





il A8 £ jd

@gla_m



Physics of Solar Energy Liwadd) &3Uall £l 308 I

C. Julian Chen

Sohid duwha pulill

YAV /N /Y Gl Y 0ASAY 13 8 ygadl

Saail) &&Lall SL4 1DD Owady (i Aw ;;;s:\ib ‘L)‘ULA ibx
+ 88 (1) \VOY AYYOYY 1 eduli
hindawi@hindawi.org : s g ASIYI as pl
https://www.hindawi.org :;3,&3!! st

Adl3e o)l e GBS e Laily oSl alsl sl e Alghae 1 (sohiio duwde 5

(:qu.b LSM e | ﬁé.a.uaﬁ
AVA Y 0YVY VAVY A :Q\g.ﬂ‘ h\_'éj«.”

TN ale Liulasyl Bl sl S uin
Yo¥e ale gshiin Luwde oo dan Al 0la &pua

5513 Ll Assiae SIS 13 pail Zupal dam Ul Lolil] 23l 3pia san
b sm T ol sl Lapine ol Jaall s Lalil] il 3sia puan

Copyright © 2011 by John Wiley & Sons, Inc. All Rights Reserved.
Authorised translation from the English language edition published
by John Wiley & Sons, Inc. Responsibility for the accuracy of the
translation rests solely with Hindawi Foundation and is not the
responsibility of Wiley. No part of this book may be reproduced in
any form without the written permission of the original copyright
holder, John Wiley & Sons Inc.

oS Gldsa (gu



Vv
VY
VY
WA
V4
YYo
Yo
YVY
YYo
Yev
YAV
£\
£Y4
EAN
£A
£4Yy

Losie
dagad -

ouadll pladyll Lol -Y

WI LUl Jual -Y

el i pis —8

02 po puadill £ g Jelis -0

Loa ) UL &) pad) (Saaligall -1

LS| enlany) -V

pn =Nng -A

clnge ol o deginl) Lovadll LYAT -4
Lwa i) L8 gl eliasIl -\ -

Laa ) Ll pad) LAY -V )

Glall o35 -\ Y

Liwa il B3Ually bl -\ Y

aae

Seeoll 4l

el

JEaYy sguall (252






osis 0Solas Ghes S Gsiadgs pads 4 U slaa)






Dlasy - rtally golall 80 G L bl dalss Gl Sbaasll ST aaf 2 i
Laitlly anill Jia cspiall 453l gum clS (e Gpaltl] ol 3 Aueliaall 3,530 e
5l gt all Feuills 5 pam 25t IS ALl 2SI jolima o« pmnskl 5Ll
sLsaSll Gy dalall BNl Jpall wlSiae e oLl SlShall e
Lol 3323 i 8oLl ol Gy alall coms (Sl sy L85 i
oinll 3330l sulime (Sly JE Ly pline cila Jf 1ia ZaBAL) &5 7SS
45 el drwadd) Bl e o) o ool Slie e B350 Sypue wad
Ll L)l ] soliall el 5 5m sl cell3 o Boe o130 alUA Tl vy &y
SIS Bam 13a 1 Les oa 8 SsS 3

@oindl asish sulas pe — soaaill o dbadl Bl julas o Cagsall oo
Gl s Apoadd] Bl SlEide o oy sl BUIG ouliily ) 03 —
CaStudy Jladl 1ia & oLl o sh wdy allall G ASlgiall BUA ;e UL 2
S Lapsas axd Al Ll B3l Lo dlliay GG, Glls Zabl) ulal) Jituds
A ssima o) g s e 325 LSl Ty iy el ZUa)) oliiie
2 Bl LES) Lgsll Bl dliay LA slite oS sad o dalaisll Ll
LLAYL 1is sl casnilosall sas dgas audiall Saall juall o WS 3oasie
155 Y &y sill LA pe Jolailly &y gsill llanll & Sulyall pie N 20 o )
Al

Jlasl Y 5k, o bl paiaall ol Bl jume ST Liwall BN aa3
st i Lgils 4 x 10°EJ/year ] s a1 Lgwics il L] 250l



Lowwadd) Blall o5

BUL 50 Jsa3 13 (JEU Jovw S 2007 ale @ allall § aSLgmal) LU Cilais]
U130 iy o Sasd il Bl ] sSuiSe 555 Ay Jo ploladl Guaddl 555 oo
) A Banil) ol § Blall olalial

Sl B3y e oS0 sl ool s Lanud Loedd) BUAN aludiul uad
e Lalaiiol JSY1 Sudaill Bl ulial 8olail) 1l o (e A3l ola aad
UL 0.00001 i ) 3 ASLgnal ) 23Ul Jlon] (po BUL 0.1 sa Lads L33 Gl
Sany oataall o slailly (aiial) Sall e elld o 2Bl guadd plasdl e
3 i 50 LNAY Lualiy (GELAN 030 aladtul 3 Jade sai o aojw oy Glls
oodll e 3 M\@Waw&jc@: bl e el i)
353501 Cye Baaiadl BBUAN Holins S 55 5late ‘ws;la;u;n;m Cnriially goladl
(soiall

JWihel § ol § Bplad ol wa3 e a3 Lim sl i il ll § JLadl 50 LS
lyin &5 Sie dily Dbl Dualall Lgslsal wall agill o drwadl) ZUAl
oy Eesl) Bilall Lusiag psle § tualell by LuaglsS Zasls cill]
& gl Al ulsul) Jundll & Erena ] Ul sl e 4 ske G She
soodll 3Sak oy 39 Gl 46 aus Jaw o LEll 1ig) Juall Ty Leaie 2009 ;Lc
Gllall 13055 oplaaall pé A fe Lgan 3ty @l paladl Janus daslall Zaslall
0SS e el ya oaliad Bl pralaiill G el palat) Alali oy S5 oS
aay Aalliie uwlys Jgod Lave san o Lranad) Blall eliad e 301 500
ol palall sis gsial Gaaad LS s

oolis B AShe S Jundll padl sOBSY ol psaustll Jo Lo
ZAU) Bl elld 3 L Soumill Balall olual Zabial) $lo¥s Lowail 23Ul oo
il ] S U Dranploliiias g ookl &0 S Jundl (55 -l Billey
525 gl pLasl agdl ago 4sull punl) plad) agd o) .coliaad & ssall Lk
Lo el B3Uall LSLAN oL 5uall SIEH Jandll odlyy . Jandill disyaie Lo
ol 24180 s oA pat LS« puall (gt 1 Sl ALl lelall ells 3
Laalll Bl ol e i puile) sl gloasdll Lty GRS a5l (g puial
omadilly palall assll ellall alal  gula i< Natus J305 syl Sl aidss

\-.



LSt By Ldse paudlys SII clonddll (b 6l bl <250 52y
cudgill oo 3ol cdsh Aalal Unas Y3 audy ¢ Shaadl Jseaill jus Glaial
LS sl e lilaie) puadll s g adsil Gululs a3, (Sl eadgilly guedd)
SEEL Gluny dalaill Cilgall age Ladle Linse Jundll lig) YleSiuwly .4d 523
ASIALL 3Ll osall guadll plasdl s Jlad LS o gall) & oladh 13a § 2 <0
Jiadll ¢ by Aokl JICEY JN3 0o plall e ol oo 2ABAM p1sS1 Yo
ool 55 0B M1 3 Lrwesd) B (13335 geall S 35 o NS Lualal
e 3l Unase 123500 dad pulien LS cdlaall Zus M) Lobad) Bl ale 31 L
Loball Saliaull ol padles puolall Juadl Tay eiall g el Guedd)
Al bl 13 § Le draadll U aladtuls dilate Sasse Jilue o 5as o3
Gaenlal) 450508l sl Saladl s asleall e Jsundl) S5l il 50!
Jodll pudy drmadll Lhguall sliaSly Lyaddl Lbgung,6Sd LAAIL dolad)
sl Aial 5 se e cell oo Livas (385 SIS S as Lunlil) Loaat 1) sl bl
Tases Luadll Saclill plitul LS Jol sy dogall @lisally el
LML 3l Lasd Bl paalal) aal aa Galdll Jumdll (2 50 - Jouadill o313
sl e daiall Lovwaidl LA el Jindll Jolisg .p1 dlny s W Lwa il
LAY SIS Jindn Cng ae cdaun 589 YS9 and JolS (250 olld @ Lay cotlnge
Gaload Yalas Slall il G a5 i N el lig dadol Ally Ly sl Lo
Liny s e geliuall Ssull Jiaill Jlae § dnall elliSy ol § Sl Jial
e i) LA Lall Lowaddl LMAI I3 § Loy Bosalie Lguae duuwad LAY
el Lolall olindail) e golall Jundl) Jgliy Akl LAGSN & sunall
de St drwaddl obadl slyeSh olalses Lowaddl sU obliw el § Lo
i sb e Baatal) Lo i) 4 aldl cslaandly 26,8l Gl &l dowaddl olaaad)
sl <L el S5 pe 8301 Liadil) Gl LaT auih g goball call
3 ¢ SISH aadll ks 13 @3S SISH adadll (i ga I3 @3S, 2 Y
o) LD Lt iy 53 @3S 50 coliusaliglls 09300 35,0 JLiiad) Slea ol
A3 alad el 3 Loy Blall 00385 phe SBI Jusdll Jylitag (Gagadd) ang
Tolags cmdidl Buley A el Unily shall 83all5 Lussauad] Zy,Lall Bl

AR



Lowwadd) Blall o5

B Lraasd) B alaaiad Lslaal) goaliall LaT auling oysal pouialll olslos
Aoall Lwaigll palic Lils

Ladie 5583 A obals o LAl e Guss @ e § oady
Lusiglly LSS Lunsiglly &Sl Lusiglly eloasSlly sliudl) olld @ Loy s
sLadll Luiag olshl a sle s il o slally uiall Luigls & ylaal) Luighly LLasSll
& Ormeladl CALl G se oIS 3l 1aa o oo ol gy 2l & gidilly sluaisl
o9 rall 5ad sl da s U 3 el Lladl sluwhyall sy dlgill 8 saunll
oalall LAl asuds L6 130 toAAIl Laladl S LA fyo gy Gl po ol )]
B Javw o . OLSI 13s aveind wie HLae¥) 3 i aud) alg o s3a Ljg pall
S Sl Apbadl Kaalipally cadsll llall aslal Erwladl talil) el
058 sl 0 LAIAIN 06 col LAl ada Jadlly Las el oML duaillys
Gl o) S a3 Loaiiall § gally olalbnall a5 da o danlpe Ajiay
iloal agd iy madill LUaL LIglis Loss sa Lialall Lala) 0da aall e
Ll caarady oslad pladioly (S €510 eed8 (JBU dapw Jo gy ZaLaill
S G S oy e BB sgae SN (e LuaIl ¥l 3T I oo
3 dage 31T LS uad ,,gé..g*l;% REERVAPS RPN P VSEN -0t |
Aa ) B (o Boliiwt Basas 83¢a] Ge Eadl

ST Al G a0 sl L sasill sually asesll (e dusens SESIL als
pedll wie sel 9a5 (danil) Bulell LI AL (a5l Sse Jiied Azias 5S35
) asaliall ganl)

2é lsaall Ge wanll cugh dalsine sy olpsladl elhef o3
Saalisally clll) @¥las Hausiiy dia cadiie p ige domadll BUAIG a3 gl
Ul slog Aty Gy suanall shiasSlly Lball Al sly3ady oS KlSa0y 451l
s -dsal) duwaiglly dyoleal) duaiglly LSS duaiglly il aslally dalall
o Unylies AlS degans praiad ciay disge Lin ey Lunlys GBS QUSI o5
Sealls olatball as oSl 508 Lawlite 583 ol ity G Gpaslls Slallawall
A8y el Llig A8Ss (0S5 Al mey cdlall old Ladll ¥l 88l
S LS 53 590l LS Ein

Y



doadla

J padaclal guse slasis agasl aslat s olops iyl 3Lyl sudy <l

SISl sludy o oS saal pali da gy Giee Bly dewedl) BUAN 80 olae] &
SHL paaly dage aloslas J 15eus coill Lot Bl Jlaw § cialilly
ouislly ey 4atygs dral Galadl Sall dally aladl saall clyg,s0 it La
) Jaadll Jolatll S g RS (g ;1 sl al & oliasl il Yl gl
soall s iSa s (o Ll Sal LS L) 46 gun g S0 LNAY delinal J 4033
obleiial 3la L J Lgoad (il oloslaall 3um 53l asa dolekiul) 380 ol
Boladll 48,30 (saatill sl csaai3l 59 wadss g alladl @ Saasill &l
Jae § daball wlgall e olilns oloslas oo J dond W LS, Ll
clsdsale &l Lamill gdndsill Gud,ll dalal] ol gosls (daslad) @ Baaasl) dslkll
Ll Laad 1 2 3 Lpsnatll LA i il e J Lgods Sl ologlaal
o) 30l 525 (e Gurigal Ll Saly gulaill psas] psalls wiislw G
iy gunall Lwadd) LAY e (5580 3 0S5 rdlae paali ] diges dusaslsS Taalas
BTy .d LSl Il aalpl) e a8l Liwll ddims (0) aud — bl Juadll o] LS
Slaslanll LsaslsS Axala 3 oe 3l La pay couSIs) Jruldd IS cian
(Biwa i) LNAIL dunlal) Ly oulaisy) Slsalls 3lats Lass J Lallac Sl
A ASd) Ao S e e dl) Blall Jlae G g £050 529 <O G529
Blall ol piasy Bluwll ol b calis Gl zosag (U] @l (e
Lle gulail Lajae Jun L?:wat s sllw oo 13ae ST €Y tduuadd)
rslanall S e agall L, «sasisasl cusmsles foalie @ das3 JI5 Y
Tses Lasgas 3 dus M &l Bl feo saiall 28y sl allas J Y
20l o ials Alas ¥ty &g O snis Ll Gy csdilash Jadiian fed; 50500
ools puad 2 sl pal gl JNA e S0, Bunill olisl § Lrwadl] Bl
om0 Lose & el Bl Caail 3,8 LIl oS 574 gm0 ol el
Saebal Su3a3l BN be 5,00 adlal) graSp o caralSYI ST LS L ually
(ol 3 Souaill Bl Jlae 3 delially sadl @ lelall 550 ae Juolgall &
QUS o Aafse Lawd J o SI dillacy (o agad ol 3l adis Jy
axh Loy, s3lly 1996 ale 3 i3 iy cdomadid) LUl el30dy aulsd aas ol (il

VY



Lowwadd) Blall o5

Crasts degane uwde e gSlsa srally (230 sl g guisll 13 e (S5 LS U
saall Erawail) BUAL Jpull Slas¥l Gy 5By ohaiitl] Lgas 55 Lwadll 250l
Al 3 Loy gpana 8853 3,05 d) Sueals 4 S o ) deglll olaslill os
25 3y EELAL Lyl ol Lrawaddl claanall dlia w31, gl LA 3,L5
aag ail) 8le AL o5l Sl Jlae & Ak 32 Sl ()
LseSH bl e B ol L3 Bauall olasliall wollall suls 34
g degane oty BB dbo ey fS A0 2 Y baglas 3 Lgd] Slew Sl dsally
Ja bl 8l L] iles 31 Agally J Lgads 31 Zesil) claglanl) a3l (5m
il I 5 sSalially s ill LAy Buasadl) Shimsll puian’ Zulaad ALe(SI)

Lgacus s J (a5 o Yol sonll seliad U 13a GIS L 3T Gualy 7l

a8 Hldg (oo
g2 baslsS daols
2011 Js ol

V¢



drwwadall d3Ua (V)

@onll SN s guedll pladyl 8,08 LS bwgio aly sl olwlall s,
iy 5235 - qgmadd] il auls pls U3 he g yalls 1366W/m? § ralse o A
ba d) Jdleadl Ghall ga wiall (a1 Jlgs ba e gale 10 Jo aaly 9o Al
Ok 130 @iaad) s lwbiall i Gass J15 Lo Ciyadll laay V=) JSiadl S0 el i)
il el plasil ulloayl 8,081 631 (2/17) X 107M (g5lun Y1 Hla8 huns

et o I Juas

1366 x % x 101 = 1.73 x 10"W. (1-1)

1S 3652422 5o alall 3 sl sae il 3y 86400 58 asall 3 S5l sae
ale S (a1 ] Juad ) (puadd) pladl Dol Jlon] 55

1.73 X 107 x 86400 x 365.2422 = 5.46 x 10%4]. (1-2)

Vgl 4, Loy BUAN e ludll 1as oo 8,58 3285 .5460000E] /year |
Al Juns 20105 2005 ol o Lasi Y-V JSa a3l s23Ual g sl Ll
S s BUL 0.01 L 5l JSay S00E] sas ] ol allall Zilall (g5l
Do <€ allall wlalialy i3 o1 LS A ] Jus 3 & gl Lusnasd] 2301

5Ll



uadll plasyl

1366W/m?

[

8,08l bugie aly oo M s ) Juad A &siad) Luwedd) Bl NV -) S
A il B a1 Jlsy ba Jeb Juasy (1366W/m? a3 e el
ple US Lo pbhu J) diad A Grwedd) Bl Jles] aluy 10000000m

.5460000E]

800
EJ/year é._.,td\ olas gl 202

1980 1990 2000 2010 2020 2030

loslas 8,1 1,uiall 20305 1980 ale o Lasd dBlall Ll ol¥giadl :Y-) JSb
Laayl) B ololan] asis Al £ ,A LoSall Lol dgall Lay 3L
sl s (2006 slgisale) (2004 alad Lulgull ZLall o g ghuall s ,Ely 10,15l
cdalgul) BUaY) wlaggiy 5,80 d3Uall ologlae 3,1y :eladgil) .www.eia.doe.gov/iea

2007 ale & subal

e N pda ) b N sl N e Sl quaddl plasdl JS Juss
oA die BUL 20 saty cLadll @ GuSais guadll pladyl o BUL 30 yass

Al


www.eia.doe.gov/iea

digas

s LT B gt Gualall Jumill 130 elpgll 3 wlinsally ondall Cila e
Jlen] o o BUL 10 Jaatad GISaIL SIS 3] o (15 tle cladaas o2 )
AL & rely alladl was o LgiSay 1 Lgie BUL 0.1 L8 «guadll plasy)

G ] dess 1 Bgiall el DUl ool o alesadl AU e
pinss A Jsaadl Ll Saasill @oiall agisll pled el Jleayl blaavl
Blall e BUL 14 ga Jiad g dall o535l Bl Llasyl slblaayl of NERT
e Lo Jéal oSl Sl a3y 3 Lgin a1 o ) Jusd 3N el
35850 (e Balgll Bl Jladl (g gl SN giadl] Sy -Loaal U e s
0L oiall agdsll INgiad Jlall sl Laiwl 1315 300E] sai Jf sdall
le Blo sad 3 adivw die Balyl) ZUall Jlasyl ol

DUl Jlon] e Bpiue G Jhay Soanill U aliziel Ji5 ¥ s
3 DUl o ZABAL) plps) Lo YoV JSAN pungs Y-V Jpundl sl ASIgnll
JMa e Lowadll U aludiul Jiays 2006 ale 3 LS, saaill wlygl
Glle oSy aS1gal) BUA Jlaa] (e bads BUL 0.07 L5 5 s 5gSI LA dii3
LSy J3a3 gl BUAN Hine @8 g g 5eS LA (po Bl dusadil] Z5Uall w23
AUl Bl ol Lo L gy F8UAN ells prvisin o(£-0) s — J ¥ Jusndll (3 Jlain
Lranall LUl delial SUYI oLl 4 a5 gy 1555 €V UK Gasms

"B g anll g3l pled Bl clblaayl V=Y Jyas

EJ lall Basy JS (e 28U L) g sill
6930E] 4.2 x 1010J/ton  1.65 x 101! tons NESI RN
6500E] 3.6 x 107]/m3 1.81 x 101%m3 bl 5L
15000E] 3.1 x 101%J/ton 4.9 x 10! tons Bagall Jle andll

8200E] 1.9 x 10%J/ton 4.3 x 101 tons  susall addie andll

36600E] Jlesyl

?‘9:11\5)?__1 u:J:EJJ 2007 g8 nu:L_‘nll.\_" LBl @LA;?‘ s aaeb.a» :JJ.AA.L‘ *

\V



Lowwadd) Bl slyus

Boaail) Blall jolas Y-V Jous

(BUL) Jgial Lus  (EJ/year) cllgiull (EJ/year) Ul g sl
0.0012 0.31 2730000 Lol T3l

0.16 4.0 2500 oLl Bl

0.10 1.2 1000 Loa NI &l padl B

18 9.3 52 15U aslall

L) yadl &5l

2006 ale (5 sl 3 Suasil) Z3Uall IV gil 2006 ale (<5 sl  LUal Vgl

(<) (0)

Lanlyer 0l 2006 ale & LS, Sanil) ol § GBlall d¥giul Y-\ i
ool @ Blall Buny Blall wloglas 3)l) e 3rulall (2006 alad & siwll Llall
Bl Jlaa] oS 2006 ale @ T Galll Sasl EJ 51 1018] sas il wlsSIl oo JusMl
Blall 2o o3 130 £100E] 5o «(sf ©99.87 quad 485,831 saail) o lshl § &lgiul)
WA e Balsill dpuaddl &8l L daley Byl Lghawd sl L& o EJ o

2006 ale & &lgiall BUall Jloa] o BUL 0.07 Lads Jis g 5¢S)

z

Lda Aaluns S Llgs & (spatl u585l Lowadl) Z3UAI Jlasiol Zuals aa3
WJBL e e olite sl badill Gy a0t LGN Jlasil liadls :dan sl gan
A971 ple Uslay - Gaes Lasd pllall § baiall pie AST LS, Baasll eyl el
8,9l L, Ll § zlAtwdl LlEl Al bashl blial (il gad ais

YA



digas

2] 02835 Tay copadl el diag (Al ggandl o3 Ly cran Ny Sl 1)
Ciosl o3 3lalia e lall Laiill U] aad o3 (oas AL sia G ALl bl
s Bl (e i RIS Bl ) e 33 pls osri ST ds Lnslsn
& 856 (g0 anily LT aladl baill Y Leadial) LUl dueS 80L5 J) s
Cisah g b paiiad] Bl Je Blall diley puiind Lo Sole dBlall 21) Lilee

iy a3 1aag e @Bl Gl3aen o LA

G Bl = 8 paiiwl] Bl / laiiedl wile = 8 aiiwll Blall Jo B wle
Loy Zyslall BLalI /953511 (e B
FRO[ = _SHergyreturn _ _energyina volume of fuel (1-3)

 energy invested  energy required to produce it’

Ll 5 8 el U Jo 3L wle Lasd aling (o sl o8l @ Ladys 3
Sleel @ Ll e ol Luwillyy 25 @slS 1970 ale 3y 100 g3 J) alall
el badilly oaall 5Uly g aall il e Lol .10 sad Zasdll 5S35 Lol
s (1 g ) Juss B8 2 5] ibee (6 Aruslls dasill oda S35 1306 L 5T a8 Lol
L lsatadl e 850

ST Qs Guadl oo Balshl sl ygSI &lSS o o plll o 5331 Ciladl e
e 5ok 3 AN AAE 6 «goinll agisll gl e Bulsll el Sl LK oo
95 @ (8-0) pud — SV Jundll & punge 50 LSy . alians (LRSI G Lgaals,
i aalal ol ,gSIL Lualadl el o J5] duaadil) ol g€ LIS ST (2015 ale
) Bana i) el S 2 5) 3 o god Sanw celld was @Sl 335, J) Juad
£ Sl

adull e Jgaill (Y)
13 T o Yale Ganvw laslisy daalite cadill Lnliyy dyyiad) B ulas
GaS Layudy diadall alls ofyul o sl oS - ala Boaaill BUAN J) Jsaill ol
gy oS eladill delin Jlae & 5,00 sl ((1903-1989) oy s0 S o5,k
ol Uit 358 e Kluls 2000 ale § .bodill delin Jo Lads jolds ol

AR



Lowwadd) Bl slyus

1800

1600 Glall ulas
533 Baaasl

1400
1200 -
1000 +
800
600
400

Lowa ) B3l

Loaed) llall 601 488 00

EJ/year

FRATUEIN

200 F g, st pdlly 5Lty basll :uuaill a2 2Uall ulios
O 1 1 1 1
2000 2010 2020 2030 2040 2050 2060 2070 2080 2090 2100

sasyl roleslall Hame o sally galadl GLEN 3 Llall delin sladl 18-\ S
www.solarwirtschaft.de : JGll asgl) J1a3l 2007 ale dswedll BUall deliinl Su
sobiall oY 13k folaiyl o o sl galadl o580l G d8lall 5,58 3S5al) 5sdll o)
fo w5 Lealn)] 24T o daaliie Lyl sllly oiall asdsll Lalall Luasbll
Lowadll LA atn ¢ dosaiall alad) Bullly guadd) pladiyl Bl oo Lol .yl
ik s 3L e Braaddl AN 215] o LS oLl 245 1 g8 oo sSalvaally
Bolall i e 5 Guadd) oo Sulsll slogSll LS o oSia Lo s Gy LRl
oo OIS 2007 ple @ LdSadll 555, aule Gllad Lo ) duad iamy Lt oL ,eSIL
2 g Sami lld ansy 20305 2020 ale (s Losd 351N Tia 3aaty o Ladll
ale 3 Gunnw 38K 13 o1 ) 8aY ekl by .guadd) Go Sulsll Z8UAN 3
sanll dli e Bl o35 3 slsgSIl Go g sill g el LY Gansw LS 2015

(£-0) peud — JI Jundll L1351 .2007 ale & Luliall 53l lia &

beyond 8 Lual JLatial sag (o (o0 JI Lol cpd e Lilgs @ wdiew basl ol
o sl ely g Loy 239 petroleum
o3 150585 (S 30 Gaylitul) oS wopss i€ ol aad (1956 ale 3
2] b 4 Ly cedgll ety § dalll ol Je asicl [40] auwls 3l ye
Tasiw a5 01970 ale 5a3 & €35,3 d) Juaw LS, suaill olysl § aladl bl
sns S0 S R iy poangd Aagaally B sall SIS o ya3 W3y pal i G


www.solarwirtschaft.de

digas

S sl e¥ulae o S saan) . amll e lis s Suadll Lgds =ad o3
d il oS 50083 1838 ale § Lgaids () ol 8 Lguil s o oalal fglie
([85] Slsal saill e Gusille

soall Yo Q aladl laaill oSN B3 aw; wie a3 GBLEKL i,k ol
Basill al¥gll 3 v g_sL;n soall e Q Je P iyl Juxs diudy X Sl
0\ Ul I i bad JSa Je o sSauw palll Sl JSadl ol ‘:L_éf,ﬁn

ool ae bl o LS Lea olSlasyl 55 5me pe ﬁm..\.ul\ bl ALl o
ISl Lasills 13tz asutl Jslall aladl basll Jloayll aliadl oo Qo ¢l
235l sl Sad 4ls @ cguliall Hsall ae alaliill e Lol e lile 228 o 0=
J&ﬁdlé&eﬂulﬂfe&lkﬂl@mﬂ\sﬁﬂw@yau@@é.;@&l
LGN Asladls aadil) el Jied (Sany & /00536 (oo 0-)

P Q
P_a(1-2). 1-4
Q a( Qo) (-4
(b Qo P s Bl O a5 (5e
P—diQ (1-5)

Cdt’

c:\aa] -5 duslas ‘A‘A.;lwl..\\g C_sb.u.u.“.\ Sule die j.\ﬁ_t; (é.ﬂ‘ ‘0331‘ ) t Ul ILITEND
Lole LiLalas dulas 1-4 dulaa

QodQ

7(2 Qo - Q) =adt. (1-6)

o LS Usgas 1-6 Lalas JolS33 )] S

- -m(E 1) -at -t (H)

AR



Lowwadd) Bl slyus

dolad) J) Juad (1-7 dslae o5 -0usuad Cllall JalSEI cull 5o Iy o) G
4401

_ Qo
Q= Ty emattim® 1-8)
Losic Q = Qo ¥ by £ = —00 5Ss Lowie Q = 0 Jl Loyl e S 3da3
b s sl 23l a3 BB Sl w3l G oSay 131 = 400 sSs
£ = b 553 Lesie Q = Qo2 calal) Laiill i
e LS 185 15 aloladl pladtuly P 2yl Jane 4] Jpasll (s
_do 1 ~ tw)

P=—= ZaQosechza(t 5

= (1-9)

ISl S it = b & 6So Leie £ ps coanliiy JSAI1 guya nie 1-9 dobas Jias
ol JiSay (sechx = 1/coshx = 2/ (eX +e™) ;',T Lo SUL pas) .(b)o-)
a LSy Py = aQo/4 oo z U3y Junes polall (Alall) gl Ll sa b =t
90 wity suie Ml gl wpand (S G p3ls & aiill Jgia olis Jual (uli3 o

rde LS elly (1-8 Aslae JA& (o alall badill e BUL

Qo

T ot = 0-9Qo, (1-10)

548 die BUL 95 48 wiiw A e3sll Wl Ltog = tm + 2.197/a p3ll & ssuns
to9s =tm +2.944/a
cro 150 LS50 Baaill olysl & aladl badill p ] Jase V=) JSall pudg
olall &b fe aaian bliw) sa ehall Jaill 0] 2010 ale sy 1920 ale
G eSan Al Y 85,0 Jias 129 Aalall J) aay) fopse Siale de (g iuall
IS Aad) ggantl ol o s Anlall L, e byl aladl il z53) 1971 ale
1977 ale 3y 1989 ale ssus 3 5,30 8503 dliay ((slslay Kl slitul)
5y Sl 3 alad) basll e il sy ook Bl (Sl GusaisSl e

Yy



0.05

P/Q

|
| |
t,-4/a t -2/a L, t.+2/a t +4/a

di 3,8 e @es S Gasle puus (1956 ale @ (a) cse Sade oo Ka
& P al] Junas «Q o(dselndl Shbibes ouwill) aladl hasll IR gy sbl
e oe Y Qs PIQ o han b, ey iaSly LS, suatll ol
Cosh imie daball YAl e edgll Jlie 3 Q J Linie 3l WiSas (b) [21]
Gy Ll it Gy siy Lesie i cdsl § Y 8550 Sasds (1-9 Usles)
230l 3y ghAted il alall hail Ge BUL 90 sitew b +2.197/a o)

e BUL 95 wiiew by +2.944/a

Yy



Lowwadd) Bl slyus

(a9 Al s o tall LAl Slivaie J pla i (6 235 o i oY
el o3 o Aty Lolaill oyl Al Ge (BB2S Alnie A Jalad of cans
Slaslae 8500) Lt il Sl § alall baitl) o15) @by pu) Liey ASAAL
) |_\> LQ_\_QJ L\Jaa Ual_uJI b u‘ e ‘?._\sﬁll ?lyﬂb d].\_u Lo fae Load (d3UaI
17.3 (g5l Qo cpuunsll 13 &y V-V JSall bl Q oSIAN lsyly P/Q Lows
ale oa sale 3 LyEs elliy (1989.38 (s 5lus tmg 0.1646 sslus @ g e LLle
50 LSy . (D)V-) Sl LIl fe s iaie BlasT cotlaladl oda aludtulyy .1989
523 e s Siade ZY Glly a eudY alsiL Sl Le e Lo Jepate
l:; B84

Buaill oLl Lol fenbolall JYA Gy aladl Ladill olis ale ,ud3 oSy
Alall Lk (o BUL 95 ol ale ;50 13Sa .0.0536 (55l @ dlelesT 1,
e LS

2.944
0.0536

togs = 1971 + ~ 2026. (1-11)

o LS alall Lghads (o UL 95 ol ale 50 Al Tuwillyy

2.944

t095—1989+01646

~ 2007. (1-12)

Basill oldsll Galall dlly Je galo Kl poladl sl basll olas g, o)
o 13a 15l dalis] T 03 T @ alad) il o e a1 ey lalesl LS5,
de dlia e z5A0 Gl A AL sgandl old o My bl L 8 byl
oS alYsIl & lie 3 T gas
i,k oligh dilide olEsl § aladl il 2l el Lalal) Joull oY 15k,
2l aal Aww&ﬂaddidatuédzﬁwd‘ufwwbauudml
bl Lol o ptiadl (L8N liaes 3 AaBl oLl Je 13laiel 153085 & 50
D2 rtially golad) a1 e J NI aall 3 45553 pladl il g ) alu oL Gy oJSS
Sl pusss iy dgalie a8l sual alily de sadel SN ol ol el wdy

AR



3.5

(B [ daaldl Slslkes) 25 Juae

0 | | | 1 | | | |

1920 1940 1960 1980 2000

Iniill Jadll S5 el ) Jume : sl aladl baill S e oyl June 1= S8
Ptk waen Ao 1 ELAN Saill A8 Bl ologlas 8510] Hanll ala)
1977 ale 3 ployl 3 Balal) 3ol ao i uladll Sblll fe ks olasye bliw]

VoY S sl Sl 3 ladall p sy 1989 ale 3 Zulll 85,40l

ssbiae SLEST dilac é—.ﬁf’& o adly @ Jadll cSus a8 55,0 ells o Lsasl
Ales Gaes Lusuniy — aailly analall 360 Jie — (5331 Susall 2 25U
53T CSLASTLN Llly Ll ST g sad i 35 subiall J5LES oo
N3] Gusa A3ies 2010 ple @ elaSll pola 3 adill o il OIS - odall 2535
Sy Basaitl) Bl ulias audiay a5 cim o rtially saladl o580 3 Wl

Auyaall BlaIl olos Jaa a3



0.2

0 1 1 1 1 1 1 1 1 1
0 10 20
(Joolrdl ohliles) Q oaSIAN 2Ly
)
1
; 0.8}
| i +
[9) +
= o6}
D04t
N
32l
é Pty
0 ._A_u_uj' " " " " " " " "
1960 1970 1980 1990 2000 2100
Lol
(<)

ablles puill) Q blie 3 P/Q Luwss (1) Kl & aladl basill zl) :v-\ K&
sl Laall cppe ate () &L Slaslae 8,0] uall SudY Ll (ol
Lasiy pualy 38 LS (@i /Jsaldl oblles Gunlia Pzl Juas of Laad) Lelly e

Jis 380 5a0 Je cse ate gl ol a @l aleel 3lat L lae

AR



G AY Bauaitl &SUall julas (Y)

Bolas e dgaladiols L atel iS5 g aall as3sl gl daliial Lagaal 13
Glall o e a2 )l Jeg Boaaill Blall jolos BLaSTwl om cseliall sl
Boaaill Bl olae oL dosaill Bl june ST aaay 3a Jl 223 dewad|
Lisenl Lo N Lo luall Blally 2L Blay LW BUI elld 3 Lo — (5,33
Gyl BUall fue Lasd coda G3LAI juliae JSy . ply s e Sl — dlaunllg

A il B (e diThe diianll Lus NI

dxila g g <II dSUAI (V-Y)

2 el e awlill o a0 JAlsl ey BUall igsae suume Liileg Sl L5l
oo allall 2] Guaw sad 2 Gllay dawilie [lawls Glall oo Als olaS
Baaaill Bl jubias JS Lt A1 el gSIl o BUL 90 (e ST (ol eols <l
Loty Blall o p o3l lis 2 (Joall o ASSH G A=Y JSal G mudse so LSy
oo BUL 98 5o ST 2o guill 2335 JBI Javw o Laalgs 3 sl Sl oy 88
o AST LaaslsS s lailunly Ja3lall e JS sy (Ul HU&L slesdl e Leaa]
3 LS Blall aladil Y- Jgandl (2 5m0 s A6 Llall oo Ll S oo BUL 80
Al (e Bosaie 3lalis

" 2ollly 2l sdualsy) ZSUI B ¥ -) Jgua

Jana bl 4l (EJ/year) 2Ll (EJ/year) plsyl dall)
27 9.74 2.62 Lisosl
40 6.02 2.39 Lllaidl S5 50l
11 18.35 2.06 Lol
4.2 6.80 0.29 L 3
18 10.05 1.83 Ly giadl S5yl
17 0.84 0.14 L g3 Lu3
18 51.76 9.33 allall

el Junill [14] g o s paall

Yv



Lowwadd) Bl slyus

s
a3l

LaeslsS
pETRY
il o0

Jax<

s gos
el

0 20 40 60 80 100
ool 23 Susate Jgo @ LSUI GUAN (e eliseSll Ly gl Ll :A-) JSa

BUL 80 o AT LiaaslsSy tuilunly Ja3bdl 35 Al LU (o LgsaseS IS Gasis
AU B JNA e 55 el Sl e

EEREPY H’U e SU) B ‘aUé.} LST k! .|f\.a dasay LW B eLias o)
Soaill sl Jaas QST c@ail) Jaaar g AL AU Laull H &U\SJ‘ «gl.a.i.” <l Q“TJ”
o) LS 685 4l db<t) Lglaas 3113508l Al § casl AL (Q s s8ll e

P (kW) = g x Q x H, (1-13)
BUL 2 dwts Uns Ny Lodladl g lus 5o 9.81 m/s? (glun il g 0550 Euns
13 €10 m/s? oLl Lgiass 8 0585 Lo LIS dawaigh alle 3 S0 Y Gud uid

148 L) Uslad) 5585 KW 5

P (kW) =10x Q x H. (1-14)

ool 4e A U Gl o (oo L Lesdiawll Luwldll Y o)
N 8l oS5 Y sda aladiulyy (1848 ale 3 purawslyd o puass SoaYl

YA



dage

dua il Jundl U Gy s Ldle LS00 Tl J) LSUI &lal) Jysa3
las Jans Les UL 90 o JiSY b€ J) LW &UaI) b gai) Lillasyl 3L
alaill JYa e Balsll du gl Bl 55y . 8LS wlin,sill KT oo gl

0 L‘;,L‘w@s.n

P (kW) = 10nQH. (1-15)

s W e, Boaail) BN julas e Lajeas 46U LUl 8, 8300 Jlia
PIRIES O LS L alad) 23 13a Lle 85LS old 8Ll 03as) AT L33 Lo
allsd Ble oLsSs o3l Cils J) LU Z8Uall dlanad 130 ¢ S0 Y ¢330 dalee &
D 3aml) Lilssish Bypmm -\ JSAN (o pmas N Galicily Ylas Bl 0333
UL 20 sy Jsball a3 1 guli] Lass callall @ LSUI B lbaae (558
Lo e e

Taas slyalols o3l o Laslgll sgundl de LU Blall saliy) daas :4-\ JSb
20 ya3 paiy LU Blall wlhas a8 e Sualy dasll sla wa3 (14.0GW als
doslndl slseS oo BUL

YA



Losa ) LU 5l 38
Tl &L (Y-¥)

fs U dgatie de ruy M ABSG clsgl) o Sas @ LSl S )
L (1-16)
Smu’.

si3es s o A olue g ne 35U elsgll AES L8 0 oo slsgll LS IS 13
fs0 e Basy S 2Ll dgasll de ) Jo

m = pvA. (1-17)

Lo 855 JSI A dalue sie o3aill slggll L all ZUall 5T Po Ll 8,085 3
‘s

Py = prvA X %UZ = %pv3A. (1-18)
BES 585 (Ausie doyo 18 8olm dayuy latm Lins) Luwldll (sl Js &
10553 2Ll 8,508 LS L8 10m /s 2L de pw @IS 3] 5 .1.225kg/m? ¢l sgl)

Py ~ 610W/m?. (1-19)

Apsna ) U ST 3 Ll Ll s LS 03 o)
depu Ny - Sle s 6l LS S Alle 2l s ) 8liS oS
Sl sl o labiae v wonas dgasll slygll Ao mus V1 olsadl s dgasll slsgl]
brgior JNA Ge 0anTs L) Sumg JSI A dabluse ne 8,00 elgell ABS G5 ) - )

o LS ellig elsall i el de

V1 + V2

m = pA >

. (1-20)



Oles ds3 Lol dgasll de pudl ) 2Ll nsid ula Lok glanal (V- Sl
Lgail) de ) bugio oo oleall wie dgaill depull o LS o suasy W1 a Coysill
ASall ZEUAI @ GLall Llgall Ui e datill 3,udl a5

o A all B 3,8 o Sloull Leladily Nl LS ,all D3Lall )L 13

1 1
Emv% - Emvzz. (1-21)

Lebaiily Al P oLl 8,08 e paad e duand (1-215 1-20 gilalall o paalls
lsall
29

1
P = ZpA (v1 +v2) [vlz - v22] . (1-22)

lsadl Lghaiily S oLl 8508 € oo i yad WSy «1-22 Aalae o353 Balebys
s LS e lsall 3oL asle Gl Lo o

Lpvia] L (1 22) AN _
P = valA{2 1+ ” ( vlz = PyC. (1-23)
G olall J) Juad a5 (e
1 (%) U%
C:7<1+—) 1--2]). (1-24)
2 V1 Vi



Lwadl 3L o308
de Juaniud @lidy Sloall wa gLl dejw Jors oo X = V2/V1 ol L2l e
LI dolall

C = %(1 +x) (1-x2). (1-25)

o el e NNV-Y JSadl & x de il Jaras € Llgall 8eLS Ll ) oty

(sl (16/27 Lgiass € 5583 Enms 1/3 diagd X 05$0 bosie 55 (g 5uailll 3l

35235 (1919 ale & g condl 5o Zaiill s3a J) Jusss e ol OIS BUL 59.3
o da ol a5 s ply Gl Yo

0.7

0.6

0.3 -

Slgall 3sli<

0.2 -
0.1 -

0 | | | |
0 0.2 0.4 0.6 0.8 1

V,/V, de pull Jaze

3adll 3USH rdly 5o LS 1-26 Aslall LIl oLl orps 3sLS V=) JSa
.'U2/”U1 = 1/3 1“-}\14 J..\M.\ L}EA:\: o:""d 416/27 sm

0B gy allall (syime Jo dalill 2L 8,08 ol pais 3 CNEA) dlis
Blall Jlon] oo @lpe puad ST uad 75TW dalill 2L, 8,08 Jlea] of badaie
oo b8 i e3a Gl adanad 6UI Ul o i Jog .allall § dgil)
2009 5 2000 ale po Lasds Mim a o wl35 & pladiall Jane oS5 bl 5,08
Lol Dl ulas asis 158.5GW ] Juat) o] Lo byl Ll ol
A09GW ) Ldlaayll 2Ll 8,03 dass uales 2014 ale Jslay 45T ALl

Yy



dage

S8 ¢ phie aaltll a0 HATST 3 Lundl Bl juliae § Gals Eguad 3k
chan A LUl Lol say 2 LY 8555 @als zlol &l sk § elaiall ol
Bl 2l b5l gund ST o dslaiall JI55 Y gl Ll eliane 3
Sl pbgns 2Ll Bl o LghinS Go BUL 20 W oy oulion 38
Baad Bzuall all Lssm o eoaleinsS § A5 Lol e gipd 8y ¢V Y-
el il @ Y gLl Sl ;53 oo 88 dogane &

G G U8 (e daile dadl53s8 Bose OalehsS 3 2l olu,s Y- Kb
3 058 3eu sy dpduall el Lyes JEaSs 2006 ale @ eehlaiadl caleisS
laiall pal 3 Y bl el 58 (e 8BS degane G Gand el laiall

2ol lgilan Yol GEatl oIS Lo 2Ll &l Jlae @ eolaiall 2las 1Y)

Slael pdgs cad daliiie pdy dakaiie oLl &l (Y 5k [45] Wil wasully
05330 TlSaly 9330 Lladull g Bl wilgs alss JUE (e el Sl (o pliie
Cro Balge puguill LShias Al elygSI (e BUL 100 Lapds cdaadl Geund 25U

Yy



Lowwadd) Bl slyus

3 -1000MW sdss &8lss cpaldl JSad o (268 by b liay b))l Gl
& RSl Bal oylaall § salll ALy Bl JaS Swaddl L0 ol
pns AUS Lmlall L S BBUA (335 ¢ oSl sl pladianlss s il
3 ool @ LW Bl sl g3 Lasa 5L 15 2005 ale 3y .obiall § slal
d 2t s ST a3 § ) e Gy Linige el ads an¥l sy shuse
Ty Loie (o831 g plus G AU elsLadall lsa] oo Aol 03 alge gua] o
G a3l Janll &t sl 13a T canll ¢y sanlis g agised osiing 058 Lasall

4

& gand) dSUallg o gand) ALY (Y-Y)

solias aluiio Ty Losie Zueliall 8,550 Jing sl gl (o ol T e
188 DUl uti)l) Saall gl LESH S0 alidiudl OIS (godall 2534l
el audiul LS (SLY B85y ehll 3 ablpall &g, ghilly coiiall audil
LIS B cilS 5y Sl § Ll el (pal 503 0 tMn)
llall e s U1 Jgall 3y Lsuall A o L1gT Lalalals diatud Jsudl
AU 3L alodiad) 1 Lo eail) Joull 3 imy ilall 5o aussll 138 Ji3e Y
cedd) 3o Blyas £8lall 3 daadl (JBU Jures o 3a BELE & gual)

o il (po w3l - puadil) s 5 (oo 5 gl Jiiatll SN (ym Z sand) A1) LS
1 15 gl JAal SIS 0 o ol g (1) el = LI Jusdlh 1
Jams O 5l ad Alius Do Zows Y] ass Y Slaa¥l 60 oy UL 5 sas
Gs8s g gl 3Nl 25000E] Jf das NI Lpunl B 3 Gl 233300 T30 Jleal
Al N Jsaall ) gl (Il & Cigsall goiall asisl) aliad B3l 5 sias
Blall Jlon] Slaal L s Taus I L gun ) LK (g gall 2 DL (5 g
o) Jgandl sl callall 3 aS1gnal)

AlUA A L gan ) ABSH o 13050 Wl 13535 s a;wb delin Jla Ll
oo Il ] Uyl i 3 aly 3Us3 e loadiud ik dliag Jaul 3
Sloall 5T Ll el e gl J3aall 2]y Sl

AR



" & pand) AL Ll Sl 18- Jpan

TW EJ/year raiall

95 3000  dus M &seadl AL oo 8adsll DBUAN (33a5 Jare
15 500 Al gsine o 2Slgtall B Jlea]
1.6 56 allall (s gime o L suall A A3l gLl
05 16 allall st o E8I3 L panll I Tl SN gLl

10700 [14] goe tpall

Sl 5233 e J it ) ()

Sie g yme et Llee JNA G Sl oo Lulpall wlys idly Satl) 28] 06 o
S Jeatial ) Seall S5t Sladll Gans @ Baga sl ola 331 Jadad opiuall T
05350 |

CeH1206 — 2 (CoH50H) + 2 (CO2) . (1-26)

caadal) 3 UL 15 110 o Lo Jeslial) 5555 alo o oSa cJelanll Lilgs @
L (e o3 (BSUL 21 Jf 3SR dums o oSy B el o Jalas £ 53 pluaiulys
il 3k e Jsbial patatl
aae o35 lin sl 3 Sl uiad e J 3B 2] I3 fo B pasl oy
o) Boaiiall Bl ye Bl sle of c@Blall Gl3aer sas W d8lall delin &
Jolisy Lol Jo3ladl @ BUaI) o 3me w3 Bosaie oyl by .1-3 Uslaxsll
55 d¥giul Qb 1] (g5lus JSl e Bl 2] o S 13y 8 e sSall
3l Juad a3l @ Uil e anly o sl ) 48K 18 TR GEC N e 0.125]
130 an sy -crdasladl e saly slle U] ARIS (o IS JBT o5 < Ysa 0.83 5o
Wdldl 3rb oisin 3 a5 Ay oy «slsls slu Lslsegshy $le I Ls3a JSYI Jo
Sl 5sels Jiay 858 lasl lgale adud Z6l5iul 4d dalius dikic oy
s Uity caly3all (o el eli, Lgiay 301 2003 ale § 3l 6,11

Yo



Lowwadd) Bl slyus

an) &ia 32008 ale 3y 4ied od; can aS gad Je J 3 AV giul ol Laws
Gladial oIS all as3y plsal ST e, lnels ol s3ladl Jas J 3l s s o J Y
ZUY i BausS daal Lalgil 8osm VW) JSall (om0 [49] dosld) &
Bogeall o ol e 3ol gy slols oo A s (LISl Einse § Bagasll Jsalisyl
Lie ALl e3all o el Ciladl Yo umgny o ,Snll und Jgunne aMiwl ilec
oo Lealiad 1 sly,gSI) S Bus sl sia p3sds - J 53U Lgad 250 A daitl) Buss
alall 381 pall Lailall el g€ pasis dia Soall aMATwl ans Sall und olilis

Tibee 85 guall ol e3al) prdigy Sl J3l 5y 5 S Lama 1V 7-) S
Bseal) SEAN e3all o el COlall gkt rm 3 Sl cnnd peans (¥l
soske G O Ldgrae Byguall JplaYl 250 Gus plaBill Susy

) alidtul file sas go pess ¥ LU LogSall o (e pi Nl g
ale laay 38045 an ] Lilee 3sLS puad) Blal salue gad do J3a3 Lels
2003 ple ims 1975 ale Gad - d3lll G Sall Uil 25 ¢ o e olad g
dl sl slo &85 & Y Jung d333e5 .6m3/ha J) 2mP/ha ;e syl ol
o Ja3lll 3 usisS allall J gl s gl ooyl V 6o\ SN xsg5.9m3 /ha
o BUL 50 cpa ST Gl 233 Jo3lall o G a2l Jey 2010 ale 3a 1975 ale
ellall Jsa Jhaall J gyl e BUL 30 sas Loy Bagamsll ol bl Gisllall 5350
ey, Lgus T o BUL 1.5 i pudtus 48

A\l



0- g
1975 1980 1985 1990 1995 2000 2005 2009

Slasyl sl B uall bl & Jslial gl gyl N E-) JSa
a3l cololastly Lusllls del,301 8,059 2009 alal Zuel,30 &L

ol aul o (SLA 3 e g gaadl Jjaall L) ()

oo gsanll Unall 2] s Jila 958y gLy Dgendl A aludiul ge HAT Ja
SLI a3l e IS linsad Sbasll QSR ol Sl gall 5T SLall sl
Jorualall o anly s (o OS5 B aladl SNAS (Gillaie Slsall Gaully
o 5o giaall Gaandl o] Vo= KAl Sl ¢ el Gasall Ge olia B,
ysb 0535 235000 Lialis Yo (5585 (—COOH desantlagass Saaly) JouSso S
Lhie flol o8 sl (aleaYl e ke plel aladiel aey deyiie pég
Slme @ deladial (Ko SLall co3ll O e pesll Yoy s runlall LS (e
Ll 311 s o) 503 o s Lot O (s s o rblan 3l
25 58 ol g sand) 3aalls . JolSI BIASYI aand alse s ] celll e 3Ll
plasiuly Jpbal ol bl wassll day g (JoaSlly wpnlall N5 Jelis
Lol 8l Blae B3 iaS paralindl araSssnn o assseall araSsne
¥Vo-) Jall sl e Gy rulay Srdie oliw] W o580 g mulall SN
0.86g/cm’ cps (el 2l sall) ool D399 pulall po Al 7 e

Yv



Lowwadd) Bl slyus

130 ¢(1.15g/cm? ] Juss 31) o padadls Galadl elly e 5SS Jsf (0.9g/cm3
b lly G realall 3o e alind Lgguns Sy suadl Il ol

(0]
H 0 H I
| i | CH,0—-C—R,
H-—C—0—-C—R, H-—C—-0—H
|9 | 0
I I
H-C—0—-C—-R, + 3CHLOH — H-C-0-H + CHO-—C-—R,
|9 |
Il 0
H-C—-0-C—R, H—C—-0—H Il
| | CH,0 —C—R,
H H
o3l el soall paaall

+ JsBd Jorulall +

([PRRTRE N (NERUEIN)

pladiulyy Joasdly sunlall (SY5 z5e gouadl 5l 28] dulee :Vo-\ S
oo G junlay 80us o] BV 53S0 wulall S L0 87wl &uad Gdas
s3o8 Juadl Guss igs Lae 58S el @ilise aas qasaadl Jooall o1 Ruls

g panlal) S LSV e 78S Saa] 2l ggnll J3aal) S5 ans ol Sy
25 Ll ol o i L dinals o LS col€oall o328 sl B33 s Lo
o gl e il 6555 A 330 uslyis 3lat Lasi cnill (e 31 0l
Gz Yl oy e LL) 8500 ) o LS UL 9 gty e S5yl e
il o 3L pal) a3 G dsmse Bl o 7S 15lan fiay e sa oS
ALal) aloll A3y BusS o € g o gund) J3aall Lol s 2K5 acias
Brandl Gublasl 23] & paiianll ol Jie o8 alall padlls dgia pius) 3l
olagilly .ois alall olgall Glu 1aime aad qaelbll slilia Ge paliiull as il
Lo g da3 Lo Sule 3 aplaadl Gasy ,3adl Gau e eldall delial Luc,dll
(555, 8 53530 né JULl Algus subiall sia (S LA audtud Lo 1S ¢l Zuwily
2435 2aaS a5 gsaall U3eall ooladl Lol 5o asd Sl a3l 0l o5 s
0o\ Jpaadl 13l 3 Jpinna (o S sa e LSl el

YA



digas

LB Jualall e ggandl J3aall 235G 10-Y Jgus

m3/ha gl J3all Lusly  m3/ha Jsstild doully
4.75 co3ll b3 6.67 (Lusi53) Sl 5oy
2.15 sigll 3sa 6.19 (Jssh)) Sl a3
0.95 calll 554 3.50 (wigll) &Sl 3,4
0.84 Slasedl Jsall 331 (8,83 suaill L) 3,4

2 Jumil [14] go s s pall

(gsanl asish g1l 2] & Leadiadl Jualadl oo 13ae 02 Jyaall (a5

Sl 238 5im e B5le Lgta 08l o S p 1] Leadtall ofs ells § Lay
U (o i3Sy ST Husl pliny [adadl ey sbasyy oL Sll 3,415 Sl 5ay)
aasmasu;naus) Blall l3ae o1 10 ¢ Sl (iund slan o ;ST dllaal zlias
50 Lo i3S 5T uad Lo garg 2 5a 0555 L Bule (Leémwmlasuawmg
3,0l ol BUall e 01552 -8 G a2 53 Sl candy 3lats Lo Jladl aule
bty il S ) 5,000 Las dysas @ Jiats QI Beball Y (2 9a3) LT sl
oo dalane Bamy JSI 23l el (L 3T Gullil dibgay o3l Jaail Allacy &5l
S IVRCP PR B CL R A | It SERSURYTEGS UM T P SV P B SRSV JRg-g
<5 e 05835 Saill BBl o) (o BUL 50 daws (] .5emg 3cm G ple sy
GSie wad s eJadill 850 s 509 il o 53T £ 53 o 8o (g53m3 . Judll
il ey U Jums o S Ailol) gLkl Pl g0 uliall deliun § Gl
dlall el HAT Saime o de 188 3585 dlany Las disiw 5 ton/ha Jf zslll
23l 5o wad Blas . ain plabs ) 5 sl sS Je sin ¥ ¥y . JSW
Las oo BUL 30 4 48000000 ton) Lllall 3 gull G 8 laall Jiny 3 SLA
AN gl Ay el peail T L gaily Lsalle (S ge (Bllall G g
Je33 ol Bisis g 535 U (@bl 55ays Lgeall Jsé Jio) el Aatill oLl oo
asial el o ol LgiSay g 535 ol dymas V-1 UK il B laal el

Basae

¥4



Caa 3l Jad 8 ya
Scm J) 3cm o s
208 J168 e 035

ol e
Lom, el 5l

de g gl
dadd e

8,0 8 s

de a3 3l
TENAIR PRIRCNYS

Eoall 5,5 Boaill oda 4add (uSAlly anall Gun e nenll JadS a8 VY K
Joaill o5 A5 onh e 05ST bl L e BUL 50 diws ST (38l
WSS pllall el 53T saiae @ F e 80 ST (AN o Aalis Basy JSU gl
fe OsSe il aAS 8,0 cudd filiae £ b e oSy s Laul &2 5,001 o LS

Osball delbis 3

A Al dud NI & ol 5L (£-Y)

Cpesd lia SSU e I G B 5AL) 8515a 1 Lesls Lo 31 L hall 23Ul iy 53 oSy
L N Ljall Bl sy layume o 1ilael) elliy LU sl o oo iulaic
3 L5 Lawadil) DU o sl Loz Y1 Lol B o) Aiaally Usial)
g Sl Aoy (555 (8) s — Gualall Jusdll 3 Lglial Chmian 31 (o I
alaaiuilly .o Y o Loladl ells e L gie ooy 10 sy el jhﬂ L ale
oS il allaiy FaseSH 8Laall 8ol Grand § ety Z3lall oig) (gl

S



ey
%h}\ Y

ERA SR

s L5l 3 Ll 5lasl sl ads any L8l & ool el dads 1\V-) S
3Sobe Lebaill (ol w31 LAnl 4u81 85353 B, 90 030 Basse Gou8l idill en) =8y
L 31 (o palSIl (s p0lS din wlaate Yo cuad

Bl g Lol Ll Lluail Jons we of ol daiie aladtuls (slsgll (i)
o oSy A CSsS LBuy o @ B3 85all gh disandl Lus I &y lsa )
aals3 3 8,hall el aladiul (Sass o ill elaall Slie J) L 8ypal da s Juss
Los M Loall BNl Jo Ko caudll 13a 3y 35S dalus Biduiy ol,eS))
SO el 3 Lsaall Lo N el Blall (b 25w can § dlaal)
See A5 NA-Y JSall @ oY el 3)hall dapa aussil alall il el
Lwgie o 8ylall Aoy (353 a1 a3 30m ) 20m (e oJBLI Jusas fe oS
alias :C.!a.m.ll des T = 10°C (JUl) Josw Je todauall (gsiall 3550 daju
Juse de (B oo B)lall dasn (5S35 by A8t gumdl) BMERL B)all da 0
U e e <Yl b Boball Ay 2S5 sl & .T - AT = 0°C (JUul)
Gee oSd casall e gl ann ByLpall Aoy 3 obislis dbag T + AT = 20°C
Ao e Gae wiad igoloall Juuosill Lalil) de pull 1555 Jis phus GRS
3olins L dagSinen Bolhall Ao 0 8y50m (0 5S5 rbaaall a3 —10m Jf —5m e ale

]



Lowwadd) Bl slyus

Lagill oo JBT (a1 cad el davaw Gens Byl da o 55 Ciuall @ og,a]

8,all dayu

T-AT=0C T=10C T+AT=20C
0 T 1 1 T
5
g —
~10 —
-15

el daye 3 ewge oplis dla Asall Lus Y LLal Bl VA-Y Ka
Slall days on A Jel Cinall @ Bolall daja (65 plaadl Yo 2 el
2 Bolall days 065 JBU duw de dFRe (e Bee do (A cady sliall 3
Bany LA a3 el dasu 05S5 Chall G pdaaad) (gl 85adl dasa bawsie
Bl aladiol (Says ool Lewills puais (uSally (gsiall bugill o (J8h el

AU e BS @biaS i Las olalul) CauSsy sal (a1 @ L3l

el3al g Jis S ol Bugagey dole (3N 3 L3AL) Lewe ) LI )

tbgsg -olabloll (il § e sl 03a aladiwl (Say Auiall Lkl e 35S
Sy «oSadl GSLT UL bl e L elsgll dansis 0 31 @ad (5 ol alas
Lgad woid Al 3hUL Gy DBUall § Ga,s LS Gau elga i€ allss el

ey



digas

Busashl CiseSll pladiul (S dgie Yot Uiy ol sduall e 85all da o bawgie
AU G Go,E LS g Wil calopeS o ¥ el

iy L8803 ala 3 Ala il s Y1 D adl Bl gus ) aladtu) Jia
slalall el paa Ll Llaail Jass sxe ol &lhm daie aliatul olalull
comalaall Jundll 3 Joaliill A yatiug 8,all o 3EeS (o N cad Bagasll

dBaaall dud NI &l ,adl A8l (0-Y)

Sl e o Al aludll § Lsyal) aanill BUall jolas oo LAl ¢l
RPN BN | TN TSNP P S0 S PO TRt WX TN
S Ga AN b eSS Ul aasll a5 Aumadll Bl G ke gul g3l
N 55 aays B5all Bagie (o 81 S B,ally Ludlall Gl alas o3 le
ISl G sass Gale (o N L sl B8Uall Saiue sad e Laddl roliall oy
Sk Bk gy oA 885 pwd oo Ghads e ki 14-)
sae JI ((3g/em® J) 2g/em? ;o) Gaws dundiie GBES cld L iaall o s
30KM ga3 3as OKM e s ,aY GlSe oo el BBA (@533 piliuy
B3 Srguaill Hoauall o L Bal 2k o Bl ung 8,880 maly
LSS, aanl) Gyie any sa -(5.58/cm® J) 3g/cm? o) Las dulle LS il
ol wiiad @il (e G angy (Jawd 3000KkM 5a3 e frayy A dbad
J110g/em? o) Jel LU Conlis s3all 5oy (G pguaie JSids asas e 3)be
.(13g/cm3
oLl 3l 3 Eiac i e (G083 e Ll SBull gl g 5all o)
25 i 53 a5 gl B, 50 5 3] (s cell] (i o 2 M1 o
28 5a3 Je Lsnall Sy I Unaly alanl) sde cale dangy oS el <l

iliiall Gilga o oLAIL Audladl dus M1 &, all Bl clbas olef angs

Ty e 31 Ga Y1 8,08 claw (60 s tilais oSIn Lo 3ble & of dsisal

Yoo Uil gy Glae 15al &Ll i nll ) Jgunsll Saadl 0 5S0 5 el Al
Lo disae e )1 4)ha Bl At (Sar 3l Lo NI 3L

AN



Lowwadd) Bl slyus

Sl

1000-3000°C

3000km <l
3000-5000°C

Lisaall Lus M L ladl Ul Jual o) dasaadl Lus 31 L,Ladl Bl :V4-Y S
by elld sn Byla @sdall paliill pul (a1 o5 sl g Ga N o) sa
Bl G5 & s3Sall piliall eladd 1355 lyaial Bl (o Y1 G dgsull calelall
oo sl ol piliall s Clga s badd DLl (6S5 dnaal) dus M &lall

STl

alazinls slats Lot uule ud 8300 Luald claill SIdL dud il o) Eas

O LginseS e BUL 24 5o 512008 ale a8 Aisandl s 1 D) pal) Z5))

B uds alodiul Lgnilie e BUL 87 L ey dnd Y1 &lall Bl

Sl s M LAl BUAL Ll dland L1030 §y9mm Y=Y JSAI (A pa
120MW Lo yu3 das duilunl 3 g g0l 138 (e Tana ST 05 aad

¢e



y_

L33 piliall Blgs bl s

pliall Glym sie Aiseadl Zus M Elall BUAl zhatel bl iYoo) K4
Bea M1 el DUl aludtul (Say dladd oSl Lgs sas il 3bllly &gl

Lad bl ¥ s Jubed] des M Lolhall Blall plila s daas YY) Sa
s M Gl Bl aladtul 3lan Lad Lol ad e Lgald @hasll oS1AL
120MW Lgiaw 3l &ud 31 &, all Glall jlilawd dans 85 5ualls s se disaall

¢o



Twadil) TUAI oL58
auwadall & 918 g ¢Sl LAY ye dat (i)

oindl 58sll v 0 ally galadl oLl e JY ualll @ o peslshl e
sobias (e Baaaie glol clin Lilall (e (s piiall paiadl Aol s 4iSay o) 43T s 5l
Lilally 2L dals g LSUI daUall elld & Loy cogae 4 Lgie waall Baaail) &5l
O Lovsaddl sl @bl Jie drwaddl & ,hatl olintall (Sayy s M &,lall
sl Joaal) Epssadall LA aa3 g (d8UAI o Cllall Jlan] oo bads Dniun 1230 Jus
LAY Liowlesl palal) o Loy o 85080 il call lin 3y . sodall as3sll aelsll

sl s ol

Eigaal) Lewadl) VAL sSao (V-£)

Bl une pégl S3gal pliy Giay 5 e Jo olaide cids 1953 ale 3
b Jasls I allall = 751 ol ,gS 8aa L350 Y Eua allall (e Susanll o323
olivare 3 A guiabiall § 5 sus 56 Sl pseda oIS o3yl 3 §
Bk el Slen 85 @ Jadlls anle Z,latll Ll clad] 3 « e awlill o3
oo Ak aungs .l Ualaae ()YY-V JSaI) Qo sms (3ludgisdll o sunill 3 3oLyl
Loicy -l (po Alid o 385, Ay as3 o3 pulaill e 835, e againliall
aaialy BuseS LS 650 238 (0 4S 342 303 alsd (Sl sl Sleall slind
oo I aaill § Guls lea 13a IS W5 s 5l 8ud o o yeSIl LN Bas
ST T LS Belimyl gl Guld) udlsegisdll (s semall Luwilly a3l
@ i5ake shial usmy aand gl slaglall o S0 aludiundl § dlsguy Lo
Al daliiad puey
O azgs cpsialiall Ge degiall 46 sl WA aladiul diysad oilas T
Aadilgll olinbill LIS Bls wilss aulaiad ¥ daas i ALIE BUL 0.5 dgielis
A GAK Laas s olide g olile ] puil dglonmt (S ¥ s L pd 3 o8
OsSabidl o by giuil s sekil WL g oAl G GNany LIS (s allang

e



Luns ol ol e A3lid 4ud 4843, 43l
Aol
JA.: J:L..""T b‘).ts
o Saban - Mf
u,u
pesll
(<) ()

OosSaliall e degias 530y pssliall e degias diwed Lla VY- (Ka
palill L3 Chatie 3 pssinlial) e deguall LbguingneSll LAl dax) ()
LI ceRal (0) 3hissdll sopaill § slsyl Bud eldl cwsdluly e
il alidiwl 1954 ale 3 Ju olbtde 3 osSaball o degiall 40555 ,¢<))

osSabial ol siw A daladl

VY- SR SIS Rl LA goian] AL 5Salual 2085 o s slas
oelll ca iy ([67] BUL 5.7 J) Juad 3LSs drenads Luls el (1954 ale &y
Lt Uakaie (Q)YY-Y Sl (om0

BladTalys o sSalradl o Bunly S5b o dsSaluall drwadl] LN cids
Gsdiog ia L, Aoyl e 1 Slall 065 P11 sy s L) Luleal 3o
Jen 53l S oy sill (y i ALIS o yuts Al gl JIEEIL £ guisll Lol lle oy
@t@nwuym,mwwww,w@mmb GSIS 055 iladl e
Bole (il bane Ak aie 5g8 ((sSaliadl (o AL Ciladl e Lol L dundll
2235 099 50 LS 40 sSalval) dpanaal) NAY (qula) SN B 185 psaieslYl oo
OV S

I3 =olS B S o ygsn Lude @ Duwadd) LU J Y1 sqlal) Eua
U AN liiuat (ustie e s Dle Liwedl) LNAN sla Jio elis)
Linse Losansesl LA Jlae & Laskilly dad) oIS ilivnss Jlsl Jns

¢V



Lowwadd) Bl slyus

O lan somad) JI Slandl e & sSalia) dowaddl LAY seide (YY-\ S
1953 ale 3 .(1902-1994) 158 0,3y (1906-1995) clas ds,lay (1905-1987)
S allall o Baaall 632 &l Luline gl Giny 185 e Ju laide cids
0o lhsiasiln aal sudsll Lumill aluatawlys 1954 ale G -sliseS &od H350 Y
AaEatl) SeliSlly o sSabiand) (o doshne Lrwad LU ol 1508 Tgnke o sSaliadl
Slaiie e O3k Ldgsae &yseall Jide Bl e Lrweddl LA olas BUL 5.7

R A (P PR

25U 8,13 5 eiasf 1976 ale 3y Lieluall HLadYl Z3ls g slandll elinlal Gulull
waall cols J) U 8,15 clasy L gus eI LAY palise ISy (S,
ULM 45 g5l LA oo G il s 0331 Elgall laliil] o
o am il il B a8y s I L i) LA Aelin 3820 Lo ol pus cllisnle
e Ll LAY s o £ el 3 Soladl AR padil) ISy GUaill gl LY
Loaadll LA €3 Janey saad (giall Hobaill YE-V JSall (5005 oS 53
2007 ale 3> 1980 ale (e

EA



20 \ 4000
\ /ll:l 3500
i 3 2500 —@)
LY / k!
'1;).,,3,10 \ F( 2000 3,
—~ 49 -
égd, N F( 1500 g
3 & 5 1000
~ %.*.
500
Lrn’
0 MMMM—D—D—D—M 0

1980 1985 1990 1995 2000 2005 2010

(/WD 2) g s b —o

20075 1980 _ole o Lasd Luewndl) LAY (o5 Junay o bagio :YE-Y JS4
1980 ale & 20/Wp oo ST cra SN lafiay Loawail] LUAN jaus bassie GAGAS)
b JVa Lowedd) LNAN G5 Jans alBBL ol a3y 1990 ale 3 6.55/Wp J)
alal @llall cladgilly 5,8 cdmadll 18 gung,gS) LAY deliay :uall 874

iy 4dd g9 8 s 2008

drwadal) VAL e asaldl) jaas (Y-£)
Aana il WAL L5l Lwlud) aralilly olalball (aan L86 Jo Lo
)l 3oLyl g0 (1)

LI Lewl@l Byl b 3 Liwed (L3 ) Busy o 235 5,08y BeliS sl
bty (b g oD gie dayu 25 danns 8,y da g (1000W/M? Lo ylade 8elus) Buds
o Ao 42 plis ) e puadd) cilS Lodie g oadl BM ne s A Guaddl 5 g

(Y JSad sl 3ake a3l 1.5 sloedl ABS oS5 Lgius) 38V

€4



Lo i) LAY £l 38

sWicYyl Jole (;.s)
JB 3 Lewedll LI 3ok oo agadl 38 9o Vp cdagidll 350400 aga 3Ld o
Alad sis 3 Ao gide Lealitey oglie Janll §6Ss Lovie Lowlidll Belsyl (gl
ool U @ Ladll LU LS 58 e «pundl 350 LSy Ll .13aus Sl o 6S0
sgall 538 OsSe Alal sia @ 3hs Jasdl daglie 0585 Loaie dewldll el
sual I iy Vop Gy siual Voagall 358 6 sSuuw R aslia Jos aladiul N3de
rdo Lo JYB 0o (ssuadll g 5all 8,508 0daTsy TV I dysluse P 8,uill 585y Jse oo

AP =d (V) =1dV +Vdl =0. (1-27)

3aill 5,u8ll A ) 5,y ol sia o LNl Yooy JSall s
Prmax = ImpVinp Lyl $ 585 Vimp s Imp (a3l
e LS Lowads L3 (Y FF oY) Jole 8yal s

FF — Pmax — Impvmp
ISCVOC ISCVOC

(1-28)
0.95 0.8 ¢ - sl35 s 33a¥) Jalal Lundgaill Laully

delasly (A)
glail) 8,08 ) dasll) dus g 8508l s JVA (o dpanads 1S 951 36 guats

B ssalll yuill Aadi sie Dbl Belay) gyl JB @ AN guadll
AABA Trae il LAY plgsl 8eliSt 0 JSall | guall 3ale

B9 3l balg ()

Bumsll a8 (o Lol (W 1) 8,080 o Liads sy Y (WD) cgoall Lolgy Lo o)
Zoal 8,03 o eslgll ey (s 3enll 8,00 dlads wie Luwlidll ssLYI iy s U &
Belisyl oo Ladlily Zladll Selsyfl gLl o waliad dwed LU Y Lladl)
2l Jemdll SIS el



mp

max  “mp Vmp

0 \%
Vv V.

mp oc

Awad LIS Gob) Jos aglie Juagl oMl Jaley gguadll 5,080 :Yo-) S
P =1V Juni Lasic s5S3 (syundll 850ill dadiy LU Jand) Lowadll LU0 aa3
Ll 00sSo Tmp o el oo Prmax = ImpVinp (550 (Aadill sia sie . oadyl uall
iy WS drwed s (Y W Jale Gpndy Voo oo saeol Vinps Tse o ol

FF = Pmax/IscVoc = ImpVmp /IscVoc

daunadall LAY 193] (¥-£)

Blee Liwad Ll ol o ool o sSabiadl (o degiall Lunedll LI sl
205 14 tp Lgalil 3 psil) o (LA 03 8siS cilys 1954 ale G e A2l
Wish 15ae Lgd o LS dliagh Lula¥) Lowaill LNAI @ YN U155 Y oy UL
LA 3 5us (o BUL 80 cra ST 53 JI53 Lo oo By - paslsl Cmu Lialas
LA o) oy sbill Buasiag 8yslll Dalal (LMAT sda oe olegs dliag .dsmedl]
o 5K ol and )l Ladl old g sl e o sSabuadl e desiiall Luwadll
UL 10,5 6 s badd 15 8oL (S0 g5l o sSalaadl (s ol Lgslpdes
asei] asalls winlin (e Laiuall Zad 0 LiaYl o3 Lrwedll LA Lagins Lass
a3 J) Jua 8oL, cpsaealS aii Sy paseslSIl ap55L5 e daiuadl sl Gulasl
Ol dis Sl Galaia¥) Jolal 131855 c3gall o BUL 15 a3 Jia3 LUL 10
Bamsll saw L6 13 ] Uy Lilee o LS (LIS L 0585 dypllall olgll LueS

o\



Lowwadd) Bl slyus

By ool o sSaliadl oy degiual) Lruaddl LA (o J3T 5550 89,3 boly JSI

Sl o Lgian (LS« padl jacs J3T el w13 & gurnall dwa ) LN JI33 L
Baaaill Luawst Il e VN Jouall Gadliy 0 JSall Hauall Gale ) ¢ S35 Y
el LA

Al WA 1l -\ Jan

Sl Lo PRl 5:La<]) g il
(Lsal) Laslly) ($/Wp) (Ll Laslly)

30 3 17-20 Bosldl gula¥l ¢ sSalaall LS

40 2 15-18 sl sasil) o sSaliall LA

5 1 5-10 ool 7 oSl L

5 1.5 11-13 asalls sl oye daiuadl LAl

ool o gs)

10 1.5 9-11 dssls e daiall LA

ponedlS) wi S pozenls)

A3Uall Hl3ae (£-£)

GlUall e Bl wile Lubyo o6 13 @als J) pUa3 Lrwadd) LAY 2] Jal oo
Zatuall Lowa ) LA 2 gas W g 53 S B3I &l50n i 3800 Hagrn & yaia
allgSy GsSabuall L Galadl el Zlall Ll Gausiyg g5 skd) & sSabul) e
paafil daluiiol (Ko Hline dlia .S Al olamgll asendy LA o U53]  ansl by
Loadl) WNAI xnss ol cidgn sag I Lgud s eIl LAY &l (30
dae g0 sluAud) o8y eligS IS @ Blb 2w dune Luwed 8elin] g b 3
Baiienl) LUl (s gail Lowa il LA a3 (po ol S ] Lgdyatan 3l ol yial]
Sy Y ilee &
oo daiall Lowaddl LAY Slojiad) @3s) Badate 15508 Y- JSadl Jias
I Lgosl bansd Ll [4] Ly s Guaadinll Cgul J @ (5501 ¢ sSabul

oy



digas

gt 3.6 goluy alafuwdl @8y Gl 1000W/m? Lgas g siaadl Gusadsll Jans
Boaiiall Blall Jo &Blall Gle ol dile 25 ale dogs LMAT sda jee o] Cung
Ao, Saatll Sl § B lely Lossl csin s -7 sl Lex palal)
Glall fo Bl Sle o LS 10 G S5ST 8 paiial) Blall Jfo BU wile oS0
LeasliS oY 15083 oS0 Jundl dani, ) dead) o3 Lowadd) LNAL deills 8 yaiiall

AU e udd 2153 ST dabse b 8 <J3l

oSl m
3:5 AL+ Jolall g
3 oYl m
5 25 classll asand g
E‘ 2 WAz o
9 1.5 g O sSaliall X m
14 OsSalall sl B3l iss m

0.5- ,
04 A: I=1700W/m?/yr

A B B: I= 1000W/m2/yr

oD Loyl sSaliall G daiall duwedd) LNAL slojd) o Y=Y Ka
PGP L,Jbsﬁ OsSabiall ZG3Y Lsllall &l diwad duls 215y 3 aiiwll LU
Lisosl by 3 LS Aol pd upedill gok Yl § g couSally LA 2L,
sl Jo Z8UA Wle Jany Las dlajyac oo BUL 15 oo J5T 0 6S0 Laalaiul ady ols

([4] el ) 7 (gglams B el

slajadll sl 9 Lasd (0)

daslae 358 il g s el 30di3 J) Ll (5050 ¥ A8L5adll Jalsal Jasis o)
lials Zuoloally sLazs¥G .o Lall 1ia & Plital et Luadll Llally L ol Je
Slead) Jlass Zagll Ty Bl Gug,ull ans o2t il 130 3 Logs 590
6 Oy e dl) B aludtal paty of o5lb] @ oS ) gulially guliatsyl
L rad) sy

oy



Losa ) LU 5l 38
dewadl) dSUaY sLaid) (1-0)

roby LS, usill al¥sl @ Luwedll el Sbliw) Golall Fo bl el
é,:_-;l U e aawlill L8N 3 [17] slaud¥ly Luwaiglly ob3aall Jolal) st
oSS Lany LGKe aleaiudl Jal oo sl i oK sl sl cpaud alas
il elll oS pleatadl pasn @ 4w o3 S Jo oS o] § slll iad iy
LS a8y cpadll Jie wsds wlpdial s OIS cus Lo s0l8 § pals 4o
LS Lo 8,890 dgmge uadll e guss (ST s pila eliall 361y el eI eslS
) Jiae puilall o

e sle Gl 65183 Pl Bslys o o G NS Juas (1891 ale &
(451384 143, LS el $1AS 86l 5s) (uSatS) daul IS5 uloaally 3oLiSIL au]
ol dis pb 130 ia Bal ol cithpe @ Dl 3 e Ghw Losie
dio Bamy 600 canss 1900 ale Jslass ol sl Laaluls Liae oo Jlael o)
3 S Gl Bl s oLl ol Zaiill cilSs laaay LissadlS sia &
so n oleles i pling o 3 ety e o OIS L) 138 (S0 L5801
OSas OIS 1A Budy (AR CgLadl aas s B,a dau @il ell) (adadl uadl
Aaill sl poe 3 LadS dolodil

dios s (@l w3l ghoy puls uads sle Glaw Jus das aaly £ 7311910 ale &
S NS da sally (966070 a3, L5 ol lAS 85l5s) aclAn) 8ol o
YV-Y Sl Sl @yl Liadd) ol S Bld ol sy Galaall Gl &
o Lasalll Ealaill palsll e &3lsie 3ud e g giunn T golall paall sl
Bades Jssaas codel usmsa » sle o35 pudiud (10 . qulad 2 ol (e dnlause daka
(sralall g, Uadl Jaadly JM2 Go sU 10 prosy palasill 13a o) .o oplill Bales
el 555 s cpuadd) 55 JMA Gpo sl oA Losie . Jladll (Ul 53350
Base SIS el 3oy 65 2 sl Gl dl deadd & Ssmlll ne oY GSAB 33035
LIS Y3l IS 3]s - ooloall panall (5557 850 ssaal o 8,5l e Jiwd Golals
g Sl 15les Jany alasll 1ia o8 diSay . alll Jlgls Galus sl By of oSasd
o S0 el dlie oy 5950 180 sad Lgiin diad oIS allaill lin o] oo a2l
Glae dloa calyy GsSdginll al] Gia b ple pud uSadS) alasy palad) ells

o¢



ZooAll (eSS allas sy dadad 83T da T e ST Y1 ALl oadl Dulgs
Bodl e

2 olls Lewlall palsl) JSaN can weenl wl sloy guadd) ell) olaw :YV-\ JSa
tsraal) bl Jand) JMA Gpo alsall Jany . gl (g lall panlls Tualall gulaill
Pl 38 &3 s Jodall oAU T aaall 3 Guadd) e gun JMA o paadl ol pis
g 8ol yuuall T maad) J) wpadl wa 8rpulll e > QAN e Jiud oLl

1911 alal (966070 :a3, LS,

oo & Bdy Sl prarlall SL BB (o a0, ol e BlsT G

OL Gl 3 oy bads 4l 1927 ale & pandall 5L e oIS couslasl us!
3l Lasd 173 pad )T aad s SLIL Jaas il el Gl Ja 351900 ale
SBlw Jae ol aladiadl § 85l KTy uaddl oLl e Y1 Laiialy
Lol OIS 1 ¢ s 380 calsls Lo (yle o elld a3 8 5gn0 <8 30 Lyanadl U
Leds il é@ S Sbli Jlae g damedll Bl sl JL;A 3 8S Bad

[<Xe]



Lowwadd) Bl slyus

UL il ol all ST e Banly capal b plepw aenl o gloy Lgawls
(S0l @ SLUL Jaas Ll <L
s oslgusl sline oo al L, sallS 3 Lraeddl ol bl Jlas Ll o
S o riall AN el e § Ly Slhlaall Jlae Slas3l p dussslé caval ads
A=Y Ol i) el sl Bl 3K e ¢ s 30 LS auey alina)]
oﬁ@wg@@m;uo&wﬂmdlisw%s;uiggo\xmumj
olall L 3 S plas ) Sas Aol Ldlall a5 3.1941 5 1920 ale
) bl ala o Lol sl olgSl Haw @ paladsl sus cosall Lw
A0, Basill LYl 3 laaae 088 1Sy diwea il el @Bl Jae Lu ¢S

ple (a5 1920 ale Go dussli @ aenl T gl guad cle Glaw :YA-Y S
J5 Lo lile 80 wass Jasssls @ uad sle pla Al 25 e ST (55 aids (1941
oubad] 3 elie @ a3l Ladal 3l e gedll §ymall el Jens Lgie YY)
Baa Je sida Jasall el g3y 1937 ale § GS,A Guads sle olaw 2010 ole

e sl e dany JIn Y 58 OBl Slasy guals S ssas ae Siag Ddae

o1



digas

U ol olu wllall o oal slasl Gy Aol Lildl Coall wa (I
Bl jubos Ly aass ¥ Gy5hae dibaie 88 U5 rw] § Lolagy « AI00 deadnd)
23 5S35 o bl Wil (Say e palill AN Hal0 @ L, sadlS avas,
sl @ Jiaty e dd) Ly,lad) L8l @ oS 5ok 383 a3y . 2K (guliatd) add
BeLiS (y By ul3 a3y 0 iall (AN livued § Sl § ¢ SEDYI polaial)
Basan! SLL S Jeizs o s @lgs b Jsl ] compnl diady bl olls
) £5:01138 e obliw Je Ly Lolall

Qall SVAYI Jalad (Y-0)

sl 38 Baaaill Blall ol Jo S AT BUAIL Laladl duo Sl oluoliwl)
Soall uLw_m 3 S, 8,00 age @ Busaat) Bl slwliw =87 LS, saasll
Baaail) Bl Jlae @ sashilly Sadl o (03 pae ] (o2U)

Do 03T man U cmaty pla i el gl IS AN Blall oyl s
et (1973 ale G5 .asie BV (2008 ale b & Naall sauws) Jsand! 13450 20
Slsiae J] ol baill e 3885 . J¥ BUal Lo3l Gpds @ adill il s
Ya-y Sl Ll ddle

ple 3 ailb] il oiss0 S o] 5u5 pe Llall Lojl cudss Bols Lislually
Jins a3 Kosal @ aladl badill z 8] ¢ s 8pua3 3 1970 ale aas 4l 1956
Lislall sia o<1 oY) aed — J Jundll ) aay) oalanl & Tawy o5 a35,3 J)
aSéMgial J13s ¥ IS (Al § 10 50T § aladl ladill 253 s pad . duids e cacud
ple Gy pls b olaad Mou ble 3.7 S 5l wiads (1971 ale a8 bss) @
ale 3 S¥sall aun) Mo Ll 37 Jf ol (alaal 8 e 3Ll lia ol (1977
Lolaill luags Gasd aiadl hasll e S slaieY) oF Ggyall oy (1977
* Apki Ly

Clas 5,8 Lan lgiun (Souad Gusiy )l (3011977 ale o Jonl 18 &
sl Jal e glrall uu Glal a3y ABUAIL Loalad) Busaatl diwliw oo 138050

ov



Lowwadd) Bl slyus

JB Lo cnns el gag caopall (3YAY Jolathy Gl Jlae @ ST LVl Je
:JB ‘AS «.qu‘).A%ﬂ‘ u:_[i.\_“ E&um Ay

L2503 Lgrme e Aae e Sl pd Baas (Slf sasl o AL o
Lha 358 YA 3 Lol dgalgio 3a3 ST Ja sda copall pie sliliulg
e g i o 13] Jads L3S cns Lie pnd ol 25Ll) A 2us o)
slazs ol daiall ey dealdl) 2L alsedl 3 Lolas o)) U ina Lga)
0N e e A5 Lo e G5 12 s
BELN S le Ligs of BT 13 sban T ol o6ss 31 cas
Lolaats
paliss S G olass 2lall Galls s G5l amsh oF olus can
s o o Yy Blaiins 3 pRatl) LiSay (9 fBaillys qo e o3 o
Bl Vgl dud UL Lolall 55,8 Luliw) Loyl LU Gaas
Lo rny Bodaie &lb julae Gyshis dulall Lulsnll AU BLEST W) Bulyy
Loalanll g Bupaad) U jubias 5ask3 @ ¥ T 0T can 153,IS Gl J8
b 5506 e o8y bl dain Gl ay cpulal) oAl 3 Lple asiaie 3
A, Bl 55055 Laal (1979 ale oo pubawtl o bl G 3Ll 5,055
oleg il Lo ps 5ilen € uagi 3l 1978 ale § Zibll Blkll (830 50 o3
Gaall Lg3 dads ol 13s ael 035 Liwal) BlUall Laliyy Boaaill L)
de aains Al U Ledd) LA Lowedd) sl abliw Jlas § skl
TS s e 53¢l sda S5 Jume ol aBy Ul HuincS uadl
1979 ale (o siss (o Gariiall @ S5 gl 8903 aaally daads S3,IS Sday (S
G Yoo\ Sl el Al el Gl e 26132 e GSe Blnat cle oylaw
A LIGL a5, oo e (JLaiay
o Jsadll Gaae 0680 o oSt 13a guaddl el Gylai oY) G Jas aas
ﬁzgimsbbg,ﬁ\j:@a|zk3ibﬁg@)ﬁd&§m3mﬁiw
Bl oo Bulitatl] ... 8,50 LaiSTy (Ko, ndll pals Nl ool

oA



—
]
(=)

80

L3hyall o yall .
PR ’d‘”’a/j\
60 i \\\ﬂ/~\ V
ERIE] il o ym //
) e
2 A M
20/,_\_,.\,\______§\~¢\J T /\/ /

= il yaLensyl

I Y Y Y O Ay I Y B

1950 1960 1970 1980 1990 2000 2010
alall

o

Jaonll 2008 ale 3 ¥oall saus alall bisll jau

85lal tyoall Jaonll 2008 ale 3 Moall Haus alall il aw sl :YA-) JSa
A, Bl oloslas

Lasll e yeall Golaiel e sl s oads BSba el 3] ¢ Gued)
PR

Vgl 3:lS Bul3) Y1 Ll B 306 3,8 8,00 i (1978 ale &
Boaaill UL oLilasll 5o shilly el Jygad aly dosaill U z ], 455!
Lo (olaall 53811 cyo 12 32 and (il (3l Ay pd 0,535 el 3 S 52 ge
Bl olias & seaiius Cpuall Lolall (Slull laal fe Jaall & aas 3lan s
ale & o olEl 1is Bue el oS0 s M LoLall ol Ll B i 2L,
Geu cready L85 5 suaill ailisll sis mia @ aY Joull e waall oS1.1986
Boasill Bl aluaiuy GosSa Gl
Crral) L8N (e Lal) elgiadl § Suue alse ciaias 53,18 o adys LS
Ladill 2] 3 aliiie LA sym s 15008 t(lia 05 15 g STy Z3Ual) A s Jan

04



Lowwadd) Bl slyus

oo s 20 3 Gadl) el ol Gnass sle law oS5 SIS pas 1Y-) S
Sl elelall alael oo Bualy G s 1230 1aa 550 of Jeobs OIS aal 11979 ale
g Ll el 3] 3 pueddl Bl oye Solinwdl ... 8,) Lo i<y S, cadll lgals
LSa Ge b Lbgrne &gl e uiad) il e Loull Goldiel g sbaitll s

) Lassa (3T LK s

1980 ale 3 Jass sbile 1.8ty dl 1S5 el ol pial ol a8s el wol3ie JNgialy alal)
oLl il sl o il galadl ¢aN oo J 1 aiall § Jaass ohlile 5 )
3 Jaodl Nsa 100 o ST ) 15950 20 5a3 e (2008 ale & Nsall sauw)
o3l wasle a3s . YA-Y JSall Jf amol o ntially galadl o al e JS3 agadl 3l
(556! alad 13T Ciite laes 3 oSy ¢ salall Lulaiill o rial) (8N Slisnses
Jl padl bniilh el 23] Jumnw e nially alad) 5801 o S a@all 1T &
sy (V) pesd — J I Jundll ) aml 0ala5Y1 3 Tasiw o3 dis Llle ol iase
B Boliaisl 1503 ccpanlly wigh oISl slans s e alladl & oxilgn ST OIS
oole e IS suly o Alall aladl baill aal Al g byl Ge Susl3ie doud olSlgias,

Ssud 48] Bl L3l rm GLiLaS 3 (pms aLall Iail) (e T ypune a3 sl

T



dages
pldl J o Laddl e SLLA (\'—O)

s 17 IS5 S, il oLsH § e ol Gl p A3 Linssl LS
ZagSall 3udaty DU dajl adg celld pa Goapall 80 e NI Chaill § ollin
i Wals lia bl sda (S5 ans J5s Y o iadl (a0 olinw § s 5all
Loling llall goime Jo ol dif 3 1S goi Sus 5,330 sydall § S
e BUL 80 grall euS, 2007 ale 3 ¥V -) JSall 3 pubge 5o LSy .ouall 3
e ol 1agd Lllanyl S Ea ) $16GW Las Busaa) Lowa sl ell) &Blaw

ALl Lol Jlas] B oy Les B4GW dlin olilal

Abils <y §sen ()

3 Lo silSy Talall el wans ws J) ol @ Freadd] sl SBlie §gu 40t
oand 5lhle 5o gl 0S5 al e rtiall AN Sliled s e awlll 5LaN 3]
S5 oLl ol dlia Ligall (s5iame uund Jam 135 oola oL sle cuuall 3
dasr ale gdy Ol LI o3 ol cpdudll eng g’:*-*-‘c-“ SBI o Lok
Bl Al Sl Sl A8KS o ) ALYl e (el DL el of LS cqle
L5 el 85 130 ¢ Guadil] 6 g gt S0 el )i odall asil pladialy
Aenadl) s U delin Lgad 3033 o oS Lullie

paall o158 LGN 5 shalll ()
ozl auisus oA Il § Lonall oll) S Bliw Lulle w318 o )3 8y S
e S aa oS0 (Y- ISl ) payl) L) (A0S cnll 210 (YA
ol (o DS 1508 pudtany 568 paly B o Yl Llaad wany ua ] olie
85adl olais o LS dlaaasy Lol Ldlall Coadl cbST danl il aud, Jole ling
waall asags adile LAl & sllly alasll 83800 e g ball Juagll dam
@O Gl 53 oladl paadl Ll Losae ge Jliy LasaSUl daall o323 e
LSy 5el pliad 8sl53) 1911 ale 3 cuasl ST J) pals (Sasadl Guaigll aesial sl

1



Lowwadd) Bl slyus

comadidl o aill ] guaddl 3Ll sl Laad Ll Lasl)
2007 ale (J5133 & all J gl

BUL 2 31l BUL 1.3 L85, suaill syl

BUL 2.8 5l ) BUL 1 W]

UL 4.1 oL SL 1.2 s
“lb Lokt BUL 0.5 u M

BUL 5.8 L3 BUL 2.4 5,38 Jsull
‘;__\‘9‘)\;&‘ db:d‘

BUL12.3

126GW :Jlaayl

ccomadall pdail [ puaddl o3 Lall oW Lacad LiLaL) Lasl)
2007 ale (JI8Y1 8 tall Jgull

BUL 0.5 oL

BUL 0.3 U5l )

BUL 0.5 W
BUL 1.5 Jsshall

BUL T gl BUL 0.5 LS 531 3aa3ll oLyl
BUL 3.5 LS5 BUL 2.5 533 Jsall
Lf-"‘))ﬁ%” alasyl

BUL 9.5

()«;4.“

BUL 80.2
20GW : 3Ll Jlaayl
i ) ssias o Armaddl sl Slliad ALl QS sdaae TV S5

(http://www.ren21.net) 2009 &saa3 cdsanill Blall julal Aladl pusgll 5,85

ay


http://www.ren21.net

g
o i Lleill & Shly s oS Crun Snas e rall (L3N Sl Sl 3
YN Sl Il 6l Jalie saly Juasy Ll sCiSy by oueds

() ()

sl 53 guad sle plaad bbas (1) . sie ol 53 uad sla ol :TY-\ S
e2iias LSLEE sl Jasys Slaadl zga3e ala) Csnil 4 ol pane IS8 500
el 2431585358 By () - prmball olall Jasll Tase

S St 5l ¥ (3 uadill elll L aaess (2) YY) S G

2ol Can¥ oo Lad dabally laall zgade alas wonl Yo ol pani
e st 6T @ Boms U las pa de dlle oy J) 2,85 J21a Ll
S Galaial] de Suill dal slid muigh (Jalall Gt el adell
Loty (5l el Bl on Lasd I G (5 @il pual o sl aailys
sl plasy Loaillys UL 95 sa3 3] Juos (ol Jolao Gl eslyanll a3
Jalas s (L sie da 50 100 J] 80 (o) oLl el pye alill wunall pandl iay
Janss -goboadl drmsil o5 s o LELal L) iy BUL S pa J) Slasl

ay



Lowwadd) Bl slyus

o el el 3853 andall (5l Jasdl Tuse oaiies GALEE JolSIL alisl
s 3oty (Jills dosall oAl Je¥ pesill i3y Jiy il Guadll s s SN
lig) Ldldsisd 8o yolad . Lybadl oliaall sl J) o580 e Jiwd o,L)
alaill 3 €500 Gouil 40 ) 10 oy pudiad cale dags (D) YY-V JSall 3 allasll
C.:léjd b@ <UL S)‘P a?‘)..\ has st\g 4‘5\93 Ut‘fJJ:.’ &;JA.H.A U U‘P d;—’; ..\:-b."
Dlgs Yol ol sle pdgs aiSay allasll i L6 13 ¢ Julll o]

o132ty OI5aly ol G ids (o 3anlly padll Jlee e Ll avausil] Jgu
Ol & allaill aiad o5 L Kol dlliwe dladie 535S Guolins B § JSugll
oS A

Ol (oS nldl) olaliwg,sull zla) oo degias 22,4l bl Y 133,
Lo Buley dlle a8 dopu) puddy SEDY Golaliadl fo §,uill 4l il sLasl)
Sl Al (25a3y Loy le Basa (60 Tawall aglie Gl e 330 ahua)
e5a30 oda celld J) BLAYL asle Bual Ghaay o (Sasd dae Ciiiall Jelaill G
a3 §oia ol ¢ sale 200 s wiusd Bllay L awly 3Uss e JYI 2l Zowlio
ale JS Jssae sle o135 e 10

bgiad panll olhsdy JYA o ZASHIL 3lats Lasd Llje Zadall 3 guull priad
asead 505y 2l ans 80l ae GAEAL Bumy JS e pall LawsSy 3 28311
oo ol¥ss Lauas J) Juad) U85 Zeall Conll) auieas ZaKS o6 Aidall Ziasy)
OBLERS W3 s e e Tauay bie 4BAT (KAl e 0S5 al sl gag canlsll Ciga¥l
Cpeenn3 3 ST el (3 gl plaas) 0 Lo (3 sl amns yo dasnadall sl Ul 52
.((Z.A&SA.H u.sL;uAZ:\JLA )A‘P O99 Cron

resd 4S i Joe giges (2)
s o) A3Neall Liwaddl sl SBlw delin celbinl A€ Ciyd o) wall e

sl bl allall 3 aund ST Hie o) 13g) Buadll Lua3l SAAN ol ac
dgisla) gulae Guting Lguade cbliy diweddl Blall rass degane dyuaddl

¢



digas

il Dl gl alaall Zolall Luulall pis Lovie xSy & grise gilsa dnall
S Dda ) el e sie fe die alan L il

o ol il puall 323 sgae & Gls zise pilsn oIS Losie (1978 eb*é
G guall alial oy dile grued J¥& sdivw allall 3 oLl Lasll bl
s Jle é Lig e Liny Linige gl calsel Buay 40533 aays elly dﬂ A
adil) ity 3lats Lasd 435 o 330 Luad il dipas oS cdadill LU

Bl Lal) elleallh oLy 3o S Yo e dinalliy (1987 ale &
Lol lsal alaisiuls Gulee oolats alilly Dolgall Lol o Gobisy - cdauad
Aol B Jall go pueadll s g o ihe pual @AY olslys san] aus oo
o2l poal all elld ey Bhall § 48is o Luwaddl Bl sy A3l
UL Luals oles o e S5l G Jandl 3 LAY Slilly Laiil) agas G asall &b
suss dxiin ) guadil) oLl ol sual 135 S5 sl 3 NI Sy Tynail
NERTRIE I SONE S R SPPPIRE PRI RPN

el LBaly sl G, guuly bill Jlae @ dlee o3 1995 ale 3
lig) et o DAl ol po suall uiladll o g 55S ccpant SR vl
il SIS s 528 e Bualy sl S5 cuad calsel 8t (s Gy Jaall
380 caml 2000 ale 3y - asSa pes ol G0 pllall 3 Loaedd) ol clliw
oo 2GW Jolas (53l w1 il olaaall e pase Fo Gigsbe e S
o U e gine ilsa ed 2006 sole Gy Lraadl] Blall oaddl aludiny)
Basill o Tall e )l La3l) 3 4SS0 (alall Jaall zisad aadil Suaill
ass 3 55 Jae zigaiy pels EaY (3,8 () ol il Leawall

Aaisll i onans 350 Golall Jeall pigeit tabade Y-V JSall (5,0
sl i pslall I Jlae G asiilly palaill e Basas 3 g o] 3 Lo sl
Az Gaegaall &, LY Al el sl e a3 Gunls any 1996
Beaill el Jums oo (Sl Lo L) Ly yutl) 1Y) cimvasl 301 e o 5] s
spanl B8 ala 2010 ale & B ¢y pule 300 J) oS5 5ab o Lgno el
st e oS ¢ abo 80 Lo a3 cliluss pilis il caslall Iavnsty Ziall cla )l oyo
i)l § Anasill 5 8 S Jle 3 el el Gl (Y 13835 cnal

N

o



Lowwadd) Bl slyus

ool i s¥5a IS 13l fg g AT Sl Yo Sl 13 adiay o cad diS Gllewd
UrB3us Isanal o5 dgatil Goisll Ul ae 280 0 Je lsalas ill o saall
(YY-) JSall JI1) slae BV o crans Jao zised dalagy 4l cpeshie

del gLl & 3l Lal Rl sy Lewlull 21031 8550 50 1SV 5all
Sl 50 (ST 3 sl 3 YUl 5o Lgatias (alall B35 Haw aad . 5aaill julae
saey ALlE 4Blie ol diads Baga L3 aegady ale sra A Laiiall
Goedl @ Banu Gaudd Lllall 8usalli 5 (e fasbe

poly Boadl £l

<::| Ll aaal e N

Ll 8,55 dogl pas )

e zigaddl Jia OS5 Arweadll BUAIL Goldl) (nas o Jae Zigad (VY- (Ka
Lo 3.44;3 38500l Bugadl &8l yad Dalad) Jaall 8,500 Silas Y Loadl hslan &YW
LK J.Lm ruls GU fe 2 SY o L sl Al awl Glisd Sasadl anll sy
ooliiels pslall vt Jlae 3 palaill 3 858 Hlaiiund) 3 SO el J.m.u3 eslasgll
olubw s Jal oo Jaua.ﬂ&gu.aS:\s‘JLle‘P.llucLal VPPN | - PVt | U TP
raae yaall D s Leals Lol =9 8al5y Bauail) AUl aeus Guay 43l

2006 ¢l 53555 Loluiand) Luatill Boaasl) adY Lall foe asl,ll Ha33l

BLaYLs polall bovus Jlae § noiilly aaladll daeal o 350 5 SEI 5all

alall bl Jlae @ a3 LY e S 1593 b IS8 G Slanad)

aa ) il L) LSy 38l doadd s alaill Joe Lkl s¥anll ags olad
Saaatl Ladadll gl

1\



digas

Blall aead BUall olaliw 5033 Jal o sl Lol Jo K0 el 5 sall
i Lenlad @ pge dole LT ling Zalall sia daaals Gulill sep Buliss Boaasll
B silse pasedll dag doy salall 5300 dpae Gl a1 2003 ale
glialy . Auall ol Olgdl Sl Galall & i zuadl mise zilsa pase
220 @ oo il Boaaill Bl 45318 2Lkl L 60 aes fo Jsnndl pilsa Lanay
Lols oleg e Lal3] Je Llally L3S0 oloSall o oGl aad a3 2005 ale
Lglating Luuadll L3Uall LA8Y o sSall acall aadiy Soanill Akl

8 e g gl A Lumadl] Bl éwn alasyl 51 2008 ale 3y
wBsll elly gad 3s 2010 alad Zulsall Luwaddl Eall ja35e BlLaiwY ross
e 2009 ale 3 JaiSI 08y el Z3UaL Jgall slasy) usiy) GG pine i)
aa3 (4l 800 Al dalue o Gaiss deliy it s csina sllgl e a3l lin
Ao il jeall Gals Sl ¢ uaddl e dG8ls o UL 65 Jo Juons day e

ASadul) 58UST ga 1 gud g ygSII LAY (£-0)
Glall alias ol dallaayl Blall G BUL 10 ¢o J3T ellgius oWl oblbw oY
S LigagseShl LA YA e b Lapdss oSar eeliseSl dualiyy dslhall
8ouill L e dd) sl Bl ,lEL - uadd] e sl ygSHl wud sl (o ,AT Bl
2008 ale a5 i< J8T alladl 3 LSO Liaill 45 gud g qSH LA dullanyl
ple & SIA ANl Jungs alladl @ &g g 6SI) LNAY e 6.08GWD oS3
JSS allall o5 sl gail) Janas AN YE-Y) JSa) usgs (15GWD J) 2008
2008 ale 41 1990 ale oo

35 5u s SI LA (oo 83,31 als 3laty Lasd SR ey cuisly 5o LS
50 Al Lo santl Jolally dewaddl sl ol Galall elly &l gas lads
O e pboll e ((V-£) s — U Jundll 3 prdise 5o LS . suliaii¥l Joball
dis Llle poiaill 28K 3lS 485 (1954 ale ¢ el Lleall Louaall LAY
ool slbianaw Salsl 3y & Suuall e¥ladly sliadll o o I eliulill eslS,
38a3 bl Bl 0530 dead Gl saaaill oty @linle Blsly o rtal

v



Lowwadd) Bl slyus

4 14, -100%_1
‘ﬁs’_ 121 80% G
7 4 107 - 60% 1
3.3 8 ‘
3/-\ 6 r40% 9
¢ —
1= . 20% 3
%3 .
i ) 0% =
30 — == -20% 3”
S 4 AN N OIS0 DO 4 AN N O N ~
[©)Be) Ble) Be) Ble) Ble) e B e ) B o) e B e e ol ol =l =l R o]
DYDY OO O O O O O O o O
L B B B T B N B I I BN I o\ N I o U BN o\ I o N I o\ BN o N IaN |

< GWp sue
(@95l Lanlls) sl gaill Jare ——

Lalaiill 20085 1990 Sale o Lok dasadll L i g oSl LMAN (S5 176\ JS4
Jne 12 LAl all Arwedl) &6 gig 1S 15 AL (g phall S 2 gl
ALl S35l 53,8 el 4 g g 1S LA delimy £ 5uall g phall pall

iy 4y 55 e <2008 alal

ol GALA yauly Y E-) KA ] aa ) EaKEly 3eLSI 3 Sl sk
o J il J5lsly o el o et @ Luaddl LAY auiiad 43 3
8553 bly JSI Lawadll LIS aan (RIS 2003 ple a8 .0 rally guladl ¢l
A5 e Sy 2T 3 L Gaadl e Balsl sligSH S el Moo 650 ] Juad
Loy sl 30 AU Balally aadll unling dpnlil) BUall julina cye 3Ll
LS5 eilimy cdyslall olaally GeSlsally dolsall pasiys 0.108 /KWhy 0.05 ¢y
V-1 Jgaall gy ol s 10 sas J12003 ale 3 Wp JSI LS Lawall 15
=are 13 3hlie 3 Lrwed LYA JY2 e LSl B (o TKWh ails 2K
i (G all (AN eliaaud § omedd) BN aladtul aads Jal e

Usins (a3 cBasaill ZBLally shaatl B a3 ¢,5308 s 1 Jpall (a3

A



digas

way Lol LA ISR gued S gung5eS allis 5T e Balgl) L o<l 25U
Lale 25 5120 J) oda ¢ &l c,um*s_mdm:j;,gﬁ ASSIST fo dalay yaan 4518
de oSN g ARSI G L3 gil) SLALAT ik (At o (Say el (I
Axdgie zd b § Lol Chus a0 e dll 45 gun g 580 LA § g S 523
45 a5 5 S alaill (pe A8 5l e Lilas] cand; 2007 ale 3 (JBL Jaww Yo
SNl sall e 2006 ale G 0.18€/KWp ¢ ] was 0.42€/kWp ] 5,11
2008 ale 3 2700mWp J] a3 2007 ale § 591mWp J) 2006 ale § 61mWD ¢y
Llas 0.32€/kWp Jf «illis Luwlio was ol sall o] Loliawl Lo Sall mas 3lasy

200MWD (ye 3T J) S A1 (282512009 ale 35 .2009 ale oy

el AL uadd) e 3alstl slogSUl e KWh JSI Z2KE1 V- Jgas

WD SIS, &5 a6 L3I £33 omsal
ol 10 ol 8 ol 6 olN4 ol kWh/m?/day
M50 0365 450 0292 N0 0219 Ngo 0.146  _Ngs 0.073 3
4530273 84550219 4ss 0.164 g0 0.109 _Ysu 0.054 4
53 0219 Ngu 0175  Neu 0131  ¥su 0.087  _Ngo 0.043 5
455 0182 450 0.146 g0 0.109  Nso 0.073  _Ngo 0.036 6

ol 20085 2007 Gale o Lok ollall § Ablell S0L3I ol elld ae

Basill oLyl § Lols drweddl VAN delin 3 Bomme né (BlaBl Spin Jo
JolS5 allia . gul Il JolSH1 S8 3 cpandl il 5dy 590 &3l 350 Ly LTy LS,
Lyslall ol sl Lty ahundy whaad L3l Jinas 25 Sls oy 8,3 & (oo,
JalS5 Ui lin e s 003 Zealidl L8 ol (5 oms Hemnatd] YA LY
Balsais &by @il Lose Layie SN Liuall Jlow Jok 3,8 3 S ol
sl (o e giaal) Luamad) LA aand gl (o 0lasd il s 0 o)
Ggnily Kaliwll anlic ge alad) ¢w| 20 Gla Legsl dajul col, 5Ll saall
ALl 3 Arwatl) LNAI 5o BUL 49 231 2009 ale & el 21581 S

4



Lowwadd) Bl slyus

e
9]

I )

w
192}

N

~|jfm),_wm§m
g ;
?
P

—
192}

0.5

($/Wp) Wp JsI 4

2007 |
WP S ol as bainsio
s ey 3 by oA

Wpdﬂ.‘c__‘:\ﬂ)_a_wh.mﬁ
o By pala)

2009 | 2010()
Lalall Wp U< 2alSsl)
B SR
Lalall Wp U< Zalssl)
e . —O—
oo &8

20105 2007 Sale cp Lasd Lgd (35S 03050 oo Lowwaddl LNAN Haw iYoo)\ S
Hraweal] WAN xhnd SLS oo ol dualad] 2a3glly Llall Sllull JSAl G
hMl@)léﬁi@lallwlgﬂﬂyulégm&ﬂsiﬂymﬁ 38 aal
LMAL llall § phunt ST oty 3$58 andy psseolSl) aie S5 psseolSll a5l oo
Tpona 2l LMAL a5l IS 801 (S Cro Banly Lol aad s ol slll 8o Lana]
cnall i g I LA deliamy tymall gl JolSaIL 3la Les allall

iy 4 a0 U pae 2008 alad (llall slasgilly 8

ol saail) & Saliall o Latinld Lowed LA Lgale] G5 o)laaliy cruall &
LS iy slow cund S0 olibas] YooV JSall puag e 8L ol



digas

T I Bl ol Lol LA b’ L33 2028351 2009 ale § sz 5o
Jiosy 0-805/Wp I Hlsww cnpd &,y Laldd) psealSdl w5l (o degiuall
Laall Lwedl) WA auins L35 ey . 1.508/Wp ) Lgs Galad! 253250 Hau
20 (e Ly ,a 3ol dyad @ld Yy 3 Luolad) ol sldl saaill o sSabiadl oy
Ja5 o 85l ey 28 /WD U] Lgo olall 853230l Hau Jusgs 1.50$/Wp BUL
s o1 ok A58 calel 13a50) Lealill alse¥l @ satune s o saully a3
(1S/WP o S olysldl saxill o sSabiaall o (S Lpswad 1691 p

781 Bl 3l mantl 3Tl 3155 calidaty ey 4l g9 i pae Slilasy 3y
LA o (28351 2009 ale & wsSolly duwedll LMAN z) Je 3,080 &
Slais Lok deliall § Lide 530 clang S sad Jo Llsal) Goall § Lowodd
Jas cayall 8585 (oo Bams B0 s Lrenail] LAy (U1 G sSaluaall 50, 900
o & el e Balgll sl Sl 23T suie (5S3 (s siad Lnadd) LNAN Hau
3lad Lo Jf Juatian (ol famally dlalal sl 5qS01 wllana oo (JEL Javes Jo Balsl) ells
e Bl 8IS ) Jseasl plis] waing YUV JSaI L1 S A 3IS3) 4le
sl S 28T 1) KL aillid 5AY IS0 (e BB 98 65 ey fgadl aussl
Jane Loy A LA Lualiy g el 35 L 9ISy =Suii s slle Jio Lile Ly
Zailly Wl ol sad e 02l 59085 ) Lrwad) LSRN Janias (Lo pusaia
pall od by Lina b ey Jie dunddie Loy sb S laud ;—U‘ 3hblall
slas¥l oS0 Uil sa o Jumiand (2821 Gueeddll Juas old (S daliyg
Balsll sl oSl LAIT s JaSy sodall asishl o Bulgll sl Sl 2AIST 44d uy 33 (il
o Balsl) el Jas Ly, 3 Guadd) (o 8alsl) sl Sl sy - oals Guadll e
RESEN RPN

o Lo Boaaill GUall julial bausill (g sill salll eane YV-\ (Sl sy
O riiadly galadl ¢ 5al 8ouasl) BB oLl 3Sad =9l LS 20065 2002 ale
4 a9 S LAY Lasu i) sail) Juas pudly sy Solads uidss 5o LS [1]
soblians aladl ells FUL 60 Ge ST ) Juas 53l sl S0 A ads Ainsll Lana
BUL 0.07 diuadl) 305 55,4 LY duwd o5l€ 2006 ale 3 .53 &8l

\A



Lowwadd) Bl slyus

0.35 Liwadsl] 65 i 9,5 LA
. saill Jaae
($/KkWh) Laz sl .
0.3 N s Sl (s sl
. Syal
0.25 SN 7.5% —]
% 0.2
sl
0.15
0.1
il sl yeS) &55a30 au bawsie
0-05 T T T
2007 2010 2013 2016
A goskdl HsSalill —0— osbll osSabiad)
6kW/m?/day 4kW/m?/day

k- popedlSdhay 6l - pozeslSdl sl

o okl osSalawd)

SkW/m?/day _ poaealSI a5l

by 4By Cras 4l sl Bl ESLaN RIS ) Syl a3 Y-\ JSA
ol o sSaliadl oy e ginl) el LAY Jiey Y1 Lawadll LAY legs Junsu
& ISl 51S5 ) tasanlSIl w5l e degiall Lasd ) Ll old Luwaddl LAl
s e uaddl (e Balsll sl Sl 245 JaS o Sy 2013 ale aayy 2013 ale gad
LA Zeliuny uall allall @ Busae (ST § ellis Luadaih ol gl jolass Lolal)

el il g0 b pae 2008 alad (allall eladgilly 5,8 o] 38 gu 5 <)

3 A sun 5,00 LNAIL Galall gaill Juns plsial 13) o1 dis Alis Lous g
2030 ale Jlay of ile 20 G pund 48 UL g Y Lo Jo Llial) LTl

Ay slall LA cpe UL 50 e LIST LA ells it

\Al



sLogS 8k Al gl dpunaill 45 gudn g6l LA
(il g Y1) st dpall

oLl Bl

e ) L,y pad) UL 255l

oSl aSady dlinsll il dpenndll 45 a0 LA
Lowaddl BUAIL ol cpna s /255,30

(gsial gyl Jslil

8yl 25U L))

8,501 AU Z3Ual)

2 g ) ALK cye B 51 AL

e ) L,y ,ad) Bl

2 gan ) AESI by Bl BBUAN aladtuls dsul

0 10 20 30 40 50 60 70
Lsal) Lawatll

sl gaill Jure 5 55083 .20065 2002 Cale (o Lasd Soaail) Blall julal bauwgil) g ghull goill caae (VY=Y JS4
oilioas ol Wy sy (o AN Bouasl) Bl juloas oladl elld b ,qSI a0 dnsh) Lwedll 48505 ,6S0) LAAY
Jslas oF lile 20 g 48 BUL N L Je Blaall LA s so3 Jass glaiwl 13) Jadiawll @ oS0 Lualasl) BUal)
Gl jolal ALl aasll 50,8 el (qui )l Bl jaae sl Lglbll Skl e BUL 50 Higiw 2030 ale

J1T o riadiy @aladl (L8l Boaasll dElal) oluwbiw 404 (2007 alad 3oaasll



Lowwadd) Bl slyus

Jlwo

Lpllal) BUall :lgds ya3 (Btu) dula ! Loylyadl Basgll Susill oyl @ (1-1)
28 Y el Ll sed uals dass sW e aaly dhy 3ylm Ao ad)]
KT (g5bes Baslsll Llay 1 4y ,hadl 3assll o

dro Slle @ Bagasll Bl Jladie Lo ((BUL 5 e ST 51 J5Y) Gl (1-2)
SMWh s GJ badill cye

ousadill Juxe bwgie alug 121666mi2 KauSe s 4y daluwe Al (1-3)
(881 pdow o JolS ol sgid gy ams Al slebull sae 1) sl
UL 10 85Uy Lrad Il laie L850 dablus iund GIS 13] 22000
oo L oSy I Lol Loy $Gsia Laandss oS 1 slisgSUl Jlate Lad
3 dos (Sooad Jlaal Bl I¥gial ol Lile) SES0 5831 ALl lalial
(-L00EJ 4] 2007 ale

siall pusaill Jane Lo dlus s 1230000km? coill dibie dalue 315 (1-4)
13 .3000h (&30 mbaws o JolS Guads 55 Lgs amgs I olelall sae ()
Slaiie Lad UL 10 8eUSs Lowads ool aie Zalil) dalise s OIS
Slabisl ge laaw (S A Leaill Loy Thsia Lanalss oSy 31 slsseS)
412007 ale & Juns u_LLa]| Jleayl Blall Ialgial oL Lle) FRTNERIN
) (.500E]

eS8 L guadd) amill LT Lgys 1m? Lgialue 5855 80 &) quad o538 (1-5)
1kg 2138 (a3 atun @3l e oS cuadia pg i3 BUL 75 LS
<35l e a8 Sl daps (e @ Lshe dasu Lo ol dayu 2l (e
Ty die 523 3 il G pSs SOLL) Ui Gl 3
$4 g0 daya 100 8,0,

8,45 LIS Cwal (100mph Jiag ... 405 305 20 #LJI ele pud Lewslls (1-6)
A(W/m? ) 2L

100 X a3 mbaa Jsbas Jladdl Chadll J) slgiadll b e Liludl 215 (1-7)
Slaia Lad o1 sun pa ¥l fo guaddl plasyl 8,08 LS hwsio oIS 13 .107m

\'43



digas

ple @ Al (g shll 23Ul SNl IS 13] 5 G i (AN Je Alasleal) T3
cro Slaliinls allall w330 & slial) dyana ) Z8Ual Liws Lo SBOOE] 5o 2040
(:24 X 60 X 60 = 864008 (5 3lus anlsll asull praali) Saladl el § &Ll
osall Gusazill Jans bawsio (SLl 3 G i Jladl 13 aalsiw KWh sae oS
6hs (baosa) Shs (disess) 4hs (Sedl) 30 (adaws (a1 go) Lo
Lgaeas Ol Sy 31 5L sae 4S8 . 1000KWh galadl U330 ellgias §(Lg5s,0)
Sl Je a1 eyl § Jlad) las






S Jaadl

grwomiel| £ 2yl dando

3l oo dine Al a6 g o plas] JSa 3 o2 N1 J) Lunesl) Tkl 5
oalsn Bulyaly il D wdinll 358 dad¥ly Loyl shyanll miad daslly &;@ll
Trunlalineg,eS dase ooliels 10355k0e (1o dagdy 4Ll ] gliad (puedl) ¢ g
Lol bl JS1 Bl pgn S Lohill olisisill oo s s Lielyy
pge SN 5 shilly Drwasll WAL Loladl GulSaid Bulall slsdhally ekl
& Cooslll o pand Aswaddl Rl slhally Lrwadd) LA Gl Las
Slosadll G Ly dyseas clall ST o anls sy daesl] daes)) ool
e onskill Gaia e 08I Lbse Aallas diie cauntll GAshs Ly yasl

4

Lrulolideg ,4S Gl ge o)liicls 5 al) (V)

LS land Luaslalings ygSI) Salslally ¢ gunll S « e panlill o ,al Cuatia i
Jlaall LS alins Lk lyian 8350 Lidas 3555 35 1865 ale 3y LS ¢ilitue
dage sguall T (V=Y JSadl S1a01) L saSle el NS Guasa (B8] o puslalisie g eS|
) el o ALelS Aegane sh cinll 2,0 el 35 [58] Ansablideg S
Je 13laely «qusu c¥alaer 3 (31 digyally cunblizes <)l Lalslall Aias
ey A sLadll § 55 A &8500,680) Slosll spas G couladl oty
iz gkl L Guad Lghe <085 03 oIS A1 i sl de pud UL &ygluse
Sl el e Tnbaliias S dogo ¢l 0 el s sule 1A ol 3
ladl Guad e 13aly



Lowwadd) Bl slyus

lialy axdy (1831-1879) guiliSul SL3d 5o .JoguSle NS Guasa V=Y S
e degana 55k a8y Galiail slly (ien Glaw) cils J) DG cusbsall ST s
ple 3y isaSle colier Lgale Bl I runlalines 58Il alshll Ciuas ealal]
e oall o] (Al Liwnlaliay S olase syass B3 we¥olall ol e 13kael (1865
JLall Jlae § duads Suly SlBY LS,al Lokl Laul azgs [58] Lalua)

Olbgeiian Bats G 3k Gassre T isulSle Olardn (paud alall

JsgusSle c¥ulas (V-Y)
s LSy seSle cfolae 0583 ol sliaall ol L,all 3

V 'E= ] (2_]-)

VA



V-B=0, (2-2)
0B
-2 2-
V xE 5 (2-3)
0E
VxB= €oloZ, + Hol. (2-4)

Zalimilly Zdad ) slsall Leaillys padl sliadll 3 yeSH SLal aag o S ¥
Siok oo E seSI Jlall 8ud J3A Ga J Aulladl BESI 03475 o alsall Basslls
TP RNE

J= 0L (2-5)

Nl el 3 Busasl) 6Ll SleSIl Lolall slasslly Slalls slewdl

Ol - LS g e 4l Sl cnlil) JBU us Je ASY Jsasdl G g yne

C = £0A/d &35 &) d Blunay A dnlinsy (pa 3t Crbiaga i) (o (38U U

oo gomall Eall o) o LS g ine 4l eIl cnlill (JEL bl Susgs

Blas 1 Jsks A gse i by N Sl o cpne sans Jush ull Cile
BEEETS BdaggL=;l0N2A/l

JisaSle c¥obae @ ol V=Y Jgua

Lasdll 5 all Bassll audl 3al
V/m eoeSh Jlall s E
N/A -m (Sw3) T ublball Jll 5us B
C/m3 Lo,eS)l Laall LB p
A/m? PR VL Y AT G |

8.85 x 10712F/m F/m (o) slnall Lualow) oSt el g
41 X 10~"H/m H/m (oadl slndll Lilas) quabball colill  pg
(Q-m)~! domsill o

va



Lowwadd) Bl slyus

o2l agall (1)
elmi@@mu By s Gl 3 gubliie el Jladl e i pal
L.?L:‘ La dhf A g@.;.m JL.}Q f—Lu.ul OSell e 2-2 dalal) e .«gg..;.tl‘ Ag.;n»

B=V XA. (2-6)

Jians 2-3 Aslall 3 2-6 Aslall oy salyy 2-2 Aolas LSS 38T oS ooa
g2 Lo Je

0
= —— . 2-7
V xXE athB (2-7)

e LS A gl sgall sLas] (Sall o VX [VH()] = 05 (1) Ul (Y

0A
E--00 -V, (2-8)

JL;.Lb @)@SJ‘ JL;.L\ Lasd 4as Y o quLu;l s g5 u\mu& \.M uﬂu

sem et oSl as - il agal) (el ol lia e 3Ly . ubliall
:JBI bl 38y gaie

V-A=0. (2-9)
28 Bl me Jalaill Glin uliie S3ST say cpslsS Gobiiion 2-9 Uolas o
pladial Gl adly @ AlETs Lranblites 58 dase ol 6,0 Al Y Lol

ido Lo e Juand 2-1 sbas (J ¥ s suSle Uslally 2-9 Uslall

Vi =-+, (2-10)



el pladyl dasls

WAL e o5 e thals TSN LAAN o alsh goaall agall o lia
oo a3l Al alaslly elaayl Jladl o onelinhl JSlue ae Jaladll sie doladil
@l LuaSIl ity GBS (B o o oSl e pulidll A5 e Jualinll

[37] Sbola sUtal

Lrualolide g oIl cila gt (¥-1)

Tasd (55 Lo (g all elandll 3 Lanblise s oS oo sl) (o puion camndl lin 3
2-4 Aolall § 2-85 2-6 aloball Laysaisy ies J 5Lally p o ,eSHl Laddl

ide Lo de Juoas

9°A
VXVXA'FE()HO?:O. (2-11)
dalall aladiawls
VXVXA=V(V-A)- VA (2-12)

ido LS 2-11 duladd Zead 2-9 duladly

2
VA - Eo”oaaT? _o. (2-13)
:JBJ!—:‘\S

1
Cc = m, (2-14)
:2-13 dalad) el

2
V2A - é%’j‘ 0, (2-15)

AN



Lowwadd) Bl slyus

Bud Laul 3843 2-85 2-6 cuilulall s € dgaie dejun dinge Aolas as
a1 Uolal) Guds b Ball Jlad) Budiy o ,eS) Jladl

1 0°E
2 _ ?22? _0 (2-16)
3
2
V°B — 10°B _ 0, (2-17)

ool Slidie ¢ ol Luubliies ;o8 Sleld ge oBa3ll Hoy 0 Glad! Gk
31X 553 o an Lunbliseg Sl olasall dgaill depull Gl «pdie pull
el @dgl elld § e gunll de pud Lyl Laadll ol AV il Je .108m/s
ol laadl Sl) @ Youie 5Ll 1ia o185 2,98 X 10° - 3.15 x 10°m/s

(58] yo Lo dyswSle 281 1Sas

Bolll Ludil (NSa Lianbalially gl o oy palill gLl o guu
polsdl By Jall ne e gublidegseS ol ssall ol
runblideg 548

PP

Slasll Loladl s guSle L,03 (e G sa3 1865 ple § 35, g sile S05
sl 1/ /E0Hg o and disaad) L ,eS) olubidll JY5 ey Lralalise s ¢S]
€ 4156 & s suill e boualls oo 301 2.998 X 108m /s

i sl Sl (£-Y)

o LS ELAN G 0 g Al 0u5 ol Luuablideg,eS dage gl 3523

A(x,y,2,t) = Alx,y,z)e "®!, (2-18)

AY



uaddl plasyl Lol

lewd a3 A Aladl Jal Loy iundalinns 56 lasll polss Lulul
ety .z Je bads Jlall olud waiad Aladl ds § .z JE5) waly slasl § dasl)
ide LS 2-15 dalall

g + ?A = 0. (2—19)
058y plall dadly
A = Agelkzzmwb) (2-20)

o LS K bl il Galall 2 (s Cinads Bl Ao o5 San

w
k= —.
2T ¢

(2-21)

r—yé." g.sLb.ﬁ:\.wl (O-\)

G Zy Yy X ol gatll agall 055 of oS ple dags 4 e pill Yo
din 05 o was eaill sgall alall 2 <o e 229 Aslall
0A, 0A, 0A

— z -1 — —
V-A= o + 3y + 3z ik;A; = 0. (2-22)

Slasll Je La 35 Ll JalSIb sladll e Gol 05 of can Az of o 1aa
T s Az Jam Aol LiSi0sd o) S 35 5] Erlaliiag )
L oLl e Loasae Sl algaio 065 (il Sylas s clagll

X PSa e hd e ol o 7 ol X oeaill sgall olasl (6 o oS
(sl A palal) X oSl Zeaillyy Y

Ay = Agpelkzz=@b AL =0, A, =0. (2-23)

AY



Lowad) BaUall 5L 33
2-8 Uoslaall L ¢ ooseS) Jall Bud 063

i(kzz—wt) E

Ex = iwa()e y = 0, EZ = 0. (2_24)

:2-6 Aoslaall a3 ¢ qunblial) Jlall 8ady
By =0, By =ikzAxe'*=®V B, =0. (2-25)

LS ¥ Gl Gpamsl) unbalial) Jladl Say oseSIl Lol Bus 35S0 o6 1)
:oblites sl ¢ olidte Las 2-21 Lslaall ilay By 5 Ex Laa I3iun

Ex = cB,y. (2-26)

2ot Jlall Bud ante s gl drunbalines a8l &kl Gy lataly

;lésl oo S de Lugas @b liall Jlall 8ud o] .5 guall Las) ool fo (gagac

Bad po wrulite Lajlaie o LS e guall HLams) slasly u5eS) Jlad) Sub 4ae
Y- ISl 1 oS Jla)

(b lislly o1, Gl § g9 AU dS s (V-))

@uablially et ot 255 e — eladiy) Jal) Jelis (o3 ) 13a 3
SlSe gLl puani€ L NS SIS fauss @B ASTY) s — i3l S s
o2 Yol o (Saalion allas (oY LuaSll SIS (3 5] Laldl] 38,k
plss Y H(D, 1) Ssilalel) 3500 o) dnisilals Liay & pall LS Aalall
Juse Jo Dllaay) B Jiny Lao P Jolill ad3lly T d3lany Uls so Saslign
silaladl 33U 0 5Sa (1) sga 568 Jlae 4 Biadiy (5 ASIY JBL

P +qd(x). (2-27)

2M,

Ag



X

zZ

55Ss Sums weaidoe Lrablinag el dosll Auuablites oSl ool Y=Y K4
de Lugee E oSt Jlall 8ud o] WS . Laasy) slas) Jo oaagee By E ol Lgatie
Bs E (a1 EX B (sslus sl S Gilkll (a6 date o305 B punkliall Jlall 3us

el wll Buels ok oe

oo Dbl LLALEN e¥alall e 23 Les Ligilolgl) Linall Eoall c¥olas
A dayall

o

= _ 2-28

pX aX! ( )
0H

= ——, 2-29

0px ( )

oo il K5 (2-27 5 2-29 gualalall alidiwly .z ¥ J dilas o¥olae dlia
ralial) (i paill las sl

P = MeV = Mef, (2-30)

2-295 2-28 oalalal) Gubaiyy b o3l Glate Fidw AT Lafill jad Euay
taal

met = —qVe (r) = qE, (2-31)



Lowwadd) Bl slyus

oS Ul 3us o E duay dSal 3sn Uolas o L3l
Loalal) B all 0 ¢ gunbalially oS L) 3 057 61 38 pad Al
SHIE P2 P AA Jlasiol Aol w330 e il G A gaill agal) zlal o

: sisilelel
= Tme(p‘qA)z +qp(r), (2-32)
o
1
H= o [(px = aAx)* + (py - aA))* + (p: - aA2)*
¢ (2-33)
+qP(x,y,z).

ide o e Juans (2-32 Aalall e 2-29 Uslae Fulls
Px = MeX + qAx (2-34)

1053 gl USallyy NiSay

p = M.I + qA, (2-35)

Uslall e 2-28 Uolal) Gaabaiys ubolie Jlas 6§ & pd30) Ciyas o
ido Lo e duans o G sSall 235 Aalall aludiulyy 2-32

(2-36)

dpx [an_ 0A aAZ} ¢
dt z

_ Y ~ _q42F
6xx+ axy+ ox qax'

Uslaall ALl S all Lalall Lgyall 3an Aalae Je Jsmadl (S
o LS aad X o sSU 0 sSs .2-36 5 2-33 glalall gpe 231

_ dpx dAy
ar  Tar

(2-37)

A



el pladyl dasls

:o) Lasy
dAy  0A, DAy, dA..  0A,
dt ~ ot T ax Ty Y ez

s Lo e Juand o o sSall Loy €T (JBU Jasw Yo

; . [0A 0A . (0A 0A 0A 0
el (e 58) (%) %

z, (2-38)

ox oy

0x 0z } - (2-39)

S ol dulas 683 ¢ gade JSi 3 2-85 2-6 pilulad) aludiulg
met = qE + gir X (V X A) = qE + gr x B. (2-40)

Tain e 3883 Sus IS0y Aranblsl) Bedll Gt ae a0 Aolas o A
oS SISl Jolall 3 55 ia pudiaiuy 2-32 dalas (isilelgll 35U
LA sl e plasy) Jelasd

Al ) £ @l s (¥)

SEY polaiedl 122él ags & Gsme 1590 JssaSles Lolad) s gl 3,05 il
LA 3 GolSanl Bolall sl drwadll Loball olinkill § Losiiall
) s s ) Suine Bualie¥l gl 15 15 Zeball & plly 8 5,4
gasanll Lol Ala Dby S8 druedll Bl 2ass,ll o likall Lol
JosuSle Malae s lies Yf Aball ol L8055 pline pusgs I

s seSH J3lpal

LSSl Jolaay ool o3 6SI Jjlall caali (V-Y)

Salglall Chingly £1La0 Ul 3 2-4 41 2-1 Ge e¥alall (s suSle e¥alas pddiud
2SI el £ o oS calil) s Ja ¢ gunlalide & g § Luaabaliieg 4S]!
o LS JguSle oialae (53 S0y & Lawsll

v.E_P
&

’ (2_41)



Lowwadd) Bl slyus

V.-B=0, (2-42)
0B
= — 2-43
V xE 5 ( )
OE
VXB= EHo, + Hol. (2-44)

Jatl sual i gl ealall o Gasg (V1) pud — SN Jundll 3 a)5 Lo plsl
ot b bl Jlall Budy o 5e<I)

1 0°E
2p L _ (2-45)
V°E v2 ot2 0,
veg_ LB _ (2-46)
v2 otz

o LS ad U gl depll (655 Sn

1
VEHy

td € o U &Ne o uad (2-14 slall pe &lalL

v = (2-47)

- [& (2-48)
e LS Lol il <l J3ladl el ety
‘ST = —, (2—49)

Jalaor Lgale BIE 30 el & eopuill derud B3 3 o gul deru o (3
:Q,:;Lasn«JLmS_'d|

C

= e (2-50)

n

AN



Jslall 5T sl o [LuSou Jalany (ail) o pgSI J3lall culs aeiag cale dag
ST 016 sl B i 3 Garkail Al psnalin g gl dmpall ol
oarn el oad sl Sl el @ uedd) plasyl o dlall ol TN
Le Sole Busate slyl HLuSYl alaas il S J5dl sl Y-Y Jguall
it B Al § audnd

" Lradl) Bl aliiy Ao @3 slsl GulSasd) Jalangs a5eSH J3lall ol Y- Jgua

n & el dsk aalll
3.49 122 1.39um OsSaliad)
410 168  2.1um psslesall
24 5.76 2.0pum ponliall sl 56
1.55 2.40 S OsSabial) sl S
1.55  2.40 S Al zlsy
233 5.43 S el ws S
1.953 3.81 S el pg el s
1.435 2.06 S a1 s 551
1.383 191 S PR FIIU RV

5l AN Lkl cesliaill (Sosd sgall Jdor aall

1982 .y 5555 cJsagasle

2e SlsSl 53 2726 J) 2-24 Ga ¥olaall liia s de o & S Jlas

EX _ Eoei(kz—wt) .

By

EEeeakz—wt)_

A4

(st dduall

(2-51)

(2-52)



Losa ) LU 5l 38
e LS land K gaoll anill oS5

k=2 =

w wn
v C

(2-53)
3 ondiie b lially o seSH Yl 560 2-50 Aabaall Gibg celld JJ 8Lyl

opaliieg 5kl

E,. (2-54)

cHlas & pas Bumy Joliy quablinas,eS oo T @ B lose Gy Lies
B3l 8 E o oS Jlal) Budg J oo dulladl DS @olS 13]G delatie
:BUAN 888 e puaill sy 2-44 Usbas

1 oE
J'E__;TOE'(VXB)JFEE'E' (2-55)

ALl UL aludiulg
E-(VXxB)=-V-(ExB)+B:(VXE), (2-56)
tds LS 2-55 Aulal) sy

1 OE

J-E:V-<1EXB>+B-(VXE)—€E-. (2-57)
Ho Ho ot

:2-57 Laladl s 2-43 Aolall alasiulyg

_ 1 _ 0 (g2, 1 _
J-E= -V <“0E><13> 8t<2E +2u03). (2-58)



@uadll plas}ll dabs
el Bl BES 56 haws el 2-58 dobaall el bl

o Tanbaliies S

3 1
= -E>+—B? -
w=3 T (2-59)

L By JSI guabaliio g g1 Jlaall 85080 TS 065 p 3

1
S= —EXB. (2-60)
Ho

48 a0 ﬁm‘ Jde «@3@3..\ daliey S 4..;3.(.‘ Ls"“'“‘é
nEX_H:tJLuA CBy uﬁif 2-54 dslall ng&ﬁ ¢wuiA5)gS 3.;31 Z.L_u.u."..l\s

L LEE) olas) ok il gs datie Hlade G580

n
= —E2. -
SZ IJOC X (2 61)

Ju,8 aulas (Y-Y)

by d3hun gobun Z 4ud o 5So prbs M2 g M1 HLaSS) falaay Odaang 95amy Jads

wny

k== (2-62)
tloa baSlull e gunll Jlall S35 )

E = Iei(klz_wt), (2-63)
By = “hretthizen), (2-64)

a3l ¢ punll Bud aas Gl T o 5S aay

4



Lowwadd) Bl slyus

z
2 L
n=n,
T 336 egunll
z=0 k.
bl B
E
1 Loyl

n=n, k k,=-k
Lt egunll 1 R oSl sl

0552 o 3 M2y M HLeSSl ooy Uiy Ay L Ju,s ciolae GlEL) :Y-Y JS&
KT oo date 3L £ pally ki ase date bilul s silly i ssbuy 2 4
Ll (Sls Lailall e guills Galall clld) Jilas GuSail) e gunlls Galall Lall 4ailly
NN Sl e SN BULET Sy rbad] o Sy 5uSle ¥olae Gaskilys AeaSe

2 Lsll GulSasyl Jalae JMA Go ool 4l 5t (a8l s gl Zeuslly

kp = L2 (2-65)
C
13500 5 gl Jladl Bad 4S5
Er = Tei(kTZ_wt), (2-66)
By = "2 Tellkizen), (2-67)

cNulas i3 oo Lslall Luall byg,alls 3300 5 gll 3udd Seall T culill siatys
o saSLe

Ol hadlall ¢ gall 4ud sgmsll bawsll uds 3 4y cpuSasl] ¢ guall Lally

oS0 cbaslal) 5 punlly Lalall ellil ylae 4 Galadl asll daiall Zalal) dogdll

Y



uaddl plasyl Lol

el Galall Jlall B3 06S5 ki dads Saull alidiuly gusSae z olasl

tlaa (uSail)
Eg = Re'("hiz-wb), (2-68)
By = =1 Rel(hizwn), (2-69)

s gl Bud Suas R colill (a0 850 Br (puabaliad) Jlad) Bl Ll Loval) Loy
.Sl

s 2-25 2-1 pulalal) plilyy dhus sl Z 43 055y il prdasdl Jo
a8,k pilate ey guablial) dlad) Bus ;S5 o
E; + Eg = E7, (2—70)

BI + BR = BT. (2—71)

I-R=T, (2-72)

ni (I +R) =n»oT. (2—73)

tlaa 2-73 45 2-72 glalal) M2y

Ny, — N
R=-—>—""1'1 (2-74)
ny + Ny
2
T- M (2-75)
Ny + Ny

ay



Lowwadd) Bl slyus

o T syl e gaganll o giaall Dlat Jinsd Blolas Laa 2-75 5 2-74 ololal
3Ll ¢ gl (o BUL 100 disay (uSaie £ gus dags Gl M2 gslaw M1 OIS
o) pe

e 3ually 330 ¢ gually Laslaadl ¢ gunll o JSo Lualid) 8,08l LS ands (Say
2-60 Uslall ilig date puady 2-755 2-74 oulilall alidiwl (uSasll
5 SIaAL 5 s chadlaall 5 genll Lawilly

1 n
Sy = —EB; = —-12. (2-76)
Ho HoC

.\AL\J‘ ¢34b.l.| a:\.uu.‘\_.'j

St = —ErBr = —=T?2. (2-77)
Ho HoC
dnin, N o, 4niny
Sr=—=5 5 —J"=—"—"""°"_5. (2-78)
(1 + n2)? HoC (1 +ny)?

g LS gualy 3L Jolae Byan

ST 41’L11’L2
T ="F =" 2-79
St (i +np)? (2-79)
Jelae Jﬁi@ oSl s gall Bud waad (Sa (2-784 2-77 uilaladl &L\SLU
1o LS gs_u_’s}l oulSasl

_ 2
R Sk _ <M) . (2-80)
St ny +ny

a¢



el pladyl dasls

Leaills (JEL Jurw Jo S GulSoanl ais 6o o oS ol sl alia¥ duwlls
oelSai) Jalae (5 5Sa s -3:49 (g5l 1 ey sSaluaall

~ (1-3.49)°

= > ~ 0.3076. (2-81)
(1 +3.49)

Oed BelaSl Adle Liwad LA by . ulSasil ¢ gunll o BUL 30 oo ST 0dd)
ﬁ""‘:‘ — C_wl:\." Jadll @ ey Sidliiwg Lol slins Ny e‘_\;lm‘ QSJﬁJ‘A'”

(¢)

a9l gl plad (¥)

700 523 8,lm oo wiad Lolad] Husd Gdble pus ol O 0908 e Bgsall (e
e sims Y Bl slasa dy bl Ragie pus 6l pm diste a5
B3 s oaallly Sy JU) ) sl it i8S ST plad) pua
Jie Gacluall Lamtll Lass bl salshll agd Jal (o e pulill o811 S310 &5
s (e 8708 Tulys Jae sulall pladill pual daasill xulally Glall delin
Ol 5aal)

sl slaganll alunYl Elas) suuad Balall alws¥ K o e aisll Jo
sl O cng GO Uls @ Boama Bylm dass T & gladill o a3 il
gLzl o oafdl Ladll a3l puall o6 13 ¢ patiall pladl sulall plaiyl
Clae ool gl guns 6T 3 cuall 5 1305 pladil o a8V Ludll Ll (aies
oY KRN G e 58 LS S Chugal § s o iy A wsel g ]
ol e Buanie olwlaiy A daluwas GBI e le g plad @l (a5l
e lolilaial e sah (G e il5s 8all 553 al 13]s diysaill Il
Cpaill 3 uall GBI B 65 Gag iyl ila e JalSIL Dlgill § 6 gunl
sl auadl fo das Jle gag dallie ol ¢ sl gseel Ll ganiw S



Lowwadd) Bl slyus

ouisa-ghily 036 (V-Y)
e gawlall a1 Al 3 ssuid Al Ledun s pladyl Lalal) BUaN GBS e,
A NS Eilanyll sbaall aladinl uias Gueas el o3 Jol, 9,5l Gils e
Ay iy oy Ll i gat 8l rublitas 6l oo sl po Solsd i
Olesilgi-ds suSle slmay s sluiill praadil) 535 ala)

dage 38a3y L daliay duSle Llaly pbols Glie GuaSs Wigas Juds
AN Aaladl v 0350 Luss L lings S

47r2v2

A =0. (2-82)
C

V2A +

de B S Jladl B o satus (uas e fgume Clusadll 0T G5
L) dolaell aladl Jadig .ge.;ul agall Lol Jsd) 13Say ccdygalll ol as
oo bl Jas 38an §Ml
A = Apsin (kyx) sin (kyy) sin (k;z) . (2-83)

tds LS z2leadl olgate JaSy

TN
L )

ky = 2, k=2 (2-84)

kx: L

O oSas ALl Gaseailly Disse danains 3lae] 125 My s M (S5 Eua
sie Luall b ally 2-82 dlalall Uolall 3iay 2-83 Lolas (Jadl o ass
Tasll oo Uass Jidh Mg Myy My cdanmiall slac¥l oo degane JSy .olasll
Lo de Juans 2-82 dslas § 2-84 Aulas zlhubey iusaill § duunlaline <)

tge

41r2v2

e (2-85)

k3 + k3 + k3 =

a1



@uadll plas}ll dabs
:2-85 Aladl ol Mz 5 My 5 M SlacHL 3lass Ly

4v?L?
ni +ns +ni = —

. (2-86)

| L |

A ey S (i Buaaie olwlCa (asaiie GBI e 3l e sl el gl
i die pladyl e eaB¥ Ludll ssal pun T saads sl agal sase

shd Chiai (59,8 pea BV chuill ol 855l alasll sae uid Sy
Lol Mz g My g My pad I3 LG GalAII N sagy Nk + 15 + nE = 2vL/c
sV A

(2-87)

2vL)3 _ 4mv3L3
-~ 3¢3

av



Lowwadd) Bl slyus

clasll blal sae Gl a8 Gey (oblaiinl dlia & aall alagll e psd JSI
s S,tul] drunlalisa o)

_ 8mv3L3

o (2-88)

N

Y% Af\j&-‘b el LS, Q@SS@ “A%A_” Y- L3 u&s. [LITENR

d (N 8mrv?
av () = e (289

8olom daya IS (T ZELAL §,al) dapu wie lesilps-dssuSle slany s
LA BB 06T s olesiles onll 5o kp 0sSs Euay kpT Llk laas

812
C3

N

3 kgT. (2-90)

pv,1) = 2 () kT =
Tasa Cisad @ udy Sumy (sae JSI pladyl Tl BES o 2-90 dslall
s e samll AL BSlly bl sad e sanll LG ay T 8ylm
Zolise Bumg o datill BU ol UV, T) (il uSaill plasyl Lo blea
Uls Yol Jiliw (v, T) o u(v,T) _.,L%J;._s_s,: Bamg (gae JSU _mju Lals
Uals o dgatie de pw dly 3y dclad) sladl sand Jladl oIS 13] ribadine

uv,T)=cp(v,T). (2-91)

Sumy palsdll ange S0 usaill 3 elad) Jal) OL8 (Bl pas aual
1 01550 o g UV, T) 0l sy s slail ) 038 e bas il gl ol
s a9y J333 (JUI Glasd) aludiel S dasd apaad QS.Aw-.Cp(v,T) O
plasil e 13g ATTR® o puall 13s sbaw dabiss G R k3 Chaly 555

aA



el pladyl dasls

ATTR? (655 dalaal) o6 colalad¥l JS @ Luuss o gSI1 aaandl Jalay agasl)
RS Chaly o) 055 dalue ol ol aaly oladl 3 Huas ol el 13 W
:2-91 Aalall pads 1/4 05Ss Joladl G a5 (e (TTR? (sl

u(v,T) = %cp (v, T). (2-92)

e OB Ge salall plazyl JAB 174 Jalall Yonis ST ol o Las

Bamse doanblide g eSIl dasll Ny 6o JSal ) aal fCisaill e A daluses

0 Lglzs dQ dewas Lsly ae 8yuball B G € o s gl dejug palsall
‘sd

dE

c
_— = . 2-93
210 41Tp(v,T)Ac039 ( )

s e JalSENl Basbe es ACOSO o 0 Eigls o Angalll LB dnluss N
i lise Bamg JSI Jlaal plaidl 6o S0

c (T2 c
u(v,T) = —J 2mrcos 0sin0dOp (v,T) = —p (v, T), (2-94)
41T ) o 4

w58 de Llall 3 Jany (2-90 dolas alodiuly 292 Uolas i Las

27rVv?
C2

uWw,T)= kgT. (2-95)
Blall BESI (adaall 83 3 bl g s Guisn-gol, a5s cliiy
slsyl Bl (6S3,y il hiladl pladyl wis wdill 80l ae oS! duleall
a5edll aall plas) oL 4B Llaall dadall pe lis (A305 5 . dualuey Ll

0¥ Ul Sl ¢ padl s Lot Ladulall LB Ty slite Jlasyl

14



Locwad) 3L el
Ole il ge=glisias o 53l8y ity dius (Y-Y)

dleal) S llall ae By ol T ya3 Liual ety uSle Jiags (1900 ale G

2
27TV hv (2-96)

uv,T) = = T 1

B Bl G el Jasill (s om et el A Lo sl anall & b cnlill o)
Wil (@l il B Jiog Bady Ailaadl sgul) puall plas) slily oo
Bl o (281 dlouady Aladie s baas 326 o (K plasill Bl o o160
6 sy MU Lwlal Lol dasain clicliae bis 330 of oSay v suis plasl

EEIN|

€=0,hv,2hv,3hv, ... (2-97)

o nhy Gl Ul slay) Allaal ol loilp-disaSle slasy Ll

isa V Jiﬂ.} gl prae (oSd Blall days bawgiag exp(—nhv/kgT)

S_gnhve ik hv

S jenhv/kT T ghv/ksT —1° (2-98)

€ =

Usbaall sgas 2-98 Uslall @ kpT sl 2-90 Aalal) Jlasiwlsy KkpT Lunly
2-96

t penll Lusly, 3l badd po BUA eSS o elinhy (uSle adiel Dladdl @
8a3S) By . ndsll el § Loy yall Ak 5dll subilly G ya3 Leal] o5 ) s
syl 3 Bl cull laey pladyll aeSS asgal daseall Lieall wmm el
e ) LA casalal) Guludl sad g3 ¢ S a8 3l



w
o

/\<800K AN ()

373K (Jall <l (=)
(x1000)

I LasLall plasyl

N
o

310K (s ntull sl ()

(I\’IW/ITI2 . eV) J}u}ﬂ‘ {;.aue_u
—
(e}

(x1000) ‘
W‘ sl ()
0 |
0 1 2 3 4
(eV) &kl

bl Lslal) plasil Ba pasad wagudl puall cadall b3lud) plagyl :0-Y JSa
Lasiy (€V 3 Lia) Ll Basy (sae JSI M2 I B uliall plasyll 5,03 5F casull puall
Sie 55y euads bile plas] pall o] Ailids §51m slass auls (€V 4 La) &l
3000K 33 pangio 5 gu> AL 8,lm doys 3L3 .27.77MW/m? - eV 4l deydy 1.4eV
omedll de Al B oo bads BUL 7 sl Al e sie pladyl 5,035 LES il
puaally 5Ll Sl Ay sie gyl pun o ikl b3lall plasil Ll L el

KW/m? - eV Bus g «g il

rsm Loyl Jlas] of an wuilly hulall (uSaill pladil o panlly

*2mwhvd  dv
u(T) = Jo 2 ehv/ksT _q

4 ~0 .3
_ 21Th<kBT) J x>dx (2-99)
c? h 0oex—1
_ inskﬁ 4
15 c2h3



Lowwadd) Bl slyus

s, Aislae creadiul Liag

= (2-100)
oeX—1 15

J"" x3dx Tt

N s a3 G jas a3 o lesilsim o livte &9y o 2-99 Asball o)
:2-99 alall & sya sl cnlilly Dolall Saalinall selsd audius 32, aeally

51,4 21,4
2Ky TRy o 6o 1078

2-101
15 C2h3 60C2h3 m2 . K4’ ( )

(o

45678 1Bl saall aludtuly 8,83 (Sars olesilpmolisie culy ale 3l
Jalad) o5 LS (LA & pmdl oyl plyl) (o) o ol (uSaill Lol Jlan s
10 sl eltll Q1 usSan 3 5.67 oo pd Jusls (55l
SSU Bamgll s cdsh A any oanadl] LA § wliill Luaslly
ialall Lailal) gLt iy Lm0~ JSA a0 535d0 @5l oLl derdle
ot lsd G ASIY Banss € &sipdl il 3lats Lasd 95wl punl
2mgt €3 e’ w

- 8 _
e e = 1387 X 108 (2-102)

ueT) =

@slus oo Lad, nlsd e AL kT ed o €1 = kT/q osSe Euas
@slud €0 Ol 3 ey 15800K (sl To pual] Luwills €7 = T/11600
(oA s uadll o U Llad) oy plasil (2333 (oA Y1 (SS plSe § 0.5V
Ll Sy f ouaia dale 1.5 X 101, (gluy il Ag (SIN culill o
5 8 e 33ure 38 LS 6.96 x 10°m sl 70 ks s puadll Lawall

ro )2 [696x10%] .
f = (A) = —2 = 215 X 10 y (2—103)
0] [1.5 x 10“]



el plasyl Lasls
H(Ua N S8 O G gsadl M zoLa) AMO guadll plasyl Ciuds o sS

€3 A\

e€/€0 —1m? - eV’ (2-104)

ug (6,T) = fup (,T) = 3.41 x 103

Uolae 13 apadl puall Gaall biladl pladdl 8550 olSe o5 of oSy

:dasludis

4 [3logx —log (eX —1)] =0 (2-105)
dx ’

rgate olua JY3 oo dale Jguandl (S

x = 2.82. (2-106)

HERYS 83J.ll‘ &Lt: Q\}S:! 46‘)51 SJL.L’_)

emax = 2.82€7 = 2.43 x 1074T (eV). (2-107)

sl &La..ﬁ:}!l 89,0 daad L8 ‘43 O (142 o x3/(eX — 1) Al 8o 0l daus
o ‘:;é:\.]all

A%
m? - eV’

2mqk;

ST (2-108)

T3 =1.44 x 107473

Upmax = 1.42

Asladl ey Gan ably Y-Y Jsaall A

Aaliae 85 olass die agall puall plak] Y-Y Joun

u33JA Sj)l € 53)3 B)A.a.“ 1?‘).} c.ful‘ e..u.;a.”
(W/m?-evV)  (pm)A (eV) (W/m?) (K) 3,0,
2.81 x 107 0.88 1.410 6.31 x 107 5800 Al
3.88 x 106 1.70 0.728 4.59 x 10° 3000 zluall




Lowwadd) Bl slyus

u 53)3 53)3 € 35)3 5).\5.“ a_‘?‘)d CJ.L\_U (;.‘u;”
(W/m? - eV) (nm)A (eV) (W/m?2) (K) 5,10
7.46 x 103 13.6 0.091 1.10 x 103 373 FEIURI
4.28 x 103 16.5 0.075 5.24 x 102 310 il gl

Sligisdll pygday 5599450 Sl (£)
Shsule b e Baally (Lsung Sl Soallll o) Jisgse<ll ol sk
I3 Jiny ralalidas oS ologo lss ] Lieluall ool o5 1887 ale § 550
1900 ale ga3 3y dlall ol3 Halglall agdl Uslan § olul,ull o sae &;)_.j ol
Ly AW LS jal) Blall 283e e daghl lulyall o b o)l ol g ,a]
s de L jlaie 2l eslSy [50] Lasll dlshy anlaiall o punll Saky Ll
skt sy dilamy cplian ool cuagll LS o suall Zunsll Lokl e blie
olsisall Lalal)

s allasll o pld bl Jeal) Sleall tabade Y JSaN Gasa
FEATES ‘-*Lum padiun — (2545 (ous8 ghuce gy Aok Lk G g sunge
B prawdy Bg8 audiy 558 17 gud — du5eS LIS i3l (o dogine Gluss
o pohas Bus o bl audill 3o s sl 1) SIS e desiiae
ovall (LIS 8l Huses liate GLa 2568 Sady gl (5S ddliae (ulas
Lo sl e il 358 sl il o aloll oyl SLAIN Golil) el pdaids
DearsaSll ekl s seal 58 oS Ladie Lunlis cSguall LUl o A
56 Sl GuSal Ja i cagad) a0 Lom,uill Sul3lly Jia frias
Do Ssall SLall o5y st il sgall 358 Jady - Al HLAN Uiy gl
' (Sl g b oslels

Fbagl) e Liaill SUgASIN LS pall BUAIL Gl S sga 358 b

qv = %mvz. (2-109)



+ —
O s> O
Laall LG Bl e

IS e degiume 83U praud .5 gug <)l AUl sl sles Y Sa
3 pSa3l goms cun e bl 1,6 gusd pluse o il 35 e sl
sl s Blbs Hase G2k oo QLAY (oS Chadlly Sagll g Lasd agall 358
BU Lo o omaniial) 358 5 gl e a loll S LA Gulid) el ddtuds
oLl Uiy ((Eassll Luladll ae) wgadl 35d) Lum,utll Bubi3lly - Ssudll Sl aule
se> 305 o,ltels Bis Jgall SLall 56 suie gl sgall 3038 Jauny  Sgdl)

[50] «atasy!

Ll Slade paaiad tegual) Bud s Spudll HLNN BBAS aggde g3 o
Gl Sl Sy cBaglly usill pluall o Lilul) is T Gusdll aday i)
8,0l o,lul iy 276pA J) 4.1DA Se (JBL Jiw Jo ot Giands it o
1S ge ol gl B §T 858 se 0o LI iy 4 a5 8p0ay dadgie g8
308 iy - Jgandl Sl G5 Y G age 358 O (sl LN Lis
g5 ¥ Luailly oS ¢ 5aSl) usdll pluall Bole ;T Losie his L) g
235 G0 LA aga 308 (R (ulsB (e pre
e gl Limgl) Zopbaill s} 3 a4l Gl o,lil adany gall Ll
Sl ASIY LeaasiSE Ll LS a ) DU ool eo sial) Bk ol L Laliida,

V.o



Lowwadd) Bl slyus

T Seall Sl palal) B sgs 358 8T Jgua

Sl s 358 Seall Ll gl J) Bkl malall Ll sl b

(V) (pA) (cm) (A)

-1.07 276 33.6 28 SssSUl
~1.12 174 33.6 20 SssSl
~1.10 31.7 68 28 S Sl
~1.06 4.1 33.6 8 SssSl
~0.85 2180 33.6 27 el 1
~0.86 319 87.9 27 A

[507(1902) 167 8 ccclysai oo ST &5 casliad o pmall ™

@l g3l Lol alidngl & M8y (V-¢€)

PR ool iSa 3 Slslys anli liaas] el sy oIS Letss 1905 ale &
5ol cladl ceeli3ad 5an IGT Zoss0 3 o iay Gl puad S (g gl
Ciprae el (ool Zebad Zeailly o rhal) (80 3 im0 dualal 8,30
TaanslSY) calel Losie Golill Ghasl 131 flgasny Ll Lovall Lo,ill v i
Lokl sluill Lpass 31 wloailly Jigs 835ls ante 1922 ale & Zuysel
S Agag Adal a5l L] Ssubs S S o Gy daliy
us Bl e3lS AT ALl e £ oiS [27] calygads s sl Z] Ge desyad
Sy &g AUy Dol uad s seSt Sl Ge Efadl 4,58 13 Je
sl colatll JNE e JolSIL Lgia 3EaT 3 G155 o om oMl oy L]
ol s sy o5l olal dasede u5ols slisad slale Bac s o Basac

:[27] 4}

Y lo b Ge o sy plad dan Lesie s LsS30) LAl il
slite sae Ge (ST (ST Busl3ie dabuse o saiue sa3 Je Blall 553
O Sass paniiy o 090 5ol @l Bl G deguisll L3lall psaS oy

]

.Sbb 5..\;35 a3 é_sa.uf 31 s

AR



el pladyl dasls

Slaraall a 335 Bias o selay Bulll a5 sl Jolity Loie iz il
Y Lely oaias Ll (o rSY) ae 538 Jeliiy Losiey caludiyl LN p& Lu
roud i fe aaiad € G isd (s) Dl dasdy . Jelis dlia () sSs

€=hv, (2-110)

v Jo sl 5usd 58 Vi ity ol 50 6.63 X 1074 (gsluy g3l B uay
5.6 X 10M87! (gglu wully 0.53UM (gsluny A a3 5 il Luually (JBL
2.3eV 4513.7x10719] ¢, s3sall Ll (g5Luiy

s ASIW LelesTy LUl Jasy L8 puall § 007 pe (15398 Jelity Louie
Tai Bule i 0 e (Jaddl Aoy Sslats paall Ge o ASIY Coge of oS
s (Gaalls Lalall Jaadl A5 e il oy 53 pdll B3l 2ol 13) el 98 e RS
Oandl Lalall Jazdl Al oo ST G aiedll Bl walS 13y oaall @ G ASIY
(B3 LS a Bllay 3 Guadl pdas e g O AW (S Lgiaad
1

Emv2 =hv — ¢. (2-111)

2 309 51 2068 dlae JY2 e ole G ASIY LS adl B Luld (Sa
3o LSl Bl Ly SIS sgall 358 auds -SBugll U Leelay 2ol
:«JLEZ;}U RVEN

qutop = %mVZ =hv - d), (2-112)

soall LSl L,kill Gidys .1.60 X 10719C (o ASIY) Liad g 0653 Euas

8ud Je saias Yy Gl suy e lf_\.'aa Sl sgs (358 walay ‘uftl&'.\.\:&

elinly ol Lad apant) 8l disle gy (Ule B Jull 05S0 ol s s sl
AVsiop h

AN a (2-113)

AR



Lowwadd) Bl slyus

OLSalee Ju (po (o il Gl (Y-£)

Baxd 5ol bl G sae o Sligisdll Tolall Gulissl ks cuad
lPass . OlSalie gy pals sad oy s puliy il GuSle pgad Gas coliw
3 Daaly ooliand Ll wids e olSihe Jae calsel 8 8aly 1905 ple (e
a8 Sledas (oadas 8358 Lses @ b diiay G55 GGk 725 1916 ale
raall cnals Lo o Lasdy [61] b ol cnlil filie Agung 48

3 Ll ety dia 2830 SLaaY lasd L0y 6 Uslall caas (V)
Baguo,ll 28EIL 380 sad Yo Tam el K
UL 0.5 gad Bull Lead iy b bl oS Ssuds S sad e 535 (Y)

TS Bn il Galall alaaly Jigs 835ls Je GSake Juas 1923 ale &
€ B s 5eSI ABIL Galally 25

Ll 3,50 udd § OlSalie o ¢ Jiam alall A5 § Bate diuis s
Lolad) oligigdll &udsd o] JUs calianly Lolill Slgsdll &k Sady a4,
eublings e ohbal ol ¥ sl 55030 Lol Lgaas o oS cplianly
Ly :Lly ¢gualaliseg gt Gkl o sgdl Klgmil gun gLl 8 Wgunge Bu
DlSaie LS5 el JAIL Bl B GlEal pe by sad de byl
380 a3 e B Ll e adoll e cnliand EhsaasseS Aol of sy
oolaol o as8s Ll Yo Glls L) Shasd o uliiel § oSas W il bl
e G oolailly LGN G @ sa5 1950 ale @5 [61] st b pase 5k
el oolas ol BRely 4dise 2 [62] d1u)

T

S ASIY o qgulitel conay (LI LB i sas gog Labuny ol
@las gl J;z;.l{ Jal Glall ol fo Juany hU GBUAIL olgll Eail
i e AT s b pens ¥ 5 (e 0 A U e gl 0 RV Al
a5 pall clasmall ol cligsall L,k sas W dladl § oaliasd 4s33)

ARYAY



saadd) pladiyl dasks

disd 835l olSulies (lianl e S 5B olSeka sy cpliatl el V=Y JSa
Sss les g 1930 ale LI 85l . SsudgseSt ST & Logilanbine 4o
Ciaie Ge Blage DLl 8, guall L, sallS § elaistl aal JI oolian] eodl olSule

ALls B Ly (olsulian

pasuadly dagt) &S (Y-£)
Y e T A aay opliaad clgsdl Aok Jo 5,500 alaliedl o)
SIS iy e rtial) AN Dol & olanannl ST s lly dnshl 505 2 a5
ot s il B, ol g sl S 0 Ll clig AU sl
SIS paliad sa 5 g Sl ST s sl oS Lo 4usd sligsdll of d)
Lol Lails Lapsd 3 dares i ca) 3ys0all sda Jias .olisASIYL s Ll
Bl sl Jalal el pe bl sad e (AL

e gl ol ABLE alin dus 9 G502 59 58 by o axy Ga,L 13 2
Al 3 Ley colamal) IS o Gabis opbis duny Liwas dage 055 O oS

V-4



Lowwadd) Bl slyus

Lgime dage 05S O Lol cma D p25s s ol g sl ks 5751y
e LS K (g0 datay

p = hk, (2-114)

s el Bule 27T Jo p sl Bt ol awn g /27T 3 Gslass 71 0655 Euany
plall of 3 e Jisung gl Bl Ll 5 gum ellin ggm (g9 Lokl s
dase Ll 50 3 ¢ o 5aSH) Glaill § 0o ASIY po Jelihy & shune da5aS 55l

tonliand Alulae 32a3 aSh o iy (s AN AL Z3al) () ) ghane

€=hv =hw, (2-115)

0ed @ eolel psgde 1305 a8 sl A gall (51Nl sl s @ = 27TV (5Ss Enany
AL Jgndl) @ 4ailin ) el 48 sl slialy Luwaddl LAY

3 gl ) ddal Galidigd §Laidl (o)

Blinsl cpbian] 330 Sl ae olssdll Jelisy ligsill asede Jo Iilacl
Jlao] 3 a8lns) § puladl paial) Sty g asudl punall plas] Lanal ia Uara
Blasl s sl aiiss e Jars @il 3l S sels df ol Lo sas csiad Elashy
Al alailly guaddl pladil oo Jeliill sl Ligs 5ags «Sandl plasyl

Jll Jian A-Y JSadl sl oty G 6,3 Gl cplianyd e
oM allailly ol sa VoS Euay p(V) Bl LES SN2 oo elasyl
G313 Lad 585 Glosisi-dasuSle shany by AV Bl 3,4 olls
(0 ol

&_ —hv/kgT
N, e . (2-116)

AR



p(v) : hv
Nl

V) elaayl Jall Jelity usudl I plad) Lhwal cpliingl slanal :A-Y JSa

[Cabant- 2 2 A >l glaa] el (pbanal g

plaill gd) paliaiadl :elasl glasl BAS e 7Bl a8y Lo sias 53 500 allsS e

alaill Jady s3aall slasdly SEEI Slaily Aol Al 8 Dl e @il
el Jlaall Z3ls Glaae (J 8 Ulall Lol D e (5,30

Slasyl Jolany Biz pobaiadl Jolas sl cilelas BY5 Guliias] (o530
:delinl) Juae Blolas o Lasds .Bpy Sdad) &lassyl Jelaoy A SLEGI

AN
th = B12N1p (V) — BoyNap (v) — AN, (2-117)
AN
Ttl = —B12N1p (V) — BoyNap (V) + ANb. (2-118)

r:‘:' oo ANz /dt g ANt /dE (e S S ol ca (Goledll e

Ne  Bop)
N1 A+ Bap(v) .

(2-119)
o s Loyl 350 dayo B By Byadl das Je otlelall watas Wi
oo 2-119 dslas e Gl Coladl GAds o ey dadlipe 8,udll LES 65
paanall asll

g Lo sl 550 ol s 0

By = Bo; = B. (2-120)



Lovadl U el 308
Jolaas aliad Sy silly Ba1 Saall Slasyl Jolas Bro polaiad] dolas (55l
il oladl B,udll LS as5s3 055y Boloa daus @l Ub @y anls B

p(v)=

A 1
— 2-121
B ( )

th/kBT — 1 )

i Lo 12121 &olall J5383 ddadasl] o sisdll Bl ol olelasyy

AkgT
— == 2-122
pv) B v ( )

T o 223 (290 Aslall e &,y . uian-gals o8] Lslae (65 oF Ga

5o By A prlalall
% = 8”!3w3. (2-123)

el Bian slaiad sl

p(v) = 8"!;"3 T (2-124)
Jiluso

BLAN 05S p Slsie dumge ) o (1550 Sy ol C il of sl (2-1)
5 oSl J3all A3ies

€0A

C="q

[F], (2-125)

e il o Lass Lilad) o dg dabud) o A Euny

VY



el pladyl dasls

@3 by Slsie dusse gl oo GsSe e aldll € CaiSal ol el (2-2)
192 & (s (2568 Lile cul

E0&rA

C==2

[F]. (2-126)

OsSabiadly Zla sl Imm g5l 54 1m?2 @slow A Suay SIS0 (ST ol
o Onre dams agh algl Cile (e p sine Smas Aolall L Blal) o] el (2-3)
to Ldshy A o0 aladin daluay N olalll

2
szm]. (2-127)
150 & a3 6S U3le el @3 by G U s gl Ao o @l (2-4)

Cc

=

(2-128)

SIS0 el o alall ae) o sSaliadly gladl G U s gl de ol
(1175225 JIal Jo sa o sSalually zlasll & vl

5588L1 s saall 5,08 Jluie Lo 150 sa (il zlag) LLaSadl Jolas (2-5)
ok dlia raali) Sgusenll byiull dla & alay zob sl e
(-sloell/ z ool

D s My puaddl o Lilully 6.96 X 10%m g8 R «uaidl 53 Ciual o) (2-6)
b S, dajs cnal 1366W/m? sa quaddl culilly (1.5 X 101 m o
(-olesileglisie o530 pudiul iuall) . ueddl

oW ol GV 2ola Guedd) ¢ gl s Jall Bas i L (2-7)
88 rolee

25 hE il Ll e tpagoiae 853 G 0 AW eSl Jladl 3us L (2-8)
S0l e anly

M Bam gy oage Jobo Bamg JSI ugaldl puadl plasy Laslall LS sua (2-9)

VY



Lowwadd) Bl slyus

553l 3381 mse Usk Bamy JSU wpudl gl plas] Ziss lidiuly (2-10)
UM Bamgs Al

AY USE 3 nm s ZEA GLING 5l e saall Dl Sk ek (2-11)
Vs T 3 eolisipills Lolill Zlal) ady Slood) sl

il GoY s el s,
| | | | | |
380 450 495 570 590 620

m) asll Jskal

750

(S 5 guall Famsll sk 1A-Y S5

8ol Aoy agal adie puadd) o (ARG 98,5850 (ST guaddl culill s (2-12)
1.08 X 1011m ga Luadilly 85030 o dilull hiusie ol 5800K

Jals aladiudl dlgw Eo o 053580 Glal gyalll puwadl plad] oluad (2-13)
41 2-99 dulal) ‘ALE.Q gy Xo = €o/kgT

4 ro0 ,—x,.3
U (T, eo) = 211 (kgT) e *x’dx

c2h3 xo 1—eX
(2-129)
21T(kBT) _
T zj nXx3dx.
(e b c_uST
2r(keT)* & [ X3 3xF  6x0 . 6
U(T’EO):WZle ?4‘?4-?4-? y (2—130)
n=
RIECHN
_ €0
X0 = kel (2-131)



uaddl plasyl Lol

a3 s 3all ans Lo (S800K 815m dayus ayal pie pueadll o (2160 (2-14)

(-570nm 5 495nm oo 2 sl s=od! Jskll ob plall as) § quadll plazl oy

gyl 3o pas Lo (SB00K 8,1 dayus wgul adie puedll o (a1 (2-15)
$1.1eV e AST G gt98 Ll al G2 il

Vo






SJBI Jundl)

£

emmamiad | 431 Lo

eatl) pladyl 8,08 BES (bl s c¥slan ya be pwlill oLa0 LAl i
S s gasl) guadll plasd) bl caval dueliall HLE sgls anyy
3 BESH sl 3 aill Solads o casall ia SIAL Sblull ey dalia gsall
O e pdoll deg 0058 e BUL 0.1 goall SN 2 (o W gl a3l

onadl) colill jaud Lo Bule g8 L5058 Gl e S Laje, 3N duaSl oda

S =1366 + 3W/m?. (3-1)
cguadd) g bl 5 ya Lo ol Lo qpuaddl pladyl 5508 Jlaal 5uuds (Sa
dale 3l Lo T Ap (Vs puaddl oo Liluall baasioy guaddl cnlill alidiwl

tJ skl E:S.LU| Busolly

Ap = 1.5 x 10'm, (3-2)

(V- Sl lasl) ey (g3l

Lo = 4AE S = 3.84 X 10°°W. (3-3)



Lowwadd) Bl slyus

Bl INgiwl Bye Goab 3 o e 9o U] duos guedidl pladill 8,03 Jlaa] )
shaeS gueddl pladyl Jo waiad ¥ 13Lels 1.6 X 10BW alesTy allally ola)
SLEUAL gl

S=1366W/m?

A =15x10"m

) !
&AG\:‘L&
i

]
Zols Gueadll e gy olall plasyl 5,08 BES bagie o) .pueddl § sl V=Y JS&
O LS L1366W/m? 5o (puaddl culilh e Gl Lo 5T oS (G2 goadl YA
15 s SLll colilh ade Gl L o A oa Yy pueadd) o LBladl bawgic

3.84 X (L « 2 slasyl 5,08 Jlas! o &) SL a5 Seg X 1011m
) & 2l SR> & ]l S U]
1026w

oadall duludll SLalats (V)
caloladl s Sagh wily uSlall Cils oo A8Sa Luhyud Luadd) casi &gl
L3laat) (V-1)

N il sl 5 Sl ik alidiuly o3 My puadll o Ll criusd
SN a6 A s Bl (a3l ahad S8 e pueddl Jsm o5 3 e
1471 X o) Zasd ol & &Ll 565 cpardalh die ale S oo sl o
gl Lasd a3l 3 Liluadl 55 ez S wie cale S sals oo &G 53 35 101 m

ARTAY



Lowadd) B Jua
sl J) aasl) Ap = 1.5 X 10" m ilul) buwgie Jolads .1.521 x 10''m
cellal) 3 bl Yalas o,lels (3-2
ouadll o s gl Jgumy o) ugie dille Bay 33a UL LLall cols Ly
il - diluall L1 Bussll Sauall o3l ale 3l Lo o1 T o Y1 U
sl i) Ao 5 daadll L diwedd) BUAIL Lol Lileall oliubsll JS)
thdall 3atud ooy JBIS oo BUL 0.2 1 2ssual)

To = 500s. (3-4)

syl (v-y)

(s Bye (SIS A lall cablally LIS G536 plaaiuls puedd) 4B uuLE_i.
AUL 1S dbgunl) S ellif Lo 83 daadl) L8 dalaall el ST
:hda) §atad ) Jul o

mgo =2 x 103%ag. (3-5)

oaadill W38 L) Tlay plasill dagiiy oo M AS 5, Al 333 g5lus Lg3)
Lo pee e ZB Guadd) A llee . S Y Ll sy cale JS LEES 5o 1017kg

Sadll (i (¥-Y)

G ALadl Ny S GasBll gl3ll Sl JYA e puedd] b3 iy Guld)
e gl ooy Bl Gl puedll gol3ll Sladll Ol ARG e (35 Guedll
pladtulys dass 0.533 o) diwsd 2830 327 o Lawdll bawgies .32.7'5 31.6'
s LS Guadll 5hd Chad 58 Ap Llul) bugie

_ 1.5x10'' x0.533

~ 8 3-6
5 %573 m = 6.96 x 10°m. (3-6)




el B0 eL5u8
.1.408g/cm3 Lgasli<

Eslagiyl 8,08 (£-1)

3-65 3-3 pillall U5 Gpe W/M2 3 puadid] b Slasil 5508 Cluas (Seas

Lo 3.84x10%
R
4TS 41 (6.96 x 10°)

Uo 5 = 63.1MW/m”. (3-7)
t.b.u.\.“ BJ“)A a%‘)d (O—\)

ol UMA e Byhall dane Clus Sa sl L ueddl Ll
:2-101 5 2-99 5 3-7 elolall alusiuwlis ole il gs—glisia

(o

Uo ]”4 [ 63.1 x 10°

1/4

To = [

5600K ue C\s‘f\:l\s c‘).;g oden (e u.«.\.A.&'.\.“ &’Q.HJ SJ‘P a?‘)..\ alias 40‘:\-}.&‘ g}
La,liiels 5800K Loyl aadiuies «oUSI 1aa sy .U g3 & GLally .6000K 5
Sy Sl 3 U 185 el Lasdll sis . uaddl plad Lawdl 3,all da
Al LA J5l3 sic wade el 529 0.5V I L3 & sluce L]

S A (V=)

pady asell) punll plad] Cials pe 389 sad Je guaddl pladil iuls Jilad Y
G (V-F sandl Sll) Shasll S5 Ge Shpin guaddl Audall gasall S
oo REEI 3l asalighl say puaddl § g raie ST 5B b LS A3

omaill 5T helios Lk eyl ekl (o ¢ quadd) plasyl Ciubs

VY-



Lowadd) B Jua

" omaill Slasll SR V=Y Jgan

Luill) Bya5l Ll Luuslly) 8,8l Rl ool ol saall raiall

(LS cyo &30l (S, sse e
71.0 91.2 1.008 1 gl
27.1 8.7 4.003 2 psaligll
0.97 0.078 16.000 8 paaSY
0.40 0.043 12.011 6 OsSl
0.096 0.0088 14.007 7 s sl
0.099 0.0045 28.086 14 OsSaliwll
0.076 0.0038 24.312 12 PRRHIY
0.058 0.0035 20.183 10 Ol
0.14 0.0030 55.847 26 waadl
[79] g s saalt

Slsgalag Gy Golal a3l il (¥)

el 0Ll by @ oLl UK ol dimy Sl Guadll s g Jual IS o055
de Loloall Kasloall J31 o s3lEl (ot doshadl Kasluall Jlas zudd s
pLsyli ate o Sdaiud Yy A Y LES) LKE a5 of s (Sa BUaI
oliruad & guadd) o Blall e dadid oS Goalls 333y Blgll guadd
ndo anl uad A (Y-Y JSall H31) ¢ guaghs s el al8 e aulill o0
Liyall o 1iliel Guedd) Bl Jual oo dianie Luwlus doslall Kasliall ale
0S5 o oS ¥ Ll &8sl o (T, a8y [81] wdshl ella & 5,550t 8L aall
Blall (Sasd (JalSIl AT padll (e degiine puadll cilS o) s 4 Dl
de all aamsll pdilly uaddl sgid o alse¥l YT Ay Liss of Ll
\9;31)&. a8l il puadll ggaiall aldill o e3sll elld & 3,500 il

ARA



Lowwadd) Bl slyus

AL Lowiad () Y- Sl Slasl ¢Silggals 658 Glaga AU S05aaN Juadie
3ok oo puagll Bl Y85 0 LBlal L8l e M2y My AR S50
U= _GmlmZ, (3_9)

v
893 oy Anilall ol s 6.67 X 107N - m?/kg? (gslay 3l G Euay
LS Bl alail) Sy il

_ Gmlmz
v .

Ex (3-10)
7o sk uals 55 3 il e S sae plonil eSS Guadll o AL
Auilall 355 JMA e LS ,a Ails LS (Sas (D) Y-F JSadl 3 pudse 38 LS
o (S 3-10 slas po SGIILs AESH 20563 Jo d8Uall LuiS) Lasd walady

AU QLuiSY 15aa G, 1508 paw

_GM
o]
s I 3 Bl OLuiSI Gluss (JBL Jasen fio o yie 50a85 ia o) prslsll e
Py el s ass 3-11 @olas (SI 0.6 d3ad gase Jole yelay calilic 46
Bilall CLaiS) Ead Loy guadll sae Ol (Sa < 3ilseala-pil (AR Je

Lo guadll g shall o LA 485 Juse o sin

Ex (3-11)

2
2 -11 30
= SMb 6.67 x 10711 x (2 x 10%°) 10856, (3-12)
rolo 6.96 x 10% x 3.84 x 106
SASS Galall el padillh @i Gaale 30 sas Al AN Try LaSl el
Solais W cany Guedd) jee T G 0,0l eul cobuadl s fo Sl (il sgalag
[81] & ¢y 5uls 30

\YY



FOEA - HIN PN |

(1824-1907) 1535l § oy uibiSul S5as 9o Gsumesbs paly gl :Y-Y JSa
ool w85 Lol Kaalipal ple quwde ual aady (Al sl puly Lol Gisraes
oo ASY abad o oSas ¥ Guedd) o el gssindl paliill Gaedd) Bl Juof
Lasloadl Sy U 5LLES ) bnsloan (28,1 Gl audiuly dw Goale 30
0552 ol e puadll e o GLaa LagalS o) dum s Gyl ShLaal &y skl
il (a3 i Guilay colianl epdl Al s gl a3 ale lle S e

Obisulian Bale e o3k Lagsaay asSe Sse Jlael (o s 8 guall

58 a8 e 1ilaie] Jadll dailes i a3 Liaglgaadl ale oS cndgll elld &

s slsanll slialall iy g aall 45350 el Loladl elul,ully SLSYI e
O OsSe dee 3 e pwlill GLal class @ dY SLLES ) Lgadd A
oA O Lus glgan ) U cipedaly [55] chmslgnntdl pnlicy olgias olulas EENE
(olal gad Jo Lalatie Liwad Belis] gl o ale Hlle oo ST i mung
) e Sabaill JYA e bysdall ale 3 @lLaiSYl Julud Gygols LS pudg

\YY



Lowwadd) Bl slyus

- P
Hg 9% = @ -
1 Z A

(@ (I)

oaliill o 1ilaie) Lrwadd) BN Jua¥ zisad 5o . 5ilsgala-dlK piged Y-V Kb
sl b U5 LWl o A1 e Legie IS G508 il Lesie (a) Lgsuiadl
o S sae glasl e el @S5 13 () LAl Blall w35y dudlad) Lalal)

Byl Ban Yo ad3 o ey LS m DBl ) Dudlall Bl a3 (Sand cel3lal

[20] «els dualy olsins oIS il 1859 ale 3 spaill pgall aloe § anball
il et 5 olsiall ale 3 Basae Dol cadl [55, 20] sty el tikss
ol A syl Hleul il sad e slalsy W JIYI g ple SLUL pliTe 5o e
oo 3 Ll dogill on AN 28BN as ale oale 20 e w5e Y Guedd) see
) ' laally Limlgaanll
83 oiSdll paall @ sbaall Lol @ wgasll semdll JI MR A
;@t Lilas S agall 3 8 pilas 04l 55001 (el (1900 ale g Ja sl 27
Solall ASualioall Ll e plasid e el GoaI G Glislar Glodas
POl Lagale csd dgagudgy Lokl Jlosy oF QA S5 .[82] wgually
gl plesilg-olivia (98 pwds @ cbsrally dose-osalSole dsa3 Jid
Salall ool o 4l adie) 4SS dslanyl KoKl fe 2l o gl auall
ple @ By (o Orole way (S0 LSS el 308l S| @ Legls (Seang GBpdn
oseb e bl sladll 3 L8 ddole ] Blyay (olslaadlhy oj5k3 (1905
oo Silagala-Gals ol fo JolSIl Luas ol daaSl) 4y lally dunaal) 4l
Lvsaad) B Joal

EANES

\Ye



Lowadd) B Jua

Bl o Bl uian] eodl wand aay Luwedd) Bl Lol 330 JA

Ol Lgas ST 311 1938 iy puila Lgy a5 ) dbimal) Luslyall sy [26] Al

53 e il o3l 5oagill 38153 s .[9, 8] daaill &Ll Jual sa 555 zloayl
Craslg U SLLES) Je 1laiel Guadl jae 5paE5 pe als

Ol LS a3l Luwed ) Sladl LAT JYA e Laail BN june £ ya0 (Sa
[26] Yo LS iyl T 058y« rolall Saeil aladiuly
Lo Ny (AE/c? 5 J& Gl o cplad) S § AE Bl pun Haual 1]
oo ¥ el Il pé of LElaa] sl aununll o Busiall d8UANl IS 13)

ool o s (o A0S o oag Taasee ST Aas ] Juas®s of (Sasd
AE/c? 5 45 fe A 535 AE 5 BUall 0,55 13l 88Ul (e slsial

oo Amg amy s Lol GBSy Mo o awadl LN A SIS 1] @l e
@las s of plaaill (Sass g Mo b Juals

AE = Amc?. (3-13)

Jelill oo odell el § Jadll Zalll ALl dusatl) SLL! aladtuly
e Lanll JSI 2850 Ll ya (£-F JSAN 1) 4 Guile al5 1938 ale 3 (s 55l
pomill Zuailly 1 ) alty [8, 9] e Bl al o s 3l ESall &5
Bl g 535005350 Alunkes 353 Lgia JBYI 5T a3 ABLAL) AESI 3
oSI JME e 850a 00 Elaall o g «puadl ABS (ye S5 YN AL @13 o gl

(OsS Alialis) paaaSly Cpamg Al

\Yo



Lowwadd) Bl slyus

09395058940 dleakes (V-Y)

preun) asabia B3 (of S o cnn @ 1.672623 X 10727Kg 8 o390 AS o)
prcn 3 lisign Ll Lgad eai 850 S 3 .6.644656 X 1077kg . (LY
B0 ALS olia G oS5 wanly Ll

Am = (4 x 1.672623 — 6.644656) x 10~2"kg
(3-14)
= 4.5836 x 10~ >%kg.

o 8513 &8l ) 5S3 plisi] Aslas aladiwly

2
AE = 4.5836 x 10720 x (2.99792 X 108)
(3-15)
=4.11952 x 10712],

Mg Jeldill 3 ISiae agows 8,0 S eual 3l 25.7148MeV
Al e 6.4287MeV

e 5 lyi e JSB G el Blall e sia 0bul punge 5o LS (S
18 s gl Jelaill 3 salsll plasyl Bl L6 130 03 My puadd

H+'H — 2D +e* + v + 0.164MeV, (3-16)
’D + 'H — 3He + y + 5.49MeV, (3-17)
3He + *He — *He + 2'H + 12.85MeV. (3-18)
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4'H — *He + 2e* + 2v + 2y + 24.16MeV. (3-19)
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12C 4+ '"H — BN + y + 1.95MeV, (3-20)
BN — BC+et +v + 1.50MeV, (3-21)
BC+1H — "N+ y + 7.54MeV, (3-22)
BN+ 1H — 150 + y + 7.35MeV, (3-23)
50 — BN +e" + v + 1.73MeV, (3-24)
5N + 'H — 12C + *He + 4.96MeV. (3-25)

190 Jlaaill Jelanlly

4'H — *He + 2e* + 2v + 3y + 25.03MeV. (3-26)
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S=1icosdcosw +j cosdsinw + K sind. (4-2)
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i’ =isin¢ + kcos ¢,

=/

i=1 4-3)

k' = —icos ¢ + ksin ¢,
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i=1isin¢g — K cos ¢,
i=7, (4-4)

k=1 cos¢ + K sing,

oty Y-t olSall J) el taalbll (Ladhaadl) pasall 3550 s o sSs Sy
:ULL ‘J.AAA_.i ‘4—25 4-1 C{\l.‘dl.:l‘ ‘A‘AA:\.ijj

S =1i(cosdcoswsing —sind cos ).
+jcos 6 sin w (4-5)

+Kk (cos 6 cos w cos ¢ + sind sin ) ,

S =1 (coshcosAsin¢ + sinhcos¢).
+j coshsin A (4-6)

+K’ (—coshcosAcos¢ + sinhsing).

dﬁ};l” é:ua ul.c J..aa_r ‘4—23 4-1 C{\:‘.‘JL&LL 4—63 4-5 Q:C\.‘JL:.L‘ LJLE.A:sj

PN 9_1:_9,“1

coshcos A = cos d cos w sin¢g — sin d cos ¢, 4-7)
coshsin A = sin w cos §, (4-8)

sinh = cos 6 cos w cos ¢ + sin d sin ¢; (4-9)
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cos 0 cosw = coshcosAsing + sinh cos ¢, (4-10)
cos o sinw = coshsinA, (4-11)

sind = — cos h cos A cos ¢ + sin h sin ¢. (4-12)

dy 9 ySI G Class 1 Slanyll Js gl (Y-Y)
SBEL Olus & o¥olas aladiul Slaadl dsaill jus Je sgan Jsoall (Sa
oI5 PZX (g5 S0 &l e Laliisl 353 of qamgs F-8 ISl Sl ey <)
Y- JSall e pualy 5o LS PZ (g5l Xy XP (sslus 29 ZX (s5las p &3
oo plaiadl Jae oluslly oS Sl palie oo olEa
P =w,

Z =180° — A,
p =90° - h, (4-13)

z=90° -6,

X =90° — ¢.

tise Gaoe 3l ol maalsll e AR allaill 3 A celly hoplas ¥l waasl

COSp = COSX COS z + sinx sinz cos P, (4-14)

AR



Lowad) &BUAN £l 508
P Jans 4-13 dslall o)
sinh = sin d sin ¢ + cos 6 cos ¢ cos w. (4-15)

sinZ _ sin P

. - . ] (4_16)
sinz sinp
ol aas
coshsin A = sinw cos §. (4-17)

to Galll e > Ualal) Gudasy dpady

sinx cos Z = coszsinp — sinz cos p cos X, (4-18)

1aal (4-13 dalaldl e\..\';l«.u\__'\9

coshcos A = sin¢ cos 6 cos w — cos ¢ sin d. (4-19)

4-954-845 4-7 c¥olaall dile 4-195 4-185 4-15 cNulall o)
waad) G AU § cpssae A caumy B plis )l asas Ala J2BS Lew <3
050 8508 Ol udlsll (e s saT B - Slotudl alaill §  Liebud) L1315 6 ol
(52952 Jolas @ winll a8ge
ralaill Can Lis aludiuly

C0SZ = COSp COSX + sinp sinx cos Z, (4-20)
Hp Jans
sind = — cos h cos A cos ¢ + sin h sin ¢. (4-21)
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cos 6 sinw = cos h sin A. (4-22)

i Aolall pludials 4-19 Asladl 3Lnsy Glie saiy

sinz cosP = cosp sinx — sinp cos x cos Z, (4-23)
e Jans
cos 0 cosw = coshcos Asin¢ + sin h cos ¢. (4-24)
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26 27 163 0.38
52 52 168 0.39
25 25 178 0.40
32 32 184 0.41
16 16 192 0.42
0 0 200 0.43
0 0 208 0.44
0 0 216 045
0 0 223 0.46
0 0 232 0.47
0 0 240 0.48
11 11 251 0.49
105 104 265 0.50
164 163 274 0.51
201 199 283 0.52
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250 247 292 0.53
271 268 301 0.54
299 294 313 0.55
299 294 322 0.56
315 310 328 0.57
326 321 338 0.58
290 286 345 0.59
256 252 358 0.60
156 154 370 0.61
218 214 380 0.62
47 46 385 0.63

2 2 399 0.64
0 0 409 0.65
0 0 406 0.66
0 0 427 0.67
31 31 433 0.68
219 214 447 0.69
376 367 456 0.70
406 396 460 0.71
460 448 477 0.72
471 459 482 0.73
483 470 494 0.74
485 472 497 0.75
503 489 507 0.76
493 479 513 0.77
487 474 516 0.78
522 507 523 0.79
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520 505 528 0.80
486 472 529 0.81
404 392 530 0.82
218 212 533 0.83
151 147 535 0.84
119 116 536 0.85
53 52 538 0.86
21 20 541 0.87

1 1 544 0.88

0 0 547 0.89

0 0 547 0.90

4 4 549 0.91
211 204 551 0.92
340 327 553 0.93
447 429 558 0.94
516 494 564 0.95
552 528 562 0.96
510 488 575 0.97
540 516 573 0.98
573 547 574 0.99
571 545 576 1.00
547 522 579 1.01
510 487 577 1.02
508 485 579 1.03
483 461 577 1.04
489 467 582 1.05
418 398 577 1.06
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257 245 584 1.07
213 204 579 1.08
148 141 583 1.09
135 129 578 1.10
314 298 581 1.11
468 445 578 1.12
534 506 571 1.13
553 523 576 1.14
563 532 578 1.15
571 539 584 1.16
578 546 586 1.17
582 550 586 1.18
587 553 589 1.19
589 555 591 1.20
586 552 589 1.21
593 558 597 1.22
587 553 592 1.23
595 559 599 1.24
581 546 600 1.25
514 484 599 1.26
482 454 596 1.27
382 360 595 1.28
284 268 593 1.29
247 233 601 1.30
243 229 593 1.31
158 149 607 1.32
374 351 603 1.33
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503 471 596 1.34
435 408 602 1.35
450 422 599 1.36
460 430 596 1.37
504 471 598 1.38
585 545 596 1.39
584 544 591 1.40
584 544 590 1.41
586 544 591 1.42
572 532 579 1.43
586 544 596 1.44
543 504 554 1.45
577 534 589 1.46
573 530 593 1.47
548 507 589 1.48
508 471 590 1.49
488 453 586 1.50
474 439 587 1.51
521 481 594 1.52
566 521 587 1.53
558 514 585 1.54
557 514 584 1.55
555 509 581 1.56
572 525 592 1.57
572 526 586 1.58
572 526 587 1.59
567 519 583 1.60
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493 452 576 1.61
229 212 587 1.62
452 414 584 1.63
564 517 583 1.64
560 511 578 1.65
557 508 577 1.66
535 488 560 1.67
532 485 575 1.68
490 447 570 1.69
454 414 565 1.70
469 427 570 1.71
421 384 559 1.72
526 477 562 1.73
535 485 566 1.74
527 479 567 1.75
509 462 561 1.76
514 467 561 1.77
491 444 564 1.78
462 420 565 1.79
434 396 555 1.80
519 471 556 1.81
520 471 556 1.82
517 467 554 1.83
513 464 553 1.84
512 464 555 1.85
504 456 556 1.86
489 443 552 1.87
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467 422 519 1.88
465 420 519 1.89
477 432 538 1.90
471 425 536 1.91
486 439 542 1.92
474 430 533 1.93
475 430 539 1.94
467 422 535 1.95
446 403 526 1.96
446 403 537 1.97
442 401 519 1.98
450 406 528 1.99
448 404 521 2.00
439 396 511 2.01
443 400 519 2.02
441 397 518 2.03
440 396 522 2.04
430 386 513 2.05
427 383 510 2.06
422 379 513 2.07
413 373 511 2.08
411 369 507 2.09
386 347 481 2.10
420 376 504 2.11
424 380 509 2.12
411 369 499 2.13
398 356 492 2.14
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393 351 487 2.15
400 358 496 2.16
383 342 473 2.17
396 354 484 2.18
383 342 466 2.19
385 343 468 2.20
377 336 458 2.21
379 337 458 2.22
385 342 466 2.23
381 337 460 2.24
376 333 455 2.25
368 326 448 2.26
371 328 451 2.27
365 322 443 2.28
342 302 415 2.29
358 316 434 2.30
366 323 447 231
339 299 415 232
361 318 443 233
354 310 433 2.34
320 282 392 235
351 309 429 2.36
335 295 409 237
323 283 394 2.38
291 254 356 2.39
330 288 403 2.40
320 279 392 241
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337 294 414 2.42
328 286 406 2.43
319 277 396 2.44
328 286 410 2.45
309 268 386 2.46
304 263 377 2.47
311 269 385 2.48
316 274 394 2.49
318 274 395 2.50
308 266 383 251
297 255 371 252
296 256 372 253
283 244 357 254
269 231 340 2.55
298 256 378 2.56
302 258 385 257
297 254 381 258
293 250 378 2.59
285 243 367 2.60
289 246 371 2.61
284 241 365 2.62
271 229 349 2.63
277 233 356 2.64
263 221 339 2.65
271 228 349 2.66
272 230 355 267
273 229 355 2.68

VY



e

Sle plas]  dle plas]  Ldus slsa A (V) Gl
261 218 341 2.69
261 218 342 2.70
265 220 347 2.71
253 212 333 2.72
245 204 324 2.73
260 215 344 2.74
254 210 338 2.75
244 201 325 2.76
240 198 320 2.77
221 182 298 2.78
226 184 304 2.79
225 182 302 2.80
209 171 284 2.81
183 148 248 2.82
201 163 274 2.83
210 170 286 2.84
181 146 248 2.85
185 149 255 2.86
158 127 219 2.87
130 104 180 2.88
168 135 234 2.89
172 137 241 2.90
179 143 252 291
175 139 247 2.92
178 141 251 2.93
182 144 258 2.94
166 131 237 2.95
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Sle plas]  dle plas]  Ldus slsa A (V) Gl
166 130 238 2.96
172 135 248 2.97
173 135 249 2.98
163 127 236 2.99
168 130 244 3.00
159 123 234 3.01
142 109 208 3.02
160 123 236 3.03
146 112 217 3.04
148 114 221 3.05
153 117 229 3.06
151 115 227 3.07
157 119 235 3.08
150 113 226 3.09
140 106 213 3.10
106 79 161 3.11
61 46 94 3.12
101 75 156 3.13
73 54 114 3.14
63 46 98 3.15
102 75 160 3.16
100 73 157 3.17
88 64 139 3.18
77 56 121 3.19
78 56 124 3.20
75 54 121 3.21
71 51 114 3.22
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Sle plas]  dle plas]  Ldus slsa A (V) Gl
53 38 85 3.23
64 46 104 3.24
85 61 140 3.25
79 56 130 3.26
91 64 150 3.27
90 63 149 3.28
76 53 126 3.29
70 49 117 3.30
62 43 105 3.31
70 48 119 3.32
77 53 131 3.33
76 52 130 3.34
82 56 141 3.35
73 50 127 3.36
77 52 135 3.37
79 53 139 3.38
70 47 123 3.39
64 43 113 3.40
63 42 112 3.41
59 39 106 3.42
55 36 101 3.43
60 39 110 3.44
45 29 82 3.45
46 29 84 3.46
50 32 92 3.47
58 37 108 3.48
62 39 115 3.49
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Sle plas]  dle plas]  Ldus slsa A (V) Gl
59 37 111 3.50
50 32 95 3.51
52 32 99 3.52
55 34 105 3.53
49 30 95 3.54
46 28 90 3.55
46 28 90 3.56
47 29 93 3.57
46 28 92 3.58
41 25 82 3.59
43 26 87 3.60
48 29 98 3.61
47 28 95 3.62
44 26 90 3.63
46 27 98 3.64
43 25 90 3.65
41 23 86 3.66
35 20 77 3.67
34 20 75 3.68
39 22 84 3.69
41 23 90 3.70
36 21 85 3.71
38 21 86 3.72
38 21 88 3.73
36 20 87 3.74
39 22 94 3.75
38 21 91 3.76

eva



e

Sle plas]  dle plas]  Ldus slsa A (V) Gl
32 18 81 3.77
31 17 84 3.78
34 18 86 3.79
30 16 81 3.80
23 13 70 3.81
23 12 64 3.82
19 10 56 3.83
18 10 59 3.84
19 10 60 3.85
20 11 65 3.86
16 9 64 3.87
16 8 59 3.88
14 7 57 3.89
14 8 65 3.90
13 7 56 3.91
9 5 47 3.92
10 5 52 3.93
9 5 55 3.94
8 4 57 3.95
8 4 54 3.96
7 3 55 3.97
6 3 58 3.98
5 2 50 3.99
3 1 39 4.00
3 1 46 4.01
2 1 49 4.02
2 1 47 4.03
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Sle plas]  dle plas]  Ldus slsa A (V) Gl
1 0 43 4.04
1 0 44 4.05
1 0 48 4.06
0 0 46 4.07
0 0 47 4.08
0 0 41 4.09
0 0 33 4.10
0 0 34 411
0 0 31 4.12
0 0 33 4.13
0 0 35 4.14
0 0 33 4.15
0 0 37 4.16
0 0 34 4.17
0 0 38 418
0 0 39 4.19
0 0 36 4.20
0 0 36 4.21
0 0 38 4.22
0 0 36 4.23
0 0 38 4.24
0 0 40 4.25
0 0 41 4.26
0 0 38 4.27
0 0 32 4.28
0 0 24 4.29
0 0 20 430
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Sle plas]  dle plad]  Lius slya &S (V) &Lkl
0 0 22 4.31
0 0 23 432
0 0 15 433
0 0 10 4.34
0 0 13 435
0 0 19 4.36
0 0 20 4.37
0 0 20 4.38
0 0 17 4.39
0 0 13 4.40
0 0 9 4.41
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@D Confiscated/Closed Zone
Greater than 40 curies per
square kilometer (Ci/km?)
of Cesium-137

@D Permanent Control Zone

(O Periodic Control Zone
5 to 15 Ci/km? of Cesium-137
 Unnamed Zone
1 to 15 Ci/km? of Cesium-137
50 100 km
50 100 miles

15 to 40 Ci/km? of Cesium-137
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