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OcHoBbI TeyenckaHus ot Leybold GmbH

Mpeaucnosune

KomnaHua Leybold GmbH, B HacTosiwee Bpems
yacTb rpynnbl KomnaHuit Atlas Copco, KoTopasn
ABNAETCA /IMAEPOM MUPOBOrO pblHKa B coepe
BaKYYMHOW TEXHUKM.

fiBnaacb YyacTbio KOMNaHUK-1naepa, Mbl
NOHMMAEM, UYTO HallWM KJAMEHTbl NO BCEeMy MUPY
paccunTbiBalOT Ha KomnaHuio Leybold GmbH, Kak
Ha KOMMaHWI, KOoTopaa cnocobHa npeanoXuTb
TEXHUYECKMU NpeBoCXoaHble n Hambonee
BOCTpeboBaHHbIe U3AenA N YCAYTn.

[aHHasn 6pouwtopa npeaHasHavyeHa ans
npeaocTaB/eHNs KpaTKoro ob3opa BCEro CnekTpa
BAaKyyMHOW  TEXHUKM WU  He  3aBUCUT  OT
accoptTumeHTa KomnaHum Leybold GmbH.
MpeacTaBneHHble Anarpammbl TEXHUYECKUX
XapaKTEPUCTUK BaKyyMHbIX YCTPOWCTB W npoune
JaHHble npefHasHayeHbl, 4TObbl faTb bosee
No/sHOe NPeACTaB/ieHNe O BAKYYMHOW TEXHO/IOMUM,
M He MOryT ObiTb MCMO/b30BaHbl TPeboBaHMSA
KaKMx-11mb6o 0643aTeNnbCTs C NPOM3BOaUTENS.

[NnAa Hac napTHEpPCKME OTHOLWEHMA C KAMEHTaMu
ABNAIOTCA OAHWMM M3 OCHOBHbIX KOMMOHEHTOB
Halel KopnopaTMBHOM KyabTypbl. [Ns Hac 3TOT
NPOLUECC TaKXKe Ba)KeH, KaK W MNOCTOAHHble
MHBECTMLMM B UCCNeAOBaHMA U paspaboTku
cnegyowmx MNoKoneHuit 06pasuoB  BaKyyMHOM
TEXHUKMN.

B TeyeHme Hawen, 6onee yem 165-netHen
KoprnopaTtMBHOM ucTopuK, KomnaHua Leybold
GmbH cdopmupoBana ana ceba noAHoOUEHHOE
NoOHUMaHWe npouecca n MCMONb30BaHMA
HaKOM/IEHHbIX 3HaHMMA B 061aCTU  BaKYyMHOM
TEXHUKM. COBMECTHO C HaWwuWmMu napTHepamun W
KAMEHTaMW, Mbl MNAHMPYEM MPOAOMKaTb Halu
ycuama, Ana  OTKPbITUA  HOBbIX MPUMEHEHWUH,
BHEAPEHUA  HOBbIX uAeh u  paspaboTku
PEBOIIOLMOHHbIX NPOAYKTOB.

Leybold GmbH
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BesepeHue

B pgononHeHWe K CyLWeCTBYHOWMM BaKyyMHbIM
cnctemam n nx oTAeNbHbIM KOMMNOHEHTaM
(BakyymHan Kamepa, NNHUN, K/1anaHbil,
n3MmepuTesibHble nNpubopbl U Ap.) cyliecTeyet
MHOXXecCTBO cnuctem n VI3,EI,EJ1VIVI B

NPOMbIWNEHHOCTU WU Hay4YHO-UCCNedoBaTeN bCKOM

OeATeNbHOCTN, K  KOTOpPbIM  MpeabaBAAOTCSA
BbICOKME TpeboBaHua no napameTpy
repMEeTUYHOCTb, OBbLIYHO UCMONbL3YIOT TEePMUH

n3genna C HOPMUPOBAHHOM repmeTuMYHoCTbo. K
TaKMM  U34eNuAM, Hanpumep, OTHOCATCA, B
YacTHOCTW, Y3/bl CUCTEMbI KOHAULMOHUPOBAHUSA
aBToMobunen, KOHTYPbl XONOANbHbBIX MALLUWH.

TakvMe uyacTble o0b6wMe 3afBAEHUA Kak, KaK
HanpuMep, «CKPbITble YTEUYKU» WAWN «HY/eBas
yTeYKa», He WMelT nog cobol [0CTaTOYHO
OCHOBaHMW  gns  opobpeHus pesynbTaToB
NPUEMOUYHbBIX MCMbITAaHUN. Kaxablh TeXHUYECKUM
cneumnanucr MOHMMaEeT, 4YTO  MpPaBWUIbHO
BbIYMCNEHHbIE AOonyCTUMble TEXHUYECKMe
TpeboBaHMA Ha MpakTMKe 6yayT o0603Ha4aTb
onpeaeneHHyto BENYUNHY yTeUYKn npu
onpeaeneHHbIX YyCN0BUAX.

Kpome TOro, ypoBeHb [AOMYyCTUMOM
onpeaensieTca KOHKPETHbIM NPUMEHEHNEM.

yTEUKU

OcHoBbI TeyenckaHus ot Leybold GmbH

1 Bupbl yteuek

MpuBegem npoctoe onpegeneHve  TepMUHA
«yTeYKa» cnepyouee: YTeuka - aTo
«oTBepcTue»(Wwenb) B pa3fenuTenbHoM

neperoposKe, Yepes KOTopoe TBepAble BEL,ecTBa,
XKUAKOCTU  WAM  Tasbl MOTYT HeesaTesibHbIM
06pa3om BXOAUTb WM BbIXOAUTD.

B 3aBMcMmocTM OT TuMnNa MaTepuana WM
HapyLUeHUs CoeaMHEHUs, PasgensaioT ciegyloume
BMAbl YTEYEK:

* YTEYKUN B Pa3beMHbIX COEANHEHUAX:

®naHubl, cONpMKacatoLLmMecs NOBEPXHOCTH, KOXKYXa
* YTEYKUN B HEMOABUMKHbIX COeAUHEHUSAX:
MasnbHble WM CBAapO4YHble  LUBbI,
coeanHeHuUs

* YTeYKM 13-3a NOPUCTOCTHU:

OcobeHHO nocne MmexaHuyeckon aedopmauymm
(Hanpumep n3rnba) nam Tepmuyeckoit obpaboTKm
NONIMKPUCTAN/IMYECKMX  MATepPUanoB W  AUTbIX
KOMMNOHEHTOB

e Tepmuyeckue Teuu:

OTKpbIBatOLLMECS NPU BbICOKOW TENIOBOM Harpyske
(Tenno/xonog), npexae BCEro Ha Nas/bHbIX LUBAX.
e OueBunaHble (BU3yasibHbIE) YTEYKU:

YTeukn KosiMyecTsa rasa, BbICBODOXKAaemoro u3
NyCTOT WU NONOCTEN BHYTPU NUTbIX AETaNEN, TNYXUX
OTBEPCTUA W COeAMHEHMUI (B TOM uucie M3-33
ncnapeHus XuaKkocrei).

e KocBeHHble yTeuku (HaTeKkaHusA):

HaTeKaHMa U3  MNoABOAAWMX  NOABOAALLUX
TPpy60oNpoBOoAOB B BAKYYMHbIX CUCTEMAX UAM NeYax
(nMMHMKM nNoaaumM BOAbI, CKATOrO BO3AYXa, CONEBOrO

Kneesble

pacTBopa)

e «[lochepoBaTenbHble YTEUKUN»:

3TO yTeyka BO3HMKawLW@A nNpu coeauHeHun
HeCKONbKMX 06bemMoB Hanpumep, YyTeyka B
3anNO/IHEHHOW  Mac/IoM  CeKUMW  MACAAHOro
nogAoHa B MIaCTUHATO-POTOPHOM  BaKyyMHOM

Hacoce.

® «O4HOCTOPOHHUNE YTEUKUY:

a3 NpoxoAuT TONbKO B OAHOM HanpaB/iieHUU, HO
YTEYKM HENPOHULAEMbl B APYrom HanpaBieHUU
(penko BcTpeyatoTcs)

CTeHKa, KoTopas ABAAeTCA He ABAAeTCA abCoNOTHO
ra3oHEenpPoOHULAEMON, M [N KOTOPOW Haauuue
YTEUKM He nABnsetcs AedeKTom HasblBaeTcs
NPOHNLAEMOMN.

e [poHMLL@EMOCTD

EcTecTBeHHas  MpOHMLAeMOCTb  rasa  4epes
MaTepuanbl, TaKMEe KaK pPEe3NHOBble LWAAHIH,
YNNOTHEHUS M3 371acTOMepa U T.4. (ecnm ToNbKo
3TW YaCTU He CTaHYT XPYNKMMU U, TaKUM 0bpasom,
«AAIOLWNMU YTEUKY ).
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2 Be/lMuMHA YTEUKU, pasmep Teuu,
MaccoBblIi pacxoa rasa

Hu ogHO BaKyymHOe YCTPOMCTBO MAWU CUCTEMA He
MOXKeT 6bITb abcontoTHO BaKyyMHO-
HenpoHULAeMbiM, B 3TOM HET HU4Yero naoxoro,
3TOr0 Ha CamMoM pfefie He Hy»KHO. OCHOBHbIM
MOMEHTOM ByAeT ABNAETCA TO, YTO MHTEHCUBHOCTb
YTEYKM  [O/MKHA  ObiTb  HACTONIbKO  HU3KOM
(oTHOCUTENbHO  ObLICTPOTbI  AENCTBMA  CPeacTs
OTKauKM), UTOBbI He BINATb Ha Tpebyemoe pabouee
[aBneHWe, ra3oBbli  6anaHc W npepenbHoe
OCTAaTOMHOE [faB/ieHWMEe B BaKyyMHOW Kamepe.
Otctoga cnepyet, 4to uyem TpeboBaHua B
OTHOLUEHMU ra30HEeNPOHULAEMOCTU BaKyyMHOM
cuctembl 60onee BbICOKME, TeM HUKe 6yaer
YPOBEeHb AaB/eHUA BaKyyma, KOTOpble BO3MOXHO
6yaer nonyumthb.

Ana Toro, yTOObI UMeTb BO3MOXHOCTb
PEerucTpMpoBaTb YTEYKU KOAMYECTBEHHO, 6blo
BBEAEHO MOHATUE «BEJIMYUHDbI Teun»(HaTekaHue)
C ycnoBHbiM o0603HauyeHuMeM (¢, 4 epUHULEN
nmsmepeHua mbap- n/cek.

O Teun c HaTeKaHuem ¢, = 1 mb6ap- si/ceK rosopsr,
Korga B M30/MpPOBaHHOM 06beme, C AaBleHUEM
HUKe aTMocdepHOro, gaBieHMe nosbiwaeTcs Ha 1
mbap B CeKyHAy WAM  ecAuM  NpUCYTCTBYeT
n3bbITOYHOE [faBfieHWe, gaBneHMe nagaetT Ha 1
mbap.

MHTEHCMBHOCTb YTEYKM U3 COCyha MNOKasblBaeT
BE/IMYMHY PAacxoAa rasa, KOTOPbIN BbIXOAUT HapPYKy
yepes CTeHKM cocyaa. CneayeT OTMETUTb, OAHAKO,
4YTO MHTEHCMBHOCTb YTEYKM 3aBUCUT OT TUNa rasa.

Echm Ttemnepatypa rasa T n monapHaa macca M
rasa G M3BecTHa, MacCCOBbIA pacxof rasa MoXKeT
ObITb BblYMCAEH MO WMHTEHCUMBHOCTU YTEUYKM (),
NCNONb3yA ypaBHEHWE COCTOAHUA ANA uAeaNbHbIX
rasoB Yepes COOTHOLLEeHue

(1) Am/At = (q.-M) /(R-T) EanHMLa nsmepenus: r/c
, roe

R =83.14 (mbap*n) /(monb*K)

T =TemnepaTtypa rasa s K

M = monsapHas macca B r/monb

Am =maccaBr

At = BpeMeHHOW MHTepBan B CeK.

CooTHoweHue (1) ncnonbsyetcs aas Toro, 4tobbI:
a) onpeaenntb MaccoBblt pacxog Am/At npwu
N3BECTHOW MHTEHCUBHOCTM YyTeYKM (, (B AaHHOM
KOHTEKCTe, cMoTpuTe npumep B 4.1) nnu

6) onpeaenMTb WHTEHCMBHOCTb YTEYKM (. Npw
M3BECTHOM MacCOBOM pacxoje rasa Am/At
(CmoTpuTe Nnpumep Huxe).

MNpumep ana b):

Cucrema oxnaxaeHus, ncnonb3aytolan
oxnaxkpawowmi areHT R134a (= ¢peoH), umeet
noTepto oxnakaatowero areHTa 1 r 8 rog npu 25°C.
HackonbKo BefiMKa yTeuka ¢ppeoHa g, ?

Mpu T = (273 + 25) K = 298 K u M (R134a) = 102,03
r/MONb, CKOPOCTb yTeukn ¢ppeoHa - g, (bpeoH) =
6,5-10° mbap*n/cek B cooTsetcTBmM C (1).

[na BbICOKOBaKYYMHbIX CUCTEM NpUMeHAeTcA
HUXKecneaylolee sMmnupuyeckoe nNpasuio:
qu(Bo3ayx) <10°® mbap*n/cek = cucrema «BbICOKO
repmeTnyHa»

q. (803ayx) <10 mbap*n/cek = cuctema
«40CTaTOYHO repmeTUYHa»

q.(Bo3ayx) <10™ mbap*n/cek = cucrema «c
yTEUKOM»

daKTUYECKKN yTeuyKka MOKeT BbITb KOMMNEHCUPOBaHa
C NOMOLLbIO BaAKYyMHOro Hacoca [AO0CTaTOYHOW
MOLLHOCTM, Y4UTbiBaA TO, YTO HUXKec/eadyloulee
oTHOCMUTCA K OOCTUNKUMOMY KOHEeYHomy
(pabouemy) faBAEHUIO Py

(2) Puit = A/ Sesr

, roe

g = VIHTEHCMBHOCTb YTeYKM B MbBap-n/cek

Ser = [encTByloWan CKOPOCTb BaKyyMMpoOBaHUA
BaKyyMHOro Hacoca B BakyyMHOM pe3epsyape, B
n/c.

To ecTb eciM ecTb BO3MOXHOCTb A0CTaTOYHO
yBenmMumeaTb S , TO BCerga MOMKHO [0CTUYb
3a4aHHOrO KOHeyHoro (pabouyero) pasneHUs
He3aBUCUMO OT UHTEHCMBHOCTU YTEYKHN (..

Ha npaKkTuke, ogHaKo, Xenaemoe yBesmyeHue Sq

He MOXeT 6bITb OCYLWEeCTBUMO ns-3a
3KOHOMMYECKMUX M KOHCTPYKTMBHbIX  MPUYMH
(upeamepHo  BbicOKMe  3aTpaTbl,  6oablian

noTpebHOCTb B N/oOWaAM).

Echm B BaKyyMHOW cucTeme He [OCTUraercs
Tpebyemoe KOHeyHoe JaBjieHue, TO TFOBOPAT O
ABYX PacrnpOCTPaHEHHbIX MPUYMHAX 3TOTO:

1 Hanuuune yreyek
n/mnn
2. Bbixoa (aecopbuusa) rasa yepes cTeHKU

COCYAa U rasauua maTepurana ynioTHeHUs.

[na Toro, ytobbl PasrpaHUUYUTL 3TN ABE NPUYUHDI
MOMHO MCMo/b30BaTb aHanus MeToL0M
napuManbHOrO AAaB/IEHNA C MacC-CMeKTPOMETPOM
WM NPOBEPKY HAPACTaHMA AABNEHUA C TeYyeHnem
BpeMeHU. [lOCKOAbKY C MNOMOLLbIO MPOBEPKU
repmeTUYHOCTU BaKYYMHOW cucTembl no
BO3pAcCTaHWUIO [aB/JeHUA BO3MOXKHO OMNpeaenuTb
TONIbKO Ha/MuMe YTEYKWU, a He ee MNOJIOXKEHUe B
cucteme, pekomeHayeTca MCMnosab30BaTh
Teyenckatenb yTeYKW renvs, KOTOpblA MO3BoAAET
NIOKaIN30BaTh YTEUKU.



Y10bbl nNONyuYnTL OOLlee npeacTaBieHME O
COOTHOLLEHUN MEXKAY reOMETPUYECKMM PA3MEPOM
OTBEPCTMA U COOTBETCTBYHOLLEN MHTEHCUMBHOCTbIO
YTEYKM, MOXHO oOnepuMpoBaTb Ha  OCHOBe
HUXKecneaytoLlen, rpyboi oueHKu:

Kpyrnoe oteepctne gnameTtpom D = 1 cm B cTeHKe
BAKYYMHOrO pe3epByapa 3aKpbIBaeTca C NOMOLLbIO
KnanaHa. CHapyXu npucyTcTByeT atmochepHoe
fasneHune (p = 1013 mbap), BaKyym Haxoautcs
BHYTpW. Korga KnanmaH OTKPbIT, BO34yX TeYeT co
cKopocTblo 3ByKa (V= 330 m/c) yepes nonepeuHoe
ceyeHue oteepctna A =1t * (D* / 4) = 0,79 cm’ B
pesepsyape. Konnyectso Bo3ayxa, NOCTynatoLLero
B pesepByap, cocTaBaseT ((Bo3ayx) = p-vs*A =
2,6%10" mb6ap*n/cek.

B cnyyae c renvem, nNpu BCEX MPOYMX PABHbIX
YC/I0BUAX, Feivli NPOTEeKaTb Yepes oTeepcTve npu
CKopocTM 3ByKa 970 m/c, Toraa WHTEHCMBHOCTb
yTeuku renma q, (reamin) coctasnset = 7,7-10* mbap
* n/cek, TakMm 06pPasoM MHTEHCMBHOCTb YTEYKMU
BblLe.

Bosiblwasa «4yBCTBUTENbHOCTbY FEANA UCMOIb3YeTCA
ANns obHapyKeHWA yTeyeK, v NpuBena K passuTuio
n MaccoBomy npouv3BoACTBY
BbICOKOYYBCTBUTEbHbIX yCTpoMcTB no
onpegeneHuio NOTOKa renus gna obHapy:KeHun
yTeuek (cmoTpute Pasaen 5.2).

OcHoBbI TeyenckaHus ot Leybold GmbH
Ha Puc. 1 nokasaHa Koppenaums mexay pasmepom
OTBEPCTMA W MHTEHCUMBHOCTbIO YTEYKM BO3AyXa, C
NPUGANMKEHHbIM 3HadyeHMem (. (Bo3ayxa) = 104
mbap*n/cek ana «oTeepcTma AnameTpom 1 cm».

M3 Tabanupbl BUAHO, YTO, KOrAa AMaMeTp OTBEPCTUA

D ymeHbliaetca Ao 1 mkm = 0,001 mm (=
ymeHblleHne D Ha  Koaddpuument  10000)
MHTEHCUBHOCTb YTEUKN COCTaBUT 1,0-10*

mbap*n/cek, 3HaueHue, KOTOPOE B BaKyyMHOWM
TEXHUKE Yy¥Xe npeactaBnsetT cobon cepbesHyto
yTeuky (cmoTpuTe, npeacTaBiAeHHOe  Bbille,
aMNMpPUYECKoe NPaBuo).

MHTeHcMBHOCTL  yTeukn  1,0-10"  mbap-n/cek
COOTBETCTBYET AMameTpy oTeepctMa 1 AHrcTpem
(A);

3TO - HWKHUA  npeaen  4YyBCTBUTE/NIbHOCTU
COBPEMEHHbIX re/IMeBbIX YCTPONCTB OBOHapyKeHUus
yTeyeK. OCKO/IbKY KOHCTaHTbl PELIeTKM MHOIMMX
TBEpAbIX BELWIECTB COCTAB/AKT HECKO/MbKO A, a
OnameTpbl MeHblMx mosiekyn (H,, He) okono 1 A,
BHYTPEHHAA MNPOHMLAEMOCTb CKBO3b TBeEpAble
BELLeCTBA MOMET ObiTb 3apernctpupoBaHa C
NCNONb30BaHMEM renneBbIX YCTPOMCTB
obHapyXeHUs yTeyek. ITo NpUBENO K paspaboTke
KannMbpoBaHHbIX MPOBEPOK YyTeYeK C OYeHb
ManbiMM  WMHTEHCUMBHOCTAMM  yTeyeK. ITO B
M3BECTHOMW Mepe «OTCYTCTBME FepMEeTUYHOCTMY, a
He «YTEYKU» B CMbICAe NPUCYTCTBMA AedeKTa B
maTtepuane nan coeguHeHuu.

CooTHOLwWeHHe mexay AgnameTpom oTeepctua u Be/INYNHOMK yTeuykun ana so3ayxa

Ap = 1013 mbap, anameTp otBepctnsa D=1 cm

CKopocCTb rasa = CKOpOCTb 3ByKa B Bo3ayxe = 330 m/c

2 3
330M. 11 oy —96.10° O =06 €
O6bem / cekyHAa: 4
1013 mbar - 26 € = 2,6. 10+ Mbar-£ _ 4o« mbar - £

Konuyecrso/cekyHaa: S S S

Nunametp MHTEHCUBHOCTb yTeukn B Mbap-n/c

10?m=1,0 cm 10°

10°m=1,0 mm 102

10*m=0,1 mm 10°(=1)

10°m=0,01 mm 102

10°m=1,0 MKm 10

107m=0,1 MKm 10

10%m=0,01 MKm 10°

10°m=1,0 HMm 10710

10"°m=1,0 AHrcTpem

10" Mpenen 4yBCTBUTENBHOCTU reMeBbIX
Teyeuckatenen)

Puc. 1: CoomHoueHue mex0y Ouamempom omeepcmus U UHMeHCUBHOCMbIO YMEYKU, OUEHKA Ha 8030yxe




OcHoBbI TeyenckaHus ot Leybold GmbH

OUEHKM WAM  U3MepeHUA pPasMepoB aTOMOB,
MOANEKY, BUPYCOB, BaKTepuii 1 T.4. YacTo AaBanu
Hayano NCMNONb30BaHUIO NnoBceaHeBHbIX
TEPMUHOB, TaKMx Kak, Hanpumep,
«BOJOHENPOHULAEMbIA» UAN  KHENPOHULAEMbIA
ana 6aktepuiny (cmotpute Tabanuy 1).

KoHuenTt /Kpurtepwmii MNoAcHeHue q. (m6ap- CooTBeTCTBYIOLWMIA pasmep
nfcek) yacTuubl

BogoHenpoHuuaembliit*! Kanau <10?

MapoHenpoHuuaembliii «BbinoteBaHue» <10°

HenpoHuuaembiit gna 6akrepuii*’ <10*

(KOKKM) @=1n.m

(nanoukoobpasHbie) ?=0,5-1MKm, 2 - 10 MKMm

MacnoHenpoHuLaembiit <10°

Henpoxuuaembiii ana supycos*’

(BaKuMHbI, Hanpumep, 60ne3HM ¢ <10°

BbICbINAaHMAMMU HA KOXKe)

(menkue supycbl, 6aKktepuodaru) <10®

(supomabi, PHK) <10

lasoHenpoHULaeMblit <107

«ABCONIOTHO He NPOHULAEMbIN» TexHuueckue <10™

*) B oT/IMume oT NapoBoit dasbl, He06XOAMMO NPOBOAUTL Pa3nune Mexay rmapodUNbHbIMU U TMAPOdGOBHBIMU TBEPALIMU
BELLECTBAaMMU. ITO TaK¥Ke OTHOCUTCA K BaKTepuaM U1 BUPYCam, NMOCKObKY OHU TPAHCMOPTUPYHOTCA B OCHOBHOM B pacTBOpax.

Tabauya 1: CoomHouweHue mex0y Kpumepuamu 2epmemuyHocmu U UHMEHCUBHOCMbIO YMeYKu g,
Ha Puc. 2 npeacraBneHbl npegenbl 06HapyKeHUA 4acTo UCNOJIb3yeMbIX METOA0B 06HAPYKeHUA yTeueK

Helium leak detector PHOENIXL300, PHOENIXL300 modul > <
QO
0
=
5
Helium leak detector PHOENIXL300 dry > 3
0]
5
@)
Q
Pressure rise method >
109 ‘ ........ 1|OO 1C|)1 1C|)2 1C|)3 1(‘)4 1C|)5 106 107 108 109 1010 10" 1012 mbar -£- 5!
He leak detector (sniffer method) > E)U
23
g'.
@
©
Bubble test > o
(93]
=
@
3
Pressure drop test > %
)
o

Puc. 2: XapakmepHsie npedessl 06HApyHeHUS Yacmo UConb3yembix Memooos 0OHAPYHEHUS ymeyek.
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2.1 CraHpapTHaA renMeBan Teub

HeobxoaMMbIMM NapameTpamm gna 04HO3HAYHOro
onpegeneHna  yTeUKM  ABAAIOTCA  AaB/EHMe,
npeobnagatoWwme Ha CTOPOHE CTEHKW cocyda W
CBOWMCTBO CpeAbl, NPOXOAALLEN Yepes 3Ty CTeHKy
(BA3KOCTb, MonApHaa macca). na cayyasn, Koraa
MCMbITaHMEe NPOBOAAT C renvem * npu nepenage
AasneHna 1 6ap ot atmocdepHoro AaBneHus
(BHewHero) po Bakyyma (p <1 wm6ap,
BHYTPEHHero), KOTopoe YacTo BCTpevaeTcs Ha

OcHoBbI TeyenckaHus ot Leybold GmbH

NpakTUKe, Ha3BaHMe «CTaHJApPTHaA renuvesasn
Teub» 6blN0 BBegeHo B ctaHgapTte DIN EN 1330-8.
Onsa Toro, 4tobbl ONPEAENUTb FOAHOCTb U34EeNnit
NPy C WCMNOJIb30BaHUEM TrennA CpaBHUBAA CO
CTaH4apPTHOW renneBol Teublo, Heobxoaumo
CHavana nepecyMTatb  peasbHble  YCA0BUA
MCNbITaHMA Ha CTaHAapTHble ycnosBua (cmoTpute
2.2). HekoTopble Npumepsbl Takux NpeobpasoBaHUi
noKasaHbl Ha Puc.3

YTeuka KonunuecTtso BewecTsa,

NPOXoAALLEro B €ANHULLYY BPEMEHU

yepes oTeepcTtne

! !

U3BecTHble yTeuyKun:

KanaHue
BOAOBbIMYCKHOrO KpaHa
4 mm @, 1Tu, Ap = 4 6ap
BONOCOK nexuT Ha
YNAOTHEHUU
BenocuneaHasa kamepa B
Bofe (npoba Ha
obpasoBaHKe ny3bipei)
2mm @, 1Tu, Ap = 0,1 6ap
ABTONOKpbILWKA TepaeT
BO34YyX

25n 3a 6 mecaues: 1,8 =
1,6 6ap

BO34YXY

Mo BO3AyXy

BbiTekalouiee KOMYECTBO
BewecTea:

34 mr/c no sBoae=6,45 mbap-n/c no
10 mbap-n/c no Bo3ayxy

4,19-107 Hem®/c= 4,24-10° mbap-n/c

3,18-10™ mbap-n/c no Bo3ayxy

CTaHZapTHbIE YCIOBUSA 419 reNns:
P, =1 6ap, p, <1 mbap (Ap = 1 6ap)
WHAWKATOPHbIN ras = lenui

l

CraHpapTHas renvesasn Teub (He):

0,17 mbap-n/c

0,9-102 mbap-n/c

1,88-10% m6ap-n/c

4,3-10° mbap-n/c

Puc. 3: Mpumepbl NpeobpasoBaHMA BEMYMH PeasbHbIX TeYel B CTaHAAPTHbIE resieBble Teuu.

2.2 dopmynbl gna npeobpasoBaHUA

YTo Kacaetca npeob6pasoBaHMA AaBAEHMA M TUNA
rasa (BA3KOCTb, MoJApHasa Mmacca), cneayet
OTMETWUTb, YTO K JIAMUHAPHbLIM (BA3KUM) U
MOIEKYNAPHBIM NOTOKAaM. [paHMLLa MeXay 3TUMM
o61acTAMM He aBaseTcA ABHON. MOXKHO 40NYCTUTbL
HUXKecneayloLLee: NPy CKOPOCTU YTEUKM

q.> 10° mbap-n/cek  NamMUHapPHbIN peXxum

q. < 10° mb6ap- n/cek  MONEKYNAPHDBINA peXxUmM

OnAa nepexogHoOro pexuMma Mbl
NPUHUMATb 3HAYEHMA C 3aNaCOM.
3aBMCUMMOCTU YKa3aHbl B Tabauue 2.
B AaHHOM cny4dae mHAaeKcebl «I» u «ll» oTHOCATCA K
nepenagam AaBfeHUN, a UHAEKCbl «1» m «2» -
BHYTPEHHAA M HAPYXHaA CTOPOHbl TOYKU YTEYKM.
[daBneHne p; Bcerga AO/MKHO ObiTb  Bbllle
AasneHun p,(P;> P,).

pekomeHayem

MoToK STamUHapHDI MoneKkynapHbli
[laBneHune Q1-(P12‘P22)u =q- (PIZ'PZZ)I Qi (P1-P2)u = Qi - (P1-P2)i
Tun rasa Arasa‘Mrasa = Qrass MNirass QrasA'(MraaA)O'5= Qraas'(Mrass)O's

Tabnnua 2: 3aBUCMMOCTM 015 0assaeHus u ceolicme 2asa, p = 0asseHue, g = pacxoo 2a3ad (UHMeHCUBHOCMb

ymeuKu), n, = ea3kocms, M = MoaapHaa macca




OcHoBbI TeyenckaHus ot Leybold GmbH

3 TepmuHbI M onpeaeneHun

Mpy nNoucKe yTeyek, Kak MpaBwuao, Heobxoaumo
pasninyaTb ABe 3a4aum:

1. lokanusauma yteuek

2. OnpeaeneHue BeNNUYUHDbI yTeUYeK

TakXe NpUHATO pas3nnyatb B 3aBUCMMOCTM OT
MeToAa Nomcka

a. BakyymHbii meTog

(MHOrma WM3BECTHOrO KaK  «yTeYyKa CHapY*Ku
BOBHYTpb») [lOTOK renva uAeT B OBBEKT
NCNbITaHWUN; AaB/IEHNE BHYTPM OObEKTa UCMbITaHWI
MeHbLUe, YeM AaBIEHNE OKpYXKatoLLel cpeabl

b. Metogom n3bbIToUHOro AaBneHUsn

(Tak»Ke M3BECTHbIV KaK «yTeuKa U3HYTPU HaPYKy»)
MOTOK Fenus BbIXOAUT M3 0OBbEKTa MCNbITaHWUM
Hapy»Ky; fOaBfeHWe BHYTPM OOBEKTA MCNbITaHUM
BbllUe, YeM AaB/ieHNe BHe 0bbekTa.

Mposepsaemblie 06bEKTbI AONKHbI N0 BOSMOXHOCTH
npoBepATbCA TaK, KaK OHMU oyayT
3KCN/yaTUpOBaTbCA, TO  €CTb  KOMMOHEHTbI,
paboTatowme noa BaKyyMoOM, Jiyylle MpoBepATb
BAKYYMHbIM METOA0M, a KOMMOHEHTbI
paboTatowme noa AasaeHUEM —  METOAOM
M30bITOYHOrO AAB/EHUS.

Mpu M3MepeHUnN BEANYMHDBI YTEUKN, Mbl PasiMyaem
a. BenuunHy otaenbHbIX yTeuyeK (/NOKanbHoe
usmepeHue), puc. 4b u 4d,

b. CymmapHoe HaTeKaHue 06beKTa MCNbITaHWUI
(coBoKynHoe nsmepeHue) Puc. 4a u 4c.
HavmeHblwaa WHTEHCMBHOCTb YTEYKM, KoTopas
6o/blle He ABNAETCA AOMYCTUMOWN B COOTBETCTBUMU
C TEXHUYECKMMM YCNOBUAMWU MPUEMKMU, M3BECTHASA
Kak Hopma 6paka. Ee pacyeT ocHOBaH Ha Tom
YC/NIOBUM, 4YTO OOBEKT MCNbITAHUN He MOXKeT
OTKa3aTb B TeyeHWe 3an/IAHWMPOBAHHONO CPOKA
MCNONb30BaHMA n3-3a HencnpaBHOCTEN,
BbI3BAHHbIX YyTeYKamu, WM 3TO A0 HEKOTOPOro
YPOBHA AOCTOBEPHOCTU.

Bo MHOrMMx cay4anax sTo He MHTEHCUBHOCTb YTEYKMU
0b6beKTa  WCMbITaHMKA,  onpegensemas  npwu
HOPMAa/bHbIX YC/0BUAX 3KCMAyaTauuu, a CKopee
NPONYCKHAaA CNocobHOCTb WCMbITaTeNbHOrO rasa

MPM  @HANOTMYHBLIX  YCNOBUAX.  [LOCTUTHYTble
3HayeHusA nsmepeHus OONIKHbI 6bITb
npeobpasoBaHbl TaKUM obpasom, YTOObI

COOTBETCTBOBATb CUTYaAUNN NCMNOZIb30BaHNA
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YTO KacaeTcA faB/feHWA BHYTPU U CHAPYXM
06beKTa UCMbITaHUI U TUNA ras3a (MAKN XKUAaKocTu),
npu obpalleHnn.

Ycnosus, rae BaKyym  MPUCYTCTBYET  BHYTpM
ucnbiTbiBaemoro  obbekta (p <1 mbap),
aTmochepHoe [JasneHue CcHapyXu, a reamin’

MCMONb3YETCA B UCMbITAaTE/IbHOM ra3e, Ha3blBaKOTCA
CTaHAaPTHbIMU YCIOBUAM A4 renus.

Bo Bpems 06HapyKeHUA YTEUYKU renina BaKyyMHOM
CUCTEMbI, TNPW  MOAKMIOYEHUM  CUCTEMBI K
YCTPOMCTBY OOHaApyXeHMA YTeUYKW, ecinm cuctema
OTKauMBanacb A0 MeHee 1 mbap U, ecam OH
0b6pbI3ruBaeTca renvemd (metom, obpbi3rMBaHuA)
(cmoTpuTe Puc. 4b).

Ecnn 06beKT UCMbITaHWIA OTKauyuBaeTcA
WCKAOUYUTENBHO C MNOMOLBK  YCTPOMCTBA ANA
ObOHapy»KeHUA yTeyek, TO MOXKHO bblsio Obl CKa3aTb,
yTo YycTpoiictBO AanA obHapyKeHusa yteuek (LD)
paboTaeT B NPAMOTOYHOM peXuUMe.

Ecan obbekT ucnbiTaHUI cam no cebe ABnseTcs
3aKOHYEHHOW BaKyYyYMHOW CUCTEMON, CO CBOUM
COOCTBEHHbLIM  BaKyyMHbIM HAacoOCOM W, €ecau
YCTPOMCTBO A1 OOHapy!KeHMa yTeudku paboTtaer
napanienbHo C HaCOCamMM CUCTEMbI, OH OTHOCUTCS
K peXumy YacTUYHOrO pacxoAa YcCTpoiicTBa Ans
o6HapyKeHUa yTeuyku. OH TaKKe OTHOCUTCS K
peXuMy YacTMYHOro pacxofa Torga, Koraa
OTAENbHbIN BCMOMOraTebHbIl Hacoc
MCMONb3YeTCA MNapaaienbHO C YCTPOUCTBOM s
0obHapyXeHuA yTeyek.

MeTos M36bITOYHOTO AABNEHUS MHOI4A MOMKET
6bITb HEeNpPaKTUYHbIM, nnu daKTNYecku
HEBO3MOXHbBIM 418 U3MEPEHUs  BESIMYUHDI
HaTeKaHWa Hanpsamylo, B TO BPEMS KaK 3To,
6e3ycnoBHO, MoXKeT bbITb M3MepeHOo B 0060/104Ke,
cogeprkawem NCMbITbIBAaEMbI A obpasel.
M3mepeHrMe MOXKeT ObiTb cAefaHo  nyTem
NOAK/IOYEHNA 3TOrO KOpMyca K YCTPOMCTBY ANA
OBHApY)EHUA YTEYKM WAW NyTEM HaKOM/IeHUs
(yBeNMYEHUSA KOHUEHTpauuu renms B obbeme)
TECTOBOro rasa BHyTpW Kopnyca (cmoTpute Puc.
4c). UsmepeHure NMKOB renuns npeactaBaser coboun
CneumanbHy0 BEPCUI0 TeCTa HAKOMNEHWUA YPOBHA
renva (cmotpute Pasgen 7.4).

MeToaMKYy TeYeMCKaHUA C  LWYMNOM  MOXKHO
paccmaTpmMBaTb  KaK  aHa/NOMMYHbIA  BapuaHT
METOAMNKM n36bITOYHOTO AaBneHus,
WHOWKATOPHbIA  ras, BbIXOAAWMM U3 yTeyek,
cobupaetca  cneumasibHbIM  YCTPOWUCTBOM W
nonagaeT B Te4enckatenb (cmoTpute Puc. 4d).

3Ta npougeaypa MOXKeT BbINONAHATLCA NpU paboTe ¢
reavem uan xnagareHtamum mnam SFg B KauyecTee
MCMbITaTeNbHOrO rasa.



OcHoBbI TeyenckaHus ot Leybold GmbH

a
Helium Halium
b: - d: | |
e ‘ o e
Helium i
E: S r;: {‘: ;
3 =
Helium

Puc. 4 BapuaHmel ucrnonb3o08aHuUA 2eaue8020 meyeuckamersis, OCHOBAHHbIE HA 8AKYYMHOM memoode (0, b)

U Ha memoode u3bbimoYyHo2o 0asseHus (c, d)

BaKyyMHbIi1 meTog = Bakyym BHyTpuM 0bpasLa

MeTopa, U3bbITOYHOro AaBAEHUA = Haxo4ALWMIACA Noa,
naBneHnem UcnbiTaTeNbHbIN ra3 BHyTpM obpasua

a: MpoBepka Kopnyca (ucnbiTaHne Ha obLiee
HaTeKkaHue)

c: MpoBepKa Kopnyca ( McnblTaHWe Ha CymMmapHoe
HaTeKaHWe repMeTUYHOCTb)

b: MeToauKa nokanbHoro o6ayBa (10oKaibHOe
MCMbITaHNE Ha FrePMETUUYHOCTb)

d: MeToaMKa noKanmsaumm Lynom (nokanbHoe
MCMbITaHWE Ha repMeTUUYHOCTb)
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OcHoBbI TeyenckaHus ot Leybold GmbH

4 Metogbl O06HapyXeHus Teunm bes
reAneBoro Teyenckarens
Cambim 3aMeTHbIM pasiinyvem mexxay

MCcNnoab3yemMbiMnU METOAaMUN UCMbITAHUA, ABNAETCA
MCNoJib30BaHNE NN HET TEYENCKATENA.

Ona  npocTbix 3agay  yTeuyka MoXeT bbiTb
onpefeneHa KayeCcTBEHHO W KOJIMYECTBEHHO
(BennunHom HaTeKaHuA) 6e3 NMOMOLLN

crneLmanbHbIX YCTPOMCTB.

Hanpumep, Konuyectso BOAbl, Kanawowen wus
NpoTEeKatoLLero BOAONPOBOAHOIO KpaHa B Te4eHue
onpeaeneHHOro nepuMoaa BPeMeHU MOXKeT ObiTb
onpeaeneHo nytem cbopa BOAbI C NOMOLLbBLO
MepHOro cocyga. B atom cnyyae, ogHaKko, Bpag, u
3TO  MOXHO  CYyuTaTb  YCTPOWCTBOM  ANA
0bHapyXeHunA yTeyek.

B Tex cny4vasx, Korga WHTEHCUBHOCTb YTEYKMU
MOXKeT 6bITb onpeseneHa BO NPoLecce NpoBeEPKU
Ha repMeTMYHOCTb 6es NCNONb30BaHUA
TeyenckaTenen, sTa BeIMYMHA YTEYKN MOXKET ObITb
npeobpasoBaHa B CTAaHAAPTHYL TeAMEBYHO TeYb
(cmoTpute 2.1). BennumHa HaTeKkaHWA MO reauto
YyacTo Heobxoguma ANA NPOXOXKAEHMA NPUEeMOo-
COATOYHbIX WUCMBbITAHUA ANA MPUEMKU, U MONKET
ObITb OUEHEeHa OTHOCUTENIbHO BEANYMH YTEYKM
onpegeneHHbIX reJiMeBbiM Te4encKaTenem .
HecmoTpa Ha TWaTesibHbli1 KOHTPOJIb OTAE/bHbIX
TEXHWUYECKMX KOMMOHEHTOB, YTEYKU MOTYT TaKKe
NPUCYTCTBOBATb B YCTPOMCTBE nocsie ero cbopku -
6yab TO M3-3a NAOXO YCTAHOBAEHHbIX YNOTHEHW
nnn nospexaeHus YNIOTHUTE/IbHbIX
nosepxHocten. [lpouecchbl, wucnonbsyemble AnA
NPOBEPKM YCTPOICTBA 3aBUCAT OT pasmepa yTeyek
N Tpebyemoi cTeneHn repMeTUYHOCTH, a TaKKe OT
TOro, M3 4ero MW3roToBAEHO YCTPOWUCTBO - W3
MeTaNNa, CTEKNA UK APYTUX MATEPUasoB.

Huke Bbl HallaeTe onMcaHWe HECKOJIbKMX MeTo4,0B
o6HapyXeHUs yTeyeK. OTM MeToAbl UCNO/b3YHOTCA
B COOTBETCTBUM C KOHKPETHbIMW CUTYaLMAMMU
NPUMEHEHMUA, B TO BPemMA KaK 3KOHOMMUYECKUe
baKTOpbI TaKXKe YacTo UrpatoT BaXKHYHO POsb.

4.1 MpoBepKa repmeTUYHOCTU BaKYYMHOM
CUCTeéMbl meToAOM NOBbIWEHUA AaBNEeHUA

3T0T MeToz, NpPOBEpPKMU repMeTUYHOCTH
OCHOBbIBAETCA Ha TOM (aKTe, YTO M3-3a Ha/M4mA
HEerepmMeTMYHOCTM, B OTKAYEHHbIN 06bem TeyeHue
onpefeneHHOro nepuosa BpemeHu. TakkKe uaet
npoLecc Aerasaumm rasa co CTEHOK M YNIOTHEHWIA,
KOTOPbIW, yMEHbLUAETCA C TEHEHNEM BPEMEHMU.

Ona Hayana nNpoOBEpPKM 3aKpbIBAeTCA KaanaH
MeXay KamepoMh M HacocHoW cuctemon. [anee
HauMHaeTcA wmamepseTca Bpema At, B TeuyeHue
KOTOPOro faBaeHue NoBbiWaeTcA Ha

Ecan CTaHOBUTCA ACHbIM, 4yTO nosblilieHNne
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onpeaeneHHyo BeanunHy Ap (Ha oAuMH NopAAdoK,
Hanpumep). [anee Kamepy OTKauuMBalOT BHOBb
(oTKpbIBalOT KNanaH) M NOBTOPHO NPOBOAAT TECT.
Ecnn Bpems At cymmapHOro noBbIWEHUA AaBAeHUA
Ap ocTaeTtca NOCTOAHHbIM, TO NPUCYTCTBYET yTEUKa,
ecAn  MPeanonoXKWTb, 4YTO Mepuos OXMAAHUA
Mexay — ABYMA  M3MEPEeHMAMM  MOBblEeHMSA
AaBneHus 6bl1 A0OCTaTOYHO MPOAO/IMKUTENbHBIM.
CooTBeTcTBYlOWAA MPOAOKUTENbHOCTL Nepuoaa
OXWAAHUA 3aBUCMT OT OCOBEHHOCTM W pasmepa
nposepaemoro obbema. Ecnm Bpems nosblweHUn
AaBneHus Ap yBenMuYMBaeTcA, TO 3TOT 3PdeKT
CKOpee BCEero Bbi3BaH CHUMKEHWeM Aerasauuu rasa
CO CTEHOK.

MOXHO TaKXe MonbITaTbCA MNPOBECTU pas3nuune
MeXay yTeY4KamuM U 3arpA3HeHWem  nyTem
NMHTEepnpeTauum KpMBOA, oTobpakatoLeit
NoBbILIEHME AaB/IeHUA (= AaBNeHME B 3aBUCUMOCTU
OT BPEMEHMU).

HaHeceHHaa Ha rpaduK C NMHENHbIMKU LIKaNamu,
KpUBaa nMOBbIWEHUA [aBAeHUA [0/KHaA 6biTb
NPAMOIA NIMHMEN B TOM MecTe, rae MMeeTca yTeukKa,
Aaxke npu 6osiee BbICOKMX AaBEHUAX.

Ecnn nosbllleHWe [ABNEHUA MPOUCXOAMT U3-3a
BbICBODOXKAEHWA rasa, 4Yepe3 CTEHKM, Torga
noBblleHWe  gaBneHusa  bygeT  nocTeneHHo
YMEHbLIATLCA U NPUBANKATLCA K OKOHYATE/IbHOMY
M cTabunbHOMy 3HayeHuto. B 6osbwuMHCTBE
cnyyaeB oba 3TM ABneHMA 6yayT NPOMCXOAMUTb
O[HOBPEMEHHO B CUAY TOTO, YTO pasaesieHne AByX
daKTopoB 3ayacTylo 6biBaeT TPYAHbIM, €CiU He
HEBO3MOXHbIM.

OTW OTHOLLIEHMA CXeMaATUYEeCKM NOKa3aHbl Ha pwnc. 5.
A

Pressure

Time
1 YTeuku (HaTekaHus)
2 [era3auma CTeHOK
3 CymmapHasn yTeyka + gerasauma
Puc. 5: [losbiweHue 0assieHUA 8 BAKYYMHOM
KoHmeliHepe, KaK (pYyHKYUA epemeHuU rocqe
BbIKMOYEHUSA 8AKYYMHO20 HOCOCA

coegunHuTeibHble KOMNOHEHTbI, UCNONb3yemble B



AaBeHnA CBA3aHO NUCKNIOYUTENDBHO C
HerepmeTn4yHoCTbHO, TOrAaa MOXeT 6bITb
onpegeneHa CKOPOCTb HaATeKaHA  MUCNONb3yA

cnefyroLLyo 3aBUCUMOCTb:

(3) a. = V-(Ap/At)

, rae

gL = HaTeKaHMe yTe4ykun B mbap-n/cek

V = 06bem BaKyyMHOro pe3epByapa B /.

Ap/At = oOTHOWeHWe pa3HOCTM JaBneHua B
BaKYYMHOM pe3epByape Ap, AeneHHOe Ha BpemsA
nsmepeHunsa At 8 mbap/c

Mpumep:

Mocne 3aKpbITMA KAanaHa CcoO CTOPOHbI HAcoCa,
AaBneHue p B BakyymHom cocyae obbemom V = 20
n Bospactaet ot 1-10™ mbap ao 10° mbap uepes t =
300 cek. Takum obpasom, A p = (1*10° - 1-10)
mbap = 9-10° mbap M CKOpPOCTb HaTeKaHWA
(HerepmeTUYHOCTbL) ANA BO34yXa B COOTBETCTBUM C
cooTHoweHuem (3) qu(sosayx) = V (Ap / t) = 6-10-°
mbap-n/cek.

M3 COOTHOLWEHMA (1), NoNyYaem MACcCOBbIN PACXOL,
rasa Am/At yepes HerepmeTWyHocTb ¢, = 6-10°
mbap-n/cek:

Am/At = 7-10% r/cek

(Temnepatypa T = 293 K, monsipHaa macca Bo3ayxa
M = 29 r/monb)

Echu obbem BaKyymupyetca € NOMOLLbIO
TypbomonekynspHoro Hacoca TURBOVAC 50,
Hanpumep, (ckopocTb oOTKaukm S = 50 n/c),
KOTOpbIA MPUKPENJIEH K BaKyyMHOM Kamepe C
MOMOLLbID  3aMOPHOrO  K/AanaHa, TO  MOXHO
oXuMaaTb  3OPEKTUBHYIO  CKOPOCTb  OTKa4Ku
npubnmsutenbHo S = 30 afc. Takum obpasom,
KOHeYyHoe aassieHue byaet

Pur = A/Ser = (6:10° mbap-n/cek)/ (30 n/cek) =
2:10° mbap

MNpepenbHoe oOCTaTO4YHOE [JaBAeHUE BO3MOXKHO

CHU3UTb, NCNo/ib3ys Hacoc 6osbluen
npoussoautTenbHoctTn  (Hanpumep, TURBOVAC
151).

4.2 TecT nageHUA paaBneHus

MeToa aHanornyeH Tecty NOBbIWEHUA OABAEHUA.
XOTUM OTMETUTb, YTO TECT MOHMKEHUA [ABNEHMA
[OBOJIbHO peaKo MCNo/sb3yeTcAa ANA MNPOBEpPKU
BaKYYMHbIX cuctem. Eciim BCE-Taku AaHHbIA MeTon,
ncrnosbsyetcs, TO W3ObITOYHOE JaB/ieHMe He
OO/MKHO npesBblwatb 1 6ap , BaKyymHble
CoeguHeHUnA, He CMOTYT BblAEP*KUBATb BbICOKUX
(bonee 1 6ap) pasnenuit. C apyroit CTOPOHbI, TecT
Ha nageHue baBneHua, 31O Hanbonee
pacnpoCTPaHEeHHbIN meTon, NpoBepKM
repmeTMYHbIX 06BEMOB.

OcHoBbI TeyenckaHus ot Leybold GmbH

Mpu pabote c 60AbWIMMM KOHTEMHEpPAaMKU W
COOTBETCTBEHHO MPWU NPOAOIKUTENbHBIX NEPUOAAX
nU3MepeHuii, HeobxoguMmo, nNpu NpoBeaeHUU
[aHHOro MeToAa, YYUTbIBaTh BAUAHUE M3MEHEHUI
TemnepaTtypbl. Ba)KHO BAMAHME MOXKET OKasaTb
nMpouecc KoHAeHcauuu BOAAHOrO napa npwu
OXNAXKAEHUN W CHUXKEHMM [OaBJeHUs, TaKoe
M3MepeHve He MO03BOAUT BbIYUCAWUTL  MOTOK
HaTeKaHuA.

4.3 NposepKa Ha repMeTUYHOCTb, C NOMOLLbIO
raso3aBUCUMbIX BaKyymeTpoOB

Tot dakT, yTo nokasaHue AaBneHus
MaHOBaKyyMeTpax YyBCTBMTE/IbHO K M3y4aemMomy
BMAY ra3a, MOMHO B OMNpeAeneHHOW CTeneHu
MCNONb30BaTb C LENbI0 OOHapyXKeHUs YTeuek.
TakMm 06pa3om, MOXKHO HaAHEeCTU LWEeKon Wan
pacnblIUTeNEM CNUPT Ha MecTa npeanosiaraemMbix
yTeyek. [lap cnumpT, KOTOpPbIA nNoOCTynaet B
YCTPOMCTBO  M3MEHSieT MOKa3aHus  [AaBieHus
MaHOBAKyyMMeTPa, NOCKO/IbKY TENI0NPOBOAHOCTb
N MOHU3NPYEMOCTb MapoB CNUpTa B 3HAYMUTE/IbHOM
CTeNeHn OT/INYaTbCA OT TeX *Ke CBOWCTB BO3AyXa.
Hanuuune bonee TOYHbIX, YyA06HbIX B
NCMNO/Ib30BaHUM refiMeBbiX  YCTPOMCTB  gns
ObOHapy»KeHuA yTeuyeK, MNoATBeprKAaeT ToT ¢akT,
YTO 3TOT METOZ NOYTU NOJIHOCTbIO yCTapen.

4.4 MNy3bIpbKOBbIA METOA,

Haxoaawmiica OaBNeHnem obpasel,
norpys<aetcs B BaHHY C KUOKOCTbIO.
MogHMMmatoWmeca Ha NOBEPXHOCTb My3blPbKM Fasa
YKa3blBalOT Ha Ha/IN4YMe yTeYekK.

O6HapyKeHne yTeyeKk 3aBUCUT B 3HAYUTE/IbHOM
CTeneHn OT OCBeAOMJIEHHOCTU MHCNEKTUPYIOLLEro
Mua W BbI3bIBAaET  KeJaHWe  yBeJnYuTb
«YYBCTBUTE/IbHOCTb», MWCNONb3ya Bce 6onee U
b6onee BbiCOKMe aaBneHus. MHorga, oAHaKo, 3To
NPUBOAUT K TOMY, 4YTO 3TO He oOTobparkaetcs
WMHCTPYKUMAX NO TeXHUKe b6esonacHocTu. B cayyae
yTeyek Hebo/blOoM MHTEHCMBHOCTW, 3TOT MeETon,
3aHMMaET O4YEeHb MHOI0O BPEMEHMW (CMOTpU Tabauuy
3). Tabnuua 3 oTHOCUTCA K WCMbITAHUIO Ha
repMeTUYHOCTb XONOAUNbHbLIX CUCTEM, KOTOpble
SKCMIyaTUPYIOTCA €  OXNa*KAAWMM  areHTom
R134a. [nAa Taknx CUCTEM, NHTEHCUBHOCTb YTEYKMU
yKa3blBaeTcs B rpamMmax MNoTepU OXNa*KAaloWero
areHta 3a rog (r/r). Macna Ha BoAAHOW wAU
HepTAHOM OCHOBE WCMNO/Ib3YIOTCA B KayecTse
ncnbITyemom KUAKOCTU (koTopas MOXKeT
HarpeBaTbCA WAW K KOTOPOW MOXKHO [06aBUTb
NoBEPXHOCTHO-aKTUBHOE BElLLLeCTBO)
MNoBepxHOCTHOE HaTaXeHue He [AOMKHO
npesbiwatb 75 anH/em (1 gun = 10° H).

noa
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4.5 MNMpoBepKa neHow

Bo MHOrmx cnyyaax Haxogdawmecs nog AaBAeHUEM
KOHTEMHepPbI UK ra3oBble MHUK (BKAKOYAA NTUHUK
nogayn rasa ANs BaKYYMHbIX CUCTEM) MOXKHO
npoBepuTb AO0CTAaTOMHO YAOOHO Ha npeamet
yTeueK  nyTem HaHeceHus KUCTbIO MK
pacnblieHMEM PacTBOPa NOBEPXHOCTHO-aKTUBHOIO
BELeCTBa Ha MecTa npeanosiaraemblX YTEYeK.
Takke B npoJa)e WMelTCs COOTBETCTByloLWMe
cnpen ana obHapysKeHua yTeyek. Bbixogawmii ras
obpasyeT MblabHble My3blpM B MecTax yTeyek. B
OaHHOM  c/yyae, oOnAaTb e, O6Hapy)KeHue
HeboNblIMX yTeyeK 3abupaeT MHOro BPEMEHU U
6yaer B 3HAYMUTENbHOM CTENneHM 3aBUCETb OT
BHMMATE/IbHOCTU MHCMEKTOopa.

Cuctembl oxnaxaeHua rasoobpasHoro BoAopoaa,
MCcnosib3yemble B reHepaTopax 3/IeKTPOCTaHLUUM
npeactasnsaoT  cobok  ocobblt  caydain.  OHM
OEeNCTBUTENIbHO MHOTAA UCNbITbIBAOTCA CNOCobom,
OMMWCAHHbIM Bblile, HO OHM MOTYT BbITb NPOBEPEHDI

ropasgo /ydwe, W nNpu  3HauuTenboHo 6Gonee
BbICOKOW YYBCTBUTE/ILHOCTU nocpeacTsom
3acacbiBaHMA  BOZOPOAJA, BblgensAwoweroca B

MeCTax yTeyeK C MOMOLLbIO re/IMeBOrO YCTPOWCTBA
ONA  onpeneneHvs  yTeuyek, Kotopoe  6buio
CKOPPEKTUPOBaHO, 4Tobbl pearnpoBaTh Ha (H,).

4.6 NpoBepKa BaKyyMHOI1 Kamepbl Ha
Haznuue ny3bIpbKoB

B KauyecTBe BapwaHTa WCMbITAaHWA pPachblieHUneEMm
YNOMAHYTOrO Bbllle, B KOTOPOM BbIXO4ALWMI rasa
Bbi3blBaeT  0Opas3oBaHME  Ny3blpeid,  MOMKHO
pPa3mMecTuTb  UCCeAyemMyto TaK  HasblBaemyto
«BAKYYMHYIO Kamepy» C YnJOTHEHMemM (4To-To
BpPO4E OYKOB BOAO/a3a) Ha MOBEPXHOCTM, Moc/e
ONPbICKMBAHUA ee pacTBOpPOM Mblia. [laHHadA
Kamepa 3aTeM BaKyyMWUpyeTcA C NOMOLLbIO
BAKYyMHOro Hacoca. Bo3ayx, npoxogawmin yepes
MeCTa HapyWeHMA TepMeTUYHOCTU  Bbi3blBaeT
obpa3oBaHMe  My3bIpbKOB  BHYTPWM  Kamepbl,
KOTOpble MOXHO Habnaatb 4vepes CTEKAAHHOE
OKOLWKO B Kamepe. TakKMm Cnocobom MOXKHO
TaK)Ke, HanpuMmep, WHCMEKTUPOBaTb MNJIOCKUE
JINCTOBbIE MeTaNIMYecKkMe NAACTUHbI Ha npeamet

Haanuna repmMmeTnvyHoCTU. UmetoTtca BaKyyMHble
Kamepbl AAA pPasAnyHbIX chep NpPUMEHEHMUs,
M3roToB/1IEHHbIE, yTOObI yO0BNETBOPATL
TpeboBaHMAM  Pa3HOOOPA3HOro  acCcopTUMEHTA
NOBEPXHOCTHbIX KOHTYPOB.

4.7 Nposepka KpuntoHom 85

Mpn pabote c HeboAbWMMU, TEePMETUYECKU
3aKpPbITbIMU KOMNNIEKTYIOWNMMN, npu
HerepmeTMyHOM Kopnyce, KPUNTOH 85,

rasoobpasHblii, pagMOaKTMBHbIM M30TOM, BHavane
NPUHYAUTENbHO NoAaeTcA B YCTPOICTBO,
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npuKnaabiBas gasneHve mssHe. Kak TONbKO TOYHO
M3MEpPEeHHbIM  Nepuoa,  YAep)KaHusa  WUCTedyerT,
OaBneHue byaet cbpolueHo, y3en npoayTt u byaer
M3MepeHa aKTUBHOCTb YCTPOWCTBA ANA 3anpaBKu
rasom.

Takum e 06pa3soM MOMKHO TaK¥kKe MCMo/b30BaTb
resnii B KayecTBe UCNbITaTebHOrO rasa.

4.8 BbICOKOYACTOTHbI BaKyyMHbIi TecTep

Tak HasblBaeMblli BbICOKOYACTOTHbIN BaKyyMHbIi
Tectep MoXKeT bbiTb UCNONb30BaH He TO/bKO A/A
NPOBEPKM AaBNeHMA B N1abOPaTOPHbIX CTEKAAHHbIX
npubopax, HO TakKe, u4TOBbI onNpeaenuUTb
MECTOHaxoXAeHne  MOPUCTbIX  Y4YaCTKOB B
MAACTUKOBbLIX W /IAaKOKPACOYHbIX MOKPLITUAX Ha
meTannax. OH npeacrasnaetr coboll nepeHocHoM
610K C MOXOMMM Ha LETKY BbICOKOYACTOTHbLIM
aneKkTpogom u 610Kom nuTaHuA. dopma U uBeT
3/1eKTPMYECKOro ra3oBoro paspana MOXKET CNYKUTb
npubaM3nTEeNbHLIM  MOKasaTenem  AaB/eHus,
npeobnagatoLLero BHyTPU CTEKAAHHOrO npubopa.

Yto KacaeTca BaKyyMHOro TecTepa - KOTOPbIi
BK/lOYAET B MepBylo ouepedb TpaHchoOpmMaTop
Tecna (KOTOpbIA NOAAET BbICOKOE HanpsXeHue,

NepemeHHbli  TOK  BbICOKOW  4acToTbl) -
KOPOHMPYIOWMA  3neKkTpod, npubamkaace K
ycTpoicTBy, OyaeT 3anyckaTb 6e331eKTpogHbIN

pa3psag, BHYTPM yCTpoincTBa. MHTEHCUMBHOCTb M LBET
aTOro paspaga byayT 3aBMCETb OT AABAEHUA M TUNA
rasa. SddeKT cBeToBOro paspsga no3sonser
cAenatb BblBOAbI OTHOCWUTE/IBHO NPUBANMKEHHOTO
3Ha4YeHMA f[aBieHuA, nNpeobnafalowero BHYTPU
ycTpoKcTBa. Buammoctb paspaga byaeTt ucyesatb
NPW BbICOKUX U HU3KUX AaBNEHUAX.

Mpyv noucKe yTeuyeKk B CTEKAAHHbIX nNpubopax
noAo3puTeNbHblE YYacTKM ByayT OTCKAHWMPOBaHbI
WAW  NpOC/AeXeHbl C MNOMOLBI  3/1EKTPoAa
BbICOKOYACTOTHOrO BaKyyMHOro tectepa. Tam, rae
ecTb yTeyka Aayra byaetr npobusatb nopy B
CTEKNAHHOMN CTEHKe, Tpaccupysa APKO CBETALMIACA
cnen paspsga. Hebosnblwime nopbl mMoryt 6biTb
YBEJIMYEHbl C MOMOLLbIO 3TUX WCKP. KOPOHHbIN
pa3pag  BaKyyMHOro TecTepa MOMET TaKkKe
NPOHM3bIBAaTb TOHKME YYaCTKM B CTEK/E, 0COHBEHHO
B CBAPHbIX TOYKAX M MEPEexogHbiX 30HaX MeXay
nepexoaHbiMM KomnoHeHTamu. O6opyaoBaHue,
KoTopoe 6b110 NepBoHavanbHO 6e3 yTeyek moKet

CTaTb HEerepmMeTMYHbIX Takum cnocobom! B
OT/IN4ME OT COBPEMEHHbIX YCTPOWUCTB  ANs
obHapyXeHus yTeyek BbICOKOYACTOTHbIM

BAKYYMHbIN TecTep CUAbHO OFpaHWYeH B CBOEM
GYHKLMOHUPOBAHUM.

4.9 lNMposepKa c NOMOLLbIO XMMUYECKUX
peaKkuuii " NPOHUKHOBEHUA KpacuTensa

MoAyac yTeuykn Kpome TOro MOXHO onpeaesnTb
NN OBHAPYXUTb C MOMOLLBIO XMMUYECKUX



peakuuii, KoTopble NPMBOAAT K MU3MEHEHUIO LiBETa
WA NyTeM NPOHMKHOBEHMA PacTBopa KpacuTtens B
MenKue oTBepcTUA.

B npownom, M3MeHeHMe uBeTa MJamMeHu K3-3a
razoobpasHoro rasioreHa, BbIXOAALLEro yepes
mecTta HapyweHuA repmeTuyHoOCTH
MCNoNb30Bafacb A8 OMpede/ieHUs yTeyek B
NnaAHbIX coeANHEHUNAX XONO0AN/TbHbIX YCTAaHOBOK.
Mpumep MCnbITaHMA Ha NPOHUKHOBEHWE KpacuTens
npeactaBnseT cobo NPOBEPKY repMeTUYHOCTU
PE3NHOBbLIX BTYNOK UAU NAYHXKEPOB B CTEKNAHHbIX

JKBMBaANIEHTHaA

MNoTtepa

XONoANNbHOIO areHTa MHTEHCUBHOCTb YTEYKU

R134a B ropa
r/ron,
430
86
21,5
17,2
4,3
0,86
0,1%)

R134a npu 25°C

mbap-n/c
3,32:10°
6,63-10"
1,66-10"
1,33-10"
3,32:10°
6,63-10°
7,70-107

Bpema gna 10
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TPY6KaX, MCnosib3yemsbiX, Hanpumep, B ncnbiTaHM"

NPUMrogHoCcTM MaTepuanoe AAA OAHOPA30BbIX
wnpuues nan GapmaueBTUYECKMX YNAKOBOK.

MpM OUEHKE KPOLIEYHbIX YTeuyeK KuAKoCTeWn
HeobxoaMmo byaeT paccmoTpeTb BOMPOC O
CMayMBaemMoCTU MOBEPXHOCTM TBEPAOro Tesfa U
KanuanapHom AOencTBuu. HeKoTopble, LUMPOKO
ncnosiblyemble MeToAbl OBHapy»KeHuAa yTedek

npuBeAeHbl, BMeCTe C MCMbITaTe/IbHbIM [a3om,
06nacTblo NPUMEHEHUA U UX OcobeHHOCTAMM, B
Tabnuue 4.

Bpemsa obHapyKeHuA, Npu

My3blpbKOB rasa, @ MCno/ib30BaHUM YCTPOCTBA AN1A

2 MM 06HapyKeHNs yTeUKU renmsa
CekK. Cek.

3.2 HECKO/IbKO CEKYHA,

15.8 HECKO/IbKO CEeKYHA,

63.1 HECKO/IbKO CEeKYHA,

1 MmuH. 48 cek. HECKO/IbKO CEeKYHA,

5 muH. 15 cek. HECKO/IbKO CEeKYHA,

26 muH. 19 cek.
3 yaca 46 MUHYT

HECKO/IbKO CEKYH/
HECKOJ/IbKO CEKYH/

*) 3Ta MHTEHCUBHOCTb YTEUKM NpeacTaBaseT coboi npeaen obHapyXeHMA XOPOLMX rasloreHHbIX YCTPOMCTB ANs
ob6Hapy»eHus Teyeit (= 0,1 r/r (rpammos B roa) ).

TaGnMu,a 3: CpaBHEHMe Ny3blpbKOBOIro MeTo4a C METOA0OM TeHYEUCKATENNIEM TENNUA.

Metop

NHANKaUmMA neHawmmmncs
MUAKOCTAMU
YnbTpa3ByKoBoW

MeToz,

TennoBoii TeyenckaTenb

[anoreHHoe Teyeunckarenm

YHuBepcasibHble LLyMNoBble
Teyeuckartensa

[ennesblt TeuencKaTe b
My3blpbKOBbIN MeTOA,
MapaBAMYEcKMe UCMbITaHUA
MeTopa, nafeHus AasneHus
MpoBepKa BakyyMHOM

CNCTEMbI METOA0OM
noBblWEeHNA AaBNEHNA

UcnbiTaTenbHbiit rasHanmeHbLuasn

Bosayx n apyrme
rasbl

Bosayx n apyrme
rasbl

[pyruve rassl, 3a
WCKIOYEHNEM
BO3A4yXxa
BewecTsa,
coaepKawme
raforeHbl

XnapareHT, renni mn

apyrve rasbl
Fenni

Bosayx n gpyrue
rasol
Boaa

Bosayx n apyrme
rasbl
Bosayx

AnanasoH KonunuecrseHH
obHapyu1Baemas AaBNeHUi oe
MHTEHCUBHOCTb YTEUKM nsmepeHue
mbap-n/c R134ar/ron
10 7-10* MonoskutensHoe Het

[fasneHue
102 70 MonoskutenoHoe Het

faBneHune
103-10° 7-10" MonosutenbHoe Het

faBneHue un
BaKyyM
10°¢ 10" MonoskutensHoe C
(107) (10™) [fasneHue orpaHuYeHnam
(Bakyym) "
10°® 10" MonoxkutenbHoe [la
[fasneHue
10" 7-10° Bakyym [Oa
107 7-10" MonoxutensHoe
faBneHune
103 7 MonoxutenbHoe Het
fasneHue
102 70 MonoskutenbHoe Het
fasneHue

10 7-10* MonoxwutensHoe [a
fasneHue

10* 7-10" Bakyym Na

Ta6nuua 4: CpasHeHue Hanbonee BaxKHbIX METOA40B OBHAPYXKEHUA yTeyeK
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5 Teueuckatenu, npuHUMN paboTbi

CerogHs 60NbLUMHCTBO MPOBEPOK FrePMETUYHOCTU
OCYLLECTBNAETCA C  MNOMOLLBIO  CleuManbHbIX
YCTPOMCTB OOHapy)XeHua yTedekK. OHWM  moryT
ObHapyKMBaTb YyTeYKM ropasgo bonee HU3KOWM
WMHTEHCUBHOCTUN, HEXeNu MeTogbl, KOoTopble He
MCMONb3YIOT cneumanbHoe obopyaoBaHue.
DyHKUNA 60NbLINHCTBA YCTPONCTB ana
ObOHApy)KEeHUA YyTeYeK OCHOBaHAa Ha TOM, YTO
TecTMpoBaHue npoBoAuTCA c NMOMOLLbHO
CMeumanbHOro  UCMbITaTe/IbHOro rasa, T.e. CO
cpenoi, OTIMYHOM OT TOM, KOTOPAs UCNOJ/Ib3yeTca B
0B6bIYHbIX YCIOBUAX SKCMAyaTauuu.

frenun 4, KOTOpbIA O6HapyKuMBaeTca Mmacc-
CNEeKTPOMETPOM YacTO MCMO/b3YeTCs B KayecTBe
MCMbITAaTENIbHOFO rasa Ans OOHapyXKeHuA yTeuyek.
Takum obpasom, Hanpumep, UCMbITYEMbIN 06BEKT
MOMET ObITb KapAMOCTUMYNATOP, BHYTPU KOTOPOTO
KOMMOHEHTbl  [AO/KHbI  ObiTb  3aWMLLEeHbl  OT
NPOHMKHOBEHUA GU3NONOFMYECKUX HKUAKOCTEN BO
Bpems 0b6bl4HOM pPaboTbl.

[aHHbIM npumep cam no cebe NPosACHAET TO, YTO
Heobxo4MMOo NPMHMMaTb BO BHUMaHWE pa3/inyHble
CBOICTBA NPUMEHEHMA 1 paboume cpeapl.

5.1 FanoreHHbIN TeyenckaTenu
5.1.1 MpuHUKMN ranoreHHoro guoaa

la3006pasHble XUMUYECKUNE coeguHeHus,
MOAEKY/bl KOTOPbIX COAEpPsKaT xnop n/mam ¢top -
TakMe, Kak oxnaxkgawowme areHTtol: R12, R22 u
R134a - 6yayT BAMATbL Ha BbIOPOCHI LLENOYHbIX
MOHOB C NMOBEPXHOCTU, NPONUTaHHOM cmecbio KOH
n rmgpokcugom xenesa (lll) u nogaepxusaroTcs
Ha ypoBHe npu Temnepatype 800°C - 900°C c
NMOMOLLbIO BHELUHero HarpesaTtens Pt.
OcBobOOXAEHHbIE WMOHbI TEKYT K Katody, rae
N3MepAETCA MOHHbIA TOK, MOCAE Yero ycuamMBaeTca
(ranoreHHbIM AMOAHbLIA NPUHLMM). I3TOT 3ddeKT
ABnsaeTca HaCTO/NbKO 3HAYUTENbHbIM, yTOo
napunanbHoe f[aB/IEHWE TaZIOFeHOB MOMKET ObiTb
“3mepeHo BnaoTb Ao 1-107 mbap.

PaHee paHHble nNpubopbl UCNOAb30BaUCL ANA
BAaKyyMHOro MeToga, HO M3-32 OrpaHuMYeHWin B
obpaleHun ¢ XDY (xnopdtopyrnesogoposamm) —
ceMyac  3TO  TONAbKO  WynoBble  npubopbl.
Jocturaembii npegen obHapyXKeHua cocTasanet
okono 1-:10°mbap-n/cek ana Bcex ycTponcTs.
Ob6opyaoBaHWE HA OCHOBE MPUHLMMA FAaOreHHOrO
Anopa  MoXKeT  geTektuposatb 3Hgoras Sk
CoOTBETCTBEHHO, AaHHble TeyeucKaTesm LWMPOKO
NPUMEHAIOTCA TeYUN XNaJareHTa UaK 3HAorasa.

5.1.2 UHdpakpacHblit npuHumun (HLD 5000)

B kauecTBe npumepa npueeaeH npmubop HLD 5000
(HLD 6000), KoTopbli McCnonb3yeT ¢uU3MYecKne
CBOMCTBA MOJIEKY/I, CMOCODOHbIX MOrN0WATb
16

nHdpaKpacHoe u3nyyYeHue. WcnbiTaTeNbHbI ras,
KOTOpbI MnonagaeT B /IMHUIO TedyeuckaTens,
npoxoamuT 4Yepe3 wW3ayyaTesb M NoABepraeTcs
BO34EICTBUIO nHdpakpacHoro n3NyYeHunn.

AKTMBHbIe B MHPpPaKpacHOM 0b6nacTu cnekTpa rasbl
(oxnaskpaloWMn - areHT) BHYTPM UCNbITaTENbHOMO
rasa MorjoWatoT YacTb UHPPAKPACHOIO U3NYyYEeHUS
W, TakMum 06pasom, W3MEHAIOT MepPBUYHbIN
MHdpPaKpacHbIN CUrHan. N3meHeHHbI
MHPaAKPACHbIN CUTHA OOHAPYKMBAETCA AATYMKOM,
obpabaTbiBaeTca, a 3aTem oTobparkaetca. pegen
obHapykeHusa - nopagka 5-10° mbap-n/cek. Us3-3a
HenpepbIBHOFO M3MEPEHUA OKPYKAtOLLEero BO3Ayxa,
¢$oHOBbIN YPOBEHb ncnbITaTeNbHOro rasa
aBTOMATMYECKM  Y4YMTbIBAeTCA  MNpM  pacyeTe
N3MEepPAEMOro 3HAYEHUA.

5.2 YcTpoiicTBa gna ob6HapyKeHUA yTeuek ¢
macc-cnekrpometpamu (MC)

Ob6HapyrKeHue WHANKATOPHOro rasa C
NCMNO/Ab30BaHMEM Macc-CMeKTPOMETPOB,
HECOMHEHHO Hambosiee YyBCTBUTE/IbHbIN MEeTOoZ,
ObOHapy»KeHuA yTeyeKk 1 oAnH U3 Hanbosiee LNPOKO
MCNO/Ib3yEMbIX B MPOMBbILIEHHOCTU. YCTPOMCTBA
Ons 0OHapyKEeHUs yTeyeK C Macc-CNeKTpoMeTpamu,

pa3paboTaHHble Ana  3TOM  uenw,  genarot
BO3MOXHbIM KONMYecTBeHHOe nsmepeHue
MHTEeHCUBHOCTEM yTe4ykun B Anana3oHe,

nepeKpbIBaloWeM AecATb NopsAKoB (cM. Thasy 2).
HukHui npepen B paitoHe 10™? mbap-n/cek. 1o
No3BO/IAET BbIMNOJHWUTL KOAIMYECTBEHHOE U3MEPEHME
XapaKTEPHOro ra3oBOro MOTOKAa Yepe3 TeBepAble
BelLecTBa (MPOHULAEMOCTb).
B  npuvHUMne, C  MCNOAb30OBaHMEM  Macc-
CNEKTPOMETPUN MOMKHO OBHapyKUBaTb BCE rasbl.
M3 BCcex MMEIOLWMXCA BapMaHTOB, WCMNO/b30BaHME
reava 4 B Kauectse MHAMKATOPHOrO rasa oKasajnocb
0COb6EeHHO NPaKTUYHbBIM, TaK KaK:
*  04HO3HAYHO O6HAPYKUBAETCA C NOMOLLbIO
Macc-cnekTpomeTpa
*  XMMWUYECKU MHEePTHbIN
*  He B3pblBOONaceH
*  He TOKCUYeH
*  npucytctByeT B 06bluHOM BO3AyXe B
KOHUEHTpauum amwb 5 ppm (= 5:10* % ot
o6bema)
M A0CTAaTOYHO AeLleBbli.
B  0bwenocTynHbiX  Macc-CMeKTPOMETPUYECKUX
TeyencKaTensix UCnosb3yrTca 2 OCHOBHbIX TMNa MC:
a) KBaApyno/abHbIA MacC-CMeKTPOMeTp
M Haubonee uyacto (6narogaps cBoelt NpPoOCTOM
KOHCTPYKLMM).
b) macc-cnekTpomeTp C CEKTOpPHbIM noaem
180 °



Kaxpbld macc-cneKTpomeTp COCTOUT U3  Tpex
OCHOBHbIX 3/1EMEHTOB:

- UCTOYHUKA UOHOB,

- CUCTEeMbI cenapauum 1

- NOHHO NIOBYLUKW.

MNoHbI [OOJIXKHbI UMeTb BO3MOHOCTb
nyTewecTBoBaTb NO MapwWpyTy OT WCTOYHMKA
MOHOB WM Yepe3 CUCTEMY pPa3aefieHUA B MOHHYIO
JIOBYLLUKY, B MaKCMMa/IbHO BO3MOXHOW CTENEHU, He
CTa/IKMBaACb C MOJIeKylaMKM Trasa. ITOT NyTb
coctasnaer okono 15 cm pgna Bcex TUNOB
CMEeKTPOMETPOB U, TakMm obpasom, Tpebyer
cpeaHen anvHbl cBoboaHoro npobera He meHee 60
CM, 4YTO COOTBETCTBYeT AaBfeHuo okono 1-107
mbap; A4pYyrMMKM  C/IOBaMM, MaCC-CMEKTPOMETP
bynet pabotaTb TONbKO B BbICOKOM BaKyyme. B
COBPEMEHHbIX YCTPOMUCTBAX [A/1a ObOHapyKeHus
yTeyek, M  CO34aHMA  BbICOKOTO  BaKyyma
NCMNob3ytoTca TYypboMoneKkynsipHble HAacochl.

Ona rpynn, CBA3AHHbIX C  OTAE/NbHbIMMU
ONCKPETHbIMW 31eMeHTaMn HeobXo4MMbl CUCTEMDI
3NIEKTPUYECKOrO0 M 3NEKTPOHHOIO0 MUTAHMA W
nporpammHoe obecneyeHune, KOToOpoe, C MOMOLLbIO
MMKponpoueccopa, nossosseT obecneunTtb
MaKCMMaNbHO BO3MOMHYHO cTeneHb
aBTOMaTM3aUMM B NOC/IeA0BaTeIbHOCTU onepaumn,
BK/IlOYAn BCe 0OblYHble HACTPOMKU M KannbpoBKM,
a TaKXe NHAMKALUMIO U3MEPEHHbIX 3HAYEHU.

5.2.1 TMpuHuun pabotbl renMeBoro macc-
CNEeKTpoMeTpUYEeCcKoro TeyemckaTens

Ha Puc. 6 npuBogutca npuHUMN  paboTbl
YCTPOWCTBA AN OOHApyeHWa yTeyeKk € Mmacc-
CneKkTpomeTpomM. [laHHbIA 3CKM3 AEMOHCTpUpyeT
Hanbonee yacto BCTpeyvatoLLytoca cxemy
OOHApYKEHUA YyTEYEK C UCMONb30BAHUEM METOAA
pacnblieHUa WCMbITaTeNbHOro rasa (cmoTtpuTe
nasy 7.1) Ha BaKyyMHOM KOMMOHeHTe (=
NCNbITYEeMbI 06bEKT).

Ecan ra3 nocTtynaeTr B KOMMOHEHT 4epes MecTo
HapyLleHUs TepPMETUYHOCTU, OH NPOKaYMBaeTCs
yepes BXOA4HOE OTBEpPCTME yCTpoicTBa A
OBHaApyKEeHUA yTeYeK K BbIXOLHOMY OTBEpPCTUIO,
roe CHoBa nokugaeT ycTpowcTtso. [Mpepgnonaras,
yTO YCTPOWUCTBO A/1IA OOHapy)KEeHUsa  yTedyek
repMeTMYHO, Pacxoj rasa g BCerga O4MHAKOB B
nobon  TouKe MeXay BXOAOM U BbIXOLOM
ycTpowicTBa ans obHapyXeHusn YTEUKMU.
Huxkecnepylowee npumeHaeTca HenocpeaCcTBEHHO
Yy OTBEPCTMA OTKAYKM BaKyYyMHOTO Hacoca:
(4)g=p-Sc

P = [OaBNeHWe OTKaYkM HenocpeacTBeHHO Y
OTBEPCTMA OTKAYKM BaKYYMHOrO Hacoca, B mbap

S = CKOpOCTb OTKaYKM BAKYyMHOro Hacoca
HenocpeAcTBEHHO y OTBEPCTUA OTKauKu
BaKyyMHOrO Hacoca B 1/cek.

OcHoBbI TeyenckaHus ot Leybold GmbH

B nobom Apyrom MOMIOKEHUM X, MNPUMEHAETCS
HUXKecneayollee, nNpu 3TOM MPUHUMaAs  BO
BHMMaHWE NOTEPU B IMHUMN:

(4a) ax=q =py-ScC

Px = AABNEHWE B NONOXKEHUN X, B MHap

S« = CKOPOCTb OTKauykM BaKyyMHOro Hacoca B
NoNoXeHuu x, B n/cek (S, <S!).

YpaBHeHMe (4a) npuMeHAeTCs KO BCEM rasam,
KOTOpble NepeKkaynBaroTca C MOMOLLbIO BaKyyMHOro
Hacoca ", cnefoBaTesbHO, TaKxke ana
ncnbiTaTenbHoro rasa TG (Hanpumep, TT = reanit?).
B macc-cnektpometpe (x= MS), npumeHseTcs
HUKecneaylouee:

(@) Owms) 76 = 016 = Pwmsy 76 * Smsy 16 = 0L C

Pms, 76 = NapunanbHoe AaB/ieHWe UCMbITaTe/IbHOro
rasa B Mmacc-cnekTpomeTpe, B Mbap

Swms, 76 = CKOPOCTb OTKa4YKM BaKyyMHOro Hacoca Aans
UCMNbITaTe/IbHOTO rasa B MAacC-CMEKTPOMETpe, B
n/cekx.

B aTom cnyyae pacxod MCMbITaTeNbHOrO rasa qre
paBHsETCA HEOOXO0AMMOWM MHTEHCUBHOCTU YTEYKM (.
CnegyeT OoTMETUTb, YTO, B C/ly4Yae ypaBHeHus (4b),
napuuanbHoOe AaBfEHWE WUCMbITAaTENbHOTO rasa Pus,
16 NMPUCYTCTBYET B Macc-cnektpometpe. MamepeHue
3HaYeHUs  pums, 16 ObecneumBaeTca  macc-
CNEKTPOMETPOM, KOTOPbIN A0/1KeH BbiTb HAacTpoeH
Ha maccy M ucnbiTaTenbHoro rasa (Hanpumep, M =
4 pna TG = reamit®). 3HaueHume Sys, 16 - 3TO
3KCMEepMMEHTaNbHO  OMNpPeJesieHHas  KOHCTaHTa
Ka)KA0ro yCTPOMCTBa A/19 0OHapYKEHUS YTEUKN.
3HayeHue Pwms,T6 npegocrasasemoe macc-
CMEKTPOMETPOM YMHOMAEeTCA Ha BEIMYUHY Sy, 16,
KOTOpas XpPaHWUTCA B MUKPOMpPOLILeCccope YCTPOKCTBa

ONnA ObHapy)eHuss  yTeyku. PesynbtaTt 3TOrO
YMHOMeHUA 3aTem oTobpaxaeTcA B  Buae
MHTEHCUBHOCTU YTEYKH Q..

Testgas—jf?[
Testobject—,_lL

Inlet 2F
Leak detector ——

QOutlet Vacuum pump
Puc. 6 MpuvHumn paboTsbl macc-

CNEeKTPOMETPUYHECKOIO TeYyeuckartena (yCTpOﬁCTBO
ana 06HapY)KEHMFI yTe4yek B OCHOBHOM I'IOTOKE)
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5.2.2 MNpepen uamepenusn, ¢oH, ckonieHue
rasa B macne (rasosbit 6annacT),
noaassieHUe NiaBaloLWweil HyN1eBOo TOUKHK.
HanmeHbLliasn obHapyKusaemas yTeuka
obycnosneHa ypoBHeM ecTecTBeHHOro ¢oHa
MHOUKATOPHOTIO rasa.

[axe npu 3aKpbITOM BXOAHOM nNaTpybke
Teyeuckatens, WHOMKATOPHbIA ras  byger
nocTynaTtb B Macc-CneKTPoMETP "
OBHapy»KMBaTbCA B HEM, MpPU KOPPEKTHOM
paboTe 3N1eKTPOHHbIX CUCTEM.

®OHOBBIN CUTHa/, TeHepupyemblii B macc-
CMeKTpomeTpe, yCTaHaBAMBaeT ypoBeHb
o6Hapy)XeHus yTeuku npubopom.
BblcOKOBaKyymHas HacocHaA cucTema,

ncnonb3yemaa AOaa  BaKyyMMPOBAHMA Macc-
CMEKTPOMETPa, KaK MpaBuiO,  COAEPKUT
TypbomonekynspHbii Hacoc 7
Macn03ano/HEeHbI M NIACTMHYATO-POTOPHbIN
Hacoc. Kak u nwobas KMAKOCTb, Macno B
LeHTpobexXHOM POTOPHOM Hacoce obnagaet
CNOCOBHOCTbIO MCNapATbCA M CMeLMBaTbCA C
rasom A0 pPaBHOBECHONO COCTOAHUA MEXKAY
rasom, PacTBOPEHHbIM B Mac/ie W rasom BHe
macna.

Korga Hacoc pasorpeBaeTcsi, 3TO COCTOAHME
PaBHOBECUS W ABAAETCA  OrpaHUYMUBAOWUM
dakTOopom (nNpegenom obHapyxeHusa) anAa
TeyencKartens.

OpHaKo ucnbITaTesIbHbIM a3 MOXKeT nonaaaTb B
YCTPOWCTBA 4151 OOHapyXeHusa YTeYKM He
TONIbKO yepes BXO4HOE oTBepCTMHE.
HenpaBunbHaa YyCTaHOBKA WAM  Heymenoe
obpalleHMe ¢ MHAMKATOPHLIM Ta3oM MOXKeT
4aTb BO3MOXHOCTb €My MPOHMKaTb BHYTPb
Teyeuckatena yepes KnanaH aspuposaHua u /
WK ra306anNacTHbIN KNanaH.

3TO HeusbeHO NpuBOAUT K Oonee BbICOKOWN
KOHLUEHTpaLMM MHAMKATOPHOro rasa B macse u
YONOTHEHUAX, W  yBeAudeHuto  $oHOBOrO
CUrHana.

BbiBoa: Yem 6o0nblue MHAMKATOPHOrO rasa
npucyTctByeT B Macne, Tem Bblwe 6yaer
doHoBbIN CUrHan ycTpoiicTBa ans
o6Hapy)XeHUa yTeuKu.

B HacToswee Bpemsa npu obwem MOHTaxe
obopyaoBaHMA YCTPOMCTBO A/a ObBHapyrKeHusA
yTeukn (cmotpu Puc. 7), rasobannactHbii
KAanaH W KaanaH aspupoBaHWA NOAKAOYatoTCA
K cBexemy BO3ayxy. BbixogHoi natpybok
YCTPOWCTBA ANA OOHAPYKEHUA yTEUEK AOMKEH -
€C/IM 3TO BO3MOXKHO - ObITb HanpaB/ieH u3
nomeLeHums, B KOTOpOM npoBoamnTCA
UCMbITAHWE HA TEePMETUYHOCTb. YBEJIMYEHHbIN
ypoBeHb GOHOBOrO CUrHaa MOXKHO YMEHbLINTD
elle pas, OTKpbIBas ra3obannacTHbIN KnanaH 1
18

noZasas ras, KOTOpbli He COAEP!KMT UCMbITaTe/IbHbIN
ras (Hanpumep, CBEXui BO3ayx).
F'ennii, KOTOpPbIV XPaHWUTCA B Macae, Kak bbl cKasarTb,

Inlet

|
[ Mass
spectrometer
Q@ )B Turbo molecular
‘ -~ pump
Ventilation %{
- I B D

Gas ballast ,Ij
- 4q><)—(\ Fore-vacuum
}7 \ 2 }) pump
Outlet T
- | .

Puc. 7: BakyymHas cxema NpoOTUBOTOYHOrO YCTPOMCTBA AN
06Hapy»KeHUA yTeuyek

byner BbiMbIBaTbCA. TaK Kak addeKT Bcerga sauser
TONIbKO Ha YacTb Macsa, MPUCYTCTBYHOLWLEro B Kopnyce
Hacoca, npoueaypa NPOMbIBKM bByaeT npoaomkaTbes
40 Tex nop, NOoKa BeCb 3amac Macna B Hacoce He byaer
PELMPKYIMPOBAH HECKONbKO pas3. Kak npasmno 3to
3aHumaet ot 20 4o 30 MUHyT.

Mpn  Mcnonb3oBaHMW, TaK HA3bIBAEMbIX  KCYXMUX
YCTPOMCTB ANA O6HApy)XXeHUA yTeuyeK», K KOTOpPbIM
OTHOCATCA YCTPOMCTBA A1 OOHApy)KeHua yTeuyeK, He3
BAaKYYMHbIX HaCcOCOB C MAaC/AAHbIM YMNJIOTHEHNEM,
npobaembl XpaHeHMA rasa B Macie He CyLlLecTByerT.
OaHaKo, cyxme YyCTPOMCTBA AN1A OOHapYMKEeHUsA yTeyek,
BCE elle [AOJ/IKHbI MpPoAyBaTbCA Fa3OM, KOTOpPbIA He
COAEPXMUT  WUCMbITAaTENBbHbLIM a3, MOCKOJAbKY €O
BpEMEHeM  MUCMblTaTe/bHbIA  Fa3  Takke  byaer
HaKanAMBaTbCs B 3TUX YCTPOMUCTBAX.

Ona  Toro, utobbl Yybepeub Monb3oBaTENA  OT
HenpuATHOCTEN, Bceraa Heobxo4MMO KOHTPOJIMPOBATL
¢$OHOBbLIN  ypOBEHb W  YMPOLWATb  3KCNayaTauuio
ycTpoiicTBa  gna  obOHapyXeHuA  yTeuyek,  TaK
Ha3blBaemoe NojgaB/ieHne NaaBatowen HyNeBon TOUKM
6b110 WHTErpMpoBaHo B aBTOMaTMyecKkue
onepaumoHHble KoHLUenuum BCex YCTPOMCTB
obHapyKeHus yTeyek KomnaHuu fleiibong (cmoTtpute
Fnasy 5.2.5). B gaHHOM cnyyae 3HayeHue ypoBHA GoHa,
M3MepeHHOe Mocae TOro, Kak BMNYCKHOM KnanaH 6bin
3aKpbIT, COXPaHAEeTCA, a 3aTeM aBTOMATUYECKM
BbIYMTAETCA U3 NOC/AEeAYIOWNX USMEPEHUIA, MOCAE TOrO,
KaK KaanaH MOTOM CHOBa OTKpbiBaeTcA. TOAbKO Mnpwu
OTHOCUTE/IbHO BbICOKOM MOPOrOBOM YPOBHE MNaHesb

ancnnes oTobpasut cooTBeTcTBylOLLEE
npeaynpexaeHue.
HesaBucumo oT nogassieHus nnasatoLen

HY/IEBOMTOYKM, YCTPOMCTBA ANA OOHapy)KeHUs yTeuyeK
KomnaHun «Jleitbong» obecneymBaloT BO3IMOXKHOCTb
PYYHOrO MepeKNlYeHUA HyNeBO TOUYKU. B gaHHOM
C/lyyae TnNOKasaHMe Ha gucninee Teyeuckatens B
onpeaeneHHbl MOMEHT byaeT 06HyeHo, Tak YTo C
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®oHOBbIN YpoBEHb

obopyaosaHua: <2-10™%° 1-10°® 1-10™ (nopgasneHHbIN)
PeanbHas yTeuka: 2-10° 2:10° 2-10°®
Otobpaxaetca: 2-10-2 3-10°® 2-10°®

Puc. 8: Mpumep Hynesozo nodasneHusA

MokasaHme 6yaeT yBeNMYEHO TOMbKO MpU  TeYyeuckaTesb, B KOTOPOe BCTPOEHa 3TasIoHHas

yBE/IMYEHMUM YPOBHA YyTeuku. [aHHaa ¢yHKUMA
CNYKUT NNLWb ANA 0671er4eHns YTeHUA NoKasaHum ¢
aucnnea U He BAMATb Ha OOLLYIO TOYHOCTb
npubopa.

Puc. 8 unntoctpupyert geicreune dpyHkumii ZERO
Ounarpamma cnesa: CurHan sBHO b6osblue, 4vem
¢GOH.

UeHTpanbHaa guarpamma: ysennyeHue ¢oHa Ao
YPOBHA M3MEPAEMOro CUrHaia; CUrHaa He MOXKeT
6bITb OTAIMYUM OT POHa.

JOwnarpamma cnpasa: PoH NogasasfeTca ¢ NOMOLLbIO
¢yHKumet ZERO; u3mepsemblii CUTHAA  MOXKHO
4eTKo MaeHTUdMLMpPOBaTb.

5.2.3 KananbpoBKa Teueuckareneii;
3TaNOHHbIE Teuun

Moa KanubpoBKoOl TeueuckaTena noHUMAaETCs
HacTpOMKa NOACTPOMKAa OTOOparKaemoro YpPOBHS
Te4n Ha Jgucniaee TeyeuckaTesid, K KOTopomy
npunaraeTca «3TaflOHHaA Teub» (MM noBepoyHas

Teub).

«3TaNoHHas TeYb» npeacrasnser coboii
YCTPOWCTBO, KOTOPOE MMEET MOCTOSAHHYIO YTeYKy
reava  npu  onpeaeneHHon Temnepatype U
faBneHun. TOTOK  yTeYKM  OTpakaetca B

cepTUPUKaTe KanMBPOBKM «3TANIOHHOM Teun» U
YKa3blBaeTCA HA 3TUKETKeE.

Mpu TeyeMcKaHUM BaKYYMHbIM meTogom (meToz
pacnbineHua, cmotpute Mnasy 7.1) BO3MOXKHO
MCNO/b30BaTb ABA TUMA KaAMBPOBKYU:

a) KannbpoBKa OT BHYTPEHHe Teun

b) KannbpoBKa OT BHelHel Teun

BHYTpeHHAs  KannbpoBKa  ycTpoicTBa  AaA
0BHapYKEHNA YTEUKM NCNO/b3YEeT 3TaIOHHYIO Teub,
KOTOpaa Ha MOCTOAHHOW OCHOBE BCTPOEHa B
YCTPOMCTBO A1A 0bHapyXKeHus yTedeKk. Mcnonb3ys
3TY KBHYTPEHHIOIO 3TA/IOHHYIO T€YbY», TO/IbKO

yTeuyKa, MoXeT camo ceba oTKannbposaTb.

Bce Teyeuckatenu KomnaHum Leybold wumetoT
«BHYTPEHHIOHO KaNMBPOBOYHYIO Teub». C MOMOLLbIO
aBTOMaTUYECKHU ynpasasemoli npoueaypbl
KannbpoBKu, Kaxkgoe YCTPOMCTBO ans
ObOHapyXeHMA YTEeYKM MOMKeT OblTb «BHYTPEHHEe
OTKa/IMbpoBaHO» B TeYEHUEe BCEro HECKOJIbKUX
CEeKyHa,

BHelwHAA KanMbpoBKa yCTPOMNCTBA OOHApyXKeHuA
YTEUKM MCNONb3YET 3TAJIOHHYKD Teyb, KOTopas
YCTaHaB/AMBAaEeTCA Ha BXOAe YyCTpoicTBa AnA
obHapyXKeHUs yTeuykn. Ncnonbsysa 3Ty «BHELLHIOO
3Ta/JIOHHYIO Teub», YCTPOWUCTBO ANA 0BHapyxeHuA
YTEUKM MOKET ObITb OTKANMOBPOBAHO 32 HECKONbKO
MWHYT.

Kpome Toro, BHELIHAA 3TaIOHHAA TeYb MOXET ObITb
MCMoNb30BaHa ANA  MPOBEPKM  Hag/exalero
GYHKUMOHMPOBAHUA M 3KCNyaTalUKU BHYTPEHHeN
3Ta/IOHHOW  Teuun. B yacTHOCTW,  BHelWHUe
STa/IOHHblE TeYM BCErga MCMNOAb3YOTCA, ecau
Heobxo4MMO OTKAaNMbpPOBATb CUCTEMbI YCTPOMCTBA
ANA O6HAPYKEHUA YTEYKM B COOPAHHOM BUAE UK
nNpmnbopbl YaCTUYHOIO pacxoaa.

Mpnbopbl M yCTPOMCTBA C TEYEUCKATENAMM, KaK
NPaBuNO, TaKXKe [AO/KHbl KanubposaTbCs C
MOMOLLbIO «BHELUHWUX 3Ta/IOHHbIX Teyein». B aTom
cnyyae Heobxogmmo ybeamuTbca B TOM, YTO C OAHOM
CTOPOHbI, BECb UCMbITATE/IbHbIN a3 U3 3TaNOHHOWN
TEYM AOCTMraeT KOHYMKA TeyenckaTens, a ¢ Apyroun
CTOPOHbI, MOTOK rasa yepes 610K TeyencKaTens He
MeLlaeT npoueccy Kanmbposku (cmotpu Puc. 9),
Mpn  npoBeaeHWU  U3MEPEHWUWA,  UCMONb3YSA
MEeTOAMKY ¢ aTmocdepHbIM  wWwynom  And
TeyeucKkaHma (Teyenckatenb) (cmoTpute Masy 7.2)
TaKe HeobxoAMMO NPUHUMATbL BO BHMMaHMKeE
paccToAHMEe OT HAKOHEYHMKA 30HAA K MOBEPXHOCTH
06pa3La M CKOPOCTb CKAHUPOBAHUA; OHU AOJXKHbI
ObITb YUYTEHbI B NMpoLecce KaanbpoBKkU. B yacTHOm
cnyyae npu Ucnonb3oBaHum reama’
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Capillaries

VAR
rars

e

77 7 7 7
S ANE

\

Calibration leak connection

Air

Puc. 9: NMoakntoueHne Ana KaIMbPOoBKMN «3TaNOHHOM TEYM» TeYeUCKaTens

M3MepPSEeTCA KOHUEHTpaUMA, KanubpoBKa MoXKeT
6bITb BbINOJHEHA, UCMONb3YA COAEPKAHNE Tenusa B
BO34yXe, KOTOpOe OAMHAKOBOE MO BCEMY MUPY U
cocTaBnseT 5 yacTelh Ha MWAIMOH. «ITaNOHHble
Teuu», KaK MpaBWNO, BKAKOYAKOT MoJayy rasa,
apoccenb C onpeaeneHHbIM 3HavyeHnem
NpPOBOAMMOCTM U KnanaH. KoHdurypaums byaet B
COOTBETCTBUM C HEOBXOAMMOWN WMHTEHCUBHOCTbIO
YTEUKMU.

Puc. 10 pemoOHCTpUpyeT pasau4yHble resunesble
STaJIOHHble Teuu. [IpPOHMKAKOWME YTEYKM, KaK
npaBu/io, WCMNOAb3YKOTCA B CAydae, Koraa
MHTEHCMBHOCTb yTeukn B AnanasoHe ot 10™° go 10°
7 mbap-n/cek. Kanunnapbl, Kak npasuno,
MCMNONb3YOTCA AN MHTEHCUBHOCTEW YyTeyek B
AmanasoHe ot 107 go 10* mbap n/cek, a ans
yTeyeK oyeHb 6ONbWONA  WHTEHCUMBHOCTM B
AnanasoHe ot 10 go 1000 mbap n/cek, TpybHbIX

cekuMi nam guadparm ¢ To4HO onpeneneHHbIMU
3HAYEHUAMM NPOBOANUMOCTH.

«3Ta/IOHHble TeuYn», UCMOJib3yeMble C 3apAA0M
XNafjareHta  npeactasnaalT  cobolh  ocobyio
CMTyauMto, MOCKO/IbKY  X/laZareHTol ABAAIOTCA
AKUAKMMU NPU KOMHATHOW TemnepaType U 06bl4HO
MMEIOT faBfieHMe napa B guanasoHe oT 4 6ap oo
10 6ap. EomMHCcTBEHHAA TexHonorn4yeckas
npobsema, KoTopaa TPyAHO NOALAETCA PELLEHMUIO,
OMacHOCTb 3aCOPEHUA Kanuanapos.

Bce oxsiaxgatolme areHTbl TaKKe ABAAIOTCA OYEHb
XOpPOWWMWN PacTBOPUTENAMMU Macia M CMasKu, B
CBA3WU C YEM YACTO, O4YEeHb CMIbHO 3arpA3HAIOTCA, B
CBA3W C YeM TPYLHO 3aMNO/HATb 3Ta/IOHHblE Teyu
YMCTbIM OXNaxKAaloWwum areHTom. Pewawowmm B
OAHHOM C/ly4ae CYUTAETCA He TONIbKO XMMUYECKUN

COCTaB, HO npexae BCero BCe pPACTBOPEHHbIE
4acTuubl, KOTOpble MOrytT nNOBTOPHO 3abuBatb
Kanuanaps.l.

Puc. 10: NMpumepbl KOMBUHALMM 3TANNOHHBIX TEYEH

a dTanoHHaA Teyb 6e3 nogaum rasa TL4, TL6

b 3TanoHHan TeYb NPU NCMOIb30BaHMM TEYEMCKATENA N BaKYYMHbIX ycTpoincTs TL4-6

¢ (BHYTpeHHAA) KanuMAnApHan aTanoHHan Teub TL7

d MpoHKKaloLWan 3TaNoHHas Teub (Tak:Ke HasbiBaeTca «Anddy3MoHHanA 3TaloHHasA Teub») TL8, TLI

e JTaNoHHaA Teub oxnaxaatoulero sewiecrtsa
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Puc. 11: 3TanoHHas Teyb 419 MeToAa C aTMOCHEPHbIM LLYNOM A/1A TEYEUCKAHUSA C PerynsTopom AaB/eHus
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5.2.4 Teuenckatenum c KBagpynoJibHbIM Macc-
CNEeKTpoMeTpom

Teuenuckarenu C KBagpynoabHbIM macc-
cnektpometpom (QMS) npexge Bcero cosgaHbl
anAa  Toro, u4Ttobbl OOHapyxuMBaTb BellecTBa
Taxenee reama’. NMommmo ocobbix ciydvaes, 3TO
O6yayT oxnaxpatowme areHTol MAW  rasbl  ANA
3anosiHeHmAa namn. CnepgosaTenbHO, YCTPOMCTBA
ana obHapyKeHuA yTeuykn ¢ QMS B 6osblIMHCTBE
cny4vaes ncnonb3ytoTcA ana NpoBepKu
XOJIOANNBHbIX YCTAHOBOK Ha NpegMeT yTeyek.

Ha Pwuc. 12 nokasaHa BaKyyMHaA Auarpamma
ycTpoKcTBa gna obHapy»KeHusa ytedkm ¢ QMS. Ha
CXeMEe MOXKHO yBUAETb ABOMHYIO CMCTEMY NoABOAA
rasa, coctosilyto M3 (NpPAMOTOYMHOro) noaBoAa
OXNAXKAAoLWeEero areHTa, Yepes genutesnb notoka 1
n  (obpaTHOTOYHOrO) noasoaa renus K
TypbomMOneKkynapHOMYy Hacocy u4epes penutenb
notoka 2. Takmm 06pa3om, YCTPONCTBO MOXKET
MCMNO/1b30BaTbCA AJ1A YNaBAMBAHMA OXNAXKAAOLWMX
areHToB M renus.

Ewe ogHMM CBOICTBOM ABMAETCA MCNO/Ib3OBaHME
OBYXCTYNEHYaToro Mem6bpaHHOro BAKKYMMHOrO
Hacoca AnAa BakyymuposaHuAa QMS, a Takxe ana
noJayM rasoBOro notoka Ha Tedeuckatenb (1-s
CTyneHb membpaHHOro BaKyyMHOro Hacoca).

5.2.5 Teuenckaresnb ¢ Macc-CneKTpomeTpamm
C CEKTOpPHbIM nonem 180°

Teuenckatenn renMa C WUCNOJb30BaHME Macc
-CNeKTpoMeTpa C CeKTopHbim nonem 180°
ABNAOTCA Hanbonee  YyBCTBUTE/IbHbIMM "

HaZeXHbIMW  YCTPOMCTBAMM NO  onpeaeneHuto
yTeyeK. He cywiectByeT HUKAKUX ApPYrMX MeToAoB
onpeaeneHns yTeyek, KoTopble 6bl 6binM bonee
HaZeXHbiMM U bonee  cTabwunbHbiMKW,  NpuU
OOHAPYKEHUN N U3MEPEHUMN UX B KOJIMYECTBEHHOM
oTHoweHun. CnepoBaTeNbHO, YCTPOWUCTBA ANA
onpefeneHua yTeyek TrenuMa - HEeCMoTpsA Ha
OTHOCUTENIbHO BbICOKYIO MOKYMHYO CTOMMOCTb -
ABNAIOTCA OYEeHb 3KOHOMMYHbIMM Ha bonee wunu
MeHee ANUTENbHbIA Nepuos, BPEMEHU MOCKOJbKY
cam nepuog o6HapyKeHUA TeUn O4eHb KOPOTKUIA.
Teueunckarenm c ucnonb3oBaHue macc
CMeKTpomeTpa C CEKTOpPHbIM nonem 180°, no cytu
COCTOMT U3 Tpex c6opoK:

1. Macc-cnekTpomeTp

2. BbICOKOBaKyyMHas HAacOCHas cuctema

3. dopBaKyyMHaa HaCOCHaA cUCTeMa.
Macc-cnektpomeTp (cmoTpuTe Puc. 13) coctouT uns
MCTOYHUKA MOHOB (1-4), cucrembl pasgeneHus (5-
10), n noHHOW noBywKu (11-14). My4yok MOHOB

npoxoaut uepes otsepctme (5). MoHbl Bceraa
nonagalT Ha MarHutHoe none (10) Ha
onpeaeneHHon CKopocTU. BHyTpM MarHuTHOro
Mons, WOHbI nepemelLaoTca Mno  Kpyrosbim

TpaeKkTopunam , TeéeM CaMbiM pagunyc OnAa MablX
MacC MmeHblle, 4em anAa 60nbLINX Macc.

Inlet
Quadrupole mass spectrometer ,CL/\
/[
( ] g Flow spiitter 1
\ Flow limiter 2
m
Turbo molecular pump &@) = Flow splitter 2
/
n Flow limiter 3

QD Flow meter

Pressure measurement .'/ _\‘
)

2-stage diaphragm pump 4|— ‘

]

L~

_ o

Puc. 12: BakyymHasa cxema Ecotec I
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MpyM  NpaBWALHOW  YCTAaHOBKE  YCKOPAMOLLErO
HanpAKeHWUA BO BPeMA HACTPOMKM MOXKHO A06UTbCA
CUTyaLLMK, B KOTOPO MOHBI renna’ ABMUratoTca TOYHO
Mo Ayre OKPY*KHOCTW, KOTOpasa Heobxoguma UM, Ans
TOro, 4Tobbl MPONTM Yepe3 MPOMENKYTOUHYIO
onadparmy (9). Takum obpasom, MoHbl reaua’
OOCTUraloT MOHHOW NoBYLWKK (13).

MCTOYHMK MOHOB WMMeEeT MpPOCTyl0O M MNPOYHYIO
KOHCTPYKLMIO.

Ero Mo»KHO 3ameHuUTb 6e3 0cobbIx ycunuii. Bo Bpems
PaboTbl UCTOYHMK MOHOB MOCTOAHHO HarpesaeTca U
NMO3TOMY HEBOCMPUMUMUMB K 3arPA3HEHUIO.

[Ba BblbUpaembIX MPUOMEBLIX KaToda, MOKPbITbIX
OKCUAOM UTTPUS UMEIOT AJIUTENbHBIN CPOK CYKObI.
3T KaToAbl B OCHOBHOM HEYYBCTBMTE/bHbI K
nonagaHuilo BO34yxa, T.e. ObICTPOAENCTBYOLWMIA
NAaBKMIA NpeaoxpaHuUTeNb ByaeT NpefoxXpaHAaATb UX
OT BbITOPaHWA, Jake €ecAu TMOCTYNUT  BO34YyX.
OfHaKo, KaK U a/1a NtobbIX OTOMXKKEHHbIX METaN0B,

annTenbHoe ucnoJsibsoBaHne WUCTOYHUKA UNOHOB
MOXeT B KOHEYHOM ntore npmeBecTn K
oXpynynmBaHMIO Katoda WU ero packony npu

BO34elNCTBMM BUBpaLumn nan yaapa.

5.2.6 MpAMOTOUYHbIE U 06paTHO-NOTOUYHbIE
TeueucKatenu

B 3aBucumocT oT cnocoba nogayu rasa u3
UCnbITyeMoro o6bekTa B Macc-CnekTpomMeTp,

OcHoBbI TeyenckaHus ot Leybold GmbH

MOXHO pas/iMyaTb [ABa TuMa YCTPOWCTB ANA
OOHAPYXEHUA YTEUKM renus:

1. MpamoToyHoe YCTPOMCTBO O6GHapy:KeHus
yTeuek

2. O6paTHO noTouyHOEe
0b6HapyKeHUa yTeueK

Ha Pwuc. 14 noKkasaHbl BaKyyMHble Auarpammbl
ABYX TUMOB YCTPOMCTB A/1A OOHAPYXKEHMUA YTeYek.
B obounx cnyyasnx, Macc-CNeKkTPoMeTp
OTKauYMBAETCA C MOMOLLbD HACOCHOM CUCTEMbI
BbICOKOIO BaKyyma.

B cnyyae npAMOTOYHOro ycTpoiictBa AN
obHapy)KeHua yTedek (neBas aAuarpamma),
nposepsAemblii ra3 NoAaAeTcA B MacC-CNEKTPOMETP
C NOMOLLbIO XONOAHOW NOBYLWIKK. XonogHas
NIOBYLLIKA OX/NaxAaeTcs Xuakum asotom (LN,), u
Kak npaswu/o, npeactasaset coboto KpuoHacoc, B

yCcTpoicTBO g

KOTOPOM BCE MNapbl W ApyrMe MpumecH
KOHAEeHcupytoTca. B cayyae  MCnonb30BaHUA
AndodYy3MOHHOTO  Hacoca, KoOTopbli  06bIYHO

NPUMEHANCA B MPOLINOM, XONOAHAA JIOBYLUKA,
oxnaxpaemas ¢ nomolbto LN, nostomy 6bina
3bdEKTMBHOM 3aLMTON ANA MACC-CNEKTPOMETPA
OT  Mac/AHbIX napos, OTBOANMbIX us3
anddy3nMoHHOro Hacoca.

R

1 ®dnaHel, NICTOYHNKA MOHOB
2 KaTog, (2 kaToaa: Ir + Yt,03)
3 AHop,

4 JKpaHUpoOBaHME UCTOYHUKA

WMOHOB C pPa3rpy3o4HbIM

0oTBEpPCTMEM
5 Onadparma

6 MyTb noHos c M> 4

7 NyTb noHoB c M =4

8 lMpomexKyTouHasn
ApoccenbHas guadparma
9 MarHuTtHoe none

10 NMopasutenno

11 SKpaHMpoBaHME MOHHOM
JIOBYLUKM

12 NoHHaA nosyLuKa.

13 dnaHeul, AnsA NOHHOM
JIOBYLUKK C NpegycuanTenem

Puc. 13: KOHCTpyKLMA Macc-CNeKTPOMETPA C CEKTOPHbIM nosem 180°
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BcnomoraTenibHbIi Hacoc CNYHKUT ans
npeaBapuTeibHOro BAaKyyMMWPOBaHUA
UCNbITYyemoro o6bekTa " Heob6X0AMMbIX

CoOeANHUTENbHbIX NMHUIA. [ns Toro, 4Tobbl UMeTb
BO3MOHOCTb MOAKNIOYEHNA BbICOKOBAKYYMHOM
CTOPOHBbI paboTatowero BbICOKOBaKYYyMHOIO
Hacoca K ncnblITyemomy 06beKTY,
BCNOMOraTe/ibHbI HAcoC AOJ/IKEH BAaKyyMMPOBaTb
UCMbITYEMbIA OBBEKT A0 AaBneHua Huke 5-1072
mbap. To/IbKO NOC/IE 3TOFO MOXKHO OTKPbITb KAanaH
MeXay BCromoraTe/ibHbIM HAacoCOM W XO/1I0AHOM
JIOBYLUKOWN. BbICOKOBaKYyMHbIA HacoC He LOJIXKEeH
BaKyymMMpoBaTb UCNbITYyEMbI 06beKT,
Heobxogumble COeAMHUTEsNbHbIE JIMHUM U Macc-
CNekTpomeTp [0 AasieHua Huxe 2-10" mbap.
Mocne 3TOro, Macc-CMEKTPOMETP MOMKET HayaTb
paboTaTtb C Le/ibio 0OHapYKEHUS yTEYEK.

B 3aBuMcMmMOCTM  OT pasmepa YyTeYKM B
nposepsieMom 06beKkTe U NPOM3BOAUTENBHOCTU
OTKAYKM  MCNONb3YyeMbIX BaKYYMHbIX HAcCOCOB,
Bpems OTKAYKM MOXKeT 6bITb OYeHb
NPOAOMNKUTENbHBIM. B cnyyae ovyeHb 60/bLUOM
YTEUKM, BbIlLIEHA3BaHHble 3HAYEHWUA [AaBAEHMUA
MOTYT 6bITb HE AOCTUIHYTbI U BOBCE.

Cnpasa Ha Puc. 14 nokasaHa cxema TevyencKaTensa ¢
obpaTHOM cxemolt noToKa. MOMHO cpasy e
YBUOETb CYLLECTBEHHOE Pa3/iMiMe N0 CPAaBHEHMUIO C
Anarpammon NPAMOTOYHOrO yCcTponcTea
obHapyXeHus yTeyek: B  gaHHOM  cnyyae
BbICOKOBAKYYMHbIM HacoC BaKyyMUpPYeT TONbKO
Macc-cnekTpoMmeTp (MeHbluMi obbem, O4eHb
Manas MHTEHCMBHOCTb YTEYKM), @ HE UCMbITyEMbIN
06beKT (6onbLioti obbem, 6onblyto
MHTEHCUBHOCTb YTEUYKM B LLEJIOM).

Cnepyetr OoTMETUTb, YTO, B C/lydae MCMNO/b30BaHUA
Teyeunckartens c 06paTHbLIM NOTOKOM rasa,

PeweHwne 1: YcTpoicTBO A1a OBHApYKEHUA YTEUKM
OCHOBHOTO MOTOKA

MS

PMS < 2-10 mbar ‘

High vacuum pump:
Turbo
(Diff)

Fore-vacuum pump

Auxiliary pump

nojaya nNpoBepPsemMoro rasa, OCYyLLEeCTBAAETCA
mexay dbopBaKyyMHbIM Hacocom "
BbICOKOBaKYYMHbIM HAcOCOM. 3TO O3Ha4yaeT, 4To
dopBaKyyMHbI HAacoc M BCNOMOraTesibHbIM Hacoc
OO/IKHbl CO34aTb B npoBepsaemMomM ob6bekTe Ao
OAB/IeHUs, NPU KOTOpOoM (OpBaKyymMHan CTOPOHa
BbICOKOBaKYYMHOTO Hacoca MOMKeT ObITb
NogKAO4YEHa K UCMbITyeMOMy 00beKTy. B cayyae ¢
COBPEMEHHbIMW  TeYyeucKaTensimm ¢ 0bpaTHbIM
MOTOKOM, 3TO TaK Ha3blBaemMoe Ha4yasibHoe
AaBneHue, O06bIMHO COCTaBAsIOWLEE HECKO/IbKO
munnmnbap (Hanpumep, Tevyeuckatens Phoenix
L300 B pexume o6paTHOro MOTOKA: HavanbHOe
nasneHne = 15 mbap). Ecam Ha Bxoge ycTpoiicTsa
Jocturaetca HayanbHOe AaBneHue, OHO
YCTPOWCTBO NEPEXOAMUT B PEKMUM U3MEPEHMUS.

MapumanbHoe gasneHwe UHAMKATOPHOrO rasa Pry,
16 Mexay  bopBaKyyMHbIM Hacocom "
BbICOKOBAKYYMHbIM HAcOCOM YBe/MYMBaeTcA 3a
cyeT MHAMKaTopHoro rasa TestGas (TG = reaun’
WAY BOAOPOA), KOTOPbIV NONajaeT C TeYeUCKaTeNb.
Mpwn pabote BbICOKOBaKYyMHOTO Hacoca,
napuvanbHoe AaB/JeHMEe UCMbITAaTeNbHOMO rasa Puy
76) HA  BbICOKOBAaKyyMHOW CTOpOHe Hacoca
3HAUUTENIbHO MeHblle, 4YeM Ha ¢OopBaKyyMHOWM
CTopoHe Hacoca (pry, 16). Takum obpasom,
onpeaeneHHoOe KOAMYECTBO MCMblTaTe/IbHOrO rasa
Teyer - npoTus HanpaB/ieHus noaayu
BbICOKOBAKYYMHOIO Hacoca - OT ¢GOpBaKyyMHOM
CTOPOHbI K BbICOKOBaKYYMHOW CTOpOHEe
BbICOKOBaKYYMHOI0 Hacoca. 3To fiB/ieHUe ABASETCS
NPUYMHON TOro, MOYemy JAaHHble TeyeucKaTenu

noAy4YnIm Ha3BaHue NPOTUBOTOYHbIE. B
PaBHOBECUM  HUXKec/edylollee  napuumasbHoe
AaBneHune MCMbITaTe/IbHOro rasa bynet

NPUCYTCTBOBATb Ha CTOPOHE BbICOKOTO BaKyyma,
PeweHune 2: YcTpoicTBo 06HapyKeHMA Teyel B
0ob6paTHOM HanpaBieHUU
MS

He
PMS < 2-10 mbar ‘

High vacuum pump:
Turbo

©

<
Auxiliary pump !

O

Fore-vacuum pump

)

Puc. 14: CpaBHeHWE MeXay YCTPOUCTBOM A/19 OOHapyKeHWe Teyel r1aBHOro NnoTokKa (ciiesa) u 06paTHOTOYHbIM

yCTpoicTBOM 0bHapyKeHuA Tevei (cnpaBa)

24



T.e. MeXAy BbICOKOBAaKYYMHbIM HAacoOCOM M Macc-
cnekTpomeTpom: (5) Py, 16 = Pev, 16/Coste

B atom cnyuyae, Co, 16 OTHOCMTCA K KOMMpeccuu
BbICOKOBAKYYMHOIO0 HAcoca MCrbiTaTeNIbHOro rasa
TG npu HyneBOM MOTOKE WCMbITaTENbHOrO rasa
(cyxoi rasoBbIi pacxof, MCNbITaTeNbHOro rasa
yepes HacoC BbICOKOBAKYYMHbIM Hacoc paseH
HYA10).

B HacTosilee Bpems, BbICOKOBAaKYyMHbIi Hacoc B
NPOTMBOTOYHbIX YCTPOWMCTBAX A5 OOHapy»KeHuA
yTeyeKk Bcerga sABAdeTcA TypbOMOSEKYASPHbIM
HaCOCOM C KOMBUHUPOBAHHOM CTyMeHbto. TOT TUN
BbICOKOBAaKYYMHOr0  Hacoca WMeeT  BbICOKME
GOpBKYYMHblE AaBneHus (Heckonbko muaambap)
W, cnepoBaTeslbHO, [AOMNYCKAeT BbllleyKa3aHHble

BbICOKME  HauvasnbHble  gasneHua.  [pouecc
OBHaApy)KEeHUA  yTeYeK MOXKeT  BbIMOJHATLCA
3HauUUTENbHO  ObICTpee, YemM C  MOMOLLbIO
Teyeuckatene ¢ ANPPysMOHHbIM  HACOCOM
(dopBakyymHoe haBneHne AndPy3noHHoro
Hacoca = 5 -10" mbap).

TypbomonekynsapHble  Hacocbl WMEKT  O4YeHb

BbICOKYIO CTEMEeHb CXKaTus ANA TAKENblX rasos
(yrneBogopoga, napbl HedTH). Moatomy
NPUMeHAEeTCS HuXKecneaywouwee: B otanume ot
JIETKMX UCNbITaTeNbHbIX ra30B, TAKUX KaK renunin m
BOAOPOA, TAXeNble YacTUUbl rasa B OCHOBHOM He
MoryT OOCTUMHYTb MacC-CMeKkTpoMeTpa.
TypbomonekynsapHbie Hacoc, Takum obpasom,
ABNAETCA ONTMMaJbHOW 3alUMTOM ANA  macc-
CNeKTpomMeTpa M He WCMOoJb3yeT YCTapeBLUyHo
XOMOAHYIO  JIOBYLUKY, OX/JaXAAEMYl  KUAKUM
a3oToM.

5.2.7 Teuenckarenb ¢ pasgeneHMem NOTOKa
rasa

Ecnn BakyymupoBaHMWe ucnbITyemoro obbeKkTa go
HeobxogMmoro NpoAaBOYHOro AaBneHus
HEBO3MOXHO WM 33aHWMAET C/IUWKOM MHOro
BPEMEHU M3-3a pasmepa WUCNbITYeMOro 0b6beKTa
nnm YTEUKMU, BCMOMOTaTe/IbHbIN Hacoc
(BcnomoratenbHas HacocHas cucTema) [oKeH
MCMNO/Ib30BaTbCA B AOMOJIHEHME K YCTPOMCTBY ANA
obHapyxeHua YTEYKMU. YcTponcTeo ans
obHapyXeHUs yTeyek 3aTem byaet paboTaTb B TaK
Ha3biBaeMOMN KOHUIypauum 4acTUYHOIO pacxoa
(cmoTpyn Puc. 14). Tak Kak BCnomoraTe/bHbll

Hacoc, KaK npaswuo, bonee
BbICOKONPOM3BOAUTENbHBINA, YemM ¢OpPBaAKYYMHbIN
Hacoc, BCTPOEHHbIN B YCTpOWCTBO A/
ObHapy:KeHUa  yTeuku, 6Oonblie  KOJUYECTBO

ucnbiTaTeNbHOro rasa b6yaetr npoxoauTb uepes
BCMOMOraTe/IbHbI Hacoc, M TOAbKO Hebonblioe
KONINYecTBO ucnblTaTeNbHOro  rasa byaer
npoxoanTb Yepes GopPBaKYYMHbII Hacoc.
Tem He MeHee, NapumanbHoe AaBieHne

OcHoBbI TeyenckaHus ot Leybold GmbH

McnblTaTeZIbHOro rasa Ha BXxo4de d)OpBaKYYMHOI'O
HaCoCa U Ha BXO4e BCNOMOraTe/IbHOro HacocCa Preyi
16 OYAyT MAEHTUYHbIMWU. [lO3TOMY, CYMMAapHbIA
NOTOK WUCMNbITAaTE/NIBHOINO rasa OT WCNbITyeMoro
obbeKTa cocTaBuT

(6) = Prvs 16 * (Sres 76 + Sar, 16)

, TAe Sgp1c - CKOPOCTb OTKauyku ¢(opBaKyymHOro

Hacoca, BCTPOEHHOro B  YCTPOWCTBO  AJA
OobHapyXeHUs yTeyeK WUCNbITaTeNIbHOrO rasa, B
n/cek.

Sar, 16 CKOPOCTb OTKaYKM BCMOMOraTe/ibHOro

Hacoca McnbITaTeNbHOro rasa, B ji/cek.

0L 3TO UCTMHHAA WMHTEHCUMBHOCTb YTEUYKM, KOTOPYHO
Teyenckatenb Ao/XeH oTobparkatb. INEKTPOHHasA
cucTemMa TevencKaTtens, otobpakaeT cieaytollee:
(7) qu, display = Prvy 76 * Srey T6

To ecTb: UIHTEHCUBHOCTb YTEYKU 0, gisplay, KOTOPAA
oTtobparkaetca TeyeucKartenem, paBHa
NpPou3BeAEHUI0 UCTUHHOW MHTEHCUBHOCTU YTEUKHU
0. ¥ KoadPpuumeHTy pa3geneHunsa noToka.

(7a) Aoy display = Q. * Y

(8) Y = Sk, 16/(Ske, 1z + Sap, 1) — Ko3apdpuumneHt
pa3geneHunsa nNoToKka

Koadpdpuunent pa3genenHus NnoTokKa
PaccuUnTbIBAETCA C MOMOLLbIO COOTHOWeHMA (8). Ha
NPaKTMKe, YacTo WMMeeT CMbICA OnpeaenaTb
Ko3appuumneHT pa3geneHuns NoToKa
aKCcnepumeHTanbHo. [nasa  3toro  Heobxogumo
YCTaHOBUTb «3TANIOHHYIO TeuYb» co

WHTEHCMBHOCTbIO YTEYKM (. HEMOCPeACTBEHHO Ha
YCTPOKCTBO ANa obHapyXKeHUs yTeueK (paboTa 6e3
BCMOMOraTe/IbHOro Hacoca). Teyeuckateno byaet
MOKa3blBaTb UCTUHHYIO WMHTEHCMBHOCTb YTEYKM (,
YCTPOWCTBA AN OOHapPYXKEHUS YTEYKM Ha aucniee.
3HauyeHMe (. AO/IKHO ObiTb 3anucaHo. Tenepb
TaKasA ’Ke «3Ta/loOHHAA Teyb» YCTAaHAB/MBAETCSA Ha

UCMbITbIBaEMbIN 06beKT, BKJIKOYaeTCA
BCMOMOraTe/lbHbl ___Hacoc M 3anucbiBaloTCA
MoKasaHus Ha avcnnee Teyeuckartens.
Teuenckateno Oyaer oTobpaxkaTb Qi  display-

KoadpuuneHT pasageneHns noToka y byaet HangeH
M3 OTHOLIEHUA QL display ¥ 1

(8a) Y = O, display/ A1

5.2.8 CoBmecTHasA paboTa c BaKyyMHbIM
cuctemamm

MoaknoYeHWe  TeyeuckaTenss K BaKyyMHbIM
cuctemam K 6OMbWUMM  BaKyyYMHbIM  HACOCHbIM
cUcCTeMam peanusyetca Mo cxeme pasgeseHus
noToka. MNpu paccmoTpeHun Bompoca, rae sydue
BCEro BbIMOAHUTbL coeauHeHue npubopa, cneayet
MMeTb B BMAY, UYTO TeyeuckaTeab — 3TO
NMOPTaTMBHLIA BNOK, KOTOPbIK UMEET HU3KYI
ObICTPOTY AeNcTBMA Ha BXoAHOM dnaHue (KaK
NPaBuNo, Sep, 16 = 2 M° / u).
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M3-3a 6GONbLIMX OT/IMUYMI B CKOPOCTSX OTKAUKM
O0BOJ/IbHO BaXKHbIM MOMEHTOM ABnAeTcA
onpeaeneHne KoapoduumeHTa pasaeneHns noToka
ONA [0AHHOTO  KOHKPETHOro  cayyaw  npw
NOAKNKYEHUM K cucteme ¢ aAnddysnMoHHoro
Hacoca CO CKOPOCTbIO OTKAYKM Syp 1, = 10,000 n/cek
= 36 000 m® / 4, HanpUmep, - YbA UHTEHCUBHOCTb
YTEYKM MOXKeT bbITb 06HapyrKeHa NOSIHOCTbIO.

B cucTemax c BbICOKOBAKYYMHbIMW U BaKyyMHbIMU
Hacocamu PyTca, camblii HaZeXHbI BapuaHT ans
NOAKAKYEHNA YCTpPOMCTBA A8 ObOHapyKeHus
YTEUKN - MeXAy UeHTPOobeXHbIM /10nacTHbIM
HaCcoOCOM W BaKyyMHbIM HAacoCcOM PyTca nnu mexagy
BAaKYYMHbIM HAacocoM PyTca M BbICOKOBAKyyMHbIM
Hacocom. Ecnn pasneHue 6Gosblie AOMNYCTUMOro
OaB/IEHNA Ha BXOAe YCTPOMCTBA g 0bHapyKeHus
YTEUYKN, YCTPOWMCTBO [OJ/IKHO MOAKNHOYATBCA C
NMOMOLLbIO A03MPOBOYHOTO (NepemeHHas Teub)
KnanaHa. EcTtecTBeHHO, 4YTO HeobxoAMMO WMETb
OOCTYNHbIN noaxoaAwmmn COeANHUTENbHbIN
¢dnaHeu. Kpome Toro, LenecoobpasHo yCTaHOBUTb
KnanaH B 3TOM TOYKE HA Haya/lbHOM 3Tane, Takum
06pasom, yTobbl B Clydyae HEOHBXOAMMOCTY,

YCTPOMCTBO AN OOHaPYKEHMA YyTEUKMU MOT/I0 ObiTb
6bICTPO NOAKNOYEHO (C paboTatowen cMcTemoit) u
YCTPOWCTBO A1 OOHApYy»KEHWA YyTeyeK MOrno
HauyaTb paboTy cpasy e noc/e OTKPbLITUA KaanaHa.
Ona Toro, ytobbl M3beXKaTb HenpeaHaMepeHHOro
OTKPbITUA K/lanaHa, OH A0/XeH bbiTb 3aKynopeH ¢
MOMOLLbIO 3ar/yWKN BO Bpemsa 0Obl4HOM paboTsbl
BaKYYMHOW CUCTEMbI.

[pyroit cnocob noaKNlOYeHMA YCTPOMCTBA ANs
OBHApY)KEHUA YTEYKM B KPYMHbIX BaKyyMHbIX
CUCTEMAX -  YCTAaHOBMTb  TeyeuckaTesb  Ha
aTmochepHOM BbIxoge cucTembl. ocne yero oH
HaxoguT yBenmyeHume KOHUEeHTpauuu
MCMbITaTe/IbHOrO ra3a B BbIMyCKe.

Sio = Sk, He = CKOPOCTb OTKauykuM pOpBaKYyMHOro

Hacoca, BCTPOEHHOro B  YCTPOMCTBO  A/A
ObHapy)eHnsa yTeuykn reams, B AN/C, y TOUYKK
pa3B/ieTBAEHMUS.
Sap = Sap, He = CKOPOCTb OTKAYKM BCMOMOraTe/IbHOro
Hacoca, Ana renua, B Afcek, Yy TOYKMU
pa3B/ieTBAEHMUS.

Mpumep Mcnonb3oBaHUA TeYeUCKaTeseil Npyu NnapannenbHoit paboTte c BAKYYMHOW CUCTEMOIA

Vacuum reservoir with leak

Ve =1501

N

Branching point <

)

Helium leak rate
q,(He) = 3 - 10" mbar - I/s

Helium leak detector
Sip(He) =8 1/s

Auxiliary pump
Syp(He) = 60 m¥h =17 I/s

Y TOUKM pa3BeTB/IEHWsA, MOTOK reans g, KOTOPbIi BbIMyCKAaeTCs U3 BaKyyMHOIO pe3epByapa, pasgenseTcs Ha
NOTOK FeNuA qy, gisplay B HANPABJEHWUM YCTPOWUCTBA A8 OBHAPYKEHUS YTEUEK U NOTOK Fe/INS (ap B

Hanpas/1€HUN BCNOMOIraTe/ZibHOro Hacoca.

MOTOK reana B HaNnpaBAEHWUN YCTPOCTBA AN OOHAPYKEHUA YTEUKU:

MHTEHCUBHOCTb YTEUKM i, displayy KOTOPAA OTOGpakaeTca Ha TeueucKkaTene pasBHa NpPoOM3BeAEHUIO
MCTUHHOW MHTEHCMBHOCTM YTEUKM (, M KOaddULMeHTa pasaeieHns NoToKa y!
PacueT nokasbiBaeT, YTo Y = Sip / (Swo + Sae) = (8 n/cek) / (8 n/cek + 17 n/cek) =0,32 un
Aur display = - Y = (3,0 - 10" m6ap-n/cek) - 0,32 = 9,6 - 10> mbap-n/cek
BbiBog: Teueuckatenb 6yaer oTobpa)kaTb He AEUCTBUTE/IbHYIO YTEUKY, YTEeUKy, KOTopas MeHblue

daKkTnueckoin Ha 1/y =1/0,32 = 3,1!

Bpemsa otkAmKa = 3-t = 3-V, / Ser = 3-Ven / (Swo + Sae) = (3-150 n) / (8 n/cek + 17 n/cek) = 18 cek

Puc. 15: Mpumep MCcNosb30BaHUA YCTPOMUCTBA ANA OOHAPYKEHMA yTEYEK, OCHOBAHHOTO Ha MPUHLMME YacTUYHOrO

pacxoaa
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5.2.9 lMocToAHHaA BpemeHuU

MocTosAHHaA BpemeHU BaKyyMHOM CUCTEMBI 3TO
(9) T = Van/Sesr, roe

Vi = 06beM KoHTelHepa B N.

Seft = 9P PEKTUBHbBIN Bakyym-paKTOp
MCNbITaTE/IbHOTO rasa B KOHTeMHepe, B N1/CEK.

Ha Puc. 16 noKasaHa TpaeKTopuA CUrHana nocne
ONPbLICKMBAHMA MECTa YTEUKMN HA UCTbITYEMOM
06beKTe, NPUKPENNEHHOM K YCTPOWCTBY ANA
OBHApPYKEHUA YTEUKM, ANA TPEX PA3UYHBIX
KOHUrypaumin:

OcHoBbI TeyenckaHus ot Leybold GmbH

Cxema 1: WUcnbityembln 06bekT (06bem V)
HenocpeacTBEHHO MNOAK/AIOUEH K Teueuckatenio
LD (3¢pdeKTMBHAA CKOPOCTb OTKAuykKM nNo
MHAUKATOPHOMY rasy = S;).

Cxema 2: B pononHeHue K cxeme 1, K
nposepAaemom Kamepe nogknoyaerca
BCNOMOraTenbHbI Hacoc (napannenbHblii

BaKyYyMHbIA Hacoc) ¢ TaKoi e 3dpdeKkTusHOM
CKOPOCTbIO OTKAUKN Spp = Sip.

Cxema 3: Cxema 1 ¢ npuHyaUTeNnbHO
ApPOCCeNMPOBAHHON CKOPOCTbIO OTKAYKM Hacoca
80 0,5:Sp.

@ a

Vch |

normal

.- Throttle

slower, higher sensitivity

. . faster, lower sensitivity
Signal height p; 4 Seit = Sto + Swp Ser=Sio Setr= 0,5 Sp
0,
20 100%
95%
0,
10 100% _,
95% @
0,
0.5 100% /
95%
Time
0 £
tO 0,5 T4 Ty 2 Ty
Puc.16: Mprmep MCNONb30BaHUA TeYeUCKaTeNA B PEXKUME pa3feneHns NoToka Pi = OufSer, T = 3 Vu/Sert

Ha puncyHKe nokasaHbl 3 KpUBbIX CUrHana: t-t, =1163,3% npeaenbHoro 3Ha4YeHuA
Kpuasa 1 lNocne «BpemeHu HeuyBcTBUTEeNbHOCTMY t-t, =3 195,0% npeaenbHoro sHaueHUn
t, curHan nponopuuoHaneH napumanbHomy t-t, =67199,8% npepenbHOro sHayeHusa
OAaBNEHUI0 WHANKATOPHOro rasa prc [pepensvHoe 3HauyeHune CUrHana
,YBEIMYMBAETCA C TeYeHWemM BPEMEHM t MO NPOMOPUMOHANbHO Prg = i/Ser B CUAY TOrO, YTO
3aBMCUMOCTHU 3KCMOHEHUMaNbHbIN YneH B ypasHeHun (10) byaet
(10) P =(qu/Sex) - (1 —exp [- (t —to)/7]} paseH O npu t - t>> T. Bpema t - t,, KoTopoe

Mo ncrteyeHUn onpeneneHHOro Nepnuoaa BpeMeHH,
TO CMTHaN gocTuraet 061acTn cBoero npeaesibHoro
3HaYeHus

HeobxoaumMo AnA AoCTUXKeHus 95% KoHeyHoro
3HayeHua, HasblBaeTCcA BpemeHem OTKAMKa. W
paBHAaeTcA 3t.
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Ona kpusoii 1 370 AaeT cneayrowmin pesynbTaT:
MpepenbHoe 3HauyeHue CUrHana
NPONOPLUOHANBHO Prs = GufSet = qu/Swo = P1

Bpema otknmKa =3 t=3V./Sei =3 Va/So=T4

[aHHoe pacnpocTpaHsieTcd WM Ha Kpusylo 2
(3kcnnyatauma ¢ pasgeneHMem  MOTOKa)
MpepenbHoe 3HaueHue curHana
NPONOpPLUOHANBHO

Pre = A /Sett = AL /(Swo + Sar) =0.5 - py

Bpemsa otkamka = 3 T =3 Vu/Set = 3 Vo/ (Sip + Sar)
=05-T1

Bnarogaps ycTaHOBKe BCMOMOraTe/IbHOro Hacoca
(napannenbHbIi Hacoc), BpemA OTKAMKA Oyaer
COKpallleHO, a npepenbHoe 3HaYeHUMe CUrHana
byner ymeHbwatbca. B npuBegeHHOM Bblwe
npumepe, Bpems OTKAMKAa YMEHbLUUTCA B ABa Pa3a,
M npefenbHoOe  3HaAYeHWEe CUTHafNa  TaKKe
YMeHbLIUTCA B 2 pas3a.

KopoTKkoe Bpems OTK/AMKa O3HadaeT bbicTpoe
M3MeHeHMe W oTobpaxkeHwe curHana. 3To Apact
CHUXKEeHUe BPeMeHM!, Heobxogumom  ana
obHapyXeHusa yTedek. OuyeBMAHbIM HeLOCTaTKOM
OAaHHOTO MeToZa fB/AAETCA KOHEYHOEe 3HayeHue
CUrHana, Kotopoe byaeT HUKe GpaKkTUYecKoro, 4To B
NPUHLMMNE HEe MOXKeT NPUBECTM K Npobnemam 13-3a
OYEHb BbICOKOWN YYBCTBUTE/NbHOCTU COBPEMEHHbIX
Teyenckartenem.

BbiBoa: PaboTta Teyeunckartensa meTogom
pa3geneHns NoToKa AacT YMeHblleHWe BpeMeHue
NMouCKa yTeyku!

PacnpocTpaHuB BbIBOAbI Ha cay4yali 3:
NpepenbHoe 3HauYeHue curHana
NPONOPLUMOHANBHO Prg = Oi/Serr = qu/(0.5:S10) = 2+p;
Bpemsa otknmnKa 3 t = 3V /Sei =3Ven/(0.5:Sip) =2 -1y
MN3-3a pApoccenvpoBaHWs MNOTOKa rasa, Bpems
OTK/IMKA Bcerga YyBe/MyMBaeTcs, npepenbHoe
3HayeHue curHana OyaeT yBenuMuMBaTbCA. B
NpuBEAEHHOM Bbllle NPUMepe, BPems OTKAWKa
yABaMBaeTCs, TaKXKe YyABauMBaeTcs npegesibHoe
3HaYeHue curHana.

YMeHbLUEHNE CKOPOCTU OTKaYKM BCerga CBA3aHO C
6ONbWMMM  pacxogamum  BPEMEHW U, TaKUM
06pa3om He Bceraa sBAAETCA NPENUMYLLECTBOM.
OueHKa MOCTOSIHHbIX BPEMEHM AnA npouecca
MOWMCKA YyTEYKN B MOC/efoBaTe/IbHO CoeMHEHHbIX
eMKOCTAX MOMeT OblTb cAenaHa, B MNepBom
NPUBANMKEHNN, BbIMUCNEHUEM KOHCTAHT BPEMEHMU
ONA KaxKaoro obbema.
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6 NpepenbHble 3HaYeHUA / TeXHUUYECKMue
XapaKTepUCTUKKU Teuenckarenei

1. MuHumanbHaa o6HapyKuBaemas Be/UYMHA
yTeukM (qy, min)

2. 3¢ deKTnBHaA CKOpOCTb OTKa4yKun
MHAMKATOPHOrO rasa Ha Bxoge B Npu6op(Se, 1c)
2a. 3¢pPpeKTMBHAA CKOPOCTb OTKAUYKU MO BO3AYXY
Ha BXxopge B Npubop(S.x)

3. MakcMmanbHO A0NycTUMOE AaB/ieHUe BHYTPU
npoBepAemMoro 06beKTa (Pmax)
(MaKkcumanbHoe — gonyckaemoe
BXOJe)

MakcumanbHoe ponyctumoe pgasneHne P, Ha
Bxoge cocTasnser okono 10" mbap ana
yTeyeuckartenen C KNaCCUYECKNM
TypbomonekynapHbim Hacocom m 2-15 mbap ana
Teyeunckatenen ¢ TMH c AoXKMMaIOLLEN CTYNEHbIO.
4. MakcMmanbHbIN aonyckaemblii pacxopg, rasa no
BO3AYXY (Cmax)

MNpousseaeHue MaKCMManbHO A0MNyCTUMOro
0AaB/IEHUA HA BXOAE Pmax U 9ODEKTUBHOM CKOPOCTU
OTKauYkM no BO3AyXy Ha BxoAe (S.t) paseH
MaKCMMaNbHO AOMNYyCTUMOMY pacxogy rasa Aans
BO34YyXa (ma. ECAM B TeyeuckaTenb nocrynaet
MOTOK rasa, 60sblue, YEM Qma, M3-3a HONbLIOTO
MOTOKa HATeKaHWA TeyeuckaTenb He byaer
BbIXOAMTb HA PEXUM U3MEPEHUA.

AaBeHune Ha

7. MeToauKN 06HapYKEeHUA YTEeUKHU C
NOMOLLbIO TEeYeucKaTenemn

7.1 BakyyMHbIii meTopA, - MeToAUKa
pacnbineHus (nOKanbHOe UCMbITaHUE HA
repMmeTUYHOCTD)

UcnbiTyembli 06beKT, NOAK/IFOYEHHbIN K
TeyemKaTento, MmeaseHHO o0b6aysaeTcs  CTpyei
(oyeHb MmanbIM KOAMYECTBOM) WCMbITaTeNbHOMO
rasa W3 MUCTONETa-PaCNbIINTENA B BEPOATHbLIX
MecTax yTeuyku (pnaHueBble coeANHEHUS, CBapHble
Wbl U T.4.,). CKOpOCTb AaHHOro NpoLecca noucka
yTeUYeK  onpeaensercds  BPEeMEHeM  OTK/MKa
cuctembl  (cmotpu  Tnasy 5.2.9). Koswnyectso
pacnblIAEMOro  UCMbITaTe/IbHOrO rasa  AO0/IXKHO
6bITb OTPEry/IMpoOBaHO C YYETOM WMHTEHCMBHOCTU
YTEUYKU, 4YTOObl MOXKHO Obl10 ee OOHapyKuTb, a
TaKXKe C Yy4yeTom pasmepa M  OOCTYNHOCTU
ncnbITyemoro obbeKTa.



XOTA UcnblTaTeNbHbIM ra3 (BOAOPOA, rennin) nerye
BO34yXa W, cneposaTtesibHo, OyaeT cKaninBaTbCs
nof MOTO/IKOM MOMELLEHUA, OH OyaeT Takxe
XOpOLIO  pacnpefenaTbca  M3-3a  CKBO3HAKOB
BbI3BaHHbIX ABUMXEHUAMW BHYTPU MOMELLEHMSA,
NO3TOMY He/b3si Moaaratb, YTO PacnblAsemMblit ra3s
6yaeT HaxoguTcA B OCHOBHOM (MM TOJNIbKO) B
BEPXHEM YacT MOMELLEHMA BO BPEMS TMNOMUCKa
yTe4ykn. HecmoTpa Ha 3T0, peKomeHAayeTcs,
ocobeHHO npu pabote ¢ 6osbwKMMK obbemamu,
HauYMHaTb NOMUCK YTEYEK C BEPXHEN YacTu obbema.
Ons Toro, utobbl ns3berxkatb apdeKkTa «3agblxaHUA»
M3-3a OTKPbLITOro comnaa nogayu rasa, Heob6xoaAnMmo
MCMNONb30BaTb MUCTONET C KNanaHoM, (cmoTpu Puc.
17). Cambin npocToit cnocob oOTperyinpoBatb
HeobxoaMMbIA NOTOK WHAMKATOPHOro rasa Aans
npoLecca NPOBEPKU - MOrpy3uTb MUCTONET ANA
0bayBa eMKOCTb C BOAOW WM BbINOJIHUTbL HACTOMKY,
OCHOBbIBAACH Ha ocHoBe ny3blpbKOB
WMHAMKATOPHOrO rasa.

Fay

SRS
T
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C NomolLLbto FresIneBoro TevyenckaTensi, BOSMOXKHO
06HapyXWUTb ecTecTBeHHOe KoauyecTso renva’ B
aTmocdepe.

EcTecTBeHHOe KosnmuectBo renua® B aTmocdepe
coctasnsaeT 5-10“ obbemHbIx npoueHTa (5 ppm).
Ecnn BOo3ayx nonagaetr B MNpoBepsemMblit 06bem
yepes o4yeHb OONLLIOK  HErepPMETUYHOCTb,
Teyeuckatenb OyaeT pearnpoBaTb OTObOparkaTb
yTeuKy, TaK Kak byaet Buaetb Hed nonagatowmin B
ob6bem ¢ BO3ayxom. MIHTEHCUMBHOCTb YTEYKMU TOoraa
oyger:

(11) VYrteuka (100% reava® w3 nwucroneta-
pacnbinutens) / 100% = Yteuka(Sppm reausa* us3
atmocdepsl) / 5-10% % nan

(11a) VYreuka (100% renua® wu3 nwucroneta-
pacnbinutens) = 2-10° yteuka (5ppm renma’ us
aTmocdepbl)

PekomeHpauuMm No usberkaHuio ABeHNUA HacbiWweHuUA (3arpA3HeHns) reamem: KianaH nucrosieta-
pacnblnTena AoxeH 6biTb Ha KOHLLE NUCTOIETa-pacnblIMTENs

MuHMManNbHbIN pacxom reana aNA KOPPEKTHOIO Te4euCKaHUA:

3T0 NOTOK C, NPY YBEJIMYEHUN KOTOPOTO HE YBEIMYMBAETCA NOKA3aHME YTEUKM Ha TeyeuckaTene.
Mpocreiinii cnocob NnpoBepKu pacxoaa renma: MHTEHCMBHOCTb 06Pa30BaHMA Ny3blPbKOB B CTaKaHe BOAbI
Puc. 17: O6paboTka MHPopMaL MM ANA UCNOb30BAHMNA UCMbITaTe/bHbIX ra3oB (Hanpumep, renus)
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7.2 MerTtop, M36bITOUHOro AaBNeHUuA
MHAMKATOPHOro rasa - Meroguka € wwynom
ONA TeuyeucKaHus (NoKasbHas NpPoBepKa Ha
repmeTUYHOCTb)

Mpu 3Tom cnocobe, UCNbITbIBAEMbIN 0OOBEKT
3aMNONHAETCA WMHAMKATOPHLIM rasoM [0 TaKoro
[aBneHus, 4yTobbl  napuvanbHoe  JdaBneHue
WHOMKATOPHOrO rasa B NpoBepaemMom OObeKTe
6bIN0 3HAUUTENIbHO 6OonblUe AABNEHUA CHAPYXKM
nposepsemoro o0b6bekTa. EciM 3TO BO3MONKHO,
MCMbITbIBaEMbI 06DBeKT OOJIKEeH 6bITb
BAKyyMMpOBaH nepesj 3ano/IHEHMEM €ero ¢
MCMbITaTENbHBIM Fa30M.

BeposATHble MecTa yTeyek nNpoBepsaemoro ob6beKkTa
MeAJIEHHO NPOXOAATCA HAKOHEYHMKOM  Liyna.
TunuyHaa ckopocTb 06xoda KOHTypa coctaBaseTt 1
cm/cek.

HaKOHEeYHUK Lyna gasa TeYeucKaHus coeamHeH ¢
bopBaKyyMHbIM HAcoCOM TeyeuckaTens (CcMoTpwu
Puc. 4d) ¢ nomolbto OANHHOW TPYOKM (anmHa - 1
M, aMameTp- 1 mm). MHAMKATOPHbLIN ras, KOTOpbIl
nocTynaeT B HAKOHEYHWMK aTMoCchepHOro Lyna ans
TEeYeWCKaHus, nmnonagaer B Teyeuckatenb C
nomollbto  GOPBAKYyMHOrO Hacoca, a 3aTem
aHanmsupyetca B npubope C MOMOLLbIO Macc-
CneKTpomeTpa.

BakyyMHble TeuyemckaTtennm KomnaHuu Leybold
MOTYT «OBHapYXMBaTb» Kak renuit 4 (Hed) , renni
3 (He3) n Bogopog (H2).
YyBCTBUTENBHOCTD meToza 7]
onpegeneHUA mecTta yTeueku 3aBUCUT OT
a) T™Mna wyna (HaKOHEYHMK LWyna + AJMHA
NMHUK),

b) BpemeHU
Teuenckarens
c) ckopocTn 06xoaa 06bEKTa LWynom

d) paccTosHMA OT HaKOHEYHMKA Lyna A0 MecTa
Herepme4yHoCTM.

MN3-3a Hanuuma 6ONbLIOTO 4YMCNa MapameTpoB B
METOAE LLyna C/NIOXKHO Hesb3s TOBOPUTb O TOYHOM
KOAIMYECTBEHHOM M3MEPEHUM yTeuku. C NOMOLLbLO

TOYHOCTb

OTK/INKa ucnosblyemoro

Teyenuckatenss, MOXKHO OOHapyKmBaTb YTEYKMU
Be/IMYNHOM bonee 1-107 mbap-n/cek.
OrpaHuyeHue no YYBCTBUTE/IBHOCTU npu

obHapyKeHun renna’ obbAcHAETCA npexae Bcero
ero ecTecTBeHHbIM MpucyTcTBMEM B aTmocdepe.
Mpn  HeobXxogMMOCTM  NPOBEAEHUA  TOYHbIX
KOMIMYECTBEHHbIX U3MEPEHWUN, TeyeuckaTtenb U
Wyn ANA TEeYEUCKAHUA A[O0MKHbl KannmbposaTbcA
BMecTe. B aTom cnyyae ByaeT yu4TeHO paccTosHue
OT HAaKOHEYHMKA LLyNna 40 «3Ta/IOHHOM Teum».
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7.3 MposepkKa CyMMapHoW
(ucnbiTaHMe Ha repMeTUYHOCTD)

yTEUKMU

MpoBepka c nomelleHNeM 0b6beKTa B 060/I0YKY
NPUMMeHseTcA A4na  OonpeAeneHus  CyMMapHoW
repmeTuyHocTM obbekTa. [Mpu 3Tom cnocobe,
UCNbITbIBAEMbIi OBBEKT 3aK/OYEH B KECTKUIA
(0BbIYHO MeTanAnYecKkuit) Kopnyc WAU NErkyto
NAacTMKoBylo 060104Ky. Fenmnit® Kotopbll TeueT
yepes MecTa HEerepmeTMYHOCTU MPOBEPAEMOro
obbekTa ob6Hapy:KMBaeTcs c MOMOLLbHO
Teyeunckartens.

MpoBepKka 06beKTa B Kamepe OCYLLEeCTBAAOTCA B
COOTBETCTBUM c BaKYYMHbIM MeTo40M
(npoBepaemblii 06beKT Nog Bakyymom, Puc.4a), a

TaK¥Ke  MeToAOM  M36bITOYHOrO  AaBAEHMSA
(ncnbiTyemblit 06beEKT Noa, aasneHnem, Puc. 4c). B
06ounx cnyyanx MOXKeT BO3HUKHYTb
HeobxoAMMOCTb OCYLLECTBUTD nepecuet
KO/IMYECTBEHHOrO noKasaHua yTeUKM c

Teyenckatens Ana nepesoda Ha CTaHAAPTHYIO
re/IMeByto Teub..

7.3.1 MposBepka nomeweHnem obbeKTra B
060/104Ky COrnacHO metoauKke u3bbITOUHOro
pasneHuA.

a) NMpoBepKa nomeweHnem ob6beKTa B 060/104Ky C
M3MepeHUem KOHLEeHTPALMMU U COOTBETCTBEHHO
onpeaeneHNem Be/IMYMHbI YTEUKU.

Ona Toro, 4ytobbl ONpPesenTb CYMMapPHYIO YTEYKY
nposepsaemoro obbeKkta, 0O6BEKT NomellaeTcs B
000/104Ky, KOTOpasi MOXKET ObiTb XKEeCTKoh uau

rmbkoit.  Tennit®, npoTekaa uyepes  mecTa
HerepmeTMYHOCTH nposepAemoro obbekTa
HaKanaueaeTcs B ob6onouke, TakK yTo

KOHUEHTpaLuua reansa B 060/104Ke yBENIMYMBAETCA.
Mocne yCTAHOB/IEHHOTO BPEMEHM HaKOoMJ/IeHUs
(pabounin  nepuon) nNpoBOAUTCA  MU3MEHEHWe
KOHUEHTpauuMmK renma ulynom TedyeuckaTtens (Puc.
4c). O6wWas WMHTEHCUMBHOCTb YTeYKM (cymmapHasn
BE/IMUYMHA YTEUKM) MOXKET OblTb paccumMTaHa nocse
KaNMBPOBKMN TECTOBOM KOHOUIYpaLUnM C N3BECTHOM
KOHLEeHTpauuen, Hanpumep, aTMocohepHbIM
BO34yxom (5 yactei Ha MUAIUOH).

3TOT MeToh, N03BONAET OOHAPYXUTb Aaxe camble
Masble obwme yTeYKM M NOAXOAMT, B YACTHOCTH,
ANA  aBTOMATM3MPOBAHHOFO  MPOMbILAEHHOO
UCMbITAaHUA HA TEPMETUYHOCTb. TaK Kak uamepseT
HaKON/JEHHbIN ras, meTos MmeeT 6onee HU3KMe
npeaenbl W3MepeHWUN, a TaKkue daKTopbl, KakK
TeMnepaTypa, pacxos Bo3ayxa U CKOPOCTb ob6xoaa
wynom  oTcytctBytloT. [pM  MCNONb30BaHMM
NJACTUKOBbIX 0060/104EK HEOBXOAMMO Y4YMTbIBATb
NPOHMULAEMOCTb TefMA  Yepe3  MAACTUKOBYHO
060/104KY B TEYEHME A/IUTENIBHOTO BPEMEHW.



b) MpoBepKa nomeweHnem o6beKra B 060/104Ky €
M3MepeHUEM KOHUEHTPauun U COOTBETCTBEHHO

onpegeneHUEeM BeAUUUHbI YTEUKU (XKecTKaA
o60s10uKa)

Mposepsaembii OODBEKT, 3aMOJIHEHHbIV refnem,
NMOMeLLaeTca B  KECTKU  o0b6bem, KOTOpbIA
coeanHeH C  TeyeuckaTenem, CyMMmapHas
MHTEHCMBHOCTb  yTeYkM  byaetr  oTobparkeHa

HenocpeacTtBeHHO Ha TEYEUCKATENE.

7.3.2 NposepkKa nomeweHnem ob6beKrTa B
060/104KYy BaKYyMHbIM METOA0M

a) Hexkectkas o6on0uKa

OTKayaHHbIX  (NoA  BaKyymMoM) MpOBepsemblit
0b6BEKT, COeMHEHHbIN c Teyenckatenem,
NOMELLEH HEXeCTKyto 060/104Ky. MNepes Tem Kak
3anoNHUTL 060JIOYKY resiMem, oHa MaKCUMMasbHO
NPUKMMAETCS K MPOBEPEMOMY OOBEKTY, A/1A TOro,
yTobbl YAA/NNTb, HACKOJIbKO 3TO BO3MOXHO,
UMeloLLLENCA B HEN aTMOCEPHbI BO3AYX.

Mog 060/104Ky 3aMyCcKaeTca reanii U BCA BHELLHAA
NOBEPXHOCTb npoBepsemoro 06beKTa
KOHTaKTMPYEeT C MHAMKATOPHbIM rasom (renauvem).
MHAMKATOPHBIN ra3 MOCTynaeT B NpoOBepAeMbli
OODBbEKT uepe3 HerepmeTM4yHOCTM, TEeM CaMbiM
CKNagblBAeTCA CYMMApPHasA Be/IMYMHA HaTeKaHUs.

B cnyyae NOBTOPHbIX MCNbITaHWUIA B 3aMKHYTbIX
NPOCTPAHCTBAX, cnepyet OTMETUTb, yTOo
KOHUEHTpaLMA reama B NpoCTpaHcTBe Oyaer
yBe/IMYMBaATHCA AOBOLHO HLICTPO Nocne yaaneHms
060/104KM.

LlenecoobpasHo ans «04HOpPa3oBOro
TecTMpoBaHMA» BONbWKX CUCTEM WCMNONb30BaTh
NAACTUKOBbIE NaKeTbI.

b) XecTKaa o6onouka

ecTkne 060104KM cneayetr wmCNosib3oBatb B

C/lydae TecCTOBbIX cepmﬁ ana onpeaeneHnAa
CYMMApPHOM  MHTEHCUBHOCTU  YTEUYKU.  TaKxKe
nmeetca npenmyLlecTtso, OTKa4Ku renavAa n
I'IOBTOpHOVI 3aKa4dkKHu.

7.4 WcnbiTaHWe ONPECCOBKOM, U3MepeHue
ocratoyHoro ¢poHa

METO,D, ncnosb3yeTca ana NpoBEPKU
repmeTn4yHOCTU KOMMNOHEHTOB, KOTOpble  YXKe
repmMmeTuyHbl, n BHYTpPWU 3aNO/IHEHHbI
MHOUKATOPHbIM rasom. B KauecTBe npumepa moryrt
6biTb - Hanpumep, Kopryca  MUKPOCXEM,
TPAH3UCTOPbLI, JNa3epHble AMoAdbl, A3bl4KOBbIE

repKOHbI, KBapLLeBble reHepaTopsbl. MIx nomeLLatoT B
COCyZ, 3aMoNHEHHbIV rennem nog aasneHvem (5-10
6ap). dnemeHTbl NpU HaAUYUU HErepMeTUYHOCTU
HacblWwatoTcs NHAWKATOPHbLIM rasom 3a
onpepeneHHoe Bpema. [lpouecc HasbiBaeTcA
«OMNPEeCCOBKOMY.
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Ona npoBepkM repmeTUYHOCTM, nNpoBepAemble
06bEeKTbl MOMELLATCA B  BaKyyMHOW Kamepe
(»ecTkaa 0b60n104Ka) NOCNE «OMPECCOBKUY, U - KaK
ONUCaHO B METOAEe WCMbITaHUA B  XeCTKoW
060/104Ke, B COOTBETCTBUMN C BaKyYyMHbIM METOA0M
— TMpPOBEPAIOT MX CYMMapPHYI WHTEHCUBHOCTb
yTeukun. MNpu nposepke 06beKTOB C 60AbLIMMMU

HEerepmMeTUYHOCTAMM, TepAT OONbLYKD YacTb
HaKOM/JEHHOrO WHAMKATOPHOrO rasa BO Bpems
BAKYyMWUPOBaHUA  BaKyyMHOM  Kamepbl 40

Tpebyemoro faB/eHMA BKAKOYEHUA Tedeuckartens,
NO3TOMY TeYeUCKaTe b HE MOKaXKET yTeyek.

Takum ob6pasom, paa npoBepKU uU3Zenun ¢
60nblOII HerepmMeTUYHOCTbIO AAHHbIA CNocob
OMpPeccoBKU U U3MepeHuUsa obLye

8 NMpombiwneHHoe UCNbITaHUE HA FepMETUYHOCTb
MpOMbIW/IEHHbIE UCMbITAHUA Ha FePMETUYHOCTb C
NCNoab3oBaHMEM renuvs B KayecTBe
WHAMKATOPHOrO rasa XapaKTepusyloTca npexae
BCEro TeM, YTO CamM MOAY/b TeYEUCKaATeNA AOJIKEH
6bITb NMOMIHOCTbIO WMHTEerpMpoBaH B
NPOW3BOACTBEHHYIO NMHUIO. B x0a4€e pa3paboTku U
KOHCTPYMPOBaHUM TaKnx UCNbITAaTENbHbIX
YCTaHOBOK, AOJIKHbl MPUHMMATLCA BO BHUMaHMe
KOHKpPETHble 3a3a4ayu, KoTopble MOryT ObITb
pas3nYHbI (Hanpumep, UCNbITaHUA Ha
repmMeTMYHOCTb aBTOMOBMUbHbIX KOJIECHbIX AMUCKOB
6eckamepHbIX LWWH, TOMAUBHbLIX 6akoB WAM
MCMNbITaHUA Ha FePMETUYHOCTb KOMMOHEHTOB ANA
KOHAMLUMOHMPOBAHUA BO3AyXa WM UCMbITaHUE Ha
repmMeTMYHOCTb MEeTaNIMYEeCcKnxX boyek).
MpoBepsemblie AeTanM MNOAAOTCA Ha Y4yacToK
NnpoBepKu repmMeTMYHOCTH (cnbiTaHme c
NomeleHNnemM B  KeCTKylo 000/104Ky), rae
BbINONHAETCA  MCMbITaHWE Ha [epPMETUYHOCTD,
nocpeacTBOM KOHBeMepHOM cuctembl. [etanu,
KOTOpPble UMEIOT YTEYKM MOTYT OOHapPYHKMBATLCS U
0T6paKoBbIBATLCA OYEHb ObICTPO.

MocKoNbKy 3aTpaTbl BCErAa UrPaloT BaXKHYO PoJib B
cnyyae NPOMbILL/IEHHOIO NCNbITaHUS Ha
repMeTUYHOCTb, NOTPebAEeHME renmnsa A0JIKHO ObiTb
HaCTOJ/IbKO HU3KMM, HAaCKO/IbKO 3TO BO3MOMHO. 3TO
AocTuraeTcs, Hanpumep, C NOMOLLbIO
NCMNONb30BaHUA CMECU FreIns U BO34yXa B KayecTse
ucnbiTatenbHoro rasa smecto 100% renua.
KoHueHTpauma renma c¢ (He) onpeaensetcs
napuuanbHbiM  gasneHnem renams p  (He) (=

fJaBfeHne reva B CMeCH) MO OTHOWEHWUIO K
obwemy gasneHuio p (= AaBneHue  cmecu
renunin/sosayx):

c(He) = p(He) / p = p(He) / [p(He) + p(Bo3ayx)]
MHTEHCUBHOCTb YTEYUKM 01, display MPOMOPLIMOHANBHA
¢ (He) wn nponopumoHanbHa  «WUCTUHHOW
MHTEHCUBHOCTU  yTEYKU» (., KoTopasa 6yaer
namepaATbca npu c (He) = 1.
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MpuMmeHaeTcA cneayroLLan 3aBUCMMOCTb:

qu, display = €(He) -

B pBaHHOM MeToAa yMeHblieHUA noTpebneHus
reava, OAHAKO, BCErga Ba)HO NpPOBEPATb,
HaXoAMUTCA /I «YMEHbLUEHHAA WHTEHCUBHOCTb
yreuku» c¢ (He):q, no-npexHemy B npepgenax
gonyctumoro pabouero AuanasoHa YCTPOMCTBa
ONA 0OHapy)KXeHUA yTeuKu U MOXKET In No3ToMy
3TO 6bITb NPaBU/ILHO OTOBpPaXKeHOo

MpeumyLLecTBa NPOMbILLZIEHHOTO MUCMbITAHUA Ha
repMeTMYHOCTb C MUCNO/Ib30BaHUEM renus B
KauecTBe UCNbiTaTeNbHOro rasa MOXHO
cbopmynumpoBaTtb caeayolmnm obpasom:

- MUHMMaNbHLIN Npeaen onpesensieMoin yTeucKu
reJIMeBbIM TeYEeUCKATENEM 3HAUYUTENIbHO HUMKE,
Yyem  HerepMeTUYHOCTW,  KOTopble  LO/XKHbI
0bOHapy»Xu1BaTbCA Ha NPaKTUKE.

- CymmapHas npoBepKa Ha repMeTUYHOCTb TaK¥Ke
nosgonsieT ObOHapy)KMBaTb MUKPOCKOMUYECKME W
CBA3aHHbIE C MOPUCTOCTbIO MaTepMana yTeuKMu.
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- Mpoueaypa MCMbITaHWA M NOCAeA0BaTE/bHOCTb
MCMNbITaHUA MOTYT 6bITb aBTOMaTU3MPOBaHbI.

- Uuknnuyeckas, aBTOMaTMYecKas nNpoBepKa
CUCTEMbI TECTMPOBaHWUA ObBecrneyunBaeT BbICOKYHO
HaAeHOCTb TECTUPOBaHWA.

- Tenunit ABNAETCA HETOKCMYHBIM M HEOoMacHbIM
rasom

- KonnyectBeHHbIN pe3ynbTaT UCMbITAHUA MOKEeT
6bITb GbICTPO M /IETKO 33[0KYMEHTUMPOBAH BMeCTe
CO BCEMM NapameTpamu npoLecca.
MpombiLnieHHble UCMbITAHUA HA FePMETUUYHOCTb C
MCMNONb30BaHUMEM T[e/IMeBOr0 TeyeucKkatena u
renva B KauecTBe MHAMKATOPHOrO rasa NpPuMBOAAT
K 3HauUTEeNbHOMY BbIUrpbiWy BO BPEeMeHU
(ANUTENbHOCTM LIUKIOB BCEro HECKONBbKO CEKYHA)
M  3HAUUTENbHOMY MOBLIWEHUIO HAAEXKHOCTU
ucnbiTaHKUA. MosTomy, B TEXHOJOMMYHbIX
npou3BOACTBaX OT  TPaAWLMOHHbLIX  METOAOB
MPOMBILLJIEHHOTO MWCMbITaHUA Ha FePMETUYHOCTb
BaKYYMHbIX M34eNUIM, TaKMX KaK «BOAAHAA BaHHa»
M KUCMbITaHWE MbIJIbHOM MEeHOM» Ha NPaKTUKe YiKe
B OCHOBHOM OTKa3a/nCb.
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9 ®opmybl NO TEXHUKE TeYEeUCKAHUA
9.1 flaBneHue rasa u eaMHULbl U3MEpPEHUA faBNeHUA
Mop paBneHnem rasa nogpasymeBaeTcs BO3AENCTBME rasa Ha CTeHKy (cornacHo DIN 28400):
DasneHune (P)= Bennunna cunbl (Fy) Ha eguHuuy nnowagm (A)
P=F\/A

B cucteme CU gasnenue(P) B Ma. TakKe BO3MOXKHO UCMO/1b30BaTb e4MHULbI 6ap. B BaKyyMHOM TeXHON0OrMuK
NPUHATO UCMO/1b30BaTb eAMHULLYY U3MmepeHus munanbap (meéap).

1Na=1 H/m?

1 6ap=1000 mb6ap=10°TMa=10° Ma/m?

1 m6ap=100Ma=1rNa

EAnHMLbI u3meperna cunbl: 1H = 1 kr/m?

EanHMLbI u3meperuna nnowaamn: 1m?, 1ecm?, (1m*=10,000cm?=10%cm?)

9.1.1 NapuunanbHoe gaBneHne — obwee gasneHue

Mpumep ana cmecw rasa: Bo3ayx

HopmanbHoe gasnenue: P,=1013,25 mbap

HopmanbHoe Temnepartypa: T,=273,15 K

YHuBepcanbHas ra3osas nocroaHHan: R=83,145 (mbap-n)/(monb-K)
MonapHbIin 06bem naeasnbHoro rasa: Vy ,=R-T,/p,=22,14 n/monb
O6vem Kamepsbl: V=100,00 n

Lna cyxoro Bo3ayxa npu p,: Tn: V=100n

KomnoH CocrtaB Macca MonapHaa macca  MonapHaa gona MapuunanbHoe
eHT (KoHLEeHTpaLms) nasneHue
N c=yi/y  m=(M/Vu,)V-c M; yi=mi/M, M6ap
r r/moJib MO/b
1 N, 78,10% 97,609 28,013 3,484 791,87
2 0 20,90% 29,837 31,999 0,932 211,91
3 Ar 0,90% 1,604 39,948 0,040 9,13
4 CO, 0,03% 0,065 44,010 0,001 0,33
5 H, <1,0-10°% 0,000 2,013 0,000 1,0-10°
6 He 5,0:10"% 0,000 4,003 0,000 5,1-10°
7 Ocr. 0,07%
Bcero 100% 129,116 28,959 4,459 1013,25
m=3m; M=m/y y=2yi Posu=2ipi



OcHoBbI TeyenckaHus ot Leybold GmbH

9.2 Konnyecrso rasa

KonnyecTBo raza=gasnexue - 06vem = p-V=pV — eAnHULbI U3mepeHna mbap-n
9.2.1 YpaBHeHMe COCTOAHUA ANA UaeanbHOro rasa

p-V=(m/M)-(R-T), rae

P — paBneHue rasa B mbap

V — o6bem 3aHMMaeMblin rasom, N

m — macca rasa, r

M — moneKynapHan macca rasa (MoneKynspHblit Bec), r/monb

T —TemnepaTtypa raza s K

R — yHMBepcanbHas razosaa noctosiHHaa = 83,145(mbap-n)/(monb-K)

9.3 Ma30Bbliii NOTOK

[a30Bbli NOTOK Q paBeH U3MEHEHMIO KOIMYECTBA ras3a Cc TedeHrnem spemeHn= A(p-V)/At, eanuHnubl
nsmepeHua mbap-i/c, rae At — nepmog BpeMeHn B CEKyHAAX, C

9.3.1 MaccoBblit pacxop, rasa
Q= A(p-V)/At=(Am/At)-(R-T)/M
cnepgosatenbHo, Am/At=(Q:-M)/(R-T), r/c

9.4 CKOpOCTb OTKAYKMU

CKOpOCTb OTKauKM S A1 BaKyyMHOrO Hacoca npu BXOAHOM AABNEHUU P,
PaBHO ra3oBblii NOTOK/BXOAHOE AasneHue = Q/p,=S(p,), n/c, m*/u
MpeobpasosaHue n/c <=>m*/u

1n/c=3,6 M3/u

1m3/u=1/3,6 n/c=0,28 n/c

, rae Q - ra3oBblii MOTOK Yepe3 BaKyyMHbI Hacoc B Mbap-n/c

P, - AAB/NEHME HA BXOAE B BaKyyMHbI Hacoc B mbap.

9.5 YpoBeHb Teun (BeNIMYnHA YyTEeUKH)

BesinumHa yTeuka g, = ra3oBblil NOTOK Yepes CyLLLEeCTBYIOLLYIO HErepMEeTUYHOCTb, Mbap-/1/c

9.5.1 YpoBeHb Teuu (BennMunHa yTeuku) 4na MeToA0B NoBblleHnA/nageHua AasneHus
BenuunHa yteuka q.= A(p-V)/At=V-( Ap/ At), 7. K. V (06bem) HEM3IMEHHbIN,

eaANHULbI M3MepeHus mbap-n/c

, roe V — obbem npoBepAaemoro o6bema, n

Ap — pa3HuUa AaBNeHMA B NpoBepAeMOM 06beME MO NPOLLECTBUIO BpemeHu At, mbap

At — NpoMmeKYTOK BPEMEHM, C

9.6 KOHUEeHTpauua MHAMKATOPHOrO rasa

KoHUeHTpaLumsa MHAMKAaTOPHOTO rasa Crg PaBHa OTHOLIEHMIO NapLManbHOro AaBNeHMA ra3a Ha obuee
(cymmapHoe) paBneHme cmecu

Crc= piTG/ pPr-100%
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9.6.1 OnpepeneHne ypoBHA T€YUN NMPU CHUKEHUU KOHLEHTPALUN MHAUKATOPHOrO rasa

ypOBEHb TeYN qudisp OTO6pa)KBEMbII7I renneBbiMm Te4YeUCKaTesiem paBeH MNpoun3BeaeHUIO KOHLUEHTpauun

WHOMKATOPHOrO ra3a Ha noJlyd4eHHbIN YPOBEHb TeUM gy,

Qu,disp=Crc"qL

, TAe Crg- KOHLUEeHTpauma MHAWKATOPHOro ra3a

pitc — NapLuManbHoe faBaeHne MHANKATOPHOrO rasa, mbap

pr — CYMMapHoe AaBfeHne cmecu rasa, mbap

Ougis — YPOBEHb TEUM OTOBpPAXKaemblit Ha Aucnaee Tedenckatens, mbap -n/c

gL — UCTUHHbIN YpoBeHb Teun (Npu KoHueHTpauun cmecn 100%, cre=1), mbap -n/c
9.7 3aBUCMMOCTb NOTOKA OT TemnepaTypbl

[nA NamMUHApPHOro peXxnma TeyeHus

au (Tz)'(T2)1/2=QL (To)-(Ty)¥?

[Na MONEKYNAPHOTO pexnma TeyeHus

au (T2)-(To)Y*=qu (T4)-(T2)¥?

, rae q. (T1) — ypoBeHb Teun nsmepeHHbIit npu TemnepaType T,, m6ap -n/c
q. (T2) — ypoBeHb Teun nsmepeHHbli npu Temnepatype T,, mbap -a1/c

T, — Temnepatypa Ty, K

T, — Temnepatypa T,, K

9.8 3aBUCMMOCTb YTEUKU OT AaB/IEHUA UHAUKATOPHOrO rasa

[OnAa naMMHaApPHOro pexxuma TeueHus

q.:=qn ‘(ps>Pa’) — 418 AaBAEHUIA HUXKe aTMOocdepbl

q:=qn ‘(pa>ps’) — 418 AaBAEHWIA Bbilwe aTmochepbl

OnAa monekynapHoro pexxuma TeueHus

ad=qn ‘(ps-pa) — ANA nasneHnn HUKe aTMmocdepbl

0.=0n ‘(pa-ps) — 414 AaBneHnit Bbiwe aTMochepsl

, TOe g.— YPOBeHb yTeuku, mbap -n/c

MHAMKaTOPHbIM ra3 naeT U3-3a pasHOCTM NapuManbHbIX 4aBAEHUA Pghl Pa
gn — BE/IMYMHA CTaHZAPTHOM Teun , mbap -n/c

MHAMKaTOpPHbIM ra3 TeyeT No pasHocTu gasneHuii 1 6ap k 0 6ap

ga — NapumanbHoe AaBneHWe BHYTPU NpoBepsemoro obbekrta , 6ap (abc)
gs — NapuuranbHOe AaB/ieHWE CHapyKM NpoBepsemoro obbekTta , 6ap (abc)

9.9 3ameHeHUe TUNa rasa
,U,ﬂﬂ NNAMUHAPHOro peXxXuma Te4yeHua

q LgasA" ngas A=q LgasB" ngas B

,Cl,nﬂ MONEKYNIAPHOro pexXuma Te4yeHunA
1/2_ . 1/2
qL,gasA'(MgasA) / —qL,gasB (Mgas B) /
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Ta6n14u,a MOJTIERYTAPHbIX MacC K BA3KOCTEW rasos

Tun rasa O603HauyeHune MonapHaAa macca BsiskocTb npu 25°C
, r/monb nv (25°C)[10°® Na-c]

Bogopos H, 2,0 8,9
Fenun He 4,0 19,7
MeTaH CH,4 16,0 11,2
AMMMak NH;3 18,0 9,5
HeoH Ne 20,2 31,6
MoHoKcung, yrnepoaa Cco 28,0 17,7
Asot N, 28,0 17,9
Bo3ayx 29,0 18,3
Kucnopog, 0O, 32,0 20,5
Xnopua Bogopoaa HCL 36,5 14,6
AproH Ar 40,0 22,8
YrneKkuncnbliii ras CO, 44,0 148
R23 CHF; 70,0 14,8
Xnop Cl, 70,9 13,6
R14 (sHporas) CF, 80,0 174
KpunteH Kr 83,8 25,5
R22 CHCIF, 86,5 12,8
docreH cocl, 98,9 11,0
R134a CH,FCF; 102,0 14,1
R13 CCIF,4 104,5 14,5
R502 CHCIF,/CCIF,-CF? 111,6 12,8
R12 CCIF, 120,9 12,7
KceHoH Xe 131,3 23,2
R11 CClsF 137,4 11,0
lekcadTopuacepsol SFe 146,1 15,7
R13 B1 CBrFs 148,9 14,4

9.10 MepeBoOA, YTEUKU }KUAKOCTU B ra3oBYIO YTEUKY

igas=C Qi (p1+p2)/2

, TOE Ougas- YPOBEHb YTEUKM MO rasy, mbap -n/c

Quu- YPOBEHb YTEUKM MO MUAKOCTH, CM>/C

C - N/ Ngas NOCTOAHHAA BeLLeCcTBa

P1,P2- AaBJIEHMNE XKUAKOCTM NO 06€e CTOPOHbI Teuun, bap
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9.10.1 KoHcTaHTa BewecTsa ¢

Beuwiectso MnoTHOCTb p dopmyna c (Bo3ayx) ¢ (renni)
(20°C), r/em?®
Boga 0,9982 H,0 55 50
TeTpaxnopwug yrnepoaa 1,5950 ccl, 101 93
3taHoN 0,7893 CH5CH,OH 55 61
BeH3uH 0,8990 CeHe 90 83
ConaHasa Kncnota, 36% 1,1791 HCL 109 101
CepHaa Kucnota, 60% 1,4987 H,SO, 323 298
AueTtoH, 10% 0,9849 CH3COCH; 68 63
Ammuak, 10% 0,9575 NH; 62 57
rnnuepuH, 15% 1,2600 81 75
FnuuepuH, 6e3 H20 1,2611 C3Hs(OH)3 9,62 104 8,86 104
MeTaHon 0,7917 CH;0H 32 30
ITUNEH TNNKONb 1,0765 C,H,(0OH), 275 253
PTyTb 13,55 Hg 53103 49 103

9.11 CooTHOLIEHUA B peXKUme pasaenieHUA NoToKa

Y=Sio/' SLD+SPF=qL,disp/ qu

Ouaisp=Y" v, T€ Sip- CKOPOCTb OTKAYKM Teyeuckatens, i/c

Spr — CKOPOCTb OTKa4KK A0NoHMTeIbHOro(napanaenbHoro) Hacoca, A1/c
Ouaisp — BEMYMHA YPOBHA Teun oTobparkaemas Ha Tedenckatene, mbap -n/c

gL — UCTUHHbIW ypoBeEHb Teun, mbap -n/c

9.11.1 Bpemsa oTKAUKaA

B ycTaHOBMBLUEMCA pPeXMME BPEMA OTKAUKA 415 0TOBPaXKeHUs BeINYMHbI yTeuykn 95% oT MaKcMmanbHOM.
tR,95%=3'V/Seff

B ycTaHOBMBLUEMCA peXMME BPEMA OTKANKA 417 0TOBpaXKeHUA BeNYMHbI yTeYKN 87% OT MaKCMManbHOMN.
tR,87°o=2'V/ Seff

B ycTaHOBMBLUEMCA peXMME BPEMA OTKANKA A1A 0TOBpaXKeHMA BENYMHbI YTEYKN 63% OT MaKCMManbHOWN.
trea%=1"V/Sess

, Tae V —obbem npoBepsemoro o6bekTa, /i

Seff— 9GPEKTUBHAA CKOPOCTb OTKAYKM NPOBePAeMOoro o6bekTa, /i/c

9.12 Bpemsa OTKa4yKu

dopmyna ana onpeseneHns BpemeHM OTKauKu OT AaBNEHUA Puay 4O Puon MOAXOAUT TONBKO ANA AABAEHUN
Bbiwe 0,01 mbap M NOCTOSAHHOM CKOPOCTM OTKAYKe Ha BCEM AMANA30HE P ay 4O Pron

t(pHaH = Pron )=V/Seff'|n(pHaH/pK0H )

, rae V — obbem npoBepsieMoro o6bekTa, /i

Serf — 9pdeKTNBHAA CKOPOCTb OTKAUYKM NpoBepAemoro obbekra, /i/c
Puay - HAYANbHOE AAaBNEHME B OTKAYMBAEeMoOM ob6beme.mbap

Puow - KOHEYHOE AaB/ieHWe B OTKaunBaemom obbeme, mbap
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9.12.1 Heo6x0AUMan CKOPOCTb OTKAUYKM

dopmyna ans onpeaeseHns BPEMEHN OTKaUKM OT AaBAEHUA Puay 4O Prow NOAXOAUT TONBKO A/1A AABNEHWNA
gbiwe 0,01 m6ap M NOCTOAHHOW CKOPOCTU OTKAYKe Ha BCEM AMANA30HE Puay 40 Prox

Seff(puaq 9 pKOH )=V/t'2;3|0g(pHaw/pK0H )

Seft(Pras = Pron )=V/tIN(Prau/ Pron )

, roe V —obbem npoBepAaemoro o6bekTa, N

Seff— 9PPEKTUBHAA CKOPOCTb OTKAUYKM NpoBepsaemoro o6bekTa, /i/c
Puay - HAYa/IbHOE AaBJ/iEHWE B OTKaUMBaeMom obbveme.mbap

Pron - KOHEYHOE fiaB/IeHME B OTKaYMBaeMom obbeme, mbap

9.13 MNpeobpasoBaHue egUHUL, USMEPEHUA AABNEHUA

HopmanbHble ycnosus: 0°C, Ha ypoBHe MopS, AaBieHue
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9.14 MNpeobpasoBaHue egUHUL, USMEPEHUA NOTOKA rasa, yTeuku
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9.15 MpeobpasoBaHue AHrNO0-AMEPUKaHCKUX eAUHUL, U3MepPEHUnA
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9.16 Mpeobpa3oBaHue egUHUL, USMEPEHUA TEMMNEPATYPbI
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9.17 CpasHeHuMe LWKan Temneparyp
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9.18 OcHOBHbIEe ra3oBble 3aKOHbl U 3aBUCUMOCTHU

p-V=const
V=Vo(1+31'e*)
p=po(1+R,-6*)

Y iPi=Pobuy

ar ms

[na T=const (M30TepmeyecKmnin)
Ona p=const (1306apHbIN)

[na V=const (M30XOpHbIiA)

(AanabatHbIN)

OcHoBbI TeyenckaHus ot Leybold GmbH

3aKoH boiina-MapuoTtTra
3akoH lei-Jltocaka
3aKoH AMOHTOHA

3akoH JanbtoHa

3akoH lNyaccoHa

3aKkoH ABoragpo

OcHOBHOe ypaBHeHMe COCTOAHMA
naeanbHOro rasa

YpasHeHune BaH gep Baanbca

(ypaBHEHME COCTOAHUNA peanbHoro
rasa)

a,b — noctoAHHbIE (3aBUCAT OT
fnasneHun, obbema)

Vi — MONAPHbBIA 06beM

YpasHeHue Knay3sunyca-KnainepoHa
L —UcxopAawaa TennoTa
T —Temnepatypa ncnapeHua

Vus; Vi — MONAPHBIYA 06bem napa u
KUOKOCTU
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