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BBEllE_Hl1E 

' B pairiuqttbIX o6nacrnx ·cmipeMeHHOH ttayKH II TeXH.HKII, oco6e1rno B pa3~10-

-o6pa3HblX qJH3HqeCICHX 'Y~TaHOliKax H. yCKOplfremIX 3ap~D!<eHHbIX qacrnu; llllipqKO 

lICnOJib3yeTC» qiepxsbrcoKHii iaKyyM_ {CBB·= UHV) H. ttaMeqaeTC~ Ten.o.enun»" ~B 

~Hcnonb30BaH~H 3KCTpeMaJibHQ Bb!COKoro/iaKYYMaJ~HV). ~-- -·· .. , ·• , ~ ._ .- : ; ' · ~-

'. 0~HHM H3 Ba)KHbIX ycJIOBHH'.nOJiy<I~HH» 11 n'o;uiep)KattH» CBepXBblCOKOrQ 11 TeM
0 

6onee SKCTpeMaJI~HO- BbICOKOrp'BhIKYYMa s B(l!(YYMHbix CIICTe~iax »B-[I»en::51' TIUa~ -

.:.TenhHruI n no B03Md)KHQCTH rio.irnrui oqttcTKa nosepxnocieii saKyyMHbIX JI.eTanei-i · 

· OT pa~:rrn~~bIX. 3arp»3Hettiu'.i nep·e.o. ee ·M·mna)KoM _ no ripttnun~y:=qeM 4HIU~ .o.e-TaJIH, 
_· • .-_ •• _ - • • -· • ::-~ ' ': '• ·;. ' - ~ ••• 

, ncnom3yeMble r'P" MOHTa)Ke_BaKYYM!lbIX CHCTeM, TeM MeHbme·Be.J]IIq}IHa HX [a30_-, 

OT,D.CJleHn» s BaKyyM, Te~ K'opbqe npouecc -OTKaqKH 1-1 TeM 6onet: BblCOKflH ,BaKyyM 
· ;MO)KeT 6br1i1ocTHrHyi [1..:.:,3];. , " ~ ·· ··: - .. _. . , .. ;. . ·'., ./ . . : 

.• ~- H; B~JIHtJ;Hll);-Ta300T,lleJieHH» ci~eHb~CHJibHOe)nII»H~e OK~3bI~ae~·cocTO»HHe ;c. 

-BHytpeHHeH ..:nosep~HQ._CTH · BaKyYMnoio ', 'TpaKrn -~ ee 'KO~HUHciirnpoBaHtte · -[ 41 . 
CTenein~ oqnCTKH· onpe.o.en»eTc» Tpe6yeMbIM npe.o.enb~b!M BaK.yyMOM, KOTOpbIH '3a-.. - ' '"' - . - .··· '. . - ·- -/ . \,_ / - . . 

BHCHT . · - ' 

' ~ OT KOHqJllrypaunn H CKOpOCTH-~TKa~Ktt' ,D.aHHOH BaKyyMHOH. CHCTeMbl, 

. ..:....::"OT ncnOJlb3,YeMbIX KOHCTPYKUHOHHbl~MaiepnanOB,H HCXOJJ.H_oro IIX COCTO- -
»HH», . . , , ·. , - -.. . -, '. ·:. ·: . . . ·.__ , ·:. . _· _ _ . . , . . . - .·.·-- . 

·. , • - OT, <pttJHqecKHX_ 11pouecc0B, npQHCXO,D.»IUHX B HeM; 11 9T llpttpo)ibl/OTKa~~ 
qnmieMbIX ra3oB [5]. · .· · ··.. · . . . . . · · ·· · 

. 'Bo3HHKllitte_s no'cne,D.HHe r~~bl B;Poccnu; s CTpaiiax CH[,H'B c~pamix Boe-, -
Toqnoii'Eaponu 3KOHOMHtJeCKHe'TP)'.D.HOCTH H conpoBO)K,ll.aIOIUHH HX 3HaqHTeJlb~ 

HbIH pocT rien. II_a sneKTp'os~eprnID; n~ :iK~.D.KHH ~OT n .o.p.; .o.enaIDT Tpe6osami» K 

.O'IHCT~e nosepxnocTeH-SJI~MeuTOB BaKYYMHbIX CHCTeM-nepe.o. nx' MO~Ta)KOM eme 
6omie )KeCTKHMH. . . . -.. - - , 

- -- , -- .• : ' • • -/ - i • • / • -'.· • ·, ·...... "' • .. '. < :.....f 

AsTop Ha ociionaliHn aHaJIH3a omfra _sKc~coseTcicwx _ ae.o.ymttx saKyyMHbIX op-·-

raHHJaunii, MIIpOBbl~ BaKyy~UlbIX ~Hp~ H qJH3HqeCKHX
1 

HH(2THJ,YTOB,' csoero _onb!Ta, ; 

/a TaK)Ke TIUaTenbHoro'anaJ;tll3a 'MaTepmmoB cneriIIaJibHOro· orqeTa"nO,D.KOMHTeTa . 

AM~J)In<anc'icoii BaKyyMHOH accouHaUHII [11] .o.aeT KOHKpeTHbie peKOMeH.D.ati~H no 

OilTHMaJlhHhIM Texno.ricirnHM. OlJH~'j;KH ).(eTaJieii C03,D.aBaeMbIX BaKy'yMHblX CHCTeM 
ycKopmeneii B. dne.o.yicimeii nocJie,D.QBaTeJlbHOCTII. . ' . 

B ,D.aHHOH pa6'me: - • - . _ ' · - . . . 
'--. . • •· - • . ; .. · . .• . •- a , • • 

_ -:. KJia,ccttcpHKaun»_snrios :iarp»3nemiii, • cxeMa _ nx pacnono5Kentt» 11a_nosepx-
. - . . ~ - . ,, . . ,, - '"-- . . - . . ' ' 

. HO~TH .D.eTaJieH, HX OTpHua'renb'noe BJIHmine Ha· BaKYYM, _Bbi6op onTHMaJlbHbIX KOH~ 

, \ .. ©Qfu;eniitteHHl,Jii iui~ ll)lepHL1XHCCJieno~1-1ii;'Jly6iii; 1996 . 
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CTPYKUHOHHbIX MaTepHaJIOB, o6mtte npaBHJla TeXHOJlOrHH oqHCTKH u peKoMeimye

MruI Texnonorm1 oqttcTKH .o.eTaJieii BaKyyMttoro TpaKTa H3 nep)Kaae10UJeu cma.J1u. 

B cne.o.yromux pa6ornx 6y.D.YT paccMoTpeHbI: 

- Texttonorm1 oqHCTKH BHYTpettnux nosepxnocTeii .o.eTaJieii BaKYYMttOro Tpa

KTa H3 a.JITOMUHUJI U ezo C1Ula606, Meou U ee Cll.llaB0B,' 

- Texnonorm1 oqucTKH .o.eTaJieii saKyyMttoro TPaKTa H3 KepaMuKu u cmeK.lla. 

I. B11llhl 3AfP513HEH1111 11 11X PA3MEIUEHl1E HA 

TIOBEPXHOCTl1 BAKYYMHblX llETAJIEM 

TiosepXHOCTb BaKYYMHblX ,D.eTaJieH cqnTaeTC» qHCTOH, KOr,D.a na nett HaXO,D.HTC» 

MHHHMaJibHOe KOJlHqecTBO 3arp»3HeHHH. llfl» pa3pa60TKH OnTHMaJibHOro npouecca 

oqHCTKH HY)KHO 3HaTb THnbl cymecTByIDIUHX 3arp»3HeHHH. Bc»KruI KJiaccncpnKa

UH» nx »Bn»eTc» B onpe.o.enennoii cTenenn ycnosnoii. 

CymeCTBYIOT cne.o.yIDIUHe BH,ll.bl KJiaccncpnKaunii: zpy6a.R K.llaCcUqJUKalJU.R n 

6onee no,D.p06HruI, ffl0IIKa.R, OCHOBaHHruI Ila qJU3UKO•XU.MU'leCKUX C60UCffl6QX :ia
zp.R31lellUU. 

I'py6a.R K.llaccu<fJuKalJU.R no.o.pa3.o.en»er ace 3arp»3Henn» na moHKue 1a2p.J11-

HeHUJ1 - STO Macn»Hbie nneHKH, no.o.ropeamne CMa3oqno-oxnR)K,ll.aiomne )KH.ll.KO

cTH, a.o.cop6ttpoBaHHruI HzO, MOJleKyJlbl HeKOTOpb!X XHMHqecKHX semecTB n pacT-

Bope_HHbIH BO scex MeTaJIJlax H2; H Ha co6cTBeHHO 2py6bte 3a2p.R3HellU» - OKa

JlHHa, qemyiiKH, MeJlKHe KycoqKn, CTp~KH, MeTaJIJlHqecKrui nbillb, KpynHbie 

TpeIUHHbl II .o.pyrne [4]. 
Eonee uenecoo6pa3HOH »Bn»eTC» K.llllCCUqJUKlllJU.R 11a 0CII06allUU qJU3UKO· 

XUMU'leCKUX CBOUCm6 3azp.11111e11uii., qTo H onpe.o.en»eT BbI6op cnoco6os HX 06-

nap~eHH» H Y.D.aJieHH» [1,2]. PacCMOTpHM STH BH,D.bl 3arp»3HeHHH noBepXHOCTeH 

saKYYMHbIX .o.eTaJieii. 

<Pu3U'-leCKUe u MexaHU'-leCKUe 3a2p.R3HeHUJI - BOJlOKHa, BOpCHHKH, a6pa3HB

Hble qacTHUbl, MeTaJIJlHqecKrui nbillb II MeJlKruI CTp~Ka, KepaMnqecKruI, CTeKJI»H

HruI n npoqrui nbillb, KOnOTb n .o.pyrne nocTOpOHHHe qacTIIUbl, <pHJHqecKH nn6o 

XHMHqecKH He CB»3aHHbie C nosepxHOCTblO BaKyyMHOH ,D.eTaJIH. 11cToqHHKH HX -

OKpy)KaJOIUruI cpe.o.a H JllO,ll.H. 

OpzaHu'-lecKue 1a2p.J11He11UJ1, nepacrnopHMbie B so.o.e. 3To yrneso.o.opo.o.b1: 

CMa3KH, Macna, SMYJlbCHH .D.JI» OXJlR)K,ll.eHH» pe)KylUHX HHCTPyMeHTOB, )l(HpHbJe KHC

JlOTbl tt CTeponbI. Tiona.o.aIDT OHH na nosepXHOCTb npn o6pa6oTKe ,D.eTaJieH Ha 

cTaHKax, H3 3arp»3Hennoro B03.D.yxa. 

CMOJlbl - II3 Ta6aqnoro H neqnoro ,ll.b!MOB; )KIIpHbie KHCJlOTbl - oneHHOB~, 

CTeapHHOBruI, naJibMHTHHOBruI - H3 Macen H CMa30K. 

CTeponbI - c pyK, H3 Mbma n MbillbHbIX oxnR)K,ll.aIOIUHX SMYJibCHH. 

OnH o6pa3yroT nn6o rpy6b1e 3arp»3HeHH», JlII60 .. TQllKHe nneHKH-MOHOCJlOH. 
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Jl:iriiiiiii~i~iil!: :::HHO MMOKY$ 
.:,., .:- ,,,.,,., .'•" .···· _.:., .·J OKCE,IJ;H, CyJU,q>li,ItH, 

, llOB8pXHOCTh M8TaJIJia 'HHTpn,D;H H ,T.Il. 

Puc.I 

Pacmaopu.Mbte 8 aoi)e (UOHHbte) 3azpJ13HeHUJI; 3To :meKTp0JIIITbl - MIIHepanb

Hbie conn (NaCl II .D.pyme), ocTaTKII KIICJI0T II menoqeii. He:meKTponIITbI - pa3-

JIIIqHbie opram1qecKIIe coe.D.IIHemui. 

Hepacmaopu.Mble XUMU'JeCKUe ae111ecmaa, XIIMIIqecKII CBll3aHHble C noBepxH0-

CTblO .D,eTaJieii. 3TO 0KClI.D,Hbie, cy.'lbq>II.D.Hble, CIIJIIIKaTHble, HIITpII.D.Hble, 6opII.D,Hbie 

II .D.pyme q>a30Bble nJieHKII, o6pa3yIOIUIIeCll Ha noBepXH0CTII .D,eTaJieii npII Me

xaHIIqecKOH, XIIMIIqecKOH II TepMIIqecKOH o6pa6oTKax. KaK npaBIIJI0, 0HII npoq

H0 coe.D,IIHeHbl C noBepxH0CTblO .D,eTaneii. 5IBJilllOTC» 0.D,HIIM II3 0CH0BHblX 

IICTQqHIIK0B raJ0BbI.D.eJieHII» B BaKYYMe, 

I'a30o6pa3Hble 3azpJ13HeHUJI. 3To ra3bl, a.D,Cop6IIpoBaHHbie, a6cop6IIpOBaHHbie 

noBepXH0CTblO II BbI.D.eJI»IOIUIIeca B BaKyyMHOH CIICTeMe BO npeM» ee pa60Tbl. Tipo

rpeB B BaKYYMe cnoco6crnyeT IIX y.D.aneHIIIO. Ha naKyyMHbIX .D,eTan»x ofa1qHo BMe

cTe npIICYTCTBYIOT pa3JIIIqHbie BII.D.bI 3arp»3HeHIIii [l,2] .. 
CxeMa pacnonmKeHII» BbIIIIeyKaJaHHbIX TIIn0B 3arp»3HeHIIH [6] Ha nonepx

H0CTII .D,eTaneii npIIB0,!l,IITC» Ha pIIc.1. 

2. OTPHU:ATEJihHOE .[{EHCTBHE 3AI1'513HEHHH HA BAKYYM 

BpeoHoe oeucmaue opzaHU'leCKUX 3azpJ13HeHUU II HeK0T0pblX BII,!1,0B MexaHII

qecKIIX 3arp»3HeHIIH C0CT0IIT B TOM, qT0 0HII, oco6eHHO )KIIpHbie KIICJI0Tbl II CTe

p0Jibl, no.D, .D,eHCTBIIeM BbIC0K0IIHTeHCIIBH0ro K0pnycKynapHoro II 3JieKTp0MarHIIT

H0ro II3JiyqeHIIH, 3KCTpeMaJibHbIX pa.D.IIaUII0HHbIX II TeMnepaTypHbIX ycJIOBIIH, no.D, 

.D,eHCTBIIeM ycKopeHHblX qacTIIU II 3JieKTp0H0B, Bbina.D,aIOIUIIX II3 UIIKJia ycKopeHII» 

II 6oM6ap.D,IIpyIOIUIIX CTeHKII BaKyyMHblX CIICTeM qJIIJIIqecKIIX ycTaH0B0K, pa31Iara

lOTC» c BbI.D,eneHIIeM M0JieKyJI raJoB CO
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II .D.pyrnx, C o6pa30BaHIIeM JiaK0BblX aJieH0K II rnep.D,oro rpaq>IITa. 3TH M0JieKyJibl 

yxy.D.IIIaIOT BaKyyM, a Me,K.D,y yrnep0.D.0M H B0.D.0p0.D.0M npII onpe.D,eJieHHblX ycno
BHllX M0ryT o6pa30BbIBaTbCll 3a cqeT XHMHqeCKHX peaKUHH yrnepo.D. .- B0.D.0p0.D. 

JieTyqHe yrneB0.D.0p0.D,bl - C H • JlaKOBbie )Ke nneHKII H yrnepo.D., B BH.D,e rpaq>HTa, 
m n . 

oca,K.D,al!Cb Ha noBepXH0CTllX,_ H3MeHl!IOT C0CT0llHHe 3JieKTpHqeCKHX K0HTaKT0B H 

Me)K3JieKTP0.D.HbIX conpOTHBJieHHH, a eme 0HH CJI~aT B .D,aJibHeiiweM HCToq-

HHKaMH 3arp»3H»IOIUHX raJ0B [I. 7]. • 
MexaHU'leCKue 3aZpJl3HeHUJI - qacTHUbl nbIJIH, B0pCHIIKH H .D.pyme - no.D, 

.D,eHCTBHeM BbIIIIeyKa3aHHbIX cpaKTOpOB, .D,eHCTBYIOIUHX B qJH3H'leCKHX ycTaHOBKaX, 

B pe3K0 BOCCTaHOBHTeJibHOH cpe.D,e BaKyyMa pacna,naIOTC» Ha raJoo6pa3Hble H TBep

.D,ble C0CTaBJil!IOIUIIe. TiepBble 3arpll3HlllOT BaKyyM, a rnep.D,ble, oca,K.D,al!Cb, cnoco6-

CTBYIOT B03HHKH0BeHHIO HeK0HTpOJIHpyeMoro 3JieKTpHqecKoro npo6ol!. 

HeopzaHU'leCKUe 3azpJ13H~HUJI U C8Jl3QHHble C 1108epXHOCtnb/O OKCUObl, cy11b

</Juobt, cy11b</Jamb1 II .D.pyme coenm1eHHll, pmnaral!Cb B BaKyyMe, Bbl.D,eJil!IOT C0OT

BeTCTBeHHO 02, s H T.n. ra3bl, COJieBhle 3arpl13HeHHll, Hanp11Mep, NaCl (H3 noTa 

pyK) - Cl, K0TOpble nary6Ho BJIHlllOT Ha OKCH.D,HblH KaT0.D,, OTpaBJillll ero, qTo 

oqeHb omymanocb B Haqane pa6oTbl nocne M0HTa,Ka ycKop11Ten11 J111Y-30 

(0115111), KOr.D,a e nyrnKe pa6oTaJI OKCH.D.HblH KaTO.D,. 

OTHOCHTeJibHO eonpoca O .D,onyCTIIMOM K0JIHqecTBe 3arpll3HeHHi1 Ha noeepx

HOCTII BaKyyMHblX .D,eTaneii H3BeCTIIO, qTo J)Jlll H3.D,eJIIIH npOMblIIIJieHHOH 3JieKT

pOHIIKH K0JIHqecTBO opraH11qeCKHX 3arpll3HeJIHH He .D,0JI)KH0 npeBbIIIIaTb 

1-1 o-8 
r/cM

2
' qTQ COOTBeTcTByeT noKpblTIIIO I 0% noeepXHOCTH .D,eTaJie!i MOHOM0-

11eKy1111pHbIM CJIOeM CTeapHHOBOH KIICJIOTbl (npHHllTOe CTaH.D.apTHOe 3arpll3HeHHe); 

K0JI11qecTBO noeepXH0CTHblX COJieBbIX 3arpll3HeHHH He .D,OJI)KHO npeBbIIIIaTb 

I -10-9 
r/cM

2 
[ 1 ], T.e. Tpe6oeamrn K COJieBblM 3arpll3HeHHllM Ha nopll.D.0K )Ke~Tqe_ 

.[{aHHble no .D,onycTIIMblM KOJIHqecTBaM 3arpll3HeJIHH J)Jlll q>IIJHqecKHX ycTaH0-

B0K aBT0pOM He 6blJIII HaH.D,eHbl B JIHTepaType, 110 HY,KH0 CKa3aTb, qT0 0HII .D,0JI)K

Hbl 6b1Tb CTporo .D.Hq>cpepeHUIIpOBaHHblMII II Ha116011ee )KeCTKHe Tpe6oBaHHll .D,OJI)K

Hbl npem,l!BJI»ThC» K qttcToTe «nepeoii» cTeHKH TepMOll.D.epHbIX peaKTopoB (THP) 
- TOpOH,!l,aJlbHOit o6onoqKe, r.D,e cpopMttpyeTCll aJiaJMeHHbIH IIIHyp, p 6 ::; 

pa . 

$} · 10-9 
TOpp (~ 1,33 · 10-7 

Tia), H K BaKyy~HblM KclHaJiaM J)Jlll BCTpeqHblX nyq

KOB ycKOpIITeJibHO-HaKOnHTeJibHblX K0MnJieKCOB, r.D,e IICX0.D,ll H3 KpHTepHll pacce-

»HHll qacTHU p 6 ::; I . 10-9 
Topp(~ 1,33. 10-1 

Tia). fa30Bble 11arpy3KII B IHIX no-
pa . 

pll.D,Ka I . 102 
M

3
. Tia/(M

2
·c) (7,5 . 10-2 

TOpp. n/(c. CM
2
)) np11 IIJI0TIIOCTH 6oM6ap

.D.HPYIOIUero cTeHKY noToKa qacTHU 1016 
CM-

2 
· c-

1 [8]. Ha11Me11ee ,KeCTKHe -

K CIIJibHOT0qHbIM JIIIHeHHblM ycKop11TeJillM npoT0HOB (.D.eHTOHOB) IIJIII 3JieKTp0110B 

C Heo6XO.D,HMbIM pa6oqHl\f .D,aBJietrneM B YCK0pHTeJibHOM TpaKTe ~ I . I o-4 TI a 

(5 · 10-7 + 7 · 10-7 
Topp) [7]. 
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3. TPEEOBAHH5! K KOHCTPYKUHOHHhlM MATEPHAJ1AM 

llETAJ1Efi BAKYYMHoro TPAKTA ~H3HYECKHX YCTAHOBOK 

Tpe6oBaHHSI K MaTepHanaM OlJeHb )KeCTKH no CJieJJ.ylOIUHM napaMeTpaM: 

- o6JJaAaHHe He06XOJJ.HMOH BaKyyMHOH nJJOTHOCTblO npH MaJJOH TOJJIUHHe 

CTeHoK; 

- o6ecnetJeHHe nonyqeum1 Heo6xoJJ.HMOro pa6oqero nasneHHH H cocrnsa oc

TaTO'IHbIX ra3oB; 

- MHHHMaJJbHa51 npoHHuaeMOCTb paJJJH'IHbIX raJOB qepe3 CTeHKY H MHHH

MaJJbHa51 pacnblJrneMOCTb non JJ.eHCTBHeM paJJJH'IHbIX q>aKTOpOB (TeXHOJIOrH'!eCKO

ro nporpesa CTeHOK BaKyyMHOro 061>eMa HJJH o6pa60TKH HX pa3p5IJJ.OM H npyrnx); 

- o6naAaHHe Heo6xoJJ.HMbIMH MexaHH'leCKHMH CBOHCTBaMH: nnaCTH'IHOCTblO, 

TeKytJeCTblO, xpynKOCTblO; 

- JJ.OCTaTO'IHbie )KaponpO'IHOCTb H KOpp03HHHa51 CTOHKOCTb [4,8,9). 
KoHCTPYKUHOHHbie MaTepHaJJbl nocTynalOT JIH6o qepe3 nocTaBKH OT 3aBOJJ.OB

H3roTOBHTeJieH B «CblpOM» Bttne, JIH60 C npensapHTeJibHO MexaHH'leCKH o6pa6o

TaHHOH H 3JieKTpOXHMHlJeCKH OTnOJIHpOBaHHOH nosepxHOCTbIO, 3aIUHIUaeMOH no

JJH3THJJeHOBOH nneHKOH (6yMaroi1), JJH6o B BHJJ.e BaKyyMHbIX neTaneit, paHee 3KC

nnyaTHpOBaBIIIHXC51 B npyrnx BaKYYMHblX CHCTeMax. KoHelJHO, HaH60JibIIIee 

KOJIHtJecrno 3arpH3HeHHH Ha nosepxHocTH H 6onbrnoe KOJIHtJecrno raJOB B HX 

061>eMe, nonaAaIOIUHX Tyna npH nnasKe, npeccosaHHH, TepMH'leCKOM OT)l(Hre H 

T.JJ.., HMelOT KOHCTpyKUHOHHble MaTepHaJJbl B COCT05IHHH IlOCTaBKH [8]. 
llJI51 yMeHbIIIeHH51 ra300TJJ.eJieHH51 B BaKYYM nyqwe BCero npHMeHHTb KOHCT

PYKUHOHHble MeTaJIJJbl H cnnaBbl BaKYYMHOro, JJ.BOHHOro BaKYYMHOro nepenJJaBOB 

JJH6o nonyqennh1e MeTOJJ.OM 3JJeKTpownaKosoro nepennasa [ 4,8,9]. 
Oco6enno 6oJJbWOe 3Ha'leHHe 60JibWHHCTBO aMepHKaHCKHX BaKyyMHhIX q>HpM 

(VARIAN, Nor-Cal H np.) npHJJ.aIOT sonpocy BaKyyMHOH nnoTHOCTH KOHCTpyK

UHOHHbIX MaTepHaJJOB cpnaHueB AJI51 BaKyyMHhIX JJ.eTaJJeH BhICOKOBaKyyMHhIX (BB) 

H CBepXBhlCOKOBaKYYMHblX (CBB) ycTaHOBOK. TaK, Bee q>JJaHUhl C BHeWHHM JJ.Ha

MeTpOM JJ.O - 4 JJ.IOHMOB H MeHbWe H3fOTaBJIHBalOTC51 H3 Hep)KaBelOIUeH CTaJJH cne

UHaJJbHO o6pa6oTaHHOro npYTKOBOro npoKaTa, a q>JJaHUhl 60JJbWero JJ.HaMeTpa H3-

roTaBJJHBalOTC51 H3 CTaJJH, cneUHaJJhHM npoKaTKa KOTOpOH OCYIUeCTBJJ5IeTC51 B ro

p51'1eM COCT05IHHH B 2-x 'B3aHMHO nepneHJJ.HKYJJ5IpHblX HanpaBJJeHH5IX, 'IT06b1 

pa3pywHTb H nepeopHeHTHpOBaTb BHYTpeHHHe MHKpOKaHaJJhl ra3oHaTeKaHH51 H 

CHH3HTh JJ.O MHHHMyMa BeJIH'IHHY ra30Bb[JJ.eJJeHH51 03 HHX B BaKyyM [4,9,10]. 
OcHOBHhle KOHCTpyKUHOHHhie MaTepHaJJhl JJ.eTaneit CBB-TpaKTOB q>H3HlJeCKHX 

ycTaHOBOK - 3TO aycTeHHTOBble Hep)KaBelOIUHe CTaJJH, aJJIOMHHHH H ero cnJJaBhl, 

MeJJ.h H ee cnnaBbl, THTaH, MOJIH6JJ.eH, BOJibq>paM, pa3noo6pa3Ha51 BaKYYMHOilJIOTHa51 

KepaMHKa H CTeKJJa [5,8,9, 11 ]. 
Tenepb nepeitJJ.eM K Bonpocy O BhI6ope onTHMaJJbHOH TeXHOJJOrHH OlJHCTKH H 

o6pa60TKH MeTaJJJJHlJeCKHX JJ.eTaJJeH BaKyyMHhlX TpaKTOB BhICOKO- H CBepXBhICOKO

. BaKYYMHblX q>H3HlJeCKHX ycTaHOBOK, anp0opno nonara51, '!TO KOHCTpyKUHOHHbie 

6 

• 

4 

y 

k, 

~ 

MaTepHaJJbl HX 6hlJIH BhI6paHbl rpaMOTHO, HCXOJJ.51 H3 KOHelJHOro Ha3HatJeHH51 q>H-

3HlJeCKOH YCTaHOBKH H pe)KHMOB ee pa60Tbl. 

OcuoBHhIM Tpe6osaHHeM, npeJJ.1>HBJIHeMhIM TexHHKOH BB H CBB K o6pa6oTKe 

BHYTpeHHHX nosepxHOCTeH BaKyyMHhIX CHCTeM, 5IBJJ5leTC51 BbICOKa51 CTenenb lJH

CTOTbl nosepxHOCTH. KpoMe 3TOro Tpe6osaHH51 JJ.eTaJJH BaKyyMHOfO TpaKTa JJ.OJJ)K

Hhl HMeTb: 

a) «rJJMKyIO» nosepXHOCTh, 06ecnetJHBa10IUYIO 3Ha'IHTeJJhHOe yMeHbWeHHe 

K03q>q>HUHeHTa TpeHH51, T.e. 3HalJHTeJJhHOe yseJJH'leHHe npoBOJJ.HMOCTH BaKyyMHOH 

CHCTeMhl H CKOpOCTH ee OTKa'IKH, a TaK)Ke 3aTpyJJ.H5IIOIUYIO MCOp6UHIO Ha Hett 

paJJJH'IHhIX raJOB 0 napoB [4,7]; 
6) KOHCTpyKUHIO, nonycKalOIUYIO 3cpcpeKTHBHYIO O'IHCTKY nosepXHOCTH OT 3a

Ip513HeHHH. 

4. OEIUHE TTPABHJ1A TEXHOJ10IBH OYHCTKH 

1. Ha KOHelJHOH onepawm O'IHCTKH JJ.OJl)KHO 6hITh npoH3BeJJ.eHO npaKTH'!eCKH 

nOJIHOe ynaneHHe Bcex BHJJ.OB 3arp513HeHHH C BHYTpeHHHX nosepxHOCTeH JJ.eTaneit 

BaKYYMHOro TpaKTa. 

2. OnepauHH OlJHCTKll JJ.OJl)l(Hbl 5IBJl51Th co6oit P5IJJ. nocJJeJJ.OBaTeJJbHblX one

paUHH, Ka)KJl.aH H3 KOTOpbIX JJ.OJJ)l(Ha YJJ.aJJ51Th OJJ.HH HJIH HeCKOJlbKO BttnOB 3arp513-

HeHHH. 

3. llnH XHMHtJecKoit O'IHCTKH H~Ho np0Mel151Th semecrna, npOJJ.YKTbI B3aHMO

JJ.eitcTBH51 KOTOpblX C nosepXHOCThlO JJ.eTaneit MOJYf 6hITb nerKO ynaneHbl noCJieJJ.y

IOIUeH o6pa6oTKOH. 

4. Ancop60poBaHHbie MOHOCJIOH COJieBhlX H OCTaTKOB KHCJIOTHhlX 3arp.S13He

HHH B npouecce O'IHCTKH uenecoo6pa3HO npOBOJJ.HTh Bh!MbIBaHHeM BOJJ.OH. TToc

JieJJ.HHe npOMhlBKH nocne onepaUHH O'IHCTKH npoH3BOJJ.HTh JJ.eHOHH3HpOBaHHOH 

(JJ.HCTHJJJJHpOBaHHOH) BOJJ.OH C KOHTpOJJeM ee conpoTHBJJeHH51, KOTOpoe AJI51 noc-

JieJJ.HeH npOMhIBKH JJ.OJI)KHO 6bITh ~ 1-10-6 OMlcM [l,3,11]. 
5. Heo6xonm.iyIO onepaUHIO o6e3)1(HpHBaHH51, KaK noKa3bIBaeT aMepHKaHCKHH 

OilhIT, peKOMeHnyeTC51 npOH3BOJJ.HTh JJH6o C HCilOJib30BaHHeM 3KOJJOrHtJeCKH lJH

CThlX opraHH'leCKHX pacrnopHTeJieH HOBOro IlOKOJieHH51 -1-1-1 TpHXJIOp3TaHa, Ha

npHMep (BMecTO TpHxnop3THJJeHa, TeTpaxnop3THJieHa H np.), n060 B pacrnopax 

cneuHaJJbHhIX neTepreHTOB-pacrnopHTeJieH MaCJJ51HblX H )l(HpOBhIX 3arp513HeHHH 

[8, 11 ]. OcHOBHOe OTJJH'!He TpHXJJOp3TaHa OT TpHXJJOp3THJieHa COCTOHT B TOM, '!TO 

OH H JJ.pyrne pacrnopHTeJJH 3TOro pMa (JJ.HXJJOp-, TeTpaxnop3TaH) 5IBJl5IIOTC}l xnop

npOH3BOJJ.HhIMH npeJJ.eJJbHoro yrnesonopona 3TaHa (H3C - CH3), B MOJJeKyne Ko-

Toporo o6a aToMa -C- coeJJ.HHeHhI npocTOH OJJ.HHapHoit CB513hl0 -C-C- c JJ.OCTa

TO'IHO 6oJihWOH 3HeprHeH CB513H, 06ecnetJHBa101UeH MOJieKyne npO'IHOCTb, T.e. npH 

HCil0Jlh30BaHHH TpHXJIOp3TaHa OH He paJJJaraeTC51, BhIJJ.eJJ5151 5IJJ.OBHThle COCTaBJI51-

IOIUHe, H noTOMY 3KOJIOrHtJeCKH lJHCt. 
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B npOTIIBOilOJIO)KHOCTb eMy TPIIXJiop:nIIJieH II TeTpaXJiop3THITeH .SIBJI.SIIOTC.SI 

XJiopnpoIIJBOJJ:HbIMII Henpe,neJibHoro yrneBo,nopo.na 3TIIJieHa (H
2

C = CH
3

) c ,nBoii-

HOH CB.Sl3bl0 Me)KJJ:y aTOMaMII yrnepo.na, Ha pa3pbIB KOTOpoii H~HO JaTpaTIITb 

3Ha1mTeJibHO MeHbIIIe 3HeprnII, T.e. IIX MOJieKyJibl fie.nocTaTOlJHO ycTOHlJIIBbl II npII 

pa6oTe c HIIMII paJJiaralOTC.SI, oco6eHHO npII HarpeBaHIIII B npIICYTCTBIIH napoB 

BOJJ:bl, BbI,neJI.SI.SI MOBIITbIH ra3 - <pOCTreH [1, 11, 12]. 
6. PeKOMeHJJ:OBaBineec.si paHee OilOJiaCKIIBaHIIe .nernneii BaKYYMHOro TpaKTa B 

aneToHe [1,2] no .naHHblM [ 11] JJ:OJI)KHO 6bITb nOJIHOCTblO IICKJIIOlJeHO, T.K. OCTaTKII 

aneTOHa II ero COCTaBJI.SIIOIUIIX npaKTIItJeCKII HeB03MO)KH0 YJJ:aJIIITb co CTeHOK BaKy

YMHOH CIICTeMbl, II Il03TOMY .nonycTIIMO TOJibKO onoJiaCKIIBaHIIe BHYTpeHHHX no

BepXHOCTeii XIIMIItJeCKII lJIICTbIMII cnIIpTaMII: 3TIIJIOBbIM, MeTIIJIOBbIM II II30nponII

JIOBbIM. 

7. B aMepIIKaHCKIIX II 3ana,nHOeBponeiicKIIX TeXHOJIOflI.SIX OlJIICTKII [11] co

BepIIIeHHO OTCYTCTByeT onepaqUJI npomupKU oemMeu mKallblO, .na)Ke 6e3B0pCHOH, 

tJTO .nonycKaeT aBTop [8], II 06.siJaTeJibHO co6mo.naeTc.si npIIHUIIn npose.neHH.H 

npe.nBapIITeJibHOH MexaHIItJeCKOH OlJHCTKH nepe.n OlJHCTKOH B )KIIJJ:KOCTH. 

IlpII BbinOJIHeHIIII onepauIIii OtJHCTKII ,neTaneii, a TaK)Ke nocne Hee, npH noc

ne.ny10mIIx c6opKe, TpaHcnopTIIpOBKe II xpaHeHIIII JJ:OJI)KHbl co6JIIOJJ:aTbC.SI npaBIIJia 

BaKYYMHOH rIIrIIeHbl, IICKJIIOtJalOmIIe 3arp.S13HeHIIe OlJIIIUeHHbIX .neTaJieii. 3TII )Ke 

npaBIIJia npe,n'b.SIBJI.SIIOT CBOII IlOBbIIIIeHHbie Tpe6oBaHII.SI . II. K lJIICTOTe paGOtJIIX II 

c6opotJHbIX MeCT, II noMe.meHIIH [ 1,8]. A Heco6JI10,neHIIe XOT.SI 6bl OJJ:HOfO II3 HIIX 

MO)KeT CBeCTII Ha HeT BCIO npomBe,neHHYIO pa6oTy no JJ:OCTII)KeHIIIO Tpe6yeMoro 

pa6otJero BaKYYMa [8]. 
Heco6n10,neHIIe peKOMeH,nyeMbIX onepauIIii OlJIICTKII c.nenaeT BpeM.SI JJ:OCTII)Ke

HII.SI Tpe6yeMoro BaKyyMa B BB-cIICTeMax ycKOpIITeJieii OtJeHb 60JibIIIIIM, a .I(JI.SI 

CBB-cIIcTeM Tpe6yeMbIH BaKYYM Boo6me MO)KeT 6b1Tb He .nocTIImYT B o6o3pIIMOM. 

BpeMeHII [81. 

5. OlJl1CTKA .UETAJIEH BAKYYMHoro TPAKTA 

113 HEP)K.ABEIOlllEH CT AJil1 ,UJI51 CBEPXBhICOKoro BAKYYMA 

(CBB =UHV) 

KaK ~e rOBOpIIJIOCb BbIIIIe, ueJib OlJIICTKII - · 3TO JJ:OCTII)KeHIIe npe.neJibHO 

HII3KOro faJOOT,neJieHII.SI, 3aBIIC.SIIUero, KpoMe HaJIIIlJII.SI OCTaTKOB 3arp.S13HeHIIH, OT 

<pII3IIKO-XIIMIItJeCKOro COCTO.SIHII.SI IlOBepxHOCTII, T.e. ee KOH,nIIQIIOHIIpoBaHII.SI. 

XopOIIIO npo.nYMaHHa.SI II nocTpOeHHa.SI TeXHOJIOrII.SI OlJIICTKII y.nan.sieT IICTOlJ

HIIKII ra300T,neJieHII.SI II npOII3BOJJ:IIT KOHJJ:IIQIIOHIIpOBaHIIe noBepXHOCTII [ 11]. 

5.1. MexaHIItJeCKa.SI OlJIICTKa .neTaneii II3 Hep)KaBeIOmeii CTaJIII 

B 3aBIICIIMOCTII OT COCTO.SIHII.SI IICXOJJ:HOrO MaTepIIana, II3 KOTOporo 6y.nYT H3ro

TOBJieHbl .neTaJIII BaKYYMHOro TpaKTa, - 6y,neT JIH 3Ta CTaJib B COCTO.SIHIIII nocTaBKII 
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IIJIH )Ke 3TO 6y.neT 3apaHee OlJHIUeHHa.SI H noJIIIpOBaHHa.SI Hep)KaBelOIUa.SI CTaJib, Ba

KyyMHbie ,neTaJIH II3 KOTopoii H3fOTaBJIHBalOT q>HpMa VARIAN, EpyKxeBeHcKa.si 

HaUIIOHaJibHa.SI Jia6opaTOpH.S1 H na6opaTOpHH HeKOTOpblX poccIIHCKHX qJH3HtJeCKIIX 

IIHCTIITYTOB - II peKOMeHJJ:YIOTC.SI onpep.eJieHHble onepaUHH npe.nBapHTeJibHOH 

OlJHCTKH. MeTaJIJI B COCTO.SIHHH nocTaBKH JiytJIIIe 6paTb co 3HatJeHH.SIMH IIIepoxoBa

TOCTH noBepXHOCTH Rz = 1,25 ... 20 MKM HJIH JJ:OBOJJ:HTb ee pa3JIHlJHblMH MeTo.naMH 

3atJHCTKH .no 3TOro 3HatJeHH.SI (fOCT 2789-73 «illepoxoBaTOCTb noBepXHOCTH») 

[8]. 
CTaJib B COCTO.SIHHH nocTaBKH co.nep)KHT Ha CBoeii nosepxHOCTH Bee Te OtJeHb 

rpy6b1e 3arp.S13He1m.si, 0 KOTOpblX fOBOpHJIOCb paHee. 11 no3TOMY I onepauuJI co

CTOHT B y.naneHHH HX (no aMepHKaHCKHM .naHHblM [ 4, 11]) JIH60 necKOCTpyeHHeM, 

JIH60 06.nupKOH cneQHaJibHOH meTKOH H3 11ep)KaBe10mei1 CTaJIH, JIH6o 06.nHpKOH 

11a cneQHaJibllOM noJIHpOBOlJIIOM Kpyry 6e3 npm,1eHe1m.si BC.SIKOH nomlpOBaJibHOH 

nacTbI (q>HpMhI Nor-Cal, Westinghouse Savanna River Company, Quantum Me

chanics Corp.), lJTO anpuopHO HCKJIIOtJaeT BHeCeHHe .nonOJIHHTeJibHblX, Tpy.ntto

y.nan.sieMhlX 3arp.S13HeHHH. 

IlpHBOJJ:HMbie UeiiTJIHHhIM 11 .np. [8] cnoco6b1 y.naneHH.H otJeHb rpy6b1x 3arp.si3-

11eHHii nosepxHOCTII 06.nIIpl<,OH C npIIMeHeHIIeM noJIIIpOBaJibHblX II IIIJIII(pOBaJih

HblX nacT C noCJie,nylOIUHM IIX y.nane11IIeM JIII6o npOMblBKOH B TPIIXJI0p3TIIJieHe, 

JIII60 npOMbIBKOH B pacrnopax MOIOILIIIX cpe.ncTB He COOTBeTCTByeT Tpe6oBaHII.SIM 

COBpeMeHHblX BblCOKIIX TeXHOJIOrIIH, nocKOJibKY caMa onepaUH.SI BHOCHT He.nony

CTIIMble 3TOH TeXHOJiomeii 3arp.S13HeHH.SI. 

IloCJie y.naneHH.SI CaMblX rpy6bIX 3arp.S13HeHHH peKOMeH,nyeTC.SI CH.SITb OCTaB

IIIHHC.SI noBepXHOCTHblH CJIOH Ha rny6u11y 25 MHJI (0,635 MM) rnep,nbIM pe3QOM 

nu6o pe3UOM c BOJJJ:YIIIHbIM oXJia)KJJ:eHHeM (cpupMa QMC), nu6o pe3UOM, oXJia)KJJ:a

eMhIM cneQHaJibHOH CMa30lJHO-OXJia)KJJ:alOll.leH )KHJJ:KOCTblO 6e3 HOHOB -S- I{ .npymx 

Bpe,nHbIX .I(JI.SI BaKyyMa Bemecrn (q>HpMa Nor-Cal) [4,11]. 
3a.Me'lallue. l111cTpyMeHT, HCnOJib3YeMhlH .I(JI.SI 3TOH MexaHHtJeCKOH o6pa60TKH, 

JJ:OJI)KeH 6bJTb 3HatJHTeJihHO rnep)Ke o6pa6aTbJBaeMOfO MeTaJIJia, lJT06bI He pa3Ma-

3bIBaTb MaTepuan pe3ua no noBepXHOCTH MeTaJIJia, I{ 6b1Tb OCTpblM, lJT06hI 

HCKJIIOlJHTb o6pa30BaHHe Ha noBepXHOCTH CKJIMOK C KapMaHaMH, r.ne MOryT OCTa

BaTbC.SI TBep,nbie 3arp.S13HeHH.SI [28]. 
Ilpu 3TOH onepanHH YJJ:aJI.SIIOTC.SI TOJICTble OKCHJJ:Hble, cyJih(plfJJ:llhle, IIHTpHJJ:Hbie 

I{ .npyme CJIOH XHMHtJeCKHX coe.nutteHHH co BCeMH HaXOJJ:.SIIUHMHC.SI HM HHMH a.n
cop611poBaHHblMH H MeXaHHtJeCKH 3aXBatJeHHblMH CJIO.SIMH, T.e. OCHOBHOH MaCCOH 

3arµ.H3He11uii (cM. puc. l ). 
IlpOCTO MexaHHtJeCKH o6pa60TaHHa.SI noBepXHOCTb co.nep)KHT 11a ce6e 3HatJH

TeJibHO 6oJibIIIe 3arp.si3HeHHH, qeM MexaHHtJeCKH noJIHpOBaHHa.SI noBepxHOCTb HJIH 

noBepxHOCTb, o6pa6oTaHHa.SI aJIMa311blM pe3QOM [13], OtJeBH,nllO, H3-3a pa3HHUbl HX 

reoMeTpHtJeCKHX pa3MepoB. 
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11cnoJibJYeMID! 60JiblllHHCTBOM Jana,QHbIX qmpM o6pa60TKa noBepXHOCTH no

CJie Y.llaJieHml rpy6b1x Jarpl!JHeHHH CTpyeii CTeKJillHHblX lllapHK0B, xopOlllO pHXTY

IOlllIDI, XOHHpy10mrui H noJIHPYJOlllIDI noBepXHOCTb Y.llaJilleT BepxHHH Jarpl!JHeHHblH 

CJIOH, yMeHblllIDI raJOOT,!leJieHne, HO no,!l ,!leHCTBHeM y.llapa CTpyu lllapHKOB noBep

XHOCTb Te'leT H JaKpbrnaeT Jarpl!JHeHHll B MeJIKHX TpemnHax H no rpaHHUaM JepeH 

[14). CJie,!lOBaTeJibHO, nepe,!l npoBe,!leHHeM 3TOH onepauuu HY:lKHO npoHJBO,!lHTb 

TlllaTeJibHYIO O'IHCTKY noBepXHOCTH OT :lKHp0BblX H HeopraHH'leCKHX JarpllJHeHHH. 

5.2. XI1MWIECKMI OlJI1CTKA .UETAJIEM 

113 HEP)KABEIOW.Ett CT AJII1 

nocJie BblllleyKaJaHHblX MexaHH'leCKHX o6pa60TOK ,!leTaJieii Ha HX noBepXHO

CTllX HaXO,!lllTCll nneHKH opraHH'-!eCKHX " .llpymx Jarpl!JHeHHH, BHOBb o6paJOBaB

lllHXCll, HO JHa'IHTeJibHO 6onee TOHKHe, 'leM paHee Y.llaJieHHbie, HJ-Ja paJJIH'IHblX 

MeCTHblX nporpeBOB " raJbl, MCOp6upoBaHHble HJ OKpy:lKa10meii aTMOCcpepbi B MO

MeHT pa60Tbl C ,!leTaJillMH. Ka)K,!lall cpHpMa, BhmycKa10mrui BaKYYMHOe o6opy,!lo

BaHHe, HMeeT CBOIO CHCTeMy O'IHCTOK. Bb16epeM onTHMaJibHble u npneMJieMble ,!lJlll 

Hae npoue.llypbl C Y4eTOM yMeHhllleHHOro OTpuuaTeJibHOro 3KOJIOrH'leCKOro BOJ

,!leHCTBml. 

Onepauu.11 II 
XUMU 1teCKaJ! O'lUCmKa o6bi'IHO Ha'IHHaeTCll c o6eJ:lKHpHBaHHll (y,!laJieHHll op

raHH'leCKHX coe,!lHHeHuii) JIH6o nocJie,!lOBaTeJibHblM OKyHaHHeM ,!leTaJIH B CHCTeMy 

BaHH C ropll'IHM TpHXJIOp3TaHOM (TpHXJIOp3THJieH He :lKeJiaTeJieH), JIH60 B napax 

TpHXJIOp3TaHa B Te'leHne 5 MHH C noCJie,!ly10meii npOMblBKOH B ropl!'leii ,!leHO

HHJHpOBaHHOH BO.Ile u cylllKOH (BNL) [15). 

A.n.bmep1wmu,moe 06e1)Kupu«aHue - Mb!Tbe B ropl!'leM (t = - 70°C) pacrnope 

meno'IHOro ,!leTepreuTa (Tuna aMepnKaHcKoro Alconox), Y.llaJillIOlllero Macna u op

raHn'lecKne JarpllJHeHHll B YJibTpaJBYKOBOH BaI!He, C nocJie,!lYJOlllHMH npOMblBKm,m 

B XOJIO,!lHOH BO,!lOilpOBO,!lHOH BO.Ile, ropll'leii ,!leHOHHJOBaHHOH BO,!le H CYlllKOH. 

CylllKa noBepXHOCTH npOH3BO,!lHTCll JIH6o IlO,!l HHcppaKpaCHblMH JiaMnaMH B 

cneUHaJibHOM 6ecnhIJieBOM lllKacpy, JIH6o B IlOTOKe 'IHCTOro ropl!'lero BOJ,!lyxa 

(npOMbilllJleHHbIM cpeHOM). no ,!laHHblM [ 1,3,8, 11] o6pa6oTKa ,!leTaneii HJ Hep)l(aBe-

10meii CTaJIH no 3THM .llBYM onepaUHllM npHB0,!lHT K CHH:lKeHHIO raJ0OT,!leJieHml C 

noBepXHOCTH Ha ueJibIH nopll,!lOK, u OHO 6y.lleT HMeTb JHa'leHHe -2· 10-6 + 

0-6 3 / 2 +l M ·TTa (M ·C). 

3TH ,!lBe onepauuu cocraBJill.IOT TaK HaJhrnaeMhiii zeHepll.llbHbtii npoqecc npeo
«apumeJlbHoii O'lUCmKU u ,!lJlll HJrDTaBJIHBaeMbIX ,!leTaneii, KOTOpbie 6y.llyr HCilOJlb-

J0BaTbCll B CHCTeMax ,!lJlll ,!lOCTH:lKeHHll BaKyyMa 10-
1 

na (7,5·10-4 Topp), COCTaBJill

lOT ,!lOCTaTO'IHblH UHKJI O'IHCTKH [ 11]. 

3aMe'laHue. KaK noKaJaJIH uccne,!loBaHHll [13), npoBe,!leHHbie Brookhaven 

National Laboratory (BNL), o6eJ:lKnpnBaHne ,!leTaneii HJ Hep:lKaBe10meii CTaJIH B 
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YJibTpaJBYKOBOH BaHHe B opraHH'leCKHX paCTB0pHTeJil!X coxpaHlleT Ha HUX nOBbl

llleHH0e CO,!lep)l(aHne yrneBO,!lOp0,!lHblX JarpllJHeHHH, 'ITO ofullCHlllOT TeM, 'ITO Ka

BHTaUHll, HMe10mrui MeCTO npu YJibTpa3ByKOBOM BOJ,!leHCTBHH, cnoco6crnyeT BOJ

HHKHOBeHHIO CBllJH yrneBO,!l0pO,!lOB HJ opraHH'leCKHX pacrnopnTeJieii C noBepXHO

CTblO Hep)l(aBe10meii CTaJIH. 

Onepauu.11 III 
BaKyyMHbie ,!leTaJIH, o6pa6oTaHHbie Ha onepaUHllX I u II, ,!laJibUie npOXO,!lllT 

O'IHCTKY B YJibTpaJByKOBoii BaHHe, B me.rro'IHOM pacrnope HIIAB (.lleTepreHTa -

HeUOHOUHHOZO, CUHmemu'leCKOZO no«epxHocmHO-aKmU«HOZO .MOIOIJ,leZo «eU,1ecm«a) 

c ueJibIO IlOJIHOro o6eJ:lKHpHBaHHll u O,!lHOBpeMeHHOro 'laCTH'IH0ro Y.llaJieHHll Heop

raHH'leCKHX JarpllJHeHHH. 

Ilo pyccKoii peuemype cocTaB Mo10mero pacrnopa 10 r/n N~CO3 + 
+ 3 r/JI OTT-7 (HJIH -10) s ,!lHCTHJIJIHpOBaHHOH BO,!le npu t = 60+70°C u t = IO MHH. 

3TO COOTHOUieHHe KOMnOHeHTOB MOIOlllero pacrnopa cnpaBe,!lJIHBO TOJI~KO ,!lJlll 
I 

CJIY4ID1 ucnoJihJOBaHHll HTTAB rnna OTI-7(-10). · 

OnTHMaJihHIDI TeMnepaTypa pacrnopa, ero nepeMeUIHBaHne u oco6eHHO B0J

.lleiicrnue YJibTpaJByKOBblX KOJie6aHHH HHTeHcncpm:~upy10T npoueCCbl, HMe10mue 

MecTo npu O'IHCTKe B meno'IHhIX pacrnopax HTIAB: 

- YBeJIH'IHBaIOT CKOpOCTb ,!lHcpcpyJHH O'IHlllaIOmero pacrnopa K nosepXHOCTH 

MeTanna; 

- xopoUIO CMa'IHBaIOT ee; 

- .llttcnepmpyll u 3MYJihmpyll JarpllJHeHHll, Y.llaJillIOT ux c nosepxHOCTH ,!leTa-

neii; 
- HTTAB nerKo CMbrnaeTcll BO.llOH, He BbIJblBIDI KoppoJHH O'IHlllaIOmero Me-

TaJIJia u MaTepuana BaHHhI [1]. 
3Ty OnepauHIO 'lame npH t = 60°C HJIH npu t = 66 + 77°C B Te'leHHe 10 + 

+ 20 MHH npoBO,!lllT BCe Be,!lymue Jana.QHbie BaKYYMHbie cpupMbl tt KpynHbie cpu

JH'leCKHe ueHTpbl C KOHTPOJieM -pH-, KOTOpbIH ,!lOJI)l(eH Jie)l(aTb B npe,!lenax JHa

'leHHH_ pH= 9, 7+ 11 [11). 
3aTeM npoHJB0,!lHTCll TlllaTeJibHOe CMbIBaHne OCTaTKOB HTIAB u meJIO'IHOro 

pacrnopa: CHa'laJia npoTO'IHOH BO,!lOH, JaTeM ,!lHCTHJIJIHpOBaHHOH JIH6o ,!leHOHHJO

BaHHOii BO,!lOH. IlocJie,!lHee CMbIBaHHe peKOMeH,!lyeTCll npOHJBO,!lHTb ropll'leii ,!lH

CTHJIJIHp0B8HHOH BO,!lOH JIH6o KHnll'leHHeM B CBe)l(eH ,!lHCTHJIJIHpOBaHHOH BO,!le B 

Te'leHne 30 MHH [11,16). 

IloCJie np0MbIBKH cyUIKa npOHJBO,!lHTCll, KaK u B onepauuu II. O6pa6oTKa 

,!leTaJieii BaKYYMHOro TpaKTa no 3TOH onepauuu npHBO,!lHT K CHH)l(eHHIO raJOOT,!le

JieHHll, no Kpaiiueii Mepe, ua nonnopll.llKa [1,6). 

B pa6oTe [ 17) c noMOlllblO O:lKe-cneKTp0CKOnHH nOKaJaHO, 'ITO HMeHHO me

JIO'IHOH pacrnop ,!leTepreHra Tuna HTIAB JIY4U1e .llpymx Y.llaJilleT -C- u yrneBO.llO

po.llhI C noBepXHOCTH Hep)l(aBeIOmeii CTaJIH. 
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Tip0B0;1;11Moe ueKOTOphIMH aMepI1KaHCKIIMI1 qmpMaMH (VARIAN, Stanford 

Linear Accelerator Center - SLAC) H peKoMeimyeMoe aBTopaMH [8] XHMHtiecKoe 

TPaBJieHile IlOBepXHOCTII Hep:lKaBeJOmeii cm.rm B paCTBOpe CilnhHhIX KIICnOT 

(HNO
3
, HF) xoporno y.n.am1eT ocTaTKII MaTepI1anoB nonI1poBO'IHhIX KpyroB H )KHp-

HhIX cmByJOIUHX nonilpOBanbHhlX naCT, ecnII OHH IICilOnhJOBanHCh, H .n.pyryJO op

raHHKY B MHKponopax, CHIIMaeT C IlOBepXHOCTH OKCil)J.Hbie, cynh!pH.D.Hbie, HHTpH.D.

Hbie II .n.pyrne nneHKII, HO npII STOM o6ttapyxHBaeTCH He rna.n.KM, a rpy60KpH

CTannI1tieCKM, 3epHI1CTM CTPYKTypa IlOBepXHOCTII, npHBO.D.HIUM K a6cop6UHH 

)J.OCTaTO'IHO 6onhllIOro KOnHtiecrna H2O' CO2 H .n.pyrnx raJOB [1,18]. 11 IlOSTOMY 

::irn npoue.n.ypa ue peKoMett.n.yeTc» B .n.attttoii pa3pa6aThrnaeMoii TexuonornH. 

Cne.n.yJOmeii peKOMett.n.yeMoii IV onepauueii »Bn»eTc» npoBe.n.euwe XHMHtiec

KOro nI160 ::ineKTpOXHMil'leCKOro nonilpOBaHHH. 

TipII npoBe.n.ettHH npouecca nonwpoBattw» ripoIICXO.D.HT 

- y.n.anettile BHOBh o6pa3oBaBlllHXCH OKCH)J.HhIX, HHTPH.D.HhIX, cynhcpH.D.HhIX H 

T.n. nneHOK, noKa eme TOHKIIX; 

- BhlpaBHIIBaHHe IlOBepXHOCTH - y.n.aneHHe HepoBHOCTeii pa3MepOM 

1 - 1,5 MKM. TipII STOM npe)K)J.e Bcero CTpaBnHBaJOTCH MIIKpOCKOilH'leCKHe 

«IlHKH», TOnhKO JaTeM TpeIUIIHhl (npoBanhI) II HaKOHeu, y.n.an»JOTCH MenKHe Ja

yceHl.lhI; 

- npoHCXO)J.HT rn»Hl.leBaHile IlOBepXHOCTII, T .e. ycTpaHeHHe MenKHX lllepoxo-

BaTOCTeii Mettee 1 MKM [1,4,7]. 

flpII 3TOM 

- OCTaeTCH HeIIJMeHHOH KpIICTannH'leCKM CTPYKTypa IlOBepXHOCTH MeTanna; 

- ynYlllllaeTc» ee KoppoJIIHHM crniiKOCTh; 

- yBenH'IHBaeTCH MarHIITHM npOHIIUaeMOCTh; 

- npQHCXO)J.HT npouecChl CHHTIIH CTpecca B MeTanne II naCCIIBHpOBaHile no-

BepXHOCTII. 

3a ClleT C03)1.aJOmeiic» rna.n.Koii IlOBepXHOCTH Ha 90% yMeHblllaeTCH IlOBepXHO

CTHOe TpettHe, 'ITO JHatIIITenhHO YBenH'IHBaeT CKOpOCTh OTKatIKH H npoBO)J.HMOCTh 

CHCTeMbl. Ha nonilpOBaHHOH IlOBepXHOCTH a.n.cop61.1I1» [1,4,7,11,19] paJnH'IHhlX 

raJoB, napoB H Jarp»JHettilii JaTpy.n.tteHa, a HX y.n.anettI1e o6nertietto [1,7]. 

CotieTaHHe BhillleYKaJaHHhIX cnoco6oB MexattHtiec_Kofi o6pa6oTKH H cnoco6oB 

XHMH'leCKOH (sneKTpOXHMil'leCKOH) nonilpOBKH .n.aeT oco6o rna.n.KHe IlOBepxHOCTII, 

w 'IIICTOTa o6pa6oTKII .n.eTanefi BaKYYMHOro TpaKTa yBenil'IIIBaeTCH Ha 2+3 Knacca 

[1,7] .n.o 3HatieHHH Rz = 0,05-0,63 MKM [8]. 

BenH'IHHa :lKe raJ0BhI)J.eneHH» yMeHblllaeTCH Ha uenhIX 2 nop».n.Ka. no .n.aHHhIM 

aBTOpa [15] nocne sneKTp0XHMil'leCKOro nonHp0BaHIIH Otta CHil:lKaeTCH y ttep:lKaBe-

JOIUeii CTanII .n.o JHatieHIIH l,3·10-ll na-M3 /(M2•c). ABTOpbl [8] npIIBO)J.HT .n.aHHbie 

raJ0Bbl)J.eneHIIH Heo6pa6oTaHHOH Hep:lKaBeJOmefi xpOMOHHKeneBOH CTanII aycTe-

HIITHOro mna nocne 10-tiacoBofi OTKatIKII - 2,3· I0-5 M3-Tia/ (M2•c), a nocne ::ineK-
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TpOXHMH'leCKOH nonHpOBKH tiepe3 IO 'lac OTKatIKH - 5,7·10-7 M3-na/(M2•c) 

(nepBH'IHM MexaHH'leCKM o6pa60TKa HeHJBeCTHa). 

113 .D.B)'X cnoco6oB nonHp0BaHHH (xm.mtieCKOro H sneKTpOXHMHlleCKOro) B no

cne.n.ttee BpeMH lllHp0KOe npHMeHeHile Hax.onHT XHMH'leCKOe nonHp0BaHHe, KOTO

poe B OTnHtIHe OT sneKTpOXHMH'leCKOro 

- He Tpe6yeT HCTO'IHHKa IlOCTOHHHOro TOKa H KOIITaKTHhIX ycTpoficTB; 

- Il03B0n»eT nonHpOBaTb neTanH cnO)KHOH cpopMbl H nJ06bIX paJMepoB (6bIJIH 

6h1 TOnhKO COOTBeTCTBYJOIUHe BaHHbI); 

- HMeeT BhICOKYJO npOH3B0.D.HTenhHOCTh npouecca [ 19]. 

MexaHH3Mhl XHMH'leCKOH H ::ineKTpOXHMH'leCKOH nonilpOBOK Mano OTnH'laJOT: 

c» npyr OT .n.pyra. PeuenTypa sneKTpoxHMH'lecKoro nonHpoBaHH» npHBeneua B pa-

6ornx [1,8]. 

K He)J.OCTaTKaM XHMH'leCKOro nonHpOBaHHH OTHOCHTCH 

- OTHOCHTenhHO He6onhlllOH cpoK cny:lK6bI sneKTpOnHTOB; 

- TPY.D.HOCTh HX KOppeKTHpOBKH; 

- JHatIHTenhHoe BhInenettHe arpeccHBHbIX raJoB (SO2, NO2, NO H .n.pyrnx). 

TipaB.n.a, 3TH :lKe raJbl BbI)J.enHJOTCH H npH npOCTOM TpaMeHHH, H npH sneKT

pOXIIMH'leCKOM nonHpOBaHHH. 

PeuenTLI xnMn11ecKoro no.rmponaum1 [1,8) 

Hep:lKaBeJOIUM CTanb (MapKH 

12Xl8H9T, 12Xl7) 

I. y.n.an»eTCH 1-3 MKM 

T = 80-90°C; t = 1-2 MHH 

H
3
PO4 (d= 1,7) - 50 Mn 

H 2SO4 (d= 1,84) - 20 Mn 

HNO3 (d = 1,4) - 20 Mn 

HCI (d= 1,19) - 50 Mn 

H
2
0- 720 Mn 

cpypcpypon - IO Mn 

II. H 2SO4 - 350 - 430 r/n 

HNO3 - 35 - 50 r/n 

HCI - 20 - 40 r/n 

KpaCHTenb opatt:lKeBhlH 2)1( 
T=65-75°C j 

!=2-10 MHH 

Menh (MapKH ME, MB) 

y.n.an»eTCH 7-10 MKM 

T= 18-25°C; t = 3-5 MHH 

HlO4 (d= 1,7) - 550 Mn 

HNO3 (d= 1,4) - 200 Mn 

CH3COOH (d = 1,065) - 250 Mn 

YKCYCHM KHCnOTa 
CH

4
N 2S - 0,2-0,3 r/n 

(THMO'leBHHa) 

THTaH 

HNO3 (d = 1,4) - 400 Mn 

H2SO 4 (d = 1,84) - 400 Mn 

HF (d= 1,15) - 200 Mn 
T=60-63°C 
t= 1-2 MHH 

3aTeM, nocne npoBe)J.eHHH npouenypbl XHMH'leCKOro (sneKTpOXHMH'leCKOro) 

nonHpOBaHHH, npOI13B0)1.HTCH mU1QmeJ1bllOe CMbt8allue OCTaTKOB nonHpyJOmefi CMe

CH: nepBoe HHTeHCIIBHOe CMbIBaHHe - o6bI'IHOH npOTO'IHOH rop»tiefi, IlOTOM XO-
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flOL{HOH BOL{OH no 2+3 MHH, noc,Tie)lylOll.lHe npOMbIBKH - L{HCTHnnHpoaaHHOH ntt6o 

L{eHOHH3HpoaaHHOH BOL{OH, fl)'1Illle ropH'leH, LlO ycTaHOBneHHH B nocneL{HeH npo

MbIBO'lHOH BOLle conpomaneHHH a 1.000.000 OM/CM. Princenton Plasma Physics 

Labor. npOBOLlHT B KOHUe ynbTpa:rnyKOBYIO npOMbIBKY B ropH4eH (-90°C) L{eH0-

HHJHpOBaHHOH BOL{e. 8 O'leHb OTBeTCTBeHHbIX 3KCnepHMeHTaX YLlaJieHHe BOL{bl noc

ne npOMbIBOK C noaepXHOCTH ocymecTBnHeTCH ntt6o norpy)l(eHHeM B aa1111y C HJO

nponHnOBbIM cnHpTOM, nH6o OMOBeHHeM noaepXHOCTH CTpyeii HJOnpona11ona (LllIH 

YLlaJieHHH BOL{bl HJ TpemHH) [11,20]. CyrnKa L{eTaneii nocne npOMbIBKH npoH3-

BOL{HTCH nH6o HHcppanaMnaMH a 6ecnblneBOM lllKacpy, nH6o npOMbilllneHHbIM cpe

HOM B 'IHCTOM noMemeHHH, nH6o 06.LlyBKOH 'lHCTbIMH cyxHMH Nz, Ar [ 11, 19]. 

HeKoTOpb1e cpttpMbI, 11anpHMep Quantum Mechanics Corp., nocne ::ineKTpoxHMH

tJecKoro nonHpoBaHHH H npOCTOH npOMbIBKH B ropH4eH BOL{e npoBOL{HT eme HeHT

panHJaUHIO KHCflOTHbIX OCTaTKOB ynbTpaJBYKOBOH npOMbIBKOH B menO'IHOM 

(pH= 10) pacrnope L{eTepreHTa (60°C H 't = 20 MHH) [11]. 

80JM0)1(110 H HcnonbJOBaHHe HMnynbCHO-nnaJMeHHOro nonHpoaaHHH, HO OHO 

O'lellb 3HeproeMKO H nOJBOnHeT noKa nonHpoBaTb L{eTanH TOflbKO MaJieHbKOro pa3-

Mepa, T.K. pa604He o6'beMbl cymeCTBYIOillHX ycTaHOBOK MaJibl. no L{aHHbIM aBTOpOB 

[8] ::ineKTpOXHMnOnHpOBKa CHH)l(aeT BenH'IHHY raJOOTL{eneHHH Ha 1+2 nopHL{Ka a 

JaBHCHMOCTH OT HCXOL{HOro COCTOHHHH Hep)l(aBe10meii CTaJIH. TaK, Heo6pa6oTaH

HaH CTaJib HMeeT CKOpOCTb y.LleflbHOro raJOOTL{eneHHH nocne OL{HO'laCOBOH OTKatJKH 

-4 3 / Z ) 2,4· 10 M -na (M ·C , a 3Ta )Ke CTaJib nocne ::ineKTpOXHMnOnHpOBKH H OL{HOtJaco-

BOH OTKa'IKH - 5,6-10-6 M3-na/(Mz·C). nocne npoBe)leHHH XHMH'leCKOH HnH 

::ineKTpOXHMH'leCKOH nonHpOBKH HJMeHHeTCH H COCTaB OCTaTO'IHbIX raJOB B BaKy

YMHOH CHCTeMe [8]. 

,U.rrn BaKYYMHblX CHCTeM C npe)leflbHbIM pa604HM BaKyyMOM B l · l 0-S na H Bbl

llle L{eTaJIH ycKOpHTenbHOro TpaKTa nocne onepaUHH o6eJ)l(HpHBaHHH (II), ynbTpa3-

ByKOBOH o6pa60TKH B meno'IHOM pacrnope L{eTepreHTa (III) H XHMH'leCKOro (::ineK

TpOXHMH'leCKOro) nonHpOBaHHH C npOMbIBKOH H CYlllKOH (IV) coaeprneHHO npH

rDL{Hbl Ll,TlH COJL{aHHH Tpe6yeMoro BaKyyMa. 

,U,TIHHHbie Tpy6onpOBOL{bl 11e6onblllOro L{HaMeTpa, Ll,TlH KOTOpbIX HeBOJMO)l(llbl 

onttcaHHbie BbIrne MexaHH'lecKaH H XHMH'leCKaH o6pa6oTKH BHyrpeHHHX noaepx-

11ocTeii, peKOMeHL{yeTCH o6pa6aTbIBaTb no CaMOH nOL{XOL{Hll.leH cxeMe npoue.Llyp OT 

cp11pMbI VARIAN: nocne o6eJ)l(HpHBaHHH a ropHtJeM Tpttxnop::irn11e (Tpttxnop::im

ne11e) H npOMbIBOK BOL{OH 11eo6XOL{HMa npOMbIBKa B pacrnope HnBA (npH t- 90°C 

H 't = 5 MHH) c nocne)lylOll.leH npOMbIBKOH, JaTeM TpaaneHHe a CMeCH KHCflOT 

33% HNO3 + 33% HF+ 33% HzO (no o6neMy) B Te'leHHe HecKonbKHX MHHYT LlO 

YLlaJieHHH cnoH noaepXHOCTHblX JarpHJHeHHH. nocne TpaaneHHH - Tll.laTenbHaH 

npOMbIBKa BOL{OH: ropH4eH, xonOL{HOH npOTO'IHOH, ropH4eH L{eHOHHJHpOBaHHOH, 

xonOL{HOH L{eHOHHJHpOBaHHOH C nocne)lylOll.leH cyrnKOH ropH'lHM BOJL{yxOM [11]. 
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HeKomopbte 3a.Me'la1ttu1 no npo!Jeccy XUMU'lecKozo 

( 3JleKmpOXUMU'leCKOZO) noJ1upoBa1ltU1 

CneuHanbHO nocTaaneHHbie OnblTbl [13] c npHMeHeHHeM O)l(e-cneKTpOCKOnHH 

noKaJaJIH, 'ITO XHMH'leCKOe (3neKTpOXHMH4eCKOe) nonHpOBaHHe COJL{aeT caMylO 

rnaL{KYfO H 'IHCTYIO noaepXHOCTb HJ acex Llpyrnx cymeCTBYfOillHX MeTOL{OB O'JHCTKH 

H 'ITO HMeHHO BenH'IHHa noaepxHOCTH H ee COCTOHHHe HBnSIIOTCH onpe)lenHIOll.lHMH 

Ll,TlH BenH'IHHbl raJOOTL{eneHHH. 

no cymecrnywmeMy LlO HaCTOHll.lero apeMeHH MHeHHIO, npu XHMH'leCKOM 

(3neKTpOXHMH4eCKOM) nonupoaa11uu ll o6pa6oTKe KHCflOTaMH (HF, 10+30% 

HNO3) noaepXHOCTb 11ep)l(aBe10ll.leH CTaJIH o6eL{HHeTCSI )KeneJOM [4,5,22] H. 060-

ramaeTCH xpoMoM (-Cr-), a npunoaepxHOCTHbiii cnoii o6oramaeTCH HHKeneM 

(-Ni-) [21]. 

BOJL{eiicrnue Ha noaepxHOCTb cyxnM tJHCTbIM Oz, Kucno-roii HNO3 naccuau-

pyeT ee, Be)leT K 06paJOBa11mo Ha Hett CflOH OKCHL{a Cr, 06na)la10ll.lero HHJKOH 

ynpyrOCTblO napa. 3TOT naCCHBHpoaaHHblH cnoii, COJL{aHHblH cyxHM Oz, COL{ep)l(HT 

MeHbllle acero anartt; 11a nopHLlOK 6onhrne anarH a cnoe, coJL{a11110M XHMnonH

poaa11HeM, a a cnoe, coJL{a11110M o6pa6oTKoii HNO
3
, ee B 20 pa3 6onbrne [11]. 

OL{HaKO a 1993 r. Tsukui [ 18] co CBOHMH KonneraMH, H3)'1IaH COCTaB noaepxHOCTH 

11ep)l(aBe10meii cTanH nocne XHM(::ineKTpo)nonnpoBKH H OT)l(Hra B aaKYYMe LlO 

t = 1000°C, c noMOll.lblO MHKpoa11anma a ::ineKTpOHHOH npo6e (EPMA) H c no

MOll.lblO ::ineKTpOHHOH O)Ke-cneKTpOCKOnHH (AES) noKaJanH HaJIH'lHe !la nonH

poaa1111oii noaepXHOCTH TOHKOro cnoH OKCHL{a -Fe- TOflll.lllHOH B 1,4 MKM, a Ll,TlH 

OTO)l()KeHHOro o6paJua OH 6bm TOHbllle ll COCTaBnHn 0,8 MKM. Oun yraep)l(L{aIOT, 

'JTO pa11ee HL{eHTllqJHUHpOBaHHblH cnoii. OKCHL{a -Cr- eCTb Ha caMOM cnoe FeC3, 

T.K. Fe xopOlllllH OKHCflHTenb ll npeKpac110 pearnpyeT C 6onblllllM KOflH'JeCTBOM 

aTOMOB yrnepo)la HJ KJiacTepoa -C-, pacnono)l(eHHbIX no rpa11uuaM Jepe11 Kpn

cTannoa [18]. 

Cne)ly10meii peKoMeHL{yeMOH onepauueii, V onepauueii, HBnHeTcH MOHTa)I( 

O'lHll.laeMbIX BaKyyMHbIX L{eTaneii Ha Tex11onorn4ecKy10, BbICOKOBaKYYMHYIO, 6eJ

MaCnHHYIO CHCTeMy, r,[le noMHMO OTKa'lKll L{On)l(e!I 6bJTb npottJBe)leH KOHTpOnb Ka- _ 

tJeCTBa caapHbIX lllBOB c o6HJaTenbHblM ucnonbJOBaHHeM Macc-cneKTpOMeTpa. 3TO 

TaK HaJbIBaeMoe TeCTHpoaaHHe L{eTaneii nepe)l HX MOHTa)l(OM B BaKyyMHYIO CllCTe

MY ycKOpHTenH. 

nocne npoBe)leHHbIX BbillleilepetJucneHHblX O'IHCTOK noaepxiIOCTH L{eTaneii HJ 

Hep)l(aBeIOmeii CTaJIH ll npoBe)leHHH HX TeCTHpOBaHHH 11a Tex11onorn'leCKOH yc

TaHOBKe 3TH L{eTanH npaKTH'leCKll roTOBbl Ll,TlH BblCOKOBaKYYMHOro npnMeHeHHH ll 

HeKOTOpblX CBepXBbICOKOBaKyYMHblX npnMe11e11uii. OL{HaKO B cneKTpe OCTa

TO'lllbIX raJOB COL{ep)KaHne Hz 6y)leT COCTaBnHTb ~ 95% ll HMeTb JHatJe11ue . 

10-11 TOpp·n/(cMZ·C), T.e. MO)KeT 6bITb L{OCTHIBYT npe)lenbHblH BaKYYM 
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- 1-10-9 TOPP [23). TaKOH npe,n:em,HbIH BaKY)'M 6e3 nporpeBa BaKyyMHOH CHCTeMhI 

nocne OTKaqKn B TeqeHne HeCKOnbKHX He,!leJib n 6hm nonyqeH npn BBe,!leHHH B 

,n:eiicrnne cnHxpoTpoHa COSY (IOnnx, fepMaHm1), BCe cocrnBm110mne ,n:eTanH Ba

KY)'MHOH CHCTeMbl KOToporo 6hmH o6pa60TaHbl no TeXHOnornH, aHaJIOrH'-IHOH Bbl

rneonncaHHOH, a .n:mI co3,n:aHn.si H)')tmoro BaKY)'Ma ncnonh30BaJIHCb 6e3Macmrnhre 

cpe,n:crna OTKaqKn: ,n:nacpparMeHHbIH Hacoc + MoneKym1pHbIH Hacoc - :no BaKyyM

HbIH arperaT DRYTEL, MamHTHbie ::meKTpopa3p.H,n:Hhie Hacoch1, noHHo-renepHbie 

HaCOCbl n BbICOKOBaKYYMHbie Typ6oMoneKyn.sipHbie HaCOCbl c MarHHTHOH no,n:Be

CKOH poTOpa [24). OcHOBHbIM KOHCTp)'KUHOHHbIM MaTepHaJIOM CHHXpOTpOHa .HM.H

nacb Hep)!caBeIOll{a.H CTaJib, pe30HaTopHbie nonoCTH KOTOporo c,n:enaHbl lf3 lfHKOHe

n.si-952. 

OnepaQHJI VI - BaKY)'MHbIH OT)Irnr ,n:eTaneii BaKY)'MHbIX cncTeM. TTocne no-

nyqeHH.H 6onee Hlf3Knx ,n:aBneHntt P 6 < 1·10-9 TOPP Heo6xo,n:HMO npoBecTH npo-pa. 

rpeB B BaKY)'Me, .HM.HIOll{HHC.H caMbIM pacnpOCTpaHeHHblM MeTO,!lOM 06e3ra)K1IBaHH.H 

JJ,JI.H c03,n:aHn.si CBB. TaKott nporpeB nyqrne npOH3BO,!lHTb B cneuHanhHbIX BaKyyM

HbIX neqax H3 Hep)KaBeIOll{eH CTaJIH Ha npoMe)K)'TOqHOH TeXHOnorn'-leCKOH BaKyyM

HOH ClfCTeMe H 3aTeM ,n:ononHHTenbHO, Henocpe,!lCTBeHHO B co6paHHOM BaKyyMHOM 

TpaKTe. CnO)KHOCTb COCTOHT B BbI6ope OnTHMaJibHOH TeMnepaTypbl nporpeBa, a ee 

onpe,n:en.HIOT cne.n:yromHe cocTaBn.siromHe: 

- B0,n:.HHbie napbl (c :meprneii aKTHBaQHlf B - 20 KKaJI/Monb) C noBepxHOCTlf 

Hep)KaBeIOll{eH CTaJIH )',!laJI.HIOTC.H npH t = 150+250°C ( 423+523 K); 
-,- opraH!fqecKne 3arp.si3HeHH.H pa3nlfqHoro npoHcxo)K.!l:eim.si (:meprn.si aKTH

Baunn - 30 KKaJI/MOnb) - npn t = 200+400°C (473+673 K); 
- xeMocop6npoBaHHbie ra3bI CO, CO2, H 2 n ,n:pyrne (cpe,n:H.H.H ,rneprn.si aKTH-

Baunn 37 KKaJI/MOnb) )',!laJI.HIOTC.H npn t = 250+600°C (523+873 K), a JJ,JI.H )',!laJieHH.H 

H2' pacrnopeHHOro B ofueMe MeTanna, H)')l(Ha t=350+750°C (623+1023 K) no 

,n:aHHbIM aBTOpOB [8,11); 

- B03MO)KH0CTb Bbl,!leJieHH.H Ha nOBepXHOCTb Hep)KaBeromeii CTaJIH KpHCTaJI

nnqecKoro yrnepo.n:a -C- H3 MaCCbI MeTanna; 

- H3MeHeHne MarHHTHbIX CBOHCTB Hep)KaBeromeii CTaJilf lf3-3a !pa30BOro ne

pexo,n:a aycTeHHTa B cpeppnT Hnlf aycTeHHTa B MapTeHCHT, C03,!laBaeMOe yMeHbilleH

HblM co,n:ep)KaHneM -Cr- [25). 

l13MeH.siromeec.si MarHHTHOe none noBpe)K.!l:arome ,n:eiicrnyeT Ha cnHH ,n:ettTepH.H 

n TPHTH.H H Ha HX peaKUHOHH)'IO cnoco6HOCTb . .!{.rm )'MeHbilleHH.H Bbl,!leneHH.H -C

aMepHKaHQb) ncnonh3)'IOT copTa Hep)KaBeromeii cTann BaKyyMHOH nnaBKH c ecTe

crneHHO noHn)KeHHbIM co,n:ep)KaHneM -C- (316L If 3 l 6LN) [ 11]. 

I1cToqHnKoM Bo,n:opo.n:a .HM.sieTc.H caMa Macca MeTanna, T.K. B npouecce ero 

lf3ffiTOMeHH.H nornomaeTC.H oqeHb MHOro Hz, KOTOpblH paCTBOp.HeTC.H B Me)KKpH-

CTannnqeCKOM npOCTpaHCTBe. B BaKY)'Me aTOMbl B0,!lOpo,n:a ,!llf!p!p)'H,!lHp)'IOT no 

rpaHHUaM KpHCTaJinOB H3 TOJlll{lf KOHCTp)'KUlfOHHblX MaTepHaJIOB Ha noBepXHOCTb, 
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a c Hee - B BaKyyMHblH o6beM, COCTaBJI.H.H lfHOr,!la ,!lO 99% cneKTpa OCTaTO'-IHbIX 

ra30B [ 18). Pe3KO CHlf)KaeT ra30BbI,!leJieHHe H2 lf3fOTOBJieHHe Hep)KaBelOll{eH CTaJilf 

MeTO,!J.OM BaKyyMHOH nnaBKH, HO 3TOT npouecc ,n:opor, 3Haq!fTeJibHO yBeJIH'-IHBaeT 

CTOlfMOCTb, npOBO,!llfTC.H TOnbKO Ha KpynHblX MeTannyprn'-leCKHX 3aBo,n:ax If JJ,JI.H 

O'-leHb OTBeTCTBeHHblX npoeKTOB. A JJ,JI.H HeBaKy)'MHO-nJiaBJieHHOH Hep)KaBelOll{eH 

CTaJilf OCHOBHOH MeTO,!l no,n:aMeHH.H 3TOro ra300T,!J.eJieHH.H - QT)Klfr B BaKyyMe npH 

onTHMaJibHO BbI6paHHOH TeMnepaType. 113 "BbIIllenepe'-IHCJieHHblX COCTaBJI.HIOll{lfX 

ee Bb16opa cne,uyeT, '-ITO OHa ,!l0n)KHa HaXO,!J.lfTbC.H no aMepHKaHCKHM ,!laHHblM B 

lfHTepBane 150+750°C (423+1023 K). 8eJIH'-IHHa ra30Bbl,!J.eJieHH.H 3aBHCHT OT paB

HOBeCHOro ,!laBJieHH.H, )'CTaHaBJIHBaeMoro BOKpyr ,!laHHOH BaKyyMHOH .a.eTaJilf 3a 

BpeM.H 't H npH ,!laHHOH TeMnepaType t [ 11]. 3Ta TeMnepaTypa npH6JIH)KaeTC.II K 

500°C. Ee MO)KHO onpe,n:eJIHTb HH)Kecne.a.y10ll{lfMlf 3KCnepnMeHTaJibHblMlf .a.aH

HblMlf. 

ABTOp pa6oTbI [26) onpe.n:enHn nocne 24-qacoBoro nporpeBa npn t = 

= 400+500°C H p 
6 

B neqlf o6e3ra)KHBaHH.H 1·10-S TOpp ( 1,3· 10--6 TTa) JJ,JI.H pa. 

nnaCTHHOK lf3 Hep)KaBelOll{eH CTaJIH BeJIH'-llfH)' ra300T,!leneHH.H, paBH)'IO 

1-10-
14 

TOpp·n/(cM
2
•c). ABTOpbl [23) noXO)K)'IO BeJI!fqlfH)' ra300T.a.eneHH.H onpe

,!leJllfJilf npH 6onee JJ,JIHTeJibHOM nporpeBe npH t = 300°C. Moore [26) )'TBep)K.!l:aeT, 

qTO nporpeB npH 300°C B Te'-leHHe 100 '-lac 3KBHBaneHTeH nporpeBy npH t = 420°C 

·B TeqeHHe 20 qac, npH'-leM )KeJiaTeneH 6onee JJ,JIHTeJibHhIH nporpeB npH 6onee 

HH3KOH t JJ,JI.11 ycTaHOBJieHH.H C0CTO.HHH.H paBHOBeCH.11. 
Hoyt [ 15) B CBOHX 3KCnepHMeHTax Ha Tpy6Kax H3 Hep)KaBelQll{eH CTaJilf 

5SS304 C TOJill{HHOH CTeHOK B 2,8 MM H nporpeBOM HX npH t = 400°C B Te-

qeHHe 16 '-lac H3MeplfJI ra300T,!leJieHHe npH t ' paBHOe l,5·10-13+ 
KOMHaT. 

+2,3·10-
11 

TOpp·n/(cM
2

•c). 3m pa3HOCTb B BenH'-IHHax ra300T.D.eneIm.si onpe.a.en.11-
eTc.H BonpocoM KOH.!1.lfUHOHHp0BaHH.H noBepXHOCTH, H CaMble HaHMeHbilIHe 3Ha
'-leHH.H ra300T,!leJieHH.H 6hlJIH y noBepXHOCTeH nocne npe,n:BapHTenbHblX 0'-llfCTOK lfX 
3.TleKTpOXHMnonHpOBKOH H O'-IHCTKOH CTpyeii CTeKJI.IIHHblX rnapHKOB [ 11]. 

l13 npHBe,!leHHblX 3KcnepHMeHTOB nOJIY4aeTC.H 

TOUTHM. ""400+500°C (673+773 K) u coom«emcm«enno 't ""30+20 '-lac. 
nporpeea . nporpeea 

UettTJIHH H ,n:p. [8] npeJJ,Jiara10T 2-cTyneHqaTbIH BaKYYMHhIH OT)KHr: npe,n:Ba
pHTeJibHbIH BblCOKOTeMnepaTypHblH OT)Klff ,ueTaJIH B BaKyyMe (Ha TeUIOJIOrH'-lec
KOH )'CTaHOBKe) ,!lO t ""670°C (948 K), 3aTeM B BaK)')'MH0H )'CTaHOBKe ,!lO 

cpen. 
t "" 130°C (400 K). CymecrnyeT MHeHHe, '-ITO nOBbIIlleHHe t 

6 
> 420°C 

cpen. o eJrIDK. 

(600 K) Be,!leT K nOBbIIlleHHOH ,!lH!p!p)'3lflf ua noBepXHOCTH Bpe,!lHblX JJ,JI.11 BaKyyMa 
npHMeceii -S-, -P-, -Si- H3 TonmH 11ep)KaBe10meii cTanH, Ho HH B o.a.noM m 
npoBe,!leHHblX HCCJie,!lOBaHHH [ 18,22,23,27) npH t = 400°C H t = ) 000°C 3TII 

OTJK. OTJK. 

npHMeCH He 6blJilf o6Hapy)KeHbl, a OTMe'-leHO, '-ITO H3Mepe1me ra300T,!J.eJiel!H.II npH 

p pa6. = I 0-
9 

Topp noKa3ano, '-ITO BeJI!fqlfHbl ra300T,!J.eJieHH.II JJ,JI.H o6eHx t rI0'-ITII paB-
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Hble, T.e. aTOMapHblH -H- TaK)f(e BbI,nemIeTCH HJ MaTepHana CTeHKH B BaKyyM H 

nocne npe,nBapHTenbHOro nporpeBa .no t = 1000°C (1273 K). 

TTporpeB BaKyyMHblX CHCTeM ocymecTBnHeTCH HarpeBaTenHMH COllpOTHBneHHH, 

HHq>paKpaCHblMH naMllaMH, a TaK)f(e HH.n)'KUHOHHblM H BblCOK01-JaCTOTHblM MeTO

,naMH HarpeBa [8]. 

TTpoBe,neHHble aBTopaMH 3KcnepHMeHTbl C nporpeBOM Hep)f(aBelOll{eH CTaJIH 

[26,28] ,no t = 250+300°C llOKaJaJIH yaen111-1eHHe BenH'IHHbl IBJOOT,nenemrn 6onee, 

1JeM B 3 paJa, 'ITO OHH o6bHCHHflH yMeHbllleHHeM Jall{HTHOrO cnoH OKCH,na xpoMa 

H 06ner1JeHHeM HJ-Ja 3TOffi BbI,neneHHH Hz HJ MaCCbl MeTanna. 3Ha1JHTenbHOe 

YMeHbllleHHe cnoH OKHCH Cr Ha llOBepXHOCTH H, COOTBeTCTBeHHO, yBenH1JeHHe ra

JOBbl)leneHHH Hz aBTOp [33] JaMeTHJI H llpH nporpeBe Hep)f(aBelOll{eH CTaJIH B Ba-

KyyMe llpH t > I 000°C H Ha BOJ,nyxe llpH t = 600+800°C. 

TTpe_nno)f(eHHe I.J,eHTnHHa [8] npOBO,nHTb nepBblH OT)f(Hr llpH t::; 1000°c H llOC

ne,nHHH OT)f(Hr npH t = IO0+I50°C B CBeTe 3TOfO Ka)f(eTCH CTpaHHbIM. 

J(pyzUM 3</J</JeKmUBHbl.M .Memooo.M y.MeHbUleHUR napqUGJlbHOZO OQ8JleHUR Hz 8 

,npozpemou na,ryyj.mou cucme.Me 11nJIJlemc11 co1oaHue 6apbepHblX cJ1oen Ha nonepx-, 

HOCmu, KOTOpble npellHTCTBYIOT Bb[Xo,ny BO,nopo,na HJ ofueMa MeTanna B BaKyyM

HYIO CHCTeMy [8]. 
EapbepHble cnoH o6paJYIQTCH llpH BOJ,neHCTBHH Ha 01JHll{eHHYIO nporpeTylO 

llOBepXHOCTb Hep)f(aBelOll{eH CTaJIH KHCnopo,noM, aJOTOM H ,npymMH aKTHBHblMH 

raJaMH, a 06paJy10mHeCH Ha llOBepXHOCTH ,neTaJieH nneHKH OKCH,nOB, HHTpH,nOB H 

,npyrnx coe,nHHeHHH npo1JHO «JanHpalOT» Bo.nopo.n B o6beMe MaTepHana [8, I I]. 

3TO TaK HaJbIBaeMblH npouecc 1JHCTOro «nacCHBHpOBaHHH» llOBepXHOCTH. TaK, xo

polllHH Jall{HTHbIH cnoii OKHCH Cr o6paJyeTCH npH nporpeBe 01JHll{eHHbIX ,neTaneii 

HJ Hep)f(aBelOll{eH CTaJIH B 1JHCTOM cyXOM BOJ,nyxe llpH t = 250°C H 't = 16 1JaCOB. · 

BenH'IHHa raJOOT,neneHHH CHH)f(aeTCH Ha llOpH,nOK llO cpaBHeHHIO C ee JHa1JeHHeM 

nocne nporpeBa B BaKyyMe [I I]. Cnoii OKHCH Creme H HJMeHHeT KaTaJIHTH1JecKoe 

BOJ,neHCTBHe llOBepXHOCTH (HJ-Ja o6e,nHeHHH ee -Fe-) Ha peaKUHIO CHHTeJa Ha HeH 

MoneKyn HzO. A aBTOpbI [29] B 1995 r. HJMepHnH raJooT,neneHHe Hep)f(aBe10meii 

CTaJIH MapKH 316L co CTeHOK BaKYYMHOro o6beMa, npe,nBapHTenbHO MexaHH1JeCKH 

H 3neKTpOXHMH1JeCKH OTllOnHpoBaHHOrO, nocne OKHcneHHH llOBepXHOCTH 1JHCTblM 
-8 

CYXHM BOJ,nyxoM B HHTepBaJie t = 25+330°C llpH BaKYYMe - 2-10 fla H Ja BpeMH 

- 14 1Jac. TTpH 3TOM HHJKOTeMnepaTypHOM OKHCneHHH Ha llOBepXHOCTH Hep)f(aBe

lOll{eH CTaJIH, KaK llOKaJaJIH npoBe,neHHble aHaJIHJbl, o6paJyeTCH TOflCTblH cnoH 

OKHCH Fe, KOTOpblH Ja.i:tep)f(HBaeT ,nHcpcpYJHIO Hz HJ MaCCbl CTaJIH ny1Jllle, 1JeM 

CMeCb OKHCflOB Cr (cOCTaMHIOll{HX - 1/5 OT o6mero o6beMa OKHCflOB) H Fe, o6pa

JYIOll{aHCH llpH llOBTOpHblX nporpeBaX H BblllYCKax BOJeyxa Ha llOflHOCTblO o6eJra

)f(eHHYIO llOBepXHOCTb, H yMeHblllaeT ,nHcpcpyJHIO Hz - B 5 paJ. XHMH1JeCKHH COCTaB 

llOBepxHOCTHblX cnoeB HJY1JMCH 3neKTpOHHOH O)f(e-cneKTpOCKOllHeH H peHTreHOB

CKOH cpOT03neKTpOHHOH ClleKTpOCKOllHeH. 
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AnbmepHamunou 6apbepHbLM CJl~ll.M 11nJIJlemc11 n0Kpb1mue O'lUU,eHHou nonepx
Hocmu Hep:»mne10u,eu cmGJlu cma6UJ1bHbl.MU XUMU'leCKUMU 3/le.MeHma.Mu UJIU ux co

eouHeHUJI.MU. TaK, -Ti- B BH,ne nneHKH Ha llOBepxHOCTH Hep)f(aBe10meii CTaJIH C 

nocne,nylOll{HM OT)f(HfOM llpH t = 400°C (673 K) peJKO CHH)f(aeT ypoBeHb raJOOT,ne

neHml [8]. )lJrn CHH)f(eHHH raJOOT,neneHHH B BblCOK01JaCTOTHbIX peJoHaTopax yc

KOpHTeneH llO,n ,neHCTBHeM BbICOK03HepreTH1JHblX H BbICOK01JaCTOTHblX noneH aB

TOpbl [30] pa3pa60TaJIH H npHMeHHJIH MeTO,nHKY OC~eHHH CflOH HHTpH,na Ti HJ 

paCKaJieHHOH Ti-npOBOflOKH B aTMOccpepe aMMHaKa, TOflll{HHa cnoH < 20 HM Ha 

BCex MeTaJiflH'IeCKHX IlOBepXHOCTHX peJoHaTOpa. ABTOpbl [31] coo6mttnH O no,naB

neHHH Bbl,neneHHH Hz HJ MaCCbl Hep)f(aBe10meii CTaJIH C IlOM0ll{blO nneHKH TiN, 

KOTOpaH HaHOCHnacb nH6o peaKTHBHblM HCllapeHHeM B paJpH,ne C nonbIM KaTo,noM, 

nH6o MarneTp0HHbIM pacnbme1meM. 

B Ka1Jecrne IlOKpbITHH, YM.eHbllla10mero raJOBbI,neneHHe CTaJIH, HCilOflbJyeTCH H 

HHTpH,n 6opa, HaHOCHMblH BbICOKO'IaCTOTHblM MarneTpOHHbIM pacnbmeHHeM c TOn

ll{HHOH cnoH - IO HM. faJOBbl)leneHHe c TaKOH noBepXHOCTH Ha 2 nopH,nKa MeHb

llle, 'IeM C o6pa6oTaHHOH H 3neKTpo(XHMH1JeCKH)nonHpOBaHHOH noBepXHOCTH no

cne nporpeBa ee ,no t = 800°C [32]. 

KaK paJnH1JHbie Jalla,[{Hble BaKyyMHbie cpHpMbl 'Ha npaKTHKe ocymecTBnHIOT 

npouecc nporpeBa BaKyyMHOro OT)f(Hra H COJ,naHHH Ha noBepXHOCTH Hep)f(aBeIO

meii CTaJIH Jall{HTHbIX, «JanopHbIX» MH Hz, cnoeB? 

BNL u CERN pa6orn10T c BaKYYMH0nnaBneHHbIMH copTaMH ttep)f(aBe10meii 

CTaJIH 316L H 316N, HJfOTOBneHHble HJ HHX ,neTaJIH BaKYYMHblX CHCTeM npe,n

BapHTenbHO MexaHH'IeCKH H XHMH'IeCKH o6pa6oTaHbl. 3neMeHTbl co6HpaeMoii Ba

KYYMHOH cHcTeMbI noMema10TcH B cneUHaJibHYIO BaKYYMHYIO ne1Jb (c,nenaHHYIO HJ 

Hep)f(aBeIOll{eH CTaJIH), OTKa1JHBaIOTCH ,no o,nHHaKOBOro BaKYYMa I· 10-
5 

Topp 

(1,3· 10-3 
Ila), JaTeM npOHCXO,nHT IlO.!J.beM t ,no MaKCHMaJibHOH H o,nHHaKOBOH MH 

3THX na6oparnpHii T = 950°C B BNL - Ja 4 qaca, a B CERN - .no 600°C co max 

CKOpOCTblO 50+150°C/q, JaTeM OT 600 .no 950°C 'IYTb 6onee, 1JeM Ja 40 MHH. O6e 

na6oparnpHH npoHJBOMT Bbmep)f(Ky npH T = 950°C 2 qaca H npH ,naaneHHH max 

1-10-
5 

TOPP H MeHbllle, oxn~eHHe .no 500+600°C Ja 1-0,5 'I. BNL Ha 3TOM 

JaKaH'IHBaeT UHKn TepMoo6pa6oTKH, a CERN HanycKaeT BO BHYTPb cyxHe 'IHCTbie 

99,99% Nz HnH Ar [11]. 

Quantum Mechanics Corp. (MH o6eJra)f(HBaHHH cTaneii 300,304 - aHanoroB 

12Xl8H9T cTanH) nocne MexaHH1JecKoii H XHMH'IecKoii 01JHCTOK BaKYYMHbie .ne

TaJIH IlOMell{alOTCH B BaKYYMHYIO ne1Jb, OT)f(Hr npOH3BO,nHTCH B BaKyyMe Ha 2 no-

PMKa 6onbllle, 1JeM paHee o6cy)f(_naeMoe, P = 1-10-7 Topp (l,3· I0-5 Ila), H on,mr. 

.naaneHHe He .non)f(HO no,nHHMaTbCH BbI)f(e l · l o-6 Topp BO BpeMH BaKYYMHOro OT

)f(Hra. MaKCHMaJibHaH TeMnepaTypa 0T)f(Hra H BpeMH ·Bbl)lep)f(KH npH Hett He npHBO-
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)J,SITCJI, T.K. OHII onpe,neJIJIIOTCJI cneumpHKOH II Ha:ma'leHIIeM Ka)l(JlOH C03,naeaeMOH 

BaKY)'MHOH ycTaHOBKH [11]. 
Extrell Corp. - Bee npe,nBap1ITeJibHbIe onepauHH TaKHe )Ke, eaKyyMHbIH OT-

)l(Hr np01I3B0,l{HTCJI npH ,naeneHIIII 1 · 10-{i Topp (1,3· 10-4 Ila). TeMnepaTypa OT)l(Hra 

He YKa3bIBaeTCJI. HanycK cyxoro 'IIICTOro N2 npo1I3BO,l{HTCJI B ne'lb OT)KIIra npH 

OXJia)l(JleHIIII ,no KOMHaTHOH TeMneparypbl [11]. 

Onepau;nH VII - O'IHCTKa TJieIOIUHM pa3p»:,noM (GDC). Ilocne BaKY)'MHOro 

OT)KIIra npeueapHTenbHO MexaHH'leCKH o6pa60TaHHaJI II SJieKTpononHpOBaHHaJI 

noBepXHOCTb np1Io6peTaeT HeKOTopy10 3epHHCTOCTb H3-3a npo»:BneHHJI rpaHHU OT

,neJibHbIX KpHCTaJIJIOB II HMII'IIIJI yrnepOUHbIX KnaCTepoB Ha HHX [18]. Bb1,nenJ1-

IOIU1IeCJ1 BO epeMJI OT)l(Hra H2 H yrneBo,nopo,nbI H3 MaCCbl HCp)KaBeIOIUeH CTanH 

a6cop6Hpy10TCJI Ha noeepXHOCTII II II3-3a pe3KO BOCCTaHOBHTeJibHOH cpe,nbl BaKyy

Ma yrneeo,nopo,nbI Tep»:IOT H 2, ocTaen»:»: Ha noeepxHOCTH -C-. Ha sTott )Ke noeepx-

HOCTH xopomo a6cop61IpyIOTCJI co, CO2 H H2O [7,18]. C03,naHHe OnTIIMMbHOro 

TJie10mero pa3p»:,na BHYTPII BaKyyMHOro ofueMa ycKOplITeJIJI IIJIH TOKaMaKa, ,neTanH 

KOTOpbIX npe,nBaplITenbHO OTO)K)KeHbl B BaKY)'MC, npeKpaCHO O'IHIUaeT noeepx

HOCTb H ,naeT B03MO)KHOCTb c,nenaTb ee no'ITII aTOMHO'IIICTOH. TipoHCXOUJIT OUHO

BpeMeHHO KOH,nlIUIIOHIIpOBaHHe II «3aKanKa» noeepXHOCTH, npHBO)J,SIJUHe K YMCHb

memIIO ,necop6UIIII raJoB nocne Ka)l(Jloro B03,nettCTBIIH nyqKa B 1000 pa3 [11]. 

CaM TJieIOIUHH pa3p»:,n JIBJIJleT co6ott CMeCb pacnbIJieHHJI C noeepXHOCTII, ,ne

cop6UIIII, IIH,nyulipOBaHHOH IIOHaMII IIJIII HettTpanbHbIMH aTOMaMH, H scpcpeKTOM 

B036y)l(JleHIIJI [11]. Bo3HIIKaIOIUIIe nplI ero ropemrn IIOHbl, SJieKTpOHbl H HCHT

panbHbie aTOMbl 60M6ap,n1Ipy10T noBepXHOCTb, scpcpeKTHBHO O'IHIUaJI ee. 

BNL nocJie O'IIICTOK II OT)l(Hra B BaKY)'Me npOH3BOUHT O'IHCTKY 11l.1le10UJUM 

pa3pJ1,00M B aTMOccpepe Ar+ 10%02, aHOUOM CJIY)KIIT W-npoBOJIOKa C nJIIOCOBbIM 

Hanp»:)KeH1IeM - 400 B II P 6 = 2· 10-2 Topp (3 Ila). TneIOIUHH pa3p»:.n npoeo,n»:T pa. 

B 'IIICTbIX Ar, He, H 2 II B cMec»:x He+ 0 2, Ar+ 02" IlpHMeCb 0 2 yeeJIH'IHBaeT 

TOJIIUHHY nneHKH OKCII,na Cr II OKIICJIJleT yrneBo,nopo,nllbie coeir;IIHeHIIJI .no JieTyqHx 

OKIICJIOB CO H CO2. TJieIOIUIIH pa3p»:u B Ar+ 10%02 scpcpeKTHBeH, HO MO)KeT 

Bbl3BaTb IIHTeHCHBHO~ pacnbIJieHHe MaTep1Iana CTCHKH, [7,34]. 

)].aeneHHe ra3a B pa3p»:,ne p = 1 5-10-3 rnpp = 1 Ila. Ho O'IHCTKa B rne10meM 

pa3p»:,ne Ar/ 02 10% IIMeeT O'leHb cepbe3Hble HeUOCTaTKH: 

- -Ar- KaK TJl)KenbIH ra3 Bbl3bIBaeT IIHTeHCIIBHYIO HOHHYIO 3p03HIO noeepx

HOCTII H BHe,np»:eTCJI B noueeprHYTbIH spo3HII CJIOH. 3aTeM, MeUJieHHO uecop6Hpy

JICb, Bbl3bIBaeT CKa'IKH uaeneHII»:; 

- pacceJIHIIe SJieKTpOHOB nponopUHOHMbHO z 2 (Z - nop»:,nKOBblH HOMep 

SJieMeHTa), nOSTOMY npHCYTCTBHe B nyqKe SJieMeHTa C 60JibIIIHM z, KaKIIM JIBnJleT
CJI -Ar-, He)KeJiaTeJibHo; 
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- -Ar- TPYUHO OTKa'IHBaeTc»: H3M-MH H coeceM He oTKa'IHBaeTc»: Ti-cy6nH-
MaUIIOHHbIMH HacocaMH (7,34,35]. • 

TneIOIUHH pa3pHU B 'lUClllOM 02, onpo6oBaHHbIH aernp~MH (34,36], 3Ha'IIJ-

TeJibHO yMeHbIIIHJI uecop6UHIO, HO BCJI Mellb B CHCTeMe OKHCJIHJiaCb C o6pa30Ba

HIJeM nonynpoeoir;HIIKOBoro cno»:. 11cnonb3oea,me pa3p»:ua B Booopooe xopomo 

CHIJ)KaeT BeJIII'IIIHY .necop6U1III H, no MHeHIIIO H.F.Dilla (37], He uaeT JHa'IIITeJib

Horo pacnblJieHIIJI KOHCTPYKUIIOIIHbIX MaTepiianoB. A aBTOpbl (34] nocne npoee

,neHIJJI O'IIIIUaIOIUero pa3p»:ua STOro THna nony'-IIIJIII KOpOTKOe 3aMbIKaHIJe, Bbl3BaH

HOe HMH'IIJeM nneHKII -Cu- Ha H30JIJIUIIII. 

Mathewson c KOJIJieraMIJ (38] ycTaHOBIIJI, 'ITO npeo6nauaIOIUIJe e BOUOPOUHOM 

pa3p»:ue HOHbl H;, conpHKaCaJICb C noeepxHOCTbIO, ua10T 2 npoTOHa C SHeprnett 

200 sB, npll KOTOpOH pacllbIJIJleTCJI MaJIO MaTepllanOB. Ho eCTb e pa3p»:ue 20% 

HOHOB H+, ,naIOIUIIX npll STOM conpHKOCHOBeHIJII 400 sB, 'ITO o6ecne'IIIBaeT pac

nbIJieHHe - 10
18 

IIOHOB/cM
2
. 3Toro .l{OCTaTO'IHO llJIJI OCa)l(JleHIIJI Ha II30JIJIUIIII CJIOJI 

MaTep1Iana Karnua. )].aeneHHe H 2 B pa3p»:ue - 5-10-2 Ila . 

ABTOpbl pa60Tbl [20] ony6JIIIKOBMH .naHHble npoee,neHHbIX SKcneplIMeHTOB 

no O'IIICTKe B m.11e10UJe.M pa1p11,i)e He/Oz10%. nouTBep.nHJIOCb, 'ITO CMeCb 

He/ 0210% o6nauaeT JIYtIIIIIIM O'IIIIUaIOIUHM scpcpeKTOM, 3Ha'IHTeJibHO yMeHbIIIaeT 

uecop6UHIO npo6neMaTIJ'IHblX ra30B II o6nauaeT yMepeHHbIM <paKTOpOM pacnbIJie

HHJI. OHH no.nTBepir;IIJIIJ o6pa30BaHHe Ha II30JIJIUIIH npOBO)J.SIIUeH MeTanJIH'leCKOH 

nneHKII npH OTCYTCTBIIH 02. 

11cxou»: H3 BbillleCKa3aHHOro OTHOCIJTeJibHO O'IHCTKII TJieIOIUHM pa3pHUOM, 

MO)KHO peKOMeH,nOBaTb TJieIOIUIIH pa3pHU He/Oz10% KllK Ca.Moe onmU.Mll.llbllOe 

cpeocmBo O'lUClllKU cmellKU BaKyyMHOH CHCTeMbl. Pe)KIJM pa3p»:ua, ero llJIHTeJib

HOCTb no,n61IpaIOTCJI OnbITHbIM nYTeM llJIJI Ka)l(JlOH ycTaHOIIKII (7). 

PeKOMen,nyeTCJI ero npOBOUHTb nocne Ka)l(Jloro BCKpbITIIJI 60JibIIIIIX BaKyyM

HblX CIICTeM Ha aTMoccpepy. TneIOIUIIH pa3p»:,n 'IIICTIIT o6beMbl JII06oii KOH<pllry

pauHH. 

Ero He,nocTaTKII: a) npHcnoco6neH1IJ1 )])l»: ero npoee.neHIIH rpoM03UKH H cno)K
Hb1; 

6) HMeeT MeCTO scpcpeKT 3KpaHmaumI, H3-3a KOTOporo B MeCTaX HenpOXO)K

.neHHJI pa3p»:,na OCTalOTCJI 3arp»:3HeHIIJI; 

e) T.K. pa3p»:.n Tpy,nHoynpaen»:eM, B03MO)l(Hbl noepe)l(JleHII»: noeepxHOCTII 1IJ-
6b1To'IHblM pa3pHUOM [ 11 ]. 

Onepau;uH VIII - O'IHCTKa noeepXHOCTH peaKTIIBllblMII ra3aMH Pro (RGC). 

3To MeTOU HH3KOTeMnepaTypHoii BaKyyMHOH O'IIICTKIJ noeepXHOCTII 11ep)KaBe10-

IUeii CTanH C npHMeHe111IeM peaKTHBllblX ra30B, 11anycKaeMblX B BaKyyM11y10 CIICTe

My. PeaKTIIBllble raJbl (02, NO) npOH3B0,l{JIT O'IHCTKY noeepXHOCTIJ '-!epe3 npouec-
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Cb[ OKHCJieHHSI HJIH (H) BOCCTaHOBJieHHSI c nOMOlllblO Hz, NH3 - HanycKOM HX 

JIH60 B BaKY)'MHYIO ne'lb, r.ne HaXOJlHTCSI 06pa6aTb1BaeMaS1 )leTaJib, JIH60 B BaKyyM

HYIO CHCTeMy nenocpeJlCTBeHHO. 

BNL 06pa6aTb1BaeT eaKyyMny10 CHCTeMy HJ. Hep)Kaee10meH CTaJIH cneJlyJOIUHM 

o6paJoM. · 

Tiocne MeXaHH'leCKOH, XHMH'leCKOH o6pa60TOK noeepXHOCTH H BaKY)'MHOro 

OT)l(Hra )leTaJib noMemaeTCSI B BaKY)'MHYIO nelJb, r.ne nporpeeaeTCSI JlO T = 200°C 

(473 K) B Te'leHHe 24 q HP 
6 

= 1-10-
7 

rnpp (1,3·10-
5

Tia), JaTeM npoHJBOJlHTCSI 
pa . 

HanycK 'IHCTOH - 99% NO qepeJ BeHTHJib-HaTeKaTeJib H )laBJieHHe BO epeMSI UHKJia 

TTOJl)lep)KHBaeTCSI paBHblM 1 · l 0-J + 1-10-4 TI a. TIO MaCc-cneKTpOMeTpy KOHTpOJIH

py10T napUHaJibHoe )laBJieHHe yrneeoJlopoJlOB, CO H NO (m/ e = 28,41 H 76). B 

XO)le onepaUHH 3TH nHKH CHaqana yeeJIH'IHBalOTCSI Ha nopSIJlOK, a JaTeM CHH)KaJOT

CSI, 'ITO 06'bS1CHS1eTC.SI paJpyrneHHeM H YJlaJieHHeM noeepXHOCTHblX -C- H yrneBOJlO

pOJlHblX. coeJlHHeHHH noJl )leifcTBHeM NO; yeeJIH'leHHe nHKa NO H yMeHbllleHHe 

nHKa co OJHaqaeT OKHCJieHHe CJIOeB Jarp.HJHeHHH. OnepaUH.SI JaKaH'IHBaeTC.SI, KOr

)la nHKH yrneBOJlOPOJlOB Ha Macc-cneKTpe HC'leJaJOT, a nHK NO CTaHOBHTC.SI e 3 

paJa 6oJibllle nHKa CO. 

IlpeuMymecma 3Toro MeTO)la: 
- YJlaJI.SIIOTC.SI OCTaTO'IHbie Jarp.HJHeHH.SI, CHJibHO H cna6o CB.HJaHHbie C noeep-

XHOCTbJO; 
- O'IHCTKa npOHCXOJlHT paBHOMepHasi H noJIHaSI, HeJaBHCHMO OT cpopMbl no-

eepXHOCTH; 

- HHJKasi pa6oqasi TeMnepaTypa npouecca; 

- T.K. HeT paJp.HJla, noeepXHOCTb )leTaJIH He noepe)l(JlaeTC.SI, HO o6paJyeTC.SI 

CJIOH CTa6HJibHblX OKCHJlOB ecex 3JieMeHTOB noeepXHOCTH, 'ITO Jl]I.SI BaKyyMa He 

O'leHb xopolllO [ 11]. 

Heo6XOJlHMO OTMeTHTb H MeXaHHJM O'IUCmKU noeepx,wcmu 603oeucmeueM 
UHmeHCU8HOZO u311y11eHUJ1: YJibTpacpHOJieTOBOro, JiaJepnoro JIH6o nOTOKOM 3JieKT

pOHOB HJHyrpH 6eJ onnaeJieHH.SI CTeHKH BaKyyMHOro o6'beMa. Jlyqllle ecero 'IHCTKe 

HJJiyqeHHeM noJl)lalOTC.SI nonttpoBaHHbie noeepxHOCTH. TipH npaBHJibHO TTOJl06paH

HOH MOIUHOCTH H3JlyqeHH.SI noeepXHOCTb He 6yJleT KoppOJlHPOBaTb H Ha HeH He 

6yJlyr npOHCXOJlHTb CTpyKTYPHble HJMeHeHH.SI [6,39,40]. 

3AKJIIOqEHI1E 

,U.rrn JlOCTH)KeHH.H BB H CBB e eaKyyMHbIX cHcTeMax ycKopHTeneit H~Ho 

npoeeCTH TIUaTeJibHYIO o6pa60TKY BHyrpeHHHX noeepXHOCTeH )leTaJieH BaKyyMHO

ro TpaKTa C ueJiblO CH.SITH.SI lllepoxoBaTOCTH H npHJlaHH.SI HM rJia)lKOCTH C OJlHOBpe

MeHHbIM YJlaJieHHeM HaCbIIUeHHbIX noeepXHOCTHblX Jarp.HJHeHHH. 

B 3TOH pa6oTe paccMaTpHBalOTC.SI H BHJlbl Jarp.HJHeHHH Ha noeepxHOCTH BaKy

yMHbIX )leTaJieH, HX KJiaCCHcpHKaUH.SI, xapaKTepHCTHKH BHJlOB Jarp.HJHeHHH, HX OT

pmraTeJibHOe BJIH.SIHHe Ha eaKyyM. 

22 

TiocKOJibKY npeJl]IO)KeHHaSI cxeMa o6pa6oTKH noCTpOeHa Ha TIUaTeJibHOM aHa

JIHJe coepeMeHHOro pOCCHHCKOro, aMepttKaHCKOro H Jana)lHOeBponeHCKOro Oilb!Ta 

H OilbITa caMoro aernpa, OHa Jl0Jl)l(Ha HaHTH npHMeHeHHe B npaKTHKe o6pa60TKH 

BHyrpeHHHX noeepXHOCTeH 3JieMeHTOB BaKyyMHbIX CHCTeM ycKOpHTeJieii Jap.si)KeH-

HblX qacTHU. Ii 

HaH60Jiblllee KOJIH'leCTBO Jarp.HJHeHHH HMelOT KOHCTPYKUHOHHbie MaTepHaJibl 

(Hep)KaBe10masi CTaJib) B COCTO.SIHHH IlOCTaBKH. 

TipeJl]laraeMasi MeXaHH'leCKaSI O'IHCTKa Ha I-M ::irnne YJlaJI.HeT rpy6b1e Jarp.HJ

HeHH.SI, Ha 11-M 3Tane - CH.SITHe noeepxHOCTHOro CJIO.SI Ha rny6uHy 0,63 MM -

YJlaJI.HeT noeepXHOCTHbie Jarp.HJHeHH.SI H npHJlaeT noeepXHOCTH onpe)leJieHHYIO 

rJia)lKOCTb. BMeCTe c nocJieJlYJOIUHMH o6eJ)l(HpHBaHHeM, npOMblBKOH tt cylllKOH 

)leTaJIH o6ecne'IHBaeTC.SI BaKyyM c P . = 1-10-
1 

na (7,5-10-4 rnpp) H yMeHblllaeTC.SI 
mm 

raJOOTJleJieHH.SI Ha - 1,5 nop.HJlKa. TipHMeHeHHe )Ke 3JieKTpOXHMilOJIHpOBKH C no

CJieJlyJOIUHMH _TIUaTeJibHblMH npOMbIBKaMH - eme Ha 2 nop.si)lKa, tt ypoeeHb r:aJO-

OT)leJieHH.SI CTaHOBHTC.SI BeJIH'IHHOH - 10-
7 

M
3
-na/(M

2
-c), a BbI6paHHblH OilTH

MaJibHblH nporpeB BaKyyMHOH CHCTeMbl ycKOpHTeJI.H HJ Hep)KaBeJOIUeH CTaJIH JlO 

TeMnepaTyp 400+500°C (673+773 K) B Te'leHHe 24+30 'I CHH)KaeT BeJIH'IHHY raJO-

OT)leJieHH.SI JlO JHa'leHH.SI - 10-
9 

M
3
-na/(M

2
-c) u npH nonyqeHHH P 

6 
~ 1-10-

7 
na. 

J pa . 

COJ)laHue )Ke Ha noeepXHOCTH ttep)KaBe10meii CTaJIH «JanttpalOIUHX» BOJlOPOJl-

6apbepHbIX CJIOeB e BH)le JaIUHTHblX nneHOK OKCHJlOB," HHTPHJlOB, JaTeM O'IHCTKa 

noeepxHOCTH B rne10meM paJp.SIJle, nyqllle ecero He+ 10% 0
2

, u B cnyqae Heo6-

XOJlHMOCTH O'IHCTKa noeepXHOCTH peaKTHBHblMH raJaMH (Oz, NO) Be)leT K JlaJib

HeiillleMy oceo6o)l(JleHHIO noeepXHOCTH OT coxpaHHBlllHXC.SI Ha Heit Jarp.HJHeHHH, H 

ee JlaJibHeHllleMy KOHJlHUHOHHpOBaHHIO. 

TipH 3TOM HMeeT MeCTO JHa'IHTeJibHOe yMeHbllleHHe raJOOT)leJieHH.SI H, COOT

BeTCTBeHHO, npe)leJibHOro BaKyyMa Ha 2+3 nop.Sl)lKa, T.e. JHa'leIIHH BeJIH'IHHbl ra-

JOOTJleJieHH.SI 10-
12 

M3-na/ (M
2

-c) H p . - 10-10 
na npu ycJI0BHH, 'ITO Jl]I.SI OT

mm 

Ka'IKH MOHTHpyeMOH BaKY)'MHOH CHCTeMbl ycKOpHTeJI.SI HCilOJihJYIOTC.SI coepeMeH

Hbie 6eJMaCJI.S!Hbie cpeJlCTBa COJJlaHH.SI BaKyyMa. 

TIPI1JIO)KEHI1E 1 

TIPE,UJIAr AEMA51 OTITHMAJihHA.SI TEXHOJIOrIDI 

oq11cTKI1 ME.UH [8,11,41] 

1. 3KCTPYJH.H BaKY)'MHOH JleTanu H~Hoif cpopMbI; 

2. MexaHH'leCKasi o6pa6oTKa ~eTanu: 

a) C ueJiblO YJlaJieHH.SI rpy6bIX Jarp.HJHeHHH C noeepxHOCTH; 

6) o6pa6oTKa noeepXHOCTH TBepJlblM peJUOM C ueJiblO YJlaJieHH.SI noeepXHOCT

HblX Jarp.HJHeHHH C Hee H npHJlaHU.SI" eit rJia)lKOCTH; 
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·--------·-···-1------------------,-----

3.· O6eJ)Kllpirnam1e B ropHq11x, nocne,noBaTeJibHO pacnon·o)KeHHbIX BaHttax 
,n11xnop:naua (Tpnxnopsmneua), npoMbIBKB (KaK MH ttep)KaBe10mefi crnnn). 

4. ITpoMbIBKa B ynhTpaJB}'KOBOH Baune B meno-'IHOM pacrnope HITAB, npo
MbIBKll (cM. o6pa6oTKa ttep)KaBe10mefi crnnn). 

5. a). XnMnqecKoe nonupoBattne c .nocne,ny10mnMn TmaTenbHhIMB npoMbIB-
KaMu· (cM. o6pa6oTKa uep)KaBe10mefi crnnn). 

CocTaB ,nnH xnMnqecKoro nonupoBaHnH: 
H

3
PO4

1 (d= 1,7) - 550 Mn 

HNO
3 

(d= 1,4) - 200 Mn 

CH3COOH (d= 1,065) - 250 Mn 

}'KCYCHM KncnoTa 
CH4N2S - 0,2+0,3 r/n 

TnMoqeBnHa 
6). Tpasneuue B 50% p-pe HCl (noBepxuocTh rpy6M). 
6. ITaccuBnpoBaHne noBepxuocm B pacrnope 80 r/n Cr

2
O

3 
n 3 cM3/n H2SO4. 

7. TmaTeJibHbie npOMhIBKB B xono,nuofi/ropHqefi npoToqnhIX Bo,nax, 2 noc
ne,nuue - B ,neBOHB3BpOBaIIHOH BO,D:e C KOHTponeM conpOTBBneHBH CMblBHbIX BO,D: 

(OHO ,non)KHO 6bITb - 106 OM!cM). 
8. CyIIIKa onycKan11eM B Banuy c qncTbIM cnnpTOM (sTanonoM, MernttonoM, 

BJonponauoM). 
9. CyIIIKa B qnCTOM noMemeHBB ropHqnM B03,D:)'XOM (npOMhIIIIneHHbIM cpeHOM) 

nu6o cyxnM N
2

. 

0 -6 10. T)KBf B BaKyyMe npu P < 2-10 rra u t = 250+350°C. ITpn T 
OTJtrnra 

= 2so0c, 't,:,; 45 'I. 
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i. 
I. 
·'-

BepTern-TyHSIK M:H. · . . _ 
04HCTKa noBepxHocTeH ieTaneii BaKyyMHoro:rpaK-ra 

·JlR. SI 'cBepXBbICO~Oro Ba~yyMa qi'tt3H'!eCKl1X ycraHQBOK 
' : : ·- ' -- -~ 

• P9~96_~20 

. . ~ ~- - _,;- -._· / ---~ - , , ,,. • • ,.' '. ·.,c # :. ; ~ - - - ~ ...._:·':-~ - • =- . • 
TTpeJimiraeMasi:B3TOH pa60Te cxeMa 04HCTKH JleTanefi 113 nep)KaseKimefi cTami 

• - I • , _, · - - • . · - , .. : ..,, - • _,_ " - • ---- -
nocTpOeJ_Ia. Ha Tll(aTenbHOM. a~IaJJH3e, OOb[Ta COBeTCKHX ·aeJlylllHX :BaKyyMHblX 

\ ,, 

(', 
I 

l 
) 

' 

I 

,II; 

! - . 

\· . 

opra1i,H:fuUHH, onurn MHP,OBbIX .BaKyy1,1i1b1x: cp1tpM H cp~3H4eCK~x ii11c~HTYTOB; 
csoern OOb[Ta, a TaK)Ke ai1an·H3a MaTepHaJJOB cnei:ittanbHQro_ OT4eTa OOJlKO~tine-i-a 
AMepttK:lHCKoij BaKyy;.IHOH aic9u11~ui1H. B fleH p~cc~~a.TpHBa'.10;ci BHJl~[ 3arpsi3-
Hellilif ttanoiiepXHOCTH BaKyyMJtblX )leTanett;HX KJJaCCH<pHKauirn, xapaKTepttCTHKH :1 · 

:BHAOB. 3a;.pSl3Ht::HHH, 'i-i'x. OTpHuaTe;bHOe B~H~HHe_ . Ha BaKyyi.i: OnttCbI~alOTCSI, 
- ·- ' . ·- - - , - - ~ . . - . / - . . ' \" 

npHHUHnbl. B~16opa. ioHcTp)'KUHOHHbIX Minepmui_oB, o6mite npaBJrna 'Tex11ononrn: 
04HCTKH H peKOMe1·1)JyeMasi -0411.cTKa )leTaneH BaKY)'MHOro .rpakl'a HJ Hep)KaBeJOll(eii. 
c~~IH ,IJ)I5l co:i,!l.aJIH~ CBB B (pH3H4eCKHX ycTaHOBK~x: . ·.' ·. . .- . 
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Pa6orn. Bh!non11e1rn B Jla6opaTopuu 11ettTpoii11ofi ·cpu~HKH mi.11.M.ct>pattKa. 
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/ . On the base oCexp·eri_ences of prominent soviet,· otganizations .and other 
·world-wide known~ vacuum· firms ·and fnstitutes Physics, as well as on. the base 
:~f imalyzis of t·he·report:of-the sl!btommittee of the Americ~n Vacuum Society_ 
. (A VS) and 1our ,own ·experience a ~chem_~ o_fdelning p.i~t~ f()~ UHUofstainless ··I. 
steel has been.reported.,ln the first·par:t of this paper the foHowing is rev_iewed: . 
form.mid ~lassification of contarriinatiori.s;•their source and.their negative effect 

· to v·acuuni. The positio~ ·oJ contaminations on the surface of vacuum parts is also 
• I . mentioned .. Principles of choice of vacuum ~aterials; main rules· of technological . 

. cleaning and ·recornmenoed technology of ~leaning parts of st;inless ~tee! of the 
vacuum system for creatiqg (JHU o(physical~equiprnents'are describea. '.: .. / ·· .. 
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. Th_e investlg~tion. has ✓ been performed at the~Frnnk:Laboratory of Neutron 
_Physics, JINR, . , - . •. . -
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