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2.3.1A CoBpeMeHHBIE Cpe/ICTBA MOTYYCHUS U UBMEPEHUS BaKyyMa

Bepens 0.2.2 ot 10 eppans 2018 rona*

W3y4aroTcst MPUHIKIBI TOJIYYEHUSI ¥ M3MEPEHHs BaKyyMa B SKCIIEPUMEHTAJIBHOM CTEHJE Ha OCHOBE
KOMITAaKTHOTO 0e3MacisSHOTO BBICOKOBaKyyMHOTo otkaunoro mocra Pfeiffer Vacuum cepun HiCube 80
Eco, Bakyymerpos Pfeiffer Vacuum cepun DigiLine u Bakxyymubix kommonentos tumos 1SO-K, 1SO-F,
ISO-KF.

Kax yumamo nocobue

TeopeTndeckoe BBEICHHE U ONMCAHHE COCTABIICHBI C TAKUM PAcUYETOM, YTOOBI CTYAEHT MOT IOIY4YHTh
SICHOE TpEJCTaBJICHHE O JIADOpAaTOpHOM paboTe | M3yyaeMOM SIBJICHMM ¥ BTOM Cllydae, Korja
BBITIOJTHEHHE pabOoThI OIepexaeT TeopeTHdecKuii kypc. TeM He MeHee, NPpU TMOATOTOBKE K BBIIOJHCHUIO
7a00paTOpHOH PabOTBl MOKHO TPOMYCTUTH pa3Zeibl, MTOMEYEHHbIC 3Be3104uKoi (¥). OmHAKO CTOUT
BEPHYTBCS K MX MPOYTECHHIO THepen oOpadOTKOIM HSKCIEepPUMEHTAJIbHBIX NaHHBIX M MOATOTOBKE OTYETa
0 1abopaTopHO# paborte.

3aZ[aHI/I$I, IIOMCYCHHBIC 3B€3£[OIIKOI>’I (*), TOKC CTOUT BBIIOJHATH TOJBKO HNPHU HAJIUYHUU AOCTATOUYHOTO
BpPCMCHU, HpI/I06peTCHHOF0 OIIbITa U YKa3aHUHW NPETIOoJaBaTCIId.

ITocobue cHaOxeHO HGO6X0)_II/IMI>IMI/I CIIpaBOYHbBIMU MaTCpUalaMU, MPUBCACHHBIMH B MPUJIOXKCHHUAX, a
TAaKX€ B CHOCKax. O6paLuaI71Tec5 K HUM 11O MEpC HCO6XOI[I/IMOCTI/I 1 UHTCPECA K er'IY6J'IeHHOMy HU3YUYCHHIO
MaTtcpuala.

BBenenune

1. OcHOBHBIE XapaKTEPUCTUKU U 00JIACTH IPUMEHEHUS BaKyyMa

B dwusuke saxyymom Ha3pIBalOT COCTOSIHUE ra3a, MPU KOTOPOM XapakTepHas JJIMHa CBOOOIHOIO
npobera Moiekya B raze A cpaBHMMa IO TOPSAKY BEJIUYUHBI C XapaKTEPHBIM JIUHEHHBIM
pasmepoM cocyaa d, B KOTOPOM ra3 HaxomuTcs. Jlisi BO3LyXa IPH HOPMALbHbIX YCIOBUAX
A~ 107> cM, OTKyJa BHIHO, YTO BO3JAYX B KUIBIX MOMEIICHUSIX HE HAXOAUTCS B COCTOSHHU
BaKyyMma, HO, HalpuMep, BHYTPH TMOPHUCTHIX MATEPUAIOB, TAKUX KaK JPEBECHHA, YKE MOXKET
HAXOJUTHCSI B COCTOSIHUU BaKyyMa.

B TexHUKE BaKyyMOM Ha3bIBAaIOT COCTOSIHHE Ta3a NpU KOTOPOM €ro JaBJICHHWE MEHBIIEe
atmocdeproro (P < P,,). Pasmuuaior criemyiomipe THIBI BaKyyMma: Hu3Kull, KOTJa CPEIHSS
JUTMHA CBOOOJHOTO MpoOera MOJIEKYJ raza 3HAYUTEIBHO MEHBIIE XapaKTepHOTO IUHEHHOTO
pasmepa paccmarpuBaeMoro o0wéma, T.e. A < d; cpednuti, xorna A~d; ewicokuii (AIU
riybokwuii), korma A >> d (puc. 1). MHOrAa BBIAEISIOT CIIE C68epX8blcOKUL BAKYYM, ITPH KOTOPOM
HE TPOUCXOAMUT 3aMETHOTO HM3MEHEHHUS CBOWCTB IOBEPXHOCTH, MEPBOHAYAILHO CBOOOIHOM
OT a/ICOPOMPOBAHHOTO Ta3a, 3a BPEMs, CYIIECTBEHHOE Ul MPOBEICHUS dKCIepuMeHTa. ['a3 B
COCTOSIHUHM BBICOKOT'O BaKyyMa Ha3bIBACTCS ) IbMPAPA3PeHCEHHBIM.

! PaGora maxommrcs B CTamMM TeCTHpOBaHMA. Il0 BCeM BONpOCAM, CBSA3AaHHBIM C PabOTOil YCTAHOBKH,
KOPPEKTHUPOBKOW ¥ JOIOJHEHUEM OMUCAHUSI, TPEIUIOKSHUSIMH 10 M3MEHEHHUIO WM YIIYYIISHHIO 3alaHui 1pochba
HAIpaBJIATh 10 ajpecy raraavis@ihed.ras.ru.

2 dusHuecKHe YCIOBHs, onpeaeseMeie napnerneM p = 101 325 ITa (760 M pr. cT., HOpManbHas atMocdepa) i
temneparypoit t = 273,15 K (0°C). B paznuuHpIx 001aCTIX TEXHUKH YCIOBHS HOpMUpPYIOTCs cTaHngaptamu ['OCT
wi 1SO ¥ MOryT HE3HAYUTEIBHO OTIUYATHCS OT HMPUBCIACHHBIX 3HAYCHHN, YTO HEOOXOIMMO YYHUTHIBATH IPH
HCIIOJIb30BaHUH CITPABOYHBIX TAHHBIX WK B pacuéTax.
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2.3.1A CoBpemeHHble cpeacTsa NoaydYeHUA U USMepPeHMa Bakyyma

i<d i==D
Huakni Bakyym Bricokui Bakyym

- CBEpXBLICOKUIA BaKyyM Boicoku Bakyym | CpeaHui Bakyym | Huskwit Bakyym l

10" 10" 10" 10 10° 10° 107 10° 10° 10% 10° 10° 10 1 10' 10° 10° 10' 10°Ma
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Puc. 1. ITonstue o Bakyyme

Ha mnpaktuke, KpoMe eIuHHUIBI uU3MepeHus nasieHus B cucteme CU — [ [lackane (Ila),
UCTIONB3YIOTCSL TaK JK€ W BHECHUCTEMHBIC EIUHUIIBI, Takue Kak Topp, muiubap (moap),
ammocghepa W 1., CBS3aHHbIE ciexyroumm oopasom [1]°%:

1 tex. ar™. = 1 kre/cm? = 98,0665 kITa = 0,980665 Gap,
1 ¢wus. atm. = 760 Topp = 101,325 kIla = 1,01325 6Gap,
1 6ap = 10° gu/em® = 0,1 MITa.

Cdepa npuMeHEHUST BAKYYMHON TEXHUKH M TEXHOJIOTHH CTPEMHUTENIBHO paciupsiercs. Bakyym
SIBJISIETCSL MJICAIBHO YHMCTOM TEXHOJOTMYECKOM Cpelod, B KOTOPOM MOYKHO OCYLIECTBUTH
INEKTPOXUMHUYECKHE U BIEKTpo(HU3MUecKre NPOLEecChl MPU  HU3TOTOBIECHUU  W3JEIHM,
UCIIOJIb3YEMBIX B PA3JIMUHBIX OTPACISIX MPOMBIILIEHHOCTH. HOBbIE TUIBI MOTYNPOBOIHUKOBBIX
CTPYKTYp, 0CO0O YHCTbIE MaTepHajbl, CIUIABbl, CHEIHAbHbIC MOKPHITUS HU3TOTABIUBAIOTCS B
BaKyyMe.

HekoTtopeie mnpumepbl, MO3BOJSIOUIME IMOIYYUTh MPEACTAaBIEHHE O MaciiTade HpUMEHEHUs
BAaKyYMHBIX TE€XHOJIOTHH:

- B ObiToBBIX mpHOOpax — TMPOU3BOACTBO DJIIEKTPUUYECKUX JAMIIOYEK, HAaMbUICHHUE
3alIUTHBIX TOKPBITHI HA COJHEYHbIE OaTapeu, CAHTEXHUKY U JIp.

- B numeBoit mpoMBITUIEHHOCTH — 11 IMO(DUITH3AIKH (CYyOIMMaIii) TPOTYKTOB MMUTAHUS
U /ISl BAKYYMHOH yITaKOBKH.

- B MammHOCTpOeHMM — 11 HAHECEHWs YNPOYHSAIOWMX TMOKPBITUI Ha PEXYIIHI
MHCTPYMEHT M HW3HOCOCTOMKHUX TMOKPBHITUM Ha JeTald MalluH, Ui 3axBaTa u
TPAHCIIOPTUPOBKU I[eTaJIGI\/'I B aBTOMATHYCCKUX JIMHUAX U T.AO.

- B monaynpoBOAHMKOBON MPOMBIIIIEHHOCTH — JJIsi TPOU3BOJCTBA TOJUIOKEK IS
MUKPOYHUIIOB, MaTPUL] MOHUTOPOB, CBETOJIMOAOB U JIp.

- B Hedrexumun — B mpoleccax Moy4eHUs TUCTHILIISTOB Macen U3 napauHoOB, CHUHTE3a
CJIOKHBIX 3()UpOB, pereHepalnuu pacTBOPUTENEH, MEPErOHKH HEe(PTH U CHHTE3E KUPHBIX
KHCJIOT.

%83, cp. 1829



2.3.1A CoBpemeHHble cpeacTBa NoAy4YeHUA N U3MepeHna Bakyyma

- B mMeramnyprum — uis yJaleHus U3 pacIUIaBICHHOTO MeTailia OOJbIIOro KOJIMYecTBa
pacTBOPEHHBIX B HEM T'a30B, YTO JA€T BO3MOXKHOCTH IMOJYy4YaTh IUIACTUYHBIN MaTepuan
BBICOKMMH MEXaHMYECKHUMHU CBOICTBaMH.

- B anamuTHuyeckol MPOMBINUIEHHOCTH — JUIS IIPOU3BOJACTBA CKAaHUPYIOIIMUX AJIEKTPOHHBIX
MHUKPOCKOITIOB, ~ MCIIOJIb3YeMBIX B  (papMakoJoruu Uit  oOecreueHHus KayecTBa
MEIMKaMEHTOB WM MOOMJIBHBIX CUCTEM JOIMUHI-KOHTPOJISI B CIIOPTE.

- B kocmuueckoil otpaciu — s CO3JaHUSI UMUTATOPOB KOCMHUYECKOTO NMPOCTPAHCTBA U
UCTIBITAHUS Y3JI0B, MEXaHU3MOB U IPUOOPOB KOCMUYECKHX alIapaToB.

be3 BakyyMHOH TEXHUKHM CErOAHS HEBO3MOXKHO IPEACTaBUTh JKCIEPUMEHTAJIbHBIE
UCCIIEeIOBaHUsT B 0ONAacTH (PU3MKM TUIa3Mbl, YIAPHBIX BOJH, JJIEMEHTAPHBIX YaCTHIl U JIp.
JlaGopaTOpHbIE YCTAaHOBKM C BaKyyMHBbIM OOOpYJOBAaHHEM MOIYT OBITh Pa3MELIEHbl KaK Ha
7a0opaTOpHOM cTOJIe (KaK JaHHasl yCTaHOBKA), TaK M JOCTUTaTh JMHEWHBIX pa3mepoB 10 10 km
kak boJsb1ioit aapoHHbIN Konnaﬁ/:[ep4.

* The Large Hadron Collider — http://home.cern/topics/large-hadron-collider
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2.3.1A CoBpemeHHble cpeacTBa NoAy4YeHUA N U3MepeHna Bakyyma

2. Hekotopble MOHATHUS U1l pa0OThI C BAKYYMHOM TEXHUKOU

OcHOBBI TIpoliecca OTKAYKH U CBS3aHHbBIC C HUM MOHSATHS PACCMOTPHM Ha IpUMepe NpOCTeHIeH
BaKyyMHOM CHCTeMBI (pUC. 2) B IPOIIECCE OTKAYKHU.

P, P 4 P 5
\ \ [

1 i e —
/ / \

dv, dv 3 dav,

1 — orkaunBaeMblii 00BEM, 2 — BaKyyMHBII Hacoc, 3 — BaKyyMIIpoBoA (TpyOka),
4 —BnyckHOI naTpyOka (BX0) Hacoca, 5 — BBIITYCKHOM MaTpy0oK (BBIXOM) Hacoca

Puc. 2. IIpocreiimas BakyyMHas cucTeMa

IIpedenvrnoe ocmamounoe Oasnenue (npedenvuviii axyym) P, [L'lMT'Z]5 — HauMeHbIIIee
JaBJICHHE rasza, KoTopoe (opMUpYeTCs B MPOIECCe OTKAYKH B PacCMaTPUBAEMOM CEYCHUU
BaKyyMIIpOBOJIa (paccMaTpUBaEeMO TOUYKE BAKYyMHOU CUCTEMBI).

OOBIUHO BBLACIIAOT MPCACIIBHOC JAaBJICHUC B KaMCPEC WJIM HAa BXOAC B HACOC.

Haubonvwee evinycknoe oasénenue [L'lMT'Z] — MaKCHUMaJbHO JOMYCTUMOE JAaBJICHUE raza Ha
BXOJIe Hacoca.

. . 31
Bvicmpoma omxauusaiowezo deticmeus (ckopocms omxauku) eakyymuou cucmemuvt S [L°T7] —
o0beM raza, HPOXOIAIIMIA dYepe3 paccMaTpUBAEMOE CEUYEHHE BaKyyMIIPOBOAA B EIUHUILY
BPEMEHU TP TEKYIIEM JIaBJICHUH B JAHHOM CEUCHUU:

S=dV/dt
CrnenoBaTenbHO, OBICTPOACHCTBIE HAcOCa S, ONPENesaeTCs KakK:
Sy = dV,/dt, (2.1)
a 3¢ (eKTUBHASI CKOPOCTh OTKAYKU KaMephl S,
S, = dV,/dt. (2.2)

[Tanenue naBneHus BAONb BakyymmpoBoga AP = P; — P, omnpenensieTcsi €ro MnponyCcKHou
cnocobrocmwio (nposodumocmuio) U [L3TY:

Q (2.3)

U=-——r
P, — P,

rae Q [L’MT®] — nomok zaza depes BakyyMIIPOBOL C COOTBETCTBYIOLIMMH IABICHHUSIMH Ha
KOHI[aX.

Benuuuna Z [L'3T], oOpaTHast MPOBOJIMMOCTH, HA3bIBACTCS UMNEOAHCOM BAKYyMIIPOBO/IA!

> B KBaJpaTHBIX CKOOKAaX yKa3zaHa pasMEpHOCT (u3mueckoil Benmduubl B cucteme LMT (CU, CI'C u 1p.), B
KOTOpOU 3a OCHOBHBIE BeMYMHBI IpuHATH JuinHa (L), macca (M) u spems (T) [9] (ron. X1, §86—88, ctp. 456—467).
COOTHOIIEHUS] MEX]y €MHHUIIAMH M3MEPEHHST OCHOBHBIX BEJMUYMH, NPUBEIEHHBIX B JIAHHOM pasjielie, YKa3aHbl B
mpui. [
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2.3.1A CoBpemeHHble cpeacTBa NoAy4YeHUA N U3MepeHna Bakyyma

Z=1/U.

B o6miem cinyuae ykazanubie BenuunHbl S, U, Q, Z xak u camu naBieHus P; u P, 3aBUCAT OT
BpeMeHUu. Ho B KOHIIe Tporiecca OTKauKH YCTaHABIMBACTCA KBA3HCTAIIMOHAPHBIN PEXUM, MPU
KOTOpOM IIOTOK Ta3a CTAaHOBHUTCS HpaKTI/I‘-IeCKI/I IIOCTOAHHBIM U paBHBIM KOHI/I‘IGCTBy
MOCTYIAIOIIETO B CHCTEMY Ta3a B CAWHHUILY BPEMEHH BCJCACTBUE HAIWYMs meuel, T.C.
HapyH_IeHI/I}I FepMeTI/I‘IHOCTI/I (B OCHOBHOM B MECTaX MCXAHHNYCCKOI'0O COCAMHCHUA OTACIIbHBIX
y3JI0B BaKyyMHOM cucTeMbl). i1 CTalmoHapHOrO pEeXHMa MOXXHO 3alHcaTh YCIOBHE
HEIMPEPHIBHOCTH MMOTOKA OTKAYMBAEMOTO Ta3a!

P150:PS:P25H:Q. (2.4)

N3 ypaBHenwmii (2.1)—(2.4) HETpYOHO MONYYHUTH T.H. OCHOBHOE VPABHEHUE 8AKYYMHOU MEeXHUKU,
CBSI3BIBAIOIIIEE OCHOBHBIE MMapaMeTPhbl BAKYYMHOU CUCTEMBI:

1 1 N (2.5)
So Sy U
VYpaBHenue (2.5) mo3BoyisseT TMPABUIBHO OPHEHTHUPOBATbCS B BHIOOPE CPEACTB OTKAYKH H
BaKyyMIIPOBOJIOB MPY KOHCTPYHUPOBAHUU BaKyYyMHOM CHCTEMBI JIJIsl JIIOOBIX IENIEH.

. . 20413
KonuuecTBeHHOW XapaKTePUCTHKON TeuH, sBIsieTcs Hamekanue Qy [L°MT ], usmepsemoe mpu
OTKJIFOUYEHHBIX CPEACTBAX OTKAUKHU:

(B — R (2.6)
Q=V—"7ymr——
At
rae V — 3aMkHyTBIH ucciemyeMblii o0béM; P,, P, — HayaibHO€ W KOHEUHOE /IaBJICHUE B
o0beme; At — BpeMst MeXAy H3MepeHHsMH JaBieHus. [Ipy Hamuuuu Tedei, HOpMalbHOU

paboTe cpeACTB OTKAYKU M OTCYTCTBUU B CHCTEME UCTOYHUKOB MAapOB WJIM Ta30B, 3aBUCHMOCTD
MOTOKa ra3a uepes Teub oT BpeMeHu Q(t) HoCHT, Kak paBUJIo, THHEHHBIH XapaKTep.

I[J'I}I 3aJaHHOI'O AaBJICHUA Pl B 3aMKHYTOM HCCIICAYCMOM 00BéMe AONNYCTUMBIM CHUUTACTCA
HATCKaHUC:

S,U 2.7
QH<<Q:P150:P15‘HHﬂ. ( )

O0BéM IIpH 5TOM CHUTACTCA NOCTATOYHO I'CPMETUYHLIM IJI IMOCTABJICHHLIX 3a/1aY.

Ha mpomnyckHyio cnocoOHOCTh BaKyyMIIPOBOJA CYIIECTBEHHO BIIMSET PEXKHUM TEUCHHs rasa,
KOTOPBII Xapakrepusyercsi uuciom Knyocena, paBHBIM OTHOLIEHHWIO JJIMHBI CBOOOJHOTO
npobera MOJIEKyJI B ra3e K XapakTepHOMY JIMHEHHOMY pa3Mepy TeUeHUs:

Kn = A/d.

JlaHHast BeIMYMHA XapaKTEpU3YET CTENEHb PA3PEKEHHOCTH I'a30BOr0 MTOTOKA:

- B euopoounamuueckom (8s3xocmuom) peosicume meuenus (Kn < 1) paznmugaror
JamMuHapHvle U mypoyieHmuvle TOTOKH. [Ipu J1TaMHHApHOM TEYEHHHM MOJIEKYNbl Tas3a
JBIKYTCSI TIO MapauIeIbHBIM TPAEKTOPHUSM CO CKOPOCTSIMH, MAJIO OTJIMYAIOIIUMUCS APYT
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2.3.1A CoBpemeHHble cpeacTBa NoAy4YeHUA N U3MepeHna Bakyyma

ot apyra. Ilpu TypOyneHTHOM TEYEeHMM Hapsiay C IOCTYMATEJbHBIM JBH)KEHHEM Bcel
Macchl rasza, MOJEKYJbl JBHXKYTCS XaOTHUECKH CO CKOPOCTSIMH, IOJIBEpraloliMUCS
CITyqaifHBIM H3MCHCHUSM®.

- B monexynspnom (kmyocenosckom) pescume (Kn >> 1) TedeHwe rasa CBOAMTCS K
HE3aBUCUMOMY JBUKEHUIO OTIEIBHBIX MOJEKYJ IO HPSIMBIM JIMHUSAM B IEPUOJBI MEXAY
COYJIapEeHUSIMU TJIaBHBIM 00pa30M CO CTEHKaMHU BaKyyMIIPOBO/A.

- B nepexoonom peswcume (Kn~1) B cucteMe MOTYT CYIECTBOBAaTh BCE ONMHMCAHHBIC BBIIIC
BU/IbI TEUEHUS.

B pa3HbIX pexumax TeYeHHs HPOITYCKHas COCOOHOCTh BaKyyMIPOBOJA MMEET CYIIECTBEHHO
pa3nuyHbIe 3aBUCUMOCTH OT €r0 pasMepa MONepevyHOro Ce4eHusl.

2.1.* IIpoBOAMMOCTH OTBEPCTHS B CTEHKE

B KHyICEHOBCKOM PEKHME MPOBOAUMOCTH OTBEPCTHS PAIUYCOM R OIpENENACTCS CPEIHUM
YHCIIOM MOJIEKYJI, CTAIKUBAIOLIMXCS CO CTeHKOM [2]

1 1 1P, 1P 19 (2.8)
V:VZ —V1 =—Tl219——n119 :Zﬁﬁ _Zﬁﬁ :Zﬁ (PZ _Pl)'

C IPYro CTOPOHBI:

1 (sz dN1> _1/dn;V) dnV)\ (np—ny)dv (2.9)
V=aCar T ar ) T A\ at dt | A dt
_1<P2 Pl)dV_ 1 (P, — P.)U
~A\KT kT/dt  AkT % "YU
¢ v — YuCIIO MOJ'IGKyJ'I nponeTanme qepe3 G,Z[I/IHI/II_[y Iiomaan OTBepCTI/IH 3a G,Z[I/IHI/II_[y
BpPEMEHH, A — TUTOIIAIb OTBEPCTHS, N — KOHIICHTPAIUSA MOJICKYJ, ¥ — UX CPEIHSS CKOPOCTb,
T — rtemmneparypa raza, k — moctosiHHass bonbliMana, WHIEKCH 2, 1 OTHOCATCS K MOTOKaM

MOJIEKYJI [10 pa3HbIE€ CTOPOHBI OTBEPCTHUS.

W3 ypaBuenuii (2.8) u (2.9) momyunuM BeIpaxeHue ISl IPOBOIUMOCTH OTBEPCTHS:

1 1 skt [T (2.10)
UOTB = ZA19 = ZT[R %"'R m

rae R — paauyc oTBepTHsl, m — Macca MOJIEKYJIbI rasa.

Jlis BSI3KOCTHOTO pexkuMa, (OpMyJbl MPOBOJUMOCTH 3aMKCHIBAIOTCS MHOIO CJIOXHEe, U X
paccMOTpEeHHE BBIXOIUT 38 PAMKH JJaHHOI paboThI.

® Pexum TeueHus omnpezensiercst ynciaom Pelinonbaca Re = pul/n — 6Ge3pa3zmepHoll koMOMHALNEH XapaKTEPHBIX
rapameTpoB TeKyLIel )KUAKOCTH, Tae | — XapakTepHbIid pa3Mep mnornepedHoro cedenus. 1o mopsiiky Bexnunnsl Re
€CTb OTHOUICHHE MOIIHOCTU IOTOKAa KHHETHUECKOW DSHEpPruM TEKyLIero ra3a K MOIIHOCTU CHJI TpPEHUs,
o0ycyoBienHbIx HamuuueM Baskocth [9] (r1. X1, §98, ctp. 511-516). Tlpu maneix Re (Re < Rey, = 2 - 103) —
BO3MOXKHO TOJIBKO JJAMHHAPHOE TE€USHHUE, IIpH OONBIINX Re, TeueHne MOXKeT cTaTh TypOyJICHTHBIM.
. VI, §75, ctp. 265-270

10



2.3.1A CoBpemeHHble cpeacTBa NoAy4YeHUA N U3MepeHna Bakyyma

2.2.* [IpoBOAMMOCTD ITTMHHOTO TPYOOIIPOBOIA

[MpoBogumocTs  aauHHOTO TpyOompoBoma (L >> R) B THAPOJMHAMHYECKOM  PEXKHME
orpezenseTcss BA3KOCTHBIMU XapaKTEPUCTHKAMU Ta3a M MOXET ObITh HojlydyeHa u3 (popmysibl
Iyaseiins (cM. Hamp. TaGopartopryio pabory Ne2.2.5 [3]°):

Q@  mR* R* P (2.11)
P P,—P 81l L \Tm
rae P — nmaBieHue B paccMaTpUBaEcMOM CEYCHHHM TPYOBI (MOXKHO paccMaTpHBaTh KakK CpeaHee

1o JUIMHe BakyymmpoBojaa aasienue P = (P; + P,)/2), 1 — BsA3KoCTh raza, L — iuHa
TpyOomnpoBoaa, R — ero panuyc.

Ux

B MonexynspHOM pexXuMe MPOBOAMMOCTbH ONPENENAETCsS B3aMMOJECHCTBUEM MOJEKYJ ra3a co
CTEHKaMU U MOKeT ObITh moisiyueHa u3 gopmyinsl KuynceHa (cM. Hamp. BBeIeHUE K pasiery

11 [3]°):
U 4R3 2nkT  R® |T (212)
Tp PZ_Pl m m.

JIist  NpOMEXYTOYHBIX  YCIOBUH IPOBOAMMOCTB  OIPENEIACTCS IyTEM  HHTEPIOJIALUU
3aBHCHUMOCTEH, ITOJIyYEHHBIX B BA3KOCTHOM U MOJICKYJIIPHOM PEKHUMAX.

B ciywyae mocienoBaTeNbHOrO COEIUHEHHUS PAa3HBIX BaKyyMIIPOBOJOB, YTO OOBIYHO OBIBAaeT B
pEeaIbHBIX YCTAHOBKAX, X UMIIEAAHCH CYMMUPYIOTCS, @ CyYMMapHasi IpOBOJUMOCTb paBHa:

1 1 (2.13)
UZ ==
Zy XZ;

rne Z; — UMIENaHC I-T0 ydYacTKa BaKyyMIpoBojaa, Zy — CYMMapHbBIH HMIIEJaHC

BaKyyMIIpOBOJA.

®opmynsr (2.5), (2.10)—(2.13) mnoka3bBaroT, 4TO Ais d(PPEKTUBHON OTKAYKH BaKyyMHOU
KaMephl HACOCOM C 3aJJaHHOW CKOPOCTBIO OTKAYKH HY)XHO BBIOMPATh BaKyyMIIPOBOMIBI Kak
MO>KHO IITUPE B KaK MOXKHO Kopode. B atoMm ciyuae Uy >> S, u u3 (2.5) nomydum:

SaUs Sy (2.14)

Uy

C npyroit cTopoHbI BBIOMpPATh HACcOC C MPOM3BOAUTENBHOCTHIO S, > Us He 1enecoobpasHo,
MIOCKOJIBKY B 3TOM CIIy4ae CKOPOCTh OTKauKU OyJeT ONpeNeNaThCsi BOCHOBHOM MPOBOAUMOCTBIO
BaKyyMIIpOBOJA!

SuUs Us (2.15)

H

8 cp. 140-142
% cp. 168-173
11



2.3.1A CoBpemeHHble cpeacTBa NoAy4YeHUA N U3MepeHna Bakyyma

Brimonnenue ycnosust Uy >> S, 0COOEHHO CYILIECTBEHHO B CIIy4ae BHICOKOBAKYYMHOW OTKa4KH,
UJIU KHYICEHOBCKOM PEKUME TCUCHUS.

2.3.* Bpemst oTKauku

[Tomoxxum, 4TO 32 MPOMEKYTOK BpeMeHHU dt NaBieHUE B OTKauuBaeMoM 00BbEMe V, cHukaeTcs
Ha dP; (puc. 2). Toraa 3a mpoMEKyTOK BpeMeHHU dt KOJUYECTBO rasa IMOCTYIAIOIIEr0 B TPYOKY
paBHo S, P;dt, a 3Ta >xe yObuIb ra3a B o0beme paBHa V,dP;, cienoBaTenbHO:

Sopldt S _I/Odpl (2.16)
[Mepenumiem ypaBHenue (2.16) B Buze:

V, dP .
dt = —2—2 (217)
S, Py

C ydyetoMm ypaBHeHUs (2.5) 111 U3MEHEHUS JIaBJICHUS CO BPEMEHEM TTOTYIUM:

1 1\dpP, (2.18)
dt ==V, (= +3) 5>
°\s, U/ P
JInst BBIYMCIICHHS JUTMTEIIBHOCTH OTKA4kd 10 dopmyre (2.16) HEoOX0IUMO HMETh JaHHBIE

0 3HaYE€HUU S, MIPU pa3IUUHBIX JaBJIeHUAX. J{1s1 TaHHOH yCTaHOBKHM TaKHe€ JaHHBIEC MPUBEACHBI
B Iipui. B.

B cnyuae S, = const, pemenue ypaBHeHus (2.16) cymiecTBEHHO yImpouiaeTcs U 3aBUCUMOCTD
JIABJICHUS OT BPEMEHU OTKAYKU:

P(t) = P, exp (_ % t), (2.19)

o

Ilocmosnnas epemenu omkauxu T =V, /S, saBusgercs wmepod >h(PEKTUBHOCTH OTKAYHOM
CUCTEMBI.

12



2.3.1A CoBpemeHHble cpeacTsa NoaydYeHUA U USMepPeHMa Bakyyma

3. CpencrBa noiayyeHus: Bakyyma

CymiecTByeT MHOXECTBO pa3IMYHBIX THUIIOB BaKyyMHBIX HAacOCOB, I€JIecO00pa3HOCTb
UCTIOJIb30BaHUSI KOTOPBIX BapbUpYyeTCS B 3aBUCHMOCTH OT YCIOBHMH MONyYeHHsS U TpeOyemoin
ryOuHbl BakyyMa. OnHa U3 BO3MOXKHBIX KJIacCH(UKAIMl CpEeACTB OTKAukKu IpHUBEICHA
Ha puc. 3.

BakyyMHble Hacocs!
(knacecudmkaums ncl; NPUHUMNY ASACTBKS)

[azonepeHocHble CopbBUWOHHbIE
1
[ 1
OB6bEMHBIe MonekynspHble (KUHeTUYecKue)
’—J_| |
[ | ]
BosspaTHo- u [
noCTyNaTensHyie BpawarensHsie MexaHuyeckne MNapocTpyiHble WoHHble Ancop6LmoHHsIe
MeMbpaHHble | | CxupkocTHeIM L CTpyiHble [eTTepHble
(anadparmerHbie) YNNOTHEHWEM Fasokoneuessie (3XEKTOPHbIE) (rasonornaTuTensHbIe)
MoplHesble | Bonokonsuesuie — TypbutHble —  XnakocTpyiiHble —  CopbumnoHHble
- MnacTMH4YaTo-poTOpHbIE
OceBble (akcuanbHoie) — lasocTpyiiHble —— WcnapuTtenbHole
L MHoronnactuHuarsie
potoprae LierpoGextitie “—  MapoctpyiiHbie — [leTTepHo-MoHHbIE
(paauansHsle)
= MopluHesble
— MonekynspHole — BycTepHble ——— MoHHO-copbLMOHHbIE
— MnyHxepHble L
Typ6oMoneKkynspHbie —  Ouddy3uoHHbIE — MarHuTopaspsaHbie
—  Cyxoro ckatna
Camoouuwalolwmecs [
anddy3noHHbIe Kpresiiee
I [iByxpoTopHble
PpaKuvokHbie — KoHaeHcauMoHHble
AnddysnoHHbIE = H
= KorTesble
o CrnuparnbHble

BbIzienIeHbI T TPYIIIBI, HACOCHI KOTOPBIX UCITOIB3YIOTCS B TabopaTtopHbIx paborax (NeNe 2.3.1 [3], 2.3.1A, 2.3.1B).

Puc. 3. [IpuMepHas (anexo He MONHas) KIacCH(HUKAIMA HACOCOB 10 IPUHIMMY AeiicTeus [4]%

Bhigenum cpeiu npeiCTaBICHHBIX TUIIOB T€, KOTOPbIC UCIIOIB3YIOTCS B JTAO0OPAaTOPHBIX paboTax
0 UCCJICIOBAaHUIO METOJIOB MOJTydeHHs U u3MepeHus Bakyyma (NeNe 2.3.1 [3], 2.3.1A, 2.3.1Bb):

3.1. MemOpanHsIii (TnadparMeHHbINH) HacOC

B memOpanHoM Hacoce aBe win Oosiee ruOkux quadparmsr (5) (puc. 3) )KecTKO 3aKperuieHbl Ha
cTeHkax kopiyca (3), o0paszyss repMeTUYHBIE IOJIOCTH HU3MEHseMoro obwema. Jmadparmsl

Y 2.1 crp. 19
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2.3.1A CoBpemeHHble cpeacTBa NoAy4YeHUA N U3MepeHna Bakyyma

OPUBOAATCS B JBIDKEHHE  DJICKTPOJBUIATeleM, BpallaTeIbHOE JBIKEHHE KOTOPOTO
npeoOpa3yeTcsi B BO3BPAaTHO-TIOCTYNATEIbHOE C MCIOJIb30BAaHUEM KPUBOIIUITHO-IIATYHHOTO
mexann3ma (7, 8). C mBuwkeHueM nauadparmMbl CHHXPOHU3UpPOBaHAa paboTa BIYCKHOTO |
BBITYCKHOTO KJyanaHoB (2). OTkayka OCYIIECTBISICTCS CO3[JaHMEM B TIOJIOCTH Jradparmbl
00J1aCTH TTOHM)KEHHOTO JTABJICHUS, 32 CUET Yero B Hee uepe3 BIYCKHOM KiamaH MOCTyHaeT ra3 u3
OTKauMBaeMoOro oObeMa MM TMpeIbIaylield CTyNeHH OTKadku. [Ipum ymeHbIIeHUH oO0Bema
IOJIOCTH Ta3 YXOAUT Yepe3 BBITYCKHOM KIIamaH.

[IpenmymecTBa: OTCYTCTBHE MAaTEpUajOB, 3arps3HSIONMX pabodymii o0beM Hacoca M, Kak
CIIEZICTBHE, OTKAuMBaeMbIi 00BEM: Maclla, JPYruX CMa304YHBIX BEIIECTB, TPYIIUXCS
MEXaHU3MOB; HCIIOJB3YyeTCs I TNpeaBapuTeNbHOM ((OpBaKyyMHON OTKAaykd) B CHCTEMax
0e3MacisIHOH (T.H. «CyXOH») OTKauKH ¢ 0COOBIM TPeOOBaHHEM YHUCTOTHI OTKAYNBAEMOTO 00BhEMA;
UCIIOJIb3YETCS 10 4-X MOCIEA0BATEIbHBIX CTYIIEHEHN; HU3KUI YPOBEHD LIyMa.

HenmocraTku: HHU3Kas CKOPOCTh OTKAYKH 3a CUET OTPAHWYCHHOM SJIaCTUYHOCTH Auadparmbi;
HU3KUN TpeJeNbHBIA BaKyyM 3a CU4eT 0OpaTHOro MOTOKA BO3/yXa Yepe3 BBITYCKHBIC KIIAllaHbI;
OTPAaHUYEHHOCTH CPOKA CIYKOBI CPOKOM (D YHKITMOHHPOBAHMS TUa(PparMsbl.

Tun Bakyyma: cpeHui.

@
Ky
/1 }‘\ © |
? T (@)
A
¢ 7 .
/| /]
/] 7
%
4 ? ;

1-s1 cTymneHb 2-51 CTyTICHb

1 — KkpbliIKa KOpIryc, 2 — BIIyCKHOW M BBIITYCKHOW KJIAIIaHBI, 3 — KOPIYC, 4 — MPIKUMHOMN JTUCK,
5 — nuadparma, 6 — ONOPHBII JHCK, 7 — IIATYH, 8 — KOJIEHBaI

[TokazaHb! yeThIpe NociieioBaTeNbHbIE (a3bl paboThl (a—B)
C IOJIOXKEHUEM MEeMOpPaHbI ¥ BITYCKHBIX M BBIITYCKHBIX KJIallaHOB

Puc. 4. Cxema KOHCTPYKIMH U IPHHIAI PaGOTh ABYXCTYIEHUATOro quaparMeHHOro BakyyMHoro Hacoca [4]

Y1 2.1.1.1 ctp. 18-19
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2.3.1A CoBpemeHHble cpeacTsa NoaydYeHUA U USMepPeHMa Bakyyma

3.2.* TlimacTHHYaTO-POTOPHBIN HACOC

B umnmuaapuyeckom kopmyce (1) miacTHHYATO-pOTOPHOrO Hacoca (puc.5) co cMmeleHHueM
9KCIEHTPUYHO pasMelieH potop (2), Kacaromuiicss Kopimyca ¢ OJHOM CTOPOHBI. POTOp cHaOXeH
iacTUHaMu (3), KOTOpble MPHKUMAIOTCA K CTEHKaM M CKOJIB3ST M0 BHYTPEHHEH MOBEPXHOCTH.
["a3, monagaronuii Ha BXO[ (4) MPOTAIIKUBAETCS TUTACTHHAMH U BBITAJIKMBAETCS U3 HAacoca uepes
BeimyckHOM kiamaH (5). IlogpoOHee 03HAKOMHUTBCS C TPUHIUIOM pPa0OThl IUIACTUHYATO-
pPOTOPHOTO Hacoca MOXKHO, HampuMmep, B omucaHuu padoTsl Ne 2.3.1 [3]12. Jnst ynmoTHeHUs
3a30p0OB, a TaKXC 4 CMa3blBaAHUA W OXJIAKACHUA IMOABUKHBIX JacTel B pa60Te Hacoca
HCIIONB3YeTCsl BaKYyMHOE Macio'>. JIisi yMEHBIUCHHMS 3arps3HEHHS OTKAYMBAEMOTO 0OBeMa
BAKYYMHLBIM MaAcCJIOM HCIOJIB3YIOTCAd ABYXCTYICHYATBIC HACOCHI U CICHHUAJIBHBIC q)HJIprBI B
BaKyyMHbBIX MarucTpaisx.

[IpeumyiiecTBa: HEMPUXOTIUB B paboTe (MOXKET OTKAUuMBaTh 3arpsA3HEHHYIO cpeay, 0e3 yiiepoa
JUIl KOHCTPYKIIMOHHBIX DJIEMEHTOB); HCIOJB3YEeTCS Ul TpeABapUTENbHON ((OpBaKyyMHON
OTKa‘IKI/I) B CUCTEMAX OTKA4YKHW C HU3KUMU Tpe6OBaHI/I$IMI/I II0 YUCTOTEC OTKA4YMBAEMOI'O O6’BeMa;
HCTIONIB3YETCS 10 2-X MOCIEA0BATEIbHBIX CTYIIEHEH.

Henocratku: mpucyrcTBue B pabodeil kamepe macia, KOHTAaKTUPYIOMIETO C OTKaYMBacMOU
cpemoii  (BOBMOXKHO TIOTAJlaHWe TMapoB B OTKAYMBAaeMbld 00BEM) U HEOOXOIUMOCTH
MEPUOANYECKON ero 3aMeHbl; HU3KHI MpeAeTbHBIA BaKyyM 3a CYET 0OpaTHOrO MOTOKAa BO3/IyXa
yepe3 BBINYCKHBIC KiamaHbl; MaTod((EKTUBEH IJIsi OTKAYKU BIAXHBIX cpea (HeoOXOoauMo
HCTIONB30BaTh FA300a/IIaCTHOE YCTpoiicTBo ™).

Tun Bakyyma: cpeiHHi.

1 — nunuuap (kopmoyc);
2 — potop:

3 — NIaCTHHEI;

4 — BxoaHoOH (praner;
5 — BO3BpATHBIH KianaHx;
6 — npyKuHa;

7 — 2NeKTPO/IBUTaTEb.

Puc. 5. KoHCTpyKIHS 0OJHOCTYNIEHYATOTO IIACTHHIATO-POTOPHOTO HAacoca

2 ctp. 175-176

3 Macro ¢ Hu3KMM [aBIeHEEM Mapa NP KOMHATHOI TeMIIepaType, o0agaeT BO3MOKHO HHU3KOH yIPyroCThIO Tapa
mpu pabodell Temmeparype, TEPMHUYECKOH CTOMKOCTBIO, a TaKKe XHMHYECKOW HHEPTHOCTHIO 1O OTHOUICHHIO K
KHCIIOPOY BO3yXa W OTKAYMBAECMBIM I'a3aM.

Y VerpoiicTBO s TO3MPOBAHHOTO J0GABNCHAS BO3AyXa B KAMEPY CHKATHS JUIS PEIOTBPAIICHHS KOHICHCALIIH
BOJIBI U CMEIIMBAaHUS C MAaclioM. BOIHO-MacisiHasE IMYJIbCUS OYE€Hb OBICTPO YXYAINIACT CMAa3bIBAIOIIME CBOHCTBA
Macja, YTO MPUBOIUT K U3HOCY TPYILUXCS JIeTalel U MoJIOMKE Hacoca.
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2.3.1A CoBpemeHHble cpeacTBa NoAy4YeHUA N U3MepeHna Bakyyma

3.3.* ludpdy3nonHbIH (MapocTpyiHbIN) HacOC

[Monpobuoe omucanue npuHOMNA padoThl TU(BHY3MOHHOTO Hacoca ¢ (PPaKUMOHHPOBAHUEM
Macia npuseneHo B padore Ne 2.3.1 [3]™. Takoii crexisHHbIA J1aGopaTopHblii Hacoc (puc. 6)
CIOCOOEH 06eCIednTh CKOPOCTh OTKAukk 5—7 i/c mpu masmennn 107 Topp m mpemenbHbIit
BaKyyM Ha ypOBHE ~10°® Topp npu ucoap30BaHUK BakyyMHOTro macia BM-1.

[Tpombinienasle  1ud@y3uoHHBIE HACOChI MOTYT OOeclneyuBaTh MPOU3BOAUTENBHOCTD 0
45 000 n/c mpu naBiIeHUU 10° Topp u mpenenbHBI BaKyyM Ha ypOBHE ~107-10® Topp. Onna
U3 TUIOBBIX KOHCTPYKIUMH TaKWX HACOCOB MpejcTaBiieHa Ha puc. /. YacTuusl raza (6) B TakoMm
Hacoce (puc.7) muddyHIUPYIOT B MOTOK IApOB Macjia W TEPEHOCITCS M3 OTKauyuBaeMOu
obnactu. [1apbl Maciia TOCTOSSHHO LHUPKYJIUPYIOT B MOJIOCTH Hacoca — MOJAHUMAIOTCS 110 TpyOam
U BBIXOJAT CO CBEPX3BYKOBOM CKOPOCTHIO Yepe3 KoiblieBble comia (A-D) yBiekas 3a coboi
oTKauMBaeMblii ra3. JlocTuras oOXJaxkaaeMbix CTCHOK (3,4), Maciio KOHJICHCHPYETCH.
BeigenuBmmiics mpu 3TOM Ta3 OTKAaYMBAeTCs dYepe3 BBIMYCKHOW marpyoOok (8) Hacocom
MPEeIBAPUTEILHOTO pa3pekeHus ((PopBaKyyMHBIM), a CKOHICHCHPOBAHHBIN MMap CTEKaeT I0
CTCHKaM Hacoca B KUISATWILHEK (1, 2) uepe3 3a30p MEKIy MaporpoBOJIOM U KOPIIYCOM Hacoca.
[IpenenvHOE MaBIeHHE MAPOCTPYUHBIX HACOCOB MOKHO CHU3HUTh, YMEHBIIIUB IMOTOK MApOB Maciia
B OTKAQYMBAaeMYI0 KaMmMepy TIpHU T[OMOIIY CHEIHAIBHBIX JIOBYIIEK (KOHACHCHUPYIOIIUX,
JTUCCOIUUPYIONINX, aJCOPOUPYIOIINX ).

Bbizod f

Bxo0d

Cmpya
oxNaHC E’I/mwe~:
7 20 Gaaﬂyma —~

Crmpanu 1moIoTpeBaTelts MoTPpy>KeHbI HEMMOCPEACTBEHHO B Maciio. 1, 2, 3 — pe3epByapsl; 4 — OTCTOHHUKH OoJiee
nerkux (paknuit Macia; 5, 6 — coruia; 7 — OTCTOHHHUK OoJiee TSOKENbIX (Ppakiuii Macia

Puc. 6. JIByXCTyIeHYATEIH CTEKITHHBIA Hacoc Ha S~5 11/c™ ¢ GpaKIHOHNpOBaHIEM Macia, OTCTONHHKaMH Gosiee
nérkux (pakiuii 1 Bo3AyHbIM oxnaxaernem CJIH-1° [5]Y

15
ctp. 176—178
1 Mpomssomurenn: OAO «XumnabopupuGop» (P®), Distillation Products Inc. (CILIA) u mp.
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2.3.1A CoBpemeHHble cpeacTsa NoaydYeHUA U USMepPeHMa Bakyyma

[IpeumyrecTBa: OTCYTCTBHE TOABIOKHBIX YacTe W, Kak CIEACTBHE, MPAKTHYECKH
HEOTPAHMUYEHHBIH CPOK OJKCIUTyaTalldd Hacoca TMpU COONIOACHUUM BCEX HEOOXOIUMBIX
PEKOMEHANNI; HCIIONB3YETCA IS CHCTEM OTKAYKM C HHM3KHMH TPEOOBAHUSAMHU IO YHUCTOTE
OTKAaYMBaeEMOro oobeMa.

Henocrarku: mpucyrctBue B pabodeil Kamepe maciia, KOHTAKTHPYIOIIETO ¢ OTKauyuBaeMOu
cpemoil  (HEM30€XHO TMOMaJaHWe TapoB B OTKAYMBaeMbli 00beM) M HE0OXOIUMOCTh
NEepPUOANYECKON €ro 3aMeHbl IOCie CHIDKEHUS [aBJICHMsI HACBIIIEHHBIX IapoB 3a CUeT
3arpsi3HEHUs] MPOAYKTaMH OTKAa4Kd W TPOAYKTAMHU PA3JIOKECHHS; OTHOCHTEIBHO CIOKHBIA U
JUIUTETILHBIN TpOLIecC 3ayCcka U OCTAaHOBKU OTKA4YKU (OT JE€CATKOB MHHYT JIO €IMHUI[ YacOB);
HAJIMYUE BOJSHOTO KOHTYypa oxJaxaeHus. HeoOxomumMo o0ecreuuTh HANEKHYIO 3alIUTy OT
popbIBa aTMoc(epbl — PE3KOro IMOBBIIIEHUS JaBICHUs 3a Mpeneibl pabodero auana3oHa
(compoBoXkmaeTcsi BEIOPOCOM MapoB U Karledh Maciia B BAKYyMHBINA 00bEM, OKUCIIEHHEM paboueit
KUJKOCTHU, MOSBICHUEM Hal€Ta U3 MPOAYKTOB Pa3NIOKEHHUs Ha JETalsAX, YTO BBIBOAUT HACOC U3
CTpOA).

Tun BakyyMa: BBICOKHM.

1 — narpesarenb, 2 — pe3epByap ¢ MaclioM, 3 — METAJUTMYECKHN KOpIyc, 4 — TPYOKH OXJIKAAIOIIeH pyOallku;
5 — BXO/IHOU COeTMHUTENbHBIN (uanel], 6 — MoJeKyJibl ra3a, 7 — CTpyH IapoB Macia, 8 — BBIXOJHO# (iaHen
nprcoennHeHns popBaKyyMHOro Hacoca; A, B, C, D — oOpaTHble coma (CTyneHn)

Pruic. 7. Cxema paGoThI 4eTHIPEXCTYTICHIATOTO apoMacisHoro Hacoca [4]™

Y'11.42.2.3, ctp. 243-247
¥11.2.1.6.1, cp. 44
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2.3.1A CoBpemeHHble cpeacTsa NoaydYeHUA U USMepPeHMa Bakyyma

3.4. TypOboMoneKyIsIpHBIA HacOC

Otkauka B TypOOMOJIEKyIsipHOM Hacoce (puc. 8) OCYIIECTBISETCS 3a CUST COYAAPEHHs YacTHIL
raza ¢ OBICTPOABIIKYIIMMHCSA TYpOMHHBIMH JIOMIATKAMH JHCKOB poTopa (6) creruanbHoi
TE€OMETPUH, KOTOpBIC TPUIAIOT MM JOIMOJHHUTEIbHBI HMITYJbC B 3aJaHHOM HAaIlpaBICHUH
moToka. Mexay OUCKaMH pOTOpa HaXOAsTcs AMCKH cratopa (2) ¢ oOpaTHO OOpameHHBIMH
JIOTIaTKaMH, HAIPaBJISIONINE MOTOK MOJIEKYJ Ha CIEAYIONIME AUCKH TYpOWHBI 1O OMTUMAIBHOM
TPAaeKTOPUHU, MUHIUMHU3HPYSI 00paTHBIN MOoTOK. Kakmast mapa miacTuH poropa-crtatopa oopasyer
OIIHY cTymeHb. Hacoc COCTOMT M3 MHOXKECTBAa CTYICHEH pPacIOJIOKEHHBIX ITOCIEAOBATEIBHO,
Kaxaasi TIOCIEeAYIOIas CTYIIeHb WMEET MEHbBIINE TEeOMETPHUECKHE pa3Mephl, 4YTO IMpH
MOCTOAHHOM ITIOTOKC ra3da MpHUBOJAUT K MOCTCIICHHOMY IMOBBIIICHUIO OABJICHUSA O BBITYCKHOI'O
dopBakyymHoro. CKOpOCTh BpallleHHSI POTOpPA COBPEMEHHBIX TYypOOMOJICKYJISIPHBIX HACOCOB
JIOCTUTAET HECKOJBKUX JIECATKOB THICSY 000POTOB B MUHYTY.

[IpeumyiiecTBa: TOCTOSIHHAasE TOTOBHOCTh K pabote; ObICTphId 3amyck (~10 MuHYT Ha
pacKkpyyuBaHuE TYpOWHBI); YCTOWYMBOCTh K PE3KOMY IMOBBIIICHUIO JaBICHUS (BIUIOTH [0
atMocepHOro); UIMPOKUH JWama3oH pabouyux JaBJIeHUN (1077—1071 [Ta); mnpumepHo
OJWUHaKOBas 6BICTpOTa Z[GI>'ICTBI/I$I JJISL 6OJ'IBH_II/IHCTB8. ra3oB; HCIIOJIB3YCTCAd KaK B CHUCTECMax
«CYXO0i» 0e3MaclITHONW OTKauYKH ¢ 0COOBIM TPeOOBaHHEM YHCTOTHI OTKAYMBAEMOT0 00bEMa, TaK U
C MacCJISIHBIMH (DOPBAaKYyMHBIMU HACOCaMH 33 CYET MHHUMAIBHOTO 0OPaTHOTO MOTOKA.

HenocraTtku: TpeOyercs HanexHas 3allUTa Bpallaromieics TypOUHBI OT JIFOOBIX MEXaHHYECKHUX
BO3/ICHCTBUI (ITBUTH, a0pa3WBHBIX YACTHII, BUOPAILIMA, YACTBIX U PE3KUX TMEPErajoB JaBICHUS U
T. 11.), IPUBOSIINX K U3HOCY MOJBECKU POTOPA U Pa3pyLICHHUIO JOMATOK TYpOUHBI.

Tum BakyyMma: BBICOKHIA.

1 e g
2 -1
6
=
H— 7
3 —
8
9
10
4 °f

1

1 — BBICOKOBaKYyMHBIN BXOHOU (hiaHer, 2 — cTaTop, 3 — ¢JiaHel Hamycka, 4 — BBITYCKHOW (DOpPBaKyyMHBIH
¢maner, 5 — 3ammuTHAs ceTKa, 6 — POTOp, 7 — KOpIyc Hacoca, 8, 11 — mapuKOnoAIIUIHUKH, 9 — KaHal
oxJaxaeHus, 10 — 3IeKTpOoABUTaTENb

Puic. 8. KoucTpykims TypboMoseKkyspaoro Hacoca [4]*°

Y¥11.2.1.7, crp. 49-54
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2.3.1A CoBpemeHHble cpeacTsa NoaydYeHUA U USMepPeHMa Bakyyma

4. CpencrBa U3MEpeHHs BaKyyma

Tunm BakyyMMETpOB BBIOMPACTCS B 3aBUCUMOCTH OT ITyOMHBI BaKyyMa, TpeOyeMoro auana3oHa
U pabouux YCIOBUH (arpecCHUBHBIC CpEIbl, BUOpAILMH, SJICKTPOMATHUTHBIC TMONS U T. II.).
OCHOBHBIC THITBI BaKyyMMETPOB, JHANa30HbI JABJICHUH, MPHU KOTOPBIX OHU HCIOIB3YIOTCS,
Y TIPUHIIUIT ACWCTBUS YKa3aHbI Ha puC. 9.

m6ap 10712 10 10719 10°¢ 108 107 106 10 104 103 102 107! 1 10 100 1000

HedopmavumonHbie (ByppaoHa)

I —
CunbdoHHble ————

MembpaHHbie
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KunHeTomonekynapHble
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BA3KOCTHblE |
(BpaLlaloLuica wap)_
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KoHBeKLMOoHHbIE

-~ 31980UL3 | =

C HakanéHHbIM KaTogoM
(TepmoanekTpoHHbIE)

C HaKanéHHbIM KaTofLoM
(basppa-Annepra) |
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(I'IeHHmra)__

C XONoQHbIM KaTOAOM

(mMarHeTpoHHbie)

Ma 100 10 10® 107 10¢ 105 104 103 102 107 1 101 102 103 104 105

‘EIQHHOVIHEEV]HOM*

3enéHbIM OTMEYEHBI BAKYYMMETPBI, [IOKa3aHUs KOTOPBIX HE 3aBUCAT OT THIIA ra3a,
KPACHBIM — [OKAa3aHKs 3aBHCAT OT THIIA Tasa.
BeiesieHb! Te THTIBI, KOTOPBIE HCTIOIB3YIOTCS B TabopaTtopHbix padorax (NeNe 2.3.1 [3], 2.3.1A, 2.3.1B)

Puc. 9. OcHOBHBIE THITEI BaKyyMMETPOB

OcranoBuMcs ToApoOHEE HA JAaTYMKAX, HCIOJB3YIOMUXCS B 1a0OpaTOpHBIX  paboTax
10 UCCIICIOBAaHUIO METO/IOB MOJyUYCHHS U u3MepeHus Bakyyma (NeNe 2.3.1 [3], 2.3.1A, 2.3.1B).

4.1.* XuakoctHeiii U-00pa3Hblii MAHOMETP

Omun  xonen U-o0pa3sHOW TpyOKM >KHMAKOCTHOTO MaHOMETpa COEOMHEH C 00JacThio
U3MEpSAEMOro  JIaBJICHHUsA, a Apyroil ¢ o0JacTbio  C 3aJlaHHBIM  JABJICHHEM, Halpumep
c armoc(epoit. /laBieHue B yKazaHHON OOJIACTH M3MEPSIETCS 10 Pa3HOCTU YPOBHEH KHIKOCTH
B KoJieHaxX. B 3aBUCHMOCTH OT IJIOTHOCTH paboyeit )KuaKocTH (Macio, pTyTh U Ap.) U pa3MEepoB
npubopa TakoW MaHOMETP MOXKET H3MepATh Y3KUH [uamna3oH JAaBJICHUN ([0 HECKOJIBKUX
Topp [3]%°) B mpemenax or10 10 10°Ila. BceBO3MOXKHBIE MOAMMDUKALME  KHAKOCTHBIX
MaHOMETPOB PA3JIMYHBIX KOHCTPYKIUI (KOMIIPECCHOHHBIE) CYIIECTBEHHO PACIIUPSIOT IPEIeIbl
M3MEPEHU.

20 crp. 178
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2.3.1A CoBpemeHHble cpeacTBa NoAy4YeHUA N U3MepeHna Bakyyma

[lpeumymiecTBa: TOKa3aHWs HE 3aBHCAT OT THIIA Tra3a B M3MEPSIEMOi 00JacTh; TMPOCTOTa
KOHCTPYKIIUH.

Henocrarku: orpanmdeHHas 00J1aCTh W3MEPSEMBIX JaBJICHHWM; CMEIIMBAHHE MapoB padouei
XKHUJIKOCTH C Ta30M B U3MepsieMoil 06acTu (yacto Tpedyercs oxJaxaaemast JOBYIIKA).

Tun Bakyyma: cpeHHi.

4.2. TepmopesuctopHblii Bakyymmetp (ITupann)

[TpuHUIMT [EHCTBHS TEIUIOBBIX MAaHOMETPOB OCHOBAH HA 3aBUCHMMOCTH TEIUIONPOBOAHOCTHU Ta3a
oT naBieHust. YyBCTBUTEIBLHBIM 3JIEMEHTOM TepMope3rcTopHoro narduka (puc. 10. ) sBisercs
TOHKass METAJUIMYECKass HHUTh Hakaia (Bojb(pam, IJaTHHA), IOMEIICHHAs B arMocdepy
OTKauMBAaE€MOI'0 ra3a, CONPOTHUBIIEHHUE KOTOPOM 3aBUCHUT OT e€ TemrepaTypsl. HuTh BkiItoueHa
B OJTHO U3 IUI€Y MOCTOBOM CXEMbI M Pa3orpeTa /10 HECKOJIbKUX COTEH I'PaJyCcoB MPOMYCKaeMbIM
1o Hel TokoM. JI>KOyJeBO TeJo, BhIAEISIeMOe HUTHIO, OTBOAUTCS B OCHOBHOM 4Y€pe3 ra3oBYIO
Cpedy CO CKOPOCTBbIO, 3aBHUCAIIEH OT Kod((UIMEeHTa TeIUIONpOBOJHOCTH. B 3aBUCHMMOCTH
OT croco0a M3MEpeHUs BaKyyMMETp palboTaeT B pexume (a) mojaep>KaHus TOCTOSHHOTO
CONPOTUBJICHUS MoOCTa (@ 3HA4UT U TeMIeparypbl HUTH), (0) IOCTOSIHHOTO HAaIPSHKCHUS
Ha kieMMax 4, C  Mocta wWiH (B) MOCTOSHHOTO TOKa dYepe3 MOCT. MoCT H3HA4aJIbHO
cOaylaHCHPOBaH MPH JIaBJICHUH MHOTO HMKe pabouero auana3oHa (ConpoTuBieHue Rp).

A
R, R, \_—[
K 0'|*KatuaeMOFy/ R, b @ 5 CVD ]

obbémy  «—— [

Ry — conpoTuBneHue HUTH Hakala; Ry —conpoTuBicHHE OaNaHCUPOBKHY; V, — BOJBTMETP JJISI U3MEPCHUS
HanpsokeHus Ha kiemmax A, C B pexume (a); A; — amMriepMeTp sl ©3MEPEHHUs ToKa pa30alaHCUPOBKH MOCTa B
pexxnme (0); V, — BOIBTMETP T U3MEPEHUS HanpsDKeHMs Ha KiieMMax B, D B pexume (B)

Puc. 10. IlpuHnunuansHas cxemMa TepMOpEe3UCcTOpHOro Bakyymmerpa (ITupamm)

B nmepBoMm criydae (a) HanpspbkeHue Ha kiaemMMax 4, C MOCTa aBTOMATHYECKH MOAOUpAETCs Tak,
I-ITO6I>I MOCT BCé BpEMs OCTaBaJICA C6aHaHCI/IpOBaHHBIM IMpru UBMCHCHUU NABJICHUSA U, TCM CaAMbIM,
SIBIISICTCSI MEPOM JTaBIICHUS B CUCTEME:

2 2
P~V* —-Vs,
rae Vi, — HamnpsbkeHre Ha KJIeMMax TPy HadallbHON OallaHCHPOBKE.

Bo BTOpoMm ciyuae (6) Mepoii JaBiaeHUs CIIYKUT TOK pa30aaHCHPOBKH MOCTa, B TPETheM (B) —
HarpshkeHue Ha kiemmax B, D.

B o0nactu Hu3koro Bakyyma npu A > d k03(h(QUIIUEHT TEIUIONPOBOJHOCTH MEepeCcTaéT 3aBUCETh
OT JIaBJICHUsI, a TIPU JIaBIICHUSIX MeEHee 10°° Topp OCHOBHYIO pPOJb B IPOIIECCE TEIJIOOTBOIA
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2.3.1A CoBpemeHHble cpeacTBa NoAy4YeHUA N U3MepeHna Bakyyma

HauMHaeT urpath usnydenue. O0a 3Tu (akTopa OrpaHMYMBAIOT MPUMEHEHHWE JAHHOTO THIIA
JTATYUKOB 00JIACTHIO CPETHETO BaKyyMa.

[TpeumymectBa: IlpakTHuecku HEOTrpaHUYEHHBIH CPOK CIYX OBl B HEarpecCUBHBIX cpeaax
3a C4ET HHU3KOM CTENEeHM OKHUCIEHHsSI HUTH NPH HU3KHX Temrieparypax HarpeBa. CrOCOOHOCTB
BBIJIEP)KATh MIPOPBIB aTMOC(EPHI.

Henocrartku: mnpu naBnenusx Oosjee 1 mOap moka3zaHHs CYIIECTBEHHO 3aBUCAT OT TUIA
raza (puc. 32); TemsioBas HWHEPIUS — 3ala3[bIBAHAC MOKA3aHUN IPU PE3KOM H3MEHCHUH
JIaBJICHUA, HGOGXOI[I/IMOCTB HepeKaﬂHGpOBKI/I AaT4yrKa B CBA3U C UBMCHCHHUCM COIIPOTUBJICHUSA
[0CIIe JTUTEIBHOTO BPEMEHH SKcIuTyaTauun [6]2.

Tun Bakyyma: cpeHui.

4.3.* TepmonapHbIii BAKYyMMETP

TepMmomnapHblii  BakyyMMETp  TaK )K€  OTHOCHUTCS K TEIJIOBHIM M 00JlajaeT  TeMu
K€ OIpaHUYECHUSIMU, IPEUMYILIECTBAMYU U HEAOCTATKaMH, YTO U TEPMOPE3UCTOPHBIN. Bakyymetp
paboTaeT B pexuMe MOJJEp)KAaHUS 3aJJaHHOTO TMOCTOSIHHOTO TOKa MPOTEKAIOIIEro 4Yepe3 HUTh
nakana (puc. 11) momobHO  Tepmope3ucTopHoMy B pexkume (B). OAHAKO — HM3MEHCHHE
TEMIEPAaTypbl HUTU C U3MEHEHHEM JaBJICHUS (UKCUPYETCS HEMOCPEACTBEHHO C ITOMOIIBIO
TepMonaszz, criaif KOTOpOM IIPUCOECIUHEHHOM K €€ LIEHTPY.

K OTKauMBacMOMY L\ERH _— LI:
00béMy «— -
N (4)
Z/

Ry — conpoTuBienne HUTH Hakana; V — BoabTMeTp st uaMepenus DJ1C tepmomnapsl; A — amrepMeTp IS
KOHTPOJISI IOCTOSTHHOTO TOKA HAKajia HUTH

il
'[1]

Puc. 11. IpuHiunuansHas cxema TEPMOIIAPHOIO BaKyyMMeTpa

OJIC TepMmomnapbl U3MEpsETCsl BOJBMETPOM M MOKET OBbITh NepeBeliéHa B €IUHHIIBI JABICHUS
C IOMOUIBIO T'PaAyHPOBOYHON KpUBOHM. B coBpeMeHHBIX mMpuOopax Takas KpHBas 3aJ0XeHa
BHYTPb CXEMBI, a B CIIy4ac BBISIBICHHS OTKIIOHCHUH CYIIECTBYET BO3MOXKHOCTb aBTOMaTHYECKON
nepekanuOpoBkH Aaryuka. OnucaHue ;)aGOTBI ¢ TepmonapHeiMu  Jamnamu [IMT-2  MoxxHO
POYMTATD B orucanuu paGots 2.3.1 [3]%.

Tum Bakyyma: cpeHui.

4.4. MarsneTpoHHBIN BaKyyMMETp (C XOJIOIHBIM KaTOZ0M)

W3mepuTenbHblii 00bEM MarHEeTpOHHOrO Jaryuka (puc. 12) HaXOIUTCI MEKIY KaTOI0M
U aHOJIOM, MEXJy KOTOPbIMHU TMPHJIOXKEHO HampsokeHue (~2—6kB), a Tak ’xe mNoMelleH

2 1.4.1.3 cp. 179-184
2 JIaTYMK TeMIIepaTypbl, OCHOBAHHBIA Ha TEPMOIJIEKTPHUUECKOM P (HEKTE U COCTOSIINHN U3 ABYX COSAMHEHHBIX
MEXIy COOOU pa3HOPOIHBIX ANEKTPOIPOBOISAIINX HIEMEHTOB
2 cp. 178-179
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2.3.1A CoBpemeHHble cpeacTBa NoAy4YeHUA N U3MepeHna Bakyyma

B ITOCTOsTHHOE MarHuTHOe moje (~0,2—2 kI'c). CrnydaitHpiM 00pa3oM BO3HHKIITHE BOJM3U KaTOda
SIIEKTPOHBI (HAIIPUMEp, BCIICACTBHE aBTOMICKTPOHHOH 3MHCCHH') GYAyT HBHTraThCs K aHOIY
MOJ| JIEUCTBUEM CKPEIICHHBIX AJEKTPOMATHUTHBIX MOJIEM MO YIJIMHEHHOW Tpaektopuu. [Ipu
STOM TOBBIIIAETCS BEPOSITHOCTh COYJAPEHUs BJIEKTPOHOB C MOJIEKYJAMHU OTKauYMBAEMOIO rasa
U ux uoHuzauusa. OOpazoBaBIIMECS HOHBI YCKOPSIOTCA B 3JEKTPUUECKOM IIOJIe€ aHOJHO-
KaTOJHOTO MPOMEKYTKA U BEIOMBAIOT U3 MaTepHalia KaToJla BTOPHUYHBIC AIEKTPOHBI (BTOPHYHAS
JJIEKTPOHHAsI SMHUCCHS), KOTOpBIE TakK )K€ HMOHM3MPYIOT ra3, JBHUTrasiCh K aHOIY IO CIOXKHOU
LUKJIMYECKOU TPACKTOPHUHU.

B pe3ynbTaTte OMMCAHHOTO TMpoOIlecca BO3HUKACT JIICKTPUYECKUE paspsil, TOK KOTOPOIo
B JIOCTaTOYHO IIUPOKOM JIMANa30HE 3aBHCUT OT JaBiicHUs. Ha quana3oH u3MepseMbIX JIaBICHHIMA
CYIIECTBEHHO BIHUSET KOHCTPYKIIUS MAarHETPOHHOTO JaT4yrKa. B MHBEPCHO-MAarHETPOHOM
JaTYUKE  AHOJOM  CIYXHT  IICHTPAJIbHBIH  METAUIMYECKUUA  CTEPXKCHb,  a KaToJOM
OCeCUMMETpHYHas oOeyaiika, MarHUTHOE TOJI€ CO3aeTCs BHEIIHUM IOCTOSIHHBIM KOJIBIIEBBIM
MarauTom (puc. 12).

— _— dHO[

— 1

K OTKaQ4YUBacMOMY

™y
—

Il

00BEM -
Y jt — H
®
| R KaTo/l
| | S|

Puc. 12. lpuniunuansHas cxeMa HHBEPCHO-MarHeTPOHHOTO BaKyyMMETpa U TPAEKTOPUH JIEKTPOHOB B HUX

[IpenmyiectBa: MoOryT BKJIIOYAThCS B IIMPOKOM JUAINA30HE MABJICHUM, T.K. HE COAEpKAT
HAKaJIEHHBIX ~ JleTajeld ¥ He O0SATCA  OKHCICHHSA. YCTOWYMBBI K IPOPBIBY  aTMOCQEpHL.
[IpuMeHsIOTCS B aBTOMATU3UPOBAHHBIX TEXHOJIOTMYECKHUX IPOLECCAX BCIEACTBUE MPOCTOTHI
AKCIUTyaTallMi U HEYYBCTBUTEIbHOCTU K BHELITHUM BO3/IEHCTBUSIM.

HeI[OCTaTKI/II He xenartennHO AJUTCIIBHOC HCIHOJB30BAHUC B AHUAIIA30HC CPCAHCTO BaKyyMa
0CcO0CHHO B aTMocdepe aproHa, T.K. 3TO MPUBOJIUT K PACHBIICHUIO MaTepHana Karoja MOTOKOM
HOHOB, 4TO, B CBOIO O4Yepe/ib, MOXKET CTaTh MPUYMHON KOPOTKOTO 3aMBIKaHUS U COOEB AaTUHKA.
He *xenarenpHO UCTIONB30BaHUE B CHCTEMAaX C MACIISHBIM THIIOM OTKAYKH, T.K. YTJIEBOJIOPOIBI CO
BpeMEHEM O00pa3yloT YCTOHYMBYIO IUIEHKY Ha MOBEPXHOCTH KaToJa, KOTOpas MCKaXKaer
NOKa3aHMs JaTYUKa. SIBISETCS MCTOYHMKOM MAarHUTHOTO TIOJIS, YTO MOXKET BIHATH Ha paboTy
JpYyrux npudopoB.

Tun BakyyMma: BBICOKUM, CBEPXBBICOKHH .

24 ABTOSHGKTpOHHaH OMHUCCUA — UCITYCKAHUC JJICKTPOHOB MMPOBOAAIIINMUA TBéleLIMI/I U KUIKUMHU TCJIaMU 1100
HeﬁCTBHeM BHCIIHETO JICKTPUYECKOI'O I10JIs.
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2.3.1A CoBpemeHHble cpeacTBa NoAy4YeHUA N U3MepeHna Bakyyma

4.5.* TepMOdIEKTPOHHBIA BaKyyMMETp (C HaKaJIE€HHBIM KaTOIOM)

KatomoM TepMOdJIEKTPOHHOIO BaKyyMMETpa SBIsSCTCS HakaauBaemas Huth 1 (puc. 13).
OMUTHpyeMble  HAKaJICHHBIM  KAaTOIOM  OJIGKTPOHBI  IOJ JACHCTBHEM  YCKOPSIOIIETrO
ANEKTPUUECKOTO TIONST YCTPEMIIIIOTCS IO HANPaBJICHUIO K aHOAY 2, CO3/1aBasi B €ro IIenH 5
AJIEKTPOHHBIA TOK. AHOJ, KaK TPaBWIIO, BBIMOJIHEH B BHJIE CIUPATH WIH CETKH C OOJBIINM
[IaroM, MOJTOMY 3HAYHWTEIbHAS YacCTh OJIIEKTPOHOB TIPOXOIUT MEXIYy BHTKAMH aHOMA
¥ TOPMO3UTCS TOJIEM KOJUIEKTOpa 3, WMEIOIIETO 10 OTHOUICHHIO K KaTOIy OTPHIIATEIbHBIN
noreHman. He molas 10 KOJJIEKTOpa HWOHOB, JJIEKTPOHBI OCTAHABIWBAIOTCS W HAYMHAIOT
JBW)KEHUE 00paTHO K aHOAy-ceTke. CHOBa 3HAYMTENIbHAS YacTh AJIEKTPOHOB MPOXOAUT MEXKIY
BUTKAMH aHOJA U TOPMO3HUTCS YK€ TmoieM Karoaa. Kakaplii 37IEeKTPOH MOXKET CHAeNaTh
HECKOJIPKO TaKUX KOJICOaHUH, MPEKIEC YeM MOMACTh Ha CETKY.

BpeMeHI/I JKU3HU DBJICKTPOHOB B OTKAYMBACMOM O6I>GM€ JOCTaTO4HO, I-ITO6I>I HOHU3UPOBATH
SHAYUTCIIbHYIO YaCTh HAXOAAIICTOCA B JATUUKC Ira3a. Honsnr MPUTATUBAIOTCA IMOJICM KOJUICKTOpPA,
PEKOMOMHHPYIOT Ha €r0 MOBEPXHOCTH, CO3/1aBasi B IIEMH KOJUICKTOpa 6 MOHHBINH TOK. MOHHBII
TOK B IENU KOJUIEKTOpa MPOMOPILUOHAJEH IUIOTHOCTH Traza M CIYXXHT MEpOH JaBJICHHUS.

Onucanne paboThl € TEPMOIIEKTPOHHBIMH Jammamu [IMU-2 MOXXHO TpOYUTaTh B ONMUCAHUU
25
pabotsr 2.3.2 [3].

>

K OTKQYUBAEMOMY
00BEMY <

S
I —

=

w000

1 — kaTox, 2 — KOJUIEKTOp, 3 — aHoJ, 4 — LeNb PEeryJnpoBKH TOKA HAaKaya, 5 — Lenb aHojAa, 6 — Ienb
KOJUIEKTOpa, A; — aMIIepMeTp Ul U3MEPEHUs AJIEKTPOHHOTO TOKa, A, — aMIepMeTp Ul U3MEPEHUsI HOHHOTO TOKa

Puc. 13. [lpuHiunuansHas cxeMa TEPMO3JIEKTPOHHOTO BaKyyMMeETpa

[IpeumyiiecTBa: IPUMEHUMOCTD JUIsl U3MEPEHUS JaBICHUHN BCEX Ta30B U I1apOB.

Henocrarku: 3aBHCHMOCTh TOKa3aHMH OT POJAA Ta30B; HEOOXOAMMOCTb OOE3TaKUBAHHS JUISA
YCTpaHEHUS! MCKAKCHMS IOKA3aHUM, HEIOIMyCTUMOCTh PaOOTHI BBIINIE 3aJaHHOTO IHAra3oHa
JIaBIIEHUH M TpopbiBa aTMoc(epbl MpH BKIIOUYEHHOM KaToje (HakaleHHas CHUpalb OBICTPO
OKHUCIISICTCS U TIEPETOPAET).

Tun BakyyMa: BBICOKHM.

2 ctp. 188—194
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2.3.1A CoBpemeHHble cpeacTBa NoAy4YeHUA N U3MepeHna Bakyyma

5. BakyymMmHble MaTepraibl 1 KOMIIOHEHThI

BakyymHBIE CHUCTEMBI, HCIOJB3yE€MBIE B IIPOMBIIUICHHOCTH, HAy4YHBIX HCCIECIOBAHMIX,
7a00paTOpHBIX paboTax U T.N. OOBIYHO COCTOSAT U3 OTACIBHBIX Y3JI0B PA3JIMYHON KOHCTPYKIHH
— 6aKyyMHbIX Komnonenmos. K BaKkyyMHBIM KOMIIOHEHTaM OTHOCATCS BCE COCTaBJISIOLINE
BAaKyyMHOH yCTaHOBKM, HEOOXOIMMBIE JJIsI MOHTa)Xa BAaKyyMHBIX TPyOOIIPOBOJOB, HampuMep,
(uiaHIBl, YIUIOTHUTENH, NEPEXOAHUKH, KOJIEHA, TPOMHHUKH, KPECTOBUHBI, CHJIb(OHBI, IIUIAHTH,
KpaHbI, 3aTBOpPBI, CAMM BAaKyyMHBIE KaMeEpbl, DJJIEKTPUYECKHE U ONTOBOJOKOHHBIE BBOJBI,
JUarHOCTUYECKHE OKHA, BBOJIbI IBHKCHUE U BPAILICHUA U T.JI.

Marepuansl A TaKUX KOMIIOHEHTOB JIOJDKHBI 00JIaIaTh PSIIOM CIIEIUANTBHBIX TPeOOBaHUI —
T. H. AKYYMHbLIMU ~ CEOUCMEAMU, CPEAM  KOTOPBIX  BBICOKas BaKyyMHas IUIOTHOCTb
Py MUHUMAaJIbHOW  TOJNIIMHE, HU3KOE JaBJICHWE HACHIIICHHBIX TapoB Tpu padoueit
TeMIepaType, HauMEHbIIIEe BO3MOXHOE T'a30BBIJEICHHUE B BaKyyMe, JIETKOCTh 00€3ra’kKMBaHUS
u jip. [7]. TloaTOMY /7151 M3TOTOBJICHUSI BAKYYMHOTO O0OpPYIOBaHHS M KOMIUICKTYIOIIUX OOBIYHO
UCIIOJIB3YIOTCS COOTBETCTBYIOIIMM O0pa3oM MOAOOpaHHbIE METaUIbl, CTEKJIa, KEepaMUKH,
a TaK K€ CIEUHAIbHBIE PE3UHBI U IJIACTMACCHI.

CoenvHeHns MEXIy KOMIOHEHTAMH OCYILECTBIISETCS C IIOMOIUBIO 6AKYYMHbIX YNIOMHEHUU —
TepMETU3HPOBAHHBIX CcOeAMHEHUI. Takue ymiaoTHEeHHs MOTYT OBITh KiacCH(UIMPOBAHBI MO UX
Ha3HAYCHHUIO (IUIS QJICKTPHYESCKUX TOKOIPOBOJIOB, /Ul BBOJIOB MEXaHUUYECKOTO JABM)KCHHUS H JP.),
10 MX KOHCTPYKIMHU (CBapHbIC, MasiHHBIC, (IIaHIIEBbIC, IITYLEPHBIE U Jp.), MO TPEOOBAHUSAM
K TepMETHYHOCTH, 10 MaTepuaaM, U3 KOTOPbIX OHU CIeaHbl U T.11. [8].

BakyyMHbIe KOMIIOHEHTBI UCCIIEAYEMOT0 AKCIIEPUMEHTAIBHOTO CTEH/]a B OCHOBHOM BBITIOJTHEHBI
U3 HEp)KaBeIoLe CTadM U aJIOMHHHUS C HCIIOJIb30BAHUEM OBICTPOPA3bEMHBIX  (IIAHIIEBBIX
coenuuennii  thnoB ISO-K, ISO-F, ISO-KF ¢ BuTOHHBIM® ymnoTHeHHeM. WX OCHOBHBIC
CBOMCTBA, TUIIOPAa3MEPHI U IPUMEPHI IPUMEHEHHS IPUBEICHBI B IPUIL. A.

Jpyroii mpuMep UCIOJIb30BaHUSA HEPAZBEMHBIX MASHHBIX CTEKJISIHHBIX COCIMHEHMM, IPUTEPTHIX
KPaHOB C UCIOJIb30BAHUEM BAaKYyMHBIX CMa30K U IUTYLIEPHBIX YIUIOTHEHUN MOXHO IIOCMOTDPETH
B 1aboparopHoii padote Ne2.3.1 [NonyueHue u uaMeperue Bakyyma [3].

% Viton® 3aperncTpupoBaHHAs TOproBas Mapka Kommamum DuPont — dTopamacTomep, M3 KOTOPOro

H3roTaBJIMBANOTCA YIUIOTHCHHUA AJI1 MPUMCEHCHHS B arp€CCUBHBIX Cpeaax.
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2.3.1A CoBpemeHHble cpeacTBa NoAy4YeHUA N U3MepeHna Bakyyma

6. BakyymHas ruruena

Kak rmokaszan MHOTOJETHHH ONBIT pabOThI, BBHICOKOE Ka4yeCTBO M HAJEKHOCTh IPOM3BOACTBA
AIIEKTPOBAKYYMHBIX IPUOOPOB, IKCIIEPUMEHTAIBHBIX HCCIIEI0OBaHU, 1a00paTOPHBIX U3MEPCHUI
Y JIp. HEJOCTH)KUMBI, €CIIM HapsAy C YCTAHOBJICHHBIMU NPABUIIAMHU I10 TEXHUKE 0E30ITaCHOCTH
(9IeKTPOGE30IACHOCTH, OKAPHONH OE30MACHOCTH U T.X.)°. HE COOIIONATH PS CICLHATBHBIX
IPaBWI 6AKYYMHOU 2ucueHbl, TPETyCMAaTPUBAIONINX MPEIOXpaHEeHHe NPHOOPOB OT MOIaIaHus
B HUX PAa3HOr0 poja 3arps3HeHUil (MEXaHMYeCKMX 4YaCTHII, IbLUIH, Macel, BOIbl u jap.) [6].
Hannume Takux 3arpsi3HEHHH TNPHUBOJUT K HApPYIICHHIO TePMETHYHOCTH BaKyyMHBIX
COEIMHECHUH, YXYAIICHUIO IPE/ICTBHOTO BaKyyMa, YBEITMUCHHIO BPEMEHH OTKAa4YKH, COKPALICHUIO
CpOKa CIIy)KObI OTKa4yHOTO ¥ U3MEPHTENBHOr0 oOopymoBaHus. J[laxke BO3yX sIBISIETCS
VCTOYHHKOM OOJIBIIOTO KOJMYECTBA IBUTM W BIIArd, KOTOPHIE 3aMETHO CHIDKAIOT BAaKyyMHBIC
CBOICTBA MTOBEPXHOCTH.

[IpyuMeHHUTENIBHO K pacCMaTpUBAEMOMY OKCIIEPUMEHTAIBHOMY CTEHAY MOKHO BBIICIUTH
CIIEYIOIINN [TEPEUEHB TIPABHIL:

— Pabouee MecTo u HEoOXoauMbIe s pabOTHl MHCTPYMEHTHI JOJDKHBI COJEPKAThCs
B CTPOXAMIIIEH YACTOTE U AKKYPAaTHOCTH.

— JluuHas rurHeHa, 0COOCHHO YHCTOTA PYK, JOJKHA SBISATHCS IMOCTOSHHON 3a00TOW BCex
pabotaromux Ha ycTaHoBke. Ilpu paGoTe C OTKPBITBIMM BaKyyMHBIMH  IOBEPXHOCTSIMU
HE00XO0/IMMO UCTOJIb30BATh JIATCKCHBIE TTEPUATKH.

— Bce oTKpBITBIE BaKyyMHBIE IOBEPXHOCTHU U YILIOTHEHHUS IIOCJIE KOHTAKTA C OKPYXKAIOIIEH
cpenoi (B TOM YMCIIe MPU KOHTAKTE C pyKaMu) Mepel MOHTaKOM Ha 3KCIIEPUMEHTAIbHBIA CTEH/
HE00X0MMO MPOBEPUTHh HAa HATMYHUE 3arps3HEHUH, [lapanuH, Nope30B U 00€3KUPUTh, IPOTUPAs
0€3BOPCOBOI TKaHBIO CMOYEHHOM 00€3KUpUBaIOIIeh KHIKOCTBIO ™,

— BaKyYMHI)IC IMOBEPXHOCTU BCCX HECUCIIOJIb3YEMBIX BI[aHHBII\/'I MOMCEHT KOMIIOHCHTOB
JOJIXKHBI OBITh 3aKpPBITBl COOTBCTCTBYIOIIMMHU IIJIACTUKOBBIMHU  3arjlyllikaMH, 4 BAKYYMHBIC
YIUIOTHCHHS CJIOKCEHBI B FCPMETHYHBIC ITAKCTBI C 3aMKaMHW JJIA HX 3alllUTBI OT 3anH3HeHHﬁ
N MCXaHUYCCKHUX HOBpG)KI[GHPIfI.

% TIpuctynast K 3aHATHAM B jaGopatopun Kadempsl oOuieil GU3HKH, CTYISHT 00S3aH W3yYHTh MHCTPYKIHUIO IO
TEeXHHKE O€30MacHOCTH M PACIHCATHCS B CHENUATBLHOM JKypHale O MOJYYeHHH MHCTPYKTaKa. [IpH BBINOIHEHUH
pabot Bce TpeOOBaHMS MHCTPYKIMH JOJDKHBI BBIMOJIHATHCS HEYKOCHUTENBHO. [IpOYnTaTh MHCTPYKIUIO MOXHO B
10001 MOMEHT, 00paTUBILKUCH K JIAOOPAHTY.

?® BOJIHEIC PACTBOPHI MOIOILHX CPEICTB, ALETOH, STAHON H JP. B 3aBUCHMOCTH OT 3arPA3HEHHS U THIIA TOBEPXHOCTH.
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DKCIepUMEHTATBHBIN CTEH/T

OKCHEpUMEHTAJIbHBI  CTEHJ  BBIIOJHEH HAa  OCHOBE  KOMIIAKTHOTO  O€3MacistHOTO
BBICOKOBaKyyMHOro  oTkayHoro  mnocra  Pfeiffer Vacuum  cepun  HiCube 80 Eco
¢ nuadparMeHHBIM ¥ TypOOMOJIEKYJISIpHBIM Hacocamu, BakyymmeTpoB Pfeiffer Vacuum cepumn
DigiLine, u BakyyMHBIX OBICTPOPa3bEMHBIX  KOMITIOHEHTOB (CM. IpuJi. A).  YmpaBieHue
OCHOBHBIMH (DYHKIHMSIMH OTKAa4HOTO TIIO0CTa, KOHTPOJb U 3allUCh IapaMETPOB YCTaHOBKH
ocymectBisieTcst 010kom yrpasnenus (bY) udepes mudposoii unatepdeiic RS-485 ¢ momorbio
CHELHANBHOTO  IporpaMMHoro  obecmeuenns PV TurboViewer? (cm. mpui. B).  Cxema
HKCIEPUMEHTAIBHOTO CTEH/1a M €r0 BHEIIHUH BH]I Ipe/ICTaBIeHbl Ha puc. 14—16.

bY — 610K ynpaBneHus
OH — amadparmeHHbIi Hacoc
TMH  — TypbomonekynspHbI Hacoc
K — BAKyyMHasa Kamepa
w3 — WwnbepHbI 3aTBOP
MK1-3 — membpaHHble KpaHbl
B1 — TEePMOPE3UCTOHbIN BaKyymeTp
B2 — KOMOBMHMPOBAHHbIN BaKyymeTp
KH — KpaH-HaTeKaTeb
3 — 3ar/yLKa
il — Anadparma
[l *
\©))-5 F
|: PV TurboViewer
MK1 TMH
[E MK
C — cuAbdOoH
LI L L T — TPOMHUKMK
] — BaKYYMHbIM WAAHP
ﬂ.H MK — KoMMbtoTep

Puc. 14. CxeMa 3KCIIEpPUMEHTAIILHOTO CTCHA

Bakyymubiii moct Pfeiffer Vacuum HiCube 80 Eco (PM S03 555 A) BeinosiHeH Ha 0ase
nuadparmennoro ¢opsakyymHoro Hacoca MVP 015 (JIH) u TypOomonexkynspHOro Hacoca
HiPace 80 (TMH). Orkauka BakyymHOi Kamepbl (K) MOXET mNpOMCXOAWTH KakK JBYMs
Hacocamu (TMH u IH) uepe3 mmbGepnsiit 3atBop (I1I3) 1 memOpannsiii kpan 1 (MK1), Tak u
TobKO (hopBakyyMHBIM HacocoM (JIH) mo cxeme «baitnmacy (aHri. bypass — 00XOJHOW MyTh),
BHITIOJTHEHHOW HAa OCHOBE BaKyyMHBIX KOMIIOHEHTOB: cuibdoHa (C), MeMOpaHHOTO
kpaHa 2 (MK2), tpoitankos (T), nepexoanukos, nutanra (I11).

» B mporpaMme MMeeTCsi KaTKHii pa3jei TOMOIIM C OMHCAHMEM BCEX HEOOXOTMMBIX 3JIEMEHTOB YIPABJICHHS.
Cmotpute MeHIo [?help] Ha BepxHell maHeIn OKHA IIPOrPaMMBI.
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JInst KOHTpOJIE W W3MEPEHMs JaBJICHHS B BaKyyMHOH KaMmepe HCIOIb3YIOTCS MUGPOBOMA
Bakyymerp PPT 100 (B1) Tuma Ilupanu (TepMOpE3UCTOpPHBI) U  KOMOWHUPOBAHHBIN
Bakyymmerp MPT 100 (B2) tumo Ilupanm (TEpMOPE3UCTOPHBIH) W XOJOAHBIA KaTO.
(MHBEpTUPOBAHHBIN MarHETPOH).

KoHTponmpoBaHHBII HAMyCK BO3AYIIHOW aTMoc(ephl B KaMepy OCYIIECTBISIETCS 4Yepe3 KpaH-
Harekarenb EVN 116 (KH) ¢ perymupyemblM 1OTOKOM. JIONMOJHHUTENBHBIM  BBIXOA
c kpanom 3 (MK3) 3akpeiT 3armymikoit (3) u COYyKUT IS TPUCOSTUHEHHUS JOMOJHHUTEIBHOTO
00BEMa B cirydae HEOOXOJUMOCTH.

TexHHUYECKHME XapaKTEPUCTUKH OTAEIBHBIX Y3JI0B JKCIIEPUMEHTAIBHOTO CTEHJA IPUBEICHBI
B Iipui. B.

Mepsl pe10CTOPOKHOCTH

— B 00macTi HU3KOTO U CPEAHEro BaKyyMa BBIIIOJIHSATH JACUCTBUS C KpaHAMH, B pE3yJbTaTe
KOTOPBIX PE3KUil Mepenaj [aBlIeHUH Ha Jjomarkax paboTaroIero TypOOMOIEKYISIPHOTO
Hacoca TM cocraButr Oonee 20% 3amnpemeno. B dYacTHOCTH, NpH TOBBIIICHUW JaBICHUS
B CHCTEME J0 aTMOC(EepHOro HEeOoOXOAMMO A0XKIAThCS TOJTHOH OCTAaHOBKHM pPOTOpPA MU TOJBKO
IIOTOM OTKpPBITb BXOAHOM KpaH. Ha IOJIHOM MOIIHOCTH CKOPOCTbH BPALLEHHUS POTOP AOCTUIAET
90000 o6/mun (cm. tipuit. 2B), u pe3kuil mepenaj JaBJICHUI Ha JIOMATKaX MOXKET MPHBECTH
K pa3pyLIeHUSIM TypOUHBI U CAMOT'O HAcoca.

— B oGmacti HU3KOTrO Bakyyma OTKpBIBaTh IMUOEPHBIM 3aTBOp MpU TEpenane JTaBICHHUI
no o0e croponsl Ooinee 20% 3ampemeno. I[Ipu Takom mnepenaze 3aTBOp CHIBHO MpPHXKAT
K KOPIYCy M3 3a Iepenajaa NaBjeHUIl U MpU TMOMBITKE €ro OTKPbITh, OTHUPAIOIIUNA MEXaHU3M
MOYET BBIUTH U3 CTPOS.

— [Ipu 3aTsruBanuu cTpyonuH 1 60aTOB Ha duanmax 6omasinoro auamerpa 1ISO-K, 1ISO-F
(cm. mpuit. 2A)  crapaiitech u30erath  MMEPEKOCOB, TOMAPHO U MOCTENIEHHO  3aTSArUBas
MPOTUBOIOJIOKHBIC  KPEIUICHHS B HECKOJIBKO — 3aX0JIOB. B mporiecce OTKaYKH — MOXHO
JOIIOJIHUTCIIBHO IIO>KATh erHJ’IeHI/ISI, €CIIn OXHUgacMo€ HOaBJICHUC HE JOCTUTACTCA. HpI/I
ociabjeHuu  CTPyOIMH W OONTOB  JUIsl  JEMOHTaXa JeTalied  Takke  HeoOXOIAuMO
pyKOBO,Z[CTBOBaTBCH BBIINICU3JIOKCHHBIMHA HpaBI/I.HaMI/I.

— [Mpu 3arsruBanuyd XomyToB Ha (uanmax wmamoro guamerpa ISO-KF (cm. mpui. 1A)
Heo0XoauMo coOMoCcTH OanmaHc MEXIy clabbIM 3aTATHBAaHHEM, KOTOPOE MOMKET CO3/1aTh TeUb
B CHCTEME€ W M3JIMIIIHUM TIEPETATHBAHHEM, KOTOPOE MOJXKET MOBpPEAWTh pe3n0y. B mporecce
OTKAQ4YKH MOXKHO JIOTIOJTHUTENFHO TIOKATh KpEIUICHHS, €CITU OXHUIacMoe JaBJICHHE He
nocturaercs. [IpuaepkuBaiTeCh aHAJOTUYHBIX PEKOMEHIAIMKA Mpu paboTe ¢ MEMOpaHHBIMH
kpanamu MK.

— CuabxeHHasi CUETUYMKOM pPyYKa TOHKOW pErylUpoOBKH KpaHa-HaTekarens KH sBisercs
NpeU3NOHHBIM MCXAaHHU3MOM U Tpe6yeT IIJIaBHOT'O BpalicHU. B IIPpOTUBHOM  CJIy4dac
MEXaHUYECKUN CUETUHMK JJIs1 KaTMOPOBKU T€UHU MOXKET COUTHCS U BBIMTH U3 CTPOS.

— [Tocne 3aBepumieHHst paOOThI BaKyyMHBIH CTEHJ CIEAYeT OCTaBUTh B OTKauaHHOM
COCTOSAHMHM Il MNPEIOTBPALLECHHS IIONAJaHUs BHYTPb IBUIM, BIardk W MUHUMHU3ALHUA
aJIcOpOMpPOBaHUsl Ta30B Ha BHYTPEHHHUX IOBEPXHOCTSX, UYTO CYIIECTBEHHO COKpPAaTHT BpeMs
CIIEYIOIIEH OTKAYKH CHCTEMBI.
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Puc. 15. BHenmrHmii BUA SKCIIEPUMEHTAIBHOTO CTeH/IA (BU CTIEPEI-COOKY)
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Puc. 16. BHeuHuii BUj 9KCIIEPUMEHTAIBHOTO CTeHAa (BUJ C3a1U-COOKY)
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3amanue

I. [ToaroroBka k paboTe U MOJKIIOYEHHE CUCTEMBI YIIPABICHUS

I.1. ComocraBbTe 31eMeHTHI cXeMbl (prc. 14) ¢ COOTBETCTBYIOLIMMH YaCTIMHU CaMOM YCTaHOBKHU.

|.2. BeipoBHSHiTE JaBICHUE BO BCEX YACTAX YCTAHOBKU.

[TocnenoBarensHo otkpoiite kpansl MK1, MK2, MK3 noBopoToM pyuek NpOTHB 4acOBOM
CTPEJIKM (3€JIeHbIE METKHM Ha KpaHax JOJIKHBI ObITh MAKCUMAJIbHO BUJHBI), IOTOM OTKPOWTE
mmbep 113 (pyuka mubepa B KpaitHeM JajbHEM OT YCTAHOBKH ITOJIOKCHUH).

Buumanmue: J{ns otkpeitus mubepa 13 nHaxxmuTe neBoit pykoit pykosTky Bau3 (1), manee
MOTSIHUTE BIPaBo (2) U B KOHIE MOJAHUMUTE BBepX (3), Kak moka3aHo Ha puc. 17. [Ipu sTom
npaBoil pykoi mpuaepkuBaiiTe kopyc (4), 4ToOBl HE CABHHYTh YCTaHOBKY. B pesysnbrare
TaKOTo JBI)KCHHUS 3aCTIOHKa (5) CABUHETCS BIpaBo U oTKpoeT Bxoa TMH Hacoca.

Puc. 17. Cxema OTKpBITHS IIHOEPHOTO 3aTBOPA

Bnycture atrmocdepHblii BO3MyX B YCTaHOBKY 4Yepe3 KpaH-HaTekatenb KH ¢ BepxHelt u
HIDKHEU PYYKON PETYJIMPOBKHU.

Ecnn nwa KH ycraHoBieHa miacTMKoOBas 3allMTHAs 3ariylika, cHUMUTE €€. HukHIoo
JIBYXMO3UIIMOHHYI0 pyuky KH nepeBenute B mosioxkeHue «OTKPHITO» (yKas3aTellb B MO3ULIUU
«open»). BepxHioro pyduky ToHKOU peryaupoBku KH miaBHO Bpamaiite 10 ymopa B CTOPOHY
YBEJIMUCHUS MTOKA3aHUI MEXaHUYECKOTO CUETUHUKA.

. [TogroroBeTe cucreMy K (hOpBaKyyMHOM OTKaUKe.

3akpoiite kpan MK3, mubep 1113, a kpanst MK1 1 MK2 octaBbTe OTKpBITBIMU. OTipenenuTe
10 CXE€ME, N0 KaKUM MarucTpajisiM U Kakue oO0bEMBI OyAyT OTKauuBaThcs (POPBAKYYMHBIM
HAcoCOM IIpU JAHHOM COCTOSIHUM KPaHOB.

. BkiirounTe nutaHue sKCepuMEeHTAIbHOTO cTeH1a U kommbrotep [1K.

3en€HYI0 KHOIMKY Ha MEpPeaHel MMaHeld YCTAaHOBKHM IepeBeauTe B mojoxeHue «I» (oHa
JOJDKHA 3aCBETHTHCA). [loTom Bmoumte KommbioTep [IK u  mokaurech  3arpys3ku
ONEpPallMOHHOW CHCTEMBI.

. 3ammycrute nporpammy yrpasienus PV TurboViewer.
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Pa3BepHHTE OKHO TPOrpaMMbI Ha Bech 3KpaH. O3HAKOMBTECH CO CHPABKOI IPOrpaMMHOIO

N . 30 . .
oOecrieueHus, BbI3bIBaeMor KkHomkoi [help?]™ (puc. 18), u mome3yiiTech el 1Mo Mepe
HEOOXOINMOCTH.

!pY¥ Turbo¥iewer

= conneckion wizard %arrange - n._.'u:lata logoer i infa ? help PFEIFFEHF vaCcuUuUM

Puc. 18. 'maBHOE OKHO
I.6. YcraHoBuTe CBSI3b ¢ OJIOKOM yrpaBiieHUss BY HacocaMu ¥ BakyyMMeTpamH.

Br13oBute OKHO MacTepa moikiIroueHHs [connection wizard] (puc. 19). B mosiBuBiiemcs
OKHE HaXMUTE KHOMKY IMOMCcKa MHOXKecTBa ycTpoicTB [find multiple devices]. OctanoBute
MpoIlecc MOKMCKa KHOMKOM [enough] mocie Toro, kak Oyner oOHapyxeno Tpu (3 devices
found) moxkmouéHHBIX ycrpoiicTBa (puc. 20): OTKayHOW IMOCT W JBa BaKyyMMETpa
(pasa. ci. <Connection Wizard>%h).

connection wizard

find zingle device

E.! @ There iz only one device present and nothing elze connected o
the PCz COK parts

find multiple devices |

||§| COMT
Egﬂcgénzse vl COM3 = for up to |4 3: devices

Puc. 19. OkHO MacTepa HOAKIIOUEHHUS

%% 3/1ech 1 1anee Ha3BaHMS KHOTOK, OKOH, BCIUIBIBAIOIIMX MEHIO H JIp. 9JIEMEHTOB TIPOrPaMMbl YKa3aHbI

B KBaJpaTHBIX CKOOKaX.

*1 351ech 1 ganee B TPEYTOJILHBIX CKOOKaX OyIyT yKa3aHbl COOTBETCTBYIOIIHNE Pa3JICiibl CIPABKH, C KOTOPHIMU
PEKOMEHIYETCSl 03HAKOMUTRCS TIEPE/T BHIOIHEHUEM TEX MJIM HHBIX JeicTBuil (pass. crp. <Introduction>).
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?Fsearching devices ...

COkE: zzan address B
COk3: zzan address B
COM1: zzan address B
COMZ: zoan address B

3 devices found.

Freszs abort bo quit zearching. Press enough to
keep the devices found up to now.

s abort enoLigh

Puc. 20. OxHo moncka ycTpoicTB

B pesynbrare 3THX IEHCTBHIA B IpOrpaMMe JOJIKHO MOSIBUTHCS TPU OKHA: OKHO MHIMKAIUU
W yIPaBIICHUsT BaKyyMHBIM TIOCTOM ¢ momombio Omoka ympasinenus TC 100 (BY)
[COM#.00#: TC 100], okHa MHAWKAIIMK U YIPABJICHUS TEPMOPE3UCTOPHBIM BaKyyMMETPOM
PPT 100 (B1) [COM#.00#: PPT 100] u xomOuaupoBanubsiM Bakyymmerpom MPT 100 (B2)
[COM#.00#: MPT 100]. B oxHax BakyyMMETPOB OTOOPa)alOTCS TEKYIIHE IOKa3aHUs
B MuutnOapax [mbar] (pa3x. cm. <Pressure Gauge>), B OKHE YyIpaBJeHHUS HacocaMu
0TOOpaXkaroTCsl TEKYIME MOKa3aHUsl CKOPOCTU BpalieHusi poropa Hacoca TMH B o6opoTax
B MHUHYTY  [rpm] U oTpebasieMass  TypOMHOW  MOIIHOCTH B BaTax [W]
(pa3a. cn. <Turbopump>).

[lepeknroueHrne MexAy pa3HbBIMH €AMHULAMU HM3MEPEHHs BAKYYMETPOB U MOKA3aHUSIMHU
napameTpoB paboTrel Hacoca TMH ocyimiecTBASIOTCS HakKaTHEM JIEBOW KHOIMKOW MBIIIH
Ha 3HAYEHUH COOTBETCTBYIOLIETO napaMeTpasz.

|.7. Boibepurte nanHble A1 OTOOPAKEHUS U COXPAHEHHUS.

Br130BHUTE OKHO 3arpy3Ku JaHHBIX KHOMKOH [data logger]. Paconokute Bce okHa ya00HBIM
oOpa3oM ¢ mnomombio kHonku [arrange]. IloouepenHO OxHOM W3 YETHIPEX KHOIOK
C IIBETHBIMU JIMHUSIMU BBHIOEPUTE CIIEYIOIINE MapaMeTphl JUIsl 0TOOpaKeHHs U 3anucu (mpu
ATOM MHAMKATOP HAa KHOIIKE CTAHET 3€JIEHBIM):

CKOpOCTh BpamieHus Typounsl TM Hacoca:
[select data source for this graph] — [COM#.00#: TC 100] — [309: ActualSpd]33;

- mnotpebnsemas TypouHoit TM Hacoca MOIIHOCTS:
[select data source for this graph] — [COM#.00#: TC 100] — [316: DrvPower];

- TMIOKa3aHus BakyymMmeTpa B2:
[select data source for this graph] — [COM#.00#: MPT 100] — [740: Pressure];

- TMOKa3aHus BakyymmeTpa Bl:
[select data source for this graph] — [COM#.00#: PPT 100] — [740: Pressure].

Pacnonoxwurte Bce mokazanusi Ha onHOM rpaduke kHonkoi [show all data in one diagram].
VYcraHoBuTEe MHTEpBAJI TOJYYEeHHs JaHHBIX [time resolution] 2 cexynawl (pasn. cm. <Data
Logger>).

32 Jlast BAKYyMMETPOB PEKOMEH/IyeTCs BBIOPATh € IMHHLBI Hm3MepeHus ibap (mbar) (cM. mpu. JI)

B OKCIIOHEHIMAJILHOM BHE <X,YE—Z>, r1e X,y — MaHTucca, —Z — NOPSAIOK, IIOCKOJILKY HMEHHO B TAKOM BHJIE
JIAHHBIE 3aMTUCHIBAIOTCS B (haiii.

%3 # 0603HaUCHBI TeKyIIHe LA(PBI COOTBETCTBYIOIIETO HOMEpA aapeca CBsi3H yerpoiictsa ¢ ITK.
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1.8. BxiroumnTe 3anuch BHIOpaHHBIX JaHHBIX B q)aﬁn34.

B okue 3arpy3ku nanHbIX [data logger] ¢ momouipio KHOIKH coxpaHeHus [store to file]*
co3maiiTe B OkHE [save data to file] TekcToBBIM ,Z[OKYMGHT36 Y BBIOEPUTE €T0 I COXPAHCHHS
JAHHBIX J1a0oOpaTopHOl paboThl (MPH 3TOM MHAMKATOP HA KHOIMKE CTaHET 3eNEHBIM).
BrxrounTe 3anmuch KHOMKOM [start/stop logging].

B pesynbrare yka3aHHBIX JeicTBUI BBIOpaHHBIC JaHHBIC OYAYT 3aIIMCHIBATHCS B CO3AaHHBIN
daiin, cTpouTbcs HarpaduKe U OTOOpaXaTbcs B TAOMWIE C 3aJaHHBIM HHTEPBAIIOM
Bpemenu (puc. 21).

Bo BpeMs BbimosiHeHHs omepaiuii ¢ 6;JokoM BY MokeT OBITh BpEMEHHO MpEKpaIeHo
MOJTy4YeHUE BBIOPAHHBIX JAaHHBIX, YTO OTOOpa)kaeTcsi Ha rpaduke cepoil o0yacTeio, a B
daiine ¢ JaHHBIMEM — MpPOYEpKaMU B COOTBETCTBYIOIMMX MecTax. KHomkoii [start/stop
logging] MOXHO OCTaHaBIWBATh 3alUCh JAHHBIX, OJHAKO MJII BO30OHOBJICHHS 3aIlCH
B TaKOM  Ccllydae IIOHagoOWThCS  co3daTh  HOBBIM  (ain, wHade wHOOpMAIUI
B IIEpBOHAYAIILHOM (aiinie Oyaer crepra.

XapakTepHbld BHUJ MIPOTrPaMMBbI
IpeJCTaBJeH Ha puc. 22.

CO BCEMHU HEOOXOAUMBIMH 1Jii PaOOThI OKHAMH

data logger

2008-11-21, 16:17:34 |
2 2008-11-21, 16:17:32 26 Hz 24 00 0w
0 o = o 2008-11-21, 16:17:20 28 Hz 24 00 0w
0% ActualSpd @ COM4A.001: TC 110 2008-11-21, 16:17:28 33Hz 24 00 0w
a4y : : , 2008-11-21, 16:17:26 37 Hz 24 00 0w
2008-11-21, 16:17:24 43Hz 24 00 g
= 2 i o 2008-11-21, 16:17:22 51 Hz 24 00 0w
0 = = = = 2008-11-21, 16:17:20 59 Hz 2400 0%
2008-11-21, 16:17:18 73Hz 24 00 0w
2008-11-21, 161716 29 Hz 24 00 0w
2008-11-21, 16:17:14 110 Hz 24004 0w
2008-11-21, 16:17:12 135 Hz 24 00 0w
2008-11-21, 161710 179 Hz 24 00 0w
E; DivPower @ COM4.007: TC 110 2008-11-21, 16:17:08 23 Hz 24 00 0w
2008-11-21, 16:17:06 09 Hz 24 00 0w

LI —|_>| m|2?1 lines shawn

Puc. 21. OcHOBHOE OKHO 3arpy3KHu JJaHHBIX

3 ATNbTepHATUBHBIN, HO MEHEe yI0OOHBIN BapUaHT — MPOU3BOJNUTH ChEMKY IMOKa3aHUH JATINKOB UCTIONB3YS
Harp. cMapThoH. Taxke meprHoANIecKH MOKHO AeNaTh CKPUHIIIOTHI /IS BRITIOJTHEHUS OI[CHOK.
%° HasBaHus KHOTIOK C TMKTOIPAMMAMH TOSBIISETCS BO BCILTBIBAIOIIEM MEHIO IIPH HABEICHHH MBIIIIH,
YTO TO3BOJISIET OBICTPO MX OTHICKATh.
% YenatenpHO HA3BAHNE ¢aiina ykazars B cienyronieM gpopmare <I TTT-MM-/1J] damunus_crynenta
Homep rpymmertxt>, rne ITTT-MM-/J] — Texymas 1ata B ykazaHHoM (opmare.
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Cnesa HalpaBo 1 CBEPXY BHHU3: OKHO 3arpy3KH JaHHBIX, OKHO MHAWKAIWUU U YIIPABJICHUA BAKYYMHBIM

nocrom TC 100 (BY), okHa MHAMKAILMU U YIIPaBJICHHS KOMOMHUPOBaHHBIM Bakyymmerpom MPT 100 (B2)

i« 1310

u TepMope3ucTopHbM Bakyymmerpom PPT 100 (B1)

Puc. 22. XapakTepHbIii BHI IPOTPAMMBbI CO BCEMH HEOOXOIUMBIMH ISt paOOTHI OKHAMH

1.9. [loaroroBbTe pabovyro TETpaab A GUKCAIMN KIIOUEBbIX TapaMeTPOB.

Tak kak 3amuCh J@HHBIX TPOUCXOJHUT B TECUYCHHE BCeW palOTHI, TO B pabouell TeTpaau
MOXHO (PUKCHPOBATh TOJIBKO KIIFOYEBBIC MTOKa3aHus, epruo sl Bpemenu no yacam 1K (momne
[date] TaGmuier [parameter values] oxma [data logger]) u menaTh COOTBETCTBYIOIIHE
IIOMETKH, 4TOOBI B JaJIbHEHIIEM Mpu 00padOTKe 3alMCaHHBIX JaHHBIX WACHTU(HUIMPOBATH
UX CO CBOMMH JeicTBUsMHU. [ 3THX 1eneil yZoOHO TNpenBapUTEIbHO 3arOTOBHUTH B
TETpagy HECKOJIBKO JIMCTOB B BUAE TAOJHIBI M 3allOJHATh COOTBETCTBYIOIINE SYCHKU
0 Mepe HEOOXOTUMOCTH:

Tab6u. 1. Tabnuna 3anucy KIrOYEBbIX HOKA3aHUN U JeHCTBUI

Bpems

ITokazanwms B1

ITokazanus B2

Momrocts TMH

HyHKTLI 3aJaHusl U KOMMCHTapun

t, yu:mMm:cc

P1, mOap

P,, mbap

W, Bt
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II. Onpenenenne oTkaunBaeMoro oobEMa
Y U3MEPEHHE CKOPOCTH OTKAuKH (POpBaKyyMHBIM HACOCOM

I1.1. Y6enutech, uro TypOomosnekynsapHbiii Hacoc TMH He OyaeT 3amelicTBOBaH B Ipoliecce
OTKAYKH.

BezoBure mapamerp OnokupoBku Hacoca TMH B okue Omoka BY [COM#.00#: TC 100]
¥ IIPOBEpbTE, OTKIIOYECH M OH: [Set random parameter value]*” — [023: MotorPump] —
[set value] (mepeBeaute wHmuKaTOp B cepwiii mBer) — [Set to selected value]. Emé pas
MPOBEPHTE COCTOSTHUE KPaHOB (cM. mit. |.3).

I1.2. OTkauaiiTe ycTaHOBKY opBaKyyMHBIM Hacocom J[H.

BxitounTe (opBakyyMHBIH HacoC KHOMKOHM [pumping station] oxxa 61oka BY [COM#.00#:
TC 100]. OrmerbTe Bpems 3amycka B TeTpaau. OTKadalTe yCTaHOBKY J0 MPEAEIbHOIO
JIaBJICHUS], KOTOPOE MOXKHO ONPEJEIUTh 110 TUHAMUKE OKa3aHUH BaKyyMETPOB.

Ecnmn  mo ucreyeHun  ~5 MUHYT  IOKa3aHMs  BaKyyMMETpOB  OyAyT  OTJIMYAThCS
OT 3asIBJICHHOT'O TPOM3BOJIMTENIEM TPEICILHOTO AaBjieHus Hacoca 3,5 mOap (cm. nmpui. 1B)
Oojiee yeM Ha MOPSJOK, OCTAHOBHUTE OTKAuKy (KHOMKa [pumping station]) uemé pa3
IIPOBEPHTE COCTOSHUE KPAHOB.

3apukcupyiiTe BpeMs OTKauKu U IPEACITbHOE IaBICHUE B CHCTEME.
11.3. IlpucoenuHMTE K yCTAaHOBKE CHIIb(OH € BO3AYXOM IPH aTMOC(HEPHOM JIaBICHUH.

BHuMaHHe: BO BpeMsi MOHTaa KO BCEM BaKyyMHBIM IMOBEPXHOCTSIM COCIUHHTEIBHBIX
9JICMCHTOB, BKJIIOYad YIIJIOTHUTCIBHBIC KOJIbId, MOKHO KaCaTbCd TOJIBKO MCIIOJIb3Ys
JIATEKCHBIC HepanKI/ISS!

Otcoenunute 3armymky 3 ot kpana MK3 (kpan MK3 3akpsit!). IIporpure BakyymHBIE
noBepxHocTH cuibdora C, 3araymku 3, a TakKe YIUIOTHUTEIbHBIE KOJbIla 0€3BOPCOBOM
TKaHBIO CMOYEHHOW O00€3)KMPUBAIONIEH KHUIKOCTHIO. YCTAaHOBHTE 3ariylIKy 3 Ha OJUH
KOHEIl THOKOTO CI/IJ‘IB(bOHaag, a Ipyroi kouer npucoeaunute Kk kpany MK3 (cm. mpuit. 1A).

[Ipu 5TOM B cuiib(hoHE MEXKAY 3ariIyIIKON U KpaHOM OyzAeT «3amepTo» 235 Mi1 Bo3ayxa Mpu
aTMocepHOM JIaBJICHUH.

I1.4. BeipoBusiite naBinenus B cuibdoHe C m BakyyMHOH kamepe K skcnepuMeHTanbHOTO
CTEH/IA.

[lepexpoiiTe oTkauky BakyyMHOHl kamepsl K, 3akpeiB kpan MK2. [lanee mpeneabHo
IJIABHO, HE JOMyCKasi P€3KOr0 M3MEHEHMS MOKa3aHU BaKyyMMETPOB, OTKpoiTe kpaH MK3
JUISL PacTIpOCTPAHEHUST «3alepToOro» BO3ayxa 1o o0béMy BakyyMHou kamepsl K (Hacoc /IH
JOJDKEH ~ OCTaBaThCsl  BKIIIOYEHHBIM!). 3aduKcupyiiTe yCTaHOBHBIIMECS ITOKa3aHUS
BaKyyMMeTp0B4O. Cpenaiite BBIBOJBI O TOYHOCTH IOKa3aHUW KaKJIOr0 M3 BaKyyMETpPOB
B JIAaHHOM JIMaIla30HE U3MEPEHUMU.

I1.5. BeipoBHsiiTe maBieHne BakyymMHou kamepsl K u ¢hopBakyyMHON MarucTpain yCTaHOBKH.

3akpoiite kpan MK wu otkmiounte ¢opBakyymusiii Hacoc [IH. Ilpu sToM, HecMoTps
Ha OTKJIFOYEHHBIA HACOC, B CBSI3M C XOpPOIIEH T€PMETHYHOCTHIO BAaKyyMHBIX COEIMHEHUU
U 3amnMparoiieMy oOpaTHOMY KiaraHy Hacoca JaBieHHue B (OpBaKyyMHOW JHMHUU OyneT
OCTaBaThCs MPAKTHUUYECKU MOCTOSIHHBIM JIOCTATOYHOE IS IPOBEIEHUS M3MEPEHUIl Bpems.
Tem He MeHee, PEKOMEHIYeTCsl He JieNlaTh OOJbIIUX May3 MEXIy IEHCTBHSIMM, YTOOBI

¥ Huxnsis npaBas kHomka okHa [COM#.00#: TC 100] u3 1mecTH KHOTIOK yIPaBIISIONINX MTapaMeTpaMHu.
*®Cm. [paBHjIa BAKYyMHOW TMTHEHBI Ha ¢Tp. 25.

% Bce HeOGXOAMMbIE BAKYyMHbIE 3JIEMEHTBI MOJKHO TIOJIY4HTh y JIA0OPAHTA.

0 Bpemst yCTaHOBJICHHS JABICHHS MOYKET COCTABISTH 10 1—2 MUHYT.
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UCKJIIOYUTh BIMSHME BO3MOXKHOTO HaTekaHus. Jlanee IIaBHO OTKpOWTe KpaH
MK?2 u 3adukcupyiite ycTaHOBUBIINECS MTOKa3aHU BaKYyMMETPOB.

11.6. BeipoBHsiiTE MaBieHne BO BCEH yCTaHOBKE, BKJIIOUYas 00beM TypOOMOJIEKYJIIPHOTO Hacoca
TMH.

[TnaBHo otkporite kpan MKI1, 3amyctuB Bo3myx B oOBEM Hacoca TMH. 3aduxcupyiite
YCTAaHOBUBIIMECS  TOKa3aHus  BakyymMmeTrpoB  (Hacoc JIH  momkeH — ocraBarbes
BBIKJTFOUCHHBIM! ).

[1.7. HamycTuTe B YCTaHOBKY BO3yX /10 aTMOC(HEPHOTO JaBJICHUSI.

[1naBHO MOBEPHUTE HUKHIOIO MOBOPOTHYIO pyuKy HaTekaTenss KH mpoTuB yacoBoii cTpenku
(MPOTHB YKa3aHHOTO CTPEIKAaMU HAMpaBIeHUs) 0 yropa (yKazareidb B MO3HIIMHA «Openy).

11.8. ITonroToBBhTE YCTAHOBKY K TIOBTOPHOMY BBITIOJTHEHHUIO yacTy || 3amanmus.

3akpoiite Harekatenb KH HIKHEH MOBOpOTHON pyukoil (ykasaTenab B MO3UIHMH «closey).
3akpointe kpan MK3.

11.9. Usmepenuss mo mm. 11.2—11.8 moBropure emé 1-2 pasa, Kaxmelii pa3 QGUKCHpYsS Bpems
Havayia paboThl popBakyymHoro Hacoca J1H.

Ecnu gocturaercs nmpuemsieMas OBTOPSEMOCTb, MOKHO MEPEXOJUTh K CIEIYIOLIEH 4acTu
3aaHusl.

PacuetHoe Bpems BeimonHeHus yacreit |, |1 3ananus e 6onee 1 vaca.

Onpedenume 00bEMbl 8aKYyMHLIX uacmel ycmaunosku coenacho nn. VILI. Onpeoderume
CKOpOCMb OMKAyKu cucmemvl Hacocom [{H no ynyuuwienuro 6akyyma 60 6pemsi OmKauku
coenacro nn. NN.2.* [l NOYyYeHUuss mpedyemMvlx napamempos UcCnoav3yime atin
€ 3aNUCAHHBIMU OAHHBIMU.

I11. U3mMepeHne CKOpOCTH OTKAUYKH TypOOMOJIEKYIISIPHBIM HACOCOM
U OIIpEZICIICHUE NPEICIIBHOTO BaKyyMa

I11.1. Orcoenunute CHIIbGOH OT YCTAaHOBKH.

BuumMmanue: BO BpEMA JCMOHTaXa KO BCEM BAKYYMHBIM IMOBEPXHOCTAM COCAMHUTCIIBHBIX
9JICMCHTOB, BKJIIOYad YIIJIOTHUTCIBHBIC KOJIbId, MOKHO KaCaTbCd TOJIBKO MCIIOJIb3Ys
JIaTCKCHBIC HepanKI/I! ITocne oxoHuanwms ACMOHTAaXa IIOMCTHUTC BCC HCHUCIIOJIB3YCMBIC
BAaKYYMHBLIC ICTAJIU B FGpMGTH‘-IHBIfI IMaKET C 3aMKOM.

OrcoenrHUTE CUIB()OH OT YCTAHOBKM M YCTaHOBHTE 3araymky 3 Ha kpaH MK3. Otkporite
kpan MK3, 4To0s! yOpaTh U3 YCTAaHOBKH 3amepThlii 00bEM C BO3yXOM MEX]y 3ariyIiKou 3
u kpanoMm MK3.

I11.2. Otkauaiite yctaHOBKY opBakyyMHbIM HacocoM JIH (cm. mm. 11.2).
I11.3. Otkauaiite 066EM TypOOMONEKYIApHBIM Hacocom TMH.

Otkporite mmbep 1113, 3akpoitite kpan MK2. Omnpenenute 1o cxeme, M0 KaKUM
MarucTpaisiM " Kakue OoOBEMBI OyAyT OTKAaYMBAaTbCS JBYMs HacocaMu MpU JaHHOM
COCTOSTHUM KPaHOB.

Jns Brimtoyenus Hacoca TMH cHuMuTe ero GokupoBKy: [set random parameter value] —
[023: MotorPump] — [set value] (mepeBeauTe WHIUKATOP B 3€IEHBIA IBET) —>
[set to selected value]. OTmeTbTe Bpems Hauyana pabotel Hacoca TMH.

“ O6pa60TKy JAHHBIX PCKOMCHAYCTCS BBIIMIOJIHATD IMOCJIC 3aBCPIICHUS paGOTLI Ha YCTaHOBKC.
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OTkauvaiiTe yCTaHOBKY JO TIPEAEIbHOIO JaBJIEHUS, KOTOPOE MOYKHO OIpPENEINUTh
10 IMHAMMKE II0OKa3aHUM BakKyymmeTpoB. Eciaum mo ucredeHun ~5 MHUHYT CKOpPOCTb
BparieHus1 Typounsl He BoiiiaeT Ha npenenbubie 90 000 06/mun (cM. ipui. 2B), octaHoBUTE
oTKauKy (KHOmIKa [pumping station] okna Onoka BY [COM#.00#: TC 100]) u emé pa3
IIPOBEPHTE COCTOSTHHE KPAHOB.

[Mpoananm3upyiite ~ paboOTy  BaKyyMETpOB. Yo6enurecs, YTO TEPMOPE3UCTOPHBIN
BakyymMmeTp B1 mocTur cBoero mpepena u3MepeHUi, B TO BpeMs Kak KOMOMHHPOBAaHHBIN
BakyymMMmeTp B2 (TouHee ero MarHeTpoHHasi 4acTh) MPOJOIIKAET OTOOpaKaTh KOPPEKTHOE
JaBJieHWEe B cucTeMe. 3aduKcHUpylTe TpeaebHOE MaBJICHHE B BHICOKOBAKYYMHOW YacTH
YCTaHOBKH U BpeMs OTKa4uKH YCTaHOBKHM HacocoM TMH.

I11.4. Onpenenute ypoBeHb T€UYEH M CKOPOCTh OTKAYKUA CHCTEMBI.

3akpoiite mmbep 1113, mpu 3TOM HaBIeHUE B CUCTEME HAUYHET MOBBIIIATHCS 3a CUET HATHYUHUS
teueit. [lomyuuTe Takum 00pa3oM 3aBHCHMOCTh IOKa3aHWN Bakyymerpa B2 oT BpemeHH.
Korna naBnenue npeBbICUT 3-10°3 MOap, CHOBa OTKPOKTE muoep.

[TomyunTe 3aBHCUMOCTH TIOKa3aHUKM BakyymMMmeTpa B2 oT BpeMeHu 1mocie OTKphITHS ruoepa.
CHoBa 3adukcupyiTe npenenbHoe AaBiieHue. Bpems cHstus mokaszanuii mo mm. |11.4 He
JIOJDKHO mpeBbImarh 10 MuH.

I11.5. M3mepenus no mm. 111.4 moBTopute emé 1-2 pasa, Kaxablid pa3 GUKCUPYs BpeMsl 3aKPbITHS
1 OTKphITUS muoepa 1113.

Ecnu gocturaercs npuemsieMas MOBTOPSEMOCTb, MOKHO MEPEXOJUTh K CIEIYIOLEH 4acTu
3aJaHusl.

Pacuernoe Bpemst BwimonHeHus yactu Il 3amanust He 6onee 0,5 waca. Ecnmu Bpemenu Ha
BBITIOJIHEHHE CJICAYIOIIMNX 3a/IaHUil HE OCTAeTCs, MePEXOaUTE K 3aBepiaronieid yactu VI.

Onpedenume ckopocmov omkauku cucmemvl nacocom TMH no yayuwenuro 6axkyyma
60 6pemsa omkauxku coenacto nn.VIL.3. Onpederume yposenv meuyeti no yxyouieHuro
8akyyma nocie nepekpvimus omxauku wubdbepom coznacho nn. V.4, Ja nonyuenus
mpebyemMblX napamempos UCnoab3yime @aill ¢ 3aNUCAHHLIMU OAHHBIMU.

IV.* Co3nanue NCKyCCTBEHHOM TeUn
U OIIpEeIEeIICHUE NABJICHU IIEPEX0AA B MOJIEKYIISPHBIA PEXKUM

IV.1. Y6eaurech, uTo KaMepa OTKa4yaHa J0 npeaeabHoro aasiaenus (cm. mm. 111.3).
3adukcupyiiTe peneabHOe JaBICHUE U MOITHOCTh, MoTpedsiemyto TypouHot TMH.
IV.2. IlogrorossTe Hatekarenb KH k Hanmycky Bo3ayxa B Kamepy.

3akpoite Hatekatenab KH pydkoil TOHKOW peryJMpOBKH CBEpXy, IUIABHO Bpalas ee
B CTOPOHY YMEHBILIECHHs IIOKa3aHUNM MEXaHW4YeCKOro cuéruumka 1o ymnopa. Ilocme uyero
IIEPEBEINTE HIDKHIOK IBYXIO3UIMOHHYIO pyuKy Harekarens KH B mosmosxeHne «OTKpBITO»
(YKazaTelnp B IO3ULIUHU «OpEn»).

IV.3. Co3paiiTe HCKyCCTBEHHYIO T€Ub B cucTeMe HatekaTenem KH.

IlnaBHo HauMHaANiTE NOBOpauMBaTh py4Ky TOHKOM peryaupoBku KH B cTopony
YBEJIMYEHUS NTOKA3aHUM CUETYMKA, TEM CaMbIM CO3/JaBasi HCKYCCTBEHHYIO T€Ub B CHCTEME.
Habmiomaiite 3a mokazaHusiMu  Bakyymmerpa B2, morpebmsemoit  Typounoit TMH
MOIIHOCTBIO M CKOPOCTBIO €€ BpaleHHs. Kak TOIbKO MOLIHOCTh M3MEHAThCS Ha 1 Bt
3aukcupyiite mokazaHus Bakyymerpa B2 u mommnuocte TypOunsl TMH. Ilpu stom
NIOKAa3aHUA MOIIHOCTh MOTYT <IUIaBaTh» BOKPYI CPEIHEro 3HA4YEHUs HU3MEHSACh
Ha 12 BT, ogHako cpeaHee 3HaU€HUE BO BPEMEHH JOJDKHO OBITH (PMKCHPOBAHO.
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[Tocne ¢ukcanmuu TEKyIMX 3HAYCHUN MPOJNOJDKalTe KpaliHe IUIABHO TIOBOpAYMBATH
pyuky ToHKoM perynupoBku KH, yBenuuuBas teub, 10 0U4EPETHOTO U3MEHEHUS MOIIIHOCTH
TypOunbsl Ha 1l Bt. [Ilockonpky HarekaHuWe pacTeT HE JIMHEWHO ¢ MOKa3aHUSIMH
cueTurka (cMm. mpui. 4B), HeoOXxomumMo 3aMeMIATH BpallleHHe PYUKH TOHKOH
perynupoBku KH ¢ yBenmnueHueM maBieHHs B CHUCTeME. TakuM o0pa3oM, CHHUMHUTE
NOAPOOHYIO 3aBHCUMOCTh MOITHOCTH OT JjaBlieHUs B 00beme kamepsl (10 30 Touek).

Bo Bpemsi BbIMOJNIHEHUS AAHHOW YacTH 3aJaHusl 0053aTeNbHO CIEIUTE 3a CKOPOCTHIO
BpallleHUs TYpOMHBI, OHAa BCErJa JOJDKHA BpalIaThCs Ha NPEACTbHOW CKOPOCTH
90 000 06/muH. Kak TOIBKO 000POTHI HAYHYT YMEHBINATHCS, HY)KHO 3aKOHYUTH TEKYIYIO
CEpUI0 U3MEPECHUM.

IV.4. [ToBropuTte m3mepenus 1. [V.3. B oOpaTHOM MOpsIIKE.

[InaBHO OBOpaYMBalTEe Py4YKy TOHKOW PETYIMPOBKU B CTOPOHY YMEHBILCHUS ITOKA3aHUMI
cdyetdynka. TakuMm oOpa3oM, CHUMHUTE NOAPOOHYIO 3aBHCHMOCTb MOIIHOCTH OT JAABJICHMS
B 00Beme kamepsI (10 30 Touek).

IV.5.* Usmepenns no . 1V.3—1V.4 noBTopute emé 1-2 pasa.

Ecnu gocturaercs nmpuemiieMasi TOBTOPSIEMOCTb, MOKHO MEPEXOIUTh K CIAEAYIOIIEH YacTu
3aaHusl.

PacuerHoe Bpems BbimosHeHHs yacT |V 3amanus e 6onee 0,5 vaca. Eciu Bpemenu Ha
BBITIOJTHEHHE CJICAYIONIETO 3aJaHus HE OCTAEeTCs, MIEPEXOAUTE K 3aBepiiaronier yactu VI.

Ilocmpoiime 3asucumocms MOWHOCMU MYPOUHLL OM OAGIEHUs, OYeHume OdasleHue
nepexooa 8 MONeKyIAPHbILL pedcum meuenus coenacuo nn. VILS, ykascume eé na epaguxe
3a8ucumMocmu.

V.* Otkauka o0beMa uepe3 nuadparmbl
V.1.*2 Ocranosure OTKa4YKy YCTaHOBKH.

Haxxmute kHOnKy [pumping station] okua 6ioka BY [COM#.00#: TC 100]. 3adukcupyiite
BpeMsi BBIKIIOYeHUs1 oTkaduku. Korma porop TMH momHOCTBEIO OCTaHOBHTCS (WacToTa
poropa 0 '), 3adukcupyiite Bpemsi ero octaHoBKU. K crienyromeMy MOAMYHKTY 3aJaHUsS
MO’KHO MEePEXOIUTh HE JOKUAASICh MOJTHON OCTAHOBKU POTOpA.

V.2. Ycranosute nuadparmy /| nepen Bxoausim ¢uaniem Hacoca TMH.

BHuMaHue: BO BpeMs MOHTaXa KO BCEM BaKyyMHBIM MOBEPXHOCTSIM COEJUHMTEIbHBIX
JJIEMEHTOB, BKJIOYas YIUIOTHUTEIbHBIE KOJbIA, MOYKHO KAacaTbCsl TOJIBKO HCIIOJIb3Ys
JaTeKCHbIE IIepyaTKu!

[Toka poTop ocTtaHaBiIuBaeTcs, NpuroToBbTe auadparmy [ c orBepctuem 10 MM mis
YCTAaHOBKM  BMECTO  IIGHTPHpYIOLIEro U ymioTHuTenbHoro  komery  ISO-K DN63
(cm. mpun. 2A) mexay mmbepom 1113 u kamepoit K. TiaTenbHO mpoTpUTe BCE TOBEPXHOCTH
muadparMbl ¥ COOTBETCTBYIOIIETO  YIUIOTHUTEIBHOTO  KOJbIla  00€3KUpHUBAIOIICH
KUakocThio.  CoeNMHHWTE UX MEXIYy CO0OM | pa3sMecTuTe psamoM C  Kamepoit K
Ha aFOMMHUEBOW  ToBepxHocTu mmmbepa 113, Takke mpenBapuTeNnsHO  TMPOTEPEB
MOBEPXHOCTh Al[ETOHOM.

Ilocne ocTaHOBKHM pOTOpa BHIPOBHSIHMTE NaBieHUs 1O o0e cTopoHsl mmbepa I3 oTKpbIB
kpaH MK2.  Otkpoitite  mmbep [1I3.  Hamyctute  BO3AyX B YCTAaHOBKY  uepe3
narekarenb KH (cm. nim. 1.3).  Tlocne Hamycka arMocdepsl  TEpeBEAMTE  HIKHIOK

42 I[aHHLIfI IMYHKT PEKOMCHAYCTCS BBINOJHATL TOJIBKO C ACCUCTCHTOM.
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JIBYXITO3UILIMOHHYIO pYy4Ky Harekarenss KH B monokeHue «3akpbiTo» (yka3aTelb B MO3UIIUU

«close»).
OTBUHTHUTE raiiku-0apariku, IIOCTEIIEHHO U IIOIIapHO ocIaosist BPYYHYIO
OPOTHUBOIIOI0XKHBIC KpeIJICHH. CHumute BCC raiku-0apariku, 1aifObI

U COOTBETCTBYIOIIUE CTPYOLMHBI, OCTABUB TOJIBKO pPe3bOOBBIE IIMHUIBKH.

AkkypaTHO mnpunoaHuMute kamepy K M u3BIekuTe U3 NOA HEE LEHTPHUPYIOIIEe
1 yimoTHUTENbHOE KoJibiio ISO-K DNGS.

Bo Bpems 3T0il mpouenypsl, 3ariasHyB B orBepcTue mmbepa 1113, MOXKHO yBUICTH JIOATKU
poropa Hacoca TMH. Ouenute «Ha rias» pasmMepbl 3a30pOB MEKIY JIOMATKAMU POTOpA.
Taxke TOCMOTPHUTE HAa MEXaHW3M 3aCJIOHKHA HIMOEPHOTO 3aTBOPA, HECKOIBKO pa3 3aKphIB
Y OTKPBIB €TO0.

BMecTo M3BICUEHHBIX IIGHTPHUPYIOLIETO0 U yIuloTHUTenbHOro koser ISO-K DNG63
YCTAHOBUTE MPUTOTOBJICHHYIO 3apaHee AuadparMy ¢ yrnjaOTHEHHEM.

VYcranoure kamepy K Ha nuadparmy [l u 3akpenute e€ HCIONB3ysl CTPYOLMHBI, HIalOBI
¥ raiiku-6apamku. /Iy momapHOro M MOCTENIEHHOTO 3aTATHBAHUS BPYYHYIO rack-Oapamiex
MOXXHO  JIOTIOJIHUTEIIBHO  BOCIIOJIb30BAaThCSl  IIECTUTPAHHUKOM, KOTOPBIH  MOMOKET
3a(MKCHPOBATH MOJI0KEHNE COOTBETCTBYIONINX PE3bOOBBIX IIMHIICK.

Ilocne ycranoBku guadparmel [l U 3aTSArMBaHUS KPEIUIGHUH MOXKHO TEPEXOAUTh
K CIEIYIOIIEMY IIyHKTY.

V.3. [loarotoBbTe yCTAaHOBKY ISl OTKauku HacocoM JIH depes nuadparmy.

3akpoiite kpan MK2, aocranpHbie, Briatouas mmoep I3, ocTtaBpTe OTKPBHITHIMHU.
Omnpenenute 1O cXeMe, I0 KAKUM MarucTpaisiM OylIeT OTKauMBaThCs (POPBAKYYMHBIM
HacocoM kamepa K nmpu 1aHHOM COCTOSTHHM KPaHOB.

V.4. Otkauaiite ~ ycraHoBKy  (QopBakyymMHbIM  Hacocom JJH  (cm.  mm. 1.1-11.2,
HO C BBIILICYKA3aHHBIM COCTOSIHUEM KpaHOB!).

3adukcupyiiTe BpeMs BKJIIOUYEHHS HAcoca, BpeMs OTKAa4YKH, MpPEJeNbHOE JIaBJICHUE
B cucreMe. Bo BpeMsi OTKaukM MOXHO JOINOJHUTENIBHO 3aTSHYTh BUHTBI-OapallKy s
YMEHBILIEHUS BO3MOKHBIX TCUECH.

V.5. Otkauvaiite YCTaHOBKY TYpOOMOIEKYJISIPHBIM Hacocom TMH, CHSIB ero
omokupoBky (cm. mm. 111.3).

3adukcupyiiTe Bpemsi BKIIOYEHHS Hacoca, BpeMs OTKayKd, TMpeAesbHOE JaBJICHUE
B CUCTEME.

V.6. IIpoenute nuzmepenus ananoruuno mim. 111.4—111.5.

V.7. TlpoBeaute emé OAHY CEpUIO SKCHEPUMEHTOB aHaormdHo mm. V.1-V.6, wucmnonb3ys
mradparmy /1 ¢ oTBepcTHEM TUAMETPOM 3 MM.

V.8. Cuumure nuadparmy J1 ¢ ycraHOBKH.

BHuMaHHe: BO BpEMA JCMOHTAXa KO BCEM BAKYYMHBIM IMOBCPXHOCTAM COCAUHUTCIIBHBIX
OJIEMCHTOB, BKJIIOYas YINIOTHUTCIBHBIC KOJIbId, MOXXHO KacCaTbCd TOJIBKO MCIIOJIb3Yys
JJaTCKCHBIC nepanKH! Ilocne oxoHYaHMs ACMOHTAaXKa TTOMCTUTC BCC HCUCIIOJIB3YCMBIC
BAaKYYMHBIC JI€TAJIU B FepMCTI/I‘IHBII\/'I ITaKET C 3aMKOM.

BHoBb ycTaHOBHUTE IEeHTpupyrolee U ymioTHsaoomee koapua [SO-K DN63  BMmecto
nuadparMbel M OTKaualWTe YCTAaHOBKY [0 mpeneiapbHOoro Bakyyma (cm. mm. IL.1-11.2, 111.3
HO 6e3 nmuadparmel). [locme 3TOro MOXKHO IpecTynaTh K IMPOLEAYpe 3aBeplICHUs paboThI
Ha SKCIIEPUMEHTAIILHOM CTEHJIE.
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PacueTHoe Bpems BbIMoSHEHUS yacTu V 3a1anus He Oosee 1 daca.

Onpedenume ckopocmb omKayku cucmemsl Hacocom JH no yayuwenuro eaxyyma 6o epems
omkauxku coenacho n. VIL.2. Onpedenume ckopocmv omxauku cucmemvl Hacocom TMH
NO YIYUULEHUIO 8aKYYMA 60 6pems omKayku coanacho n. VII.3. Onpedenume ypogenv meueti
1o YXyOuleHuro 8aKyyma nocje nepekpvimus omxkauxu wubepom coenacto n. V1.4,

VI. BeikimtoueHne ycTaHOBKH

VI.1. Tlocne 3aBepuieHUs] BCeX NEUCTBHI Ha yCTAHOBKE BHOBBH OTKayalTe €€ 10 MpeAesIbHOTO
Bakyyma (cm. mm. 11.1-11.2, 111.3).

V1.2. 3akpoiite nocnenoBarenbHo kpanbl MK3, MK2, MK1, 1113 u oTkIrounTe OTKA4YKy (KHOIKA
[pumping station] oxua 6;moka BY [COM#.00#: TC 100]).

VYcTaHOBKA B 9TOM CIIy4ae OCTAHETCsl B OTKAYaHHOM COCTOSTHHH.
VIL.3. OcraHoBuTe 3aKCh TaHHBIX U 3aKpoiiTe mporpammy PV TurboViewer.

VI.4. 3arpysute ¢aili c JaHHBIMH Ha Ball OOJAuHBIA CEpBUC WIM Ha (hJIel-HaKOMUTEb,
BBIKITIOUNTE KOMITBIOTEP ¥ MTUTAHHUE SKCIIEPUMEHTAIILHOTO CTEH/IA.

Bce neobxooumvle mamepuanvt 0151 N0020MOBKU OMUEMA (8 MOM HUCIe U dMO ONUcauue)
oy e .« 43
8bl Hati0éme Ha catime Kageopul .

VII. O6paboTka 3KCIIEpUMEHTAILHBIX TAaHHBIX
VII.1. 3arpy3urte gannsle u3 ¢aiia.
J111s1 3TOTO YIOOHO BOCIIOIB30BATHCS PEKOMECHIAIMSAMY, YKa3aHHBIMU B TIPUIL. T .

VII.2. 3nas 06BEM «3anepToro» B cmiibone Bo3ayxa (mi. 11.3) onmpeaenure, monap3ysch 3aKOHOM
boiins-MapuoTrra, TOMHBI 00BEM YCTAaHOBKHM, BBICOKOBaKyyMHOW uactu (kamepa K),
dopBakyymMHON MarucTpanu u camoro Hacoca TMH. Omnpenenute 3TH 4YacTH Ha CXEMe,
OLICHUTE MOTPEIIHOCTH.

VIL.3. Onenure >PPeKTUBHYIO CKOPOCTh OTKAYKM CHCTEMBbI (DOPBAKYyMHBIM HAcCOCOM
B 00JIaCTH, TJIe OHA IMOYTH MOCTOsHHA (cM. mpwi. 1B, puc. 31) B pasHBIX YCIOBHAX: II0
cxeme «Oaiinacy (nm. 11.2, 111.2), yepe3 auadparmer 10 mm 1 3 mm (. V.4), yepe3 duanen
nacoca TMH (mm. V.8).

s sToro w3 Qaiina BO3bMHUTE JAaHHBIC 3aBUCUMOCTH JAaBieHHS B kamepe K ot BpemeHu
orkauku HacocoMm JIH. Ilo 3aBucumoctu InP oTt ompenenure NOCTOSHHYIO BpPEMEHHU
orkauku T (2.17) B mmamasome  jgasnmenmit 10'—10° MOap. 3mas  00BEM  Kamepsl K
yctanoBku V, (. VII.2), paccuuraiite 3ppexkTuBHyt0 CKOpOCTh €€ oTKauku S,. Caemaiite
BBIBOJl O BIMSHMM IPOIYCKHOM CIIOCOOHOCTU 3JIEMEHTOB BAaKyyMHOW CHCTEMBI, OLICHUTE
MOTPEIIHOCTH, CPAaBHUTE MOJIyUYCHHBIC TaHHBIE C TEXHUYECKHMMH XapaKTEpPUCTHKAMH Hacoca.
Omnpenenute CYMMapHYO IPOIYCKHYIO CIOCOOHOCTh COOTBETCTBYIOLIUX
BakyymipoBo1oB U (Bkiouast nuadparmel) (2.5).

VIl.4. Ouennte >(Q(HEKTUBHYIO CKOPOCTh OTKAYKH CHUCTEMBI TYpOOMOJICKYJISIPHBIM HACOCOM
B 00JIaCTH, TJi¢ OHA MOYTH MOCTOosiHHA (cM. mpuil. 2B, puc. 32) B pa3HbIX yCIOBUSX: dYepe3
¢umaner nacoca TMH (1. 111.3—111.4), uepe3 nuadpparmer 10 mm u 3 mm (1. V.5-V.7).

43 Kadenpa o6uieii ¢pusuku / Il cemectp / maboparopust — https://mipt.ru/education/chair/physics/S_11/lab/
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2.3.1A CoBpemeHHble cpeacTBa NoAy4YeHUA N U3MepeHna Bakyyma

Jnst aToro u3 (aiiia BO3bMHUTE JaHHBIE 3aBUCHMOCTH JaBiieHHs B kamepe K oT Bpemenu
otkauku HacocoM TMH. Ilo 3aBucumoctu InP OTt ompenenuTe MOCTOSHHYIO BpPEMEHHU
orkauku T (2.17) B gmamasome nmasmennmit 10 >—107° Mbap. 3Has 06BéM  Kamepsl K
yctanoBku V, (. VII.2), paccumraiite 3QdeKkTUBHYIO CKOpPOCTh €€ oTKauku S,. Crenmaiite
BBIBOJI O BIUSHUU MPOMYCKHON CIIOCOOHOCTH auadparM, OLEHUTE MOTPEIIHOCTH, CPABHUTE
MOJIyYeHHBIC JaHHBIE C TEXHUYECKUMH  XapakTepucTukamu Hacoca. Ompenenure
MPOMYCKHYI0 CcnocoOHOCTh auadparm U (2.5), cpaBHUTE SKCIEPUMEHTAIbHBIC JIaHHBIC
¢ pacueTHbIMH 3HaucHUsIMH (2.10).

VIIL5. Omnpenenure ypoBeHb Tede MO yXyAUIEHUIO BaKyyma IIOCIE€ NEPEKPBITHS OTKAuKH
Hacocom TMH.

s atoro w3 daitna BO3bMUTE JaHHBIC 3aBUCHMOCTH JaBlieHUs B kamepe K oT BpemeHm
HaTEeKaHWsl Toclie TepekphITusi oTkadku 1mmobepom L3 (mm. 1.4, 1V.5). Paccuuraiite
Harekanue Q, (2.6) u npoBepbTe, BBINOIHSICTCA JH yciaoBue (2.7) mus 3aJaHHBIX BBIIIE
nuarazoHoB fgasnenuii (. VI3, VII1L.4).

VIL6.* HUccnenyiite 3aBUCHUMOCTD MOIIIHOCTH Typoursl TMH OT JaBJICHUSA
B kaMepe K nmpu co3iannm MCKyCCTBEHHOM TEUH.

Jus »toro w3 ¢aiina BO3BMHUTE JaHHBIE 3aBHCHMOCTH MOIIHOCTH TypOouHsl TMH
ot naBnerus B Kamepe K (mm. 1V.3—-1V.5). Hccnenyiite MOHOTOHHOCTH 3aBHCHMOCTH
W ot P. Onpenenute kKo3QPUIMEHT yriia HaKJIOHA JIMHEHHOTO ydacTka KpuBou. OreHuTe
JIaBJICHUE TIepexoa B MOJIEKYJISIPHBIA PEXKUM TEUEHHUs HCIIOIb3Ysl B KAUECTBE XapaKTEPHOU
JUIMHBI PACCTOSHUE MEXIy JIOMaTKaMu TYpPOWHBI, YKQXUTE TOMy4YEeHHOE [aBJICHHE Ha
rpapuke W (P).

[Ipennoxute 0O0BSICHEHUE JTUHEHHON 3aBUCUMOCTH W OT P, MCHONb3ysl COOTHOIICHUS ISt
SBJICHUH MEpeHOoca B ra3ax, OLIEHUTE U3 3THX COOOPaKEHUHN Yroyl HaKJIOHa MPSMOH.

UeM MOKHO OOBSCHUTH HETMHEHHBIM ydacTok 3aBucumoctu W (P) B obmacTu npeaeabHbIX
naBrneHui? Jns HArISAHOCTH JAHHBIX B O0JACTH MpPENECNbHBIX JaBICHUH MOXKHO
JIOTIOJTHUTEIBHO MOCTPOUTH 3aBucUMOcTs W (In P).

VIL7. Ouenure uymcno Kuyzacena pans mnpenenbHbIX JAaBieHUd mpu  (PopBaKyyMHOH H
BBICOKOBAKYYMHOM OTKa4Ke B Pa3HbBIX YACTAX BAKYYMHOW CHCTEMBI.

41
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[Ipunoxenue A. HekoTopbie TUIIBI BAKYYMHBIX KOMIIOHEHTOB

Hwxe npencraBnens Hambosiee pacmpocTpaHEHHBIE (IIaHIIeBbIe OBICTPOPA3bEMHBIE THIIBI
BaKyyMHBIX KOMIIOHEHTOB C BHTOHHBIM YIJIOTHEHHWEM M THUIl COSAMHEHHHA C METaJUIMYECKUMHU
yrnoTHuTensMU. [IpuBeIeHb UX OCHOBHBIE CBOMCTBA, THIOPA3MepPh U IIPUMephl MOHTa)a ™.

1A. Tun ISO-KF

BapalLkoBasi raika ®Onanel CoenuHerwe B cbope (paspes)

LLanba

Pbim-6onT

XomyT

TPOWHWK

Maru6

Puc. 23. BakyymHbie komnoneHTsl Trna [SO-KF

Tabu. 2. CoiictBa koMnonenTos tuna |SO-KF

Jlpyrue Ha3BaHus Quick Flange (QF), Klein Flange (KF) mau NW
Tunopasmeps (nuametp ycnoBusiid, 1Y) DN10, 16, 20*, 25, 32*, 40, 50*

Marepuan HEp KaBerolllas CTajlb, ATIOMUHUN, CTEKIA, IIACTUKHU
Yunoruenue ButoH (Viton), kayuyk (NBR, CR) u ap.

Pabouas TemmepaTypa ot —20 o 200 °C

IIpenenbHbIi BakyyM 10°® Topp

CraHgapT U3rOTOBJICHHS DIN 28403/ ISO 2861

* KaK MpaBUJiO, HE IPUMCHAIOTCS.

HpeI/IMy'H_IeCTBa HCIIOJIb30BaHMA: GLICTpLIﬁ n HpOCTOﬁ MOHTaX 0€3 HCIOJb30BAHUS
HHCTpYMeHTOB,MHOFOO6p33HeKOMHOHeHTOB,ynﬂOTHGHHﬂBHHHUpaSOBON)HCHOHLSOB&HHX

* o marepuamam Htc Vacuum http://www.high-light.com.tw/, Kurt J. Lesker Company http://www.lesker.com/,
Vacom Vakuum Komponenten & Messtechnik GmbH http://www.vacom.de/
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2A. Tun ISO-K (ISO-F)

®dnaHey 6onToBoWn
HaKMOHOW Bpallaowmnmnca

®dnaHeu

ansa ctpybumH i

®dnaHeu
bonToBoun

BHelwHee
KOInbLO

YnnoTHUTENBHOE

B f KONbLO
— CrtpybuuHa

AN OBYX NOBEPXHOCTEM
J dnaney ———
C pe3bbon

LleHTpupytoLiee
KonbLO

CtpybumHa
C ABOWHbIM 3aXBaToOM

BapwnaHTbl coeguHeHuin
B cbope

Puc. 24. Bakyymubie komnoneHTsl THoB ISO-K (mox xomytsr), ISO-F (6onToBbIC)

Tabu. 3. CoiicTBa komnoHeHToB Tna ISO-K (mox xomytsr), ISO-F (6onToBbIE)

Jpyrue Ha3BaHUs ISO, Large 1SO, Large-Flange (1SO LF)
Tunopasmepsl (tuametp ycnmoBHsiid, 1Y) DNG63, 80, 100, 160, 200, 250, 320, 400, 500, 630
Marepuain HEep)KaBeIoIas CTallb, ATFOMUHHIA

YnoTHeHue ButoH (Viton), kayuyk (NBR, CR) u np.

Pabouas Temneparypa ot —20 o 200 °C

[IpenenbHBIA BaKyyM 10°® Topp

CraHaapT U3roToBJICHUS DIN 28404 / 1ISO1609

HpeI/IMYIHeCTBa HUCIIOJIB30BaHU: GLICTpBIﬁ n HpOCTOﬁ MOHTaX, MHOFOOGpaSI/Ie BapHUaHTOB
COG,I[I/IHGHI/Iﬁ U KOMIIOHCHTOB, YIINIOTHCHHA MHOI'OPA30BOI'0 MCIIOJb30BaHUA.
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3A.* Tun CF
®dnaHey 6onToBoONK dnaHel, bonToBOWN
HaKWAHOW BpallarLWmnncs y
YnnotHeHue [Fankn
Bontel dnaHey

KoneHo Koneno
Kpect CwunbdoH

TponHuK

3rnb
CoeavHeHne

B cbope (paspes) Q

Puc. 25. BakyymHble komnoHeHTHI Thna CF

Tabu. 4. CoiictBa koMrnoHenTos tuna CF

Jlpyrue Ha3BaHUs ConFlat

Tunopazmepsl DN10, 16, 25, 40, 50, 63, 75, 100, 125, 160, 200, 250,

(mmametp ycioBHBIH, 1Y) 275, 300, 350, 400...

Marepuan HEeprKaBeIOINasl CTallb, 3aKAIEHHBIN aTIOMUHUHN (PEIKO)

VYiuioTHEHNE MeJlb (TOJIBKO CO CTaNbl0), aTFOMUHUMN, BUTOH (PEIKO, C
MOHW)KEHHEM MTapaMeTpoB CM. Tabi. 2 wiu 1adi. 3)

Pabouas Temneparypa ot —196 mo 450 °C

[IpenenbHbIl Bakyym 10™"° Topp

CTtaHgapT U3roTOBJICHHS ISO 3669-2

[IpenmymiecTBa KCMONB30BAHUSA: MPUMEHSIIOTCS MPU paboOTe CO CBEPXBBICOKUM BaKyyMoM, C
0COOBIMHU TPEOOBAHHSIMH K TEMIIEPATYPHOMY JHAIa30HY pabOThI M YHCTOTE MAaTEPHAIIOB.
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[Tpunoxxenue b.* IIporpammuoe obecneuenne PV TurboViewer

IIporpamma PV TurboViewer (PM 061 740) mnpenHasHaueHa isi OBICTPOrO M JIETKOTO
yIIpaBJICHUSI OCHOBHBIMU (DyHKIMsIME TypOOMoeKysipabix HacocoB Pfeiffer Vacuum HiPace u
BakyymeTpoB DigiLine. IToakmouéHHbIE YCTpOiCcTBA OYayT OTOOpaKaThCSA B OTACIBHBIX OKHAX.
IMognep:kuBaeTcsi MOJKIOYCHUE TYpPOOMOJICKYISAPHBIX HacocoB (anr. turbo pump) wu
BaKyyMeTpOB (aHr. pressure gauge). JlonmoaHUTEIHHO OKHO 3arpy3ku aaHHbIX (aHr. data logger)
MO3BOJISIET MPOCMATPHUBATh M COXPAHSTH JIAHHBIC YCTPOUCTB.

['maBHOE OKHO TO3BOJIIET HAWTU MOJAKIIOYEHHBIE YCTPONCTBA W YHOPSAAOYUTH HX OKHA
yIpaBJICHUS.

= connection wizard Earrange - IIr'1.‘|'|:|E'|I:a logger iinfo ? help PFEIFFEHF vacuum

Puc. 26. I'maBHOE OKHO

Tab6u. 5. KHonKH yrpaBiieHusl [IaBHOTO OKHA MPOTrPaMMbl

= onnectiontizard  OTKpBIBAET JAMAIOTOBOE OKHO /Il MOMCKA MOJKIIOYEHHBIX YCTpoucTB. st
MOJIy4eHUs  JIOTIOJHUTENbHOM  HMHpOpMamuu  cM. pasgen  Macrep

THOAKIIOYCHHUS.

=arrange ~ YnopsaounBaeT OkHa yCTPOMCTB. B 3aBUCHMOCTH OT paHee UCIOIb30BAHHOTO
croco6a, BBEIOPAHHOTO C TOMOIIBIO BBIMAAAMONMIEH KHONKUA  CYIIECTBYIOT
pa3IUYHbIE CIIOCOOBI PAa3MECTUTh OKHA!
garran s T A
= 5% 7. Pa3meniaeT OKHa pAIOM IOJHOCTBIO 3amoOJIHSS BCE TJIaBHOE
OKHO.
= lneup = - CBopaunBaeT OKHA U pa3MeIIaeT OJTHO MO IPYTUM.
= equalize -
Sal-le! : Pa3aMep Bcex OKOH U3MEHSETCS JI0 pa3Mepa akTUBHOT'O OKHa.

M\ data lagger OTkpbIBaCT OKHO perucrpanuu gaHHbiXx data logger. Dta  ¢yHKuus

CTaHOBHUTCS JOCTYITHA IOCIIE TOIKIIOUEHUS YCTPOMCTB € MOMOIIBI0 MacTepa
nonkimodenuss (anr. Connection Wizard), Tak kak CUUTBHIBAHHE JaHHBIX
MPOUCXOJUT TOJBKO OT MOAKIIOYEHHBIX HA JaHHBIH MOMEHT YCTPOMCTB.
B03MOKHO OTKpBITHE TOJBKO OJTHOTO OKHA PETHUCTPALIUHU JTaHHBIX.
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2.3.1A CoBpemeHHble cpeacTBa NoAy4YeHUA N U3MepeHna Bakyyma

[MTokassiBaeT nHpopMarlmio o mporpamme PV TurboViewer.

OTKpBIBAET OKHO CIIPaBKH.

1b. MacTtep noaxitoueHus

Mactep nmoakmodeHust (aHr. connection wizard) mpeaoCTaBIsIeT HECKOJIBKO BO3MOKHOCTEH IS
IMOUCKa UK yHpaBJICHUSA HO,Z[KJHO‘-IéHHBIMI/I YCTpOﬁCTBaMH.

find zingle device

E.! @ There iz only one device prezent and nothing elze connected to
the PCz COK parts

find multiple devices

[ COMT1
EE?»T;;E;SE ||§| COr3 - for up ta |4 32 devices

Puc. 27. OxHO MacTepa HOAKIIIOUCHHUS

Tab6u1. 6. KHONKM yripaBieHus! OKHA MacTepa NOAKII0UYEHHS

= e

Knomnka noucka omgHoro yctpoiictsa (anr. find single device)

HaxxmMure 5Ty KHONKY €CIM TOJBKO OJHO YCTPOMCTBO MOAKIIOYEHO K
npou3BoiibHOMY COM mopty »toro IIK, T.e. ecnm He NOAKIIOYEHO APYTHUX
yerpoiictB mim apyrue COM nopTsl He 3aHATH YyeM-To emé. Bee cymecTyromnme
COM moptel OynyT HalieHBI M BCe aapeca OyayT IPOCKaHUPOBAHBI, IOKa
YCTPOMCTBO He OyJeT HAalIGHO UM HE MPEPBaHO CKaHUPOBAHHE.

Knormka norncka MuOkecTBa ycTpoicTB (anr. find multiple devices)

Ora (yHKIUA cKaHWpyeT HecKoiabko moptroB COM mns nro0oro KoiaumdecTBa
ycTpoiictB. Bee moctymasie COM mopThel oToOpakeHbl B ciucke. (s skoHOMUM
BPEMECHH CKAaHHUPOBAHMS, OTKIIOUEHUS 3aBEAOMO HE HCIIOJIB3yeMbIX IOPTOB,
MOPTOB C JIPYTUMU YCTPOICTBAMH WJIM MOPTOB YCTPOMCTB, KOTOPBIE Bbl HE XOTUTE
oroOpakaTb Ha DSKpaHE MOXXHO CHSATh COOTBETCTBYIOIIME Tajo4yku. Bce
ormeueHHbie COM mopThl OyayT HalIEeHBI B BCE aapeca OyayT MPOCKaHUPOBAHBI,
MOKa BCE YCTPOWCTBAa HE OyAyT HAiJeHb WM HE TPEepBaHO CKAHHPOBAHHE (C
BO3MOXXHOCTBIO OTKA3aThCSl OT BCEX HEAABHO HAWJEHHBIX YCTPONCTB WM J0OAaBUThH
paHee He HalJICHHbIE).

Bce ycrpoiictBa omnoro COM mopra MOJDKHBI UMETh WHIWBHIYaJIbHBIC aapeca
(0OBIYHO BCE YCTPOHCTBA MMEIOT TOT XK€ aJpPeC MO YMOJIYAHUIO TPU TMOCTaBKe).
Hcrnonp3yiiTe Ha3Haue€HHE aJpecoB (CM. HIDKE), YTOObl HM3MEHHTH ajapeca
YCTPOMCTBA.
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2b. TypOomoneKyaspHbIF HacoC

Hwxe moka3zaHo MUHMMH3UPOBAHHOE OKHO TYpPOOMOJIEKYIISIPHOTO HAacoca, KOTOPOE COJCPIKUT
TOJNBKO Hamboyiee HeoOXomuMble (GyHKIUH. BBl MOXeTe M3MEHHUTh €ro Ha pacHIUPEHHOE H
00paTHO HAXKATUEM .

COM4.004: TC 110 M=l E COM4.004: TC 110 =] B3

@

mnaritor M W rnionitor

OwW | OW

| o

W
P
Lan]

WF

0 rpms 327 0 rpme

b4

Puc. 28. MuUHMMHN3UPOBAaHHOE U PaCUIMPEHHOE OKHO TypOOMOJIEKYIIIPHOTO Hacoca

B HuxkHel yacTh OKHa IMOKa3aHa TEKylas CKOPOCThb. Bbl MOXKETE MEHSTh €OUHUIBI U3MEPEHUS
KJIMKas Ha HIDKHIOK 4acTh okHa Mexay ['1ip (Hz), 06/mMun (rpm) u % ot 3aganHoro 3Hauenus. B
BEepXHEW YacTH OKHA IOKa3aHO TEKyIlee 3HAYCHHE IPOU3BOJILHOTO Mapamerpa. BwiOepure
nmapaMeTp M3 CIHUCKa KIMKas Ha BEPXHIOID YacTh OKHA. B 3aBUCMMOCTH OT THIIAa Hacoca
HEKOTOpBIE MapaMeTpbl MOTYT ObITh HE MOCTymHBI [loxkamyiicTa, oOpaTUTECh K PYKOBOJCTBY
MOAKIIOYEHHOTO YCTPOMCTBA AJIs MOAPOOHOM HHPOPMAIIMH O JOCTYITHBIX IMapaMeTpax.

Tabu. 7.

HeKOTOpI)IG KHOIIKHM YTIpaBJICHUS OKHa Typ60MOHeKyJ'IHpHOFO Hacoca

@

k4

Haxxmure mu1st 3armycka uid OCTaHOBKHM paOOTHl HACOCHOW CTAHIMH. DTO €IWHCTBCHHBIN
DJICMCHT ynpaBJIeHI/I}I BI/I,Z[I/IMBII\/'I B MI/IHI/IMI/ISI/IpOBaHHOM OKHC.

Haxxmute 111 0TOOpaXkeHUsT OITHOKH.

Haxkmute as ycTaHOBKHM 3Hau€HUs MPOU3BOJILHOTO Mapamerpa. Boibepure nmapamerp us
cnucka. B 3aBUCHMOCTM OT THIIa Hacoca HEKOTOpbIE IapaMeTpbl MOTYT OBITh He
noctymnHbl. [loxkanylicta, oOpaTUTECh K PYKOBOJCTBY IOJKIIOUYEHHOTO YCTPOWCTBA IS
1oApoOHOM nHpOpMALMK O AOCTYIHBIX MapaMeTpax U UX 3HAUYCHUSX.

B 3aBucumMmocTH OT THIIA Hacoca HCKOTOPBIC KHOIIKU MOTYT OBITH HE AOCTYIIHBI.

I/IH,I[I/IKaTOPBI B HIDKHEH CTPOYKE OKHA MOI'YT IIOKa3bIBATH CUMBOJIBI ICPECUYNCIICHHBIC HUXC.

Tabu. 8.

Wunukaropsl okHa TypOOMOJIEKYIJISIPHOTO Hacoca

Pabora:

KOpPOTKHC 3elIEHBIC BCIBIIIKU IIOKAa3bIBAKOT, YTO HACOCHAaA CTAaHLIMA BBIKJIIOUYCHA U

47



2.3.1A CoBpemeHHble cpeacTBa NoAy4YeHUA N U3MepeHna Bakyyma

TypOWHa Hacoca He BpalaeTcs

@  Muraroommi 3e1EHBIM MOKA3BIBAET, YTO HACOCHAS CTAHIIUS BBIKJIKOYEHA, HO TypOMHA
Hacoca MpoJ0JDKACT BpallaThCs

e HEIPEPBIBHBIN 3€JIEHBIN IIOKA3bIBACT, YTO HACOCHAS CTAHLIMs BKIIOUYEHA
[TapameTpsl cKOpOCTH
] TypOMHA Hacoca He BpaliaeTcs
(] TypOHHA Hacoca YCKOPAETCS
i TypOMHAa Hacoca BBIILIA Ha 3aJaHHYIO0 CKOPOCTh
- TypOHHA Hacoca 3aMeIAETCS
3aJlaHHas CKOPOCTbD.
)] 3aJlaHHasi CKOPOCTh HE IOCTHTHYTa
i 3aJ]aHHasi CKOPOCTh JIOCTUTHYTA
Ommbku:
& OLIMOOK HET
a €CTh MIPEAYIPEKICHHE
g BO3HHUKJIA OLIUOKA
OTKIIHK:
» 9Ta NKOHKA U3MEHSETCS KOKIBIH pa3 Ipy N3MEHEHUH ITapaMeTpOB

3HAYKKM OKHA MOTYT MMETh [IBETA MEPEUUCICHHBIC HIKE (3TO 0OCOOCHHO aKTyaIbHO TIPH
CBEPHYTBIX OKHAX).

Tab:1. 9. 3HauKK OKHA TypOOMOJIEKYIISIPHOIO Hacoca

KOpPOTKHUC 3eJ€HbIC BCIBIIIKUA. HAacOCHAas CTaHIIMsd BBIKJIHOYCHA, Typ6I/IHa HacoCa HE
BpaIaercs

MUTAIOIINNA 3eNEHBI: HACOCHAsl CTAHIMS BBIKIIOYEHa, TypOMHA Hacoca MPOAOIIKAeT
BpauaThCs

HETIPEPBIBHBIN 3€JIEHBIN: HACOCHAS CTAHLIUS BKJIIOUEHA
HETIPEPBIBHBIN JKENTHIN: €CTh MPEAYNPEKICHUE

fC)  HempepbIBHBINA KPACHBII: BOSHUKIIA OIIHOKA
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2.3.1A CoBpemeHHble cpeacTsa NoaydYeHUA U USMepPeHMa Bakyyma

3b. Bakyymmerp

Hwuxe mokazaHo MUHUMU3UPOBAHHOE OKHO BaKYyMMETPa, KOTOPOE COACPIKUT TOIBKO Hanbolee
HeoOxoaumbIe PyHKITMU. BBl MOKeTe M3MEHUTD €ro Ha PacCIIMPEHHOE U 00PaTHO HAKATUEM .

(% COMB.002: CPT 100 COM8.002: CPT 100
G
- 2 =,
«| 981 mbar [z~ 981 mbar
— cPi  nfa —
+ cB&: nfa o
ed | <+ |00| <

Puc. 29. MUHUMHU3UPOBaHHOE U PaCUIMPEHHOE OKHO BaKyyMMETpa

OKHO TIOKa3bIBaET TEKYIlee 3HAYCHHE NABJICHUs. BBl MOXXETE MEHSTh CAMHUIBI U3MEPEHUS U
BUJ OTOOpaKCHHs KIIMKas Ha 3HAaueHWe. TeKyllee 3HAueHUE MOXET 3aBUCETh OT TOrO,
NPOBEJICHA JIM Jera3alysl JaTYMKa W BKIFOYCH JIM DJIEMEHT Ui U3MEPEHUsST BHICOKOTO BaKyyMma
(ecru TaKOBOI UMEETCH).

Ta6u. 10. Knomnku yrnpasiieHnst OKHa BaKyyMeTpa

41

:l

s

cPi, cBA,
cCC

Haxxmute 1 BKITIOUSHUS/BBIKIIOYCHHS] JJIEMEHTA JUJII W3MEPEHHS BBICOKOTO
Bakyyma. PaboTa MOXKeT 3aBHCETh OT TEKYIIETO JIaBJICHHUSI.

Haxxmute JJIA BKJIIOUCHMS/BBIKIIOUCHUS mnmponoecca  aerasaliii = HHUTH. B
3aBUCHUMOCTH oT BpPEMCHHU n TEKYLICTO JaBJICHUA Jcra3anus MOXKET
OCTaHaBJIMBATbBCsA aBTOMAaTH4YCCKH.

HaxxmMuTe nans ycTaHOBKM 3HA4Y€HUs NPOM3BOJBHOIO MapaMerpa. BeiOepure
IapaMeTp U3 CIUCKa. B 3aBUCMMOCTH OT THIIAa BAKYyMETpPa HEKOTOPHIE ITapaMETPhI
Moryr ObITb He JocTynHbl. [loxkanyiicta, oOpaTuTech K PYKOBOJICTBY
MOJKIIOYEHHOT0 YCTpOMcTBa Uil MOAPOOHOM WHPOpPMAMU O JIOCTYIHBIX
napameTpax U Mx 3HaueHHsIX.

3HaveHMs] KaTuOpOBOUHBIX K03 ¢uumeHToB s naryuka [lupanu (CPi), Baspna-
Anbriepra (CBA) mu xomoxnoro karonaa (CCC), eciu mpuMEHUMO.

B 3aBucuMoOCTH OT THIIa BAKyyMETpa HEKOTOPhIE KHOIIKH MOTYT ObITh HE JOCTYIIHBI.

I/IHI[I/IKaTOpr B HIKHEH CTPOYKC OKHA MOT'YT TOKa3bIBATb CUMBOJIbI ICPCUHUCIICHHBIC HHUIKC.
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2.3.1A CoBpemeHHble cpeacTBa NoAy4YeHUA N U3MepeHna Bakyyma

Ta6un. 11. MeaukaTopsl OKHA BaKyyMeTpa
Jnana3oH u3MepeHus:

& aBienue B 1uamnasoHe U3MEpPEHUs

{2 jaBjeHue BBIIIE IHANa30Ha U3MEPEHUS

E JaBJICHUC HUXKE JUariazoHa U3MCPCHU. Moxet OTpa’XaThbCs €CJIM BKIIIOYCHA JA€Ta3alyusa 1N
BBIKJIFOUCH HBMGPHTGHBHBIﬁ 9JICMCHT IJIsI BBICOKOI'O BaKyyMa.

OmunOKu:
& owmmubox Her
& Bo3HHUKIA OomIMOKA

OTKIUK:

#4 5Ta MKOHKA M3MEHSETCS KaK/Ibli pa3 MpU H3MEHEHHUH TapaMeTPOB

3HaYKU OKHA MOTYT UMETh [IBETa MIEPEUNCIICHHBIC HIKE (0COOCHHO aKTyaJIbHO MPU CBEPHYTHIX
OKHax).

Ta0xn. 12. 3Hauku OKHA BaKyyMeTpa

HETPEPBIBHBIN 3€JIEHBIN: U3MEPEHUS

HETIPEPbIBHBIHN JKENTHIN: BBIIIE/HUKE TUAa30Ha U3MEPEHHs UM KOPPEKTHOE 3HAUCHHE MPH
JIera3alyy, UM BBIKIIIOYECH H3MEPUTEIBHBIN JJIEMEHT JUJIs1 BBICOKOTO BaKyyMa

%) HeNpepbIBHBINA KPACHBIIl: BOSHUKIIA OIIHOKA

4b. 3arpy3ka TaHHBIX

OCHOBHOE OKHO 3arpy3KH JIaHHBIX COJICPXKUT TPU OOJIACTH: B BEPXHEH IMaHEeId HHCTPYMEHTOB BbI
HalIeTe JIEMEHTHI JJIsi KOHTPOJIS 3arpy3KH JaHHBIX W MX oToOpaskeHMs. HukHss jeBas 4acTh
COACPIKUT I‘pa(bI/IKI/I C JaHHbIMU, HUKHAA IIpaBasgd — OAaHHBIC B Ta6J'II/II_[e. Brl MoxkeTe U3MEHATD
pa3mep rpauKOB U TaOIHUIIBI, IEpEMeEITas Pa3AeIUTeNIb MEXKIY TBYMs 00JIacTsIMHU.
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2.3.1A CoBpemeHHble cpeacTsa NoaydYeHUA U USMepPeHMa Bakyyma

data logger
[ 4 [ 3
Ny .m ‘! FFF. £hzs .'.
diagrams
1000 Hz
2008-11-21,
= = 2008-11-21, 161732 26 Hz 24 00 0w
0 = = 2008-11-21,16:17:30 28 Hz 2400 0w
0% ActualSpd @ COM4A.000: TC 110 2008-11-21, 16:17:28 33Hz 24,00 0w
244y , , R 2008-11-21,16:17:26 37 Hz 24 00 0w
2008-11-21, 16:17:24 43Hz 2400 0w
= o iy = 200811-21,16:17:22 51 Hz 2400 0w
0 & o = o 2008-11-21, 16:17:20 B9 Hz 24 00 0w
313 Drévoltage @@ COM4.000: TC 110 2008-11-21, 16:17:18 73Hz 24,00 0w
2008-11-21, 161716 89 Hz 24 00 0w
2008-11-21, 161714 110 Hz 24 00 0w
2008-11-21, 161712 135 Hz 24 00 0w
2008-11-21,16:17:10 179 Hz 24 00 0w
36 DrvPower (2 COM4.000: TC 110 2008-11-21, 16:17:.08 235 Hz 24 00% 0w
2008-11-21, 161706 309 Hz 24 00 0w -
LI | pl W|2?1 lines shown

Puc. 30. OcHOBHOE OKHO 3arpy3Ku JJaHHBIX

Tab6u. 13. KHonku ynpasiieHHs OCHOBHOTO OKHA 3arpy3KH JaHHBIX

.!\J' [Toka3wiBaeT/ckpbIBaeT 00JacTh rpadgukoB. Bo3aMOXKHOCTE 0TOOpaXKeHUsT JaHHBIX
3aBUCHUT OT WX oObema u mnpousBogutensHoctu [IK. Ckpwitue rpaduxos
YMEHbIAET TPeOyeMyI0 MPOU3BOIUTEIBHOCTD.

'hm [TokaspiBaeT BCe MJaHHBIE Ha OJHOM TrpaduKe WIM KaXIbli mapamMeTp Ha
OT/IeTbHOM Tpaduke.

‘o w
Knomnka otxara : Knomnka Haxxara :
mml /_D
% 3 :
= 308 EchualCod @ COMA 00M: TC 11
M B - -
E 3 3 =
" R
Tl
= = M6 Achuafipd & COMA 00N &
s NG OroPow & COMA0N: TE 00 N6 OroPowr & ClkA0N: TE 000

"’. [Ipyn HEOOXOAMMOCTH cOXpaHseT NaHHbie B ¢ain. Haxmure 3Ty KHOMKY Jis
BbIOOpa (aiima U BKJIIOYEHUS BO3MOXKHOCTH COXpPAHEHHUS JaHHBIX WIH
OTKJIFOUYEHHS  BO3MOXKHOCTH  COXpaHEHUs JaHHBIX B  (aiin.  3amuck
HA4YHETCSA/OCTAaHOBUTHCA IO KOMaHJE 3arpy3ku JaHHbIX. [Ipu kaxaom nukie
3arycH JaHHbIE OyIyT H00aBICHBI B CYIIECTBYIOMIUI (aii.

e e

S Haxxmute omHy W3 ATHUX KHOIOK IS BbIOOpa mMcTouHHMKa naHHbIX (T.e. COM
MopTa, aapeca yCTpocTBa, HOMepa mapameTpa).
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2.3.1A CoBpemeHHble cpeacTBa NoAy4YeHUA N U3MepeHna Bakyyma

AET . Bwibepute mnepuon wusmepenuit. Ilocne kaxmoro mnepuoma (Hampumep 2 ¢)
HanOoJiee CBEXHUE 3HAUCHHS IapaMeTpa MOSIBISIOTCS B Talnuile, 0TOOpaXKaroTCs
Ha auarpamMMme (€clii BKJIIOYEHO OTOOpa)keHHE), 3amuchiBarOTCsA B (daiin (ecnu
BKJIIOYEHA BO3MOXKHOCTb 3alucH). BpemeHHoil nepuoa BiausieT Ha pa3mep (aiina
U OoTOOpaxkaeTcsi Ha SKpaHe. B 3aBucHMOCTHM OT KOIMYecTBa MapaMeTpoB U
BBIOpPAHHBIX YCTpOMcTB mpousBoauTensHocTH 1K MoXkeT ObITh HE JOCTaTOYHO
JUId 3arpy3Kd JaHHBIX B JaHHbBI Nepuoj BpeMeHU. B 3Tom ciydae criemyer
YBEIUYUTH TIEPUO]] U3MEPEHU.

® Hauarb/3akoHUNMTH 3arpy3Ky MJaHHBIX. OTa KHONKa CTaHeT aKTHUBHA, €CId
MCTOYHHMKHU JaHHBIX OMPEIECICHBI.

3HaueHUs IapaMeTpoB:

[Tocne xaxgoro mneproda W3MEpEeHHH HambOojee CBEXHE 3HAUYCHHWS KaKAOTO IapaMmerpa
HOSABISIOTCS B Tabmuie. Tabmauima sBiseTcst 3aK0JIbLIOBaHHBIM OydepoM, T.e. TeKyIlInue 3HaYCHUs
OTOOpaXalOTCSI B BEPXHEH CTPOKE, YCTApEeBIIME IEPEMENAlOTCs BHU3, CTapble TaHHBIE,
npeBbIIIaloIIre pa3mep Oydepa cTuparoTcs (CTHpaHHE JaHHBIX HUKAK HE BIMSET HA UX 3alHCh B
daiin). HaxxmuTe Ha 3arojgoBoK cToiONa, YTOOBI HACTPOUTH €r0 MIUPUHY I TEKYIIIETo pa3Mepa
OKHa.

B 3aBHCHMOCTH OT KOJIMUECTBA MApaMETPOB U BHIOPAHHBIX YCTPOUCTB mpou3BoauTenbHOCTH 1K
MOKET OBITh HE JOCTATOYHO ISl CKAaHWPOBAHHS BCEX NAHHBIX B CTOJh KOPOTKHUN TMEPHOJ
BpeMeHU. Ecim K KOHIy IepuoJa CKAaHMPOBAaHMUS HET HOBBIX JaHHBIX [UIS  YCIEIIHO
OTCKaHMPOBAHHOTO IMapaMeTpa, B 3HAUCHUH MapameTpa OyJeT cieiaHa 3anuch '--- HeT JaHHbBIX -
--" . 3HaYOK B 3aroJIOBKE KOJIOHKHM M3MEHSETCS MPU HATMYMU TEKyNIHMX JaHHBIX (7). Bo Bpems
noctynaroniei MHopMauu 3HAYOK MEHSETCS OT — [0 u Oyner W3MeHEH Ha — IMoclie
3arpy3Kd JaHHbIX. Ecnu B KOHIE meproa OJMH MM HECKOJBKO 3HAYKOB BCE €MI€ ~, 3HAYUT
MEepUOoJ] CIUIIKOM KOPOTKHM 1uisi JaHHOW mpousBoguTenbHocT 1K m konmnuectBa mapameTpoB
WIH BBIOPAHHBIX YCTPOMCTB. B 3TOM ciyuae ciieqyeT yBEIMYUTh MEPUOJ] CKAHMPOBAHUS WU
YMEHBIIUTH KOJTHMYECTBO BHIOPAHHBIX YCTPOUCTB U 0OTOOpaKaeMbIX IapamMeTpOB.

['padpuku:

I'paduku oToOpaxaroT AaHHBIE MapaMeTpPOB M3 TaOMUIBl B rpaduyeckoM Buue. Tekymue
3HAUYCHHUS OTOOpaKaroTCs Ha IMPAaBOM CTOPOHE, YCTApEBIIME JaHHBIE CMEINAIOTCS BIEBO. BEI
MOXET€ OTKIIOYUTh TIpaduKd Ui yMEHBIIEHUS TpeOdyemMoil  MpOU3BOIUTEIHHOCTH

e @
nporpammsel PV (cM. Bblllle) HaxaTHEM v . Haxwmure o YTOOBI U3MEHUTDH BHUJI (BCE JaHHBIC
Ha OJIHOM TpaduKe WIM KaXIbI mapaMeTp Ha oTaenbHoM Tpaduke). Hemocrarommue naHHble,
MOMEYCHHBIC "--- HET JaHHBIX ---' B TAOJIMIIC 3HAYCHHUM MapameTpa OyIyT 0TOOpakaThCs Cepoi
nojocoil. Tun ganHbX "u expo new" (Hampumep, P740: naBnenue) OyayT oToOpakaThCs B
JOrapu(pMHUECKOM MacuTabe CcO BCIIOMOTATENbHBIMHM JIMHUAMHM HAa KaXOYI JeKaay, THII
naHHbIX "string" (Hanpumep, P303: kox ommbku) B Buae cymmbl B ASCII-kogax BceX CHMBOJIOB
o MozyJito 256.

Bonee mnonapoOHoe ommcaHue CMOTPUTE B CIpaBKe K MporpaMMHOMY obecnedenuto PV
TurboViewer.
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2.3.1A CoBpemeHHble cpeacTBa NoAy4YeHUA N U3MepeHna Bakyyma

[Tpunoxenue B.* Texunueckue xapakTepUCTUKU FKCTIEPUMEHTAIBLHOTO CTEHAA

Hixe MpeaACTAaBICHBI OCHOBHBIC TCXHUYCCKUC XAPAKTCPUCTUKHU CPCACTB OTKAYKHW U U3MCPCHUA
JAaBJICHUS SKCIICPUMCHTAJIBHOI'O CTCHAA.

1B. Jlnadparmenusiii popsakyyMHsIii Hacoc MVP 015 (J{H)*

Tab6u. 14. TexHu4yeckue XxapaKTepUCTHKU
Buemnee nasnenune, makc. 110 kITa | 825 Topp | 1100 m6ap

G 1/8" kxoneHuaToe CoeMHEHHE + ApMUPOBAHHBIN IITAHT

B DN 6 x 1000 mm ¢ nipsiMbiM niepexoaaukoM G 1/4™ Ha koHIie

dager BEIXOIHONU G 1/8" + rnymmrens
VYpoBeHsb Teueit 5.10% ITa m’/c | 3,75 - 10° Topp n/c | 5 - 10 mGap n/c
CKopoCTh OTKaYKH 0,50 M%/4

CkopocTb BpalieHus
poTopa

1500 006/MuH

[IpenenvHOE naBiieHUE C

razobaiacTom <450 ITa | < 3,38 Topp | < 4,5 mbap

[IpenenbHOE naBiaeHUE O€3 <350 Ta | < 2,62 Topp | < 3,5 M6ap

razobajuracra
1
&) -

©

J

™

=

7))
0.1

p, 10 Ma
0.01 I I
1 10 100 1000

Puc. 31. 3aBucumocTs 6I>ICTpOTI>I HCﬁCTBI/Iﬂ Ha BX0A€ B HACOC OT BXOAHOI'O JaBJICHUS

** Boree moapo6HbIe JaHHBIE CMOTPHTE B PYKOBOJACTBE 10 SKCIuTyaTauuu — Operating instructions MVP 015-2
with GB valve and single phase wide range motor (PUO012BEN_G)
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2.3.1A CoBpemeHHble cpeacTsa NoaydYeHUA U USMepPeHMa Bakyyma

2B. Typ6omonexymsipubiit Hacoc HiPace 80 (TMH)46

Tabm. 15. Texauueckue XapaKTePUCTHKHI

MakcumanbHOE pa3peKeHUE Ha
BbIXOZ€E 1O N3

danen BxogHOH
danen BEIXOTHONU

YpoBeHb Tedell pU NpeAeIbHON
CKOPOCTH BpalleHMs poTopa mo Np

CKOpOCTh OTKAUKH
CkopocTb BpalieHus poTopa
IIpenenbHoOE naBineHue

Hurepdeiic ynpaBiaeHus

2200 ITa | 16,5 Topp | 22 mbap

DN 63 ISO-K

DN 16 ISO-KF + nepexoauuk Ha G 1/4"
1,3 10°a w/c | 0,98 Topp /¢ | 1,3 MGap /¢

66 n/c mo Ar, 48 n/c mo Hy, 58 n/c mo He, 67 1/c mo N,
90000 o6/Mun

<1-107 Ma|<7,510® Topp|<1-10" mGap
RS-485

30

20

10

10 10

10% 102 10" 10
p, 10° MNa

Puc. 32. 3aBUCHMMOCTD OBICTPOTHI ACHCTBHUS Ha BXO/E B HACOC OT BXOJHOI'O JTABJICHUS

*® Boree moapo6HbIe JaHHBIE CMOTPHTE B PYKOBOCTBE 110 dKCILTyaTamuu — Operating instructions HiPace 80 with

TC 110 (PT0208BEN_I)
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2.3.1A CoBpemeHHble cpeacTsa NoaydYeHUA U USMepPeHMa Bakyyma

3B. Bakyymerp PPT 100 tuna [upasu (B1)*

Tab6u. 16. TexHU4YEeCKHE XapaKTEPUCTUKN

CoelMHUTETbHBIN (hIaHel DN 16 ISO-KF

MakcuManbHOE U3MEPSEMOE TaBICHHE 10° a | 750 Topp | 1000 MGap

MuHMMaIbHOE U3MEPSieMOE JIaBICHUE 10%TIa| 7,5 - 10° Topp |1 - 10™ mGap
To4HOCTH NU3MEPEHUIA B guamasone 1 -+ 10° - 1 MOap : £ 5%
Merton usmMepeHuit natyuk [Iupanu, TepMOpPE3UCTOPHBIN BaKyyMMETP
[uxn usmepenui 40 mc
WnTepeiic ynpaBnenus RS-485 / RS-232
1000 e
100 :
e
I
S
©
(=} il
s B e
g i AP 2z
T ~r
g <
] A .
: >
o
o e
z L.~ A —e— AsoT (N,)
c;es 0,1 X
é —=—Bosgyx
=
o
0,01 —— Boaopoa (H,)
lenui
0,001 ¥ ~¥— AproH
Yrnekueneli
% ras (CO,)
— L L L
0,0001 0,001 0,01 0,1 1 10 100 1000

OeicTBUTeNbHOS AasneHue, mbap

Puc. 33. 3aBHCHUMOCTH IIOKA3aHMI OT THIIA T'a3a

Koppektupyromue  kodpdunmentsl  Jisi  gatumka  [lupaHu  wid  OTHOCUTENbHAS
YyBCTBUTEIBLHOCTh B MOJICKYJsApHOM pexume (1 - 10 Mb6ap): 1,00 (N2), 1,00 (Bo3ayx), 0,58
(H2), 1,02 (He), 1,59 (Ar), 0,89 (COy).

* Boree moapoGHbIE JaHHBIE CMOTPHTE B PYKOBOCTBE 110 dKCILTyaTamuu — Operating instructions PPT 100 Digital
Pirani Transmitter (PGO002BEN_I)
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2.3.1A CoBpemeHHble cpeacTBa NoAy4YeHUA N U3MepeHna Bakyyma

4B. KomOunuposanHusbiit Bakyymmerp MPT 100 (B2) tunoB [Tupanu (TepMOpe3UCTOPHBIN) U
XOJIOJHBIN KaTo/1 (MHBEPTHUPOBAHHBIA MarHeTPOH)

Tabu. 17. TexHu4yeckue XxapaKTepUCTUKU

CoenuHuTENbHBIN (PraHen DN 25 ISO-KF

MakcumanbHOE H3MepsieMOe JTaBICHUE 10° Ia | 750 Topp | 1000 mb6ap

MuHUMalTbHOE U3MEPSIEMOe JTaBJICHUE 5.10" Ila | 3,75 - 10°° Topp |5 - 10°° MOap

To4HOCTE U3MEpPEHUI

Meron uzmepenui

[uxn usmepenui

WnTepeiic ynpaBnenus

B guamasone 1 -+ 107 —1 - 107 m6ap : + 25%
B guamnasose 1 - 102 — 100 m6ap : + 15%

nartuuk [Tupanu, TepMOpe3UCTOPHBIH BaKyyMMeTp /
VMOHM3ALMOHHBIN JaTYHK C XOJOIHBIM KaTOJOM

40 mc
RS-485 / RS-232
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AelcTBUTENBHOE JaBneHne, Mbap

Puc. 34. 3aBucumocTb MOKa3aHUM OT THIIA Ta3a

*® Boree moapoGHbIe JaHHBIE CMOTPHTE B PYKOBOACTBE 110 dKCIuTyaTamun — Operating instructions MPT 100
Pirani/Cold Cathode Transmitter (PGO017BEN_E)
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2.3.1A CoBpemeHHble cpeacTBa NoAy4YeHUA N U3MepeHna Bakyyma
Koppekrupyromue ko3pGUIIUEeHTH I MOHU3aMOHHOTO JaT4hKa C XOJIOAHBIM KaTOJIOM HIIH
OTHOCHTEIIbHAS UyBCTBUTEIBHOCT B MONEKy/spHOM pexume (1 - 107 mbap): 2,39 (Hy), 5,93

(He), 0,80 (Ar), 0,74 (CO,). Koppexrupyrommue ko3 dumnueHTs! A gatunka [lupanu Takue ke,
kak u B Bakyymerpe PPT 100.

4B. Kpau-narekarens EVN 116 (KH)*

Tab6s. 18. TexHu4yeckue XxapaKTepUCTUKU

CoenuHuTENbHBIN (PraHen DN 16 ISO-KF
Jlnama3oH KOHTPOJIMPYEMOTO TIOTOKA 5.10° Mm6ap n1/c — 1000 m6Gap n/c
YpoBeHb TepMETHYHOCTH 1-10° MOap Ji/c
MakcuManbHbIi epenaj JaBIeHUR 2,5 m0ap
3anepThlil «MEPTBBII» 00BEM 0,032 cm®
1000 r —
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300 1 ] R 7777%777/
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13106 1x105  1x104  1x10°  1x102  1x10"  1x10°  1x10'  1x102  1x10° mbar l/s
MOTOK BO3AyXa Npu pasHocTK gaenexHui B 1 6ap

Puc. 35. I'pagynpoBodHast KpuBast

* Boree moapo6HbIe JaHHBIE CMOTPHTE B PYKOBOJACTBE 10 SKCIuTyaTaun — Operating instructions EVN 116
Dosing Valve (BP5005BEN)
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2.3.1A CoBpemeHHble cpeacTBa NoAy4YeHUA N U3MepeHna Bakyyma

[Mpunoxenue I'.* Pabota ¢ ¢aiinom gaHHBIX

[Ipumep CTPYKTYpbl AaHHBIX B TEKCTOBOM (aiine moka3an B Tabm. 19. Hwxke mnpencrasien
croco0 00paboTku (ayia ¢ TaHHBIMU C MMOMOIIBIO PEIaKTOpa JIEKTPOHHBIX Tadmui Microsoft
Excel® Bepcuu 2007 u BbIIe. PaccMOTpUM mocneoBaTenbHOCTh NEHCTBHIA 11 Tpaduyueckoro
BBIBEJICHUSI 3alICAaHHBIX TaPaMETPOB:

I'.1. 3arpy3uTe qaHHbIE U3 TEKCTOBOTO (paiiya B MporpaMmy.

s atoro B mporpamme Microsoft Excel oTkpoiiTe HE0OOXOAMMBINA JTUCT, BBIICTUTE MBIIIKOM
JIEBYIO BEPXHIOIO UY€Ky, nepeiaute Ha BKIaaky [[lanneie] u B rpynne [[lonydyeHne BHEITHUX
JTaHHBIX| HaXXMUTE [M3 TeKcTa] AJs 3arpy3KH JTaHHBIX U3 MOJY4YEHHOro B paboTe TEKCTOBOIO
daiina. B mosBuBIIeMcsl OkHE BbIOepuTe HeoOXomuMbIN (Daitm M HaxMmuTe KHONKY [Mmmopr].
[Tocre aToro oTkpoercss OKHO [Macrep TEKCTOB (MMIOPT)]| /Jisi BBIMOJHEHUS HECKOJIBKUX
MOCIIEI0BATENbHBIX 11Aar0OB.

I'.2. BeimonHuTe HEOOXOAMMBIE IEMCTBUS AJIS1 KOPPEKTHOTO OTOOpakeHUs TaHHBIX.

st aToro Ha mepBoM mmiare okHa [Mactep TekcToB (ummopT) — mar 1 u3 3] ykaxurte ¢opmar
JAHHBIX [C pa3ienuTeNsMHu]|, YKa)KUT€ HadaTb MMIIOPT CO CTPOKH: 3 (NEPBBIX [BE COAEpKAT
TeXHUYECKYI0 MHPOpMaIMio) U HaxkMuTe KHOMKY [[lanee]. Ha Bropom mrare [Macrep TeKCTOB
(ummopt) — mar 2 u3 3] yKaxuTe, YTO CUMBOJIOM-PA3JEIUTEIIeM SIBIISCTCS [3HAK TaOysIuu |
([mpoGen] u [3amsras] He BeiOupaiite). [Ipu 3TOM 00paselr pa3dopa JaHHBIX JTOJKECH MMOICTUTHCS
HAa KOJIOHKHA OJHOTUIHBIX JAaHHBIX. )i 3aBEpIICHUS UMIIOPTA B MPOTPAMMYy HAKMHUTE KHOIIKY
[[oroBo]. BriOepuTe, Ha KakOil JUCT CIENyeT MOMECTUTHh JaHHBIE B CIEAYIOIIEM OKHE H
HaxkMuTe KHONKY [Ok]. B pe3ynbprare ONMMCAaHHBIX ACHCTBHI B IpOrpaMMe OTOOPa3HThCS
TabJIMIa C KOJIOHKAMH 3alTMCAHHbBIX TaHHBIX.

I'.3. Yanure Bce JULIHUE HEYUCIIOBEIE JaHHEBIE.

st aToro BeI3oBHTE OKHO [Halit m 3amenutsh| coderanuem kmauin [Ctrl+F] u nepeiiaure Ha
BKIaAKy [3amenuts|. B mone [Haiitu:] BBemuTe «mbary (6e3 kaBbruek), a mone [3aMeHUTH Ha: |
OCTaBbTE HE3ANOJHEHHBIM, W HAXMHUTE KHONKY [3amMeHUTh BCE]. B pesynbrare eauHUIBI
U3MEpPEHUS JABICHUS B KAXKIOW sUelike OyAyT YHalleHbl, a OCTAHYTCA TOJBKO YHCIICHHBIC
3HAYEHUSI.

BrinoaauTe aHajgorudHbie I[eﬁCTBHH C APYIr'UMH HCUCITOJIb3YCMBIMH ITPU 06pa60TI<e JaHHBIMU: C
tekymeld natoi B ¢opmare «YYYY-MM-DD,», Hagmuceio «underrange», HaAMUCBIO «--- NO
data ---», enquHMIAMH W3MepeHHs 4acTOThl «Hzy, emuHHMIAMH u3MepeHHs MOUIHOCTH «W»
(cMm. Tabm. 19). Ilocime 3TOro Ha CTpPaHMIE OCTAHYTCSA TOJNBKO 5 KOJOHOK C JaHHBIMH,
H€O6XOI[I/IMBIMI/I JJIs1 aHaJIn3a.

I'.4. TlepeBeauTte Bpems B hopmate «hh:mm:ss» B CEKYH/IBI.

JJist 3TOrO MPOCTO Co3aiTe emé OAHY KOJOHKY C 0TOOpakeHreM BpeMeHH B cekyHaax: 0, 2, 4,
6, 8, ... U1 BCEro Meproia u3MepeHui. J{ocTarouyHo 3amoJIHUTh NMEPBBIX JIBE SUYeHKU ynciaamu ()
n 2, BBIACIIUTG WX, HABCCTHU MBIIIb Ha HUOKHUN HpaBBIﬁ yFOJI paMKI/I BBIACIICHUS OTMC‘ICHHBIﬁ
TOYKOW, U JIBOMHBIM IIEJYKOM JIEBOM KHOMKOW MBIIIM MPOJIUTh 3aBUCHUMOCTh Ha BECh
BPEMEHHO! UHTEPBAal.

I'.5. Jlanee MOXHO TPHUCTYNAaTh K MOCTPOCHUIO HEOOXOJUMBIX JUATPAMM C IOMOIIBIO TPYIIITHI
[Auarpammbl| Ha Bkianke [BeraBka]. Ilonme3Ho cHavana mOCTPOUTH 3aBUCHUMOCTH Ha BCEM
BPEMEHHOM HWHTEpBaJie JUIsl HAIJISIIHOCTH, a Jajee BbIOMpaTh HEOOXOIUMBIE 4YacTH s
JIETAILHOTO aHAIM3a COTJIACHO TUIaHy 00pa0OTKH SKCIIEPUMEHTANIBHBIX JaHHBIX.

%0 O¢ummansrpIi caiit nporpammel — hitps:/products.office.com/ru-ru/excel
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Tabmn. 19 CtpykTypa AaHHBIX TEKCTOBOTO (aiiia

cmpoxa 1
cmpoxa 2
cmpoxa 3
cmpoxa 4
cmpoxa 5

cmpoxa N
cmpoxa N+1
cmpoxa N+2

cmonbey 1

cmonbey 2

cmonbey 3

cmonbey 4

cmonbey 5

date

(YYYY-MM-DD hh:mm:ss)
2016-04-23, 13:36:58
2016-04-23, 13:37:00
2016-04-23, 13:37:02

2016-04-23, 13:38:36
2016-04-23, 13:38:38
2016-04-23, 13:38:40

COM#.00#: PPT 100
P740: Pressure (mbar)
underrange
underrange

--- no data ---

--- no data ---
7,5E-4 mbar
8E-4 mbar

- cTpoka | — Ha3BaHUs 0TOOpaKaeMbIX TAPaMETPOB;

- CTpOKa 2 — eAMHUIBI U3MEPEHUS 0TOOPaXKAEMbIX TapaMETPOB;

- ctpoku 3, 4, ..., N, N+1, N+2, ... — 3HaueHHs mapaMeTpoOB;

- cronber; | — ymara U BpeMsi COOTBETCTBYIONTUX U3MEPEHUM;

COM#.00#: MPT 100
P740: Pressure (mbar)
1,1E-5 mbar

1,1E-5 mbar

--- no data ---

--- no data ---
8,1E-4 mbar
1E-3 mbar

- cToJsiber] 2 — JIaHHbIe IO U3MepeHuto naBieHus Bakyymmerpom PPT 100 B munubapax;

- crosiber] 3 — MaHHbBIe IO U3MEepeHuto napieHus Bakyymmerpom MPT 100 B Munmmunbapax;

- cTonber 4 — JaHHbBIE IO CKOPOCTH Bpaienus potopa TMH B repuax;

- cronber; 5 — nmaHHble 10 moTpedasemont Typounoit TMH momHoOCTH B BaTax;

- underrange — maBiieHKe HUKE Tpeea u3mMepenuii Bakyymmerpa PPT 100;

- --- no data --- — JaHHbBIC HE TOTYYEHBI.

COM#.00#: TC 110
P309: ActualSpd (Hz)
682 Hz

679 Hz

--- no data ---

--- no data ---
449 Hz
446 Hz

COM#.00#: TC 110
P316: DrvPower (W)
ow

ow

--- no data ---

. no data ---
ow
ow



[Tpunoxenue J1.* COOTHOILICHHS MEXY YaCTO UCIOIb3YEMbIMU €AMHULIAMU

Nasienue [L*MT?]:
1 Topp (MM pr. ct.) = 133,3 ITa (H/M?) = 1,333 mGap = 19,337-10 ° psi;
1 Ia= 0,01 mGap = 1,45-10~* psi = 7,5-10° Topp;
1 mGap = 1,45-10 psi = 100 I1a = 0,75 Topp;
1 psi®! = 51,715 Topp = 6894,8 I1a = 68,948 MOap.

bbicTpoTa OTKAa4YMBAIOIIErO JEHCTBUS (CKOPOCTh OTKAYKM), MPOIYCKHAs
(mpoogumocts) [L3TY:

1 M3/uac = 0,278 n/c = 278 eM/c;
1 n/c = 10% em’/c = 3,6 m>/uac;

1 em/c=3,6-10° M3/uac = 10 n/c.

[I0TOK, IPOM3BOUTEIBHOCTD, HaTekaHue [L*MT]:
1 Topp n/c = 0,133 Ma-m%/c = 1,33 MGap-/c = 1,3 sccm;
1 Ia-m*/c (BT) = 10 M6ap-1/c = 10 sccm = 7,5 Topp-i/c;
1 mGap-1/c = 1 sccm = 0,75 Topp-a/c = 0,1 ITa-Mm%/c;

1 scem® (arm.-cm®/mun) = 0,76 Topp-i/c = 0,1 [a-m/c =1 MGap-/c.

CIIOCOOHOCTD

> ®ynr-crna Ha KBagpaTHSI HHoiiM (arrt. pound-force per square inch, Ibf/in?) — BrecucTeMuas equHmIA

N3MEPCHUA TaBJICHUA.

52 CranpapTHbli KybHuecKuii canTuMeTp B MuHYTY (anr. standard cubic centimeters per minute, cm®/min) —
€JUHULIBI U3MEPEHUS [TI0TOKA B cM®/Mun npu ctrangapTHoll Temnepatype (0°C) u npaBnenuu (760 mm. pT. CT.).
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2.3.1A CoBpemeHHble cpeacTBa NoAy4YeHUA N U3MepeHna Bakyyma

[IpenqMeTHBIN yKa3aTeib

OBICTPOTA OTKAYMBAIOIIETO JEHCTBHS ....covvenvenrennennens 8
BAKYYMHOU CUCTIEMBL ....c.everveiiiiieiiciciiesne e 8
Hacoca

BAKYYM .cuvviiureenieienreesnttesneesineesneessneesneesaneesneesneesas
8bICOKULL
HU3KULL
TPCOCTOHBIL envvenveeiieenaseesiseesieessesssseesseassseenanes 8
CBEPXBBICOKULL ...nvveeeeaireeieeaiieesiieenineenneenanes 5, 22
CPCOHU e

BAKYYMMETPBI ...veeenveerrrenneenane
HCUOKOCMHDBLIL
MACHETNPOHHBIU «..cenveeeeeeieieiieesiieenneesireenneenanes 56
TNEPDMONADHBIL . eeveenveereeiieenieeesireasieeesseeneeens 21
TNEPMOPEZUCTNODHBI ..eveereareeeriearieensens 20, 55
TNEPMOITIEKINPOHHBIL .eeveenveeieeeireesaesesseeneeenns 23

BAKYYMHAS TUTHEHA ....eveeeeeiiiiirrieeeeeiennreeeeeessennnnes 25

BAKYYMHOE MACIIO ...oveeerunrnrernenne ..15,16

BAKYYMHBIE KOMITOHEHTBI ....ovvviiirieeiirrieinnneeeninneeens 24
bvicmpopazvémHble (hranyegule ....... 24,27, 42,43
Hepa3vbEMHbLE NAAHHBIE CINEKAAHHDBIE .................. 24

BAKYYMHBIE HACOCH ..cvvvrieiinrnieiirieesnnneeesinnneesinneeens 13
OupGy3uonHbLL (NAPOCHMPYUHBILL) ... 16
MemOpanhublll (OuagpacmeHnHbll) ............ 13,26, 53
NIACMUHYAMO-POMOPHbIL
MYPOOMONEKYAAPHBI ..................

BAaKYYMHBIE CBOMCTBA MATEPHAIIOB........eeerrerrnneennnen. 24

BAKYYMHBIE YIUIOTHEHHMS «ocovvvirernnreeiirneeniineeennnness 24

JIaBJICHUE
HAUOOTOULEE BIYCKHOC. .......eveieriiarerieeieneeeensenaens 8

NPEOCTBHOC OMCAMOUHOC. c..vvvveevsirsseerriessesssensens 8
€IMHUIIBI U3MEPEHUS TABICHUS
Iackanw, Topp, munubap, ammocgepa u op. 6, 60

120708 (571 €21 2 (PO PN 8

CYMMOAPHBI .t 11
KHYOCEHA UHCTO .....evvieiiiiiieiicreeceee e 9
3 B2 1<) 6205 0 (PP 9
HOPMAJIBHBIE YCIOBH . oo uvvreiinrieerinnieeinnneessnneeennnnens 5
OCHOBHOE YPaBHEHHE BAKYYMHOU TEXHHUKH............... 9
TIOCTOSTHHASL BPDEMEHM OTKAUKH ....vvvvveeinrererinneeeninnns 12
TIOTOK T3 .vvuevririieriiiiiiirnieee e sniisneeee e s sinnnsseeesssnnns 8

TIPOBOUMOCTD .....veeuveneeneessesuesneeneensensensessessessessesseeneen
ONUHHO20 MPYOONPosoda

OMBEPCTNUSL 8 CHLCHKE ...nveeeeeaeeaieaieesieeieseesaees
CYMMOAPHAS «.cveeeeeeeeeeeeeeeeenieesieeienrennennenaees
TIPOITYCKHAS CTIOCOOHOCTD .veevvveervreerureesureeseeesuressiueens 8

PEXUM TEUCHUS
BAZKOCTIHOM «.veveeveeeesieenieeteetenneninenieenneeneene s 9
CUOPOOUHAMULCCKULL «.vveneveaereeserearreesseenneenns 9, 11
KHYOCCHOBKUUL e.vveneveevveeseveesiieanenesiseennnens
KHYOCEeHOBCKULL
TAMUHADHOI v eveeiveesiieesiieeniieesassesseeessesessnessseees 9
MOJEKYIAPHBILL. ..
nepexooHsill
TUYDOYTICHIHBIL «.c.eveeeeeeaeeaieeieeieeeeseesaeenseenaeeaes 9
CKOPOCTD OTKAUKH «...cnvvenveenveeveensesneesneesseesseensesnseseens 8
Kamepwvl IQpGpexmuenas .8
S 3P 9
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