*94T UO PaINOD0 309IJ0 Spouk UR pur 20S9TEOD

pTnoM (apoyies se pasn ATTeutrbrro sem yoTym) o3e1d ucqaed spoue
8yl uo S3TES Us3[OoW 2Yyjz ,UOT3BITSaY, JO pPOTI=ad 3II0US ' I933Fe
‘IoADMOH " pPaydusnb aq pInom 109I3J° opour Byl ‘pebueyd sI9m
sapoI3naTa 2yl jo sorjtierod 2y3z IT ‘3083F° @pour 3yl butang

sy o3oyd UT UMOYS SBM PIAISSUO 3D9IIS Spouk oYL

*23ATOI302T2 ®Y3 FO JUSIUCD BUTWNTE UT ISLIID
-op B X0 A3TSU2IUT JUDIIND UT SSEIIDUT UE YITM PSSESIDZUT o¢
pPInOM 9010 SAT3IORIIIE OTPOYIED pue 90107 sarsindsal dTpoue 3yl

*93AT0I30912 9U3 30BIFIe pThnom Aoyl poziieTod ATTROTPOY3IBD USYM
pue ‘o3k1ox30aTe ayzx asyndaa prnom Asyl ‘pszrierod ATTeoTpour
UaUM °SOTISTIDIORIEBYD SWES 3yl sary wnuijeld pur uogIed Y3joq oS

ra3eTd uoq

-IeD BpPOUER JY} UOC PBAIISHO Sem 09I 2pPOUER UBR PUB ‘IpoylEd Y3
Aq peioeazze aq plnom 93A[ox3oaTe oyl Tre Arxesu ‘Aryornb 3T

uo dn quTIo PINOM 23IATOIRDAT2 dY3l ‘9poyjzed B se posn sem dooT
axtm unutield syz usym -paieadde stsATox3osSTe-UCTSTINAOI-STSAT
-0I309T2 JO ssoooad oIT0AD2 ® snyyg ‘"urtebe spoue aU3 UYoSnol prnom
23AToa309T2 2yl STTYM ® I93JY "3IT woij pojexedes pue pasind

-21 2q prnom a3ATox3oaTs usiTouw aylx ‘palrdde sem jusIINd 308X
-Tp B I233Je ‘SpOourR UEB SB pPIsn Sem 3T USym ng -ATTeurbrIo poob
Kisn sem 83470130918 PUTUNTR-23TTCAID uaizTow aylz Aq wnurtierd Jo
FATITAR3IISM UL 'poaxesqo oJam euswousyd IeTTWTIS ‘8POUIERD B 10
2pour U®R S UOQIED JO pES3SUT pasn sem dool 8aTm unurljeld usym

*BDAOUE PIUOTIUSW SSOYJ YITMm
JUS]STISUOD 2IaM rUlWOUsyd =8saYy] °"Ipoue aj3eTd uodieo sU3 wWoiJ
wery pajexedas pue apoyled 3YJ 03 pPIISYPE 23ATOox3ID9TS 2U3l JO
3Sow ‘SaWT3IBWOS *pPaXindso 309IFD Ipour ue fATUSppns paseald
-uT sbejToA BY3 puR PSSELIDLEP JUSIIND IBYF usyl °“=290T1b B ojur
peosaTeod 231AT0X309T2 88U} ‘STSATOIIDIT® JO S3INUTW [RIDAIS
1233Y "STSATOox302T2 JO buTtuulbaq 2yl 3¥ poob sem A3Trigeiism
ay3 ‘uotizeziaerod OTpPOUR Ul USATHL sem 23eTd uogaes 8yl uaym

*paaInoso 3093J9 SPOUR UR
S8WT38WOS ‘paunssi STISATOI3D9T® u=ayj ‘urtebe spour syl payonol
pue xsyjzsbol pejosrToo ATTeEnsn 93AT0I308T® uslTOW 23Ul ‘ISASMOH
*BpouUE 38Uy} WoIJ S3eiIedsas 03 pIpusly puE mﬂthOuuuwHu JO sa3nuTu
Teasads 1933e 83eTd uogaed =Yyjl uo peaads ATrenpeab doap usjTouw

a2yl ‘uoriezTaerod OTpoOYylED B usaTH sem a3ield uogaed syl UlIUM

"{2'1) TT1®D sTsAT
-0I309T2-0I0TW AJO3jeIOQRT B UT Po3eDTISSAUT SeM S33ATOI3D8T8 BU

-TUNTe-33TTOAID US3ITOW AQ SOPOIIDST@ UOQILD JO AITTTYLIISM oyl

S234101309 T BUTWUNTY-23T[0AID USITOW
Aq sepoazoelg uoqied Jo KJTTIqelIOM

611 - ,

“pejlsabbns sem

J083J2 SPOUR JO WSTURYDSUW 3Y3} pue ‘STI20 STSATOIIOSTS0IDTW UO
psAlasqo 2so0yl y3iTts poaedwoo arsm euswousyd asayg "109II2 Spour
J0 ssaooad aToyM 2yl DBUTINP pPaAIasSqo OSTE Sem 2poyled 03 ap
-0UB WOXJF JUSIIND JO ITNOITO=3I0YS JODITP ¥ "SUOTIRINOTED SOTW
-PUApOWIBaY} YITM POYOOUD 9I8M 8S3YL "A $°G - 0°I JO obuex syj
uT 9I9M sesseooad 9sayl Jo JAWT {ORQ JO SaNTRA SU) ‘Sspoue
UOgIRD U0 paanodo 312931 9pouer oyl uaym 20eTd 0O3 S9SS9D

-0ad uoT3Tsodwoosp TROTWSYDOIFDIT2 JO SOTISS B 1PUI POAIDSJO
ATxesTo sem 3T -paInseaul sem (STETISIPW JIBUT ISYI0 PUER UMUTI
-e1d ‘e3Tydeib ‘ucqIEd) STETISIRUW DPOUR JO SPUTY SNOTIBA UYITM
1782 STSATOIIOOT® unTUTWNTE 8Y3l JO 92I0F 2ATIOWOII0I[2 Hoeq
ayr -AydeaboriToso Arvi-opouzed Jo suesw Aq Pa2Ipn3s Sem 309339
apoue ay3l aaded sSTU3 UI *ATusdppns S9SeaIOUT 2HRITOA TI20 2U3I
pue ‘opoue oyl uo aeadde syaeds OTIFOSTS TTRWS AueW ‘SINODO

3T usyMm ‘sTsAToaloaT® wuntuTUNTe UT ATTetoadss ‘sTsAToazoole
s37es usjTow ut uouswouayd OT3STILIOoRIRYD © ST 3D9II8 8pouy

Axeumng

BUTYD JO oTTqnday s,=a7doag ‘buelusays
‘{AboTouyoal IO 93IN3ITISUI 3ISESYIION

Tr-but bueyp ‘urg-BuTtyp TIM
ueTxX-nyz nid

SISXATOYIOITI WNINIWNIY NI LDEASE HJONV NO SIIANLS

= IONIPH ‘USSIPUY ‘H[ ‘Z8GT SIVIOI HSIT Woi]

SlEer] YIS l——

S

Essential Readings in Light Metals

Bearne et al. (Eds.),
© The Minerals, Metals & Materials Society 2016

G.



0cI

‘% ¢ PO9OX® 30U PTP UNJ YDELd UT UOTIBRTADD

SYL "SIUBUWIINSEDW £ - 7 JO UBSW 3JY3 aIam SoNTRA 2SOYL »
D% +
Sl 9°Z g C 0°¢ €.z
¥
*Ty 40 UCTITPPe 2y} y3Im ‘Iy Is14e wommm
spoue-4 ‘Ty JO UOTITIPPE 34l YITM ‘IpouR Mau-¢
¢3y 29140 SpoUB-Z ‘BPOUE MAU-T ¢(PIIRINES) 2z S T 0°L 8L 70z
€01y + (0°€ = oraea atow Eyty/sen )73 Tvhen 6°S &L 9°6 0°01 _—
*STSATOJ}09Ta WNTUTWNTE UT SSpoue z°9 gL £°0L gLl AAN
uogIed UC SITITSULP FUBLIND TeOTITI) 2 *P1y €'9 gL €701 9Ll 5'01
2 0z 8 9 W W 0 8 9 ¥ T ¢ L2 §°¢ 86 0" L} §'8
_ m. . . . . _ . _ _ o 876 L9 P8 0" 0l 59
-V r4
("3k) % “o°t¥ i 0°g 8°9 L 78 STy
8 ¢ 8" ¥ z's z°'9 5°C
2 81l L'z 8¢ Z ¢ S0
=
= dY I933Je | apour M3au gy I23Je | opouer Mmau (*1M)
mE spoue apour s £ 7
e 0°1Y
Amuﬁu.mv 1¥ U3th Hmuho.ﬂyam JnoyITM
(epoue uoqaed ‘D,0501)
(3,050T “%6°8 €021y ‘gg*z = *¥') ) S3ToW BUTWN[E-23TTOAZD UT PI> JO sSanTeA T 2[]EL
"#3aAT0nI0R TS UNTHTANTE U MRS AT T “0%d * (sepoue mau Y3ITM uosTIedwod UuT)

poseaadop AT3Ivaibh sg pPINOM poo JO sSonTea 9yl ‘s9jnutw § IOF
1093772 9pour ue auobhIapun PRY YDTUM SSPOUR UOIRD I04 "S3Taw 03

Topmod uogqied JO UCTITPPE 24yl YITM POAISSUO OSTe SeMm 3093IJ9
e suWES By ‘poseaIosp ATJUuedTIITUBTIS poo JO sanTea aylz pue ‘bIqg
pue BUOT swedsq gy HUTINP SOIE DTIFDS[D Yl ‘SIS0 STSATOIzDaTS
oYyl 03 unTuIwnle JO UOTIITPPE 3y} YJTM "S3ITSW SY3z UT BUTUNTE pPD
-puadsns Jo ssusdaid 2y} 03 Inp Sem STYL "OSEaI08p PINOM PO JO

SanTea 2yl ‘% 7| POPOOOXd UOTIRIFUIDUOD mOmam usym ° ONHd (*3m)

% ZL - 0l 3® S9Sed UY3loq UT PRAILsqOo 2I8M pPOd JO sanlea “XeR

7z 2anbtg uTr po3jold pur T 9©TdE] UT PO3IST] JI8M POD JO saniea
9yl *71 2InbTg UT umoys aIe saAInd A-I TeoTdALl *adil $0z-£271

16 18piocooa X-X SeMm SOAIND A-T 92Uz buTroeil I0J pasn JULW
—-NIJSUT BYJL "WOTUTWUNT®? JO UCTITPPE 3INOYlTM 3soyl Yyitm paredwod
9a8M SITNSSI 2Y3 PUP ‘UMTUTUMTE® JO UCTITPPE 92Ul Y3lTM painseau
SI2M SOTITSUIP JUSIAND TEDTATID 3yl aaded STY3 Ul "S238IS

: 5wy e ana3 ayzl 3099 JOU PINOD pPLuTelqo siTnsal syl 20uUsy 1190
; t: § STSATOIIDO[T BPUTUNTE~2ITITOAID 8Y3 O} pPIppe Sem untutunie ou
fsjuBWEINSEaWl A}TSUSIP IUSIIND TEDT3ITID snolasiad ayl 3o 3jsow ug

H §
.
i

€8T3TSUSa(Q FUDIIND TeRTITID

I0YIPY ‘USSISPUY “H'[ ‘T8I SIVIZI IYSIT WoL] STeaoNBUS IR



- ICI

rydeaboyiroso ---¢
1799 SISATOJIID9T2 --—-4 ¢ J07RINMI0OD —--¢
fI9TJT308d -==2 fI2WIoysuray -=~|

+wa3sAs bButansesw TedTI08T] # b1y

Jaded sty

o

SAAIND

‘garATeg Aq paulelqo ----- SIAIND

(sf0%1y) 328 ‘(xf0ftv) 4 - poo ¢ b1y
(*3am) % =0% [V

0.8 9 1 2 @
.

— — g
Y
09t 0 ™ /
~
~ /12
ag! . N
A
% “w;lrat!!:x 1* o
ool /4 /; =4
0" A
2l al\\%\\\ P T
- 418
a2 \\
W\w\ af
a»

10)IP “UISIOPUY [ ‘Z961 SIVI2I 1Y SIT Wol]

‘g ojoyd 295 *S2TITSUSP FULIIND
U3 IM POsSLaI0Ul SSnNTeA 2S9YL "pPIINSEIUW 2I9M ﬁmomﬂm .NOHN ,Nqu
‘314 se yons) SpouUR JISUT JO SPUTY JWOS I0F SaNTeaA JWH ¥oeBg aylL

Ppour jIsur JI=Yl0O PUER WNUI3ETd4

*S8T3TSUSpP JUSIIND JUSIASIITP B
peiInsesu 9I9M SONTEA JWH ¥Oovg PUR ‘pasTea ATTenpeib sem jusIand
2Yy3 STIYU3} I23JV "SISAToiloaTs-2ad posooxd 03 SI3INUTW G| HOOF 3T

*p 2anbTI UT uMOysS ST Wa3sAS HUTINSLDUW TeDITIIDSTD aylL

WO Gz INOGE SBM 290UR3ISTP AeTodISijuT SUL "D,0001L
u&mw seM 93A7CI308T2 JO 9anjeradwsy ayL "0 E sem
0“1V Y3aTa pojeanies sem 23A[oxjoaTs oyl "SIdID
—-NID 9Y3 UT po3Teuw sxsm 23AT0I3D9I8 Jo swexb gzl “IS939WETIDP UT
wo £ JO 270y B Sem s5IaYl 97GTIONID WNpPUNIIOoD 243 JO Wo330q Iyl
Ul *"eTgISoNID UNPUNICD B YITM PIUTT Sem a7qronio 23tydeab ayg
*3pour Se STETIS3RU I9Yyjo pue unurlerd ‘uoqied pur Spoyled Se
posn sem (w2 (H X qf) olqronis-o3Tydeadb ‘stsA{orjosrs =2y3 ur

18 JUEBJSUOD
OT3el yjeq s3T

AydezboTTToS0O ABd SpOUlED

*Aem I9332¢ B UT STSATOIIDS[S WNTUTWUNTE JO S33B3S

onI7] ayl 3IvaTIax ued Ayl ng ‘I9MOT sanIeA poo pur I9ybIly JeyMm
-owos 21 SaNTRA § INO 3Byl usas ATIPSTD ST 3T *=2aInbT3y STY3 Ul
po3207d OSTE 919M SUCTITPUOD IURITITP JIopun aAseiAisog Ag paurel
—-go SaAInD 9yl .ANEU\Q 80°0 = Pp) uoTiezTaelod DTpouk Iapun
23eT7d uogIED UO painsesw sxsm (g) S9Tbue Hurlzem |YL ‘wntu
—-Tumie JO UOTI3TPPE 2Yyi U3ITM 3Ing SpPOUR MOU ¥ UO P3IUTEBl1HO 3I3M
poo JO SsenTea 2Yy3z 9I9H "€ 9INBTJI UT UMOYS 2I9M UOTIRIJUSDOUCD
euTuUNT® 2y3 03 (@) oT7bue Burizem pur pod FO SAIYSUOTIETSI BYL

*uterdxa 03 3Tno

-TIJITPp I8Yyjex sT 3T 3INd "SAIND 2Y3 U0 sjuTod PUTUTW PUBR BPWTXEW
TeI2A9S 2IsM 2I3YL "WNTUTWUNTE JO UOTITPPE 3INOUITM pauTelqo
250121 UpYl ISMOT 2I2M SanTea 2Y3l 3ILYJ PUNOI OsTe A8yl ‘untu
-TunTe Jo 2ousssad syjl UT poO painsesw peY {(£) Te I8 urdiiuvy

TRUTUNTE JO UOTIBIJUSOUOD OISZ U3 03 saaand

ay3 burzerodeaixa Aq poauTeRlqO SBM NEU\4 GZ*0 ¥ 3uelsucd ayjy

LU/ s EofTv /\ z5°z + 5270 =

poo

1SMOTTOJF Se pauTe3qo
sem Amomﬁmvm = poo jo drysuoTrielel ¥ ‘S3T9W 8yl O3 WUNTUTW
-nTe JO UOTATPPE 943 Y3ITM PUR SpPOUL UOQIEBD M3U JO 8sed 3yl ul

SlEer] YIS l——



» CCL - :

*apoue wnutyeyd

Y1T# STSAT0J1D3]2 wnrujwne ul swelboT[Tos) *) 030yd

“3pOUE UOQIED YITIM

STEA[01305T8 wniufwnye ut sweibo[{Tosg g 030ud

*sTSAT0I309]@ wnfuTwNTE

uT 323332 apoue bButanp sweabolyTosg *a o30yd

‘apoue uUoqaed uo 30933139 apouy Y 03044

I0YIPY ‘USSISPUY “H'[ ‘T8I SIVIZI IYSIT WoL] STeaoNBUS IR



*apoue UOqIed Jo abep3TOA (90 ---¢  ‘aSpoue
wnutje[d jo sbejToa TTa0 ---f ‘Aocweaqy Aq
pauTelqo 4 30Rq ---¢ ‘9pPOUP UOQUED 4O 443
yoeq ---z ‘spoue wnutierd jo 443 doeq ---7

“ 1122 STSATOJID9TO WNTUTWALE 1O 4] ¥OPq pup

A3TSUaD JUD1aNO D1pOUR USaMIaq SATYSUOTIPTaY G *P14

(oY

(A)3

eCl

*Z 9TgeI UT Pa3sSIT 21
sentes JWI ¥or] poinsesu Y3l pue SsnTes JWH PIALCPULRIS poleTnOTED

2yl "3oe7je opoue Iyl HBUTINP SUOTIDEsx aTqrssod LwWOS I0F SOTW
-pudipowIayl JO ©IEP YITM SSnTea JWIT PILPURIS Syl p232InOTRD oM

‘3108339 apoue aylzx burtanp aoerd

buTyel =I9M SUOTIDESI SNOTIBA IBYI POIROTPUT (A S§°S -~ 0°T) sSoanT
-2A 3S3YJ °*IDYIOUR BSUO WOIAT JWF YOBq Y3 JO SSNTRA JUDISFITP
2U3 T1931 ATIeaTd osTe ued am q ojoyd woIg *003 ‘STQRISUn DILDM
ydeiboTTTos0 ArI 9poyled ayj JO U38IDS a3 UO UMOUS SaaeM 9yl
*o1geasun axsm A2yl Ing ‘opour uoqied ayjz uo syIeds OTIIOS[D
o3nutw Auew paaeadde 8oyl "TeOTIa8A ATIEDU 2UWROIG SoAEM 3UY
‘Po1eTITUT 30939 opOour Uaym "A3TSUSD JUSIIND UYITM pasearouTt
Sanem JoO ssaudasals a2yl ‘309JJ3 SPOUER JO DOUSINDIDO U3 210339

) g ozoyd
uT umoys 2Ie 302JJ2 Spour ayl burinp sadeys sAeM UIS5IITA

J0933d apouy

*S9TITSUIP JUS2IIND JUDIDIITIP 3I® AW Q0L

anoge 7 9aAIns JO 95dy3j ueyl IsybTty SI® | SAIND JO senlea 343
Teasusb ul -jusweaibe poochb UT vIR ¢ PUR 7 DAIND JIPYI UISS ST
3T "¢ ®AIND se 2aInBTJ STY3 UT pelrlord OSIe SIE 2pOoUr UOqIRD U0
Te 32 aocweiqy Aq PaUTEIqO SaNTeA 3] *SPOUR UOQIED IO 7 2AIND
pue apour unurljeld I0J ST | SAIND YDIYm Ul ‘g 3InbTI UT UMOYS
ST JWH oeq pue A3TSUSp JUSIIND 243 u=smM1sq dTYSUOTIRTSI 3L

=0 ojouyd

208 *pP2aInooo 308J3s Spour IYJF TTIUN ITQ 23TIITT B ATUC paseaId
-ut eniea JWA doeq Syl ‘A 9°| Purtyoesa is3je 3Ing ‘003 ‘A3TS
~U2p JUaIIND UJITM PIsSeaIduT YsTym ‘A 9°| — g°T Jo sbuex aysz ut
DIoM paanseaw AWA YOeq JO San[ra ay3z stsAToxlosls buting A T
jnogqe SeMm TT20 @yl ssoioe doap 26e3Toa 9yl SISAToIlD2[® 210394

3pOUE UOQIeD U3Th STSA[0I3091d

.mmONMQ Tow/Ie> 008EQE-~ = MNNWOV >mmp.m

ST ¥ €471l 3I® UOTIOESI 2A0QE 23Uy} JO INn[eA JWI PARPURIS BYL

0 ¢t 1L + vz = “otv

:uotienbs butmorTOol BYy3z 03 but

-paocooe mONHm J0 uor3iTsodwoosp a3yl 03 puodsaiicd ssnTea 9Sayf
g g=0"2 §'2-0"¢ S g-SL-¢ sz g-0"¢ (A) AWd oed
mOmH¢ ¢oaz Coug 3d spouy 3I3ur

10)IP “UISIOPUY [ ‘Z961 SIVI2I 1Y SIT Wol]

SlEer] YIS l——



s(uw 9 @) di3 B y3zTm sem I9y3zo 8yl pue (uw Qi @)} IebIe] Sem Suo
‘posSn 9I9M SopPOIIDST2 UOGIRD OM] * (UOT3INTOS TIBN W §°0 ‘I=231T |
SUNTOA) ISyesq SSBTH © UT STSATOIIDST® uOTINTOS Snosnbe 3no
peTiieo oM ‘A[IEdD 2I0W 3IDBIFS OPOUR BYI SAISSCO 03 ISPIO UT

STSA[OXI3D09[d UOT3N[OS snoanby

*2A00R PIUCTIUSW T2 STSATOI3IO8T2~-0IDTW INOC UT

UOT}RAISSO 3091TP AQ powITIUOD 2Xam evuswousyd assyl -Aousnbsal
ybTy 3@ puncs HBUTISSTY ® U3 TM SNOIOHTA sSem 30832 STYJL -~Ipour

S® U2U3l PUBR 9pPOYlED sB pasn ATTRUIbTIO sem yoTym ‘2poaloals oyl
uc paieeadde 303FFe opour ue aTTUYM B 131JV¥ "payouanb sem 309339
apour 92Ul 3ISATI 3IY "3ID2IJI9 2pour =Yl HUTINP JUIIIND JO UOCTIDSI
~Tp 29U} pPosSI2A3I oM USYM PIAIDSO saoMm euswousyd sbuevils swog

* (¥ ojoyd =8s) p 97 ATuo sem

1190 9yl ssoaode 26e3T0a 3yl uayl ‘T30 STSATOIIOS[9-0IOTW B

UT pPaAIasqo ussq Apraale pey uouauwousyd STYJ °*SpoIlD2T[2 23TS
-oddo ay3 y¥oe33je pue 931410130572 8yl ybnoayz ssed Aew abejjon
ybTy B yons YITM SOIE DOTIAFOITH "A QEl DPOpPSsDXD UIAD syead abe
-3T0oA @yy ° (I23sw3iTon 3yl WOIJ pesaa anJea 2beITOA 9ATIDDIIS U3
*2*T) A 06 3INOgE SEM POAIISHO 9beilToa 3soybriy oyl -"syead abeafoa
3y3 03 @3T1soddo 3snl axem suotatsod arayl *AydeaborTroso ayi Jjo
SUT] @seq 8yl uc paievadde soae o0TIx309[2 309FF° Spour aYylx burtang

I
c 7 (Fo"1v¥
$ G'0 Y3ITMm 23T[0RIdD X0 ‘-Q°TY UITM pajleINies 93TT10AI1D 103)
A S§*}L pue o.w Jo mwumm 92Uyl UuT =J2m sanleA JAWH Moeq Iolew syl
asneoaq ‘Q) pur “QD OJUT Omaé jo uotatsodwoosp syl sem Argegoxd
108332 2pour ayjz burinp uOT3IOEP2I JuruTwOpaId JYL TPISEIIDUT SeM

A3TSUS3UT 3jUSIIND syl USYM 2T(PL1S SI0W WD 309JIS 2poue ayg

* spunoduos
uTe3lI9o2 JO uoTIlTsodwcosp 392ITp 8yl o3 puodssiiod Asw sssyl
"A §°G - gg°g se UybTy se aIe sonTea JWH }Ovqg paInsesw auwWos (§)

*UOT3RWIO] Vi 30

38U} 03 UOTITPPR UT SUCT3DRaI uoTlTsodwoosp TesTuayo-o0I3ds[a
y0 sadil ju=a833Tp og Avw aI9y3l 3D=a3Is spoue ayl butanp
9103919Y3 ‘SOPTIONTI UOGIBD JO SPUTY SNOTIRA 31 3I3YL (£)

*A 9°'7 - G°7 °o1e paJnseauw saniea JAWA deq HuTpuodssiioo
oYl ‘A L§7Z ST UOTIDEST STYI JO (M_ELZL IB) JIWI PIABPURIS 3y

Vio s+ eN v =D + AN ¥

:ano00 Aew JeN JO UOT3OEaI uoTiTsodwodsp aylL (g)

= IONIPH ‘USSIPUY ‘H[ ‘Z8GT SIVIOI HSIT Woi]

*0) 3O
UOTIPWIOI 29Uyl BuTicaeI ‘MOT ST AJTSUSp JUaIIno OTPOUR 2U3
pue ybty Axoa st aanjeaadweol =yl 3o093J° spoue ayz buring -

*% 0F - Q0f 03 junowe spunod

—-woo seb HUTUTEIUOD BUTIIONTI SYJ pPuUER ‘3% 07 3INOYE ST UOT3I

tﬁﬁuﬁQUQOUNOU 2yl 2TTyM ‘% 05 - OF 2Noge ST 3093Jo Ipoum
ay3 buTanp soseb spour 22Ul UT UOTIBIIUSDUCD seb QD 3yl -

-A 0"l 3INOgE ST painsesw sonTen JWd oeq 2yl FO auQ -

1530837
butmoTTos @yl Aq paasoxd aq Aew UOTIBWIOF QO JO UOTIOERI UL
A 80°L ST UOT3OEaX STU} IO AMOmnmr 3e) AWI pIepuels ayj

0D + I¥ =D + mONH¢

~Njm

£
L

:eoeTd oyjel Aew QD JO UOTIRWIOT 33Ul Y3jTM
eutunte jo ssoooxd uor3iTsodwoosp B ‘308332 opour ayz burang (1)

1S9T3ITTTTSs0d I2y3zo ag Aeuw

@18yl 3Ing ‘wayl Aq pauTelqo S3[nsel syl pPSWITIUCD PRy SIUSWTI

-adxs ang *30937° Spoue oyl butanp (9) pue () ‘() ‘(g) sSuoTll
~-DB3X JO saT3TTIqissod ayl poirxodsx pey (§) Te 3@ peisuoyl °[

(4 £ 9 €

g°b - €°p A 4+ JENZ + TV 5 = “ATY N m (9)
9z - §°'¢ LS°T v&u + BNV = D + dBN ¥ (G)
Tao s

9*'¢ - 69°¢ 9G6°¢ JeNy + 1Y W =D + ohadmﬁz W (%)
BYE — P 70" 2 Pa + v m =D 4 Cary w (€)
§¥1, = 0¥l £t o0 + 1Y m =0 + Solty m (2)
€L - 01T 80" 1T 00 + 1Y m =0+ folry m (1)
(2,000L)A (D,000L) A

AWT Moeg fAWNT paepuels sSuUOT3IORDY

poInseay [SEEA=} gatel i -Jo}

gy burinp suoiloeal afqrssod 2wWog "7 2TdRL

SlEer] YIS l——



r2poue 89yl uo buTtasuurih ®Ie SOIB OTIIDITE IYI

1By} POWeSS 3T 2I0I2I9YJ "SoceTd I9Yy3zo SWOS 3v poirvaddesl pue
219yl paysInburixe o pInom SOIe OTIFISBTS Y3z ‘pazITeainau
sI9M Spour 22Uyl JO SOTITTROOT UTelI=8d 3 soseb Jo sabieyod
OTIZOITS 9Y3 USUM "9IATOIIDS[D DUWOS Sem dIayl} saTqqng seb

ay3z Buowy °‘aomisau v Jo adeys ayl ur sem soseb JO WTII STIYL

*s,urdneg y3TM jusweaabe ur sxem (STTI0
AxojeIoqe] Ul puR SITe02 TETIISNPUI UT YJOJ) SUOTIRAIDSHO IANQ

*90S8TBCD 03 papusl

safqqng seb ayz ‘peanooo 3I8IIs I[pour Iyl usym eyl poizxodax
-BAISSQO TEOSTA YL "z3denb jo pue aaTydes JO spew SMOPUTM YITm
STT®2 uT sjuswTIadxs HuT3ysaxsljuTl Axsa epew pey (9) utdneg "I °M

}IOMIBU Sen

*A3tsusp seb
ybty pue spunodwod 2oBIANS JO UOTIPWIOI 3Y3l 03 po3elsl aq Aeuw
(IT-3v) 102332 2poue Jo 2dA3 STY3l FO UOTIBTITUT 9y} 2I0I3IaYJ

*paIInoso 309339 9POUR UR pPUBR paydesal sem A3TSUSp jual

~InoD TEOT3ITID B ‘salqqng seb Jo Isde] ¥OTUl © Y3Tm POISA0D SEM
@0BIINS opour 3yl uaym - sssaooxd butdoysasp ATrenpeib e sem 3T
{98IN0CO IO " POSESIDUT SeM AJTSUIP JUSIIND 2ATIOIIFFD 2U3 pue
Ju23xe isjesib v 031 opoue =yl Aq pellodel ogq pIinom 3341013
-03T® oyJ "3IISUT SI0W JWED3( IDBIINS 2pour ayl "s14A70a309T2
-3pour Jo Azepunoq syl 3k soseb pue spunodwod pagIospe yonu
919M 2I3Y3 USYL ‘2POUR IYL UO XJOD Spuncodwod WIOF O3 SUOT .0
Uy3ita Iay3zsbol =bieydssSTp pPInOM SUOT g ‘SS9 I0 3 | O3 poseaid

-2p 93A[0J109T72 US3TOW 5U3 UT UOTIBIFUSDUOD £oiTy ay3 usym

*pesearour 3HBE31TOAISAOC OTPOUR 23Ul pPUB ‘2AT30P SSST SwWedaq
apour a3yl usy] ‘s§5001d MOTS B Sem mou Jo uoTadiospe-9p 9yl
*2I9Y3} PIQIOSPR Sem NOU Jo 3aed pue ‘spour sy} U0 PLSWIOT Q-0XD
pue QOxp spunodwod ‘sseooad sTsAToIjoeTe [eUWIou a2yl butang

€€

uoT3ieIjuUadUCD STV UuT oseaI0ep 03 Inp 308II8 Spouy

*(g) wrsyjzolfan *y Fo uoturdo
8U3 y3jTtm S21be oM *309J32 IPOUR UR JO ITNSaI B Se ATISTUD pads
~pIsuos 2q Aew Arqeqoad spunodwod 2854y3j JO UOTIRWIOT] oYl ‘ISA0

-9I0W "UOTIBTITUT S3IT 2I0Jaq FJYLTI snTea JWd MO Y3 Ul ohueys
JURDOTITULTS AUBR P8AIRSQO 30U pey oM AydeIbOTITOSO 8yl U0 ssneosq
‘sgprIoniy I92Yyio Io qhu JO uUOTjBWUIOI DYF 03 po3e[aI A[TIESS20D
-8U 70U sem (I-TY) 3I09JF3 apour yo odh3l STU] JO UOTILTITUT oyl

'POIINODO3DBIIS SPOUR UB pue ‘pPezZTUOT 2I9M SI9SBH 2U3l ‘-8°1 ‘soie
1Tews Auew y3jTtm 26E3ITOA UBTY ® e g2hel seb syjy ybnoayy ssed o3

4!

paT72dwod sem uUaYl JUIIIND DTIJOSTD Byl ‘poydoTgoiom sabessed
JUSIIND BUF JO ISOW *S1ATOIIDBTS USZITOW 2Y3 Y3ITM 3IDBIUOD UT
butdesy Ar3xed ATuo sem 3T pue ‘sorqqng seb yiTm paIsisod ATIesu
99 pTnos apour 2y3 ‘A3TSUSP JUSIIND [EOTITID S3T BuTyoeax I933y
*9sI0M PwoDaq pInom 93AToxjzosre oyl Aq opour syl Fo AITTTARI
-313M 3yl ‘"2°T ‘jusjx® I93e21b ® 03 spour ayz Aq parrodor sem
93AT01309T@ 92Ul -~ poOsSeIIDUT ag PINOM SPOUER ayj U0 A3Tsusp seb
2yl ‘93410130972 2yl uTl Spouer ayj 3o yidep uorieizsuad Hursesid
-2p I0 A3TSUD3UT JUSIIND HUTSEaIDUT 03 oNp I9ylte ‘HuTsesIout
sem A3TSU2P jusIInD 8yl uaym 3ng ‘3Ia& papessoad stsAToiloera
TewICU ‘2U0 TEOT3ITID SYF UBYF I9MO] sem AJTSUSP JUDIIND 2y
usyMm "pPasesardsp sem AJTSUSP JUSIAND SATILSIID U3} 20usyg -saseb
IO uUQTINTOA® 3yl 03 anp opour aylz woxF Ariaed Aeme parradex

29 pinom 23AT0I309T2 8yl ‘po3iels ssedoid sTsSATOIIDSTD 29Ul 82U0

A3Tsusp 1ueiind BUuTSesIoUT ©1 20p 109332 9pouy

{(uoTSSNOST(Q) SISATOIROSTE UNTUTUNLY UT

109134 9pOUY JO WSIUBYDSK

*39& 83htoxzoara 2yl ,uybnoayl yesiq, o3

SOIk ZOF 3JUSTOTIINS JOU ST (A Q8L - 00L) =bezgoa ybty e yons

3eyl 1o0vF =2yl 03 =np a9 Aew 3T -aeadde 00U PIp SOIE DTIIDITD

AydeaboTTToS0O 8yl JO SUTI[ 9SkBg 3Yj UOC PUY 'S2p0oIijdels ussmiaq
FINDIATO-3I0OUS DI UR BAISESGO 30U PTP 9M sjuswrisdxs 3s9y3 ufl

*apPoOY3lED B IO 2POUR U g 3T ISYUIDYM

fsbeatoa ybty 3 (LA3Tsusp seb ybTY YaTm Sem apoildal2s =2yl
*9°1) sa1qqng seb Jo ISAe[ ¥OTY3 B Y3ITM P2IDAOD SEM 2p0I}0a[s
83 usym INOD20 pPINCM ,3D0IID DPoIILSTI, UR SISED OMI 9sSdY] Ul

‘o003

‘3pOI3OD[S [TPWS DY} UO PIAIISHO SEM (SA0QR PIUOTIUSW 3D33IID
apoue 2yl oYTT 3Isnl) ,309133 =2poyzed, © ‘A (06 1€ ‘opour se

auo obIeT 29Ul pPUT 2POYIED SB PISN SEM 8pOIJoaTe TTRUS 3yl uayMm

* (epoa3l
-D03T2 TTIBWS SYy3j}) 2pour aUl U0 paIndd0 3222 spoue ue A Ofl IV
*(AWE ¥owvq) A 7 3e sopolloals a3yl uc paaeadde sofqdqng seb suwog

STSATOIZDaT® FUSIIND 3IO2DIT(

*sTSATOI1D9TS WNTUTWNTE UT 3091J9 Spour 3yl

oYIT buTylowos sem uouswousyd STYL *=poIds[d TTBWS U3 U0
paaeadde soae DTIAOSTS ‘A 0FL IV "93RIQTA 03 uebaq pue ssTqqny
seb Y3Tm paisa0d 2IDM SapOII0aT 22Ul ‘A 02l IV “A3Tsus3jur
JULIAND YITM DPISEIIDOUT PIATOAD seb JO sSsT3ITIURND *SOpoI3nele
ay3 uo paaeadde ssTqqng seb 2wWOS ‘A Q7 2A0ER SBM 206BITOA UIYM

STSATOI3091® 3JUSIIND DUTIRUISFITY

10)IP “UISIOPUY [ ‘Z961 SIVI2I 1Y SIT Wol]

SlEer] YIS l——



> 9L - :

*HUTISOW AWIY PIELOL
‘pL6)L STRIOW IYBTT ‘maanoW DM ‘urdneld *d M (9)

*(¥961) z8 9 "23F9ysbunyosiog xsbhiaqreig ‘,optuaboleH
IDuszZTOUYDSe) VSATCIINDTH A9p Taq Jo9IIsuspouy usp Iaqsn,
‘ugoxy ‘D ‘wrsyzolan -y (g)

“(bL6l) LL f(E€L6L) | ‘®IDY BOTWSYDOAIDS[A ‘pPeISUOUL, 'L (F)

*(P96T) S3ITeS USITOW JO AIFSTWAUD0IIDSTH ‘utrdriuv "N°7T (g)

"T861
‘(euuaThn) SS2IHUOD TEISW IYLTT TPUOTIPUISIUT yl. =BY3 JO
xoded ¢ ,593ATOI309TH BPUTWUNTY-23ITTOAID USITON AQ S9poiz
-09TE uoqIe) Jo AJTTTOR3IISM 3yl uQ, ‘Ie 32 ueTX-nyz nid (z)

(0861) T ‘AboTouycel JO 23N3T3ISUT 3SEDUIION JO [BUINOL

‘  STSATOI3DaTT WNTUTUNTY

UT SopOoi3oeTd Uoqiae)d IO AFTITR3asM JO SUOTIBRDTIIS2AUT,
‘urg-butd Tem ‘ueTx-nyz nid (L)

EEFLEECEED

*POSSNOSTP ST 2109JJ9 SPOUE JO WSTURYDSW YL "€

*9poylrd puk spoue oYl UsOMIDYq suaddey soIe
DTIFOS8TS IO ITNOIATO 3I0UYS J03ATP ° 109139 apoue ayjz burtang *z

*SUOT3O0EaI UMOUUn IdYJ0 2U0S og Aruw
519Uy3 ‘UOTITPPE UI 4Ty eN pue gey ‘SaTv 3o uoT3Tsodwooap
‘oD pue Nou o3ut mOmaﬂ Jo uotrjrsodwonsp sSB Yons ‘suorjoesx

TESTWAYD-0I3DI TS SNOTIRA I8 dI3Y3 3I083F2 apour oyl butang

UOTSNToUOD

*pausyeom od Avul

PISTI DTI3DLO[2 @Yyl IO Yzhbusxzs sya 3eyl 0S ‘SOTITSUSIUT UDI
-IND SUuTT 23Uyl S5esI022p 03} Sainsesw TedT3Tan burydope Aq usad
10 ‘untutunTe pInbTT 2pOoY3lED 3Y3l 3OVIUCD 03 PIBMUMOP SpPOUR
2yl butaow Aq 10 @2poue syl O3 uniuTumTe pInbtl pabieys AroATl
-ebou 2y3z buryserds Aq ‘°*='T ‘soperd swWOS 3IP PSJTNOITO JICUS
2q ©3 Spoyled puUR SPOUR BY} pIsned ATTENSn oM ‘sS3103JIS SpouE
2y3 butyouenb 101 ‘s30d STSATOI329T® UMTUTWNTR TRTIISOPUT UT

*9sneo 9yl 30U PUeR 108JIS 2POUR JO 3ITNsSaI aYyl ST ATSNOTAJO
80I0J UOT}ORI}IE DTIEISOIODTD SUYL 'PIZTUOT =23IdM SaTggng seb
se apoue o3 JO 90107 UOTIDRIIIET OTFLISOIFOO[D ue 03 anp =4
Kew sTyg *epoue syl JO SaINsSSTJ puk saxod syl ojuT pazerisuad
pue @oeIans apour 2yl o3 AT3UaIIYoD YONIS HIOMISU WITF Seb ayl

I0YIPY ‘USSISPUY “H'[ ‘T8I SIVIZI IYSIT WoL] STeaoNBUS IR




