
ǪȀȐȃȈȀȂȂȄȈȀȉț ǲȜȒȓȆȋȀ

ɮʻʰ˄ʱˋʽˇˌ ɾʰ˄ʵˊˇˏˁʰˌ 
ɲʽʵʱˁˍ˖ˊ ɮʻ˂ʹˍʽˁ˗˄ ɳˉʽˋˍʹ˃˗˄
ɲʽʵʱˋˁ˖˄ ˋˍˇ ʅΦɳΦʊΦɮΦɮΦ-ɮΦʃΦɸΦ
Email: amandrou@phed.auth.gr

ɸ˖˃ʱˌ ɾʶˍʰ˅ʱˌ 
ɼʰʻʹʴʹˍʺˌ ɳˊʴˇ˃ʶˍˊʾʰ ςʃˇʵˈˋ˒ʰʽˊˇ

ʅΦɳΦʊΦɮΦɮΦ-ɮΦʃΦɸΦ
Email: tommet@phed.auth.gr

mailto:tommet@phed.auth.gr
mailto:tommet@phed.auth.gr


ɀɏɢɟɘ Űɞ Űɏɚɞɠ Űɖɠ ůɖɛŮɟɘɜɐɠ ůɡɜŮŭɟɑŬɠ ɗŬ 
ɔɜɤɟɑɕŮŰŮé

Åȼ ůɡɜɞɚɘəɐ ŭɞɛɐ Űɞɡ ȾŬɟŭɘŬɔɔŮɘŬəɞɨ ɆɡůŰɐɛŬŰɞɠ

ÅɆɖɛŮɑŬ Űɖɠ əŬɟŭɘɎɠ

Åȼ ŭɞɛɐ Űɤɜ Ŭɘɛɞűɧɟɤɜ ŬɔɔŮɑɤɜ

ÅȾŬɟŭɘŬəɧɠ əɨəɚɞɠ

Åɇɘ ůɡɛɓŬɑɜŮɘ ɧŰŬɜ ŬůəɞɨɛŬůŰŮ



ȾŬɟŭɘŬɔɔŮɘŬəɧ ɆɨůŰɖɛŬ

ÅɇɟɑŬ ɛɏɟɖ:

oȼ əŬɟŭɘɎ (ŬɜŰɚɑŬ)

oȷɘɛɞűɧɟŬ ŬɔɔŮɑŬ

oȷɑɛŬ (ɡɔɟɧ ɛɏůɞ)

ÅȾɎɗŮ ɛɏɟɞɠ ɏɢŮɘ ůɡɔəŮəɟɘɛɏɜŮɠ ɚŮɘŰɞɡɟɔɑŮɠ



ǲȔȌȎȏȓȈȉǻ..

Åɇɞ əŬɟŭɘŬɔɔŮɘŬəɧ ůɨůŰɖɛŬ ɛˊɞɟŮɑ ɜŬ ɢɤɟɘůŰŮɑ ůŮ ŰɟɑŬ ɛɏɟɖ:

1. ȾŬɟŭɘɎ (Heart)

ïɽʶʽˍˇˎˊʴʶʾ ˃ʶ ˋˁˇˉˈ ˍʹ˄ ʱ˄ˍ˂ʹˋʹ ʰʾ˃ʰˍˇˌ ʴˏˊ˖ 

ʰˉˈ ˍˇ ˋ˗˃ʰ

2. ȷɘɛɞűɧɟŬ ŬɔɔŮɑŬ (Blood vessels)

ïɽʶʽˍˇˎˊʴʾʰ ʴʽʰ ˍʹ˄ ˁʰˍʶˏʻˎ˄ˋʹ ˍˇˎ ʰʾ˃ʰˍˇˌ ˈˉˇˎ 

˔ˊʶʽʱʸʶˍʰʽ

3. ȷɑɛŬ (Blood)

ïȿŮɘŰɞɡɟɔŮɑ ɛŮ ůəɞˊɧ Űɖɜ ɛŮŰŬűɞɟɎ



ǪȀȐȃȈǻ



ǪȀȐȃȈǻ

Åɇɘ ɔɜɤɟɑɕɞɡɛŮ ɐŭɖ ɔɘŬ Űɖ ŭɞɛɐ (ŬɜŬŰɞɛɑŬ) Űɖɠ 

əŬɟŭɘɎɠ;



ȼ KŬɟŭɘɎ

ÅɀɏɔŮɗɞɠ:ȾɚŮɘůŰɐɔɟɞɗɘɎ,250-350g

ÅɇɞůɢɐɛŬŰɖɠɛɞɘɎɕŮɘɛŮəɩɜɞ,ŭɖɚŬŭɐ

ŭɘŬɗɏŰŮɘɛɘŬɓɎůɖɖɞˊɞɑŬŮɑɜŬɘəŬɘ́ɘɞűŬɟŭɘɎ

əŬɘɛɑŬəɞɟɡűɐ,ɖəɞɟɡűɐŮɑɜŬɘůŰɟŬɛɛɏɜɖɛŮ

ɛɘŬŮɚŬűɟɘɎəɚɑůɖˊɟɞɠŰŬŬɟɘůŰŮɟɎ. 

ÅɉŰɡˊɎ́ɎɜɤŬˊɧ100.000űɞɟɏɠŰɖɜɖɛɏɟŬ

Å70-80% ŰɞɡO2 ŮɝɎɔŮŰŬɘŬˊɧŰɞɜəŬɟŭɘŬəɧ

ɘůŰɧ (ɛɡɞəɎɟŭɘɞ). 25% ŬˊɧŰɞɜůəŮɚŮŰɘəɧ

ɛɡɥəɧɘůŰɧ.



ȾŬɟŭɘɎ

ȼ əŬɟŭɑŬ ŮɑɜŬɘ ɏɜŬ əɞɑɚɞ ɛɡɩŭŮɠ ɧɟɔŬɜɞ, ɏɢŮɘ ůɢɐɛŬ 

əɤɜɘəɧ əŬɘ Űɞ ɛɏɔŮɗɧɠ Űɖɠ ŬɜŰɘůŰɞɘɢŮɑ ůŮ əɚŮɘůŰɐ ˊŬɚɎɛɖ 

(ɛɐəɞɠ 12 cməŬɘ ɓɎɟɞɠ 250-350 gr)

ȼ əŬɟŭɘɎ ɓɟɑůəŮŰŬɘ ůŰɞ ɛŮůŬɨɚɘɞ əŬɘ əŬɚɨˊŰŮŰŬɘ ůŰŬ 

ˊɚɎɔɘŬ Ŭˊɧ Űɞɡɠ ˊɜŮɨɛɞɜŮɠ(ɛŮůɞˊɜŮɡɛɧɜɘɞɠɢɩɟɞɠ). 

ɇɞ ˊɟɧůɗɘɞ ɛɏɟɞɠ Űɖɠ ŮɡɟɑůəŮŰŬɘ ɧˊɘůɗŮɜ Ŭˊɧ Űɞ ůŰɏɟɜɞ 

əŬɘ Űɞ ɞˊɑůɗɘɞ Ůɛˊɟɧɠ Ŭˊɧ Űɖɜ Ɇ.Ɇ (4ɞɠï9ɞɠ ɗɤɟŬəɘəɧɠ 

ůˊɧɜŭɡɚɞɠ).

ɀŮŰŬɝɨ əŬɟŭɘɎɠ əŬɘ ɆɆ ɡˊɎɟɢŮɘ ɞ ɞɘůɞűɎɔɞɠ əŬɘ ɖ 

əŬŰɘɞɡůŬɗɤɟŬəɘəɐ ŬɞɟŰɐ



ȾŬɟŭɘɎ

ȼ əŬɟŭɘɎ əŮɑŰŬɘ ŮɚŬűɟɩɠ ˊɟɞɠ ŰŬ ŬɟɘůŰŮɟɎ 

Űɖɠ ɛɏůɖɠ ɔɟŬɛɛɐɠ əŬɘ ůŰɖɟɑɕŮŰŬɘ ŮˊɎɜɤ 

ůŰɞ ɘɜɩŭŮɠ ŰɛɐɛŬ Űɞɡ ŭɘŬűɟɎɔɛŬŰɞɠ.

ȼ əŬɟŭɑŬ ŭɘŬəɟɑɜŮŰŬɘ ůŮ ɓɎůɖ (ˊɟɞɠ ŰŬ 

ŮˊɎɜɤ) əŬɘ əɞɟɡűɐ (ˊɟɞɠ ŰŬ əɎŰɤ), ɖ 

ɞˊɞɑŬ ŬˊɞŰŮɚŮɑ Űɞ Ŭɘɢɛɖɟɧ Ɏəɟɞ Űɤɜ ŭɨɞ 

əɞɘɚɘɩɜ (ŬɜŰɘůŰɞɘɢŮɑ ůŰɞ 5ɞŬɟɘůŰŮɟɧ 

ɛŮůɞˊɚŮɨɟɘɞ ŭɘɎůŰɖɛŬ. 

ȺˊɎɜɤ Ŭˊɧ Űɖɜ əŬɟŭɑŬ ŮɑɜŬɘ ŰŬ ɛŮɔɎɚŬ 

ŬɔɔŮɑŬ Űɖɠ əŬɘ ɖ ŰɟŬɢŮɑŬ əŬɘ ɞɘ ɓɟɧɔɢɞɘ. 



ɇɞ ŰŮɑɢɞɠ Űɖɠ əŬɟŭɘɎɠ

ɇɞ ɑŭɘɞ Űɞ ŰɞɑɢɤɛŬ Űɖɠ əŬɟŭɘɎɠ ɛˊɞɟŮɑ ɜŬ 

ɢɤɟɘůŰŮɑ ůŮ ŰɟɑŬ ŭɘŬəɟɘŰɎ ůŰɟɩɛŬŰŬ:

Å ȺɜŭɞəɎɟŭɘɞ

Å ɀɡɞəɎɟŭɘɞ

Å ȺˊɘəɎɟŭɘɞ



ȷˊɧ ɏɝɤ ˊɟɞɠ ŰŬ ɛɏůŬ ɖ əŬɟŭɑŬ 

ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ:

ÅɄŮɟɘəɎɟŭɘɞ (ˊŮɟɘůˊɚɎɢɜɘɞəŬɘ ˊŮɟɑŰɞɜɞ 

ˊɏŰŬɚɞ ŬɜŰɑůŰɞɘɢŬ)

ÅɀɡɞəɎɟŭɘɞ, ˊɞɡ ŬˊɞŰŮɚŮɑ Űɞɜ əɨɟɘɞ 

ɘůŰɧ Űɖɠ əŬɟŭɘɎɠ

ÅȺɜŭɞəɎɟŭɘɞ, Űɞ ɞˊɞɑɞ ɛŮŰŬɝɨ Űɤɜ 

əɧɚˊɤɜ əŬɘ Űɤɜ əɞɘɚɘɩɜ əŬɘ ɛŮɔɎɚɤɜ 

ŬɔɔŮɑɤɜ Űɖɠ əŬɟŭɘɎɠ ŬɜŬŭɘˊɚɩɜŮŰŬɘ əŬɘ 

ŮɜɘůɢɨŮŰŬɘ, ůɢɖɛŬŰɑɕɞɜŰŬɠ Űɘɠ 

əɞɚˊɞəɞɘɚɘŬəɏɠ ɓŬɚɓɑŭŮɠ əŬɘ Űɘɠ 

ɛɖɜɞŮɘŭŮɑɠ ɓŬɚɓɑŭŮɠ Űɖɠ ˊɜŮɡɛɞɜɘəɐɠ 

ŬɟŰɖɟɑŬɠ əŬɘ Űɖɠ ŬɞɟŰɐɠ



ǲȓȐȝȋȀȓȀ ȉȀȐȃȈȀȉȎȜ ȈȒȓȎȜ

ǥȌȃȎȉǻȐȃȈȎ 
(ȄȏȈȇȆȊȈȀȉțȑ ȈȒȓțȑ)

ǬȔȎȉǻȐȃȈȎ 
(ȋȔșȉțȑ ȈȒȓțȑ)

ǥȏȈȉǻȐȃȈȎ
(ȒȔȌȃȄȓȈȉțȑ ȈȒȓțȑ)



Heart

ɀɡɞəɎɟŭɘɞ

Å ȾŬɟŭɘŬəɧɠ ɛɡɠ

ÅɇɟɞűɞŭɞŰŮɑŰŬɘ Ŭˊɧ Űɖɜ ůŰŮűŬɜɘŬɑŬ 

ŬɘɛŬŰɘəɐ ɟɞɐ

ɄŮɟɘəɎɟŭɘɞ

Å ɀŮɛɓɟŬɜɩŭɖɠ ůɎəɞɠ ɔŮɛɎŰɞɠ ɛŮ 

ˊŮɟɘəŬɟŭɘŬəɧ ɡɔɟɧ







ǧ ǪȀȐȃǾȀ

ɯ˄˖ ˁˇʾ˂ʹ ˒˂ʷʲʰ 
(Superior Vena Cava)

ɲʶ˅ʽˈˌ ˁˈ˂ˉˇˌ 
(Right Atrium)

ɲʶ˅ʽʱ ˁˇʽ˂ʾʰ 
(Right Ventricle)

ɼʱˍ˖ ˁˇʾ˂ʹ ˒˂ʷʲʰ όInferior 
Vena Cava)

ɮˊʽˋˍʶˊʺ ˁˇʽ˂ʾʰ 
(Left Ventricle)

ɾʶˋˇˁˇʽ˂ʽʰˁˈ
ʵʽʱ˒ˊʰʴ˃ʰ όSeptum)

ɾʽˍˊˇʶʽʵʺˌ ʲʰ˂ʲʾʵʰ 
(Mitral/Bicuspid valve)

ɮˊʽˋˍʶˊˈˌ ˁˈ˂ˉˇˌ 
(Left Atrium)

ʃ˄ʶˎ˃ˇ˄ʽˁʺ ʰˊˍʹˊʾʰ 
(Pulmonary Artery)
(ˉˊˇˌ ˍˇˎˌ ˉ˄ʶˏ˃ˇ˄ʶˌ)

ɮˇˊˍʺ όAorta)  

ɾˎˇˁʱˊʵʽˇ όMyocardium)

ʆˊʽʴ˂˖˔ʾ˄ʹʲʰ˂ʲʾʵʰ 
(Tricuspid valve)

ʃ˄ʶˎ˃ˇ˄ʽˁʺ ʲʰ˂ʲʾʵʰ 
(Pulmonary/Pulmonic valve)

ʃ˄ʶˎ˃ˇ˄ʽˁʷˌ ˒˂ʷʲʶˌ 
(Pulmonary veins)
(ʰˉˈ ˍˇˎˌ ˉ˄ʶˏ˃ˇ˄ʶˌ)

ɮˇˊˍʽˁʺ ʲʰ˂ʲʾʵʰ όAortic valve)





ȸŬɚɓɑŭŮɠ Űɖɠ əŬɟŭɘɎɠ

ɀŮŰŬɝɨ Űɤɜ əɧɚˊɤɜ əŬɘ əɞɘɚɘɩɜ 

ɡˊɎɟɢɞɡɜ ɞɘ əŬɚˊɞəɞɘɚɘŬəɏɠɓŬɚɓɑŭŮɠ, 

ůŰɖ ŭŮɝɘɎ əŬɟŭɘɎ ɖ ŰɟɘɔɚɩɢɘɜŬəŬɘ ůŰɖɜ 

ŬɟɘůŰŮɟɐ əŬɟŭɘɎ ɖ ŭɘɔɚɩɢɘɜ ɓŬɚɓɑŭŬ

ɀŮŰŬɝɨ Űɤɜ əɞɘɚɘɩɜ əŬɘ Űɤɜ ɛŮɔɎɚɤɜ 

ŬɔɔŮɑɤɜ Űɞɡɠ, ŭŮɝɘɎ ɡˊɎɟɢŮɘ ɖ 

ˊɜŮɡɛɞɜɘəɐ ɓŬɚɓɑŭŬ ( ɐ ɛɖɜɞŮɘŭŮɑɠ 

ɓŬɚɓɑŭŮɠ Űɖɠ ˊɜŮɡɛɞɜɘəɐɠ ŬɟŰɖɟɑŬɠ) 

əŬɘ ŬɟɘůŰŮɟɎ ɖ ŬɞɟŰɘəɐ ɓŬɚɓɑŭŬ ( ɐ 

ɛɖɜɞŮɘŭŮɑɠ ɓŬɚɓɑŭŮɠ ɖɠ ŬɞɟŰɐɠ).



ǪȎȐȔȕǽ ȓȆȑ 

ȉȀȐȃȈǻȑ

ǘȌȘ ȖȄǾȊȎȑ

ǪǻȓȘ ȖȄǾȊȎȑ

ǤȄȍǾ ȖȄǾȊȎȑ ǡȐȈȒȓȄȐț 

ȖȄǾȊȎȑ
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ǤȄȍȈțȑ ȉțȊȏȎȑ

ǤȄȍȈǻ 

ȉȎȈȊǾȀ ǡȐȈȒȓȄȐǽ ȉȎȈȊǾȀ

ǡȐȈȒȓȄȐțȑ 

ȉțȊȏȎȑ

ǳȐȈȂȊȝȖȈȌȀ

ȁȀȊȁǾȃȀ
ǬȈȓȐȎȄȈȃǽȑ ȁȀȊȁǾȃȀ

ǡȎȐȓȈȉǽ ȁȀȊȁǾȃȀ
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ǬȈȓȐȎȄȈȃǽȑ 

ȁȀȊȁǾȃȀ

(ȃȈȂȊȝȖȈȌȀ 

ȁȀȊȁǾȃȀ)

ǳȐȈȂȊȝȖȈȌȀ

ȁȀȊȁǾȃȀ



ǳȄȌțȌȓȈȄȑ

ȖȎȐȃǼȑ

ǨȆȊȎȄȈȃȄǾȑ 

ȋȜȄȑ
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"ʄ "ʇ ʈ"ɸ ɸʇ ʅ" ʆɸ"ɸʃ "ʇɾ "
ɸʄɻʀ

https://www.youtube.com/wa
tch?v=BEWjOCVEN7M&app=d
esktop



ǡȌȈȎȜȒȀ ȀȎȐȓǽ

ǡȎȐȓȈȉț ȓțȍȎ

ǪȀȓȈȎȜȒȀ 

ȀȎȐȓǽ

ǘȌȘ ȉȎǾȊȆ ȕȊǼȁȀ

ǪǻȓȘ ȉȎǾȊȆ ȕȊǼȁȀ

ǰȌȄȔȋȎȌȈȉǼȑ 

ȀȐȓȆȐǾȄȑ

ǰȌȄȔȋȎȌȈȉǼȑ ȕȊǼȁȄȑ
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ɄɜŮɡɛɞɜɘəɐ əɡəɚɞűɞɟɑŬ

(Pulmonary circulation)

ÅȷɑɛŬ ˊɟɞɠ əŬɘ Ŭˊɧ Űɞɡɠ 

ˊɜŮɨɛɞɜŮɠ

ɆɡůŰɖɛŬŰɘəɐ əɡəɚɞűɞɟɑŬ 

(Systemic circulation)

ÅȷɑɛŬ Ŭˊɧ əŬɘ ˊɟɞɠ Űɞ ůɩɛŬ

ʃ˄ʶˏ˃ˇ˄ʶˌ

ɼˏˍˍʰˊʰ ˍˇˎ 
ˋ˗˃ʰˍˇˌ



ɄɜŮɡɛɞɜɘəɐ əɡəɚɞűɞɟɑŬ

Åȼ ŭŮɝɘɎ ˊɚŮɡɟɎ Űɖɠ əŬɟŭɘɎɠ

ÅȷɜŰɚŮɑ ŬˊɞɝɡɔɞɜɤɛɏɜɞŬɑɛŬ ůŰɞɡɠ ˊɜŮɨɛɞɜŮɠ ɛɏůɤ Űɤɜ ˊɜŮɡɛɞɜɘəɩɜ ŬɟŰɖɟɘɩɜ

ÅȺˊɘůŰɟɏűŮɘ Űɞ ɞɝɡɔɞɜɤɛɏɜɞ ŬɑɛŬ ůŰɖɜ ŬɟɘůŰŮɟɐ əŬɟŭɘɎ ɛɏůɤ Űɤɜ ˊɜŮɡɛɞɜɘəɩɜ 
űɚŮɓɩɜ

ɆɡůŰɖɛŬŰɘəɐ əɡəɚɞűɞɟɑŬ

Åȼ ŬɟɘůŰŮɟɐ ˊɚŮɡɟɎ Űɖɠ əŬɟŭɘɎɠ

ÅȷɜŰɚŮɑ ɞɝɡɔɞɜɤɛɏɜɞ ŬɑɛŬ ůŮ ɞɚɧəɚɖɟɞ Űɞ ůɩɛŬ ɛɏůɤ Űɤɜ ŬɟŰɖɟɘɩɜ

ÅȺˊɘůŰɟɏűŮɘ Űɞ ŬˊɞɝɡɔɞɜɤɛɏɜɞŬɑɛŬ ůŰɖ ŭŮɝɘɎ əŬɟŭɘɎ ɛɏůɤ űɚŮɓɩɜ



ɇŬ ŰɞɘɢɩɛŬŰŬ 
ŮɑɜŬɘ 

əŬŰŬůəŮɡŬůɛɏɜŬ 
Ŭˊɧ əŬɟŭɘŬəɧ 

ɛɡ.

ɇɞ ŰɞɑɢɤɛŬ ˊɞɡ 
ɢɤɟɑɕŮɘ Űɖɜ 
ŬɟɘůŰŮɟɐ əŬɘ Űɖ 
ŭŮɝɘɎ ˊɚŮɡɟɎ 
Űɖɠ əŬɟŭɘɎɠ 
ɞɜɞɛɎɕŮŰŬɘ 
ɀŮůɞəɞɘɚɘŬəɧ

ŭɘɎűɟŬɔɛŬ .

Ƀɘ ɖɛɘůŮɚɖɜɘŬəɏɠ
ɓŬɚɓɑŭŮɠ (ŬɞɟŰɘəɐ 
əŬɘ ˊɜŮɡɛɞɜɘəɐ) 
Ůɛˊɞŭɑɕɞɡɜ Űɞ 
ŮɝɤɗɞɨɛŮɜɞ ŬɑɛŬ 
ɜŬ ɟɏŮɘ ˊɑůɤ ůŰɖɜ 

əŬɟŭɘɎ.

ȹɘɔɚɩɢɘɜŬ 

(ɛɘŰɟɞŮɘŭɐɠ) 

ɓŬɚɓɑŭŬ

ɇɟɘɔɚɩɢɘɜŬ 

ɓŬɚɓɑŭŬ



ȰɚŮɔɢɞɠ Űɖɠ ȾŬɟŭɘɎɠ



The Heart in action
https://www.youtube.com/watch?v=TnFo

J7Hhi-M



ȼɚŮəŰɟɘəɧɠ ɏɚŮɔɢɞɠ Űɖɠ əŬɟŭɘɎɠ

Åɇɞ ɛɡɞəɎɟŭɘɞ ɢɟŮɘɎɕŮŰŬɘ ɏɜŬ 
ŮɟɏɗɘůɛŬ ɔɘŬ ɜŬ ůɡůˊŬůŰŮɑ

ÅȷɡŰɧ ˊɟɞɏɟɢŮŰŬɘ Ŭˊɧ Űɞ 
ŬɡŰɧɜɞɛɞ ɜŮɡɟɘəɧ ůɨůŰɖɛŬ 
əŬɘ Űɞɜ ŮůɤŰŮɟɘəɧ ɏɚŮɔɢɞ 
Űɖɠ əŬɟŭɘɎɠ



ǥȌȃȎȂȄȌǽȑ (ȄȒȘȓȄȐȈȉțȑ) ǼȊȄȂȖȎȑ ȓȆȑ ȉȀȐȃȈǻȑ

ʆoʵˎ˄ʰ˃ʽˁˈ ʶ˄ʷˊʴʶʽʰˌ όAction Potential) 

ʶˁʵʹ˂˗˄ʶˍʰʽ ˋˍˇ˄ ˒˂ʶʲˈˁˇ˃ʲˇ SA (ɹ ˄˖ˋˍˈˌ ˁʰʽ 

˖ˌ ˒ˎˋʽˁˈˌ ʲʹ˃ʰˍˇʵˈˍʹˌ ˍʹˌ ˁʰˊʵʽʱˌ) ˁʰʽ 

ʵʽʰʵʾʵʶˍʰʽ ˋˍˇ˄ ˁˇ˂ˉˇˁˇʽ˂ʽʰˁˈ ˁˈ˃ʲˇ AV.

ʆʰ ʵˎ˄ʰ˃ʽˁʱ ʶ˄ʷˊʴʶʽʰˌ 

ˉʶˊ˄ʱ˄ʶ ˃ʷˋʰ ʰˉˈ ˍˇ˄ 

ˁˈ˃ʲˇ !± (Initially 

delays transmission of 

impulse for ~1 sec.) ˁʰʽ 

ˁʰˍʱ ˃ʺˁˇˌ ˍˇˎ 

ʵʶ˃ʰˍʾˇˎ AV

ʆˇ ʵʶ˃ʱˍʽˇ !± όʺ ʵʶ˃ʱˍʽˇ ˍˇˎ 

Hisʺ ˁˇ˂ˉˇˁˇʽ˂ʽʰˁˈ ʵʶ˃ʱˍʽˇ)

˔˖ˊʾʸʶˍʰʽ ˋˍʰ ʵˏˇ ˋˍˇ 

˃ʶˋˇˁˇʽ˂ʽʰˁˈʵʽʱ˒ˊʰʴ˃ʰ 

ˁʰʻ˗ˌ ˍˇ ʵˎ˄ʰ˃ʽˁˈ ʶ˄ʷˊʴʶʽʰˌ 

ˁʰˍʶʲʰʾ˄ʶʽ ˋˍʹ˄ ˁˇˊˎ˒ʺ ˁʱʻʶ 

ˁˇʽ˂ʾʰˌ

ʆʰ ʵˎ˄ʰ˃ʽˁʱ ʶ˄ʷˊʴʶʽʰˌ 

˃ʶˍʰ˒ʷˊˇ˄ˍʰʽ ʰˉˈ ˍʽˌ ʾ˄ʶˌ 

purkinjeόʺ ʃʰˊˁʾ˄ʶʽʶˌʾ˄ʶˌύ  

ʰˉˈ ˍˇˎˌ ˁ˂ʱʵˇˎˌ ˍˇˎ ˁˈ˃ʲˇˎ 

!± ˋˍˇ ˁˇʽ˂ʽʰˁˈ ˍˇʾ˔˖˃ʰ



ȰɚŮɔɢɞɠ Űɖɠ ȾŬɟŭɘɎɠ

Åȼ əŬɟŭɘɎ ŮɚɏɔɢŮŰŬɘ Ŭˊɧ Űɞ ɜŮɡɟɘəɧ ůɨůŰɖɛŬ

ÅȷɡŰɧɜɞɛɞ ɜŮɡɟɘəɧ ůɨůŰɖɛŬ

oȾŬɟŭɘŬəɐ ůɡɢɜɧŰɖŰŬ

oȹɨɜŬɛɖ ůɡůŰɞɚɐɠ Űɖɠ əŬɟŭɘɎɠ

oȹɘŬůŰɞɚɐ Űɤɜ Ŭɘɛɞűɧɟɤɜ ŬɔɔŮɑɤɜ

oȺɚɏɔɢŮɘ Űɖɜ ŬɟŰɖɟɘŬəɐ ˊɑŮůɖ

oɆɡůŰɞɚɐ ɚŮɑɤɜ ɛɡɩɜ



ǥȍȘȂȄȌǽȑ (ȄȍȘȓȄȐȈȉțȑ) 

ǼȊȄȂȖȎȑ ȓȆȑ ȉȀȐȃȈǻȑ

ɁŮɡɟɤɜɘəɧɠɏɚŮɔɢɞɠ

Å Ʉɟɞɛɐəɖɠ ɛɡŮɚɧɠ (Medulla 

oblongata)

Å ɄŬɟŬůɡɛˊŬɗɖŰɘəɧ 

Parasympathetic [(Ⱦɞɚˊɘəɧ ɜŮɨɟɞ 

(Vagus nerve)]

Å ɆɡɛˊŬɗɖŰɘəɧ (Sympathetic)

όɾʶʽ˗˄ʶʽ ˍʹ˄ ˁʰˊʵʽʰˁʺ ˋˎ˔˄ˈˍʹˍʰύ 

όɮˎ˅ʱ˄ʶʽ ˍʹ˄ ˁʰˊʵʽʰˁʺ 
ˋˎ˔˄ˈˍʹˍʰ ˁʰʽ ˍʹ˄ ʵˏ˄ʰ˃ʹ 
ˋˎˋˍˇ˂ʺˌύ 



ȰɚŮɔɢɞɠ Űɖɠ ȾŬɟŭɘɎɠ: ɆɡɛˊŬɗɖŰɘəɧ

ɆɡɛˊŬɗɖŰɘəɧ (fight or flight)

ȷɡɝɎɜŮɘ:

ÅȾŬɟŭɘŬəɐ ˊŬɟɞɢɐ (Cardiac output)

ÅɄɜŮɡɛɞɜɘəɧ ŬŮɟɘůɛɧ (Pulmonary ventilation)

ÅɄɞůɧŰɖŰŬ ŬɑɛŬŰɞɠ ůŰɞɡɠ ɛɡɠ (Amount of Blood to the muscle)

ÅȷɡɝɎɜŮɘ ŰŬ ŮˊɑˊŮŭŬ ɔɚɡəɧɕɖɠ ůŰɞ ŬɑɛŬ (Raises blood glucose 

levels)

ɄɟɞəŬɚŮɑ Űɖɜ ŬˊŮɚŮɡɗɏɟɤůɖ ŬŭɟŮɜŬɚɑɜɖɠ əŬɘ ɜɞɟŬŭɟŮɜŬɚɑɜɖɠ

(ŮˊɘɜŮűɟɑɜɖəŬɘ ɜɞɟŮˊɘɜŮűɟɑɜɖ)



ȰɚŮɔɢɞɠ Űɖɠ ȾŬɟŭɘɎɠ: ɄŬɟŬůɡɛˊŬɗɖŰɘəɧ

ɄŬɟŬůɡɛˊŬɗɖŰɘəɧ (ɝŮəɞɨɟŬůɖ əŬɘ ˊɏɣɖ)

ɄɟɞɤɗŮɑ Űɖ űɡůɘɞɚɞɔɘəɐ ůɡɜŰɐɟɖůɖ Űɞɡ ůɩɛŬŰɞɠ:

ÅɄɏɣɖ

ÅɃɨɟɖůɖ, ŬűɧŭŮɡůɖ

ÅȰɚŮɔɢɞɠ ɖɟŮɛɑŬɠ Űɖɠ əŬɟŭɘɎɠ, Űɖɠ ɟɞɐɠ Űɞɡ ŬɑɛŬŰɞɠ, Űɖɠ ȷɄ



ǥȍȘȂȄȌǽȑ (ȄȍȘȓȄȐȈȉțȑ) ǼȊȄȂȖȎȑ ȓȆȑ ȉȀȐȃȈǻȑ

Ⱥɜŭɞəɟɘɜɘəɧɠ (ɞɟɛɞɜɘəɧɠ) ɏɚŮɔɢɞɠ

Endocrine (hormonal) control

ÅɆɡɛˊŬɗɖŰɘəɐ ŭɘɏɔŮɟůɖ Űɤɜ ɛɡŮɚɩɜ Űɤɜ 

ŮˊɘɜŮűɟɘŭɑɤɜ

ÅȷˊŮɚŮɡɗŮɟɩɜŮɘ ŬŭɟŮɜŬɚɑɜɖ (ŮˊɘɜŮűɟɑɜɖ) əŬɘ 

ɜɞɟŬŭɟŮɜŬɚɑɜɖ(ɜɞɟŮˊɘɜŮűɟɑɜɖ)

ÅȷɡŰɏɠ ɞɘ ɞɟɛɧɜŮɠ ŬɡɝɎɜɞɡɜ Űɖɜ HR (əŬɟŭɘŬəɐ 

ůɡɢɜɧŰɖŰŬ)



ȾŬɟŭɘŬəɧɠ əɨəɚɞɠ

ȹɘŬŭɘəŬůɑŬ əŬɟŭɘŬəɐɠ ůɨůˊŬůɖɠəŬɘ ɛŮŰŬűɞɟɎɠ ŬɑɛŬŰɞɠ ɛɏůɤ Űɖɠ əŬɟŭɘɎɠ.

ȺɝɖɔŮɑ Űɖ ůŮɘɟɎ Űɤɜ ɔŮɔɞɜɧŰɤɜ ˊɞɡ ɚŬɛɓɎɜɞɡɜ ɢɩɟŬ əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ Ůɜɧɠ 
ɃȿɃȾȿȼɅɋɀȺɁɃɈ əŬɟŭɘŬəɞɨ ˊŬɚɛɞɨ/ɢŰɨˊɞɡ:

ÅũɏɛɘůɛŬ Űɖɠ əŬɟŭɘɎɠ ɛŮ ŬɑɛŬ,

ÅȺəəɏɜɤůɖ / ɎŭŮɘŬůɛŬ ŬɑɛŬŰɞɠ ůŰɞ ŬɟŰɖɟɘŬəɧ ůɨůŰɖɛŬ.

ȾɎɗŮ əɨəɚɞɠ ŭɘŬɟəŮɑ ˊŮɟɑˊɞɡ. 0,8 ŭŮɡŰŮɟɧɚŮˊŰŬ, əŬɘ ůɡɛɓŬɑɜŮɘ 72 űɞɟɏɠ Űɞ 
ɚŮˊŰɧ.



ɇŬ ůŰɎŭɘŬ ŮɝŬɟŰɩɜŰŬɘ Ŭˊɧ Űɞ ŮɎɜ ɞɘ ɗɎɚŬɛɞɘ ũȺɀȽȻɃɈɁ ɛŮ ŬɑɛŬ Ůɜɩ ɖ əŬɟŭɘɎ 

ɢŬɚŬɟɩɜŮɘ (ȹɘŬůŰɞɚɐ) ɐ ȷɄȺɁȺɅũȺȽ/ȷȹȺȽȷȻȺȽ ɧŰŬɜ ɖ əŬɟŭɘɎ ůɡůˊɎŰŬɘ

(ɆɡůŰɞɚɐ).

ȼ ůɡůŰɞɚɐ ɤɗŮɑ Űɞ ŬɑɛŬ Ŭˊɧ Űɞ ɏɜŬ ɛɏɟɞɠ Űɖɠ əŬɟŭɘɎɠ ůŰɞ Ɏɚɚɞ ɐ ůŰɞ ŬɟŰɖɟɘŬəɧ 

ůɨůŰɖɛŬ -ůŰɞɡɠ ˊɜŮɨɛɞɜŮɠ əŬɘ ůŰɞ ůɩɛŬ.

ɇɏůůŮɟŬ ůŰɎŭɘŬ ůŮ əɎɗŮ əɨəɚɞ:

1. Ⱦɞɚˊɘəɐ ŭɘŬůŰɞɚɐ

2. ȾɞɘɚɘŬəɐ ŭɘŬůŰɞɚɐ

3. Ⱦɞɚˊɘəɐ ůɡůŰɞɚɐ

4. ȾɞɘɚɘŬəɐ ůɡůŰɞɚɐ

ȾŬɟŭɘŬəɧɠ əɨəɚɞɠ



ǲȔȒȓȎȊǽ ȉȀȈ ǤȈȀȒȓȎȊǽ

ȹɘŬůŰɞɚɐ (~0.5 s): 

ɇɞ ůŰɎŭɘɞ Űɞɡ əŬɟŭɘŬəɞɨ ˊŬɚɛɞɨ ůŰɞ ɞˊɞɑɞ ɞ əŬɟŭɘŬəɧɠ ɛɡɠ 

ɢŬɚŬɟɩɜŮɘ əŬɘ ŮˊɘŰɟɏˊŮɘ ůŰɞɡɠ ɗŬɚɎɛɞɡɠ ɜŬ ɔŮɛɑůɞɡɜ ɛŮ ŬɑɛŬ

ɆɡůŰɞɚɐ (~0.3 s): 

ɇɞ ůŰɎŭɘɞ Űɞɡ əŬɟŭɘŬəɞɨ ˊŬɚɛɞɨ ůŰɞ ɞˊɞɑɞ ɞɘ əɞɘɚɑŮɠ ůɡůŰɏɚɚɞɜŰŬɘ əŬɘ 

ŬɜŰɚɞɨɜ ŬɑɛŬ Ŭˊɧ Űɞɡɠ ɗŬɚɎɛɞɡɠ ůŰɘɠ ŬɟŰɖɟɑŮɠ



ǪȀȐȃȈȀȉțȑ ȉȜȉȊȎȑɼˇ˂ˉʽˁʺ 
ˋˎˋˍˇ˂ʺ όAtrial 
contraction)

ɹˋˇˇʴˁˇ˃ʶˍˊʽˁʺ
ˋˎˋˍˇ˂ʺ 

[(Isovolumic 
Contraction
(systole)]

ɼˇʽ˂ʽʰˁʺ ˋˎˋˍˇ˂ʺ 
[Ventricular contraction 
(systole)]

ɼˇʽ˂ʽʰˁʺ 
˔ʱ˂ʰˋʹ

[Ventricular 
relaxation 
(diastole)]



ʅˎˋˍˇ˂ʺ ˁʰʽ ɲʽʰˋˍˇ˂ʺ

ɲʽʰˋˍˇ˂ʺ (~0.5 s): 

ʆˇ ˋˍʱʵʽˇ ˍˇˎ ˁʰˊʵʽʰˁˇˏ ˉʰ˂˃ˇˏ ˋˍˇ ˇˉˇʾˇ ˇ ˁʰˊʵʽʰˁˈˌ ˃ˎˌ 
˔ʰ˂ʰˊ˗˄ʶʽ ˁʰʽ ʶˉʽˍˊʷˉʶʽ ˋˍˇˎˌ ʻʰ˂ʱ˃ˇˎˌ ˄ʰ ʴʶ˃ʾˋˇˎ˄ ˃ʶ ʰʾ˃ʰ

ʅˎˋˍˇ˂ʺ (~0.3 s): 

ʆˇ ˋˍʱʵʽˇ ˍˇˎ ˁʰˊʵʽʰˁˇˏ ˉʰ˂˃ˇˏ ˋˍˇ ˇˉˇʾˇ ˇʽ ˁˇʽ˂ʾʶˌ 
ˋˎˋˍʷ˂˂ˇ˄ˍʰʽ ˁʰʽ ʰ˄ˍ˂ˇˏ˄ ʰʾ˃ʰ ʰˉˈ ˍˇˎˌ ʻʰ˂ʱ˃ˇˎˌ ˋˍʽˌ 
ʰˊˍʹˊʾʶˌ







ȷɑɛŬ əŬɘ ȷɔɔŮɑŬ



ɇɞ ŬɔɔŮɘŬəɧ ůɨůŰɖɛŬ 
ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ŰŬ ŬəɧɚɞɡɗŬ:

Å ȷɟŰɖɟɑŮɠ / Arteries

Å ȷɟŰɖɟɑŭɘŬ/ Arterioles

Å ūɚɏɓŮɠ / Veins

Å ūɚŮɓɑŭɘŬ/ Venuoles

Å ɇɟɘɢɞŮɘŭɐ / Capillaries

ɇɞ ȷɔɔŮɘŬəɧ ɆɨůŰɖɛŬ



ɇɞ ȹɘˊɚɧ Ⱦɡəɚɞűɞɟɘəɧ ɆɨůŰɖɛŬ

ȼ ůɡůŰɖɛŬŰɘəɐ əɡəɚɞűɞɟɑŬ űɏɟŮɘ (ˊŮɟɘɚŬɛɓɎɜŮɘ):

ÅɃɝɡɔɞɜɤɛɏɜɞ ŬɑɛŬ ůŰɞ ɡˊɧɚɞɘˊɞ ůɩɛŬ ɛɏůɤ 

Űɤɜ ŬɟŰɖɟɘɩɜ

Åɇɞ ŬˊɞɝɡɔɞɜɤɛɏɜɞŬɑɛŬ ŮˊɘůŰɟɏűŮɘ ůŰɖɜ 

əŬɟŭɘɎ ɛɏůɤ Űɤɜ űɚŮɓɩɜ.

ȼ ˊɜŮɡɛɞɜɘəɐ əɡəɚɞűɞɟɑŬ űɏɟŮɘ (ˊŮɟɘɚŬɛɓɎɜŮɘ):

ÅȷˊɞɝɡɔɞɜɤɛɏɜɞŬɑɛŬ Ŭˊɧ Űɖɜ əŬɟŭɘɎ ůŰɞɡɠ 

ˊɜŮɨɛɞɜŮɠ

ÅɃɝɡɔɞɜɤɛɏɜɞ ŬɑɛŬ ŮˊɘůŰɟɏűŮɘ Ŭˊɧ Űɞɡɠ 

ˊɜŮɨɛɞɜŮɠ ůŰɖɜ əŬɟŭɘɎ, ɏŰɞɘɛɞ ɜŬ ŬɜŰɚɖɗŮɑ 

ůŰɞ ůɩɛŬ.

lungs

bodyõs
cells



ʰʾ˃ʰ ʰˉˈ ˍʹ˄ 
ˁʰˊʵʽʱ

ŬɟŰɖɟɑŬ

˃ʶˍʰ˒ʷˊʶʽ ʰʾ˃ʰ 
ʰˉˈ ˁʰʽ ˉˊˇˌ ˍʰ 
ˁˏˍˍʰˊʰ ˍˇˎ 
ˋ˗˃ʰˍˇˌ

űɚɏɓŬ

˃ʶˍʰ˒ʷˊʶʽ ˍˇ 
ʰʾ˃ʰ ˉʾˋ˖ 
ˋˍʹ˄ ˁʰˊʵʽʱ

ʰʾ˃ʰ ˋˍʹ˄ 
ˁʰˊʵʽʱ



Blood

The bodyôs taxi serviceé



ǡȈȋȎȕțȐȀ ȀȂȂȄǾȀ (ȀȂȂȄȈȀȉț ȒȜȒȓȆȋȀ)

Blood vessels (Vascular system)



ǡȈȋȎȕțȐȀ ȀȂȂȄǾȀ (ȀȂȂȄȈȀȉț ȒȜȒȓȆȋȀ)

Blood vessels (Vascular system)



Ƀɘ ȷɟŰɖɟɑŮɠ

Ƀɘ ūɚɏɓŮɠ

ȺəŰɧɠ Ŭˊɧ Űɖɜ ɄɜŮɡɛɞɜɘəɐ ȷɟŰɖɟɑŬ 
ˊɞɡ ɛŮŰŬűɏɟŮɘ/ˊŬɟɏɢŮɘ Ŭˊɞɝɡɔɞɜɤɛɏɜɞ 
ŬɑɛŬ Ŭˊɧ Űɖɜ əŬɟŭɘɎ ůŰɞɡɠ ˊɜŮɨɛɞɜŮɠ

ȺəŰɧɠ Ŭˊɧ Űɖɜ ɄɜŮɡɛɞɜɘəɐ ūɚɏɓŬ ˊɞɡ 
ɛŮŰŬűɏɟŮɘ ɞɝɡɔɞɜɤɛɏɜɞ ŬɑɛŬ Ŭˊɧ Űɞɡɠ 
ˊɜŮɨɛɞɜŮɠ ůŰɖɜ əŬɟŭɘɎ

Ƀɘ űɚɏɓŮɠ ɏɢɞɡɜ ɓŬɚɓɑŭŮɠˊɞɡ ɟɡɗɛɑɕɞɡɜ Űɖ 
ɟɞɐ Űɞɡ ŬɑɛŬŰɞɠ. ɀŮŰŬűɏɟɞɡɜ 
Ŭˊɞɝɡɔɞɜɤɛɏɜɞ ŬɑɛŬ ůŰɖɜ əŬɟŭɘɎ

ɇŬ ɛŮɔŬɚɨŰŮɟŬ ŬɔɔŮɑŬ ˊɞɡ 
ɛŮŰŬűɏɟɞɡɜɞɝɡɔɞɜɤɛɏɜɞŬɑɛŬ ůŰɞ 
ůɩɛŬ Ŭˊɧ Űɖɜ əŬɟŭɘɎ



ȷɟŰɖɟɑŮɠ

ÅɄŬɢɨ ŮɝɤŰŮɟɘəɧ ŰɞɑɢɤɛŬ

ÅɄŬɢɨ ŮůɤŰŮɟɘəɧ ůŰɟɩɛŬ ɛɡɥəɩɜ əŬɘ ŮɚŬůŰɘəɩɜ ɘɜɩɜ

ÅȺɨəŬɛˊŰɞ ŮůɤŰŮɟɘəɧ ŰɞɑɢɤɛŬ, ˊɞɡ ŮˊɘŰɟɏˊŮɘ ůŰɞ ŰɞɑɢɤɛŬ ɜŬ 

ŭɘŬůŰɏɚɚŮŰŬɘ əŬɘ ɜŬ ůɡůŰɏɚɚŮŰŬɘ

ÅɆŰŮɜɧ əŮɜŰɟɘəɧ ůɤɚɐɜŬ (ȷɡɚɧɠ)

ÅɀŮŰŬűɏɟɞɡɜ Űɞ ɞɝɡɔɞɜɤɛɏɜɞ ŬɑɛŬ 

ɛŬəɟɘɎ Ŭˊɧ Űɖɜ əŬɟŭɘɎ

ÅȹɘŬəɚŬŭɑɕŮŰŬɘ ůŮ ŬɟŰɖɟɑŭɘŬ

əŬɘ ɛŮŰɎ ůŮ ŰɟɘɢɞŮɘŭɐ



Ƀɘ ɆŰŮűŬɜɘŬɑŮɠ ȷɟŰɖɟɑŮɠ

 

 

ɇɞ ɛɡɞəɎɟŭɘɞ ŮɑɜŬɘ ŬŮɟɧɓɘɞ əŬɘ ɢɟŮɘɎɕŮŰŬɘ ůɡɜŮɢɐ ˊŬɟɞɢɐ ɞɝɡɔɧɜɞɡ Űɞ ɞˊɞɑɞ Űɞ 

ˊŬɑɟɜŮɘ ɛɏůɤ Űɤɜ ůŰŮűŬɜɘŬɑɤɜ ŬɟŰɖɟɘɩɜ



ǡȐȓȆȐȈȀȉǽ ȏȊȄȔȐǻ

ȰɜŰɞɜŬ 

ŮɜɜŮɡɟɤɛɏɜɞ  

Ŭˊɧ Űɞ 

ůɡɛˊŬɗɖŰɘəɧ 

ɜŮɡɟɘəɧ 

ůɨůŰɖɛŬ

ȹɡɜŬŰɎ ɛɡɥəɎ 

ŰɞɘɢɩɛŬŰŬ

ɇɧˊɞɠ 

ŬɜŰŬɚɚŬɔɐɠ ɛŮ 

Űɞɡɠ ɘůŰɞɨɠ



ȷɟŰɖɟɑŭɘŬ

·Ʉɞɚɨ ɛɘəɟɐ ŬɟŰɖɟɑŬ ˊɞɡ ɛŮŰŬűɏɟŮɘ 
ŬɑɛŬ ůŰŬ ŰɟɘɢɞŮɘŭɐ ŬɔɔŮɑŬ 

·ɅɡɗɛɑɕŮɘ Űɖ ɟɞɐ Űɞɡ ŬɑɛŬŰɞɠ Ŭˊɧ Űɘɠ 
ŬɟŰɖɟɑŮɠ ůŰŬ ŰɟɘɢɞŮɘŭɐ ŬɔɔŮɑŬ 

·ȼ ůɨůˊŬůɖ Űɞɡ ɚŮɑɞɡ ɛɡɧɠ ůŰŬ 
ŰɞɘɢɩɛŬŰŬ Űɤɜ ŬɟŰɖɟɘŭɑɤɜŬɚɚɎɕŮɘ Űɖ 
ŭɘɎɛŮŰɟɞ 

·ȷɔɔŮɘɞůɡůŰɞɚɐ

o ɄŮɟɘɞɟɑɕŮɘ Űɖ ɟɞɐ Űɞɡ ŬɑɛŬŰɞɠ 
ůŰŬ ŰɟɘɢɞŮɘŭɐ ŬɔɔŮɑŬ



ɇɟɘɢɞŮɘŭɐ

·ȸɟɑůəŮŰŬɘ ůŮ ɧɚŬ ŰŬ ɛɏɟɖ Űɞɡ ůɩɛŬŰɞɠ, ůɢŮŭɧɜ ůŮ əɎɗŮ əɨŰŰŬɟɞ

·ȺəŰŮŰŬɛɏɜɖ ˊɡəɜɧŰɖŰŬ ŰɟɘɢɞŮɘŭɩɜ ůŰɞɡɠ ɘůŰɞɨɠ ˊɞɡ ŬˊŬɘŰɞɨɜ 
ɡɣɖɚɐ ˊɞůɧŰɖŰŬ ɞɝɡɔɧɜɞɡ ḯ .ɢ. ɛɨŮɠ

·Ʉɞɚɨ ɚŮˊŰɧ (ůŬɜ Űɞ ˊɎɢɞɠ Ůɜɧɠ əɡŰŰɎɟɞɡ) ˊɞɡ ŮˊɘŰɟɏˊŮɘ Űɖ 
ŭɘɎɢɡůɖ:

o Ƀɝɡɔɧɜɞ əŬɘ ɗɟŮˊŰɘəɎ ůɡůŰŬŰɘəɎ Ŭˊɧ Űɞ ŬɑɛŬ ůŰɞɡɠ ɘůŰɞɨɠ

o ȹɘɞɝŮɑŭɘɞ Űɞɡ ɎɜɗɟŬəŬ əŬɘ ŬˊɧɓɚɖŰŬ Ŭˊɧ Űɞɜ ɘůŰɧ ůŰɞ ŬɑɛŬ



ūɚɏɓŮɠ

ÅȿŮˊŰɧ ŮɝɤŰŮɟɘəɧ ŰɞɑɢɤɛŬ

ÅȿŮˊŰɧ ŮůɤŰŮɟɘəɧ ůŰɟɩɛŬ Ŭˊɧ ɛɡɥəɏɠ əŬɘ ŮɚŬůŰɘəɏɠ ɑɜŮɠ

ÅȳŰŬɜ ŮɜɩɜɞɜŰŬɘ ˊɞɚɚɎ ŰɟɘɢɞŮɘŭɐ, ůɢɖɛŬŰɑɕɞɡɜ ɛɘəɟɏɠ űɚɏɓŮɠ

ÅɀŮŰŬűɏɟɞɡɜ ŬˊɞɝɡɔɞɜɤɛɏɜɞŬɑɛŬ ůŰɖɜ əŬɟŭɘɎ

ÅɄŮɟɘɏɢŮɘ ɛɖ-ŮˊɘůŰɟŮűŰɏɞɡɠɗɨɚŬəŮɠ ɓŬɚɓɑŭɤɜ (ɗɨɚŬəŮɠ ɓŬɚɓɑŭɤɜ 

ŬɜŰŮˊɘůŰɟɞűɐɠ)



ǵȊȄȁȈȉǽ ȏȊȄȔȐǻ

ɇɧˊɞɠ 

ŬɜŰŬɚɚŬɔɐɠ ɛŮ 

Űɞɡɠ ɘůŰɞɨɠ

ɆŮ ŮɡɗŮɑŬ ɛŮ Űɘɠ 

ɓŬɚɓɑŭŮɠ



ūɚɏɓŮɠ əŬɘ ȸŬɚɓɑŭŮɠ

Ƀɘ űɚɏɓŮɠ ɏɢɞɡɜ ɓŬɚɓɑŭŮɠ ɔɘŬ Űɖɜ ˊɟɧɚɖɣɖ Űɖɠ ŬɜŰɑůŰɟɞűɖɠ ɟɞɐɠ, 

ɔɜɤůŰɏɠ ɤɠ ɓŬɚɓɑŭŮɠ ɗɨɚŬəŮɠ.

ŬɑɛŬ 
ůŰɖɜ 
əŬɟŭɘɎ

ŬˊɞŰɟɎˊɖəŮ ɖ ŬɜŰɑůŰɟɞűɖ 
ɟɞɐ (ŮˊɘůŰɟɞűɐ)

ɓŬɚɓɑŭŬ űɚɏɓŬɠ 
ŬɜɞɘɢŰɐ ɓŬɚɓɑŭŬ űɚɏɓŬɠ 

əɚŮɘůŰɐ

Ƀɘ ɓŬɚɓɑŭŮɠ 

ŮˊɘŰɟɏˊɞɡɜ ůŰɞ 

ŬɑɛŬ ɜŬ ɟɏŮɘ ˊɟɞɠ 

Űɖ ůɤůŰɐ 

əŬŰŮɨɗɡɜůɖé

éŬɚɚɎ əɚŮɑɜŮɘ ŮɎɜ 

Űɞ ŬɑɛŬ ŬɟɢɑůŮɘ ɜŬ 

ɟɏŮɘ ˊɟɞɠ Űɖ ɚɎɗɞɠ 

əŬŰŮɨɗɡɜůɖ.



ǥǾȃȆ ȓȘȌ ȀȈȋȎȕțȐȘȌ ȀȂȂȄǾȘȌ



Top Tip

Ƀɘ ŬɟŰɖɟɑŮɠ ɛŮŰŬűɏɟɞɡɜ ɞɝɡɔɞɜɤɛɏɜɞ ŬɑɛŬ ɛŬəɟɘɎ Ŭˊɧ Űɖɜ əŬɟŭɘɎ 

ŰɟɞűɞŭɞŰɩɜŰŬɠ ɕɤŰɘəɎ ɧɟɔŬɜŬ əŬɘ ɘůŰɞɨɠ

- ŪɡɛɖɗŮɑŰŮ óAô = óAôwayĄɀŬəɟɘɎ

Ƀɘ űɚɏɓŮɠ ɛŮŰŬűɏɟɞɡɜ ŬˊɞɝɡɔɞɜɤɛɏɜɞŬɑɛŬ ˊɑůɤ ˊɟɞɠ Űɖɜ 

əŬɟŭɘɎ 

- ŪɡɛɖɗŮɑŰŮ óVe-inô = óway inôĄˊɑůɤ ˊɟɞɠ

- ŪɡɛɖɗŮɑŰŮ ɧŰɘ ɞɘ űɚɏɓŮɠ ɏɢɞɡɜ ɓŬɚɓɑŭŮɠ



ȿŮɘŰɞɡɟɔɑŮɠ

1.ɀŮŰŬűɞɟɎ ɞɡůɘɩɜ ůŮ ɧɚɞ Űɞ ůɩɛŬ. ȷɡŰɎ 
ˊŮɟɘɚŬɛɓɎɜɞɡɜ ɞɝɡɔɧɜɞ, ɔɚɡəɧɕɖ, ŭɘɞɝŮɑŭɘɞ Űɞɡ 
ɎɜɗɟŬəŬ, ɗɟŮˊŰɘəɎ ůɡůŰŬŰɘəɎ, ɜŮɟɧ əŬɘ ŬˊɧɓɚɖŰŬ.

2. ȰɚŮɔɢɞɠ Űɖɠ ɗŮɟɛɞəɟŬůɑŬɠ Űɞɡ 

ůɩɛŬŰɞɠ

3. ɄɟɞůŰŬůɑŬ Űɞɡ ůɩɛŬŰɞɠ. ɇɞ ŬɑɛŬ ˊŮɟɘɏɢŮɘ 

əɨŰŰŬɟŬ əŬɘ ŬɜŰɘůɩɛŬŰŬ ˊɞɡ əŬŰŬˊɞɚŮɛɞɨɜ 

Űɘɠ ɚɞɘɛɩɝŮɘɠ əŬɘ Űɞɡɠ ˊŬɟɎɔɞɜŰŮɠ ˊɐɝɖɠ ɔɘŬ 

ɜŬ ůŰŬɛŬŰɐůɞɡɜ Űɖɜ ŬɘɛɞɟɟŬɔɑŬ.



ǡǾȋȀ

ɀˊɞɟŮɑ ɜŬ ɢɤɟɘůŰŮɑ ůŮ ŭɨɞ ůɡůŰŬŰɘəɎ:

Åʃ˂ʱˋ˃ʰ όPlasma) ~55%
Åɿʶˊˈ ~90%
Åʃˊ˖ˍʶˀ˄ʶˌ, ̒ ˊʶˉˍʽˁʱ ˋˎˋˍʰˍʽˁʱΣ 
ʹ˂ʶˁˍˊˇ˂ˏˍʶˌΣ ʷ˄ʸˎ˃ʰΣ ˇˊ˃ˈ˄ʶˌΣ 
ʰ˄ˍʽˋ˗˃ʰˍʰΣ ˉˊˇʿˈ˄ˍʰ ˉˊˇˌ ʰˉˇʲˇ˂ʺ

Åɲʽʰ˃ˇˊ˒˖˃ʷ˄ʰ ˋˍˇʽ˔ʶʾʰ ~45% 

Åɳˊˎʻˊˇˁˏˍˍʰˊʰ[Erythrocytes (red blood 
cells)] ~99%
Åɽʶˎˁˇˁˏˍˍʰˊʰ ώLeukocytes (white blood 

cells)]

Åɸˊˇ˃ʲˇˁˏˍˍʰˊʰ[Thrombocytes 
(Platelets-ɮʽ˃ˇˉʶˍʱ˂ʽʰ) 



ǡǾȋȀ

ȷɘɛŬŰɞəɟɑŰɖɠ (Haematocrit)

Åɼ˂ʱˋ˃ʰ ʰʾ˃ʰˍˇˌ ˉˇˎ 
ʶʾ˄ʰʽ ʶˊˎʻˊˇˁˏˍˍʰˊʰ
όʶˊˎʻˊʱ ʰʽ˃ˇˋ˒ʰʾˊʽʰύ

Åɳˉʹˊʶʱʸʶʽ:

Åʆʹ˄ ̔ ˁʰ˄ˈˍʹˍʰ 
˃ʶˍʰ˒ˇˊʱˌ O2 

Åʆˇ ʽ˅˗ʵʶˌ ˍˇˎ 
ʰʾ˃ʰˍˇˌ όˉʱ˔ˇˌύ



ǥȐȔȇȐȎȉȜȓȓȀȐȀ (ǥȐȔȇȐǻ ȀȈȋȎȒȕȀǾȐȈȀ)

ÅȾŬŰŬůəŮɡɎɕɞɜŰŬɘ ůŰɞ ɛɡŮɚɧ Űɤɜ ɞůŰɩɜ 

ÅȹɘɎɟəŮɘŬ ɕɤɐɠ ɛɧɜɞ ~120 ɛɏɟŮɠ, ɏˊŮɘŰŬ ˊɟɏˊŮɘ ɜŬ 

ŬɜŰɘəŬŰŬůŰŬɗɞɨɜ

Å1 Ůɟɡɗɟɧ ŬɘɛɞůűŬɑɟɘɞ 

ˊŮɟɘɏɢŮɘ 250 ŮəŬŰɞɛɛɨɟɘŬ ɛɧɟɘŬ ŬɘɛɞůűŬɘɟɑɜɖɠ.
(ʰʾ˃ʹ)



ǡȈȋȎȒȕȀȈȐǾȌȆ (Haemoglobin )

ÅȾɎɗŮ ŬɘɛɞůűŬɘɟɑɜɖ ŮɛˊŮɟɘɏɢŮɘ ɔəɟɞɡˊ Ŭˊɧ 4 ɛɧɟɘŬ Ŭɑɛɖɠ

Åȼ ŬɑɛɖŮɛˊŮɟɘɏɢŮɘ ůɑŭɖɟɞ, Űɞ ɞˊɞɑɞ ŭŮůɛŮɨŮŰŬɘ ůŰɞ 

ɞɝɡɔɧɜɞ 

Åȼ ŭɏůɛŮɡůɖ ůŰɞ ɞɝɡɔɧɜɞ ŮɑɜŬɘ ŬɜŬůŰɟɏɣɘɛɖ

ÅɄɎɜɤ Ŭˊɧ Űɞ 98% Űɞɡ ɞɝɡɔɧɜɞɡ ɛŮŰŬűɏɟŮŰŬɘ ŭŮůɛŮɡɛɏɜɞ 

ůŰɖɜ ŬɘɛɞůűŬɘɟɑɜɖ

Å~20ml ɞɝɡɔɧɜɞɡ ɛŮŰŬűɏɟɞɜŰŬɘ ɔɘŬ əɎɗŮ100ml ŬɑɛŬŰɞɠ



ǰȝȑ ȓȎ ȀǾȋȀ ȐǼȄȈ ȂȜȐȘ Ȁȏț ȓȎ ȒȝȋȀ;

Å ɇɞ ŬɑɛŬ ɟɏŮɘ ɚɧɔɤ Űɖɠ ŭɘŬűɞɟɎɠ 

ˊɑŮůɖɠ ɛŮŰŬɝɨ ŬɟŰɖɟɘŬəɐɠ 

(ɡɣɖɚɧŰŮɟɖɠ ˊɑŮůɖɠ) əŬɘ űɚŮɓɘəɐɠ 

(ɢŬɛɖɚɧŰŮɟɖɠ ˊɑŮůɖɠ) ˊɚŮɡɟɎɠ Űɖɠ 

ůɡůŰɖɛŬŰɘəɐɠ əɡəɚɞűɞɟɑŬɠ 

Å ȼ ˊɑŮůɖ ůŰŬŭɘŬəɎ ɛŮɘɩɜŮŰŬɘ ɚɧɔɤ 

Űɖɠ ŬɜŰɑůŰŬůɖɠ



ǧ ȋȄȓȀȁȎȊǽ ȓȆȑ ȀȐȓȆȐȈȀȉǽȑ ȏǾȄȒȆȑ ȉȀȓǻ 

ȋǽȉȎȑ ȓȘȌ ȀȂȂȄǾȘȌ



ǧ ȀȌȓǾȒȓȀȒȆ ȎȕȄǾȊȄȓȀȈ ȒȓȈȑ ȈȃȈțȓȆȓȄȑ ȓȎȔ 

ȀǾȋȀȓȎȑ ȉȀȈ ȓȘȌ ȀȈȋȎȕțȐȘȌ ȀȂȂȄǾȘȌ

ÅɄɘɞ ˊɡəɜɧ ŬɑɛŬ Ą 

ÅɄɘɞ ɛŬəɟɘɎ ŬɔɔŮɑŬ Ą

ÅɆŰŮɜɐ ŬəŰɑɜŬ ŬɔɔŮɑɞɡ Ą 

ÅɄɘɞ ɚŮˊŰɧ ŬɑɛŬĄ 

ÅɄɘɞ ɛɘəɟɎ ŬɔɔŮɑŬĄ

ÅȺɡɟɨŰŮɟɖ ŬəŰɑɜŬ ŬɔɔŮɑɞɡ Ą 

ȷɜŰɑůŰŬůɖ

ȷɜŰɑůŰŬůɖ





ɇɘ ůɡɛɓŬɑɜŮɘ ɧŰŬɜ 

ŬůəɞɨɛŬůŰŮ;



HR x SV = Q



ǳȈ ȒȆȋȀǾȌȎȔȌ ȀȔȓǼȑ ȎȈ 

ȒȔȌȓȎȋȎȂȐȀȕǾȄȑ?

ǳȔȏȈȉǼȑ ȓȈȋǼȑ ȒȄ ȆȐȄȋǾȀ?

~70 b.min  x ~70 ml = ~4.9 L.min  

HR x SV  = Q



ɶ ˁʰˊʵʽʱ ˁʰˍʱ ˍʹ˄ ʱˋˁʹˋʹΧ

ʆʽ ˋˎ˃ʲʰʾ˄ʶʽΤΤ
ɮˎ˅ʹ˃ʷ˄ʹ ʸʺˍʹˋʹ ʴʽʰ 
ˁˎˁ˂ˇ˒ˇˊʾʰ ʰʾ˃ʰˍˇˌ

ʁ ˁʰˊʵʽʰˁˈˌ ˉʰ˂˃ˈˌ ʰˎ˅ʱ˄ʶˍʰʽ ˃ʷ˔ˊʽ 
ˍʹ˄ ˃ʷʴʽˋˍʹ HR  (207 ς 0.7 x age)

ʂʴˁˇˌ ˉʰ˂˃ˇˏ όSV) ʰˎ˅ʱ˄ʶˍʰʽ ˃ʷ˔ˊʽ ˍˇ 
ˉ˂ʰˍˈ όҒ пл-60% VO2max)

(~120ml ̀ ʶ ʰʴˏ˃˄ʰˋˍˇˎˌ ˁʰʽ ~180ml ̀ ʶ 
ˎ˕ʹ˂ʱ ˉˊˇˉˇ˄ʹ˃ʷ˄ˇˎˌ)

Åɮ˄ʰ˃ʶ˄ˈ˃ʶ˄ʹ ʱ˄ˇʵˇˌ
Åɿʶˎˊ˖˄ʽˁˈˌʷ˂ʶʴ˔ˇˌ
Åʁˊ˃ˇ˄ʽˁˈˌ ʷ˂ʶʴ˔ˇˌ

Åɾʶʴʰ˂ˏˍʶˊʹ ʵˏ˄ʰ˃ʹ ˋˎˋˍˇ˂ʺˌ Ą 
ʰˎ˅ʹ˃ʷ˄ˇ ʰʾ˃ʰ ˉˇˎ ʶ˅ʷˊ˔ʶˍʰʽ ʰˉˈ ˍʹ˄ 
ˁˇʽ˂ʾʰ

Åɾʹ˔ʰ˄ʽˋ˃ˈˌ Frank-Starling



ɾʹ˔ʰ˄ʽˋ˃ˈˌ Frank-Starling

Åɮˎ˅ʹ˃ʷ˄ʹ ˒˂ʶʲʽˁʺ ʶˉʽˋˍˊˇ˒ʺ Ґ ɮˎ˅ʹ˃ʷ˄ʹ ˁˇʽ˂ʽʰˁʺ ˉ˂ʺˊ˖ˋʹ

Åɲʹ˃ʽˇˎˊʴʶʾ ˃ʽʰ ʶˉʽˉ˂ʷˇ˄ ʵʽʱˍʰˋʹˋˍˇ˄ ˁʰˊʵʽʰˁˈ ˃ˎ
Åɮˎˍʺ ʹ ˉˊˇ-ʵʽʱˍʰˋʹ ʵʹ˃ʽˇˎˊʴʶʾ ˃ʶʴʰ˂ˏˍʶˊˈ ˉˊˇ-˒ˇˊˍʾˇ

Åʃˊˇˁʰ˂˗˄ˍʰˌ ʰˎ˅ʹ˃ʷ˄ʹ ʵˏ˄ʰ˃ʹ ˍʹˌ ˋˎˋˍˇ˂ʺˌ ˁʰʽΧ

ɮˎ˅ʱ˄ʶʽ ˇ ˈʴˁˇˌ ˉʰ˂˃ˇˏ όstroke volume)



ǧ ȉȀȐȃȈǻ ȉȀȓǻ ȓȆȌ ǻȒȉȆȒȆé

Å ȷɡɝɖɛɏɜɖ ɕɐŰɖůɖ ɔɘŬ əɡəɚɞűɞɟɑŬ ŬɑɛŬŰɞɠ

Å Ƀ əŬɟŭɘŬəɧɠ ˊŬɚɛɧɠ ŬɡɝɎɜŮŰŬɘ ɛɏɢɟɘ Űɖɜ ɛɏɔɘůŰɖ HR  (220 ï ɖɚɘəɑŬ)

ÅȷɜŬɛŮɜɧɛŮɜɖ Ɏɜɞŭɞɠ

ÅɁŮɡɟɤɜɘəɧɠɏɚŮɔɢɞɠ

ÅɃɟɛɞɜɘəɧɠ ɏɚŮɔɢɞɠ

Å ȳɔəɞɠ ˊŬɚɛɞɨ (SV) ŬɡɝɎɜŮŰŬɘ ɛɏɢɟɘ Űɞ ˊɚŬŰɧ (~120ml ůŮ ŬɔɨɛɜŬůŰɞɡɠ əŬɘ 

~180ml ůŮ ɡɣɖɚɎ ˊɟɞˊɞɜɖɛɏɜɞɡɠ)

ÅɀŮɔŬɚɨŰŮɟɖ ŭɨɜŬɛɖ ůɡůŰɞɚɐɠ Ą Ŭɡɝɖɛɏɜɞ ŬɑɛŬ ˊɞɡ ŮɝɏɟɢŮŰŬɘ Ŭˊɧ Űɖɜ 

əɞɘɚɑŬ

ÅɀɖɢŬɜɘůɛɧɠ Frank-Starling



ǬȆȖȀȌȈȒȋțȑ Frank -Starling

Åȷɡɝɖɛɏɜɖ űɚŮɓɘəɐ ŮˊɘůŰɟɞűɐ = ȷɡɝɖɛɏɜɖ əɞɘɚɘŬəɐ ˊɚɐɟɤůɖ

ÅȹɖɛɘɞɡɟɔŮɑ ɛɘŬ Ůˊɘˊɚɏɞɜ ŭɘɎŰŬůɖ ůŰɞɜ əŬɟŭɘŬəɧ ɛɡ

ÅȷɡŰɐ ɖ ˊɟɞ-ŭɘɎŰŬůɖ ŭɖɛɘɞɡɟɔŮɑ ɛŮɔŬɚɨŰŮɟɧ ˊɟɞ-űɞɟŰɑɞ

ÅɄɟɞəŬɚɩɜŰŬɠ Ŭɡɝɖɛɏɜɖ ŭɨɜŬɛɖ Űɖɠ ůɡůŰɞɚɐɠ əŬɘé

ȷɡɝɎɜŮɘ ɞ ɧɔəɞɠ ˊŬɚɛɞɨ (stroke volume)



ǳȔȏȈȉǼȑ ȓȈȋǼȑ ȉȀȓǻ ȓȆ 

ȋǼȂȈȒȓȆ ǻȒȉȆȒȆ;

HR x SV  = Q



ǳȔȏȈȉǼȑ ȓȈȋǼȑ ȉȀȓǻ ȓȆ 

ȋǼȂȈȒȓȆ ǻȒȉȆȒȆ;

~200 bpm  x ~ 120  ml = ~24 L/min 

HR x SV  = Q



ȷɜŬəŬŰŬɜɞɛɐ ŬɑɛŬŰɞɠ əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ Űɖɠ 
Ɏůəɖůɖɠ

Controlled by:

ÅȷɔɔŮɘɞůɡůŰɞɚɐ ï ɛŮɘɩɜŮɘ Űɖ ɟɞɐ Űɞɡ ŬɑɛŬŰɞɠ

ÅȷɔɔŮɘɞŭɘŬůŰɞɚɐ ï ŬɡɝɎɜŮɘ Űɖ ɟɞɐ Űɞɡ ŬɑɛŬŰɞɠ

ÅɛˊɞɟŮɑ ɜŬ ŮˊɘŰɟɏɣŮɘ ɛŮɔŬɚɨŰŮɟɖ ɟɞɐ ŬɑɛŬŰɞɠ ɧŰŬɜ ŬˊŬɘŰŮɑŰŬɘ ɔɘŬ ɜŬ 
űɏɟŮɘ ˊŮɟɘůůɧŰŮɟɞ O2 əŬɘ ɜŬ ŬˊɞɟɟɑɣŮɘ ŰŬ ŬˊɧɓɚɖŰŬ ɧˊɤɠ CO2 əŬɘ 
ɔŬɚŬəŰɘəɧ ɞɝɨ.

ȷɔɔŮɘɞəɘɜɖŰɘəɧɠ Űɧɜɞɠ = əŬŰɎůŰŬůɖ ŮɚŬűɟɘɎɠ ůɡůŰɞɚɐɠ ˊɞɡ ŭɘŬŰɖɟŮɑŰŬɘ 
ˊɎɜŰŬ Ŭˊɧ Űɞ ɛɏůɞ ɢɘŰɩɜŬ Űɤɜ Ŭɘɛɞűɧɟɤɜ ŬɔɔŮɑɤɜ.

Ʌɞɐ Űɞɡ ŬɑɛŬŰɞɠ = ȹ ɄɑŮůɖ / ȷɜŰɑůŰŬůɖ
Blood flow = ȹ Pressure / Resistance



ȷɜŬəŬŰŮɨɗɡɜůɖ Űɖɠ ɟɞɐɠ ŬɑɛŬŰɞɠ

ȷɜŬəŬŰŮɨɗɡɜůɖ Űɖɠ ɟɞɐɠ Űɞɡ ŬɑɛŬŰɞɠ ɛɏůɤ ůɡůŰɞɚɐɠ (ɛŮ Űɖ ůŰɏɜɤůɖ) Űɤɜ 
Ŭɘɛɞűɧɟɤɜ ŬɔɔŮɑɤɜ ůŮ ɧɟɔŬɜŬ ˊɞɡ ŬˊŬɘŰɞɨɜ ɚɘɔɧŰŮɟɖ ɟɞɐ ŬɑɛŬŰɞɠ.

ȹɘŮɨɟɡɜůɖ Űɖɠ ɟɞɐɠ Űɞɡ ŬɑɛŬŰɞɠ ůŰŬ ɧɟɔŬɜŬ ˊɞɡ ŬˊŬɘŰɞɨɜ ɛŮɔŬɚɨŰŮɟɖ ɟɞɐ 
ŬɑɛŬŰɞɠ.

ũɜɤůŰɐ ɤɠ BLOOD/VASCULAR óSHUNTINGô = ŭɘŬŭɘəŬůɑŬ ˊɞɡ ˊŮɟɘɞɟɑɕŮɘ Űɖ ɟɞɐ 
Űɞɡ ŬɑɛŬŰɞɠ ůŰɞ ůɡəɩŰɘ, ŰŬ ɜŮűɟɎ əŬɘ Űɞ ůŰɞɛɎɢɘ əŬɘ Űɞ çŬɜŬůŰɟɏűŮɘè ˊɟɞɠ Űɞɡɠ 
ɛɨŮɠ ˊɞɡ ɚŮɘŰɞɡɟɔɞɨɜ..



ǪȀȓȀȌȎȋǽ ȐȎǽȑ ȀǾȋȀȓȎȑ ȉȀȓǻ ȓȆ ȃȈǻȐȉȄȈȀ ȓȆȑ 

ǻȒȉȆȒȆȑ

ÅɃɘ ŬɚɚŬɔɏɠ ůŰɞ Q ůɖɛŬɑɜɞɡɜ Űɖɜ Ŭɨɝɖůɖ Űɖɠ ůɡɜɞɚɘəɐɠ ɟɞɐɠ ŬɑɛŬŰɞɠ

Åȼ ɟɞɐ Űɞɡ ŬɑɛŬŰɞɠ ŬɜŬəŬŰŮɡɗɨɜŮŰŬɘ ɛŬəɟɘɎ Ŭˊɧ ɛɖ ŬˊŬɟŬɑŰɖŰŮɠ 
ˊŮɟɘɞɢɏɠ

ʀʶˁˇˏˊʰˋʹ 

ɴ˄ˍˇ˄ʹ ʱˋˁʹˋʹ

Q= ~25l/min

Q= ~5 l/min

20-25% 4-5% 20% 3-5% 15% 4-5% 15-20%

3-5% 4-5% 2-4% 0.5-1% 5-20%3-4% 70-85%



ɮˊˍʹˊʽʰˁʺ ˉʾʶˋʹΗ

ʆʽ ʶʾ˄ʰʽΤ



ɮˊˍʹˊʽʰˁʺ ˉʾʶˋʹ όblood pressure)

Åʅˎˋˍˇ˂ʽˁʺ ʰˊˍʹˊʽʰˁʺ ˉʾʶˋʹ -Systolic blood pressure (SBP):ʂˍʰ˄ ˇʽ 
ˁˇʽ˂ʾʶˌ ʰ˄ˍ˂ˇˏ˄

Åɲʽʰˋˍˇ˂ʽˁʺ ʰˊˍʹˊʽʰˁʺ ˉʾʶˋʹ - Diastolic Blood Pressure (DBP): ʂˍʰ˄ ˇʽ 
ˁˇʽ˂ʾʶˌ ʴʶ˃ʾʸˇˎ˄

Åɾʷˋʹ ʰˊˍʹˊʽʰˁʺ ˉʾʶˋʹ- Mean Arterial Pressure (MAP):

Åɳ˒ˈˋˇ˄ ʹ ʵʽʰˋˍˇ˂ʽˁʺ ʶʾ˄ʰʽ ˉʶˊʾˉˇˎ н ˒ˇˊʷˌ ˉʽˇ ˃ʶʴʱ˂ʹ ʰˉˈ ˍʹ 
ˋˎˋˍˇ˂ʺ

ÅMAP = 2/3 DBP + 1/3 SBP

ɾʷˍˊʹˋʹ ˍʹˌ ˉʾʶˋʹˌ ˎʴˊˇˏ ˋˍʰ ˍˇʽ˔˗˃ʰˍʰ ˍ˖˄ ʰʴʴʶʾ˖˄ όˋˎ˄ʺʻ˖ˌ 
ʰˊˍʹˊʽʰˁʺ ˉʾʶˋʹ ʰʾ˃ʰˍˇˌύ



ɮˉˈˁˊʽˋʹ ʰˊˍʹˊʽʰˁʺˌ ˉʾʶˋʹˌ [Blood Pressure (BP)]
ˋˍʹ˄ ʱˋˁʹˋʹ

Åɲʽʰˋˍˇ˂ʽˁʺ ʰˊˍʹˊʽʰˁʺ ˉʾʶˋʹ - Diastolic blood pressure (DBP):
Åɶ ˉʾʶˋʹ ˉˇˎ ʰˋˁʶʾˍʰʽ ˋˍʰ ˍˇʽ˔˗˃ʰˍʰ ˍʹˌ ʰˊˍʹˊʾʰˌ ʰˉˈ ˍˇ ʰʾ˃ʰ ˁʰˍʱ ˍʹ 
ʵʽʱˊˁʶʽʰ ˍʹˌ ʵʽʰˋˍˇ˂ʽˁʺˌ ˒ʱˋʹˌ ˍʹˌ ˁʰˊʵʽʱˌ

Åʅˎˋˍˇ˂ʽˁʺ ʰˊˍʹˊʽʰˁʺ ˉʾʶˋʹ -Systolic blood pressure (SBP):
Åɶ ˉʾʶˋʹ ˉˇˎ ʰˋˁʶʾˍʰʽ ˋˍʰ ˍˇʽ˔˗˃ʰˍʰ ˍʹˌ ʰˊˍʹˊʾʰˌ ʰˉˈ ˍˇ ʰʾ˃ʰ ˁʰˍʱ ˍʹ 
ʵʽʱˊˁʶʽʰ ˍʹˌ ˋˎˋˍˇ˂ʽˁʺˌ ˒ʱˋʹˌ ˍʹˌ ˁʰˊʵʽʱˌ

Åɾʷˋʹ ʰˊˍʹˊʽʰˁʺ ˉʾʶˋʹ - Mean arterial pressure (MAP):
Åɶ ˃ʷˋʹ ˉʾʶˋʹ ˉˇˎ ʰˋˁʶʾˍʰʽ ˋˍʽˌ ʰˊˍʹˊʾʶˌ ˁʰˍʱ ˍʹ ʵʽʱˊˁʶʽʰ ʶ˄ˈˌ ˁʰˊʵʽʰˁˇˏ 
ˁˏˁ˂ˇˎ



ɮˉˈˁˊʽˋʹ ʰˊˍʹˊʽʰˁʺˌ ˉʾʶˋʹˌ ˁʰˍʱ ˍʹ˄ ʱˋˁʹˋʹ

ʇʴʽʶʾˌ ʰˊˍʹˊʽʰˁʺ ˉʾʶˋʹ ˋʶ ʹˊʶ˃ʾʰΤ

Åɲʽʰˋˍˇ˂ʽˁʺ =

Åʅˎˋˍˇ˂ʽˁʺ =

Åɾʷˋʹ ʰˊˍʹˊʽʰˁʺ ˉʾʶˋʹ =



ɮˉˈˁˊʽˋʹ ʰˊˍʹˊʽʰˁʺˌ ˉʾʶˋʹˌ ˁʰˍʱ ˍʹ˄ ʱˋˁʹˋʹ

ʇʴʽʶʾˌ ʰˊˍʹˊʽʰˁʺ ˉʾʶˋʹ ˋʶ ʹˊʶ˃ʾʰΤ

Åɲʽʰˋˍˇ˂ʽˁʺ = 80 mmHg

Åʅˎˋˍˇ˂ʽˁʺ = 120 mmHg

Åɾʷˋʹ ʰˊˍʹˊʽʰˁʺ ˉʾʶˋʹ = 2/3 DBP + 1/3 SBP 

   = (2/3 x 80) + (1/3 x 120) = 93 mmHg





ǡȏțȉȐȈȒȆ ȀȐȓȆȐȈȀȉǽȑ ȏǾȄȒȆȑ ȉȀȓǻ ȓȆȌ 

ǻȒȉȆȒȆ

ȾŬŰɎ Űɖɜ Ɏůəɖůɖ:

Åȼ ůɡůŰɞɚɘəɐ BP 

ŬɡɝɎɜŮŰŬɘ

Åȼ ŭɘŬůŰɞɚɘəɐ BP 

ɛŮŰŬɓɎɚɚŮŰŬɘ ŮɚɎɢɘůŰŬ

ÅũɘŬŰɑ;



Blood pressure response to exercise

ȾŬŰɎ Űɖ ŭɘɎɟəŮɘŬ Űɖɠ Ɏůəɖůɖɠ:

Åȼ ɆɡůŰɞɚɘəɐ ȷɄ ŬɡɝɎɜŮŰŬɘ

Åȿɧɔɤ Űɖɠ Ŭɡɝɖɛɏɜɖɠ əŬɟŭɘŬəɐɠ 

ˊŬɟɞɢɐɠ (Q)

ÅȸɞɖɗɎ ůŰɖ ɛŮŰŬűɞɟɎ ŬɑɛŬŰɞɠ əŬɘ 

ɡˊɞůŰɟɤɛɎŰɤɜ ůŰɞɡɠ ɘůŰɞɨɠ

Åȼ ŭɘŬůŰɞɚɘəɐ ȷɄ ŬɚɚɎɕŮɘ ɚɑɔɞ

ÅȷɜŰŬɜŬəɚɎ Űɖɜ ˊɑŮůɖ ɧŰŬɜ ɖ əŬɟŭɘɎ 

ŮɑɜŬɘ ůŮ əŬŰɎůŰŬůɖ ɖɟŮɛɑŬɠ

Åȼ ɘůɞɟɟɞˊɑŬ ɛŮŰŬɝɨ ŬɔɔŮɘɞůɡůŰɞɚɐɠ 

əŬɘ ŬɔɔŮɘɞŭɘŬůŰɞɚɐɠ ůɖɛŬɑɜŮɘ ɛɘəɟɏɠ 

ŬɚɚŬɔɏɠ ůŰɖɜ ŭɘŬůŰɞɚɘəɐ ȷɄ (DBP)



Ɇɨɜɞɣɖ

ɆŮ ŬɡŰɧ Űɞ ɛɎɗɖɛŬ ɛɎɗŬɛŮ é

Åȼ ůɡɜɞɚɘəɐ ŭɞɛɐ Űɞɡ əŬɟŭɘŬɔɔŮɘŬəɞɨ ůɡůŰɐɛŬŰɞɠ

ÅɆɖɛŮɑŬ Űɖɠ əŬɟŭɘɎɠ əŬɘ Űɞɡ əŬɟŭɘŬəɞɨ əɨəɚɞɡ

ÅɅɞɐ ŬɑɛŬŰɞɠ ůŰɖɜ əŬɟŭɘɎ

Åɇɘ ůɡɛɓŬɑɜŮɘ ɧŰŬɜ ŬůəɞɨɛŬůŰŮ



2ɞɀɏɟɞɠ



ǭǻŶȉȁŵȁ              

ǫŲȉųȃŲȄǼȊ ǳȋȌȆȑŶȁŶŲȊ 

ȄŲȃ ǥȉŶȁȉȃŲȄǼȊ ǱɻŴŵȁȊ

ȷɗŬɜɎůɘɞɠ ɀŬɜŭɟɞɨəŬɠ ȹɘŭɎəŰɤɟ ȷɗɚɖŰɘəɩɜ ȺˊɘůŰɖɛɩɜ

ȹɘŭɎůəɤɜ ůŰɞ Ɇ.Ⱥ.ū.ȷ.ȷ.- ȷ.Ʉ.Ū.



ɮ˅ʽˇ˂ˈʴʹˋʹ ˍʹˌ ʰˊˍʹˊʽʰˁʺˌ ˉʾʶˋʹˌ

ɉŮɘɟɞəɑɜɖŰɞ ˊɘŮůɧɛŮŰɟɞ 

(ůűɡɔɛɞɛŬɜɧɛŮŰɟɞ) əŬɘ 

ůŰɖɗɞůəɧˊɘɞ

https://youtu.be/rCIOTkeopHs



ɮ˅ʽˇ˂ˈʴʹˋʹ ˍʹˌ ʰˊˍʹˊʽʰˁʺˌ ˉʾʶˋʹˌ

ɆɡɜŮɢɐɠ ɛɖ ŮˊŮɛɓŬŰɘəɐ 

ŬɟŰɖɟɘŬəɐ ˊɑŮůɖ

(Continuous noninvasive 

arterial pressure)

ɊɖűɘŬəɐ ˊŬɚɛɞɛŮŰɟɘəɐ

ɛɏŰɟɖůɖ Űɖɠ ŬɟŰɖɟɘŬəɐɠ 

ˊɑŮůɖɠ

(Digital oscillometric 

measurement of blood 

pressure)

https://youtu.be/Y-NvovSaWTc



ʊˎˋʽˇ˂ˇʴʽˁʺ ʰˊˍʹˊʽʰˁʺ ˉʾʶˋʹ

Åʊˎˋʽˇ˂ˇʴʽˁʺ ʰˊˍʹˊʽʰˁʺ ˉʾʶˋʹ:

Å120/80 mmHg

Åʇˉʷˊˍʰˋʹ:

Å> 140/90 mmHg



ɶ ʰˊˍʹˊʽʰˁʺ ˉʾʶˋʹ ˁʰˍʱ ˍʹ ʵʽʱˊˁʶʽʰ ˍʹˌ ˇ˅ʶʾʰˌ ʱˋˁʹˋʹˌ

ɯˋˁʹˋʹ ʰ˄ˍˇ˔ʺˌ

ɶ ˋˎˋˍˇ˂ʽˁʺ ʰˊˍʹˊʽʰˁʺ ˉʾʶˋʹ ʰˎ˅ʱ˄ʶˍʰʽ ˁʰˍʱ ˍʹ 
ʵʽʱˊˁʶʽʰ ˍʹˌ ʱˋˁʹˋʹˌ

ɶ ʵʽʰˋˍˇ˂ʽˁʺ ʵʶʾ˔˄ʶʽ ˃ʽˁˊʺ ʰ˂˂ʰʴʺ ʷ˖ˌ ˍʹ ˃ʷʴʽˋˍʹ 
ʱˋˁʹˋʹ

ɯˋˁʹˋʹ ʰ˄ˍʾˋˍʰˋʹˌ

ɳ˂ʽʴ˃ˈˌκ˔ʶʽˊʽˋ˃ˈˌ ˍˇˎ Valsalva ς ̄ ˊˇˋˉʱʻʶʽʰ ʶˁˉ˄ˇʺˌ 
˃ʶ ˁ˂ʶʽˋˍˈ ˋˍˈ˃ʰΣ ˃ˏˍʹ ˁʰʽ ʴ˂˖ˍˍʾʵʰ

ɮˎˍˈ ˃ˉˇˊʶʾ ˄ʰ ˉˊˇˁʰ˂ʷˋʶʽ ˃ʽʰ ˉˇ˂ˏ ˃ʶʴʱ˂ʹ ʰ˂˂ʰʴʺ 
ˋˍʹ˄ ʰˊˍʹˊʽʰˁʺ ˉʾʶˋʹ



ɶ ʰˊˍʹˊʽʰˁʺ ˉʾʶˋʹ ˁʰˍʱ ˍʹ ʵʽʱˊˁʶʽʰ ˍˇˎ ʶ˂ʽʴ˃ˇˏ Valsalva

https://www.youtube.com/watch?v=mi-96DuB4BE

https://www.youtube.com/watch?v=mi-96DuB4BE
https://www.youtube.com/watch?v=JgYOWf2OCKA

https://www.youtube.com/watch?v=JgYOWf2OCKA

https://www.youtube.com/watch?v=MIQuF2Kdv2c
https://www.youtube.com/watch?v=MIQuF2Kdv2c


ɼʰ́ʵʽhˁ ʺ ʅˎ˔˄ˈˍʹˍʰ όɼʅύ



ȼ əŬɟŭɘŬəɐ ůɡɢɜɧŰɖŰŬ (ȾɆ) əŬŰɏɢŮɘ 

əŮɜŰɟɘəɐ ɗɏůɖůŰɞ ůɨůŰɖɛŬ ɛŮŰŬűɞɟɎɠ O
2
.

( ǫȅŴȃŵȈȒȉŲȊ Ǧ., ǧǲůǰǭǧǴǲǪǥ, 1991)

ÅȾŬɟŭɘŬəɐ ˊŬɟɞɢɐ l.min-1

Å% ɀɏɔɘůŰɖɠ ˊɟɧůɚɖɣɖɠ 

ɞɝɡɔɧɜɞɡ 

ÅȾŬɟŭɘŬəɐ ůɡɢɜɧŰɖŰŬ, 

ˊŬɚɛɞɑ.min-1



ȰŰůɘ, ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ůɡɢɜɎ ɤɠ 

ŬɜŰɘəŮɘɛŮɜɘəɧɠ ŭŮɑəŰɖɠ Űɖɠ ŮˊɘɓɎɟɡɜůɖɠ, 

ŬɚɚɎ əŬɘ ŭŮɑəŰɖɠ ɔɘŬ Űɖ ɚŮɘŰɞɡɟɔɘəɐ 

ˊɟɞůŬɟɛɞůŰɘəɧŰɖŰŬŰɞɡ ůɡůŰɐɛŬŰɞɠ 

ɛŮŰŬűɞɟɎɠ O
2
.

ũɘŬ Űɞɜ ɚɧɔɞ ŬɡŰɧ, ɖ ɛɏŰɟɖůɖ Űɖɠ ȾɆ 

ɗŮɤɟŮɑŰŬɘ ɖ ˊɘɞ ůɖɛŬɜŰɘəɐ əŬɘ ɢɟɐůɘɛɖ 

ɓɘɞɚɞɔɘəɐ ˊŬɟɎɛŮŰɟɞɠ ɔɘŬ Űɞɜ ŬɗɚɖŰɘəɧ 

ŮˊɘůŰɐɛɞɜŬ.



ȼɚŮəŰɟɞəŬɟŭɘɞɔɟɎűɖɛŬ

ɇɞ ɖɚŮəŰɟɞəŬɟŭɘɞɔɟɎűɖɛŬ (ȼȾũ) ŬˊŮɘəɞɜɑɕŮɘ 

Űɘɠ ŭɘŬəɡɛɎɜůŮɘɠŰɞɡ ɖɚŮəŰɟɘəɞɨ ŭɡɜŬɛɘəɞɨ

ˊɞɡ əŬŰŬɔɟɎűɞɜŰŬɘ ůŰɖɜ ŮˊɘűɎɜŮɘŬ Űɞɡ 

ůɩɛŬŰɞɠ.            



ɶ˂ʶˁˍˊˇˁʰˊʵʽˇʴˊʰ˒ʾʰ όɶɼɱύ
Electrocardiography (ECG)



Ƀɘ ɛŮŰŬɓɞɚɏɠ Űɞɡ ɖɚŮəŰɟɘəɞɨ ŭɡɜŬɛɘəɞɨ ůô 

ɏɜŬ əŬɟŭɘŬəɧ əɨəɚɞəŬŰŬɔɟɎűɞɜŰŬɘ ɛŮ Űɖ 

ɛɞɟűɐ ɛɘŬɠ ɢŬɟŬəŰɖɟɘůŰɘəɐɠ əŬɛˊɨɚɖɠ, 

Űɖɠ ɖɚŮəŰɟɞəŬɟŭɘɞɔɟŬűɘəɐɠəŬɛˊɨɚɖɠ.



ɶ˂ʶˁˍˊˇˁʰˊʵʽˇʴˊʰ˒ʾʰ όɶɼɱύ

Åɾʶˍˊʱ ˍʹ˄ ˁʰˊʵʽʰˁʺ ˋˎ˔˄ˈˍʹˍʰ

Åɳˉʾˋʹˌ ʵʶʾ˔˄ʶʽ ʹ˂ʶˁˍˊʽˁʱ ʴʶʴˇ˄ˈˍʰ ˍˇˎ ˃ˎʿˁˇˏ ʽˋˍˇˏ ˍʹˌ ˁʰˊʵʽʱˌ

Åɶ ˃ʶʴʰ˂ˏˍʶˊʹ ˁˇˊˎ˒ʺ ˎˉˇʵʹ˂˗˄ʶʽ ˃ʶʴʰ˂ˏˍʶˊˇ ʹ˂ʶˁˍˊʽˁˈ ˋˎ˃ʲʱ˄

Åʆˇ ̝̔˄ʹ˂ʱˍʹ˃ʰʰˉˇˍʶ˂ʶʾˍʰʽ ʰˉˈ ʷ˄ʰ˄ ʰˊʽʻ˃ˈ ˁˇˊˎ˒˗˄ ˁʰʽ ˁʰˍ˖˒˂ʽ˗˄ όP, Q, 
wΣ { ˁʰʽ ¢ύ ˈˉˇˎ ˍˇ ˁʰʻʷ˄ʰ ʵʶʾ˔˄ʶʽ ʷ˄ʰ ˅ʶ˔˖ˊʽˋˍˈ ʹ˂ʶˁˍˊʽˁˈ ˋˎ˃ʲʱ˄

Åɼˏ˃ʰκʷˉʰˊ˃ʰ P: ʁ ˁˉˈ˂˖ˋʹˍ˖˄ ˁˈ˂ˉ˖˄

Åʅˏ˃ˉ˂ʶʴ˃ʰ QRS complex: ʁ ˁˉˈ˂˖ˋʹˍ˖˄ ˁˇʽ˂ʽ˗˄

Åɼˏ˃ʰκʷˉʰˊ˃ʰ T: ʁ ˉʰ˄ʰˉˈ˂˖ˋʹˍ˖˄ ˁˇʽ˂ʽ˗˄

https://www.youtube.com/watch?v=RYZ4daFwMa8feature=youtu.be

https://www.youtube.com/watch?v=RYZ4daF

wMa8&feature=youtu.be

https://youtu.be/RYZ4daFwMa8


ɇɞ ůɨɛˊɚŮɔɛŬ QRS ŬɜŰɘˊɟɞůɤˊŮɨŮɘ 

Űɖɜ ŮəˊɧɚɤůɖŰɤɜ əɞɘɚɘɩɜ.



ɾʷʻˇʵˇʽ ˃ʷˍˊʹˋʹˌ ˍʹˌ 
ɼʰˊʵʽʰˁʺˌ ʅˎ˔˄ˈˍʹˍʰˌ



V ȷəɟɞŬůŰɘəɐɛɏɗɞŭɞɠ 

(ŲȄȉȑŲŵȁȄŲȉųȃŲȄȈȒ ǼȌȈȋ ŵŶȁȆ ÙȉȈȄǺȉųȃŲȌȓȉŲ)

ǭǻŶȉȁŵȁ ŶȁȊ ǫŲȉųȃŲȄǼȊ ǳȋȌȆȑŶȁŶŲȊ



ǭǻŶȉȁŵȁ ŶȁȊ ǫŲȉųȃŲȄǼȊ ǳȋȌȆȑŶȁŶŲȊ



ʌʹ˂ʱ˒ʹˋʹ ̱ ˇˎ 
ɼʰ́ʵʽhˁ ˇˏ ʃʰ˂˃ˇˏ



V ɊɖɚŬűɘůŰɘəɐɛɏɗɞŭɞɠ

(ȍȁȅǺŷȁŵȁȄŲȉųȃŲȄȈȒ ŵŷȋǿŀȈȒ                

ŵŴ ŵȋǿȄŴȄȉȃŀǻȆŴȊ ŲȉŶȁȉɻŴȊ)

ǭǻŶȉȁŵȁ ŶȁȊ ǫŲȉųȃŲȄǼȊ ǳȋȌȆȑŶȁŶŲȊ



ȾŮɟəɘŭɘəɐŬɟŰɖɟɑŬ ðɰˊʾˋˁʶˍʰʽ ˋˍʹ˄ ʰˏ˂ʰˁʰ ˍˇˎ 

ˋ˒ˎʴ˃ˇˏ ˃ʶˍʰ˅ˏ ˍ˖˄ ˍʶ˄ˈ˄ˍ˖˄ ˍˇˎ ʲˊʰ˔ʽˇ˄ˇˁʶˊˁʽʵʽˁˇˏ

ˁʰʽ ˁʶˊˁʽʵʽˁˇˏˁʰ˃ˉˍʺˊʰ ˃ˎˈˌ ˍˇˎ ˁʰˊˉˇˏ

ǭǻŶȉȁŵȁ ŶȁȊ ǫŲȉųȃŲȄǼȊ ǳȋȌȆȑŶȁŶŲȊ

ʶ˂ʰ˒ˊʽʱ ˋˎ˃ˉʾʶˋʺ ˍʹˌ ˃ʶ ˍʰ ʵˏˇ ˃ʶˋʰʾʰ ʵʱ˔ˍˎ˂ʰˋˍʹ˄ 

˃ˉˊˇˋˍʽ˄ʺ ʶˉʽ˒ʱ˄ʶʽʰ ˍˇˎ ʰˁˊʰʾˇˎ ˋʹ˃ʶʾˇˎ ˍʹˌ ˁʶˊˁʾʵʰˌΦ

https://youtu.be/oAjnlDZH9H8

https://youtu.be/oAjnlDZH9H8


ȾŬɟɤŰɘŭɘəɐŬɟŰɖɟɑŬ ð̡ ˊʾˋˁʶˍʰʽ ˋˍʹ ˃ʷˋʹ ˍˇˎ ˂ʰʽ˃ˇˏ 

ˋˍʹ˄ ʷˋ˖ ʶˉʽ˒ʱ˄ʶʽʰ ˍˇˎ ˋˍʶˊ˄ˇˁ˂ʶʽʵˇ˃ʰˋˍˇʶʽʵˇˏˌ˃ˎˈˌΣ 

ˁʱˍ˖ ʰˉˈ ˍʹ ʴ˖˄ʾʰ ˍʹˌ ˁʱˍ˖ ʴ˄ʱʻˇˎ

ǭǻŶȉȁŵȁ ŶȁȊ ǫŲȉųȃŲȄǼȊ ǳȋȌȆȑŶȁŶŲȊ

ʶ˂ʰ˒ˊʽʱ ˋˎ˃ˉʾʶˋʺ ˍʹˌ ˁˇ˄ˍʱ ˋˍˇ ˃ʺ˂ˇ ˍˇˎ ɮʵʱ˃Φ


