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ʇʣʘʥ
ʌʠʟʠʢʘ ʛʘʟʦʚ

ɻʘʟʦʚʳʝ ʟʘʢʦʥʳ

ʂʨʠʪʠʯʝʩʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘʠ ʜʘʚʣʝʥʠʝ

ʇʣʦʪʥʦʩʪʴ ʠ ʚʷʟʢʦʩʪʴ ʛʘʟʦʚ

ʃʘʤʠʥʘʨʥʳʡ ʠ ʪʫʨʙʫʣʝʥʪʥʳʝ ʧʦʪʦʢʠ

ɾʠʜʢʦʩʪʠ, ʨ-ʨʳ, ʢʦʣʣʠʛʘʪʠʚʥʳʝ ʩʚ-ʚʘ

ʇʨʠʥʮʠʧ ɹʝʨʥʫʣʣʠ; ʵʬʬʝʢʪ ɺʝʥʪʫʨʠ

ʃʘʪʝʥʪʥʦʝ ʪʝʧʣʦ ʠʩʧʘʨʝʥʠʷ

ɼʘʚʣʝʥʠʝʥʘʩʳʱʝʥʠʷ ʧʘʨʘ

ɺʣʘʞʥʦʩʪʴ ʠ ʫʚʣʘʞʥʝʥʠʝ ʛʘʟʦʚ

ʀʩʧʘʨʠʪʝʣʠ



ʊʝʢʫʯʠʝ ʩʨʝʜʳ

ɺʝʱʝʩʪʚʘ, ʩʧʦʩʦʙʥʳʝ ʩʚʦʙʦʜʥʦ ʪʝʯʴ

ɾʠʜʢʦʩʪʠ

ʇʘʨʳ

ɻʘʟʳ



ʇʨʠʥʮʠʧ ʇʘʩʢʘʣʷ

ɼʘʚʣʝʥʠʝ, ʜʝʡʩʪʚʫʶʱʝʝ ʥʘ ʪʝʢʫʯʫʶ ʩʨʝʜʫ 

ʙʫʜʝʪ ʨʘʩʧʨʦʩʪʨʘʥʷʪʴʩʷ ʚ ʥʝʡ 

ʨʘʚʥʦʤʝʨʥʦ 

Blaise Pascal, Physicist, 1654



ʃʘʤʠʥʘʨʥʦʝ ʪʝʯʝʥʠʝ I

P1 P2

l

r

(P1-P2). .r4

8.l.

ʇʦʪʦʢ=

Hagen 1839, Poiseuille 1840

ɺʷʟʢʦʩʪʴ

ʠʤʝʝʪ 

ʟʥʘʯʝʥʠʝ



ɼʘʚʣʝʥʠʝ (ɸɼ, ɼɿʃʂ, ʎɺɼ ... ʠʪʜ) 

ïʚʩʝʛʦ-ʣʠʰʴ ʦʜʥʘ ʠʟ ʧʝʨʝʤʝʥʥʳʭ 

ʬʦʨʤʫʣʳ ʧʦʪʦʢʘ (ʧʝʨʬʫʟʠʠ)!!! 



ɽʩʣʠ ʫʤʝʥʴʰʠʪʴ ʜʠʘʤʝʪʨ ʪʨʫʙʢʠ ʚ 

2 ʨʘʟʘ, ʩʢʦʨʦʩʪʴ ʧʦʪʦʢʘ ʯʝʨʝʟ ʥʝʸ 

ʩʥʠʟʠʪʩʷ ʚ 16 ʨʘʟ!



ʉʢʦʨʦʩʪʴ ʧʦʪʦʢʘ ʚʦ ʚ/ʚ ʢʘʥʶʣʷʭ 

ʨʘʟʥʦʛʦ ʜʠʘʤʝʪʨʘ

Å14G ï250-360 ʤʣ/ʤʠʥ

Å16G ï130-220ʤʣ/ʤʠʥ

Å17G ï100-140ʤʣ/ʤʠʥ

Å18G ï75-120ʤʣ/ʤʠʥ

Å20G ï40-80ʤʣ/ʤʠʥ

Å22G ï20-40ʤʣ/ʤʠʥ



ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʜʣʠʥʳ ʪʨʫʙʢʠ, 

ʩʢʦʨʦʩʪʴ ʧʦʪʦʢʘ ʫʤʝʥʴʰʘʝʪʩʷ ʚ 2 

ʨʘʟʘ



ʆʧʪʠʤʘʣʴʥʳʡ ʛʝʤʘʪʦʢʨʠʪ ï0,30!



ʃʘʤʠʥʘʨʥʳʡ ʧʦʪʦʢ II

Åʂʦʥʫʩ

Åʇʨʠʩʪʝʥʦʯʥʳʡ 

ʵʬʬʝʢʪ



ɿʘʚʠʩʠʤʦʩʪʴ ʜʘʚʣʝʥʠʝ:ʧʦʪʦʢ ʜʣʷ 

ʣʘʤʠʥʘʨʥʦʛʦ ʪʝʯʝʥʠʷ



ʅʆ: ɼʘʚʣʝʥʠʝ (ɸɼ, ɼɿʃʂ, ʎɺɼ ... 

ʠʪʜ) ïʚʩʝʛʦ-ʣʠʰʴ ʦʜʥʘ ʠʟ 

ʧʝʨʝʤʝʥʥʳʭ ʬʦʨʤʫʣʳ ʧʦʪʦʢʘ 

(ʧʝʨʬʫʟʠʠ)!!! 



ʊʫʨʙʫʣʝʥʪʥʳʡ ʧʦʪʦʢ 1

v . d . 
R  =

ʂʦʥʩʪʘʥʪʘ ʈʝʡʥʦʣʴʜʩʘ

R <1000 ʣʘʤʠʥʘʨʥʦʝ

R >1500 ʪʫʨʙʫʣʝʥʪʥʦʝ

d

v



ʊʫʨʙʫʣʝʥʪʥʳʡ ʧʦʪʦʢ2

(P1-P2) . r2

P1 P2

r

ʇʣʦʪʥʦʩʪʴ 

ʠʤʝʝʪ 

ʟʥʘʯʝʥʠʝ
ʇʦʪʦʢ





ɿʘʚʠʩʠʤʦʩʪʴ ʜʘʚʣʝʥʠʝ:ʧʦʪʦʢ ʧʨʠ 

ʪʫʨʙʫʣʝʥʪʥʦʤ ʪʝʯʝʥʠʠ (ʯʪʦʙʳ 

ʫʩʠʣʠʪʴ ʧʦʪʦʢ, ʜʘʚʣʝʥʠʝ ʜʦʣʞʥʦ 

ʙʳʪʴ ʫʚʝʣʠʯʝʥʦ ʚ 4 ʨʘʟʘ)



ʊʫʨʙʫʣʝʥʪʥʦʝ ʪʝʯʝʥʠʝ ʭʘʨʘʢʪʝʨʥʦ 

ʜʣʷ ʞʠʜʢʠʭ ʩʨʝʜ ʙʦʣʴʰʦʡ 

ʧʣʦʪʥʦʩʪʠ, ʥʦ ʤʘʣʦʡ ʚʷʟʢʦʩʪʠ, 

ʪʝʢʫʱʠʭ ʩ ʙʦʣʴʰʦʡ ʩʢʦʨʦʩʪʴʶ 

ʯʝʨʝʟ ʪʨʫʙʳ ʙʦʣʴʰʦʛʦ ʜʠʘʤʝʪʨʘ. 



ʈʘʟʚʝʪʚʣʝʥʠʷ, ʩʫʞʝʥʠʷ, ʨʝʟʢʠʝ 

ʧʦʚʦʨʦʪʳ ʪʨʫʙʦʢ ʧʨʠʚʦʜʷʪ ʢ 

ʫʩʠʣʝʥʠʶ ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ -

ʪʫʨʙʫʣʝʥʪʥʦʩʪʴ



ɻʝʣʠʦʢʩ ï79% ʅʝ + 21% ʆ2



ʇʣʦʪʥʦʩʪʴ vs. ʚʷʟʢʦʩʪʴ



ɺʷʟʢʦʩʪʴ ʧʨʠ ʣʘʤʠʥʘʨʥʳʭ 

ʧʦʪʦʢʘʭ, ʧʣʦʪʥʦʩʪʴ ïʧʨʠ 

ʪʫʨʙʫʣʝʥʪʥʳʭ



ʊʫʨʙʫʣʝʥʪʥʦʩʪʴ ʚ ʜʳʭ. ʢʦʥʪʫʨʘʭ



ʕʬʬʝʢʪ Bernoulli 

İɟV1 + p1 = İɟv2 + P2



ʉʘʤʦʣʸʪʳ ʠ ʧʨʠʥʮʠʧ ɹʝʨʥʫʣʣʠ



ʇʨʠʥʮʠʧ ɺʝʥʪʫʨʠ



ɿʘʢʦʥ Bernoulli, ʧʨʠʥʮʠʧ Venturi

ɾʠʜʢʦʩʪʠ

Åʉʧʨʝʡ

Åʋʚʣʘʞʥʠʪʝʣʠ

Åɻʘʟʳ

Åʄʘʩʢʠ 

Åʅʝʙʫʣʠʟʘʪʦʨʳ

Åʆʪʩʦʩʳ



Venturi

Giovanni Venturi, Physicist, 1797



ʆ2ʪʝʨʘʧʠʷ(HAFOE masks)



ʎʚʝʪ ʆ2(ʣ/ʤʠʥ)ʆ2 (%)

ʉʠʥʠʡ 2 24

ɹʝʣʳʡ 4 28

ɾʸʣʪʳʡ6 35

ʂʨʘʩʥʳʡ8 40

ɿʝʣʸʥʳʡ12 60

ʄʘʩʢʠ ɺʝʥʪʫʨʠ



ɾʠʜʢʦʩʪʠ



ɾʠʜʢʦʩʪʠ

Cohesion

Adhesion

ʂʘʧʣʷ



ʉʠʣʳ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʧʨʠʪʷʞʝʥʠʷ

ʈʪʫʪʴ

Cohesion > adhesion

ɺʦʜʘ

Cohesion < adhesion



ʉʤʘʯʠʚʘʥʠʝ

ʈʪʫʪʴ ɺʦʜʘ



ʊʨʦʡʥʘʷ ʪʦʯʢʘ

ʪʝʤʧʝʨʘʪʫʨʘ, ʧʨʠ ʢʦʪʦʨʦʡ ʪʚ. ʚ-ʚʦ, 

ʞʠʜʢʦʩʪʴ ʠ ʧʘʨ ʥʘʭʦʜʷʪʩʷ ʚ 

ʵʢʚʠʣʠʙʨʠʫʤʝ ʜʨʫʛ ʩ ʜʨʫʛʦʤ.

ɼʣʷ ʚʦʜʳ: 273.16 K (0.01ÜC) @ 611.2 Pa

Thermodynamic reference temperature



ʊʨʦʡʥʘʷ ʪʦʯʢʘ



ʈʘʩʪʚʦʨʳ

ʂʦʣʣʠʛʘʪʠʚʥʳʝ ʩʚ-ʚʘ

ʆʩʤʦʪʠʯʝʩʢʦʝ ʜʘʚʣʝʥʠʝ

ɼʝʧʨʝʩʩʠʷ ʪʦʯʢʠ ʟʘʤʝʨʟʘʥʠʷ

ʉʥʠʞʝʥʠʝ ʜʘʚʣʝʥʠʷ ʧʘʨʘ

ʋʚʝʣʠʯʝʥʠʝ ʪʦʯʢʠ ʢʠʧʝʥʠʷ



ʂʦʣʣʠʛʘʪʠʚʥʳʝ ʩʚʦʡʩʪʚʘ

ʀʩʧʘʨʝʥʠʝ

ʈ-ʤʦʝ ʚ-ʚʦ ʩʥʠʞʘʝʪ 

ʦʙʱʫʶ ʵʥʝʨʛʠʶ ʨ-ʨʠʪʝʣʷ

ɿʘʤʝʨʟʘʥʠʝ

ʏʘʩʪʠʮʳ ʨ-ʤʦʛʦ ʚ-

ʚʘ ʥʘʨʫʰʘʶʪ ʩʪ-ʨʫ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ 

ʨʝʰʸʪʢʠ ʨ-ʪʝʣʷ



ʈʘʩʪʚʦʨʳ

Åʄʦʣʴ

ïɻʨʘʤ-ʤʦʣʢʫʣʷʨʥʳʡ ʚʝʩ

ï6 x 1023ʤʦʣʝʢʫʣ

ïNaCl 23 + 35.5 = 58.5g

Åʆʩʤʦʣʴ

ïɻʨʘʤ-ʤʦʣʝʢʫʣʷʨʥʳʡ ʚʝʩ/ʢʦʣ-ʚʦ ʘʢʪʠʚʥʳʭ 

ʤʦʣʝʢʫʣ

ïNaCl (23 + 35.5)/2 = 29.25g



ʈʘʩʪʚʦʨʳ

Åʆʩʤʦʣʷʨʥʦʩʪʴ

ïʆʩʤʦʣʠ ʚ 1 ʣ ʨ-ʨʘ

ï1 osmol.l-1ʩʥʠʞʘʝʪ ʪʦʯʢʫ ʟʘʤʝʨʟʘʥʠʷ ʥʘ

1.86ÜC

Åʆʩʤʦʣʷʣʴʥʦʩʪʴ

ïʆʩʤʦʣʠ ʚ 1ʢg ʨ-ʨʘ



ʆʩʤʦʣʷʣʴʥʦʩʪʴ ʧʣʘʟʤʳ

ʆʩʤʦʪʠʯʝʩʢʦʝ 

ʜʘʚʣʝʥʠʝ

ʆʩʤʦʣʷʣʴʥʦʩʪʴ290 mOsmol.l-1

ʊʦʯʢʘ ʟʘʤʝʨʟʘʥʠʷ-0.54ÜC

ʆʩʤʦʪʠʯʝʩʢʦʝ ʜʘʚʣʝʥʠʝ739.5kPa 

(7.3 atm)

(3kPa ʟʘ ʩʯʸʪ ʙʝʣʢʦʚ ʧʣʘʟʤʳ)

ʈʘʩʯʸʪ ʦʩʤʦʣʷʨʥʦʩʪʠ:

2[Na+]+ [gluc]+[urea]



ɻʘʟʳ



ɻʘʟ ïɻ ʪʦ ʚʝʱʝʩʪʚʦ, ʥʘʭʦʜʷʱʝʝʩʷ 

ʚʳʰʝ ʩʚʦʝʡ ʢʨʠʪʠʯʝʩʢʦʡ 

ʪʝʤʧʝʨʘʪʫʨʳ

Åʅʘʛʨʝʚʘʥʠʝ ïʫʚʝʣʠʯʝʥʠʝ ʢʠʥʝʪʠʯʝʩʢʦʡ 

ʵʥʝʨʛʠʠ: ʪʚ. ʚ-ʚʦ ïʞʠʜʢʦʩʪʴ ïʧʘʨ/ʛʘʟ

Åʂʨʠʪʠʯʝʩʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ïʪʝʤʧʝʨʘʪʫʨʘ, ʚʳʰʝ 

ʢʦʪʦʨʦʡ ʛʘʟ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʚʨʘʱʸʥ ʚ 

ʞʠʜʢʦʩʪʴ ʧʨʠ ʜʘʣʴʥʝʡʰʝʤ ʧʦʚʳʰʝʥʠʠ 

ʜʘʚʣʝʥʠʷ (ʆ2 ï118, N2O  36.5)

Åʂʨʠʪʠʯʝʩʢʦʝ ʜʘʚʣʝʥʠʝ ïʜʘʚʣʝʥʠʝ, 

ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ ʧʨʝʚʨʘʱʝʥʠʷ ʧʘʨʘ ʚ 

ʞʠʜʢʦʩʪʴ ʧʨʠ ʢʨʠʪʠʯʝʩʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ



ʉʦʜʝʨʞʠʤʦʝ ʙʘʣʣʦʥʦʚ ïʞʠʜʢʦʩʪʴ, 

ʧʘʨ ʠʣʠ ʛʘʟ

Åɼʘʚʣʝʥʠʝ ʛʘʟʦʚ ʚʥʫʪʨʠ ʙʘʣʣʦʥʦʚ

ÅO2 13700 ʢʈʘ

Åʉʞʘʪʳʡ ʚʦʟʜʫʭ13700 ʢʈʘ

ÅEntonox 13700 ʢʈʘ

Åɾʠʜʢʦʩʪʠ ʚʥʫʪʨʠ ʙʘʣʣʦʥʦʚ

ÅN2O 4400 ʢʈʘ

ÅCʆ2 5000 ʢʈʘ



ʉʦʦʪʥʦʰʝʥʠʝ ʟʘʧʦʣʥʝʥʠʷ

Åçɺʝʩ ʞʠʜʢʦʩʪʠ ʚʥʫʪʨʠ ʙʘʣʣʦʥʘ, 

ʧʦʜʝʣʝʥʥʳʡ ʥʘ ʚʝʩ ʚʦʜʳ, ʥʝʦʙʭʦʜʠʤʦʡ 

ʜʣʷ ʝʛʦ ʧʦʣʥʦʛʦ ʟʘʧʦʣʥʝʥʠʷ, ʚʳʨʘʞʝʥʥʦʝ 

ʚ ʚʠʜʝ ʧʨʦʧʦʨʮʠʠè

ÅN2O ʚ ʩʪʨʘʥʘʭ ʩ ʫʤʝʨʝʥʥʳʤ ʢʣʠʤʘʪʦʤ 

(UK) ï0.75

Åɸʚʩʪʨʘʣʠʷ ï0.67





1 ʘʪʤ =

Å760 ʤʤ ʨʪ ʩʪ

Å1034 ʩʤ ʅ20

Å1 ʙʘʨ

Å101 ʢʈʘ

Å15 lb/in2



ʆʙʲʸʤʳ ʛʘʟʦʚ

STPD - 0ÜC, 101.3 kPa, ʩʫʭʦʡ

ATPS ïʢʦʤʥʘʪʥʘʷ ʪʝʤʧ, 101.3kPa,ʥʘʩʳʱʝʥʥʳʡ 

ʧʘʨʘʤʠ ïʚ ʦʢʨ. ʩʨʝʜʝ

BTPS - 37ÜC, 101.3 kPa, PH
2
O 6.3 kPaïʚ ʣʸʛʢʠʭ

(NB: ʪʝʤʧʝʨʘʪʫʨʘ ʚK)



ɿʘʢʦʥ ɹʦʡʣʷ-ʄʘʨʠʦʪʪʘ

ʇʨʠ ʧʦʩʪʦʷʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʦʙʲʸʤ ʛʘʟʘ ʦʙʨʘʪʥʦ 
ʧʨʦʧʦʨʮʠʦʥʘʣʝʥ ʘʙʩʦʣʶʪʥʦʤʫ ʜʘʚʣʝʥʠʶ

Robert Boyle, Physicist, 1667

P1 v1 p2  V2

P1.v1 = p2.V2

Patm



ɿʘʢʦʥ ɹʦʡʣʷ



ɼʘʚʣʝʥʠʝ-ʦʙʲʸʤ (ʮʠʣʠʥʜʨ ʆ2ï

137000 kPa; ʤʘʛʠʩʪʨʘʣʴ ï400 ʢʈʘ)



ʀʟʦʪʝʨʤʠʯʝʩʢʠʝvs.

ʘʜʠʘʙʘʪʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ

Åʀʟʦʪʝʨʤʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ïʠʟʤʝʥʝʥʠʝ 

ʬʠʟ. ʩʦʩʪʦʷʥʠʷ ʛʘʟʘ ʧʨʠ ʧʦʩʪʦʷʥʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ (ʟʘʢʦʥ ɹʦʡʣʷ ʜʝʡʩʪʚʫʝʪ)

Åɸʜʠʘʙʘʪʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ïʠʟʤʝʥʝʥʠʝ 

ʬʠʟ. ʩʦʩʪʦʷʥʠʷ ʛʘʟʘ ʧʨʠ ʧʝʨʝʤʝʥʝ 

ʪʝʤʧʝʨʘʪʫʨʳ (ʟʘʢʦʥ ɹʦʡʣʷ ʥʝʧʨʠʤʝʥʠʤ)





ɿʘʢʦʥ ʏʘʨʣʴʟʘ

ʇʨʠ ʧʦʩʪʦʷʥʥʦʤ ʜʘʚʣʝʥʠʠ ʦʙʲʸʤ ʛʘʟʘ 

ʧʨʦʧʦʨʮʠʦʥʘʣʝʥ ʘʙʩʦʣʶʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ

Jacques Charles, Physicist, 1787

Tabs



ɿʘʢʦʥ ʏʘʨʣʴʟʘ



ʊʨʝʪʠʡ ʛʘʟʦʚʳʡ ʟʘʢʦʥ

Åʇʨʠ ʧʦʩʪʦʷʥʥʦʤ ʦʙʲʸʤʝ, ʠʟʤʝʥʝʥʠʝ 

ʘʙʩʦʣʶʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʛʘʟʘ ʧʨʠʚʦʜʠʪ 

ʢ ʠʟʤʝʥʝʥʠʶ ʜʘʚʣʝʥʠʷ

ʈ/ʊ = const.

P ~ T







ɻʘʟʦʚʳʡ ʟʘʢʦʥ

PV = nRT

R = ʄʦʣʷʨʥʘʷ(ʫʥʠʚʝʨʩʘʣʴʥʘʷ) ʛʟʦʚʘʷ 
ʢʦʥʩʪʘʥʪʘ= 8.1314 J.K-1.mol -1

ɻʠʧʦʪʝʟʘ ɸʚʦʛʘʜʨʦ

ʄʦʣʷʨʥʳʡ ʦʙʲʸʤ ʠʜʝʘʣʴʥʦʛʦ ʛʘʟʘ 
ʟʘʥʠʤʘʝʪ22.4 l @ STPD

N2O and CO2 22.2 l @STPD

Amadeo Avogadro, Physicist, 1811



ʇʘʨʳ

Åɺʝʱʝʩʪʚʘ, ʥʘʭʦʜʷʱʠʝʩʷ ʥʠʞʝ ʩʚʦʝʡ 

ʢʨʠʪʠʯʝʩʢʦʡ ʪʝʤʧʝʨʘʪʫʨʳ



ʀʩʧʘʨʝʥʠʝ

ʇʦʪʝʨʷ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ



ʄʘʩʩʦʚʘʷ ʵʥʪʘʣʴʧʠʷ ʠʩʧʘʨʝʥʠʷ
(ʃʘʪʝʥʪʥʘʷ ʵʥʝʨʛʠʷ ʠʩʧʘʨʝʥʠʷ)

ʕʥʝʨʛʠʷ, ʥʝʦʙʭʦʜʠʤʘʷ ʜʣʷ ʧʨʝʚʨʘʱʝʥʠʷ 

1 ʛ ʞʠʜʢʦʩʪʠ ʚ ʧʘʨ ʠʣʠ ʛʘʟ ʧʨʠ ʜʘʥʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ

ɼʣʷ ʚʦʜʳ ʧʨʠ37ÜC = 2.4kJ.g-1



ɼʘʚʣʝʥʠʝ ʥʘʩʳʱʝʥʠʷ ʧʘʨʦʚ

ʄʘʢʩʠʤʘʣʴʥʦʝ ʚʦʟʤʦʞʥʦʝ ʜʘʚʣʝʥʠʝ ʧʘʨʘ ʧʨʠ ʜʘʥʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ

ʊʦʯʢʘ ʢʠʧʝʥʠʷ: ʪʝʤʧʝʨʘʪʫʨʘ, ʧʨʠ ʢʦʪʦʨʦʡSVP = ʘʪʤ. ʜʘʚʣʝʥʠʶ





N2O



ʎʠʣʠʥʜʨ ʩ ʟʘʢʠʩʴʶ

Åɼʘʚʣʝʥʠʝ ʥʝ ʦʪʨʘʞʘʝʪ ʦʙʲʸʤ 

(ʢʨʠʪʠʯʝʩʢʦʝ ʜʘʚʣʝʥʠʝ ʧʘʨʘN2O ï51 bar)

Åɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʙʲʸʤʘ ʮʠʣʠʥʜʨ 

ʥʝʦʙʭʦʜʠʤʦ ʚʟʚʝʩʠʪʴ

Åʉʦʦʪʥʦʰʝʥʠʝ ʟʘʧʦʣʥʝʥʠʷ ïʦʙʲʸʤ 

ʞʠʜʢʦʡ ʟʘʢʠʩʠ ʚʥʫʪʨʠ ʮʠʣʠʥʜʨʘ:ʦʙʲʸʤ 

ʮʠʣʠʥʜʨʘ (ʚ UK ï0.65) 



ʇʨʠʤʝʨ ʨʘʩʯʸʪʘ ʦʙʲʸʤʘ N2O

Å1 ʤʦʣʴ ï22.4 ʣ

ÅMWN2O ï44

Åɺʝʩ ʞʠʜʢʦʛʦ ʛʘʟʘ ï2500 ʛ

Åʆʙʲʸʤ = 2500/44 22.4 = 1272 ʣ





Poynting effect
O2

N2O
Entonox

Tcrit36.5ÜC
136 000 kPa

Pseudo Tcrit -6ÜC

Overpressure effect



ʇʩʝʚʜʦʢʨʠʪʠʯʝʩʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘ

Åɼʣʷ ʵʥʪʦʥʦʢʩʘ  - 4,5 ʉ

Åʇʨʠ ʭʨʘʥʝʥʠʠ ʚ ʟʠʤʥʠʭ ʫʩʣʦʚʠʷʭ

ʨʘʟʜʝʣʝʥʠʝ ʛʘʟʦʚ ʠ ʜʦʩʪʘʚʢʘ

ʛʠʧʦʢʩʠʯʝʩʢʦʡ ʩʤʝʩʠ

ʆ2

N2O



ɼʘʚʣʝʥʠʝ ʧʘʨʦʚ ʥʘʩʳʱʝʥʠʷ



ʆʪʥʦʩʠʪʝʣʴʥʘʷ ʚʣʘʞʥʦʩʪʴ

(ɸ) ɺʦʟʜʫʭ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 
(ʦʪʥ. ʚʣʘʞʥʦʩʪʴ 50%)

(ɺ) ʊʦʯʢʘ ʨʦʩʳ (11ʉ, 100% ʚʣʘʞʥʦʩʪʴ)

(ʉ) ʅʘʛʨʝʚʘʥʠʝ ʜʦ 37ʉ (ʦʪʥ. ʚʣ. ï23%)

(D) ʂʦʤʥ. ʚʦʟʜʫʭ ʧʦʣʥʦʩʪʴʶ ʥʘʩʳʱʝʥʥʳʡ 
ʧʘʨʘʤʠ ʚʦʜʳ ʧʨʠ 22ʉ 

(ɽ) ʊʦ ʞʝ, ʥʘʛʨʝʪʳʡ ʜʦ 37ʉ (ʦʪʥ. ʚʣ.ï42%) 

(F) ɺʦʟʜʫʭ ʧʨʠ BTPSʚ ʙʨʦʥʭʘʭ



ʋʚʣʘʞʥʝʥʠʝ

10g.m-3@ 22ÜC, 50% RH

BTPS

44g.m-3@ 37ÜC

çʅʝʯʫʚʩʪʚʠʪʝʣʴʥʳʝè ʧʦʪʝʨʠ ʅ2ʆÑ

346 ml per day



ʋʚʣʘʞʥʝʥʠʝ

0g.m-3@ 20ÜC

BTPS

44g.m-3@ 37ÜC

çʅʝʯʫʚʩʪʚʠʪʝʣʴʥʳʝè ʧʦʪʝʨʠ ʅ2ʆ

446 ml/ 24 ʯʘʩʘ



ʆʧʨʝʜʝʣʝʥʠʝ SVP

Åɼʘʚʣʝʥʠʝ ʧʘʨʦʚ ʥʘʩʳʱʝʥʠʷ

ʄʘʢʩʠʤʘʣʴʥʦ ʜʦʩʪʠʞʠʤʦʝ ʜʘʚʣʝʥʠʷ ʧʘʨʘ 

ʧʨʠ ʜʘʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ

Åɺ ʪʦʯʢʝ ʢʠʧʝʥʠʷ: ʜʘʚʣʝʥʠʝ ʧʘʨʦʚ 

ʥʘʩʳʱʝʥʠʷ = 1 ʘʪʤ



ʀʩʧʘʨʠʪʝʣʠ



Variable bypass vaporizer



ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ 

1% ʧʨʠ 20ʉ ʥʝʦʙʭʦʜʠʤʦ:

SVP @ 20C 

(mmHg)

ʀʩʧ.ʢʘʤʝʨʘ/

ʦʙʱʠʡ ʧʦʪʦʢ

Halothane 243 (32 kPa) 3.1 %

Isoflurane 250 (33 kPa) 3.0%

Enflurane 175 (23 kPa) 4.3% 



Volatile agent SVP(kPa) 

at 20 C

BP ( C) at 

100kPa

MAC

Halothane 31.9 51 0.76

Enflurane 23.1 56 1.68

Isoflurane 31.5 48 1.15

Sevoflurane 21.3 58 2

Desflurane 88.5 23 6

ʉʚʦʡʩʪʚʘ ʠʥʛʘʣʷʮʠʦʥʥʳʭ 

ʘʥʝʩʪʝʪʠʢʦʚ



ɿʘʚʠʩʠʤʦʩʪʴ ʜʘʚʣʝʥʠʷ ʧʘʨʦʚ 

ʥʘʩʳʱʝʥʠʷ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ





ʆʭʣʘʞʜʝʥʠʝ ʞʠʜʢʦʩʪʠ ʧʦ ʤʝʨʝ 

ʠʩʧʘʨʝʥʠʷ ʤʦʣʝʢʫʣ



ɹʠʤʝʪʘʣʣʠʯʝʩʢʘʷ ʧʣʘʩʪʠʥʘ ʜʣʷ 

ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʢʦʤʧʝʥʩʘʮʠʠ



ʌʘʢʪʦʨʳ, ʚʣʠʷʶʱʠʝ ʥʘ ʨʘʙʦʪʫ 

ʠʩʧʘʨʠʪʝʣʷ

Åʉʦʦʪʥʦʰʝʥʠʝ ʧʦʪʦʢʘ ʯʝʨʝʟ ʠʩʧʘʨʠʪʝʣʴʥʫʶ ʠ 

ʧʨʦʪʦʯʥʫʶ ʢʘʤʝʨʳ

Åʇʦʚ-ʪʴ ʩʦʧʨʠʢʦʩʥʦʚʝʥʠʷ ʧʘʨ:ʞʠʜʢʦʩʪʴ 

Åʊʝʤʧʝʨʘʪʫʨʘ ʠʩʧʘʨʠʪʝʣʴʥʦʡ ʢʘʤʝʨʳ

Åɸʪʤ. ɼʘʚʣʝʥʠʝ 

Åʇʦʪʦʢ ʥʝʩʫʱʝʛʦ ʛʘʟʘ ïʯʝʤ ʙʦʣʴʰʝ ʧʦʪʦʢ ïʪʝʤ 

ʤʝʥʴʰʝ ʥʘʩʳʱʝʥʠʝ

Åʉʦʩʪʘʚ ʥʝʩʫʱʝʛʦ ʛʘʟʘ ïʧʣʦʪʥʦʩʪʴ ʠ ʚʷʟʢʦʩʪʴ



ɸʪʤʦʩʬʝʨʥʦʝ ʜʘʚʣʝʥʠʝ

Åʀʩʧʘʨʠʪʝʣʴ ʠʟʦʬʣʶʨʘʥʘ ʫʩʪʘʥʦʚʣʝʥ ʥʘ ʧʦʜʘʯʫ 

1% ʛʘʟʘ:

- ʅʘ ʫʨʦʚʥʝ ʤʦʨʷ ʥʘ ʚʳʭʦʜʝ ï1%

- ʇʨʠ ʜʘʚʣʝʥʠʠ ʚ 2 ʘʪʤ ïİ%

- ʅʘ ʚʳʩʦʪʝ 5.5 ʢʤ ï2%

Åʄʝʥʷʝʪʩʷ ʢʦʥʮʝʥʪʨʘʮʠʷ, ʥʦ ʥʝ ʜʘʚʣʝʥʠʝ 

ʥʘʩʳʱʝʥʠʷ ʧʘʨʦʚ (31.3 ʢʈʘ) ʧʨʠ ʜʘʥʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ïʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʘʨʮʠʘʣʴʥʦʝ 

ʜʘʚʣʝʥʠʝ ʦʩʪʘʸʪʩʷ ʥʝʠʟʤʝʥʥʳʤ.  



ɼʝʩʬʣʫʨʘʥʦʚʳʡ ʠʩʧʘʨʠʪʝʣʴ -

ʦʜʥʦʢʘʤʝʨʥʳʡ





VIE

Åɺʥʝʰʥʷʷ ʦʙʦʣʦʯʢʘ ʠʟ ʯʫʛʫʥʘ

Åɺʥʫʪʨʝʥʥʷʷ ʦʙʦʣʦʯʢʘ ʠʟ ʥʝʨʞʘʚʝʶʱʝʡ ʩʪʘʣʠ

Åɺʘʢʫʫʤ ʧʦʩʝʨʝʜʠʥʝ

Åʊʝʤʧʝʨʘʪʫʨʘ ʢʘʤʝʨʳ - 183ʉ

Åɼʘʚʣʝʥʠʝ ʚʥʫʪʨʠ ʢʘʤʝʨʳ ï5-10 ʘʪʤ

Åʀʩʧʘʨʝʥʠʝ ʆ2 ʧʦʜʜʝʨʞʠʚʘʝʪ ʥʠʟʢʫʶ ʊ

Åʅʘ ʚʳʭʦʜʝ ïʨʝʛʫʣʷʪʦʨ ʜʘʚʣʝʥʠʷ 400 ʢʈʘ



ɺʘʢʫʫʤʥʳʡ ʨʝʟʝʨʚʫʘʨ-ʠʩʧʘʨʠʪʝʣʴ 

ʆ2



VIE

Åʇʨʠ ʥʠʟʢʦʡ ʧʦʪʨʝʙʥʦʩʪʠ ïʚʝʨʭʥʠʡ ʦʪʚʦʜ

Åʇʨʠ ʚʳʩʦʢʦʡ ïʥʠʞʥʠʡ, ʩ ʧʦʜʦʛʨʝʚʦʤ



ɹʘʪʘʨʝʷ ʛʘʟʦʚʳʭ ʙʘʣʣʦʥʦʚ










