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Abstract:
							                           
This paper is explored with the stability procedure for linear nonautonomous multiterm fractional damped systems involving time delay. Finite-time stability (FTS) criteria have been developed based on the extended form of Gronwall inequality. Also, the result is deduced to a linear autonomous case. Two examples of applications of stability analysis in numerical formulation are described showing the expertise of theoretical prediction.
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1 Introduction


Fractional differential equations provide the outstanding device for account of remem- brance and heritable characteristics of numerous complex systems. Fractional derivatives like Caputo derivative, Riemann–Liouville derivative have their individual advantages and disadvantages. The Riemann–Liouville derivative cannot be used in the situation when the particular function is differentiable. In that case, the Caputo derivative can be used to solve the differential equation. The research related to fractional-order derivatives is well established and absolutely adequate in many different applications [1,
11, 15, 16, 26, 28]. Time delay occurs in the system subject to different causes such as communication delay, energy conversation, etc. The appearance of time delay in system state, measurement or control input is an unavoidable one in several practical systems [6, 7, 35, 36]. It is the main cause for instability of the system. Time delay is one of the most analysed phenomena of control systems and in control process, which may cause the degradation of the controller performance. Consequently, much attention has been paid on stability research of dynamical systems involving time delay [13, 14, 19, 30].

Stability criteria are classified into several types such as asymptotic stability, expo- nential stability, globally exponential stability, FTS and so on. In FTS, the considered system’s state tends to zero in a finite time. But in other types of stability, the convergence time is sufficiently large. In the literature, numerous reports have been established on the asymptotic stability, which concerns the behaviours of state variable over an infinite time interval [25]. The main disadvantage of the asymptotic stability behaviour is that the large value of state variable may exist for the duration of transient period. The occurrence of large values should not go beyond its limit in several practical systems. Therefore, FTS concept has been introduced and concentrating on the behaviour of state variables for the duration of momentary time, which must not beyond the definite value, while the initial condition’s upper bound is specified [2]. So, the researchers developed the FTS criteria [3, 10, 22, 33] and established several results by using Gronwall inequalities, Holder inequalities and inequality scaling skills [17, 32, 34].

Gronwall-type inequalities play an essential role in the analysis of behaviour of solu- tion of differential equations as well as integral equations. Also, these types of inequalities used to model the engineering and applied science problems. The Gronwall inequal- ity is also known as Gronwall–Bellman inequality, which bounds the solution of given fractional system. Due to this application, many researchers followed this inequality to analyze the existence of solution, stability related problems, oscillation and also to check boundedness property of the given system. So, recently this inequality gets much attention of many researchers [23,
27].

Sufficient condition of FTS analysis for a class of fractional system with time delay has been derived by utilizing the Bellman–Gronwall’s approach in [17]. FTS of fractional delay systems has been investigated in [8,
9, 20]. The FTS concept for the fractional- order delay system with two parameter Mittag-Leffler matrix function is presented in [21]. In [31], the authors examined FTS of considered fractional system involving discrete time delay. FTS of discrete fractional delay system examined by utilizing Gronwall’s inequality approach in [32]. In [29], existence results for fractional-order damped systems are studied by using Holder and Gronwall inequalities.

Many authors have investigated the controllability of damped system [4] and the controllability of fractional-order damped system [5,
12], but not yet studied the stability analysis for multiterm fractional-order damped system. FTS of multiterm fractional-order damped dynamical system involving time delay has been studied. The key notions can be highlighted below:




	
Analyzing FTS concept, some difficulties have been occurred to bound the solution of the considered system. To overcome this difficulty, we use the extended form of generalized Gronwall inequality.



	
Many of the previous results on fractional systems are reported without damping effect. It is more essential to study the FTS of fractional system with damping behaviou



	
So, it is crucial to pay attention to check the FTS of linear nonautonomous multiterm fractional damped time delay system with order [image: 694173128002_gi3.png], which is examined by using extended form of generalized Gronwall’s inequality.



	
Further, we deduce the results to linear autonomous systems.



	
The formulated stability conditions can be easily validated through two numerical examples.







The structure of the paper is outlined as follows. Problem description with necessary facts and lemmas are given in the following section. Section 3 provides the stability cri- teria for considered linear nonautonomous system and also some deduction from derived results. Section 4 contains two numerical examples, which shows the validity of obtained results. Conclusion is drawn in Section 5.





2 Problem formulation


Consider the linear nonautonomous multiterm fractional damped dynamical system



[image: 694173128002_ee2.png]




with [image: 694173128002_gi6.png]. Here state vector [image: 694173128002_gi8.png] denote the Caputo fractional derivative with orders 
[image: 694173128002_gi9.png]
 and
[image: 694173128002_gi10.png]
, respectively. The matrices 
[image: 694173128002_gi11.png]
, 
[image: 694173128002_gi12.png]
, 
[image: 694173128002_gi14.png]
 are in [image: 694173128002_gi15.png], and matrix 
[image: 694173128002_gi16.png]
 in [image: 694173128002_gi17.png]denoted as control vector. 
[image: 694173128002_gi18.png]
 denotes the pure time delay. Also, 
[image: 694173128002_gi19.png]
 is a constant, and it should be greater than zero. 
[image: 694173128002_gi20.png]
 is either positive or [image: 694173128002_gi22.png] denotes the maximum norm. The following results are well known, and this provides some hints to reach our main result.


Definition 1. (See [1].) Mittag-Leffler function (MLF) for one parameter:
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MLF for two parameters:



[image: 694173128002_ee4.png]





Definition 2. (See [1].) Fractional derivative for [image: 694173128002_gi23.png] in terms of Caputo with [image: 694173128002_gi24.png] is given by



[image: 694173128002_ee5.png]




with [image: 694173128002_gi25.png]



Definition 3. (See [18, Def. 2.2], [24, Def. 2.4].) System (1) is finite-time stable w.r.t .., 
[image: 694173128002_gi26.png]
 iff 
[image: 694173128002_gi27.png]and for all [image: 694173128002_gi28.png] implies [image: 694173128002_gi29.png] for all [image: 694173128002_gi30.png] where [image: 694173128002_gi32.png]  represents the initial time of observation of system, and [image: 694173128002_gi33.png] are positive constants.


Definition 4. (See [18, 24].) System (1) is finite-time stable w.r.t [image: 694173128002_gi34.png]
at [image: 694173128002_gi35.png]  iff[image: 694173128002_gi36.png]
for all [image: 694173128002_gi37.png]
implies [image: 694173128002_gi39.png]
for all [image: 694173128002_gi40.png], where [image: 694173128002_gi41.png] represents the initial time of observation of system, and [image: 694173128002_gi42.png]
are positive constants.


Lemma 1 [Generalized Gronwall inequality (GGI)]. (See 
[34].) Assume 
[image: 694173128002_gi43.png]
[image: 694173128002_gi44.png]
 be locally integrable and the continuous function 
[image: 694173128002_gi45.png]

is nondecreasing on 
[image: 694173128002_gi46.png]
. Now 
[image: 694173128002_gi48.png]





[image: 694173128002_ee6.png]




Then



[image: 694173128002_ee7.png]





Corollary 1. (See 
[34].) From the assumption of above Lemma . and on 
[image: 694173128002_gi49.png]
is a nondecreasing function. Then 
[image: 694173128002_gi50.png]




Lemma 2 [Extended form of Gronwall inequality]. (See 
[29].) If both fractional orders 

[image: 694173128002_gi51.png]

and 

[image: 694173128002_gi52.png]


are nonzero and positive, 
[image: 694173128002_gi54.png]
 is locally integrable, the continuous functions 
[image: 694173128002_gi56.png]

and  
[image: 694173128002_gi58.png]
 are nondecreasing on 
[image: 694173128002_gi60.png]
. Assume 
[image: 694173128002_gi62.png]
 is locally integrable on 
[image: 694173128002_gi63.png]
 and
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Then for 
[image: 694173128002_gi64.png]
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where
[image: 694173128002_gi65.png]
and 
[image: 694173128002_gi66.png]




Corollary 2. (See 
[29].) From the assumption of above Lemma 2 and on the interval 
[image: 694173128002_gi70.png]
 is a nondecreasing fuction. Then  
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where 
[image: 694173128002_gi71.png]







3 Main results



Theorem 1. 
Assume that  
[image: 694173128002_gi72.png]
 The linear nonautonomous fractional damped system (1) is finite-time stable w.r.t 
[image: 694173128002_gi73.png]

if it satisfies the following:
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where 
[image: 694173128002_gi74.png]
is largest singular value of matrix 
[image: 694173128002_gi75.png]
[image: 694173128002_gi76.png]




Proof. One can obtain the solution of the damped system with delay given by (1) in terms of equivalent form of Volterra integral equation:



[image: 694173128002_ee12.png]




Now by taking norm on both sides we get the following:



[image: 694173128002_ee13.png]




Also, we can write



[image: 694173128002_ee14.png]




Here [image: ]of 
[image: 694173128002_gi78.png]
. Substituting (4) into (3), we get   
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Now le
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[image: 694173128002_ee18.png]






[image: 694173128002_ee19.png]






[image: 694173128002_ee20.png]




Here [image: 694173128002_gi79.png], and [image: 694173128002_gi80.png] is notated as [image: 694173128002_gi81.png].

 Note that for all [image: 694173128002_gi82.png], we have  
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Since the functions [image: 694173128002_gi83.png] and [image: 694173128002_gi84.png]  are increasing w.r. t [image: 694173128002_gi85.png], because of increasing of the nonnegative fuction [image: 694173128002_gi86.png], we get



[image: 694173128002_ee22.png]




Hence,



[image: 694173128002_ee23.png]




Now we have
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[image: 694173128002_ee25.png]






[image: 694173128002_ee26.png]




Now we present the nondecreasing function
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and we let [image: 694173128002_gi87.png] and [image: 694173128002_gi88.png]. Therefore, from the above equation we get



[image: 694173128002_ee28.png]




Now, to apply the GGI, we obtain



[image: 694173128002_ee29.png]




where [image: 694173128002_gi90.png]
[image: 694173128002_gi91.png] and



[image: 694173128002_ee30.png]




Now using condition (2), we can attain the required finite-time stability condition



[image: 694173128002_ee31.png]




This is our required result.


Corollary 3. 
Suppose 

[image: 694173128002_gi92.png]


and 

[image: 694173128002_gi93.png]


are integers, i.e., take 

[image: 694173128002_gi94.png]

 = 2 and  

[image: 694173128002_gi95.png]
 = 1. The nonautonomous system with integer order defined by
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where

[image: 694173128002_gi96.png]
,
[image: 694173128002_gi98.png]
, 
[image: 694173128002_gi99.png]

and 

[image: 694173128002_gi100.png]

 are as in

(1)
. Then the FTS condition of 
(5)
is
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where




[image: 694173128002_ee34.png]





and 
[image: 694173128002_gi101.png]




Proof. Using the method of converting the differential equation with initial condition to Volterra integral equation, we can get the solution of system (5) following in the equivalent form of integral equation 



[image: 694173128002_ee35.png]




Now proceeding the same technique as in Theorem 1, we get the required proof of this corollary.


Theorem 2. 
Consider the linear autonomous fractional-order damped dynamical system involving time delay




[image: 694173128002_ee36.png]





where

[image: 694173128002_gi102.png]
,
[image: 694173128002_gi103.png]
,
[image: 694173128002_gi104.png]

are defined as in 
(1)
. System 
(6)
is finite-time stable w.r.t . 
[image: 694173128002_gi105.png]
, if  
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where 
[image: 694173128002_gi106.png]



Proof. The following [image: 694173128002_gi107.png] is the solution of (6): 



[image: 694173128002_ee38.png]






[image: 694173128002_ee39.png]




Following similar procedure of proof of Theorem 1, we get immediate proof of this theo- rem by using (7) and (8).


Corollary 4. 
Suppose that 

[image: 694173128002_gi108.png]

and

[image: 694173128002_gi109.png]

are integers, i.e., take 

[image: 694173128002_gi110.png]
 = 2 and 

[image: 694173128002_gi111.png]
 = 1. Define the autonomous system with integer order




[image: 694173128002_ee40.png]





where

[image: 694173128002_gi112.png]
,
[image: 694173128002_gi114.png]
 , 
[image: 694173128002_gi115.png]

are as in 
(1)
. Then FTS condition of system 
(9)
is




[image: 694173128002_ee41.png]





where




[image: 694173128002_ee42.png]





and
[image: 694173128002_gi116.png]



Proof. The following [image: 694173128002_gi117.png] is the solution of (9):



[image: 694173128002_ee43.png]




Now proceeding the same steps as in Theorem 1, we get the required result.





4 Numerical examples



Example 1. Consider the multiterm fractional damped system



[image: 694173128002_ee44.png]




The parameters are taken explicitly as [image: 694173128002_gi118.png]  and



[image: 694173128002_ee45.png]




Now, to check the FTS condition w.r.t . [image: 694173128002_gi119.png], [image: 694173128002_gi120.png]


Then [image: 694173128002_gi121.png]  and [image: 694173128002_gi122.png]  implies [image: 694173128002_gi124.png]. Hence, from this we can calculate [image: 694173128002_gi125.png]. Applying these values to the condition given in Theorem 1, we can get the estimated time [image: 694173128002_gi126.png] of finite-time stability.


Example 2. Consider the multiterm fractional-order damped system



[image: 694173128002_ee46.png]




The parameters are taken explicitly as [image: 694173128002_gi127.png]. Also,



[image: 694173128002_ee47.png]




Now, to check the FTS condition w.r.t . [image: 694173128002_gi128.png]
[image: 694173128002_gi131.png]


Then [image: 694173128002_gi132.png] and [image: 694173128002_gi136.png] implies [image: 694173128002_gi138.png]= 4  . From this we can calculate [image: 694173128002_gi141.png] . Applying these values to the condition given in Theorem 2, we can get the estimated time [image: 694173128002_gi142.png] of finite-time stability.





5 Conclusion


The analysis related to stability is studied for many fractional systems using the Lyapunov method and Gronwall inequality over the finite and infinite interval of time. So, it is important to discuss the FTS for fractional systems with damping behaviour. This work concerned with the FTS of multiterm time-delayed fractional-order system with [image: 694173128002_gi144.png]
[image: 694173128002_gi146.png]. For this, we obtained some inequalities with the help of Gronwall’s inequality and its extended form, which proved our FTS results. At last, the obtained results are verified through examples. Moreover, the results derived in this work can be also extended to stochastic cases with various behaviours like impulses, delay in multi states and so on.








References


1 S. Abbas, M. Benchohra, G.M. N’Guérékata, Topics in Fractional Differential Equations, Springer, New York, 2012, https://doi.org/10.1007/978-1-4614-4036-9.

2 F. Amato, R. Ambrosino, M. Ariola, C. Cosentino, G. De Tommasi, Finite-Time Stability and Control, Lect. Notes Control Inf. Sci., Vol. 453, Springer, London, 2014,https://doi.org/10.1007/978-1-4471-5664-2.

3 F. Amato, M. Ariola, C. Cosentino, Finite-time stability of linear time-varying systems: Analysis and controller design, IEEE Trans. Autom. Control, 55(4):1003–1008, 2010, https://doi.org/10.1109/TAC.2010.2041680

4 G. Arthi, K. Balachandran, Controllability results for damped second-order impulsive neutral integrodifferential systems with nonlocal conditions, J. Control Theory Appl., 11(2):186–192, 2013, https://doi.org/10.1007/s11768-013-1084-4.

5 K. Balachandran, V. Govindaraj, M. Rivero, J.J. Trujillo, Controllability of fractional damped dynamical systems, Appl. Math. Comput.,
257:66–73, 2015, https://doi.org/10. 1016/j.amc.2014.12.059.

6 F. Chen, X. Zhuan, H. Garnier, M. Gilson, Issues in separable identification of continuous-time models with time-delay, Automatica, 94:258–273, 2018, https://doi.org/10.1016/ j.automatica.2018.04.014.

7 Y. Chen, J. Lam, Y. Cui, K.W. Kwok, Switched systems approach to state bounding for time- delay systems, Inform. Sci., 465:191–201, 2018, https://doi.org/10.1016/j.ins. 2018.06.058.

8 F. Du, B. Jia, Finite-time stability of a class of nonlinear fractional delay difference systems, Appl. Math. Lett.,
98:233–239, 2019, https://doi.org/10.1016/j.aml.2019.06. 017.

9 F. Du, J.G. Lu, New criterion for finite-time stability of fractional delay systems, Appl. Math. Lett.,
104, 2020, https://doi.org/10.1016/j.aml.2020.106248.

10 K. Gu, V.L. Kharitonov, J. Chen, Stability of Time-Delay Systems, Birkhäuser, Basel, 2003,https://doi.org/10.1007/978-1-4612-0039-0.

11 Y. Guo, P. Ding, Global attractor of the fractional damping wave equation on 3, Appl. Anal., 2020, https://doi.org/10.1080/00036811.2020.1757075

12 B.B. He, H.C. Zhou, C.H. Kou, The controllability of fractional damped dynamical systems with control delay, Commun. Nonlinear Sci. Numer. Simul., 32:190–198, 2016, https://doi.org/10.1016/j.cnsns.2015.08.011

13 A. Hmamed, On the stability of time-delay systems: New results, Int. J. Control, 43(1):321– 324, 1986, https://doi.org/10.1080/00207178608933467

14 Z. Kader, G. Zheng, J.P. Barbot, Finite-time and asymptotic left inversion of nonlinear time-delay systems, Automatica, 95:283–292, 2018, https://doi.org/10.1016/j. automatica.2018.05.002

15 H. Khalil, R.A. Khan, D. Baleanu, M.M. Rashidi, Some new operational matrices and its application to fractional order Poisson equations with integral type boundary constrains, Comput. Math. Appl., 78(6):1826–1837, 2019, https://doi.org/10.1016/j. camwa.2016.04.014

16 A.A. Kilbas, H.M. Srivastava, J.J. Trujillo (Eds.), Theory and Applications of Fractional Differential Equations, North-Holland Math. Stud., Vol. 204, Elsevier, Amsterdam, 2006

17 M. Lazarevic´,  Finite-time stability analysis of fractional-order time-delay systems: Bellman– Gronwall’s approach, Scientific Technical Review, LVII(1):8–15, 2007

18 M.P.  Lazarevic´, A.M. Spasic´,  Finite-time  stability  analysis  of  fractional-order time-delay systems: Gronwall’s approach, Math. Comput. Model., 49(3–4):475–481, 2009, https://doi.org/10.1016/j.mcm.2008.09.011

19 T. Lee, S. Dianat, Stability of time-delay systems, IEEE Trans. Autom. Control, 26(4):951–953, 1981, https://doi.org/10.1109/TAC.1981.1102755

20 M. Li, J. Wang, Finite time stability of fractional delay differential equations, Appl. Math. Lett., 64:170–176, 2017, https://doi.org/10.1016/j.aml.2016.09.004

21 M. Li, J. Wang, Exploring delayed Mittag-Leffler type matrix functions to study finite time stability of fractional delay differential equations, Appl. Math. Comput., 324:254–265, 2018, https://doi.org/10.1016/j.amc.2017.11.063

22 Q. Li, D. Luo, Z.Luo, Q. Zhu, On the novel finite-time stability results for uncertain fractional delay differential equations involving noninstantaneous impulses, Math. Probl. Eng., 2019:9097135, 2019, https://doi.org/10.1155/2019/9097135

23 Z. Li, W.S. Wang, Some nonlinear Gronwall–Bellman type retarded integral inequalities with power and their applications, Appl. Math. Comput., 347(12):839–852, 2019, https://doi. org/10.1016/j.amc.2018.10.019

24 C. Liang, W. Wei, J. Wang, Stability of delay differential equations via delayed matrix sine and cosine of polynomial degrees, Adv. Difference Equ., 2017(1):1–17, 2017, https://doi. org/10.1186/s13662-017-1188-0

25 T. Mori, Criteria for asymptotic stability of linear time-delay systems, IEEE Trans. Autom. Control, 30(2):158–161, 1985, https://doi.org/10.1109/TAC.1985.1103901

26 I. Petráš, Fractional-Order Nonlinear Systems: Modeling, Analysis and Simulation, Springer/Higher Education Press, Berlin, Heidelberg/Beijing, 2011

27 V.N. Phat, N.T. Thanhi, New criteria for finite-time stability of nonlinear fractional-order delay systems: A gronwall inequality approach, Appl. Math. Lett., 83:169–175, 2018, https://doi.org/10.1016/j.aml.2018.03.023

28 I. Podlubny, Fractional Differential Equations, Math. Sci. Eng., Vol. 198, Academic Press, San Diego, CA, 1999.

29 J. Sheng, W. Jiang, Existence and uniqueness of the solution of fractional damped dynamical systems, Adv. Difference Equ., 2017:1–16, 2017, https://doi.org/10.1186/ s13662-016-1049-2

30 Z. Tian, G.Q. Xu, Exponential stability analysis of timoshenko beam system with boundary delays, Appl. Anal., 96(15):2575–2603, 2017, https://doi.org/10.1080/ 00036811.2016.1232399

31 F. Wang, D. Chen, X. Zhang, Y. Wu, Finite-time stability of a class of nonlinear fractional- order system with the discrete time-delay, Int. J. Syst. Sci., 48(5):984–993, 2017, https://doi.org/10.1080/00207721.2016.1226985

32 G.C. Wu, D. Baleanu, S.D. Zeng, Finite-time stability of discrete fractional delay systems: Gronwall inequality and stability criterion, Commun. Nonlinear Sci. Numer. Simul., 57:299– 308, 2018, https://doi.org/10.1016/j.cnsns.2017.09.001

33 R. Wu, Y. Lu, L. Chen, Finite-time stability of fractional delayed neural networks, Neurocomputing, 149:700–707, 2015, https://doi.org/10.1016/j.neucom. 2014.07.060

34 H. Ye, J. Gao, Y. Ding, A generalized gronwall inequality and its application to a fractional differential equation, J. Math. Anal. Appl., 328:1075–1081, 2007, https://doi.org/10. 1016/j.jmaa.2006.05.061

35 Z. You, M. Feckan, J. Wang, Relative controllability of fractional delay differential equations via delayed perturbation of Mittag-Leffler functions, J. Comput. Appl. Math., 378, 2020, https://doi.org/10.1016/j.cam.2020.112939

36 M. Zavarei, M. Jamshidj, Time-Delay Systems: Analysis, Optimization, and Applications, North-Holland Syst. Control Ser., Elsevier, Amsterdam, 1987









OEBPS/694173128002_ee7.png
(t—6)" 1 Lu(g) | db,

<t T,





OEBPS/694173128002_ee19.png
R
(g —ag+1) T(a; — )
@ f
Omax _ pyaa—1,
pels /(t )% 2=(6) 40 +
0

= llll +¢l¢'ll

aiydo

(a1 +1)





OEBPS/694173128002_ee44.png
S D y(t) — AT D2y(t) = By(t) + Cy(t — p) + Duft),
y(t)=0, ¢ (t)=0, —p<t<O.





OEBPS/694173128002_ee36.png
§Dpy(t) — ATDRy(t) = By(t) +Cy(t —p). teL,

W) = o(t). v =), —p<t<O, W





OEBPS/694173128002_ee10.png
y(t) < v(t)Ey [r(t)(T(an)t* + D(az)t*?)],





OEBPS/694173128002_ee27.png
o Alpes=es
o(t) = 16l + ] + = Sl

(g —aa+1





OEBPS/rva6941.png





OEBPS/694173128002_ee45.png





OEBPS/694173128002_ee8.png
y(t) S o(t) +ra(t) [ (# =0 1y(0) A0 +r2(t) [ (£ 0)*2 "y (6) b

o— .
o\ﬁ





OEBPS/694173128002_ee37.png
[lAllTe|*
{1 +l+ Il —az+1)
€

@)
<3, telo=[0,T),

)

}Eﬁ, (7'(#)(r(a1 —ag)t* T 4 F(ol)fal))





OEBPS/694173128002_ee28.png
t
t) +ri(t / yer—e2=l(9) df + ot / Y21=12(6) de
0 0

dO(‘lu
45 [
T(ag +1)






OEBPS/694173128002_ee11.png
A ta17a2 - b — o Qg —a2 o a1
{1+\t\+%}ﬂ,(r(t)(r(al 2 4 T(ay)t94)

o 0ot S e Ty = [0,4]; )
r((1/1+1) 0





OEBPS/694173128002_ee38.png
<

Arar—a2

() =)+t (0) = = v

t
A ap—an—1,
e [ OO





OEBPS/694173128002_ee9.png
i k[ (ag)]®
y(t) < 1’(t)+/ Z ZWM“ - 9)(nik)al+ka2711’(0) de,
0

n=1





OEBPS/694173128002_ee42.png





OEBPS/694173128002_ee25.png
‘AH ag—ag—1_¢;
F(017Q2)/9 z(t—6)de

O-max(/l)/ 4 audo
0N 2 (t —0)dO + —————t 5,
T'(a1) ), . ) T(an +1)

+





OEBPS/694173128002_ee12.png
Ato1me2 A
" Doy — g+ 1)y(0) * T'(a; — ag)
" t
+ (t—0)™ 1 [By(0) + Cy(0
INCIY) O/

(t — 0)—22=1y(g) dg

— p) + Du(h)] db.





OEBPS/694173128002_ee43.png
y(t) = y(0) + ty'(0) — Aty(0)
t

+A [ y(0)d0+ [ (t—0)[By(0) +Cy( — p)] db.
fuows |

0





OEBPS/694173128002_ee30.png
A~

[lu(t)]] <6{1+t+m

}E“r (r@®)(T(a1 — ag)t* ™2 + T(aq)t*))

a1ydo
+
T(ag +1)

G





OEBPS/694173128002_ee13.png
@l < el + Il

t
Al e Al 5
18 vrerres: L RS vorerr L R U C
0
t
1
+ /\t70\°‘1*1||8y(9)+Cy(97p)+Du(6)||d0. 3)
T'(ay) o





OEBPS/694173128002_ee39.png
/ )M [By(0) + Cy (6 — p)] d6. Q)
0





OEBPS/694173128002_ee26.png
= [l¢ll +tll¢'ll

Iz Al BB,
+ T(ay —as+1) llel + (a1 — g /“79 At di

t
o'ma.x (‘11 1 a0 a1ydo ay
e e e
/ (o +1)
0





OEBPS/694173128002_ee14.png
[[By(t) + Cy(t—p) + Du®)|| < IBI[ly®)]| + ICll|uE=p)|| + IDI[u@)]].





OEBPS/694173128002_ee2.png
§ Dy y(t) — AT Dg2y(t) = By(t) + Cy(t — p) + Dult),
te L =to,to+ T, 1)
Wt =6, v(O) =), —p<t<O,





OEBPS/694173128002_ee22.png
(@)1~ L (t — ) d6,

S

n
/(0)0‘17“2712(77 —6)df <
0

0

(6)**71z(t —0) de.

—

n
/(9)“17%(0 —0)dh <
0

0





OEBPS/694173128002_ee31.png
ly@®] <e te L.





OEBPS/694173128002_ee23.png
vl < llsll + el

LA
T(ag —ag+1) (1 —as

/9”1 2Lyt —0)do

t

O-ma‘x(A) / 1 aydo
0 2 (t — 0)df + =———t.
N I'(a1) Ae-0)do+ Tlar+1)

0





OEBPS/694173128002_ee3.png





OEBPS/694173128002_ee15.png
lu@ll < ligll + ¢l

lAEea—e2 (Al / _ pyas—aa-1
jLI‘(alchz+1)”OHJr (a1 — a2 4 “J ||d9

0

t
1 ag—1 y u
+ T / (=) (1Bl lw(@)]| = el o= | + Il [u(e) ] a6





OEBPS/694173128002_ee32.png
d2y(t 1
dl’;g) *A(zﬁ:) = By(t) + Cy(t — p) + Du(t), teL,

y(t) =o(t), ¢'(t)=0'(t), —p<t<O,

(5)





OEBPS/694173128002_ee24.png
= sup ||J n || < max
nel—p.t]

< maX{H@II- ol + eIl +

{

sup ||y (). sup [y(n)

n€[=p,0] n€0,]
MHOH
T(a; —ag+1)

i





OEBPS/694173128002_ee41.png
{1+\t|+

Tmax(AlH

}er(t)(wt?)

N

| m





OEBPS/694173128002_ee33.png
{1+\t|+

Tmax (A

}e () (t+t2)

+ Nug o <

> m





OEBPS/694173128002_ee20.png
13

/H“l 2=l (¢ —6)dd

0

I s ol +
T(on —az+1) ¢

(Al
F(al == Qz)

(Tma.x A / o —1 1udo a
07 2(t — 0) df + ——t1.

I'(ap +1

) (a1 +1)





OEBPS/694173128002_ee4.png
K

Bl was ()= _ 0, 0.
1,02(2) ;F(Q1k+ag) ar >0, ag >





OEBPS/694173128002_ee46.png
§ Dity(t) — AG D*y(t) = By(t) + Cy(t — p).
y() =0, ¥(t)=0, —p<t<O0.





OEBPS/694173128002_ee29.png
Hy(t)“ < 2(t) S v(t)Ey (r(t) (T(oq — o)t %2 +T(ay)t™)),





OEBPS/694173128002_ee16.png
z(t) = sup ||y(r])|| tel,
n€[—pit]

ly@Il < =6), [ly6—p)ll <=(6), 6¢€0.1.

I





OEBPS/694173128002_ee40.png
)





OEBPS/694173128002_ee21.png
vl < llgl + el

[l A~
T(ag —ag+1)

llll +

n
ama.x(/l)/ 1 a14do
+ 07 2 (n — 0) df + ———t™

() ) R S





OEBPS/694173128002_ee18.png
@ < llell + el





OEBPS/694173128002_ee34.png





OEBPS/694173128002_ee47.png
0 0
0 0f, B=
0 i

0
0
0.04 0.04

A=





OEBPS/694173128002_ee6.png
y(t) <vd) +r@) [ (-0 y(0)ds, 0<t<T.

Shesasa





OEBPS/694173128002_ee5.png
i

Cpat iy — -+
0 to,ty() Ti—aa)

[e—ortye)a0





OEBPS/694173128002_ee17.png
lly

Ol < llall + el

LA

F(Dq — a2 + 1)





OEBPS/694173128002_ee35.png
y(t) = y(0) +ty'(0) — Aty(0)

+ A/y(H) a9 + /(1‘ —6)[By(6) + Cy(6 — p) + Du(8)] 6.
0

0





