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Part A: Vocabulary  
Direetions: Choose the word or phrase (1), (2), (3), or (4) that best complctes each� sentence. 
Then mark the correct choice on your answer sheet.  

1. If you are convicted of hit-and-run driving, your driving privilege will be�����  
1) interceded  2) revoked  3) manipulated  4) violated  

2. Surfing the Internet can ����� you With information: That's why a web browser 
comes in handy. 
1) pursue 2) elude  3) accost  4) inundate  

3. The owner was so ���� he refused to purchase new curtains when the old ones fell off 
the window.  
1) parsimonious  2) compensatory  3) emphatic  4) discretionary  

4. In times of severe �����, companies are often forced to make massive job cuts in 
order to survive.  
1) integrity  2) stability 3) recession  4) diversification  

5. Singh told reporters that he had not seen such human suffering in any previous 
natural ����.  
1 ) habitat  2) recourse  3) perfidy  4) calamity  

6. Like many members of the animal kingdom, people will readily lend a hand to immediate 
family and relatives. But humans alone extend ����� beyond kin, frequently helping 
perfect strangers for no obvious personal gain.  
1 ) patriotism  2) altruism 2) heroism  4) protectionism  

7. Repairs would ����� the closure of the bridge for six months.  
1) exert  2) endure 3) entail  4) extrapolate  

8. Dental caries, the culprit behind the creation of cavities, is the most ���� infectious 
disease in humans, affecting 97 percent of people at some point in their lifetime.  
1) prevalent  2) haphazard 3) coincident  4) unanimous  

9. The exact mechanism by which exercise ����� strength remains unclear, hut its basic 
principles are understood.  
1) penetrates  2) augments  3) propagates  4) inserts  
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10.  I guaranree that you will both have ���� opportunity to express your opinions  
during the debate.  
1) ample  2) equivocal  3) equable  4) ambivalent  

Part B: Cloze Test  
Directions: Read the following passage and decide which choice (l), (2), (3), or (4) best fits 
each space. Then mark the correct choice on your answer sheet.  

Dark circles and bags under the eye occur for several reasons: the skin (11) ���� much 
thinner than it is elsewhere on the body and becomes looser as we age. This very thin skin also 
sits on top of underlying purple muscle and blood vessels and therefore (12) �����darker. 
In addition, some people have hereditary pigmentation in this area. As we age, fat comes out of 
the space enclosed by the eye socket. (13) ���� the orbit. and forms a puffy area under the 
eye. This fatty tissue can fill with water. making (14) ���� The condition becomes even 
more noticeable when ( 15) �����. which can occur for a variety of reasons, including 
eating too much salt, lying flat in bed, not getting enough sleep. allergies and monthly hormonal 
changes. 

11.    
1) that is there  2) it is 3) there is  4) in which  

12.    
1) appearing  2) appeared  3) appear  4) appears  

13.    
1) called  2) it is called 3) that is called  4) and called  

14.    
1) the hollow appears seven deeper 
2) the hollow appear even deeper 
3) it even deeper the hollow appearance 
4) its appearance of hollow even deeper 

15.    
1) the water retains in the fat pad  2) the fat pad retained water 
3) water�s fat pad is retained  4) water is retained in the fat pad 

PART C: Reading Comprehension  
Directions: Read the lollowing three passages end answer the questions by choosing the best 

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

Passage 1  

Vibration is the motion of a particle or a body or system of connected bodies displaced from a 
position of equilibrium. Most vibrations are undesirable in machines and structures because they 
produce increased stresses, energy losses, cause added wear, increase bearing loads, induce fatigue, 
create passenger discomfort in vehicles, and absorb energy from the system. Rotating machine parts 
need careful balancing in order to prevent damage from vibrations.Vibration occurs when a system 
is displaced from a position of stable equilibrium. The system tends to return to this equilibrium 
position under the action of restoring forces (such as the elastic forces, as for a mass attached to a 
spring, or gravitational forces, as for a simple pendulum). (2 examples of elastic and gravitational 
forces) The system keeps moving back and forth across its position of equilibrium. A system is a 
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combination of elements intended to act together to accomplish an objective. For example, an 
automobile is a system whose elements are the wheels, suspension, car body, and so forth. A static 
element is one whose output at any given time depends only on the input at that time (synchronous) 
while a dynamic element is one whose present output depends on past inputs. In the same way we 
also speak of static and dynamic systems. A static system contains all elements while a dynamic 
system contains at least one dynamic element.  

A physical system undergoing a time-varying interchange or dissipation of energy among or 
within its elementary storage or dissipativc devices is said to be in a dynamic state. All of the 
elements in general are called passive, i.e., they are incapable of generating net energy. A dynamic 
system composed of a finite number of storage elements is said to be lumped or discrete, while a 
system containing elements, which are dense in physical space, is called continuous. The analytical 
description of the dynamics of the discrete case is a set of ordinary differential equations, while for 
the continuous case it is a set of partial (not complete) differential equations. The analytical 
formation of a dynamic. system depends upon the kinematic or geometric constraints and the 
physical laws governing the behaviour of the system.  

16. Which of the following statements is NOT mentioned in the passage.  
1) A dynamic system is contingent upon the constraints of a number of discrete and 

continuous element".  
2) A static element is pertinent to synchronous rotation while a dynamic element is based on 

past inputs that may turn into an output.  
3) The dynamics of the discrete case require more kinematic or geometric constraints when 

compared to the increasingly volatile continuous case.  
4) A static system is made up of all involving elements while a dynamic system calls for at 

least one time-varying element.  
17. Mechanical vibrations can cause the following damages except ����� .  

1) higher efficiency  2) noise  3) distruction  4) discomfort  
18. Which of the following best describes a dynamic system:  

1) All of the passive elements, in general, are called dynamic.  
2) Modeling of a discrete dynamic system involves partial differential equations.  
3) Modeling of a dynamic system involves kinematic constraints. 
4) A dynamic system is one that changes with time 

19. The passage suggests that which of the following needed to take place in order for the 
machines parts to act together:  
l ) Vibration occurs when a system is displaced from a position of stable equilibrium.  
2) The system tends to return to this equilibrium position under the action of dissipative 

devices.  
3) A system is a combination of elements intended to act together to accomplish an objective.  
4) Rotating machine parts need careful balancing in order to prevent damage from vibrations. 

20.  The word dissipation as it is used in this passage is closest in meaning to:  
1) dissemination  2) consumption  3) distribution  4) contemplation  

Passage 2  

In conventionally engineered structures there is a tendency for overedesigning, usually for 
meeting safety requirements. Ideally, one would like to have "passive design for purpose, and 
adaptive design for crises". By contrast, the usual conventional approach is to ensure that the 
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passive structure is adequate for crises also, thus entailing higher costs due to over-designing. 
Some examples wherein, ideally, adaptive action should come into play only for crisis or special 
situations are buildings in earthquake zones, aircrafts during take-off and landing, and vehicles 
in crashes. A smart configuration would be that in which normal loads are taken care of in 
normal conditions, and suitable actuation systems are activated to tackle abnormal loads. Even 
for normal loads, corrosion and other aging effects can render the original passive design 
unsuitable (even unsafe) with the passage of time. If continuous monitoring can be built into the 
design through distributed embedded sensors. timely re-pairs can be taken up, thus saving costs 
and ensuring a higher degree of safety.  

Two types of smartness in structures can be distinguished: closed-loop and open-loop. A 
closed-loop smart structure senses the changes to diagnose the nature of the problem. takes 
action to mitigate the problem, and also stores the data of the episode for future reference. 
Open-loop smartness means that the design is such that structural integrity is enhanced only 
when needed, and the structure relapses to its normal state when there is no need for enhanced 
integrity. Smart bridges are a particularly attractive proposition. Bridges involve an enormous 
amount of investment on construction, maintenance, repair, upgrade, and finally replacement. 
Possible vehicular accidents, earthquakes, and terrorism are additional problems to contend 
with. Embedding optical fibres (fibers) as distributed sensors at the construction stage itself is 
not a very costly proposition. On-line monitoring and processing of the vast amount of sensor 
data is again not a difficult thing to do by present-day standards. And the overall advantages in 
terms of lower maintenance costs, higher safety and security, and avoidance of inconvenience 
caused by closure for repair work can be enormous, not to mention the prevention of disasters 
like bridge collapses.  

Adaptronic structure is another term used for smart structures. In the years to come, we shall 
see an increasing trend to incorporate smartness into the design of even ordinary items of use. 
Rogers has given a particularly vivid description of the nature of structural designs of the future: 
Adaptronic structures must, as their basic premise, be designed for a given purpose; and, by the 
transduction of energy, must be able to modify their behaviour to create an envelope of utility. 
As an example, a ladder that is overloaded could use electrical energy to stiffen or strengthen 
itself while alerting the user that the ladder is overloaded. The overload response should also be 
based upon the actual 'life experience' of the ladder to account for aging or a damaged rung; 
therefore, the ladder must determine its current state of health and use this information as the 
metric for when the ladder has been overloaded. At some point of time, the ladder will then 
announce its retirement, as it can no longer perform even minimal tasks. 

21. The author of the text would probably agree with which of the following statements?  
1) A smart configuration saves costs while ensuring a higher degree of safety.  
2) Passive structure is cost-effective and adequate for crises.  
3) Over-designing is adequate for meeting safety requirements.  
4) Adaptive design entailing over-designing is activated to tackle crises.  

22. Closed-loop smartness means the design is such that ���� .  
1) prevents corrosion or other aging-effects  
2) monitors and repairs the damages caused  
3) diverges from its normal state when the trend wears off  
4) records the dynamics and episodes  
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23. The author of the passage would probably consider which one of the following most 
analogous to adaptive action for crisis or special situations?  
1) optical fibres   2) bridge collapses  
3) smart bridges   4) embedded sensors  

24. As  used in the passage, the phrase "contend with" most nearly means:  
1)compete with   2) cope with  
3) extirpate on   4) predicate on  

25. A ladder as an adaptronic structure can ����� 
1) overload itselflike an open-loop structure.  
2) alert the user about possible damages.  
3) increase its rigidrty using electrical energy.  
4) act as a smart structure to reconfigure itself for various loading conditions.  

26. Smart bridges are designed to ����.  
1) modify and behave as an envelope of utilit  
2) house distributed sensor for health monitoring purposes  
3) be adaptive in harsh conditions.  
4) increase safety and maintenance costs  

Passage 3  
Suspension systems are important subsystems of most wheeled vehicles. A vehicle 

suspension system performs two major tasks. It should isolate the vehicle body from external 
road disturbances for the sake of passenger comfort, while retaining a firm contact between the 
road and the tire. Road disturbances have the characteristics of large magnitude in low-
frequency disturbances (e.g., hills) and small magnitude in high-frequency disturbances (e.g., 
road roughness).A basic automobile suspension that is known as a passive suspension system 
consists of an energy storing element, normally a spring, and an energy dissipating element, 
normally a shock absorber. The main weakness of the passive suspension is that it is unable to 
improve both ride comfort and safety factor simultaneously. In the passive suspension system, 
there is always trade-off between vehicle ride comfort and safety factor.  
27. The paragraph is about:  

1) Automobile vibration 2) Guidance of the automobile  
3) Road design for vehicles  4) Energy dissipation by an automobile  

28. Which one of the following sentences is true about the road disturbances?  
1) Hills and road roughness have the same characteristics.  
2) Road disturbance means hills and road roughness.  
3) Road roughness is an example of the high frequency disturbance.  
4) Road roughness is a characteristic of the high frequency disturbance 

29. The paragraph states that in a passive suspension system: 
1) safety factor and ride comfort ate independent. 
2) Ride comfort and safety factor have positive correlation on each other. 
3) Ride comfort has positive impact of the safety of the car. 
4) To improve the ride comfort, the safety factor must be sacrificed, and vice versa 

30.  It can inferred from the paragraph that: 
1) The car suspension system has role on the stability of the vehicle. 
2) The car suspension system is used to store energy. 
3) The passenger has to control the car suspension system. 
4) The car suspension system affects the road disturbances. 
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  

 �

��� �ƖŝŚţ�ƢƬƐƯ�ƮưǀƴǀƯ�ƹ�ƢƬƐƯ�ƮưƿżƧŚƯ�źƿŵŚƤƯ 
2 2x yf x , y xye Ƨ�Ţſř�ƭřŶˮ 

æ��11 1
e , e

2 2


�ç��1 1
,

2 2
�è��1 11 1

e , e
2 2

 
�é��

1 1

2 21 1
e , e

2 2

 
�

��� �����ƪǀƀƳřźƠƿŵ�ƶƫŵŚƘƯ�śřƺū�Ŷů  tty t 1 y 2te   �����ƾƨưƧ�ƍźƃ�Śŝ�� y 1 a���ƶƐƤƳ�Źŵ�t 0Ţſř�źƠƇ�Śŝ�źŝřźŝ���
�ƵŚĭźƷaŚŝ�ŶƃŚŝ�źŝřźŝ�� 

æ��1

e

�ç��e�è��1

e
�é��e�

��� ����ƶǀƫƹř�ŹřŶƤƯ�ƶƬŘƀƯ   xy xy xyye cos 2x 2e sin 2x 2x dx xe cos 2x 3 dy 0    �����ºŝ��Ţºſř�ƉƹźƠƯ����ƍźºƃ�Ś

ƾƯ�řŶŞƯ�Żř�Ʊō�ŹřŵƺưƳ�ƶƨƴƿř�ƶǀƫƹř�ŵŹŸĭ���ƶƐƤƳ�Żř�ŹƺƧŸƯ�ŹřŵƺưƳ�źĭř*, y
4

 
 
 

�ŹřŶƤƯ��ŶƴƧ�ŹƺŞƗ�żǀƳ�*y�Ţſř�ƭřŶƧ 

æ��
2 1

48 3


�ç��

2 1

96 3


�è��

2 2

48 3


�é��

2 1

48 3


�

��� ƪǀƀƳřźƠƿŵ�ƶƫŵŚƘƯ�ƾƬƧ�śřƺū   xy 1 2x y x 1 y 0     �Ţſř�ƭřŶƧ�� 

æ��x x
1 2y c e c e Lnx ��ç��x x

1 2y c e c e Lnx �
è��x x

1 2y c e c e Lnx  �é��x x
1 2y c e c e Lnx �
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��� Ƴ�źƿŻ�ƪǀƀƳřźƠƿŵ�ƶƫŵŚƘƯ�ƾƇƺƈų�śřƺū�ƶƴƿżĭ�ƭřŶƧ�Ţƀǀ 

�
2

3 2 4
3 2

d y d y dy
x x 2x 2y 2x

dxdx dx



   �

æ��  4 1
p

1
y x x 2x

15
 ��ç��  4 2

p
1

y x x x
15

 �

è��  4
p

1
y x x 4x

15
 ��é��  4 2

p
1

y x x 7x
15

 �

��� Ţſř�ŭźƐƯ�źƿŻ�ƪǀƀƳřźƠƿŵ�šǇŵŚƘƯ�ƵŚĮŤſŵ�ƶǀƫƹř�ŹřŶƤƯ�ƶƬŘƀƯ� 

�   1 1 2 1 2

2 1 2

x x 2x , x 0 1 , x 0 2

x 3x 4x

     

  

�

ŶƧ�Ʊō�ŲſŚě�Ţſř�ƭř�

æ�� 

 

t 2t
1

t 2t
2

x t 5e 4e

x t 7e 9e

 

 

  

  
�ç�� 

 

t 2t
1

t 2t
2

x t 7e 6e

x t 7e 9e

 

 

  

  
�

�

è�� 

 

t 2t
1

t 2t
2

x t 7e 6e

x t 5e 7e

 

 

  

  
�é�� 

 

t 2t
1

t 2t
2

x t 5e 4e

x t 5e 7e

 

 

  

  
�

���� �ƾƬƇř�ŹřŶƤƯ��ƱřŹƺƫ�Ǝƀŝ�Źŵ� 
1

z1 z�Ʃƺů�z 0�ŜƿźƋ��2zřźŝ��Ţſř�ƭřŶƧ�źŝ 

æ��1�ç��0�è��11
e

24
�é��13

e
24

�

���� �ŹŵŵŹƺƯ�ƎƬŤŴƯ�ƖŝŚţ� 
 

2z
, z 0f z z

0 , z 0


  




�Ţſř�ŢſŹŵ�ƶƴƿżĭ�ƭřŶƧ� 

æ���řŶŞƯ�Źŵ 0,0�º�ƾƄƧ�ƎŝřƹŹ�ŶƴŤƀǀƳ�Źřźƣźŝ�ƱŚưƿŹ��
ç���ƶƐƤƳ�Źŵz 0ŢƀǀƳ�ƶŤſƺǀě�ƖŝŚţ���
è���ƶƐƤƳ�Źŵz 0ƢŤƄƯ�ƖŝŚţ��ŢƀǀƳ�Źřźƣźŝ�řŶŞƯ�Źŵ�ƱŚưƿŹ�º�ƾƄƧ�ƎŝřƹŹ�Ʊƺģ�ŢƀǀƳ�źƿŸě��
é���ƾƤǀƤů�Ɩŝřƺţ�Ʃƹř�ƶŞţźƯ�ƾŗżū�šŚƤŤƄƯ   Im f z ,Re f z�Źŵ� 0,0ŶƴŤƀǀƳ�ƶŤſƺǀě���

���� �ƖŝŚţ�ƵŶƳŚƯ  z 1
f z e sinh

z
Ʃƺů�z 0�Ţſř�ƭřŶƧ�źŝřźŝ 

æ��
   

n 0

1

2n ! 2n 1 !






��ç��
  

n 0

1

n! n 1 !






�

è��
   

n 0

1

2n ! n 1 !






��é��
   

n 0

1

2n 1 ! n !






�
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� 

��� �ƯŚƘŤƯ�ƶƿŚě��������������Ţºſř�ƭřŶƧ��ŚƷźǀƜŤƯ�ƽŻŚſřŶū�ƢƿźƏ�Żř�źƿŻ�ƽŻźƯ�ŹřŶƤƯ�ƶƬŘƀƯ�ƪů�Źŵ�ƵŵŚƠŤſř�ƽřźŝ�ŻŚǀƳ�ŵŹƺƯ�Ŷ�h�
ƶƨţ�ƾƘŝŚţ�ƉƹźƠƯ�ŹřƺưƷ�ƽř� 

æ��1 x x n x n x
,sin ,cos , ,sin ,cos ,

2 a a a a

   
 �

ç��1 2 x 2 x 2n x 2n x
,sin ,cos , ,sin ,cos ,

2 a a a a

   
 �

è��   2n 1 x 2n 1 x1 x x
,sin ,cos , ,sin ,cos ,

2 a a a a

    
 �

é��2 x x 2n x 2n x
sin ,cos , ,sin ,cos ,

a a a a

   
 �

2
xx yyT T T 0   

 T x ,0 0

   T 0, y T a , y

   x xT 0, y T a , y

a x

b

0

   T x , b h x

y

�

���� �ƖŝŚţ�ƶƴƯřŵ�ƮǀƳ�ƾſƺƴǀƀƧ�ƶƿŹƺƟ�ƽźſ   f x x L x ,0 x L   �Ţſř�ƭřŶƧ�� 

æ��
 

2 2

2
m 1

L 4L 2m x
cos

4 L4 m









�ç��

 

2 2

2
m 1

L L 2m x
cos

3 Lm









�

è��
 

2 2

2
m 1

L 4L 2 x
cos

6 L4 m









�é��

 

 2 2

2
m 1

2m 1 xL 4L
cos

6 L2m 1





 


 
�

��� ƩřźĮŤƳř�ƶƫŵŚƘƯ�śřƺū�Ţſř�ƭřŶƧ��źƿŻ� 

�   
0

1 0 1
f x cos x dx

0 1

    
  

 
�

æ�� 2 1 cos x

x




��ç�� 2 1 cos x

x




�

è�� 
2

2 1 cos x

x




��é�� 

2

2 1 cos x

x




�

���� �ƖŝŚţ�ƶƿŹƺƟ�ƪƿŶŞţsin t

t
�ƾƴƘƿ��i t sin t

e dt
t


 

ř�ƭřŶƧ��Ţſ 

æ��
2

1

1 
��ç��1

1 
�

è��
0 , 1

, 1 1

0 , 1

  

    
  

��é��
0 , 1

, 1 1
2
0 , 1

  



   


 

�
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��� ��ƺƏźƯ�ƽřƺƷ�ƽŹřŶƤƯś����������ƾƯ�ŹƺŞƗ�ƎǀŰƯ�ƽŚƯŵ�Śŝ�śō�ƽźĜſř�Żř�žě�ƵŵźƧ�ƭźĭ�řŹ����ƾŞºƀƳ�ŢŝƺƏŹ�ƹ�ƮƴŞƃ�ƶƐƤƳ��ƮǀƷŵ

źǀǀƜţ�ƶƳƺĮģ�Ŝǀţźţ�ƶŝ�ƱōƾƯ���ŶƴƴƧ 

æ��ƾƯ�ƂƷŚƧ�ŶŝŚƿ�ƂƷŚƧ�Ţſř�ƲƨưƯ�º�ŶŝŚƿ�ç��ƾƯ�ƂƿřżƟř�ƾƯ�ƂƿřżƟř�ľŚưŤů�º�ŶŝŚƿ�ŶŝŚƿ�
è��ƾƯ�ƂƷŚƧ�ƾƯ�ƂƿřżƟř�ľŚưŤů�º�ŶŝŚƿ�ŶŝŚƿ�é��ƾƯ�ƂƿřżƟř�ŶŝŚƿ�ƂƷŚƧ�Ţſř�ƲƨưƯ�º�ŶŝŚƿ�
��� ������������ƪƧ�ƭźū�ƹ�ƾţŹřźů�ƢƿŚƗ�Ʊō�ƵŹřŶū�ƶƧ�ƶŤƀŝ�ƮŤƀǀſ�Ʀƿm�����ƪƨƃ�ƢŝŚƐƯ��Ţſř���Śŝ�ƱŚƀƨƿ�ƖƿŚƯ�ƹŵ�ƍƺƬŴƯ�Żř�źƿŻ

ƭźū���ƽƹŚƀƯ�ƽŚƷm

2
 
 
 

������ƶǀƫƹř�ƽŚƷŚƯŵ�Śŝ�ƹ�2 1T ,T��Ţſř�ƵŶƃ�ƪǀƨƄţ�����������ƵŶƃ�ƵŹŚě�ŵƺų�ƶŝ�ŵƺų�Ţưƀƣ�ƹŵ�Ʋǀŝ�ƽŚƄƛ

������ƾƯ�ƍƺƬŴƯ�źĮƿŶƨƿ�Śŝ�ƖƿŚƯ�ƹŵ�ƹ��ŶƳƺƃ��ƮƧřźţ�ƖƿŚƯ��������Ʊō�ƾƿŚƯźĭ�ŢǀƟźƓ�ƹ�źƿŸěŚƳC�Ţſř��������Ʋºƿř�ƾƏ�ƽŶǀƫƺţ�ƾěƹźŤƳř
�Ţſř�ƭřŶƧ��ŶƴƿōźƟ 

æ�� 
2

1 2

1 2

T Tmc
ln

2 2T T

 
 
 
 

�

ç��0�

è��
 

1
2

1 2
gen

1 2

T T
s mcln

2 T T

 
 

 
 

�

é�� 

 

2
1 2

1 2

T T
mc

2 T T

�
�

��� ���������ƶƐŝřŹ��ŢƀǀƳ�ƪƯŚƧ�ŻŚĭ�ƶƧ�ƾƈƫŚų�ƵŵŚƯ�ƽřźŝu A BPv ��Ƴř�Ʋǀŝ����ƾƬųřŵ�ƽĥź u���ŹŚƄƟ�� P���ƅƺƈŴƯ�ƮŬů�ƹ
 v��Ţſř�Źřźƣźŝ����B, A�ŶƴŤƀƷ�ŢŝŚŧ������Ʋǀŝ�ƶƐŝřŹv, P���ƾŝ�ŶƴƿřźƟ�Źŵ����ŢƄĭźŝ��ƹŹŵ��������ƶŤƀŝ�ƮŤƀǀſ�Ʀƿ�ƽřźŝ�źƿŸě

ƶƳƺĮģ�Ţſř� 

æ���ŢŝŚŧ
B 1

BPV



��ç���ŢŝŚŧ

B 1

BPV


�

è���ŢŝŚŧPV X��é���ŢŝŚŧ
B 1

BVP



�
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�� 

���� �����ƱŚěƹźě�ƩƺƯ�ƺƬǀƧ�Ʀƿ 3 8C H���Śŝ�60����ƾƯ�ƾƟŚƋř�ƽřƺƷ�ŶƇŹŵ���ŵŻƺſ��ř���ŚƸƴţ�źĭ80������ƶºŝ�ƶŝźƧ�ŶƇŹŵ�2CO���ƪƿŶºŞţ�
������šŹƺƇ�ƶŝ�ƶǀƤŝ�ƹ�ŵƺƃCO��������������Żř�ƪºƇŚů�ƽŚºƷŻŚĭ�Źŵ�ƱĦǀºƀƧř�ŻŚºĭ�ƩƺƯ�ƺƬǀƧ�Ŷƴģ��ŶƳŚưŝ�ƾƣŚŝ�ƾūƹźų�ƽŚƷŻŚĭ�Źŵ�

�Ţƃřŵ�ŶƷřƺų�ŵƺūƹ��ơřźŤůř 

æ��3�ç��2.82�è��2.52�é��3.3�
���� ����������ƾƯ�ƉźƟ�źŝřźŝ�ƲǀŝŹƺţ�ƹ�ŹƺſźĜưƧ�ƱŚƯŶƳřŹ��ƽŻŚĭ�ƵŚĭƹźǀƳ�Ʀƿ�Źŵ�����������ƱŚƯŶºƳřŹ�ƶƧ�ƾŤƣƹ�ƽřźŝ�ƱŚƯŶƳřŹ�Ʋƿř�ŹřŶƤƯ��ŵƺƃ

���ƵŚĭƹźǀƳ�ƪƧth�����ƾŞƿźƤţ�ŹƺƐŝ��ŶƃŚŝ�źƠƇ�����ƦºƿŵżƳ�źºƿŻ�ƽŚƷŹřŶºƤƯ�ƭřŶºƧ�ƶŝ�������ƪƨǀºſ�Ʋºƿř�Źŵ��Ţºſř�ƭřŶºƧ�źºţ
4 1T 600K ,T 300K ŵƺƃ�ƉźƟ����ƹ�ŹƺſźĜưƧ�Źŵ�ŚƸƴţ�ŹŚƄƟ�źǀǀƜţ�ƶųźģ�Ʋƿř�ŹŵƲƿŹƺţƾƯ�ơŚƠţř��ŶŤƟř� 

æ��0.5�
ç��0.6�
è��0.2�
é��0.7�

�
���� ��������ƽŚƯŵ�Śŝ�ƾţŹřźů�ƖŞƴƯ�ƶŝ�Ţſř�ƺƳŹŚƧ�ƶųźģ�ƶƧ��źƿŻ�ƪƨƃ�ƾţŹřźů�ƲǀƃŚƯHT��ƭźĭ�ƖŞƴƯ���ƽŚƯŵ�Śŝ�ƾţŹřźů�ƖŞƴƯ�ƹ

LT���ŵźſ�ƖŞƴƯ���Ţſř�ƪƈŤƯ�����ƭźĭ�ƽŚƯŵ��ƾţŹřźů�ŢƯƹŚƤƯ�ŢƬƗ�ƶŝ��ƲǀƃŚƯ�ƶƐƤƳ�Ʋƿźţ aT����ƭźºĭ�ƖºŞƴƯ�ƽŚºƯŵ�Śŝ�
 HT������������Śŝ�Ţſř�źŝřźŝ�ƵŶƃ�ƪƤŤƴƯ�šŹřźů�ŹřŶƤƯ�ƹ��ŵŹřŵ�ƝǈŤųř� H H aQ K T T ���ƶƧ�k������Ţºſř�ƾŤŝŚºŧ�ŹřŶºƤƯ��

�ŹřŶƤƯ�ƶģ�ƽřŻř�ƶŝ�ƲǀƃŚƯ�ƾūƹźų�ŹŚƧ�źŨƧřŶůaTƇŚů�ƾƯ�ƪ��ŵƺƃ 

æ��a H LT T T�

ç��H L
a

H L

T T
T

T T



�

è��H L
a

H L

2T T
T

T T



�

é��L H
a

T T
T

2


�

�
����Ţſř�ƭřŶƧ�ŢſŹŵŚƳ�ƶƴƿżĭ 

æ��
T

a
p

v

 
  

 
��ç��

P

g
v

T

 
  

 
�

è��
T

g
v

p

 
  

 
��é��

s

u
p

v

 
  

 
�

���� ��Ż�ƽźĮƿŵ�ƹ�ƝŵŚƇ�ƾƨƿ��ƱŚƀƨƿ�ƽŚƷźƐƣ�Śŝ�ƶƫƺƫ�ƹŵŝ��Ţºſř�ŵƺºūƺƯ�ź�������ƱŚºƿźū�ŻŶºƫƺƴƿŹ�ŵŶºƗ�źºĭř100���ŶºƃŚŝ�
Ƣǀƣŵ��Ţſř�ŹŚƄƟ�ŢƟř�ƽřźŝ�ŲſŚě�Ʋƿźţ 

æ���ƽźŝŻ�ƶŝ�ƾĮŤƀŝƾŞƀƳŵŹřŵ��ƶƫƺƫ���ç��ƮƧ�ƝŚƇ�ƶƫƺƫ�Źŵ�Ţſř�źţ��
è��ƹŚƀƯ��ƶƫƺƫ�ƹŵ�ŹŵŢſř�ƽ���é���ƮƿĥŹ�ƶŝ�ƾĮŤƀŝƱŚƿźū��ƶŤƠƃō�Śƿ�ƹ�ƭřŹō��ŵŹřŵ��
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��� ����ƾƿƺƳřŻ�Ʀƿ�Źŵ90��������ŵŹřŵ�ƱŚƿźū��źƿŻ�ƪƨƃ�ƢŝŚƐƯ�ƾūżƫźǀƛ�ƩŚǀſ��ƾƤƟř�����ƥřźţ�ƕƺƳ�Żř�ƩŚǀſ�ŶǀƴƧ�ƉźƟ��Ƶŵƺŝ�źƿŸě
��������ƶƐŝřŹ�šŹƺƇ�ƶŝ�Ʊō�ƶŤǀƀƳřŵ�šřźǀǀƜţ�ƹ  2r Ar ��ŶƃŚŝ��AŢſř�ŢŝŚŧ������ƪºǀƟƹźě�Ūƴºſ�ŹŚƄƟ�ƹŵ�Ʋǀŝ�ƲưƋ�Źŵ

�����ƶƐŝřŹ�šŹƺƇ�ƶŝ�ŢƗźſ 
B

V r
r

���ŶƃŚŝ��B��Ţſř�ŢŝŚŧ���������������ƶºƐŝřŹ�šŹƺƇ�ƶŝ�Ūƴſ�ŹŚƄƟ�ƹŵ�Ʋǀŝ�ŹŚƄƟ�ƝǈŤųř�źĭř

2
2 1

1

R
P P P c Ln

R
   ����ŶƃŚŝ�ŹřŶƤƯ���ŜƿźƋ�C�����Ţſř�ƭřŶƧ��1R����ƹ�ƪºųřŵ�ƕŚƘºƃ�2R����ƾƿƺºƳřŻ�ũŹŚºų�ƕŚƘºƃ�

ƾƯ�ŶƴƃŚŝ�� 

æ��2C AB�
ç��2C A B�
è��C AB�
é��2 2C A B�

�
��� �ř�ƾƳŚƿźū�����ũżƫ�ƩŚǀſ�Ʀƿ�Ż��Ţūżƫ�Śƿ���������������ƥźºŰŤƯ�ƽźĮƿŵ�ƹ�ƲƧŚſ�ƾƨƿ�ƶƧ�ƽŻřƺƯ�ŢŴţ�ŮƐſ�ƹŵ�Ʋǀŝ�����ŢƗźºſ�Śºŝ

wu���ŢŞŨƯ�ŹŚƄƟ�ƱŚƿŵřźĭ�ŢŰţ��Ţſřdp
0

dx
 

 
 

Ţſř�Źřźƣźŝ�ŚƿŚě�šŹƺƇ�ƶŝ�ƹ����ŹŚƄƟ�šřźǀǀƜţ�ƵŹŚŝƹŵ P�Ƃƴţ�ƹ�

�ƶŰƠƇ�Źŵ�ƾƃźŝ xy�Ţſř�ƭřŶƧ��ŮǀŰƇ�ƶƴƿżĭ�ƩŚǀſ�Źŵ� 

æ��d dp

dy dx


�

ç��d dp

dy dx


�

è��d dp

dx dx


�

é��d dp

dy dx


��

��� ������ƶƫƺƫ�Ǝſƺţ�ƱżŴƯ�ƹŵ��ƹźŝƹŹ�ƪƨƃ�Źŵ����ƽŚƷB, A����ƵŶƃ�ƪƈŤƯ�źĮƿŶƨƿ�ƶŝ�������ƶƫƺƫ�źƐƣ�ŶƳřB���������ƶºƫƺƫ�źºƐƣ�źºŝřźŝ�ƹŵ�A�

ƾƯ��ŶƃŚŝ������������ƾŝŵ�ŢŞƀƳ��ŶƃŚŝ�źŝřźŝ�ƶƫƺƫ�ƹŵ�ƥŚƨƐƇř�ŜƿźƋ�ƹ�ƩƺƏ�źĭř��ƶƫƺƫ����ŚƷA

B

Q

Q
������Ţſř�ƭřŶƧ�źŝřźŝ����ŢºƟř�Żř����ƽŚºƷ

ƾŗżūƝźƇ��ŶǀƴƧ�źƔƳ����ƶƫƺƫ�źƐƣB�ƶƫƺƫ�źƐƣ�źŝřźŝ�ƹŵ�AŢſř��� 

æ��1

4
�

ç��1

2 2
�

è��2

8
�

é��1��
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�� 

��� �����ƺƫ�Ʀƿ�Źŵ�ƩŚǀſ�Żř�ƾƳŚƿźūŢſř�Źřźƣźŝ�ƵŶǀưų�ƶƫ���ƖƐƤƯ�Źŵ�ƶƿƺƳŚŧ�ƱŚƿźū�ƾƬƧ�ƪƨƃAB�����źºƿŻ�šŹƺºƇ�ƭřŶºƧ�ƶºŝ�
�Ţſř 

æ��

�

æ��

�

è��

�

é��

�
�

��� Ţſř�ƵŶƃ�Ƶŵřŵ�źƿŻ�šŹƺƇ�ƶŝ�ƅŚų�ƱŚƿźū�Ʀƿ�ƽřźŝ�ƱŚƿźū�ƖŝŚţ� 

�
2

2 2

R
U y 1

x y


 
   

  

�

�źĭřR , UřŶƧ��ŶƴƃŚŝ�ŢŝŚŧ�ƶƴƿżĭ�Żř�Ʀƿ�ƭ�Ţſř�ŮǀŰƇ�źƿŻ�ƽŚƷ��
æ��ƮƧřźţ�ƹ�ƾƄųźģźǀƛ�ƱŚƿźū�Ţſř�źƿŸě��ç��ƮƧřźţ�ƹ�ƾưŗřŵźǀƛ�ƱŚƿźū�Ţſř�źƿŸě��
è��ƮƧřźţ�ƹ�ƾưŗřŵ�ƱŚƿźū�Ţſř�ƽźƿŸě��é��Ţſř�ƮƧřźţ�ƪŝŚƣźǀƛ�ƹ�Ƃųźģźǀƛ�ƱŚƿźū��
���� ������ŢƫŚů�Źŵ�ŢŝŚŧ�Ʈƀū�ŹŚƸģ�ƶŝ�śō����������ŝ�ƹ�ƵŶƃ�ƵŵŹřƹ�ƱŚƀƨƿ�ŢƗźſ�ƹ�ƱŚƀƨƿ�ƾƯźū�ƾŝŵ�Śŝ�źƿŻ�ƽŚƷ�Żř�ƽƹŚƀƯ�ƽŹƺƏ�ƶ

���ƾƯ�ũŹŚų�Ʈƀū�ƶƃƺĭ�ƹŵ�ŵƺƃ��ŢƫŚů����ƝźºƏ�Żř�Ʈºƀū�źŝ�ŵŹřƹ�ƾƤƟř�ƽƹźǀƳ�ƾĭŹżŝ�ƽŚƴŞƯ�źŝ�řŹ�ƞƬŤŴƯ�ƽŚƷō��ŜºţźƯ��ś
�ŶǀƴƧ 

æ��a b c d  �
ç��a b d c  �
è��a b c d  �
é��c d b d  �����������������
���� ����������������������ŢƯŚŴºƋ�ƶºŝ�Źřƺºƿŵ�Ʀºƿ�Źŵ�ƲǀºƘƯ�ƾƳŚºƯŻ�ƶºƔŰƫ�Ʀºƿ�Źŵ�šŹřźů�ƶūŹŵ�ƖƿŻƺţ50��ƾŤƳŚºſ���������šŹƺºƇ�ƶºŝ�źºŤƯ

2T 1800 4x ���Ţſř�ƵŶƃ�Ƶŵřŵ���T���ƾŤƳŚſ�ƶūŹŵ�Ŝƀůźŝ������ƹ�ŵřźĭx��ƾŤƳŚſ�Ŝƀůźŝ����Ţſř�źŤƯ������ŷƺºƠƳ�ŜƿźƋ�źĭř�

�Źřƺƿŵ�ƽřźŝ�ƾţŹřźů42.5 10  �Ŷƴģ�ƱŚƯŻ�ƶŝ�ŢŞƀƳ�Źřƺƿŵ�Ǝſƹ�Źŵ�šŹřźů�ƶūŹŵ�šřźǀǀƜţ��ŶƃŚŝ�C

s


�Ţſř� 

æ��0.02�ç��1�è��2�é��0.002�

���� �����ƵĦƿƹ�ƽŚƯźĭ�Śŝ�ƾƫŚǀſJ
4000

kg.K
�����űźƳ�Śŝ�ƹ�0.018������ƶƫƺƫ�ƱƹŹŵ�Żř�ƶǀƳŚŧ�Źŵ�ƭźĭƺƬǀƧ���ƾƬųřŵ�źƐƣ�Śŝ�ƽř4ƾŤƳŚſ����źºŤƯ

�ƾƯ�ŹƺŞƗ��ŶƴƧ�������������ƶŤƃřŵ�ƶĮƳ�ŢŝŚŧ�ƶƫƺƫ�ƾūŹŚų�ŮƐſ�ƽŚƯŵ�ƹ�ŶƃŚŝ�ƭřŹō�ƱŚƿźū�źĭř��������ƽŚƯŵ�šŹřźů�ƶūŹŵ�šřźǀǀƜţ��ŵƺƃ
����ƾŤƳŚſ�ƶūŹŵ�Ŷƴģ�ŜƿźƤţ�ŹƺƐŝ�ƶƫƺƫ�ƩƺƏ�źŤƯ�źƷ�Źŵ�ƩŚǀſ���Ţſř�ŵřźĭ��ƩŚǀſ�ƹ�ƶƫƺƫ�Źřƺƿŵ�ƽŚƯŵ�ƝǈŤųř40��ƶºūŹŵ

ƾŤƳŚſ��ƩŚǀſ�ƾţŹřźů�ŢƿřŶƷ�ŜƿźƋ�ƹ�ŵřźĭW
0.4

m.K
ƾƯ��ŶƃŚŝ�� 

æ��2.5�ç��2.25�è��1.25�é��5�
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��� ��������������ŶƿźǀĮŝ�źƔƳ�Źŵ�řŹ�ƾţŹřźů�ƶưƄģ�Śŝ�ƽŶƘŝ�Ʀƿ��ƾưŗřŵ�ƾţŹřźů�ŢƿřŶƷ�Ǝƿřźƃ�������Śŝ�źŝřźŝ�ƮƧŚů�ƶƫŵŚƘƯ
2

2

d T
q 0

dx
 �

���Ǝƿřźƃ�ƹƽŻźƯ����šŹƺƇ�ƶŝ�T T
1, 2

x 0 x 1x x

 
  

  
���ƶƬŘƀƯ�ƪů�ƶƴƯřŵ�ƹ�0 x 1 Ţſř����ŚƯŵ�ƖƿŻƺţ�šřźǀǀƜţ

�Ŝƀůźŝx�Ţſř�ƭřŶƧ� 

æ��

�

ç��

�

è��

�

é��

�
���� ��ƱŚưƫřdA�Ʊō�ƽŚƯŵ�ƹ�ƪƯŚƧ�ƵŶƴƴƧ�ƂŴě�ƵŚǀſ�TŢſř���ƖƄƘƄţ�Ʀƀƿŵ�ƶŝ�ƵŶǀſŹ�2��ƵŶǀºſŹ�ƖƄƘƄţ�ƶŝ�ŢŞƀƳ�

�Ʀƀƿŵ�ŮƐſ�Ŷůřƹ�ƶŝ1�Ʀƀƿŵ�ƾŤƣƹ�1�Ţſř�ƭřŶƧ��ƮƿŹřŵźŝ�řŹ� 

æ��źŝřźŝ�ƹŵ�
ç��źŝřźŝ�Ʀƿ�
è��ŹŚƸģ�Ʀƿƭ�źŝřźŝ��
é��źŝřźŝ�ŢƄƷ�

�
��� ���������ƭźĭ�ŮƐſ�šŹřźů�ƶūŹŵ�ƽŵƺưƗ�ƶƔƠŰƯ�Ʀƿ�ŹŵHT������ŵźºſ�ŮƐſ�ƹ�CT����������ƶŰƠºƇ�ƹŵ�Ʋǀºŝ�ƶƬºƇŚƟ�ƹ�L����ƕŚºƠţŹř�ƹ�

��šŚŰƠƇH�ƾƯ���ŶƃŚŝ����������ƶƔƠŰƯ�ƪųřŵ�Źŵ�řƺƷ�ƾŤƿřŶƷ�ŜƿźƋ�źĭřKƶŝŚū�ŜƿźƋ�ƹ���ŵřŻō�ƾƿŚūh�ƽŹƺŘţ�ŹřŶƤƯ��ŶƃŚŝ�
ƶŝŚū�ƶŝ�ŢƿřŶƷ�Żř�šŹřźů�ƭżǀƳŚƨƯ�źǀǀƜţ�ƖƣƺƯ�Źŵ�ŢƬſƺƳ�ŵŶƗ��Ţſř�ŹŶƤģ�ŵřŻō�ƾƿŚū 

æ��h
Nu

K
�ç��Nu 2�è��Nu 1�é��hK

Nu
L

�

��� ������ƶŤſƺě�ƾţŹřźů�ƩŶŞƯ�Ʀƿ�Źŵ����ƶƫƺƫ�ƪųřŵ�ƙřŵ�ƩŚǀſ��ƶƫƺƫ��������ƩŚºů�Źŵ�ƶŤºſƺě�Ţưſ�Źŵ�śō�ƶƨǀƫŚů�Źŵ��ŵŹřŵ�ƱŚƿźū�ŚƷ
Ţſř�ƱŶǀƃƺū��ŜſŚƴƯ�ƾţŹřźů�źƔƳ�Żř�ƩŶŞƯ�Ʋƿř�ƽřźŝ�ƱŚƿźū�ƂƿřŹō�ƭřŶƧ��Ţſř�źţ 

æ���ƞƫŚŴƯ�ƱŚƿźū�ƺƀưƷŚƳ���ç���ƽŻřƺƯ�ƱŚƿźū�ƺƀưƷ��
è��ƖƏŚƤŤƯ�ƱŚƿźū��é��ŵŹřŶƳ�ƾĮŤƀŝ�ƱŚƿźū�ƂƿřŹō�ƶŝ�ƩŶŞƯ�Ʋƿř�ŵźƨƬưƗ��
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�
�
��� �ƺƌƗ�ƾƬųřŵ�ƽƹźǀƳFHƶŝƹŹ�ƭżǀƳŚƨƯ�Źŵ����Ţſř�ƭřŶƧ��ƹŹ 

æ��8P�
ç��5P�
è��6P�
é��4P�

�
��� ƶŞƘū����ƱŻƹ�ƶŝ�ƽř75kg���ƽƹŹ���������ƾƨǀţŚŤſř�ƥŚƨƐƇř�ŜƿźƋ�Śŝ�ƾƤƟř�ŮƐſ�Ʀƿ0.20��ŵŹřŵ�Źřźƣ�����ƕŚƠţŹřb����źºŤƯ�Ŷƴģ�

�ŵƺƄƳ�Ʊƺĭĥřƹ�ƾƫƹ��ŶƴƧ�ŢƧźů�ƶŞƘū�Śţ��ŶƃŚŝ 

æ��2�
ç��1.2�
è��1.5�
é��1�

�
��� ����ƖƬƋ�ƶŝ�ƾƘŝźƯa����ƽŚƷŹƺŰƯ�ƹ�c cy , x��������ŝ�ƽŻřƺƯ�ƹ�ƶŤƃŸĭ�Ʊō�ŮƐſ�żƧźƯ�Żř����ƾƯ�Ʊō�ƕǈƋř�Ś�����Ţºſř�ƉƹźƠƯ��ŶƴƃŚŝ��

�ŹƺŰƯ�ƶŝ�ŢŞƀƳ�ƾſźƴƿř�ƱŚưƯx�ƶƿƹřŻ�ƶƧ�20��ŹƺŰƯ�ŚŝcxƾƯ���Ţſř�ƭřŶƧ��ŵŻŚſ 

æ��
4a

12
�

ç�� 
4

xa
1 cos 40

12


�

è�� 
4a

1 cos 20
12


�

é�� 
4a

1 cos 40
12


��

��LY�mY�Á�ÊuY���,t·Z�»�d»ÁZ¬»�,®ÌeZf�Y� 

cY|»Zm 
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��� ƶƨſ����������������źŝřźŝ�ƶƨſ�źƷ�ƱŻƹ�źĭř��ŶƳŹřŵ�Źřźƣ�ƾƨǀŤſǈě�ƝŚƇ�ƝźƓ�Źŵ��źƿŻ�ƽŚƷW����žºƨƗ�ŢŞƀƳ��ŶƃŚŝ���ƪºưƘƫř���ƽŚºƷ

ƶǀƨţ��ƾƴƘƿ�ƾƴǀƿŚě�ƶƨſ�ƾƷŚĭA

B

N

N
��Ţſř�ƭřŶƧ�źŝřźŝ���ƝźƇ�ŭƺƐſ�ƥŚƨƐƇř�Żř�ŵƺƃ�źƔƳ�� 

æ��5 b

4 a
�

ç��4 b

5 a
�

è��5 a

4 b
�

é��4 a

5 b
�

�
��������ƽŚƌƗř��źƿŻ�ƽŚěźų�ŹŵCF, BE����������������ƾºƯ�řŹ�ƂºƄƧ�źĮƿŶºƨƿ�Śºŝ�ŽŚºưţ�ƱƹŶºŝ�ƹ�Ƶŵƺŝ�ƪŝŚƧ��������ŶºƴƴƧ�ƪºưŰţ�ŶºƴƳřƺţ��

�ƪŝŚƧ�þþþþþ�ƺƌƗ�ƹ�ƶŤƃřŵ�Źřźƣ�ƂƄƧ�ŢŰţAB�ƽƹźǀƳ�ŢŰţ��þþþþþŵŹřŵ�Źřźƣ�ƲţƺǀƳ�ƺƬǀƧ� 

æ��CFƽŹŚƄƟ�65

4
�

ç��BEƽŹŚƄƟ��55

4
�

è��CF�ƾƄƄƧ��55

4
�

é��BE�ƾƄƄƧ��33

4
��

��� �ŵřŶƘţ�źŨƧřŶů nƥƺƬŝ��ƾƯ�ƶƧ�řŹ�ƾŞƘƨƯ�ƱŚƀƨƿ�ƽŚƷ�Ŝǀƃ�ŮƐſ�ƽƹŹźŝ�Ʊřƺţ��ƩŵŚƘţ�ƶƨƳō�ƱƹŶŝ��Ŷǀģ�ƮƷ�ƽƹŹ�Źřŵ
Ʊō���Ţſř�ŹŶƤģ��ŵŹƺŴŝ�ƮƷ�źŝ�ŚƷ��ŭƺƐſ�ƶǀƬƧźŝŻ�ƥŚƨƐƇř�ŜƿźƋ�Śŝ�ƹ�ŶƳƺƃ�ƉźƟ��� 

æ��1
n 


�ƶƧ�Ʊō�źŝ�ƍƹźƄƯ�tan  �

ç��1
n 


�ƶƧ�Ʊō�źŝ�ƍƹźƄƯ�tan  �

è��1
n 


�ƶƧ�Ʊō�źŝ�ƍƹźƄƯ�tan  �

é��1
n 


�ƶƧ�Ʊō�źŝ�ƍƹźƄƯ�tan  ��

��� ���ƱŚƄƳ�ơŹƹ�����������ƽŹŚºƄƟ�Ƃƴºţ�ƉźƘƯ�Źŵ�ƹ�ƵŶƃ�ƽŹŚƨƃƺū�źƐƣ�ƽŚŤſřŹ�Źŵ�ƪƨƃ�Źŵ�ƵŶƃ�Ƶŵřŵ2.5MPa��ŢºƸū�Źŵ�
�����ƾƄƄƧ�Ƃƴţ�ƹ�ƾƫƺƏ12 MPa���Ţſř�ƶŤƟźĭ�Źřźƣ�ƾƋźƗ�ŢƸū�Źŵ�����Ƃƴţ�ƹ�Ɓƺū�Ǝų�źŝ�ŵƺưƗ�ŢƸū�Źŵ�ƮŗŚƣ�Ƃƴţ

������������������ř�Ŝºǀţźţ�ƶºŝ�ƩŚĮºſŚě�ŚºĮƯ�Ŝºƀůźŝ�Ɓƺºū�Ǝºų�ŵřŶºŤƯř�Źŵ�ƾƃźŝ���������ŶºƴƯřŶƧ�Ěºģ�ƶºŝ�ŢºſřŹ�Ż���ơŹƹ�ŵŚºƘŝř
100mm 250 mmƾƯ��ŶƴƃŚŝ�� 

æ��0.5,5�
ç��5, 0.5�
è��0.5,10�
é��5,10�

�
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�� 

��� �����ƖƐƤƯ�Śŝ�ƶƬǀƯ�ƹŵƖŝźƯ����ƖƬƋ�ƶŝ�a�ƐƯ�������ƵŶƃ�ƪƈŤƯ�źĮƿŶƨƿ�ƶŝ�ľǈƯŚƧ�ƪƨƃ�ƢŝŚ���ƶƬǀƯŚţ��ŶƳř���������ƶºŝ�ƪǀƐŤºƀƯ�ƖƐƤƯ�Śŝ�ƽř
��ŵŚƘŝřa 2a���ŶƴƷŵ�ƪǀƨƄţ�řŹ�����żƧźưŤƯ�ƽŹƺŰƯ�ƽƹźǀƳP��ƶƐƤƳ�Źŵ�������������ƶƬƇŚƟ�Źŵ�ƶƧ�ƖƐƤƯ�ŮƐſ�ƮŗŚƣ�ƱŹŚƤţ�ŹƺŰƯ�Żř�ƽř

x����ǀƿŚě�ƖƬƋ�Ǝſƹ�Żř�������ƾƯ�ŵŹřƹ�ŵŹřŵ�Źřźƣ�ƖƐƤƯ�ŮƐſ�ƾƴ��ŵŵźĭ����������ŵƺƄƳ�Ʈų�ŜƧźƯ�ƶƬǀƯ�ƶƧ�ƾţŹƺƇ�Źŵx��Ţſř�ƭřŶƧ�
 2 1E 2E 

æ��7
a

6
�ç��5

a
6

�

è��4
a

3
�é��2

a
3

��

��� �ƶƐƤƳ�ƮŗŚƣ�żǀų�ƽřźŝ��źƿŻ�ƪƨƃ�ŹŵB�ŢŞƀƳ��ŶƃŚŝ�źƠƇ�a

L
�ŵƺƃ�śŚŴŤƳř�ŹŶƤģ� 

æ��2

3
�ç��1

3
�

è��1

2
�é��1

4
�

�
��� Űŝ�ŹŚŝźƿŻ�ƶƘƐƣ�ƾƳřź crP��Ţſř�ŹŶƤģ���BC 2a , AB CD a  Ţſř�ŜƬƇ�ƶƬǀƯ�ƹ�� 

æ��2ak�

ç��4ak

3
�

è��ak�

é��2ak

3
�

�
��� ������ƾƬųřŵ�ƕŚƘƃ�ƶŝ�ƾƧŻŚƳ�Ʀƀƿŵa��ƾūŹŚų�ƕŚƘƃ�ƹ�bƶƿƹřŻ�ŢƗźſ�Śŝ����ŢŝŚŧ�ƽřƾƯ�ƱřŹƹŵ��ŶƴƧ���Źŵ��ŮǀŰƇ�ƶƴƿżĭ

�Ţſř�ƭřŶƧ�Ʊō�ŵŹƺƯ 

æ��ƾƯ�źƠƇ��ƾūŹŚų�ŹřŶū�Śţ�ƾƬųřŵ�ŹřŶū�Żř��ƾƗŚƘƃ�Ƃƴţ�ŶƃŚŝ��
ŵ�ƹ�ƮưƿżƧŚƯ�ƾƬųřŵ�ŹřŶū�Źŵ��ƾƐǀŰƯ�Ƃƴţ����ƾƯ�ƮưǀƴǀƯ�ƾūŹŚų�ŹřŶū�Ź�ŶƃŚŝ��

�

ç��ŹřŶū�Śţ�ƾƬųřŵ�ŹřŶū�Żř��ƾƗŚƘƃ�Ƃƴţ�ƾƯ�źǀǀƜţ�ƾƐų�šŹƺƇ�ƶŝ��ƾūŹŚų�ŶƴƧ��
ƾƯ�źƠƇ��ƾūŹŚų�ŹřŶū�Śţ�ƾƬųřŵ�ŹřŶū�Źŵ��ƾƐǀŰƯ�Ƃƴţ����ŶƃŚŝ��

�

è��ƾƯ�ƮưǀƴǀƯ��ƾƐǀŰƯ�Ƃƴţ�ƹ�źƠƇ�ƾƗŚƘƃ�Ƃƴţ��ƾƬųřŵ�ŹřŶū�Źŵ�ŶƃŚŝ��
Ư�Ƃƴţ�ƹ�źƠƇ�ƾƗŚƘƃ�Ƃƴţ��ƾūŹŚų�ŹřŶū�Źŵ���ƾƯ�ƮưƿżƧŚƯ��ƾƐǀŰ�ŶƃŚŝ��

�

é��ƾƯ�ƮưƿżƧŚƯ��ƾƐǀŰƯ�Ƃƴţ�ƹ�źƠƇ�ƾƗŚƘƃ�Ƃƴţ��ƾƬųřŵ�ŹřŶū�Źŵ�ŶƃŚŝ��
�ƮǀƴǀƯ��ƾƐǀŰƯ�Ƃƴţ�ƹ�źƠƇ�ƾƗŚƘƃ�Ƃƴţ��ƾūŹŚų�ŹřŶū�Źŵ���ƾƯ�ŶƃŚŝ��
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�� �µZ��É��Y����Â°À¯�½Â»�M�����
 

��� ���ŹƺŰƯABC��źƐƣ�Śŝ�d����ƶƬƇŚƟ�Źŵ�ABƹ2d����ƶƬƇŚƟ�Źŵ�BC�����ƶǀƨţ�ƶŝ�ŚƸŤƳř�ƹŵ�Źŵ����������ƶƐƤƳ�Źŵ�ƹ��ƵŶƃ�Ɓƺū�ƾŞƬƇ�ƵŚĭ

B�����ƾƄĤǀě�ŹƹŚŤƄĭ�ŢŰţ�T���Ţſř�ƶŤƟźĭ�Źřźƣ�������ƶǀƨţ�ƹŵ�ƶƧ�Ʋƿř�ƽřźŝ���������ŢŞƀƳ��ŶƴƴƧ�ƪưŰţ�ƽƹŚƀƯ�ŹƹŚŤƄĭ�ƵŚĭa

L
�

�ŶƃŚŝ�ŶƿŚŝ�ŹŶƤģ 

æ��1

17
�

ç��1

4
�

è��1

8
�

é��1

16
��

��� ��ƶƳřƺŤſř�ƱżŴƯ�Ʀƿ��������ƕŚƘƃ�ƶŝ��ŹŚƄƟ�ŢŰţ�ƥŻŚƳ�ŹřŶū�ƽřr�ƮƷ�ƉźƘƯ�Źŵ��Ɵ�ƱŚƯŻ�ƾƬųřŵ�ŹŚƄP�ƽŹŚƄƟ�ƽƹźǀƳ�ƹ�ŻŚĭ
FŵŹřŵ�Źřźƣ�Ʊō�źſ�ƹŵ�Źŵ����ƽƹźǀƳ�ƵŻřŶƳřF�ŶŤƠǀŝ�ơŚƠţř�ƶƳřƺŤſř�ƵŹřƺƿŵ�Źŵ�ƆƫŚų�Ɓźŝ�Śţ��ŶƃŚŝ�ŹřŶƤƯ�ƶģ� 

æ��22 Pr�ç��21.5 Pr�
è��23 Pr�é��2Pr��
���� ��Źƹŵ�ŵřŶƘţ�ƹ�źŝřźŝ�ƹŵ�źƴƟ�ƲǀĮƳŚǀƯ�źƐƣ��ŪǀěŹŚƯ�źƴƟ�Ʀƿ�Źŵ�ƾƯ�ƞƈƳ�Ʊō�ƩŚƘƟ�ƽŚƷ�ŵŵźĭ���źƴƟ�ĬƴƷō��šŹƺƇ�Ʋƿř�Źŵ

��ŢƿźƴƟ�ŜƿźƋstiffness��ƾƯ�ƽźǀǀƜţ�ƶģ��ŶƴƧ 

æ��ƾƯ�ƮƧ�źŝřźŝ�ŹŚƸģ�ŵƺƃ���ç��źŝ�ŹŚƸģƾƯ�ŵŚƿŻ�źŝř�ŵƺƃ��
è��ƾƯ�ƮƧ�źŝřźŝ�ŢƄƷ�ŵƺƃ���é��ƾƯ�ŵŚƿŻ�źŝřźŝ�ŢƄƷ�ŵƺƃ��
���� ƾƯ�ƾƄĤǀěřƹ�ƾƄƳźƧ�ƽĥźƳř�ŽŚſřźŝ�ƾĭŶƳŚƯřƹ�ŹŚǀƘƯ�ƲǀŞƯ��ƶƴƿżĭ�ƭřŶƧ��ŶƃŚŝ 

æ��ŵƺƃ�źŝřźŝ�ƂƄƧ�ƂƿŚƯŻō�Źŵ�ƾƬƧ�ƾƄƳźƧ�ƽĥźƳř�ƾƫŚĮģ�Śŝ�ƾƬƧ�ƾƄƳźƧ�ƽĥźƳř�ƾƫŚĮģ��ƮǀƬƀţ�ƕƹźƃ�Źŵ�ƵŚĭźƷ��
ç��ƵŶƃ�Ƶźǀųŷ�ƽĥźƳř�ƵŚĭźƷƂǀŝ�Ʈƀū�Źŵ��ŶƃŚŝ�ƾūŹŚų�ƽŚƷƹźǀƳ�ŹŚƧ�Żř�źţ��
è���źŝřźŝ�ƂƄƧ�ƂƿŚƯŻō�Źŵ�ƾƟřźŰƳř�ƾƄƳźƧ�ƽĥźƳř�ƾƫŚĮģ�Śŝ�ƾƟřźŰƳř�ƾƄƳźƧ�ƽĥźƳř�ƾƫŚĮģ��ƮƬǀƀţ�ƕƹźƃ�Źŵ�ƵŚĭźƷ

ŵƺƃ��
é��ƮƧ�Ʈƀū�Źŵ�ƵŶƃ�Ƶźǀųŷ�ƽĥźƳř�ƵŚĭźƷ��ŹŚƧ�Żř�źţƽŚƷƹźǀƳŶƃŚŝ�ƾūŹŚų���
���� ������ƾƴŰƴƯ�Śŝ�ƽŵǇƺƟ�ŢƟŚƃ�ƦƿSy 800 MPa ,Su 1000 MPa ,S N  ���Ƃưų�Żř�ƾƃŚƳ�ƾƄƄƧ�śƹŚƴŤƯ�Ƃƴţ�ŢŰţ

���ƱřżǀƯ�ƶŝ75MPa��������ƱřżǀƯ�ƶŝ�ƂĤǀě�Żř�ƾƃŚƳ�ŢŝŚŧ�ƾƃźŝ�Ƃƴţ�ƹ�300MPa�Ţºſř�ƶŤƟźĭ�Źřźƣ������ƶºƔƟŚŰƯ�ŽŚºſřźŝ
ƶƳřŹŚƧ�Ƃǀě�ƶƳƺĮģ�ƶƘƐƣ�ƵŶƴƿō��ŚƷŹŚǀƘƯ�Ʋƿźţ�ƾƯ�ƾƴǀŝ��ŵƺƃ 

æ���Żř�ƪŞƣ1000Ţƀƨƃ�ŶƷřƺų�ƪƨǀſ���
ç���ŵƹŶů50000ƾƯ�ŹŚƧ�ƪƨǀſ��ŶƴƧ��
è��ƾƯ�ƮǀƬƀţ�ƪƨǀſ�Ʋǀƫƹř�Źŵ�ŵƺƃ��
é���Żř�ƪŞƣ5000Ŷƃ�ŶƷřƺų�ƮǀƬƀţ�ƪƨǀſ���

�
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��� ������ƵźƐƣ�ƶƿŸƜţ�Śŝ�ƾƴƛƹŹ�ƱŚƣŚţŚƿ�Ʀƿ�Źŵ����ŝřźŝ�ƹŵ�ƱŚƯŻ�ƮƷ�ŹƺƏ�ƶŝ�ƾƳřŹƹŵ�ŢƗźſ�ƹ�ŵŹřƹ�ƽƹźǀƳ��ƽřƾƯ�ź�ŶƳƺƃ����Ʋºƿř�Źŵ
�ƵŹřƺƿŵ�Śŝ�ŢƟŚƃ�ƶƬƇŚƟ�ƪƣřŶů��šŹƺƇþþþþþ� 

æ��ƾƯ�ƂƿřżƟř�ŶŝŚƿ���ç��ƾƯ�ƂƷŚƧ�ŶŝŚƿ��
è��ƾưƳ�źǀǀƜţ�ŶƴƧ���é��Ƃǀě�ƪŝŚƣ�ŢƀǀƳ�ƾƴǀŝ��
���� �Ţſř�ŹŶƤģ��źƿŻ�ƶƘƐƣ�ƽřźŝ�ƾƴưƿř�ŜƿźƋ�ƪƣřŶů��ƾƄĤǀěřƹ�ƮǀƬƀţ�ƽŹƺŘţ�ŽŚſřźŝ 

�yD 20 mm,F 0.55kN, P 8.0 kN,T 30 Nm,S 280MPa    �
æ��6.22�
ç��2.77�
è��5.31�
é��1.84�

�
��� šŹŶƣ�� 50 W�������űźģ�ƹŵ�ƽźǀĭŹŵ�ƢƿźƏ�Żř�ƪƨƃ�ƢŝŚƐƯ�������Śŝ�ĢĜƿŹŚƯ�ƵŶƳŵƶƿƹřŻ������ƩŚºƯźƳ�ŹŚºƄƟ�n 30  ����ƶºƿƹřŻ�ƹ�

��ĢǀěŹŚƯ45  ��ƾƯ�ƪƤŤƴƯ���ŵƺƃ����űźģƵŶƳŵ��������ƾƯŚºĭ�źºƐƣ�ƽřŹřŵ�ƵŶƴƳřŹ�100mm���������ƶºƿƹřŻ�ŢƗźºſ�Śºŝ�ƹ�Ţºſř����ƽř
 �300 i rpmƾƯ�ƱřŹƹŵ��ŶƴƧ���Ţſř�ƲţƺǀƳ�Ŷƴģ�ƵŶƴƳřŹ�ƵŶƳŵ�űźģ�źŝ�ŵŹřƹ�ƽŹƺŰƯ�ƽƹźǀƳ 

æ���100i�
ç���100i�

è��100 �i
3

�

é��100 �i
3

�

�
��� ��ŹŵƱŚƣŚţŚƿ��������ƶĮƳ�ŢŝŚŧ�ƹ�ƲƛƹŹ�ƶŤƿŻƺƨƀƿƹ�ƂƿřżƟř�Śŝ��ƩŚƳŹƹĥ���������źĮƿŵ�ƾůřźƏ�ƽŚƷźŤƯřŹŚě�ƾƯŚưţ�ƲŤƃřŵ�����ŢƗźºſ��ŹŚŝ

ƱŚƣŚţŚƿ�ƩƺƏ�ƹ�ŢƟŚƃ�źƐƣ��ƾƗŚƘƃ�ƾƤƫ�ƾƯ�ƽźǀǀƜţ�ƶģ�ƮưƿżƧŚƯ�ŹŚƄƟ����ŶƴƧ 

æ���ƂƷŚƧƾƯ�ŶŝŚƿ���ç��ŵŹřŵ�ƲƛƹŹ�ƕƺƳ�ƶŝ�ƾĮŤƀŝ��

è���ŢŞƀƳ�ƶŝ�ƾĮŤƀŝL

D
ŵŹřŵ���é��ƾƯ�ƂƿřżƟř�ŶŝŚƿ��
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�
��� ���ƾƳƹżƬů�ŢŝŚŧ�ŹŚǀƃ�Ʀƿr k ������Ţſř�ƶŤƟźĭ�Źřźƣ�ƾƤƟř�ƶŰƠƇ�Źŵ����ƵŹŷ������ƭźū�ƶŝ�ƽřm������ŢŝŚŧ�ŢƗźſ�Śŝ�ƶƳřŵřŻō�v��Źŵ�

������ƾƯ�ŢƧźů�ƥŶƳř�ƥŚƨƐƇř�Śŝ�ŹŚǀƃ�Ʋƿř��ŶƴƧ���žƨƗ�ƽƹźǀƳ����������ƵŹŷ�źŝ�ƶƧ�ƾƤƟř�ƶŰƠƇ�Źŵ�ŹŚǀƃ�ƮŗŚƣ�ƪưƘƫř���ƾƯ�ŵŹřƹ�����ŵƺºƃ
�Ţſř�ƭřŶƧ 

æ�� 

 

2 2
2

32 2

r 2k
mv

k r





�ç�� 

 

2 2
2

32 2

r k3
mv

2
k r





�

è�� 

 

2 2
2

32

r k1
mv

2
k r





�é�� 

 

2 2
2

32 2

2r k
mv

k r





��

��� �ŢŝŚŧ�ŢƗźſ�Śŝ�ƾƿŚưǀěřƺƷvƾƯ�ŢƧźů�ƽƺŰƳ�ƶŝ���ƶƿƹřŻ�ƢƟř�Śŝ�ƶƧ�ŶƴƧƾƯ��ŵŻŚſ���ƵŚĮŤƀƿřŹřŵřŹA�ŜǀƤƘţ�řŹ�Ʊō���
ƾƯ�ŶƴƧ���ƾƗŚƘƃ�ŢƗźſrƵŵřŵ�ƽŚƷźŤƯřŹŚě�Ŝƀůźŝ��Ţſř�ƭřŶƧ�ƵŶƃ� 

æ�� r vsin  �
ç��2r v cos �
è�� r vsin  �
é�� r v cos  �

�
��� ��ƩƺƏ�ƶŝ�Ţųřƺƴƨƿ�ƭźū�ƖƿŻƺţ�Śŝ�ƽř�ƶƬǀƯL�ƭźū�ƹ�mƹŶŝ�ƶƤƬů�ƪųřŵ�Źŵ��ƕŚƘƃ�ƶŝ�ƾƯźū�ƱL��ƵŶºƃ�Ƶŵřŵ�Ɓƺū�

Ţſř���ƶƿƹřŻ�śŚŤƃ�ƵŻřŶƳř��ŵŵźĭ�ŚƷŹ�Ʊƺƨſ�ƩŚů�Żř�ƵŶƃ�Ƶŵřŵ�ƱŚƄƳ�ƶƔŰƫ�Źŵ�ƮŤƀǀſ�Ʋƿř�źĭř�žƨƗ�ƹ�ƽř��ƮŗŚƣ�ƪưƘƫř
��ŶƴƯřŶƧ�ƶƔŰƫ�ƲǀưƷ�Źŵ�Ʊō�ŮƐſ�źŝ�ƾƯ�ƲǀƯŻ�Śŝ�ƁżƜƫ�ƱƹŶŝ�ŽŚưţ�ƽřŹřŵ�ƶƤƬů�ŶƃŚŝ�� 

æ��2g
N , 0

5L
  �ç��13 3g

N mg ,
16 8L

  �

è��7 2 g
N mg ,

8 3 L
  �é��13 g

N mg ,
8 3L

  �
�

��µ�fÀ¯�,¾Ì�Z»�®Ì»ZÀË{�,cZ�Z e�Y�,®Ì»ZÀË{��
�

cZ�Z e�Y�Á�®Ì»ZÀË{ 
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�� 

��� ��ƵŶƳżƜƫ2��������������������������ŢºŝŚŧ�ƾūŹŚºų�ƽƹźºǀƳ�ƹ�ŵƺºų�ƱŻƹ�ƽƹźºǀƳ�źºŧř�ŢºŰţ�ƾƬƤǀºƇ�ŢºŝŚŧ�ƶƬǀƯ�Ʀƿ�ƩƺƏ�Źŵ�ƾƯźĭƺƬǀƧ�
F 15 i 10 j 15kN   

  
��ƾƯ�ŢƧźů���ŶƴƧ�������ƶƐƤƳ�Żř�ƵŶƳżƜƫ�źĭřA������ƵŻřŶºƳř��ŶºƴƧ�ŢºƧźů�ƶŝ�ƕƹźƃ�Ʊƺƨſ�ŢƫŚů�Żř�

�ƶƐƤƳ�ƶŝ�ƶƧ�ƾŤƣƹ�Ʊō�ŢƗźſBƾƯ���ŵƺŝ�ŶƷřƺų�ƶǀƳŚŧ�źŝ�źŤƯ�Ŷƴģ��ŶſŹ
2

m
g 9.8k

s

 
  

 

� 

æ��0.35�
ç��2.25�
è��1.78�
é��4.39�

�
��� ����ƭźū�ƶŝ�ƾŝŚƣ6m����ƾƯ�Ţƀƿř�ƩŚů�Źŵ��ŶƃŚŝ�����ƭźū�ƶŝ�ĬƳƹō�źĭřm����ƫŚů�Źŵ�Ţƀƿř�Żř�Ţ���ŵƺƃ�ŚƷŹ�ƾƤƟř������ƾŞºƀƳ�ŢƗźſ

ŵƺưƗ�ĬƳƹō�ƶƧ�ƾƯŚĮƴƷ�śŚƣ�ƶŝ�ŢŞƀƳ�ĬƳƹō�ƭźūƾƯ�ƽ��Ţſř�ƭřŶƧ��ŵƺƃ 

æ��gL
9

21
�ç��gL

9
23

�

è��gL
7

21
�é��gL

7
23

�
�

��� ƭźū�ƮŤƀǀſ 1m�źƴƟ�ƹ� 1k�ƦǀƳƺƯŹŚƷ�ƽƹźǀƳ�ŢŰţ�źƿŻ�ƪƨƃ�0F sin tŵŹřŵ�Źřźƣ���ƾƯ��ƱŵźƧ�ƶƟŚƋř�Śŝ�ƮǀƷřƺų
�����ƽźĮƿŵ�źƴƟ�ƹ�ƭźū 2 2k ,m��������ƭźū�ƁŚƘţŹř�ƶƴƯřŵ�ƮŤƀǀſ�Ʋƿř�ƶŝ�1m���ƮǀƿŚưƳ�źƠƇ�řŹ���������ŢºƫŚů�ŹŚƸģ�ƶƧ�ƾţŹƺƇ�Źŵ

�Żř�źƿŻ�źƔƳƱŚƨƯř�ƾƿřźūř�ŜſŚƴƯ��ŶƃŚŝ�źƿŸě��ƭřŶƧ�ŲſŚě�ƲƿźŤƸŝ�ƹ�Ʋƿźţ�Ţſř 

�1
N

k 25000
m

�
�1m 250 kg�

�rad
10

s
 �

æ��2 2
N

m 50kg , k 10000
m

 �

ç��2 2
N

m 150 kg ,k 30000
m

 �

è��2 2
N

m 150kg ,k 15000
m

 �

é��2 2
N

m 50 kg , k 5000
m

 ��

��� �������ŝ�ƭźū�ƱƹŶŝ�ƹ�ŜƬƇ�ƶƬǀƯ�ƹŵ��źƿŻ�ĬƳƹō�ŹŵƵŶƃ�Ƶŵřŵ�Ɓƺū�ƮƷ�ƶ�ŶƳř��ƭźū�ƶſ��ƪƨƃ�ƢŝŚƐƯm��ƽƹŚºƀƯ�ƪƇřƺƟ�ƶŝ�
ƶƬǀƯ�Żř�ƾƨƿ�ƶŝ�Ţſř�ƵŶƃ�ƪƈŤƯ�ŚƷ���Ţſř�ƭřŶƧ�ƮŤƀǀſ�ƾƘǀŞƏ�žƳŚƧźƟ 

æ��
2 2

3gl

3l 2a
�ç��

2 2

gl

l a
�

è��g

l
�é��

2 2

2gl

3l 2a
�

�
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�� �µZ��É��Y����Â°À¯�½Â»�M�����
 

��� ������ƾƯ�ŵŹřƹ�ƪƨƃ�ƢŝŚƐƯ�ƾƿƹźǀƳ��źƿŻ�ƮŤƀǀſŹŵ��ŵƺƃ������������ƽřźºŝ�ƮŤƀǀſ�ŲſŚě��źƠƇ�ƶǀƫƹř�Ǝƿřźƃ�ƉźƟ�Śŝ1t t���ƭřŶºƧ��
�Ţſř 

æ�� 0
n 1 n

F
cos t t cos t

k
     �

ç�� 0
n 1

F
cos t t

4k
 �

è�� 0
n 1 n

F
cos t t cos t

4k
     �

é�� 0
n 1 n

F
cos t t cos t

k
     �

�
��� ���������������ƵŶºƃ�ƪƈŤƯ�ƮƷ�ƶŝ�ƽźſ�ŹƺƏ�ƶŝ�ƶƧ�źĜƯŵ�ƹ�źƴƟ�Ʀƿ�Żř�źƿŻ�ƮŤƀǀſ���������Ţºſř�ƵŶºƃ�ƪǀƨºƄţ�ŶºƳř������ƽƹźºǀƳ�ƶºĤƳŚƴģ

   F t t �Ţſř�ƭřŶƧ�ƮŤƀǀſ�ŲſŚě��ŶƴƧ�ƦƿźŰţ�řŹ�ƮŤƀǀſ� 

æ��   
1 1

t u t
k c
 �ç��   

1 1
t u t

c k
 �

è��   
1 1

t u t
k c
 �é��   

1 1
t u t

c k
 ��

���� �ƭƹŵ�ƹ�Ʃƹř�śƹŚƴţ�ƵŹƹŵ�Źŵ�řźǀƯ�ƱŚſƺƳ�Ʀƿ�ƶƴƯřŵ�źĭř1, 2.5ƾŤƳŚſ��Ʊō�ƱŚſƺƳ�ƶƴƯřŵ��ƭƺſ�śƹŚƴţ�ƵŹƹŵ�Źŵ��ŶƃŚŝ�źŤƯ
�Ţſř�ƭřŶƧ 

���0.4���� Ln 2.5����2.5e���� Ln 1.5�
���� ��ƶŝƹŹ�ƪƨƃ�Źŵ������ƶºƬǀƯ��ƹŹAD�����ƍŚºƤƳ�Źŵ�D, B������Ţºſř�ƵŶºƃ�Ǉƺºƫ���������ƵŶºƳżƜƫ��ƵŶºƃ�Ƶŵřŵ�ƱŚºƄƳ�ƶºƔŰƫ�ŹŵD�ƽřŹřŵ

ŢƗźſm
1.2

s
ƾƯ�ǇŚŝ�Ţưſ�ƶŝ�ŶƃŚŝ��ŢƗźſ�ƶƐƤƳ�AŢſř�ƶǀƳŚŧ�źŝ�źŤƯ�Ŷƴģ�ƶƔŰƫ�Ʋƿř�Źŵ�� 

æ��0.8�
ç��14�
è��1.2�
é��18�

�
���� ���ƴǀƫ��źƿŻ�ƭżǀƳŚƨƯ�ŹŵƦ4���ŢƗźſ�Śŝm

8
s

����śŚŤƃ�ƹ�
2

m
80

s
��ƾƯ�ŢƧźů�Ěģ�Ţưſ�ƶŝ��ŶƴƧ������ƭřźĭŚºƿŵ�ƪºǀưƨţ�Żř�žºě

ƾƯ�ƩƺƯźƟ�ƭřŶƧ�Żř�śŚŤƃ�ƭřźĭŚƿŵ�ƮſŹ�ƽřźŝ��ŢƗźſ��ŵźƧ�ƵŵŚƠŤſř�Ʊřƺţ 

æ��
2 4 2 4 2 4

c n
B B B , B B , Ba a a a  �

ç��
4 2 2 2 4

n t c
B B B B , Ba a a a  �

è��
42 2 2 4

n t t
BB B B , Ba a a a  �

é��
4 2 2 2 4 2 4 2 4

n t t n c
B B B B ,B B , B B , Ba a a a a a    �

�

www.konkur.in

Forum.konkur.in



�

 

�cZ�Z e�Y�Á�®Ì»ZÀË{�µ�fÀ¯�,¾Ì�Z»�®Ì»ZÀË{�,cZ�Z e�Y�,®Ì»ZÀË{��
 

�� 

���� ƭźƷř�Źŵ�ƶƬǀƯ�Ūƴě�ƽŶƴŝ�ƪƈƠƯ�Źŵ��ƾƫŚĮƴģ�ƩŚƈţř�Śŝ�ƽřD�ŵŹřŵ�ơřŶƈƯ�šŹŚŞƗ�ƭřŶƧ� 

æ��
5 2D D CV V V �

ç��
5 2 5 2D D D DV V V �

è��
5 2D D CV V V �

é��
5 2D D B CV V V V  �

�
���� ��Ţſř�ƭřŶƧ�ƹŹ�ƶŝƹŹ�ƦƯřŵŚŝ�Źŵ�ŚƴŞƯ�Ƶźƿřŵ�ƕŚƘƃ�Ǉƺƫ�ƶƬƇŚƟ�Źŵ�e�ƦƯřŵŚŝ�żƧźƯ�Żř� 2CŵŹřŵ�Źřźƣ�� 

æ��2e�
ç��3 2R R e �
è��3 2R R e �
é��2 3R R��
���� ���������źģ�ƹ�Ʊƺǀƴǀě�Ʀƿ�ƢƿźƏ�Żř�ƽŹƺţƺƯƹźŤƨƫř��źƿŻ�ƪƨƃ�ƢŝŚƐƯ��ű������ƽŹƺºŰƯ��ƵŶƳŵŚů�ºƯƪ����������ŢºƧźů�ƶºŝ�řŹ�źºĮƴƫ�űźºģ�

ƾƯŹŵ�ŵŹƹō��ƱŚưƯ�źĭř�Ŝƀůźŝ�šŚƘƐƣ�ƾſźƴƿř2kgmŶƴƃŚŝ�źƿŻ�šŹƺƇ�ƶŝ� 

�źĮƴƫ�űźģ4�����źĮƴƫ�űźģ�ŹƺŰƯ�0.02��ƵŶƳŵ�űźģ��0.98�ŹƺţƺƯ��0.15����Ʊƺǀƴǀě�ƹ�0.05��������Źŵ�ŹƺºţƺƯ�ŹƹŚŤºƄĭ�ƲǀºƴĤưƷ�
����źŝřźŝ�ŢƧźů�ƕƹźƃ10�����ƶƿƹřŻ�śŚŤƃ��ŶƃŚŝ�źŤƯ�ƲţƺǀƳ�����������ƱŶƃ�ƲƃƹŹ�Żř�žě�ƶƬƇŚƟǇŚŝ�źĮƴƫ�űźģ�ŹƺŰƯ�ƽř���Ŷƴģ�ŹƺţƺƯ�

ƾƯ�ƶǀƳŚŧ�ŹƹŸŬƯ�źŝ�ƱŚƿŵřŹ��ŶƃŚŝ�
æ��5�
ç��25�
è��1�
é��10�

�
���� ������ŶƿźǀĮŝ�źƔƳ�Źŵ�řŹ�ƾƐų�ƮŤƀǀſ�ƹŵ�����ƾƳŚƯŻ�ŢŝŚŧ�ƾƫƹř�ƮŤƀǀſ��������ƳŚƯŻ�ŢŝŚŧ�ƾƯƹŵ�ƮŤƀǀſ�ƦģƺƧ�ŹŚǀƀŝ�Ɓřƾ����Źŵ�Ɓř

Ţſř�īŹżŝ�ŹŚǀƀŝ�ƾƫƹř�Śŝ�ƶƀƿŚƤƯ��ƾƿŚſŚƴƃ�ƽřźŝ(System ldentification) ƮŤƀǀſ�Ʋƿř����žºƨƗ�ƁƹŹ�ƹŵ��ŚºƷ���ƪºưƘƫř
ƮŤƀǀſ�ƾƯ�źƔƳ�Źŵ�řŹ�ŚƷ�Ʈƿźǀĭ� 

Ʃƹř�ƁƹŹ��žƨƗ�ƶƬě�ƽŵƹŹƹ�ƶŝ�řŹŸĭ�ŢƫŚů�ƪưƘƫř�Ŷůřƹ�ƽř�
ƭƹŵ�ƁƹŹ��žƨƗ�ƾƀƳŚƧźƟ�ƽŵƹŹƹ�ƶŝ�ŹŚĭŶƳŚƯ�ŢƫŚů�ƪưƘƫř�

ƮŤƀǀſ�Ʋƿř�Żř�ƭřŶƧ�źƷ��ŵƺƃ�ƾƿŚſŚƴƃ�ƁƹŹ�ƭřŶƧ�Śŝ�ŶƿŚŝ�ŚƷ�

æ��ƭƹŵ�ƁƹŹ�Śŝ�ƾƯƹŵ�ƮŤƀǀſ�ƹ�ƩƹŚƃƹŹ�Śŝ�ƾƫƹř�ƮŤƀǀſ��
ç��Ţſř�ƭŚŬƳř�ƪŝŚƣ�ƁƹŹ�ƹŵ�źƷ�Śŝ�ƮŤƀǀſ�ƹŵ�źƷ��
è��Ʃƹř�ƁƹŹ�Śŝ�ƾƯƹŵ�ƮŤƀǀſ�ƹ�ƭƹŵ�ƁƹŹ�Śŝ�ƾƫƹř�ƮŤƀǀſ�
é��ƭƹŵ�ƁƹŹ�Śŝ�ƮŤƀǀſ�ƹŵ�źƷ�
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�� �µZ��É��Y����Â°À¯�½Â»�M�����
 

���� ���ƶƬě�ƽŵƹŹƹ�źǀŧŚţ�ŢŰţ������ƢƬƐƯŹŶƣ��Ŷůřƹ�ŢƗźſ�ƽŵƹŹƹ�ƹ�Ŷůřƹ�ƽř������ƾºſŶƴƷ�ƱŚºƨƯ�ƶºƧ�ƾưŤºƀǀſ�ƽŚºƿŚě�ƽŚƐų
ƶƄƿŹ��ŶƴƯřŶƧ�Ŝǀţźţ�ƶŝ�ƵŶƃ�Ʈǀſźţ�ƪƨƃ�Źŵ�Ʊō�ƽŚƷ 

æ��ss ss
K

e 0, e
15

 �

ç��ss ss
30

c ,c 0
K

 �

è��ss ss
K

e 0, e
30

 �

é��ss ss
15

c ,e 0
k

 ��
���� ������Ţſř�ƱżŴƯ�ƹŵ�ƪƯŚƃ�źƿŻ�ƪƨƃ�ƮŤƀǀſ�������ƱŻŚŴƯ�ƖƐƤƯ�ŮƐſ�źƧř�����źŝřźŝ�ƹ�ƮƷ�ƽƹŚƀƯA 1����ƶưƷ�ŚƷźǀƃ�ŢƯƹŚƤƯ�ƹ

��ƽƹŚƀƯR 1���Ʊō�ƉźƟ�Śŝ��ŶƃŚŝ����ƶƧ   2 1h t , h t����������ƝźºƓ�ƹŵ�Źŵ�ƩŚǀºſ�ƕŚƠţŹř�u���������ƹ�Ʃƹř�ƝźºƓ�ƶºŝ�ƽŵƹŹƹ�ƾºŝŵ
2 1Q ,Q���ƾŝŵ�Ŝǀţźţ�ƶŝ�������ƹ�ƭƹŵ�ƹ�Ʃƹř�ƝźƓ�Żř�ƾūƹźų�3Q����Ʊŵƺºŝ�ƾºƐų�ƉźºƟ�Śŝ��ŶƃŚŝ�ƝźƓ�ƹŵ�Ʋǀŝ�ƽŹƺŞƗ�ƾŝŵ�

ƾƴƘƿ�ƮŤƀǀſ1
1

h
Q

R
��1 2 2

3 2
h h h

Q ,Q
R R


 �ƽŵƹŹƹ�Ʋǀŝ�ƪƿŶŞţ�ƖŝŚţ���u�ƾūƹźų�ƹ�3Q�ƭřŶƧ��Ţſř 

æ��
  

s 2

s 1 s 3



 
�

ç��
  

1

s 1 s 3 
�

è��
 

2

1

s 1
�

é��1

s 3
�

�
���� �����ƵŻřŶƳř�ƵŚĮŤſŵ�Ʀƿ��źƿŻ�ƪƨƃ�ƮŤƀǀſ���������ŶºƷŵ�ƾºƯ�ƱŚƄƳ�řŹ�ŹŚƄƟ�ƽźǀĭ�������ŹŚºƄƟ�ƵŚĮŤºſŵ�ƲºƿřP������ŵŹƺºƯ�ŢºǀưƧ

ƵŻřŶƳř��ƽźǀĭ�����ƱŚƨƯ�źǀǀƜţ�ƶŝ�řŹ�x����ƵŻřŶƳř�ŵŹƺƯ�ŢǀưƧ��ƽźǀĭ���ƾƯ�ƪƿŶŞţ��ŶƴƧ��������Ƶŵřŵ�ƱŚƄƳ�ƽŚƷźŤƯřŹŚě�Śŝ�ƮŤƀǀſ�ƽřźŝ
�ƖŝŚţ��ƵŶƃƪƿŶŞţƽŵƹŹƹ�Ʋǀŝ� P s��ƹƾūƹźų X s�Ţſř�ƭřŶƧ� 

æ��
2

A

R
s ms K 

�

ç��
2 2

A

ms RA s K 
�

è��
A

K
ms R 1 

�

é��
2

A

m
s Rs k 

�
�
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�� 
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�d¼��Ä]�Ã|À¿Y��Ã|¿|y�q��{��Â¯~»�ÉÁ�Ì¿�dÆmxd�Y���

îå� �ÄÀË�³�d�Y�d��{����
��ËY�§Y�Z]�{|��|¸Ì§�»Z�Ê»��ËY�§Y����{�Á�|]ZËL

D
�,d]Zi�

max

P

p
�Y~·�Á��ËY�§Y�maxPÊ»��ÅZ¯��|]ZË��
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�
 

2 2

3
2 2 2

1 r 2r rr
, k

k
r r

  
  



�Z ���ÉY�

�
     

2 2 2 2 2 2 2

3 3 3
2 2 2 2 2 2 22 2 2

k 2k 0 r 2k 1 r 2k
k

k k r k r k

    
   


   

�

�
 

2 2 2
2

n 3
2 2 2

mV r 2k
F mV

r k

 
 

  
 
 
 

�

���� �ÄÀË�³�d�Y�d��{���
r r r� � � �V V e V e r e r e      

 �
   r� �V V cos e V sin e     

�
 r V cos  �

�
�

�µ�fÀ¯�,¾Ì�Z»�®Ì»ZÀË{�,cZ�Z e�Y�,®Ì»ZÀË{��
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���� �ÄÀË�³�d�Y�d��{���

0 0
L

M I Mg I
2

      �
2

2 2 2 2
0

1 L 16 4
I ML m L ML ML

12 4 12 3

 
     

 
 

�

2

2

gL
L 4 3g2mg mL

42 3 8LL
3

      ��

 yF mr cos 90 mr sin      �

2
2

2
2

L
L 3g2N mg m L
4 8LL

L
4

 
      
 
  

�

mg 13
N mg mg

16 16
  ��

�

���� �ÄÀË�³�d�Y�d��{����
�A A B BE W E  �

�A AE mg h 2 9.8 0.5 9.8     �

� 
     

A BW F. AB

AB B A 0,0.8,0 0.6,0 ,0.5 0.6,0.8, 0.5


 


      



�

   A B A BW 15,10,15 . 0.6,0.8, 0.5 15 0.6 10 0.8 15 0.5 W 9.5            �

�2 2 2
B B B B

1 1
E MV 2 V V

2 2
    �

�2
B B, , , 9.8 9.5 V V 19.3 4.39        �

���� �ÄÀË�³�d�Y�d��{���
�d]Zi�Ã|��Ã{Y{�½Z�¿�ºf�Ì���{�Ê�y�Ä¿Z°ed�Y��

��1 2 1 1 2 2 1 2 1 2D D 0 m v m v mv 6m v 0 v 6 v         �
É��¿Y�Ê´f�ËZa�½Â¿Z«��

�2 2 2 2
1 2 1 1 2 2 1 2

1 1 1 1
E mg L m v m v mgL mv 6mv

2 2 2 2
       �

�2 2 2 2 2
1 2 2 2 2v 6 v 2gL 36 v 6 v 2gL 42 v 2gL        �

�2
gL

v
21

�

�1 2
gL

v 6 v 6
21

   �

www.konkur.in

Forum.konkur.in



�

 

�µZ��É��Y����Â°À¯�½Â»�M����� �� 

�2 2 1

1

gL gL gL
v v v 6 7

21 21 21
    �

���� �ÄÀË�³�d�Y�d��{����

������Ä§Z�Y��À§�Á�¹�m�ºf�Ì��Ê Ì^���¿Z¯�§�Z]�|ËZ]�Ã|��¿Z¯�§|�Z]��]Y�]�ºf�Ì��®Ë�ve����®/Ë�ve��¿Z¯�§�½Âqrad
10

s
��,d/�Y�

��¾ËY�]ZÀ]��|ËZ]�2

2

k
10

m
�ÄÀË�³�ZË�¾ËY�]ZÀ]�|�Z]�3�ZË�4d�Y�tÌv������/§Y��Á��Z]�cZ�Z e�Y��ÅZ¯�ÉY�]����¹�/m�|/ËZ]�¹�/m�½{Á

|�Z]��f¼¯�Ê¸�Y�ºf�Ì��¹�m��Y�¾°¼»�|u�Ze�Ã|��Ä§Z�Y���ÄÀË�³�¾ËY�]ZÀ]�d�Y�tÌv����

���� �ÄÀË�³�d�Y�d��{����
0M I  �
     mg Lsin mg Lsin a cos mg Lsin a cos        �

    2 2 2 2 2mL m L a m L a     �

 2 2m 3L 2a 3mg Lsin 0    �
�

� 2 26 sin m 3L 2a 3mg L 0       
 �

� 
 

* 2 2 *
2
n n* 2 22 2*

m m 3L 2a k 3mgL 3gL

m 3L 2am 3L 2ak 3mg L

  
      

 

�

���� �ÄÀË�³�d�Y�d��{����
�      0 1F t F u t u t t  �

�
      0 n 02

n

1
mx kx u t t x t 1 cos t t

mw
       

�
�     2

0 1 n
4k

mx 4kx F u t u t t
m

      �

�     0 n n 1
1

x t F 1 cos t 1 cos t t
4k

m
m

        



�

�   0
n 1 n

F
cos t t cos t

4 k
    �

���� �ÄÀË�³�d�Y�d��{����
1 1

2 2

F m y

F m x

 










�

 

    
c x y ky 0

t x y 0

  

   

 

 
�

�
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� 

 
Laplace cs x y ky 0

1 cs x y 0

   


  




�

�cs
y x

cs k
 


�

�cs k
cs x x 1 cs 1

cs k cs k
   

        
    

�

�         1
s s

cs k 1 1 1 1
x x t L x t u t

csk k cs k c
          
 

�

����� �ÄÀË�³�d�Y�d��{����

�1 2 1 2
n

2 3 2 3 3

A A A A 2.5 1
Ln L

A A A A 1 A
    �

�3
1

A 0.4
2.5

  �
�

����� �ÄÀË�³�d�Y�d��{���
Ê¼Ì��e��Á��Ä]�¶u�

�

B D B

D

V V V
  

 

  �

DV
:

1.2
B

B D

V
V

sin 60 sin 30 sin 90
 �ÂÀÌ��½Â¿Z«��ZÅ�

�

B

B B AD AD

D D

1
sin 30 sin 30 2V 1.2 1.2 1.2
sin 60 sin 60 3

2
2.4

sin 90 1.2 2.4 83V 1.2 V BD
sin 60 0.33 3 3

2




   



 



         



�

��
 A D A AD

D

�V V V 1.2 j AD sin 30i cos30 j      
   �

8 1 3 2 �1.2 j 0.5 i j i 0.8 j
2 23 3

  
        

 

�

A
4

V 0.64 1.4
3

  ��

�
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����� �ÄÀË�³�d�Y�d��{���
ºË�Y{�Ê¸¯�d·Zu��{��

�
2 44 2 4 4

2 2 2

n nt t c
B BB B B B

B B B

a a a a a a    �

½Âq��
4

2

B

B

r 0�¾ËY�]ZÀ]�
4

2

4 44

2 22

B

B

nt 2
B BB
B BB

a r 0 , a r 0      �ÄÀË�³�¾ËY�]ZÀ]��d�Y�tÌv����

����� �ÄÀË�³�d�Y�d��{���
��Ä�¬¿B���Á�C�����ÉZf�Y���{�ZÆÀe�x����¾ËY�]ZÀ]�|¿�Y{��d¯�u�B

C

V 0�®ÀÌ·�ÊÀ Ë�2�¾ËY�]ZÀ]�{�Y|¿�½Y�Á{�D

B

V 0�/À Ë�Ê��Ä/�¬¿�

DÊ»�d¯�u�Ê¬§Y�Äv¨���{��Ì¿��|À¯���¾ËY�]ZÀ]
2B C D BV V V V  �

����� �ÄÀË�³�d�Y�d��{���
��Ã�ËY{��ZÀ^»�Ã�ËY{�¾Ë�f°qÂ¯����Ä¯�d�Y�ÉY���������������������¾Ì/Ì e�½M�Ã�Y|/¿Y�Á�|�Z]�ª^�À»�½M�ÊÀvÀ»��Y�Êf¼�«��]�ZË�Á��Z¼»�®»Y{Z]�Ä^·�t����]�

d�Y�®»Y{Z]�Ã�Y|¿Y�Ã|ÀÀ¯��
�sÂ�Á�Ä]�¶°��Ä]�ÄmÂe�Z]��Z �®qÂ¯�Z]�d�Y��]Y�]��Z¼»�Ã�ËY{�¾Ë�e��

�2 3R R e �

����� �ÄÀË�³�d�Y�d��{����
��ÂeÁ�R Ìa�Á��ÌÀ½Â�P �

� P P P PT F 0.05 I 10 0.05F 0.05 0.15 0.05F 10 0.2               �
� R R R RF 0.25 I 0.25F 4 0.02 0.98 0.25F 5             �

�R 1
P R

2P

D 5 1
5

D 25 5


      




 

 �

� P P R, 5 10 0.2 10 0.2          �

�R R R R10 0.2 5 10 2 5              �

����� �ÄÀË�³�d�Y�d��{����
�1 2 �

�������É{Á�Á�Ä]�x�Za��{�Ä°¿M�Ä]�ÄmÂe�Z]��d]Zi�®Ë�d�~³��Y��a�Ä¸a�
���Ä]�Ê¿Z»�0.63%���Ê»�ÊËZÆ¿�x�Za�����|�d]Zi�Z]�ºf�Ì��¾ËY�]ZÀ]�

Ê»��Y|¬»�¾ËY�Ä]��e{Á���f¼¯�Ê¿Z»��|����

�
��ÉZ�y�ÉY�]�d��¿�½Z»��Ä°¿M�Ä]�ÄmÂe�Z]5%�,3Ê»����Ä]�ÄmÂe�Z]�|�Z]�����ºf/�Ì���Z³|/¿Z»�d/·Zu�Ä/]�½|Ì���½Z»�Ê/»�Y�����Z/]�½YÂ/e

x�Za�Ä�ËZ¬»�{Y{��Ìz�e�ºf�Ì���{�Ê¿Z»��ÉZÅ��
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����� d�Y��¸£�µYÂ���
\�«�Ä]�ÄmÂe�Z]�Ä�Ë��Ê�|ÀÅ�½Z°»��{�ºf�Ì��ÉZÅ�¨��Á�ZÅ�ºË�Y{�ZÅ��

Ä�Ë��Ê�|ÀÅ�½Z°»�{Â]�|ÅYÂy��Ë��¶°��Ä]�ºf�Ì��¾ËY�ÉZÅ��

   
 

  

1
S 1 S

2
G s H s k

S S 3 S 5

 
  

 
 

 
�

��
�Â�À»��³Y�¶Ë|^e��]Ze�|�Z]���

�

 

        

  

ss ss1s 0 s 0R s
S

1
SSR s Se lim e lim 0

k S 1 S 0.51 G s H s
1

S S 3 S 5

 



   
 


 

  

  

 

2

ss
s 0

1
S

1 30Se lim
k S 1 S 0.5 K 0.5 k

1
S S 3 S 5 15





  
 


 

  2

1
R s

S


�
�ºf�Ì��Ä]�ÄÌ^��µYÂ��c�Â���{�Ã|��º����Y{Â¼¿d�Y���

�   
 

  

1
S 1 S

2
G s H s k

S 3 S 5

 
  

 


 
�

�\�«�½M��{�Ä¯S 0d�Y�Ã|�¿�Äf§�³���¿��{���

����� �ÄÀË�³���{�d�Y�d��
� 1 3 1 1 3U Q Q SH U S 1 Q Q      �

�    3 2 2 3 2 1 3 1
S 2

Q Q SH Q S 1 Q S 1 Q Q Q Q
S 1


         


�

�1 1 2 2 1 2 3 1 2 3 2 1 3H Q , H Q , H H Q Q Q Q Q Q Q         �

�    3
3 3 3

Q 1
U S 2 Q Q S 3 Q

u S 3
       


�

����� �ÄÀË�³�d�Y�d��{���
:q�d»ÁZ¬»��Y�É�Â^��Ê]{*P , R��½Âf�Ìa�d�a��Z�§�

�

*

*

P P Rq

q Ax

P A kx mx

  





 











�
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�* * *, P P RAx P P RASX P P RASX         �
�   2 2 2P RASx A kx mS X PA ms RA S k        �

�
2 2

X A

P mS RA S k
 

 
�

����� �ÄÀË�³�d�Y�d��{���

�
   

ss
s 0

1
S

Se 0 lim 0
1 G s 1 2s



  
 

�

��ÄÀË�³�    
s 0 s 0
lim G s 1 2S lim G s
 

       �
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