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Bae.aeHHe 

Ill 
B HaweA npe.llbi.llyweA pa6oTe 6bmo noKa3aHo, 'ITO rr -Me30Hbi, 

OCTBHOBHBWHeCSI B CMeCH BO.ll0pO.ll8 C 6onee TSI)f(eJibiMH I'838MH Z , 

HHTeHCHBHO nepeXB8TbiB810TCSI OT BO.llOpO.ll8 K 8TOM8M Z 

nony'leHHble pe3yJibT8Tbl MOI'YT 6b!Tb OITHC8Hbl B p8MK8X c!JeHOMeHo

/ 1,2/ 
JICI'H'IeCKOA MO.lleJIH , COI'JIBCHO KOTOpoA: 

1) TT- -Me30Hbl TOpM03SITCSI B CMeCH I'830B H2 + Z H 38XB8Tb!B810TCSI 

Ha BbiCOKHe ypoBHH Me30MOJieKyJI HJIH Me308TOMOB H2 H Z C BepOSITHO-

CTbiO, nponopUHOHBJibHOA 38pSI.ll8M Sl.llep H 2 H Z· 
I 

TT -Me30H, 38XBB'IeH-

Hblll BO.llOpOLlOM H8 Me30MOJieKyJIS1pHbie ypOBHH 1 OITyCK8eTCSI H8 ypoBeHb 

H301IHpOB8HHOI'O p TT -Me308TOMa; 

2) B pe3yJibT8Te CTOJIKHOBeHHA B036y)f(.lleHHOI'O P TT -Me308TOM8 C 

MOJieKyJIBMH BO.llOpO.llB If npHMeCH Z rT -Me30H 38XB8TbiB8eTCSI npoTo-

HOM HJIH nepeXBBTbiBBeTCSI BTOMOM Z, 

CxopocTH SI.llepHoro 3axsaTa rr -Me3oHa npoTOHOM B p rr -Me3oaTo-

Me ( W H ) H nepeXB8T8 rr -Me30H8 OT p TT -Me308TOM8 K Sl.llpBM Z 

( W z nponopUHOHBJibHbl 'IBCTOTe Coy.aapeHHA, T,e, ITJIOTHOCTH ( 'IHCJIY 

aToMoB B 1 cM
3

) ao.aopo.aa PH a ra3a Z Pz' 

w z "'g Pz • 

( 1 ) 

(2) 

3.aecb g = g pZ - g Zp , g pZ H .gZP• -xoHCTBHTbl nepexBBTB· rT · -Me30HOB 

OT H K Z H OT Z K H • npa Z > 1 g Zp =0, T.K. zrr- -Me308TOM 

3JieKTpH'IeCKH 38pSI)f(eH H He MQ)f(eT npH6JIH3HTbCSI K ITpOTOHy H8 LlOCTB-

TO'IHO MBJIOe paCCTOSIHHe. 
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B yxaaaHHbiX o6oaHaqeHHSIX aepoSITHOCTb Q nepexaaTa rr -Me30HOB 

OT BO.AOpo.na X aTOMaM z pasHa 

Ac 
Q- -~---

l+(A+K)C 

r.ne C • p zj pH -oTHOCHTe1IbHaSI aTOMapHaSI KOHUeHTpaUHSI npHMeCH 

A • g/ a , K • b/ a • 

(3) 

z, 

Ill 
B cornacHH c axcnepHMeHTanbHbiMH .AaHHbiMH , aepoSITHOCTb ne-

pexaaTa ( 3) 3aBHCHT He OT ll1IOTHOCTH OT.Ae1lbHbiX ra30B CMeCH, a T01lbKO 

OT OTHOCHTe1lbHOft KOHUeHTpaUHH C • .[l1ISI HCCne.noaaHHbiX raaOBbiX CMe

/1/ 
cell: BO.AOpo.na C renHeM, aaOTOM, HeOHOM H aproHOM KOHCTaHTa nepex-

aaTa cne.nyeT 1IHHeli:HoA aaBHCHMOCTH 

A • ( o, 7 + o ,2 > z . (4) 

BenH'IHHbi K oxaaanHcb Ma1lbiMH: 

K <<A. (5) 

H B o6naCTH 601lblliHX KOHUeHTpaUHA C aepOSITHOCTb nepexaaTa Q 6nHa-

Ka K e.nHHHUe. 

Cpe.nH cMeceA H2+ Z Bhi.neneHHoe nono)f{eHHe 3aHHMaeT cMecb ao.no-

po.na c .neATepHeM. Tax xax d rr- -MeaoaToM anexTpoHeATpaneH, a cHc

TeMe H 2 ... 0 2 HapSI.AY C nepexaaTOM ,- -Me30HOB OT BO.AOpo.na K .neli:TepHIO 

.A01l)f{eH HTTH HHTeHCHBHblll: o6paTHb!ll: nepeXBaT OT .neli:TepHH K BO.AOpo.ny: 

p 7T +d .... d 7T + p • (6) 

T.e. KOacpcpHUHeHT gzp(gdp) B cpopMyne (2) He paaeH Hy1110, KaK 9TO 

HMeeT MeCTO B CMBCSIX BO.Aopo.na C .npyrHMH 91leMeHTaMH, a g dp • g pd H 

A<< K • KpoMe TOro, .A1ISI CMeCH H2 + ~ cne.nyeT 0)f{H.lt8Tb a"' b , T.e. 

K "' 1 , B OT1IH'IHe OT CMecell: H
2 

+ Z npH Z > 1. 

CooTHoweHHe (5) a cnyqae cMecu H
2 

+D 
2 

.non)f{HO MeHSITbCSI Ha o6paTHoe 

H Q << 1. noaTOMy .A1ISI HCC1le.noaaHHSI nepexaaTa B CMeCH Heo6XO.AHMa 

llOBb1WeHH8SI TO'IHOCTb H3MepeHHll:. 

4 

~-~ 

a 

UenbJO HacTOS!Well: pa6oTbJ SIB1ISI1IOC b axcnepHMeHT81lbHoe 1 

nepexaaTa 7T- -Me30HOB B ra30BOll: CMeCH H2+ 0 2 H H3y'leHHe xa_(: 

THK 9TOrO npouecca. npe.naapHTenbHbie peaynbTaTbl 6hi1IH .lt0110 

S!Haapcxoll: ceccHH O'I'.neneHHSI H.neplioll: <f.>H3HKH AH CCCP a 1! 

2. Pe3y1lbTaTbl H3MepeHHll: 

3xcnepHMeHTH 6bi1IH Bb!U011Helibl Ha CHHXpOUHK110TpOHe na1 

SIO.epHbJX npo6neM OVIHVI npu noMOWH MeTO.AHKH, onucaHHoll: pa 

BepOSITHOCTb nepexaaTa Q onpe.nenSinacb Ha ocHOBflHHH HaMepe 

XO.AOB Y -xaaHTOB OT nepeaapS!.AKH ,- -Me30HOB, aaxaa'leHHbJ 

MH ao.nopo.na: 

7T +p-> 1T 0 + n, 1To,..2y. 

( nepeaapS!.AK8 OCTaHOBHBWHXCSI 7T -Me30HOB B .neli:TepHH rr + d · 

3 /4 5/ 
no.naaneHa 6onee qeM a 10 paa ' ). B npouecce HaMepeHHll: 

B8118Cb OTHOCHTe1lbHaSI KOHUeHTp8UHSI C "'P0 f PH npH cpHKCHpoaaHJ 

rrnoTHOCTH ao.nopo.na PH. 

nony'leHH8SI 38BHCHMOCTb Q OT C npHse .neHa Ha pHc .1. 

BH.AHO H3 pucyHxa, B raaoaoll: cMecH H 
2
+ D 

2 
Ha6nJO.naeTCSI nepe: 

IT- -Me30HOB OT BO.Aopo.na K .neli:TepHIO. C pOCTOM OTHOCHTe1lbll 

ueHTpauHH C nepexsaT o6Hapy)f{HsaeT csoAcTsa HaCbiWeHHSI. Koi 

Hb!e 9KCnepHMeHTbl, BO BpeMSI KOTOpbiX MHWeHb OX118)f{.Aa1IaCb Ll 

TeMrrepaTypbi )f{H.ltKOrO 830Ta, llOK83a1IH, 'ITO Be1IH'IHHa Q He 

OT TeMIIepaTypbl CMeCH. 
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UenbiO aacToHweA pa6oTbJ HBnHnOCb aKcnepHMeHTanbHoe aa6n10.oeHHe 

nepeXB8T8 TT -Me30HOB B ra30BOA CMeCH H 2+ 0 2 H H3Y'IeHHe xapaKTepHc

THK 3TOrO npouecca, npellB8pHTenbHbJe pe3ynbT8Tbl 6binH .OOnO:>KeHbi H8 

HHBapcKoA ceccHH OineneHHH H.oepiloA ¢H3HKH AH CCCP B 1964 ro.oy. 

2. Pe3ynbT8Tbi H3MepeHHA 

3KC1IepHMeHTJ:.J 6blnH BbiiiOnHeHbl H8 CHHXpOUHKnOTpOHe Jla6op8TOpHH 

/1 3/ 
ooepHbJX npo6neM 0vf5H1 npH IIOMOWH MeTOllHKH, OIIHC8HHOA paHee ' , 

BepOHTHOCTb nepe XB8T8 Q onpe.oensm8Cb H8 OCHOB_:3HHH H3MepeHHA Bbi

XO.OOB y -KB8HTOB OT nepe38pSillKH rr- -Me30HOB, 38XB8'1eHHbiX SI.Opa-

MH BOllOpOll8 : 

TT (7) 

( nepe38pS1llK8 OCT8HOBHBWHXCSI TT- -Me30HOB B neATepHH TT- +d-o TT 
0 

+ 2n 

3 /4 5/ 
nonasneaa 6onee '!eM B 10 pa3 ' ). B npouecce H3MepeHHA sapbHpo-

sanacb OTHOCHTenbH8SI KOHUeHTp8UHSI C =p0 / PH npH ¢HKCHpOB8HHOA 

nnoTHOCTH sonopona Pa. 

nony'leHH8SI 38BHCHMOCTb Q OT C npHseneaa aa pHc.1. KaK 

BHllHO H3 pHcyHK8, B r830BOA CMeCH H 
2
+ 0 

2 
H86ni0,08eTCH nepeXB8T 

TT- -Me30HOB OT BOllOp0.08 K .oeATepHIO, C pOCTOM OTHOCHTenbHOA KOH-

ueHTpauHH C nepexsaT o6aapy:>KHB8eT csoAcTsa H8CbJWeHHH. KoHTponb-

HbJe 3KC1IepHMeHTbl, BO BpeMSI KOTOpb!X MHWeHb OXn8:>K.08n8Cb .00 

TeMnepaTypbl :>KH.OKOrO 830T8, IIOK838nH, 'ITO BenH'IHH8 Q He 38BHCHT 

OT TeMnepaTypbl CMeCH. 
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3.0 6 c y * JJ. e H R e 

VI aMepeHRH aBBRCRMOCTR Q ( C ) 6~nR a~nonHeH~ npR 

HKSIJS: nnOTHOCTR aoiJopoJJ.a pH , KaK BKJJ.HO K3 pRC,1, aenR'IB 

¢KKCHpOBaHHOA OTHOCHTenbHOA KOHUeHTpaUHR C B npeJJ.enax DOl 

R3MepeHHA He aaBHCSIT OT pH , 'ITO COrnacyeTCSI C ( 3), 

BenH'IHH~ II. H K JJ.nH cMecH H:~ + 0 2 6blnH onpeJJ.eneHbl 

HbiM pHc,1 MeTOJJ.OM HaHMeHbWHX KBaJJ.p8.TOB H OKaaanRCb pa: 

II. = 0,4 ±. 0,1 ' K ~ 1,3 ±_ 0,4. 

nonyqeaaoe aaaqeHRe II. MeHbwe aenH'IHHbi, cneJJ.yJOweA H3 

(4), cornacao KOTopoA g pd =(0,7!9,2) a. 

VIa cpaaaeHHSI SToll aenH'IHHbl c II. (8) cneJJ.yeT g dp a0,3;t 

HHTeHCHBHOCTH llpSI MOrO H o6paTHOrO nepexaaTa B CHCTeMe I 

npHMepHO OJJ.HHaKOBbl, 6nH30CTb aenH'IHH g pd H g dp 06'bSICH! 

'ITO CKOpOCTH SIJJ.epHoro aaxaaTa 71 -Me30HOB llpOTOHOM H JJ.E 

npHMepHO OJJ.HHaKOBbl, a H30TOllH'leCKaSI pa3HOCTb ypOBHeA BO~ 

p 71 - H d 71 -MeaoaTOMOB HeaenaKa. 

( r JJ.e 

0 
Pa 

npHaei:teHHaSI KOHCTaHTa nepexBB.Ta, onpeJJ.enSieMSSI KaK 

0 22 3 
p 8 = ·4,2 10 aToMoa/cM - nnoTHOCTb *HJJ.Koro ao.a 

11 -1/6 
a = ( 4;!:_1 ) 10 ceK ) , JJ.nH raaoaoA cMecH H:l + D :1 p 

. 11 -1 
II. 

0 
=( I;6!9,6) 10 ceK • 

KoacTB.HTa nepexaaTa "- -MeaoHoa II. 0 Ha nopSIJJ.OK aenH'IRBl 

eT aaanorH'IHYJO KOHCTB.HTy nepexaaTa ~ -Meaoaoa A pd 

H2 +02 ,H3MepeHHyJO a onb!Tax npa ManbiX p0 H paaay10 11 

npH cpaaHeHRR II. D H A pd cneJJ.yeT yqecTb, '!TO npH Manb!X 

UHSIX JJ.eilTepHSI nepexaaT ~ -Me30HOB RJJ.eT TOnbKO OT BOJJ.O 

JJ.eATepRIO ( g = 0, TaK KaK d~- -MeaoaTOM HaxoJJ.HTCH B 
dp 

COCTOHHHH, KOTOpoe HH)Ke, qeM OCHOBHOe COCTOSIHHe p~ -) 

1 



3.0 6 c y * ,a e H H e 

YfaMepeHHSI 3llBHCHMOCTH Q ( C ) 6~nH a~nonaea~ npa ,aayx aaa~e-

HKSI}l: DflOTHOCTK BO.ilopo,aa pH • KaK BKJJ.HO H3 pHC.1, aenH~HHbl Q DpH 

¢KXCHpOaaHHOI OTHOCHTeflbHOI KOHUeHTpaUHH C B npe,aenax DOI"pelllHOCTel 

HaMepeHHI ae aaaHCHT OT p
8 

, ~To cornacyeTcH c (3). 

BenK~HHbl A H K ,anH cMeca H2 + 0 2 6blnH onpe,aeneHbl no ,aaa

HbiM pHC.1 MeTO,llOM HaHMeHblllHX Kaa,apaTOB H OK83anHCb paBHbiMH 

A - 0,4 :t 0,1 , K "' 1,3 :!_ 0,4 . 

nonyqeaaoe aaa~eHHe A MeHbUJe aenH'IHHbi, cne,ayiOUJel H3 3llBHCHMOCTH 

(4), cornacao KOTopoA g pd =(0,7!9,2) a. 

Via cpaaaeHHH sToA aenR~HHbi c A (8) cne,ayeT g dp ..0,3;t9,2, T.e. 

KHTeHCKBHOCTH npSI MOI"O H o6paTHOI"O nepexaaTa B CHCTeMe H :1 + 0 2 

npHMepao OJJ.KHaKOBbl. EnH30CTb aenH~RH g pd H g dp o6'bSICHHeTCH TeM, 

~TO CKOpOCTK Sl,aepHOI"O 38XBaTa 1T -Me30HOB npOTOHOM H ,aeiTpOHOM 

npRMepHO OJJ.HH8K0Bbl, a K30TODH~eCK8SI p83HOCTb ypoaaeA B036y)KJJ.eHBbiX 

p 1T - K drr -MeaoaToMoa aeaenHKa. 

(r,ae 

0 
Pa 

npHae,aeHH8SI KOHCT8HTa nepexaaTa, onpe,aenHeMaSI KaK AD - Ap:a 
0 22 3 

p 8 = ·4,2 10 aToMoa/cM - nnoTHOCTb *HJJ.Koro ao,aopo,aa, 

11 -1/6 
a =( 4:!:..1) 10 ceK ) , ,anSI raaoaol cMecH H2 + D 2 pasHa 

11 -1 
A 

0 
=( I;6:t_0,6) 10 ceK • (9) 

KoHCTaHTa nepexsaTa ,- -Meaoaoa A 0 aa nopHJJ.OK aenH~RH~ npea~UJa-

eT aaanorH~HyiO KOHCTaHTy nepexaaTa P. -Me30HOB A pd B CMeCR 

10
10 -117/ 

H2 + D 2 ,HaMepeaayiO a OllbiTax npH ManbiX P0 H paaHyiO ceK • 

npH cpaaaeHRH AD H A pd cne,ayeT yqeCTb, '!TO npH M8nbiX KOHUeBTpa-

UHSIX ,aeliTepRSI nepexaaT p. -Me30HOB H,lleT TOflbKO OT BOJJ.Opo,aa I 

,aeATepRIO ( g dp = 0, T8K lt8K dp.- -Me308TOM HaXOJJ.HTCSI B OCBOBHOM 

COCTOSIHKH, KOTOpoe HH)Ke, ~eM OCBOBHOe COCTOSIHHe 

7 



~~. 

B To apeMR xax cxopocTH npRMoro H o6paTHoro nepexaaTa rr -Me30HOB 

(6) npHMepHo OllHH8KOBbi,T.e. Apd.Adp'rlleAv• Apd-Adp H Apd >AD>. 

Eonbwoe paanaqae npHBelleHHbiX xoHCTaHT nepexaaTa " -- R p. -Me-

30HOB ( Apd > 10 A 
- pd ) 06'bRCHReTCg TeM , 'ITO nepeXB8T /L -Me30HOB 

npH M8llbiX KOHUeHTp8UHSIX LleATepHS! npoHCXOLlHT H3 OCHOBHOro COCTOSIHHR 

p p.- -MeaoaToMa, B TO apeMR xax "- -MeaoHbi npH C .. 1 nepeXBBTblaa

IOTCSI C 6onee BbiCOKHX Op6HT ( n > 1 ) • 

Tax KBK npH M8llbiX D CKOpOCTb nepexaaTa nponopUHOHanbH8 XB8Llp8Ty 

pBLlHyca Me308TOM8 ("' n 4 , H3 COOTHOWeHHSI Me)!{LlY A pd H A pd 

121 
cnellyeT, 'ITO n ~ 3, B cornacHH c oueHxoA • 

3HB'IeHHe K LlllSI CMeCH H 2 + 0 2 nonyqeHO 6nH3XHM K ellHHHUe, T.e. 

aepOS!THOCTH 38XB8Ta rt- -Me30H8 npOTOHOM B p ,- -Me308TOMe llpH 

C TOllXHQBeHHH Me308TOM8 C 8TOMaMH BOLl0pOLl8 H LleATepHS! npBXTH'IeCKH 

OllHHBKOBbl. 3TO SIBllSieTCSI ecTeCTBeHHbiM cnellCTBHeM TOrO, 'ITO ::mexT

pOMBrHHTHbie CBOftCTB8 8TOMOB !l H 0 aecbMa 6nH3KH, 

8 CMeCH H2 + 02 ,,a OTllH'IHe OT CMeceA BOLlOpOLl8 C LlpyrHMH 9ne-

MeHT8MH 

K > A ( 10) 

3TO 03H8'18eT, 'ITO llpH CTOllKHOBeHHH p rt -Me308TOM8 C 8TOMOM LleATe-

pHS! SlllepHbiA aaxaaT "- -MeaoH·a npoToHoM a rr- -MeaoaToMe 6onee ae-

poS!TeH, 'leM nepexaaT " -MeaoHa K LleATpoHy. 

Cor naCHO cpopMyne (3), B o6nai::TH 6onbWHX OTHOCHTenbHbiX KOH

UeHTp8UHft C nepexaal' H8CbiW8eTC.H; 

A 
Q -oQ;:ax 

A + K ( 11) 
C-.oo 

.[ln.H CMeCH H 2 + 0 :1 

Q max =0,23 :!:. 0,04, 
Ill 

B TO apeM.H KBK Llll.SI CMeceA BOLlOPOLlB C LlpyrHMH 9 neMeHT8MH 

Q max> 0 •9• 

8 

( 12) 

B aaxniOqeHHe ~onb3yeMCSI cnyqaeM no6narollapHTb C.C. 

TeftHa II n.Yf. noHOMBpeaa 38 none3Hble o6Cy)!{lleHH.H. 

9 



B 38KniO'IeHHe n.onb3yeMCSI cnyqaeM no6naro.oapHTb c.c. repw

TeAHa H n.Yf. noHoMapeaa 38 none3Hble o6Cy)K.OeHHSI. 
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