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[ PART A: Vocabulary

Directions: Choose the word or phrase (1), (2), (3), or {4) that best completes the blank.
| Then mark the correct choice on your answer sheet.

I-  That =========- car has none of the features, like power windows and steering, that make
modern cars so great.
1) antiquated 2) superficial 3) aesthetic 4) hazardous

2-  With several agencies regulating the reports, it was difficult for the accused to argue
against its ——————--- i
1) infamy 2) relevance 3) veracity 4) anticipation

3-  Since Jack did not want a speeding ticket, he tried to ------ -—- the police officer by giving
her a compliment.
1) convict 2) appease 3) reinforce 4) escape

4-  Trudy studied harder, but there was only ---——-- improvement in her grades, so she
agreed to get a tutor.
1) marginal 2) commonplace  3) monotonous 4) unbearable

5-  Living apes—chimpanzees, gorillas, orangutans, gibbons and siamangs—and humans
share a constellation of ----=----- that set them apart from other primates.
1) demands 2) certainties 3) disciplines 4) traits

6- Hawve you ever noticed how a coin at the bottom of a swimming pool seems to wobble?
This occurs because the water in the pool bends the path of light --————--- from the coin.
1) generated 2) recognized 3) reflected 4} differentiated

7-  Publicly available Web services (e.g. Google, InfoSeek, Northernlight and AltaVista)
-------- various techniques to speed up and refine their searches.
1) specity 2) capture 3) determine 4) employ

8 Owing to the protests of the Dominicans and other regulars, the book was prohibited in
1760, but the second part was issued -——--—----- in 1768.
1} meticulously 2) superstitiously ~ 3) profoundly 4) recklessly

9-  While admissions offices do admit many students with similar profiles, a college is still a
------ and diverse community.

1) mundane 2} controversial 3) anonymous 4) heterogeneous

10- Despite the security, the thief's ability to break into the museum without being caught
remains an -———------- to the police,
1) infection 2) enigma 3) illusion 4) authorization

| PART B: Cloze Passage

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

Thunder is caused by lightning, which is essentially a stream of electrons flowing
between or within clouds or between a cloud and the ground. The air surrounding the
electron stream becomes (11) -------- hot—up to 50,000 degrees Fahrenheit— that it
forms a resonating tube of partial vacuum (12) -=-------- the lightning’s path. The nearby
air rapidly expands and contracts, (13) ---------- the column vibrate like a tubular
drumhead (14) -—---——-- a tremendous crack. As the vibrations gradually die out, the
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sound echoes and reverberates, generating the rumbling (15) ---------- thunder. We can
hear the booms from great distances. 10 or more miles from the lightning that caused
them.

11- 1) very 2) 50 3) oo 4} enough

12- 1) surrounding 2) surrounds 3) that surround 4) and surround

13- 1) that makes 2) and making 3) making 4} it makes

14- 1) produces 2)is produced by 3) and produce 4) and producing

15- 1)1t s called 2)is called 3) we call 4) which called

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 your answer sheet.

PASSAGE 1:

Convection is the transfer of heat energy by circulation and diffusion of the heated
media. It is the most common method of heating fluids or gases and also the most
frequent application of electric tubular elements and assemblies. Fluid or gas in direct
contact with a heat source is heated by conduction causing it to expand, The expanded
material is less dense or lighter than its surroundings and tends to rise. As it rises. gravity
replaces it with colder. denser material which is then heated repeating the cycle. This
circulation pattern distributes the heat energy throughout the media. Forced convection
uses the same principle except that pumps or fans move the liquid or gas instead of
gravity. Typical convection heating applications include water and o1l immersion
heating. air heating, gas heating and comfort air heating.,

16- All of the following statements are true except:

1) Convective heat transfer involves diffusion of the heated media.

2) Direct contact with the heat source is essential in convection.

3) Fluids are commonly heated through conduction.

4) In convection, warmer material is replaced with the denser material.
17- The word "assemblies"in the passage is closest in meaning to:

1) Frames 2) Junctures 3) Structures 4) Tools
18- Forced convection:

1) does not use pumps or fans

2) can be used in comfort air heating

3) moves liquid or gas by gravity

4) uses the same principle as conduction
19-  Examples of heated media are:

1) electric tubular elements 2) Huids or gases

3) heat sources 4) pumps or fans
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PASSAGE 2:

In one plant, odorous emissions were observed for several yvears near a drum dryer line
used for volatilizing an organic solvent from a reaction mixture. Although two dryer-
product lines existed, the odors were observed only near one line.

The analysis and field testing indicated that the chemical compounds causing the odors
were produced in upstream unit operations due to the hydrolysis of a chemical additive
used in the process. The hydrolysis products were stripped out of the solution by the
process solvent and appeared as odorous fumes at the dryer. Conditions for hydrolysis
were favorable at upstream locations because of temperature and acidity conditions and
the residence time available in the process. Also, the water for the hydrolysis was
provided by another water-based chemical additive used in the drver line that had the
odor problem.

Because the cause of the odorous emission was the process chemistry. the plant had
to evaluate ways to minimize hydrolysis and the resulting formation of odorous
products. Ventilation medifications to mitigate the odor levels would not be a long-term
solution to the odor problem.

The passage talks about how the odors can be:

1) emitted 2) generated 3) observed 4yreduced
The main source of odor was due to:
1) acidic condition 2) long residence time

3) degradation of the organic solvent.  4) hydrolysis of chemical compound
Odor problem could be overcome by:

1} adding a new line 2) preventing hydrolysis

3) stripping out the chemical compound 4) ventilation

Mitigate the odor levels means:

1) making the odor concentration less severe

2) making odor disappear

3) adsorb odor compounds

4) solving odor problems

Water for hydrolysis comes from:

1} a chemical 2) odorous compound

3) the other dryer line 4) chemical reaction within the process
The odor problem was:

1) solved recently 2) there for many years

3) not so much important 4) observed in both drver lines
PASSAGE 3:

The twentieth century saw rapid population growth paralleled by an unprecedented rate
of technological innovation. The population growth made necessary, and new
technologies made possible, an explosive growth in the chemical industry. By the mid-
twentieth century, petroleum became the source of the great majority of organic
compounds. Today, the global chemical and pharmaceutical industries employ more
than 10 million people and contribute about 9% of world trade. In the latter part of the
twentieth century, several pressing problems demanded urgent attention. Foremost was
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the growing rate of energy consumption in the face of increasingly rapid depletion of
nonrenewable resources. Then there was the realization that global climate change,
driven in significant part by carbon dioxide emissions from the combustion of fossil
fuels., posed a major threat. Another problem was the omnipresence of human-generated
toxic materials in the environment.

During the twentieth century:

1) population growth was necessary

2) many chemical factories exploded

3) technological progress became possible

4) the rate of technological innovation was high

During 1950-2000:

1) many renewable resources were diminished

2) rate of energy consumption became very high

3) petroleum became the source of many organic compounds

4) global chemical/pharmaceutical industry had 9% share of trade
Omnipresence means:

1) attribute of God 2) very dangerous

3) found everywhere 4) existing in the environment
Global climate change is:

1) caused by combustion of fossil fuels 2) not important to the environment
3) caused by driving cars 4) known by people
Generation of carbon dioxide:

1) is significant

2) 15 used to drive cars

3) results in climate change

4) 1s the reason for combustion of fossil fuels

(Y g V)csylpe Jldsil

Y&l iamlis (Thermosiphon Reboiler) qsiwse i 5ol das Su 21l olp alals olas ¥
Jlad cal il algd o anlys Jlew (V gl j2 gy Sl OO
| PRAY KEOR PR | POV oW | il andls | las ol filas aiag b (T

iy 450 | s SOy plp g3 Oy ()l gl o o o a3 13 B g A s g0 -TY
] B e 3 G Sl 03 1 i A (N
o] A i by Cand Dyl 0003 8l cuilis B (Y
el B o 4 i g Sl sl e A (T
e A sz Ay igand 5 iy el samilia B (F

Gl ) il bt § 9 it 3] (guntbi JLS 90 3 Gls bl § Sl ! Gty



auid ) guibinit JbS 99 ) onndinl ikl bt § Gl g

il 317E e

il 4108 oo (il B il i o il o ¥ il (NTU) Jlisil clbioly Sloai soillfis oS 4 —TF

?u&..dd.'i..uﬂsd’] ay .'El,g_,n

Loy 8a AP ()

:L.....JB.- .}IJ..IJ 3 EIPS {T

algd slaai gl (Y

N;= Q ® . f
LMTD =OD,L

kel g Gl bl § 90 it yf (et JUS 90 3] Gibsbidal § Hhed! oui g



auid ) guibinit JbS 99 ) onndinl ikl bt § Gl g

Y dowio J17E u‘-“"tu""“w j.ﬂg.m

ol e jLad il g ol JUE g i lonls (90 jme Joor S50 il |y S8 pd plila Lalgd 5y TP
AT 0 i 4igf> 59 010 abis b ali algl S 4 CumiRE> Fooo Lalgl J5la 5
g ge sl AR g sLshy OO
g en o AP g sljhy (Y
Dpbga @S AP g oShy (T
33500 3L A 5 o5hy (F

o A%iis pains 51 )3 Sheid 95 Gl B e 33 398 Ky nhen g 8bosw R b 1 il Dol o300 amio g3 TV
yor i anlgs 4l
il St i Sy 5 s e 0
el 725y obs K0 p2 b gy (7
ol Sgline Lol o 2l bt e Al e (F
el Dglate jloy sbis ez 5l e A0 gl i Sy e s e (F
(baffles) Wans caai sy o0 plnil ()15 Jowe Sy ;508 B5b 55 Glase y 35k O 3 Glligs clauul 5 -TA
Cagdon Jowe 2 4y BB il 4 e oo Bk plas 5
Al ke (Y titigz I 45 byl ()
Bols ga o (F 3l ,_5__.,_.75; (r
o ply 30 b ogdige pid My S b AT (gles st il cod ()l June S5 50 (ol le T4
Tl dighar My o e wll Gl bulph ple azmilis Lo B33
my =Ym, ()
my =Ym, (¥
m, =m, (¥

m, < m, <ym, (¥

wroge Syl JUEH e 2o 0518 by pl) g 4 TAOC slos b (Jlaw ¥87C slod b s amio (55, §1 - F-

Tl jade Jlow g dmibie cp oyl UG LG 02b e By =10 doeiua  slasil 4o

Yor
(LLA
Yoo (7
Yeoe (T

Yhoo (T

Gl ) il bt § 9 it 3] (guntbi JLS 90 3 Gls bl § Sl ! Gty



auid ) guibinit JbS 99 ) onndinl ikl bt § Gl g

Ak 317E e

Slad yo 10,8 90 lojes 9 o)l s aiyly 1,3 cloyes j0¥00®C slod jo YD oo gD Jldl o) 9s -FY
Tl Comiyd g5 gl 135 1 Supla pad o 58 Yo °C
el SSmg5 ey gl i 2 p e S Slpepd Sus et plea LS S 2S00
il fSSzsS ) g e 2T p e S Slpapad S e pd e bl S Jols LA (Y
ol 2555 08 5l e S eS 08 slp ot St el LS Pl g5 (T
Sl FE oS 5l e S5 eSS slp e ad St g0 2l LS Lo LA (T
o on S (andes 59) Jhow S >t 13) X (g SR amiis 5 5l (e Sl pT Bl sl -FY
TS L Th BN LR OO PN PN
Sy ge o5 o ylgen (T Sy ge 3l e jlgen ()
S Bl 4y o (F il s Mo (T
lale S a8 cobls JUEl Glgi 0 O jgee 4z 0 gilenl g o] pladile Oyl JIES] oS 0550 0 < FY
Cadil iy ol
il 25,5 By - R3S o palel> 4 2 ()
adly g8 kil - RO o pdlels dx s (Y
b S5 gy sae a e (T

: Gr
Wl S5 —
Re
o ol e iy (BU las Y ol o g 09l il 90 s p azilis glaY Sl o Wgd S5 o mule b e gl - FF

ol plaf gl &) JUisil

gk AT

et OF e alil o ()
s Loy B 5Ylos (5350 40 canlod 3 (81 ) (53l 15590 40 el 05 ¥l 31 Sy 1S 0,90 30 —F

Fian]

Slis el (F oy (0 lam (Y o] €

ol 0 g0 o'

]

s
¥ | i d}l’.n j|u_";.11w|-\5‘ J.ﬂ_,.g [E alales .J.J.J'l_,_.n 59 P["'r'~h}= RT il aolas _‘,H.f‘jj'.*l' ‘51‘1.1 -FF
T

Wil o paeatis o9l B gl Cull Jlado S b g pgeato g V

L L.
P P
C C
P -

= cogh . +—= (7
P : P

Gl ) il bt § 9 it 3] (guntbi JLS 90 3 Gls bl § Sl ! Gty



auid ) guibinit JbS 99 ) onndinl ikl bt § Gl g

4 dsio JN7E R T Y j.ﬂg.m

595 %3 Jle ol wl b oKy b amilr 5500 )18 Yo OC (lod 5 mle oF TRE (g g joidens S5 55 - FY
ST s 3 s 1) 20 lo 2 5T 90 (1 3 b a3 gy
S e dype e Logle JolS e LA i, B QY
B e T Tl o (F
el et Comdia L B o (¥
3 g g Jama by G JolS s (F

L By g e il guduile (JIB 135e 0 85ly 4L Yo ool JLAD 5T ecK ol slos 0 pauls 5IF A
Tl (ool i 35 12 pgale 55 ol (slod i oo 1) (50959 ik oy b Vo s fypie 510 poule

. b .
Con TR AT S U LAt

Yoo {4
Yoo (Y
Qoo {T"
F‘l‘.l-\.'.l {?
&°C
9 05— o e ol 5T T S YK 3 Ll g aulo sl o ke S TS

39 318 KT 35k IS T g Jolo s iy 398 sk gl sl Lo S 380 g

. r o (ot
gl glo2 (K) | we(m' /kg) | vep(m® /kg)
Ha r:al,-q--;rf'i" ¢;F‘ﬁ°f LR}
e o;oaYF o,YeFle Yot
\fo oyooYF DI.ID*J'-'F'I F(r
FA op80¥V o o VY i
VAo T o) o F11A

S g0 Sa 25 Aol | ule (G g0 bglie (oo e B0
Y (cmr/gmnl) =1TX, + Yo Xy + 17X, Xy
Fial 3L 3590 o jlo g9 | anSie pho tile dim oS dtd solu Jae gli2l b YL bglie 51 ) ) punlyse 51
odijhuw yo ;| LaaSle je Zils oo ()
(V) odijles caSis n Silew oo g (1) ool caSie s il Foo (Y
(V) il ales oo Zils Boe g (1) addjles 3l caalies s ZilaFoo (T
(V) odijlo caSle s Jilwlion g (1) sdijl e o SiluYoo (F

Gl ) il bt § 9 it 3] (guntbi JLS 90 3 Gls bl § Sl ! Gty



auid ) guibinit JbS 99 ) onndinl ikl bt § Gl g

Ve domdee JN7E R T Y 5.#3.».?;&

AT o 53 el iy Sl alolaa 5l g5 -0)

(P+-T)(v—b)=RT
L

Vy 3 pcdd il Jleyigpl Jeou Sy b J cul pgeatie pare 45 b jee 0 ool slasla g b ol jo a8
Tl plas a3 o 0 ol ol )l e jladic il et Vo

- W
RTIn—L ¢\

I"II'.

oy
RT In—

4]
\"ll o

v, —b

bRT(— - —)+ RT In( o)

wy TNy Yy
V. —h § ]
RT In{——)+a(—-—) (f
Vy— Vo Wy

F} P,l=‘|x'|u'*' Pajl jlid dd olp (Jo) v p) aale S0 g5y p odd pladl ppams 55 jlade 4T
(S o i il ol 50 pule (eled) Fianl Jg5 aix Py = Tx 1o Pa

Txla " PaT = mile bwgio (slosped) Jlo el o5l wupe =k

'nn_a ]Iir = mb bwgic peato g =¥
Ty Vo
F (¥ AR

ar oT
wol paas pxa V g paaie wt=le g5 U ol 5 sloass 3 51 Syplad pulp SaF on

. RT auY [(au
B (el Zali laia b ol ;3 49) \'r=?+h adls alslas laf o gl | — | —| — ks —BY
P v

}
—-R (¥ a ()
11
YR (f R
Cogenols = S35 ot 0 3 e o0 p3a Blansdl 1 S5 11 0T 51 S0 Cp (o) cosd B 091 o 4 51 —0F
. - BP k
15 Lo S Cp ] s 4 2.2 11 Sl sloa 15 oo 1o o 90 53 mesfo o) o
H

dB m’ em”
—=oj0)l—— ,B=-YAA——,T=¥focK it
dT mol K mol molK

F-=(%}H L sl gl gl a5 i 8 45 il 00
F (Y Foso i{]
fo (¥ foo (¥
2 2y bome amilis il T8 L plp wiS o )1 placail p Ojge oF Jl S o8 les e e 00
Py (0 glS) K s g 258 s gloo cal —Y¥18°C
YA (Y Yoo ()
Tva (F Yoo (¥

Gl ) il bt § 9 it 3] (guntbi JLS 90 3 Gls bl § Sl ! Gty



auid ) guibinit JbS 99 ) onndinl ikl bt § Gl g

AT J17E u‘-“"tu""“w j.ﬂg.m

: kJ
b g oud YL oy iten LSO 0 la s laisn SalS jaba alls Sole SO QE‘_E__JEH 'rE Qi & > -OF
SeC

I.'in o
toe k—l AL 2955 Gl 2 a0 balas Yo kﬁuﬁ"hﬂ 3 ¥ B s wala plad jl 5500 by
o g sec

JUil S s oo U Vo KW (dpae i b (Jje (355 (1] 50 0l o0 7515 (355 Voo :c Sk o
lanl jadar Olaghed s p G55 b Oyl
e (Y FES ()
Yatfa (F YaFYe (F

aole jU yo Jol Baijle 1 U¥o  Jeo CAle dy gl dlaii gllo P LIS jo Jola iy aule g S -0V
i o 0 Al Sl 4 Jgl Sl piger Alali g Sl S gily (ogild 1 i Byl gl 1 Boglike ol Canl
alle 52 saijhe g0 ol Bradite ol o AR C il Jlid s 30 pg0 S0dilw e ddali g B8°C Wlu P
e i gl wiliihe wip of @ls jl 40 Sl Suijle Jee Clile o5 5 y90 3o P 5LLS e y0 VLE
Hiols ilaidi)
Aty o 88°C 5l 25 Laled ¢
il o 00°C 51 5850 Lakad (¥
Al s ABCC ) 28 Laad (T
Sy 28ly> Logliue g igisl Al (slas 5l 55,5 Takad (F

Peng — Robinson ke Jdlo O¥olas pubil g o195 5 ol Ol ol dnlme gl 1y o) 0l jle ) diss plas’ —BA
LRVCLJRPNNTEN [ICHN PRIPS PR

_RT a(T)
v=b v(v+b)+b(v—h)

S(T.P) . H(T,V) (¥ S(T.P). H(T,P) ()

S(T, V), H(T,V) (f S(T,V) . H(T.P) ¢

SUHF) aali JLid g les las ;5 .50t ca ools HF = FPAX X, 00 ds J3as babia Sy Lt oIt —A8
T oo Camday pj au F plas
—rraxy (Y HTAXy ()
vra(rx, —fx, +1) (F TEA(—TXT +¥x, —1) (F

dly @b ol Jlid g Lo g0 oy Gl bl Ljse @ Jim a0 balke il cupe P
Caeddy gy adaily pla8 31 (V) e je (Henry) o om ool 258 oo ooy Inf =0 TAX, +& 8%, +o¥OX, X,

expleb) (¥ explo,va)
exp(¥) (f exp()) (¥

Gl ) il bt § 9 it 3] (guntbi JLS 90 3 Gls bl § Sl ! Gty



auid ) guibinit JbS 99 ) onndinl ikl bt § Gl g

(AT J17E u‘-“"tu""“w 5.#3.».?;&

dilos ail ) Culi LS g Led 30 Jior 90 pulo ol ds gl culpd sl ) slodge g - F)
Iny, =x;(a+bx;) s Iny, =x,(a+bx,)
Pl g polie 5l SuplaS plp A o pd ko died Jao juS Xy g Xy gl slacib ga Loyl yo a8
s (Y -b
+b (F Y
WS oo ga e g Aol jl ol Ji 90 belie ppaks g2 FY
V=A+Bx, +Cx:
b Lol 1 (AViixing ) o bolie b BYS 51 p blos pono ki
Saa (Y —Cxixy Y
A+B+C (¥ +YCx %, (F
Pl g iy ljle 1080 alad o) ol 0 YTYFY (o o) L 0 -FY

=27 AS==
Y=Y AP=-
¥Y=¥F Ah=-
f—=\ AP =o
)5 (5jlulepuo a3 2 (¥ S 68 gilelaye 4z > ()
Jps 4= (F ol a2 (T
ool b i plp Lo j85 )L Yo jlad g 100°C gloo jo ST anulfsd —#F
VO
Ve (Y
18 (Y
Yo (F

Les g 53 o1 oy L2 5 77 =03 il YooK (eles jo alls aule S gLl )l (gl s a1 pé FD
e fCul jada YooRltm jLid g TooK gles b 30 mle o] acwlfyd o po Al o o Tatm il

¥
o il el s e oul Menwin 0 e

I
Ry g B e :

em' atm
,tm_atm

R=
gmolK

G
expix) =+ x+—+—+.
I

= E

afdxte ' ()
Yaxie" (Y
rl.-1>:1w_1 (T

"-"I.'ql {T‘

Gl ) il bt § 9 it 3] (guntbi JLS 90 3 Gls bl § Sl ! Gty



auid ) guibinit JbS 99 ) onndinl ikl bt § Gl g

W oamio JN7E R T Y 5.#3.».?;&

Yl o SaifSn

. m N
plade plaw b S o] g0y &F il ambo w0 80— C e b 150 ailae Yhem" daic pdas b ol S PP
5

& v r & - T 1 noa .- ' & n T . T - [ = f
S35 T oo gt Flyge 3l 3 ol 1 S g e O Gl 008 0 0598 el a4 YO

k
Py =loce 8

) el (g dde Ao (1210 450 1y p3Y A1
m

Yo (3

T o (¥
m “y Fo
ﬁA & 5 ¥ {r
—r

‘l Tk Ao (F

Sani LA (cavitation) o1 susus U b e (ylid 1y cany puses 58 4108 Joee w3 sle ING jl Suplas -PY
Slooy gulo i Lo all (ie g 5l (NPSH 4 ) S8 ciie alls ab 5 58500 QLW ab 45 025 548

k
B wlo > 5 100 kPa lume Lib FAKPA su

m
(£="o—) okl ahoo—
5 m

{1 T
Am 2N m x I = ™ o\

=

e )
rom! I Tm ﬂ Tm f Am Ym H Yom o

W ygerds (X) (gl o bl y o Fasl g pb Flasled 0 jgus ammis g9 3 25 SIS wdiles oyl Gl Llgs —FA

& [
&:Mbmdh#ﬁﬁaéﬂjd’ﬁhﬂ!ﬁgh&“jﬂﬁgﬁiﬁ..J..:ai.p;n.liﬂ[‘ ,;’1 Jé--lf..'l.ll.m.,....:.? Cp=—

Jx

'!'u;..,...uh'.'.u_,,..dd:: 4 {A.ll: AT = ""‘f’ = A'F =‘||11T} b=y
E>-E=EKE=K 0

E>F>FE >F (v

F>F >F>F (

Fe>F.>F>F (¢

)
VARRSPA

YU 3 e

la-.

Gl ) il bt § 9 it 3] (guntbi JLS 90 3 Gls bl § Sl ! Gty



auid ) guibinit JbS 99 ) onndinl ikl bt § Gl g

1F amie 317E u‘-“"tu""“m j.ﬁg.m

| ol b | i gy o g o dudi ANkl U pheecod | biies 50 s0908 g ol S P4
N
i dlogs po LA CMES 0l AXNSTT LT ok A 130, pn Slons| Saatun g s SIS s o5 Lk
m
?Mld&ulﬁ
Ve (A
Yo (Y

¥o (T

To
T

aile sliwly 52 45 255 j3ome Jgo g 20l p AF o0 :,,. Pracs 59 b ey 3 el diny shailginnd BB Y-
wilad F 1,5 S8 bl aF ailgiel saslé g 4 i gl g LS 008 o 1) 198 @ 5l gl s pan b ]
UPSP SO R SRR -G OV CEX DRP AP P {0 SPVIN SV PP [P | DRV SORPSRA RS INY 1 7 QN T
Tl KPa
YA ()
Yo (Y
&
Yo (F

4535 5 amiio S g Hg)ly Sypeds g et g ol G e il Yo pli )l U e il Vo ey Jled V)

&
3L j1} ¢l kPa il ;_-‘1,.:.1 Jaﬂ.} |_¢1,m JL'.'—"I Sl _,La O g T 59 ATl ",l .JIQ-.'.J el e 151).’ ]

Yo cm

L m

-1 ()
—¥ (F
=1 (T
—o (F

I.'J'lij':‘ L;JJFII IJ""' ] I.EF"'.‘..'I'j L L d.”,.'i.ul f;?fl it u.{ _11 » H {-_’.ﬁﬁﬂ LR EL‘.IJI 3 L J’hd.l L51d.||3.1.-.r1 -¥y
Faal g sy bty ol 51 (V) 0uid aidhy 3 (39 0 e 005 0

v/
0 R e’ v
(R e RH O
RO _RY(L-H) (v
] Tg
L
H R’ v
-7k (L-H) ¢
L fE‘
v |
7R

-aR"(L-H) (¢

Gl ) il bt § 9 it 3] (guntbi JLS 90 3 Gls bl § Sl ! Gty



auid ) guibinit JbS 99 ) onndinl ikl bt § Gl g

Vo asieo J1TE R T Y 5.#3.».?;&

m &
S Seplad i il sals 2ols — g PAF s g d P Ol G e g LS Sl Alg) S 1 mlais j0 VY
5

:Il?

EP\,.- =1"H\DFPH,}I.='|E[I,[.)=\DDD k% -.;-..w.u‘,..-.uui gaes gy bl
m

Bap) ()
Byosd (¥
S, (¥
Yo% (T

B2 g Vooooo N Laidlly (g 5 0 e (Ul s S J51 51 D00 ®F (glos o g j V¥
oony ST iy oo a0 B EUT ) g e ¥ gl &y gl i | UL e il oo ¥ il g1 ConnndUS D)5
(=¥, g =100 ) Sl FuS35 15 gt 3F 31 Sypla 4 (i U (5l )

5

1Fe ()
1BV (¥
ALY
iy (F
o a0V Coll et b dzis 92 30 0518 51,0 YA alold 4 axdeo 93 G ghad 30 spduatly Jlw YO
el 3 JUG 1S plaf g dandd Cae o o e lgafs Sl 0 gl o0 o0 S

* o - i 0
Ya % Ya
' — LV ¥
—a¥ —V
—— (f 3 —— (r
Ya ———» =
— ra
e ‘_r s 'ﬁ'?

g S o o 1) ) s gy Sl 5 g eudisly Sug il S B, jLad g T, glos b i jl1gn —VF
Jib @ o s00)3 S el (2355 Sl S Sl ol T (205 plale o s 50 o5l adaiie
¢l g 3§yt 3 SylaS wdly
e L L éLa s4e chuai | 3L T c';'"l_u aas ()
el 1 (6398 L8 il J3U g o Lud (Y
sl oS 5 ] g S il g 0 g e S (T
Sl SIS 3 ol papr WD plar S e 0 I e BT

Gl ) il bt § 9 it 3] (guntbi JLS 90 3 Gls bl § Sl ! Gty



auid ) guibinit JbS 99 ) onndinl ikl bt § Gl g

VP amie JN7E R T Y j.ﬂg.m

S o el i 44 Qo (3 9 B sl LW 258 g L Jabas (g lomnis il (59) 1 i e VY
ol 315 2150 31 Soplad o por (gl 50 slocad plaw p ol g9 5 (5D dullae) 05 0
poléwsino (3
pQasina (¥
pLwdgcosa (F
pQgcosa (¥
el e oyl plaS gl Sy Jols ol 08 ol Al 5o 2090 50 VA
2ylo gl plad by (as abaly 2 25 eyl iy s1p e O
o ls gl glad gl alaly (g 3 ld S ol sl bl o 0 (Y
o i gy alyd plad g D A e ety canil] Gl ol dais (7
318 g2y Ayl lad g (25 o s by it b sl al,T ol el szl dangs SLIS o2 45 (F
ol Golo o jlgan pj gl I Suplas 5400 b yo Sy il g i pme o5 3 piueSTy Jlw -V
wdils po ld ol Lid Fle ALY
ool Bl Gl LA e Ll L (Y
il go ol Jlow Sz s e plade mhaw 1L (T
gr Gl s S e el el i CF

plaw 29y P ool el salip huul:gr e Jlow laed U boem alo b B Cafo glaas  —A-

i m
a3 g5 Wil 30 Jlous U 390 0 YU ot &4 — cana 1 obids 42 b 42300 gl b jfoumnds
5

03,5 1 3
¥
5 [
N e
g

Jr 4
E
YN —Y)
g
ﬂ-.l'r‘i:+‘|}

o Ty J s

(v

Yo

AT mns U 30 80 lg T iy ki L &y 0 8313 ) T fpoiammns it e ey 508 SO jlais AN

& nat]

_,.ﬁ...:{"l

| }" —T (v
541
¥

Y (¥
Y (F

Gl ) il bt § 9 it 3] (guntbi JLS 90 3 Gls bl § Sl ! Gty



auid ) guibinit JbS 99 ) onndinl ikl bt § Gl g

VW dmio J17E u‘-“"tu""“w j.ﬂg.m

T goaimee 4y ¥ plaS ) JSG (gldmar jlogad jo AT

C_ Gy+Gy ,
R \+Gy(\+Gy +Gy)
R + C__ GGy +Gy)
A R\ +Ge(G, +Gy+Ge)
g G\Gy + GGy i
R 1+GGy + GGy + GGy

C  Gy(G,+Gy+Gy)

R v+G(G,+Gy)
o Ol gl Az 10 e 90 31 ISl 290 4z 30 i Sy ol Fnly 50 U gl g ladiels Cad - AY

T rad :
L [ KL gee-SRerpuey B FICWC Y T i I L -?.AR =Y plpiydd © =0;ﬂm T L LR E R

f ¥
— .« —_—
o/ Y88 +5+) o YOS+ Y5+
¥ o f
I i
5 +¥5+H) 5 +T54+0

¥
el xfﬂ=; o pi baud adlei 3l o elad Al Sl eaw sole Ll ISl -AF

ol
T T . ' - - - ! 0\

s+
ophE
YS4

(v

TS+
Ye
541

= ¥ F F A Yo AT ¥ W A

|

—————————— JlEs sl b (noninteracting) blise 51 /5 qd0 g 38 —AD
(st )msy O & A IO

Tl ot F @ g Sl plas 0
".-'Ig.!ﬂa I,J
\
T<— (\
1’.
3
T=— (¥
lf

=¥ ¥
T=% (F

Gl ) il bt § 9 it 3] (guntbi JLS 90 3 Gls bl § Sl ! Gty



auid ) guibinit JbS 99 ) onndinl ikl bt § Gl g

VA amie JN7E R T Y 5.#3.».?;&

Faal jaer Kl sl s aly (6399 & ol Slaagi ol ol (33 33 0y 43T (gl 0 30§ i 33 AP

YA

F’"’ At = {S—'I-}::!i-+ ) g it
LAY

¥ (F

d&jj}qwﬁ-ﬂdlﬂ_a}y}#llfj'ﬂh‘ elad el ﬁ.jajwqwmdamﬁhmljwm@m -AY

AR
1/

Sy g Slogiped YU Ly (ghoo s jo 5 jlaal o Sl Guls s (loo g po ()

¥l i ‘514.1.3_

ol jlanly g Slorgizng Yl jlows (slno gy 50 3 bl g (Slogiped cualy jle (gloo e o (Y
el ol g g (gloo (glvojpy S 45 g Jlulily (lagiped Gy sl (sloo e )3 (T
sl Jlisly g Pl VU Jlons Gloo g 50 9 Jlulilig (Plugipd ol Jloms loosp 5o (F

il 5 g o JU e Jud 2l —AA
i B
s(s+Y)Ns+Y)
ol plas Sliliog (wils p3 018 @il (lugi K 3l pasiis jlado g1jl a aly (5359 43 privwnss Fsly
& ()
Y
Ja ¢
NOR
] 3§ 0 e A | it g dalma A8
1+GH=s"+5" +4s+K =o
Sl plp fly (g go il lugi lady (5399 4 i sl sl K5 pasdin jlade ol 4
Yl 359,190 3
y=Asinvt (
v=A sin— 41
T
v =Asinat (¥

= I
r=Asin— (¥
: 3

Gl ) il bt § 9 it 3] (guntbi JLS 90 3 Gls bl § Sl ! Gty



auid ) guibinit JbS 99 ) onndinl ikl bt § Gl g

14 amie JN7E R T Y 5.#3.».?;&

Mﬂh C'Jrﬂ-‘{{ﬂ.,] ‘W “.11)._A.n 1_1.1_,.-#! dqrqu- il JJJ J.';u:l ik e JJ._-: B el JJ u.un.ﬁ.ﬂ- u‘s-n J‘Jg.n.i -

. | il @105 s (1) Giloj b jlado

T8 ()

1 o FY (¥

O 3 Te

_y - ol (F
!

H
Bl pla H {j:} i e WA auli py aule pedas ]2l i o -4
R
LC 1R
L-i i (Ge)
(Gy)
h, i{‘
{G]].} tﬂf [Gm}

(oiis b clyile] J“*"'F-E'Tdri'r'm;'
(s [ of iy o ojlil g sl g 0 of (U polad o o g G‘_,Gm,ﬂp,ﬂr}

v v v =TS+ Tdys)
B8, G ey

VGG ,,.Gp('jme_[ Tdy Ty s

0

GG, GpGpe1®

1+ GG, GGe (T +edr s

v

GG Gpe ™"
14+G G GpGpye T Tdr)

GGG,

{r

{r

14 GGy GpGpye T TTdYS

fiel plas K lade gl oo Ziegler-Nichols dale clow o J 208 o0 510005 5208 gl 3o -AY

arly ()

R s
- K. e .C Yy
= G+ T
f(F

Gl ) il bt § 9 it 3] (guntbi JLS 90 3 Gls bl § Sl ! Gty



auid ) guibinit JbS 99 ) onndinl ikl bt § Gl g

Y+ damio J1TE R T Y 5.#3.».?;&

il 18 ¥(5) 9 X(S) e p) bioed @l -AY

—
L I
(s+1)"
Eil plaS g5 aile fely il X(1) =V sint 9!
sint (%
cost (Y
—-gint
—-¢ost (F
il ) D0 i bl @l AT
(i[s}:-——m——r{ﬁﬂ}
8 (=/)5+1)
foesd jade 0 =F 5 8 ;2 Bode Joges cilme ool
-1\
=r (Y
-t (Y
—% (F

il s a5 3F plod Ol ol gy 91 g0 [ 2l Cndafol S -0

+1)

nn
8|8
>

L 3

wZanal il 0lgad priees (gt jlia pics ()

_,______Jl ,'I"Lil" "5”4_ I‘s.l.tc;i.: J-,.l‘n Ay Jli..Ln [rana— '[T.

) masey _]|_a:~_Li|_i Sadsy ad |_| 3 J'_'..:L‘.'L: ":.'L: l_;'u.n:a_‘...z:__n g8 Al J'n._'._u cimnctant LY

ool 2225 bl gady; g b bl ol gloma g 5 any Jlae pren (F

Gl ) il bt § 9 it 3] (guntbi JLS 90 3 Gls bl § Sl ! Gty



auid ) guibinit JbS 99 ) onndinl ikl bt § Gl g

¥ amio JN7E R T Y j.ﬂg.m

(Y g Nielg orlilos g o fLEGH

S e 3 il sad 15 g & @ Wis auT P O el Flles b S ol g0 slaclile AF
Pl prammas ol 53 Sl 1 Suplal W8 g Y =TX bl 3l Jola | JSeie

Xy =o) Xy =o,¥
(7) akaii| |

Yy =o,¥ Yy =o))

il o 3 s Al 10 ud J Wil Jiw o clacdaley, X

Al gn gunals O jp0dy 4] 3 (Y Sl oo et Ojpody an ] ()
il o bl &g a1 8 (F OO PR SWROP-SRCT) N BCRCROT 4 o
b oiled 39 i yd Byl K 58 (0590t deilgm ez Do + ol emedle ) ojF balie Yookmol -4y
dedlyw JoltS g jai Sl Dgdien Ol Lda (3950 dudlpa I T80 g 358 0 I8 @l L1Yeoockmol
Age glodlly o ply alies 55 g O 0 cad i b g slaced ¥V g X a8 V=10 X Gjgots ojg pot

Ao Ya
T . ST
A ¥
ﬁ!‘:-.'.l %I":

(¥ —= Lk
Lol 1

plas (Penetration) #ew; Jow o (oo 2u35ule) pdaw Suigde Juw ipye JEG Joo 90 deslis o -9A
I prre 30 gale Olalad 5154058 oy O 5 3aii cupi Dy g pso JUH e b Ky ) Tul Sy ala 3
(il o
sl (B Giatems Ty i S o o oy il Al ggaatina ey s Jia 8 €0
Al s N=—0 B phs Suisde Jos 05 N=cd Fau, Joe o Ll iadl o KiaDRR 5,585 50 42 58 (¥
Aile M=) gl (Faighys Jae jo 9 N=0pd Fgy Jibo 3 bl adl oo KiaDRR 5555 39 2 50 (F
ol (Faighy Jaa j Llagd e ad Slady S (o520 12 pola Dlalad 818 o Egmy 5595 0 (F

D sa 5 Dglite 50 LE pleg

S Saphas 25b g0 puid ol 3)ls 515 (5L (slas g e glod o a5 (glopls plaio mhaw b led S 50 A4
e sl 1y Bl fama e w1 O e (g3 e JUST AY o 1) o Jb clile Jligy 25 sl Jae
(198 30 aolo gbas | AlolB Z g Glgd £l T lga o 0T jl Clilé y y ) S

d, r dy d voody

ftera b T —(————Z )y, ()

d:a“\—:.-.q dz bl d}.{‘l—}'A d?.} X
d rdy, d dya
i, S =a (¥ —(—— ) =p
dz: dz ) { dzi dz ) i

Gl ) il bt § 9 it 3] (guntbi JLS 90 3 Gls bl § Sl ! Gty



auid ) guibinit JbS 99 ) onndinl ikl bt § Gl g

AT ™) J1TE R T Y j.ﬂg.m

g g [Hf_',.'l_-]L',S'Lu G|3Adg$a;jfj.nj1 Yer Mﬁqij‘-ﬁhiiqr&h.&q{ﬁ eyl ._ruJLn.hn_,S'm “Yae
o5 5L Py o T el cub R) conl juds condi Ollaad 40 Cbleasy lulpd 40 p oy JUWGl 09 0 08, 0

! 0,5 phaw glod 33 glad boys wlad Joxo jo A ¢ jo Clile yl s A JeSlgo py> My

D-"‘LB'PI ] ¥ nt).-“I.B'Pl &
- In et M, (r S ABCE ML R O
RIT  y_y* G ®r oA
"E'._'_. . adlba .}Ir . . 'r-
DFLB P1T{r 1'“'.11]{ "-‘ ) (F fD-"ﬁB Pl: T M'.!,"l“ A — (r
RT \=¥A RT (-vh)
o Al g o i s Alls O 1S SIU s CuSOy 3 SH O e iy Jlows 5 ol Jo -4
(A) (B)

+ Y . -} m 2 ¥ ]
2yl iyl T Cygnmdlos s b ]‘L‘ !I; a2 il

sk x5 k
F=L\‘ﬂ"cﬁ F=—tIn i
In—— R e 2.9
II_F.KJ"-'I.
F=fkexy.c (F F=keexgpy O
eleJso b Jolize y JUl cly A 2ya U] pu8YE &g B (5o bume o5 30 A 53 pyar JUSH 808 Cod 1Y
:53.1.....4
[ i | i ' [
"—'“-’P_J-.'J-.'?"j':';:";ﬁ” el Sl (0
M
P .
ol == g S ) 285 (F el S 5l a5 (T
AM

dtﬂd JJ'B }Jﬁ&l’.ﬁjﬂ.ﬂ D‘ | Du th _,L'bngQ th.ﬁdl.ﬁﬁ = Hﬁjwub JJBJJ&E,JE '—."".".J"‘é YT
’!";.-.....:I&:na-d.'..:jf ,FL.II .J...'.'.-nl..!k_,;n P'I _,1...'.'..1' 3 T1| }Tﬂ

DPF  DFP D.P, D
A¥i] = VG (¥ {T]:] = Vb 0
i A {1 1
D DR

DB, =D_P. (f

ATL] \rd {T'
T T

Bzyil sinA g0 (o slaai) gli ) (Jg aiad [l clf p cond Gl A g B plaii g0 -1F
Pl e ) Ol 51 Soplad o)
el B g b 5l 2SS A g b O
sl B ) 250 A g (Y
il gale STyas 099 bme n) 0 s o il (T
s plasl 7y g0 8 (lnlio Sl 1l b ol ool (F

Gl ) il bt § 9 it 3] (guntbi JLS 90 3 Gls bl § Sl ! Gty



auid ) guibinit JbS 99 ) onndinl ikl bt § Gl g

Y amis JN7E R T Y j.ﬂg.m

ol Lyl ;3D g C B A Sgline Wbl ez b aloand w5 Sy oo Wi 5 00dd 0308 gl 108
falal eole (pl i sl g iy alilel 3la plaf bl co lusy

A

B (¥

Cr

D ¥

: L, [dx
Fo pud oo 18 soliiil 0ye0 p ) slaF Sl 3 Suplal ol ﬂ=fl? o Saha nlo ) dlos abuly YR

(Drum) ,clasiz, (F (Spray) sassb (¢ (Rotary) s (¥ (Tray) ,ls e ()

e lacdBlE 5. Sy g balse 5 (PXY )l jLid jlosai 50 pes 3le dlali b owgyiai)l damg g ya )oY
110 45 Canl 518 Sl g pigl3] alad )
el gty L Lza (¥ el 8 el | gz alali ()
el gyl B8 Je 2eT e alani (F i (5 Sl LA (T

d ol el Sleie wull o i (Open Stream) 5L oL o Spgeds Jlign ) pegdle Jigs plalizp VoA
Yol s 4

BH; —SHe

g = _E-__:'.. {'I,

HXB l_B]|B+SI[S_QB {T

X= -, 0" = X=Xxg., -
B+8§ B-5 B-5§
B BHp - SH B BHp - SH
pmen B e B TONE pme B =y
B-S B-S ‘B-S B-8

i PV F e de Cuwd | il Jaame SOl g YU Jpame 93 pooadle ( Jioed pdali Sy 0 -1eA
Jaams ma s g Ihes 3555 oaile) Flee Cond jo Jold bas Cocl 2l o mals gL pule O jaends (1505
(i S o y) Tl 3 35050 1 Suplad 288 5 avle S Jilis Sl 0 (il

RpD-S R,
(R, +9D Ry, +1
R,D-5 * R, D

(R +9D+8 {(Ry +9D+8

Y=o AXto A Sjpods 7 sV Gldas b0 F plp Slies 50 Gyl eir Jgscir bz gy 0 -
Tl gLl jlou O ygots 523,9 S1hgs jl gt 43 el Y SV BX =0 0¥ 70 ol Jldes b g

(v (A

o | —
- |-t |-

f (ay

*»

Gl ) il bt § 9 it 3] (guntbi JLS 90 3 Gls bl § Sl ! Gty



auid ) guibinit JbS 99 ) onndinl ikl bt § Gl g

YF amie J1TE R T Y j.ﬂg.m

jatm -

l widgle g8 Soals GLF il S LS o ) S Slasmia Ul g aale jE g —11Y
ireM Aot Joled Jl= o gl ga (Y
oW dyad (§ Tz U g3 Cul Jolad pas b Jolai g5 o)l gad SleMll ol L (Y

e :
N by olas Jlo= 2 5l5 g (T
Lhe W ol it Sala F005 Ll g3 Sl ama (F

et & Lol Al g aSial 909 3 158 Sl LS 30 Sl am s Gl Jes 390 (e ST Y
by o pals 1 T g (Humidity ) cosls) o ogases gz ()
.a.l\.rl._l_gﬁl ‘_‘:u-lhli ‘_‘dj.n.'!-'m g {R.]’I.j n;_'i.'."""'; L'.q.!jj:lj = L_‘.'.J'LL]:I {T
el 2l it aball | Sy b e 2elS LI g o gake pae (T
il oo ol Cugb; g e Cusle ) ipeed Jails (F

Pl plaf 50ilf sl o el g il Y2 U Yo sdadomo jo di jafeaug b Ilhad OO pid gl 1Y
Jagen whid (F Ol3ey ke (¥ stk ) F (T b=l e S (0

zy o=l s YU (Operating Line) ,I5 bshs . Ji> 29 balie S aiwgu whdi allg 0 0 -NF
3 Xy i s T ol 3 YU OVseama (Jgo e g bulpl ol g3 el ¥ =TX =0T g ¥y =0,0x+0,F0

el ..'\A: xﬂ.
oo ¥ (Y aphea; ¥ ()
"-"'.-q.n.':'.u =] {T U‘f-,ﬂ.ﬂ-..' ] {T

S-S JUP Y PN [OPS-PN T SIS PRSP I 7 P | P FETIR JCN N PP 1 1.

Jlzd | malsal (¥ Laa dslial (4
lale e S0 Sildas 3 salas ! (F Srdap el o sl (7
b olo) 9551, 7 40

ky

k
b pilp sdind balie ;051 5o 3 R glp o, 4jlee A—3R PS U5 s 0 sla STy gly WP

b B d‘:lj,.c. j‘ l.i.ilﬂ..ﬂr

Cr __K'm Cr __kity a

Ca, 0O+kety) Ca, vk,
Cr _ kit (f Cr =(kl.+k\*]'rm r
Cp. O+kTy)0+ket,) Cao (+kT)

wallo Joame pos il dlgi ik b A —L 3 R—PL 38 4m 3 o (b o Coig) (8o 2 5 58 <MY

k
il 5 8 )lpe jl Sl bl pouly 5981 (= b il aarly 1 585 5 k_r i 1R
)

Aslyy b Gl ()

2yle les 4 S S pama g jes ogmu (V

A (o S 5l it (Y pama a5 a9 (F

sdigs oS i e (RECYCIC) sims iy g A o5 i (s (F

Gl ) il bt § 9 it 3] (guntbi JLS 90 3 Gls bl § Sl ! Gty



auid ) guibinit JbS 99 ) onndinl ikl bt § Gl g

Yo dmino JN7E R T Y j.ﬂg.m

; k Bii o
Y oloj i pf o alanil aula jU 50 glalg) ;938,00 A —L 3 R—T 38 (S 4 30 5 pw sl iSTg —NA
fopdioo Jolo 5 9)lse il Suplas )3 R Jpame pi5Tam adei gl

k

l Y.

kr_kﬁ l-l{kl'}
]=—k (v l:n (Y

In(=x Ty

BT
k K,

t=—1>— (% t=——— @

In{i_ﬁ'} l]l[kr_k]}

1

A+B=R
R4By§ S¥-ere sy -
Figlad e Jok 5 gl STy 5150 plaf adiles (g ilge = g oo (Tlg (o] i raad w390 40013 o8 ol 59051,
55l Cillae glalgd 4aaF1, ja LS gofl L IS 20801 ()
83,5 cai Lyl coS 5 = 0 AL alls A LS5 (Y
235 e agdyi Roakasly sols (7

A—*B p_*B .o

JB1 0 A saigh oS i clile 5109 g0 planil 19815 S 0 pule L2 g0 {

1A oigd o i B oS 59 & 59351, K 10 59 ole U 5 AL RTS8 (g o Sl IY-
3190 3l Suplas b 59551) 50 LY geamo pu jai 0920 S Cpenti 390 20 plail cogd Al oS [y 95Ty S 1o
Yoyl Cdbllan w3y
aguli (F celadal (¥ adigi belsa (Y Alwgs 4o

3)5e ol & ilos (Bl adgl A TN e aSST (gl jLd 3 e ploj Comd A > B p3 a3 mle 51 22515 sl T
Ol g 30,8 Lod A 317FS asl 5l 5l

Y (¥ s A ()
¥y (F 1A (T

adgl glacdili amils .cwd F L gl iisly Jole ool As=2B  olal sle iosly glp IYY
Ol judiz B Jol clale wsllb €y =Cp_ =¢:~me
Vol (¥ FO
ba (F AT

dmilis 3 08 o & jaee (Bateh) wiwgu by, 0 2 —1ry =kC,Cp ce s b A+B 3 B+ B oo515 7Y

e

mol
i i g S i S s il k=f’muls Uu'EMJNQQUSEAuﬁ_EBu =.|:J-T audgl clale
 muol
Tl jade —
ls
Yo (Y Ya
Yo (¥ Te (T

Gl ) il bt § 9 it 3] (guntbi JLS 90 3 Gls bl § Sl ! Gty



auid ) guibinit JbS 99 ) onndinl ikl bt § Gl g

YFP amio J1TE R T Y 5.#3.».?;&

cdild b alls A S1ya5 ol g 438,52y gue (CSTR) ocigd bglive 5u38T) oS0 33 ale 5 40 35 cloiafly —ITF
mol

muol ‘
'?ml_,.!.ii;af—;,mjﬂuq-g.,ﬁ-}a-]ﬂ- wgf&ﬂé.ﬂlguﬂ\fﬁhhd.ﬁmja LAQZT‘a adgl
B rB = T(_‘l
A A
™a
C rc = 1'1! C*
¥o (T Ve (Y Yo (¥ & A
/Rl.,.,l.h::-
ez (PR IR U5 JSid ol Ol gt | o 510 508 oo plowil ule 518 30 555515 S0 0 ;\\‘ otly -1T0
S tplincti
T oo oAl 051, alas R p25las ader (ol p ol et il Joyi Xy bad seo s
gt Aand (V waladal (Y
B i jaends et clalyl _ saigds boglss (F adigd loglss (T

$9bus w2 b (CSTR) stigds balio 59351, T 30 =1y =kC, o g alls A I1ys5 b A= B issly -\YF
o 38 bl woys Bo 3l jeiT) jlam A bad asilin 8 pF 0 Spgee WBl e e (g g & aF
P!yt 193515 o 31 o A badi
178 (F Al (T ¥Y WA (Y Y ()

PA Jad aad e planil gl bele Jloss! j9551) 33 A 3 B pdylelSil s 4z ol jl5 STy ITY
shaly) Jlosg! 59551, 35 STy 2l 45 jgee 58 kiblyica o g o VDT kS Cas s y3 a1, !
lkes bl pids olad 0 b Fiul jaiis Jrod e yd g planil o YN~ o Lad cas pus b g (PFR)
il plesy Sus
ohh (F o, (¥ o F (Y a®

k
koo 395 o plaul Jlosl aigd Jogloke 30351, LS5 5 (P#TR} Pagat®  closan aals JU Sl —1TA

kmol
gty 4 geg9 Ihes b ool sul ssle ™ =e-ll.¢5{_:p—ul.-‘|‘|'ﬂf_.'ﬂ abul ) biod v ¥ e S

ol s P gl 10 o U sl joii (as b i 1) i 8590 canlil e el P cglo Lisi
& (f v e VE OO

el as T adgi ooko Cdilé o p R gudgi sole Clile jlagel candd p j s3lge Jal 4250 slamislg jo 1T
(i A g i | L oSy o i) T e i

YA—S4+T
ky
vk k,
k, + vk, (F ky+ky o —L qr — 0
] bl il T i'i-r { Tk-.l-

Gl ) il bt § 9 it 3] (guntbi JLS 90 3 Gls bl § Sl ! Gty



auid ) guibinit JbS 99 ) onndinl ikl bt § Gl g

Y dzmin J1TE

ky

& ¢ L RO PSR { PO PR |
(g =g, =a)to) wi W

P gy plaT d ol e |y oSy s Ky << KRy g A >B

k

Ky A—T 5B (Y

—T

A C (F A—X 0 (v A—S 5B o

(g g0 ) Gilusl

Yol elmdds 3F 310 alad | bl s alolae wilas diiws -V

dy
~=(y-¥x)'

y—fx—%
y=fx+Y

= kL_—?."{ 'I:I'I

y—fX+T

e S —ke™ (r
y—tX+T

Galeni g Gkl it § 99 et yf (guuilin jLB

wiiils T(e) =Yoo Fl il susl cawsas T(X) = AY_(X)+ BJ_(X) o jpon asle g S 30 oo 20588 —ITY
Tocelof ced i w B g A slacali
Yoo 3 —Yoo ()
Yoo § = {T

—Yoo s Yoo {r

P_t‘r
J.e dt

a g¥ou ¥

'
=— daili=
Y

=il

»ﬁ—\
T+
T+

m—h
§

vl =\
Jr b

mT—1

(A

(v

iy

¥
F{.‘C}j Unar..:..n _,...1 d;.'p ‘-ﬁ-! IL Lea E'J'!"‘ g el Tm EEL’"" Li;hha djh A J'1 JS...'L ,_-Hl.h..n S g amies -\TF
Tl D ygo bl Sl 0 Lod o 9 il 0

F,(x) :
I SIM S jgo ay gaa Vo X g 2 ()
sinh & jgo i ga,ey X cg o (Y
T, g e aily o SIN Sjpe ¥ g o pSINh o X cyge (P
i .IA_:.ILI‘EII sin h B 'y e LE sin e el X g e (f
¥ Ta

090l Gilskilal § jld! gu s



auid ) guibinit JbS 99 ) onndinl ikl bt § Gl g

YA dmie J1TE R T Y 5.#3.».?;&

Sl Jolf (X7 4y T+ Yaxy Ay = o Jwil jhss alslae 8 jludie plaf gl -I¥A
-—=
v
i1
+=r
Y
7 (T
Y (¥

1l T, e Slade o 4 ol oF pdaw slod 53 ST jaboas 0,00 8 T, Colesy sles jo gland VTP
(B=T-T) fcwl dgiz Gl 5 yloj 4 S (0) Lod Ot by 00

= Z A, exp(—ahpt)sin(h, x) ¢
= z;"sn exp(—ahpt)cos(hyx) (f
— Zﬁn cxp{—uizl]sinh{lnx} I\

= Zﬁn exp(—at k) t)cosh (A, x) (F

L

L

3500 Loyt Jold Ty olod b duams b aF ol gilopr celed pujai suiiF ol X' 0" +1x0 =100 =0 alslea VY'Y
] ol Los g 395 adail, (B=T-T)

h, T, Cx® 0\
k X Cx" v
] Cl\ (rx) or

:'j
CI, (Vox) ¢f

"
O] i 3 ol 2010 glo b sl pii s alolan 3 ya0 0 4 3F plal” —YYA
D&, oJdu Ou
——A(r—)——=-(u—-Y)=o
ror or oy
i LHBJ.:'..:E. alsles D{L‘-‘_.;|3| d._.s.{lll
sl ¥ i alalas D>a st a (Y
il a5 Fes alsles (7

Gl ) il bt § 9 it 3] (guntbi JLS 90 3 Gls bl § Sl ! Gty



auid ) guibinit JbS 99 ) onndinl ikl bt § Gl g

Y4 amis J1TE R T Y j.ﬂg.m

B Tﬂn GL::.}I._“,-T G,ﬂnﬁjfujﬂnjﬂpmuc.h&ahﬂnsz"h@“chﬁ.nﬂ.‘auhﬁl“uﬂ-,ulh -1¥'q
sloF ol h g culi dldise Oyl JUSl ey o g K(X) =K, +0X Co g il Jyle colas coli ayls
fol plaf Lt g il 33 Lot 2o jod 9 pf Lo dolaa (il qix) oo dly 4o ddos pome dolg el 3l ol ol o

6=T-T,
h.T ¥ :
® a0 a0 g d
dx" kdx kA k
¥ :
: X d_?_.kiﬁ_hlﬁ:_ﬂ {1"‘
YT 2 dx™ k,dx kA k
\ i
49 od hpo. 4.
dx” kdx kA k
¥ .
46 add hp, 4 .

dx’ kodx kA k.

g gn B Jol A g0 gy Ko 50 aale 8397 0 g ool o jlonand pdaw (595 &)l oo phed 0 A G 1T
ol il Cp =C 4 (NY) ol o A clilé gu=u(X,¥) ple v o D ol pule g0 A Sadi cu o

B 3 et 1y Ok g Sl g al A o X G 0 Sl ) Yol plaf o o A s ClilE a e w Tl

ol k gl
% o
pZEA 52 =kCp O
ay" 0x
a'C aC
n_ﬂ_ur_h=kgh o
ay" X
a'C A i
DAL UTA S (k+ )0,
oy o o
a'c oC fu.,
DA uZA _(k+5)C, f
Ay % ox

w0 ol olfaws o clw gy igui gy g0 —1FY

fi(x,,%¢ ) = X, X; — X, =)
fr(xy,xp) = X, + x: - Fxy

Pl @laS gl g ile als o ol j3 0l Xp = =1,X, =1 adyl eas jlads sl als o 30 axils
~y ¥
|: (&)
11 b
[+
v
-Y F
T T
r
T —F

o
¥ F

Gl ) il bt § 9 it 3] (guntbi JLS 90 3 Gls bl § Sl ! Gty



auid ) guibinit JbS 99 ) onndinl ikl bt § Gl g

Yo dmio J17E L | gl sbeaiet E‘W

i inx
II'Iﬁ..ﬁ.n..:I’.Jau:-l';|‘-,+n;ri.qj.n,;ﬂlii.nfuiglh}'zlnld#hnquh:'-l.![a,?}ajh).} y=% s 51 -VFY

il 'n-ln.ls

(4
v

o

'.=||—-.':=]I-nr:=]|+:=||—na
w8 Tl Ta= T =

Y \ i
ylp aaly pad Jeb b :OWg F Cyantonsd | g} 59 & I\ {axr+hx+¢]dx denlome o W] lade -YFY

b

s ()
iva+vh (v
wa—fh
ywra+vbh+e (F

Ew‘w@nh a8l C JJJLM S plas RSIJ"' _?.L‘-,u':l'.}l.'u} alfoiua -IFF

Ax+Yey=¢
{‘rcx+ YWy=24
LR
&y
R
q(f

a'T a'T_ _°C . o o .
o + =, ——r.:m1r el pis 3 alolan b yie il YoxToslul a4 30 amio Sy 30 Lod aa395 —VFD

Yool juds “C wm p A 5,5 55 Loo jladie J50 40 0l 00ld g0 bl pd wazai L 3gd o

ol

Yo [y
e C

AL (Y
Tra (T
o l:f

&0 & - "f-:r"(j

Vo C A B

4"

Gl ) il bt § 9 it 3] (guntbi JLS 90 3 Gls bl § Sl ! Gty



auid ) guibinit JbS 99 ) onndinl ikl bt § Gl g

¥ d=ia J1TE

e3ld jaue V=a_+a,X+8, xT pad daz g Al S0 s Sl e bilis ey b py Jads gleosls gay 51 -1FP

proon ORI PYETRL S5 P PPN R SVY P CRL VL S| PRRCIW.

x| ox X,
Y% ¥ = ¥a
Ay Ay Ay |8, F)

il

)-"" LPRE 7 dhd"ﬂ.ﬁ-l Ly j| E=ﬂ.§ aliles lJ.'!- LF‘J'E e ey Ofe }F..L!I.Tr ;_J h'_’,LLﬁ.nbl ﬁ!ﬁ -\¥Y

Y

—ym
o=\Fxle QT fowl (MM e Lo iz Ay jlade Blas il At=-o 45

YOy
(Y
Vooo (I
fooo (F

I el gl L [=) V| 5L 50 peeedi dlaad Jilas clafiied g 3 I (x+e" )X dsle &l —1FA
_'|_II-T

Galeni g Gkl it § 99 et yf (guuilin jLB

v

50

J

f

-l

Foaml plof (Lo, o TP

W=y )
N=a(
N=A(
W=\o (F

Lililal ¢ jlhl gu s



auid ) guibinit JbS 99 ) onndinl ikl bt § Gl g

Y dmie J1TE

whod ol lole oiwm Bl olyle 03l com SO Sulos Sl JIED] j8 SS g0 adul sale L Aad -YFS
oyl oo Canwd 4 3 lalolae p1aS jl dgamme slaiNEs py po bay 3 BN, ot ) pdas

e h B =T=-T

¥

e e e e ——
e —— e —— —

m-Y m-=1 "m

hAt
E'}m‘n = “"‘T)Hm,n-- y £

hAt
Opn =01~ Tmm‘" NEE

hAt
ﬂm,n =R T}Bm—a,n x

hAt

Ii::'IITI-.I'I:l[II_ k }Bm—‘.tnq (i3

o gt o o3 bl o alaly plof s gl gy 3l £, = nAL olej g2 0 Jladc sl wlp =V

Ef=ll';1+t
dt

8., =0 —AUB; +nAt (
B =0+ ALDB; +nAL (¥
0, DAL
- i HinHCAL) o
\— At

B +(n+0 A
S

Gl ) il bt § 9 it 3] (guntbi JLS 90 3 Gls bl § Sl ! Gty



