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ABSTRACT

Artificial photosynthesis is an emerging scientific approach inspired by natural photosynthesis, aimed at
converting solar energy into clean and sustainable chemical fuels. By utilizing sunlight, water, and carbon dioxide,
artificial photosynthetic systems seek to produce fuels such as hydrogen and carbon-based energy carriers,
offering an alternative to fossil-fuel-dependent energy technologies. This essay presents a comprehensive and
student-friendly overview of artificial photosynthesis, discussing its fundamental principles, key components, and
major applications, including solar water splitting and carbon dioxide reduction. Recent advances in materials
science, catalysis, and system design are highlighted, along with the environmental and societal relevance of this
technology. The chapter also addresses existing challenges related to efficiency, stability, cost, and large-scale
implementation. Overall, the discussion emphasizes the potential of artificial photosynthesis to contribute to
sustainable energy production and to play a significant role in the transition toward a low-carbon future.
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formrer spam fova waw wive wrereta sienfiveht feraferamer (MMMUT),
TG o e fom ud weteror fomm fosmr o e sl (foest
Thier) B IR AT eTfOTeh I ST T SIS o S Ty i,
et e forg forar & ggg T 3 wrer 7ot Areafien (104f) wet
Fea wreAtiss (124f) frem gof i 369 e e I SR e
qatee foraferanera, ST & T ForsT # STk QT S Tdeh e ({18
SITH 36T, ST Seh! el I1d THTI(eh STTHU i ST hmer: foepfaa
TSl FauE 7 #ft s MMMUT, TRER 8 SHet 16 et
(Ph.D.) F T8 B ITHT 11T e STCAT R &1 I TehTRT HIH0T T
ahisd &, few fomiy &7 & argveea e SE3iEe (CO2)
oA TERT TE el {eh SUiaRon § aRafdd i o S e mn
| IR IFIHUT Had WE oM, e Yo o W el
FHTLT 2T forT H ot freh ST o 37y 2l #ff e 3 39 3wed gu g
& T SooraH 1 ANTeH T 7, S8 Torer |iemgel 311 et (RSC),
Wiley T Elsevier S8 STt fafld Yerreri § TehTfTa Sirer o=
o T § AT T g3 2| 37 a9 3o 10 T Foh1e Yeh1Td &t
Teh & T 3ok AT 3 TR U 31 &, ST 3ok X114l T STeRTG e T
Td ATFRTNG Hew &l A &l 6k ARNH, 3¢ (A= o
ST T YgE IW U NS U E, o w9 & elt-fafsee
TEEH, BN ZEw e (FTIR) Tagiandl, i
AeeHZT (CV) T Haiferd fersguonenss Ue forlq-tramfe qermieni 4l
O M AN ST qehrAoh] G&TaT o ATead & #ff forrr Fpam fosm
A T R Td O TR ST % & H T 3WEd gY ST
TRt STeeRdT o &9 8 T sl T L 1 2
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W afET
el T

ot S Tt adae # foge ud Sfiwifeht stEee e -gia
HIEUM (SERB-SURE), foq™ wdf senficht fawmr (DST) g
T FRETSHT o SferTa SR fae %l (JRF) % &9 8 @R
fogm we walerwr fogm fowm, #eq diew AwehE iR
foraferner—r (MMMUT), TTedx # it g1 @ &, a8 gt fonmr &
THER Sf. TSI FAR AR & ANGRE H SrEel 3% e
(o= Z1.) <t siremeff off ¥) SR @R fom § ST (v uEE)
1 fetft MMMUT, TR@T & 9.37 3 3che HISITT 6 T1ef STH T, it
SehT TSl STEATOTe IBH T 3RITAT 21 IFh! Tk (oft.wwret.) e
&M AT SUTEAR TR feraferanmera & quf g3, Stafeh 3ht MTifven
et e el Hiee, FfifeT, afim e & g8 ST Y
TeieT ok G 37ei WIZIche [T o &1 H Ueh YITeT ol T Ush Tete
G T AEAATIEF FohTe T gt st 1 9er s HHm b
TN STTEU R % S hixd o, SEH TR R
BT Ih AT, BTESIST SCUTEH, FHTe STEHTHTIES (CO,) SATTIT qT
BIeihfIfesh hreifeh TR H 2 ITRT I Fad W g,
TR ST oI HTe-=Igel STElfTieRal § Heiferd Sfaeh SRt o
HFET B I 39 IV U WG & H Wecaqt e e &, o
AT T 9T IS Sl § TR ek e 1t o H1eas o
HT=IAT SITH G5 ©, TS ST ahfishet rETsel (ACS), e |rarse
HATH HES (RSC), argelt, I qeorm tedferr snfiet 8| 31 a o8
32 I RIS ohl ATGeRT & AT Sk 1 14 TSI U &1 &, AT 3T
ey S TSI TTEXTs 37 SATaTRTieh SUHTTAT bl qId 8| 379 3Ny
T o aAften, Goft i i et fafsere Sagreandl, Bier g
RS (FTIR) THFRIEHT, TTEfems aiceddl (CV), TE-TThme
foAferare shAeITh! (HPLC) U 317 fersgorTensh qelt forpq-tremaf-ien
TRt T 31T TR QeTaT STH 81 ST SYeqforeh JTaTH, qeheteht
ToRIOSIT T e ST % Wi FHI0T o AT | ot s S
HOH THT TII0T 3R TG S g F & F T I 3N
eIt ITerehe oh & H Lo oh T oL T 2
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1. 3. . AT I | Ted HIe Aioad i Srantiehr et
(MMMUT), TRET, R 3 TR fo Ta wRteor fom fosmr
TIHHT % U X 1AL T Sai- ST ot T, 31 um uewt, i faram
i gy fie atert ferafrermer, STATT (3.51.) & STH Tl 56 g2
Seiv faeett forafaramer @ didhieg gt 3@ (0. F ggam
T IIheR W e U WheR T, wE. 9t & e A diee @ st
T i e 2. 9o o o SE, S, AT | AT foeett, W §
Tk Y o URE-STHRS el o &9 8 i fha sHeh 918 IR
T e $Eee ST HiHehet cararsit (KRICT), Feor i
T ARl deh URC-SlaNe el duT ST =X ai deh EifaT
wrfee % w7 § dard €| w6 o § 3% A Ik ST
Syafet & fog sfafia Targse Feim & ff gt fora mm
2. ATEE 3T U1 FHIER hT IEHAT fGHR 2017 # MMMUT,
TRET % TATES HISH [I9IT  THITHTE STHE o &9 1 i AR a8
T STHER 78 W TRI=1d g 3eRT J1Te i T TTasTIet & 37eh
T SIS SHeAT H 209 T Ak 3 Jehre &, S w3878 9
e 3B (citations) STH T &1 3o 1 11 STqWre ¥ udf 54
T U2 3t 3, | & S B8 Teash 1eam ot fore 8 ue e
TIe-UTTiERieh o &9 U, . ATed T 37 qeh 07 Feer <Y, ey el
e Fee foram 2, starfer 13 memeff ardwm & e amiesty # Rl
21 30 AT, 3T 66 TRATR (W) S garel T e faham
AT 11 . THET, 30 s ofer o 21 Sk Afeh Ak Ter bt
HIRIAT 3 BT 376 EABIS [oraforeer, STHER gRT ST fae o
T 2% SIiERT ST FE H 2023, 2024 T 2025 § AT IR WA
IE=IRIPINS

2. ATee IR T ST TSI § T4 =9 (PI) T &e-
e ST (Co-Pl) % &  ohref ot ok & oo Iai Ueh Ty &
% AT T 1 o SIS R ) SR Sy e wad
IS U TR Taro T ST o oA M AT ot 3TcI e et SehreT-
Tk BIdthelerel o foreh T B| SR TNY 1 Bldiohefaiieeh Ta
ST IR CATdh STel-Taele, BIEgIeH Ue TSI Sedte, CO. Td
N, Teerlieror, qm €S9 ue WrMT o G207 9T hisd &1 3 Siel
fehcT & &7 § FIe(oh TogeH % ITANT, BlelheIlesh Ha e
FTCHOT, T STE STIHEA, TR e T &R STl ST oh
fore et wTeft o forshrer oX oft el o T2 21 S SehTRT Hegwor e
Tohfcioh SERTST ToWUT ShY SIRNTHAT S e & I gt et
e ER FH11 o FRTCT STAN, S IS, Tty fEerear e Je-
SO ShTel ScHSIA o &3 ohl ITH i Y foum o hfga 21
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1. foeRT

STeRfer 7 Sifeet et o fore wde gat 37 el Fure e
TR &, 3T STERTRT W2IW0T SEET U 218 3T 2l §9 NishaT
AT § e, aTe AR T gewsiia g % THT I
38 T St 4 ufafda w2, e geeft w e wvar e
T 21 56t Srehfereh s & e SreRt Skt ¥ F B weRrr
oot it Tamen foemfta it R, e e 9 St o
ITATt St B Sraer i Wehfr i TR T ST AT )
I THTT FLTOT H G T THIR, S IR FelA STSHATHATES
T I HL ETESISH AT I FHla-ING T Tl
TefTeRtuttr SET T ScareT feRa STTaT 21 Sfamen $emT oX ST
Tafeh St deiteht o ferodla, a1 afshan e daq 3 qaferor-
IFHS HeTl =5k T B T AT A B W@ foawm,
witforehy, werel forg Sfie srfrariteht S fafire st o e
B o T I & U TG G¥hivT Seqd T 2

T STEATT FIT TohTE TN ] qeT SIS, e g,
ST, Fferrt 7R ey it EvemTel 1 Wt T A-
Hfeer Sreforen Seft § sreqa T 21 [1]

TR St ol € TEmIfes St 8 uitafdd s Teientofir 3K k-
S SET T ITEH HAT 39 IATea] hl Ueh HE A et
T o ot g% 21 HI St Siawor i gal SIS
fofernt & @ wen, S H1eam @ S @ a1 Sl o
ToIWOT foRAT ST |l 7, HOM TRIST HeIOT 21 FHE RS
TogwoT o oI 314 gfEehTo ot e fopm e 8, S e e
T aTefaTeTh, AU €T (transition-metal complexes)
T THTIT-IATRT T ST fefarm ST 21

T STeRTT- STt o P e ws3yor oY et forg & gt
&, TRt off oriarfean sromTforart # seeh Aoy 3 aHeITd 21 g8 8, S
STl FUTAROT ShT hH S&TT, ScATaT shT ohH TI-TCHhAT qT SehTeT-
SO TR weH wEe) qEad] e H e
W, Fe4Tap01 7 i Teh YehTIT-Scoiieh o &9 1 Favd fema o, forar
TRIRT-3CR-USTEH A Soelt § ST foram - s
IR USTSH AT S SHTTT RISt HogeuT it Tt 3Tast
ORIt o & Teh AT ST &, S8R Seit ol 39T o fafire
THTIAT ST SEFT ohT T30T it B [1]

T TR T KB TeRTRT HoIET HTSRAT % STargTieh SWRNT %
T Tt St TR & e UHT ST Taeh 38 GYd-SohmsT |isha
werd @WEAT ®, S FehifesS SefeEerse (NADH)
TSI ST H TehTRT-30E o &9 7 1 3 3R co, H |-
THTAAT ST E-S T o USTEHTE ScuTa ohi Alsh il =1k el
T 3T ¥ alT T IuCTod et HIT SHRT 3T THTHIT 46% AT 7T
&1 T qT et 4% THT (UV) 86 8 BT 2, 3afere srefass
SR Tl §R St SR % T ww st TavEe § R
TRTIT-SCRT TfRAT G JehTaT & it 2l 2]

TR 3 verel forgm, wefea veref et i ware s = amt
T U IR §U YRR o Y W A g
RUECRUR I IR

T & H WA TR TH-IGHF F FS §IH (Composite)
Sererr Rt forg e 81 5w erseem srssitEse
(TiO2) ¥ HTq HTFATES STE=TCTH FohTRT-SCIhT ST AT
A FAISH e €| fohg arh-arg SiieTss seEee & 4
HIFIITSIE JohTYT-3cIh-d-3c30 (photocatalyst—biocatalyst)

FRAT ORI o FTT 39k &l I, FAfeh $oh a1 9g
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wd & v
+ H,0

T & UBTY + H:0 + CO: — HWR FUT (Ha, CO, HCOOH, CH:OH) + O;

TRr-1: TTHTeh T H STERTRT Ho0T 3h ASIHTHe QT

(conduction band) TRl =T STiafeh Tt &) Cﬂﬁw EZA G
2| a1q STaETss % AT o Rl i Ufes™ ¥5a (thodium
complex) % TR fova (reduction potential) F e Tt
T TGT FH T o HIT, 1] SHTFETSS | IcT~ FHRI-IA(q
AT hT AU hg dh TGO HiST B ST B
TROTEERET, NADH  JSiAA o1 38Tt STeid o 21 ST 2
30 HM H g9 Ush e UThF-ATRE, T9-JehTST Tlsha JehTaT-
3ISE k@I A e wa € fed el
gfeefia NGRT (MAQSP) S SRIHIGR i TEE (e &9 &
wfafidd ITh (CCG) o AT HeEasieh (covalent) SieT ST ST
TIT 1 §9 WO AT ST STohTRT-Sooh-USiTSH JOAa Somredt #
CO, U HTHE ST o FR1E FHiH TehTT ELTOT IeaTe o6 feag
o T R1 (375w afoT 7 SRt S eRTeT Hgwer § wrTr
T Y UTE-SATHTNT YT o TohTe1-3cieh o &9 H SUINT T Uk
I IETET A L &, sk CO, | el HIT THTA1/|I Se1
3 TITCH IcATE hT Teh Sch® JoTTedt a1 +ff i i &
(Frr-1)

2. I 9T

2.1 STk TERTST HHTOT & ST

TR JohTRT HgWOT et WX St &l ST W arelt Jedt
et ST NS § § U 21 g YT g €9 Y
B e, e R g Shemped i wfemet § fom
FATICATES AT FerRI TS 8 TPI=T BIelt 21 ShTeT ST 3
T | Y G o SRIT T el bl QAR et H qEtd
A &, ForerenT o 3 7o forehrer af Sfem-fofamet o forg s
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B =& R sTyere ®7 ¥ gw Sfia-sa o fe Hise oii
TS 7 Bt 31 TeTRT HsIwT it oA 1 e =wor
o eRTRT ST ST 2] T 1l FARITReT AT 3T=T FETI Ukl
I TSR STTAT 2, ST TehTST oAt Sl sl TEUT hid | TR
STETSOT & Fufehi § fRerd ST  Soott T T B 7, o
ST Fod Sl ST H oAU ST 2| 38k ommEEy foa
ST T T BT €, S 59 G TR 67 ST 21 78 =0T
ST TEA! &, Fifeh ST | ST hY TEmfe SRSt %
T STTervareh Sastt STH Bl 81 ST =0T H STt 3OS T ATHET
a8, SR STt T SohTeT STTHE (BIRICTS) et ST 21 36
SITSHAT B STt 3] Zeoht SHTeRfioe, SIEM ST soragt & fafsra
=1 ST 2| SRS Ueh 39-3cT1G o &9 | ATgHSA § 7 &l St
2, St gt W Sfie o fore stfem 31 gt = § seo sagE
ST ST AT Y Tk STffsramatt 8 9 o ¥ i St s
TEEfE 9 1 Giud F T geEar #d §, 99 fF ATP 3R
NADPH S0[T o fmfor 5| et Eeguvr st Sifow =2 e
Feriertor & gaiftra 2, 518 Shfear =7k o 71 & ST ST & (et
2)| T TRt =TT H A< TR e STl oh1 SUT L AH ST
HISH STSHTHTTTS Tl AT ST hTsifoh ATTehT § GREfdia fohaT
ST 21 ¥ IR et 3 foTT St HER SR HHTeH T ok
& H % HAT S| T TR, TR 0T G T s Bl IS
& Ffer e ol e ST RISt STehfareh SOt 81 e wehrer
HoINOT §9 Seet STehfoen SfsRaT 1 ot Tohet L 1 T e
AT, Aok T T HIT ST =0 ol THHFL 3T FOH
Tt ST oMforat o ATerm & SreU Sh1 AT T | 3 e
Y T JRTIT ST, ST JIFHRL0T ST TERIeh ST SiE
=0Tt 3Bt STt fopar e 21 Aqfen ste=ere e, urg feat
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Carb:)hydrates
FTalgEse

ot 2: e o STeRfereR YeRTeT Sswor T foram

T ITET T STANT FHeh TElT TUMTerlt forehfd ot T2 &, ST 6
o TeRTST Sl TETIAT & STt IT s SISATRITSS i STANT SEHT
I T 8 et Hehl STehfcish JehreT Hsu0T i oo GardT i
feortar & Jeom e forehfere i ST T whm yonferat wissy
T 3R A ol ATTTIHATSAT T A Feeaqot it
T Tt B 39 SR, SR o T SRTCT AT ST e ST o
ST ST TH HT TGIAT 8, Tfoh il ScdTe & T IR
TATeROT-3Tgohet AT off Wit 21 [4]

2.2 A TeRTST HYWOT hY TeT ATURUME
FOM TS FITT TH TRgFE 3R ag-favas At
AT &, ot 9 3ev G o WohTeT 1 st bl el it
THTAfE STt 8 TRETd BT 8l T8 SR STehicen ST Ho3qor
T UM 2, foh S0 A& A I T TRt AT T, Ao
SHeh! JAYA ATUTONHAT i FHgreR 3¢ 3fersh b, Fare
I AT &7 H AR FAT 2| Fgelt AP sl a4, sfiames
ST shi T STTSUAT S TR0 Fguor 1 FHeETsl i aad
T HOI T HIHT ol Aoy hf T 3R Aqd Holl qohri1eh
F T WA 2
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0 STeRTRT HoT T Ot ik g i STeEe SR TR
T[S TN R ST SYelt 8 SIohTT T ST, SATCIT Y2raFvT
TS EEeT, TUT SCIh-=TToTd T (~eh ®UTaRuT| § =T =/l shi
F&3T ST ST Fare 8 Eut ot o Sewt i s
R1[5]

TR ST G 3 YT o T SR 8, g6 forg B warelt
T == Toham STTaT & ST 6 farfertor 3 eifremam s =t Tew
Tohl AHTG: FduTeh Ued S IS SI3RATTsS,
faferni, Iwrsfess Frei Argerse,  fafie arg wifea =ifiver ik
ERTRT-HaET AU $6 e o ToTq ITRANT FohT ST &1 ST 3 ware! f
% TehTYT hI SN FLd &, d1 S0 SuRerd gere i et oett
STTEAT Y T o1l ST H IS &Y STl 2| It Saferal s
T it grerafen rfifsranet 3 fore St o i s @)

O =01 AT dATehi, I s 3R g, s R,
TR ST T © Hel R IaT 2| JeRTRT STl 3 o18 3cq=
SOIAET—ETeT 7T T TSl O HATSH STt T 3&aT oh iR §9
Y W T THAT 8] TAAY T8 ST HATTvI BIell & foh 3 AT
aTEHT I T T F R R S 3R I U faemw &
TerTfed ferarm SITY) 36 Se9a o foru forfir=T weemrenes fesieq,
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CO, @rw swsiteams)
D sfire & Aegade
_C.fuq
| (TH-FTaaT $8T)
HCOOH @i s
E CH,OHereta
FrafAT (rganlc transformations) ¥
'llf HAYETH (dye degradation)
FPEIST 3TUTEH (Hydrogen production) mmm
(THTU 3ENF)
UHTT W iii ) H,O S S,
O, H* g =
Hz
i)
H+
H>O
i )
- o,

Tera-3: o sreprer Hegwor iy wfeRam

SITUT qehriich 3T TE-SCIhT T SUART oA ST 8, fored smawr
JRRTUT <l ST QTS SIT Toh

e 3T 3ifam =T Seien, =nfeta Temf=es SAfifshamatt s e
31 38 =0T o e Sl ATl AR T SUANT L ST ok ST
T BTSN S FoRaT ST & AT el STSeiiTaTss i STt
SEMT S8 HISHT, hifHer TS AT 7 shislfeh Afient H qiafdd
ToRaIT STTT 21 3 ATHTSRATST 3l FRIIATIEsh HaTferd el o g
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SUh IcAThI shi ATl BIell €, S SA(Toha 2t @fsharom it
T FH L Teh ST TITCHEAT T T bl [6]

T R, T ToHTRT EI0T T h e sl ohi T SE1 S
AT H aftafdi S o1 T SRS H1 ST T 81 e 36
AT T TS T TR EBerdTgeieh forshfaa foram S @eh, @ g 7
AT ol o T FH A H FETI B, e e et i
TSR TTeROT €01 7 it Hecarqut iRt e (ferm-3)
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2.3 SHTH TRIIT HYWT AU o THE b€
FOT JoRTST HIHOT TF A T ST ST Tecqul AT
e 2, et st g % e ot sterr St b ISTEn
TR St § ufafda FET 81 T8 STTHRT Sehfaeh SR
T § UG 2, Tohg 3o el sht Stfeet Wshamstt shi Saehi
FA o S I o FAgTal T HHETR 3 0 ST i
ST # AT feRa ST 21 ot +ft shfre ST Esgwor yomedt
T FRETdT 38 Ty Beeh! & FereT, Tfad 3R feer rf 1
it et ]1 57 Somferait o T Heehi H TeRTRT-STemi uard,
ST JFRRL0T U IREe o QT STl FTTaE0T o foTe Soen
et €, S firerert |Oul TTsRam o1 3&TaT ST SATaeTiehdr i
Frrerifea s 2

TRTRT-STRI TaTe i SThTeT oW JUrredt T SATemre
24 &, e 37 o HTeam & T % TS AT it b TEv R
ST 1 T © gt T T ATl et §I farfeRtor T SfRrenteT
T & W 21T ], 3T TTeft SeRTeT- STk erelt b1 5 36
&35 T STTreher ST ST 3h STTUR O foram SiTem ) Ffe Sehrer
T A< TR0 = &, T 3TRT h1 el Tmrf-ieh Sfshamd &t
21 STt & ST Tt rorredt sht shreterEaT e St 3 56 See
& fo ergefm ersiaase S& o1g sitarse, ffasH it
%o e ATEeEe S e vyerd, fafie st o
(STS), TUT IEhTEE A8 S~ qeTel AUk § T ST fohT 5T
T2 81 3 el T % RIS T ST X SOILHT bl e st
ST U Fo Sl AT § I B B, ed Seil-dueT
ST ATEF IA BId & S AT hY et ARRaST
HATTTd Fd 2| 3G STHUM § ThRI-SFawie et 6
HTEHT, SR AT T U bl AHIe R e o o
&1 oo S T 31 A-wa geret ° adg & stfuek Biar 2,
oTer@r sreTT 3 @rer et forar ot SuiTerT o1 STt € ST Sferzmor
Z&3aT H GUR BT 3 36k i, FER W e i i R
X Y YT &1 H STIRIYUT bl SRt ST SIT HehelT 21 ST,
T EieT SR witer gerdt o fFraior et qefient & A |
ERTRT-STERIOT GHAT o WT-81Y qeredi i feerar siR g
YA T ot ST T ST foRaT ST T&T 21 eTalieh, Shael 3=9
JeRTIT-STTNUT ST GITH T Bt JehTeT-3Teiyeh qarelf i
efehTiorer TR i STRIT He@Ul BIAT 8 M THRT Hodqor
STOTTTCTaIT SITeT: et JTTaroT 3 27 STefter ATesmt & s et 2, STt
T o e, SffeTeRtoT STR Temfeh STifsRaTsTt & o
UETT T &7 WG | THIIC I a9 Bl § foh JehTal-
AR e ol TH deh STt GTET 3 hrRieTHar ST 1@
1T &, 3 UGTe ohl UTTeT o 3T SI2ehl, S8 STTaIST ITee ATead
ST I, & Ty rar off Afar 2, arfer STmaw r guTet
T SR Tamteh AffrreT &1 gaw duen ghfa
forar < @Rl

eI TR0 o oG ST HEea ol =0T ST FeFho 37
ftar o1 BT 21 STa SehTRT-TarRiTes varel @3 o STt o 780
A T, A1 SO TR BT oh I Ieq~T BT 8 AT T ST ATeh
<11 € O WA 81 S, A i 1t oHT o &9 T 81 St
2 3 orredt Y gerar #§ Wil fiere et 21 gEfee I arcda
ST BT & Toh Soigg i AR BieT ol Twrell &9 & 31 e
ST 3R 376 P AT Tl qoh TE=TT S| 59 363 o
K
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-l gaTert ohT SUHRT ST JUeRROT 37 GfEE T SEat
A 7 TorT & & FETrh {4 3T 81 =41 ST o6 ol A1 = 1-
Tgw 7 STTawT ATeshi o gl 7 R St 2, o 39 O
TS T THEAT B S 81 36 TR, WAGK AT ge-Hir=a
sronTferar, e a1 am w1 firt atefemeren warelt o wfsTa foRam
ST 8, STae % fen-fEh guee § wemEar wd §
HTEATSAT # U T SoiagT T S G Bret 1 AR §
it AT 2, e STaeT gereRtr it gedT § Seoiaid 3
Bl 31 3ok SAfarfic, sTrareT uftae i 3 sfren g s %
foTC =TTk T, HE-SORehT 3TN $eThE ST i +ff werT
T2 ST 81 SeThu R Sl T o Sferd T g YT
& fop goragi TR Bt foreT foreft a1 ety o S7oeft-aoef femrad
T yaTfed & ol 38 YohT, ST JUFEHRT ST fEe st et
ST HUT H T TeRTIT HoCLNOT JUTTAT o T Yegi § G o
ST Heha 21[7,8]

I TS FSITOT UMt i A 3R i Heeyet Heh
TSl BT o FeAT Sedten B B S T rfufspamaty
T WH0T FoeTl ohl HH FT ST 7T BT STGT & S T Searar
2 STl TTCHRAT & S 8 3 JoTfordt o e i e sht
SATATSFATE Fecaqul Bt &—STet T STadeRtoT, ST a1 et &
TIZSISI T ST, TUT e SESATFETES T Tq=H| F Tt
T T S FEor SEIhi T STTawasha gl 21

SRR ST | 37 STuisRmet % foe wifem, wafem ok
sfifeam Sieft s aTqet T ST SR 1 AT ITIRT
o T, iifeR o = o 3T or=at feercar wafia o &
fohq 37 el i 3= AT TR Hfd SucTsdar & HOT 99
T W R ST § AN HieATRA 30+ Bl &
TICOTTEY, AT STTEET 3T ST Feat T = AT o 3uered,
HH AN ATt ST TATSRT-STH I o ToIahTe Al ST hisd
BT R 3HH I Hed SATTIed, HehiEed, BEhEeH,
ATSLTSSH AT FHTSH- ST I T 2

ICIhT S FHTIEIHAT T haet STehT TTAfTeR TET T fft st
2, afce 3T SR, Tae Ui S STohTeT- ST Tareif o arer
3o |k T oft Fref et 31 3eTT IR STR SRTeT-STaeih
o offer TTe STR RIS SeThd 1 FmToT STeid AT aier 2l
TE-STIhT T ST L AT bt TiTe afvfsran woredt it
T Frefrer foma T ka2, forer Sstt &1 6w 21t 2 37 3cure
fmfor < o et 21

T At SR eRTYT- ST TaTef, STV JerashioT Ue gfiae
T, ST ISRF—hT Tl T Hferd s &t v et
TRRTT HIOT SoTTedt 2t <fier war 21 Afs 3 | foredt Ue wew A
&1 2, A1 WO STt BT SRt STfe & et 21 38Ty
AT ST H 3 HZhI bl S-S [FhTed i o arel-
T I8 TehIohdl SOTTTorat o &9 H fesire e o oft forere are fam
ST T 21[9]

ST, T ST S0 JOTTTerelt 3 SRl et 1 e TR
I HAT G Halct 3 A1 ol Q&I 1 ST H HERIeh TR,
e 38 TRATTRITAT &R & ST SR SR T qeh Tg e
¥ ot HEcul iR T wfers #, S SRt o ATer |
T T ST Setl ohT SURINT L &5 SUT ST I TETEAT 6
& gfelt & e amreRr) firg &
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2.4 OR TA-Ta9T 3R FEg I Seuteq

I THRT IO T U Hea Ul S AT SR
3 TR <hl GRTEAT & STl ol BTESISH T ATeefis o Tqere
1 2, 8 S ferrsi sifsren s S 21 59 ik § o o
FETT FHTl hT IUINT HT THRR el BT drer siar 2, o
TIESISH S8 I Sl TFcdl aTel S o1 IcdTe §wel Biell 2
TISSIST ol WS o1 T SU AT SI1aT 8, FAifeh 36k g AT
ST RITITHTSTT T STANT o S helel STt & SU-ScuTe o &9 o
ITH Bra 8, forerdr fereft off e oh1 shteieT ScarsieT et Bl

T T & AT BRIgaFgh it (PEC) Ut 3T Bidish ol
yonfert wgE qeR o w9 § fawfda A oS @ R
BIEISCIFZIhHehe et § TehTST-STa STefaTers Soagrs 9
o SRTRT T TR L STTg -2Ict I Icq L &, I FHwsT:
ST o AT ST AT TeRtor SAffshamel st Tt d
Tl Bleishefafesn yonfat o gehrer-gadt S Stefiar aresm o
T STERTRT o ST § ST bl €T BTggrsi 31 siterdtsi 7 forrfora
ECuR |

T AT bl @ I I TETaT, SEehTTTeh feerar 3 Fm
ATl STt et ST forshTel 81 g1 Al o STt o i Jehra
GIuor R ST forae wiosy i W 3K wad el
HATALIFHATHT T G FA H FEeaqul fHah T whar 21[10]

2.5 TS STSSHTHATSE TUTAUT AR TR 38T
FOT TR IO T STgeAHEES St fiEred A A
ST SUMT SR oAt W § aREtad s i T STt
R T TeRT-STFR AT e AT 2| 6 SihT 1 9T 3eed
IIHEH H IUTEAT CO 3T HTAT I FHH LA o ATY-ATS 4 I
& ST T YT ohL TR olT BT HSTUT AT 21 ITHfieh
TS =05 § UG I8 qoh1eh WIe- [T Jonfer # e o g
IUENT ST HHTEAT ol TR T 2

TSI Hm TR FIWT SRS § SUYw TSRS
TeTef S ST ohl TERIAT & CO- T STT=E fordT STTaT 81 39
A I o Sl ATl SAFRHT BT STANT H e
STSIHTHATEES I hled FHISTHATSE, HeHT, Bifteh 3TreT IT 31
BIESIehTa AMeh § Sl ST Hehell 2| Hl&T IS THAES
TR TI001 3§ T Heca ol el TaTe &, STafeh Herfer i
Hifleh A o3 3o, il aed IR THEE S A
ST R % F & e A 8 [11]

BTCATToR, COZ TR Ueh Sg-3aiag ™ TIshaT 81 o hI0T qehet [T
T H AT 21 36 TIq I=a SRTeeRaT, Farar SR ferar
ATl ST 1 forehT STTarvareh 21 fe 57 o 61 e foam
SIT Teh, dT ShBM TERTeT HJW0T ATeiEd CO, FIRT T haed
SAATY TiE 1 FH A H T B, Sicsh aad et A
BT TETIAT o ScTe T Ueh 14T AT +ft J¥T hd|

2.6 EITAAT TATIT AW AehATehT farehTa

TSR fRT 37 vared fagm § arer o At o g8 ofte e T whm
STERRT FHIN0T JUMfera T FEraT 3R TR # SeeieHa gur
foram 21 A o et ot HEET, ST 31 Hag ot it e
A T AT T TRR-STINNGOT BT TS, ST TAFHT
STt ST ST St &1 Bl SR T Heeaqut e faam R
AT STeieTeTsh, BeU-HEHTE 3T |ifs yard g9 Yehrer
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AT TN 1 BV T &, Forerdr o ot oot T g are
B UTaT 21 [12-14]

e @1 &Y, 3~7a gerd fog I W8 ISRt & fomme @l o) wifa
& ¥ S 3rfireh wEETeReh, e 3R 9 @ o 8 WehTe-
IR, AN THEET ATeTH 3 IR BT T & ThIshd
TUTTeA! | ST i & SThE T B ATelt STl &1 oA Bidl &
3 @y YeRiA § gawr e 2 W wutea yonfort st
TJEATTIIEAT &R & 3T Tgaht TRIeTE 3R 318-STagTieh &R a%
T T ) 39 TR, ATt i et forg # g8 wfa whm
JeRTIT HLHUT hl Ueh SHaE, T I Tad Sl GHTE &% €9
# TrTfir s Y o 7 wrecu e fag A @ R

2.7 FAMAET SR FATHAT et

el R TRTST HoIHOT Teh ST TS TRl ok &9 H
W T 2, R oft 3 AT SRk SN % AT a5
T AT ForerT €1 0 ST ST 2ETT 36 & T T
HUETSH! H § T €, F(1h FAHT JOnfora 3 shl Suersd st 1
e Eifird AT € SNt Terte e f ufatda o 2
TEh AfTh, AT TohTeT ST TEmIe AR % Hoeh
e ¥ g TR T &OT ST SOTedt o6t SeepTiorsh et b
JuTfere SRt B[15]

I AT it Uk HEeaqul STl €, ferivernt del Sfe SgHed angel
T ST ST ST ICTHT oh ST FohaT ST 21 | &,
ST T O A JUTTCAa 2T s FHT T8 A AT ot 1ohT
Sifeeraret, ATt SucrsHar SR Sfra i S e &
FRO FHiod g B 81 37wt Ef & e % g
SEIeToRI, STeIehTIcTeh S NI STTHUT I ST 2,
Forem Srsenfiehl, warel g, e fagm ofit SShifafor &
Ui TATE R B UH WIS STHT ST & FHom e
HIWOT Shl e AR A Eefd STl FHTL % &9 8 T
T B [16]

2.8 TATARUI I 3T ATHTITeR WEed

T TRTIT TNV T I qad Sl Sedrad i e H uh
ShifaehiT dehrioh o €7 H I T 7, S Samey $eMT W agdt
Afreh T1SIelT shi o8 T 6T &7l T 2| g shi 37er) Sl b
ST L ST S el STFHATHATES ST ST HATEHT & S8 3R
THTIAT 3T ICATE $9 o1 b TTaROT- 3T STl 31 =ifeh 390
Sfshar § T STgSTiETEe T . SuAT foha S 8, @fere 7w
TS T2 et =05 ! Micatted et &, fed ifiverse |
IS H FHHT TS ST Fehell & S Sierarg qiae o S b
whfera o ST @han 21[17]

30k STk, S TehreT Sedwor swierss & faehsfigra St Scdre
T ST oAl +ft AIHR T FhdT 2 BIE-ET I, T &9 &
TTTO SoTTforat € o STeRTRT Sl SUCTSET o SATIR W €e $a
T oot AT T SeaTe L Hehell 2, TSRt ST Sl €T 371
sl ATfe sfgeret o i s 7 foy w9 8 gretst 3
forsprarsfier &t o forg wmeRTY &1 wehar 7, SRt aRafe et
ST HfHd 21 39 THR, FHET TR G0 T hdd TS
ST HHHOT 2T T ST, Sfeh STl GaT, STTCHTHIAT ST RIaror
&1 % & i o gge HOM[18,19]
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2.9 Wt T AHTIATE

Tl werelt Y @IS, ST YT Tesirg i grmorehg trefei o
1 T ST ok 7T S TeRTRT T T ok fersy ST SISOl
faamé &ar B T sreleres, F-wta aftry s it gedt W
SR AT H ST IR 36 qohei1oh ohl Q&7 et 3 Ara-
THTTIAT ST ST Seat ST 18 2 J8l, I=Td SYHT FEsiTgd o
TTEH § ThTIT-STTRIYUT, STTST Iare ST TETIfieh STaTor shi
THIhd F FTeft Jonforat fashfaa it S Tt 2, S Sit 71f Bt
o L FHI TSI I STt 8

T8 1Y &, TRt Hiefert s &ifaen TomTd waret o om,
Afufsrm do T Serhe Tferametl i TeUE ¥ gnEe § uerh
forg 21 1 ) S EnTICReh ST hi 31freh afird S e
ferm firereft 21 forer iR g fererer STqeeT SRt o wftomeEy
FO TR Foguor wiosy § Tt Set gonfert s U
TECEUT S I Heeh o Fehdl 2, SiT TeS et IcdTe, et
Tee SR ST geaT S Atk et I w # fotas
CIGEARER I

3. IUEER

3 TRTST IO ST Frott Hohe SR wRAtarofier SRferlt
FHTET i fowm § vl & Wi i1 U STl wTE S gt
TRITH R SeRfceh FehTeT Eo3wor, R qest W Sfie @ Hva
AT, 3T & RO TR T8 Tk 1ok G o6 STehIRT SEft 3187 St
T TEE e ST § aREfdd s o1 e WEdt 31 39 ik &
T § ST TR e SESHTaATES S8 ST ST Eed SeTe
UGN X BISSISH, HEHTCA, BifHeh STFe AT 317 ST T
ST SeaTeH fRT ST Tk 2, S Toes 31 Tdd St Jfersy ol ffa
T Ghd B

TS o1 Ak o1l Here JEedq: Siamed 3691 o fit &, fees
T FHTe SETHATAETES o, STy TR TR it
&0 ST T TS 3e0T 81 T o) U TiNGRd H HOM e
HEINT Toh AohfeTeh 3T TATeT-3The AT SR T 2
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T &I HT1 ol YA HT TERAeh Sl ohl HSHT T hared Tl
IS Sl TS ST 2, Ffeeh Hlad-Age AT FHIe-THHIHE
ST =156 i AT TGTET o 3| ToRIY &9 & e SHTRTES % I
SYART FRT IE Tohr1eh Hered |l Sl THe & g ¥ o
TG < Wehel R

BTCATTR, SAHT H SR TehTST HoJW0T BT SATARTRER SUFRT 3neft
foreprarfier STaeT § 21 W Fell ST &TAT, T TaT A
refehTicr &, 39 AN SR oS TN W FREET § T
qohe1oh! STTEAATE $Heh ST SUANT § ST Icd=T Shid 2| 36
ATESTE, AT, TaTef forT, SeeT STR Sorehiy wiefi §
B @ i wfa 7 R o efieefit o w1 T
TefeTe TaTd, JeEft W SRR AT § IUed 3 3R I
ST TEsTe 30 qerieh i 3Tfae Fwrer, feor it fepwmmrct
A T fawT 7 et ifteR T @ €l

ey o TRCIET H, ST TehTRT Hogwo forehaiehd it Scare i
ST ST i TR T TR 2| T TR O T Jurerat
e T SRR & S AT Sl aTeen! B SedTeH R Wk 8, fed
RS SR FHeA-a e &l § ot T S5 & TR 38 T
A Foll G et afch sfier Si wmTforn ok i ot
st formm)

TTod:, 0 TRTRT TN A TF A1 AT v
TE, afcsh i 1 s, wdd ST gL il Jorelt i T
TSR WA 21 AR, dieferferss 3 Hediiensh STqeee &
T § € deh 1oh A ofTel @0 | Feflertofia Seit gonferat o6
T TRV {1 Hehell & 3T HIE HHTST bl R ferer-wgford
St ferer i 3T S ST H fortereh syfirenr forvm weheft 21

4. AT [TAA

TG 39 1T 1Y o o He Hie Aot i Srenfih foraferener
TG ZRT YT T T HEARTA oIt STt g &g aifden
SIS JIUT L & T TG o foTg Farq 2
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