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naoopaTopuB BHCOKHX :;>:Wpj'HH 14 HIOliSI 1961 rolla 

"
1
UEPH, /KeneBa 

~ QtSt:.eJlRJJ.eiiHLJli IIIICTIJ1}1 I 
o.nepuux ltcCJlt: nu~<a" •· !1 I 

SHE. m·, .. : . ,: •..1. A l 



BBE.nEHHE. 

3a nocne~uee BpeuH coBpeMeHuaa rexur~a c~enana ~ocrynHo~ 

3KCDepHMeHTatopaM HOBYD o6naCTh BaKyyMa: 3TO raK Ha3UEaeMU~ 

"CBepXBL!COKUtt BaKyyM"• 3TO CROBO 0603Ha4aeT Ba~yyM B ~Hana30HG.Y. 

ro-8, ro-9 H ro-10 TOPPo E~e H9CROR~KO neT TOMY Ha3~ TaKOU 

BaKYYM 6un OOJiylieH TORbKO B ManeHbRHX CTeKRHHHHX ycTaHOBKaX, HO 

TeXHHKa TaK pa3BHRaCb., liTO CBepXBHCOKHU BaKyyu Tenepb CTan B03-

MO~HUM B TaKHX dORbWHX.MeTaRRH4eCKHX ycTaHOBKaX, KaF. B BaKYYMHOV. .. 
KaMepe YCKOpHT8RSI, C BHyTpeHHeii rioBepXHOCTbKl B H9CKORbKO KBa,ll.paT-

HUX MeTpOB HRH H9CKORhKO AeCP.TKOB KB~paTHUX MeTpOB. 

CMLHeruJIHM CTHMYJIOM ~RSI pa3BHl'HSI 3TOU HOBO~t TeXHHKV. 6h1RH 

:!8CTKHe Tpe60BaHHSI K 4HCTOTe ra30B .B 3KCnepHMeHTax no TepMO­

P.~epHlm peaKUHSIM. Ho cosepweHHo ecrecrseHHo, liTO CKopo aawnHCL 

eme ~pyrue npHMeHeHHHe B Ka4eCtB8 npHMepa MO:!HO npHB9CTK BaKyyM­

HOe OC~eHHe nonynpOBO~HHKOB B TOIIKHX· CROnX H K:KYCCTB8HHOe. C03-

~aHHe ycnOBHU Bepxne~ aTMOCtlJepb! )I.Rli HCnb.TTaHHSI armapaTypLI )J.R.ff 

KOCMH4eCKHX liCCJI8.I(OBaHHV.o 

Bee CHCTeMU CBepXBHCOKOrO BaKyyMa HMeiDT Te 06~He qepT~, 

liTO.ftJlli BaKyyMHb!X KaMep 004TK HCKRID4HTeJILHO ynorpe6JISI8TCP. Hep­

JraBell~aSI cram,, qro see ¢naauesue coe~tmeHHSI yn.nornnnrc.R Meramm­

qecKm&H npoKJI~KaMH H .l!TOBC.fl KaMepa H BepXHHe 4aCTH HaCOCOB Ha-

. rpeBaiOTCSI ~RSI .B!:lAeneHHH ra30B B Te4eHHe CYTOK HJIH 60J!bWe npH 

reuneparypax or 300 ~o 400°0. B ~pyrHx aonpocax,uanpHMep,o ToM, 

KaKO~ HaCOC HaHdonee 3~eKTHBeH, HMe~TCH e~e pa3HOrJiaCH.R. 

Mhl B ItEPH'e HHTepecyeMCH csepXBHCOKHM BaKyyMOM B ycKopH­

T9RbHOri lPH3HKe ,ltR.fl 3KCnepHMeHTOB C HaKonneHH8M nyttKOB, TaE KaK 
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npeun XM3HH qacTHn n odHKHoaeunou aaKyYMe - oxono ro-6 ropp -

CRHmKOM KOpOTKOo 

- C 1958 ro~a M~ HsyqanH B ManeHLKOtt rpynne BC8B03MOXHHe 

nonpocb! cos,llaHl~Jt c:e.epxnb!coxoro naxyyMao Kpoue naWHX codc'l'aeH- . 

H~X OUUTOBt M~ OOJIL30BaJIMCL pesyJILTaT&lH OOb!TOB, C~enaHitHX B ' 

pa3l{h!X eaponencxHx nadoparopHRX, nanpHMep no ~paHnyscKou UeHrpe 

sr~epHh!X Hccne~onaHHit n CaRne no,r;; IIapHxeM, a HHcTwryre liM. Ma~tca 

rrnanxa no ~H3HKe H acrpo!lJH~JiKe a .MnuxeHe H B na6oparopHH·"JrE3If" 
,,'52' 

B raMdypre, r~e CTpOHTCJt 3JieKTpOHHbl~ CHHXpOTpOH Ha 3HeprHD 7 E3Bo 

Mhl nocemanH nee Kpynuettm~-te lflHPMH, samma!omHecn naxyyuHuu 

Odopy~onaHHeU1 BO ~paHUHH, B repMaHHH H B AHrJIHH H 3HaKOMHRHCb 

C HX npOH3BO~CTBOM H npoeKTaMH B OdJiaCTH CnepXB~COKoro aaKyyua. 

3a:reY, xor.na oxoHqarenLHO duno npHJ{stTo pemeHHe o noc:rpottxe uo.ne­

JIH HaKODHT8JILHOro KOJILna )tJISI nneKTpOHOB C 3HeprHett B 2 M3B, Mbl 

3aHSIJIHC!I.pa3padOTKOt:l naxyyMHOit CHCT8Mbl 3TOt:l MO~enH, Toeo KaMephl, 

HaCOCHb!X yCTaHOBOK H I13N.epHT81ILHbTX npHdopoB. 

R COdHpaiDCb BaM pacCKa3aTb CHaqana, KaKHM M8TO~OM Mhl 

H3MepstJIH CKOpOCTL OTKaqKH pa3HHX HaCOCOB B OdJiaCTH 10-9 :ropp. 

3aTeM Sl OOHWY CaMLie UHTepeCHUe H3 HCCJI8)tOBaHHUX HaCOCOB Ill o<h>SIC­

HIO, xaxyn cHcreuy orxaqKH Mhl pemwm npHMeHHTr. ~nst Hamen u.o.ztenH. 

Haxoueu, st 6y~y ronopHTb o Hexoropux rexJmqecKHX no,npodHOCTRX 

( CBapKa, !jlliannenb!e coe~HHeHH.fl H snexrpnqecKHe si3o~u). IlpH 

3TOM Sl 3a"!pOHY BCe BaJltHHe T8XH1tqecKHe npodJI8MH, B03HHKaiOIItVe 

nepe~ nKcnepHMeHTaTopoM, 3aJIHMaiOIItlllMCSI r,aepXBb!COKHM BaKyyMOMo 

113MEPEHHE CKOPOCT~r OTKA t!KM 

CKCpOC'l'f.. OTRaqK;.s pa.3HbiX HaCOCOB B OdJiaGTl1 caepXBhlCOKOrO 

BaxyyMa l13MepnJiach c. nm.!orrtLD ycranoaK», noKa3aHHon na pr1cy11Ke I. 
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Hacoc, Koropua Hccne~yercH, orxaq~naer naxyyuHyn KaMepy c eu" 

KOCTLD B .65 RHTPOBo Me~y HaCOCOM H. KaMepo~ Haxo~HTCH naxyyMHUt.f 

sarnop c npono~xmocr11n B 70 nHrpon B ceKy~y. 3arnop noKasaH Ha 

PHCYHKe 2. Kor~a sarnop saxpunaercH, KOHHqecKHtt xnanaH 113 Hep- . 

xanenlllett CTaJIH onupaercn ua Kpatt :u:e~Horo KOJILua. JinHranll{H~C.II 

crepxeHL sarnopa ynnoTHHercn CHRL~OHOM H3 uepxanenlllett cranH. 

Me.n;Hoe KOJILI{O H npoMe~yTOttHUtl ~JiaHeU ynJIOTH.IIDTC.II npOKJI~HOti H3 

30JIOTa. Ha KOHUe KaMepnr, npOTHBOfiOJIOlCHOM 3aTBopy, HaXO,ItHTC.II 

.n;Ha~parua C HedOJillmiDJ OTBepCTHeM, npOBO.ItHMOCTLD B 0,08 JIHTo/CeK • 

.D;JIJI HaTeKaHH.II rason. CKOpOCTll HaTeKaHHSJ B Ka.Mepy, KOTOpyn npHHJI­

TO H3MepJITll B TOpp.JIHTp B CeKyH~y, peryJIHpyeTCH C fiOMOII{!JD ~onon­

HHT9JI11HOrO Hacoca, HarexareJIH H neHTHJIH. BCH ycrauonxa c~eJiaHa 

Hs Hepxaaemnett craJIH. OOnacn cnepxnucoxoro naKyyMa, or ocHonuoro 

Hacoca ~o ~Ha~paru01, uoxer uarpenarllcH ~o 400 rp~ycon. Jianne­

HHe H3MepsrercH :B rpex Mecrax, Ha Q6eHx cropoHax saTBOPll: H y 

.n;Ha~parMH CO CTOpOHU ~OfiORHHTBJI!JHOro Hacoca,c fiOMOIIl!JD HOHH3aUHOH­
HHX MaHOMeTpOB. 

!IpHHUHll H3MepeHiiSI CJie~YDIIlHtt: Ilpn Ol'KpHTOM BaKyyMHOM sar­

BOpe cos.n;aercn c nouomLn nareKarenn HeKoropoe ~anneHHe P
3

, Koro­

pouy coornercrnyer HexoropaH cKopocr:o HarettaHHJI ~. KsuepneTCH 

.n;anneHHe PI H P2 npH YCTaHOBJit}HHOit CKOpOCTH HateKaHHHo 3aTeM 
. ~ 

saKpunaercn naKyyMHHt.f sarnop n HsMepneTcH cKopocr:o HsMeHeHHJI ~an .. 
offz 

JieHHJI BO npeMeHH o(t • Ks 3TOrO 3HaqeHHH BlittHCJIHBTCH CKO" 

Q -- V· 4-t::Fz V pOCTb HaTeKaHHJI ~· , r~e ~BMKOCTL KauepH B JIHTpax. 

3TH onepauHH nonropJIDl'CH np11 ·pasHux .n:anneHHnx f'3 , ro ecr11 npu 
pasunrx CKopocrnx uareKaHHa. 
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Pe3yJibTaTU CBO~HTCH B rpa~HK: ~aBJI8HHH ~2 B 3aBHCHMOCTH 

or citopocn: ·aarertaH~r.:. 

-:p2-

(ropp) 

l~re3 . .-.-

1/, 

l$2.. ---_/ ___ _ 
Q 

(ToppeJIX~T.) 
cert 

ITonyqaeTCfl npnMaH. CKOpOCTL OTKatJKH ~2 , T.e. B M8CTe H3Mepe­

HHH .I(aBJieHHH 'f>2.. , S!BJIJieTCfi odpaTHOlt BeJHitJ~HOtl HaKJIOHa 3TOn npH-

MOii 
s2..~ 

dQ 
d~ 

:tfnH nyttwe. CY.a3aTL, CKOpOCTl> OTKat;KH onpe.I(eJIH8TCfi ,IJ;anHliM ypaB-

H8H11eM. 

Heo6XO.I(HMO OTMeTHTL, tJTO B JIHTeparype BCTpeqaeTCH ~pyroe 

onpe~eJieHHe CKOpOCTH OTKa'tJKH, l1MeHHO 

s' Q 
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B DOCJI8,1(HeM cnyqae CKOpOCTL OTKa'tJKH K.\!e_eT HyJieBoe :3HatJe- I K! 

a~e np~ npe.I(eJILHOM .I(aBneHHH ~aHHoro aacoca, Mex~y reM KRK cKo­

pocrh, onpe.I(enneMaa c noMOIItb!l AH~~epeHnnaJI.bHoro Bhlpa.xeHHH, HB­

JI.Rercn npaKrmecKH. noc·ronaaon, ;~axe B6JIH3H npe.l{eJibHoro BaKyyMa. 
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Mu ~pe~noqHraeM onpe,IteJieHHe · S = 'd'P • IIpeHMy.mecrsoM onHCHsaeMo-

ro M8TO~a H3MepeHHll 1IBJISieTC1l TOT cpaKT, qro H ,ItaBJI8HHe H CKOpOCT:O 

HaTeKaHHSI'H3M8pliDTC1l TeM Xe CaMUM MaHOMeTpOM, TaK. liTO rpa,ItyH­

POBKa MaHOMetpa He BJIHSieT Ha H3M~ HHe CKOpOCTH OTKaliKH. JIHill:O 

TpeclyeTCSI, liTO!ht'MaHOMeTp ChiJI JIHHeifHW B HHTepsaJI.e .ItBYX nopSI,ItKOB 

BeJIH'IHHbl ~aB1T8HHt1o 5JBJIH8TCJJ H3BeCTHW cpaKTOM, liTO tlYBCTBHTeJI:&­

HOCTh HOHHOa~HOHHOro,MaHOMetpa B OdJiaCTH CBepXBHCOKoro BaKyyMa 

oqeHh n1TOXO onpe,IteJIJJ8TCH, TaK,KaK rpa,ItyHpOBKa B03MOXHa TOJI:OKO 

npH DaKyyMe ""I0-5ropp. A B OdJiaCTH !0-9 Topp MOEHO BepHT:O Ma­

HOMerpy B cauoM nyt~weM 'cnyqae B rrpe,Itenax z 20%. IT03TOMY Hey~od­

Ho, 8CJIH 3Ta OWHdKa BXO)tHT B H3MepeHHJJ CKOpOCTH OTKaqKH. B OTJIH-
' 

tlHe OT 3TOro·onHCaHHHt1 M8TO)t n03BOJI1l8T H3MepRT:O CKOpOCTL OTKaq-. . 
KH C OWHdKOif ~ 3% • 

. He,ItOCTaTKOM M8TO)ta SIBJIReTCSI TO, qro H3M8p1leTCll He Henoc-

pe~CTB8HHO CKOpOCTh OTKatlKH Hacoca, a CKOpOCTh OTKatlKH Hacoca B 

qe- KOM!hma~HH. C sarsopoM. Ho npOBO)tlWOCTh 3aTBOpa MOJ!tHO H3MepSIT'b B 

KO- OdJiaCTH OdHNHoro BHCOKOro BaKyyMao CKOpOCTh OTKatlKH CaMOro Haco-

ffB- Ca BuqHCJI1l8TCJJ H3 H3~9CTHon ~opyyJIH 

yMa. --1 .{ 
-'---- + --
SH L 

= ) 
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r.n;e SK,- cKopocry, KoM6HHaUH11, S H - cKopocn nacoca H L- npo­

no.n;11Mocry, 3aTBopa. 

CKOpOCTb OTKat!KH CaMoro Hacoca MO:!HO onpe,n;eJinT!> KpOMe Tdro 

110 113MepeHH.fi ,IJ;aBJIOH11.fi -p-1 , KOIOpoe ·. :t13MepSieTC.fi Me:m:,n;y 3aTBOpOM 11 

HcCOCOM, 113 ¢opMyJUl 
Q s H ""- . S_, "" .6. -p-1 

~~ - pasHHUa ,n;aBJieHH.fi f1 np:11 orKp~ToM H saKp~TOM sar.aope 

VI Q CKOpOCTb HaTe1(aHH.fi, KOTOpa.fi H3MepSieTCSl C OOMOiqY,I) CKOpOCTH 
~ . . 

DOB~meHH.fi ,n;aBJIOHHII~O.n;HaKO 3TOT MeTO,IJ; .fiBJI.fieTC.fi H3-3a OTMeqeHH~X 
panee np:HqHH Menee roqu~ qeM .n;pyron Mero,n;, r.n;e .n;aaJieHH.fi H3Me­

P.fiDTca TeM ~e CaMhlM HOHH3a'QHOHHHM MaHOMeTpOMe 

I\poMe odnacrei1 co CBepxBucoKHM naKyyMoM Ha KaJK.D;OM t-tcn~ry­

euoM nacoce M~ :t13MepSIJIH CKOpOCTb OTKaqKH B OdJiaCT.fiX I0-5 TOpp. 

Ilp:H 3TOM M~ ynoTpedJI.fiJIH Od~KHOBeH!Ihltt MeTO)l; HaTeKaHH.fi B03)(yXa 

qepes Hrony,qar~n BeHTHJib, r.n;e ,n;aBJieH:He na BXO)(HOH cropone neHTHJI.fi 

.fiBJisteTC.fi arMoc~epnUM., H3MepROTC.fi ,n;aanenHe 11 CKopocr~ HaTeKaHHR, 

KOTOpaSI onpe,ll;eJI.fieTC.fi· OOBUllieHHeM ypOBH.fi MaCJia B rp~yHpOBaHHOH 

CTeKJI.fiHHOH TpyOoqKe BO BpeMeH~o 

~v 
Q = -pOiiM •. Lc _.6. t 

r,11;e ~V - ocheM HareKaeMoro B03,1J;yxa B mtrpax :11 ~t - HHtep-

BaJI BpeMeHH B CeKyH,ll;aX. 

CneAyer cKa3ary,, qro ace H3MepeHH.fi cKopocren n paspadoTKa 

Mero,n;a dhlJIH C,ll;enan~ y Hac MOJio,n;~ <JlpanuyscKHM !jlH3HKOM M .. Tep~t. 

I 
I 
! 

i 
l 

T 

I< 

llrl........... ... _ 
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YCTAHOBKA "EAllbUEPC" (PMc.3). 

ITepnaR HaCOCHaH ycTaHOBKa, C KOTOpOM Mhl nony\lHRH naKyyM 

MeHee qeM ro-9 Topp, 6una ycTaHOBKa, c~enaHHaR llHXTeHruTeMHCKon I 
qmpMOtl "J)a.JibJl8pC" o B OCHOBe ycTaHOBKH neJIHT 06h!KHOB8HHHM MaCnR- , ! 
HHM ~H~y3HOHHhllt HaCOC CO CKOpOCTbiD OTKa\lKH B 650 RHTpOB B ce-

KyH~Y· 

ITpe~enbHHM naKyyM, KOTOphllt MOXHO nony\lHTb C MaCRHHUM 

~H~y3ROHHHM HaCOCOM, 3aBHCHT OT MaCRHHHX napOB non~aromHX 

11:3. Hacoca B BaKyyMHblM 06'b8Mo Il03TOMY OCHOBHH8 ycJIOBHH noJiy­

qeHHH cnepXBhiCOKOrO naxyyMa C MaCJIHHHM ~H¢¢y3HOHHHM HaCOCOM 

COCTORT. B TOM, \lT06H npellHTCTBOBaTb napaM nonaCTb B Od'beM. 

TIPK 3TOM caMyD BBXHYD poJib RrpaDT He napu caMoro Macna, a npo­

~yKThl pacna~a MaCJif:l. BCR8~CTBH8 OKHCJI8Hlifi !ti B OC068HHOCTH 

BCJI8,!1;CTBH8 KpeKHHra Ha ropH\lHX qaCTRX HaCOCao 

Il03TOMY nepnaH Il8Jib COCTOHT B yMeHblli8HHH KpeKHHra. 

Eh!JIO BhldpaHO MaCJIO, KOTOpoe O\l8Hb yCTOn\lHBO OTHOCHTeRhHO 

KpeKHHra: KpeMHV'I8B08 MaCJIO DC 704. (ClliA)o BD-BTOphiX H~HO KaK 

MOJ!tHO dh!CTpee OTI,a\lHBaTb npo,n;yKThl l'peKL1Hra. ,llnR 3TOll Jl8JIH 

CTaBHTCH HedOHbillOM ~OllOJIHHT8JibHhllt MaCRRHhlt\ ~V'I~Y3HOHHhln Ha­

COC co cKopoCTbll oTKatrKH B IOO mtrpon B ceKy·H~Y MeE~Y ocHODHhiM 

HaCOCOM H ~OpBaKyyMHHM HaCOCOMo Q~HOnpeMeHHO 3TOT HaCOC npe­

llHTCTByeT MacnnHHM napaM H3 ~opnaKyyMHoro Hacoca nona~aTh 

B OCHOBHOlt ~V'I~Y3HOHHhllt nacoc H nopTHTb TaM MaCJIOo 

lj 

~ 
I 
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rnaBHOt! llaCTLD ycTaHOBKH SIBJlJI9TCSI 60JILWaSI KOY6HHHpo­

BaHHaJI JIOBymKa. oua c~enaua H3 ue~aBen~e~ c:raJIH H oxna~~a-
• . 

6TCSI B HHJB:Heit llaCTH BO~Oit H B BCpXHelt llaCTH ltH~KHM a30TOM 
' . . ' . ' . 

' ' -
HJIH ¢peOHOM HJIH npoCTO BO~O~o qT06bl npenSITCTBOBaTL MaCJiy 

MHrpHpOBaTL B~OJIL CT8HKH B 06~~M, TOHKHe npoMe:m:yTOliHhl8 CTeH­

KH B,MOHTHpOBaHI:l Ta.K, liTO KpaSI HX HaxO~SITCSI npH6JIH3HT8JILHO 

npH T8Mnepa:rype OXJiax~an~e~ ~~KOCTHo BCSI JIOBymKa BM8CT8 

c Bepxue~ llaCTLD uacoca H c naKyYMHHM o6~eMoM nporpenaeTcSI 

B TelleHHe cy:ro~- H~H doJILme npH re~.mepaType 350. + 400°C. Bee 

¢JiaHUbl ynJIOTH8Hhl 30JIOTOMe CKOPOCTL OTKaliKH nacoca yM8HLma­

eTCJI JIOBymKo~ ~o IOO JIHT/ceK. 

Ha yCTaHOBKe noJiyllaeTCSI BaKyyM 3 + 5 X 10-IO Topp 

npH6JIH3HTeJILHo llepes cyTKH nocne OKOHllaHHSI nporpenaHHSI. Ho 

CaMUM H80~~8HHDW Ha 3TOt! ycTaHOBK8 OKa3aJICSI ¢aKT, liTO TOT 

lte CaMhllt BaKyyM noJiyllaeTCSI ~axe 6e3 OXJI~8HHSI JIOBYWKH 

Z~KKM a30TOM, a npoCTO BO~O~. H B 3TOM CJiyllae BaKyyu no~­

~epltHBaJICJI Ha 3HalleHHH 3 + 5 X !0-IOTopp B T8li8HH8 BCero 

·anbiTa ( mec:rL He~eJIL). ITpn s:roM onure K yc:raHoBe 6hlJI npH­

coe~nHeH o6~eM B 65 JIHTpOBe 
' . 
Qni,YT noKa3biBaeT, liTO OTHOJIHpOBaHHaSI noBepXHO CTL 

uepxaBen~en craJIH nocne npo~oJI:m:n:renLHoro OTKaliHBaHHSI npH 

TeMneparype Bhlme 300 rpa~ycoB HUAeT xopomHe a6cop6HPYD•He 

CBO~CTBa ~JlSI UaCJlSIHHX napoB. 
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3TOT ~T no~TBepx~aeTCH pa~oM ~pyrHX onHTOBo BoT 

O~HH npHMep: MH OTKaqHBaJIH B KaqeCTB8 MO~eJIH BaKyyMHO~ 

xauepH ~na ycxopHTena TpyOy H3 HepxaBeD~e~ cTanH c-~nHHoM 

B 3 M8Tpa H C BHyTpeHHHM ~HaMeTpOM B 80 YHJIJIHM8Tp0Bo 

MH H~rpeBaJIH KaMepy, Toeo TpyOy, C flOMO~LD nepeMeHHOrO 
' 

TOKa B 800 aunep, Me~~y TeM KaK OCTaJinHaH qaCTb ycTaHOBKH He 

6Hna HarpeTa. rrocne cyToquoro HarpeBaHHn ~a 300° H oxnax­

~eHHH MH nonyqHJIH BaKyyM 3 X !0-8 Topp Ha 0JIHXaMmeM K Ha­

cocy KoHne TpyOH H 3 x ro-9 Topp Ha ~pyroM KoHne. 3To 

KaK pas oOpaTHOe SJBJl8HHe qeM B 00HKHOB8HHOJ1 HeHarpeTot.t 

cHcTeMe, r~e ~aBneHHe Bcer~a TeM BHme qeM Oonnme paccToSJHHe 

aT Hacoca. 3TO RBJieHHe coxpaHnnocn B TeqeHHe cyToK, nocne 

qero MH npeKpaTHmt omiT. 

RpOMe Taro MH HeO~HOKpaTHO 3aMeqaJIH, qTo B BaKyyMHO~ 
A 

xauepe HS uep~aBen~en cTanH, nocne Taro, KaK Hacoc nepeKpH­

BaJICSJ c noMo~niD naxyyMHoro saTBopa, ~aBneHHe yBenHq~noc~ 

JIHmn nesHaqHTennHo, ~o cTaOHJI&Horo suaqeHHSJ Mez~y ro-9 H 

!0-8 TOpp. 3TO KOHeqHQ ~03MOXHO TOJILKO npH aOcohDTHOM-nnoT- / 

HOCTH KaMepH, TaK KaK no BCeM yKa3aHHflM a30T noqTH He a0cop-

6HpyeTCSJ HepzaBeD~e~ CTaJILIDo 

--
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HACOC ,; LBP". 

npyrasr ycraHOBKa C MaCnSIHHM HaCOCOM C noByillKO~, KOTopyn 

wu Hcnura.JIH, 6una c.n;enaHa liJpa.Hnyscxo~ qmpMo~ "L g P ". YcraHOBKa 

noxo:ra HaycraHOBKy "Ea.JILnepc",:TOnLKO JIOByiDKa H3 HepzaBeDll{elt 

CTanH MeHLme no pasMepy. Mbi Ha STOlt ycraHOBKe TOXe noJiyqHJIH Ba­

KYYM 5 x ro-I0ropp 6es x~xoro asora, HO oxasanoc:r,, qro qepes 

3 He.n;eJIH ,D;aBneHHe CTaJio nOCTOSIHHO yBeJIHqHBaTLCSI. 

_., 
-10 

p I 
I 
I 
I 
I 

Topr I 
I 

.I 

.I 
I 

3 He.n;enH 

ITpe.n;nonaraercsr, qro "npeMsr XH3HH caepxBucoxoro naxyyMa" npo­

nopnHoHaJILHo nonepxHocrH nonymxn. HHrepecHo, qro nocne ynenHqe­

HHfi .n;aBneHHSI .n;axe npH sannnxe JB:H.n;Koro asora a nonymxy naxyyM He 

.n;ocrHraer craporo ypoBHSI~ ITpe.n;nonaraercn qro BHHOBara B nonHme­

HHH .n;aBneHHSI 60Jibme Bcero OKHCL yrnepo.n;a, CO , noroMy qro CO 

He BHMop~Hnaercsr npH reuneparype RH.n;xoro asora. 3ro Harna.n;ao 

.n;eMoacrpnpyer, qro aa xopomo c.n;enaaaon naxyyMHo~ ycraHonxe ox­

nax.n;eHHe :r~KHM asorou conepmeHHO aes¢¢eRTHBHo H raxxe Mano no-
. nesHo nocne yxy.n;memtsr BaxyyMa~ 

B saxnnqeaHe MOXHo cxasar:r,, qro MacnsrHun Hacoc c 6on:r,mon 

JIOBYWKO~ H3 HepxcaBeKIIJtetl CTaJIH .RBJISI8TCSI XOpOWHM npH60p01t .D;JISI 
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BrutyyMa.ro:-9 ·Topp. H nweo TaKHe ycTaHoBKH ycnemuo pa6oramr 

BO MHOrHX Jia,6opaTOp){SIX B 3ana.ztHO~ EBpone H B CiliA • 
.. :r·j • , , . - . 

·HACOC "IIti>AtlPcP.EP:. 

,npy~~~;'iracoc~i!, Ko'iopun Mil .liccne.ztonwm, SIBJISieTcR ryp6o~ 
MOJieKyJiRpHHif Hac~d~· C,It~JiaHHillt .HeMeUKOt! tPHPMOt! "IJcpat!tiJcpep" • 

CxeMaTMilecKoEf ceqeHHe :JToro Iiacoca Hso6pa.xeHo Ha pHcyH~e 4o 

Hacoc cocroHT :B OCHOBHOM H3 craropa H poropa, Bpamammeroca co 

crtopoCTI,JO I6 ··~ucfiqo6oporon B MHHYTY. Ha cTarope li Ha porope 

rrorrepeMeHH.O C~OHTHpon'aliH ,ItrdCKH •. :B .ztHCKax BilqJpeseponaHH ~HaJII,­

UHe lli8JIH ITO.zt HeKOTOpllM yrJIOM C TIJIOCKOCTDID ,ItHCKOB, KaK TIOKaSaHO 

Ha pHCYHKe 5. TOJil!IHHa ,ItHCKOB 2 MM H HX paCCTO!IHMe .ztpyr OT .ztpy­

ra I MMo 

MO~HO paCCMOTp9TI, Ka%,ItyD napy COCTO!Illty.D H3 poTopHoro H· 

CTaTOpHoro '.ztHCKOB >KaK''Typ6HHy ,~ TpalicnopTHpy!lmyn ras OT U9HTpa .· 

Hacoca· K era ;;Koliua"M., IIOCMOTpMM no6JIH~e,KaK .zteltCTnyeT 3Ta TYP-

dHIIa. Ha' pHcyHid~ ·6 nosa3aHo cetrenae fiecioJII,KMX .ztHCKOB. ll{eJIH B 

pOTOpHbiX AHCKaX; Bb!pesaHbl noi odpaTHIU.I yr JIOM no OTHOW8HHD K CTaTOp- . 

HUll, POTOpHble ~HCKH ABHraDTCR CO C:t:OpOCTLD (Y OTHOCHT8JibHO K CTaTOp­

HHM. IJOCMOTpXM Ha MOJieRyJiy, KOTopaH HaXO)(HJiaCI, Ha poTopHOM 
' 

.ztHCKe H OTJieTaeT B cpe.ztHeM nepneH,ItHKyJISipHO K TIOBepXHOCTH .ztHCKa, 

8CJIH paCCMaTpHBaTb 3TO B CHCTeMe IIOKO!I poTopa. B CMCTeMe TIOKOSI 
. ' . 

CTaTopa, O,I!;HaKo, npHXO)(HTC!I yttHTb!BaTb C_KOpOCTb poTopa. PesyJII,TH-

PYJOlliHii B9KTOp ·CKOpocni. MOJieKyJIFl, KOTOpaH OTJieTaeT· OT pOTOpa, Han­

panJiell', nnJpe.zt. no' 'npameHHIO poTopa. Yron ex,· ' no,n;' .KOTOphiM ,ItHCKH 

Bblpesanhi~.: ~~dpaH TaK, t[TO npH6JIH3HT8JlbH~ 
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r~e :~M .- cpe~HHH T8ITROBaH CKOpOCTL MOReKyRLio TaKHM o6pa30M 
'. 

MOReKyRa; KOTOpaH OTReTaeT Ha J18Byn CTopoHy,HMeeT BepOHTHOCTL 

rrpH6RH3HT8RhHO B ITHTo~eCHT rrpOU8HTOB rrepeReTaTL qepe3 ~8RL CTa­

TOpHOrO ~HCKa Ha CJie~yD~H~ pOTOpHH~ ~HCK. O~HaKO MOJieKyna, KOTO­

paH orneraer B rrpaByD cropoHy, HenpeMeHHO rron~er·ua crarop. 

rro~o6HHM o6pasoM MOXHo paccMaTpHBaTL Monexynu orneraro~He or cra­

ropaoro ~Hcxa. MonexynaM,orneranmHM uaReBo,Bpa~eHHe poropa noMo~ 

raer rrepenerarL qepes poropHLI~ ,u;Hcx Ha cJie~yn~H~ ,D;HCK craropa. 

MoJiexyna orJieraro~aH uanpaBo HenpeueHHO na~aer aa porop. YtiHTHBaH 

BCe 3TH BepOHTHOCTH noJiyqaeM 

"f-1 
'"f2.. 

VIc 
= e 

r,u;e IP~ H ~~ - ,u;aBJieHHH Ha odoHx cropoHax rpynnu ~HCKOB, 

~ - qHCJIO nap ,II;HCXOB H ~ ITOCTOHHHaH, 3aBHCH~aH OT MOJieKyJIHp­

HOrO Beca, CKOpOCTH 'tJ H yrna eX.- • B HCCJI8,1l;OBaHHOM HaCoCe 

6uno h =20 H ex- B nepBHX IO napax ( co cropoHH BblCOKoro Baxy­

yMa) 45° H B ,u;pyrHx IO napax 30°. CooraomeHHe ,u;aBJieHH~ nonyqaer-

. CH 

F 'f__, 
~ -10 -·-

?z. 
,ll;JIH rv 2. 

14 S"" 
~ /(0 

'f-z.. ~JIH H 2.. 

ITJIOXOe COOTHOill~HHe ,li;JIH BO,IJ;Opo,D;a 06'bHCHH8TCH TeM, tiTO cpe~HHH 

MOJieKyJIHpHaSI CKOpOCTL ,li;JIH BO,II;OpO~a TaR B8JIHKa .tiTO CKOpOCTo po­

Topa CJiado BJIH.fi8T Ha pesyJILTHPYD~YD CKOpOCTo BO~OpO,II;HHX MOJI8KYJlo 
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.· ROHUU. OC.H poropa npall{aDTC.fi B lllap.HICOfiO,ltliiMfiHHKaX, KOTOpHe CMa• 

suBan:rcn H B To ~e npeMn oxnax.nanrcn UHPKYJIHPYIDII{HM Macnou. rro.nco­

e~HHeHHe ne.nymero nana K poropy ocyll{ecrnnnercn qepes xap.naaHyn 

uycpry. Ban ynnoTHHeTcn .nnotiHoR pesHHOBoR. MaHxe:roR c uacnRHLIM :> 

aanonaeaHeM. He6onr,moR ,ltHruJe:rp ne.nymero nana, nopn.nKa 2 + 3 MM, 

~nH yMeHLWeHHR OKpyxaoR CKOpOCTH, o6nerqaeT 3~aqy BaKyyMHOrO 

ynnOTHCHHSio CHapyxH Ha Hacoce CMOHTMponaHH 3JI8KTpMqeCitHe Harpe­

BaTeHLHUe aneMeHTH KOTOpue fi03BOnRDT fiOBLll!IaTL :reuneparypy Cpe,lt­

HCR ttacrH aacoca .no I50°C H cflnaHua .no 200 °. O,~tHOBpeMeHHO o6a 

KOHUa HaCoca OXn~aDTCR BO,ltOR.HarpeBaHHe HCOOXO,ltHMO KaK H npH 

KaE~OR CHCTCMC CBepXBUCOKOro BaKyyMa ,ltnR B~eneHHR raSOB C BHyT­

peHHHX nonepxHocreR. R coxaneHHD, poxop Harpenaercn npM6JIH3HTenr,­

HO TOnLKO )tO 60°. IT03TOMY npHXO,ltHTCR npM nepBOM sanycKe Hacoca 

aarpenarr, ero oqeH:L .nonro; He~enro np~0.'1H3H:ren:LHO, qroou nonyqHTL 

naKyyu nyqme, qeM ro-9ropp. O.nHaKo nocne Henpo.nonxHrenLHOR oora­

HOBKH Hacoca np~rpenaHHe 3aHHMaeT He Oonee CyToK. MH ,ltOBOJILHO 

ttacro nonyttanH nakyyu 5 x ro-I0ropp. Ha HOBOM yconep;eHcrnonaH­

HOM HaCoce, KOTOpHR R CMOTpen Ha 3aBO,lte, ,ltOCTHraeTCR BaKyyM 

2 X 10-IOTopp. 

P , IO~ 83ynLTaTU H3MepeHHSI CKOpOCTH OTICattKH CJie,ltyiDII{He: npH 

ropp. - I40 n/cex; npH ro-8 - 120 JI/cex n npM 8 x ro-10:ropp­

roo n/ceK. HeHsnecrao noqeMy cKopoCTL cnerxa na,ltae:r c .nanneHMeM. 

MHTepecHo OTMCT11TL, qxo B nocne.nHee npeun B CiliA noc:rpoeau 

6ucrponpall{aDII{Hecn uonexynSipHue Hacocu, Ha xo:ropux nonyqaercn 

npe)teHLHUR na;tyyM. nyqme, qe!.l I0-.1ITopp. Ho CKOpOCT:L OTKaqKH 3THX 

HaCOCOB OttCH~ Mana, MCHLWC O,ltHOrO nHTpa B CCKYH.ltY• 
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HACOC "BAPRAH". 

B nocne~Hee speua_uu ycnemHo mcnuxanm cosepmeHHO ~pyro« 

HaCOC ~na ~OCTHXeHHa CBepXBHCOKOrO BaKyyua: THTaHOBH« HOHHO­

cop6~HOHHHR Hacoc, c~enaHHuR auepmxaHcKoR ~HpMoM "BapHaH". OH 

TOXe ~aex npe~enLHHR BaKYYM 3 + 5 X !0-IOTopp. 

PHcyHoK 7 noKa3usaeT od~HR B~ H nonepeqHoe ceqeHme 3Toro 

Hacoca. Boxpyr o6~ero saxyyuHoro npoBo~a pa3ue~eHu 4 HacocHux 

KaMepu. 4 yrnoBHX nOCTOaHHRX MarHHTa CMOHTHpOBaHU CHapyxH TaKHM 

o6pa30M, qTo B K~OR HaCOCHOR KaMepe HMeexca npH6nH3HTenLHO o~-

·Hopo~HOe uarHHTHoe none c HanpaxeHHOCTLD !500 raycc. Eonee no~­

po6Ho o~Ha H3 HacocHux Kauep noxasaHa Ha pmcyHKe a. B KaMepe .Ha­

xo~sxcs TPH 3nexxpo~a: ~Ba xaxo~a, xoxopue npHcoe~HHeHu K Macce 

H Mem~y KaTO~aMH pemeTqaTHR aHa~, KOTOpHR HaxO~HTCH no~ 3neKTpo­

CTaTHqecKHM noTeH~HanoM 3,5 KB. AHa~ c~enaH H3 HepxaBen~eR cxanm, 

a xaxo~u H3 qHcxoro THTaHa. B oTnzqHe OT ~pyrHX THTaHOBHX Haco­

cos KaTO~H He HaKanHBaDTCHo Ho BC8TaKH BCne~CTBHe CHnLHOro nona 

H8KOTOpoe qmcno sneRTpOHOB B~enanca RaTO~aMHo 3TH sneKTpOHU 

3a%HraDT B K~OR ceK~HH pemeTqaToro aHo~a ra~OBUR pa3pH~ THna 

ITeHHHHra. Pa3pa~ no~epxHBaexcn cauocTonTenLHo, noTouy qxo 

sneKTpOHU pa3pH~a OTTanKHBaDTCH OT KaTO~OB 1 HO H3-3a CRnLHOrO 

MarHHTHoro nona He MoryT non~aTL H Ha aHo~. ~Haxo, nonoxHTenL­

Hue HOHH dOMdap~HpynT KaTO~. Bcne~CTBKB 3TOro OT KaTo~a B~enH­

DTCH HeRTpanLHUe aTOMH THTaHa H odpa3yDT Ha aHo~e nneHKy THTaHa. 

3Ta nneHKa THTaHa HBnHeTCH' oqeHL aKTHBHUM reTTepOM H a6cop­

. _6Hpyer see rasu, xpoMe dnaropo~HHX rasoB. ITpH 3TOM aToMu rasoB 

BCTynanT B npoqHoe XHMHqecKoe COe~HH8HHe C THTaHOM~ XHMHqecKaH 

aKTHBHOCTL THTaHa Xopomo HRnDCTpHpyeTCH T8M ~KTOM, qTO THTaH 

a......._ 
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HBHaerca e~HHCTBeuuuu MerannoM, xoropH.tt ropHr B arMocwepe qHcro­

ro asora. McxnnqeuHe cocraBnSJ.er orxaqxa BO,Itopo,Ita. OH Be BX0.1tHT 

B XHWHqecxoe coe~HHeHHe c rHrauou, a npocro ~cop6HpyercSJ. H 
3arew xopoHHTCSJ. no~ HOBOR nneuxoR rHraua. . · 

!TOMH 6naropO,ItHHX ra30B He a6cop6HPYDTCSJ. THTaHOM. Ho BCe­

TaB:M uacoc HMeer ue6on:&mym cxopocr.D orxaqxH 6Jiaropo~HHX ra3oB. 

MexaHH3M orxaqxH 6naropo,ItHHX ra3oB BHSJ.CHaercSJ., ecnH Hccne,ItoBar.D 

xaro,!{ nocne npo~on:scHren.Duoro orxaqHBaHHa. IIpH 3TOM uo:scuo o6uapy­

IHTL B cepe.n:Hue xrur.n:olt ceKllHH Bopouxoo6pasuoe yrny6neuHe, a ua 

Kpanx, B reHH pemerqaroro auo..rta, ue6on.Dwoe ocax..rteHHe rHraua KaK 

H ua auo~e. Ha 3TH Mecra nonBJ{a.nr HOHI:l H Bcne.n;crBHe 3roro B~~Ute­

HHerca THTaH, HO O,ItHOBpeM~HHO 60JI.Dmee KOJIH:qeCTBO THTaHa OC~aer• 

CH C npOTHBOfiOJIO%HOrO Xaro.n;a, TaX qro 3,1teC.D BCe HOHI:l B TOM qHCJie 

H 6Haropo..rtuux rasoB npoquo xopouarca. Bce-raxH cxopocr.D orxaqxH 

){Hs 6naropo,!tHHX rasoB suaqHrenF>Ho ueu:&me qey .n;na . .n;pyrHx rasoB. 

OHa cocraBnaer .n;na aproua H renHa ron.Dxo 3% or cxopocrH orxaq-

KH asora. lna Mo)tenH uaxonHren.Duoro xon.Dna 3TO Bnonue ,Itocraroquoa 

HyiHO OTMel'ltTb, tlTO Hacoc B OnHCaHHO.M Blf,lte Be ro,ItHTCSJ., eCJIH 

npo,!tonxHren:&uoe BpeMa orxaqHBaerca B03.1tYX npH .n;aBneHHH ro-5ropp 

HnK 60H.Dme, rax xax B03.1tYX co.n;epzHr I% aproua. Ho ue.n;aBHo WHpMa 

BapHaH BimycrHna BapHanr THTaHoBoro uacoca, npH xoropou cxopocr.D · 
orxaqxH )tJia aproua cocraBnaer IO% no cpaBHSHHD c a3oroM. 

Hacoc ~oruo BKJIDtlHT.D nocJ~e npe~BapHreJI:bHOV. orxaqxH cpop­

saxyyMHUM uacocou .n:o EaKyyua ro-2 ropp. t.Iepe3 cyrxH nocne nep .. 

soro nycKa Ml:l no~ytlHJIH BaKyyM 6 + 8 x ro-10ropp. IIpH arou uacoc 

nporpeBanca IO qacoB npH reuneparype 300 rpe...n:ycoB. (uaruJir H3 
"&nhHHKo" He BH,n:epxHBaer ·reuneparypH BHme 320°). 
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HOMHHaJihHan CKOpOCTb OTKaqKH Hacoca ,Zl;JIR B03,n;yxa COCTaBJIReT 

I40 il;cex. M~ H3MepnJIH CKOPOCTL H nonyqHJIH I20 fl/ceK npH ro-5 

TOpp H 60 Jl/ceK npH I0-9ropp. ITO ,Zl;aHHbiM cpHpMH CKOpOCTH OTKaqKH 

,Zl;OJI%Hhl 6HTL He3aBHCHMII ox .ztaaneHnn. HaM He y.ztanocr, o6'.DRCHHTL sro 

pasHornacne .zto Moero OT'.De3,n;a a !y6Hy. 

ITpeHMYut8CTBOM SIBJISieTCfl TO 06CTORT8JlbCl'BO, tiTO nacoc CJIYJICHT 

O,ll;HonpeueHHO MaHoMerpoM. HoHHH~ TOK nacoca nponopnHoHaneH .ztanne­

HHD. 10K H3Meps:reTCfl C ITOMOII{LID npH6opa B 6JIOKe ITHTaHHfl HaCOCao 

Mhl 3KCTI6pHMeHTaJibHO y6e,Zl;WIHC:b B TOM, qTo ITOK8.3aHHfl 3TOro npH60":' , 

pa Xopomo COBITa,Zl;aiOT .c noKa3aHHRMH l10HHH3aUHOHHOro MaHOMerpa. 

BARYYMHAH CHCTEM~ lillfl MODEHM HAROITHTEnbHOrO ROHbUA• 

B cepe.zt~me npomnoro ro,n;a 6uno pemeno nocrpmtrh B UEPHe 

MO.zten:o naxonHrenhHoro xon:ona .ztnn 3JiexrpoHOB c sHeprHe~ 2 M3B. B 

xauepe ;ron Mo.zteJIH rpe6yeicn naxyyu ro~9ropp. 
~ICYHOK 9 noxasunaeT yqacToK Mo.ztenH. RaMepa 6y,n;er cocro-. . . . 

SITI> H3 24 yqaCTKOB: I2 KpHBOJIHHefimlX yqacTKOB C 3JIJIHITTHlleCKID! 

nonepetiUHM CetieHHeM C anepTypon 5XI0 CaHTUMeTpOB -(3TH yqacTKH 

(/y.ztyT HaxO)l;HTbCfl MeJK.ztY ITOJIIDCHHMH HaKOHeqHHKaMH sanopaqHBaiOII{HX 

MarHHTOB H KBa.n;pyriOJILHhiX JllUI3)- l1 I2 ripSIMOJIHHenHHX ytiaCTKOBo 

I\rul,ll;Uti H3 npstMOJII1HetiHF1X ytiaCTKOB MOXeT l1M8Tb JIBJ60e CelleHHe B 

3aBHCHMOCTH OT annaparypH, pasMell{aeMon B HeM. 

CaMilMH y.zto6HHMH MeCTaMH ,n;ns:r orKatiKH s:rnnnercs:r cepe.ztHHa 

npstMOJIHH8tiHUX ytiaCTKOB, TaK KaK TaM 6y,n;yT UaXO,II;HTLCfl pa3HH8 

. npHCfiOC06JI8Hlf.fl: 3JI8KTpO.ztH, H30JIHPYDII(He MaTepH8.1lhi, cnHHTHJIJISITOpbl 

H T.~. C ITOBFlill8HHbiM B~eJieHHeM ra30Bo 

ITpe.ztycMaTpuaaiDTCfl H yxe 3aKasaHbi .zteanTL Hacocnux ycTaHOBOK. 
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Ha meCTR H3 !2 npHMOJI.HHeMHHX yqacTROB dy~yT padoTaT:O THTaHOBHe 

Hacocu n aa rpex ns ocT~hHHX yqacrKax - ycraaonRn ~nn npe~na­

PRTen:r:,aott .OTKaqKn c rypdo-Moner<:yJIHPHhiMH aacocm,m. Tp.n npnMonnHe!! ... 

HD!X yqacTKa ocTaiOTCH cnodo.n;amm. Ho, ecn.H B .n;an:oae~meM oitWKercn, 

qTo Od~aH CKOpOCT:b OTKaqKH He~OCTaroqHa, TO B JI~doe BpeMH Ha 

STRX yqacTKaX MOXHO ycTaHOBHT:O Tp.H ~OnOJIH.HT8JI:OHh!X Hacoca. 

PHcyHoK IO noKasunaer pacnonoi!tenne nacocon. rrarpydKn ox­

KaqKn Ha BC8X npHMOJIHHe~H&X yqacTRaX HanpaBJISHH BHM3 H O~HHaKOBU, 

liTO odecnetinnaer nsaHMosaMeHHeMocr:o Hacocon. 

THTaHOBH.tl HaCOC TIO)tC08,1{I1HHeTc.q npHMO K KaMepe, M8A~Y 

TeM KaK ycTaHOBKa ~JIH npe~napnTeJI:OHO}t OTRaqKn COCTO.HT H3 .H~He­

BOrO naRyyMHoro sarnopa, rypdo-MoneRynnpHoro Hacoca:,¢opnaKyyM­

Horo sarnopa n ¢opnaRyyMHoro Hacoca. 

ITO~ Ka.MepoM H no~ THTaHODUMH Hacocru.m HaxO~HTCH nJIHThl .H3 

Tennon3onu.:pyiOntero Marepnana, Roroph!e ncer.zta ocranrcn na MecTe. 

Ocran:r:,Hue .tiacr.n 1'ennonsom1pJIOmero KOAyxa, odosnaqeHHue na p.n­

cynKe nyHKTMp01{, MOHTnpYFJTCH TO.libKO )tJIH nporpenaHHH H ~eMOHTH­

PJlOTCJI TIOCJie 3TOrOo fiOJIOi!Cem1e V!OHH3aU~fOHHhiX MaHOMeTpOB BH~HO M3 

pncyHRa. Bo BpeMH HOpMaJI:OHO!i . paOOTbi KOJI:Ona OTRaqKy dYli.YT npons­

BO)!;MTb TOJinKO THTaHOBh!e HaCOChl npH 3aKph!Th!X HH~H8Bh!X SaTBOpax. 

TpH ycTaHOBKH C MOJieKyJIHpHUMM HaCOCaMM BKJIIQqaJOTCH JIMill:O ~peMeH­

HO .n;nn cne.n;yiOmnx uenen: no-nepnux .n;Jin npe~napnreJI:OHOM OTKatiKM 

nepe.n; sanyCKOM THTaHOBhlX HaCOCuB, BO-BTOpHX, BO BpeMH IIporpeaa­

HHR )!;JIH YAaJieHHH ra30B. l13 DCe.tl CHCTeMH M, B-TpeT:OHX, ~JIH onpe­

~eneHHR reqe~, npMqeM rennenh!~ reqeMcKaren:o no~Knnqaercn K ~op~ 

BaKYJMHOW CTO PO!Ie MOJieKyJIHpHoro Hacoca. [{pOMe TOro, BCer~a "OCTa­

el'CIT aoauozuo ern ncnonnsonar:o MoJieRynnpnue Hacoc:u ~JIH yneJIHtie­

mm CKOpOCTM OTKa'iKH BO BpeMH padoT C nytiKOM. 
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floqeMy MU CKROHHRHCb B fi0Rb3Y OfiHCaHHOU CHCieMH OIKaqKH? !Rfl 

3Toro HMeercn P.II.lt tPHHancoBIIX H IeXHHtJecKHX coodpa.xeHH~. Yc-· 

ran IlEPHa rpedyer, tJiodii C.ltaqa Bcex KpynHIIX saxasoB pema.Jtacb 

nyTeM KOHKypca. B pesynhrare xouxypca~ od~SIBnennoro HaMH na 

Bee BaKyyMnoe odopy,ltoBaHHe, xpoue xauepu, oKasanoc!!, tJIO C8Jloe 

,ltemeBoe H3 O.ltHHH~UaiH nocrynHBmHX npe~noxeHHU dano ocHoBaHo 

Ha OOHCaHHOtt CHCieMe. ITO yciaBy Mll ~OnXHll npHHHMaTb CaMOe )teme-
-

BOe npe,ltnoxeHHe, KOTopoe .coOTBeiCTByeT TeXHHtJeCKKM Tpe-

dOBaHH.IIMe H Ha CaMOM ,ltene Mll yde,ltHnHCh, 'ITO CHCTeMa BflOJIHe Y.ltOd­

Ha .ltJl.II namero npoexra. CHcTeMa HMeeT uenu« P.II.lt npeMMymecTB H~ 

donee CTaH,ltapTHOtt CHCieMott C MaCJIRHIIMH ,ltH~y3HOHHHMH HaCOCaMH; 

qacih 3THX npeHMymeCIB H Od~RCHRei BllrO~Hy.D UeHy. 

Q~HHM H3 npeKMymecTB .IIBJl.IIeip.II TO, 'ITO Hei HeodXO,ltKMOCIH 

HMeTb BaKyyMHlltt 3aiBOp Ha.,n; IHTaHOBID!H nacocaMH, MeX,lty TeM KaK 

IaKHe saTBOphr fiOtJTH HeOdXO,ltHMLI, eCJIH db! KOJlb}lO OTKatJHBaJIOCb ,ltHrp­

;py:HtoHHhlMH HaCOCaMI1. 3TH 3aiBOpi:l IOr,lta ,ltOJlXHll dbfJIH dll Bu,n;ep:llrHBaii: 

IeMneparypy )tO 300 rpa,ltyCOB H 3aKpiiBaThCR flOJlHOCTbD aBTOMaTHtJeC­

KH B cnyqae nenpaBHJlhHOM padoiii nacocnon ycranoBKH. B ,1tannoR cxe­

Me Ha IHTaHOBOM Hacoce aBTOMaTHtJeCKHR 3aTBOp V. 6JlOKHpOBOqHhl~ 

lliKarp, ynpaBnRnmHl'i ero pac5oroR, saMeHSIDTC.II npocrw npe,ltoxpauure­

neM B uemt nHrann.JI n:acoca. Koneqno, neoc5X0.1tHMO HM6Th :ea.KyyMHHe 

3aTBOpH Ha yCTaHOBKaX npe,ltBapHI6JlbHOR OTKa4KH, HO HX BCero Tp.U H 

OHH He Hyx,nUJOTCJI B aBTO!.taTHtJeCKOM ynpaBJI6IDfH, TaK KaR .B OTCYTCTBHli 

o6cnyxHBanmero nepcoHana· saiBOpii saKpiiiii. 

BazHo IaKXC H TO, tJIO MO~HO yMeHhillHTb tJHCJIO HOHH38UHOHHIIX 

MaHOMeTpOB, ITOXOMY tJTO THTaHOBIIR H8COC O,ltHOBpeMeHHO .IIBJIR6TCfl H 

HH,ltHKaropoM BaKyyua. 
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', MoJieKyJIJipHue Hacocu xopomo npHro.n;Hbl 11 KaE BCIIOMoraTeJibHu_e 
'. I 

HaCoCH~-, IIOTOMY tiTO OHH pa6oTaiOT 6e3 MaCJia Ha CTOpOHe BHCOKOro 

' BaKyyila. 

CJie.ztyeT OTM.CTHTb, tiTO BU6paHHaJI .HB.MH ·cHCTeMa OTKatiEH He 
,. 

·YHHEaJibHao ){o HaC COTpy,ztHHEH "JIE3~" npH EOHCTpyHpOBaHlut 3JI8E-

TpOHHOrO CtfHXpOTpOHa C 3HeprHetl B 7 £3B B raM6ypre, TaKJKe npHHJI­

JIH pemeHHe B IlOJII>3y TOt! ~e CaMOtli.CHCTSMhlo 

MHJUillBllii 3ATBOP. 

MHe ente CJie,n;yeT CKa3aTb HSCEOJibEO CJIOB 06 ~H)J;HSBOM 3aTBOpe'. 

Ero cxeMaTHt~ecEoe cet~eHHe noEasaHo Ha p11c. II. Anneprypa saTBopa 

·roo MM H npoBO)J.MMOCTb 350 JIHT/ceK. Ha3Bam-te 3aTBopa o6'IiJICHSiercSI 

TeM, tiTO OH ynJIOTHSI8TCJt l1lUJ:UeM. :ViH)J;l1tl - 3TO MeTaJIJI, Xl1MHtiCCKH 

CXO)J;HUt! C aJIDMHHHeM, HO MJirqe ero H B OTJIHttHe OT aJIIOMHHHJI He 

OKHCJIHSTCR B03,1J;YXOM HJIH BO)J;Ot;i. TOtiEa nJiaBJI8HHR HH.I{HJI 156°. 

B 3aTBOpe HH)J;Htli HaxO)J;HTCSI B EOJILneo6pa3HOM yrJiy6JieHHl1 B 

EphlmKe. ITpM· 3aKPUBaHHl1 3aTBOpa Kpb!mKa IIO.ztHHMaeTCR T~KHM o6pa30M, 

t{TO KOJILUeo6pa3HUtli Kpa~ C CetleH~eM B BH,n;e JiaTHHCKOrO 11 VV 11 BXO­

.ztHT B yrJiy6JieHHe 11 CJltMMaeT HH)J;Mtio TpH HailpaBJISilOIJ.tH_X ynopa o6ecne­

t{11BaiOT TO, 'ITO ynJIOTHSIIOntHn Kpatt aKKypaTHO BXO)J;HT B yrJiy6JieHHe C 

HH.ztl10Mo 

Becb saTBOP c.n;enaH 113 -HepxaBe!lmen CTanu. BaY.yyuHoe ynnoT­

HeHHe .I{BlDirYIJ.tHXC.R qacTett 3aTBOpa OCynteCTBJISI8TCR C IlOMOI!tbiO CHJII,­

cpoHa 113 HepJJtaBeiOntetli cTaJIH 11 ~PnaHneBoro coe.ztHHeHH.R c npoKJia.ztKott 

113 30JIOTa. 0TEphlTHtt 3aTBOp MOXHO HarpeBaTb IIO.zt BaEyyMOM )J;O 

450°C IlpH yCJIOBHH, qro 3aTBOp ~MOHTHpdnaH CTporo ropH30HTaJibHO. 
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HHaqe X~KH~ HH~HH.6y~er BHreKarb H3 yrny6neHHSio B HameM cnyqae 

BO npeMSI nporpeBaHHH ryp60-MOReKyBRPHHe HaCOCH pa6oranr H 3aT­

B0pH orKpHTHo 

HEPJKABEDIUAR CTAJib, Q]APKA, iJIAHliEBHE COE.JllfijEHHR. 

Bee Hau H3necrHue ueranniNecxue xauepH ~na cnepxnHcoxoro 

naxyYMa c~enaHH H3 aepxaneDnteR cram£. :Sonbme ncero ynorpe6nner­

CH. cne~YJlntHlt cnnaB: xpoM IW, HHKenb ~' yrnepo~ < o, OZ', uapra­

He~ l + 2%. CraBb ~BR Hamero HaKOllHT81IbHOro KORbna OT~HqaeTCSI OT 

3roro cnnana ronbKO reM, qro co~epxaaHe HHKens ynenHqeHo .zto I4~. 

3TO 6H1IO He06XO)tHMO ~1ISI y:ueH])lli8HHSI :MarHHTHOfli DPOHHrtaeMOCTH, 

oco6eHHo B cnapoquLix mnax. Ham cnnan mranHTCH no.zt naxyyKoM. 

3TO peKOM8H,Ityerca, HO He 06SI3aTe1IbHOo BO BCHKOM cnyqae npH BaKY­

YJlHOti nnanxe Moxuo nonyqarb caMoe HH3Koe co~epzaHHe yrnepo.zta. 
. . 
EQJII{.co.ztepxaaHeyrnepo.zta 6oJibme qe:u 0,02%, roB cnapoqaHX mnax 

UOryT o6pa30BaTbCH oqeHb MaJieHbKHe ntenH, KOrOpLie B COBOKYDHOCTH 

Be,ItyT K 3HaqHT8JibHOMy HaTeKaHHD. 

XopomHe pe3ynbrarg noxa3ana y aac anexTpoJIHTHqecxan noJIH-. 

ponxa nHyTpeHHen nonepxHoCTH ncex y3non. B~eJieHHe ra3oB onurHo~ 

Kauepu y:ueHblliHBOCb nocne 3118KTp01IHTHqecKott DOBHpOBKH B 50 paa. 

ocraroqHoe ra3oor.zteneHHe - 3 x ro-I0ropp-JIHrpon B cexy~y Ha 

KB~paTHLitt MeTp. 

. nna CBepXBLICOKOrO BaKyyua y HaC npHM9HHeTCSI HCKJIDqHT8JibHO 

aproHonan cnapxa, ro ecrb .ztyronaa cnapxa B arMoc~epe aproHa. 

Kpoue roro oxa3anocb Heo6xo~HMHM .ztns nyqmelt nnoTHOCTH naxyy:uao­

ro mna, qro6H cnapntHK pa6oran 6e3 npH6aBKH :uarepHana anexTpo.zton, 

~are eCJIH 3JI8KTpO~ COCTOHr H3 TOR ze CaMOR ~TanH, KaK H y3eJI, 



34 

"" 

v 
nP)')I(UHH&IE= 11JAIA5fof 

M ~2 

~i~~~ a~MH ~ 

7 

V, 
I 

PV1CJ'HOK 12._· 

<:DAAH~OBO£ COEJli!IHEHV1E 

C YflAOTHE"KlAEH 1113 30AOTA 

·--"---- ~ -·- -- --- ~-~--

I 

r 

I.. 

Haxo; 

yqHTI 

Ty Ci 

CTOH'l 

C ,ltHf 

BeHHC 

sHaqJt: 

cpJiaHn 

Trut ll 

Ha BH 

3Ta B 

nocne 

,li;JISI n 

eTCSI 

C.7Iy1!H 

BaeTC 

Kciz){N: 

npyxH: 

TaeTC: 

cpnaHnc 

HaKOBl 

Ma He 

HH,ItHeJ 

ro am 



35 

Haxo~R~HAcs no~ cnapxoRo 3ra ocoOennocr:&, xoneqno, ~OHXHa 

yqHTHBaT:&CSI yxe B KOHCTpyKTOpCKOM OT,lt6H6o 

B KatJeCTBe ~Hannenoro COe.ltHHeHHSI UH npi!MeHSieM TOHLKO 

ry CHcre.u:y, Koropas noxaaana na pucynxe I2. YnnornenHe co­

croHr H3 tJHcroro aonorao Mu noxynaeu aoHoro B BH.lte npononoKH 

c~Kauerpou I,2 HHH !,5 MM H cnapHnaeu ero B xon:&na coornercr­

BeHHo c paauepou ~Hanna • .no ycranonKH xon:&na orxHramrca, tJTO 

3HaqHren:&no ynenHtJHnaer nnactHtJHOCT:& 30HOTao ){na coe~HHHeuax 

~HaHqa CHUUetpHtJHHo KaE.ltHtt HUeer HeOon:&mott BHCTyn B 0,25 MY, 

TaK I{TO 30HOTOe KOH:&no He MOJteT 0HT:& CXaTo dOJI:&me tJeU .ltO 0, 5 Milo 

Ha BH8IDHH.X Kpasx ~Hannen H.Meercsz BHTOtJKa npH0HH311TeJI:&HO B 2 Milo 

3Ta BHTOtiita CHYJ!CHT BO-nepma: .ltJISI paa'be,ltHHeHHSI fj.JJiam.teB, eCJIH 

llOCHe CHH:&HOrO HarpenaHHH ~HaHnH cnaSIHH 30JIOTOM, H BO•BTOpHX 

)I;JIH npoJiepitH BaEYJ'llHOtt ITJIOTHOCTH.. J!JISI 3TOrO BHTOtUta 3aKJI6IIBa­

eTCH H30HHnHOHHOtt JieHTOit H fiO,lt nee BBO.ltHTCH reJIHito IDl.ltMKaropOM 

cnyxHr renHenHtt retJeHcxaren:&. rronepxuocr:& ~Hannen, r.lte yxn~u­

saercn Kon:&no J Tll(areH:&Ho noJIHpyercs MexanntJeCKHM cnocoOou nepe.lt 
Kli.!,ltHM MOHT8JICOMo 

ITO,lt rOJIOBKH BHHTOB H raitKH ycraHaBHJ~BaiDTCH TapeJI:&tJarue 

npJ!HHHHe manou. rrosrouy no npeus narpenauHs coe.ztHnenHe. oc­

raercn nJIOTHHM nec.u:orps na paanHny reuneparyp Men,Jty BHHTauH H 

~JiaH~a.MHo TeM He MeHee BBXHO, tJTOdl:l BHH!!.l li ~Hanna m.teHH, O.ltH­

HaKOBHe K03~HnHeHTH pacmHpeHHSio ){JISI dHCTporo MOHTaxa - KOr.zta 

Ill:! He XOTHM narpenar:& CHcreuy - MH npm.renseu nuecro sonora 

HH,lt.HeByD npoB OJIOKy • llpOKH~KU, CBapeHHI:le HS npOBOHOKH H3 tJHCTO­

ro aJIDMHHHs, xoropue Ml:l n arou cJiyttae npo6onam1 no pexo:uen.ztanJ-ru 
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aHr~HUCKHX BaKyyMII(HKOB, ynJIOTHHDTCH npoqHo TOJILKO ITOCJie 

aarpeaaHHH no xpa~ae~ Mepe ~o .300°. 

COE!HHEHHE THTAH - KEPAMHKA 

J{na 3~eKTpHqecKV.X BBO~OB B KB.Mepy H ~JIH H30JIHPYD~~ter"o 

3a3opa ua wecre ycxopanmero BHcoxoqacrorHoro HanpazeHKH MH, 

ynorpeCS~aeM TeXHHKy, . paBHTYD !f>paH~y3CKO~ !f>HPMOI! " c s F n 

(Comr-q~l1ie. Ge~er0c..(~ ole Te'l.fdro.toh.;e S'~..,s 'Fil. ). 

B 3T?H ·reXHHKe xepawu:Ka A.f.-z.O'J cnaHaaerca n naxyyMe c THTaHoK, 

npHqeu B xaqecrae npHnos cnyzur 3BT9KTKQeCKH~ cnnaa cepeCSpa c 

:we~LD ( A~ =!-C) % ) eli\ 2. ~ CZo- ). . THtaHOBaa qacTL 3ateM 

npKC09,li;HHHeTCH K KB.Mepe H3 He!)Xl3:B9DII(el! CTMK C noMOillLD qJJIHHI.teBO .. 
. . I . . 

ro coe~HHeHHH c npoxna~xo~ H3 30~ora. O~HH npHMep noKa3aH aa 

pHcyaxe I.3. Ko3cpcpnuHeHT pacinHpeHHH THTaHa aecxo~LKO CSo~Lme, t~eM 

Ko3!fxPH~Hear A 1. 2. Os • Tio3ToMy TKTaa~ no ao3MoxaocrH, ~onxea 
OXBaTHBatL KepaMHKYo 

ITponecc cnaRxu B aaxyJMHOH net~H ,~o~xeu dHTL xopomo 

rrporpru.nmpoaaa no reMIIepa.rype. Bo npeMa cna~KH tHraa. ~HqxpyH~H- · 

pyer B npunoR H oCS~erqaer eM}_' CMaQHBaHHe Kepa.MHJCHo O~HaKo, ecJIH 

CJIKIIIKOM MHOrO TKTaHa ~HqxpyH,LtHpye_r,MeXaHHQeCKHe CBORCTBa- npHITOH . 
. .MeHHDTCHa 

'BBO.lt~ xopomo a~ep:Haanr MHoroxparaue HarpeaaHHe ~a 

400°0 H 'm.reD~-~JIH·Hamett MO~eJIH HaKOITHTeJILHOrO'KOJILUa TO npe-
-

HMYm£3c~!3o, '!Il:O oa~ ijeMar~HTH,H H rro3TOMY ae Moryr B03MYiltaTb 

~ng~~P9H!HH1 DYIJ9ih 

Ta ~e g~an ~eXHHRa npH¥eHnercn HaMH A~n ycxopnnmero 
eaeopa MOAenn, Kax noxa3uaaer pHcyaox I4. 

-........;,__ 
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IIoc.'le,J.tmtti npHMep TV.TaHoao-KepaM114 ecKoro ooe.znmeHn.R 

ITOICa3H~aeT pilCYHO.K. 15 .. !1'3o6pruceH BBO~. KOai.\.C1mJII>HOrO BOJlHOBO).tU 

B Ba:cyyY.HylO KaMepy MO,J.tCJII1. Bee:& BBO.JJ; HMeer KOHqeHTp~tleCKyiO 

tfJOPMYo 

H3!.fSPVTTF.JI1mJE ITPMEOPijo 

JJ:JI.n H3MepeHHJ! BaKyyMa Mhl 11CTTOJI:C3YCM HOHH3aUHOHHble MaHo­

MCTpb! THna Eattap,n;a-AJionepra, C).(CJICiHHbiC cppa.HllY3CKO!i cpHpMOt1 

" C Sf "o CHCTeMa 2JieKTpO).(OB He HaXO.IUiTCH B CTeKJIHHHOtt KOJI6e, 

a MOHTHpyeTCfl Ha cpJiaHeif V! BHCHT CB060).(HO B BaKyyMHOM 06'IieMe, 

KaK noKa3aHo Ha pHcyHKe ~6. M'3BeCTHo, tJTo raKotl "norpyJKeHHOitt 

MaHOMeTp" 6oJiee ).(OCTOBepeH, tiCM 06h!KHOBCHHblt1 MaHOMCTp B CTeK­

Jl.RHHOtl KOJT6eo C~1CTCMa 3lieK'l'POJ(OB .'IerKO CHI1MaeTC.H C qJJTanua, tlT06bi 

oHa He nonpex.n;a.lJac.!:. rrp~r nonV~pOBKe <pnaHua nepe).( MOHTaJiCoM,
1
.H ){JIH 

3aMeHhl, ii.OI',11.F.I. rm::o.n; c:ropen. TDK :JMl1CCHH HOPMaJI:CHO roo fAA " 
ImH:cnMaJII,Ho 1l«A o 

3A f{JIKJlfSIHfEo 

Ue.-UIO Moero ·coo6uteHW.R 6h!JIO llOKa3aT:C t tlTO B HaCTOHI!1ee 

npeM.R BaKyyu I0-9 
.1tOCTyDeH AJI.R ycKop~Teli&HO~ TBXHilKHo Ho H He 

XOTBJJ npol-WBCCTYI BBelJaT.lfeHHe, 6y,J.tTO :JTO nerKO .J.tOCTHraeTC.f!o 

Ha CaMOM ,neJie ML>I QltelJb .My4i1JB1Cl.. B lia.:J!HX npe,n;:aap~TeJI~HbJX OD.b!Tax. 

XOTSI HaM TIOKa Ka.Jli:8TCil, liTO Mhl Hai!IJH1 peill8HHSI DC eX np06JieM, 

Mb! He C011.H8Ba8MC.R B TOM, t!TO Hai! 8ll(8 npl1,!!;8TCJ1 MytJHT:CCSI )1;0 

Toro, Ka:C B BaKyyMHOM KaMepe HaKODHT~JJ:CHOrO KOll:Cna 6y.n;eT CBepx­

DLICOKMi-1 B<iKYYMo 


