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flpH npoBC)J.CHHH JKCnepHMCHTOB Ha YCKOPHTCJlHX MHOro3apHJlllbiX 

HOIIOB OCHOBHbiMH YCKOpHCMbiMH 1·JaCTHIJ.aMH )J.JUl o6JiyYCHHH MHUICIICH 

H3 TH)f(CJibiX JJICMCHTOB HBJIHIOTCH HOHbl HCOHa (Ne) H KCCHOHa ( Xe) 

llacTo B03HHKaeT ueo6xo]lHMocTb ycKopeHHH. nciiTpoiH,lH;J6hiTOYHhiX 

H30Tonos yKa3aHHhiX ra1os, TaKHx KaK 22 Ne / 11 
n 116Xc 121 

. 

B CCTCCTBCHHhiX ra3aX KOIIU.CHTpaUHH H30TOnOB 
221Yc H 

116.\'e 
COCTaBJ1HCT 7 ,8o/o H 8,63~1 COOTBCTCTBCIIHO. ~JlH YBCJIHlJCHHH HIITCHCHB

HOCTH YCKOpCHIIbiX nyl.JKOB B HCTOl.JIIHK MHOr03UpHJlllbiX HOIIOB no)J.aiOT

CH o60I"UI.IJ.CHHbiC ra3bl C KOIIIlCIITpau.HCH H30TOIIOB IICOHa-22 H KCCHO-
' Ha-)36 70-90o/o, 11011)''-!UCMblC lla CIICIJ.HaJihHhiX pa1]lCJIHTCJihHhiX YCTa-

HOBKUX. TaK KaK CTOHMOCTb ')THX H30TOIIOB BCJ1HKa, TO fihiJia nOCTaB

JICIIU 1a]lal.Ja MIIOrOKpaTIIOro HCIIOJib30BaHHH raJOBIIpH COXpaHCHHH Bbi

COKOH CTCIICIIH o6oi-ai.IJ.CIIHH. 

I. CucneMa omKalJKU o6ozalJieH11blX zaaoa 

~JIH ynaB11HBaHHH H IIOCJIC)J.YIOI.IJ.CH pereuepaU.HH HCOHa-22 H Kce

HOIIa-136 B Jla6opaTOpHH HJlCpHhiX peaKU.HH C03]laHhl )J.BC OT)J.CJihHhiC 

ycTaHOBKH. nocJICJlOBaTCJibHOCTh ·npOXO)f(JlCHHH ra3a yepe3 CHCTCMY 

yJJaBJIHBaJIHH CJlCJlYIOI.IJ.aH: ra3 H3 pe3HHOBhiX KaMep C nOMOI.IJ.hiO cne

U.IIaJlhiiOrO Jl03HPYIOI.IJ.ero BCHTHJIH, ynpaBJIHCMOrO )J.HCTaHU.HOHHO, no

)J.HCTCH B HCTOl.JHHK MHOr03apH)J.HMX HOHOB. /flpHMCHCHHC pe3HHOBMX 

KHMCp BM3BaHO HC06XO)J.HMOCThiO COXpaHCHHH IIOCTOHHHOrO )J.aBJICHHH 

118 BXO.J.C B Jl03Hpy10I.IJ.HH BCHTHJih no Mepe Bhlpa60TKH raJa H3 KaMCphi/. 

ra] I '"e HJIH ·Xc /. nocTynaiOI.IJ.HH H3 HCTOlJHHKa, CMCUIHBaHCh 

C OCTaTOl.JHhiMH ra3aMH BaK)'YMHOrO 06beMa, OTKalJHBaeTCH BhiC<n;o

BaKy)'MHbiMH napoMaCJIHHhiMH uacocaMH Tuna BA-8-4, npoxoJJ.UT no 

JIIIIIHH npe.J.BapHTCJihHOrO pa 3pC)f(CHHH H B pe)f(HMe yJiaBJIHBaHHH HaKan

JIIIBaCTCH B MaCJIHHOM 6aKe repMeTHlJHOrO cfJopBaKyyMHOrO nacoca 
BH-4L H3 6aKa cMech no OTJJ.eJihHOMY Tpy6onpoBOJlY nocTynaeTB yc-
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TaHOBKY pereHepaUHH, /CM. pHC. 1/, r,IJ.e raJ OT,IJ.enxeTCH OT npHMe
ceH ,IJ.nx nocne,IJ.yiOIUero acnonbJOBaHHH. 

BhmycKaeMhie npoMhiWneHHOCTbiO liJopaaKyyMHbie Hacocbi BH-4r 
o6ecne'IHBalOT OTKa'IKY BaKyyMHblX 06beMOB H .D.HiiJiiJyJHOHHblX HaCOCOB, 

HO He,IJ.OCTaTO'IHO repMeTHJHpOBaHbl no Bany, KOpnycy H B MaCnHHOM 6a
Ke. )lnx 6onee Ha,IJ.e)KHOH repMeTHJaUHH HaCOCOB, ynaanHBaiOIUHX HJO· 
TOnHhle raJhl, B lla6opaTOpHH paJpa6oTaHa KOHCTPYKUHH ynnOTHeHHH 
Dana, B KOTOpOH HCnonbJyeTCH CnOC06HOCTb CKOnb)KeHHH liJToponna
CTa-4 no MeTanny a cpe,IJ.e liJopaaKyyMHoro Macna /pHc. 2/. 

Kopnyc Hacoca H MacnHHbiH 6aK ,IJ.ononHHTenbHO repMeTHJHpoaa
Hbl C noMOIUblO npoKna,IJ.OK HJ Macno6eHJOCTOHKOH peJHHbl H 6aKenHTo
BOrO naKa. K MacnxHoMy 6aKy repMeTHJHpoaaHHoro Hacoca BH-4r 
nO,IJ.Be,IJ.eHbl ,IJ.Ba BaKyyMHhlX Tpy6onpOBO,IJ.a C E.eHTHnHMH )ly -10: ,IJ.nH 
npe,IJ.BapHTenhHOH OTKa'IKH BOJ,IJ.yxa HJ 6aKa nepe,IJ. ynaBnHBaHHeM 
22 N e H 136 Xe H ,IJ.nx no,IJ.a'IH raJa Ha ycTaHOBKY pereHepauHH. 

B cnyqae Heo6xo,IJ.HMOCTH cneuaanbHO repMeTHJHpoaaHHhie Haco
Cbi MOryT 6biTb HCnOnbJOBaHbl ,IJ.nH OTKa'IKH BaKyyMHOrO 06beMa npH 
pa6oTe HCTO'IHHKa MHOrOJapH,IJ.HblX HOHOB Ha raJaX, He no,IJ.ne)KaJUHX: 
ynaanHaaHHIO I BF

3 
, C0

2 
, ~~ S H T.n./. 06bi'IHO ,IJ.nx :noH: uenH 

acnonbJYIOTCH liJopHacocbi N21 H N22. 

I I. YcmaHoeKa pezeHepa~uu HeoHa 

-.. )lnx OT,IJ.eneHHH HeOHa OT OCTanbHbiX KOMnOHeHTOB raJOBOH CMe-
CH HCnOnbJyeTCH CBOHCTBO HJ6HpaTenbHOrO nornOIUeHHH cop6eHTOM 
/aKTHBHpoaaHHbiM yrneM/ raJoB N , 0 H Ne B noaywKe, oxna*-

u 2 2 
,IJ.aeMOH )KH,!J.KHM aJOTOM. 

llepBblH aapHaHT ycTaHOBKH pereHepaUHH 6biJI paJpa6oTaH B lla-
6opaTOpHH x,IJ.epHbiX peaKUHH B 1962-63 ro,IJ.ax no,IJ. pyKOBO,IJ.CTBOM 
B.r .PoroJHHcKoro. B :noH: ycTaHOBKe coe,IJ.HHHTenbHbie Tpy6KH H Kna
naHbi HJrOTOBnHnHCb HJ CTeKna, CaMa ycTaHOBKa OTnH'IanaCb JHatfH• 
TenbHOH cnO)KHOCTblO H HeBbiCOKOH Ha,IJ.e)KHOCTblO B pa6oTe. )lanbHeH
WHH onbiT JKcnnyaTaUHH noJBOnHn cyiUeCTBeHHO ynpocTHTb cxeMy 
pereHepaUHH HJOTOnHblX raJOB. l.ibiJia COJ,IJ.aHa HOBaH ycTaHOBKa, B KO· 
TopoH: coxpaHeH npe*HHH npHHUHn pa6oTbi. Coe,IJ.HHHTenbHhie Tpy6o
npOBO,!J.bl BbiiTOnHeHbl HJ Me,IJ.HOH Tpy6KH t/ = 10x1, OCTaBneH O,!J.HH Ka
Han pereHepauHH c noaywKoH, oxna)K,IJ.aeMoH: *H.D.KHM aJoToM. YcTa
HOBKa YKOMnneKTOBaHa CTaH,IJ.apTHbiMH BeHTHnHMH )lY -10, BbiiTYCKae
MhlMH npOMbiWneHHOCTblO. llpouecc pereHepaUHH HeOHa npOHCXO,!J.HT 
cne,IJ.YIOIUHM o6paJOM: 

CMecb, HaKonneHHax a 6aKe repMeTHJHpoaaHHoro Hacoca BH -4r, 
no Tpy6onpoBO,IJ.y noCTynaeT Ha YCTaHOBKy. llpH pa6oTe UHKnOTpOHa 

4 

/I 
~ 

w. 

,,!'! 

j; 

Y.300 

PHc. 1. CxeMa BaKYYMHoH: OTKa'IKH YCKOpHTenx Y -30< 
Ka .D.nx pereHepauHH KCeHoHa; N e - ycTaHOBKa .D.nx pe 

P'4 - BaKyyMHbie BeHTHnH; 1-4 - liJOpBaKyYMHbie HaCOCl 
BaKYYMHbiH Hacoc BH- 1. 

t_~ .... ~, -j 

PHc. 2. repMeTHJaUHH BblXO,IJ.Horo Dana Hacoca BH -4 
2 - ynnOTHHIOIUee KOnbUO HJ liJToponnacTa-4; 3 - o6etfc 
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OT~en.HeTC.H OT npBMe-

yMHLie uacocLI BH-4r 
u4K)}yJBOHHblX HaCOCOB, 
nycy B B MaCll.HHOM 6a
B, ynaBllBBalOIUBX B30-
HCTpyKUB.H ynnoTHeHH.H 
KOllb:>KeHB.H qJToponna
a/pBC. 2/. 

enLHO repMeTB3Bpoaa
OH peJBHbl B 6aKellBTO
aHHOrO uacoca BH-4r 
eHTBll.HMB ~y-10: ~n.H 
nepe~ ynaanuaauueM 

y pereuepauuu. 
lMeTBJHpoaaHHbie uaco
aKyyMHOrO 06'beMa IIPB 
ra3ax, ue no~ne:>Kamux 
06MqHO ~n.H 3TOH uenB 

eoHa 

IIOHeHTOB ra30BOH CMe
nornomeHB.H cop6eHTOM 
N e 8 noayiiiKe, oxna:>K-

6Lm pa3pa6oTaH B Jla
~aX IIO~ pyKOBO~CTBOM 

TellbHbie Tpy6KB B Kna
OBKa OTnBqanaCb 3Haqu
Tbl0 B pa6oTe. ~anLHeii
eHHO ynpOCTBTb CXeMy 
.HOBa.H ycTaHOBKa, B KO
oe~BHBTellbHbie Tpy6o-

0x1, OCTaBneH O~BH Ka
:>KB~KBM a3oToM. YcTa
.HMH ~y- 10, aLmycKae
aUBB HeOHa npOBCXO~BT 

oaaHHoro Hacoca BH -4r, 
llpB pa6oTe UBKllOTpOHa 

Y.JOO 

Puc. 1. CxeMa BaKyyMuoii OTKaqKH ycKopuTenH Y-300; Xe - ycTaHoB
Ka ~n.H pereuepauuu KCeHoHa; N e - ycTaHOBKa ~nH pereuepauuu ueoHa; 
P'4 - BaKyyMHLie BeHTBnB; 1-4 - <bopaaKyyMHhie uacochi BH- 4; 5 - <bop
BaKyyMHhiH uacoc BH- 1. 

Puc. 2. repMeTB3aUBH BbiXO~Horo Bana Hacoca BH -4r. 1 - MaH:>KeTa; 
2 - ynnoTHHromee KOnLuo B3 <bToporrnacTa-4; 3 - o6eqaiiKa. 
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a pe)KHMe ycKopeHHH npHMepuo 700/o oT o6IQero KonuqecTaa nocTynaro
IQeii cMecu, cocTaanHeT auewuee HaTeKaHHe H necop6uHH c auyTpeu
HHX noaepxuocTeii aaKyyMuoro o6'heMa ycKopuTenH. OcTan&H&Ie 300/o 
raJOBOrO nOTOKa npHXO.!J.HTCH Ha HeOH, nocTynaiOIQHH HJ HCTO'IHHKa 
MHOrOJapH.!J.HhlX HOHOB. 0CHOBHaH qaCTb OCTaTO'IHOrO raJa COCTOHT 

HJ aJoTa H napoa BO.LJ.DI, 'ITO ueo6xonHMO y'IHT&IBaT& npH pereuepaUHH 
ueoua. 

CxeMa ycTaHOBKH npencTaaneua ua puc. 3. tJepeJ KnanaH&I 
K 

1 
H MK 

1 
cMec& noc;TynaeT a cneuuan&uyro nosymKy 121, Janonueu

HYKl aKTHBHpoaaHHbiM yrneM. JioaymKa norpy*aeTcH B cocy.LJ. )l.&roapa 

.... 

Puc. 3. CxeMa vcTaHoBKH nnH pereuepauuu ueoua. 1 - M 1 - M 2 -
MaHoBaKyyMMeTp&I;2 - noaymKa; 3 - npu6op nnH onpeneneHHH 0/o co.LJ.ep
)KaHHH ueoua-:a; 4 - MacnHH&Iii 6aK 4Jopuacoca BH-4r; 5 - nepeKa
quaaiOIQHH repMeTH'IH&Iii uacoc; 6 - K 1 - K 8 - KnanaH&I )l.y-10; 
7 - MK 1- 2 - KnanaH&I MarHHTHDie MK-10; 8- raJopaJpH.LJ.HaH Tpy6Ka; 
9 - HCKpoaoii Te'leHcKaTen&. 
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c )KH.LJ.KHM aJoToM. ITpouecc a)1.cop6uuu uaxonuTcH 
MOCTH OT TeMnepaTypbl raJOBOH CMeCH, nocTynaK 
TeMnepaTypDI cop6euTa. IIo:noMy noaymKa /21 a&J 
6&1 raJOB&Iii noTOK npe.LJ.BapHTen&uo npoxonun no c 
HaMOTaHHOH BOKpyr 3TOH noByWKH, oxna)K)1.aeMO~ 

B cnupan&uoii Tpy6Ke onuoapeMeuuo c npenaapHTe: 
eM raJOBOH CMeCH npOHCX0)1.HT BbiMOpa)KHBaHHe CO. 

~ 

aaKyyMuoro Macna. AJoT H KHcnopon, conep*amue 
CH, ancop6upyiOTCH aKTHBHpoaauu&IM yrneM. Heou 
paTypy ~:~acMmeuHbiX napoa T = -246°C, uaxonuTc 
COCTOHHHH H npOX0)1.HT qepeJ nOBYWKy npaKTH'I 

B Ha'lanbHbiH MOMeHT raJOBDIH nOTOK .B y1 
lniMuul coJnaeTcH Ja cqeT nepena.LJ.a naaneuuii 
6aKOM H nOBYWKOH, oxna)K)1.aeMOH )KH.LJ.KHM aJOTOM. 
ro noToKa perynupyeTcH KnanauaMH K 1 H K 2 no 
)l.nH n0)1.)1.ep)KaHHH noCTOHHCTBa raJOBoro nOTOKa . 
BYWKe p = 1 Top. BKnroqaeTCH repMeTH'IHbiH uacoc 
aauu&IH raJ qe~eJ Knanau K 5 uarueTaeTcJI a pa6o 
Ha'lanoM UHKna pereuepauuu noaywKa non)I(Ha 6DI' 
raJoB nyTeM nporpeaa a Te'leuue 30 MHH. no TeMne 
c O.LJ.HoapeMeuuoii oTKa'IKOH ero 'lepe3 Knanau K 
= 5.10-2 Top. B ycTauoaKe npe.LJ.YCMOTpeua B03MO 
reuepupoaauuoro ra3a 'lepe3 Knanau K 9 uenocpe 
HHK MHOro3apJI)1.HbiX HOHOB. 

)l.nH onepaTHBHOrO KOHTpOnH nOTOKa HeOHa 
aywKH ycTauoaneu HH.LJ.HKaTop 181, npencTaanHrorn 

I' 
uyro Tpy6Ky. BuyTpH Tpy6KH anaHH JneKTpon, ua 
BbiCOKO'IaCTOTHOe Hanpfl)KeHHe OT HCKpOBOrO Te'le 
l"ueouoaoe"l cae'leHHe Tpy6KH CBH.LJ.eTen&cTayeT 
pe3 uee ueoua. H3Meueuue uaeTa ra3oaoro pa3p 
o uac&ImeuHH noaymKH. B uawux ycnoaHHx o6'beM . 
.LJ.OCTaTo'leH nnH pereuepauuu onuoro nHTpa ueoH 
neuue npoueuTuoro conep)KaHuJI 22 N e a ynosneuuo1 
CH no MeTO.!J.HKe, pa3pa60TaHHOH B Jla6opaTOpH: 
A.A.Ilneae c noMO[UbiO pa)1.HOaKTHBHOro a"HCTO'IF 
C'leT'IHKa. KouTpon& 3a KonuqecTBOM ynoaneuu~ 
HaKonneuueM ee B MacnHHOM 6aKe uacoca BH-~ 
no MauoaaKyyMMeTpy M 2 • Ha ycTaHOBKe npen~ 
K 

7 
H K 6 I nepenycK lnepeKa'IKal Heoua H3 cTei< 

uaJua'leHHDIX .LJ.nH .LJ.nHTen&uoro xpaueuuH, a pa6o'll 
uaH pereuepauHH ra3a I npu ueo6xonuMOCTHI oc) 
Knanau K 2 
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ro KOJIHqecTaa nocTynaro
H ,IJ,ecop6:u;HH C BHyTpeH

pHTeJIH. OcTaJILHLie 30o/o 
CTynaiO~HB H3 HCTOqHHKa 
TaToqHoro ra3a COCTOHT 

HThiBaTh npH pereHepa:u;HH 

puc. 3. l.lepe3 KnanaHLI 
JIOBYIIIKY 121, 3anonHeH

y)KaeTCH B cocy.n. )l,Lroapa 

u HeoHa. 1 - M I - M 2 -
nHonpe.n.eneHHH o/o co.n.ep

coca BH -4r; 5 - nepeKa
- K 8 - KnanaHLI )l,y-10; 

- ra3opa3pH.n.HaH Tpy6Ka; 

C )KH,lJ,KHM a30TOM. IJpo:u;ecc a.n.cop6IJ;HH HaXO,lJ,HTCH B npHMOB 3aBHCH
MOCT)l OT TeMnepaTyphi ra30BOB CMeCH, nocTynaromeii B JIOBYIIIKY, H 
TeMnepaTyphl COp6eHTa. IJ03TOMY JIOBYIIIKa 121 BhiiTOJIHeHa TaK, qTo-
6bi ra30BLIB noTOK npe.n.aapHTeJILHO npoxo.n.un no cnupanLHOB Tpy6Ke, 
HaMOTaHHOH BOKpyr 3TOB JIOByiiiKH, OXJia)K,IJ,aeMOB )KH,lJ,KHM a30TOM. 
B cnupanLHOB Tpy6Ke o.n.HoapeMeHHO c npe.n.aapHTeJILHhiM oxna)K.IJ.eHH
eM ra30BOB CMecu npoucxo.n.HT BhiMopa)KHBaHue C0

2 
,napoa BO.IJ.hi u tiJop

BaKyyMHoro Macna. A3oT H KHcnopo.n., co.n.ep)KamuecH B ra3oaoii cMe
cu, a.n.cop6upyroTcH aKTHBHpoBaHHhiM yrneM. HeoH, HMeromuii TeMne
paTypy HacLI~eHHhiX napoa T = -246°C, Haxo.n.uTCH a ra3oo6pa3HOM 
COCTOHHHH H npOXO,IJ,HT qepe3 JIOBYWKY npaKTHqeCKH 6e3 noTeph. 

B HaqaJihHhiB MOMeHT ra30BhiB nOTOK B ycTaHOBKe lnopH,IJ,Ka 
1niMHHI co3.n.aeTcH 3a cqeT nepena.n.a .n.aaneHHH Me)K.IJ.Y MaCJIHHhiM 
6aKoM H noaywKoii, oxJia)K.n.aeMoii )KH.IJ.KHM a30TOM. BenuquHa ra3oao
ro noToKa perynupyeTcH KnanaHaMH K 1 H K 2 no MaHoMeTpy M I 

)l,JIH no.n..n.ep)KaHHH nOCTOHHCTBa ra30BOrO noTOKa npH ,IJ,aBJieHHH B JIO
BYWKe P = 1 Top. BKJiroqaeTCH repMeTHqHwii Hacoc 151. PereHepupo
BaHHhiH ra3 'lepe3 KnanaH K 5 HarHeTaeTCH B pa6oque KaMepLI. Ilepe.n. 
Hal.faJIOM IJ;HKJia pereHepa:u;HH JIOBYWKa ,IJ,OJI)I(Ha 6biTh OCB060)K,IJ,eHa OT 
ra30B nyTeM nporpeaa B TeqeHue 30 MHH . .n.o TeMnepaTyphi T =450 C 
c o.n.HoBpeMeHHOH OTKaqKou ero 'l:epe3 KnanaH K3 .n.o .n.aaneHHH P = 
= 5.10-2 Top. B ycTaHOBKe npe.n.ycMoTpeHa B03MO)KHOCTh no.n.a'IH pe
reHepupoaaHHoro ra3a qepe3 KnanaH K 9 Henocpe.n.cTaeHHO B HCToq
HHK MHOro3apH,IJ,HhiX HOHOB. 

)l,JIH onepaTHBHOrO KOHTpOJIH nOTOKa HeOHa Ha BhiXO,IJ,e H3 JIO
BYIIIKH YCTaHOBJieH HH,IJ,HKaTop IBI, npe,IJ,CTaBJIHIOIIJ;HH C060H CTeKJIHH
HYIO Tpy6Ky. BHyTpH Tpy6KH BnaHH 3JieKTpO,IJ,, Ha KOTOphiH no,IJ,aeTCH 
BhiCOKoqaCTOTHOe HanpH)KeHHe OT HCKpOBOrO TeqeHCKaTeJIH. KpaCHOe 
I"HeOHOBOe"l CBeqeHHe Tpy6KH CBH,IJ,eTeJibCTByeT 0 npOXO)K,IJ,eHHH l.fe
pe3 Hee HeoHa. H3MeHeHue :u;aeTa ra3oaoro pa3pH.n.a curHaJIH3HpyeT 
o HaCLIIIJ;eHHH noaywKH. B Hawux ycnoBHHX o6'heM noayiiiKH ll50cM 3 I 
.n.ocTaToqeH .IJ.JIH pereHepa:u;uu o.n.Horo JIHTpa Heoua. ToqHoe onpe.n.e
neHHe npo:u;eHTHoro co.n.ep)KaHHH 22 N e B ynoaneHHOM ra3e npoH3BO.IJ.HT
CH no MeTO,IJ,HKe, pa3pa6oTaHHOH B Jla6opaTOpHH JI,IJ,epHhiX peaKIJ;HH 
A.A.Ilneae c llOMOIIJ;hiO pa.n.uoaKTHBHoro a-HCTOqHHKa H HeBTpOHHOrO 
cqeTqHKa. KoHTPOJih 3a KonuqecTBOM ynoaneHHOH ra30BOH cMecu H 
HaKonneHHeM ee a MaCJIJIHOM 6aKe Hacoca BH-4r ocymecTBJIHeTCH 
no MaHoaaKyyMMeTpy M 2 • Ha ycTaHOBKe npe.n.ycMoTpeH IKnanaHLI 
K 7 H K 

6 
I nepenycK lnepeKaqKal HeoHa H3 cTeKJIJIHHhiX Kon6, npe.n.

Ha3HaqeHHLIX ,IJ,JIH ,lJ,JIHTeJibHOrO xpaHeHHH, B pa6oque KaMephl. IJOBTop
HaH pereHepa:u;HH ra3a I npu Heo6xo.n.HMOCTHI ocymecranJieTCH qepe3 
KnanaH K 2 
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~JUI HCKJIIO'IeHHH ITOTepb YJIOBJieHHOrO raJa npH aaapHHHbiX CH
Tyal.{HHX Ha BaKyyyMHbiX CHCTeMaX l.{HKJIOTpOHa B YCTaHOBKe rrpe.n;ycMOT
peHbl .n;aa aaToMaTH'IeCKH JaKpbiBaiOll.{HXCH MarHHTHhiX KJiarraua. Knanau 
MK JaKpblaaeTCH npH noBhiiiieHHH .n;aaneHHH B JIHHHH rrpe.n;aapHTeJibHoro 

I 
paJpe)KeHHH BhiiUe ycTaHOBJieuuoro npe.n;ena. 06a KJianaua /MK 2 H 
MK 1 I JaKpbiBaroTCH npH ocTauoaKe repMeTH'IHoro uacoca /5/. BpeMx, 
ueo6xo.n;HMoe .n;nx pereuepai.tHH o.n;uoro JIHTpa ueoua, cocTaanxeT 30-
40 MHHyT. 

YcTaHOBKa noJBOJIHeT ocyll.{eCTBJIHTh 8-9 noJIHhiX I.tHKJIOB o6pall.{e
HHH IIO.IJ;aBaeMOrO B HCTO'IHHK HeOHa ITPH COXpaHeHHH BbiCOKOH CTerreHH 
o6orall.{eHHH ynoaneuuoro raJa. OrpaHH'Ieuuoe KOJIH'IeCTBO I.tHKJIOB cax
JaHo c TeM, 'ITO OKOJIO 5o/oueoua-22 TepxeTcH a rrpouecce ycKopeHHH, 
5o/o OTKa'IHBaeTCH HOHOITpOBO.IJ;OM, H 2-3o/o COCTaBJIHIOT IIOTepH B CaMOH 
YCTaHOBKe. 

OnHcauuax Bblllle cHCTeMa ynaaJIHBaHHH H pereuepai.tHH a pasuoii 
CTerreHH MO)KeT 6hiTb HCIIOJibJOBaHa .IJ;iJ:H OT.IJ;eJieHHH OT llpHMeceii re
JIHH- 3. 

I I I. YcmaHoeKa pezeHepat~uu KceHoHa 

~JIH paJ.n;eJieHHH KOMITOHeHTOB raJOBOH CMeCH H IIOCJie.n;yiOll.{eH 
pereHepal.{HH KCeHOHa npHMeHeH MeTO.IJ;, HCIIOJibJYIOll.{HH paJJIH'IHH B TeM
rrepaTypax KHIIeHHH H .n;aBJieHHHX HaCblll.{eHHbiX napOB YJIOBJieHHbiX raJOB. 
TaK, ecJIH rrpH aTMoc«f>epHOM .n;aaJieHHH / p = 760 Top/ TeMrreparypa 
~HrreHHH uacbill.{eHHhiX rrapoa .n;nx Xe cocTaanxeT T = -112° C, To oc
TaJibHhie KOMIIOHeHTbl raJOBOH CMeCH KHITHT IIPH CJie.n;yiOll.{HX TeMrrepa
Typax: aJoT T= -196°C, KHcnopo.n; T = -183°C, COT= -78c' C. 

2 
OT .n;eJieHHe TaKHx cocTaBJIHIOll.{HX, KaK CO 2 , H 

2 
0 , a TaK)Ke rrapoa 

«f>opBaKyyMHOrO MaCJia OCyll.{eCTBJIHeTCH IIPH rrpe.n;aapHTeJibHOM OXJia)K
.n;eHHH raJoaoii CMecH .n;o T = -90 ° C. 

~JIH Bbi.IJ;eJieHHH KCeHOHa HJ OCTaBIUeHCH CMeCH HCIIOJibJyeTCH 
paJJIH'IHe a .n;aaneHHHX uacbill.{eHHhiX rrapoaraJoarrpH T= -196° C. TaK, 
KceuoH npH :non TeMnepaType HMeeT .n;aaneuHe rrapoa P = 1.10-3 rop, 

aJOT H KHCJIOpO.n; - COOTBeTCTBeHHO 760 TOp H 170 1'1': a BO.IJ;OpO.IJ;, 
reJIHH H HeOH HaXO.IJ;HTCH B raJoo6paJHOM COCTOHHHH 3 .0TKa'IKa JIO
BylllKH .IJ;O p = 1.10 -J TOp OCB060)K.IJ;aeT Xe , HaXO.IJ;Hll.{HHCH B TBep.n;OM 
COCTOHHHH, OT raJOBbiX ITpHMeCeH. fipH ITOBblllleHHH TeMnepaTypbl BbiiUe 

T = -112 ° C rrpoHcxo.n;HT Bhi.n;eneuHe Kceuoua. 
CxeMa ycTaHOBKH rrpe.n;cTaBJieHa Ha PHC. 4. raJOBbiH IIOTOK 

I S = 1JI/MHH/ c noMOll.{hiO repMeTH'IHoro «f>opuacoca /5/ nepeKa'IHaa-

8 

" 

n#,-fiYCI 

+ 

ji.J 

K2 
1(.3 

KI.J KS 

s 

+ 

f>l2 
0--y-

m 

8;.--~ 
V.8 : ' , 117 ,. 
~ 

Jt8 

PHc. 4. CxeMa ycTaHOBI< 
l.{HH Kceuoua. 1 - M 1 - M 
KYYMMeTphi;2 - TIT - T 
rrpH6op; 3 - JIL - JIOBYllll 
l.{HH Xe ; Jl 2 - npe.n; 
JIOBYIUKa; 4 - MaCJIHHbiH ( 
ca BH-4r; 5 - nepeKa'IH: 
MeTH'IHhiH uacoc; 6 - l><i 
~y-6. 

PHc. 5.JioayiUKapereuep 
ua. 
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0 raJa IIpH aaapHRHhiX CH
OHa B YCTaHOBKe rrpe~yCMOT
MarHHTHhiX KJiarraHa. KnarraH 

B JIHHHH rrpe~BapHTeJihHOro 
na. 06a KnarraHa /MK 

2 
H 

TH'lHoro Hacoca /5/. BpeMH, 
Tpa HeOHa, COCTaBJIHeT 30-

8-9 IIOJIHhiX IJ;HKJIOB 06pall.\e
xpaHeHHH BhiCOKOR CTerreHH 
Oe KOJIH'leCTBO IJ;HKJIOB CBH

TC.JI B rrpou;ecce YCKOpeHHH, 
OCTaBJIHIOT IIOTepH B CaMOR 

HH H pereHepau;HH B paBHOR 
T~eJieHHH OT IIpHMeceii re-

llUU KCeHOHQ 

OR CMeCH H IIOCJie~YIOII.\eii 
Jlh3YIOII.\HR paJJIH'lHH B TeM
x rrapoa ynoaneHHhiX raJoB. 
= 760 Top/ TeMrrepa Typa 

JI.IIeT T = -112° C, To oc
IIpH CJie~yiOII.\HX TeMrrepa-
183 °C, CO T = -78 c' C. 

2 
2 , H2 0 , a TaK)f(e rrapoa 
npe~BapHTeJihHOM OXJia)f(-

RCJI CMeCH HCIIOJlhJyeTC.II 
JOBIIpH T= -196° C. TaK, 

Herrapoa P = 1.10-3 Top, 

op H 170 T~, a Bo~opo~. 
OCTO.IIHHH 13 . 0TKa'lKa no
, HaXO~.Jill.\HRCJI B TBep~OM 
WeHHH TeMrrepaTyphl BhiWe 

PHC. 4. ra30BhiR IIOTOK 
pHacoca /5/ nepeKa'lHBa-

F 

.' 

" 

1<3 

n#p#'IJICI j(I.J 

r 

~, 

Mt m 1'12 

~a; __ , ~~ 

K2 

K5 

8 I I J(7 
pal: KIV1#P4 

~ ' I 

ll8 ;>op. DMK<r~.tq 

PHc. 4. CxeMa ycTaHOBKH pereHepa
IJ;HH KCeHOHa. 1 - M 1 - M 2 - MaHoaa_:
KYYMMeTphi;2 - Tll - TepMorrapHhiH 
rrpH6op; 3 - Jl - noaywKa pereHepa-
IJ;HH X e 0 n - rrpe~BapHTeJihHa.ll 
JIOBYWK~; 4 - M~CJIHHhiH 6aK <i>op,!laco
ca BH-4r; 5 - rrepeKa'lHBaiOII.\HHrep
MeTH'lHhiH Hacoc; 6 - l><J - KJiarraHhi 
,[(y-6. 

PHc. 5. JloaywKa pereHepau;HH KCeHo
Ha. 
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I 

~·· 

CTCfl 4Cpe3 JIOBylllKY J1 2 , OXJia:>K)J,aeMyiO napaMH JKH)J,KOrO a30Ta )),0 

T = -90'' C .IJ.Jifl OT.IJ.eJieHHfl OT ra30BOH cMecu C0
2 

H
2
0, a TaK:>Ke na

pos ¢opsaKyyMnoro MacJia. 

OcTUBUIUflCfl ra30Bafl CMCCh DOCTynaeT B JIOBYlllKY J1 1 , OXJia:>K

)J,UCMYIO :>KH.IJ.KHM a3oToM .IJ.O T = -196° C. KoHTpoJih 3a TeMnepaTypou 

CTCIIOK JIOBYUICK J1 
1 

H J1 
2 

OCYll.ICCTBJiflCTCfl C DOMOlllhlO TCpMonapbi. 

JlOBYWKa /pHC. 5/ npC)J,CTaBJiflCT C060H MC)J,HWH CTaKaH )J,HaMCTpOM 

40 MM, BbiCOTOIO 100 MM, HMClOll.IHH BHYTPCHHHH 6H$HJiflpHhiH BHHTO

BOH KallaJI. 06bcM JioBylllKH V = 25 eM 
3

. BBo.IJ. H BhiBO.IJ. BhiDOJIHCHhi H3 

MC)J,IIbiX TpyfioK. 

npu )J,OCTHJKCIIHH B JIOBYUIKe )J,aBJICHHfl p = 760 TOP /no Mauo

MCTPY M 2 I .IJ.Jifl BbmycKa He CKOH)J,encuposaHHbiX na cTeHKax JioByUI

KII r·a :JOB OTKpbiBUCTCfl KJianaH K 7 I. no OKOH4aHHH li,HKJia BblMOpa/KH

naHHH KJHtnaHbi K 6 H K 7 3aKpbiBaloTCfl, H 4Cpc3 KJianan K 
8 

JIOBYUIKa 

OTKa4111HlCTCJI )),0 )J,UBJICIIHfl p = 1.1 o-t- TOp. 3aTCM KJianan K 8 3aKpbi

BaCTCJI, H npcKpall.laCTCfl OXJIU/K)J,CIIHC JIOBYWI<H /KH)J,KHM a30TOM. flpH 

DOBbiWCIIIIH TCMncpaTypbl CTCIIOK JIOBylllKH J1 I BbllllC T = -112 ° C npo

HCXO)J,IIT Bbi)J,CJlCIIIIC KCCIIOIIa, KOTOpbiH 4CpC3 KJlanaH K 
7 

ncpcnycKaCT

CH B pa6o4y!O I<UMCpy )J,Jlfl DOCJlC.IJ.YIOll.ICrO HCDOJlb30BUHHJI. 

C LlCJlbliJ 60JlCC DOJII!Oro H3BJlC4CHHJI KCCIIOHa H3 JIOBYUIKH npHMC

HCHO }"CTplli!CTBO, COCTOfllliCC H3 Bal<yyMHOI'O OfibCMU H pc3HIIOBOH Ka

MCpbl. Kccuou ncperoHflCTCfl H3 JioByllli<H B KaMcpy 3a C4CT 10-KpaT

noro yscmi4CHHfl o6beMa pe 3HHoBoif KaMepbr npH pacTfliKCHHH ce cTc

HoK B pC3}"JlbTaTe OTKa4KH B03)J,yXa H3 BUK}"}"MIIOro OfibCMU. Ha ycTa

HOBKC npe)J,yCMOTpCH nepenycK KCCHOHa H3 CTCKJlJIIIHOf'O COCy)J,a B pa-

6o41IC KaMe phi /KJianaHbi K 
3 

H K 
4 

I H noBTopnaH pcrcncpauufl /Kna

nan K 3 /. 

B npou.ecce 3KCnJiyaTaU,HH B03HHKJlll onpe~cnennwe TPY.IJ.HOCTH 

B xpaHCHHH KCCHOHa, BBH.IJ.Y Heo6XO)J,'HMOCTH HCDOJlb30BUHHfl pC3HHOBblX 

KaMep .ll.Jlfl DO.LJ.a4H ra3a B HOHHbiH HCT04HHK. 06napyiKCHO, 4TO DOTCpH 

Xe 3a O.LJ.HH cyTKH xpaHeHHfl .LJ.OCTHraiOT 30o/o OT o6ll.lero ero KOJlH4ecT

sa B KaMepe. YBCJIH4CHHC TOJlll.IHHbl CTCHOI< KaMepbl C } MM .ll.O 3 MM 

/pe3HHa saKYYMHafl TY MXll 7889/ B 4-5 pa3 yMeHbWHJIO noTepu ra

Ja. 
8 HaCTOflll.ICC BpCMfl C DOMOll.lbiO )'CTaHOBKH perenepaU,HH KCC

IIOHa .ll.OCTHraeTCfl 6-7 DOJIHhiX U,HKJIOB o6pall.ICHHfl DO.LJ.aBaCMOrO B HC

T04HHK ra3a C BhiCOKOH CTCDCHbiO o6orall.ICHHfl. 

ABTOPhi npHHOCflT 6Jiaro.LJ.apHoCTb E.A.3arepy 3a noJie3Hbie 3a

MC4aHHfl npH DO)J,rOTOBKC CTaTbH I< DC4aTH, fl. 8. ryTHHKY - 3a DOMOlllb 

B H3rOTOBJICHHH H HaJia)J,KC ycTaHOBOK yJiaBJIHBaHHfl. 
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napaMH *H~Koro aJora ~0 
ecH CO2 H 20 ' a TaK*e na-

aer B JIOBYillKy JI 1 ' OXJia*-

KOHTpOJih 3a TeMneparypoii 

C.ll C llOMOl.QhiO TepMonapbi. 

Me~HhlH CTaKaH ~HaMeTpOM 
peHHHH 6H$HJI.RpHhiH BHHTO

BO~ H BhiBO~ BhiiTOJIHeHbl H3 

" p = 760 Top /no Mano

BaHHhiX Ha CTeHKax JIOBylU

KOH4aHHH IIHKJia BhiMOpa*H

'lCpC3 KJianan K 8 JiosywKa 

. 3arcM KJianan K B 3aKpbi

IllKH *"~KHM a30TOM. Opn 

1 Bblllle T = - 112 o c npo-

3 KJianaH K7 nepenycKacr
·noJib30Bann". 

CCIIOHa H 3 JlOBYillKH llPHMe-
0 06beMa H PCJHIIOBOH Ka

KaMepy 3a C'lCT 10-Kpar-

bl llpH pacni*CIIHH ee CTC

YYMIJOro o6bcMa. Ha yeT a_ 

CTCKJiflHHoro cocy~a 8 pa

Topna" perencpaun.R /KJia-

onpe~eJiennwe TPY~HOCTH 

HCllOJlb30Bai!Hfl PC3HHOBbiX 

· 06napy)f(CHO, 'lTO llOTCpH 
0 OT 06I.Qero ero KOllH'lCCT-

KaMepbi c 1 MM ~O 3 MM 

a3 YMeHblllHJio noTepn ra _ 

HOBKH perenepaunn Kce

CHH.R no~asaeMoro a He-

"· 
.3arepy 3a none3Hhie Ja-

.B.ryTHHKy - 3a ITOMOI.Qh 
BaHHfl. 

p 

f 

, 
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