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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 answer sheet.  

1 . Yet life is not literature, nor is literature life; the two are����� 
1) consistent 2) distinct 3) temporary 4) adequate

2 . The hurricane would not have had such a/an ���..effect on the coastal village had the 
storm surge not arrived during an abnormally high tide. 
1) devastating 2) ultimate 3) calculating 4) obligatory

3 . Federica expressed doubt about the existence of true altruism, claiming that no one makes 
a �����without expecting to receive something in return in one form or another. 
1) facility 2) hypothesis 3) premise 4) sacrifice

4 . As a supporter of the value of free trade, Bennett was often called upon to give speeches 
around the world ����.the virtues of unencumbered commerce. 
1) monitoring 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 n new arts center that would infuse the community with 
much-needed���.. 
1) revenue 2) scheme 3) schedule 4) survival

6 . Eagerly advocating rehabilitation, Gena has always believed that individuals who have been 
imprisoned deserve the opportunity to return to society as ����citizens. 
1) voluntary 2) crucial 3) 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 3) sporadic 4) unanimous

Ê��ze�Á�Ê»Â¼��½Z]��
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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 
resistance to disease. 
1) initiate 2) 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) transfer 2) device 3) boon 4) status

10 . As one of the most popular writers of the 20th century, Jack Kerouac authored several 
books that ����..to a wide variety of readers. 
1) appeal 2) attribute 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, 

and then mark the correct choice on your answer sheet. 

The climate is expected to increasingly shape and (11)���.by cities. In a vicious circle, climate 
change wil increase energy demand for air conditioning in cities. (12)����.will add to greenhouse 

gas emissions. It could also raise temperatures in urban areas (13)����� 2 6 C  . "Heat, pollution,

smog and ground-level ozone [from cities] affect surrounding areas. Reducing agricultural yields, 
increasing health risks and (14)���tornadoes and thunderstorms, (15)���on urban waer supplies 
are expected to do dramatic." The report says. Cities like New Delhi, in the drier areas, will be hit 
particularly hard. 

11 . 
1) be  shaped 2) shaped 3) is shaped 4) be shaping

12 . 
1) where they 2) they 3) that 4) which

13 . 
1) high up 2) by 3) for 4) at

14 . 
1) to produce 2) and produce 3) and producing 4) which produce

15 . 
1) The impacts of climate change 2) The climate change 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 
choose the best choice  (1), (2), (3), or (4) and then mark the answer on your answer sheet. 

Passage 1 

Pressure drop is the price we generally pay for heat transfer. The pressure drop losses in any 
heat exchanger are made up of the entrance and exit losses as well as the losses as the fluid 
flows through the heat transfer passages. Too high a nozzle velocity for either the hot or cold 
fluid can result in wasted pressure drop getting into and out or the heat exchanger, thus reducing 
the useful pressure drop that contributes to high-transfer coefficients in the plate channels 
themselves. In the worst case, high nozzle velocities can cause erosion of the port in the first 
few plates of the plate pack after the first few plates, the flow-rate drops off as the fluid divides 
among the plate channels. 

16 . In which case pressure drop losses do not occur? 
1) Entrance losses 2) Exit losses
3) Flow through passages 4) Erosion

17 . What causes wasted pressure drop getting into and out of the heat exchanger? 
1) High velocity for cold fluid and not for hot one.
2) High velocity for either hot or cold fluid.
3) Low velocity for either hot or cold fluid.
4) Low velocity for hot fluid and not for cold one.

18 . Which one can replace the underlined word as in the passage above? 
1) like 2) since 3) when 4) even though

19 . Erosion usually only happens in the first few plates of a heat exchanger because���. 
1) liquid velocities reduce afterwards 2) nozzle velocities reduce afterwards
3) liquid velocities increase afterwards 4) nozzle velocities increase afterwards

20 . Which of the following statements cannot be inferred from the passage? 
1) the division of fluid among the plate channels enhances heat transfer.
2) pressure drops can lead to erosion.
3) pressure drops can increase heat transfer coefficients.
4) increase in nozzle velocity increases pressure drops.

Passage 2 

With disposable filtration, filters involving disposable filter elements offer the advantage of a 
low initial capital investment. However, this benefit is offset by the cost of replacement filter 
elements and the labour associated with filter element change-out. Disposable filtration may be 
advantageous over automated regenerable filtration systems for process streams that contain 
significantly less than 10 ppm solids. Disposable filters should be typically designed for a 
service life varying from weeks to months to be economically viable. A typical disposable 
filtration system for 300tph clean feedback (less than 2ppm solids) comprises two 38indiameter 
filter vessels (one in filtration mode, one on standby). 
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21 . What is the meaning of capital in the text above? 
1) first city 2) money 3) uppercase 4) main

22 . What is the closest meaning to change-out? 
1) alteration 2) exchange 3) replacement 4) adaptation

23 . Which one is not correct according to the above text? 
1) A typical disposable filtration system includes two filter vessels.
2) The services life is economically viable if it varies from weeks to months.
3) Disposable filtration is advantageow over automated regenerable filtration systems.
4) Filters involving disposable elements are more economical at first.

24 . In the above text, "this benefit it is offset by" means that this benefit is ���..by: 
1) covered 2) accepted 3) increased 4) compensated

25 . Disposable filter elements may b economically viable if ���.is high. 
1) replacement cost 2) the labor cost
3) solid concentration 4) the change-out period

Passage 3 

Equilibrium is a word denoting a static condition, the absence of change. In thermodynamics 
it means not only the absence of change but the absence of any tendency toward change on a 
macroscopic scale. Thus a system at equilibrium exists under conditions such that no change in 
state can occur. Since any tendency toward change is caused by a driving force of one kind or 
another, the absence of such a tendency indicates also the absence of any driving force. Hence 
for a system at equilibrium all forces are in exact balance. Whether a change actually occurs in a 
system not at equilibrium depends on resistance as well as on driving force. Many systems 
undergo no measurable change even under the influence of large driving force because the 
resistance to change is very large. 

26 . According to the passage? 
1) a driving force of one kind or another is necessary for a system to be at equilibrium.
2) absence of all driving forces is necessary for a system to be at equilibrium.
3) Achieving an equilibrium state does not depend on the absence or the presence of a

driving force.
4) equilibrium is caused by a driving force of one kind or another.

27 . According to the passage changes at���.. 
1) microscopic scale may occur at equilibrium.
2) microscopic scale shouldn't occur at equilibrium.
3) macroscopic scale may occur at equilibrium.
4) macroscopic scale may increasing driving faces.

28 . "tendency" is closest in meaning to: 
1) inclination 2) trend 3) likelihood 4) potential
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Choose the best choice and mark in your answer sheet. 

29 . A spontaneous process is a process which takes place����. 
1) over a period of time 2) instantaneously
3) on its own 4) randomly

30 . Immiscible phases are phases which are ���� 
1) homogeneous 2) not dissolved in each other
3) inseparable 4) at the same temperature and pressure.
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����Ê�za�[Ze�Z]�Z]�sÂ���½Âr¼Å(Diffuse reflection)|ÀÀ¯�¶¼����
����º�À»�[Ze�Z]�Z]�sÂ���½Âr¼Å(Regular reflection)|ÀÀ¯�¶¼����
éç� ��źĭřcU���ƹ�fU�����������żǀưţ�ƩŶŞƯ�ƽřźŝ�ƾƬƧ�šŹřźů�ƩŚƤŤƳř�ŜƿřźƋ�Ŝǀţźţ�ƶŝ��ƺƳ����ƭřŶºƧ��ŶºƃŚŝ�ƵŵźƧ�ŹŚƧ�ƩŶŞƯ�ƹ���Żř�Ʀºƿ

��Ţſř�ŮǀŰƇ�źƿŻ�ƎŝřƹŹsRŢſř�śƺſŹ�ƾţŹřźů�ŢƯƹŚƤƯ�� 
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éè� �Ʈƀū�Ŷƿŵ�ŜƿźƋ��źƿŻ�ƪƨƃ�Źŵ�źĭř1�ƶŝ�ŢŞƀƳ�2�źŝřźŝ��m�Ʈƀū�Ŷƿŵ�ŜƿźƋ��ŶƃŚŝ�3�ƶŝ�4ſř�ƭřŶƧ���ƭŚƀūř��Ţ
2���ƹ�4�����źƐƣ�ƹ�Ŷůřƹ�ƩƺƏ�Śŝ�źěƺţ�ƶƳřƺŤſř�ƶưǀƳ�ƪƨƃ�ƶŝ�ƹ�ƶŝŚƄƯ�ľǈƯŚƧ�D�Ʈƀū�ƹ�Ƶŵƺŝ�1ƶŰƠƇ������ƩƺºƏ�Śºŝ�ŢŴţ�ƽř

����ƉźƗ�ƹ�ŶůřƹD��Ƨ�Ţſř��ŵŹřŵ�ƖƄƘƄţ�ǇŚŝ�Ţưſ�ƶŝ�ƎƤƟ�ƶ���Ʈƀū3��ƶºƬǀƯ�Ʀºƿ��������ŦºƬŨƯ�ƖºƐƤƯ�Śºŝ�źěƺºţ�ƽżºƬƟ�ƽ
ƽƹŚƀŤƯ��ƖƐƤƯ�ƖƬƋ�ƩƺƏ�ƹ�Ŷůřƹ�ƩƺƏ�Śŝ�ƕǈƋǇřDƾƯ����ŶƃŚŝ 

���m

3
����2

m
6

 �

���1
m

3

 ����3
m

1 
��

éé�� ����ƮƷ�Ʈƀū�ƹŵ�ƽřźŝ�źĭř����������źƐƣ�Śŝ�ƵźƧ�ƪƨƃ�ƶŝ�ƾƨƿ�žƴūa������������ƩƺºƏ�ƹ�źƐƣ�Śŝ�ƶƳřƺŤſř�ƪƨƃ�ƶŝ�ƽźĮƿŵ�ƹ�a�����ƉźºƟ�ƱřƺºŤŝ�
��ƶŝ�řŹ�ƶŤƃŚŞƳř�ƾţŹřźů�ŢǀƟźƓ��ƽŚƯŵ�Źŵ�řŶŤŝř�Źŵ�Ʈƀū�ƹŵ�Ʋƿř�ƹ��ŵźŝ�ŹŚƧ100 C���šŶºƯ��ŶƴºƃŚŝ�ƶŤºƃřŵ�Źřźƣ���ƱŚºƯŻ�

������ƶƳřƺŤſř�Ʈƀū�ƶŝ�ŢŞƀƳ�ƽƹźƧ�Ʈƀū�ƂƿŚƯźſ����ƾƯ�ƦƿŵżƳ�ľǈƯŚƧ�ƎǀŰƯ�ƽŚƯŵ�ƶŝ�Ʈƀū�ƹŵ�ƽŚƯŵ�Ʊō�ƾƏ�ƶƧ�ƽř����ŵƺºƃ
��Ţſř�ƭřŶƧ�ƶŝŚū�šŹřźů�ƩŚƤŤƳř�ŜƿźƋ�ŶǀƴƧ�ƉźƟ�źŝřźŝ�Ʈƀū�ƹŵ�źƷ�ƽřźŝ�řŹ�ƾƿŚū���

���4

9
����1����3

2
����9

4
�

éê�� ��������������������ƾƯ�Źřźƣ�śŚŤƟō�ƂŝŚţ�źƿŻ�ƾƳǇƺƏ�šŶƯ�ƽřźŝ�źŝřźŝ�ƩƺƏ�ƹ�źƐƣ�Śŝ�ƶƳřƺŤſř�ƪƨƃ�ƶŝ�ƲƷō�žƴū�Żř�ƾŝō�ƱżŴƯ����ƹ��ŵźǀĭ
�����ƾƯ�ƾŤŝŚŧ�ŹřŶƤƯ�ƶŝ�Ʊō�ƽŚƯŵ��ŶſŹ������ƎǀŰƯ�ƽŚƯŵ�źĭř20 C��ƭřŶƧ��ŶƃŚŝ������������ƅƺºƈų�Źŵ�źºƿŻ�ŵŹřƺƯ�Żř�Ʀƿ���ƲºƿřƯ��ƱżºŴ

ƝźƇ�śō�źǀŴŞţ�Żř��Ţſř�ŮǀŰƇ�ŶǀƴƧ�ƉźƟ�ƱŚƀƨƿ�řŹ�ƱżŴƯ�ƱƹŹŵ�Źŵ�śō�ƽŚƯŵ�ƹ�ŶǀƴƧ�źƔƳ� 

���d�Y�½Z�°Ë��Ìv»�ÉZ»{�Z]�[M�ÉZ»{��
���d�Ì¿�½�z»�¥Y��Y��{�{Z]���Á�c|���]Ze�,½�z»�½Á�{�[M�ÉZ»{��
���Ê»�½�z»�½Á�{�[M�ÉZ»{�,|�Z]�¾¯Z��YÂÅ��³Y��Ì]�Ê¸Ìy�|¿YÂe�|�Z]��Ìv»�ÉZ»{��Y��e��
���Ê»�½�z»�½Á�{�[M�ÉZ»{�,|�Z]�{ZË��Ê¸Ìy�½�z»�¥Y��Y��{�{Z]���Á�d�����³Y�º¯�|¿YÂe�|�Z]��Ìv»�ÉZ»{��Y��e��
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éë�� ������šŶƃ�Śŝ�ƽř�ƵŵŚƯ�ƱŚƿźū2����ƾĜƫŚŤƳō�ƹ�3��Ţųřƺƴƨƿ�ľǈƯŚƧ�ŹƺƏ�ƶŝ��ŹřŶƿŚě���ƵŶºƃ�ƢƿŚƗźǀƛ�ƍǈŤųř�ƱżŴƯ�ƦƿŵŹřƹ�ƹ��
�������šŶƃ�Śŝ�ƵŵŚƯ�Ʊō�Żř�ƽźĮƿŵ�ƱŚƿźū�Śŝ5�ƾĜƫŚŤƳō�ƹ�4�ƍƺƬŴƯ�ƾƯ�ŵƺƃ��ƮƷ�ƱżŴƯ�Ʋƿř�Źŵ��ƾƟźƈƯ�Ʊřƺţ�Śŝ�ƾƳŻ2��ŹŚºƧ�

ƾƯ��ŶƴƧ����������źŝřźŝ�ƾūƹźų�ƱŚƿźū�ƾĜƫŚŤƳō�ƶƧ�ƾţŹƺƇ�Źŵ6�������������ƭřŶºƧ��ƩźºŤƴƧ�ƮºŬů�Śŝ�ƎǀŰƯ�šŹřźů�ƩŚƤŤƳř�šŶƃ��ŶƃŚŝ
Ţſř�ĬƴƷŚưƷ�ƶưƷ�ŚƷŶůřƹ��Ţſř�

���12����14����18����26�

éì� ������ƽźƫŚƧ�Ŝưŝ�Ʀƿ��śō�ƱżŴƯ�Ʀƿ�ƱƹŹŵ����ŵŹřŵ�Źřźƣ�ƽźŤƯ������śō�ƪųřŵ�Źŵ��ƦƿƮƷ���������ƾƟźºƈƯ�Ʊřƺºţ�Śŝ�ƱŻ100����ŹŚºƧ�šřƹ�
ƾƯ��ŶƴƧ����ƽźƫŚƧ�Ŝưŝ�ƪųřŵ�Źŵ�ƂƴƧřƹ�Ʀƿ�ƾƯ�ƭŚŬƳř�ƽźŤƯ�ŵƺƃ��ƮǀƳ�šŶƯ�Źŵ��ŹřŶƤƯ�ŢƗŚſ2000���Żř�ŚºƯźĭ�ƩƹĥƺºƬǀƧ�

��ƽźƫŚƧ��Ŝưŝ������ƾƯ�ƪƤŤƴƯ�śō�ƶŝ�ƽźŤƯ��ŵƺƃ�������ŹřŶƤƯ�šŶƯ�ƲǀưƷ�Źŵ50�Ʊƹźǀŝ�ƎǀŰƯ�ƶŝ�ƱżŴƯ�Żř�ŚƯźĭ�ƩƹĥƺƬǀƧ����ƾºƴƘƿ
řƺƷ�ƶŝ��ƾƯ�ƪƤŤƴƯ�ŵƺƃ���Ţſř�ƩƹĥƺƬǀƧ�Ŷƴģ��šŶƯ�Ʋƿř�Źŵ�ƱżŴƯ�ƱƹŹŵ�śō�ƾƬųřŵ�ƽĥźƳř�źǀǀƜţ

���1720����1770����2130����2180�

éí�� ŚŤƟŹ�������ƶƫŵŚƘƯ�Żř�ƵŵŚƠŤſř�Śŝ�ƆƫŚų�ŻŚĭ�Ʀƿ�Ź�����ŢƫŚů�ƽVirial����ƶƬưū�ƹŵ�Śŝ���ƾƯ�ƞǀƇƺţ�����������ƭƹŵ�ŜƿźºƋ�Ʊō�Źŵ�ƶºƧ��ŵƺºƃ

VirialƶƐŝřŹ�Żř���ƽ
2

a
B b

T
 ƾƯ�Ţſŵ�ƶŝ���Ŷƿō�a�ƹ�bŶƴŤƀƷ�ƾŤŝŚŧ�źƿŵŚƤƯ�����ƽŚƯŵBoyle�Ţſř�ŹŶƤģ��

���a

b
����b

a
����a b����b a�

éî� �����ƩźŤƴƧ�ƮŬů�Ʀƿ�Źŵ�ŻŚŝ�ƮŤƀǀſ���šŶƃ�ƶŝ�ƾƨƿ�ƱŚƿźū�ƹŵ�ƢƿŚƗ�ƹ�ƾƋźƟ2�ƅƺƈŴƯ�ƾěƹźŤƳō�ƹ�4���ƶºŝ�ƽźĮƿŵ�ƹ
��šŶƃ5�����ƅƺƈŴƯ�ƾěƹźŤƳō�ƹ�5�ƶŝ�����Ţųřƺƴƨƿ�ľǈƯŚƧ�ŹƺƏ�ŹřŶƿŚě������ƅƺºƈŴƯ�ƾºěƹźŤƳō�ƶºŝ�ƾƳŚƿźū�ƹ�ŵŹřƹ6��ũŹŚºų�

ƾƯ�ŵƺƃ��Ţſř�ĬƴƷŚưƷ�ƶưƷ�Ŷůřƹ��Ţſř�ƭřŶƧ�ŵŹƺƯ�Ʋƿř�Źŵ�ŮǀŰƇ�ƶƴƿżĭ� 

���¯�cZ�Ô�Yd�Ì¿�Ê§Z������½Z°»Y�|ÀËM�§�d�³�]�Ì£�Á��Ë~a�d�Y��Ë~a��
���½Z°»Y�|ÀËM�§�d�³�]�Á��Ë~a�d�Y��Ë~a�����½Z°»Y�|ÀËM�§�d�Ì¿��Ë~a��

êå�� ������ƮŬů�ƶŝ�ƱżŴƯ�Ʀƿ�Źŵ1000lit�������ƽŚƯŵ�Źŵ�ƪƯŚƧ�ŻŚĭ�Ʀƿ��25 C����ŹŚƄƟ�ƹ�5MPa��řŵ�Źřźƣ�ŵŹ��������ŢºƄƳ�ƱżºŴƯ�Ʋƿř�Źŵ
��������������ƾƯ�ƞƈƳ�ƶŝ�ƱżŴƯ�ƪųřŵ�ŻŚĭ�ŹŚƄƟ�ƾƳǇƺƏ�šŶƯ�Żř�žě�ƹ�ƵŶƃ�ŵŚŬƿř�ƾƨģƺƧ��ŶſŹ���������ƹ�ŻŚºĭ�Ʋǀŝ�ƵŶƃ�ƶƫŵŚŞƯ�šŹřźů

�Ŷƴģ�ŶƴƿōźƟ�ƾƏ�Źŵ�ƎǀŰƯkj�Ţſř�
���500����1000����2500����3500

®Ì»ZÀË{Â»�e
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êæ� �����ŢƗźſ�Śŝ�śō�ŹŚŴŝ�ƶƧ�ŶǀƴƧ�ƉźƟm
100

s
�ŢƗźſ�Śŝ�ƹ�ƵŶƃ�ƢƿŚƗ�ƦģƺƧ�ƶƫƺƫ�Ʀƿ�ŵŹřƹ�m

20
s

�ŵƺƃ�ũŹŚų�Ʊō�Żř�
�Ţųřƺƴƨƿ�Śƿ�ŚƿŚě�ŶƴƿōźƟ��ƶƴƿżĭ�Żř�Ʀƿ�ƭřŶƧ���Ţſř�ŢſŹŵ�ŶƴƿōźƟ�Ʋƿř�ƽřźŝ�źƿŻ�ƽŚƷ 

���MÃ�ËÁ�Êb·Zf¿��,ÊmÁ�y��{��Zz]�É4800jÃ�ËÁ�Êb·Zf¿M��Y���Ì]�É{Á�Á��{��Zz]�É�d�Y��e��
���Ã�ËÁ�Êb·Zf¿M��,ÊmÁ�y��{��Zz]�É4800jÃ�ËÁ�Êb·Zf¿M��Y��º¯�É{Á�Á��{��Zz]�É�d�Y��e��
���Ã�ËÁ�Êb·Zf¿M��,ÊmÁ�y��{��Zz]�É4800kjÃ�ËÁ�Êb·Zf¿M��Y���Ì]�É{Á�Á��{��Zz]�É�d�Y��e��
���Ã�ËÁ�Êb·Zf¿M��,ÊmÁ�y��{��Zz]�É4800kjÃ�ËÁ�Êb·Zf¿M��Y��º¯�É{Á�Á��{��Zz]�É�d�Y��e��

êç� ���ƶŤƀŝ�ƮŤƀǀſ�Ʀƿ�ƭźū�Ŷůřƹ�źĭř��ƶǀƫƹř�ŢƫŚů�Żř�ƽŻŚƟ�Ʀţ�ƽ 1 1 1T ,P ,VƶƿƺƳŚŧ�ŢƫŚů�ƶŝ���ƽ 2 2 2T ,P ,V��źºǀǀƜţ�
ŶƷŵ�ŢƫŚů��ƹ�2 1V VƱō��ŶƃŚŝ��ƶƄǀưƷ�ƵŚĭ� 

���2
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T

v
T

Q W u , u C dT     ����2

1

T

v
T

W 0 , u C dT   �

���2

1

T

v
T

Q u , u C dT    ����2

1

T

v
T

u C dT  �

êè� �ŢŝŚŧ�ƽŚƯŵ�Źŵ�ƽŻŚĭ�ŹŚƄƟ�źĭřTƱō�ŶƴƧ�ƪǀƯ�źƠƇ�Ţưſ�ƶŝ��ƵŚĭ� 

���¶�Zu���Z³�½M��Â�z»�ºnu��{��Z�§�[�� PV��]Y�]�RTÊ»���Ê·Á�-{Â�V��]Y�]�0Z»Á�·�½M�RT

P
Ê¼¿��{Â���

���¶�Zu�nu��{��Z�§�[����Z³�½M��Â�z»�º PV��]Y�]�RT��]Y�]�½M��Â�z»�ºnu�Á�RT

P
|��|ÅYÂy���

����Á��Z³�½M��Â�z»�ºnu�¶�Z¨eRT

P
|��|ÅYÂy�d^j»�0Z»Á�·�,��

����Á��Z³�½M��Â�z»�ºnu�¶�Z¨eRT

P
|��|ÅYÂy�Ê¨À»�0Z»Á�·�,��

êé�� ��������ƵĦƿƹ�ƽŚƯźĭ�Śŝ�ƾƨƿ�ŶƯŚū�Ʈƀū�ƹŵ2����ƭźū�ƹ�5����ƽŚƯŵ�ƹ�300 K�����ƵĦƿƹ�ƽŚƯźĭ�Śŝ�ƽźĮƿŵ�ƹ�����ƽ4����ƭźū�ƹ�10��ŚƯŵ�ƹ��ƽ
600 K�����ƾƯ�šŹřźů�ƩŵŚŞţ�ƮƷ�Śŝ��������Ŷƴſźŝ�ƩŵŚƘţ�ƶŝ�Śţ��ŶƴƴƧ�����������ƶºưƷ�ŚƷŶůřƹ��Ţƀǀģ�ľŚŞƿźƤţ�ƩƺŰţ�Ʋƿř�ƾěƹźŤƳō�źǀǀƜţ

Ţſř�ĬƴƷŚưƷ��ln 2 0.7 , ln 3 1.1 , ln 5 1.6   

���2����4����6����8�

êê�� ���������ƾƯ�ŻŚŝ�řŹ�ƢƿŚƗ�ƾƫŚų�ŜƬƇ�ƱżŴƯ�Ʀƿ�ƽŵƹŹƹ�źǀƃ����������ƽŚƯŵ�Źŵ�ƪƯŚƧ�ŻŚĭ�Ʀƿ�Śţ��ƮǀƴƧ400 K�����ŹŚºƄƟ�ƹ�10 bar��ŵŹřƹ�
�ŵƺƃ�Ʊō��ƾƯ�řŹ�ƽŵƹŹƹ�źǀƃ���ŶǀſŹ�ŹŚŝ�Ƶŵ�ƶŝ�ƱżŴƯ�ƪųřŵ�ŹŚƄƟ�ƾŤƣƹ�ƮƿŶƴŝ��ƽŚƯŵ�ƶƔŰƫ�Ʋƿř�Źŵ��Ŷºƴģ�ƱżŴƯ�ƪųřŵ�

ƾƯ��Ţſř�ƲƿƺƬƧ�ƶūŹŵ��ƲƿƺƬƧ�ƶūŹŵ�źŝ�ƩƺƯ�ƭźĭ�źŝ�ƽźƫŚƧ�Ŝƀů�źŝ�ƶƧ�ƮǀƳřŵpC 7�ƹ�vC 5ƾƯ��ŶƃŚŝ� 

���400����480����520����560�
êë�� ƵŶƳŚưǀƣŚŝ�žŞǀĭ�ŵřŻō�ƽĥźƳř�ƽřźŝ�źƿŻ�šŹŚŞƗ�ƵŵƹŶŰƯ�Źŵ�ƽŻŚƟ�Ʀţ�ƆƫŚų�ƵŵŚƯ�Ʀƿ�ƅƺƈŴƯ�ƽ��ŹŚƄƟ�ƽ5 10 bar�

���ƽŚƯŵ�ƹ300 450 K����Ţſř�ƵŶƯō�Ţſŵ�ƶŝ��������ƹ�ŚºƯŵ�ƵŵƹŶºŰƯ�ƲǀºưƷ�Źŵ�ƵŵŚƯ�Ʋƿř�ƅƺƈŴƯ�ƮŬů�ƽřźŝ�šŹŚŞƗ�ƭřŶƧ

ŹŚƄƟ�Ţſř�ŢſŹŵ��� 
R

2 R igG C
ap b P M M M

RT T
 

     
 

�ƹ�a�ƹ�b�ƹ�cƾƯ��ŶƃŚŝ� 

���C 1
V RT a 2 b P

T P

  
     

  
����C

V RT a 2 b P
T

  
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  
�

���C 1
V RT a 2 b P

T P

  
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����a C

V RT 2 b
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    

  
 



�

 

®Ì»ZÀË{Â»�e �� 

êì��Ʀƿ�Źŵ�Ʊŵƺŝ�ŢŝŚŧ�ƉźƟ�Śŝ��ŢŝŚŧ�ŹŚƄƟ�Źŵ�ŶƴƿōźƟ��ƾưŬů�ƍŚƀŞƳř�ŜƿźƋ�ƶƴƿżĭ����Ţſř�ƭřŶƧ�ŮǀŰƇ�ƽ 

���   V A T exp T �����   V A P exp T �
���   V A T exp T �����   V A P exp T �

êí�� ����ŚƯ�ƽŻŚƟƹŵ�ƮŤƀǀſ�Ʀƿ�Źŵ������ƩŵŚƘţ�ŢƫŚů�Źŵ�ŹŚŴŝ�Ɩƿ VLE����ƽŚƯŵ�Źŵ�T����ŹŚƄƟ�ƹ�1.15�������ŢºƫƺŗřŹ�ƱƺƳŚºƣ��źƠºƀưţř�
ƾƯ�ơŶƇ�ŶƴƧ��ƵŶƳŻŚſ�ƾƫƺƯ�źƀƧ���Ţſř�ƭřŶƧ��ƖƿŚƯ�ŻŚƟ�Źŵ�ƭƹŵ�ƽsat sat

2 1P 0.5atm , P 1.8atm  

���0.42����0.5����0.58����0.62�

êî� ����ƾŗżūƹŵ�ƲĮưƷ�ƍƺƬŴƯ�Ʀƿ�Źŵ��2
1 2 1
�f 1 x 10x  �ƾƯ���ŶƃŚŝ���ƶŤƿƺǀŤƧř�ŜƿźƋ����ƽ 1�����Źŵ��ƵŶƳŻŚſ�Ʊō�1x 0.5�

�Ţſř�ƭřŶƧ 

���0.45����0.54����0.62����0.71 

ëå� �������ƩƺƯ�Śŝ�ƽŻŚĭ�ƾƿżū�ƹŵ�ƍƺƬŴƯ�Ʀƿ�Źŵ������ƮºƿŹřŵ�ƽƹŚƀƯ�ƾƿżū�ƽŚƷ��2 1
� �ln 0.666 , ln 0.333     �����Ʋºƿř�Źŵ

ƶŤǀſŚĭƺƟ�ŜƿźƋ�šŹƺƇ���Ţſř�ƭřŶƧ��ƍƺƬŴƯ�ƽ     Exp 0.5 1.6 , Exp 0.3 1.3 , Exp 0.2 1.2   

���0.82����0.72����0.62����0.54�

ëæ� �ƮƿŹřŵ�ƖƿŚƯ�ƾƿżū�ƹŵ�ƲĮưƷ�ƍƺƬŴƯ�Ʀƿ�Źŵ
*E

1 2
G

3x x 3
RT

 
  

 
 

�ƖŝŚţ�*
1ln Ţſř�ƭřŶƧ�źŝřźŝ�� 

���2
13x 1����2

23x 1����2
13x 3����2

23x 3�

ëç� �ƽŚƯŵ�Źŵ�ƲĮưƷ�ƾŗżūƹŵ�ƮŤƀǀſ�Ʀƿ�ƽřźŝT�ŹŚƄƟ�ƹ�PƮƿŹřŵ���2 2 2G RT ln x  �ƖŝŚţ��1�Ţſř�ƭřŶƧ�źŝřźŝ� 

���1 1G 2RT ln x����1 1G 2RT ln x����1 1G RT ln x����1 1G RT ln x�

ëè� ���������ƽŚƯŵ�Źŵ�ƾƿżū�ƹŵ�ƲĮưƷ�ƍƺƬŴƯ�Ʀƿ�ƽřźŝT��ŹŚƄƟ�ƹ�PƮƿŹřŵ���1 2V 5x x �ŹřŶƤƯ��1V���ƱŚºưƷ�ƹ�ŚºƯŵ�ƱŚưƷ�Źŵ
�ƹ�ŹŚƄƟ1x 0.4��Ţſř�ƭřŶƧ��1V 10Ţſř�ĬƴƷŚưƷ�ƶưƷ�ŚƷŶůřƹ�ƹ�� 

���19.8����12.8����11.8����10.8�

ëé�� �ƶƴƿżĭ�ƭřŶƧŢſŹŵŚƳ��Ţſř�eŢſř�ƩŵŚƘţ�ƭŚĮƴƷ�Źŵ�ƂƴƧřƹ�ƶƈŤŴƯ�Śƿ�ƂƴƧřƹ�ŢƟźƄǀě�ƶūŹŵ�� 

����,d]Zi��Z�§��{�Z»{��ÅZ¯�Z]�,Y�Z»�³��À¯YÁ�®Ë��{eÊ»��ÅZ¯��|]ZË��
���{�Z»{��ËY�§Y�Z]�,�Ì³�Z»�³��À¯YÁ�®Ë��{�,d]Zi��Z�§��eÊ»��ËY�§Y��|]ZË��
����,d]Zi�ÉZ»{��{��Z�§��ËY�§Y�Z]�,Ê¨À»�É�f»ÂÌ¯Âf�Y�{|��Z]�,Y�Z»�³��À¯YÁ�®Ë��{eÊ»��ËY�§Y��|]ZË��
����d]Zi�ÉZ»{��{��Z�§��ËY�§Y�Z]�,Ê¨À»�É�f»ÂÌ¯Âf�Y�{|��Z]�,�Ì³Z»�³��À¯YÁ�®Ë��{eÊ»��ËY�§Y��|]ZË��

ëê�� ���ŢŝŚŧ�ƽŚƯŵ�Źŵ�ƾŗżū�ƹŵ�ƩƺƬŰƯ�Ʀƿ�ŹŵT�ŹŚƄƟ�ƹ��P��ƶºƐŝřŹ�ƢŞƏ�ƩƺƬŰƯ�ƶŤǀſŚĭƺƟ��1 2 1 2Lnf Ax Bx Cx x  �
Ţſř�ƵŶƃ�Ƶŵřŵ���ŢŝŚŧHenry�Ōżū�ƽřźŝ��æ����Ţſř�ƭřŶƧC, B, AƴŤƀƷ�ƾŤŝŚŧ�ŵřŶƗř�Ŷ� 

���B
exp A

2
 

 
 

���� exp A B���� exp B C���� exp A C�



�
�
�

ëë�� �����ŢŝŚŧ�ƉźƗ�Śŝ�ƽŶƘŝƹŵ�ƩŚƳŚƧ�Ʀƿ�Źŵ�śōh�Ţųřƺƴƨƿ�ŢƗźſ�ƹ�UƾƯ�ŹƺŞƗ��ŶƴƧ��ŚƳŚƧ�ƽƺƳřŻ�Ʀƿ�Ʃ90ŵŹřŵ�ƶūŹŵ���
��ƾƯ�ŜŞſ�ƶƧ���ƢŝŚƐƯ�ƾūƹźų�Źŵ�ƩŚǀſ�ŢƗźſ�ƪǀƟƹźě��ŵƺƃ�ŵƺºƃ�ƾƐų�ƪƨƃ�����Ʊō�Źŵ�źºĭřmax minv 2v���ŶºƃŚŝ�

minv��Ţſř�ƭřŶƧ��ŶǀƴƧ�ƉźƟ�ƮƧřźţ�ƪŝŚƣźǀƛ�ƹ�ŚƿŚě�řŹ�ƱŚƿźū� 

���1
U

2
����3

U
2

�

���2
U

3
����1

U
3

�

�
ëì� �������ŢŝŚŧ�ŢƗźſ�Śŝ�ƶŰƠƇ�ƪƨƃ�ƢŝŚƐƯv������ƶƬƇŚƟ�Śŝ�źĮƿŵ�ƶŰƠƇ�ƹŵ�ƱŚǀƯ�Źŵ�hŵƺƃ�ƾƯ�ƵŶǀƄƧ�źĮƿŶƨƿ�Żř����h�ƾƬǀų�

�ƾƯ�ƦģƺƧ��ŶƃŚŝ�����������Ţūżƫ�Śŝ�ƾƫŚǀſ�ƶŰƠƇ�ƝźƏ�Ʀƿ�źĭř��������Ţūżƫ�Śŝ�źĮƿŵ�ƝźƏ�Źŵ�ƹ�k�����ƾƳŚǀƯ�ƶŰƠƇ�ƱŚƨƯ��ŶƃŚŝ�
ŵźǀĭ�Źřźƣ�ŚŬƧ�Źŵ��ŶƃŚŝ�ƪƣřŶů��ƶŰƠƇ�ƽƹŹ�źŝ�īŹŵ�ƽƹźǀƳ�Śţ� 

���1 k
y

h 1





����h2

y
3 1 k

 
  

 
 

�

���1 k
y

1 h





����h

y
1 k




�
�

ëí�� ���ƩŚǀſ�ŢƗźſ�ƽŶƘŝƹŵ�ƱřŶǀƯ����šŹƺƇ�ƶŝ�� V x y i 5 j   
 ������ƶƧ��Ţſř�ƵŶƃ�Ƶŵřŵ�i


��ƹ�j


�ŢƸū�ƶƨƿ�ƽŚƷŹřŵźŝ�x�
�ƹyŶƴŤƀƷ���řŶŤŝř�Źŵ�ƩŚǀſ�ƶŤǀƀƳřŵ�źĭř�0�ƶŤǀƀƳřŵ�šřźǀǀƜţ��ŶƃŚŝ��Ţſř�ƶƳƺĮģ��ƱŚƯŻ�Śŝ�ƩŚǀſ 

���t
0e  ����t

0e  ����0  ����0 ln t  �

ëî� ŝƹŹ�ƪƨƃ�ƢŝŚƐƯ�ƾĭŹżŝ�ƱżŴƯ�Żř�śōƶ�ƾƯ�ƶǀƬŴţ�ƶŝŷŚū�ƽƹźǀƳ�źǀŧŚţ�ŢŰţ��ƹŹ�ŵƺƃ���ƶƬƇŚƟ�Źŵ�śō�Ţū�źƐƣ1.5�źŤƯ�
ƾŤƳŚſ�Ŷƴģ�źŝřźŝ��ƱżŴƯ�Żř��Ţſř�źŤƯ 

���5�
���6�
���2.5�
���10�

�
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ìå� ƴƯ������šŹƺƇ�ƶŝ�ƾƫŚǀſ�ƩŚƿźū�ƾƴŰ���ŶƃŚŝ�ƾƯ������źſ�ƽ�ƶƫƺƫ�ƹŵ�Żř�ƩŚǀſ�Ʋƿřƽ�����ŹƺºŞƗ��ƪƨºƃ�ƢŝŚºƐƯ�ƵŶºƃ�

ƾƯ�ŶƴƧ��ƶƴƿżĭ�ŮǀŰƇ�ƽ�Ţſř�ƭřŶƧ�Ʊō�ŵŹƺƯ�Źŵ� 

���Ê»�½Z�°Ë�,Ä·Â·�Á{��{�ÄfË�Â°�ËÁ���Âf»�|�Z]��
����Ä·Â·��{�ÄfË�Â°�ËÁ���Âf»2�Ì]�,��È·Â·��Y��e1Ê»��|�Z]��
����Ä·Â·��{�ÄfË�Â°�ËÁ���Âf»1�Ì]���È·Â·��Y��e2Ê»��|�Z]��
���{�Y{�½ZË�m�Ê]{�Ä]�Ê´f�]�,ÄfË�Â°�ËÁ��Y|¬»���

ìæ� ����������ƵŶƃ�Ƶŵřŵ�ƱŚƄƳ�ƶƫƺƫ�ƶŝ�ŵƹŹƹ�Żř�žě�ƩŚǀſ�ƱŚƿźū�źĭř����ƖƐƤƯ�Źŵ��2����������źºŝ�ŵŹřƹ�ƥŚƨƐºƇř�ƽƹźǀƳ��ŵƺƃ�ƶŤƟŚƿ�ƶƘſƺţ��
ƽŵƹŹƹ�ƶǀůŚƳ�Źŵ�ƩŚǀſ��Ţſř�ƭřŶƧ�źŝřźŝ� 

��� 2
1 2R P P ����2 2

1 2
1

R P P U
3

 
    

 
�

��� 2 2
1 2R P P U  ����2 2

1 2
1

R P P U
2

 
    

 
�

�
ìç� ���������Ţſř�ƵŶƃ�źě�śō�Żř�ƶưǀƳ�Śţ�ƪƨƃ�ƢŝŚƐƯ�ƾƳżŴƯ���Ư�Ʋƿř���Ŝǀƃ�ŮƐſ�ƽƹŹ�ƱżŴ��������ƶƿƹřŻ�ƢƟř�Śŝ�ƶƧ�Źřŵ�ƾƯ�������Śºŝ�ŵŻŚºſ

�ŢŝŚŧ�ŢƗźſvƾƯ�ŢƧźů�ǇŚŝ�ƶŝ��ŶƴƧ��ƶƿƹřŻ�Ŝǀƃ�ŮƐſ�Śŝ�ƖƿŚƯ�ŮƐſ�ƶƧ�ƽř��ƾƯ�Źřŵ��Ţſř�ƭřŶƧ��ŵŻŚſ 

���0�����

���1 cos
tan

1 sin
   
 
  

����1 cos
tan

1 sin
   
 
  

�

�
ìè� ƵŻřŶƳř�ŢƸū�ƶƴƧō�Żř�ƵŶƃ�źě�źŤƀŝ�ƾƫŚų�ƽŚƌƟ�Ōżū�ƽźǀĭ��Śţ�řŹ�Ʊō��źƿŻ�ƪƨƃ�Źŵ�ƵŶƃ�Ƶŵřŵ�ƱŚƄƳ�ŵŚƘŝř�Śŝ�ƽƹźƧ�ƽŚƷ

�ƶƴƧō�ƽǇŚŝ�����������ƾƯ�ƶǀƬŴţ�řŹ�śō�žĜſ�ƹ�ƵŵƺưƳźě�śř�Żř�ŚƷ��ƮǀƿŚưƳ��������ƵŶƃ�ƶǀƬŴţ�śō�ƮŬů�źĭř33
m

4

�ŶƃŚŝ������ƽŚºƌƟ�Ōżū
ƭřŶƧ��źŤƀŝ�ƾƫŚų��Ţſř�Ʀƿ 

���1

6
����1

3
�

���1

2
����3

4
�

�

ìé� ���������ƩŚǀſ�Ʀƿ�Żř�ƾƳŚƿźū�Źŵ�ƪƨƃ�ƢŝŚƐƯ�ƾĭŹżŝ�ƶŰƠƇ
3

kg
1

m

 
  
 

ĭ�Źřźƣ�Ţſř�ƶŤƟź���ŵŹřƹ�ƶŰƠƇ�źŝ�ƹźǀƳ�ƲţƺǀƳ�Ŷƴģ
ƾƯ��ŵƺƃ 

���0.125�
���0.1875�
���0.375�
���0.5�

�



�
�

 

�� �µZ��É��Y����Â°À¯�½Â»�M�����
 

ìê�����ƾŝŵ�Śŝ�ƾƫŚǀſQ���Ŝǀƃ�ŮƐſ�ƽƹŹ�������ƶƿƹřŻ�Śŝ�ƽŹřŵ�����ƾƯ�ƶŤŴƿŹ�ŚƿŚě�Ǝƿřźƃ�Źŵ����������Ǝƿřźºƃ�Źŵ�ƩŚǀſ�ƶƿǇ�ŢƯŚŴƋ��ŵƺƃ
�ƩŚǀſ�ƶŤƿŻƺƨƀƿƹ��Ţſř�ƭřŶƧ�ƶŤƟŚƿ�ƶƘſƺţ�Ʊō�ƶŤǀƀƳřŵ�ƹ�ƾƯ��ŶƃŚŝ� 

���
1

32 Q

g sin

 
 
  

�����
1

33 Q

g sin

 
 
  

�

���
1

42 Q

g sin

 
 
  

�����
1

43 Q

g sin

 
 
  

�

ìë� ���������ƶƫƺƫ�Żř�ŹƺŞƗ�Źŵ�ƩŚǀſ�ƶŤƿŻƺƨƀƿƹ�šřźǀǀƜţ�źĭř��Śŝ�������šŹƺƇ�ƶŝ�ŚƿŚě�ƹ�ƭřŹō�ƱŚƿźū A exp Bz �����ŹŚºƄƟ�ŢƟř��ŶƃŚŝ�
Śŝ�Ţſř�źŝřźŝ� 

���
4

128QL

D




���� 4

128QA
exp BL

D
�

��� 4

128QL A
exp BL

BD
���� 4

128 A
exp BL 1

BD
  


��

ìì� ��ƶŤǀƀƳřŵ�Śŝ�řƺƷ
3

kg
1

m
�ƩƺƏ�ƶŝ�ƾƬǀƐŤƀƯ�ƖƐƤƯ�ŮƐſ�Śŝ�ƾƫŚƳŚƧ�ƱƹŹŵ�Żř�2�ƉźƗ�ƹ�źŤƯ�1ƾƯ�ŹƺŞƗ�źŤƯ���ŶºƴƧ����źºĭř

���ƩŚƳŚƧ�ƩƺƏ100������ƾſŹřŵ�ƥŚƨƐƇř�ŜƿźƋ��źŤƯ�0.01�����řƺƷ�ƾưŬů�ƾŝŵ�ƹ
3m

10
sec

�ŶƃŚŝ���������Ŷƴģ�ƩŚƳŚƧ�Ʋƿř�Źŵ�ŹŚƄƟ�ŢƟř

��Ţſř�ƩŚƨſŚě
2

m
g 10

s

 
 

 
 

���1.125����5.125����11.25����22.5�

ìí� ����������������ƭřŶƧ��ŵƺƃ�Ěưě�ĥƺƠƿźŤƳŚſ�Ěưě�Ʀƿ�Ǝſƺţ�Ɓƺū�ƩŚů�Źŵ�śō��ŹŚŴŝ�Ĭƿŵ�Ʀƿ�Żř�Ţſř�Źřźƣ����ƶƴƿżĭ�Żř�Ʀƿ����źƿŻ�ƽŚƷ
ŜſŚƴƯ�řźūř�ƽřźŝ��Ţſř�źţ 

���1�
���2�
���3�
���4�

�
ìî� ����������������������źºǀǀƜţ�ƶºƳƺĮģ�Ŝºǀţźţ�ƶºŝ�īŹŵ�ƽƹźºǀƳ�ƹ�īŹŵ�ŜƿźºƋ��ŶƯŚū�ƽƹźƧ�Ʈƀū�Ʀƿ�ƽƹŹ�ƱŚƿźū�ŻŶƫƺƴƿŹ�ƂƿřżƟř�Śŝ

ƾƯ��ŶƴƴƧ 

�����ËY�§Y�,�ËY�§Y������ËY�§Y�,�ÅZ¯�����ÅZ¯�,�ÅZ¯����d]Zi�,�ÅZ¯�

íå� ƶƳřƺŤſř����������������ƕŚƠţŹř�ƝǈŤųř��ƩƺƸŬƯ�ƾƫŚĮģ�Śŝ�ƩŚǀſ�Ʀƿ�ƹ�śř�Źŵ�ƪƨƃ�ƢŝŚƐƯ�ƽřh���ƾƯ�ƱŚƄƳ�řŹ���ŶƷŵ�����ƩŚǀºſ�ƾƫŚĮģ
�Ţſř�ƭřŶƧ 

���h
S

L


����L

S
h




�

���1
S

h
1

L






����1
S

h
1

L






�

�



�
�
�

íæ� ƾưŤƀǀſ�ŻŚŝ�ŹřŶƯ�ƪƿŶŞţ�ƖŝŚţ�Ţſř�źƿŻ�šŹƺƇ�ƶŝ�� 

 
 

 

K s 1
G s

s 2s 1




�

��¿Z¯�§��{rad
3

min
 ��Y{Â¼¿�\¿Zn»�\Ì��,Bode.d�Y�¹Y|¯�,�

���3����2����1�����¨��

íç� ���ƶƄƿŹ�ƾſŶƴƷ�ƱŚƨƯ�ŹřŵƺưƳ���ƶƫŵŚƘƯ�ƽ���ƶƈŴƄƯ�ƽ����������ƵŶƃ�Ƶŵřŵ�źƿŻ�ƪƨƃ�Źŵ�ƾưŤƀǀſ�ƽŢſř��������ƾºƿřźǀƯ�ŜƿźºƋ�źºĭř

�ƶŤƀŝ�ŹřŶƯ�ƮŤƀǀſ2

2
 ƵźƸŝ��ŶƃŚŝ���Ţſř�ƭřŶƧ�źŝřźŝ��źƫźŤƴƧ�ƽ 

���K 2�
���K 4�
���K 5�
���K 6�

�

íè� ƶŞƘū�ŹřŵƺưƳ�ƽřźŝ�Śţ��źƿŻ�ƽř�ƽŵƹŹƹ�ƶŝ�ƾūƹźų�ƩŚƤŤƳř�Ɩŝy

x
 
 
 

�Ţſř�ƭřŶƧ�� 

���1 2

1 1 2 2

G Gy

x 1 G H G H


 
�

���  1 1 2 2

1 1 2 2

G H G Hy

x 1 G H G H


 
�

���1 2

1 2

H Hy

x 1 G G


 
�

���1 1 2 2

1 1 2 2

H G H Gy

x 1 G H G H




 
�

�
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�� �µZ��É��Y����Â°À¯�½Â»�M�����
 

íé�� ƶŤƀŝ�ŹřŶƯ�ƮŤƀǀſ�Źŵ�Ʊō�ƽřźŝ��źƿŻ�ƽ�ƶǀƃŚů�ƶƧ��ƵźƸŝ�ƽ(Gain Margin)���źŝřźŝ2ƵźƸŝ��ŶƃŚŝ���ƽK��ŹřŶºƤƯ�ƶģ�
�ŶƃŚŝ�ŶƿŚŝ 

���2

3
����3

2
�

���1

2
����1

3
��

íê�� �źĭř��źƿŻ�ŹřŶƯ�ŹŵRƶƬě�źǀǀƜţ�Ʀƿ����Ţſř�ŮǀŰƇ�šŹŚŞƗ�ƭřŶƧ��ŶƴƧ�ƽř 

��
���Ã�Æ]��{�,Äf�]��Y|»�ºf�Ì��d�Y�µ�fÀ¯�d§Y�½Á|]�Á��Y|ËZa�,�·�fÀ¯�ÓZ]�ÉZÅ��
���Ã�Æ]��{�,Äf�]��Y|»�ºf�Ì���d�Y�µ�fÀ¯�d§Y�½Á|]�Á��Y|ËZa�,�·�fÀ¯�¾ÌËZa�ÉZÅ��
���Ã�Æ]��{�,Äf�]��Y|»�ºf�Ì��ËZa�,�·�fÀ¯�¾ÌËZa�ÉZÅd�Y�µ�fÀ¯�d§Y�ÉY�Y{�Á��Y|��
���Ã�Æ]��{�,Äf�]��Y|»�ºf�Ì��Ê»�µ�fÀ¯�d§Y�ÉY�Y{�Á��Y|ËZaZ¿�,�·�fÀ¯�ÉÓZ]�ÉZÅ�|�Z]��

íë�� �źĭř��źƿŻ�ŹřŶƯ�ŹŵRƶƬě�źǀǀƜţ�Ʀƿ��ƹ��ŶƴƧ�Ŷůřƹ�ƽř e t�ŹřŶƤƯ��ŶƃŚŝ�ŚƐų�ƩŚƴĮǀſ�2

0
e dt



�Ţſř�ƭřŶƧ�źŝřźŝ�� 

���1

4K
����1

3K
�

���1

K
����1

2K
��

íì� ƾưŤƀǀſ�ŻŚŝ�ŹřŶƯ�ƪƿŶŞţ�ƖŝŚţŻ�šŹƺƇ�ƶŝ�Ʊō�ŢƀǀŗƺƨǀƳ�ŹřŵƺưƳ�ƹ��Ţſř�ƾƯƺƷƺƯ�ŹƺŰƯ�ŢſřŹ�ƝźƏ�ŜƐƣ�ŶƣŚƟ��ƿ�ź
Ţſř��ŞƗ�ƭřŶƧ�Ţſř�ŮǀŰƇ�ƶŤƀŝ�ŹřŶƯ�ƮŤƀǀſ�ŵŹƺƯ�Źŵ�šŹŚ 

���d�Y��Y|ËZa��
���d�Y�É�Y|ËZaZ¿���»��{��
���d�Y��Y|ËZaZ¿�ÊÅZ³�Á��Y|ËZa�ÊÅZ³��
���d�Y��Y|ËZaZ¿��

�
íí�� ƶƫŵŚƘƯ�ƶƧ�ƾưŤƀǀſ�ƽřźŝ�ƶƈŴƄƯ�ƽ�Ţſř�ŮǀŰƇ�šŹŚŞƗ�ƭřŶƧ��Ţſř�ƹźŝƹŹ�šŹƺƇ�ƶŝ�Ʊō�ƽ�� 

4 3 2s 2s s 4s 2 0     
�����®Ë�ÉY�Y{ËÄ��Éd�Y�Ã|ÀÀ¯�Y|ËZaZ¿�������Ä�Ë��Á{�ÉY�Y{�d�Y�Ã|ÀÀ¯�Y|ËZaZ¿�É��
�����Ä��ÉY�Y{ËÄ�d�Y�Ã|ÀÀ¯�Y|ËZaZ¿������d�Y��Y|ËZa�Ã�YÂ¼Å��

íî� �ŶƿŚŝ��ƶŤƀŝ�ŹřŶƯ�ƽŹřŶƿŚě�ƽřźŝ��źƿŻ�ŹřŶƯ�ŹŵcK�ŶƴƧ�ƲǀƯŚţ�řŹ�ƍźƃ�ƭřŶƧ� 

���cK 3����cK 2�
���cK 2����cK 2 2�

�



�
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îå� ���������ƾºƴƘƿ��ŶºƴƧ�źºǀǀƜţ�ƱŚƯŻ�Śŝ�ƾƐų�šŹƺƇ�ƶŝ�ŹźƤƯ�ŹřŶƤƯ�źĭř�źƿŻ�ŹřŶƯ�Źŵ R t t�����ƩźºŤƴƧ�ŢºƟř�ŹřŶºƤƯ��ŶºƃŚŝ�
 off set�Ţſř�ƭřŶƧ�źŝřźŝ� 

���¨������1�
���2����Ê]�dËZÆ¿�

�
îæ� �������ƶŤſƺǀěŚƳ�ŹƺŤƧřŹ�Ʀƿ�Źŵ�źƿŻ�ƂƴƧřƹ(batch)���ƵŶƿř�ƽŚƯŵ�ƮƷ�����ƾƯ�ƭŚŬƳř�Ʃō�ŵźƿŸě���ƪƯŚƃ�ŚƸƴţ�ƶǀƫƹř�ƥřŹƺų�ƶĤƳŚƴģA�

�ŢƔƬƛ�Śŝ0C��Ţſř�ƭřŶƧ�ŹƺŤƧřŹ�ƩŚƤŤƳř�ƖŝŚţ��ŶƃŚŝ��ƂƴƧřƹ�ƾƯŚưţ��ŚƷƾƯ�ƾŤƄĭźŝźǀƛ�Ʃƹř�ƶūŹŵ�ŶƴƃŚŝ� 

��� 
0

A s
1 2

C
C

s k k


 
��������������� 

0
A s

1 2 3

C
C

s k k k


  
�

��� 
0

A s
1 2 3

C
C

s k k k


  
���������� 

0
A s

1 2 3

C
C

s k k k


  
��

îç� ƶƬě�ŲſŚě��ƩŚƤŤƳř�ƖŝŚţ�Śŝ�ƾưŤƀǀſ�ƽřźŝ�Ŷůřƹ�ƽř
2se

s 2




�Ţſř�ƭřŶƧ� 

���   t 40.5 1 e u t 2 
 ����   2t 40.5 1 e u t 2 

 �

���    
2t 40.5 1 e u t 2 

 ����   4t 40.5 1 e u t 2 
 �

îè� ����źƫźŤƴƧ�Ʀƿ�ŹŵPID�����������ƽŵƹŹƹ�ƽŚºƐų�ƽřŻř�ƶºŝ�źƫźŤƴƧ�Żř�ƾūƹźų�� t t ��������Śºŝ�Ţºſř�źºŝřźŝ�  2C t 3 2t 4t  �
�ƽŚƷźŤƯřŹŚě�źƫźŤƴƧ c 1 DK , , �Ţſř�ƭřŶƧ� 

��� 1,2,0.25���� 2,1.5,0.25���� 1,1.5,2���� 2,1.5,4�

îé� Ɩƿźſ��źƿŻ�ƭƹŵ�ƶūŹŵ�ŻŚŝ�ŹřŶƯ�ƮŤƀǀſ�Źŵ��Żř�ƽŹřŶƤƯ�ƶģ�ƽřŻř�ƶŝ�ƾƳŚſƺƳźǀƛ�ŲſŚě�ƲƿźţBƾƯ�ƪƇŚů��ŵƺƃ� 

2 3 2

K

4s B s B 
 

���1����3 4����2����4�

îê� ƾƯ�ƖƐƣ�řŹ�ƾƯƺƷƺƯ�ŹƺŰƯ�ƍŚƤƳ�ƭřŶƧ�Źŵ��źƿŻ�ƖŝŚţ�ƾſŶƴƷ�ƱŚƨƯ��ŶƴƧ 

  

K
1 GH 1 0

s s 1 2s 1
   

 
�

���j����j

3
����j 2����j

2
�



�
�
�

îë� �šŹƺƇ�ƶŝ�ƾƫŵŚƘţ�ƾƴŰƴƯy mxŢſř�ŵƺūƺƯ���ƶƐŝřŹ��ƽ
OL L G

1 1 1

F F mF
 ŢƫŚů�ƭřŶƧ�Źŵ��Ţſř�ŮǀŰƇ�� 

���BN 0|�Z]�������i

i

N 0�

���d�Y�tÌv��Ã�YÂ¼Å������|]ZË�µZ¬f¿Y�L�m�®Ë��¬§�,|�Z]�ÊW�m|Àq�ºf�Ì���³Y��

îì� ���ƶƴƧō�Żř�ƵŶƴƧō�ũźŝ���ƽŚƷ(packing)�ĬƴǀƃřŹ��śŸū�ƽřźŝ�ƹ��Ţſř�ƵŶƃ�źě�ƾĤƴƿř�Ʀƿ�ĬƴƿŹ2H S�Źŵ�ƾƘǀŞƏ�ŻŚĭ�Żř��
��ƾƯ�ƵŵŚƠŤſř�śō��ŵƺƃ����������ƶƴƧō��Ţſř�ƵŶƃ�ŵŚƸƴƄǀě�ũźŝ�ŹŚƄƟ�ŢƟř�ƂƷŚƧ�ƽřźŝ����������ƲƿżĮƿŚºū�ƾºĤƴƿř�Ʀƿ�ĬƴƿŹ�ƩŚŝ�ƽŚƷ

ƶƴƧō����ŵƺƃ�ŵƺūƺƯ�ƽŚƷ���ƺƇ�Źŵ��������ƾŝŵ��ŹŚƄƟ�ƹ�ŚƯŵ�ƱŶƳŚƯ�ŢŝŚŧ�šŹ���������ũźºŝ�ƶºŝ�ƽŵƹŹƹ�ƖƿŚƯ�ƹ�ŻŚĭtoGN�����źºǀǀƜţ�ƶºƳƺĮģ�
ſ�ƱĥƹŹŶǀƷ�ŢƔƬƛ��ŵźƧ�ŶƷřƺų�Ţſř�ƱŚƀƨƿ�ũźŝ�ƹŵ�źƷ�Żř�ƾūƹźų�ƹ�ƽŵƹŹƹ�ŶǀƠƫƺ 

���20d§ZË�|ÅYÂy��ËY�§Y�|��{������50d§ZË�|ÅYÂy��ËY�§Y�|��{���
���20d§ZË�|ÅYÂy��ÅZ¯�|��{������{�¯�|ÅYÂz¿�É�ÌÌ¤e��

îí� �����ƖƿŚƯ�ƹ�ŻŚĭ�ŻŚƟ�ƾƫŵŚƘţ�ƶƐŝřŹ����šŹƺƇ�ƶŝ�A AP 4000x�ƾƯ������ƶƧ��ŶƃŚŝAP������Ŝºƀů�źºŝ�kPa�����Ţºſř�ƵŶºƃ�Ƶŵřŵ����Źŵ
ƶƐƤƳ�������ũźŝ�Żř�ƽřAP�������ƹ�ŻŚĭ�ŻŚƟ�ƦƫŚŝ�Źŵ�Ax����������Śŝ�źŝřźŝ�Ŝǀţźţ�ƶŝ�ƖƿŚƯ�ŻŚƟ�ƦƫŚŝ�Źŵ�30kPa���ƹ�0.007kPa��Ţºſř�����źºĭř

3 3
G x2 2

kmol kmol
k 1 10 , k 4 10

m .s.kPa m .s

 
   �Ōżū�ƾŗżū�ŹŚƄƟ��ŶƃŚŝ�A��ľŚŞƿźƤţ��ƖƿŚƯ�º� ŻŚĭ�ŽŚưţ�ŮƐſ�Źŵ�

�Ţſř�ƩŚƨſŚě�ƺƬǀƧ�Ŷƴģ 

���25.3����30����35.1����39.3�

îî� ����Żř�ƪƨƄŤƯ�ƾƫŚǀſ3��ŌżūC, B, A����ŢƸū�Źŵ�Z���ƾƯ�ŢƧźů�ƩŚů�Źŵ��ŶƃŚŝ������������ƶºŝ�řżºūř�ƾƘºƋƺƯ�ŢƔƬƛ�ƶƧ�ƾţŹƺƇ�Źŵ
��Ŝǀţźţ4,3, 2���ƾŤƳŚſ�źŝ�ƩƺƯ������źſ�ƹ�ŜƘƨƯ�źŤƯ�Ŝǀţźţ�ƶŝ�Ōżū�źƷ�ƢƬƐƯ�ƾƘƋƺƯ�ŢƗ2

,2
3

�ƹ�1ƾŤƳŚſ����ƶºǀƳŚŧ�źŝ�źŤƯ
�Ōżū�ƽŷƺƠƳ�ƾƘƋƺƯ�ŹŚƃ��ŶƃŚŝ BB JŚŝ�Ţſř�źŝřźŝ�� 

���4

9

����4

9
����12

9

����12

9
�

 
�|uYÁ�cZÌ¸¼��Á�¹�m�µZ¬f¿Y�Á�� 
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æåå� ���Ɩƿźſ�ƂƴƧřƹA B C �����ƾƯ�ƭŚŬƳř�ŻŚĭ�ŻŚƟ�Źŵ����ŵƺƃ����ƶƐŝřŹGF����ƭźū�ƩŚƤŤƳř�ƾƯƺưƗ�ŜƿźƋ���ŚŝGK��ƭřŶºƧ�źŝřźŝ�
�Ţſř 

���G G B,MF k .P�����G
G

B,M

k
F

P
�

��� A2 A1 G
G

t A1

t A2

P P k
F

P P
Ln

P P








����� A2 A1 G
G

t A2

t A1

P P k
F

P P
Ln

P P








�

æåæ� �ƽŚƿŚě�ŷƺƠƳ�ƽřźŝA�Źŵ�B�ƲƧŚſ� BN 0ŻŚĭ�ŢƫŚů�Źŵ���ƖƐƤƯ�ŮƐſ�Śŝ�ƲǀŝƺƯ�ƶƫƺƫ�Ʀƿ�Źŵ�ƽ�ƾƫƺƯ�źƀƧ�ƶƧ�ŢŝŚŧ
A��Ʊō�ƝźƏƹŵ�A1y�ƹ�A2yŢſř���ƾƯ�ƱŚƄƳ�ŮǀŰƇ�řŹ�ŢƔƬƛ�ƖƿŻƺţ�ƪƨƃ��ƶƴƿżĭ�ƭřŶƧ��ŶƷŵ 

���
�

���
�

���
�

���
�

æåç� ƶŝ�ƩŵŚƘţ�ƾƴŰƴƯ��ƖƿŚƯ�º�ŻŚĭ�ƮŤƀǀſ�Ʀƿ�Źŵ��šŹƺƇy 2.5xŢſř�ƵŶƃ�Ƶŵřŵ����źĭř60�ŻŚƟ�Źŵ�ƪƧ�ŢƯƹŚƤƯ�ŶƇŹŵ�

�ŢŞƀƳ��ŶƃŚŝ�ƖƿŚƯy

x

k

k
�Ţſř�ƭřŶƧ�źŝřźŝ� 

���0.6����0.4����1

0.4
����1

0.6
�

æåè� ����Ōżū�ƭźū�ƩŚƤŤƳřA��ŚƟ�Żř��������ƾƯ�šŹƺƇ�ƖƿŚƯ�ŻŚƟ�ƱƹŹŵ�ƶŝ�ŻŚĭ�Ż������Ōżū�ƩƺƯ�źƷ�ƩŚƤŤƳř�ŌřŻř�ƶŝ�ƶƧ�ƽƺŰƳ�ƶŝ��ŵźǀĭA��ŻŚºƟ�ƶŝ�
�ƆƫŚų�ƖƿŚƯ�ŻŚƟ�Żř�ƩƺƯ�ƹŵ�ƖƿŚƯBƾƯ�źǀŴŞţ��ŵƺƃ��ŢƔƬƛ�Ʋǀŝ�ƍŚŞţŹř��Ţſř�ƭřŶƧ�ŻŚƟ�ƹŵ�Ʋǀŝ�ŽŚưţ�ŮƐſ�ƽŚƷ 

���   

L

G

F

FAG
AL Ai

Ai

1 y
1 x 1 x

1 y

 
    

 
���� 

L

G

F

FAi
AG Ai

AL

1 x
1 y 1 y

1 x


 

    
 

�

���   

L

G

F

FAL
Ai AG

Ai

1 x
1 y 1 y

1 x

 
    

 
����   

LF
AG

Ai AL
Ai

1 y
1 x 1 x

1 y

 
    

 
�

æåé� ƶƐƤƳ�Śŝ�ęƹźţƺŗŻō�źĮƳŚƄƳ��ƾƴŰƴƯ�ƭřŶƧ��Ţſř�ƮưƿżƧŚƯ�Ɓƺū�ƽ 

���a�
���b 

���c�
���d �
æåê� ��ƾŝō�ƽŚƷźƫƺƧ�Źŵ��ƾƯ�ƶƳƺĮģ�����������ƱŶºƃ�Ţºųřƺƴƨƿ�Żř�žºě��źƫƺºƧ�šŚƗǈƏř�Żř�řŹ�ŻƹŹ�ƽřƺƷ�ƍƺŝźƯ�šŹřźů�ƶūŹŵ�Ʊřƺţ
ƶŝ��ŵŹƹō�Ţſŵ 

���Ê�]��Ê]M��·Â¯�cZ�Ô�Y{�Y|¿�YÂÅ�[Â��»�c�Y�u�Äm�{�Ä]���
���Y�u�Äm�{��»�c�Y�u�Äm�{�,�·Â¯�Ê¿Á�{�[M�c�Â[Ê»�YÂÅ��|�Z]��
���Ê»�YÂÅ�[Â��»�c�Y�u�Äm�{�½Z¼Å�,�·Â¯�ÊmÁ�y�ÉYÂÅ�c�Y�u�Äm�{�|�Z]��
���Ä¸�Z§��Á�®�y�c�Y�u�Äm�{�É�[Â��»d�Y�Ä^�Zv»�¶]Z«�Ê^Ë�¬e��Â��Ä]�Á�d�Y�½Z»���Y�¶¬f�»��



�
�

 

�� �µZ��É��Y����Â°À¯�½Â»�M�����
 

æåë� ��ŚƤŤƳř�ƾƬƧ�ŜƿźƋ�������ƶŤƿŻƺƨƀƿƹ�Śŝ�ƾƘƿŚƯ�ƽřźŝ�šŹřźů�Ʃ10P����ŵƹŶů�Źŵ�
2

Btu
120

ft .h. F
�ƾƯ���ŶƃŚŝ�������ƶºģ�ƖƿŚƯ�Ʋƿř�ƽřźŝ

ƵŶƴƴƧźǀŴŞţ�ƾƯ�ŵŚƸƴƄǀě�řŹ�ƽř��ŶǀƴƧ 
���Falling-film�����Long-tube vertical with forced circulation�
���Long-tube vertical with Natural circulation����Agitated-film�

æåì� ƭřŶƧ�Źŵ���źƿŻ�šǇŚů�Żř�ƦƿL

V
�ƩŵŚŞţ�Ǝų�Ŝǀƃ�Śƿ�(Operating line)ƾƯ��ũźŝ�ƩƺƏ�Żř�ƂŴŝ�Ʀƿ����Śºŝ�ƽƹŚƀƯ�ŶƳřƺţ

�ŶƃŚŝ�Ʀƿ 
����Ìz^e�c|��½{Â]�{ZË��d·Zu��{�,Ä¯Y�Ây�®Ë�w�]����|�Z]�¶«Y|u�d�³�]�d·Zu��{�k�]��
���¯Y�Ây�Á{�k�]��{¹Á{�µ{Z^e��y�,Ä����Ä]���Á�¾ËY�Êf·Zu�pÌÅ��{�Ê¼¿�{ÂmÁ�|ËM��

æåí� �ƁǈƟ�źǀŴŞţ�ƪưƗ�Żř�ƪƇŚů�ŹŚŴŝ�ƾƿżū�ƩƺƯ�źŨƧřŶů(Flash vaporization)�ƾƿżū�ƩƺƯ�Śŝ�ƾŗżū�ƹŵ�ƾƧřŹƺų�ƽřźŝ�
0.2�ŢŝŚŧ�ŢƿŹřźƟ�ŜƿźƋ�ƹ�4.0�Ţſř�ƭřŶƧ�� 
���0.2����0.5����0.75����1.0�

æåî� �ƖƿŚƯ�º� ƖƿŚƯ�ũřźŴŤſř�ƮŤƀǀſ�Ʀƿ�Źŵ��ƾţŹƺƇ�ƶģ�Źŵ�ƾƯ�ũřżŤƯř�ƪŝŚƣźǀƛ�Ʊō�Ōżū�ƹŵ�ƶƧ����ƾºƯ��ŶƴºƃŚŝ����ƶºŝ�Ʊřƺºţ
�ƽŻŚſřŶū100�ŢƟŚƿ�Ţſŵ��ŶƇŹŵ� 

���Ê]�µÔu��Y|¬»�dËZÆ¿|�Z]��¨��½M��{�Ã|¿Â�Y|m�L�m�d�¸£�Á���
���Ê]�Ê¨À»�cZÌ¸¼���y�\Ì��Ã|¿Â�Y|m�L�m�d�¸£�Á�dËZÆ¿,|�Z]��¨����
���|�Z]��¨��,ÊeZÌ¸¼���y�\Ì���
���Ê]�,µÔu��Y|¬»�|�Z]�dËZÆ¿��

ææå� ƦƄų�ƾƴŰƴƯ�Źŵ�ŻŚĭ�ŹƺŞƗ�Śŝ��šřŶƯŚū�ƱŵźƧ� 
���Ä�¬¿��Cd�Y��Z³��Z§��ËY����]Ze��¬§���
���Ä�¬¿��ÉCd�Y�|»Zm��Z§��ËY����]Ze��¬§���
���Ä�¬¿��ÉC½Z�¿��Ã|ÀÅ{�d�Y�|»Zm�¶»Z¯�½|��®�y�É��
���Ä�¬¿��ÉC½Z�¿��d�Y��Z§�Á{�¾Ì]�µ{Z e�Ã|ÀÅ{���
æææ� ����ƍƺƬŴƯ�ƶƧ�ƾţŹƺƇ�Źŵ2CO�ƹ�2H O�ŚºưƳ�Ʀƴų�źƠƀưţř�Ʀƿ�ŢŝŚŧ�ŹŚƄƟ�ŢŰţ�řŹ�ƕŚŞƃřźǀƛ�ƶºƴƿżĭ��Ʈǀƿ���ŮǀŰºƇ�ƽ

�Ţſř�ƭřŶƧ 
���Ê¼¿��ÌÌ¤e�{ÂmÂ»�[M��Zz]�½Y�Ì»�,�Z^�Y�Ä�¬¿��Y�¶^«�Ze�Ê»��ÅZ¯�[Â��»�c�Y�u�Äm�{�Ê·Á�,|À¯�|]ZË��
���Ê»��ÅZ¯��Â¸z»�ºÀ^��Ä�¬¿�,�Z^�Y�Ä�¬¿��Y�¶^«�Ze�Ê»�Ê«Z]�d]Zi�[Â��»�c�Y�u�Äm�{�Ê·Á�,|]ZË�|¿Z»��
����Â�z»�Êb·Zf¿M�,�Z^�Y�Ä�¬¿��Y�¶^«�ZeÊ»��ÌÌ¤e��Ê»�Ê«Z]�d]Zi�[Â��»�c�Y�u�Äm�{�Ê·Á�,|]ZË�|¿Z»��
���Ä�¬¿�Á��ËY�§Y��Â¸z»�Ê^�¿�d]Â���,�Z^�Y�Ä�¬¿��Y�¶«�Ze�Ê»��ÅZ¯�ºÀ^��É�|]ZË��
ææç� ��ƾƴŰƴƯN-XY������������ƶƴƿżĭ�ƭřŶƧ�Ţſř�źƿŻ�ƪƨƃ�ƶŝ��ŶƯŚū�Ʀƿ�Żř�Ʃǈů�Ǝſƺţ�ũřźŴŤſř����������ƪƨºƃ�Ʋºƿř�ŮǀŰºƇ�ŮǀƋƺţ�

ƾƯ���ŶƃŚŝ 
�������Ê·{Z e�Ä¸u�»�®Ë�{ZnËY�Z]�Ê»�,��������������¶/¬fÀ»�µÔ/u�Ä/]�Y��Ã|¿Â��¶¬fÀ»�Ã{Z»�¹Z¼e�½YÂe

{�¯��
�������������������iY�d�]��Â�y�ÉÁ��c�Y�u�Äm�{�Á�Äf�Y|¿�{ÂmÁ�ºf�Ì��¾ËY��{�Êv���[~m

d�Y�Äf�Y{��
����d�]��Â�y�ÉÁ��ºf�Ì��¾ËY��{�c�Y�u�Äm�{(Tie line)d�Y�Ã{Â]��iÂ»���
���������Ã{Â]�d�¸£��]Ze�,|»Zm��{�Ã|¿Z¼Ì«Z]��ËZ»�½Y�Ì»,v���[~m�Á����ºf/�Ì��¾/ËY��{�Ê

d�Y�Äf�Y{�{ÂmÁ��
�



�

 

�|uYÁ�cZÌ¸¼��Á�¹�m�µZ¬f¿Y��Á�� �� 

ææè� �����ƮŤƀǀſ�ƅƺƈų�Źŵ�ƾūřźŴŤſř�źǀƐƤţ�Żř�������ƾƯ�ƵŵŚƠŤſř�ƾŤƣƹ�ƾƿżū�ƹŵ�ƽŚƷ�������Ʊō�ƾƫƺưƘƯ�źǀƐƤţ�ƪưƗ�ƶƧ��ŵƺƃ����ŻŚǀƳ�ŚƷ
�Ŝǀţźţ�ƶŝ�źƐƣ�ƹ�ƕŚƠţŹř�ƽřŹřŵ�ƶƧ��ŶƃŚŝ�ƶŤƃřŵ�ƾūźŝ�ƶŝ�þþþþ�ƹ�þþþþŶƃŚŝ� 

����±��]�/�|À¸]�����º¯�/�|À¸]������Âf»�/�|À¸]����/�ÃZeÂ¯�|À¸]�

ææé� ƱŚƨƯř�ƽŻŚſřŶū�ƾŤƣƹ��ũřźŴŤſř�ƪưƗ�Źŵ��źƿŸěŢƀǀƳ�ƶƧ�X�ƹ�Y�ƾƫŵŚƘţ��þþþþŶƃŚŝ� 

���Y
1

X
����Y

1
X
����Y

1
X
����[Zzf¿Y�®Ë��Y��Ì]�É�Ë~a�

ææê� ƵŶƴƴƧźǀŴŞţ�Ʀƿ�Źŵ�ƶƬůźƯ�ƶſ�ƽ�ƶƐŝřŹ��ƽř��Ʋǀŝ�ƽT�Ţſř�šŹƺƇ�ƭřŶƧ�ƶŝ��ƶƬůźƯ�źƷ�ƽŚƷ 

���31 2

1 2 3

TT T

U U U

 
 �����1 2 3T T T    �

���31 2

1 2 3

TT T
1 1 1

U U U

 
 �����1 2 3T T T 0     �



�
�

ææë� �ƂƴƧřƹ�Źŵ�R

S
A


���ƶƐŝřŹ�A
R

0.1 0.01C
A

 
   
 

��Ţſř�Źřźƣźŝ�����������ƍƺƬŴƯ�ŹƺŤƧřŹ�Ʀƿ�ƶŝ�ƽŵƹŹƹ�ƥřŹƺų�ŢƔƬƛ�źĭř

�ƶŤſƺǀě�ƵŶƳƺƃAo
mol

C 10
lit

�ƩƺƈŰƯ�źŨƧřŶů��ŶƃŚŝ�R�Ţſř�źŤǀƫ�źŝ�ƩƺƯ�Ŷƴģ�ŹƺŤƧřŹ�Ʋƿř�Źŵ�Ŷǀƫƺţ�ƪŝŚƣ� 

���2����1.5����1����0.5�

ææì� ��ƂƴƧřƹ1

2

k

k
A B R �����ŢƗźſ�ƶƫŵŚƘƯ�ƶŝ�A 1 A B 2 Rr k C C k C  ������ƾƯ�ƭŚŬƳř�ƶŤſƺǀěŚƳ�ŹƺŤƧřŹ�Ʀƿ�Źŵ����ŵƺºƃ��

Ao Bo
mol

C C 1
lit

 ����ŢƔƬƛ�ƹ�A�����ƩŵŚƘţ�ŢƫŚů�Źŵ�mol
0.5

lit
�Ţſř�����źĭřA

mol
C 0.6

lit
������ƂƴºƧřƹ�ŢƗźºſ��ŶƃŚŝ�

A
mol

r 0.16
lit.min

 Ţſř���ŢŝŚŧ��ŢƗźſ�ƽŚƷ1k�ƹ�2k�Ţſř�ƭřŶƧ�� 

���1
1 2

lit
k 3 , k 1.5min

mol.min
 ����1 1

1 2k 1min , k 0.5min  �

���1
1 2

lit
k 2 , k 1min

mol.min
 ����1

1 2
lit

k 0.5 , k 0.25min
mol.min

 �

ææí� ��ƵŵŚƯR����������ƂƴƧřƹ�ƢŞƏ�ƶŤſƺǀě�ƵŶƳƺƃ�ƍƺƬŴƯ�ŹƺŤƧřŹ�Ʀƿ�ŹŵA R��ƾƯ�Ŷǀƫƺţ���ŵƺƃ��ƮƷ���������ƹŵ�ƂƴºƧřƹ�Ʋºƿř�Śŝ�ƱŚƯŻ
���źĮƿŵ�ƂƴƧřƹA T , A S ���ƾƯ�šŹƺƇ�żǀƳ��������ƶŤſřƺųŚƳ�ŵřƺƯ�ƶƧ��ŵźǀĭS��ƹ�TƾƯ�Ŷǀƫƺţ��ŶƳƺƃ���ŢƔƬƛ�ƶƧ�ƾţŹƺƇ�Źŵ
���ƶǀƫƹř�ƵŵŚƯAƂƴƧřƹ�Ʋƿř���ƩƺƈŰƯ�ƱŚƯŶƳřŹ�ƽƹŹ�źŝ�ƽźǀŧŚţ�ƶģ��ƮǀƷŵ�ƂƿřżƟř�řŹ�ŚƷRŢƃřŸĭ�ŶƷřƺų�������ƶºſ�źºƷ�źºĭř

�ŶƴƃŚŝ�ƾƿřŶŤŝř�ƂƴƧřƹ 

����|Ì·Âe�|��{R�|Ì·Âe�|��{�Á��ËY�§Y�S�Á�T|¿Z»�|ÅYÂy�d]Zi���
����|Ì·Âe�|��{R�|Ì·Âe�|��{�Á��ÅZ¯�S�Á�T|¿Z»�|ÅYÂy�d]Zi���
����|Ì·Âe�|��{��]�É�ÌiZeR�|ÅYÂz¿d�Y~³���
����|Ì·Âe�|��{R�|Ì·Âe�|��{�Á��ÅZ¯�S�Á�TÊ»��ËY�§Y��|]ZË��

ææî� �����źƠƇ�ƶūŹŵ�ƽŻŚĭ�ƂƴƧřƹA 4R B ����ƥřŹƺų�Śŝ�A������ƶǀƫƹř�ŹŚƄƟ�ƹ�ƆƫŚų�3���ƾƯ�ƭŚŬƳř�źƠƀưţř���ŵƺƃ����ŢƗźſ�ŢŝŚŧ
�ƂƴƧřƹatm

k 0.1
min

Ţſř���ŶƃŚŝ�ŢŝŚŧ�ƮŬů�źĭř�Żř�ŶƘŝ�ƮŤƀǀſ�ŹŚƄƟ�10�Ŷƃ�ŶƷřƺų�źƠƀưţř�Ŷƴģ�ƶƤǀƣŵ� 

���12.5����3.5����4.5����7�
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ÊËZÌ¼Ì��ÉZÅ�Âf¯Y��s���Á�®ÌfÀÌ� �� 

æçå� ����ƭƹŵ�ƶūŹŵ�ƖƿŚƯ�ŻŚƟ�ƂƴƧřƹ2A B�Ʀƿ�Źŵ�ƾƯ�ƭŚŬƳř�ƶŤſƺǀěŚƳ�ŹƺŤƧřŹ�ŵźǀĭ�����šŶºƯ�Źŵ�źºĭř10���ƞºƈƳ�ƶºƤǀƣŵ�
ƩƺƯ����ƽŚƷA����ƱŚƀƨƿ�Ǝƿřźƃ�ŢŰţ�ƶƤǀƣŵ�Ŷƴģ�Żř�ŶƘŝ��ŵƺƃ�ƝźƈƯ�ƵŶƳƺƃ�ŜǀƧźţ�90ƩƺƯ�Żř�ŶƇŹŵ����ƽŚºƷA��ƝźºƈƯ�

�Ŷƃ�ŶƷřƺų�
���25����50����90����25�

æçæ� ���ŢƄĭźŝ�Ʃƹř�ƶūŹŵ�ƂƴƧřƹ����������ŢƄĭźŝ�Ʃƹř�ƶūŹŵ�ƂƴƧřƹ�Ʀƿ�Żř�ƾƇŚų�ŢƫŚů��źƿŸěŚƳ���ƾƯ�źƿŸě���������ŢºƫŚů�Ʋºƿř�Źŵ��ŶºƃŚŝ
�ƾƫŵŚƘţ�ŜƿźƋCK�Ţſř�ƭřŶƧ� 

���Ck 0����C 1k k����C 2k k����Ck  �

æçç� �šŹƺƇ�ƶŝ�ƾƄƴƧřƹ�ŢƗźſ�źĭřA
A

A

0.5C
r

1 C
 


�Ţſř�ơŵŚƇ��Ʊō�ŵŹƺƯ�Źŵ�ƶƴƿżĭ�ƭřŶƧ��ŶƃŚŝ� 

���Ã{Á|v»��{��À¯YÁ�Äm�{��d�Y��¨��,d�¸£��Y�ÉY��
���Ã{Á|v»��{�d����d]Zi��,d�¸£��Y�ÉY�Z]��]Y�]0.5d�Y���
���Ã{Á|v»��{�d����d]Zi��d�¸£�¾ÌËZa�ÉYA�Z]���]Y�]�,0.5d�Y���
���d�Y�tÌv��{�YÂ»�Ä¼Å��

æçè� ����ƽŹƹżǀƫŚţŚƧƺţř�ƂƴƧřƹ�ƦƿA R R R  �����ŢƗźſ�ƶƫŵŚƘƯ�Śŝ�A A Rr kC C ����Ƴ�ŹƺŤƧřŹ�Ʀƿ�Źŵ����ƭŚºŬƳř�ƶŤſƺǀěŚ

ƾƯ��ŵƺƃ����źĭřAo
mol

C 2
lit

���ƹ�Ro
mol

C 0.5
lit

��ŢƗźſ�źŨƧřŶů��ŶƃŚŝ� 
 
 

��Żř�ƾºŤƔƬƛ�ƶģ�Źŵ��A�

ƾƯ�ƪƇŚů��ŵƺƃ�
���0.5����1.25����1.5����21�

æçé� ��ƮƀūA��������ŵ�ƶūŹŵ�ŢƗźſ�ƶƫŵŚƘƯ�Śŝ�ƖƿŚƯ�ŻŚƟ�Źŵ�ƹ������ƾƯ�ƶƿżŬţ�ƶŤſƺǀěŚƳ�ŹƺŤƧřŹ�Ʀƿ�Źŵ���ŵƺƃ���������ŢºƃŸĭ�Żř�ŶºƘŝ�źĭř10�
�ƞƈƳ��ƶƤǀƣŵA�ƪƯŚƧ�ƱŶƃ�ƶƿżŬţ�ƽřźŝ�ƭŻǇ�ƱŚƯŻ��ŵƹźŝ�Ʋǀŝ�Żř�A�Ţſř�ƭřŶƧ�źŝřźŝ�� 

����¿�ÉY�]�¹�Ó�½Z»���]Y�]�Á{��Y|¬»�½|��¦A������Y|¬»�½|��¦�¿�ÉY�]�¹�Ó�½Z»���]Y�]��ZÆqA�
�����Y|¬»�½|��¦�¿�ÉY�]�¹�Ó�½Z»���]Y�]�d�ÅA����Ê¼¿�¶»Z¯��À¯YÁ�{Á|v»�½Z»���{�{Â���

æçê� ��ƪƿŶŞţ�Śŝ�ƖƿŚƯ�ŻŚƟ�Źŵ�ƾƄƴƧřƹ80ƀŴƳ�ŶƇŹŵ�ƶƫƺƫ�ŹƺŤƧřŹ�Ʀƿ�Źŵ�Ţ���ƶŤºſƺǀě�ƽř��Ʃƹř�ŵŹƺºƯ�����Ʀºƿ�Źŵ�žĜºſ�ƹ
�ƶŤſƺǀě�ƵŶƳƺƃ�ƍƺƬŴƯ�ŹƺŤƧřŹ�ƭƹŵ�ŵŹƺƯ��ƾƯ�ƭŚŬƳř�ŵƺƃ��ŵŹƺƯ�ƶŝ�Ʃƹř�ŵŹƺƯ�ƮŬů�ŢŞƀƳƭƹŵ���Ţſř�ƭřŶƧ�źŝřźŝ� 

���0.1����0.2����0.3����0.4�

æçë� ������ŻŚĭ�ŻŚƟ�ƂƴƧřƹ�Ʀƿ�Źŵ2A R������������ƶǀƫƹř�ƮŬů�Śŝ�ŢŝŚŧ�ŹŚƄƟ�Źŵ�ƶŤſƺǀěŚƳ�ŹƺŤƧřŹ�Ʀƿ�Źŵ�2���ƾƯ�šŹƺƇ�źŤǀƫ����ŵźºǀĭ��
�Żř�žě5�ŢƔƬƛ��ƶƤǀƣŵ�A�Żř�10�ƶŝ�4ƾƯ�źǀǀƜţ�ŹǇƺƯ��ŶƴƧ���Ţſř�źŤǀƫ�Ŷƴģ�ƶƔŰƫ�Ʋƿř�Źŵ�ŹƺŤƧřŹ�ƮŬů 

���1.25����1.33����1.67����2.0�

æçì� ��ƂƴƧřƹA R�������Śŝ�ƶŤſƺǀěŚƳ�ŹƺŤƧřŹ�Ʀƿ�Źŵ�Ao
mol

C 1
lit

����ŢƗźſ�ƹ�0.5
A Ar 4C ����ƾºƯ�ƭŚºŬƳř����ŵźºǀĭ����ƱřżºǀƯ

�ƪƿŶŞţA�Ţſř�ƭřŶƧ��ƂƴƧřƹ�ƕƹźƃ�Żř�ŢƗŚſ�Ʀƿ�Żř�ŶƘŝ� 

���0.75����0.80����0.90����1.00�
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æçí� ������Ʃƹř�ƶūŹŵ�ƽźſ�ƂƴƧřƹ�Źŵ1 2k k
2k 1 , A R S  ���ƹ�1k 0.07��ŶºƃŚŝ������ŹřŶºƤƯsC������Żř�žºě�řŹ�1�

�ƶƧ�ŶǀŝŚǀŝ�ƽŹƺƏ�ƶƤǀƣŵAo
mol

C 1
lit

�ŶƃŚŝ� 

���11 e����12 e����1 e����2 e�

æçî� �ƂƴƧřƹ�Źŵ������Ʃƹř�ƶūŹŵ�ƽŚƷ
1k

2k

R

S
A����źĭř���1 2k 3k 1 �ŹřŶƤƯ��ŶƃŚŝ�1

2

t�ƶƧ�ƾƫŚů�ŹŵAo
mol

C 2
lit

���ŶºƃŚŝ�

�Ţſř�ƭřŶƧ 

���0.4����0.517����0.69����0.8�

æèå� �ƾƯ�šŹƺƇ�Ʃƹř�ƶūŹŵ�ƂƴƧřƹ�Ʀƿ��ƶŤſƺǀě�ƵŶƳƺƃ�ƍƺƬŴƯ�ŹƺŤƧřŹ�Ʀƿ�Źŵ��źŝřźŝ�ƾƬƿŶŞţ�ŶƇŹŵ�ƹ�ŵźǀĭ20ŵŹřŵ����źĭř
�ŵƺŝ�ŶƷřƺų�ƭřŶƧ�ƪƿŶŞţ�ŶƇŹŵ��ŵƺƃ�ƞƈƳ�ŹƺŤƧřŹ�ƶŝ�ƽŵƹŹƹ�ƾưŬů�ƾŝŵ 

���33����40����50����67�
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æèæ� ������Šǀƫƹř�ƕŚƘƃ�ƶŝ�ƲǀƫŚŤƠƳ�ƅźƣR������Śŝ�ƆƫŚų�ƽřƺƷ�Źŵ���ŢƗźſ k p* p��ƾƯ�ŶǀƘƈţ����ƶŝ��ŵƺƃ������ƶºƧ�ƽŹƺƏp�

�������ƹ�řƺƷ�Źŵ�ƲǀƫŚŤƠƳ�ŹŚŴŝ�ŹŚƄƟp *��������ƾƯ�ƎǀŰƯ�ƽŚƯŵ�Źŵ�ƲǀƫŚŤƠƳ�ƕŚŞƃř�ŹŚŴŝ�ŹŚƄƟ���ŶƃŚŝ������ŚƯŵ�Ʊŵƺŝ�ŢŝŚŧ�ƉźƟ�Śŝ���ƶƫŵŚƘƯ�
�Ŝƀů�źŝ�ƲǀƫŚŤƠƳ�ƕŚƘƃ�šřźǀǀƜţ�ƪǀƀƳřźƠƿŵ�Ţſř�ƭřŶƧ�ƱŚƯŻ 

: M�ƹ�ƲǀƬŤƠƳ�ƾƫƺƯ�ƭźū��ƹ�ƲǀƫŚŤƠƳ�ƶŤǀƀƳřŵ�: kƭźū�ƩŚƤŤƳř�ŢŝŚŧ�ŜƿźƋ�

��� 2

dr kM
p p*

dt 4 r
 

 
����� 

dr kM
p p *

dt
 


�

��� 2

dr k
p p*

dt 4 R
 

 
����� 2

dr k
p p *

dt 4 R
 


�

æèç� ����ƵŵŚƯ�ƪƯŚƃ�ƾƘƿŚƯA���ŢƔƬƛ�AoC�����ƾŝŵ�Śŝ�ƹ� 0 0v V V   ��������ƶǀƫƹř�ƮŬů�ƶŝ�ƱżŴƯ�Ʀƿ�ŵŹřƹ�0V����ŵƺƃ�ƾƯ�
ƱŚưƷ�ŚŝƾƯ�ũŹŚų�ƾŝŵ��ŵƺƃ��ŵƺƃ�ƖƐƣ�ƾūƹźų�źĭř��ƮŬů�šřźǀǀƜţ�ƱżŴƯ�ƖƿŚƯ� V�ŵŹřŵ�ƢǀŞƐţ�ƶƐŝřŹ�ƭřŶƧ�Śŝ�� 

���o

o

A0
0

A

C t
V V 1 exp

C

  
    

     

���� 0
0

v
V V 1 exp t     

�

���Ao
0

C t
V V exp

 
   

 
���� 0

0
v

V V exp t  


�

æèè� ƶƫŵŚƘƯ���������������źƔƳ�Źŵ�źƿŻ�šŹƺƇ�ƶŝ�řŹ�ƾƳŚƨƯ�ŶƘŝ�Ʀƿ�Źŵ�šŹřźů�ƩŚƤŤƳř�ƲĮưƷŚƳ�ƽ�ƾƯ���Ʈƿźǀĭ���aƾƯ�ƾŤŝŚŧ�ŹřŶƤƯ��ŶƃŚŝ���
�ƾƴƘƿ�ŹřŶƿŚě�ŢƫŚů�ŲſŚě 

t
lim u x , t


�Ţſř�ƭřŶƧ� 

���  0
ax

2L x T
2

 �

��� 
2

0
a

L x T
2

 �

���  0
a

x L x T
2

 �
���  0ax L x T �

 

 

2

2

0

u u
a ;0 x L , t 0

tx
u 0, t T

u
L, t 0

x

 
    









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æèé� ��ƵŵŚƯźĭ�ƂƴƧřƹ�����Ʃƹř�ƶūŹŵ�kA B�����ƂƴƧřƹ�ƾĜƫŚŤƳř�Śŝ�RH���������ƮºŬů�ƶŝ�ŹƹżǀƫŚţŚƧ�ƶƳřŵ�Ʀƿ�Źŵ�V���Ǝƿřźºƃ�Źŵ
���ƾƯ��ƭŚŬƳř�ŚƿŚěŚƳ��ŵƺƃ��������������Śºŝ�Ʊō�ƽŚºƯŵ�šřźºǀǀƜţ��ŹƹżǀƫŚţŚƧ�ƽŚƯŵ�Ʊŵƺŝ�Ţųřƺƴƨƿ�ƉźƟ�Śŝ���ƱŚºƯŻ�������ƶºƫŵŚƘƯ�ƭřŶºƧ�Żř����ƽ

��ƾƯ�ƽƹźǀě�ƪǀƀƳřźƠƿŵ�����ŶƴƧ���ƹ�pC������ƵĦƿƹ�ƽŚƯźĭ�ƹ�ƶŤǀƀƳřŵ�Ŝǀţźţ�ƶŝ��������ƹ�ŹƹżǀƫŚºţŚƧ�ƽh������šŹřźºů�ƩŚºƤŤƳř�ŜƿźºƋ�
Ţſř�ƎǀŰƯ��:AŢſř�ƶƳřŵ�ƾŞƳŚū�ŮƐſ�� 

���  A R
dT

kC H T T
dt   ���� 

dT hA
T T

dt C V 
 

 �

���   A
R

p p

kCdT hA
H T T

dt C C V 


   


���� A
R

p

kCdT
H

dt C
 


�

æèê� �������������ƽŚƯŵ�Źŵ�Ʊō�ƵŶƗŚƣ�Ʀƿ�ƹ�ƾŞƳŚū�ŮƐſ�ƶƧ�řŹ�ƽźěƺţ�ƶƳřƺŤſř0T�����ŶƿźǀĮŝ�źƔƳ�Źŵ�ŵŹřŵ�Źřźƣ�������ƶƳřƺŤºſř�źĮƿŵ�ƵŶƗŚƣ
���ƽŚƯŵ�ŹŵbT���Ţſř�ƶŤƟźĭ�Źřźƣ���������ƶƳřƺŤſř�ƾƿŚƯźĭ�ŢƿřŶƷ�ŢŝŚŧ�źĭřk����Ʊō�ƕŚƘƃ��R�����Ʊō�ƩƺƏ�ƹ�L��ƭřŶƧ��ŶƃŚŝ�����Żř�Ʀƿ

ƶƴƿżĭ���Ţſř�ŮǀŰƇ�ŚƯŵ�ƖƿŻƺţ�ƽřźŝ�źƿŻ�ƽŚƷ   b b 0 0T T , T T      

��� 
   

   
0 n n

b
n 1 n nn 1

J r sinh z
r , z 2

RJ R sinh L





 
  

  �

��� 
   

   
0 n n

b
n 1 n nn 1

Y r sin z
r , z 2

RY R sin L





 
  

  �

��� 
   

   
0 n n

b
n 1 n nn 1

J r cosh z
r , z 2

RJ R cosh L





 
  

  �

��� 
   

   
0 n n

b
n 1 n nn 1

Y r sinh z
r , z 2

RY R sinh L





 
  

  �
�

æèë� �ƪǀƀƳřźƠƿŵ�ƶƫŵŚƘƯ�śřƺū
2

2

v v

t x

 
 

 
�ƽŻźƯ�Ǝƿřźƃ�Śŝ�

x L

v v
0

x 0x x


 
 

 
�Ţſř�ƭřŶƧ� 

���
2

2n 1
t

2L
n 0

0

2n 1
A e J x

2L

    
   

 
 

����
2

n
t

L
n

0

n
A e sin x

L

   
   

 
 

�

���
2

n
t

L
n

0

n
A e cos x

L

   
   

 
 

����
2

2n 1
t

2L
n

0

2n 1
A e sin x

2L

    
   

 
 

�

æèì� ƭřŶƧ��Ţſř�ŮǀŰƇ�ƪƀŝ�Ɩŝřƺţ�ŵŹƺƯ�Źŵ��źƿŻ�ƎŝřƹŹ�Żř�Ʀƿ 

���   0 0I 0 J 0 0 �����   0 0Y 0 J �
���   0 0Y 0 K 0�����   0 0I 0 J 0 0 �

æèí� �������������šŹƺºƇ�ƶºŝ�ƾƷŚƴŤƯ�ƶưǀƳ�ƵŹřƺƿŵ�Ʀƿ�Źŵ�ŢƿřŶƷ�šŹřźů�ƩŚƤŤƳř�źŝ�ƮƧŚů�ƶƫŵŚƘƯ
2

2

T T

t x

 


 
�Ţºſř���X , t ,T��ƶºŝ�

�������Ţſř�ŶƘŝ�ƱƹŶŝ�ƶƬƇŚƟ�ƹ�ƱŚƯŻ��ŚƯŵ�Ŝǀţźţ��řĭ������������ƶƫŵŚƘƯ�ƭřŶƧ��ŵƺƃ�ƵŵŚƠŤſř�ƶƫŵŚƘƯ�ƪů�ƽřźŝ�ŚƷźǀƜŤƯ�ŜǀƧźţ�ƁƹŹ�Żř�ź

ƿŵƾƯ�ƶŬǀŤƳ��źƿŻ�ƾƫƺưƘƯ�ƪǀƀƳřźƠ���ŵƺƃX

t
  

���T T 0   ����1
T T 0

2
   ����1

T T 0
4

   ����T 2 T 0   �
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æèî� �ƪǀƀƳřźƠƿŵ�ƶƫŵŚƘƯ�ƾƯƺưƗ�śřƺūxy y xy 0   źǀƜŤƯ�źǀǀƜţ�Śŝ��y
v

x
�Ţſř�ƭřŶƧ�ƪƀŝ�Ɩŝřƺţ�Ŝƀů�źŝ� 

���   1 1 2 1y x c J x c Y x   ����   1 1 2 1y c J x c Y x �
���   1 1 2 1y x c J x c J x   ����   1 1 2 1y c J x c J x �

æéå� ƶŝƹŹ�ƾƐųźǀƛ�ƪǀƀƳřźƠƿŵ�ƶƫŵŚƘƯ�śřƺū���Ţſř�ƭřŶƧ��ƹŹ��ŢŝŚŧ�ŵŶƗk ��   2 22xy 2 dx 2x y 4y dy 0    

���
2

k 2x
y

x 2





����

2

k 2x
y

x 2


 


����

2

k 2x
y

x 2





����

2

k 2x
y

x 2


 


�

æéæ� �ƾƐųźǀƛ�ƶƫŵŚƘƯ�ƪů�ƽřźŝ��ƱƺƀƟřŹ�º�ƲţƺǀƳ�ƁƹŹ�ƾƿřźĮưƷ�ƍźƃ f x 0�Ţƀǀģ� 

��� f x 1 �����     
2

f x f x f x    �

���     
2

f x f x f x    ����     
2

f x f x f x    �

æéç� ŮƿźƇ�ƪů�ƁƹŹ�Ʊŵƺŝ�ŹřŶƿŚě�ƽřźŝ�ƾƟŚƧ�ƹ�ƭŻǇ�ƍźƃ�(Explicit)�ƶƫŵŚƘƯ�ƽřźŝ��
2 2

2 2

T T T

tx y

  
  

 
�Ţſř�ƭřŶƧ� 

���

   
2 2

4 t
1 1

x y


 


 
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2 t
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4 t

x y
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   
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1
2 t

x y
 

   
�

æéè� ƶƬưū�Ŷƴģ�ƱƹŹŵ�ƽř��ƶƐƤƳ�ƹŵ�Żř�ƶƧ��ĦƳřźĭǇ�śŚƿ 0 0x , f�ƹ� 1 1x , fƾƯ���Ţſř�ƭřŶƧ��ŵŹŸĭ 

���  01
0

0 1 1 0

x xx x
p x f

x x x x


 

 
�

���     0 0 1 1p x f x x f x x   �

��� 
   

   

  

  
0 21 2

0 1
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x x x xx x x x
p x f f

x x x x x x x x

  
 

   
�

���     0 1 1 0p x f x x f x x   �

æéé� ƶŝƹŹ�ƭƺſ�ƶŞţŹ�ƪǀƀƳřźƠƿŵ�ƶƫŵŚƘƯ�ƪů�ƽřźŝ�ŜſŚƴƯ�ƁƹŹ�ƭřŶƧ��ƹŹ�ƾƯ�źţ��ŶƃŚŝ 

���l¿Y���Á���Y�0Z¼Ì¬f�»�Y��½M ºÌÀ¯�¶u�Z¿Z¯�/���
���0Z¼Ì¬f�»�Y��½M�ºÌÀ¯�¶u��·ÁY��Á���Y���
�������Y��½M�Y|f]Y��Ä]3���������b��Á�Ã{�¯�®Ì°¨e�µÁY�Ä^e��È·{Z »�

Ê»�¶u�Ê]Ze�a��Á��Ä]�ºÌÀ¯��
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