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|Part A: Vocabulary

| Directions: Choose the word or phrase (1), (2), (3), or (4) that best completes each
| sentence. Then mark the correct choice on your an.m'i:rsm

1- Yet life is not literature, nor is Hterature life; the two e seeee--.,
1} consistent 20 distine I} temporaiy 4 adequate

2-The hurricane would not have had such a/an ——-— cffect on the coastal village had

the storm surge not arrived during an abnormally high tide,

I} devastating 2} ulimate 3} caleulating 4) ebligatory

3- Federica expressed doubt about the existence of true altruism, claiming that no one
makes & -----—e- without expecting to receive something in return in one form or
another,
I} Faciliny 2) hvpothesis 3) promise 4 sacrilice

4- As a supporter of the value of free trade, Bennett was often called upon to give
speeches around the world —---aee-- the virtues of unencumbered commerce.

) manitoring 2) purchasing 3) praising 4) exchanging

5- The efforts to revive the local economy after the departure of the town’s largest
employer were eased by the construction of a new arts center that would infuse the
community with much-needed «-—--ameu-,

1] revenue 23 scheme 3 sehedule 43 gurvival
6-Eagerly advocating rehabilitation , Gena has always believed that individuals whe have
been imprisoned deserve the opportunity to return to society as ——e--—- citizens,

1} voluntary 2) crucial 31 productive 4} internal
7-With --—-----— approval, the parliament accepted the new law that would prohibit
companies from discriminating according to race in their hiring practices.
1) intrinsic 2} fanatical 1) sporadic 4) unanimous
8- Many medical researchers now believe that there is such a thing as being too clean.
The “hygiene hypothesis” suggests that excessively sanitary conditions can =---—----- a
person’s resistanee to discase,
I} invitiaee 21 diminish 3} abandon 4) undertake
9- One popular misconception is that these subsidies produce lower food prices, and so
are a ---—--—— to consumers. This analysis ignores the fact that consumers are also
paying for these subsidies through taxes.
1} tramsier 21 device 1) hoon 4 status

10-As one of the most popular writers of the 20th century, Jack Kerouac authored several
books that -——- to & wide variety of readers,
|} appeal 2) antribute 3) appear 4) devote

Part B: Cloze Test

|| Directions: Read the following passage and decide which choice (1), (2), (3), or (4) best fits
| each space. Then mark the correct ehoice on vour answer sheet.

The climate is expecled to increasingly shape and (11) —--sssee- by cities. In a vicious eirele,
climate change will increase energy demand for air conditioning in cities, (12) ==eeessese will
add to greenhouse gas emissions. It could also raise temperatures in urban arcas {13} -—eee-eem-
2-6 °C. “Heat, pollution, smog and ground-level ozone [from cities] affect surrounding areas,

reducing agricultural yields, increasing health risks and (14) --=-eeeem- tomadoes  and
thunderstorms. (15) -=e=e==-- on urban water supPIies are expected to be dramatic,” the report
says. Cities ike New Delhi, in the drier arcas, will be hit particularly hard.

11- 1) be shaped 2} shaped 3} is shaped 4} be shaping

12- 1) where they 27 they 3) that 43 which

13- 1) high up 2) by 3) fow 4} at

14- 1) to produce 2} and produce Dyand producin 4} which produces

15- |} The impacts of climate change 2) The climate c%langi: impact

3) The impact changes in climate 4) The change in climate impact
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PART C: Reading Comprehension
Directions: Read the following three passages and answer the questions by

choosing the best choice (1), (2), (3), or (4). Then mark the correct choice on
pur answer sheet.

Passage 1:

Many great inventions are greeted with ridicule and disbelief. The invention of the
airplane was no exception. Although many people who heard about the first powered flight on
December 17.1903, were excited and impressed, others reacted with peals of laughter. The
idea of flying an aircraft was repulsive to some people. Such people called Wilbur and Orville
Wright, the inventors of the first flying machine, impulsive fools. Negative reactions,
however, did not stop the Wrights. Impelled by their desire to succeed. they continued their
experiments in aviation. :

Orville and Wilbur Wright had always had a compelling interest in acronautics and
mechanics. As young boys they eamed money by making and selling kites and mechanical
toys. Later, they designed & newspaper-folding machine, built a printing press, and operated a L
bicycle-repair shop. In 1896, when they read about the death of Otto Lilienthal, the brothers’
interest in flight grew into a compulsion.

Lilienthal, a pioneer in hang-gliding, had controlled his gliders by shifting his body in the
desired direction. This idea was repellent to the Wright brothers, however, and they searched
for more efficient methods to control the balance of airborne vehicles. In 1900 and 1901, the
Wrights tested numerous gliders and developed control techniques. The brothers' inability 1o
obtain enough lift pawer for the gliders almost led them to abandon their effons,

After further study, the Wright brothers concluded that the published tables of air pressure
on curved surfaces must be wrong, They set up a wind tmnel and began a series of
experiments with model wings. Because of their efforts, the old tables were repealed in time
and replaced by the first reliable figures for air pressure on curved surfaces. This work. in turn,
made it possible for them to design a machine that would fly. In 1903 the Wrights built their
first airplane, which cost less than one thousand dollars. They even designed and built their
own source of propulsion-a lightweight gasoline engine. When they started the engine on
December 17, the airplane pulsated wildly before taking off. The plane managed to stay aloft
for twelve seconds, however, and it flew one hundred twenty feet.

By 1905 the Wrights had perfected the first airplane that could turn, circle, and remain
airborne for half an hour at a time. Others had flown in balloons or in hang gliders, but the
Wright brothers were the first to build a full-size machine that could fly under its own power.
As the contributors of one of the most outstanding engineering achievements in history, the
Wright brothers are accurately called the fathers of aviation,

The idea of flying an aircraft was —--—— to some people.

1) boring 2) needless 3) distasteful 4) exciting

People thought that the Wright brothers had --- -

1) acted without thinking 2) been negatively influenced

3) been too cautious 4) acted in a negative way

The Wrights® interest in flight grew into a ——-—-.

1) plan 2} need to act 3) financial empire 4} foolish thought
Lilenthal's idea about controlling airborne vehicles was -—----—-- the Wrights

1) disliked by 2) accepted by 3y opposed by 4)proven wrong by

MN%“U’)Q“}‘@“)UQ&W"}&?'ug)?‘i
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The old tables were =------- and replaced by the first reliable figures for air pressure on
curved surfaces.
1) multiplied 2) not used 3) destroyed 4) canceled
Passapge 2:

Stainless Steel

In the same year that the Titanic dragged more than 24,000 tonnes of steel to the bottom of the
ocean, 8 new version of the alloy was born. celebrating its centenary this vear is stainless steel.
a material that we are all familiar with and come across in a vast array of everyday items - from
cutlery, jewellery and razor blades, to washing machines and cars. It is also a much-
photographed material in iconic structures, including the Jin Mao Building in Shanghai, the
Chrysler Building in New York City and the Thames Barrier in London. Indeed, in developed
countries there is over [00kg of stainless steel stock per capita.

The term 'stainless’ was coined early in the development of the material for cutlery applications
that did not corrode or lose their lustre. Indeed one of the earliest trade names for stainless steel
was Staybrite. The main requirement for stainless steels is that they should be corrosion-
resistant for a specified application or environment. For example, some types of stainless stecl
do not resist corresion in the presence of chlorine - hence problems arise if they are
erroneously seleeted for indoor swimming pool structures. The technical requirement for a
steel 10 be classed as stainless is a minimum weight of 10.5% chromium. This can be more
than doubled for harsh environments, and other alloying elements such as nickel are sometimes
added to enhance its structure and properties.

Where does the term “stainless™ originate from?
1) Spoons, forks knives and like tools that should not rust.
2) Tools used in cutting applications.

3) Stayhrite,
4} Coins,

Which year did the Titanic sink (state your answer in Hejri Shamsi)?
131378 2)1312 3) 1305 43 1291

Suppose the population of the USA were 300 million. Which of the following is the closest
estimate to the total weight of stainless steel stock in that country?

1) 3 million tonnes ~~ 2) 24000 tonnes 3} 30 million wonnes  4) 30 billion tonnes

A pipeline laid in sea, is required to carry acid to an offshore plant. Which of the
following materials is most suitable for the pipeline material?

1)5tainless steel containing a minimum of 10.5% chromium and some nickel.

2) Stainless steel containing a minimum of 21% chromium.

3) Low carbon steel containing nickel.

4) Stainless steel containing harsh environments.

Why is the Jin Mao Building in Shanghai so popular with photographers?

1) Because it is located in China.

) Because it is a much photographed structure.

3) Because it contains stainless steel,

4) Because it is an icon of the city,

M}MQ“U’)Q“}‘@“)UQ&W"}&?'@PT
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Passage 3;

There are several types of environmental interactions which materials may undergo. Among
them is oxidation, that is, the formation of a nonmetallic surface film (or scale) which occurs
where a metal is exposed to air, Essentially, most metals and alloys experience some form of
superficial oxidation in various degrees. Ofien, these surface films are not necessarily
disabling, that is, they create protective lavers which shicld the underlying material from
further attack, A chromium oxide film that forms on stainless steel, or a thin, aluminum oxide
film that protects bulk aluminum are examples of this. In some cases, an oxide laver is even
most welcome, as in insulating 810, films which readily grow on silicon wafers and thus
provide a basis for microminiaturization in the electronics industry.

The rate of oxidation depends on the kind of film that is forming. For example, a porous film
allows a continuous flow of oxvgen to the metal surface which, in turn, leads 1w a linear
oxidation rate with time. In contrast, the most protective films are known to grow much slower,
that is, in general, logarithmically with time. Somewhere in between are the growth rates for
nonporous oxide lavers, as in iron or copper, where a parabolic time-dependence has been

found.
26- “Superficial” in line 4 is closest in meaning to:

1) stiff 2) surface 3} Internal 4} Intensive
17-  According to the text, oxide layers ares

1} always undesirable 2} always desirable

1) desirable in some instances 4} it was not mentioned
28  “Shield” in line 5 is closest in meaning to:

1) coat 2) prohibit 3) protect 4) resist

29-  Which statement can be said about the “parabolic oxidation rate™?
1) slower than oxidation rate of a porous oxide
2) faster than linear oxidation rate
3} slower than logarithmic oxidation rate
4} it is the most protective oxidation behavior
30- Which oxidation feature was pot mentioned in the text?
1) protective films 2) oxidation definition
3} oxide growth rate 4) oxidation disadvantages

M}MQ“U’)Q“}‘@“)UQ&W"}&?'@PT



O ol (il )15 (990 3T (wadii Colw g S puo

dx
Pl s jf—f Sl fets -1
gsin’ X +cos’ X
q"; tan X tan x
— Arc tan y+Cyr «.I"‘I_'arl:tan[—)vlf 4
v R ¥
.,."? lantx tan¥Tx
— arc tan| J o+ (F «."?arctan{ }+C v
T Jr Jr
. X I+ t)
it b o Sl s ([ 81<0) F@) = [ Tt g i s Y
el n+i, n il n+1_
) ) e
A o -\ EX Y, 0
3 CO =
=Y =4
{_\]Rxﬂ“'l { ,"}I'I:‘{ﬂ-l-'l
“1gx <) if - EX <) ir
5o 5 o
=y =y

. 1
tr.:...'l,m.r.z {m}.'!_r“n G0 gt San plas —FY

r
A= fll!}
4 !
= (¥ =11
T ¥
FA(F T

ol plaf Lol jfa2 g o bess sl 8357 3ly33 ¥ jene Jer S XS ¥ =xT 2 orF

iy % "

— | {we)¥ =y 7 —t (W) " -'|J 0
Ty LR
bl [ g | ¥ .
- r
= ()" =] (F — | (4e)T =y | v
3 Y
L J
P alas 277 =0 Ustae glhodyr o7 ity lliie goueZ A1 T8

nithE. Tr+'rJ|c{1_|:-P
Ke=osp vy lin=),e ™ (v K=o 7..(n=1) . ™M g

tn+¥Re,
vl lgs (F K==\r*. ..[0=Y).e N o

ol - S e
i'.:....«l,-l.::..:,,-_-,_-.,,u,.ef I (+x +y' ) dydx jaie -r¢

n 7
-y —

A §F
E;HIJ!IJ} ..!ll:,".JJ- JF, I;? — :Ir-

F

LA
Fieal gllf . Z=q/X # ¥ Lg,ﬁlﬂ’!‘lri-}'? OF e et gyl sl gms ST

4] (i

- (A4 |3
+[3 =<7

¥ v

M,Mqhug,éw,'@ww,b’ah%',,b'@p'i



¥ axie SME  ( pudige ool o il s S olas ¥ g1 pogas piliy) o2k

b oglas gl i sl cSLETR rt)={acosth+(asint)j+bth oy an C alid pr glap dlolas -TA
i
(2 B> 0 >0) Tagdige = ot o5 () Fiogas
a
i |
b=a (r h=— ¢
T

O A LAy b=va (r

Pl ol atil o Y2 dmiio jlen ol T 3 4y o 0ges s o l:3|.f+z,'||'Ir F(z=%)" =F iy, ) ol =T

K=Ff—-V==ZF
{ . }r. _ o s | b balii (T N=—F=y=F s XN=F—¥=F las ya blii (}
(x=—-f-y=2
wg b A—Z=0 Fzia b Liact H=F =0 dmia blii (T
"y
?.:...|,.m7+--;5'|i.?u,af[l.r}-xf AU pacis g M s ¥l polle -Fe
a b
m=—_a—b}M=£[T m=-ab 4 M =ab {\
r ¥
—ah ab
m =—(Max {a,b})" , M =(max{a,b})’ f g — ,.M=T A\l
y=x"y
O ] ol Y = Uslas g =F
x=xy'
y= kS v=Jl!ny+lx“‘+{T i\
r:" T % Y Y
\ |
In}'sl}'T—lnr+l’.’. (¥ L} ==y ==x'+C
\ Y -3 | \

Pl o aF!}'Tf}'f X +3.1" =0 Pales oy =FY

— le,',_ C &1 }I—Tulx-i--.c— iy
r= T -.,I']{ H T X
| Y, ik C | i C
=T==X +— (f Yy=1=—x+ i
4 T ol X Y ;H -

P plar F(X) = X —[X] ali WY Joi  -FF

35 =i EH—'I-I"S-
————— {§ e it
g (e =) s (e 7% +4)
- e® ~1—3
T = P

5" (e 1) 5 (e —1)

R =Y ) cadl (XA Y = (X V)Y Y =0 il pins Wolan 5yt gtlpar diu ) pladt -FF
Irix+%) o [En{x+T!|]"' (4

(x+7)n{x+7) (F (x+7)" ¢

M,Mqhug,éw,'@ww,b’ah}%',,b'@p'i



i yf (il U5 QS‘}T (o Clw g S o - ‘

A doeiie MEE  (pmitigen ol o il s s Salas ¥ o) oges ool ) il N
ol ) ¥ p 5 "e . Jeixyax
Pl po p2 Dyae plF w4 X XY S(Y SXY) el i ol pagas ilpe ¥ =0 i geiie usar b -FA
=
Ey by
y=xe® +0 (T y=cxet o
ki I ——t
y=xXe X Ff ¥=e L
: "¢ 8"z 8"z N " :
Emh.lﬂ:lhf*f ] r‘—‘{' Lslogle) Aiee Cliiia U ol pdu alalas A5 mauly  -FF
affy+x)+hiv+x)x XLy —x)+yhiy-x)
Iy —x)+xh{y—x) ¢f fly +x)+h(y+x) (r
¥
- - . - a = i z +j - a
H'.JJun..ng.ruWMjlq:hpldqulmnga.”.w=h1 ) -FY
+1
O Fpa aly bpla g Lo (Y O ol bpls o Szl 1 X ppme VL0
Pt las’ XH(X) iuygb foaiails @) plp 1(X) aoyph Joooi 81 —F4
wFlm) ¢ Fiim) 1
Fla') ¢ i (r
¥ ot ’
#ml,l.-:.z:T whd o f(Z)=e" ANz bl abowls -4
il —r T
L AW
(i-yn i+
el 2 e N
.8
—f X, =MEXLo
._;m_;.m_ul,h_i-a”_.pa_-_lﬁﬁ_g,ir.lj ﬂ:l]= & Pl lilie byl g e
—=X, DXL
L}
=
?#Eﬂ.hl!."l phat . _'I"
ﬂ='| {TH_II}
T T
e L] l ]
VF A
T T
n
— 1t i) {r
i1 ¥

M}M%hd’)éM}‘@“)UQEW'S)b'@.PT



i gl (il U5 (990 3T (et Colw o g S g

% amico S04F Slun o Figal plas

sl plaf  SPAT led 31 ealincl b gl et Gl L g F i | 2 b o o8 o] i g il |_:=-1|JT

STYS YR YRy (¥ STYS'YPLYPL YR, O
8TYS"rPy (¥ §'rS Py Y] Py P, o

Tl plf gl BOC IS jo usl o glabad o FOC 505 p0 Jljusl 5 fpuld fow slabdd slosd Cod =87

y ¥
=T -y
¥ r
i
LR — (7
T

1Sl T T T olast s i 5 &0 €38 bt s (FCT) 1 gl 3550 JUg15 9kt 54 (1) 3 glambo ol 8 -7
sl gp/ AT w

I | s

—_— T —{
& ¥
E {15 ﬂ {r
fa] in
PL [u oal]

PLJ,nM
£ y L
i
_F-
i (¥ % r

il i s FOC jpls p3 il (iho dnagi o Jlbiol gLid o 4 BOC jaly 53 071 5 Jsgd s Jledl gldd Cod -8

ﬁﬁ e

£y
AT

ﬁ if ﬁ T
A j

Sl o lasme (597 52 9 4dls BY slaai [ Foo0X kel b gl Ll gy 59y 0 in' ol wclowla sl g3 -&F
Piand plaf o] ASTM fila b3l sae Caml souh 0 phads ails 30 TF
4y ¥y
v (F N4

M}M%hd’)éM}‘@“)UQ‘GW'S)b'@PT



1+ aseia SM4E Alge Kl | gl =

2000 Cole +RCSE o
800 CHD'FCTET v
2600 aC.5+pC.8 v
2400 BCS+PC,S ¢
} 2900
~
Jy 2000
1500
o
1600
g V2| R
1
1200 |- 2 |.)
1000 | Tridymice + #CS Ca0 + fC:3
m_m-ﬂ*rm
600 - L I .I.l Ca0, + yCu8

50, 20 40 60 .11} Ced
Weight percent Cald

Tagla dgmy okl )F vo yo i bl il 31 g om0 ¥ dan 3 Y b 5 el e oS0 0
Vi (T a4 ()
iy (F Tir

3B aceya Po il g ;o ¥0 jlalic ay g B s, 1o LO j 53 i 3 e oS s g Byl 490 g S 32
P sy dim f ol g3 39290 B jlade ilea iy 5 o oo g okt a0 o b 10T 8 ks i

Yo [T a0

o (F A (F

,n-;...__;.ii;hal_a.n_lJ,Em-._.,_Hu,m.n.ﬁu._.;..i_.lc.sl..;fauq.ﬁnuuﬂ ELIP= R s -V E L S gttt
il phad oS 3 sle (0] 12 29290 (1) oo 8 sl 0l S 0
afa (T YRR Y
o Al (F o; Fa (T

hnd 1 T Coko g ol AT (1 o 5y a0 I g Y9 L Tl b 5 g0 0V S g gl
Ay S ple Pha e 210 9WaB ful )3 el ek e il 1 e g amid T o] 3l g2 Gl
Vicaal @l iz 327 glo i |t o 3 Ll 0k

o Fr (Y o T ()

ay ¥E(F oy BT

ol gt ol g 30 W ol wliid JIT SleMDI g LS 9 5T

-y

1.1

=fs

-F



b 1 (b 31 (390 3T (uastd Colw g S piamo

W asmie SME lga S b oles

5 il g3 dgege slb il el sl sals Hlid i JEE A O ey W gl 4 Fe-COr-C Jie as logai oild plalie  -FY
? Gl
|i

pac" O B Fe=WiCr=viC -I.¥ea"C mFe-WiCr=VIC-M " CuaFe—-\Wi—s/a%C-1

1608
L | T T
a*l
I 400
¥¥i
T
T g 2 i
E T MG L
*
i.m b 7+ Moy
3 # MG+ ML,
o, 1’*; P M+ My .
o - ol P
+ M
-ﬁﬂﬁi o NG, @+ MGy # MC
i | A
“‘ ] 2 1 L}
Weight percens curban

a+MCe -l a+MCp + M Ce =1l y-1 0
a+MCr =1 o+M Co=H  y=11¥

v+ M Co =l o+M Co=ll a+y-Ir

y4+MCr =1l a+MCp+M,Co=1l  y+M,C, 1 (¥

~ailg 6] il e i 40" Al pailge S o Lomle 3l 50 ilas S dale U gl e paas 00 JU pp digly  -FF
Tl gl 1o il T b ol 3 Kl 4y Re i

¥ b=}
T

\
¥ (¥ T— (r
Y

Pl James (5al (jilyr ppa y2 i i plas - FF
| ey wils g Dilale 2 (8G7) o il gl e
il gl 3 gailee g5 S ) S5 .[.-!;G'}:..I.u.-L:_- 2 pader g A (T
ol e g2 gy 3 oy Ller o plas | st Slasle o i 2 fl'"l Felyiilye | g plasi (¥

M}M%hd’)éM}‘@“)UQ‘GW"}&?'@PT



O ol (il )15 (990 3T (wadii Colw g S puo

W dmis SO4E alge o5 jud ole" -

il e 2 W 0 g 29 0kl 1 Y gy aliinl 2 g ) AT 0gl0 gy IS gl gl Faa 50V 5B i ge Sy a0
3 ol b aits syl S i Bt LT 285 Y0 Chnets FBOOC ol 13 13 o 3030 F Ll Sty 102

Vil g 22 4 e
pdige P gl 5 e e i Bl s sl 0
EL S P TR JPRCOMPNE. B Y AT
Spdge i Fpp Coa B aila 2l (Y

""FIJ‘ _.F:J'T; 't‘l-:',“' J.".'_,..:.:........u..-ﬂ. JI dila J-l_ul:f

Hiomad T promes Ay 8 108 g 508 1] 3y 6ty g 48 o g A il o it o b sy iy i g 0
e, o TIPS JE il bt e (Y

s agfas dlaly cplosl 3a3 el ot sl (Y

e e e R o e sl gy Sl T

Sl gt 20 L i gy i L (F

e b ) gl saile e sl JSET o Raali dilys Sy o

308 il i L iy 5 i b b 50 ()

213 i dlal vallyf e ol g7 (T

il e dlad ) aag g 5 it L e g7 (T

23 afae Mo L fip e ey aleT o0 0 (F

1 dmtly e C = X DX+ C &yt olig? ke bl Kp 15 3 S¥gh S 30 18yt olh ool sk
Tioanal wla ¥ glaj 3lys Wb ul 53 o (e )Ll Alotas alile ) 3 b i) 33 r o8 S s g AT e
—Dira) it ~MMa+b+c)r ~D{ax‘r +bx+c) (v = Drax +b) 0y

W58y s e as i o o el glaley oW AT C led ja 0 UK i LT 21 Zm Vigay peti s 3 il L

ol -t (F enlE — R il = | als (Y wrli = aald ()

e, TIK) ﬁm;aﬁ,ﬂm.j{pnﬂ-.ﬁ-_h—fﬁmubhu}uiuﬁ.c.ph-.i; ik | el | S L5

Y

D(T)=$x1-"" T fil um
5

TFT LR

TFo (¥ Fo (T

-FF

=FY

-Fhk

=Py



i gl (il 5 (990 3T (et Colw &g S g

T dmis S504E alge  Sdlfs ol

il Yoo VM ol | pmdis oF 0 b a5 boke oK gl padly Bl sl 4 g 0t el o] o 1

(TEm T} Pl oy il il b (o) A8 ol

a Ly LA

F(F Y

Lol ahigdl aiiily e | Anio pge gliejludles 5 (thin wall Pressure Vessels) il jlas LS Cod | gloaliima =YY
T g ) gl phaf 3

u-":—-'_:-"-"'l—”-:_;l'ri-"‘;ljl-""‘-‘._r*{',l {L'..]lul'fj- a..'u..'u.li fJJf"Jr'h‘*‘Jm}ldl_ﬂqudﬂ .5'1{1
Bl e el sad el I P P e
R L R e I

BEL S KPR I TV H . T SR VR g
L SO LA TV PP S BN X e ._,,.:- Saaldid jl s & Gae FY
aas 85 bl Gk 3 gl e e gl 25Tl A0 L g gl s g g oF
Pl gler (i) 0 plbgligs LRSS 39 50 cal ) plad VY
el g p F e slagligs LSS g (Y
el o dyy 2 oSl 52 i pliis 4 glesliys (F
g g S s s el o8 llE agf e pSae ey g sty (T
an e sy f ier e gk lge 3 0 slagtiya (F
il gjapy i € g B g A B 100 gty i pd (el 10 aiged coniSils prlie pme i 3 plad YT
C=t.B=y,A=\0
Ber U=1 A=Y
E=f. A=ToB=0
A=y . Cay .B=\ (¢

oo Tol

J_fl ..,.__.I--Ili;n] H'_HJTJJ:’—I&—NH.{_UH-#E“—H uua—ui,_,-.u_!m-ﬂ.!nj;l—l.l;’l—‘—[ﬁh—l =W
i | JUaly U it 5 ] el | e sl |'L||'_"='I-:'DM|}HHII_

Boa ['li' \oa {'|
Tooo (F joao {T
P35l oo i (Pl pos g il phad VP
pha 35 i (T wimarls Lo slemy glo o Jlesl (1
T Dl s e 535 S (V

e Sasl 2l )l Loy i | il il A fsl e ja =YY
sl o5 ay ol e 25 0N
e e e pleads e 4y des ay el Sl (F
el 3 e i prlmads 2 e (T
il g8 Lt i, plaads B e (¥
Pl ol Sl il yo g oF ol a¥ gl i pF i s (e (laails] L,.-,.a.g.:},.a_,.u...-;,us.-s =¥ &
il Sy S i s ] s o Jpbna gl duis £ g 5 S5 (g glea O
il Soritly S i ot 51 e e Jakone (Nl 39k 5 3 3L S Gy slea O
by oF | Jplos slogd! Spii # 5 g 08 5 Gpa)] gl (T
sl sl o Jyloue (slagit Sk 5 g o8 nF e gles (F

M}MQ“U’)Q“}‘@“)UQ&W"}&?'@PT



O ol (il )15 (990 3T (wadii Colw g S puo

VF i S04E Sy Fille plys"Y |

1 bl oo S g U [l oF pa (Yield Point) pelod dai oo

oy 3ot LSl gy o gl Sy wa gl ol Y V) 2 sy e U el s s s 5 (N
e DT i R E e

Bt e ohfal g 3 Y Ayl F o gle plaadi 8 N 2 e b pleadl Gt o Sl o e (T
Sy S A Ll el

Bt S Sl g oyl o i ol L L M) e e el e Sl o (T
Sl S AL e el

e e T B e U P - e S R B | PN R P L LA Y|
Wy S L el

Fiomal sy Alaf 8uiif asela Y dlali 13 okl ) o O ph aalad 8y 05 o BF Jlaged o

(Age hardiening) zsu 0\

g (Strain aging) 5 . (7
isecondary hardening) o gli s (7

{strain hardening) —s. &9 (F

C

A vE

ol plaf oo A4 3f L S5 pyb g S U oy o stackingfanlt) pas (o o501 sl il aj0e 50

A e ekl g7 oy glamin 5l el gl mse 8 e ()

A 9 et gl o e gl pdl gm0 (T

Al grpe gt gyl el il g palS 2 I i (Y

i g ekl glrniin &y e 1 S g A i 5 i (F

il paS g i plSail p Jplons glanl il 050 5

ol e et s el p1 5l g s il Jalos glagit S (Y

B P T B N P e LT

S it eaal e ol slanit 2 e Sy Jpoe cclagdl s plSme e (7

ol g sl sl s slagd i e 2By o glandt 00 plSmc e (F

FiE e TR ] H;"l_u s ol elaaly slbdasiia iy 3l po dgasa 1y g | EX T L AR
B 39 O] ol o U il dsli o e | i pfl B o ol | mald | el e e g ai ga e ol 000
P o G 390 plad ya gt pal

ol by alye o iwavy glide) g 2a) 5 FCO o 5 lisla b olye o (planar glide) slamies il (0
HCP Jeo 5

Ly slya o owavy glide orea 2pal g YU il sas 5l ogi 3l L slye oo (planar glide) slamis 3l (7
p e ke il g

Lo staa o (WAVY BHEE) g (2iil o i st 53 i gyl L slye s (planar glide) glamis 240 (T
Yl fobd w0 Ll il

i et g o oWy glided goge il s W s 228 L ol s planar glide) slasie 2l F
b

P g e | e gy 15 AB S e b sluial 43 gy aleardi g2
il bl alaali ga (Y

iy ol calids o mey  laal gu (Y

ity el i glad | lealds o iT

iy gy o a g glad e e ) (F

—he

-hl

-AY

= AT

—AF



1 dmiae SIME Hlgs Fdlfe olas

: bl ph o gl 2 e

Al po Aid ol cleatieg e b i Comed eliailay o FLOVACANCIZS) b glee 8 Copmlpa el o i ()

Al e "_.,'J' ot almails e ko o LE8 el sloadls e 1 VACANCIES) L gl af eyl el pm (T
glmadag o padegle o LEAS o0 d bl ) Gl 2l co glaaila e 3 (VACANCIES) el a5 O g (T

e e

glailapn oo dbgle g oS o)l mals 1l inS Co claadsg e | AVACANCIES) Legsla 4F S plga (F

e RRRLE Bl H

':Il;udqw-hu] s e 3yn g0 i plad adlacd o F 8 g b gl daa s e B g A g8 ST g2

N B S iAot us )

OmigMPa | Oppgy MPa | 4y B fsas) A S i
A A

i e B, fsas{ A S il

=L - B S us %10 = A Sos s (F

AT g g 5

51 Al T e = A

(ol Jgloe) IS g (o] 5] b poe =B

byl i 8-N | e (LS a3 plad
. @ B=r.A=v.C= ()
B=r.C=7, A=
A=t 2=% B=11¥
@ A=t B=v,C=y ¢
o,

asl Bam g g5 slbcaalied U diged b

33l gt gl Caolid b digad = A

((GMamber 1) gt Bigad 1 T Canlid by wiges -B
(glambo i sf) gl Digad 1 i e aalind U igai =C
ool gk 2yge [l o ala o lady gy glaged & dxrgi L
B=%, A=y C=1(

A=y B=sr.C=\(r

C=rv,B=Y_ A=\ (r

C=r. A=r . B=\ (¥

{5?}‘

gt it s i BB g 1?'-'.'*:\'!"3"4"; ﬁl@ﬁ;wﬂnﬁq,ﬁFUMFﬂ et il 1 A 3 5g
lamis A ad darl e 51 plaf oty Vo I Ue g e el B asl pe Foy *MPaym 4 \813MPa
Fitii] L

iy g gl | dal s (g1l bad g ) Suges O

iy g lamis 238 bl gl )ls 5,0 90 0 (7

A o e gm0 Ll 1 B e Ll s gl (258 il g a A G O

e G g 25 bl 5 By Ll e lamin 20T Ja S elle A G (F

M}MQ“U’)Q“}‘@“)UQ&W"}&?'@PT

_AF

—AY

=hd



VP amioa S04 Sgo  Suilin ,._,al,i- |"

il el M S AF g 50 b o Rl ATl G gl il il B A gl s g A
Pagi gt el RS i gl L pe S plad il Ao cMIPa

A
B r
/ P8 w P BLA
-ég - : T By plaf e (¥
f Vee viim
2
i

afnobis Sge o0 g T | o

T by jode prs gl sled B0 aladl LlS jaloas g g0, 0 dasae Sy 3 g slile F ~Sly A1 -0
rAl(S.rmole,v4A) + TiO (S, mole,v4A) = Al O (S mole, T) + vTi(S,ymole, T)

Alrg . Ti wAlv(y ST
{'F Y= 'r—F'TI =d ,AH fl_: T =a f:l"rff T=h
EFM=T
PTio, =R
- T -3
T4A + v ML e iy
a+h C+y
TaA— ag D (¥ —d—‘i— T (T
c+1d v+ rd

Sld il e s ALY £ e il 0 i Ly gl g To ) AN Jolaa YTY O o ool jlae Jlad AT
Vil (ot gl oy 3l g
Toho (¥ Taos {4
Teoo (F Thoo (T
x....l,.uf.wclr bl glo oy ool jaokiiat =AY
W+0, = WO, . AHyy, =2
WO, +0p = W0, ‘ AH3y, =b

i 4

d+ ¢

b+

(7 &t

T

a+h Ve
— o (F .:j-l-h ¥

ol o ol g 30 W ol by SleMDI g LS 9 5T



i gl (il U5 (990 3T (et Colw o g S g

Wil b b gyl ez |y cule CO(NH )y o9 o oo 5ame 3 ia i o oot sl g dale codl F o 51 -AF
JCP ) SPEPSIRICET 1 19| | e I . DM/{uul AlpTao K eles o 228y ool aglailin! I

R = _; Ymol K

—TYTadA (T —Thooao (Y
a (f —¥YEiYh e (T

phod Sl phenilop b Lid by peadl S Jlid g Yoo K osleo jo pdy colf g aald jo b o Jlas! 51 Jge S 22
0ol o plail gl SulS gl B S gy ok Gl LS g S g0 iy
il Gl i+ o g Sl 3 i g e g I g e ST 5 i

Ty=¥eo K uoar, Ty=Yeo K T.|='1"'¢ﬂ[{ sl g T\--T’DUK
wall} e wil L —
P, =1atm v =0} Atm P, =Vatm Py ==\ atm
cal
H - ——
mul K
—Tho ilfd-:.__.__-..—'lrﬁtll;‘r —\TAa =%Tho ()
—fFoo —Foos (F =4YTho Jl_,Jr.,f —=ATAe (VY

Gl A T g ity ach 8 pa el a T apa T Am LS e Yoo K gles g2 el 5 Jge AP
Yl bt aiglh b ST g Sl gl il g
—Yepoo (T —tpace ()
+i8cae (¥ +iahes (¥

Con! plaf Co D Sty S = CdT + DAV Splz dramgi b =AY

x L] 'C'\.- 0
G==L D=L ¢ ey B

T vl T f

o {11,,' (¥ 3 ':p
1:"=_ID_—.....—1T- C=—..I.}=_{r

I3 ¥ fi T

: f
HiZamal l-'n.l__',f,l-ln.ﬁJJh.n.wqi'h.ﬂ,_]l-.ﬂjwdpq.ﬁdl_glzﬁlp wkes -84

Tl . V4P o

P ; T
r_,..-r.P_ ‘ ot [

T . =

M,Mqhug,éw,'@ww,b’ah}%',,b'@p'i



VA asds SI4E Sesli dge 57 g Kl ‘ . A

oma

L]
F igh g gle AT e s L P{atm) =— T +To il jldels Cdls 38 poma b jlod

b ol Sl g g gles Vol aluf Dlie Clls 2 g (] gl L Aolas il g IS 3l VP e 0! 3 g

cal
(R=T———) caultVocK
maole. K
TAhooo gpooaa
Ln Pigtm)=————+1a (v Lo M{atm)i-———<+7% 0
Taasa Yo
Ln Platm)=———— 41z ¢f Ln Platm)= —— S ere e
o
S TYPRK Cll sles 8 s gy sliad il e Cp=r Sl i s gl b g 0y B g iy
. m

: ) em "atm :
s ablys T o gl e 311 g et ol s Y o o o hAT W har WS

VARA (T Yaav

TAAY (¥ 1994 4T

Ay B o s g taiusls g0 8 Al BA YT K sles jo af sas e Ll ALB B L C o i Py
denle Jolon 3 B L) sl 008 M o e s sl By A Sl e ol PEREL A TR PR ) ol PR Y
X =o0F LAB usels JLT 0B dapeafliogf o0 o8 olen X S 0T bigama jo g dh sl 501, A-B
o] iz jaF e gl 5o ol g dole B 8 laitin] Cle & Cannnd

ag =¥ (% ap =0 F

ag =1 (% g =t (v

il g g3 e Tl o (ol il iy Mlad ol 4y g byl e T 0500 g0 gal

YEY ()

Yoo (¥

LAY (T
joa F

AV oo K gles 33D ol pianei TV ™ allly e g s g3 0 Phg PBO o5 g Ph-PhO) slss 3| jLid
walls wilie PHO 2 il Cllor di o g gless 13 Gl g g alils alde £ 1L s 33 0kl L g gty PBO) Iy
gt dhblas bl s Jolad o bon®l LEd cabio B

o, Yax1eT" (T TaxyeT oy

L )

agfxio " (F o o

MN%“U’)Q“}‘@“)UQEW"}&?'ug)?‘i

SRL!

1=T

1Y



iy (il 515 (390 3T (et Culw g fud o

M amio S04 PINTHIRENERIGIVENS |

12 19 -k
AT oo K gles s NHp ol JLid a5 015w (e 251000l 311 g5 el A o STl gl ¥

el Ul V2 VTY o
. cal
CusOy . ﬁ-hHr{!} S EﬂSﬂf . TNH“’!} + TNH‘HE] s R = Tm
=}¥ o ¥ ~TYFe
Tyro (¥ Yoo (¥

gl b glatiioe 3y V aatm Lod b OOy Tatm LS L HyO vatm jlos OO ratm LaLH, & -2
€3 o8 g pll il Sl (ol 33 1) Sy i gotoes K
Hy +COy =CO+H,0
AG” =TFFac=YYT(j)

gy e e e g ()

3 e ol 53 293 b (T
g dblegd Jolas oady (¥
\ Y ) i '
e gl g9 iy il e (K = A2) sty NHyp(g) ’;Hﬂgj +?Hf{gj B T
syl sl jl L {Endothermic)isl, .o
35 ol el sl (¥ LY
i o i K (Y aki g el K (¥

gt 3 Al s L B iy g g gt S gt g il ey ki B JAB s Jedne -1V

=5 Yoo
cal T M ! o e i BT
{R=Ti:|'|'_n|,ﬂ }E'..'..ulwl:ul.,.u..b A .|:'|.|'J|:|I ..ifl.HA. ayme 33w ) Sl rM-ﬂLl'lT'ﬂ = T F sl ga
AFM = —rfeo AHM = -1000 (¥ AT = —t¥eec aHN =00

T T T 77 Ml
.-j,_Hrﬁ:I'{n-:liﬁHhA =o (% ﬂHna=“'ﬂHh =ihee (T

tlaiye 3yt U e 3 AHA = Y8 50X Ly 51785 € j3 A-B lia Jplma 13 A iola o it 104
il i, Jg e LT 0B g EV 0 A Jalona Jgo B Sl ST (5501 9 SRl sle s
AG™ = AGy +YaT AH™ =avrj
AG™ = AG;y + oy AH™ =vov) o
AG™ = AG;y + var AH™ = avyj v

AG™ = AG o+ ¥rS .t"l-“m =¥7Ta] (F

M,Mqhug,éw,'@ww,b’ah}%',,b'@p'i



O ol (il )15 (990 3T (wadii Colw g S puo

I

¥ dmuiae S04 ifennli By i g el

A JLJiJ _;L;J I_;-’!--'hllls'-i-'l i ,.ﬂ--!-; wﬁ[“ﬂgulﬂflﬁﬂﬁ L!-J*Li.l !;1'?‘1..""'1F':GH' lj.l-ﬁ-:l 39 |_| A-B |._r|..'l.l 'jl.lljl_-.'-l
25 Bty 51 KeplaT sl phaaiTo) | ol ke A Lt Lt g 0 9F . B lge aosz Ao gale A-B oilie 5UT 5

cal
{R:fm}j—:leﬂﬁh-\ Jﬂnﬁjwwagﬂju1ﬁ“ I-]]'"J".u'ﬂ""p'l'ﬂ.?iqﬁifl Sjea 3d
{-j'.ﬁﬁ—"f‘:'c']ﬂ"f[r ':i“I“'=- 4]
Gg* =tvelnt ¢f Gy =foslnt (v

a sl G ke ol 00 0313 125 Jkor 33 ST 5 g o A-B Jline 53 Bl L oS FIY gl 4
Vol o g ki

KH o "‘.rr o, F ':'I,IF' I 2 A i
mmHg | 55| ay 1Y | YFA | VPA [ VAR

I"-l----ﬁl.' ..“_,.-m:-:'l" ;-J’:II_IL_-—----,JJJ-& NLrLE
Jloayl (F Coata Msl T

a3 cigly pad

Vimam| gidgubons | lasils plad o ilS

EJ:........:.{'F d”f{'l" I‘ls.J_.I,['T ‘J_.'q,__.lll
':Ib.-.-,-d-wj-.'l "J.ﬂ‘ J‘H;.i-l 'I:"'-':";-:'Ll p

sz (T TR et et {7 ledeld paie 1Y

- 213 St Bl Jole plaf b Gy pe 10 pes gl oL e
L Aty (1 el (7 G o (Y ar e it
Rl palad Gl s Ly g pl

il pa (F wrttmle (T a5 (Y w0
-l C A L L I e el L UF Lo P N R P

il plas (F e e (Y ety b (Y e |
fagle Bl ) JUL alaf o flae & cide g i i g oalyle Lo Ll 50 o

sk g (F el Pt T il iy foaa o (7 i gy e, 2
';'-'IJJ,L.# i g uﬁ-’_] .pl-lf I"“F"‘"ﬂﬂ"_"!"' ‘_lillu- i.ruJ’L- P e S d'ﬁ 1I-_|_J=| fﬂ.:l- -.1-1!.:- J'ﬂ-ﬂ

soba jLasil ¢F okt Jops Lazifer gt JLud JLasil Y adyl Jlad Bzl
_ Pl e (ot Ll 8\ gai plaS

_ e e Lo L L VR V| S S [P T ST 5

de o (¥ e (F L e (Y

'?.!-qu.'l S -t P ) J_.,'_J" g ead plaf h;lh.—l.l-dl;l

stanfl ol (F ST a i aad (T Ay (Y

) . Taghy g pfeces LB ghgee A oy bt gl ol [
LTyt e (F e (T s s (T L et ()
it Ll plud 0 s oL TR N LRI Y il Aas ja

:L.n‘aer-.-"J-.isﬂ' e (Y apaplf Sgsl L

Japoald Sy jaes Lo (F et St Sy i i

-4

-1Y

- WY

WF

-¥a

-1iF

-1y

-A

-1

—1Fs

-7y

=17y

Tl it sy 40 s Jaol ol iy Lo} ke YT

M}MQ“U’)Q“}‘@“)UQEW"}&?'@PT



S o ol 315 (390 3T (wuadni Sl g S yiumo

T amieo S04E o bl g cialen b
faghs Jabo Lok ady 33 o i - T P el et plas
Pt e passed T 5 g gt (T MELSTRS
?E.\-'ﬂi w1k gl usuplar
sl (¥ g (T Ly ot (T Saputl ki 5 0
‘:.!l-.-ll-.'l ﬁ#ﬂfﬂiﬂl—n&ﬂi-ﬂ I.F"""_.' JJ.'HS = aals Fl..lf
= ow (F o aedlga (T e g5 0
agls ool pelpn gl oyl oy g | aala ot e el b .u.}._: plas
aoeall ol (F anli aed (T dby gl Y ey il e 0
Fagla o gl i 15 g i il cged plad
a_':.!J{f =3 T Jlmls (Y e [\
Fas] aliare U pcd (59 o iy 1Y plS
Pt 8 kel Y (F PR ey AT iy AT r:.-l-.-:| 0
2313 5 o5 g pulls o g i i g gead plad
25 (¥ n.u.-."j:} i b [T CETY i
TR L
Fiaal plaf g e 4 gl
H.C
1 I\Clll
H.C CH,
g (! Joma = V) =YY cbig Jegmen’ -7 O
;'.:-I'-'_!'In..L:'-'"'T' J._-.'-l T e J_;-k{.'r-T-'f 43
il plad B ooy A et Do YA°C glao sy omatly g2
" CH, CH,
L' ———"'“: /{\ /F
. ) ! CH
“'E/i\w" e CIHLT | ~CH, H,C™ | PO,

A

FiLY PRIRD agkes (Y B _,| LAY agas i

[
ucy N
(hvle

HEC  CH,

CH.C1

H}
Hr

HCH,C

£}
TF o FF T (PPL A
fm!,m.#;#ﬁ,a@hdw&m
AR (2 B & A & il
A R (4 B: R A R (3

MN%“U’)Q“}‘@“)UQ&W"}&?'ug)?‘i

-1YF

=\TY

-1TA

-1rq

=17

=T

=\TY

-ATY



O ol (il )15 (990 3T (wvadii Colw g S puo

Y anis SO4E i o et |" '

+":"-’I|-"|".5'H.E| I‘“"J |= h’J_ﬂ-l‘Jr!.'l:q -iTF

H{T |:J||;_I:LH.'[:IN5|.
\]/\tl-i.tsr e -

CH, CHCHLOH

H.C M., . UM
X \|/_\{‘H:EII1.'H:E‘HI ol \f{'\{ M, i
i {3 1L 2 CHOHLOCHLCHBe 41

CH
s i o, CH,

Faogn anwd 5ol Gy it 515 10 R 1Ky WIS el S a0 5 G g gl s AP

OH CH,
nsc-’-—/_ (2 CHCHCHCILEHL0H ()

H
Ol CH
3
HOCH; CH
Yogadi co il 0 ol ands 1l idigay alat & by Sy ol e d gl IR pacvdide o -TF
Cs0gr C=00
M=F ¢ C=(" ¢

Vil gl iy | 228y petions 1TV

(IH _ Cold
+ KMT""-IU_I_ — = 0
H HO
Ok OH 0l
O: {4 O:u & (I 2 O’ il
H CIn), Ok

V] @l g e il 1T A

]
L ST - (F -ﬁe-hflﬂ_-l._l—'l"{"" O (T Al £y
‘ LIS |-|q.1.f -..Jg_}d'm! sk =174
H,C H,C
>—Cﬂﬂ]l +CH,CH,OH - / COCCHLCH,
H.C H,C
ke ot 32 (F IR i s g O g el ¥ e oL

MN%“U’)Q“}‘@“)UQEW"}&?'ug)?‘i



Wi f w415 (990 3T (wmadti Colw g S g

T dmis SME H‘*&}ﬂﬁtﬁTuﬂ*;

Vit ol o g sl sl 303 plaf pH =AY 4o

HE H,C H,C H,C
. _>—'L'LH_J_ e B—Etﬂ' 3 ->—cmn 2 COOH (1

;R e H.M HN

Pl i ol gt Mg 2398 32§ skl 4 oKy alad

o JJagly e L el (Y 2l Cis gy 3 (Y

2le ) e es diae b oLy if Aes amba S ‘..a,;}‘h_-.u,_h.i..-_."_;u_r.;\{‘l'

s sy st okilgh g g g UL 2 il sl gl

e (F el OF iyl Y i ! ()

Pl AT s gl 53 3gge b Sl amgi by

: Ay

A - i Br
cr

Dt

s ki Sl dnd il L 1

cpolaiz] fas (T JECEL ] R R

S5l (AG ol s34 pals F el g e 2y el (T

il Sy 33 Sy AT g g 1y Bl 5

i (F reied (Y Cpiy ghesl (Y sakeal (1

Pl 5 Kl 43 g (5 ity Sl gyl oS5 1T g8 WA i (sl g i o iy y

CLWE & SRR Lo LS WP Lol Sl (Y

=0T el Seed (¥ =8%C e Stlard (T

Fala F 5 g ey ooy sl Sy plad il g0

ym ] Jesland (F eredpes S (T ol il (Y e el 55 ()
g o gn Sl 1) gand £y plaf L o gl (S5 4 '-:"f b

(1

B

W Cir
D¥

o SR
sonsand

P it | e GHOLEE I coaqda pi ) Mlas des

et | Flmeed ¥y S (Y

gl g e sgh Lk o g0 g0 et T

i e g linali i sli2 B g3 2 Ladeeed (T

ez s i 0 s s ailes 8 Seki Lok s oy lagptiy n (F

M}M%hd’)éM}‘W“)UQ‘GW"}&?'@PT

=¥

—1¥y

=1FY

=1¥r

=\F¥F

=\Fd

=1FF

=¥y

-1FA

-1F4





