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Preface 

           The Iraqi Flight Medic Course is a highly specialized medical course that requires extra-

training in an aviation environment. The goal of this text-based study material is to help the 

flight medic students to easily understand the important aero-medical subjects in an organized 

way that makes it simple and easy for them. The idea behind that is to summarize the course 

study material in such a way that will help the students to rapidly review the course at any 

time. Most of the course material is directly taken from the United States Army School of 

Aviation Medicine; Fort Rucker, Alabama. 

           The New Iraqi Air Force has established the English Language Proficiency as one of its 

core values and that gave me the idea to combine both the English and the Arabic texts 

together in writing the course material. I avoided the word-to-word translation and I tried to 

use the concept-to-concept translation of course material to help the students to learn the 

English Language and at the same time understand the course material. I tried to use my 

medical background as a physician which helped me to put the scientific information of the 

course into simple words that are easy to understand and I hope that will in turn increase their 

overall performance. I hope that this text-based course material can help in the success of the 

Iraqi Flight Medic Course at the Iraqi Air Force Training School to graduate more qualified flight 

medic personnel to serve in the New Iraqi Air Force to save the lives of their fellows.  

          Finally, I would like to thank SFC James S. Reid and SFC Robbi E. Smith; U.S. Army, the 

instructors of the Iraqi Flight Medic Course, for their professional way of teaching that was 

essential for the graduation of the first generation of the Iraqi Flight Medics. I also want to 

thank Lt. Col. Michael L. Dilda, the commander of the 821st (370th) Expeditionary Training 

Squadron; U.S. Air Force, for his outstanding command that helped in building a strong Iraqi Air 

Force Training School that will enforce the security of Iraq and ensure a better future for its 

people. 

 

 

 

 

 

 

EDITOR                         

 Dr. Riyadh Z. Al-Jammaly       
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Orientation to Aviation Medicine 

дϜϼтАЮϜ ϞА амлУв дК ϣвϝК ϢϼДж 
 

     Aviation is a unique experience and the man thought about since a long time ago. Human beings live 

on the ground and flying per se puts their bodies in an unusual condition. The human body will undergo 

certain changes to adapt for that situation. However, these physiological changes are not always enough 

to overcome the effects of flying and are variable from person to person. From that arises the 

importance for establishing certain standards and criteria for flying in the sky and the Aviation Medicine 

principles are the core of all that. 

     As an aviator and air crewmember you must have an understanding of Aviation Medicine, the 

requirements for maintaining flight status medical standards and adhering to its regulations.  Failure in 

this may identify you as an aviation safety risk and disqualify you from aviation duty. 

 

ϸтЛϠ двϾ Ϻжв дϝЂжъϜ йϠ ϼЪТ ϸЦм ϝлКмж дв ϢϸтϼТ ϣϠϼϮϦ ЬϪв̳т дϜϼтАЮϜ      . йϦϜϺ ϸϲϠ дϜϼтАЮϜм ЌϼъϜ пЯК ЄтЛЯЮ ϜмЧЯ̳϶ ϸЦ ϼІϠЮϜ

 ϣтϸϝтϦКϜ ϼтО ϣЮϝϲ сТ алвϝЂϮϜ ЙЎтм ϣϮϦϝжЮϜ йвЂϮ пЯК ϒϼАϦ сϦЮϜ ϤϜϼттПϦЮϜ ФтϼА дК ШЮϺ Йв РттЪϦЮϜ пЯК ϼϸϝЦ дϝЂжъϜ аЂϮ дЪЮ

дϜϼтАЮϜ дв . ϤϜϼтПϦЮϜ иϺк дмЪϦм ̭ϝвЂЮϜ сТ дϜϼтАЮϜ ϤϜϼтϪϓϦ пЯК ϞЯПϦЯЮ ̯ϝвϚϜϸ ϣтТϝЪ дмЪϦ ъ ϣтϮЯЂУЮϜ ϤϜϼтПϦЮϜ иϺк дϓТ ШЮϺ Йв

ϼ϶ц Ј϶І дв ϣжтϝϠϦв .мϮЮϜ сТ дϜϼтАЯЮ Ϣϸϸϲв ϤϝУЊм ϼттϝЛв ϸϝϮтϜ ϣтвкϜ ϤϓІж ϝжк дв ,ШЮϺ ϼкмϮ ЬϪвϦ дϜϼтАЮϜ ϞА ϘϸϝϠвм. 

 ϼттϝЛв пЯК ϣДТϝϲвЮϜ ϤϝϠЯАϦвм дϜϼтАЮϜ ϞА амлУв ϣТϼЛв ШтЯК ϞϮ м̳Ϧт ̭ϝвЂЮϜ сТ ϼтАт Ј϶ІЪ м ϢϼϚϝАЮϜ аЦϝА дв мЎЛЪ ШжϜ    

ϝлϦϝвтЯЛϦϠ аϜϾϦЮъϜм дϜϼтАЯЮ ϣтϲЊЮϜ ϣЮϝϲЮϜ    . 

-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.- 

 

× Primary Goal of the Aviation Medicine Program: 

× дϜϼтАЮϜ ϞА ϭвϝжϼϠ дв сЂϝЂъϜ РϸлЮϜ: 
 

Á Program Concept:  Designed to promote and maintain the aviation fighting force through health 

promotion and sustainment of the mental and physical well-being of aviation personnel. 

Á ϭвϝжϼϠЮϜ амлУв :  ϣвϝЛЮϜ ϣϲЊЮϜ омϦЂв ЙТϼ Ьы϶ дв йтЯК ϣДТϝϲвЮϜм ϣтмϮЮϜ ϢмЧЮϜ омϦЂв ЙТϼЮ дϜϼтАЮϜ ϞА ϭвϝжϼϠ атвЊϦ аϦ

дϜϼтАЮϜ сϠЂϦжв ЙтвϮЮ ϢϸтϮ ϣтжϸϠм ϣтЂУж ϣЮϝϲ пЯК ϣДТϝϲвЮϜм. 

Á Primary Goal: The traditional core of the Aviation Medicine Program is the delivery of clinical and 

operational preventive medicine services.  Of these preventive medicine is the primary goal. 

Á  сЂϝЂъϜ РϸлЮϜ:сϚϝЦмЮϜ ϞАЮϜм ϣтϠАЮϜ ϣтϝКϼЮϜ Ϥϝвϸ϶ атϸЧϦм ϼтТмϦϠ ЬϪвϦт дϜϼтАЮϜ ϞА ϭвϝжϼϠЮ сЂϝЂъϜ ϼкмϮЮϜ  . ЬЪ дтϠ дв

ϜϺк ,сЂϝЂъϜ РϸлЮϜ ЬϪвт сϚϝЦмЮϜ ϞАЮϜ. 
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Á Three Echelons of Preventive Medicine:  

Á  сϚϝЦмЮϜ ϞАЯЮ ϣϪыϪЮϜ ϤϝтмϦЂвЮϜ: 

1) Primary Echelon (Prevention/Pre-disease): 

1(  сϚϜϸϦϠцϜ омϦЂвЮϜ) ϣтϝЦмЮϜ /ЌϼвЮϜ ЬмЊϲ ЬϠЦ: (  

Primary level is prevention through: 

¶ Education about the health issues. 

¶ Unit training. 

¶ Safety meetings. 

¶ Professional development. 

 ФтϼА дК ϣтϝЦмЮϝϠ ЬϪвϦт сϚϜϸϦϠъϜ омϦЂвЮϜ:  

¶ аЯЛϦЮϜ дК ϼмвмцϜ ϣтϲЊЮϜ. 

¶ ϢϸϲмЮϜ ϝлтϼϮϦ сϦЮϜ дтϼϝвϦЮϜ. 

¶ ϣвыЂЮϜ ϤϝКϝвϦϮϜ. 

¶ ϣтКмЎмв ϢϼмЊϠ ϣтϝЦмЮϜ ФϼА ϼтмАϦ. 

 

2) Secondary Echelon (Screening/Treatment intervention): 

2(  рмжϝϪЮϜ омϦЂвЮϜ) ЌϜϼвъϜ дК ϨϲϠЮϜ /ϬыЛЯЮ Ь϶ϜϸϦЮϜм: ( 

 

Á Health Screenings through: 

¶ Regular physical examinations. 

¶ Inoculations. 

¶ Blood pressure checks. 

The health screenings allow for early and effective intervention and treatment for the disease processes 

that may affect flight safety and aviation mission completion. Examples of disease amenable to 

secondary prevention include alcoholism, hearing loss, hypertension, and malignancies. 

 

Á  Ьы϶ дв аϦт ЌϜϼвъϜ дК ϨϲϠЮϜ: 

¶ ϣвДϦжвЮϜ ϣтϠАЮϜ ϤϝЊмϲУЮϜ. 

¶ ϤϝϲϝЧЯЮϜ. 

¶ аϸЮϜ АПЎ ϤϝЊмϲТ. 

 

ϣϲтϲЊ ϢϼмЊϠ ϣвлвЮϜ ̭ϝлжϜм дϜϼтАЮϜ ϣвыЂ пЯК ϼϪϔϦ ϸЦ сϦЮϜ ЌϜϼвчЮ ЙтϼЂЮϜ ϬыЛЮϜм Ь϶ϜϸϦЮϜ ϱтϦ̳т ЌϜϼвъϜ дК ϨϲϠЮϜ . ЬϝϪвЪ

 ϣтмжϝϪЮϜ ϣтϝЦмЮϜ ϣЯϲϼв сТ ϝлϮыК дЪвт сϦЮϜ ЌϜϼвъϜ дК :ЬмϲЪЮϜ ЌϜϼвϜ ,ЙвЂЮϜ дϜϸЧТ ,аϸЮϜ АПЎ ИϝУϦϼϜ ,ϣϪтϠ϶ЮϜ ЌϜϼвъϜм. 

 

 

 

 

 

 



 

 
9 

3) Tertiary Echelon (Rehabilitation): 

3(  ϨЮϝϪЮϜ омϦЂвЮϜ)ЬткϓϦЮϜ ϢϸϝКϜ: ( 

 

The goal is to limit disability and return the aircrew member to flying duty or duty in support of aviation 

service as soon as possible following illness or injury.  

 сТ дϜϼтАЯЮ ϢϸжϝЂ оϼ϶Ϝ аϝлв мϜ дϜϼтАЮϜ аϝлв пЮϜ ϢϼϚϝАЮϜ аЦϝА мЎК ИϝϮϼϜм ϣϠϝЊъϜ мϜ ЌϼвЮϜ дв ϭϦϝжЮϜ ϾϮЛЮϜ ϬыК мк РϸлЮϜ

ϣϠϝЊъϜ мϜ ЌϼвЮϜ ϸЛϠ дЪвв ϤЦм ИϼЂϜ. 

-.-.-.-.-.-.-.-.-.-.-.-.-.- 

 

V The goals of the three levels of the preventive medicine can be summarized as 

follow: 

¶ Primary Prevention: Goal is prevention before occurrence.  

¶ Secondary Prevention: Goal is treatment/screening. 

¶ Tertiary Prevention: Goal is rehabilitation. 

 

V   сϦцϝЪ дϜϽуГЮϜ ϟГЮ ϣϪыϫЮϜ ϤϝтнϧЃгЮϝϠ ϣЧЯЛϧгЮϜ РϜϹкъϜ ϾϝϯтϜ еЫгт: 

¶  ϣтϚϜϸϦϠъϜ ϣтϝЦмЮϜ:йϪмϸϲ ЬϠЦ ϙІЮϜ Йжв мк РϸлЮϜ . 

¶  ϣтмжϝϪЮϜ ϣтϝЦмЮϜ:ϬыЛЮϜм ЌϜϼвъϜ дК РІЪЮϜ мк РϸлЮϜ . 

¶  ϣϪЮϝϪЮϜ ϣтϝЦмЮϜ:ЬткϓϦЮϜ ϢϸϝКϜ мк РϸлЮϜ . 

 

-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.- 
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× Flying Duty Medical Examination (FDME) and Flying Duty 

Health Screen (FDHS): 

×  дϜϼтАЮϜ ϤϝϠϮϜмЮ ϣтϲЊЮϜ ϣЮϝϲЮϜ ЈϲТм дϜϼтАЮϜ ϤϝϠϮϜмЮ сϠАЮϜ ЈϲУЮϜ  : 
 

¶ The FDME is a periodic screening medical examination performed for occupational and 

preventive medicine purposes.  The FDME is used as a starting point for the careful evaluation 

and treatment of aircrew members. It promotes and preserves the fitness, deployability, and 

safety of aviation personnel. 

There are two broad categories of FDME: 

 (1) Initial FDME: Performed for accession purposes. They are valid for up to 18 months from the date of 

the examination. 

  (2) Comprehensive FMDE: Performed on aircrew once already trained. This is a retention-type of FDME 

and is performed for re-certification purposes every 5 years between the ages of 20 and 50 and then 

annually thereafter. The five year period is based on the year of the initial FDME or the date of the last 

comprehensive FDME 

  

¶ дϜϼтАЮϜ ϤϝϠϮϜмЮ сϠАЮϜ ЈϲУЮϜϣтжлвЮϜм ϣтϠАЮϜ ϣтϝЦмЮϜ ЌϜϼОц оϼϮ̳т рϼмϸ сϠА ЈϲТ мк  . ϣтϜϸϠЮϜ ϣАЧж ЈϲУЮϜ ϜϺк ЬϪв̳т

дϜϼтАЮϜ ϸϜϼТϜ ϬыЛЮм аттЧϦЮ . двЎт ϝвв ϢϸтϮ ϣЮϝϲ сТ ϝлтЯК ϣДТϝϲвЮϜм ϣтϲЊЮϜ ϣЮϝϲЮϜ ЙТϼ дЪвт сϠАЮϜ ЈϲУЮϜ ϜϺк Ьы϶ дв

йтϠЂϦжвм дϜϼтАЮϜ ϣвыЂ. 

 ЬвІтм дϜϼтАЮϜ ϤϝϠϮϜмЮ сϠАЮϜ ЈϲУЮϜ дв дтКмж Шϝжк: 

)1(  сЮмцϜ дϜϼтАЮϜ ϤϝϠϮϜмЮ сϠАЮϜ ЈϲУЮϜ :ϣтмϮ ϣУϚϝАЪ ϞϝЂϦжъϜ ЌϜϼОц йϚϜϼϮϜ аϦт . пϦϲ ЬмЛУвЮϜ рϼϝЂ ЈϲУЮϜ ϜϺк дмЪт18 

ЈϲУЮϜ ϵтϼϝϦ дв ϼлІ. 

)2(  ЬвϝІЮϜ дϜϼтАЮϜ ϤϝϠϮϜмЮ сϠАЮϜ ЈϲУЮϜ :алϠтϼϸϦ ЬϝвЪϜ ϸжК ϢϼϚϝАЮϜ аЦϝАЮ йϚϜϼϮϜ аϦт . ϤϝЊмϲТ мк ϤϝЊмϲУЮϜ дв ИмжЮϜ ϜϺк

 ϣтвЪϜϼϦ)РтІϼϓЪ ϣтмЂ ЙвϮ̳Ϧ рϜ(  ЬЪ аттЧϦЮϜ ϢϸϝКϜ ЌϜϼОц йϚϜϼϮϜ аϦтм5 дв ϼϝвКъϜ дтϠ дтжЂ 20 пЮϜ 50 аϦт ШЮϺ ϸЛϠ двм ϣжЂ 

ϣтмжЂ ϢϼмЊϠ . ̭ϜϼϮϜ аϦ сϦЮϜ ϣжЂЮϜ ϵтϼϝϦ пЯК ϣтжϠв дмЪϦ ϤϜмжЂ Ѐв϶ЮϜ ϢϼϦТЈϲУЮϜ сϠАЮϜ ϤϝϠϮϜмЮ дϜϼтАЮϜ сЮмцϜ пЯК ϸϝвϦКцϝϠ мϜ 

 ϵтϼϝϦЈϲУЮϜ сϠАЮϜ ϤϝϠϮϜмЮ дϜϼтАЮϜ Ϝϼт϶цϜ ЬвϝІЮ  . 

 

¶ The FDHS is the interim health screening tool done between comprehensive FDME's. The goal is 

to ensure maintenance of aircrew health and fitness for aviation duty and serve as an 

opportunity for health promotion.   

¶   ЈϲТ ϣЮϝϲЮϜ ϣтϲЊЮϜ ϤϝϠϮϜмЮ дϜϼтАЮϜ дтϠ йϚϜϼϮϜ аϦтм дϜϼтАЮϜ ϸϜϼТц ϢϸтϮЮϜ ϣϲЊЮϜ пЯК ϣДТϝϲвЯЮ ϣϦЦϔвЮϜ ϣЯтЂмЮϜ ЬϪв̳т 

ϣЯвϝІЮϜ дϜϼтАЮϜ ϤϝϠϮϜмЮ ϣтϠАЮϜ ϤϝЊмϲУЮϜ . ϤϝϠϮϜм Йв ϣвϚыϦвм ϢϸтϮ ϣϲЊ пЯК ϣДТϝϲвЮϜ мк ϤϝЊмϲУЮϜ иϺк дв РϸлЮϜ

дтϠЂϦжвЯЮ ϣтϲЊЮϜ ϣЮϝϲЮϜ ЙТϼЮ ϣЊϼТ ЈϲУЮϜ ϜϺк дмЪтм дϜϼтАЮϜ . 

-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-  
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×  Aeromedical Disqualification and Waivers: 

× ̭ϝжϪϦЂъϜ Ϥъϝϲм ϣтϲЊ ϞϝϠЂц дϜϼтАЮϜ дв дϝвϼϲЮϜ: 

 

Á Aeromedical Disqualification (Unfitness for Flying Duty): 

 

     (1) Temporary Disqualification:  Imposed by the Flight Surgeon for a temporary aeromedical 

disqualifying condition, that is minor, self-limited, and likely to result in requalification within 365 days.  

When condition resolves, the Flight Surgeon recommends return to flying duty.  Examples include ankle 

sprain, common cold, diarrhea, and simple closed fractures. 

     (2)  Permanent Disqualification:  Imposed when an aeromedical condition is not likely to result in 

requalification within 365 days. The flight surgeon performs a thorough medical evaluation of the 

condition and submits his recommended disposition to the unit.  This request can either be for a waiver 

and continued flight status, or for permanent disqualification and removal from flight status.  Examples 

include hearing loss, diabetes, heart attack, and hypertension. 

 

Á дϜϼтАЮϜ дв дϝвϼϲЮϜ )ϣтϲЊ ϞϝϠЂц дϜϼтАЮϜ аϝлвЮ ϞЂϝжв ϼтО( :  

 

       )1(  ϤЦϔвЮϜ дϝвϼϲЮϜ:ϣтϲЊЮϜ ϣЮϝϲЮϜ ϞϠЂϠ дϜϼтАЮϜ ϤϝϠϮϜм ̭ϜϸϜ дв ϤЦϔв дϝвϼϲЪ дϜϼтАЮϜ ϞтϠА ЬϠЦ дв ЌϼУ̳т  . иϺк дмЪϦ

 дв ЬЦϜ Ьы϶ йϦЛтϠА пЮϜ ϢϸмЛЮϜ Ј϶ІЯЮ дЪвтм ϝкϸϲмЮ слϦжϦм ϣАтЂϠ ϣтϲЊЮϜ ϣЮϝϲЮϜ365 амт )ϢϸϲϜм ϣжЂ( .ϣЮϝϲЮϜ ШЯϦ ̭ϝлϦжϜ ϸжК ,

дϜϼтАЮϜ аϝлв пЮϜ йϦϸмК ϸϸϲт дϜϼтАЮϜ ϞтϠА .ЬϝϪвЪ ϤъϝϲЮϜ иϺк ЬвІϦ :ЬϲϝЪЮϜ ̭ϜмϦЮϜ , ϜϾжмЯУжцϜ ,ЬϝлЂшϜ ,ϣАтЂϠЮϜ ϼмЂЪЮϜм   . 

        

        )2(  аϚϜϸЮϜ дϝвϼϲЮϜ : Ьы϶ ϣтЛтϠАЮϜ ϣЮϝϲЮϜ пЮϜ ИмϮϼЯЮ ϣЯϠϝЦ ϼтО ϣтϠАЮϜ ϣЮϝϲЮϜ дмЪϦ ϝвϸжК дϝвϼϲЮϜ ϜϺк ЌϼУ̳т365амт  . амЧт

ϢϸϲмЮϜ пЮϜ ШЮϺ дК ϼтϼЧϦ аϸЧтм ϣЮϝϲЯЮ аϝК сϠА аттЧϦ ̭ϜϼϮϓϠ дϜϼтАЮϜ ϞтϠА . ϣЯЊϜмвм ϣЮϝϲЮϜ ШЯϦЮ ̭ϝжϪϦЂϒ двЎϦт дϜ дЪвв ϼтϼЧϦЮϜ ϜϺк

Ј϶ІЮϜ ШЮϺЮ дϜϼтАЮϜ дв аϚϜϸ дϝвϼϲ ЙЎм мϜ дϜϼтАЮϜ . ЬϝϪвЪ ϤъϝϲЮϜ иϺк ЬвІϦ :ЙвЂЮϜ дϜϸЧТ ,рϼЪЂЮϜ Ќϼв ,ϣтϠЯЧЮϜ ϣϠмжЮϜ ,

аϸЮϜ АПЎ ИϝУϦϼϜм  . 

         

Note:  One of the aircrew responsibilities is to report the following to the supporting flight surgeon: 

 

            (1)  Symptoms indicating a change in health. 

            (2)  Illness requiring the use of medications or visit to a health care provider for evaluation, care, 

hospitalization or quarters. 

            (3)  Drug or alcohol use at anytime. 

 ϣДϲыв: ̭ϝтІъϜ иϺк дК дϜϼтАЮϜ ϞтϠА МыϠϜ ск ШϦϝϠϮϜм дв ϢϸϲϜм :  

)               1( ШϸжК ЌϼвЮϜ пЮϜ ϼтІϦ сϦЮϜ ЌϜϼКъϜ.  

)               2( сϲЊЮϜ ϼϮϲЮϜм пУІϦЂвЮϜ ϤϝЛϮϜϼвм ̭ϜмϸЮϜ Ϻ϶ϒ ϤϠЯАϦ сϦЮϜ ЌϜϼвъϜ.  

)               3( ЬмϲЪЮϜ ̭ϝЂϦϲϜ мϜ ϣтмϸъϜ аϜϸ϶ϦЂϜ.  
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Á Waiver Criteria:   

 

To be considered waiverable, any disqualifying physical or psychological defect must pass the following 

screening criteria: 

     (1)  Not suddenly disabling/incapacitating. 

     (2)  Not pose any potential risk for subtle incapacitation that might not be detected by the individual 

but would affect alertness, special senses, or information processing. 

     (3)  Must be resolved or stable at time of the waiver (i.e. non-progressing). 

     (4)  Must not be subject to aggravation by military service or continued flying duty. 

     (5)  Must not lead to significant loss of duty such as precludes unsatisfactory completion of training 

and/or military service. 

     (6)  Cannot require the use of uncommonly available tests, regular invasive procedures, or non-

routine medication. 

      (7)  Any recurrence must be easily detectable.  

      (8)  It cannot jeopardize the successful completion of a mission. 

Á  ̭ϝжϪϦЂъϜ АмϼІ: 

 

 АмϼІЮϜ иϺк ϝлтТ ϼТмϦϦ дϜ ϞϮт ϣтЛтϠА ϼтО ϣтЯЧК мϜ ϣтϲЊ ϣЮϝϲ рϜ дϓТ ̭ϝжϪϦЂчЮ ϣЯϠϝЦ ϣтϲЊЮϜ ϣЮϝϲЮϜ ϼϠϦЛϦ сЪЮ: 

)1( сϚϝϮТ ФмК мϜ ϾϮЛϠ ϣЮϝϲЮϜ ШЯϦ ϞϠЂϦϦ ъ дϒ. 

)2( сКмЮϝϠ ФЯЛϦв сжкϺ ФмК сТ ϞϠЂϦЯЮ ϣжвϝЪ ϢϼмА϶ ϣЮϝϲЮϜ ШЯϦ сТ ϼТмϦϦ ъ дϒ ,ЀϝЂϲъϜ ,ϼтЪУϦЮϜ мϜ . 

)3(  ̭ϝУІЮϜ ϼмА сТ мϜ ϢϼЧϦЂв ϣЮϝϲЮϜ дмЪϦ дϒ ϞϮт)̭мЂцϜ мϲж ϢϼвϦЂв дмЪϦ ъ дϒ рϜ.( 

)4( дϜϼтАЮϜ ϤϝϠϮϜм мϜ ϣтϼЪЂЛЮϜ ϣвϸ϶ЮϜ ϣϮтϦж аЦϝУϦЮϜ пЮϜ ϣЎϼЛв ϣЮϝϲЮϜ дмЪϦ ъ дϒ ϞϮт. 

)5( ϣЯтмА ϢϼϦУЮ ϣтϼЪЂЛЮϜ ϣвϸ϶ЮϜ мϜ ϞтϼϸϦЮϜ ̭Ϝϸц ϸϮϜмϦЮϜ аϸК пЮϜ ϣЮϝϲЮϜ рϸϔϦ ъ дϒ ϞϮт. 

)6( ϣтϲϜϼϮ Ь϶ϜϸϦ ϤϝтЯвК мϜ ϢϼТмϦв ϼтОм ϣЊϝ϶ ЬтЮϝϲϦ ϞЯАϦϦ ъ ,ϣЛϚϝІ ϼтО ϣтмϸϜ ЬмϝжϦ мϜ    . 

)7( йУІЪ ЬлЂЮϜ дв дмЪт дϒ ϞϮт ϣЮϝϲЮϜ ШЯϦЮ ϼϼЪϦв ИмϮϼ рϜ.  

)8( ϰϝϮжϠ ϣвлвЮϜ ̭ϝлжϜ пЯК ϼϪϔт мϜ ЌϼϝЛϦт ъ.  

-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.- 
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× Exogenous Factors Affecting Flying: 
 

×  дϜϼтАЮϜ пЯК ϢϼϪϔвЮϜ ϣтϮϼϝ϶ЮϜ ЬвϜмЛЮϜ: 
 

Á Temporary Restrictions Due to Exogenous Factors: 

 

Aircrew members receiving any substance or procedure likely to provoke an adverse systemic reaction 

should be restricted from flying duties until declared fit by a flight surgeon. Although aircrew members 

are not doctors, they play a part in the decision of whether or not they should fly.  Most of the time 

aircrew members know whether they can fly safely or should be grounded before they even see the 

flight surgeon.  Aircrew members are personally responsible to promptly report any treatment by a non-

flight surgeon or report any condition that may be cause for disqualification from flying. 

 

Á  ϣтϮϼϝ϶ЮϜ ЬвϜмЛЮϜ ϞϠЂϠ ϣϦЦϔвЮϜ ϸмтЧЮϜ:  

 

Йжв ϞϮт ̭ϜϸϜ дв ϣтЂЪК ϢϼмЊϠ аЂϮЮϜ ϤϝтЮϝЛТ пЯК ϼϪϔϦ ϣжтЛв ϤϝтЯвК алЮ оϼϮ̳Ϧ мϜ ϣжтЛв ϸϜмв дмАϝЛϦт дтϺЮϜ дϜϼтАЮϜ ϸϜϼТϜ 

дϜϼтАЮϜ ϞтϠА ЬϠЦ дв ϸтϸϮ дв дϜϼтАЯЮ ϱЮϝЊ йжϓϠ Ј϶ІЮϜ ϸϸϲ̳т пϦϲ дϜϼтАЮϜ ϤϝϠϮϜм . мЂтЮ дϜϼтАЮϜ ϸϜϼТϜ дϒ дв аОϼЮϜ пЯК

̭ϝϠАϓϠ ,ъ аϜ дϜϼтАЮϜ аϝлв ̭ϜϸϓϠ ϜмвмЧт дϜ ϞϮт Ькм алϦЮϝϲ ϸтϸϲϦ сТ ϼмϸ ϞЛЮ алжЪвт дϓТ . дϜϼтАЮϜ ϸϜϼТϜ ЙтАϦЂт ϤϝЦмцϜ ϞЯОϒ

дϜϼтАЮϜ ϞтϠА ϣЛϮϜϼв ЬϠЦ пϦϲ дϜϼтАЮϜ аϸК алтЯК ϞϮмϦт аϜ дϝвϓϠ дϜϼтАЮϜ пЯК алϦϼϸЧϠ ФЯЛϦт ϝвтТ алϦЮϝϲ ϣТϼЛв . ϸϜϼТϜ пЯК ϞϮмϦϦ

 ϞϠЂϦ ϸЦ ϣтϠА ϣЮϝϲ рϒ мϜ дϜϼтАЮϜ ϞАϠ ЈϦ϶в ϼтО ϞтϠА ЬϠЦ дв ϤУЊм ϣтмϸϜ мϜ ϬыК рϓϠ дϜϼтАЮϜ ϞтϠА МыϠϒ ϣтЮмϔЂв дϜϼтАЮϜ

дϜϼтАЮϜ Йв аϚыϦ аϸЛϠ   . 

 

Á Exogenous Factors:  

Á  ϣтϮϼϝ϶ЮϜ ЬвϜмЛЮϜ: 

 

ü Drugs: Aircrew members taking drugs which have a systemic effect will be restricted from flying duty 

until convalescence and or rehabilitation is completed.  All drugs and medications will be dispensed 

by or with the knowledge of a flight surgeon. These include: 

  

1) Alcohol ς 12 hours after the last drink consumed and until no residual effects remain. 

2) Antihistamines or barbiturates ς for period taken and for 24 hours after discontinued or after 

any sequelae, whichever is longer. 

3) Mood stabilizers and tranquilizers ς for a period they are used and for 4 weeks after the drug 

has been discontinued. But when these medications are utilized for symptomatic relief of vomiting 

or muscle spasm, the period of disability will last only for the duration of the acute illness and for 

72 hours after cessation of medication. 

  

û  ϣтмϸцϜ : слϦжϦ пϦϲ дϜϼтАЮϜ ϤϝϠϮϜм дв алЛжв аϦт РмЂ аЂϮЮϜ пЯК ϣтϠЯЂ ϤϜϼтϪϓϦ ϝлЮ ϣтмϸϜ дмЮмϝжϦт дтϺЯЮϜ дϜϼтАЮϜ ϸϜϼТϜ

ϣтЛтϠАЮϜ ϣЮϝϲЮϜ пЮϜ ϢϸмЛЮϜм ϤϜϼтϪϓϦЮϜ ШЯϦ .АЧТ йЯϠЦ дв РЊмϦ дϜм дϜϼтАЮϜ ϞтϠА аЯЛϠ дмЪϦ дϜ ϞϮт ϣтмϸъϜ ЙтвϮ . иϺк

 двЎϦϦ ϣтмϸъϜ: 
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1 ( ЬмϲЪЮϜ : ϢϸвЮ дϜϼтАЮϜ дв Ј϶ІЮϜ Йжв̳т12аЂϮЮϜ пЯК йϦϜϼтϪϓϦ ̭ϝлϦжϜ пϦϲм ЬмϲЪЮϜ сАϝЛϦ дв Ϣϼв ϼ϶ϐ ϸЛϠ ϣКϝЂ . 

2 ( ϤтϼмϮтϠϼϝϠЮϜ м дтвϦЂлЮϜ ϤϜϸϝЎв : ϸЛϠм ϣтмϸъϜ иϺк Ϻ϶ϒ Ϣϸв ЬмА пЯК дϜϼтАЮϜ дв Ј϶ІЮϜ Йжв̳т24 ϝлЛАЦ дв ϣКϝЂ 

ϣтϠжϝϮЮϜ ϝлϦϜϼтϪϓϦ ̭ϝлϦжϜ ϸЛϠм. 

3 ( ϬϜϾвЮϜ ϤϝжЪЂвм ϤϝϦϠϪв:  ϸЛϠм ϣтмϸъϜ иϺк Ϻ϶ϒ Ϣϸв ЬмА пЯК дϜϼтАЮϜ дв Ј϶ІЮϜ Йжв̳т 4ϝлЛАЦ дв ЙтϠϝЂϜ  . ϸжК дЪЮ

 ϢϸвЮ м ̭ϜмϸЮϜ Ϻ϶ϒ ϢϼϦТ Ьы϶ ϼвϦЂϦ РмЂ дϜϼтАЮϜ дв ЙжвЮϜ ϢϼϦТ дϓТ ϣтЯЎЛЮϜ ϤϝЊЯЧϦЮϜ мϜ ϓтЧϦЮϜ ϬыЛЮ ϣтмϸъϜ иϺк аϜϸ϶ϦЂϜ72 

̭ϜмϸЮϜ ЙАЦ ϸЛϠ ϣКϝЂ. 

 

ü Immunization: Medical restriction will be for a minimum of 12 hours and for duration of any 

systemic side effects or local reaction. 

û ϜϱтЧЯϦЮ:  ϼДϲЮϜ дмЪт сϠАЮϜ ϢϸвЮ 12 ϣКϝЂ пЯК ЬЦъϜ дв ̭ϝАКϒ ϰϝЧЯЮϜ рцм Ϣϸв ϤϜϼтϪϓϦ ϣтϠжϝϮ пЯК аЂϮЮϜ. 

 

ü Blood Donations:  Aircrew members will not be regular blood donors.  Following blood donation 

(200cc or more), aircrew member will be restricted from flying duty for a period of 72 hours. 

û  аϸЮϝϠ ИϼϠϦЮϜ :аϸЯЮ дтвДϦжв дттКϼϠϦв дϜϼтАЮϜ ϸϜϼТϒ дмЪт ъ дϒ ϞϮт . аϸЯЮ ИϼϠϦ ϣЮϝϲ рϜ ϸЛϠ)200ϼϪЪϒ мϜ сЂ сЂ ( , ϼДϲ ϞϮт

 ϢϸвЮ дϜϼтАЮϜ ϤϝϠϮϜм ̭ϜϸϜ72ϣКϝЂ . 

 

 

ü Diving:  The incidence of decompression sickness during flight is considerably increased after 

exposure to any environment above atmosphere pressure, such as scuba diving.  Aircrew members 

will not fly within 24 hours following SCUBA diving. 

û  ̭ϝвЮϜ сТ ЈмПЮϜ: ЬϠЦ сЮϝК АПЎ пЮϜ ЌϼЛϦЮϜ ϸЛϠ ̯ϜϸϮ ϼтϠЪ дϜϼтАЮϜ ̭ϝжϪϜ АПЎЮϜ ЌϝУ϶жϜ Ќϼв Ϩмϸϲ ЬϝвϦϲϜ дмЪт 

дϜϼтАЮϜ ,ϣЧтвК ϤϝтмϦЂвЮ ЈмПЮϜ ЬϪв . ϢϸвЮ дϜϼтАЮϜ алЮ ϱвЂт ъ дϜϼтАЮϜ ϸϜϼТϜ24̭ϝвЮϜ сТ ФтвЛЮϜ ЈмПЮϜ ϸЛϠ ϣКϝЂ . 

 

ü Tobacco Smoking:  Aircrew members are discouraged from smoking tobacco at all times. They 

should especially refrain from smoking before flights at night and during all flights. 

û  дт϶ϸϦЮϜ :ЙтϮІϦ ϞϮт йКϜмжϜ ЬЪϠ дт϶ϸϦЮϜ ϢϸϝК РϝЧтц дϜϼтАЮϜ ϸϜϼТϜ . сЮϝтЮ сТ дт϶ϸϦЮϜ дК ИыЦъϜ ϣЊϝ϶ ϢϼмЊϠ алтЯК ϞϮтм

йЂУж дϜϼтАЮϜ Ьы϶м дϜϼтАЮϜ ЬϠЦ ϝв. 

 

ü Strenuous Sporting Activities:  The fitness of aircrew members should be considered following 

participation in strenuous sporting activities. 

û  ϢϸтϸІЮϜ ϣтЎϝтϼЮϜ ϤϝтЮϝЛУЮϜ:ϢϸлϮвм ϢϸтϸІ ϤϝтЮϝЛТ сТ ϣЪϼϝІвЮϜ ϸЛϠ ϼϝϠϦКъϜ дтЛϠ аЂϮЮϜ ϣтϾкϝϮ Ϻ϶ϓ̳Ϧ дϒ ϞϮт . 

 

  

-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.- 
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× Classes of Medications and Herbal/Dietary Supplements: 

×  ϣтϚϜϺПЮϜ ϤывЪ̳вЮϜм ϣтмϸъϜ РϝжЊϜ / ϞϝІКцϜ: 

 
Á Medications:  Generally self-medication by anyone on flight status is prohibited.  Medications 

are designated as Class 1, 2A, 2B, 3, and 4. 

Á  ϣтмϸцϜ: дϜϼтАЮϜ ϞтϠА ϣЛϮϜϼв дмϸϠ дϜϼтАЮϜ ЬϠЦ ̭ϜмϸЮϜ Ϻ϶ϒ Йжв̳т ϣвϝК ϢϼмЊϠ . ЬвІϦ ЙтвϝϮв сТ ИϾмϦϦ ϣтмϸцϜ

ЬмъϜ РжЊЮϜ ,ϒ сжϝϪЮϜ РжЊЮϜ ,Ϟ сжϝϪЮϜ РжЊЮϜ ,ϨЮϝϪЮϜ РжЊЮϜ ,ЙϠϜϼЮϜ РжЊЮϜм   . 

  

      (1) Class 1 Medications:  Over the counter medications which may be used without a waiver.  

Occasional and infrequent use of these over the counter medications does not pose a risk to aviation 

safety when a flight surgeon is not availabƭŜΦ  ¢ƘŜ ƛƴǘŜƴǘ ƛǎ άƻƴƭȅ ǘŀƪŜ ǘƘŜ ƳŜŘƛŎŀǘƛƻƴ ƛŦ ǘƘŜ flight surgeon 

is not readily available or with the knowledge of the flight surgeonΦέ  ¢ƘŜǎŜ ŀǊŜ ŀǇǇǊƻǾŜŘ ŦƻǊ ŀŎǳǘŜ ƴƻƴ-

disqualifying conditions and do not require a waiver.  They include: 

 

           ω Antacids. 

           ω Artificial Tears: Saline or other lubricating solution only.  Medicated solutions need the flight 

surgeon approval. 

           ω Aspirin/Acetaminophen: When used infrequently or in low dosage. 

           ω Pepto Bismol: If used for minor diarrhea conditions. 

           ω Multiple Vitamins: When used in normal supplemental doses. Mega-dose prescriptions are 

prohibited. 

            

 

)   1(  ϣтмϸъϜ дв ЬмъϜ РжЊЮϜ:ϝлтАϝЛϦЮ ϣЊϝ϶ ϣЧТϜмв Ϻ϶ϒ ϞЯАϦϦ ъ сϦЮϜм аϜϸ϶ϦЂъϜ ϣЛϚϝІЮϜ ϣтмϸъϜ ск . ϼтПЮϜм АтЂϠЮϜ аϜϸ϶ϦЂъϜ

ϣЛϮϜϼвЯЮ дϜϼтАЮϜ ϞтϠА ϸϮϜмϦ аϸК ϣЮϝϲ сТ дϜϼтАЮϜ ϣвыЂ пЯК ϼА϶ рϜ ЬЪІ̳т ъм ϰмвЂв ϣтмϸъϜ иϺлЮ ϼϼЪϦв . ск ϢϼЪУЮϜ" сАϝЛϦ

АЧТ ШЮϺ дК йОыϠϜ ϸЛϠ мϜ дϜϼтАЮϜ ϞтϠА ϸϮϜмϦ аϸК ϣЮϝϲ сТ ϣтмϸъϜ дв ИмжЮϜ ϜϺк ". ϤъϝϲЮϜ ϬыЛЮ ϝкϺ϶Ϝ пЯК ϣЧТϜмвЮϜ аϦ ϣтмϸъϜ иϺк

ϝлтАϝЛϦЮ ϣЊϝ϶ ϣЧТϜмв пЮϜ ϬϝϦϲϦ ъм дϜϼтАЮϜ пЯК ϼϪϔϦ ъ сϦЮϜ ϢϸϝϲЮϜ . двЎϦϦ ϣтмϸъϜ иϺкм: 

¶ ϢϸЛвЮϜ ϣЎмвϲ ϬыК. 

¶  ϣтКϝжАЊъϜ дтЛЮϜ Имвϸ :АЧТ ϣϠАϼв ЬтЮϝϲв пЯК рмϦϲϦ сϦЮϜ . ϣЧТϜмв Ϻ϶ϒ ϞϮт ϣЮϝЛТ ϣтмϸϜ пЯК ϝлϚϜмϦϲϜ ϣЮϝϲ сТ

дϜϼтАЮϜ ϞтϠА . 

¶  дтϼϠЂъϜ / ЬмϦтЂϜϼϠ :ϢϼϼЪϦв ϼтОм ϣЯтЯЦ ϣКϼϮϠ йвϜϸ϶ϦЂϜ ϸжК. 

¶  ЬмвЂтϠ мϦϠтϠ)ЬϝлЂъϜ ϬыЛЮ ̭Ϝмϸ( : ЬϝлЂъϜ дв ϣАтЂϠЮϜ ϤъϝϲЮϜ ϬыЛЮ йвϜϸ϶ϦЂϜ ϸжК АЧТ. 

¶ ϤϝжтвϝϦтУЮϜ : ϣАтЂϠЮϜ ϣтвмтЮϜ ИϼϮЮϝϠ ϝлвϜϸ϶ϦЂϜ ϸжК . дв ϣтЮϝЛЮϜ ИϼϮЮϜ ϤϝУЊмϤϝжтвϝϦтУЮϜϣКмжвв дмЪϦ . 
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         (2) Class 2A:  These medications require a prescription and may be used for a short term under the 

supervision of the flight surgeon.  The underlying medical condition requiring use of the medication may 

be disqualifying and require a waiver. 

)     2(  ϒ сжϝϪЮϜ РжЊЮϜ:дϜϼтАЮϜ ϞтϠА РϜϼІϜ ϤϲϦм ϢϼтЊЦ ϢϼϦУЮ ϝлвϜϸ϶ϦЂϜ дЪвтм ϣтϠА ϣУЊм ϞЯАϦϦ ϣтмϸъϜ иϺк  . дϝтϲъϜ ЌЛϠ

 дв дϜϼтАЮϜ ϢϸмϝЛвЮ ϣтвЂϼ ϣЧТϜмв Ϻ϶Ϝ ϞϮт ШЮϺЮ дϜϼтАЮϜ Йв ϣЎϼϝЛϦв ϣтϠА ϣЮϝϲ ϣтмϸъϜ иϺк аϜϸ϶ϦЂϜ ϤϠЯАϦ сϦЮϜ ϣтϠАЮϜ ϣЮϝϲЮϜ дмЪϦ

ϸтϸϮ   . 

 

        (3) Class 2B:  These medications require a prescription and may be used for long term or chronic 

use under the supervision of the flight surgeon. The underlying medical condition may require a waiver.  

The use must be noted on the FDME.  First time use requires 24 hour grounding to ensure there are no 

significant side effects. 

)     3(  Ϟ сжϝϪЮϜ РжЊЮϜ:дϜϼтАЮϜ ϞтϠА РϜϼІϜ ϤϲϦм ϣЯтмА ϢϼϦУЮ аϸ϶ϦЂϦм ϣтϠА ϣУЊм ϞЯАϦϦ ϣтмϸъϜ иϺк  . дмЪϦ дϝтϲъϜϜ ЌЛϠ

ϸтϸϮ дв дϜϼтАЮϜ ϢϸмϝЛвЮ ϣтвЂϼ ϣЧТϜмв Ϻ϶Ϝ ϞϮт ШЮϺЮ дϜϼтАЮϜ Йв ϣЎϼϝЛϦв ϣтϠА ϣЮϝϲ ϣтмϸъϜ иϺк аϜϸ϶ϦЂϜ ϤϠЯАϦ сϦЮϜ ϣтϠАЮϜ ϣЮϝϲЮϜ .

сТ йЧтϪмϦ аϦт дϒ ϞϮт ϣтмϸъϜ дв ИмжЮϜ ϜϺк аϜϸ϶ϦЂϜ ЈϲУЮϜ сϠАЮϜ ϤϝϠϮϜмЮ дϜϼтАЮϜ . ϢϸвЮ дϜϼтАЮϜ Йжв ϞϮт24 аϜϸ϶ϦЂϜ ϸжК ϣКϝЂ 

̭ϜмϸЯЮ ϢϸтϸІ ϣтϠжϝϮ ϤϜϼтϪϓϦ ϸмϮм аϸК дϝвЎЮ пЮмъϜ ϢϼвЯЮ ̭ϜмϸЮϜ . 

 

       (4) Class 3:  These medications require a prescription and may receive favorable waiver 

recommendation only on an individual basis for treatment or control of certain chronic conditions.  The 

underlying disease may require a waiver.  

)     4(  ϨЮϝϪЮϜ РжЊЮϜ : ϣЂϜϼϸ ϸЛϠ аϦϦ ϣЧТϜмвЮϜ иϺкм дϜϼтАЮϜ пЮϜ ϢϸмЛЯЮ ϣтвЂϼ ϣЧТϜмв пЮϜ ϬϝϦϲϦм ϣтϠА ϣУЊм ϞЯАϦϦ ϣтмϸъϜ иϺк

ϣжтЛв ϣжвϾв Ϥъϝϲ пЯК ϢϼАтЂЮϜ мϜ ϬыЛЮϜ пЯК ϣтжϠв ̯Ϝϸϲ пЯК Ј϶І ЬЪЮ ϣтϲЊЮϜ ϣЮϝϲЮϜ. 

 

       (5) Class 4:  Use of these medications necessitates grounding the aircrew member and is not 

waiverable for flight duty.   

)     5(  ЙϠϜϼЮϜ РжЊЮϜ : ϼтО ϣтϲЊЮϜ йϦЮϝϲ дмЪϦм ϣвϚϜϸ ϢϼмЊϠ дϜϼтАЮϜ дв Ј϶ІЮϜ Йжв ϞЯАϦт РжЊЮϜ ϜϺк дв ϣтмϸъϜ аϜϸ϶ϦЂϜ

ϸтϸϮ дв дϜϼтАЮϜ ϢϸмϝЛвм ̭ϝжϪϦЂчЮ ϣЯϠϝЦ. 

 

Á Herbal Preparations/Supplements: The majority are prohibited for aviation duty as many are 

used in cases of self-diagnosis and self-treatment. In many cases, studies do not reveal significant 

clinical efficacy. Some preparations may be used under the guidance of the flight surgeon. The 

short-term effects of some of these preparations are dangerous and use can result in sudden 

incapacitation in flight. Any herbal and dietary supplements being used will be entered on the 

FDME/FDHS.  Herbal and dietary supplements are designated as class 1, 2, or 3. 

 

Á  ϞϝІКъϜм ϣтϚϜϺПЮϜ ϤывЪвЮϜ :дϜϼтАЮϜ ϤϝϠϮϜм ̭ϜϸϜ ϸжК ϝлЮмϝжϦ ИмжввЮϜ дв дмЪϦ ϸϜмвЮϜ иϺк ϞЯОϜ .ϢϼтϪЪ Ϥъϝϲ сТ , аЮ

ϸϜмвЮϜ иϺк дв ϣтϠϝϮтϜ ϭϚϝϦж мϜ ϣтЮϝЛТ рϜ ϣтвЯЛЮϜ ϤϝЂϜϼϸЮϜ ϼлД̳Ϧ . ϞтϠА РϜϼІϜ ϤϲϦ ϝлвϜϸ϶ϦЂϜ дЪввЮϜ дв ϸϜмвЮϜ иϺк ЌЛϠ

дϜϼтАЮϜ .дϜϼтАЮϜ ̭ϝжϪϜ ϙϮϝУв ϾϮК дК ϭϦжϦ ϸЦм ϢϼА϶ дмЪϦ ϸϜмвЮϜ иϺк ЌЛϠЮ ϸвцϜ ϢϼтЊЧЮϜ ϤϜϼтϪϓϦЮϜ . аϜϸ϶ϦЂϜ рϜ

дϜϼтАЮϜ ϤϝϠϮϜмЮ ϣтϠАЮϜ ЈмϲУЮϜ сТ йЧтϪмϦ аϦт РмЂ ϞϝІКъϜм ϣтϚϜϺПЮϜ ϤывЪвЯЮ .РϝжЊϜ ϣϪыϪ пЮϜ ϸϜмвЮϜ иϺк аЂЧ̳Ϧ :

ЬмъϜ РжЊЮϜ ,сжϝϪЮϜ ,ϨЮϝϪЮϜм . 
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   (1) Class 1: May use without approval of a flight surgeon. 

           ω Single multivitamin/mineral tablet per day. 

           ω Vitamin C, E, B6, B12 (oral). 

           ω Calcium. 

           ω Folate. 

           ω Protein supplementation. 

)1(  ЬмъϜ РжЊЮϜ :дϜϼтАЮϜ ϞтϠА пЮϜ ИмϮϼЮϜ дмϸϠ ϝлвϜϸ϶ϦЂϜ дЪввЮϜ дв.  

¶  АтЯ϶ дв ϢϸϲϜм ϣϠϲϤϝжтвϝϦтУЮϜамтЮϜ сТ . 

¶ сЂ дтвϝϦтТ , сϠ6 , сϠ12 )аУЮϜ ФтϼА дК(. 

¶ амтЂЮϝЪЮϜ. 

¶ ϤтЮмУЮϜ. 

¶ ϣтжтϦмϼϠЮϜ ϤывЪвЮϜ 

(2) Class 2: Individual aircrew may use the following supplements with prior approval of the flight 

surgeon.  Any use, whether periodic or regular must be reported on the annual FDME/FDHS. 

          ω Vitamin A, K, D, Niacin, Riboflavin, Thiamine. 

          ω Magnesium, Zinc, Chromium, Selenium, Copper. 

          ω Glucosamine. 

          ω Creatine. 

)2(  сжϝϪЮϜ РжЊЮϜ :дϜϼтАЮϜ ϞтϠА ϣЧТϜмв Ϻ϶ϒ ϸЛϠ РжЊЮϜ ϜϺк дв ϸϜмвЮϜ аϜϸ϶ϦЂϜ алжЪвт дϜϼтАЮϜ ϸϜϼТϜ . ϸϜмвЮϜ иϺк дв рϜ сАϝЛϦ

 сТ йЧтϪмϦ аϦт ϞϮтϱУЮϜмЈ сϠАЮϜϢ ϤϝϠϮϜмЮ дϜϼтАЮϜ.  

¶ ϒ ϤϝжтвϝϦтУЮϜ ,сЪ ,дтЂϝтж ,дтТыТмϠтϜϼ ,дтвϝтϪ. 

¶ амтЂжПвЮϜ ,ШжϾЮϜ ,амϼЪЮϜ ,атжтЯтЂ ,ЀϝϲжЮϜ. 

¶ дтвϒ ϾмЪмЯЪ. 

¶ дтжϦϝтϼЪ. 

(3) Class 3: All other preparations not specifically listed are disqualifying for flight duties. Waivers, while 

unlikely, can be applied for. 

)3(  ϨЮϝϪЮϜ РжЊЮϜ :дϜϼтАЮϜ ϤϝϠϮϜм ̭Ϝϸц ϣЛжϝв ϸϜмв ϼϠϦЛ̳Ϧ ϢϼмЪϺв ϼтПЮϜ ϣтЧϠϦвЮϜ ϸϜмвЮϜ ЙтвϮ . Јϝ϶ ̭ϝжϪϦЂϜ ЬыЊϲϦЂϜ дЪвт

 ̯ϜϼтϪЪ ϸϼϜм ϼтО ШЮϺ дЪЮм ϸϜмвЮϜ ШЯϦ сАϝЛϦЮ. 
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Aviation Toxicology 

дϜϼтАЮϜ сТ амвЂЮϜ аЯК 
ü Main Points of the Subject:  

 

1. Types of Hazards. 

2. Toxicology terms and definitions. 

3. Toxicology principles. 

4. Toxic substances found in aviation. 

5. Protective measures. 

û  ИмЎмвЮϜ сТ ϣтЂϝЂъϜ АϝЧжЮϜ: 

 

1. ИϜмжϜ ϼАϝ϶вЮϜ. 

2. ϤϝϲЯАЊв РтϼϝЛϦм аЯК амвЂЮϜ. 

3. амвЂЮϜ аЯК ̭оϸϝϠв. 

4. АЮϜ сТ ϣ̵вϝЂЮϜ ϸϜмвЮϜдϜϼт. 

5. ϣтϚϝЦмЮϜ ϤϜ̭ϜϼϮъϜ. 

-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.- 

 

× Types of Hazards: 
The aviation industry (military and civilian) has the potential to expose its workforce to numerous 
hazards that may result in adverse health effects. Understanding the potential hazards found in 
aviation will limit your risk of an exposure to the many toxins found in aviation.  Categories of hazards 
are physical, biological and chemical. 

×  ϼАϝ϶вЮϜ ИϜмжϜ: 
 дϜϼтАЮϜ аЮϝК  двЎϦт)сжϸвЮϜм рϼЪЂЛЮϜ(  пЯК ϣтϠЯЂ ϤϜϼтϪϓϦ сТ ϞϠЂϦϦ ϸЦ сϦЮϜм ϢϸϸЛϦв ϢϼтА϶ ϸϜмв пЮϜ ЌϼЛϦЯЮ ϣжвϝЪ ϢϼмА϶

аЂϮЮϜ .дϜϼтАЮϜ сТ ϢϸмϮмвЮϜ ϢϸтϸЛЮϜ ϢϼА϶ЮϜ ϸϜмвЮϜ пЮϜ ШЎϼЛϦ ϢϼмА϶ дв ЬЯЧт РмЂ дϜϼтАЮϜ сТ ϢϸϮмвЮϜ ϼАϝ϶вЮϜ иϺк алТ. ИϜмжϜ

 пЮϜ аЂЧϦϦ ϼАϝ϶вЮϜϣтϚϝтϾтУЮϜ ϼАϝ϶вЮϜ ,ϣтϚϝтвтЪЮϜ ϼАϝ϶вЮϜм ϣтϚϝтϲъϜ ϼАϝ϶вЮϜ .  

 

     (1) Physical hazards: are those that result from energy and matter and the relationship between the 

two.  An interaction between the energy and matter is required for this type of hazard. 

)   1(  ϣтϚϝтϾтУЮϜ ϼАϝ϶вЮϜ: ϝвлжтϠ ϣЦыЛЮϜм ϢϸϝвЮϜм ϣЦϝАЮϜ дК ϣвϮϝжЮϜ ϼАϝ϶вЮϜ ск . дтϠ АϠϜϼϦм Ь϶ϜϸϦ ϞЯАϦт ϼАϝ϶вЮϜ дв ИмжЮϜ ϜϺк

ϢϸϝвЮϜм ϣЦϝАЮϜ . 

    (2) Biological hazards: are those that cause illnesses because of their infectious or toxic properties. An 

example would be Anthrax or a virus. 

)     2 (ϼАϝ϶вЮϜ ϣтϚϝтϲъϜ : ск ϼАϝ϶вЮϜ ϣϠϠЂвЮϜ ЌϼвЯЮ ϣϮтϦжЪ ϝлЊϜм϶Ю ϣтϸЛ̳вЮϜ мϜ ϣ̵т̵в̳ЂЮϜ . ϢϼвϮЮϜм ϤϝЂмϼтϝУЮϜ мк ШЮϺ пЯК ЬϝϪв

ϣϪтϠ϶ЮϜ. 
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   (3)  Chemical hazards: all chemicals are toxic in one form or another. The amount of exposure and the 

dose determines the toxic reaction. Water inhaled in large quantities can be toxic. 

)    3 (ϼАϝ϶вЮϜ ϣтϚϝтвтЪЮϜ : ЙтвϮ ϣтϚϝтвтЪЮϜ ϸϜмвЮϜ дмЪϦ  ϣвϝЂЬЪІϠ мϜ ϼ϶̵ϝϠ. ϸ̵ϸϲ̳Ϧ ϣКϼϮЮϜ ЌΗϼЛϦЮϜм ϼϜϸЧв свЂЮϜ ЬКϝУϦЮϜ . ЬϝϪвЪ

авЂϦϠ ϞϠЂϦт дϜ дЪввЮϜ дв ϢϼтϠЪ ϤϝтвЪϠ йЦϝІжϦЂϜ аϦ ϜϺϜ ̭ϝвЮϜ дϓТ . 

-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.- 

× Toxicology terms and definitions: 
× ϤϝϲЯАЊв РтϼϝЛϦм аЯК амвЂЮϜ:  

     (1) Occupational Hazard:  This is anything capable of producing an adverse health effect (through 
either illness or injury) on a worker. 

)  1 (ϼАϝ϶вЮϜ ϣтжлвЮϜ:  ϞϠЂϦЮϜ пЯК ϼϸϝЦ ̭сІ рϜ сксЂЪКϼтϪϓϦϠ пЯК ϣ̵ϲЊ мϜ ϣвыЂ ϸϼУЮϜ ЬвϝЛЮϜ ) мϜ ЌϼвЮϜ ФтϼА дК
ϣϠϝЊъϜ(  . 

    (2) Toxicology: The scientific study of poisons.  This is the study of the physical and chemical agents 
and the injury caused to living cells. 

) 2 (аЯК амвЂЮϜ :мкамвЂЮϜ ϣЂϜϼϸϠ ЈϦ϶т рϺЮϜ аЯЛЮϜ  . сϦЮϜ ϤϝϠϝЊъϜм ϣтϚϝтвЪЮϜм ϣтϚϝтϾтУЮϜ ϸϜмвЮϜ ϣЂϜϼϸ двЎϦϦ ϣтвЯЛЮϜ ϣЂϜϼϸЮϜ иϺк
ϣтϲЮϜ ϝты϶ЮϜ сТ ϝлϠ ϞϠЂϦϦ. 

   (3) Exposure: The actual contact of the harmful substance with the biological organism. There are two 
types of exposure: 

(a) Acute Exposure: An exposure of an agent over a short period of time that can cause adverse health 
changes. This may cause an unrecognized decreased in perception and your abilities/ skills. This is the 
greatest risk to aircrew members in flight. An example would be exposure to and inhalation of smoke in 
the cockpit due to fire. 

(b) Chronic Exposure: A long-term exposure to an agent or a series of repeated exposures to an agent 
that may eventually lead to adverse health changes. Usually does not cause sudden incapacitation. 
Effects to your health occur many years after the exposure. Examples include cigarette smoking and lung 
cancer, and noise and hearing loss. 

  ) 3 (ЌΗϼЛϦЮϜ :мк ϣЂвы̳вЮϜ ϣтЯЛУЮϜ ϸϜмвЯЮ Ϣ̵ϼϝЎЮϜ Йв дϚϝЪЮϜ сϲЮϜ . Ќ̳ϼЛϦЮϜ дв дтКмж Шϝжк: 

)ϒ( ЌΗϼЛϦЮϜ ϸϝϲЮϜ :мк  ΗϼЛϦЮϜϣжтЛв ϢϸϝвЮ Ќ ϢϼϦУЮ ϢϼтЊЦ дв ϤЦмЮϜ рϺЮϜм Ϟ̵ϠЂ̳т ϤϜϼтϪϓϦ ϣтЂЪК пЯК ϣϲЊЮϜ. ϸЦ ЌϼЛϦЮϜ дв ИмжЮϜ ϜϺк 
ϝлϠ амЧϦ сϦЮϜ ϤϝтЮϝЛУЮϜм ϤϜϼϸЧЮϜм ШЂϝЂϲϜ сТ ДмϲЯв ϼтО дϝЊЧжϠ ϞϠЂϦт . дϜϼтАЮϜ ϸϜϼТϜ пЯК ϢϼмА϶ ̭ϝтІъϜ ϼϪЪϜ мк ̭сІЮϜ ϜϺк

дϜϼтАЮϜ ̭ϝжϪϜ .ϢϼϚϝАЮϜ сТ Фтϼϲ ϞϠЂϠ ϢϸϝтЧЮϜ ϢϼϮϲ сТ дϝ϶ϸЮϜ ФϝІжϦЂϜм ЌϼЛϦЮϜ мк ШЮϺ пЯК ЬϝϪв. 

)Ϟ( двϾ̳вЮϜ ЌΗϼЛϦЮϜ : ΗϼЛϦЮϜ мк ϣЯтмА ϢϼϦУЮ Ќдв ϣжтЛв ϢϸϝвЮ ϤЦмЮϜ ϼ̵ϼЪϦ̳вЮϜ ϤϝЎΗϼЛϦЮϜ дв ϣЯЂЯЂ мϜϢϸϝвЯЮ Ϣ дϜ дЪввЮϜ дв рϺЮϜ рϸϔт 

ϣϲЊЮϜ пЯК ϣтЂЪК ϤϜϼттПϦ пЮϜ ϣтϝлжЮϜ сТ.ϙϮϝУв ϾϮЛϠ ϞϠЂϦт ъ ЌϼЛϦЮϜ дв ИмжЮϜ ϜϺк дϓТ ϢϸϝЛЮϜ сТ  . ϨϸϲϦ ШϦϲЊ пЯК ϤϜϼтϪϓϦЮϜ
ЌϼЛϦЮϜ дв ϤϜмжЂ ϢϸК ϸЛϠ .ϣϚϼЮϜ дϝАϼЂм дт϶ϸϦЮϜ мк ШЮϺ пЯК ЬϝϪв ,ЙвЂЮϜ дϜϸЧТм ̭ϝЎмЎЮϜм . 

      (4) Threshold Limit Values (TLV): Concentration of chemicals that will produce no effects to 
individuals who are exposed for 8 hours a day. 

)  4 (атЦ  ̵ ϸϲ ϣϠϦЛЮϜϣϲмвЂвЮϜ  :мк ϾтЪϼϦ ϸϜмвЮϜ ϣтϚϝтвтЪЮϜ сϦЮϜ ъ Ϟ̵ϠЂ̳Ϧ рϜ ϼтϪϓϦ пЯК ϸϜϼТъϜ дтϺЮϜ дмЎ̵ϼЛϦт ϝлЮ ϢϸвЮ 8 ϤϝКϝЂ 

 ̯ϝтвмт .

 (a) Short Term Exposure Limits (TLV-STEL): Concentration of chemicals that are allowed for exposure 
times of 15 minutes during the work day. 

)ϒ( ϤϜϸ̵ϸϲв Ќϼ̵ЛϦЮϜ ϢϼϦУЮ ϢϼтЊЦ дв ϤЦмЮϜ:мк ϾтЪϼϦ ϸϜмвЮϜ ϣтϚϝтвтЪЮϜ ϰмвЂвЮϜ Ќ̵ϼЛϦЮϝϠ ϝлЮ ϢϸвЮ 15 ϣЧтЦϸ сТ амтЮϜ .



 

 
20 

 (b) Ceiling Concentration (TLV-C): Concentration of chemicals that must never be exceeded during any 
part of the workday. 

)Ϟ(  пЊЦъϜ ϾтЪϼϦЮϜ: амтЮϜ сТ ϤЦм рϜ ̭ϝжϪϜ ϝкϾмϝϮϦ аϸК ϞϮт сϦЮϜ ϣтϚϝтвтЪЮϜ ϸϜмвЮϜ ϾтЪϼϦ мк.  

-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.- 

× Aviation Toxicology Principles: 
× аЯК̭оϸϝϠв амвЂЮϜ:  

     (1) Time and Dose Principle: The effect of a toxin on the body depends on the duration and dose of 
exposure. As the concentration of a toxin increases, the time between exposure and onset of symptoms 
decreases. 

   )1(  ϒϸϠвϤЦмЮϜ ϣКϼ̳ϮЮϜм : ϢϸϝвЮϜ ШЯϦЮ ЌϼЛϦЮϜ ϣтвЪм ϣтжвϾЮϜ ϢϼϦУЮϜ пЯК ϸвϦЛт аЂϮЮϜ пЯК а̳ЂЮϜ ϼтϪϓϦ . ϤЯЦ а̳ЂЮϜ ϾтЪϼϦ ϸϜϾ ϝвЯЪ

ϣтЎϼвЮϜ ЌϜϼКъϜ ϣтϜϸϠм ЌϼЛϦЮϜ ϤЦм дтϠ ϢϸвЮϜ . 

    (2) Route of Entry Principle: Toxins can enter the body through three ways: Inhalation, Absorption, 
and Ingestion. 

  )2(  аЂϮЮϜ пЮϜ аЂЮϜ Ьм϶ϸ ФтϼА ϒϸϠв: ФϼА ϣϪыϪ Ьы϶ дв аЂϮЮϜ пЮϜ Ь϶ϸϦ дϜ дЪвт ϣвϝЂЮϜ ϸϜмвЮϜ  :ФϝІжϦЂъϜ ,ЈϝЊϦвъϜ ,

ИыϦϠцϜм.    

(a) Inhalation: In the flight environment, this is the most important method. The surface area of the lung 
is enormous. When inhaled, most toxins are absorbed directly into the blood stream due to the 
extremely short distance the gas must move from the lungs to the blood.  This is the most common 
route of exposure. 

)ϒ(  ФϝІжϦЂъϜ: дв акϒ Фϼ̳АЮϜ сϦЮϜ рϸϔϦ пЮϜ Ьм϶ϸ а̳ЂЮϜ пЮϜ аЂϮЮϜ сТ дϜϼтАЮϜ ЬвК . ̯ϜϸϮ ϢϼтϠЪ дмЪϦ ϣϚϼЯЮ ϣтϲАЂЮϜ ϣϲϝЂвЮϜ . ϸжК

ϣвϝЂЮϜ ϸϜмвЮϜ ФϝІжϦЂϜ , ϾϝПЮϜ пЯК ϞϮмϦт сϦЮϜ ϣТϝЂвЮϜ ϼЊ̳Ц ϞϠЂϠ аϸЮϜ оϼϮв пЮϜ ϢϼІϝϠв ϢϼмЊϠ ϝлЊϝЊϦвϜ аϦт амвЂЮϜ иϺк ϞЯОϜ
аϸЮϜ пЮϜ дтϦϚϼЮϜ дв ЬϝЧϦжчЮ ϝлЪϼϲϦ .ϣтвЂЮϜ ϸϜмвЯЮ ЌϼЛϦЯЮ ̯ϝКмтІ ϼϪЪъϜ ϣЧтϼАЮϜ мк ФϝІжϦЂъϜ. 

(b) Absorption: This involves movement of the toxin through the skin. Prolonged contact with most 
Petroleum, oils, lubricants (POLs) may allow for dermal absorption.   

)Ϟ( ЈϝЊϦвъϜ: двЎϦт Ьм϶ϸ а̳ЂЮϜ дв Ьы϶ ϸЯϮЮϜ. дК ϝлЊϝЊϦвц ϱвЂт ϸЦ ϤмтϾЮϜм ϸмЦмЮϜ ϸϜмв ϞЯОϜ Йв ϣЯтмА ϢϼϦУЮ ЀвыϦЮϜ 
ϸЯϮЮϜ ФтϼА. 

(c) Ingestion: Involves taking substance in through the mouth accidentally. The main means of 
exposure via ingestion includes smoking, eating, or drinking in work areas without adequate 
precautions.  This is the least common route of exposure. 

)Ϭ(  ИыϦϠцϜ :двЎϦт аУЮϜ ФтϼА дК а̳ЂЮϜ Ϻ϶ϒ  ̯ϝтЎϼК . ЬϚϝЂмЮϜϣтЂтϚϼЮϜ ЌΗϼЛϦЯЮ а̳ЂЯЮ дв Ьы϶ ИыϦϠъϜ двЎϦϦ дт϶ϸϦЮϜ мϜ ЬЪцϜ мϜ 

ϞϼІЮϜ Ь϶Ϝϸ ФАϝжв ЬвЛЮϜ дмϸϠм ϤϜ̭ϜϼϮϜ ϣтϚϝЦм ϣтТϝЪ.ϣтвЂЮϜ ϸϜмвЯЮ ЌϼЛϦЯЮ ̯ϝКмтІ ЬЦъϜ ϣЧтϼАЮϜ мк ИыϦϠъϜ . 

   (3) Rate of Retention and Excretion Principles: 
(a) Retention: How long the body keeps the toxin before the body eliminates it. Toxins' with high 
retention rates include lead, DDT, asbestos, beryllium. 
(b) Excretion: How quickly the body rids itself of the toxin. This is usually through the liver or 
kidneys.  

)3 (ϸϠв ϰϼАЮϜ ЬϸЛвм аЂϮЮϜ Ь϶Ϝϸ ϾϝϮϦϲцϜ ЬϸЛв ϒ : 

)ϒ(  аЂϮЮϜ Ь϶Ϝϸ ϾϝϮϦϲцϜ : мкЬмА ϢϼϦТ ̭ϝЧϠ а̳ЂЮϜ сТ аЂϮЮϜйϲϼА ЬϠЦ  .амвЂЮϜ ϤϜϺ ϤъϸЛв ϾϝϮϦϲшϜ ϣтЮϝЛЮϜдвЎϦϦ  ЈϝЊϼЮϜ 

ϸтϠ̳вм ϤϜϼІϲЮϜ ϤЂϠϾцϜм амтЯтϼϠЮϜм .
)Ϟ(  ϰϼАЮϜ :ϣКϼЂ ЈΗЯ϶Ϧ аЂϮЮϜ дв ϸϜмвЮϜ ϣт̵в̰ЂЮϜ . ФтϼА дК ϰϼАЮϜ аϦтϸϠЪЮϜ мϜ ϣтЯЪЮϜ . 
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    (4) Physiological Principles: Individual variability principles that determine the response to a toxin. 
)4(  ϣтϮЯЂУЮϜ ϘϸϝϠвЮϜ :ϤϜϼтПϦ̳вЮϜ ϣтϸϼУЮϜЈ϶І ЬЪЮ  ϸϸϲϦ ϣϠϝϮϦЂъϜ а̳ЂЯЮ.  

(a) Metabolism slows with age. Dosing medications and exposure to toxins becomes more critical.  
)ϒ(  ЌтцϜϼвЛЮϜ ϸϝтϸϾϜ Йв ϙАϝϠϦт .ϢϼмА϶ ϼϪЪϜ ϱϠЊϦ амвЂЮϜ пЮϜ ЌϼЛϦЮϜм ϣтмϸъϜ ИϼϮ . 

         (b) The amount of body fat determines the effect of fat-¬soluble toxins. The more body fat a person has 
the more fat-soluble toxin that is absorbed and the longer it takes the body to excrete it. 

)Ϟ(  ϣтвЪ аЂϮЮϜ амϲІϣϠϚϜϺЮϜ амвЂЮϜ ϼтϪϓϦ ϸϸϲϦ-сТ-амϲІЮϜ .ϣϠϚϜϺЮϜ амвЂЮϜ ϣтвЪ ϤϸϜϾ ϝвЯЪ аЂϮЮϜ сТ амϲІЮϜ ϣтвЪ ϤϸϜϾ ϝвЯЪ-сТ-

аЂϮЮϜ дв амвЂЮϜ ШЯϦ ϰϼА ϢϼϦТ ϸϜϸϾϦм ЈϦв̳Ϧ сϦЮϜ амϲІЮϜ . 

         (c) Genetics affect how the body will respond to some toxins. 
)Ϭ(  ϣтϪϜϼмЮϜ ЬвϜмЛЮϜамвЂЮϜ ЌЛϠ пЮϜ аЂϮЮϜ ϣϠϝϮϦЂϜ ϣтУтЪ сТ ϼϪϔϦ. 

     (5) Physiochemical Principles: The biochemical processes of detoxifying chemicals within the body.  

)  5(  ϘϸϝϠвϤϜϼтϪϝϦЮϜ ϣтϮЯЂУЮϜ ï ϣтϚϝтвтЪЮϜ :ϣтЯвЛЮϜ ϣтϚϝтϲъϜ ï ϣтϚϝтвтЪЮϜ ЈЯ̵϶ϦЯЮ дв ϸϜмвЮϜ ϣ̵тв̳ЂЮϜ ϣтϚϝтвтЪЮϜ сТ аЂϮЮϜ .

     (6) Environmental Principals: Atmospheric pressure, temperature, and humidity affect toxicity. 
)  6(  ϣтϚтϠЮϜ ϤϜϼтϪϓϦЮϜ ϘϸϝϠв :рмϮЮϜ АПЎЮϜ ,ϢϼϜϼϲЮϜ ,авЂϦЮϜ ϣϮϼϸ пЯК ϼϪϔϦ ϣтϚтϠ ЬвϜмК ϣϠмАϼЮϜм. 

(a) Atmospheric pressure: Studies show that hazardous fumes/vapors become more toxic the higher 
you go in altitude. e.g. carbon monoxide at ground level may have little or no effect.  As you gain 
altitude the same amount may cause impairment as CO exacerbates the hypoxia of altitude. 

)ϒ(  рмϮЮϜ АПЎЮϜ :ЌϼъϜ дв ИϝУϦϼъϜ ϸϜϾ ϝвЯЪ ϣтвЂ ϼϪЪϜ ϱϠЊϦ ϢϼА϶ЮϜ Ϣϼ϶ϠцϜм ϣж϶ϸцϜ дϜ ϤϝЂϜϼϸЮϜ ϤϼлДϒ . дϒ ШЮϺ пЯК ЬϝϪв

ЌϼъϜ пЯК аЂϮЮϜ пЯК АтЂϠ ϼтϪϓϦ йЮ дмЪт дмϠϼϝЪЮϜ рϸϝϲϒ ϾϝО . рϸϝϲϒ ϾϝО ϣтвЪ ЀУж ϞϠЂϦϦ РмЂ ИϝУϦϼъϜ ϸϜϾ ϝвЯЪ дЪЮм
ϤϝКϝУϦϼцϜ сТ ϣϮЂжцϜ сТ дтϮЂЪмцϜ ЈЧж ϣЮϝϲ Ϩмϸϲ ϣКϼЂ пЯК ϾϝПЮϜ ϼтϪϓϦ ϞϠЂϠ аЂϮЮϜ сТ ϾϮК дмϠϼϝЪЮϜ. 

 (b) Temperature: Some toxic agents are less problematic in winter than in summer due to larger 
vaporization of volatile chemicals in warmer temperature.  

)Ϟ( ϣϮϼϸ ϢϼϜϼϲЮϜ : ϱϠЊϦ̳ ЌЛϠ ϼЊϝжЛЮϜ ϣ̵вϝЂЮϜ ЬЦϜ ϢϼмА̳϶ сТ ЬЊТ ̭ϝϦІЮϜ сТ йтЯК дмЪϦ ϝвК ЬЊТ РтЊЮϜ ШЮϺм ϞϠЂϠ ϼ̵϶ϠϦЮϜ 
сЮϝЛЮϜ ϸϜмвЯЮ ϣтϚϝтвтЪЮϜ ϢϼтϝАϦвЮϜ сТ ϤϝϮϼϸ ϢϼϜϼϲЮϜ ϣЛУϦϼ̳вЮϜ .

 (c) Humidity: Chemicals are more rapidly absorbed through wet (perspiration) skin than dry cool skin. 
)Ϭ( ϣϠмАϼЮϜ : дмЪт ЈϝЊϦвϜ ϸЯϮЮϜ ϞАϼЮϜ )ФϼЛϦ̳вЮϜ( ϸϜмвЯЮ ϣтϚϝтвтЪЮϜ ИϼЂϜ дв ϸЯϮЮϜ ϸϼϝϠЮϜ РϝϮЮϜ. 
 
 

-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.- 

× Toxic substances found in aviation: 
× ϸϜмвЮϜ ϣ̵вϝЂЮϜ сТ дϜϼтАЮϜ:  

     As an aircrew member, you have the potential for exposure to various contaminants in the aviation 

environment. Your exposure will vary depending on your duties and personal meticulousness. These 

include: 

дϜϼтАЮϜ ЬϝϮв сТ ϣУЯϦ϶в ϸϜмвϠ ϨмЯϦЮϜ пЮϜ ЌϼЛϦϦ ϸЦ ШжϓТ дϜϼтАЮϜ ϸϜϼТϜ дв мЎЛЪ      . РмЂ ϣϪмЯвЮϜ ϸϜмвЮϜ пЮϜ ЌϼЛϦЮϜ ϜϺк

ШϦвыЂЮ йтЮмϦ рϺЮϜ ϼϺϲЮϜ оϸвм ШЯвК ϣЛтϠА ϞЂϲ РЯϦ϶т .двЎϦϦ ϸϜмвЮϜ иϺк : 
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ü Aviation Fuels: 

Military aircraft use Jet Propulsion (JP) series of fuels (JP4, 5, and 8).  Jet Propulsion Fuels are various 
mixtures of hydrocarbons producing different grades of kerosene. Each JP fuel has its own flash and 
vapor point. JP 8 is nearly 100% kerosene and has a higher flash point and lower vapor pressure point.  
JP 8 is the most common fuel used. The principle hazard for JP fuels is inhalation of its vapors. 

 The signs and symptoms of toxic acute fuel exposure are lightheadedness, confusion, fatigue, coma, 
slurred speech, and impaired psychomotor skills (Neurological symptoms). Irregular heartbeats, 
coughing, choking wheezing (Cardiac and Respiratory symptoms), nausea, vomiting (Gastrointestinal 
symptoms), and chemical burns (Skin symptoms) can also occur. Chronic high exposure can lead to 
leukemia, brain and peripheral nerve damage. This is not usually a problem unless an individual 
routinely works around or in fuel cells. 

û ϸмЦм ϢϼϚϝАЮϜ:  
 

 ИмжЮϜ дв ϸмЦмЮϜ аϸ϶ϦЂϦ ϣтϼЪЂЛЮϜ ϤϜϼϚϝАЮϜ"сϠ сϮ ") сϠ сϮ4 , сϠ сϮ5 , сϠ сϮ8( . ϤϝтмϦЂв дв АтЯ϶ мк ϸмЦмЮϜ дв ИмжЮϜ ϜϺк

дтЂмϼтЪЮϜ дв ϢϸϸЛϦв .йϠ ϣЊϝ϶ ϼ϶ϠϦ ϣϮϼϸм ЬϝЛϦІϜ ϣϮϼϸ Шϝжк сϠ сϮЮϜ дв Имж ЬЪЮ . сϠ сϮ8 ϣϠтϼЦ ϣϠЂжϠ дтЂмϼтЪЮϜ дв дмЪϦв 

 дв100 %ϼ϶ϠϦ ϣϮϼϸ ϙАмϒм ЬϝЛϦІϜ ϣϮϼϸ пЯКϜ йтϸЮм . сϠ сϮ8ϤϜϼϚϝАЮϜ сТ ̯ϝвϜϸ϶ϦЂϜ ϼϪЪъϜ ϸмЦмЮϜ мк   . дв ϣтЂтϚϼЮϜ ϢϼмА϶ЮϜ

йϦϼ϶Ϡϒ ФϝІжϦЂϜ ск сϠ сϮ Имж дв ϸмЦмЮϜ . 
 ϸмЦмЯЮ ϸϝϲЮϜ ЌϼЛϦЯЮ ϣтЎϼвЮϜ ЌϜϼКъϜм ϤϝвыЛЮϜ скЀϝЂϲъϜ ̪ϼϜмϸЮϝϠ ̪Є м̵ІϦЮϜ ̪̭ϝтКъϜ ̪ϣϠмϠтПЮϜ аϪЛЯϦ ̪аыЪЮϝϠ ϤϝТϼЊϦ ϣϠтϼО 

)ЌϜϼКъϜ ϣ̵тϠЊЛЮϜ ,(ЌϠж ϼтО ̪аДϦжв ЬІТ Ѐ̵УжϦЮϜ) аϸК ϢϼϸЧЮϜ пЯК Ѐ̵УжϦЮϜ(̪ ̪ЬϝЛЂ ̪ФϝжϦ϶Ϝ ϼтУЊ сТ ЀУжϦЮϜ) ЌϜϼКϜ ϾϝлϮЮϜ 
рмϚϼЮϜ сϠЯЧЮϜм ,(̪дϝтϪПЮϜ ϔтЧϦЮϜ) свЎлЮϜ ϾϝлϮЮϜ ЌϜϼКϜ( ,мФмϼϲ  ϣтϚϝтвтЪ) ϣтϸЯϮЮϜ ЌϜϼКъϜ(  ̯ϝЎтϜ ϨϸϲϦ дϒ дЪвв . ЌϼЛϦЮϜ

 двϾвЮϜ сЮϝЛЮϜаϸЮϜ дϝАϼЂ сТ ϞϠЂϦт дϒ дЪвт ,ϣтАтϲвЮϜ ϞϝЊКъϜм МϝвϸЮϜ ϼϼЎ . ϜϺϜ цϜ ϣЯЪІв ϼмвъϜ иϺк дмЪϦ ъ ϣвϝК ϢϼмЊϠ

ϸмЦмЮϜ ϤϝжϜϾ϶ дв ϞϼЧЮϝϠ мϜ Ь϶Ϝϸ ЬвЛт Ј϶ІЮϜ дϝЪ.  
 

ü Aviation Fuel Combustion: 

Carbon Monoxide is one of the most common and toxic of substances in the aviation environment. It is 
a product of incomplete combustion.  There will always be a small amount of carbon monoxide 
produced because combustion is not 100% efficient. It is an odorless, tasteless, and colorless vapor.  
Suspect carbon monoxide with exhaust fumes.  Relatively low concentrations in the air can produce high 
blood concentrations over time. Inhalation of as little as 0.5% for 30 minutes at rest produces a blood 
concentration of 45%.  As little as 10% concentration of carbon monoxide in the blood causes a 
decrement in peripheral vision and night visual acuity. 
The body can remove 50% of the carbon monoxide from the blood every 4 hours when breathing room 
ŀƛǊΦ  ¢ƘŜ ǳǎŜ ƻŦ млл҈ ƻȄȅƎŜƴ ǿƛǘƘ ŀƴ ŀǾƛŀǘƻǊΩǎ Ƴŀǎƪ ǊŜŘǳŎŜǎ ǘƘƛǎ ǘƻ н ƘƻǳǊǎ ǘƻ ǊŜƳƻǾŜ рл҈Σ ŀnd reduced 
to 30 minutes with hyperbaric oxygen treatment. 
The effects of carbon monoxide intoxication include headache, weakness, dizziness, nausea, confusion, 
and loss of consciousness. The classic cherry red coloration of nail beds and lips does not occur until the 
concentration of CO is greater than 40%, which is where your judgment becomes impaired. 

û ФϜϼϦϲϜ ϸмЦм ϤϜϼϚϝАЮϜ :  

 

 дмϠϼϝЪЮϜ ϸтЂЪмϜ рϸϝϲϜ ϾϝОдϜϼтАЮϜ ЬϝϮв сТ ̯ϝКмтІ ϣвϝЂЮϜ ϸϜмвЮϜ ϼϪЪϜ дв ϸϲϜм мк . ϣϮтϦж ϾϝПЮϜ ϜϺк дмЪϦтаϝϦЮϜ ϼтПЮϜ ФϜϼϦϲцϜ .

 дмЪт ъ ФϜϼϦϲъϜ дц ̯ϝвϚϜϸ ϾϝПЮϜ ϜϺк дв ϣЯтЯЦ ϣтвЪ Шϝжк дмЪϦϦ РмЂ100 %ЬвϝЪ .йЮ ϣϲϚϜϼ ъ ϾϝПЮϜ ϜϺк ,йЮ аЛА ъ , дмЮ ъм

йжϝ϶ϸЮ . ϸмϮм ЙЦмϦϾϝО рϸϝϲϜ ϸтЂЪмϜ дмϠϼϝЪЮϜ аϸϝК дв ϣϮϼϝ϶ЮϜ ϣж϶ϸъϜ сТ )ϣЊжЮϝЊ( ШϼϲвЮϜ . сТ ϣтϠЂж ϢϼмЊϠ ϣЯтЯЦ ϾттЪϜϼϦ
аϸЮϜ сТ ϾϝПЯЮ сЮϝК ϾтЪϼϦ сТ ϞϠЂϦϦ дϜ дЪввЮϜ дв ̭ϜмлЮϜ . ϾтЪϼϦϠ ϾϝПЮϜ ФϝІжϦЂϜ0.5 % ϢϸвЮ30 ЬЊт аϸЮϜ сТ ϾтЪϼϦ сТ ϞϠЂϦт ϣЧтЦϸ 

 пЮϜ45 .% ϣϠЂжϠ аϸЮϜ сТ ϾϝПЮϜ ϾтЪϼϦ10 %сЯтЯЯЮϜ ϼДжЮϜ Ϣϸϲм сАтϲвЮϜ ϼДжЮϜ дϝЊЧжϠ ϞϠЂϦт. 

 ϣЮϜϾϜ йжЪвт аЂϮЮϜ50 % двϾϝО рϸϝϲϜ ϸтЂЪмϜ дмϠϼϝЪЮϜ ЬЪ аϸЮϜ дв 4рϸϝтϦКъϜ ̭ϜмлЮϜ ЀУжϦ ϸжК ϤϝКϝЂ  . пЮϜ ЌУ϶жϦ ϢϸвЮϜ иϺк

 ϣϠЂжϠ дтϮтЂЪмъϜ ЀУжϦЮ ИϝжЧЮϜ аϜϸ϶ϦЂϜ ϸжК дтϦКϝЂ100% , пЮϜ ϢϼϦУЮϜ иϺк ЬЧϦ РмЂм30 ϾтЪϼϦϠ дтϮЂЪмъϜ аϜϸ϶ϦЂϜ ϸжК ϣЧтЦϸ 

авЂϦЮϜ дв ИмжЮϜ ϜϺлЮ ϬыЛЪ ̯ϜϸϮ сЮϝК. 
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  дмϠϼϝЪЮϜ ϸтЂЪмϜ рϸϝϲϜ ϾϝПϠ авЂϦЮϜ ϤϜϼтϪϓϦЀϒϼЮϜ ЙϮм двЎϦϦ ,РЛЎЮϜ ,ϣ϶мϸЮϜ ,дϝтϪПЮϜ ,сжкϺЮϜ ЄмІϦЮϜ ,сКмЮϜ дϜϸЧТм . дмЪт

 ϼвϲϜ мк ϼТϝДцϜм иϝУІЮϜм йϮмЮϜ дмЮ)ϾϼЪЮϜ дмЮ ЬϪв(  дв пЯКϜ ϾтЪϼϦϠ ъϜ Ϩϸϲт ъ сІЮϜ ϜϺк дЪЮм40 % ϸЧУт ϾтЪϼϦЮϜ ϜϺк ϸжКм

ϣϠϚϝЊЮϜ ϤϜϼϜϼЧЮϜ Ϻϝ϶ϦϜм ϱтϲЊЮϜ аЪ̳ϲЮϜ пЯК йϦϼϸЦ Ј϶ІЮϜ. 
ü Solvents/Degreasers:  
Organic bases used to dissolve other petroleum products (Water, Lipid). 

û ϤϝϠтϺ̳вЮϜ ЬтϾ̳вм амϲІЮϜ : 

 аϸ϶ϦЂϦϸКϜмЧЮϜ ϣтмЎЛЮϜ ϞтмϺϦЮ ϤϝЧϦІ̳вЮϜ ϣтЮмϼϦϠЮϜ) ϝвЮϜϣтжкϸЮϜ мϜ ̭(. 

ü Lubricants: 
Substances used to reduce friction. Lubricating oils used in aircraft are located throughout the airframe 
(Engine, APU, Transmissions, and Gearboxes). When the oil escapes on to hot surfaces, an inhalation 
hazard exists. Inhalation of these fumes can cause symptoms similar to carbon monoxide poisoning. 
When in prolonged contact with the skin it may cause a dermatitis type of reaction.  
 

û  атϲІϦЮϜ ϤмтϾ: 
ск ϸϜмв  ЬтЯЧϦЮ аϸ϶ϦЂ̳ϦШϝЪϦϲъϜ .ϝлжϝЪв дмЪт ϢϼϚϝАЮϜ ̭ϝϲжϜ сТ ИϾмϦв )̪ϢϸКϝЂ̳вЮϜ ϣЦϝАЮϜ Ϣϸϲм ̪Ш̵ϼϲ̳вЮϜ сТ  ФмϸжЊм ϣЪϼϲЮϜ ЬЦϝж

ЀмϼϦЮϜ .(ϣж϶ϝЂЮϜ ϰмАЂЯЮ ϝлЎΗϼЛϦ ϸжКϼА϶ ϝлЦϝІжϦЂϜ дмЪт.  ϸтЂЪмϜ рϸϝϲϜ ϾϝО ФϝІжϦЂϜ ЌϜϼКъ ϣлϠϝІв ЌϜϼКъϜ дмЪϦ
дмϠϼϝЪЮϜ . ϣЯтмА ϢϼϦУЮ ЀвыϦЮϜ ϸЯϮЮϜ ЙвсТ ϞϠЂϦтϸЯϮЮϜ ϞϝлϦЮϜ . 

ü Hydraulic Fluids: 

Hydraulic fluids are either petroleum, castor oil, silicon, or phosphate based. The fluids are in high-
pressure lines. A leak from a hose or gauge under pressure can produce a finely aerosolized mist that 
can diffuse throughout the cockpit. Large leaks can cause pooling of hydraulic fluid in the cockpit. Fine 
mist may impair vision and act as an irritant to the eyes. Inhalation of the mist can irritate the lungs. 

û ЬϚϜмЂЮϜ ϣтЪтЮмϼϸтлЮϜ:  
 

ЬϚϜмЂЮϜ ϣтЪтЮмϼϸтлЮϜ дв ϣжмЪϦв дмЪϦ  ̪ЬмϼϦϠЮϜ ̪Имϼ϶ЮϜ ϤтϾ мϜ дмЪтЯтЂЮϜ ϤϝУЂмУЮϜ . ϤϲϦ ϞтϠϝжϜ сТ ϸмϮмв ШтЮмϼϸтлЮϜ ЬϚϝЂ дмЪт
сЮϝК АПЎ . йжК ϭϦжт дϜ дЪвт АмПЎвЮϜ йжϝЪв дв ЬϚϝЂЮϜ ϞϼЂϦРтУ϶ ϺϜϺϼ ̭ϝϲжϜ сТ ϼІϦжт ϢϸϝтЧЮϜ ϢϼвЦ . дЪвт ϢϼтϠЪ ϤϝтвЪϠ ϞϼЂϦ

дϜ ϞϠЂт  ЙвϮϦЬϚϝЂЮϜ сЪтЮмϼϸтлЮϜ сТ ϢϼвЦ ϢϸϝтЧЮϜ .дЪв̳т ϺϜϺϼЯЮ РтУ϶ЮϜ дϜ ϼ̵Ϫϔт пЯК ϝтϔϼЮϜ ЬвЛтм ϭ̵тл̳вЪдтЛЯЮ  .йЦϝІжϦЂϜϞϠЂ̳т ϸЦ  
ϭтлϦ сТ дтϦϚϼЮϜ .  

ü Fire Extinguisher:  

Fire extinguishers can pose a threat to the aircrew when operated in either an enclosed environment 
or airy environment. Inhalation of these agents is the primary threat. There are three types of fire 
extinguishing agents in use. 

û ϙТϝАв ФтϼϲЮϜ:  
 

 дϜ дЪввЮϜ дв ФтϼϲЮϜ ϙТϝАвЬЪІϦ  ̯ϜϸтϸлϦ ϸжК ϝлЯвК сТ Атϲв ФЯПв мϜ ϰмϦУв .ФϝІжϦЂϜ ϼА϶ЮϜ мк ϣтϚϝтвтЪЮϜ ЬвϜмЛЮϜ иϺк сЂϝЂъϜ .
̭ϝУАцϜ сТ Ϣϸ϶ϦЂвЮϜ ϣтϚϝтвтЪЮϜ ЬвϜмЛЮϜ дв ИϜмжϜ ϣϪыϪ Шϝжк. 

(1) Halon: Is a liquefied compressed gas, which stops the spread of fire by chemically interrupting 
combustion. Halon is colorless, odorless, nonconductive, and does not leave a chemical residue. It is 
relatively nontoxic unless discharged in an enclosed space. In an enclosed space it acts as an asphyxiant 
(displaces oxygen). Under extremely high temperature, this gas can decompose into other more toxic 
gases (hydrogen fluoride, hydrogen chloride, hydrogen bromide, and phosgene). 

)1 ( дмЮϝлЮϜ :ϾϝО Ь̵тЂ̳в АмПЎвЙжвЮ ̯ϝтϚϝтвтЪ Ь϶ϜϸϦт  ЬϝЛϦІъϜ .йЮ дмЮ ъ ϾϝО мк дмЮϝлЮϜ ,йЮ йϲϚϜϼ ъ ,̭ϝϠϼлЪЯЮ ЬЊмв ϼтО , ъм

йвϜϸ϶ϦЂϜ ϸЛϠ ϣтϚϝтвтЪ Ϣϸϝв рϜ РЯ϶т . сТ йвϜϸ϶ϦЂϜ аϦ ϜϺϜ ъϜ ̯ϝвϝЂ дмЪт ъ ϾϝПЮϜ ϜϺкФЯПв Ͼтϲ . ЬвЛт йжϓТ ФЯПв Ͼтϲ сТ йвϜϸ϶ϦЂϜ ϸжК

 ϣЧжϝ϶ Ϣϸϝв ЬвЛЪ)дтϮтЂЪмцϜ ϾϝО ЈϦвт йжц( . ̯ϜϸϮ ϣтЮϝЛЮϜ ϢϼϜϼϲЮϜ ϤϝϮϼϸ сТ , ϣтвЂ ϼϪЪϜ оϼ϶Ϝ ϤϜϾϝО пЮϜ ЬЯϲϦЮϜ йжЪвт ϾϝПЮϜ ϜϺк
)ϸтϼмЯТ ̪джтϮмϼϸтлЮϜ ̪ϸтϼмЯЪЮϜ ϸтвмϼϠЮϜ дтϮЂмУЮϜм( . 

(2) Carbon Dioxide: Safe fire extinguisher, although large quantities are often required to extinguish 
fires. It is heavier than air and accumulates in lower areas, especially in enclosed spaces. Low 
concentrations, less than two percent, carbon dioxide acts as a respiratory stimulant. At higher 
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concentrations (2-5%), drowsiness, headache, respiratory difficulty, lack of coordination can occur.  At 
concentrations of 10% and above, collapse, loss of consciousness and death can occur. 

)2 (сϚϝжϪ ϸтЂЪмϜ дмϠϼϝЪЮϜ : ФϚϜϼϲЮϜ ̭ϝУАц йжв ϢϼтϠЪ ϤϝтвЪ аϜϸ϶ϦЂϜ ϞЯАϦт ϝв ϢϸϝК дЪЮм ФтϼϲЮϜ ̭ϝУАц ϣжвϐ Ϣϸϝв . дмЪт ϾϝПЮϜ ϜϺк

ЬЧϪϜ дв ̭ϜмлЮϜпЯУЂЮϜ ФАϝжвЮϜ сТ ЙвϮϦтм  , сТ ϣЊϝ϶ ϢϼмЊϠϣЧЯПвЮϜ дЪϝвцϜ .ϜϺϜ ϤжϝЪ иϾтЪϜϼϦ ϣЯтЯЦ)ЬЦϜ дв 2 (%йжϝТ ЬвЛт Ͼ̵Уϲ̳вЪ 

ЀУжϦЯЮ . ϣтЮϝЛЮϜ ϾтЪϜϼϦЮϜ(2-5%)̪ЀϝЛж ϞϠЂϦ  ̪ИϜϸЊЀУжϦЮϜ сТ ϣϠмЛЊ  ,мϾтЪϼϦЮϜ дϜϸЧТ .ϸжК ϾтЪϼϦЮϜ10 %ϼϪЪϒм ϞϠЂт ̪ϼϝтлжъϜ 

дϜϸЧТ сКмЮϜ двм дЪввЮϜ дϜ ϨϸϲϦ ϢϝТмЮϜ   . 

(3) Aqueous Film Forming Foam (AFFF): This is synthetic foam consisting of combinations of 
fluorochemical and hydrocarbon surfactants combined with high boiling point solvents and water.  It is 
relatively nontoxic, and it is located around flight lines. The concentrated foam is a detergent, which can 
irritate the skin. 

)3 (ϣтϚϝвЮϜ ϣЧϠАЯЮ ϣж̵мЪ̳вЮϜ ϢмОϼЮϜ : ск АтЯ϶ дв Ϣϸϝв ϣтϚϝтвтЪ ϣтϼмУЂТ Ϣϸϝвм ϣтжмϠϼϝЪмϼϸтк . ϣвϝЂ ϼтО ϢмОϼЮϜ иϺк дмЪϦ ̯ϝтϠЂж 

дϜϼтАЮϜ А϶ Атϲв сТ ϢϸмϮмв дмЪϦм .ϸЯϮЮϜ ϭтлϦ ϞϠЂϦ дϜ дЪв̳тм ϣ̵тмЦ ϢϾ̵Ъϼ̳вЮϜ ϢмОϼЮϜ дмЪϦ . 

ü Composites and Plastics: 

û  ϤϝϠ̵Ъϼ̳вЮϜ ШϦЂыϠЮϜм:  

(1) Composite Materials: Composed of a number of components, which give it added strength, 
lighter weight, and thermal resistance. It is composed of resins, strengthening fibers, and solvents. 

)1 ( ϣϠЪϼвЮϜ ϸϜмвЮϜ : дв ϸϜмвЮϜ иϺк дмЪϦϦϤϝж̵мЪ̳в Ϣ̵ϸ̴К дв ϢмЧЮϜ ϝлϲжвϦ РтУ϶ЮϜ дϾмЮϜм ϣтϼϜϼϲЮϜ ϣвмϝЧвЮϜм . ϣжмЪв ϸϜмвЮϜ иϺкдв 
ϸϜмв ϣтϚϝтвтЪ )ϭжϦϜϼЮϜ м РϝтЮъϜ ϤϝϠтϺ̳вЮϜм( . 

(2) Fibers: Include carbon graphite, boron fibers, Kevlar and fiberglass. Problems occur with disruption 
of the fibers from their matrix.  For example, during a crash, reworking, burning, sanding, or scraping. 
The hazard is primarily inhalation of particles of less than 3.5 micrometers. Inhalation of large amounts 
can lead to development of an asbestosis like reaction (irritation of the lungs causing chronic lung 
disease). 

)2 (РϝтЮъϜ : ϣтЮϝϦЮϜ ϣтϚϝтвтЪЮϜ ϸϜмвЮϜ ЬвІϦм : ̪ϤтТϜϼЪЮϜ ̪дмϼмϠЮϜ ϣтϮϝϮϾЮϜ РϝтЮъϜм ϼыУЪЮϜ .ϤϨϸϲ ЬЪϝІвЮϜ РϝтЮцϜ иϺк РЯϦ ϸжК 

ϝлϮтЂж дв ϝлЦϾвϦм .мк ШЮϺ пЯК ЬϝϪв ̭ϝжϪϜ аϜϸАЊъϜ ,ϣжϝтЊЮϜ ,ФϜϼϦϲъϜ АІЧЮϜм . сϦЮϜ ϤϝϚтϾϮЮϜ ФϝІжϦЂϜ ϸжК сЂтϚϼЮϜ ϼА϶ЮϜ двЪт

дв ЬЦϜ ϝкϼАЦ НЯϠт3.5 ϼϦвмϼЪтв   . ϢϼтϠЪ ϤϝтвЪ ФϝІжϦЂϜйϠІт ϣϚϼЮϜ сТ ЬКϝУϦ ϸΘЮмт ϸЦ ЀмϦЂϠЂцϜ Ќϼв ) ϣϮЂжϜ ϭтлϦ дК ϭϦϝж

двϾвЮϜ ϣϚϼЮϜ ϞϝлϦЮϜ ϞϠЂт ϝвв дтϦϚϼЮϜ(. 

(3) Resins: Bonding agents, which provide insulation and the physical resistant properties of 
composites. Resins used are epoxy, polyurethane, phenol and amino resins. Primary hazard is 
inhalation due to thermal release of toluene or methylene dianiline fumes. CNS depression, 
unconsciousness, allergic asthma, and allergic skin reactions may occur.  Once a resin is hard (cured), 
the thermal process is complete and the resin is not a hazard. 

)3 (ϭжϦϜϼЮϜ :  ϣЧЊъ ϸϜмв дК ϢϼϝϠКϞЮϝЦ ЬЪІ пЯК РϝтЮъϜ пЯК ДТϝϲϦϣтϚϝтϾтУЮϜ ϝлЊϜм϶ ϣϠЪϼвЮϜ ϸϜмвЮϜ сАЛϦм  . аϸ϶ϦЂвЮϜ ϭжϦϜϼЮϜ

 мксжтвъϜ ϭжϦϜϼЮϜм ЬмжтУЮϜм дтϪтϼмтЮмϠЮϜ м сЂЪмϠтъϜ .сТ сЂтϚϼЮϜ ϼА϶ЮϜ двЪт ϞϠЂϠ ФϝІжϦЂъϜ  сТ ϣтϚϝтвтЪ ϸϜмв ФыАжϜϼϜϼϲЮϜ  Ϣ
ЬϪв ϜдтЯтжϝтϜϸ дтЯтϪтвЮϜ ϣж϶ϸϜ мϜ дтмЮмϦЮ .̪ сКмЮϜ дϜϸЧТ ̪рϾЪϼвЮϜ сϠЊЛЮϜ ϾϝлϮЮϜ АтϠϪϦϤЀЂϲϨϸϲт ϸЦ ϸЯϮЮϜ  . 

(4) Plastics: Polyurethane used in cockpit/cabin interiors and fluorocarbon plastics used as wiring 
insulation and corrosion resistant coating. Primary hazard is inhalation during thermal decomposition, 
which may release chemicals such as cyanide, fluorine gas, and phosgene. 

)4 (ШϦЂыϠЮϜ:   ϣтАОъϜм ЬϾϜмЛЮϜ АϠϼ сТ дмϠϼϝЪмϼмЯУЮϜ ШϦЂыϠ аϸ϶ϦЂтм ϣтЯ϶ϜϸЮϜ ϢϼϮϲЮϜм ϢϸϝтЧЮϜ ϢϼвЦ сТ дтϪтϼмтЮмϠЮϜ аϸ϶ϦЂт

ЬЪ̵ϝϦЯЮ ϣвмϝЧвЮϜ .дтϮЂмУЮϜм дтϼмЯУЮϜ ϾϝОм ϸтжϝтЂЮϜ ϼϼϲт дϜ дЪвт рϺЮϜ ЬЯϲϦЮϜ ̭ϝжϪϜ ФϝІжϦЂъϜ сТ сЂтϚϼЮϜ ϼА϶ЮϜ двЪт. 

-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.- 
 



 

 
25 

× Protective Measures:  
× ϤϜ̭ϜϼϮъϜ ϣтϚϝЦмЮϜ:                 

(1) Individual: Prevent contamination of your flight suit. When contaminated it is just as flammable as 
the contaminant, and you must change into a clean flight suit.  Smoke and eat only in authorized areas, 
and wash hands prior to eating and smoking to mitigate the threat of ingesting a toxin. Wear personal 
protective equipment while working in areas that may expose you to inhalation, absorption, or 
ingestion of toxic agents. Pay strict attention to any physical symptoms, which may indicate exposure to 
a toxin (headache, burning eyes, choking, nausea, and / or skin irritation). 

)1 ( ϣтЊ϶ІЮϜ ϤϜ̭ϜϼϮъϜ:Ϝ дϜϼтАЮϜ ϣЮϸϠ ϨмЯϦ ЙжвШϠ ϣЊϝ϶ЮϜ . ϣϪмЯвЮϜ ϢϸϝвЮϜ дмЪϦ ϝв ϼϸЧϠ ЬϝЛϦІчЮ ϣЯϠϝЦ дмЪϦ ϝлжϓТ ШϦЮϸϠ ϨмЯϦ ϸжК

ϝлЮϜϸϠϦЂϜ мϜ ϝлУтДжϦ ШтЯК ϞϮт ШЮϺЮ .ϣЊЊ϶вЮϜ ФАϝжвЮϜ сТ аϝЛАЮϜ ЬмϝжϦм дт϶ϸϦЮϝϠ аЦ , ЬЂПϠ аЦдтϸтЮϜ ЬтЯЧϦЮ дт϶ϸϦЮϜ мϜ ЬЪцϜ ЬϠЦ 
а̳ЂЮϜ ИыϦϠϜ ϢϼмА϶ . ШтЯК ϞϮтϸϦϼϜ̭ϜϣтЊ϶ІЮϜ ϣтϝЦмЮϜ ϤϜϸЛв ФϝІжϦЂϜ пЮϜ ϝлтТ ЌϼЛϦϦ ϸЦ сϦЮϜ ЬвЛЮϜ дЪϝвϜ сТ ϸϮϜмϦЮϜ ϸжК  ,

ЈϝЊϦвϜ ,ϣвϝЂ ϸϜмв ИыϦϠϜ мϜ . ϣтϸЂϮЮϜ ЌϜϼКчЮ йϠϦжϜ ϣвϝЂ Ϣϸϝв пЮϜ ШЎϼЛϦ пЮϜ ϼтІ̳Ϧ ϸЦ сϦЮϜ )ИϜϸЊ,̪дтжтЛЮϜ сТ ϣЦϼϲ  ̪ФϝжϦ϶Ϝ 
̪дϝтϪО мϜ рϸЯϮ ϭтлϦ(. 

(2) Cockpit: Be aware of the potential for exposure to toxins in flight. Smoke and fumes are a very 
serious matter. Remember your immediate action measures, such as rapid ventilation of the cockpit, 
descending from high altitude, landing, and evacuating the aircraft as soon as possible. Get medical 
evaluation for a possible toxic exposure. 

)2 ( сТ ϤϜ̭ϜϼϮъϜϢϼвЦ ϢϸϝтЧЮϜ:   ϢϸϝвЮ ШЎϼЛϦ ϣтЮϝвϦϲϜ дв йϠϦжϜϣвϝЂАЮϜ сТ дϜϼт .ϢϼА϶ ϸϜмв ск Ϣϼ϶ϠцϜм дϝ϶ϸЮϜ . ϤϜ̭ϜϼϮцϜ ϼЪϺϦ

Ϣϼ϶ϠъϜ иϺк Йв ЬвϝЛϦЮϜ сТ ϢϼІϝϠвЮϜ ,ϢϼϚϝАЮϜ ϢϼвЧЮ ϣЛтϼЂЮϜ ϣтмлϦЮϜ ЬϪв̪ϣтЮϝЛЮϜ ϤϝКϝУϦϼъϜ дв ϢϼϚϝАЮϝϠ ЬмϾжЮϜ  ,ЌϼъϜ пЯК АмϠлЮϜ ̪
ϢϼϚϝАЮϜ ̭ы϶ϜдЪвв ϤЦм ИϼЂϓϠ ϣтϝжЛЮϜ ϞЯАϜ аϪ ̪аттЧϦЮϜм сϠАЮϜ ϣвϝЂ ϢϸϝвЮ ШЎϼЛϦ ϣтЮϝвϦϲϜ ϸтϸϲϦЮ  . 

(3) General: Be aware of the potential for toxin exposures in the aviation environment. Always work in 
well-ventilated areas when working with toxic substances. Be aware of the hazardous materials in the 
work area. Develop and rehearse evacuation plans.  Know where your Material Safety Data Sheets 
(MSDS) are located in your work area. 

)3 ( ϣвϝЛЮϜ ϤϜ̭ϜϼϮъϜ:  ϢϸϝвЮ ШЎϼЛϦ ϣтЮϝвϦϲϜ дв йϠϦжϜϣвϝЂАЮϜ Атϲ̳в сТ дϜϼт . Йв ЬвϝЛϦЮϜ ϸжК ϢϸтϮ йтмлϦ ϤϜϺ ϣЧАжв сТ ̯ϝвϚϜϸ ЬвКϜ

ϣвϝЂЮϜ ϸϜмвЮϜ . ϢϼА϶ЮϜ ϸϜмвЮϜ дв йϠϦжϜсТ ϢϸмϮмвЮϜ ЬвЛϦ сϦЮϜ ϣЧАжвЮϜ ϝлтТ .ϞϼϸϦЮϝϠ аЦА϶ пЯК  Аϝкϼ м̵Ам ̭ы϶ъϜ . дϝЪв пЯК РϼЛϦ
 ϣтϚϝтвтЪЮϜ ϸϜмвЮϜ ϣвыЂ ϤϝжϝтϠ ФϜϼмϜ ϸмϮм)ϸϜмвЮϜ ШЯϦϠ ϨмЯϦЮϜ ϣЮϝϲ сТ ЬвϝЛϦЮϜ ϣтУтЪ ϰϼІ двЎϦϦ( ШЯвК дϝЪв сТ. 

 
-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.- 

 

=+=+=+=+=+=+=+=+=+=+=+=+=+=+= 
 

Review Questions:                                                                                                                 ϣЛϮϜϼвЮϜ ϣЯϚЂϜ:   

1. What is the definition of a Hazard and its types?  
1 .ϝв мк РтϼЛϦ ϼА϶ЮϜ̬ йКϜмжϜ ск ϝвм  

2. What are the two types of exposures? 
2 .̬ ЌϼЛϦЮϜ сКмж ϝвк ϝв 



 

 
26 

3. What are the three routes a toxin can enter the body? 
3 .ϝв ск ФϼАЮϜ ϣϪыϪЮϜ сϦЮϜ Ь϶ϸϦ дϜ ϣвϝЂЮϜ ϢϸϝвЯЮ дЪвт дв ϝлЮы϶ аЂϮЯЮ ̬ 

4. What are the two organs are responsible for excretion of toxins? 
4 .̬ аЂϮЮϜ Ϭϼϝ϶ ϣвϝЂЮϜ ϸϜмвЮϜ ϰϼА дК дтЮмϔЂвЮϜ дтмЎЛЮϜ ϝвк ϝв 

5. What toxic substances could you be exposed to in aviation? 
5 .ϝв ск ϸϜмвЮϜ ϣвϝЂЮϜ сϦЮϜ ЌϼЛϦϦ дϜ дЪввЮϜ дв ϝлЮ сТ  дϜϼтАЮϜ ЬϝϮв ̬

6. What type of combustion forms carbon monoxide? 
6 .ϝвмк  Имж ФϜϼϦϲъϜ рϺЮϜ ϸΘЮмт ϾϝО рϸϝϲϜ ϸтЂЪмϜ дмϠϼϝЪЮϜ ̬ 

7. When might fire extinguishers using Halon and carbon dioxide be toxic? 
7 .пϦв )ϣЮϝϲ рϜ сТ( ϱϠЊ̳т дмЮϝлЮϜ Ϝм ϾϝО сϚϝжϪ ϸтЂЪмϜ дмϠϼϝЪЮϜ аϸ϶ϦЂ̳вЮϜ сТ ϙТϝАв ФтϼϲЮϜ Ϣϸϝв ϣвϝЂ ̬ 
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Aviation Life Support Equipment 

 дϜϼтАЮϜ ϣтϝвϲ ϤϜϸЛв 
 

× Aircraft Protective Devices: 
× ЬϚϝЂмϢϼϚϝАЮϜ ϣтϝвϲ :  

1.  Aircraft structural shell (fuselage): 

 The cockpit and cabin should possess sufficient strength to prevent intrusion of structure in occupied 

spaces during a survivable crash.  The floor and nose of the aircraft should be of a design which reduces 

plowing or scooping of earth during crashes which could decrease stopping distances resulting in higher 

decelerative forces. 

1 .РыПЮϜ сЯЪтлЮϜ ϢϼϚϝАЯЮ )ϢϼϚϝАЮϜ аЂϮ(:  

 ШЯϦвϦ дϜ ϞϮтϢϼв̳Ц ϢϸϝтЧЮϜ ϢϼϮϲЮϜмЌϼцϝϠ аϜϸАЊъϜ ϸжК ϢϼϚϝАЮϜ аЂϮ Ь϶ϜϸϦ ЙжвЮ ϣтТϝЪ ϢмЦ ϢϼϚϝАЮϜ сТ  . ϣтЎϼϜ авЊϦ дϜ ϞϮт

 аϜϸАЊъϜ ϸЛϠ ϢϼϚϝАЮϜ РЦмϦЮ ϣвϾыЮϜ ϣТϝЂвЮϜ ЬтЯЧϦ сТ ϸКϝЂтЂ рϺЮϜм аϜϸАЊъϜ ϸжК ЌϼцϜ ϤϜϼтϪϓϦ дв ЬЯЧт ЬЪІϠ ϢϼϚϝАЮϜ ϣвϸЧвм

пЯКϜ ϙАϝϠϦ ϢмЦ дК ϭϦϝж ЌϼцϝϠ . 

 2. Landing gear and crashworthy seats: 

Newer Army rotary wing aircraft (UH-60/AH-64) rely heavily on fixed landing gear and seats to attenuate 

crash forces.   

2 . аАϲϦЯЮ ϣвмϝЧвЮϜ ϸКϝЧвЮϜм АмϠлЮϜ ϢϸК : 

 ϣϪтϸϲЮϜ ϼϦϠмЪтЯлЮϜ ϤϜϼϚϝА)сІϝϠъϜм Шмк ШыϠ( аАϲϦЮϜм аϜϸАЊцϜ ϸжК ϢмЧЮϜ ЬтЯЧϦЮ ϣтмЦ ϸКϝЧвм ϣϦϠϝϪ АмϠк ϢϸК пЯК ϸвϦЛϦ . 

3. Personnel restraint system:  

Studies indicate that contact injuries (secondary impacts) occur 5 times as often as acceleration injuries.  

Therefore personal restraints should be tight as to inhibit contact with objects in the cockpit.  

Equipment should also be tied-down securely to prevent being thrown into crew members. 

3 .ϤтϠϪϦЮϜ аϝДж) ϣтϝвϲЮϜ( рϸϼУЮϜ:  

 ск аАϲϦЮϜ ϸЛϠ ϸЛЧвЮϜ дв ШϼϲϦЮϜ дв ϣϮϦϝжЮϜ ϣтмжϝϪЮϜ ϤϝвϜϸАЊъϜ ϤϝϠϝЊϜ дϓϠ ϤϝЂϜϼϸЮϜ ϤϼлДϜ5ЬтϮЛϦЮϜ ϤϝϠϝЊϜ дв ϼϪЪϜ ϤϜϼв  .

ϢϸϝтЧЮϜ ϢϼвЦ сТ ϢϸмϮмвЮϜ ̭ϝтІцϝϠ рмжϝϪЮϜ аϜϸАЊъϜ ϞжϮϦЮ ϢмЧϠ ϸКϝЧвЮϜ пЮϜ алϦтϠϪϦм алАϠϼ ϞϮт Јϝ϶ІъϜ дϓТ ШЮϺЮ . ϤϜϸЛвЮϜ

аϜϸАЊъϜ ϸжК ϞϝЪϼЮϜ пЯК ϝлТϺЦ ЬϝвϦϲϜ ЙжвЮ ̯ϝЎтϜ ϝлϦтϠϪϦм ϝлАϠϼ аϦт дϜ ϞϮт ϢϼϚϝАЮϜ сТ ϢϸмϮмвЮϜ ϞϚϝЧϲЮϜм . 
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 4. Post-crash factors:  

 Army aircraft offer protection from thermal injuries several ways.  Crashworthy fuel systems; self 

sealing fuel cells, and break free self sealing fuel lines. Fire extinguishing systems in the engine 

compartment and personal fire extinguishers in the cockpit (for personnel). 

4 . ϢϼϚϝАЮϜ аАϲϦ ϸЛϠ ϝв ЬвϜмК : 

ϣтϼϜϼϲЮϜ ϤϝϠϝЊъϜ дв ϣтϝвϲЯЮ ϢϸϸЛϦв ФϼАϠ ϢϸмϾв ϣтϠϼϲЮϜ ϤϜϼϚϝАЮϜ .аАϲϦЯЮ ϣвмϝЧвЮϜ ϸмЦмЮϜ ϤϝвмДжв , ϝты϶ЮϜ ϤϜϺ ϸмЦмЮϜ ϤϝжϜϾ϶

ЬϾЛЮϜ ϣтϦϜϺЮϜ ,ЬϾЛЮϜ ϣтϦϜϺЮϜ ϸмЦмЮϜ ЬЧж ϞтϠϝжϜм . ϢϸϝтЧЮϜ ϢϼвЦ сТ ФтϼϲЮϜ ϙТϝАвм ШϼϲвЮϜ сТ ФтϼϲЮϜ ̭ϝУАϜ ϤϝвмДжв) ϸϝв϶ц аϸ϶ϦЂϦ

ϢϼϚϝАЮϜ ЀтЮм Јϝ϶ІцϜ( . 

-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.- 

× Characteristics & Wear of Flight Clothing: 

× ЈϚϝЊ϶ ЀϠывЮϜ ϣЊϝ϶ЮϜ дϜϼтАЮϝϠ ϝлЂϠЮ ϣЧтϼАм : 

1. Under-garments:  Wear cotton, wool or NOMEX underwear when performing crew duties. Nylon or 

other synthetic underwear will melt underneath the NOMEX, and cause life threatening burns to the 

trunk and groin.  Most synthetic underwear fabrics melt at or below 350o F and ignite at 450o F and 

above. NOMEX is not fireproof and will char at about 700o to 800o F (370o to 430o C); therefore, 

ground egress procedures cannot be over emphasized.  

1 . ϣтЯ϶ϜϸЮϜ ЀϠывЮϜ :ϣтжАЧЮϜ ϣтЯ϶ϜϸЮϜ ЀϠывЮϜ рϸϦϼϜ , Имж дв мϜ ϣтТмЊЮϜ"ЀЪвмж "ϤϝϠϮϜмЮϜ ̭ϜϸϜ ϸжК . ϣКмжЊвЮϜ ϣтЯ϶ϜϸЮϜ ЀϠывЮϜ

 ϣЧАжв сТ ϢϝтϲЯЮ Ϣϸϸлв ФмϼϲϠ ϞϠЂϦм ЀЪвмж Имж дв дϜϼтАЮϜ ϣЮϸϠ ϤϲϦ ϼлЊжϦ РмЂ оϼ϶цϜ ϣтКϝжЊЮϜ ϸϜмвЮϜ мϜ дмЯтϝжЮϜ Ϣϸϝв дв

ϣжϝЛЮϜм ИϺϮЮϜ . ϢϼϜϼϲ ϣϮϼϸϠ ϼлЊжϦ ϣтКϝжЊЮϜ ϣтЯ϶ϜϸЮϜ ЀϠывЮϜ аДЛв350 ϣϮϼϸϠ ФϼϦϲϦм ϤтϝлжϼлТ 450ϤтϝлжϼлТ  . ЀϠывЮϜ

 ϢϼϜϼϲ ϣϮϼϸϠ аϲУϦϦм ФϜϼϦϲчЮ ϣвмϝЧв дмЪϦ ϝлжЪЮм ̯ϜϸϠϜ ФϼϦϲϦ ъ ϸϜмв ϤЂтЮ ск ЀЪвмж Ϣϸϝв дв ϣКмжЊвЮϜ700 пЮϜ 800 ϤтϝлжϼлТ 

)370 пЮϜ 430ϣтϾтЯтЂ ϣϮϼϸ ( ,ϢϼϚϝАЮϜ ФϜϼϦϲϜ ϸжК ЌϼцϜ пЮϜ ϢϼϚϝАЮϜ дв Ϭмϼ϶ЮϜ ϣтвкϜ пЯК ϸтЪϓϦЮϜ ϞϮт ШЮϺЮ. 

2. NOMEX flight suits: are flame resistant garments.  The flame resistant properties are inherent of the 

polymer chemistry; it will not diminish during the life of the fiber.  

2 . ЀЪвмж Имж дв дϜϼтАЮϜ ϤъϸϠ :ϞлЯЮ ϣвмϝЧв ЀϠыв ск . ЀЪвмжЮϜ ϢϸϝвЮ сϚϝтвтЪЮϜ ϞтЪϼϦЮϜ дК ϣϮϦϝж ϞлЯЮϜ ϣвмϝЧв ЈϚϝЊ϶

двϾЮϜ ϼмϼвϠ ЬЧϦ дЮ ЈϚϝЊ϶ЮϜ иϺкм   . 

ü Characteristics of NOMEX: 
û  ЀЪвмжЮϜ Ϣϸϝв ϤϜϾтвв: 

(a)  Does not support combustion but chars at approximately 700o-800o F (370o to 430o C). 

)ϒ(  ϣϮϼϸϠ аϲУϦϦ ϝлжЪЮм ЬϝЛϦІъϜ пЯК ϸКϝЂϦ ъ ϢϼϜϼϲ700 пЮϜ 800 ϤтϝлжϼлТ )370 пЮϜ 430ϣтϾтЯтЂ ϣϮϼϸ (  ̯ϝϠтϼЧϦ . 

(b)  Does not melt or drip. 

)Ϟ( ϞмϺϦ мϜ ϼлЊжϦ ъ . 



 

 
29 

(c)  Good chemical resistance. 

)Ϭ( ϣтϚϝтвтЪЮϜ ϸϜмвЯЮ ϣвмϝЧв. 

(d)  NOMEX is more durable than cotton and resists abrasion. 

)ϸ( ФϾвϦЯЮ ϣвмϝЧв дмЪϦм дАЧЮϜ дв ЬвϲϦ ϼϪЪϜ дмЪϦ ЀЪвмжЮϜ Ϣϸϝв. 

(e)  Low thermal conduction. 

)и( ЬЊмв РтЛЎ ϢϼϜϼϲЯЮ. 

(f) Comfortable to wear. 

)м( ̭ϜϸϦϼцϜ ϸжК ϣϲтϼв . 

ü Wear: 

û  дϜϼтАЮϜ ϣЮϸϠ ̭ϜϸϦϼϜ ϣЧтϼА: 

(a)  Collar is one piece which is worn up while flying to protect the neck. 

)ϒ( ϣϠЦϼЮϜ ϣЧАжв свϲϦ сЪЮ пЯКъϜ пЮϜ ϞЯЧϦ дϜ ϞϮт ϣЦϝтЮϜ. 

(b)  Sleeves must be worn down and Velcro tabs secured during flight to protect the hands. 

)Ϟ(  ϣЮϸϠЮϜ аϝвЪϜ)дϸϼЮϜ( ϸтЮϜ ϣЧАжв свϲϦ сЪЮ ϱтϲЊ ЬЪІϠ ϤϠϪϦм ИϜϼϺЮϜ ЬмА пЯК ϸϦвϦ дϜ ϞϮт . 

(c)  Uniform should be loose fitting to prevent thermal burns due to tightness.  Size and fit should 

completely cover all skin not covered by gloves, helmet and boots.  

)Ϭ( ФтЎЮϜ дК ϣϮϦϝжЮϜ ϣтϼϜϼϲЮϜ ФмϼϲЮϜ ЙжвЮ ϣЧтЎ дмЪϦ ъм Ј϶ІЮϜ аϮϲЮ ϣϠЂϝжв дмЪϦ дϜ ϞϮт дϜϼтАЮϜ ϣЮϸϠ . мк ϞЂϝжвЮϜ аϮϲЮϜ

ϤϜϾϝУЧЮϜ ϣАЂϜмϠ ϢϝАПв ϼтПЮϜ аЂϮЮϜ ФАϝжв ЙтвϮ сТ ϸЯϮЮϜ сАПт рϺЮϜ , ̭ϜϺϲЮϜм ϢϺм϶ЮϜ)ϤмϠЮϜ( . 

3. Boots: 
3 . ̭ϜϺϲЮϜ)ϤмϠЮϜ(:  

ü Characteristics: 

û  ϤϝУЊϜмвЮϜ: 

(a)  Retention during high G-forces to include crash or ejection.  

)ϒ( ϣДТϝϲвЮϜ пЯК аϸЧЮϜаАϲϦЮϜ мϜ дϜϼтАЮϜ ϸжК . 

(b)  Stability to prevent ankle and foot injury which could compromise aircraft escape. 

)Ϟ( ϼϜϼЧϦЂъϜ ϤϝϠϪЮϜмϘϼϜмАЮϜ ϣЮϝϲ сТ ϢϼϚϝАЮϜ дв Ϭмϼ϶ЮϜ дв Ј϶ІЮϜ ϾϮЛϠ ϞϠЂϦϦ ϸЦ сϦЮϜ ЬϲϝЪЮϜ мϜ аϸЧЮϜ ϣϠϝЊϜ ЙжвЮ .  

(c)  Fire retardancy. 

)Ϭ( ФϜϼϦϲчЮ ϣвмϝЧвЮϜ. 
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ü Boot wear: 

û  ϤмϠЮϜ ЀϠЮ ϣЧтϼА: 

(a)  The boots must be laced up fully to the top. 

)ϒ( ϣтϝлжЮϜ пЮϜ ϣЯвϝЪ ϢϼмЊϠ дϝАтЧЮϜ АϠϼ ϞϮт. 

(b)  Avoid boots with zippers, straps, and jungle boots.  Zippers will transfer heat, straps will give or even 

break and jungle boots will melt. 

)Ϟ( ϣтϸϝтϦКъϜ ϣтϺϲъϜ мϜ ϣЧЊъ ϣАϼІϜ мϜ ϤϝϠϝϲЂ ϝлϠ ϸϮмт сϦЮϜ ϣтϺϲъϜ ϞжϮϦ.ϢϼϜϼϲЮϜ ЬЧжϦ РмЂ ϤϝϠϝϲЂЮϜ дц , РмЂ ϣАϼІъϜ

ФтϼϲЮϜ ϣЮϝϲ сТ ϞмϺϦ РмЂ рϸϝтϦКъϜ ϣтϺϲъϜм ϱϦУжϦ . 

 

4. NOMEX flight gloves: 

Flight gloves are designed for comfort, insulation during a fire, and sensitivity to identify an object by 

touch. 

4 . ЀЪвмж Имж дв дϜϼтАЮϜ ϤϜϾϝУЦ: 

ϣϲϜϼЮϜ ϼТмϦЮ ϝлвтвЊϦ аϦ дϜϼтАЮϜ ϤϜϾϝУЦ ,ФтϼϲЮϜ ̭ϝжϪϜ ϢϼϜϼϲЮϜ ЬϾК ,ЀвЯЮϜ ϸжК ̭ϝтІъϜ ϣТϼЛвм ЀЂϲϦЮϜ пЯК ϢϼϸЧЮϜм. 

(1)  Flight Gloves must be worn at all times during flight or when engaged in flight activities. 

)1( дϜϼтАЮϝϠ ϣЧЯЛϦвЮϜ ϤϝϠϮϜмЮϜ ̭ϜϸϜ ϸжК мϜ дϜϼтАЮϜ ϤЦм ЬмА пЯК ϝлϚϜϸϦϼϜ ϞϮт дϜϼтАЮϜ ϤϜϾϝУЦ. 

(2)  Gloves are to be worn under the sleeves of the NOMEX flight suit.  If a watch is worn, it should be 

worn outside of glove. 

)2(  ϣЮϸϠЮϜ аϝвЪϜ ϤϲϦ ϝлϚϜϸϦϼϜ ϞϮт ϤϜϾϝУЧЮϜ)дϸϼЮϜ .(ϤϜϾϝУЧЮϜ ФмТ ϝлЛЎм ϞϮтТ ϣКϝЂ ̯ϝтϸϦϼв Ј϶ІЮϜ дϝЪ ϜϺϜ. 

5. Flight helmets: 

Always wear the helmet with the chinstrap properly attached and adjusted.  Failure to secure the 

chinstrap will decrease helmet stability and may cause injury to the wearer. Proper fitting is essential to 

the effectiveness of the helmet, all of its modules, and consequently, the safety of the operator/wearer. 

5 . дϜϼтАЮϜ Ϻм϶: 

 ̯ϝвϚϜϸ ШУЮϜ аϜϾϲ АϠϼ Йв ЀϒϼЮϜ аϮϲЮ ϣвϚывм ϣϲтϲЊ ϢϼмЊϠ ϢϺм϶ЮϜ ̭ϜϸϦϼϜ ϞϮт . ϢϺм϶ЮϜ ϤϝϠϪ дв ЬЯЧт РмЂ ШУЮϜ аϜϾϲ ϤтϠϪϦ аϸК

ϝлтϸϦϼт рϺЮϜ Ј϶ІЯЮ ϣϠϝЊϓϠ ϞϠЂϦт ϸЦм .ϝлϦтЮϝЛУЮ ̯ϝтЂϝЂϜ дмЪт ϣϲтϲЊ ϢϼмЊϠ ϝлϦтϠϪϦм ϢϺм϶ЯЮ ϞЂϝжвЮϜ аϮϲЮϜ ,Ϻм϶ЮϜ ИмжϜ РыϦ϶ϓϠ ,

ϝлЯвЛϦЂт рϺЮϜ Ј϶ІЮϜ ϣвыЂ пЯК ϼϪϔт ϝвв. 
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Á Sound Protective Helmet-4B (SPH4B): 

Á  ϤмЊЮϜ дв ϣтϝЦмЮϜ ϢϺм϶ï 4 сϠ : 

ü Characteristics: 

û  ϤϝУЊϜмвЮϜ: 

1.  Provides both crash protection and noise attenuation. 

1 .̭ϝЎмЎЮϜ РУ϶Ϧм аАϲϦЮϜ ϸжК ϣтϝвϲ ϼТмϦ. 

2.  Superior to all preceding helmets. 

2 .ϣЧϠϝЂЮϜ Ϻм϶ЮϜ ИϜмжϜ ϣтЧϠ пЯК ϣЦмУϦв. 

3.  Custom fit by local aviation life support equipment (ALSE) technician by heating or removing thermal 

plastic liners (TPL). 

3 .ϣтϼϜϼϲЮϜ ШϦЂыϠЮϜ ϣжϝАϠ ϣЮϜϾϜ мϜ дт϶ЂϦ ФтϼА дК дϜϼтАЮϜ ϤϜϸЛв ϣжϝтЊ дттжТ ЬϠЦ дв ϝлвϮϲ ϼттПϦ дЪвт . 

4.  Dual visor provides eye and face protection day or night. 

4 . ϣϮмϸϾвЮϜ ϤϝтЦϜмЮϜ дв дтКмж ϸмϮм)ϣвϦЛвЮϜм ϣТϝУІЮϜ( ЬтЯЮϜ мϜ ϼϝлжЮϜ сТ йϮмЮϜм дтЛЮϜ пЮϜ ϣтϝвϲ ϼТмϦ сϦЮϜ. 

5.  Designed to provide better retention if the chin strap and nape strap are tight.  

5 .ϢмЧϠ пУЧЮϜ аϜϾϲм ШУЮϜ аϜϾϲ ϸІ аϦ ϜϺϜ ЀϒϼЮϜ пЯК ЬЎТϜ ϤϝϠϪ ϼТмϦЮ ϝлвтвЊϦ аϦ  .  

ü Wear: 

û  ̭ϜϸϦϼъϜ ϣЧтϼА: 

1.  Use visor except during night vision goggle flights. 

1 . дтЛЮϜ ϣтЦϜм аϸ϶ϦЂϜ)аϦЛвЮϜ мϜ РϝУІЮϜ( ϣтЯтЯЮϜ ϝтϔϼЮϜ ϤϜϼϝДж ϣАЂϜмϠ сЯтЯЮϜ дϜϼтАЮϜ ϣЮϝϲ сТ ъϜ дϜϼтАЮϜ ̭ϝжϪϜ. 

2.  Always ensure both chin and nape straps are tight prior to flight. 

 2 .дϜϼтАЮϜ ЬϠЦ ϢмЧϠ пУЧЮϜ аϜϾϲм ШУЮϜ аϜϾϲ ϸІм АϠϼ дв ϸЪϓϦ ̯ϝвϚϜϸ. 

¶ Head Gear Unit-56P (HGU-56P):  Replacement for the SPH-4B. 

¶  ЀϒϼЮϜ Ϣϸ̳К Ϣϸϲмï 56 сϠ  : Ϻм϶ЮϜ дв ФϠϝЂЮϜ ИмжЮϜ дϝЪв Ьϲ ϣϪтϸϲЮϜ Ϻм϶ЮϜ дв ИмжЮϜ ϜϺк)ϢϺм϶ ϣтϝЦмЮϜ дв ϤмЊЮϜ ï 4 

сϠ.(  

ü Characteristics: 
û  ϤϝУЊϜмвЮϜ: 

1.  Constructed of graphite and SPECTRA®, a thicker less dense, energy absorbing liner.  This helmet 

provides greater impact protection than previous helmets.   

1 .ϤϝвϸЊЮϜ ЈϦвϦм ϣТϝϪЪ ЬЦϜм ϣЎтϼК ϣжϝАϠЮϜ дмЪϦм ϜϼϦЪϠЂ Ϣϸϝвм ϤтТϜϼЪЮϜ Ϣϸϝв дв ϣжмЪв . ϼϠЪϜ ϣтϝвϲ ϼТмт Ϻм϶ЮϜ дв ИмжЮϜ ϜϺк

ϣЧϠϝЂЮϜ Ϻм϶ЮϝϠ ϣжϼϝЧвЮϝϠ ϤϝвϸЊЮϜ дв . 
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2.  Sound attenuation better than SPH-4B. 

2 .ФϠϝЂЮϜ ИмжЮϜ дв ϤмЊЮϜ РтУ϶Ϧ сТ ЬЎТϜ дмЪϦ.  

3.  Custom fitted by an ALSE technician. 

3 .дЪвт ϼттПϦ ϝлвϮϲ дв ЬϠЦ дттжТ ϣжϝтЊ ϤϜϸЛв дϜϼтАЮϜ  

4.  Dual visors, comparable to the SPH-4B, and detachable face guard. 

4 .ЙТϼЯЮ ЬϠϝЧЮϜ йϮмЮϜ ϣтϝвϲ ИϝжЦ пЮϜ ϣТϝЎцϝϠ ϣϮмϸϾвЮϜ ϤϝтЦϜмЮϜ дв дтКмж ϸмϮм. 

5.  Chin and nape pad/strap for better retention.  Always ensure both are tight prior to flight. 

5 .ЀϒϼЮϜ пЯК дЂϲϜ ϤтϠϪϦЮ пУЧЮϜм ШУЯЮ ϣАϠϼϜм ϣвϾϲϜ .дϜϼтАЮϜ ЬϠЦ ϝкϸІм ϣвϾϲъϜ иϺк АϠϼ дв ̯ϝвϚϜϸ ϸЪϓϦЮϜ ϞϮт  . 

6.  Platform of the future for all aviation headgear. 

6 .ϣтЯϠЧϦЂвЮϜ дϜϼтАЮϜ ϤϜϸЛв ИϜмжϜ ЙтвϮЮ сЯϠЧϦЂвЮϜ атвЊϦЮϜ мк ИмжЮϜ ϜϺк . 

ü Wear the HGU-56P the same as the SPH-4B. 

û ϣЧϠϝЂЮϜ ϢϺм϶ЮϜ ̭ϜϸϦϼϜ ϣЧтϼА ЀУж дмЪϦ ̭ϜϸϦϼцϜ ϣЧтϼА . 

 

-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.- 

× Maintaining Flight Clothing: 

× пЯК ϣДТϝϲвЮϜдϜϼтАЮϜ ЀϠыв :  

(a) Avoid wearing flight suit during routine ground duties due to possible contact with grease, oil, paint, 

glue, and other combustible materials. This may lead to: 

1)  Reduces fire retardancy. 

2)  Reduces breathing qualities of the garment. 

)ϒ( ϤмтϾЮϝϠ дϜϼтАЮϜ ϣЮϸϠ ϨмЯϦ пЮϜ рϸϔт ϸЦ ϜϺк дц ϣтϸϝтϦКъϜ ϣтЎϼъϜ ϤϝϠϮϜмЮϜ ̭ϜϸϜ ϸжК дϜϼтАЮϜ ϣЮϸϠ ̭ϜϸϦϼϜ ϞжϮϦ ,амϲІЮϜ ,

МϝϠЊъϜ ,оϼ϶фϜ ФϜϼϦϲчЮ ϣЯϠϝЧЮϜ ϸϜмвЮϜ ϣтЧϠ мϜ ϣЧЊыЮϜ ϸϜмвЮϜ . пЮϜ рϸϔт ϸЦ ϜϺк: 
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1( ФϜϼϦϲъϜ ϣвмϝЧв пЯК ϣЮϸϠЮϜ ϢϼϸЦ ЬтЯЧϦ. 

2( ϣЮϸϠЮϜ Ьы϶ дв ЀУжϦЮϜ ϣϚϝУЪ ЬтЯЧϦ . 

(b) Cleaning: 

)Ϟ(  РтДжϦЮϜ: 

1)  Wash at temperatures less than 180o, and rinse completely to remove soap film. 

1(  дв ЬЦϜ ϢϼϜϼϲ ϬϼϸϠ ϤъϸϠЮϜ ЬЂО180ϣϮϼϸ  ,ϣтжмϠϝЊЮϜ ϣЧϠАЮϜ ϣЮϜϾц ϣЯвϝЪ ϢϼмЊϠ ̭ϝвЮϝϠ РАІЮϜ аϦт ШЮϺ ϸЛϠ. 

2)  Fabric softeners may be used in the rinse cycle to remove body oils.  The fabric softeners will also 

serve to inhibit static generation. 

2( аЂϮЮϜ дмкϸ ϣЮϜϾц ЬЂПЮϜ ϸжК ϝлвϜϸ϶ϦЂϜ дЪвт ϭтЂжЮϜ ϤϝтЧжв . ̯ϝЎтϜ ϣжЪϝЂЮϜ ϤϝжϲІЮϜ ϸЮмϦ ЙжвϦ РмЂ ϤϝтЧжвЮϜ иϺк . 

3)  Do not use any type of bleaching compound in laundering. 

3( ЬЂПЮϜ ϸжК ϢϼЊϝЧЮϜ ϸϜмвЮϜ дв Имж рϜ аϸ϶ЂϦ ъ. 

4)  Drying temperature should not exceed 180o. 

4(  ϾмϝϮϦϦ ъ дϜ ϞϮт РтУϮϦЮϜ ϢϼϜϼϲ ϣϮϼϸ180ϣϮϼϸ  . 

(c) NOMEX flight gloves can be washed with mild soap and water while gloves are on your hands, or in a 

washer. 

)Ϭ(ϣЮϝЂПЮϜ сТ мϜ ϸтЮϝϠ скм ϤϜϾϝУЧЮϜм дмϠϝЊЮϜм ̭ϝвЮϝϠ ЬЂПϦ дϜ дЪвт ЀЪвмж Имж дв дϜϼтАЮϜ ϤϜϾϝУЦ  . 

1)  Washing temperature should not exceed 120o.  Do not bleach or starch. 

1(  ϾмϝϮϦϦ ъ дϜ ϞϮт ЬЂПЮϜ ϢϼϜϼϲ ϣϮϼϸ120ϣϮϼϸ  .ЬЂПЮϜ ϸжК ϢϼЊϝЧЮϜ ϸϜмвЮϜ аϸ϶ϦЂϦ ъ дϜ ϞϮт . 

2)  Remove excess water by squeezing gloves or rolling them in towel.  Stretch gloves into shape and 

hang or lay flat to air dry.  Do not tumble dry, or expose wet gloves to heat or direct sunlight. 

2( ϣУІжвЮϝϠ ϱЂвЮϜ мϜ ϼЊЛЮϜ ФтϼА дК ϸϚϜϾЮϜ ̭ϝвЮϜ ϣЮϜϾϜ аϦт . сТ РϮϦ ϝлКϸм ϣвтЧϦЂв ϢϼмЊϠ мϜ ϸтЮϜ ЬЪІ пЯК ϤϜϾϝУЧЮϜ ЙЎ ШЮϺ ϸЛϠ

̭ϜмлЮϜ. 

(d) SPH-4B and HGU-56P: 

)ϸ(  дтКмжЮϜ ыЪ дв Ϻм϶ЮϜ: 

1) All maintenance performed by ALSE. 

1( ϢϼϚϝАЮϜ ϤϜϸЛв дК дтЮмϔЂвЮϜ дттжУЮϜ ЬϠЦ дв аϦϦ Ϻм϶ЮϜ пЯК ϣДТϝϲвЮϜм ϣжϝтЊЮϜ. 

 2) Clean with mild soap and water. 

2( ϣЯтЯЦ ϣтвЪϠ дмϠЊЮϜм ̭ϝвЮϝϠ Ϻм϶ЮϜ ЬЂО аϦт. 

3)  Inspect helmet, each time it is used, for loose or worn parts, frayed straps, and cracking of the outer 

shell. 

3( ϢϺм϶ЮϜ дв ϣЮмЊУв мϜ ϣЦϾвϦв ЙАЦ ϸмϮм аϸК дв ϸЪϓϦм аϜϸ϶ϦЂϜ ЬЪ ϸжК ϢϺм϶ЮϜ ЈϲУϠ аЦ ,ϣвϾϲъϜ сТ ϤϝЦϝЧІжϜ , сТ ϤϜϼАУϦм

ϢϺм϶ЯЮ сϮϼϝ϶ЮϜ РыПЮϜ. 
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4)  Do not sit on helmet. 

4( ϢϺм϶ЮϜ пЯК ЀЯϮϦ ъ. 

5)  Do not place objects in the helmet which can damage the protective qualities of polystyrene lining 

and TPL. 

5( ϢϺм϶ЯЮ ϣжАϠвЮϜ ϢϸϝвЯЮ ϣтϝвϲЮϜ Ϣ̭ϝУЪ сТ ϼϼЎϠ ϞϠЂϦт ϸЦ ϜϺк дц ϢϺм϶ЮϜ ФмТ ̭ϝтІϜ ЙЎϦ ъ. 

-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.- 

× Miscellaneous Apparel: 

× ϣКмжϦвЮϜ ЀϠывЮϜ:  

1. Metal jewelry and watches can be dangerous when working on the aircraft, near battery terminals, 

or exposed wiring connection. If you wear a watch, wear it over the gloved hand. 

1 .ϣтжϸЛвЮϜ ϤϝКϝЂЮϜм ϼкϜмϮЮϜϢϼϚϝАЮϜ сЯК ЬвЛЮϜ ϸжК ϢϼА϶ дмЪϦ  ,ϤϝтϼϝАϠЮϜ Ѐмϔϼ дв ϞϼЧЮϝϠ ,РмІЪвЮϜ сЪЯЂЮϜ АϠϼЮϜ мϜ . ϸжК

ϤϜϾϝУЧЮϜ ФмТ ϝлϚϜϸϦϼϜ ϞϮт ϣКϝЂЮϜ ЀϠЮ . 

2. Metal badges can cause electrical burns. 
1 . ϣтжϸЛвЮϜ ϤϝϮϝϠЮϜϣтϚϝϠϼлЪ Фмϼϲ ϞϠЂϦ дϜ дЪвт.  

3. Issued sun glasses are for use during the day when night flight is anticipated.  Glasses are not a 
substitute for visors. 

2 .ϣтЂвІЮϜ ϤϜϼϝДжЮϜсЯтЯЮϜ дϜϼтАЮϜ ФϠЂт рϺЮϜ ϼϝлжЮϜ Ьы϶ ̭ϜϸϦϼцϜ ЌϼПЮ дмЪϦ ϢϸϲмЮϜ ЬϠЦ дв ϝлвтЯЂϦ аϦт сϦЮϜ  . ϣтЂвІЮϜ ϤϜϼϝДжЮϜ

ϢϺм϶ЮϜ сТ ϼДжЮϜ ϣтЦϜм дК ̯ытϸϠ дмЪϦ ъ. 

 

-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.- 

=+=+=+=+=+=+=+=+=+=+=+=+=+=+= 
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Review Questions:                                                                                                                 ϣЛϮϜϼвЮϜ ϣЯϚЂϜ:   

1. What are some of the safety features provided by armed aircraft? 
1 .̬ ϣтϠϼϲЮϜ ϤϜϼϚϝАЮϜ сТ ϢϾлϮвЮϜ ϣтϝвϲЮϜ ЬϚϝЂм ЌЛϠ ск ϝв 

2. What are the characteristics of NOMEX material that used in Aviation clothing? 
2 .̬ дϜϼтАЮϜ ЀϠыв ϣКϝжЊ сТ ϣвϸ϶ϦЂвЮϜ ЀЪвмж Ϣϸϝв ϤϜϾтвв ск ϝв 

3. At what temperature should flight gloves be washed? 
3 .̬ ЀЪвмж Имж дв дϜϼтАЮϜ ϤϜϾϝУЦ ЬЂО ϞϮт ϢϼϜϼϲ ϣϮϼϸ рϜ сТ 

4. What are the apparels that are unsafe to wear aviation? 
4 .̬ дϜϼтАЮϜ ̭ϝжϪϜ ̭ϜϸϦϼцϜ ϸжК ϣжвϐ дмЪϦ ъ сϦЮϜ ̭ϝтІцϜ ск ϝв 
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Stress and Fatigue in Aviation 

дϜϼтАЮϜ сТ ̭ϝтКцϜм ϸϝлϮцϜ 
    As aircrew members, you will need to know the effects of stress on your body and how and what you 

do which influences the degree of stress you place on yourself.  Aviation stressors are unique to you as 

aircrew members and have considerable impact on mission readiness and individual health.  This subject 

is intended to heighten your awareness of those stressors that are both unique to aviation and those 

that are not but may impact you as aviators in a unique manner due to your profession. 

 ϸϝлϮцϜ ϣϮϼϸ ϼттПϦЮ ϝлЯвЛϠ амЧϦ сϦЮϜ ̭ϝтІцϜ ϝвм ШвЂϮ пЯК ϸϝлϮцϜ ϤϜϼтϪϓϦ ϣТϼЛв пЮϜ ϬϝϦϲϦ ШжϓТ ϢϼϚϝАЮϜ аЦϝА дв мЎЛЪ    

ШтЯК АЯЂ̳вЮϜ . ϣтϠЯЂ ϤϜϼтϪϓϦϠ ϞϠЂϦϦм ϢϼϚϝАЮϜ аЦϝА дв мЎЛЪ ШЮ ϣϠЂжЮϝϠ ϢϸтϸϮм ϢϸтϼТ дмЪϦ дϜϼтАЮϜ сТ ϸϝлϮцϝϠ ϞϠЂϦϦ сϦЮϜ ̭ϝтІцϜ

аϝлвЮϜ ϺтУжϦЮ ϣтϾкϝϮЮϜм ϣϲЊЮϜ пЯК . ϣЊϝ϶ дмЪϦ сϦЮϜ ϤϝАмПЎЮϜ ШЯϦ пЮϜ ШкϝϠϦжϜм ШϦТϼЛв ϣтвкϜ дϝтϠЮ мк ИмЎвЮϜ ϜϺк Рϸк

ϣϲтϲЊ ϢϼмЊϠ ШϠϮϜм ̭ϜϸϜм дϜϼтАЮϜ сТ ШϦтЮϝЛТ пЯК ϼϪϔϦ ϸЦ сϦЮϜ ̭ϝтІцϜм дϜϼтАЮϝϠ. 

-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.- 

× Definitions of Stress: There are three definitions of stress. 
×  ϸϝлϮцϜ РтϼЛϦ :ϸϝлϮчЮ РтϼϝЛϦ ϣϪыϪ Шϝжк. 

A. Walter Cannon (1932) researched the "fight-or-flight" response, and linked this to the arousal of the 
sympathetic nervous system and endocrine system.  The "rush" or "cranked-up" feeling when frightened 
or surprised is a result of the rapid arousal of these systems. 

ϒ . аЮϝЛЮϜдмжϝЪ ϼϦЮϜм) 1932(  дϝЂжъϜ ЬЛТ Ϣϸϼ дК ϨмϲϠϠ аϝЦ"ϞϼлЮϜ мϜ амϮлЮϜ "ϼА϶ ϣлϮϜмв ϸжК , ϾϝлϮЮϜ АтІжϦϠ ̭сІЮϜ ϜϺк АϠϼм

аЂϮЮϜ сТ ϾϜϼТцϜ ϾϝлϮм рмϝϪтϠвЂЮϜ сϠЊЛЮϜ . ЙтϼЂЮϜ АтІжϦЯЮ ϣϮтϦж мк ϣϚϮϝУ̳вЮϜ мϜ Рм϶ЮϜ ϸжК ϣКϼЂϠ ШϼϲϦЮϜ пЮϜ ϣϮϝϲЮϝϠ ϼмЛІЮϜ
ϢϾлϮцϜ иϺлЮ. 

 

B. Hans Selye (1956), considered by many to be the father of stress research, defined stress as the 
nonspecific response of the body to any demand placed upon it.  He called this pattern of responding 
the άGeneral Adaptation Syndromeέ, which consists of three stages: 
 
     (1) Alarm Stage ς the organism is mobilized to meet the threat. 
 
     (2) Resistance Stage ς the organism attempts to cope with the threat. 
      
     (3) Exhaustion Stage ς the organism fails to successfully cope with the threat. 

Ϟ . аЮϝЛЮϜ сЯтЂ Ѐжϝк)1956( ,ϸϝлϮцϜ ϨмϲϠЮ мϠϓЪ дмϼтϪЪЮϜ иϼϠϦЛт , АЯЂ̳Ϧ ϣϮϝϲ рц Ϣϸϸϲв ϼтО аЂϮЯЮ ϣϠϝϮϦЂϜ йжϓϠ ϸϝлϮцϜ РϼК

йтЯК . Ϟ ϣϠϝϮϦЂцϜ дв АвжЮϜ ϜϺк пЯК ФЯАϜ"аϝЛЮϜ РттЪϦЮϜ ϣвϾыϦв" ,ЬϲϜϼв ϣϪыϪ дв дмЪϦϦ сϦЮϜм: 

)1 ( ϼтϺϲϦЮϜ ϣЯϲϼв- ϸтϸлϦЮϜ йϮϜмм ШϼϲϦ Ј϶ІЮϜ. 

)2 ( ϣвмϝЧвЮϜ ϣЯϲϼв-ϸтϸлϦЮϜ ϣϲТϝЪв мϜ ЬвϲϦ Ьмϝϲт Ј϶ІЮϜ . 

)3 ( ̭ϝтКцϜ ϣЯϲϼвïйлϮϜмт рϺЮϜ ϸтϸлϦЮϜ ЬвϲϦ мϜ ϞЯПϦЮϜ сТ ЬІУт Ј϶ІЮϜ . 
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C. Lazarus (1968) researched the "psychological appraisal process".  This model suggests that when 
confronted with a potential stressor, humans simultaneously evaluate the meaning of the event 
(positive, negative, neutral), the degree of harmfulness associated with the event, and their available 
coping resources.  According to this model, stress is defined as greater perceived threat than perceived 
coping abilities. 

Ϭ . аЮϝЛЮϜЀϜϼϜϾъ ϨϲϠ "ϣтЂУжЮϜ аттЧϦЮϜ ϣтЯвК" .ϸϸлв АПЎ Ј϶ІЮϜ йϮϜм ϜϺϜ йжϓϠ ϰϼϦЧϦ ϣтϼДжЮϜ иϺк , РмЂ ϢϼІϝϠв ϢϼмЊϠм йжϓТ
 йлϮϜм рϺЮϜ ϨϸϲЮϜ пжЛв аттЧϦϠ  амЧт)сϠϝϮтϜ ,сϠЯЂ ,ЬϸϝЛϦв( ,ϨϸϲЯЮ ϣϠϲϝЊвЮϜ оϺцϜ ϣϮϼϸ , ϞЯПϦЮϜ мϜ ϣлϮϜмвЮ ϢϼТмϦвЮϜ ФϼАЮϜм

йтЯК .ϣтϼДжЮϜ иϺлЮ ̯ϝЧϠА ,ЬвϲϦЮϜ ϤϜϼϸЦ ϾмϝϮϦт рϺЮϜ ЀмЂϲвЮϜ ϸтϸлϦЮϜ йжϓϠ РϼЛ̳т АПЎЮϜ мϜ ϸϝлϮцϜ дϓТ. 

-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.- 

×  Signs and Symptoms of Stress: 
×  ϸϝлϮцϜ ЌϜϼКϜм ϤϝвыК: 

 

A. Physical responses to stress include both immediate symptomatology, and potentially long-term 
health consequences of unmanaged stress: 

ϒ . ϸϝлϮчЮ ϣтϸЂϮЮϜ ϤϝϠϝϮϦЂцϜ АПЎЮϜ ϣϮЮϝЛв аϸК ϣЮϝϲ сТ ϸвъϜ ϣЯтмАЮϜ ϣтϲЊЮϜ ϞЦϜмЛЮϜм ϢϼІϝϠвЮϜ ЌϜϼКцϜ двЎϦϦ: 

 
     (1) Symptomatology includes: 

)1 ( ЌϜϼКцϜ двЎϦϦ: 

          (a) Sweaty palms. 
     )ϒ( РЪЮϜ дАϝϠ ФϼЛϦ. 

          (b) Increased heart rate and blood pressure. 

    )Ϟ( аϸЮϜ АПЎ ИϝУϦϼϜм ϞЯЧЮϜ ϤϝЦϸ ЬϸЛв ИϝУϦϼϜ. 
          (c) Trembling. 

    )Ϭ( ЄϝЛϦϼцϜ . 
          (d) Shortness of breath. 

    )ϸ(  ЀУжϦЮϜ сТ ϼмЊЦ)ЀУжϦЮϜ ϣϠмЛЊ(. 
          (e) Gastrointestinal distress. 

    )и( ̭ϝЛвцϜм ϢϸЛвЮϜ ϞϜϼАЎϜ. 
          (f) Muscle tension. 

   )м( ϤыЎЛЮϜ ЈЯЧϦ. 
 
     (2) Potentially long-term health consequences: 

)2 (ϞЦϜмЛЮϜ ϣтϲЊЮϜ ϣЯтмАЮϜ ϸвъϜ:  
          (a) Sleep problems (insomnia). 

    )ϒ(  амжЮϜ сТ ЬЪϝІв)ФϼцϜ(. 
          (b) Backaches and other muscle pain. 

    )Ϟ( ϤыЎЛЮϜ аъϐ ϣтЧϠм ϼлДЮϜ аъϐ. 
          (c) High blood pressure. 

    )Ϭ( аϸЮϜ АПЎ ИϝУϦϼϜ. 
          (d) Immune system suppression. 

    )ϸ( ϣКϝжвЮϜ ϾϝлϮ АтϠϪϦ . 
          (e) Fatigue. 

    )и( ̭ϝтКцϜ. 
          (f) Anxiety disorders. 

    )м( ФЯЧЮϜ ϤϝϠϜϼАЎϜ. 
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B. Emotional signs and symptoms can include: 
Ϟ .ϣтУАϝЛЮϜ ϤϝвыЛЮϜм ЌϜϼКцϜ двЎϦϦ дϜ дЪвт : 

     (1) Irritability. 
)    1 (ϭΗтлϦЮϜ . 

     (2) Hostility. 
)    2( ϣтϚϜϸЛЮϜ. 

     (3) Anxiety. 
)    3( ϼтЪУϦЮϜ ϢϸϝтϾм ФЯЧЮϜ. 

     (4) Decreased self-esteem. 
)    4 (дϜϸЧТ аϜϼϦϲϜ ϤϜϺЮϜ. 

     (5) Feelings of helplessness. 

)    5 (ϼмЛІЮϜ ЀϓтЮϝϠ. 
     (6) Loss of interest in pleasurable activities (anhedonia). 

)    6( ϢϝтϲЮϜ сТ ϣЛϦввЮϜ ϤϝтЮϝЛУЮϝϠ аϝвϦкъϜ дϜϸЧТ . 

C. Cognitive signs and symptoms can include: 
Ϭ . ϣтЯЧЛЮϜ ϤϝвыЛЮϜм ЌϜϼКцϜ двЎϦϦ дϜ дЪвт: 

     (1) Obsessions. 

)     1( ЀмлЮϜ. 
     (2) Decreased attention. 

)     2( иϝϠϦжцϜ дϝЊЧж. 
     (3) Impaired memory. 

)     3( ϢϼЪϜϺЮϜ РЛЎ. 
     (4) Impaired judgment. 

)     4 (РЛЎ сТ Ϻϝ϶ϦϜ ϼϜϼЧЮϜ. 
     (5) Poor psychomotor coordination (hand-eye coordination). 

)     5( сЯЧЛЮϜ ФтЂжϦЮϜ РЛЎ - сЪϼϲЮϜ) ϸтЮϜ ФтЂжϦïдтЛЮϜ (. 
D. Behavioral signs and symptoms are limitless, and can include: 

ϸ . ϣтЪмЯЂЮϜ ϤϝвыЛЮϜм ЌϜϼКцϜϝлЮ ϼЊϲ ъ скм , двЎϦϦ дϜ дЪвтм: 

     (1) Explosiveness. 

)     1 (ϣтϼϝϮУжъϜРϼЊϦЮϜ ϸжК . 
     (2) Withdrawal or social isolation. 

)     2(  мϜ ϞϝϲЂжъϜϣтКϝвϦϮъϜ ϣЮϾ̳ЛЮϜ. 
     (3) Alcohol or substance abuse. 

)     3( ϤϜϼϸ϶вЮϜ пЯК мϜ ЬмϲЪЮϜ пЯК дϝвϸцϜ. 
     (4) Suicide. 

)     4( ϼϝϲϦжцϜ. 

-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.- 

× Different Classes of Stressors: 
×  ϤϝАмПЎЯЮ ϣУЯϦ϶вЮϜ ИϜмжцϜ)ϤϜϸлϮвЮϜ(:  

A. Environmental Stressors: 
ϒ . ϣтϚтϠЮϜ ϤϝАмПЎЮϜ: 

   (1) Altitude. 
 )  1( ИϝУϦϼцϜ. 

  (2) Heat. 
)   2( ϢϼϜϼϲЮϜ. 
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  (3) Cold. 
)   3( ϢϸмϼϠЮϜ. 

  (4) Terrain. 
)   4( ЀтϼϝЎϦЮϜ. 

  (5) Weather. 
)   5( ЀЧАЮϜ. 

  (6) Noise. 
)   6( ̭ϝЎмЎЮϜ. 

B. Psychosocial Stressors: 
Ϟ . ϣтКϝвϦϮъϜ ϣтЂУжЮϜ ϤϝАмПЎЮϜ: 

(1) Marriage/  Divorce. 
)   1(  ϬϜмϾЮϜ /ФыАЮϜ. 

(2) Death in the family. 
)   2( ϣЯϚϝЛЮϜ сТ ϢϝТм ϣЮϝϲ Ϩмϸϲ . 

(3) Reassignment. 
)   3( ϢϸтϸϮ Ϣϸϲм сТ дттЛϦ. 

(4) Illness or injury to self, family, or close friend. 
)   4( йЂУж Ј϶ІЯЮ ϣϠϝЊϜ мϜ Ќϼв ,ϣЯϚϝЛЮϜ ϸϜϼТϜ ϸϲϜ ,ϞϼЧв ФтϸЊ мϜ. 

C. Cognitive Stressors: 
Ϭ . ϣтжкϺЮϜ ϤϝАмПЎЮϜ:  

    We can increase our stress by the way we view situations and events.  The following is a list of 
ŎƻƎƴƛǘƛǾŜ άōŀŘ ƘŀōƛǘǎέΥ  

ϝллϮϜмж сϦЮϜ ϤъϝϲЮϜм ̭ϝтІцϜ ϝлϠ оϼж сϦЮϜ ϣЧтϼАЮϜ дв ϝжЂУжϜ пЯК АПЎЮϜм ϸϝлϮъϜ ϢϸϝтϾ ЙтАϦЂж дϲж    . ϣвϚϝЦ ск ϣтЮϝϦЮϜ ̭ϝтІцϜ
Ϟ"ϣϚтЂЮϜ ϤϜϸϝЛЮϜ " ϼтЪУϦЮϜ сТ    : 

    (1ύ ά!ƭƭ ƻǊ ƴƻǘƘƛƴƎ ǘƘƛƴƪƛƴƎέΣ ŜΦƎΦΣ άŜƛǘƘŜǊ L ƎŜǘ ŀƴ ŀǿŀǊŘ ŦƻǊ Ƴȅ ǿƻǊƪ ǇŜǊŦƻǊƳŀƴŎŜ ƻǊ L ŀƳ ŀ ŦŀƛƭǳǊŜέΦ  
¢ƘŜǊŜ ƛǎ ƴƻ άƛƴ ōŜǘǿŜŜƴέ ƻǊ ŦƭŜȄƛōƛƭƛǘȅ ƛƴ ǎǳŎƘ ǘƘƛƴƪƛƴƎΦ 

)   1(" ̭сІ ъ мϜ ЬЪЮϜ ϢϼЪТ" ,ШЮϺ ЬϝϪв ,"ЬІϝТ дмЪϜ мϜ сЯвК ̭ϜϸϜ пЯК ϢϓТϝЪв пЯК ЬЊϲϜ дϒ ϝвϒ ." дтϠ АЂм ̭сІ Шϝжк ϸϮмт ъ рϜ

ϼтЪУϦЮϜ сТ ϣжмϼв Шϝжк ϸϮмт ъ мϜ дтϦЮϝϲЮϜ  . 
    (2ύ άCŀƛƭǳǊŜ ǘƻ ŦƻŎǳǎ ƻƴ ǘƘŜ ƘŜǊŜ ŀƴŘ ƴƻǿέ ƛƴǾƻƭǾŜǎ ŘƛǎǘǊŀŎǘƛƴƎ ƻƴŜǎŜƭŦ ŦǊƻƳ ǘƘŜ ǘŀǎƪ ŀǘ ƘŀƴŘ ōȅ 
worrying about mistakes of the past or potential problems in the future. 

)   2(" ϝлІтЛϦ сϦЮϜ ϣДϲЯЮϜм дϝЪвЮϜ пЯК ϾтЪϼϦЮϜ сТ ЬІУЮϜ " дв ФЯЧЮϜ ϞϠЂϠ ϣϠмЯАвЮϜ ϣвлвЮϜ ̭ϜϸϜ ϸжК ϢϼтϲЮϜм ШϝϠϦϼцϜ двЎϦт рϺЮϜм

ЬϠЧϦЂвЮϜ сТ ϨϸϲϦ дϜ дЪввЮϜ дв сϦЮϜ ЬЪϝІвЮϜ мϜ сЎϝвЮϜ сТ ϤϪϸϲ рϺЮϜ ̭ϝА϶цϜ ЀУж ϞϝЪϦϼϜ. 
     (3ύ ¢ƻƻ Ƴŀƴȅ άƳǳǎǘǎέ ŀƴŘ άǎƘƻǳƭŘέΦ  ²Ŝ ƛƴŎǊŜŀǎŜ ƻǳǊ ǎǘǊŜǎǎ ǿƘŜƴ ǿŜ ŜȄǇŜŎǘ ǘƘŀǘ ŜǾŜƴǘǎ Ƴǳǎǘ ǘǳǊƴ 
out exactly as we expect. 

)   3 (ϢϼϪЪ аϜϸ϶ϦЂϜ ϤϝвЯЪЮϜ ϣ̵ЮϜϸЮϜ пЯК "аϜϾЮъϜ" м"ϞмϮмЮϜ ." ̭ϝтІцϜ ЬмЊϲ ЙЦмϦ ϸжК ϝжтЯК АЯЂ̳вЮϜ сЂУжЮϜ АПЎЮϜ дв ϸтϾж дϲж

ϝжЛЦмϦ ϝв ЀУж пЯК АϠЎЮϝϠ . 
D. Physiological (self-imposed) stressors are maladaptive behaviors over which aircrew members have 
significant control.  This category can be remembered using the acronym DEATH: 

ϸ . ϣтϮЯЂУЮϜ ϤϝАмПЎЮϜ) ̯ϝтϦϜϺ ϣЎмϼУвЮϜ( ϝлжв ЈЯ϶ϦЮϜм ϝлϠ аЪϲϦЮϜ Ј϶ІЯЮ дЪвт сϦЮϜ ϣϚтЂЮϜ ϤϜϸϝЛЮϜм ϤϝТϼЊϦЮϜ ск . ϣКмвϮвЮϜ иϺк

 ϢϼЊϦ϶вЮϜ ϣвЯЪЮϜ ФтϼА дК ϝкϼЪϺϦϦ дϜ дЪвт ϤϝАмПЎЮϜ дв"DEATH "ϤмвЮϜ. 

 (1) Drugs: 
         )1(  ϣтмϸцϜ: 

 (a)  Self medication. 
          )ϒ( ШЂУжϠ ϝкϺ϶ϓϦ сϦЮϜ ϣтмϸцϜ. 

 (b)  Known side effects. 
          )Ϟ( ϣТмϼЛвЮϜ ϣтϠжϝϮЮϜ ϤϜϼтϪϓϦЮϜ . 
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 (c)  Overdose risk. 
          )Ϭ( ̭ϜмϸЮϜ ϣКϼϮ ϢϸϝтϾ ϢϼмА϶. 

 (d)  Allergic reactions. 
          )ϸ(  ̭ϜмϸЮϜ дв ϣтЂϝЂϲЮϜ)ϣтЂЂϲϦЮϜ ϤыКϝУϦЮϜ(. 

 (e)  Synergistic effects. 
          )и( ϣтмϸчЮ ϣтвЪϜϼϦЮϜ ϤϜϼтϪϓϦЮϜ . 

 
 (2)  Exhaustion: 

         ) 2(  ШϝлжцϜ: 

 (a) Lack of adequate rest and sleep may lead to compromised flight performance. 
          )ϒ( дϜϼтАЮϜ ̭Ϝϸϒ пЯК сϠЯЂ ϼтϪϓϦ пЮϜ рϸϔт ϸЦ амжЮϜм ϣϲϜϼЮϜ дв сТϝЪЮϜ АЂЧЮϜ Ϻ϶ϒ аϸК  . 

 (b) Physical conditioning has benefits on mental health. 
          )Ϟ( ϣтЯЧЛЮϜ ϣϲЊЮϜ пЯК ϣтϠϝϮтϜ ϸϚϜмТ ϝлЮ Ј϶ІЯЮ ϢϸтϮЮϜ ϣтϸЂϮЮϜ ϣЮϝϲЮϜ. 

 

 (3) Alcohol: 
          )3(  ЬмϲЪЮϜ: 

 (a) Affects judgment, thermal stress tolerance, visual acuity, perception, coordination, and 
communication.   

         )ϒ( ϣϲтϲЊЮϜ ϤϜϼϜϼЧЮϜ Ϻϝ϶ϦϜ пЯК ϢϼϸЧЮϜ пЯК ЬмϲЪЮϜ сАϝЛϦ ϼϪϔт ,ϢϼϜϼϲЮϜ ϤϝϮϼϸ сТ ϼтПϦЮϜ ЬвϲϦ пЯК ϢϼϸЧЮϜ ,ϼЊϠЮϜ Ϣϸϲ ,
ЀϝЂϲцϜ ,ФтЂжϦЮϜ ,ϤъϝЊϦцϜм  . 

 (b) 12-hour bottle to brief rule. 
        )Ϟ(  дК ϾϝϮтцϜ ϤЦм м ЬмϲЪЮϜ сАϝЛϦ дтϠ ϢϸвЮϜ ЬЧϦ ъ дϜ ϞϮт ϣвϝК ϢϸКϝЧЪ12ϣКϝЂ  . 

 (4) Tobacco: 
       )4(  дт϶ϸϦЮϜ: 

 (a) While the potential long-term consequences of lung cancer and coronary heart disease have 
ōŜŜƴ ǿŜƭƭ ŜǎǘŀōƭƛǎƘŜŘΣ ƛƴŦŜŎǘƛƻƴǎ ŘǳŜ ǘƻ ŎƘǊƻƴƛŎ ƛǊǊƛǘŀǘƛƻƴ ƻŦ ǘƘŜ ƭƛƴƛƴƎ ƻŦ ǘƘŜ ƴƻǎŜ Ƴŀȅ ŀŦŦŜŎǘ ŀƴ ŀǾƛŀǘƻǊΩs 
ability to cope with pressure changes in the ears and sinuses. 

       )ϒ( дт϶ϸϦЯЮ двϝЪ ϼтϪϓϦЪ ϞЯЧЮϜ ЌϜϼвϜм ϣϚϼЮϜ дϝАϼЂЮ ϸвцϜ ϣЯтмАЮϜ ϞЦϜмЛЮϜ ϸмϮм , ϣϮϦϝжЮϜ ϣтϸЛвЮϜ ЌϜϼвъϜ дϓТ ШЮϺ пЮϜ ϣТϝЎϜ
 ϞмтϮЮϜм дϺцϜ сТ АПЎЮϜ ϤϜϼтПϦ Йв аЯЦϓϦЮϜ пЯК йϦϼϸЦ пЯКм ϼтАт рϺЮϜ Ј϶ІЮϜ ϢϼϸЦ пЯК ϼϪϔт ϸЦ РжцϜ ϣжϝАϠЮ двϾвЮϜ ϭттлϦЮϜ дК

ϣтУжцϜ   . 

 (b) Aircrew should also be concerned about the acute effects of carbon monoxide produced by 
smoking tobacco.  The average cigarette smoker has about 8% to 10% CoHb in their blood, which adds 
about 5,000 feet of physiological altitude.  While the average pilot begins to experience decreased night 
vision at 4,000 to 5,000 feet, the average smoking pilot begins at sea level with a night vision deficit of 
5,000 feet. 

      )Ϟ( дт϶ϸϦЮϜ дК ϣϮϦϝжЮϜ дмϠϼϝЪЮϜ ϸтЂЪмϜ рϸϝϲϒ ϾϝПЮ ϢϸϝϲЮϜ ϤϜϼтϪϓϦЮϝϠ ̯ϝЎтϜ аϦлт дϜ ϞϮт дϜϼтАЮϜ аЦϝА мЎК . Јϝ϶ІцϜ
 алтϸЮ дмЪт дтж϶ϸвЮϜ8 % пЮϜ10 %дмϠϼϝЪЮϜ ϸтЂЪмϜ рϸϝϲϒ ϾϝПϠ ЙϠІϦвЮϜ дтϠмЯЪмвтлЮϜ дв , ϣϠϜϼЦ РтЎт ̭сІЮϜ ϜϺкм5000 дв аϸЦ 

ИϝУϦϼцϜ . ИϝУϦϼъϜ ϸжК ϣтЯтЯЮϜ ϣтϔϼЮϜ Ϣϸϲ ЌϝУ϶жϜ дв ϢϝжϝЛвЮϝϠ ϒϸϠт д϶ϸв ϼтПЮϜ ϼϝтАЮϜ дϓТ ШЮϺ пЯК ЬϝϪв4000 пЮϜ 5000аϸЦ  , ϝвжтϠ

 ϸжК Ϩϸϲт рϺЮϜ ϣтЯтЯЮϜ ϣтϔϼЮϜ Ϣϸϲ ЌϝУ϶жϜ дв ϢϝжϝЛвЮϝϠ ϼϲϠЮϜ ϱАЂ ИϝУϦϼϒ ϸжК д϶ϸвЮϜ ϼϝтАЮϜ ϒϸϠт5000д϶ϸв ϼтПЮϜ ϼϝтАЮϜ сТ аϸТ  . 
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 (5) Hypoglycemia: 
      )5(  аϸЮϜ сТ ϼЪЂЮϜ омϦЂв ЌϝУ϶жϜ: 

      Aviators are known for the tendency to miss meals or substitute meals with candy bars, coffee, and 
soda. The lack of well-balanced food consumption can lead to hypoglycemia, which can result in 
weakness, fainting, and decreased efficiency. 
 ЙАЦ ЬЪϓϠ ШЮϺ дмЎмЛтм ϱтϲЊЮϜ ϝлϦЦмϠ ϣтϚϜϺПЮϜ ϤϝϠϮмЮϜ дмЮмϝжϦт ъ алжϓϠ дϜϼтАЮϜ ϣжлв дмЂϼϝвт дтϺЮϜ Јϝ϶ІцϜ дК РмϼЛв    

омЯϲЮϜ ,ъмЪЮϜм ϢмлЧЮϜ ϞϼІ .аϸЮϜ сТ ϼЪЂЮϜ омϦЂв ЌϝУ϶жϜ пЮϜ рϸϔт дϜ дЪвт аϝЛАЮϜ ЬмϝжϦ сТ дϾϜмϦЮϜ дϜϸЧТ , ϞϠЂϦт дϜ дЪвв ϜϺкм
аϝЛЮϜ РЛЎЮϜ сТ ,̭ϝвОцϜ ,̭ϜϸцϜ ЌϝУ϶жϜм  . 

-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.- 

× Impact of Stress on Pilot Performance: 
×  ϼϝтАЮϜ ̭Ϝϸϒ пЯК ϸϝлϮцϜ ϼтϪϓϦ: 

   
A. Pilots rely upon several cognitive abilities to successfully perform their mission. These abilities 
include: 

  ϒ.ϣϲтϲЊ ϢϼмЊϠ йϦвϝвлв ϾϝϮжц ϣтжкϺ ϤϜϼϸЦ ϢϸК пЯК ϸвϦЛт ϼϝтАЮϜ  . двЎϦϦ ϤϜϼϸЧЮϜ иϺк: 

     (1) Psychomotor abilities, which include hand-eye coordination, muscular coordination, and strength. 
)      1 (ϣтжкϺЮϜ ϤϜϼϸЧЮϜ-ϣтЪϼϲЮϜ ,ϸтЮϜм дтЛЮϜ дтϠ ЬвЛЮϜ ФтЂжϦ двЎϦϦ сϦЮϜм ,ϤϝЪϼϲЮϜ ϸжК сЯЎЛЮϜ ФтЂжϦЮϜ ,ϤыЎЛЮϜ ϢмЦм. 

     (2) Attention is the cognitive ability to focus a "mental spotlight" on sensory inputs, motor control, or 
memories.   

)      2 (иϝϠϦжцϜ пЯК ϾтЪϼϦЯЮ ϣтжкϺЮϜ ϢϼϸЧЮϜ мк "ϣтϼЪТ ̭мЎ ϣАЧж "ϣвЯϦЂ̳вЮϜ ЀтЂϝϲцϜ дв ,ϣтЪϼϲЮϜ ϢϼАтЂЮϜ , мϜϤϝтϼЪϺЮϜ .  

     (3) Memory is the ability to recall previously learned information.  Memory abilities are dependent 
upon one's memory capacity, memory strategies, and rehearsal, which serve to facilitate the transfer of 
information from short-term to long-term storage. 

)      3 (ϢϼЪϜϺЮϜϣЧϠϝЂЮϜ ϤϝвмЯЛвЮϜ ИϝϮϼϦЂϜ пЯК ϢϼϸЧЮϜ ск  .Ј϶ІЮϜ ϢϼЪϜϺ ϣЛЂ пЯК ϸвϦЛϦ ϢϼЪϜϺЮϜ ϤϜϼϸЦ ,ϤϝтϮтϦϜϼϦЂϖДУϲЮϜ  ,

ШЮϺ пЯК ϞтϼϸϦЮϜм ,ϸвцϜ ϣЯтмА ϢϼЪϜϺЮϜ сТ ДУϲЮϜ пЮϜ ϸвцϜ ϼтЊЦ ϢϼЪϜϺЮϜ дв ϤϝвмЛвЮϜ ЬЧж пЯК ϸКϝЂтм ЬлЂ̳т рϺЮϜ  . 

     (4) Judgment and decision making. 
)      4 ( аЪ̳ϲЮϜϼϜϼЧЮϜ Ϻϝ϶Ϧϒ пЯК ϢϼϸЧЮϜм. 

     (5) Prioritization of tasks. 
)       5(  ϸтϸϲϦ ϣтЧϠЂцϜаϝлвЮϜ ̭Ϝϸϒ сТ. 

     (6) Communication. 
)       6 (ЬЊϜмϦЮϜ. 

B. Both self-imposed stress and aviation-specific stress have the following effects on the above noted 
cognitive abilities of pilots: 

Ϟ. ϣтжкϺЮϜ ϤϜϼϸЧЮϜ пЯК ϣтϦцϜ ϤϜϼтϪϓϦЮϜ ϝвлЮ дϜϼтАЮϝϠ ϣЊϝ϶ЮϜ ϤϝАмПЎЮϜм йЂУж пЯК Ј϶ІЮϜ ϝлАЯЂт сϦЮϜ ϤϝАмПЎЮϜ дв ЬЪ 
ϼϝтАЯЮ: 

     (1) Psychomotor abilities decline.  For example, tracking abilities decrease, with a tendency toward 
more time off-target, overcorrection, and less smooth movements. 

)      1 (ϣтжкϺЮϜ ϤϜϼϸЧЮϜ- ϣтЪϼϲЮϜЌУ϶жϦ .РϸлЯЮ иϝϠϦжъϜ аϸК дв ϼϪЪϜ ϤЦм пЮϜ ЬмтвЮϜ Йв ЬЧϦ ЙϠϦϦЮϜ ϤϜϼϸЦ дϜ мк ШЮϺ пЯК ЬϝϪв ,

ϣвмЛж ЬЦϜ ϤϝЪϼϲЮϜ дмЪϦ дϜ пЮϜ рϸϔт ϝвв ϣЪϼϲЮϜ сТ ϸϚϜϾЮϜ ϱтϲЊϦЮϜм    . 
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     (2) Attentional abilities may be compromised during stress in the following ways: 
)      2 ( иϝϠϦжцϜ ϤϜϼϸЦ ϣтЮϝϦЮϜ ФтϼАЮϝϠ ϸϝлϮцϜ Ьы϶ ЬІУЯЮ ϣЎϼЛв дмЪϦ ϸЦ: 

          (a) "Perceptual Tunneling" is the narrowing of sensory information processed by the brain (i.e. 
visual field).  This can result from both emotional stress and cognitive workload, and can occur in both 
visual and non-visual sensory channels.  For example, a pilot may attend to the most significant stimuli 
(brightest light, loudest noise) at the expense of other perceptual cues. 

          )ϒ("  дϜϸЧТ цϜЀϝЂϲ сАтϲвЮϜ " МϝвϸЯЮ ϣЯЊϜмЮϜ ϣтЂϲЮϜ ϤϝвмЯЛвЮϜ сТ ФтЎ мк)рϼЊϠЮϜ ЬϝϮвЮϝЪ(. ЬЪ дв ϭϦжт дϜ дЪвт ϜϺк

сжкϺЮϜ ЬвϲЮϜм сЂУжЮϜ АПЎЮϜ дв ,ϣтϼЊϠ ϼтПЮϜм ϣтϼЊϠЮϜ ϣтЂϲЮϜ ϤϜмжЧЮϜ дв ЬЪ сТ Ϩϸϲт дϜ дЪвтм .ШЮϺ пЯК ЬϝϪв , ϸЦ ϼϝтАЮϜ
 ̯ϜϼтϪϓϦ ϼϪЪъϜ ϤϜϼϝІъϜ пЯК ϾЪϼт)ЙАϝЂЮϜ ̭мЎЮϝЪ ,сЮϝЛЮϜ ϭтϮЎЮϜм( оϼ϶цϜ ϣвЯϦЂвЮϜ ϤϜϼϝІцϜ ϣтЧϠ ϞϝЂϲ пЯК . 

          (b) άCognitive Tunnelingέ is the narrowing of the mental clarity or comprehension. For example, 
missing radio call while concentrating on something else. 

         )Ϟ(" дϜϸЧТ ϼтЪУϦЮϜ сАтϲвЮϜ " мкϞϝЛтϦЂъϜм дкϺЮϜ ̭ϝУЊ сТ ФтЎ .ШЮϺ пЯК ЬϝϪв,ϣтмтϸϜϼ ϣЮϝЪвЮ иϝϠϦжъϜ аϸК  ϾтЪϼϦЮϜ ϸжК 

ϼ϶ϐ ̭сІ пЯК. 

          (c) "Task Shedding" is tunneling carried to the extreme. This is when entire tasks are completely 
abandoned.  For example, tunneling may be missing a radio call while on approach with a caution light 
illuminated, while task shedding is forgetting to do the pre-landing checks altogether. 

          )Ϭ(" ϤϝвлвЮϜ АЦϝЂϦ "ϣАтϲвЮϜ ̭ϝтІъϜ пЯК ϾтЪϼϦЮϜ аϸК дв пЯКъϜ ϸϲЮϜ мк .аϝлвЮϜ ЙтвϮ пПЯ̳Ϧ мϜ ЬϮϔϦ ϝвϸжК Ϩϸϲт ϜϺк .

 ЬϝϪвЯЮ дϓТдϜϸЧТ ϼтЪУϦЮϜ сАтϲвЮϜ аϸК мк ϣтмтϸϜϼ ϣЮϝЪвЮ иϝϠϦжъϜϼтϺϲϦ ̭мЎ ЬϝЛϦІϜм АмϠлЮϜ ϸжК  , дϝтЂж мк ϤϝвлвЮϜ АЦϝЂϦ дмЪт ϝвжтϠ
АмϠлЮϜ ЬϠЦ ϼϝтАЮϜ ЬϠЦ дв ϣϠмЯАвЮϜ ϤϝЊмϲУЮϜм ϤϜ̭ϜϼϮцϜ ̭ϜϸϜ аϸКм    .     

     (3) Memory abilities decline in the following manner: 
)     3 (ϢϼЪϜϺЮϜ ϤϜϼϸЦ ϣтЮϝϦЮϜ ϣЧтϼАЮϝϠ ЬЧϦ : 

          (a) Overall memory capacity declines under stress.  Whereas the average individual can hold 7 (+/- 
2 digits) in memory for a short time, this declines under stress. 

          )ϒ( ϸϝлϮцϜ ϸжК ЬЧϦ ϢϼЪϜϺЯЮ ϣтЮϝвϮцϜ ϣЛЂЮϜ . ϼЪϺϦ ЙтАϦЂт АЂмϦвЮϜ Ј϶ІЮϜ7 аϝЦϼϜ ) -/+дтвЦϼ(  ϢϼтЊЦ ϢϼϦУЮ йϦϼЪϜϺ сТ

АПЎЮϜм ϸϝлϮцϜ дК ЬЧт ̭сІЮϜ ϜϺкм. 

          (b) Memory strategies are subject to two common errors under stress: 
         )Ϟ( ϤϝтϮтϦϜϼϦЂϖДУϲ  АПЎЮϜм ϸϝлϮцϜ ϤϲϦ дтЛϚϝІ дтϚА϶ ЬмЊϲ пЮϜ ϣЎϼЛв дмЪϦ ϢϼЪϜϺЮϜ : 

               1. The "Simplification Heuristic" is the tendency to oversimplify information recalled from 
memory during the problem-solving or decision-making process. 

           1." рϸϝІϼцϜ АтЂϠϦЮϜ" Ьϲ ϣтЯвК Ьы϶ ϢϼЪϜϺЮϜ дв ϤϝвмЯЛвЮϜ ИϝϮϼϦЂϜ ϣтЯвЛЮ аϾыЮϜ дв ϼϪЪϜ АтЂϠϦ пЮϜ ЬмтвЮϜ мк 

ϼϜϼЧЮϜ Ϻϝ϶ϦϜ мϜ ЬЪϝІвЮϜ . 

               2. The "Speed/Accuracy Tradeoff" is the attempt to maintain the speed of one's responses at 
the expense of accuracy (most common), or the attempt to maintain the accuracy of one's responses at 
the expense of speed (experienced pilots). 

           2 ."ϣЦϸЮϜм ϣКϼЂЮϜ дтϠ ϣЮϸϝϠвЮϜ " ϣЦϸЮϜ ϞϝЂϲ пЯК ϣϠϝϮϦЂцϜ ϣКϼЂ пЯК ϣДТϝϲвЯЮ ϣЮмϝϲвЮϜ ск)ϼϪЪцϜ  ̯ϝКмтІ( , ϣЮмϝϲв мϜ

 ϣКϼЂЮϜ ϞϝЂϲ пЯК ϣϠϝϮϦЂцϜ ϣЦϸ пЯК ϣДТϝϲвЮϜ)дтТϼϦϲвЮϜ дтϼϝтАЮϜ ϸжК( . 

          (c) Stress also decreases the ability to learn new information. "Stress Related Regression" is the 
tendency to forget recent learning and revert to old behaviors under stress. 

       )Ϭ( ϢϸтϸϮ ϤϝвмЯЛв аЯЛϦ пЯК ϢϼϸЧЮϜ дв ̯ϝЎтϜ ЬЯЧт АПЎЮϜм ϸϝлϮцϜ" .ϸϝлϮцϝϠ ФЯЛϦвЮϜ ϸϜϸϦϼцϜ " ϤϝвмЯЛвЮϜ дϝтЂж пЮϜ ЬмтвЮϜ мк
ϸϝлϮцϜ ϤϲϦ ϣвтϸЧЮϜ ϤϝТϼЊϦЮϜм ϤϝвмЯЛвЮϜ пЮϜ ИмϮϼЮϜм ̯ϝϪтϸϲ ϣДмУϲвЮϜ  . 
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     (4) Judgment and decision-making abilities may be compromised by stress, with inexperience pilots 
tending to make a disorganized assessment of alternatives, to rush to a decision, and to seek premature 
closure. 

)    4 ( ϼϜϼЧЮϜ Ϻϝ϶Ϧϒм аЪ̳ϲЮϜ ϤϜϼϸЦАПЎЮϜм ϸϝлϮцϝϠ ̯ϝϠЯЂ ϼϪϓϦϦ ϸЦ . аттЧϦ ϸжК ϣвДжв ϼтО ЬϚϜϸϠ ЙЎм пЮϜ дмЯтвт дтϚϸϦϠвЮϜ дтϼϝтАЮϜ

ЙЎмЮϜ ,ϣЛтϼЂЮϜ ϤϜϼϜϼЧЮϜ Ϻϝ϶ϦϜ ,ϝлжмлϮϜмт сϦЮϜ ̭ϝтІчЮ ϭЎϝж ϼтПЮϜ ̭ϝлжцϜ дК ϨϲϠЮϜм  . 

     (5) Communication abilities may be compromised by both the speaker and listener under stress, with 
changes in speech production, comprehension, and "group think".   

)    5 (ЬЊϜмϦЮϜ ϤϜϼϸЦаыЪЮϜ ̭ϝЧЮϜ сТ ϤϜϼтПϦ Ϩмϸϲ Йв ϸϝлϮцϜ ϸжК аЯϦЂвЮϜ Ј϶ІЮϜм аЯЪϦвЮϜ Ј϶ІЮϜ дв ЬЪ сТ ̯ϝϠЯЂ ϼϪϓϦϦ ϸЦ  ,

алУЮϜ ,ϸϲϜм ФтϼУЪ ϼтЪУϦЮϜм   . 

-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.- 

 

× Stress Coping Mechanisms: 
× ϒ ϸϝлϮъϜ Йв Р̵тЪϦЮϜ ϞтЮϝЂ АПЎЮϜм: 

 
 

A. Avoid stressors: 
ϒ . ϤϜϸлϮ̳вЮϜ ϞжϮϦ)ϤϝАмПЎЮϜ(:  

     (1) This is the most powerful technique because it involves preventing your exposure to known 
stressful events. 

)   1( Ϝ иϺкϣтЮϝЛТ ϤϝтжЧϦЮϜ ϼϪЪАПЎЮϝϠ ϞϠЂϦ сϦЮϜ ϣТмϼЛвЮϜ ϤъϝϲЮϜ пЮϜ ЌϼЛϦЮϜ Йжв двЎϦϦ ϝлжц . 

     (2) Examples include good time management, tough realistic training, good problem solving skills, and 
good nutrition. 

)   2( йЧТм пЯК АтА϶ϦЮϜм ϤЦмЮϜ Йв ϸтϮЮϜ ЬвϝЛϦЮϜ двЎϦϦ ШЮϺ пЯК ϣЯϪвцϜ ,ϣϠЛЊЮϜ ϤъϝϲЮϜ пЯК сЧАжвЮϜ ϞтϼϸϦЮϜ , ϢϸтϮЮϜ ϤϜϼϝлвЮϜ

ЬЪϝІвЮϜ Ьϲ сТ ,ϢϸтϮЮϜ ϣтϺПϦЮϜм. 

     (3) Practice good cockpit and crew communication: 
)  3(  ϢϼϚϝАЮϜ аЦϝА дтϠ ϣϲтϲЊЮϜ ϤъϝЊϦцϜ пЯК ϞϼϸϦЮϜм ФтϠАϦ  : 

          (a) Talk. 
           )ϒ( ϨϸϲϦЮϜ. 

          (b) Ask questions. 
          )Ϟ( ϣЯϚЂцϜ ϰϼА. 

          (c) Utilize 3-way confirm responses. 
          )Ϭ(  аϜϸ϶ϦЂϜ3 -ϝлЮ ϣϠϝϮϦЂцϜм ϤϝвмЯЛвЮϜ аыϦЂϜ дв ϸЪϓϦЯЮ ФϼА . 

          (d) Brief for lost communications. 
          )ϸ( ϣϲтϲЊ ϢϼмЊϠ ЬЊϦ аЮ сϦЮϜ ϤъϝЊϦцϜ ϾϝϮтϓϠм НтЯϠϦЮϝϠ аЦ. 

B. Change your thinking: 
Ϟ .ШϼтЪУϦ ϣЧтϼА ϼ̵тО:  

     (1) Avoid absolutes and perfectionism. 
)      1(  ϣЧЯАвЮϜ ̭ϝтІцϜ ϞжϮϦϨϲϠЮϜм дК ̭ϝтІъϜ ϣЯвϝЪЮϜ. 
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     (2) Avoid a "pessimistic explanatory style", which is the tendency for one to attribute the negative 
events of their lives to an internal cause that is both global and stable (i.e. "I am inadequate at 
everything and I always will be."). 

)      2(  ϞжϮϦ"ϞмЯЂϒ  ϱтЎмϦЮϜ аϚϝІϦвЮϜ" , дмЪт ϞϠЂЮϜ ϜϺкм сЯ϶Ϝϸ ϞϠЂ пЮϜ йϦϝтϲ сТ ϣϚтЂЮϜ ϨϜϸϲцϜ ϞЂжЮ Ј϶ІЮϜ Ьмтв мкм

ϼтПϦЯЮ ЬϠϝЦ ϼтОм ϼвϦЂвм ϤϠϝϪ .)  ЬϝϲЮϜ ϜϺк пЯК ϼвϦЂтЂ мкм ϣвϝϦ ϢϼмЊϠ ̭сІ рϜ ̭ϜϸϜ пЯК ϼϸϝЦ ϼтО йжϜ ЬмЧт Ј϶ІЮϜ дϜ ЬϝϪв
иϼвК ЬмА(  . 

     (3) Focus on the here and now. 
)     3( ϨϸϲЮϜ ϣДϲЮ сТ дϝЪвЮϜм дϝвϾЮϜ пЯК ϾтЪϼϦЮϜ. 

     (4) Recognize the choices you make. 
)     4 (ШϼϸϜ ϤϜϼϝт϶ЮϜϝкϺ϶ϦϦ сϦЮϜ  . 

     (5) Utilize positive and empowering self-statements. 
)     5( ШЂУж Йв ϣтϠϝϮтϜ ϢϼмЊϠ ϨϸϲϦЮϜм  ϣЛϮІвЮϜ ϤϜϼϝϠЛЮϜ аϸ϶ϦЂϜ. 

C. Learn to relax: 
Ϭ . ̭ϝ϶ϼϦЂцϜ ϣтУтЪ аЯЛϦ: 

     (1) The opposite of stress is relaxation.  You cannot be stressed and relaxed at the same time, so learn 
to relax to combat your stress. 

)     1( ϸϝлϮчЮ ЀЪϝЛвЮϜ ̭сІЮϜ мк ̭ϝ϶ϼϦЂцϜ .ϤЦмЮϜ ЀУж сТ с϶ϼϦЂвм АПЎЮϜ ϤϲϦ дмЪϦ дϜ дЪвт ъ ϤжϜ , РтЪ аЯЛϦ ШЮϺЮ

АПЎЮϜ пЯК ϞЯПϦϦЮ с϶ϼϦЂϦ . 
     (2) Utilize deep breathing and progressive muscle relaxation. 

)     2(ϼвϦЂвЮϜ ϤыЎЛЮϜ ̭ϝ϶ϼϦЂϜм ФтвЛЮϜ ЀУжϦЮϜ ЬвЛϦЂϜ   .  
     (3) Do the activities that make you feel happy (i.e. pleasurable hobbies). 

)     3 ( ϢϸϝЛЂЮϝϠ ШϼЛІϦ сϦЮϜ ϤϝтЮϝЛУЮϜ ̭ϜϸϓϠ аЦ)ШЮ ϣЛϦввЮϜ ϤϝтϜмлЮϜ(. 

D. Ventilate stress: 
ϸ .ϸϝлϮъϜ дК ЀтУжϦЮϜ:  

     (1) A regular exercise routine of 30 minutes of aerobic activity three to four times a week has been 
shown to help prevent stress and combat its effects. 

)      1(  ϢϸвЮ рϸϝтϦКцϜ аДϦжвЮϜ дтϼвϦЮϜ дϜ ϤϝЂϜϼϸЮϜ ϤϼлДϒ30 пЯК ϸКϝЂт ИмϠЂцϜ сТ ϤϜϼв ϣЛϠϼϜ мϜ ϣϪыϪ ФЯАЮϜ ̭ϜмлЮϜ сТ ϣЧтЦϸ 

ϣтϠЯЂЮϜ йϦϜϼтϪϓϦ амϝЧтм ϸϝлϮцϜ Йжв .  
 

     (2) Talk it out to gain support and understanding.  You can talk to: 
)    2 (ШЯ϶Ϝϸ сТ ϝв дК ϨϸϲϦШЮмϲ Јϝ϶ІцϜ дв алУϦЮϜм аКϸЮϜ пЯК ЬЊϲϦЮ  . Йв ϨϸϲϦϦ дϜ дЪвт: 

          (a) Friends and family members. 
           )ϒ( ϣЯϚϝЛЮϜ ϸϜϼТϒм ̭ϝЦϸЊцϜ. 

          (b) Flight surgeon and aeromedical physical assistant. 
           )Ϟ( йтϸКϝЂвм дϜϼтАЮϜ ϞтϠА. 

          (c) Psychiatrist and psychologist. 
           )Ϭ( сЂУжЮϜ ЬЯϲвЮϜм ϣтЂУжЮϜ ЌϜϼвцϜ ϞтϠА . 

          (d) Religious person. 
           )ϸ( дтϸ ЬϮϼ. 

 

-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.- 
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× Combat Stress: 
×  ϣтϼЪЂЛЮϜ ϣвϸ϶ЮϜ сТ ϸϝлϮцϜ: 

   
A. Combat stress is a range of signs and symptoms that may be experienced by soldiers in combat.  
Examples of signs and symptoms, in increasing severity, include: 

ϒ .ϸϝлϮцϜ сТ ϣвϸ϶ЮϜ ϣтϼЪЂЛЮϜЬϝϦЧЮϜ ϣϲϝЂ сТ ϸмжϮЮϜ ϝлЮ ЌϼЛϦт ϸЦ сϦЮϜ ЌϜϼКцϜм ϤϝвыЛЮϜ оϸв мк  . ϤϝвыЛЮϜ иϺк двЎϦϦ
 сЯт ϝв ЌϜϼКцϜм)ϸϝлϮцϜ ϢϸІ ϞЂϲ(    :  

     (1) Hyper alertness. 
)     1 (ϼϺϲЮϜ сТ ϢϸϝтϾ.      

     (2) Fear and anxiety. 
)     2 (ФЯЧЮϜм Рм϶ЮϜ.         

     (3) Physical stress complaints. 
)     3( сжϸϠЮϜ ϸϝлϮцϜ ЌϜϼКϜ. 

     (4) Loss of confidence. 
)     4( ЀУжЮϝϠ ϣЧϪЮϜ дϜϸЧТ. 

     (5) Impaired duty performance. 
)     5 ( ̭ϜϸϜ омϦЂв ЌϝУ϶жϜϞϮϜмЮϜ.       

     (6) Freezing or immobility. 
)     6( ϣЪϼϲЮϜ аϸК мϜ ϸвϮϦЮϜ. 

     (7) Impaired speech or muteness. 
)     7( аϝϦЮϜ ϤвЊЮϜ ϣϮϼϸ пЮϜ пϦϲ мϜ аыЪЮϜ омϦЂв ЌϝУ϶жϜ. 

     (8) Impaired vision, touch, or hearing. 
)     8( ϼЊϠЮϜ РЛЎ ,ЀвЯЮϜ ϣЂϝϲ ,ЙвЂЮϜ мϜ. 

     (9) Weakness or paralysis. 
)     9( ЬЯІЮϜ мϜ аϝЛЮϜ РЛЎЮϜ. 

     (10) Hallucinations or delusions. 
)     10( аϝкмцϜ мϜ ϣЂмЯлЮϜ. 

 

 B. Factors that may decrease one's vulnerability to combat stress include: 
Ϟ . рϼЪЂЛЮϜ ϸϝлϮчЮ ЌϼЛϦЮϜ ϣтЯϠϝЦ дв ЬЯЧϦ дϜ дЪвт сϦЮϜ ЬвϜмЛЮϜ:  

     (1) Competence in your work. 
)      1( ШЯвК ̭ϜϸϜ сТ Ϣ̭ϓУЪЮϜ. 

     (2) Confidence in your abilities. 
)      2( ШϦϜϼϸЦ сТ ϣЧϪЮϜ. 

     (3) High morale, group cohesion, and esprit de corps. 
)      3( ϣтЮϝЛЮϜ Фы϶цϜ ,ЬвЛЮϜ ϣКмвϮв Йв дмϝЛϦЮϜ ,ϣтЮϝϦЧЮϜ ϰмϼЮϜ ЙТϼ. 

     (4) Denial of danger. 
)      4 (дϜϼЪж ϼА϶ЮϜ. 

-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.- 
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× Definition of Fatigue: 
×  ̭ϝтКцϜ РтϼЛϦ: 

a. Fatigue is the state of feeling tired, weary, or sleepy that results from periods of anxiety, exposure to 
harsh environments, or loss of sleep. 

ϒ .ϞЛϦЮϝϠ ϼмЛІЮϜ ϣЮϝϲ мк ̭ϝтКцϜ ,ФϝкϼцϜ ,ФЯЧЮϜ дв ϭϦжт рϺЮϜ  ЀϝЛжЮϜ мϜ ,сЂϝЦ ЬвК Атϲв пЮϜ ЌϼЛϦЮϜ ,амжЮϜ ϣЯЦ мϜ . 

b. Sleep deprivation, disrupted diurnal cycles, and stressful life events all play a role in producing fatigue 
and impairing performance. 

Ϟ .амжЮϜ дϝЊЧж ,ϼϝлжЮϜм ЬтЯЮϜ Ϣϼмϸ аϝДϦжϜ аϸК ,̭ϜϸцϜ сжϸϦм ̭ϝтКцϜ Ϩмϸϲ сТ ϼмϸ ϞЛЯϦ ϝлЯЪ ϣϠЛЊЮϜ ϢϝтϲЮϜ ϨϜϸϲϒм . 
 
c. Signs and symptoms of fatigue include: 

Ϭ .ϤϝвыК ЌϜϼКϜм ̭ϝтКъϜ : 

     (1) Attention and concentration are difficult. 

)    1 (ϣϠмЛЊ сТ иϝϠϦжъϜ ϾтЪϼϦЮϜм. 

     (2) Feel or appear dull and sluggish. 

)    2 (ϼмЛІЮϜ ϸмϼϠϠ ϙАϠм ϤϝТϼЊϦЮϜ. 

     (3) General attempt to conserve energy. 

)    3 (Ϥъмϝϲв ϣвϝК ДУϲЮ ϣЦϝАЮϜ. 

     (4) Feel or appear careless, uncoordinated, confused, and irritable. 

)    4 (ϼмЛІЮϜ ЬϝвкъϝϠ аϸКм ФтЂжϦЮϜ ЄмІϦЮϜм ϭтлϦЮϜм. 

     (5) Social interactions decline. 

)    5 (ЌϝУ϶жϜ омϦЂв ЬКϝУϦЮϜ сКϝвϦϮъϜ. 

     (6) The cognitive deficits are often seen before the physical effects are felt.  Therefore, fellow crew 

members may notice an aviator's decreased attention and concentration abilities before the aviator is 

aware of it. 

)    6( ϣтжϸϠЮϜ ϤϜϼтϪϓϦЮϝϠ ЀϝЂϲцϜ ЬϠЦ ϼлДϦ ϣтжкϺЮϜ ϤϝтЯϠϝЧЮϜ сТ ЈЧжЮϜ . ЬЦ ϸЦ Ј϶ІЮϜ ШЮϺ дϓϠ дмДϲыт ϸЦ ϣтЧϠЮϜ ϸмжϮЮϜ дϓТ ШЮϺЮ

ШЮϺϠ йЂУж Ј϶ІЮϜ Ѐϲт дϜ ЬϠЦ иϾтЪϼϦм йкϝϠϦжϜ . 

-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.- 

× Effects of Fatigue on Performance: 
× ϤϜϼтϪϓϦ ̭ϝтКцϜ пЯК ̭ϜϸцϜ:  

A. Reaction times increase: 
ϒ .ϢϸϝтϾ сТ ЬмА ϤЦм ЬКϝУϦЮϜ Йв ϨϸϲЮϜ:    

     (1) Errors in timing and accuracy of responses. 
)     1 (ϣЦϸЮϜм ϤтЦмϦЮϜ сТ ̭ϝА϶ϜϣϠϝϮϦЂцϜ ϸжК . 

     (2) Not as smooth on the controls. 
)     2 (ъ дмЪϦϣЪϼϲЮϜ пЯК ϢϼАтЂЮϜ  ϢϼмЊϠ ϣтϠϝтЂжϜ . 

     (3) Slow and irregular motor inputs. 
)     3( Ϟ сТ аϝДϦжϜ аϸКм ϙАϣтЯЎЛЮϜ ϣЪϼϲЮϜ. 

B. Attention is reduced: 
Ϟ .РЛЎ омϦЂв иϝϠϦжъϜ:  

     (1) [ŀǇǎŜ ƻǊ άƳƛŎǊƻǎƭŜŜǇǎέ. 
)     1( ϣЯтЯЦ амж ϤϜϼϦТ мϜ ϤϜмУО . 
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     (2) Cognitive and Perceptual Tunneling under stress. 
)     2 (ФтЎсТ  ЬϝϮв АПЎЮϜ ϼтϪϓϦ ϤϲϦ сЂϲЮϜм сжкϺЮϜ ϞϝЛтϦЂцϜ.               

     (3) Need enhanced stimuli to maintain attention. 
)     3 ( ϣтмЦ ϤϜϾУϲв пЮϜ ϣϮϝϲЮϜиϝтϦжцϜ омϦЂв пЯК ϣДТϝϲвЯЮ. 

     (4) Overall reduced audio-visual scan. 
)     4 ( РЛЎ аϝКϣтЛвЂЮϜ м ϣтϼЊϠЮϜ ϤϝвмЯЛвЮϜ ЬϝϠЧϦЂϜ сТ. 

C. Memory is diminished: 
Ϭ .РЛЎ сТ ϢϼЪϜϺЮϜ : 

     (1) Inaccurate recall of operational events. 
)     1 (ϤϝвмЯЛв ИϝϮϼϦЂϜ сТ РЛЎϤϝтЯвЛЮϜ ϨϜϸϲϜ .  

     (2) Ability to learn new information is compromised. 
)     2 ( сТ РЛЎ пЯК ϢϼϸЧЮϜаЯЛϦϢϸтϸϮ ϤϝвмЯЛв . 

D. Overall poor and careless performance. 
ϸ .ЬϝвкϜ РЛЎм аϝК сТ ̭ϜϸъϜ. 

E. Greater tolerance for error. 
и .дмϝлϦЮϜ ̭ϝА϶ъϜ ϞϝЪϦϼϜ ϸжКаϝвϦкцϜ аϸКм . 

F. Impairments in communication, cooperation, and crew coordination: 
м .аЦϝАЮϜ ϸϜϼТϜ ϣтЧϠ Йв ФтЂжϦЮϜм дмϝЛϦЮϜм ЬЊϜмϦЮϜ сТ РЛЎ:  

     (1) Conversations become more fragmented and repetitive. 
)     1( м ϼϼЪϦв дмЪт ϞАϝ϶ϦЮϜϼтО АϠϜϼϦв.  

     (2) Misinterpretations occur more easily. 
)     2 (ϼтЂУϦ Ϣ̭ϝЂϜϣЮмлЂϠ ϨϸϲϦ аыЪЮϜ . 

     (3) Increased potential for error in communicating critical mission, flight, or safety information. 

)     3( ϣвлвЮϜ дК ϣЂϝЂϲ ϤϝвмЛв ЬтЊмϦ сТ ϓА϶ ϨмϸϲЮ ϣжвϝЪЮϜ ϢϼмА϶ЮϜ сТ ϢϸϝтϾ ,дϜϼтАЮϜ ,ϣвыЂЮϜ ϤϝвмЯЛв мϜ. 

-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.- 

× Characteristics of the Body's Diurnal Rhythms: 
× ЬтЯЮϜ ϞЦϝЛϦ ИϝЧтϜ ϤϝУЊ- аЂϮЮϜ сТ ϼϝлжЮϜ  : 

a. We have an intrinsic biological clock with a cycle of roughly 24-25 hours. 
ϒ . ϢϼмϸϠ ϣтЯ϶Ϝϸ ϣтϮмЮмтϝϠ ϣКϝЂ ϝжтϸЮ ϸϮмϦ24 -25 ̯ϝϠтϼЧϦ ϣКϝЂ . 

b. The diurnal rhythms control: 
Ϟ . ИϝЧтϜϞЦϝЛϦ ЬтЯЮϜ-ϼϝлжЮϜ пЯК ϼАтЂт : 

     (1) Alertness. 
)    1( ϼϺϲЮϜм ϣДЧтЮϜ. 

     (2) Core body temperature. 
)    2 (ϣϮϼϸ ϢϼϜϼϲ дАϝϠ аЂϮЮϜ . 

     (3) Heart rate. 
)    3( ϞЯЧЮϜ ϤϝЦϸ ЬϸЛв. 

     (4) Hormonal secretions. 
)    4( ϤϝжмвϼлЮϜ ϾϜϼТϜ. 
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c. Performance varies with these cycles.  In the typical circadian cycle, performance peaks between 0800 
and 1200 hours, and falls to a minimum circadian trough between 1500 and 1800. 

Ϭ .ϤϜϼмϸЮϜ иϺк Ьы϶ РЯϦ϶т ̭ϜϸцϜ .ϣвДϦжвЮϜ ϼϝлжЮϜм ЬтЯЮϜ ϞЦϝЛϦ Ϣϼмϸ сТ , ϣКϝЂЮϜ дтϠ дмЪϦ ϤϝтЮϝЛУЮϜм ̭ϜϸчЮ ϢмϼϺЮϜ ϤϝКϝЂ0800 

 ϣКϝЂЮϜм1200 , ϣКϝЂЮϜ дтϠ пжϸцϜ ϸϲЮϜ пЮϜ ЌУ϶жϦм1500 ϣКϝЂЮϜм 1800  . 

d. While the body clock is inherently capable of monitoring the passage of time, it differs from most 
clocks in that it is flexible and must be set, or synchronized, before it can accurately predict the 
timing of events.  External synchronizers are: 

ϸ . ϞϮтм ϢϼтПϦв ϝлжϓϠ оϼ϶цϜ ϤϝКϝЂЮϜ ИϜмжϜ ϣтЧϠ дК РЯϦ϶Ϧ ϝлжЪЮм ϤЦмЮϜ ϼмϼв ϣϠЦϜϼв пЯК ϢϼϸЧЮϜ аЂϮЯЮ ϣтЯ϶ϜϸЮϜ ϣКϝЂЮϜ ШЯϦвϦ
ϨϜϸϲцϜ ϤϝϦтЦмϦ ЙЦмϦ сТ ϣЧтЦϸ дмЪϦ дϜ ЬϠЦ ϝлжвϜϾϦ мϜ ϝлАϠЎ . ск двϜϾϦЮϜ пЯК ϸКϝЂϦ сϦЮϜ ϣтϮϼϝ϶ЮϜ ЬвϜмЛЮϜ: 

     (1) Sunrise or sunset. 
)   1( ЀвІЮϜ ϞмϼО мϜ ЀвІЮϜ ФмϼІ. 

     (2) Ambient temperature. 
)   2( ϣАтϲвЮϜ ϣϚтϠЮϜ ϢϼϜϼϲ ϣϮϼϸ. 

     (3) Social cues and meals. 

)   3( аϝЛАЮϜ ϤϝЦмϒм ϣтКϝвжϮцϜ ϨϜϸϲцϜ. 

× Definition of Circadian Desynchronization:  
× ЬтЯЮϜ ϞЦϝЛϦ двϜϾϦ аϝДϦжϜ аϸК РтϼЛϦ- аЂϮЮϜ сТ ϼϝлжЮϜ : 

a. Circadian Desynchronization is when your body clock no longer matches the local environment time.  
This can happen under two conditions: 

ϒ .аϸК аϝДϦжϜ двϜϾϦ ϞЦϝЛϦ ЬтЯЮϜ-ϼϝлжЮϜ сТ аЂϮЮϜ ϸϮϜмϦϦ рϺЮϜ дϝЪвЮϜ сТ сЯϲвЮϜ ϤЦмЮϜ Йв ϣтЯ϶ϜϸЮϜ аЂϮЮϜ ϣКϝЂ ФϠϝАϦϦ ъ ϝвϸжК мк 
йтТ . дтϦЮϝϲ сТ Ϩϸϲт дϜ дЪвт ̭сІЮϜ ϜϺк: 

 όмύ  άWŜǘ [ŀƎέ ƛǎ ŀ ǊŀǇƛŘ ƳƻǾŜƳŜƴǘ ŦǊƻƳ ƻƴŜ ǘƛƳŜ ȊƻƴŜ ǘƻ ŀƴƻǘƘŜǊΦ  ¦ƴǘƛƭ ƛƴǘǊƛƴǎƛŎ ǊƘȅǘƘƳǎ ŀǊŜ reset, 
sleep disorders and fatigue will prevail. 

)  1" (Фϝкϼϖ ϼУЂЮϜ "оϼ϶ϐ пЮϜ ϣжтЛв ϣЧАжв дв ЙтϼЂЮϜ ШϼϲϦЮϜ ϸжК ϨϸϲϦ сϦЮϜ ϣЮϝϲЮϜ мк . ϤϝЦмϜ сТ ЬыϦ϶Ϝм ̭ϝтКцϜ Ϩϸϲт

йтТ ϸϮϜмϦт рϺЮϜ дϝЪвЮϜ Йв сЯ϶ϜϸЮϜ йвϝДϦжϜ аЂϮЮϜ ϸтЛϦЂт дϜ пЮϜ амжЮϜ. 
     (2) Shift work can have effects similar to crossing time zones due to the changes in light exposure and 
ŀŎǘƛǾƛǘȅ ǘƛƳŜǎΦ  ²ƘŜƴ ŀƛǊŎǊŜǿ ƳŜƳōŜǊǎ ǘǊŀƴǎƛǘƛƻƴ ŦǊƻƳ ŦƭȅƛƴƎ άŘŀȅǎέ ǘƻ ŦƭȅƛƴƎ άƴƛƎƘǘǎέΣ ǘƘŜȅ ŀǊŜ Ƨǳǎǘ ŀǎ 
subject to circadian desynchronosis as time zone changes. 

)  2( ϣтЮϝЛУЮϜ ϤϝЦмϒм ̭мЎЯЮ ЌϼЛϦЮϜ сТ ϤϜϼтПϦЮϜ ϞϠЂϠ ϼУЂЮϜ ϤϜϼтϪϓϦЮ йлϠϝІв дмЪϦ ЬвЛЮϜ ϤϝЦмϜ ϼтПϦ ϤϜϼтϪϓϦ . ϤЦм ЬмϲϦт ϝвϸжК

 ϣЮϝϲ пЮϜ дтЎϼЛв дмжмЪт алжϓТ сЯтЯЮϜ дϜϼтАЮϜ пЮϜ рϼϝлжЮϜ дϜϼтАЮϜ дв дϜϼтАЮϜ ϸϜϼТϜ ЬвКаϸК аϝДϦжϜ двϜϾϦ ϞЦϝЛϦ ЬтЯЮϜ-ϼϝлжЮϜ 
ϼУЂЮϜ ϣЮϝϲ сТ ϨϸϲϦ сϦЮϜ ϣЧтϼАЮϜ ЀУжϠ . 

× Characteristics of the Sleep Cycle: 
×  амжЮϜ Ϣϼмϸ ЈϚϝЊ϶м ϤϝУЊ: 

a. Sleep is not simply being unconscious.  It is a life-essential, active, recuperative process. 
ϒ .ϣтжвϾ ϢϼϦУЮ сКмЮϜ дϜϸЧТ ϣАϝЂϠϠ ЀтЮ мк амжЮϜ .аЂϮЮϜ пЮϜ ϣтмтϲЮϜ ϸтЛϦм ϢϝтϲЯЮ ϣтЂϝЂϒм ϣЮϝЛТ ϣтЯвК мк амжЮϜ. 

b. The sleeping brain cycles through rapid eye movement (REM) and Non-REM sleep stages.  It takes 
about 90 minutes to cycle once through all these stages of sleep, and the brain normally cycles 
through this 5 to 6 times a night.  As a result, the average person sleeps 7 to 9 hours per night. 

Ϟ . дтϠ ϤϜϼмϸ ЬЪІ пЯК дмЪϦ МϝвϸЮϜ сТ амжЮϜ ЬϲϜϼв ϣЛтϼЂЮϜ дтЛЮϜ ϣЪϼϲ Йв амжЮϜ ϣЯϲϼв)REM( м  ϣЪϼϲ дмϸϠ амжЮϜ ϣЯϲϼв

 ϣЛтϼЂЮϜ дтЛЮϜ)Non-REM( . сЮϜмϲ пЮϜ МϝвϸЮϜ сТ ЬϲϜϼвЮϜ иϺк дтϠ ЬϝЧϦжчЮ ϢϸϲϜмЮϜ ϢϼмϸЮϜ ϬϝϦϲϦ90ϣЧтЦϸ  , пЯК ЬЧжϦт МϝвϸЮϜм

 ϤϜϼмϸ ЬЪІ5 мϜ 6ϢϸϲϜмЮϜ ϣЯтЯЮϜ сТ ϤϜϼв . 
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c. The duration and quality of sleep are dependent upon body temperature.   
Ϭ .аЂϮЮϜ ϢϼϜϼϲ ϣϮϼϸ пЯК ϸвϦЛϦ амжЮϜ ϣтКмжм Ϣϸв. 

d. It is the timing of sleep, not necessarily the amount of sleep that is most significant. 
ϸ .ϝлЂУж амжЮϜ Ϣϸв дв ϣтвкϜ ϼϪЪϜ амжЮϜ ϤтЦмϦ дмЪт. 

e. Sleep efficiency deteriorates with age.  Older individuals spend less time in deep Non-REM sleep, and 
nighttime awakenings are more common.  

и .ϼвЛЮϜ ϢϸϝтϾ Йв ϼмкϸϦϦ амжЮϜ ϣϚϝУЪ . ϣЯϲϼвϠ амжЮϜ сТ ЬЦϜ ϤЦм дмЎЧт дЂЮϜ сТ ϼϝϠЪЮϜ Јϝ϶ІцϜNon-REM  ϤϜϼϦТ ϸϸК ϢϸϝтϾ Йв 

ЬтЯЮϜ ̭ϝжϪϜ ДϝЧтϦЂцϜ   . 

 -.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.- 

 

× Prevention of Fatigue: 
× ̭ϝтКцϜ дв ϣтϝЦмЮϜ:  

a. Schedule appropriate sleep periods. 
ϒ .ϣϠЂϝжвм ϣтТϝЪ амж ϤϜϼϦТ ϸтϸϲϦ. 

b. Prevent and/or control circadian desynchronosis by maintaining a consistent sleep schedule. If 
circadian desynchronosis is unavoidable (shift work or time zone change), then implement 
countermeasures to ensure adequate sleep quality such as: 

Ϟ . пЯК ϢϼАтЂЮϜм ЙжваϸК аϝДϦжϜ двϜϾϦ ϞЦϝЛϦ ЬтЯЮϜ-ϼϝлжЮϜϤϠϝϪ амж ЬмϸϮ Ьы϶ дв  . дϝЪ ϜϺϜаϸК аϝДϦжϜ двϜϾϦ ϞЦϝЛϦ ЬтЯЮϜ-ϼϝлжЮϜ 
 йтϸϝУϦ дЪвв ϼтО)ϼУЂЮϜ ϸжК мϜ ЬвЛЮϜ ϤϝЦмϜ ϼтПϦ ϸжК( , ϤϜϺ амж ϢϼϦТ пЯК ЬмЊϲЮϜ дϝвЎЮ ϣтЮϝϦЮϜ ϤϜ̭ϜϼϮцϜ ФтϠАϦ дЪвт йжϓТ
 ϣтТϝЪ ϢϸтϮ ϣтКмж: 

     (1) Minimizing daylight exposure during sleep periods. 
)     1( амжЮϜ ϤϜϼϦТ Ьы϶ ЀвІЮϜ ̭мЎЮ ЌϼЛϦЮϜ ЬтЯЧϦ . 

     (2) Controlling the sleep environment (dark, cool, noise). 
)     2(  амжЮϜ Атϲв пЯК ϢϼАтЂЮϜ)аыДЮϜ ,ϢϸмϼϠЮϜ ,ϭтϮЎЮϜ.( 

     (3) Utilize napping. 
)     3( ϣЮмЯтЧЮϜ дв ϢϸϝУϦЂцϜ. 

c. Build endurance through physical conditioning and good stress management skills. 
Ϭ .ϸϝлϮцϜ ϣϮЮϝЛв сТ ϢϸтϮЮϜ ϤϜϼϝлвЮϜм ϢϸтϮЮϜ ϣтжϸϠЮϜ ϣЮϝϲЮϜ пЯК ϣДТϝϲвЮϜ Ьы϶ дв ЬвϲϦЮϜ ϢмЦ ̭ϝжϠ. 

d. Practice good nutrition habits. 
ϸ .ϢϸтϮЮϜ ϣтϺПϦЮϜ ϤϜϸϝК пЯК ϣДТϝϲвЮϜ. 

e. Practice good "Sleep Hygiene": 
и . ϢϸтϮЮϜ амжЮϜ ϤϜϸϝК пЯК ϣДТϝϲвЮϜ: 

     (1) Use bed for sleep only. 
)     1( АЧТ амжЯЮ ϼтϼЂЮϜ аϸ϶ϦЂϜ. 

     (2) Establish a bedtime routine. 
)     2( ϣвДϦжв амж ϤϝЦмϜ пЯК ϣДТϝϲвЮϜ. 

     (3) Avoid looking at clocks. 
)     3( амжЮϜ ̭ϝжϪϜ ϣКϝЂЮϜ пЮϜ ϼДжЮϜ ϞжϮϦ. 
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f. Napping: 
м . ϣЮмЯтЧЮϜ: 

     (1) When sleep is not available, or shortened by operational constraints, naps are a viable alternative. 
)     1( ϣтϼЪЂЛЮϜ ϤϝтЯвЛЮϜ ϸмтЦ ϞϠЂϠ амжЯЮ ϣтТϝЪ ϤϜϼϦТ ϼТмϦ аϸК ϸжК ,ϣЮϝЛТ ϣЯтϸϠ ϤϜϼϝтϦ϶Ϝ дмЪϦ ϣЮмЯтЧЮϜ ϤϜϼϦТ дϓТ. 

     (2) Naps as short as 10-minutes are restorative. 
)     2(  ϢϸвЮ ϣЮмЯтЧЮϜ ϤϜϼϦТ10аЂϮЮϜ ϣтЮϝЛТ ϸтϸϮϦЮ ϣтТϝЪ дмЪϦ ФϚϝЦϸ  . 

     (3) Longer naps (greater than 45-minutes to 1 hour) may result in a period of sluggishness called 
"Sleep Inertia", which can last for 5- to 20- minutes after awakening. 

)     3(  ϣЯтмАЮϜ ϣЮмЯтЧЮϜ ϤϜϼϦТ) дв ϼϪЪϜ45ϣКϝЂ пЮϜ ϣЧтЦϸ (  пвЂт ϙАϠ ϝлжК ϭϦжт ϸЦ"амжЮϜ Ьмв϶" , ϢϸвЮ ϼвϦЂт дϜ дЪввЮϜ дв рϺЮϜ

5 пЮϜ 20ϣЮмЯтЧЮϜ дв ДϝЧтϦЂцϜ ϸЛϠ ϣЧтЦϸ . 
     (4) Best to nap during circadian troughs (0300 to 0600, and about 1300 to 1500). 

)     4(  ϣКϝЂЮϜ дв мк ϣЮмЯтЧЮϜ дв ϢϼϦТ Ϻ϶ц ϤЦм дЂϲϜ0300 ϣКϝЂЮϜ пЮϜ 0600 , ϣКϝЂЮϜ двм1300 ϣКϝЂЮϜ пЮϜ 1500 . 

× Treatments for Sleep Deprivation and Fatigue: 

×  ̭ϝтКцϜм амжЮϜ ЈЧж ϬыК : 

a. Get adequate rest and natural sleep (not drug-induced).  Alcohol is the most common sleep aid in the 
United States, but it suppresses REM sleep and will leave you feeling unrefreshed upon awakening. 

ϒ . ϣтЛтϠАм ϣтТϝЪ амж ϢϼϦТ пЯК ЬмЊϲЮϜ)ϣтмϸцϜ аϜϸ϶ϦЂϒ дмϸϠ( . ϤϝтъмЮϜ сТ амжЮϜ пЯК ϢϸКϝЂвЯЮ аϜϸ϶ϦЂϒ ϼϪЪцϜ ϢϸϝвЮϜ мк ЬмϲЪЮϜ
ϣтЪтϼвцϜ ϢϸϲϦвЮϜ , ϢϼϦТ ЬЯЧт ̭сІЮϜ ϜϺкϣЯϲϼв амжЮϜ Йв ϣЪϼϲ дтЛЮϜ ϣЛтϼЂЮϜ "REM " ЄЛϦжв ϼтО йжϓϠ ϼЛІт Ј϶ІЮϜ Иϸт йжЪЮм

ДϝЧтϦЂцϜ ϸжК. 

b. Control the sleep environment. 
Ϟ .амжЮϜ ϣϚтϠм Атϲв пЯК ϢϼАтЂЮϜ . 

c. Rotate duties to avoid boredom. 
Ϭ .ЬвЛЮϜ сТ ЬЯвЮϜ ϸЮмϦ ЙжвЮ ϤϝϠϮϜмЮϜ сТ рϼмϸЮϜ ЬϸϝϠϦЮϜ. 

d. Avoid complex tasks that require intense mental activity. 
ϸ .ϾЪϼв сжкϺ АϝІж пЮϜ ϬϝϦϲϦ сϦЮϜ ϢϸЧЛвЮϜ аϝлвЮϜ ϞжϮϦ. 

e. Limit work periods and delegate responsibility.   
и .ϤϝтЮмϔЂвЮϜ ЙтϾмϦм ЬвЛЮϜ ϤϜϼϦТ ϸтϸϲϦ. 

f. Remove yourself from flying duties when fatigue affects the safety of flight. 
м .дϜϼтАЮϜ ϣвыЂ пЯК ϼϪϔт рϺЮϜ ̭ϝтКцϜ ϣЮϝϲ сТ дϜϼтАЮϜ ϤϝϠϮϜм ̭Ϝϸϒ аϸК. 

g. Use brief periods of exercise to increase the level of alertness. 
Ͼ .ϣДЧтЮϜ омϦЂв ϢϸϝтϾЮ дтϼвϦЮϜ дв ϢϼтЊЦ ϤϜϼϦТ аϜϸ϶ϦЂϜ. 

i. Practice good nutrition habits by limiting caffeine and eating in moderation. 
ϰ .ϣЮϸϦЛв ϢϼмЊϠ ЬЪцϜм ϢмлЧЮϜм рϝІЮϜ сТ ϢϸмϮмвЮϜ дттТϝЪЮϜ Ϣϸϝв ЬмϝжϦ ЬтЯЧϦм ϢϸтϮЮϜ ϣтϺПϦЮϜ ϤϜϸϝК ФтϠАϦ . 

-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.- 

=+=+=+=+=+=+=+=+=+=+=+=+=+=+= 
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Review Questions:                                                                                                                 ϣЛϮϜϼвЮϜ ϣЯϚЂϜ:   

1. ²Ƙŀǘ ƛǎ Iŀƴǎ {ŜƭȅŜΩǎ ŘŜŦƛƴƛǘƛƻƴ ƻŦ ǎǘǊŜǎǎΚ 
1 .̬ сЯтЂ Ѐжϝк аЮϝЛЮϜ ϞЂϲ ϸϝлϮцϜ РтϼЛϦ мк ϝв 

2. What are the signs and symptoms of stress? 
2 .̬ ϸϝлϮцϜ ЌϜϼКϒм ϤϝвыК ск ϝв 

3. What are the classes of stressors? 
3 . ϤϜϸлϮвЮϜ ИϜмжϜ ск ϝв)ϤϝАмПЎЮϜ( ̬ 

пΦ ²Ƙŀǘ ŘƻŜǎ ǘƘŜ ŀŎǊƻƴȅƳ ά59!¢Iέ ǎǘŀƴŘ ŦƻǊΚ 
4 . ϼЊϦ϶вЮϜ дв Рϼϲ ЬЪ сжЛт ϜϺϝв"DEATH "̬ 

5. What are the stress coping mechanisms?  
5 . ск ϝвϞтЮϝЂϜ Р̵тЪϦЮϜ Йв ϸϝлϮъϜ АПЎЮϜм̬   

6. What are the factors that may decrease one's vulnerability to combat stress? 
6 . ск ϝв̬ рϼЪЂЛЮϜ ϸϝлϮчЮ ЌϼЛϦЮϜ ϣтЯϠϝЦ дв ЬЯЧϦ дϜ дЪвт сϦЮϜ ЬвϜмЛЮϜ 

7. What is the definition of fatigue? 
7 .̬ ̭ϝтКцϜ РтϼЛϦ мк ϝв 

8. What are the signs and symptoms of fatigue? 
8 . ск ϝвϤϝвыК ЌϜϼКϜм ̭ϝтКъϜ̬  

9. What are the effects of fatigue on performance? 
9 . ск ϝвϤϜϼтϪϓϦ ̭ϝтКъϜ пЯК ̭ϜϸцϜ̬  

10. What are the methods to prevent fatigue? 
10 . ̬ ̭ϝтКцϜ дв ϣтϝЦмЮϜ ФϼА ск ϝв 
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Noise and Vibration in Aviation 

дϜϼтАЮϜ сТ ϾϜϾϦкцϜм ϭтϮЎЮϜ 

       As air crewmembers, we operate in an environment that exposes us to hazardous noise and 
vibration levels on a daily basis. Noise and vibrations affect certain aspects of flight such as effective 
cockpit communications. Vibrations can affect coordination, vision and can cause performance 
degradation while engaged in other flight related activities. Proper management of the effects of noise 
and vibrations can enhance cockpit performance, promote a safe flying environment and ensure 
successful execution of the mission. 

свмтЮϜ ϸтЛЊЮϜ пЯК ϼА϶ ϾϜϾϦкϒм ϭтϮЎ пЮϜ ϝжЎϼЛт Атϲв сТ ЬвЛж РмЂ ϝжжϓТ дϜϼтАЮϜ аЦϝА дв ϸϜϼТϓЪ     .ϭтϮЎЮϜ ϾϜϾϦкцϜм 
ϢϼϚϝАЮϜ Ь϶Ϝϸ ϣЮϝЛУЮϜ ϤъϝЊϦцϜ ЬϪв дϜϼтАЮϜ дв ϣжтЛв ϞжϜмϮ пЯК ϼϪϔт . дϜ дЪвтм ϼЊϠЮϜм ФтЂжϦЮϜ пЯК ϼϪϔт дϜ дЪвт ϾϜϾϦкцϜ

оϼ϶цϜ дϜϼтАЮϜ ϤϝтЮϝЛУϠ аϝтЧЮϜ ϸжК ̭ϜϸцϜ сТ сжϸϦ Ϩϸϲт . ̭ϜϸцϜ дв дЂϲϦ дϜ дЪвт ϾϜϾϦкцϜм ϭтϮЎЮϜ ϤϜϼтϪϓϦЮ ϣϲтϲЊЮϜ ϣϮЮϝЛвЮϜ
ϢϼϚϝАЮϜ Ь϶Ϝϸ ,ϣϲϮϝж ϢϼмЊϠ ϣвлвЮϜ ϺтУжϦ дϝвЎм дтвϒ дϜϼтА Атϲв ϼтТмϦ пЯК ϸКϝЂϦм. 

-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.- 

× Definition of Sound: 
×  ϤмЊЮϜ РтϼЛϦ: 

a. The nature of sound: 
ϒ . ϤмЊЮϜ ϣЛтϠА: 

(1) Sound is the mechanical radiant energy that is transmitted by longitudinal pressure waves in a 
medium such as air and is the objective cause of hearing. 

)1 (ϤмЊЮϜ мк ϣЦϝА ϣЛІв ϣтЪтжϝЪтв ЬЧϦжϦ ϼϠК ϤϝϮмв АПЎЮϜ сЮмАЮϜ сТ АЂмЮϜ рϸϝвЮϜ) ЬϪв ̭ϜмлЮϜ (сЮϝϦЮϝϠм ϤϞϠЂ ИϝвЂ ϤмЊЮϜ. 

(2) Sound is produced when an object or surface vibrates rapidly and generates a pressure wave or 
disturbance in the surrounding air. 

)2 (ϤмЊЮϜ Ϩϸϲт ϝвϸжК ϾϦлт аЂϮ мϜ ϱАЂ ϣКϼЂϠйϠ АтϲвЮϜ ̭ϜмлЮϜ сТ Ь϶Я϶Ϧ мϜ АПЎ ϣϮмв ϸЮмтм .   

(3) /ƻƭƭƛŘƛƴƎ ƳƻƭŜŎǳƭŜǎ ǇǊƻŘǳŎŜ ǾƛōǊŀǘƛƻƴ ǇǊŜǎǎǳǊŜ ƛƴŎǊŜŀǎŜǎ ƻǊ ŀ άŎƻƳǇǊŜǎǎƛƻƴΤέ ƳƻƭŜŎǳƭŜǎ ǊŜōƻǳƴŘƛƴƎ 
ŀǿŀȅ ŦǊƻƳ ŜŀŎƘ ƻǘƘŜǊ ǇǊƻŘǳŎŜ ŀ ƭƻǿŜǊ ǇǊŜǎǎǳǊŜ ƻǊ ŀ άǊŀǊŜŦŀŎǘƛƻƴΦέ  

)3(  ϣЯϲϼв пвЂт ϾϜϾϦкъϜ АПЎ сТ ϢϸϝтϾ ϭϦжϦ ϣвϸϝЊϦвЮϜ ϤϝϚтϾϮЮϜ"АПЎЮϜ" , АПЎ ϭϦжϦ ЌЛϠЮϜ ϝлЎЛϠ дв ϢϸКϝϠϦвЮϜ ϤϝϚтϾϮЮϜм

 ϣЯϲϼв пвЂт ЬЦϜ"Ь϶Я϶ϦЮϜ ." 

(a) Sound can be transmitted through any elastic substance such as air, water, or bone.   
)ϒ( ̭ϜмлЮϜ ЬϪв ϣжϼвЮϜ ϸϜмвЮϜϼϠК ϤмЊЮϜ ЬЧϦжт ,̭ϝвЮϜ. ϜаϝДЛЮϜм. 

(b) The density of the substance determines the speed at which the sound and pressure waves 
will travel. The denser the substance, the faster and longer the sound will travel. 

)Ϟ( ϣТϝϪЪ аЮϜϢϸϜϼвϦ пϦЮϜ АПЎЮϜ ϤϝϮмв м ϤмЊЮϜ ϣКϼЂ ϸϸϲϦ ϝкϼϠК  .ϢϸϝвЮϜ ϣТϝϪЪ ϤϸϜϾ ϝвЯЪ , ϣТϝЂвм ϣКϼЂ ϤϸϜϾ ϝвЯЪ
ϢϸϝвЮϜ ШЯϦ Ьы϶ ϤмЊЮϜ ЬϝЧϦжϜ. 

(4) The high speed of the rotor blade compresses the air faster than the ability of the high-pressure 
disturbance to flow away. 

)4( АПЎЮϜ Ь϶Я϶Ϧ ФтϼУϦЮ аϾыЮϜ АПЎЮϜ дв пЯКϒ ϣКϼЂϠ ϝлЮмϲ ̭ϜмлЮϜ АПЎϦ ϢϼϚϝАЮϜ ϣϲмϼвЮ ϣтЮϝЛЮϜ ϣКϼЂЮϜ.  
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b. To better understand why Army aviation personnel lose their hearing, it is important to 
understand the mechanism of hearing. Hearing is the perception of sound. Sound and pressure 
waves must pass through three areas of the ear before the brain perceives them. 

Ϟ.дϜϼтАЮϜ ЬϝϮв сТ дмЯвЛт дтϺЯЮϜ Јϝ϶ІцϜ ϸжК ЙвЂЮϜ дϜϸЧТ ИмЎмвЮ ϼϪЪϒ алУЮ  , алТ алвЮϜ дв йжϓТЙвЂЮϜ ϣтЮϐдϝЂжцϜ ϸжК  .

йϠ ЀϝЂϲцϜм ϤмЊЮϜ аыϦЂϜ мк ЙвЂЮϜ . дϜ ЬϠЦ дϺцϜ сТ ФАϝжв ϣϪыϪ Ьы϶ ϼвϦ дϜ ϞϮт йЮ ϣϠϲϝЊвЮϜ АПЎЮϜ ϤϝϮмвм ϤмЊЮϜ
ϤмЊЮϝϠ ЀϝЂϲцϜ МϝвϸЮϜ ЙтАϦЂт . 

 (1) The external ear is the visible portion of the ear and the external auditory canal, which ends at 
the eardrum. Sound is transmitted by air in this portion of the ear. 

)1 ( ϣтϮϼϝ϶ЮϜ дϺцϜдϺцϜ ϣЯϠА ϸжК слϦжϦ сϦЮϜ ϣтЛвЂЮϜ ϢϝжЧЮϜм дϺцϜ дв сϮϼϝ϶ЮϜ ̭ϾϮЮϜ дв дмЪϦϦ . ФтϼА дК ЬЧϦжт ϤмЊЮϜ

дϺцϜ дв ̭ϾϮЮϜ ϜϺк сТ ̭ϜмлЮϜ. 

 (2) The middle ear is the small, air-filled cavity that separates the external and inner ear. Three 
small bones or ossicles, which are the malleus, incus and stapes (hammer, anvil, and stirrup), link 
the eardrum to the inner ear and mechanically carry sound to the hearing receptors. The 
Eustachian tube connects the middle ear with the nose and permits drainage and ventilation of 
the middle ear. It also equalizes pressure between the outside ear and the middle ear. 

)2 (пАЂмЮϜ дϺцϜϣтЯ϶ϜϸЮϜ дϺцϜм ϣтϮϼϝ϶ЮϜ дϺцϜ дтϠ ЬЊУт рϺЮϜм ̭ϜмлЮϝϠ ̭сЯв ϼтПЊ РтмϮϦ дК ϢϼϝϠК ск  . сТ ϸϮмт

ϣЦϼАвЮϜ аДК ск ϢϼтПЊ ϤϝвтДК ϣϪыϪ пАЂмЮϜ дϺцϜ ,ϞϝЪϼЮϜм дϜϸжЂЮϜ . дϺцϜ пЮϜ дϺцϜ ϣЯϠА ϤϝвтДЛЮϜ иϺк АϠϼϦм
ϣтЛвЂЮϜ ϤϝвЯϦЂвЮϜ пЮϜ ϣтЪтжϝЪтв ϢϼмЊϠ ϤмЊЮϜ ЬЧжϦм ϣтЯ϶ϜϸЮϜ . сЪϝϦЂмϜ ϢϝжЦ ϱвЂϦм РжцϝϠ пАЂмЮϜ дϺцϜ АϠϼϦ

пАЂмЮϜ дϺцϜ ϣтмлϦм РтϼЊϦϠ .пАЂмЮϜ дϺцϜм ϣтϮϼϝ϶ЮϜ дϺцϜ дтϠ АПЎЮϜ ϣжϾϜмвϠ ̯ϝЎтϜ сЪϝϦЂмϜ ϢϝжЦ амЧϦ. 

 (3) The inner ear is the third component that lies deep within the temporal bone. It consists of two 
sections. The vestibular section which senses balance. The auditory portion, which is the cochlea, 
is comprised of a fluid-filled chamber where the hair-like receptors for hearing are located. The 
movement of the ossicles causes hydraulic movement of the fluid. The hair cells detect this fluid 
movement and transmit electrical impulses to the brain where sound is interpreted. Hair cells are 
grouped into bundles. Destroyed hair cells in the various bundles means loss of sound perception. 

)3 (ϣтЯ϶ϜϸЮϜ дϺцϜМϸЊЮϜ аДК Ь϶Ϝϸ сТ ЙЧϦм дϺцϜ дв ϨЮϝϪЮϜ ̭ϾϮЮϜ ск  .дтϚϾϮ дв ϣтЯ϶ϜϸЮϜ дϺцϜ РЮϓϦϦ .рϾтЯкϸЮϜ ̭ϾϮЮϜ 

дϾϜмϦЮϜ ЀЂϲϦт рϺЮϜ .сЛвЂЮϜ ̭ϾϮЮϜм ϣтЛвЂ ϤϝвЯϦЂв ϝлЯ϶ϜϸϠ ϸϮмтм ЬϚϝЂϠ ϣϚтЯв ϢϼϮϲ дв дмЪϦт рϺЮϜм ϣЛЦмЧЮϜ Ь϶Ϝϸ сТ 

ϤмЊЮϜ аыϦЂц ϼЛІЮϜ ЬЪІ пЯК .ЬϚϝЂЮϜ ШЮϺ ϣЪϼϲ ϞϠЂϦ ϤϝвтДЛЮϜ ϣЪϼϲ . ϝлЮмϲϦм ЬϚϝЂЮϜ ϣЪϼϲ ЀЂϲϦϦ ϣтϼЛІЮϜ ϝты϶ЮϜ
ϤмЊЮϜ ϼтЂУϦϠ амЧт рϺЮϜ МϝвϸЮϜ пЮϜ ϝлЯЂϼϦм ϣтϚϝϠϼлЪ ϤϜϼϝІϜ пЮϜ .аϾϲ ЬЪІ пЯК ϣтϦϼв дмЪϦ ϣтϼЛІЮϜ ϝты϶ЮϜ . иϺк РЯϦ

ϤмЊЮϝϠ ЀϝЂϲцϜ дϜϸЧТ сжЛт ϢϸϸЛϦв аϾϲ сТ ϝты϶ЮϜ . 
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× Effects of Noise: 

×  ϭтϮЎЮϜ ϤϜϼтϪϓϦ: 

a. Noise is defined as sound that is loud, unpleasant, or unwanted. In aviation, noise could cause 
annoyance, speech interference, fatigue, and hearing loss. 

ϒ .ϭтϮЎЮϜЙУϦϼв дмЪт рϺЮϜ ϤмЊЮϜ йжϓϠ РϼЛ̳т  ,йтТ ϞмОϼв ϼтОмϜ ϭКϾв.дϜϼтАЮϜ ЬϝϮв сТ  ,ϬϝКϾцϜ ϞϠЂт дϜ дЪвт ϭтϮЎЮϜ ,

 ЌϼϝЛϦаыЪЮϜ ,̭ϝтКцϜ ,ЙвЂЮϜ дϜϸЧТм.  

b. Annoying noise can affect pilots while they are performing their duties because it interferes with 
concentration. 

Ϟ .акϾтЪϼϦ Йв ЌϼϝЛϦт ϭтϮЎЮϜ дц алϦϝвлв ̭ϜϸϓϠ алвϝтЦ ϸжК дтϼϝтАЮϜ пЯК ϼϪϔт дϜ дЪвт ϭКϾвЮϜ ϭтϮЎЮϜ . 

c. Fatigue can be caused by a number of physiological responses that have been attributed to noise. 
Reported responses include the effects of blood flow to the skin, respiration, skeletal muscle tension, 
and constipation. 

Ϭ .ϭтϮЎЮϜ ̭ϜϼϮ дв ϣтϮЯЂТ ϤϜϼтϪϓϦ ϢϸК дв ϭϦжт дϜ дЪвт ̭ϝтКцϜ .ϸЯϮЮϜ пЮϜ аϸЮϜ дϝтϼϮ пЯК ϼтϪϓϦЮϜ ск ϤϜϼтϪϓϦЮϜ иϺк дв ,
ЀУжϦЮϜ ,сЯЎЛЮϜ ϸІЮϜ ,ШϝЂвшϜм. 

d. Speech interference occurs when noise masks and obscures words. 
ϸ .ϞАϝ϶ϦЮϜ ϸжК ϤϝвЯЪЮϜ алТм ЬмЊм пЯК ϭтϮЎЮϜ ϼϪϔт ϝвϸжК Ϩϸϲт аыЪЮϜ Йв ЌϼϝЛϦЮϜ. 

e. Hearing loss can occur due to exposure to noise that is above safe limits and damage may be either 
temporary or permanent. The bottom line is that over exposure to noise destroys your hearing. 

и . дϜ дЪвт рϺЮϜм ЙвЂЮϜ сТ ϼϼЎ ϞϠЂтм ϣжвфϜ ϸмϸϲЮϜ дв пЯКϜ дмЪт рϺЮϜ ϭтϮЎЯЮ ЌϼЛϦЮϜ ϞϠЂϠ Ϩϸϲт дϜ дЪвт ЙвЂЮϜ дϜϸЧТ
свϚϜϸ мϜ ϤЦмв дмЪт .ЙвЂЮϜ РЯϦт ϭтϮЎЮϜ пЮϜ ϸϚϜϾЮϜ ЌϼЛϦЮϜ дϓТ ϣвϝК ϢϼмЊϠ . 

 

× Measurable characteristics of noise: 
× ЈϚϝЊ϶ ЀϝтЧЯЮ ϣЯϠϝЧЮϜ ϭтϮЎЮϜ : 

A. Noise has three measurable characteristics: 
ϒ . ЀϝтЧЯЮ ϣЯϠϝЦ ЈϚϝЊ϶ ϣϪыϪ ШЯϦвт ϭтϮЎЮϜ: 

(1) Frequency is the physical characteristic that gives sound its subjective quality of pitch. Frequency of 
periodic motion is the number of times per second the air pressure oscillates. The number of 
oscillations, or cycles per second, is measured in hertz (Hz). 

)1 (ϸϸϼϦЮϜϤмЊЮϜ Ϣϸϲ ϣтКмжм ϣУЊ ϤмЊЯЮ сАЛϦ сϦЮϜ ϣтϚϝтϾтУЮϜ ϣтЊϝ϶ЮϜ мк  . сϦЮϜ ϤϜϼвЮϜ ϸϸЛϠ ЀϝЧϦ ϣтϼмϸ ϣЪϼϲ мк ϸϸϼϦЮϜ

ϢϸϲϜмЮϜ ϣтжϝϪЮϜ сТ ̭ϜмлЮϜ АПЎ ϝлϠ ϞϺϠϺϦт .ϾϦϼлЮϝϠ ЀϝЧт ϣтжϝϪЮϝϠ ϤϜϼмϸЮϜ мϜ ϞϺϠϺϦЮϜ ϸϸК   . 

 (a) Human hearing range: The human ear is very sensitive and can detect frequencies from 20 
to 20,000 Hz. 

     )ϒ(  дϝЂжцϜ ϸжК ЙвЂЮϜ оϸв: дв ϤϜϸϸϼϦЮϜ РІЪϦ дϜ ϝлжЪвтм ̯ϜϸϮ ϣЂϝЂϲ дмЪϦ ϣтϼІϠЮϜ дϺцϜ 20 пЮϜ 20000ϾϦϼк . 

  (b) Human speech range: Speech involves frequencies from 200 to 6,800 Hz. This is the range 
to which the ear is most sensitive. 

    )Ϟ(  дϝЂжцϜ ϸжК аыЪЮϜ оϸв: дв ϤϜϸϸϼϦЮϜ дтϠ дмЪт аыЪЮϜ 200 пЮϜ 6800ϾϦϼк  . оϸв ск ϤϜϸϸϼϦЮϜ иϺкм

ϣтϼІϠЮϜ дϺцϜ сТ ̯ϝЂЂϲϦ ϼϪЪцϜ ϤϜϸϸϼϦЮϜ.  



 

 
58 

  (c) Speech intelligibility: You must be able to hear in the range of 300 to 3000 Hz to 
understand speech communication. 

    )Ϭ(  ϱЎϜмЮϜ аыЪЮϜ : дв ϤϜϸϸϼϦЮϜ оϸв сТ ЙвЂЮϜ пЯК ̯ϜϼϸϝЦ дмЪт дϜ ϞϮт дϝЂжцϜ300 пЮϜ 3000 дмЪт сЪЮ ϾϦϼк 

ϣтвыЪЮϜ ϤϝϠАϝ϶ϦЮϜ алТ пЯК ̯ϜϼϸϝЦ . 

 (2) Intensity is the physiological correlation of sound intensity or pressure to loudness. For 
auditory measurement it is convenient to convert the physical measurement of intensity to a 
logarithmic scale known as the decibel (dB) scale.  

)2 (ϤмЊЮϜ ϢϸІϤмЊЮϜ ИϝУϦϼϜ пЮϜ ϤмЊЮϜ АПЎ мϜ ϢмЧЮ сϮЯЂУЮϜ АϝϠϦϼцϜ ск  . дв дмЪт йжϓТ ϣтЛвЂЮϜ ϤϝЂϝтЧЮϜ ЌϼПЮ

 ЀϝтЧв пЮϜ ϤмЊЮϜ ϢϸІЮ сϚϝтϾтУЮϜ ЀϝтЧЮϜ ЬтмϲϦ ϞЂϝжвЮϜсвϦтϼϝОмЮ ЬϠтЂтϸ ЀϝтЧвϠ РϼЛ̳т )dB.(   

 (a) dB ranges of the human ear: 
     )ϒ(  дϝЂжцϜ дϺц ЬϠтЂтϸЮϜ Ϥϝтϸв: 

1) 0 dB:  Close to the human hearing threshold or the smallest sound heard by the average 
normal human ear. It is not the absence of sound. 

       1 (0 ЬϠтЂтϸ : дв ϞтϼЦ дϝЂжцϜ ϸжК ЙвЂЮϜ ϣтϜϸϠ ϣϠϦК дϜ ϣтЛтϠАЮϜ дϺчЮ дЪвт рϺЮϜ ϤмЊЮϜ дв пжϸцϜ ϸϲЮϜ мϜ 

йЂЂϲϦϦ . ϼϜϸЧвϠ ϤмЊЮϜ ϢϸІ0ϤмЊ ϸϮмт ъ йжϜ сжЛϦ ъ ЬϠтЂтϸ . 

2) 65 dB:  Average level of conversational speech with moderate level of vocal effort 
       2 (65 ЬϠтЂтϸ : сТ ϤмЊЮϜ ϢϸІ омϦЂв мк ϣтвыЪЮϜ ϤϝϠАϝ϶ϦЮϜсϦмЊЮϜ ϸлϮЮϜ дв ЬϸϦЛв омϦЂв Йв  . 

3) 85 dB:  Level of steady noise that is considered hazardous regardless of the duration. 
       3 (85 ЬϠтЂтϸ  : омϦЂв мкϼА϶ ϼϠϦЛт рϺЮϜ ϭтϮЎЮϜйϦϸв дК ϼДжЮϜ ЌПϠ . 

4) 120 dB:  Known as the discomfort threshold.  This level of noise is uncomfortable to the 
human ear. 

       4 (120 ЬϠтЂтϸ : йжϓϠ РϼЛ̳т ϬϝКϾцϜ ϣϠϦК .дϝЂжцϜ дϺц ϱтϼв ϼтО дмЪт ϭтϮЎЮϜ дв омϦЂвЮϜ ϜϺк  . 

5) 140 dB:  Level of noise that will produce pain in the average human ear, known as the pain 
threshold. 

       5 (140 ЬϠтЂтϸ : омϦЂв мк аЮфϜ ϸЮмт рϺЮϜ ϭтϮЎЮϜсЛтϠАЮϜ дϝЂжцϜ дϺϒ сТ  ,йжϓϠ РϼЛ̳т аЮфϜ ϣϠϦК. 

6) 160 dB:  Physical damage may result at this level of noise.  The eardrum may rupture and the 
noise (pressure) may be forceful enough to disrupt the ossicles in the middle ear. 

      6 (160 ЬϠтЂтϸ  : дϺчЮ РЯϦϨϸϲт дϜ дЪвт ϭтϮЎЮϜ дв омϦЂвЮϜ ϜϺк сТ . ϭтϮЎЮϜ АПЎм ФϾвϦϦ ϸЦ дϺцϜ ϣЯϠА

пАЂмЮϜ дϺцϜ ϤϝвтДК аАϲϦϠ ϞϠЂϦтЮ ϣтТϝЪ ϢϼмЊϠ ϸтϸІ дмЪт ϸЦ . 

    
(3) Duration is characterized as how long you are exposed to noise. 

)3 (ϤмЊЮϜ ϢϸвϝлЮы϶ ϭтϮЎЮϜ пЮϜ ЌϼЛϦЮϜ аϦт сϦЮϜ ϣтжвϾЮϜ ϢϼϦУЮϜ ск . 

(a) Steady noise is sound without intermittence or significant variability in overall intensity for 
prolonged periods of time. This is the most common type of noise experienced in Army aviation 
and it originates primarily from engines, drive shafts, transmissions, rotors and propellers. 

     )ϒ( ϼвϦЂвЮϜ ϭтϮЎЮϜϸвцϜ ϣЯтмА ϣтжвϾ ϤϜϼϦУЮ ϢϸІЮϜ сТ ϼттПϦ мϜ ИϝАЧжϜ дмϸϠ ϤмЊЮϜ пЮϜ ЌϼЛϦЮϜ мк  . дв ИмжЮϜ ϜϺк

ϤϝЪϼϲвЮϜ дв ϭтϮЎЮϜ ϜϺк ϭϦжтм рϼЪЂЛЮϜ дϜϼтАЮϜ ЬϝϮв сТ ЌϼЛϦЯЮ ̯ϝтКмтІ ϼϪЪцϜ ИмжЮϜ мк ϭтϮЎЮϜ ,ϣЪϼϲЮϜ ϤыЦϝж ,
ϰмϜϼвЮϜм. 
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(b) Impulse noise is a type of sound characterized by explosive noise that builds up rapidly to a 
high intensity peak and fall off rapidly. This entire cycle is usually measured in milliseconds.  

)Ϟ( ЙАЧϦвЮϜ ϭтϮЎЮϜ ϸЛϠм омЊЧЮϜ ϢϸІЮϜ пЮϜ ЬЊт дϜ пЮϜ ϣтЮϝК ϣКϼЂϠ а϶ϝЎϦт рϺЮϜ рϼϝϮУжϜ ϭтϮЎ пЮϜ ЌϼЛϦЮϜ мк 

ϣКϼЂϠ ЌУ϶жт ШЮϺ .ϣтжϝϪЮϜ дв ̭ϜϾϮϒ Ьы϶ ЬЊϲϦ ϝлЯвЪϓϠ ϢϼмϸЮϜ иϺк   . 

× Army Noise Exposure Criteria: 
× рϼЪЂЛЮϜ ϭтϮЎЮϜϼттϝЛв:  

 The Surgeon General has established 85 decibels as the maximum permissible sound level of 
continuous unprotected exposure to steady-state noise for 8 hours. 

 ϢϸІЮϜ дϜϼтАЮϜ ϞА ϣтϼтϸв Ϥϸϸϲ85 ЬϠтЂтϸ  ϭтϮЎЮ ϣтϝЦм дмϸϠм ϢϼвϦЂв ϢϼмЊϠ йЮ ЌϼЛϦЮϜ ϰмвЂвЮϜ ϤмЊЮϜ омϦЂвЮ пЯКϒ ϸϲЪ

 ϢϸвЮ ϼвϦЂв8ϤϝКϝЂ  . 

(1) The following table shows the recommended allowable sound intensities for the various 
duration of exposure: 

)  1(  ШЮϺЮ ϣϠЂϝжвЮϜ ϢϸвЮϜм ϝлЮ ЌϼЛϦЮϜ ϣϲмвЂвЮϜ ϤϜмЊцϜ ϢϸІ дтϠт сЮϝϦЮϜ ЬмϸϮЮϜ: 

Exposure Duration Per Day (HRS) 
 ϸϲϜмЮϜ амтЮϜ сТ ЌϼЛϦЮϜ Ϣϸв)ϤϝКϝЂЮϝϠ(  

Maximum Exposure Level (dB) 

 ЌϼЛϦЯЮ пЊЦцϜ омϦЂвЮϜ)ЬϠтЂтϸ(  

8 85 

4 90 

2 95 

1 100 

½ 105 

 
(2) For every 5 decibels noise intensity increase, the exposure time is cut in half.  

)     2(  ЬЪЮ5ϭтϮЎЮϜ ϢϸІ сТ ϢϸϝтϾ ЬϠтЂтϸ  ,РЊжЮϜ пЮϜ ЬЧϦ ЌϼЛϦЮϜ Ϣϸв. 

CAUTION: Unprotected exposure to noise levels in excess of 85 dB can result in temporary or 
permanent hearing loss. Air crewmembers must use hearing protection to prevent hearing loss. 

 ϼтϺϲϦ: дК ϸтϾϦ ϤϝтмϦЂвϠ ϣтϝЦм дмϸϠ ϭтϮЎЯЮ ЌϼЛϦЮϜ 85свϚϜϸЮϜ мϜ ϤЦϔвЮϜ ЙвЂЮϜ дϜϸЧТ сТ ϞϠЂϦт дϜ дЪвт ЬϠтЂтϸ  . пЯК ϞϮт

ЙвЂЮϜ дϜϸЧТ ЙжвЮ ЙвЂЮϜ ϤϝтϝЦϜм аϜϸ϶ϦЂϜ дϜϼтАЮϜ ϸϜϼТϜ дв ϸϼТ ЬЪ. 

× Types of Hearing Loss: 

× ИϜмжϜ дϜϸЧТ ЙвЂЮϜ:  

a. Hearing loss depends on several factors such as age, individual's health, and the environment. 
ϒ .ϼвЛЮϜ ЬϪв ЬвϜмК ϢϸК пЯК ϸвϦЛт ЙвЂЮϜ дϜϸЧТ ,Ј϶ІЮϜ ϣϲЊ ,ϢϝтϲЮϜ Атϲвм. 

 (1) Conductive hearing loss occurs when there is a defect or impediment in the external or 
middle ear. This may be caused by wax or fluid, which impedes the mechanical transmission of 
sound to the inner ear. In most cases it can be treated medically. 

 )1 ( ЙвЂЮϜ дϜϸЧТсЯтЊмϦЮϜпАЂмЮϜ дϺцϜ мϜ ϣтϮϼϝ϶ЮϜ дϺцϜ сТ ФϚϝК мϜ ϼϼЎ Шϝжк дмЪт ϝвϸжК ЬЊϲт  . ϸЦ ̭сІЮϜ ϜϺк

ЬϚϜмЂЮϜ мϜ ЙвІЮϜ ϞϠЂϠ ЬЊϲт ,ϣтЯ϶ϜϸЮϜ дϺцϜ пЮϜ ϤмЊЯЮ сЪтжϝЪтвЮϜ ЬтЊмϦЮϜ ФтЛт рϺЮϜ . дЪвт ϤъϝϲЮϜ ϞЯОϜ сТ
сϠАЮϜ ϬыЛЮϝϠ ЙвЂЮϜ дϜϸЧТ дв ИмжЮϜ ϜϺк ϣϮЮϝЛв . 



 

 
60 

 (2) Sensorineural hearing loss occurs when the cochlea is damaged. It is most frequently 
produced by noise, but can also be caused by heredity, disease, and aging. This hearing loss is 
permanent and usually occurs in the higher frequencies first. There is no medical treatment for 
this type of loss; hearing aids may be beneficial. 

)    2 (сЛвЂЮϜ ϞЊЛЮϜ сТ ϼϼЎ дК ϭϦϝжЮϜ ЙвЂЮϜ дϜϸЧТ ϣЛЦмЧЮϜ сТ ϼϼЎ Ϩϸϲт ϝвϸжК ЬЊϲт . мк ЙвЂЮϜ дϜϸЧТ дв ИмжЮϜ ϜϺк

ϭтϮЎЮϜ пЮϜ ЌϼЛϦЮϜ ϣϮтϦж ̯ϝϪмϸϲ ϼϪЪцϜ ,ϣ϶м϶тІЮϜм ϣтϪϜϼмЮϜ ЌϜϼвцϜ ϞϠЂϠ ϭϦжт ϸЦ ̯ϝЎтϜ йжЪЮм . дϜϸЧТ дв ИмжЮϜ ϜϺк
ϣтϜϸϠЮϜ сТ ϣтЮϝЛЮϜ ϤϜϸϸϼϦЮϜ ϸжК ϢϸϝЛЮϜ сТ Ϩϸϲтм свϚϜϸ дмЪт ЙвЂЮϜ .ЙвЂЮϜ дϜϸЧТ дв ИмжЮϜ ϜϺлЮ сϠА ϬыК ϸϮмт ъ , дЪЮм

 ̯ϜϸтУв дмЪт ϸЦ дϺцϜ ϤϝКϝвЂ аϜϸ϶ϦЂϒ. 

 Acoustic trauma: This type of damage to the ear is sudden and may cause temporary or 
permanent hearing loss. Acoustic trauma is caused by high intensity impulse noise. It can be 
single or repetitive in nature with the duration generally measured in milliseconds, usually in 
excess of 140 dB. 

 ϣϠϝЊцϜ ϣтϦмЊЮϜ:  свϚϜϸ мϜ ϤЦϔв ЙвЂ дϜϸЧТ ϞϠЂт ϸЦм ϣϚϮϝУв ϢϼмЊϠ Ϩϸϲт дϺчЮ ϼϼЎЮϜ дв ИмжЮϜ ϜϺк . ϣϠϝЊцϜ

ϣтЮϝЛЮϜ ϢϸІЮϜ мϺ рϼϝϮУжцϜ ϭтϮЎЮϜ дК ϭϦжϦ ϣтϦмЊЮϜ . ЀϝЧϦ ϣтжвϾ ϢϸвЮ ϢϼϼЪϦв ϢϼмЊϠ мϜ ϢϸϲϜм ϢϼвЮ ЌϼЛϦЮϜ дмЪт ϸЦ

ϣтжϝϪЮϜ ̭ϜϾϮϓϠ , йϦϸІ ϾмϝϮϦϦ ϝв ϢϸϝК140ЬϠтЂтϸ . 

 (3) Mixed hearing loss: Is the combination of conductive loss and sensorineural loss. An air 
crewmember with high frequency hearing loss with a middle ear infection will have conductive 
component that is treatable and sensorineural loss that is not. 

)3 (дϜϸЧТ ЙвЂЮϜ ϬмϸϾвЮϜ : дв ИмжЮϜ ϜϺк дтЧϠϝЂЮϜ дтКмжЮϜ дтϠ ЙвϮт ЙвЂЮϜ дϜϸЧТ . йтϸЮ рϺЮϜ дϜϼтАЮϜ ϸϼТ мк ШЮϺ пЯК ЬϝϪв

 дϜϸЧУЮϜ дв дмЪϦв ϬмϸϾв йтϸЮ ЙвЂЮϜ дϜϸЧТ дмЪтТ пАЂмЮϜ дϺцϜ сТ ϞϝлϦЮϜ ϸмϮм Йв ϣтЮϝЛЮϜ ϤϜϸϸϼϦЯЮ ЙвЂ дϜϸЧТ
м йϮыК дЪвт рϺЮϜ сЯтЊмϦЮϜдϜϸЧТ ЙвЂЮϜ ϭϦϝжЮϜ дК ϼϼЎ сТ ϞЊЛЮϜ сЛвЂЮϜйϮыК дЪвт ъ рϺЮϜ  .  

-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.- 
 

× Noise Induced Hearing Loss: 

× дϜϸЧТ ЙвЂЮϜ ϭтϮЎЮϜ дК ϭϦϝжЮϜ : 

(1) Temporary Threshold Shift (TTS) results from a single exposure to a high level noise. Threshold 
shifts may last for a few minutes or for a few hours, the duration of the shift depends primarily 
upon the duration, intensity, and frequency of the noise exposure. Recovery, when noise is 
removed, is usually complete. 

)1 (ϣϠϦЛЮϜ омϦЂв сТ ϤЦϔвЮϜ ЬмϲϦЮϜсЮϝК омϦЂвϠ ϭтϮЎЮ ϢϸϲϜм ϢϼвЮ ЌϼЛϦЮϜ дв ϭϦжт  . ФϚϝЦϸЮ ϼвϦЂт ϸЦ ϤЦϔвЮϜ ЬмϲϦЮϜ ϜϺк

ϣЯтЯЦ ϤϝКϝЂЮ мϜ .ЌϼЛϦЮϜ Ϣϸв пЯК ϣтЂϝЂϒ ϢϼмЊϠ ϸвϦЛϦ ЬмϲϦЮϜ ϢϼϦТ ,ϭтϮЎЮϜ ϢϸІ ,ϭтϮЎЮϜ пЮϜ ЌϼЛϦЮϜ ϤϜϼв ϸϸКм .
ЬвϝЪ ЬЪІϠ ̭ϝУІЮϜ дмЪтм ϭтϮЎЮϜ ϣЮϜϾϒ ϸЛϠ дмЪт ϼϼЎЮϜ ϜϺк дв ̭ϝУІЮϜ. 

 

(2) Permanent Threshold Shifts (PTS) is the shift that occurs when exposed to continued noise for 15 
hours could eventually result to permanent loss. Recovery does not occur even though the noise 
exposure is terminated. 

)2 (ϣϠϦЛЮϜ омϦЂв сТ аϚϜϸЮϜ ЬмϲϦЮϜ  ϢϸвЮ ϼвϦЂвЮϜ ϭтϮЎЮϜ пЮϜ ЌϼЛϦЮϜ ϸжК Ϩϸϲт рϺЮϜ ЬмϲϦЮϜ мк15 рϸϔт ϸЦ рϺЮϜм ϣКϝЂ 

свϚϜϸЮϜ ЙвЂЮϜ дϜϸЧТ Ϩмϸϲ пЮϜ ϣтϝлжЮϜ сТ .ϭтϮЎЮϜ ϣЮϜϾϒ ϸЛϠ пϦϲ Ϩϸϲт ъ ̭ϝУІЮϜ . 
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× Characteristics of Noise Induced Hearing Loss: 
× ЙвЂЮϜ дϜϸЧТ ϤϝУЊϜмв дК ϭϦϝжЮϜ ϭтϮЎЮϜ: 

a. Noise induced hearing loss is insidious because it is usually undetectable, painless and very gradual. 
ϒ .дϜϸЧТ ЙвЂЮϜ ϭϦϝжЮϜ Ид ϭтϮЎЮϜЀмЂϲв ϼтО дмЪт ϝв ϢϸϝК йжц сϮϼϸϦ дмЪт  ,аЮϔв ϼтО , ̯ϜϸϮ сϮтϼϸϦм. 

b. Prolonged exposure to noise of moderate intensity may cause temporary and eventual permanent 
hearing loss. 

Ϟ .свϚϜϸ ЙвЂ дϜϸЧУϠ слϦжт ϸЦм ϤЦϔв ЙвЂ дϜϸЧТ ϞϠЂт ϸЦ ϢϸІЮϜ АЂмϦв ϭтϮЎ пЮϜ ϸвфϜ ЬтмАЮϜ ЌϼЛϦЮϜ. 

c. Noise intensity usually below 140dB, but above 85 dB. 
Ϭ . дв ЬЦϜ дмЪϦ ϝв ϢϸϝК ϤмЊЮϜ ϢϸІ140 дв ϼϪЪϜ ϝлжЪЮм ЬϠтЂтϸ 85ЬϠтЂтϸ . 

d. Physical pain is usually not evident and there are often no symptoms whatsoever of any hearing loss.  
ϸ .ЙвЂЮϜ дϜϸЧТ пЮϜ ϼтІϦ ЌϜϼКϜ рϜ ϞЮϝПЮϜ сТ ϸϮмϦ ъм ϱЎϜм ϼтО дмЪт ϝв ϢϸϝК аЮфϜ. 

e. Initially, the higher frequencies of hearing are lost. When this becomes severe enough to interfere 
with speech communications, the individual will lose the ability to understand the sounds of 
consonants in words. Consonants consist of sounds in a higher frequency range than vowels.  

и .ϣтϜϸϠЮϜ сТ ,ϣтЮϝЛЮϜ ϤϜϸϸϼϦЯЮ дмЪт ЙвЂЮϜ дϜϸЧТ . Ј϶ІЮϜ дϓТ рϸϝтϦКцϜ аыЪЮϜ Йв ЌϼϝЛϦЮϜ ϸϲ пЮϜ ЙвЂЮϜ дϜϸЧТ ϢϸІ ϸϜϸϾϦ ϝвϸжК
ϤϝвЯЪЮϜ сТ ϣжЪϝЂЮϜ РмϼϲЮϜ ϤϜмЊϒ алТ пЯК ϢϼϸЧЮϜ ϸЧУт РмЂ . дв пЯКϜ ϤϜϸϸϼϦ оϸвϠ ϤϜмЊϜ двЎϦϦ ϣжЪϝЂЮϜ РмϼϲЮϜ

ϣЯЛЮϜ РϼϲϜ  . 

f. How can you tell the hearing has been affected? Through testing, the initial audiogram is considered 
a reference audiogram. All subsequent audiograms will be measured against the initial reading. 

 м .ЈϲУЮϜ Ьы϶ дв ̭сІЮϜ ϜϺк аϦт ̬ ϼϼЎϦ ϸЦ ЙвЂЮϜ дϝЪ ϜϺϜ ϝвтТ ϸтϸϲϦ дЪвт РтЪ ,сϚϜϸϦϠцϜ ЙвЂЮϜ АтА϶Ϧ ЈϲТ ϼϠϦЛт 
ϣЧϲыЮϜ ЙвЂЮϜ ϤϝЊмϲТ сТ ϼϼЎЮϜ ϼϜϸЧв ϸтϸϲϦЮ ϸвϦЛвЮϜ ЈϲУЮϜ . 

(1) Audiograms are considered normal as long as hearing thresholds are 20 dB or less for all 
frequencies tested.  

)1 ( ЙвЂЮϜ АтА϶Ϧ ϤϝЊмϲТ ЙвЂЮϜ ϤϝϠϦК ϤжϝЪ ϜϺϜ ϣтЛтϠА ϼϠϦЛϦ)ЙвЂЮϜ ϣтϜϸϠ( 20ϝлЊϲТ аϦт сϦЮϜ ϤϜϸϸϼϦЮϜ ЬЪЮ ЬЦϒ мϜ ЬϠтЂтϸ  . 

(2) The following table shows the maximum acceptable audiometric hearing levels for Army aviation:   
)2(  дϜϼтАЮϜ ϣвϚывЮ ЈϲУЮϜ ϸжК ϣЮмϠЧвЮϜ ЙвЂЮϜ ϤϝтмϦЂвЮ пЯКцϜ ϸϲЮϜ дтϠт сϦцϜ ЬмϸϮЮϜ: 

Frequency (Hz) 
 ϸϸϼϦЮϜ)ϾϦϼк(  

500 1000 2000 3000 4000 6000 
 

Classes 1/1a 
  РϝжЊцϜ1 м 1ϒ  

 
25 

 
25 

 
25 

 
35 

 
45 

 
45 

Classes 2/3/4 
 РϝжЊцϜ2 ,3 ,4  

 
25 

 
25 

 
25 

 
35 

 
55 

 
65 

 
(3) Only physicians and audiologists can diagnose noise induced hearing loss. 

)3 (ЙвЂЮϜ дϜϸЧТ дмЊ϶Іт ̭ϝϠАъϜ АЧТϭтϮЎЮϜ дК ϭϦϝжЮϜ . 

 

-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.- 
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× Noise in the Aircrafts: 
× ϤϜϼϚϝАЮϜ сТ ϭтϮЎЮϜ:  

¶ Looking at Armed aircraft as both fixed and rotary wing, certain generalizations can be made: 

¶  ϝлтКмж ыЪϠ ϣтϼЪЂЛЮϜ ϤϜϼϚϝАЮϜ)ϰϝжϮЮϜ ϣϦϠϝϪм ϣтϲмϼвЮϜ( ϤϝвмЯЛвЮϜ иϺк ϝлтЯК ФϠАжϦ : 

(1) Overall noise levels generally are equal to or exceed 100 dB. This exceeds the average 85 dB 
damage risk-criteria. 

)   1(  дК ϸтϾϦ мϜ рмϝЂϦ ϣвϝК ϢϼмЊϠ ϭтϮЎЮϜ ϤϝтмϦЂв100ЬϠтЂтϸ  . ϭтϮЎЯЮ ϰмвЂвЮϜ ЬϸЛвЮϜ ϾмϝϮϦϦ ϢϸІЮϜ иϺкм85 
ЙвЂЮϜ ϼϼЎϠ ФЯЛϦвЮϜ ЬϠтЂтϸ. 

(2) The frequency that generates the most intense level is 300 Hz. Low frequency noise will produce a 
high frequency hearing loss.  Providing adequate hearing protection for lower frequencies is very 
difficult due to the way lower frequencies are transmitted (vibrations). 

)  2(  мк ̯ϜϼтϪϓϦ ϼϪЪцϜ ϢϸІЮϜ омϦЂв ϸЮмт рϺЮϜ ϸϸϼϦЮϜ300ϾϦϼк  . ϤϜϸϸϼϦЯЮ ЙвЂ дϜϸЧТ йжК ϭжϦт РмЂ ЬтЯЧЮϜ ϸϸϼϦЮϜ мϺ ϭтϮЎЮϜ

ϣтЮϝЛЮϜ .ϾϜϾϦкцϜ ФтϼА дК ЬЧϦжϦ ϤϜϸϸϼϦЮϜ иϺк дц ̯ϜϸϮ ϞЛЊ дмЪт ϓАмцϜ ϤϜϸϸϼϦЮϜ сТ ЙвЂЮϜ ϤϝтЦϜм аϜϸ϶ϦЂϒ   . 

(3) Exposures to these levels without hearing protection will lead to definite permanent noise induced 
hearing loss. 

)  3( ϭтϮЎЮϜ дК ϭϦϝж свϚϜϸЮϜ ЙвЂЮϜ дϜϸЧУЮ ϸЪϔв Ϩмϸϲ пЮϜ рϸϔт РмЂ ЙвЂЮϜ ϣтϝЦм дмϸϠ ϤϝтмϦЂвЮϜ иϺлЮ ЌϼЛϦЮϜ . 

¶ Noise in Armed fixed wing aircraft originates from power plants, propellers, and transmissions. The 
Cargo Aircraft C-130 has a noise level of 95 dB. 

¶  ϣтϼЪЂЛЮϜ ϤϜϼϚϝАЮϜ сТ ϭтϮЎЮϜϰϝжϮЮϜ ϣϦϠϝϪϢϼϚϝАЮϜ ϤϝЪϼϲв дв ϭϦжт  ,ЙТϸЮϜ ϰмϜϼв ,ϣЪϼϲЮϜ ϤыЦϝжм . ϭтϮЎ ϢϸІ омϦЂв

 ЬвϲЮϜ ϢϼϚϝАC-130  мк95ЬϠтЂтϸ .  

 

¶ Noise in Army rotary wing aircraft originates from power plants, rotor systems, and transmissions.  
The helicopters such as Huey II (UH-1H-II) have a noise level of 102 dB.  

¶  ϣтϼЪЂЛЮϜ ϤϜϼϚϝАЮϜ сТ ϭтϮЎЮϜϣтϲмϼвЮϜϢϼϚϝАЮϜ ϤϝЪϼϲв дв ϭϦжт  ,дϜϼмϸЮϜ ϤϝвмДжв ,ϣЪϼϲЮϜ ϤыЦϝжм.  ϭтϮЎ ϢϸІ омϦЂв

 ϢϼϚϝА ЬϪв ϣтϲмϼвЮϜ ϤϜϼϚϝАЮϜ рмтлЮϜ2 мк 102ЬϠтЂтϸ . 

-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.- 
 

× Noise Protection: 
×  ϭтϮЎЮϜ дв ϣтϝвϲЮϜ :   

a. A number of methods of protecting human hearing and/or controlling noise are available: 
   ϒ . ϣтϝвϲЮ ϢϼТмϦв ФϼА ϢϸК Шϝжк ϭтϮЎЮϜ пЯК ϢϼАтЂЮϜ мϜ дϝЂжцϜ дϺϒ . двЎϦϦ ФϼАЮϜ иϺк :  

(1) Design to eliminate the noise.  This is the ideal way of controlling noise. 
)    1 (ϭтϮЎЮϜ дв ЈЯ϶ϦЯЮ ϣжтЛв ϣЧтϼАϠ ϢϼϚϝАЮϜ атвЊϦ .ϭтϮЎЮϜ пЯК ϢϼАтЂЯЮ ЬϪвцϜ ϣЧтϼАЮϜ ск иϺк. 

(2) Isolate the noise source. Increasing the distance between the noise source and the exposed person 
can accomplish this. 

)    2 (ϭтϮЎЮϜ ϼϸЊв ЬϾК .йЮ ЌϼЛвЮϜ Ј϶ІЮϜм ϭтϮЎЮϜ ϼϸЊв дтϠ ϣЯЊϝУЮϜ ϣТϝЂвЮϜ ϢϸϝтϾ ФтϼА дК ШЮϺ аϦт 



 

 
63 

(3) Enclose the noise source. This can be accomplished by using sound and energy absorbent material 
to increase the amount of insulation like in the cockpit and cabin area 

)    3 (ϭтϮЎЮϜ ϼϸЊв РтЯПϦм АтмϲϦ. аϜϸ϶ϦЂϜ ЬϪв ЬϾЛЮϜ ϢϼϸЦ ϢϸϝтϾЮ ϣЦϝАЮϜм ϤмЊЮϜ ЈϦвϦ ϸϜмв аϜϸ϶ϦЂϓϠ иϾϝϮжϜ дЪвт ϜϺк 

ϢϸϝтЧЮϜ ϢϼвЦм ϢϼϚϝАЮϜ ϢϼмЊЧв РтЯПϦ сТ ̭сІЮϜ ϜϺк .  

(4) Personal protective devices. These are the most practical methods available for noise protection. A 
number of devices are available to attenuate (reduce) the noise at an individual's ears.   

)  4 (ϣтЊ϶ІЮϜ ϣтϝвϲЮϜ ЬϚϝЂм .ϭтϮЎЮϜ дв ϣтϝвϲЯЮ ϢϼТмϦвЮϜ ФϼАЮϜ дЂϲϜ ск . РтУ϶ϦЮ аϸ϶ϦЂϦ ϢϼТмϦв ϢϾлϮϒ ϢϸК Шϝжк

)ЬтЯЧϦ( Ј϶ІЮϜ дϺϒ пЮϜ ЬЊϜмЮϜ ϭтϮЎЮϜ . 

(a) Personal protective measures have certain distinct characteristics: 
)ϒ(  Ϣϸϸϲвм ϣжтЛв ЈϚϝЊ϶ ШЯϦвϦ ϣтЊ϶ІЮϜ ϣтϝвϲЮϜ ЬϚϝЂм: 

1) Attenuation is the amount of noise protection provided by a specific protective device. The 
attenuation of any given noise protective device is the number of dB it reduces from the total 
energy reaching the eardrum. 

  1 (РтУ϶ϦЮϜ пЯК ϢϼϸЧЮϜϣжтЛвЮϜ ϣтϝвϲЮϜ ϣЯтЂм ϝкϼТмϦ сϦЮϜ ϭтϮЎЮϜ дв ϣтϝвϲЮϜ ϣтвЪ ск  . рц РтУ϶ϦЮϜ пЯК ϢϼϸЧЮϜ иϺк

дϺцϜ ϣЯϠАЮ ϣЯЊϜмЮϜ ϣЦϝАЮϜ ИмвϮв дв ϝлЯЯЧϦм ϝлЮϾϦ϶Ϧ сϦЮϜ ϤыϠтЂтϸЮϜ ϸϸЛϠ ЀϝЧϦ ϭтϮЎЮϜ дв ϣтϝвϲЯЮ ϣЯтЂм   . 

2) Speech intelligibility is the degree that the speech conversations and acoustic signals are 
understood when using the specific protective device. 

  2 (аыЪЮϜ ϰмЎм алТ ϣϮϼϸ ск ϣжтЛвЮϜ ϣтϝвϲЮϜ ϣЯтЂм аϜϸ϶ϦЂϒ ϸжК ϣтϦмЊЮϜ ϤϜϼϝІцϜм ϣтвыЪЮϜ ϤϝϠАϝ϶вЮϜ.  

3) Maximum attenuation. Maximum attenuation for any device is approximately 50 dB.  
  3 (омЊЧЮϜ РтУ϶ϦЮϜ ϢϼϸЦ . ̯ϝϠтϼЧϦ ск ϣтϝвϲ ϣЯтЂм рц омЊЧЮϜ РтУ϶ϦЮϜ ϢϼϸЦ50ЬϠтЂтϸ  .   

(b) Types of personal protective measures: 
     )Ϟ(  ϣтЊ϶ІЮϜ ϣтϝвϲЮϜ ЬϚϝЂм ИϜмжϒ: 

1) Ear plugs: Foam, single flange, and triple flange; these devices are inserted into the external ear 
canal. They are inexpensive, easy to carry, and effective when fitted properly. They provide 
attenuation from 18-45 dB across the frequency band. They should be worn anytime you are 
exposed to noise levels in excess of 85 dB. They are very effective when worn in conjunction 
with the SPH-4, SPH-4B, HGU-56, and IHADSS flight helmets. 

1 (ϸϜϸЂϜдϺцϜ Ϥ: ϭжУЂцϜ ЬвІϦ  ,ϢϸϲϜмЮϜ ϣТϝϲЮϜ ϤϜϺ ,ϤϝТϝϲ ϨыϪЮϜ ϤϜϺм . дϺцϜ ϢϝжЦ Ь϶Ϝϸ пЮϜ ϝлЮϝ϶ϸϒ аϦт ЙАЧЮϜ иϺк

ϣтϮϼϝ϶ЮϜ .ϱтϲЊ ЬЪІϠ ϝлЛЎм аϦ ϜϺϜ ϣЮϝЛТм ЬвϲЮϜ ϣЯлЂм ϣЊт϶ϼ дмЪϦ . дв РтУ϶Ϧ дϺцϜ ϤϜϸϜϸЂ ϼТмϦ18 пЮϜ ЬϠтЂтϸ 

45ЬϠтЂтϸ ϤϜϸϸϼϦЮϜ ϣТϝЪ сТ  . дв пЯКϒ ϭтϮЎ ϤϝтмϦЂв пЮϜ йтТ ЌϼЛϦЮϜ аϦт ϤЦм рϒ сТ ϝлЮϝвЛϦЂϜ ϞϮт85ЬϠтЂтϸ  .

дϜϼтАЮϜ ϢϺм϶ Йв ϝлЮϝвЛϦЂϒ ϸжК ̯ϜϸϮ ϣЮϝЛТ дмЪϦ дϺцϜ ϤϜϸϜϸЂ  . 
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2) Ear muffs: These devices are worn covering the ear. They provide 10-41 dB protection, across 

the frequency band, are comfortable.  Do not forget ground personnel or your passengers. They 
are subject to hearing loss just as well as crewmembers. 

2 (дϺчЮ ϤмЊЮϜ аϦЪ ϣтАОϒ : дϺцϜ ϣтАПϦЮ ϝлϚϜϸϦϼϒ аϦт ЬϚϝЂмЮϜ иϺк . ϼϜϸЧвϠ ϣтϝЦм ϣтАОцϜ иϺк ϼТмϦ10-41ЬϠтЂтϸ  сТ 

ϣϲтϼв дмЪϦм ϤϜϸϸϼϦЮϜ ϣТϝЪ . дв ϸЪϓϦм ШϦϼϚϝА сТ дтϼТϝЂвЮϜ ϞϝЪϼЮϜ мϜ ЌϼцϜ пЯК дтЯвϝЛЮϜ Јϝ϶ІцϜ пЂжϦ ъ
ϢϼϚϝАЮϜ аЦϝА ϣтЧϠ Ьϝϲ алЮϝϲ ϭтϮЎЮϜ пЮϜ ЌϼЛϦЮϜ ϣϮтϦж ЙвЂЮϜ дϜϸЧУЮ дтЎϼЛв алжϒм алϦвыЂ . 

                                      

     
 

3) Headsets: These devices are worn covering the ears, but also provide radio communication.  
They are commonly worn in VIP type aircraft. Noise attenuation can be degraded due to rough 
handling, abuse, improper fits, and deteriorated ear seals. Headsets lack the crash attenuation 
provided by a helmet. 

3 (ЀϒϼЮϜ ϣКϝвЂ: дϺцϜ сАПϦ ϢϾлϮцϜ иϺк  ,рмтϸϜϼЮϜ ЬϝЊϦчЮ ϣЧтϼА ϼТмϦ ̯ϝЎтϒ ϝлжЪЮм . ϢϼмЊϠ ϢϾлϮцϜ иϺк аϸ϶ϦЂϦ

дтвлвЮϜ дтЮмϔЂвЮϜ ЬЧж ϤϜϼϚϝА сТ ϣЛϚϝІ . ϝлЛЎм аϸК мϜ ̭сЂЮϜ ЬϝвЛϦЂцϜ ϣϮтϦж ЬЧϦ дϜ дЪвт ϭтϮЎЮϜ РтУ϶Ϧ ϣтЊϝ϶
ϝлЯ϶ϜϸϠ ϢϸмϮмвЮϜ ϤмЊЯЮ ϣЮϾϝЛЮϜ ϣЧϠАЮϜ РЯϦ мϜ ϣϲтϲЊ ϢϼмЊϠ . аϜϸАЊцϜ ϢмЦ РтУ϶Ϧ пЯК ϢϼϸЧЮϜ ШЯϦвт ъ ϾϝлϮЮϜ ϜϺк

дϜϼтАЮϜ ϢϺм϶ сТ ϢϸмϮмвЮϜ ШЯϦЪ. 
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4) Protective helmets: 
    4 (Ϻм϶дϜϼтАЮϜ мЮϜ ϜϣтЦ:  

 a) For aviators and crewmembers, this is the best means of personal protection.  They provide 
both noise and crash attenuation. The SPH-4B, HGU-56, and IHADSS provide greater 
protection in the higher frequencies. However, it is low frequency noise in the aviation 
environment that is the cause for concern. 

ϒ( дϜϼтАЮϜ ϸϜϼТϒ ϣтϝвϲЮ ϣЧтϼА дЂϲϒ ск .ϸϲϜм дϐ сТ аϜϸАЊцϜм ϭтϮЎЮϜ дв РтУ϶Ϧм ϣтϝвϲ Ϻм϶ЮϜ иϺк ϼТмϦ . дв Ϻм϶ЮϜ

  ИмжSPH-4B ,HGU-56 , мIHADSSϣтЮϝЛЮϜ ϤϜϸϸϼϦЮϜ сТ ϼϠЪϒ ϣтϝвϲ ϼТмϦ  .дЪЮ , мк ϣЯтЯЧЮϜ ϤϜϸϸϼϦЮϜ мϺ ϭтϮЎЮϜ

ЙвЂЮϜ дϜϸЧУЮ ϞϠЂЮϜ мкм дϜϼтАЮϜ Атϲв сТ ϸмϮмвЮϜ ϭтϮЎЮϜ. 

 b) The helmet is an excellent hearing protection device. It will provide optimal protection only 
if certain guidelines are followed: 

Ϟ( ЙвЂЮϜ ϣтϝвϲЮ ϾϝϦвв ϾϝлϮ ск ϢϺм϶ЮϜ . ϣтЮϝϦЮϜ ϤϝвтЯЛϦЮϜ ИϝϠϦϜ ϸжК АЧТ омЊЧЮϜ ϣтϝвϲЮϜ ϼТмϦ РмЂ ϢϺм϶ЮϜ: 

 - It must fit properly. 
 -             ЀϒϼЮϜ ЀϝтЧЮ ϣвϚыв дмЪϦ дϒ ϞϮт. 

 - It must be worn correctly. 
 -             ϣϲтϲЊ ϢϼмЊϠ ϝлϚϜϸϦϼϒ ϞϮт. 

 - The ear cup seals must be soft, unwrinkled, and tear free.   
 -             ϒϣЮмлЂϠ ЬϜϾϦм ϢϸЛϮв ϼтОм ϣвКϝж дмЪϦ дϜ ϞϮт дϺцϜ ϣтАО. 

c) The table below shows aircraft and helmets attenuation levels without wearing earplugs:  
Ϭ(  дϺцϜ ϤϜϸϜϸЂ аϜϸ϶ϦЂϒ дмϸϠ Ϻм϶ЯЮ РтУ϶ϦЮϜ ϤϝтмϦЂв дтϠт сЮϝϦЮϜ ЬмϸϮЮϜ : 

 

Aircraft 
 ϢϼϚϝАЮϜ 

Hearing Protector 
  ЙвЂЮϜ ϣтЦϜм 

Effective Exposure Level (dB) 
 ϣтϝвϲЮϜ омϦЂв)ЬϠтЂтϸ(  

 
UH-1H 
рмтлЮϜ ϢϼϚϝА 

 

 
HGU-56 
SPH-4B 
SPH-4 
 

 
81.3 
81.0 
85.9 
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d) The polymeric foam (EAR) hand formed earplug in combination with the SPH-4B and HGU-56 
helmets will provide additional protection from all aircraft noise. The table below shows 
exposure levels when wearing both SPH-4 helmet with three types of earplugs:  

ϸ( ϤϜϼϚϝАЮϜ ИϜмжϒ ЙтвϮ сТ ϭтϮЎЮϜ дв ϣтТϝЎϒ ϣтϝвϲ ϼТмϦ РмЂТ ϣтмЂ дϺцϜ ϤϜϸϜϸЂм ϢϺм϶ЮϜ ̭ϜϸϦϼϒ аϦ ϜϺϒ . ЬмϸϮЮϜ

 Имж ϢϺм϶ЮϜ дв ЬЪ ̭ϜϸϦϼϒ ϸжК ЌϼЛϦЮϜ ϤϝтмϦЂв дтϠт сЮϝϦЮϜSPH-4 дϺцϜ ϤϜϸϜϸЂ дв ϣϪыϪЮϜ ИϜмжцϜм : 

 
 
     
 
 
 
 
 
 
 

 
 
 

e) Communications Ear Plugs (CEP) is a device used to improve hearing protection and speech 
reception communication. It includes a miniature transducer that reproduces speech signals from 
the internal communication system (ICS). The foam tip acts as a hearing protector. A miniature 
wire from the CEP connects to the communications system through the mating connector 
mounted on the rear of the helmet. 

и( ϤъϝЊϦчЮ дϺцϜ ϢϸϜϸЂϣтвыЪЮϜ ϤъϝЊϦцϜ ЬϝϠЧϦЂϒм ЙвЂЮϜ ϣтϝвϲ дтЂϲϦЮ аϸ϶ϦЂт ϾϝлϮ ск  . Ьмϲв двЎϦт ϾϝлϮЮϜ ϜϺк

ϼтПЊ ϢϼϚϝАЮϜ сТ ϣтЯ϶ϜϸЮϜ ϤъϝЊϦцϜ ϣвмДжв дв ϢϺм϶ЮϜ пЮϜ ЬЊт рϺЮϜ аыЪЮϜ ϼтϠЪϦϠ амЧт рϺЮϜ . ЬвЛϦ ϣтϮжУЂцϜ ϣвЧЮϜ
ЙвЂЯЮ ϣтЦϜмЪ . сТ ϼтПЊЮϜ ШЯЂЮϜϢϸϜϸЂ дϺцϜ ϤъϝЊϦчЮ сТ ϢϸмϮмв АϝϠϦϼϒ ϣАЧж Ьы϶ дв ϤъϝЊϦцϜ ϣвмДжв пЮϜ ЬЊϦт 
ϢϺм϶ЮϜ Ϣϼ϶ϔв . 

 

 

Protector 
ϣтϝЦмЮϜ ϣЧтϼА 

UH-1H 
рмтлЮϜ ϢϼϚϝА 

SPH-4 with triple flange plug 
 

70.7 dB 

SPH-4 with single flange plug 71.9 dB 
 

SPH-4 with foam plug 
 

68.8 dB 
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× Non-Occupational Noise Exposure: it includes the exposure to noise in the 

following situations: 

×  ЬвЛЮϝϠ АϠϦϼв ϼтПЮϜ ϭтϮЎЯЮ ЌϼЛϦЮϜ :ЬвІтм  ϣтЮϝϦЮϜ ϤъϝϲЮϜ сТ ϭтϮЎЮϜ пЮϜ ЌϼЛϦЮϜ:  

 General aviation flying  ϣвϝК ϢϼмЊϠ дϜϼтАЮϜ        
 Weapons firing ФыАϒϤϜϼϝтЛЮϜ ϼϝжЮϜ               ϣт   
 Contemporary music ϢϼЊϝЛвЮϜ пЧтЂмвЮϜ             
 Hobbies & recreation аϝвϮϦЂъϜм ϤϝтϜмлЮϜ            
 Household chores ϣтЮϾжвЮϜ ЬϝвКъϜ                    

 

-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.- 

Effects of Vibration in Army Aviation 
ϾϜϾϦкцϜ ϤϜϼтϪϓϦсТ рϼЪЂЛЮϜ дϜϼтАЮϜ  

× Vibration Terminology: 

×  ϾϜϾϦкцϜ ϤϝϲЯАЊв:  

 a. Vibration is the motion of an object relative to a reference position (usually the object at rest) 
involving a series of oscillations resulting in the displacement and acceleration of the object. 

ϒ .ϾϜϾϦкцϜ мк ϣЪϼϲ аЂϮпЮϜ ϣϠЂжЮϝϠ  дϝЪвйжмЪЂ )  дмЪт ϝвϸжКаЂϮЮϜ сТ ϣЮϝϲ дмЪЂЮϜ( Йв ϣЯЂЯЂ дв ϤϝϠϺϠϺϦЮϜ ϣϮϦжв ϣϲϜϾϒ 

ИϼϝЂϦм аЂϮЮϜ. 

b. Frequency is the number of oscillations of any object in a given time measured in cycles per second 
(cps). The international standard unit of frequency is the hertz (Hz). (1 cps equal 1 Hz).  

Ϟ .ϸϸϼϦЮϜ мк  аЂϮ рϜ ϞϺϠϺϦ ϸϸК Ьы϶ ϤЦмϢϸϲϜмЮϜ ϣтжϝϪЮϜ сТ ϤϜϼмϸЮϜ ϸϸЛϠ ϸϸϼϦЮϜ ЀϝЧтм дтЛв . ск ϣтвЮϝЛЮϜ ϸϸϼϦЮϜ ЀϝтЦ Ϣϸϲм

 ϾϦϼк) ϣтжϝϪЮϜ сТ ϢϸϲϜм Ϣϼмϸ рмϝЂϦ( . 

c. Amplitude is the maximum displacement of an object from its position at rest. 
Ϭ . ϣЛЂЮϜ пЯКцϜ ϸϲЮϜ скдмЪЂЮϜ ϣЮϝϲ дв йжϝЪв Ьмϲ аЂϮЮϜ ϣϲϜϾц . 

d. Duration is the amount of time exposed to vibration. 
ϸ .ϢϸвЮϜϾϜϾϦкчЮ ЌϼЛϦЮϜ ϢϼϦТ ϼϜϸЧв ск . 
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e. Natural body resonance is the mechanical amplification of vibration by the body occurring at specific 
frequencies. 

и .аЂϮЯЮ сЛтϠАЮϜ дтжϼЮϜ мк  ϾϜϾϦкчЮ сЪтжϝЪтвЮϜ ат϶ЎϦЮϜрϺЮϜ аЂϮЮϜ ЬϠЦ двϣжтЛв ϤϜϸϸϼϦ ϸжК Ϩϸϲт  . 

f. Damping is the loss of mechanical energy in a vibrating system. This causes the vibration to slow 
down. .ƻŘȅΩǎ ŎƻƴƴŜŎǘƛǾŜ ǘƛǎǎǳŜ (muscle, tendons and ligaments) damps vibrations and act like a 
shock absorber.  

м .ϤмЊЮϜ ϸϝв϶ϒϾϜϾϦкцϜ аϝДж сТ ϣтЪтжϝЪтвЮϜ ϣЦϝАЮϜ дϜϸЧТ мк  .ϾϜϾϦкцϜ ϣКϼЂ РтУ϶Ϧ пЮϜ рϸϔт ̭сІЮϜ ϜϺк. ϣАϠϜϼЮϜ аЂϮЮϜ ϣϮЂжϒ 

)ϤыЎЛЮϜ ,ϼϝϦмцϜ ,ϣАϠϼцϜм( ϤϝвϸЊЯЮ РУ϶вЪ ЬвЛϦм ϾϜϾϦкцϜ ЬЯЧϦ    . 

× Sources of Vibration: 
× ϼϸϝЊв ϾϜϾϦкцϜ:  

a. Vibrations are produced within the aircraft and the environment in which the aircraft operates. 
ϒ .ϢϼϚϝАЮϜ йтТ ЬвЛϦ рϺЮϜ АтϲвЮϜ сТм ϢϼϚϝАЮϜ Ь϶Ϝϸ ϸЮмϦт ϾϜϾϦкцϜ  . 

(1) Vibrations within the aircraft originate primarily from the engines, the main rotor, and the tail 
rotor system. The following table shows the estimated frequencies for an UH-1 helicopter: 

)1( ϢϼϚϝАЮϜ ϤϝЪϼϲв дв ϭϦжт ϢϼϚϝАЮϜ Ь϶Ϝϸ ϾϜϾϦкцϜ ,ϣтЂϝЂцϜ ϣϲмϼвЮϜ ,ϣтЯтϺЮϜ ϣϲмϼвЮϜм . ϤϜϸϸϼϦЮϜ дтϠт сЮϝϦЮϜ ЬмϸϮЮϜ

 рмтлЮϜ ϢϼϚϝА сТ ϢϸЮмϦвЮϜ ϤϜϾϜϾϦкчЮ ϣтϠтϼЧϦЮϜ: 

COMPONENT 
̭ϾϮЮϜ 

FREQUENCY 

     ϸϸϼϦЮϜ 

Engine                      ШϼϲвЮϜ 110 Hz 

Main Rotor   ϣтЂϝЂцϜ ϣϲмϼвЮϜ 4-11 Hz 

Tail Rotor        ϣтЯтϺЮϜ ϣϲмϼвЮϜ 30-60 Hz 

 (2) Increased airspeed, internal and external loading of the aircraft can also cause vibrations.  
)2 ( ϢϸϝтϾϢϼϚϝАЮϜ ϣКϼЂ, ЬвϲЮϜ сϮϼϝ϶ЮϜ дϜ дЪвт ϢϼϚϝАЯЮ сЯ϶ϜϸЮϜм ϾϜϾϦкъϜ ϞϠЂтдϜϼтАЮϜ ̭ϝжϪϒ . 

 (3) Environmental factors such as turbulence may also intensify vibrations. 
)3(  ̯ϝЎтϒ ϤϜϾϜϾϦкцϜ ϢмЦ дв ϸтϾϦ дϜ ϝлжЪвт ϣтмЧЮϜ ϰϝтϼЮϜ ЬϪв ϣтϚтϠЮϜ ЬвϜмЛЮϜ  . 

 b. The amplitude of the vibration differs in each mode of flight. The highest level of vibration occurs 
during the transition from flight to a hover and hover to flight. 

Ϟ.  м ϣЛЂϢϸІ ϾϜϾϦкъϜдϜϼтАЮϜ ̭ϝжϪϒ сТ ϢϼϚϝАЮϜ ϣтЛЎм ϞЂϲ РЯϦ϶Ϧ  . ЬЊϲт ϾϜϾϦкчЮ пЯКцϜ омϦЂвЮϜЬы϶ ϣЯϲϼв ϜцЬϝЧϦж 
дв ϣЪϼϲЮϜ ЙЎм пЮϜ мϮЮϜ сТ ϤϝϠϪЮϜ ЙЎм  ϤϝϠϪЮϜ ЙЎм двмпЮϜ ϣЪϼϲЮϜ ЙЎм. 
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× Effects of Vibration on Human Performance during Flight: 

× дϜϼтАЮϜ Ьы϶ рϼІϠЮϜ ̭ϜϸцϜ пЯК ϾϜϾϦкцϜ ϤϜϼтϪϓϦ:  

a. ±ƛōǊŀǘƛƻƴ ŀŦŦŜŎǘǎ ǘƘŜ ŀƛǊŎǊŜǿ ƳŜƳōŜǊΩǎ ŀōƛƭƛǘȅ ǘƻ ǇŜǊŦƻǊƳ ǎƛƳǇƭŜ ǘŀǎƪǎ Řǳring flight. 
ϒ .дϜϼтАЮϜ ̭ϝжϪϒ ϣАтЂϠЮϜ аϝлвЮϜ ̭Ϝϸϒ сТ ϢϼϚϝАЮϜ аЦϝА ϸϜϼТϒ ϢϼϸЦ пЯК ϼϪϔт ϾϜϾϦкцϜ. 

b. aŀƴǳŀƭ ŎƻƻǊŘƛƴŀǘƛƻƴ ŀƴŘ ŎƻƴǘǊƻƭ άǘƻǳŎƘέ ƛǎ ŘŜƎǊŀŘŜŘ ŀǘ п-8 Hz. Pilot induced oscillations occur when 
the aircrew member over controls during turbulence and/or transition from a hover to flight. 

Ϟ . ϢϼАтЂЮϜм рмϸтЮϜ ФтЂжϦЮϜ"ЀвЯЮϝϠ " ϸϸϼϦϠ ϾϜϾϦкϒ ϸмϮм ϸжК ЬЧϦ4-8ϾϦϼк  . амЧт ϝвϸжК ЬЊϲт ϼϝтАЮϜ йϠϠЂт рϺЮϜ ϞϺϠϺϦЮϜ

 Ьы϶ ϢϼϚϝАЮϜ пЯК ϢϼАтЂЯЮ ϢϸϚϜϾ ϣЪϼϲϠ ϼϝтАЮϜϤϝϠϜϼАЎцϜ ϣтмϮЮϜ ϤϝϠϪЮϜ ЙЎм дв ЬϝЧϦжцϜ мϜ ϣЪϼϲЮϜ ЙЎм пЮϜ мϮЮϜ сТ. 

c. Vision could be affected due to vibration in the aircraft; visual instruments may be difficult to read. 
Helmet mount or night vision devices may vibrate at 4-12 Hz.   

Ϭ .ϢϼϚϝАЮϜ сТ ϾϜϾϦкцϜ ϞϠЂϠ ϼϪϓϦт ϸЦ ϼЊϠЮϜ .ϾϜϾϦкцϜ ϸмϮм ϸжК ϝлϦϚϜϼЦ ϞЛЊЮϜ дв ϱϠЊϦ ϸЦ ϢϼϚϝАЮϜ ϤϜϸϜϸК . мϜ дϜϼтАЮϜ Ϻм϶
 ϸжК ϾϜϾϦкцϝϠ ϒϸϠт ϸЦ сЯтЯЮϜ ϼмДϝжЮϜ4-12ϾϦϼк . 

d. Speech can be distorted during oscillations of 4-12 Hz. above 12 Hz, speech becomes increasingly 
difficult to interpret. 

ϸ .аыЪЮϜ  ϸЦдмЪт имІв ЬϸЛвϠ ϞϺϠϺϦ ϸмϮм ϣЮϝϲ сТ 4-12 ϾϦϼтк . дв пЯКϒ ϾϜϾϦкцϜ ϸϸϼϦ дϝЪ ϜϺϒ12 дв ϱϠЊт аыЪЮϜ дϓТ ϾϦϼк 

иϼтЂУϦ ̯ϜϸϮ ϞЛЊЮϜ . 
 

× Short Term Effects of Vibration: 

×  ϢϼтЊЦ ϤϜϼтϪϓϦЮϜϾϜϾϦкчЮ ϸвцϜ:  

 1. Fatigue. ̭ϝтКцϜ                                                        

 2. Respiratory effects. сЂУжϦЮϜ ϾϝлϮЮϜ пЯК ϤϜϼтϪϓϦ               

 3. Circulatory effects.  ϣтмвϸЮϜ ϢϼмϸЮϜ пЯК ϤϜϼтϪϓϦ               

 4. Motion sickness. ϣЪϼϲЮϜ ϼϜмϸ Ќϼв                           

 5. Disorientation. ШϜϼϸъϜ дϜϸЧТ                                    

 6. Pain. аЮфϜ                                                              

1. Fatigue: 
1 . ̭ϝтКцϜ: 

 (a) ±ƛōǊŀǘƛƻƴ ŎŀǳǎŜǎ ǘƘŜ ōƻŘȅΩǎ ƳǳǎŎƭŜ ƎǊƻǳǇǎ ǘƻ ƳŀƪŜ ǊŜŦƭŜȄ ŎƻƴǘǊŀŎǘƛƻƴǎΦ 
    )ϒ( ϾϜϾϦкъϜаЂϮЮϜ ϤыЎК ЈЯЧϦ ϞϠЂт .  

 (b) Pressure receptors located in tendons and muscles constantly measure angular position of the 
muscles so as to maintain posture and balance. 

   )Ϟ(  АПЎЯЮ ϣтЂϲЮϜ ϤϝвЯϦЂвЮϜ сТ ϢϸмϮмвЮϜцϜϼϝϦм  ЀтЧϦ ϤыЎЛЮϜм ϣтЂϲ ϤϜϾϝЛтϒ ЬϝЂϼϓϠ амЧϦм ϤыЎЛЮϜ ϣтЛЎм
дϾϜмϦЮϜм аЂϮЮϜ ϣтЛЎм пЯК ϣДТϝϲвЯЮ  . 
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 (c) These receptors respond to vibration causing contraction or tightening of the muscle. 
  )Ϭ(  ϣтЂϲЮϜ ϤϝвЯϦЂвЮϜ иϺкϞтϮϦЂϦ ϾϜϾϦкыЮ ϣϠϠЂв ЈЯЧϦ ϸІмϤыЎЛЮϜ  .  

2. Respiratory effects: 
2 . ϤϜϼтϪϓϦЮϜсЂУжϦЮϜ ϾϝлϮЮϜ пЯК:  

 (a) Hyperventilation is caused when the diaphragm is vibrated at its resonant frequency of 4-8 Hz. 
   )ϒ( ϢϸϝтϾ сТ ЀУжϦЮϜϒ ϸжК ϾϜϾϦкЬϸЛвϠ ϾϮϝϲЮϜ ϞϝϮϲЮϜ  4-8 ϾϦϼтк. 

 (b) ¢ƘŜ ǊŜǎǳƭǘ ƻŦ ǾƛōǊŀǘƛƴƎ ŦǊŜǉǳŜƴŎƛŜǎ ƛƴ ǘƘŜ ŘƛŀǇƘǊŀƎƳ ǿƛƭƭ ŎŀǳǎŜ άŀǊǘƛŦƛŎƛŀƭ ǊŜǎǇƛǊŀǘƛƻƴέΦ 

   )Ϟ(  ϞϠЂϦ РмЂ ϾϮϝϲЮϜ ϞϝϮϲЮϜ сТ ϤϜϾϜϾϦкцϜ иϺк"ЙжАЊв ЀУжϦ." 

3. Circulatory effects: Increase in pulse rate and blood pressure is other symptoms of exposure to 
vibration. 

3 . ϣтмвϸЮϜ ϢϼмϸЮϜ пЯК ϤϜϼтϪϓϦЮϜ:ϾϜϾϦкцϜ пЮϜ ЌϼЛϦЮϜ ЌϜϼКϒ ск аϸЮϜ АПЎм ЌϠжЮϜ ЬϸЛв сТ ϢϸϝтϾ . 

4. Motion sickness: Vibration with a frequency of less than 1 Hz can produce nausea in susceptible 
people. 

4 .Ќϼв ϼϜмϸ ϣЪϼϲЮϜ :  дв ЬЦϒ ϸϸϼϦϠ ϾϜϾϦкцϜ1ЀϝжЮϜ ЌЛϠ ϸжК дϝтϪПЮϜ ϞϠЂт дϜ дЪвт ϾϦϼк . 

 5. Disorientation: Vibration affects the semicircular canals and the Otolith organs, which in turn 
respond to the changes in angular and linear motions.   

5 .ШϜϼϸъϜ дϜϸЧТ:   дϾϜмϦЮϜ ̭ϝЎКϒм ϣтϼϚϜϸЮϜ РЊж ϤϜмжЧЮϜ пЯК ϼϪϔт ϾϜϾϦкъϜ ϣтА϶ЮϜ ϣЪϼϲЮϜ ϸтϸϲϦ дК ϣЮмϔЂв дмЪϦ сϦЮϜ дϺцϜ сТ

ϣтмϜϾЮϜ ϣЪϼϲЮϜм. 

 6. Pain: usually results from pre-existing injuries received before flying, such as stress fractures, back 

pain and other traumas. Vibration aggravates those conditions. 

6 . аЮцϜ:дϜϼтАЮϜ ЬϠЦ аЂϮЮϜ сТ ϢϸмϮмвЮϜ ϣЧϠϝЂЮϜ ϤϝϠϝЊцϜ дв аЮцϜ ϭϦжт  ,ϸлϮЮϜ дК ϣϮϦϝжЮϜ ϼмЂЪЮϜ ЬϪв , ϣтЧϠм ϼлДЮϜ аъϐ

ϤϝϠϝЊцϜ .ϤϝϠϝЊцϜ иϺк ϣЮϝϲ ̭мЂ дв ϸтϾт ϾϜϾϦкцϜ. 

× Long Term Effects of Vibration: 
×  ϾϜϾϦкчЮ ϸвцϜ ϣЯтмАЮϜ ϤϜϼтϪϓϦЮϜ : 

1. wŀȅƴŀǳŘΩǎ 5ƛǎŜŀǎŜ (White fingers) occurs to the hands after prolonged exposure to vibration from 
power tools, jackhammers, or other such equipment that vibrates at high frequencies. Trauma occurs 
in the arterioles and nerve endings in the extremities and limits the blood flow to that portion of the 
extremity. 

1 .ϸмжтϼ Ќϼв )̭ϝЎтϠЮϜ ЙϠϝЊцϜ( ϣтϚϝϠϼлЪЮϜ ϤϜмϸцϜ дК ϭϦϝжЮϜ ϾϜϾϦкчЮ ϣЯтмА ϢϼϦУЮ ЌϼЛϦЮϜ ϸЛϠ ϸтЮϜ сТ Ϩϸϲт , ϣЦϼАвЮϜ

ϣтϚϝϠϼлЪЮϜ ,ϣтЮϝК ϤϜϸϸϼϦϠ ϾϜϾϦкцϜ ϞϠЂϦ оϼ϶ϒ ϤϜϸЛв рϒ мϜ . ϣтмвϸЮϜ ϣтКмцϜ сТ ϨϸϲϦ ϣϠϝЊцϜϣтϼЛІЮϜ Ϥϝтϝлжм ϞϝЊКъϜ 
сТ РϜϼАъϜРϜϼАцϜ пЮϜ ЬЊϜмЮϜ аϸЮϜ дϝтϼϮ ϣтвЪ дв ЬЯЧϦ сϦЮϜм  . 

2. Backache/back pain in aircrew member may result at an earlier age than normal. 
2 .м ИϝϮмϒϐϼлДЮϜ аъ  дϜϼтАЮϜ ϸϜϼТϒ ϸжК ϨϸϲϦЬЦϒ ϼЪϠв ϼвК ϸжК ϼвЛЮϜ дв сЛтϠАЮϜ. 

 (a) The lumbar spine is subjected to higher pressure while sitting. 
  )ϒ( ϤϜϼЧУЮϜ ϣтжАЧЮϜ ЌϼЛϦϦ АПЎЮ ϒϼϠЪ ̭ϝжϪϒ ЀмЯϮЮϜ. 

 (b) Vibration can cause premature degeneration of bone structures.  
   )Ϟ( дЪвт дϜ ϞϠЂт ϾϜϾϦкъϜ ϼмвЎ  сТ ϼЪϠвϞтЪϼϦ ДЛЮϜϜа. 
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3. Kidney and lung damage:  
3 . ϣϚϼЮϜ ϼϼЎϣтЯЪЮϜм:  

 (a) Signs of overexposure to vibration may be blood in the urine (kidney). 
)   ϒ(  ϼϜϼϸцϜ сТ аϸЮϜ Ϭмϼ϶ дмЪϦ ϸЦ ϾϜϾϦкчЮ ϸтϸІЮϜ ЌϼЛϦЮϜ ϤϝвыК)ϣтЯЪЮϜ.( 

 (b) Lung damage may result after prolonged exposure to vibration. 

   )Ϟ( ϾϜϾϦкцϜ пЮϜ ϣЯтмА ϢϼϦУЮ ЌϼЛϦЮϜ ϸЛϠ Ϩϸϲт ϸЦ ϣϚϼЮϜ ϼϼЎ . 

-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.- 

× Reduction of Vibration: 
×  ϾϜϾϦкцϜ дв ЬтЯЧϦЮϜ: 

1. Maintain good posture during flight. Sitting straight in the seat will enhance blood flow throughout 
the body. 

1 . пЯК ϣДТϝϲвЮϜϣтЛЎм ϣϲтϲЊ аЂϮЯЮ ̭ϝжϪϒ дϜϼтАЮϜ .аЂϮЮϜ Ьы϶ аϸЮϜ дϜϼтϮ ϸКϝЂт РмЂ ϣϠЊϦжв ϢϼмЊϠ ЀмЯϮЮϜ.   

2. Restraint systems provide protection against high magnitude vibration experienced in extreme 
turbulence. 

2 .ϤтϠϪϦЮϜ аϝДжϣтмЧЮϜ ϣтмϮЮϜ ϤϝϠϜϼАЎцϜ сТ ϨϸϲϦ сϦЮϜ ϢϸтϸІЮϜ ϤϜϾϜϾϦкцϜ ϸЎ ϣтϝвϲ ϼТмт ϢϼϚϝАЮϜ сТ . 

3. Maintain your equipment. Proper aircraft maintenance such as blade tracking can reduce 
unnecessary vibration exposure. 

3 .ϤϜϸЛвЮϜ пЯК ϣДТϝϲвЮϜ .ϤϜϾϜϾϦкчЮ ЌϼЛϦЮϜ дв ЬЯЧт дϜ дЪвт ϰмϜϼвЮϜ ЈϲТ ЬϪв ϢϼϚϝАЯЮ ϣϲтϲЊЮϜ ϣжϝтЊЮϜ . 

4. Limit your exposure time. Make short flights with frequent breaks, rather than one long flight, if 
mission permits. 

4 .ЌϼЛϦЮϜ Ϣϸв дв ЬтЯЧϦЮϜ .ЙАЧϦв ЬЪІ пЯКм ϢϼтЊЦ ϢϼϦУЮ дϜϼтАЮϜ ЬЛϮ ,ϣЯтмА ϢϼϦУЮ дϜϼтАЮϜ дв ̯ъϸϠ . ϱвЂϦ ϣвлвЮϜ ϤжϝЪ ϜϺϒ

ШЮϺϠ . 

5. Maintain excellent physical condition. Fat multiplies vibration, while muscle dampens vibration.  
5 .ϢϸтϮ ϢϼмЊϠ ϣтжϸϠЮϜ ϣЮϝϲЮϜ пЯК ϣДТϝϲвЮϜ .ϾϜϾϦкцϜ РКϝЎϦ аЂϮЮϜ амϲІ ,ϾϜϾϦкцϜ ЈϦвϦ ϤыЎЛЮϜ ϝвжтϠ . 

  
6. Maintain sufficient hydration. Drink plenty of fluids, ŜǾŜƴ ƛŦ ȅƻǳ ŘƻƴΩǘ ŦŜŜƭ ǘƘƛǊǎǘȅ. Dehydration 

coupled with vibration can cause fatigue twice as fast and it will take double the time needed for 

recovery. 

6 .ϣтТϝЪ ϤϝтвЪϠ аЂϮЮϜ сТ ̭ϝвЮϜ омϦЂв пЯК ϣДТϝϲвЮϜ .̭ϝвЮϜ дв ϢϼтϠЪ ϤϝтвЪ ϞϼІ ϞϮт ,ЄАЛЮϝϠ ϼЛІϦ ъ ϤжЪ ϜϺϒ пϦϲ . РϝУϮЮϜ

̭ϝУІЯЮ аϾыЮϜ ϤЦмЮϜ РКϝЎт РмЂм ϣтϸϝтϦКцϜ ϣКϼЂЮϜ РЛЎϠ ̭ϝтКцϜ ϞϠЂт дϜ дЪвт ϾϜϾϦкцϜ Йв . 

 

-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.- 

=+=+=+=+=+=+=+=+=+=+=+=+=+=+= 
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Review Questions:                                                                                                                 ϣЛϮϜϼвЮϜ ϣЯϚЂϜ:   

1. What is the definition of sound? 
1 .̬ ϤмЊЮϜ РтϼЛϦ мк ϝв 

2. What is the definition of noise? 
2 . .̬ ϭтϮЎЮϜ РтϼЛϦ мк ϝв 

3. What are the three measurable characteristics of noise? 
3 .̬ ЀϝтЧЯЮ ϣЯϠϝЧЮϜ ϭтϮЎЯЮ ϣϪыϪЮϜ ЈϚϝЊ϶ЮϜ ск ϝв 

4. What are the short term and long term effects of noise? 
4 . ̬ ϭтϮЎЯЮ ϸвцϜ ϣЯтмА ϤϜϼтϪϓϦЮϜм ϸвцϜ ϢϼтЊЧЮϜ ϤϜϼтϪϓϦЮϜ ск ϝв 

5. What are the methods for noise protection? 
5. ФϼА ск ϝв ϣтϝвϲЮϜ дв ϭтϮЎЮϜ̬  

6. What is the definition of vibration? 
6 .̬ ϾϜϾϦкцϜ РтϼЛϦ мк ϝв 

7. What is the definition of frequency? 
7 .̬ ϸϸϼϦЮϜ РтϼЛϦ мк ϝв 

8. What are the short and long term effects of vibration? 
8 .̬ ϾϜϾϦкчЮ ϸвцϜ ϣЯтмА ϤϜϼтϪϓϦЮϜм ϸвцϜ ϢϼтЊЧЮϜ ϤϜϼтϪϓϦЮϜ ск ϝв 

9. What are the methods to protect from vibration? 
9 Φ ФϼА ск ϝвϣтϝвϲЮϜ дв̬ ϾϜϾϦкцϜ  
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Altitude Physiology 
ϣϮЯЂТ дϝЂжъϜ сТ ϤϝКϝУϦϼъϜϣтмϮЮϜ  

      Man is not physiologically equipped for exposure to high altitudes. To cope, man must rely on 
preventive measures and, in some cases, life-support equipment. Although most IAF aviation primarily 
involves rotary- wing aircraft flying at relatively low altitudes, aircrews may still encounter altitude 
associated problems. These may cause hypoxia, hyperventilation, and trapped gas disorders. By 
understanding the characteristics of the atmosphere, aircrews are better prepared for the             
physiological changes that occur with altitude changes. As altitude increases, barometric pressure 
decreases; the ascent and descent themselves can also affect the body. In addition, aircrews need to 
understand the functions of the human circulatory and respiratory systems. 

ϣтЮϝЛЮϜ ϤϝКϝУϦϼцϜ пЮϜ ЌϼЛϦЯЮ ̯ϝтϮЯЂТ ϾлϮ̳в ϼтО дϝЂжцϜ     . ϣтϝвϲЮϜ ϤϜϸЛвм ϣтϝЦмЮϜ ФϼА пЯК ϸвϦЛт дϝЂжцϜ дϓТ ШЮϺ дК ЌтмЛϦЯЮ
дϜϼтАЮϜ сТ . ϰϝжϮЮϜ ϣЪϼϲϦв ϤϜϼϚϝАЮϜ пЯК ϸвϦЛт ϣтЦϜϼЛЮϜ ϣтмϮЮϜ ϢмЧЮϜ сТ сЮϝϲЮϜ дϜϼтАЮϜ ϞЯОϒ дϒ дв аОϼЮϜ пЯК)ϤϝтϲмϼвЮϜ(  сϦЮϜ

 ̯ϝтϠЂж ϣϚАϜм ϤϝКϝУϦϼϓϠ ϼтАϦ ,ϤϝКϝУϦϼцϝϠ ϣАϠϦϼв ЬЪϝІв пЮϜ алЎϼЛϦ ЬвϦϲвЮϜ дв дϜϼтАЮϜ ϸϜϼТϒ дϓТ . двЎϦϦ ϸЦ ЬЪϝІвЮϜ иϺк
 ϝтЂЪмϠтϝлЮϜ)аϸЮϜ дтϮЂЪмϒ дϝЊЧж( ,ЀУжϦЮϜ ϢϸϝтϾ ,ϼмЊϲвЮϜ ϾϝПЮϜ ϤϝϠϜϼАЎϒм .мϮЮϜ ϤϝЧϠА ЈϚϝЊ϶ алТ Ьы϶ дв , ϸϜϼТϒ дϓТ

ϤϝКϝУϦϼцϜ сТ ϼтПϦЮϜ сТ ϨϸϲϦ сϦЮϜ ϣтϮЯЂУЮϜ ϤϜϼтПϦЯЮ алЂУжϒ ϼтЎϲϦ алжЪвт дϜϼтАЮϜ .ИϝУϦϼцϜ ϸϜϾ ϝвЯЪ ,ЌУ϶жт рмϮЮϜ АПЎЮϜ дϓТ .
аЂϮЮϜ пЯК ϼϪϔт дϒ дЪвт йϦϜϺ ϸϲϠ АмϠлЮϜм ϸмЛЊЮϜ .ϜϺк ЬЪ пЮϜ ϣТϝЎцϝϠ , сТ дϝЂжцϜ РϚϝДм ϣТϼЛв дϜϼтАЮϜ ϸϜϼТϒ дв ϞЯАϦт йжϓТ

ЀУжϦЮϜм дϜϼмϸЮϜ ϾϝлϮ   . 

-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.- 

× Physical Divisions of the Atmosphere: 
× ϝЧϠАЮ ϣтϚϝтϾтУЮϜ аϝЂЦцϜ мϮЮϜ Ϥ: 

(1) Definition: a mixture of gases that surrounds the earth's surface which consists of a mixture of water 
vapor and gases that extends from the surface to approximately 1,200 miles.  Held in place by gravity, it 
exhibits few physical characteristics that can be readily observed.  Additionally, it shields earth's 
inhabitants from ultraviolet radiation. 

)1(  РтϼЛϦЮϜ: ϱАЂ дв ϸϦвт рϺЮϜм ϤϜϾϝПЮϜм ̭ϝвЮϜ ϼϝ϶Ϡ дв АтЯ϶ дв дмЪϦϦ сϦЮϜм ЌϼцϜ ϱАЂϠ АтϲϦ сϦЮϜ ϤϜϾϝПЮϜ ск мϮЮϜ ϤϝЧϠА 

 ИϝУϦϼϒ пЮϜ ЌϼцϜ1200 ̯ϝϠтϼЧϦ Ьтв  .ϝлϠ ϣЊϝ϶ ϣтϚϝтϾтТ ϤϝУЊ ШЯϦвϦм ϸϸϲвЮϜ ϝлжϝЪв сТ пЧϠϦ ϤϝЧϠАЮϜ иϺк дϓТ ϣтϠϺϝϮЮϜ ϼтϪϓϦ ϞϠЂϠ .

ϣтϮЂУжϠЮϜ ФмТ ϣЛІцϜм ϣтϮϼϝ϶ЮϜ ϤϜϼтϪϓϦЮϜ дв ЌϼцϜ сЧϦ мϮЮϜ ϤϝЧϠА дϓТ ШЮϺ пЮϜ ϣТϝЎцϝϠ. 

(2)  Layers of the atmosphere: 
)2(  мϮЮϜ ϤϝЧϠА : 

      (a) Troposphere: 
       )ϒ( ϣЧϠА  ϼтУЂмϠмϼϦЮϜ: 

  1. It lies closest to the earthΩs surface. 
           1 .ЌϼцϜ ϱАЂ дв ϞϼЧЮϝϠ ЙЧϦ. 

 2. Extends to an altitude of about 30,000 feet at the poles and 60,000 feet at the equator.  The 
difference in altitude is due to the rising heated air at the equator. 

           2 . ИϝУϦϼϒ пЮϜ ϸϦвϦ30000 м ϣтЎϼцϜ ϢϼЪЮϜ ϞϝАЦϒ ϸжК ̯ϝϠтϼЧϦ аϸЦ 60000сϚϜмϦЂцϜ А϶ЮϜ ϸжК аϸЦ  . сТ ФϼУЮϜ ϜϺк

сϚϜмϦЂцϜ А϶ЮϜ сТ ̭ϜмлЮϜ ϢϼϜϼϲ ϣϮϼϸ ИϝУϦϼц йϠϠЂ ϸмЛт ϤϝКϝУϦϼцϜ. 
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      (b)  Tropopause: 
       )Ϟ(  ϾмϠмϠмϼϦЮϜ ϣЧϠА: 

 1.  Boundary between troposphere and stratosphere. 
            1 .ϼтУЂмϦϜϼϦЂЮϜм ϼтУЂмϠмϼϦЮϜ сϦЧϠА дтϠ ϢϼмЊϲв. 

 2.  It has a stable temperature and varies in width. 
            2 .ЌϼЛЮϜ сТ РЯϦ϶Ϧ ϝлжЪЮм ϢϼЧϦЂв ϢϼϜϼϲ ϣϮϼϸ ϣЧϠАЮϜ иϺк ШЯϦвϦ. 

 3. Gradually increases in altitude from the Polar Regions to the equator. 
            3 .сϚϜмϦЂцϜ А϶ЮϜ пЮϜ ϣтϠАЧЮϜ ϣЧАжвЮϜ дв ϝжлϮϦϒ ϝвЯЪ ИϝУϦϼцϜ сТ ̯ϝтϮтϼϸϦ ϸϜϸϾϦ. 

  

      (c)  Stratosphere: 
        )Ϭ(  ϼтУЂмϦϜϼϦЂЮϜ ϣЧϠА: 

 1.  Extends upward from the tropopause to about 50 miles from the earth's surface. 
           1 . ϞϼϝЧт ϝв пЮϜ ϾмϠмϠмϼϦЮϜ ϣЧϠА дв пЯКцϜ пЮϜ ϸϦвϦ50ЌϼцϜ ϱАЂ дв Ьтв . 

 2.  Characterized by a constant (-55°C) temperature, an absence of water vapor, turbulence, no 
clouds, and jet streams. 

           2 . ϣϦϠϝϪ ϢϼϜϼϲ ϣϮϼϸϠ ϣЧϠАЮϜ иϺк ϾтвϦϦ) -55ϣтϾтЯтЂ ϣϮϼϸ ( ,̭ϝвЮϜ ϼϝ϶Ϡ ϸмϮм аϜϸЛжϒ ,ϣтϚϜмлЮϜ ϤϝϠϜϼАЎцϜ , ϝлтТ ϸϮмϦ ъ

амтО ,ϢϸтϸІЮϜ ϤϜϼϝтϦЮϜм . 

 3.  Ozone layer at the top. 
           3 .ϣЧϠАЮϜ иϺк ϣвЦ сТ дмϾмцϜ ϣЧϠА дмЪϦ. 

  
     (d)  Ionosphere: 

        )ϸ(  ϼтУЂмжмтцϜ ϣЧϠА: 

 1.  Extends from the stratosphere to about 600 miles above the earth's surface. 
           1 . сЮϜмϲ пЮϜ ϼтУЂмϦϜϼϦЂЮϜ ϣЧϠА дв ϸϦвϦ600ЌϼцϜ ϱАЂ ФмТ Ьтв . 

 2.  Forms a shield around the earth and protects individuals from ultraviolet radiation. 
           2 .ϣтϮЂУжϠЮϜ ФмТ ϣЛІцϜ дв ϼІϠЮϜ свϲϦм ЌϼцϜ Ьмϲ сЦϜм ̭ϝАО ϣЧϠАЮϜ иϺк дмЪϦ. 

 3.  Temperature increases to 1500 C. 
           3 . пЮϜ ЬЊϦ ϢϼϜϼϲЮϜ ϣϮϼϸ1500ϣтϾтЯтЂ ϣϮϼϸ . 

  

     (e)  Exosphere: 
       )и(  ϼтУЂмЂЪцϜ ϣЧϠА: 

 1.  Extends from the ionosphere to about 1,200 miles above the earth's surface. 
          1 . сЮϜмϲ пЮϜ ϼтУЂмжмтцϜ ϣЧϠА дв ϸϦвϦ1200ЌϼцϜ ϱАЂ ФмТ Ьтв . 

 2.  Hypothetically true space. 
          2 .ϣтϼДжЮϜ ϣтϲϝжЮϜ дв сЧтЧϲЮϜ ̭ϝЎУЮϜ ϣЧϠАЮϜ иϺк ЬϪвϦ. 

   -.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.- 
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× Physiological zones of the atmosphere: 
×  мϮЮϜ ϤϝЧϠАЮ ϣтϮЯЂУЮϜ ФАϝжвЮϜ: 

Man cannot physiologically adapt to all the physical changes of temperature and pressure that occur 
within the various regions. For this reason, the atmosphere is further divided into three 
physiological divisions.  The primary basis for these physiological zones is the pressure changes that 
take place in the human body. 

ϣУЯϦ϶вЮϜ мϮЮϜ ϤϝЧϠА сТ ϨϸϲϦ сϦЮϜ АПЎЮϜм ϢϼϜϼϲЮϜ ϣϮϼϸ сТ ϤϜϼтПϦЮϜ ЙтвϮ Йв аЯЦϓϦт дϒ ̯ϝтϮЯЂТ ЙтАϦЂт ъ дϝЂжцϜ      . ϜϺлЮ
ϞϠЂЮϜ ,ϣтϮЯЂТ аϝЂЦϒ ϣϪыϪ пЮϜ ϝлвтЂЧϦ аϦ мϮЮϜ ϤϝЧϠА дϓТ . сϦЮϜ АПЎЮϜ сТ ϤϜϼтПϦЮϜ ск ϣтϮЯЂУЮϜ ФАϝжвЮϜ иϺлЮ ϣтЂϝЂцϜ ϢϸКϝЧЮϜ

дϝЂжцϜ аЂϮ пЯК ϼϪϔϦ . 

(1)  Efficient zone: 
)1 ( ϣтТϝЪЮϜ ϣЧАжвЮϜ: 

       (a)  Extends from sea level to 10,000 feet. 
     )ϒ(  ИϝУϦϼϒ пЮϜ ϼϲϠЮϜ ϱАЂ омϦЂв дв ϸϦвϦ10000аϸЦ . 

       (b)  Most individuals are physiologically adapted to this zone. 
     )Ϟ( ϣЧАжвЮϜ иϺк пЮϜ ̯ϝтϮЯЂТ дтУтЪв дмжмЪт ϼІϠЮϜ ϣтϠЯОϒ . 

       (c) Oxygen levels within this zone are sufficient for a normal, healthy person without the aid of 
protective equipment. 

     )Ϭ( ЀУжϦЯЮ ϤϜϸЛв пЮϜ ϣϮϝϲЮϜ дмϸϠ сЛтϠАЮϜ Ј϶ІЯЮ ϣтТϝЪ дмЪϦ ϣЧАжвЮϜ иϺк ϸмϸϲ сТ дтϮЂЪмцϜ ϤϝтмϦЂв . 
      (d) Barometric pressure drops from 760mm/hg to 523mm/hg in this zone. 

     )ϸ(  дв ЌУ϶жт рмϮЮϜ АПЎЮϜ760 пЮϜ ФϠϚϾ аЯв 523ϣЧАжвЮϜ иϺк сТ ФϠϚϾ аЯв  . 
      (e) Rotary wing aircraft flights take place in this layer. 

     )и( ϣЧϠАЮϜ иϺк ϸмϸϲ двЎ дмЪт ϣтϲмϼвЮϜ ϤϜϼϚϝАЮϜ дϜϼтА. 

 (2)  Deficient zone: 
)2 ( ЈЧжЮϜ ϣЧАжв: 

     (a)  Extends from 10,000 feet to 50,000 feet. 
     )ϒ(  дв ϸϦвϦ10000 пЮϜ аϸЦ 50000аϸЦ . 

     (b) Noticeable physiological problems, such as hypoxic hypoxia and evolved gas disorders, occur 
unless supplemental oxygen is used. 

    )Ϟ( ϣЧАжвЮϜ иϺк сТ ϣтϮЯЂУЮϜ ЬЪϝІвЮϜ Ϩмϸϲ ϒϸϠт , ϝтЂЪмϠтϝлЮϜ ЬϪв)аϸЮϜ сТ дтϮЂЪмцϜ дϝЊЧж( ϼмЊϲвЮϜ ϾϝПЮϜ ϤϝϠϜϼАЎϒм . иϺк
сТϝЎцϜ дтϮЂЪмцϜ аϜϸ϶ϦЂϓϠ ϝкϾмϝϮϦ дЪвт ̭ϝтІцϜ. 

     (c) Barometric pressure drops from 523mm/hg at 10,000 feet to 87mm/hg at 50,000 feet. 
    )Ϭ(  дв ЌУ϶жт рмϮЮϜ АПЎЮϜ523 ИϝУϦϼϒ ϸжК ФϠϚϾ аЯв 10000 пЮϜ аϸЦ 87 ИϝУϦϼϒ ϸжК ФϠϚϾ аЯв 50000аϸЦ . 

(3)  Space equivalent zone: 
)3 (ϣЧАжвЮϜϣϚТϝЪвЮϜ  ̭ϝЎУЯЮ:   

     (a)  Extends upward from 50,000 feet. 
     )ϒ(  ИϝУϦϼϒ дв пЯКцϜ пЮϜ ϸϦвϦ50000аϸЦ . 

     (b) Without an artificial atmospheric environment, this zone is lethal to humans and death will occur 
rapidly. 

     )Ϟ( ϣЛтϼЂ ϢϼмЊϠ ϨϸϲϦ ϤϝТмЮϜм ϼІϠЯЮ ϣϦтвв дмЪϦ ϣЧϠАЮϜ иϺк дϓТ сКϝжАЊцϜ рмϮЮϜ АтϲвЮϜ аϜϸ϶ϦЂϒ дмϸϠ. 
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× Composition of the Atmosphere: 
×  мϮЮϜ ϤϝЧϠАЮ ϣтϾϝПЮϜ ϤϝжмЪвЮϜ: 

(1) Nitrogen (N2):  78%. It is the most plentiful gas in the atmosphere. Nitrogen is an essential building 
block of life, but not readily used by the body. Nitrogen saturates body cells and tissues, which may 
cause evolved gas disorders. 

)1 ( дтϮмϼϦжЮϜ ϾϝО)N2 : (78% .̭ϜмлЮϜ сТ ϢϼТм ϼϪЪцϜ ϾϝПЮϜ мк ϾϝПЮϜ ϜϺк .ϢϝтϲЯЮ сЂϝЂϒ ̭ϾϮ мк дтϮмϼϦжЮϜ ϾϝО , аϦт ъ йжЪЮм

ϢϼІϝϠв ϢϼмЊϠ аЂϮЮϜ ЬϠЦ дв йвϜϸ϶ϦЂϒ . ϾϝПЮϜ ϤϝϠϜϼАЎϓϠ ϞϠЂϦт ϸЦ ϝвв аЂϮЮϜ ϝты϶м ϣϮЂжϒ ЙϠІ̳тм Ь϶Я϶Ϧт дтϮмϼϦжЮϜ ϾϝО
аЂϮЮϜ сТ ϼмЊϲвЮϜ. 

(2) Oxygen (O2):  21%. It is the second most plentiful gas.  The human body uses O2 to convert body 
fuels into energy. 

)2 ( дтϮЂЪмцϜ ϾϝО)O2 : (21% .̭ϜмлЮϜ сТ ϢϼТмЮϜ Ϩтϲ дв сжϝϪЮϜ ϾϝПЮϜ мк . Јы϶ϦЂц дтϮЂЪмцϜ ϾϝО аϸ϶ϦЂт дϝЂжцϜ аЂϮ

ϣтЎтцϜ ϤϝтЮϝЛУЮϜ сТ ϣЦϝАЮϜ . 

(3) Other gases:  1%.  Carbon dioxide (CO2) (.03%) -contained in the other 1% of gases and is essential 
to controlling respiration.   

)3 ( оϼ϶фϜ ϤϜϾϝПЮϜ :1% . дмϠϼϝЪЮϜ ϸтЂЪмϒ сϚϝжϪ ϾϝО)CO2) (0.03 (% пЯК ϢϼАтЂЯЮ сЂϝЂϒ ϾϝО мкм ϤϜϾϝПЮϜ иϺк ϸϲϒ мк

ЀУжϦЮϜ . 

-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.- 

× Atmospheric Pressure:  
×  рмϮЮϜ АПЎЮϜ: 

1. Atmospheric (barometric) pressure: Definition ς ǘƘŜ ƳŜŀǎǳǊŜƳŜƴǘ ƻŦ ǇǊŜǎǎǳǊŜ ŜȄŜǊǘŜŘ ƻƴ ǘƘŜ ŜŀǊǘƘΩǎ 
surface from the gases and water in the atmosphere. 

1.  рмϮЮϜ АПЎЮϜ:РтϼЛϦЮϜ  -мϮЮϜ сТ ϢϸмϮмвЮϜ ̭ϝвЮϜм ϤϜϾϝПЮϜ ЬϠЦ дв ЌϼцϜ ϱАЂ пЯК АЯЂвЮϜ АПЎЮϜ ϼϜϸЧв мк. 

2. It is an observable characteristic that can be expressed in PSI, mm/Hg, inches of Hg, or in feet as 
indicated by an altimeter. 

2. ϤϜϸϲмϠ ϝлЂϝтЦ дЪвт сϦЮϜ ϣтϚϝтϾтУЮϜ ЈϚϝЊ϶ЮϜ ϸϲϒ мк рмϮЮϜ АПЎЮϜ "ЙϠϼвЮϜ ЄϦжцϜ сТ ϸжмϝϠ" ,"ФϠϚϾ аЯв" ,"ФϠϚϾ ЄϦжϒ" , мϜ

ϢϼϚϝАЮϜ сТ ИϝУϦϼцϜ ЀϝтЧв ϾϝлϮ сТ ЬϝϲЮϜ мк ϝвЪ аϜϸЦцϝϠ . 

3. The percentage of Nitrogen (78%), Oxygen (21%), and Other gases (1%) in the atmosphere remains 
constant but pressure decreases with altitude. This decrease in pressure is responsible for most 
physiological problems in flight. 

3. дтϮмϼϦжЮϜ ϤϜϾϝПЮ ϣтϔвЮϜ ϣϠЂжЮϜ )78%( , дтϮЂЪмцϜ)21%( , оϼ϶цϜ ϤϜϾϝПЮϜ ϣтЧϠм)1%(  иϺк АПЎ дЪЮм ϣϦϠϝϪ пЧϠϦ мϮЮϜ сТ

ИϝУϦϼцϜ ϸϜϾ ϝвЯЪ ЬЧт ϤϜϾϝПЮϜ .дϜϼтАЮϜ сТ ϨϸϲϦ сϦЮϜ ϣтϮЯЂУЮϜ ЬЪϝІвЮϜ ϞЯОϒ дК ЬмϔЂвЮϜ мк АПЎЮϜ дϝЊЧж. 

4. Standard sea level atmospheric pressure is 760mm/Hg.  At 18,000 feet this atmospheric pressure is 
reduced to 380mm/Hg or one-half the pressure found at sea level. The chart shows other significant 
altitudes and atmospheric pressure reductions. 

4. мк ϼϲϠЮϜ ϱАЂ омϦЂв ϸжК рмϮЮϜ АПЎЮϜ 760ФϠϚϾ аЯв  . ИϝУϦϼϒ ϸжК18000 пЮϜ ЬЧт рмϮЮϜ АПЎЮϜ ϜϺк дϓТ аϸЦ 380 ФϠϚϾ аЯв 

ϼϲϠЮϜ ϱАЂ омϦЂв ϸжК ϸмϮмвЮϜ рмϮЮϜ АПЎЮϜ РЊж мϜ .ИϝУϦϼцϜ ϢϸϝтϾ ϸжК рмϮЮϜ АПЎЮϜ дϝЊЧж дтϠт сЮϝϦЮϜ ЬмϸϮЮϜ. 
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ALTITUDE 
  ИϝУϦϼцϜ 

 PRESSURE 

               АПЎЮϜ 
FEET 
аϜϸЦцϝϠ 

mm/Hg 
 ФϠϚϾ аЯв 

ATMOSPHERES 

   АПЎЮϜ ϣϠЂж 

Sea level 

18,000 

34,000 

48,000 

63,000 

760 

380 

190 

 95 

 47 

               1 

 ½ 

 ¼ 

 1/8 

 1/16 

 

 

-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.- 
  

× Dalton's Law of Partial Pressure: 

×  сϚтϾϮЮϜ АПЎЮϝϠ Јϝ϶ЮϜ дмϦЮϜϸ дмжϝЦ: 

 
(1)  Definition - the pressure exerted by a mixture of gases is equal to the sum of the partial pressures of 
each gas in the mixture. 

)1(  РтϼЛϦЮϜïАтЯ϶ЮϜ ШЮϺ сТ ϾϝО ЬЪЮ ϣтϚтϾϮЮϜ АмПЎЮϜ ИмвϮв пЮϜ рмϝЂв дмЪт ϤϜϾϝПЮϜ дв АтЯ϶ пЯК АЯЂ̳вЮϜ АПЎЮϜ   . 

 
(2)  Significance: 

)2(  дмжϝЧЮϜ ϜϺк ϣтвкϒ: 

      (a)  The total atmospheric pressure exerted on the body decreases with altitude. 
     )ϒ( ИϝУϦϼцϜ ϸтϾт ϝвЯЪ ЬЧт аЂϮЮϜ пЯК АЯЂ̳вЮϜ рмϮЮϜ АПЎЯЮ сЯЪЮϜ ИмвϮвЮϜ. 

      (b)  The partial pressure of oxygen decreases with increased altitude. 
     )Ϟ( ИϝУϦϼцϜ ϢϸϝтϾ Йв ЬЧт дтϮЂЪмцϜ ϾϝПЮ сϚтϾϮЮϜ АПЎЮϜ.  

      (c)  The amount of O2 in a given volume of air decreases with altitude. 

     )Ϭ( ИϝУϦϼцϜ ϢϸϝтϾ Йв ЬЧϦ ̭ϜмлЮϜ дв дтЛв аϮϲ сТ ϢϸмϮмвЮϜ дтϮЂЪмцϜ ϾϝО ϣтвЪ. 

 

-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.- 
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× Circulatory System: 
×  дϜϼмϸЮϜ ϾϝлϮ: 

 

 A. Functions of the circulatory system: 
ϒ . дϜϼмϸЮϜ ϾϝлϮ РϚϝДм: 

    (1)  Transport oxygen and nutrients (fuels) to cells throughout the body. 
)    1( аЂϮЮϜ ̭ϝϲжϒ ЙтвϮ сТ ϝты϶ЮϜ пЮϜ ϣтϚϜϺПЮϜ ϸϜмвЮϜм дтϮЂЪмцϜ ϾϝО ЬЧж. 

    (2)  Transport metabolic waste products to organ removal sites. 
)    2( аЂϮЮϜ Ϭϼϝ϶ ϝлϲϼА дК ϣЮмϔЂвЮϜ аЂϮЮϜ ̭ϝЎКϒ пЮϜ ϣтЎтцϜ ϤϝУЯ϶вЮϜ ϤϝϮϦжв ЬЧж. 

    (3)  Assists in temperature regulation. 
)    3( ϢϼϜϼϲЮϜ ϣϮϼϸ атДжϦ сТ ϢϸКϝЂвЮϜ. 

 

 

B. Components of the circulatory system: 
Ϟ . дϜϼмϸЮϜ ϾϝлϮ ϤϝжмЪв: 

     (1)  Arteries ς vessels that transport oxygenated blood from the heart to the body. 
)    1 (дттϜϼІЮϜ - аЂϮЮϜ ̭ϝϲжϒ пЮϜ ϞЯЧЮϜ дв дтϮЂЪмцϝϠ ЙϠІвЮϜ аϸЮϜ ЬЧжϦ сϦЮϜ ϣтКмцϜ ск. 

     (2)  Veins - vessels that transport deoxygenated blood from the body to the heart. 
)    2 (ϢϸϼмцϜ ïϞЯЧЮϜ пЮϜ аЂϮЮϜ ̭ϝϲжϒ дв ϸЂЪϔв ϼтПЮϜ аϸЮϜ ЬЧжϦ сϦЮϜ ϣтКмцϜ ск . 

     (3)  Capillaries: 
)    3 ( ϣтϼЛІЮϜ ϣтКмцϜ: 

               (a)  Connect arteries to veins. 
                )ϒ( ϢϸϼмцϝϠ дттϜϼІЮϜ АϠϼϦ. 

 (b) Contact most tissues of the body transferring O2, nutrients, CO2, and waste products 
between the cells and blood. 

               )Ϟ( дтϮЂЪмъϜ ϾϝО ЬϝЧϦжϒ ϝлЮы϶ дв аϦтм аЂϮЮϜ ϣϮЂжϒ ϞЯОϒ Йв ЀвыϦϠ ϣтϼЛІЮϜ ϣтКмцϜ дмЪϦ ,ϣтϚϜϺПЮϜ ϸϜмвЮϜ , ϾϝО
дмϠϼϝЪЮϜ ϸтЂЪмϒ сϚϝжϪ ,маϸЮϜм ϝты϶ЮϜ дтϠ ϣтЎтцϜ ϤϝУЯ϶вЮϜ ϤϝϮϦжв. 

               (c)Walls of the capillaries are one cell thick. 
               )Ϭ( ϢϸϲϜм ϣтЯ϶ ШвЂϠ дмЪϦ ϣтϼЛІЮϜ ϣтКмцϜ дϜϼϸϮ. 

 (d)  Gas diffusion takes place between the body tissues and the blood.   
               )ϸ( аϸЮϜм аЂϮЮϜ ϣϮЂжϒ дтϠ ϤϜϾϝПЮϜ ϼϝІϦжϒ ϝлЮы϶ дв аϦт. 
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C. Components and functions of blood: The average individual has 10 pints of blood which is 
approximately 5% of total body weight. 

Ϭ . аϸЮϜ РϚϝДмм ϤϝжмЪв: йтϸЮ АЂмϦвЮϜ Ј϶ІЮϜ 10 сЮϜмϲ аϸЮϜ ЬЪІтм йвЂϮ сТ аϸ ЬАϠ 5 %аЂϮЮϜ дϾм дв. 

       (1)  Plasma:  55% of whole blood: 
)    1 ( ϝвϾыϠЮϜ: 

 (a)  Fluid part of the blood composed mainly of salt, water, and proteins. 
          )ϒ( ϰывцϜ дв дмЪϦϦм аϸЮϜ дв ЬϚϝЂЮϜ ̭ϾϮЮϜ ск ,̭ϝвЮϜ ,ϤϝжтϦмϼϠЮϜм. 

 (b)  One of its important functions is to transport CO2 in the blood. 
         )Ϟ( аϸЮϜ сТ дмϠϼϝЪЮϜ ϸтЂЪмϒ сϚϝжϪ ϾϝО ЬЧж мк ϝвϾыϠЮϜ РϚϝДм акϒ ϸϲϒ. 

       (2)  White blood cells (WBCs or leukocytes): 
)    2 ( ЌтϠЮϜ аϸЮϜ ϝты϶: 

 (a)  Differ from red blood cells in that they contain no hemoglobin. 
          )ϒ( дтϠмЯОмвтлЮϜ ϣПϠЊ ШЯϦвϦ ъ ϝлжϓϠ ̭ϜϼвϲЮϜ аϸЮϜ ϝты϶ дК ϝты϶ЮϜ иϺк РЯϦ϶Ϧ. 

 (b)  Main function is to fight infection or inflammation.  
         )Ϟ( омϸЛЮϜм ϞϝлϦЮцϜ ϣϠϼϝϲв мк ЌтϠЮϜ аϸЮϜ ϝты϶Ю ϣтЂϝЂцϜ ϣУтДмЮϜ. 

        (3)  Platelets (Thrombocytes): 
)    3 ( аϸЮϜ ϤϝϲтУЊ: 

 (a)  Small irregular shaped bodies produced by the bone marrow. 
         )ϒ( аДЛЮϜ Иϝ϶ж дв ϸЮмжϦ ЬЪІЮϜ ϣвДϦжв ϼтО ϢϼтПЊ аϝЂϮϒ ск. 

 (b)  Aid in blood coagulation and maintaining the circulatory system. 
        )Ϟ( ϣтмвϸЮϜ ϢϼмϸЮϜ пЯК ϣДТϝϲвЮϜм аϸЮϜ ϼϪ϶Ϧ ϣтЯвК сТ ϸКϝЂϦ. 

        (4) Red blood cells (RBCs or erythrocytes). 
)4 ( ̭ϜϼвϲЮϜ аϸЮϜ ϝты϶: 

 (a) Have an iron-containing compound, hemoglobin, which is responsible for the O2 uptake of 
these cells. 

       )ϒ(  пвЂт ϸтϸϲЮϜ пЯК рмϦϲт ϞЪϼв ϝлтТ ϸϮмт"дтϠмЯОмвтлЮϜ "̭ϜϼвϲЮϜ аϸЮϜ ϝты϶ сТ дтϮЂЪмцϜ ϾϝО ЬЧж дК ЬмϔЂвЮϜ мкм . 

 (b) Bright red color of arterial blood results from the combination of O2 with hemoglobin; 
darker color of venous blood reflects hemoglobin that has no O2 attached to it. 

      )Ϟ( дтϠмЯОмвтлЮϜ Йв дтϮЂЪмцϜ ϾϝО ϸϝϲϦϒ дв ϭϦжт сжϝтϼІЮϜ аϸЯЮ сжϝЧЮϜ ϼвϲцϜ дмЯЮϜ . дмЮ ЀЪЛт рϸтϼмЮϜ аϸЯЮ аϦϝЧЮϜ дмЯЮϜ
дтϮЂЪмцϜ ϾϝПϠ ЬЊϦв ϼтПЮϜ дтϠмЯОмвтлЮϜ.  

 (c) Produced in the bone marrow and the number RBCs that an individual has depends largely 
on their environment. Such factors as the altitudes at which a person lives and whether a person smokes 
will influence RBC reproduction. 

      )Ϭ( йтТ ЄтЛт рϺЮϜ АтϲвЮϜ пЯК ϸвϦЛт Ј϶ІЮϜ сТ ̭ϜϼвϲЮϜ аϸЮϜ ϝты϶ ϸϸКм аДЛЮϜ Иϝ϶ж дв ̭ϜϼвϲЮϜ аϸЮϜ ϝты϶ ϸЮмϦϦ . иϺк ϸϲϒ
 аϸЮϜ ϝты϶ ϸЮмϦ пЯК ϢϼϸЧЮϜ пЯК ϼϪмт ̭сІЮϜ ϜϺкм д϶ϸт Ј϶ІЮϜ дϝЪ ϜϺϒ ϝвтТм Ј϶ІЮϜ йтТ ЄтЛт рϺЮϜ дϝЪвЮϜ ИϝУϦϼϒ мк ЬвϜмЛЮϜ

̭ϜϼвϲЮϜ . 

-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.- 
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× Respiratory System: 
×  ЀУжϦЮϜ ϾϝлϮ: 

    A. Respiration:  Definition ς it is the process by which a living organism exchanges gases with its 
environment. 

ϒ . ЀУжϦЮϜ: РтϼЛϦЮϜ ïйАтϲвм сϲЮϜ дϚϝЪЮϜ дтϠ ϤϜϾϝПЮϜ ЬϸϝϠϦ ϝлЮы϶ дв аϦт сϦЮϜ ϣтЯвЛЮϜ мк . 
    B. Functions: 

Ϟ . ЀУжϦЮϜ РϚϝДм:  
         (1)  Provide oxygen to the cells of the human body. 

)     1( аЂϮЮϜ ϝты϶ пЮϜ дтϮЂЪмцϜ ϾϝО ϼтТмϦ. 

         (2)  Remove carbon dioxide from the cells of the human body. 
)     2( аЂϮЮϜ ϝты϶ дв дмϠϼϝЪЮϜ ϸтЂЪмϒ сϚϝжϪ ϾϝО ϣЮϜϾϒ. 

         (3)  Assists in maintaining body temperature. 
)     3( аЂϮЮϜ ϢϼϜϼϲ ϣϮϼϸ пЯК ϣДТϝϲвЮϜ сТ ϸКϝЂт. 

         (4)  Assists in maintaining body acid-base balance. 
)     4( сЎвϝϲЮϜ дϾϜмϦЮϜ пЯК ϣДТϝϲвЮϜ сТ ϸКϝЂт-аЂϮЮϜ сТ рϸКϝЧЮϜ. 

  C. Types of respiration (external and internal): 
Ϭ . ЀУжϦЮϜ ИϜмжϒ)сЯ϶ϜϸЮϜ ЀУжϦЮϜм сϮϼϝ϶ЮϜ ЀУжϦЮϜ(:  

         (1) External respiration ς lungs are ventilated during inhalation and exhalation, and gases are 
transferred through the lungs into the blood stream. 

)      1 ( сϮϼϝ϶ЮϜ ЀУжϦЮϜïϼтТϾЮϜм ФтлІЮϜ ϸжК дтϦϚϼЮϜ Ϭϼϝ϶м Ь϶Ϝϸ пЮϜ ̭ϜмлЮϜ ЬЧϦжт  , пЮϜ дтϦϚϼЮϜ Ьы϶ дв ϤϜϾϝПЮϜ ЬϸϝϠϦ аϦтм

аϸЮϜ оϼϮв . 

 (a) Phases of external respiration - the respiratory cycle is an involuntary process that continues 
unless a conscious effort is made to control it.  There are two phases of external respiration: 

            )ϒ(  сϮϼϝ϶ЮϜ ЀУжϦЮϜ ЬϲϜϼвï иϝϠϦжцϜ ϼтϪϓϦϠ ϝлтЯК ϢϼАтЂЮϜ аϦт аЮ ϝв ϨмϸϲЮϝϠ ϼвϦЂϦм ϣтϸϜϼϒъ ϣтЯвК ск ЀУжϦЮϜ Ϣϼмϸ 
ЀУжϦЯЮ сКмЮϜм .сϮϼϝ϶ЮϜ ЀУжϦЮϜ дтϦЯϲϼв Шϝжк : 

 1.  Active phase ς the movement of air into the lungs (inhalation) is known as the active phase.  
During inhalation the chest wall expands and the diaphragm moves downward creating an area of lower 
pressure inside the lungs.  With a higher pressure outside the lungs the law of gaseous diffusion takes 
place and the lungs fill with air. 

             1 . ϣАІжЮϜ ϣЯϲϼвЮϜï дтϦϚϼЮϜ Ь϶Ϝϸ пЮϜ ̭ϜмлЮϜ ϣЪϼϲ ϣЯϲϼв ск )ФтлІЮϜ( . ФтлІЮϜ ϣЯϲϼв Ьы϶ ЙЂмϦт ϼϸЊЮϜ ϼϜϸϮ

дтϦϚϼЮϜ Ь϶Ϝϸ ЬЦϒ АПЎ ФЯ϶ пЮϜ рϸϔт ϝвв ЬУЂцϜ пЮϜ ϾϮϝϲЮϜ ϞϝϮϲЮϜ ШϼϲϦтм . дв ЬЧϦжт ̭ϜмлЮϜ дϓТ ϤϜϾϝПЮϜ ϼϝІϦжϒ дмжϝЧЮ ̯ϝЧϠАм
 аЂϮЮϜ Ϭϼϝ϶)пЯКϒ АПЎ( дтϦϚϼЮϜ Ь϶Ϝϸ пЮϜ    . 

 2. Passive phase ς the movement of air from the lungs (exhalation) is known as the passive 
phase.  During exhalation the diaphragm relaxes and the chest walls contract increasing pressure inside 
the lungs.  Once the glottis is opened, the pressure causes the air to rush out, releasing CO2 into the 
atmosphere. 

            2 .ϣЮϝЛУЮϜ ϼтПЮϜ ϣЯϲϼвЮϜ ï дтϦϚϼЮϜ Ϭϼϝ϶ пЮϜ ̭ϜмлЮϜ ϣЪϼϲ ϣЯϲϼв ск )ϼтТϾЮϜ( . ϼтТϾЮϜ ϣЯϲϼв Ьы϶ ϾϮϝϲЮϜ ϞϝϮϲЮϜ АЂϠжт

дтϦϚϼЮϜ Ь϶Ϝϸ АПЎЮϜ ϢϸϝтϾ пЮϜ рϸϔт ϝвв ϼϸЊЮϜ ϼϜϸϮ ЈЯЧϦтм .ϼϝвϾвЮϜ дϝЂЮ ϱϦУжт ϝвЮϝϲ , АПЎЮϜ ϼтϪϓϦϠ Ϭϼϝ϶ЮϜ пЮϜ ЙТϸжт ̭ϜмлЮϜ дϓТ
аЂϮЮϜ Ϭϼϝ϶ пЮϜ дмϠϼϝЪЮϜ ϸтЂЪмϒ сϚϝжϪ ϾϝО ϰϼА пЮϜ рϸϔт ϝвв дтϦϚϼЮϜ Ь϶Ϝϸ сЮϝЛЮϜ. 
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 (b)  Components of the external respiratory system: 
             )Ϟ(  сϮϼϝ϶ЮϜ ЀУжϦЮϜ ϾϝлϮ ϤϝжмЪв: 

 1. Oral-nasal passage: 
              1 .ϣтмвУЮϜ рϼϝϮвЮϜ- ϣтУжцϜ: 

 a. Includes the mouth and nasal cavities. 
ϒ               .ϣтУжцϜ РтмϝϮϦЮϜм аУЮϜ дв РЮϓϦт. 

 b. Nasal cavity contains many fine, ciliated hair cells which filter particles from the air upon 
inhalation. Therefore, air that enters through the nasal cavity is cleaner than air that enters through the 
mouth. 

Ϟ             . ϸжК ̭ϜмлЮϜ сТ ϢϸмϮмвЮϜ ϢϼтПЊЮϜ аϝЂϮцϜ ϣтУЊϦ пЯК ϸКϝЂϦ сϦЮϜ ϢϸϸЛϦв ϢϼтПЊ ϤϜϼтЛІ пЯК рмϦϲϦ ϣтУжцϜ РтмϝϮϦЮϜ
ЀУжϦЮϜ .аУЮϜ Ьы϶ дв Ь϶ϸт рϺЮϜ ̭ϜмлЮϜ дв РДжϒ дмЪт ϣтУжцϜ РϠмϝϮϦЮϜ ФтϼА дК йЦϝІжϦЂϒ аϦт рϺЮϜ ̭ϜмлЮϜ дϓТ ШЮϺЮ. 

  

            2.  Pharynx: 
            2 . амЛЯϠЮϜ: 

 a. Back of the throat and is connected to oral-nasal cavity and the trachea. 
ϒ              .свУЮϜ РϠмϮϦЮϜ АϠϼтм ϢϼϮжϲЮϜ РЯ϶ мк-ϣтϚϜмлЮϜ ϣϠЊЧЮϜ пЮϜ сУжцϜ . 

 b. Humidifies and warms the air entering the respiratory system. 
Ϟ             .дтϦϚϼЮϜ иϝϮϦϓϠ иϼмϼв ϸжК ̭ϜмлЮϜ ϣϚТϸϦм ϞтАϼϦ аϦт. 

 
 3.  Trachea (Windpipe): 

            2 . ϣтϚϜмлЮϜ ϣϠЊЧЮϜ: 

 a. Tube through which air moves down into the bronchi. 
ϒ             .ϤϝϠтЊ̳ЧЮϜ пЮϜ йЮы϶ дв ̭ϜмлЮϜ ϼвт рϺЮϜ ϞмϠжцϜ ск. 

 b. From here, air continues to move down through the bronchi and increasingly smaller 
passages, or ducts, until it reaches the alveoli. 

Ϟ            . ЬЊт дϒ пЮϜ ЬУЂцϜ пЮϜ ϤлϮϦϒ ϝвЯЪ ϝкϼАЦ ЬЧт сϦЮϜ ϤϝϠтЊ̳ЧЮϜ Ьы϶ дв ЬУЂцϜ мϲж ШϼϲϦЮϝϠ ϼвϦЂт ̭ϜмлЮϜ дϓТ ϝжк дв
ϣтϚϜмлЮϜ ϤыЊтмϲЮϜ пЮϜ ̭ϜмлЮϜ. 

   
 (2) Internal respiration - gases are transported to and from body tissues by the blood.   

)          2 (сЯ϶ϜϸЮϜ ЀУжϦЮϜ ïаϸЮϜ ФтϼА дК аЂϮЮϜ ϣϮЂжϒ пЮϜм дв ЬЧϦжϦ ϤϜϾϝПЮϜ  . 

 (a)  Alveoli: 
          )ϒ(  ϣтϚϜмлЮϜ ϤыЊтмϲЮϜ: 

 1.  Small sacs surrounded by a network of capillaries. 
           1 .ϣтϼЛІЮϜ ϣтмвϸЮϜ ϣтКмцϜ дв ϣЪϠІϠ ϣАϝϲ̳в ϢϼтПЊ ЀϝтЪϒ дК ϢϼϝϠК ск. 

 2.  There are approximately 300 million alveoli in a pair of human lungs. 
           2 . сЮϜмϲ Шϝжк ϸϮмт300дϝЂжцϜ ϸжК дтϦϚϼЮϜ сТ ϣЯЊтмϲ дмтЯв . 
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 3. Actual site of oxygen and carbon dioxide exchange between the respiratory and circulatory 
systems. 

           3 . ϾϝлϮм ЀУжϦЮϜ ϾϝлϮ дтϠ дмϠϼϝЪЮϜ ϸтЂЪмϒ сϚϝжϪм дтϮЂЪмцϜ ϤϜϾϝО ЬϸϝϠϦ йтТ аϦт рϺЮϜ дϝЪвЮϜ ск ϣтϚϜмлЮϜ ϤыЊтмϲЮϜ

дϜϼмϸЮϜ. 
 (b)  Law of Gaseous Diffusion - this law states that a gas moves from an area of high pressure to 
an area of lower pressure. 

          )Ϟ( ϤϜϾϝПЮϜ ϼϝІϦжϒ дмжϝЦ ï ϤϜϺ ϣЧАжвЮϜ пЮϜ сЮϝЛЮϜ АПЎЮϜ ϤϜϺ ϣЧАжвЮϜ дв ШϼϲϦт ϾϝО рϒ дϒ пЯК Јжт дмжϝЧЮϜ ϜϺк 

сАϜмЮϜ АПЎЮϜ . 
 (c)  Blood gas exchange. 

          )Ϭ( аϸЮϜ сТ ϤϜϾϝПЮϜ ЬϸϝϠϦ 
 1. When O2 reaches the alveoli, it crosses a thin cellular barrier and moves into the capillary to 
reach the RBC.  As the O2 enters the alveoli, it has a partial pressure (PO2) of about 100mm/Hg.  Within 
the blood the PO2 of the venous blood is about 40mm/Hg.  As the blood flows through the capillary the 
O2 move from the area of high pressure within the alveoli to the area of lower pressure within the 
blood.  Therefore O2 saturation of RBCs takes place. 

          1 . ϣтКмцϜ Ь϶Ϝϸ пЮϜ ЬЧϦжтм ЙтТϼ рмЯ϶ ϾϮϝϲ Ьы϶ дв ϼϠЛт йжϓТ ϣтϚϜмлЮϜ ϤыЊтмϲЮϜ пЮϜ дтϮЂЪмцϜ ϾϝО ЬЊт ϝвϸжК

̭ϜϼвϲЮϜ аϸЮϜ ϤϝтϼЪ пЮϜ ЬЊтЮ ϣтϼЛІЮϜ ϣтмвϸЮϜ . пЮϜ рмϝЂв дтϮЂЪмцϜ ϾϝПЮ сϚтϾϮЮϜ АПЎЮϜ дмЪт дϝЪвЮϜ ϜϺк сТ100 ФϠϚϾ аЯв 

 ̯ϝϠтϼЧϦ  . пЮϜ рмϝЂв рϸтϼмЮϜ аϸЮϜ сТ дтϮЂЪмцϜ ϾϝПЮ сϚтϾϮЮϜ АПЎЮϜ дмЪт ϝвжтϠ40ФϠϚϾ аЯв  . ϣтмвϸЮϜ ϣтКмцϜ Ьы϶ аϸЮϜ ШϼϲϦт ϝвЯЪ

аϸЮϜ Ь϶Ϝϸ ϙАϜмЮϜ АПЎЮϜ ϤϜϺ ϣЧАжвЮϜ пЮϜ ϤыЊтмϲЮϜ Ь϶Ϝϸ сЮϝЛЮϜ АПЎЮϜ ϤϜϺ ϣЧАжвЮϜ дв ШϼϲϦт дтϮЂЪмцϜ ϾϝО дϓТ ϣтϼЛІЮϜ .
ϣтϚϜмлЮϜ ϤыЊтмϲЮϜ Ь϶Ϝϸ Ϩϸϲт дтϮЂЪмцϜ ϾϝПϠ аϸЮϜ ЙϠІϦ дϓТ ШЮϺЮ  . 

 2.  CO2 diffuses from the blood to the alveoli in the same manner.  The PO2 in the venous blood 
is around 46mm/Hg in the alveoli.  As the blood moves through the capillaries, the CO2 moves from the 
high PCO2 in the capillaries to an area of lower PCO2 in the alveoli.  The CO2 is then exhaled during the 
next passive phase of respiration (exhalation). 

           2 .ϣЧтϼАЮϜ ЀУжϠ ϣтϚϜмлЮϜ ϤыЊтмϲЮϜ пЮϜ аϸЮϜ дв дмϠϼϝЪЮϜ ϸтЂЪмϒ сϚϝжϪ ϾϝО ϼІϦжт . ϸтЂЪмϒ сϚϝжϪ ϾϝПЮ сϚтϾϮЮϜ АПЎЮϜ

 мк рϸтϼмЮϜ аϸЮϜ сТ дмϠϼϝЪЮϜ46 ̯ϝϠтϼЧϦ ФϠϚϾ аЯв  . дмϠϼϝЪЮϜ ϸтЂЪмϒ сϚϝжϪ ϾϝО дϓТ ϣтϼЛІЮϜ ϣтмвϸЮϜ ϣтКмцϜ Ьы϶ аϸЮϜ ШϼϲϦт ϝвЯЪ

ϣтϚϜмлЮϜ ϤыЊтмϲЮϜ сТ ϙАϜмЮϜ АПЎЮϜ ϣЧАжв пЮϜ ϣтϼЛІЮϜ ϣтКмцϜ сТ сЮϝЛЮϜ АПЎЮϜ ϣЧАжв дв ЬЧϦжт . сϚϝжϪ ϾϝО ϰϼА аϦт Шϝжк дв
ϼтТϾЮϜ ϣЯϲϼв Ьы϶ аЂϮЮϜ Ϭϼϝ϶ пЮϜ дмϠϼϝЪЮϜ ϸтЂЪмϒ. 

NOTE: The exchange of O2 and CO2 between tissue and capillaries occurs the same as it does 
between the alveoli and capillaries. 

   ϣДϲыв: ϨϸϲϦ рϼЛІЮϜ ϣтмвϸЮϜ ϣтКмцϜм аЂϮЮϜ ϣϮЂжϒ дтϠ дмϠϼϝЪЮϜ ϸтЂЪмϒ сϚϝжϪм дтϮЂЪмцϜ ϤϜϾϝПЮ рϾϝПЮϜ ЬϸϝϠϦЮϜ 

ϣтϼЛІЮϜ ϣтмвϸЮϜ ϣтКмцϜм ϣтϚϜмлЮϜ ϤыЊтмϲЮϜ дтϠ ϨϸϲϦ сϦЮϜ ϣЧтϼАЮϜ ЀУжϠ. 

 3. The amount of O2 transferred across the alveolar-capillary membrane into the blood depends 
primarily on the alveolar pressure of O2 in relation to the venous pressure of O2.  O2 transport in the 
blood is a pressure dependent phenomenon. 

         3 . ϾϝО АПЎ пЯК ϣтϼЛІЮϜ ϣтмвϸЮϜ ϣтКмцϜм ϣтϚϜмлЮϜ ϣЯЊтмϲЮϜ дтϠ ЬЊϝУЮϜ ̭ϝІПЮϜ ϼϠК ЬЧϦжϦ сϦЮϜ дтϮЂЪмцϜ ϾϝО ϣтвЪ ϸвϦЛϦ

ϣϚϼЮϜ сТ рϸтϼмЮϜ аϸЮϜ сТ дтϮЂЪмцϜ ϾϝО АПЎ пЮϜ ϣϠЂжЮϝϠ ϣтϚϜмлЮϜ ϣЯЊтмϲЮϜ сТ дтϮЂЪмцϜ . ϸвϦЛϦ ϢϼкϝД мк дтϮЂЪмцϜ ϾϝО ЬϝЧϦжϒ
ϾϝПЯЮ сϚтϾϮЮϜ АПЎЮϜ сТ ФϼУЮϜ пЯК . 

 4. This pressure differential is critical to the crewmember, because O2 saturation in the blood 
decreases as altitude increases due to the decreasing partial pressure of oxygen in the atmosphere. 

         4 . ϞϠЂϠ ИϝУϦϼцϜ ϸϜϾ ϝвЯЪ ЬЧт дтϮЂЪмцϝϠ аϸЮϜ ЙϠІϦ дц дϜϼтАЮϜ ϸϜϼТц ̯ϜϸϮ алв дмЪт дтϮЂЪмцϜ ϾϝПЮ сЯЎϝУϦЮϜ АПЎЮϜ

ϤϝКϝУϦϼцϜ ϸжК мϮЮϜ сТ дтϮЂЪмцϜ ϾϝПЮ сϚтϾϮЮϜ АПЎЮϜ дϝЊЧж. 
 5.  This decrease in O2 saturation can lead to hypoxia. 

         5 . ϝтЂЪмϠтϝлЮϜ ϣЮϝϲ Ϩмϸϲ пЮϜ рϸϔт дϒ дЪвт дтϮЂЪмцϝϠ ЙϠІϦЮϜ сТ сТ дϝЊЧжЮϜ ϜϺк)ϣϮЂжцϜ сТ дтϮЂЪмцϜ ЈЧж(. 
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 D. Control of respiration: 
ϸ . ЀУжϦЮϜ пЯК ϢϼАтЂЮϜ: 

 (1)  Controlled by the respiratory centers in the pons and medulla oblongata (lower brain). 
)       1(  ЬтАϦЂвЮϜ Иϝ϶жЮϜм ϵт϶вЮϜ ϼЂϮ дв ЬЪ сТ ЀУжϦЮϜ пЯК ϢϼАтЂЮϜ ϾЪϜϼв Ьы϶ дв ЀУжϦЮϜ пЯК ϢϼАтЂЮϜ аϦт)сЯУЂЮϜ МϝвϸЮϜ .( 

 (2) The uptake of O2 and CO2 takes place through extensive chemical changes in the 
hemoglobin and plasma of the blood. 

)       2(  дтϠмЯОмвтлЮϜ сТ ϨϸϲϦ ϣЛЂϜм ϣтϚϝтвЪ ϤϜϼтПϦ Ьы϶ дв Ϩϸϲт дмϠϼϝЪЮϜ ϸтЂЪмϒ сϚϝжϪ ϾϝОм дтϮЂЪмцϜ ϾϝПЮ рϾϝПЮϜ ЬϸϝϠϦЮϜ

аϸЮϜ ϝвϾыϠм. 

 (3)  If the chemical pathways are disrupted, the chemical balance of the body changes. 
)      3( ШЮϺЮ ̯ϝЛϠϦ ϼтПϦт аЂϮЮϜ сТ сϚϝтвтЪЮϜ дϾϜмϦЮϜ дϓТ ϣтϚϝтвтЪЮϜ ϤыКϝУϦЮϜ иϺк ϤЯЦϼЛϦ ϜϺϒ . 

 (4)  Normal pH level in the body is approximately 7.4 (slightly alkaline). 
)      4(  аϸЮϜ сТ ϣЎмвϲЮϜ ϣϮϼϸ омϦЂв)pH( сЮϜмϲ мк сЛтϠАЮϜ 7.4 )ϣУтУ϶ ϢϼмЊϠ рϸКϝЦ(. 

 (5)  During respiration, the CO2 elevates, the acidity level increases, and the pH value lowers to 
less than 7.4. 

)      5( ЀУжϦЮϜ ϣтЯвК Ьы϶ ,дмϠϼϝЪЮϜ ϸтЂЪмϒ сϚϝжϪ ϾϝО ϣтвЪ ИϝУϦϼϒ ϸжК , ЬЧтм аϸЮϜ ϣЎмвϲ омϦЂв ϸϜϸϾт)pH(  дв ЬЦϒ пЮϜ7.4.   

 (6)  Conversely, too little CO2 causes the blood to become more alkaline and the pH value to 
rise. 

)      6(  ϣвтЦ ϢϸϝтϾм ̯ϝтϸКϝЦ ϼϪЪϒ аϸЮϜ ϱϠЊт дϒ пЮϜ рϸϔϦ аϸЮϜ сТ дмϠϼϝЪЮϜ ϸтЂЪмϒ сϚϝжϪ ϾϝО ϣЯЦ дϓТ ϜϺк дв ЀЪЛЮϝϠ)pH( аϸЮϜ. 

 (7)  Since the human body maintains equilibrium within narrow limits, any shift in the blood pH 
and CO2 levels is sensed by the respiratory center of the brain. 

)      7( сЎвϝϲЮϜ дϾϜмϦЮϜ пЯК ДТϝϲт дϝЂжцϜ аЂϮ дϒ ϝвϠ-ϣЧтЎ ϸмϸϲϠ рϸКϝЧЮϜ , ϣвтЦ сТ ϼтПϦ рϒ дϓТ)pH(  сϚϝжϪ ϾϝО омϦЂвм аϸЮϜ

МϝвϸЮϜ сТ ЀУжϦЮϜ ϾЪϼв ЬϠЦ дв ϝлЂЂϲϦ аϦт аϸЮϜ сТ дмϠϼϝЪЮϜ ϸтЂЪмϒ . 

 (8)  When unusual levels occur, chemical receptors trigger the respiratory process to help return 
the CO2 and pH level to normal limits. 

)      8(  сЛтϠАЮϜ омϦЂвЮϜ пЮϜ ИмϮϼЮϜ сТ ϢϸКϝЂвЯЮ ЀУжϦЮϜ ϣтЯвК ϾУϲϦ ϣтϚϝтвтЪЮϜ ϤϝЂЂϲϦвЮϜ дϓТ ϣтЛтϠА ϼтО ϤϝтмϦЂв Ϩмϸϲ ϸжК

 омϦЂвм дмϠϼϝЪЮϜ ϸтЂЪмϒ сϚϝжϪ ϾϝПЮ)pH( аϸЮϜ сТ. 

                  
 

-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.- 
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× Hypoxia: 
×  ϝтЂЪмϠтϝлЮϜ )ϣϮЂжцϜ сТ дтϮЂЪмцϜ дϝЊЧж(:  

   a. Hypoxia: Definition - a condition that results from an insufficient amount of oxygen (O2) in the 
body. 

ϒ      . ϝтЂЪмϠтϝлЮϜ: РтϼЛϦЮϜ ïаЂϮЮϜ ϣϮЂжϒ сТ ϢϼТмϦвЮϜ дтϮЂЪмцϜ ϾϝО ϣтвЪ ϣЯЦ дв ϭϦжϦ сϦЮϜ ϣЮϝϲЮϜ ск .  

     b. Types of hypoxia: 
Ϟ     . ИϜмжϒ ϝтЂЪмϠтϝлЮϜ: 

(1) Hypemic hypoxia - caused by a reduction in the O2-carrying capacity of the blood.  Anemia and 
blood loss are the most common cause of this type.  Carbon monoxide from smoking and exhaust fumes 
are potentially dangerous to the aviator. Nitrates and sulfa drugs also cause this type by forming 
compounds with hemoglobin that block its ability to attach O2 for transport. 

)1 ( ШвϠтϝкϝтЂЪмϠтϝк ïдтϮЂЪмцϜ ϾϝО Ьвϲ пЯК аϸЮϜ ϢϼϸЦ сТ ϣЯЦ дв ϣЮϝϲЮϜ иϺк ϭϦжϦ  . ϼϪЪϒ ϝвк РтϾжЮϝϠ аϸЮϜ дϜϸЧТм аϸЮϜ ϼЧТ Ќϼв

ЬϜ дв ИмжЮϜ ϜϺк ϞϠЂϦ сϦЮϜ ϣЛϚϝІЮϜ ϤъϝϲЮϜϝтЂЪмϠтϝк . ϼА϶ дмЪт аϸϜмЛЮϜ Ϣϼ϶Ϡϒм дт϶ϸϦЮϜ сТ ϸмϮмвЮϜ дмϠϼϝЪЮϜ ϸтЂЪмϒ рϸϝϲϒ ϾϝО
дϜϼтАЮϜ ϸϜϼТц ϣЊϝ϶ ϢϼмЊϠ . ϤϝϠЪϼв дтмЪϦ ФтϼА дК ̯ϝЎтϒ ϝтЂЪмϠтϝлЮϜ дв ИмжЮϜ ϜϺк ϞϠЂϦ дϒ дЪвт ϝУЯЂЮϜ ϤϝϠЪϼвм ϤтϼϦϝжЮϜ Ϣϸϝв

йЯЧжм дтϮЂЪмцϜ ϾϝПϠ ЬϝЊϦцϜ пЯК дтϠмЯОмвтлЮϜ ϢϼϸЦ Йжв пЮϜ рϸϔт рϺЮϜ дтϠмЯОмвтлЮϜ Йв ϸϲϦϦ. 

(2) Stagnant hypoxia ς reduction in systematic blood flow or regional blood flow.  Such conditions as 
heart failure, shock and the venous pooling of blood encountered during positive-G maneuvers 
predispose the individual to stagnant hypoxia.  In addition, environmental extremes, prolonged sitting 
and restrictive clothing can produce local stagnant hypoxia. 

)2(ϤжжЪϝϦЂ  ϝтЂЪмϠтϝк ïаЂϮЮϜ сТ аϸЮϜ дϝтϼϮ дϝЊЧж дв ϣЮϝϲЮϜ иϺк ϭϦжϦ  .ϞЯЧЮϜ ϾϮК Ќϼв мк ϤъϝϲЮϜ иϺк пЯК ЬϝϪв ,ϣвϸЊЮϜ ,

 ϝвв ϢϼϚϝАЮϜ пЯК ϣтϠϺϝϮ ϢмЦ АЯЂϦ сϦЮϜ ϤϜϼмϝжвЮϜ ̭Ϝϸϒ ϸжК ϨϸϲϦ сϦЮϝЪ ϣтЮϝК ϣтϠϺϝϮ ϢмЦ пЮϜ ЌϼЛϦЮϜ ϸжК Ϩϸϲт рϺЮϜ аϸЮϜ ЙвϮϦм
  ϣЮϝϲ Ϩмϸϲ пЮϜ рϸϔтϤжжЪϝϦЂ ϝтЂЪмϠтϝк .ШЮϺ пЮϜ ϣТϝЎцϝϠ ,сЂϝЦ Атϲв пЮϜ ЌϼЛϦЮϜ дϓТ ,ϣЯтмА ϢϼϦУЮ ЀмЯϮЮϜ , ϣЧтЎЮϜ ЀϠывЮϜм

 ϣЮϝϲ Ϩмϸϲ пЮϜ рϸϔϦ дϒ дЪвтϤжжЪϝϦЂ ϝтЂЪмϠтϝкϣтЛЎмв . 

(3) Histotoxic hypoxia - results when there is interference with the use of O2 by body tissues. Alcohol, 
narcotics, carbon monoxide and certain poisons such as nicotine and cyanide interfere with the cells' 
ability to use an otherwise adequate supply of O2. 

)3 (ϝтЂЪмϠтϝк ШЂЪмϦмϦЂтк - аЂϮЮϜ ϣϮЂжϒ ЬϠЦ дв дтϮЂЪмцϜ ϾϝО аϜϸ϶ϦЂϒ пЯК ϢϼϸЧЮϜ Йв ЌϼϝЛϦ ϸмϮм ϸжК ϣЮϝϲЮϜ иϺк ϭϦжϦ .

ЬмϲЪЮϜ ,Ϣϼϸ϶вЮϜ ϸϜмвЮϜ ,дмϠϼϝЪЮϜ ϸтЂЪмϒ рϸϝϲϒ ϾϝО , аϜϸ϶ϦЂϒ пЯК ϝты϶ЮϜ ϢϼϸЦ Йв ЌϼϝЛϦϦ ϸтжϝтЂЮϜм дтϦмЪтжЮϜ ЬϪв ϣжтЛв амвЂм
аϸЮϜ сТ ϣтТϝЪ ϢϼмЊϠ ϼТмϦвЮϜ дтϮЂЪмцϜ ϾϝО . 

(4) Hypoxic hypoxia - occurs when there is insufficient O2 in the air that is breathed or when conditions 
prevent the diffusion of O2 from the lungs to the blood stream.  This is the type that is most likely to be 
encountered at altitude. It is due to the reduction of the PO2 at high altitudes. 

)4 (ϝтЂЪмϠтϝк ШЂЪмϠтϝк ï сТ мϜ йЦϝІжϦЂϒ аϦт рϺЮϜ ̭ϜмлЮϜ сТ дтϮЂЪмцϜ ϾϝО дв ϣтТϝЪ ϣтвЪ ϼТмϦ аϸК ϸжК ϣЮϝϲЮϜ иϺк ϨϸϲϦ 

аϸЮϜ оϼϮв пЮϜ дтϦϚϼЮϜ дв дтϮЂЪмцϜ ϾϝО ϼϝІϦжϒ ЙжвϦ сϦЮϜ ϤъϝϲЮϜ . ЬϝϮв сТ ̯ϝϪмϸϲ ИϜмжцϜ ϼϪЪϒ мк ϝтЂЪмϠтϝлЮϜ дв ИмжЮϜ ϜϺк
ϤϝКϝУϦϼцϜ ϸжК дϜϼтАЮϜ .ϣтЮϝЛЮϜ ϤϝКϝУϦϼцϜ ϸжК дтϮЂЪмцϜ ϾϝПЮ сϚтϾϮЮϜ АПЎЮϜ дϝЊЧж ϞϠЂϠ ϜϺк дмЪт. 

     c. Signs and symptoms: 
Ϭ         . ЌϜϼКцϜм ϤϝвыЛЮϜ: 

(1) Symptoms are observable by the individual air crewmember. They vary from one person to the next, 
and are therefore considered subjective in nature. Examples include, but are not limited to the 
following: 

)1 ( ЌϜϼКцϜϝтЂЪмϠтϝлЮϜ ϣЮϝϲ Ϩмϸϲ ϸжК дϜϼтАЮϜ ϸϼТ ϝлЂϲт сϦЮϜ ̭ϝтІцϜ ск .ϼ϶ϐ пЮϜ Ј϶І дв РЯϦ϶Ϧ ЌϜϼКцϜ иϺк , ϜϺлЮм

Ј϶ІЮϜ РЊм пЯК ϸвϦЛϦ ϢϼтПϦв ̭ϝтІϒ ЌϜϼКцϜ ϼϠϦЛϦ ϞϠЂЮϜ . ЬвІϦ ЌϜϼКцϜ пЯК ϣЯϪвцϜ: 
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 (a)  Air hunger or breathlessness. 
)ϒ( ЄАЛϦ ̭ϜмлЯЮЀУжϦЮϜ ϣКϼЂ мϜ . 

 (b)  Apprehension (anxiety). 
)Ϟ(  ϼмЛІЮϜРм϶ЮϝϠ )ФЯЧЮϜ(. 

 (c)  Fatigue. 
)Ϭ( ̭ϝтКцϜ. 

 (d)  Nausea. 
)ϸ( дϝтϪПЮϜ. 

 (e)  Headache. 
)и( ЙϮм сТ ЀϒϼЮϜ. 

 (f)  Dizziness. 
)м( ϣ϶мϸЮϜ. 

 (g)  Hot and cold flashes. 
)Ͼ( ϼмЛІ ϢϼϜϼϲЮϝϠ ϢϸмϼϠЮϜм ЬЪІϠ сϚϝϮТ. 

 (h)  Euphoria. 
)ϰ(  ϼмЛІЮϜϰϝтϦϼфϝϠ. 

 (i)  Anger. 
)Ј( ϞЎПЮϜ . 

 (j)  Blurred vision. 
)Ь( ϢмϝІО сТ ϼЊϠЮϜ. 

 (k) Tunnel vision. 
)Ш( ϣтАтϲвЮϜ ϝтϔϼЮϜ аϜϸЛжϜ. 

 (l)  Numbness and tingling. 
)а( ЬвжϦм Ͼ϶м сТ РϜϼАцϜ.       

 (m)  Denial. 
)р( ϼϝЪжϜ ФϚϝЧϲЮϜ . 

 
  
(2) Signs are observable by the other air crew members and therefore, are considered objective in 
nature.  Examples include but are not limited to the following: 

)2 ( ϤϝвыЛЮϜ пЯК ϸвϦЛϦ ъм ϣтКмЎмв ̭ϝтІϒ ϼϠϦЛϦ ϤϝвыЛЮϜ дϓТ ШЮϺЮм Јϝ϶ІцϜ ϣтЧϠ ЬϠЦ дв ϞϝЊвЮϜ пЯК ДϲыϦ сϦЮϜ ̭ϝтІцϜ ск

ϞϝЊвЮϜ РЊм . ЬвІϦ ϤϝвыЛЮϜ пЯК ϣЯϪвцϜ: 

 

 (a)  Increased rate and depth of breathing. 
)ϒ( ЀУжϦЮϜ ФвКм ЬϸЛв ϸϝтϸϾϒ. 

 (b)  Cyanosis. 
)Ϟ( ФϝЦϼϾϜ ϸЯϮЮϜ. 

 (c)  Mental confusion. 
)Ϭ( ЄмІϦ сжкϺ. 

 (d)  Poor judgment. 
)ϸ( РЛЎ сТ Ϻϝ϶ϦϜ ϼϜϼЧЮϜ. 

 (e)  Loss of muscle coordination. 
)и( дϜϸЧТ ϢϼАтЂЮϜ пЯК ШтϼϲϦ ϤыЎЛЮϜ ϢϼмЊϠ ϣЧЂϝжϦв. 

 (f)  Unconsciousness. 
)м( сКмЮϜ дϜϸЧТ.  
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     d. Stages of hypoxia: 
ϸ     . ϝтЂЪмϠтϝлЮϜ ЬϲϜϼв: 

 (1)  Indifferent stage: 
)1 (ϣЯϲϼвЮϜ ϼтПЮϜ ϢϾтввЮϜ:  

 (a)  Altitude - sea level to 10,000 feet with ambient barometric pressure. 
)ϒ(  ИϝУϦϼцϜï ИϝУϦϼϒ пЮϜ ϼϲϠЮϜ ϱАЂ омϦЂв сТ ϨϸϲϦ 10000АтϲвЮϜ рмϮЮϜ АПЎЮϜ ϸмϮм Йв аϸЦ  . 

 (b) Symptom ς the only significant effect of mild hypoxia in this stage is that night vision 
deteriorates at about 4,000 feet. The retina of the eye and the central nervous system have a great 
requirement for oxygen. To begin compensating for this your heart and breathing rate increase at about 
4000 feet to improve circulation to brain and heart. 

)Ϟ(  ЌϜϼКцϜï ИϝУϦϼϒ ϸжК ϣтЯтЯЮϜ ϝтϔϼЮϜ ЄмІϦ мк ϣЯϲϼвЮϜ иϺк сТ ϣУтУАЮϜ ϝтЂЪмϠтϝлЮϜ ϣϮтϦж Ϩϸϲт рϺЮϜ ϸтϲмЮϜ ϼтϪϓϦЮϜ 

4000 ̯ϝϠтϼЧϦ аϸЦ  .ϣϲтϲЊ ϢϼмЊϠ ЬвЛЯЮ дтϮЂЪмцϜ дв ϣтТϝЪ ϣтвЪ ϞЯАϦт рϾЪϼвЮϜ сϠЊЛЮϜ ϾϝлϮЮϜм дтЛЮϜ ϣтЪϠІ . ϜϺк дК ЌтмЛϦЯЮ

 ИϝУϦϼϒ ϸжК ЀУжϦЮϜ ЬϸЛв ϢϸϝтϾ Йв йϦϝЦϸ ЬϸЛв ϸтϾт ϞЯЧЮϜ дϓТ ЈЧжЮϜ4000ϞЯЧЮϜм МϝвϸЮϜ сТ ϣтмвϸЮϜ ϢϼмϸЮϜ дтЂϲϦЮ аϸЦ . 

 (c)  Decrease of visual sensitivity of up to 28% at 10,000 feet, and it varies among individuals. 
)Ϭ(  ϸϲ пЮϜ ϼЊϠЮϜ ϣЂϝϲ дϝЊЧж28 % ИϝУϦϼϒ ϸжК10000аϸЦ  ,ϼ϶ϐ пЮϜ Ј϶І дв РЯϦ϶т ϙІЮϜ ϜϺкм. 

 (d)  Hemoglobin saturation - 98% at sea level decreasing to 87% at 10,000 feet. 
)ϸ(  дтϠмЯОмвтлЮϜ ЙϠІϦï 98 % пЮϜ ЬЧтм ϼϲϠЮϜ ϱАЂ омϦЂв ϸжК87 % ИϝУϦϼϒ ϸжК10000аϸЦ . 

 (2) Compensatory stage: The circulatory system, and to a lesser degree, the respiratory system, 
provide some defense against hypoxia in this stage. Examples are increases in pulse rate, systolic blood 
pressure, circulation rate, and cardiac output. 

)2 (ЌтмЛϦЮϜ ϣЯϲϼв: ϣЯϲϼвЮϜ иϺк сТ ϝтЂЪмϠтϝлЮϜ ϸЎ ИϝТϸЮϜ ϤϝтЮϐ ЌЛϠ дϜϼТмт ЀУжϦЮϜ ϾϝлϮм дϜϼмϸЮϜ ϾϝлϮ  . пЯК ϣЯϪвϒ

ЌϠжЮϜ ЬϸЛв ϢϸϝтϾ мк ШЮϺ ,сЎϝϠЧжцϜ аϸЮϜ АПЎ ,дϜϼмϸЮϜ ЬϸЛв ,ϞЯЧЮϜ ̭Ϝϸϒм . 

 (a) Altitude - 10,000 feet to 15,000 feet with ambient barometric pressure. 
)ϒ(  ИϝУϦϼцϜï ϸжК ϨϸϲϦ 10000 пЮϜ аϸЦ 15000 аϸЦ АтϲвЮϜ рмϮЮϜ АПЎЮϜ ϸмϮм Йв. 

 (b) Symptoms: 
)Ϟ(  ЌϜϼКцϜ: 

 1.  Impaired efficiency. 
1 .РтЛЎЮϜ ̭ϜϸцϜ . 

 2.  Drowsiness. 
2 .ЀϝЛжЮϜ. 

 3.  Poor judgment. 
3 .аϸК ϢϼϸЧЮϜ пЯК Ϻϝ϶ϦϜ ϼϜϼЧЮϜ ЈЮϜϱтϲ. 

 4.  Decreased coordination. 
4 .ϤϝЪϼϲЮϜ ФтЂжϦ РЛЎ. 

 (c)  Hemoglobin saturation - 87% to 80%. 
)Ϭ(  дтϠмЯОмвтлЮϜ ЙϠІϦï 87 % пЮϜ80.% 
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 (3) Disturbance stage: In this stage, the physiological responses can no longer compensate for 
the O2 deficiency. 

)3 (ϞϜϼАЎцϜ ϣЯϲϼв: ϣЯϲϼвЮϜ иϺк сТ дтϮЂЪмцϜ ϾϝО ЈЧжЮ ЌтмЛϦЮϜ ϣтϮЯЂУЮϜ ϤϝϠϝϮϦЂцϜ ЙтАϦЂϦ ъ  . 

 (a)  Altitude - 15,000 feet to 20,000 feet with ambient barometric pressure. 
)ϒ(  ИϝУϦϼцϜ - ИϝУϦϼϒ ϸжК ϨϸϲϦ15000 пЮϜ аϸЦ 20000АтϲвЮϜ рмϮЮϜ АПЎЮϜ ϸмϮм Йв аϸЦ . 

 (b)  Symptoms. 
)Ϟ(  ЌϜϼКцϜ : 

 1.  Sensory: 
1 . ϣтЂϲЮϜ ЌϜϼКцϜ: 

 a. Vision - peripheral and central vision are impaired and visual acuity is diminished. 
ϒ . ϼЊϠЮϜïϝтϔϼЮϜ Ϣϸϲ сТ дϝЊЧжм ϣтАтϲвЮϜм ϣтϾЪϼвЮϜ ϝтϔϼЮϜ РЛЎ   . 

 b. Touch and pain - diminished or lost. 
Ϟ . аЮфϝϠ ЀϝЂϲцϜм ЀвЯЮϜïϸЧУ̳т мϜ ЬЧт . 

 c. Hearing - one of the last senses to be lost. 
Ϭ . ЙвЂЮϜïϣЯϲϼвЮϜ иϺк сТ ϸЧУ̳Ϧ сϦЮϜ ЀϜмϲЮϜ ϼ϶ϐ мк . 

 2. Mental - intellectual impairment is an early sign that often prevent an individual from 
recognizing disabilities. 

2 .ϣтжкϺЮϜ ЌϜϼКфϜ -  пЯК йϦϼϸЦ Ј϶ІЮϜ ϸЧУт дϒ пЮϜ рϸϔт рϺЮϜм ϣтЮмцϜ ϤϝвыЛЮϜ дв мк ϣтжкϺЮϜ ϤϝтЯвЛЮϜ сТ РЛЎЮϜ

ϝтЂЪмϠтϝлЮϜ ϣϮтϦж иϸжК Ϩϸϲт рϺЮϜ РЛЎЮϜ ϾттвϦ . сТ РЛЎЮϜ ϜϺк дмЪтм: 
 a. Memory. 

ϒ .ϢϼЪϜϺЮϜ. 
 b. Judgment. 

Ϟ .̭ϝтІцϜ пЯК аЪ̳ϲЮϜ. 
 c. Reliability. 

Ϭ .ЬвЛЮϜ сТ ϣЦϸЮϜ. 
 d. Understanding. 

ϸ .ϞϝЛтϦЂцϜм алУЮϜ. 
 e. Decision making/problem solving. 

и .ЬЪϝІвЮϜ Ьϲм ϼϜϼЧЮϜ Ϻϝ϶Ϧϒ. 

 3. Personality ς they include: 
3 .ЌϜϼКцϜ ϣЧЯЛϦвЮϜ ϣтЊ϶ІЮϝϠ ï  ЬвІϦм: 

 a. Euphoria. 
ϒ .ϢϸϝЛЂЮϝϠ ϼмЛІЮϜ. 

 b. Aggressiveness. 
Ϟ .ϣтжϜмϸЛЮϜм ϣтϠЊЛЮϜ. 

 c. Overconfidence. 
Ϭ .ЀУжЮϝϠ ϣтЮϝЛЮϜ ϣЧϪЮϜ. 

 d. Depression. 
ϸ .дϾϲЮϜм ϣϠϑЪЮϜ. 

 4. Performance (psychomotor functions): 
4 . ̭ϜϸцϝϠ ϣЧЯЛϦвЮϜ ЌϜϼКцϜ)ϣтЪϼϲЮϜ РϚϝДмЮϜ( : сТ РЛЎЮϜ ЬвІϦм : 

 a. Coordination. 
ϒ .ϤϝЪϼϲЮϜ ФтЂжϦ. 
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 b. Flight control. 
Ϟ .дϜϼтАЮϜ пЯК ϢϼАтЂЮϜ. 

 c. Speech. 
Ϭ .аыЪЮϜ. 

 d. Handwriting. 
ϸ .ϣϠϝϦЪЮϜ. 

 (c)  Signs: 
)Ϭ(  ϤϝвыЛЮϜ: 

 1.  Hyperventilation. 
1 .ЀУжϦЮϜ ЬϸЛв сТ ϢϸϝтϾ. 

 2.  Cyanosis. 
2 .ϸЯϮЮϜ ФϝЦϼϾϒ. 

 (d)  Hemoglobin saturation - 65-80%. 
)ϸ(  дтϠмЯОмвтлЮϜ ЙϠІϦï 65-80.% 

 (4)  Critical stage:  Within 3 to 5 minutes, judgment and coordination deteriorate. 
)4 (ϣϮϼϲЮϜ ϣЯϲϼвЮϜ:  Ьы϶ ϤϝЪϼϲЮϜ ФтЂϦм аЪ̳ϲЮϜ пЯК ϢϼϸЧЮϜ сТ ϼмкϸϦм РЛЎ ϒϸϠт 3 пЮϜ 5ϣЯϲϼвЮϜ иϺк сТ ФϚϝЦϸ . 

 (a)  Altitude - 20,000 feet and above with ambient barometric. 
)ϒ(  ИϝУϦϼцϜ  - ИϝУϦϼϒ ϸжК ϨϸϲϦ20000АтϲвЮϜ рмϮЮϜ АПЎЮϜ ϸмϮм Йв пЯКϒм аϸЦ . 

 (b)  Signs: 
)Ϟ(  ϤϝвыЛЮϜ: 

 1.  Loss of consciousness. 
1 .сКмЮϜ дϜϸЧТ. 

 2.  Convulsions. 
2 .ϤϝϮжІϦЮϜ . 

 3.  Death. 
3 .ϤмвЮϜ. 

 (c)  Hemoglobin saturation - less than 65%. 
)Ϭ(  дтϠмЯОмвтлЮϜ ЙϠІϦï дв ЬЦϒ 65.% 

WARNING: When hemoglobin saturation falls below 65%, serious cellular dysfunction occurs; and if 
prolonged, can cause death. 

 ϼтϺϲϦ :ϝвϸжК ЌУ϶жϦ ϣϠЂж ЙϠІϦ дтϮЂЪмцϝϠ дтϠмЯОмвтлЮϜ пЮϜдв ЬЦϒ  65 %пЮϜ рϸϔт ШЮϺ дϓТ ЬЯ϶ ϼтА϶ сТ ϣУтДм ϝты϶ЮϜ ϜϺϜм 

ϼвϦЂϜ ϢϼϦУЮ ϣЯтмА ϸЦ оϸϔт пЮϜ ϤмвЮϜ. 

     e. Factors modifying hypoxia symptoms: 
и       . ЬвϜмЛЮϜϝтЂЪмϠтϝлЮϜ ЌϜϼКϜ дв ϼтПϦ сϦЮϜ:  

 (1) Pressure altitude - determines the PO2 in the lungs. 
)1 (ИϝУϦϼϜ  АПЎЮϜïдтϦϚϼЮϜ сТ дтϮЂЪмцϜ ϾϝПЮ сϚтϾϮЮϜ АПЎЮϜ ϸϸϲт . 

 (2) Rate of ascent - at rapid rates, high altitudes can be reached before serious symptoms are 
noticed. 

)2 (ϸмЛЊЮϜ ЬϸЛвï ϣЛтϼЂЮϜ ϸмЛЊЮϜ ϤъϸЛв ϸжК  , ϢϼтА϶ЮϜ ЌϜϼКцϜ ϣДϲыв ЬϠЦ ϝлЮмЊм дЪвт ϣтЮϝЛЮϜ ϤϝКϝУϦϼцϜ дϓТ

ϝтЂЪмϠтϝлЯЮ . 
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 (3)  Time at altitude (exposure duration) - usually the longer the duration of exposure, the more 
detrimental the effect of hypoxia. The higher the altitude, the shorter the exposure time required before 
hypoxia symptoms occur. 

)3 (ИϝУϦϼъϜ ϸжК ϤЦмЮϜ )ЌϼЛϦЮϜ Ϣϸв( ïЌϼЛϦЮϜ Ϣϸв ϤϸϜϾ ϝвЯЪ  ,аЂϮЮϜ пЯК ϝтЂЪмϠтϝлЮϜ ϤϜϼтϪϓϦ ϤϸϜϾ . ϸϜϾ ϝвЯЪ

ИϝУϦϼцϜ ,ϝтЂЪмϠтϝлЮϜ ЌϜϼКϒ ϼмлДЮ ϣϠмЯАвЮϜ ЌϼЛϦЯЮ ϣтжвϾЮϜ ϢϸвЮϜ ϤЯЦ. 
 (4)  Temperature - exposure to cold weather extremes reduces the tolerance to hypoxia by the 
natural increase in the metabolic workload.  Therefore, hypoxia may develop at lower altitudes than 
usual. 

)4 (ϢϼϜϼϲЮϜ ϣϮϼϸï  ЬвϲЮϜ ϢϸϝтϾ ϞϠЂϠ ϝтЂЪмϠтϝлЮϜ ϤϜϼтϪϓϦ ϣвмϝЧв пЯК аЂϮЮϜ ϢϼϸЦ дв ЬЯЧт ̯ϜϸϮ ϸϼϝϠ мϮ сТ ЌϼЛϦЮϜ 

̭ϜмϮцϜ ШЯϦ сТ аЂϮЮϜ пЯК сЎтцϜ .ϸϼϝϠЮϜ мϮЮϜ сТ сЛтϠАЮϜ дв ЬЦϒ ϤϝКϝУϦϼϓϠ ϨϸϲϦ ϝтЂЪмϠтϝлЮϜ дϓТ ШЮϺЮ. 

 (5)  Physical activity ς when physical activity increases, the body demands a greater amount of 
O2.  This increased O2 demand causes a more rapid onset of hypoxia. 

)5 ( АϝІжЮϜсжϸϠЮϜ ïсжϸϠЮϜ АϝІжЮϜ ϢϸϝтϾ ϸжК  ,дтϮЂЪмцϜ ϾϝО пЮϜ аЂϮЮϜ ϬϝтϦϲϒ ϸϜϸϾт . дтϮЂЪмцϜ ШылϦЂϒ сТ ϢϸϝтϾЮϜ иϺк

ϼϠЪϒ ϣКϼЂϠ ϝтЂЪмϠтϝлЮϜ ϣтϜϸϠ пЮϜ рϸϔϦ. 
 (6)  Individual factors - an individual's susceptibility to hypoxia is greatly influenced by metabolic 
rate, diet, nutrition, and emotions (probably most inconsistent factor). 

)6 ( ЬвϜмЛЮϜϣтϸϼУЮϜ ïЌтцϜ ЬϸЛвϠ ϢϼтϠЪ ϢϼмЊϠ ϼϪϓϦϦм Ј϶І ЬЪЮ РЯϦ϶Ϧ ϝтЂЪмϠтϝлЮϜ Ϩмϸϲ ϣтжϝЪвϒ  ,ϣтϺПϦЮϜ , ЬвϜмЛЮϜм

 ϣтЂУжЮϜ)Ј϶ІЮϜ пЯК ϼϪмϦ сϦЮϜ ϢϼтПϦвЮϜ ЬвϜмЛЮϜ акϒ дв( . 

 (7) Physical fitness - an individual who is physically conditioned will normally have a higher 
tolerance to altitude problems than one who is not. Physical fitness raises an individual's tolerance 
ceiling. 

)7 (ϣтжϸϠЮϜ ϣЦϝтЯЮϜ ïϤϝКϝУϦϼцϜ сТ ϨϸϲϦ сϦЮϜ ЬЪϝІвЮϜ ЬвϲϦ пЯК пЯКϒ ϢϼϸЦ йтϸЮ ϢϸтϮ ϣтжϸϠЮϜ йϦЦϝтЮ дмЪϦ рϺЮϜ Ј϶ІЮϜ  .

ЬвϲϦЮϜ пЯК Ј϶ІЮϜ ϢϼϸЦ дв ϸтϾϦ ϣтжϸϠЮϜ ϣЦϝтЯЮϜ. 

 (8) Self-imposed stresses - smoking and alcohol increase an individual's physiological altitude 
and therefore reduce their tolerance ceiling. 

)8 (йЂУж пЯК Ј϶ІЮϜ ϝлАЯЂт сϦЮϜ ϤϝАмПЎЮϜ ï ϝлАϝЛϦт рϺЮϜ Ј϶ІЯЮ сϮЯЂУЮϜ ИϝУϦϼцϜ дв ϸтϾϦ ЬмϲЪЮϜм дт϶ϸϦЮϜ 

ЬвϲϦЮϜ пЯК Ј϶ІЮϜ ϢϼϸЦ дв ЬЯЧт ШЮϺЮм. 

     f. Prevention of hypoxia (hypoxic): 
      м . ϝтЂЪмϠтϝлЮϜ дв ϣтϝЦмЮϜ)ϝтЂЪмϠтϝк ШЂЪмϠтϝк(:  

 (1)  Limit time at altitude. 
)1(  ϸтϸϲϦϤЦмЮϜ ЬϜϜ сТ ̭ϝЧϠЯЮ ϞЂϝжвИϝУϦϼц. 

 (2)  Use supplemental O2. 
)2( дтϮЂЪмцϜ аϜϸ϶ϦЂϒ. 

 (3)  Use pressurized cabin. 
)3( сЮϝЛЮϜ дϜϼтАЮϜ ϸжК ϣАмПЎвЮϜ ϤϜϼмЊЧвЮϜ аϜϸ϶ϦЂϒ. 

 (4)  Minimize self-imposed stressors. 
)4(  ЬтЯЧϦϤϝАмПЎЮϜ сϦЮϜ ϝлАЯЂт Ј϶ІЮϜ пЯК йЂУж. 

     g. Treatment of hypoxia: 
Ͼ       . ϝтЂЪмϠтϝлЮϜ ϬыК: 

 (1)  100% O2. 
)1(  ϾтЪϼϦϠ дтϮЂЪмцϜ ϾϝО100 .% 

 (2)  Descend to a safe altitude (below 10,000ft at a minimum). 
)2 (АмϠлЮϜ пЮϜ ИϝУϦϼϜ двϐ ) дв ЬЦϜ10000пжϸϒ ϸϲЪ аϸЦ (. 
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× Hyperventilation: 
×  ЀУжϦЮϜ ЬϸЛв ϢϸϝтϾ:   

a. Hyperventilation: Definition - an excessive rate and depth of respiration leading to abnormal loss of 
CO2 from the blood. 

ϒ .ϢϸϝтϾ ЬϸЛв ЀУжϦЮϜ:  РтϼЛϦЮϜ ï ϸтЂЪмϒ сϚϝжϪ ϾϝПЮ сЛтϠАЮϜ дв ϼϪЪϒ дϜϸЧТ пЮϜ рϸϔт рϺЮϜ ЀУжϦЮϜ ФвКм ЬϸЛв сТ ϢϸϝтϾ ϣЮϝϲ ск 
аϸЮϜ дв дмϠϼϝЪЮϜ. 

 b. Causes: 
Ϟ . ϞϝϠЂцϜ: 

(1)  Emotions: 
)1(  ϣтЂУжЮϜ ϞϝϠЂцϜ: 

 (a)  Fear. 
)ϒ( Рм϶ЮϜ. 

 (b)  Apprehension. 
)Ϟ( ФЯЧЮϜ. 

 (c)  Excitement. 
)Ϭ( ϸтϸІЮϜ ϰϼУЮϜ. 

(2)  Pressure breathing. 
)2( АПЎЮϜ ϤϲϦ ЀУжϦЮϜ. 

(3)  Hypoxia. 
)3( ϝтЂЪмϠтϝлЮϜ. 

   c. Symptoms - similar to those of hypoxia. 
Ϭ    .ЌϜϼКцϜ ïϝтЂЪмϠтϝлЮϜ ЌϜϼКц йлϠϝІв . 

 (1)  Tingling sensations. 
)1(  Ͼ϶мЮϜм ЬвжϦЮϝϠ ϼмЛІЮϜ. 

 (2)  Muscle spasms. 
)2( ϣтЯЎЛЮϜ ϤϝЊЯЧϦЮϜ. 

 (3)  Hot and cold sensations. 
)3 (ϼмЛІ ϢϼϜϼϲЮϝϠ ϢϸмϼϠЮϜм ЬЪІϠ сϚϝϮТ. 

 (4)  Visual impairment. 
)4( ϼЊϠЮϜ сТ РЛЎ. 

 (5)  Dizziness. 
)5( ϣ϶мϸЮϜ. 

 (6)  Unconsciousness. 
)6( сКмЮϜ дϜϸЧТ. 

     d. Significance of hyperventilation: 
ϸ     . ЀУжϦЮϜ ЬϸЛв ϢϸϝтϾ ϣЮϝϲ ϣтвкϒ: 

 (1)  Can incapacitate a healthy crewmember. 
)1( дϜϼтАЮϜ ϸϜϼТϒ ̭Ϝϸϒ сТ ϾϮК пЮϜ рϸϔϦ дϒ дЪвт. 

 (2)  Can be confused with hypoxia. 
)2(  ϣЮϝϲЮϜ иϺлϠ иϝϠϦІцϜ ЬлЂЮϜ дв дмЪт)ЀУжϦЮϜ ЬϸЛв ϢϸϝтϾ ϣЮϝϲ (ϝтЂЪмϠтϝлЮϜ ϣЮϝϲ Йв. 
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     e. Prevention: 
и        . ϣтϝЦмЮϜ: 

 (1)  Don't panic. 
)1 (аϸК ШϝϠϦϼъϜ мϜ Рм϶ЮϜ. 

 (2)  Control rate and depth of respiration. 
)2 (ϢϼАтЂЮϜ пЯКФвКм ЬϸЛв  ЀУжϦЮϜ. 

     f. Distinguishing between hyperventilation and hypoxia: 
м        . ϝтЂЪмϠтϝлЮϜ ϣЮϝϲм ЀУжϦЮϜ ЬϸЛв ϢϸϝтϾ ϣЮϝϲ дтϠ ФтϼУϦЮϜ ϣтУтЪ: 

 (1)  Above 10,000 feet - assume hypoxia and treat accordingly. 
)1(  дв пЯКϜ ИϝУϦϼϒ пЯК10000 аϸЦ ï ϝлϮЮϝЛϠ аЦм ϝтЂЪмϠтϝк ск ϣЮϝϲЮϜ дϜ ЌϼϦТϒ : 

 (a)  100% O2τif available. 
)ϒ(  ϾтЪϼϦϠ дтϮЂЪмцϜ ϾϝО100 % ̯ϜϼТмϦв дϝЪ ϜϺϜ . 

 (b)  Descend to a safe altitude. 
)Ϟ( двϐ ИϝУϦϼϒ пЮϜ АмϠлЮϜ. 

 (2) Below 10,000 feet - assume hyperventilation and treat accordingly. Voluntary reduction in 
rate and depth of respiration is necessary to accomplish this task.  Reading or repeating a checklist in 
most cases can treat hyperventilation. 

)2(  дв ЬЦϒ ИϝУϦϼϒ пЯК10000 аϸЦ ïϝлϮыЛϠ аЦм ЀУϦЮϜ ЬϸЛв сТ ϢϸϝтϾ ск ϣЮϝϲЮϜ дϜ ЌϼϦТϒ  . ФвКм ЬϸЛв ЬтЯЧϦ дмЪт

ϣЮϝϲЮϜ иϺк ϬыЛЮ алв ϙІ ϣтϸϜϼϒ ϢϼмЊϠ ЀУжϦЮϜ . йжЪвт ϣЮϝϲЮϜ иϺк Ϩмϸϲ ̭ϝжϪϒ ϼТмϦв ϼ϶ϐ ϙІ рϒ мϜ ϸϼϮ ϣвϚϝЦ рϒ ϼϜϼЪϦ мϜ Ϣ̭ϜϼЦ
ЀУжϦЮϜ ЬϸЛв ϢϸϝтϾ ϣЮϝϲ ϣϮЮϝЛв. 

-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.- 

× Trapped Gas Dysbarism: 
× ϼмЊϲвЮϜ ϾϝПЮϜ АПЎ Ь϶Я϶Ϧ:     

a. Dysbarism - syndrome resulting from the effects, excluding hypoxia, of a pressure differential 
between ambient barometric pressure and the pressure of gases in the body.  

ϒ .АПЎЮϜ Ь϶Я϶Ϧ ï ϤϜϼтϪϓϦ дв ϭϦжϦ ϣЮϝϲ ск )̭ϝжϪϦЂϓϠ ϝтЂЪмϠтϝлЮϜ ϣЮϝϲ(   аЂϮЮϝϠ АтϲвЮϜ рмϮЮϜ АПЎЮϜ дтϠ сЯЎϝУϦЮϜ АПЎЮϜ ϼтПϦ

аЂϮЮϜ Ь϶Ϝϸ ϤϜϾϝПЮϜ АПЎм  . 

b. Trapped gas Dysbarism: 
Ϟ .Ь϶Я϶Ϧ АПЎ ϾϝПЮϜ ϼмЊϲвЮϜ:  

 (1) Boyle's Law - The volume of a gas is inversely proportional to its pressure, temperature 
remaining constant. 

)1 (ЬтмϠ дмжϝЦ  -аϮϲ ϾϝПЮϜ ϞЂϝжϦт ϣтЂЪК ϢϼмЊϠ Йв йАПЎ ϸжК ϤϝϠϪ ϣϮϼϸ ϢϼϜϼϲЮϜ. 

 (2) Dry gas conditions - Under dry gas conditions, the atmosphere is not saturated with 
moisture.  Basically, under conditions of constant temperature and increased altitude, the volume of a 
gas expands as pressure decreases. 

)2 ( РϝϮЮϜ ϾϝПЮϜ ϤъϝϲïϣϠмАϼЮϝϠ ЙϠІв ϼтО дмЪт мϮЮϜ дϓТ РϝϮЮϜ ϾϝПЮϜ Ϥъϝϲ ϸжК  . ϤъϝϲЮϜ сТ йжϓТ  ϣтЂϝЂϒ ϢϼмЊϠ

ИϝУϦϼцϜ ϸϝтϸϾϒ Йв ϣϦϠϝϪ ϢϼϜϼϲЮϜ ϣϮϼϸ ϝлтТ дмЪϦ сϦЮϜ ,рмϮЮϜ АПЎЮϜ ЬЧт ϝвЯЪ ϾϝПЮϜ аϮϲ ЙЂмϦт. 
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 (3) Wet gas conditions - Gases within the body are saturated with water vapor.  Under constant 
temperature and at the same altitude and barometric pressure, the volume of a wet gas is greater than 
the volume of a dry gas. 

)3 (ϞАϼЮϜ ϾϝПЮϜ Ϥъϝϲ ï̭ϝвЮϜ ϼϝ϶ϠϠ ϣЛϠІв дмЪϦ аЂϮЮϜ Ь϶Ϝϸ ϤϜϾϝПЮϜ  . АПЎЮϜм ИϝУϦϼцϜ ЀУжϠм ϣϦϠϝϪ ϢϼϜϼϲ ϣϮϼϸ ϤϲϦ

рмϮЮϜ ,РϝϮЮϜ ϾϝПЮϜ аϮϲ дв ϼϠЪϒ ϞАϼЮϜ ϾϝПЮϜ аϮϲ дмЪт. 

 (4)  Types of trapped gas disorders: 
)4 ( ИϜмжϒЬ϶Я϶Ϧ АПЎ ϾϝПЮϜ ϼмЊϲвЮϜ:  

 (a)  Trapped gas disorders of the gastrointestinal tract: 
)ϒ( Ь϶Я϶Ϧ АПЎ ϾϝПЮϜ ϼмЊϲвЮϜ свЎлЮϜ ϾϝлϮЮϜ сТ : 

 1. Mechanism - the stomach and intestines contains gas, which expands during ascent causing 
gas pains. 

1 .ϣтЮфϜ ïϤϜϾϝПЮϜ дв ϣϮϦϝж аъϐ ϞϠЂт ϝвв ИϝУϦϼцϜ пЮϜ ϸмЛЊЮϜ Ьы϶ ЙЂмϦϦ сϦЮϜ ϤϜϾϝПЮϜ пЯК ̭ϝЛвцϜм ϢϸЛвЮϜ рмϦϲϦ  . 

 2.  Prevention: 
2 . ϣтϝЦмЮϜ: 

 a. Watch your diet (the diet should be adjusted to avoid gas-producing foods). 
ϒ . йЮмϝжϦϦ рϺЮϜ аϝЛАЮϜ пЮϜ йϠϦжϒ)ϤϜϾϝПЮϜ ϭϦжϦ сϦЮϜ ϣвЛАцϜ ЬЪϒ ϞжϮϦм аϝЛАЮϜ ЬтϸЛϦ ϞϮт(. 

 b. Avoid carbonated beverages and large amounts of water before going to altitude. 
Ϟ .ϣтЮϝК ϤϝКϝУϦϼϒ сТ дϜϼтАЮϜ ЬϠЦ ̭ϝвЮϜ дв ϢϼтϠЪ ϤϝтвЪм ϣтϾϝПЮϜ ϤϝϠмϼІвЮϜ ЬмϝжϦ ϞжϮϦ. 

 c. Don't chew gum during ascent. 
Ϭ .ЙЎвϦъ ϣЪЯЛЮϜ ̭ϝжϪϜ ϸмЛЊЮϜ. 

 d. Keep regular bowel habits. 
ϸ .ϣвДϦжв ϢϼмЊϠ ̭ϝЛвцϜ ϣЪϼϲ пЯК ϣДТϝϲвЮϜ. 

 3. Treatments: 
3 . ϬыЛЮϜ: 

 a. Belching. 
ϒ .ϓІϮϦЮϜ. 

 b. Passing flatus. 
Ϟ .ϤϜϾϝПЮϜ НтϼУϦ. 

 c. Descent to a lower altitude (if pain persists). 
Ϭ . ЬЦϒ ИϝУϦϼϒ пЮϜ ЬмϾжЮϜ)аЮцϜ ϼвϦЂϒ ϜϺϒ(. 

 (b) Ear blocks: 
)Ϟ(  дϺцϜ ϤϜϸϜϸЂжϒ: 

 1. Mechanism: 
1 . ϣтЮфϜ: 

 a. As the barometric pressure is reduced during ascent, the expanding air in the middle ear is 
intermittently released through the Eustachian tube. 

ϒ .пЯКцϜ пЮϜ ϸмЛЊЮϜ ̭ϝжϪϒ рмϮЮϜ АПЎЮϜ ЬЧт ϝвϸжК , дК ϣЛАЧϦв ϢϼмЊϠ йПтϼУϦ аϦт пАЂмЮϜ дϺцϜ сТ ϸϸвϦвЮϜ ϾϝПЮϜ дϓТ
сЪϝϦЂмϒ ϢϝжЦ ФтϼА. 

 b.  As the inside pressure increases, the eardrum bulges until an excess pressure of 
approximately 12 to 15mm/Hg is reached. 

Ϟ . сЮϜмϲ пЮϜ ϸϚϜϾЮϜ АПЎЮϜ ЬЊт пϦϲ ϴϝУϦжцϝϠ ϒϸϠϦ дϺцϜ ϣЯϠА дϓТ дϺцϜ Ь϶Ϝϸ АПЎЮϜ ϸϜϸϾт ϝвϸжК12 пЮϜ 15ФϠϚϾ аЯв . 
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 c. At this time, a small bubble of air is forced out of the middle ear and the eardrum resumes its 
normal position. 

Ϭ . пЮϜ дϺцϜ ϣЯϠА ϸмЛϦм АЛЎЮϜ ϢмЦ ϼтϪϓϦ ϤϲϦ пАЂмЮϜ дϺцϜ Ϭϼϝ϶ пЮϜ ЙТϸжϦ ϢϼтПЊ ̭Ϝмк ϣКϝЧТ дϓТ ϤЦмЮϜ ШЮϺ ϸжК
сЛтϠАЮϜ ϝлЛЎм   . 

 d. During ascent, the change in pressure within the ear may not occur automatically. 
ϸ .пЯКцϜ пЮϜ ϸмЛЊЮϜ ϣЯϲϼв Ьы϶ ϣтЮϐ ϢϼмЊϠ Ϩϸϲт ъ ϸЦ дϺцϜ Ь϶Ϝϸ АПЎЮϜ сТ ϼтПϦЮϜ. 

 e. With the increase in barometric pressure during descent, the pressure of the external air is 
higher than the pressure in the middle ear and the eardrum is forced inward. 

и .ЬУЂцϜ пЮϜ ЬмϾжЮϜ ̭ϝжϪϒ рмϮЮϜ АПЎЮϜ ϢϸϝтϾ Йв , пАЂмЮϜ дϺцϜ сТ АПЎЮϜ дв ϼϠЪϒ дмЪт ϣтϮϼϝ϶ЮϜ дϺцϜ сТ АПЎЮϜ дϓТ
Ь϶ϜϸЮϜ мϲж дϺцϜ ϣЯϠА ЙТϸ пЮϜ рϸϔт ϝвв. 

 f. If the pressure differential increases appreciably, it may be impossible to open the Eustachian 
ǘǳōŜΦ  ¢ƘŜ ŜŀǊŘǊǳƳ ŎƻǳƭŘ ǊǳǇǘǳǊŜ ōŜŎŀǳǎŜ ǘƘŜ 9ǳǎǘŀŎƘƛŀƴ ǘǳōŜ ŎŀƴΩǘ ŜǉǳŀƭƛȊe the pressure. 

м .ϢϼтϠЪ ϢϼмЊϠ АПЎЮϜ ФϼТ ϸϜϾ ϜϺϒ ,сЪϝϦЂмϒ ϢϝжЦ ϱϦТ ̯ϜϸϮ ϞЛЊЮϜ дв дмЪт ϸЦ йжϓТ . ФϾвϦϦ дϒ дЪввЮϜ дв дϺцϜ ϣЯϠА
АПЎЮϜ ϣЮϸϝЛв пЯК сЪϝϦЂмϒ ϢϝжЦ ϢϼϸЦ аϸК ϞϠЂϠ. 

 

 2.  Prevention: 
2 . ϣтϝЦмЮϜ: 

 a. The most common complaint of crewmembers is the inability to ventilate the middle ear. 
ϒ .пАЂмЮϜ дϺцϜ сТ ϸЮмϦвЮϜ АПЎЮϜ ЀтУжϦ пЯК ϢϼϸЧЮϜ аϸК ск дϜϼтАЮϜ ϸϜϼТϒ ϸжК омЪІЮϜ ЌϜϼКϒ ϼϪЪϒ . 

 b. This inability frequently occurs when the Eustachian tube or its opening is swollen shut as the 
result of an inflammation or infection due to a head cold, sore throat, middle ear infection, sinusitis, or 
tonsillitis. 

Ϟ .ϝлЧЯО пЮϜ рϸϔт ϝвв ϣвϼмϦв сЪϝϦЂмϒ ϢϝжЦ дмЪϦ ϝвϸжК ϢϼϼЪϦв ϢϼмЊϠ ϨϸϲϦ иϺк ϢϼϸЧЮϜ аϸК , дв ϭϦжт аϼмϦЮϜ ϜϺк
аϝЪϾЮϜ ϞϠЂϠ омϸЛЮϜ мϜ ϞϝлϦЮцϜ ,ϞϝлϦЮϖ ϢϼϮжϲЮϜ ,пАЂмЮϜ дϺцϜ ϞϝлϦЮϒ ,ϣтУжцϜ ϞмтϮЮϜ ϞϝлϦЮϒ ,дтϦϾмЯЮϜ ϞϝлϦЮϒм. 

 c. Unless absolutely necessary, crew members with colds or sore throats should not fly. 
Ϭ .Ј϶ІЮϜ дϜϼтА ϞϮϜмЮϜ дв дмЪт аЮ ϝв , мϒ аϝЪϾЮϝϠ ̯ϝϠϝЊв дϝЪ ϜϺϒ дϜϼтАЮϜ аϸК дϜϼтАЮϜ ϸϜϼТϒ дв ϸϼТ рϒ пЯК ϞϮт йжϓТ
ϢϼϮжϲЮϜ ϞϝлϦЮϒ . 

 

 3. Treatment: 
3 . ϬыЛЮϜ: 

 a. Stop descent of aircraft and attempt to clear by valsalva. 
ϒ .ϝУЮϝЂЮϝТ ϣЧтϼА ̭Ϝϸϒ ϣАЂϜмϠ АПЎЮϜ НтϼУϦ ϣЮмϝϲв Йв ϢϼϚϝАЮϜ АмϠк РϝЧтϒ )Ϻ϶ϒ ЀУж ФтвК йЂϠϲм .( 

 b. If the condition is not cleared, climb to altitude until cleared by pressure change or valsalva. 
Ϟ .ϣЧтϼАЮϜ ШЯϦϠ АПЎЮϜ НтϼУϦ аϦт аЮ ϜϺϒ , АПЎЮϜ ϼтПϦ ФтϼА дК АПЎЮϜ НтϼУϦ аϦт пϦϲ пЯКϒ ИϝУϦϼϒ пЮϜ ϸмЛЊЮϜ ϞϮт

ϝУЮϝЂЮϝТ ϣЧтϼА ̭ϜϸϓϠ мϒ рмϮЮϜ. 

 c. Reduce rate of descent and equalize ear/sinus frequently during descent. 
Ϭ .АмϠлЮϜ Ьы϶ ϢϼϼЪϦв ϢϼмЊϠ ϣтУжцϜ ϞмтϮЮϜм дϺцϜ сТ АПЎЮϜ ϣЮϸϝЛв Йв АмϠлЮϜ ЬϸЛв ЬтЯЧϦ. 
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 (c) Sinus blocks: 
)Ϭ(  ϣтУжцϜ ϞмтϮЮϜ ϤϜϸϜϸЂжϒ: 

 1. Mechanism: 
1 . ϣтЮфϜ: 

 a. Like the middle ear, sinuses can also trap gas during flight. 
ϒ .пАЂмЮϜ дϺцϜ сТ ЬϝϲЮϜ мк ϝвЪ ,дϜϼтАЮϜ Ьы϶ ϼмЊϲвЮϜ ϾϝПЮϜ АПЎ Ь϶Я϶Ϧ ϝлтТ Ϩϸϲт дϒ дЪвт ϣтУжцϜ ϞмтϮЮϜ дϓТ. 

 b. Sinuses are air-filled, relatively rigid, bony cavities lined with mucus membranes. 
Ϟ .сАϝ϶в ̭ϝІПϠ ϣжАϠвм ̭ϜмлЮϝϠ ϣϚтЯв ϣϠЯЊ ϣтвДК РтмϝϮϦ ск ϣтУжцϜ ϞмтϮЮϜ. 

 c. Sinuses are connected with the nose by means of one or more small openings. 
Ϭ .ϢϸϸЛϦв ϢϼтПЊ ϤϝϲϦТ Ьы϶ дв РжцϜ Йв ϣАϠϦϼв дмЪϦ ϣтУжцϜ ϞмтϮЮϜ . 

 d. If the openings into the sinuses are normal, air passes into and out of these cavities without 
difficulty and pressure equalizes. 

ϸ .АПЎЮϜ ϣЮϸϝЛв пЮϜ рϸϔт ϝвв ϣϠмЛЊ дмϸϠ РтмϝϮϦЮϜ иϺк пЮϜм дв ϼвт ̭ϜмлЮϜ дϓТ ϣтЛтϠА ϤϝϲϦУЮϜ иϺк ϤжϝЪ ϜϺϒ. 

 e. If these openings become obstructed it may become difficult or impossible to equalize the 
pressure. 

и .АПЎЮϜ ϣЮϸϝЛв ЬтϲϦЂвЮϜ мϜ ϞЛЊЮϜ дв ϱϠЊт йжϓТ ϢϸмϸЂвм ϣЧтЎ ϤϝϲϦУЮϜ иϺк ϤϲϠЊϒ ϜϺϒ. 

 2.  Prevention: 
2 . ϣтϝЦмЮϜ: 

 a. Avoid flying with a cold or congestion. 
ϒ .дϝЧϦϲцϜ мϜ аϝЪϾЮϝϠ ϣϠϝЊцϜ ϸжК дϜϼтАЮϜ ϞжϮϦ. 

 b. Perform the Valsalva maneuver more frequently. 
Ϟ .ϢϼϼЪϦв ϢϼмЊϠ ϝУЮϝЂЮϝТ ϣЧтϼА ̭Ϝϸϒ. 

 3. Treatment ς treat a sinus block the same as you would treat an ear block. 
3 .ϬыЛЮϜ ïдϺцϜ ϸϜϸЂжϒ ϬыК ϣЧтϼА ЀУжϠ дмЪϦ ϣтУжцϜ ϞмтϮЮϜ ϸϜϸЂжϒ ϣϮЮϝЛв . 

 (d) Barodontalgia (trapped gas disorders of the teeth): 
)ϸ(  ϼмЊϲвЮϜ ϾϝПЮϜ АПЎ Ь϶Я϶Ϧ дв ϭϦϝжЮϜ дϝжЂцϜ аЮϐ : 

 1. Mechanism - change in barometric pressure can cause a toothache. 
1 .ϣтЮфϜ ïдϝжЂцϜ сТ ЙϮм ϞϠЂт дϒ дЪвт рϺЮϜ рмϮЮϜ АПЎЮϜ ϼтПϦ дв ϭϦϝж . 

 2.  Prevention - avoid flying following dental restoration or when in need of restoration. 
2 .ϣтϝЦмЮϜ ïдϝжЂчЮ ϬыК ЬвК пЮϜ ϣϮϝϲЮϜ ϸжК мϜ дϝжЂцϜ ϬыК ϸЛϠ дϜϼтАЮϜ ϞжϮϦ . 

 3.  Treatment ς descent usually brings relief. 
3 .ϬыЛЮϜ ïаЮцϜ ЬтЯЧϦ пЮϜ рϸϔт ϝв ϢϸϝК АмϠлЮϜ  . 

 4.  Referred pain. 
4 .ϼІϦжвЮϜ аЮцϜ  : 

 a. Nerve endings for sinuses and the upper teeth are in close proximity in the maxilla. 
ϒ .пЯКцϜ ШУЮϜ сТ ̯ϜϸϮ ϣϠтϼЦ дмЪϦ ϣтмЯЛЮϜ дϝжЂцϜм ϣтУжцϜ ϞмтϮЮϜ сТ ϞϝЊКцϜ Ϥϝтϝлж. 
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 b. On occasion, the sinuses will block putting pressure or pain on the upper teeth. 
Ϟ .ϤъϝϲЮϜ ЌЛϠ сТ ,ϣтмЯЛЮϜ дϝжЂцϜ пЯК аЮϐм АПЎ ϣтУжцϜ ϞмтϮЮϜ ϸϜϸЂжϒ ϞϠЂт  . 

 c. Condition must be treated as a ear/sinus block. 

Ϭ .ϣтУжцϜ ϞмтϮЮϜм дϺцϜ ϸϜϸЂжϒ ϤъϝϲЪ ϝлϦϮЮϝЛв ϞϮт ϣЮϝϲЮϜ иϺк. 

-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.- 

× Evolved Gas Dysbarism: 
×  ϼмАϦ̳вЮϜ ϾϝПЮϜ АПЎ Ь϶Я϶Ϧ: 

a. Evolved Gas Dysbarism (decompression sickness) - Occur as a direct result of a reduction in 
atmospheric pressure.  As pressure decreases, gases dissolved in body fluids are released as bubbles.  
This will cause varied skin and muscle symptoms and possibly neurological symptoms. 

ϒ .Ь϶Я϶Ϧ АПЎ ϾϝПЮϜ ϼмАϦ̳вЮϜ )АПЎЮϜ дϝЊЧж Ќϼв( ïрмϮЮϜ АПЎЮϜ дϝЊЧжЮ ϢϼІϝϠв ϣϮтϦжЪ ϣЮϝϲЮϜ иϺк ϨϸϲϦ  . АПЎЮϜ дϝЊЧж ϸжК

ϤϝКϝЧТ ЬЪІ пЯК ϼϼϲϦϦ аЂϮЮϜ ЬϚϜмЂ сТ ϣϠϚϜϺЮϜ ϤϜϾϝПЮϜ дϓТ . рϸϔϦ ϸЦм ϤыЎЛЮϜм ϸЯϮЮϜ сТ ϣУЯϦ϶в ЌϜϼКϓϠ ϞϠЂϦт РмЂ ϙІЮϜ ϜϺк
 ̯ϝЎтϒ ϣтϠЊК ЌϜϼКϒ пЮϜ. 

b. Henry's Law - The amount of gas dissolved in a solution is directly proportional to the pressure of the 
gas over the solution.  This is similar to gas being held under pressure in a soda bottle.  When the cap is 
removed, the liquid inside is exposed to a lower pressure; therefore, gases escape in the form of 
bubbles.  Nitrogen (N2) in the blood behaves in the same manner. 

Ϟ . рϼжк дмжϝЦ -ϣтвЪ ϾϝПЮϜ ϣϠϚϜϺЮϜ сТ ЬмЯϲв ϞЂϝжϦϦ ϝтϸϼА Йв АПЎ ϾϝПЮϜ АЯЂвЮϜ пЯК ЬмЯϲвЮϜ .ϜϺк ϙІЮϜ ФϠАжт пЯК ϤϜϾϝПЮϜ 
ϢϸмϮмвЮϜ сТ ϣжтжЦ ϤϝϠмϼІвЮϜ ϣтϾϝПЮϜ .ϸжК ϣЮϜϾϒ ̭ϝАО ϣжтжЧЮϜ дϓТ ЬϚϝЂЮϜ ϸмϮмвЮϜ ϝлтТ РмЂ ЌϼЛϦт пЮϜ АПЎ ЬЦϒ ϝвв рϸϔт пЮϜ 
Ϭмϼ϶ ϤϜϾϝПЮϜ пЯК ЬЪІ ϤϝКϝЧТ .ϾϝО дтϮмϼϦжЮϜ ϸмϮмвЮϜ сТ аϸЮϜ  РϼЊϦт пЯК ЀУж ϣЧтϼАЮϜ. 

c. Mechanism: 
Ϭ . ϣтЮфϜ: 

 (1)  Inert gases in body tissues (principally N2) are in pressure equilibrium with the same gases in 
the atmosphere. 

)1(  аЂϮЮϜ ϣϮЂжϒ сТ ϣЯвϝ϶ЮϜ ϤϜϾϝПЮϜ)дтϮмϼϦжЮϜ ϾϝО ϣЊϝ϶ ϢϼмЊϠ ( ϢϸмϮмвЮϜ ϣЯϪϝввЮϜ ϤϜϾϝПЮϜ АПЎ Йв дϾϜмϦ сТ дмЪϦ

мϮЮϜ сТ. 

 (2)  When barometric pressure decreases, the partial pressures of atmospheric gases decrease 
proportionally, leaving the tissues temporarily supersaturated. 

)2(  ϣϮЂжцϜ ЙϠІϦ пЮϜ рϸϔт ϝвв ̯ϝЎтϒ ЬЧт мϮЮϜ сТ ϢϸмϮмвЮϜ ϤϜϾϝПЯЮ сϚтϾϮЮϜ АПЎЮϜ дϓТ рмϮЮϜ АПЎЮϜ ЬЧт ϝвϸжК

ϣϦЦϔв ϢϼмЊϠ ϤϜϾϝПЮϝϠ. 

 (3)  Responding to the supersaturating, the body attempts to establish a new equilibrium by 
transporting the excess gas volume in the venous blood to the lungs. 

)3(  аϸЮϜ сТ ϤϜϾϝПЯЮ ϸϚϜϾЮϜ аϮϲЮϜ ЬЧж ФтϼА дК ϸтϸϮ дϾϜмϦ ̭ϝІжϒ Ьмϝϲт аЂϮЮϜ дϓТ ϤϜϾϝПЮϝϠ ϣϮЂжцϜ ЙϠІϦЮ ϣϠϝϮϦЂϓЪ

дтϦϚϼЮϜ пЮϜ рϸтϼмЮϜ . 

 (4)  However, this is an inefficient system of removal and could lead to an evolved gas disorder. 
)4( Ь϶Я϶ϦвЮϜ ϾϝПЮϜ Ќϼв Ϩмϸϲ пЮϜ ϝлЛвϮϦ рϸϔт ϸЦм ϤϜϾϝПЮϜ ϣЮϜϾц сТϝЪ ϼтО дмЪт ϙІЮϜ ϜϺк дϓТ ШЮϺ Йв. 
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d. Four types of evolved gas disorders: 
ϸ . ϾϝПЮϜ Ь϶Я϶Ϧ ЌϜϼвц ϣЛϠϼцϜ ИϜмжцϜ: 

WARNING: Evolved gas disorders are considered serious and medical treatment/advice must be sought 
immediately. 

 ϼтϺϲϦ :ϼϠϦЛϦ ЌϜϼвϒ Ϥы϶Я϶Ϧ ϾϝПЮϜ ϢϼтА϶ ϞϮтм ϨϲϠЮϜ дК ϬыЛЮϜ сϠАЮϜ ϱϚϝЊжЮϜм  ̯ϜϼмТ. 
(1)  Bends: 

)1 ( дмЂтЪ Ќϼв)ϾϸжϠ(:  
 (a)  Occurs when the N2 bubbles become trapped in the joints.  At the onset of bends, pain may 
be mild but it can become deep, gnawing, penetrating, and eventually intolerable. 

)ϒ( ЬЊϝУвЮϜ сТ дтϮмϼϦжЮϜ ϾϝО ϤϝКϝЧТ ЙвϮϦϦ ϝвϸжК Ϩϸϲт . аЮϒ ϱϠЊт йжЪЮм АтЂϠ дмЪт ϸЦ аЮцϜ дϓТ ЌϼвЮϜ ϜϺк ϣтϜϸϠ ϸжК
ФтвК ,ϭКϾв ,ФϼϦ϶в ,ЬвϲϦЯЮ ЬϠϝЦ ϼтО аЮϒ ϱϠЊт ϣтϝлжЮϜ сТм  . 

 (b)  Severe pain can cause loss of muscular power of the extremity involved and, if allowed to 
continue, may result in bodily collapse. 

)Ϟ( ϞϝЊвЮϜ РϼАЮϜ сТ ϤыЎЛЮϜ ϢмЦ дϜϸЧТ пЮϜ рϸϔт ϸЦ ϸтϸІЮϜ аЮцϜ ,аЂϮЮϜ ϼϝтлжϒ пЮϜ рϸϔϦ ϸЦ ϝлжϓТ ϣЮϝϲЮϜ ϤϼвϦЂϒ ϜϺϒм . 

 (c)  The larger joints, such as the knee or shoulder, are most frequently affected.  The hands, 
wrists, and ankles are also common sites. 

)Ϭ( ϢϼтϠЪЮϜ ЬЊϝУвЮϜ ,РϦЪЮϜм ϣϠЪϼЮϜ ЬЊУв ЬϪв , ̯ϜϼϪϓϦ ϼϪЪцϜ дмЪϦ .ϸтЮϜ ,НЂϼЮϜ , ̯ϝЎтϒ ϣЛϚϝІ ФАϝжв ск ЬϲϝЪЮϜм . 

 (d)  It may occur in several joints simultaneously and worsen with movement. 
)ϸ( ϣЪϼϲЮϜ Йв ̭мЂϒ ϱϠЊϦм ϤЦмЮϜ ЀУж сТ ϢϸϸЛϦв ЬЊϝУв сТ ϣЮϝϲЮϜ иϺк ϨϸϲϦ ϸЦ. 

(2)  Paresthesia (creeps/tingles): 
)2 ( ЬвжϦЮϜ)ϼϸ϶ЮϜ(:  

 (a) Tingling and itching sensations on the surface of the skin are the primary symptoms of 
parathesia.  It is caused by N2 bubbles forming along the nerve tracts leading to the affected areas. 

)ϒ( ϣЮϝϲЮϜ иϺлЮ ϣтЮмцϜ ЌϜϼКцϜ дв ск ϸЯϮЮϜ сТ ϣАтЂϠЮϜ ϣЪϲЮϜм ЬвжϦЮϝϠ ϼмЛІЮϜ . ϾϝО ϤϝКϝЧТ ϞϠЂϠ ϣЮϝϲЮϜ иϺк ϭϦжϦ
ϢϼϪϓϦвЮϜ ϣЧАжвЮϜ пЮϜ ϣтϸϔвЮϜ ϞϝЊКцϜ ЬмА пЯК дмЪϦϦ сϦЮϜ дтϮмϼϦжЮϜ . 

 (b)  A mottled red rash may appear on the skin. 
)Ϟ( ϸЯϮЮϜ сТ ϢϼІϦжв ̭Ϝϼвϲ ЙЧϠ ЬЪІ пЯК рϸЯϮ ϱУА ϼлДт ϸЦ. 

(3)  Chokes: 
)3 ( ϤϝЦϝжϦ϶цϜ: 

 (a) Symptoms occurring in the thorax are probably caused by innumerable small N2 bubbles that 
block the smaller pulmonary vessels. 

)ϒ(  дтϮмϼϦжЮϜ ϾϝПЮ ϢϼтПЊЮϜ ϤϝКϝЧУЮϜ дв ЬϚϝк ϸϸК дв ϣϮϦϝж ϱϮϼцϜ пЯК дмЪϦ ϼϸЊЮϜ ϣЧАжв сТ ϨϸϲϦ сϦЮϜ ЌϜϼКцϜ
дтϦϚϼЮϜ сТ ϢϼтПЊЮϜ ϣтмвϸЮϜ ϣтКмцϜ ϸЂϦ сϦЮϜ . 

 (b) At first, a burning sensation is noted under the sternum.  As the condition progresses, the 
pain becomes stabbing with deep inhalation. Short breaths are necessary to avoid distress. 

)Ϟ( ЈЧЮϜ аДК ϤϲϦ ϣЦϼϲ ЬЪІ пЯК аЮϒ Дϲыт ϣтϜϸϠЮϜ сТ . ФтлІ ЬЪ Йв ϤϝжЛА ЬЪІ пЯК ϱϠЊт аЮцϜ дϓТ ϣЮϝϲЮϜ аЦϝУϦ ϸжК
ФтвК .ЀУжЮϜ ФтЎм аЮцϜ ϞжϮϦЮ ̯ϝтϼмϼЎ дмЪт ϼтЊЦ ЀУжϦ Ϻ϶ϒ . 

 (c)  There is an uncontrollable desire to cough, but the cough is ineffective and nonproductive. 
)Ϭ( РϝϮм ЬϝЛТ ϼтО дмЪт ЬϝЛЂЮϜ ϜϺк дЪЮм ЬϝЛЂЯЮ ϝлтЯК ϼАтЂв ϼтО ϣϠОϼ ϣЮϝϲЮϜ иϺк ϞϲϝЊϦ. 
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 (d)  Finally, there is a sensation of suffocation; breathing becomes shallower and the skin has a 
bluish coloration. 

)ϸ( ФϼϾϒ дмЯϠ ϸЯϮЮϜ дмЯϦтм ФтвК ϼтО ЀУжϦЮϜ ϱϠЊтм ФϝжϦ϶цϝϠ ϼмЛІ Шϝжк дмЪт ϣтϝлжЮϜ сТ . 

(4)  CNS disorder: 
)4 ( рϾЪϼвЮϜ сϠЊЛЮϜ ϾϝлϮЮϜ ϤϝϠϜϼАЎϒ: 

 (a)  In rare cases when aircrews are exposed to high altitude, symptoms may indicate that the 
brain or the spinal cord is affected by N2 bubble formation. 

)ϒ(  мϜ МϝвϸЮϜ ϼϪϓϦ пЮϜ ϼтІϦ ϸЦ ЌϜϼКцϜм ̯ϜϸϮ сЮϝК ИϝУϦϼϒ пЮϜ дϜϼтАЮϜ ϸϜϼТϒ ϝлтТ ЌϼЛϦт сϦЮϜ ϢϼϸϝжЮϜ ϤъϝϲЮϜ сТ ϨϸϲϦ
дтϮмϼϦжЮϜ ϾϝО ϤϝКϝЧТ дмЪϦϠ сЪмІЮϜ ЬϠϲЮϜ . 

 (b) The most common symptoms are visual disturbances, which vary from blind spots to the 
flashing or flickering of a steady light. 

)Ϟ(  ̭мЎЮϜ ϞЯЧϦ мϜ Ќвм ϣЮϝϲ пЮϜ ̭ϝтвЛЮϜ АϝЧжЮϜ дмЪϦ дв йϦϮϼϸ РЯϦ϶Ϧ рϺЮϜ ϼЊϠЮϜ ЬыϦ϶ϒ ск ̯ϝКмтІ ЌϜϼКцϜ ϼϪЪϒ
ϤϠϝϪЮϜ . 

 (c)  Other symptoms may be a dull-to-severe headache, partial paralysis, the inability to hear or 
speak, and the loss of orientation. 

)Ϭ( ϸтϸІЮϜ пЮϜ АтЂϠЮϜ аЮцϜ дв ϰмϜϼϦт рϺЮϜ ЀϒϼЮϜ аЮϒ дмЪϦ ϸЦ оϼ϶цϜ ЌϜϼКцϜ ,сϚϾϮЮϜ ЬЯІЮϜ , ИϝвЂ пЯК ϢϼϸЧЮϜ аϸК
аыЪЮϜ ,ШϜϼϸцϜ дϜϸЧТм. 

 (d)  Paresthesia, or one-sided numbness and tingling, may also occur. 
)ϸ( ЬвжϦЮϜ ,аЂϮЮϜ дв ϢϸϲϜм ϣлϮ Ͼ϶мм ЬвжϦ мϜ , ̯ϝЎтϒ Ϩϸϲт ϸЦ . 

e. Influential factors - evolved gas disorders do not happen to everyone who flies.  Certain factors tend 
to increase the chance of evolved gas problems and reduce the altitude at which problems can occur. 

и . ϢϼϪϔвЮϜ ЬвϜмЛЮϜïϼтАт Ј϶І ЬЪ ϸжК ϨϸϲϦ ъ  АПЎЮϜ ϤъыϦ϶ϒ ЌϜϼвϒ  . Ϩмϸϲ ϣтЮϝвϦϲϒ ϢϸϝтϾ пЮϜ рϸϔϦ ϣжтЛв ЬвϜмК Шϝжк

ЬЪϝІвЮϜ иϺк иϸжК Ϩϸϲт рϺЮϜ ИϝУϦϼцϜ ЬтЯЧϦм ϤϝϠϜϼАЎцϜ иϺк. 

 (1)  Rate of ascent - the more rapid the rate of ascent, the greater the chance that evolved gas 
disorders will occur; the body does not have time to adapt to the pressure changes. 

)1 (ϸмЛЊЮϜ ЬϸЛв ïмϮЮϜ сТ ϸмЛЊЮϜ ЬϸЛвм ϣКϼЂ ϤϸϜϾ ϝвЯЪ  ,АмПЎвЮϜ ϾϝПЮϜ ϤϝϠϜϼАЎϒ Ϩмϸϲ ϣЊϼТ ϤϸϜϾ ϝвЯЪ .

АПЎЮϜ ϤϜϼтПϦ Йв РттЪϦЯЮ аЂϮЯЮ сТϝЪЮϜ ϤЦмЮϜ ϼТмϦ аϸК мк ШЮϺ ̭Ϝϼм ϞϠЂЮϜ. 

 (2)  Altitude ς as altitudes increase so does the rate of incidence. 
)2 (ИϝУϦϼцϜ ïИϝУϦϼцϜ ϸϜϾ ϝвЯЪ  ,ЌϼвЮϜ Ϩмϸϲ ЬϸЛв ϸϜϾ. 

 (3)  Age - evidence suggests that individuals in their mid-forties are more susceptible than those 
in their early twenties. 

)3 (ϼвЛЮϜ ï ϣжϼϝЧвЮϝϠ ϣЮϝϲЮϜ иϺк ϨмϸϲЮ ϣЎϼК ϼϪЪϒ дмжмЪт ϤϝжтЛϠϼцϜ РЊϦжв ϼвК сТ Јϝ϶ІцϜ дϓϠ ЬϚъϸЮϜ ϤϼлДϒ 

ϤϝжтϼІЛЮϜ ϼвЛϠ. 

 (4) Exercise ς it increases the body tolerance. 
)4 ( дтϼϝвϦЮϜïЬвϲϦЮϜ пЯК аЂϮЮϜ ϢϼϸЦ дв ϸтϾϦ . 

 (5) Duration of exposure - the longer the exposure, especially above 18,000 feet, the more likely 
that evolved gas disorders will occur. 

)5 (Ϣϸв ЌϼЛϦЮϜ ïЌϼЛϦЮϜ Ϣϸв ϤϸϜϾ ϝвЯЪ  , дв пЯКϒ ϣЊϝ϶ ϢϼмЊϠ18000аϸЦ  ,ϣЮϝϲЮϜ иϺк Ϩмϸϲ ϣЊϼТ ϤϸϜϾ. 
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 (6) Repeated exposure - the more often individuals are exposed to altitude above 18,000 feet 
(without pressurization), the more they are predisposed to evolved gas disorders. 

)6 (ϼϼЪϦвЮϜ ЌϼЛϦЮϜ ï дв пЯКϒ ϤϝКϝУϦϼчЮ Ј϶ІЮϜ ϝлтТ ЌϼЛϦт сϦЮϜ ϤϜϼвЮϜ ϸϸК ϸϜϾ ϝвЯЪ 18000 аϸЦ )АПЎ дмϸϠ( ,

ϣЮϝϲЮϜ иϺк Ϩмϸϲ ϣтЮϝвϦϲϒ ϤϸϜϾ. 

 
f. Prevention: 

м . ϣтϝЦмЮϜ: 
 (1)  Denitrogenation (prebreathing 100% O2 is required for flights exceeding 20,000 feet). 

)1(  дтϮмϼϦжЮϜ ϣЮϜϾϒ) ϾтЪϼϦϠ дтϮЂЪмцϜ ϾϝПЮ ФϠЂвЮϜ ЀУжϦЮϜ100 % дв пЯКϒ ИϝУϦϼϓϠ дϜϼтАЮϜ сТ ϞмЯАв дмЪт20000 

аϸЦ(. 
 (2)  Flying a pressurized aircraft, if possible. 

)2( ϢϼмЊЧвЮϜ АПЎ аϝДжϠ ϢϸмϾв ϤϜϼϚϝАϠ дϜϼтАЮϜ ,дЪвв ШЮϺ дϝЪ ϜϺϒ. 

 (3)  Limit time at high altitude. 
)3( ϣтЮϝЛЮϜ ϤϝКϝУϦϼцϜ сТ сЎЧжвЮϜ ϤЦмЮϜ ЬтЯЧϦм ϸтϸϲϦ. 

g. Treatment: 
Ͼ . ϬыЛЮϜ: 

 (1)  Descend to ground level. 
)1( ЌϼцϜ пЮϜ АмϠлЮϜ. 

 (2)  100% O2. 
)2(  ϾтЪϼϦϠ дтϮЂЪмцϜ ϾϝО100 .% 

 (3)  Seek medical advice/assistance. 
)3( ϣтϠАЮϜ ϣϲтЊжЮϜм ϢϸКϝЂвЮϜ ϞЯА. 

 (4)  Compression therapy. 
)4( АПЎЮϝϠ ϬыЛЮϜ. 

h. Aircrew restrictions: 
ϰ . дϜϼтАЮϜ ϸϜϼТϒ пЯК ϸмтЧЮϜ: 

 (1)  Crewmembers will not fly for 24 hours after SCUBA diving. 
)1(  ϢϸвЮ дϜϼтАЮϜ дв алЛжв ϞϮт дϜϼтАЮϜ ϸϜϼТϒ24̭ϝвЮϜ сТ ЈмПЮϜ ϸЛϠ ϣКϝЂ . 

 (2)  During SCUBA diving, excessive N2 uptake by the body occurs in using compressed air. This 
will lead to formation of N2 bubbles at lower altitudes during flying. 

)2( ̭ϝвЮϜ сТ ЈмПЮϜ ϣтЯвК Ьы϶ , АмПЎвЮϜ ϾϝПЮϜ аϜϸ϶ϦЂϒ ϣϮтϦж аЂϮЮϜ ϣϮЂжϒ Ь϶Ϝϸ пЮϜ дтϮмϼϦжЮϜ ϾϝПЮ ϸтϸІ дϝϠмϺ ЬЊϲт

ЀУжϦЯЮ.дϜϼтАЮϜ ̭ϝжϪϒ ЬЦϒ ϤϝКϝУϦϼϒ ϸжК дтϮмϼϦжЮϜ ϾϝО ϤϝКϝЧТ дмЪϦ пЮϜ рϸϔт ϙІЮϜ ϜϺк . 

 

-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.- 

=+=+=+=+=+=+=+=+=+=+=+=+=+=+= 

 



 

 
99 

 

Review Questions:                                                                                                                 ϣЛϮϜϼвЮϜ ϣЯϚЂϜ:   

1. Which of the Physiological Zones of the atmosphere is lethal to the human system? 
1 . ̬ дϝЂжчЮ ϣЯϦϝЦ дмЪϦ мϮЮϜ ϤϝЧϠАЮ ϣтϮЯЂУЮϜ ФАϝжвЮϜ дв рϒ 

2. What is the component of blood responsible for transporting the majority of O2 in the circulatory 
system?  

2 .̬ дϜϼмϸЮϜ ϾϝлϮ сТ дтϮЂЪмцϜ ϾϝО ϣтϠЯОϒ ЬЧж дК ЬмϔЂв дмЪт аϸЮϜ ϤϝϠЪϼв дв ̭ϾϮ рϒ 

3. What is the active phase of respiration? 
3 . ̬ ЀУжϦЮϜ сТ ϣАІжЮϜ ϣЯϲϼвЮϜ ск ϝв 

4. What are the types of hypoxia? 
4 .̬ ϝтЂЪмϠтϝлЮϜ ИϜмжϒ ск ϝв 

5. What are the symptoms of hyperventilation? 
5 .̬ ЀУжϦЮϜ ЬϸЛв ϢϸϝтϾ ϣЮϝϲ ЌϜϼКϒ ск ϝв 

6. What is the correct treatment of ear or sinus block? 
6 .̬ дϜϼтАЮϜ ̭ϝжϪϒ ϣтУжцϜ ϞмтϮЮϜм дϺцϜ ϤϜϸϜϸЂжц ϱтϲЊЮϜ ϬыЛЮϜ мк ϝв 

7. What are the types of evolved gas Dysbarism? 
7 . ̬ϼмА̳ϦвЮϜ ϾϝПЮϜ АПЎ Ь϶Я϶Ϧ ЌϜϼвϒ ИϜмжϒ ск ϝв 

 



 

 
100 

 


