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AHHOTAIUA

[TonydyeHnue u noaaepaHue BakyyMa — CJIOKHasi TEXHUYECKas 3ajaya, JJjis
pelieHusi KOTOpou HeoOXoMMa pa3paboTKa M MOCTPOCHUE BAKYyMHON CHCTEMBI.
Jimg kaxnaouM OTHENbHOW JKCIIEPUMEHTAIbHOM WJIM TPOU3BOACTBEHHOM 3aJ1a4d
HEOOXOJAMMO TIPOM3BOJUTH KOHCTPYHPOBAHWE CBOCH BAKyyMHOW CHCTEMBI,
MOCKOJIbKY UMEHHO YCJIOBHSI JJaHHOW 3aJlauyd M OMPEAENSIIOT €€ KOHCTPYKIuIo. B
KypcOBOM TIpoekTe OyaeT pa3paboTaHa BaKyyMHass CHCTeMa JiabopaTOpHOTO
UCIBITATEIbHOTO BAKYYMHOI'O CTEH/A.

1. MAPAMETPbBI CUCTEMBI
1.1 cxoanble mapaMeTpbl CHCTEMbI

B paGote OyaeT mpoBOAUTHCS MPOECKTUPOBAHME BAKYyMHOW CHCTEMBI IS
7a00paTOPHOTO CTEHAA JJisi HMCCIEAOBAHUS Ta30pa3psAIHbIX MPOMEXYTKOB.
Heobxoaumo pa3paboTarh NPUHUIMUIIMAIBHYIO KOHCTPYKIMIO KamMepbl U CXEMY
OTKA4YK{, BBIMIOJHUTh TOJI00P KOHCTPYKIIMOHHBIX MATE€pUAJIOB M PACCUHUTATH
ra3oBble Harpy3ku. Takxe HEOOXOAMMO Pa3padoTaTh ICKU3 BBOJA ABMXKCHUS IS
U3MEHEHUS MEXIIIEKTPOIHOTO PaCCTOSHUS.

ITapameTpsl BakyyMHOM CHCTEMBI, 3aJaHHbIC HAa HAYAJIBHOM JTale e€e
POEKTUPOBaHUS MpencTaBieHsl B Tabmuie 1.

Ta6nuna 1. McxoaHbie mapaMeTpbl CUCTEMBbI

dopma paboyeit Kamepbl [unuHapuyeckas
Bricora paboueli kamepsl, cm 50
Panuyc paboueii kamepsl, cm 30
OObeM paboueii KaMepbl, 1> 0,113
[IpenensHoE nasienue, [la 10°
Pabouune naBnenus (Apron), Ila 1-100
JlonoTHUTENBHO 1. CMOTpOBOE OKHO

2. DAeKTpoAs

3. BBoa aBuKeHMs

4. BB TpakT 115l NpOKayKH

aprosa




1.2. Pacuer pa3MepoB BaKyyMHO# KaMepbl U YIUIOTHEHHSA
Hcxons u3 toro, 4ro gopma Kamepbl — LHUIMHAPUYECKAs, paCCUUTAEM ILIOLIA/lb
NOBEPXHOCTU KaMepbl. O0BbeM BaKyyMHON KaMepbl

V = nR%*h = 0,141°,

rae R — paanyc BakyyMHOUM KaMmephl, a h — ee JJIMHa.
[nomane BHYTPEHHEN TOBEPXHOCTU BAKYYMHOM KaMEPHI:
A= 2mR?* + 2nRh = 0,5562 + 0,7416 = 1,5 m?.
Marepuan BakyyMHOM Kamepbl — HEp>KaBerolast ctaib [1].

YIioTHuTens Ha TOPIEBBIX (JaHIaXx — IUIOCKas MeAHas IPOKJIaaka
(6eckuciopoiHast MeIb).

Tommuua MenHoro yrmiotHutens b = 3,5mm. Torma, mimomans ero OGOKOBOMH
MOBEPXHOCTHU:

A; = 2mRb = 0,019 x2.
YII0THATENh CMOTPOBOTO OKHA — (hTOpOILTACcT-4.

Tommunaa ¢TopornnactoBoro ymiotHutenss b, = 1.mm. Torma, miomans ero
OOKOBOM TOBEPXHOCTH:

A2 = ZNROKHabZ = 0,019 MZ.

2. OIIPEJIEJIEHUE I'A30BOM HATPY3KH

["a30BbIN IIOTOK, OTKAQYMBAE€MBIM CHUCTEMOM BO BpeM: pa6OTI>I, HNMEET HECKOJIBKO
COCTaBJIAOIIUX

Q=0+ an + Qu

rae Q. — Ta3oBbId MOTOK, OOYCIIOBJIEHHBIM TEIJIOBBIM Ta30BbIJICICHUEM
MaTepUaioB C UX MOBEPXHOCTH,

an — ra30BBINM ITIOTOK BCJICACTBUC IIPOHUITACMOCTH YCPEC3 MAaTCPUAJIbI,

(Q,— ra30BBIN MOTOK 3a CYET HATEKAHUA Yepe3 BAKyyMHYIO 000JIOUKY.



2.1. TensioBoe ra3oBbie/ieHUE C IOBEPXHOCTH MAaTEPHAJIOB

YneHLHoe Ira30BbIACIICHUC MCTAJ1JIOB MOXHO OInucaThb ciIeayronum
COOTHOIIICHHUEM:

q(t) = qoexp(—Bt),

B Ttabmuue Huxke mnpuBeAeHbI 3HAaYeHHUS KOd(D(PUIMEHTOB il MaTepuasoB
BAaKyyMHOH CUCTEMBI:

Tabnuna 2. Tabnauunblie 3HaUYCHUS KOAPPUITUEHTOB KOHCTPYKIIMOHHBIX

MaTEepUajoB
Koadhpumment Hep>kageromas craib beskucnopoanas meab
qo,X 1073 M?"—]Za 3,254 0,136
c*'M
B,x 107*1/c 8,3 1,8

Bocnonbs3zoBaBmych 3TUMH KO3 PUIMEHTAMH, TOJY4YHMM  OOUIMH  TOTOK
ra30BbIJICNICHUS] C TOBEPXHOCTHU:

Qee = Z ini = Qcmaﬂb + Qme()b
i

Ia - m3

c

=8,158-107% - exp(—=10,1-t-107%)

2.2. I'a30BblIii IOTOK BCJIEACTBHE POHULIIAEMOCTH MATEPHAJIOB

Jlnst  cMOTpOBOTO  OKHA  HMCHOJIb3yeTcss  (TOPOIIACTOBOE  YIJIOTHEHHE,
CJIEIOBATENIbHO, MPOHUILIAEMOCTh Yepe3 Hero OyneT OCHOBHOM COCTaBIISIOIICH
JAaHHOT'O Ta30BOT0O MOTOKA.

OcHoBHBIE Ta3bl, IpOHUKaroIue yepes Gpropomnacr-4: H,, He, N,, O, [1,3]

Torma cyMMapHbIi ra30BbIM MOTOK:

A
Quy = ) 4ibi 7= Qn, + Qe + Qu, + o,
> l
L



TI€ (; — YACIbHBIMA Ta30BbI NOTOK MPOHUIIAEMOCTH, P; — NAPLUUAAIBHOE JTaBICHUE
raza, d; — TommuHA. TabnmuyHble 3HAYECHHS YJACIBHOW MPOBOIUMOCTH
dbTopornacTa-4 o JaHHBIM Ta3aM Mpe/ICTaBlIeHbl B Tabaue 3.

Tabnuua 3 — TabnuuHble 3HAYEHUS YIEIbHON MPOBOAUMOCTHU (hTOpoIiacTa-4

['a3 H, He N, 0,

3.
g x 10-10 214 32,0 32,0 1,1 2,5

c* M2

Torga cymmapHbIi TOTOK, 00YCTIOBJIEHHBINA MTPOHUIIAEMOCTBIO (PTOpOILIACTA:

Cl']l/l3

11
— ) —-12
Q,p = 4,247 - 10 —.

2.3. HaTtekanue
[ToTox HaTekaHus yepe3 000I0YKy BAKYYMHOMN KaMephl:

Q.=¢qN,

Ha-m?

rne q = 710712

— KOJIMYECTBO COCIMHEHHUM C BAKYYMHOW KaMePOU.

— yyBCTBUTENIBHOCTh Teueuckarensa (IITU-7) ,a N = 10

Toraa motok 00yCIOBICHHBI HATEKAHUEM Yepe3 000J0UKY paBeH:

MB

Ila -
=7-10711 ———
0, -

2.4. CymmapHasi ra3oBasi Harpy3Ka

Kak yxe Oputo OBUIO OTMEUEHO, CyMMapHasi Tra3oBas Harpyska
CKJIAJIbIBAETCSl U3 MOTOKOB I'a30BbIICIICHUS, IPOHUIAEMOCTH U HaTtekaHus. Huxe
npuBeeH rpaduk 3aBUCHUMOCTH PACUYUTAHHON CyMMapHOM ra3oBOW Harpy3ku OT
BpeMeHH (pucyHoK 1). VI3 Hero BHIHO, Ta30BbIil IOTOK BBIXOAUT HA ypoBeHb 107
CITyCTSI IPUMEPHO S 4 MOCJIE Havajia OTKauku. [lonyyeHHas B pe3yipTare pacueToB
3aBUCMMOCTh Ta30BOM HAarpy3kd OT BpeMeHH OyAeT HCHoJb30BaHa s

I[ElJ'IbHCﬁHIHX pacdeToOB 3aBUCUMOCTH AABJICHUA OT BPCMCHU IIPHU OTKAYKC.
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Puc.1 I'paduk 3aBUCUMOCTH CyMMapHOTO IMOTOKA OT BPEMEHH
3. BLIBOP HACOCOB

IIo 3aJJaHHIO, BBICOKOB&KYYMHBIﬁ HACOC JOJIKCH CO34aTh NPEACIILHOC Pa3pCiKCHUC

Pnp(t < 54acoB) = 107°Ma. Kospdumment wucnomp3oBanns BB  Hacoca

nonokuM k = ~& = 1,5 + 2. Haiinem sddektuBnyio ObicTpoTy naeiictBusi BB

53(1)
Hacoca u3 HCO6XOZII/IMOCTI/I AOCTHXKCHUA NIPCACIBHOIO AaBJICHUA B KOHIIC OTKAYKH:

300min J
Sap = u = 98,12 —.
Prp c
Torma c¢ yderom KO3(pUIMEHTA HCIONB30BAHUS MOIYIUM 3PPEKTUBHYIO
ObIcTpoTy AeiicTBus nopsinka S = 200 Ji/c.

Haubonee Omm3kuii mo XapakTepUCTHKaM BBICOKOBaKyyMHbIH Hacoc: Pfeiffer
HiPace 300

XapakrepucTHKa Beanunna

Jnanason pabounx napienuii, [1a 1-107%...1
bricTpoTa oTKaukM BO3/1yXa, M3 /c 0,22
IIpenensHOE OcTaTOuHOE NaBieHue, [1a 1-1077
Hawnbonbiiee BoiyckHOE 1aBieHue, [1a 2000
JluameTp BIyCKHOTO MaTpyoka, MM 66 (DN100 CF)
JlnameTp BBIMYCKHOTO MaTpyOKa, MM 18 (DN16)




HuzkoBakyyMHBIM HacOC BBIOEpEM U3 CIEIYIOMINX YCIOBHIA:

1) JaBnenue 3amycka BBICOKOBAaKyYyMHOTO Hacoca JOJDKHO OBITh B JUAa3oHe
pabouux nasnenuid HB Hacoca;

2) I[IpumepHoOe BpeMst OTKaukH 110 3arycka BB Hacoca = 10 MuH;

3) Beugy Toro, 4ro cucreMy HeobXomumo oTkadath no 107 °Ila, HB macoc
JIOJKEH OBITH BBITIOJIHEH 0€3 UCIOJIb30BAHUS YILUTOTHSIIOMIUX Macell.

Haunbonee noaxosuum sBisieTcs Hacoc MmemOpanHoro tumna: Pfeiffer MVP 015-2.

XapakTepucTUKa Beauunna

Juamna3on pabouux naBieHui, [1a 5-107%...1-10°
BBICTpPOTa OTKA4YKU BO3LyXa, M3 /C 0,015
JlnameTp BIyCKHOTO matpyoka, MM 18 (DN16)

OrneHOYHOE BpeMs 10 3allyCKa BBICOKOBaKyyMHOTO Hacoca (mpHu koddduumente

WCIIOJIB30BaHUs Hacoca k = 2)t = In ( Fo ) =22 |y (1—05) = 5,1 MUH.

S3p  \Paan 0,0075 " \10°
3.1. Cors1acoBaHmne HACOCOB
JlaBneHre Ha BXOJIe€ B BCIIOMOTaTEIbHBIM HACOC JIOKHO OBITh MCHBIIIE JTaBJICHMS
DPuaus HA BBIXOJE W3 BBICOKOBAKYyMHOTO HACOCa, TaK KaK pPyus SBIACTCS
HauOONBIIIMM  JIaBJICHUEM Ha BBIXOJIe, TMpU KOTOpoM emé paboraer
BBICOKOBaKYyMHBIH HAcOC, HO TPU MPEBBIIMICHUH KOTOPOTO BBICOKOBAKYYMHBIN
HAacoc npeKpaiiaet paborty.
Takum 00Opa3omM, BCIOMOTaTENbHBIM HACOC JOJDKEH OBITh CIOCOOEH HE TOJIBKO
yAAIATh B €IUHUIYY BPEMEHU OMPENeEHHOE KOJTUYECTBO Ta30B, MOCTYMAIONINX U3
OCHOBHOTO HAcoca, HO W TOJJACPKUBATh HEOOXOIWMOE BBHIMTYCKHOE JIaBJIICHHUE
(paBHOE WJIM MEHBIIIEE P,,,5) HA €T0 BbIXOIE.[2]

3
Makcumanbsnoe nasienue Ha Boixoae BBH: p,..6 = 2000 ITa. Syqupy = 0,0025 MT ,

TOraa u3 yCJIoBHUA paBECHCTBA ITOTOKOB!

pBXBB'S3¢.BBH

PouxBB = ¢ =1,1-10"%IIa < 2000 I3,
c]

buBH

CJICA0BATCJIbHO, HACOCHI COI'JIaCOBAHBI.




3.2. BakyymHas cucrema

VF3 1 T

k- =

VF1 N\

Ar VR1 x XVFZ VR2 x

VR3

NR

Puc.2 — Cxema BaKkyyMHOW CUCTEMBI

3.3. Onucanue 3JIeMEHTOB BAKYYMHOM CHCTEMbI
Tabnuna 4. Onucanyue BaKyyMHON CUCTEMBbI

O603HaueHue HasBanue
CV BakyymHas kamepa
PA WNonuzanuoHHbIi mpeodbpa3zoBatesib
PD1, PD2 JlebopManoHHbBINH peoOpa3oBaTeb
VRI1, VR2, VR3 | BeicokoBaKyyMHBII 3aTBOP
VF1, VF2 YT10BOM 3aTBOP C pyYHBIM PUBOJOM
VF3 Harexkareinp
NR TypOomonekynsipHbIi HacoC
ND MemOpaHHBIi HacoC

4. PACUET BBICOKOBAKYYMHOI'O TPAKTA

1.1 2.1

VR1 VF2

1.2 2.2




Puc. 3 — BbICOKOBaKyyMHBII TPAaKT

Ha pucynke 4 noka3aHbl 3JIEMEHTBI COEIMHUTENIbHBIN U PETYJIUPYIOLIEH apMaTyphl
BBICOKOBAKYYMHOTO TpakTa. Paboumii o0beM OTKadMBaeTCsl O HEOOXOAMMOTO
napiieHus dyepes Tpyosl 1.1 u 1.2, a Takxke 3atBop VRI1 (Pfeiffer SVV 100 PA). K
HUM TapajuIeNIbHO MPHUCOCAUHSIOTCS TpyObl 2.1, 2.2 U peryaupyeMblil yriioBon
3atBop VF2 (Pfeiffer UVH 016-CU) — oHu HeoOXOoauMbl JIsi OOecCIieueHUsI
JIOCTAaTOYHO MAJIOTO JaBiIeHHs Ha BXoje BB Hacoca B pexume Npokadyku aproHa.
B tabnuue 5 npeacraBieHsl napaMeTphl AIEMEHTOB BHICOKOBAKYYMHOTO TPaKTa:

Ta6nuna 5 — [Tapamerpsl anemenToB BB TpakTa

[TapameTp VR1 | VEF2 | Tpy6al.l | Tpy6a 1.2 | Tpy6a 2.1 | Tpyba 2.2
HuameTp, MM 120 66 120 66 18 18
JlmuHa, MM - - 150 120 100 200
[IpoBOAMMOCTB, 2000 ’ i i i i
a/c

4.1 BbICOKOBaKYYMHBIii TPAKT NPH MOJIEKYJISIPHOM pe:KUMe TeUeHHs ra3a
Ha nepBom yuacTke:

3 3

d M
11— 2091 —
l14 C

Ul.l = 121

[TpoBoaumocTs 3atBopa Pfeiffer SVV 100 PA:

3

M
UVRl = 2,00 —
C
Ha tperpem yuactke:
d1.23 M>
U1_2 =121 = 0,232 -
lin C

Takxum oOpa3om, cymmMapHas IpOBOJAUMOCTh BBICOKOBAKYYMHOI'O TPAKTa COCTABHT:

I T S TR L
Ug U1 Uz Uppe' s , C

o m3
3Has OBICTPOTY AEUCTBUS TypOOoMoJeKysipHoro Hacoca (S, = 0,2 T)’ OIIEHUM
3 PeKTUBHYIO OBICTPOTY JEHCTBUS:




3

1 M
—; Sy = 0,102 —

S, Uy

1
Sag
[Ipu sToM, KO3 PuIMeHT ucnoib30BaHus coctaBui k = 2,114. CnenoBartenbHO,
BBICOKOBAKyyMHBIN TPaKT BbIOpaH BEPHO.

4.2 BbICOKOBaKYYMHBIil IPH BA3KOCTHOM pe:KMMe TeYeHHs ra3a (pexum
NPOKAYKH aproHa)

I[To 3ananuto, paboyee gaBjIeHUE aproHa B BAKYYMHOM KaMepe cOocTaBisieT oT 1 10
100 IIa. Ilo ycmoButo KHyjaceHa rpaHulla MOJEKYJISIPHO-BSI3KOCTHOIO PEXHUMA
TeyeHus: rasa Haxoautcs Ha ypoBHe 0,4 Ila, mosTomy mHpOBOJMMOCTH TpaKTa
MPOKAYKHU HY>KHO PACCUUTHIBATH MO COOTBETCTBYIOLIEH hopmyJIe:

v=136-10°- L p +121- L (Hm'd'p)

- | P T et \14235-d-p)
rJie p — MAUHAMAJILHOE NaBliecHHe aproHa B paboueit kamepe (1 Ila). IIpu Gonee
BBICOKOM [IaBJICHUU aproHa HEOOXOIUMO PEryjJupoBaTh MPOBOAMMOCTH TPAKTa
npu nomomy 3arBopa VF2, mocTeneHHO mepeKkphiBas €ro ¢ POCTOM JIaBJICHHUS

aprosa.

PaccuntaeM MpoOBOJMMOCTh KaXKJOTO Y4YacTKa a TakKKe y4TeM MPOBOJAUMOCTD
3aTBopa Pfeiffer SVV 100 PA.

U, = 136108921 +121-d2'13-(1+1’9'd2'1'1na)=843n/c
21 ’ l2_1 pCp ’ l2_1 1 + 2,35 b d2_1 ) 1Ha ’ ’
d224 d223 1+1,9'd22'1na
Uy, =1,36-10% - —- 1,21 ——- ( : ) =4,1251/c,
2.2 12'2 pcp + lz_z 1 + 2,35 b dz_z ' 1Ha ﬂ/c
Uyri = 2,0 .
VR1 — “ C

Takum 06p8,30M, CyMMapHad MpOBOANMOCTDb BBICOKOBAKYYMHOI'O TPAKTA COCTABUT:

1_1 1
UZ' U2.1 U2.2

+ .y, = 11682
UVFZ, £ C

A s(pdexTuBHas ObICTpOTA AEHCTBUS:

3

Lt —g102M
S, U T T

1 —
Ss

10



S
Takum 0Opa3zom, naBnenue Ha Bxoqe BB Hacoca: p,, = @ = 0,53[la < 11la

CrnenoBaTesbHO, TPAKT AJIs MPOKAYKK aproHa BbIOpaH BEPHO.

5. PACYHET HU3KOBAKYYMHOI'O TPAKTA U BPEMEHH
MPEIBAPUTEJIBHON OTKAUKH

VR2

2.2

Puc. 5 — HuskoBakyyMHBII TpakT

Jlnis pacuéra BpeMeHHU peIBapUTEIbHON OTKAYKU OyI€M YUYUTHIBATh PEKUMBI
TE4YeHMsI raza 1o TpakTy. Pa3o0bEM nuanazoH 1aBleHUI HA HECKOIbKO YYaCTKOB,
BpEMsI Ha KOTOPBIX OYyAET pacCUUTHIBATHCSI B COOTBETCTBUU CO CBOUM PEKUMOM
TEYEHMs Tasa.

Brruucium touky niepexona u3z BP B MBP pexum:

pd < 1,331la-m,

1,33
25-1073

OTCIOJA Py_yp = = 26,6 Ila.

Touky nepexona us MBP 8 MP pexum Beruucium mo gopmyse:

pd < 0,021la-mMm,

0,02
25-1073

OTCIOJ1A Pyp—ym = = 0,4 Ila.

bynem paccunteiBaTh BpeMs Ha CIEAYIOMNUX y4aCTKAX:

1) 10> =+ 53,2 [1a — u3MeHeHue MIPOBOJAMMOCTH Ha ATOM OUYEHb CJ1ab0
BIUAET Ha 3P(HEKTUBHOE OBICTPOICHCTBHUE HACOCA, ITOITOMY €TI0 MOYKHO
HE YUYUTHIBATh;

2) 26,6 +~ 0,4 IIa — Ha ATOM y4acCTKE MPOBOJUMOCTD CYIIECTBEHHO
MU3MEHSETCS B MITUPOKHUX MPEALIax, IOITOMY 3TOT Y4aCTOK HEOOXOIUMO
pa3ouTh Ha HECKOJIBKO TOJI/IMANa30HO0B, B Mpe/eaaX KOTOPhIX

11



IPOBOJAMMOCTH MOXHO CUMTATh MOCTOSIHHOW. B HacTosiei pabore Bce
BBIYMCJICHUS ObUIM BBITIOJIHEHBI B iporpamme Mathcad 14, uro
MO3BOJIUJIO cAenaTh pazouenue Ha 100 nuama3zoHOB.

3) 0,4 + 0,1 [1a — npoBOAMMOCTH Ha ITOM y4aCTKE HE MEHSETCS U 3aBUCUT
TOJILKO OT TEOMETPUH TPYOOTPOBO/IA.

Jlanee cnenyet paccuutarh 3P HEKTUBHYIO JIIMHY TPYOOIIPOBOIA, KOTOPAS
YUUTHIBACT U3TUOBI TpakTa. B maHHOM ciydae uMeeTcst OJTuH U3ruo.

L = Lpaxr + Loy = 0,6 + 1,33 d = 0,624

Taxoke BBIYUCIIAM MOTHBIA 00bEM, BKITFOYAIONTUH B c€0s1 00BEM BaKyyMHOM
Kamepsbl U 006EM BB TpakTa:

VZ = anmepbl + VapmaTypr = 0,142 M3

Bpewms otkauku B npenenax 1-ro nuanasona (BP):

d4
U=136-103 'g'pcp.

beu1o pacCunuTaHoO, YTO H3MCHCHHC IIPOBOJUMOCTH Ha BCEM Y4YAaCTKC OTKA4YKH

IIPaKTUYCCKH HC HN3MCHICT 3(1)(1)CKTI/IBHy}O 6LICTp0Ty JICUCTBUS, KOTOpaA

cocTaBUJIA:

s =2V g5
)

o Vs (PHaq> B 0,142l 10°) 13
" Sap \Bow) 0,015 "\266) ~ MM

Jns  xaxnmoro mnojauamna3zoHa 2-ro ydyactka (MBP) mnposogumocts Obuia
paccurTtana o gopmysie:

U 136108 & +121 i (Hm'd'pi)
P= Ly D0t L, \T4235-dp)
rae d — auametp TpyOonpoBoa, I, - AIMHA TPaKTa, P; — CPEAHEE AaBICHHUE B i-OM

noaauanas3one (i = 1,2,...,100).

Bpewmst nnst kaxaoro noaauanasoHna ObUIo pacCYUTaHo 1Mo GopmyIie:
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rae Q(t) —Tra30BbIi MMOTOK:

Ia - m3
Q = 8,158 107> - exp(—8,231t - 10‘4) +8,824-1078 [ ],
c

353¢i = SH ' Ul/(SH + Ul)

[TonHoE BpEMs OTKAa4YKM Ha BTOPOM YHAaCTKE!:

N
t = ZAti = 1,3 MuH
i=1

Ha 3-em yuacTke npoBoANMOCTb OblIa paccurTaHa 1no GopmyJe:

d3
U=121—,
Ly

5
1x107

110* \
1.10° \

100

p(t), Pa

10

t.min

a BpeMsi OTKa4Ku — 1o (GopmyJie Ajid 2-TO y4acTKa.

Pucynox 6 — KpuBas npeaBapuTeabHOM OTKAUKH
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Takxum oOpa3om, OBLIIO pacCUUTaHO, YTO CYMMapHOE BpeMsl peABapUTEIbHON
OTKauKH paBHO 6 MUH.

B mporpamme Mathcad 14 6bu1 mpor3BeieH pacueT 3aBUCUMOCTH JaBJICHUS B
KaMepe OT BPEMEHHU IIPU [IPEABApUTENBHOM OTKauke. ['paduk nosydyeHHOM
3aBHCHMOCTH MOKa3aH Ha PUCYHKE 6.

BricokoBakyyMHBIN Hacoc BKIIto4YaeTcs npu aasieHud p = 1 [la. 3 pucyHka 6
BUJIHO, YTO 3TO JIaBJICHUE JOCTUraercst cmyctss t = 6,13 mun mocie Hadaia
OTKAYKH.

6. PACYET BBICOKOBAKYYMHOM OTKAYKH

3aBUCHUMOCTh Ta30BOI0 MOTOKA OT BPEMEHHU:
Ia - m3
Q = 8,158 107> -exp(—8,231t - 10_4) +8,824-1078 |————|.
c

O dextuBHas ObicTpoTa OTKa4YKU Hacoca: S, = 0,015 M3 /c.

HauansHoe napnenue: p, = 10°/7a.
O6beM BakyyMHOI kKamepsl: V = 0,141 m?.

[To ycioBuIO HENIPEPHIBHOCTH TA30BOTO TTOTOKA OBLIO COCTABJICHO YPaBHEHHUE,
KOTOPOE€ YYUTHIBAET ra30BYI0 HArPY3KY C OJHOM CTOPOHBI, U OTKAUKY,
npou3Boaumyro BB Hacocowm:

d(®V)
dt

=p()-S-Q),
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0.1

0.01

110>
110”4
2R
1x10™° \\\‘
110”6

1x10~ ' '
0 100 200 300

t, min

p(t), Pa

Pucynok 7 — KpuBast BBICOKOBaKyyMHOU OTKa4KH

rae Q(t) — cymapHas Ta3oBas Harpy3ka. ITo ypaBHEHHE OBLJIO PEIICHO B
nporpamme Mathcad 14. Halinennas 3aBucuMocTh p(t) mokasaHa Ha pUCyHKE 7.
Io meit GbIO ycTaHOBIEHO, uTo abouee gapnenue 1-10° Tla nocTuraercs 3a Bpems
t =17943 mun = 3 y.

3AKJIIOYEHHUE

B pamkax KypcoBOro npoekTa Obl OCYIIECTBIIEH M0A00p U COTJIACOBAaHUE
CPEIICTB OTKAUYKH, 3JIEMEHTOB BaKyyMHOU CHCTEMBI, pacueT MapamMeTpoB U
PEKUMOB OTKAUKH.

Tpebyemoe pabouee 1aBieHUE B BAKyyMHOM Kamepe ObLII0 JOCTUTHYTO €
UCIIOJIb30BaHUEM INIACTUHYATO-POTOPHOTO U TYPOOMOJIEKYJIIPHOTO HACOCOB.
Bpems HeoOxoaumoe AJis JOCTUKEHMSI 3a/JaHHOTO 1aBJICHUS — 83 MUHYT,
CKJIaabIBaeTcs U3 15 MUHYT paboThI IJIACTUHYATO-POTOPHOTO Hacoca, U 68 MUHYT
paboThI TypOOMOJIEKYIIIPHOTO HACOCA.
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Ipuao:xkenue 1. Cxema BBOjA
NMOCTYNATEILHOI0 IBUKEHUS 1151
peryJupoBaHus JJIMHBI Pa3PSAHOTO
NMPOMeKYTKA.

Ha pucynke mnpencraBieH BBOJ MOCTYNATEIbHOTO
IBUKEHMsSI B BaKyyMHYI Kamepy. KoHcTpyknus
Ho;[pa3yMeBaeT HCIIOJIB30BAHUCM MCTAIJIMYCCKOT' O
cuib(OHa M METAIMYECKUX YIUIOTHUTENEH, YTO
ITO3BOJISIET TOOUTHCS MHHHUMAaJIbHBIX TeUuen,
COOTBGTCTBYIOI_HI/IX Hpe,I[eJ'II)HOMy JAaBJICHUKO HUNXKE
10°° Ia.

OCHOBHBIE 3JIEMEHTBI KOHCTPYKIHU MEPECUYNUCIICHBI
HUXKCE:

1 — ITox

2 — Cko0a;

3 — MaxoBHYOK C pe3b00ii I ITOKA U HIKAJIOH;
4 — BUHTHI,

5 — INoAUIHAUK;

6 — ®nanern;
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7 — HenoaBW>KHAs BTYJIKA;
8 — Cunbom;

9 — IlonBuxHas BTYJIKA;
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