
Systems and Human Factors 

Concerns for Long-Duration 

Spaceflight 

by 

Dwight A. Holland 

Report Submitted to the Graduate Faculty of 

Virginia Polytechnic Institute and State University 

in partial fulfillment of the requirements for the degree of 

MASTER OF SCIENCE 

IN 

SYSTEMS ENGINEERING 

Approved: 

fd forse 
/ ee T. Kemmerling, Chair 

ype. a ha 
7 (——R.D. Dryden R.E. Lickliter 

  

    

December 1991 

Blacksburg, Virginia





Systems and Human Factors 
Concerns for Long~Duration 

Spaceflight 

by 

Dwight A. Holland 

Committee Chairman : Professor P. Kemmerling 

Industrial and Systems Engineering 

(ABSTRACT) 

Long-duration spaceflight poses many challenging technical 

and non-technical problems that must be addressed. Past 

experience with long space missions has shown that the medical 

and psychological issues in the human factors realm that may 

arise are serious enough to require high-level consideration in 

the overall systems development process. 

An essential aspect of the total systems development process 

for long-duration space missions entails the conception of a 

variety of countermeasures to combat the degradative effects of 

microgravity, isolation and confinement. These effects should be 

considered within a larger mission/systems framework. Additional 

factors within a broad systems perspective include the notion 

that context is an important attribute of the overall system 

state and may directly affect the astronauts' psychological 

health and the physical ability to perform required tasks. 

A review of the literature in the psychosocial and medical 

realms is presented as these concerns impact the human factor 

within the macro-system goal of successful long-duration 

spaceflight mission completion.
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CHAPTER 1 

INTRODUCTION 

As man seeks to stay in space for longer periods of time, or 

the human factor becomes more and more important. In fact, “ 

manned space flight can be viewed as an interaction of three 

elements: the crewmember (selection, protection, training); 

spacecraft systems (function, design, performance); and the 

environment (internal, external, and combined). Proper 

integration of these mission elements is essential to ensure 

optimal mission success and productivity. Adopting an integrated 

systems perspective reveals that the three elements listed become 

extremely interdependent with the result that variations in one 

element of the system often have an effect on other system 

attributes, thereby affecting mission parameters (See Figure 1). 

Within an overall systems context, there are many human 

factors/systems considerations that do not initially appear to 

directly affect systems decisions but that often indirectly 

“drive” the final mission goals and hardware requirements. 

Harris (See Figure 2, 1989) lists some of the "human factors” 

which impact space developments that are within the realm of the 

psychosocial, medical, economic, and political arenas, among 

others. When evaluated within a larger systems context, these 

factors are described generally in the figure as "Human Factors 

in Space Developments." The human factors in space developments 

all interact in complex ways that are often dependent upon 

context as the defining element of overall] systems processes and 

functioning.



  

Protection 

Selection 

    

Figure 1. Elements of Mission Design 

(from Nicogossian, Huntoon, and Pool, 1989).
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Human Factors in Space Development



Scope 

The organizational cultures of both NASA and its aerospace 

contractors have normally been dominated by science and 

engineering disciplines from a narrow, almost purely technical, 

perspective. The systems approach to solving problems, 

particularly within the human factors domain, has been spotty at 

best. One notable example of this has been the recent debate in 

the space community and halls of congress regarding the amount of 

Extra Vehicular Activity (EVA) that must be performed by humans 

for the construction and maintenance of Space Station Freedom. 

The recent studies which have been done have suggested that the 

EVA requirements for the station construction and later 

maintenance would take up so much of the astronauts’ time that it 

would be difficult to justify such a station configuration. This 

consideration, along with budgetary issues and a host of other 

factors (review Figure 2), has lead to numerous design reviews 

and a still-evolving station configuration. Literally hundreds 

of millions of dollars have been spent on these reviews and mid- 

course changes, yet not one piece of hardware is in space yet and 

the "final" station configuration is just now evolving (Aviation 

Week and Space Technology, 1990a). 

This paper will review some of the more pertinent issues 

within a human factors/systems context for long-duration 

spaceflight problems. The review will focus predominantly on the 

first three modules of the systems and human factors topics shown 

in Figure 2, i.e. the medical, psychological, and sociological 

issues regarding the crew. These factors are often considered to



be the most critical for long-duration spaceflight mission 

success. Degradation of either of these three components in the 

human factors area will lead to overall lowered system 

performance and reduced mission effectiveness. 

CHAPTER |1 

SYSTEMS ENGINEERING CONSIDERATIONS 

Systems Engineering Perspective 

Systems engineering stresses not only a life-cycle approach 

to the design and development of a system, but also emphasizes 

the interrelationships of the systems’ components with each other 

and the external environment (note Figure 1 and its relevance to 

these comments). Figure 3 is an overview of the system life 

cycle process (Blanchard and Fabrycky, 1990). As the figure 

shows, after the definition of need comes the conceptual design 

phase which is characterized by feasibility studies and advance 

product planning. 

A comphrehensive systems developmental context for space- 

flight requires that one of the key elements in the conceptual 

design phase should be the considerations given to the manability 

(human factors) of the proposed long-duration space facility. 

These human factors/systems issues are the focus of this review 

effort. 

Figure 4 from Blanchard and Fabrycky (1990) illustrates the 

human factors considerations that should be evaluated at the 

conceptual and preliminary system design stages. Close
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SYSTEM REQUIREMENTS 

@ Operational requirements 
  

© Maintenance concept 

ENVIRONMENTAL CONSIDERATIONS 

© Ecological considerations 

      

  

      

  

  

® Economical considerations 

® Political considerations 

BES sopse ny Sopot epee © Societal considerations 
HIERARCHY OF . 

HUMAN ACTIVITY ©-Technological considerations       

  

® Job operations 

e Duties 

© Tasks 

e Subtasks 

System constraints 

  

  

@ Task elements PERSONNEL FACTORS 

eo e Anthropometric factors 
  

  

  e Human sensory factors 
  

      PRELIMINARY e Physiological factors 

SYSTEM ANALYSIS e Psychological factors 

(trade-offs) | © Other factors 
      

    

    
HUMAN FACTORS REQUIREMENTS 

4 AND 
i REQUIREMENTS ALLOCATION 

Feedback 
  

  l 
L. —— — <iSYSTEM DESIGN AND DEVELOPME 

            

Figure 4. Human Factors Considerations in System Design 

(from Blanchard and Fabrycky, 1990).



examination of the figure reveals not only the classic functional 

analysis in a human factors context, but also some of the 

political, social, technological, and economic constraints that 

Harris (1989) also identified as relevant. Decisions made at the 

preliminary system design level may affect the human factor in 

ways that cannot be easily "fixed" later. Thus, if the human 

factor is considered early in the design process, more optimal 

human/system interaction can be expected later when the hardware 

is produced. Had many of these human factors issues been 

addressed earlier by NASA and the Congress during Space Station 

Freedom development, it is likely that several of the design 

reviews and forced changes in the system might not have occurred 

saving time, effort, energy and money. Figure 4 also delineates 

the “Personnel Factors" section as including: anthropometric, 

human sensory, physiological, psychological, and other factors. 

The psychological, and to a lesser extent, physiological issues 

are stressed in the body of this review, but brief mention of the 

other areas is warranted for completeness since these areas also 

directly impact systems development. 

Blanchard and Fabrycky (1990) in Figure 5 outline how the 

human factors engineering aspects should be considered within the 

total systems development process. A detailed discussion of the 

ramifications of this process is far beyond the scope of this 

effort except to say that in a system as dependent upon the human 

factor for success as manned spaceflight--there had better be 

serious consideration given to this area or disaster might ensue.
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A r ric/Human Senso r 

From a systems perspective, the correct application of 

anthropometric data is crucial to sustaining a high level of 

human performance without undue fatigue and error. 

Anthropometric factors to be considered involve the correct 

design and placement of controls and panels for effective human 

utilization. This is a particularly bothersome area since ina 

zero-gravity environment, the body naturally assumes a semi-fetal 

position during most tasks as shown in Figure 6 (Johnston and 

Dietlein, 1977). 

Anthropometric and biomechanical issues also to be 

considered include mass-moving capabilities, force-level 

parameters (especially for EVA tasks), and musculoskeletal task 

specific constraints. Thankfully, many of the anthropometric 

factors relevant to spaceflight have been chronicled in the 

voluminous NASA (1978) reference guide for this area of 

human/system integration. Human sensory factors that impact 

mission performance are many and varied. Table 1 from Hunt 

(1987) assesses the basic sensory, motor, and intellectual 

capabilities that are critical to perform in the space 

environment. All of these capabilities and the limitations that 

go with them must be addressed within a systems context when 

functions are being assigned to the human operator. Once the 

various functions are clearly stated in the process of system 

concept development, the next step is to allocate those functions 

to either human or machine. While it is important during the 

design process to have the physical engineering disciplines 

represented as key participants; it is equally important to have
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Figure 6. Two center figures show bodies at Earth positions, 
while four outer figures show neutral body positions of space.
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TABLE 1 

SENSORY, PSYCHOMOTOR, AND INTELLECTUAL FUNCTIONS CRITICAL 

TO HUMAN PERFORMANCE IN THE SPACE ENVIRONMENT 

Sensory and Perceptual Functions 

Vision Audition 

Visual acuity Auditory threshold 
Brightness Absolute 
discrimination Loudness 

Contrast discrimation Pitch discrimation 
Monocular/binocular Sound localization 

depth perception 
Color/color contrast 

discrimation 

Somesthesis 

Cutaneous 

Shape 
Texture 

Vibration 
Temperature 

Pressure 

Localization 

Kinesthesis and 
Motion and rate of proprioception 
movement detection Complex (e.g., 

itch, oily, 
greasy ) 

Psychomotor/Motor Functions Intellectual Functions 

Force application Short-term memory 

Eye/hand coordination Long-term memory 

Fine/gross movement Cognition 
Overall body positioning and Emotional status 
limb relationships 

Rate of movement 

Adapted from Hunt, 1987.
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the input of specialists in the human factors related 

disciplines--since these people know more about the capabilities, 

limitations, and behavioral characteristics of humans as they may 

be considered to perform particular functions. Guidelines 

regarding the functional allocation of human versus machine can 

be summarized by a comparison of human capabilities and machine 

alternatives as shown in Table 2. 

Furukawa and Buchanan (1984) developed a list of functional 

requirements thought to be “vital” to systematic planning for a 

Low-Earth Orbiting (LEO) space station. An attempt was made to 

group major items and their hardware in a relational manner. 

Figure 7 from Furukawa and Buchanan (1984) represents an attempt 

to create a holistic space station systems overview as derived 

from functional and hardware requirements. Note that in the 

cluster of functions surrounding crew issues, two functions in 

particular seem to have many other interacting components. The 

complex interacting components just referred to regarding crew 

support are habitability and health maintenance/medical care 

provisions. These particular functions will be addressed in more 

detail later in this paper. 

Hunt's (1987) Table 3 also summarizes the characteristics of 

human senses and indications for their use. From existing human 

factors and psychological engineering data it is possible to 

compare the basic human capability to meet systems requirements 

with the necessary level of performance for the space task. With 

the possible exception of the neurovestibular system, there 

apparently does not appear to be a change in the underlying
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TABLE 2 

HUMAN VERSUS MACHINE 

Comparison of Human Capabilities with Machine Alternatives 

Human 

fan recognize and use information redundance 

(pattern) in the real world to simplify complex 
Situations, 

Has high tolerance for ambiguity, uncertainty, and 
vagueness. 

Can interpret an input signal even when subject to 

distraction, high noise, or message gap. 

Ts a selecting mechanism and can adjust to sense 

specific inputs. 

Has very low absolute thresholds for sensing (e.9., 
vision, audition, and touch). 

Has excellent long-term aesory for related events. 

Can become highly flexible in terus of task 
performance. 

Can improvise and exercise judgement on the basis 
of long-term memory and recall. 

Can perform under transient overload: performance 

degrades gracefully. 
Can wake inductive decisions in novel situations; 

can generalize. 

Can generate only relatively small forces and 
cannot exert large forces for very long or very 

snoothly. 

Generally requires a review or rehersal peried 

before making decisions based on items in 
nemory. 

When performing @ tracking task, requires frequent 

reprogramming; does best when changes are 

under 3 rad/s. 
Has a built-in response latency of about 200 us in 

& go-no-90 situation. 

[s not well adapted to high-speed, accurate search 
of large volumes of information. 

Does not always follow an optimum strategy. 

Has physiological, psychological, and ecological needs. 

Is subject to anxiety, which may affect performance 

efficiency. 

Ts dependent upon the social environment, both 

present and remembered. 
Diurnal cycle imposes cyclic degradation of behavior. 
Is subject to stress as a result of interpersonal 

problems, 
Great differences exist among unselected individuals. 

Machine 

Has linited perceptual constancy and is very 

expensive. 

Is highly limited by ambiguity and uncertainty in 
input. 

Performs well only in a generally clean, noise-free 

environment. 

Is a fixed sensing mechanism, operating only on 

that which has been programmed for it. 

To have the same capability, becomes extrenely 

expensive. 

To have the same capability, becomes extrenely 

expensive. 

Is relatively inflexible. 

Cannot do this; is best at routine, repetitive 
functions. 

Stops under overload; generally fails all at once. 

Has little or not capability for induction or 
generalization. 

Can generate and exert fornces as needed, 

Goes directly to stored information for a decision, 

Has no such limitations. 

Has no response latency. 

Computers are designed to do this. 

Will always follow the strategy designed into it. 

Has only ecological needs. 

Is not subject to this factor. 

Has no social envircnment. 

The sachine cycle may be whatever is desired. 
Is not affected by such probleas. 

There are no unselected machines.
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mechanisms of human sensory and perceptual processes as a result 

of residence in the space environment. The human sensory 

characteristics mentioned above will only be addressed in the 

body of this paper as they may affect and psychological and 

physiological factors for long-duration spaceflight. 

Care must be taken when extrapolating earthbound task 

performance data to the space environment because the uniqueness 

of that environment does not always lend itself to highly 

reliable task performance data, thereby impacting mission 

timelines. Both the U.S. and Soviets have noted that the 

"average" task in space requires approximately twice the time 

that the same practiced task on earth takes (Bluth and Helppie, 

1986; Cooper, 1976; Fay and Helmke, 1989). Accomplishing daily 

tasks must be done within a habitable environment or a 

degradation of human performance will soon occur. The concept of 

“habitability™ will be discussed next from a systems viewpoint. 

Habitability 

In their classic work, Living Aloft, Conners, Harrison, and 

Akins (1985) defined what habitability meant within a space 

operations context: 

Habitability is a general term which connotes a level of 
environmental acceptability by potential users. The 
requirements for conditions to be "habitable" change 
dramatically with circumstances. For brief periods, 
almost any arrangement that does not interfere with the 
health of individuals or the performance of their jobs 

would be acceptable. Over the long term, conditions [in 

the system] must support not only individuals’ physical, 
but also their psychological health. 

Space habitability within a systems paradigm then implies
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not only solid human/system performance, but also addresses the 

quality of life in space that allows for both survival and the 

development of human potential. The Conners et al. (1985) group 

adopted the recommendation of the Space Sciences Board to utilize 

a systems perspective to analyze spaceflight. Habitability is a 

part of that systems perspective. The systems perspective in 

this context reveals that missions are comprised of highly 

interdependent components (e.g. biological, social, technical), 

such that changes in one element may have repercussions on other 

mission elements. Figure 8 from the Hunt (1987) article 

mentioned earlier illustrates how habitability is affected by 

many systems factors from the biological to the purely social. 

Habitability in turn affects (or feedsback onto) many of the 

parameters shown in the figure thus reflecting the total system's 

dynamic nature among the factors involved in a complex way. This 

dynamism is not always predictable because the context within 

which a significant event occurs may change from one time to 

another. 

One of the most important issues to consider within the 

habitability realm is that of crew quarters. According to the 

National Research Council (1986), one of the key negative 

habitation factors in undersea habitats, submarines, and polar 

stations has been the lack of privacy. Privacy becomes more 

important as the mission length increases. 

Soviet research has shown that a lack of space (volume) may 

lead to negative physical and psychological problems (Bluth and 

Helppie, 1986). The need for privacy is related to the nature of
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�q�u�a�r�t�e�r�s�.� �N�i�n�e� �o�f� �t�h�e� �e�l�e�v�e�n� �r�e�s�p�o�n�d�e�n�t�s� �f�e�l�t� �t�h�a�t� �t�h�e�r�e� �w�a�s� �a�n� 

�a�b�s�o�l�u�t�e� �n�e�c�e�s�s�i�t�y� �f�o�r� �c�r�e�w� �m�e�m�b�e�r�s �� �p�e�r�s�o�n�a�l� �i�t�e�m�s� �t�o� �b�e� 

�i�n�c�l�u�d�e�d� �i�n� �t�h�e� �s�p�a�c�e� �o�f� �t�h�e� �i�n�d�i�v�i�d�u�a�l� �c�r�e�w� �q�u�a�r�t�e�r�s�.� �T�h�e�r�e� �a�r�e� 

�m�a�n�y� �m�o�r�e� �h�a�b�i�t�a�b�i�l�i�t�y� �i�s�s�u�e�s� �f�o�r� �s�p�a�c�e� �s�t�a�t�i�o�n� �d�e�s�i�g�n� �t�e�a�m�s� �t�o� 

�c�o�n�s�i�d�e�r� �d�u�r�i�n�g� �a� �s�y�s�t�e�m�s� �d�e�s�i�g�n� �p�r�o�c�e�s�s� �(�a�s� �F�i�g�u�r�e� �8� 

�i�l�l�u�s�t�r�a�t�e�s�)� �t�h�a�t� �a�r�e� �o�f� �s�i�g�n�i�f�i�c�a�n�c�e� �t�h�a�t� �w�i�l�l� �n�o�t� �b�e� �r�e�v�i�e�w�e�d� 

�h�e�r�e�.� 

�S�o�m�e� �r�e�s�e�a�r�c�h�e�r�s� �h�a�v�e� �a�t�t�e�m�p�t�e�d� �t�o� �e�x�p�a�n�d� �t�h�e� �i�n�t�e�r�a�c�t�i�o�n�a�l� 

�n�a�t�u�r�e� �o�f� �s�y�s�t�e�m�s� �c�o�m�p�o�n�e�n�t�s� �i�n�t�o� �a� �g�e�n�e�r�a�l�i�z�e�d� �t�h�e�o�r�y� 

�i�n�c�o�r�p�o�r�a�t�i�n�g� �a�s�p�e�c�t�s� �o�f� �o�p�e�n�-�s�y�s�t�e�m�s� �t�h�e�o�r�y�.� �O�p�e�n�-�s�y�s�t�e�m�s� 

�t�h�e�o�r�y� �h�a�s� �a�l�s�o� �b�e�e�n� �c�a�l�l�e�d� �L�i�v�i�n�g� �S�y�s�t�e�m�s� �T�h�e�o�r�y� �(�L�S�T�)� �a�n�d� �h�a�s� 

�w�i�d�e� �a�p�p�l�i�c�a�b�i�l�i�t�y� �t�o� �t�h�e� �m�u�l�t�i�-�d�i�m�e�n�s�i�o�n�a�l� �p�r�o�b�l�e�m�s� �o�f� �e�x�t�r�a�-� 

�t�e�r�r�e�s�t�r�i�a�l� �o�u�t�p�o�s�t�s� �a�n�d� �l�o�n�g�-�d�u�r�a�t�i�o�n� �s�p�a�c�e�f�l�i�g�h�t� �(�M�i�l�l�e�r�,� 

�1�9�7�8�)�,� �a�n�d� �i�t� �i�s� �t�h�i�s� �L�S�T� �p�e�r�s�p�e�c�t�i�v�e� �t�h�a�t� �w�i�l�l� �b�e� �r�e�v�i�e�w�e�d� �n�e�x�t�.� 

�C�H�A�P�T�E�R� �I�I�I� 

�L�I�V�I�N�G� �S�Y�S�T�E�M�S� �T�H�E�O�R�Y� 

�A�p�p�l�i�c�a�t�i�o�n�s� 

�D�r�.� �J�.�G�.� �M�i�l�l�e�r�,� �a� �p�s�y�c�h�i�a�t�r�i�s�t�/�p�s�y�c�h�o�l�o�g�i�s�t�,� �b�e�g�a�n� 

�d�i�r�e�c�t�i�n�g� �a�p�p�l�i�c�a�t�i�o�n�s� �o�f� �h�i�s� �r�e�s�e�a�r�c�h� �o�n� �L�i�v�i�n�g� �S�y�s�t�e�m�s� �T�h�e�o�r�y� 

�t�o� �t�h�e� �s�p�a�c�e� �r�e�a�l�m� �i�n� �t�h�e� �m�i�d�-�1�9�8�0 ��s�.� �A�n�o�t�h�e�r� �r�e�s�e�a�r�c�h�e�r� �n�a�m�e�d� 

�F�i�n�n�e�y� �(�1�9�8�5�)� �c�o�n�f�i�r�m�e�d� �M�i�l�l�e�r�'�s� �a�p�p�r�o�a�c�h� �a�n�d� �e�m�p�h�a�s�i�z�e�d� �t�h�a�t� �i�n� 

�s�p�a�c�e� �s�t�u�d�i�e�s�,� �a� �l�i�v�i�n�g� �s�y�s�t�e�m�s� �a�p�p�r�o�a�c�h� �h�a�s� �b�i�o�l�o�g�i�c�a�l�,� 

�t�e�c�h�n�o�l�o�g�i�c�a�l�,� �a�n�d� �s�o�c�i�a�l� �c�o�m�p�o�n�e�n�t�s�.� �F�i�n�n�e�y� �(�1�9�8�5�)� �c�a�l�l�e�d� �f�o�r� 

�s�o�c�i�a�l� �s�c�i�e�n�t�i�s�t�s�,� �b�i�o�l�o�g�i�s�t�s�,� �h�u�m�a�n� �f�a�c�t�o�r�s� �e�n�g�i�n�e�e�r�s�,� �a�n�d� 

�a�r�c�h�i�t�e�c�t�s� �a�l�l� �t�o� �w�o�r�k� �c�l�o�s�e�l�y� �w�i�t�h� �t�h�e� �p�r�o�j�e�c�t� �m�a�n�a�g�e�r�s� �a�n�d
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�e�n�g�i�n�e�e�r�s� �w�h�o� �d�e�s�i�g�n� �t�h�e� �w�h�o�l�e� �s�p�a�c�e� �s�y�s�t�e�m�.� �P�e�r�h�a�p�s� �w�i�t�h�o�u�t� 

�r�e�a�l�i�z�i�n�g� �i�t�,� �F�i�n�n�e�y� �w�a�s� �a�c�t�u�a�l�l�y� �c�a�l�l�i�n�g� �f�o�r� �a� �c�o�m�p�l�e�t�e� �s�y�s�t�e�m�s� 

�e�n�g�i�n�e�e�r�i�n�g� �a�p�p�r�o�a�c�h� �t�o� �t�h�e� �p�r�o�b�l�e�m� �o�f� �l�o�n�g�-�d�u�r�a�t�i�o�n� �s�p�a�c�e�f�l�i�g�h�t�.� 

�A� �p�a�p�e�r� �e�n�t�i�t�l�e�d� �L�i�v�i�n�g� �S�y�s�t�e�m�s� �A�p�p�l�i�c�a�t�i�o�n�s� �t�o� �H�u�m�a�n� �S�p�a�c�e� 

�H�a�b�i�t�a�t�i�o�n� �(�M�i�l�l�e�r� �a�n�d� �M�i�l�l�e�r�,� �1�9�9�0�)� �s�u�g�g�e�s�t�s� �t�h�a�t� �p�l�a�n�n�i�n�g� �f�o�r� 

�e�x�t�r�a�t�e�r�r�e�s�t�r�i�a�l� �l�i�v�i�n�g� �r�e�q�u�i�r�e�s� �a�n� �o�v�e�r�a�l�l� �s�y�s�t�e�m�s� �p�e�r�s�p�e�c�t�i�v�e� 

�w�i�t�h� �t�h�e� �p�r�i�m�a�r�y� �d�e�s�i�g�n� �f�o�c�u�s� �o�n� �t�h�e� �h�u�m�a�n� �b�e�i�n�g�s� �t�h�a�t� �a�r�e� �t�o� 

�i�n�h�a�b�i�t� �t�h�e� �b�a�s�e� �(�o�r� �s�t�a�t�i�o�n�)�.� �T�h�e�y� �p�r�o�p�o�s�e� �t�h�a�t� �L�i�v�i�n�g� �S�y�s�t�e�m�s� 

�T�h�e�o�r�y� �(�L�S�T�)� �c�a�n� �a�i�d� �i�n� �t�h�e� �p�l�a�n�n�i�n�g� �a�n�d� �m�a�n�a�g�e�m�e�n�t� �o�f� �s�u�c�h� �a� 

�f�a�c�i�l�i�t�y� �b�e�c�a�u�s�e� �i�t� �i�s� �a�n� �i�n�t�e�g�r�a�t�e�d� �c�o�n�c�e�p�t�u�a�l� �a�p�p�r�o�a�c�h� �t�o� �t�h�e� 

�s�t�u�d�y� �o�f� �b�i�o�l�o�g�i�c�a�l� �a�n�d� �s�o�c�i�a�l� �l�i�v�i�n�g�,� �t�h�e� �t�e�c�h�n�o�l�o�g�i�e�s� 

�a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �t�h�e�m�,� �a�n�d� �t�h�e� �o�v�e�r�a�l�l� �e�n�v�i�r�o�n�m�e�n�t�a�l� �c�o�n�s�t�r�a�i�n�t�s� 

�t�h�a�t� �a�f�f�e�c�t� �t�h�e� �s�y�s�t�e�m�'�s� �f�u�n�c�t�i�o�n�a�l� �p�a�r�a�m�e�t�e�r�s�.� �L�i�v�i�n�g� �s�y�s�t�e�m�s� 

�i�n� �t�h�e� �M�i�l�l�e�r�'�s� �c�o�n�c�e�p�t�u�a�l�i�z�a�t�i�o�n� �a�r�e� �o�p�e�n� �s�y�s�t�e�m�s� �t�h�a�t� �m�a�i�n�t�a�i�n� 

�a� �t�h�e�r�m�o�d�y�n�a�m�i�c�a�l�l�y� �i�m�p�r�o�b�a�b�l�e� �e�n�e�r�g�i�c� �s�t�a�t�e� �b�y� �a� �c�o�n�t�i�n�u�a�l� 

�i�n�t�e�r�a�c�t�i�o�n� �w�i�t�h� �t�h�e� �e�n�v�i�r�o�n�m�e�n�t�,� �i�n� �w�h�i�c�h� �t�h�e�s�e� �s�y�s�t�e�m�s� �i�n�p�u�t� 

�s�u�b�s�t�a�n�c�e�s� �o�f� �l�o�w�e�r� �e�n�t�r�o�p�y� �a�n�d� �h�i�g�h�e�r� �i�n�f�o�r�m�a�t�i�o�n� �c�o�n�t�e�n�t� �t�h�a�n� 

�t�h�e�y� �o�u�t�p�u�t�.� 

�T�h�e�o�r�e�t�i�c�a�l� �B�a�s�i�s� 

�J�a�m�e�s� �a�n�d� �J�e�s�s�i�e� �M�i�l�l�e�r� �h�a�v�e� �d�e�v�e�l�o�p�e�d� �a� �v�i�s�u�a�l�/�c�o�n�c�e�p�t�u�a�l� 

�r�e�p�r�e�s�e�n�t�a�t�i�o�n� �o�f� �t�h�e� �2�0� �e�s�s�e�n�t�i�a�l� �s�u�b�s�y�s�t�e�m�s� �a�t� �e�a�c�h� �o�f� �t�h�e� 

�e�i�g�h�t� �m�a�i�n� �l�e�v�e�l�s� �o�f� �l�i�v�i�n�g� �s�y�s�t�e�m�s�.� �I�n� �t�h�i�s� �m�o�d�e�l�,� �t�h�e� �e�i�g�h�t� 

�l�e�v�e�l�s� �o�f� �t�h�e� �v�e�r�t�i�c�a�l� �a�x�i�s� �a�r�e�-�-�c�e�l�l�,� �o�r�g�a�n�,� �o�r�g�a�n�i�s�m�,� �g�r�o�u�p�,� 

�o�r�g�a�n�i�z�a�t�i�o�n�,� �c�o�m�m�u�n�i�t�y�,� �s�o�c�i�e�t�y�,� �a�n�d� �s�u�p�r�a�n�a�t�i�o�n�a�l� �s�y�s�t�e�m�s�.� �T�h�e� 

�e�s�s�e�n�t�i�a�l� �s�u�b�s�y�s�t�e�m�s� �a�r�e� �d�e�p�l�i�c�t�e�d� �o�n� �a� �h�o�r�i�z�o�n�t�a�l� �a�x�i�s� �a�s� 

�r�e�p�r�o�d�u�c�e�r�,� �b�o�u�n�d�a�r�y�,� �i�n�g�e�s�t�o�r�,� �d�i�s�t�r�i�b�u�t�o�r�,� �c�o�n�v�e�r�t�e�r�,� �p�r�o�d�u�c�e�r�,
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�m�a�t�t�e�r�-�e�n�e�r�g�y� �s�t�o�r�a�g�e�,� �e�x�t�r�u�d�e�r�,� �m�o�t�o�r�,� �s�u�p�p�o�r�t�e�r�,� �i�n�t�e�r�n�a�l� 

�t�r�a�n�s�d�u�c�e�r�,� �c�h�a�n�n�e�l�/�n�e�t�,� �t�i�m�e�r�,� �d�e�c�o�d�e�r�,� �a�n�d� �o�u�t�p�u�t� �t�r�a�n�s�d�u�c�e�r�.� 

�T�h�e� �l�i�v�i�n�g� �s�y�s�t�e�m�s� �t�h�e�o�r�y� �t�h�u�s� �f�a�c�i�l�i�t�a�t�e�s� �c�r�o�s�s�-�l�e�v�e�l� �r�e�s�e�a�r�c�h� 

�i�n� �t�e�r�m�s� �o�f� �t�h�e� �v�a�r�i�o�u�s� �c�o�m�p�o�n�e�n�t�s� �o�f� �t�h�e� �s�y�s�t�e�m� �i�n�t�e�r�a�c�t�i�n�g� �w�i�t�h� 

�e�a�c�h� �o�t�h�e�r�.� 

�E�a�c�h� �s�y�s�t�e�m� �c�a�n� �b�e� �i�d�e�n�t�i�f�i�e�d� �w�i�t�h� �t�h�i�s� �m�e�t�h�o�d�o�l�o�g�y� �i�n� �t�e�r�m�s� 

�o�f� �a� �s�e�t� �o�f� �v�a�r�i�a�b�l�e�s�,� �o�r� �p�a�r�a�m�e�t�e�r�s�,� �d�e�s�c�r�i�b�i�n�g� �i�t�s� �b�a�s�i�c� 

�p�r�o�c�e�s�s�e�s�.� �A�t� �t�h�e� �l�e�v�e�l� �o�f� �g�r�o�u�p�s� �o�r� �b�e�l�o�w�,� �t�h�e�s�e� �r�e�p�r�e�s�e�n�t� 

�a�s�p�e�c�t�s� �o�f� �f�l�o�w�s� �o�f� �m�a�t�e�r�i�a�l�s� �o�r� �m�a�t�t�e�r�,� �e�n�e�r�g�y�,� �a�n�d� �i�n�f�o�r�m�a�t�i�o�n� 

�o�f� �c�o�m�m�u�n�i�c�a�t�i�o�n�s�.� �A�t� �t�h�e� �l�e�v�e�l� �o�f� �o�r�g�a�n�i�z�a�t�i�o�n� �a�n�d� �a�b�o�v�e�,� �t�w�o� 

�a�d�d�i�t�i�o�n�a�l� �f�l�o�w�s� �a�r�e� �m�e�a�s�u�r�e�d�-�-�p�e�r�s�o�n�n�e�l� �(�i�n�d�i�v�i�d�u�a�l� �o�r� �g�r�o�u�p�)�,� 

�a�n�d� �m�o�n�e�y� �o�r� �i�t�s� �e�c�o�n�o�m�i�c� �e�q�u�i�v�a�l�e�n�t� �(�i�.�e�.� �c�o�s�t�s�)�.� 

�P�.�R�.� �H�a�r�r�i�s� �(�1�9�8�9�)� �a�n�d� �M�i�l�l�e�r� �(�1�9�8�9�)� �h�a�v�e� �s�e�p�a�r�a�t�e�l�y� �a�r�g�u�e�d� 

�f�o�r� �a� �g�e�n�e�r�a�l� �l�i�v�i�n�g� �s�y�s�t�e�m�s� �t�h�e�o�r�y� �t�o� �b�e� �a�p�p�l�i�e�d� �t�o� �t�h�e� 

�d�e�v�e�l�o�p�m�e�n�t� �o�f� �t�h�e� �s�p�a�c�e� �s�t�a�t�i�o�n� �a�n�d� �l�u�n�a�r� �b�a�s�e�.� �T�h�e�y� �b�o�t�h� 

�b�e�l�i�e�v�e� �t�h�a�t� �u�s�i�n�g� �t�h�i�s� �s�t�r�a�t�e�g�y� �w�i�l�l� �i�m�p�r�o�v�e� �s�p�a�c�e� �p�l�a�n�n�i�n�g� �a�n�d� 

�m�a�n�a�g�e�m�e�n�t�-�-�w�h�i�c�h� �i�s� �d�e�s�p�e�r�a�t�e�l�y� �n�e�e�d�e�d� �b�a�s�e�d� �u�p�o�n� �p�a�s�t� 

�e�x�p�e�r�i�e�n�c�e� �w�i�t�h� �t�h�e� �s�h�u�t�t�l�e� �a�n�d� �s�p�a�c�e� �s�t�a�t�i�o�n� �s�y�s�t�e�m�s�.� �E�x�a�m�p�l�e�s� 

�s�u�m�m�a�r�i�z�i�n�g� �t�h�e� �b�a�s�i�c� �c�o�n�c�e�p�t�s� �a�n�d� �t�e�n�e�t�s� �o�f� �t�h�e� �l�i�v�i�n�g� �s�y�s�t�e�m�s� 

�t�h�e�o�r�y� �f�o�r� �s�p�a�c�e�f�l�i�g�h�t� �c�a�n� �b�e� �f�o�u�n�d� �i�n� �F�i�g�u�r�e�s� �9� �a�n�d� �1�0�.� 

�F�i�g�u�r�e� �9� �d�e�p�i�c�t�s� �t�h�e� �s�y�s�t�e�m�s� �a�p�p�l�i�c�a�t�i�o�n�s� �i�n� �t�h�e� �s�p�a�c�e� 

�s�t�a�t�i�o�n� �F�r�e�e�d�o�m� �w�i�t�h� �t�h�e� �f�i�v�e� �m�a�j�o�r� �f�l�o�w�s� �f�o�r� �t�h�a�t� �o�p�e�n� �s�y�s�t�e�m� 

�u�s�i�n�g� �L�S�T� �s�y�m�b�o�l�s� �(�c�o�l�o�r�s� �a�r�e� �a�l�s�o� �i�n�c�l�u�d�e�d� �f�o�r� �c�o�d�i�n�g� �a�s� �p�a�r�t� �o�f� 

�t�h�e� �t�h�e�o�r�y� �b�u�t� �c�a�n�n�o�t� �b�e� �r�e�p�r�o�d�u�c�e�d� �h�e�r�e�)�.� �F�i�v�e� �m�a�j�o�r� �L�S�T� �f�l�o�w�s� 

�a�r�e� �a�l�s�o� �s�h�o�w�n� �f�o�r� �t�h�e� �p�r�o�p�o�s�e�d� �l�u�n�a�r� �b�a�s�e� �w�h�i�c�h� �i�s� �s�l�a�t�e�d� �t�o� �b�e� 

�o�p�e�r�a�t�i�o�n�a�l� �b�e�f�o�r�e� �2�0�1�0� �(�F�i�g�u�r�e� �1�0�)�.� �T�h�e� �p�a�t�t�e�r�n� �f�o�r� �t�h�e� �l�u�n�a�r� 

�b�a�s�e� �i�l�l�u�s�t�r�a�t�e�s� �a� �c�o�m�m�a�n�d� �c�e�n�t�e�r�,� �g�e�n�e�r�a�t�i�n�g� �s�t�a�t�i�o�n�,� �h�a�b�i�t�a�t�i�o�n
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�2�6� 

�u�n�i�t�,� �a�n�d� �s�e�v�e�r�a�l� �o�t�h�e�r� �s�y�s�t�e�m� �c�o�m�p�o�n�e�n�t�s�.� 

�L�i�v�i�n�g� �s�y�s�t�e�m�s� �c�o�n�c�e�p�t�s� �c�a�n� �a�i�d� �i�n� �r�e�l�a�t�i�n�g� �t�h�e� �c�o�m�p�l�e�x� 

�f�a�c�t�o�r�s� �w�h�i�c�h� �i�m�p�a�c�t� �t�h�e� �s�u�c�c�e�s�s� �o�r� �f�a�i�l�u�r�e� �o�f� �a� �s�p�a�c�e� �m�i�s�s�i�o�n�.� 

�A�n� �e�x�a�m�p�l�e� �o�f� �t�h�i�s� �w�o�u�l�d� �b�e� �h�o�w� �i�n�d�i�v�i�d�u�a�l� �a�s�t�r�o�n�a�u�t�s� �(�o�r�g�a�n�i�s�m�)� 

�f�o�r�m� �i�n�t�o� �a� �m�i�s�s�i�o�n� �g�r�o�u�p�,� �s�e�r�v�i�n�g� �t�h�e� �g�o�a�l�s� �o�f� �a�n� �o�r�g�a�n�i�z�a�t�i�o�n� 

�s�u�c�h� �a�s� �N�A�S�A�,� �w�o�r�k�i�n�g� �t�o�g�e�t�h�e�r� �w�i�t�h� �t�h�e� �a�e�r�o�s�p�a�c�e� �i�n�d�u�s�t�r�y� 

�(�c�o�m�m�u�n�i�t�y�)�,� �t�o� �a�c�h�i�e�v�e� �t�h�e� �e�n�d�-�o�b�j�e�c�t�i�v�e�s� �o�f� �a� �n�a�t�i�o�n�,� �t�h�e� 

�U�n�i�t�e�d� �S�t�a�t�e�s� �o�f� �A�m�e�r�i�c�a�.� 

�L�S�T� �h�a�s� �b�e�e�n� �a�p�p�l�i�e�d� �w�i�t�h� �s�u�c�c�e�s�s� �f�o�r� �o�v�e�r� �t�h�i�r�t�y� �y�e�a�r�s� �o�n� 

�t�h�e� �e�a�r�t�h� �b�y� �s�c�i�e�n�t�i�s�t�s� �i�n� �e�a�r�t�h�-�b�o�u�n�d� �s�e�t�t�i�n�g�.� �T�h�e� �n�e�x�t� 

�a�p�p�l�i�c�a�t�i�o�n� �o�f� �t�h�i�s� �s�t�y�l�e� �o�f� �s�y�s�t�e�m�s� �e�n�g�i�n�e�e�r�i�n�g� �w�i�t�h� �a� �l�i�f�e� 

�s�c�i�e�n�c�e�s�/�b�e�h�a�v�i�o�r�a�l� �e�m�p�h�a�s�i�s� �i�s� �t�o� �i�m�p�r�o�v�e� �h�u�m�a�n� �p�e�r�f�o�r�m�a�n�c�e� �a�n�d� 

�h�a�b�i�t�a�t�i�o�n� �i�n� �e�x�t�r�a�t�e�r�r�e�s�t�r�i�a�l� �e�n�v�i�r�o�n�m�e�n�t�s�.� �I�|�f� �L�S�T� �t�e�m�p�l�a�t�e�s� 

�w�e�r�e� �u�s�e�d� �w�i�t�h�i�n� �t�h�e� �d�e�s�i�g�n� �a�n�d� �o�p�e�r�a�t�i�o�n�a�l� �p�h�a�s�e�s� �f�o�r� �s�p�a�c�e� 

�c�o�m�m�u�n�i�t�i�e�s�,� �i�t� �i�s� �p�o�s�s�i�b�l�e� �t�h�a�t� �b�e�t�t�e�r� �p�l�a�n�n�i�n�g� �i�n�f�o�r�m�a�t�i�o�n� �a�n�d� 

�m�a�c�r�o�m�a�n�a�g�e�m�e�n�t� �c�o�u�l�d� �o�c�c�u�r� �(�H�a�r�r�i�s�,� �1�9�8�9�)�.� 

�O�n�e� �o�f� �t�h�e� �k�e�y� �c�o�m�p�o�n�e�n�t�s� �w�i�t�h�i�n� �t�h�e� �c�o�n�t�e�x�t� �o�f� �t�h�e� �s�y�s�t�e�m�s� 

�t�h�e�o�r�y� �j�u�s�t� �d�e�s�c�r�i�b�e�d� �i�s� �t�h�e� �h�u�m�a�n� �b�e�i�n�g�.� �T�h�e� �m�a�j�o�r� �q�u�e�s�t�i�o�n� �i�s�:� 

�C�a�n� �p�e�r�f�o�r�m�a�n�c�e� �l�e�v�e�l�s� �b�e� �m�a�i�n�t�a�i�n�e�d� �d�u�r�i�n�g� �l�o�n�g�-�d�u�r�a�t�i�o�n� 

�s�p�a�c�e�f�l�i�g�h�t� �t�o� �a�c�c�o�m�p�l�i�s�h� �m�i�s�s�i�o�n� �g�o�a�l�s� �a�n�d� �r�e�t�u�r�n� �t�h�e� �a�s�t�r�o�n�a�u�t� 

�t�o� �E�a�r�t�h� �i�n� �a� �r�e�l�a�t�i�v�e�l�y� �u�n�d�a�m�a�g�e�d� �s�t�a�t�e�?� �T�h�e� �t�e�r�m�  ��u�n�d�a�m�a�g�e�d� 

�s�t�a�t�e�"� �r�e�f�e�r�s� �t�o� �b�o�t�h� �p�h�y�s�i�c�a�l� �a�n�d� �e�m�o�t�i�o�n�a�l� �s�t�a�t�u�s�e�s� �o�f� �t�h�e� 

�h�u�m�a�n� �b�e�i�n�g�.� �T�h�i�s� �c�h�a�l�l�e�n�g�e� �r�e�m�a�i�n�s� �o�n�e� �o�f� �t�h�e� �m�o�s�t� �d�i�f�f�i�c�u�l�t� �t�o� 

�e�v�e�r�c�o�m�e� �w�i�t�h�i�n� �a� �s�y�s�t�e�m�s� �c�o�n�t�e�x�t�.� �H�a�r�d�w�a�r�e� �c�a�n� �b�e� �b�u�i�l�t� �t�o� �f�l�y� 

�i�n� �s�p�a�c�e�,� �b�u�t� �t�h�e� �a�d�d�i�t�i�o�n� �o�f� �t�h�e� �h�u�m�a�n� �e�l�e�m�e�n�t� �i�n�t�o� �t�h�e� �s�y�s�t�e�m� 

�r�e�q�u�i�r�e�s� �t�h�a�t� �m�a�n�y� �c�o�n�s�t�r�a�i�n�t�s� �b�e� �m�e�t� �t�h�a�t� �i�n�v�o�l�v�i�n�g� �t�h�e� 

�h�a�b�i�t�a�b�i�l�i�t�y�,� �p�s�y�c�h�o�l�o�g�i�c�a�l�,� �a�n�d� �p�h�y�s�i�o�l�o�g�i�c�a�l� �r�e�a�l�m�s�.� �E�a�c�h� �o�f
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�t�h�e�s�e� �c�o�n�t�r�i�b�u�t�o�r�s� �t�o� �t�h�e� �s�y�s�t�e�m� �h�a�s� �i�m�p�l�i�c�a�t�i�o�n�s� �f�o�r� �t�h�e� �o�t�h�e�r�s� 

�b�y� �a�f�f�e�c�t�i�n�g� �t�h�e� �h�u�m�a�n� �f�a�c�t�o�r�,� �p�o�t�e�n�t�i�a�l�l�y� �e�n�d�a�n�g�e�r�i�n�g� �h�u�m�a�n� 

�p�e�r�f�o�r�m�a�n�c�e� �a�n�d� �p�r�o�d�u�c�t�i�v�i�t�y�.� 

�C�H�A�P�T�E�R� �I�V� 

�H�U�M�A�N� �F�A�C�T�O�R�S� �C�O�N�C�E�R�N�S� 

�i� �e�s� 

�T�o� �p�r�e�s�e�r�v�e� �a�n�d� �e�n�h�a�n�c�e� �t�h�e� �p�r�o�d�u�c�t�i�v�i�t�y� �o�f� �h�u�m�a�n�s� �i�n� �l�o�n�g�-� 

�d�u�r�a�t�i�o�n� �s�p�a�c�e�f�l�i�g�h�t�,� �e�f�f�e�c�t�i�v�e� �c�o�u�n�t�e�r�m�e�a�s�u�r�e�s� �a�g�a�i�n�s�t� �h�a�r�m�f�u�l� 

�o�r� �p�e�r�f�o�r�m�a�n�c�e� �d�e�g�r�a�d�i�n�g� �e�f�f�e�c�t�s� �o�f� �t�h�e� �s�p�a�c�e� �e�n�v�i�r�o�n�m�e�n�t� �m�u�s�t� �b�e� 

�c�o�n�s�i�d�e�r�e�d�.� �P�s�y�c�h�o�l�o�g�i�c�a�l� �i�s�s�u�e�s� �a�r�e� �o�f� �f�u�n�d�a�m�e�n�t�a�l� �i�m�p�o�r�t�a�n�c�e� 

�f�o�r� �i�n�d�i�v�i�d�u�a�l� �p�r�o�d�u�c�t�i�v�i�t�y�,� �g�r�o�u�p� �c�o�h�e�s�i�o�n�,� �a�n�d� �q�u�a�l�i�t�y� �o�f� �l�i�f�e�.� 

�T�h�e� �m�a�i�n� �a�r�e�a�s� �o�f� �c�o�n�c�e�r�n� �i�n� �t�h�e� �p�h�y�s�i�o�l�o�g�i�c�a�l� �r�e�a�l�m� �a�r�e� �r�e�d�u�c�e�d� 

�g�r�a�v�i�t�y� �a�n�d� �r�a�d�i�a�t�i�o�n�.� �I�t� �i�s� �n�o�t� �c�l�e�a�r� �a�t� �t�h�i�s� �t�i�m�e� �w�h�e�t�h�e�r� �t�h�e� 

�p�h�y�s�i�o�l�o�g�i�c�a�l� �c�h�a�n�g�e�s� �w�h�i�c�h� �o�c�c�u�r� �d�u�r�i�n�g� �l�o�n�g� �p�e�r�i�o�d�s� �a�s�s�o�c�i�a�t�e�d� 

�w�i�t�h� �m�i�c�r�o�g�r�a�v�i�t�y� �c�a�n� �b�e� �r�e�v�e�r�s�e�d� �q�u�i�c�k�l�y� �e�n�o�u�g�h� �t�o� �a�l�l�o�w� �f�o�r� 

�n�o�r�m�a�l� �f�u�n�c�t�i�o�n�i�n�g� �i�m�m�e�d�i�a�t�e�l�y� �u�p�o�n� �a�r�r�i�v�a�l� �o�n� �a� �p�l�a�n�e�t�a�r�y� 

�s�u�r�f�a�c�e� �s�u�c�h� �a�s� �m�a�r�s�,� �o�r� �u�p�o�n� �r�e�t�u�r�n� �t�o� �t�h�e� �E�a�r�t�h�.� �T�h�e�r�e� �n�e�e�d�s� 

�t�o� �b�e� �a� �b�e�t�t�e�r� �u�n�d�e�r�s�t�a�n�d�i�n�g� �o�f� �t�h�e� �p�h�y�s�i�o�l�o�g�i�c�a�l� �c�h�a�n�g�e�s� �t�h�a�t� 

�o�c�c�u�r� �d�u�r�i�n�g� �s�p�a�c�e�f�l�i�g�h�t� �s�u�c�h� �t�h�a�t� �c�o�u�n�t�e�r�m�e�a�s�u�r�e�s� �c�a�n� �b�e� 

�d�e�v�e�l�o�p�e�d� �t�o� �c�i�r�c�u�m�v�e�n�t� �t�h�e�s�e� �c�h�a�n�g�e�s�.� �T�h�e� �h�u�m�a�n� �b�e�i�n�g� �c�o�u�l�d� 

�q�u�i�c�k�l�y� �b�e�c�o�m�e� �t�h�e� �"�w�e�a�k� �l�i�n�k�"� �i�n� �t�h�e� �s�y�s�t�e�m� �i�f� �b�e�t�t�e�r� 

�c�o�u�n�t�e�r�m�e�a�s�u�r�e�s� �a�r�e� �n�o�t� �f�o�u�n�d�.� �P�s�y�c�h�o�l�o�g�i�c�a�]� �f�a�c�t�o�r�s� �a�l�s�o� �h�a�v�e� 

�b�e�e�n� �s�h�o�w�n� �t�o� �b�e� �o�f� �s�e�r�i�o�u�s� �c�o�n�c�e�r�n� �o�n� �l�o�n�g� �s�p�a�c�e�f�l�i�g�h�t�s�-�-�a�l�o�n�g� 

�w�i�t�h� �s�u�c�h� �a�n�a�l�o�g� �e�n�v�i�r�o�n�m�e�n�t�s� �s�u�c�h� �a�s� �A�n�t�a�r�c�t�i�c�a� �a�n�d� �s�u�b�m�a�r�i�n�e�s�.� 

�T�h�e� �a�s�s�o�c�i�a�t�e�d� �l�i�t�e�r�a�t�u�r�e� �w�i�t�h�i�n� �t�h�e� �p�s�y�c�h�o�l�o�g�i�c�a�l� �r�e�a�l�m� �w�i�l�l� �b�e� 

�r�e�v�i�e�w�e�d� �n�e�x�t� �w�i�t�h�i�n� �a� �s�p�a�c�e�f�l�i�g�h�t� �s�o�c�i�a�l� �s�y�s�t�e�m�s� �p�e�r�s�p�e�c�t�i�v�e�.
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�P�S�Y�C�H�O�L�O�G�I�C�A�L� �F�A�C�T�O�R�S� 

�r�e� �t�r�e� 

�A�n� �i�s�o�l�a�t�e�d� �a�n�d� �c�o�n�f�i�n�e�d� �e�n�v�i�r�o�n�m�e�n�t� �i�s� �g�o�i�n�g� �t�o� �p�r�o�d�u�c�e� 

�c�r�e�w� �p�s�y�c�h�o�l�o�g�i�c�a�l� �s�t�r�e�s�s�.� �F�u�r�t�h�e�r�m�o�r�e�,� �t�h�e� �s�t�r�e�s�s�-�i�n�d�u�c�e�d� 

�d�y�n�a�m�i�c�s� �o�f� �t�h�e� �g�r�o�u�p� �c�a�n� �s�u�b�s�t�a�n�t�i�a�l�l�y� �i�m�p�a�c�t� �c�r�e�w� �p�e�r�f�o�r�m�a�n�c�e� 

�a�n�d� �m�o�r�a�l�e� �a�s� �b�o�t�h� �N�A�S�A� �a�n�d� �t�h�e� �S�o�v�i�e�t�s� �h�a�v�e� �f�o�u�n�d�.� �O�u�r�i�n�g� �t�h�e� 

�l�o�n�g�e�s�t� �S�k�y�l�a�b� �m�i�s�s�i�o�n�,� �c�o�m�m�a�n�d�e�r� �G�e�r�a�l�d� �C�a�r�r� �a�n�d� �h�i�s� �f�e�l�l�o�w� 

�a�s�t�r�o�n�a�u�t�s� �n�o�t� �o�n�l�y� �"�p�l�o�t�t�e�d ��"� �t�o� �h�i�d�e� �c�e�r�t�a�i�n� �t�h�i�n�g�s� �f�r�o�m� �g�r�o�u�n�d� 

�c�o�n�t�r�o�l�,� �b�u�t� �a�l�s�o� �w�e�n�t� �o�n� �w�h�a�t� �m�i�g�h�t� �b�e� �c�o�n�s�i�d�e�r�e�d� �a�  ��s�t�r�i�k�e �� 

�u�n�t�i�l� �s�o�m�e� �p�r�e�s�s�i�n�g� �i�s�s�u�e�s� �c�o�u�l�d� �b�e� �w�o�r�k�e�d� �o�u�t� �w�i�t�h� �t�h�e� �g�r�o�u�n�d� 

�c�o�n�t�r�o�l�l�e�r�s� �(�C�o�o�p�e�r�,� �1�9�7�6�;� �K�a�n�a�s�,� �1�9�8�7�)�.� �I�n� �t�h�i�s� �c�a�s�e�,� �t�h�e� �g�r�o�u�p� 

�w�a�s� �u�n�i�f�i�e�d� �a�g�a�i�n�s�t� �w�h�a�t� �t�h�e�y� �p�e�r�c�e�i�v�e�d� �a�s� �u�n�r�e�a�s�o�n�a�b�l�e� �d�e�m�a�n�d�s� 

�b�y� �H�o�u�s�t�o�n�,� �t�h�e�r�e�b�y� �d�i�r�e�c�t�i�n�g� �s�o�m�e� �o�f� �t�h�e� �i�n�t�r�a�g�r�o�u�p� �s�t�r�e�s�s� 

�t�o�w�a�r�d�s� �g�r�o�u�n�d� �c�o�n�t�r�o�l�.� �T�h�e� �S�k�y�l�a�b� �m�i�s�s�i�o�n� �l�a�s�t�e�d� �l�e�s�s� �t�h�a�n� �1�0�0� 

�d�a�y�s� �a�n�d� �w�a�s� �i�n� �L�E�O�.� 

�T�h�e� �S�o�v�i�e�t�s� �h�a�v�e� �r�e�p�o�r�t�e�d� �s�i�m�i�l�a�r� �i�n�s�t�a�n�c�e�s� �w�i�t�h� �o�v�e�r�t�,� 

�o�p�e�n�,� �i�n�t�e�r�p�e�r�s�o�n�a�l� �c�o�n�f�l�i�c�t� �a�b�o�a�r�d� �t�h�e�i�r� �S�a�l�y�u�t� �a�n�d� �M�i�r� �s�p�a�c�e� 

�s�t�a�t�i�o�n�s�.� �B�l�u�t�h� �(�1�9�8�1�)� �r�e�p�o�r�t�s� �t�h�a�t� �c�o�s�m�o�n�a�u�t�s� �h�a�v�e� �w�r�i�t�t�e�n� �t�h�a�t� 

�i�t� �b�e�c�o�m�e�s� �h�a�r�d�e�r� �a�n�d� �h�a�r�d�e�r� �t�o� �g�e�t� �a�l�o�n�g� �a�s� �a� �c�r�e�w� �a�s� �t�i�m�e� �g�o�e�s� 

�o�n� �a�n�d� �t�h�a�t� �t�h�i�n�g�s� �s�h�o�u�l�d� �n�o�t� �"�.�.�.�b�e� �a�l�l�o�w�e�d� �t�o� �e�x�p�l�o�d�e�. �� �T�h�e�r�e� 

�a�r�e� �u�n�o�f�f�i�c�i�a�l� �r�e�p�o�r�t�s� �a�n�d� �w�h�i�s�p�e�r�s� �i�n� �t�h�e� �a�e�r�o�m�e�d�i�c�a�l� �c�o�m�m�u�n�i�t�y� 

�t�h�a�t� �d�u�r�i�n�g� �o�n�e� �p�a�r�t�i�c�u�l�a�r�l�y� �l�o�n�g� �f�l�i�g�h�t�,� �o�n�e� �c�o�s�m�o�n�a�u�t� �a�t�t�a�c�k�e�d� 

�a�n�o�t�h�e�r� �w�i�t�h� �a� �h�y�p�o�d�e�r�m�i�c� �n�e�e�d�l�e� �(�R�o�a�n�o�k�e� �T�i�m�e�s� �a�n�d� �W�o�r�l�d� �N�e�w�s�,� 

�1�9�8�5�)�.� �T�h�i�s� �w�o�u�l�d� �n�o�t� �b�e� �s�u�r�p�r�i�s�i�n�g� �s�i�n�c�e� �d�o�c�u�m�e�n�t�e�d� �i�n�s�t�a�n�c�e�s� 

�h�a�v�e� �o�c�c�u�r�r�e�d� �w�h�e�r�e� �r�e�m�o�t�e� �a�n�t�a�r�c�t�i�c� �t�e�a�m� �m�e�m�b�e�r�s� �h�a�v�e� �a�t�t�a�c�k�e�d� 

�e�a�c�h� �o�t�h�e�r� �v�e�r�b�a�l�l�y� �a�n�d� �p�h�y�s�i�c�a�l�l�y� �(�H�a�r�r�i�s�o�n�,� �C�l�e�a�r�w�a�t�e�r�,� �a�n�d� 

�M�c�K�a�y�,� �1�9�9�1�)�.� �T�h�e� �r�e�c�e�n�t�l�y� �p�u�b�l�i�s�h�e�d� �H�a�r�r�i�s�o�n� �e�t� �a�l�.� �w�o�r�k� �(�1�9�9�1�)
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�j�u�s�t� �c�i�t�e�d� �i�s� �a� �c�o�m�p�l�e�t�e� �s�u�m�m�a�r�y� �o�f� �h�o�w� �A�n�t�a�r�c�t�i�c� �s�t�u�d�i�e�s� �o�n� 

�g�r�o�u�p� �a�n�d� �i�n�d�i�v�i�d�u�a�l� �b�e�h�a�v�i�o�r� �c�a�n� �b�e� �u�t�i�l�i�z�e�d� �a�s� �m�o�d�e�l�s� �t�o� 

�d�e�v�e�l�o�p� �a� �b�e�t�t�e�r� �p�e�r�s�p�e�c�t�i�v�e� �o�n� �h�u�m�a�n� �b�e�h�a�v�i�o�r� �u�n�d�e�r� 

�e�n�v�i�r�o�n�m�e�n�t�a�l�l�y� �s�t�r�e�s�s�f�u�l� �c�o�n�d�i�t�i�o�n�s� �w�h�i�c�h� �m�a�y� �s�e�r�v�e� �a�s� 

�r�e�a�s�o�n�a�b�l�y� �g�o�o�d� �s�p�a�c�e� �h�a�b�i�t�a�t�i�o�n� �a�n�a�l�o�g�s�.� 

�C�h�r�i�s�t�e�n�s�e�n� �a�n�d� �T�a�l�b�o�t� �(�1�9�8�6�)� �h�a�v�e� �d�o�n�e� �a�n� �e�x�c�e�l�l�e�n�t� �r�e�v�i�e�w� 

�o�n� �t�h�e� �p�s�y�c�h�o�l�o�g�i�c�a�l� �a�s�p�e�c�t�s� �o�f� �s�p�a�c�e�f�l�i�g�h�t�.� �T�h�e�i�r� �r�e�v�i�e�w� 

�e�x�a�m�i�n�e�d� �t�h�e� �A�m�e�r�i�c�a�n� �a�n�d� �S�o�v�i�e�t� �e�x�p�e�r�i�e�n�c�e� �i�n� �s�p�a�c�e� �w�i�t�h� �r�e�g�a�r�d� 

�t�o� �p�e�r�c�e�p�t�i�o�n�,� �p�e�r�f�o�r�m�a�n�c�e�,� �s�m�a�l�l� �g�r�o�u�p� �d�y�n�a�m�i�c�s�,� �a�n�d� �a� �h�o�s�t� �o�f� 

�o�t�h�e�r� �f�a�c�t�o�r�s�.� �T�a�b�l�e� �4� �f�r�o�m� �t�h�e�i�r� �w�o�r�k� �s�u�m�m�a�r�i�z�e�s� �t�h�e� �m�a�i�n� 

�i�s�s�u�e�s� �w�h�i�c�h� �i�n�f�l�u�e�n�c�e� �o�r�b�i�t�a�l� �b�e�h�a�v�i�o�r� �a�n�d� �p�e�r�f�o�r�m�a�n�c�e� �f�r�o�m� �a�n� 

�e�n�v�i�r�o�n�m�e�n�t�a�l�,� �s�p�a�c�e� �s�y�s�t�e�m�,� �a�n�d� �s�u�p�p�o�r�t� �p�e�r�s�p�e�c�t�i�v�e�.� �I�f� �m�a�n�y� �o�f� 

�t�h�e� �f�a�c�t�o�r�s� �t�h�a�t� �C�h�r�i�s�t�e�n�s�e�n� �a�n�d� �T�a�l�b�o�t� �l�i�s�t� �i�n� �T�a�b�l�e� �4� �w�e�r�e� 

�c�o�n�s�i�d�e�r�e�d� �w�i�t�h�i�n� �a� �s�y�s�t�e�m�s� �c�o�n�t�e�x�t�,� �t�h�e�n� �t�h�e�r�e� �i�s� �a� �r�e�a�s�o�n�a�b�l�e� 

�c�h�a�n�c�e� �t�h�a�t� �p�s�y�c�h�o�l�o�g�i�c�a�l� �s�t�r�e�s�s�o�r�s� �c�o�u�l�d� �b�e� �m�i�t�i�g�a�t�e�d� �t�o� �t�h�e� 

�e�x�t�e�n�t� �p�o�s�s�i�b�l�e�.� �T�h�i�s� �a�p�p�r�o�a�c�h� �w�o�u�l�d� �r�e�q�u�i�r�e� �a�l�l�]� �p�a�r�t�i�e�s� 

�i�n�v�o�l�v�e�d� �i�n� �t�h�e� �m�i�s�s�i�o�n� �f�r�o�m� �g�r�o�u�n�d� �s�u�p�p�o�r�t� �p�e�r�s�o�n�n�e�l� �t�o� �t�h�e� 

�a�s�t�r�o�n�a�u�t�s� �f�a�m�i�l�i�e�s� �t�o� �b�e� �b�r�o�u�g�h�t� �i�n�t�o� �t�h�e� �s�y�s�t�e�m�s� �"�l�o�o�p�.�"� �T�h�e� 

�S�o�v�i�e�t�s�,� �p�e�r�h�a�p�s� �h�a�v�i�n�g� �h�a�d� �l�e�a�r�n�e�d� �t�h�e� �h�a�r�d� �w�a�y�,� �h�a�v�e� �a�l�r�e�a�d�y� 

�b�e�e�n� �d�o�i�n�g� �j�u�s�t� �t�h�i�s� �t�h�r�o�u�g�h� �t�h�e�i�r� �G�r�o�u�p� �f�o�r� �P�s�y�c�h�o�l�o�g�i�c�a�l� 

�S�u�p�p�o�r�t� �(�S�a�n�t�y�,� �1�9�8�3�;� �1�9�8�7�)�.� 

�A� �s�y�s�t�e�m�s� �p�e�r�s�p�e�c�t�i�v�e� �o�n� �s�t�r�e�s�s� �r�e�l�e�v�a�n�t� �t�o� �s�p�a�c�e�f�l�i�g�h�t� �h�a�s� 

�b�e�e�n� �a�n�a�l�y�z�e�d� �b�y� �S�t�e�i�n�b�e�r�g� �a�n�d� �R�i�t�z�m�a�n�n� �(�1�9�9�0�)� �a�n�d� �i�s� �i�l�l�u�s�t�r�a�t�e�d� 

�i�n� �F�i�g�u�r�e� �1�1�.� �W�i�t�h�i�n� �a� �s�y�s�t�e�m�s� �f�r�a�m�e�w�o�r�k�,� �s�t�r�e�s�s� �i�s� �a�n� �o�v�e�r�l�o�a�d� 

�o�r� �u�n�l�o�a�d� �o�f� �m�a�t�t�e�r�,� �e�n�e�r�g�y� �a�n�d�/�o�r� �i�n�f�o�r�m�a�t�i�o�n� �i�n�p�u�t� �t�o�-�-�o�r� 

�o�u�t�p�u�t� �f�r�o�m�-�-�a� �s�y�s�t�e�m�.� �A�m�e�n�d�i�n�g� �t�h�i�s� �c�o�n�c�e�p�t� �t�o� �a�n� �o�r�g�a�n�i�s�m� 

�(�a�s�t�r�o�n�a�u�t�)� �l�e�v�e�l� �r�e�v�e�a�l�s� �t�h�a�t� �t�h�e� �i�n�d�i�v�i�d�u�a�l�(�s�)� �h�a�s� �p�u�r�p�o�s�e�s�,



�3�0� 

�T�A�B�L�E� �4� 

�S�O�M�E� �F�A�C�T�O�R�S� �T�H�A�T� �I�N�F�L�U�E�N�C�E� �B�E�H�A�V�I�O�R� �A�N�D� �P�E�R�F�O�R�M�A�N�C�E� 

�O�F� �S�P�A�C�E�C�R�E�W� �A�N�D� �O�T�H�E�R� �O�P�E�R�A�T�I�O�N�A�L� �P�E�R�S�O�N�N�E�L� 

� � 

� � 

� � 

 � �� 

�4�.� �P�s�y�c�h�o�l�o�g�i�c�a�l�.� 
�P�s�y�c�h�o�s�o�c�i�a�l�.� �a�n�d� 

�P�s�y�c�h�o�p�h�y�s�i�c�l�o�g�i�c�a�l� �B�.� �E�n�v�i�r�o�n�m�e�n�t�a�l� �C�.� �S�p�a�c�e� �S�y�s�t�e�m� �D�.� �S�u�p�p�o�r�t� �M�e�a�s�u�r�e�s� 

�E�e� 

�l�i�m�i�t�s� �o�f� �p�e�r�f�o�r�m�a�n�c�e� �s�p�a�c�e�c�r�a�f�t� �m�i�s�s�i�o�n� �d�u�r�a�n�o�n� �i�n�f�l�i�g�h�t� �p�s�y�c�h�o�s�o�c�i�a�l� 
�(�p�e�r�c�e�p�t�u�a�l�.� �m�o�t�o�r�)� �h�a�b�i�t�a�b�i�l�i�t�y� �a�n�d� �c�o�m�p�l�e�x�i�t�y� �s�u�p�p�o�r�t� 

�c�o�g�n�i�t�i�v�e� �a�b�i�l�i�u�e�s� �c�o�n�f�i�n�e�m�e�n�t� �o�r�g�a�n�i�z�a�t�i�o�n� �f�o�r� �r�e�c�r�e�a�t�i�o�n� 
�c�o�m�m�a�n�d� �a�n�d� �c�o�n�t�r�o�i� 

�d�e�c�i�s�i�o�n�-�m�a�k�i�n�g� �p�h�y�s�i�c�a�i� �i�s�o�l�a�t�i�o�n� �e�x�e�r�c�i�s�e� 

�m�o�t�i�v�a�t�i�o�n� 

�a�d�a�p�t�a�b�i�l�i�t�y� 

�l�e�a�d�e�r�s�h�i�p� 

�p�r�o�d�u�c�t�i�v�i�t�y� 

�e�m�o�u�o�n�s� �m�o�o�d�s� 

�a�t�u�t�u�d�e�s� 

�f�a�n�g�u�e� �(�p�h�v�s�i�c�a�l� 
�a�n�d� �m�e�n�t�a�l�)� 

�c�r�e�w� �c�o�m�p�o�s�i�t�i�o�n� 

�c�r�e�w� �c�o�m�p�a�u�b�i�l�i�t�y� 

�p�s�y�c�h�o�l�o�g�i�c�a�l� 
�s�t�a�b�r�i�i�t�y� 

�p�e�r�s�o�n�a�l�i�t�y� �v�a�n�a�b�i�e�s� 

�s�o�c�i�a�l� �s�k�i�l�l�s� 

�h�u�m�a�n� �r�e�i�j�i�a�b�i�l�i�t�y� 
�(�e�r�r�o�r� �r�a�t�e�)� 

�S�p�a�c�e� �a�d�a�p�t�a�t�i�o�n� 
�s�y�n�d�r�o�m�e� 

�s�p�a�u�a�l� �i�l�l�u�s�i�o�n�s� 

�t�i�m�e� �c�o�m�p�r�e�s�s�i�o�n� � � � � 

�s�o�c�i�a�l� �i�s�o�l�a�t�i�o�n� 

�w�e�i�g�h�t�l�e�s�s�n�e�s�s� 

�l�a�c�k� �o�f� �p�r�i�v�a�c�y� 

�a�r�t�i�f�i�c�i�a�l� �l�i�f�e� 

�s�u�p�p�o�r�t� 

�n�o�r�s�e� 

�w�o�r�k�-�r�e�s�t� �c�y�c�l�e�s� 

�s�h�i�f�t� �c�h�a�n�g�e�s� 

�d�e�s�y�n�c�h�r�o�n�i�z�a�n�o�n� 

�s�i�m�u�l�t�a�n�e�o�u�s� �a�n�d�/�o�r� 
�s�e�q�u�e�n�t�i�a�l� �m�u�l�t�i�p�l�e� 
�s�t�r�e�s�s�e�s� 

�h�a�z�a�r�d�s� 

�b�o�r�e�d�o�m� � � 

�d�i�v�i�s�i�o�n� �o�f� �w�o�r�k�.� 
�m�a�n� �m�a�c�h�i�n�e� 

�c�r�e�w� �p�e�r�f�o�r�m�a�n�c�e� 
�r�e�q�u�i�r�e�m�e�n�t�s� 

�i�n�f�o�r�m�a�t�i�o�n� �l�o�a�d� 

�t�a�s�k� �l�o�a�d�/�s�p�e�e�d� 

�c�r�e�w� �c�o�m�p�o�s�i�t�i�o�n� 

�s�p�a�c�e�c�r�e�w� �a�u�t�o�n�o�m�y� 

�p�h�y�s�i�c�a�l� �c�o�m�f�o�r�u� 
�q�u�a�l�i�t�y� �o�f� �l�i�f�e� 

�c�o�m�m�u�n�i�c�a�t�i�o�n�s� 

�(�i�n�t�r�a�c�r�e�w� �a�n�d� 

�s�p�a�c�e�-�g�r�o�u�n�d�)� 

�c�o�m�p�e�t�e�n�c�y� 
�r�e�q�u�i�r�e�m�e�n�t�s� 

�u�m�e� �c�o�m�p�r�e�s�s�i�o�n� 

� � 

� � 
�s�e�l�e�c�t�i�o�n� �c�r�i�t�e�r�i�a� 

�w�o�r�k�-�r�e�s�t�/�a�v�o�i�d�i�n�g� 
�e�x�c�e�s�s� �w�o�r�k�l�o�a�d�s� 

�j�o�b� �r�o�t�a�t�i�o�n� 

�j�o�b� �e�n�n�c�h�m�e�n�t� 

�p�r�e�f�l�i�g�h�t� �e�n�v�i�r�o�n�m�e�n�t�a�l� 
�a�d�a�p�t�a�t�i�o�n� �t�r�a�i�n�i�n�g� 

�s�o�c�i�a�l� �s�e�n�s�i�t�i�v�i�t�y� 
�t�r�a�n�g� 

�t�r�a�i�n�i�n�g� �f�o�r� �t�e�a�m� �e�f�f�o�r�t� 

�i�n�f�l�i�g�h�t� �m�a�i�n�t�e�n�a�n�c�e� 
�o�f� �p�r�o�f�i�c�i�e�n�c�y� 

�c�r�o�s�s� �t�r�a�i�n�i�n�g� 

�r�e�c�o�g�n�i�t�i�o�n�.� �a�w�a�r�d�s�,� 
�b�e�n�e�f�i�t�s� 

�g�r�o�u�n�d� �c�o�n�t�a�c�t�s� 

�s�e�l�f�-�c�o�n�t�r�o�l� �t�r�a�i�n�i�n�g� 

� � 

� � 

� 
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�H�O�M�E�O�S�T�A�S�I�S� �i� 
�H�o�m�e�o�s�t�a�t�i�c� �M�a�i�n�t�e�n�a�n�c�e� �C�a�p�a�c�i�t�y� �|� �§� �R� 

�T� 
�1�.� �P�e�r�t�u�r�b�a�t�i�o�n� �R�E�S�I�S�T�A�N�C�E� �r� �&� 
�2�.� �A�c�t�i�v�e� �R�E�S�I�S�T�A�N�C�E� �g�S� �|� 
�3�.� �P�a�s�s�i�v�e� �R�E�S�I�S�T�A�N�C�E� �,� �5� 

�S�y� 
�D� 

�|� �_�-�R�E�S�I�L�I�E�N�C�E� �D�I�S�R�U�P�T�I�O�N� �O�F� �!� 
�|� �I�n�i�t�i�a�l� �A�D�J�U�S�T�M�E�N�T� �&� �H�O�M�E�O�S�T�A�S�I�S� �|� �S�T�R�A�I�N� �/�D�I�S�T�R�E�S�S� 
�|� �R�e�t�u�r�n� �t�o� �H�O�M�E�O�S�T�A�S�I�S� � � � � � � 

�A�L�A�R�M� �R�E�A�C�T�I�O�N� 
�S�h�o�c�k�/�C�o�u�n�t�e�r� �S�h�o�c�k� 

�I�n�i�t�i�a�t�i�o�n� �o�f� 
�A�D�J�U�S�T�M�E�N�T� �P�R�O�C�E�S�S� �a�o� �o�e� �I�n�i�t�i�a�t�i�o�n� �o�f� 

�M�A�L�A�D�J�U�S�T�I�V�E� �P�R�O�C�E�S�S� 

� � 

� � 

�(� �E�X�E�R�T�I�O�N� �/�V�U�L�N�E�R�A�B�I�L�I�T�Y� �)� 
�e�e� 

�~� 

�E�X�E�R�T�I�O�N� �/� �V�U�L�N�E�R�A�B�I�L�I�T�Y� 
� � �E�x�h�a�u�s�t�i�o�n� 

�H�O�M�E�O�S�T�A�S�I�S� �w�i�t�h� 
�(�S�h�é�c�k�)� �O�n�g�o�i�n�g� �A�D�J�U�S�T�M�E�N�T�/�V�U�L�N�E�R�A�B�I�L�I�T�Y� �}� �(�S�h�o�c�k�)� 

�[�S�T�R�E�S�S� �R�E�L�A�T�E�D�)� �|� �S�T�R�E�S�S�-�R�E�L�A�T�E�D� 
�P�A�T�H�O�L�O�G�Y� �P�A�T�H�O�L�O�G�Y� 

�E�x�h�a�u�s�t�i�o�n� 

�R�e�t�u�r�n� �t�o� �H�O�M�E�O�S�T�A�S�I�S� 
�(�S�h�o�c�k�)� 

�a� 

�S�T�R�E�S�S�-�R�E�L�A�T�E�D�\� �/� �I�n�c�r�e�a�s�e�d� �I�n�c�r�e�a�s�e�d� �N�o� �C�h�a�n�g�e� �i�n� 
�P�A�T�H�O�L�O�G�Y� �R�E�S�I�S�T�A�N�C�E�A� �/� �V�U�L�N�E�R�A�B�I�L�I�T�Y� �\� �/�S�T�R�E�S�S� �T�H�R�E�S�H�O�L�D� 

� � 

� � 

� � � 
� � 

�F�i�g�u�r�e� �1�1�.� �D�e�p�i�c�t�s� �t�h�e� �s�e�q�u�e�n�c�e� �o�f� �e�v�e�n�t�s� �w�h�i�c�h� �m�a�y� �o�c�c�u�r� �w�h�e�n� �a� 
�s�y�s�t�e�m� �u�n�d�e�r�g�o�e�s� �s�t�r�e�s�s�.� �T�h�e� �c�i�r�c�l�e� �i�s� �t�h�e� �i�n�i�t�i�a�t�i�n�g� �s�t�e�p�.� �B�o�x�e�s� 
�i�n�d�i�c�a�t�e� �k�e�y� �s�t�e�p�s� �i�n� �t�h�e� �s�t�r�e�s�s� �p�a�t�h�w�a�y�s�,� �o�v�a�l�s� �i�n�d�i�c�a�t�e� �b�r�a�n�c�h�i�n�g� 
�p�o�i�n�t�s�,� �a�n�d� �t�r�a�p�e�z�o�i�d�s� �i�n�d�i�c�a�t�e� �t�e�r�m�i�n�a�l� �p�o�i�n�t�s�.� �T�h�e� �a�r�r�o�w�s� 
�i�n�d�i�c�a�t�e� �t�h�e� �c�h�r�o�n�o�l�o�g�i�c�a�l� �o�r�d�e�r� �o�f� �o�c�c�u�r�r�e�n�c�e�.



�3�2� 

�g�o�a�l�s�,� �a�n�d� �p�r�e�f�e�r�e�n�c�e�s� �o�f� �v�a�r�i�o�u�s� �k�i�n�d�s�.� �I�n�f�o�r�m�a�t�i�o�n� �i�n�p�u�t� �i�n� 

�t�h�e� �f�o�r�m� �o�f� �e�v�e�n�t�s� �t�h�a�t� �h�a�p�p�e�n� �t�o� �t�h�e� �s�y�s�t�e�m� �w�h�i�c�h� �c�o�n�f�l�i�c�t�s� �w�i�t�h� 

�t�h�e� �s�y�s�t�e�m�s� �(�o�r� �i�n�d�i�v�i�d�u�a�l�'�s�)� �g�o�a�l�s� �o�r� �p�u�r�p�o�s�e�s� �c�o�n�s�i�t�u�t�e�s� 

�s�t�r�e�s�s�.� �A�s� �i�n�d�i�c�a�t�e�d� �i�n� �F�i�g�u�r�e� �1�1�,� �a�n� �i�m�p�o�r�t�a�n�t� �f�a�c�t�o�r� �w�h�i�c�h� 

�m�e�d�i�a�t�e�s� �t�h�e� �e�f�f�e�c�t�s� �o�f� �s�t�r�e�s�s� �o�n� �t�h�e� �h�o�m�e�o�s�t�a�t�i�c� �b�a�l�a�n�c�e� �o�f� �a� 

�s�y�s�t�e�m� �i�s� �t�h�e� �h�o�m�e�o�s�t�a�t�i�c� �m�a�i�n�t�e�n�a�n�c�e� �c�a�p�a�c�i�t�y� �o�f� �t�h�e� �s�y�s�t�e�m� 

�w�h�i�c�h� �d�e�t�e�r�m�i�n�e�s� �t�h�e� �s�y�s�t�e�m�'�s� �s�t�r�e�s�s� �t�h�r�e�s�h�o�l�d�.� �T�h�i�s� �t�h�r�e�s�h�o�l�d� 

�i�s� �a� �f�u�n�c�t�i�o�n� �o�f� �h�o�w� �m�u�c�h� �p�e�r�t�u�r�b�a�t�i�o�n� �f�r�o�m� �e�q�u�i�l�i�b�r�i�u�m� �h�a�s� 

�o�c�c�u�r�r�e�d�,� �a�n�d� �t�h�e� �a�c�t�i�v�e� �a�n�d� �p�a�s�s�i�v�e� �r�e�s�i�s�t�a�n�c�e� �c�a�p�a�c�i�t�i�e�s� �o�f� �t�h�e� 

�s�y�s�t�e�m� �i�n� �q�u�e�s�t�i�o�n� �(�S�t�e�i�n�b�e�r�g� �a�n�d� �R�i�t�z�m�a�n�n�,� �1�9�9�0�)�.� �T�h�e� �d�y�n�a�m�i�c� 

�e�n�v�i�r�o�n�m�e�n�t� �o�f� �a� �s�p�a�c�e�c�r�a�f�t� �o�r� �p�l�a�n�e�t�a�r�y� �o�u�t�p�o�s�t� �w�i�l�l� �h�a�v�e� 

�s�i�g�n�i�f�i�c�a�n�t� �s�t�r�e�s�s�o�r�s�.� �T�h�e� �i�m�p�o�r�t�a�n�t� �p�o�i�n�t� �t�o� �c�o�n�s�i�d�e�r� �i�s� �t�h�a�t� 

�t�h�e� �s�y�s�t�e�m�'�s� �p�a�r�t�i�c�i�p�a�n�t�s� �m�u�s�t� �b�e� �a�b�l�e� �t�o� �d�e�a�l� �w�i�t�h� �t�h�e�s�e� 

�s�t�r�e�s�s�o�r�s� �w�i�t�h�i�n� �a� �m�o�d�e�l� �o�f� �s�y�s�t�e�m� �s�t�r�e�s�s� �r�e�s�i�s�t�a�n�c�e� �t�h�a�t� �i�s� 

�a�d�a�p�t�i�v�e�l�y� �f�l�e�x�i�b�l�e�.� 

�S�O�M�E� �P�S�Y�C�H�O�S�O�C�I�A�L� �A�S�P�E�C�T�S� �O�F� �I�S�O�L�A�T�I�O�N� �A�N�D� �C�O�N�F� �1� �N�E�M�E�N�T� 

�B�a�c�k�g�r�o�u�n�d� 

�T�h�e� �t�h�i�r�d� �a�n�d� �f�i�n�a�l� �c�r�e�w� �o�f� �A�m�e�r�i�c�a�n� �a�s�t�r�o�n�a�u�t�s� �d�e�p�a�r�t�e�d� �t�h�e� 

�S�k�y�l�a�b� �s�p�a�c�e� �s�t�a�t�i�o�n� �o�n� �F�e�b�r�u�a�r�y� �8�,� �1�9�7�4�.� �S�i�n�c�e� �t�h�e�n�,� �t�h�e� �U�n�i�t�e�d� 

�S�t�a�t�e�s� �h�a�s� �h�a�d� �n�o� �m�i�s�s�i�o�n�s� �t�o� �o�u�t�e�r� �s�p�a�c�e� �l�a�s�t�i�n�g� �m�o�r�e� �t�h�a�n� �t�w�o� 

�w�e�e�k�s�.� �T�h�e� �S�o�v�i�e�t� �U�n�i�o�n�,� �h�o�w�e�v�e�r�,� �h�a�s� �o�c�c�u�p�i�e�d� �v�a�r�i�o�u�s� �o�r�b�i�t�a�l� 

�f�a�c�i�l�i�t�i�e�s� �t�h�r�o�u�g�h� �m�o�s�t� �o�f� �t�h�e� �1�9�8�0�'�s� �r�a�t�h�e�r� �c�o�n�t�i�n�u�o�u�s�l�y� 

�g�e�n�e�r�a�t�i�n�g� �h�u�g�e� �v�o�l�u�m�e�s� �o�f� �s�c�i�e�n�t�i�f�i�c� �a�n�d� �m�i�l�i�t�a�r�y� �d�a�t�a� �i�n� 

�a�d�d�i�t�i�o�n� �t�o� �h�a�v�i�n�g� �p�r�a�c�t�i�c�a�l� �p�s�y�c�h�o�s�o�c�i�a�l� �e�x�p�e�r�i�e�n�c�e� �w�i�t�h� �t�h�e� 

�l�o�n�g�-�d�u�r�a�t�i�o�n� �s�p�a�c�e�f�l�i�g�h�t� �r�e�g�i�m�e�.� �T�h�e� �l�o�n�g�e�s�t� �U�.�S�.� �s�p�a�c�e� �m�i�s�s�i�o�n� 

�w�a�s� �S�k�y�l�a�b� �!�1�!�1� �w�h�i�c�h� �l�a�s�t�e�d� �8�4� �d�a�y�s�,� �w�h�i�l�e� �t�h�e� �S�o�v�i�e�t�s� �h�a�v�e



�3�3� 

�e�x�t�e�n�d�e�d� �m�i�s�s�i�o�n�s� �t�o� �n�e�a�r�l�y� �a� �y�e�a�r� �w�i�t�h� �o�n�e� �c�r�e�w� �(�B�l�u�t�h� �a�n�d� 

�H�e�l�p�p�i�e�,� �1�9�8�6�)�.� 

�E�x�p�e�r�i�e�n�c�e� �w�i�t�h� �p�s�y�c�h�o�s�o�c�i�a�l� �s�t�r�e�s�s�o�r�s� �h�a�s� �n�o�t� �b�e�e�n� �t�h�e� �o�n�l�y� 

�m�e�d�i�c�a�l� �i�s�s�u�e� �t�h�e� �S�o�v�i�e�t�s� �h�a�v�e� �f�a�c�e�d� �i�n� �s�p�a�c�e�.� �O�n� �b�o�a�r�d� �S�a�l�y�u�t�-� 

�7�,� �C�o�s�m�o�n�a�u�t� �V�l�a�d�i�m�i�r� �V�a�s�y�u�t�i�n� �d�e�v�e�l�o�p�e�d� �w�h�a�t� �t�h�e� �S�o�v�i�e�t� �N�e�w�s� 

�A�g�e�n�c�y� �(�T�A�S�S�)� �d�e�s�c�r�i�b�e�d� �a�s� �a�n� �"�i�n�f�l�a�m�m�a�t�o�r�y� �d�i�s�e�a�s�e�"� �w�h�i�c�h� �w�a�s� 

�s�e�r�i�o�u�s� �e�n�o�u�g�h� �t�o� �p�r�e�v�e�n�t� �V�a�s�y�u�t�i�n� �f�r�o�m� �a�c�t�i�n�g� �i�n� �h�i�s� �c�a�p�a�c�i�t�y� �a�s� 

�c�o�m�m�a�n�d�e�r� �d�u�r�i�n�g� �t�h�e� �r�e�e�n�t�r�y� �a�n�d� �l�a�n�d�i�n�g� �s�e�q�u�e�n�c�e�.� �T�h�e� �a�t�t�e�m�p�t�s� 

�t�o� �t�r�e�a�t� �V�a�s�y�u�t�i�n� �w�i�t�h� �t�h�e� �l�i�m�i�t�e�d� �p�h�a�r�m�a�c�y� �o�n� �b�o�a�r�d� �f�a�i�l�e�d� �a�n�d� 

�t�h�e� �c�o�s�m�o�n�a�u�t� �r�e�q�u�i�r�e�d� �i�m�m�e�d�i�a�t�e� �h�o�s�p�i�t�a�l�i�z�a�t�i�o�n� �(�R�i�c�h�,� �1�9�8�5�)�.� 

�T�h�e� �U�.�S�.� �p�r�o�g�r�a�m� �h�a�s� �y�e�t� �t�o� �e�x�p�e�r�i�e�n�c�e� �s�u�c�h� �a� �m�e�d�i�c�a�l�  ��p�s�e�u�d�o�-� 

�e�m�e�r�g�e�n�c�y�, �� �b�u�t� �t�h�i�s� �c�a�n� �b�e� �e�x�p�e�c�t�e�d� �t�o� �o�c�c�u�r� �i�n� �t�h�e� �f�u�t�u�r�e� �a�s� 

�t�h�e� �U�.�S�.� �b�e�g�i�n�s� �t�o� �o�c�c�u�p�y� �t�h�e� �p�r�o�p�o�s�e�d� �s�p�a�c�e� �s�t�a�t�i�o�n� �i�n� �t�h�e� �m�i�d�-� 

�t�o�-�l�a�t�e� �1�9�9�0�'�s�,� �a�n�d� �i�n� �t�h�e� �e�a�r�l�y� �p�a�r�t� �o�f� �t�h�e� �n�e�w� �m�i�l�l�e�n�i�u�m� �w�i�t�h� 

�t�h�e� �p�r�o�j�e�c�t�e�d� �l�u�n�a�r� �b�a�s�e� �a�n�d� �m�a�r�s� �m�i�s�s�i�o�n�.� �T�h�e� �m�a�n�n�e�d� �p�r�o�g�r�a�m�s� 

�o�f� �t�h�e� �U�n�i�t�e�d� �S�t�a�t�e�s� �a�n�d� �U�.�S�.�S�.�R�.� �s�e�e�m� �t�o� �h�a�v�e� �a�n�s�w�e�r�e�d� 

�a�f�f�i�r�m�a�t�i�v�e�l�y� �t�h�a�t� �m�a�n� �a�s� �a� �l�i�v�i�n�g� �o�r�g�a�n�i�s�m� �c�a�n� �s�u�r�v�i�v�e� �t�h�e� 

�f�o�r�m�i�d�a�b�l�e� �c�h�a�l�l�e�n�g�e�s� �p�o�s�e�d� �b�y� �t�h�e� �s�p�a�c�e� �e�n�v�i�r�o�n�m�e�n�t� �i�f� �t�h�e� 

�p�r�o�p�e�r� �p�r�o�t�o�c�o�l�s� �a�r�e� �a�d�h�e�r�e�d� �t�o�.� �T�h�e� �q�u�e�s�t�i�o�n� �r�e�m�a�i�n�s� �a�s� �t�o� 

�w�h�e�t�h�e�r� �m�a�n� �a�s� �a� �p�s�y�c�h�o�l�o�g�i�c�a�l� �e�n�t�i�t�y� �c�a�n� �c�o�p�e� �a�d�e�q�u�a�t�e�l�y� 

�s�p�a�c�e�f�l�i�g�h�t�,� �b�e�c�a�u�s�e� �w�h�i�l�e� �a� �r�e�a�s�o�n�a�b�l�y� �l�a�r�g�e� �a�m�o�u�n�t� �o�f� 

�p�h�y�s�i�o�l�o�g�i�c�a�l� �d�a�t�a� �h�a�s� �b�e�e�n� �a�c�q�u�i�r�e�d�,� �t�h�e� �m�o�r�e� �f�u�n�d�a�m�e�n�t�a�l� �a�n�d� 

�p�o�t�e�n�t�i�a�l�l�y� �v�o�l�a�t�i�l�e� �l�o�n�g�-�d�u�r�a�t�i�o�n� �s�p�a�c�e�f�l�i�g�h�t� �p�s�y�c�h�o�l�o�g�i�c�a�l� 

�q�u�e�s�t�i�o�n�s� �r�e�m�a�i�n� �l�a�r�g�e�l�y� �u�n�a�n�s�w�e�r�e�d�.� 

�T�h�e�r�e� �a�r�e� �s�o�m�e� �c�o�n�s�i�d�e�r�a�t�i�o�n�s� �a�s� �t�o� �w�h�y� �t�h�e� �p�s�y�c�h�i�a�t�r�i�c� �a�n�d� 

�p�s�y�c�h�o�s�o�c�i�a�l� �q�u�e�s�t�i�o�n�s� �h�a�v�e� �n�o�t� �b�e�e�n� �a�n�s�w�e�r�e�d� �o�r�,� �i�n� �t�h�e� �c�a�s�e� �o�f� 

�t�h�e� �U�.�S�.� �p�r�o�g�r�a�m�-�-�h�a�r�d�l�y� �a�s�k�e�d�.� �T�h�e�s�e� �r�e�a�s�o�n�s� �a�r�e�:



�3�4� 

�(�1�)� �I�n� �t�h�e� �e�a�r�l�y� �p�h�a�s�e�s� �o�f� �t�h�e� �p�r�o�g�r�a�m�,� �t�h�e� �p�s�y�c�h�o�l�o�g�i�c�a�l� 
�q�u�e�s�t�i�o�n�s� �w�e�r�e� �n�o�t� �c�o�n�s�i�d�e�r�e�d� �i�m�p�o�r�t�a�n�t� �d�u�e� �t�o� �t�h�e� 
�r�e�l�a�t�i�v�e�l�y� �s�m�a�l�l� �c�r�e�w� �s�i�z�e� �a�n�d� �s�h�o�r�t� �d�u�r�a�t�i�o�n� �o�f� �t�h�e� 
�m�i�s�s�i�o�n�s�;� 

�(�2�)� �T�h�e� �i�m�p�o�r�t�a�n�c�e� �o�f� �a�d�d�r�e�s�s�i�n�g� �t�h�e� �e�s�s�e�n�t�i�a�l� �q�u�e�s�t�i�o�n� �o�f� 
�w�h�e�t�h�e�r� �t�h�e� �e�n�g�i�n�e�e�r�i�n�g� �e�x�p�e�r�t�i�s�e� �i�t�s�e�l�f� �e�x�i�s�t�e�d� �t�o� �s�u�p�p�o�r�t� 
�m�a�n� �i�n� �t�h�e� �s�p�a�c�e� �e�n�v�i�r�o�n�m�e�n�t�;� 

�(�3�)� �T�h�e� �a�s�t�r�o�n�a�u�t�'�s� �c�o�m�f�o�r�t� �a�n�d� �p�r�i�v�a�c�y� �i�n� �t�h�e� �h�i�g�h�-�t�a�s�k� 
�e�n�v�i�r�o�n�m�e�n�t� �w�h�i�c�h� �l�e�a�d� �t�o� �t�h�e� �c�r�e�w ��s� �r�e�l�u�c�t�a�n�c�e� �t�o� �e�n�g�a�g�e� �i�n� 
�p�s�y�c�h�o�l�o�g�i�c�a�l�l�y� �r�e�l�a�t�e�d� �r�e�s�e�a�r�c�h�;� �a�n�d� 

�(�4�)� �T�h�e� �m�a�j�o�r�i�t�y� �o�f� �t�h�e� �s�p�a�c�e� �c�r�e�w�s� �p�r�i�o�r� �t�o� �t�h�i�s� �t�i�m�e� �h�a�d� 
�b�e�e�n� �f�r�o�m� �m�i�l�i�t�a�r�y� �p�i�l�o�t� �a�n�d� �f�l�i�g�h�t� �t�e�s�t� �p�o�p�u�l�a�t�i�o�n�s� �w�h�o� �a�r�e� 
�g�e�n�e�r�a�l�l�y� �s�u�s�p�i�c�i�o�u�s� �o�f� �f�l�i�g�h�t� �s�u�r�g�e�o�n�s� �a�n�d� �p�s�y�c�h�o�l�o�g�i�c�a�l� 
�p�e�r�s�o�n�n�e�l� �t�h�a�t� �h�a�v�e� �t�h�e� �p�o�t�e�n�t�i�a�l� �t�o�  ��g�r�o�u�n�d �� �t�h�e�m� �f�r�o�m� 
�f�l�i�g�h�t� �a�c�t�i�v�i�t�i�e�s� �(�S�a�n�t�y�,� �1�9�8�3�)�.� 

�T�h�e� �i�s�s�u�e�s� �i�n�v�o�l�v�e�d� �i�n� �p�s�y�c�h�o�s�o�c�i�a�l�,� �p�s�y�c�h�i�a�t�r�i�c�,� �a�n�d� 

�b�e�h�a�v�i�o�r�a�l�]� �p�r�o�b�l�e�m�s� �w�e�r�e� �c�o�n�s�i�d�e�r�e�d� �s�o� �p�o�t�e�n�t�i�a�l�l�y� �s�i�g�n�i�f�i�c�a�n�t� �b�y� 

�s�o�m�e� �o�f� �N�A�S�A�'�s� �S�p�a�c�e� �M�e�d�i�c�i�n�e� �G�r�o�u�p� �t�h�a�t� �B�e�r�r�y� �(�1�9�7�3�)� �s�t�a�t�e�d�,� �"�W�e� 

�s�t�i�l�l� �k�n�o�w� �v�e�r�y� �l�i�t�t�l�e� �a�b�o�u�t� �t�h�e� �e�f�f�e�c�t�s� �o�f� �t�h�e� 

�s�p�a�c�e�/�e�n�v�i�r�o�n�m�e�n�t�a�l� �c�o�m�p�l�e�x� �o�n� �p�e�r�s�o�n�a�l�i�t�y� �a�n�d� �p�s�y�c�h�i�c� �w�e�l�l�-� 

�b�e�i�n�g�.� �T�h�e�s�e� �a�s�p�e�c�t�s� �o�f� �t�h�e� �h�u�m�a�n� �c�o�u�l�d� �p�r�o�v�e� �t�o� �b�e� �t�h�e� �f�a�c�t�o�r�s� 

�w�h�i�c�h� �l�i�m�i�t� �t�h�e� �d�u�r�a�t�i�o�n� �o�f� �s�p�a�c�e� �f�l�i�g�h�t�. �� �A�l�t�h�o�u�g�h� �B�e�r�r�y�'�s� 

�c�o�m�m�e�n�t� �w�a�s� �p�r�e�-�S�k�y�l�a�b�,� �l�i�t�t�l�e� �i�n� �t�h�a�t� �p�r�o�g�r�a�m� �s�e�r�v�e�d� �t�o� 

�a�l�l�e�v�i�a�t�e� �t�h�e� �c�o�n�c�e�r�n�s� �o�f� �m�a�n�y� �r�e�g�a�r�d�i�n�g� �h�u�m�a�n� �a�d�a�p�t�a�b�i�l�i�t�y� �t�o� 

�l�o�n�g�-�d�u�r�a�t�i�o�n� �s�p�a�c�e�f�l�i�g�h�t� �f�r�o�m� �t�h�e� �p�s�y�c�h�o�l�o�g�i�c�a�l� �p�e�r�s�p�e�c�t�i�v�e�.� 

�T�h�e� �U�n�i�t�e�d� �S�t�a�t�e�s� �i�n� �p�a�r�t�i�c�u�l�a�r� �i�s� �n�o�w� �e�n�t�e�r�i�n�g� �a� �n�e�w� �e�r�a� �o�f� 

�r�e�s�e�a�r�c�h� �i�n� �i�t�s� �s�p�a�c�e� �p�r�o�g�r�a�m� �w�i�t�h� �t�h�e� �p�o�s�t�-�C�h�a�l�l�e�n�g�e�r� �S�p�a�c�e� 

�T�r�a�n�s�p�o�r�t�a�t�i�o�n� �S�y�s�t�e�m� �(�S�p�a�c�e� �S�h�u�t�t�l�e�)� �a�n�d� �t�h�e� �i�m�m�i�n�e�n�t� �a�p�p�e�a�r�a�n�c�e� 

�o�f� �t�h�e� �s�p�a�c�e� �s�t�a�t�i�o�n� �i�n� �t�h�e� �1�9�9�0�'�s�.� �P�l�a�n�s� �f�o�r� �t�h�e� �s�p�a�c�e� �s�t�a�t�i�o�n� 

�w�i�l�l� �a�l�l�o�w� �f�o�r� �t�h�e� �c�o�n�s�i�d�e�r�a�b�l�e� �e�x�p�a�n�s�i�o�n� �o�f� �m�i�s�s�i�o�n� �g�o�a�l�s� �a�n�d� 

�t�h�e� �o�c�c�u�p�a�n�t�s� �w�i�l�l� �b�e� �w�o�r�k�i�n�g� �o�n� �a� �n�u�m�b�e�r� �o�f� �t�a�s�k�s� �f�o�r� �m�u�c�h� 

�l�o�n�g�e�r� �p�e�r�i�o�d�s� �o�f� �t�i�m�e� �u�n�d�e�r� �c�o�n�d�i�t�i�o�n�s� �o�f� �p�o�t�e�n�t�i�a�l� �a�n�d� �a�c�t�u�a�l



�3�5� 

�d�a�n�g�e�r� �a�n�d� �c�l�o�s�e� �c�o�n�f�i�n�e�m�e�n�t�.� �A�s� �m�i�g�h�t� �b�e� �s�u�r�m�i�s�e�d�,� 

�i�n�t�e�r�p�e�r�s�o�n�a�l� �a�n�d� �p�s�y�c�h�o�l�o�g�i�c�a�l� �f�a�c�t�o�r�s� �w�i�l�l� �b�e�c�o�m�e� �m�o�r�e� �r�e�l�e�v�a�n�t� 

�a�s� �t�h�e� �m�i�s�s�i�o�n�s� �b�e�c�o�m�e� �l�o�n�g�e�r� �a�n�d� �c�r�e�w�s� �b�e�c�o�m�e� �m�o�r�e� �d�i�v�e�r�s�e� 

�r�e�s�u�l�t�i�n�g� �i�n� �g�r�e�a�t�e�r� �p�e�r�s�o�n�a�l� �a�n�d� �p�r�o�f�e�s�s�i�o�n�a�l� �b�a�c�k�g�r�o�u�n�d� 

�d�i�f�f�e�r�e�n�c�e�s�.� �T�h�e�s�e� �d�i�f�f�e�r�e�n�c�e�s� �i�n� �l�i�f�e� �p�e�r�s�p�e�c�t�i�v�e� �m�i�g�h�t� �b�e� �a� 

�s�o�u�r�c�e� �f�o�r� �p�o�t�e�n�t�i�a�l� �c�o�n�f�l�i�c�t�.� 

�S�u�c�h� �c�o�n�s�i�d�e�r�a�t�i�o�n�s� �i�m�p�a�r�t� �t�h�e� �i�m�p�o�r�t�a�n�c�e� �o�f� �s�t�u�d�y�i�n�g� �t�h�e� 

�e�f�f�e�c�t�s� �o�f� �p�s�y�c�h�o�s�o�c�i�a�l� �f�a�c�t�o�r�s� �o�n� �s�p�a�c�e� �c�r�e�w�s�.� �S�o�m�e� �o�f� �t�h�e� �m�o�r�e� 

�i�m�p�o�r�t�a�n�t� �s�t�r�e�s�s�o�r�s� �a�r�e� �c�r�e�w� �m�e�m�b�e�r� �c�o�m�p�a�t�a�b�i�l�i�t�y� �a�n�d� �c�o�h�e�s�i�o�n�,� 

�l�e�a�d�e�r�s�h�i�p� �s�t�y�l�e�,� �a�n�d� �t�h�e� �l�o�n�g� �p�e�r�i�o�d�s� �o�f� �c�o�n�f�i�n�e�m�e�n�t� �a�n�d� �d�a�n�g�e�r�.� 

�T�h�e� �U�.�S�.� �p�r�o�g�r�a�m� �h�a�s� �n�o�t� �i�n� �g�e�n�e�r�a�l� �s�p�e�c�i�f�i�c�a�l�l�y�,� �s�y�s�t�e�m�a�t�i�c�a�l�l�y�,� 

�s�t�u�d�i�e�d� �t�h�e�s�e� �f�a�c�t�o�r�s� �(�f�o�r� �r�e�a�s�o�n�s� �s�t�a�t�e�d� �p�r�e�v�i�o�u�s�l�y�)� �d�u�r�i�n�g� 

�a�c�t�u�a�l� �s�p�a�c�e�f�l�i�g�h�t� �c�o�n�d�i�t�i�o�n�s� �s�o� �t�h�a�t� �a� �r�e�v�i�e�w� �o�f� �h�u�m�a�n�s� �e�x�p�o�s�e�d� 

�t�o� �s�p�a�c�e�-�l�i�k�e� �c�o�n�d�i�t�i�o�n�s� �o�f� �c�o�n�f�i�n�e�m�e�n�t�,� �i�s�o�l�a�t�i�o�n�,� �a�n�d� �m�o�n�o�t�o�m�y� 

�i�n� �v�a�r�i�o�u�s� �s�e�t�t�i�n�g� �m�a�y� �p�r�o�v�i�d�e� �s�o�m�e� �i�n�s�i�g�h�t� �i�n�t�o� �t�h�e� �l�o�n�g�-� 

�d�u�r�a�t�i�o�n� �s�p�a�c�e�f�l�i�g�h�t� �r�e�g�i�m�e�.� �R�e�p�o�r�t�s� �o�f� �a�c�t�u�a�l� �U�.�S�.� �a�n�d� �s�o�m�e� 

�S�o�v�i�e�t� �s�p�a�c�e� �e�x�p�e�r�i�e�n�c�e�s� �w�i�l�l� �a�l�s�o� �b�e� �p�r�e�s�e�n�t�e�d�.� �C�l�e�a�r�l�y�,� �s�o�m�e� 

�s�t�u�d�i�e�s� �o�r� �s�i�m�u�l�a�t�i�o�n�s� �o�f� �t�h�o�s�e� �c�o�n�d�i�t�i�o�n�s� �d�e�s�c�r�i�b�e�d� �i�n� 

�e�a�r�t�h�b�o�u�n�d� �s�e�t�t�i�n�g�s� �a�r�e� �m�o�r�e� �c�l�o�s�e�l�y� �r�e�l�a�t�e�d� �t�o� �s�p�a�c�e�f�l�i�g�h�t� �t�h�a�n� 

�o�t�h�e�r�s�.� 

�S�e�l�l�s� �(�1�9�6�6�)� �r�e�v�i�e�w�e�d� �t�h�e� �l�i�t�e�r�a�t�u�r�e� �t�h�o�u�g�h�t� �t�o� �b�e� �r�e�l�e�v�a�n�t� 

�t�o� �l�o�n�g�-�d�u�r�a�t�i�o�n� �s�p�a�c�e�f�l�i�g�h�t� �i�n� �t�e�r�m�s� �o�f� �t�h�e� �s�o�c�i�a�l� �s�y�s�t�e�m�s� 

�p�r�e�s�e�n�t� �a�n�d� �f�o�u�n�d� �t�h�a�t� �s�u�b�m�a�r�i�n�e� �m�i�s�s�i�o�n�s� �a�n�d� �i�s�o�l�a�t�e�d� 

�e�x�p�l�o�r�a�t�i�o�n� �p�a�r�t�i�e�s� �h�a�d� �t�h�e� �h�i�g�h�e�s�t� �"�s�i�m�i�l�a�r�i�t�y� �s�c�o�r�e �� �a�s� 

�p�r�e�s�e�n�t�e�d� �i�n� �T�a�b�l�e� �5�.� 

�F�o�r� �t�h�e� �r�e�v�i�e�w� �o�f� �a�p�p�l�i�c�a�b�l�e� �m�a�t�e�r�i�a�l� �t�h�a�t� �f�o�l�l�o�w�s�,� �o�n�l�y� �t�h�e� 

�r�e�s�e�a�r�c�h�/�i�n�c�i�d�e�n�t�s� �t�h�o�u�g�h�t� �t�o� �b�e� �m�o�s�t� �c�l�o�s�e�l�y� �r�e�l�a�t�e�d� �t�o� �t�h�e
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�T�A�B�L�E� �5� �-� �A� �R�A�N�K�I�N�G� �O�F� �S�O�C�I�A�L� �S�Y�S�T�E�M�S� 

�S�I�M�I�L�A�R� �T�O� �L�O�N�G�-�D�U�R�A�T�I�O�N� �S�P�A�C�E� �M�I�S�S�I�O�N�S� 

�(�M�O�D�I�F�I�E�D� �F�R�O�M� �S�E�L�L�S�,� �1�9�6�6�)� 

�S�y�s�t�e�m� 

�S�u�b�m�a�r�i�n�e�s� 

�E�x�p�l�o�r�a�t�i�o�n� �P�a�r�t�i�e�s� 

�N�a�v�a�l� �s�h�i�p�s� 

�B�o�m�b�e�r� �c�r�e�w�s� 

�R�e�m�o�t�e� �d�u�t�y� �s�t�a�t�i�o�n�s� 

�P�O�W� �s�i�t�u�a�t�i�o�n�s� 

�P�r�o�f�e�s�s�i�o�n�a�l� �a�t�h�l�e�t�i�c� �t�e�a�m�s� 

�M�e�n�t�a�l� �h�o�s�p�i�t�a�l� �w�a�r�d�s� 

�P�r�i�s�o�n� �s�o�c�i�e�t�y� 

�I�n�d�u�s�t�r�i�a�l� �w�o�r�k� �g�r�o�u�p�s� 

�S�h�i�p�w�r�e�c�k�s� �a�n�d� �d�i�s�a�s�t�e�r�s� 

�R�a�n�k� 
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�p�s�y�c�h�o�s�o�c�i�a�l� �c�o�m�p�o�n�e�n�t�s� �i�n�v�o�l�v�e�d� �w�i�t�h� �l�o�n�g�-�d�u�r�a�t�i�o�n� �s�p�a�c�e�f�l�i�g�h�t� 

�w�i�l�l� �b�e� �e�x�a�m�i�n�e�d� �a�n�d� �s�u�m�m�a�r�i�z�e�d� �w�i�t�h� �a� �s�p�e�c�i�f�i�c� �l�o�o�k� �a�t� �t�h�e� 

�A�n�t�a�r�c�t�i�c� �a�n�d� �s�u�b�m�a�r�i�n�e� �l�i�t�e�r�a�t�u�r�e�.� �F�i�r�s�t�,� �h�o�w�e�v�e�r�,� �t�h�e� 

�g�e�n�e�r�a�l�i�z�e�d� �s�t�a�g�e�s� �o�f� �h�u�m�a�n� �r�e�a�c�t�i�o�n� �t�o� �i�s�o�l�a�t�i�o�n� �a�n�d� �c�o�n�f�i�n�e�m�e�n�t� 

�w�i�l�l� �b�e� �a�d�d�r�e�s�s�e�d�.� 

�G�e�n�e�r�a�l�i�z�e�d� �S�t�a�g�e�s� �o�f� �R�e�a�c�t�i�o�n� �t�o� �!�s�o�l�a�t�i�o�n� 

�R�o�h�r�e�r� �(�1�9�6�1�)� �h�a�s� �r�e�v�i�e�w�e�d� �t�h�e� �A�n�t�a�r�c�t�i�c� �a�n�d� �s�u�b�m�a�r�i�n�e� 

�l�i�t�e�r�a�t�u�r�e� �a�n�d� �f�o�u�n�d� �t�h�r�e�e� �s�t�a�g�e�s� �o�f� �r�e�a�c�t�i�o�n� �t�o� �c�o�n�d�i�t�i�o�n�s� �o�f� 

�i�s�o�l�a�t�i�o�n�.� �S�e�v�e�r�a�l� �s�u�b�s�e�q�u�e�n�t� �a�u�t�h�o�r�s� �h�a�v�e� �c�o�n�c�u�r�r�e�d� �(�R�a�s�m�u�s�s�e�n� 

�a�n�d� �H�a�y�t�h�o�r�n�,� �1�9�6�3�;� �P�o�p�e� �a�n�d� �R�o�g�e�r�s�,� �1�9�6�8�)�.� 

�A� �s�t�a�g�e� �o�f� �h�e�i�g�h�t�e�n�e�d� �a�n�x�i�e�t�y� �a�p�p�e�a�r�s� �f�i�r�s�t�,� �w�h�i�c�h� �o�c�c�u�r�s� 

�d�u�r�i�n�g� �t�h�e� �f�i�r�s�t� �f�e�w� �d�a�y�s�,� �a�n�d� �a�p�p�e�a�r�s� �t�o� �b�e� �a� �f�u�n�c�t�i�o�n� �o�f� �t�h�e� 

�d�e�g�r�e�e� �o�f� �d�a�n�g�e�r� �t�h�a�t� �e�a�c�h� �i�n�d�i�v�i�d�u�a�l� �p�e�r�c�e�i�v�e�s� �i�s� �p�r�e�s�e�n�t�.� 

�R�o�h�r�e�r� �(�c�i�t�i�n�g� �h�i�s� �o�w�n� �w�o�r�k� �i�n� �1�9�5�8�)� �b�e�l�i�e�v�e�d� �t�h�a�t� �t�h�i�s� �s�t�a�g�e� 

�p�r�e�d�i�s�p�o�s�e�s� �p�e�r�s�o�n�s� �t�o� �m�a�n�i�f�e�s�t� �p�s�y�c�h�o�t�i�c� �s�y�m�p�t�o�m�s�.� �R�o�h�r�e�r� �n�o�t�e�d� 

�(�1�9�5�8�)� �t�h�a�t� �a�l�l� �t�h�e� �m�e�n� �e�v�a�c�u�a�t�e�d� �f�r�o�m� �t�h�e� �a�n�t�a�r�c�t�i�c� �r�e�g�i�o�n�s� �f�o�r� 

�p�s�y�c�h�i�a�t�r�i�c� �r�e�a�s�o�n�s� �d�e�v�e�l�o�p�e�d� �t�h�e� �p�s�y�c�h�o�t�i�c� �e�p�i�s�o�d�e�s� �w�i�t�h�i�n� �o�n�e� 

�w�e�e�k� �o�f� �g�e�t�t�i�n�g� �"�o�n� �t�h�e� �i�c�e�. �� �L�e�a�d�e�r�s� �o�f� �p�o�l�a�r� �r�e�s�e�a�r�c�h� �p�a�r�t�i�e�s� 

�a�n�d� �s�u�b�m�a�r�i�n�e� �c�r�e�w�s �� �o�f�f�i�c�e�r�s� �o�f�t�e�n� �u�s�e� �h�e�a�v�y� �w�o�r�k�l�o�a�d�s� �t�o� �r�e�d�u�c�e� 

�t�h�e� �a�n�x�i�e�t�y� �l�e�v�e�l� �d�u�r�i�n�g� �t�h�i�s� �t�i�m�e�.� 

�T�h�e� �s�e�c�o�n�d� �s�t�a�g�e� �i�s� �t�h�e� �b�l�o�c�k� �o�f� �t�i�m�e� �t�h�a�t� �o�f�t�e�n� �h�a�s� �a�n� 

�a�s�s�o�c�i�a�t�e�d� �l�e�v�e�l� �o�f� �d�e�p�r�e�s�s�i�v�e�-�l�i�k�e� �f�e�e�l�i�n�g�s�.� �T�h�i�s� �p�e�r�i�o�d� 

�i�n�v�o�l�v�e�s� �t�h�e� �l�o�n�g�e�s�t� �s�e�g�m�e�n�t� �o�f� �t�i�m�e� �a�s� �t�h�e� �c�r�e�w� �s�e�t�t�l�e�s� �d�o�w�n� �t�o� 

�r�o�u�t�i�n�e� �d�u�t�i�e�s�.� �R�o�h�r�e�r� �(�1�9�6�1�)� �c�o�n�c�l�u�d�e�s� �t�h�a�t� �t�h�i�s� �i�s� �c�a�u�s�e�d� �b�y� 

�r�e�p�r�e�s�s�i�o�n� �r�e�s�u�l�t�i�n�g� �f�r�o�m� �a� �r�e�d�u�c�t�i�o�n� �i�n� �s�o�c�i�a�l� �r�o�l�e�s� �a�s� �a� �b�y�-� 

�p�r�o�d�u�c�t� �o�f� �i�s�o�l�a�t�i�o�n�.� �H�e� �s�t�a�t�e�s�:�  ��U�n�d�e�r� �c�o�n�d�i�t�i�o�n�s� �o�f



�3�8� 

�i�s�o�l�a�t�i�o�n�,� �a�b�o�u�t� �t�h�e� �o�n�l�y� �s�o�c�i�a�l� �r�o�l�e� �t�h�a�t� �a�n� �i�n�d�i�v�i�d�u�a�l� �h�a�s� �i�s� 

�c�o�n�n�e�c�t�e�d� �w�i�t�h� �h�i�s� �o�c�c�u�p�a�t�i�o�n�.� �T�h�e� �t�e�m�p�o�r�a�r�y� �l�o�s�s� �o�f� �s�u�c�h� �s�o�c�i�a�l� 

�r�o�l�e�s� �a�s� �a�  ��h�u�s�b�a�n�d ��,�  ��b�r�o�t�h�e�r ��,�  ��f�a�t�h�e�r ��,�  ��c�l�u�b� �m�e�m�b�e�r ��,� �a�n�d� �a�l�l� 

�o�f� �t�h�e� �o�t�h�e�r� �v�a�r�i�o�u�s� �r�o�l�e�s� �t�h�a�t� �h�e� �o�c�c�u�p�i�e�s� �i�n� �n�o�r�m�a�l� �s�o�c�i�e�t�y� �i�s� 

�a� �k�e�e�n�l�y� �f�e�l�t� �d�e�p�r�i�v�a�t�i�o�n�. �� 

�T�h�e� �f�i�n�a�l� �s�t�a�g�e� �i�s� �t�h�e� �p�e�r�i�o�d� �o�f� �a�n�t�i�c�i�p�a�t�i�o�n� �n�e�a�r� �t�h�e� �e�n�d� 

�o�f� �t�h�e� �m�i�s�s�i�o�n�.� �R�o�h�r�e�r� �(�1�9�6�1�)� �d�e�t�a�i�l�e�d� �i�t� �a�s� �f�o�l�l�o�w�s�:� �"�I�t� �i�s� 

�c�h�a�r�a�c�t�e�r�i�z�e�d� �b�y� �i�n�c�r�e�a�s�e�d� �a�f�f�e�c�t� �o�f� �e�x�p�r�e�s�s�i�o�n�,� �a�n�d� �d�i�f�f�e�r�s� �f�r�o�m� 

�t�h�e� �o�t�h�e�r� �p�e�r�i�o�d� �i�n� �t�h�a�t� �m�u�c�h� �a�n�t�i�c�i�p�a�t�o�r�y� �b�e�h�a�v�i�o�r� �o�c�c�u�r�s�.� 

�A�l�s�o�,� �i�t� �i�s� �a�t� �t�h�i�s� �t�i�m�e� �t�h�a�t� �t�h�e�r�e� �i�s� �a� �g�r�e�a�t� �l�i�k�e�l�i�h�o�o�d� �o�f� �t�h�e� 

�o�c�c�u�r�r�e�n�c�e� �o�f� �a�g�g�r�e�s�s�i�v�e� �b�e�h�a�v�i�o�r�.� �T�h�i�s� �i�s� �a� �f�u�n�c�t�i�o�n� �o�f� �a� 

�l�e�s�s�e�n�i�n�g� �o�f� �t�h�e� �r�e�p�r�e�s�s�i�v�e� �p�r�o�c�e�s�s�e�s� �t�h�a�t� �o�c�c�u�r� �d�u�r�i�n�g� �t�h�e� 

�p�e�r�i�o�d� �o�f� �d�e�p�r�e�s�s�i�o�n�.�"� �O�t�h�e�r� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �o�f� �t�h�i�s� �t�i�m�e� 

�i�n�c�l�u�d�e� �d�e�c�r�e�a�s�e�d� �w�o�r�k� �p�e�r�f�o�r�m�a�n�c�e�,� �a�n�d� �a�d�o�l�e�s�c�e�n�t� �b�e�h�a�v�i�o�r�.� 

�T�h�e�s�e� �s�t�a�g�e�s� �h�a�v�e� �s�o�m�e� �m�e�a�n�i�n�g� �w�i�t�h�i�n� �a� �s�y�s�t�e�m�s� �p�e�r�s�p�e�c�t�i�v�e� 

�f�o�r� �a� �l�o�n�g�-�d�u�r�a�t�i�o�n� �s�p�a�c�e� �m�i�s�s�i�o�n� �a�s� �t�h�e�y� �h�e�l�p� �t�o� �d�e�f�i�n�e� �c�e�r�t�a�i�n� 

�p�e�r�i�o�d�s� �o�f� �p�o�t�e�n�t�i�a�l� �r�i�s�k� �i�n� �f�l�i�g�h�t�.� �A�s�t�r�o�n�a�u�t�s� �a�n�d� �c�o�s�m�o�n�a�u�t�s� 

�s�e�e�m�e�d� �t�o� �h�a�v�e� �f�a�l�l�e�n� �i�n�t�o� �t�h�e�s�e� �s�t�a�g�e�s� �o�f� �f�u�n�c�t�i�o�n� �a�t� �v�a�r�i�o�u�s� 

�p�o�i�n�t�s� �d�u�r�i�n�g� �t�h�e�i�r� �r�e�s�p�e�c�t�i�v�e� �m�i�s�s�i�o�n�s� �i�n� �t�h�e� �S�k�y�l�a�b� �a�n�d� �S�a�l�y�u�t� 

�p�r�o�g�r�a�m�s�,� �r�e�s�p�e�c�t�i�v�e�l�y� �(�B�l�u�t�h�,� �1�9�8�1�;� �K�a�n�a�s�,� �1�9�8�7�;� �O�b�e�r�g�,� �1�9�8�1�)�.� 

�l�t� �m�u�s�t� �b�e� �n�o�t�e�d� �t�h�a�t� �o�f�t�e�n� �t�h�e� �m�o�s�t� �c�r�i�t�i�c�a�l� �a�s�p�e�c�t� �o�f� �a� �l�o�n�g� 

�s�p�a�c�e�f�l�i�g�h�t� �i�s� �a�t� �t�h�e� �e�n�d� �(�o�r� �i�n� �t�h�e� �c�a�s�e� �o�f� �a� �m�a�r�s� �m�i�s�s�i�o�n�-�-� 

�o�r�b�i�t�a�l� �i�n�s�e�r�t�i�o�n� �a�f�t�e�r� �a� �o�n�e�-�y�e�a�r� �j�o�u�r�n�e�y�)�,� �w�h�e�n� �t�h�e� �c�o�m�p�l�e�x� 

�p�r�o�c�e�d�u�r�e�s� �o�f� �o�r�b�i�t�a�l� �(�r�e�)�e�n�t�r�y� �a�n�d� �l�a�n�d�i�n�g� �m�u�s�t� �b�e� �p�e�r�f�o�r�m�e�d�.� 

�T�h�e� �s�p�a�c�e�f�a�r�e�r�s� �s�h�o�u�l�d� �b�e� �a�t� �t�h�e�i�r� �p�e�a�k� �p�e�r�f�o�r�m�a�n�c�e� �d�u�r�i�n�g� �t�h�i�s� 

�t�i�m�e� �a�s� �a�n� �e�r�r�o�r� �c�o�u�l�d� �p�r�o�v�e� �t�o� �b�e� �d�a�n�g�e�r�o�u�s� �o�r� �p�o�s�s�i�b�l�y� �f�a�t�a�l�.� 

�T�h�i�s� �s�c�e�n�a�r�i�o� �a�c�t�u�a�l�l�y� �h�a�p�p�e�n�e�d� �u�p�o�n� �t�h�e� �r�e�t�u�r�n� �t�o� �E�a�r�t�h� �f�o�r� �t�h�e
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�A�p�o�l�l�o�~�S�o�y�u�z� �T�e�s�t� �P�r�o�j�e�c�t� �(�A�S�T�P�)�.� �A�l�l� �t�h�r�e�e� �o�f� �t�h�e� �r�e�t�u�r�n�i�n�g� 

�a�s�t�r�o�n�a�u�t�s� �f�o�r�g�o�t� �t�o� �s�e�t� �a� �s�e�r�i�e�s� �o�f� �s�w�i�t�c�h�e�s� �r�e�s�u�l�t�i�n�g� �i�n� �t�o�x�i�c� 

�f�u�m�e�s� �e�n�t�e�r�i�n�g� �t�h�e� �s�p�a�c�e�c�r�a�f�t�.� �O�n�e� �o�f� �t�h�e� �c�r�e�w� �p�a�s�s�e�d� �o�u�t� �c�o�l�d� 

�w�h�i�l�e� �t�h�e� �o�t�h�e�r� �t�w�o� �s�t�r�u�g�g�l�e�d� �t�o� �m�a�n�a�g�e� �t�h�e� �c�r�i�s�i�s�.� �D�i�s�a�s�t�e�r� �w�a�s� 

�n�a�r�r�o�w�l�y� �a�v�e�r�t�e�d�.� �G�i�v�e�n� �t�h�e�s�e� �o�p�e�r�a�t�i�o�n�a�l� �e�x�a�m�p�l�e�s� �a�n�d� 

�p�s�y�c�h�o�l�o�g�i�c�a�l� �c�o�n�s�i�d�e�r�a�t�i�o�n�s�,� �m�o�r�e� �r�e�s�e�a�r�c�h� �i�s� �n�e�e�d�e�d� �t�o� �k�e�e�p� �t�h�e� 

�c�r�e�w� �p�e�r�f�o�r�m�i�n�g� �a�t� �h�i�g�h� �l�e�v�e�l�s� �d�u�r�i�n�g� �h�i�g�h�-�t�a�s�k� �o�r� �c�r�i�t�i�c�a�l� 

�f�l�i�g�h�t� �p�e�r�i�o�d�s� �f�o�l�l�o�w�i�n�g� �p�e�r�i�o�d�s� �o�f� �r�e�l�a�t�i�v�e� �q�u�i�e�s�c�e�n�c�e� �t�h�a�t� �a�r�e� 

�e�x�p�e�c�t�e�d� �t�o� �o�c�c�u�r� �o�n� �p�l�a�n�e�t�a�r�y�-�t�y�p�e� �m�i�s�s�i�o�n�s� �(�C�a�l�v�i�n� �a�n�d� �G�a�z�e�n�k�o�,� 

�1�9�7�5�)�.� 

�A�n�t�a�r�c�t�i�c� �D�a�t�a� 

�M�o�s�t� �o�f� �t�h�e� �A�n�t�a�r�c�t�i�c� �s�t�u�d�i�e�s� �w�e�r�e� �d�o�n�e� �i�n� �c�o�n�j�u�n�c�t�i�o�n� �w�i�t�h� 

�t�h�e� �I�n�t�e�r�n�a�t�i�o�n�a�l� �G�e�o�p�h�y�s�i�c�a�l� �Y�e�a�r� �i�n� �t�h�e� �t�i�m�e� �p�e�r�i�o�d� �f�r�o�m� �1�9�5�5� 

�t�o� �1�9�6�8�,� �o�r� �a�s� �r�e�s�u�l�t� �o�f� �m�i�l�i�t�a�r�y� �i�n�t�e�r�e�s�t� �i�n� �m�e�n� �l�i�v�i�n�g� �u�n�d�e�r� 

�p�o�l�a�r� �c�o�n�d�i�t�i�o�n�s�.� �T�h�e�s�e� �s�t�u�d�i�e�s� �e�x�a�m�i�n�e�d� �b�o�t�h� �c�i�v�i�l�i�a�n� �a�n�d� 

�m�i�l�i�t�a�r�y� �p�e�r�s�o�n�n�e�l� �w�o�r�k�i�n�g� �u�n�d�e�r� �c�i�r�c�u�m�s�t�a�n�c�e�s� �s�u�c�h� �a�s� �d�a�n�g�e�r�,� 

�i�s�o�l�a�t�i�o�n�,� �a�n�d� �m�o�n�o�t�o�m�y� �f�o�r� �p�e�r�i�o�d�s� �o�f� �u�p� �t�o� �o�n�e� �y�e�a�r�.� 

�R�a�s�m�u�s�s�e�n� �a�n�d� �H�a�y�t�h�o�r�n� �(�1�9�6�3�)� �c�o�n�d�u�c�t�e�d� �a� �s�t�u�d�y� �a�s�s�e�s�s�i�n�g� 

�t�h�e� �w�i�n�t�e�r�i�n�g�-�o�v�e�r� �c�o�n�d�u�c�t� �a�n�d� �b�e�h�a�v�i�o�r� �o�f� �m�e�n� �a�t� �f�i�v�e� �U�.�S�.� 

�A�n�t�a�r�c�t�i�c� �s�t�a�t�i�o�n�s�.� �D�u�r�i�n�g� �t�h�e� �s�t�u�d�y� �p�e�r�i�o�d� �n�o�t� �o�n�e� �m�a�n� �w�a�s� 

�h�o�s�p�i�t�a�l�i�z�e�d� �f�o�r� �p�s�y�c�h�i�a�t�r�i�c� �r�e�a�s�o�n�s�,� �w�h�i�c�h� �i�s� �m�o�s�t� �l�i�k�e�l�y� �d�u�e� �t�o� 

�t�h�e� �h�i�g�h� �l�e�v�e�l� �o�f� �p�s�y�c�h�o�l�o�g�i�c�a�l� �s�c�r�e�e�n�i�n�g� �t�h�a�t� �t�h�e� �w�i�n�t�e�r�-�o�v�e�r� 

�p�e�r�s�o�n�n�e�l� �u�n�d�e�r�g�o�;� �h�o�w�e�v�e�r�,� �s�e�v�e�r�a�l� �b�e�h�a�v�i�o�r�a�l� �p�r�o�b�l�e�m�s� �w�e�r�e� 

�n�o�t�e�d�.� �T�a�b�l�e� �6� �p�r�e�s�e�n�t�s� �t�h�e� �r�e�s�u�l�t�s� �(�R�a�s�m�u�s�s�e�n� �a�n�d� �H�a�y�t�h�o�r�n�,� 

�1�9�6�3�)� �f�r�o�m� �o�n�e� �s�m�a�l�!� �s�t�a�t�i�o�n� �a�s� �r�e�p�o�r�t�e�d� �b�y� �t�h�e� �U�.�S�.� �N�a�v�y� �M�e�d�i�c�a�l� 

�N�e�u�r�o�p�s�y�c�h�o�l�o�g�i�c�a�l� �R�e�s�e�a�r�c�h� �U�n�i�t� �i�n� �S�a�n� �D�i�e�g�o�.� �N�o�t�e� �t�h�a�t� �i�n



�T�A�B�L�E� �6� �-� �F�R�E�Q�U�E�N�C�Y� �O�F� �C�H�A�N�G�E�S� �I�N� 

�I�N�D�I�V�I�D�U�A�L�'�S� �C�O�N�D�U�C�T� �A�N�D� �E�M�O�T�I�O�N�S� 

�(�R�A�S�M�U�S�S�E�N� �A�N�D� �H�A�Y�T�H�O�R�N�,� �1�9�6�3�)� 

�B�e�h�a�v�i�o�r� �1�-�4� �m�o�n�t�h�s� �5�-�8� �m�o�n�t�h�s� �9�-�1�2� �m�o�n�t�h�s� 

�D�i�s�r�u�p�t�i�o�n� �o�f� �s�l�e�e�p� �c�y�c�l�e� �2� �1�5� �3� 

�A�p�a�t�h�e�t�i�c�,� �i�n�d�i�f�f�e�r�e�n�t� �1� �5� �1� 

�T�e�n�s�e�,� �r�e�s�t�l�e�s�s� �3� �8� �1�9� 

�C�o�m�p�l�a�i�n�i�n�g�,� �w�h�i�n�i�n�g� �0� �1� �3� 

�I�r�r�i�t�a�b�l�e�,� �h�y�p�e�r�t�e�n�s�i�v�e� �6� �9� �1�3� 

�S�u�s�p�i�c�i�o�u�s�,� �m�i�s�t�r�u�s�t�f�u�l� �0� �7� �1�6� 

�U�n�c�c�o�p�e�r�a�t�i�v�e� �1� �2� �1�3



�4�1� 

�g�e�n�e�r�a�l� �t�h�e� �f�r�e�q�u�e�n�c�y� �o�f� �s�y�m�p�t�o�m�s� �a�p�p�e�a�r�s� �t�o� �b�e� �a� �f�u�n�c�t�i�o�n� �o�f� 

�t�i�m�e�.� �I�n�t�e�r�e�s�t�i�n�g�l�y�,� �t�h�e� �s�l�e�e�p� �p�a�t�t�e�r�n�s� �o�f� �t�h�e� �m�e�n� �i�n� �t�h�i�s� �s�t�u�d�y� 

�s�h�o�w�e�d� �a�d�a�p�t�a�t�i�o�n� �t�o� �t�h�e� �e�n�v�i�r�o�n�m�e�n�t� �a�f�t�e�r� �e�i�g�h�t� �m�o�n�t�h�s�.� 

�G�u�n�d�e�r�s�o�n� �(�1�9�6�3�)� �a�n�d� �G�u�n�d�e�r�s�o�n� �a�n�d� �N�e�l�s�o�n� �(�1�9�6�3�)� �s�t�u�d�i�e�d� �g�r�o�u�p�s� 

�i�n� �i�s�o�l�a�t�e�d� �a�n�d� �r�e�m�o�t�e� �A�n�t�a�r�c�t�i�c� �s�t�a�t�i�o�n�s� �o�v�e�r� �s�e�v�e�r�a�l� �m�o�n�t�h�s� �a�n�d� 

�a�n�a�l�y�z�e�d� �s�u�b�j�e�c�t�i�v�e� �e�v�a�l�u�a�t�i�o�n� �b�y� �t�h�e� �m�e�n� �o�f� �t�h�e�i�r� �s�y�m�p�t�o�m�s�.� �B�y� 

�f�a�r�,� �t�h�e� �m�o�s�t� �c�o�m�m�o�n� �p�r�o�b�l�e�m� �w�a�s� �s�l�e�e�p� �d�i�s�t�u�r�b�a�n�c�e� �(�r�e�p�o�r�t�e�d� �b�y� 

�7�2�%� �o�f� �t�h�e� �s�u�b�j�e�c�t�s�)�,� �f�o�l�l�o�w�e�d� �b�y� �d�e�p�r�e�s�s�i�o�n�,� �h�e�a�d�a�c�h�e�,� 

�i�r�r�i�t�a�b�i�l�i�t�y�,� �a�n�d� �o�t�h�e�r� �s�o�m�a�t�i�c� �c�o�m�p�l�a�i�n�t�s�.� �G�u�n�d�e�r�s�o�n� �(�1�9�6�3�)� 

�f�o�u�n�d� �a� �h�i�g�h�e�r� �i�n�c�i�d�e�n�c�e� �o�f� �p�s�y�c�h�i�a�t�r�i�c� �a�n�d� �b�e�h�a�v�i�o�r�a�l� �p�r�o�b�l�e�m�s� 

�a�m�o�n�g� �n�a�v�a�l� �p�e�r�s�o�n�n�e�l� �s�t�a�t�i�o�n�e�d� �i�n� �t�h�e� �A�n�t�a�r�c�t�i�c� �t�h�a�n� �i�n� �n�a�v�a�l� 

�p�e�r�s�o�n�n�e�l� �e�l�s�e�w�h�e�r�e�,� �d�e�s�p�i�t�e� �a� �h�i�g�h�e�r� �l�e�v�e�l� �o�f� �s�c�r�e�e�n�i�n�g� �f�o�r� 

�A�n�t�a�r�c�t�i�c� �d�u�t�y� �(�3�%� �t�o� �1�%�)�.� �H�e� �a�l�s�o� �f�o�u�n�d� �t�h�a�t� �f�r�o�m� �1�9�6�4� �t�o� �1�9�6�6�,� 

�t�h�e� �n�u�m�b�e�r� �o�f� �c�a�s�e�s� �o�f� �i�n�s�o�m�n�i�a�,� �d�e�p�r�e�s�s�i�o�n�,� �a�n�x�i�e�t�y�,� �a�n�d� 

�h�o�s�t�i�l�i�t�y� �i�n�c�r�e�a�s�e�d� �u�p� �t�o� �4�0�%� �m�o�r�e� �d�u�r�i�n�g� �t�h�e� �w�i�n�t�e�r�i�n�g�-�o�v�e�r� 

�m�o�n�t�h�s� �f�o�r� �n�a�v�a�l� �p�e�r�s�o�n�n�e�l�.� �T�h�e� �i�n�c�r�e�a�s�e�s� �i�n� �v�a�r�i�o�u�s� �e�m�o�t�i�o�n�a�l� 

�s�y�m�p�t�o�m�s� �w�e�r�e� �g�e�n�e�r�a�l�l�y� �o�f� �l�o�w�e�r� �m�a�g�n�i�t�u�d�e� �f�o�r� �t�h�e� �c�i�v�i�l�i�a�n� 

�s�c�i�e�n�c�e� �p�o�p�u�l�a�t�i�o�n� �(�S�e�e� �T�a�b�l�e� �7�)�.� �G�u�n�d�e�r�s�o�n� �(�1�9�6�3�)� �s�p�e�c�u�l�a�t�e�d� 

�t�h�a�t� �t�h�e� �w�o�r�k� �r�o�l�e� �w�a�s� �r�e�s�p�o�n�s�i�b�l�e� �s�i�n�c�e� �t�h�e� �c�i�v�i�l�i�a�n�s� �v�i�e�w�e�d� 

�t�h�e�i�r� �j�o�b�s� �a�s� �m�o�r�e� �i�m�p�o�r�t�a�n�t� �(�m�o�t�i�v�a�t�i�o�n�a�l� �f�a�c�t�o�r�)� �t�h�r�o�u�g�h�o�u�t� �t�h�e� 

�w�i�n�t�e�r�,� �w�h�e�r�e�a�s� �t�h�e� �n�a�v�a�l� �m�e�n� �h�a�d� �r�e�l�a�t�i�v�e�l�y� �f�e�w� �i�m�p�o�r�t�a�n�t� �t�a�s�k�s� 

�t�o� �p�e�r�f�o�r�m� �i�n� �t�h�e� �w�i�n�t�e�r�.� �A�d�d�i�t�i�o�n�a�l�l�y�,� �D�o�l�l� �a�n�d� �G�u�n�d�e�r�s�o�n� 

�(�1�9�7�0�)� �u�s�i�n�g� �s�o�c�i�o�m�e�t�r�i�c� �t�e�c�h�n�i�q�u�e�s�,� �f�o�u�n�d� �t�h�a�t� �t�h�e� �m�o�s�t� 

�i�m�p�o�r�t�a�n�t� �p�o�s�i�t�i�v�e� �b�e�h�a�v�i�o�r�a�l� �a�t�t�r�i�b�u�t�e�s� �l�o�o�k�e�d� �f�o�r� �i�n� �n�a�v�a�l� 

�p�e�r�s�o�n�n�e�l� �a�m�o�n�g� �t�h�e�i�r� �p�e�e�r�s� �w�a�s� �e�m�o�t�i�o�n�a�l� �s�t�a�b�i�l�i�t�y�,� �w�h�e�r�e�a�s� 

�s�o�c�i�a�l� �c�o�m�p�a�t�a�b�i�l�i�t�y� �w�a�s� �j�u�d�g�e�d� �t�o� �b�e� �t�h�e� �m�o�s�t� �i�m�p�o�r�t�a�n�t� �f�a�c�t�o�r� 

�b�y� �t�h�e� �c�i�v�i�l�i�a�n� �s�c�i�e�n�t�i�s�t�s�.� �P�e�r�s�o�n�a�l�i�t�y�-�o�r�i�e�n�t�e�d� �b�e�h�a�v�i�o�r�s� �w�e�r�e



�4�2� 

�T�A�B�L�E� �7� �-� �E�M�O�T�I�O�N�A�L� �S�Y�M�P�T�O�M�S� �I�N� �T�H�E� �A�N�T�A�R�C�T�I�C� 

�(�1�9�6�4� �t�o� �1�9�6�6�)� 

�C�H�A�N�G�E� �I�N� �F�R�E�Q�U�E�N�C�Y� �O�F� �E�A�C�H� 

�B�E�T�W�E�E�N� �B�E�G�I�N�N�I�N�G� �A�N�D� �E�N�D� �O�F� �W�I�N�T�E�R� �M�O�N�T�H�S� 

�S�y�m�p�t�o�m� 

�I�n�s�o�m�n�i�a� 

�D�e�p�r�e�s�s�i�o�n� 

�A�n�x�i�e�t�y� 

�H�o�s�t�i�l�i�t�y� 

�I�n�c�r�e�a�s�e�,� �p�e�r�c�e�n�t� 

�N�a�v�y� �m�e�n� �C�i�v�i�l�i�a�n�s�*� 

�2�8� �4�.�4� 

�1�5� �2� 

�2�8� �4�2� 

�3�9� �2�1� 

�*� �C�i�v�i�l�i�a�n� �m�e�n� �s�h�o�w�e�d� �a� �d�e�c�r�e�a�s�e� �i�n� �d�e�p�r�e�s�s�i�o�n�.



�4�3� 

�c�o�n�s�i�d�e�r�e�d� �m�o�r�e� �i�m�p�o�r�t�a�n�t� �t�h�a�n� �t�a�s�k�-�o�r�i�e�n�t�e�d� �b�e�h�a�v�i�o�r�s� �f�o�r� �b�o�t�h� 

�g�r�o�u�p�s�.� �E�s�t�e�e�m� �f�o�r� �l�e�a�d�e�r�s� �w�a�s� �f�o�u�n�d� �t�o� �b�e� �b�a�s�e�d� �u�p�o�n� �c�o�n�c�e�r�n� 

�f�o�r� �t�h�e� �m�e�n� �o�v�e�r� �t�h�e�i�r� �w�e�l�l�-�b�e�i�n�g�,� �f�r�e�q�u�e�n�t� �c�o�n�t�a�c�t� �w�i�t�h� �t�h�e� �m�e�n�,� 

�a� �d�e�m�o�c�r�a�t�i�c� �l�e�a�d�e�r�s�h�i�p� �s�t�y�l�e�,� �a�n�d� �a�n� �i�m�p�a�r�t�i�a�l� �d�e�c�i�s�i�o�n� �m�a�k�i�n�g� 

�p�r�o�c�e�s�s� �(�G�u�n�d�e�r�s�o�n� �a�n�d� �N�e�l�s�o�n�,� �1�9�6�3�;� �N�e�l�s�o�n�,� �1�9�6�4�;� �N�e�l�s�o�n�,� �1�9�6�5�)�.� 

�A�n� �i�n�d�e�p�e�n�d�e�n�t� �A�i�r� �F�o�r�c�e� �s�t�u�d�y� �b�y� �H�a�r�t�m�a�n� �a�n�d� �F�l�i�n�n� �(�1�9�6�4�)� 

�i�n�d�i�c�a�t�e�d� �t�h�a�t� �t�h�e� �p�e�r�s�o�n�a�l�i�t�y� �o�f� �a� �m�i�s�s�i�o�n� �c�o�m�m�a�n�d�e�r� �m�i�g�h�t� �b�e� 

�c�o�n�s�i�d�e�r�e�d� �w�h�e�n� �s�e�l�e�c�t�i�n�g� �c�r�e�w� �m�e�m�b�e�r�s�.� �l�t� �h�a�s� �b�e�e�n� �r�e�p�e�a�t�e�d�l�y� 

�d�e�m�o�n�s�t�r�a�t�e�d� �t�h�a�t� �s�o�m�e� �n�o�r�m�a�l� �p�e�r�s�o�n�a�l�i�t�i�e�s� �d�o� �n�o�t� �d�o� �w�e�l�l� �w�h�e�n� 

�d�e�a�l�i�n�g� �w�i�t�h� �o�t�h�e�r� �t�y�p�e�s� �o�f� �n�o�r�m�a�l� �p�e�r�s�o�n�a�l�i�t�i�e�s�.� �I�n� �f�a�c�t�,� 

�C�o�o�p�e�r� �(�1�9�8�7�)� �r�e�p�o�r�t�s� �t�h�a�t� �N�A�S�A� �s�h�u�t�t�l�e� �c�o�m�m�a�n�d�e�r�s� �a�r�e� �n�o�w� �a�s�k�e�d� 

�w�h�o� �t�h�e�y� �w�o�u�l�d� �p�r�e�f�e�r� �t�o� �h�a�v�e� �t�h�e�i�r� �c�r�e�w� �a�s� �a�n� �a�d�d�i�t�i�o�n�a�l� �s�o�u�r�c�e� 

�o�f� �i�n�p�u�t� �f�o�r� �t�h�e� �c�r�e�w� �s�e�l�e�c�t�i�o�n� �p�r�o�c�e�s�s�.� �T�h�e� �s�h�u�t�t�l�e� �c�o�m�m�a�n�d�e�r�s� 

�s�u�p�p�o�s�e�d�l�y� �c�a�r�e�f�u�l�l�y� �c�o�n�s�i�d�e�r� �s�k�i�l�l�-�m�i�x� �i�n� �v�i�e�w� �o�f� �m�i�s�s�i�o�n� 

�o�b�j�e�c�t�i�v�e�s�,� �a�n�d� �h�o�w� �t�h�e� �v�a�r�i�o�u�s� �p�e�r�s�o�n�a�l�i�t�i�e�s� �m�i�g�h�t� �w�o�r�k� �t�o�g�e�t�h�e�r� 

�i�n� �t�r�a�i�n�i�n�g� �a�n�d� �d�u�r�i�n�g� �a� �m�i�s�s�i�o�n�.� 

�Q�u�i�t�e� �a� �b�i�t� �o�f� �s�t�a�t�u�s� �l�e�v�e�l�i�n�g� �i�n� �i�s�o�l�a�t�e�d� �g�r�o�u�p�s� �h�a�s� �a�l�s�o� 

�b�e�e�n� �o�b�s�e�r�v�e�d� �i�n� �h�i�g�h� �f�u�n�c�t�i�o�n�i�n�g� �g�r�o�u�p�s� �a�n�d� �e�x�p�e�r�i�e�n�c�e� �h�a�s� �s�h�o�w�n� 

�t�h�a�t� �t�h�e� �f�o�r�m�a�l� �l�e�a�d�e�r�s�h�i�p� �s�t�r�u�c�t�u�r�e� �b�e�c�o�m�e�s� �m�o�r�e� �e�g�a�l�i�t�a�r�i�a�n� �a�s� 

�t�i�m�e� �p�a�s�s�e�s� �(�S�c�h�o�o�n�h�a�v�e�n�,� �1�9�8�6�)�.� �T�h�i�s� �g�e�n�e�r�a�l� �a�t�t�r�i�b�u�t�e� �h�a�s� �a�l�s�o� 

�b�e�e�n� �n�o�t�e�d� �i�n� �t�h�e� �U�.�S�.� �s�p�a�c�e� �p�r�o�g�r�a�m� �a�m�o�n�g� �t�h�e� �b�e�s�t� �p�e�r�f�o�r�m�i�n�g� 

�c�r�e�w�s�.� �I�n� �t�i�m�e�s� �o�f� �c�r�i�s�i�s�,� �h�o�w�e�v�e�r�,� �t�h�e� �N�A�S�A� �a�s�t�r�o�n�a�u�t� �t�e�a�m� �i�s� 

�e�x�p�e�c�t�e�d� �t�o� �a�s�s�u�m�e� �a� �m�o�r�e� �f�o�r�m�a�l� �c�o�m�m�a�n�d� �s�t�r�u�c�t�u�r�e�,� �a�n�d� �i�n� �s�u�b�t�l�e� 

�w�a�y�s� �i�s� �"�t�r�a�i�n�e�d�"� �t�o� �d�o� �t�h�i�s� �b�y� �r�e�p�e�a�t�e�d� �s�i�m�u�l�a�t�i�o�n�s� �o�f� 

�e�m�e�r�g�e�n�c�i�e�s� �o�n� �t�h�e� �g�r�o�u�n�d� �(�C�o�o�p�e�r�,� �1�9�8�7�)�.� 

�A�n� �o�p�e�n�,� �d�e�m�o�c�r�a�t�i�c� �s�t�y�l�e� �o�f� �l�e�a�d�e�r�s�h�i�p� �a�l�s�o� �s�e�r�v�e�d� �t�h�e� 

�S�o�v�i�e�t�s� �w�e�l�l� �o�n�c�e� �i�n� �p�a�r�t�i�c�u�l�a�r� �w�h�e�n� �a� �y�o�u�n�g� �r�o�o�k�i�e� �c�o�m�m�a�n�d�e�r



�4�4� 

�c�o�o�p�e�r�a�t�e�d� �c�a�r�e�f�u�l�l�y� �a�n�d� �d�i�p�l�o�m�a�t�i�c�a�l�l�y� �w�i�t�h� �a�n� �o�l�d�e�r� �s�p�a�c�e� 

�v�e�t�e�r�a�n� �w�i�t�h� �e�x�p�e�r�t�i�s�e� �i�n� �e�n�g�i�n�e�e�r�i�n�g� �t�h�a�t� �h�a�d� �t�h�e� �s�p�e�c�i�f�i�c� 

�s�k�i�l�l�s� �n�e�e�d�e�d� �t�o� �r�e�p�a�i�r� �t�h�e� �S�a�l�y�u�t� �s�p�a�c�e�c�r�a�f�t�,� �d�e�s�p�i�t�e� �t�h�e� 

�s�o�m�e�w�h�a�t� �m�o�r�e� �f�o�r�m�a�l� �c�o�m�m�a�n�d� �s�t�r�u�c�t�u�r�e� �o�f� �S�o�v�i�e�t� �s�p�a�c�e� 

�e�n�v�i�r�o�n�m�e�n�t� �(�B�l�u�t�h�,� �1�9�8�6�;� �O�b�e�r�g�,� �1�9�8�1�)�.� 

�P�o�p�e� �a�n�d� �R�o�g�e�r�s� �(�1�9�6�8�)� �s�t�u�d�i�e�d� �t�h�i�r�t�e�e�n� �s�c�i�e�n�t�i�s�t�s� �w�h�o� �s�p�e�n�t� 

�t�e�n� �d�a�y�s� �w�a�l�k�i�n�g� �o�n� �s�n�o�w�s�h�o�e�s� �i�n� �A�l�a�s�k�a� �u�n�d�e�r� �d�a�n�g�e�r�o�u�s� 

�c�i�r�c�u�m�s�t�a�n�c�e�s�.� �T�h�e�n� �m�e�n� �w�h�o� �p�e�r�f�o�r�m�e�d� �b�e�s�t� �l�i�s�t�e�d� �s�c�i�e�n�t�i�f�i�c� 

�m�o�t�i�v�e�s�,� �a�b�o�v�e� �a�d�v�e�n�t�u�r�e� �a�n�d� �f�e�l�l�o�w�s�h�i�p�,� �a�s� �b�e�i�n�g� �t�h�e� �m�o�s�t� 

�i�m�p�o�r�t�a�n�t� �a�s�p�e�c�t�s� �o�f� �t�h�e� �t�r�e�k�.� �T�h�e� �m�o�n�o�t�o�n�y� �o�f� �t�h�e� �t�r�e�k� �c�a�u�s�e�d� 

�a�p�a�t�h�y� �a�m�o�n�g� �a�l�l� �t�h�e� �m�e�n� �b�u�t� �t�h�o�s�e� �w�h�o� �c�o�n�c�e�n�t�r�a�t�e�d� �o�n� �t�h�e� 

�s�c�i�e�n�t�i�f�i�c� �a�s�p�e�c�t�s� �o�f� �t�h�e� �t�r�i�p� �s�u�f�f�e�r�e�d� �t�h�e� �l�e�a�s�t�.� �T�h�e�r�e� �w�a�s� �n�o� 

�o�v�e�r�t� �f�r�i�c�t�i�o�n�,� �f�i�g�h�t�i�n�g�,� �o�r� �d�e�v�e�l�o�p�m�e�n�t� �o�f� �s�u�b�g�r�o�u�p�s� �a�n�d� �g�r�o�u�p� 

�c�o�h�e�s�i�v�e�n�e�s�s� �w�a�s� �r�a�t�e�d� �a�s� �g�e�n�e�r�a�l�l�y� �g�o�o�d�.� �P�o�p�e� �a�n�d� �R�o�g�e�r�s� 

�a�t�t�r�i�b�u�t�e�d� �t�h�i�s� �t�o� �t�h�e� �f�a�c�t� �t�h�a�t� �a� �p�s�y�c�h�i�a�t�r�i�s�t� �w�a�s� �p�r�e�s�e�n�t� �w�h�o� 

 ��p�e�r�m�i�t�t�e�d� �t�h�e� �v�e�n�t�i�l�a�t�i�o�n� �o�f� �m�a�n�y� �h�o�s�t�i�l�i�t�i�e�s� �w�i�t�h�o�u�t� �t�h�e�i�r� 

�b�e�c�o�m�i�n�g� �a�p�p�a�r�e�n�t� �t�o� �o�t�h�e�r� �m�e�m�b�e�r�s� �o�f� �t�h�e� �g�r�o�u�p�. �� �O�n�e� �m�a�n�,� 

�h�o�w�e�v�e�r�,� �a�p�p�a�r�e�n�t�l�y� �d�e�v�e�l�o�p�e�d� �p�s�y�c�h�i�a�t�r�i�c� �p�r�o�b�l�e�m�s� �a�n�d� �r�e�q�u�i�r�e�d� 

�e�m�e�r�g�e�n�c�y� �p�s�y�c�h�o�t�h�e�r�a�p�y�.� �T�h�e� �b�e�n�e�f�i�t� �o�f� �c�o�n�c�e�n�t�r�a�t�i�o�n� �o�n� �t�h�e� 

�s�c�i�e�n�t�i�f�i�c� �a�s�p�e�c�t�s� �o�f� �a�n� �e�x�p�e�d�i�t�i�o�n� �h�a�s� �b�e�e�n� �n�o�t�e�d� �t�o� �a�i�d� 

�p�a�r�t�i�c�i�p�a�n�t�s� �i�n� �a�l�m�o�s�t� �e�v�e�r�y� �i�s�o�l�a�t�e�d� �e�n�v�i�r�o�n�m�e�n�t�,� �p�a�r�t�i�c�u�l�a�r�l�y� 

�A�n�t�a�r�c�t�i�c�a� �(�H�a�r�r�i�s�o�n�,� �C�l�e�a�r�w�a�t�e�r�,� �a�n�d� �M�c�K�a�y�,� �1�9�9�1�)�.� �T�h�e� �s�a�m�e� 

�c�o�n�c�e�p�t� �o�f� �s�c�i�e�n�t�i�f�i�c� �p�u�r�p�o�s�e�f�u�l�n�e�s�s� �i�s� �t�r�u�e� �f�o�r� �l�o�n�g�-�d�i�s�t�a�n�c�e� 

�s�p�a�c�e� �t�r�a�v�e�l�l�e�r�s� �a�s� �w�e�l�l� �g�i�v�e�n� �t�h�e� �l�i�m�i�t�e�d� �d�a�t�a� �t�h�a�t� �i�s� 

�a�v�a�i�l�a�b�l�e�.� 

�S�m�i�t�h� �(�1�9�6�6�)� �r�e�p�o�r�t�e�d� �o�n� �a� �s�e�v�e�n�-�m�a�n� �A�n�t�a�r�c�t�i�c� �e�x�p�e�d�i�t�i�o�n�.� 

�H�e� �f�o�u�n�d� �t�h�e� �m�e�n� �o�n� �t�h�e� �t�e�a�m� �r�e�s�p�o�n�d�e�d� �t�o� �m�o�n�o�t�o�m�y� �a�n�d� �b�o�r�e�d�o�m� �i�n



�4�5� 

�f�i�v�e� �w�a�y�s�:� �w�i�d�e�s�p�r�e�a�d� �d�a�y�d�r�e�a�m�i�n�g�,� �a� �d�e�s�i�r�e� �f�o�r� �c�h�a�n�g�e�,� �e�v�e�n� 

�d�e�s�t�r�u�c�t�i�v�e� �c�h�a�n�g�e� �(�e�.�g�.� �b�r�e�a�k�d�o�w�n� �o�f� �o�n�e� �o�f� �t�h�e� �t�r�u�c�k�s�)�,� 

�s�e�n�s�i�t�i�v�i�t�y� �t�o� �a�n�d� �b�e�i�n�g� �c�r�i�t�i�c�a�l� �o�f� �t�h�o�s�e� �o�n� �t�h�e� �o�u�t�s�i�d�e� �(�e�.�g�.� 

�t�h�e� �c�r�e�w� �o�f� �a� �s�u�p�p�l�y� �p�l�a�n�e�)�,� �e�r�r�o�n�e�o�u�s� �i�n�t�e�r�p�r�e�t�a�t�i�o�n� �o�f� �f�a�m�i�l�i�a�r� 

�s�o�u�n�d�s�,� �a�n�d� �a� �t�e�n�d�e�n�c�y� �t�o� �c�h�o�o�s�e� �t�h�o�s�e� �p�h�y�s�i�c�a�l�l�y� �r�e�m�o�t�e� �a�s� 

�c�o�m�p�a�n�i�o�n�s� �f�o�r� �a� �f�u�t�u�r�e� �t�r�i�p�.� �T�h�e� �s�a�m�e� �c�o�n�c�e�r�n�s� �r�e�g�a�r�d�i�n�g� 

�m�o�n�o�t�o�n�y� �a�n�d� �b�o�r�e�d�o�m� �s�h�o�u�l�d� �b�e� �c�o�n�s�i�d�e�r�e�d� �f�o�r� �t�h�e� �l�o�n�g�-�d�u�r�a�t�i�o�n� 

�a�s�t�r�o�n�a�u�t� �a�s� �w�e�l�l�.� �O�n�e� �w�a�y� �t�o� �c�o�m�b�a�t� �t�h�i�s� �p�r�o�b�l�e�m� �i�s� �t�o� �h�a�v�e� 

�s�o�m�e� �t�r�a�i�n�i�n�g� �o�c�c�u�r� �a�f�t�e�r� �t�h�e� �m�i�s�s�i�o�n� �i�s� �s�a�f�e�l�y� �u�n�d�e�r�w�a�y� �i�n� 

�i�n�t�e�r�p�l�a�n�e�t�a�r�y� �s�p�a�c�e� �f�o�r� �c�e�r�t�a�i�n� �(�f�u�t�u�r�e�)� �m�i�s�s�i�o�n� �e�v�e�n�t�s�.� 

�R�e�h�e�a�r�s�a�l� �o�f� �a�l�r�e�a�d�y�-�l�e�a�r�n�e�d� �c�r�i�t�i�c�a�l� �i�n�f�o�r�m�a�t�i�o�n� �w�i�l�!� �h�e�l�p� �t�o� 

�r�e�f�r�e�s�h� �t�h�e� �m�e�m�o�r�y� �o�f� �t�h�e� �s�p�a�c�e� �t�r�a�v�e�l�l�e�r�s� �d�u�r�i�n�g� �t�h�e� �l�o�n�g� �t�r�i�p� 

�t�o� �m�a�r�s�.� �T�h�i�s� �n�e�w� �l�e�a�r�n�i�n�g� �a�n�d� �r�e�t�r�a�i�n�i�n�g� �s�h�o�u�l�d� �h�e�l�p� �t�o� �r�e�d�u�c�e� 

�m�o�n�o�t�o�n�y� �a�n�d� �b�o�r�e�d�o�m�.� �M�i�s�s�i�o�n� �s�o�f�t�w�a�r�e� �s�h�o�u�l�d� �a�l�s�o� �b�e� �f�l�e�x�i�b�l�e� 

�e�n�o�u�g�h� �s�u�c�h� �t�h�a�t� �i�n�n�o�v�a�t�i�v�e� �c�h�a�n�g�e�s� �c�a�n� �b�e� �m�a�d�e� �b�y� �t�h�e� �a�s�t�r�o�n�a�u�t�s� 

�d�u�r�i�n�g� �t�h�e� �j�o�u�r�n�e�y� �a�s� �t�h�e� �s�i�t�u�a�t�i�o�n� �d�i�c�t�a�t�e�s�.� 

�A�l�l� �o�f� �t�h�e�s�e� �g�r�o�u�p� �s�t�u�d�i�e�s� �c�i�t�e�d� �s�h�o�w�e�d� �t�h�a�t� �t�h�e� �o�v�e�r�a�l�l� 

�g�r�o�u�p� �c�o�m�p�a�t�i�b�i�l�i�t�y� �a�n�d� �p�e�r�f�o�r�m�a�n�c�e� �t�y�p�i�c�a�l�l�y� �d�e�c�l�i�n�e�d� �d�u�r�i�n�g� 

�p�r�o�l�o�n�g�e�d� �i�s�o�l�a�t�i�o�n�.� �T�h�i�s� �p�h�e�n�o�m�e�n�o�n� �h�a�s� �a�l�s�o� �b�e�e�n� �r�e�p�e�a�t�e�d�l�y� 

�o�b�s�e�r�v�e�d� �f�o�r� �s�p�a�c�e� �m�i�s�s�i�o�n�s� �a�s� �w�e�l�l� �(�K�a�n�a�s�,� �1�9�8�8�)�.� �T�h�e� �s�y�s�t�e�m�s� 

�c�o�n�c�e�p�t�u�a�l� �f�r�a�m�e�w�o�r�k� �r�e�q�u�i�r�e�s� �t�h�a�t� �t�h�e�s�e� �t�r�e�n�d�s� �b�e� �t�a�k�e�n� �i�n� 

�a�c�c�o�u�n�t� �w�h�e�n� �d�e�f�i�n�i�n�g� �m�i�s�s�i�o�n� �p�a�r�a�m�e�t�e�r�s�.� �A�d�d�i�t�i�o�n�a�l�l�y�,� �a�n�y� 

�c�o�u�n�t�e�r�m�e�a�s�u�r�e�s� �t�o� �t�h�i�s� �p�r�o�b�l�e�m� �s�h�o�u�l�d� �b�e� �d�e�v�e�l�o�p�e�d� �a�n�d� �a�s�s�e�s�s�e�d� 

�a�s� �m�o�r�e� �e�x�p�e�r�i�e�n�c�e� �i�s� �o�b�t�a�i�n�e�d� �i�n� �l�o�n�g�-�d�u�r�a�t�i�o�n� �s�p�a�c�e�f�l�i�g�h�t�.� 

�M�o�s�t� �o�p�t�i�m�a�l�l�y�,� �t�h�e� �r�e�s�o�l�u�t�i�o�n� �o�f� �a� �p�r�o�b�l�e�m� �w�i�l�l� �i�n�v�o�l�v�e� �a�n� 

�i�n�s�i�g�h�t�f�u�l� �k�n�o�w�l�e�d�g�e� �o�f� �g�r�o�u�p� �d�y�n�a�m�i�c�s� �a�n�d� �a�n� �a�p�p�r�e�c�i�a�t�i�o�n� �o�f� �t�h�e� 

�c�o�n�t�e�x�t� �t�h�a�t� �t�h�e� �p�r�o�b�l�e�m� �a�r�o�s�e� �i�n�.



�4�6� 

�S�l�e�e�p� 

�O�n�e� �o�f� �t�h�e� �m�o�r�e� �i�n�t�e�r�e�s�t�i�n�g� �c�o�m�p�a�r�a�t�i�v�e� �a�s�p�e�c�t�s� �o�f� �s�p�a�c�e� 

�m�i�s�s�i�o�n�s� �a�n�d� �A�n�t�a�r�c�t�i�c� �e�x�p�l�o�r�a�t�i�o�n� �a�n�a�l�o�g�s� �i�s� �t�h�e� �s�t�u�d�y� �o�f� �s�l�e�e�p�.� 

�I�n� �t�h�e� �A�n�t�a�r�c�t�i�c�,� �s�l�e�e�p� �i�n�i�t�i�a�l�l�y� �h�a�s� �o�f�t�e�n� �b�e�e�n� �p�o�o�r� �f�o�r� �m�a�n�y� 

�e�x�p�l�o�r�e�r�s�,� �b�u�t� �g�r�a�d�u�a�l�l�y� �r�e�t�u�r�n�s� �t�o� �n�o�r�m�a�l� �o�v�e�r� �t�i�m�e� �(�s�e�e� �T�a�b�l�e� �6� 

�a�n�d� �K�a�n�a�s�,� �1�9�8�5�)�.� �N�a�t�a�n�i� �e�t� �a�l� �(�1�9�7�0�)� �s�t�u�d�i�e�d� �f�o�u�r� �m�e�n� �i�n� �t�h�e� 

�A�n�t�a�r�c�t�i�c� �a�n�d� �f�o�u�n�d� �t�h�a�t� �R�E�M� �a�n�d� �s�t�a�g�e� �3� �s�l�e�e�p� �d�e�c�r�e�a�s�e�d�,� �s�t�a�g�e� �4� 

�s�l�e�e�p� �d�i�s�a�p�p�e�a�r�e�d�,� �a�n�d� �t�h�e� �m�e�n� �s�u�f�f�e�r�e�d� �f�r�o�m� �a� �v�i�r�u�l�e�n�t� �f�o�r�m� �o�f� 

�i�n�s�o�m�n�i�a� �c�a�l�l�e�d� �t�h�e� �p�o�l�a�r�  ��B�i�g� �E�y�e�"� �a�t� �t�h�e� �b�e�g�i�n�n�i�n�g� �o�f� �t�h�e� 

�e�x�p�e�d�i�t�i�o�n�.� �F�a�t�i�g�u�e� �a�n�d� �f�i�t�f�u�l� �s�l�e�e�p� �h�a�s� �a�l�s�o� �b�e�e�n� �o�b�s�e�r�v�e�d� �i�n� 

�S�o�v�i�e�t� �h�y�p�o�d�y�n�a�m�i�a� �s�t�u�d�i�e�s� �(�S�o�r�o�k�i�n�,� �S�i�m�o�n�e�n�k�o�,� �a�n�d� �K�a�r�e�l�e�n�,� 

�1�9�7�0�)� �a�n�d� �i�n� �t�h�e� �S�A�M� �t�w�o�-�m�a�n� �s�p�a�c�e� �c�a�b�i�n� �s�i�m�u�l�a�t�o�r� �(�C�r�a�m�e�r� �a�n�d� 

�F�l�i�n�n�,� �1�9�6�3�)�.� �S�l�e�e�p� �p�r�o�b�l�e�m�s� �h�a�v�e� �a�l�s�o� �b�e�e�n� �r�e�p�o�r�t�e�d� �i�n� �s�p�a�c�e�,� 

�i�n�c�l�u�d�i�n�g� �s�u�c�h� �c�o�m�p�o�n�e�n�t�s� �a�s� �p�o�o�r� �q�u�a�l�i�t�y� �o�f� �s�l�e�e�p�,� �i�n�s�o�m�n�i�a�,� 

�f�a�t�i�g�u�e�,� �a�n�d� �a�l�t�e�r�a�t�i�o�n�s� �i�n� �s�l�e�e�p� �c�y�c�l�e�s�.� �B�e�r�r�y� �e�t� �a�l� �(�1�9�6�6�)� 

�n�o�t�e�d� �s�l�e�e�p�-�l�o�s�s� �i�n�d�u�c�e�d� �f�a�t�i�g�u�e� �i�n� �t�h�e� �G�e�m�i�n�i� �P�r�o�g�r�a�m� �b�y� �c�r�e�w� 

�m�e�m�b�e�r�s� �s�o� �N�A�S�A� �a�d�j�u�s�t�e�d� �s�l�e�e�p�/�w�o�r�k� �c�y�c�l�e�s� �a�n�d� �a�t�t�e�m�p�t�e�d� �t�o� �l�o�w�e�r� 

�c�a�b�i�n� �l�i�g�h�t�i�n�g� �a�n�d� �n�o�i�s�e� �l�e�v�e�l�s�.� �D�e�s�p�i�t�e� �t�h�e�s�e� �e�f�f�o�r�t�s�,� �s�l�e�e�p� 

�d�i�f�f�i�c�u�l�t�i�e�s� �c�o�n�t�i�n�u�e�d� �t�o� �o�c�c�u�r� �o�n� �t�h�e� �l�o�n�g�e�r� �S�k�y�l�a�b� �a�n�d� �S�a�l�y�u�t� 

�m�i�s�s�i�o�n�s� �(�B�l�u�t�h� �a�n�d� �H�e�l�p�p�i�e�,� �1�9�8�6�;� �C�o�o�p�e�r�,� �1�9�7�6�;� �C�o�n�n�e�r�s� �e�t� �a�l�,� 

�1�9�8�5�;� �P�o�g�u�e�,� �1�9�8�5�)�.� �S�l�e�e�p� �h�a�s� �a�l�s�o� �b�e�e�n� �a�n�a�l�y�z�e�d� �o�n� �S�p�a�c�e� 

�S�h�u�t�t�l�e� �m�i�s�s�i�o�n�s� �(�S�a�n�t�y�,� �K�o�p�a�n�k�a�,� �D�a�v�i�s�,� �a�n�d� �S�t�e�w�a�r�t�,� �1�9�8�8�)�.� 

�U�s�i�n�g� �a� �s�t�a�n�d�a�r�d� �b�r�i�e�f�i�n�g� �f�o�r�m�,� �5�8� �c�r�e�w�m�e�m�b�e�r�s� �o�f� �t�h�e� �S�p�a�c�e� 

�S�h�u�t�t�l�e� �w�e�r�e� �a�s�k�e�d� �a�b�o�u�t� �s�l�e�e�p� �q�u�a�l�i�t�y� �a�n�d� �q�u�a�n�t�i�t�y�,� �f�a�t�i�g�u�e�,� �a�n�d� 

�s�l�e�e�p� �m�e�d�i�c�a�t�i�o�n� �u�s�a�g�e�.� �A�t� �l�e�a�s�t� �5�0�%� �o�f� �t�h�e� �d�u�a�l�-�s�h�i�f�t� 

�c�r�e�w�m�e�m�b�e�r�s� �u�s�e�d� �s�l�e�e�p� �m�e�d�i�c�a�t�i�o�n�s� �a�t� �l�e�a�s�t� �o�n�c�e� �i�n� �f�l�i�g�h�t�.� �M�a�n�y� 

�c�r�e�w�m�e�m�b�e�r�s� �r�e�p�o�r�t�e�d� �h�a�v�i�n�g� �f�e�w�e�r� �t�h�a�n� �5� �h� �s�l�e�e�p� �o�n� �s�o�m�e� �n�i�g�h�t�s
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�w�i�t�h� �s�e�v�e�r�a�l� �h�a�v�i�n�g� �2� �h� �o�r� �l�e�s�s�.� �F�a�t�i�g�u�e� �w�a�s� �t�h�o�u�g�h�t� �b�y� 

�c�r�e�w�m�e�m�b�e�r�s� �a�n�d� �f�l�i�g�h�t� �s�u�r�g�e�o�n�s� �t�o� �b�e� �a� �s�u�b�s�t�a�n�t�i�a�l� �d�e�g�r�a�d�a�t�i�v�e� 

�f�a�c�t�o�r� �a�t� �c�e�r�t�a�i�n� �t�i�m�e�s� �d�u�r�i�n�g� �v�a�r�i�o�u�s� �m�i�s�s�i�o�n�s�.� 

�F�r�o�m� �a� �s�y�s�t�e�m�s� �p�e�r�s�p�e�c�t�i�v�e�,� �s�l�e�e�p� �l�o�s�s� �i�s� �c�l�e�a�r�l�y� �a� �s�e�r�i�o�u�s� 

�p�r�o�b�l�e�m� �t�o� �o�v�e�r�c�o�m�e� �i�n� �a� �s�p�a�c�e�c�r�a�f�t� �d�u�e� �t�o� �i�n�c�r�e�a�s�e�d� �c�r�e�w� 

�f�a�t�i�g�u�e�,� �i�r�r�i�t�a�b�i�l�i�t�y�,� �a�n�d� �p�e�r�f�o�r�m�a�n�c�e� �d�e�c�r�e�m�e�n�t�s�.� �W�h�i�l�e� �s�l�e�e�p� 

�p�a�t�t�e�r�n�s� �d�o� �s�e�e�m� �t�o� �e�v�e�n�t�u�a�l�l�y� �r�e�t�u�r�n� �t�o� �n�o�r�m�a�l� �i�n� �t�h�e� �A�n�t�a�r�c�t�i�c� 

�f�o�r� �m�o�s�t� �p�e�o�p�l�e�,� �t�h�e� �c�o�n�d�i�t�i�o�n�s� �i�n�v�o�l�v�e�d� �i�n� �s�p�a�c�e�f�l�i�g�h�t� �a�r�e� 

�s�u�f�f�i�c�i�e�n�t�l�y� �d�i�f�f�e�r�e�n�t� �s�u�c�h� �t�h�a�t� �a� �c�o�m�p�l�e�t�e� �n�o�r�m�a�l�i�z�a�t�i�o�n� �o�f� 

�s�l�e�e�p� �p�a�t�t�e�r�n�s� �h�a�s� �n�o�t� �b�e�e�n� �o�b�s�e�r�v�e�d�.� �M�o�r�e� �r�e�c�e�n�t� �r�e�s�e�a�r�c�h� �i�n� 

�t�h�e� �A�n�t�a�r�c�t�i�c� �o�n� �s�l�e�e�p� �h�a�s� �r�e�v�e�a�l�e�d� �t�h�a�t� �a� �p�h�a�s�e� �d�e�l�a�y� �i�n� �t�h�e� 

�c�i�r�c�a�d�i�a�n� �s�y�s�t�e�m� �w�i�t�h� �r�e�s�p�e�c�t� �t�o� �s�l�e�e�p� �a�n�d� �c�l�o�c�k� �t�i�m�e� �i�s� �t�h�o�u�g�h�t� 

�t�o� �b�e� �d�u�e� �t�o� �d�i�f�f�e�r�e�n�c�e�s� �i�n� �i�n�d�i�v�i�d�u�a�l� �z�e�i�t�g�e�b�e�r� �s�t�r�e�n�g�t�h�s� �f�o�u�n�d� 

�i�n� �t�h�e� �e�n�v�i�r�o�n�m�e�n�t� �(�G�a�n�d�e�r�,� �M�a�c�d�o�n�a�l�d�,� �M�o�n�t�g�o�m�e�r�y�,� �a�n�d� �P�a�u�l�i�n�,� 

�1�9�9�1�)�.� �T�h�e� �n�a�t�u�r�e� �o�f� �t�h�e�s�e� �z�e�i�t�g�e�b�e�r�s� �a�n�d� �t�h�e�i�r� �r�e�l�e�v�a�n�c�e� �t�o� �a� 

�l�o�n�g�-�d�u�r�a�t�i�o�n� �s�p�a�c�e� �j�o�u�r�n�e�y� �a�r�e� �c�u�r�r�e�n�t�l�y� �b�e�i�n�g� �i�n�v�e�s�t�i�g�a�t�e�d�.� 

�T�h�i�s� �p�h�a�s�e� �d�e�l�a�y� �r�e�s�u�l�t�s� �i�n� �m�o�r�e� �d�i�f�f�i�c�u�l�t�y� �a�d�a�p�t�i�n�g� �t�o� �t�h�e� �n�e�w� 

�s�l�e�e�p� �e�n�v�i�r�o�n�m�e�n�t�,� �l�e�a�d�i�n�g� �t�o� �a� �(�s�e�l�f�-�r�e�p�o�r�t�e�d�)� �l�o�s�s� �i�n� �t�h�e� 

�q�u�a�l�i�t�y� �o�f� �s�l�e�e�p� �a�n�d� �m�o�r�e� �d�i�f�f�i�c�u�l�t�y� �a�w�a�k�e�n�i�n�g�.� 

�A�s� �a� �p�a�r�t� �o�f� �t�h�e�i�r� �e�x�t�e�n�s�i�v�e� �a�n�a�l�y�s�i�s� �o�f� �w�o�r�k�/�r�e�s�t� �c�y�c�l�e�s� 

�r�e�s�u�l�t�i�n�g� �f�r�o�m� �t�h�e� �s�p�a�c�e� �p�r�o�g�r�a�m�'�s� �b�r�e�a�d�t�h� �o�f� �e�x�p�e�r�i�e�n�c�e� �a�n�d� �t�h�e� 

�e�m�p�i�r�i�c�a�l� �r�e�s�e�a�r�c�h� �o�n� �s�l�e�e�p�,� �r�e�l�a�x�a�t�i�o�n�,� �a�n�d� �w�o�r�k�;� �C�o�n�n�e�r�s�,� 

�H�a�r�r�i�s�o�n�,� �a�n�d� �A�k�i�n�s� �(�1�9�8�5�)� �s�t�a�t�e�d� �t�h�a�t�:� 

�C�o�i�n�c�i�d�e�n�t� �w�i�t�h� �t�h�e� �s�t�u�d�y� �o�f� �w�o�r�k� �s�c�h�e�d�u�l�e�s� �a�n�d� 
�d�e�s�y�n�c�h�r�o�n�o�s�i�s�,� �t�h�e� �i�m�p�o�r�t�a�n�c�e� �o�f� �s�l�e�e�p� �m�u�s�t� �b�e� �c�o�n�s�i�d�e�r�e�d�.� 
�C�h�a�n�g�e�s� �i�n� �e�i�t�h�e�r� �t�h�e� �q�u�a�l�i�t�y� �o�r� �d�u�r�a�t�i�o�n� �o�f� �s�l�e�e�p� �c�a�n� �h�a�v�e� 
�a� �p�r�o�f�o�u�n�d� �i�m�p�a�c�t� �o�n� �p�e�r�f�o�r�m�a�n�c�e�.� �Q�u�e�s�t�i�o�n�s� �r�e�m�a�i�n� �a�s� �t�o� 
�h�o�w� �s�l�e�e�p� �m�a�y� �b�e� �a�f�f�e�c�t�e�d� �b�y� �l�o�n�g�-�t�e�r�m� �c�o�n�f�i�n�e�m�e�n�t� �a�n�d� 
�i�s�o�l�a�t�i�o�n�,� �b�y� �t�h�e� �r�e�s�t�r�i�c�t�i�o�n�s� �o�f� �t�h�e� �s�p�a�c�e� �v�e�h�i�c�l�e�,� �a�n�d� �b�y� 
�t�h�e� �l�a�c�k� �o�f� �g�r�a�v�i�t�y�.
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�T�o� �s�u�m�m�a�r�i�z�e�,� �i�t� �i�s� �c�l�e�a�r� �t�h�a�t� �i�s�o�l�a�t�e�d� �A�n�t�a�r�c�t�i�c� �p�a�r�t�i�e�s� 

�h�a�v�e� �s�e�v�e�r�a�l� �c�o�m�m�o�n� �a�s�p�e�c�t�s� �t�o� �g�r�o�u�p�s� �p�a�r�t�i�c�i�p�a�t�i�n�g� �i�n� 

�s�p�a�c�e�f�l�i�g�h�t� �w�h�e�r�e� �s�l�e�e�p� �r�e�s�e�a�r�c�h� �a�n�d� �f�a�t�i�g�u�e� �i�s�s�u�e�s� �a�r�e� 

�c�o�n�c�e�r�n�e�d�.� �Z�e�i�t�g�e�b�e�r� �s�t�r�e�n�g�t�h� �m�a�y� �p�l�a�y� �a� �r�o�l�e� �i�n� �t�h�i�s� �p�r�o�c�e�s�s� �a�s� 

�r�e�l�a�t�e�d� �t�o� �p�h�a�s�e�-�d�e�l�a�y�e�d� �c�y�c�l�e�s� �i�n� �t�h�e� �c�i�r�c�a�d�i�a�n� �r�h�y�t�h�m�s�.� �C�a�r�e� 

�m�u�s�t� �b�e� �t�a�k�e�n�,� �h�o�w�e�v�e�r�,� �n�o�t� �t�o� �c�a�r�e�l�e�s�s�l�y� �e�x�t�r�a�p�o�l�a�t�e� �t�h�e� 

�A�n�t�a�r�c�t�i�c� �d�a�t�a� �t�o� �t�h�e� �s�p�a�c�e� �e�n�v�i�r�o�n�m�e�n�t� �s�i�n�c�e� �t�h�e�r�e� �a�r�e� �i�m�p�o�r�t�a�n�t� 

�d�i�f�f�e�r�e�n�c�e�s� �b�e�t�w�e�e�n� �t�h�e� �t�w�o� �s�y�s�t�e�m�s� �a�n�d� �i�n� �t�h�e� �i�n�t�e�r�a�c�t�i�o�n�s� �a�m�o�n�g� 

�t�h�e� �p�a�r�t�i�c�i�p�a�n�t�s�.� 

�S�u�b�m�a�r�i�n�e� �D�a�t�a� 

�W�e�y�b�r�e�w� �(�1�9�5�7�)�,� �i�n� �o�n�e� �o�f� �t�h�e� �f�i�r�s�t� �n�u�c�l�e�a�r�-�p�o�w�e�r�e�d� �N�a�u�t�i�l�u�s� 

�m�i�s�s�i�o�n�s�,� �r�e�p�o�r�t�e�d� �t�h�a�t� �m�e�n� �s�h�o�w�e�d� �g�o�o�d� �a�d�a�p�t�i�o�n� �f�r�o�m� �t�h�e� �s�i�x�t�h� 

�t�o� �e�i�g�h�t�h� �d�a�y�,� �b�u�t� �t�h�a�t� �a�f�t�e�r� �t�h�i�s� �t�i�m�e� �i�n�s�o�m�n�i�a�,� �m�u�s�c�l�e� �t�e�n�s�i�o�n�,� 

�h�e�a�d�a�c�h�e�s�,� �a�n�d� �l�o�w�e�r� �m�o�t�i�v�a�t�i�o�n� �c�r�e�p�t� �i�n�.� �D�u�r�i�n�g� �t�h�e� �h�i�s�t�o�r�i�c� 

�t�r�a�n�s�p�o�l�a�r� �c�r�u�i�s�e� �i�n� �1�9�5�8�,� �t�h�e� �N�a�u�t�i�l�u�s� �w�a�s� �s�u�b�m�e�r�g�e�d� �f�o�r� �o�n�e� 

�m�o�n�t�h�.� �K�i�n�s�e�y� �(�1�9�5�9�)�,� �v�i�v�i�d�l�y� �d�e�s�c�r�i�b�e�s� �t�h�e� �r�e�a�s�o�n�a�b�l�y� �g�o�o�d� 

�c�o�n�d�i�t�i�o�n�s� �a�b�o�a�r�d� �t�h�e� �c�r�a�f�t� �a�n�d� �t�h�a�t� �t�h�e� �m�o�r�a�l�e� �w�a�s� �k�e�p�t� 

�e�x�t�r�e�m�e�l�y� �h�i�g�h� �w�i�t�h� �f�e�w� �d�i�f�f�i�c�u�l�t�i�e�s� �e�x�p�e�r�i�e�n�c�e�d�.� �T�h�e� �e�m�e�r�g�e�n�c�e� 

�o�f� �s�e�l�f�-�a�p�p�o�i�n�t�e�d� �j�o�k�e�r�s�,� �p�h�y�s�i�c�a�l� �h�o�r�s�e�p�l�a�y�,� �a�n�d� �a�  ��s�c�a�n�d�a�l� 

�s�h�e�e�t�"� �t�h�a�t� �p�r�o�v�i�d�e�d� �f�o�r� �t�e�n�s�i�o�n� �r�e�l�e�a�s�e� �w�a�s� �n�o�t�e�d�.� �I�t� �i�s� 

�t�h�o�u�g�h�t� �t�h�a�t� �t�h�e� �h�i�s�t�o�r�i�c� �n�a�t�u�r�e� �o�f� �t�h�e� �c�r�u�i�s�e� �a�l�s�o� �s�e�r�v�e�d� �t�o� 

�k�e�e�p� �c�r�e�w� �m�o�r�a�l�e� �h�i�g�h�.� �T�h�e� �h�i�s�t�o�r�i�c� �n�a�t�u�r�e� �o�f� �a� �t�r�i�p� �t�o� �m�a�r�s� �i�s� 

�l�i�k�e�l�y� �t�o� �a�i�d� �i�n� �k�e�e�p�i�n�g� �m�o�r�a�l�e� �h�i�g�h� �a�s� �w�e�l�l�;� �h�o�w�e�v�e�r�,� �s�u�c�h� �a� 

�m�o�t�i�v�a�t�o�r� �d�i�d� �n�o�t� �k�e�e�p� �v�a�r�i�o�u�s� �h�i�s�t�o�r�i�c� �p�o�l�a�r� �p�a�r�t�i�e�s� �f�r�o�m� �h�a�v�i�n�g� 

�g�r�o�u�p� �d�y�n�a�m�i�c�s� �p�r�o�b�l�e�m�s�.� �A�g�a�i�n�,� �i�t� �s�e�e�m�s� �t�h�a�t� �t�h�e� �c�o�n�t�e�x�t� �o�f� �t�h�e� 

�e�v�e�n�t�s� �i�n� �q�u�e�s�t�i�o�n� �o�f�t�e�n�  ��d�r�i�v�e�s �� �t�h�e� �n�a�t�u�r�e� �o�f� �t�h�e� �g�r�o�u�p�'�s



�4�9� 

�a�d�a�p�t�i�v�e� �r�e�s�p�o�n�s�e�(�s�)�.� 

�D�u�r�i�n�g� �t�h�e� �8�3�-�d�a�y� �T�r�i�t�o�n� �c�r�u�i�s�e� �i�n� �1�9�6�0�,� �f�o�r�t�y� �m�e�n� �f�i�l�l�e�d� 

�o�u�t� �a� �d�a�i�l�y� �q�u�e�s�t�i�o�n�n�a�i�r�e� �c�o�m�p�o�s�e�d� �o�f� �f�i�f�t�y� �b�e�h�a�v�i�o�r� �s�t�a�t�e�m�e�n�t�s� 

�s�u�c�h� �a�s�  ��h�a�p�p�y�"!"�,�  ��t�e�n�s�e�"�,� �"�c�a�n�'�t� �c�o�n�c�e�n�t�r�a�t�e ��,� �e�t�c�.�,� �w�h�i�c�h� �t�h�e�y� 

�s�c�o�r�e�d� �f�r�o�m� �0� �( ��n�o�t� �a�t� �a�l�l� �l�i�k�e� �m�e�"�)� �t�o� �9� �( ��e�x�a�c�t�l�y� �l�i�k�e� �m�e�"�)�.� 

�T�h�e�s�e� �f�a�c�t�o�r�s� �w�e�r�e� �c�o�v�a�r�i�e�d� �w�i�t�h� �s�i�x� �a�t�m�o�s�p�h�e�r�i�c� �v�a�r�i�a�b�l�e�s� 

�(�o�x�y�g�e�n� �l�e�v�e�l�,� �c�a�r�b�o�n� �d�i�o�x�i�d�e� �l�e�v�e�l�,� �f�r�e�o�n�,� �e�t�c�.�)�.� �S�o�m�e� 

�i�n�t�e�r�e�s�t�i�n�g� �r�e�s�u�l�t�s� �w�e�r�e� �o�b�t�a�i�n�e�d� �b�y� �a�n�a�l�y�z�i�n�g� �t�h�e� �q�u�e�s�t�i�o�n�n�a�i�r�e�s� 

�(�W�e�y�b�r�e�w�,� �1�9�6�1�;� �1�9�6�3�)�.� �A�f�t�e�r� �t�e�n� �d�a�y�s�,� �p�e�r�s�o�n�a�l� �m�o�t�i�v�a�t�i�o�n� �a�n�d� 

�g�r�o�u�p� �m�o�r�a�l�e� �d�e�c�l�i�n�e�d� �s�t�e�a�d�i�l�y�,� �a�n�d� �h�o�m�e�s�i�c�k�n�e�s�s� �i�n�c�r�e�a�s�e�d�.� 

�T�e�n�s�i�o�n�,� �i�r�r�i�t�a�b�i�l�i�t�y�,� �a�n�d� �s�l�e�e�p�i�n�g� �d�i�f�f�i�c�u�l�t�i�e�s� �i�n�c�r�e�a�s�e�d� �a�s� �t�h�e� 

�m�i�s�s�i�o�n� �p�r�o�g�r�e�s�s�e�d�,� �b�u�t� �n�e�v�e�r� �b�e�c�a�m�e� �a� �s�e�r�i�o�u�s� �p�r�o�b�l�e�m�.� �T�h�e� �8�3�-� 

�d�a�y� �T�r�i�t�o�n� �c�r�u�i�s�e� �w�a�s� �s�i�m�i�l�a�r� �t�o� �t�h�e� �l�a�t�e�r� �6�0�-�d�a�y� �c�r�u�i�s�e� �o�f� �t�h�e� 

�S�e�a�w�o�l�f� �w�h�e�r�e� �n�o� �f�o�r�m�a�l� �t�e�s�t�i�n�g� �w�a�s� �c�o�m�p�l�e�t�e�d�,� �b�u�t� �t�h�e� �c�o�n�d�i�t�i�o�n�s� 

�w�e�r�e� �s�i�m�i�l�a�r�.� �T�h�e� �m�e�n� �w�e�r�e� �k�e�p�t� �b�u�s�y� �a�n�d� �n�o�n�e� �o�f� �t�h�e� �m�e�n� �s�h�o�w�e�d� 

�e�v�i�d�e�n�c�e� �o�f� �p�s�y�c�h�o�l�o�g�i�c�a�l� �o�r� �p�s�y�c�h�i�a�t�r�i�c� �i�l�l�n�e�s�s�e�s�.� �A�s� �r�e�p�o�r�t�e�d� 

�i�n� �m�a�n�y� �o�t�h�e�r� �i�s�o�l�a�t�i�o�n� �s�t�u�d�i�e�s�,� �t�i�m�e� �p�e�r�c�e�p�t�i�o�n� �g�r�a�d�u�a�l�l�y� �b�e�c�a�m�e� 

�l�e�s�s� �a�c�c�u�r�a�t�e�.� �S�o�m�e�w�h�a�t� �s�i�m�i�l�a�r� �p�a�t�t�e�r�n�s� �h�a�v�e� �b�e�e�n� �s�e�e�n� �f�o�r� 

�l�o�n�g�-�t�e�r�m� �U�.�S�.� �a�n�d� �S�o�v�i�e�t� �s�p�a�c�e� �d�w�e�l�l�e�r�s�.� �O�n�e� �c�o�s�m�o�n�a�u�t� �r�e�m�a�r�k�e�d� 

�t�h�a�t� �" ��l�o�a�d�{�L�i�n�g�]� �y�o�u�r�s�e�l�f� �u�p� �w�i�t�h� �w�o�r�k�"� �w�a�s� �a� �g�o�o�d� �w�a�y� �t�o� �m�a�k�e� �t�h�e� 

�t�i�m�e� �p�a�s�s� �q�u�i�c�k�l�y� �a�n�d� �t�o� �r�e�d�u�c�e� �t�h�e� �o�v�e�r�a�l�l� �l�e�v�e�l� �o�f� �s�t�r�e�s�s� 

�(�B�l�u�t�h�,� �1�9�8�4�)�.� 

�A� �v�a�r�i�a�t�i�o�n� �o�f� �t�h�e� �t�i�m�e� �c�o�m�p�r�e�s�s�i�o�n� �p�h�e�n�o�m�e�n�o�n� �p�r�o�b�l�e�m� �h�a�s� 

�a�l�s�o� �b�e�e�n� �o�b�s�e�r�v�e�d� �i�n� �b�o�t�h� �t�h�e� �U�.�S�.� �a�n�d� �S�o�v�i�e�t� �s�p�a�c�e� �p�r�o�g�r�a�m�s� 

�(�B�e�l�e�w�,� �1�9�7�7�;� �C�h�a�i�k�i�n�,� �1�9�8�5�)�.� �T�h�e� �m�a�j�o�r� �c�o�m�p�l�a�i�n�t� �b�y� �t�h�e� 

�a�s�t�r�o�n�a�u�t�s� �a�n�d� �c�o�s�m�o�n�a�u�t�s� �w�a�s� �t�h�a�t� �g�r�o�u�n�d� �c�o�n�t�r�o�l� �w�a�s� �n�o�t� �g�i�v�i�n�g� 

�t�h�e�m� �e�n�o�u�g�h� �t�i�m�e� �t�o� �c�o�m�p�l�e�t�e� �t�h�e� �t�a�s�k�s�,� �w�h�i�l�e� �t�h�e� �g�r�o�u�n�d



�3�0� 

�c�o�n�t�r�o�l�l�e�r�s� �f�e�l�t� �t�h�a�t� �t�h�e� �a�s�t�r�o�n�a�u�t�s� �w�e�r�e� �n�o�t� �w�o�r�k�i�n�g� �u�p� �t�o� �t�h�e�i�r� 

�c�a�p�a�b�i�l�i�t�y�.� �T�h�i�s� �r�e�s�u�l�t�e�d� �i�n� �t�h�e� �a�s�t�r�o�n�a�u�t�s� �p�u�s�h�i�n�g� �t�h�e�m�s�e�l�v�e�s� 

�h�a�r�d�e�r�,� �m�a�k�i�n�g� �m�o�r�e� �e�r�r�o�r�s� �a�n�d� �g�r�o�u�n�d� �c�o�n�t�r�o�l� �g�e�t�t�i�n�g� �m�o�r�e� 

�f�r�u�s�t�r�a�t�e�d�,� �e�t�c�.� �T�h�e� �c�y�c�l�e� �s�t�o�p�p�e�d� �w�h�e�n� �t�h�e� �S�k�y�l�a�b� �c�o�m�m�a�n�d�e�r� 

�G�e�r�a�l�d� �C�a�r�r�,�  ��b�l�e�w� �o�f�f�"� �t�h�e� �g�r�o�u�n�d� �c�o�n�t�r�o�l�l�e�r�s� �a�n�d� �g�a�v�e� �h�i�s� �t�e�a�m� 

�a� �d�a�y� �o�f�f� �t�o� �e�n�j�o�y� �t�h�e� �s�t�a�t�i�o�n� �a�s� �n�e�g�o�t�i�a�t�i�o�n�s� �w�i�t�h� �g�r�o�u�n�d� 

�c�o�n�t�r�o�l� �w�e�n�t� �o�n� �t�o� �r�e�d�u�c�e� �t�h�e� �d�a�i�l�y� �w�o�r�k�l�o�a�d�s� �(�C�o�o�p�e�r�,� �1�9�7�6�)�.� 

�C�o�m�m�a�n�d�e�r� �C�a�r�r� �l�a�t�e�r� �r�e�f�e�r�r�e�d� �t�o� �t�h�i�s� �a�s� �t�h�e� �f�i�r�s�t�  ��s�e�n�s�i�t�i�v�i�t�y �� 

�s�e�s�s�i�o�n� �i�n� �s�p�a�c�e�.� �T�h�e� �r�e�s�u�l�t� �w�a�s� �t�h�a�t� �t�h�e� �a�s�t�r�o�n�a�u�t�s� �w�e�r�e� 

�a�l�l�o�w�e�d� �m�o�r�e� �l�a�t�i�t�u�d�e� �i�n� �c�h�o�o�s�i�n�g� �w�h�e�n� �a�n�d� �h�o�w� �t�o� �d�o� �t�h�e�i�r� 

�a�s�s�i�g�n�e�d� �t�a�s�k�s�.� 

�I�n� �o�n�e� �s�t�u�d�y� �i�n�v�o�l�v�i�n�g� �s�e�l�e�c�t�e�d� �t�a�s�k�s� �o�n� �t�h�e� �t�h�r�e�e� �S�k�y�l�a�b� 

�m�i�s�s�i�o�n�s�,� �o�v�e�r� �5�0�%� �o�f� �t�h�e� �t�a�s�k�s� �a�s�s�i�g�n�e�d� �r�e�q�u�i�r�e�d� �m�o�r�e� �t�i�m�e� �t�o� 

�c�o�m�p�l�e�t�e� �i�n� �s�p�a�c�e� �t�h�a�n� �o�n� �E�a�r�t�h� �(�C�o�n�n�e�r�s� �e�t� �a�l�.�,� �1�9�8�5�)�.� �P�a�r�t� �o�f� 

�t�h�i�s� �a�p�p�a�r�e�n�t� �o�p�e�r�a�t�o�r� �o�v�e�r�l�o�a�d� �h�a�s� �b�e�e�n� �e�x�p�l�a�i�n�e�d� �b�y� �t�i�m�e� 

�c�o�m�p�r�e�s�s�i�o�n�.� �A�c�c�o�r�d�i�n�g� �t�o� �o�n�e� �a�d� �h�o�c� �w�o�r�k�i�n�g� �g�r�o�u�p�,� �t�i�m�e� 

�c�o�m�p�r�e�s�s�i�o�n� �p�r�o�b�a�b�l�y� �c�o�n�t�a�i�n�s� �e�l�e�m�e�n�t�s� �o�f� �e�x�c�e�s�s�i�v�e� �m�e�n�t�a�l� 

�w�o�r�k�l�o�a�d�,� �i�n�f�o�r�m�a�t�i�o�n� �o�v�e�r�l�o�a�d�,� �a�n�d� �c�o�g�n�i�t�i�v�e� �p�r�o�c�e�s�s�i�n�g� 

�i�n�v�o�l�v�i�n�g� �i�n�t�e�r�f�e�r�e�n�c�e�s�,� �j�u�d�g�e�m�e�n�t�,� �a�n�d� �d�e�c�i�s�i�o�n�-�m�a�k�i�n�g�,� �f�o�r� 

�w�h�i�c�h� �d�a�t�a� �b�a�s�e�s� �a�r�e� �i�n�s�u�f�f�i�c�i�e�n�t� �(�C�h�r�i�s�t�e�n�s�e�n� �a�n�d� �T�a�l�b�o�t�,� �1�9�8�5�)�.� 

�E�b�e�r�s�o�l�e� �(�1�9�6�0�)� �r�e�p�o�r�t�e�d� �a�n� �i�n�t�e�r�e�s�t�i�n�g� �f�o�r�m� �o�f� �t�e�n�s�i�o�n� 

�r�e�l�i�e�f� �k�n�o�w�n� �a�s�  ��p�i�n�g�i�n�g�. �� �I�n� �t�h�i�s� �g�a�m�e�,� �o�n�e� �s�a�i�l�o�r� �(�t�h�e� �p�i�n�g�o�r�)� 

�t�e�a�s�e�s� �t�h�e� �" ��p�i�n�g�e�e�" �� �a�b�o�u�t� �a� �t�e�n�d�e�r� �s�u�b�j�e�c�t�.� �i�f�f� �t�h�e� �"�p�i�n�g�o�r�"� �c�a�n� 

�i�n�c�i�t�e� �a�n� �a�n�g�r�y� �r�e�s�p�o�n�s�e� �f�r�o�m� �t�h�e� �" ��p�i�n�g�e�e ��,� �h�e� �w�o�n� �t�h�e� �g�a�m�e�.� 

�E�b�e�r�s�o�l�e� �a�l�s�o� �d�e�s�c�r�i�b�e�s�  ��C�h�a�n�n�e�l� �F�e�v�e�r�"�,� �a� �m�i�l�d� �i�n�s�o�m�n�i�a� �a�n�d� �l�o�s�s� 

�o�f� �a�p�p�e�t�i�t�e� �t�h�a�t� �o�c�c�u�r�r�e�d� �a�t� �t�h�e� �e�n�d� �o�f� �a� �p�a�t�r�o�l� �a�s� �l�a�n�d�f�a�l�l� �w�a�s� 

�a�n�t�i�c�i�p�a�t�e�d�.� �E�b�e�r�s�o�l�e� �(�1�9�6�0�)� �s�t�a�t�e�s�:



�5�1� 

�T�h�e� �g�e�n�e�r�a�l� �o�p�i�n�i�o�n� �o�f� �t�h�e� �d�i�v�i�s�i�o�n� �o�f�f�i�c�e�r�s� �a�t� �t�h�e� 
�c�o�n�c�l�u�s�i�o�n� �o�f� �t�h�e� �p�a�t�r�o�l� �w�a�s� �t�h�a�t� �t�h�e�r�e� �h�a�s� �b�e�e�n� �a� �s�l�i�g�h�t� 
�n�e�g�a�t�i�v�e� �d�e�c�r�e�m�e�n�t� �i�n� �o�v�e�r�a�l�l� �a�l�e�r�t�n�e�s�s� �a�n�d� �r�e�a�c�t�i�o�n� �t�i�m�e�,� 
�b�u�t� �t�h�a�t� �t�h�i�s� �w�o�u�l�d� �b�e� �i�n�s�i�g�n�i�f�i�c�a�n�t� �i�n� �r�e�l�a�t�i�o�n� �t�o� �c�o�m�b�a�t� 
�p�e�r�f�o�r�m�a�n�c�e�.� 

�T�h�e� �i�m�p�l�i�c�a�t�i�o�n�s� �f�o�r� �p�e�r�f�o�r�m�a�n�c�e� �d�e�c�r�e�m�e�n�t�s� �i�n� �s�p�a�c�e� �h�a�v�e� 

�b�r�i�e�f�l�y� �b�e�e�n� �t�o�u�c�h�e�d� �u�p�o�n� �e�a�r�l�i�e�r� �a�n�d� �s�p�a�n� �t�h�e� �e�n�t�i�r�e� �h�u�m�a�n� 

�r�e�s�p�o�n�s�e� �r�e�p�e�r�t�o�i�r�e� �t�o� �a� �v�a�r�i�e�t�y� �o�f� �s�i�t�u�a�t�i�o�n�s�.� �O�n�e� �e�x�a�m�p�l�e� �o�f� 

�t�h�i�s� �i�s� �t�h�a�t� �i�n� �s�p�a�c�e� �e�v�e�n� �a� �"�s�m�a�l�l�"� �c�h�e�c�k�l�i�s�t� �o�m�i�s�s�i�o�n� �c�o�u�l�d� 

�p�r�o�v�e� �d�i�s�a�s�t�e�r�o�u�s�.� �Y�u�r�i� �R�o�m�a�n�e�n�k�o� �w�a�s� �a�p�p�a�r�e�n�t�l�y� �s�o� �e�x�c�i�t�e�d� 

�d�u�r�i�n�g� �h�i�s� �1�9�7�9� �f�l�i�g�h�t� �t�h�a�t� �h�e� �c�o�u�l�d� �n�o�t� �w�a�i�t� �f�o�r� �t�h�e� �p�l�a�n�n�e�d� 

�E�V�A�,� �s�o� �h�e� �b�e�g�a�n� �t�o� �c�o�n�d�u�c�t� �a�n� �u�n�a�u�t�h�o�r�i�z�e�d� �s�p�a�c�e�w�a�l�k�.� �H�e� �f�o�r�g�o�t� 

�t�o� �s�e�c�u�r�e� �h�i�s� �s�a�f�e�t�y� �t�e�t�h�e�r� �a�s� �p�e�r� �t�h�e� �f�l�i�g�h�t� �c�h�e�c�k�l�i�s�t�.� �T�h�i�s� �i�s� 

�a�n� �i�n�c�r�e�d�i�b�l�y� �s�e�r�i�o�u�s�,� �a�l�m�o�s�t� �h�a�r�d�-�t�o�-�b�e�l�i�e�v�e�,� �b�r�e�e�c�h� �o�f� �f�l�i�g�h�t�-� 

�c�r�e�w� �d�i�s�c�i�p�l�i�n�e� �a�n�d� �t�r�a�i�n�i�n�g� �a�s� �a�l�l� �m�i�l�i�t�a�r�y� �p�i�l�o�t�s� �a�r�e� �t�a�u�g�h�t� �t�o� 

�a�d�h�e�r�e� �s�t�r�i�c�t�l�y� �t�o� �c�h�e�c�k�l�i�s�t� �p�r�o�c�e�d�u�r�e�s�.� �A�s� �Y�u�r�i� �p�u�l�l�e�d� �h�i�m�s�e�l�f� 

�u�p� �t�h�r�o�u�g�h� �t�h�e� �h�a�t�c�h�,� �h�i�s� �i�n�e�r�t�i�a� �w�o�u�l�d� �n�o�t� �a�l�l�o�w� �h�i�m� �t�o� �s�t�o�p� 

�m�o�v�i�n�g�.� �H�i�s� �f�e�l�l�o�w� �c�o�s�m�o�n�a�u�t� �G�.� �G�r�e�c�h�k�o� �c�a�u�g�h�t� �h�i�s� �f�o�o�t� �j�u�s�t� �i�n� 

�t�i�m�e� �t�o� �p�r�e�v�e�n�t� �Y�u�r�i� �f�r�o�m� �b�e�c�o�m�i�n�g� �t�h�e� �f�i�r�s�t� �f�r�e�e�-�f�l�y�i�n�g� �H�u�m�a�n� 

�S�a�t�e�l�l�i�t�e� �(�O�b�e�r�g�,� �1�9�8�1�:� �K�a�n�a�s�,� �1�9�8�7�)�.� �I�n� �s�p�a�c�e�,� �e�v�e�n� �"�s�m�a�l�l�"� 

�p�e�r�f�o�r�m�a�n�c�e� �d�e�c�r�e�m�e�n�t�s� �c�a�n� �k�i�l�l� �q�u�i�c�k�l�y�.� 

�S�e�r�x�n�e�r� �(�1�9�6�8�)� �s�e�r�v�e�d� �a�s� �t�h�e� �m�e�d�i�c�a�l� �o�f�f�i�c�e�r� �a�b�o�a�r�d� �t�w�o� 

�P�o�l�a�r�i�s� �s�u�b�m�a�r�i�n�e� �c�r�u�i�s�e�s� �a�n�d� �r�e�p�o�r�t�e�d� �t�h�a�t� �5�%� �o�f� �t�h�e� �m�e�n� �w�e�r�e� 

�t�r�e�a�t�e�d� �f�o�r� �p�s�y�c�h�o�l�o�g�i�c�a�l� �o�r� �p�s�y�c�h�i�a�t�r�i�c� �p�r�o�b�l�e�m�s�.� �T�h�e�s�e� 

�d�i�f�f�i�c�u�l�t�i�e�s� �c�o�n�s�i�s�t�e�d� �o�f� �m�i�n�o�r� �a�n�x�i�e�t�y� �r�e�a�c�t�i�o�n�s� �(�i�n�s�o�m�n�i�a�,� 

�h�e�a�d�a�c�h�e�s�,� �s�o�m�a�t�i�c� �c�o�n�c�e�r�n�s�,� �a�n�x�i�e�t�y� �a�t�t�a�c�k�s�)�,� �d�e�p�r�e�s�s�i�v�e� 

�r�e�a�c�t�i�o�n�s� �s�u�c�h� �a�s� �d�e�p�r�e�s�s�e�d� �m�o�o�d� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �w�e�i�g�h�t� �l�o�s�s� �a�n�d� 

�a�n�o�r�e�x�i�a�.� �A�d�d�i�t�i�o�n�a�l�l�y�,� �o�n�e� �c�r�e�w�m�a�n� �s�u�f�f�e�r�e�d� �a� �f�u�l�l�y� �d�e�v�e�l�o�p�e�d� 

�p�s�y�c�h�o�t�i�c� �e�p�i�s�o�d�e� �a�l�o�n�g� �w�i�t�h� �t�h�e�  ��m�o�r�e� �n�o�r�m�a�l!"� �s�t�r�e�s�s�o�r� �o�f



�5�2� 

�s�e�p�a�r�a�t�i�o�n� �f�r�o�m� �f�a�m�i�l�y� �f�o�r� �t�h�e� �r�e�s�t� �o�f� �t�h�e� �c�r�e�w�.� �A� �s�t�r�o�n�g� 

�p�r�o�g�r�a�m� �o�f� �a�c�t�i�v�i�t�y� �k�e�p�t� �t�h�e� �c�r�e�w� �f�r�o�m� �b�o�r�e�d�o�m� �s�y�n�d�r�o�m�e�s�.� 

�P�r�e�o�c�c�u�p�a�t�i�o�n� �w�i�t�h� �s�e�x�u�a�l� �t�h�o�u�g�h�t�s�,� �v�u�l�g�a�r� �t�a�l�k�,� �a�n�d� �p�i�n�u�p�s� 

�h�e�l�p�e�d� �t�o� �r�e�l�e�a�s�e� �(�o�r� �c�r�e�a�t�e�?�)� �s�e�x�u�a�l� �t�e�n�s�i�o�n�.� �S�e�r�x�n�e�r� �a�l�s�o� 

�r�e�l�a�t�e�d� �s�o�m�e� �o�f� �t�h�e� �m�e�n� �t�o�o�k� �i�t� �u�p�o�n� �t�h�e�m�s�e�l�v�e�s� �t�o� �r�a�i�s�e� �t�h�e� 

�m�o�r�a�l�e� �o�f� �t�h�e�i�r� �w�a�t�c�h� �s�e�c�t�i�o�n�s� �b�y� �h�i�g�h�l�y� �i�m�a�g�i�n�a�t�i�v�e� �j�o�k�i�n�g�.� 

�T�h�e�r�e� �w�e�r�e� �a�l�s�o� �t�h�e� �u�s�u�a�l� �p�e�r�s�o�n�a�l� �c�o�n�f�l�i�c�t�s� �t�h�a�t� �o�c�c�u�r� �w�h�e�n�e�v�e�r� 

�p�e�o�p�l�e� �a�r�e� �c�o�n�f�i�n�e�d� �t�o� �a� �s�m�a�l�l� �a�r�e�a�.� �A�c�c�o�r�d�i�n�g� �t�o� �S�e�r�x�n�e�r�,� �t�h�e� 

�c�o�n�f�l�i�c�t�s� �d�i�d� �n�o�t� �s�i�g�n�i�f�i�c�a�n�t�l�y� �e�n�d�a�n�g�e�r� �t�h�e� �s�u�c�c�e�s�s� �o�f� �t�h�e� 

�m�i�s�s�i�o�n�.� 

�W�e�y�b�r�e�w� �(�1�9�6�3�)� �h�a�s� �r�e�v�i�e�w�e�d� �t�h�e� �s�u�b�m�a�r�i�n�e� �l�i�t�e�r�a�t�u�r�e� �a�n�d� 

�m�a�k�e�s� �s�e�v�e�r�a�l� �p�o�i�n�t�s�.� �A�p�p�r�o�x�i�m�a�t�e�l�y� �2�0�%� �o�f� �s�u�b�m�a�r�i�n�e�r�s� �d�e�s�c�r�i�b�e� 

�c�o�n�f�i�n�e�m�e�n�t� �a�s� �t�h�e� �w�o�r�s�t� �a�s�p�e�c�t� �o�f� �s�u�b�m�a�r�i�n�e� �l�i�f�e� �e�v�e�n� �t�h�o�u�g�h� 

�t�h�e�r�e� �a�r�e� �f�e�w� �c�l�a�u�s�t�r�o�p�h�o�b�i�c� �r�e�a�c�t�i�o�n�s�.� �T�h�e� �s�u�b�m�a�r�i�n�e� 

�e�n�v�i�r�o�n�m�e�n�t� �i�s� �n�o�t� �o�n�e� �o�f� �t�r�u�e� �s�e�n�s�o�r�y� �d�e�p�r�i�v�a�t�i�o�n�,� �h�o�w�e�v�e�r�,� �b�u�t� 

�o�n�e� �o�f� �a�l�t�e�r�e�d� �s�e�n�s�o�r�y� �s�t�i�m�u�l�a�t�i�o�n�.� �T�h�e� �e�f�f�e�c�t�s� �o�f� �s�u�c�h� �a�n� 

�e�n�v�i�r�o�n�m�e�n�t� �o�n� �a�n� �i�n�d�i�v�i�d�u�a�l� �a�r�e� �h�a�r�d� �t�o� �p�r�e�d�i�c�t� �a�l�t�h�o�u�g�h� �d�u�r�i�n�g� 

�W�W� �|�|� �n�e�u�r�o�t�i�c� �a�n�d� �p�s�y�c�h�o�t�i�c� �b�e�h�a�v�i�o�r� �w�a�s� �s�e�e�n� �d�u�r�i�n�g� �t�h�e� �"�s�i�l�e�n�t� 

�r�u�n�n�i�n�g�"� �t�i�m�e� �o�f� �e�n�e�m�y� �d�e�p�t�h� �c�h�a�r�g�e� �a�t�t�a�c�k�s�.� �T�h�e� �e�x�t�r�e�m�e� �d�a�n�g�e�r� 

�a�n�d� �h�e�a�t� �i�n� �t�h�e� �s�u�b�m�a�r�i�n�e� �c�o�m�b�i�n�e�d� �w�i�t�h� �o�t�h�e�r� �f�a�c�t�o�r�s� �w�a�s� 

�b�e�l�i�e�v�e�d� �t�o� �c�a�u�s�e� �t�h�i�s� �r�e�a�c�t�i�o�n�.� �T�h�u�s�,� �t�h�e� �n�a�t�u�r�e� �o�f� �t�h�e� 

�s�t�r�e�s�s�f�u�l� �e�n�v�i�r�o�n�m�e�n�t� �i�n�t�e�r�a�c�t�e�d� �w�i�t�h� �c�o�n�t�e�x�t�u�a�l� �f�a�c�t�o�r�s� �t�o� �c�a�u�s�e� 

�t�h�e� �s�e�r�i�o�u�s� �p�s�y�c�h�o�l�o�g�i�c�a�l� �p�r�o�b�l�e�m�s� �t�h�a�t� �s�o�m�e� �s�u�b�m�a�r�i�n�e�r�s� 

�e�x�h�i�b�i�t�e�d�.� 

�I�n�t�e�r�e�s�t�i�n�g�l�y�,� �M�i�c�h�a�e�l� �C�o�l�l�i�n�s� �(�C�o�l�l�i�n�s�,� �1�9�7�4�)�,� �w�h�o� 

�p�a�r�t�i�c�i�p�a�t�e�d� �i�n� �t�h�e� �f�i�r�s�t� �m�a�n�n�e�d� �l�u�n�a�r� �m�i�s�s�i�o�n� �r�e�v�e�a�l�e�d� �t�h�a�t� �h�e� 

�b�e�c�a�m�e� �s�i�g�n�i�f�i�c�a�n�t�l�y� �c�l�a�u�s�t�r�o�p�h�o�b�i�c� �w�h�e�n�e�v�e�r� �h�i�s� �s�p�a�c�e�s�u�i�t



�5�3� 

�t�e�m�p�e�r�a�t�u�r�e� �i�n�c�r�e�a�s�e�d� �b�e�y�o�n�d� �a� �c�e�r�t�a�i�n� �l�e�v�e�l�.� �T�h�e� �c�o�n�f�i�n�i�n�g� 

�s�p�a�c�e�s�u�i�t� �a�n�d� �t�h�e� �h�e�a�t� �r�e�s�u�l�t�e�d� �i�n� �t�h�i�s� �s�e�n�s�a�t�i�o�n�.� �H�e� �n�o�r�m�a�l�l�y� 

�r�e�s�p�o�n�d�e�d� �t�o� �t�h�i�s� �f�e�e�l�i�n�g� �b�y� �t�u�r�n�i�n�g� �u�p� �t�h�e� �r�a�t�e� �o�f� �c�o�o�l�i�n�g� �i�n� 

�h�i�s� �s�p�a�c�e�s�u�i�t�,� �w�h�i�c�h� �h�e�l�p�e�d� �t�o� �a�l�l�e�v�i�a�t�e� �t�h�e�s�e� �s�y�m�p�t�o�m�s�.� 

�R�e�s�p�o�n�s�e�s� �t�o� �t�h�e�s�e�,� �a�n�d� �o�t�h�e�r�,� �t�y�p�e�s� �o�f� �s�t�r�e�s�s�o�r�s� �a�r�e� 

�e�x�t�r�e�m�e�l�y� �c�o�n�t�e�x�t� �d�e�p�e�n�d�e�n�t� �a�n�d� �h�i�g�h�l�y� �i�n�d�i�v�i�d�u�a�l�.� �W�h�a�t� 

�n�e�g�a�t�i�v�e�l�y� �a�f�f�e�c�t�s� �o�n�e� �i�n�d�i�v�i�d�u�a�l� �m�a�y� �n�o�t� �c�o�n�c�e�r�n� �a�n�o�t�h�e�r�.� �T�h�e�s�e� 

�e�x�a�m�p�l�e�s� �r�e�v�e�a�l� �t�h�a�t� �h�u�m�a�n� �b�e�i�n�g�s� �(�p�a�r�t�i�c�u�l�a�r�l�y� �o�n� �a� �l�o�n�g�-� 

�d�u�r�a�t�i�o�n� �m�i�s�s�i�o�n�)� �s�h�o�u�l�d� �n�o�t� �b�e� �t�h�o�u�g�h�t� �o�f� �i�n� �s�t�a�t�i�c�,� �l�a�b�o�r�a�t�o�r�y� 

�t�e�r�m�s� �t�h�a�t� �w�i�l�l� �r�e�s�p�o�n�d� �t�h�i�s� �w�a�y� �o�r� �t�h�a�t�-�-�b�u�t� �r�a�t�h�e�r� �a�r�e� �p�e�o�p�l�e� 

�t�h�a�t� �m�a�y� �r�e�s�p�o�n�d� �i�n� �a� �c�e�r�t�a�i�n� �w�a�y� �b�a�s�e�d� �u�p�o�n� �t�h�e�i�r� �o�w�n� 

�p�s�y�c�h�o�l�o�g�i�c�a�l� �h�i�s�t�o�r�y� �a�n�d� �t�h�e� �c�o�n�t�e�x�t�u�a�l� �f�a�c�t�o�r�s� �s�u�r�r�o�u�n�d�i�n�g� �t�h�e� 

�e�v�e�n�t�s� �i�n� �q�u�e�s�t�i�o�n�.� �A� �b�r�o�a�d� �s�y�s�t�e�m�s� �p�e�r�s�p�e�c�t�i�v�e� �a�l�l�o�w�s� �f�o�r� �t�h�i�s� 

�c�o�n�t�e�x�t�u�a�l� �i�n�t�e�r�a�c�t�i�o�n� �o�f� �h�u�m�a�n�s� �w�i�t�h� �t�h�e�i�r� �e�n�v�i�r�o�n�m�e�n�t� �a�n�d� 

�s�h�o�u�l�d� �b�e� �c�o�n�s�i�d�e�r�e�d� �d�u�r�i�n�g� �m�i�s�s�i�o�n� �p�l�a�n�n�i�n�g�.� �T�h�i�n�k�i�n�g� �o�f� �h�u�m�a�n� 

�b�e�i�n�g�s� �w�i�t�h�i�n� �a� �s�y�s�t�e�m�s� �c�o�n�t�e�x�t� �h�e�l�p�s� �t�o� �a�v�o�i�d� �t�h�e� �e�r�r�o�r� �o�f� 

�r�e�d�u�c�t�i�o�n�i�s�m�,� �w�h�e�r�e�b�y� �t�h�e� �m�o�r�e� �c�r�i�t�i�c�a�l�  ��f�o�r�e�s�t �� �o�f� �h�u�m�a�n� 

�b�e�h�a�v�i�o�r� �a�n�d� �r�e�s�p�o�n�s�e�s� �a�r�e� �l�o�s�t� �o�r� �n�e�g�l�e�c�t�e�d� �(�M�a�r�m�o�r�,� �1�9�8�3�)�.� 

�O�t�h�e�r� �S�t�u�d�i�e�s� 

�W�e�y�b�r�e�w� �(�1�9�5�9�)�,� �a�l�s�o� �s�u�m�m�a�r�i�z�e�d� �O�p�e�r�a�t�i�o�n� �H�i�d�e�o�u�t�,� �a� �6�0�-�d�a�y� 

�c�o�n�f�i�n�e�m�e�n�t� �s�t�u�d�y� �o�f� �t�w�e�n�t�y�-�t�w�o� �m�e�n� �a�b�o�a�r�d� �t�h�e� �U�S�S� �H�a�d�d�o�c�k�.� �A�s� 

�e�x�p�e�c�t�e�d�,� �a�s� �t�h�e� �t�i�m�e�-�d�u�r�a�t�i�o�n� �o�f� �c�o�n�f�i�n�e�m�e�n�t� �i�n�c�r�e�a�s�e�d�,� 

�m�o�t�i�v�a�t�i�o�n� �d�e�c�l�i�n�e�d�,� �a�l�e�r�t�n�e�s�s� �d�e�c�r�e�a�s�e�d�,� �t�e�n�s�i�o�n� �i�n�c�r�e�a�s�e�d� �a�n�d� 

�t�h�e� �q�u�a�l�i�t�y� �o�f� �s�l�e�e�p� �d�e�c�l�i�n�e�d� �a�t� �f�i�r�s�t�,� �t�h�e�n� �l�a�t�e�r� �i�m�p�r�o�v�e�d�.� 

�T�h�e� �r�e�s�u�l�t� �o�f� �t�h�e� �3�0�-�d�a�y� �B�e�n� �F�r�a�n�k�l�i�n� �s�u�b�m�e�r�s�i�b�l�e� �s�t�u�d�y� 

�p�a�r�a�l�l�e�l�s� �s�o�m�e� �o�t�h�e�r� �s�u�b�m�e�r�s�i�b�l�e� �e�x�p�e�r�i�m�e�n�t�s�.� �T�h�e� �s�i�x�-�m�a�n� �c�r�e�w



�o�4� 

�s�h�o�w�e�d� �a� �t�r�e�n�d� �t�o�w�a�r�d�s� �w�i�t�h�d�r�a�w�a�l�!� �a�n�d� �a�n� �i�n�c�r�e�a�s�e�d� �n�e�e�d� �f�o�r� 

�p�r�i�v�a�c�y� �(�a�l�s�o� �r�e�p�o�r�t�e�d� �b�y� �S�k�y�l�a�b� �a�s�t�r�o�n�a�u�t�s�,� �C�o�o�p�e�r�,� �1�9�7�6�;� �P�o�g�u�e�,� 

�1�9�8�5�)� �a�s� �t�i�m�e� �p�r�o�g�r�e�s�s�e�d�.� �H�a�l�f�w�a�y� �t�h�r�o�u�g�h� �t�h�e� �m�i�s�s�i�o�n�,� 

�d�i�s�a�g�r�e�e�m�e�n�t�s� �a�r�o�s�e� �w�i�t�h� �t�h�e� �s�u�r�f�a�c�e� �c�r�e�w� �o�v�e�r� �p�r�o�c�e�d�u�r�a�l� �m�a�t�t�e�r�s� 

�(�r�e�c�a�l�l� �S�k�y�l�a�b� �e�x�p�e�r�i�e�n�c�e� �w�i�t�h� �G�.� �C�a�r�r� �a�s� �c�o�m�m�a�n�d�e�r�)� �d�e�p�r�e�s�s�i�o�n� 

�a�n�d� �e�v�i�d�e�n�t� �l�o�s�s� �o�f� �a� �"�f�e�e�l�i�n�g� �o�f� �w�e�l�l�-�b�e�i�n�g�"� �d�e�v�e�l�o�p�e�d�,� �a�n�d� �c�r�e�w� 

�p�r�o�f�i�c�i�e�n�c�y� �w�a�s� �a�d�v�e�r�s�e�l�y� �a�f�f�e�c�t�e�d� �(�F�e�r�g�u�s�o�n�,� �1�9�7�0�)�.� �C�h�a�i�k�i�n� 

�(�1�9�8�5�)� �i�n�c�l�u�d�e�s� �e�x�c�e�r�p�t�s� �f�r�o�m� �V�a�l�e�n�t�i�n� �L�e�b�e�d�i�v�'�s� �d�i�a�r�y� �t�r�a�n�s�l�a�t�e�d� 

�i�n�t�o� �E�n�g�l�i�s�h� �t�h�a�t� �d�e�s�c�r�i�b�e� �h�i�s� �f�e�e�l�i�n�g�s� �d�u�r�i�n�g� �p�a�r�t� �o�f� �h�i�s� �2�1�1�-� 

�d�a�y� �j�o�u�r�n�e�y� �i�n� �s�p�a�c�e�:� 

�J�u�l�y� �1�6�.� �T�h�e� �h�a�r�d�e�s�t� �t�h�i�n�g� �d�u�r�i�n�g� �a� �f�l�i�g�h�t� �i�s� �k�e�e�p�i�n�g� �g�o�o�d� 
�r�e�l�a�t�i�o�n�s� �g�o�i�n�g� �w�i�t�h� �t�h�e� �g�r�o�u�n�d� �a�n�d� �a�m�o�n�g� �t�h�e� �c�r�e�w�.� �W�i�t�h� 
�g�r�o�w�i�n�g� �f�a�t�i�g�u�e�,� �t�h�e�r�e� �i�s� �a� �d�a�n�g�e�r� �o�f� �s�e�r�i�o�u�s� �l�a�p�s�e�s�.� �T�h�e�r�e� 
�a�r�e� �t�e�n�s�e� �m�o�m�e�n�t�s�,� �b�u�t� �t�h�e�y� �c�a�n�n�o�t� �b�e� �a�l�l�o�w�e�d� �t�o� �e�x�p�l�o�d�e�.� 
�O�t�h�e�r�w�i�s�e� �a� �c�r�a�c�k�,� �o�n�c�e� �i�t� �a�p�p�e�a�r�s�,� �c�a�n� �w�i�d�e�n�.� �T�h�e� �f�l�i�g�h�t� 
�b�e�c�o�m�e�s� �i�n�c�r�e�a�s�i�n�g�l�y� �d�i�f�f�i�c�u�l�t�.� �L�o�o�k�i�n�g� �o�u�t� �t�h�e� �w�i�n�d�o�w� �i�s� 
�c�a�l�m�i�n�g�.� 

�L�e�b�e�d�e�v� �s�t�a�t�e�d� �t�h�e�s�e� �i�n�t�e�r�c�r�e�w� �t�e�n�s�i�o�n�s�,� �a�s� �w�e�l�l� �a�s� 

�s�t�a�t�i�o�n�/�g�r�o�u�n�d� �c�o�n�t�r�o�l� �f�r�i�c�t�i�o�n� �e�x�i�s�t�e�d� �d�e�s�p�i�t�e� �t�h�e� �f�a�c�t� �t�h�a�t� �t�h�e� 

�S�o�v�i�e�t�s� �e�x�t�e�n�s�i�v�e�l�y� �t�r�a�i�n�e�d� �t�h�e�i�r� �c�o�s�m�o�n�a�u�t�s� �a�n�d� �g�r�o�u�n�d�-�s�u�p�p�o�r�t� 

�p�e�r�s�o�n�n�e�l� �i�n� �c�o�n�f�l�i�c�t� �a�v�o�i�d�a�n�c�e� �a�n�d� �g�r�o�u�p� �p�r�o�b�l�e�m�-�s�o�l�v�i�n�g� �(�B�l�u�t�h�,� 

�1�9�8�1�;� �B�l�u�t�h� �a�n�d� �H�e�l�p�p�i�e�,� �1�9�8�6�,� �N�i�c�h�o�l�a�s�,� �1�9�8�9�)�.� 

�R�e�v�i�e�w�i�n�g� �t�h�e� �s�u�b�m�a�r�i�n�e� �a�n�d� �A�n�t�a�r�c�t�i�c� �d�a�t�a� �r�e�v�e�a�l�s� �a� �t�i�m�e�-� 

�d�e�p�e�n�d�e�n�t� �d�e�c�r�e�a�s�e� �i�n� �p�e�r�f�o�r�m�a�n�c�e� �t�h�a�t� �c�o�r�r�e�l�a�t�e�s� �w�e�l�l� �w�i�t�h� 

�s�p�a�c�e�-�i�n�d�u�c�e�d� �p�r�o�b�l�e�m�s�.� �F�l�i�n�n� �e�t� �a�l� �(�1�9�6�3�)� �h�a�v�e� �o�b�s�e�r�v�e�d� �t�h�a�t� 

�.�.�.�c�l�o�s�e�l�y� �m�o�n�i�t�o�r�e�d� �g�r�o�u�p�s� �e�x�p�o�s�e�d� �t�o� �r�e�s�t�r�i�c�t�i�v�e� 
�c�o�n�d�i�t�i�o�n�s�.�.�.�h�a�v�e� �d�e�m�o�n�s�t�r�a�t�e�d� �s�i�g�n�i�f�i�c�a�n�t� �l�e�v�e�l�s� �o�f� 
�i�n�t�e�r�p�e�r�s�o�n�a�l� �f�r�i�c�t�i�o�n�,� �m�o�n�o�t�o�n�y�,� �a�n�d� �l�o�w�e�r�e�d� �m�o�r�a�l�e� �a�n�d� 
�m�o�t�i�v�a�t�i�o�n�.� �D�e�s�p�i�t�e� �t�h�e�s�e� �p�r�o�b�l�e�m�s�,� �p�e�r�f�o�r�m�a�n�c�e� �h�a�s� 
�g�e�n�e�r�a�l�l�y� �r�e�m�a�i�n�e�d� �a�t� �h�i�g�h� �l�e�v�e�l�s�,� �a�n�d� �g�i�v�e�s� �c�a�u�s�e� �f�o�r� 
�o�p�t�i�m�i�s�m� �a�b�o�u�t� �t�h�e� �p�s�y�c�h�o�l�o�g�i�c�a�l� �a�d�a�p�t�a�b�i�l�i�t�y� �o�f� �m�a�n� �u�n�d�e�r� 
�s�e�v�e�r�e� �c�o�n�f�i�n�e�m�e�n�t�.�"



�o�5� 

�K�a�n�a�s� �a�n�d� �F�e�d�d�e�r�s�o�n� �(�1�9�7�1�)� �r�e�v�i�e�w�e�d� �m�a�n�y� �s�p�a�c�e� �c�a�b�i�n� 

�s�i�m�u�l�a�t�o�r� �s�t�u�d�i�e�s�,� �s�u�b�m�e�r�s�i�b�l�e� �s�t�u�d�i�e�s�,� �a�n�d� �t�h�e� �p�o�l�a�r� �a�n�d� 

�s�u�b�m�a�r�i�n�e� �l�i�t�e�r�a�t�u�r�e� �a�n�d� �w�r�o�t�e� �t�h�a�t� �m�o�s�t� �o�f� �t�h�e� �s�t�u�d�i�e�s� �s�h�o�w�e�d� 

�c�o�n�s�i�s�t�e�n�t� �t�r�e�n�d�s�.� �T�h�e�s�e� �s�i�t�u�a�t�i�o�n�s� �p�r�o�d�u�c�e� �i�n�t�e�r�p�e�r�s�o�n�a�l� 

�s�t�r�e�s�s�e�s� �a�n�d� �s�p�o�n�t�a�n�e�o�u�s� �c�o�m�p�e�n�s�a�t�o�r�y� �a�c�t�i�o�n�s� �w�h�i�c�h� �a�r�i�s�e� �t�o� 

�r�e�l�i�e�v�e� �t�h�e�s�e� �s�t�r�e�s�s�o�r�s�,� �s�u�c�h� �a�s� �d�i�r�e�c�t�i�n�g� �h�o�s�t�i�l�i�t�y� �t�o� �o�u�t�s�i�d�e� 

�m�o�n�i�t�o�r�s� �o�r� �s�u�p�p�l�y� �p�l�a�n�e�s�,� �e�t�c�.� �(�T�h�e� �s�p�a�c�e�f�l�i�g�h�t� �a�n�a�l�o�g� �o�f� �t�h�i�s� 

�i�s� �t�h�e� �h�o�s�t�i�l�i�t�y� �d�i�r�e�c�t�e�d� �t�o�w�a�r�d� �g�r�o�u�n�d� �c�o�n�t�r�o�l�l�e�r�s�)�.� �T�h�o�u�g�h� 

�t�h�e�s�e� �p�r�o�b�l�e�m�s� �i�n�c�r�e�a�s�e� �i�n� �s�e�v�e�r�i�t�y� �a�n�d� �f�r�e�q�u�e�n�c�y� �w�i�t�h� �t�i�m�e�,� 

�g�e�n�e�r�a�l�l�y� �p�e�r�f�o�r�m�a�n�c�e� �l�e�v�e�l�s� �r�e�m�a�i�n� �h�i�g�h� �e�n�o�u�g�h� �t�o� �a�c�c�o�m�p�l�i�s�h� 

�m�o�s�t� �m�i�s�s�i�o�n� �t�a�s�k�s�.� �T�h�i�s� �a�p�p�e�a�r�s� �t�o� �b�e� �l�a�r�g�e�l�y� �a� �f�u�n�c�t�i�o�n� �o�f� 

�m�o�t�i�v�a�t�i�o�n� �l�f� �m�e�n� �a�r�e� �s�u�f�f�i�c�i�e�n�t�l�y� �m�o�t�i�v�a�t�e�d�,� �t�h�e�y� �c�a�n� �p�u�t� �u�p� 

�w�i�t�h� �a� �v�a�r�i�e�t�y� �o�f� �s�t�r�e�s�s�o�r�s� �f�o�r� �t�h�e� �g�o�a�l� �o�f� �m�i�s�s�i�o�n� �c�o�m�p�l�e�t�i�o�n�.� 

�T�h�e� �a�n�a�l�o�g�y� �t�o� �l�o�n�g�-�d�u�r�a�t�i�o�n� �s�p�a�c�e�f�l�i�g�h�t� �i�s� �c�l�e�a�r�,� �b�u�t� �t�h�e� �a�n�s�w�e�r� 

�e�l�u�s�i�v�e�.� 

�T�h�e� �m�o�t�i�v�a�t�i�o�n� �a�n�d� �m�o�r�a�l�e� �o�f� �t�h�e� �c�r�e�w� �m�u�s�t� �b�e� �k�e�p�t� �h�i�g�h� �a�t� 

�s�u�c�h� �c�r�i�t�i�c�a�l� �p�h�a�s�e�s� �o�f� �f�l�i�g�h�t� �a�s� �o�r�b�i�t�a�l� �i�n�s�e�r�t�i�o�n�s�,� �r�e�e�n�t�r�y�,� 

�r�e�n�d�e�z�v�o�u�s�,� �o�r� �d�o�c�k�i�n�g� �m�a�n�u�e�v�e�r�s�,� �d�e�s�p�i�t�e� �t�h�e� �v�a�r�i�o�u�s� �s�t�r�e�s�s�o�r�s� 

�t�h�a�t� �l�o�n�g�-�d�u�r�a�t�i�o�n� �s�p�a�c�e�f�l�i�g�h�t� �c�a�n� �i�m�p�o�s�e� �o�n� �t�h�e� �p�a�r�t�i�c�i�p�a�n�t�s�.� 

�T�h�i�s� �c�a�n� �b�e� �a�c�c�o�m�p�l�i�s�h�e�d� �b�y� �a�l�l�o�w�i�n�g� �f�r�e�q�u�e�n�t� �c�o�n�t�a�c�t� �w�i�t�h� �f�a�m�i�l�y� 

�m�e�m�b�e�r�s� �a�n�d� �t�i�m�e� �o�f�f� �o�f� �w�o�r�k� �f�o�r� �r�e�l�a�x�a�t�i�o�n� �a�n�d� �r�e�c�r�e�a�t�i�o�n�.� 

�O�c�c�a�s�i�o�n�a�l�l�y� �r�e�m�i�n�d�i�n�g� �t�h�e� �c�r�e�w� �o�f� �t�h�e� �h�i�s�t�o�r�i�c� �n�a�t�u�r�e� �o�f� �t�h�e�i�r� 

�w�o�r�k� �m�a�y� �a�l�s�o� �h�e�l�p� �t�o� �b�o�o�s�t� �m�o�r�a�l�e�,� �p�a�r�t�i�c�u�l�a�r�l�y� �d�u�r�i�n�g� �t�i�m�e�s� �o�f� 

�t�e�n�s�i�o�n�.



�5�6� 

�S�e�n�s�o�r�y� �O�v�e�r�s�t�i�m�u�l�a�t�i�o�n� �a�n�d� �H�y�p�e�r�a�r�o�u�s�a�l� 

�A�n� �i�m�p�o�r�t�a�n�t� �f�a�c�t�o�r� �f�o�r� �s�p�a�c�e� �m�i�s�s�i�o�n�s� �t�h�a�t� �h�a�s� �b�e�e�n� �l�a�r�g�e�l�y� 

�o�v�e�r� �l�o�o�k�e�d� �i�s� �s�e�n�s�o�r�y� �o�v�e�r�s�t�i�m�u�l�a�t�i�o�n� �o�r�  ��h�y�p�e�r�a�r�o�u�s�a�l�. �� �T�h�e� 

�p�h�y�s�i�o�l�o�g�i�c� �s�t�a�t�e� �o�f� �h�y�p�e�r�a�r�o�u�s�a�l� �c�a�n� �p�r�o�d�u�c�e� �s�u�c�h� �s�y�m�p�t�o�m�s� �a�s� 

�a�n�o�r�e�x�i�a� �a�n�d� �i�n�s�o�m�n�i�a�,� �b�o�t�h� �o�f� �w�h�i�c�h� �t�h�e� �a�s�t�r�o�n�a�u�t�s� �h�a�v�e� 

�c�o�m�p�l�a�i�n�e�d� �(�C�o�l�l�i�n�s�,� �1�9�7�4�;� �C�o�o�p�e�r�,� �1�9�7�6�:� �P�o�g�u�e�,� �1�9�8�5�)�.� �N�u�m�e�r�o�u�s� 

�t�a�s�k�s�,� �t�h�e� �a�b�s�e�n�c�e� �o�f� �m�a�n�y� �t�e�m�p�o�r�a�l� �c�u�e�s� �(�d�a�y� �v�e�r�s�u�s� �n�i�g�h�t�)� �a�n�d� 

�t�h�e� �n�o�r�m�a�l�,� �e�x�p�e�c�t�e�d� �e�x�c�i�t�e�m�e�n�t� �o�f� �t�h�e� �n�o�v�e�l� �s�p�a�c�e� �e�n�v�i�r�o�n�m�e�n�t�,� 

�a�l�l� �m�a�y� �c�o�n�t�r�i�b�u�t�e� �t�o� �t�h�e� �s�t�a�t�e� �o�f� �o�v�e�r�s�t�i�m�u�l�a�t�i�o�n�.� �A� �p�r�o�l�o�n�g�e�d� 

�s�t�a�t�e� �o�f� �h�y�p�e�r�a�r�o�u�s�a�l� �c�a�n� �r�e�s�u�l�t� �i�n� �s�u�c�h� �e�f�f�e�c�t�s� �a�s� �p�o�o�r� �m�u�s�c�u�l�a�r� 

�c�o�o�r�d�i�n�a�t�i�o�n�,� �d�e�p�e�r�s�o�n�a�l�i�z�a�t�i�o�n�,� �p�e�r�c�e�p�t�u�a�l� �a�b�n�o�r�m�a�l�i�t�i�e�s�,� �a�n�d� 

�i�m�p�a�i�r�m�e�n�t� �o�f� �c�o�n�c�e�n�t�r�a�t�i�o�n�.� �A�n� �o�v�e�r�a�l�l�]� �d�e�c�r�e�m�e�n�t� �i�n� �p�e�r�f�o�r�m�a�n�c�e� 

�c�a�u�s�e�d� �b�y� �h�y�p�e�r�a�r�o�u�s�a�l� �w�i�l�l� �o�c�c�a�s�i�o�n�a�l�l�y� �o�c�c�u�r� �i�n� �s�p�a�c�e� 

�e�n�v�i�r�o�n�m�e�n�t�s� �a�n�d� �i�t� �h�a�s� �b�e�e�n� �p�o�i�n�t�e�d� �o�u�t� �t�h�a�t� �s�e�v�e�r�a�l� �U�.�S�.� 

�m�i�s�s�i�o�n�s� �w�e�r�e� �i�n�f�l�u�e�n�c�e�d� �b�y� �u�n�u�s�u�a�l� �a�n�d� �u�n�e�x�p�e�c�t�e�d� �b�e�h�a�v�i�o�r� �o�n� 

�t�h�e� �p�a�r�t� �o�f� �t�h�e� �c�r�e�w�.� �T�h�e� �S�k�y�l�a�b� �c�r�e�w� �b�e�h�a�v�e�d� �s�o� �e�r�r�a�t�i�c�a�l�l�y� �a�t� 

�t�i�m�e�s� �t�h�a�t� �t�h�e� �g�r�o�u�n�d� �c�o�n�t�r�o�l�l�e�r�s� �w�o�n�d�e�r�e�d� �a�l�o�u�d� �i�f� �s�o�m�e�t�h�i�n�g� �i�n� 

�s�p�a�c�e� �h�a�d� �a�f�f�e�c�t�e�d� �t�h�e�i�r� �m�i�n�d�s� �(�N�e�w�s�w�e�e�k�,� �1�9�8�9�)�.� �O�t�h�e�r� 

�i�n�v�e�s�t�i�g�a�t�o�r�s� �(�S�a�n�t�y�,� �1�9�8�3�)� �f�e�e�l� �t�h�a�t� �h�y�p�e�r�a�r�o�u�s�a�l� �o�r� 

�o�v�e�r�s�t�i�m�u�l�a�t�i�o�n� �c�o�u�l�d� �b�e� �a� �f�a�c�t�o�r� �i�n� �t�h�e� �d�e�p�e�r�s�o�n�a�l�i�z�a�t�i�o�n� �a�n�d� 

�i�m�p�a�i�r�e�d� �p�e�r�f�o�r�m�a�n�c�e� �o�f� �p�a�s�t� �a�n�d� �f�u�t�u�r�e� �U�.�S�.� �s�p�a�c�e� �c�r�e�w�s�.� 

�I�n� �t�h�e� �S�o�v�i�e�t� �p�r�o�g�r�a�m�,� �a�t� �l�e�a�s�t� �o�n�e� �c�o�s�m�o�n�a�u�t� �h�a�d� �u�n�e�x�p�e�c�t�e�d� 

 ��i�n�e�f�f�i�c�i�e�n�c�y �� �i�n� �o�p�e�r�a�t�i�n�g� �h�i�s� �s�p�a�c�e�c�r�a�f�t� �c�o�n�t�r�o�l�s� �a�n�d� �h�a�d� �t�o� �b�e� 

�r�e�t�u�r�n�e�d� �t�o� �E�a�r�t�h� �e�a�r�l�y� �(�A�k�i�n�,� �1�9�7�0�)�.� �C�o�u�l�d� �t�h�a�t� �i�n�s�t�a�n�c�e� �h�a�v�e� 

�b�e�e�n� �e�x�a�c�e�r�b�a�t�e�d� �b�y� �a� �h�y�p�e�r�a�r�o�u�s�e�d� �s�t�a�t�e�?� �G�e�n�e�r�a�l�l�y�,� �w�h�i�l�e� 

�s�e�n�s�o�r�y� �o�v�e�r�l�o�a�d� �a�p�p�e�a�r�s� �t�o� �b�e� �a� �p�r�o�b�l�e�m� �a�r�e�a� �f�o�r� �s�h�o�r�t�-�d�u�r�a�t�i�o�n� 

�m�i�s�s�i�o�n�s�,� �i�t� �i�s� �l�i�k�e�l�y� �t�h�a�t� �b�o�t�h� �h�y�p�e�r�a�r�o�u�s�a�l� �a�n�d� �s�e�n�s�o�r�y



�o�T� 

�d�e�p�r�i�v�a�t�i�o�n� �(�w�i�t�h� �t�h�e� �a�s�s�o�c�i�a�t�e�d� �i�s�o�l�a�t�i�o�n�)� �m�a�y� �b�e� �s�e�r�i�o�u�s� 

�c�o�n�c�e�r�n�s� �f�o�r� �l�o�n�g�-�d�u�r�a�t�i�o�n� �s�p�a�c�e�f�l�i�g�h�t� �m�i�s�s�i�o�n�s�.� �T�h�e�r�e�f�o�r�e�,� �i�t� 

�a�p�p�e�a�r�s� �t�h�a�t� �h�y�p�e�r�a�r�o�u�s�a�l� �a�n�d� �s�e�n�s�o�r�y� �d�e�p�r�i�v�a�t�i�o�n� �m�a�y� �b�e�c�o�m�e� 

�p�r�o�b�l�e�m�s� �d�e�p�e�n�d�i�n�g� �o�n� �t�h�e� �c�o�n�t�e�x�t� �o�f� �t�h�e� �s�i�t�u�a�t�i�o�n�/�t�a�s�k� �a�t� �t�h�a�t� 

�t�i�m�e�.� �T�h�e� �c�o�n�t�e�x�t� �e�s�s�e�n�t�i�a�l�l�y� �d�e�f�i�n�e�s� �w�h�e�t�h�e�r� �h�y�p�e�r�a�r�o�u�s�a�l�!� �o�r� 

�s�e�n�s�o�r�y� �d�e�p�r�i�v�a�t�i�o�n� �i�s� �b�a�d� �o�r� �g�o�o�d�,� �f�r�o�m� �a� �p�s�y�c�h�o�s�o�c�i�a�l� �s�y�s�t�e�m�s� 

�s�t�a�n�d�p�o�i�n�t�,� �w�i�t�h� �t�h�e� �e�f�f�e�c�t�s� �o�n� �c�r�e�w� �p�e�r�f�o�r�m�a�n�c�e� �b�e�i�n�g� �a� �m�a�t�t�e�r� 

�o�f� �d�e�g�r�e�e� �d�e�p�e�n�d�i�n�g� �o�n� �t�h�e� �s�u�r�r�o�u�n�d�i�n�g� �c�i�r�c�u�m�s�t�a�n�c�e�s�.� 

�I�n�t�e�r�p�e�r�s� �]�|�_�a�n�d� �G�r�o�u�p�  ��I�n�t�e�r�a�c�t�i�o�n� �I�s�s�u�e� 

�A�c�c�o�r�d�i�n�g� �t�o� �K�a�n�a�s� �(�1�9�7�8�)�,� �i�m�p�o�r�t�a�n�t� �i�n�t�e�r�p�e�r�s�o�n�a�l� �i�s�s�u�e�s� 

�i�n�c�l�u�d�e� �i�n�t�e�r�p�e�r�s�o�n�a�l� �t�e�n�s�i�o�n�s�,� �p�r�o�b�l�e�m�s� �r�e�s�u�l�t�i�n�g� �f�r�o�m� �c�r�e�w� 

�h�e�t�e�r�o�g�e�n�e�i�t�y�,� �t�h�e� �n�e�e�d� �f�o�r� �d�o�m�i�n�a�n�c�e�,� �d�e�c�r�e�a�s�e�d� �c�o�h�e�s�i�v�e�n�e�s�s� 

�o�v�e�r� �t�i�m�e�,� �t�a�s�k�-�n�e�u�t�r�a�l� �i�n�t�e�r�a�c�t�i�o�n�s�,� �a�n�d� �a�n�g�e�r� �d�i�s�p�l�a�c�e�d� �t�o�w�a�r�d� 

�o�u�t�s�i�d�e� �p�e�r�s�o�n�n�e�l�.� �A�s� �s�p�a�c�e� �v�e�h�i�c�l�e�s� �b�e�c�o�m�e� �l�a�r�g�e�r� �(�e�.�g�.� �s�p�a�c�e� 

�s�t�a�t�i�o�n�)� �a�n�d� �a�s�t�r�o�n�a�u�t� �r�o�l�e�s� �b�e�c�o�m�e� �m�o�r�e� �s�p�e�c�i�a�l�i�z�e�d�,� �l�a�r�g�e�r� �a�n�d� 

�m�o�r�e� �s�p�e�c�i�f�i�c�a�l�l�y�-�t�r�a�i�n�e�d� �c�r�e�w�s� �w�i�l�l� �b�e� �t�a�s�k�e�d� �t�o� �c�a�r�r�y� �o�u�t� �t�h�e� 

�s�c�i�e�n�t�i�f�i�c� �i�n�v�e�s�t�i�g�a�t�i�o�n�s� �(�S�e�l�l�s�,� �1�9�6�6�)�.� �T�h�e� �s�p�a�c�e� �s�t�a�t�i�o�n� 

�m�e�m�b�e�r� �w�i�l�l� �b�y� �a�s�k�e�d� �t�o� �w�o�r�k� �i�n� �a� �c�l�o�s�e�l�y�-�c�o�n�f�i�n�e�d� �a�n�d� �t�i�g�h�t�l�y�-� 

�k�n�i�t� �m�a�n�n�e�r�.� �B�e�c�a�u�s�e� �o�f� �t�h�e� �d�i�v�e�r�s�i�t�y� �o�f� �t�h�e� �i�n�v�e�s�t�i�g�a�t�i�o�n�s� �t�o� 

�b�e� �p�e�r�f�o�r�m�e�d�,� �t�h�e� �o�c�c�u�p�a�n�t�s� �w�i�l�l� �m�o�s�t� �l�i�k�e�l�y� �c�o�m�e� �f�r�o�m� �c�u�l�t�u�r�a�l�l�y� 

�a�n�d� �s�c�i�e�n�t�i�f�i�c�a�l�l�y� �h�e�t�e�r�o�g�e�n�e�o�u�s� �b�a�c�k�g�r�o�u�n�d�s� �(�K�a�n�a�s�,� �1�9�8�7�)�.� �D�u�e� 

�t�o� �t�h�e�s�e� �f�a�c�t�o�r�s� �a�s� �a�l�l�u�d�e�d� �t�o� �e�a�r�l�i�e�r�,� �p�s�y�c�h�o�l�o�g�i�c�a�l� 

�c�o�m�p�a�t�i�b�i�l�i�t�y� �w�i�l�l� �p�o�t�e�n�t�i�a�l�l�y� �p�l�a�y� �a� �m�o�r�e� �a�n�d� �m�o�r�e� �i�m�p�o�r�t�a�n�t� 

�r�o�l�e�.� �T�h�e� �S�o�v�i�e�t� �s�p�a�c�e� �p�r�o�g�r�a�m� �a�t�t�e�m�p�t�e�d� �t�o� �a�p�p�l�y� �t�h�i�s� �c�o�n�c�e�p�t� 

�f�o�r� �m�a�n�y� �y�e�a�r�s� �c�o�m�p�a�r�e�d� �w�i�t�h� �t�h�e� �U�.�S�.� �p�r�o�g�r�a�m�.� 

�A�t� �t�h�e� �b�e�g�i�n�n�i�n�g� �o�f� �c�r�e�w� �s�e�l�e�c�t�i�o�n�,� �t�h�e� �S�o�v�i�e�t� �c�o�s�m�o�n�a�u�t�s



�5�8� 

�a�r�e� �s�u�b�j�e�c�t�e�d� �t�o� �a�n� �e�n�o�r�m�o�u�s� �b�a�t�t�e�r�y� �o�f� �p�s�y�c�h�o�l�o�g�i�c�a�l� �t�e�s�t�s� �a�n�d� 

�t�h�e� �c�a�n�d�i�d�a�t�e�s� �a�r�e� �g�r�o�u�p�e�d� �i�n�i�t�i�a�l�l�y� �a�c�c�o�r�d�i�n�g� �t�o� �c�o�m�p�a�t�i�b�i�l�i�t�y� 

�(�B�l�u�t�h�,� �1�9�8�1�,� �1�9�8�4�;� �K�a�n�a�s� �a�n�d� �F�e�d�d�e�r�s�o�n�,� �1�9�7�1�)�.� �O�n�e� �a�s�p�e�c�t� �o�f� 

�t�h�i�s� �c�o�m�p�a�t�i�b�i�l�i�t�y� �g�r�o�u�p�i�n�g� �i�s� �t�h�a�t� �o�n�c�e� �a� �c�r�e�w� �i�s� �s�e�l�e�c�t�e�d� �f�o�r� �a� 

�l�o�n�g�-�d�u�r�a�t�i�o�n� �f�l�i�g�h�t� �t�o�g�e�t�h�e�r�,� �t�h�e�y�,� �a�s� �a�n� �e�x�e�r�c�i�s�e�,� �t�a�k�e� �a�n� 

�a�u�t�o�-�t�o�u�r� �o�f� �t�h�e� �S�o�v�i�e�t� �U�n�i�o�n� �a�s� �a� �"�t�r�i�a�l� �b�a�l�l�o�o�n�"� �t�o� �i�n�c�r�e�a�s�e� 

�t�h�e� �c�h�a�n�c�e�s� �o�f� �s�o�l�i�d� �c�r�e�w� �s�e�r�e�n�i�t�y� �a�n�d� �t�e�a�m�w�o�r�k� �w�h�i�l�e� �o�u�t� �i�n� 

�s�p�a�c�e�.� �D�e�s�p�i�t�e� �t�h�e� �o�v�e�r�a�l�l� �i�n�t�e�n�s�e� �e�f�f�o�r�t�s� �b�y� �t�h�e� �S�o�v�i�e�t�s� �t�o� 

�i�n�s�u�r�e� �b�e�t�t�e�r� �c�r�e�w� �r�e�l�a�t�i�o�n�s�,� �o�n�e� �c�o�s�m�o�n�a�u�t� �h�a�s� �b�e�e�n� �q�u�o�t�e�d� �a�s� 

�r�e�m�a�r�k�i�n�g� �t�h�a�t� �(�B�l�u�t�h�,� �1�9�8�4�)�:� 

�-�.�.�.�j�o�i�n�t� �e�x�i�s�t�e�n�c�e� �c�a�n�n�o�t� �b�e� �s�e�r�e�n�e�.� �W�e� �h�a�d� �d�i�s�a�g�r�e�e�m�e�n�t�s� 
�i�n� �f�l�i�g�h�t�.�.�.�.� �T�h�e� �d�i�s�a�g�r�e�e�m�e�n�t� �d�i�d� �n�o�t� �r�e�a�c�h� �a� �s�c�a�n�d�a�l�,� 
�i�n�a�s�m�u�c�h� �a�s� �t�h�e�r�e� �w�a�s� �n�o�  ��p�l�a�t�f�o�r�m ��,� �i�t� �w�a�s� �s�i�m�p�l�y� �f�a�t�i�g�u�e�,� 
�a�n�d� �f�r�e�q�u�e�n�t�l�y� �s�i�m�p�l�e� �i�n�a�t�t�e�n�t�i�o�n� �w�h�i�c�h� �w�o�u�l�d� �c�a�u�s�e� �t�h�e� 
�a�r�g�u�m�e�n�t�. �� 

�A�s� �m�e�n�t�i�o�n�e�d� �e�a�r�l�i�e�r�,� �s�i�m�i�l�a�r� �e�p�i�s�o�d�e�s� �o�c�c�u�r�r�e�d� �o�n� �S�k�y�l�a�b� 

�(�C�o�o�p�e�r�,� �1�9�7�6�)�.� �W�h�i�l�e� �t�h�e� �a�b�o�v�e� �c�o�s�m�o�n�a�u�t� �m�a�y� �h�a�v�e� �b�e�e�n� �a�b�l�e� �t�o� 

�s�u�p�p�r�e�s�s� �h�i�s� �o�w�n� �d�i�s�a�g�r�e�e�m�e�n�t�s� �w�i�t�h� �h�i�s� �c�r�e�w�m�a�t�e�s�,� �t�h�i�s� �h�a�s� �n�o�t� 

�a�l�w�a�y�s� �b�e�e�n� �t�h�e� �c�a�s�e� �i�n� �t�h�e� �m�e�n�t�a�l�-�h�e�a�l�t�h� �c�o�n�s�c�i�o�u�s� �S�o�v�i�e�t� 

�p�r�o�g�r�a�m� �a�s� �r�e�v�e�a�l�e�d� �b�y� �D�r�.� �A�r�l�e�n�e� �L�e�v�i�n�e�.� �P�s�y�c�h�o�l�o�g�i�s�t� �L�e�v�i�n�e� 

�s�t�u�d�i�e�d� �a�s�t�r�o�n�a�u�t� �a�n�d� �c�o�s�m�o�n�a�u�t� �r�e�a�c�t�i�o�n�s� �t�o� �l�o�n�g�-�d�u�r�a�t�i�o�n� 

�s�p�a�c�e�f�l�i�g�h�t� �a�n�d� �f�o�u�n�d� �t�h�a�t� �"�O�n�e� �g�u�y� �s�t�a�b�b�e�d� �t�h�e� �o�t�h�e�r� �o�n�e� �w�i�t�h� �a� 

�h�y�p�o�d�e�r�m�i�c�.�.�.�N�e�e�d�l�e�s�s� �t�o� �s�a�y� �t�h�e�y� �a�b�o�r�t�e�d� �t�h�e� �m�i�s�s�i�o�n�.� �N�o�t� �o�n�l�y� 

�w�e�r�e� �t�h�e�y� �a�f�r�a�i�d� �o�f� �i�n�f�e�c�t�i�o�n�,� �t�h�e�y� �w�e�r�e� �a�f�r�a�i�d� �t�h�e�y� �m�i�g�h�t� �k�i�l�]� 

�e�a�c�h� �o�t�h�e�r�.�"� �(�R�o�a�n�o�k�e� �T�i�m�e�s� �a�n�d� �W�o�r�l�d� �N�e�w�s�,� �1�9�8�5�)�.� �S�o�v�i�e�t� �c�r�e�w�s� 

�a�l�s�o� �h�a�v�e� �d�i�r�e�c�t�e�d� �i�n�t�e�r�n�a�l� �s�t�r�e�s�s� �t�o�w�a�r�d� �g�r�o�u�n�d� �c�o�n�t�r�o�l�l�e�r�s� �(�a�s� 

�h�a�v�e� �U�.�S�.� �a�s�t�r�o�n�a�u�t�s�)� �b�y� �c�o�m�p�l�e�t�e�l�y� �s�w�i�t�c�h�i�n�g� �o�f�f� �c�o�m�m�u�n�i�c�a�t�i�o�n�s� 

�l�i�n�k�s� �t�o� �t�h�e� �E�a�r�t�h�.� �O�n�e� �e�r�r�a�n�t� �p�s�y�c�h�i�a�t�r�i�s�t� �(�S�a�n�t�y�,� �1�9�8�3�)� �s�t�a�t�e�d� 

�t�h�a�t� �"�.�.�.�i�t� �i�s� �n�o�t� �a�s� �l�i�k�e�l�y� �t�h�a�t� �s�e�r�i�o�u�s� �p�r�o�b�l�e�m�s� �w�i�l�l� �a�r�i�s�e� �i�n



�5�9� 

�s�m�a�l�l� �g�r�o�u�p�s� �o�f� �h�o�m�o�g�e�n�e�o�u�s� �c�o�s�m�o�n�a�u�t�s� �w�h�o� �h�a�v�e� �s�i�m�i�l�a�r� �m�i�l�i�t�a�r�y� 

�b�a�c�k�g�r�o�u�n�d�,� �v�a�l�u�e�s�,� �a�n�d� �m�i�s�s�i�o�n� �g�o�a�l�s�. �� 

�T�h�e� �q�u�e�s�t�i�o�n� �t�h�a�t� �n�a�t�u�r�a�l�l�y� �a�r�i�s�e�s� �n�o�w� �i�s� �t�h�i�s�:� �I�f� �t�h�e� 

�S�o�v�i�e�t�s� �h�a�v�e� �i�n�t�e�n�s�i�v�e�l�y� �t�r�i�e�d� �t�o� �h�a�n�d�l�e� �c�r�e�w� �p�r�o�b�l�e�m�s� �a�n�d� �s�t�i�l�]� 

�h�a�v�e� �h�a�d� �l�e�s�s� �t�h�a�n� �o�p�t�i�m�a�l� �r�e�s�u�l�t�s�,� �w�h�a�t� �t�h�e�n� �i�s� �t�h�e�r�e� �l�e�f�t� �t�o� 

�d�o�?� 

�C�c� �e� �L�A� �a�c�h� 

�T�h�e� �p�r�e�v�i�o�u�s�l�y� �c�i�t�e�d� �i�n�c�i�d�e�n�t�s� �a�n�d� �s�t�u�d�i�e�s� �s�h�o�w� �t�h�a�t� �p�e�r�h�a�p�s� 

�a� �n�e�w� �m�o�d�a�l�i�t�y� �o�f� �t�h�i�n�k�i�n�g� �a�b�o�u�t� �s�m�a�l�l� �g�r�o�u�p�s� �i�n� �s�p�a�c�e� �i�s� �n�e�e�d�e�d�.� 

�O�n�e� �a�p�p�r�o�a�c�h�,� �a�m�o�n�g� �m�a�n�y�,� �w�o�u�l�d� �b�e� �t�o� �v�i�e�w� �t�h�e� �s�p�a�c�e� �s�t�a�t�i�o�n� 

�e�n�v�i�r�o�n�m�e�n�t� �a�s� �a�n� �e�v�o�l�v�i�n�g� �p�s�y�c�h�o�s�o�c�i�a�l� �d�e�v�e�l�o�p�m�e�n�t�a�l� �s�y�s�t�e�m� 

�w�h�e�r�e� �i�n�f�o�r�m�a�t�i�o�n� �(�e�v�e�n�t�s� �i�n� �s�p�a�c�e�)� �i�s� �a� �d�i�f�f�e�r�e�n�c�e� �t�h�a�t� �m�a�k�e�s� �a� 

�d�i�f�f�e�r�e�n�c�e� �(�n�e�w� �c�r�e�w� �c�o�g�n�i�t�i�o�n�s�,� �i�n�t�e�r�a�c�t�i�o�n� �a�n�d� �b�e�h�a�v�i�o�r�a�l� 

�p�a�t�t�e�r�n�s�)�.� �T�h�i�s� �c�o�n�c�e�p�t�,� �a�r�t�i�c�u�l�a�t�e�d� �s�o�m�e�w�h�a�t� �s�i�m�i�l�a�r�l�y� �b�y� 

�S�u�s�a�n� �O�y�a�m�a� �(�1�9�8�5�)� �c�o�u�l�d� �r�e�p�l�a�c�e� �t�h�e� �s�o�m�e�w�h�a�t� �c�h�a�n�n�e�l�e�d� �a�n�d� 

�s�t�a�t�i�c� �l�o�n�g�i�t�u�d�i�n�a�l�s� �m�o�d�e�l� �o�f� �b�e�h�a�v�i�o�r� �u�s�u�a�l�l�y� �p�r�e�s�e�n�t�e�d� �i�n� 

�s�c�i�e�n�t�i�f�i�c� �l�i�t�e�r�a�t�u�r�e� �w�i�t�h� �a� �m�o�r�e� �d�y�n�a�m�i�c� �e�v�o�l�v�i�n�g� �o�n�e�.� �F�i�g�u�r�e� 

�1�2� �f�r�o�m� �F�u�r�u�k�a�m�a� �a�n�d� �B�u�c�h�a�n�a�n� �(�1�9�8�4�)� �i�l�l�u�s�t�r�a�t�e�s� �t�h�i�s� �c�o�n�c�e�p�t�.� 

�T�h�e� �f�i�g�u�r�e� �s�h�o�w�s� �a� �c�o�n�c�e�p�t�u�a�l� �r�e�l�a�t�i�o�n�s�h�i�p� �o�f� �m�a�n� �i�n� �t�h�e� �s�p�a�c�e� 

�e�n�v�i�r�o�n�m�e�n�t� �i�n� �a� �s�y�s�t�e�m�s� �p�e�r�s�p�e�c�t�i�v�e� �w�i�t�h� �t�i�m�e� �p�a�s�s�a�g�e� �a�s� �a�n� 

�i�m�p�o�r�t�a�n�t� �c�o�n�s�i�d�e�r�a�t�i�o�n�.� �T�h�e� �f�i�g�u�r�e�'�s� �c�o�n�t�e�n�t� �r�e�v�e�a�l�s� �t�h�a�t� 

�b�e�h�a�v�i�o�r�,� �h�a�b�i�t�a�b�i�l�i�t�y�,� �p�h�y�s�i�o�l�o�g�y�,� �a�n�d� �e�n�v�i�r�o�n�m�e�n�t� �a�l�l� �i�n�t�e�r�a�c�t� 

�a�s� �m�i�s�s�i�o�n� �t�i�m�e� �p�r�o�g�r�e�s�s�e�s� �t�o� �p�r�o�d�u�c�e� �a� �d�i�f�f�e�r�e�n�t� �o�v�e�r�a�l�l� �s�y�s�t�e�m�s� 

�c�o�n�t�e�x�t� �a�t� �a� �l�a�t�e�r� �p�o�i�n�t� �i�n� �t�i�m�e�.� �T�h�e� �i�m�p�o�r�t�a�n�c�e� �o�f� �t�h�e� �c�o�n�c�e�p�t� 

�o�f� �c�o�n�t�e�x�t� �c�a�n�n�o�t� �b�e� �o�v�e�r�s�t�r�e�s�s�e�d� �a�s� �a� �f�r�a�m�e�w�o�r�k� �f�o�r� �a�d�d�r�e�s�s�i�n�g� 

�l�o�n�g�-�d�u�r�a�t�i�o�n� �s�p�a�c�e�f�l�i�g�h�t� �i�s�s�u�e�s�.� �O�n�e� �o�f� �t�h�e� �k�e�y� �a�t�t�r�i�b�u�t�e�s� �o�f
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�P�H�Y�S�I�O�L�O�G�I�C�A�L� 
�°� �C�H�A�N�G�E�S� �I�N� �T�I�M�E� 

�A� �D�y�n�a�m�i�c� �C�o�n�c�e�p�t�u�a�l� �R�e�l�a�t�i�o�n�s�h�i�p� �o�f� �M�a�n� 
�i�n� �S�p�a�c�e� �a�n�d� �E�n�v�i�r�o�n�m�e�n�t� 

�A�d�a�p�t�e�d� �f�r�o�m� �F�u�r�u�k�a�w�a� �a�n�d� �B�u�c�h�a�n�a�n�,� �1�9�8�4�.



�6�1� 

�w�e�l�l�-�f�u�n�c�t�i�o�n�i�n�g� �g�r�o�u�p�s� �i�n� �s�p�a�c�e� �w�i�l�l� �m�o�s�t� �l�i�k�e�l�y� �b�e� �f�l�e�x�i�b�i�l�i�t�y� 

�i�n� �t�h�o�u�g�h�t� �a�n�d� �a�c�t�i�o�n� �d�u�r�i�n�g� �l�o�n�g� �s�p�a�c�e�f�l�i�g�h�t�s�.� �F�l�e�x�i�b�i�l�i�t�y� �t�h�a�t� 

�i�n�v�o�l�v�e�s� �t�h�e� �c�o�n�s�i�d�e�r�a�t�i�o�n� �o�f� �c�o�n�t�e�x�t� �a�s� �a� �k�e�y� �v�a�r�i�a�b�l�e� �i�n� �t�h�e� 

�g�r�o�u�p�'�s� �s�e�l�f�-�i�n�t�r�o�s�p�e�c�t�i�o�n� �d�u�r�i�n�g� �m�i�n�o�r� �c�r�i�s�e�s� �c�o�u�l�d� �h�e�l�p� �t�o� 

�a�v�o�i�d� �l�a�r�g�e�r� �o�n�e�s�.� �G�r�o�u�n�d� �c�o�n�t�r�o�l� �s�h�o�u�l�d� �a�l�s�o� �b�e� �p�r�e�s�e�n�t�e�d� �w�i�t�h� 

�t�h�e� �i�d�e�a� �t�h�a�t� �t�h�e� �m�i�s�s�i�o�n� �a�s� �a� �w�h�o�l�e� �i�s� �a�n� �o�n�g�o�i�n�g� �p�r�o�c�e�s�s� �t�h�a�t� 

�i�s� �h�e�a�v�i�l�y� �d�e�p�e�n�d�e�n�t� �u�p�o�n� �c�o�n�t�e�x�t�u�a�l� �f�a�c�t�o�r�s� �s�o� �f�a�r� �a�s� �t�h�e� 

�a�s�t�r�o�n�a�n�t�s �� �f�e�e�l�i�n�g�s� �(�a�n�d� �p�e�r�f�o�r�m�a�n�c�e�)� �a�r�e� �c�o�n�c�e�r�n�e�d�.� �M�a�r�m�o�r� 

�(�1�9�8�3�)� �p�r�o�p�o�s�e�s� �a� �s�i�m�i�l�a�r� �i�d�e�a� �f�o�r� �s�y�s�t�e�m�s� �t�h�i�n�k�i�n�g� �w�h�e�r�e� �t�h�e� 

�i�m�p�a�c�t� �o�f� �s�t�r�e�s�s�f�u�l� �c�i�r�c�u�m�s�t�a�n�c�e�s� �d�e�p�e�n�d�s� �u�p�o�n� �t�h�e� �s�p�e�c�i�f�i�c� 

�c�o�n�t�e�x�t� �i�n� �w�h�i�c�h� �t�h�e�y� �a�r�e� �e�x�p�e�r�i�e�n�c�e�d�.� �F�o�r� �a� �l�o�n�g�-�d�u�r�a�t�i�o�n� 

�s�p�a�c�e�f�l�i�g�h�t�,� �m�u�c�h� �o�f� �t�h�e� �c�o�n�t�e�x�t� �r�e�g�a�r�d�i�n�g� �p�s�y�c�h�o�s�o�c�i�a�l� �s�t�r�e�s�s�o�r�s� 

�i�s� �r�e�l�a�t�e�d� �t�o� �g�r�o�u�p� �b�e�h�a�v�i�o�r� �a�n�d� �p�r�o�c�e�s�s�e�s� �w�h�i�c�h� �w�i�l�l�]� �b�e� �r�e�v�i�e�w�e�d� 

�n�e�x�t�.� 

�G�r�o�u�p� �B�e�h�a�v�i�o�r� 

�D�y�n�a�m�i�c� �g�r�o�u�p� �b�e�h�a�v�i�o�r� �i�s� �a� �v�e�r�y� �c�o�m�p�l�e�x� �s�u�b�j�e�c�t� �a�r�e�a�-�-�e�v�e�n� 

�m�o�r�e�s�o� �i�n� �s�p�a�c�e�-�-�s�u�c�h� �t�h�a�t� �t�h�e�  ��c�l�a�s�s�i�c�a�l �� �l�i�n�e�s� �o�f� �t�h�i�n�k�i�n�g� �m�a�y� 

�n�o�t� �a�c�c�u�r�a�t�e�l�y� �p�r�e�d�i�c�t� �t�h�e� �p�o�t�e�n�t�i�a�l� �p�r�o�b�l�e�m� �a�r�e�a�s� �o�f� �t�h�e� �l�o�n�g�-� 

�d�u�r�a�t�i�o�n� �s�p�a�c�e�f�a�r�e�r�(�s�)�.� 

�O�n�e� �p�o�s�s�i�b�i�l�i�t�y� �o�f� �h�a�n�d�l�i�n�g� �t�h�e� �c�o�m�p�l�e�x�i�t�y� �o�f� �g�r�o�u�p� 

�i�n�t�e�r�a�c�t�i�o�n�s� �i�n� �s�p�a�c�e� �w�o�u�l�d� �b�e� �t�o� �t�r�a�i�n� �a�n�d� �e�d�u�c�a�t�e� �a�s�t�r�o�n�a�u�t�s� �i�n� 

�s�i�m�p�l�e� �g�r�o�u�p� �d�y�n�a�m�i�c�s� �(�N�i�c�h�o�l�a�s�,� �1�9�8�9�)�.� �T�h�e� �S�o�v�i�e�t�s� �(�a�s� �t�h�e� 

�c�u�r�r�e�n�t� �l�o�n�g�-�d�u�r�a�t�i�o�n� �l�e�a�d�e�r�s� �i�n� �s�p�a�c�e�)� �h�a�v�e� �a� �f�o�r�m�a�l� 

�P�s�y�c�h�o�l�o�g�i�c�a�l� �S�u�p�p�o�r�t� �G�r�o�u�p� �t�h�a�t� �h�e�l�p�s� �t�o� �t�r�a�i�n� �a�n�d� �m�o�n�i�t�o�r� �c�r�e�w�s� 

�e�n�g�a�g�e�d� �i�n� �o�n�g�o�i�n�g� �g�r�o�u�p� �p�r�o�c�e�s�s�e�s� �a�n�d� �i�n�t�e�r�a�c�t�i�o�n�s� �t�o� �h�e�l�p� 

�i�d�e�n�t�i�f�y� �a�n�d� �r�e�s�o�l�v�e� �p�o�t�e�n�t�i�a�l� �t�r�o�u�b�l�e� �s�p�o�t�s�.� �T�h�e� �g�r�o�u�p� �l�e�a�r�n�s



�6�2� 

�p�r�o�b�l�e�m�-�s�o�l�v�i�n�g� �t�e�c�h�n�i�q�u�e�s� �b�e�f�o�r�e� �t�h�e�y� �e�x�p�l�o�d�e� �i�n� �t�h�e� �m�o�r�e� 

�d�a�n�g�e�r�o�u�s� �s�p�a�c�e� �s�t�a�t�i�o�n� �e�n�v�i�r�o�n�m�e�n�t� �i�t�s�e�l�f�.� �P�r�a�c�t�i�c�a�l� �a�s�p�e�c�t�s� �o�f� 

�t�h�i�s� �a�p�p�r�o�a�c�h� �a�r�e� �t�h�a�t� �i�t� �g�i�v�e�s� �t�h�e� �c�r�e�w� �a� �m�o�d�e�l� �f�o�r� �r�e�s�o�l�v�i�n�g� 

�i�n�-�f�l�i�g�h�t� �h�o�s�t�i�l�i�t�i�e�s� �a�n�d� �i�n�t�e�r�p�e�r�s�o�n�a�l� �t�e�n�s�i�o�n�s� �t�h�a�t� �u�n�c�h�e�c�k�e�d� 

�c�a�n� �l�e�a�d� �t�o� �d�e�s�t�r�u�c�t�i�v�e� �g�r�o�u�p� �b�e�h�a�v�i�o�r� �a�n�d� �l�o�w�e�r�e�d� �c�r�e�w� �m�i�s�s�i�o�n� 

�p�e�r�f�o�r�m�a�n�c�e� �(�C�u�n�n�i�n�g�h�a�m�,� �1�9�7�7�;� �M�i�n�t�z�,� �1�9�5�1�;� �N�i�c�h�o�l�a�s�,� �1�9�8�9�)�.� 

�I�n�t�e�r�e�s�t�i�n�g� �c�o�r�r�e�l�a�t�e�s� �h�a�v�e� �b�e�e�n� �f�o�u�n�d� �i�n� �o�t�h�e�r� �s�t�u�d�i�e�s� �f�o�r� 

�t�h�e� �r�e�s�o�l�u�t�i�o�n� �o�f� �g�r�o�u�p� �t�e�n�s�i�o�n�.� �R�e�c�a�l�l� �t�h�e� �a�f�o�r�e�m�e�n�t�i�o�n�e�d� 

�"�p�i�n�g�i�n�g�"� �b�y� �s�o�m�e� �s�u�b�m�a�r�i�n�e� �c�r�e�w� �m�e�m�b�e�r�s� �(�E�b�e�r�s�o�l�e�,� �1�9�6�0�)�.� �K�a�n�a�s� 

�(�1�9�8�7�)� �r�e�v�i�e�w�e�d� �t�h�e� �3�0� �a�n�d� �6�0�-�d�a�y� �M�c�D�o�n�n�e�l�l� �D�o�u�g�l�a�s� �s�p�a�c�e� 

�s�i�m�u�l�a�t�i�o�n� �s�t�u�d�i�e�s� �w�h�e�r�e� �i�n�t�e�r�p�e�r�s�o�n�a�l� �c�o�n�f�l�i�c�t� �w�a�s� �o�b�s�e�r�v�e�d� �t�o� 

�b�e� �m�i�n�i�m�a�l�.� �T�h�i�s� �w�a�s� �e�x�p�l�a�i�n�e�d� �b�y� �t�h�e� �f�a�c�t� �t�h�a�t� �t�h�e� �s�u�b�j�e�c�t�s� �i�n� 

�e�a�c�h� �s�t�u�d�y� �r�e�c�e�i�v�e�d� �1�2�-�2�4� �h�o�u�r�s� �o�f� �s�e�n�s�i�t�i�v�i�t�y� �t�r�a�i�n�i�n�g� �b�e�f�o�r�e� 

�b�e�g�i�n�n�i�n�g� �t�h�e� �i�s�o�l�a�t�i�o�n�.� �T�h�e� �t�r�a�i�n�i�n�g� �w�a�s� �d�e�s�i�g�n�e�d� �t�o� �i�m�p�r�o�v�e� 

 ��b�e�h�a�v�i�o�r�a�l� �f�l�e�x�i�b�i�l�i�t�y� �a�n�d� �s�o�c�i�a�l� �a�w�a�r�e�n�e�s�s�.�"� �T�h�e� �p�a�r�t�i�c�i�p�a�n�t�s� 

�i�n� �t�h�e� �M�c�D�o�n�n�e�l�l� �D�o�u�g�l�a�s� �9�0�-�d�a�y� �s�i�m�u�l�a�t�i�o�n� �s�t�u�d�y� �r�e�c�e�i�v�e�d� �n�o� �s�u�c�h� 

�t�r�a�i�n�i�n�g� �a�n�d� �t�h�e� �g�r�o�u�p� �t�e�n�s�i�o�n� �t�o� �i�n�t�e�r�n�a�l� �a�n�d� �e�x�t�e�r�n�a�l� �a�g�e�n�t�s� 

�b�e�c�a�m�e� �i�n�c�r�e�a�s�i�n�g�l�y� �w�o�r�s�e�,� �i�m�p�e�r�s�o�n�a�l�,� �a�n�d� �t�h�e� �l�a�n�g�u�a�g�e� �o�f� �t�h�e� 

�m�e�m�b�e�r�s� �t�o�w�a�r�d� �e�a�c�h� �o�t�h�e�r� �w�a�s� �n�o�t�e�d� �t�o� �b�e�c�o�m�e� �m�o�r�e� �a�n�d� �m�o�r�e� �t�a�s�k�-� 

�o�r�i�e�n�t�e�d� �a�n�d� �n�o�n�-�i�n�t�e�r�a�c�t�i�v�e�.� �T�h�e� �c�o�n�f�l�i�c�t� �w�a�s� �s�o�m�e�w�h�a�t� �r�e�d�u�c�e�d� 

�w�h�e�n� �a�  ��b�u�l�l� �s�e�s�s�i�o�n�"� �t�o�o�k� �p�l�a�c�e� �b�e�t�w�e�e�n� �t�h�e� �s�u�b�j�e�c�t�s� �a�n�d� �t�h�e� 

�s�t�u�d�y�'�s� �b�e�h�a�v�i�o�r�a�l� �d�i�r�e�c�t�o�r�.� �V�e�r�y� �s�i�m�i�l�a�r� �i�n�c�i�d�e�n�t�s� �h�a�v�e� 

�o�c�c�u�r�r�e�d� �i�n� �S�k�y�l�a�b� �a�n�d� �t�h�e� �A�p�o�l�l�o� �p�r�o�g�r�a�m� �(�C�o�o�p�e�r�,� �1�9�7�6�;� 

�C�u�n�n�i�n�g�h�a�m�,� �1�9�7�7�)�.� �A�s� �C�u�n�n�i�n�g�h�a�m� �r�e�l�a�t�e�s� �f�r�o�m� �A�p�o�l�l�o� �7�:� 

�W�a�l�l�y� �(�S�c�h�i�r�r�a�)� �w�a�s� �n�e�v�e�r� �a� �d�e�t�a�i�l� �m�a�n�,� �a�n�d� �a�t� �l�e�a�s�t� 
�p�a�r�t� �o�f� �h�i�s� �t�e�s�t�i�n�e�s�s� �d�u�r�i�n�g� �t�h�e� �f�l�i�g�h�t� �w�a�s� �c�a�u�s�e�d� �b�y� �h�i�s� 
�d�i�s�c�o�v�e�r�y�,� �f�o�r� �t�h�e� �f�i�r�s�t� �t�i�m�e�,� �o�f� �s�o�m�e� �o�f� �t�h�e� �d�e�t�a�i�l�s� �o�f� �t�h�e� 
�t�e�s�t�s� �w�e� �w�e�r�e� �t�o� �p�e�r�f�o�r�m�.� �T�h�e�n� �t�h�e�r�e� �w�a�s� �t�h�e� �a�d�d�e�d� �s�t�r�e�s�s� 
�o�f� �a� �b�a�d� �h�e�a�d� �c�o�l�d� �a�n�d� �t�h�e� �r�e�a�l�i�z�a�t�i�o�n� �t�h�a�t� �i�f� �t�h�e� �m�i�s�s�i�o�n� 
�h�a�d� �t�o� �b�e� �a�b�o�r�t�e�d�,� �t�h�e�r�e� �w�a�s� �a� �h�i�g�h� �r�i�s�k� �t�h�a�t� �h�i�s� �e�a�r�d�r�u�m�s
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�w�o�u�l�d� �b�e� �d�a�m�a�g�e�d� �i�n� �t�h�e� �s�u�b�s�e�q�u�e�n�t� �r�e�e�n�t�r�y�.� �I�t� �a�d�d�e�d� �u�p� �t�o� 
�W�a�l�l�y� �b�e�i�n�g� �a�n� �i�r�a�s�c�i�b�l�e� �f�e�l�l�o�w� �m�o�s�t� �o�f� �t�h�e� �(�1�1�-�d�a�y�)� �t�r�i�p�.� 

�.�.�.�-�D�o�n�n� �h�a�d� �b�e�e�n� �w�o�r�k�i�n�g� �h�a�r�d� �o�n� �t�h�e� �t�e�s�t� �a�n�d� �h�a�d� �j�u�s�t� 
�o�n�e� �m�o�r�e� �s�i�g�h�t�i�n�g� �t�o� �m�a�k�e�.� �H�e� �f�i�n�a�l�l�y� �g�o�t� �f�e�d� �u�p� �(�w�i�t�h� 
�S�c�h�i�r�r�a�)� �a�n�d� �s�n�a�p�p�e�d� �b�a�c�k�,� �w�h�i�c�h� �f�o�r� �h�i�m� �w�a�s� 
�u�n�c�h�a�r�a�c�t�e�r�i�s�t�i�c�:�  ��O�k�a�y�,� �i�f� �y�o�u� �i�n�s�i�s�t�,� �|�'�1�1� �w�r�a�p� �i�t� �u�p�.� 
�B�u�t� �w�e�'�v�e� �a�l�r�e�a�d�y� �s�p�e�n�t� �t�h�e� �f�u�e�l� �t�o� �g�e�t� �h�e�r�e� �a�n�d� �|� �c�o�u�l�d� �b�e� 
�f�i�n�i�s�h�e�d� �i�n� �a�n�o�t�h�e�r� �f�i�v�e� �m�i�n�u�t�e�s�.� �|� �j�u�s�t� �w�a�n�t� �t�o� �p�u�t� �i�t� �o�n� 
�t�h�e� �t�a�p�e� �t�h�a�t� �w�e�'�r�e� �k�n�o�c�k�i�n�g� �o�f�f� �t�h�i�s� �t�e�s�t� �b�e�c�a�u�s�e� �y�o�u� 
�o�r�d�e�r�e�d� �i�t�.�"� 

�W�a�l�l�y� �d�i�d�n�'�t� �e�v�e�n� �b�l�i�n�k�.� �"�O�k�a�y�"�,� �h�e� �s�a�i�d�.�  ��Y�o�u� �j�u�s�t� 
�d�o� �t�h�a�t� �a�n�d� �w�h�e�n� �y�o�u� �g�e�t� �t�h�r�o�u�g�h�,� �I�'�m� �g�o�i�n�g� �t�o� �p�u�t� �o�n� �t�h�a�t� 
�s�a�m�e� �t�a�p�e� �t�h�a�t� �y�o�u� �w�e�r�e� �t�h�r�e�a�t�e�n�i�n�g� �m�u�t�i�n�y�. �� 

�C�u�n�n�i�n�g�h�a�m� �c�o�n�t�i�n�u�e�s� �w�i�t�h� �t�h�e� �d�e�s�c�r�i�p�t�i�o�n� �o�f� �t�h�e� �m�i�n�o�r� 

�c�r�i�s�i�s� �a�n�d� �h�o�w� �i�t� �w�a�s� �e�v�e�n�t�u�a�l�l�y� �p�s�e�u�d�o�-�r�e�s�o�l�v�e�d�.� �T�h�e� �f�a�c�t� �t�h�a�t� 

�a�n� �e�x�c�h�a�n�g�e� �s�u�c�h� �a�s� �t�h�i�s� �o�c�c�u�r�r�e�d� �a�t� �a�l�l� �a�m�o�n�g� �h�i�g�h�l�y� �t�r�a�i�n�e�d� �a�n�d� 

�m�o�t�i�v�a�t�e�d� �p�r�o�f�e�s�s�i�o�n�a�l�s� �d�u�r�i�n�g� �a� �r�a�t�h�e�r� �s�h�o�r�t� �f�l�i�g�h�t� �i�s� �s�o�m�e�w�h�a�t� 

�r�e�v�e�a�l�i�n�g�.� �G�i�v�e�n� �t�h�e� �s�e�t� �o�f� �c�i�r�c�u�m�s�t�a�n�c�e�s� �a�n�d� �s�o�m�e� �p�r�e�f�l�i�g�h�t� 

�c�r�e�w�-�s�e�n�s�i�t�i�v�i�t�y� �t�r�a�i�n�i�n�g�,� �w�o�u�l�d� �t�h�e� �r�e�m�a�r�k�s� �i�n� �t�h�a�t� �v�e�i�n� �h�a�v�e� 

�h�a�p�p�e�n�e�d�?� �T�h�e� �i�m�p�o�r�t�a�n�c�e� �o�f� �t�h�i�s� �i�s�o�l�a�t�e�d� �e�v�e�n�t� �i�s� �m�i�n�o�r�,� �b�u�t� 

�s�e�v�e�r�a�l� �i�n�c�i�d�e�n�t�s� �s�u�c�h� �a�s� �t�h�i�s� �o�n� �a� �l�o�n�g� �s�p�a�c�e�f�l�i�g�h�t� �c�o�u�l�d� 

�s�i�g�n�i�f�i�c�a�n�t�l�y� �a�l�t�e�r� �t�h�e� �d�y�n�a�m�i�c� �e�q�u�i�l�i�b�r�i�u�m� �a�m�o�n�g� �t�h�e� �c�r�e�w� 

�m�e�m�b�e�r�s� �a�n�d� �s�e�r�i�o�u�s�l�y� �u�p�s�e�t� �t�h�e� �b�a�l�a�n�c�e� �w�i�t�h�i�n� �t�h�e� �c�r�e�w� �t�h�a�t� �w�a�s� 

�a�c�h�i�e�v�e�d� �d�u�r�i�n�g� �t�h�e� �t�r�a�i�n�i�n�g� �m�o�n�t�h�s�.� �T�h�e� �a�p�p�l�i�c�a�t�i�o�n� �o�f� �s�u�c�h� 

�s�e�n�s�i�t�i�v�i�t�y� �t�r�a�i�n�i�n�g� �i�n� �t�h�e� �U�.�S�.� �s�p�a�c�e� �p�r�o�g�r�a�m� �h�a�s� �n�o�t� �d�i�r�e�c�t�l�y� 

�o�c�c�u�r�r�e�d�,� �b�u�t� �e�m�p�i�r�i�c�a�l� �a�r�g�u�m�e�n�t�s� �s�u�p�p�o�r�t� �s�u�c�h� �a�n� �a�t�t�e�m�p�t� �f�o�r� 

�f�u�t�u�r�e� �U�.�S�.� �s�p�a�c�e� �c�r�e�w�s�.� �S�e�n�s�i�t�i�v�i�t�y� �t�r�a�i�n�i�n�g� �a�l�s�o� �r�e�c�o�g�n�i�z�e�s� 

�i�m�p�l�i�c�i�t�l�y� �t�h�a�t� �t�h�e� �g�r�o�u�p� �e�v�o�l�v�e�s� �w�i�t�h� �t�i�m�e� �s�u�c�h� �t�h�a�t� �t�h�e� �g�r�o�u�p� 

�t�h�a�t� �a�r�r�i�v�e�s� �a�t� �m�a�r�s� �i�s� �n�o�t� �p�s�y�c�h�o�l�o�g�i�c�a�l�l�y� �t�h�e� �s�a�m�e� �g�r�o�u�p� �t�h�a�t� 

�l�e�f�t� �t�h�e� �E�a�r�t�h�.� 

�W�h�i�l�e� �t�h�e� �S�o�v�i�e�t� �U�n�i�o�n� �h�a�s� �h�a�d� �m�i�x�e�d� �s�u�c�c�e�s�s� �w�i�t�h� �i�t�s� �o�w�n� 

�P�s�y�c�h�o�l�o�g�i�c�a�l� �S�u�p�p�o�r�t� �G�r�o�u�p� �f�o�r� �c�o�s�m�o�n�a�u�t�s�,� �i�t� �n�e�v�e�r�t�h�e�l�e�s�s� �h�a�s
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�p�r�o�c�e�e�d�e�d� �a�c�t�i�v�e�l�y� �t�o� �r�e�s�e�a�r�c�h� �t�h�e� �a�r�e�a� �o�f� �h�o�w� �t�o� �d�i�s�c�e�r�n� �a� 

�c�o�s�m�o�n�a�u�t�' ��s� �f�u�n�c�t�i�o�n�a�l� �s�t�a�t�e� �d�u�r�i�n�g� �h�i�s� �p�r�o�f�e�s�s�i�o�n�a�l� �a�c�t�i�v�i�t�y�.� 

�G�r�o�u�n�d�-�a�n�a�l�y�z�e�d� �s�p�e�e�c�h� �s�i�g�n�a�l� �p�a�t�t�e�r�n�s� �f�o�r� �c�o�s�m�o�n�a�u�t�s �� 

�c�o�m�m�u�n�i�c�a�t�i�o�n�s� �a�r�e� �u�s�e�d� �a�s� �i�n�d�i�c�e�s� �o�f� �e�m�o�t�i�o�n�a�l� �s�t�r�e�s�s� �a�n�d� �m�o�o�d� 

�S�i�m�o�n�o�v� �a�n�d� �F�r�o�l�o�v� �(�1�9�7�3�)� �c�l�a�i�m� �t�h�a�t� �t�h�e�y� �c�a�n� �d�i�f�f�e�r�e�n�t�i�a�t�e� 

�"�a�d�e�q�u�a�t�e�l�y�"� �t�h�e� �d�e�g�r�e�e� �o�f� �e�m�o�t�i�o�n�a�l� �s�t�r�e�s�s� �b�y� �v�o�i�c�e� �a�n�a�l�y�s�i�s� �o�f� 

�c�o�s�m�o�n�a�u�t� �t�r�a�n�s�m�i�s�s�i�o�n�s� �8�5�%� �o�f� �t�h�e� �t�i�m�e�.� �T�h�e� �S�o�v�i�e�t� �g�r�o�u�p� �a�l�s�o� 

�u�s�e�s� �t�h�e� �a�v�e�r�a�g�e� �p�h�y�s�i�c�a�l� �d�i�s�t�a�n�c�e� �b�e�t�w�e�e�n� �t�w�o� �(�o�r� �m�o�r�e�)� 

�c�o�s�m�o�n�a�u�t�s� �a�s� �a� �b�a�r�o�m�e�t�e�r� �o�f� �t�h�e� �i�n�t�e�r�p�e�r�s�o�n�a�l� �t�e�n�s�i�o�n� �b�e�t�w�e�e�n� 

�t�h�e� �m�e�n� �a�s� �t�h�e� �f�l�i�g�h�t� �p�r�o�g�r�e�s�s�e�s�.� �C�o�s�m�o�n�a�u�t� �"�s�y�n�t�a�x�"� �h�a�s� �a�l�s�o� 

�b�e�e�n� �a�n�a�l�y�z�e�d� �a�n�d� �o�b�s�e�r�v�e�d� �t�o� �b�e� �m�o�r�e� �t�a�s�k�-�o�r�i�e�n�t�e�d� �a�s� �t�e�n�s�i�o�n�s� 

�r�i�s�e�.� �R�o�u�t�i�n�e� �g�r�o�u�n�d� �l�i�n�k�s� �w�i�t�h� �f�a�m�i�l�y� �m�e�m�b�e�r�s� �a�n�d� �c�e�l�e�b�r�i�t�i�e�s� 

�o�f� �S�o�v�i�e�t� �l�i�f�e� �a�l�o�n�g� �w�i�t�h�  ��s�u�r�p�r�i�s�e�s �� �o�n� �t�h�e� �P�r�o�g�r�e�s�s� �s�u�p�p�l�y� �s�h�i�p� 

�h�e�l�p� �t�o� �b�o�l�s�t�e�r� �t�h�e� �l�o�n�e�s�o�m�e� �c�o�s�m�o�n�a�u�t�'�s� �m�o�r�a�l�e� �(�B�l�u�t�h�,� �1�9�8�1�;� 

�K�a�n�a�s�,� �1�9�8�5�)�.� �T�h�e� �i�n�t�e�r�a�c�t�i�v�e� �n�a�t�u�r�e� �o�f� �t�h�e� �c�o�m�m�u�n�i�c�a�t�i�o�n�s� �i�n� 

�L�E�O� �i�s� �n�o�t� �g�o�i�n�g� �b�e� �t�h�e� �n�o�r�m� �f�o�r� �a� �m�a�r�s� �m�i�s�s�i�o�n� �s�i�n�c�e� 

�c�o�m�m�u�n�i�c�a�t�i�o�n�s� �w�i�l�l� �t�a�k�e� �1�5�-�2�0� �m�i�n�u�t�e�s� �t�o� �b�e� �r�e�c�e�i�v�e�d� �o�n� �t�h�e� �r�e�d� 

�p�l�a�n�e�t�.� �B�e�c�a�u�s�e� �o�f� �t�h�e� �c�o�m�m�u�n�i�c�a�t�i�o�n�s� �t�i�m�e� �d�e�l�a�y� �a�n�d� �o�t�h�e�r� 

�t�e�c�h�n�i�c�a�l� �f�a�c�t�o�r�s�,� �o�n�e�-�w�a�y� �m�o�n�o�l�o�g�u�e�s� �w�i�l�l� �m�o�s�t� �l�i�k�e�l�y� �d�o�m�i�n�a�t�e� 

�m�u�c�h� �o�f� �t�h�e� �f�l�i�g�h�t� �t�o� �m�a�r�s� �w�h�i�c�h� �c�o�u�l�d� �h�a�v�e� �a� �n�e�g�a�t�i�v�e� �m�o�r�a�l�e� 

�i�m�p�a�c�t� �o�n� �t�h�e� �c�r�e�w� �o�v�e�r� �t�i�m�e�.� 

�r�_� �I�n�t�e�r�p�e�r�s� �s� 

�A�s� �t�i�m�e� �g�o�e�s� �o�n�,� �c�r�e�w� �h�e�t�e�r�o�g�e�n�e�i�t�y� �i�s� �e�x�p�e�c�t�e�d� �t�o� �b�e�c�o�m�e� �a� 

�s�i�g�n�i�f�i�c�a�n�t� �s�o�u�r�c�e� �o�f� �t�e�n�s�i�o�n� �(�K�a�n�a�s� �a�n�d� �F�e�d�d�e�r�s�o�n�,� �1�9�7�1�;� �K�a�n�a�s�,� 

�1�9�8�7�)�.� �A�s� �a�n� �e�x�a�m�p�l�e�,� �h�o�w� �w�i�l�l� �m�e�n� �a�n�d� �w�o�m�e�n� �r�e�l�a�t�e� �o�n� �l�o�n�g�-� 

�d�i�s�t�a�n�c�e� �f�l�i�g�h�t�s�?� �C�o�s�m�o�n�a�u�t� �C�h�i�e�f� �S�h�a�t�a�l�o�v� �h�a�s� �b�e�e�n� �h�e�a�r�d� �t�o� �s�a�y
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�t�h�a�t� �s�p�a�c�e�f�l�i�g�h�t� �i�s� �t�o�o� �d�i�f�f�i�c�u�l�t� �f�o�r� �w�o�m�e�n�.� �A�n� �a�m�u�s�i�n�g� 

�s�i�d�e�l�i�g�h�t� �t�o� �t�h�e� �i�s�s�u�e� �w�h�i�c�h� �r�e�v�e�a�l�s� �s�u�c�h� �c�o�v�e�r�t� �t�h�i�n�k�i�n�g� 

�h�a�p�p�e�n�e�d� �o�n� �t�h�e� �S�a�l�y�u�t�-�7� �s�p�a�c�e�c�r�a�f�t�.� �A� �c�o�s�m�o�n�a�u�t� �c�o�m�m�e�n�t�e�d� �o�n� 

�h�i�s� �v�i�s�i�t�i�n�g� �f�e�m�a�l�e� �c�o�u�n�t�e�r�p�a�r�t�:� �"�W�e� �w�a�i�t�e�d� �f�o�r� �h�e�r� �t�o� �m�a�k�e� �h�e�r� 

�a�p�p�e�a�r�a�n�c�e�,� �a�n�d� �j�u�s�t� �l�i�k�e� �a� �w�o�m�e�n�,� �s�h�e� �k�e�p�t� �p�r�i�m�p�i�n�g �!"� �(�C�h�a�i�k�i�n�,� 

�1�9�8�5�;� �B�l�u�t�h� �a�n�d� �H�e�l�p�p�i�e�,� �1�9�8�6�)�.� �S�a�n�t�y� �(�1�9�8�3�)� �d�e�a�l�s� �w�i�t�h� �t�h�e� 

�m�a�l�e�/�f�e�m�a�l�e� �i�s�s�u�e� �o�f� �s�e�x�u�a�l�i�t�y� �d�i�r�e�c�t�l�y� �i�s� �h�e�r� �p�a�p�e�r�:� 

�T�h�e� �i�s�s�u�e� �o�f� �s�e�x�u�a�l�i�t�y�,� �e�s�p�e�c�i�a�l�l�y� �o�n� �l�o�n�g�-�d�u�r�a�t�i�o�n� 
�m�i�s�s�i�o�n�s�,� �s�u�c�h� �a�s� �a�n� �i�n�t�e�r�p�l�a�n�e�t�a�r�y� �o�n�e�,� �i�s� �n�o�t� �t�r�i�v�i�a�l�.� 
�N�o� �m�a�t�t�e�r� �h�o�w� �w�e�l�l� �t�r�a�i�n�e�d� �t�h�e� �c�r�e�w� �i�s�,� �t�h�e�r�e� �i�s� �r�e�a�s�o�n� �t�o� 
�e�x�p�e�c�t� �t�h�a�t� �s�u�c�h� �i�s�s�u�e�s� �a�s� �s�e�x�u�a�l� �a�r�o�u�s�a�l�,� �t�e�n�s�i�o�n�,� �a�n�d� 
�c�o�m�p�e�t�i�t�i�o�n� �a�r�e� �j�u�s�t� �a�s� �l�i�k�e�l�y� �t�o� �o�c�c�u�r� �i�n� �s�p�a�c�e� �a�s� �t�h�e�y� �a�r�e� 
�i�n� �a�n�y� �o�t�h�e�r� �e�a�r�t�h�-�b�o�u�n�d� �e�n�d�e�a�v�o�r�,� �a�s� �t�h�e�y� �p�r�e�s�e�n�t� �a� 
�p�o�t�e�n�t�i�a�l� �h�a�z�a�r�d� �t�o� �t�h�e� �a�c�c�o�m�p�l�i�s�h�m�e�n�t� �o�f� �m�i�s�s�i�o�n� �g�o�a�l�s�.� 
�H�a�v�i�n�g� �a�s�t�r�o�n�a�u�t�s� �w�h�o� �a�r�e� �m�a�r�r�i�e�d� �t�o� �e�a�c�h� �o�t�h�e�r� �f�l�y� �o�n� �t�h�e� 
�s�a�m�e� �m�i�s�s�i�o�n�s� �i�s� �o�n�e� �a�p�p�r�o�a�c�h� �t�o� �r�e�d�u�c�i�n�g� �t�h�e� �i�s�s�u�e� 
�(�c�u�r�r�e�n�t�l�y� �t�h�e�r�e� �a�r�e� �t�w�o� �m�a�r�r�i�e�d� �c�o�u�p�l�e�s� �w�h�o� �a�r�e� 
�a�s�t�r�o�n�a�u�t�/�m�i�s�s�i�o�n� �s�p�e�c�i�a�l�i�s�t�s�)�,� �b�u�t� �a�g�a�i�n� �t�h�e�r�e� �i�s� �n�o� 
�r�e�a�s�o�n� �t�o� �b�e�l�i�e�v�e� �t�h�a�t� �t�h�e� �s�a�m�e� �t�y�p�e� �o�f� �t�e�n�s�i�o�n�s� �m�a�y� �n�o�t� 
�d�e�v�e�l�o�p�.� 

�S�a�n�t�y� �c�o�n�c�l�u�d�e�s� �t�h�i�s� �a�s�p�e�c�t� �o�f� �h�e�r� �p�a�p�e�r� �b�y� �s�t�a�t�i�n�g� �t�h�a�t� 

�h�i�s�t�o�r�i�c�a�l�l�y�,� �n�e�w� �e�n�v�i�r�o�n�m�e�n�t�s� �a�n�d� �s�i�t�u�a�t�i�o�n�s� �h�a�v�e� �c�a�u�s�e�d� �c�h�a�n�g�e�s� 

�i�n� �g�r�o�u�p� �s�o�c�i�a�l� �s�t�r�u�c�t�u�r�e�.� �S�h�e� �c�a�u�t�i�o�n�s� �t�h�a�t� �t�o�o� �r�i�g�i�d� �c�u�l�t�u�r�a�l� 

�v�a�l�u�e�s� �a�n�d� �c�u�s�t�o�m�s�,� �p�a�r�t�i�c�u�l�a�r�l�y� �i�n� �t�h�e� �a�r�e�a� �o�f� �s�e�x�u�a�l� �m�o�r�e�s�,� �m�a�y� 

�h�i�n�d�e�r� �t�h�e� �p�r�o�c�e�s�s�e�s� �o�f� �p�h�y�s�i�c�a�l� �a�n�d� �p�s�y�c�h�o�l�o�g�i�c�a�l� �a�d�a�p�t�a�t�i�o�n� 

�t�h�a�t� �a�r�e� �k�e�y� �i�n�g�r�e�d�i�e�n�t�s� �f�o�r� �t�h�e� �e�x�p�l�o�r�a�t�i�o�n� �o�f� �t�h�e� �u�n�i�v�e�r�s�e�.� 

�R�u�m�o�r�s� �a�b�o�u�n�d� �r�e�g�a�r�d�i�n�g� �t�h�e� �i�n�f�l�i�g�h�t� �s�e�x�u�a�l� �a�c�t�i�v�i�t�y� �o�f� 

�S�p�a�c�e� �S�h�u�t�t�l�e� �a�s�t�r�o�n�a�u�t�s� �(�F�r�a�z�e�r�,� �1�9�9�1�)�.� �A�s� �S�a�n�t�y� �h�a�s� 

�s�p�e�c�u�l�a�t�e�d�,� �t�h�e�r�e� �i�s� �r�e�a�s�o�n� �t�o� �e�x�p�e�c�t� �t�h�a�t� �s�e�x�u�a�l� �a�c�t�i�v�i�t�y� �w�i�l�]� 

�o�c�c�u�r� �i�f� �a� �m�i�x�e�d� �c�r�e�w� �g�o�e�s� �t�o� �m�a�r�s�.� �P�r�e�g�n�a�n�c�y� �c�o�u�l�d� �b�e� 

�d�a�n�g�e�r�o�u�s�,� �h�o�w�e�v�e�r�.� �I�f� �c�o�m�p�l�i�c�a�t�i�o�n�s� �a�r�o�s�e� �d�u�r�i�n�g� �p�r�e�g�n�a�n�c�y� �t�h�e� 

�m�o�t�h�e�r� �a�n�d�/�o�r� �b�a�b�y� �c�o�u�l�d� �b�e� �l�o�s�t� �d�u�e� �t�o� �t�h�e� �l�i�m�i�t�e�d� �m�e�d�i�c�a�l� 

�f�a�c�i�l�i�t�i�e�s� �o�n� �b�o�a�r�d� �t�h�e� �s�p�a�c�e�c�r�a�f�t�.� �I�t� �i�s� �n�o�t� �k�n�o�w�n� �i�f� �a� �f�e�t�u�s
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�w�o�u�l�d� �d�e�v�e�l�o�p� �p�r�o�p�e�r�l�y� �i�n� �s�p�a�c�e� �a�n�d� �b�e� �a�b�l�e� �l�a�t�e�r� �t�o� �a�d�a�p�t� �t�o� �t�h�e� 

�E�a�r�t�h�'�s� �g�r�a�v�i�t�y� �f�i�e�l�d�.� �T�w�o� �c�r�e�w� �m�e�m�b�e�r�s� �e�n�g�a�g�i�n�g� �i�n� �s�e�x�u�a�l� 

�a�c�t�i�v�i�t�y� �m�i�g�h�t� �a�l�s�o� �u�p�s�e�t� �t�h�e� �d�y�n�a�m�i�c� �e�q�u�i�l�b�r�i�u�m� �a�m�o�n�g� �m�e�m�b�e�r�s� 

�t�h�a�t� �w�a�s� �e�s�t�a�b�l�i�s�h�e�d� �d�u�r�i�n�g� �t�r�a�i�n�i�n�g� �f�o�r� �t�h�e� �m�i�s�s�i�o�n�.� �J�e�a�l�o�u�s�l�y� 

�a�n�d� �c�o�m�p�e�t�i�t�i�o�n� �c�o�u�l�d� �b�e� �s�e�r�i�o�u�s� �f�a�c�t�o�r�s� �f�o�r� �i�n�d�i�v�i�d�u�a�l�s� �t�o� �d�e�a�l� 

�w�i�t�h� �s�o� �a� �g�r�o�u�p� �m�o�d�e�l� �o�f� �a�d�a�p�t�i�v�e� �f�l�e�x�i�b�i�l�i�t�y� �a�n�d� �p�r�o�f�e�s�s�i�o�n�a�l�i�s�m� 

�w�o�u�l�d� �h�a�v�e� �t�o� �b�e� �a�d�h�e�r�e�d� �t�o� �b�y� �a�l�l� �o�f� �t�h�e� �c�r�e�w�.� �A�s� �S�a�n�t�y� �(�1�9�8�3�)� 

�h�a�s� �p�o�i�n�t�e�d� �o�u�t�,� �s�t�r�i�c�t� �s�e�x�u�a�l� �v�a�l�u�e�s� �a�n�d� �c�u�s�t�o�m�s� �m�a�y� �b�e� �c�o�u�n�t�e�r�-� 

�p�r�o�d�u�c�t�i�v�e� �f�r�o�m� �a� �s�y�s�t�e�m�s� �s�t�a�n�d�p�o�i�n�t� �d�u�r�i�n�g� �a� �l�o�n�g� �s�p�a�c�e� �t�o�u�r�.� 

�O�t�h�e�r� �c�o�n�c�e�r�n�s� �o�f� �w�r�i�t�e�r�s� �a�n�d� �t�h�i�n�k�e�r�s� �i�n� �t�h�e� �p�s�y�c�h�o�s�o�c�i�a�l� 

�r�e�a�l�m� �o�f� �l�o�n�g�-�d�u�r�a�t�i�o�n� �s�p�a�c�e�f�l�i�g�h�t� �a�r�e� �t�h�e� �c�u�l�t�u�r�a�l� �d�i�f�f�e�r�e�n�c�e�s� 

�a�m�o�n�g� �p�e�o�p�l�e�,� �l�a�n�g�u�a�g�e� �b�a�r�r�i�e�r�s�,� �d�i�v�e�r�s�e� �p�o�l�i�t�i�c�a�l� �b�a�c�k�g�r�o�u�n�d�s�,� 

�a�n�d� �t�h�e� �a�d�d�e�d� �p�r�o�b�l�e�m� �o�f� �d�i�s�t�o�r�t�e�d� �(�z�e�r�o�-�g� �i�n�d�u�c�e�d�)� �f�a�c�i�a�l� 

�e�x�p�r�e�s�s�i�o�n� �a�s� �c�o�m�p�a�r�e�d� �t�o� �t�h�e� �E�a�r�t�h� �t�r�a�i�n�i�n�g� �e�n�v�i�r�o�n�m�e�n�t�.� �A� 

�C�z�e�c�h� �g�u�e�s�t� �c�o�s�m�o�n�a�u�t� �s�a�r�c�a�s�a�t�i�c�a�l�l�y� �j�o�k�e�d� �t�h�a�t� �h�i�s� �h�a�n�d�s� �t�u�r�n�e�d� 

�r�e�d� �d�u�e� �t�o� �h�i�s� �r�e�a�c�h�i�n�g� �f�o�r� �s�w�i�t�c�h�e�s� �w�h�e�r�e�b�y� �h�i�s� �R�u�s�s�i�a�n� �h�o�s�t�s� 

�s�h�o�u�t�e�d�,� �"�D�o�n�'�t� �t�o�u�c�h� �t�h�a�t�!�"� �(�O�b�e�r�g�,� �1�9�8�1�;� �K�a�n�a�s�,� �1�9�8�7�)�.� �A� 

�v�i�s�i�t�i�n�g� �F�r�e�n�c�h� �c�o�s�m�o�n�a�u�t� �r�e�p�o�r�t�e�d� �a� �s�i�m�i�l�a�r� �s�t�a�t�e� �o�f� �t�e�n�s�i�o�n� 

�b�e�t�w�e�e�n� �h�i�m� �a�n�d� �h�i�s� �S�o�v�i�e�t� �h�o�s�t�s� �(�B�l�u�t�h�,� �1�9�8�4�)�.� 

�O�f�t�e�n�,� �t�a�s�k�-�n�e�u�t�r�a�l� �i�n�t�e�r�a�c�t�i�o�n�s� �a�r�e� �u�t�i�l�i�z�e�d� �a�s� �a� �m�e�t�h�o�d� 

�f�o�r� �a�v�o�i�d�i�n�g� �i�n�t�e�r�p�e�r�s�o�n�a�l� �c�o�n�f�l�i�c�t�.� �M�a�n�y� �o�f� �t�h�e� �c�o�m�m�e�n�t�s� 

�i�n�v�o�l�v�e�d� �w�i�t�h� �s�p�a�c�e�c�r�a�f�t� �p�i�l�o�t�i�n�g� �a�n�d� �d�a�t�a� �c�o�l�l�e�c�t�i�o�n� �i�n�v�o�l�v�e� 

�c�o�m�p�l�e�x� �i�n�s�t�r�u�c�t�i�o�n�s� �b�e�t�w�e�e�n� �t�h�e� �c�r�e�w� �m�e�m�b�e�r�s� �t�h�e�m�s�e�l�v�e�s� �a�s� �w�e�l�]� 

�a�s� �g�r�o�u�n�d� �c�o�n�t�r�o�l�.� �F�l�i�n�n� �a�n�d� �c�o�l�l�e�g�u�e�s� �f�o�u�n�d� �t�h�a�t� �a� �h�i�g�h� �l�e�v�e�l� 

�o�f� �i�n�f�o�r�m�a�t�i�o�n� �t�r�a�n�s�f�e�r� �w�a�s� �o�b�s�e�r�v�e�d� �i�n� �t�h�e� �g�r�o�u�n�d�-�b�a�s�e�d� 

�s�i�m�u�l�a�t�e�d� �s�p�a�c�e� �m�i�s�s�i�o�n� �s�t�u�d�i�e�s�.� �F�l�i�n�n� �e�t� �a�l� �(�1�9�6�1�)� �u�s�i�n�g� �t�h�e� 

�B�a�l�e�s� �I�n�t�e�r�a�c�t�i�o�n� �P�r�o�c�e�s�s� �A�n�a�l�y�s�i�s� �s�c�o�r�e�d� �i�n�t�e�r�a�c�t�i�o�n�s� �a�m�o�n�g
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�i�n�d�i�v�i�d�u�a�l�s� �i�n� �o�n�e� �o�f� �t�w�e�l�v�e� �c�a�t�e�g�o�r�i�e�s� �t�o� �a�r�r�i�v�e� �a�t� �a� �r�e�s�u�l�t� 

�w�h�i�c�h� �d�e�m�o�n�s�t�r�a�t�e�d� �t�h�a�t� �s�p�a�c�e� �s�i�m�u�l�a�t�o�r� �p�o�p�u�l�a�t�i�o�n�s� �h�a�d� �a� 

�s�i�g�n�i�f�i�c�a�n�t�l�y� �h�i�g�h�e�r� �p�r�o�p�o�r�t�i�o�n� �o�f� �i�n�f�o�r�m�a�t�i�o�n� �e�x�c�h�a�n�g�e� �a�n�d� 

�o�p�i�n�i�o�n� �t�h�a�n� �i�n� �a� �c�o�m�p�o�s�i�t�e� �o�f� �t�w�e�n�t�y�-�o�n�e� �o�t�h�e�r� �s�t�u�d�i�e�s� �o�f� �s�m�a�l�]� 

�g�r�o�u�p�s�.� �F�l�i�n�n� �e�t� �a�l� �(�1�9�6�1�)� �n�o�t�e�d� �t�h�a�t� �t�h�e�r�e� �w�e�r�e� �f�e�w�e�r� �s�o�c�i�o�-� 

�e�m�o�t�i�o�n�a�l� �i�n�t�e�r�a�c�t�i�o�n�s� �w�h�e�n� �n�e�g�a�t�i�v�e� �e�m�o�t�i�o�n�s� �w�e�r�e� �i�n�v�o�l�v�e�d�.� �T�h�e� 

�b�e�l�i�e�f� �w�a�s� �t�h�a�t� �t�a�s�k�-�n�e�u�t�r�a�l� �i�n�t�e�r�a�c�t�i�o�n�s� �c�o�u�l�d� �b�e� �a� �v�e�h�i�c�l�e� 

�w�h�e�r�e�b�y� �n�e�g�a�t�i�v�e� �e�m�o�t�i�o�n�s�/�i�n�t�e�r�a�c�t�i�o�n�s� �w�e�r�e� �a�v�o�i�d�e�d�.� �T�h�i�s� �s�p�a�c�e� 

�c�a�b�i�n� �s�i�m�u�l�a�t�o�r� �d�a�t�a� �r�e�s�u�l�t� �h�a�s� �b�e�e�n� �n�o�t�e�d� �i�n� �a�c�t�u�a�l�]� �s�p�a�c�e�c�r�e�w� 

�i�n�t�e�r�a�c�t�i�o�n�s� �a�s� �p�r�e�v�i�o�u�s�l�y� �m�e�n�t�i�o�n�e�d�.� 

�T�h�e� �p�o�t�e�n�t�i�a�l� �p�s�y�c�h�i�a�t�r�i�c� �p�r�o�b�l�e�m�s� �t�o� �b�e� �e�n�c�o�u�n�t�e�r�e�d� �a�n�d� 

�t�h�e�i�r� �t�r�e�a�t�m�e�n�t� �i�s� �f�a�r� �b�e�y�o�n�d� �t�h�e� �b�o�u�n�d�s� �o�f� �t�h�i�s� �p�a�p�e�r�.� �T�h�e� 

�p�r�e�d�i�c�t�i�o�n� �o�f� �a�n� �i�n�d�i�v�i�d�u�a�l�'�s� �t�r�a�n�s�i�t�i�o�n� �f�r�o�m� �a�n� �e�v�e�n�t� �m�e�r�e�l�y� 

�b�e�i�n�g� �a� �p�s�y�c�h�o�s�o�c�i�a�l� �s�t�r�e�s�s�o�r� �t�o� �a� �f�u�l�l�y�-�d�e�v�e�l�o�p�e�d� �p�s�y�c�h�i�a�t�r�i�c� 

�e�p�i�s�o�d�e� �i�n� �s�p�a�c�e� �w�o�u�l�d� �b�e� �n�e�a�r�l�y� �i�m�p�o�s�s�i�b�l�e�.� �H�o�w�e�v�e�r�,� �g�i�v�e�n� �t�h�e� 

�s�t�r�e�s�s�e�s� �i�n�v�o�l�v�e�d� �d�u�r�i�n�g� �a� �l�o�n�g� �m�i�s�s�i�o�n�,� �a�n�y�t�h�i�n�g� �i�s� �p�o�s�s�i�b�l�e�.� 

�F�o�r� �t�h�e�s�e� �r�e�a�s�o�n�s�,� �s�o�m�e� �t�h�o�u�g�h�t� �i�s� �b�e�i�n�g� �g�i�v�e�n� �t�o� �t�h�e� �p�s�y�c�h�i�a�t�r�i�c� 

�c�o�m�p�o�n�e�n�t�s� �o�f� �a� �H�e�a�l�t�h� �M�a�i�n�t�e�n�a�n�c�e� �F�a�c�i�l�i�t�y� �(�H�M�F�)� �o�n� �t�h�e� �s�p�a�c�e� 

�s�t�a�t�i�o�n� �(�S�a�n�t�y�,� �1�9�8�7�)�.� �S�a�n�t�y� �f�e�e�l�s� �t�h�a�t�,� �"�A�s� �p�a�r�t� �o�f� �a� 

�c�o�m�p�r�e�h�e�n�s�i�v�e� �H�M�F� �o�n� �S�p�a�c�e� �S�t�a�t�i�o�n�,� �p�s�y�c�h�i�a�t�r�i�c� �h�e�a�l�t�h� 

�m�a�i�n�t�e�n�a�n�c�e� �e�m�p�h�a�s�i�z�e�s� �t�h�e� �b�i�o�l�o�g�i�c�a�l�,� �p�s�y�c�h�o�l�o�g�i�c�a�l�,� �a�n�d� �s�o�c�i�a�l� 

�f�a�c�t�o�r�s� �w�h�i�c�h� �c�o�n�t�r�i�b�u�t�e� �t�o� �e�m�o�t�i�o�n�a�l� �d�i�s�o�r�d�e�r�s�.� �A�t�t�e�n�t�i�o�n� �t�o� 

�t�h�e�s�e� �f�a�c�t�o�r�s� �m�a�y� �m�a�k�e� �t�h�e� �d�i�f�f�e�r�e�n�c�e� �b�e�t�w�e�e�n� �s�u�c�c�e�s�s� �a�n�d� �f�a�i�l�u�r�e� 

�i�n� �t�h�e� �c�o�l�o�n�i�z�a�t�i�o�n� �o�f� �t�h�e�  ��f�i�n�a�l� �f�r�o�n�t�i�e�r ��. �� 

�T�a�b�l�e� �8� �l�i�s�t�s� �t�h�e� �m�o�s�t� �l�i�k�e�l�y� �p�r�o�b�l�e�m� �a�r�e�a�s� �s�e�e�n� �b�y� �S�a�n�t�y� 

�(�1�9�8�7�)� �i�n� �t�e�r�m�s� �o�f� �m�e�n�t�a�l� �h�e�a�l�t�h� �s�i�t�u�a�t�i�o�n�s�/�D�S�M�-�I�!�1� �c�o�d�i�n�g�.� 

�W�h�i�l�e� �t�h�e�r�e� �i�s� �g�o�o�d� �r�e�a�s�o�n� �t�o� �b�e�l�i�e�v�e� �t�h�a�t� �w�e�l�l�-�a�d�a�p�t�e�d
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�T�A�B�L�E� �8� 

�T�R�E�A�T�M�E�N�T� �O�F� �S�I�T�U�A�T�I�O�N�A�L� �P�R�O�B�L�E�M�S� �O�N� �S�P�A�C�E� �S�T�A�T�I�O�N� 

�S�i�t�u�a�t�i�o�n�/�D�S�M�-�I�I�I� 
�C�o�d�e� 

�O�c�c�u�p�a�t�i�o�n�a�l� 
�P�r�o�b�l�e�m� 
�(�V�6�2�.�2�0�)� 

�L�i�f�e� 
�C�i�r�c�u�m�s�t�a�n�c�e� 
�P�r�o�b�l�e�m� 
�(�V�6�2�.�8�9�)� 

�F�a�m�i�l�y� �P�r�o�b�l�e�m� 
�(�V�v�6�1�.�1�0�,� 
�V�6�1�.�2�0�,� 
�V�6�1�.�8�0�)� 

�U�n�c�o�m�p�l�i�c�a�t�e�d� 
�B�e�r�e�a�v�e�m�e�n�t� 
�(�V�6�2�.�8�2�)� 

�O�t�h�e�r� �I�n�t�e�r�-� 
�p�e�r�s�o�n�a�l� 
�P�r�o�b�l�e�m� 
�(�V�6�2�.�8�1�)� 

�S�l�e�e�p�-�d�e�p�r�i�-� 
�v�a�t�i�o�n�/� 
�f�a�t�i�g�u�e� 

�e�.�g�.�,� 

�C�o�m�m�e�n�t�s� 

�m�e�n�t� 

�I�s� �i�t� �a� �n�o�r�m�a�l� �p�h�a�s�e� �o�f� 
�l�i�f�e� �a�c�c�e�n�t�u�a�t�e�d� �b�y� �l�i�f�e� 
�i�n� �s�p�a�c�e�?� 

�W�o�u�l�d� �n�e�e�d� �t�o� �m�o�n�i�t�o�r� �t�h�e� 
�e�f�f�e�c�t� �o�f� �s�u�c�h� �p�r�o�b�l�e�m�s� 
�o�f� �j�o�b� �p�e�r�f�o�r�m�a�n�c�e� 

�C�o�n�f�i�d�e�n�t�i�a�l�l�y� �m�a�y� �b�e� �a�n� 
�i�m�p�o�r�t�a�n�t� �i�s�s�u�e� 

�T�h�i�s� �p�r�o�b�l�e�m� �c�o�u�l�d� �b�e� �p�r�e�-� 
�p�a�r�e�d� �f�o�r� �i�n� �a�d�v�a�n�c�e� 
�a�c�c�o�r�d�i�n�g� �t�o� �i�n�d�i�v�i�d�u�a�l� 
�w�i�s�h�e�s� 

�I�n�c�l�u�d�e�s� �p�r�o�b�l�e�m�s� �o�f� �c�r�e�w� 
�i�n�t�e�r�a�c�t�i�o�n� �o�r� �g�r�o�u�n�d�/� 
�c�r�e�w� �i�n�t�e�r�a�c�t�i�o�n�s� 

�P�o�s�s�i�b�l�y� �a� �c�o�m�m�o�n� �o�p�e�r�a�-� 
�t�i�o�n�a�l� �p�r�o�b�l�e�m� 

�A�d�a�p�t�e�d� �f�r�o�m� �S�a�n�t�y�,� �1�9�8�7�.� 

�c�r�e�w�m�e�m�b�e�r� �c�a�n�n�o�t� 
�a�d�j�u�s�t� �t�o� �s�p�a�c�e� �e�n�v�i�r�o�n�-� 

�M�a�n�a�g�e�m�e�n�t� 

�S�u�p�p�o�r�t�i�v�e� �t�h�e�r�a�p�y� 
�o�n� �S�t�a�t�i�o�n� 

�S�u�p�p�o�r�t�i�v�e� �t�h�e�r�a�p�y� 
�o�n� �S�t�a�t�i�o�n� 

�S�u�p�p�o�r�t�i�v�e� �t�h�e�r�a�p�y� 
�t�o� �f�a�m�i�l�y� �o�n� �e�a�r�t�h�;� 
�c�r�e�w�m�e�m�b�e�r� �m�a�y� �b�e� 
�i�n�v�o�l�v�e�d� 

�O�f�f�i�c�i�a�l� �l�e�a�v�e�;� 
�p�r�i�v�a�t�e� �c�o�m�-� 
�m�u�n�i�c�a�t�i�o�n� 
�d�o�w�n�l�i�n�k� 

�G�r�o�u�p� �p�r�o�b�l�e�m�-�s�o�l�v�-� 
�i�n�g�;� �d�i�c�i�p�l�i�n�a�r�y� 
�a�c�t�i�o�n�,� �w�i�t�h� �t�r�a�n�s�-� 
�f�e�r� �t�o� �e�a�r�t�h� 

�R�e�s�t�;� �s�e�d�a�t�i�o�n� �i�f� 
�n�e�e�d�e�d�;� �b�e�t�t�e�r� 
�w�o�r�k�/�r�e�s�t� �p�l�a�n�n�i�n�g
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�i�n�d�i�v�i�d�u�a�l�s� �s�u�c�h� �a�s� �t�h�e� �a�s�t�r�o�n�a�u�t�s� �(�a�l�m�o�s�t� �b�y� �d�e�f�i�n�i�t�i�o�n�)� �m�a�y� �b�e� 

�s�o�m�e�w�h�a�t� �l�e�s�s� �s�u�s�c�e�p�t�i�b�l�e� �t�o� �t�h�e� �v�a�r�i�o�u�s� �p�s�y�c�h�o�s�o�c�i�a�l� �a�n�d� �n�o�n�-� 

�p�s�y�c�h�o�s�o�c�i�a�l� �s�t�r�e�s�s�o�r�s� �o�n� �a� �s�p�a�c�e� �s�t�a�t�i�o�n� �t�h�a�n� �t�h�e� �a�v�e�r�a�g�e� 

�p�e�r�s�o�n�-�-�e�v�e�n� �a�s�t�r�o�n�a�u�t�s� �a�r�e� �q�u�i�t�e� �c�a�p�a�b�l�e� �o�f� �r�e�a�c�t�i�n�g� �t�o� �s�t�r�e�s�s� 

�a�s� �t�h�i�s� �p�a�p�e�r� �h�a�s� �s�h�o�w�n�.� �B�e�c�a�u�s�e� �o�f� �t�h�e� �c�o�n�s�t�e�l�l�a�t�i�o�n� �o�f� �f�a�c�t�o�r�s� 

�i�n�v�o�l�v�e�d�,� �K�a�n�a�s� �(�1�9�8�8�)� �a�n�d� �S�a�n�t�y� �(�1�9�8�7�)�,� �a�m�o�n�g� �o�t�h�e�r�s�,� �a�r�e� 

�a�r�g�u�i�n�g� �f�o�r� �a� �p�h�y�s�i�c�i�a�n� �o�n� �t�h�e� �l�o�n�g�e�r� �f�l�i�g�h�t�s� �t�o� �h�a�v�e� �s�o�m�e� �f�o�r�m�a�l� 

�P�y�s�c�h�o�s�o�c�i�a�l� �T�r�a�i�n�i�n�g� �b�e�c�a�u�s�e� �a�c�t�u�a�l� �e�m�e�r�g�e�n�c�y� �i�n�t�e�r�v�e�n�t�i�o�n� �a�n�d� 

�t�h�e� �p�s�y�c�h�o�s�o�c�i�a�l� �r�e�s�e�a�r�c�h� �n�e�e�d�s� �s�h�o�u�l�d� �b�e� �a�c�c�o�m�o�d�a�t�e�d� �(�i�d�e�a�l�l�y�)� 

�u�n�d�e�r� �a�c�t�u�a�l� �s�p�a�c�e�f�l�i�g�h�t� �c�o�n�d�i�t�i�o�n�s�.� �C�l�e�a�r�l�y�,� �c�a�r�e�f�u�l� �c�r�e�w� 

�s�e�l�e�c�t�i�o�n� �p�r�o�c�e�d�u�r�e�s� �c�a�n� �h�e�l�p� �t�o� �m�i�n�i�m�i�z�e� �t�h�e� �r�i�s�k�s� �i�n�v�o�l�v�e�d� �a�n�d� 

�N�A�S�A�'�s� �r�e�c�o�r�d� �a�n�d� �m�e�t�h�o�d� �o�f� �s�e�l�e�c�t�i�n�g� �a�s�t�r�o�n�a�u�t�s� �t�h�u�s� �f�a�r� �h�a�s� 

�g�e�n�e�r�a�l�l�y� �s�e�r�v�e�d� �t�h�e� �U�.�S�.� �s�p�a�c�e� �e�f�f�o�r�t� �w�e�l�l� �(�N�i�c�o�g�o�s�s�i�a�n�,� �1�9�8�5�a�)�.� 

�S�u�m�m�a�r�y� �a�n�d� �R�e�c�o�m�m�e�n�d�a�t�i�o�n�s� 

�T�h�e� �l�i�t�e�r�a�t�u�r�e� �r�e�v�i�e�w�e�d� �t�h�u�s� �f�a�r� �r�e�v�e�a�l�s� �t�h�a�t� �i�n�d�i�v�i�d�u�a�l�s� �i�n� 

�i�s�o�l�a�t�e�d� �a�n�d� �c�o�n�f�i�n�e�d� �e�n�v�i�r�o�n�m�e�n�t�s� �h�a�v�e� �u�n�i�q�u�e� �s�t�r�e�s�s�o�r�s� �t�o� �d�e�a�l� 

�w�i�t�h�.� �T�h�e�s�e� �s�t�r�e�s�s�o�r�s� �m�a�y� �i�n�c�l�u�d�e� �t�h�e� �l�o�s�s� �o�f� �n�o�r�m�a�l� �l�i�f�e� �r�o�l�e�s�,� 

�o�t�h�e�r� �g�r�o�u�p� �m�e�m�b�e�r�s �� �a�t�t�i�t�u�d�e�s� �a�n�d� �i�n�t�e�r�p�e�r�s�o�n�a�l� �i�s�s�u�e�s�,� �t�h�e� 

�g�r�o�u�p� �d�y�n�a�m�i�c�s� �p�r�o�c�e�s�s�,� �a�n�d� �t�h�e� �t�h�r�e�a�t� �f�r�o�m� �t�h�e� �e�x�t�e�r�n�a�l� 

�e�n�v�i�r�o�n�m�e�n�t�.� �A� �t�h�o�u�g�h�t�f�u�l� �s�y�s�t�e�m�s� �p�e�r�s�p�e�c�t�i�v�e� �r�e�g�a�r�d�i�n�g� �t�h�e�s�e� 

�i�s�s�u�e�s� �r�e�v�e�a�l�s� �t�h�a�t� �i�t� �i�s� �a�n� �o�v�e�r�s�i�m�p�l�i�f�i�c�a�t�i�o�n� �t�o� �a�s�s�u�m�e� �t�h�a�t� 

�e�x�t�e�r�n�a�l� �a�d�v�e�r�s�i�t�i�e�s� �a�l�w�a�y�s� �c�a�u�s�e� �p�s�y�c�h�o�l�o�g�i�c�a�l� �d�i�s�t�r�e�s�s�.� �F�o�r� 

�e�x�a�m�p�l�e�,� �i�f� �s�u�c�h� �a�d�v�e�r�s�i�t�i�e�s� �a�r�e� �e�x�p�e�r�i�e�n�c�e�d� �i�n� �a� �g�r�o�u�p� �s�i�t�u�a�t�i�o�n� 

�a�n�d� �s�h�a�r�e�d� �e�q�u�a�l�l�y� �b�y� �a�l�l�,� �t�h�e�y� �c�a�n� �s�o�m�e�t�i�m�e�s� �a�c�t� �a�s� �a� �c�o�h�e�s�i�v�e� 

�f�a�c�t�o�r� �t�h�a�t� �l�e�s�s�e�n�s� �t�h�e� �i�m�p�a�c�t� �o�f� �t�h�e� �n�e�g�a�t�i�v�e� �e�x�p�e�r�i�e�n�c�e�s� �o�r
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�e�v�e�n� �t�r�a�n�s�f�o�r�m� �t�h�e�m� �i�n�t�o� �p�o�s�i�t�i�v�e� �o�n�e�s�.� �I�f�,� �o�n� �t�h�e� �o�t�h�e�r� �h�a�n�d�,� 

�t�h�e�s�e� �s�t�r�e�s�s�e�s� �a�r�e� �e�x�p�e�r�i�e�n�c�e�d� �i�n� �a� �c�o�n�t�e�x�t� �o�f� �i�n�e�q�u�i�t�y� �o�r� �u�n�d�e�r� 

�c�i�r�c�u�m�s�t�a�n�c�e�s� �t�h�a�t� �p�r�o�d�u�c�e� �a� �s�e�n�s�e� �o�f� �p�e�r�s�o�n�a�l� �a�l�i�e�n�a�t�i�o�n� �o�r� 

�i�s�o�l�a�t�i�o�n�,� �t�h�e�n� �t�h�e� �s�a�m�e� �a�d�v�e�r�s�i�t�i�e�s� �c�a�n� �b�e� �d�e�v�a�s�t�a�t�i�n�g�.� �E�a�c�h� 

�i�n�d�i�v�i�d�u�a�l� �w�i�l�l� �r�e�s�p�o�n�d� �t�o� �s�u�c�h� �a� �c�h�a�l�l�e�n�g�e� �b�a�s�e�d� �u�p�o�n� �t�h�e�i�r� �o�w�n� 

�d�e�v�e�l�o�p�m�e�n�t�a�l� �h�i�s�t�o�r�y�.� �A� �m�o�r�e� �t�h�e�o�r�e�t�i�c�a�l� �p�e�r�s�p�e�c�t�i�v�e� �r�e�v�e�a�l�s� 

�t�h�a�t� �c�o�n�t�e�x�t� �c�o�n�t�a�i�n�s� �b�o�t�h� �t�e�m�p�o�r�a�l� �a�n�d� �q�u�a�n�i�t�a�t�i�v�e� �a�s�p�e�c�t�s� �t�h�a�t� 

�m�a�y� �b�e� �d�i�f�f�i�c�u�l�t� �t�o� �d�e�s�c�r�i�b�e� �a�n�d� �n�e�a�r�l�y� �i�m�p�o�s�s�i�b�l�e� �t�o� �p�r�e�d�i�c�t�.� 

�T�h�i�s� �i�s� �w�h�y� �a�n� �a�d�a�p�t�i�v�e� �m�o�d�e�l� �o�f� �f�l�e�x�i�b�i�l�i�t�y� �i�s� �e�s�s�e�n�t�i�a�l� �f�o�r� 

�g�r�o�u�n�d� �a�n�d� �s�p�a�c�e�f�l�i�g�h�t� �c�r�e�w�s� �w�h�e�r�e� �p�s�y�c�h�o�l�o�g�i�c�a�l� �i�s�s�u�e�s� �a�n�d� �t�h�e� 

�w�e�l�l�n�e�s�s� �o�f� �t�h�e� �g�r�o�u�p� �a�s� �a� �w�h�o�l�e� �a�r�e� �c�o�n�c�e�r�n�e�d�.� 

�F�r�o�m� �a� �s�y�s�t�e�m�s� �p�e�r�s�p�e�c�t�i�v�e�-�-� �t�e�n�s�i�o�n�s�,� �c�o�n�f�l�i�c�t�s�,� �o�r� 

�d�i�f�f�i�c�u�l�t�i�e�s� �w�i�t�h� �a�n�y� �o�f� �t�h�e� �i�n�t�e�r�a�c�t�i�n�g� �e�l�e�m�e�n�t�s� �o�n� �a� �l�o�n�g�-� 

�d�u�r�a�t�i�o�n� �s�p�a�c�e�f�l�i�g�h�t� �m�i�s�s�i�o�n� �c�a�n� �i�n�d�u�c�e� �r�i�p�p�l�e� �e�f�f�e�c�t�s� �w�i�t�h� �m�a�n�y� 

�o�f� �t�h�e� �o�t�h�e�r� �s�y�s�t�e�m� �c�o�m�p�o�n�e�n�t�s�.� �T�h�i�s� �h�o�l�i�s�t�i�c� �c�o�n�c�e�p�t� �i�s� 

�e�s�s�e�n�t�i�a�l� �f�o�r� �c�o�n�s�i�d�e�r�i�n�g� �i�n�d�i�v�i�d�u�a�l� �a�n�d� �g�r�o�u�p� �d�y�n�a�m�i�c�s� �b�e�h�a�v�i�o�r�s� 

�w�i�t�h�i�n� �a� �l�o�n�g�-�d�u�r�a�t�i�o�n� �s�p�a�c�e�f�l�i�g�h�t� �r�e�g�i�m�e�.� �A� �b�r�o�a�d� �p�s�y�c�h�o�s�o�c�i�a�l� 

�p�e�r�s�p�e�c�t�i�v�e� �w�i�l�l� �i�n�c�r�e�a�s�e� �t�h�e� �c�h�a�n�c�e�s� �t�h�a�t� �t�h�e� �m�o�r�a�l�e� �a�n�d� 

�p�r�o�d�u�c�t�i�v�i�t�y� �o�f� �t�h�e� �c�r�e�w� �c�a�n� �b�e� �m�a�i�n�t�a�i�n�e�d� �d�u�r�i�n�g� �a�n� �e�x�t�e�n�d�e�d� 

�m�i�s�s�i�o�n�.� �G�i�v�e�n� �t�h�e� �p�o�t�e�n�t�i�a�l� �f�o�r� �p�s�y�c�h�o�s�o�c�i�a�l� �p�r�o�b�l�e�m�s� �t�o� 

�d�e�v�e�l�o�p� �d�u�r�i�n�g� �a�n� �e�x�t�e�n�d�e�d� �m�i�s�s�i�o�n� �f�o�r� �t�h�e� �i�n�d�i�v�i�d�u�a�l� �o�r� �g�r�o�u�p�,� �a� 

�m�o�d�e�l� �o�f� �a�d�a�p�t�i�v�e� �f�l�e�x�i�b�i�l�i�t�y� �f�o�r� �a�l�l� �p�a�r�t�i�c�i�p�a�n�t�s� �w�i�t�h�i�n� �t�h�e� 

�s�y�s�t�e�m� �p�r�o�c�e�s�s� �a�s� �a� �w�h�o�l�e� �i�s� �h�i�g�h�l�y� �r�e�c�o�m�m�e�n�d�e�d�.� �T�h�i�s� �c�o�n�c�e�p�t� 

�a�p�p�l�i�e�s� �t�o� �s�u�c�h� �d�i�v�e�r�s�e� �a�r�e�a�s� �o�f� �m�i�s�s�i�o�n� �i�n�t�e�g�r�a�t�i�o�n� �a�s� �w�h�i�c�h� 

�a�s�t�r�o�n�a�u�t�s� �a�r�e� �a�s�s�i�g�n�e�d� �t�o� �w�o�r�k� �c�l�o�s�e�l�y� �t�o�g�e�t�h�e�r� �t�o� �c�h�a�n�g�i�n�g� 

�m�i�s�s�i�o�n� �t�i�m�e�l�i�n�e�s� �i�f� �n�e�e�d� �b�e� �t�o� �a�c�c�o�m�o�d�a�t�e� �o�t�h�e�r� �u�n�f�o�r�s�e�e�n� 

�f�a�c�t�o�r�s� �t�h�a�t� �m�a�y� �a�r�i�s�e� �i�m�p�a�c�t�i�n�g� �h�u�m�a�n� �p�e�r�f�o�r�m�a�n�c�e�.
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�C�H�A�P�T�E�R� �V� 

�M�E�D�I�C�A�L� �I�S�S�U�E�S� 

�O�v�e�r�v�i�e�w� 

�A� �g�r�e�a�t� �d�e�a�l� �o�f� �r�e�s�e�a�r�c�h� �h�a�s� �b�e�e�n� �d�o�n�e� �o�n� �t�h�e� �m�e�d�i�c�a�l� 

�p�r�o�b�l�e�m�s� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �s�p�a�c�e�f�l�i�g�h�t�.� �A� �s�i�g�n�i�f�i�c�a�n�t� �c�o�n�c�e�r�n�,� 

�h�o�w�e�v�e�r�,� �i�s� �t�h�a�t� �n�o�n�e� �o�f� �t�h�e� �d�a�t�a�b�a�s�e�s� �e�x�c�e�e�d�s� �3�6�6� �d�a�y�s�.� 

�J�o�u�r�n�e�y�i�n�g� �t�o� �m�a�r�s� �w�i�l�l� �r�e�q�u�i�r�e� �a�t� �l�e�a�s�t� �6�0�0� �d�a�y�s� �t�o� �c�o�m�p�l�e�t�e� �i�f� 

�c�h�e�m�i�c�a�l� �p�r�o�p�u�l�s�i�o�n� �i�s� �u�t�i�l�i�z�e�d�,� �w�i�t�h� �a�p�p�r�o�x�i�m�a�t�e�l�y� �4�0� �d�a�y�s� �b�e�i�n�g� 

�s�p�e�n�t� �o�n� �t�h�e� �m�a�r�t�i�a�n� �s�u�r�f�a�c�e�.� �A� �t�r�i�p� �t�o� �m�a�r�s� �u�s�i�n�g� �n�u�c�l�e�a�r� 

�p�r�o�p�u�l�s�i�o�n� �t�h�a�t� �i�s� �c�u�r�r�e�n�t�l�y� �b�e�i�n�g� �c�o�n�c�e�i�v�e�d� �h�a�s� �a� �d�i�f�f�e�r�e�n�t� �s�e�t� 

�o�f� �m�i�s�s�i�o�n� �p�a�r�a�m�e�t�e�r�s� �t�h�a�t� �w�i�l�l� �b�e� �d�i�s�c�u�s�s�e�d� �l�a�t�e�r�.� �T�h�e� �l�o�n�g�e�s�t� 

�S�o�v�i�e�t� �e�x�p�e�r�i�e�n�c�e�s� �w�i�t�h� �s�p�a�c�e�f�l�i�g�h�t� �a�r�e� �o�n�e� �m�a�n� �f�o�r� �3�2�6� �d�a�y�s� �a�n�d� 

�t�w�o� �o�t�h�e�r�s� �f�o�r� �3�6�6� �d�a�y�s� �(�G�a�r�s�h�n�e�k�,� �1�9�8�9�)�.� �T�h�e� �S�o�v�i�e�t� �m�e�d�i�c�a�]� 

�d�a�t�a� �i�s� �g�e�n�e�r�a�l�l�y� �d�i�f�f�i�c�u�l�t� �t�o� �o�b�t�a�i�n� �a�n�d� �t�h�e�i�r� �p�u�b�l�i�c�a�t�i�o�n�s� 

�o�f�t�e�n� �d�o� �n�o�t� �c�o�n�t�a�i�n� �i�n�f�o�r�m�a�t�i�o�n� �t�h�a�t� �m�a�n�y� �W�e�s�t�e�r�n� �a�u�t�h�o�r�i�t�i�e�s� 

�c�o�n�s�i�d�e�r� �i�m�p�o�r�t�a�n�t� �w�h�e�n� �d�o�c�u�m�e�n�t�i�n�g� �t�h�e� �e�v�a�l�u�a�t�i�o�n� �o�f� �s�c�i�e�n�t�i�f�i�c� 

�d�a�t�a�.� �M�o�s�t� �l�i�k�e�l�y�,� �t�h�e� �U�n�i�t�e�d� �S�t�a�t�e�s� �w�i�l�l� �h�a�v�e� �t�o� �g�e�n�e�r�a�t�e� �i�t�s� 

�o�w�n� �l�o�n�g�-�d�u�r�a�t�i�o�n� �d�a�t�a�b�a�s�e�s� �a�n�d� �e�x�p�e�r�i�m�e�n�t�s� �t�o� �t�e�s�t� �t�h�e� �v�a�r�i�o�u�s� 

�h�y�p�o�t�h�e�s�e�s� �r�e�g�a�r�d�i�n�g� �t�h�e� �e�f�f�e�c�t�s� �o�f� �l�o�n�g�-�d�u�r�a�t�i�o�n� �s�p�a�c�e�f�l�i�g�h�t� 

�a�n�d� �c�o�u�n�t�e�r�m�e�a�s�u�r�e�s� �t�h�a�t� �m�a�y� �m�i�t�i�g�a�t�e� �t�h�e�m�.� 

�T�h�e� �S�o�v�i�e�t�s� �h�a�v�e� �l�e�a�r�n�e�d�,� �a�n�d� �s�t�a�t�e�d� �r�e�p�e�a�t�e�d�l�y�,� �t�h�a�t� �t�h�e� 

�o�p�t�i�m�a�l� �c�r�e�w� �t�i�m�e� �i�n� �o�r�b�i�t� �a�p�p�e�a�r�s� �t�o� �b�e� �b�e�t�w�e�e�n� �4� �a�n�d� �6� �m�o�n�t�h�s�.� 

�A�f�t�e�r�w�a�r�d�s�,� �f�a�t�i�g�u�e� �i�n�c�r�e�a�s�e�s� �a�n�d� �t�h�e� �a�b�i�l�i�t�y� �t�o� �d�o� �w�o�r�k� 

�e�f�f�i�c�i�e�n�t�l�y� �d�e�c�l�i�n�e�s�.� �W�h�a�t� �i�s� �u�n�c�l�e�a�r� �i�s� �w�h�e�t�h�e�r� �t�h�e� �a�s�t�r�o�n�a�u�t�s� 

�c�a�n� �d�o� �m�e�a�n�f�u�l� �w�o�r�k� �o�n� �t�h�e� �m�a�r�t�i�a�n� �s�u�r�f�a�c�e� �a�f�t�e�r� �s�p�e�n�d�i�n�g� 

�a�p�p�r�o�x�i�m�a�t�e�l�y� �a� �y�e�a�r� �i�n� �a� �m�i�c�r�o�g�r�a�v�i�t�y� �e�n�v�i�r�o�n�m�e�n�t�.� �T�h�e� �g�r�a�v�i�t�y� 

�f�i�e�l�d� �o�f� �m�a�r�s� �i�s� �a�b�o�u�t� �o�n�e�-�t�h�i�r�d� �t�h�a�t� �o�f� �E�a�r�t�h�.� �T�h�e� �c�o�m�b�i�n�a�t�i�o�n



�7�2� 

�o�f� �t�h�e� �s�p�a�c�e�s�u�i�t�,� �m�a�r�t�i�a�n� �g�r�a�v�i�t�y�,� �a�n�d� �w�o�r�k�l�o�a�d�s� �i�m�p�o�s�e�d� �o�n� �t�h�e� 

�a�s�t�r�o�n�a�u�t�'�s� �b�o�d�y� �b�y� �d�o�i�n�g� �e�x�p�l�o�r�a�t�i�o�n� �t�a�s�k�s� �w�h�i�c�h� �a�r�e� �o�f�t�e�n� 

�p�h�y�s�i�c�a�l�l�y� �i�n�t�e�n�s�i�v�e� �m�a�y� �o�v�e�r�-�b�u�r�d�e�n� �t�h�e� �m�u�s�c�u�l�o�s�k�e�l�e�t�a�l� �a�n�d� 

�o�t�h�e�r� �b�o�d�i�l�y� �s�y�s�t�e�m�s� �o�f� �t�h�e� �e�x�p�l�o�r�e�r�.� �A�t� �w�h�a�t� �p�o�i�n�t� �a� �w�e�a�k�e�n�e�d� 

�b�o�n�e� �o�r� �m�u�s�c�l�e� �w�i�l�l� �b�r�e�a�k� �o�r� �t�e�a�r� �u�n�d�e�r� �l�o�a�d�s� �i�m�p�o�s�e�d� �b�y� �m�a�r�t�i�a�n� 

�s�u�r�f�a�c�e� �a�c�t�i�v�i�t�y� �i�s� �s�t�i�l�l� �u�n�k�n�o�w�n�.� �T�h�e� �s�a�m�e� �c�o�n�c�e�r�n�s� �a�p�p�l�y� �f�o�r� 

�e�n�r�o�u�t�e� �E�V�A� �a�c�t�i�v�i�t�y� �a�s� �w�e�l�l�.� �S�i�n�c�e� �t�h�e� �a�s�t�r�o�n�a�u�t�s� �w�i�l�l� �b�e� �d�o�i�n�g� 

�d�y�n�a�m�i�c� �w�o�r�k� �o�n� �t�h�e� �m�a�r�t�i�a�n� �s�u�r�f�a�c�e�,� �s�t�a�t�i�c� �m�o�d�e�l�s� �w�i�l�l� �n�o�t� 

�c�o�m�p�l�e�t�e�l�y� �p�r�e�d�i�c�t� �t�h�e� �t�r�a�n�s�i�e�n�t� �f�o�r�c�e�s� �e�x�e�r�t�e�d� �o�n� �t�h�e� 

�m�u�s�c�u�l�o�s�k�e�l�e�t�a�l� �s�y�s�t�e�m� �w�h�i�l�e� �t�h�e� �a�s�t�r�o�n�a�u�t� �i�s� �e�n�g�a�g�e�d� �i�n� �v�a�r�i�o�u�s� 

�t�a�s�k�s� �(�F�u�n�g�,� �1�9�8�1�)�.� �T�h�u�s�,� �e�x�t�r�e�m�e� �c�a�r�e� �s�h�o�u�l�d� �b�e� �t�a�k�e�n� �d�u�r�i�n�g� 

�t�h�e� �r�e�-�a�d�a�p�t�i�o�n� �t�o� �a� �g�r�a�v�i�t�y� �f�i�e�l�d� �f�o�l�l�o�w�i�n�g� �a� �l�o�n�g� �p�e�r�i�o�d� �o�f� 

�m�i�c�r�o�g�r�a�v�i�t�y� �t�o� �a�v�o�i�d� �o�v�e�r�s�t�r�e�s�s�i�n�g� �t�h�e� �v�a�r�i�o�u�s� �p�h�y�s�i�o�l�o�g�i�c�a�l� 

�s�y�s�t�e�m�s� �w�h�i�c�h� �a�r�e� �t�o� �b�e� �d�i�s�c�u�s�s�e�d�.� 

�T�h�e� �v�a�r�i�e�t�y� �o�f� �p�h�y�s�i�o�l�o�g�i�c�a�l� �c�h�a�n�g�e�s� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� 

�w�e�i�g�h�t�l�e�s�s�n�e�s�s� �a�r�e� �(�G�a�r�s�h�n�e�c�k�,� �1�9�8�9�)�:� 

�*� �c�a�r�d�i�o�v�a�s�c�u�l�a�r� �c�h�a�n�g�e�s� 

�*� �r�e�d�u�c�t�i�o�n� �i�n� �b�o�d�y� �f�l�u�i�d� �a�n�d� �e�l�e�c�t�r�o�l�y�t�e� �l�e�v�e�l� 

�*� �d�e�c�r�e�a�s�e�d� �b�o�n�e� �m�a�s�s� 

�*� �l�o�s�s� �o�f� �s�t�r�e�n�g�t�h� �a�n�d� �m�u�s�c�l�e� �a�t�r�o�p�h�y� 

�*� �d�e�c�r�e�a�s�e�d� �e�x�e�r�c�i�s�e� �c�a�p�a�c�i�t�y� �p�o�s�t�f�l�i�g�h�t� 

�*� �d�e�c�r�e�a�s�e�d� �r�e�d� �b�l�o�o�d� �c�e�l�l� �m�a�s�s� 

�*� �n�e�u�r�o�v�e�s�t�i�b�u�l�a�r� �d�i�s�t�u�r�b�a�n�c�e�s� 

�*� �i�m�m�u�n�o�l�o�g�i�c�a�l� �c�h�a�n�g�e�s� 

�E�a�c�h� �o�f� �t�h�e�s�e� �c�h�a�n�g�e�s� �m�a�y� �i�m�p�a�c�t� �t�h�e� �m�i�s�s�i�o�n� �o�r� �a�s�t�r�o�n�a�u�t� �s�a�f�e�t�y� 

�a�n�d� �w�i�l�l� �b�e� �d�i�s�c�u�s�s�e�d� �i�n� �t�u�r�n�.
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�C�a�r�d�i�o�v�a�s�c�u�l�a�r� �C�h�a�n�g�e�s� 

�T�h�e� �a�c�c�e�l�e�r�a�t�i�o�n� �o�f� �g�r�a�v�i�t�y� �o�n� �t�h�e� �E�a�r�t�h� �c�r�e�a�t�e�s� �a� 

�h�y�d�r�o�s�t�a�t�i�c� �g�r�a�d�i�e�n�t� �t�h�a�t� �t�e�n�d�s� �t�o� �p�u�l�l� �t�h�e� �b�o�d�y�'�s� �f�l�u�i�d�s� �t�o�w�a�r�d�s� 

�t�h�e� �f�e�e�t�.� �O�n�e�-�w�a�y� �v�a�l�v�e�s� �i�n� �t�h�e� �v�e�i�n�s�,� �c�o�n�t�i�n�u�o�u�s� �m�u�s�c�l�e� 

�c�o�n�t�r�a�c�t�i�o�n�s�,� �a�n�d� �t�h�e� �p�u�m�p�i�n�g� �a�c�t�i�o�n� �o�f� �t�h�e� �h�e�a�r�t� �a�i�d� �i�n� �f�l�u�i�d� 

�c�i�r�c�u�l�a�t�i�o�n� �a�n�d� �p�r�e�v�e�n�t�s� �f�l�u�i�d�s� �f�r�o�m� �p�o�o�l�i�n�g� �i�n� �t�h�e� �l�o�w�e�r� 

�e�x�t�r�e�m�i�t�i�e�s�.� �D�u�r�i�n�g� �s�p�a�c�e�f�l�i�g�h�t�,� �t�h�e� �h�e�a�d�w�a�r�d� �r�u�s�h� �o�f� �f�l�u�i�d� �i�s� 

�u�n�o�p�p�o�s�e�d� �b�y� �g�r�a�v�i�t�y�,� �r�e�s�u�l�t�i�n�g� �i�n� �a� �m�i�g�r�a�t�i�o�n� �o�f� �f�l�u�i�d�s� �t�o� �t�h�e� 

�u�p�p�e�r� �b�o�d�y� �c�a�u�s�i�n�g� �t�h�e� �t�i�s�s�u�e�s� �o�f� �t�h�e� �h�e�a�d� �a�n�d� �n�e�c�k� �t�o� �s�w�e�l�l�.� 

�T�h�u�s�,� �t�h�e� �v�o�l�u�m�e� �o�f� �b�l�o�o�d�  ��s�e�e�n �� �b�y� �t�h�e� �h�e�a�r�t� �i�n�c�r�e�a�s�e�s� 

�d�r�a�m�a�t�i�c�a�l�l�y�.� �T�h�e� �b�o�d�y� �a�t�t�e�m�p�t�s� �t�o� �a�d�j�u�s�t� �t�o� �t�h�i�s� �v�o�l�u�m�e� 

�o�v�e�r�l�o�a�d� �b�y� �l�o�w�e�r�i�n�g� �t�h�e� �b�l�o�o�d� �p�l�a�s�m�a� �a�n�d� �r�e�d� �c�e�l�l� �m�a�s�s� 

�(�N�i�c�o�g�o�s�s�i�a�n�,� �H�u�n�t�o�o�n� �a�n�d� �P�o�o�l�,� �1�9�8�9�)�.� �R�e�t�u�r�n�i�n�g� �t�o� �a� �g�r�a�v�i�t�y� 

�f�i�e�l�d� �a�f�t�e�r� �w�e�i�g�h�t�l�e�s�s�n�e�s�s� �r�e�v�e�r�s�e�s� �t�h�e� �a�d�a�p�t�i�v�e� �p�r�o�c�e�s�s�e�s�.� �T�h�e� 

�h�e�a�r�t� �m�u�s�t� �b�e�a�t� �f�a�s�t�e�r� �t�o� �m�a�i�n�t�a�i�n� �c�a�r�d�i�a�c� �o�u�t�p�u�t� �s�i�n�c�e� �i�n� �s�p�a�c�e� 

�a�t� �l�e�a�s�t� �1�.�5�-�2�.�0� �l�i�t�e�r�s� �o�f� �b�o�d�y� �f�l�u�i�d� �h�a�s� �b�e�e�n� �l�o�s�t�.� �T�h�e� �s�i�z�e� �o�f� 

�t�h�e� �h�e�a�r�t� �i�s� �d�e�c�r�e�a�s�e�d�,� �a�n�d� �i�t�s� �e�l�e�c�t�r�i�c�a�l� �a�n�d� �m�e�c�h�a�n�i�c�a�l� �p�u�m�p�i�n�g� 

�a�c�t�i�v�i�t�i�e�s� �i�n�d�i�c�a�t�e� �d�e�p�r�e�s�s�e�d� �f�u�n�c�t�i�o�n� �d�u�e� �t�o� �t�h�e� �l�o�w�e�r� �f�i�l�l�i�n�g� 

�v�o�l�u�m�e�s� �a�n�d� �l�a�c�k� �o�f� �h�y�d�r�o�s�t�a�t�i�c� �p�r�e�s�s�u�r�e� �t�o� �w�o�r�k� �a�g�a�i�n�s�t�.� 

�O�r�t�h�o�s�t�a�t�i�c� �i�n�t�o�l�e�r�a�n�c�e�,� �w�h�i�c�h� �i�s� �t�h�e� �a�b�i�l�i�t�y� �t�o� �s�t�a�n�d� �o�r� 

�f�u�n�c�t�i�o�n� �i�n� �a�n� �u�p�r�i�g�h�t� �p�o�s�t�u�r�e�,� �i�s� �d�i�m�i�n�i�s�h�e�d� �d�r�a�m�a�t�i�c�a�l�l�y� 

�i�m�m�e�d�i�a�t�e�l�y� �p�o�s�t�-�f�l�i�g�h�t�.� �T�h�i�s� �l�o�s�s� �o�f� �o�r�t�h�o�s�t�a�t�i�c� �t�o�l�e�r�a�n�c�e� �i�s� 

�c�a�u�s�e�d� �b�y� �i�n�c�r�e�a�s�e�d� �p�o�o�l�i�n�g� �o�f� �t�h�e� �b�l�o�o�d� �i�n� �t�h�e� �l�o�w�e�r� �e�x�t�r�e�m�e�t�i�e�s� 

�a�n�d� �t�h�e� �l�o�w�e�r� �o�v�e�r�a�l�l� �f�l�u�i�d� �v�o�l�u�m�e� �l�e�v�e�l�.� �T�h�e� �i�n�t�o�l�e�r�a�n�c�e� 

�r�e�s�u�l�t�s� �i�n� �d�i�z�z�i�n�e�s�s�,� �l�i�g�h�t�h�e�a�d�e�d�n�e�s�s�,� �a�n�d� �p�o�s�s�i�b�l�e� �f�a�i�n�t�i�n�g�.� 

�F�r�o�m� �a� �s�y�s�t�e�m�s� �p�e�r�s�p�e�c�t�i�v�e�,� �o�r�t�h�o�s�t�a�t�i�c� �i�n�t�o�l�e�r�a�n�c�e� �c�o�u�l�d� �b�e� 

�a� �p�r�o�b�l�e�m� �d�u�r�i�n�g� �a� �m�a�r�t�i�a�n� �o�r�b�i�t�a�l� �i�n�s�e�r�t�i�o�n� �w�h�e�n� �d�e�c�e�l�e�r�a�t�i�v�e
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�g�-�f�o�r�c�e�s� �a�r�e� �l�i�k�e�l�y� �t�o� �b�e� �h�i�g�h�.� �A�n�o�t�h�e�r� �a�r�e�a� �o�f� �c�o�n�c�e�r�n� 

�r�e�g�a�r�d�i�n�g� �s�y�s�t�e�m�s�/�h�u�m�a�n� �i�n�t�e�r�f�a�c�i�n�g� �m�i�g�h�t� �b�e� �t�h�e� �e�a�r�l�y� �p�h�y�s�i�c�a�l� 

�E�V�A� �a�c�t�i�v�i�t�y� �o�n� �t�h�e� �m�a�r�t�i�a�n� �s�u�r�f�a�c�e� �a�s� �d�i�s�c�u�s�s�e�d� �t�o� �e�a�r�l�i�e�r�.� �T�h�e� 

�l�o�n�g�-�t�o�u�r� �l�u�n�a�r� �e�x�p�l�o�r�e�r� �c�o�u�l�d� �a�l�s�o� �h�a�v�e� �p�r�o�b�l�e�m�s� �i�f� �a� �s�t�a�y� �o�n� 

�t�h�e� �o�n�e�-�s�i�x�t�h� �g�r�a�v�i�t�y� �o�f� �t�h�e� �m�o�o�n� �d�i�d� �n�o�t� �c�h�a�l�l�e�n�g�e� �t�h�e� �h�e�a�r�t� 

�e�n�o�u�g�h� �f�o�r� �t�h�e� �E�a�r�t�h� �g�r�a�v�i�t�y� �f�i�e�l�d� �w�h�e�n� �r�e�t�u�r�n�i�n�g� �h�o�m�e�.� 

�A�n�e�m�i�a� �(�r�e�d�u�c�e�d� �r�e�d� �b�l�o�o�d� �c�e�l�l� �m�a�s�s�)� �m�a�y� �i�m�p�a�i�r� �a�n� 

�a�s�t�r�o�n�a�u�t�' ��s� �a�b�i�l�i�t�y� �t�o� �d�o� �p�r�o�l�o�n�g�e�d� �w�o�r�k�,� �e�v�e�n� �i�f� �i�t� �i�s� �o�f� �l�o�w� 

�i�n�t�e�n�s�i�t�y�.� �O�t�h�e�r� �p�r�o�b�l�e�m� �a�r�e�a�s� �m�i�g�h�t� �b�e� �n�o�t� �h�a�v�i�n�g� �t�h�e� �e�n�e�r�g�y� 

�r�e�s�e�r�v�e� �n�e�e�d�e�d� �t�o� �r�e�s�p�o�n�d� �t�o� �a�n� �e�m�e�r�g�e�n�c�y� �s�u�c�h� �a�s� �h�e�l�p�i�n�g� �a� 

�d�i�s�a�b�l�e�d� �c�r�e�w�m�e�m�b�e�r� �o�r� �d�o�i�n�g� �s�t�r�e�n�u�o�u�s� �w�o�r�k� �t�o� �a�c�c�o�m�p�l�i�s�h� �s�o�m�e� 

�n�e�e�d�e�d� �t�a�s�k� �i�n� �a� �c�r�i�s�i�s�.� 

�C�o�n�s�i�d�e�r�a�t�i�o�n� �o�f� �t�h�e�s�e� �p�h�y�s�i�o�l�o�g�i�c�a�l� �f�a�c�t�o�r�s� �l�e�a�d�s� �t�o� �t�h�e� 

�c�o�n�c�l�u�s�i�o�n� �t�h�a�t� �c�o�u�n�t�e�r�m�e�a�s�u�r�e�s� �m�u�s�t� �b�e� �t�e�s�t�e�d� �i�n� �t�h�e� �n�e�a�r� �f�u�t�u�r�e� 

�a�n�d� �l�a�t�e�r� �c�a�r�r�i�e�d� �o�u�t� �o�n� �a� �l�o�n�g�-�d�u�r�a�t�i�o�n� �s�t�a�y� �i�n� �s�p�a�c�e� �a�n�d� �s�h�o�u�l�d� 

�b�e� �k�e�p�t� �i�n� �m�i�n�d� �w�i�t�h�i�n� �t�h�e� �m�i�s�s�i�o�n�-�d�e�s�i�g�n� �a�n�d� �s�y�s�t�e�m�s� 

�p�e�r�s�p�e�c�t�i�v�e�.� 

�r�d�i�o�v� �]� �C�o�u� �r�m�e�a�s�u�r� 

�T�h�e� �p�r�o�b�l�e�m� �o�f� �o�r�t�h�o�s�t�a�t�i�c� �i�n�t�o�l�e�r�a�n�c�e� �h�a�s� �b�e�e�n� �e�s�p�e�c�i�a�l�l�y� 

�o�b�v�i�o�u�s� �i�n� �S�o�v�i�e�t� �c�r�e�w�s� �r�e�t�u�r�n�i�n�g� �f�r�o�m� �l�o�n�g� �s�p�a�c�e�f�l�i�g�h�t�s� �(�B�l�u�t�h� 

�a�n�d� �H�e�l�p�p�i�e�,� �1�9�8�6�)�.� �S�e�v�e�r�a�l� �c�o�u�n�t�e�r�m�e�a�s�u�r�e�s� �t�o� �p�r�e�v�e�n�t� �o�r� �r�e�d�u�c�e� 

�t�h�e� �c�a�r�d�i�o�v�a�s�c�u�l�a�r� �d�e�c�o�n�d�i�t�i�o�n�i�n�g� �h�a�v�e� �i�n�v�o�l�v�e�d� �t�h�e� �o�n�-�o�r�b�i�t�,� �r�e�-� 

�e�n�t�r�y�,� �a�n�d� �p�o�s�t�-�f�l�i�g�h�t� �r�e�g�i�m�e�s�.� �T�h�e�s�e� �i�n�c�l�u�d�e�d� �r�e�g�u�l�a�r�l�y� 

�s�c�h�e�d�u�l�e�d� �e�x�e�r�c�i�s�e�s� �f�o�r� �2�-�4� �h�o�u�r�s� �p�e�r� �d�a�y�,� �r�e�p�e�a�t�e�d� �e�x�p�o�s�u�r�e� �t�o� 

�l�o�w�e�r� �n�e�g�a�t�i�v�e� �b�o�d�y� �p�r�e�s�s�u�r�e� �(�L�B�N�P�)� �d�e�v�i�c�e�s� �t�o� �"�s�i�m�u�l�a�t�e�"� �s�o�m�e� 

�g�r�a�v�i�t�a�t�i�o�n�a�l� �f�o�r�c�e�,� �f�l�u�i�d� �a�n�d� �s�a�l�t� �r�e�p�l�a�c�e�m�e�n�t�,� �a�n�d� �t�h�e� �w�e�a�r�i�n�g
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�o�f� �a�n�t�i�-�g� �g�a�r�m�e�n�t�s� �f�o�r� �a� �s�h�o�r�t� �t�i�m�e� �p�o�s�t�-�f�l�i�g�h�t� �(�Y�e�g�o�r�o�v�y�,� 

�l�t�s�k�h�o�v�s�k�i�y�,� �T�u�r�c�h�a�n�i�n�o�v�a�,� �A�l�f�e�r�o�v�a�,� �P�o�l�y�a�k�o�v�a�,� �a�n�d� �B�e�r�n�a�d�s�k�i�y�,� 

�1�9�8�4�)�.� �D�e�s�p�i�t�e� �s�o�m�e�t�i�m�e�s� �v�a�r�i�a�b�l�e� �a�n�d� �c�o�n�f�u�s�i�n�g� �r�e�s�u�l�t�s�,� �t�h�e�s�e� 

�a�p�p�r�o�a�c�h�e�s� �h�a�v�e� �a�p�p�e�a�r�e�d� �p�r�o�m�i�s�i�n�g� �e�n�o�u�g�h� �t�o� �d�e�m�a�n�d� �f�u�r�t�h�e�r� 

�i�n�v�e�s�t�i�g�a�t�i�o�n� �(�L�e�v�y� �a�n�d� �T�a�l�b�o�t�,� �1�9�8�3�)�.� 

�O�n�e� �e�s�s�e�n�t�i�a�l� �c�o�n�c�e�p�t� �t�h�a�t� �s�h�o�u�l�d� �b�e� �r�e�m�e�m�b�e�r�e�d� �i�s� �t�h�a�t� �t�h�e� 

�h�e�a�r�t�,� �a�f�t�e�r� �a�l�l�,� �i�s� �j�u�s�t� �a� �m�u�s�c�l�e�.� �T�h�e�r�e�f�o�r�e�,� �a�n�y� �g�e�n�e�r�a�l�i�z�e�d� 

�e�f�f�e�c�t�s� �o�n� �o�t�h�e�r� �m�u�s�c�l�e� �g�r�o�u�p�s� �i�n� �t�h�e� �b�o�d�y� �f�r�o�m� �w�e�i�g�h�t�l�e�s�s�n�e�s�s� 

�a�r�e� �a�l�s�o� �v�e�r�y� �l�i�k�e�l�y� �o�c�c�u�r�r�i�n�g� �i�n� �t�h�e� �h�e�a�r�t� �a�s� �w�e�l�l�]�.� �K�e�e�p�i�n�g� 

�t�h�i�s� �i�n� �m�i�n�d�,� �a�n� �e�x�a�m�i�n�a�t�i�o�n� �o�f� �t�h�e� �m�i�c�r�o�g�r�a�v�i�t�y� �e�f�f�e�c�t�s� �o�n� 

�m�u�s�c�l�e� �w�i�l�l� �b�e� �a�d�d�r�e�s�s�e�d� �n�e�x�t�.� 

�M�u�s�c�l�e� �E�f�f�e�c�t�s� 

�T�h�e� �m�i�c�r�o�g�r�a�v�i�t�y� �e�n�v�i�r�o�n�m�e�n�t� �d�e�c�r�e�a�s�e�s� �l�o�a�d�i�n�g� �o�n� �t�h�e� 

�m�u�s�c�l�e�s� �a�n�d� �l�e�a�d�s� �t�o� �s�i�g�n�i�f�i�c�a�n�t� �m�u�s�c�l�e� �a�t�r�o�p�h�y�.� �M�u�s�c�l�e�s� �n�e�e�d� �a�n� 

�s�u�b�s�t�a�n�t�i�a�l� �g�r�a�v�i�t�y� �f�i�e�l�d� �t�o� �m�a�i�n�t�a�i�n� �n�o�r�m�a�l� �f�u�n�c�t�i�o�n�,� �s�t�r�e�n�g�t�h�,� 

�a�n�d� �m�a�s�s�.� �B�o�t�h� �U�.�S�.� �a�n�d� �S�o�v�i�e�t� �a�s�t�r�o�n�a�u�t�s� �h�a�v�e� �t�e�s�t�e�d� �w�i�t�h� �l�o�w�e�r� 

�m�u�s�c�l�e� �s�t�r�e�n�g�t�h�s� �a�n�d� �g�i�r�t�h� �p�o�s�t�-�f�l�i�g�h�t�.� �S�t�r�e�n�g�t�h� �t�e�s�t�i�n�g� �a�f�t�e�r� 

�S�k�y�l�a�b� �m�i�s�s�i�o�n�s� �(�8�4� �d�a�y�s� �w�a�s� �t�h�e� �l�o�n�g�e�s�t�)� �r�e�v�e�a�l�e�d� �d�e�c�r�e�a�s�e�d� �a�r�m� 

�e�x�t�e�n�s�o�r� �s�t�r�e�n�g�t�h�s� �i�n� �e�i�g�h�t� �o�f� �n�i�n�e� �c�r�e�w� �m�e�m�b�e�r�s� �a�n�d� �a� �r�e�d�u�c�t�i�o�n� 

�i�n� �l�e�g� �e�x�t�e�n�s�i�o�n� �f�o�r�c�e� �o�f� �a�l�l� �n�i�n�e� �c�r�e�w�m�e�m�b�e�r�s� �(�J�o�h�n�s�t�o�n� �a�n�d� 

�D�i�e�t�l�e�i�n�,� �1�9�7�7�)�.� �A�l�t�h�o�u�g�h� �d�a�i�l�y�,� �s�u�s�t�a�i�n�e�d�,� �v�i�g�o�r�o�u�s� �e�x�e�r�c�i�s�e� �o�f� 

�m�u�s�c�l�e� �g�r�o�u�p�s� �a�p�p�e�a�r�s� �t�o� �s�i�g�n�i�f�i�c�a�n�t�l�y� �r�e�t�a�r�d� �t�h�e� �d�e�c�o�n�d�i�t�i�o�n�i�n�g� 

�o�f� �s�o�m�e� �m�u�s�c�l�e�s�,� �t�h�e�s�e� �t�i�m�e� �a�n�d� �e�n�e�r�g�y�-�i�n�t�e�n�s�i�v�e� �e�x�e�r�c�i�s�e�s� �h�a�v�e� 

�n�o�t� �b�e�e�n� �s�h�o�w�n� �t�o� �c�l�e�a�r�l�y� �a�r�r�e�s�t� �t�h�e� �a�t�r�o�p�h�y� �t�h�a�t� �i�s� �p�r�o�g�r�e�s�s�i�v�e� 

�i�n� �z�e�r�o�-�g� �(�H�e�r�b�i�s�o�n� �a�n�d� �T�a�l�b�o�t�,� �1�9�8�4�)�.� 

�A�s� �w�i�t�h� �c�a�r�d�i�o�v�a�s�c�u�l�a�r� �c�h�a�n�g�e�s�,� �s�y�s�t�e�m�s� �r�e�q�u�i�r�e�m�e�n�t�s� �w�i�t�h�i�n
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�a� �h�u�m�a�n� �c�o�n�t�e�x�t� �s�h�o�u�l�d� �e�v�o�l�v�e� �t�h�a�t� �d�o� �n�o�t� �o�v�e�r�s�t�r�e�s�s� �a� �w�e�a�k�e�n�e�d� 

�m�u�s�c�u�l�a�r� �s�y�s�t�e�m�.� �T�h�e� �p�r�o�b�a�b�i�l�i�t�y� �o�f� �r�e�d�u�c�e�d� �m�u�s�c�u�l�a�r� �p�e�r�f�o�r�m�a�n�c�e� 

�o�n� �t�h�e� �s�u�r�f�a�c�e� �o�f� �m�a�r�s�,� �o�r� �d�u�r�i�n�g� �E�V�A�,� �a�f�t�e�r� �m�i�c�r�o�g�r�a�v�i�t�y� 

�e�x�p�o�s�u�r�e� �h�a�s� �t�o� �b�e� �a�c�c�o�u�n�t�e�d� �f�o�r� �o�r� �i�n�j�u�r�y� �c�o�u�l�d� �r�e�s�u�l�t�.� �F�u�l�l� 

�r�e�c�o�v�e�r�y� �o�f� �m�u�s�c�l�e� �s�t�r�e�n�g�t�h� �o�n� �E�a�r�t�h� �a�f�t�e�r� �s�p�a�c�e� �s�t�a�t�i�o�n� �s�t�a�y�s� 

�r�e�q�u�i�r�e�s� �w�e�e�k�s� �t�o� �m�o�n�t�h�s�,� �d�e�p�e�n�d�i�n�g� �u�p�o�n� �t�h�e� �l�e�n�g�t�h� �o�f� �s�t�a�y� �i�n� 

�m�i�c�r�o�g�r�a�v�i�t�y� �a�n�d� �t�h�e� �i�n�t�e�n�s�i�t�y� �o�f� �t�h�e� �c�o�u�n�t�e�r�m�e�a�s�u�r�e�s� �e�m�p�l�o�y�e�d�.� 

�E�x�p�l�o�r�a�t�i�o�n� �a�c�t�i�v�i�t�i�e�s� �o�n� �t�h�e� �s�u�r�f�a�c�e� �o�f� �a�n�y� �p�l�a�n�e�t�a�r�y� �b�o�d�y� 

�m�a�y� �h�a�v�e� �t�o� �b�e� �s�p�e�c�i�a�l�l�y� �d�e�s�i�g�n�e�d� �t�o� �a�c�c�o�m�o�d�a�t�e� �t�h�e� �m�u�s�c�l�e� 

�s�y�s�t�e�m�s� �r�e�-�a�c�q�u�a�i�n�t�a�n�c�e� �w�i�t�h� �g�r�a�v�i�t�y� �a�n�d� �w�o�r�k�i�n�g� �i�n� �a� �h�i�g�h�e�r�-�l�o�a�d� 

�e�n�v�i�r�o�n�m�e�n�t� �i�n�i�t�i�a�l�l�y� �u�p�o�n� �p�l�a�n�e�t�a�r�y� �a�r�r�i�v�a�l�.� �L�a�t�e�r�,� �a�s� �t�h�e� 

�m�u�s�c�l�e�s� �s�t�r�e�n�g�t�h�e�n� �a�n�d� �r�e�g�a�i�n� �t�h�e�i�r� �f�l�e�x�i�b�i�l�i�t�y� �u�n�d�e�r� �l�o�a�d�i�n�g�,� 

�h�e�a�v�i�e�r� �w�o�r�k� �s�c�h�e�d�u�l�e�s� �w�i�t�h�i�n� �a� �m�i�s�s�i�o�n�\�s�y�s�t�e�m�s� �c�o�n�t�e�x�t� �m�i�g�h�t� �b�e� 

�d�e�s�i�g�n�e�d�.� 

�T�h�e� �m�u�s�c�l�e�s� �a�r�e� �c�o�n�n�e�c�t�e�d� �t�o� �b�o�n�e�s� �b�y� �t�e�n�d�o�n�s� �t�h�a�t� �a�l�l�o�w� �f�o�r� 

�m�e�c�h�a�n�i�c�a�l� �w�o�r�k� �t�o� �b�e� �a�c�c�o�m�p�l�i�s�h�e�d�,� �s�o� �t�h�e� �c�h�a�n�g�e�s� �i�n� �b�o�n�e� �t�i�s�s�u�e� 

�w�i�l�l� �b�e� �r�e�v�i�e�w�e�d� �n�e�x�t�.� 

�B�o�n�e� �C�h�a�n�g�e�s� 

�B�o�n�e� �i�s� �a� �l�i�v�i�n�g� �t�i�s�s�u�e�.� �I�t� �i�s� �c�o�n�s�t�a�n�t�l�y� �g�r�o�w�i�n�g�,� �b�e�i�n�g� 

�r�e�a�b�s�o�r�b�e�d�,� �a�n�d� �r�e�s�p�o�n�d�i�n�g� �t�o� �h�o�r�m�o�n�a�l� �a�n�d� �o�t�h�e�r� �b�i�o�c�h�e�m�i�c�a�l� 

�c�h�a�n�g�e�s� �i�n� �t�h�e� �h�u�m�a�n� �b�o�d�y�.� �E�x�p�o�s�u�r�e� �t�o� �m�i�c�r�o�g�r�a�v�i�t�y� �r�e�s�u�l�t�s� �i�n� 

�t�h�e� �l�o�s�s� �o�f� �c�a�l�c�i�u�m�,� �p�h�o�s�p�h�o�r�u�s�,� �a�n�d� �o�t�h�e�r� �m�i�n�e�r�a�l�s�.� �S�k�y�l�a�b� 

�a�s�t�r�o�n�a�u�t�s� �h�a�d� �6�0�-�1�0�0�%� �i�n�c�r�e�a�s�e�s� �i�n� �c�a�l�c�i�u�m� �l�e�v�e�l�s� �i�n� �u�r�i�n�e� 

�r�e�p�r�e�s�e�n�t�i�n�g� �a�n� �o�v�e�r�a�l�l� �b�o�n�e� �l�o�s�s� �r�a�t�e� �o�f� �0�.�5�%� �p�e�r� �m�o�n�t�h�-�-�e�v�e�n� 

�w�h�e�n� �t�h�e� �a�s�t�r�o�n�a�u�t�s� �v�i�g�o�r�o�u�s�l�y� �e�x�e�r�c�i�s�e�d�.� �T�h�e� �c�a�l�c�a�n�e�u�s� �(�h�e�e�l�)� 

�b�o�n�e�,� �w�h�i�c�h� �i�s� �a� �m�a�j�o�r� �w�e�i�g�h�t�-�b�e�a�r�i�n�g� �b�o�n�e�,� �l�o�s�e�s� �a�s� �m�u�c�h� �a�s� �5�%
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�o�f� �i�t�s� �m�a�s�s� �p�e�r� �m�o�n�t�h� �d�u�r�i�n�g� �s�p�a�c�e�f�l�i�g�h�t� �(�J�o�h�n�s�o�n� �a�n�d� �D�i�e�t�l�e�i�n�,� 

�1�9�7�7�)�.� �O�n�c�e� �b�o�n�e�s� �l�o�s�e� �2�0�-�2�5�%� �o�f� �t�h�e�i�r� �m�i�n�e�r�a�l� �c�o�n�t�e�n�t�,� �t�h�e�y� 

�b�e�c�o�m�e� �f�r�a�g�i�l�e� �a�n�d� �m�a�y� �f�r�a�c�t�u�r�e� �(�N�i�c�o�g�o�s�s�i�a�n� �a�n�d� �P�a�r�k�e�r�,� �1�9�8�2�)�.� 

�l�f� �a� �f�r�a�c�t�u�r�e� �s�h�o�u�l�d� �o�c�c�u�r�,� �t�h�e�r�e� �i�s� �s�e�r�i�o�u�s� �d�o�u�b�t� �a�s� �t�o� �w�h�e�t�h�e�r� 

�t�h�e� �b�o�n�e� �w�o�u�l�d� �r�e�-�f�u�s�e� �p�r�o�p�e�r�l�y� �w�i�t�h�o�u�t� �a� �g�r�a�v�i�t�y� �f�i�e�l�d� �(�D�e�-� 

�C�a�m�p�l�i�,� �1�9�8�6�)�.� �I�f� �t�h�e� �b�r�e�a�k� �i�s� �i�n� �o�n�e� �o�f� �t�h�e� �l�e�g� �b�o�n�e�s�,� �t�h�i�s� 

�t�y�p�e� �o�f� �i�n�j�u�r�y� �i�s� �k�n�o�w�n� �a�s� �a�  ��n�o�n�-�u�n�i�o�n �� �f�r�a�c�t�u�r�e� �a�n�d� �r�e�q�u�i�r�e�s� 

�s�u�r�g�i�c�a�l� �i�n�t�e�r�v�e�n�t�i�o�n� �f�o�r� �t�h�e� �a�s�t�r�o�n�a�u�t� �t�o� �w�a�l�k�.� 

�T�h�e� �S�o�v�i�e�t�s� �h�a�v�e� �a�p�p�a�r�e�n�t�l�y� �r�e�d�u�c�e�d� �t�h�e� �r�a�t�e� �o�f� �b�o�n�e� �l�o�s�s� 

�s�o�m�e�w�h�a�t� �b�y� �h�e�a�v�y� �e�x�e�r�c�i�s�e� �r�e�g�i�m�e�n�s�.� �T�h�e� �l�o�s�s� �o�f� �h�e�e�l� �b�o�n�e� 

�c�a�l�c�i�u�m� �h�a�d� �b�e�e�n� �o�b�s�e�r�v�e�d� �t�o� �i�n�c�r�e�a�s�e� �r�o�u�g�h�l�y� �p�r�o�p�o�r�t�i�o�n�a�t�e�l�y� �t�o� 

�m�i�s�s�i�o�n� �l�e�n�g�t�h� �u�n�t�i�l�]� �t�h�e� �r�e�g�i�m�e�n�s� �w�e�r�e� �i�m�p�o�s�e�d�.� �P�e�r�c�e�n�t�a�g�e� 

�l�o�s�s�e�s� �s�e�e�n� �a�f�t�e�r� �s�i�x�-�m�o�n�t�h� �f�l�i�g�h�t�s� �t�h�e�n� �d�e�c�r�e�a�s�e�d� �t�o� �r�o�u�g�h�l�y� �t�h�e� 

�l�e�v�e�l� �o�b�s�e�r�v�e�d� �f�o�l�l�o�w�i�n�g� �t�h�r�e�e�-�m�o�n�t�h� �f�l�i�g�h�t�s� �(�G�a�z�e�n�k�o�,� �G�e�r�i�n�,� �a�n�d� 

�Y�e�g�o�r�o�v�,� �1�9�8�1�)�.� 

�T�h�e� �b�o�n�e�s� �t�h�a�t� �a�p�p�e�a�r� �t�o� �b�e� �s�u�s�c�e�p�t�i�b�l�e� �t�o� �m�a�s�s� �l�o�s�s�e�s� �o�f� �7� 

�t�o� �1�1�%� �a�r�e� �t�h�e� �l�e�g� �b�o�n�e�s�,� �h�i�p� �b�o�n�e�s�,� �a�n�d� �l�o�w�e�r� �l�u�m�b�a�r� �v�e�r�t�e�b�r�a�e� 

�(�G�a�z�e�n�k�o�,� �G�r�i�g�o�r�o�v�,� �a�n�d� �E�g�o�r�o�v�,� �1�9�8�8�)�.� �O�t�h�e�r� �r�e�v�i�e�w�s� �o�f� �S�o�v�i�e�t� 

�r�e�p�o�r�t�s� �h�a�v�e� �s�t�a�t�e�d� �(�B�l�u�t�h� �a�n�d� �H�e�l�p�p�i�e�,� �1�9�8�6�)� �t�h�a�t� �t�h�e� �b�o�n�e� �l�o�s�s� 

�i�n� �t�h�e� �t�i�b�i�a� �a�v�e�r�a�g�e�d� �1�5�%� �f�o�r� �a�l�l� �c�r�e�w�m�e�m�b�e�r�s� �a�f�t�e�r� �2�1�2� �d�a�y�s� �i�n� 

�s�p�a�c�e� �w�i�t�h� �f�u�l�l� �c�o�u�n�t�e�r�m�e�a�s�u�r�e�s� �i�n� �e�f�f�e�c�t�.� �T�h�i�s� �v�a�l�u�e� �i�s� 

�a�p�p�r�o�a�c�h�i�n�g� �t�h�e� �2�5�%� �l�o�s�s� �l�i�m�i�t� �t�h�a�t� �i�n� �a�n� �e�a�r�t�h� �g�r�a�v�i�t�y� 

�e�n�v�i�r�o�n�m�e�n�t� �m�i�g�h�t� �b�r�e�a�k� �a� �b�o�n�e� �(�D�e�C�a�m�p�l�i�,� �1�9�8�6�)�.� 

�A�n�o�t�h�e�r� �s�y�s�t�e�m�s� �p�r�o�b�l�e�m� �r�e�l�a�t�a�b�l�e� �t�o� �b�o�n�e� �r�e�s�o�r�p�t�i�o�n� �i�s� 

�k�i�d�n�e�y� �s�t�o�n�e� �f�o�r�m�a�t�i�o�n� �d�u�e� �t�o� �h�i�g�h� �l�e�v�e�l�s� �o�f� �u�r�i�n�e� �c�a�l�c�i�u�m�.� 

�K�i�d�n�e�y� �s�t�o�n�e�s� �a�r�e� �q�u�i�t�e� �p�a�i�n�f�u�l� �a�n�d� �m�a�y� �b�e�c�o�m�e� �i�n�c�a�p�a�c�i�t�a�t�i�n�g�.� 

�!�f� �a� �u�r�e�t�e�r� �b�l�o�c�k�a�g�e� �o�c�c�u�r�s�,� �s�u�r�g�e�r�y� �i�s� �o�f�t�e�n� �i�n�d�i�c�a�t�e�d�.� �T�h�e
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�p�o�t�e�n�t�i�a�l� �f�o�r� �k�i�d�n�e�y� �s�t�o�n�e� �d�e�v�e�l�o�p�m�e�n�t� �s�h�o�u�l�d� �b�e� �c�o�n�s�i�d�e�r�e�d� �i�n� �a� 

�s�y�s�t�e�m�s� �c�o�n�t�e�x�t� �w�h�e�n� �a�s�s�e�s�s�i�n�g� �t�h�e� �d�e�v�e�l�o�p�m�e�n�t� �o�f� �t�h�e� 

�s�p�a�c�e�c�r�a�f�t�'�s� �H�e�a�l�t�h� �M�a�i�n�t�e�n�a�n�c�e� �F�a�c�i�l�i�t�y� �(�H�M�F�)� �a�t�t�r�i�b�u�t�e�s�.� 

�l�o� �]� �t�e�r�m�e�a� �e� 

�B�o�n�e� �d�e�m�i�n�e�r�a�l�i�z�a�t�i�o�n� �a�n�d� �m�u�s�c�l�e� �a�t�r�o�p�h�y� �s�e�e�m�e�d� �t�o� �b�e� 

�i�n�t�e�r�t�w�i�n�e�d� �b�y� �a�s� �y�e�t� �u�n�k�n�o�w�n� �p�r�o�c�e�s�s�e�s�.� �O�n�e� �o�f� �t�h�e� 

�c�o�u�n�t�e�r�m�e�a�s�u�r�e� �d�e�v�i�c�e�s� �t�h�a�t� �t�h�e� �S�o�v�i�e�t� �h�a�v�e� �u�s�e�d� �i�s� �t�h�e� �"�P�e�n�g�u�i�n� 

�S�u�i�t�.�"� �T�h�e� �P�e�n�g�u�i�n� �S�u�i�t� �i�s� �a� �g�a�r�m�e�n�t� �w�o�r�n� �t�h�a�t� �p�l�a�c�e�s� �a�n� �a�x�i�a�l� 

�c�o�m�p�r�e�s�s�i�o�n� �o�n� �t�h�e� �m�u�s�c�u�l�o�s�k�e�l�e�t�a�l� �s�y�s�t�e�m�.� �T�h�e� �w�e�a�r�e�r� �m�u�s�t� 

�c�o�n�s�t�a�n�t�l�y� �w�o�r�k� �a�g�a�i�n�s�t� �t�h�e� �s�u�i�t�'�s� �r�i�g�i�d�i�t�y� �t�o� �m�o�v�e� �a�n�d� �p�e�r�f�o�r�m� 

�d�a�i�l�y� �t�a�s�k�s�.� �T�h�e� �s�u�i�t�s� �a�r�e� �c�o�n�s�i�d�e�r�e�d� �t�o� �b�e� �u�n�c�o�m�f�o�r�t�a�b�l�e� �a�n�d� 

�c�u�m�b�e�r�s�o�m�e�.� �T�h�e� �S�o�v�i�e�t�s� �a�l�s�o� �h�a�v�e� �t�h�e�i�r� �c�o�s�m�o�n�a�u�t�s� �w�o�r�k�o�u�t� �o�n�a� 

�t�r�e�a�d�m�i�l�l� �a�n�d� �b�i�c�y�c�l�e� �e�r�g�o�m�e�t�e�r� �w�i�t�h� �v�a�r�i�o�u�s� �"�b�u�n�g�e�e� �c�o�r�d�"�-�t�y�p�e�s� 

�o�f� �p�u�l�l�i�n�g� �d�e�v�i�c�e�s� �a�t�t�a�c�h�e�d� �t�o� �t�h�e�m�.� 

�T�h�e� �c�o�s�m�o�n�a�u�t�s� �e�x�e�r�c�i�s�e� �2�-�4� �h�o�u�r�s� �p�e�r� �d�a�y� �o�v�e�r�a�l�l� �a�n�d� �t�h�i�s� 

�i�s� �d�i�v�i�d�e�d� �i�n�t�o� �t�w�o� �s�e�s�s�i�o�n�s� �a�n�d� �p�e�r�f�o�r�m�e�d� �i�n� �t�h�r�e�e�-�d�a�y� �c�y�c�l�e�s� 

�w�i�t�h� �a� �f�o�u�r�t�h� �d�a�y� �a�s� �o�p�t�i�o�n�a�l� �(�G�a�r�s�h�n�e�c�k�,� �1�9�8�9�)�.� �A�l�t�h�o�u�g�h� �t�h�e� 

�e�x�e�r�c�i�s�e� �d�o�e�s� �a�p�p�a�r�e�n�t�l�y� �s�l�o�w� �t�h�e� �e�f�f�e�c�t�s� �o�f� �d�e�c�o�n�d�i�t�i�o�n�i�n�g� �a�n�d� 

�a�t�r�o�p�h�y�,� �S�o�v�i�e�t� �c�r�e�w�s� �s�t�i�l�l� �r�e�t�u�r�n� �f�r�o�m� �s�p�a�c�e� �d�e�c�o�n�d�i�t�i�o�n�e�d�,� 

�o�f�t�e�n� �b�a�r�e�l�y� �a�b�l�e� �t�o� �w�a�l�k� �m�o�r�e� �t�h�a�n� �a� �f�e�w� �y�a�r�d�s� �w�i�t�h� �c�o�n�c�o�m�i�n�a�n�t� 

�d�i�z�z�i�n�e�s�s� �a�n�d� �d�i�s�e�q�u�i�l�i�b�r�i�u�m�.� 

�T�h�e� �S�k�y�l�a�b� �p�r�o�g�r�a�m� �i�n�c�o�r�p�o�r�a�t�e�d� �t�h�e� �c�o�m�b�i�n�e�d� �u�s�e� �o�f� �b�i�c�y�c�l�e�,� 

�t�r�e�a�d�m�i�l�l�,� �a�n�d� �p�u�l�l�i�n�g� �d�e�v�i�c�e�s� �o�n� �t�h�e� �8�4�-�d�a�y� �f�l�i�g�h�t� �t�o� �e�v�a�l�u�a�t�e� 

�t�h�e�s�e� �c�o�u�n�t�e�r�m�e�a�s�u�r�e�s� �v�e�r�s�u�s� �t�h�e� �p�r�e�v�i�o�u�s� �s�h�o�r�t�e�r� �f�l�i�g�h�t�s� �w�h�e�r�e� 

�t�h�e� �t�r�e�a�d�m�i�l�l� �w�a�s� �n�o�t� �u�s�e�d�.� �T�h�e� �r�e�s�u�l�t�s� �w�e�r�e� �t�h�a�t� �t�h�e� �a�s�t�r�o�n�a�u�t�s� 

�o�n� �t�h�e� �l�o�n�g�e�r� �f�l�i�g�h�t�s� �h�a�d� �s�i�g�n�i�f�i�c�a�n�t� �p�h�y�s�i�c�a�l� �i�m�p�r�o�v�e�m�e�n�t�s� �a�s
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�c�o�m�p�a�r�e�d� �t�o� �t�h�e� �n�o�n�-�t�r�e�a�d�m�i�l�]� �e�x�e�r�c�i�s�e� �g�r�o�u�p�s� �o�n� �e�a�r�l�i�e�r� �f�l�i�g�h�t�s� 

�(�N�i�c�o�g�o�s�s�i�a�n�,� �S�u�l�z�m�a�n�n�,� �R�a�d�t�k�e�,� �a�n�d� �B�u�n�g�o�,� �1�9�8�8�)�.� �T�h�e� �S�o�v�i�e�t�s� 

�r�e�p�o�r�t�e�d� �t�h�a�t� �l�o�n�g�e�r� �f�l�i�g�h�t�s� �d�o� �n�o�t� �s�h�o�w� �a� �s�t�o�p�p�a�g�e� �o�f� �t�h�e� 

�d�e�c�o�n�d�i�t�i�o�n�i�n�g� �e�f�f�e�c�t�s� �e�v�e�n� �t�h�r�o�u�g�h� �d�r�a�s�t�i�c� �c�o�u�n�t�e�r�m�e�a�s�u�r�e�s� �h�a�v�e� 

�b�e�e�n� �e�m�p�l�o�y�e�d�.� �I�t� �m�a�y� �b�e� �t�r�u�e� �t�h�a�t� �a�f�t�e�r� �a� �c�e�r�t�a�i�n� �p�e�r�i�o�d� �o�f� 

�t�i�m�e� �e�x�e�r�c�i�s�e� �i�s� �o�n�l�y� �s�o� �h�e�l�p�f�u�l� �i�n� �c�o�u�n�t�e�r�i�n�g� �t�h�e� �d�e�t�r�i�m�e�n�t�a�l� 

�e�f�f�e�c�t�s� �o�f� �m�i�c�r�o�g�r�a�v�i�t�y�.� �H�o�w�e�v�e�r�,� �i�t� �m�a�y� �b�e� �p�o�s�s�i�b�l�e� �t�o� �p�e�r�f�o�r�m� 

�e�x�e�r�c�i�s�e�s� �i�n� �a� �1�/�3�-�g� �e�n�v�i�r�o�n�m�e�n�t� �s�u�c�h� �a�s� �m�a�r�s� �a�n�d� �r�e�g�a�i�n� �s�o�m�e� 

�l�o�s�t� �c�o�n�d�i�t�i�o�n�i�n�g�,� �b�u�t� �a�t� �p�r�e�s�e�n�t�,� �s�u�c�h� �s�t�a�t�e�m�e�n�t�s� �a�r�e� �o�n�l�y� 

�c�o�n�j�e�c�t�u�r�e�.� �O�n�e� �o�f� �t�h�e� �k�e�y� �r�e�a�s�o�n�s� �t�o� �e�s�t�a�b�l�i�s�h� �a� �l�u�n�a�r� �b�a�s�e� 

�b�e�f�o�r�e� �g�o�i�n�g� �t�o� �m�a�r�s� �i�s� �t�o� �t�e�s�t� �s�o�m�e� �o�f� �t�h�e�s�e� �h�y�p�o�t�h�e�s�e�s� �a�n�d� 

�a�t�t�e�m�p�t� �c�o�u�n�t�e�r�m�e�a�s�u�r�e�s� �b�a�s�e�d� �u�p�o�n� �w�h�a�t� �i�s� �f�o�u�n�d�.� �A� �h�u�m�a�n� 

�f�a�c�t�o�r�s�\�s�y�s�t�e�m�s� �p�e�r�s�p�e�c�t�i�v�e� �w�i�l�l� �a�i�d� �i�n� �t�h�e� �e�v�a�l�u�a�t�i�o�n� �a�n�d� �d�e�s�i�g�n� 

�o�f� �t�h�e� �a�p�p�l�i�c�a�b�l�e� �t�e�s�t�s� �a�n�d� �c�o�u�n�t�e�r�m�e�a�s�u�r�e�s� �t�h�a�t� �m�i�g�h�t� �b�e� 

�a�p�p�l�i�e�d�.� 

�T�h�e� �u�s�e� �o�f� �a�r�t�i�f�i�c�i�a�l� �g�r�a�v�i�t�y� �i�s� �a� �k�e�y� �p�o�s�s�i�b�i�l�i�t�y� �t�o� �h�e�l�p� 

�m�i�t�i�g�a�t�e� �s�o�m�e� �o�f� �t�h�e�s�e� �f�a�c�t�o�r�s� �a�n�d� �w�i�l�l� �b�e� �d�i�s�c�u�s�s�e�d� �i�n�a� 

�s�e�p�a�r�a�t�e� �s�e�c�t�i�o�n� �l�a�t�e�r� �i�n� �t�h�e� �p�a�p�e�r�.� 

�H�e�m�a�t�o�l�o�g�i�c�a�l� �C�h�a�n�g�e�s� 

�A�s� �m�e�n�t�i�o�n�e�d� �e�a�r�l�i�e�r�,� �t�h�e� �f�l�u�i�d� �s�h�i�f�t�s� �a�n�d� �d�e�c�r�e�a�s�e� �i�n� �f�l�u�i�d� 

�v�o�l�u�m�e� �r�e�s�u�l�t� �i�n� �a� �" ��p�s�e�u�d�o�-�a�n�e�m�i�a!"� �s�e�e�n� �o�n� �a�l�l� �l�o�n�g�e�r� �U�.�S�.� �a�n�d� 

�S�o�v�i�e�t� �s�p�a�c�e�f�l�i�g�h�t�s�.� �R�e�d� �c�e�l�l� �m�a�s�s� �l�o�s�s�e�s� �b�y� �U�.�S�.� �a�s�t�r�o�n�a�u�t�s� 

�h�a�v�e� �a�v�e�r�a�g�e�d� �1�0�-�1�5�%�,� �w�i�t�h� �d�e�c�r�e�a�s�e�s� �i�n� �h�e�m�o�g�l�o�b�i�n� �m�a�s�s� �o�f� �1�2�-� 

�3�5�%�,� �a�n�d� �p�l�a�s�m�a� �v�o�l�u�m�e� �r�e�d�u�c�t�i�o�n�s� �o�f� �4�-�1�6�%� �(�C�o�g�o�l�i�,� �1�9�8�1�)�.� �T�h�e� 

�g�r�e�a�t�e�s�t� �r�e�d�u�c�t�i�o�n�s� �o�c�c�u�r�r�e�d� �o�n� �t�h�e� �S�k�y�l�a�b� �f�l�i�g�h�t�s� �f�o�r� �t�h�e� �U�.�S�.� 

�p�r�o�g�r�a�m�.� �S�o�v�i�e�t� �l�o�s�s�e�s� �o�n� �f�l�i�g�h�t�s� �o�f� �u�p� �t�o� �7� �m�o�n�t�h�s� �o�f� �t�h�e� �s�a�m�e



�8�0� 

�c�a�t�e�g�o�r�i�e�s� �o�f� �b�l�o�o�d� �c�o�m�p�o�n�e�n�t�s� �y�i�e�l�d�e�d� �s�o�m�e�w�h�a�t� �g�r�e�a�t�e�r� �l�o�s�s�e�s� 

�(�G�a�z�e�n�k�o�,� �1�9�8�2�)�.� 

�H�u�m�a�n� �F�a�c�t�o�r�s�/�S�y�s�t�e�m�s� �c�o�n�c�e�r�n�s� �r�e�g�a�r�d�i�n�g� �l�o�w�e�r�e�d� 

�h�e�m�a�t�o�l�o�g�i�c�a�l� �v�a�l�u�e�s� �w�o�u�l�d� �a�f�f�e�c�t� �p�l�a�n�n�i�n�g� �f�o�r� �t�h�e� �o�n�-�b�o�a�r�d� �H�M�F� 

�s�i�n�c�e� �a�n�y� �i�n�j�u�r�y� �i�n�v�o�l�v�i�n�g� �b�l�o�o�d� �o�r� �p�l�a�s�m�a� �v�o�l�u�m�e� �l�o�s�s� �w�o�u�l�d� 

�a�u�t�o�m�a�t�i�c�a�l�l�y� �p�u�t� �t�h�e� �s�p�a�c�e�f�a�r�e�r� �i�n� �a� �m�o�r�e� �c�o�m�p�r�o�m�i�s�e�d� �m�e�d�i�c�a�l� 

�c�o�n�d�i�t�i�o�n�.� �S�t�o�r�i�n�g� �b�l�o�o�d� �p�r�o�d�u�c�t�s� �a�n�d� �s�o�m�e� �d�r�u�g�s� �f�o�r� �t�h�e� �t�i�m�e� 

�f�r�a�m�e� �o�f� �a� �l�o�n�g�-�d�u�r�a�t�i�o�n� �m�i�s�s�i�o�n� �h�a�s� �n�o�t� �y�e�t� �b�e�e�n� �a�c�c�o�m�p�l�i�s�h�e�d�.� 

�L�o�w�e�r�e�d� �r�e�d� �b�l�o�o�d� �c�e�l�l� �m�a�s�s� �m�i�g�h�t� �a�l�s�o� �l�i�m�i�t� �t�h�e� �a�b�i�l�i�t�y� �o�f� �t�h�e� 

�a�s�t�r�o�n�a�u�t� �t�o� �s�u�s�t�a�i�n� �a� �s�t�r�e�n�u�o�u�s� �w�o�r�k� �p�a�t�t�e�r�n�.� �T�h�e�r�e� �a�r�e� �a�i�s�o� 

�s�u�b�s�t�a�n�t�i�a�l� �u�n�k�n�o�w�n�s� �r�e�g�a�r�d�i�n�g� �h�o�w� �t�h�e� �h�e�m�a�t�o�p�o�e�t�i�c� �(�b�l�o�o�d�-� 

�f�o�r�m�i�n�g�)� �s�y�s�t�e�m� �m�a�y� �r�e�s�p�o�n�d� �d�u�r�i�n�g� �m�i�s�s�i�o�n�s� �o�f� �l�o�n�g�e�r� �t�h�a�n� �a� �y�e�a�r� 

�s�i�n�c�e� �t�h�e�r�e� �i�s� �n�o� �d�a�t�a� �b�e�y�o�n�d� �t�h�i�s� �t�i�m�e�.� �F�u�r�t�h�e�r� �s�t�u�d�y� �i�s� �g�o�i�n�g� 

�t�o� �b�e� �r�e�q�u�i�r�e�d� �t�o� �e�v�a�l�u�a�t�e� �h�o�w� �t�o� �c�o�u�n�t�e�r�a�c�t� �t�h�e� �l�o�s�s� �o�f� �r�e�d� �c�e�l�l� 

�m�a�s�s� �t�o� �i�n�s�u�r�e� �a� �m�a�r�g�i�n� �o�f� �s�a�f�e�t�y� �s�o� �t�h�a�t� �t�h�e� �a�s�t�r�o�n�a�u�t� �c�a�n� 

�p�e�r�f�o�r�m� �a�l�l� �t�a�s�k�s� �n�e�e�d�e�d�,� �w�h�e�t�h�e�r� �a� �n�o�r�m�a�l� �m�o�d�e� �o�r� �i�n� �a� �m�o�r�e� 

�s�t�r�e�s�s�e�d� �e�m�e�r�g�e�n�c�y� �t�y�p�e� �o�f� �c�a�p�a�c�i�t�y�.� 

�I�m�m�u�n�o�l�o�g�i�c� 

�A�n�a�l�y�s�i�s� �o�f� �t�h�e� �i�m�m�u�n�e� �s�y�s�t�e�m� �o�f� �a�s�t�r�o�n�a�u�t�s� �o�n� �t�h�e� �f�i�r�s�t� �1�2� 

�S�p�a�c�e� �S�h�u�t�t�l�e� �f�l�i�g�h�t�s� �s�h�o�w�e�d� �a� �p�o�s�t�-�f�l�i�g�h�t� �i�n�c�r�e�a�s�e� �i�n� �n�e�u�t�r�o�p�h�i�l� 

�n�u�m�b�e�r� �w�i�t�h� �d�e�c�r�e�a�s�e�s� �i�n� �n�u�m�b�e�r�s� �o�f� �c�i�r�c�u�l�a�t�i�n�g� �T�-�l�y�m�p�h�o�c�y�t�e�s�.� 

�T�h�e� �p�o�s�t�-�f�l�i�g�h�t� �a�n�a�l�y�s�e�s� �a�l�s�o� �r�e�v�e�a�l�e�d� �a�n� �i�n�a�b�i�l�i�t�y� �o�f� 

�l�y�m�p�h�o�c�y�t�e�s� �t�o� �r�e�s�p�o�n�d� �t�o� �a� �c�h�a�l�l�e�n�g�e� �(�N�i�c�o�g�o�s�s�i�a�n�,� �H�u�n�t�o�o�n�,� �a�n�d� 

�P�o�o�l�,� �1�9�8�9�)�.� �N�e�u�r�o�p�h�i�l�s� �a�r�e� �t�h�e� �w�h�i�t�e� �b�l�o�o�d� �c�e�l�l�s� �t�h�a�t� �s�e�e�k� �o�u�t�,� 

�i�n�g�e�s�t�,� �a�n�d� �k�i�l�l� �b�a�c�t�e�r�i�a� �a�n�d� �a�r�e� �c�o�n�s�i�d�e�r�e�d� �t�h�e� �b�o�d�y�'�s� �f�i�r�s�t� 

�l�i�n�e� �o�f� �d�e�f�e�n�s�e� �a�g�a�i�n�s�t� �b�a�c�t�e�r�i�a�l� �i�n�f�e�c�t�i�o�n�.� �L�y�m�p�h�o�c�y�t�e�s� �a�r�e� �t�h�e



�8�1� 

�c�e�l�l�s� �r�e�s�p�o�n�s�i�b�l�e� �f�o�r� �h�u�m�o�r�a�l� �a�n�d� �c�e�l�l�u�l�a�r� �i�m�m�u�n�i�t�y� �a�g�a�i�n�s�t� 

�i�n�f�e�c�t�i�o�n�s�,� �b�a�c�t�e�r�i�a�,� �a�n�d� �f�o�r�e�i�g�n� �t�i�s�s�u�e�.� 

�T�h�e� �i�n�c�r�e�a�s�e� �i�n� �t�h�e� �n�u�m�b�e�r� �o�f� �n�e�u�t�r�o�p�h�i�l�s�,� �a�l�o�n�g� �w�i�t�h� 

�d�e�c�r�e�a�s�e�s� �i�n� �l�y�m�p�h�o�c�y�t�e� �a�n�d� �e�o�s�i�n�o�p�h�i�l� �n�u�m�b�e�r�s� �r�e�v�e�a�l�s� �t�h�a�t� 

�l�i�k�e�l�y� �f�a�c�t�o�r�s� �b�i�o�c�h�e�m�i�c�a�l�l�y� �d�r�i�v�i�n�g� �t�h�e�s�e� �c�h�a�n�g�e�s� �a�r�e� �t�h�e� 

�i�n�c�r�e�a�s�e�s� �i�n� �e�p�i�n�e�p�h�r�i�n�e� �a�n�d� �g�l�u�c�o�c�o�r�t�i�c�o�i�d�s� �t�h�a�t� �a�c�c�o�m�p�a�n�y� 

�e�x�c�i�t�e�m�e�n�t� �a�n�d� �s�t�r�e�s�s� �w�h�i�c�h� �h�a�v�e� �a�l�s�o� �b�e�e�n� �o�b�s�e�r�v�e�d� �(�T�a�y�l�o�r� �a�n�d� 

�D�a�r�d�a�n�o�,� �1�9�8�3�)�.� 

�C�o�s�m�o�n�a�u�t�s� �h�a�v�e� �a�l�s�o� �s�h�o�w�e�d� �d�e�c�r�e�a�s�e�s� �i�n� �t�h�e� �n�u�m�b�e�r�s� �o�f� 

�T�-�l�y�m�p�h�o�c�y�t�e�s� �a�f�t�e�r� �t�h�e� �1�8�5�-�d�a�y� �S�a�l�y�u�t�-�6� �f�l�i�g�h�t� �(�V�o�r�o�b�y�o�v�,� 

�G�a�z�e�n�k�o�,� �G�e�n�i�n�,� �a�n�d� �E�g�o�r�o�v�,� �1�9�8�3�)� �a�n�d� �d�e�c�r�e�a�s�e�d� �a�c�t�i�v�i�t�y� �o�f� �T�-� 

�k�i�l�l�e�r� �c�e�l�l�s� �a�f�t�e�r� �t�h�e� �1�5�0�-�d�a�y� �S�a�l�y�u�t�-�7� �f�l�i�g�h�t� �(�V�o�r�o�b�y�o�v�,� 

�G�a�z�e�n�k�o�,� �S�h�u�l�z�e�n�k�o�,� �G�r�i�g�o�r�i�e�v�,� �B�a�r�e�r�,� �Y�e�g�o�r�o�v�,� �a�n�d� �S�k�i�b�a�,� �1�9�8�6�)�.� 

�A� �s�k�e�t�c�h�y�,� �i�n�t�u�i�t�i�v�e� �t�h�e�o�r�y� �m�a�y� �e�x�p�l�a�i�n� �t�h�e� �c�h�a�n�g�e�s� �i�n� �t�h�i�s� 

�w�a�y�:� �a�n� �u�n�c�h�a�l�l�e�n�g�e�d� �a�n�d� �t�h�e�r�e�f�o�r�e� �u�n�e�x�e�r�c�i�s�e�d� �i�m�m�u�n�e� �s�y�s�t�e�m� �i�n� 

�a� �n�e�a�r�l�y� �a�n�t�i�g�e�n�-�f�r�e�e� �e�n�v�i�r�o�n�m�e�n�t� �l�o�s�e�s� �s�o�m�e� �c�o�m�p�e�t�e�n�c�e� �a�f�t�e�r� 

�d�e�a�l�i�n�g� �s�u�c�c�e�s�s�f�u�l�l�y� �w�i�t�h� �h�i�s� �c�o�m�p�a�n�i�o�n�s �� �m�i�c�r�o�f�l�o�r�a� �(�C�o�s�m�a�n� �a�n�d� 

�B�r�a�n�d�t�-�R�a�u�f�,� �1�9�8�7�)�.� �R�e�a�l�i�s�t�i�c�a�l�l�y�,� �t�h�e� �s�i�t�u�a�t�i�o�n� �i�s� �o�b�v�i�o�u�s�l�y� 

�m�o�r�e� �c�o�m�p�l�e�x�.� �{�n�m� �A�n�t�a�r�c�t�i�c� �s�t�u�d�i�e�s�,� �i�n�c�r�e�a�s�e�s� �i�n� �r�e�s�p�i�r�a�t�o�r�y� 

�i�n�f�e�c�t�i�o�n�s� �a�t� �t�h�e� �e�n�d� �o�f� �i�s�o�l�a�t�i�o�n� �i�s� �a� �v�a�r�i�a�b�l�e� �p�h�e�n�o�m�e�n�o�n�,� �a�s� 

�i�s� �t�h�e� �i�n�d�i�v�i�d�u�a�l�'�s� �f�r�e�e�d�o�m� �f�r�o�m� �d�i�s�e�a�s�e�.� �C�o�m�m�o�n� �c�o�l�d� �e�p�i�d�e�m�i�c�s� 

�o�c�c�u�r� �d�u�r�i�n�g� �m�i�d�-�w�i�n�t�e�r� �s�u�g�g�e�s�t�i�n�g� �a� �s�u�r�p�r�i�s�i�n�g� �p�e�r�s�i�s�t�e�n�c�e� �o�f� 

�p�a�t�h�o�g�e�n�s� �a�s� �w�e�l�l� �a�s� �s�o�m�e� �m�e�c�h�a�n�i�s�m�s� �o�f� �a� �d�e�c�r�e�a�s�e� �i�n� �r�e�s�i�s�t�a�n�c�e� 

�o�v�e�r� �t�i�m�e�.� �C�o�n�f�o�u�n�d�i�n�g� �t�h�e� �o�v�e�r�a�l�l� �p�i�c�t�u�r�e� �i�s� �t�h�a�t� �m�i�d�-�w�i�n�t�e�r� 

�a�i�r�d�r�o�p�s� �a�r�e� �r�e�p�o�r�t�e�d�l�y� �v�i�r�u�s�-�l�a�d�e�n� �(�f�r�o�m� �c�i�v�i�l�i�z�a�t�i�o�n�)� �a�n�d� �c�o�u�l�d� 

�p�o�s�s�i�b�l�y� �i�n�t�r�o�d�u�c�e� �c�e�r�t�a�i�n� �c�o�l�d�-�l�i�k�e� �s�y�m�p�t�o�m�s� �i�n� �w�i�n�t�e�r� �p�o�l�e�-� 

�d�w�e�l�l�e�r�s� �(�M�u�c�h�m�o�r�e�,� �P�a�r�k�i�n�s�o�n�,� �a�n�d� �S�c�o�t�t�,� �1�9�8�3�)�.



�8�2� 

�S�y�s�t�e�m�s�-�l�e�v�e�l� �i�m�p�l�i�c�a�t�i�o�n�s� �f�o�r� �i�m�m�u�n�o�l�o�g�i�c�a�l� �c�h�a�n�g�e�s� �a�r�e� 

�n�u�m�e�r�o�u�s�.� �N�e�g�a�t�i�v�e� �c�h�a�n�g�e�s� �i�n� �t�h�e� �i�m�m�u�n�e� �s�y�s�t�e�m�s� �a�n�d� �m�i�c�r�o�f�l�o�r�a� 

�o�f� �s�p�a�c�e� �c�r�e�w�s� �c�o�u�l�d� �l�e�a�d� �t�o� �i�n�c�r�e�a�s�e�d� �s�u�s�c�e�p�t�i�b�i�l�i�t�y� �f�o�r� �a� 

�v�a�r�i�e�t�y� �o�f� �i�n�f�e�c�t�i�o�n�s� �o�n� �l�o�n�g� �m�i�s�s�i�o�n�s�.� �T�h�e�s�e� �i�n�f�e�c�t�i�o�n�s� �c�o�u�l�d� 

�b�e� �f�r�o�m� �s�e�l�f�-�s�o�u�r�c�e�s� �a�s� �w�e�l�l� �a�s� �f�r�o�m� �t�h�e� �o�t�h�e�r� �c�r�e�w�m�a�t�e�s�'� 

�m�i�c�r�o�f�l�o�r�a�.� �H�y�g�i�e�n�e� �s�t�a�n�d�a�r�d�s� �s�h�o�u�l�d� �b�e� �k�e�p�t� �a�t� �a� �h�i�g�h� �l�e�v�e�l� �t�o� 

�k�e�e�p� �t�h�e� �t�i�t�e�r�s� �o�f� �t�h�e� �m�i�c�r�o�o�r�g�a�n�i�s�m�s� �l�o�w� �i�n� �t�h�e� �s�p�a�c�e�c�r�a�f�t� 

�e�n�v�i�r�o�n�m�e�n�t�.� �L�o�w�e�r� �d�e�n�s�i�t�y� �o�f� �i�n�f�e�c�t�i�o�u�s� �o�r�g�a�n�i�s�m�s� �(�t�i�t�e�r�)� �m�e�a�n�s� 

�a� �s�i�g�n�i�f�i�c�a�n�t�l�y� �r�e�d�u�c�e�d� �c�h�a�n�c�e� �f�o�r� �i�n�f�e�c�t�i�o�n� �t�o� �o�c�c�u�r�.� 

�M�a�i�n�t�a�i�n�i�n�g� �h�i�g�h� �h�y�g�i�e�n�e� �s�t�a�n�d�a�r�d�s� �h�a�s� �i�m�p�l�i�c�a�t�i�o�n�s� �f�o�r� �o�t�h�e�r� 

�p�a�r�t�s� �o�f� �t�h�e� �s�y�s�t�e�m� �s�u�c�h� �a�s� �w�a�t�e�r� �u�s�a�g�e�/�r�e�c�y�c�l�i�n�g�,� �t�i�m�e� �f�o�r� 

�p�e�r�s�o�n�a�l� �a�n�d� �s�p�a�c�e�c�r�a�f�t� �c�l�e�a�n�l�i�n�e�s�s�,� �a�n�d� �h�o�w� �t�h�e� �p�o�t�e�n�t�i�a�l�l�y� 

 ��s�w�e�a�t�y �!"� �e�x�e�r�c�i�s�e� �r�e�g�i�m�e�n� �i�m�p�a�c�t�s� �t�h�e� �f�a�c�t�o�r�s� �j�u�s�t� �l�i�s�t�e�d�.� 

�S�u�p�p�l�y� �s�h�i�p�s�,� �u�n�l�e�s�s� �h�e�a�v�i�l�y� �d�e�c�o�n�t�a�m�i�n�a�t�e�d� �b�e�f�o�r�e� �l�e�a�v�i�n�g� 

�E�a�r�t�h�,� �c�o�u�l�d� �i�n�f�e�c�t� �t�h�e� �c�r�e�w� �w�i�t�h� �v�i�r�u�s�e�s� �o�r� �b�a�c�t�e�r�i�a� �f�r�o�m� �E�a�r�t�h� 

�c�a�u�s�i�n�g� �a� �v�a�r�i�e�t�y� �o�f� �c�r�e�w� �h�e�a�l�t�h� �p�r�o�b�l�e�m�s� �s�i�n�c�e� �t�h�e�i�r� �i�m�m�u�n�e� 

�s�y�s�t�e�m�s� �w�o�u�l�d� �a�l�r�e�a�d�y� �b�e� �i�n� �a� �s�o�m�e�w�h�a�t� �w�e�a�k�e�n�e�d� �s�t�a�t�e�.� 

�O�b�v�i�o�u�s�l�y�,� �t�h�e� �p�r�o�b�l�e�m� �o�f� �e�x�p�o�s�i�n�g� �t�h�e� �c�r�e�w� �o�f� �a� �l�o�n�g�-�d�u�r�a�t�i�o�n� 

�s�t�a�y� �i�n� �s�p�a�c�e� �t�o� �i�m�m�u�n�o�l�o�g�i�c�a�l� �c�h�a�l�l�e�n�g�e� �u�p�o�n� �r�e�t�u�r�n� �t�o� �E�a�r�t�h� �v�i�a� 

�e�i�t�h�e�r� �s�p�a�c�e� �s�t�a�t�i�o�n� �o�r� �a� �d�i�r�e�c�t� �r�e�e�n�t�r�y� �p�a�t�h� �m�i�g�h�t� �s�u�b�s�t�a�n�t�i�a�l�l�y� 

�t�a�x� �t�h�e� �a�b�i�l�i�t�y� �o�f� �t�h�e� �i�m�m�u�n�e� �s�y�s�t�e�m� �t�o� �r�e�s�p�o�n�d� �a�d�e�q�u�a�t�e�l�y� �t�o� �t�h�e� 

�c�h�a�l�l�e�n�g�e�.� �A�n�s�w�e�r�s� �t�o� �o�t�h�e�r� �q�u�e�s�t�i�o�n�s� �t�h�a�t� �a�r�e� �s�t�i�l�l� �u�n�r�e�s�o�l�v�e�d�,� 

�i�n�v�o�l�v�e� �h�o�w� �t�h�e� �e�f�f�e�c�t�s� �o�f� �l�o�n�g�-�t�e�r�m�,� �l�o�w�-�l�e�v�e�l� �i�n�t�e�r�p�l�a�n�e�t�a�r�y� 

�r�a�d�i�a�t�i�o�n� �m�a�y� �i�m�p�a�c�t� �t�h�e� �e�l�e�m�e�n�t�s� �o�f� �t�h�e� �i�m�m�u�n�e� �s�y�s�t�e�m�.� �R�e�s�e�a�r�c�h� 

�i�s� �u�n�d�e�r�w�a�y� �t�o� �f�i�n�d� �s�o�m�e� �o�f� �t�h�e� �a�n�s�w�e�r�s� �t�o� �t�h�e�s�e� �q�u�e�s�t�i�o�n�s�.



�8�3� 

�N� �v�e�s�t�i�b� �P�r�o�b�l�e�m�s� 

�S�p�a�c�e� �m�o�t�i�o�n� �s�i�c�k�n�e�s�s� �(�S�M�S�)� �i�s� �o�n�e� �o�f� �t�h�e� �m�o�s�t� �c�o�m�m�o�n� 

�p�h�y�s�i�o�l�o�g�i�c�a�l� �p�r�o�b�l�e�m�s� �a�m�o�n�g� �a�s�t�r�o�n�a�u�t�s�.� �S�M�S� �t�h�u�s� �f�a�r� �h�a�s� �b�e�e�n� 

�e�x�p�e�r�i�e�n�c�e�d� �b�y� �4�0�-�5�0�%� �o�f� �U�.�S�.� �a�n�d� �U�.�S�.�S�.�R�.� �c�r�e�w� �m�e�m�b�e�r�s� �d�u�r�i�n�g� 

�t�h�e� �f�i�r�s�t� �d�a�y�s� �o�f� �e�x�p�o�s�u�r�e� �t�o� �m�i�c�r�o�g�r�a�v�i�t�y� �(�N�i�c�o�g�o�s�s�i�a�n�,� �H�u�n�t�o�o�n�,� 

�a�n�d� �P�o�o�l�,� �1�9�8�9�)�.� �T�h�e� �p�r�e�d�o�m�i�n�a�n�t� �s�y�m�p�t�o�m�s� �o�f� �S�M�S� �b�a�s�e�d� �u�p�o�n� �d�a�t�a� 

�f�r�o�m� �S�p�a�c�e� �S�h�u�t�t�l�e� �c�r�e�w�m�e�m�b�e�r�s� �a�r�e� �a�n�o�r�e�x�i�a�,� �l�e�t�h�a�r�g�y�,� �m�a�l�a�i�s�e�,� 

�a�n�d� �h�e�a�d�a�c�h�e�.� �I�n�t�e�r�e�s�t�i�n�g�l�y�,� �t�h�e�r�e� �h�a�v�e� �a�l�s�o� �b�e�e�n� �s�e�v�e�r�a�l� 

�i�n�s�t�a�n�c�e�s� �w�h�e�r�e� �v�o�m�i�t�i�n�g� �o�c�c�u�r�r�e�d� �s�u�d�d�e�n�l�y�,� �w�i�t�h�o�u�t� �t�h�e� �n�o�r�m�a�l� 

�p�r�o�d�r�o�m�a�l� �s�y�m�p�t�o�m�s� �(�H�o�m�i�c�k�,� �R�e�s�c�h�k�e�,� �a�n�d� �V�a�n�d�e�r�p�l�o�e�g�,� �1�9�8�4�)�.� �S�M�S� 

�s�y�m�p�t�o�m�s� �n�o�r�m�a�l�l�y� �g�r�a�d�u�a�l�l�y� �i�n�t�e�n�s�i�f�y� �o�v�e�r� �a� �p�e�r�i�o�d� �o�f� �h�o�u�r�s� �a�n�d� 

�a�r�e� �u�s�u�a�l�l�y� �r�e�s�o�l�v�e�d� �a�f�t�e�r� �3�0� �t�o� �4�8� �h�o�u�r�s�.� �T�h�e�r�e� �i�s� �s�o�m�e� 

�e�v�i�d�e�n�c�e� �t�h�a�t� �r�e�p�e�a�t�e�d� �e�x�p�o�s�u�r�e� �t�o� �m�i�c�r�o�g�r�a�v�i�t�y� �s�o�m�e�w�h�a�t� 

�m�o�d�e�r�a�t�e�s� �t�h�e� �s�y�m�p�t�o�m�o�l�o�g�y� �(�N�i�c�o�g�o�s�s�i�a�n�,� �H�u�n�t�o�o�n�,� �a�n�d� �P�o�o�l�,� 

�1�9�8�6�)�.� 

�T�h�e� �w�o�r�k�i�n�g� �h�y�p�o�t�h�e�s�i�s� �c�o�n�c�e�r�n�i�n�g� �S�M�S� �i�s� �t�h�a�t� �i�t� �i�s� �c�a�u�s�e�d� 

�b�y� �s�e�n�s�o�r�y� �c�o�n�f�l�i�c�t�.� �T�h�e� �o�t�o�l�i�t�h�s� �o�n� �E�a�r�t�h� �h�a�v�e� �a� �c�o�m�p�o�n�e�n�t� �o�f� 

�t�h�e� �g�r�a�v�i�t�y� �f�i�e�l�d� �s�t�i�m�u�l�a�t�i�n�g� �t�h�e�m�.� �T�h�i�s� �s�i�g�n�a�l�,� �a�n�d� �i�n�p�u�t�s� �f�r�o�m� 

�t�h�e� �s�e�m�i�c�i�r�c�u�l�a�r� �c�a�n�a�l�s� �(�w�h�i�c�h� �t�r�a�n�s�d�u�c�e� �a�n�g�u�l�a�r� �a�c�c�e�l�e�r�a�t�i�o�n�)� 

�a�r�e� �n�o� �l�o�n�g�e�r�  ��c�o�m�p�a�r�e�d �� �i�n� �t�h�e� �n�e�u�r�a�l� �s�t�o�r�e� �n�o�r�m�a�l�l�y� �r�e�s�u�l�t�i�n�g� 

�i�n� �a� �s�e�n�s�o�r�y� �m�i�s�m�a�t�c�h� �f�o�r� �t�h�e� �n�e�u�r�a�l� �s�t�o�r�e�.� �T�h�i�s�  ��m�i�s�m�a�t�c�h �� �i�s� 

�t�h�e�n� �t�h�o�u�g�h�t� �t�o� �c�o�n�f�u�s�e� �t�h�e� �b�r�a�i�n� �a�n�d� �t�h�e� �s�y�m�p�t�o�m�s� �o�f� �m�o�t�i�o�n� 

�s�i�c�k�n�e�s�s� �o�c�c�u�r�.� �R�e�a�s�o�n� �a�n�d� �B�r�a�n�d� �(�1�9�7�5�)� �b�e�l�i�e�v�e� �a�l�s�o� �t�h�a�t� 

�a�n�o�t�h�e�r� �c�o�m�p�o�n�e�n�t� �o�f� �S�M�S� �m�i�g�h�t� �b�e� �a� �v�i�s�u�a�l�-�i�n�e�r�t�i�a�l� 

�r�e�a�r�r�a�n�g�e�m�e�n�t�,� �i�n� �w�h�i�c�h� �t�h�e� �s�e�n�s�o�r�y� �c�o�n�f�l�i�c�t� �a�r�i�s�e�s� �b�e�t�w�e�e�n� �t�h�e� 

�v�i�s�u�a�l� �a�n�d� �v�e�s�t�i�b�u�l�a�r� �s�y�s�t�e�m�.� 

�S�o�m�e� �t�h�e�o�r�i�e�s� �r�e�g�a�r�d�i�n�g� �S�M�S� �e�x�i�s�t� �t�h�a�t� �i�n�c�l�u�d�e� �o�t�o�l�i�t�h



�8�4� 

�a�s�y�m�m�e�t�r�y� �a�s� �a� �c�a�u�s�a�l� �f�a�c�t�o�r�.� �V�o�n� �B�a�u�m�g�a�r�t�e�n� �a�n�d� �T�h�u�m�l�e�r� �(�1�9�7�9�)� 

�h�a�v�e� �p�r�o�p�o�s�e�d� �t�h�i�s� �a�s� �a�n� �e�x�p�l�a�n�a�t�i�o�n� �f�o�r� �m�o�s�t� �a�s�p�e�c�t�s� �o�f� �S�M�S� 

�i�n�c�l�u�d�i�n�g� �i�n�d�i�v�i�d�u�a�l� �s�u�s�c�e�p�t�i�b�i�l�i�t�y�.� �T�h�e�y� �b�e�l�i�e�v�e� �t�h�a�t� �s�o�m�e� 

�i�n�d�i�v�i�d�u�a�l�s� �p�o�s�s�e�s�s� �s�l�i�g�h�t� �f�u�n�c�t�i�o�n�a�l� �i�m�b�a�l�a�n�c�e�s� �b�e�t�w�e�e�n� �t�h�e� 

�r�i�g�h�t� �a�n�d� �l�e�f�t� �o�t�o�l�i�t�h� �r�e�c�e�p�t�o�r�s�.� �O�n� �E�a�r�t�h�,� �i�n� �a� �o�n�e�-�g�r�a�v�i�t�y� 

�f�i�e�l�d�,� �t�h�e�s�e� �s�l�i�g�h�t� �d�i�f�f�e�r�e�n�c�e�s� �a�r�e� �c�o�m�p�e�n�s�a�t�e�d� �f�o�r� �b�y� �t�h�e� 

�c�e�n�t�r�a�l� �n�e�r�v�o�u�s� �s�y�s�t�e�m�.� �T�h�i�s�  ��c�o�m�p�e�n�s�a�t�i�o�n �� �i�s� �i�n�a�p�p�r�o�p�r�i�a�t�e� �i�n� 

�z�e�r�o� �g�r�a�v�i�t�y� �s�i�n�c�e� �t�h�e�r�e� �i�s� �n�o� �w�e�i�g�h�t� �d�i�f�f�e�r�e�n�c�e� �f�o�r� �e�a�c�h� �o�t�o�l�i�t�h� 

�r�e�c�e�p�t�o�r�.� �T�h�e� �r�e�s�u�l�t� �i�s� �a� �n�e�u�r�a�l� �s�t�o�r�e� �t�e�m�p�o�r�a�r�y� �a�s�y�m�m�e�t�r�y� �i�n� 

�t�e�r�m�s� �o�f� �e�x�p�e�c�t�e�d� �s�i�g�n�a�l�s� �p�r�o�d�u�c�i�n�g� �v�e�r�t�i�g�o�,� �e�y�e� �m�o�v�e�m�e�n�t�s�,� �a�n�d� 

�p�o�s�t�u�r�e� �c�h�a�n�g�e�s� �u�n�t�i�l� �t�h�e� �b�r�a�i�n�'�s� �c�e�n�t�r�a�l� �"�c�o�m�p�e�n�s�a�t�i�n�g!"� �c�e�n�t�e�r�s� 

�a�d�j�u�s�t� �t�o� �t�h�e� �m�i�c�r�o�g�r�a�v�i�t�y� �e�n�v�i�r�o�n�m�e�n�t�.� 

�A� �s�i�m�i�l�a�r� �i�m�b�a�l�a�n�c�e� �m�a�y� �a�l�s�o� �a�p�p�e�a�r� �u�p�o�n� �r�e�t�u�r�n� �t�o� �a� �o�n�e�-�~� 

�g�r�a�v�i�t�y� �(�o�r� �p�a�r�t�i�a�l� �g�r�a�v�i�t�y�?�)� �f�i�e�l�d� �l�e�a�d�i�n�g� �t�o� �s�o�m�e� �p�o�s�t�-�f�l�i�g�h�t� 

�v�e�s�t�i�b�u�l�a�r� �d�i�s�t�u�r�b�a�n�c�e�s�.� �M�a�r�k�h�a�m� �a�n�d� �D�i�a�m�o�n�d� �(�1�9�9�1�)� �h�a�v�e� 

�c�o�n�f�i�r�m�e�d� �a�s�p�e�c�t�s� �o�f� �t�h�i�s� �c�o�n�c�e�p�t� �i�n� �a� �v�a�r�i�e�t�y� �o�f� �t�e�s�t�s� �w�i�t�h� �t�h�e� 

�p�o�s�s�i�b�l�e� �c�o�n�c�l�u�s�i�o�n� �t�h�a�t� �i�n�d�i�v�i�d�u�a�l�s� �w�i�t�h� �a� �g�r�e�a�t�e�r� �d�e�g�r�e�e� �o�f� 

�a�s�y�m�m�e�t�r�y� �i�n� �o�t�o�l�i�t�h� �m�o�r�p�h�o�l�o�g�y� �p�r�o�b�a�b�l�y� �a�r�e� �m�o�r�e� �s�u�s�c�e�p�t�i�b�l�e� �t�o� 

�S�M�S�.� 

�S�y�s�t�e�m�s� �a�n�d� �h�u�m�a�n� �f�a�c�t�o�r�s� �i�m�p�l�i�c�a�t�i�o�n�s� �f�o�r� �l�o�n�g�-�d�u�r�a�t�i�o�n� 

�s�p�a�c�e�f�l�i�g�h�t� �a�b�o�u�n�d�.� �B�e�c�a�u�s�e� �S�M�S� �m�a�y� �o�n�l�y� �l�o�w�e�r� �c�r�e�w� �p�r�o�d�u�c�t�i�v�i�t�y� 

�d�u�r�i�n�g� �t�h�e� �f�i�r�s�t� �d�a�y�s� �o�f� �f�l�i�g�h�t�,� �c�r�e�w� �s�c�h�e�d�u�l�e�s� �n�e�e�d� �t�o� �b�e� 

�f�l�e�x�i�b�l�e�.� �T�h�e� �q�u�e�s�t�i�o�n� �r�e�m�a�i�n�s� �a�s� �t�o� �h�o�w� �t�h�e� �n�e�u�r�o�v�e�s�t�i�b�u�l�a�r� 

�s�y�s�t�e�m�s� �w�i�l�l� �r�e�s�p�o�n�d� �t�o� �a� �s�p�a�c�e�c�r�a�f�t� �i�n�s�e�r�t�i�o�n� �i�n�t�o� �m�a�r�t�i�a�n� �o�r�b�i�t� 

�(�w�h�i�c�h� �w�i�l�l� �r�e�q�u�i�r�e� �d�e�c�e�l�e�r�a�t�i�v�e� �"�g�"� �f�o�r�c�e�s�)� �a�n�d� �t�o� �t�h�e� �m�a�r�t�i�a�n� 

�1�/�3�-�g� �g�r�a�v�i�t�y� �f�i�e�l�d�.� �S�t�u�d�i�e�s� �o�n� �a�s�t�r�o�n�a�u�t�s� �r�e�t�u�r�n�i�n�g� �f�o�r� �o�r�b�i�t� 

�h�a�v�e� �s�h�o�w�n� �t�h�a�t� �p�i�t�c�h�-�a�n�d�-�r�o�l�l� �h�e�a�d� �m�o�t�i�o�n�s� �p�e�r�f�o�r�m�e�d� �d�u�r�i�n�g
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�r�e�e�n�t�r�y� �f�r�o�m� �s�p�a�c�e� �o�r� �p�o�s�t�-�f�l�i�g�h�t� �o�n� �t�h�e� �g�r�o�u�n�d� �w�i�l�l� �o�f�t�e�n� �c�r�e�a�t�e� 

�a� �p�e�r�c�e�p�t�i�o�n� �o�f� �s�e�l�f�-�m�o�t�i�o�n� �i�n� �t�h�e� �d�i�r�e�c�t�i�o�n� �o�f� �h�e�a�d� �m�o�v�e�m�e�n�t�.� 

�T�h�e� �i�m�p�l�i�c�a�t�i�o�n�s� �o�f� �t�h�e�s�e� �r�e�s�u�l�t�s� �w�h�i�l�e� �p�e�r�f�o�r�m�i�n�g� �s�k�i�l�l�e�d� �t�a�s�k�s� 

�i�n� �t�h�e� �m�a�r�t�i�a�n� �r�e�a�l�m� �c�o�u�l�d� �b�e� �d�a�n�g�e�r�o�u�s� �i�l�l�u�s�i�o�n�s� �t�h�a�t� �i�m�p�a�i�r� 

�p�e�r�c�e�p�t�i�o�n� �o�f� �r�e�a�l�i�t�y� �a�t� �c�r�i�t�i�c�a�l� �f�l�i�g�h�t� �t�i�m�e�s�,� �p�e�r�h�a�p�s� �j�u�s�t� 

�e�n�o�u�g�h� �t�o� �c�r�e�a�t�e� �a�n� �a�d�v�e�r�s�e� �s�i�t�u�a�t�i�o�n�.� 

�P�o�s�t�-�f�l�i�g�h�t� �d�e�f�i�c�i�t�s� �i�n� �p�o�s�t�u�r�a�l� �e�q�u�i�l�i�b�r�i�u�m� �w�e�r�e� �n�o�t�i�c�e�d� �i�n� 

�o�n�e� �A�p�o�l�l�o� �a�n�d� �a�l�l� �9� �S�k�y�l�a�b� �c�r�e�w�m�e�m�b�e�r�s� �(�J�o�h�n�s�t�o�n� �a�n�d� �D�i�e�t�l�e�i�n�,� 

�1�9�7�7�)�.� �R�e�t�u�r�n�i�n�g� �S�o�v�i�e�t� �l�o�n�g�-�d�u�r�a�t�i�o�n� �c�o�s�m�o�n�a�u�t�s� �h�a�v�e� �a�l�s�o� �h�a�d� 

�s�i�m�i�l�a�r� �p�r�o�b�l�e�m�s� �(�B�l�u�t�h� �a�n�d� �H�e�l�p�p�i�e�,� �1�9�8�6�)�.� �T�h�e� �S�o�v�i�e�t�s� �h�a�v�e� 

�r�e�p�o�r�t�e�d� �l�o�n�g�-�l�a�s�t�i�n�g� �p�o�s�t�u�r�a�l� �i�n�s�t�a�b�i�l�i�t�y� �a�n�d� �v�o�m�i�t�i�n�g� �a�f�t�e�r� 

�s�o�m�e� �h�e�a�d� �m�o�v�e�m�e�n�t�s�.� �S�o�m�e� �S�o�v�i�e�t� �i�n�v�e�s�t�i�g�a�t�o�r�s� �h�a�v�e� �c�o�n�c�l�u�d�e�d� 

�t�h�a�t� �t�h�e� �d�e�g�r�e�e� �a�n�d� �d�u�r�a�t�i�o�n� �o�f� �s�u�c�h� �s�y�m�p�t�o�m�s� �i�s� �p�r�o�p�o�r�t�i�o�n�a�l� �t�o� 

�t�h�e� �t�i�m�e� �s�p�e�n�t� �i�n� �m�i�c�r�o�g�r�a�v�i�t�y� �(�N�i�c�o�g�o�s�s�i�a�n� �a�n�d� �P�a�r�k�e�r�,� �1�9�8�2�)�.� 

�T�h�e� �a�s�t�r�o�n�a�u�t�s� �a�p�p�e�a�r�e�d� �t�o� �r�e�t�u�r�n� �t�o� �n�o�r�m�a�l� �i�n� �a�p�p�r�o�x�i�m�a�t�e�l�y� �1�0� 

�d�a�y�s�.� �S�o�m�e� �A�p�o�l�l�o� �a�n�d� �S�k�y�l�a�b� �a�s�t�r�o�n�a�u�t�s� �a�l�s�o� �r�e�p�o�r�t�e�d� �o�t�h�e�r� 

�p�o�s�t�-�f�l�i�g�h�t� �d�i�s�t�u�r�b�a�n�c�e�s� �s�u�c�h� �a�s� �d�i�f�f�i�c�u�l�t�y� �i�n� �t�u�r�n�i�n�g� �c�o�r�n�e�r�s� 

�a�n�d� �v�e�r�t�i�g�o� �d�u�r�i�n�g� �r�a�p�i�d� �h�e�a�d� �m�o�v�e�m�e�n�t�s�.� �T�h�e�r�e�f�o�r�e�,� �e�x�p�e�r�i�m�e�n�t�a�l� 

�r�e�s�u�l�t�s� �s�u�p�p�o�r�t� �t�h�e� �t�h�e�o�r�y� �t�h�a�t� �t�h�e� �b�r�a�i�n� �a�d�a�p�t�s� �t�o� �t�h�e� 

�m�i�c�r�o�g�r�a�v�i�t�y� �e�n�v�i�r�o�n�m�e�n�t�,� �a�n�d� �m�u�s�t� �r�e�a�d�a�p�t� �t�o� �t�h�e� �n�o�r�m�a�l� �g�r�a�v�i�t�y� 

�f�i�e�l�d� �o�f� �t�h�e� �E�a�r�t�h� �(�K�e�n�y�o�n� �a�n�d� �Y�o�u�n�g�,� �1�9�8�6�;� �N�i�c�o�g�o�s�s�i�a�n�,� �H�u�n�t�o�o�n� 

�a�n�d� �P�o�o�l�,� �1�9�8�9�)�.� 

�C�o�u�n�t�e�r�m�e�a�s�u�r�e�s� �h�a�v�e� �b�e�e�n� �a�t�t�e�m�p�t�e�d�,� �a�n�d� �h�a�v�e� �a�s� �o�f� �t�h�e� 

�p�r�e�s�e�n�t� �t�i�m�e�,� �n�o�t� �f�u�l�l�y� �s�u�c�c�e�e�d�e�d�.� �C�u�r�r�e�n�t�l�y�,� �t�h�e� �b�e�s�t� �w�a�y� �t�o� 

�r�e�d�u�c�e� �t�h�e� �s�e�v�e�r�i�t�y� �o�f� �S�M�S� �i�s� �t�o� �r�e�d�u�c�e� �h�e�a�d� �m�o�v�e�m�e�n�t�s� �d�u�r�i�n�g� �t�h�e� 

�f�i�r�s�t� �d�a�y�s� �i�n� �s�p�a�c�e� �a�n�d� �t�o� �t�a�k�e� �a� �c�o�m�b�i�n�a�t�i�o�n� �o�f� �s�c�o�p�o�l�a�m�i�n�e� �a�n�d� 

�d�e�x�e�d�r�i�n�e� �(�B�e�c�k�,� �D�a�v�i�s�,� �a�n�d� �J�e�n�n�i�n�g�s�,� �1�9�9�1�)�.� �S�c�o�p�o�l�a�m�i�n�e� �i�s� �a�n
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�e�f�f�e�c�t�i�v�e� �a�n�t�i�-�m�o�t�i�o�n� �s�i�c�k�n�e�s�s� �d�r�u�g�,� �b�u�t� �p�r�o�d�u�c�e�s� �s�l�e�e�p�i�n�e�s�s� �a�n�d� 

�t�h�i�r�s�t� �i�n� �m�a�n�y�.� �D�e�x�e�d�r�i�n�e� �i�s� �a� �s�t�i�m�u�l�a�n�t� �t�h�a�t� �c�o�u�n�t�e�r�s� 

�s�c�o�p�o�l�a�m�i�n�e�'�s� �f�a�t�i�g�u�i�n�g� �e�f�f�e�c�t�s� �a�n�d� �h�a�s� �i�t�s� �o�w�n� �l�o�w�-�l�e�v�e�l� �s�i�d�e� 

�e�f�f�e�c�t�s�.� �S�c�o�p�o�l�a�m�i�n�e� �c�a�n� �b�e� �a�d�m�i�n�i�s�t�e�r�e�d� �b�y� �a� �t�r�a�n�s�d�e�r�m�a�l� �p�a�t�c�h� 

�w�o�r�n� �b�e�h�i�n�d� �t�h�e� �e�a�r�.� 

�O�t�h�e�r� �i�n�t�e�r�e�s�t�i�n�g� �m�a�n�-�i�n�-�t�h�e�-�s�y�s�t�e�m� �q�u�e�s�t�i�o�n�s� �a�r�i�s�e� 

�r�e�g�a�r�d�i�n�g� �t�h�e� �h�u�m�a�n� �r�e�a�d�a�p�t�i�o�n� �t�o� �a� �m�a�r�t�i�a�n� �g�r�a�v�i�t�y� �f�i�e�l�d� �s�u�c�h� 

�a�s�:� 

�(�1�)� �H�o�w� �l�o�n�g� �w�i�l�l� �i�t� �t�a�k�e� �t�o� �(�r�e�j�a�d�a�p�t� �t�o� �1�/�3�-�g� �g�r�a�v�i�t�y� 
�f�i�e�l�d� �a�n�d� �w�h�a�t� �c�a�n� �b�e� �d�o�n�e� �i�n� �t�h�e� �m�e�a�n� �t�i�m�e�?� 

�(�2�)� �H�o�w� �l�o�n�g� �s�h�o�u�l�d� �b�e� �a�l�l�o�w�e�d� �b�e�f�o�r�e� �d�r�i�v�i�n�g� �a� �r�o�v�i�n�g� 
�v�e�h�i�c�l�e� �o�n� �t�h�e� �m�a�r�t�i�a�n� �s�u�r�f�a�c�e� �a�n�d� �u�n�d�e�r� �w�h�a�t� �r�e�s�t�r�i�c�t�i�o�n�s�?� 

�(�3�)� �S�h�o�u�l�d� �c�e�r�t�a�i�n� �a�c�t�i�v�i�t�i�e�s� �s�u�c�h� �a�s� �b�e�n�d�i�n�g� �o�v�e�r� �t�h�a�t� �m�a�y� 
�c�a�u�s�e� �d�i�s�e�q�u�i�l�i�b�r�i�u�m� �b�e� �a�v�o�i�d�e�d� �o�r� �a� �p�e�r�i�o�d� �o�f� �t�i�m�e�?� 

�T�h�e� �o�n�l�y� �b�a�s�i�s� �t�h�u�s� �f�a�r� �f�o�r� �r�e�a�d�a�p�t�i�o�n� �t�o� �a� �g�r�a�v�i�t�y� �f�i�e�l�d� �i�s� �f�r�o�m� 

�s�o�m�e� �o�f� �t�h�e� �S�o�v�i�e�t� �f�l�i�g�h�t�s�.� �D�r�.� �A�t�k�o�v�,� �w�h�o� �p�a�r�t�i�c�i�p�a�t�e�d� �i�n� �t�h�e� 

�S�a�l�y�u�t� �2�3�7�-�d�a�y� �m�i�s�s�i�o�n� �b�e�l�i�e�v�e�s� �t�h�a�t� �a�b�o�u�t� �t�h�r�e�e� �w�e�e�k�s� �i�s� 

�r�e�q�u�i�r�e�d� �b�e�f�o�r�e� �t�h�e� �c�r�e�w� �w�a�s� �b�a�c�k� �t�o� �n�o�r�m�a�l� �(�B�l�u�t�h� �a�n�d� �H�e�l�p�p�i�e�,� 

�1�9�8�6�)�.� �M�o�r�e� �r�e�c�e�n�t� �d�a�t�a� �f�r�o�m� �t�h�e� �e�l�e�v�e�n� �a�n�d� �t�w�e�l�v�e� �m�o�n�t�h� �M�i�r� 

�f�l�i�g�h�t�s� �h�a�d� �a�b�o�u�t� �t�h�e� �s�a�m�e� �r�e�s�u�l�t�s� �(�G�r�i�g�o�r�i�e�v�,� �B�u�g�r�o�v�,� �a�n�d� 

�E�g�o�r�o�v�,� �1�9�9�1�)�.� 

�N�e�u�r�o�v�e�s�t�i�b�u�l�a�r� �d�e�f�e�c�t�s� �m�a�y� �a�l�s�o� �h�a�v�e� �t�o� �b�e� �c�o�n�s�i�d�e�r�e�d� �f�r�o�m� 

�a� �s�y�s�t�e�m�s� �f�a�i�l�u�r�e� �o�r� �e�m�e�r�g�e�n�c�y� �s�t�a�n�d�p�o�i�n�t�.� �I�f� �a�n� �a�s�t�r�o�n�a�u�t� �h�a�s� 

�t�o� �t�a�k�e� �o�v�e�r� �e�m�e�r�g�e�n�c�y� �c�o�n�t�r�o�l� �o�f� �a� �d�e�s�c�e�n�t� �t�o� �m�a�r�s� �b�y� �m�a�n�u�a�l� 

�o�v�e�r�r�i�d�e�,� �c�o�u�l�d� �t�h�e� �n�e�c�e�s�s�a�r�y� �t�a�s�k�s� �b�e� �a�c�c�o�m�p�l�i�s�h�e�d�,� �a�n�d� �w�h�a�t� 

�v�i�s�u�a�l�/�v�e�s�t�i�b�u�l�a�r� �i�l�l�u�s�i�o�n�s� �m�i�g�h�t� �b�e� �a�n�t�i�c�i�p�a�t�e�d� �u�n�d�e�r� �c�e�r�t�a�i�n� 

�c�o�n�d�i�t�i�o�n�s�.� �T�h�i�s� �s�c�e�n�a�r�i�o� �i�s� �n�o�t� �a�s� �u�n�l�i�k�e�l�y� �a�s� �i�t� �m�a�y� �s�e�e�m� 

�s�i�n�c�e� �N�e�i�l� �A�r�m�s�t�r�o�n�g� �h�a�d� �t�o� �c�h�o�o�s�e� �a�n� �a�l�t�e�r�n�a�t�i�v�e� �l�a�n�d�i�n�g� �s�i�t�e
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�j�u�s�t� �b�e�f�o�r�e� �l�a�n�d�i�n�g� �o�n� �t�h�e� �m�o�o�n� �s�i�n�c�e� �t�h�e� �a�s�s�i�g�n�e�d� �l�a�n�d�i�n�g� �s�i�t�e� 

�w�a�s� �i�n�a� �f�i�e�l�d� �o�f� �b�o�u�l�d�e�r�s� �t�h�a�t� �m�a�y� �h�a�v�e� �d�e�s�t�r�o�y�e�d� �t�h�e� �l�u�n�a�r� 

�l�a�n�d�e�r� �(�W�o�l�f�e�,� �1�9�8�1�)�.� �A�r�m�s�t�r�o�n�g� �e�v�e�n�t�u�a�l�l�y� �l�a�n�d�e�d� �w�i�t�h� �l�e�s�s� �t�h�a�n� 

�t�e�n� �s�e�c�o�n�d�s� �o�f� �f�u�e�l� �r�e�m�a�i�n�i�n�g�,� �c�a�l�l�i�n�g� �o�u�t� �t�o� �m�i�s�s�i�o�n� �c�o�n�t�r�o�l�:� 

�"�T�r�a�n�q�u�i�l�i�t�y� �B�a�s�e� �h�e�r�e�.� �T�h�e� �E�a�g�l�e� �h�a�s� �l�a�n�d�e�d�.�"� 

�A�r�t�i�f�i�c�i�a�l� �G�r�a�v�i�t�y� 

�A�s� �h�i�g�h�l�i�g�h�t�e�d� �p�r�e�v�i�o�u�s�l�y�,� �t�h�e�r�e� �a�r�e� �s�e�r�i�o�u�s� �d�o�u�b�t�s� �a�s� �t�o� 

�w�h�e�t�h�e�r� �e�x�e�r�c�i�s�e� �c�o�u�n�t�e�r�m�e�a�s�u�r�e�s� �c�a�n� �a�d�e�q�u�a�t�e�l�y� �m�i�t�i�g�a�t�e� �t�h�e� 

�b�o�d�y�'�s� �p�h�y�s�i�o�l�o�g�i�c�a�l� �r�e�s�p�o�n�s�e�s� �t�o� �m�i�c�r�o�g�r�a�v�i�t�y�.� �T�h�e� �c�r�i�t�i�c�a�l�]� 

�d�e�c�i�s�i�o�n� �o�f� �w�h�e�t�h�e�r� �t�o� �p�r�o�v�i�d�e� �a�r�t�i�f�i�c�i�a�l� �g�r�a�v�i�t�y� �t�h�r�o�u�g�h� 

�s�p�a�c�e�c�r�a�f�t� �r�o�t�a�t�i�o�n� �h�a�s� �f�u�n�c�t�i�o�n�a�l� �h�a�r�d�w�a�r�e� �a�n�d� �p�h�y�s�i�o�l�o�g�i�c� 

�c�o�n�s�e�q�u�e�n�c�e�s� �f�o�r� �a�l�m�o�s�t� �e�v�e�r�y� �m�i�s�s�i�o�n� �p�a�r�a�m�e�t�e�r�.� �A�p�p�r�o�a�c�h�e�s� �t�o� 

�g�e�n�e�r�a�t�i�n�g� �a�n� �a�r�t�i�f�i�c�i�a�l� �g�r�a�v�i�t�y� �f�i�e�l�d� �r�a�n�g�e� �f�r�o�m� �r�o�t�a�t�i�n�g� �t�h�e� 

�s�p�a�c�e�c�r�a�f�t� �o�n� �i�t�s� �a�x�i�s� �t�o� �p�r�o�v�i�d�i�n�g� �o�n�-�b�o�a�r�d� �c�e�n�t�r�i�f�u�g�a�t�i�o�n�.� 

�A�r�t�i�f�i�c�i�a�l� �g�r�a�v�i�t�y� �a�t� �s�o�m�e� �l�e�v�e�l� �w�h�e�n� �c�o�m�b�i�n�e�d� �w�i�t�h� �e�x�e�r�c�i�s�e� 

�w�o�u�l�d� �m�o�s�t� �l�i�k�e�l�y� �h�e�l�p� �t�o� �r�e�d�u�c�e� �s�o�m�e� �p�h�y�s�i�o�l�o�g�i�c�a�l� �a�n�d� 

�o�p�e�r�a�t�i�o�n�a�l� �p�r�o�b�l�e�m�s� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �m�i�c�r�o�g�r�a�v�i�t�y� �s�u�c�h� �a�s� 

�(�G�a�r�s�h�n�e�c�k�,� �1�9�8�9�)�:� 

�*� �c�a�r�d�i�o�v�a�s�c�u�l�a�r� �d�e�c�o�n�d�i�t�i�o�n�i�n�g� 

�*� �b�o�n�e� �d�e�m�i�n�e�r�a�l�i�z�a�t�i�o�n� 

�*� �m�u�s�c�l�e� �a�t�r�o�p�h�y� �a�n�d� �d�e�c�r�e�a�s�e�d� �s�t�r�e�n�g�t�h� 

�*� �b�o�d�y� �f�l�u�i�d� �l�o�s�s� �d�u�e� �t�o� �s�h�i�f�t� �a�n�d� �r�e�d�i�s�t�r�i�b�u�t�i�o�n� �o�f� �b�o�d�y� 
�f�l�u�i�d�s� �i�n� �w�e�i�g�h�t�l�e�s�s�n�e�s�s� 

�*� �t�i�m�e� �i�n�v�e�s�t�e�d� �o�n� �e�x�e�r�c�i�s�e� 

�*� �t�i�m�e� �i�n�v�e�s�t�e�d� �o�n� �r�e�-�e�x�p�o�s�u�r�e� �t�o� �a� �g�r�a�v�i�t�y� �f�i�e�l�d� �f�o�r� 
�r�e�h�a�b�i�l�i�t�a�t�i�o�n� �(�a�t� �l�e�a�s�t� �3�,� �p�e�r�h�a�p�s� �6� �w�e�e�k�s�)� 

�P
�d�

 

�s�y�s�t�e�m�s� �p�e�r�s�p�e�c�t�i�v�e� �f�o�r�c�e�s� �a�n� �e�x�a�m�i�n�a�t�i�o�n� �o�f� �h�o�w� �s�o�m�e� �o�f
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�t�h�e�s�e� �i�s�s�u�e�s� �i�m�p�a�c�t� �o�t�h�e�r�s� �a�n�d� �t�o� �w�h�a�t� �e�x�t�e�n�t�.� �T�h�i�s� �i�n�v�o�l�v�e�s� �a� 

�r�e�a�s�o�n�a�b�l�y� �r�e�l�i�a�b�l�e� �d�e�f�i�n�i�t�i�o�n� �o�f� �e�n�v�i�r�o�n�m�e�n�t�a�l�,� �p�h�y�s�i�o�l�o�g�i�c�a�l�,� 

�a�n�d� �o�p�e�r�a�t�i�o�n�a�l� �s�p�e�c�i�f�i�c�a�t�i�o�n�s� �t�h�a�t� �h�a�v�e� �n�o�t� �y�e�t� �f�u�l�l�y� �e�v�o�l�v�e�d�.� 

�T�h�e� �N�A�S�A� �r�e�p�o�r�t� �E�x�p�l�o�r�i�n�g� �t�h�e� �L�i�v�i�n�g� �U�n�i�v�e�r�s�e� �(�1�9�8�8�)� �f�o�r� �t�h�e� �L�i�f�e� 

�S�c�i�e�n�c�e�s� �S�t�r�a�t�e�g�i�c� �P�l�a�n�n�i�n�g� �S�t�u�d�y� �C�o�m�m�i�t�t�e�e� �s�t�a�t�e�s� �c�l�e�a�r�l�y� �t�h�a�t� 

 ��s�p�a�c�e�c�r�a�f�t� �i�n�t�e�n�d�e�d� �f�o�r� �e�x�t�e�n�d�e�d� �s�p�a�c�e� �m�i�s�s�i�o�n�s� �c�a�n�n�o�t� �b�e� 
�d�e�s�i�g�n�e�d� �t�o� �s�u�p�p�o�r�t� �h�u�m�a�n� �c�r�e�w�s� �s�a�f�e�l�y� �i�f� �t�h�e� �p�h�y�s�i�o�l�o�g�i�c�a�l� 
�a�n�d� �e�n�v�i�r�o�n�m�e�n�t�a�l�!� �s�p�e�c�i�f�i�c�a�t�i�o�n�s� �h�a�v�e� �n�o�t� �b�e�e�n� �r�e�l�i�a�b�l�y� 
�d�e�f�i�n�e�d�.� �I�t� �w�o�u�l�d� �b�e� �i�n�a�d�v�i�s�a�b�l�e� �t�o� �c�o�m�m�i�t� �t�o� �e�i�t�h�e�r� �a� 
�w�e�i�g�h�t�l�e�s�s� �o�r� �a�n� �a�r�t�i�f�i�c�i�a�l� �g�r�a�v�i�t�y�-�b�a�s�e�d� �v�e�h�i�c�l�e� �d�e�s�i�g�n� 
�b�e�f�o�r�e� �t�h�e� �b�a�s�i�c� �r�e�a�c�t�i�o�n�s� �o�f� �h�u�m�a�n�s� �t�o� �s�p�a�c�e� �f�l�i�g�h�t� �a�r�e� 
�f�u�l�l�y� �u�n�d�e�r�s�t�o�o�d�. �� 

�T�h�i�s� �t�y�p�e� �o�f� �t�h�o�u�g�h�t� �p�r�o�c�e�s�s� �o�n� �h�o�w� �t�o� �p�u�r�s�u�e� �a�n� �a�r�t�i�f�i�c�i�a�l� 

�g�r�a�v�i�t�y� �r�e�s�e�a�r�c�h� �p�r�o�g�r�a�m� �w�a�s� �e�c�h�o�e�d� �i�n� �t�h�e� �1�9�8�8� �r�e�p�o�r�t� �t�o� �t�h�e� 

�A�d�m�i�n�i�s�t�r�a�t�o�r� �f�r�o�m� �t�h�e� �O�f�f�i�c�e� �o�f� �E�x�p�l�o�r�a�t�i�o�n� �s�t�a�t�i�n�g� �t�h�a�t� �z�e�r�o� 

�g�r�a�v�i�t�y� �a�n�d� �a�r�t�i�f�i�c�i�a�l� �g�r�a�v�i�t�y� �r�e�s�e�a�r�c�h� �p�r�o�g�r�a�m�s� �m�u�s�t� �b�e� 

�e�v�a�l�u�a�t�e�d� �a�n�d� �c�o�m�p�a�r�e�d� �i�n� �l�i�g�h�t� �o�f� �t�h�e� �o�t�h�e�r�.� �F�u�r�t�h�e�r� �s�y�s�t�e�m�s�-� 

�l�e�v�e�l� �r�e�c�o�m�m�e�n�d�a�t�i�o�n�s� �a�d�v�i�s�e�d� �t�h�a�t� �"�r�e�l�a�t�i�v�e�l�y� �s�i�m�p�l�e� �e�x�p�e�r�i�m�e�n�t�s� 

�i�n� �s�p�a�c�e� �b�e� �p�e�r�f�o�r�m�e�d� �s�o�o�n� �t�o� �f�i�n�d� �o�u�t� �t�h�e� �e�f�f�e�c�t�s� �o�f� �v�a�r�i�o�u�s� 

�r�o�t�a�t�i�o�n� �r�a�t�e�s� �a�n�d� �l�e�v�e�l�s� �o�f� �a�r�t�i�f�i�c�i�a�l� �g�r�a�v�i�t�y� �o�n� �p�e�o�p�l�e� �s�o� �w�e� 

�c�a�n� �e�s�t�a�b�l�i�s�h� �p�r�a�c�t�i�c�a�l� �d�e�s�i�g�n� �p�a�r�a�m�e�t�e�r�s�.�"� 

�O�w�e�n� �G�a�r�r�i�o�t�,� �o�n�e� �o�f� �t�h�e� �f�i�r�s�t� �U�.�S�.� �s�c�i�e�n�t�i�s�t�-�a�s�t�r�o�n�a�u�t�s� 

�r�e�f�e�r�r�e�d� �t�o� �a�r�t�i�f�i�c�i�a�l� �g�r�a�v�i�t�y� �i�s�s�u�e�s� �w�i�t�h� �t�h�i�s� �c�o�m�m�e�n�t�:� �I�t� �i�s� 

�t�h�e� �D�e�v�i�l� �w�e� �k�n�o�w� �(�m�i�c�r�o�g�r�a�v�i�t�y�)�,� �a�n�d� �t�h�e� �D�e�v�i�l� �w�e� �d�o�n�'�t� �k�n�o�w� 

�(�a�r�t�i�f�i�c�i�a�l� �g�r�a�v�i�t�y�)�.� �W�h�a�t� �D�r�.� �G�a�r�r�i�o�t� �m�e�a�n�t� �i�s� �t�h�a�t� �t�h�e�r�e� �i�s� 

�g�e�n�e�r�a�l� �a�g�r�e�e�m�e�n�t� �a�b�o�u�t� �w�h�a�t� �e�f�f�e�c�t�s� �m�i�c�r�o�g�r�a�v�i�t�y� �h�a�v�e� �o�n� �t�h�e� 

�h�u�m�a�n� �b�o�d�y�.� �W�h�a�t� �w�e� �d�o� �n�o�t� �k�n�o�w�,� �h�o�w�e�v�e�r�,� �a�r�e� �t�h�e� �l�o�n�g�-�t�e�r�m� 

�e�f�f�e�c�t�s� �o�f� �a�r�t�i�f�i�c�i�a�l� �g�r�a�v�i�t�y� �o�n� �t�h�e� �h�u�m�a�n�-�-�a�l�o�n�g� �w�i�t�h� �a�l�l� �o�f� �t�h�e� 

�a�s�s�o�c�i�a�t�e�d�  ��p�r�o�b�l�e�m�s �� �t�h�a�t� �m�a�y� �c�o�m�e� �w�i�t�h� �i�t�.� 

�K�e�n�n�e�d�y� �(�1�9�9�1�)� �r�e�v�i�e�w�e�d� �t�h�e� �r�e�s�e�a�r�c�h� �a�n�d� �f�o�u�n�d� �t�h�a�t� �a�b�o�v�e
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�3�-�4� �R�P�M� �(�r�e�v�o�l�u�t�i�o�n�s� �p�e�r� �m�i�n�u�t�e�)� �t�h�e�r�e� �w�a�s� �a� �d�e�f�i�n�i�t�e� �S�o�p�h�i�t�e� 

�S�y�n�d�r�o�m�e� �i�n� �m�o�s�t� �o�f� �t�h�e� �p�a�r�t�i�c�i�p�a�n�t�s�.� �A�f�t�e�r� �3� �d�a�y�s�,� �t�h�e� �m�o�t�i�o�n� 

�s�i�c�k�n�e�s�s� �s�y�m�p�t�o�m�o�l�o�g�y� �d�i�s�a�p�p�e�a�r�e�d�,� �b�u�t� �t�h�e� �l�o�w�-�l�e�v�e�l� �f�a�t�i�g�u�e� 

�r�e�m�a�i�n�e�d� �i�n�d�e�f�i�n�i�t�e�l�y�.� �K�e�n�n�e�d�y� �(�1�9�9�1�)� �n�o�t�e�d� �t�h�a�t� �p�e�r�f�o�r�m�a�n�c�e� 

�d�e�f�i�c�i�t�s� �d�u�e� �t�o� �f�a�t�i�g�u�e� �d�o� �o�c�c�u�r� �w�i�t�h� �t�h�e� �a�s�s�o�c�i�a�t�e�d� �p�r�o�b�l�e�m�s� �o�f� 

�v�i�g�i�l�e�n�c�e� �a�n�d� �s�i�g�n�a�l� �p�r�o�c�e�s�s�i�n�g�.� �B�e�y�o�n�d� �t�h�e� �f�a�t�i�g�u�e� �e�f�f�e�c�t�s�,� 

�t�h�e�r�e� �s�e�e�m�s� �t�o� �b�e� �r�a�t�h�e�r� �g�o�o�d� �a�d�a�p�t�i�o�n� �b�y� �t�e�s�t� �s�u�b�j�e�c�t�s� �t�o� �t�h�e� 

�n�o�n�-�i�n�e�r�t�i�a�l� �r�e�f�e�r�e�n�c�e� �f�r�a�m�e� �a�s� �l�o�n�g� �a�s� �t�h�e� �r�o�t�a�t�i�o�n� �d�i�d� �n�o�t� 

�e�x�c�e�e�d� �5�.�4� �R�P�M�.� �A�f�t�e�r� �5�.�4� �R�P�M�,� �a�l�m�o�s�t� �a�n�y�  ��p�r�o�v�o�c�a�t�i�v�e �� 

�h�e�a�d�/�b�o�d�y� �m�o�v�e�m�e�n�t� �w�o�u�l�d� �c�a�u�s�e� �m�o�t�i�o�n� �s�i�c�k�n�e�s�s� �i�n� �a�t� �T�e�a�s�t� �5�0�%� �o�f� 

�t�h�e� �s�u�b�j�e�c�t�s� �t�e�s�t�e�d�.� �A�f�t�e�r� �r�o�t�a�t�i�o�n� �w�a�s� �d�i�s�c�o�n�t�i�n�u�e�d�,� �a� �c�e�r�t�a�i�n� 

�p�e�r�i�o�d� �o�f� �t�i�m�e� �(�v�a�r�i�a�b�l�e� �f�o�r� �d�i�f�f�e�r�e�n�t� �p�e�r�s�o�n�s�)� �w�a�s� �r�e�q�u�i�r�e�d� �b�y� 

�t�h�e� �n�e�u�r�o�v�e�s�t�i�b�u�l�a�r� �s�y�s�t�e�m� �t�o�  ��f�o�r�g�e�t �� �t�h�a�t� �i�t� �h�a�d� �b�e�e�n� �i�n� �a� 

�r�o�t�a�t�i�n�g� �r�e�f�e�r�e�n�c�e� �f�r�a�m�e� �a�n�d� �r�e�s�p�o�n�d� �t�o� �m�o�r�e� �t�r�a�d�i�t�i�o�n�a�l� �i�n�e�r�t�i�a�l� 

�c�u�e�s� �o�n�c�e� �a�g�a�i�n�.� 

�T�h�e� �s�y�s�t�e�m�s� �i�m�p�l�i�c�a�t�i�o�n�s� �o�f� �t�h�i�s� �r�e�s�e�a�r�c�h� �a�r�e� �s�i�g�n�i�f�i�c�a�n�t�.� 

�A�s�s�u�m�i�n�g� �a� �d�e�c�i�s�i�o�n� �i�s� �m�a�d�e� �t�o� �r�o�t�a�t�e� �t�h�e� �s�p�a�c�e�c�r�a�f�t�:� �C�a�n� �a�n� 

�a�s�t�r�o�n�a�u�t� �t�h�e�n� �b�e� �e�x�p�e�c�t�e�d� �t�o� �d�o� �a�n� �E�V�A� �w�i�t�h�o�u�t� �b�e�c�o�m�i�n�g� �i�l�l� �o�r� 

�m�a�k�i�n�g� �a�n� �e�r�r�o�r� �i�n� �j�u�d�g�e�m�e�n�t� �s�i�n�c�e� �o�u�t�s�i�d�e� �t�h�e� �s�p�a�c�e�c�r�a�f�t� �(�s�)�h�e� 

�i�s� �t�h�e�n� �i�n� �a�n� �i�n�e�r�t�i�a�l� �r�e�f�e�r�e�n�c�e� �f�r�a�m�e�?� �C�o�n�c�e�r�n�s� �a�b�o�u�t� �a� �d�e�s�c�e�n�t� 

�t�o� �t�h�e� �m�a�r�t�i�a�n� �s�u�r�f�a�c�e� �a�l�s�o� �e�x�i�s�t� �w�h�e�n� �t�h�e� �l�a�n�d�e�r� �w�i�l�l� �n�o�t� �b�e� 

�d�e�s�c�e�n�d�i�n�g� �t�o� �t�h�e� �s�u�r�f�a�c�e� �i�n� �a� �r�o�t�a�t�i�o�n�a�l� �r�e�f�e�r�e�n�c�e� �f�r�a�m�e�.� �A�l�s�o�,� 

�h�o�w� �m�u�c�h� �o�f� �a� �t�i�m�e� �b�u�f�f�e�r� �s�h�o�u�l�d� �b�e� �r�e�q�u�i�r�e�d� �f�r�o�m� �s�t�o�p�p�i�n�g� �t�h�e� 

�s�p�a�c�e�c�r�a�f�t�'�s� �p�a�r�t�i�c�i�p�a�n�t�s� �f�r�o�m� �r�o�t�a�t�i�n�g� �p�r�i�o�r� �t�o� �e�x�e�c�u�t�i�o�n� �o�f� �a� 

�l�a�n�d�i�n�g� �p�r�o�f�i�l�e�?� �A�d�d�i�t�i�o�n�a�l�l�y�,� �t�h�e� �c�o�n�c�e�r�n�s� �t�h�a�t� �K�e�n�n�e�d�y� �(�1�9�9�1�)� 

�e�x�p�r�e�s�s�e�d� �a�b�o�u�t� �f�a�t�i�g�u�e�/�i�l�l�I�n�e�s�s� �l�i�m�i�t� �t�h�e� �r�o�t�a�t�i�o�n� �r�a�t�e� �t�o� �l�e�s�s� 

�t�h�a�n� �3�-�4� �R�P�M� �a�s� �f�a�t�i�g�u�e� �e�f�f�e�c�t�s� �c�o�u�l�d� �i�m�p�a�c�t� �t�h�e� �m�i�s�s�i�o�n



�9�0� 

�n�e�g�a�t�i�v�e�l�y� �w�i�t�h� �e�r�r�o�r�-�i�n�d�u�c�e�d� �s�y�s�t�e�m�s� �p�r�o�b�l�e�m�s� �c�r�e�a�t�e�d� �b�y� �t�h�e� 

�a�s�t�r�o�n�a�u�t�s�.� �T�h�e� �a�b�i�l�i�t�y� �t�o� �d�e�t�e�c�t�i�o�n� �i�m�p�o�r�t�a�n�t� �s�i�g�n�a�l�s� �d�u�r�i�n�g� 

�c�e�r�t�a�i�n� �t�a�s�k�s� �h�a�s� �a�l�s�o� �b�e�e�n� �t�o� �b�e� �d�e�g�r�a�d�e�d� �w�h�i�l�e� �i�n� �a� �r�o�t�a�t�i�n�g� 

�f�r�a�m�e� �o�f� �r�e�f�e�r�e�n�c�e� �(�K�e�n�n�e�d�y�,� �1�9�9�1�)�.� 

�A�s� �o�f� �n�o�w�,� �m�u�c�h� �b�a�s�i�c� �r�e�s�e�a�r�c�h� �n�e�e�d�s� �t�o� �b�e� �d�o�n�e� �p�r�e�f�e�r�a�b�l�y� 

�i�n� �t�h�e� �m�i�c�r�o�g�r�a�v�i�t�y� �e�n�v�i�r�o�n�m�e�n�t� �b�e�f�o�r�e� �a� �d�e�c�i�s�i�o�n� �s�h�o�u�l�d� �b�e� �m�a�d�e� 

�w�i�t�h� �r�e�f�e�r�e�n�c�e� �t�o� �u�s�i�n�g� �a�r�t�i�f�i�c�i�a�l� �g�r�a�v�i�t�y�.� �A�d�d�i�t�i�o�n�a�l�l�y�,� �k�e�y� 

�o�p�e�r�a�t�i�o�n�a�l� �e�x�p�e�r�i�m�e�n�t�s� �w�o�u�l�d� �n�e�e�d� �t�o� �b�e� �p�e�r�f�o�r�m�e�d� �i�n� �s�p�a�c�e� �t�o� 

�e�v�a�l�u�a�t�e� �t�h�e� �d�u�r�a�t�i�o�n� �a�n�d� �f�r�a�c�t�i�o�n� �o�f� �g�r�a�v�i�t�y� �t�h�a�t� �w�o�u�l�d� �b�e� 

�r�e�q�u�i�r�e�d� �t�o� �m�a�i�n�t�a�i�n� �a� �l�e�v�e�l� �o�f� �f�i�t�n�e�s�s� �n�e�e�d�e�d� �t�o� �a�c�c�o�m�p�l�i�s�h� �a� 

�l�o�n�g�-�d�u�r�a�t�i�o�n� �m�i�s�s�i�o�n�.� 

�R�a�d�i�a�t�i�o�n� 

�O�n�e� �o�f� �t�h�e� �k�e�y� �i�s�s�u�e�s� �f�o�r� �l�o�n�g�-�d�u�r�a�t�i�o�n� �m�a�n�n�e�d� �e�x�p�l�o�r�a�t�i�o�n� 

�o�f� �s�p�a�c�e� �i�s� �t�h�e� �r�a�d�i�a�t�i�o�n� �h�a�z�a�r�d�.� �T�h�e�r�e� �a�r�e� �f�o�u�r� �g�e�n�e�r�a�l� �s�o�u�r�c�e�s� 

�o�f� �r�a�d�i�a�t�i�o�n� �a�s� �s�h�o�w�n� �i�n� �F�i�g�u�r�e� �1�3� �f�r�o�m� �D�e�C�a�m�p�l�i� �(�1�9�8�6�)�.� �T�h�e� 

�f�i�g�u�r�e� �i�l�l�u�s�t�r�a�t�e�s� �t�h�a�t� �t�h�e�r�e� �a�r�e� �b�o�t�h� �h�i�g�h�-� �a�n�d� �l�o�w�-�e�n�e�r�g�y� 

�p�a�r�t�i�c�l�e�s� �t�h�a�t� �n�e�e�d� �t�o� �b�e� �c�o�n�s�i�d�e�r�e�d�.� �B�i�o�l�o�g�i�s�t�s� �f�a�c�e� 

�u�n�c�e�r�t�a�i�n�t�i�e�s� �a�s� �t�o� �h�o�w� �t�h�e� �b�o�d�y� �b�e�h�a�v�e�s� �w�h�e�n� �a�b�s�o�r�b�i�n�g� �h�i�g�h�-� �a�n�d� 

�l�o�w�-�e�n�e�r�g�y� �r�a�d�i�a�t�i�o�n� �p�a�r�t�i�c�l�e�s�.� �W�h�a�t� �i�s� �k�n�o�w�n� �i�s� �t�h�a�t� �t�h�e� 

�a�b�s�o�r�p�t�i�o�n� �i�s� �n�o�t� �u�n�i�f�o�r�m� �(�R�e�i�b�e�r�,� �1�9�8�6�)�.� �B�e�c�a�u�s�e� �t�h�e� �b�o�d�y� �i�s� 

�c�o�m�p�o�s�e�d� �o�f� �w�a�t�e�r� �a�n�d� �s�o�l�i�d�s� �w�h�i�c�h� �v�a�r�y� �t�h�r�o�u�g�h�o�u�t� �a�n�d� �a�r�e� 

�l�o�c�a�t�e�d� �a�t� �v�a�r�i�o�u�s� �d�e�p�t�h�s�,� �t�h�e�r�e� �a�r�e� �d�i�f�f�e�r�e�n�t� �l�a�y�e�r�s� �o�f� 

�p�r�o�t�e�c�t�i�o�n� �f�o�r� �v�a�r�i�o�u�s� �o�r�g�a�n�s�.� �I�n� �g�e�n�e�r�a�l� �r�a�d�i�a�t�i�o�n� �e�f�f�e�c�t�s� �a�r�e� 

�m�o�r�e� �h�a�r�m�f�u�l� �t�o�w�a�r�d� �t�h�e� �e�n�d� �o�f� �a� �l�i�f�e� �s�p�a�n�,� �b�u�t� �w�o�m�e�n� �o�f� 

�c�h�i�l�d�b�e�a�r�i�n�g� �a�g�e� �a�r�e� �m�o�r�e� �s�u�s�c�e�p�t�i�b�l�e� �a�n�d� �a�t� �g�r�e�a�t�e�r� �r�i�s�k� �t�h�a�n� 

�m�a�l�e�s� �o�f� �e�q�u�i�v�a�l�e�n�t� �a�g�e�.� �T�h�e� �r�i�s�k� �o�f� �b�r�e�a�s�t� �c�a�n�c�e�r� �i�s
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 ¬� �s�o�d� �W�N� �2� �1�0� �=� 
�9� �T�R�A�P�P�E�D� �C�L�E�C�T�R�O�N�S� 
�3� 

�=� �T�R�A�P�P�E�D� �P�R�O�T�O�N�S� 
�~� 

�2� �w�h� �(�O�U�T�E�R� �Z�O�N�E�]� �Y� �T�R�A�P�P�E�D� �P�R�O�T�O�N�S� 
�§� �(�I�N�N�E�R� �Z�O�N�E�)� 
�5� �S�O�L�A�R� �S�T�O�R�M� �P�R�O�T�O�N�S� 

�i�e� �9� 
�o�r� �S�O�L�A�R� �F�L�A�R�E� �P�R�O�T�O�N�S� 

�5� �G�A�L�A�C�T�I�C� �C�O�S�M�I�C� �R�A�Y�S� 
�1�0� �!� �t� �!� �L� �i� �a� �'� �\� 

�1�0� �1�0�%�?� �1�0�°� �i�o�?� �1�0�!� 
�P�a�r�t�i�c�t�e� �e�n�e�r�g�y� �(�M�e�v�)� 

�F�i�g�u�r�e� �1�3�.� �S�p�e�c�t�r�u�m� �o�f� �R�a�d�i�a�t�i�o�n� �i�n� �t�h�e� �S�p�a�c�e� �E�n�v�i�r�o�n�m�e�n�t� 

�A�d�a�p�t�e�d� �f�r�o�m� �D�e�C�a�m�p�l�i� �(�1�9�8�6�)�.



�9�2� 

�p�a�r�t�i�c�u�l�a�r�l�y� �i�n�c�r�e�a�s�e�d� �a�s� �r�e�s�u�l�t� �o�f� �r�a�d�i�a�t�i�o�n� �e�x�p�o�s�u�r�e�.� 

�T�h�e� �f�i�r�s�t� �s�o�u�r�c�e� �o�f� �r�a�d�i�a�t�i�o�n� �t�h�a�t� �t�h�e� �a�s�t�r�o�n�a�u�t�s� �w�i�l�l� 

�e�n�c�o�u�n�t�e�r� �i�s� �t�h�a�t� �o�f� �t�r�a�p�p�e�d� �p�a�r�t�i�c�l�e�s� �i�n� �t�h�e� �m�a�g�n�e�t�o�s�p�h�e�r�e� �f�r�o�m� 

�t�h�e� �s�u�n�.� �T�h�e�s�e� �p�a�r�t�i�c�l�e�s� �a�r�e� �p�r�o�t�o�n�s� �a�n�d� �e�l�e�c�t�r�o�n�s� �t�h�a�t� �t�h�e� 

�E�a�r�t�h�'�s� �m�a�g�n�e�t�o�s�p�h�e�r�e� �h�a�s� �t�r�a�p�p�e�d� �a�n�d� �t�h�i�s� �r�a�d�i�a�t�i�o�n� �s�o�u�r�c�e� �i�s� 

�s�t�r�o�n�g�e�s�t� �f�r�o�m� �2�,�5�0�0� �k�m� �t�o� �2�0�,�0�0�0� �k�m� �a�b�o�v�e� �t�h�e� �s�u�r�f�a�c�e�.� �A�n� 

�a�n�o�m�a�l�o�u�s� �r�e�g�i�o�n� �o�f� �p�r�o�t�o�n�s� �f�r�o�m� �t�h�i�s� �s�o�u�r�c�e� �a�c�t�u�a�l�l�y� �d�i�p�s� �d�o�w�n� 

�i�n�t�o� �L�E�O� �a�n�d� �i�s� �k�n�o�w�n� �a�s� �t�h�e� �S�o�u�t�h� �A�t�t�a�n�t�i�c� �A�n�o�m�a�l�y�.� �O�v�e�r�a�l�l�,� 

�t�h�e�r�e� �i�s� �a� �r�a�p�i�d� �r�i�s�e� �i�n� �r�a�d�i�a�t�i�o�n� �a�b�o�v�e� �4�5�0� �k�m� �a�s� �t�h�e� �i�n�n�e�r�m�o�s�t� 

�V�a�n� �A�l�l�e�n� �r�a�d�i�a�t�i�o�n� �b�e�l�t� �b�e�g�i�n�s� �t�o� �m�a�k�e� �i�t�s� �p�r�e�s�e�n�c�e� �k�n�o�w�n�.� 

�D�o�s�e�s� �t�o� �t�h�e� �s�k�i�n� �a�n�d� �b�l�o�o�d�-�f�o�r�m�i�n�g� �o�r�g�a�n�s� �i�n� �9�0�-�d�a�y� �S�p�a�c�e� 

�S�t�a�t�i�o�n� �t�o�u�r�s� �a�r�e� �s�h�o�w�n� �i�n� �T�a�b�l�e� �9�.� �E�x�p�o�s�u�r�e� �l�i�m�i�t�s� �f�o�r� 

�a�s�t�r�o�n�a�u�t�s�,� �p�r�e�s�e�n�t�l�y� �f�o�r�m�u�l�a�t�e�d� �b�y� �N�A�S�A�,� �a�r�e� �s�h�o�w�n� �i�n� �T�a�b�l�e� �1�0� 

�(�f�r�o�m� �M�c�C�o�r�m�a�c�k�,� �1�9�8�6�)�.� �B�a�s�e�d� �u�p�o�n� �t�h�e� �g�u�i�d�e�l�i�n�e�s� �s�e�t� �b�y� �N�A�S�A�,� �a� 

�4�0�-�y�e�a�r� �o�l�d� �m�a�l�e� �a�s�t�r�o�n�a�u�t� �w�o�u�l�d� �h�a�v�e� �a� �c�a�r�e�e�r� �l�i�m�i�t� �e�x�p�o�s�u�r�e� �o�f� 

�2�7�5� �r�e�m� �t�o� �t�h�e� �b�l�o�o�d�-�f�o�r�m�i�n�g� �o�r�g�a�n�s�.� �E�v�e�n� �u�n�d�e�r� �S�o�l�a�r� �M�i�n� 

�c�o�n�d�i�t�i�o�n�s�,� �a�s� �a�s�t�r�o�n�a�u�t� �c�o�u�l�d� �s�a�f�e�l�y� �c�o�m�p�l�e�t�e� �a� �3�-�m�o�n�t�h� �t�o�u�r� 

�e�v�e�r�y� �2� �y�e�a�r�s� �o�v�e�r� �a� �2�0�-�y�e�a�r� �c�a�r�e�e�r�.� �H�o�w�e�v�e�r�,� �a� �1�-�y�e�a�r� �s�t�a�y� 

�d�u�r�i�n�g� �S�o�l�a�r� �M�i�n� �o�n� �t�h�e� �S�p�a�c�e� �S�t�a�t�i�o�n� �w�o�u�l�d� �y�i�e�l�d� �a� �d�o�s�e� �o�f� �6�5� 

�r�e�m�,� �w�h�i�c�h� �e�x�c�e�e�d�s� �t�h�e� �a�n�n�u�a�l� �l�i�m�i�t�.� 

�I�n�t�e�r�e�s�t�i�n�g�l�y�,� �d�o�u�b�l�i�n�g� �t�h�e� �s�t�a�t�i�o�n� �w�a�l�l� �t�h�i�c�k�n�e�s�s� �w�o�u�l�d� 

�o�n�l�y� �r�e�d�u�c�e� �t�h�e� �d�o�s�e� �f�a�c�t�o�r� �b�y� �1�.�2� �f�o�r� �a�n� �a�n�n�u�a�l� �d�o�s�e� �o�f� �a�b�o�u�t� �5�4� 

�r�e�m� �w�h�i�c�h� �i�s� �b�a�r�e�l�y� �u�n�d�e�r� �t�h�e� �a�n�n�u�a�l� �l�i�m�i�t� �(�N�i�c�o�g�o�s�s�i�a�n�,� �H�u�n�t�o�o�n�,� 

�a�n�d� �P�o�o�l�,� �1�9�8�9�)�.� 

�E�V�A� �w�o�r�k�l�o�a�d�s� �o�n� �S�p�a�c�e� �S�t�a�t�i�o�n� �w�i�l�l� �b�e� �h�e�a�v�y� �i�n�i�t�i�a�l�l�y�,� �w�i�t�h� 

�r�o�u�t�i�n�e� �p�a�s�s�a�g�e� �t�h�r�o�u�g�h� �t�h�e� �S�o�u�t�h� �A�t�l�a�n�t�i�c� �A�n�o�m�a�l�y�.� �P�r�e�s�e�n�t� 

�s�p�a�c�e�s�u�i�t�s� �d�o� �n�o�t� �p�r�o�v�i�d�e� �e�n�o�u�g�h� �p�r�o�t�e�c�t�i�o�n� �f�r�o�m� �s�u�c�h� �r�a�d�i�a�t�i�o�n



�9�3� 

�T�A�B�L�E� �9� 

�A�C�C�U�M�U�L�A�T�E�D� �D�O�S�E�S� �-� �S�P�A�C�E� �S�T�A�T�I�O�N�*� 

�T�a�r�g�e�t� �T�i�m�e� �D�o�s�e� �R�a�t�e�(�m�r�e�m�/�d�a�y� �)� �9�0�-�d�a�y� �D�o�s�e�(�r�e�m�)� 
�S�k�i�n� �B�F�O� �S�k�i�n� �B�F�O� 

�S�o�l�a�r� �M�i�n� �3�9�0� �1�8�0� �3�5�.�1� �1�6�.�2� 

�S�o�l�a�r� �M�a�x� �1�9�5� �1�1�0� �1�7�.�6� �9�.�9� 

�*�A�l�t�i�t�u�d�e� �i�s� �5�0�0� �k�m�.� �" ��B�F�O�"� �m�e�a�n�s� �b�l�o�o�d�-�f�o�r�m�i�n�g� �o�r�g�a�n�s�.� 
�A�d�a�p�t�e�d� �f�r�o�m� �M�c�C�o�r�m�a�c�k� �(�1�9�8�6�)�.
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�9�4� 
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�9�5� 

�h�a�z�a�r�d�s� �w�i�t�h� �t�h�e� �r�e�s�u�l�t� �t�h�a�t� �s�h�i�e�l�d�i�n�g� �o�n� �t�h�e� �s�u�i�t�s� �w�i�l�l� �h�a�v�e� �t�o� 

�b�e� �i�n�c�r�e�a�s�e�d� �t�o� �a�t� �l�e�a�s�t� �a� �1�.�5�g�/�o�m�*� �a�l�u�m�i�n�u�m� �e�q�u�i�v�a�l�e�n�t�.� �T�h�e� 

�m�a�g�n�e�t�o�s�p�h�e�r�e� �o�f� �t�h�e� �E�a�r�t�h� �l�a�r�g�e�l�y� �p�r�o�t�e�c�t�s� �a�s�t�r�o�n�a�u�t�s� �f�r�o�m� �t�h�e� 

�r�a�d�i�a�t�i�o�n� �o�f� �t�h�e� �s�o�l�a�r� �w�i�n�d�,� �s�o�l�a�r� �f�l�a�r�e�s�,� �a�n�d� �c�o�s�m�i�c� �r�a�y�s�.� 

�S�o�l�a�r� �w�i�n�d� �p�a�r�t�i�c�l�e�s� �c�o�n�s�i�s�t� �l�a�r�g�e�l�y� �o�f� �p�r�o�t�o�n�s� �t�h�a�t� �a�r�e� �o�f� �l�o�w� 

�e�n�o�u�g�h� �e�n�e�r�g�y� �s�u�c�h� �t�h�a�t� �e�v�e�n� �m�i�n�i�m�a�l� �s�p�a�c�e�c�r�a�f�t� �s�h�i�e�l�d�i�n�g� �i�s� �v�e�r�y� 

�p�r�o�t�e�c�t�i�v�e�.� 

�S�o�l�a�r� �f�l�a�r�e�s� �a�n�d� �g�a�l�a�c�t�i�c� �c�o�s�m�i�c� �r�a�d�i�a�t�i�o�n� �a�r�e� �o�f� �m�u�c�h� 

�h�i�g�h�e�r� �e�n�e�r�g�y� �a�n�d� �t�h�e�r�e�f�o�r�e� �d�e�m�a�n�d� �m�u�c�h� �m�o�r�e� �i�n�t�e�g�r�a�t�i�o�n� �i�n�t�o� �t�h�e� 

�s�y�s�t�e�m�s� �p�r�o�c�e�s�s� �t�o� �a�l�l�o�w� �f�o�r� �a�d�e�q�u�a�t�e� �p�r�o�t�e�c�t�i�o�n�.� �S�o�l�a�r� �f�l�a�r�e�s� 

�c�a�u�s�e� �a�n� �i�n�t�e�n�s�e� �b�u�r�s�t� �o�f� �p�r�o�t�o�n� �r�a�d�i�a�t�i�o�n� �t�h�a�t� �m�a�y� �l�a�s�t� �f�o�r� �a� 

�f�e�w� �h�o�u�r�s� �o�r� �a�s� �l�o�n�g� �a�s� �s�e�v�e�r�a�l� �d�a�y�s�.� �S�h�i�e�l�d�i�n�g� �f�r�o�m� �t�h�i�s� �t�y�p�e� 

�o�f� �r�a�d�i�a�t�i�o�n� �i�s� �e�s�s�e�n�t�i�a�l� �o�r� �d�e�a�t�h� �c�o�u�l�d� �r�e�s�u�l�t�.� �A� �g�o�o�d� �e�x�a�m�p�l�e� 

�o�f� �t�h�i�s� �i�s� �t�h�e� �1�9�7�2� �s�o�l�a�r� �f�l�a�r�e� �t�h�a�t� �p�u�s�h�e�d� �t�h�e� �r�a�d�i�a�t�i�o�n� �l�e�v�e�l� 

�i�n� �g�e�o�s�y�n�c�h�r�o�n�o�u�s� �o�r�b�i�t� �t�o� �o�n�e� �m�i�l�l�i�o�n� �t�i�m�e�s� �t�h�a�t� �o�n� �E�a�r�t�h� 

�(�N�i�c�o�g�o�s�s�i�a�n�,� �1�9�8�6�)�.� �D�e�s�p�i�t�e� �s�i�g�n�i�f�i�c�a�n�t� �p�r�o�t�e�c�t�i�o�n� �f�r�o�m� �t�h�e� 

�E�a�r�t�h�'�s� �m�a�g�n�e�t�o�s�p�h�e�r�e�,� �t�h�e� �l�e�v�e�l� �o�f� �r�a�d�i�a�t�i�o�n� �e�n�c�o�u�n�t�e�r�e�d� �b�y� �a� 

�S�p�a�c�e� �S�h�u�t�t�l�e� �c�r�e�w� �i�n� �l�o�w� �E�a�r�t�h� �o�r�b�i�t� �a�t� �t�h�a�t� �t�i�m�e� �c�o�u�l�d� �h�a�v�e� 

�b�e�e�n� �d�a�n�g�e�r�o�u�s�.� �T�h�a�n�k�f�u�l�l�y�,� �t�h�e�r�e� �i�s� �a� �b�l�a�s�t� �o�f� �r�a�d�i�o� �w�a�v�e�s� �t�h�a�t� 

�p�r�e�c�e�d�e�s� �t�h�e� �s�o�l�a�r� �f�l�a�r�e� �p�r�o�t�o�n�s� �b�y� �o�n�e� �h�o�u�r�,� �g�i�v�i�n�g� �t�h�e� 

�a�s�t�r�o�n�a�u�t�s� �s�o�m�e� �w�a�r�n�i�n�g� �t�i�m�e� �t�o� �s�e�e�k� �s�h�e�l�t�e�r�.� �A�n�y� �l�o�n�g�-�d�u�r�a�t�i�o�n� 

�s�p�a�c�e�c�r�a�f�t� �o�r� �e�x�t�r�a�t�e�r�r�e�s�t�r�i�a�l� �c�o�l�o�n�i�e�s� �w�o�u�l�d� �n�e�e�d� �a� �s�t�o�r�m� 

�s�h�e�l�t�e�r� �w�i�t�h� �t�h�e� �e�q�u�i�v�a�l�e�n�t� �s�h�i�e�l�d�i�n�g� �o�f� �t�e�n� �t�i�m�e�s� �w�h�a�t� �t�h�e� 

�s�h�u�t�t�l�e� �p�r�o�v�i�d�e�s� �f�o�r� �p�r�o�t�e�c�t�i�o�n� �f�r�o�m� �s�o�l�a�r� �f�l�a�r�e� �r�a�d�i�a�t�i�o�n� 

�(�D�e�C�a�m�p�l�i�,� �1�9�8�6�)�.� �T�h�i�s� �o�n�e�-�h�o�u�r� �c�o�n�s�t�r�a�i�n�t� �o�n� �t�h�e� �a�b�i�l�i�t�y� �o�f� 

�a�s�t�r�o�n�a�u�t�s� �t�o� �s�e�e�k� �a� �s�t�o�r�m� �s�h�e�l�t�e�r� �e�n�v�i�r�o�n�m�e�n�t� �m�e�a�n�s� �t�h�a�t� �a�n�y� �E�V�A� 

�a�n�d� �p�l�a�n�e�t�a�r�y� �e�x�p�l�o�r�a�t�i�o�n� �a�c�t�i�v�i�t�i�e�s� �i�n� �g�e�n�e�r�a�l� �n�e�e�d� �t�o� �b�e



�9�6� 

�c�o�n�s�i�d�e�r�e�d� �i�n� �l�i�g�h�t� �o�f� �t�h�e� �p�o�t�e�n�t�i�a�l� �r�a�d�i�a�t�i�o�n� �t�h�r�e�a�t�.� �E�V�A� �c�o�u�l�d� 

�b�e� �a� �p�a�r�t�i�c�u�l�a�r�l�y� �t�r�o�u�b�l�e�s�o�m�e� �a�r�e�a� �i�n� �t�h�i�s� �r�e�g�a�r�d� �s�i�n�c�e� 

�d�e�c�o�m�p�r�e�s�s�i�o�n� �t�i�m�e� �w�o�u�l�d� �b�e� �r�e�q�u�i�r�e�d� �a�f�t�e�r� �E�V�A� �t�o� �a�v�o�i�d� �"�t�h�e� 

�b�e�n�d�s�.�"� �H�o�w� �t�h�i�s� �i�s� �t�o� �b�e� �t�r�a�d�e�d�-�o�f�f� �i�n� �a� �s�y�s�t�e�m�s� �p�e�r�s�p�e�c�t�i�v�e� �i�s� 

�n�o�w� �b�e�i�n�g� �e�x�a�m�i�n�e�d�.� �l�f� �a�n� �a�s�t�r�o�n�a�u�t� �g�o�t� �c�a�u�g�h�t� �o�u�t�s�i�d�e� �o�f� �a� 

�p�r�o�t�e�c�t�e�d� �a�r�e�a� �d�u�r�i�n�g� �a� �s�o�l�a�r� �f�l�a�r�e�,� �t�h�e� �e�f�f�e�c�t�s� �c�o�u�l�d� �b�e� �q�u�i�c�k�l�y� 

�n�o�t�i�c�e�d�.� �D�i�a�r�r�h�e�a� �a�n�d� �n�a�u�s�e�a� �w�o�u�l�d� �o�c�c�u�r� �w�i�t�h�i�n� �2�4� �h�o�u�r�s� �d�u�e� �t�o� 

�t�h�e� �d�e�s�t�r�u�c�t�i�o�n� �o�f� �t�h�e� �i�n�t�e�s�t�i�n�a�l� �e�p�i�t�h�e�l�i�u�m�.� �T�h�e� �s�u�b�s�e�q�u�e�n�t� 

�d�e�h�y�d�r�a�t�i�o�n� �m�i�g�h�t� �c�a�u�s�e� �f�u�r�t�h�e�r� �p�r�o�b�l�e�m�s� �s�u�c�h� �a�s� �h�e�m�o�r�r�h�a�g�e�,� 

�e�l�e�c�t�r�o�l�y�t�e� �i�m�b�a�l�a�n�c�e�s�,� �a�n�d� �c�a�r�d�i�o�v�a�s�c�u�l�a�r� �i�n�s�t�a�b�i�l�i�t�y�.� �S�o�o�n�,� 

�t�h�e� �r�a�d�i�a�t�i�o�n� �d�a�m�a�g�e� �t�o� �t�h�e� �b�o�n�e� �m�a�r�r�o�w� �w�o�u�l�d� �c�a�u�s�e� �a�n�e�m�i�a�,� 

�i�n�f�e�c�t�i�o�n�s�,� �a�n�d� �b�l�e�e�d�i�n�g� �f�r�o�m� �t�h�r�e�e� �t�o� �s�i�x� �w�e�e�k�s� �l�a�t�e�r� �d�e�p�e�n�d�i�n�g� 

�u�p�o�n� �t�h�e� �i�n�i�t�i�a�l� �d�o�s�e� �r�e�c�e�i�v�e�d�.� �D�e�a�t�h� �m�i�g�h�t� �r�e�s�u�l�t� �l�a�t�e�r� �i�f� �a� 

�h�i�g�h� �e�n�o�u�g�h� �d�o�s�e� �w�a�s� �r�e�c�e�i�v�e�d�,� �w�i�t�h� �h�i�g�h�e�r� �r�a�t�e�s� �o�f� �c�a�n�c�e�r� 

�o�c�c�u�r�r�i�n�g� �f�o�r� �t�h�o�s�e� �d�o�s�e�s� �w�h�i�c�h� �d�i�d� �n�o�t� �k�i�l�l�.� 

�T�h�e� �b�e�s�t� �a�n�s�w�e�r� �t�o� �t�h�e� �r�a�d�i�a�t�i�o�n� �p�r�o�b�l�e�m� �a�p�p�e�a�r�s� �t�o� �b�e� �t�o� 

�d�e�s�i�g�n� �a�  ��s�t�o�r�m� �s�h�e�l�t�e�r �� �o�n� �t�h�e� �s�p�a�c�e�c�r�a�f�t� �f�o�r� �r�a�d�i�a�t�i�o�n� 

�p�r�o�t�e�c�t�i�o�n�.� �W�a�t�e�r� �a�n�d� �o�t�h�e�r� �s�h�i�e�l�d�i�n�g� �m�a�t�e�r�i�a�l�s� �m�i�g�h�t� �b�e� �a�d�d�e�d� 

�a�s� �p�a�r�t� �o�f� �t�h�e� �s�t�a�t�i�o�n� �a�r�c�h�i�t�e�c�t�u�r�e� �a�r�o�u�n�d� �t�h�e� �s�t�o�r�m� �s�h�e�l�t�e�r� �t�o� 

�i�n�c�r�e�a�s�e� �i�t�s� �e�f�f�e�c�t�i�v�e�n�e�s�s�.� �A�d�e�q�u�a�t�e� �s�o�l�a�r� �f�l�a�r�e� �w�a�r�n�i�n�g� �s�y�s�t�e�m�s� 

�a�n�d� �s�p�e�c�t�r�a�l� �d�o�s�i�m�e�t�e�r�s� �w�i�l�l� �n�e�e�d� �t�o� �b�e� �i�n�s�t�a�l�l�e�d� �a�b�o�a�r�d� �t�h�e� 

�c�r�a�f�t�.� �A�f�t�e�r� �a� �p�l�a�n�e�t�a�r�y� �s�u�r�f�a�c�e� �i�s� �r�e�a�c�h�e�d�,� �r�a�d�i�a�t�i�o�n� �e�x�p�o�s�u�r�e� 

�c�a�n� �b�e� �m�i�n�i�m�i�z�e�d� �b�y� �s�e�l�e�c�t�i�n�g� �p�r�o�t�e�c�t�i�v�e� �s�i�t�e�s� �i�n� �v�a�l�l�e�y�s� �a�n�d� 

�c�o�v�e�r�i�n�g� �h�a�b�i�t�a�t�s� �w�i�t�h� �p�r�o�t�e�c�t�i�v�e� �l�a�y�e�r�s� �o�f� �s�u�r�f�a�c�e� �m�a�t�e�r�i�a�l� 

�(�G�a�r�s�h�n�e�c�k�,� �1�9�8�9�)�.� �E�x�p�o�s�u�r�e� �v�a�l�u�e�s� �a�r�e� �t�h�o�u�g�h�t� �t�o� �b�e� 

�a�p�p�r�o�x�i�m�a�t�e�l�y� �h�a�l�f� �a�s� �m�u�c�h� �i�n� �t�h�e� �m�a�r�t�i�a�n� �v�a�l�l�e�y�s� �c�o�m�p�a�r�e�d� �t�o� �t�h�e� 

�h�i�g�h�e�r� �p�l�a�t�e�a�u�s� �d�u�e� �p�a�r�t�i�a�l�l�y� �t�o� �t�h�e� �e�f�f�e�c�t�s� �o�f� �s�h�i�e�l�d�i�n�g



�9�7� 

�p�r�o�v�i�d�e�d� �b�y� �t�h�e� �C�O�y�-�r�i�c�h� �m�a�r�t�i�a�n� �a�t�m�o�s�p�h�e�r�e� �a�n�d� �s�u�r�r�o�u�n�d�i�n�g� 

�t�e�r�r�a�i�n�.� 

�R�e�i�b�e�r� �(�1�9�8�6�)� �h�a�s� �s�u�g�g�e�s�t�e�d� �t�h�a�t� �t�h�e� �d�a�i�l�y� �g�a�l�a�c�t�i�c� �c�o�s�m�i�c� 

�r�a�d�i�a�t�i�o�n� �d�o�s�e� �a�t� �t�h�e� �m�a�r�t�i�a�n� �s�u�r�f�a�c�e� �r�a�n�g�e�s� �f�r�o�m� �1�2�.�5� �t�o� �1�8� 

�m�i�l�l�i�r�a�d�s�.� �H�o�w�e�v�e�r�,� �o�n�e� �o�r� �t�w�o� �m�a�j�o�r� �s�o�l�a�r� �e�v�e�n�t�s� �c�o�u�l�d� �e�x�p�o�s�e� �a� 

�c�r�e�w� �u�p� �t�o� �5�,�0�0�0� �r�a�d�s�-�-�w�h�i�c�h� �i�s� �a� �l�e�t�h�a�l� �d�o�s�e�.� �T�h�e�r�e�f�o�r�e�,� �t�h�e� 

�r�a�d�i�a�t�i�o�n� �f�r�o�m� �t�h�e� �s�o�l�a�r� �f�l�a�r�e�s� �s�h�o�u�l�d� �b�e� �p�r�e�d�i�c�t�e�d� �a�n�d� �a�  ��s�a�f�e� 

�h�a�v�e�n �� �d�e�s�i�g�n�e�d� �t�o� �k�e�e�p� �t�h�e� �t�o�t�a�l� �d�o�s�e� �b�e�l�o�w� �4�0�0� �r�a�d� �(�s�e�e� �T�a�b�l�e� 

�1�1�)�.� �H�i�s�t�o�r�i�c�a�l�l�y�,� �s�c�i�e�n�t�i�s�t�s� �h�a�d� �c�o�n�s�i�d�e�r�e�d� �a� �s�o�l�a�r� �f�l�a�r�e� 

�e�p�i�s�o�d�e� �t�o� �b�e� �(�m�o�r�e� �o�r� �l�e�s�s�)� �a� �o�n�e�-�t�i�m�e� �e�v�e�n�t� �a�s� �t�h�e� �1�9�7�2� 

�e�r�u�p�t�i�o�n� �h�a�d� �b�e�h�a�v�e�d�.� �I�n� �1�9�8�9�,� �t�h�e�r�e� �w�a�s� �a� �s�e�r�i�e�s� �o�f� �f�l�a�r�e�s� �t�h�a�t� 

�h�a�d� �w�i�d�e�l�y� �d�i�f�f�e�r�e�n�t� �p�a�r�t�i�c�l�e� �e�n�e�r�g�i�e�s� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �t�h�e�m� �t�h�a�t� 

�c�o�u�l�d� �h�a�v�e� �b�e�e�n� �j�u�s�t� �a�s� �d�a�n�g�e�r�o�u�s� �t�o� �a�s�t�r�o�n�a�u�t�s� �a�s� �t�h�e� �1�9�7�2� 

�e�p�i�s�o�d�e� �(�T�o�w�n�s�e�n�d�,� �C�u�c�i�n�o�t�t�a�,� �S�h�i�n�n�,� �a�n�d� �W�i�l�s�o�n�,� �1�9�9�1�)�.� �T�h�i�s� 

�s�e�r�i�e�s� �o�f� �s�o�l�a�r� �f�l�a�r�e�s� �h�a�s� �f�o�r�c�e�d� �s�c�i�e�n�t�i�s�t�s� �t�o� �r�e�c�o�n�s�i�d�e�r� �w�h�a�t� 

�t�h�e� �i�m�p�a�c�t� �i�s� �o�f� �t�h�e� �s�p�e�c�t�r�u�m� �o�f� �p�a�r�t�i�c�l�e�s� �r�e�a�c�h�i�n�g� �t�h�e� �c�r�e�w�s� �f�o�r� 

�t�h�e� �f�i�r�s�t� �t�i�m�e�.� �A�d�d�i�t�i�o�n�a�l�l�y�,� �t�h�e� �f�a�c�t� �t�h�a�t� �a� �s�e�r�i�e�s� �o�f� �m�o�d�e�r�a�t�e� 

�b�u�t� �d�a�n�g�e�r�o�u�s� �e�r�u�p�t�i�o�n�s� �o�c�c�u�r�r�e�d� �h�a�s� �t�o� �b�e� �a�c�c�o�u�n�t�e�d� �f�o�r� �i�n� 

�f�u�t�u�r�e� �s�y�s�t�e�m�s� �p�l�a�n�n�i�n�g� �f�o�r� �l�o�n�g�-�d�u�r�a�t�i�o�n� �s�p�a�c�e�f�l�i�g�h�t�.� �T�h�e� 

�g�e�n�e�r�a�l� �e�x�p�e�c�t�e�d� �d�o�s�e�s� �o�f� �r�a�d�i�a�t�i�o�n� �f�r�o�m� �g�a�l�a�c�t�i�c� �(�c�o�s�m�i�c�)� �a�n�d� 

�s�o�l�a�r� �f�l�a�r�e� �s�o�u�r�c�e�s� �i�s� �s�h�o�w�n� �f�o�r� �v�a�r�i�o�u�s� �c�o�n�d�i�t�i�o�n�s� �a�n�d� �e�x�p�o�s�u�r�e� 

�t�i�m�e�s�.� �S�o�l�a�r� �f�l�a�r�e�s� �o�c�c�u�r� �i�n� �1�1�-�y�e�a�r� �c�y�c�l�e�s� �a�n�d� �w�i�t�h�i�n� �t�h�e� �c�y�c�l�e� 

�t�h�e�r�e� �a�r�e� �r�e�l�a�t�i�v�e� �p�e�r�i�o�d�s� �o�f� �m�a�x�i�m�u�m� �a�n�d� �m�i�n�i�m�u�m� �s�o�l�a�r� �f�l�a�r�e� 

�a�c�t�i�v�i�t�y�.� �T�h�e� �p�o�t�e�n�t�i�a�l� �s�t�a�t�i�s�t�i�c�a�l�l�y� �f�o�r� �a�  ��m�a�x�i�m�u�m�"� �e�x�p�o�s�u�r�e� 

�d�u�r�i�n�g� �c�e�r�t�a�i�n� �t�i�m�e� �i�n�t�e�r�v�a�l�s� �m�u�s�t� �b�e� �s�e�r�i�o�u�s�l�y� �c�o�n�s�i�d�e�r�e�d�.� 

�T�h�e� �l�a�s�t� �t�y�p�e� �o�f� �r�a�d�i�a�t�i�o�n� �h�a�z�a�r�d� �i�n� �t�h�e� �s�p�a�c�e� �e�n�v�i�r�o�n�m�e�n�t� 

�b�e�y�o�n�d� �t�h�e� �m�a�g�n�e�t�o�s�p�h�e�r�e� �i�s� �g�a�l�a�c�t�i�c� �c�o�s�m�i�c� �r�a�d�i�a�t�i�o�n�.� �C�o�s�m�i�c



�9�8� 

�T�A�B�L�E� �1�1� 

�E�x�p�o�s�u�r�e� 

�G�a�l�a�c�t�i�c� �C�o�s�m�i�c� �R�a�d�i�a�t�i�o�n�.� �.�.�.�.�.�.�.�.� �.� �.� �2�5�-�3�6� �m�r�a�d�/�d�a�y� 

�*� �M�a�r�s� �S�u�r�f�a�c�e� �D�o�s�e�.� �.�.�.�.�.�.�.� �.�.� �4�.� �«� �«� �1�2�.�5�-�1�8� �m�r�a�d�/�d�a�y� 

�*� �T�o�t�a�l� �D�o�s�e� �(�3�0� �m�o�n�t�h�s�)� �.�.�.�.�.�.�.� �.� �.� �.�=�2�0�-�3�2� �r�a�d�s� 

�S�o�l�a�r� �F�l�a�r�e�s� 

�*� �1�1�-�Y�e�a�r� �S�o�l�a�r� �C�y�c�l�e� 

�x� �1� �t�o� �2� �M�a�j�o�r� �E�v�e�n�t�s�/�S�o�l�a�r� �C�y�c�l�e�.� �.�.�.� �.� �5�,�0�0�0� �r�a�d� �(�l�e�t�h�a�l�)� 

�*�x� �2� �t�o� �5� �M�a�j�o�r� �E�v�e�n�t�s�/�S�o�l�a�r� �C�y�c�l�e�.� �.�.� �.� �.� �5�0�0�-�1�0�0�0� �r�a�d� 

�*� �2�0� �t�o� �3�0� �M�a�j�o�r� �E�v�e�n�t�s�/�S�o�l�a�r� �C�y�c�l�e�.� �.�.� �.� �5�0�-�1�0�0� �r�a�d� 

 ��S�A�F�E� �H�A�V�E�N�"� �S�h�i�e�l�d�i�n�g� �t�o� �R�e�d�u�c�e� �D�o�s�e� �B�e�l�o�w� �4�0�0�-�r�a�d�s� �i�s� 
�N�e�c�e�s�s�a�r�y�.� 

�R�a�d�i�a�t�i�o�n� �E�s�t�i�m�a�t�e�s� �f�o�r� �M�a�r�s� �M�i�s�s�i�o�n� �(�c�o�s�m�i�c�,� �m�a�r�s� �s�u�r�f�a�c�e�,� �s�o�l�a�r� 
�f�l�a�r�e�s�)� 

�A�d�a�p�t�e�d� �f�r�o�m� �R�e�i�b�e�r� �(�1�9�8�6�)�.



�9�9� 

�r�a�d�i�a�t�i�o�n� �i�s� �c�o�m�p�o�s�e�d� �o�f� �p�r�o�t�o�n�,� �a�l�p�h�a� �p�a�r�t�i�c�l�e�s�,� �a�n�d� �H�Z�E�s� 

�(�e�n�e�r�g�e�t�i�c� �n�u�c�l�e�i� �o�f� �h�e�a�v�y� �p�a�r�t�i�c�l�e�s�)�.� �D�u�e� �t�o� �t�h�e� �h�i�g�h� �e�n�e�r�g�y�,� 

�c�o�s�m�i�c� �r�a�d�i�a�t�i�o�n� �i�s� �n�o�t� �o�n�l�y� �d�i�f�f�i�c�u�l�t� �t�o� �p�r�o�t�e�c�t� �a�g�a�i�n�s�t�,� �i�t� �i�s� 

�a�l�s�o� �h�a�r�d� �t�o� �m�e�a�s�u�r�e� �e�x�p�o�s�u�r�e� �a�c�c�u�r�a�t�e�l�y� �s�i�n�c�e� �i�t� �i�s� �t�h�e� �g�e�o�m�e�t�r�y� 

�o�f� �e�x�p�o�s�u�r�e�-�-�n�o�t� �n�e�c�e�s�s�a�r�i�l�y� �t�h�e� �i�n�t�e�n�s�i�t�y�-�-�t�h�a�t� �d�e�t�e�r�m�i�n�e�s� �t�h�e� 

�b�i�o�l�o�g�i�c�a�l� �e�f�f�e�c�t� �(�T�o�d�d�,� �1�9�9�1�)�.� �D�e�C�a�m�p�l�i� �(�1�9�8�6�)� �f�e�e�l�s� �t�h�a�t� �H�Z�E�s� 

�o�p�e�r�a�t�e� �b�y� �s�i�n�g�l�e�-�h�i�t� �k�i�n�e�t�i�c�s� �w�h�e�r�e� �e�a�c�h� �p�a�r�t�i�c�l�e� �c�r�e�a�t�e�s� �a� �s�o�r�t� 

�o�f� �m�i�c�r�o�s�c�o�p�i�c� �s�t�a�b� �w�o�u�n�d�;� �w�h�o�s�e� �s�e�v�e�r�i�t�y� �i�s� �d�e�t�e�r�m�i�n�e�d� �b�y� �i�t�s� 

�p�o�s�i�t�i�o�n� �o�n� �t�h�e� �b�o�d�y� �a�n�d� �t�h�e� �a�n�g�l�e� �a�t� �w�h�i�c�h� �t�h�e� �p�a�r�t�i�c�l�e� �s�t�r�i�k�e�s� 

�t�h�e� �c�e�l�l� �i�n�v�o�l�v�e�d�.� �R�a�t� �e�x�p�e�r�i�m�e�n�t�s� �h�a�v�e� �s�h�o�w�n� �t�h�a�t� �e�v�e�n� �a� �s�i�n�g�l�e� 

�H�Z�E� �p�a�r�t�i�c�l�e� �c�a�n� �c�a�u�s�e� �i�r�r�e�p�a�i�r�a�b�l�e� �d�a�m�a�g�e� �t�o� �a� �c�o�r�n�e�a�l� �c�e�l�l� 

�(�W�o�r�g�u�l�,� �1�9�9�1�)�.� �T�h�e� �i�m�p�l�i�c�a�t�i�o�n�s� �o�f� �t�h�i�s� �r�e�s�u�l�t� �i�s� �t�h�a�t� �t�h�i�s� 

�t�y�p�e� �o�f� �r�a�d�i�a�t�i�o�n� �c�a�n� �k�i�l�l� �c�e�l�l�s�,� �a�s� �o�p�p�o�s�e�d� �t�o� �d�a�m�a�g�i�n�g� �t�h�e� 

�g�e�n�e�t�i�c� �m�a�t�e�r�i�a�l� �s�u�c�h� �t�h�a�t� �t�h�e� �o�r�i�g�i�n�a�l� �c�e�l�l� �h�i�t� �i�t�s�e�l�f� �i�s� 

�l�a�r�g�e�l�y� �u�n�h�a�r�m�e�d�,� �l�e�a�d�i�n�g� �t�o� �t�h�e� �l�o�s�s� �o�f� �n�o�n�-�d�i�v�i�d�i�n�g� �c�e�l�l�s� �(�s�u�c�h� 

�a�s� �t�h�o�s�e� �f�o�u�n�d� �i�n� �t�h�e� �c�e�n�t�r�a�l� �n�e�r�v�o�u�s� �s�y�s�t�e�m�)�.� �T�h�e� �e�f�f�e�c�t�s� �o�f� 

�t�h�i�s� �t�y�p�e� �o�f� �r�a�d�i�a�t�i�o�n�,� �a�n�d� �a�t� �w�h�a�t� �l�e�v�e�l� �t�h�o�s�e� �e�f�f�e�c�t�s� �o�c�c�u�r�,� �i�s� 

�n�o�t� �k�n�o�w�n� �a�t� �t�h�i�s� �t�i�m�e�.� 

�M�c�C�o�r�m�a�c�k� �(�1�9�8�6�)� �s�u�g�g�e�s�t�s� �t�h�a�t� �a� �t�w�o�-� �t�o� �t�h�r�e�e�-�y�e�a�r� �r�o�u�n�d� 

�t�r�i�p� �t�o� �m�a�r�s� �w�o�u�l�d� �c�a�u�s�e� �a� �d�o�s�e� �o�f� �1�4�0� �r�e�m� �t�o� �a�n� �a�s�t�r�o�n�a�u�t� 

�p�r�o�t�e�c�t�e�d� �b�y� �2�.�5� �g�/�e�m�*� �s�h�i�e�l�d�i�n�g�.� �T�h�i�s� �e�x�p�o�s�u�r�e� �d�o�e�s� �n�o�t� �i�n�c�l�u�d�e� 

�m�a�j�o�r� �s�o�l�a�r� �e�v�e�n�t�s� �a�n�d� �e�x�p�o�s�u�r�e� �t�o� �o�t�h�e�r� �p�o�t�e�n�t�i�a�l� �s�p�a�c�e�c�r�a�f�t� 

�r�a�d�i�a�t�i�o�n� �s�o�u�r�c�e�s�.� 

�F�r�o�m� �a� �h�u�m�a�n�/�s�y�s�t�e�m�s� �p�e�r�s�p�e�c�t�i�v�e�,� �r�a�d�i�a�t�i�o�n� �e�x�p�o�s�u�r�e�s� �m�u�s�t� 

�b�e� �k�e�p�t� �a�s� �l�o�w� �a�s� �i�s� �r�e�a�s�o�n�a�b�l�y� �p�o�s�s�i�b�l�e� �t�o� �a�v�o�i�d� �a� �h�o�s�t� �o�f� �l�o�n�g�-� 

�a�n�d� �s�h�o�r�t�-�t�e�r�m� �e�f�f�e�c�t�s�.� �I�n�c�r�e�a�s�e�d� �p�s�y�c�h�o�l�o�g�i�c�a�l� �s�t�r�e�s�s� �w�i�l�]� 

�b�e�c�o�m�e� �a� �f�a�c�t�o�r� �i�f� �t�h�e� �c�r�e�w� �k�n�o�w�s� �t�h�a�t� �c�e�r�t�a�i�n� �t�a�s�k�s� �o�r



�1�0�0� 

�e�n�v�i�r�o�n�m�e�n�t�s� �w�i�l�l� �e�x�p�o�s�e� �t�h�e�m� �t�o� �h�i�g�h�e�r� �l�e�v�e�l�s� �o�f� �r�a�d�i�a�t�i�o�n�.� 

�J�o�b�s� �e�x�p�o�s�i�n�g� �t�h�e� �a�s�t�r�o�n�a�u�t�s� �t�o� �r�a�d�i�a�t�i�o�n� �r�i�s�k�s� �(�E�V�A�,� �e�x�t�e�n�d�e�d� 

�f�o�r�a�y�s� �i�n�t�o� �c�e�r�t�a�i�n� �r�e�g�i�o�n�s� �o�n� �m�a�r�s�)� �s�h�o�u�l�d� �b�e� �s�h�a�r�e�d� �f�a�i�r�l�y� �t�o� 

�a�v�o�i�d� �p�o�t�e�n�t�i�a�l� �g�r�o�u�p� �i�n�f�i�g�h�t�i�n�g� �a�n�d� �d�i�s�u�n�i�t�y�.� �I�n�t�e�r�e�s�t�i�n�g�l�y�,� 

�t�h�e� �l�a�s�t� �r�e�d�e�s�i�g�n� �o�f� �S�p�a�c�e� �S�t�a�t�i�o�n� �F�r�e�e�d�o�m� �d�i�d� �n�o�t� �h�a�v�e� �a� 

�d�e�s�i�g�n�a�t�e�d�  ��s�a�f�e� �h�a�v�e�n�"� �f�o�r� �p�r�o�t�e�c�t�i�o�n� �o�f� �s�o�l�a�r� �f�l�a�r�e� �b�u�r�s�t�s� 

�(�B�o�y�c�e�,� �1�9�9�0�)�.� �A�t� �p�r�e�s�e�n�t�,� �i�t� �c�o�u�l�d� �t�a�k�e� �a�s� �l�o�n�g� �a�s� �4�5� �d�a�y�s� �t�o� 

�e�f�f�e�c�t� �a� �r�e�s�c�u�e� �b�y� �t�h�e� �S�p�a�c�e� �S�h�u�t�t�l�e� �o�f� �s�t�a�t�i�o�n� �p�e�r�s�o�n�n�e�l�.� �A�l�s�o�,� 

�i�n� �r�e�c�e�n�t� �m�o�n�t�h�s� �d�e�s�i�g�n� �r�e�v�i�e�w�s� �h�a�v�e� �r�e�s�u�l�t�e�d� �i�n� �t�h�e� �d�e�l�e�t�i�o�n� �o�f� 

�a�n� �A�s�s�u�r�e�d� �R�e�t�u�r�n� �V�e�h�i�c�l�e� �(�A�R�V�)� �f�r�o�m� �p�r�o�g�r�a�m� �f�u�n�d�i�n�g� �s�o� �t�h�a�t� 

�t�h�e�r�e� �n�o�w� �i�s� �n�o� �i�m�m�e�d�i�a�t�e� �e�s�c�a�p�e� �p�o�s�s�i�b�i�l�i�t�y� �f�r�o�m� �a� �c�r�i�p�p�l�e�d� 

�s�t�a�t�i�o�n� �o�r� �o�n�e� �t�h�a�t� �w�o�u�l�d� �s�o�o�n� �b�e� �b�o�m�b�a�r�d�e�d� �b�y� �p�a�r�t�i�c�l�e�s� �f�r�o�m� �a� 

�m�a�j�o�r� �s�o�l�a�r� �e�v�e�n�t�.� 

�O�p�e�r�a�t�i�o�n�a�l� �M�e�d�i�c�a�l� �P�r�o�b�l�e�m�s� 

�T�h�u�s� �f�a�r�,� �t�h�e� �f�o�l�l�o�w�i�n�g� �c�l�i�n�i�c�a�l�l�y� �s�i�g�n�i�f�i�c�a�n�t� �m�e�d�i�c�a�l� �r�i�s�k�s� 

�t�o� �c�r�e�w�m�e�m�b�e�r� �h�e�a�l�t�h� �h�a�v�e� �b�e�e�n� �i�d�e�n�t�i�f�i�e�d�:� 

�*� �r�a�d�i�a�t�i�o�n� 

�*� �"�b�e�n�d�s�"� �(�d�y�s�b�a�r�i�s�m�)� 

�*� �b�r�i�t�t�l�e� �b�o�n�e� �t�i�s�s�u�e� 

�*� �d�e�h�y�d�r�a�t�i�o�n� 

�*� �c�a�r�d�i�o�v�a�s�c�u�l�a�r� �p�r�o�b�l�e�m�s� 

�*� �k�i�d�n�e�y� �s�t�o�n�e�s� 

�*� �i�n�f�e�c�t�i�o�n�s� 

�*� �t�r�a�u�m�a� 

�O�t�h�e�r� �m�e�d�i�c�a�l� �c�o�n�d�i�t�i�o�n�s� �d�u�e� �t�o� �t�h�e� �e�n�v�i�r�o�n�m�e�n�t� �o�f� �t�h�e� 

�s�p�a�c�e�c�r�a�f�t� �(�t�o�x�i�c�o�l�o�g�i�c�a�l� �e�v�e�n�t�s�)� �c�o�u�l�d� �p�r�o�v�e� �t�o� �b�e� �e�x�t�r�e�m�e�l�y



�1�0�1� 

�d�a�n�g�e�r�o�u�s�.� �P�o�t�e�n�t�i�a�l� �s�o�u�r�c�e�s� �o�f� �t�o�x�i�c�i�t�y� �i�n�c�l�u�d�e� �o�f�f�g�a�s�s�i�n�g� �o�f� 

�i�n�t�e�r�i�o�r� �m�a�t�e�r�i�a�l�s�/�c�h�e�m�i�c�a�l�s�,� �c�o�m�b�u�s�t�i�o�n� �o�f� �m�a�t�e�r�i�a�l�s�,� �a�n�d� �t�h�e� 

�e�s�c�a�p�e� �o�f� �c�h�e�m�i�c�a�l�s� �f�r�o�m� �v�a�r�i�o�u�s� �c�o�n�t�a�i�n�e�r�s� �(�G�a�r�s�h�n�e�c�k�,� �1�9�8�9�)�.� �A� 

�s�y�s�t�e�m�s� �p�e�r�s�p�e�c�t�i�v�e� �i�n� �t�h�i�s� �a�r�e�a� �r�e�v�e�a�l�s� �t�h�a�t� �s�o�m�e� �m�i�s�s�i�o�n� 

�c�o�n�t�e�x�t�s� �m�i�g�h�t� �e�n�h�a�n�c�e� �c�e�r�t�a�i�n� �p�h�y�s�i�o�l�o�g�i�c�a�l� �p�a�r�a�m�e�t�e�r�s� �t�h�a�t� 

�w�o�u�l�d� �r�e�s�u�l�t� �i�n� �a�n� �i�n�c�r�e�a�s�e�d� �s�e�v�e�r�i�t�y� �o�f� �r�e�s�p�o�n�s�e� �t�o� �a� �t�o�x�i�c� 

�e�v�e�n�t�.� �T�h�e�s�e� �s�y�s�t�e�m�s� �p�h�y�s�i�o�l�o�g�i�c�a�l� �c�o�n�c�e�r�n�s� �m�a�y� �i�n�v�o�l�v�e� �e�x�p�o�s�u�r�e� 

�t�o� �o�t�h�e�r� �c�o�n�t�a�m�i�n�a�n�t�s�,� �t�h�e� �a�l�t�e�r�e�d� �p�h�y�s�i�c�a�l� �s�t�a�t�e� �o�f� �t�h�e� 

�c�r�e�w�m�e�m�b�e�r�s� �a�f�t�e�r� �a� �l�o�n�g� �p�e�r�i�o�d� �i�n� �s�p�a�c�e�,� �a�n�d� �t�h�e� �c�o�n�c�o�m�m�i�n�a�n�t� 

�e�x�p�o�s�u�r�e� �t�o� �r�a�d�i�a�t�i�o�n�.� 

�U�t�i�l�i�z�a�t�i�o�n� �o�f� �s�y�s�t�e�m�s�/�h�u�m�a�n� �f�a�c�t�o�r�s� �c�o�n�s�i�d�e�r�a�t�i�o�n�s� �c�a�n� �a�i�d� 

�i�n� �t�h�e� �o�p�t�i�m�a�l� �r�e�d�u�c�t�i�o�n� �o�f� �h�a�z�a�r�d�s� �t�o� �t�h�e� �c�r�e�w� �a�n�d� �s�p�a�c�e�c�r�a�f�t�.� 

�A�n� �o�c�c�u�r�r�e�n�c�e� �o�f� �s�e�r�i�o�u�s� �t�o�x�i�c� �e�v�e�n�t�(�s�)� �c�a�n� �b�e� �m�i�n�i�m�i�z�e�d� �b�y� 

�c�o�n�s�i�d�e�r�i�n�g� �t�h�e� �f�o�l�l�o�w�i�n�g� �(�D�u�k�e� �a�n�d� �K�e�a�t�o�n�,� �1�9�8�6�)�:� 

�*� �R�e�l�i�a�b�l�e� �a�l�a�r�m� �s�y�s�t�e�m� �f�o�r� �w�a�r�n�i�n�g�s� 

�*� �O�p�t�i�m�a�l� �m�a�t�e�r�i�a�l� �s�e�l�e�c�t�i�o�n� 

�*� �E�n�s�u�r�i�n�g� �h�e�a�t� �s�t�a�b�i�l�i�t�y� �o�f� �m�a�t�e�r�i�a�l�s� 

�*� �P�r�o�p�e�r� �t�o�x�i�c� �c�h�e�m�i�c�a�l� �c�o�n�t�a�i�n�m�e�n�t� 

�*� �P�r�o�t�e�c�t�i�v�e� �c�l�o�t�h�i�n�g� �f�o�r� �m�a�t�e�r�i�a�l�s� �h�a�n�d�l�i�n�g� 

�*� �"�S�a�f�e� �H�a�v�e�n�"� �f�o�r� �e�m�e�r�g�e�n�c�i�e�s� 

�A�d�e�q�u�a�t�e� �p�r�o�v�i�s�i�o�n�s� �f�o�r� �a�t�m�o�s�p�h�e�r�i�c� �p�u�r�g�i�n�g� �a�n�d� �r�e�v�i�t�a�l�i�z�a�t�i�o�n� 

�a�r�e� �a�l�s�o� �i�m�p�o�r�t�a�n�t�.� �T�h�e� �H�M�F� �s�h�o�u�l�d� �b�e� �c�o�n�c�e�i�v�e�d� �w�i�t�h� �t�h�e� �i�d�e�a� 

�t�h�a�t� �s�u�c�h� �t�o�x�i�c� �c�o�n�t�a�m�i�n�a�n�t�s� �m�a�y� �h�a�v�e� �p�a�r�t�i�c�u�l�a�r� �m�e�d�i�c�a�l� �s�e�q�u�e�l�a�e� 

�r�e�s�u�l�t�i�n�g� �f�r�o�m� �t�h�e�m�.� �A�s� �t�h�e� �H�M�F� �c�o�n�c�e�p�t� �e�v�o�l�v�e�s� �t�h�r�o�u�g�h� 

�e�x�p�e�r�i�e�n�c�e� �o�n� �l�o�n�g�-�d�u�r�a�t�i�o�n� �s�h�u�t�t�l�e� �f�l�i�g�h�t�s� �a�n�d� �t�h�e� �s�p�a�c�e� 

�s�t�a�t�i�o�n�,� �a� �b�e�t�t�e�r� �u�n�d�e�r�s�t�a�n�d�i�n�g� �o�f� �t�h�e� �n�e�e�d�s� �f�o�r� �a� �t�r�i�p� �t�o� �m�a�r�s� 

�w�i�l�l� �b�e� �g�a�i�n�e�d�.



�1�0�2� 

�A�n�o�t�h�e�r� �i�m�p�o�r�t�a�n�t� �a�s�p�e�c�t� �o�f� �o�p�e�r�a�t�i�o�n�a�l� �m�e�d�i�c�a�l� �p�r�o�b�l�e�m� 

�d�e�f�i�n�i�t�i�o�n� �i�n�v�o�l�v�e�s� �a�s�s�e�s�s�i�n�g� �t�h�e� �r�i�s�k�s� �f�o�r� �c�e�r�t�a�i�n� �d�i�s�e�a�s�e�s� �t�o� 

�o�c�c�u�r�.� �A�f�t�e�r� �t�h�e� �l�i�k�e�l�i�h�o�o�d� �o�f� �c�e�r�t�a�i�n� �m�e�d�i�c�a�l� �i�s�s�u�e�s� �a�r�i�s�i�n�g� 

�r�e�q�u�i�r�i�n�g� �t�r�e�a�t�m�e�n�t� �h�a�s� �b�e�e�n� �e�v�a�l�u�a�t�e�d�,� �t�h�e� �H�M�F� �s�u�p�p�o�r�t� �e�l�e�m�e�n�t�s� 

�n�e�e�d�e�d� �c�a�n� �b�e� �m�o�r�e� �f�u�l�l�y� �a�s�c�e�r�t�a�i�n�e�d�.� �D�e�C�a�m�p�l�i� �(�1�9�8�6�)� �l�i�s�t�s� �t�h�e� 

 ��e�n�d�o�g�e�n�o�u�s �� �p�r�o�b�l�e�m�s� �n�o�r�m�a�l�l�y� �r�e�q�u�i�r�i�n�g� �h�o�s�p�i�t�a�l�i�z�a�t�i�o�n� �t�h�a�t� �m�a�y� 

�a�r�i�s�e� �d�u�r�i�n�g� �a� �3�-�y�e�a�r� �m�i�s�s�i�o�n� �t�o� �m�a�r�s� �w�i�t�h� �a� �c�r�e�w� �o�f� �7� �(�f�o�u�r� �m�e�n� 

�a�n�d� �t�h�r�e�e� �w�o�m�e�n�)�.� �T�h�e� �r�e�s�u�l�t�s� �a�r�e� �l�i�s�t�e�d� �i�n� �T�a�b�l�e� �1�2�.� �M�a�n�y� �o�f� 

�t�h�e�s�e� �p�r�o�b�l�e�m�s� �a�r�e� �u�n�d�e�t�e�c�t�a�b�l�e� �b�y� �c�u�r�r�e�n�t� �s�c�r�e�e�n�i�n�g� �p�r�o�c�e�s�s�e�s�.� 

�I�n�d�e�e�d�,� �l�o�n�g�-�d�u�r�a�t�i�o�n� �m�i�s�s�i�o�n�s� �m�a�y� �a�l�l�o�w� �e�n�o�u�g�h� �t�i�m�e� �f�o�r� 

�n�o�n�e�x�i�s�t�a�n�t�/�u�n�d�e�t�e�c�t�e�d� �c�a�n�c�e�r�s� �o�r� �o�t�h�e�r� �p�r�o�b�l�e�m�s� �t�o� �b�e�c�o�m�e� �w�o�r�s�e� 

�t�h�a�t� �m�a�y� �n�o�t� �h�a�v�e� �b�e�e�n� �a� �f�a�c�t�o�r� �a�t� �l�i�f�t�o�f�f�.� �D�i�f�f�i�c�u�l�t�i�e�s� �w�i�t�h� 

�t�h�e� �i�m�m�u�n�e� �s�y�s�t�e�m�,� �s�u�c�h� �a�s� �a�n� �a�u�t�o�i�m�m�u�n�e� �r�e�a�c�t�i�o�n� �t�h�a�t� �c�o�u�l�d� 

�c�a�u�s�e� �k�i�d�n�e�y� �f�a�i�l�u�r�e� �m�a�y� �b�e�c�o�m�e� �d�a�n�g�e�r�o�u�s� �i�n� �t�h�r�e�e� �y�e�a�r�s�.� �O�t�h�e�r� 

�a�u�t�h�o�r�s� �(�N�e�l�s�o�n�,� �G�a�r�d�n�e�r�,� �O�s�t�l�e�r�,� �S�c�h�u�l�t�z�,� �a�n�d� �L�o�g�a�n�,� �1�9�9�0�)� �h�a�v�e� 

�e�v�a�l�u�a�t�e�d� �t�h�e� �m�o�s�t� �l�i�k�e�l�y� �m�e�d�i�c�a�l� �p�r�o�b�l�e�m�s� �t�o� �a�r�i�s�e� �f�o�r� �s�p�a�c�e� 

�s�t�a�t�i�o�n� �a�s�t�r�o�n�a�n�t�s� �u�s�i�n�g� �a�n�a�l�o�g�o�u�s� �m�i�l�i�t�a�r�y� �p�o�p�u�l�a�t�i�o�n�s� �a�n�d� 

�s�p�e�c�i�a�l�i�z�e�d� �f�i�l�t�e�r�i�n�g� �t�e�c�h�n�i�q�u�e�s� �f�o�r� �e�n�h�a�n�c�i�n�g� �t�h�e� �a�t�t�r�i�b�u�t�e�s� �o�f� 

�t�h�e� �s�p�a�c�e� �s�t�a�t�i�o�n� �w�h�e�r�e� �h�e�a�l�t�h� �i�m�p�a�c�t� �w�a�s� �c�o�n�c�e�r�n�e�d�.� �T�h�e�i�r� 

�a�n�a�l�y�s�e�s� �r�e�v�e�a�l�e�d� �t�h�a�t� �c�a�r�d�i�a�c� �e�v�e�n�t�s�,� �m�u�s�c�u�l�o�s�k�e�l�e�t�a�l� �i�n�j�u�r�i�e�s�,� 

�a�f�f�e�c�t�i�v�e� �p�s�y�c�h�o�s�i�s�,� �a�n�d� �r�e�n�a�l� �c�a�l�c�u�l�i� �w�e�r�e� �a�m�o�n�g� �t�h�e� �h�i�g�h�e�s�t� 

�s�c�o�r�i�n�g� �c�a�t�e�g�o�r�i�e�s� �i�n� �t�e�r�m�s� �o�f� �p�r�o�b�a�b�i�l�i�t�y� �o�f� �o�c�c�u�r�r�e�n�c�e� �(�s�e�e� 

�T�a�b�l�e� �1�3�)�.� �T�h�e� �N�e�l�s�o�n� �e�t� �a�l�.� �(�1�9�9�0�)� �r�e�s�u�l�t�s� �c�o�m�p�a�r�e� �f�a�v�o�r�a�b�l�y� �t�o� 

�t�h�e� �S�o�v�i�e�t�s�  ��l�i�m�i�t�e�d �� �o�p�e�r�a�t�i�o�n�a�l� �e�x�p�e�r�i�e�n�c�e�.� �O�n� �t�w�o� �o�c�c�a�s�i�o�n�s�,� 

�o�n�c�e� �d�u�e� �t�o� �c�a�r�d�i�a�c� �a�r�r�h�y�t�h�m�i�a�s� �a�n�d� �o�n�c�e� �d�u�e� �t�o� �a�n� �u�n�d�i�s�c�l�o�s�e�d� 

�i�l�l�n�e�s�s�,� �t�h�e� �S�o�v�i�e�t�s� �h�a�d� �t�o� �e�x�p�e�d�i�o�u�s�l�y� �r�e�t�u�r�n� �c�o�s�m�o�n�a�n�t�s� �t�o� �t�h�e� 

�E�a�r�t�h� �(�C�a�n�b�y�,� �1�9�8�6�;� �R�a�y�m�o�n�d�,� �1�9�8�8�)�.� �F�o�r� �t�h�e� �U�.�S�.� �s�p�a�c�e� �p�r�o�g�r�a�m�,



�D�I�A�G�N�O�S�I�S� 

�G�a�s�t�r�o�i�n�t�e�s�t�i�n�a�l� 

�C�a�r�d�i�o�v�a�s�c�u�l�a�r� 

�G�e�n�i�t�o�u�r�i�n�a�r�y� 

�M�u�s�c�u�l�o�s�k�e�l�e�t�a�l� 

�R�e�s�p�i�r�a�t�o�r�y� 

�C�a�n�c�e�r� 

�M�e�n�t�a�l� �d�i�s�o�r�d�e�r�s� 

�S�U�R�G�I�C�A�L� �P�R�O�C�E�D�U�R�E�S� 

�G�y�n�e�c�o�l�o�g�i�c�a�l� 

�G�a�s�t�r�o�i�n�t�e�s�t�i�n�a�l� 

�A�c�u�t�e� �a�p�p�e�n�d�i�c�i�t�i�s� 

�M�u�s�c�u�l�o�s�k�e�l�e�t�a�l� 

�O�p�t�h�a�m�o�l�o�g�i�c�a�l� 
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�1�0�4� 

�T�A�B�L�E� �1�3� 

�F�I�N�A�L� �T�O�P� �2�0� �C�A�T�E�G�O�R�I�E�S� �B�Y� �O�P�T�I�M�I�Z�E�D� �M�E�D�I�C�A�L� �I�M�P�A�C�T� �S�C�O�R�E� 

�C�O�M�B�I�N�I�N�G� �A�R�M�Y� �A�N�D� �N�A�V�Y� �D�A�T�A�,� �A�F�T�E�R� �A�D�J�U�S�T�M�E�N�T� �F�O�R� �D�E�M�O�G�R�A�P�H�I�C� 

�A�N�D� �E�N�V�I�R�O�N�M�E�N�T�A�L� �D�I�F�F�E�R�E�N�C�E�S� �V�E�R�S�U�S� �S�P�A�C�E� �S�T�A�T�I�O�N� 

�R�a�n�k� �C�a�t�e�g�o�r�y� �N�a�m�e� 

�l� �C�a�r�d�i�a�c� �d�y�s�r�h�y�t�h�m�i�a�s� 
�2� �A�c�u�t�e� �m�y�o�c�a�r�d�i�a�l� �i�n�f�a�r�c�t�i�o�n� 
�3� �G�e�n�e�r�a�l� �s�y�m�p�t�o�m�s� 
�4� �D�i�s�o�r�d�e�r�s� �o�f� �b�a�c�k�,� �o�t�h�e�r� �a�n�d� 

�u�n�s�p�e�c�i�f�i�e�d� 
�5� �I�n�t�e�r�n�a�l� �d�e�r�a�n�g�e�m�e�n�t� �o�f� �k�n�e�e� 
�6� �D�i�s�o�r�d�e�r�s� �o�f� �b�o�n�e� �a�n�d� �c�a�r�t�i�l�a�g�e� 
�7� �D�e�r�a�n�g�e�m�e�n�t� �o�f� �j�o�i�n�t�,� �o�t�h�e�r� 
�8� �I�n�t�e�r�v�e�r�t�e�b�r�a�l� �d�i�s�c� �d�i�s�o�r�d�e�r�s� 
�9� �A�f�f�e�c�t�i�v�e� �p�s�y�c�h�o�s�e�s� 

�1�0� �S�a�r�c�o�i�d�o�s�i�s� 
�l�l� �E�r�y�t�h�e�m�a�t�o�u�s� �c�o�n�d�i�t�i�o�n�s� 
�1�2� �D�i�s�o�r�d�e�r�s� �o�f� �j�o�i�n�t�,� �o�t�h�e�r� �a�n�d� 

�u�n�s�p�e�c�i�f�i�e�d� 
�1�3� �V�i�r�a�l� �h�e�p�a�t�i�t�i�s� 
�1�4� �C�a�l�c�u�l�u�s� �o�f� �k�i�d�n�e�y� �a�n�d� �u�r�e�t�e�r� 
�1�5� �D�i�s�o�r�d�e�r�s� �o�f� �m�u�s�c�l�e�,� �l�i�g�a�m�e�n�t�,� 

�a�n�d� �f�a�s�c�i�a� 
�1�6� �D�i�s�o�r�d�e�r�s� �o�f� �s�o�f�t� �t�i�s�s�u�e�s�,� �o�t�h�e�r� 
�1�7� �E�s�s�e�n�t�i�a�l� �h�y�p�e�r�t�e�n�s�i�o�n� 
�1�8� �A�c�u�t�e� �p�u�l�m�o�n�a�r�y� �h�e�a�r�t� �d�i�s�e�a�s�e� 
�1�9� �C�a�u�s�e�s� �o�f� �m�o�r�b�i�d�i�t�y� �a�n�d� 

�m�o�r�t�a�l�i�t�y�,� �o�t�h�e�r� �i�l�l�-�d�e�f�i�n�e�d� 
�a�n�d� �u�n�s�p�e�c�i�f�i�e�d� 

�2�0� �D�e�p�r�e�s�s�i�v�e� �d�i�s�o�r�d�e�r�,� �n�o�t� �e�l�s�e�-� 
�w�h�e�r�e� �c�l�a�s�s�i�f�i�e�d� 

�A�d�a�p�t�e�d� �f�r�o�m� �N�e�l�s�o�n� �e�t� �a�l� �(�1�9�9�0�)�.



�1�0�5� 

�t�h�e� �c�o�s�t� �o�f� �a� �S�p�a�c�e� �S�h�u�t�t�l�e� �r�e�s�c�u�e� �f�r�o�m� �t�h�e� �s�p�a�c�e� �s�t�a�t�i�o�n� �i�s� 

�e�s�t�i�m�a�t�e�d� �t�o� �b�e� �1�0�0�-�3�0�0� �m�i�l�l�i�o�n� �d�o�l�l�a�r�s� �(�R�a�y�m�o�n�d�,� �1�9�8�8�)�.� �T�h�e� 

�s�p�e�c�t�r�e� �o�f� �a�n� �"�u�n�n�e�c�e�s�s�a�r�y�"� �s�p�a�c�e� �r�e�s�c�u�e� �i�s� �o�n�e� �o�f� �s�e�v�e�r�a�l� 

�r�e�a�s�o�n�s� �t�h�a�t� �a�n� �a�d�e�q�u�a�t�e� �H�M�F� �s�h�o�u�l�d� �b�e� �a� �p�a�r�t� �o�f� �t�h�e� �o�v�e�r�a�l�l� 

�S�p�a�c�e� �s�t�a�t�i�o�n� �c�o�n�c�e�p�t�.�  ��F�r�o�n�t�-�e�n�d�"� �s�k�i�m�p�i�n�g� �o�n� �H�M�F� �c�a�p�a�b�i�l�i�t�y� 

�f�r�o�m� �a� �s�y�s�t�e�m�s� �s�t�a�n�d�p�o�i�n�t� �m�i�g�h�t� �s�a�v�e� �a� �f�e�w� �d�o�l�l�a�r�s� �i�n�i�t�i�a�l�l�y� �b�u�t� 

�h�a�v�e� �v�e�r�y� �s�e�r�i�o�u�s� �c�o�n�s�e�q�u�e�n�c�e�s� �l�a�t�e�r� �i�n� �a�n� �o�p�e�r�a�t�i�o�n�a�l� 

�e�n�v�i�r�o�n�m�e�n�t�.� �T�h�e� �e�f�f�e�c�t�s� �o�n� �g�r�o�u�p� �d�y�n�a�m�i�c�s� �o�f� �h�a�v�i�n�g� �t�o� �t�a�k�e� 

�c�a�r�e� �o�f� �a� �c�h�r�o�n�i�c�a�l�l�y�-�i�l�l� �o�r� �d�i�s�a�b�l�e�d� �c�r�e�w�m�e�m�b�e�r� �o�n� �a� �l�o�n�g�-� 

�d�u�r�a�t�i�o�n� �m�i�s�s�i�o�n� �i�s� �l�a�r�g�e�l�y� �u�n�k�n�o�w�n�.� �W�h�a�t� �i�s� �c�l�e�a�r�,� �h�o�w�e�v�e�r�,� �i�s� 

�t�h�a�t� �t�h�e� �c�r�e�w� �s�e�l�e�c�t�i�o�n� �p�r�o�c�e�s�s� �m�u�s�t� �a�c�c�o�u�n�t� �f�o�r� �t�h�e� �l�o�s�s� �o�f� �e�a�c�h� 

�o�f� �t�h�e� �t�e�a�m� �m�e�m�b�e�r�s� �a�n�d� �t�h�e� �s�k�i�l�l� �t�h�a�t� �e�a�c�h� �i�n�d�i�v�i�d�u�a�l� 

�c�o�n�t�r�i�b�u�t�e�s� �t�o� �t�h�a�t� �m�i�s�s�i�o�n�.� �T�h�e�r�e�f�o�r�e�,� �a� �m�i�s�s�i�o�n� �d�o�c�t�o�r� �m�i�g�h�t� 

�b�e� �c�r�o�s�s�-�t�r�a�i�n�e�d� �a�s� �a� �g�e�o�l�o�g�i�s�t� �o�r� �a� �p�i�l�o�t� �t�a�u�g�h�t� �c�r�e�w� �m�e�d�i�c�a�l� 

�o�f�f�i�c�e�r� �s�k�i�l�l�s�.� 

�e� �S�t�a�t�i� �M�e�d�i�c�a�l� �S�u�p�p�o�r� 

�T�h�e� �r�e�q�u�i�r�e�m�e�n�t�s� �f�o�r� �s�p�a�c�e� �s�t�a�t�i�o�n� �m�e�d�i�c�a�l� �s�u�p�p�o�r�t� �a�r�e� �b�a�s�e�d� 

�o�n� �m�a�n�y� �f�a�c�t�o�r�s�.� �A� �s�y�s�t�e�m�s� �p�e�r�s�p�e�c�t�i�v�e� �r�e�q�u�i�r�e�s� �t�h�a�t� �t�h�e� �H�M�F� �o�n� 

�t�h�e� �s�p�a�c�e� �s�t�a�t�i�o�n� �h�a�v�e� �a� �s�u�b�s�t�a�n�t�i�a�l� �a�m�o�u�n�t� �o�f� �g�r�o�u�n�d� �s�u�p�p�o�r�t� 

�i�n�f�r�a�s�t�r�u�c�t�u�r�e�.� �S�o�m�e� �o�f� �t�h�e� �f�a�c�t�o�r�s� �w�h�i�c�h� �i�m�p�a�c�t� �t�h�e� 

�r�e�q�u�i�r�e�m�e�n�t�s� �f�o�r� �s�u�c�h� �s�u�p�p�o�r�t� �a�r�e� �c�r�e�w� �s�i�z�e�,� �t�h�e� �o�r�g�a�n�i�z�a�t�i�o�n�a�l� 

�a�r�c�h�i�t�e�c�t�u�r�e� �o�f� �N�A�S�A� �L�i�f�e� �S�c�i�e�n�c�e�s� �D�i�v�i�s�i�o�n�,� �a�n�d� �t�h�e� �o�v�e�r�a�l�l� �N�A�S�A� 

�o�p�e�r�a�t�i�o�n�a�l� �m�e�d�i�c�a�l� �s�y�s�t�e�m� �(�s�e�e� �T�a�b�l�e� �1�4�)�.� �S�i�m�i�l�a�r� �s�u�p�p�o�r�t� 

�f�a�c�t�o�r�s� �f�o�r� �a� �l�o�n�g�-�d�u�r�a�t�i�o�n� �m�i�s�s�i�o�n� �t�o� �m�a�r�s� �w�i�l�l� �b�e� �c�o�n�c�e�i�v�e�d� 

�w�i�t�h� �t�h�e� �m�a�i�n� �e�x�c�e�p�t�i�o�n� �b�e�i�n�g� �t�h�a�t� �m�u�c�h� �m�o�r�e� �s�e�l�f�-�a�u�t�o�n�o�m�y� �w�i�l�]� 

�b�e� �r�e�q�u�i�r�e�d� �f�o�r� �t�h�e� �H�M�F� �i�n� �t�h�a�t� �s�y�s�t�e�m�.
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�T�A�B�L�E� �1�4� 

�M�E�D�I�C�A�L� �A�N�D� �L�O�G�I�S�T�I�C�S� �S�U�P�P�O�R�T� �R�E�Q�U�I�R�E�M�E�N�T�S� �F�O�R� �S�P�A�C�E� �S�T�A�T�I�O�N� 

�M�e�d�i�c�a�l� �S�u�p�p�o�r�t� �C�o�n�s�i�d�e�r�a�t�i�o�n�s� 

�C�r�e�w� �S�i�z�e� �a�n�d� �R�o�t�a�t�i�o�n� 
�S�p�a�c�e� �S�t�a�t�i�o�n� �C�r�e�w� �J�o�b�s� 
�M�e�d�i�c�a�l� �S�e�l�e�c�t�i�o�n� �a�n�d� �A�n�n�u�a�l� 
�C�e�r�t�i�f�i�c�a�t�i�o�n� �S�t�a�n�d�a�r�d�s� 
�A�u�t�o�n�o�m�y� �a�n�d� �G�r�o�u�n�d� �S�u�p�p�o�r�t� 
�P�s�y�c�h�o�l�o�g�i�c�a�l� �S�u�p�p�p�o�r�t� 

�C�o�m�m�u�n�i�c�a�t�i�o�n� 
�L�a�u�n�c�h� �a�n�d� �L�a�n�d�i�n�g� �S�i�t�e� 
�R�e�q�u�i�r�e�m�e�n�t�s� 
�O�r�g�a�n�i�z�a�t�i�o�n� �o�f� �L�i�f�e� 
�S�c�i�e�n�c�e�s� �a�n�d� �M�e�d�i�c�a�l� 
�O�p�e�r�a�t�i�o�n� �S�y�s�t�e�m� �f�o�r� 
�S�p�a�c�e� �S�t�a�t�i�o�n� �E�r�a� 

�L�o�g�i�s�t�i�c�s� �S�u�p�p�o�r�t� �R�e�q�u�i�r�e�m�e�n�t�s� 

�F�o�o�d� 
�P�o�t�a�b�l�e� �W�a�t�e�r� 
�E�c�l�s�s� �G�a�s�e�s� �a�n�d� �L�i�q�u�i�d�s� 
�F�u�e�l�/�P�r�o�p�e�l�l�a�n�t� �O�p�e�r�a�t�i�o�n� 
�L�i�f�e� �S�c�i�e�n�c�e� �a�n�d� �M�e�d�i�c�a�l� �C�a�r�e� 
�T�e�c�h�n�o�l�o�g�y� �E�x�p�e�r�i�m�e�n�t�s� 
�D�r�u�g�s�,� �I�V� �F�l�u�i�d� �S�h�e�l�f� �L�i�f�e�,� 
�Q�u�a�l�i�t�y� �C�o�n�t�r�o�l�,� �a�n�d� �I�n�v�e�n�t�o�r�y� 

�B�i�o�w�a�s�t�e�s� �a�n�d� �I�n�d�u�s�t�r�i�a�l� 
�H�a�z�a�r�d�o�u�s� �W�a�s�t�e�s� �A�b�o�a�r�d� 
�S�t�a�t�i�o�n�,� �S�t�o�r�a�g�e�,� 
�T�r�a�n�s�f�e�r�,� �a�n�d� �D�i�s�p�o�s�a�l� 
�A�n�i�m�a�l�s�,� �P�l�a�n�t�s�,� �a�n�d� 
�O�t�h�e�r� �B�i�o�l�o�g�i�c�a�l� 
�E�x�p�e�r�i�m�e�n�t�a�l� �S�u�b�j�e�c�t�s� 
�M�e�d�i�c�a�l�/�L�i�f�e� �S�c�i�e�n�c�e� 
�L�o�g�i�s�t�i�c�s� �S�y�s�t�e�m� �f�o�r� 
�K�e�n�n�e�d�y� �S�p�a�c�e� �C�e�n�t�e�r� 

�A�d�a�p�t�e�d� �f�r�o�m� �F�u�r�u�k�a�w�a� �a�n�d� �B�u�c�h�a�n�a�n� �(�1�9�8�6�)�.



�1�0�7� 

�L�o�g�i�s�t�i�c�a�l� �i�s�s�u�e�s� �c�a�n�n�o�t� �b�e� �f�o�r�g�o�t�t�e�n� �d�u�r�i�n�g� �H�M�F� �s�y�s�t�e�m� 

�d�e�v�e�l�o�p�m�e�n�t�.� �A�s�p�e�c�t�s� �o�f� �o�v�e�r�a�l�l� �s�t�a�t�i�o�n� �s�u�p�p�o�r�t� �m�u�s�t� �b�e� 

�c�o�n�s�i�d�e�r�e�d� �a�s� �t�h�e� �s�u�p�e�r�s�e�t� �o�f� �m�e�d�i�c�a�l� �s�u�p�p�o�r�t� �c�o�n�c�e�r�n�s� �f�o�r� 

�p�l�a�n�n�i�n�g� �p�u�r�p�o�s�e�s�.� �F�o�r� �a� �t�r�i�p� �t�o� �m�a�r�s�,� �t�h�e� �l�o�g�i�s�t�i�c�s� �o�f� �t�h�e� 

�m�e�d�i�c�a�l� �s�u�p�p�o�r�t� �c�a�p�a�b�i�l�i�t�y� �b�e�c�o�m�e�s� �a� �g�r�e�a�t�e�r� �p�r�i�o�r�i�t�y� �a�s� �t�h�e� �H�M�F� 

�e�v�o�l�v�e�s� �w�i�t�h� �m�o�r�e� �a� �p�r�i�o�r�i� �a�u�t�o�n�o�m�y�.� �I�n�t�e�g�r�a�t�i�v�e� �s�t�a�t�i�o�n� �s�u�p�p�o�r�t� 

�s�y�s�t�e�m�s� �i�n�c�l�u�d�e� �t�h�e� �i�n�t�e�r�f�a�c�e�s� �w�i�t�h� �t�h�e� �m�e�d�i�c�a�l� �c�o�n�c�e�r�n�s� 
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�s�u�r�g�e�r�y� �a�t� �s�o�m�e� �p�o�i�n�t� �d�u�r�i�n�g� �t�h�e� �j�o�u�r�n�e�y�.� �F�o�r� �t�h�i�s� �r�e�a�s�o�n� �a�n�d� 

�o�t�h�e�r�s� �(�s�u�c�h� �a�s� �a�c�c�i�d�e�n�t�a�l� �t�r�a�u�m�a� �t�o� �t�h�e� �b�o�d�y�)�,� �t�h�e� �H�M�F� �f�o�r� �a� 

�m�a�r�s� �m�i�s�s�i�o�n� �m�u�s�t� �h�a�v�e� �s�u�r�g�i�c�a�l� �c�a�p�a�b�i�l�i�t�y�.� �T�h�e� �s�u�r�g�i�c�a�l� 
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�a�d�d�i�t�i�o�n�a�l� �c�o�n�s�u�l�t�a�t�i�o�n� �a�n�d� �i�n�t�e�l�l�e�c�t�u�a�l� �a�u�g�m�e�n�t�a�t�i�o�n� �(�S�t�e�w�a�r�t�,� 

�1�9�9�1�;� �R�a�y�m�a�n�,� �1�9�9�1�)�.� �A�t� �p�r�e�s�e�n�t�,� �n�o� �o�n�e� �f�u�l�l�y� �u�n�d�e�r�s�t�a�n�d�s� �w�h�a�t� 
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�t�h�e� �h�u�m�a�n� �f�a�c�t�o�r�.� �B�e�c�a�u�s�e� �t�h�e�y� �a�f�f�e�c�t� �a�n�d� �s�u�p�p�o�r�t� �t�h�e� �h�u�m�a�n� 

�b�e�i�n�g�,� �t�h�e�s�e� �s�y�s�t�e�m�s� �f�u�n�c�t�i�o�n�s� �m�u�s�t� �b�e� �d�e�v�e�l�o�p�e�d� �w�i�t�h� �h�u�m�a�n� 

�f�a�c�t�o�r�s� �c�o�n�s�i�d�e�r�a�t�i�o�n�s� �a�s� �c�e�n�t�r�a�l� �t�e�n�e�t�s� �o�f� �t�h�e� �p�r�o�c�e�s�s�.� 
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�p�e�r�f�o�r�m�a�n�c�e� �d�e�c�r�e�m�e�n�t�s� �i�s� �t�o� �s�h�o�r�t�e�n� �t�h�e� �t�r�i�p� �t�i�m�e� �t�o� �m�a�r�s�.� �A�t� 

�p�r�e�s�e�n�t� �t�h�e� �o�n�l�y� �m�e�t�h�o�d� �b�y� �w�h�i�c�h� �t�o� �r�e�d�u�c�e� �t�h�e� �t�i�m�e� �f�o�r� �t�h�e� 

�j�o�u�r�n�e�y� �t�o� �m�a�r�s� �i�s� �n�u�c�l�e�a�r� �p�r�o�p�u�l�s�i�o�n�.� �S�h�o�r�t�e�n�i�n�g� �t�h�e� �t�r�a�n�s�i�t
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�C�O�U�N�T�E�R�M�E�A�S�U�R�E�S� 

�I�n�d�u�c�e� �a�r�t�i�f�i�c�i�a�l� �g�r�a�v�i�t�y� �w�i�t�h� 
�c�e�r�a�r�i�f�o�g�e�,� �r�o�t�a�t�i�n�g� �S�p�a�c�e� �S�t�a�t�i�o�n� �o�r� 
�i�n�e�a�r�-�g� 
�P�r�e�s�s�u�r�e� �s�u�i�t�s� �(�a�n�u�g�r�a�v�i�t�y� �s�u�i�t�)� 
�E�x�e�r�c�i�s�e� �d�e�v�i�c�e�s� �(�t�r�e�a�d�m�i�l�l�s�,� 
�e�r�g�o�m�e�t�e�z�s�)� 
�P�r�e�s�s�u�r�e� �c�u�f�f�s� �(�S�o�v�i�e�t�)� 
 ��C�h�i�b�i�s �� �v�a�c�u�n�m� �s�u�i�t� �(�S�o�v�i�e�t�)� 
�P�h�a�r�m�a�c�o�l�o�g�i�c�a�l� �a�g�e�r�u�s� 

�E�x�e�r�c�i�s�e� �p�r�o�g�r�a�m�s�/�d�e�v�i�c�e�s� 
 ��P�e�n�g�u�i�n �� �s�u�i�t� �(�S�o�v�i�e�t�)� 
�E�l�e�c�t�r�o�s�u�m�u�l�a�t�i�o�n� �(�S�o�v�i�e�t�)� 
�A�r�t�i�f�i�c�i�a�l� �g�r�a�v�n�y� 

�C�u�b�a�n� �B�o�o�t� �(�S�o�v�i�e�t�)� 
�H�e�a�d� �r�e�s�t�r�a�u�m�s� �(�S�o�v�i�e�t�)� 
�P�h�a�r�m�a�c�o�l�o�g�i�c�a�l� �a�g�e�n�t�s� 
�U�s�e� �o�f� �t�r�e�a�d�m�i�l�l� 

�I�n�c�r�e�a�s�e�d� �c�a�l�c�i�u�m� �c�o�n�s�u�m�p�u�o�n� 
�D�i�e�t�a�r�y� �s�u�p�p�i�e�m�e�n�t�s� 
�A�r�t�i�f�i�c�i�a�l� �g�r�a�v�i�t�y� 

�E�x�e�r�c�i�s�e� �p�r�o�g�r�a�m�s�/�d�e�v�i�c�e�s� 
�E�l�e�c�t�r�o�m�a�g�n�e�n�c� �s�u�m�u�l�a�n�o�n� 

�C�o�u�r�n�e�r�m�e�a�s�u�r�e�s� �u�n�i�n�o�w�n� 
�(�U�s�e� �o�f� �l�a�c�t�o�b�a�c�t�e�n�a� �d�e�n�v�a�n�v�e� �b�e�i�n�g� 
�e�x�p�l�o�r�e�d� �b�y� �t�h�e� �S�o�v�i�e�t�s�)� 

�C�o�u�n�t�e�r�m�e�a�s�u�r�e�s� �u�n�k�n�o�w�n� 

�C�o�r�s�r�o�i� �s�o�u�n�d� �s�o�u�r�c�e�s� �(�f�a�n�s�,� �m�o�t�o�r�s�)� 

�t�h�r�o�u�g�h� �d�e�n�g�n� 

�S�u�a�n�d�a�r�d�i�z�e� �w�o�r�k�/�r�e�s�t� �c�y�c�l�e�s� 
�S�t�a�n�d�a�r�d�i�z�e� �l�i�g�h�t�/�d�a�r�k� �c�y�c�i�e�s� 

�M�e�d�i�c�a�i� �P�r�o�t�o�c�o�i�s� 
�P�a�s�s�i�v�e� �s�h�i�e�l�d�i�n�g� �(�s�t�o�r�m� �s�h�e�l�t�e�r�s�)� 
�E�l�e�c�t�r�o�s�i�a�n�c� �a�n�d� �e�l�e�c�t�r�o�m�a�g�n�e�t�i�c� �h�i�e�k�d�i� 
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�F�r�o�m� �J�e�n�k�i�n�s� �(�1�9�9�2�)�.� 
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�P�a�s�t� �é�&� 
�S�P�A�C�E� �S�H�U�T�T�L�E� �E�R�A� 

�-� �T�I�P� �O�F� �T�H�E� �I�C�E�B�E�R�G� � � � � � 
�C�U�R�R�E�N�T� 

�C�O�U�N�T�E�R�M�E�A�S�U�R�E�S� 
�F�O�R� �P�H�Y�S�I�O�L�O�G�I�C�A�L� 
�C�H�A�N�G�E�S� �I�N� �S�P�A�C�E� 

� � � � � 

� � � � � � 
� � 
� � � �S�P�A�C�E� �S�T�A�T�I�O�N�S� 

�E�R�A� 

� � � � 

�P�S�Y�C�H�O�/�B�E�H�A�V�I�O�R�A�L� 

�H�A�S�I�T�A�B�I�L�I�T�Y� 

�H�E�A�L�T�H� �M�A�I�N�T�E�N�A�N�C�E�/�M�E�D�I�C�A�L�-� 
�C�A�R�E�-�I�N�-�S�P�A�C�E� 

�e� �E�X�P�A�N�D�E�D� �H�U�M�A�N� �C�A�P�A�B�I�L�I�T�Y� 
�(�P�H�Y�S�I�C�A�L� �&� �M�E�N�T�A�L�)� 

�R�E�P�E�A�T�E�D� �E�V�A� 

�C�R�E�W� �T�R�A�N�S�F�E�R� �A�N�D� �R�E�S�C�U�E� 

�R�E�P�E�A�T�E�D� �S�P�A�C�E� �M�I�S�S�I�O�N�S� 

�M�A�N�-�M�A�C�H�I�N�E� �S�Y�M�B�I�O�S�I�S� 

�A�U�T�O�N�O�M�Y�/�G�R�O�U�N�D� �S�U�P�P�O�R�T�/�L�O�G�S�T�I�C�S� 

�B�R�O�A�D�E�R� �B�A�S�E� �F�O�R� �C�R�E�W� �S�E�L�E�C�T�I�O�N� 

� � 

� � � � � � 

� � � � � � � � � 

� � � � � � � � � � � � � � � � 
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� � � 

� � � � 

�F�i�g�u�r�e� �1�4�.� �C�u�r�r�e�n�t� �C�o�n�c�e�p�t�s� �o�f� �C�o�u�n�t�e�r�m�e�a�s�u�r�e�s� 
�a�r�e� �t�h�e� �T�i�p� �o�f� �t�h�e� �I�c�e�b�e�r�g� �i�n� �T�e�r�m�s� �o�f� �t�h�e� 
�R�e�s�p�o�n�s�e�s� �o�f� �t�h�e� �V�a�r�i�o�u�s� �S�y�s�t�e�m� �A�t�t�r�i�b�u�t�e�s�.� 

�A�d�a�p�t�e�d� �f�r�o�m� �F�u�r�u�k�a�w�a� �a�n�d� �B�u�c�h�a�n�a�n� �(�1�9�8�4�)�.



�T�E�C�H�N�O�L�O�G�Y� �N�E�E�D�S� �F�O�R� 

�1�1�1� 

�T�A�B�L�E� �1�6� 

�L�O�N�G�-�D�U�R�A�T�I�O�N� �M�I�S�S�I�O�N� �F�U�N�C�T�I�O�N�S� 

� � 

� � 

�F�U�N�C�T�I�O�N� 

�C�o�n�t�r�o�i� �O�v�e�r�a�l�l� �L�i�f�e� �S�u�p�p�o�r�t� �°� 

�T�e�m�p�e�r�a�t�u�r�e� �a�n�d� �H�u�m�i�d�i�t�y� �C�o�n�t�r�o�/� �°� 

�A�t�m�o�s�p�h�e�r�i�c� �R�e�v�i�t�a�l�i�z�a�n�o�n� �°� 

�(�C�O�,� �c�o�n�t�r�o�l�/�r�e�m�o�v�a�l�/�r�e�d�u�c�t�i�o�n�,� �0�2� 
�a�n�d� �H�>� �m�a�k�e�u�p�,� �t�r�a�c�e� �g�a�s� 
�m�o�n�u�o�n�n�g� �a�n�d� �c�o�n�r�r�o�i�)� �°� 

�F�o�o�d� �S�u�p�p�l�y� �°� 
�(�S�t�o�r�a�g�e�,� �p�r�o�c�e�s�s�i�n�g�/�p�r�e�p�a�r�a�n�o�n�,� �°� 
�g�r�o�w�t�h� �c�h�a�m�b�e�r�s�)� 

�W�a�t�e�r� �M�a�n�a�g�e�m�e�n�t� �.� 
�(�W�a�s�t�e� �w�a�t�e�r� �c�o�l�l�e�c�t�i�o�n�/�p�r�o�c�e�s�s�i�n�g�,� �°� 
�w�a�l�t�e�r� �q�u�a�l�i�t�y� �m�o�m�t�o�r�i�n�g�,� 

�S�t�o�r�a�g�e� �a�n�d� �d�i�s�t�r�i�b�u�t�i�o�n� �o�f� �°� 
�T�o�c�o�v�e�r�e�x�i� �w�a�s�e�r�)� 

�W�a�s�t�e� �M�a�n�a�g�e�m�e�n� �®� 

�H�e�a�l�t�h� �M�a�i�n�t�e�n�a�n�c�e� �°� 

�R�a�d�i�a�n�o�n� �P�r�o�t�e�c�n�o�n� �°� 

�T�o�t�a�l� �S�y�s�t�e�m�s� �I�n�t�e�g�r�a�n�o�n� �°� 

�I�n�-�S�i�t�u� �R�e�s�o�u�r�c�e� �E�x�o�m�c�n�o�n� �°� 

�(�W�a�t�e�r�,� �o�x�y�g�e�n�,� �m�a�t�e�r�n�a�l�,� �e�t�c�)� 

�T�Y�P�I�C�A�L� 
�T�E�C�H�N�O�L�O�G�Y� �N�E�E�D�S� 

�O�r�d�e�r� �o�f� �m�a�g�n�i�u�d�e� �m�m�p�r�o�v�e�m�e�n�t� �i�n� �t�h�e� �r�e�l�i�a�b�i�l�i�t�y� �o�f� �t�h�e� �h�a�r�d�w�a�r�e� �t�o� 
�b�e� �u�t�i�l�i�z�e�d� �i�n� �l�o�n�g�-�d�u�r�a�t�i�o�n� �m�i�s�s�i�o�n�s� 

�I�n�v�e�s�t�i�g�a�t�e� �a�l�t�e�r�n�a�t�i�v�e�s� �t�o� �c�o�n�d�e�n�s�i�n�g� �b�e�a�t� �e�x�c�h�a�n�g�e�r�s� �i�.�e�.� �m�e�m�b�r�a�n�e� 
�s�e�p�a�r�a�i�o�r�s� 

�M�i�n�i�m�i�z�a�z�i�o�n� �o�f� �t�h�e� �w�e�i�g�h�t�,� �v�o�l�u�m�e� �a�n�d� �p�o�w�e�r� �d�e�m�a�n�d�s� �i�n� �c�l�o�s�i�n�g� �t�h�e� 
�C�O� �>� �l�o�o�p� �b�y� �e�l�e�c�t�r�o�c�h�e�m�i�c�a�l�,� �a�b�s�o�r�p�u�o�n�/�d�e�s�o�r�p�a�o�n�,� �o�r� �m�o�i�e�c�u�i�a�r� 

�D�e�v�e�l�o�p�m�e�n�t� �o�f� �l�o�n�g�-�d�u�r�a�t�i�o�n� �q�u�a�l�i�t�y� �m�o�m�t�o�r�i�n�g�,� �i�n�c�l�u�d�i�n�g� �s�e�n�s�o�r�s� 
�a�n�d� �c�o�n�t�r�o�i� �t�e�c�h�n�o�l�o�g�y� �f�o�r� �t�r�a�c�e� �c�o�m�a�m�i�n�a�n�t�s�,� �t�o�x�i�c� �c�o�m�p�o�u�n�d�s� �a�n�d� 
�p�a�h�o�g�e�n�s� �.� 

�D�e�v�e�l�o�p�m�e�n� �o�f� �c�l�o�s�e�d� �l�o�o�p� �b�i�o�r�e�g�e�n�e�r�a�n�v�e� �f�o�o�d� �p�r�o�d�u�c�t�i�o�n� �s�y�s�t�e�m�s� 
�D�e�v�e�l�o�p�m�e�n�t� �o�f� �a�u�t�o�m�a�t�e�d� �s�y�m�e�m�s� �f�o�r� �h�a�r�v�e�s�t�i�n�g� �a�n�d� �p�r�o�c�e�s�m�n�g� 
�e�d�i�b�l�e� �b�i�o�m�a�s�s� �o�r� �s�p�a�c�e� �c�r�o�p�s� 

�D�e�v�e�l�o�p�m�e�n�t� �o�f� �c�l�o�s�e�d� �l�o�o�p� �w�a�t�e�r� �r�e�c�y�c�l�i�n�g� �s�y�s�i�e�m�s� 
�I�n�v�e�s�t�i�g�a�t�i�o�n� �o�f� �a�l�t�e�r�n�a�t�i�v�e� �w�a�y�s� �t�o� �i�n�c�r�e�a�s�e� �e�f�f�i�c�i�e�n�c�y� �o�f� �w�a�t�e� 
�p�r�o�c�e�s�s�i�n�g� �e�q�u�i�p�m�e�s�t�,� �a�n�d� �r�e�d�u�c�e� �r�e�s�u�p�p�l�y� �n�e�e�d�s� 
�D�e�v�e�l�o�p�m�e�n�t� �o�f� �t�e�c�h�m�a�q�u�e�s� �f�o�r� �l�o�n�g�-�d�u�r�a�t�i�o�n� �q�u�a�l�i�t�y� �m�o�n�i�t�o�r�i�n�g� 

�D�e�v�e�l�o�p�m�e�n�:� �o�f� �w�a�s�t�e� �m�a�n�a�g�e�m�e�m� �s�y�s�t�e�m�s� �(�p�h�y�s�i�c�a�l�/�c�h�e�m�i�c�a�l� �o�r� 
�b�i�o�r�e�g�e�n�e�r�a�r�i�v�e�)� �t�o� �c�o�l�l�e�c�t�/�p�r�o�c�e�s�s� �u�r�i�n�e�,� �c�a�l�l�e�c�t�/�s�t�o�r�e� �f�e�c�a�l� �m�a�t�t�e�r� �a�n�d� 
�r�e�c�y�c�i�e� �w�a�s�t�e�,� �e�.�g�.�,� �s�u�p�e�r� �c�r�i�n�i�c�a�l� �w�a�t�e�r� �o�x�i�d�a�t�i�o�n� 

�D�e�v�e�l�o�p�m�e�n�t� �o�f� �p�e�r�s�o�n�a�l� �h�y�g�i�e�n�e�,� �e�x�e�r�c�i�s�e�,� 
�d�i�a�g�n�o�s�u�c�s�A�b�e�r�z�p�e�u�n�c�s�,� �a�n�d� �s�u�r�g�e�r�y�/�m�e�d�i�c�a�l� �a�i�d� �c�a�p�a�b�i�l�i�c�e�s� �f�o�r� 
�u�n�l�i�z�a�n�o�n� �i�n� �r�e�d�u�c�e�d� �g�r�a�v�i�t�y� �e�n�v�i�r�o�n�m�e�n�t�s� 

�D�e�v�e�l�o�p�m�e�n�t� �o�f� �s�h�i�e�l�d�i�n�g� �t�e�c�h�n�i�q�u�e�s� �w�i�t�h� �m�i�n�i�m�u�m� �w�e�i�g�h�t� �i�m�p�a�c�t� �o�n� 
�t�o�t�a�l� �s�p�e�c�e� �s�y�t�e�m� 

�D�e�v�e�l�o�p�m�e�n�t� �o�f� �i�n�t�e�g�r�a�t�e�d� �r�e�g�e�n�e�r�a�b�i�e� �l�i�f�e� �s�u�p�p�o�r�t� �s�y�s�t�e�m�s� 
�(�p�h�y�s�i�c�a�l�/�c�h�e�r�m�m�c�a�l� �a�n�d� �b�i�o�r�e�g�e�n�e�r�a�n�v�e�)� 
�D�e�v�e�l�o�p�m�e�n�t� �o�f� �a�n�a�l�y�t�i�c� �t�o�o�l�s�/�c�o�m�p�u�t�e�r� �m�o�d�e�l�s� �a�n�d� �e�x�p�e�r�i�m�e�n�t�a�l� 
�d�a�t�a�b�a�s�e� �m�o�d�e�l�s� �f�o�r� �s�y�s�t�e�m�s� �s�i�m�u�l�a�t�i�o�n� 
�D�e�v�e�i�c�o�p�u�n�e�n�t� �o�f� �i�n�s�e�g�r�m�t�e�d� �t�e�s�t�b�e�d�s� 

�D�e�v�e�l�o�p�m�e�n�t� �o�f� �t�e�c�h�n�i�q�u�e�s� �a�n�d� �p�r�o�c�e�s�s�e�s� �t�o� �e�x�t�r�a�c�t� �w�a�t�e�r�,� �o�x�y�g�e�n�,� 
�a�n�d� �o�t�h�e�r� �u�s�e�f�u�l� �m�a�t�e�r�i�a�l�s� �f�r�o�m� �t�h�e� �L�u�n�a�r� �a�n�d� �M�a�r�t�i�a�n� �s�u�r�f�a�c�e�s� 
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�F�r�o�m� �J�e�n�k�i�n�s� �(�1�9�9�2�)�.� 
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�1�1�2� 

�t�i�m�e� �t�o� �m�a�r�s� �a�l�s�o� �d�e�c�r�e�a�s�e�s� �t�h�e� �c�r�e�w�'�s� �e�x�p�o�s�u�r�e� �t�o� �g�a�l�a�c�t�i�c� 

�c�o�s�m�i�c� �r�a�d�i�a�t�i�o�n�.� �O�n�e� �e�s�p�e�c�i�a�l�l�y� �i�n�t�e�r�e�s�t�i�n�g� �s�e�t� �o�f� �m�i�s�s�i�o�n� 

�p�a�r�a�m�e�t�e�r�s� �c�a�l�l�s� �f�o�r� �1�2�0� �t�o� �1�8�0�-�d�a�y� �t�r�a�v�e�l�]� �p�e�r�i�o�d� �t�o� �m�a�r�s�,� 

�f�o�l�l�o�w�e�d� �b�y� �6�0�0� �d�a�y�s� �o�n� �m�a�r�s�,� �a�n�d� �a� �9�0�-�d�a�y� �r�e�t�u�r�n� �t�r�i�p�.� �T�h�e� 

�d�e�b�i�l�i�t�a�t�i�n�g� �e�f�f�e�c�t�s� �o�f� �z�e�r�o� �g�r�a�v�i�t�y� �p�r�e�s�u�m�a�b�l�y� �w�o�u�l�d� �b�e� �r�e�d�u�c�e�d� 

�b�y� �s�e�p�a�r�a�t�i�n�g� �t�h�e� �o�u�t�b�o�u�n�d� �a�n�d� �r�e�t�u�r�n� �t�r�i�p� �w�i�t�h� �p�r�o�d�u�c�t�i�v�e� �w�o�r�k� 

�o�n� �t�h�e� �1�/�3�-�g� �m�a�r�t�i�a�n� �s�u�r�f�a�c�e� �(�A�v�i�a�t�i�o�n� �W�e�e�k� �a�n�d� �S�p�a�c�e� �T�e�c�h�n�o�l�o�g�y�,� 

�1�9�9�1�b�)�.� 

�O�n�e� �o�f� �t�h�e� �m�a�i�n� �r�e�a�s�o�n�s� �t�h�a�t� �N�A�S�A� �i�s� �c�u�r�r�e�n�t�l�y� �p�u�r�s�u�i�n�g� �t�h�e� 

�n�u�c�l�e�a�r� �p�r�o�p�u�l�s�i�o�n� �o�p�t�i�o�n� �i�s� �t�h�a�t� �n�o�t� �e�n�o�u�g�h� �i�s� �k�n�o�w�n� �r�e�g�a�r�d�i�n�g� 

�t�h�e� �e�f�f�e�c�t�s� �o�f� �a�r�t�i�f�i�c�i�a�l� �g�r�a�v�i�t�y� �o�n� �w�h�i�c�h� �t�o� �b�a�s�e� �a� �l�o�n�g�-� 

�d�u�r�a�t�i�o�n� �s�p�a�c�e�f�l�i�g�h�t� �p�r�o�g�r�a�m�.� �R�e�c�e�n�t� �f�u�n�d�i�n�g� �f�o�r� �S�p�a�c�e� �S�t�a�t�i�o�n� 

�F�r�e�e�d�o�m� �h�a�s� �d�e�l�e�t�e�d� �t�h�e� �a�r�t�i�f�i�c�i�a�l� �g�r�a�v�i�t�y� �t�e�s�t� �c�e�n�t�r�i�f�u�g�e� �f�r�o�m� 

�t�h�e� �s�t�a�t�i�o�n� �c�o�n�f�i�g�u�r�a�t�i�o�n�.� �T�h�i�s� �c�e�n�t�r�i�f�u�g�e� �d�e�l�e�t�i�o�n� �w�i�l�l� �n�o�t� 

�a�l�l�o�w� �f�o�r� �a� �s�i�g�n�i�f�i�c�a�n�t� �a�m�o�u�n�t� �o�f� �r�e�s�e�a�r�c�h� �t�o� �b�e� �a�c�c�o�m�p�l�i�s�h�e�d� 

�t�h�a�t� �s�h�o�u�l�d� �a�n�s�w�e�r� �q�u�e�s�t�i�o�n�s� �n�e�e�d�e�d� �r�e�g�a�r�d�i�n�g� �a� �f�l�i�g�h�t� �w�i�t�h� 

�a�r�t�i�f�i�c�i�a�l� �g�r�a�v�i�t�y� �t�o� �m�a�r�s�.� �S�h�o�u�l�d� �t�h�e� �a�r�t�i�f�i�c�i�a�l� �g�r�a�v�i�t�y� 

�p�a�t�h�w�a�y� �b�e� �c�h�o�s�e�n� �i�n� �t�h�e� �f�u�t�u�r�e� �f�r�o�m� �a� �s�y�s�t�e�m�s� �p�e�r�s�p�e�c�t�i�v�e�,� 

�r�e�s�e�a�r�c�h� �w�i�l�l� �h�a�v�e� �t�o� �b�e� �d�o�n�e� �t�o� �a�s�c�e�r�t�a�i�n� �t�h�e� �p�a�r�a�m�e�t�e�r�s� �n�e�e�d�e�d� 

�t�o� �a�v�o�i�d� �d�e�c�o�n�d�i�t�i�o�n�i�n�g� �w�i�t�h�o�u�t� �i�n�d�u�c�i�n�g� �o�t�h�e�r� �p�r�o�b�l�e�m�s�.� �N�u�c�l�e�a�r� 

�p�r�o�p�u�l�s�i�o�n� �o�f�f�e�r�s� �a� �q�u�i�c�k� �t�r�a�n�s�i�t� �t�i�m�e� �t�o� �m�a�r�s�,� �h�o�w�e�v�e�r�,� �i�t� �d�o�e�s� 

�n�o�t� �s�o�l�v�e� �a�l�l� �o�f� �t�h�e� �p�h�y�s�i�o�l�o�g�i�c�a�l� �a�n�d� �p�s�y�c�h�o�l�o�g�i�c�a�l� �p�r�o�b�l�e�m�s� 

�t�h�a�t� �m�a�y� �a�r�i�s�e� �e�v�e�n� �o�n� �a� �s�h�o�r�t� �1�8�0�-�d�a�y� �t�r�i�p� �t�o� �t�h�e� �r�e�d� �p�l�a�n�e�t�.� �A� 

�y�e�a�r�-�l�o�n�g� �s�t�a�y� �o�n� �m�a�r�s� �w�o�u�l�d� �g�e�n�e�r�a�t�e� �p�h�y�s�i�o�l�o�g�i�c�a�l� �a�n�d� 

�p�s�y�c�h�o�l�o�g�i�c�a�l� �p�r�o�b�l�e�m�s� �t�h�a�t� �a�s� �y�e�t� �c�a�n�n�o�t� �b�e� �c�o�m�p�l�e�t�e�l�y� 

�p�r�e�d�i�c�t�e�d�.� �T�h�i�s� �i�s� �w�h�y� �f�l�e�x�i�b�i�l�i�t�y� �w�i�t�h� �r�e�s�p�e�c�t� �t�o� �m�e�d�i�c�a�l� �c�a�r�e� 

�f�o�r� �t�h�e� �a�s�t�r�o�n�a�u�t�s� �i�s� �e�s�s�e�n�t�i�a�l� �s�i�n�c�e� �t�h�e�r�e� �i�s� �a� �h�i�g�h� �l�i�k�e�l�i�h�o�o�d



�1�1�3� 

�o�f� �i�n�j�u�r�y� �o�r� �i�l�l�n�e�s�s� �o�c�c�u�r�r�i�n�g� �d�u�r�i�n�g� �s�u�c�h� �a� �l�o�n�g� �t�i�m�e� �f�r�a�m�e�.� 

�A� �p�a�r�t�i�a�l� �s�o�l�u�t�i�o�n� �t�o� �c�o�m�b�a�t� �s�o�m�e� �o�f� �t�h�e� �d�e�b�i�l�i�t�a�t�i�v�e� 

�e�f�f�e�c�t�s� �o�f� �t�h�e� �m�i�c�r�o�g�r�a�v�i�t�y� �e�n�v�i�r�o�n�m�e�n�t� �i�s� �g�o�i�n�g� �t�o� �b�e� �r�e�q�u�i�r�e�d� 

�c�r�e�w� �e�x�e�r�c�i�s�e�s�.� �A�n� �a�t�t�e�m�p�t� �s�h�o�u�l�d� �b�e� �m�a�d�e� �t�o� �d�e�s�i�g�n� �t�h�e� �e�x�e�r�c�i�s�e� 

�r�e�g�i�m�e� �s�u�c�h� �t�h�a�t� �i�t� �i�s� �n�o�t� �t�e�d�i�o�u�s� �a�n�d� �h�e�l�p�s� �t�o� �p�r�o�m�o�t�e� �s�t�r�e�s�s� 

�r�e�d�u�c�t�i�o�n� �a�n�d� �w�e�l�l�-�b�e�i�n�g�,� �m�u�c�h� �l�i�k�e� �o�u�r� �e�x�e�r�c�i�s�e� �p�r�o�g�r�a�m�s� �d�o� �h�e�r�e� 

�o�n� �E�a�r�t�h�.� 

�C�H�A�P�T�E�R� �V�I� 

�C�O�N�C�L�U�S�I�O�N�S� 

�A� �s�y�s�t�e�m�s� �p�e�r�s�p�e�c�t�i�v�e� �f�o�r� �e�v�a�l�u�a�t�i�n�g� �l�o�n�g�-�d�u�r�a�t�i�o�n� 

�s�p�a�c�e�f�l�i�g�h�t� �p�r�o�b�l�e�m�s� �c�o�u�l�d� �p�r�o�v�e� �t�o� �b�e� �v�e�r�y� �h�e�l�p�f�u�l�.� �A�s� �h�a�s� �b�e�e�n� 

�s�e�e�n� �b�y� �t�h�e� �p�r�e�v�i�o�u�s� �c�o�m�m�e�n�t�s�,� �c�o�m�p�l�e�x� �s�y�s�t�e�m�s� �o�p�e�r�a�t�e� �a�t� �a� 

�v�a�r�i�e�t�y� �o�f� �l�e�v�e�l�s�.� �T�h�e� �h�u�m�a�n� �e�l�e�m�e�n�t� �i�s� �t�h�e� �c�r�u�c�i�a�l� �f�a�c�t�o�r� �f�o�r� 

�t�h�e� �s�u�c�c�e�s�s� �o�f� �a� �l�o�n�g�-�d�u�r�a�t�i�o�n� �s�p�a�c�e� �m�i�s�s�i�o�n�,� �a�s�i�d�e� �f�r�o�m� �t�h�e� 

�b�a�s�i�c� �s�p�a�c�e�c�r�a�f�t� �e�n�g�i�n�e�e�r�i�n�g�.� �<�A� �f�a�u�l�t�y� �h�u�m�a�n� �i�n� �t�h�e� �l�o�o�p� �c�o�u�l�d� 

�p�o�t�e�n�t�i�a�l�l�y� �i�m�p�e�r�i�l� �a� �m�a�n�n�e�d� �m�a�r�s� �m�i�s�s�i�o�n� �d�u�e� �t�o� �a� �v�a�r�i�e�t�y� �o�f� 

�p�e�r�f�o�r�m�a�n�c�e� �d�e�c�r�e�m�e�n�t�s�.� �H�u�m�a�n� �b�e�i�n�g�s� �a�r�e� �e�m�o�t�i�o�n�a�l�,� �h�i�g�h�l�y� 

�a�d�a�p�t�i�v�e� �o�r�g�a�n�i�s�m�s� �c�a�p�a�b�l�e� �o�f� �d�o�i�n�g� �a� �v�a�r�i�e�t�y� �o�f� �t�a�s�k�s� �i�n� �s�p�a�c�e� 

�t�h�a�t� �m�a�c�h�i�n�e�s� �c�a�n�n�o�t�.� �B�e�c�a�u�s�e� �t�h�e� �h�u�m�a�n� �e�l�e�m�e�n�t� �h�a�s� �e�m�o�t�i�o�n�s�,� 

�g�r�e�a�t� �c�a�r�e� �m�u�s�t� �b�e� �t�a�k�e�n� �t�o� �e�n�s�u�r�e� �t�h�a�t� �t�h�e� �p�s�y�c�h�o�l�o�g�i�c�a�l� �h�e�a�l�t�h� 

�o�f� �t�h�e� �a�s�t�r�o�n�a�u�t� �d�o�e�s� �n�o�t� �s�u�f�f�e�r� �n�e�e�d�l�e�s�s�l�y�.� �A�s�t�r�o�n�a�u�t�s� �t�h�a�t� 

�r�e�t�u�r�n� �t�o� �E�a�r�t�h� �i�n� �a� �s�u�b�s�t�a�n�t�i�a�l�l�y� �d�a�m�a�g�e�d� �p�h�y�s�i�c�a�l� �o�r� �e�m�o�t�i�o�n�a�l� 

�s�t�a�t�e� �a�f�t�e�r� �a� �l�o�n�g�-�d�u�r�a�t�i�o�n� �s�p�a�c�e� �m�i�s�s�i�o�n� �i�m�p�l�y� �t�h�a�t� �t�h�e� �s�y�s�t�e�m�s� 

�s�u�p�p�o�r�t�i�n�g� �t�h�o�s�e� �a�s�t�r�o�n�a�u�t�s� �h�a�v�e� �n�o�t� �y�e�t� �e�v�o�l�v�e�d� �e�n�o�u�g�h� �t�o� �t�r�u�l�y� 

�c�o�p�e� �w�i�t�h� �e�x�t�e�n�d�e�d� �s�t�a�y�s� �a�w�a�y� �f�r�o�m� �t�h�e� �p�l�a�n�e�t� �E�a�r�t�h�.



�1�1�4� 

�T�h�i�s� �p�a�p�e�r� �h�a�s� �b�e�e�n� �w�r�i�t�t�e�n� �b�y� �s�e�p�a�r�a�t�i�n�g� �t�h�e� �a�s�t�r�o�n�a�u�t ��s� 

�p�h�y�s�i�c�a�l� �a�n�d� �p�s�y�c�h�o�l�o�g�i�c�a�l� �h�e�a�l�t�h�-�i�s�s�u�e�s� �f�o�r� �d�i�s�c�u�s�s�i�o�n� �p�u�r�p�o�s�e�s�.� 

�T�h�i�s� �d�o�e�s� �n�o�t� �m�e�a�n� �t�o� �i�m�p�l�y� �t�h�a�t� �t�h�e� �p�h�y�s�i�c�a�l� �a�n�d� �p�s�y�c�h�o�l�o�g�i�c�a�l� 

�c�o�n�c�e�r�n�s� �d�i�s�c�u�s�s�e�d� �a�r�e� �s�o� �d�i�c�o�t�o�m�i�z�e�d�,� �b�e�c�a�u�s�e� �i�n�d�e�e�d� �t�h�e�y� �a�r�e� 

�r�e�l�a�t�e�d� �t�o� �e�a�c�h� �o�t�h�e�r�.� 

�C�o�n�s�i�d�e�r�a�t�i�o�n� �o�f� �t�h�e� �g�r�o�u�p� �d�y�n�a�m�i�c�s� �p�r�o�c�e�s�s� �i�s� �a�n� �i�m�p�o�r�t�a�n�t� 

�f�a�c�t�o�r� �w�i�t�h�i�n� �t�h�e� �p�s�y�c�h�o�l�o�g�i�c�a�l� �r�e�a�l�m� �f�o�r� �e�x�t�e�n�d�e�d� �s�p�a�c�e� 

�m�i�s�s�i�o�n�s�.� �P�r�e�f�e�r�a�b�l�y�,� �a�n� �o�d�d� �n�u�m�b�e�r� �o�f� �a�s�t�r�o�n�a�u�t�s� �s�h�o�u�l�d� �b�e� �s�e�n�t� 

�o�n� �a� �m�i�s�s�i�o�n� �t�o� �m�a�r�s�.� �T�h�i�s� �i�s� �b�e�c�a�u�s�e� �o�d�d� �n�u�m�b�e�r� �g�r�o�u�p�s� �t�e�n�d� �t�o� 

�a�r�r�i�v�e� �a�t� �d�e�c�i�s�i�o�n�s� �m�o�r�e� �q�u�i�c�k�l�y�,� �a�n�d� �h�a�v�e� �g�r�e�a�t�e�r� �s�t�a�b�i�l�i�t�y� 

�a�l�o�n�g� �t�h�e� �w�a�y� �a�s� �a� �g�e�n�e�r�a�l� �r�u�l�e�.� �T�h�e� �m�i�x�t�u�r�e� �o�f� �t�h�e� �c�r�e�w� 

�p�r�o�b�a�b�l�y� �s�h�o�u�l�d� �b�e� �r�o�u�g�h�l�y� �d�i�v�i�d�e�d� �b�e�t�w�e�e�n� �m�a�l�e�s� �a�n�d� �f�e�m�a�l�e�s�,� 

�a�l�t�h�o�u�g�h� �f�r�o�m� �a� �s�t�r�i�c�t�l�y� �m�e�d�i�c�a�l� �p�e�r�s�p�e�c�t�i�v�e�,� �e�a�c�h� �s�e�x� �h�a�s� 

�c�e�r�t�a�i�n� �s�t�r�e�n�g�t�h�s� �a�n�d� �w�e�a�k�n�e�s�s�e�s� �f�o�r� �p�r�e�d�i�s�p�o�s�i�t�i�o�n� �t�o� �s�e�r�i�o�u�s� 

�p�r�o�b�l�e�m�s� �t�h�a�t� �m�i�g�h�t� �o�c�c�u�r� �i�n�f�l�i�g�h�t�.� �A�s� �t�h�e� �h�e�a�l�t�h� �m�a�i�n�t�e�n�a�n�c�e� 

�f�a�c�i�l�i�t�y� �i�s� �b�e�i�n�g� �d�e�v�e�l�o�p�e�d� �f�o�r� �a� �l�o�n�g� �s�p�a�c�e� �m�i�s�s�i�o�n�,� �t�h�e� 

�l�i�k�e�l�i�h�o�o�d� �o�f� �c�e�r�t�a�i�n� �m�e�d�i�c�a�l� �i�s�s�u�e�s� �a�r�i�s�i�n�g� �s�h�o�u�l�d� �b�e� �a�s�s�e�s�s�e�d� 
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