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(20-1002) 10-6 /K

TN ZEALtE) sB3zt?tB3 2007
jdesoe Gi GUUCG(
Alloy Si | Fe |[Cu|Mn|Mg| Cr | Zn | Ti | Pb | Each | Total | Other
AA2007 | Max | Max|3,3]|0,5 |04 | Max | Max | Max | 0,8 | Max |Max [Ni0,2
0,80/0,80 (46|10 |18 (0,1 [0,80|0,20(1,0{0,05 [0,15 |Sn0,2
tgliesoeayd susfhUqUUJ
Destiny(g/cm?) 2.82
Modulus of elasticitv(MPa) 73640
Thermal conductivity (W/m K) 130-160
23.0

Electrical resistivity (MS/m)

18-22 (31%-40% IACS

jdecaydg

GdpiisdiyUff UUd Uesascgesszasg GUsy¥Yd 2007

25



2¢i )] ?t¥T¢ BIZUAANELUBA] Ist¥rq?

TBUYQqEC¥¢

rl hJ ‘J n _I r

~ e o ,r

shoWydagsUesoalt s o00pUBdpUOMYBs d UcdyY
UdUscaUd GUU eUUUaa90Y gasa&¥ Ue lidrs®le
Udd 2a3U0U0Us ¢U0UY U eUo¥Yeae GjJ B83953H
GUsscUaasg e L°J3‘U40‘9800(3g e a3U de JafAtBUsiBG o U
e; dU aUs d "3y hetised Udd UUecszszeasoalUd c
tUessUavs, UU e eal bjealBU0dillg¥Ede
UgUeecuquuhLﬂ)uaga@ssaUqug’ 9.9a. . @a8aUs wauUL
saU0U e3etUsagd ﬂkwswwng@tjttwb}ayﬁshg’ UG Us
d oh ¥id de;edc{eé}; 90 Ulnvge UB I @@a |

"18y3 683U0Us U ,pgodgsv¥B8avYyhUaUelUaalUL
[13]

¢ oUoeshd HRUs d ofh rvad eUUUaas0! :
"3 8Uslte 89dqUsoeayd YUxyaWaess Uk dh Ullesg do Usdlba
edqeUsslesgid Udd UGUescaUd. B U;f 6d 3
ofh vidd UVUasUs Us " jelyszegeU Uds U’
UstdavydUa ZUd3 AbwOeBdbdieei 8d)d 3 U
"UypU00dyetegeU "xd y3UUaUg’Y@qu£§fﬂ U
aUae, Us

8UUU3~i Usgd, aYUs Ues B 8aa dgehb
aUsUesgy oaUd. U} YaadaU Use dsamyia
Udg’ O’Sl‘iﬁm‘slﬂldﬁ@@,eg’ d g EHdg cgdis Y & W g
UeiYzoldd @ ida@UUUs GUd o93e063d UUas
jeoUeUsd aU hooses .Yhe ool Us Udi a
eUsvyeyad UsUUesee Usg gesoaasgi ~6g yeUs
UU Gey UaU "e6g Ul ycegs U sbaddUa

c ldd
8 ae UaszUs U egUyalGeU Udd
Ua
ge

26



KooflBK oilGyYsUsU djyUildd U h ah vid
Y3e3 U.

¢ UtUsecalU U R of v0d UeldUsasUUUs
"Uy Uohs3Uvxs:
feaU UpalUY eUo¥Yad oaUs U UsUaUceh
Uvyddd a2U0UY ,0d aUsUesgyj oalU
T eal Uy eU@WUa@gWUWww
T y3Ud sai ¢eUo¥aed Ujsdehd Uxs o
lj’Dsoaeyst Udd tgsUegososed Usg aU!
Uy U fRevyd ‘U3 Udyguysldigilgyd dU
tge UpoiU)dUa y30 eU0UUmadlgalvalyBshh g
Yoocgd Uf3UMowdllyyegtial tsUby vydoeoesi
dUjesoay) UaU, d eso3cilticee Usg gesaai,
yecUaheadoddUa ae)vrd dUrxy dqUsayY oaUs o
qu eh'vﬁqg st eUUUaa901 3 ga99ol 3

TUe i allg(sUe i a0d Wehler)

Bs oaUe¢ iiNaled aUe i aoUdPawdbl er ai } sU ¢
6  alU UeglUsaee3UUs UU " Usj; UeUUsoa¥Y uU
’U;eue;‘Y U¥ys e¢UUUaasa1 3 gasat 3 aU
gBe s ) osfhsUse ¥Yzes3U Uess Uy adef
i 0deobegiidalUa¥) dgasikipddred  xads3?)
3 aUUUah;gue Yzae3aU y3U eyoUdasd 6
6 (3@ B Uobpﬁ@awax3 Ghy Usldd e
i

-

G q ﬁGUUh3 "Y3Ubobeaedod Baiyddgse

27



o

3 ﬁgoeﬁe;esysﬁg eUOUyeaUsd o:
UglfonWaehgUd UyaUrys (R) GU(ds
cUd UlUcooceyy eFdifld U} o da 3 Oad
d. AY3s gs808gdlc JjoliodBedpdsafy dU
e UoRéiepllosopUllode@de dUaq
eeiwww dU Ua3Us alusURkelcoelds 2 e
U Usoaaldms 30lltNi otdgUSed UGsudyaei U
93 YeUUU UobBgoedtdp)lidyjei cBYaghedpPU
ceaBs “"9a8 “"eeoayd U R UgUyd Usd oaUs
yoo3Us GU "~ Uysuapky UiheUse "~} hbaa
Bs o Ue NiealbdleS i alg UWYh Iy Ws 0 g
afh’ xqu eUOUY U K y3Us U;aU0U0Y ¢

o o, -

> 10 °i s >®dd d ’U;s'(&swﬁﬂ@‘ﬁuuwgg’ﬂvyfg’p eUoay c
Uva’Uue UaswgsuwaWUUQng4(3eUa aUUs g
Uy ah;uvuq Ues g ga99G6t . ¢ us¥Y)] aUs U
de LZJsUeeYe+(e?a‘sefp3)f]@lJLB35UYuUsg UdU) eheasU
U Ujecghpoad UsU} jmed UBQg gasoaaci.

"'_JG)OJ

¥
3

eprodawyaivfos

Bt S __T=
400

KpOpa aioupvion

200 =

nI_L AR T TUNE N NN A 11 MY N I A 10 R B I W AT
10 o* 1 07 108

ApBpos wikiov popricis neypl oy Bpaven, N;

Fe. ¥ Q2e i a0d Woehler o20sU GslUdyeiaclU ol

28



" BUEs Y B gmege U268y UUdy i e U “vd (
Udll) eheeg U4 sdehd aioaal G(hHhy Usldd
Uedp@dLﬁglibastUUUs hadae eUstL 30008 d
A aldd hAuxegU¥ieg s UdldlcaPdiei aU(d
oW Ug&odY |} UsUs dlm WieeliBtismB, fH ¥
agUUB8) UalUdy atUsoae Usce UYNO
de:m"Jsa a»@l;lZéJq:if:ps UqL*t‘:HdUUUg;U‘E;O £
afh yecUs ¥ Usy} d UsYy ol
Uvydd Uas Ube egmyshf Uy
g eUuUdd ) dlitdbd) afpa
qd (em:dma:’ﬁldi‘lﬁquBduemlt)

e e@y c f)pa & &8UPeci g Us U

M=

™ O

@
@
©®

(

®» O C
T AT 0 G
C(C§® P T CcHq O
O Qe Ca o0«
CcE" .
&
o &
QC
w

CCi®

S &
CcO
[p]

U0
S
d U’
Y i

(]
D
w
Cc=
Q ™
0l W @ Ch
O o Ce® @
(> I (> R

Us fhd
Uy oUaU
4107 /a.[13]
gyeliUbgthge " U U aila); YWas W) heaWO3k e d Ux3
e UUUlesg o0 ®T) Ye UUD h vd UU aaL]Jd?‘Ed:J&'deeg]ae
cUaosc6i’ 6. c[JUx;e+3UUs | u&JazuoLJ;sa“UGsLbeaB;g
hy1 o6 UsUjoeesid UsUsced. G6QécfiedeU 20U
9) YeUbegeosmsgs ~Upla) ¢ 0 egdllé @
Us o dg@Us o2a3U0Us yeeLbfﬁs;Ug;s@Ua}JsLbehaeYUse
Us
G

&
g
g
U
9
G

&9
Us d
5 3
Bi v
Yog

O Co C«

rrrr

YsesU Nf HGe eUst3UU d UldUyless s he U
U3U3~Y;Uc{UU U Ue R e sBU ee;U‘idss}JULﬂ;Uo[

eU Ud ugere;safﬂeaiegﬁég;sﬂéemujﬁsuwg,‘ﬁ;Uuaye
UoaY¥YyaUsU ecyed GU ofh vad. BUpUGUaoe UL
GUBee®DOU oY 6968 0deldir g, sdmpsddady
Ghy UstGdd, dU g Bdadf)ar addgdli s feehtb vo Us
ceop@ds3Uaall0he U3z Ud @BYWBUUH.URY Ubss U gelb W
UvyGd aUs UsUsece Uesg gessaci GU afh vhc
GeUOlisesgelUayUd oaUUUGaUgL 3, wyaecUs oaUdsU.
UsUsced OAT soofy Uxliydd UU; d UasUs ealU eUo®
UYsUrdiwldwld B5lisoaih) Usldd. z6 UgUR Ues
UscsgedBacgcelBglligedlldiose UsUsce U
UoYy oUslwBadgd US®RAF AUOraIst d GgebUUsos
UsUsce 295U 185 v oabalg geipgg Us 200

29



EFU OsU oUO "ieydUaweshl erU;A0J0Ud) ddei 3 Uy Ua
"Uyo9ecyd
] ) Uj sece ¢ a5 ¢lonyg SyeleRatygael 1Ch)> radgdy
Uds e eaU d UsY;eUQU’waggU@msg&@amm
9t 9 &89 QhJNUsﬁqg 29U Uds UlGUescaU. ¢ 8
gydeyd UsOyd UYL‘JQg’ 89 8 eaUd UasUs
tosUjjeed Usg goasaet aUs U eOy3vyd Us3U
Uy UOe ) ig GUs (.
b)d U) sagaoaaedHghCycefatiguei HCF) , o UU0Y
Uds e eaU d UsY}y aUsU srved Ueg geosaaei
"Ujya’eg Usgd 1.000.000 oi ea»egg’ tiey Ua
UGdU) e hOU3Ud UYGUsd uUs a30q4y seis U
Gy ‘ddge tUsUjoeeid UslUecc®ld gBwahr dtice |
"y} haUsUUs 30U UGUessceldUs g h UU U 9bUa
K3tiUsoaUsoayY UsUlyy UUUs HUs d "Ujssce
9Us 107 o8t oeaegd UhyUsudd 209U o) YOUUU
Us Uaol[e sc U.
500
wo| e gl | QB |
g 300 =G
3 o ||
5 200 ‘;.‘J
100 1 onormows| || monuromec] || ocio ceods|
N “HcE °,5~Si-.§ |
10" 108 10" 10° 10 10° 10" 10"
KUkAO! Karammdvnong o Korrwon N
Koumiieg S-N kpoapdtov ciovuviou ge my avadelln tTov JapakTipicTIKOY TEPLOYOV TOV
SIaYPUPPATOV KOTWONS

30



BUsj Ues UUsoeafhd YyelGlisaeyiNiehd Uxs FUe geat 3 S

¢ Gge Uypypotey ¥y Ushd gaa»LtdeaL(k*fesLeul’JUblg’U
Ussast d GU a0UU fadld aU of vad e a4 C
"8ooyd UUecssayd, U Uds "~ 96 Ggsedd 3
GU Ueoaces U °é’L°Jéleglﬂi°'e('Bd{J98c¢cgU:£l:B;e+3 3
UsUUavy G gash taliadsde, ydilgs UGB s Ud 3 } 89U
UsUsaoaUGO0ReUsd GHpEUsad GUs Ueoaacsa.
FOd #9 o hW  Us e e gascileldiegely s Uy UlGheUse
"1 ebhaasg (rotatlng'ce:ganl]lkgvaUah) dbho t
Udd UasUs .UJEUfY ti®ddere UgUe g 6bh
egassu;seeg’ oUreUUyaUd, Ueg g f Usy
Ueoascaagg &goe;UUl‘ikaLBUseaLmlL@BJyﬁkbu@wpfg’Ue;E
y3U3s dalUaUysafh oss3dqUey U, U3t dUs Yoo
ey Uae, yUlles 300vkdy d 1ai Us Ueoaesa.

y _ poTopas

[ doKijo

| ~_EQELKUGNOS : o

G = / POVLENGY

Qoptio F

KoofBUWseoasce ~UpstUyUldheUsesg ~} «
yUWs j} hUe} Ude WalfdlgdUmsU , 0 U3 Veod Y ¥yd)ds aw Us a
oUd&e Ueoaesse UjecasUs 33U g'ebYae»fJUE
s 00U B dvidd .Ua3 Us osxuaJ‘f]S\Ucu[] :Usn[ld ldeng;
B9 €¥09 eﬁUUg’ UvyaUsd U3U Ui Gles3UUs GUsc
jgUf yaeU *d U eUyaUleU ,,Ulfszot:{sULugsoaUa
UeCJUeg ga»edel]bio&a@(]ljs GUds,0pé des VU
eyoo0Ud UGUaggtUssae UYO(

31



O " UsUU U ' esU0°U edieUWadlal ¢l gEpa ,[® od ¥ ¢ 0d
h dedalyid 8C{Dl°J3 l°JUU9. z@UY( fUC[d‘]UU‘dJ}
Ggsea»eeeUtha'J(Dm U;Ge) Us GddeUaa y;GUU
h 69 danUmUkoUayo 0Ul%1q¢dea£eBLlwaJan Odwe Us d
GgaUesoe oalUU3 Gada@yswde ~ U} saUy 6
UeoosradymglEddieseUsilie copdedcdlaxRd=U0UY0
¢ UsUltsaUlaU "e6g UsadededgddjBaaiOUe Ut g3 edy
SiNUa3s Us éde UsyedUa J]8d g ebeeae UBoaaeo
gydee UYOdd "eg oslGeugs3UegUa U UU 13 U(d
UdUeao@liWRSQUY U K y3Us e903 f Upsdeh o
Ueoaaesag dU g¢l WU Choe Uiy Ul i UdeoYoeeoosls UUs G U
o Uss g eUd¥dlaydaf YadlUle ueD‘lﬁUdDYuUUUe e Uy oade
U3 6 8ae UGUescei 3etiUUdpUmiids PBP{’

ieadtdlgecy) YUs , eyc} o y3U © Uie Ueaa
eOUY U ywy3Us "~ jeaUdeysteyse eUosYas

>1070i aaedgd. EUsfiPseUwaUfeoBid UsUsced
dU e6yds FWmeh UUy; d UYGd GUds 6. eaU Ues U
Tgyatdg €0U0Ueo0@8¥% Yeosod&oacse UsUyazUs

(
eUoYae Uj sd8sHlo®d imiowseagd, oewlad 30U 0 3
UeGUsasegs f) 9@ UbosdygUaled afs s finzG@aUs L 3 c
OUls dq GgebUUsose UsUsce Usg gosasci U
8¢ G;dUsse’esedQGU GUe Ueoaaese UgU

aUe iodd Bsd Uy sa0hU0) Uy GiggeasasY dqUu-
10y vdlidodle U U alisse gasah.
AKaszUs "~ @gai UdeUsUsah Ue o9Uoe3fhd ~¥d

ofh v0dd U y3U GgooaUsjyseysa gasah Ues
0deUas3 UstgowddalUsz i eagel y3U eUadoes Uy
"1 ey deafUUbs alugseehoddgit@acyd of ¥

Usadi &8 ¢ otbg afd adddlags Us hslUbs add Ay} a Us U o
G0 of vad (Ude. @ Uyosdehd oioars (h
UeUu@;FgJe Ueoaaese UU Ueoaaese. 4d4islUUs =
U'eUCJay e UUU 06 dJ=eliiUsa-el d ¢ Baaffy s WU G § 6 i
3U 6} duosesdWigadmysztll gradple s UUY Ue GO0Y
GelUOlisseelUayUdd eaUd osaUUUGaUged, g 6F
GUUUsGUsawe pd)’ U&U}OUCIGU.

32



EUUUsGUsosae AKAszyUOUGd Udd FhH xyadd

v vd UaldUegU aUs “~j3e6doegeysrd, UU U @

g ~J ey} Gcae3sdidme ) Be BE gndibgpy de Uo Y o
GeUUsay¥Y ¢U UU tehosalde W Boigd e Uos Uy agi
UsUcecgd | Gdldg Ggs3U YoUUNsUszggdaedgpole i o

jey) e UBia 0By oUsU Usoescl 3 Usmp vidd
i 140 cooe @ Us Uuélgﬁ‘s&&eg&u@;sue;?‘ Usg gaosac
afh v0d, d 8 8aU dU cUpolWWUX¥obuUpagUiec
¢ eUo¥Yad GUUUquSee 088U V0ey¥e Uty Ue
D Boasctl 3 o hUsnll dda 3eUse }  pa@e ‘adldilsds Wdiies,U d

gsdeeUg’ Usjyoebitd 00U Wsbledds Wldg; WsU a
Usg Ralss wmplxse UUs eseddalU Us 1952. B
e celddi puoszdUjblds 6 caUoapPblgyU oaUs
"UseeaegoafhUg’ U ueeossD afh vidd, UU @6 @
Ues " 6 diy0J dilidielh eyl U) . FYdU eceYUuU Usoasct
g ehodddadoscydlaodidsWg didpsr®ddFd.

09U oa¥Y¥dU ceYBWididiedmxBe s, aUe i ad ¢
0g3cabo¥Uce #&BJduUuosYorelkBiHoBsgp UKe 6 9
oUe iBNd &Sg "y eyoagyUs ¢l clplkh glmsy ally f
Ransom U spddbUsit ddaU.

FB:01 déka conudIdNKd Ka

33



sUs@Peal Oy §gUUadgiNi @d)d jSaelylbagy Us
ge Ue®W8¥ 69 YWasadbdy UxdUy dgdpyva&dgasgs

-

UGeyyd, GcUUsa¥yY U Uds UsYyaUsU sg7v¥
aUs Us:[ﬂg’sUU;eeehu@eUs UeGedg'U GoU ~ Uy Y
oe;cU393g’gsaUJs'ia~Ug’ 2 aUs 5 (°'6g “J6ead

“"y0dd U¥y3 @ee¥YUu¥ys Ueosca¥ys 2 oaUs 5,
Uyt slizgtgUgoea®@ MPia)( d oYy aUslU o
bay Us d o@8tiodi aa®lasllh) N60dd, U
jaUsU esrved 'eg "Jebayldlscodoatdles i aq
Uslidd! Y Y GUe f)yoa UsUjoai
(324 MPa&)B9.000psi(269d 5 U Uc
alyaU UU U aesU “ )} ey} aesbly [ Ye fp:

‘ Uds .Beos U ;8% ilghddd udqW@@Meyq
y Js U3 g eGUUa UsayoabtiL d

9

UUm Uds “~Ujp Uovoe

(

O Co C St Co
Q@
_<[

4

@ W
o

c
o - coQ ¢ o

ASE

c

(O)

Ce

=

®

Y—

4Q CZ=o oo
SN

¥

B Ranbeo nMid)s2 "~ Uay Ue YOdUBsgs gl argiddd ald 3
600U0Usoaedb aUgjewd U dlige heshe gydiyhdsa & g Uy = C
UasUs GebUyyd y¥d oaUs 00N Uedgdddinafy d.
"6g dk sl UapBdogBdydaglge

U eUUoi gUEd 0goo UadlbeejyBbda afpjedie d U
UsUsced GU 93]24x&|\d{Pa1’UU‘?U3030UeeU y3U gaoaf
UoUdylGsed €h3ae ede L.‘Bba:g'erLbeo[GandLbuiesgysELb

dU~v) iU UY3s d Uyadd "eg dU aUUU e3e0U
aUsUcgy od@ UggygUaUBU 3 2Wg eMRs,g ok]’UeLTIbG;&E’J
Ggslew) aUs U ¢ r¥od ololbohe & d gitlildd. 31 U

j UoegUUsafhUqUU U

00 o . -

ap
dq3 oaUeg iad 5 aUs 33U
U UsUpieeUgeell G Usoce 3L
h™

DosCJeLjeUseﬂfjléyg’;&U&js "¥3UasUU 3U U,
cUUsoay¥Y eU Us) trispWi ey UU o’ digld
3hd geseaspz U af ¥id

34



— Averoge curve P=0.50

Stress

P=099 P=y
| \_P=090 ~ 2092
T P=050
=0 —
P=001 ZErTT

{ Mean ﬁ.;n'gue limit
| f
I ) |
A A
Number of cycfes (log scale)

FA:qgpYoy Usglly sycUs UlUosyYdely UdhdUe i ol
GgooUos)osey3cg goasoai

Z& Uy U uwsyw jUgee Wy 9 o UkbWaxssldgasio Use " i aaUd
NU  f GygsanUGJShsyﬁ]eegaeéTdU aUes i ad UsUs
GgooaUoajyoseysa U di'slie U aidlashelyd blidgd a. vy
UoaYoy Uee U Uy Ubomsslys Wisdlsdifay Ydse ~ oeds
UeosboffsailissoddpgoffUasVUabBUasyYy3sOU 1000 G
UeoeaeceslU, oaUzaUdgd PVUadddgs veaald d)ds
Ueasect 3 afh rvidd. 7TUUY Ggasy UsU UaszUs
UdeosasgyoalU Ushd UyUesseg UsUoy YeeUUas(
Ui ocaPd @#osUo) YeeddlBddaUsdelydt Bcg Yy ca
gesoal 3 69 G6jdloses 689a6i3fyys aGU ~ @ai
B Uyjh 6d g € 648ieU 30U Uldesasg)oelas
8 Used: 63 UsUcheUCUU pals  dymdiae o@,0s
Ueoalb U go@HY¥BEE Usosce ssfy eyl d
ﬁgerelJJe»lﬂ’qﬁaﬁ sU " Uy FuUgU408 Glda3
GgooaUolPeplersd ﬁ’%%fbw&ﬁb&ﬁludsUelsegsU
Uy sdefh oiooars (GhyUsldd GUeadUs sac g
UoaYoy UeseU). EKEgsUcaesegelU U UU®g haosos
ddeUsis3egel “~Yas Ue3s Uypsdeh oioeors
oUoamfPe(isaYoy Uee U)

35



o

FgsUcasaegeU Usd Uleoaseyd U UU g HRoaso
aUUY aUsfitclepasgsl U3UG°UGSGU Uss U

o

uh;U95quZg?3UGGGGg8U eU UU g haes U 50

99Pa UUY (GUs; ¥ Usoaese OGdeUst 3agged Uss
"adjeliseyalU "e6g yeegeU UGgaeayazUs eyacy o
[13]

(o]

s¥jaeegelU GU UgUesas Us GdeUas ~vd Us

a

g ebaddUa U ugs Usd8¥greh) g s diad 300
Ua 3 UsEnd a WZEd) UGd) U alvy seleligyag¥aiae ), URUU
UoaYy aUsU Us g &0 a fs driliadh il Ub (/s i =U

(1%)mee &0’

crved
sdU3sAUqUU et 0sHW3 [UQWBI, Ac
(50 %)nee Ue UsdUs

ROqQUU@RSN = 0, 99 (99 %) .

A3 oUUUsaUalis dU /AU3d Bals slheeslo tiely eelb
"8ai ogWlWBEUge oUs "33 lls gUddrlaieg B
UdUgelpddy afh vddd, URUU dU "~y Us 30 |
Udd oUe i adifgdhobopPydpay@bsd sﬁeiegs

"sdUshUdqUU ehoasd 1% Vyer¥vd, U Usle @59
aYstJsdesmﬁ]J:{iUUe ﬁgs'ﬂ;et’je;Y Usg gass
(eo29)3 UV  d UosYyoaUsU ecyvyed aUs cUedahU
d a2 U0UGHhaakgkeldesed UaeUdUU g 6y Ureysa
g hyd, yUGs (0dU0U sU tsUOlGUaaliegeU AU
ofhvyidd UasUs e90) hUd) d Usahed oaUs U A

36



U} YoesUUd "e6g A djy Uyesgs Ud
Irh ~xuad
vy ¥vd 3188t UUs U K Uds GUUUeligot §6
alosce (GeaUyaldlsefy ¥ UaBU8o fgs Wy g3 d o095 U U(d:
Usg geoeoaci oaUUY Usd HWgsesebeygUphbU @
saaU08Useadedilexd d U altj UGd hervs Uxs ~ Uy
U dj U¥eegs Ud CGge Uyosldey ¥ Urs eUUUao
ag)} 90U} 65 'U;‘??‘s)g;:(]ljsg’ﬁylaab:gse@@‘?”(]o&q
U slG¥Y3Usy¥d Usg ( . @ UjeWs iUd GW,o Udlsydu
Ueeosoacsgi GUesecUaeg “e6g giials8gUs ugsU
oUreUUy 9013 UGg3sUcUsi=. (¢ &y oo ddd a0 L 3
"Uy UdytegeU U sopidesPBaaystdgs U0 ha gl
Uy Yo.ag UU(
A auj Utd UxeUUy9013 jJgsUcUst 3
vy vd o903vjase6geUd Wk glidosU aflyotid diddy v 1 3
UGgaUecUsit 3, h ¥vd B@39dgUyie Ua0ivedds Ui 2Us U
U atjyUGd 6Ud edeUssoeae Gge Upsiley Y Us
ahoegd:
T U0d@3 UU0Usse aUUYOGUUGd "e6g U 98, UUU
G@SUU&JQ@JU&)U3‘83SSU89f]Ud_U
T bpes3Uy G6U0ds ngsyeUsU g YyceUs ¢ Uo\
idaUle 6egUWiBegUUci 3 Us sa¥ oaa3 Uy
UasUs “@6ai gydehUU; 0d U K RAUs GUs

FUd3 aisadll Ubshngkjdteald dUsg dUx) dUsoeaei |
Ggooys Upt¥d iy s

K ="!!'.ﬁ?\'.

nom

37



E(Jols Us a 0.6 8 6 ¥dBddylms 0 U( UYuc{ “e8g Usl
U vys~y GU0d3 UUf&MC@UﬂmlUJ Ggdsely U soa) UUUC
a0 q ug3UseaeunoaUUUUE‘GQUQGg oaUUU 83 Ua C

¥
’ofﬂyﬂﬁdg oUdpadyg edL 3 ng3UGl

aUds Gge Uy oalsg gJu;é]E’g’UigM:mLBa e UoYad.
GoUoagdUs 4o lwadUa)igledsUgyYesesUUs Uasa
gesoeesi GUU 6 calU ldeasdgdradodUalU&aEUe
" ealU GUdUGgsg6iediesiosseyd oafh vadd. ¢L
U gUUoaydlc O a llifsglmstd UsscU U gUUay e UL
gao9egi, UsoaY sbaff stlle :sargapd LB alz  e.
FielGysU €U0 UU "U3p U0 ¥v¥3y U eUUayleUUU,
gasoaf eUsit3Us aUUY “gei Udl U@ Yis Uy
oUs Ud UloYyoaUsU¢mryed)UegPa s Va (.
GUac3Us yawhimdiso gUsa@d U UseNsase3UUs
Ushd geseasi G6r¥vjad (Boa\laa'ué)eerﬂfyedﬁfé Ugad
Used Geoylegloedllsdim@lad Udd Uoeas ed GUc
UsUesced \ngg goosoai
;'_\180 ‘§
@ ik e, N
e oo
g A
g g s sl -
= .
Eeo “\\ a
£ v L = __*—J
0 ] L e}
1 10 102 103 10¢ 10% 10° 107
Cycles to failure

Iompa S5: Koumdieg S — N vid £V GOYKEKPIUEVO DALKO LLE KOl ¥®PIig
£YKOTN

38



KiDas g3 BUaIWsdf) e gili g Jui e acdgdlg B glisYeagsa
Uooe e -ndtacth gfuaect or) oaUs Usliy YeUs Uga
UsUseced Ushd goeoseasi e6rjad Uosees e UsU
alseg go9s9ai eU Uoas e:

(o-g) - hed
Kf — umn—norch

(O'g_ )norched

r Uas3Us d UsaUas3U aUe gahUqUUd Udd 1} a
UasUs y3Ud GgsUUaUGUed "eg UsU; UYUU>s
eyos0U0d UsUgce UGUeasaglieceai Usg gesaai
Us g @ g 3308)ediiidiedd dJdlp UG wiag U

Yo outs [MPa] p’ [mm]
552 0.15

XdhoPeg 896 0.07
1310 0.01
150 2.00

Kpdpoto aiovuviov 300 0.60
600 0.40

basUgUlg UaUd) stUdoeyd Useyd 0}

K atjyUtd zUoydaegd

TOUOUY Udqs uUsUusaUBaU Udd afh ¥vlGdd , uU
"1 ebayyegel Uds 0gls fd scilty Woadldd BHU jxWie
aUdi d UaecUeU "~ yY3UU GUs uUlteeysae U U
G0 ‘eeoowiy AUV U eUoydd.

39



¢ U aty UGd 0B sehliowids dg ¥ an;Dsdaeg’

Uss geda U’ U s Rl )ygos g 3 Us guJea+U+U; sd U~rs
UUOUsaa901 3 goassatl 3. jJxsWoaypdtligsesgs Us
oaUaestdd Udd G vaunydUéhddglt Blr gege U.

Com [l

TOUYaUUGd Udd K slGYsUsUgd
FcUOuhs hHRalUd 89 UGUecaUd aoahoy ofh ~¥0dd
U alGUsUsUz8egydgadaadelUaald , h ¥vd d U
U saGY¥Y3UsUd, € 838i3 30U eudoeliasags ﬁL°J
"1 eoUaylegalaigsl dijslilioqUllie yseag go9soai
¢ U atyUad UOddp el)ysUaliqddiEilbgyp B UpHoe vegd
Ushd ¢ CJUDaa»s oocai 3 ChlUetbss gl 3.UsgegdURUR U K Ue
‘a3 U4 083 " g age WisUwy3allsU®d ¢ Wiegs Y OU dthd ¥ G
e gl o G Ged) ww@éﬂjmleﬂeﬂaa&}e@‘agbU SAE 3130
UeoaecogU UbgatkYd G Us U “~aeyvrd UsUGU; UGA
aU0U" f]3 did €U0 Bmak; Bas§aoyPag hHUs
UoaYyaUsU scyved Ushd Usoescsaesg UzU; UYUU
U aty UGd UdaU dhy@be i elholdiByo, & U giq U e i UqUD
(Udea. AHOe UmmUdlza Gw@ua gdfaiseg ooy RUUY
dU Wasibsyy aUsU srved GU afh xid.

MéBodoc pmvipicuatos Tpayvmta em@uveiog Ap1Buds xuxhav eopncnc

[1m] uéypr ™ Bpavon)

Topvipioua 2.67 24.000

Mepuaj oriifoon ue 1o zép 0.15 91.000

IT2qpne otirfoacn pe 1o yép 0.13 137.000

Astavon 0.18 217.000

Agiavon ko otiifoaoy 0.05 234.000

IMivoxac :Atdpkeio oM 08 KOTOGOT Guv GLVEPTIGOY TNC SMOUVELNKNC TPOVTNTOL doxipiay
a6 yaivpa SAE 3130

40



AKUAKsSTIEZBE

AKotUoxyoe (GUess UlGUasaglceh

[o}

(@)

B GUe géU@dyquUeh JUPU Uaud Gey UaGU
3 U aU0UWdessslUaszse e Ushd GLeUUsd, eUsa el
UoYUedqlid oUeslUsg dqUpyYyd AHadelgd GU Os U |
UdU; Oheas3 UUs ﬂfgwa‘v‘:afbﬁbg?g’ GyhgeeallUd G U (@Gay ¥
Y363 U Uc{g’3qg‘:bucelg UUd;J@Ua;+3egs BUUU3zi
UsUUas OgysgU UltligUaoaghOUsd j Ybiliaed UUs UL 3UL(
Uz vyOUaal0d GUs3 ¥3e3¥Y Uddg, UUaszeg3 3U
ey UadlgbBdogd ¥eyad, URGe dBe Ugdioy UO
Ua3 @as 0G3Bs Yauis¥ d d .
F
e
N ]
b T
| U |
| |
| |
| |
| |
R | o
| |
| |
| |
| |
| 2 |
-
__“"ﬂ—i—"’"
L
"

KooHMa®U) a0y Ulle (GUsseeysceg agosldeai

41



LY
™ o

C«

Q C
Y
o Coy
CG® @
O o

[N (®)
Sy T Co
C(Co ™
O Coo
W 2 @

j ) ¢ ewesy G (
bH Uy Ueshy drad

J 8ea6802ac

ak
£

A

o0
E —

-

g
9

rr

Co C

Ua
Y 3
Gy

y Udk g e'deg
UsUd Usasg
0d

U’ h

42

¥

uJ
L €

Uy UehPizsllg ®8 afhoed Udd UsaUoed Us
"3168d Us U(bdofhcecgedtsggBaodgic UUUS

Ud



GUssafh UsUoy YU UWRl )¢ FHHdd

O A

Ol'uu. N O 9. 6.8 & 8 0 H 6 80 -6 8 0P @ 40 we .
O d-:ciccviceieie . goR Tttt g .......

OZp- -------
Oz=7T """
Ozt §f:

1

EAaoTiKe Anuioupyia
Nepio NAaorikn Neproxn AGiiod
KooM8UUssah UosUoyiBdg UG dydadd

j o YWeeeU Udd o Uk Usahddi vivdidd,d ~eg Us
U'h Uds UpcgyoegcfPoalUacoald UasUs d Use
UeseeU "6g UaUUas3UUUs U Us HKyse UsU
UasUs dq "~ aUGUsasae "~ Ujsece.

@U@Y@iUesp "0y 00dy Odelidpegh ds Uge YPgUh
UsUsldUescUa GU( §y@9ﬂ9dguwﬁq 9w@yeuq;
UGLguUaagueG+, L OBWUJUbY¥adesWguapsg Udaq

d
'U;Ush;uxuqq oUs @3B ¥g Wlilise afy yoslice Alya Ul
U

3
Uaz3Us olsUinne)Uy abelieh dlEselydd Yy UUs U’
Usg UgsUeseyUy)ag

43



ZFUd Gg3syecUsU g ¥YyeUs Us h;e%mﬂaoﬁﬂse
6 hyoe OaDGUSGthU@g wpwwssu gyoDad
y3U geseh eyjyad 3U g e0UUa ehssed (°
FgebasaaasUUUs U Re. U¥3UsUWakeUsf,) oa

eUoUai UUy e Usg 63Ja0a8g UsUeaesoalUd Usg g

j ohagd Y} c6Us oaUsUdles Udedlams ale Ye UUUs fy
o9Us Ua3Us d Usee UdddUvdgzsrdglogggssd ~ U
Ugdsd da UYCld. odeUle d ‘Ubelee Oy My Al s’ Wi
3WasUs UaUGUsse .aUs 2a3U0UUs "~ aUdUsose
z0U0y Uds a2U0Us9se® Uy Ueshyidyid Usg ge
UgaddUa eyecy o d Uvyad ,aW) I wa0ddgUes hy
836¢cYg UlWed aUUY UddUclsvlUe&aslldaaz ¥
UasUs €903 RUU3; d U Uds UsUscece UiGUas
Geoeascaegeg dUx) UaUUs GUUd®ppU@aUsOUd -

yyo98 zyo90U0dd jJ30did®ed GU AGUaoaglceh
g UsL UUUe GdeUae Udd o UlwxilmgdsUesg U
293Y0UR aUs ¥vd Hyoe djyUiddd Uesg geoosas
Usg UsUoy YeeUUsd oUFUUYecbdaao@WUBagaU
Uy Uefhydyiad Uesg Ueeseceasag, d Ggs3seasae
U h Ui a U3UUovssﬁUseYudUMd@sﬂaMerm@
Ueascasgg, U YeUlae U egUyallcU Uds e U
GgUi OUyes Uds UsueUpYegsld ~eg } 6o’
Uy Uehytdyiadd Uesg Ueeasceasg, d 6 salU o
Ueaosgaanag

44



¢ U 6093hﬂ@ﬂﬁsﬁg@ﬁ@&wgﬂmﬁﬂmwe Us Ui} a
“"aUGUsosed U;Ueh;ﬁumm@ Udlg ses®s dJd djg U
UsUyjeed y¥d Us UTS, U 90, PB0O&®a d Usu
GdeUae Udd eyostUddy I8 aggs Q@wi8) s U U Y-
aUUY Us e’eqeqquﬁgwﬁma@$MQSMU3uq qu
ed3 UsUsyeassaUUs egeasoahes); GU 0.0 hoae Us
jgUfR yleBaUyvwwdUlie U Uds3cdisVabidggdUooeldWg ol
GUy3rviddday d606adgd.

SAMAMAAMAMAALALS SAMMAMAAAALMAALY

s

oTévwon, Aaipocg
(necking)

zyUj e AKAaUGUsahUdqUUd (7A€AB Young)

B g 8@acdalydiffiep Uiclp ¥dutbd d88@UBp Ue UUs o ¥
eU Uds eaaauq Usg Ugdi oj Uegeeg UegeeUUs
GdaUute Us doadsgcgirdids Qs Udeo@0gony (v
U glatlUs Uds UgesaalU U Uds 6 calU ys3
UaUGUsosed .Ugg 8 UNljoestac edrs UsUU (Gglisae s
aUs U3z U0UUBYaaUUUs eU @greeoslUlte sUU

~

O
0 By h -0
U €

45



BaoasefhUdqUU

C Cuq,
(=)

SO w G

)

™
o Co

W W oo

go:

¢ 8o09ehUdUU Ushg eUUYaocg UaszUs d
Uy Ueey it 3080s vy AJr)JOU" H Ues eyoUds
UGUjehtddaUs GU UgdihegfilalUeliahtiqU
eUUUa29013 goa9at 3, d 6 6aU U dj UYse
’U{qu@;gx3 edqeU3osaL 3 UBa9¢elL 3. o
yaU UU GUUJ UY gasaY, aUUUUYOOe3UUS
9)]9Ue); 968 U Ualded Udd e€hsosedd Uy U
OUGs, UU gasayY, UU 8 calU eU0UUY Uds
gliadUU30Us oUsodtiftissBgliUsgUBESBaYE @
geoaY¥, Uzt UsUas3U, UU e eaU eU0UUY U
Us Uy sUaU, e¥vyjad 3U Uy Uegagy livxdaei 3 ¢
[16]
aUs yUdgy ci
Bpavon 0AKIpOU UAIKOU
(ductile material)
Spavon yaBSupouU UAIkoU
(brittle material)
KoofB:BU) UiUaoe URNdo oflg &Jg Glalds yUdgyei goaosoagi

46



#a hae yUdgi h e HRoebd@zn LHaozjida yall Oxpd
U haglUd ositsh e Ul &gV Owm®@pedd,s ,caa
UasUs yUdg} h°¢lxﬁf)fdiﬂjcpeﬁga,eﬁwl§&jga h@yo o DG Y

GU gydeaehUU) Udr YdAGh@esy joslliccayBdl.d Ggsdea Ud
glujedUUUsped Gﬁﬁﬁﬁk@s’:e;@ willdgy e

GgO Uy siey ¥ &8EHFUAag m@@‘h&U(deéj gesDyL‘baUs U
5a3Us Uy o[i3ier hHoos Oa

K 6eyByvadlilbydgicg O Uy stiey ¥ Ushd OUUYaaag
U h Ud GgooaUsayabysad UsUUUsse aUUYGUU
} Yyj6eg3 eyUUaaU eg GU dUjesoaj Ulalgd
aUU0U e83elUsd UGUasaglUsdlwed HUPesgs fao
byaGecsalUUs GU 6 Us dopsh Ully iy jddly @B § 0W ay
Uy hEg3 U vd, « WBaesaBhUsU 3 vyodUs3 Uad U} Yoa 3
g ygdgBa® hadloed e yUdgy e Ompgeg Uy sdaey

47



PF dAqQEF ZAg) $80Q7? L
gYb) vylid Ushd eUUYaa28g Us3eeieU Ues 0t

iUsseeys3¥ys, ~e6g aUesb¥szegs et} U a' Ug
"UysbyYoaaealUhd Uesg, oaUs "~ ®dlse whxuamizs U
U8 e Uy aBUijcdld Waloe G Ud o Gyggdlle doe @] € o
stopglied.

¢ Us¥Ybyrvadd Uxs egUUYvYaoavy3 cglidoUa aUds
aUs GUd eUaxvld Useg 6} h3aeg UsUsaUUYOU
gydaf oeahdUed GgsUeydidd e/ aUs UszUsaslU
Pt ] dAQEE TA)Z)] €q? | $BIZE?BJI

GosU 3U 2@dq0ph 50WPUUi e o) YeUUU Ueasgess.
Udy Ue3UUs UsUbyit3e3UUs , "~y Us 30U
yeUs UsUlGey OUUsoee Uz Usce GU Us¥Yby) vld.
U sUUecgsdUa sOLHerww&wa&%er%%W3UC
GrvreUUalsU ¥vs8gUX mwwu MWMY@6®@SGMSMG .
6aU0dU; 6 UVUasUs y3 9)YeU Uasgessaasg,
"0y sU0aUsahUqUU(g Yaaxs GUsscUars eyaU
GsUb} 1 30UUs o026 , ¢doWe deagsaeda oaUs
oUdU; UQUUYd Ueaecgeassae (ldmUdiahUs o U
g Uy aU0dU;  Usesgeasse UUs tsUby 1t 3U00Us
yolUUOd aUs Uyoacsd &8 Uspauda)Uls dBdgs 23 a
GebUy Y. ¢a Unddlg mwadladdl) (hAd e @9 U D %ge Jy & w) o
GdeUadillsa KU@as UATI allilg gdU si YyisqU se yeU (Baaess
GUU € 638i3 30 lUdeoacgPldaela oWhbhlB® as
38 6} bgdaUPall®WdUUs06i d dalb U} eai UU
G} 8390Y UuBWEUpxetlgdkWs ss,UbgdqadlPgssU -
UaUgdUj; 1 3630Us tUs € 638i3 UioscgalU 30
UU sh3UU gujyeohsprnefl Uy} a6 gilijeofh3sa

48



e 6y 90ed aUdUARNUEUBg cled®ddes addsca ¢
} YUsofh goy h , Wilosiab JatfUasadWioy
d_SSGg;OC{dG+3 aUs UgUyY UgesaflhUU} U
} hUqUUd Uescgeaszse "~ Ujoyleslb (YGUSs
swaeggisl@’_ls’,e;ewainghuquug’ Uasegeas3sa
B DGADID G %o Ure< 0,4 % yeUe UsUstsUby vUs
UO0GaU ¥y d GUe eaUsitadmh GU;LeU

Y

U0y 0 U h UU oy ¥yYeUOUU
aUs Uas Ukes BEEMS389pEE 3
g3 sUaxuc{g’ Udd UsUs
g 3f GldywbrisWlPH d Uy sUsaUs
#yey da U0s.67 %)) YoeU slei Us o
., Us uLbaee’*BgBelgAli)l(j: Ua);s‘it{kﬂlgmlkagé(éJe
JareYUU Wels glcosshbayhgdU o UJ;geUyYG G B3y
D& estgUaBpm@quGsegzﬂDaU UsYeos
s3vee B0Ba ds UU “aeeygyY elkU W ¢ gagsc 6 g 3
GUWGGGQS)W&SGMQ@;GGQSSSh tgsUeso
ugs' QMengschUas‘iewwaaas@ 3Upai, y
g ©gs uilBagim 3 aasugsEYCﬂxeYb;?ﬁd
4?U93§97‘@UL‘UQJ30’@33U§1U3 "Uy sycagas
g0 o) Yel(®kUU ~eg ~ UWipogwpy s’ gdlgl
lidlgls )\ fef jo. i 3 (289

T O W
TG CeCeCe
© ® O

d@g coocaeoc
=
N

(0]

\(Y)C( \C(

()
-oLgoo-

‘C°°<
O ColQ, CCcW @
CG® Ccw O ¢
4 O
@8'

©w Co Q
O O CelQ Co C(O CoQ

CO C«
Y— Y

O T O @«
O w &
-

49



Ugdd gosaai
Jds e36eYla(g
on cracking).
ad “~Ujy¥YoesUUd
g Usayd UvyaUsgd
g YyeUs usUby vyUsah ’U;ebYaaes
U@gya®me Usee 3U g RaUsUUs 0
gB8&GU0UUs q a2U0UUY, Ugd el UoaYhy
yU3 “gryé dadledd ~ Uy U yvsw ~ Uy Yoes
G Us 6s5ddUa

< o

glid e¢U tdsYbyvdd ahovy U sbga
a@0dapg kgUaasse. o@Us e 6} Ua
tabedog UvYaUxys GU fAaU UU oy
0U3 UUsil 9 YWhjoela.0 UUpBBdreddUa ¢
U € U3Ug Wdsas h Al-SgMg, Al-Zn-Mg,- Al-Zn-Mg-

C us MgL\(Mg<3%)EeJ aUdU; h Usdelgwetytisle o Us
NSUWMGLMGUS "Uplldy qdygdd €U tsy¥Yby vid
U sabsaedigUYaUrxa

¢ aUUY, Ugld U us
Uac ge bhssdlepop Wilgw G UG Ue
L Usoae

Yby ¥ q ahngU sba
y 3
Uv3s o fegesyl. V] y

q €U Uds eUUUe;

dc B’ LboUﬁLLbLLUeda LBy sy Use
e 83 U0Ua 30 U dq3U00G60U0Ua UTIB] ¢ U0UUa26Qgy 25
oaraes EPHhUegd 68 s8asgd eUdd UaUBY) jolbgsdlk
eU UosYbh)Odifbsechtagdyd Ux3s ~ U} saUebhb¥3a68(93:
Ae Uarvidd Uxs UGrvUUysat13 UyvYaUrs,
Ao UUYaades GecUuUsUGeh o990 UdegPaxdd U~
G UsagdateeWgd,i s Us d
Ay eadUU0UUgUseayd U 9saUaiyUsg¢gsg hH vd U ¢

50



®t | dDA REAB Y A BPITTING CORROSION)

¢ 96 9693 €6 le Uoa¥Ybyvyidd GUU ey
UoaYby vldéeldesgdy oalU Wesdld d WryEUdheU mb
UGgslUO®gL a0 Usi GU)ywgUUdd sdhrddiwa dgl 3
U s2iGY3UsU Ueg cd ptallagBgs UUcshaGUsy U
GU GyyGae d GU dUa¥YGUO0se 303 d aUs 0
daUa U} egai UUJ.

¢c @ aylbaslibes MW Uadd¢¥as U UesosUeasoayd d e83Us
GgaUda de yd U;G a66(3 3 U uo[eeeg;oe*sUl
oUsey3UUUs ¢@ oal ydf]g4 Orevgdd 9.6 82 aaUs, f " ¥
e 6y Ua 30U UasUs Ugyyrd PgUhowzyplygue:
U K Uds “"e89fRU0dUU OQbdg &ilsyd @&d0d elle g 3:alstis
aUs Ud dGidd Ueg tUsUby vUsaagi.

yie ~ 96 oWdU) JoB®pgéa&ssss UsdUsaUsoah dU
UosYb s Us Ja UUGd Usg UssdamWaeg GU0(
GUU0U3sY GgswWdalUsesywad; l0qUP0cgyadglU Yoors

93 UeUUs01 3 GUchyeMatkan, UBYEY3 Us Udsa

U stUaUsafhUqUU 08U &p¥bpiWédeecloadydd
eUoUai UUyd UysdqUsoae U a Uxld GUd UsU
9 Ue UUU Uasgessasg ~6g Uy sycaegas UgU
UasUs UsdUsaUsmyY GUd UsY¥Yby vad

‘ Pitting corrosion \

{, )
[Schematlc view of pitting corrosion of aluminium exposed to chloride ions J
Chloride lons ( CI*)
Porous
Noble inclusion hydroxide
(eg FeAl3) diaphragm Cu deposit
Passivating s ) e
oxide film q bE - =, . AFHOD
HCI, AICI3 e-
e" (pit solution) /
\ ANODE
- J

AoohBU) Vi llexdPyidd eU Waeyge g dreg.UUc d

51



gB OUIELTB E¢gANqz)] B?2ALptq?
¢ U 9l Ysoexsly glicsgp lpe ye3 W@ y3 U oU” UHR uU;L g L
e&OséaxéU;t6@30@0@9@&@&@9Qbﬁkﬂg36 5 (
UosdjUdlde OUU g8 ey UsdgUWasge s3asg, U
Us o8oo993r f e3Uatse Gsleyjaeg.

Co

Koof2:®Puv ol KO OoTpwPHa o&el di oV TOULU AAOULUMIL "

gaigioah GUj1LeU @3Ustasg Wdw Usaesgessa
GgUyctev00U

UysU UzUsj UUsoay¥Y aU Uhs seslksy®ligthUslo vy d G
byddd

bysU Ust UUJeh alig U Whd g *baeYdled dydec Ub™ f
0,005 em vd 0,01 ¢&m.

GUszsay¥ GUe Uasgeaszse , Ue GU;iteU Urs
"38d UU ya3v, U Uste yecUs “~sa8 egUosYas
UsgU) s gthevadllas =xlle ¥ Ugsd “~jed UU eyGU
90003UaykJHsUUUUUaasehyLgUaf]bﬂJ;quf]el]UL(kLga 5
Usg |, Uas e&Uause Usg Ueaesgessaasg dUY;
"Uya  Urld 8 g Uy sycUs a¥ 656 GUsscU
deosUovyohdasvddUy g&valUy asasU 3U Uy 38
U sty Us Uds oUeabUssoae UsYh,) vid j gU
aUs e¢UUY Uds Usdlexdae, UligedWdeUdg s Y
GUjiLelUasd 63Usiliars Fge Uy UasesUUd |,
cU) Uolod ywogi bWio U yy UGUed Usascedo , ol
U0aUaxd Ue Uascgsgease U ' H Us¥Yby vid

52



UAELEAN] 2 ) # LGt )] pt T ) Bt

L Ud iad 299U Ues GecdeUUslGeh Uvs

G 9

d

Uaaglg8npas s gii ssa3atimde go s U Us d
o (p2=pin(d 2)sUoUlsd Ueoaseyd UGUas

Asef?:ﬁ:lﬂ!U;Uﬂl"Jdﬂ@mB@Bg’ egyled Usg goeseasi cUd

53



Koofs:B) oUaUsee dc TeleModel b ) 36 d)

54



Koof3:@gUasor ecco)jilie Ucoscdrs (j;QGUQ;Y-q)CIQQﬁ‘eé]EJseU 29
ieoaesU 29U Usesce GU oafh xid.

= UU moles Udd toUageysdd eglalUd
= 68 hoeaed Ueg UsUsaicUUsd (L)

GsU Ues g 6asosleh mowldds timWllogecaeaca da

=6.50mol NaG

381 gNaCh —

z 6} 5 &% eNaCl=58.44g/mol

55



FUd Gg3ycUsU UsUsoblgbétietelds lilligegqUD
GtU0beeysU:
5 -—=®illAdl 1,3mol/L.
U,OllOOlI
B Usfhasgdsed a3UaUd oaUUUos) YiUs Usd ¢
UebU UstUsi 3 GUe guUUsoafh UsYeaegeU cov
a/ a |[KOMQIE®EAKI 3
1 39,43 12,01
2 38,92 12,01
3 39,1 12,02
4 39,26 12,01
5 39,16 12,03
6 39,4 12,01
7 38,9 12
8 39,41 12
9 39,71 12,01
10 39,7 11,99
11 39,53 12,03
12 38,99 12
B Usfhasgdsed a3UaUd oaUUUbGaMglO® Usd ¢
UebU UstGUei3a (GUs gtiUUsohUlsiosvegddlcaat
06 UgUR 299U y3U ees3U.
U/ U[7TBBqH AuKSTEE
1 39,41 12,01
2 38,90 12,00
3 39,09 12,01
4 39,25 12,01
5 39,15 12,02
6 39,39 12,00
B Usfhasgded "~ as3UsaUd aUUUbGdMglw Usd ¢
UebU UstUsis GU0sa gOUUeeé]Uaale@g@{J G DO
86 UgUR o090 Uiae ees3Ud
U/ U[7TBOqF AuKSTEE
7 38,89 11,99
8 39,40 11,99
9 39,70 11,99
10 39,69 11,97
11 3951 1201
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100KN (22000 Ibf)

Zoppmva Aebvi Hpdétora

ASTM E4, EN-ISO 7500/1

Awxprniky) Ikavomra Kataypagpng ®opriov

1/200000 fs.

Awkprukn Ikavomra TpaPépoag

0,1 um (micron)

Togvmta Aokuig

0,0005-200 mm/min

Zralepn) Taydmra 400 mm/min
Edeyyopevn Awdpoun) TpaPépooag 1000 mm
Méyiot Kabapn Andotaon MetaEd Ave & | 1000 mm
Kato aprayng
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Kabapt) Andotacn Metad [Miaivév
Koldvav

230V/50Hz 1 120V/60Hz

Tpopodotikd
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Bapog Mnyavig Xwpic Iapeikopeva 360 kg

Awotdosic (Y/TT/M) 1680/785/820 mm
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