


AnR HCCneAOBaHHR Me30aTOMH~X H Me30MOneKynRpH~X npo~eCCOB, 
npOHCXOAR~HX B CMeCRX H30TOnOB BOAOPOAa, Tpe6y~TCR H30TOn~ 

BOAOPOAa co cTeneHb~ 4HCTOTbl no cyMMapH~M npHMeCRM C02, Ne 
0 2 Ha YPOBHe 10-7 o61>eMHbiX AOneH 111 . CTonb BbiCOKoe Tpe6oeaHHe 
K 4HCTOTe BOAOPOAa o6ycnoeneHO cy~eCTBOBaHHeM KOHKYPHPY~HX 
$QHOBbiX KaHanoB, TaKHX, KaK: nepexBaT M~OHOB OT H30TOnOB BOAOPO
Aa K RApaM npHMecH; 3axeaT M~OHa cno*HbiMH RAPaMH. 

8 HaCTOR~eH pa6oTe npeACTaBneHa ra30BaR CHCTeMa 3anonHeHHR 
MHWeHH AeHTepHeM H TpHTHeM, pa3pa6oTaHHaR H HCnonb30BaHHaR 
B 3KCnepHMeHTe no HCCneAOBaHH~ RBneHHR M~-KaTanH3a peaK~HH 
RAepHoro CHHTe3a AeHTepHR H TPHTHR/2/. 

K AaHHOH CHCTeMe no ycnOBHRM 3KcnepHMeHTa npeAl>RBnRnHcb 
cneAY~~He OCHOBHble Tpe6o BaHHR: 

1/ B Te4eHHe AnHTenbHbiX 3KCn03H~HH Ha ny4Ke M~OHOB /200 4/ 
cyMMapHoe coAeP*aHHe npHMecH ( N 2 . 0 2 . CO 2) B AeHTepHeeo-TpH
THeBOH CMeCH, HaXOAR~eHCR B MHWeHH, He AOn*HO npeB~WaTb ypo
BeHb 5.10-7 061>eMHbiX AOneH; 

2/ npH pa60Te C paAHOaKTHBH~M TPHTHeM AOn*Ha 6b1Tb o6ecne4e
Ha 6eaonacHOCTb nepcoHana. 

Ha PHC. 1 npHBeAeHa npHH~HnHanbHaR cxeMa ra3oBoH CHcTeMbl. 
0Ha B~T B ce6R cneAY~He y3nbl: 

a/ CHCTeMy BbiCOKOBaKyyMHOH OTKa4KH; 
6/ raaoey~ MHWeHb H 6annacTHWH o61>eM /60/; 
B/ CHCTeMy 04HCTKH AeHTepHR; 
r/ HCT04HHK TpHTHR; 
AI CHcTeMy 3BaKya~HH (02 + T2 ) cMeCH H3 MHWeHH H 6annaCTHoro 

o61>eMa. 

CHcTeMa e~coKoBaKyyMHOH OTKa4KH 

0TKa4Ka BCeH ra30BOH CHCTeMbl npOH3BOAHnaCb C HCnOnb30BaHHeM 
ABYX napoMacnRHbiX AH¢¢y3HOHH~x arperaTOB AH1 H AH2. Me*AY AH¢
¢Y3HOHHbiMH HaCOCaMH H CHCTeMOH pacnonaranHCb BbiMOpa*HBaiO~He 
aaoTH~e noeywKH /Bfl2 H Bfl3/, npeAOT Bpa~a~H e nonaAaHHe napoe 
Macna, B0Abl, yrneKHCnoro raaa B CHCTeMy. YeenH4eHHe CKOPOCTH 
OTKa4KH CHCTeMbl ocy~eCTBnRnOCb nyTeM 0AH0BpeMeHHOH pa60Tbl ABYX 
AH¢¢y3HOHHbiX arperaTOB. 

Bee COeAHHHTenbHble KOMMYHHKa~HH CHCTeM~ npeACTaBnRnH C060H 
Tpy6KH H3 Hep*aBe~~eH CTanH, BHyTpeHHHe no eepXHOCTH KOTOPbiX 
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P~c. 1. CxeMa eaKyyM~poeaH~A ~ sanonHeH~A M~weH~ ra
soo6pa3H~M AeHTep~eM ~ Tp~T~eM. YcnosH~e o6osHa4eH~A: 
BW - e~TA*HOH wKa~; 60 - 6annaCTH~H o6beM; ~H - ¢op
eaKYYMH~H Hacoc; AH - A~¢$y3~0HH~H Hacoc; an - B~MO
pa*~Ba~aA noeywKa; 6 - 6annoH c AeHTep~eM~ TM -
TepMonapH~H MaHOMeTp; HM - ~OH~sau~oHH~H MaHOMeTp; 
un - uean~TOBaA noeywKa; AH - aACOp6u~OHH~H Hacoc; 
Ti - T~TaHoB~H aAcop6ep; P - peAYKTop; HT - ~cT04-
H~K TP~T~A; A - aMnyna AnA aHan~sa ra3a; ~- n~ne
ynaen~ea~HH ~~nbTp; M - MaHoMeTp; B - eaKyyMMeTp. 

npeABapHTenbHO ~n~ oTnon~poeaH~. B c~cTeMe ~cnonbsoeanHCb TO.nb
KO C~nb$QHH~e BeHTHfl~, paCC4~TaHH~e Ha pa6o4ee AaB.neHHe 50 aTM. 

repMeT~4HOCTb ecex ysnoe CHCTe~ npoeepAnacb renHeB~M Te4e
~cKaTeneM nTH-7. 

ra30BaA M~WeHb H 6an.naCTH~H 06beM 

rasoeaA M~WeHb npeACT8BnAeT co60H COCYA H3 Hep*aBe~eH CTa
n~ AHaMeTpOM 130 MM, Afl~HOH 250 MM, TOfl~HHOH CTeHKH 3 MM, 
o6beMOM 3,25 n. M~weHb pacc4HTaHa Ha pa6o4ee AaeneH~e AO 
55 aTM ~ TeMnepaTypH~H AHanasoH oT 78 AO 670 K. Harpee MHWeHH 
ocy~ecTBnA.ncA 3neKTP~4eCKOH cnHpanb~, a oxna*AeHHe - napaMH 
asoTa. 3neMeHT~ Harpeea ~ oxna*AeHHA pacnonaranHCb Ha BHewHeH 
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noeepXHOCT~ MHWeH~. KOHTpOnb ~ H3MepeH~e AaBneHHA rasa B M~
WeH~ npOH3BOA~n~Cb C nOMO~b~ YCT8HOBneHHOrO Ha HeH MaHOMeTpa M1. 

B Te4eH~e 7-10 cyToK nepeA sanonHeH~eM M~weH~ TP~T~eM ~n~ 
AeHTep~eM npo~SBOA~nac~ BaKyyM-TepM~4ecKaA Aerasau~A caMOH 
MHWeH~ ~ COeAHH~TenbHbiX KOMMYH~Ka4~H, nOAXOAAIIIHX K HeH. no yc
nOB~AM 3KcnepHMeHT8 Kp~Tep.-teM OKOH4aH~A TePM~4eCKoH TpeH~poBK~ 

AB~flOCb AOCTH*eH~e CKOpOCT~ ra30B~AeneHHA B M~WeHH Ha YPOBHe 
10-4 MM pT.cT./4. rasoaaA MHWeHb pacnonaranacb BHYTPH eaKyyM~
posaHHoro AO ASB.neHHA 10-2 MM pT,CT, 6annaCTHOrO 06beMa /Vo6 . . c 

= 130 .n/. B cny4ae nonHoH pasrepMeTHsau~~ rasoBOH MHWeH~ eo epe
MA 3KCn03H4~~ C 0D2+T2) CMeCb~ aen~4HHa AaBneH~A BHYTP~ 6a.n
.naCTHOrO 06beMa 6blna 6bl MeHbWe, 4eM 450 MM pT,CT. 

K 6a.n.nacTHOMY o6beMy 6wn~ noAcOeA~HeHw ABa uean~Toawx aA
cop6epa /AH1 ~ AH2/. 3To 6wno cAenaHo AnA noAAep*aHHA Heo6xo
A~MOro paspe*eHHA B HeM H8 npOTA*eHH~ Afl~TenbHbiX 3KCn03~4HH 
c raso80H CMeCb~, a TaK*e c uenb~ yMeHbWeHHA noTepb Tenna MH
weHbiO. 

CHCTeMa 04HCTKH AeHTepHA 

AeHTep~H, HaXOAA~~HCA 8 6annoHe /6/, npoxoAHT 4epe3 c~cTeMy 
nocneA08aTenbHO COeA~HeHHbiX uean~T08b1X 8ACOp6epo8 /L.lfl1, L.lfl2, 
Ufl3/, noMel!leHHbiX 8 *~AK~~ asoT, ~ nocTynaeT 8 ra3o8y~ M~weHb. 
AaeneHHe AeHTep~A Ha 8XOAe aAcop6epa L.lfl1 perynHpyeTcA c noMo~b~ 
peAYKTOpa / P/ H KOHTpO.nHpyeTCA M8HOMeTpoM M3. nepeA 04HCTKOH 
AeHTepHA npOH3BOA~TCA eaKyyM-TepMH4ecKaA TpeH~p08Ka 8cex Tpex 
aACOp6epoe B Te4eH~e A8YX CYTOK np~ TeMnepaType 350°C AO AaB
neH~A 6·10-2 MM pT,CT. CTeneHb 04~CTKH AeHTepHA onpeAenAnacb

131 
c noMO~biO nep~OAH4ecKoro aHanHsaTopa aAcop64HOHHoro T~na MK3 
C 4YBCTBHTenbHOCTb~ AO 10-9 06beMHbiX AO.neH. -

MHOrOKpaTHO npOBeAeHH~e aHa.nH3bl CB~AeTenbCTBOBan~ 0 TOM, 
4TO C:.)/MMa np~MeceH s Aeihep~~ nocne 04~CTKH He npesbiWana 
2·10 o6beMH~x AO.neH. Ow~6Ka a onpeAeneHH~ 3TOH ee.n~4~H~ co
cTa8.nAna 20%. 

HcT04H~K TP~T~A 

B Ka4ecTee HCT04H~Ka TP~THA HcnonbsoeancA TPHTHA T~TaHa, 
OOMel!leHH~H BHYTPb aMny.n~ H3 Hep*aBe~UieH CT8fl~ 06beMOM 100 CM
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/ HT/. A~ccou~au~A TPHTHAa T~TaHa /BbiAeneHHe ra3oo6pasHoro TpH
T~A / 3~eKT~BHO npo~CXOAHT np~ TeMnepaType 750-800°C . n p~Me
HeH~e THTaHa MapK~ THT-4 c nop~cToCTb~ 30% KaK aAcop6eHTa TpH
THA ~MeeT TO CYI!IeCTBeHHOe npe~MYI!IeCTBO no cpaBHeHH~ C APYr~M~ 
nor.nOTHTe.nAM~ Tp~T~A, 4TO Y*e np~ KOMH8THOH TeMnepaType OH 
c noco6eH aACOp6~posaTb ropa3AO 60nbWee KO.nH4eCTBO BOAOPOAa 
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P~c.2. T~raHOB~H aAcop6ep. 1 - Kop
nyc aAcop6epa, 2 - ra3onornor~renb 

/r~raH THT-4/, 3- Merann~4ecKaA 
CeTKa, 4 - TepMOnapa , 5 - BOAAHOe 
oxna~AeH~e. 6 - Harpeearenb, 7 - MeA
HaA npoKnaAKa. 

IAeHrep~A, rp~THA/, 4eM raKHe wHpOKo 
np~MeHAe~e nornOTHTenH, KaK H~06~H, 

raHTan, u~pKOHHH, ypaH. CneAyer or 
MeT~Tb, 4TO T~TaH npH TeMneparype 
T= 750-800°C eecbMa 3~$eKTHBHO cop-
6Hpyer pa3nH4H~e XHMH4eCKH aKTHBH~e 
ra3~ /K~CnOPOA, a30T, B03AYX, OK~Cn~ 
yrnepoAa H BOAAHOH nap/ , npH4eM ocra
T04HOe COAep~aHHe HX He npee~aeT 
ypoeeHb 10-5 ' 4 ' . C y4eroM e~wecKa3aH-

L HOrO, ~cnOnb30BaHHe THTaHa AnA AO
nOnHHTenbHOH 04HCTKH TpHTHA n03BO
nAnO HaM nony4aTb rpe6yeMy~ no ycno-
BHAM 3KCnepHMeHTa 4HCTOTy ra3a Ha 

-7 ypOBHe 10 06oeMH~X AOneH /COAep~aHHe TPHT~A B (~+T2 ) - cMe-
CH 8 pa004HX 3KCn03HUHAX Ha ny4Ke M~HOB He npea~ano 10%/. 
MaKCHManbHOe AaeneHHe rp~THA e M~weHH npH reMneparype rpHTHAa 
THTaHa 800°C COCTaBnAnO 480 MM pT.CT. 

c~cTeMa 3BaKyauH~ (De + Te) -cMeCH H3 MHWeHH 

C~cTeMa norno~eH~A ra30BOH CMeC~, HaXOAA~eHCA B MHWeH~, 
COCTOAna H3 ABYX aACOp6epoe Ti 1 H Ti2, 3anonHeHH~X T~TaHOM 
MapK~ THT-4. Cop6u~OHHaA eMKOCTb Ka~Aoro aAcop6epa np~ HOpManb
H~x ycnoe~Ax cocraenAna 360 n (D2 +T 2 ) -cMec~. Ben~4~Ha ocra
T04Horo AaeneH~A ra3a e MHWeHH H KOMMYHHKaUHAX nocne npouecca 
norno~eHHA He npea~wana 10-3 MM pr.cr. AACOp6ep Ti2 ABnAnCA 
pe3epeH~M H MOr 6~Tb Hcnonb30aaH a aaap~HHOM cny4ae npH pa3rep
MeTH3aUH~ M~WeH~ ~ YTe4Ke ra30BOH CMeCH B 6annaCTH~H 06oeM. 

Ha PHC. 2 ~3o6pa~eHa KOHCTPYKU~A Ti aACOp6epa. B Ka~A~H 
aAcop6ep 3ac~nanocb 800 r THTaHoaoro ra3onornoTHTenA. Ao Ha4a
na 3Kcnep~MeHra npoBOAHnac b cneuHanbHaA eaKyyM-repMH4eCKaA 
rpeH~poeKa aAcop6epoa. B pa6o4~x ycnoa~Ax norno~eHHe (~ +T2>
CMeC~ npOHCXOA~no npH 25°C. 

AMnyn~ (A 1 • A2 , A 3 ). ycraHoaneHH~e e c~creMe, npeAHa3Ha4anHCb 
AnA or6opa npo6 COAeP~HMOro MHWeH~ c uenb~ onpeAeneH~A paA~o
MeTpH4eCKHM MeTOAOM aTOMapHOH KOHUeHTPaU~H TPHTHA B ra30BOH 
CMeC~. 
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3anonHeH~e M~WeH~ (D2+T2) -cMeCb~ np0~3BOA~nOCb B ABa 3Ta
na. CHa4ana npeAeap~renbHO aaKyyM~poaaHHaA M~WeHb 3anonHAnacb 
Tp~T~eM AO AaBneHHA 240~480 MM pT.CT. B 3a8HCHMOCT~ OT ycnoBHH 
on~roe /~CT04H~K HT/, a 3aTeM e M~weHb Ao6aanAn~ 4~CT~H AeHre
p~H AO He06XOAHM0H eenH4HH~ AaBneH~A CMeCH. 

Pe3ynbrar~ MHoroKparHo npoaeAeHH~X aHanH30B c pa3n~4H~M 
BpeMeHeM 3KCnOHHPOBaH~A CMeCH B M~WeH~ noKa3anH, 4TO CyMMa 
np~MeceH e HeH He npee~waer ypoeeHb 2·10-7 o6oeMH~X AOneH. 

B 3aKn~4eH~e aerop~ B~pa~a~T 6narOAaPHOCTb s.n.A*enenoay, 
B.r.3~Hoey, A.A.KoH~HY 3a none3H~e o6CY*AeH~A ~ ueHH~e coeer~; 
B.M.PoMaHOBy 3a pa3pa6oTKY y3noa ycTaHOBK~; r.$.Hcaeey, M.M.ner
poBCKOMy, Ul.r.WaMCYTAHHOBy - 3a c6opKy ~ HanaAKY BCeH C~CTeM~. 
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