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摘要 状态空间复杂、多过程并发执行和子过程反复迭代的特点, 使航天器发射工程实施全过程的任务可靠性评估难以量化. 

通过构建多个并发执行的时间连续的Markov链对航天器发射工程状态转移约束关系进行描述, 采用互模拟时间等价关系简化

航天器发射工程实施过程的状态空间, 利用连续时间Markov链的概率转移特性进行建模与分析, 得到了全系统、全过程的航

天器发射任务可靠度模型. 数值验证表明该模型可用于航天器发射任务工期推演、可靠度评估以及薄弱环节分析. 
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Abstract： Characteristics of complex state space, multi-process concurrent execution and sub-

processes iterative make mission reliability assessment for the whole process of spacecraft launch 

engineering implementation is difficult to quantify. Multiple concurrently executing continuous time Markov 

chain is constructed to describe state transition constraint relations of spacecraft launch engineering. The 

state space of the whole process of spacecraft launch engineering implementation is simplified by 

bisimulation equivalence relation. The model of mission reliability for spacecraft launch engineering is 

builded by continuous time Markov chain transfer probability characteristics. In this paper, the example 

applied results shows that the model is a feasible for decision-making demonstration of spacecraft launch 

project, evaluation of mission reliability and analysis of weak link. 

Key words： spacecraft launch   bisimulation   Markov chains   mission reliability   the state transition 

probabilities   

收稿日期: 2011-04-18; 

基金资助:国家自然科学基金 (70971131, 71071156)

引用本文:   

董学军,武小悦,陈英武. 基于Markov链互模拟的航天器发射任务可靠度模型[J]. 系统工程理论实践, 2012, 32(10): 2323-2331. 

DONG Xue-jun,WU Xiao-yue,CHEN Ying-wu. Mission reliability model of spacecraft launch based on bisimulation of continuous-time Markov 

processes[J]. Systems Engineering - Theory & Practice, 2012, 32(10): 2323-2331. 

[1] Xing L. Reliability evaluation of phased-mission systems with imperfect fault coverage and common-cause failures[J]. IEEE 
Transactions on Reliability, 2007, 56(1): 58-68.  

[2] Xing L. Reliability analysis of phased-mission systems with combinatorial phase requirements[C]. Proceeding of 2001 Annual reliability 

and Maintainability Symposium, 2001: 344-351. 

[3] Tang Z H, Dugan J B. BDD-based reliability analysis of phased-mission systems with multimode failures[J]. IEEE Transactions on 
Reliability, 2006, 55(2): 350-360.  



[4] Zang X Y, Wang D Z, Sun H R, et al. A BDD-based algorithm for analysis of multistate systems with multistate components[J]. IEEE 
Transactions on Computers, 2003, 52(12): 1608-1618.  

[5] Tang Z H, Xu H, Dugan J B. Reliability Analysis of Phased Mission Systems with Common Cause Failure[C]// Proceeding of 2005 Annual 

Reliability and Maintainability Symposium, New York, USA: IEEE Press, 2005: 313-318. 

[6] Kim K, Park K S. Phased-mission system reliability under Markov environment[J]. IEEE Transactions on Reliability, 1994, 43(2): 301-
309.  

[7] Alam M, Song M, Hester S L, et al. Reliability analysis of phased-mission systems: A practical approach[C]// Proceeding of the Annual 
Reliability & Maintainability Symposium, New York, USA: IEEE Press, 2006: 551-558.  

[8] Murphy K E, Carter C M, Malerich A W. Reliability analysis of phased-mission system: A correct approach [C]// Proceeding of the 
Annual Reliability & Maintainability Symposium, New York, USA: IEEE Press, 2007: 7-12.  

[9] Mura I, Bondavalli A. Hierarchical modeling and evaluation of phased-mission systems[J]. IEEE Transactions on Reliability, 1999, 48
(4): 360-368.  

[10] Mo Y C, Siewiorek D, Yang X Z. Mission reliability analysis of fault-tolerant multiple-phased systems[J]. Reliability Engineering and 
System Safety, 2008, 93(7): 1036-1046.  

[11] 李岩, 王社伟. 一种新型的多阶段任务系统可靠性分析方法 [J]. 计算机仿真, 2008, 25(1): 100-104.Li Y, Wang S W. A new reliability analysis 

method for PMS[J]. Computer Simulation, 2008, 25(1): 100-104. 

[12] Yong O, Meshkat L, Dugan J B. Multi-phase reliability analysis for dynamic and static phase[C]// Proceeding of 2002 Anuual Reliability 

and Maintainability Symposium, IEEE, 2002: 404-410. 

[13] Wang D Z, Trivedi K S. Reliability analysis of phased-mission system with independent component repairs[J]. IEEE Transactions on 
Reliability, 2007, 56(3): 540-550.  

[14] Ross S M. Introduction to Probability Models[M]. 9th ed. Academic Press, 2006.  

[15] Van Glabbeek R J. The Linear Time-Branching Time Spectrum[M]. Institute für Informatik, Technische Universität München, 1990. 
 

[16] Clark E M, Long D E, Mcmillan K L. Compositional Model Checking[M]. Boston: MIT Press, 1999.  

[17] Baier C, Katoen J P, Hermanns H, et al. Simulation for Continuous-time Markov Chains[M]. Uni Bonn: Technical Report, 2002.  

[1] 董学军, 陈英武. 基于补偿和不可替代因素合成的人因可靠性分析方法[J]. 系统工程理论实践, 2012, 32(9): 2087-2096.

[2] 刘奇志. 基于马尔科夫链的网络决策分析方法[J]. 系统工程理论实践, 2011, 31(专刊1): 133-146.

[3] 余玅妙, 唐应辉, 付永红, 刘强国. 具有负顾客到达和RCH移除策略的GI/D-MSP/1/N离散时间排队系统[J]. 系统工程理论实践, 2011, 31(9): 1753-1762.

[4] 余玅妙;唐应辉. 离散时间有限缓冲空间GI / Geom / 1 / N 工作休假排队系统稳态概率算法及性能分析[J]. 系统工程理论实践, 2009, 29(9): 99-107.

[5] 张小茜. 保险资金投资模型及其Markov链模拟[J]. 系统工程理论实践, 2009, 29(6): 86-93.

[6] 李法朝;靳晨霞;刘立民. 拟线性模糊数及其在模糊规划问题中的应用[J]. 系统工程理论实践, 2009, 29(4): 119-127.

版权所有 © 2011《系统工程理论与实践》编辑部  

地址：北京中关村东路55号 100190 电话: 010-62541828 Email: xtll@chinajournal.net.cn 

本系统由北京玛格泰克科技发展有限公司设计开发  技术支持：support@magtech.com.cn  


