
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

1
1firemńı materiály firmy Pfeiffer

Vakuová fyzika 1 2 / 33



Dynamická expanze

2

2J. 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

3
3J. Groszkowski: Technika vysokého vakua, SNTL, Praha 1981
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Pomalý vzr̊ust tlaku

4

4J. 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 ∼ 0Pa

p2 = aτ
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Molekulárńı prouděńı

5

5A.Berman: Total Pressure Measurements in Vacuum Technology, Academic Press
Inc. 1985
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6
6firemńı materiály firmy Pfeiffer
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7
7ČMI
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Mě̌reńı proudu plynu

I = Sp [Pa m3s−1]

I = G (p2 − p1)

• Pomoćı pr̊utokoměru (plovákový, elektronický)

• Pomoćı prvku se známou vakuovou vodivost́ı

• Pomoćı kalibrované byrety a pracovńı kapaliny
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Plynová byreta

8
8J. Groszkowski: Technika vysokého vakua, SNTL, Praha 1981
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9

9J.Král: Cvičeńı z vakuové techniky, ČVUT Praha 1996
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10
10L. Pátý: Fyzika ńızkých tlak̊u, Academia, Praha 1968
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Mě̌reńı pomoćı vodivosti

11

I = G(p1 − p2)
11J. Groszkowski: Technika vysokého vakua, SNTL, Praha 1981
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12

12S.Ďad’o, L.Bejček, A. Platil: Mě̌reńı pr̊utoku a výšky hladiny, Ben, Praha 2005
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Vakuové tuky a tmely

Druh materiálu užit́ı max T [oC ] Pp [Pa] p̌ri 25 oC

maz L zábrus 30 10−5 − 10−7

maz M zábrus 30 10−3 − 10−5

maz N kohout 30 10−4 − 10−5

maz T zábrus 110 10−5

tmel Picein spoje 60 10−2 − 10−3

Vakuová hygiena
Čistota povrchů, odmašt’ováńı, vyčǐstěných d́ıl̊u se dotykat pouze v
rukavićıch.
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13
13J. Groszkowski: Technika vysokého vakua, SNTL, Praha 1981
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Rozebiratelné spoje

• zábrusy - zejména skleněné aparatury

• ISO-KF, (NW)

• ISO-K, ISO-F

• CF
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ISO-KF

14
14firemńı materiály firmy Pfeiffer
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ISO-K, ISO-F

15

15firemńı materiály firmy Pfeiffer
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CF

16

16firemńı materiály firmy Pfeiffer
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17
17firemńı materiály firmy Pfeiffer
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těsněńı min. tep [ ◦C ] max. tep. [ ◦C ]

elastomer

FKM -15 150

NBR -25 120

silikon -55 200

kov

Cu -196 200

Cu + Ag -196 450
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Load lock

18
18firemńı materiály firmy Caburn MDC
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Výroba solárńıch článk̊u

19

19F.OHanlon: A Users Gaude to Vacuum Technology, Wiley (2003)
Vakuová fyzika 1 26 / 33



Pokoveńı skel

20

20F.OHanlon: A Users Gaude to Vacuum Technology, Wiley (2003)
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Si - substráty

21
21F.OHanlon: A Users Gaude to Vacuum Technology, Wiley (2003)
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22
22firemńı materiály firmy Pfeiffer
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Značky

23
23firemńı materiály firmy Leybold
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Navazuj́ıćı p̌rednášky:

Vakuová fyzika 2 - F6450

• Vázané plyny

• Sorpčńı vývěvy
• kryogenńı
• zeolitové
• sublimačńı
• iontové
• nevypǎrované getry -NEG

• Mě̌reńı ve vakuové fyzice
• mě̌reńı proudu plynu
• mě̌reńı tenze par plynu

• Konstrukčńı prvky vakuových zǎŕızeńı - vhodné materiály, spoje,...
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Praktikum z vakuové fyziky - F7541

1. Mě̌reńı vodivosti vakuových spoj̊u

2. Kalibrace Piraniho manometru

3. Graduace Peningova manometru

4. Hmotový spektrometr

5. Mě̌reńı čerpaćı rychlosti metodou konstantńıho tlaku

6. Napǎrováńı tenkých kovových vrstev

7. Kalibrace ionizačńıho manometru se žhavenou katodou

8. Čerpaćı efekt molekulového śıta

9. Mě̌reńı čerpaćı rychlosti turbomolekulárńı vývěvy

10. Seznámeńı s iontovou vývěvou
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Zkouška

test 10 otázek + 2 p̌ŕıklady, maximum 20 bodu

A 18 - 20

B 15 - 17

C 12 - 14

D 9 - 11

E 6 - 8

F 0 - 5
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