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AHHTOALNA

B pnaHHOM paboTte npeactaBneH pacyeT BakyyMHou cucteMbl. O6bem paboyen kamepsl -
0.5m3 MMpenenbHoe paspexeHne B kamepe - 107*Ila. [ImameTp CbemHOM KpbILWKA Ha
pPEe3NHOBOM YNIOTHEHUM - 400 MM. BbinonHeHbl nogbop M cornacoBaHue cpeacTB OTKauKM,
3/1EMEHTOB BaKyyMHOW CUCTEMbI, KOHCTPYKLMOHHBLIX MaTepMarnoB M PacyéT PeXnMOB OTKAYKMU.
Pa3paboTaH ackn3 3arpy304HOro goriaHua Ha pe3MHOBOM YMIIOTHEHUN.

KrniroueBble cnoBa

Bakyym, BakyyMHasi TEXHUKA, OTKa4ka, BaKyyMHblE€ KOHCTPYKLUNOHHbIE MaTepuarnbl, pacyéeT
BaKYYMHbIX CUCTEM.

TepMuHbl 1 onpegeneHuns
Bakyym - coctosHMe rasa npu gaBneHusix 6onee HU3KMX, Yem aTMOCEPHOE.

BakyyMHOM cucTeMOW Ha3blBaeTCsl COBOKYMHOCTb B3aMMOCBSI3aHHbIX YCTPOWCTB A4S
nonyvyeHWs M noadepXaHust Bakyyma, NpuOOPOB Ans BaKyyMHbIX W3MEPEHWH, a Takke
OTKa4MBaeMbIX 0GBHEMOB (KaMep) 1 CBA3bIBAOLLMX MX BaKyyMHbIX TPYOONPOBOAOB.

OTkauyka BakyyMHOMW CUCTEMbl 3aKMOYaeTCs B YMEHbLUEHUM  MOJIEKYNSIPHOM
KOHLEHTpaumMM WnuM KonuyecTBa MOJNeEKyn (CHWKEHWU [aBreHusi rasa) [0 YPOBHS,
obecneuunBatoLLero nposeaeHe pU3NYecKUX UCCNeaoBaHUA UM BakyyMHbIX TEXHONMOMMYECKNX
NPOLECCOB.

YMeHbLUEHNE KONMMYecTBa MOJEKYNl ra3a B CUCTEME OCYLUECTBMSETCS C MNOMOLLbO
YCTPOWCTB AN MNOSlyYyeHUss M nopaepXaHusi Bakyyma (CPeAcTB OTKaukuM) - BaKyyMHbIX
HacoCOoB, yAansLWMX UK NOTMOLWALLMX ra3 U3 BakyyMHOW CUCTEMbI

FasoBblgeneHue - BbliaeneHne rasa us maTtepuala B ob6bem BaKyyMHOVI CUCTEMDI
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BBEOAEHNE

MonyyeHne ¥ nopaepXaHwe Bakyyma — CroOXHas TexXHWYeckas 3afada, ANnd pelleHus
KOTOpon Heobxoauma paspaboTka 1 NOCTPOEHNE BaKyyMHOM CUCTEMbI. NS KaKgon oTaenbHOn
9KCMEpPUMEHTaNbHOM  MNM  MPOU3BOACTBEHHOW  3adaynM  HeoOXOAMMO  MpPOM3BOAUTb
KOHCTpyMpOBaHWe CBOEW BaKyyMHOMW CUCTEMbI, MOCKOMbKY MMEHHO YCMOBUS AaHHOW 3agadv u
onpeaenslT ee KOHCTPYKUMIO. [3]

1. MPOEKTUPOBAHME BAKYYMHOW KAMEPbI

1.1. WcxooHble napamMeTpbl CUCTEMDI

rlpOGKTI/IpOBO‘-leIVI pacyeT BbIMOJIHAETCA Npu paspa60TKe HOBbIX BaKyyMHbIX MallVH U
YCTaHOBOK. LleJ'IbI'O TaKoOro pacyeTta ABliAeTCA Bbl60p OTKa4HOro O60pyﬂ,OBaHVIF|, apmMmatypbl 1
onpegeneHne pasmMepoB CoeaNHUTESIbHbIX pr6OI'IpOBOD,OB n3 ycnosud obecneveHus
3aflaHHOro paGo‘-lero AaBrneHna B BaKyyMHOI7I Kamepe. OCHOBHbIE TEXHOIOIM4YecKmne npouecchbl
B BaKyyMHOI7I Kamepe OCylwecCTBnAlTCA B CTaUMOHApHOM pexume pa6OTbI BaKyyMHOVI
YCTaHOBKMN. ﬂ,]‘lﬂ 3TOro pexmmMa Te4dYeHUA Tra3a XapakTepHOo MnoCToAHHOE unnm MearieHHo

MEHSIoLLIEeeCs TEXHOMOrMYeckoe rasoBblaeneHue.
BbiGepem Ans NpoekTMPOBOYHOIO pacyeTa BakyyMHYH CUCTEMY YCTaHOBKM,
obecneuynBatoLLyto BO3MOXHOCTb MOSy4eHUs1 BbICOKOTO Bakyyma.

MapameTpbl BaKyyMHOW CUCTEMbI, 3ajaHHbIE Ha Ha4YanbHOM 3Tane ee NPOeKTUPOBaHUS
npeacTaBneHbl B Tabnuue 1.

Tabnwuua 1. icxogHble napaMmeTpbl CUCTEMBI

O6bem paboyeit kamepsl, M3 0,5
MpepensHoe paspexeHue, Ia 104
[duameTp CbeMHON KPbILLKWA, MM 400

1.2. KOHCTpyKUMS BaKyyMHOW KaMepbl
dopma paboyer kamepbl — uunuHgpudeckas. lNpumem BbICOTY KaMmepbl paBHON
anameTpy, Torga paccymtaem paguyc, nnouwaib BHyTpeHHeI7I NOBEPXHOCTU KaMepPbl.

O6bem BakyyMHOW kamepbl

V = mR?h, h = 2R

3
y=2nR3=> R= %=0.43M

roe R — pagunyc BakyyMHOW Kamepsbl, a h— ee gnvHa.
lMnowaab BHyTPEHHEN NOBEPXHOCTU BaKyyMHOW KaMepbl:
A = 2nR? + 2nRh = 2nR? 4+ 4mR? = 6mR? = 3.48 m?



1.3. KOHCTpyKUMOHHbIE MaTepuarnbl

Mcxoasa M3 pasmepoB BakyyMHOM Kamepbl, HEOBXOAMMO paccyuTaTb ra3oBble Harpysku.
KOHCTPYKUMOHHBIMW MaTepuanamu aBnsaTcs: Hepxasetowasn ctanb 12X18H10T, ynnotHuTens

13 pesunHbl 7889, ctekno C89-2. NapameTpbl MaTepmnanoB npeacTtasneHsbl B Tabnuvue 2. [1, 2]

Tabnuua 2. MapameTpbl MaTepunanos

12X18H10T 9024 C89-2

CkopocTb
rasoBblgeneHus q , 3.25.10-3 10-2

m3Ila

c-M?

ﬂpOHMuaeMOCTbnO:
N, - 1-10711 -
0, - 0.735-10711 -
He - - 10718

2. TA30BbIE HAIPY3KU

2.1. OnpepgeneHne cymmapHOro ra3oBoro noToka

CTauunoHapHbI ra3oBbl NOTOK, OTKAYMBAEMbIA HACOCOM, BO BpeMs paboTbl BaKyyMHOW

YCTaHOBKM MMEET HECKOJbKO COCTaBNAWMX:: Qs = Qg + Qp + Oy, TAE

Q.5 - ra3oBbli NOTOK, OOYCMNOBMEHHbIA TEMMOBbLIM ra3oBbiAENEeHNEM MaTepuanoB C MX
NOBEPXHOCTU

Qup — ra3oBbIV NOTOK BCIIEACTBME NPOHMLIAEMOCTM Yepes MaTepuaribi

Q. - NOTOK ra3a Yepes Teun BakyyMHON Kamepbl

2.2. PacuyeT noToka rasoBblaeneHus

O6wwas hopmyna Ans onpeaeneHns noToka rasoBbigeneHns:
Qrs = 2i 44,
roe A; — nnowaab NoBEPXHOCTM
q; - YAenbHas CKOPOCTb MOBEPXHOCTHOIO TEMMOBOrO ra3oBblAeNeHNs

[Mnowaab NOBEPXHOCTU PE3NHOBOIO YMSIOTHEHUS CHEMHOW KPbILLKW, TOSIWMHON h = 6 MM

Ay =2nRh =2m-0.2-6" 1073 =7.53-1073 m?



OTctoga NoToK ra3oBbIgENEHNs Yepes pe3nHy OyaeT paBeH:

[la-M
Qrs pes — 1072-7.53-1073 =0.75-10~*

YpenbHoe rasoBblgeneHune onsa cranu [2]
q(t) = exp(A — Bt),
rae qo - HadanbHoe yaernbHoe ra3oBblaeneHue
t — BpeEMS OTKauku

AuB — koatduUMEHTLI, KOTOopble ANns BblbpaHHOW cTanu paBHbl A = —3.467,
B=425-10"°
Torga NoTokK ras3oBblAeneHns Yepes cTarnb paBeH:

Ma-m3

Qs cr = 348 - exp(—3.467 — 4.25- 1075 - t)

O6Lmnii NOTOK ra3oBbiAeNeHns ¢ NOBEPXHOCTU: Qry = Qrgpes + Qrger = 0.75 107* +3.48-
exp(—3.467 — 4.25-107° - t)

Ma-m3

Mpu t = 1, noTok paBeH: Q., = 3.87-107°

2.3. Pacuyet notoka BcrencTeme npoHULAeMoCcTu Yepes matepuarnoi

KonuyectBeHHas oLeHka NpOLLECCOB CTaLMOHAPHOW NPOHMLAEMOCTUN ra3a Yepes CTEHKU
BaKyyMHOW CUCTEMbl, U3rOTOBMEHHbIE U3 Pa3NMYHbIX MaTepManoB WUMU UMEKLLME Pa3NUYHYO
TONLWMHY, MOXeT ObITb onpegeneHa no gopmyne:

roe Ko; W Eyp; - COOTBETCTBEHHO KOHCTaHTa MPOHMLAeMOCTU U Tenriota akTueauum Ans
mMaTepuana i- CTEHKM BaKyyMHOW CUCTEMbI

A; M h; — COOTBETCTBEHHO NIowazab ¥ NofoBMHA TOMNLWMHbI -0 CTEHKM
p1 — OABMNEHNE Ha CTEHKY

j —4MCcno aToMOB B MOJieKyfe rasa, MPOHUKAIOLLEro Yepes CTEHKY

T —abcontoTHaa TemnepaTtypa CTEHKM

R - yH1BepcanbHas rasoBasi NOCTOsIHHas

lMpoHnLaemMocTb Yepes pe3nHOBOE YNOTHEHNE ByoeT OCHOBHOW COCTaBMAOLWEN JAaHHOIO
ra3oBoro rnoToka.

OcHoBHble rasbl, NpoHuKaoLwue Yyepes pesnHy 9024: N,, 0, [1].

Torga, ra3oBbI MOTOK:



Qup = Qn, + Qo,-

. _ o 1/jApes _ L oo11 4 3.1 —7 Nav®
[ins agora: Qu, = qpy, 2= =10""-79-10*-753-107  —5 = 9.914- 1077 ==
py) =79-10"Ta
24
[ns Kucnopoga: Qo, = q'p) 22 =0735-10711-212-10*-7.53- 1073 - 6_11)_3 =
u3
=1.956-1077 ==

Py, =2.12-10*Ila
CyMMmapHbI ra3oBbli MNOTOK:

Ma- M3

Qup = Qn, + Qo, = 11.87-1077

2.4. Pac4eT noToka rasa 4yepes Teun BaKkyyMHOW Kamepbl

9

Puc.1. Cxema BakyymMHOIN Kamepbl

[ns yyéTta noToka Teum ucnonbdyetca popmyna: Q, = qrN,

3 Ha'M3

roe qr=7-10"1 - YyBCTBUTENbBHOCTL Tedeunckatens (MTN-10) [2]

N = 13 - KONMYeCTBO COeANHEHNI C BaKyyMHOW KamMepown

3 Ma-m3

Torga noTok Teum paseH: Q. = 7-10713-13 =91-1071

2.5. Pac4eT cymmapHOro noTtoka
CyMmapHas rasoBas Harpyska:

Qs = Qug + Qup + @ = 0.75- 107* + 3.48 - exp(3.467 — 4.25- 1075 ) + 11.87 - 1077 +

+91-10-13 T
C



Mpn ¢ = 1, Qy = 3.883 - 10—+ 12

PaccMoTprM 3aBMCUMOCTb ra3oBbIX Harpy3ok B kamepe oT BpeMeHu. C y4éTom nroliagm
Kamepbl U BCEX ra3oBbIX HArpy3oK, 3aBMCUMOCTb CyMMAapHOW rasoBOW Harpysku B Kamepe OT

BPEMEHW MMeeT Crneayowun Bua;

4x107% .
31077
Q) 2x107%
w1la
o <
110"
1
0 2x10*

-1><104

6x10°

8x10*

1x10°

t.c

Puc.2. 'pacuk 3aBUCMMOCTM CYMMapHOro noToka oT BpeMeHu Q5 (t)

PaGouee faBnenue pys ~ 1073

Bbrumcnum achhekTrBHYyO ObICTPOTY AEACTBUSA: Syq = ¢ .38 MT

3

Ppa6

3. BbIBOP HACOCOB

3.1. BbIbop BbICOKOBaKyyMHOrro Hacoca

B cootBeTCcTBUM C TpeboBaHUSIMM 3adaHus NpeaenbHoe paspexeHne B Kamepe OOSIKHO
6biTb 10™* I1a 1 06beM pabouyen kamepbl paseH 0.5 M3, [1Ns BLICOKOBAKYYMHOW OTKaYKu, MCXOas
13 3TUX YCrnoBuN, BbiGMpaem napoMacnsHbin ouddys3mnoHHbIn Hacoc H-160/700.

Tabnuua 3. NapameTpbl H-160/700

OCHOBHBIE XapaKTePUCTHKH 3HaveHue
Jlnanason pabounx napienwuii, [1a 1-107*..3
BHICTpOTA OTKAYKK BO3ayXa, M /c 0.64
Hpeﬂeanoe OCTaTo4YHOe naBiieHue, I1a 7-107°
HaubGosbiee BeITycKHOE aaBieHue, [1a 33
JluameTp BIIYCKHOTO MMaTpyOKa, MM 160
JlmamMeTp BBITYCKHOTO MAaTpyoOKa, MM 32




3.2. BbIbop HM3KOBaKyyMHOro Hacoca

MpenBapuntenbHO BbIGMpPaeM HU3KOBaKyyMHbI Hacoc. Ero BeiGepem 13 ycrnoBuii:

1) aBneHue 3anycka BbICOKOBaKYYMHOrO Hacoca AOMKHO ObiTb B AManasoHe paboumnx
[AaBneHn HU3KOBaKYyMHOro Hacoca

2) MpumepHoe Bpems oTkadvku go 3anycka BB Hacoca = 10 + 20 MuH

T.k. Heobxoaumo nonyunte AasneHve 33 [lMa (ana 3anycka H-160/700), To cneayet
paccunTatbh NpeaBapuUTeNnbHY0 ObICTPOTY OencTBMS Hacoca no dopmyne S = %Q, roe k —

KO3 puMUMEHT uncnonb3oBaHua Hacoca (k = 1.4); Q — cymmapHasi rasoBas Harpyska, P —
Tpebyemoe gaBneHune. Takum obpasom, nonyyaeTcs, YTo:

o kQ 14-3.883-107* 647 10-3 M3
P 33-1072 o c

Bbibupaem brivbkaniwmi ¢ 6onbluen ObICTPOTOM OTKAaYKM, a Takke HaMbonee NoaxodsLUnii
no npegenbHOMY OCTaTOMHOMY [aBfEHUO  ONs  NPeaBapUTENbHOMO  PaspshKeHus,
HeoOxoaMmoro Ans 3anycka BbICOKOBAKYYMHOro Hacoca. BbiGupaem noaxogsawmi Hacoc
nnacTuHYaTo-poTOpHLIM 2HBP-50M.

Tabnuua 4. NMapameTpbl 2HBP-50M

OcHOBHbIE XapaKTePUCTUKH 3Hauenue
JlnanasoH pabounx napienwuii, [1a 5-1072..1-10°
BhICTpoTa OTKa4yKH BO3ayXa, M3 /c 0.005
IIpenenbHOE OcTaTOYHOE NaBiieHuE, [1a 1-1072
JlmameTp BIyCKHOTO matpyOka, MM 16

PaccmoTtpum BO3MOXHOCTb NpUMEHeHUs HM3KOBaKYyMHOrO Hacoca ans
npegsapuTenbHom oTkaukn. AddekTneHas ObicTpoTa oTkadkm HBH OygeT coctaBnAaThb:

g _ Su _ 0.005 _3571-10-? m3
e c
OueHoyHOe BpemMsi [O 3anycka BbICOKOBaKyyMHOro Hacoca (npu KkoadpuumneHTe
_ v Py \ _ 0.5 1_05 _
Mcnonb3oBaHust Hacoca k = 1.4) t = Svom In (Psan) = 35711073 ln( - ) = 20 MUH.

3.3. CornacosaHue HacocoB

Mpu cornacoBaHUM HAcOCOB HEOGXOAMMO PacCMOTPETb pexum 3anycka. [laBneHue Ha
BXOAEe B BCMNOMOraTeslbHblii HAacoC OOMKHO OblTb MeHblle OAaBNEHUS P,.6 HA BbIXOAe U3
BbICOKOBaAKYYMHOI0O Hacoca, TaK Kak Pyaus SBNSIETCS HaMboNblUMM AaBrieHneM Ha Bbixode, Npu
KOTOpOM elé paboTaeT BbICOKOBaKYYMHbIA HAcOC, HO Mpu MPEBbLILEHNUA KOTOPOro
BbICOKOBaKyYyMHbI HAcoC npekpallaeT paboTy.

Taknum obpa3om, BCOMOraTesbHbI HacoC JOMKEH OblTb CNOCOGEH HE TOMbKO yaansiTb B
eVHULY BPEMEHN onpeaenéHHoe KONMYecTBO rasos, NOCTYNalLWmMX U3 OCHOBHOMO Hacoca, HO




N nogaepxmBatb HeEOOXOAMMOE BbINYCKHOE AaBfeHWe (paBHOE UIM MEHbLUEE Py.u5) HA €ro
Bbixoae.[4]

o _

SHBH

MakcumanbHoe aasneHne Ha Bbixoge BBH: py..6 = 33 lMa.. JaBneHue 3anycka: ps,; =

e
2 0.0781la
5-10

Ma-m3

C

MoTtok, cosnaBaembinn BBH paBeH: Q.. = SgzuPsan = 0.64 - 0.08 = 0.05

QSHH

Ansa Toro, 4tobbl Hacoc cnpasBuncs ¢ AaHHLIM NOTOKOM P,y = 5o < Puaus
HBH
Q 0.05
Doy = —— = — =101Ia
SHBH 5 - 10

Dex < DPuans » OTCIOAA CriedyeT, YTO HAcoChl COrnacoBaHbl

3.4. Cxema BaKyyMHOW CUCTEMBI

CxemMa BaKyyMHOW cuCTeMbl u3obpaxeHa Ha pucyHke 3. OnucaHve aneMeHToB

BaKyyMHOW CUCTEMbI NpuBeAeHbl B Tabnuue 5.

Punc.3 Cxema BakyyMHOIN cUCTEMBI



Tabnuua 5. OnucaHvne BakyyMHOW CUCTEMbI

O603HayeHune HanmeHoBaHue

Ccv BakyymHaga kamepa

P1...P4 MaHomeTpuyeckmin npeobpasoBartenb
G TeueunckaTenb
VF HaTtekaTenb

V1...V3 KnanaH
BL 3anuBHasa nosyLuka
ND Oudbdby3noHHbIN Hacoc
BS CopbumnoHHasa nosyLlka
VE KnanaH ¢ anekTpoMarHMTHbIM NPMBOLOM
NL BpawaTenbHbI Hacoc

4. MPOBEPOYHbIV PACYET BAKYYMHOW CUCTEMbI

4.1. Pac4yéeT BbICOKOBaKYYMHOro TpakTta

3apayelt NpoBEpOYHOrO pacyeTa SIBNAETCA OonpeaefieHne pacnpefeneHus LaBneHus B
N3BECTHOM BakyyMHOW cucteme. [poBepoyHbIA pacyeT OCYLUECTBMSeTCS Ans onpeaeneHus
XapaKTepuCTUK CYLLECTBYIOLMX BaKyyMHbIX CUCTEM WM  YTOYHEHUS NPOEKTUPOBOYHbIX

pac4eTosB. [2]

C\'/

N K W N

;

Puc. 4. BeicokoBaKyyMHbI TpaKT

10




B kaxxayto U3 cTyneHen oTkaykyM BaKyyMHOW CUCTEMbI MOMMMO COOTBETCTBYIOLLIErO Hacoca
BXOOMT TpybONpoBog, COEANHSIOLMIA HAacOC C OTKaYnBaemMbliM 06BEMOM MM ¢ HacocoMm bornee
BbICOKOBaKyyMHOM CTyneHu. TpybonpoBoa, Kak u NoOGON 3neMeHT BaKyyMHOW CUCTEMBI,
XapakTepuayeTcsi NMpPOMyCKHOW CMOCOBHOCTbIO MnuM npoBoauMMocCThbio U, 3aBuUCSALLEN OT ero
reoMeTpMYECKNX pa3MepoB U SBNSAOLENCS KO3(PEPUUMEHTOM NPOMOPLMOHANBHOCTM MeXay
NMOTOKOM N PA3HOCTbLIO AABNEHUN HA KOHLAX SN1ieMeHTa.

Ona TpybonposBoga nNpPOMYCKHYH CMNOCOBHOCTbL B AOCTATOMHO LUMPOKOM AuanasoHe
AaBrneHnMn MOXHO onpeaensitb No gopmyne (ypasHeHue KHyaceHa): U = U, + U, - K, rae U, n
U,, - NpoBOOVMOCTU B BA3KOCTHOM U MOJEKYNAPHOM peXmnmMax TeYeHus rasa CoOOTBETCTBEHHO; K
- k03hMUMEHT, 3aBUCALLMA OT cpegHero paeneHuve B Tpybonposoge. CooTBeTCTBYOLLME
BblpaXXeHsi NPOBOAMMOCTEN ANs Kpyrnoro Tpybonposoaa anvHon L n anameTtpa d B a30THOM
9KBMBaneHTe paBHbl [3]:

* 3 10%-d-
U, =1.36-103 'dT'Pcp; U, = 121"17; K = (1+1.91o d'Pep

__ DPextDebix

1+2.35-104-d-pcp)’ Pep 2

Yyactok Nel: [lnameTp BbICOKOBaKyyMHOro Tpakta 6epem paBHbIM gMaMETPYy BMYCKHOMo
natpybka d = 160 MmM. Ha nepBom yyacTtke gnvHa TpybonpoBoga pasHa: [; = 0.07 m. Torga
NPOBOANMOCTb Ha 3TOM y4YacTKe paBHa:

Uy, =121 2 1pq BOC IO ) o
1 L, 0.07 T ¢

Yyactok Ne2: YuuTbiBas AuvameTp MepBOro y4vactka, Ha BTOPOM Yy4acTke Oyaem

ucnonb3oBaTtb 3aTBOp 3B3-160 ¢ NpOBOAMMOCTLIO:

3

M
U, =3.34 —
C

Yyactok Ne3: Ha Ttpetbem yuactke gnuvHa TpybonpoBoda pasHa: l; = 0.08 M. Torga
NPOBOAMMOCTb Ha 3TOM y4yacTKe paBHa:

U =121 g (1601070 g X
™2 T l, 0.08 e c

Y4yactok Ne4: BHewHun guameTtp NOBYWKU dyyey = 0.25 M, BHYTPEHHUW OuameTp

NOBYLWKN dyyyr = 0.1 M, ANMHA NOBYLWKK [; = 0.25 M.

Ana umnuHgpuyeckoro TpybGonpoBoda C KOakCUanbHBIM - PACMONOXEHUEM CTEPXKHS
NMPOBOAMMOCTb BbIMUCIISIETCS:
2 2
(dBHeIJ_I_dBHyT) '(dBHem+dBHyT) 3

M
=3.812 —
l, c

U, =

Yyactok Ne5: Ha nstom ydvactke anuHa Tpybonposoga pasHa: [; = 0.08 m. Torga
NPOBOAUMOCTb Ha 3TOM y4YacTKe paBHa:

3

d3 (160 - 1073)3 M
—sog = 6195 —

Upps = 121+ — =121
TP3 ls 0.08
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Ecnu B Tpy6onpoBoa BKMHOYEHbI Kakue-nmbo Apyrue anemeHTbl BakyyMHOW apmaTypbl -
KnanaHbl, IOBYLLKW, TO CyMMapHasi NponyckHasi cnocobHOCTL onpeaensieTcs no hopmyne:
1 1 1 1 1

C
= +—+ +—+ =1.026 —
UZ'BB UTpl U3 UTpZ UJI UTp5 m3

3
Ortciopa Uggp = 0.975 =

3
3Has bbIcTpoTy gencTteus anddysnoHHoro Hacoca (S, = 0.64 MT), oLEeHMM 3D EKTUBHYIO

ObICTPOTY OENCTBMS:
1 1 1 _ SH ' UZ'BB M3

Sac]) BB SH UZ'BB bee SH + UZBB c

3
/3 npeaplayLLmx pacyeTos: S,y = 0.38 MT CnepoBaTenbHO, BbICOKOBAKYYMHbIN TpaKT

BblGpaH BEPHO.
4.2. Pac4éeTt BpemeHu npeaBapuTeribHON OTKauKu
[nsa oTkaykm oT aTtMocdepHoro AasneHusa o 5 Na, oTkayky cTout pa3buTb Ha 4 aTana:

1. OTkauka B BA3KOCTHOM pexume (10° — 40 Ma).

2. OTkayka B MONeKynsapHo-BsA3KOCTHOM pexume (40-20 Ma).
3. OrTkayka B MONeKkynsapHo-Bsa3KOCTHOM pexume (20-10 Ma).
4. OTKayka B MONEKyNApHO-BA3KOCTHOM pexume (10-5 Ma).

Onpegenum rpaHuubl OTKadkn. [QuameTp Tpybonposoga ©Oepem paBHbIM OUaMeTpy
BXOAHOro nartpybka HM3KOBaKyyMHOro Hacoca, T.e. d =32wvmM. [nuHa TpybonpoBoaa
HU3KOBaKyyMHOW OTKadkn [lyg = 1.1 M. Paccumtaem addektnBHyto anuHy TpybonpoBoaa,
KOTOpas y4uTbiBaeT M3rnbbl TpakTa. B gaHHoOM cnyyae nmeetcsa asa usrmba:

Lo = Lpar + Lo = 1.1+ 2133+ d = 1185

[nnHa ceoboaHoro npoGera BbluncnsieTcst No popmyrne:

Aragn _ 6.7-1072
p p

1=

Mepown paspexeHHOCTM rasa ssnsetca uucno KHygceHa, npegcrasnsiowee cobown
OTHOLLEHWe cpeaHen AnvHbl cBoBoaHOro npobera Monekyn K xapakTepHoOMy pasMmepy TeYeHUs:

= A
=>7d

OTciopa pd = %

5-1073 <k <0.33

Onpegenum rpaHu4HOe [AaBreHue And nepexoga M3 BA3KOCTHOMO B MOJSEKYNSIPHO-
BA3KOCTHbIN PEXUM:

pd <133IMa ™M

12



1,33

3.2:1072 =4llla

Otciopa p; =
"paHn4HOE faBneHne N3 MonekynspHO-BA3KOCTHOMO B MOMEKYSAPHbIA PEXUM BblMUCTTUM
no cpopmyne:
pd < 0,02 a- M,

0,02

32102 = 0,6 Ila.

Otciopa p, =

Bbluncnum nonHbii 06bEM, BKMoYatow M B cedbst 00 bEM BakyymMHON Kamepbl 1 00bEM BB
TpakTa:

Vs = Viamepst + Vapys = 0.5 4+ 0.041 = 0.541 m*

Ons pacyéta npoBoguMOCTM TpybonpoBoaa B MOMEKYNSAPHO-BA3KOCTHOM peEXUME
ncnonbayeTtcs opmyna:

d4-pCp+121.d3-(1+1.9-1o4-d-pcp)

Uyg = 1.36-103
MB l - (1+42.35-10* d " py)

Bpemsi ons kagoro ydactka oTkayku paccymTbiBaeTCst No hopmyne:

_Q

VZ‘ Puay S:-)cb

t= = In|—2
S:-)c]) Pxon — 53(1)

3
rneQ =25-10"* MT— HavarnbHbIN ra3oBbIA MOTOK

3tan Ne1 (10° — 40 MNa): Bpems oTKauku AN NEpBOro AvanasoHa 4aBleHnin PaBHo:

. 1% I(PO)— 0.5 | 10° _ 20
1_53¢HBH Bian _4'10_3n 5) M

OCHOBHOE ypaBHEHWE BaKyyMHOW TEXHUKW:

S

1
ad

1
Sy

Sk

3 Hero BUAHO, YTO ecnv NpoBoAMMOCTb TpybonpoBoaa 3HauYMUTENbHO Gonblue ObICTPOTbI
AENCTBUS Hacoca, To ObICTpOoTa OTKAYKM 3aBUCUT TONbKO OT Hacoca.

T.K. NpOBOAMMOCTb A8 AAaHHOTO AMana3oHa AaBrneHuin HaMmHoro 6onblue, Yem BbICTpoTa
OencTBmsa oTKa4vkn Hacoca (S, = 5%), TO €€ He YYMThbIBaeM.

Atan Ne2 (40-20 Ma): CpegHee oaBneHve 4515 BTOPOro atana paBHO:

40 + 20
P2cp =— = 30Ila

13



MpoBooMMOCTb OS5 AaHHOro AnanasoHa AaBrfieHu paBHa:

d* - py. d®-(1+1.9-10*-d - pyep) M3
U, = 136103 ———L2 4 1.21- P =0.036 —
z l [-(1+4235-10%-d - pyep) c
OddhekTnBHas BbICTPOTA OTKAYKM:
SH " U2 M3
Spoy = —— = 4.4-1073 —
2675 + U, c
Bpemsa npeaBapuTenbHOM OTKaYKu:
9 2.5-10"*
Ve Puaiz " Srop| _ 0541 . 40-272703 s,
27 Soap 4.4-1073 2.5-10"% '
Pxouz — % 20 - W

Atan Ne3 (20-10 Ma): CpegHee gaBneHue 4515 BTOPOro atana paBHO:

20+ 10
P3cp =— = 15 Ia

npOBOLI,VIMOCTb Ana gaHHOro gmManasoHa gaBreHun paBHa:

d* - ps, d-(1+19-10*-d - psep) M3
U; = 1.36-103——2 4 1.21 - P =0.018 —
3 l - (1+235-10%-d - psep) c
OddhekTnBHAsA BbICTPOTA OTKAYKM:
o= Vs _ag17 102 M
P05 +U, c
Bpems npeaBapuTenbHON OTKaYKU:
Q 2.5-107*
Vs Puauz = S350 0.541 20 - 3917-10-3
ty = 1 = 1 : = 96.186
2T Sep e 3917-10-2 10 25107 g
KOH3  S3ag 3.917-1073

9tan Ne4 (10-5 Ma): CpegHee gaeneHue And BTOPOro atana paBHo:

10+5
Pacp = T =7.51la

[MpoBogMMOCTb OS5 AaHHOro AnanasoHa AaBrieHU paBHa:

d* - pae d®-(1+1.9-10*-d - pscp) M3
Uy = 1.36-103 ——2 4+ 1.21 - P =9.052:1073 —
4 T [-(1+ 235 10% - d - pycy) ¢
OddhekTnBHas ObICTPOTA OTKAYKM:
Sy = on Vs _5on1.q0ma 10
o T +u, c
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Bpemsi npegBaputensHon OTKauku:

v Praus =g faq) 0.541 10 - %
Ve _ _ : = 117.745
(il I Il v oS T P -5 U C
Kond TG b 3.221-1073

CymMMapHoe BpeMsi NpeaBapUTENbHON OTKAYKK:

t2=t1+t2+t3+t4=23MI/IH

5. KPMBbIE OTKAYKA

5.1. TlpenBaputernibHaga oTka4vka

CyMmapHas rasoas Harpyska:
Qs = Qs + Qup + @ = 0.75-107* + 3.48 - exp(3.467 — 4.25 - 1075-¢) + 11.87-1077 +

+91-10-13 1o
Pa6ouee naBnenue p,s ~ 1073

OddekTnBHaAsA GbICTpOTa 4ENCTBUS Hacoca:

3
— -3 M
Sypus = 38431075 —

012 1 | | |
0.1k i
\.\\
0.08F \ -
\\
p(t)
Ma 0.06 -
0.04f . i
0.02 L . i ——
0 2x10° 4x10* 6x10* 8x10* 1x10°
. C

Puc. 5. KpuBas npeBapuTeIbHON OTKAYKU
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5.2. BblcokoBakyymMHas oTkauyka

[a30BbIN NOTOK: Qy = Qpp + Qnp + Q@ = 0.75-107* 4 3.48 - exp(3.467 — 4.25-107° - t) +

Ma- M3

11.87-1077+91-10713

C

3

AhhekTnBHAsA ObICTPOTa OTKayku Hacoca: S,;, = 0.38 MT

HavanbHoe paBneHuve: p, = 33 Ila

O6bem BakyymHol kamepsbl: V = 0.5 m3

1.2><10_3 T T T T

1x10‘3«\ :

T
1

8x10™*
pppp(t)
ITa 6x10~*

T
1

T
1

4x107*

T
-\-—‘_____M_

2107¢ ' : : _
0 210* 4x10* 6x10* 8x10* 1x10°

t,c

e

Puc. 6. KpnBas BbICOKOBaKyyYMHOW OTKauKu
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6. SCKM3 3AITPY30OHHOI O ®JIAHLA
HA PESVIHOBOM YTIJIOTHEHNN

3cKu3 3arpy3o4HOro doriaHua npeacTaBeH HMKe Ha pUCYHke 7

A B

L L £ 7 7 [ [ 7

& 400

Pwuc.7. 3ckna 3arpy3oyHoro gnaHuya

B paHHOM cucteme OH Heobxoamm ansi ©6ecnpensiTcCTBEHHOro [OCTyna K BaKyyMHOW
kamepe. [Npu NPOEKTUPOBaAHUN PE3UHOBOrO YNIIOTHEHUS, UCMonb3yeTcd pe3nHa 9024.
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3AKJTFOYEHUE

B HacTtosiwen kypcoBon pabote Obina cnpoekTMpoBaHa BaKyyMHas cuctema Ans
NpoBeaeHNs1 BaKyyMHbIX U3MEPEHUIA.

Bbin ocyuiecTBrneH noabop M cornacoBaHMe CpeacTB OTKAYKWU, INIEMEHTOB BaKyyMHOW
CUCTEMbI, pacyeT NapameTPOB 1 PEXMMOB OTKaYKMU.

B xoge pacdeToB 6bI10 4OCTUIHYTO Tpebyemoe paboyee faBneHue B BakyyMHOW Kamepe
C  MCMNOSIb30BaHMEM  MNacTUHYaTO-POTOPHOrO U AucpdysmoHHOro  HacocoB. Bpewms
NpeaBapuUTENbHON OTKaAYkM HU3KOBaKyyMHOro Hacoca paBHO 23 MuHyTam. Bpemsi paboTbl
andpdysmoHHoro Hacoca 46 MuHyT. CknagbiBas 3TW  BENWYMHbBI, MNOMy4YaeM Bpemsi
Heobxoanmoe Ans OCTUXKEHUSI 3a4aHHOr0O AaBneHns — 69 MUHYT,
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