
Krystalový manometr

• princip: změna frekvence kmit̊u krystalu

• rozsah: 0, 1 Pa − 105 Pa

• p̌resnost: ∼ 15%

• na podobném principu velmi p̌resné barometry ∼ 0, 01%
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Tepelné manometry

Princip je založen na závislosti tepelné vodivosti plynu na tlaku.
Podstatnou část́ı manometru je nějaký citlivý element, který je elektrickým
p̌ŕıkonem P vyȟŕıván na teplotu T , vyš̌śı než je teplota okoĺı T0.
Nejčastěji mě̌ŕıme teplotu T :

• z velikosti odporu - odporové manometry

• pomoćı termočlánku - termočlánkové manometry

• z deformace bimetalu - dilatačńı manometry
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Odporové manometry - Pirani

J. Groszkowski: Technika vysokého vakua, SNTL, Praha 1981
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Odpor vlákna R = f(T)

Pe = UI = I2R =
U2

R
; R = R0(1 + β(T− T0))

Pe = Pc + Pz + Pp

• Pc - výkon odváděný molekulami plynu

• Pz - výkon odváděný zá̌reńım vlákna

• Pp - výkon odváděný p̌ŕıvody vlákna

Pz = S0σε(T
4 − T4

0)

Pc = [αλT(p)]S0(T− T0)

α - akomodačńı koeficient
λT (p) - tepelná vodivost
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firemńı materiály firmy Pfeiffer
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J. Groszkowski: Technika vysokého vakua, SNTL, Praha 1981
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J. Groszkowski: Technika vysokého vakua, SNTL, Praha 1981
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Metody mě̌reńı

• Metoda konstantńıho proudu

• Metoda konstantńı teploty (odporu)
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Metoda konstantńıho proudu

J. Groszkowski: Technika vysokého vakua, SNTL, Praha 1981
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J. Groszkowski: Technika vysokého vakua, SNTL, Praha 1981
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Metoda konstantńı teploty (odporu)

J. Groszkowski: Technika vysokého vakua, SNTL, Praha 1981
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J. Groszkowski: Technika vysokého vakua, SNTL, Praha 1981
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Tepelný vakuometr s konstantńım odporem
J. Groszkowski: Technika vysokého vakua, SNTL, Praha 1981
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Vlákno d= 50 µm, L= 50 mm, teplota T = 470 K,
mě̌ŕıćı obor 10− 5000 Pa
J. Groszkowski: Technika vysokého vakua, SNTL, Praha 1981
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Kompenzace teploty

L. Pátý: Fyzika ńızkých tlak̊u, Academia, Praha 1968
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Pirani manometr

• velmi jednoduchá konstrukce

• mě̌ŕıćı rozsah 10−2 − 105 Pa

• chyba mě̌reńı asi ∼ 15%

• záviśı na druhu plynu a na okolńı teplotě
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MicroPirani - MKS 910

manuál MKS - 910
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MKS 910

manuál MKS - 910
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MKS 910

manuál MKS - 910
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Convectron

firemńı materiály firmy Kurt J. Lesker
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• využ́ıvá i tepelnou konvekci plynu

• p̌redepsaná orientace

• mě̌ŕıćı rozsah 10−2 − 105 Pa

• chyba mě̌reńı asi ∼ 15%
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Termistorový manometr

J. Groszkowski: Technika vysokého vakua, SNTL, Praha 1981
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J. Groszkowski: Technika vysokého vakua, SNTL, Praha 1981
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Termočlánkový-manometr

J. Groszkowski: Technika vysokého vakua, SNTL, Praha 1981
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Dilatačńı manometr

5W; 0,1-100 Pa
J. Groszkowski: Technika vysokého vakua, SNTL, Praha 1981
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Indikace tlaku podle výboje

commons.wikimedia.org
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Pouze p̌ribližná metoda.

P[Pa] Tvar výboje

5× 103 − 103 hadovitý výboj

103 − 5× 102 elektrody se pokryj́ı doutnavým světlem

102 kladný sloupec vyplńı 2/3 trubice

5× 101 vrstvy v kladném sloupci

10 vrstvy miźı, záporné světlo 1/2 trubice

5 záporné světlo v celé trubici, fluorescence skla

1 fluorescence miźı
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Manometr na principu dynamické expanze

Do kalibračńı komory vpoušt́ıme známý proud plynu a komoru čerpáme
známou čerpaćı rychlost́ı. Pak plat́ı

p =
I

S

Mezi vývěvu a kalibračńı komoru se zǎrazuje kruhová clona se známou
vodivost́ı. Vodivost clony je řádově menš́ı než čerpaćı rychlost (eliminace
fluktuaćı čerpaćı rychlosti). Nutno zajistit izotermičnost mě̌reńı. Je nutné
udržet konstantńı proud plynu I, konstantńı čerpaćı rychlost vývěvy,
molekulárńı režim prouděńı plynu clonou.
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P.Klenovský, bakalá̌rská práce, MU, 2006
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Speciálńı clony NPL (vyráb́ı National Physical Laboratory)
P.Klenovský, bakalá̌rská práce, MU, 2006
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P.Klenovsky, Bakalá̌rská práce, Brno 2006
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P.Klenovsky, Bakalá̌rská práce, Brno 2006
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Etalon na principu dynamické expanze

rozsah 10−1 − 10−6 Pa
chyba mě̌reńı 0, 6%− 2%

I = p
V1 −V2

t1 − t2

pref = I

(
1

S
+

1

G

)
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Kalibrace manometr̊u

• Př́ımé porovnáńı

• Redukce tlaku
• metody statické
• metody dynamické

• Pomalý nár̊ust

• Molekulárńı proud
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Statická expanze

pn = p1 ·
V1

V1 + V2
· V2
V2 + V3

· · · Vn−1
Vn−1 + Vn

firemńı materiály firmy Pfeiffer
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Dynamická expanze

J. Groszkowski: Technika vysokého vakua, SNTL, Praha 1981
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I = G2(p2 − p1) = G1(p1 − p′)

p2
p1

= 1 +
G1

G2
(1− p′

p1
)

pro velkou čerpaćı rychlost p′ � p1

p1 =
1

1 + G1
G2

p2

pro G2 � G1

p1 =
G2

G1
p2
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p =
I

S

J. Groszkowski: Technika vysokého vakua, SNTL, Praha 1981
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Pomalý vzr̊ust tlaku

J. Groszkowski: Technika vysokého vakua, SNTL, Praha 1981
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I = G(p1 − p2)

pro p2 � p1
I = Gp1

I = V2
dp2
dτ

dp2
dτ

= p1
G

V2
= a

p2 = p0 + aτ

pro p0 ∼ 0 Pa

p2 = aτ
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Molekulárńı prouděńı

A.Berman: Total Pressure Measurements in Vacuum Technology, Academic Press Inc.
1985
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materiály ČMI
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