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Summary/Zusammenfassung
{ dzY Y I N2

CKS AY 2F (KA& GKSaAra ¢l a (2 LINBLINB |yR
AY RAFTFSNBY (G RRANSSHVAsARY VAL (T NEWSRA YIS Vo NR 36 & | NG/
FAONRAzZA YSYOMRAYWSWa&k2 obENBESTFAONRIzA alLkRy3Sa
O2y OSLIi 61 a (21 &NAYKYSINEINIKKSA Of At 6 NI NHzO (i dzNEB &
Ay Of dRS y ¥l ONRE QR By dihRY @K MY Ry I SNDO2yySOGA2
0KS FH®RNE { ¥ ON2 Y2 SO24 | NP2 HNRSEEIRSHATY SR a0
GSNBE OF NNASR 2dzi (2 LlzNBE IS RASGENSS Lddzy LIS
FaaSyofASao

CKSNBE A& Iy AYGNAYaAO O2yFEAOG AY YIFGSNRI T2
GKAOK Aa | ORIAFCYIRE ANI2IYEYSNI yIYy2FAOSNE 6AGK
6t Saa GKIFIY mnn yYOo 0@ StSOGNRPALAYYAYID | 25°¢
Sy2dzak (2 mKANERR SI LMBfIIAOI GA2yad bl GdzNF £ FTAO
NEO2YoAY!l yii OKRMERSNYyEBIARYY@F KAIK aiNBy3IiGK
gStt odzi OKSIANTR O3t ASGIIKASING &2 oA & O At F oAt Ale
FLILX AOFGA2yad | AGNIAIKIGF2NBINR O2yO0OSLIi G2
LINBaSy SR KNP dz3 Km50 KIS2 { IBNBINBENI2U/M20yNA 2B ot ! b
St SOUNRPALIAYYAYIS HgKAOK ONBIFIGSa FAOSNA O2y:
O2Yo0AYylFliA2Yy 6AGK KyaSRDYHEYK SIANGDE MR S y25F It & O
oAal T ARISP G DAY N @DEK A fcn c/ MAZEBL BKEINESYTOHK
O2dzZ R AYyRdzOS | KAIK FfA3AyYSyd 2F FAONRE &AZ
dzy RSNJ G Syarzy O2dZ R €tSIFR G2 Iy ITARS 0Oeof 2t
2F t!b FYyR 0Aamnil RS KBNProrlGNP AT NHAm dzZNBa | Yy R
@I NYya 6AGK RAFTFSNBYyO AGNBGIOK Nradaza i wmcn
YAONR &AO2 LR oWoyawys alastaiNeRasStRy NG 86 AARCH kialiYS NERfy
Iy RY &atiiedz RA T F NIYOSIWARY D YOSK S dANISNY & 20600GF AY SR K
AG0NBYy3IGK 2F MHoc B nn atl > | Y2RdzZ dzaz 2F ™Mo
B HM WKk3IZI gKAOK INBE &AYATI NI LINPLISNILIASA G2

CdzNJi KSRSMANF SR H5 L2t | NAAN SN dzdK 2YI2Y additAyySSza OrSNE
O2y2daAlI SR LIt &YSNI 6SNBE LINB LI{ BRI R2YWRSH1ADY @S & |
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RSAAIYSR (KNBS REAGFt NHK BA LI2fF NAT SR LIK2G2€
f262 a0 | WIR2 G HZ2ORYyRdzFR SR LI2 { & MEWHIzOSNR | 3 3
SYAaaAzy o0! L90 LR{feYSHRYAHAI OSROGNRPALNY YIRY
AyG2 W5 FAONRdAzA YSYONrySs AAO0 FfAZIWAYy3d (K
AGNBGIOKAY3A G wmcn ¢/ @6AGK | &adNBEGOKE FNG2G A 2
ANR dzLJa G K 18Iy AalkG2Agy 3t AgKKSlyY A Y GSN)I OGA2ya o0SGsS
fSIR (2 (KS TERNSYyREROSFHOS | X¥BRPdza YSYO NI Y
SEKAOAGSR | LK2(G2f dzY oS DS YRS OKdzh (i B Y& NP £
AAtYSIw2yadzZal SR L2t & YSNIP S5idgbNIia XiKS2 Yo yNINA d
FTNR2Y GKS yAGNRASY |G2Ya Ay GKS Oely2 3INRdz.
G2 GKS F2NXIGA2Y 2F KAIKEE Y20AtS UGNRLI S

FYREAFSGAYS dzZld 62 M a9 aSrygKAfST (GKS&asS RS;
YSOKIyAOlLffé NRodzald YR FtSEAO6fSET sAGK | |
atl FoOY YR (2dAKySaa 2F vt p 7 WkIP ¢KS 02
0f dzS f(SASSaMR2Y G SYLISNI ( dzNi NALIKR2 B LIKR NP & RS §/
OY®OPYKSNBY (i LK2G2y dz2LJ02y @SNARA2YU0SE YSOKLFYyAO!
FAOSNAER 2L)Sya dzJ ySé | @Sy dzSa F2NJ I LILIX AOF GA 2

la aK2gy SOYARKS nilotNBE KAIKE e | fAIYySR &l Nya
0K2dzal yRa 2F AYRAODARdzZ f FTAONRTE &> 6SNB dza SR
f SY3JiK RAGGNRYAINDSZE A aIAVBEI 32 TSAKSSUK2R T2
LINSLI N GA2Y 2F aK2NUaSHLEOKENRADEzy IRRHESRRE A
f 202STFFAOASYG 2F OFNAI G2 PONBOdzd G HY A 2IND X &/
KAIKE& 2NRARSydSRZI shajufiigs exhibibtunable M3pécdratids argla S

narrow fiber length distribution, representeby the lav CV values in the range of 15

to 20%. The 3DF A 0 Npnigés obtained from these dispersions by fredrgng

showed similar pore size and pore size distribution but significantly higher
compression strength and modulus for sponges with a I&w&lue of short fiber

length. From this, we postulate that the mechanical properties of sponges could be

tailored over a wide range by adjusting the fiber length, whiobvides an additional

tool for the tuning of sponge properties in addition to chenhizcaatments.

Ly O2yOK82aH8z¢RSENI @Ay3d O2yGSEG 2F (GKA&A (GKS&A
GFAf2NBR LINRPLISNIASAE GKNRAAK GKS 2NBFYATF GA:
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RSaA3IYySR M54 Ak NRAMAK (8& NYTaA Iy YSY I LR YRSOAY Y SC
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YSYONIYS YIRSO2¥RRBMI G6Ry L2t &8YSNI SEKAOAGA
LIK20G2f dzY AySaoOSyOSed ¢KS AYLI OGO 2F GKS FA0SNJ
2T o5 LIRNRdza alLlRy3dSa Aa Fylrftel SR ljdzZ yaAdal G
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9&4 3JIA00G SAYSYy AYyGNAYyaAraoOKSy Y2yFEAl1d A
0ST NIFESMNIKCKRKA ITSAG dzyR %NKAI|SAGET 6St OKS F
bly2FFaSNYy YAlG &aSKN 1ftSAySy 5dzNOKYS&aaSNy
11 YyySyod ¢NRGT FEftSY aAyR RAS&AS SAyl StySy
GFGANOKE AOKSY | WBOKBIDI D6 Siydz2S [ R¥IIA Y A SNBY
GAS RSN ! 06aSAtTFIRSY RSN { LIXKFIES 2RSNG NF SN /
BLNKAT]ISAGDP LKNB 9Ayaldl vyl 3t AOK1SAG Aaid 2SR
K2KSy tNBAASY SAYy RSAHPRNISBLRG dzy K2KS cSaidaiajg
I dz SNNBAOKSY 6dzZNRS KASNI @2NBHSaGStfd RdAzZNOK
DIFNYySY RdzZNODK StS]TIUNRALAYYSYyd 226SA KASNI DI
Y2Y0AYVHAIA 28/A Yy SNI aLIST A ANVNQLFSWEa $y23 2 SREE t 5§ W
Ot AD Y SOUARYKSINEIS A G SUNDK ¢ zZNREPPdzy 3 6SA wmcn
FOKGFF OKSY {GNBO{dzy3aFTl (102N 12yyiS SAyS K2
RSa DINYya SNNBAOKG 6SNRSy davzy & SNMIOKEIR G &y R
ISGSYLISNI Tdz 6SNRSyo® HMRE RRNEKNZY | dz ASAOKSI
bAGNHELOLISY RSa& t! b NyIRARD SNEFINISWRR BE v t5RB
al {NRPAGNHZ GdzZNBY dzy R YNR&GEFf €t 2NRASY GASNHzy 3 F
{GNBOldzy3asrh]d@adBy c/ dzy 0 SN& dzOK (i = R dzNJD K
wkaGSNBE STUNRPYSYYAINRAT2LIAS O6w9avx mRSNJ LJ2f
dzy R Yt SAYy gAYy 1St wlyy (eanSydaiSNGRIzdEFyTINT dzfi R Y S G NX S«
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KFoSy SAYSY K2KSyYy %dzag ARSNRW RIZR G2y mMa dp 5
Dt I dzyR SAYyS K2KS %NKAI{SAG G2y MoT B HM W
1 dz RSySy & !o0aSAftFIRSya Fdza {LIAYYySyaSARS:

P
(0p))

In Section 2.2vurden Fasermembranen von nicht konjugierten Polymere, welche 2D

polarisierte Photalmineszenz zeigen, hergestellt und untersucht. Wir haben drei
Hauptregeln fur die Entwicklung von polarisierten Photolumineszenz Materialien von

gunstigen und einfach verarbeitbaren nicht konjugierten Polymeren oder
Aggregatioanduzierter Emission (AlIEplgmeren aufgestellt: i) Elektrospinnen von

den nicht konjugierten oder AIE Polymeren zu 2D Fasermembranen, ii) anpassen der
Anordnung der Kristallstruktur durch ausreichende Warmestreckung bei 160 °C mit

einem sechsfachen Streckfaktor und iii) Nutzung Wamktionellen Cyanogruppen

welche Lichtemittierung zeigen bei Interaktionen zwischen angrenzenden
Cyanogruppen aufgrund der Ausbildung eines erweiterterf & & (i SDiea
Fasermembranen haben eine Photolumineszenz Quantenausbeute v82 &) dies

ist ausgezeichnet fir ein einfaches nicht konjugiertes Polymer. Aufgrund der
Beteiligungdesif « 0 SNHI y3a RdzZNOK RAS {dAO1adt2FFLF (2
I @AMOKSYy RSy {e8adSYSy «oSNINARGGS ¢St OKS 1dz R
%dzA GNYRSY YAU vdzr yGSYySyS3aAaSy @2y dzy ASTFNKNJI i
& FTNKNByod 5F1dz 8AYyR RASaS SNJ SdaAGSy w5 ClI
Tt SEAOSNI RWAKSYSAYISST ATAAO0KSY %dzaATSAGHARSAIG
SAYSN) UNKAI|TSAG @2y 1T B T WKkID 5AS Y2YOAY
0f I dzSNJ [dzYAySail Syl s &26AS tK2alLkKBNBASESYI

I dzaf | a OKdzy 3 6tyKa2QiKly Sly2 K NoktiSoySidgi S0 YSOKLEF yA & Of
Ct SEAOAT AGNIG d2f OKSNJ ClFaSNXYSYoN}ySy SNI F°
| Yy3SYRdzy3SYy @2y L9 LRfE&YSNBYyO®

5F NNOSNJ) KAyl dza& ¢dzNRSYy K2O0K 3IS2NRYySGSy DI N
AYRADGARIzZSt f SgeY CRABNYA BBy dzd GRSNI [ NYyASy @3S NI &
RAS Y2YLINRYASNDBIFN] SAG RSNS GiGeaayN Y8y S| dy SdaySi
aSiK2RS RSNJ CSNIA3dzy3d @261 & kRA § 1S NBEAS yUSNE
12y 0NREEASNIGSY CFaSNI NYiITRSy2 STRNG S BHE/RWRA Sy
aAINRPAOKYAGUGUS RSNI Ydzf GAFF AaSNKIFf GAISYyT K2OK
KASNFNN Syligr0]1Stiad 548548 VYdzaNI FI aSNy 1SA3S

12



{ dzY Yl NB Kk %dzA | YYSY FI &dadzy/3

a0KYLI S CFraSNINYy3ISY@SNISAfdzy3as RIFNBS&aidS
H NAFOATAGNGA]T2STFAIASYdISY YAG 2SNISy @2y
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GSNHf SAOKOFNBE t2NBY3AINI GSYy dzy R tKANGSYNEINI Sy
Y2YLINB&aAA2Y aaRdEN] SySAdzy[ROKaEZNYYSY YAl yASRNAR
1dzNJ SNI ©@F aBINBNNIIS 11 YYSYy G6AN LI2addzZ ASNByY >
9AISYaoOKIFTUuSY NoOoSNI SAySy 3INRGSY . SNBAOK @2
ClLaSNXNy3aS SAayasSaiasSttia ¢ SNWSIyS dga yiydza MR TRIAANIDH
OKSYA&aOKSY . SKIyYyRfdzyd FTNNJ RAS 9AyaidSttdzy3
g dZNR S @

5SNJ 1 dANHzy RSt AS3SyRS Y2y GSEG R as
YAG YIFaad3aSaOKYSARSNISY 9A3SyladE&NITFded WA REANIZK :
2

KASNI OKAAaOKSyYy { (NHzidz2NBy dzyR SOKaSt gANJ dzy
5AYSyanr2lyyyai S¥a RNBA dzy i SNEOKASREf AOKS CI &8
/ KENF1TOSNA&AGGALFr AY dzyiSNBOKASRf AOKSY 5AYSY

5dzNKy 3Tt SAOKS | dzZa NAOKldzy3d dzy R F dzAa3ISLINN3IG S
blry2FAONREE Sy 6SAaSy FMYSS SWHEYISK Vf GIBN2 yM 502G
CSAaGAILSAO | diF RO AUNK AA] BAEI] 2LIAA0OK 3IS2NRYSiGS
VAQRY 2dZAASNB8PY t 28A3ISy  LIR2fFNREAASNILGS o6f | dzf
OAYFfdzaa RSNJ CIFASNINYISYBSNILISAtdzy3d | dzF RA
{ OKGNYYSY ¢dzNRS ljdzl YGAGFGAD dzy G SNERdzOKG d | 2
YI 3t A0K ySdzS al S NMISINGSYy SR BNIOIMPRAESYAILE YR/ISHA C
A0KI FTFSy o
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1 Introduction

2F GKAA GKS&aAa A& G2 LINBLINB YR
Ay3 dzyAljdzS OKF NY OGSNRAGA
-A2yaKALl 0SG6SSy GKS Yl
PY2f SOdzZ | NJCEN@&FSSTG@QXEJNSBKS’Y&E
2F St SOUNRPALAYYAY3I FdzyRI YSy il f & :
0f ASasz gayft (RS 2RREBBEASR Ay (GKA&a OKIL
AljdzS oAttt AyOfdzRS GKS LINAYOALX Sz YI 0
JGS &adzooYAONRYSGSNI FAOSNBR® ¢KS TF2ff2¢
ONROF GA2Yy > LINE LISINNPASSLAdzyF YTRA 6TSIN0 O-(15A82S/Y 62 FA SSaf
FTNRY RAYSyarzyl f OM50  TRAAOYNRYUZIA 2 Y I 61 SNRAH S A = T
YSYON) ySa mMAYWRSYBRKNRES f 6050 FAONRdIza alLkRy3dSa
FTAONRAzA YIFGSNALIt A F20dz8 A8 K 2R3 yDEORYY RGI K
AUGNBY3IGK | yRI KARIKTANAKY SERGSNAII & 2y GKS
F LILJX AOFGA2yas YR GKS ySg 1AYR 2F 05 FA0ONER
FAOSNI f SYyadJidK RAAGNAROdzGAZ2Y 2y fiKASAINI 2YFS OKK &
OKI N} OiSNRaiGAOa |yR FEfAIyYSyld 2F St SOiGNRa
RSAAIYyAy3ad (GKS o0SKIGA2NI 2F St SOGNRaLMzy FAOS
YR NBOSyid IROIyOSa NBfFGISR (2 GK& St SOGN
AO0NBY3IGK FTYR (2dAKySaa 2F M5 FAONRdza YI
YSYONYYySa |YyR dzZf NI € A3IKG 05 dzyAF2NXY TFAO6NRA
0KS OKI NI OUSNR&aGAOA YR FEtAIYyYSyld 2F St SO0
KS2aa2SOGADBS OfFNATFASE GKS FAY 2F RSOSt2LAY
FTAOSNI I 3aSYotASa Ay GKA& O2yGSElGO®
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Md®m | AIK AGNBY3IGK |yR (G2dzZa3KySaa 2yS RAYSya,
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YR TfSEAO0fS o0l GGSNASAST NBIdzANB YI GSNALf &

FYR (G2dza3KySaa o6F gSNIF IS oNBF1Ay3d SySNHe 27F |
| 26 SOSNE KAIK a0NBYy3IIK YR KAIK “"CRKdzZAEYy Saa

GKS RS@St2LISyd 2F KAIK auGNBy3IdkK FyR {2dz3
GNY RAGAZ2YLFEf@ o0SYOYNRIYAES(H OBHHIBSEY ®BAVNBY 30 K
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1.1.1 Natural high strength and toughness fiber materials

wSOSyiitdaNg fy YFOSNRAFfaAa gAGK GKS ORWGINGER GA2Y
p22RI 02yS>Y GSSIKI AMAUORBRDHKHEHBDSS KIANYNEIZ Sy
YEye | G@PBYGMBYRAOSNI YFEGOSNRALFEf AT GKS yI (dzNT €
FNB G2 2F GKS (2dza3KSad YIFIGSNRARFEA (y28y 6K
aAYdzZ (1P%SKkSzad R S N RANG IS VATF/ISK aNMB P2 NIISR 2 F MO
OKFG 2F GeLAOKE KAIK GSyaiatsS SyarAySSNAy3d &
f 26SNJ NBf I § @Y RBKIaWR (BK GMaiBSd oyodkyA £ ST G KS | B¢
ONBI1AYy3a SySNHe F2N) 0KS alYLXS GKNBIFIRazZ Ao
pon °Wkiddha 6ARSt&@ 0StASOSR GUKIG GKS SEOSLIG
I NR& & Siga KFINPIONBLayli2l £ & GKIFG dzy A GSNEI frd Brf &2y & A &1
V)

L £ I RE LR & AWEKPS SUIK SyalSy 2 ONRB adGlfax o02YyYRS
F3aSYotftASEa 27y KEIRARBHEBY KRRYRBR 2NRSWI & R2YIlA
ASHN2NLIK2dzda YIFIGNRAE O2yaradAymiNNDORINENEY b
KSt AOSh dzNgEERA FdzNB P meS F NBaSF NOKSNAR GKAYy |1 GKI
SELR &SR (2 igsiSIIi0 /ot Wi2EONRS A y T2 NDS G KS LI NI 7
2NASYGSR YIONRY2t SOdzf  NJ OKFAYy&a o6& F2N¥AYy3 ;

0SG6SSY OKIFIAYyA dzyRSNJ £ FGSNIE f2FRAY3IZT &AAY)
LINR G"S A yRaSB/ OBK SSO Yyl y20NRadlfa LINRPOARS 02K
L2t @LISLIOARS adNryRasx SyloftAy3a GKS | Y2NLK2d
NBadzZ 1 (KAKBBIHOYdzNBRONEAGI & 200dzNBE 6KSyYy
YR f1FNAS 21 Rao
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Ski ) B-sheet p-sheet
" Silk nanocrystal nanocrystal

SpigeRweb fbrils

Electron density

Core Hydrogen-bonded
Semi-amorphous phase B-strand

Major Ampullate Silk ~ Minor Ampullate Silk
gragline, radii auxiliary spirale

Flagelliform Silk
catching spiral

Aciniform Silk

prey wrapping,

soft egg case
lining

Tuliform Silk
tough egg case

Aggregate Silk
glue

Pyriform Silk
attachment cement

CAJuibMSE OKSY I GA O RFOIKSA KA BSININDA £ 1 & i NHzO G dzNB
G2 YIONRB AyOfdRAYy3I kKD BN IiNBlYt RI rrasnRine 3 i
AONIBRES G yIy2ONBlayid dAYELIE2 8 KES SN aGATT yI y?
AY | a#ATYi2SNNDKE2SIYEA IKFABNAYVRIAHKAOK | 3aSYofAS
aAf ] OFS\LONNSYAS R g A (I K H@IR NLIE ANavaNkal y { 1INy I SIRIT bl G d:
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{ OKSYI GAOAR2NB2SYiIKS AAE RAFTFSNByYy(d GeéeLSa 27
WSLINARYGSR gA0K SEISNNMNARMaMBY O FTEHEB YA RSBIF Ly O

Web spidersAraneg, the most wetknown order of thérachnidg benefit from their

silks every dg. Scheibekt al.presented that some spiders, such as femaleealers,

produced up to six different types of silks @hg” S : M&jaiz8npullate/dragline silk,

minor ampullate silk, flagelliform silk, pyriform silk, cylindriform/tubiliform silk,

aciniform silk and aggregate silk gi¥¢tiC A 3 dzNB MPYRY a8 (K& B airft 1asz
ampullate/dragline silks show a good combination of high strength and toughness, as

shown in theTable 1.1 C® + 250f NJ/T@R A G A 3 § SR FIKSNIYASK | /R C
RN} 3fAyS 32t RSy aAf {1 LINPRdAzZOSR dzyRS™MNI RA T TFSNE
FYR GSYLISNI GdzNBE OFNRBY p (2 ®mAT &/ @S KKSSY
YSOKIYAOFT LINRPLISNIASEL YR O2yaiNNEGGa O6AYy
NEfS AY RSTAYAYB Mkt aligp@tedd AR RS RNAKK § ©A y (G S
AYGNI aLISOA THNESRANBOKNBEW@DIE AOKEF N OGSNR&AGAOA
FNRY I NIYy3IS 27 3LNBERSNE RNISTSYE K BRIRRYSER RE S

t Adl dBROKRIES | f a2 Aa0BRABRSOUKSSEX¥FIO0GLISSR 2y
LINELISNIASa 2F aAftlyY O6A0 . NBIF{Ay3 St2y3aldaz
OAAA@ _Y220R/0F dza AYONBIF &SR gA0GK AYONBIaAYy3I N
NBalLRRyasSa (G2 GKS NBESt RwH SHBSRRABMNBY 8§ 25y 0 a
RAIFIRSY¥RGYzATX S6KAOK adzA3ISEA0GSR REDTFSYBNIOASHE Ay
RSAAIYSRYIOZNWERING 6§SR LINRGSAY YIFGNRE Ay G(GKS
Ydzft G ALY S ki SR AGIFWENINF GA2Yy LINPOKSIAEA G2t T dzl
LINELISNIIASa 2F GKS YCAHEHGNGS RS BT S NEy & LXK &S INJ 2
TAYO 0%y GAGlIYAdzY 6¢AO 2N FfdzyYAydzy o! o
ALIARSNI RNY3ItAyS aatilia yR (KSYSQwWead&yi Ay@AS &AM
YSOKIFYAOFE LINPLISNIOASAD ¢KS g Siymotd &I vk NBKS | |
2dzZAKy Saa pizld din®p MMRYARNI F yif ex GKAa NBadzZ G ¢
LARSNI aAf 10 O2dz R LRGSYOGAl f fie BYNDS OSa GIK S
GNBY3GK yR (G2dzZa3KySaa 2F 20KSNI 0AZ2YI GSNRI

Q)¢ [N

Qx
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D

¢l oM SOKI yAOIf LINPLISNIASa 2F (KS RAFFSNBYy(
ALIARSNED® +IfdzSa Ay G¥was GFrofS I NB NBFSNByOSI
Silk Strength  Toughness Modulus Extensibility
[MPa] [MJ/m?] [GPa] [%0]
MA/Dragline 1290 145 0.3 22
Argiope trifasciata
M 342 148 8.5 54
Argiope trifasciata '
Flagelliform 500 150 0.003 270
Araneus diadematus
Cylindriform 390 128 9.1 40
Argiope bruennichi
Aciniform 687 367 9.6 86

Argiope trifasciata

CRLIAOFE O2YYSNDAFE &Af {1 62NY aif]l KIFIa Y2RSNI
I G4SyaiatsS adNBy3aIGdK 2F Fo2dzwi nop DtlxX (2
St 2y 3l GA2y:: @FRIS$ o FddoNH ©OF § SR GKS | NIATFTAOALI f
AYY20Af AT SR aAft162N¥Ya dzyRSNJ aGdSIFReé FyR O2y
GKFG ' NB  &dzLJS NR 2 N tiRReS &y I NiRIEND NJf R adLsdeyi 20/1SS s
LINE ROZONR Yy ASNJ YR Y2NB ONRGGES FAOSNAR d Tt
dLISSRa ftSR G2 6SIH1ISNIIYyR YBNBSFGEASYaEaNE TA
O2dzZ R O2 YLI NB SHLIKBIINR S K2 R MIA AKA ZISIIAAY PR KRA@AH
a0 NBYAIK FTAOSNE RANBOGfte FTNRY aratié2N)¥a oe
YR I NDMKHAENE mdbaCHFS |/yBRIST 02SNRRSRAVMADAR @2 0 &
FSSRAYy3 Oly O2YLI NB 4S@Ky GKKSS axiUSRS NIAT A 0 SNE

CAZNIKSNIX¥2NBE>X Ay 2NRSNJ 2 AYyONBI &S GKS LINER
FNLGAFAOALIE aAf | ¥ ADIONEY MENBNRSINGG RYLISYRG 02 LIAL

QAL YSGFro2ft AO0Fffe Sy3aAirdd SN RRI9GIS 3O 20 KAS 21 NNIGANE

200K AYSR KIS YSOKIFIYAOFIfT LINRPLISNIASa O(GKIFG o
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YIEGdzNF f ALR'REREANBRAENSFADSNE® adAftf I K2te 3
KAIK &0 NBdZHKG KF MIYRTFXIOA Lt aAt]l FTAOSNE aAYALLN
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CAJddetS OKSYII A0 RSAONARLIIAZ2Y 2F AINRPREBMBISR Y2f
O{YINP RddZOSR o6& (KSOELEME &BLINY TR NS R&E BEE 0at LU
OdzNIBSa 27F aAf | FANASNGGEK-SY LIt &gy Ay oSt dD6 L + 0
Ad2 LINDEREAIRRIZK 8S SELR&dzNE LI ANA yR 02 YL} NA
al YL S& (GNBFGISR 6AGK @FNA2dza RAFFSNBY (G LINEP
NB®D / 2 Z&NIBHKA YSNAOLY | aa20AF0A2Yy OB2MNI GKS
{ OKSYI 0AO aK2gAy3d GKS ylFGdzN» £ LINRPOS&aa (2 A
aAt 1 62NXVa SAGK YOZ IoOBNNEG X BK O/SE ¢ & LANNIEDw &2 f
GAOK ADENE Y "ONP Y2 LIBMBIMB K YSNAOIY & ESYAOFt {
O2YLI Nrazy 2F GKS aiNBaa B YWRSRRONR A A tAT TFa
OWSLINRA Y (SR ¢ A KVELIT NIV RRahGAGRKYG | TENGPOW SNNS T dib+ @
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1.1.2 Carborbased high strength and toughness fiber neaials

/ P Nm2WEMSR FAOSNEB INB 2yS 2F (GKS Y2ad I adNF Ol
tKS ObN®HEGN FTAOSNB 3ISYSNItfe AyOfdzRS OFNb2y
FTAOSNI 6DwWCUO 2 NJVDRE K2SE Al RLSLIf TAAGH SiNU 20/AEC 0adezO K | &
FAONR dzAa 'OR QRdzZO RNE X A OXAMa R f MSER@BISAND MR OA (2 NA
FYR ftAOKAdZY KA DY OISBYSNMS®SEI 21LISR 2gAy3a (G2 (K
2F fAIKOG 6SAITKIZ adzLISNA 2N O2y RdzOGAQGAGEsY 3272
322R O2NNR&AAZ2Y | YR ¢2RESMRNI (SRS t NBSyAda (Y $9G Kile ypA
SALISOALfte YySSR (2 06S LRAYGSR 2dziyY /FNDB2Yy
KAIKSNI 0KIy wmn@ g diy R OFNIWRIZOKIST Dw A (K
KAIKSad YSOKIFIYyAOFf &GNBy3aIGK 2F mMon Dtl |y
RANBOGA@Ke@as f20a 2 7 SNB/A SIFSNIONRKOKMEY 3K FFRINI KA I K
02dZaK O NPRYFAOSNI YFEGSNRIFf aod

¢CKS /b¢ FAOSNI A&a 2yS 2F GKS (Ge@LAOFt wm5 | &z
gFa FANRGOG LANPAWEBRyaR{ClRsZ GKNBS YIFAY &L
ADPSd a2t dAPARYNIRALIA VPF AR A VSNE ISE (AR FNIA Y B E A
FAOSNBR G6AGK RAFTFSNBy(d FaaSvyofte &dNHzOGdzNBa
CAIdZNIDS i RINISB SY YSROUGKIKE / b¢C YIFIRS FTNBY &a2f
AK2NIi FyR RSyasSte LI OlSRT AA0 /b¢C YIRS 7FI
O0Kdzy RNBR& 2F YAONRYSGSNEOE FfA3YySR odzi f 2
FSNR ISt aLIAYyyAy3d ¢ SNB Gl 3/aT SRdz diiiz2 MY¥R2E X R
51 f8@FHONAOITMISRIKAdZAIBNAKt ! O2YLI2AaAGS FA0SNE
2T mMdy Dtl FYyR | &dzZLJSN) KAIK G2daaAKySaa 27
LINE GCS\EHadoNBt e B2dzy R KSt &FXNBIR ¢ D2 NRIKAdzE Y
YIy2(idoSa sKAOK O2dzZ R LINRPGARS 'y AYLERNIIFYID
I AAYAE LN FdzyOlAz2zy O0SEGSyarzy Ay GKS | Y2 NLF
G2 0KS ALIARSNI aAt|l FAO0SNEO® S¢ K dzdisNA DA SRdzLIS N
Af AL IS 06S06SSY AYRAQDGARdAzZEE ylry2GdzoSa oA
O2YL}2aAdS FAOSNI aK2ga | KAIK AGNBYy3IGK | yR |
f2¢6 OGKFG OKIFINBSKk RAIADER NA &LISINID IS Bp FIRYW2 NH /O iSNB
L dAKSGy2did AYSR  aAAinAd S NN MiEA SR / b¢e @ |
AYUONRRAzZOAY3 GoAald RdAzZNAYy3I ALAYYAYy3I 2F YdzZ (A
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y2i 2yfte LkRraasSaa KAIK &0GNBy3IiPRrR Adidki GIKiSa 2
RSOSt2LIYSyd 2F GKAA YSGK2RX GKS (SyaatsS ai
Dt ICA&@dzNBeeop@yS {/ b¢ odzyRft Sa ¢AGK GSyaArts
GO02NNBaLRyYyRAY3 (2 |y SyaaAySSNAy3d GSyartsS ai
A Hnmyd ¢KSAS 6SNB RSOSt21LISR o6& | SNRp3ST
FTAOSNE A YCABKANIODZIMNG RTIO0NAOIF GSR / b¢ odzyRf Sa&
YdzZYo SN 2F O2YLRyYySyida ¢AdiKE S & NizS T dzMB ATy 2
f Syaika 6aS@OSNIf OSYyiAYSGSNR f2y30 |yR dzyi-

Diffusion of solvent

CNT/solvent Tension |

solution

Draw and twist
>/\
= 27722 CNT fiber

W>===

Growth furnace | \_/

CNT ribbon

~———CNT fiber
Twist

(></CNT aerogel

.
Jor — SWNT/PVA Fiber 700 k 2000

181 ~— Spider Sikk 4 y

i ~ 1600  Ethylene—glycol-densified _z~
- 45w mE o ®
® ! =) /, =
& H s
= w0 QT 1200+ ]
810 ;ﬁ g
£ oe 7*gd 2
2] -3 o 800 - §
g 08 4200 =7 o4 H
(=Y 8§ -

{10 26 400}
02 Q
L 1o
e . 0 . . :
0 10 20 30 40 5 6 70 80 9% 100 110 120 0 1 2 3 0 2 4 6 8 10 12 14 16 18
Strain (%) Engineering strain (%) Strain (%)

CA JupiEC¢ K NWSIS22 N YSGK2Ra (G2 aLAy O2yiAydz2 dza
0lFlaSR az2ftfdziA2y ALAYYAY3I Ol 0 &ALAYYAYyI TFNR

ALIAYYAY3I FTNBY |y Syidly3atSR / b¢ orSSINNRASHES RF 2 N
g A 0K LAS/NNFANPEYA / NZR BRI B KA L PROE | 2als A S ™ F | &l

FAf I YSyYAR ya2afLdkyyAy 3 /LINEOSE%Ha 2XY I/ HS CHKBEA Y 3

Y2NLIK2f 23 Y @HaSP ¢XF O202dzi mnn yY GKAO|l TFAo

I EMSOINAYGSR 6AGK "RISNEZEAR AKMBARITYERKXONFE TP A2 OA
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0KS | ROy OSBBHMO a2 TA Y[ GASHYIARY Ry GKS LINRPOS3Aa
aAYdzZ GFyS2dzate RNIGY YR (6A40GSR RdzZNAYy3I &LY
{9@P9a AYIISAbWESBNNVAGSE A (K EISINNARERARRLY T
Hnann ! YSNAOFIY 1 a320AF GA 2 yokKmSNIOHKR R y! REIf S ¥
LN} @SR Ayid2 | (GdzoS NBbOIRINI H §NR ABKNBE LI 1Sy
AdzNF I OS { 9 a 1023y 32SFR &/ bicSAND O WS LINA YO SR 6 A K
/[ 2 LI BAAKT { LINA $3AR2NILD NA dzgly 2F (GKS YSOKIFyAOI
/I becaktx! O2YLIRAAGS TFAYSINBALBRISMNIAZINIE (P8 RIA ¢ ¥ & K
LISNXYAAaA2¢ FABNANNS K HLINA ¢ F FiNGBoaNG azfB GudzNIpSa 2
allzyz WEK&NVPESRI EE FRYFIWKIBMSSTY ¥ RS FTNRY T2
ALIAYYWASYLING Yy 1SR gAGK PISNIY2EIGKNMEKERNPIES NSEFoO

{ONBABT A Yy OdzMIbSIY/Rb20NAnERYyFE S A G K | Dl2dAlS mtdPy 3
YYWSLINAYGSR 6A0GK °@ISNIFAZR ANKMFAR{IENRY ISBF & | § dzNB

aSlIysgKADM IFANIKSENI 6DCO 2NJ Dw 2EARS FAMSNI 60Dh(
0l AaSR FTAOSNI aaSYOfASEAD YLyt SH A MILINPNIBIKS GND KFS:
AaK2NI DCa FTNRBY OKSYAOIt @ILIRN RSLRAAGAZY =
LJ2 N2 dza | y RY 'Y@N®24 (ANIHEOWIGIZNE aK2¢ | (&L OFft St
mMmann {kY odzi " AYRGB8R afSyAilKyS2dzates GKS Y
O2yiAydz2dza DC ¢S EAQRIYIESLEEYRA Yo DI RSYoft & 2F D
fAljdZAiR ONR&lGlIt R2ISNBAOGIRIBRAYEIOKSYROLE

I dSydzS (2 adGNRy3a | yRCX atziEl ® degh G G AER0fitAsyDIC 2 NJ
dlLJzy DC &aK2gSR 3ASYSNI}f YSOKFYAOIf LINELISNIA
L 2d®yAY2Rdzf dza 2F T ®T Dt | ¢ EyrRd 86 { veS/EIS NS NBD K
NBEOSyiafe oSSy (GNRBAy3 G2 RS@St2LJ KAIKSNI LIS
FIQAE2F YR LRAGINBFIOGYSYlsz &dzOK a GKS KAIK |
ALAYYAY3 y21 1Sy O2F3dA GA2y ol GKIWKSIG ad
CNUzDCHEdzKII & 0SSy RS@St2LISRY LINRPYAAAY 3T Ydzt (A
O2YyRdzOU2NBE X & dzLISNDF LI OA (2 NA 8z 6 RNKE A DY & n M dz
O2yAydz2dza DCa $6AGK 2dziadl yRAY3a YSOKIYyAOIf
FyR @ drf23Rdzf dza 2F nnann Dtl o FyR SEQOSWt Syid St
$ SNBE LINE RdzD R RP dr#d KiKmAEKGSYi3d R2 FONBR (0t kK idzF 2 € £ 2 ¢
IANF LIKAGAT FGA2Y dziAf AT SRBVERNFEAKACEARNBISH &3
Men"®{ 2YS IdzsSai L2 f @ YSNE 6adzOK "% & K& LJS
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L12f @3t e0AREMYIN KROBEN IYVIRSSONR AT AYTRWI 6A 0K
a2 RAdzY "WISNBY IdiaS R (2 SYyKFyOS (GKS YSOKIYyAOLf
DCa Ll2adaSadaa KAIKE aINBdfgIdeKs YRS | RAFEAT @ & G NP
03502YS y2GKSNJ dzyNBaz2ft SR {(lal RdzS (2 (KS
GKEFY yn Wk ID ANSdpANTKEWK 2NEF § YAEAY3I /beca |y
AYLINRP OGS GKS RAALISNBAZ2ZY 2F 020K Ay GKS Lkt e
SYKFyOSYSyid 2F (KS adNBy3Iliwxt rFe (IKISa 2 blONK DY
GKS NBRdAzOSR DhC $6KAOK SEKAOAGSR KAIKSNI (2 dz
KeRNRE&f 3INRdzLJA O2YLI NBR 6AGK Dh FTAOSNERO® /
O2dz R 6S RSaA3IYySR o6& YAEAYWBASlUdbIcEt &2 (NS LDAMNIAS
GKFG AYyONBIlI&aSR G(G2dzZa3KySaa O2dz R 6S I OKAS@OSR
Ay aalddnyA 2002 f @ YSRICEKS+ 200X NAERBRD 12dzZa3Ky Saa (
MZann Wk3 FYyR F &aGNBy3aGK 2F | o2dzi ppn at | d
Ff A3y SR NBRddzOSR Dh !ITfa2|f&dald ArayR & LACYAY REANAG/TIE t
FOGSR G2 RSTESOGOINEGYAY I LR2ESBNERSHBANI .
Ay G(G2dz3KySaa SyKFyOSYSyidd Ly 2NRSNJ G2 23SNI
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Ydza Of S 6 KAIBAKS RO2Adyt Ri 20T NRo62GAO0& YR 6SINFof
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a + Blending small and large GO sheets + Calcium doping
« Strength: 1080 MPa + Superconductors
« First work with wet-spinning * Modulus: 135 GPa P
« Strength: 140 MPa + Electrical conductivity: 2210 S cm™!
* Modulus: 7.7 GPa « Thermal conductivity: 1290 W m-* K- o
+ Electrical conductivity: 250 S cm!
2019
° L ]
Q . 2016 2017
9 q 2015
o 2011 © 2013 ® «
« Giant GO sheets as building blocks + Defect engineering management * Microfluidic design
+ Strength: 501.5 MPa + Strength: 2200 MPa « Strength: 1900 MPa
+ Modulus: 11.2 GPa * Modulus: 400 GPa + Modulus: 309 GPa
+ Ag nanowires doping + Chemical doping + Electrical conductivity: 10400 S cm!
« Electrical conductivity: 900 S cm' + Electrical conductivity: 220000 S cm-! + Thermal conductivity: 1575 W m-' K-
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ALIAYYAY3a 2F DhCa gA0K O2yliAydz2zdza AEBNBIOKAY.
dzLJ G2 onnn c/ G2 GNEG& afFRNINS DhNHES MKV AP B C2E0A |
ONEBRZLIGIDY BRI MB (GKS tAYySIEN @St 20AGASa 2F GKS
NB & LIS OuT'A enSfiacdm s NR f f 2 F fputd YOS YEIR VDR YS G £ )
f dza{(i GINGPS @0 ONER & KR & dzNF I O & SOORIA 2lyy R SONK %5 A Y
YdzZt GAAOI S & NAzOK dzRB DCA D >K DARER PdMBE YIYND SH
NEBaLISOsro8Oe® HWSyaArfsS aidNBasNESHONASE SRT 63 NiIK
LISNYA&ZAaAZY FAERNNEEDLD O
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1.1.3 Polymetbased high strength and toughness fiber materials
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1.2.1 Electrospinningprinciples
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1.2.2 Electrospinning materials
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1.2.3 Electrospinning parameters
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1.3.1 1Delectrospun fiberassemblies
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1.3.2 2D electrospun fibeassemblies
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1.3.3 3D electrospun fiber assemblies
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1.4.2 Properties of electrospufight-emitting fibers
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1.4.3 Applicatiors of electrospunlight-emitting fibers

¢tKS 9[9Caz 2RANBRAGIISRRAF¥A || &AdzoadGNF Sz LkRraa
LINE LISNIIASa O2YLI NBR G2 GKAY FAEYAa YR | KA
2 LIGAOF f Sy a2 NB O yREERR 2lydzSoyKEK Alyya £28F0 SG KS T

2 LJG A Ol f asyai\ya faAeSRI Slivza o YRS 2 aAS28 BN EREJIS O dzf S 2
0OAMR2f SAAEASEHKE A YLINE OSSR RSGSO0 AR yt SiinenS® | YR
NBF3ISyida F2NJ G§KS T2t NSO AlyA &yt JBXSEPITFGA AFRSNIRH_3:d 7 N
GKFG OFly 06S 1jdzSYyOKSRE 0 DWRGAYTI arByid f NBA 25/E
RSGSOG I oSy OKYl: NI &AM B AEdrByHIEIVERYE |
FYR"®A gAGK | RSGSOGA2Yy ®MWA (s RBANY o00d b
YAGNRF NRYLF GAO B HIR AdiRg R SOA VUK eyl @ NP a az0 HzS i 8
FYR MEAYAEGRRPHINE dSREFAMNMRYY (i deaiSYad 6KAOK (
j dzZSYOKAYy3 27F Tt dz2 NBEO S yEAS RIGES (a2 IMER LI f RSB SIK
fABKAGGAYT FTAOSNI 4aSyaz2NJ ol aSR 2y t{ O2YLkRaj
L2t @YSNI 0KI G O2 daRR P& NJdeRS/YSO K SRR NS OIS NBR |
AY FYY2YALF F2NJ un YAYyd ¢KSe& F2dzyR (KS aSsSy
Ffd2NBAOSYyOS AyiliSyarie FTUSNAFYPSoDL2OEE A2 NI
YIRS FTNRY StSOGNR&A&LMzy FAOSNE 66SNB°"RSOSE 2 L
LINE (PSHANIEBDEIKIS 2LJGAOIET RSGSOGAZ2Y Ay (KSasS 9]
IRyl 3Sas AyOftdRAYy3a SyKFEyOSR FyR Tl &aid NB:
2N YIF3IySGAO AYUSNFSNBYOS IyR | LRGSYGALf
LINE OSp2 4 Ay 3

¢tKS 9[9Ca OlFly 06S dzaSR a fAIKG a2dNOSa gKAC
O2ft 2NJ GSylFoAtwWhH B YRRIEISRAS AdzZRRBRID®2y 2dz3F GSR
9[9Ca HAGK FdzZAt O2f2NJ dzyroAtAdle o6& OKIy3
O2yeadaAl SR LRfe@YSNI 0606fdzS SYAGOGAYy3IOL FyR |
SYAGGRMKID P9 [dAfCRE SOR2A G gKAGS fAIKEG 6KSYy |y
O2y OSY G NI By !'IRRAMKAZAE: f f 85 AF adzZNNRdzy RSR 6
f 26SN) NBFNF OGABS AYyRSEX 9[9ca OFy 3IdzARS A

a0FYRIFENR 2PXi3dOFAS TFAXMORSNE W [ 9Ca | NB y2NXI f f &

LI2f @YSNE 2NJ 6@ Ay SNIS YA WIANEKFRATIINFRa@mM AWK O
0S LI NILAFffe ¢l @STdzZARSR f2y3 GKS 9[9Ca |y

53



M LYGNRBRdAzOGAZY

F R2I OS Yy KFSA O NBECIE K S NBOSyidfte 6SSy RS@St 2
fABKAGGAYT RA2REQANIGINBAT R0 NBLI2 NI SR St SO0 NPT
St SOGNRAaALMzy O2yadzadl SR LRfTeYSNIyYylFIy2FA0SNE |
YFGSNRAFE Ay h[95a® ¢KS h[95a 20WIMAYRSER PLI2 & & ¢
BLKSYBFHEONAOFGSR | v5 [95 dzaAy3d S{ISOlGvNR & Lidzy
L2t @YSNI FAEfYS GKS GKSNXYIf O2yRdzOGAGAGASE 2
08 SYOSRRAYy3I St SOUNRALMzy YIYy2FAOSNE AY Alod
2T GKS [953& AYyONBIVERS B v daJ0i 2 O 67 ¥y mdzy RS NJ |
Y!Iop¢ 2YS NBASEFNODKSNE F2dzyR GKS 9[9Ca I NB |
dza SR Ay yIy2FTAOSNBTFFEONA INY a2 HNABHE GDIERES & R
LINSSYGSR FftSEAGES 1 4aSNE o6& SYoSRRAYy3I wK2zRE
GKAOK &aK2gSR flFaSNI Syraaairzy gAGK | avylftt f
GSya 2™ yWRWSK If 3S & dilyLidezi O K P NIKGH SEANNBASONG

Y20AfAGE@ 2F w5 Q@2a2W2dzaAl i R T Vd YRENININEER y2S5F (0 2
YFEAYyAGdzZRS T NBENOKKSYRZT A X¥RADARIzZ f FTAO0SNA
hCo9¢% OOKIyySta ¢A0GK NBRIzZESRNBESBHNIDSR OrRG4 ¢ |
RSOAOSa RS@GSt2LISR FTNRBY tol¢ ylIy2FAOSNAI 6K
02 GKPPAIKBFPSOR Y20AF0+088 lOYR2dai 2y OXTTF NI i
2NRSNBPENS minf a2 NBLIRZ2NISRS Ay tol¢ FAOSNI hC9¢3

Mdip2 £ & F ONREEES2 v A

t2f &8 ONRBE2YAGNRES 6t! b0 @AY AdzA3 &YSRK SLd2Af R YO
I ONE f 2G/MTdNIN BWMAnd K RA LR E S Y2YSyid 2F oddp 5S0
addz0 A0 AGdzSy o7 ORRNYER GAINR dALYPR dzOS aGNRy 3 | GG N O
FR2F OSyid YIONRY2fSOdzt I NJ OKIFIAyas gKAOK NBat
t!1 BB dzS (G2 GKS AYGSNYOGA2ya FyYzy3a GKS Oel y?
GSNB F2dzyR Ay (KS O2yOSyiNI(SRoeKS #&l2h dzi A 2
d2f AR LR2S6RSNI I fa2 SEKAOAGSR GNALIX SG Syaaa
GSYLISNY GdzZNB LK RKSLIK2NBAQSYOPBNREI GATS LRfteysS
fFNBS GFNASGe 27T LINPYFSIY®INE BaSEaZORNTL S Ndzil @ NIR T A
T2 MI2[yA 0 [°GHI NINR BN PEA RAdzZaSHRE I B bR TAIONINEY FA 06 SN
CKSr2 8dNP RdzOGa O2y il AyAy3d HBRONEK 2YyKENAAR B RSB
Y2Y2YSNAZIZ (KBNRRODOHR ASE RFRRABR@HBREF GIKSSGF (S

54



M LYGNRBRdAzOGAZY

FYRSGKet dOEDO MPEROREZORRE 4 § 2 & &aIOR NS NJ

LJ2 f2INNBD 1ay2 X @S yaldaOK | & 5aCX 5a{h I[d3aBREFEMNI KA
ALAYYAYIK 22ZOBYAENFAY T Y2y 20KNEERAREKOMmM A
SYR2EKS 02 Lk {RIVISNE NRBBEKIR I yKB&ED t ! KAITK YSEGAY:
2T 1 0209FaaB808N® AG Ad 2EARAT SR 0S¥2NB YSt
YStd LINRPOSaad F2NJ FIONROFGAY3I LINPRdAzZOG A& FNR)Y
LINE RdzOS aeyiKSGAO FTAOSNR o0& azfdziAzy aLRAy
AYABI Iyl LRaAGA2y Ay GKS RS@St2LIYSyd FyR I
LINBLISNIASa 2F t!'b FAOSNIIFNB OKFNYOGSNRT SR 0o
KAIK &A0NBy3IDOmsawd @ 0RS yiazAdi e02aidz 26 G§KSNXYI
Gt dZB@mMmMOo B TE 2SN GKIFY ¢22f 0% °Py2R T dzF T
RFGS>Y Y2ald LINYOGAOFT LIWXAOFIGAZ2YEA 2F t!b ¥
YAONRFAOSNE SAUGKYRAI YSGSNR 02@3S wmn

d

HHH ey

H C=N
Acrylonitrile Polyacrylomtnle

CHs
H: H H, H /

cc cc++c cc
LS R

Poly(acrylonitrile-co- q Poly(acrylonitrile-co- q

methacrylate) CH; methyl methacrylate) CHgz

eJrHZH c'E':
| ‘m
CN Cl

Poly(acrylonitrile-co-vinyl chloride)

CANIBmPmMPn a2 f SOdzf I NJI GNENOYUgf - G2NRBRE f @ O O DA £ S

t 2 € &6 OByt SA0yKA (AR & 6(ESO | O MOmYt S20yKAS(f NAYE S8 KOFRONE £ |

I yiR2 £ & 6 | OMBEA/VeA (I OOt 2ONRK R S

[ 2YLI NBR (2 (MRS sAliK KNAGANERAINBS &aATST t!b y

LINE LISNIASE ol a O2yFANNSR Ay GKS fl 063X &dzOK
55



M LYGNRBRdAzOGAZY

KAIKSNI &LISOAFYARD ZAdENSF 1 SORSF SONB |2y K A AR R dzSgza A £ &
FYR (2 &ZFK\NWSHaSP t | b St S @GRNDKA LIdzyR AyF I YYSATTSANG S Nak2 dz
Ll2aaSaairay3d aAaydzZ GFyS2dzate KAIK AGNBYy3IGK |
G2NI @6SOSNE KIFIYyREtAYy3a 2F &dzOK aAy3tsS ylry2FAi
NEB2NI R G§SOKy2t23A0Ft LINPOSESSY2NYI{ KR dzd &
St SOGNRALIzy t!b FAONRAZYSOKYFNOY Ea LARR2IBNIYES
Oryy2i S@Sy 0SS 02YLI NSRRI @RKIE KBS Tt2INS > Y AFO NaPNBXC
YSOKFYAOFff&@ AGNRYy3AS (2dAKIA R §dif iR TNB/OAZE
FNRY StSOMNBENIzy YRbSHLI 2NAYy3I GKS | LILIX A O
0S02YS |y AYGSNBAGAYI YR AYLERNIIFIYG Gd2LAO
{GdzRASE NBIFNRAY3I GKS LINBLI NYdAz2zy | yR SELIX
aAYdzZ GFyS2dza KAPR ( Sy ARF SE@EINBSY@IGUW2Y LI
RAFFSNBYUG RAYSyaiAzylf LINPRdzOGAZ2Yya | NB KAIKH

56



M LYGNRBRdAzOGAZY

mMelt KSaAra hoa2aSOiAarogSa

¢CKS FTAY 2F (GKAa (KSaAa Aa G2 LINBLINB |yR

RATFSNBY (O RAYSYBEMPWSRd ICANBNI RIK BHB2 NS NR 02
KAIK aGNBy3IlK gAGK KAIK (G2dAKySaa (§KNRdJzZAK

8K Ny StSOUNRALAYYAYIAT HKAOK ONBFGSR FA06SN
YEY2FAONRE A Ay O2YoAgziiA2F BAYKSN E2E OO d2A &
SELINAYSYy(lazr (GKS t!b R2LBR BPAIKYlI AFHWEND2 Y
Y2fSOdzfS 6SNB dzaSR F2NJ St SOUGNRALIAYYAYT Ayl
AUGNBIOKSR (TR tH RBBR HBRS Iy ONFESEfAYIAWVEROSAE A
FO GewE y20 2yteée FftA3dy GKS FTAONARE A STFTAOA
FYR ONRAGIE 2NASYyGlF A2y 2F GKS LRfE@YSNI Ay
I NBlFa OFy SyR2¢ GKS yFR 0o BANRAzZodedi K KA NIK2 AIINES
Y2t SOdzZ Sa 06S0G6SSy [R2IO0Syld ylIy2FAONRE A aKkK
O2@FtSyl 02yR® ¢KSNBF2NBEZ | NBIFIOGAZ2Y 0S06S¢
Ay (mS teakDa AYRdAzOSR 6KAOKRDRYAROSFUEHENY ot RS
Ay GKS @I Nyad 2KSy (GKS NBadzZ G6Ay3a FAoSNE
AYGSND2yySOGSR aiNHz0GdzNBa O2dz R SyKFyOS (K
GN} YaFSNI GKS t2FR 0SGsSSYy OKIFAFNF @oydRNBNI X T
FAOSNARA O2dzZ R 200dzNJ G 1 NBS RSTF2NXNIGAZ2Y ¢
AOGNBY3IGKO O

bSEGZ akiSORYyOA&aS YR STFFAOASY:H FLONAROIGAZY

FTNR2Y O2YY®RWRIAAFI SR t! b TFTA0SNELNRAE S/WSIESRGD 2 L
¢CKNBS AYLRNIFY(d Y2fSOddi2 N} GRASAY NEA ISHRA ¥ SRX
y2i 2y 2dzal GSR LI2f @YSNRO T aOSWNEMdI ADS R { LS20GENR SN
VIEY2FAOSNAZ AA0 fAIYySR ONBRANBGOKAMNE yHSEYS
GSYLISNY GdzNBa | Y R2DASAA6 dzaAy3d Fdzy OldA2y I NJ
AYUSNY OlAz2zya o0SisSSy Rl OSyd 3INRdzma f St
O2yedzaAl (§ SR ORyRd&EY® SR2y ! b St SOGNRaLXzy FAO
NBIjdZANBYSyiGa o6& FT2N¥YAYy3I || KAIKEe 2NRSNBR:Z
AGNBGIOKAY A |G G4S YLLYSING Nil dENBAS2 v 30 200850 ¢SSy | R2 O
NB&adai €S AF2 NN (A 2y T GISy $ RS VIRKSR 2 GO dzNNB y O
AYRdzOSR L2t FNAT SR RSSL) of dzS & ¥d MIAWK 2NV iPA SyzS

puj

57



M LYGNRBRdAzOGAZY

NBadzZ GAy3I FNRY (KS yAGNRISY Fi2ya Ay GKS (
OKFG fSIRZGA2YIRS KANMKEE@ Y20AES GNALIX SG ad
GNRLIX SGa 3IABS NARAS ONARSEEHRSR KFyRRMREIOENZ
LIK2aLK2NBEaOSyOSo

aSIYysKAEST 6S FAY (2 S@Olrfda dS GKS AYLI OG 2
YA ONRHZEO UG dzZNB | YR YSOKI YA O f LINPLISNIIASa 27
LINBLI NAY3I AK2NI St SOGNRalLldzy FTAOSNI RAALISNEA
GKSY T2NJ GKS LINBLI NI A2y 2F GKS o5 St SO0NRS
FTAOSNEO2YHI NRSffSR f Sy3diK M2 @NROZEGI REAAAY SRAzD
KAIKEe 2NASYGISR St SOUNRALIMzy t!b &FNyad CAO
GSNB 200GFAYySR 6@ YAEAYy3 &K2NI FTAO6OSNER 2F R,
LINB L) RFGA2PFYISa F2ff2Ay3q GKS SaidlofAakKSR
f SYyad3dK RAAGNRAOdziA2Y 2y (GKS Y2NLK2ft23& FyR
idzqt YyYGAFTASRO®

58



M LYGNRBRdAzOGAZY

MIAWSFSNBYy OSa

O © 3 0 T =

M N
M p

MT
MYy
M ¢

H N

wao  thd GvdANBO A S8 B iy fmid ©

{PdYSWSY > 0% LKt $ I i \dARBa @ | WéEMNFakHdE o S NT
Ch +2ff NI DK (HNEBn B >prdyy Y A IKG =

Y { Kl 2 bl y(iRzNGd szt @ Wb § K =

O2BAHPIAElI A DIt O ¢ 2 Y aMIiXD KIAYSENBSINAN BpiH Qo &

.0 [ D ¢CKASE I . YAd® LJ2d8 eDvASNERAY FhyNR\ A [F A RIS ANDO K 2 Y
TMGhOD
Wd 50 gty . SS1Z {dtINDSSRAY F#a2 (2(FNIGKS bERI A 20 1D 13
HAOdgHdE MCTMHIGH T M @
Cd [ BF SWNETA SIddz .| AYRLIKaEME AXSH HAN BEATHNG/ b pf @
ad® Wo . dzS K ISiNdzZNB/ Ra |, b N iyt paigy” 3 *

/@ ,d | FelFaKAZ Lbydi SNy {KAZY ISR 2 32RNIAMIBC-@Tfdnza &2 3 A
HE wmmTNp P

' d | SARSONBOKRDIH WARS a¢ ®A | OKISINCISS IS CRWSONNER OHA/RM (233 8 2 f
MMBP PO P

Cho +2ffNIGKZIt NBDOGERAYVYTE I IR S { W2 @IEf {20ASie 27
{ OA Sy /RSy HW @ e P

. ® al RaSy:I wdl yiidS NIKHRA 2 WIRE C3b2 deMIf If tN) AvEpEogphs2 £ 2 3 A OF
onmnc o

ved 2 y3a3s /d 2 y3IAT Db yRISRSHIM BacdEeViplny® YR O, @ BK

Wh ¢d 20yREIYDI[POP[RD® pRaAZISIM | @A WO ¥ F3/ | IRG SN
HnMnEZ mwmwm O

ad 4SS 9 tALIISEIT !'d DIl asStSy /o 5NBaol OKI ,d vA

Yy JICA Sy @8 et Sy

- ® BLRIPY THK 2 U RYERTYVOIS R SAaBHmE § NIk & nHy @

. ® Chy3z 5¢ ) RPYFDSREaHimSNFIRhA© cDId2 =

%o - dzZ %o [ Rd2T yIOS R{Zdz¥ &lfiykERme: o B 2 >

2d Ddz23X / ® pPAdZEYyBD W&l 2ESYy D { dzy £ KRB y[OS Ry A dzZ
al  SEA kA @EHBEDG yon O

a® 50 [AYlIZI ad 2d | dzAalAysS D ad {LAYylas {o bl
L dZAKYYEEHmEp 2aimey ©

Cd / KGY>, HyYyw3a2ly@:ICSy3ds - & {tdzyASpod/ KEXYZIwepli{ ®R2 B
H N MpMEE MM W &

D [AZ ¢ %BKE2ZT vod [/ KSYS to [ AX KR 2/IKSAVS [aKdS YK 2
t KEAHRMBORM™WMTTOIH T ®

2d Dwd /IKRNWYIES- Wb - & v AYES ¥RPRYYIR IRy DA 2y al
HNMWTE mcanywmp®

YO {d bRPR2ASIRIZ24DYaDICtd wor DIMiEABIFEADP D { O
Mdim NP

59



M LYGNRBRdAzOGAZY

sy
—

O O O T T

O 3 3 O O
I 2 5 8<

3 3 3 3 3
- O T OO O

nd
pn

PH
po

, P WHy3dZ {d ad YARGII VOSSR Darima & NI kpidd ¢ Rn { & WP YA Y:
. tSy3ds ad [20F A8X352t ®dwl B2 {ZOK{ bl { dANFER{ ® ®[ B
bl y2iS0OXywrdey@somd

wod Y%Kl Y33 | @O2dy YA 2 Y R/ ICHIYpRESTARIY dv® & S+ NDOK

Ch [Adat KOAADYH WHEEXWoemMAD

/| © [ 89T Ye @l NERDPRVWDS hog YoSpry O

YO WAL YIS VENBmgSy RmPd Cl y 3

ld . 5Ffh2yT {d /2ffAYyEAT 9d adzy21 3 WP ad wl Tl f
wod | & . b Hzil BzMBy o ardn

9¢d adzy2iz !'® . 51fd2yr {&d /2ffAyas ad Y21 f 233
{ St AR3AS | yIRR AW/ QR CHBYWINA W & B yiymna G SNRA | £ &

bed . SKlIoldzZ /@ /@ ,2dzy3s 5P P2 Pasy il OBDIA @K Sly
GSNJ 2 NDSS1Z We WO ROAWIHBotpFRyrwdd 9@ | 22 I SNBHSNJ

ad %KIFy3Is Yo wo YHOASyRBzolZyvmmpgmbd | & . | dZAKYIl Yy
ChP aSyaszr - o %KIFIy3IZ woyRA XIRNDPAVEEKS RXa b tbi NJEH fys - o
Hnw@mypo

LD AT wod ®BKEYy3AI - ST %O %KdzZ bl dZNBSI .

yIy2iS Ky RyIRy ¢ >d

2 -dzZ , 0 / KSyw®El y2 2EkHENFRaWO bd 2 y3Is

Wh bd 2y3as - dbbDddzNB2E 2 VB da/ fodhofymzy/yat / KSy X

D [AZ ¢d WBKEFEZ2I YO 2 y3AI | yeaY dayiiiEm M GImS W ® CP Y |
%o - db IHydBNE @& 2DV X2dmy ik A 2 y &
SdEd |, d [AdzE - ® %KIE2I [@® tSy3dI | @ { dpRID|l yDSRdzZ - P
al GSKNAK A @ECc Zmmphec P

- d | dzZ pOA SR ER DRy SDI2NT &

D BKE 2T %o { @XSy b BvEysH SOLERIGE @ DI 2 T

Ybd [ AdzZ Ydal GNP Y 2AX $HOrH SERpOmm D | 2 =

[ ® Y20zl YEFEOHGIMDIER TN @

LD BKEY3IZ 0 [AZ td aiylIARGvyPO KT o/ ks By § & dzZ [ ¢
HY OO

dzZo{kd wl2SYyRNIYyZI , & |23 %olyrdvSEOHNDIED H al Y&I |
Tnno

wod 2 yaT W {dzyEKEWAOF RS/ 23 Yidayih WD/ dRp\ /BP & K| y I =
a® YO {KAYZ . & [SS3 { dbKAINEY DYPZ DWd 2!l @ [ DS RdD &
. dAKYEFY FYRGHANB WSO 2 Y X ¥ 60 hdtpn2 v &

Il & YAYZ & WHy3ds 5 ,d [SSTS Wd | & az22y> Wd DO /
FYR { & /W IVLALYESA SR N HEGNI B tha mwamaviksyy(idS

9d ¢CIHA2YNMRAXPSEAAXOASYy OGS ElcEmmmmMSOKy 2 238
Lo DdzB v dbx WP wSyallONR YR Szt # N QElRLIM R B/p B dzy A OF G A
THNO®

- ® [AZX | ® DI 24aSoieys2WeE Saidirfl N mhpy R Y/ |

60



M LYGNRBRdAzOGAZY

pp
pc
pT
py

p o

O 0 0o 0o o o
O - 3 o T =

- =4 O O O
Z 098 < -

—
©

yn
Yy M

9 tod { d LOUWIYA IR Rt K&k M®@Pp i & s B

O S5AY3IIT | | 2dzt NPdH NBKA &2 SA yYaXh Adamy i MoRP A AdS yaRS/ 3 =
ChP / KSysS - & Co8zZa5dtd o] WSy GNKEYR2 Fabt KeadxZO04&a 5Y
t KEAADABY HEHpoONny ®

50 tFLN20T ,d® %2dzZ ad® bd ! yRIAGIYIGEDDERYSY] 2
ocommoMO®D

Wo | & t | NJW2IdgNB/ | O & 2 TPA Byt MdyRemGccho ©

/| @ | KSy3das WoOCHKSYZ B6d | WS WHY &RIENIZE F RO 1L RIS t
{OASYyORMEREWWY c ®

50 %KdzZ - & BKWFamNy | & Bd& V ¥R Liphekdide midipti SNA | f &

50 | & wSyS12INIVISMEHY O frp @ | NR Y =

Il ® DNBAYSNI ¥ ¥R6 WoK § WS R pbiy IR RIFFEFaf AP

Wo . dzS3 ¢ P/ R &0V REBS65 h s v 3p18 tpyp @ A | I

5¢ [ARBWWROGBRNNARREN Emp mn O

[/ ® ldzl y3az {® [/ KSyYysS [ & [ IbAlZy BiS 0Ky ReBREHMpINE | & v
Mpcoo®

ld CP {LIAGI]1Z a®OBKI YOI yRIBUAWDARSY SAFSBENR y 3
Wo B2 & A WRYERNYS NE 2 T S gSfpimi@ev ¢ G A O &

50 | & wS b3 YN SIOKR/ \2ifrd camKcday X

|l & C2y3s Lo tKAFY INDpEWY ppPdwSy S| SNE

[ @ t SNAFY2Z | & /| YL2a8 NS D28 ¢8| & ISYS NIWIRE & dF Y R &%\
H N Miodly p/HmM @

O 1 dzZEy3ar W {2y 33 aldi SNWIAZEH pofepb8dy 3 YR | & 2 dzX
a diad dziada AK Y IS ad Y2 G 12AY LE2yAR ({Sd& wval O yNmRS& KofERE (S O

cC2 HMwW@O D

%o BK2dzZ [/ ® [ AT [ %Kl y3Is2{ &Y & kA yhSepptpe b2 dzX 5 ¢
Wd [AYyS! [ 5ANE kISR SHEDL yREENF I OS &

a® . 23AYyAGT 1A 20 /TFR2Z ¢ CNBNMESLSY $NI { YOK | WIS NED a:
| RO YOSRIYHBBNEIND &

{d / KSYyS | & | 2dzZ td | dzZ WD OIN® Y2 $ \BO2ANF NI all & SRS
Y IAYSSINAGHEITYWMN O

{® Cft SAGOKSNE wa& CDAp$ENR S O 2] EyYSNIE BERBBIDWES DA ND
ypwopnc ®

We 9 5S5NITZ !'®d . NNENRPI §f OS &t Biizgz60i AlRyiRd 3L @ D & NR
HMB/MMC ®

t® DdzLJi | t B Y EY Bitw A o&roipiipldS & =

[ @ t WAV I3 ad {Sdziz ! & CSNERaZl OMR Y 2 fyI3Gdz¢ PN DIKE 3 1.
YR 9y 33 yHSORNR i @

%o {dzyX 9d WdzZAaYlys | ¢! [RTBI yIOSREY H\KE NEEpH2FS Yy R 2 NJF
MGPOH D

I @ / KSb/ 5 AD |20k KT 23 |,y X cyidl il ByiiRmaingbc WA | y 3 5

61



M LYGNRBRdAzOGAZY

yn 50 [Wl ¥ ¥ RES DS oty ©

y p Wd 5AZ | & [/ KSyYysS - o 2I/yEASYA ai NGK E2 T AdlphHNIblyiIsE Wo
opnpo®

yc Wo ¢ 1] 2zYrayNE SNG | FrM @ B 1 BBy O

yT {d Y22Y0K2y3aSs WabdzNIAIDE | /TR t520 & Y48 N Sy SWES t | N

H oM Hmpchyc @
yy Wo @ & ¢l dzpydad s S50 [ {dD [ eAZHE & YWSRNJI v/Xi2 Yi & & miyStad
y o ad® aiNEBIl {W2idiNJI VIR 2{FP bl 2yK22320NEHEMTCEEND PA Y / KSYA &l NE

SV A

dn {® ! ILNBItZ Wo IR OSRRIMNMIEFA B dyiao ol mim dD NS A ¥ S NE

M P . 2dzZRNA 203G waod 55 NH QK AZFNEIAPREGHE o/ BWhH Y R W | & 2

BH | & & KaADR? Pyl IR Y2t SOdzf | NI al (X5 NAA @E@E>mhyyeRP 9y I3A Yy S S

do bd ¢2YOI I 1Z baod Cadt @NBY 2XdBHEal BB oR® WD +| yO0azz:

dn ad® {GF&aALF1Z !dd & d2REMNEY NADE NS HoyySpNd ® Yy R W

hp 9d C2NXN23X 9 [SOY25PSHySNEBESE ® YR ., - Al X

hc ¢d W { Af f. AryYR  SINK Yy amkpyympcwdS O dzY

DT - ® 1 dzZ {® [ AdzZ DO WeNZ/dzX 2¢F | QiB/YiENER Wb @R DANS ISR S

dy l'd [dd A2 9 +d / | a/ISEBSNR I/ Eba 1 oEVNIHRTSBK €t A | YR ad /|

b P {d WSAOKI ad . dzZNHFNR:Z ad® [FYy3IYySNE {ylAIy3IZ - b
Ct SEfA SO BRBY Ad yprd

M .0 BLKAWIE RISV yARNFRRB/DE Ay 3l Hishdbdigda o{ OASy OS

MAM {® tSy3ax [® [AZ ,d 1dzZ ad {Nray bdw@EvypEpnoPd / KSy =
Mcppn

M H Y & 5apl fad B/R{yf RLILI  a | X0 SH\G B yyEiy@HdET @& a

Mo . ® 5Ay3IT ad 2 yAY (SRR AHEERMEED dz | YR DO { dzy X

MAan Wh - dzZ /@@ [AdzZ t® / ®IIyRENEYND & cAmad Tpdd %KI y3II |

Map [la/@Y SNI | y&Rl ONR DANS A wISINER & 2Bz

M C Wo [ &2 ytazt SYWSIMIEn FydRn «Cdp Y 2 X

MAT Wh +Ff3iSNFZ ¢ YIf2dzAZ t® t212Nye&x ho . G132
YR Wo hASHALRTE GH 15 dBy Nilvad

My wd YS&aaAo]  2WEYSHWE n EmpgrwrDdd ¢ S LILIS NE

Mg {® {IN]I NE afldONRSYSRAAS Qdyf R ND dw B3 Ba 35/ NEWi Y6 degh O (1 A 2 v &

M M I {® al KSE®PK¢ KRPHF YR RISHI middBN Jkokpthad

MMM td t212Nyez 9@ Y240l 1202 Cod {IySIiNYyA]lZ tod ahil]
YR 5d& Hed#] HAKSY I/ KAMN B MgcdHyc H

M M H ld [ @ | | NRY &N SRIED Emibged DY | Y S

MMoh® WANRI1Z td {@aStX Co W2 WMNSONY A T I bAbya B EIEA 3 NA-HyERA
Mt &

MM N Ol PAWSEINY WA 2y € W2dzNYFf 2F b2y EAYEANE{ OASY O
o0 o pc P

MM p - d 2 y3s 1oy BRAEY SN § K FA WY RNGHYEmgy wc@A Sy 0S8

MM C bd ad ¢K2LIISET Wod wod t 2IOXNSNUE A mppgpc @ @ / £ I NJ S |

62



M LYGNRBRdAzOGAZY

MMT
MMy

MM g

MH N

MHM
MH H
MH O

MHPp
MHC

MHT
MHY

M O
M O
M O

o T =z S

M O

MO C
MOT

MO Yy

MO b

{d ¢Fy3as t@f BEPHI DY R A vy SiNdARYEBmap p{T A Sy OS

2OYE®EE , PP[ AdzZ | @ 5dzl yI WP %K2dzZ %Y VAKIfy IS | D
HNMEZ v@aomc O

5¢ 2dzz - | dz yWSbW2EOACh EWMAGEFHWMGR [ © [ Ay

Il & Wd bASYAYSYI KL®OFIElI ARYNSHA AP { WOYASAEMYNMNT A
{ OA Sy (i AF Ay ID NIba

bd ad ¢K2LIISET Wod wod h 2y OKKYER WK BB nlpd n/mid NJ S |
2 BK2dzZ %o [AZ v BKYZAHBORKYRfiFdad o ® SA | YR L
O [AYSZ 23 - | yWITdzNIWI 2 S2ATE L WLIEASRt D2 D)
nnwnzr  gowmdg @

.0 /KdzZ . b {d | aABEPERBRYAl ViTOKYRt R2a@RdeF2XK2 F2 D N,
NIAOEfSa yR Ala BIGSyYGmE ®2nyhdgp 2F Kel f dzZNBRyYy |y

I & 1+UIIESA S Gt & & @ & H[pS mivP B

/® {&d Y2y3adr {d Do [SST {od | & [ NNyt | @F[SS
al ONRY2ft SOdzt I.NJ §f O SPOWD t I NI

{® t I NHzZOK daNRe & VR fa GDIES @AdpSEd iy §1 P ek NiB
| Pa®dzoeX 2d 5Sy3IT YO W2XRMY KD PF YVEBINREBCRE A cpOPSYSE
OHH O

d +F NBaly2s wod AM@ dANY NE S@F2 all yi B NB ¢t ad- /it iNEFO B & & i
Hnzp ppamyp ®

L O [ MdzblF YR a[0O%® Db dz3adk b Fydnkryde f

{® ! ® ¢CKSNRYZI ! @ t[20 Y NWHR 59 Ppapdedza Yl Yy YR 9@

DPOPYAKE [AGBAZRBLISHY Yt 23 SHISENG BveodaNd/d f

l'd al OF3Ayly2s 90 BORNFRISHAYNVAYHARTI N KHANKR yLISSNWE2 NI

)

HAMp @

P /FYLR&aS2: [ @l OSNREI2Y B Oldzf R N3 & | tisSaNagipay 2 3 R 9 y -
nymwnood

bd . KFEGdFINIAZ 5@ 9RY2YRAZ2WR YH A SNFEHEMT cCO | O ¢
cmynao

- ® DSY3AI hoARY| ASENK Blp @R mwe oW vy 3 X

¢Cd [AdzZ 20 Yo VEYEND IR R / KBS NAR 3 {ad nBRaSS KNS
dRp ®WIYH P

[ @ aSy3Z ho | Ny2wR dzRy bt £ YA & K B+ noveiSHy i 8 | N

bod /K21 0F 6SSal Iy I¥ D/ dNIaSISYOIKNIA | dii 52 IYRERE t2kR{(idENGZUII LI
HNMOTEE CHHD

{® tlyTFI@2tGFlZ ad DA2FFNBI a®wOlb CREBVNBEEEI { A
HAMBREZMETIRGOD

{d %I NJI2206X wd YOI 9083 5 | & tweSIySYISMENEDP 5P | ¢
o proapTt T @
wWo/ ®AGGYSNE ¢ /fl dzZRSLIASNNBEZ ad wSOSNE td 2 ASRS
| RO yOSR Cdzy i Av2ayE M EmmaolmiHSIINA | £ &

63



M LYGNRBRdAzOGAZY

mMnn
MO p

M c,
MM T

MmNy

MO g

MPp N
Mp M

Mp H
MPp O
Mpn
Mpp
MPp C
Mp T
Mpy

Mp ¢

MC N

MCp
MC C

MCT
MC Yy

MC b

2/ WAYZ ad 2d CNBeIwzadeNJal N 1t 2tyaRY S [ @A SW QS t |1
Hnanp2> VM ayo ®
2/ WA{WE YSAQWZY{WIATX ad al NG Y SIMER pm®ba[r® W2 2 T

. ® WAIX YO® DK2EAKI - & %o {KdzZ .d [AI W /b {2]:
. A2YF ESNRETC &0y oH P
® [AdzZ D® al X 5@ CI/yIaIND AR R NIEZG S gt B BRI ED Y R WD b 7

Lo /FOOA2G0GAX Wd bod |1 2dzaSs /& alT11dOFT ad I f
al G SNA L tA @y P ©EekvEdy O

YWY WyypR | ®! bfd p&EENI WY EAES /X SiiMdtindidpay P9y IA Y SSNA

.® bSNE Wod D DNRIGYSES aNdy RIS {/GKS WIS 3 LywRio SN | (dh X s
ny pmoaoay ®

Y& al fSGIAGNE YW2R SONKFHINGyatl3R 0 of i YVSySINGoyniaH @

a® [AZ ad® Wd az2yRNAY2aS ad w2 DI FRKEEDZLZD YD VY
pthwdpny ¢

Wat O®2 ia NI Nyd | & /A RNBE | IyYIRR MibE théy GopE & 02 =

[ ® 2 dzZ - aw2 dakldfr fF y2RF VedB Y ekhypSmc{ O®R Sy O S

| @ %KIFy3Is - & | dzI9yuINP[LAS |2ydzst 23 eeHindENg BRIy Wda { K Sy 3

wd WFESISNE ad ad . SNHAEKERTAIzE o laydO d245 . mdipytds = |

Wd ad 5SAGT St Wo Yt SAFWSWEMNTwmWOn DA N2y Sy YR

- ® [dzZ |, P RBKIYDSIRER Hifnd NZIin§ Py

a® / KSyI | & vdzZ Wo %KdzI | %®R2[f dz2 NI IOK OKKIASITYy @5 t
2 SA | YRt 2405 \DSMIE H B ;v

LD WO | WS YAXIDO D W [y30B R.Xd Hlad NI dup ®

wod | d {FyFGIFNE {® . 2NKIFyWZdzNI®I f! &2 T & LWLIGE SR At
{ OASY OR nba Svenmmw n d

2 [AdzZZ ad® DN} K|l YW2UDNY!I & L&l yad (hSEHEK | o nlwds aveS WO
OHMH O

{® /KSYZ | @ | 2dzZ td | dzZ awdO NPy 22{ SSERNR NFENE Zallyi® D NJ
9y IAYSSINAgERImCc v &

Wh {d  2dz¥YI Wo | & YAYI / dW2IdeNYY XY 2 TWdH LILP ABRY 3
{OASYy@Roo @ T

LD LAY I, d IW2ENJad Y2KEdz bl yyR? 3 O Sy @@ gikob | Y23 SO
pcoy ®

YO [SSS | & YAYR{ &Y SMmkBAoiEmydm dwl | yR 50 [ SS>

l'd /ALAGNREFZ o {1Sth2y> ¢d WewzNI I+ NB I2AFA faf | SiZS NRa
| KSYXaaRBMDn MpD

I @ al f S1IAKI 2AAdE [dd DakINERKR F | ¢ RA OO0 3D yW51m311Pa NI =

2 [/ KSYy>X Wo ahd YR&l MEKEBSE 0d { ©F RA QA B2 @S 9{AdzNF
A2 Ay (ES Nlvid SEcr i @

YO | & [SST | & | OYAWHENI 6 P2FF E26dYe8) [ 6§SY PR
t KEEAADRAEH BEmpchy ©

64



M LYGNRBRdAzOGAZY

MT M
MT H
MT O

MT N

MT P

MT Y

MT b

MYy N
MY M

MY H
MYy O

My n

MYy p

MYy T

My Yy
My

M n

M oM
M H
Mo
Mcn

YO | & [SST | & & YAWEANFI Wh2"e dz2f ¥ ¥ SND { VR B yIOSBF
t KEAADABOREM®PCH O

P L E AT |2 bA AN {¢/ab |[IRE6 Iy eScalodn q{rkd O

Yo @& 2aldaE SN |- 03 H i & DmSNaB ©

ad YI DI YWHFNVWHREEDARE | YR { dzZNFI O0Sa 'Y t Keaiaoz(
' aLIS Ot a my Smwn ®
® I fAS | BK2WE ANt g3 OXKRumMBB RS Ly adAddzs

{d WAFYy3asS {d wSAOKZIZ . ®/ ] OKEILX & al HdSNim1yXi 3 NRB O
ONHRTHPO ®

we {Sys . o %K 2Wd 5[02 FSENLET ¢ .a3p| DIONF @] RIGYER $ Wl | /dz
HAME Z med @

[ @ 1540 tCHANIAY TP /[dDd / K2AZ ad ¢mdDd YWdkSIR Y & df &I v
/I 2YLI2aAriasSa t | NIunio®wid®y SSNAY 3

vo JSK | WR wdzB 3! IGYH B/ oOMSCESI D THY M @

L® bd {GNIAYI vd 2dzZ ! & ad t 2dz2NNI WRYANY | &> { @
2F al GSNAI &€& H bk SMEBAOIHINNGE !

Wh | 25 Do [ SAZIAWRINYE([ @ F2 deS Yo tikdy BdofPOR B K OB @

Il & ad YKIyt2dzZz .o /o ! y3Is { o ¢dSISHERNDBESyald a o
HNMpEE mpa ¢

¢d @FENE ! & . il yz2] @Y $pEdgmeyg ® yR Cod . SaSyol OK
© 2| WS KD PYITdEE df- AP | VAR OIN® Y21 \8DxzA | NJ al G3NAFfa |y
H N MHodRky @ ccrh @

5¢ ,ly3a3 - & [AdzZ |, D WYY QNE KOEDsdasydd > - & W

Id YN ([ SNIE 2 EEY , PO Y%K 2W2 day/ R & yAT I gRYS M f SA{
H N MOTHZp T T @

{d ' tI{SLINFRARY DY R/ KEHANEEWORpWP2Y ¢SOKy2f 23
| oY df SST hd hKal gldE YA Z2 i yWOISYPR B®PaXTD. @l d Kt é
al ONB Y23 SOn# Bapmpy @

¢Cd ,2aKA211F3X wod 5$1RHE GrRSINAED BMmydpaphd YR | & YO { OF

Wd als vod %KEy3a: | & aléz2s %bbbyZzOMmmpT , o / K
M C ymhdpn y &
Yody B {akbA X ad 5SSyl /akiSySNK Bt BY RORSYDSHhYyRI QY AAY
M pan 1o @1 @

,® %Ky 3 dlyRNIDYR I/ SomigidaEEH B R 8

Ld {d / KNRYIl | A&t {ly Shiid d ¥mp/apoy® | YR | & WI {12032

¢d {d YIy3ads: {PeydKSEADOH whlpilkAHED | YR Wod  d [ §SS3

Cd 5A .SySRSGil2x '@ /FYLR&AS2Y {® tFIEAFNZ
t AdADFIHNENS bl y2 (SdKyiRnfgedd &

Mpp @ %KE23 . & || {ONY KISYiR On i Enlfict ¢ =

Mcc
MdT

{® [ SSZ DO WRazNYAZAY 21Ty R ITIGNMBEFEY K SY A & 0 NEB
YO | ® YO /KIYyZ ¢@ &yHiRSAA On s cdMidniid@ldip ¢t YR { & | 2 G

65



M LYGNRBRdAzOGAZY

My
M do dp

Hn

H MH
H MO

HM
HMp
HMC
HMT

HMY

HMC®O

HH

I I I I =T
I I I I =T
O T 3 O =T

I &
ao
I &
YR
ao

/| KSyal §RR Y 2% S BamoaRy>o O
Do aOYSS>T ad ¢ | adyd®NSR Y 2IWSOEFSHEYB Pl Y | YR ¢d
2dzx [ @ 1 dzZ ad 20 w2gStfT 50 YAaPBSKWI® W / K

bdb V20 B G BN Emmy O

.23y AGT1AZ ad . SOIUSNE ad DNISESNX 2 alaal:

DI fT KNdzZAzSNJ I RBI YOSBINE M ¥ § NEno § i c ©

Wo

Wl YWEES . 9O D/OK2 2 dzy® 4D (Ht NI @ & Al I KISRFHEER I fyR

@ Snou®

a® DNJ}SEASNE ad .23yAGT 1A 20 al dRGE yOSRt AS{I

al G SEA K BT EmmmT O

()
P

2dzz wod BKEYFESYRA[UNBZ 2 Ryt & piayi® a2 o
Dd t2f 3 /KSYRANBWE 312 yRRa &lydRsugipd P& >

WOTL P W KES { [dd a @ W2 | S2dy e § BKYEX® NPOOK XY A BIES i @0 |

PR nmyT P
ad! wall RENA It a { OASYDSHhUYREO yiitAo/SSNAY Y !

- O
Lo
w P

Lhy3s o { KIGRKA Y, o FAMS npedyizd | YR | & Ddzk vy
[/ dZAZ {® 219y BIDINE OERINAIER ISy @pied / | 23
{FKFeYX td {dZNBEAK VYdzYINE +@® ! N GAYRIYyS Wb |

WEYFTNRAEKY F IGRE W dAYREF @Ft Kanad v vy 18 WA & G NE  /

2 @

BKSY IS %d [ A | & YKl ISINA 2wiS 2 S IYNSEM B. oz f §EA W

MO mHI O C @

v

Cly I yR9 a8 ({ NR G K3 WAL YIBKI{yeam i 2HE R

{P{WK2AZ {® D [ SSz W2pdzNI®I fL YZTF {abl 1 INWIAED EfyRA S wO §

y qppcpo @
, D { AT WO | dzIb [dANBX Y YA IW® YRSy yRO. @ 5Ay 3

, @
50
I ®

pHPp®
Do

BKEy3Is {(W8y § ANK Dby R y! OB/dRM k1 BBNEN B.OY / KSYA O ¢
[bA yI2y K S d®sS. bghic i ®
. YE bYR @d/ KONPROANDRDOKIKAXEINEH o B @@ ay A OF (A2

2} y33 | & LWA D2-day I dzlhyoRaSa avxEingBriy§®e>2 ¥ ©t Ke & A Of f

HAAveMZn H ®TOTTTy H @

9o
Wao

C2NX¥2Z td | & yR /KEYWERE t ReEADHIE®I WENH 3
by 0 1 FYyE { o - ARG yO SR yAdzy QLA 2 AMHEyE I NS

HD MdbdnT hMmdbpP
2 @ | WddEk tWENg SWdkaia ¥ KW VRSBSINA | t AR { DX IV PSEaRIyYy XY

M NZTTMH O
/| @ {KIFI2X bW2dz2MF I {f P2FA dzKRER OF O ¢ BaZ BmkKnSiycA® 1 NBE 2 F
20 [d23I - © IWEIZNY® f{ yF layrRi SN higah IS Y A & O NB
YO { | KyRSNED {adRy2BB25tWEln T/ yc ®
D® 2| y3aA3 vd 52y3I3 ¢HF NEZ VAo Yoy ® a ® %K2dz | YR
{® az22y/ I NR2 WroE Wiy yCahpA & =

66



M LYGNRBRdAzOGAZY

HHT

I I IT =T
o O O O
- O T O

I I I I I I I T I =
J O O O3 3 3 33 3 o
8 <

4— 0o - 31 O T =z S

juny

ny
ne

I

Hp M

HpH

Hpo
Hpn

a® {KAZ [® %KI2Z - ®/{2¢BESNDLY A 828H daxSdeknl y3I |y
OHNCTO®

.® ad 9AO0OIWR Ry Wb 2 P dahEEpiERcATRE OA Sy OS

[ @ %KIFy3IS W | diEl y 203 O Ik ava@2rRAby YR | & C2y 3z

- BK2dzZ |, & VIAWIES NP { AdEY WD WA JENI HyiRE B dD@ RNR 3 Sy
Tnano

- d ¢l 2T { D wBK2dzZZ WD & ISNI %R OaA ISy i Mf Brapvh¢zE f W
ochmn o

D® -AlX 50 [AZ - @ /KSYyI | @ ViOSREASBEPHBIEOIS %o Dd
CHmTWNNO®

2 [AZS [/ b [ 2 /& VKSYROSIT /d2YukdayBIOT20dh 2Dy {
OCPHMOD

L, - dzZz W 2 y3II 9[f & OB YOX AINer @ ZuixOki PR - & %Kl y3IZ
YDOWFHA{ 2y S { @ ONRY 2F $RdA ® NY WYXLIIHR By W sizi ®OI G A 2 y &

¢td 50 . NRgYyI tod 3R IYVIOBRY alkyarfsi NBEE 3P o dzi YI OKSNE

L, L dzz {® 1dzZI ad® | FyITIwHho! RAYHIEMMCESIART YD b A
MMAapcpo®

{® WO [SST ad b26AARANS 9¢IKY SN GEpMR NP Do %K)

{® blFIKASKI 9@ C2NR21 YSENESAWXI {f ERNM&EBEXHEY | YR
MHWMO p ¢

5@ Yy 3IST | dbd 5dzk YI WP {{YdZT fH/mbEy S\wT Ao/pReMded ! & | dzF Y3

,® ldzZhy3dzs [ ® 5dzryr , ¢ ORBYHR IH @mowdEdenNBidEt | VI b @

5 {dzyI [/ ®ObNKRYZSGHEB PR PYR [ [ Ay X
.dB D, & | dzl YIS ald SNRYFT & YR/ Rida | YAdych B 4 Smldoy @bt NB OS a .

LD 1 dzEy3ds [, d S5Ay3AI Wobl g yIy & MEF D Hpd %K 2 dzZ | d

/@ I 2IW2@NY AT I gR ¢ MEIH ®F R mrh THmerygENg { O

P L EAZ 1.1de /2 INBHIAEBBE ¢ O [ Ay S
{dadYKAT I { & dwdy Asc YRIFING yRE @&/ I £ 2F . A2YSRAOI
wS &SI NIIKRXp Smmm ©

/ @ |/ ® CA[ RY &Y RH v io DMpd@& NS @3

{® ad aANBF{AftAT ! & tFTdlKFEE 20 {A11SYFHE /@ 2

al RRSKEAI yOSR Cdzy (i AH2ryB of Bmoeodmic SINR | £ &

a® . FyAlLalRAY WO | dzZl ¥33a %! § &LIRE @S RZ2NB Y NE I KR |
a® aAWRINBYRKYELILIX ASR al &S NI ppip gay cLldy G SNF | O0S a

- d [AX [ |} 23 WRdizNYdkytr 20 I{ IBYEAS R Dy AR prS/Ng {, @A §
otcno

wed bl {1l a%xA Y PYSHBERYIARIZE $OSa Ay t Zf aYMNIZ¢CSOKY
O ®mpmH

td 56 5Ff(22 {0 IMIBSEMYR ad al f f SNE
I @S2y wod D2LIf3X wod whkYlFIaSagt EY HMIG T Gk | NI |
onp®

67



M LYGNRBRdAzOGAZY

H
H
H

H
H

I I I T

I I I T

H
H
H
H
H
H

H

p p Co [ & { O NRIA{yd® tlBEyiiRS ynidshyiods . Hl 2y A & =
pc LO/ ez [16dh I[{doxp[ Adtzd | §RASNE | YR HmED HNEINE

pT YO BKIYy3ATI - 2Fy3Is b | FyIREND 2F yAZE & WS MK{IGA
t NI .Y ot 2t aYnSEND Rimnfedy P 400 a

py - ® 2 y3IZT YO WBKEFYII ad %KAET SYOSIMGgEY Fpe &2 dzz |

p . 2 y3T YO %KEyIal ONRPY¥WRIzZS O.dzb | {NB vl Z 28RN /yIZYWR dzy &
H®D wrowmo

cnCod !'yi2ys I NOAFAOALIf (KNBO{RD | ty/Rin $ySHi Fuda> P2 v p LINE R dzO /

cCM™ CONRR&@y X2y 2F | NIAFAOAI! O{Fd otSINGS riNEerp F A BMNG T 2
H o

CH CHS IR AI2WR | LILI NI & dxd OF & NG & kK yhida FA ¥ b n

Ch S5F0ANRIYZ {d 1 & | & wk@fFgREN WHIAFSSNK Al N2
HAMHE MEIHOH P
cn Il & alfS{AZ ! ® | & DKI NB/OI 3RRPEE/NE D 2/TNN LOE SRS t|
{ OASy ORodp Body y

(9]
o

cp a® bd { K&IS] W2 dINYR ¢ @ FE XKD Sidined® S Ly &G A Gdzi S
cc ad® bd {KdzZ {FGRBa® @dm@EBaNYR ¢d [ Ay
cT 50 | & YMWS {2¢0 W YREY Wd {W WHyII{WalIy® YIy3s

HAMOEE creimwH ©

cCy - WIS Ta & oK A GO PRIAFOSNI LY G SNG h Biwh 2

co W | S5 Yo W2MINY, Idi  Y2KF2 dzQ BT CBERMmdn FdzAe>Y S NJ

n %o - AS3T | ow{b/A dz R IRy pIVERETmp Wi o ©

mM5b [AZS - d tlys . {dzyS ¢t 2YMZKIP MBSISKE WS {IdydR - dbb yaP>
W2dzNY I 2F al &S Nuodvipydy WwavSdr A & ( NB

TH /O /Al AZ td aAlSaz ¢d ! yRNHZ KZI 9 2KAGSTI 50 az2yl
[dzl a2 Lo [dd Ay20r Whya@Ommmyntc y y® Y DD Y2 NYySa:

TO 9 {YAlZ ! & . ARIHImPY R mepdbo5 d { I YRSNA2Y T

Tn [® 2Fy3Z |, P HAE Y Oy@EdEaey Ot ® - & al X

TP Wh 2dzZ {d [AdzZ [ d 1&SIZ6 N REYHICBG S EE > / © Cly |
TC AdEZOWP 2dzx - ®@ [AdzZ 5¢ [/ KSy S Daw[ddNY. 266 (2AF/ = A[2d¥ § R A;

al GSNRFf & wS a1Sa nECoRp yoow - ONI !
TT YO 20 YAYI Yo | & [ S0 SN {0 Ry Kk iy B8pE & | 2 | yF
TYW® | & aliiKSga>x Dd 9 2ySEiZYEONPT2H &DAEBHEO I YR DO
T® 9 %dzaaYl yI I5IOLIwWASIRK Stt €& & RED Db gdil & NINA vy T

y n DW2IdANYYXY2F t2f&8YSN { CASHMES vimmeIo . ¥ t 2f 8 YSNI t

y M o {2y3I3T - O dREENH VL AKEwiaESDaytR { © 2 dzz

Y H Wod ad | 2t WaHzNITKE I §R & 450 S« ESmHirdkgS e & G NB

yo {® %K2y IS ¢RABKASY I YyANKWSEEI 4@ pMEWRD . Y

yn {d / KSYyS | @& | 2dzZ Co mallNSIAANESOKS {{dd !!13d Wb A T & @
wlkes 1o [ & | |INARS/BIHBARNE! yay SONBHIEVGINIANSTYMGES

yp ¢d - dzZ D S5AgIZ BOC2 Y WARNRDVL-GBEKRRIS/EOSNIMT S / KSY

68



M LYGNRBRdAzOGAZY

HYy C

HY T

HYY

HY ¢

H ¢n
HdM

H (bH
H (o
H cn
H pp
HdC
HopT

Hdy

O o o o o o
3O 3O 3O 3 o o
T 3J 0o T =2 9

(¢]

pX M IMHIWHYpN @

Wh 2dzZ bod 2Fy3asT [ 2K yYII LI ASRY AL (| SINIMHSTI a2 LIYVIFS
OHIMHMH D

/ ® 1 dzZly3ds ., d hd2lyaWwol @I A2 00 N&Y M OIESY ¥
al G§SNJ LY (SN priny dpc P

2 dzZ 2P WBKI2T [/ ® %BKdZZ - ® BKLEAIYSHNRADASY 0K
HAoMWME cy @

¢Cd ad S5AYAEAT wWO58Y2AETRDOS@ARPE ¥I MW BESNIRG IYEE S
. SKEF @ . A 23 SuRn EephEim3pNI

50 %Kl yb3 yi2y B SWAES/ ek y/ y\T> d

Il & Ky . ® ad WdzZ | & ¢ 1 KIaKAZ! OPREYILBNI Al Ya
H 1 MvpEX am @

We Dl HY2Iwdd [ ESYEI DS | EBO YGEIHENY I YR 2% . A2 YSRA
al GSNALF t & wS anSoh o MoK vl NI !

2 9 ¢S2 blyyR i SIOXKwILY IRCIRinVEpKeyd: T

S{® D/ | MzZ v O [WAYF ¥z e Bmdmmyldy 3 T

l® [® DI2X ,d . d %KdzZ [P . P al2r Cd /& 2| y3IX
[®@ -dzZ [ WD 2| yIAT 2 pldaNG2 Yoy A A yoam 2vdz dHyIRP { @ | @

{® WAIFYy3As { & y13BeNBIRIG SI y K SIYA SENBADENSEpp My F £ 9 F
Mppoy ®

{d WAIYy3Z +d DNUHSYZ {d w2aSyFSwRIAST NIDKM{pE { OK S\
H @ guwm @

D® S5AKKSNAD wd WAL yIZ W D2X XDWIaENEY g 66 O3l N | f
MY omwimpmP

{® WAIFIY3Z D&® 5dzt yI ! & YdzKy I !a/&Sall NIRI S+ @ KISEYRSG
LY dSNYI (A2 ipta TSlyipy Dy

VODCHES - & 2| yIS Wb %UKdgS YW @Evdadm dapp®P dzy ' yR . & 5

LD {AZ - 2Fy3as ! RY OFIRIAIED 3 AT pAMY O, dz | YR . @

LO 1 dzZhy3dr bd . dzZ |, ® ShH WwZEE O ldpdv bR HMTeT A dzX %D

VO [AdzZ vo 2dzZ {d - HIY 2[0S OKKIRE RARDp O KE@PX %D 5,

t® 50 5FfG2yX 5& DNI Tl KNB ?RBYSMMATShyypooldY YSNE 5

- d 2yaAT DWW ZEEAFII PDPAWMS a d SINAY X aWh ShESWA | YR
P M

2 | IyT Co [/ dzAx {dYEfAiimEByEmph@dcod® S5Ay3a yR | &

Cd 5A .SySRS{GilG2x ' ® /IYLR&aS2: [® wENHBSYNREYR®D54
t A aA Dy Y2250 4o viEm o o g O

[ @ t SNEIYy2>Y ! & /YLRaS2y Ccd 5A .SySRSidG2: wo
t AAA YWY OSBIRIASKIH ABH AP MC

o [/ IYSREBRHG6R S&d {d | & bSGSas wwstthyAsElFyA |
pZ pacH P

Ld / dzOOKAS Cod { LI y23 ! ® DA2DI ySH{{WISf tamdn 7 X (St € |

69



M LYGNRBRdAzOGAZY

o O O

o O

o O

o

O O O o O
o O O O O

o O

0 wmpphP

MM l'®d YI Kt SNE Wo! ROI yOSREEHMARTIM® & & CNASYRZ

MH /| ®/ DUzBDI[ A¢ & yBKSYNER Y23 SHOml# 1SEepg cpc P

M O [® ' & DFENONFZ 9@ ! NAIF &I Lo a2ITASESINBME2 YSNE S
pommoon®

Mn 50 [AZ !'® LYRSREI yOSR Da Wi BEIKE & c @

M p Wd /& .2t AYyISNE ad / & ¢NIdzoZX Wo ! ON2IdyNIRE 2¢Fd | |
OKSYAO!I 2 NG5S s m

M C Dd a2NBfft22 | & t260yi X 3AAYDWIES NRESH & 68O Y [IF SNLieSINGE?
HMMGMMO

MT {d tF3IEAFNII ! & /| Y0LI2A % 2A3S Rv @ B eAdyEpRds > ¢SaiMil SN 5 ®

MYy /& [/ & [ SST {d |, [ AZD 2/BKSSOIWN2 kG 1R @ ORE // KSW3IR a/i i

/2 HRMDH HONYWTPC O

M & advdzZR tYSRE |, ® LAKAADLIIPA SRt K2 ZpBy B[S @ @PINE | >

H

I

0

n/ o @2V I & VVEKSMER Y2t SOdzf | NI al (55 NAA dgigaSpthbypR 9y T A

Maony @
M ® tFIEAFNIT ' ® /FYLIRAS2T ![d 6t ¥KNAYES SBywodmc/PA y 32 € | Y
H ¢® DNYSNE DO ¢2LJedzz ! & { I O IOPYE2 i SO\BHieBAE ¢ ¢ dzl
H®D MOPHANHOD
0 I © wod WSdzl SwWasSy St awdwz/yd] KIBMSZIYSY SCdt dWdy 4@ A/2K NR & G A |y
FYR Wb W2elzNa/HIfy 2 F GKS | YSNROEYSYymg@MHOLt {20AS0e@
n td ! yiI Syol OKSNE yA@BS 4 Y REGR/ KSYA DSt VilpEMEREGEX2 Y |

HOoOMmMWMPDNYy @

. ® Y%dzz | b | da Olinyjpl oMo 6o en daxb
c L0 [2y33X 1@ [/ KSYS & | Fy3zallGNEWAEISIONAESE | YIS b
cprew ndgd
T {®PWed y3I | yRV2¢daNJardf {267 FISKNE | Y5 Nk gy >pro & 8 ®#OF £ { 2 OA
y | @ %K2dzz ,® {KAZ - & FAYAIA QIO HHESD Wndg D Z %o [
® . 20 5FQPAEAI bd bAlLYY2YyGI 4 ®{5®LILE NBEX SN L ¢zi &IN
H N WHE 2 MW ypy 0 @
n ad® MIPNBRSVEFEORAE Ay / Stf{Iis586@Btp@aNSy Gl . A2f238
M ld /FYLRasS2r Cod 5A . SySRRBIGBER wEe mAgdEaest] ISyi i SINE
nnomMmnope
H +® +2KNI X | ® DA2QL ySiX +§ Wioymdapipy Y ¢ & a dzNI G|
0 | & %BKSyYy3aAZ - d [SAZ 0dyR2KHSYOXKYREREARGPEnnd %Sy 3 |
n Ch {d YAYI DKSWSA (INERE2{Fdn & IviirSomeig § 1aK S =
P I & [AdzZ / & | & RESIOKOMIIE t B/&RH  @d D[bd i iNg M K S
c {d 2d [SSsT I & W [SST WP | & /K2AZ 20 DO Y2KI V

bly2SNB tmEn @DPM™ P

T Db f IASSNI §AR K Sy 2haf (ANBGSY SNENMAPT ¢
y 50 wid Kl VRS22] 2F DKAWAAGMNBAKYRHDIKE ®A OX

70



M LYGNRBRdAzOGAZY

oo

onn

onag

vd %BK2dzZ . b /2T | & %BKAEZY IO mEZEp oD@y 3T 2 D Ui

a® al 1FNBYAZI wod G&KS5 W2ANHBIE € 12 F RS tkibrambth® 0 I/ | K& K X
T pmwdpbpy @

| & %KSyYy3A: | & . HBISYy@2MEl VIRHERRPODOESFY A Oa

L {KdzZFAZX 5@ 2Fy3r Yo KHXOYVEY B K kyp@EXpE, & 2 |y 3
MMHMmMMHT N @

YWPKEYE Lo {d tFIN]Z YO W YAYYl MEP &ldi HMIVIZE B ol
{ GNHzQ G dzNFE & Bl p c @

YO CRANBBRISER S YRDBEMED ©

Il & YKF@8LFYXI wd bd WHTFNE { ¢2 DIAyWwA S {Dad DAY ] NJINB/Y
bl SoSBRINBEEA AYy 3l WiSmER Ivindn pt@Sy OS

{® Y® bldiFNF¥2Z YIONHEINE &Y IAY FRUOETY FHWO|ITA FY 0K @)

. @A DISBH { /SKE GBS EDm

Wo Wdab S lad IVddz2DNF KF'YZ | @ DNBAYSWEASBIPLE d wSy
2F GKS ! YSNRA OIYY o mknSoYsh ipfrc{m2dbOA S i &

| @ | 2dzz WP WP DS W %Sy I3 /\WKES YARI NB®E21TO aw $ENR
H N AVE gjcr o @

71



H hOSNAKSaRFE (GKS ¢

2 Overview of the Thesis

Section 2.1
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High strength in combination with high toughness in
robust and sustainable polymeric materials

Xiaojian Liao', Martin Dulle?, Juliana Martins de Souza e Silva®, Ralf B. Wehrspohn®*,
Seema Agarwal’, Stephan Férster>®, Haoging Hou®, Paul Smith’, Andreas Greiner'*

In materials science, there is an intrinsic conflict between high strength and high toughness,
which can be resolved for different materials only through the use of innovative design principles.
Advanced materials must be highly resistant to both deformation and fracture. We overcome this
conflict in man-made polymer fibers and show multifibrillar polyacrylonitrile yarn with a toughness
of 137 + 21 joules per gram in combination with a tensile strength of 1236 + 40 megapascals.

The nearly perfect uniaxial orientation of the fibrils, annealing under tension in the presence of
linking molecules, is essential for the yarn's notable mechanical properties. This underlying principle
can be used to create similar strong and tough fibers from other commodity polymers in the future
and can be used in a variety of applications in areas such as biomedicine, satellite technology,

textiles, aircrafts, and automobiles.

ynthetic materials with a combination
of high strength and high toughness are
rare and represent an important tech-
nological challenge (7). Engineered metal
alloys (2), metallic glass composites (3),
nanocellulose paper (4), glass (5), and carbon-
based materials (6-9) are some examples of
materials with this property combination. High
resistance to both deformation (high strength)
and fracture (high toughness) is achieved in
man-made single-polymer nanofibers of very
small diameter by electrospinning (10-14).
However, these single nanofibers are not robust
enough for handling for real-world applications.
Natural fibers, like dragline spider silks (15, 16)
and recombinant spider silks (17), achieve the

combination of high strength and high tough-
ness as well, but their applicability is restricted
by either low availability or high prices for
various applications.

‘We discovered a straightforward concept for
combination of high strength and high tough-
ness through the preparation of polymeric
fibers by yarn electrospinning, which creates
fibers consisting of thousands of aligned nano-
fibrils in combination with a specified amount
of a linker molecule. Simple alignment of the
nanofibrils in electrospun yarns in combina-
tion with a high degree of crystallization does
not result in high toughness in conjunction
with high strength. Rather, this combination
is achievable through the addition of a small

amount of an interconnecting molecule dur-
ing yarn electrospinning and annealing after
the heat stretching of the nanofibrils.

We fabricated the high-strength and high-
toughness polymer yarns in three steps (fig. S1).
First, continuous yarns were obtained by yarn
electrospinning a solution of commercial poly-
acrylonitrile (PAN) {Dolan, copolymer with
4.18 mole % [6.35 weight % (Wt %)] methyl
acrylate according to our 'H-NMR (proton
nuclear magnetic resonance) analysis, number
average molar mass (J,) = 120,000; molar
mass dispersity (P) = 2.79} and different
amounts of the bifunctional poly(ethylene
glycol) bisazide (PEG-BA) as an interconnect-
ing molecule. Azides were applied in “click”
reactions (I8). These yarns were then stretched
at 160°C in air. The stretched yarns were fur-
ther annealed at 120° 130° and 140°C under
tension for several hours, which finally re-
sulted in high-strength and high-toughness
yarns, depending on the applied conditions
and the composition of PAN and PEG-BA (we
tested amounts ranging from 0 to 6 wt % of

Macromolecular Chemistry and Bavarian Polymer Institute,
University of Bayreuth, 95440 Bayreuth, Germany. 2JCNS-1/
ICS-1, Forschungszentrum Jalich, 52425 Julich, Germany.
*Institute of Physics, Martin Luther University Halle-
Wittenberg, Heinrich-Damerow-StraBe 4, 06120 Halle
(Saale), Germany. *Fraunhofer Institute for Microstructure of
Materials and Systems (IMWS), Walter-Halse-StraBe 1,
06120 Halle (Saale), Germany. “Physical Chemistry,
Rheinisch-Westfalische Technische Hochschule Aachen
University, 52074 Aachen, Germany. ®College of Chemistry
and Chemical Engineering, Jiangxi Normal University,
Nanchang, Jiangxi 330022, People's Republic of China. ‘ETH
Zarich, HCP F41.2, 8093 Zdrich, Switzerland.
*Corresponding author. Email: greiner@uni-bayreuth.de

Fig. 1. Photographs and scanning electron microscopy (SEM) images of the yarns. (A) Photograph of continuous as-spun yarns. (B) SEM image of the long
axis of the as-spun yarns. (C) SEM image of a cross-section of the as-spun yarns. (D) Photograph of stretched yarns. (E) SEM image of the long axis of stretched
(at SR 8 at 160°C) and annealed (130°C for 4 hours) yarns (EASY). (F) SEM image of a cross-section of the stretched (at SR 8 at 160°C) and annealed (130°C
for 4 hours) yarns (EASY). The scale bars in the photographs of the as-spun yarns (A) and stretched yarns (D) are 20 mm.

Liao et al., Science 366, 1376-1379 (2019)
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PEG-BA relative to PAN). The electrospun,
stretched, and annealed yarns are hereafter
abbreviated as EASYs; the yarns processed
with PEG-BA are abbreviated as i-EASYs.

In a model study for the systematic under-
standing of the effect of stretching with com-
mercial PAN without PEG-BA, we found that
as-spun yarns had an average diameter of 130 +
12 pm and consisted of ~3000 nonoriented
individual fibrils with 1.17 £ 0.12 um diameter
(Fig. 1, A to C, and fig. S2, A and B). Heat
stretching of the yarns for several minutes
resulted in their manifold elongation accom-
panied by a change in the macroscopic ap-
pearance (Fig. 1D) and the alignment of the
fibrils in the yarns (Fig. 1E). Stretching needed
to be conducted above the glass transition
temperature (7},) of PAN (7}, = 103°C according
to our differential scanning calorimetry mea-
surement) but below the onset of oxidation at
180°C (19). We investigated yarns with differ-
ent stretch ratios (SRs) ranging from 1 to 9
(where SR is the length of stretched yarn di-
vided by the length of as-spun yarn, and a SR
of 1is unstretched) at stretch temperatures of
130° and 160°C and determined the align-
ment factor. The alignment factor [orienta-
tion of the fibrils of the yarn, with values
ranging from 0 for an isotropic orientation to
100% for a perfect alignment (20)] increased
from ~46.0% (at SR 1) to 99.6% at SR 9 and
stretch temperature 160°C (fig. S3A). The
orientation of the fibrils can also be seen in
the three-dimensional (3D) x-ray images of the
yarn samples (fig. S4 and movies S1 and S2).
The tortuosity estimation, calculated using the
3D images, is equal to 1.00 for stretched yarns
(at SR 8 at 160°C) and agrees well with the
uniform orientation of the fibrils. The stretch-
ing of yarns naturally caused a reduction of
their diameter, from 130 + 12 um (unstretched
yarns) to 50 + 3.3 um (at SR 5 at 130°C) and
36 + 1.3 um (at SR 9 at 160°C) (fig. S2, Cand D).
Simultaneously, the diameters of the fibrils
reduced from 1.17 + 0.12 um to 0.57 + 0.01 pm
and to 0.37 + 0.07 um at 130° and 160°C, re-
spectively (Fig. 1F and fig. S3B). The reduction
in diameter of the yarns after stretching can be
explained by the untwisting and alignment of
the fibrils. Stretching also reduced the linear
densities of the yarns, which changed from
3.74 + 0.14 tex [mass of fiber (g)/1000 m] in the
as-spun yarns to 0.39 + 0.04 tex at SR 9 at 160°
C (fig. S3C). After heat stretching, annealing
under tension (about 15 to 20 cN) was applied
to achieve high toughness and high strength
of the yarns. This annealing step (130°C for
4 hours in air) did not result in any further
changes in the diameters of the yarns (EASY)
or of the fibrils (fig. S3D).

The results of the model studies were trans-
ferred to yarns composed of PAN and the in-
terconnecting molecule PEG-BA. Bisazides were
reported to undergo the [2+3] click azide cyclo-

Liao et al., Science 366, 1376-1379 (2019)

addition reaction (I8) with the acrylonitrile
groups of PAN, which could either favorably
lead to bridging between the fibrils in the
yarns or cause reaction with PAN in the bulk
of the yarns. PEG-BA contents in yarns in the
range from 0 to 4 wt % had no significant ef-
fect on the diameter of stretched and annealed
varns (fig. S3D). To analyze the effect of PEG-
BA on the mechanical properties of the yarns,
the toughness and the specific strength were
analyzed for stretched yarns with different
contents of PEG-BA relative to PAN. The max-
imum stress (fig. S5A) and modulus (fig. S5B)
increased with the SR, whereas the toughness
did not linearly increase with the SR (fig. S5C).
The increase of PEG-BA content decreased the
maximum stress and modulus slightly (fig. S5,
D and E). In contrast, the toughness increased
slightly (fig. S5F). However, the subsequent
annealing step had a significant effect on the
toughness of the yarns when PEG-BA was pre-
sent. An annealing time of 4 hours was found
to be optimal for the maximum strength, mod-
ulus, and toughness at an annealing temper-
ature of 130°C (fig. S5, G to I). Optimum values
were obtained with 4 wt % PEG-BA, at SR 8
at 160°C, with subsequent annealing at 130°C
for 4 hours (Fig. 2 and Fig. 3, A and C). These
varns (i-EASY) have a tensile strength of
1236 + 40 MPa, a modulus of 13.5 + 1.1 GPa,
and a toughness of 137 + 21 J/g, which are
similar properties to those of dragline spider
silk (15, 16). They also have a value for the ten-
sile modulus of 13.5 GPa, which is close to the
theoretical limit calculated for atactic crystalline
PAN fibers (21). For comparison, the strength of
an aligned, electrospun PAN nonwoven is 110 +

12 MPa and its toughness is 57 + 3.0 J/g.
Untreated as-electrospun PAN yarn has a
strength of 72 + 3.0 MP and its toughness is
76 + 10 J/g. The linear density of i-EASY was
only 0.4 + 0.06 tex and it had an alignment
factor of the fibrils of 99.4%. This yarn, weigh-
ing 0.008 mg, could lift a total mass of up to
30 g repeatedly without breaking (movie S3)
and could even be used to sew a button to a
shirt (movie S4). After repeatedly lifting 30-g
weights, the yarn elongated slightly, most like-
ly because of the elongation at the yielding
point (strain of ~2.5%). Even after 5000 cycles
of loading and unloading at a maximum tensile
strength of 400 MPa, only a negligible change
in the final tensile strength (~5.3%) and plastic
deformation (~4.2%) was observed (fig. S6, A
and B). The plastic deformation occurred mainly
in the first 10 cycles. Owing to minor structural
changes after 10 cycles, the energy loss coeffi-
cient with cycling showed a slight decrease, with
values in the range of 0.23 to 0.15 (fig. S6C).
On the basis of our findings, we postulate
that only the combination of high-fibril orien-
tation, caused by stretching and annealing in
the presence of a certain amount of PEG-BA as
an interlinking molecule, yielded high strength
and high toughness in combination with high
crystallinity (Fig. 3, A to C). Clearly, the crys-
tallinity of the PAN in the yarns is insufficient
on its own for the achievement of high strength
in combination with high toughness. Polarized
Raman spectroscopy confirmed that the heat
stretching procedure caused the orientation of
the PAN macromolecules along the yarn’s main
axis (fig. S7A), with the percentage of aligned
yarns increasing from 66.1% at no-stretch to

1400 ,1,1
1200
1000 -
;_“? 4
= 800 -
n 1 As-spun PAN/PEG-BA
§ 600 -~ Annealed as-spun PAN/PEG-BA
b7 ! — — -Unannealed PAN
- — -EASY
400 ~ Unannealed PAN/PEG-BA
1 —i-EASY
200 - - - - - Unannealed PAN/PEG
- - - - Annealed PAN/PEG

/,
o’

300 400

40 60
Strain (%)

Fig. 2. Comparison of different yarns. Stress-versus-strain curves of unannealed and annealed (130°C for
4 hours) yarns (at SR 8) with O wt % PEG-BA, 4 wt % PEG-BA, and 4 wt % PEG.
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