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B nocne.aase ro.abi B03HH1Ula aeo6xo.aHMOCTb nonyqeHKll 3H8qHTenbHbiX KonHqecTB :lKH.a~ 

KOrO BO.Il0pO.Il8 BbiCOKOA U8pAKOHU9HTp8UHH 0 qTo B CBOIO oqepe.llb Bbi3B8JIO H906XO.IlHMOCTb 

.ansTenbHoA H B8.1l9:lKBOA pa6oTbl K8T8JIH38TOP8 .anll opTo-n8p8npespameaall. B neq8TK y:lKe 

coo6manocb o6 yxy.aweaKB p860Tbi K8TMK38TOp8 scne.acTBae OTp8BneBBll ps.aoM semecTrf
1' 

a scne.acTsae 8.1lCOp6naa aaoT8 K8T8JIH3ATopoM
121• HacTOllll.l8ll p860T8 npose.aeaa c nenbiO 

BbiliCB9HKli,K8K H3M9Hli9TCll 8KTHBHOCTb :lKQJI93HOrD K8T8JIK38TOp8 B YCJIOBKliX HenpepbiBBOA 

p860Tbl so.aopo.aaoro O:lKK:lKBTeng. 

CxeM8 H ycnosall onbiT8 

P86oT8 nposo.aun8cb H8 so.aopo.aHoM o:lKH:lKKTene 00113•41 
nposaso.aaTenbHOCTbiO 

80-85 n/q8c :lK.H- H2 

-rene .llaB8 H8 pac. 1. 

a 50 n/qac *• n-H2 .CxeM8 nonyqeHKll n8paso.aopo.a8 B O:lKB:lKH-

)Ka.aKKA so.aopo.a nocne .apoccenapoBaBBll B seBTKne ( 1) nocTyn8eT B .aononBBTenb

BbiA C60pBBK (2). OTKY.Il8 q8CTb H8Up8BJISI9TCll B pe8KTOp C )1(9J193HbiM K8T8JIK38TOpDM .llJill 

OpTo-U8p8npeBp811.19HKll (3), 8 q8CTb B OCHOBHOA C60pHKK (4) qepe3 UBeBM8TKqecKBA Kn8-

D8H (5). Tenno opTo-n8p8npespameHHll CHJ!:M8eTCll B 3MeesaKe:-KoH.aeac8TOpe (6) 38 cqeT 

KCD8p9HKll >KB.IlKOro BO.IlOPO.Il8 HOpM8JibBOrO COCT8B8 B OCBOBHOM c6.opBBKe. KonaqeCTBO 

nonyq8eMoro n8paso.aopo.a8 perynapyeTCll 38 cqeT coxpaBeHKll nocTOliHHoro yposall >Ka.a

Koro BO.Il0pO.Il8 B OCHOBHOM c60pBBKe. 

BnoK-cxeM8 o:lKB:lKBTenbHOA ycT8BOBKB B nepao.a onbiT8 B3o6p8>KeH8 H8 pac. 2. Ko

nsqecTBO :lKB.IlKoro n8p8ao.aopo.a8 • nonyq8eMoro B O>KK:lKHTene (3 ), 38Mepsnocb poTaMe-r

poM (6) nocne acn8peHKll K H8rpes8 B scn8pa-rene (7). Mcn8peHKbiA so.aopo.a soaBp811.18JICll 

B CHCTeMy qepe3 6nOK OqKCTKK (4). 

B npouecce onbiT8 aaMepllnKcb: 

a) KonaqecTBO nonyq8eMoro D8paso.aopo.a8·; 

6) KOHU9HTp8UHll nap8BO.Il0pO.Il8 - r8308H8JIH38TOpOM DO T9UJIODpOBO.IlHOCTB (8)/~/ 
B) cyMMa npuMecelt B nonyq8eMoM n8paso.aopo.ae c noMOll.lbiO 8.acop6uuoaaoro aaa-

UH38Topa nepuo.auqecKoro .aeltcTBHll MK3 (el61
• 

B K8 qecTBe KBT8UH38TOp8 ucnonb3oB8H8 ru.apooKHCb :lKene38• npuroTosneaaal! B 

KpsoreHHOA n860p8Topuu OMHI-1 no .ll8HH&IM/
7•81• Heo6xo.auMoe KonsqecTBO. K8TanuaaTOp8 

3 /9/ ( 1300 eM ) no.acquTh!Banocb no <PopMyne • 

3 
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fg 1- Cole 

p 

1 _c /cp 

-Kon&'lecTBo nony'l&eMqro napaBo.a;opo.a;a c KOHU8HTpauaeA C 'I:C ; 

-o&beM K&TanaaaTopa 
3 

CM 

-acxo.a;HaH KoaueaTpauaH napaBo.a;opo.a;a ; 

-pa&HOB9CH8H KOHU8HTp8UHSI no nap&BO.D;opo.a;y; 
r.Monb 

-KOHCT8HT8 CKOpOCTH p88KUHB OpTO-napanpeBp8LU8HRSI, CM3C&K 

PeaKTop c K&TanaaaTopoM B nepao.a; onbiT& pa6oTan B cne.a;yJOwRx ycnoBBHX. 

1. 06'b8MH8SI CKOpocTb >KR.D;KOrO BO.D;Opo.a;a B p88KTOp8 -35,5 n,>KR.D;K,H2 
n.xaT."'&C 

2. BecoB&R aarpyaxa aa 1 cM2 
nnowa.a;a nonepe'IHoro ce'I&HBH peaKTopa-

880 r,>KR.D;K,H2 
CM2 'IBC 

3. )laBneaae B peaxTope - 4,3 aT, 

4, KoaueHTpauaa napaao.a;opo.a;a aa Bxo.a;e B peaKTop - 25% . 

5, Paaaoaecaaa xollu&HTpauRH napaBo.a;opo.a;a B peaxrope, 

COOTB8TCTBYIOLU8H .a;aBneHHIO 4,8 aT, H T • 27,6°K 

PeaynbT&Tbl pa6oTbl 

- 97,5%. 

( 1) 

Ha OCHOBSHRH npoBe.a;eHHoro ORbiTS H&ll.a;eaa 38BHCHMOCTb KOHU8HTp8UHH nony'I&8MOro 

napaBo.a;opo.a;a oT apeMeHH pa6oTbl B Te'leaae 85 'IBCOB aenpepb!BHOII pa6oTbl Bo.a;opo.a;ao

ro o >KH>KRTena ( pac, 3) 

c -3 
0,706 • 10 + 0,97 

no,a;CTBBnHH yp8BH8HHe ( 2) B ( 1) H pewaR OTHOCHTenbHO K • H8XO.D;HM: 

Jlng aawero cny'I&H 

--l 0,7~5 
K t • 0, 79 , 10 g 0, 706.10- t +0,005 

KIF 0 • 1,72 • 10-
3 r,Monb, 

CM3,CeK H 

(2) 

(3) 

KIF85 ~ 0,83. 10"
3 I: MOnb 

CM3C8K T,e, 'lepea 85 'IBCOB pa6oTbl 

KOHCT8HT8 CKOpOCTH peBKUHH CHH3Hn8Cb B 2 paaa, KoaclJclJRUH8HT CHH>K8HHSI KOHCTSHTbl CKO

pOCTH paaeH: 

4 

.. 

, 

, 

r.a;e: 

q ~ 
t 

Kt 
;,..____..- 0. 46 fg 
K.._o 

0.725 
0,706, 10-a +0,005 

Kt -KOHCT8HT8 CKOpOCTH p88KUHB B TeKyLUHII MOM8HT BpeMeHHi 

K.._o -aa'!anbaoe aaa'leHae KOH.CTBHTbl CKopocTH peaKuaa; 

-Bp8MSI pa60Tbl B 'IBC8X ( 0 < t < 100 '!&COB), 

KoaueaTpauHH np&MeceA B cnHBaeMOM >KH.I:lKOM napaBo.a;opo.a;e coCTI 
-6 

ManHpHbiX .a;oneJI B HB'Iane ORbiTS H 0 15T 1,10 B KOHU8, 

nepe.a; H&'l&nOM OUblT& K8T&nH38TOp UO.D;BepranCH BKTHBSUHH npo.a;yBc 

.a;opo.a;oM B T&'leaae 2-x '!&COB c TeMnepaTypoll aa Bxo.a;e B o>KH>KHTenn 7 

CKOpOCTbiO 18000 
n.raa. H2 /41., 
n,lt8T,'I8C. 

nocne OKOH'ISHRII pa60Tbl O>KB>KBTenb 6bln OTenneH
1
H K8T&nH38TOp C 

pDBaH, nepaOB&'I&nbH&SI BKTHBHOCTb K8T8nH38TOpa BOCCT&HOBRU&Cb, 

Caa>Ke&Be xoacTaHTbl cKopocTH peaKuaa, no-BH.I:lHMOMy, 6blno Bbi3B&I 

H& K8T&nB38TOpe np&Mecell, co.a;ep>K&LUHXCR B >KH.D;KOM BO.D;OpO.o;e, 

8blpa>KaJO 6naro.a;apaocTb A.r. 3enb.o;OBB'IY aa aay'laoe pyxoBo.a;cTBo 

lle.3Hble coBeTbl, Bnaro.a;ap10 H.H. Banau.a;aKoBa a Becb aKcnnyaTauaoHHbill 

Be'I8HH8 6ecnepe6oiiHOll pa60Tbl O>KH>KHTenbHOII ycT&HOBKH B nepao.a; ORbiTC 

n a T e p a T y p a 

1. R.H.Keeler, K.D. Timmerhaus. ·Poisoning and Reactivationo f Ortho-parahydrogen Conv 

Adv. in Cryog. Eng, N4 
1
2l6-006, Plenum Press, New York, ·1960. 

2. C.McKinley, Schmauch. Effelct of Absorbed Nitmgen on •Catalytic Activity ofOrtho-pa 

Con version CataHats • ' 

Teaacbl .a;oKna.a;a aa 9-oll HauaoaanbHOll Koa¢epeauaa no KpHoreHH• 
Bon.a;ep, Konopa.a;o, 1963. 

3. A. r. 3enb.D;OBH'I, !O.K. nananeHKO. Bo.a;opo.a;Hblll O>KH>KHTenb npoH3BOJ 
50 n I 'lac >KH.D;Koro Bo.a;opo.a;a • nT3, N!! 2, 185-187 ( 1961 ). 

·4. A.r. 3enb.a;oBH'I, !O.K. nananeuKo, .YcoBepweacTaoBaaae a q,opcapoB. 
HOro O>KH>KHTenR BOt. nT3,N!! 4, 191 (1963). 

5 • .ll.H. BacanbeB, A.H. illanbHHKOB. npa6op .a;nR HenpepblBHOro aaanaa 
napaao.a;opo.a;a H .a;eiiTepHR , nT3, N!! 4, 106 ( 1958), 

6. K.H. 3HHOBbeBa, Onpe.a;eneaae M&nbiX KOnH'IeCTB npaMecell aaoTa H K 
.a;opo.a;e H renaa • 3aeo.a;cKaR na6opaTopas1~, N!! 1, 30-32 ( 19t 

7, D.H.Weitzel, O.E.Park. Iron Catalist lor Production ofLiqnid Para-Hydrogen • :Rev.: 

(1956). 
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1- Co/cP 

1 _c /cp 

(I) 

•nH'I9CTBO nony'I89MOI'O nap8BO.ll0pO.ll8 C KOHil9HTpauaelt C 'I:C ; 

3 
eM KBT8nH38TOpa CM 

O.llH8SI KOHU9HTp8UHSI nap8BO.ll0pO.ll8 ; 

HOB9CH8SI KOHU9HTp8UHSI no napaBO.llOPO.lly; 

r.Monb 
CTSHT8 CKOpOCTH pe8KUHH opro-napanpeapai.UeHHSI, CM3 CeK 

H38TOpOM B nepHO.ll OnbiTB pa6oTan B cne.llyiOI.URX ycnOBRRX. 

II CKOpOCTb >KH.llKOI'O BO.ll0p0.ll8 B p98XTOpe 

2 
Harpy3K8 HB 1 CM nnOI.UB.llH nonepe'IHOI'O C9'19HRSI p98KTOp8-

8Q r,>KRJlK,H2 
3 

CM2 'IBC 

e B pe8KTOpe - 4,3 8T, 

PSUHII napaBO.ll0pO.ll8 H8 BXO.ll9 8 p98KTOp - 25% • 

HBSI KOHU9HTp8UHSI nap8BO.ll0pO.ll8 B p98KTOpe, 

TBYIOI.U&II .llaaneaa10 4,3 aT, a T • 27,6°K 

Pe3yn&T&Tbl pa6oT&I 

- 97,5%. 

RH npoB9.ll9HHOI'O OfibiT8 HBit.ll9H8 38BHCHMOCTb KOHil9HTp8UHH nony'I89MOI'O 

T Bp9M9HH pa6oT&I B T9'19HH9 85 'IBCOB H9fip9pbiBHOit pa60Tbl BO.llOpO.llHO

'HC, 3) 

c -3 
0,706 • 10 + 0,97 

H9HHe (2) B (I) H pei.U&SI OTHOCHT9fibHO K • HSXO.llRM! 

851 

-."!. 0.725 
K 1 ~ 0,79. 10 "tg 0,706.10-3 t +0,005 

Kb= 0 = 1,72 • 10-3 
r.Monb. 
CM3,C9K H 

1 
(2) 

(3) 

Kb=85 : 0,83. 10-3 r; ~on& 
CM C9K T.e. 'lepe3 85 'lacoa pa6oTbl 

TH p98KUHH CHH3Hfi8Cb B 2 paaa, KoacpcpHUH9HT CHH>K9HRSI KOHCTBHTbl CKO-

4 

,. 
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« 

~ 
'!' '.' .. :.1 

~,.,l ~ ' 

l· ' 
I . 

r . I 

~ 
"' '., 
~ 
~ 
'(.I 

r.lle: 

q = 
t 

Kt 
"-- 0,46 fg 
Kt>ao 

0.725 
0,706. 10-3 +0,005 (4) 

Kt -KoHcTaHTa CKopocTR peaKnHB B TeKyi.UHit MOMeHT apeMeHH; 

K~>ao -aa'lan&aoe aHa'leHae KOH.CT&HT&I cKopocTH peaKuaa; 

-apeMSI pa60Tbl B 'IBC8X ( 0 < l < 100 '18COB), 

-6 COCTBBfi!lna 1~4,10 KoaneHTpauaR npRMeceA a cnsaaeMOM >KH.llKOM napaBo.llopo.lle 

-6 MMSipHblX .ll0fi9JI B H8'1Sn9 OnbJT8 H 0,5-i 1,10 B KOHne, 

nepe.ll H8'18n0M Ollb!T8 K8T8fiH38TOp nO.llBepranCSI 8KTHB8URH npO.llyBOM I'Opii'IHM BO

!(OpO!(OM B T9'19HRe 2-x 'IBCOB C T9MnepaTypoA H8 BXO.ll9 B O>KH>KHTenn 70°C H 06t.9MHOit 

13000 n.raa. H2 /4/~ CKOpOCTbiO 
n.K8Te'I8C. 

nocne OKOH'ISHHll p:a60Tbl O>KH>KHT91lb 6bln OTenneH
1
H K8T81lH38Top CHOBB OTBKTHBH

poaaa, tlep&OH8'18nbH8ll BKTHBHOCTb K8T81lH38TOpa BOCCT8HOBHil8Cb, 

Caa>Keaae KOHCTSHT&I cKopocTH peaKuaa, no-BH.llHMOMy, 6blno Bb13Baao oca>K.ll9HReM 

HB K8TMH38TOpe npaMecelt, CO.ll9p>K81.UHXCSI B >KB.llKOM BO!(Op0Jl9, 

Bb!pa>KaiO 6naro.llapaocTb A.r. 3en&.llOBH'Iy 3a aay'IHoe pyKOBO.llCTao pa6oToA a no-

114t3Hble coaeTbl, Bnaro.llapiO H.H. BanaH.llHKoaa a aec& aKcnnyaTanHOHHbill .I.UTBT 3a o6ec· 

li8'19HB9 6ecnepe60liHOit pa60Tbl O>KH>KHTellbHOll YCT8HOBKR B II&pBO!( Onb!TOB, 

naTepaTypa 

1. R.H.Keeler, K.D. Timmerhaua. ·Poisoning and Reactivationo f Ortho-parahydrogen Conversion Catalista 

Adv. in Cryog. Eng, N4 
1
216-006, Plenum Press, New York, 1960. 

2. C. McKinley, Schmanch. Effekt of Absorbed Nitrogen on •Catalytic Activity of Ortho-parahydrogen 
Con version CataHats • i 

Te3acbl .llOKna.lla aa 9-oa HauaoaanbHolt KOHcpepeanaa no Kpaoreaaolt TexaaKe, 
Bon.llep, Konopa.llo, 1963. 

3. A. r. 3en&.llOBH'I, !O.K. nananeHKO, BO.llOPO.llHblll O>KH>KHTenb npOH3BO.llHTEillbHOCTbiO 
50 n I 'lac >KH.llKOI'O BO.llOPO.ll8 , nT3, N2 2, 185-187 ( 1961 ), 

·4. A.r. 3en&.llOBH'I, !O.K. nananeaKo. .YcoaepmeHcTaoaaHae a cpopcapoaaaae BO.llopo.ll
aoro O>KH>KHT9nll BOI. nT3,N2 4, 191 (1963). 

5 • .!l.H. Bacan&ea, A.H. WanbHHKoa. npa6op .llllll aenpepbiBHoro aaana3a cMecelt opTo-
napaao.llopo.lla H .ll91tTepHS1 • nT3, N2 4, 106 ( 1958). ' 

a. K.H. 3HHOBbeBa. Onpe.lleneHHe MBfibJX KOnH'I9CTB np&Mecell B30T8 H KBcnopO.llB B Bo

.llOPO.lle H renHH • 38BO.llCK8SI na6opaTopaa
1
1J., N2 1, 30-32 ( 1955), 

7. D. H. Weitzel, 0. E. Park. Iron Catalist for Production of Liqnid Para•Hydrogen • 'Rev. Scient. Instr., 1], 57 

(1956). 
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,A, 6yHHOB. YJ3yqeHHe peBKUHH npeBp8lU9HHR OPTOBOilJ>POilB B 08P8BOJlOPOJl. H8 
TBepJlbiX KaTanaaaTopax npa TeMnepaTypax 78-64 K. 1 • KHHeTHKB H KaTanaa. 

.1 Bb!D, 2, 306-312 ( 1960), 

.A. 6yRHOB, A.r. 3enbJlOBH'I, !O.K. nananeHKo. HeKOTOpbie sonpocbi TexHonorna xa
TanHTH'IeCKoro nony'leHHSI >KHJlKoro napaao.oopo.oa • XaM,npoM., N!l2, 105-108 

p B C, 

( 1961 ). 

1. 

,. 

PyKonacb nocTynnna B aa.oaTenbCKHA OT.oen 

2.~ MSSI 1964 r. 

CxeMa nony'leHHR >KH.OKoro napaao.oopo.oa a O>KB>KBTene 801. 
1 - JlpOCC91lbHbll! B9HTB1lb; 2 - JlOD01lHHT91lbHbll! C60pHBK; 
3 - pe8KTOp C K8T81lH38TOp0Mj 4 - OCHOBHOA C60pHBKj 

5 - UBBBM8TB'I9CKHA KnanaH; 6 ~ 3M99BBK - KOHJl9HC8TOp, 

6 

'it 

~ 

-I 

5 

4 

"' 

9 

~ 
·l.v'V',I· '-~ 

d 
Sooa 

P a c. 2, BnoK-cxeMa O>KH>KBTenbHoA ycTaHOBKB a nepao.o onb!Ta. 

p H C, 3. 

1 - KOMnpeccop; 2 - 61lOK M8C1lOO'IHCTKHj 3 - O>KH>KHTent 
4 - 6nox oqacTKH so.oopo.oa; 5 - raaronb.oep c MacnRHbiM 

6 - poTaMeTp; 7 - acnapaTenb; 8 - raaoaaanaaaTop no TE 
HOCTH /5/ ; 9 - ra308HBnH38TOP Jl1lR onpe.oeneHBSI CyMMbl 

Cp-H,,~ 
~0~---,----,-----,----.----,-----,----.----,-----,-

1------

92~·-----l--

881-- I i. I . -+- -
--+---+-··-

8~ 

0 (0 eo JO 40 50 60 70 80 90 
t 

3aBHCRMOCTb KOHU9HTp8UHH U01ly'19HHOro napaao.oopo.oa OT 
peaKTopa. JlasneHHe a peaKTope - 4,3 aT; o6~eMH8SI cxop 
qepea peaKTop _ 

35 5 
n,>KHJlK, H2 

• n.KBT. . qac 
; y.oenbHaSI Kaq 

r,>KH.UK. 11 2 
peaKTop - 380 CM 2qac nnoma.ua nonepe'IHoro ceqeaHR, 

KoHCTBHTa cKopoCTH peaKUHH B Haqane pa6oTbl

l 72• 10-3 r,MOnb 
° CM 3C9K ; B KOHUe pa60Tbi -

0 83.10-3 ~101lb 
1 

CM CeK 



yqeHHe peBKUHH npeBpB!USHHH OpTOBO.llJ>PO.llB B UBPBBO.llOPO.ll HB 
aTanaaaTopax npH TeMnepaTypax 78-64 K. I • KHHeTHKa H KBTBnHa. 

2, 306-312 ( 1960) • 

• 3enb.UOBH'I, !O.K. nananeHKO. HeKOTOpb!e BOUpOCbl TexaonorHH Ka
IKOro nonyqeHHH >KH.UKoro napaeo.aopo.aa • XHM.npoM., Nv2, 105-108 

PyKonHCb nocTynnna B aa.uaTenbCKHit oT.uen 
2a MBSI !964 r. 

1 

nonyqeHHH >KH.UKoro napaeo.uopo.aa a O>KH>KHTene BOI. 
OCC9UbHb!lt BeHTHUbi 2 - .llOUOUHHT9UbHhllt C60pHRKi 

BKTOp C KBT8UH38TOpOMi 4 - OCHOBHOit C60pHRKi 
I8BM8TR'I9CKRit KnanaH; 6 - 3M99BRK - KOH.[I9HCBTOp. 

6 

• 

., 

5 

4 

9 

~ I 

tJV:~I· ·-~ 
Sooa 

p R c. :i!. OUOK-CX9M8 O>KR>KRT9UbHOit YCTBHOBKH B nep&O.ll OUhlTB. 

p H C. 3. 

KOMUpeccop; 2 - 6UOK MBCUOO'IHCTKHi 3 - O>KH>KHT9Ub BO.llOpO.llBi 
4 - 6noK O'IHCTKR BO.llOpO.llBi 5 - raaronb.Uep C MBCUSIHblM 3BTBOpOMi 

6 - poTaMeTp; 7 - acnapaTenb; 8 - raaoaaanaaaTop no Tennonpoeo.u
HOCTR /5/; 9 - raaoaaanaaaTop .anH onpe.ueneHHH cyMMbl npHMecelt 161 

Cp-H,,~ 
~Dr----.----~----~---.----~----~---.-----r----~--~ 

ge 1-----+------l-----
96~~~~-=4:-......:....L~~~~-:-;...k I--

... - -
88 1---- -+--+- -"" --

---

81t 1---+---+---~ ----

0 fO i!O .30 ItO so 60 7o eo 9o foo 
t l~ocJ 

3aBHCHMOCTb xoaueaTpauHH nonyqeaaoro napaeo.uopo.aa OT 'BpeMeHH pa6oTbl 

peaxTopa. .[laeneaae a peaxTope - 4,3 aT; o6oeMHaH cxopocTb eo.uopo.ua 
qepea peaxTop 

35 5 
n,>KH,IlK. H2 

• n.KaT. . qac y.uenbHBH aarpyaxa aa 

r.>KH.UK. !12 
peaKTop - 380 CM 2qac nnorua.u11 nonepeqaoro ceqeHHH. 

KoHcTBHTa CKopocTII peaKUHH B aaqane pa6oThl

l,72_10-3 r.MSnb 
CM CeK 

0 83 !0-3 r.MOUb • . 3 
CM CeK 

; B KOHUe pa60Tbi 

:~' 
.:.VI• 


