEeIFD-: PHE:
ARTE (T&: MR NAGE PCh: BA: hith: PiH: W06 916-C: OH..)
NA7L ANANL ALOH: AMPAA ATPLC U AT8L0 L&t

AZPT eteemt 9o (TTALSTT) OOHT ARTavit: ALLLTT
LD ATAAE AP0~ AICAT hetar1(l (1o G (1CHIPT G - h&g
AP aome: PAUC ATOAT om0 Fo- +670G Ll et eNAm-
T AILPE v-te: P9PLC AL ATAATI® A& PTT APtari(l av®eCS
TAP aopy Bavg.:

PHG av AAA AP0 TLALY Govt AMO(L: SLGHC PH0A st
& A0 Fémé: MHPm AAPRF O 7T Pot Ahat o-aT
ayge eavgt AINA AL ALGHC O HAPTH: MALTHS ONHE 0sht
ALEI° LH, (90 TLALT G0t PUA) 054 W tTTI:

(LY 1H @07 (hHE oot AAG AP0t 91087 Gav T BI°C)
1NC: APATER @2T0 Norhdot: PAGSNG PA9LSN aPALPT P14 MM«

M9AhARD: Me®TF QUC (HAL PP/ AFshT avért
ALPAPAPT AAFGF: AZRITI® 0% 7 HF AATAT ALINTNTF 0820 Hooy
0= APAN: (AFCXE P HPM ANPT vt (P5¢ £100-FG: PANP
£100T) AQILKFO (TTRNAR hQOF @O PNt 10-x
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MATe&L AT GAP avhd ot PEovl@- Iy Hovy @O hHé 7€
ALY Govdqt EIOC INC: TIC VT NAAT® AL PaPT AP avhdot
PRavm $2I° e AILINC AN LAA: PAT NAS AU-T9° aPhdhTy
ANTO: (1Gavt 0t A7ETETHC A9THNEAt PP FARE Fetd

NP497¢ MOt : Pavlt AXPT ONHTS OALYTE FOchto-
AN v-v: NTTANARD: hE@F nemhPT eAP TREPT (i
N9IANARD- L@t i PAUC ACAC AATNTOIS Hoom ANPTF (19vst
AL AAHPM- 1@+ TLEGPT POH-Tx

PAIMHANMNCT AP (7P £74) ARTAET AGOTFD-A: NAAT AL
P NP AAPTF v-te PHPM-T NTIANARD: MEOTF D-AT F (LPT §C*
ANt avgt ImPAA 938 F PG +PC 1NCE AT PHE HC 2mé- 10C
(-x9° NOVC AATLALTS AATLIOR): G4 7 (ATEIL 2766 (APAN
NA9%SN) Pavst HPm ANPT PHPM<T ANPLT (P87IL MEDT HavTy
NC: AALY: PHY LHS A TTANARD- heOF Havy &40 HET A
S PA: 780 NATL 264 POUC a2 PAPAP (LIPT AS avsk U~ 919
US HE (Lng-9°: NHBA avlk AHG ap(lPd A9PF (LIPT: PHE HC haAz
avot: 1OVC NAHALINT 22662 N140 BHIDPF )

23¢-8 et (Cenozoic)

P hA hODF NFA® PhAART Hovy thtt: PHE AAA APt TLALY
qav 1 KO 200% G POUC AT Add:: PHY L SLTHET NIPLC 1%
AP NAD- M$z: APGRA PN PAOUC AZ0ATI° PHY LH 10C U4 AAIP
AP NAD- PGtz

97 LHI® hAAET NA &PLF AATLNFA: N&ETLT° ETeT AR
AL NAUC APPSRt PARNT: N4 °LC SLGHC Pmé-(T: avst AL
APTF 0FR0T 10+ 0RDCL (£4L) e Havy::

K285 U9t Ao~ (evolution) +hdeF ehe@t He (Tree
of Life) NA® @L™mst HE +aPANT PATOAET ALY OraPAnT:
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nadET 0AA P994met AT PHC P8l ARYT DPLPPE AR
V10 1@+ 0T

Hé NIPSOFm- Ravgt Zhadt evhhd HPY: iz A70AS T0C:
HYEET mM: NQUC @79 ACh SHIAD- Aa AT PHdmét 18548
Phe@F Havy avfavgP RO ALWPT A7R7ILPC L1903d: (H.u-
08568 @D MNT: PHS AAA TLAL T Gov T ANA(, AA PhAET Hovy
apf A PAUC ETLIT MGAPA::

°7 LRI° hhdet WA &7t AATLFA: Y AddT (RAR
PAUC OO AT0AT NALTFS ONHF +0&hrk:

021 MO OOT (1AAAT Y9 TIALT Gav i avhnd) Ald -
Rit 00 Al ARYF P04t KINAT +4.més NTTVI avhhd AATIR PP
RIAT (RUPG 4.40) BTFNFA:

ner8r% PhALt HoP7 A PHdméet hefavt AT P
aPGFOY AR TGA: F8.0: TATC PANRSES et AAT Mg
724 0A3A INC (?) AnOSFO-° “GA G CATT 9°HPOA A7
AGDLIPLYIP @, SAGA::

196 HRt - P&l T WAt Ot aoPr 1@ (1AL Haogt
ANAR P77 (WINATI® AXPHI®) 994 +G NOUC ALTHOH A7L7100%:
LUTIP Ui MHPmM ANPT @O-OT NTLhPE AhA PSPFF@- avl 8t
RILIPPFA tavdrtSA: Lo 2C N91SHAN: AHIPSTT 2AMs P79t
PUI@-: e7A0 NOCEPTT O Po-dts 198 HeT NHTTAOF D 26 0-P 9P
FEETT L12APP: PHY 0198 HeT AdMNMC W1 A8 hrarh\nt:

PATNATS PAR P N9PT-T: NPLHD- NOAR 5B 9G AL.C ALLLANNT:
NhOL@- APC +ASR: ANAET AAD 64 OAT A0S APNC: ha
ANALEY P91.54 OvESPPT LUTT PHANAT h9PF+ Aftavit 240
Pap G PO1LEIP SRA (LERIPC: LU PHAMAT h9 T+ AN TLALSY
qav 1 A ANALE? TheS SN0AA: AGPL® PHTTO- 524 Agah? A
Haoy AAL$L: NaPBavsf AT Het: PPAed® (941G (oot Ht
P97 DU (20) NHPM ANPE D-OT “haPED7 766" 40T LnITFh=
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ANH TLA7T Govt LF4S LI P8R PAUCS P92t h20ATS
AXPT: ICA9° 9ot A28 o9 HPmt @FL mAMCS A0
LADT: 247 NG D-9° PHPM ANPT OTPET: AIRCTS PASPT
nevtahah 01208 266PTF LnTFA:

198 Het havet OFF +4C AoM: ANH TLAST Gavgt
NP1 N9t A8 LrHnth 282 OF FnAE A7LTL.oM avgm(
LFAN: BUTT LFLE (PATME) HET AL ALATTE - AD-8.L he-(L9+
G007 RGLAL AVETO: AlT: FRG hG ANTI® hPOM- Lmbar(1FAx

Nt AAPANT 0t APTY ATLTILNE U ANPLI® AhA
Pot TULTTOF NP ANt a°FC ANTPTE NS ANE, BMGA: ATPAA:
00N AT 01A227 AN PEANE. Ui PT A188 HeT hovE P10
&P FFM-GE NANC (LU “HHC PAPT NAL PATFD NPM ANPTF aoF CFm-
eroPh: MNPM AAPE @A 7LTF AhA PSIT ARTHS AHt:
NEA&HN I°CaLPTFG AATIC aolBPT aowisb: 188 Het aoTT+t
AaOE U 3P F FHOP D WILE0 NI 0P SL 1A

NAFELe TAP TEALT +TP&l0 pH MN&TE 14t AfdtAN
ALOM W1LFP LI0AI° aPFC N6 40T 9PF4 7 LmETIA:

LY A&7 ATe&P +8&C AOM eoUTAN PHeT Yt
AATCZED07 U PULALA PPz PADLT TINPTI (ACIT PhTCRS
NhlONT AILOPTFD: PHET 7T +héeTF oPTTFD- (LLI1T:
PN AC MPTF@- DATIALE DCI° APPTLII® NAAIPS NaPAnd® +CNHS
APTC PULLATA Uz (LLMC - N&VTPF® P11 NNARIS PATERLT
PATINL NALAMT NAAPS ONATH ANC ATETE P9LLLCT POAA:
PANGILS 2770t aPPPET (LHLT:  PHY LH HeET &C Tt
Mm% LTLPA=

eV RHhe P9It 0188 SRA ALAP ARE: RC ATLPTAT
FO-ALT ATV ATAUT PTLETPACC ATLTICUT AL 10-GE (1aPAgP
AOTSLC Tt O A7TLPT (ML AILTLTLD-) U-tv: ANAIPS ART S
PLaLL AT ADS NAZKITT P7L3AN hPr: AOLL+E A1-T7 QA
Nt P 0AR 70t HOAK2ATE 70390 A1C HNAP Fmd-nTe
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LR ANAR h PP

GPLITT Utv ALANNG (PLP° +htd aPemé. (1F ALP7:
L, aOEBEIIO SPIOC AL WG AT TD-A: AT PHLmCID- (9°LC AL
AATY? 10978 APNLC PoLOOTN T4 PCAR v-2FPT vt rtataha
MAA - 1F: av8: OCP: 188 HeT - v+ T1C FP10NC htbarmi?
54 @<

T7 LA ILANRC .38 Thdt “CAmT” 17Uk APT AL F
ALLAI: PHAPE YNFI° WICT L LUt AL HE ST oHOnT
RICT LA (HEFD RILTLNAXT A& 1@+ PEANE NIOGTI°
ADLLE FDAL PAPIM-T Az dPR.M ARTCEe AG AASTI® QU
OPt N&VrF AFOR AICT U T4 LaPAAA:

AMVF AAETE TIHA ATLTLLOAPIOTATD: ALIDI° ACATFDT
(LT AZ29LAMF@: AT eUY? PHTC 701 (A9 AdPmPI®
PPOTFANTY ALt OGALE O QAU+ avMAtY 7y mOgTF7T7
ANT°LTE W3R AFRSPT OAh-ATF: 0&PCT AL n8P5+: AD¢-
NAXIT: AAIPG AT AP AR AL 1HI° (v (4t A7 iPaPh: PHY LH
PILNLATT U~ &AMTA::

QA @@t HIPG T TImPAL

ANau? hdét Ahat O FIHMIO- eowlt: WAt ve Q78 LH
ANTE.MGIP: PANAR MPPYT Féh (W7Pl9°C: A PLav HoB-HS hA
N0t PHémlé AT AAGPTETIC ATTIHOA Y

A PH4mé AMA $L9° de hrhémd A20A THAD™ A8A
Gt WPBAPA NTLNTAD: FPOCG AGPATE PTIP: PLI° A PHdmd
AT N34 NTLLML@ WG OC ATE 2910157 et (LFC: 77
N7t TIoP 0L -

NPT hAPLar@- AAFLMé AT57L 2T WI0AT avR(49 Bh
ATHH@ I0Cx 8% 17 PANAT ACA 0CO PSPt hu-T9° PPAA:
Pmd (AFPTIT AT PPr AT PULoPI0FD- (W78 A< B0G
A704 2o 29 (A FPTF) ho-79° Al (ATAARTTH AL O-QT PACA NCO
avFANP AAPLIPE (LU ATRC AR PPPLeTT oL CBrE hE fhe
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gavhiAl: @Y (1LY AT8A: (9PFAAP 473 T019°F (1AAT° ANE aPFCI°
e PC LT PP (110X &3P

AILANAC AFMET U NO-Om mALTFD- (0 L9TD- (gene)
OAT AEVFOT (CAFO RWHLT0N 2900201 Pavg® (N 1haet
etravHIN avihn ML) ANPIPMAFPAGE A9 728 AT haTePFTF@-
IC APTC TAPAz F8.0: 9190 W77 09°LeTT POLe-Prt hEel Phé-
(LP79°: TIAAARL HE&MIP° &mé? Uk ATSL0-eNT A% QUL
TAPEFPA: LoLntAT 20X h& P40 TPOT PAP YANTT NP AP
ATEWANGOTFD 09045 AAPT: AOu? PEmea-t? A7 H10PF
N99PA0N £L7 WrPANFTF @ (VHCTHI® AFMA):=
" LU OFA@C LLTMNNE 1FATFDT FOMAY: P FIPE DL,
heLTFDI°  Ravpdf:  aPNVT  TANAY:  RAMEAdP:
PIOLCTI° drt FLNAV=E” aPH. 103:29 - 30
" PAUANNC FCTE PLCT PATE MATMANNC D220 ATIPT
A+ WP FO° -k 04« A0 F74-0:" aPY. 32:5
" PAHANRC NNC AHARAP LU-7E AHANAC (2740 2N
LAPA::" aPH. 103:31
4P+ aoHav<C DT K- - NH °°aLC A7e+mPO U=tz HY
oG 11009 (4P aoHav<C 64§ 103 N TP +PIPn A
(A9L.a0A7) =

AlLE RGaPATTINTE
hCV7? AP9IC QAN TT
PALVTI® e ATIDE (AP N T

3 hhAET Hovy KRG W8N LT OC LaPANAN (W28 ATLD-):
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PocF A0t

Helavt A@P hG S1iT

PHovt A@-7 (evolution) GANEST “QU Hé P9°GP@: heD- U1 U
naA A78 vPh () +EavZ” held avA 9ot Naviat: hfPT W&t
NAL'TrF W2LA0H+ Che® 7 ANARTT (IF &H 14 T114-4L ST

O1LH @O AQP AFC ALTAP A7 @10t ANTTTTA: AT
PILADT PA hTL0@- (1AL AGAL DRI® AGATINE “Hlovt AD-T”
PILAD7 PO (LT Q-0 AR a8 WImPIPN AT

1. (OHY 9°Zh& 2912014 PACLT 0+ ADP:- P°L4-P hEPT?
v hA7& PHC avfQl @L AAD- PHC avfAl (IHOevt
PILAD M1}

2. (HY PZh& 291,16 Hoavt ADP:- PP hEPT - FMed-?
Ut OPLCPIFTFO 0TI TIVFDT Khd U AdPRRgP
P e TA: hAMOLPTFD-9° AP P10 A19.54 P7LLATFo-
aAOP 10 BY AD-P NATE PHC aPLAl MLAAD- aPADTY
AfOntTAge::

SCP7 avf Naof Ah ALY &TAAL ALPYI° &FAA NAe T90-019°
AN4I°: G290 AD-PTIT &AI° ADTFT AR, PP ACIHAN G
ADEY LAY

&Pl Nt ADT 17 A7 09188 GFD W82 hPPT U
U+ AD-1 NF DHY AT9ALLN 099.0av\h T2 P4CPT Holovt AD-T7
et POP Fh& (HYS NTLNFAD P0G APCNTA:

PAD7 ORGP TET PULLAPCAT - MOLT NTLOAID- AhAP MmOR
A - PN ML - PhGTE ATRTD OO (YL@« aPPRT ATPIINKIP
ATPhGATE (D07 (aPms) PSS h@-pF7 a7T12: (0L (gene -
£7) 0T PUeHI PR AD“P (LFCIP: U AT A.aPM P9FA
h°LeRrt 2C OFEPH oo F oy GUI° AhAR AT ATE
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RAP ADP AATPPRY: (HYG 0TLNAAD: P0G AR W TP
PRAR (V&TITHP) IO~ ANAA ALTAP NIPID- APAR: PIA ATOYHT
AGD KELLT TINAPAT ARTALET WTHPAT: AFPAN,:-

15) NP7t B9PC L@t hHPHTD yPh (D) E9°C NANAR
aAhG OTAPTF NLH OL LH ASHAPOM (APHATA TI0T ALYT TAQ)
a7y A Pot TINGEPT avavdnt @FANGE BUTT AL A@-TH
aemC LFAN:

25) PACET? heOF HES PCTREE (71LeA%T aowlit:
OANAVTF OAT P9LTF PNCLPFFD MOL PP (LY ATTV ATAt
QHevt AP FEVFOI° Ohidt TFO (7I0NT:  P0ELPFFo-
(genes) mag ¢tPslN AT L9P: (H9v+ AD-T FoTFa-g°
Ptbl-dt GFO NTINT: PATNAT ARTT (TALR PHC avL0T (species)
TNéFAPA: AGTLIT ChQ DT HEG PTG ANSF (HC aPLA néG e
TAPavme: LUTII® AL h@-TT hG aphng® ¢ avgm(C LFAN:

AUtk SIo8am- AL aoP'ry (A AGPAY: NPL9I1e (9°L(T7
LUTF PANAR PP NHC aohéddd (FovAlrt: 9L HAD<7 Pavghe
P80 TPO ASOTDA:-

“WIHANNCI® AA:- PLC hEPT FTLITT WL O WINATTS
TIPAPOTFT  PPPLC  ALRTI® A2LOT  FO-ME RRGUI Pz
AMHANRC PPPLCT AEPTT AL OTF ALLTE ATMNAMII AL OTr:
Pavgt HIPAPOTII WL DT AL AHANNC f A W28
AP HE. 1:24 - 25

LUTT K18 MG 1083 hAd® PACPT TIE-48 IC TIDRLC
PR 10 29N 56N LY TPO @AT Pt t@F avAR TN,
AT NARTA OC PAD-TIP HIPLS ATPIAKI® PT ATIaPANN APIP
ALTLT &TAA: 17 (Y AS NLhFAD- 92046 N PPA:- AANNC
FPLITT Ut W2LLOTr - PHC ovf(: (species) LaH H7L: 4b&:
HAaot AD-TF W28 AYE TPRA PHETC hl ALLLCID WILTLTA -
Nt ADPG &Pt (CAEP) DAIANNG AR (PTLLAE)
DPCFOY: NGPLT PPEe (NFTLF° OC) PTI8RCT TACAE PhLert

32 87 PHAAt ADTT &0 AN PaPten, FLAGL AL THEAT 1D
88



‘Helaot+ A@-1T AG &Tét

hatt A7291.5C: 2V hartt AheOT NALATD- AG heOT (ATFD« @O\
U A2291N%L ATlavpt 10+ LT

ACP7 (1809 - 1882):- 17L L1077 U-(v PONAM 178 AL i
X4A: AFT TIC hPALHAD AT (1L91°19°(9° ATI0a0T A\ APTNL:: (Dt
FAaP NOC ATrR: 0T &40 A2LC0 L7LLeAN NH 0T AGCEA =
PCh PZhG FPE PPID-:- He N9PLC AL PUL3R PP U NTHTMA
APNF OFL.mé ANPPPGTTFDT RTLPNLA (14 PA T 7HS NTIPLN: 1D 7z
P60 Utv P& PT AN PapRIPLI LM< (1 AavhFe 10+ NANLIADTE
PrOPAD-:: AIPAN, PTLNTADT ATaPANT:-

“If different species of groundfinches or armadillos
could be produced by evolution from a common ancestor,
then, given enough time, the same must hold for different
families, orders and classes and for diversity of life as a
whole” Charles Darwin 1958, p.11

OL ATICE L9 “DIACOILLTT (POF ARYT) DRI
NACT1%.0e (b AG BCT PaPAA hA@-&) OHALR HCPPT: 294 P PHC
PTI&F (NHYt AD-P NHTH: AT hPPIIP: (1LB9° Havy @-OT:
Hoavt ADP AGPADT AAFN P77 AANT NAAT® AL heOT A8V
N (PA TR

avBavs e “(THlav+AD-F NHTF LA HAPFADTT AD1HT
hartt PAPAAPA: PPACIP: ao Py AANVE e - 10+ (LAA: LY av-f (lao-f
AT TR AT OATILTA: PPHE A1 APhTAR 2T ALLA® - AL7AP
ALLAT: rHdamd BI°C APNF D PATL chf@+ KCO (CA: (TI0F - OHC
PILPLLND) AeTEPA N9PYA NavYie IH ALTT &a-C NPLE®- Ahat
RILTUTA LUTY 1Y& P0AM 178 “ILLT T4 I0C: 7 PolhiA@<
ATINETIT LA QLT 4 PC £IPA0 ALCIFA:-

"..all living organisms must be related through their
common descent from some simple original stock..”

DL ATICT LA - “OT9T D9° 1PS6 HAhA ACA NCA- NapHavrg:
0L +PAAN 294 PHC 128 099.0a04. av Py AANVTH::"

AGCR? LU A avRIPLT L (LIP7 INC PHAND-:- “0AAT° AL
Ah@O T WY HOsht@-: Ach NCH OgPOH+HS +HPE 1LLeahTFAD-
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gocen,:_ spplfl NavPédat LAP: avAD Y (loohtd 1@ 2U ANOA
AMANHAC NG PHC dPL0TFTF - aPEMGT: AT 9 FhhAG @+ Heav+
ADT PIPIND<T7 Pt Fd

PACRY? PCPT vt APIPE ANTIATIIPE AT PIPTIPL.O-
AT878 NOLIN@- (1AL ARLAL PU1.LPCND-T aPRIPLT) ST 1@+ WT18x
AILANRC MA@ Foed CAMLANNCT &7P 26 ANECR NN N5A:
av@IPLTN LM A NThaPN AP (LALTAR) £LLID- Ak 1@-x: PAR VNPT
Pl TePCT AGPINE aPNC 10+ W78 aof (1a0f ACIMG AL
PAIILANACT METE 271000 LIPAA - AALTAP apLIPLa) ¢ h(B-F
AD<7 U< TCMG DT aohtt aoPy ANINLOFIP: ACPT: AL MG
OLM7 ADCH (LLILIO: P8VITT /§¢- NATD- PIOP (7 GCE
K190 10 QU@

08, k7 & (DNA)® o0t 191.4.m4 APOMTF PPNT0T PATNAF
Uk O-ONEG OB AhAR mOSFFO hAeHAPOM- (ALTAAA TI0T
ALUT &TAN): (NLH NHF PAH9- A70A NAAD- aPART <183 AAUT: BV
PIOGP@ PATNATFI® Pt PARPT ARTE (ARYTT F0&hrt: QUIP CATAAET
AN ANGDF@-E PAT0AE HC 19 DETLE 0 FSmA SHad PTx

At vt Pt HCY MUPI@ AROM NAAD- HC DOC P8P
ABTAI: 7 ACH NCA- AA“LOH: OLH O-AT hTPPT AD™T (Hao+
A@D-P) IC PN EI° BTN PATONAET AA® $78 PLLIM: AHY AL
hchc A78210% HC P9° 0@+ (AVLS (4.L0 ATRAD- ALY (U-0k (AL
PHC @Al @O AATLTE): OFPAT (&C ePhhd AT8AD< AT 10+
(U-0vk OFALP PHC P81 -0 ANTLhfE) =

08 k7 kb PAPOT hov@05 HC P990@M hUPh - hHC O<6n,
av8pH NOTFA: “BU NANA PSPT PPGRD+ PANAR aPAPOT] AL TH+
hH@- hovR(F HET O-AT ARG P2L 10 (LA U7 &V (Y PRAh&
PLLIG N0+ AD-T RUPTA: NAHY: NHev+ ADT ©HTT ANAR AD-T
LFC AZRTUNTAD- h@TT BUPGA:- hOF a5 HC PO& AR (WPl
$P: £C.OHT): hOA @05 HC PO ARTET ($0C: Az OH+.):
ha@- @G HC a@- ARTRT (191: TRC: (LoB): QUTT aPRIPLP

33 DNA — deoxyribonucleic acid (0¢AF FCTHI° ebLND<79°
TGP LPANLA)
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PLA PO (P0@ HC A2 OF aPPrF7) ATINEIT OE avlEPTT A7ATP
(IAZ AAUY)=

PACET 9Pt AD-T (ANAR hoPG: lovhh (MRTES) AL £1hd
(ooPr: PLEPIET AATLLIANCPD QA ANAR MOL F 10+ 99,00 L-D-
(aPANGP 1<)z 7z PIVTTHF I A RO AhAT - HhhAT (organism)
ML PT.OAID MNGLATFO OO 07LTT 4 b7 b (DNA ) £1H0A 1oLhA
NF 10 0L?

LV X h& NHY AAE APLEe TFhed OAMLAD-: AP J°L0P
MmOL7 (rFavAht: PITTEF@-9° OA h@DF AhAT - HhhAT (Oorganism)
MAL PTLONID (NGLATFO- @AT 07LTY 4 b7 b (DNA) NF j0-
A0z

LY hothd A7 QA he®T hAhd: YPAPE v AIPSC
PILALAIDTY TGO ATPOPA  ATRLLCT  FhhAT  avlE
P9 POTAAE AAPT: (NLILhAE aPAPOT PATINATI® ARTH: PHC avL(r-
PP P AN FA (LAOA 9°79° Pi-i hfarnge: QUTT 08, b7 b
P26 WU R9LGC PRI AP - £ (1LY P& h& PTI210K FAP PO
PACPYY PHMPt ADT AI&A ALCT WILTLLALM WA ALCh
W1L99L,L.M9° ARADPII: T7 ACIAMGT PPI0VET % A7 b AT
Nl M PPPT AOMTF RF&N TINFT A28 AL PTLTC hel P8
LFANL NEANE, JOCICI° (LT AI0-HT? TIREGTIP: OO0 PHLTE
AT A AATLAH: NO-ATFD- HYaot AD-MF 83RO FPAG:

O6Pp4e:- TPPGDI° ANAP h @D+ A 4.MG DRI® avAlht ACST
PANON. v-2PT7 ot LIPAPO: 0T Né( PAPOT APLTA -
PLePrt? NN ALCY ATLDPOTS (&0 ATRTC: Hoavt AD-T
O-OANP P+ PC MO ATLPT ANLAAAE 2V apANT® A28 AMHANNC
AP 4L A TINFTT 10 AAHLANAC A7 &mCh N AL+d-9°GE
G-t NPPLC AL APt ATLNHAT AALAT: Fmeér PANNNLLTFOY
U3 hOF14 PTLHARNATIP a0 718 (- WWEEFD- (O 8. b7 k) D-OT
LPCNTFPA: NVt ADTT PLNFOT D-AMPG O-BP MOL TPADSE,
aASP ARLINFO TINT 1@ (O-OMPT @B ML O\ AP
PLLN: URIP 22D QU TINF T 1)
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LUT °&C rhd.méT BIPC P1N@<7 PO A@-F FavhhtGa:
7LV AO-™F aohhd v~ QUC P& 17 NS ALIAT: (NE-L Havy
avgt: (& N7 PICE PTAPAPI® Antd: 140 O-CoRG avpt
ALAPOT: PP+@® Of: PH24.09° (LOHE &A@ Ahu-? ANAP heOT
NAVCI® nPNAT° AAMEIPE AMHANAC NFEMd-F OO U+ - chEPT A28
AN v ACAFOT ATADM- PULLOTA 4 kT A PHOA
hIOTRAC D8 LTCNFPAG:

VGO HaAA PPk NAONTLAT R Amé AATLTA:
N@-ANE ANAR ML (AR £LLA) APtavs. NPLHM- Po9.avM(17
enan. vad ekeMA:  LUTY NALLT “ePmis” A0 (L0t
ALOLTPI?: WA ARYTET “aPMTs” AT (F6RO T HoI® (MHY TO-HL
ATT) (LUPY P9°G0m- -G

he07 N0 ovAor (mutation) A mPo.o7 aocm aP@-OL
(natural selection): v-Ak9° KCR7 CFmPaPOFO- 0CA- PHAH AD-T
FANEG PWLAT (LPFP: A5 0900 AnPPPUFPA T

PLI® ALA ATLMPAID-:- 08, b7 h APAPDT A7 ALCT Ae-NT
N0 aAOT AT MPILOT aoCm a@-(\L7T  AILILLavM (1F9AX
AADPTIP (1.00k ORI ADPTA PTLN LFe): PP AhAt
AMOZFO- 09997, P10 noLhd NANAF@- APtavim A7Lo1110
avavil @ FAN: AAHY: A7 NE0  APADT AT MPTLO7 aoCm
APD(L  ATUTN P10+ HPLPA TINE ATTFAATE (HY (@0 Fo-
(91.N%L@- PALN holA JOCTF (170F) A8 - Gav T SLAI° (LIP7=
A P17 “ADF” 1@ NGPLT AT Ut AD-T PAID-
(PRCR? ALYT LAVY - NaPRNE HC P9100@M Hoovt+ AD-T): W74V
ARTET PHDt A@P ANTANN NAZTAT ALAAAAT: N8CPT PHOav+
ADP AQTANN @AT 97 FEAT ATLTLEC Aravdnt:

O\ OEaLeD hQDT aPwl P TEE

PACPT U9t A@T TNFT AMMANAC AALMLIPE aPW.O PAIPE
O (AA O-OT MAP AA9°: O HLOT AhA PHTT@ hahA
AN, 10 ANz hahd NATPC °79° 11C PAT° TINT L9°: hPPY
AL oG hAtPAPh AFPC oot GF@<E avia PAT° TINT 10
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NAPP? ANAT NIGN APAR aPaPANT PATIET Y291 P GANGS 10+
NAhPP? ANAG 1607 O2LYF avavpk: Ahd (127 MLV LH 4
190 A729985C ALCT aPEMC L9° PAATITT GANGES 1@

ATPPR: AL DT U= ANAR F QAP 977 I°7 992,015% AAD-?
ANAP PAUPT e ARTCIP?

072MTHE FANGT aowlt: ANAR hPPT LT1PAPan OTA:
AhLO T PPNIET U107 “HAAATTR 1507 (191015 1@+

AL TEAPT NAHAN ADPFFO heFmbor: 1L TICT ALOANNG=
POMLLADTS Lkt KNA ATITTT NGHE Tl £LLIM: (AP CERN
PHIAD (AD-CTDLT RICT 99900 ¢R+d hhAat (particles)
aoavCavg P A(LP @O N9.LL10+ J°CI°C: U7 (et LA DE: AL
YC&T P Lk hhAT avF LF @+ F@-Rix:

AU I°: RAOMLAD (kP ANAR hf@- A A7 (b NF 10+
hoI0T 2AP: hHI® ANE AOh 91838 PLbd “BA” ATC LTAN e
TNNT° AL NG-Ix

SCPT “Chf@ PP U-(v aowlrk NATS NHPTT eahf@- VPA: hA
4Mé MH & h@OFT aopCf: (1MH S0 0 (PO APTAPOM HE
PILIRDT PATINATS PAKPT NHTG ARTE AOTT ON7IAt: ONH $7
AL rEOPT & AOhHG &40 &TFA: ML HAD- A& T 11C BOT PAD-T
PaT AR TAT (PPeCE 9T10) AraPANh

“h@@F NOPERLLAD-G NHPHG D PO (LA) N9PAhI® “OT LTI
NLH @L 1LH ARTAAA QAGPM: PI°C hEPT U aPTAF @« Qa0 B avg 0§
NPT @ PO P77 AA( ="

£V AL&T T1C He PIPLC M EPT U (M@-9° “B9°C) N P2L40T

QHevt AP A7E (9Pd.mC ALLAI® ATINT -+Othhae Pt+Porm
LavAAA: (Y ALST TIC @AT AD<TT AN AD-TF CAPII® Az

MPAA O AT NGO “ANAR LD NIPRLLAM-G NHP1E -
UPh (LA) NOPANS® APeAH9 (MOHFG: (RAPYR) MLl @ 1h

34 ycer - Hardon - acomposite particle made of quarks held
together by the strong force in a similar way as molecules are held
together by the electromagnetic force.
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WPehLovl, avd)” AN AD-Tt 1@< (AOTE aoPr PANE 1@+ RUPID-E
PEPLITI MOHTG: MFAPTE. aPTTE 183 INC (10):

TIC U7 hPP? Uk aOIGF®- havBavlPm-¢ WHPHGT @ yPh
Py AT (WA PeF) 0T - HE PTL3HT SATOATI® P Ph& P
AT (LU A9 PAA AN av71& (1F avila (AP &V AL79P
ALLATP: ARLTAP (LIP7 §C¢ TIHGR AtAanl AA@ A@< U~ AT9U
hehbPELE hOUPT9° 101G

CATTSP ehf@-r m0e OATNAT® (ASPT @-OT (LSC
APALTIPIC:  hPPTT WG I0HYT AT WS PULPeCOTm- -
PILOHICG T ¢ MmNL ANNTFD- (-teg® NATPFFOD -
ALNTCTFFO: 10-FCTFFOC TERTFFO: 110 GFO: p-ATF79°
NHAF@: &C 0NPAT NPTz PapBavsem« AN AL UPH (WA Nt
T AW\ U7 ULt TERPT eantAad (Southwood, Richard
2002):

1L A%t ImA T aofg T PAhaeT (WG AhAEZ:
7RLCE T GRTCHET: ANLCS EAesN) 028 AL +hoT Tt
TTE?

2. ATV ot A%t 100 Q1fvE AECEt@ (T7
aeiFe- (&AF@Y) AUVPR A0t PULPRET  holhaet
(starch, cellulose) ¢avwirtt?

3. AT 10 UPh ATTVT hoLhaet (starch, cellulose) NA7€
A PFPETFOG Po0r PRLITM: - Wit 10 NoLhAE
W180LA% (WTRLLN - WIRLACAY) HELDT avddd.f $8
(membrane) AdtG N+ L0272

4. UPH APTPAPO PLA LOLNIPAL PaPEavsem- SLA WiLT
hoLhaeE Ao Fa? 0279° A8 T 10 oLi? £71.P0P0
@B PRA (PAch AICYIS avdt) 160 HE PP

5. PANAR P Uk PHLTC hl PUID- - Ad-0T £910HT mOL
W28 10+ P avg e+ Y PO 0T PHhaH?

Pt AATF PEMETT A8 TS av(1gvE AATLearANE: NHPM ANPT
OHTE ATPRTT (01 NM9PS (74N 26 $8 199AN00: & HDG W38V
104 AT AL TIAT ALNGIP: U7 PU-AI® haod)lp NATS HP G
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HANA 10+ Q0e: (F 0oL PT7 ALLLELE G W18V L&C NLIPAND- ap LI gD
Ah AgUrge:

PtmPht? aowl 3P AL TLRPT av (lav ALaPAG: DL
hvet PoLAN®-Y L4CLTY PHP T ADTT &ANGRS a2 9P+ aPP1A
AALTARTT BPGA: F: AR Hé PHmPa-T7 vt 019970 0LaPAOYI°:
ADLLT LaANTFD LIPSA N PACEYT PATILA PHMPF AT
FANES ALRD OLYY &P ASCT TI80T LFAA:

NHI® NAL: NhPPT? 180 aPHe-t ONvtPC: hAg PFmea-t Ui
N¢AFD- AINE ST BUPSAE 172 “Hé (Y 9°8C AL PIPSPF -
AT AZPE: MHTOG +QHTO- AHY £48 havlaFm- 141 19
P00 1RGTFD7 Larmat heE 1077 ATLAD- TPE LACRT HA9P+ AT
FUCTE NE aPAN AT8AAM hTaPdhrt:

ntmeht APPOF TPEPT MOT PavBaviPPE hik: TPEPT
N7 FAD- A28 TPE EMPAAN:- A8 T 10+ he@F NCI0-HY 29,00 552

ImA heOF aoht Pattet (NCOT: ADAET?: Ye8CE 7
GTCET: (ALCS €aesh) 078 AL ThoTF+o« ATFE ATV
PoaeT O2TF PGS (T ALTHFD (&ATFO7) AADT THL
P othaet (starch, cellulose) Aaew it et LIPS TIC 17
ATV 007 OLLT ATLLMG hEPT AN PPLN: LS ATE: RICH
NPT AALD RITF N&ATFD WD P P9.007 TEE PHAIOT
AD-P av4 PO A TPAN ANFATC:

AAHY:- DHY v~ 29°910 HO18~F Qq1C: NA+SE QA heoTF net
ao)? |A7 M LTCNGA: A PO Wit aoNAT +FA?

V0-HT TICTT hPNA £01: ALI9° ANAP OA h@ DT AP PN
PPACI® he-0F APAH 07H He POc-hts 15 havBavsem- ne10-H7 +ALA+
&0 hADG 27P 080 aoPT7 AAH: APV ARTEY 7¢- ATThSO7%
Ptavf 1z A PTIICD-PM-G LTIGRD WD P°VG LbP LU

ANA MM 4,99 hé-t? ML @A PaPAPOT Fhed (LGLD-9°:
£7 PUA LEP T HG (19°L:C 091307 S&TLIT vtk &7 4. 7C (1
& ALLaPM) (LT 2 AN He &40 ATV APLT Parm@- PAPT 2AM}
LUTT 8L (910 avavhivt APP+@9° INC - ALTNG ARTAP avlEP T
Ut 1910 AU-ATI9° NAV 2PCOHAT 1NC: 17 BV AN T9P:
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“0avBavs @ N9°LC AL THIE PPLND-F P91 AaP(1A} PapM@-
PavBavs M- MOD- NPT 107 PTLAD: TP SCPYT APl NANGR 1PD-:
PILNFADT L8N, ARLT D Féd\:-

"....but if (and oh! what a big if!) we could conceive in
some warm pond, with all sorts of ammonia and phosphoric
salts, light, heat electricity, etc. present, that a protein
compound was chemically formed ready to undergo still
more complex changes, at the present day such matter
would be instantly devoured or absorbed, which would not
have been the same case before living organisms evolved”
Southwood Richard, 2003)

P4 @L ATICE AL “Och@DT AOdAL PP oLt
U-te (A7E d FHOB @ (LPCOE NAU-TF LH 2UTT 10 AgPNAT (LA
a7t HANAES (202000  10C: 1€ 17 077k Havy (AT LH A80AD-
hLLAIP::"

AP! SCPT NPTrE WO TE FGOZNE PP YET AGDPD-9P:: HGoT:
AP4T GRLN0G OESP PAF@-FA: havet AL OGS HeT N154.0: £77
AaoNAT P APALaD: AAFDI° 028 ANT ALIDG OGLD- NALGTY
PIoq OF @ NH-PT GFm-:

NPAP QUC O-OT - PAAT 19°¢- AANT AN A7T A2PC: P
ATv@-: DY hPTaIt 09154 (\H hPPT aPFLFD DA AAHLY
TINATA APLD:- “PavBavsPm- HANA 1907 NPT AoV ATLAD-
TPE A0 He &40 PHOPH ADP GANTRS PTHE avhh ALTINT
AONFAIO:

PavEavs 0@+ hOMF PavM@-: (10v%t AL AFMET IO
THOB P $LP: heOTT NIPLC PALAVL P2 NI°L4-T7 HSP NNz
PCANT NAA MECE NMEC £7108 AL M-S Par) AP & TAA NAD-
NN-AF@7 PILATPEDT PAFDRI® Ak

AP818 POAeE ANTTI6PT “QavBavs @+ he.@F fava@m-:
O9°LC AL AFMCT P FHIE: $LP: MEDTT P910PNTA PAMS

35 Qa0 4 P PPT 1§AT - NoPLt: NALCT ho-Y:
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ACYYS avdt 1§07 dmd” LAN:E “UBFPT Aathha AhA® 087
hoowry 871 N e PXOFP hQOF7 HCEN” 07I0F LOTgPetes
“AgPan:- NOUC @O P77 Rolhd (NHALIY 77 F-A09° hied-2.8) AS
+0TT), apt w8 PAPA PHC T LT L1PaPaN” NTINT:
“OPLC AL LD ML (HY ALY (OR79° +aPAaL) hdmMai,
Py KA (710 2.Ra e pvs:

AP! DREAPES DehortE 041C: A8 70 POPA AO 1T AL
Pav-p e SH PULGEERLLERC DL AT aomk ALPCIP: NHY PHIPT
PPNy 865 OHLLAD-9°: AL 1LH N@-(F OL AD-rF NTPHAN hLLAIE
NPAA hOTE Fitvk (AOTE AL F oo P (99N 10 AT8: hD- 1Y
AD-PF O0ET 0T PUILAPANDT ALAPAAIPE PILADAAD-TIP L,aPAAA
ATINT ATE

AFPLLN@ BCRT “DAZL vPh Hi0E? OLH OHF AHY L2407
(LA T FPPTLE- 00H? P (LG UL EADT LT (v

PTALE ANPTT NANGEC P&MC BFAA: T90LGTI° (oot
09445 N1k Ah 160 A78A0-: ACH OCA AfTahh AAPTFT LdTé
avavp\nit @FAN (PTAA): Ah OHY ARYF: PATE ANAR MP@- PHC
afAl ML AA ANAP hPD- PHC LAl ALADT TI0F 17 ANTFAT: AG:
NAQGEC @RII° N&C PAFR@DT v-: AZ%0- N1 ANG AUF
NTO-MIM?: PHEDT APNES Pholats APt OLAA avp(O:
AAANLD- CchEPT W& Féh TTIGHILY T18:4.1 AR FAIP::

“CrALE MECT NHALR LHLET THET - M €183 T +NZLPA”
PILA aPAIOT WTLADTG: RIBUIC “DHALR aPwl P PhPD- i 104
oA @Ag>t 17149°: 1e10-H AA (Hh? HhPD AT NP LAA°
ATINE TLONTAYY - HlaPt AD-p NHC aPLNTF OLHA LBE: 27.0CHNT7
- PGe TITTT 10 PFILD: RUTT Wl CPP P TATC A ATST
AN SN WU 00N, (AL&A) LFAA TINT AVEDS PGA:

g (/A +LE8LE aPHAP A MO 10G: AHY AL:-
N8CP? PPhe AN HIPGTY &l ALTPEART PLLTMFY TGT: v-AT

36 abiogenesis
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hcater agrtatt (Fazale Rona and Huge Ross, 2004)
ATLILNTAD APCND-FA\:

‘WL AD-CT O AP ASNMC 850 %.9°. NACRT PTie
Ao YA Gav it PUN PHUOt ADT FIPUCT PHASE APMPTS
PCTMETT BH NHOPSTT £20 M871 4.9°. ACRT (110-HT AhAt 78
MP@- VPO NP NAAN N7V QPLTIAE T7 PHY P07 AMP@- UPH 70
ANGCP hAhParma@-9° 1NC:

N8CP7 1H P14 AAT Tavea6PTF: (1F0-HT ANATS (hPD-
VPO eohhd: ACH NCA APHSPie 27100 P5¢- (Monera) e+0A A28
009 (gel) NenJ@- 2oL havs 1014 PTLA aPATOt Abl (1=

PATL hf@ UPA TI0F (L7TN J@- agAL It hde 1Az
0AQS HMTE® h&A Hovp: PRI hfO- A4 Dolhaet A0Am +ag+a-
FOPPA:

OHeoGTF Y QAT MO YPO A@QTF @-AT: APA TCEHEST
(PFALE P74 TICT PANAT) 0NN 00 P78 UPHT hA@S
AIRTLONT FORA: 17 hhelhaeE OC 160 AT RILTMarC -
aow( 3RO LUt AD-T ATPAPA TOHC - PaPLavL LD+ (@D haP AT
TR AN AATTIP:

(LD FaPLTIP T2 hQOTI° (160 LAD- T1C) ATL “10~H Ah
HAAATIR a°P7 AAOHE AG: ASOTI° (190 LAD- T1C) A7L “10~H Ah
U (1 a0C (a0TT7F) AANE 270 £TGOTCULe (panaspermia) 870
70 HOTHE 10C: hHY (91t 0heoF (PPLeTT aoTT ™7
PLOLTPAL WL “10°H A he@ T (190 LAD- 11C) NME.C - 1045 AQE
ALA (LLITAPD OLI°LLAT 10N +0A=

NAATIP ML ANATI® MeOTF (160 LAD- 11C) THCF ALY
eFAN NTINEIP: heOT (MAC L3I F +MNE hmdC ®Lavst
TOCOE 10 LA 104 (LT ENIP):

MmOt (160 PA® 1IC) OAAT Pmdl OPT AT
NPT FHe- . OHT ANAT® $LEA= PTFI° (MEC U hPPT?
PILe8L U3 - 180 (A 9PF¢ QAP F@¢: Ppanaspermia &7 74N
795 m- hGA Havy NME.C +aPs-T18PT H1L: &8 AATTI:
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NT7E APC Uz 2C N9MHOPLS 230 YANFT NHOPSP ANGtC
Navg+y: PHAv'R ALYEOAPT A TPk hPD hooMp ATIOP H-
LhavPA:: O t:- 18,15 \AHT:2"

LV &S 0T NF T PPl &M omct AhHA
PIIRINAD" AT°T WLV T: FHA CF AT -8 €O (LIAA W79 NAPA:-

‘First they believe it opens the door to religious
fundamentalism, second, they worry that a frank admission
of ignorance will undermine funding..” Fazale Rona and
Hugh Ross, 2004, pp.26

AFLA9P:- “0avavs® AYROIST ATARPT OC avhid (AP
aAmF) GIPGAE PPAIP: 0407 LTRCTT 1178 710+ AIPCI°C T7HA
ANTITTFY PONFAA..=”

nAL PFMPADT NaPXMGF D P44 U-NF AAANT: AICAIP hA
@D harM P (AAI® APG: PALTLEOPT 0k P7LATS FAAP AR TEOPT
CF@z RICO AARTEART 70N 09U (144 ARTAR V3 PT7 Kd.PA:
T7 hH o AL 4HA ©F NNCOEPSP Ad-dh: hAl PHATI@-7
&G “hr (LY PZAGE PFmeht 2740 TCPT v-tv NATMLANAC
PNAM AF8I°7 10+ LAY NAA=

LUTT P8A FPA PFGUNT NI ANT YPS ARThaRT
NACPT Noavt ADT FANEST &P &P hONh W19 %% LTLELCITD-I° PG
PRI - PANAR hPP7 TETC hE CPP LA PPHT ALNTD (v 1D~
PaOLLAP PONESP UPA ATMT? @fL uAt QY PTOLY? ALTRTY
Fatdat: gv W78 AP FA?

TPCAP hartPF QHLPL L7LhSOr (LP7 §C: (1F10-H AAS
NhfD VPO avahd APA Pol-PT ehak INC: AT8U0-9° NAZL PHC
a PG (ALAD- PHC av2 aoihd Ah A72L Pié- w0t PATERLNE aPYA
(44 ETét aC 1NN F: het 29PNz @ PATeRAA - 186 e

PLP° (LA MEDT aoh MEOT NIOPr (&4h: 190-HF ARATS
PP UPAT avhnAd s (Monera) P+ av§C INZAFD- NAD-
PheANS AILING MPAGAE LTOP hATC OLaFC (110: Nu-atk
(M9°§CS AAGPEC) avhhd PANTE MROT FC ANF oA K70 YA
NI 10 F80: (PLPO: 7A0P Puée Wit AT AR EMC
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havgem-4: (44 havyd L&A LAATD7I° 2090000 avTFT PANTIP?
(A7 B&GLLM:: AP 1D AN AT 4T AR U1 &7 st N&7E NP
PILAD?)::

A7 PHC av@Al (1H1evt AD-T DL AAD- PHC dPLA P.ADT
s +ePC PC4H4 10+ (LI £EBAO)E NAHY AL P2l NAINATI PHC
av@ (V- avhid PCECE LA~ PHU PHC @A Po9RA-T: PHED-° PHC
@Al PIIRAN - PhA (146 (TCt ChTRLA - PHTC TI8G £7¢)
a7 0O 0307 (AL LFLLD-:: AIPLL 1D+ VYA (144 PMG-D-?)x

K720 PATERLLOT W20 ALLATIPT RAK PAT - 9°79° AThY
PMCOMAT Gt WY AiIkéSt: WO 8QSHC: hSm av)p. OHt..
UO° A28 W2LtHdmé v P1@+ OHTH: 9OI9° ATNT P OMANFD-
CED-z: PPLIPM- YANR TPhé- - ThA (156 (TWCP LATeRLA - PTHETC
186 24 T Mé? W8T 10 AL avA OLAA PTLHAA - aP7A (144
ALTC?

N7k Adet A9 €798 0O THADT PUA (D aPHAA (LTA §C*
anG: OACT ALCTAT 0ANLATY I0C: APet €78 (e1it 9°7
LALANFA? A0E (GTLIFO- 1800 PR (SATTLATT) hEPT AT
KGOz PFEE QF@ J20ePE?  ALO ATLTCOT AN N T
Piteml PG it 107 PHT@- 1@< il - OADS ETLT -
POTLN - TEG 1762 W8T 102 Hé R9°GPD- PHC aPfAl v ATV
PO s Sv7 Toe: ST aPde 0T

AHO7 L ALTEOFT A AU 0BT TC AP LAPLIPL (i
St (IR0 LADI® PAADP°) Ah AU CPP QLA TC  (7LAD-
AMFANN OH ABR0T: PO+ P10k ANTANN DL ANMHANAC LIPLTFPA::

4HA C99° W7V Ah:- “..The scientific harmony between
the Bible and nature’s record reinforces my conviction.”
(L HA9°:- “CTHETET WY PPINNGE NP he $40G 14270 avhhd
LADTI® AFPIOYTE harAnt AgeankT mSThCAT A"

GHA 9 NANAG A0S O TVFS 0ATS A0S 1% NF ACH
A7 AePANDET PULLATOGNTT PG PO TPOT HCHZFPA:
ATTU TPPOTF PADT U AP Aaeant P91.009% SF@- NAe: AICAT

100



‘Helaot+ A@-1T AG &Tét

024 TI@-MF: FCh PPoppd ALPT STAA: AONHY &40 AmPPaSTo-
PPOT AT AdNUT O B ASPCAT LUPGA:

NHY aPXhG 17 AAE AAE 110 CHLLTT PR h& P40
PPOT AL (LT APLUI® NovA® P7xT o1 10 JTE:
ALNG Y2915 17 NeHavL:: thhie 2V 10+ (17IAT ALLAIP: AH.AC
ADTEYT LOANRNT A78: Navgh& $509° 1P1 hAR TN aPRhGT hD-1E7
LAPS 271.LDM ANTTTI® (NATCTE (Ork+C)=

0470 b7 PIILCANT AD-PT D7 (LWUP°: PULaPNAD-T
nTIeaAAD- PaoART Fhed AGAMIP: (@AM ANSTT AITHNT: N&AT7
AD-$7 POGPIDT AT900T (PPPTPOADT APPOA) AT4L4T Dl
ALTAR TEEPT avhd TEPET APCOTASE 17T ASOTFO-AF D

207 Hevt A@-F W8 T?

FCTI® 09209797 NPr: Horaot A< AN - LH PTLE.8 10 J-8.0%
PLI° ALA: hAdRT 02 PETLITT ao(cht O ALTAR TINLE
NLTINFO- AP PGt (SANE - TOPTROE. OHt.)
PravANTIO-7 AT AGF APhANT ATAAOA:

0\ P0G OPC 0B PMPOATTFD-: N HALE PALTD hAnT
PHPm ANPT @O +FhoPFto- eFTE PAhA PSPT OHTS ARTH:
NALGTT ARHT: NATI® N ALTIAR aolGPT e4L14: aPPGFmy
KlI°1MT Az

NAZL PAART HoP7 (KA (HPM AAPT @ ONHFS (ALY
P et AMA PoPT: NATACP AL “NARPC HavGt”  O+hetE
@PCFOT NHPmM ANET IPCIPC HLLHGA: QU PT aa: -\t
PHALR HovGt (HPmM- av20F @7 PoLnt+1 NCht - AChT P AhA
POAT PPYVLHI® A% NAAD- OHAL 10 &1L Az AIPLE 1D NATL:
PHPM ANT LA ONHF 9L F P4t AAt NAA@- ool hold-e+
AP OFAR POLPRE? APPILID- (1ePhhATF@- At AhA Pt
Pa9.LavAA AT ANA PEPT TET PTLAT?

£V aZhG POTAeE, °CIPC (LEIND A7E: PEANE, I°CI°C
1200TF AAMLANT: AUT9° “DAART (2 & 7115 - “0ATEC HIPG T OO T
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- e LT av(iGvt W& AP FA? R8T 10 2V ao(IZ-vt NAG Tt
QHov+ A0 OF (078 LH) CHNGOID? Hovt ADT §T7 FT7
PILAD- aDEG av’ @< ¢ M7 Havt ADT Ad A7%? NAN A28 T? 4M7
nwrr A7 HAeot +0A? ORI LUTT APl PU14 107 HOlavt AD-T
LT AT MW €74t APAT P10 N1TINT BmP P =

page,mMmMan+ 42, 74P haranh-fT P LaPAAAE hGIP: PtmPht
PORPTF hIP CFD: AMPPID- PO PO 0B ANE, I°CI°C 1201t LANT
BCPY: AU SBIP T A0D- 7L DHADT avhG AT -

‘I can answer those questions and objections only on
the supposition that the geological rercord is far more
imperfect than most geologists believe.” Charles Darwin
1958, pp. 439

(LR “QhmehtT  TPRPTS A+ PO-PPT eIParp D2
NBANCE PHTTH avlEPT: Bhtel Ot holeat- AL ?t+8har- GFm-
09 90T j@-:”

ALPAIE L4CETT ANOA AN 10+ NAT ATPOAD-= 8.0 ADLLA:
NEANE, PTUTT o EPT LmNPh W75 a0lEPHE ARTT ASCET AT
PIILAAND-T U=t AIPOA? SCRT AT PSANT NP7 supposition
(A9°1) LTADT: AHG TOIPT W18 AD-1F 08P Tet LAAA: PTIP:
N&CE7 1A (850 4.9°. 9o Anh 2018 4.9°. L40: Advt (A (I° 7T
qav’t) NEANENRT eHA004 7200 eovahs: hTédd Haogt v
PPhe: AS40 ETLIT MHPM ANPT hav3eFo- AA: $4CPTT vt
AD-P P7.2MTNC AT PHALR PHC aPROFT 91,0157 4+ And NHPmM
ANPT @O ANHTTIOx

NACTIT: PATE avAXNT BHT £LB (LB 3ot LFCNI A=
AtmPaet TERPT 08CPT aPAN 1PFPR aPPRY WG S0 TGOz
PEP: W7 LHh APT 02D eH1L07 vt (1°19°F 11407
U-Y) A7L AR ALCID: LOASF A AAHLY: “A78T 10 NATE HPm
ANt O-OT: 0728 LH APA PTALR ANA PSIT ONOHT P99.00F2” ATLAD-
PO (18 ALTAP aPAN ALOAM+ ATAD 145D N'HAI>t ADT NAHPC
Gl PAT° TN PPIVEG &Gl T PR RTICF D HTL: 98 AN VPG
ALTEOPT “0LP7 ¢ NAD- AL LavLav-go::
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PALANNCT 4METE AaPne LoLPeNTA ALTAP £o§ PAJP:
NATMANRCG PTLEeR AR TENPT ACMLANNCG P4.MLS 27LLTC - AT
4PC PANS - Nt ADTG PEOT &TLT - DI PO CATPANTT £7¢-
aPCFDY POLAN:E AICAI® (LPF AMHANNC A7 T ALCT A18d.md
AL 74 avapem, avamt AATIe T s (9P ARIFTFT A 2L I Lav 1 10
901-110)--?'::

ATM9Y AL Pat@-d: AT LD QAT AGI:
P17 TT PRICT AT PTLTFAD: PP PUPIm-T F 1= hH
AN aP38: - WOHANMC A8t ALCY h7L4.ML TIOP ATPTFAIC: AHY
AL 10+ 7RMIT IR Yt PTF AITE UL T (WL QD)

280 Q18 Mhd PYLTITTS PATT (AA Nhrd PALTNT
SINCS A7 LAOE  AP87L AANNT: 4RI AL PLCTHG:
CAMANNCG 4METET ATUO1T 0AR7T07T &9§ LAk: ARLAIC:
PAIHLANMNC METE NALTN ARLITTIP: BUTT 0904091 AR W91t
F -z

ATIVU 40707 &INCT @O LADE ATTPTF LPATLM: ATLVIP
LAN: “G@PLIT vte (P8TIL MLOT AN LH (0&%07L7) @-AT
TEPLPAL AL LI RUTT 07U ANHT @ AhA PS&+ L9LTT@- L%
Haoy QHPm- HPm AAPT @0T AAINC AT T4t 078 1H +heoh
ATINT LA1D- 1<z

AR N7E Adets PANTPAE PPNTERIC:- HPT: Y: AINAG TG
HYECES MMz (1&077 Havy hHPm HPm ANRTF @OT AAPTTFo-
Pa9.PavAnC ATLI° MHPM ANt OHTT Pt ANA ANTTTI®: AAHY:
GPLIT Utk NP8TIL MEOT OOT OA LH (0&07E7) TETLPA 7L
&Me 291,000 (NGWLLAPT): AMHANNC &mé ATVt CEANE,
ao EPF7 (FFhha haddarm- AL P IATFO-9o::

PECPY FhFT PEANE, aolBPTT LnON®: A7e: 70 avlB
LPCN 272215 AA A0 PRTA 740 TIAO LLAA: PH.ET LH AAICYT
PALTINT L0& PULndte FMEMEPT PNAM LOGN8N: ALTNTIT
YooY TIMMI° ANVFACKTFD: hANNC MRS P7 &mlé ATINT
APLAT: NTI9° PB.ANCE. avlBPTY (FFhhA QAT +CHII: APS.0- NHIP S
PHPaDMI® Atv: T ARLLEVTFD-9°: &Pt (HALR LHET I0NC A4S
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07999 e+t GHF® LUPGh:= “A78 +7 PHIADT (AN
aatoealEt SUPGA: N14R7TNG 17271  avhhd P7L9T0 N e MEPT
PPt AMANAE ALTC AT OFALE LHET (L7 (LePOATIP) AC(
U7 “O28 LW aPPrT NAGPTIHA H14 - AHLY 1@ 729799 hAg7ag°
ALVPHE NUAT Ot dde YANT a0V 00, TIN50

AATTY  ARPEAPT  ATY ARTEARTY  “NA@ Tt AT
ATMLANRC &Ml 29°FN NP1z ANAR TINEEPFTFUT APCHATS AGI°
WIS WIavY LAFPA: ATTEEIC OhmPR T 99PN PP IFPA

ATL199°: “DATL: CAAET Havy (A A0 HC (LFR: £77 A%
HC: OHY L1 102 067 AMLANC A0 &TETT dmd T2 NAD-
P41 TP

&Pt PHY LH ATAATNG D1 AMANAC LETC PEANE. P10
T HTT7 (geologic time scales) Atthta A78AINE (L114-TF O+

“F8.L hMANNC A28 L Némé ATIL10- &7lt: vt A7
AL (A7 PEANE, avfA POTP?” AN

AHU AL 10+ &Y aoXh& @107 WAk (ét: (HYVT N9 LP it
P04t NAKTAT “AT LA VAN (VTS PTLEePCN: PHY P& che PG
AATT AT8 OF (1P SANES TERPFTTT AGPapA(G AANEATL TCNGPTT
N0@1L: ATAA TLHGR AgeAnirt (IC avhdot 1o

a0 A 7IC NANARD AAI® F - (AN Ad-Pt F -
av /ST AATIRFA: DL, a3 AP IPCIPC a0 T ANEATL QPG PLIPIP:
PHUT PACERTT 182 NAC ATLCH NAT 10+ A78: hAONET OC i
A%9.0 YA0F RP4GA: (§T4F NATIC AN AT AA “LH 70 YA
NTLPTAD- P°04G AGPAT)= 7 Ak H (&t: ATo16T16 AR TENT:
AFIICPTI AT P4CRTT 788 AAT AGNEAT:

“LPT L0 HAPT ADP W72

P tAD “AR7AR 101 ORIC YRMITIP 1P AUN: ANINATIC
PILLANATF O 00747 (1PANGS Fde ATIISHA 2445 H& AF: QA HPTT
PA PCO aP@AL NFPANTE F: HT NAT ArPh Dt

104



‘Helaot+ A@-1T AG &Tét

HPSTF: O%C ACT PmA APNA: ANT AZ0ATT P99eHGhi:
NAAJ°S NGPC PI.T4 0PYT AINAT GF@-: HPTTI® A28 A@- P+mGhd
TYNEP +CT L-NTFD9° 22 AATFD:: g NFFD- (1£89° P29 P18
AATLAH AICA NSP LATPFPA: ANE aPHLT AG ANCE TPehd.C NHIPST
PtAGPL. Y@ TIHY - aotlH: TIAPOI® ONHPTT PA 1@< 0F PAPT
A ZTANAR ANC 29°FC UG NHPTT h 1 HANAR ANC 29°FC UG
09°7 LOAMA (LAAA)?

TP ALRIETFD: v\t 19967TG FAAP TCOT ALATFD-:
APT ATIU? PCOT NHPSE APImE ACVTFD- A99L29 LT 17
PHP? 180 NAMSG TCOET ADAP ap@-OL AANTFA: Av-AT TCO LOA
PHPST @O N7k &mé (4F) ool NPT

ALL.LL0L0! 4 HPT heOE NIPFHASE (LA NP7 hAOG U\
A% NAL ACS PmA APNA P8NLFDF PCOEY: AOPT N@-L3S N12
LA 2arCr 1NC: hR @7 N91.9M::

AGLND-7: NAACTI® AD-CT D7 OC (avH00C: Av-At TCOT
(LA NPT A8 NP N@- ATLNAN ALLT: T Nét IPL:C PIC(
ATRAINGT vrtv: AU NOPT AAFAPR HPST AB 17 AdPbhei AHRE
thi: o AZFFOP (AVRFF®- a2 N0 HUP (HLI°
PP +C PAPINED: NFCHFD YHPFET: PH0LA AS D118 Pru
AP PALFFO- TCA 0L €TC: OFCHTS NaPPT heHATIPd
P94t '+ NAGPTC 970 AdHANTIO:

AhLLLLL0! AW U ALTE 2AM- AL 16 NATHLANHIC FmC AL:
o7 PPATL LTLPA? ALANAC AT2T 02TC (@79° 0207): 9°7 LAA
2V TPC: U LhOPT (A 9°LC AL PaTT+ AM 4732

ATONLLT PR LU aoRhG ATINLIT PUL9PhC: AT aPT
PR APT OF AAPGSTT? 10 K APT 070r9e: ehPhOt
NPT WILPGTT aomy: HPGTTI 17 WG ATHIE0 PULHIE0 hfD-
ve: OHF Q722 AQT740 09NN TIC (hfD-1F) ATHIPEA T 0-ATF79°
oL@ 17zt AGPTC AT PIPGLCID U ASSET7T LONGTA:: PU-A-IP
MO AUATIP PO+ HMeOT 10F P18 hAAD: AL ORI
ABNATI®: WG NHETT &AOTTT ATLIPGOLAT: HPTT DILOTFDT MLAL,
& ALC10- N9.0000F A% HT (RIC(r HAT): AEVFDT POLAT (i AT
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N7870 KICAI® WIR9LLIN v AT ATLIPTHT NPSTI® PHG N NF
Lt PAD- U-hg° HZE Ahz UATTII® POLALCTT A7 POULPHIORTY
ANz PU-ATIC WIRTE 10 AN PO 3L

LUTT hAL P17 v~ ATLT A0 APk H PALA i
aYADCT LTIHFA: LO-RFAT: ANGH 9oLV (10 hChrt) P+
ATEELP QU 096 047 NPA @-OT NFFOT LG 1N FFDG
MPEPFFD 8C AGPT 10%x NATAAEI® IC (WA ALPC) M hG
@7 KetNdfe INC PTGt

WFPD<7 - hN%A PAY7 (104 NCAPAT) “A78! 7 Lwitr
nHY DNCY @2 Hed (LOAPTFON?” LATFD “A78! AR9° Ah +hrd 757 10C
av\ O F@-37z:

NAeN @an, - “NPXOT ALLMET PULTFA 200 &7 ALaPO(7:
AEATTT NEATT A998 NTIPFANT OPF: AT ST APUPE 2910701
aCEAt  (LF40" NAT A2&ImeaeCt  PUA  (F:  eolhia@<
Kravdnt:

o¢ Pr.enema- BBC News/Africa: -“Elephants ‘ditch
tusks’ to survive” @& ATICE (419 “HPTT hoP12A AdP87 Qs
TCOFTFD7 &1 LovC” NoeFd:: A24.09° “Our research indicates
that more than 38% of Luangwa elephants carry no tusks”
@ ATICT (+e29°: “OTTi0+ 9°CI°C avwlt h38% NAL PILUE
PAATIP HPTT TCA PAF@-9™ N990t: A TCH P9LONS. HUPST
a0 nFFO7 LndoId=3®

OPT SCT BNDT LIP1T4 Aés TOL0C: MHVT LH Nhds
OO P7LTF:- NANLIC: EACLN: 7P AG AT ATCA @P7¥0T
ANCAL PP 7T TICT NAdS HALH D2 (@Y hPTLav: 0L OFH k2
AAHVI® P91L.0A% HPST ATAAP TCOT P7LP7 OE 7Pl 1CT7
AATITTHFED: PCO ALOPA AAFAI TINTF LPA 1NC:: 17 LUI° (LU
NA N TINCE ALFAGIP: hA TCA P7LOAS HPTT AN Aha(L:

37 qpge - AA ML hCaRa - NPPLERIFFT AAIC - UATE XS P0G Hn'h:

38 http//news.bbc.co.uk
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NAds @07 PEmPat TPL TICT aPTRLATFOY P99 Pavt o9 avlE
AAdA: LU 74l @& 10

PP U3 Uk AN PS: HPET hoL18a0F AhQ(L P91.54
HPGTF CF@- WA PCO LTLOAST: 1L hAANT AL P74 Adhu-7?
LUS GFm: oY W78t AP FA? U7 AT OFhA aof avd PAHZ01m
Mé SHT 9Pt @LIIRLND hPMor, W18Gavs- Wimrbd:: LUTT (HY
ATTOOG: AGPPr hAMAL®- v-3F I2C OGP PT AP 2700
AFM¢7 U OHAM &2 NU-ATIP 1728 091.5C Pz PHYY PHLTE &2
2207 LY AQDHY &40 NF 10 (1e aPON7 A28t LFAN:

PANON. U2 ALAPOT A7 040 APADT NLLATA @-Om
T PCHTT Pt A0-p (mutation) AGLCT $L+HGAT aPhe TILC
PATOAT U MO 106

NP0t ALm&T LTLTFA 22A &7H AP AGATTY
0T A%197 NTIPFANT OPT: AT ST APPE P91.010% aGq AT
aGC AAVFO- (70T 29109 APTT ATI05hA (?): hAg PO 1
houtet A0P7 AT (?) PoLhFAD- 700 PCO A=

"effective evolutionary response to escape slaughter
by poachers”® (- +4190:- “A&P7 ATIPAT “4 TS L4407 HAav+ AD-T
& de HPST7 hFaIC homFo

LUTY “4PT L0 PO HAl9Pt ADT NAARPT %A hriéamé:
A8L.0 W0t IC ATMHAPe: W 79PhC: NAD-1T AL AART ALTH et
ALD (ATt HYevt A@-P P99477 Dt hAARET QA H4mé
AMAT A8SA ADIFFOT PTHRF (Y “4.TT L4107 HIavt A@-p
LUPGA TNt 102 NHUA 49° TaoAAN AdLT &NFT AT PONTT D7
Haavt A@-F aPAt PTLLOTA AP TON NN LavlMi: LU
TN oLt L15A?

KONIVE &0 OTRE.DT Uk AT KEAT W1PNA? hOh oo L:40
10 NACET SAONES AderA$e a7 “effective evolutionbary
response” - “4. 7§ L40 N0t AD-” hPAT LI TPATLD-?

NoRMTO LAP: ARTLEAPT 9L0T00 (1 L7 nFAD- LIPTA =

39 http//news.bbc.co.uk
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LT ATIPAT LT L0 AT AD-F g N HPTT?
fIc AAONFO-g°: neLPO \TOAT HPGT O-ANP HC 7700 (57
- N&Y) @A hA TCH PPOAL MOL LA NANA(, PoLovMD+ AD-T
H19°4G 1@+ 0o,P 7 (LOAS. TCA PTILTF D HPGT NP TRI® NAGTHS
AOVPFF@ PHC PO (8.7 - (&) @0 (90015 Ve @7 AT
N AT U (TH99P+ AD-T AHY L4 W78, AbTEmé&9° Az
M FHPPS AMLANNC AALMELI® TINT 10 AN ANRC AAEMLI® TNt
L9 hMANAC 2AT° TIAT 102 AMHANAC PAT° TIAT L° av2d.N
PA® TINE 10z aPeN PATC TINT L9° hANARD: AN NAFPC AA
ANIP: avARNt PUOAT U PAIPE AD-9° NANA ALIPT 1F49° AHAAAI®
m&F FeeAT TNt 10

PAMANAC EMC PP - PANAN U-33PTF7 Fhrtee (et AL
Mg AP A8.LaoM NTLLCIM O-AMP OWé IC PHdmd. NaPPr:
2V PHPST ha v-AT TCOH POAL Aé0T N0 APADT P9LLOTFA
@-0MP Qe (mutation) 10+ N7AIC: AU AL 1TE AD-T 07T NATE:
AD h&TY AT aPg2a> NANAR (AL74P) 102 1AL 10GE LY 1498
ATL: LIS @-G LAY TIC 10+ AT VS PTLNFADT AT e P

hf@ NI°LC A8t LF¢A PULLNNAT ALTC? AHP IO had-
AOtPC AA PTLLANAT ARTCI® @L?  AD (Lehh? - AATNAD-9P
ARZPEI ALl6- - XTI ATIPét HOPF (LEIPC: AATLE AANAR hPD-
(AMA° 1 AZPT) POLLT AMADSGDTT PTLLANNCAT  (TETC
ATLPTA PULLLCT): NOAD- (AL PUPT: AA PRA ATC ARTA DL?

MO €TLF (ORI kA AhA) AT - 09PhIST
FAPEATE 10E °N70T £FC HTLE: ha NE °h7019° A788mé heD-
a7 ANAP QAT ao71e AQPL® &FC ATLINCE AU-TS ADLLTIP
ANCT 2N Nde TINNI° LFANGE AQE hHU- 2C N19190NH: u-? N4+
O+afe netT ad m¢ (extinct) Azaat AShN= me+PA eH0A
A0 Do 10 A7219 NP PULAT? AT AG A& T?

AGM¢T (NHPST P dioT A7041) atEcaFo- v
MADGTFD7 LT MNPAFD PN LTC (AICATI° HEFD AH8LM4
PN NPFDI hngd® AR5 v PT Ahthn NP A29.0 P9LeLCT
2LA (LSC)+ 2V NARTEORT QATPINR. F OO 10 AROAIP:
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he& P (oA HPFT O-aMP PHC P70 (N&Y) OO hA
PCA PPOAL MOL ASC ATL7LTA 10R7 INC: F8.0: QUTII (LP7Y:
AMANNC AD$ 210+ AT & TAAL POLLFEY 0T APT ANPL
Qavavp s

AUSTP° “HPSE W28 A PCA FOAS2” TEBETT AdtarangP:
LN ATV NARTAI° NAPPTEP Nd NPz @1t AO 1Tk
PILNT NOQTF ALCP PP 1@< 9. 0:-

o ATPEPFTT Ui @W.IPD TLE PILPT- PETLIT
(AT0ATI°) ANARILFFO-G AP ATFO K78 L1NMAN?

o “PND- ALT 160 ML AL ATLICFDM: PRTINAIC &N DL T
ML oL WILIPTMCE: P71 LM a7 1m-?” avh-1] 3:21

o POA® AP i HavGt BI°C LHNLD- APt PIOLC hPPTT
U-tc ME-CT ATIPéet 09100 APT & FAA:: 17 AD- (1TH 70
AGO7 (LPMG: AteT PPONT ATOATT A8 TS PTLeLCOTFD-
+hane avin PAFm-gv?

o (1€M<¢7 AL AT87L ANAP AD™TF 99247 ANdAL P (LT56:
2V A@P “NATILP PLA” 27L.LT1°1 (LIP7 977 Lm-PA?

AOPF (LTCI° 0LTCI: AATLE “INAN PolPA®- hAhh AP
Po9.0LCAM7 hivit: NAT AgPh?e~ apavl.av(S avdQt ARIPT ALPCIP:
Og°L:C AL PA@- HC A(\H Hovqt 8L H1L PU1LLNNAF@- A9°Ah hA:
AT ANLD+ ATLHAE 918491 hEPT -9

At OFen96 N8SCPT PHOPH ADT GANGSPT O-OP: AL
&6 P10+ PtParmety: UL tATIO: (DA F@- 907 9O AT
AF% WIRTLT A ATPANTS: PPNTTT AQFEPT ASMShC::

had-t heT hdt ACT?

N TLALT oot (14 BFC P10z AT A Ad MHPM AAPT @-aT
TR QUIP Ad A2 AT AAPT  “0A hdt WIET AP (FAL
PHY AQ NTET ACIC @ovadAn (AL FaPANE): @Y A NOUC P71eTT D
(1 AAAMPIPD (ORI° AAATNIPD-): OFPLC 9P LPPh HIL
APPT  AINVIAVFD- 01N Al WI6E PO (PO OL At hacT
FAOMATE ATGUI° PAD- Ad 10« (IRA (THO9P+ A@-T PO (POH DL
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ACER WG OL AH Pavanfe (1@-7F (0v6t 9.5 AAt PHAOm@-
(MLt AR (MH1ePt AD-T) LA

LU W@t 10?2 A@1THTrET A%101T hest AhAT dA PHAm
(Ta0d NF £LLA) AR aPlF AA? “OU AD-TT 102" I aPP1
MF ARLAT PFILD-=: “CU h@1T AQLAE e A N TI0LE
aoNCIP 10 POFILD-: PTIP: AAD-1HG AT det Anat e+TT
av /8 F 07 ¢ AAPPEY AT9oA Nt

(ogas: POt ®L P4t AhATt AADM- A0-H PP
hothd A hf@- U107 hhd (Hhhd - organism) gihPh:=*?
NHO7 Lh: °10°H AMA P&t NATPALD- OA MPD< LTHEGAE OTALE
T PCAE 21703 havi-+F9° (physical and chemical processes)
PLH@- AL (LAPM: aPM'TG aP@A1L: A LCANFT DA 1S avdh- AAL
oA

AAHYZ AA 16 ALTAR TINCEPT APPCN: Av-T 913007
Pot And Ah W28 T HANA ALCT PeMCE “CUTY £aPad 1NLE” N
0740 HTT POA NP3 Prt AdAE: AD<T T4 NHORIIP
PIINIPAN £LF AME §2.9° ALTN AR P TIP:

NACAT Pt Anat n&1oe @Ot N1rde TAPPD- ALOM-:
AAANLD- (hE DT T4 aOLEPT aOPGED- AR L:I0: PFIP: vl AANA(E
AMPLE NPy avLIPLa) Pm-9° hme-Mé AT LTANGTE AL “BV A
AP LINIAVFD 0104 AT NIEE P (PO OL hét AACT
FAOM-AT @LTINF 291.0L.CNA PIPCIPC Dy TG aPLIPLa Lm-: (7LD
TaAAN ANE PTLEL: - 0LPP aOPT £TCNF A

O TI° N8LTHC?

OFALe A764-PT ANA PEPTT (apavdAnts PRavAAA OVZ YANT7Y
(9vo(H: OAPC AL 7104 o&T9° Heam-ch (Pterosaurs) htaa
PELGHC HCE (N§TLT ALY (APt ADP) +TT +NAA: LU AD-TTH
102 A@1HPET AT NPt AAT AA PFAM ALTAP 9028 AA? “eV
ADTE ALLATCE” Ie: A (1 71045 avhs-nhCo® 10 OFIL0-: PTI°:

40 nantr (silicification) oe79° ahaagtri (calcification)
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ARDHE ARt WPst At e4TT avl8 NF@T O AAPPRT
hravdnt::

NSLTHCS N@§ avhhd ANAR avlB +TokA +Nhe Po1+CN
AChPT1Hsha (Archaeopteryx) eH0A@« 4+ And 10 PHYU Ad+é
4 k7 k. (DNA) mOL NSLGHCS (0§ avhhd ek AANFLITIM O
TNCE AP ARND TS ALTENT WPSt AMAT OHTT avlf NF o7 4
ALLAYV::

PHAHD- J°CI°C A T7H HoGt v-d (A T APC MOL: P77
NETS 0&LPTF PAPOT) (& a0lF ALATII: MHPM AAT AAFGPD-
Ut I AOPTE 917 NHS W78 TLALT Qv 3T (147F: N9T75FO-9° HAhAT
0% (gene) @-at NALTTO- PhoLhd ML TI0P P79 F A 9179 PAIP=

PPTEY PNAN. vbF ASDPDP: ASDPD-I° ATT: 1PLPE
OPLH®: POMTIFD- U 97 I0C? AL 10+ (O-NNFD- 00T D7
0L NILNA AAD-T SFA? AT8AN 10+ (0977 ALY V718 1) AH8-
HANA @ AAD HANA PHADM (PH4mé £.L0)7 £V AS (it 291304
AP aomeP AL (hIP) 10+

MA@ AP? P2 O9I85CNT oPt: AT PULTADY
hPhPMeB@- aviavt: PALavANDII° avpl\ PG 4.1 1@< ¢+8hav
TNCE GH  QPRTT A@PE TNOA 17 YT ARLA:E AT
OMAMANNC 26 MNP A7109°: &1L ET v LETC P hmPpard-
Hoaot A@-77 F Pz avAhge: 7 1002

IHBMET P17 NTID-¢ot 4713 440 - 8G P10+ Dd (LLAL6Hs
Omk APIPCIP: WGP P17 NavG1C AdéT PAILANRCY Mt
NTE: AT 85 W8LL1D PHMG PP+ o=z

NooZh& P50 TG PTLLAT LUTT TP LD (v:- “OETI°
ngeeC NAL NA918 Mé.C NFF 8NLE" HE. 15 24

NN QK AL LY TPO OET PHLmét aoet haAPt?
ATE. WI0ATT “ONHT ATeH NTPFTFANT @PTF aoPry: FAAP P9PLC
RGPS WINAT PHmMeTI® NAA ALY LmeTIA: AT19.U: “977 D97y
772" h9I0t LAP: “NOETS NSLSHET 1@+ 1PLoLe PHimdl?” N
amPP LA
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NATHFCT 84 T T?

NPk hLDF: NHI® (18368 M@OT: TEUTA (A AnChS ATPFS
A FAAP BIPART) HOHFPA: AT P4CRTT PhLOT HE A7
A91L: NATFCTLA (AA: h(: RTREST: AH RS KCES.) TSV
T TNt ANLARA: APEPRT I, TSV CF@-:  A@9° WEPPTIH,
OroLLe SHaP8A ANAA: PHUT 188 NHCHET ATaveoIePT 7z
RAG PP TEEPTT NF NT1PLA NhaPNTAP AaeANnFT77 Aot

AD- NH78C LHIP/A?

N8CP7 Phe@T HES NPCTETE 004417 PHC avLF: N1 AL ILRTFO-
AGOTO-A: A0 AS PHZEE HC LA ALaPAN P19 0T Havy PHE 6
99 ALY Gavgt AL LIPGA:

PLI° AL (NF°0&F AIP0VE):- PATIL  MeOT+ (paleozoic)
n@ 04t:- 09°F A2500 TLALT Gt PUA: ANAR hEPT
ACOTFOT A QA AN A78AARE PHY LH ANAR hEPT hEl G 70T
AN ANA PEPE PPPT WG NRTC AP AT aPPSFO-7 1A
NG ATV PACERT PheDT HE PAM<7 HC ®L AL hfm< YPh
POaAND- NPY: aoBPT NEHHOTF PPk Hovy hovhat eAP: hHé
BI°C MLHA avav\( 10+ PT) PAD-:

QAR PA@- AG PHEC HC OLAA (LavAn 70,15 F0'H HaPy PHE
6 TLAL? Govdt AhAL hPh: 8U HoPT nPLPd+ PhLDT Hovy DC
AD8LC (6 “LAL7 A2500 “LAL7 (Lhdd) .0024 NF oo 10
ATIRLON @L A A ACP QUET VAT HoPh (.0024) 027
AT0$TE NFATE AT NLR: LTI DANA 1NTAT 910 QAT
@ A av\( AT PACETT PHC 178 NHS« & WTEIPCS DL He AT9PME
nFAT:

PHG 6 LAY Govd~T AnA(, PECTIHG PAPT HIPLS hATE:
rUi5e4.f (hominoidea) htaA PHC 78 (A785®- PHG PCTBE:
P 1@ Bl ANAA: GUIP PHC 11L& PAOG PHTECT Mgt
QALY Pt 10C 040 LH QA PO7&TI9TF AST NP Ak (0L
M@ P MP@G: @L NILE LTI OO TN 10-)::
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PA@- HC o128 (hominid) eHAA@-7 PHC HCE Fhtde BLG:
NH&O- PA@- HC - PHvE (@ (homo sapien) +&4a0 TInt j@-:

0tenQ  P9902 thrre ALMP o lEPTF  ATTHPAS
WPCPCFD- ntOA: ATIVE PULTR4L (hominoidea) ¢+a&-t7%
“COYE D aPAL, §M¢ T WIIPCIP

AMEC vt CADTE PPl A7 1% At DR Ot AP
ARTA: NHALE APMBPT ML hH 0L W18 ChOTH oI (DL
AMHANMC) aPm )k 10 ST Tl 37 PACRTT PR DT HE A7
ATILLA (DRIP AATILL) AT hD-rEY AT T aPPT hArHs:

AfN, PO@-Y aPAh PUlaPAaN: “PP TR AD- aPAL &M-CT Aha
POPT NFALE R EPT FTTEFPA: (ATt PATIVU? &1L avhh:
TG 0147 Arevaht@<: hHevr A< DG PoLaPand N AMAPR mOe-F7
AGLOTFPAT: ATLV AhA P&PT: ATe MPD &Plt NhATe TN
oLAA TOAL ANDIC: NO-Om Ahd AO-OF AhBeOTFT aoeeET
C720C P

ATTU PALTT LLEPT PahtieT ANAR ALTF (PAPDT): POD-T
HC hvrolz OC 2910197 hWPi: QUT7 4914097 PHOPYT S b7 b
oCave. BNPA (NFFA):

PPYF A0+ PAL EMeC: A% NAAD- (ANA N9PAPE (PRAT D
heLav®- “LAAN” N7IANTI°): WILCALIIAFD- wat PHALE AT
TATEFPA: ATTVP Lot CFm-:-

1) AONTEATANA (NPT TLALT Govd RhO(, BPC 054):
2) U Y0AD (o0 LAY %ot ARAN, BIPE 052):
3) U kot (NA78: TIALT Fhed 9o 3+t AR, BPC 054)x

PUPoLLe: ALTE NY7P LNAMAE hmPa-T9® hwhrk: PT PG hGG AT
AT D - PP hohk0 eHOAD- - NATTRE: 01T (RTPAE PCR
Q@7 (PHIPHT QD<) PAAM LOPANPA T0AA: CHbet 1T TOTI° W1
A7 PaPgPAN HION (LG FD-: PPLWVFD- 0L HIECPE av Py LND-7
HC 071.2m'+ (paleoanthropologists) +é.291m Az

Y Qho-cT (BACES) PHTTO- QPP ECENO ATFE ALYE PP YOLANT AT U
Ashrt0y SHIPSA HNAA
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ATV QD6 HTECT NL7TN ATHave: @ A PIPIaPAAD- Ahh
A28 TLALT Gt &40 NF MPIAT: LUTET PET HAPT (0006): AL.C
LCIPNT: &0 47PN AROTY AQANTS 1M Tavy: APAL QdNTTI°
LMPLY: (HOPE A@-G AHTEC aohd PHC aPAAA 9L IAY7 “IN8 e+
APPTI° AT ATPhCE P ALhrkh AZEIPCS OBC 064
AYI9090:

= PP ALNEN ATTE (BIPATS OHPL@) NAFSh: (ANLT
NAD-CT 7oA At AM9° F70 102 A5 PAD-gP::

" PP AWCOOTC ATTE NP AshvEn ATTE POLAPD- (N Pdtk:
10 (RASSND- - P70@- ECNG PO+ NP ACONTHC 10<):
LU NANLD- F70 APT N9k 1@ P+AP (9° PHAMD-:

" PZRLANCTION ATTH ALY (BIPATS ehblmY) OPTP
ALNEA AS NAD AT P avnhA 10+ Av-A-EI° PPN (LIPOATP
ONHT 27LPCND- DA+ LAP AP Abht aPUPk ¢, 0%1m Az

PP7t A0+ AN FmC HILEC (EPT ) oAl PHAANT PIT
10 08 ”7 ko PPELA (TaPAARYTE) 10 TIC T7: (A&Sh 71T
FEPTMPT 8, b7 b NHOE AO< 4 &7 b PTLOPAANNT: PTLALRNTIP
A MOPT LTZFPA=

PLI® AL U TIC Dot TIC OC (FALE av&F @hhhA
(£L£0HA) A7 10C:: A@-9° NEI°T M. OC NF ALLATC: WhTde-6T ICI°
TEPE PITTPA: AMEC TOT IH aPaPAAA L5 E-AE aPaPAONAIP: (LIS
0F NaopllA IC ANE SBAAGT: AHLY LUPSA AP T PTLavANFD<T v-v
A28 hOrt hELLT A 0oLPM4et:: £ ahtht ALCIT ANeEm
92GIC PEI°TINT HE DT WTRe-6+ AH WS ACET IC TMHave: T4 Az
A7 17 LUTT - “0NAT PAOTT AT B€1e- AN WTLTLAT AR T
aav )i\ - TIHaP L NACPT NP+ ADT IC A SPULD AAFAIP:

“HNDG HeFY TN PrPaomdT HE havdt 47PN
AOM@-.” Nde haogty (&1 - “hirt: FarAntt AGO A 1@+ 016°F7.”
Nde NAEAS OHT AD7 NTILGIC 14712 “AgPP Al 9977572 e 1a°mPd:
®e A A P LY Gev ot 40 NF CINLD-T AD1HG (D~ - AD-rHE
HeT77 TIPS 90 LAAA (&U LNPTA)=
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PHOY: A@+ PP+ PP ATE? htQA@- 1@ eyd° hovf ALy
Gqavg-F KOO, E9°C A7LINL NCOT CHEAT P1LH a°ems® (carbon
dating) 84+ PORT favahdtez @U PHAPE A®< SHOA - NF°27¢P
AGSh (ATEXE) PHéme PP ATET - hAGSh OTF AATT LPAPAPT
P FLIADAE PP ALNEQ 17 PP ATET 00T HovT AATNLT°
mehon:

PLI° (LA PHMPIPINTT 01 APTe PhorAnnd HEN, (P4CEY
Hleot AOF ARFeTI eUPOATT) HYP® ATIPND-: hAZL: PHC
a@Al OAT L ANAR mOP-F: OAHIe>T A~ +a O+a (NLH @-OT)
TAD-M@: M AT PA - A%AT AR LA NTIFPPNFFO- 4+ U-AE?
av@(VF PILPHIPL: (PU-AETI® @R F ANAR mOL £PH) TTANAT apLA
(PHY HC @LI° PH.E HC 920A) aPFC AANH=

tmea@- 0 haeh7e: Chavat HRN, aowlqt: A@<7 NHTEE
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LATIRCHAT LA HC NF T 17T 0@« HC ALLAI® P71
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AZP° Toke OF FhNAT £:9°89% avflh AdFFAIC:

115



ngeL:e- 1217 041C

he 9987 eH0A@-9°: 1270 A.FL5 ALorlarC: LAM- HC QAP
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AMANRC AP LUT7 (@ avdg &mC (humanoid) 4md?
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“AP1 hi A0 17E A0 P PHEmChe - A T7 A0+ TIAF Q70 AAOALD-
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Uz AU-79° (LP7: BT TN, EIP TN, 103 A@-9° (D~ 1M 1§
APT a@ 2990077 ANAR mOPTF? F (LP? §C AT: (@7 hH7EC
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ATLFOFD: O LePrE DT LADI° (NP W.0)= AG: Q@ (17D
HTEE (LAPAA 9°79° ALLAI 99aPAnd PANAR ALIPC HINALE MOL
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PHLD9° (@ (16069°: (LRI PR4I°) (LT Fh NAD- 1@t v-(ed®
HYEC LaPAAA::

A%9°G hP7 NANA HTEC LaraAn NHAAT® A2.CE NP AT
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Hdmsg SLEA..... $LEA=? 20D AD- (LPAT® (LNBCI® ATMHANNCT
NANAP oAl AGPAAD: ASTA: 0@+ AP TLHGPRrE (AhAPYE
oNet OHHA (a0 ARTE OHLY) ARPT 10 QA aPUAP AT 182
N O 9909 PLEPIFITFT  NFOT 4L AAPP  LBE
PP PTAL ANAP AL TTII° 09LeANT AC A 1022 7z 05 ANATE
AILANACT NeP7.0 NaPPAATT QAT (DANTT PT1.EL0- AATTTT
A1 PLCITA:

AGAPT PaoARRTT 2200 P9LONT AP9TE aP2AR TIPUCT
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L0 APATD- - ORI FOT ATICHT 10+ A8 hOHANNC ANAP
AAADPT: P89 PATC PAD-9P::
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42 Y@+ NaPYeN PHLMLD: PP hovdmz: N4 BIPSAE” NIt 19P4.A0G DLAA
(14 PFANES 149G aP{AD1C &FAA:
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1063 £77 Pav€avs P N+ &Pt (AT hPT) hdA D919 ArhAt
2C AGHIPL NPAPE ATTTD AT NTLNTAD P0G PETELTT ATPAT
AP QA oAl AF06aveAT (FTET NATIL aPPrT ASOF@-ANT): hH
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U P° (160 10 @290 aPARS P S0 hA?

ANt A@-p 784, YAl aowlt PR heOT N0 aPA@T
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Ut NG £RCOA - “Urd° N4 102 WA PO¢R, 280 PA° e
ao@geLg° Fhhd 10 Q27 A78 ANAR D+ -0+ NF - “U-e9® (140
tmPhe ATAPOM (LPL.. L. AT (I 4.99CF &GAPEI® LADMD-
(AR

“DASTE Ten1® ONkovk: AL AT W& aogpavC P99 FAD-
T@-?” Tk, 6:27 LAA:

LU7T? thCht0? PA tmeI® ATINCETE ARPT AIPILAP
PHALAP TIPAAA 1@z “DAD-TTF U-cI° (-0 10 9L PHOav+ AP
FANEGT N9 7APR AL7T N7PANTD- LA ALATC: “Mé.C et 103 (160
+Pavs: WrPAPOO vk A PAAL HSNME i+ 49L& AHAAAT®
22840 h9.A@- L0 718N ANTANN OC LaPAGA::
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L0 ANTIASF@D- 907 PUA  WILUPT  Aavravt ettty
ATOOTF@-:-

L OO NGO 10E APAT ST WY (6 AR.miE
AHAANTP A8 PTO AW IO\PPD-G: DMy ET AGOND-::

2. “méC het 107 hPAT mé.L hA 9°79° a1t AHAhAIP
hP0% W8P TO WiDPPDG DM tT ATOND-::

OATLY et 70T AL I N78L 9°7 PUA Pa& - het
AITLAT ASAND-: HPE PNAL HSMMS hAANT: OFL hé ALave-
AB90 A.PANSG ATLTLTA ASOND-: U7 SPC AThéd: LA SNATE H4.7C
£7 PUA AQNd ALLATC: PHLPC LLt: hT™T A19.P AP<l he QA £28
LPCT: NI (LIPT APNBD- DL, 7§ W78, DL avPE ARAHIC:

NPCAO L A7 A@ThAR: 11899  £919% @othatT N4Y
(gene) NavavCavCs (TITGH A78Y e +G14:- “aPIAD-9T ST
APT ANGLAFO: DO K78 PHAL Pholhd ML L3 eNFPA:

(tavaae, A0S 160 190F PP APTF® (NG LATFD- DT
A1 OFAL PILhd mOL LFLOFPA (LOA ALALTPIC: avEI® “DIPA
10" DT ALA OAF S0 10T “PASAY aPY1e0 ATH@- 1V
AILTLOA U~z 917 aof (1a0f AD- 0o AL N+ - NE+ @O NAD-
noLhd NF LOATA TI0T: Av-79° 00D AB: POLLT A&A 4.C hPAPP:
A8l HSTE OFL Pt APMeB, (LLavL: PTLaDAND- AA U-ATHGE 2LA
(a074.0) PAT° WILTINT 28mi-Ax 2V A 10L?

N5 FD-9° HAhAT O-aP NANAS NO-OATNF@-9° N9LTTD 0T
MOSFO (AtPC AA OI9° TIC (P%0) ANINCT® £U1.L07F PAhA(L
TNCEPTT ATIPLA PTLTA T2

0L AR A7 MEL AT ATLHTING AT W14 hHY
AIRLLOT NIPANt: hH @ONAN 4PCAR Lt @Ot AT NP
TAFTY: TLPC P0AL HSMNME WIEAD- ATE: N0 NF A7L9183H
PLI° LA NALTLOE AlvEL? PP~ PO DG

“..It would be very difficult to explain why the universe
should have begun in just this way, except as the act of God
who intended to create beings like us” Stephen Hawking
(2005), pp.55. At~ “DH AT A%160F aPhhd AT D+
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N e LOFIC LIPSA: 17 2V AANA Ah aoPr7 0L79°
ANGPP'EY ATV TP 1T Kravhht:-

2)  “Ni&he ARIP vl GPTF 04T Ptbarm - PAT ST ALTAP
AOTAAQ (PAOTAAN T&AT) aPenlAd- OL hult PLCAA -
&M APPANTFT AL PATT AR £AhaPPA” 1Az
PavBavs P A1t NPT V-G D90 AD-rE SIPSA:

TIC U DT hOLA PFImAMA  (PAteRdN) A1 hoPhie Ho-
PHINIDE QALY PRLADI® X80~ PHIMAMA (SATenlA) AATLP?
NGNS YANTFT ATA: APAA:- PTFALR aPAPPRT e ntATT ALTT
092t SACAN:-

1) 19 ALt P91LGAC: TCTC @Ot PoLht: Brb
P07, 9av) avAgoq::

2) 19 QLI 291€LGC: PCTC OO PUIghk: ALLONTHI® LA
PN aPAGOrz

3) O @07 P9I2ADT: AAD ABI° HARS TLmPI° A@-Pt
P00 aPAIOF -z
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“G@PLT PATCE (H1evt AD-T NF 10+ DAL YPA EIPC 0 NP
AOFAPOTT N&ATT NHY P07 LAA: BV YAl PTmOD: DL -+
BTC AT 10

RECPT KO TF POV Holav+ AT AGETLT LOF 10+ (LOA: 8V
Y4 IImo® ®L +i- TC ANt AT PR 10 ALY 10 VTR
P99.2MGN4 YANT AL PPPID-::

ADPt NPAN AovM FAA: AQTAGN U7 A7 NHO 999G+
ANFDS AT &TAA: NAHLY: (1PLILE Havt ADT (PACERT ALTT
POAPIOY) AG GTLT UNERIP PUIRALE dOPTTFDT AGPINE (TA
ADPFTT7 AT ANHANNTFT? A7

AL TEAPT (P7 +P7 ALTAP PPLA 2¢F M- AL Afv: ARIPCAP
PTrF NICAFD- - ALNAPI® NPF: N9Pan,AA P91.ePCNT 07¢- DMyt
APIPCIP: HARTE ARSLM-9°: AR PAM-T AP AMASPE “LHSPTEYI®
P99LATG WO AADTHE AD- 0TLLNLAT 1D hDTE AR hD-1T
QAP UATTSRTTE (LISAD-9° HADTE FLPA::

NA 990 O AP avlB: NH 0 hALSP TIHSPrT
F10e® ALINT A99av8 SCM PF1A: UATHFTPYHS HARYE ALS D90t
A28 WAt (9 (LAY® P P& T 990k AePCIP:

O ao-PPF0 0p7 7 PP EFD- ARTAP J°CI°C hiPh:
M NFLrt AL &7°CT NTIPLOVFD- (ét: A&ATFO7 NTLntiet
U R4 haeann T (19vd 7y o7 ALt T10P 98, HFm-
1@-::

1) NARICCY HAS 010 A@-1T PT9.aPA aPAPF (LFC: £7 aPATT
ATIMGNC  aFA eZBPTT A= NARIPCY  PFPlA
ANFAONY ATRLADPNY: TINCE AP P9I8F AT U DLTY
APt@ON: ATE AOT PLEPANDT F AfIAV: 22000
PIPCIPC Dt A APCA:

2) TINCEPTT  heANANh  PULAON MASTT AT ATE:
TYGEDYI® oAt WL WD AtPOA: NARIPCY PTPLe
PeEPTT vk AGPaPA(  D9IAN: hordAnG: hapavl.av(s
TNCEPTFT havNAN AL Moot TINEE PAFL4. 19
71C OFpA AFPLAN: (PTrE 2L00NTT R9°CIPC -t APCAN
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hAhge: NPLoLe F&ARETYE ShavtET v-hk hHZHCh (A
S
e EPC AL PmPA@-7 avavs@ (lavhtd: (ALIPCHTD-
Ptbls ANTANN ATROADT A91LLAG Fe APFOP PTLCm- Al
ATV P APT AHOT LH MLOFTFO (9N h(Fo- 1P f1he
AAPT: AR NTLTIC LAY AANLATFD 1957 (LO¢- L RATFPA:
AT NG NF (L AO1FT APMavav: 0,843 Ri1CA TIHNG AANY
PILDSG. R
NA72% L99°: (¢ RTC U-AT PHINRD<T avavs@ (1avnti\:
ALTAP avopsmy, PT)POFANG AP 4D P AD TS ALYEART Adex:
NTLYge aohhd AOHTPE (0L79° THFE): AL PRhT T ANL.D- DL,
aZh& P&N0 12T (19PA1C ANSTO-F het ALC10+ NL7TN AdNLIVTFD-
L0 091994 CFm-: A@LLT AILINY hat AT agrhOPT NH-
AD1PF LA
ATV PACET AL AT Pl td- TC AT ML7I9° rhe-
EPC v-NT PPET? AL LFLLM

PACRTT PTTF KT ALNPAL dPPIANGPYT ACHr -0+ hAGTFo-
Zh&T (LavZavC: BCRT WG9 AOH HZE WIRING PoLmbar: &ch&F
Atc: APan:- "l could not have believed how wide the
difference between savage and civilized man was. It is
greater than between a wild and domesticated animal...”
(From the Voyage of Beagle — Darwin 1839 a: 228)*3

DL ATICE LTL9°:- “NAAMID- A 1A PC (P10 AD- avhhA
27 PUA ARYE £FC-A N AAPTIP INC: NA9T8 AT0A AS NBh AD-4
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PCA- 19 AgeAnE 1@< 17 DALY ALTE “ILLe A0 P A®- LT
LAP APNLTPIP::

43 See also http:// www.infidels.org/library/historical/charles _darwin
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“At some future period not very distant as measured
by centuries, the civilized races of man will almost certainly
exterminate and replace the savage races throughout the
world..” (From the Races of Man” 1874. p.178)%

OFLA90:- “0PCO DLLT - Navf GavgF (TILSMLD DLLT -
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44 See also http:// www.infidels.org/library/historical/charles _darwin
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PACPT LU T ADP GANET DL AD<rT Aaon Tt PTLET: 17
AO17 291 (1ooPk: NRaPOAA 210G aPtP AANT P7LAD7 YA
PALATG: 10 ATINT 8, PMPA: NLAPAAA aPiAk Pé. 1D<E aP P AANT
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NTI0F 473 7 AP ALY L FAAG: AD TR AONLLIT &40
IOCILTTT WTPTANT (LA PHAA 10C:

P8CPT PHlPt AD-P FANGS aP1A®- ¢7 103 Al A@-1T9°
PANT NaPPr AAGTLIT - AGPTICG Aavavs.av( 8,mPTId: T1C 17
AGPLEF 9P he b P99t P QA9N9S 9P 10% Fo-t
ALLATP: APTT NATMLANKG A%eP ALMT L7LnPOt AU
Al ALMT 9°7 LHI® LIPhE-A: U7 HAS APTI8I°: LUI° g h&
AJDM I\

A180L YRS T NG PLHIT PULTT “I0-0 AR (Heaot
ADP Aaom- A2LTLTFN avne: PAIHANRCT ¢ PTIPECT avemC
AF LLATPANT: QUI° PTILPI° 1@ K387 Al HIPGPRG +mé-Mé
e+ LaqP: Holavt AD-T NFDT7 4P A@ 1t P aPHAP
W8P T@ NYPS A TEAPT AAGTP: HAG (P1@- AP HFD- AL NaP8G T
41 0L ARVENEE PAOFTIA ACFANN NTIHINA: HolaPt AD-TT A77L
AL PHLTC 1 AMLANKNCT W28 MO 10 (A28 A& FAd
ALt - ML Q@) 0994 - FAdS PPN APANTTT N99A10 -
PHAYat AD-F avlB 77999 AOaPOAD-TA::

NAMANRC P7LEr ALTLEOPT: QU aof (oo ACIMST
PLAVINT 8L AAUPT: £V LY 9PAQ AR 1@-: NHY aPAd £219° A9PrH
10 NAD: LANARTE? ATALIPCAR hADG (ev7hanl: ALTEYS
APMeBLD7 -0+ APLONT AD-FA W78, APLGATIO: W1G TL-H 1
/LTIt AP T 7 Ut AD-TT GANRT hO-1HG aPM'FY: LHEY
AS AL Thod @7 AADERIC:

ALADPE RTLFDA POMETF ARIPC: AD-TE P9LavONTT U
W0et1E YPTDT A@-rE AONLLTY &40 ACES QavMp: OMPF LUTY
PATOTE LT1PC- - PPCMNG PN 9LNG T FIPUCT DA IPTI° a0 AP
TYCT ORI 4R T (hétha) MAL 10T hads v-ATS hea
CIoLm- 09 F A DM MG P

NHU~ ALTLATFT @A O ATh-d A27AP &0 YANTF AGaHGaLe
RILE0T k2 PHG OANPTI NPPUTE PoLPOATT P4CPT H9t AD-T
20 740: POt OMEF LH ATAALNT ATh-ATE 2TLST0T LH
£.a0) RIPGA::
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‘Helaot+ A@-1T AG &Tét

A1 MHaPG Ty PHolavt AD-T A9PUCTHrE DA OC NF ANC
NAZL: (LPCI° AL 7L NH APT HIvFPA: (AT ALTNT
PaYPC aPAPPRTF ARIARIFFD- av<: (100 +POLTTF NATT e O-LP
LUPGH: NG90 ATLLPCND- avAI>t N3Pt hAE SUTT PUA
APLLL W7 NANT ARTOT OC TIHavS. Fhhd ALLAIPGE PTAP LU-T
NAD- 291997k AL TENPT APOH apptPA::

PHolat AD-P LI4LPT Lo9°: U FIPUCT AACEIIC PALTN
TVCET AL A0 N979PH: AR AND- AS mPoLF AL ATL.O-A
PI1.00C NaPPr APC ALTAI® APA LT11F s ATIP: “N9°LC Piv
AMat vt Heet A@-P ATFE AT U RTAFO A28 107 e
ao@goeg° NANTANNTT @, QAT 91O PT7 IC i PTISD- P FD-
T4 T oG LF DT NPT IHA: ATTPHATIP NP (Fu-t 9P T: he-0
079q10) L7 HAD7 (AThE Ar9Phe-A7:-

e 427D TINLE av 9P PATL 1M X730 VAT A28 A2TN
TIVCT P10+ AP (BAR):
o A&ATT? AgTRAT NSLCA: 4RO ATISPTFI NI
AQLTAR PPI07 NPT A1 AdPhTAR A0FANN APLATY
W02
o  (TH9avt A@P FTIUCT O-OT PATLANMACT METT ATINNE:
tathhde erPoom  hd:  FPUCTHrE  PAMLANACY 7¢-
AIRGRTIPATS (A PADF P SRAT° aPLANLE KU1 aPAP
AGOCHT LTI (LT §C: 2V HIPUCT eH0Zh 10 £0A
NG 7 ABLAIPE AAHY 2V TIPUCT LAD<7 AL 19 AOTANN
(AT°TETI° BPI°C) OATLen®T PN LUTx
o (NA®TTS 91018 NAWAD+ aPAJ>F AL, AP-HaPChH: avgp,lAm-
PAMANNCTY 2¢- P90.0008 NP1 &V FIPUCT 18NS jm-
NavOA AParA I P71t NILAD-: APz d9° NILAD-: (4~
71998 0L PAT hANHD: U7 hANT Y95 AT +ALt
LR
K878 8/CRT CHAvT AD-P FIUCT HFF T ANAR hEPT
Ut TE (FAOM) ATE ANTEMEI® 0710TF PAMLANNCT aPADS P
20 ANTERa (T MO 1P4t: YLTITHET ADTH-T: hO- 11T PP
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té APT ve mdF: LANET Andé-ti AT8I&EI havls(H: HU-F
04t NAMLANRC 27L.00CP U dPR.LAD- Z79.U 1D~

a4 A% PACPT AN
ANRTF PO (AN avarht:
a Y NT hDPF: AD aO T
AL TLLCTYT NU-ted® Lt - AD<7 NATNA AAPAPT:
ATV PAD- A0 LA ARAT® NAD 1
BCPT TPCT ANECH &€ - a0 AGPD-2
0@ TR0 TT WIHIP A79PCPD-3
P26 07 U-te (ITH AE. Rav(ND-::
ACPT PNEAD-: AD-F NHTEC MPTLLE A LHIPLD-:
NZECT OTS7UHN NATHCT L4 ALI1TTD 2
ATV hPA 0L A28 VPO QDT A aPAOD-:
TNFE ChQOET HE T AT A SPITF D=
LPCH apmPP TAGTF M-
A0 NAD* LALA: LoTPI° LaPAAAA:
A@- avO @, &m-C 1NC* AT MGTAE
PAD7 NIPLT ALAR NLLTLCI A+
AlD PD- YPA P&l POTFILA\E
PHAND- LheDF HE A8 PAAE
Y95 AL TEOPT +1Pdd =
NTEC Pavafe: AD-9° PPN GMed-rs
0A FAAP av30): A (144 ATTF:
OA m<7F: 0919, 0104 (D13 F -+
oo LA ATPNAT LT, MPIPFD-:
14z FaPAAAPA LAAT® NFOLCTT2
AAT® NAD METPA: ALRLCO L OTF D7
LU0 AT 717 hOPD-? PANL, QDI FD-7x
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PACPTY PP ADT P90 AA AD-TE AOILTY &40 AP IPCIPC
ALRLPIPx WEI° AT Tk AL aP$0FTF7 h18PAGLT: AR THAET
WG YRNITTHET POl LOOTTY v NI ASRCTIP:  (U-AEIP
APMsm, PG adp\( PATTTAFOY TPEPT AT QA avdh avavphty
P9 NNH: P+EMENEPTT PCNEG P10 L7LLLC: ARICTTI® &6 LTLUPY
270 VAN APCNGTA: OFAL AATANVTFDT NALT0N AD-PT AL Paow( k
YMICHET UTT PP0LE AG PhMPAL PavRhé<T SHT hrE.Lan(t
+INHPA =

OHA 9°8C° 11 AT PLCT NANAR hPPT 108t AGD-
PIIAe (PUIRIAR) hEPT ASE ATRILTN TN ARhGIP: 7z
NALAP AtAaN e+marL ALIPCHTT A ATt LUTT A“TISHA L1z
NPT 740 At PULFADT 2870 740 “I04160.8 FANGS NAtmPar
ASWPTNTI: ALY DLHU- AT hAhA ONOtPC 9°79° PA9° NAD-
ATLNENGT APT A28 o1 €4 YA0TFT ATATHC:

o  KWIANAC AU7 P9°90@7 ANAR €Tt AG ADLLT
LTLNOETT ANAR &TLIT U “PLI° LA 4. TZTF PN

o  ATLYU AOPLar® Ptd.ms hSPr: PPLe-P v @ AL Tahd
NPLE@- AAD-GCTFD-7 NANAPTT 2hhd e (hgPLC LM77
P RO LGP M (NTLhA) APOA LD AhAR
MOPT PP PPCANT AND: PTIRIE (PUIRIARY) (ATISD
AhSPT ALV ARPGIP::

o AMMANNC ATIEL hEPT LM TD &+ LH ALUT: £ LH*
A7 AL P90 LAY Gav IR (LIPY: LUTT TI0P AAD-
AL ALLN@-9P::
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e hAL PFmPaTT AT18P hEPT AMANNC P4.meTFD ACH
NTLECOT 296 - NACLI® (LT LUTII° TI0P AAD- A\B:
KL LlOMm-gP::

ATV OT19P PP NANARYTE oo Fd- (144 P1N4+ AIPL - P
ANA@-P7 hP@1F aoid: TPAPa: P10 AHU ATLLLNT NT1DICE
AATPTT ARPEOPTI® PR AfeT: AICA D9LPONF AA PhgrAhnt
AT ALSC ATLLTA ATINN 10+ ATE: LU 10+ AOrE ATIAT
heLAIP::

AU-7 PIPG0@-F ANAR &P AT ADLLT 2oLnOETY ANAR &P IT
U “PLI° (LA NATICP chPPYIT TEPLPA N7 £V NTTHLATY D6,
A7 PTLFA@: AN A9IPRD- AA° T1C TIDP OATPFATT AG: (AT
AT RO PILPLAD- ANAP P10+ (F ALPY AATLTA 10+ IPSIP:
LUTT &N YA0: (A@Pt LLF AL A0 74N 248 A2 t0@-
ATTANT:

OMEC @AT PA TIC -t SHTIND+ hheT TICT (WAPC: hadt:
ho7 A heved) 10« 090 ASOPTh hG PPLav: AQPT 17TmPAA
ANPTPODFO:  1IC U7 htaetet het @m0t IC U1HS. KT
PIIGOFD- TI&TF OFLFOI° (AFOP: 164.PF MEMILILT ATV
OPHGa:

Omé.C fA ANA Uk ACOH ONCAH P91.08H Pt (md.C AhAt
o A7 11C £FTE0 W18: Wi8U- 0& PT ALPCIP: LUI° TINT:-
OhPh-(F ePhhd P99.54@ 220 NMEC O-AT 0& 64 PTLOADT U
“G@2J° 0& - (vacuum)” Ar8eUPT LLCIPA “INT j@-x:

LU IME.C LADT ANA U P91.00HD- TIC I°7 K181 AP
PPN NHPTF CFo: 02179 LANGPT HIE “Ahd” Navqd ProPo-
htmetet Aet MmOt A APPATT @ AP7: GUIR AdET MmOt ACH
OGO PTLLHIPLG 071G F D~ -z

OAméC @OT 0LEFPT AhAT v-d NPMNATFO- 0990157 11C
(PLA) 85 APAN:- ACh: ATRY: TRHY: YCLT 0N A1 b7
ANATT POY.LISTFD- “CUNRY SHOA LA ET4A TN L300A:
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NHY hAhARD- AAP° +ALF O Apart 1@« PATIL avPo e
NOAMm- PTG N hfPT ATILR MADSTFDT UL AmT (9°7 ALTT
a7 102 APPANA: AT ANCHRS GNP PULTT A NAHLT ((LAh)
AT PTIN QEPP PNCTRED MADG NAHZF ANAPTE 2hadd:
PA91e Me®TO (19°7 Thivh 10« ATIPR MADGD 27LIIND-? (779D
Ahf@OrE A AhA QAA @71 2hAFA? A919P MPD-1T NA AhA AA
a8 eTLnat hrr: 8U77 “AA - hAhA AR SHIAD-T 9°7 1A
KIPem?

TYEO-9° k0 AhA (ANARTE SHF (Mass) dAA@- (@-(m- Al
AAOVE: QOF PANE v-tc DAOTE P3P MOR 10 O9PLLTT “And
A7\ A7L £7100 PTIMTC: A28 @Y 999405 W18 hPC 09117 P17
e (W7 DY SHARD-G AT 0972700+ Ah A78 AhA AHhAD-G PAD-
“PIC” AT VA& ALLA: ANAR APD- PaPT4 MADG (IAhA 2hadd:
ANA ALTLD PTLTC UPD: aPF4 W1 T LhATAN?

N7 AT APFA H18: O THALE PAT aomPd® LFAA:
APAA:- K> ANd: cbP AhA: T8¢ Ahd: A919P FaNhh: ParTdn
Ande: A919R Ahd: 1CP And: ARL 190..OHT. N AATIGDPD-g°
Ut 9P E 0990107790 0L9107T TINO0LLe  LUPTAGA: PFmPa-TY
LCN PAT ATMPPPUFD MALATT hG: APED- NLLGD-:- “U)AhA”
PN PO LTET NTIAIAP: DATILY NarhATT ava00+T A% C
ATPCI° (MHY oK &)=

AT 098 - ATPTC: OP8A0: OGO A2 PANATTE &0 AN
RO LAA: NN9IL O A& T AZLUPT ASONI°: fie h7a0T7 £P7
PILAD- MWAI® ATLIPGPD- AR 1T LUPTNGA: LUIP 74 PULPLE PUAT®
ANA @R9° PPUF And: hAD-GCDT NAD-T ALLLIIT L7LTA NAALY:
NeI® 11C 29210 ALLAT: 11C 17 091 (L ATE 116 NALAD- aoAPE?
Pa). eavA -ty YANTFT F ATGALT ASIPGAT: 20918 (LT chPPII° A770P
MADGTFDY (PFLFDT) LTI ao 71 (0F PP Adtand
P7eAh: PIILaPHT (99903 0F) AILUPII° L1094 =

A a2 AL 148 T121C7 RTC: NF°LC Ahd PN 1NT7e9°
ANA (LA (ATI° 201918 @L7I° L0740 A ALATI® NSDE): DOk
AAT° A28 091.0NPAND- ALIPCHTT NAATAOA TAFE ANTLY? A1
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aem-p ePlA: (FFAL NIMA®- “Ahd” 99007 PO AONTIS (T
aMPTFY oL P CANTANN 2T ALONTA ALPCIP:

APAA:- AA 2A0PT PO ASAN Ah ATL PP AhAP
watrt ALePOAT 2TAAE QACTIT A 2A0PT PP2mc A0 ALO-P
ASTAI: NATE o F0P PANT 17 NOVS AL PPSTFD- IPF AA: NANA
Yt CFO- LOA NF°LeP Avahrt AZLIPSOND- APaPAATI® HY T5L
AL NI PmP SLHGA: 160 PO 160 PN PHAATI® PAT
AU° AD- A28 WRTH 004 &F ARG CTFm- ST Al

av . PCE (LGLDI° ORTLMI°: (ANAD-PT PTLeMCST
PILwL.C AGLATP: RaP LN AD-1E “PTLEMC PTLWLCI (LY £V ALY
PILFAD 19°L4-P D ALY AL N9L.5G hPPT LIPTA:

N9 €ANES a@wlt AP0ET mOft mdC mPash: N59°
FANGESE MOt MEC AN GFm-: AIPATG D90 avid f 10 (ACTT
LU 17 Pavgt (0Y: R.C: AAFS 140) A7 N@-ONF7 Pavdt
PAUT MOR PADG APPNHG® avyga 1@ oo PHOAD  PA
AT10PD7 AA9® (LfarAnt: N9PZh& P40 OOT hAPPAT aof 1AL
+mePa.:

av8 N “PCR” BH (aPANT) NAD- &t AL HE DRI° AL Lavq
PS (LFe: 0913077 AGPINR 9P IMNPIPATFD- JPLe-P PAT ALNERTIO:
ANA A7 (@AM LA TIC v+ AOON PULANT TIAFTT 1@< aoANAN
A ANATHI® ALTCIP: (HU- ATAC: PANARYTT MmN PAAD: (XL
ANA/EZIOT ANd) ParaNAN 91L& PANTIC: AAHY +171Phe (9PLeG:
Favh(g° 1aogP)t (LIPT: AP MG avPTr ORI W8 LbP aoPTy
- GOETI® MOSTF BH 56N TINT 10+ (QUPT?)=

ANARTET WOt AS a0k (gravity) £atdds °C: Adhe:
MLP: NPT: vt A4 PCR ()2 QA TA AS QA A0 GF@-: a7
(Pav0 Ad: - 74 ANA - TLERA) 17 Oh(rE PIe00T: PTIRSMC:
PIIRMAT: LTILAPHT 1@< ANARTT OA TA 1@-E @240 17 ANA QAN
TA ATLD ARTOIx

av’g.n OO0 PTILDNTE NTLLAID 264 navdg (T 291.LCNE
299, 018.@-9° IP7I° ANAR U1 T1C (FIC8: +é--9° U1 QUC) PAANT 1@+
avN DOt O, N9PPE LATTA: (A% - +CO- v~k halt OC
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L PANT: ROTT PCR PP1 AN (€0 AhA) 10 ANAR hPD- U-v
4HH: hOF NF avypadd PULNNLD- @+

Ahd OLI° £ ANA 070 T175 D79° LHT CADTS (3 PTLLHDT
U PnPAAA: (HY PANA TCTHI° aPwlt hAtT hd&AT N5P0:- NhdT
NAMN  @aT AR o0F  (AhAE7:  henr4ekhae:  hen?
PThALL:. OHT) ANTLTLD ANAR SHF AAD<: TIC U7 LA
av-pitG A(CY7 SHT P0G (OF9° 9981 (0Pt &(v7 PFA Ahd
ARLATP: AL hhA NETC ARPMCI : APAN:- NANARTF holdémC
ATt AOE A.0M:- W78 U\H: 20T, AT O H1he AeBMmCI:

AT PPPSm-bm+ KAt AhA ALPmA: NhAhd @-OT  PAT
AMRTCST TIANARDT PARI® DA (TCFT AS 10-FCT PNOTT)
APAPE AOM- PILLT PLA 10 ANANFCTT Tl to ALLAR
PTCRGT MAD-G LTOAAL £9° NANATE P91LF0OP 11C A7L. AT DRIP
AL OlPT N1& W fhe 0L Aavlt ePPi-d: AL L7108 1M
NP MAO-GD-7 ALAP LBLA::

ngPLe-® Ahd O-OF PANAR MALT? 2999974 At NP Az
NMEC DT PANAR MmALTT 2999994 “1IC7 A2L918M4 ATAND-:
nMmé.c aAz AT 099838 1998 (LFCIP: NP RARD- ANTP:- 0972 APT
@ARNT® DTG0 268 (WCPP): &9 ANATFOT (1R
ANAF@7) (&0F@- R7% “And, - ANATY 1970 1A LIPGAx

PA91e APT (DRI° avAxnT) A7 ANAR QD AhAP avlnes,
NNTANFD (PPC FLFD hRFOPI® TINF ALLATC: AG: (H.U-
OF°L T T (LG40 A28 TIDP A TTFANT?

ANAP PALPY - 29922 - PHODE P18 aPANLL aPA4P PoILAND-
“PNC” (LSCT: LU (hPPT GTLT OAT LTLBRO+D TG (LTLD- 977
Pm-Ph?

PLI° LA QA ANARD- ML.C NH T121C7: hAv-? £9° A (1978
AGDe: a1 avLG1CT AN AAPL 9P (A998 NI°LC ALt Mé.C
OO A7 eFLNP 0NF (LWPP: LUTT TAT aeavpan ANTITTA: AT
ATTHOLETII® 099007 (1998 A7 N9°Le-P 1% hd 9PN+ D¢,
PADT U0 LUPGA: AAHY A912 (AT 99703 PavARht aPapAAQLP)
LUP?: U (972 (U~ NPT hAd oAt Abtee efAd:
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NANA L8 “AA9” ATC AL SThA  LMETIA:
“GOTETI AiAU-: KPP (1§ PANAD-T T4I° PAE,HT OCP (D1} AL
PIMP@7 AD AU~ ANAI® ATL (LSO LaPAA T0CE kTP A28 av(1P
oNe INCE ARTEI® AZLTLINANA 4G h2&FET A¥1CE AL DA Gh:
LPAIC &P W28 A chH A &I°K 104" 871035 - 7

NARAR AAI® PA TITED9° TIC ANAR QAT IDI° AAT® DAT (AR
AR RILTTE OYLTIPF (MAPYE) ASD-PAT: AJPAN: Pavsit (L
ANAP (U1 £7LE LWEAT 00718 (L LI9° P4 - ANAR ALY (ATI9P
AhA- £71.8 PPN 11C) LWEAs

“ANGR PP BaoC: NATIT 1AL OSAT OL KCch ACALI®
tom Eavc:: nP547 apAhht (NG PFOAS AL PTII° (ANT PAL AL
®av@ ACHTF M PTVNTFD av)GROQTFM-9° p5p> 1M+ P4LITFD° NCY7
A7 L& 1D

avd N PO BTN7T NATIF 1AL OA (1998 AOLD-: (H.L9°
NCY7 aoahd OATER PHwe- 7 Afu-: NIHLLIP &100F avhhd Lvis
PILPY CAOT ATLNAT Ade:...” B$h 20:29 - 36

2eh OméC (LaPAAG AZLtavAnt@m-: Nov¥»+ 9901 Pie
AT 91C18G MELTFD vtk W28 PP O AN P10+ 1@+ PRt

PAD- AL IFFAM@- P4 TC PANTANN 227 hut- T1C @O T HAE
POLPIDY A1t aoCIPC NALLANT: £ A@t 0N TIC ATLAA 10+
PILBMLM:: AAHYV: D& NAPT YA Hi0f hovdAneE LAP: A& Ut
YA 10k @L YP 0oLavs. @7 YA TImGhC LAAA:

2V v-tr Y1 LALNID AMHANNC §TLITT ALLTC I°LeP
PP At N8 METE ALPT &TAA NN AmPAL 4M6 TN
PNCOIO7: NG O, DR, 107 U~ N7A0NTFT A2L 7 ANFNTIP PUA
1@ AALY PoLEATY &0 VAT AG Q@A :-

o  AMMANMC LLTC AT N7783OP av 1L avPrys

o  AMANAC hHD- O9LFCOT PPk (&Ch  ACLIP)
ANPLI® ANAP PO chEPTT ALTC WILTLTAS

o ANAP PAVT hPPTT AOPLP 4.7C: NHU- 9L e-T7 1o+
ANAP AP ALLLCO: PSANT AT £77: NANARYTE 2901077
A58  AF AI8UP1 &7t PP IND-::
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&1t he hdd o,

Mé.C NaPHCE N4 NTLA ACKOT T10150E AAMEC AhAT 10390
AD(FSAE AN LT AT0FS AA AAEE v 10914540 A AhAP
hfP7 ONIPLC a0t 1822 MHPM ANPT @-OT (PST Ahat nold et
107 010K 9L OPD-T7 MPOT: OLLT ATLLMG hEPT AT PPLC
IO PG W2LAHIETFI® AD-(rHSA: NHYI® NevPmA: (A ACP7T Hovt
ADP AMPAL 19°197 197412 U GANES PAMLANNCT &MSTH APT
ATeMmemé 9LeLCA APUCT AT AATLTA: @ AHANNC
P99, LavANF @7 FIPUCT ATLTA aPNlGA:E PTIP: PP MEPT N
AT Gavd B avgt AL ANPTTIF® LOPIDT  PUN:
AN METFD- FoI° LOPID- 11C LA hAIPTT NOrtPCe:

PavBavLem- PP hPD ATTI ALmiIP: AL TEOPTT
ALATPT PULTFA - PO 1T AT NIPLC AL ATLAPMMA P7LONLS
YeMCHP 104 (LT7 §C: F4ml AS O HTT aohhd PAD- ARTE Mef
A2¢ AT aowld ULAT TS A0 v OLhd- INCE PTFIP: PR
mNe vc 11C A7L7LINE U-(v: (LHR@D+ TIOP 0991077 PULLeAD-P
RILANRCE ACA NEPL. LH ATD-PAT:

ANHG® PAAT® hHN OCOPE PTUTILDT ARTAP HG A8
LPNAN W78 AOTFETEY ATILD1T LHROPC TRt @9 AR Lm-go::
Alvt: U-ATF9° (ARTHROE PPIO-9° PALPIO-9P) WP TS hAD-T A71AE
Thed @ 0RFLI9°: HAavt AD-T OA1C A79728 PALT YANTT (Tt
1P (LP7 Agearnt A79PhC::

AP AND- 27910 TLCT 198G AONAG &40 @LTI° APE
00 APTF AQNTIC 40 AP ADPT FPTLHI® (HSOTT hAz

“AT0+F PAMLANMNCY NNC £G16(rE PATILI° ME.C PhET V¢~
POLHN=" arl. 19:]

A7101 PAMANACT NNC 514 ATNPFOE AT ME.C
PhBT ¢ OLPDE hGRPPTE MeOT PAFD- Uk (LALAG BCATTY
hrhé e

P ANAR hfPT U+ NAA AL VPO EI°C: NHo1evt AT
(PO PO 0EAFO APFAPOM) NHY LG NTA: P ARTT ACP
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AT L1FNGAL U7 TIC O9PLCS APC ONT  POPCNGTA:
NgPL-¢-R13T79° OQIC A181PANT PO-NGA::

072995  hHANAC MECT 0PN QF (W9°79°) HLD AT
PIOGCIID- KG (HOPGTFF RALIN 9°CI°C Mé.C NNCPrt +Bavl P
0740 22F A7L99.a0400 PLI° (LA MmEaPGA: T A& 11C A&t
NP LLme-d? LULA® TPE 1@+ hALIAP hgavAhht @L h9Crt
PLNAY: ATUYP (FaPAag: NECPET PHePt AD-P NAHECA:- AhAP
hOPT A8 180 He? LTLAD- aowl 3P PPE AALPT aPAN PATTTAT:
LUTE 8L (N1 AaPhTAP 9°CI°C +70 AT8LNFAT:

AT OTALE PEANE. alMF @AT NIAE oI TFm-7
ANGPANT: AL 077 (GAFO- +TF QAT NAA NRAI® A28 078 LH,
ARIFFO- PN @< A P4t AT ASTAP aTA: PTHALE P7aN
Qopff @AT ALI0 AAPLTIO: (U 1 (HL A7PAnt: RASE P4
AT T 090PHT: WE ANA@-27 AAPT AT £911079° ANAR (£0P
- PL4EP) IO NF APT ANTLTA: AU OL AA AAS AGPIOT
A7T°hC:

“AT19R MPPY ANARD-T (n710A) (LA PP ANAR MhPPT
Pr LAA: ATERPTFFTT v A0 91PN PTLFANTT avflh
AThEFA7: U &0 YA AG-TFTE ASLD avFnT (14L7AR av e
TUI1T ALTFAIC:

AM@OTI° K7L 100 Ahd - (0 F a°C (aPTTT) hANE P10
eTGOTCTLe (panaspermia) &7a YA P AP T h78104 PLI° (LA
mPA7 INCE 1IC 17 AHY 0 TINEE 27LP7 QAAPLE: (Mé.C @O TI°
PchPPTT? U N aoTT ROLLLD°1T G A ek: gV &0 74z
U-C7 TIC AS ALY AGIPII° (9.4 APTF HIL +P0R T AATTIO:

ALOFI° AL 10U A vtk 03 aoSC (aPTTF) AANt 0990
4773 @O AT N7IGP@- (TP AAT® L4.mé-A (L TC: PHUT &0
740 A@-PFPE NARTAR 9P 718 ATIGLN ALFATC INC::

AL7AP herAnF 77 072715+ (MAPFF) A 0T Aaeh7e:
09INGNC:- AMMANAC &Mé 10 AHANAC 00712 NP1k
NTTCOT 66 T LATEAL NAMLI® (A AICh AT19R PPy
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LUSHE @L ANARD: AAT® AIS 9P avdavy AL9°% (AhARYT
ehatte (1020 - £P) N7INT ATEIOCNT:

AIHLANDC AU-T PIPGRD-7 ANAP G T4t AT ADLLT LT LhAET7
ANAR &TLIT Ut “PRI° A" ATZTFPA N7~ AIHLANNC 7R,
ANARTT (FR9>F ANAPYT) “A7&7 hdmé (A: &7k (9PLC
PILTTDT 9P NNTD+ P°Le-P ANAR AT ALLTE ANAR hUPrg®
Az ACO NCATD ATRNHG K720 PLNTFD (W78 P4.MLDT PANG
AN AATTLETC) PTLADII° A N71$G 10

AMANDC AAPL 079232 AP (M1071L) PEMETF DT IR,
ANAR (TLANAR) MEPTT OFPLC AL @L LGP ANATIT AOMTFo-
®L1I° oL P (e DT MAT AP ALLITD<E 15 ML AAPD+ hAIP
qz NHI® APOATU- ALTE TAHY® Nde: @L HANATF ADNVFD Q7=
AT ATIDICOT 0801 - &Pt DL POL e T avOETS NANARTHT
a(kY (PTT ¢HIADT) N7I0@PANT 10 58,03 9°19° VN7 ch@OFgP
A28 °10-0 hhd\ v 0F ooFC (P75 ) AN LAY PTSATCOLS
(panaspermia) &7 Y40 999,894« a0l EPTF OGTII°: h@ D PHHE-0-
LT A28 A28 2mé.C mNF PPHSMC PPLeFT O-OT NF AAPPY
COTtm-A Az

Mmé.C nrtiep BIPC o0 +HIE etParmd- (PTLParm@-9P)
(LA KAE OPSo-Pt+ PLC NF AACPRI® AN LAA:= F80
PTCOTCILeT &30 YaN APt QA oAl NrarAnta-: HeOT haA
PméL Ahd aoM nTNF LAP: AMHANMAC hATIe  (havPork)
PLMEFDT MPPT: ARNAD-PT 7L 0T hFHIBOF Nndl-P
LT U ALLNEEA: LHO- 1240 LH: 2V 080 AHUT AT AFPGD- Pt
LG LLO TNk ALAN AL LPCIO:

NeC AL PTALE o0F FTRE (FALR LHEHT  OALT:
AILANAC OFALE LHET (LEPCIP: 078 LH (LLTCIP: PHALR oo
NHOE (A4 LPTA §Med-+7 ANAR (9°£6-B) P AP L7LAPTO-
(AT PLC ATAUI® AMWNE): ACHH NRAPTFD: (NCEPLEATD) AT RIC(
M &PGFO- ®L ANAR °&C TAP (LA AICA P7LATT77 9P
AATLEM: MPD1FFD7 NANALYHE aoht LATTFPA NAHY @F $LqP
PELTFD Ravpdfz W71 (&VFD 2Phetei FAnATFO gditvi
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nAFANATFD- gavpdfe: @LTI° AHF PLC T0TI9Y eTILIPT hhd
LLHS ANRSEPT LUPSH: APAN IPLe-TT9°: KB FT 47T P10+
79891 kavFFm- xhah vt LU 728 2240 MH47 A7L1N% NaPZhé.
2¢h tnPAh=Y ATIU PTAT PAhhTt NAMSPTFD- 498 OPtd-:
PLAVFDT ATt NorrATF D2 avdot AHFANTPRD- 0Pt 147 P

“hUHP NOVILAS ND PTEONS. LALA (PPLC AL Ne-PT avGeni
LA BTN 4140 (VFALTIE AO-PHG 2AMs: TITPHG LA PHATOF ATI°
NIPL:RIFET AAIC AT R LardniE):

PaBavsem- OARTL: PhPD WA\ heOET OMH 4+ ALIST
AILTCFA NTTIHAOI:  AP871e aowl 3P PeRPTF hdtavAd NivtC
MO PTFT 0L ADPF ALAMIIP: AAHY ULt TPBRPT Lolavy
NaoMPP: avAN7 WG D &7 Aaeamt h79°hC:

= ANAR MeOT AT ASC FA A 92

= 9] ARNA hED* PTLPT TT1M<?

= R PHOBTFDY 9PUT (AR ANAP AO-PFT PG 1Y
ANPLI® ANAP LAUT OA MO 1NC OL?

= (LGCA T Ah-?

PavBav PP IPLC hPPT 0N ATL (AT 143 PavBavsPm-
OnbSP W18.0-9° K138 PO i (WAD) hHS wart (LU “1AL7 oot
BIOC P14 PaPEavsePE KANAR MPPT TF@- (LAA: &V BT ALY
SFAA: TIC 17 LU 0P A1D1C ARLATPE TPNTIEEIC hPPT hHI® N4t
L%4% OAING 10 WI&T? ATLA® aPAQ PULNFA@-T avh 9ot
AG Ot @-A

£ PavBavsem+ KNAR UPA (MA) 70 INC TINT ARFAICE
F7TE AT8GR 106 Quk L AHOPT NPLHR@: A8l 70 16T
ALTF ORI &0 VA0 P PN PFAFPA: Aot £F7 QA AL (LA
A8 HPY AtAPT Wravdhdt: A9 hCAN OhPO-1E NHP? N9°7
FrNTF: OF7 QA A7 A FTA £2LIT ARIPCKRTTY 10 hivk: “TAP

7T yeh 2t 12
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RURAP TR AT ASONELLAY! DHY MG 0A A7 A 04T AA AT
£A AA QA WL O INCE....AT° INC.... AP 10C... 2

£ e QA ATL AA NP eM? (@M PAD<T PO NP
ATTO? R 7 PUA G U1 A8NA? AT&T0 ANA FA M-
ALFLM? LU TEE PRCET ThFeT QA A7& UPH (AA) ha oI9P
PDAPFP DEA (-0 T AL: LI (LA PPLNGTFDT AP0 TERPT
OTHPPS 0718 RINHA:

hPPT COVFDT NANARTE Phakt QA A7 AteT NPPLC AL
“av 30 NEavd (1t LH E9°C 1@< (LOA: 2V PP ALDIC LUPTA: TIC
T7 (ARLD- AAeT 299832 hPPT L5407 &L Uz AD-9° spp9°C hH
havBao e+ YPA N4t (PP oAl TETE WILPIN? 917 PO Pz

Lt POUTE 1PLNCT (elements) QaAet Omds-P
ANAT Ute ATRILTT: ARTTFS NHIF@-9° tbld. AT mPO?
NG 3800 WILHU-9° (HorAag: RIPLEP hfPT A1 TFD hahkse
E9°¢ Adh Q@+ &40 A8 H A7 U-e: NATT19D-L7 avhhAI® PAD-
NHTS ALTE £7 PUA ®L79° hH (AL (LUP7: NICAI® HZL: NAhAP
APPTrE CTNAETI® 7 PUA (LPHN? QUTT 917 LM Ph\:

heODTF ANAR PT (9°LeTT avlOt PBavlm RiLr 1m-?
A8 0~F A He@TF Ot PAFIP4GA: PIPCDPDIT NN
PIOYARDT A NGO LINGASA: AATPLMCN TT7 10+ 091904872

haa A%28 ad (UPQ) PP “TIC7 ASC ARTA® ©f? AT
AP NANARYT @, ASC AATLTA “TIC” - hA AT TI00TF7
ARPCIP:  PavBavsP (ATE OA MR aPPT AMH: e hAnD-
R8T ALCT BNAN? TIC U7 W8T MOOTF TLM ARNA? ANAR hEPT
NANA ePPHt: (ATRE: OTIPR MPPT “ANA” AS NAIeRTF “TLT”
AUr 0ANARHF R4t N7 OL YeTITHPR ANGS LONGASE
0Lt ATPTA:
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PLC MLLA ATLLME hEPT T2 PG ATLav8t: U-v: NIPLC-P
ORYI° MELP ANARET TR T84 AnA@-7 (TLANARLET) (ovFF-
(AMMANAC OALMEFD) LUTT oM +avi@- DL IPLe-P AnAP
M PPt AILTAOME BUTY PP chfPT AaPNT - NATILP hPPT
Peavs aoPy AAOT P90 &4 7A0: (NAM ATPLANG ©749 HI&:
tav g TP T LNt ATT ATMER A FPTFPAY:

)
2)

4)

Nu~7 Nét P14 PATE PHC aP8AN ANAR AhPPT NHY AAI® AL
1050 0P A7 LK OF 1I0C 0L?

A7 PtoaT OPt HEFO- Pmé WIS AXPT v PF
atrknh FaAND AATPMI° DL? ATPAN:- ADLLT 9041
U5 ASLSHO-CTF 2oLNT19) (LP7 +aPAOD- A78L4.M4 I°7F
LhAhATPA?

NACIAT AT Pty 1% OAAAPOTT:  AM4T Aat
Pa9.09997 avgt MEEAE PTI° PP TPPT WIAT v
(L7 NP APk 10 380 PPPT hPAT he-AFO7 NANARYTT
(Lhivk: %90 AATTS NAF@< (ALT 10 AT8: hO- 13 Fo-
taé ANAP PAINGOT (MIFATFO- NF 0L AP
TLANAR P10« P40F - PTLTE0T) LH AANTNLIP (PAT°) DL?
Navgavsem- PoLe-P ANAPR hPD* PThe: Nh@QDF heOT
AL pATFII° (194 FOTIPHGA: PP ANAR QALY
aANTFO (WNTILPTF - X4 ANARTE - TLANARYTE) Av-?
hPPT P10+ 090,64 (LG4 777 PO PAN?

PAIILANAC TON MA@ PANFANN hAd @ PoIehtt
@y WAt (1A78 M3 e+ HC @O etarHIND-
HCHC PANAR hPD- mOL (genetic code) avi (9P
LF0PG &G (LAGCE QUTIIP & A28 W18 TAP Ph7a
£l WP ALCTT MISTLD-: APS AN NF RTIAD- 1L e
O e R (WP POOICT:  ATLTRPT:
Lo .. Ot hPANT aopto- NLATFD PaeFo-y HD-
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6)

ARDT ALY FEP (AT UPh @AT LT
PANNT AT 10 SFTIF?

PTALR PO HETT W8P Nt avf NAL @A ALTETY
awemC A= 1IC U7 TP NCTT AT (PAheaeTI9P
APLH) ch@ @7 aoavpolat RO N T2

PPl T aeOit (€ TLT ARPT NHAPT ADP F 10« Q7=
(hPD- HC @OF PUULTF 774 NCT AT 10 hPat?
AT OE? W8T NGAFD- (J NFFO<T7 LHD- - LATFDY
FAD- MPAT AP Fe? U U+ 427D (1P aP 718 avIAR:
ANV W78~ QUTT T Aheer @Y AmTE AALAU-T (LOA -
AP FUTT 997 Amu? a0 hePCIO:

N0Ae8, AG ONTLvEE avepP LAt hetTo- L8
PHeTCT ML - PANAR PO mOL (genetic code)
MAMFA (LAAI AT P8 A7 b holhael (DNA -
deoxyribonucleic acid) A&+ +T#2 +Trt@-0 (AO-rH
RICO: PTLwset ¢ ICh F 10 @L? T+ YT L7
ATT POTLRIDY PHETE PPOMLE IPR& PO T

T PET 00T ACATS (chl P7LLOFELC AMHANRC ATPANTTY
A999P hPPTT LTLLTCOT - AMEC Vv PULEININ AT
TANAR 764 (LSC 917 SD-FPA?

RIANNC APPANTT A1 hPPTT P8P ANAP NAUT
apNFo- (1A71eRrT - &4 ANARYE - TLANARYHF) 47C
(hP4.ml): MMEC U+ - QAT PPLETI® NANAR @1t
A19.5% £241 (9710000 (LUP7: RUTT 17 SO-FPi?

nAL PFMPOT? AS ANTI® TPRPT: NOPE 2LL07INT AL

KBAPANTP: BALII® ARG AIPHFT (Y891FHT) £L5146 Phens o1,
0T HRL, DAV BUTT AL ORI AIePANF AT

&1t 0071°P 1h

727G M40 ALS 6 PP1@- LI, a0 188 1M+ NAV-L AOih ACN
CoT7 AL POt “ATL ITAE LTI ANG- APOT (LAPT Gav 7
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‘A" A U-EI® DL PP harAnh T LavA(-Gh: NZA0 adt
PLAAID- AILWPT 17 WIG ALOF PG4T “ATL” aPIPSF®- 10 hhhd- AP0
ALY Gavt +28 (LPapme:

GPLt “Ar” (LPY: Hoavt A@-7g° 0o70RC T hivt (LIP7: BV
A Bt ALY STAAL 9PN70EI: A280 hAaN: méC hiHLD Al
AP0t (LAPT 9aovdt PRFA NAD- 29109 ni: ATIVR APTF
OAMANAC &MSTT 299.09° P AILANAC ANH (LAPT Gavdt
(LLTC BL1A TINTT O PLCIPAS 10

Gt hoen, (nT78300 AAI® - hATIL) aPPPRT ATPINE (7N
hIPL P ANAD-L7 2LPP (1919R AN - %4 ANd: T1.ahd 7°SC AN
ANTE GPT “0NTICP LH PPET AGPINR:- “O919P LHT W8T
ATINAD-?

A0 (A7E 0Pt TOAL (AT OPT ONTLIF: PALD-T ATE.
POLLAT “hPAT DI (ANAPD AA° ATLSC (@~ LH OL4T NF 10+
PILITLM-: PLH, MLLT VF av Py 1@+ A7 LT LNLE M- AND- LH, 078
APmer, LA NF OATLLas: NATE: OPF A8 LCLT 14290 LA
PTLEI® A0 N PLE ASNMC OC 10+ P97, LHICLM-::

ARTMANRC §TLT “AT%” 10 AT 17 AP QA aPhh: 10
L9 A MHANNC PALDTI° POLLETI® AL, TIDP AN“LTFA: ACH
PALDI° POLLAEI “WIL” NPT LTAAx QU TINt: P@LLAT Ah
K180 ALCT “he e\ - 0N TNt 1m0

ME.C NLANANNT @PFH° (LWP7: L @LET NF £AHA: ME.C
AANAN OLHRA LavAdA NA: o (4T PTwed Uk ATEANTWE
LGN TINFTT 10 mdC N7LANANNF LHI® (LIP? Ahd head @F
HOCPCE (entropy) APovs LPTAN A75.: ©HANL NCHPS +avhn
AN MI° ALTH ARUPTI° (A(vE4Y Y@-0.7°1 2005 12 116) =

0L  NIF ATLAH ANAR (@ (A LH PILTLD< FCTI° D7
(LP79°: A FCTI° PAD-9° TINE ARLATC: LH, OLAT (IF W78, MLAA
ALRLI® A0 LUTT TNSHILETT ANAP ANTTFT 10+ NANAPRD: AAIP
aTTHG avpdat AAN 10 PLH 70 VAN A78U AT ATLIPGAND- PP~
APAA, @TF LAN (LY AAT® 18R a0Péety AP P18 PLH &0
740 POALADA: F9.0: Ah MA@ ALIPC NTLPlam- PLH &0 YA
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aow/t Ntavd7: AOHANRCG &7 TT FFALR LhET dmd hTInt
OOTPC A AT WGTI9P:

71C 1Y: TG aopédet (AN HAATIP - 24.M6 - PheTLANAC
AG PHAAATIP hPP7 - LavARRE - A91PP AAT® DT PLH &30 VAN AT
AILIGDPD- A PT AeTAIP: AILANNCI® AdGS A9L) QAP AT
OLLTG MLAA PIPIND- ACH AT ACKH ATLTCOT ANI® ATLH ALPTIP:

AF L (o946 AR PMC PANT AIBAD- ST PA aPAGRC (LU
ARIMHANRG 172 L A28 AL 1T REMEAL (H 170 OOT £A U-AgP
TIC 028 Lh (DLPDr) P LUPTAG:

F8.0: 0L 4AT 09100, hIPANTT 01107 FAYE aPEMC PP TPA?
NHG AIPOE avf a0 07 Gav Tt (1hA PAD-T9° 028 LH aPEMC DLI9°
LTC ARG hOLF2 &40 TI80T PP HPA?

AALE O FAM@: PU-AT AAT® HCHI° aPwli: BU PHLEDS AT
PILICD AAT® (ME.C - (171R) PH4MiD PHG AP0 (LY Gt @LTI°
PHS NG ATPOT (LAPT %ot (LP79°: 8V PTLPMAG P770.06m, 10
A7 h2109°:

“DAMANNCI® Ah:- PPRC hEPT FTLITT AL O @)
(LA U PANLANMC .28 a7 ParAn A= “Wr9.0-9° U1 (LA R°
L CkT avd A9° Lavhhd:: NCA TAHH PPhe: TAHH AONLLAIC £40
AL D710 0L Em-: MRTIN A1 A2 L PTIRavh @ PAIHANACY
4.8 - Ho &K eI°GPM-7: DLAT PILLAPD-TI° U~k ATAND=:: “(1HY
L P (LOA: ARIHLANMC “£7 L (MHTF 75 0%T??) PHeaa (LT
AT U7 QACAT P9°GRDG PPPCOP@- (A10F° PULTADY) NTLALY
qavgt AP PHLAP®T AF 10 TP P TGP PALD-Y
PHLM-TG POLLET (LPaANT NF 10+ AT 099107 AJPAN:- “J@-T)”
PILAD- PA NATE NTOAT OPF EI°C POLL+T PoLeavART (LUP7 10+
A107 0T FAD

“..0 aoAhI° AT “AP7. (LA L7 04997 avd.A9° (LK
O-OT vt (OHTLALT Govd+F O-OT) aPPRT LIPSA 71000 ANF @
KA NG hHE ANC (LAPT GovdT (AA P94 TLOT U+ 078 1H
a0t O FAN AT P9°G9°7 NTPT: “AP” LA 05 A% ASTNMC hAdPY -
21050 AAHLY PAILANNC PO TEA° - “Wr9U0-9° P12 (LA: PAD-7
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TATHG: 0D He AT P0D7 POLLET Utk ATRTLEMPON h&CT7
ATOONLD KTTANT: PTLNTAD-T 9PAA, NAKTAT Riavhht:-

PLAT L7 TICLI° haOE NALRIPG NAGT: NhG dPDAL T (@~
ALDP LTUTFAD- AFDALS NTOALT (154 10+ hH (&4 FOASAT LOA
A%+ LU AO@< A2109°: TICLI° avdAL 7 hHe N (LALT Gav T (4T
AMANRC PLPLOG PTLMPM NP1: AIPILID WG AT 701077
PIICPIPT PHG U LV Gavt av@AL: AF R9PGAT@A? 70995t
AFPOTF UY: te NPE TICT AdLO- ANTLES: hHé v-0T LY Govt
&t - LI Atd.mi: NAMANAC 00 “BLINT" LA

M7 “@23" ARIHLANMIC I°F 10?7 K& TICLIT dmi-T QTA
ANAP PSS FOAL: 10?19 A89PT hPT Pkt havrl o Fo- (4ot
PILPIODT e AD-® AIHANAC TICLIPT “AND N A0 OH.L7 LH
(WL 0&T) AMANAC TICET “NAOT” AT8LETEeT T°7 A1RD-?

MACIT AT P27% FC AANT: AT &Pt P9PIA@- NAhA
aI\T7 (aPnOFT) OF 10z &L 0PN LUTT NF APT 10GAE
hH @n, AL1079°: FULE HCISPT AADLLE  RAT hCI1D-
PILEINR: AICK POLLET ATEAL ALCID- AATLERt hUP1: ARG
T AICH PALDT ANT @0 a2GIC SIPTA TINT 10+

ANz T QP T TICLI° hardAL, hA2e (LY Gavs-t (144
ATI0P WILFA*® A187L PPZ MG P&O PPOT LmeTIn (aPH. 87:5%
aPH. 131:13-14) =

RILANAC “BG7 7Y W78 TICLI® AQPLI® “hAONT LUPGTA:
NA07° OCA- LH (PHSG ANCE: avf @RI (Y (LALPT Govt.) TCTAE
NA7 NANE: AMANRC “AG”7 PP Hovy APT: “AG”7 PHE Hay
APTF: “AG7 0L4t Havy APT AQNPLT® 4TZA NA: hhhu?
N0 YA AR OMYP::

48 §@+ AN ZP7 (LGIC TICLIPT hParART® N NaPLIPLI® AP L 9Pz AAHY T4L
TECF 0124 aPRMETT TN LMPTIN (ATPAN:- ATFANI® §7I (aPIPUC):
1988” M H.t.::

49 paycego egozt “DAT” NAPT IC (LIPII°: ACA7 PPYLHI® AR 91.0LCT Ohéds
hdts:
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X hG P40 AMHANAC AD7 (APAN 4md  LAA:
AMANRC AO7 0.0 A8 QAN ALIPAAD-IP: AAHY A@-9°
L&MC A°ANT avie NPtz © (avfavs@ ehdml A@+ ANAP AP?
AR TAIP::

580 9990 (AP ANAR LA £ AMHANMACY PoPAh A@-
ntémdé LA TINE 10 907 PUA LH $02 A2 PI° AP STAA:
TALT OLI° (ALY Ga0TI° A PT STAA..:

NHO7 LH CAD-PT 1857 P9Lhe s N4V L P9LA VA0 ha-ri
PT LITAGE LUTT 8L - AIHANAC A0 AQNPLI® (197740
A1LL.MLM- P9 PavAlrk: PAP YANTFT ATLWANGVTFD- 0992877
PN ATT PPZAG PG PPOT ATPANITFDE 9P SETT LATIRY
NT9a@AANI® (LIP7: N99PL-LAT° (LPT - 022 AT (LPT - NANTT
OR9° NALI°CATT MR, - HAAATIE P10+ 524 IC 17Tt AdPEMC
(928,01 LLF hGON@- ((FHCTI° A7 MA):=

" ‘A QAOC NFweu- Lh: RhAR OPLC I Otwieuv- Lz
ATPRE NATE ANTWO49P: PAtwe. AnhT AeTTY ARTE
Ptemé PTE vt A2& AT ARGC NIPXAGY Tag:” av,
139:15-16

= QAP A22MC N&TF $4AT7: TAATG PA 10-C NFPC LLCTY
H2L ARCA: 22m7: NALAN NCARAT® A28 4.9 AACH ABT
ATPT AAPLT® ONT7:” Aodo. 15 4-5

" Ak ATE ATOAL U oML PIWATE TeCT DA%
POLCI° AATPI® ALw4: NHAAAT® AN HAAAY® &40 A7t U=
(D7 OL HAC htarha9P: La@- AS PR+ FavAk- FAAVE (LY
qavt (14U APEAALT AL PSR 7 AL AATIR ROT
10-G:: HooGF (&Y PHGR SPGRE N9I0AS9° A28 VIC PAGA:
7 avH. 90 (89):1 - 6

= RPAY a0EavLP KDY 10-F PXLPUIC €CL Uk AHAAANTP
1@+ av, 118:160
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InFPAS

N 9L Goodt BPE QINLO<T vz N9 ATE: (MFenOeR
AP TINEE A9V INC Nde avf aof 91T hGFAIC: PTI°:
ATaedT7 @A7T hS aPmT ATLAAD- 097007 hhhu-? S 1.1CT0F 0T vtk
ML A AG108A T

no-te AOPLP: (oo he P40 Fhothhde oFPoom: PLH
$me7 PIgaANT DT PETLt PLIP thtd:- havBavsem-
ANCY7: A0 QUC ANAR MPP7: Al 2200 ANAR hPPTS hah
A+ g MC &40 PADT  AGAND= (ADH SV: (1A8TAP
AD-P +avg.9°07 NLLONTVTF D &Lt PLI° +ntdh IC IOI9°
TPCT h7LAAD- LavAnTA:

(PPmA®: (AT °LC (BANE) PTITHANT 0T P8P
Havg+ héMm( (Geologic Time Scale) ag7a® 1%
PILTIAT AALPT: NIPA 124 FhhA 10+ NHY T 9°2C HavGt
Ag OFHCHG T avd PRINAT Pet ANAeTI® NALT 991026
PILRNM®-7 PUA Thhi 10+

0T °LC HavGt AT rnPaet AXPTS AAT v-h NPLI°
+otd 0ALTFS ONHF ao(ghd-F@- haoPaL: IC it
aPeIIC PLOAMAE PTI° LV LK (P01 PP Hovgt
ASNIMC) P19 AN D §PLIF QANA PRTROTY
(PTNAEOFT) LH 10 A78: OH4MG0FT LH heLATP:

(HY oZh& rmPa-t? avs a0t NSMPANTFDG AL
NThAVTFD: AMANAC §TLITT “00C0TF P61 47C
A10L.L NTLAD- A1 FFT IC I°19° Pl hParmge::

hANARD €1t ANPLT° AOHANNE FTLITT Ui P4.nlD-
MLt “PS (LP7: NAR7TNS (Y2915 PHémd Péz NHY
“bet FFOA AT PO OF ke PmE a7 PANTIP:
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PAD- 7Pt (LG NME.C U~ OC PFPPH NPTz PATE: AD- ATIAIP
NAA@ ATIA OC NPCN W7L91157 1@+ P99 mpar@-: hAZL “IAGN
ARIPE PILavieRr PHRA P18 MLAAD- RB8Ax APT ANLD: (L§4:
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MO AP8ATF O AGD-PAT
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“We do not need to explain how unconceous matter
generates immaterial conceousness, because
conceousness may not be entirely immaterial, and matter
may not be entirely unconceous” Ervin Lazio 2006 p. 53
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NOE “INCE PFL21m TINCEE 08T19°: (MA.C OO AN, 057
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= hAZL AV hPhF aohhd: A79 T Dl A7 OHEGLP P9 THC

(L0 A28 TAzt hFM9°: QUET bhIS TARt Pol0Pahk
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A0- 20AA= (TenT14: NANARD- AD- (NIMA 1§40 ORI° AT1PAFT DR
2C) PAMLANAC P70 ATNANT U-ATE AD<7 PH LCN @+ LOAA:
AD p-te 14795 NP0 U-AT AAPT: (AL T 9of Lap1ANAT? mOeT
LH ASC: ATATETI® NIPL-PrrE ALLTANCP ATLAT:: 17 £91.001 A0
NoPr: APPLC NF A8ATOAT: 180 ATOM avY v P71 458M- L
(972 aPET AP (ALaPY) LTLA: £1 DL AR: DL AL 7 LharAh+d-
O-OAMNP A%t AH N ALAOPD-: NALTINI° N787ITTHI® W7
[ XA

MA@ AP ANAPRTE OO v-At PLEPT Ak (LAAL ATPAN:-
AT 140 Q78 QA (0L AR)E 924G @ (1A (el (DL F+F) - gV
7A0 @ +$E1.PTT 19P0H avg. M7 ATt A78: (AN Pu-ATHrE?
MmN AGPINZ hLLAIP:

TGO DT LA EM-C U IFN AADE I1E€A ANAT
na0-Hrt PULAD MO 100G U7 OEIXNA 190 AN HAATIPTTY
(LPaPANFIC: hP@- 10 (AA aP74.0) ANA U7z PoLeaPANTD- hD-
PAINANACT P40 OAPT: HAATTP -
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Pt PaPZ G PO TPOT AD-T U-ATTT: P1€0S aPYE.N9°
AL WAPPPT P91 meaP- 1P v:-

o “ PAIANNC AZTI 20DF AT AZT avdAhdF A7
A% NPl M-KTFOP° U+t TLAPT ACATFO OAS: AT ANNCI®
a0, 10D+ AL AHAAP® ALTCI™" hC 27D 10-GF HavGEgP
avf Y@ Gavit CIPGh AN:” HE.6%1 -3

o U0, 1T FNNLPAT:E aPUAIP (APPAN N9oLDE vt
FLCONT.” P47

o “ChLANNC U0 &METHE UTI° PUUTFA PAIPAR A0TT40
heOTT Am™:” AP0 33:4

o “RCO ANFY DL L+ (LAPAN: aPW.ATS AT Y407 DL G
Lanan: 22 Al v NATETE 2méd: QD9 0L Al
LavAa:" A PN 34: 15

o AU NOTF® PHAR 1GAT AP L6YA: Adh (978
ANNLLCh &40 ehak:=" %Th 2:39

“ChALANNC AETP PADT AFT Ad: Ak PTALE dPPGTTFD-T
10+ 099 LavAnt @ P ALCT ACK 20 130G BAN: AT19Y 9040
PAAD- Q@ 20 F 1@+ N 10 (N1 OC)= Ad- av N hrtafo-
PILPLD 2 PG OH 0 0@ AT PAPA 2RO (190) NF LUPSA TINT -
(W28 ATNA)=

“AIALANACI® 3.0, NAD- AL AHANI® ALTCIPE ACh 20 10-G..”
LA PAMANRC P20 AT NHY 20 AT ATL9.AL N9AX
POZAA: AIHLANNC QDT NFPANTT A28 PPAAATT ATEMC (LAF Al
A7 AEOPAA aP&€MGT ATE.: (A (Ngvahy) AT OFT7: ORI Al
(LEL-D7: AT AOTLHT? @R A1 NCAT: AT FhPh? @L779° At Pihy:
AT AT @790 A HYIT OHF. (1220 NaeIPAN ALLATPE ATMHANMC 70
AOT7 ARIPAAIRG: LavhAA NHOA: rhmPa-t @OT A19777 LaPAAN
ALOA 1@-?

AMANNCT 0272 A1aPAAD-IF ACAI° AGT 120 ARaPANTIP::
PAHA NG 222 LAY avih-: ACH hdmé-Tm< havAxht9° APT A
(L2 AT 9o79° R9PCm-pm- 71C PAP: TIC 17 Q@+ @A 7LTC
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PAMANNC %0 AD7 2P F LAPT: hPO- 180 PAD- (7DP
a4 AP PUPY) - AN ARIPC: OA P70 ARLID: aPFE.0 927 WTRILIPNN+
AUMANRCI® 9°7  A2LTLOP0H  PILeD-P  PATP: AT PI99P@- -
NATMANAC ATPAN OTEml LbP PARME &mC (a97.0) BHT (P17)
PIOITC - PNOCT 17 AT APT =

A< 078 Af-d QA PC&X AT (AA QR £99° $CR. 29703 0P
(@LI° PC& PAT) 10+ NATIPE ML PCK PAT 10 O7A: A H PO
(dimension) AP9° &FAN TIAFT7 1@< LU DPY: hahk -
AP PO, ANACE AA A AbeT P17HOL AMOT (LFGT3 077 Po1900-7S
ANAR PAVIO7 AD< A B 0Lbd PRCIPA: NATC: N&ALT NAATIP
0972108 ATLRT POLAET ATIPT PULTA: QU A@- hé ANAR OF
ALLAICE K8 Ld a0 U.NT° 1O-Om BTLPA W78

MATIHFT AIFC: vATHrE TR avq Aavq Pio-
ALAPMI:: N3G, 0§75 avavA\( 25Nz NI°LC-PrHI° 1P 190 .APT
avl.pPp ) aoMD- KL AT WPF 10 PP HPILT (tavhm
AHErS L7G: PRADLY® (teram ARKAE  (AT%U9° 0909
NPAANT (192780 ACPPD L%%): MU-NEI® APMBY, avibd LT LNz

NPLe-P1FTT heAPPT (9P%.N AT AdPA99are:  Peav
U3 P T aoprtnnd RTCOUFPA: ATLE P&av v PF 009 Lavhn-ttz
app\ng° gPNCT: &PCTE QAP A2 1T OLTANN: 234 SFANGTPT
ALUP7: 29°G A4et9® NHATIL: @L9° (HOHH AP Of avaAPrt
ao@®Ms), 0 PN LALPT SUPG -

AT8U0 PAG apANTT N ATT ACILANACT AA“LIPAA:
o (hhAR) ARTRFTT vte OAIC AR A2 ATET RTAd:
(Y NF La LOAYS: Thd 3 TF77 0L AMANAC U0 hPLLTT
ATPTA:
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11t

PHU 9o h& A1 AN NOPZAGE P40 TPOT IC: NA IOI9° Pebs: 17
AT? hOtaH OAP1: A2878 X MG PPOTT APmPNII: YANFTFTY
APMSNCT WA Y AU<T9° (HU- A TP PAN T

“WIHANHRC AI°ANI® (P70 P (%L7T 11F7Y ThA: f4mLd-19°
AD- NH.L ATLD:" HE. 2:8 LAA:

2V TPO: AMHANAC A@<7 NATIS LTC NF°LCTT AL A TAD-:
POLPNTT A76¢ NTIPANT AAE: OO PHEmlNTFT hPavAhrtge:
PLMEDIP® PTLAD- PA PULLaPANTD ANLANRC D7 P4.MiD AA
PGl AOPY 0=z

adEhG P& NFALE LIRPT A& PFALP TFCT® AL
AATLTA: (HY NAZE PA AL (9parChH @FL wéd, Ol VAN AD-7
aodo st L ALLAP LOA LIPTA:  PTIP: @ PH4.mi@- N1t Pz
1H9° N9PLC AL NP1 A@- PHLML@- hHu- N9PLC AL 10+ TINT (-
7 1t NIPLC AL ALY S FAA NARYP avav .av( @F A=

A9 WP 220D CPENT Havy: 198G AL H&: ACT Pmiv:
Gé GG AHhdvk vte AP PO P9.0A PHFLLLEeNT Havy
4= OHY Hovy INLO-F 266 N1rt OC 99aPanAT7 9°7 LHIP
ngeco-Pm- ¢ QAT 10 ATE: 01rF OO h9P0 PHAR: AA T4 -
NgPee 7 09987 11C WILINEG AADPIIO: 7 @ /26 hB<l L0 P7LA
P17y ALavAht -

“ AUMLANRC A°Ah 203 hTLTI0VE 1PH* AQOM @+ HE, 3:
23 BAA:

250 - 004 AP - M4 POt avf Gav it AaPANG (HE. 5:
24) O 1CFT W18 tavahrt: (ovst AL -0t AT AAT® A4
Navgchd. %h FFL2I7), H1AR A NFRLD O-AT ANHTD: AN a6t
P PML. LAPAAGAE 17 ALWPT STAA: QUIP: PGP PII.aPAN7
PIICD-PDT U+ 6RIPC PPET LALA: ATPAN:-

5 18 TNt QU2
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o “. 07 LRI LUT eHALNT v-APGR WIenTTY PtavAT oF
PLC AT FLmlF: o0 4190 €A (avhhATFo- A9
+é.meFe” ¥$h 7:31 - 33

o ‘DL ACTe OUCI® RLU-: NH.LI® (J oPu- I Hembobh
N0 aPAAh DAL hdéd, 2L NFCTrE® oLI+ech 11t
aoMy-z:: Y AT 09.0: NPT FAAST AT A7 (L
NPAD- AU~z NFFD-9° P94 AT FAAST GFD-: NCYTTFD-9°
NH 102 A109° L0S..” 250 8:20 - 22

PHACHATFDY AShto-d: eUT oHalhT: euT  otdraoF
PILAD- PU-NT AATTTT aPFC POCAAE BTN haCTe QUC OF1C &P LA
PG B8G TrE @0 10z NHYP 266 (N11T) LeNG Areh P17 Af:
PLP W T APN&IPE AAHY BTh PTLIAAD: AN AA AAT® LUPSA:
PTeN% AT T AT 27L.AM®« FCTHI® vte OTrF CATT (ATPAM:-
aARRTT) PILLaANT NPT aPANYYE POLLDEM- AN T1T 106G PT004-
AT eoeavaht@- (HU- NFPLC LAT7 1LETT 10 TINTI° LFAAE
RAICA ALY AeATID- AAIP P90.004 TF @Gz

OACT 17t A998 ALY AU~ ao%t AR AP & TAAE N9°LC
PILTC (PFC PUUTA) 79% (AhAR) OF ALUPT AATLTA: OHTO-g°
IoOC AL aPART (LAPAAG-NVF: A@-9° 190740+ NF PS (LFCATNE LUTY
a7y PO PA?

“O(2” - 19 £ £ HES AC P 928 T ALNPA 04712 15 &
nPLav hem+t - NHG APPAT aoh 4O TLALT Gavdt (&t - PAD- AS
ngeeC AL Nov%da- F (LFCOE LUTT 917 PO-FPA?

Nerghe P40 PAA OA @71 14T mAP  ALCT?
A1t LI AT AlmPNID: LR 02FDPI°: h49°G hPT?
270 NAMANRC AIPAL TLTLPA= ATMHANACI® aPANT QAP
ACH DALAT OQtPC DR AN - 4G (PCR) ALTLDIP: NAHY
ARG P OTrF DAMANNC IOC AF% 0P hANINGI®:E  PTI°:
ADP A@ ¢ MC Ohebs1T L1 ANz ACK 4PLD- LHS A% T 07D

55 11980 Ah9°: 4 P7ADT PO Tind LAPAE
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LMeTFD NI LU AYLTITHTFIG ARIPIFTT FAP 806 P9LPT CPP
PA A@ T ALP7 & TAA: AAHLY NHYI® N710: PO PAIPI 17 LG 10+

A99° NLLANTF ACO9TY aPw/lt wets P 26T 26 LA~
“hgeeC ANt IC ATV +CE” Tk WAL AICET hP4LL4P (L1
N 20 PLALAIPA= LUTT DA A“ITTH ALhI®: (e - LNAS
AT21G9° 220 ALLAPOT: AU-TI° A (LNA - U T19LCT 2.+ Ahh
et 0 PTNFA: 21C910! LA AS QUTT & A Nheot
ATICT (LGNC (ALLNIP): PATLIPA £108 PATP::

ST wCt@ AaNAT (LT4E 715 e LFMCVFDG -
L10FDE $8 ATh PPAD-E ACT PmA N ANAAD-E AL.C FPav HY1D-3
goyI° PAJP PPl D RILPGTTFD APSTFD-2: U U~ £0I° 2297 hOTAR:
07 AR AePIPAPO (LPTE ATV RUTT AV PS avet jo-
ANARTE  PPIA@-: 17 (ANAPR AR AATIRIAE AN AGPIINR
nPINPPUFo- PAT aohd AL “TAPTE AT “FTATE O &F
ALNMgP::

Tt AO@- 299232 A919P AIC (hho7) hPr: %5h A8t e
1@+ 117 PTLavat? “@L 1t oMy LA T HEIP PA LATPAAPA
PAT® @L? (LTCO AT A28 AGDP ATTANT: A2

“A89°G hP7 N1 L4 NBA: (ABTF@- 092 HAONT PINANA
A&7 PPH N4 N1t LB& $ov@- P (HE. 3:24) 4L 111
AF av o7 Peav@- (tavA LU0 PUPI@Y) DHLET LH E9PC hvi:
7t A7 Lur: @EYI° hHu- h9°eC Lu-r: QUTT W17 AL+7
ANTIDPTT QA ASPS hP? ALNMC NH AT8SOP ALCITAGE
ANTIDPTFTT M HUTS ArPNA:

A89°S hP7 AN OFANTT G NaPNAFTFO S hTET Pre
M@ R ATFD- IDmAT AALNO: ADHANNG T8M: kT hHC HC
PILFANLD 19PN 10+ WTE, (170 ALLATC: (17D PoLHANE (NG
OO PTLTY 0P mOL 10 Skt NHC HC STANGA 9@~
2kt (hf@- a7 N OO NALLS: 2P OB (LI°HI° ACK (hfD-
avyd (v) PTIIOT NaPP ' 1@+

A89°S hP7 NIPLeTT OC ATl - PPRL PRIt 918, P
A7 (aPNATT) (L&A - FRHT QAT - Pkt WO 208 WA
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AN PFD FAPOM (TIANNM)E PF40T Trt aPhDnT $LTFVFD- - 11t
oL@ P Y L NHC HC PULAANSE - ANAP LAY - 2kt 9104
71C (@-QVFO- +avi0z: 11t FAD-T: JA0C PP Alhol: ALhal, QA
811G RARAT: AA9797, QA 1684 T Ahés A +HSal Ad-é Pre:
nHe €4 AP FCIP° NN LUTD- AT PG Pt 9o Prts AIS
P04 HET PMATFDT 091014 PTLMDATI® P1@- +TF: ATLS
AQPLP OAILANNC hIPAL Ptemét aSqht (PATIHLANMC AST)
N1t OMG PCAD-LP T avg. 78, NPT vt AL @LE:: 917 RUTT (HA: T
ATICLP 1t hv-T M&FNT TINFTT AT8APT AN LAA: SMLAT hPwd
PILSE0T AP N1 (DATTR) F aorrT hebTIHAT 0P =

“OACH AL Pkt wWCTHSAS: NATILANAC OGP NP, A9
P TA4.0+ avYAG AC19T7 N7 97, 9:m

AUTP° TR 11t 0P 9PN 07U IPAP(R: - ANAR LAV
- A910R hEPT NAAIPT hPT EI°C A28V~ OTALP TéT APmé NOTILP
Tt AeH0LGE @R PoR¢TT P+ (P911017) PPGFDY P4FN Kch&
LMETIN (P& hé. BTh TPOC& V- PivE)s

2UT? 148 NHU- AL ATTO®G: PHLED- AN APS: chIdH00:
DL LNt APMen: NGTlEk (PLEPrk PUl.mNP@<7 (avavhnt:
AAT>T: €P4TG AL TET 0910421 T0FT N+ ADTE AANLOAL: £:40
PILMANPD7 @M @LL hrarhhrt:

PAD- HC

a’Eg° NATTID-G IO vk aPhhd AGD: AB PUlmPar@-y F
APAPT PTTTOAL: NPT YANTFT MBATENT 276 e ALIVe BTFANGE AU-T9°
T3 TFT OLPE® KI8T TLAL hOPPFT A0 PAD<7 AhAP
RaGOY F ALPT aP.AP MOARTI° ACFAPANTT ASTS D=

Féh k% a0+ HC A28 N0t A78+Nd4.0 (NAZL PAD- PHC
@l AT A2 T AR ATRTNOE) AIAKI: ALT® (HY AL
Lhay o= PR (PLHLO- NoALh@: (h9124.0-9°) A H ANy
TG Q8¢ A7 e @ 0N A79LPINC ALLRLT: Po-(r
P17 TLHGR hevahht ATLTLEMShC N999v7: (LI Havy (AP

175



ngeL:e- 1217 041C

OANAR ARTPT A2h4die 14T) (ATE AR A78T4: NLE N4A 17 U-AegP
NnO7 LA L4077 DAN ALTLONT AdP19P19° NETH Kch& ATV T

‘W0 (hhP?) vat TEF +OA%E hodk A% TRC U
A749° ¢@ UL DHE (RA AA 1o AFPT OALTE hag® $Pie i

P77t WL avEav e ANARTT NPTt BV Kch&i- (19°L:C
AL AU<7 PIGPD- POA@- HC™ (race) s (i A PeC (White race,
yellow race, black race) hdhP7? ePmA 27801 2METIN: A9
APT U7 LA@- HC NALTE (POt PATPE eHndA®- hTY NBA A28 LH, -
0728 TOAL - 10 S LPTA: 2Th emdaPy 17 hGU (&9 (L7 £
#0k LA+ HC 0TV @-ATI° +P(0C A2 FPaOM 10+ U190 hPDABLS
TP L0 ALY 1@

NSy A0 2ot PATPET Patk APTF AFOALPA N7~ hA
PLav 2 PCAR MNL: NAZE P1Rr HAN: 0728 LH AU PP »irk
PO ARTT A& T AL&MC FA? TINFTT hePCIP:

WAL A@- PHC 178 POt ALTE 284 POt b1 F: PHY @+
Phav- 1o PRCT (LB (NCENT ALTE) AMIPC P71LLH (V997 ALY T
10 aoPy PANTF: §U PATD 5 ao PR NBFH X h& TIARA: F9.P
NHY 198 @< W78t it ALTE QD AdmC &FAN?

FU &0 195 (LI PPSANT PCO- AGHG AOPT: PP ASPES
At vte POET PATTE Ptk QUPSH: U NFOT 1R 0AUTE
PPLPD PHG 7L WILTIRELT: ACHI® (ACAT 195> NAUF AGTS
A0t ¢F@AL AAPPURG: (HEI® @-QT PAk? AT Phtt (AeUPr
AT HAD- AR A=

P2TH7 PO AB: PUPT:- 09T RAA AR (A9BY) TLOT AP O
AL OAL: LUIP AL aAl 1P mT$-9° (Tt (blond) vri9: AQteo-
(ATLY) hB T 1P ACH DRI TLE F2.I° 198 VHPT TC 198
nca, L4400 10C:

% (@« P+OA €T U HE ATE 102 ACAI° PAD- HC DL7T9° PAM-« PHC avLA)
LOAAz PTPLD LD AT (P84 PATC: KNAR 07T AG 1%5) PHC ARTT ARLATC:

57 4h F@-A0S NI°eP hGaN (2T 7E AAPRP) AT 2FAd:
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ATV “Di A7 AT ALTT 198 A@+ A.ME-A? NANE N177EAA
NALEI® N2 AOLFACVE v PAA 19 DeF ao?” Alhe YA 100~
ALY API00 @L ANt @L TPEAA 28G: PHYU AP A% P avdmC
L04.L-@ aPPET AS NCAI® et (hafghr) PHdamd AP PTmé-mC
aOPET 1140 TPEAAIC:- WY ALTET TIC P98 WOk AAPT: LUTT
748 SH @80E @L 290 1010 AT2VI° 1de 1140

“ @A FPLEIC WL A0 &1t LAV aPhnd® hATE: LA
PaLIM: NZBLAIP PP P9 MTC NAOHF QAP PoLINE AR TEGP
W28 Ach® KOIC 091004 AB: AAL, AATRY DAL AGE AOE (LFh) Av-79°
AT GR.EII® N1AM LH Lk Uhe Ad-: NPAZAEI® 18 Hi0rP: hgI9°
he-t: 0998 1. ACMHANNCT AaPOT1@-:: AQk (AE ATLYI) d.CF DL
= NA91e ARt PHOAL ANIPAAD- (aPAAD-) AFE, Ak (FAT) Dok
(NATY) PHOAL aoPrT AAGPYIP: hO<rEY H191LTT HIE: KIP O87F
avy:2” LN 41:11 - 14

PHY LH DL °LC ARMLS had- P90 avAxht O(AING 10+
TPEAA PFMEMLDE BTN 17 TPRAA AAPLOAT TR PTLNHAD-T avAn
APFIa:-

“.(HY AN U-(v &+ TéT LRLIAE TéT LANT @Y LDCHA:
AR Téot A4 Gavt 0200 AGTE PFOAL AP LV 1@ “(IHY
ANT™ A NF bz wPirk® ALE - D¢ hTIP AU (PTéT @-Y)
L.L:GN: (LY AAI® PAD- AT v~ N9°F LH Al £&GA: ALEI® ACNTT
APTT LOASA: WILVI® 20007 GFD- WTE, av.AM-07 ALLNI:: &
aPAGI® (Y AA® BLLIA: JPLCI° NZm.AT Ui Ti1adT: Av-T9°
2V PTOAL AL NADTT 0 AS AT AASU AA9RY TUDF Al
NPét 0Pl LUPTATAAG: 19079° GV AV T&-@-:=.” %Th 41215 - 20

2V PTOALD AP hé(+ hAly Aich PHOAL AT8: haA
havAAh T PATOAL aPPr? 10X A& CY BTh AME. ATTEAA ANCErh:
TV AT ATV 158 (LPT T “Ds A28 T ATV ALTT 191 A@< @4.ME-N?”
0770t ALLTNCI° 1NC: AAHY hFY PLovs@m- PHC 700 (877 - (1&Y)
121 WPRANT W78, 290 19 AAGPPRTE SV 1982 (LUP79°% (IHS- (NALES
(PLav h0k) POrk? PATTT P10 TE (PPSANT (+97T h@1T) PPt
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emeTih: QALY hTY AN NF oM a0 2ot Page: A28 LH,
(Pt Gavdt) SFTTO7 PHC AR ABLAT° P71 LavAlta- =

PAD- HC v-v 1% AL 10+ hh0A: P77k PA@ HC AP
POMPL: WEIP PAPA (DRI° PAIM) - TECT 1oB7: (LI it
(G99 A@TF aoP? AAF: A9 ARTE A@- NASIPG hP7 E9°C hah
3ThG TV &40 (LLCA: NH NA LNLLS ARG (EhA%L4 hAnT
P70t ALAPOT: NANARTE AP Te-d-b apgemkTy avavt R PNTFCIO::

3N PHCHL DY U+ AICADS DLLANTT 190t W79PM:: PAD- AS:
ANA? (@1 NANAN 3P TF oomiS AD-P ALIPM RILTLTA VAKG
ATTII° 0L F L 1@ 91T PAD- HC (9Pl I P €Plk Ho N1AK 0915017
Pk AQTE 0@« HC (A7 PHC avfA @-0T) 19 hE9°4 ehiiFao-
NALT (tPC: PANANL AD-P (LTCIP: LU NF SFmPa-t7? POt ALt
PA@- HC ATIG T OE AP ALTAP: AT87L CINANT: “hAssh OPf
@077 HaH Ths @ (PP ATET): Ll T (APC AD-T (NPHPHRT
ONCE) PRI OLIEYT TADM” LAN: QU 4X° AT ARTAI:

A8I°G h P77 (ORTI° PavBav P APT) PATIFD- GAI° TEC
OLI° G2.I° 1o (L7 T 05 HIovt AD-T (PACET LAVIDY) TheT
R ORI T TRC ALLCID LA ARTAP: A7 AT
A2PPCD-P@-:  NLH (AA: PASI® HC APOH A2L: hANLh: P7l.0m-T
AHOTF ALTVEFD PEIFG aopert QAP APP: Ot ANRT PATTF
(19> PRC: NCENT hGTF ORI (LeB] $2): (TLY PATTT avhnAdP:
AT PATTE (Al 0T ARYT @LIP hH NAR) Uk BY ALUP? FAD-:
heLPa-9° (NS N4F) LAD- A 0884 PAI° U-A79° PATTT St (57
ALYT) (LU 10

aEavg PG avRLlH PAD Vv (hQDT LAD-IPRAND-I°) DL
avFavLPM- 4 M7 dM7E DLIVRLLADI® PCAF LAN: PANARTF heOT
OtOPA®< ALTT PALTF &TrF OAT ALAF: NO-ANE H.TCP Ut
AN, U3 PT PNI0T LAPOMA: LUIP ADT: “Bie Fi” haPAPOT
PPN APH19P: PAD- HC AATPT NPT ANLT PATTT ALaP It QU “Pie
Foe” PAID: PAPOT (PLTLE @ @-OME PHC 200 (B - N&Y)
paiavheRr AP7: QU 16 hAGRT 9T9R7 7lminn A (embryo) 1o«
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LV 10 €77 PILAD- AD-T: LUTT WHONaP+ AT AISTLD-90: NAhA(L
P aoM @+ AD-T 17 H19°+S OAAPI: WHlaPt AD-P SBME-A\:

7k M@-Gm 0 Pak? LA Sttt A0 A.OAL PTALP
avp\h &H @M:: LK (HTF POk AT A% NALAD- 110X APTAP ao)::
U9 IM@<7 A4AT:- mPC LAD MPC D{AD-: 7T LAD-I° M)
O/AD-: (LBTID-9° DL, (LBTID- .M, P+mPa-t Pivt LaD- HC AL 1T
NMATOTG P9LaoANFO7 AeThtde: h9°&C aoudh hPi®- hdor e-d
AGSN (PLCP AAPREL TINE 107) ALCE - A.CR: NLHD- OL PPRC SCF
OLINLD: (NAD-CT AG hANE DL (TL7: DL JOr76PS DL A7L7 P01
hAGshg® @L LG @L PocN) A 0T Ll (A APT NA-CT
(A0S NA&sh HaH:= ANAP Hhe@T ALOH ANAR ARYTTI® av(ic-hk
A TE h AAPT: PA@ AL NAhA PCX PTALE 1PIE (184 PAIPI° Lavd
- Ravdp e 0 LUIC 9P AnA(, v-5: (9% ALTT.OH+ A.NON
oA

NANAN, 033 F Phs 19803 DLTI° 16bs TRC AT hTLTILTA:
- PRC AD* (787 PAS 2& C@D<T hH (LaowCF 19 AILTIRPT U3
R A0 NA9L7 PAF aopf: REO7 havUA AFSh  (LaPwCt PRC
AT ARTAIC: NANA(N, Pol.00M A@-P L19] 1@+ h@-ANPD- PHC T7ON0
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(2 a4l P hQTCIP: PIPLC HIA 70 (N23.5 4.6 @L 215 4.4)
PI0 (LA AIPLC PAT PPLNT AICT (9ot L PmANE DRTIP PIOLC
WA 70 (n23.5 496 OFL. 24.5 £.16) (LeRI°C NNCE LTtz

VHPC AT +PEIPT OATLLLLE: ANGL Havy PRI
PO 0o favA) hivbt: At PL@ gt (191 RTA.aPA)
£99.00C1079° v+t N1990PLI° 10+ AIPAN:- NALTE TS PNE-& Havy
&t PPt L aFC NLO0T: PHT LH PPLC A8 LPPFIN: @Y
hoHTG n7eet: NWETS No-ReTAT APTT hAPE: AL 27MAMAA =
eI hC PAhLT oo @480 (HVI® 9°N2eT PI°LC avdt
2P PP avp AP PFTID @Y NMI° OAPHPH 6P T
(@7 avph GHYAA: NN (PHPH66-PT L£9° INLE aPAh LOCLT
Lhavd-d\

ATPPT PPPC aoptG PUHPH APOT LU A% PhICT
(LUr79°: (Part QY Govdt (A197%I° (1940 (LY Good-T) poqavao-
NEHG® 0NE-L Havy AIPT W2LUPT R91LIAG. aPA POfF H- GF -

NTZY® oA gopF aohhd: JORC NRhL HEP PP°FLCI1D- HH
LnI°C (DL MmPAA AO-1L NAKG ACP): TINFI 9°LC hnPAA
Pmé.C ANAT DC 07Tt Paraa 7 FrE o028t (AL am1q, £
TARPT) 0OAT hPMB, Pavad(l PRATD ALTPCT JoLCT APl
hahe ALLCET LUPTA PTLAD- aPAGOTF (I-OHPT H2L: L8144

PANT® TIRNAR avbt OPOT 94 WrE6L W7 HP (LA
PNZ-L Havy NPAN arMh: OmPAL: NEHTI® P1 oM PNL-L Hary
(LaeM PHPHD- (TLENAND- &6~ U= 20,0 Dt LPTANE PATE Gavt
heoot halerA@- Gavt W4I%F OC Lm0 OHYUT L 0A7L hid°T
PrLhavl @ (148 PAM ALAP AA N4& NAR AL 2harCNTA: ATV ALA
avgt U-ie NLE LTS PNLED- NIPC AL ANT T BPSA: P08
Haoy A78U PAD-7 PACC U-33 PILAIN 1D

gt heméT BIPC: WO HS &40 LUT °8C N AL OP-F
N 20L& HIGF AAdGAT=: DOH TLALT o3+t N4t 1Nt P08
HaoSF v W78A W2LINE P910avANT PB.ANE, avlB 4HH AATLLPY:
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nao-9° AL+ ¢ NAT1L1575: 77 7 NG 10 LY Gavd~t Ana(. E9°C
®LAA Ahh Hé 10 AV Gavt &40 PiNL®-7 raeAnt:-9°8:C TP
P0G PPt Havgt (1910 ALY AG 30 (LU Goed-t)  +dl-Ce0FAx
MIHY LHET OOT (907 AGdh: PATTEPT W& s ~24&PT e
ANZE AHAET AILINC PTLLaANt: PBANE, a0lBEPTI0 AT 1P

P0G Hovy AL T4t @Y Q28 LH OF HXP hAANP:
Lt AL LantAD® A~ hF NF LALLA= hP7T (9o (U
Gav ot ANO(L) BI°C: ThAT 002 HAPGT WG av-dt LH A7LI0E U-(v+
PAHOTI® avALL: LUTE PAPC aPAPOTT Thrkte aPP7 AANT 0790 10+
QA AHOT ALt PP MG D-::

NHé 75 LU 9evd~t AhA Z9°C 1927 A92sh Rhaze7 e
N7L.Me@- ¢ L& FAGSA: OC PTLAAD- °IC (1LE&I° AD-CT7 A
(1927 AG4N: PPSANTI® A747T andPC P840 1@+ (AT AT PoLmé-
AT 0916 128 AR TPRTI° NHPT SR~

L4k avptidt NEavl 0t LH BIPC: 042 AN LY Gavt
LN ALheoC (LBLIP: AAE ANE 9284t PP LAT L&D APPAM:
NNZLE OTPHD- avgt9° NOL - APMer, ML 987 APNG LL A= (HU7
1 vt APT PP AANTFO: (144 LTI NavLN (LT LEIOe(r
(av-bt: NPANT TIOTO PHEH OLTLAD @AHN)x

AH®7 LH 0WWC 8CF hehrtar: 09194 APT hn10F@- (hauc
OQT) Al 7U0A OATLETT 9PN ATt ALOTIFF@-9P: (HY
P70 A2NL4. hAUC ACTF H &PLA: NHLI® ALEI® HavG T (T4
LWATGR: 7 NAPC ADT AG hevet avibpd IC (HEPH TIANA
(G72) PAUC O (AT D AL ALGNFD Emétri A2ANBRTFDI® A
LOLTIN::
Lot PHUPRS bt ALNPOMOT 9°7 A7LI>FaAN ATTISHA
PUA PULNtATT 1POT ArerAnt
1) @t (LA NQUCS (o2&t PA @Y v-(r ML APC @-OT M-
e £ 1mAMAA: U-9° @Y HG (LIPS (LHPN 9ot -y
FPAPAPATE AALLI® @Y (INLE aPAh (LOCL: vt N
tee-PTF ANLGATE PQUCI® NG T A8 NP LAA:
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2)  OPAFPT AN, ANLE aPAh ¢HNTPF @Y LPAT: PAUS NS
LERIPLAE LRI (DY FPAPAPAT: PHY LH: PP T APC
PILLPHPHD (148 AATLMG: avPt LRI - PILC APC
23 PNAM £GIA:

3) £V HG MAAM PG avgrk: ot N4t (MHALR LILET)
navc OFF ATLING hHPm AART ARTE ATIDP +TFAA:
AAHY: O TALE PhCa 9°8C ATPAPAPT P9t 088 avdt
a0t (LLMECE NS PAUC NG F A7L914.TC NEANE, TG
23 PA::

4) POUC h&d N7LnI°COT 0P LAfT ARTEIPE eOUC hed
NP Noe NS0T OPF: He 09°6 OFD- LT ACH NCA LM
(144, aPGPT 1Nzt

ALAFFT ey &t

NEANE TGHT PHLIIND7 2062 HAPT AS NP hG PL0 PFMPAD-T
AA §U Hovy O4+24.0°7 10 ATL av1d (19924 QA AHOT ATPOP0,
NALY (hAS AraPANF AT

PHG ANC TV Goot ADAN (&8 Havy (P0L& aPhaeC) AP
POLE aoPAT LBl PP PHGN Hovy A7LIN4 NAL7T0 J°CIPC
(isotope hydrology) J@®h: SV Havy Pi0l P14t @7 J°CT
LePAPAP: NOY HTN AA POLEDI° PPATI® A7 HenT16 TPNIET
K120 1av

PHOT ALt (I FLRDD9Y, Phdaae aoP? AANT O7A: AL
AIPOPOPE P9LLLAT DN PE A4 AT ATLTLPII° (\avpavt
1@-::

NP7rE Haoy (O-RPFATF AL APTFT P91.03TH avChl ASC
ASTA INC: NALY APT hadg +ivto- @ a7 LN hA9lsh:
ATOUI° 0L ADNTEALT 0L LOHATE 1aaH-T (L4P avdt
(A9ICF@ aoPy AANH: (24P oot Ntal heAt AU 0910157
LLP avdt avQC INLNVFE 8U A& ALPT FA?

SV Hav7 104 PO-7 aPPAPAP NIPGRLLAD- (PHS 10 ALY Ga0T)
POL& avPAT DC OHELH NWPT: RUTT NATEC LI O-OT A28 hAT AL

192



&L TT AS QL FTT

PAPC A@-T avgm(C LFAA: P00 HC v~ 028 1H Tet e hTét
Havy AA OSYS LA F +8avl, A7 17 ko7 S+1.21C70F7 vie
LELLAPA:

AL PHOAT P T 09°L:C APC °F+ 1NC:: (LY LH hAVC -
@Y K0T A9187 DLLE FavA( (1@< avhh @L UC P& 473 DL,
NZ&rt tAOm: IO @Y mMC NP7 WAL ~6¢ PHhoPFo-
008 Havy 1NC: OHY °N7eT mAME: N4& AGLPATS @L QUC Anh.10
£c0: VS hed hah 19 9%HC NP NAA (U Q7Lhtaet 12T
tNGChA) = aPPAT hEarl (T io LY Govt EI°C K719 V4 he
HP6RLIPL, av P

PAAIPY NCH N2PAES: W20~ N7ANFT PAU-TT PQUC hed
AU-T NAOE TR HP NSLCID-: NA27 PAF (- A%4NG ANLTHE
NN °r7¢P° HE A LOPT NTLFROFD AIELTML (N ANET
NAGOTEALS NLOHATE IC 09101575 £LP 0%t AL FMIP:: LAD- A B
OTLY LLP vl tT Nh%4 (9P H a°FC NTLFANT 764~ v-te LCO A
AV Gavdt Sz

POUC @Y A7LPIN AATILBL: NPAFPT SHNPF mM4 NL&
AAPAMS oA hOUC AAT0: POUC h&F emavld: AAHY AhPA 408
a AT oY OHF RS 0§ D& Pie aL T F PCTO- LOAT Pl

PAUC h&d PTLnI°COT AAR PhI8T LFe-A:= LTm-go:
NEANE, TR A7LTLFOPD- U-v: AVTST (LPe-L: PAUC oL $4
avgt AP - PAUC @Y aopavsB®- (1410« - 918 e e 0L L¢P
avgt avAfe: AANT: A9PAN: Adh hh9ldh AT @L ho-CT
tmLtA: A8 L 2UTT foemppt hivtt favdt avHOt (fault)
LANAPA: AGdh ®L AD-CT (eem2t hivtt AL ATAAG: favst
aHOHI® ALMC: 9% AE197 QUC NI LA $4 it P10 LU $4
av gt AP0 QUG aopavsty, 4. 114,10 OYC aoPavssy, 4. (1, 14.10+
g, avgt LOMG 08 NFPTT PPAPAPA: £V NEANE, PLH ASNIMC
hHPm ANPTF aPHPD OC OHEPH (LP9°: PATATEO AP (019896197
C 6P T4 0104) Cméot: PANBATOI° @-LI° LAD- (1LY 071
LT hePCIP::

193



ngeL:e- 1217 041C

AT9.UI° (hPe1m: AUTET (ldb: PQUC avll $84 avit
A0z PAQUC @Y avpavsum- (A APPAT: 08 HP LAA: TIC 7 LV
NEANE. PTmPa®- PAUC NGT P TINT (9°LC 2766-PT vtk h0F O
PILAN DAV A28 OT A7 heTAP (ARAPAR 10-):

MPAA (T PTavANT AD-T (AAR avb TG PHPHT OFarAnt
g oo POYC NES HP) AdMC PILTAD- NFPLC D6h, AT PLA NAUT
NP7t E9°C hOh Hé £40 MNeHT £48 AAPOT P104 PALC ML PAUCT
neF AmIPCT AP SLEA:  PHHNTI® ATPAPAI® LUTE PPCN
LHO7 PALC AD-T Fhrtee 1NC:

hrét @Y 08+ 0L A@N LS h7ieh 10845 APT Au-T
@FCIFD AAPPTEITFOT 10 PTLavA\Nt D OZ AT PLO LUTT
700 ARPLIC: TIC T OPLP LH “PPLLE NTINF  Phmedd-
PR Lav ARt @« AATPT AMPAA AAPPFTE “PA@ A U~ NPt A
AAP OFAL NAZE AN, PTLT4T7 AHOT (NVETS M@ 0T SCF
PILSETI®) NATHE ATlovpnt A78: mPAA NAA® HEP (A7BehS
ADOTEALT RI°C) PTLTGTT MHOT U ALY @FAAx

hat ¢cadcha (archeology) o0 AA: PA@- HC hassh +i0rf
AATPT £840 aPPry £91.0avanE (1 06T it (UCE (genetics) AT
ear £7% (linguistics) gocoeet (o717 3F @< 0773 R O&FF7 APMn,
AN TAD- Aav1avt A A=

o NooYA AGdh AP P7 AAE NNMLA 9222 N AV bCTe?
($& AUCT) ARCM: ACLL7 N9PAIC L AN £10E

o oo/ A% AATXLT: hCTeT: 977 hS M7 hdE:
Wl WCTeT (P& QUCT) hRCm @L TANFRT AT AldhA
NaPHIC @L, AN AT DL AD-CT P10z

o PEF MHAF @®L A0S 10O+ hHe hHOH NHA: (hikE
TOHG T PO

ADPHE@G PHLIM@ 0@ HC (PHOPR (@) (AAT® U+
P8 LAD- hAGsh PHSE avf GAG (LY Govd~t AhO ATLPT havdt
TG NOM@- PHIPE A+ AXI° h &Y avqavt T4 A\

60 A PR IO T PHALR ATPTIP 0G0
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AZTT hhedh ACE ALTIRFO® LA NAFERS (AP
fiAP) AT NANTI° PheSN RICT @-6n, OTTT FaPAAL PHAYY D+ AT
Ute ALSTIRTFO ALBMC: NAFSN AICT NFTF ARPT AL9D 099067k
CF@-: APPAN: NANCHA PTTTD ARIP avf {Y Gavt: NAD-TEAEL
eHTTO9° A ACO AV G0t 10 AXPT DATSN A.CE ALTIATD-9P
API0 hov): POL+ET hbMen, A LavAnt S ANz AT aPlBPFT AG
T4 MAPTT DANT 96T ehdFAA:

£2AM% TV Nét

nev  0étr FALR LHERT:  N4& A7L91havCS  ATLTLPAT
taoAnhGAE L&D LPAT N2¢ PRI AL LANANA: AU+ 'LH
ONZYPE 001 0Od 2G4PT (AP AYe- AG ) NLED- NPAM LHS i
N4A PFALE AZPTT PTLLNPN: AR AR ATOAATI® PTLGG(F AIPE 2§
A2LINC PTLmbav APA, ALP TGHT (isotope studies) +hZePa:
OHY ALt PAY747T ATPYFS PPLI° AGsh A0MB: PILT APTHS
PANOLOY 1PLPTF AMs: PATATENT avPédet: (FE0® avlBrt
ATLLCOT v~ PAOTANN het T Naeam T ATePAnt-:

PAPTT aPALL: LA7AMBNTFDII° a0 P4t At hE 9157 (P77
PPA APT): AT FPLAT (10787 ASh PACAC RTR 091574 HOT): Al
anpt7 (01a°%7 AT 291.54): 147875 (.00 A7Leh 27154 10CT7
AS GOeTI9° (AL 1SN ATPOP0. ATNISTT NTIPRCE OHEPCT ANAP
htrttT (PLI° +hrtd heGHA OC aPP7 hAT=

AAHV:  PAPTT  hART AT MM ao@-L9°  hhddt
ATLFCETIP POLITFDT v-3d: NAVC h&F OC (FHLPH a7 A“1IGHA
2457 H& N“Lhtiet Ot LLEPT erhda®<? PQUC TAPT
AraoA\nt:

1) PAUTC ACh? (continental shelf): havc 03+F: N7IAhAR
Q9°+: A0 A% TC CUA Neem’t HPHP PA 929 1@< LyI°
266 DAL NPTV HC PA9L9P0 CPT @07 1.7 TVHC NF DL,
JF HP LAA=
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2) PAVTC ®AEAT (continental slope) - favTC ACh7? 0& 71
nTLLeBARANT EIPC LAD DM 1 P& 1D LU G-
0AZL NLACLHC CPt @OT 70 “LHC PUA NP LAA:

3) TAP 7877 ¢4~ (abysaal plain) - hauc HP+5oq o
P& 1Dz

htaeat Pat have OFF 9LTF fovdt PCaT avhhac:
AVFGT WY NevALeTFo- (6F 9915407 PAVTEC @A77 (PO TR
Pavgl PCX) (NAM P71.e720C+@- PAUTC dA®AT (continental
slope) @ QuI® TINt: hGA AUFGTT AILPLIUFD- aPA(7
NGINTPPFO: (FFhhie TP 7LAT Av7 NNCH AL AT
AL haUTC ACh? AL (continental shelf) Pave @7 Agant
PPl PAUTC RARANT (continental slope) heigecnt £70c
SUPSA TNt 10 QUTT PAUTC RARAT LTLEI°COTT NG ATL avid
(v¢mC: AQh Hé NOVC aPPAPAP OATLAPD 18T TIHGR 19>
av@<(\1 L 0 FAN::

hSv 0&t: oot (0LE OFALTTOT OPT POV h§d: A8 HP

e aP$eET: (LU PR APT ATe heA AVTC OLAA A7LA0L5
mPATA: 20V4 e d A7 PUA L HP oo A788P (L7 AL DPIO:

SV LH (PHS( HAPT - PHSG 10 (LU Goe~t AMA(L) OHIN HGO
PHNITF @Y A780-9° ALEI® LH SFhITF 028 +0 NP0 (LPAT
PO-4LTNG PAUC hed LenIPa-h:: PAVTC ACh7 (continental slope)
AdN 70 NLACTLRC PUA (9Pmt HPHP A 928 £°G¢- AU ALHOT
avGeP NN 66 WILINCGGE (LU 66 i hHOT A78F4
2190 34\

PAUTC ACh7 (continental shelf) A& aewbtC PAILT
Cet OOT 1.7 TUFC NF OL IT 1P A79LA mPATA: UG- Hovy
(A QU4 A9 9%HC LUA & (LAZ 70.6 NLALC PTLU7 4P avét
(PAUTC ACNT (19o(v) @Y BALSA TNt 10<: (HUT LH hO-PLPOTFS
NWET 168 £F% 104 APTT ANBATOO O-L9° AN

NtmPa@- oY heF APm LT 208 266PF HPT
PGFO a0t ned 91eag PhAT® CF (bathymetric maps)
avavp\t CFAA: NTIU 226¢-PT avhhd: 24Y¢- NV A8 WA NSV
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Hovy etmPO@ PPé4t @Y eTAPAPD: NPT PoLLrARTD (1AL
LUTY PP&GI° RIS TINT 102

navc oC NPrF P92 ao Tt P met (PTF NTLHIND-
UGN NTLLANFAD- P@Y h&d AT NICE aPTAPAP OALT: AACA ST
OtnFFe LN ONetE 2P TF 29154 aPTP NoY P99.Pm-Nt+
U3 T4

92812107 PAUC @Y OH0E. T CA2°AM: L.LBT 07LeN 74 PoPT
(AR A% TNLMTG YOPT: PAhA 22¢-PT..OHT..) a0 F e Fo-: -t 0&T
PAUC NEF AP HP N APT ho-ePFAG NOVC HEP 854 h1LIN4:
(%A 17 A2LAMa* LmeTIA::

NaY¢- NZY Anan. holrs Ar878 PAPT o-19°: aYl- NH-
OTHT P104T: 08LOT a08. 7m0+ PNNPTS AT A918 W70NATI° avG 4P
- A9° 68 WILING PU1L.0a0A Nk AdACT T HPAS

ANt hauc 03T ar9ld 7100 ATAaThO 078 (kA
CAD-CT®LTT 0Ny (LPPANT: 1037 ASSM® NCOC AN
Meo0h NTLFOPD PhGSND-0T AN IC TTTIT RTLD LPTA:

745 7L AF6h - hAWd ACtHe (hee QUC) B9°C hah
AFATER &40 A 408 PEEPT PATS PAUC AP AAE AAE
Prhav V10 eH4PCT FAPPE MOS NTMISHA DG POBEAC LAY
ANAL: PIFPE PRS- AY¢ - AeLE - AP - AT TV L AP T
Pntar NS (he s 2AM: ALEI° Havgt P8R avPy} avqaoit
BFAN::

a%¢- A NN LH N8N AYe 09974 PhAGdn vt Ui
PAD-GPT WTE PO avG4P AAINLIP: A&GShD-97 Ui PU1G4T
NP3t ATORE (AY47T mIPC) PP hANt: PPRC HHOT U

61 Researchers uncovered the Garamantes' walled towns, villages, and
farms after poring over modern satellite images—including high-
resolution pictures used by the oil industry—as well as aerial photos
taken during the 1950s and 1960s.

https://news.nationalgeographic.com/news/2011/11/111111-sahara-libya-lost-
civilization-science-satellites/
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MATEELT (ATTLEL HSf ANAN NAD- INC 27155 TE PO (PO PP
ANE @F 00 OHORET (19 A0TOPT):

PaPRLLAD- P6-& HaPF NTTAE ANPLT (48D ARPAT): 17D
AD-CTG 9% AALT° 194 NC L7180 20L& A1C (F 104 (P NP
10 0L (77 PTOLST): PHY LH OPT 27156 hhA@-CT ATz
NAOL® NOAFLON AN aPP? AArE: (Lt PHEarlm- Pavgn.cam-
P0¢-L Havy AP BA NF 10+ TINFTFT ALLATO::

PNe-E HavGt WG PPt HovGt (Héldt RTPC AL
W28TG%: (hbet AATTHI° (A784N: AD(HEALS AloTI® 26 0-PT)
APT 2740258 AN LAA:

PIT DG Pavgn,AD- PNLA TH RaPenlLA@- PNL-L Havy nPNT+
hHe ANC QLY 9ot (DY P74t @7 (41) F10LL: LY PNE-& HaPy
074 QUG NEF A8 AAeha2l: DL A94NG AD(TEAL P05 s
haoom-(t tavha@+ av'3 e AAFAI°: AAHY htPlm< AN DC ATTHrT
ALL TG PLOVFDT 20N ACATFD NF ALCI10- $8:: WILPANN(LLTFD-
T27h (ANAR ®vq (Nevdh: (88 PAP.) (ASSC: NOVA: (1AITCL:
0727t AG AMPAL LhNLTAN ASSC PHALR P

Mool EPF +L0m etavHI POAPT Féh @LAA LTLHAPD-
hhcafta ALT 04t 94 (LA Ahh 4000 %avt &40 OWAPT: SV Hary
&t ShHOTF ATPOPO AT ATLING NH AL OPIP: (LY T80 AL
AP Ah&PT PILAPANTFDT AOAGLPA: 11C 17 DL hD-1F P9.MmOD-1G
NA@-rF 0Lb@7 aoARE AN APT PAN ALLATO:

MACAT AARHOT ATPOPO OH PATOE AT AT8K
AGO-PATE ATRIL TEH IN®T YPE ACNLPNES CATTCT (0,
Fav TP TT 28 WRAPIP: RICH D& ATINELT Lh: PATFD-Y
ANVEEOT APERLTI0P4G hPDTr: NP PPT YT Aint@: @eI9° eFH(:
a(EPTY GHO 0 (PO @L AN DAL Féh Pavife: AICH 01979,
PUPID-T YA ALLAS WTRAPLE PTLLPCOT HPTT AT A=

APAN: AAT 9% NOVC 0T AL18 PPAMD- ANt OPde
AATLPHPH e Bhe MmPAN MPAA ALA PN aPAh LONLGT 2.L.L-LNA:
AICG QUTT (FFE-0 aPAh 040 PAT hat 19°¢ &7 (pillow lava)
(LPR: U NP 2AM:: APT 10T P4.L-40 17 1D+ RAN::
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PO avls sprd AL a>bt ALNTTmP 00 W&t TTAHT PC&
ATR91.00M i 1404 ORI (1994 AL (MAVCI® NF+F) Navean N-OHT
Pthavs PAT PAAT 19°4-9° Poe (LPHPHG PHPHD- NAL DL I (LHaP |2
A0t NALAT TIAHT APPT LAITIMPA: AICH SUTT (LPR:- P77t
APTF &30279° A2V hdthhde APATm® L7LLOTA hets A7AMm:
1NEFO< NN 2LapL T -z

oG PHPH PAPOT: A T.0-9° N1405 MDY AP5718 AdPT
(AL ANAASLT) NPAN LALLEFS OAFTT LUPShe: AIChH PFmdi
Praofp HCTR 08 OTF RTC: LU (L71DL Havh fiN4 APTF
PtmPar-(1+ PMC aPAsP 1@+ LAN:

NATIOPI° P A@-@ NPPAT: A9 TEH IndT: APE aopfe
(30t ATELAFOT LAY (AOITE ACNLPAEAPTT AgarANTgP):
Of G2.9° A@-rF: OFL hiLANNC APPLN PPEPTY: PLANCTT WS
PRIt av P Y ACAF ATANT: (LLST P9 10+ +hhAST AC8T 7
PTG NPT 17 W@ hI® ALTC: NATMHANNC IC P07 AT aoCIPC
a3 SAAA::

A7007 hHY eFR4@<7 ShHOT ATPOPA, (OLT) ALI0:
PILavAADT NTILAPAAD ATRAL 19940 1@< “hPPE BI°C MHOT
NP°Le-RIFTF®- £LLT ANAR AIPOPA AT&T 1N42” TINFTT: “DPrE
BI°C MWHOT (00U ARIFFD PLLTT AP ATPOPA W7 T INC?”
NAT? A28TINSP £144GA: i 0GO-P9°: ALPH PTLTF hD-P T
ANOTGAST N9 FD: PPCAQT ATIOP 9157 hets FHHs 74
NMNHF: AM878 ALWOTE 29Lmt alEPTT AGTY SUPSA N9IntH:
ADLLTT  (MALAE aZhG) AATCTIINOD: L0 URARIFTT TR
aow /st \aPMN 1D LAY
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20Nz Sy (1AA

OFACKTT PONT (A@YEY) ANEOF AT RITCATE T O-H-
FPey YAOTF RIPPS NHU NHP PPIRHOG PPHRAM@: NG
RYSIEFTET KIRIPATE A0« P4 PAOAE T4 NI T4 TIC SOMAz
AHY 10+ ATIOP AT PTOIRIPDE ADPTI° AMAD- - AHY FOAL: AF
ALV ATLaPMt FO-ALT Ut POPIDT ATINTANG: PIV 7Lz

AT9.L00: DFYU 04+ 0104 APT AT AANPT SFo-qE
RICh LORFT vk AF (AL ORI° NAA 0718 AQTANLDATA
(QU7?)= AHY 10+ (&UP7?) OC LH @-OT DHY 248 PLNID? Adt
NPLTLe LUTT hravdhts:

He (072 AFF) PAAT® NN v-h m&F QT AA A
£A.MeA NLAA: £ R7LEMLD (WA 20N N&2)L HoPy DL A\t Havy
PO 0P (LLHT® LAAN? ORI hU-T AF PIPTOP@7 (VFTR-I° (L7
AD-®: AN (L4&MINT SAAN:

N°LC AL 9LPAPR: 7PAPOTT U-tv (PDIGFD- -0t v
(TS W) AP 2700 QA AT 8GN (6P) aPCh(l (HE. 6:16)
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TNCAT WILTICFN U-vi PAOIHANACT “171rET ATIOPG ATIaDP
PILFAD- TTII° AD- hL.FCIO:

A %0 188 A AMHANKC: AA AR E: OmPAL QA
A9IPPD- AAP® T779° QD NHLPLAT D(7 hD-P T (AL TIDP AL TAIO:
ATy FOP NALAT? AG: “DADPT AT P9I\ hPr: PPTLHI®
AGD-P avF LAY 1Dz 917 W8 IPCom ANTE & TND-9° AP LqP aqavTy -z
ANP LGP Pavyz CRIPTET PUA PTLIATAT ATICR A@-PT LT A= AOPL TP
@avy hG LTLNHADT aomNP LAANE AOPLT® Naemé-mC v-7 T1C
heyat::

Pa9.09°7 (@ hA 9 FRAT TLhFADT a0 RAPTET hPP
LarAn-AE 9190y DG A% AOPT £10RAT: (LH OOT OGT U
ACOLP P2&L-D-7 AAD-TT hPAPP LB O-(T L6 ALPAP: AD-TT NF
Cbld: PHT L £9109°7: ATPTIP LTI0M-P KR.TCIC:

N5 O h@TT T 11C (NALTAR AD-1HE 192784 A1)
ATt ot Ok P9I WIRTLPYE OA@TE AR 98P AderkdP
ATLILNPPCAT ATme-mC: N7 AT han®P7: hadeT: PPTLHLI°
P40 N NNIVTT PT LRGN (QUIP 00X hG AL 9°0NC 10-)=

PONARTE ALTE (8U @ PaoPT - P9I0G  PavtadA)
STLITT): “APRLAD LH ALAGTAD- 10+ PAD- W7E: & %L NI
el ALLCA N&TTE ALPoI: PULLANAT APANTT NIPLe-P1T7
AA® NP APANLT AR t@YIP: Pa779° YA 9T YTt
ABNATI® - ALTNIC: P99 PNAAMD- I°L-P havAndT7 (F 1@<z

Y3890 P1 AGURE: ANAIPI® P1 hCOkS?: PU-ATI9° avpeht
ho-aMF7 Améd (NPPLER1FTT O7APP): PHY LH A& WIPGAT:E 17
AMDHOD - OAIHLANAC (LT AONTISTT £40: ANET AT0-7 AT ACQ

67 (hetam- aoghe: 2NAM LA
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NCATT APT9999CT Ar8L: NHY AAI® O-Plt: &0S sBdsid: PIChS
hchc: ho-m @292 WYH?S hdse-k: OH+. v AQ1C hCht07 arhbe
TRC  PULFA A&P vt ROCAAGE  NRATG (2T U
a Y ARIFTTT 17IMShC DL @t - @L AIHLANMC AonD:

NIARTRFTT 20 AT9AT P9LLLC 1LH LavMAz: (hD-PFT7
ATeCE A7oN: A7PeE ATALAE ATHAG: T AGNHE ATELL: NFPC
R AP WILIFTFTT KT ALV AMANRC SC87

NPT 01LANTY U~ ATLATTY DL G2 TP 297,20+
000N &8 NF A7z MANARYKE (M0 AN aPAR Féh) LLET°
RIGUPT Uv: AUATIR A1PAPT av e hdT: PPt PP tTy
ATIPP LIPGTLCT WG M- 17

NAT18.V P @ 1LH NN ANLSS AOhd (LIPII: (19145 N7
N e APTF AT NAFECQ ANARTE N99PRCT TH @OLLT
2109003 Ot NLANT LLAE: AD-1F NPT LN IPRLLAD: T4
CUPSA:  NAHV: ATAA MeOT ATHIEE CAHANNG a0 ALAPT:
RILANRC PCOT 4.9 hDPT WILLPG RI&TWe P&CTT: AT
AaE ot (1970 PN P

NADF £.Mé AIPANTT AMLANDC F2-9°G DPA:
Aav- DEC: AHAAAIPI® +av(7) -

ANBIPC ANGRLLNT ALMNS AIPNTT FAP PG LeLND-::
AL

T4.2av

PTLNTADTI° “NICR L PIFTT AANIC” AT D7 aPXh& (1PML
AT9.L10 T IHPA ==
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A1 nPhvt:

(A7 ML hAA @OT 77507 Ahd (nPht:
lP OHt.) N@-m- £P4. (galaxie):

PPt e @L AT PO PméL OFe (AeDT
OLAHOT ANA) MIPHH LAA:: (VI PPN (?) PATL
hPhOT $C2T Adt ARYF TF®= RICHI®:- haP
T9°HH (spiral): 1mA t9°HH (barred spiral): HCD
£a o\ (elliptical) ag avca (La (irregular) GF-:

AT AT

ve.0:(CC8 7

h @O AAA:

vePh:

ADM ANPT:

PU-tc 11C ACONCH @PPLH (aPHAPL): (1ANAG (90740

NPLNCTF vt NQHE HPTE PP OA A28 AANTCY
AS A2 'rhAfa: (hydrogen)

h @@ eAA®- (NonN living thing)

NG D (R0, LADG F7() OA h@DF ANATHPG @
Phe T heA:

A28 UPA (@AM AhLOT AQAL SUPHFT TCEEST
(W?Pa- 147 (cell membrane) @At Ade: LLHA:

OTEt? oAt & nolhaeT A28 A70AT OFPOH ATLS
AL PHON GFm<: PA7L VPO Phe®t to0lt
AmPAA N8, &7 A EI°C KON TEE? 1703 &40 OHY-
Phe®F UPA @O LhtdA:

ood+G QT FAOM  TIFOLT AN
(metamorphic rocks)
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avptQ gt

ao(\ e TIL(:

aol] WPt

(YA

AT

NCY77:

he7 PaPOA &7t e - clone

PAZE 0% AhA aPAND: (LHhiet: PTNPAD: AGN 0%
WG PooPavsPm- 6% (H4PC MAPFD A& ASrh
SUGh: NOANFD PTG & K7 b W2 WOTH
LUPq\::

NAC? 9184 MNGPT BT PLI° N 05 P 10+ LA,

PHAAT @ N9 17 N7 PHTTT PaPBavs 0P hiha v
10 O+ yb T

affe aPFCE AeNT N0 APADT  RTLPATA
nAMONL@- 33 OC QPP PT ATPTC PTLONP AGMC-Y
Ui £ HOm avavs@:: (mutation)

PHALe  ALPPT NTATCAR IPFLLFM  +ONLO-
PPN @7 e (200)

%7 (gene) Mot e+aeHIl @A AhA® avih
ma0g:

N@-am- 9°79° 11C PAANT:: (vacuum)

hahes hhePhk 299.41mP hdC v NCY7 LOAA:
re: héPs hhaLe hPht oL avgt e99.Lcnm-
NCY7? PTHALe 10 NCY7 N9°1L avAh P93 H PT an:
N2he NCYT OATP PHALE Ml PATT PoLF et
PI°1&E CHT: (wave length) e+ALP Ny 1@

PALT P90t Foed AAD- AL7T 197,000 F P91 MOL NF
o1 AAPT: A ARG IP18:5 QA ZB9° 9°18 Pt
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NCPrt:

A8 TrE:

A1eCTN:

AbG L TERS:

APA0 nPh-(1F:

A 9o

P1&F avhhd PAD- (LT PAhL NCYY) NF 10
NALICHTT FPC2 PITTIHND (P71,307)::

A28 RPC hE AP (1 2PC (Lhd.d @L HE P71.m,)
A% 10 BTC WIRILPYE QUTT IO - OL AL
10 (BCTT) et P90 (singularity)

e Ahd vk A9 PTG RRAGT PAPTT
(black hole) “9ahd Po10& aAvT: QU &havt
POPT ONCPIT BI0RA

PMé.C ANAT ACH NCA ALLLLNY 2TLMLD- AP -G
ANA - CNCPTTE TP NaPgn.La Pmd.C aPaNA Ndt=
PME.C ANAT ASOM= @L DA PTILADOM- ANAT U
ACO (Ch AmPT (L6 OLTI° (LLL) 27LemC
FAP eAhA h9oit:

“DPRNT hATIL LOL PN T 2429 NTIAD: I
favanA A (YA0®):

AT A2 nPhF eUleCnN®- (20FFY) A1 hPhOt
10 PCY7 RdC NATRCTLE ML LT Aavgdn
1.5 TLAS7T Gavt RL BT A=

AF P99.PCN@- Phhl A9° 10 PNCYT ehnldC Nhdé
O TEAS DL IPLC ATPLlN 4 Gavt 248013\

1 ANAD (184P ALT 271097 hPh-(F Navhar(
N7990H 279,77 PC&+ (constellation)

HPH5@- PAhA hed (atom): TT7@-9° Ahd (AT
PATI0 1= PAFaDT TIBNAR £°F¢- (FhALLN) PTTLH-T
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TCFTTS 10FCTT AR HELDT LbPT KAt -
APh  BOANTCST AL LavG  eh(rFAd:  TORY
ALNCSTY 29.00 AP?: CHEI® PATS AMANTCT?
vk LY L BUPSA
1O-FCT  0CHE  TCRY?  FT0 e0AMPA: 17
AMNTCTTF? PavA( Fhed PAD-gP::

ANt OAL: AAtH:

hadt 19°%¢- o110 Adt:: (volcanic rock)

h& o
QANA O 29077 HE (mass) OFASE  AGEPT
(oetT: lPPT.) a0t (gravity) A7aC 90t
he2F (density) £0AA= APAN, PATE (@ A&t
hovgt BAP enldP AL WINVET 1@-% GHE U7 19 Ut
et ALADTIO:

AS.0 T
w7 &+ PAHLLANTT NF°CIPC TP9INet (discovery)

AHYt:
W18 ao(vh P 09 eNLPCP 0L (quartz)

0Lt
et (cycle)

FAaP avh (e
PMA.C PHCOT A.LPI°: MA.C A.ANANG A7+ P:: (the
Big Crunch)

JaP (93

A28 FAP bl Amé A (hovhaoo- 0&7F) hets
NCY7? 4= 2V FAP (9 (-TCSA (supernovae)
L0AA: LLo-FCT hPh-(F 2714.méT NA-CTebs (A
10 (CY77 OL O6h, DAL (C77 0P ATGF PT (LLL*:
v eNCY7 avlent WL €718 (Lem(C9°: bhh(k
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BhODT:

het:

nhN:

haCh:

hAHC:

YA

184701

LATIPae 7830+ OF. O+, (explosive) 4o @L
@-OT 10~ TP

(emplosive)

ha-TCced i oot PF og - LPT LH PTLOAT
793 YeTCSd (hypernovae) £0Ad: A8 +aap
hh 418 18309 oL o0t (L7 (emplosive)
AT ALPG TEF LNG KATT TAPT LAMiA:

P4®T AGPCNT ATHE PULLAL aPiR(Cx JAd Pmé.C
HAANT CONA BAADT £0AA:

@L OQm TFEOTI° 1IC (0P TIR) PULLANE DL
@R J° LULLODM:: (Open system)

P+ NCYIGT avt PAD- YMé.C Az

OTCHFSTFE (L@ FCTT O-ATI° LTULTT A8l Lbd Py
Ahd: (quark)

NME.C DOT AL héP NPT 264+ AP NNI° 099,014
AL bl i SF-: (Quazar)

ME.C (LHLD 0104 P AMAT TFM<: 1014F G Al
1OFET  ANTIeMGS<: 1OFETPT Av? MéLT7
(M9P&T9I°) LT entr e @I aPGA::

ACEERTHE 197045 £91.L01T 740 (theory)
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77 TG

7P hnat:

®0 AAd:

Pé&t Adn:

eHt:

T 108

PhaqPh ndC:

U2t ALTIN:

PAhe P&CT:

G og° ¢ hhd OF1I00TF o 1cE AT
o110 A ALTh: 7Tl TIC (element): ATPAN:-
Nét: av80: hhOLE7: V2.8 (8.7

v0E Prd heaeT (hemispheres): avgt7 av-at
PILhGA - PN AS 00937 Y&+ hO:= (southern
and northern hemispheres)

AnA (matter): 0ANAR AA9® ¢997%: TGO 0
P90 H: N7 Pe MCT 110 1=

L NHF @8 L8 1E PHADM LehPAT PCZ=: (fossil)
(977F O9° hhd @O 2oL 11C vde (Mass)
nhAALRI® AT Nzt e+110 £730L: (limestone)

hateT A1 nPh-OT @R AT A14 PR A74.0-9° @L
av gt 0o A(: el C (COoSMiC rays)

ONCPTT HGP £A PONE hAA LTLEPNID- 25240 hAd:
(event horizon)

N&he a0t hAA ?90HG A7LE avdt P hhaet
(planets - TApRT): P°RC AT aPANF

TAZPT AT MEC (LPNGI° PAFm- RUP1 NCYY
PATF@-9°::  NTARPTS  henldPPT  P99ovaM  (1CY7
AATIL.C070 DhPh-0F NPAR BALA:
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PMmé.C L7100

PMé.C KOG T:

PANP &720L:

eNCY? Gavi:

A28 At eTLcint eeLevanet (twinkle) heht
CF@-z 7 FCIHIO- PIPC ALC 10 A78.: ehPh-(rk
NC77 hRLATC:

NPLE®- NME.C DL st hPNLG: ADNE AAEI® avltTy
Paqavt: PhAoD: - 1B PP PNPh-(VF TCFELP T

e4d9° bl (comet) eHAAT7T AL MEC Lo T
@EMC  LFAAE PmAC  RWITT ePINFo-
(meteorites) H@7 1 N4t Zha: AT o7
LT PA:

PMA.C L7100 NIOLC AL £44 IRV T: WI1LLaPMGTF M-
AITE ORI TAP TCAL LATlx

AL Pmd.C LLe NNY L1 AL 24 WU r: PHG
O FCA5 MNP &710%7 KA PA AS AIREHEPT
(sink holes) 0 A7%.4.m4 LLCIN:

(HY oo%h& Kdevt tA+tT7 (black holes) AL
PMA.C ARSTT Nar@-(L:: NA®- AL7 A7 OC NTIaPAAA 2
A8 O YANFT 1107 ATE: MEC ART hAD- ATINT
KEAP® (LFLD-N 977 Pa-PA)::

LIPITHOLE IP0A:

784, YA0F7 OF AN a0 718 Tladar: (simulation)

A7 KHYH (quartz) mdc AUt AQP e+1i0 &)L
(sandstone)

NCY7 endC NAD7L 300,000 e 924C AP T3H NATE
Gavok -4 P9LLCANT PCPT Ah: ehPhNt+ Cot
avolfery:: light year
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rNNCH h:

ATE TIC MA@ AL nhPaom: avpaveBym- Z\pLqP
ALTC TPt ALTCITE NHPM ANRT TG+ aow/t
nFF PAD- HPm AT DAL NAD- PLEA LNAAE Pavsrt
a1A007 had:: (law of superposition)

MLC LDPT (TAPPR TPL T1CT):

HAAATIE &TC:

HAAAI:

H:

HPM Adt:

oA ALY A @ AA T4 TIC PTLADM TP
et (radio active elements):

PATL TP TIC TIANAR 264 (FhALA) QAT £9704.0
N no-am- A8 LT Aot hetéotal: LOMN
(LT Bl MHYUT LH PhnPAL Afav O-ONP
mNe LADMA: PAT™E mOe AADT 7Tl 11490
LADMA:: AU ALTE TAPPE MOL £91.04L 7T T1C
enlC leh, (radio active) g0Ad:

MG e, TP MICT AgPADT ap(1flh harBavsFo-
NgAt (oo A109° OHI®) PI0LFD7 ChARPTF SHF
Q9 NANO L7LLAPOT LH PLH aPANLL PGA: APAN.:
- R&1P9° - 238 970 Ade PULNONGD (4.5 (LALT
Gavg~1i WCN7 - 14 15730 G003+ @-(\T 1@

PIREMC: DA77 LALAD- T
PPUVLHIP: AU~ LR AL @A77 PAANT:

ho-am- 9175 O79° 11C (0P 179°) DL DR, PT1LODMN
no-¢ng® 9°79° 1C 210010 ehet +Pe1x: (closed
system)

no/ o0 2+ PHPmMm AdC Nk NHT @®L AAtrt
(.$PC: havC tHPm Adt: (sedimentary rock)
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4 b7 bt

ALGHC:

¢4 nhl:

T

MOt aofsT o hiz

OA heOTI P MO AAO: NATTF P78t o110
1@-::

OO AT Q2L AP PO SPGA:

NA7L 28 A7 b PO OO NH POMEBPT
A28t QA U-AF PICHH aPIAAA Porad AT
F1EAGE 210 10+ 8, kT b OTHOA:

A7 ea@- yPa (cell) @ar 4 k7 APT Q1LTF
Joppp®< KL HT K@1rH PCX Lavw(rii QUIP
hEgPHI® LNAA=

Q@ eheoF vPa (cell) @At 46 hCPPHT 215 =
APhePHo> O\ PHALE O-ANE MOP-F7 PoLONT 877
eH0A holhd 2TT0FA: 01£797% hCPHI® @-aT hily
PrL0AM- BST &5 s

heC 1% tmé TIIR AOG: BRSHET (ALYHS
NAPIT  PFASE  GCF@: A8 hAP  praA@-
NENPHD¢0  20AN: QU (davk: 20 9%HCH
(CHavkg® 30 “4HC: NhNL+E® Adh 100 7 (224,000
nAe9g®) o100ty AT 2TAN e graedd:
SLSHET P1N4-0T Hovy hHé 230 TLALT Gav T B¢
AQN HG 65 TLALT Ga0 3t &40 (N65 TLAST Gav )
10+ (e L1790 F

OA HC49® (B¢-F9°) b= (comet)
AL bl A A7E: LUT° PMd.C L7208 1D-x

@ AT PULANE NG @9° A @Ot h9lrd
haahte 999 Eh AG PRNALC DeAeT  Paqavysp
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Mh7:

et

Al Kad:

PPNPNLA hiviF - hvhd eoloed a0z O+t
hatt @-ar et (gravity) 28A9P° 856

ML @OT Lhe ANATT 91,0157 (Po1.000H) =
htC PHADI° AT80- (ML OOT BFEAx
ANA PHIAD-9° (FANGS +aPAAL O 103

OLM¢n, PILeADM  HRA:= WUt havdt  DRA
£,avsBQ\ :t

PahA + P (anti matter)

A4 A4 hAhA P7AP0- PGP MR F 10+ NANA
P10 NCHES MRS AhA D110 NCe P9 ARTE
KBGO 1IC 17 NA4 AnAt OO PAANTCTTS
PTERST MmOt (Pt adtParm: AL Ahd
P10 NCLP NANA PH110@<7 (CHE® (L@ v-AEg°
NCPSPT NFAP €793 Lmbdeir:

A1 RORTET WS A ZTHACT (LIes: U-AkIP
Lm&4G MICA 9°Fh 2297 nlC NCY'F? LAEI0A: AT
U7 LUTT Bl C NARSTT ATIOT ATTAIR: IPTI° QUTY
G4 740 NaemPd®: (1077 el C -G 201010 PET
Scanner (Positron Emission Temography)
NVh9°G AA° OO NGHE PPI° APAM 10 LAD-::

PANA AT PAZL ANA PMmé4-PT ML DT NFAAP
M FPF ANBS: hah PLe-T7 APC hONg® (LLCh
APtaoAntT: A4 AhAT Ané AT NF TLET TN
2nN8A: N&Z AnAT 110 AA MEC (LSC 977 Po-Fh =
hmé.C ®L avgt Pa &4 Kot (ZHACTT) avets
NPLE@* ATLTLINEF SFOPA: (IMLC @OT NATE
®77 0Phlt: AWSTS MlPPT: ATGUI° AGTS
@ANRFTT QANA A28H110%: (&4 AAT® e+
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KAt PhPT:

AT DPROF: AhETS el PP T ATRUI AES
aANFFTT 00PN P10t ALSG STAN:

NAhA PH710 LON NADA OF710 °LC hrtarann: R4
ANA 21110 2009° &4 AhA 91710 9°LC D-OT AIPANN
efad: a7 vk LOO0PTF AT AR AAS 0LamaNm-
LAANE AT8LM4E4 “PANAS PAZL ANA aPT T h&A avq
Aaed AP7 A" (Close Franc, 2009)

AMé.C DT NeRATT1ES Nhe+E ANt i Po1.30P
~a¢x (black hole)

CY7? P9”1L (wave) AT e (particle) mag+7
P78+ PPH Noorrr: ONEHE A0t (gravity) AmAag
eTFAd: 1801 86U ML TRC aohfe 09100 F§¢-
TEC PPINT 9PNIOE: NCYT v OL TIHhAPD- 02
PAT] e NFAP ANt PeA NATLACT 1<
P99.0CeNT: MRI° LT, @- T1C WAMDNT ATU~ TFPAT
N ANTlmé: At PAPT Az U7 PoLLeNT
(LG LD TT7I° hQD-PIP::

mé.C:
DI AhA (WP A12 PR s D)
N@-Om- P

TN o0 - N
ng°LC A8 A7LmN P7LaP00: AT €87 AMDTCT AT
1.01¢6S L&V (nebulae)

(U E

Ut A8 ARYE U FPeL U Lk AhAT (LDeks
AICA A MGFFO TLPLD- PRN €77 £OAN: ATPAN:
ALDTCTS 24 ANDTCT (DBt UNE® m& o
NP FVFD €7 LA.MEA:
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GRIOF A (T14hA):
7%4 hhA: P97 hhds

0077 O F ATE TIC NAAD- aoAREY P10 NAT:
NP havaan 7 OM ATVt A19.497: NAhA
(Me0 ANA) 28 NAAD AAI® AAD- Uk “A7L AhA
e 117 (LFC A ALFANE ATIPP Ahd APTAD-
NATICSrE FmPII0NT PO 10

gZavdot Khd (N71ePD- AAPP: Ah A785 @ AN
ANTIeD-07 RO e DT VAN @, (O hADG
PIAG M-

072995+ ePGan@- haaanF PAntAanN vzt OC
PHPOH NAPT:  (A99I9PD- AA9® Ah AZLI°SOND- A%
AeTAgO:

Pavyen A (LOA: “av%d.0 L9° 9°7 Ahd £5LPA?”
L0AA: AhA PTLADT PA SFEET AADILG AA ALN
PO WO aoMPI® LAN SIPTA NTI0F “ULANA” 271
PO ROPHT +MaPaGN (MY TPX )

PS: A%0 PO 0N ANCT A AN A28LI0NE
PAD- AR RAe PULI0@< helP@-p@+ (nhhA ()
(LHAP AT AAPT: &9 ANA - 784 ANA - 20972 AhA
APAT NTTY LCN PATI° aomPd® ANLAT:

nAL PPt ePAT FCHTFS Ten16 TINE6EPTF 0% hé-
PHIARTT AT PUA QAP AUATHSE A0t PoL.0+( PPAT
FCTTT DAAIR 2268 Pavanzid::
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A04

P1LH AChGT

201 °&C (BAMCE) P1LH AChST

heOT AN TENSET (Precambrian)- HoPt ACh.L7
(Archean) - 4600 71027 Gavd~t Ahh 2500 TL.AL7 GavJt
ANO(L - ANAR hPPT LAT 0T

0A he@t T6h9™N6L7T Hovt 41cHRh (Phanerozoic) -
n2500 “LA87 Goo 1 ANAL A 570 LA oo AhA(L. -
KG9 PSP ANAR hEPT NPk 000

+497¢ @+ (Paleozoic) - hage0t oo A 7107 Govt
ANAL AOh At aof ACA TLALT ot ANONL - ANAR hEPT
ONHF 030

@hi h@@+ (Mesozoic) huvat oot AcQ TLAL7 Govt
ANAL Ahh GAG AFPOT TLALT Gavt ANA(L - N9vT9° NAYCTP
At LT Hovy - RRGHC A Povst G hr0A
ICHAERE

L2568 @@ (Cenozoic) hadA TLALS7 4ot ANA(L AN Hé
£ - havgt WAt avhnd HP7: 70 A7NAS 10C: H78ES
TA: NMYC @-0T° ACh PHIAD- Ad AT 030 T

LANALYE PLH AChTT

Hav'r £9983-0F - AT19P QD+ (“A89°F P7”) NTLANARTF DL
ANARTT P40

aof. R9° y-At aof QY Gevt - hah AT - 20P (-
(“A89°T hPY) oot AR

N99°+ oo MLV 9aed~t: AhON. - Aadh 10 (LY 9o+ Aha(.
L0 - PHALR  ALPT N FALR 176 d-PT:-
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> N99°F h33 AV qaod~t 29°¢ - (LT hhedh oFL
AD-(vFe-0.0%
»  (199°F hgo AV qavd-+ E9°¢ - (T DL h@-CT+
> (99°F us (LY qood~+ B9C - AL+ ML (1987 A%hsh:
o LY %avt N4t - 16-8 Havy AgAP: NATEIL PPt PGP T
ANQML - NQVC SCFPT: NAYe- 718995 AP 66-PT Atoa
Gqavg-t (PPGANT AAZL AU %ovdt) APT ARNLS P940TG
Nn&+G LLE LAAMTOF (NTV N4+ P10 A20M3): P77 007
AACKED-PTTFI0 Ay
10 LV oot AhA(, B9°C AS 5V Hav? (P7é4t @-Y) e
NTLAAN®- Havy ANAN, - AFSXPO-P7 45h HET - 95U
OFA0T: (A7 OF HETFO OL (19375 OFL PPred (L Ch
ORYI° ML hlh.) TOLD- AN: (0T PHC PAI® avAf - (70T
HET QA& 0200t
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