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·Ha MOJIO'IHOTOBapHb!X 4JepMax pecny6mrnrr 3K 

cnnyaTHpyeTCSI 60JJhWOe KOJlrrqecTBO LIOHJlh 

HhIX ycTaHOBOK KaK c .uoeHHeM B se.upa, TaK H c .uoeHH

CM s MOJJoqHhltt Tpy6onposo.u. BaKyyMMeTprrqecKoe 

nasneHHC B CHCTCMax 3Tl1X ycTaHOBOK no 300TexHrrqec

Kl1M Tpe6osaHHHM nomKHO 6bITh pasHhIM 48 KITa. ITe

penan eaKyyMMeTprrqecKoro .uasneHJrn Me)f(LIY HacocoM 

11 perymnopoM HJJH peryJJsiTopoM rr Ha116onee y.uaJJeH-

)l,aHHb!e TeXH11qecKOH .UOKYMCHTaUIHI Ha HaCOCbl CBH

neTeJJbCTBYIOT, qTo pacxo.u MOlUHOCTH HMH 3aBHCHT OT 

nasJJeHHH [3-7]. MolUHOCTh, HanprrMep, noTpe6nsieMaH 

saKyyMHhIM HacocoM BBH-3 yseJJH'IHsaeTcsi Ha 

I 0 ... 14% np11 yseJJ11qeHrr11 eaKyyMMeTp114ecKorn nas

neHrrsi Ha 20 Kfla (c 50 no 70 KITa) - Ta JI. I. ITprr4eM 

HaCOCbl .UOCTHralOT MaKCHMaJibHbIX 3HaqeHHH MOlUHO

CTH, COOTBeTCTBYIOlUHX onpeneJJeHHOMY .uasJieHHIO B03-

nyxa. 

1. II0Tpe6m1eMaH MOI.qHOCTL eaKyyMHLIX uacocoe 3KCTpeMyMhl MOlUHOCTH 

BaKyyMHhlX HaCOCOB Bbl3Ba

Hhl oco6eHHOCTSIMl1 C)f(aTHSI 

so1nyxa B HqeifKax. Benh 

BO!lOKOJibUCBOH Hacoc - 3TO 

MarnrrHa c BHyTpeHHHM C)f(a

THeM B03!lyxa )!(11)].KOCTHblM 

KOJihUOM. C)f(aTtte so1nyxa s 

Hacoce npoTeKaeT nO'ITH 

1110TepMrr'lecK11. HaJitt'lHe 

MaKCHMyMa 3Hepr1111 CJKaTHSI 

I M3 so3nyxa s 1130TepM11-

4ecKOM npouecce np11 nas-

MoIUHOCTb eaKyyMHoro Hacoca. KBT 
BaKyyMMeTpH4ecKoe 

11aeJJem1e, Kfla BBH- 1.5 BBHl-3 BBH-3 BBH-6 
[3] [5] [3] [3], [6] 

30 3,29 4,64 5,62 14,0 
40 3.31 4,75 5,56 13,85 
50 3.33 4,87 5,41 13.7 
60 3,32 4,95 5,29 13.2 

~ 

70 3,36 5.23 5,56 13,0 
80 

~. 

3,35 4,88 5,68 13,0S 
90 3,25 4,85 5,52 13,15 

HhtM KpaHOM He n:oJI)f(eH npesb1rnaTh 2,5 Kfla. BHyTpeH

HHH n11aMnp MonoqHoro Tpy6onposo.ua Bb1611pa10T c 

THK11M pac'leTOM, qTo6bI MaKCHMaJlhHbIH nepena.u .uas

neHHSI B HeM COCTHBJISIJJ 3,0 Kfla nprr pa6oTe Bcex n:o

HJJbHblX annapaTos [I]. 11Horna npouecc noeHrrsi Kopos 

npo111son11Tcsi np11 6onhWOM nepena.ue (20 ... 28 Kfla) 

nasneHHSI. ITp11 JTOM saKYYMMeTp11qecKoe naBJJeH11e so 

BCaCbIBaIOmeM naTpy6Ke BaKyyMHOro Hacoca 3Haq11-

TCJJbHOe - 60 ... 70 KITa, a B MOJIOqHOM Tpy6onposone 

HH3Koe - 40 ... 42 Kfla. Cq11TaeTcii, qTo TaKoe yxynrne-

Hl1e BaKyyMHoro pe)f(HMa .uoeHl1H coxpaHHeT nocTOSIH

HOH Bem1qrrHy TIOTpe6niieMOH MOlUHOCTH BaKyyMHOro 

Hacoca. OnHaKo npS1Mh1e 11 KocseHHhie np113HaK11 (yee

n11'leH11e qacTOThl nynhcauttw nyJJhcaTopos, aMnJJttTy-

1lbl KOJ1e6aHttH l1 npO!lOJl)f(HTeJJbHOCTH BOCCTaHOBJJeHHSI 

saKyyMa, speMeH11 noilKR) yKa3hIBaIOT, lJTO npouecc co-

1naHrrsi pa1pe)[{eHlUI CTaHOBHTCSI 6onee JHeproeMKHM. 
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BBH-12 BBH-50 PMK-3 
[3] [4] [7] 

16,7 70 16,0 
17,22 80 16,8 
17.75 90 17.2 
18,21 90 17,7 
18, 16 80 17.3 
17,55 70 17,0 
16.15 60 15,4 

ne H 11rr scacbt .aH11S1 p
1 

11 

naBJieHJrn HHrHeTaHttSI pa= I 00 Kfla nO)lTBep)!(!J.HeT pac

qeT no KJiaCCH'lCCKOH 4JopMyJie (I), COOTBeTCTBYIOlUCH 

JToMy npoueccy (rn6JI.2): 

A0 = p 1Cn(IOO/ p 1) (1) 
MaKc11MyM noTpe6JrneMoH MOlUHOCTH np11 113oTep

MH.qecKoM npouecce B BO)lOKOJihUeBblX saKyyMHbIX Ha

cocax COOTBeTCTByeT naBJieHHIO 3 5 KIT a. HarHeTaTeJib

Hbie siqeifKH Hacocos coen11HeHbI c aTMoc4Jepow rr no

JTOMY pa6oTalOT Ha TIOJIHbIH CBOH o6beM. 0Hl1 3acacb1-

Ba10T B031IYX 113 HTMOc4Jepbl 11 3aTeM CHOBa Bh!TeCHSllOT 

· ero. Pa6oTa npo11cxon:rrT c 6oJihW11M KOJIH'leCTBOM so1-

nyxa, qeM ero Heo6XO)ll1MO ynanHTb 113 nOJIOCTH BCa

CbIBaHl1SI. )l,asneHrre B siqeifKe nepen ee cosMelUeH11eM 

c HarHeTaTCJJbHblM OKHOM 3HBHCHT OT reoMeTpl111 Ha

coca l1 nOJIO)f(eHHH BCHChJBalOlUero 11 HarHeTaTeJJhHOro 

OKOH. )l,JIH Ka)f()].OfO pe)f(HMa pa60Tbl HMeeTCSI CBOH on

TllMHJibHbIH pa3Mep HarHeTaTeJlbHOro OTBPpCTHSI. f1paK-



Tll'-IeCKl1 CJIO)l(HO ycTaHOBl1Th pa3Mephl HartteTaTeJih

HOro orsepcr11» Ha116onee 6naronp11»THh1e .UJIH scex pe

)l(HMOB. Eonee )Ke HH3Ka» .uei1cTBl1TeJihHa» crenetth no

BhillleHHH .uasJieHl1H no cpaBHeHmo c ycTaHOBJieHHOH 

B Hacoce rrpHBO.U11T K IIOTepHM :rnepr1111 11 K 60Jihllll1M 

Harrp»)l(eHl1HM B Mall111He. B :noM cyrh 6onhllll1X :rnep

reTH'leCKHX IIOTeph np11 Bh!COKOM BaKyyMe BO.UOKOJlh

ueBhIMl1 BaKYYMHhlMl1 HacocaM11. 

MaKCHMaJihHhIH pacxo.u MOIUHOCTl1 IIJiaCTl1H'laThI

M11 BaKyyMHhlMH ttacocaMH TaK)l(e HaXO.Ul1TCH B .u11ana-

30He .uasneHHH 30 ... 3 5 Klla. Yrnep)l(.uett11e 3TO BhITe

KaeT H3 pacCMOTpemrn pa6oTbl e.uHHl1'lHOro Ul1KJia IIO

J!HTpOIIH'leCKOro npouecca C)l(aTHH B03.uyxa (Al) IIJia

CTHH'laThIM BaKyyMHhlM HaCOCOM [2]: 

. A1 =(pJ~k!(k-l))l(Pa/p1 )CHJlk_lj (2) 
r.ue V 

1
- Hatt6oJihllll1H o6beM pa6oqeJ:i KaMepbI Hacoca; 

p
1 

- .uasnetttte scachrnatt11»; P. -.uasnemrn HartteTaH11»; 

k - IIOJIHTpOIIH'leCKl1H IIOKa3aTeJih; 

Pa6orn o.uttoro rronttoro u11K11a C)l(aTHH (A) 6y.ueT 

pastta 

A=A 1 + P.V a - p 1V 1 (3) 
rJJ,e Va - HattMeHhillHH 06beM pa6oqej:i KaMephl HaCO

ca; 

,l],JJH rroJ1ttTpon11qecKoro npouecca cnpase.umrno co

OTHOllleHtte 

PY:"= P1Vi 111 

(4) 
c y'leTOM Bhipa)l(eHHH (f,), (3) H (4), no~y'leHO 

A=~1Vikl(k-l)!(p0 /pJk-IJ!k -lJ (5) 
DoJJe3Ha» MOIUHOCTh ttacoca 

W =A/T=nA 
n 

r,ue T - speM» u11K11a; n - qacToTa. 
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IloJJy'laeM, 

W" =[nVip1kl(k-t)i(PalP1fk-IJ!k -1J 
011eBl1.UHO, 'ITO IIp0113Be.ueH11e Hatt60Jlhlllero o6be

Ma pa6o'leii KaMephI ttacoca 11 qacTOThI HBn»eTC» Te

opeTtt'leCKoii 6hICTpOTOH .ueiicTBl1H 

S"'=V 1 n 
r.ue s,,, - TeopeTH'leCKaH 6hICTpOTa .uelICTBHH Hacoca 

Tor.ua oKOH'laTeJihHJ 3arrttllleM j 
w =[S kl(k-1) ( I )(k-l)lk -~ (6) 

n mPI Pa Pi 
,ll,11cpcpepettuttpysi ( 6) no "p 

1
" H np11paBHHBasi K tty mo 

npoH3BO.UHYIO, nony'll1M 

dW,,ldp1 =[S.,k!(k-1)](pik-1)1kp~1-k)tk /k)-1]=0 (7) 
113 aHaJJl13a (6) 11 (7j cne.uyeT, 'ITO MaKCl1MYM Mom

HOCTl1 Ha6mo.uaeTCH npH .uasneHl111 

p I =pa /kk/(k-1) 

,l],aBJ1ett11e, COOTBeTCTBYIOIUee MaKCl1MYMY IIOJJe3HOH 

MOIUHOCTl1 n11aCTl1HlJaToro BaKyyMHoro ttacoca, co

CTaBJIHeT no cpopMyJie (2) np11 k= 1,4 11 p .= 100 Kfla) 

BeJll1lJHHY IIOpH.UKa 30 Klla (rn611.2). Ilp11 BhlCOKl1X .uas

neHl1JIX IIOTpe6JJHeMaJI MOIUHOCTh CHH)l(aeTCSI, TaK KaK 

yMeHhlllaeTCSI Tpe6yeMaH CTeneHb C)l(aTHJI B03.Uyxa. 

,ll,aHHbie Ta6JIHU:hl 2 CBH.UeTeJlhCTBYIOT, 'ITO BaKyyM

Hbie HaCOChl c BHellIHHM cnoco6oM C)l(aTHH xapaKTeptt-

3YIOTCSI IlOCTOSIHHhlM pOCTOM noTpe6nsieMOH :rneprn11 

. K TaKHM HacocaM OTHOCHTCH BaKyyMHhie ttaCOChl, ttMe

IOIU11e p0Toph1 c o6KaThrnaeMhIMl1 npo!P11JIS1MH. Bo3nyx 

s Hacoce rrepe.uaeTc» c sxo.ua Ha Bh!XO,~ nopu11»MH no

CTOHHHoro o6beMa. C)l(aT11e rrepe.uasaeMoro so3.uyxa 

npOHCXO.UHT MrHOBeHHO OT .uasneHirn BCaChIBaHl1H no 

aTMoccpepttoro .uasJJeHHH np11 coo6mettu11 IIOJJOCTH, ne

peLI,a10meii B03.UYX, co CTOpOHOH BhIIIYCKa Hacoca, TaK 

2. 3uepruH C)lmTHH 1 M3 so1.uyxa npu .uasJienuu uarneTaum11001dla 
KaK B Hee ycTpeMJIHeTCR B03.UYX H3 

BhlXJIOIIHOro naTpy6Ka. Ilo3TOMY no

Tpe6JJSleMaH MOIUHOCTb HaCOCOM c 

BHellIHMM C)l(aT11eM OTHOCHTeJJhHO 

60Jihllle, 'leM IIJiaCTl1HlJaThlM 11 BO.UO

KOJihU:eBhIM BaKyyMHbIMH HacocaMH. 

,[{aBJie Hile 
Bcac hIBaHHR, Ibo Tep Mll'!eCKllii 

KIIa 
):(:i< BT·'! 

5 14979 4,16 
10 23026 6,66 
15 28457 7 ,90 
20 32189 8,94 
25 34657 9,63 
30 36119 10,03 
35 36744 10,20 
40 36652 10,18 
45 35933 9,98 
50 34657 9,63 
55 32881 9,13 
60 30650 8,51 
65 28001 7,78 
70 24967 6,94 
75 21576 5,99 
80 17851 4,96 
85 13814 3,84 
90 9482 2,63 
95 4873 1,35 

100 0 0 

I!po11ecc 

A,11Ha6aTH'leCKllii 

):(:i< BT·'! 

16945 4,70 
23299 6,47 

27016 7,50 
29277 6,12 
30411 8,45 
30829 8,56 
30642 8,51 
29960 8,32 
28862 8,02 
27407 7 ,61 
25639 7,12 
23596 6,55 
21306 5,92 
18794 5,22 
16079 4,47 
13180 3,66 
10110 2,80 
6883 1,91 
3510 0,97 

0 0 

):(:i< 

95000 
90000 
85000 
80000 
7500.0 
70000 
65000 
60000 
55000 
50000 
45000 
40000 
35000 
30000 
25000 
20000 
15000 
10000 
5000 

0 

IfaoxopHblii 

BT·'! 

26,39 
25,00 
23,00 
22,22 
20,83 
19,44 
18,05 
16,66 
15,28 
13,89 
12,50 
11,11 
9,72 
8,33 
6,94 
5,55 
4,16 
2,78 
1,39 

0 

3cpcpeKTl1BHOCTb 11CIIOJlb30BaH\UI 

MOIUHOCTH np11sona BaKYYMHhIX Ha

COCOB CHl1)1(aeTCH no Mepe yseJ111'le

Hl1SI nepena.ua .uasJ1eH11J1 Me)l(ny sca

ChIBaIOIUHM narpy6KOM H MOJI04HO

BaKyyM HhlMH KpattaMH. B·-iewHHM 

IIp113HaKOM TaKoro r )J]O)l(eHHH MO)l(

HO ClJHTaTh HaJIH4He, KaK npaBHJ10, 

.UOIIOJIHHTeJihHO ycTaHaBJJHBaeMhIX 

BaKyyMHhlX HaCOCOB B .U011JlhHhIX yc

TaHOBKax paccMaTp11saeMOro TeXHH

lJeCKOro COCTOSIHl1H. Dptt'leM yse11H

'lem1e lJMCJia HaCOCOB (B 1,5 ... 2,0 

pa3a) OKa3bIBaeTCSI MaJJ03cpcpeKTHB

HbIM. Ilpouecc .uoeHl1SI IIpOXOLJ,MT B 

cpH3110JIOfl1'leCKl1 onacHOM pe)l(11Me, 

CKOpOCTh OTKalJKH .U011JibHblX anna

paTOB 3aMe.unettttasi. Oco6eHHO 
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cJIO)f<HO npoxomn noi1:Ka Kopos Ha Ha116onee ynaneH

HhlX OT BaKyyMHOfO Hacoca MOJIOlJHhlX KpaHax. BhlXO)l. 

nepenana naaneH11i1: 1a npenenh1 cpu111onor11qeCKH no

nycTHMOro n11arrn10Ha MO)f(eT Bhl3bIBaTbCH pe)f(HMOM Te

'leHHH B03nyxa B MafHCTpanhHOM BaKyyMHOM Tpy6o

nposone. 

CTarrnoHapHhltt pe)f(HM xapaKTepu1yeTC» nocTO»H

CTBOM BO BpeMeHH nOTOKOB H naaneHHH BO scex CelJe

HHHX BaKyyMHOH CHCTeMbl H pa3JIHlJHeM '.HlfX BeJilflJlfH 

no ee llJIHHe. OOTOK yaeJilflJHBaeTCll OT OllHOro 3JieMeH

Ta K npyroMy 1a c'leT npoca'IHBaHHll ao:rnyxa. nono

MY naaneHHe so1nyxa no nmrne saKyyMHOro Tpy6onpo

sona nepeMeHHOe. )J,0Ka1aTeJihCTBO no,no6Horo pacnpe

JleneHMll naaneHtt» no ;1:;111He BaKyyMHoro Tpy6onposo

na BhITeKaeT 111 n11cpcpepeHuttaJihHoro ypastteHHll 6a

naHccr c11n a Tpy6onpoaone [2]: 

Q=Cdp/dx (8) 
EyneM TaK)f(e clJ11TaTh, 'ITO BaKyyMHhlH Tpy6onpo

son no scei1 nn11tte 11MeeT nocTOHHHYl-0 cjJopMy none

peqHoro ceqemrn c nep11MeTpoM TI, a npoca'l11BaH11e 

so1nyxa c en11Hl1Uhl nosepXHOCTl1 paBHO q. Toma ,n11cp

cpepeHu11anhHoe ypasHeH11e 6anaHca Macchi MO)f{HO 1a

n11caTh a Bttne 

dQ/dx=-qTI (9) 

Bo1nywHhIH noToK a pa3Jilf'IHhlX ce'leH11Hx saKyyM

ttoro Tpy6onpoaona MO)f(eT 6hITh HaifneH a pe1yIIhTaTe 

HHTerp11poaaHHH ypaBHemrn (9) np11 rpatt11lJHhIX yc

JIOBHHX Q==Q
0

, (Q
0

- pacxo,n so1,nyxa )l.Ol1JihHhIM anna

paTOM) vi x=l (I -,nmrna aaKyyMttoro Tpy6onpoaona): 

Q=q(l -x)TI+Q
0 

(I 0) 
11cKJIJOlJall Q 1n ypaaHeH11i1 (9) 11 (I 0), nony'IHM 

nmpcpepeHuHaJihHOe ypaBIIeHHe CT3UHOHapHOH OTK3'1-

Kl1: 

Cdp/dx=q(l -x)fl+Q
0

. (11) 
flpH Typ6yneHTHOM TelJeHH11 nOTOK Q B03.uyxa, npo

X0ll51W.ero 4epe3 Tpy6onposon, np116n11111TeJihHO npo

nopu110HaJieH KBa.upaTHOMY KOpH!O 113 rpa,n11eHTa .uaa

neHl151, a np11 BH3KOCTHOM TelJeHHl1 ITOTOK 803,nyxa rrpo

nopuHOHaneH rpa.u11eHTy .uasnett11H [ 4]. 0,nHaKo Typ-

6yneHTHhI tt pe)f(HM Te'leHH51 ao1,nyxa xapaKTepeH nttlllh 

.UJIH HalJaJibHOfO rrep110.ua OTKa'IKlf BaKYYMHOtt CHCTe

M hi. Ha116onee xapaKTepHhil\I HBJIHeTCH pe)f(ttM Te'leH11H 

B03)l.yxa, KOf.!]a BeJIHlJHHa llOTOKa npl!MO nponopu110-

HaJlhHa ,naaneHHJO 801nyxa, T.e. C=C
0
p. Pa1.uenHll ne

peMeHHhie 11 HHTerp11pyH ypasttetttte ( 11) B npenenax 

oT p 1 no P, 11 OT 0 .uo x, Hai1.ueM na8Jiett11e a rrpo111-

BOJ1hHOM CelJeHHH: 

p 2(x)=p 1
2+(2qfl/C

0
)(/x-x2/2 )+2xQ /C

0 

Op11 x=/ ,UaBJieHHe Ha KOHUe 83KYYMHOfO Tpy6orrpo

BO.Ua, coe.11.1-rneHHoro c OTKa'IHBaeMhIM .11.ottnhHhIM an

napaTOM 

P2 z=p i 2+(2//Co)(Qo +qII//2) 

3aBHCHMOCTh .11.asnemrn OT .UJIHHhl B3KYYMHOro Tpy-

6onposona 8 cny'l.ae Q
0
>>qf1/ 12 napa6onH'l.ecKall. 06o-

3Ha4aH U=C
0
(p 1+pz)/(2/ ), nony'IHM ypaaHeH11e 
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Q=U(p2-P1), 

3To 03Ha'!aeT, '!TO npH OTKa'!Ke 803.!l.yxa BaKyyM

HhlM HaCOCOM Ha KOHuax B3KYYMHOfO Tpy6onpoao.ua 

co1.uaeTCll pa3HOCTh .11.a8J1eHHH, onpe.ueniieMall rrpoao

.UHMOCThJO caMoro Tpy6orrpoao.11.a U: 

D.p = P2 - P1 = QIU 
,n:nll BhI.!IBJieHHll OCHOBHhlX cpaKTOpOB, orrpe.ueJIHJO

IUHX BeJil1'111HY npOBO.U11MOCTl1 Tpy6onpo80lla pa.11.11y

COM r rrp11 HH3KOM BaKyyMe, paCCMOTpHM 3JieMeHT Tpy-

6orrpOBO.!l.a llJIHHOH d/. B 06nacT11 HH3KOro saKyyMa 

)]Jil1Ha CB060)]H0f0 nyT11 MOJieKyJI 803.!lyxa 3Ha'!HTeJlb

HO MeHhllle .11.11aMeTpa Tpy6onposona. Cnoti B03.!lyxa y 

rroaepxHOCTH Tpy6onpoBO)]a OCTaeTCH HeOO.!l.Bl1)KHhlM, 

a OCTaJJhHhle CJJOl1 )]BH)f(YTCll B ycnOBl1HY CTaUHOHap

HOro IlOTOKa c COOTBeTCTBYJOIUHMl1 TIOCT0.!IHHhlMH CKO

pOCTHMl1 w. Bh1Lien11M :JJJeMeHTapHyJO Tpy6Ky pan11y

coM x 8ll0Jlh OCH 3JieMeHTa d/ 11 npttMeM, '!TO CKOpOCTh 

Te'leHl1H He MeHHeTCH B JIJ06oi1 TO'! Ke Bhl6pamwro ce

l!eHl1ll. Tor.!la c1111a, 06yc11oa11eHHall rrepenaJIOM aaa11.:

tt11i1 no 06e11M CTOpOHaM BhIJieJieHHOfO 3JJeMeHTa [ 4]: 
df1 =(p+dp-p)=dp ;rr x 2

; 

cH.na, o6ycnoaneHBall 8ll3KOCThlO 803.!lyxa, 

df2 =- lJ ( dw/dx)2 Jr xd/ 

(3HaK l\fHHYC noTOMy, lJTO dw/dx<O). 

Ycnoa11e paaHoaecHH :JJieMeHTa 1an11llleTCH 

;rr x 2dp=- T/ (dw/dx)2 Jr xd/ , 

OTKyna 

w=-(x 2dp )/( 4 lJ dl)+C 1 
I1ocTOHHHYJO c I HaXO.!l.HM 113 ycnOBHll, '!TO CKOpOCTh 

Tel!eH11ll B03.!l.yxa y CTeHKH paBHa Hymo, TOf.!]a 

w=[ dp(r2-x 2
)]/( 4 T/ di). 

Pacnpe.!leJieHHe cKopocTett no ce'leH11JO Tpy6onpo

ao.ua TIO)]'l.11HHCTCll napa60JI11lJeCKOMY 33KOHY, 06bCM

HhlH pa~XO)] 803JJ,yxa v COCTaBl1T 

V = fm2mdx= f[(r 2 -x2 )dp2mdx]! 4lf'./£) =(!lf'4dp)/(8i;ti17) 
061.eMHhIH pacxoa ao1ayxa ,nnii acero Tpy6onpo

ao.ua .!IJllfHOH l COCTaBHT 

V=( ;r r4dp)/(8 T/ /)=(Jr r 4(p
2
-p

1
))/(8 7] I) 

DoTOK ao1ayxa Q, npoTeKaIOmtti1 4epe3 aaKyyMHhIH 

Tpy6orrposo.11. .UOHJlhHOH ycTaHOBKH, Haii.11.eM KaK npo

lf3Be.11.eH11e o6beMHoro pacxoaa V Ha cpenttee .uaane

H11e a Tpy6onpoao11e: 

Q= V(p2 + p1)12.=nr4 (P-c -p1)(p2 + p1)/(l61]e) (12) 
I1p11MeHHM OCHOBHOe ypaBHeHtte MOJieKynHpH0-1<11-

HeTH'l.eCKOtt Teop1111 ra30BOfO COCTOHHHH, KOTOpoe CBH-

3hIBaeT Me)f(JIY co6oi1 Tp11 OCHOBHhlX napaMeTpa COCTO

l!Hl1H B03.!lyxa: )]3BJICHl1e (p), MOJieKyllllPHYJO Ko;·ueHT-

. pau11JO (n) H TeMnepaTypy (T) c IlOMOI..:. !>JO IlOCTOHH

HOH EomuMaHa (k): 
p=nkT (13) 

3To ypaaHeH11e MO)f(HO npeacTaBl1Tb a .upyroi1: 1a-

1111c11 

p=NmRT/VM ( 14) 
rae M-MoneKynHpHaH Macca ao3.uyxa; V-o6beM so1.11.y-



xa; R-ymrnepcarrhHaH ra3o8aH IIOCTOHHHa»; m- Macca 

MorreKyJihI 803.Uyxa. 

Ypa8HeHHe crnuHoHapHoH: .umt><PY3HH 803Ayxa B 

HH3KOM 8aKyyMe c yqeTOM MaCChl MOJieKyJihl B03.Uyxa 

m, nrroma.uH npoxo.uHoro celfeHHH Tpy6onpoBOAa F H 

AJIHHe I MOJKHO 3anttcaTh 8 crre.uy10meM BH.Ue [2]: 

P=-D(dn/dx)F=-Dm(n
1
-n2)F// (15) 

r.ue p - IIOTOK 803.Uyxa qepe3 Tpy6y, H3MepHeMhlH MaC

COH 803.Uyxa, npOXO.llHIUero qepe3 3JieMeHT 8 e.UHHHUY 

speMeHH, D-Ko3<P<PHuHeHT .UH<P<PY3HH; dn/dx- rpa.uHeHT 

KOHueHTpauHH; nl H n2·KOHueHTpauHH MOJieKyn 803AY

xa Ha KOHuax 3rreMeHTa; 

BocnOJih30Ba8lllHCh ypaBHeHHeM ra3080f0 COCTOH

HHH (13), npeo6pa3yeM (15 ): 

P=Dm(p
1
-p2)F/(kT) (16) 

B_cooTBeTCTBHH c ypa8HeHHeM ra30Boro COCTOHHHH 

8 <t>opMe (14) Macca 803.Uyxa Nm npH IIOCTOHHHOH TeM

nepaType npHMO nponopuHOHaJihHa IIpOH38e.UeHHIO 

,lla8JieHHH B03Ayxa Ha ero o6beM. 3To o6CTOHTeJihCT80 

c yqeTQM ( 14) H ( 16) II0380JIHeT Bhipa3HTh B03.llYlllHhlH 

IIOTOK crre.uylOIUHM o6pa30M 

Q=pkT/m=DFT(p2-p 1)//T =U(p
2
-p 1) (17) 

CorrraCHo (12) H (17), 3aIIHllleM BhipaJKeHHe .um1 

npoBO.llHMOCTH: 

U = Q l(P2 - Pi)= nr 4 (p2 + P1)/(l 617C) 
.z::i:rr» 003.uyxa npH T=293 K H 7] =I, 82 J0·5H/(M 2/c) 

3TY cpopMyny MO/KHO npeo6pa308aTh K BM.Uy: 

U= 1,36103d4(p
1
+p

2
)/(2/); 

TaKHM o6pa3oM, npo80.UHMOCTb Tpy6,onpoBoii.a 3a

BHCHT OT ero KOHcpHrypauHH H npHMO nponopuHOHaJih

Ha qerneprni1 CTeneHH pa.uttyca Tpy6onpoBo.ua. 3Hep

reTHlfecKoe conpoTH8JieHHe 8aKyyMHhIX Tpy6onpo8o

.uo8 npOH8JIHeTCH COIIOCTa8JieHHeM 6hICTpOThl OTKalfKH 

H 6hICTp0Thl .ueH:cTBHH Hacoca. YcJIOBHe IIOCTOHHCTBa 

IIOTOKa 803.Uyxa 

SoP2 = U(pz - pi)= S,,p1 
IIO.llTBepJK.llaeT, 'ITO 6hICTpOTa OTKalfKH onpe.ueJIHeTCH 

6hICTpOTOH .ueH:CT8HH Hacoca H IIpOBO.UHMOCThlO Tpy-

6onp080.Ua: 

S0 =US,, !(U +S,,) (18) 

S0 IS,, = U !(U +SJ (19) 

CooTHOllleHHH (18) H (19) BhipalKaIOT OTJIH'IHe 6h1-

cTpoTbI OTKalfKH .llOHJihHhIX annapaTOB OT 6h!CTpOThl 

.uei1CTBHH 8aKYYMHOro Hacoca npH HaJIH'IHH Tpy6onpo-

80.Ua. Tpy6onposo.uh1 6oJihlllOro .UHaMeTpa xapaKTepH-

3YIOTCH 8hICOKHMH 3HaqeHHHMH nponycKHOH cnoco6-

HOCTH H MaKCHMaJihHO c6JIHlKalOT 6h!CTpOTY .uei1CT8HH 

Hacoca H 6hICTpoTy OTKalfKH annapaTOB. 

KoHcTpyKTHBHo 8eJIH'IHHa npo80.llHMOCTH BaKyyM

Horo H MOJIO'IHOro Tpy6onpOBO.ll08 Ha CTa,llHH npoeK

THpOBaHHH 3a.uaeTCH ,llHaMeTpOM Tpy6. 3aMeHa Kpyr

JIOH Tpy6hi .UHaMeTpOM 50 MM Tpy6ott 3JIJIHIICOBH.llHO

ro CelfeHHH CHHJKaeT npOBO.llHMOCTh .llO 50%, a Tpy6a

MH ,lll1aMeTpOM 38 H 25 MM COOTBeTCTBeHHO Ha 67 H 

94%. Tiepena,llhl ,lla8JieHHH 3HalfHTeJihHO yBeJIH'IHBalOT-

~LtLP® 
DAHOPAMA 

CH npH MaJihIX ,llHaMeTpax BaKyyMHhIX Tpy6onp080)l0B 

11 Hel13MeHHOM B03.llYWHOM IIOTOKe. Tio3 OMY OCH08HOH 

np11411HOH, BJil1HlOIUei1 Ha 113MeHeHHe pelKHMa pa60Thl 

AOHJihHOH ycTaHOBKH, HBJIHeTCH 3acopeHHOCTh MarHC

TparrhHOfO Tpy6onpOBO.Ua. 3acopeHHOCTh BaKyyMHOro 

Tpy6onpoBo.ua onpe.ueJIHeTCH KalfeCTBOM MOHTaJKa 11 

BHelllHHMH B03,lleHCTBHHMH cpe.Uhl (HaJIH'IHe 80)lHHhIX 

napoB 8 KOp08HHKax, MeJihlfattlllHX lfaCTl1lfeK KOpMOB, 

IIO.llCTHJIKl1 H Ha803a). TaK, BO BpeMH MOHTaJKa lfaCTO 

.uonycKalOTCH 3ayceHUhl B npocBepJieHHhlX OT8epCTH

HX KaK cHapyJKH, TaK 11 BHYTPl1 8aKyyMHoro Tpy6onpo

BO.lla. HaJI11q11e JKe TaK11x 3ayceHue8 npH80.llHT K o6-

pa3oBaHHIO OlfaroB oce.uaHHH OCa,llKOB, TBep.UhIX qac

T11U 113 npOMbIBO'lHOH lKH.llKOCTl1 11 ycKOpHeT 3acope

HHe. BepoHTHOCTh 3acopeHHH noBhilllaeTcH, ecJIH 8HYT

peHHHH IIOBepXHOCTh npHMhIX Tpy6 npe.usapHTeJibHO 

MeHee TIUaTeJihHO npocMOTpeHa Ha C8eT H 0411UleHa, B 

cJiyqae noTpe6HocT11. YiHor.ua ynrroTHl1TeJih pe3h608hIX 

coe.u11HeH11i1 H3 JlhHHHOH npH.Ul1 8hlCTYil'leT c 8HyTpeH

Hett CTOpOHhl H C03,llaeT ycJIOBl1H .UJIH HaKanmrnaH11H 

npHMecei1 Ha TaKHX yIJaCTKaX BaKyyMHOfO Tpy6onpo-

80,lla. DhICTpoMy 3arpH3HeHHIO 8aKyyMHhIX Tpy6onpo-

80.llOB cnoco6cT8YeT OTCYTCT8He HJil1 HenpaBHJihHaH 

ycTaHOBKa KJianaH08 cnycKa KOH.UeHcaTa. K 3TOMY JKe 

HBJieHHIO npHBO.lll1T, ycTaH08Ka BO.llOIIpOBO.llHbIX Kpa

HOB c HH3KOH nponycKHOH CIIOC06HOCTblO Ha Tpy6o

IIpOBO,lle, coe,llHHHIOIUeM BaKyyMHblH HaCOC c BaKyyM

HblM 6aJIJIOHOM HJIH 8aKyyMHOH MarHCTpaJiblO H MOJIO

KOC60pH11KOM. JloKaJlbHble npouecchI, np11BO!lHIUHe K 

3acopeHHIO ceIJeHHH Tpy6onp080.lla, ycKOpHlOTCH 8 Me

CTaX nporn6oB Tpy6 npH 11X npoMbJBKe MOIOIUl1M11 11 

Kl1CJIOTHhIMl1 paCTBOpaMl1. B pe3yJibTaTe C08MeCTHOfO 

.uei1cTBl1H 3Tl1X cpaKTOpOB BHyTpeHHHH IIOBepXHOCTb 

BaKyyMHbIX Tpy6onpoBO.llOB IIOKpbIBaeTCH OTJIOJKeHHH

MH pa3JIH'IHOH cpopMbl H pa3Mepo8, 113MeHHIOLUHM 11 

lllepoxosaToCTb 11 npoxo.uHoe ceIJeHHe 11 8 p>Jne cJiy

IJaes Bbl3bIBaeT CIIJIOlllHhie 3apacTaHHH, .ueJia10m11e He

B03MOJKHhIM npouecc Mallll1HHoro .uoeH11H. TaK11e npo6-

KH np11 npoMhIBKe Tpy.utto pa3pylllHTh 11 .UJIH Hx ycTpa

HeHHH npHXO,llHTCH 3aMeHHTh OT.lleJlhHhle yqacTKH 

BaKyyMHoro Tpy6onp0Bo.ua. Tio3TOMY npaKTH'leCKl1 

6bICTpOTa OTKa'lKH BaKyyMHhIM HaCOCOM (np11 6hICTpo

Te .uei1CTBl1H 120 M 3/IJ, MOIUHOCTH 8,0 KBT, pa6oIJeM 

.uasJieHl1H 50 KTia H .llJIHHe MarHCTpaJihHOro BaKyyM

HOro Tpy6onp080ifa - 20 M) CHHJKaeTCH B.llBOe npH 

3apacTaHHH ceIJeHHH 8aKyyMHoro Tpy6onpo8ona c 

.UHaMeTpa 40 MM .uo I 0 MM (rn6JI.3 ). KaK cJie.uyeT 113 

ypasHeHHH ( 19), K03<t>cpHUHenT HCIIOJih30BaHHH 6bICT

pOThl .uei1CTBHH Hacoca B 3TOM COCTOHHHH yMeHblllaeT

'CH C 0,9963 .llO 0,4761. 

BeJIH'lHHa noTpe6JrneMoi1 saKyyMHhIM HacocoM no

rre3HOH MOIUHOCTH Ha C)f(aT11e OTKaIJ11BaeMoro B03!lyxa 

3a8HCHT OT cpH3H'leCKOfO napaMeTpa-8aKyyMMeTp114ec

KOro ii.aBJieHHll. MaKCl1MYM noTpe6JI»er oi1 BaKyyMHbIM 

HaCOCOM MOIUHOCTl1 .llOCTHraeTCll np11 BaKyyMe 
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3. 3ueproeMKOCTb eaKyyMnblx Tpy6onpoeo;::i:oe 

Tiepena.u .uasJieHHH no 
JJ:rrnMeTp BaKyyMHOfO LlJIHHe (20 M) 

Tpy6onposo.ua, MM BaKyyMHOro 
Tpy6onposo.ua, Ila 

10 33400 

16 4600 

25 740 

32 280 

40 120 

50 40 

63 20 

80 6 

100 3 

.65 ... 70%. l11MeHeH11e BaKyyMMeTpHqecKoro .uaBJieHl1SI. 

B03.Uyxa no .UJIHHe BaKyyMHoro Tpy6onposo.ua B npo

uecce .uoeHHH Kopos no,11.qHHHeTcH napa6oJittqecKoMy 

3aKoHy. <l>yHKUl10HaJibHaSI. roTOBHOCTb Ll011JlbHOH ycTa

HOBKH BJIHHeT Ha :rnepreTHKY npouecca .uoeHHH. CHH

)f(eHHe :rnepreTH'-leCKHX 3aTpaT Ha .uoeHHe KOpOB B03-

MO)f(H0 Ja cqeT co6mo.uemrn Tpe6osaHHtt JKcnnyaTauHH 

11 TeXHl11-IeCKOrO COCTOHHHSI. BaKyyMHbIX CHCTeM. HaJIH

Yl1e 3acopeHHblX yYaCTKOB BaKyyMHOro Tpy6onposo.ua 

CHl1)f(aeT HX npoBOLlHMOCTb l1 yBeJIHqHBaeT nepena.u 

.uasJieHHii no .unttHe Tpy6onposo.ua. BeJIHqHHa <tiaKTH

YecKoro nepena.ua .uasJieHHH MO)f(eT s 6 ... 9 pa1 npesbI

waTh .uonycKaeMhlH nepena.u B 3 KTia. Ha nepena.u .uas

neHHH B MOJIOqHOM Tpy6onposo.ue .11.0HJlbHblX ycTaHO

BOK Ha 200 KOpOB 60JibllIOe BJIHSl.HHe OKa3bIBaeT TaKoe 

HapyweHHe KaK Il0.11.KJIIOY.eHHe MOJIOKOc6opHHKa K o.u

HOMY saKyyMHOMy Hacocy. CKopocTh oTKaY.K11 no Mepe 

y.uaneHl1H OT BaKyyMHoro Hacoca yMeHbllJaeTCH, TaK KaK 

ee seJIHqHHa o6paTHO nponoputtoHaJihHa .uasJieHHIO Ha 

BXOJ.J.e saKyyMHOro Tpy6onposo.ua. 3qiqieKTHBHaS1. 6bIC

TpOTa OTKaYKH .11.0HJlbHblX annapaTOB saKyyMHbIM Ha

COCOM MO)f(eT CH!1)f(aTbCH B .UBa pa3a. Tiapa60JIHY.eCKHH 

1aKOH pacnpe.ueneHHSI. .uasnemrn no LlJIHHe BaKyyMHO-

Km<tiqmutteHT TioTeptt MOlll,HOCTH, BT 

HCnOJib30BaHHH 
Hacoca 

0,4761 4200 

0,8625 1000 
-

0,9761 190 

0,9907 70 

0,9963 30 

0,9984 lO 
0,9993 5 

0,9997 2 

0,9999 1 

ro Tpy6onposo.ua Sl.BJISl.eTCSI. OCHOBaHlleM J.J.JISI. MOHTa)f(a 

BaKyyMHOfO peryJISl.TOpa Ha BXO.Ue MarncTpaJibHOro Ba

KYYMHOro Tpy6onposo.J.J.a. 
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