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B .n;Hccep:ramrH H3naraIJ:rcff pe3ynL:ra:ru onu:roB, B xo:ropux oOHapy
:a:eH nejleXBa:r sr:.1ie30HOB B ra30llllX Cl,leCllX BO,ll;Opo.n;a C He, N2 ' Ne 
aAr III: 

pJC+Z-Z!fC+p, (1) 

HCCJle,J,;OBaHU OCHOBHlle xapax:repHCTHKH 3:roro nponecca H a:rOMHUA 3a
ua:r 11 cuecu H2 + Z ( Z cy:rL Ile, Ne , Ar , Kr , Xe H N2 , 
co2) 12,31, a :raia:e axcneplll(e:ra.tLHO noxa3aHa B03MOXHOCTL xnaccH
~mtaIUIH 110.n;opo.n;oco.n;epxa~HX KHCJlOT no CHJle cornaCHO BepOllTHOCIHM 
a~epHoro 3axBa:ra .1f-:..Me30HOB CBll3aHHW BO.n;opo.n;oM. 

Yc:raHOBneH saxoH a:rOMHOro saxBa:ra ~Me30HOB B raso•ux cuecax 
H2 + Z ~ r.ite Z - Onaropo.n;Hwe ra31, H aso:r. 0:rHomemi:e Bepoa:rHoc:rea 
a:rOMHOro saxBa:ra ra30M Z H B0,1,;0p0,1,;0M no.n;qHHll9TCll saBHCHllOCTH 

S::= (7,1 ;!: 0,1)( zl/3_ I). BepOllTHOCTL 3aXBa:ra IlHOHOB MOJleKyJlOff 
CO2 OOJlLme BenHqHHll, KOTOPYD J.IOXHO IlOJlyqHTL HH:repnonanHeff HamHX 
.n;aHHllX ,ll;J[ll 0,ll;HOaTOMHllX ra30B, nonaraa, q:ro saxBa:r a,D;,ll;HTHBeH. 

uepena:r (1) npOHCXO,J,;HT H3 B030yx,JteHHHX coc:rOBHHli fil[:Mesoa:ro
ua ( n~ 3); HHTeHCHBHOCTb nepexBa:ra nenmtOM onpe.n;enae:rca XOHKY
peHmreA ero c nponeccaMH .n;eBosOyx.n;eHHll p:J[:Me3oa:roMa H a.n;epHW 
saxBaTOM IlHOHa npOTOHOll, H.ltYJl!HMH B Cl'OJlXHOleHHJlX p:r+H2.. 0:rHOCH
:reJlLHaJl cxopoc:rL nepexBa:ra /\ Mll Bcex raso1, HCKJDlqaa co2, no.n;
qHHae:rca :roa xe 3aBHCHMOCTH OT Z, q:ro H Bepoa:rHOCTL a:rOMHOro sa

·XBa:rah H cna<lo 3aBHCHT o:r KOHneH:rpanmt C a:rOMOB npKlleCH: /\ =t{:C!/3 

(C "' ''Z/nH , nz H nH - qHcna a.n;ep Z H npOTOHOB B CJ.13). CKO
pOCTL nepexBa:ra nHOHOB Ha Monexyny CO2 MeHLme cyMMlol cxopoc:rea ne
pexBa:ra Ha coc:raBnJUJ~He ee a:row, q:ro ooycnoBneHO ssamMHW sxpa
HHpOBaHHeM a:rOMOB B MOJleKyJte, :ror.n;a xax BepOlll'HOCTL a:rOMHOro sa
xsa:ra <lonLme 5enHqHHH, nonyqaeuoA HH:repno~anHeA H8.IIIHX .n;aHHUX. 

B pa.n;y OH-KHCJlOT H rH.n;pOOKHCeff O<lHapyxena qerxaa .KOppenanma 
uex.n;y no.n;asneuHeM sepoa:rHOCTH W a.n;epHoro saxBa:ra gr:Me30HOB csa
saHHW BO,l,;OpO,ll;OM H CHJlOA KHCJlOTH 13, 47_ 3:ra xoppenamra 03Haqae:r, 
q:ro npe~c:raU:eHH8 KO,ll;eJlH <lOJlLmHX Me30MOJleKyH (R.H.IlOHOMapeB. E~.Z, 
223 (1965); ~, 389 (1967)) o<l yBeHHqeHHH HOHHOCTH CBll3H H-0 npH 
nepexo.n;e K CHHLHW KHCJlOTaM xax OCHOBHOl! npHqHHe YB8J[HtJ_emtl\ no.n;aB
JleHHll H CHJlH KHcno:r cornacYJ):rca c npe.n;nonoxeHHJIMH :reopu anex:rpoH
HHX cMe~eHHA B XHMHH (n.rawe:r. OcHOBH ~H3Hqecxoa oprauHqecxoa 
XIDlHH. MHp, MOCKBa, 1972). 

@(j1...:_h,,..;~;..;:ihlil m;,tTOTYT 
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,llHccepTaI{HSI C0CTOHT.H3 BBe,l{eHHSI 1 qeTHpeX rnaB H 3aKJIDqeHHSlo' 
no BBe.n;eHHH .l{aeTca xparxoe onHcaHHe axcnepHMeHTaJ'lhHOII H reopeTH
qecxoll CHTya1um, c.r.o:nBmelcSI K Haqa.Jiy HamHX 00!,iTOB, H Ha 3:rOII oc
HOBe ~op:uynHpyercSI uenh npOBO,l{HBmHXCSl 3KcnepHMeHTOB. 

)lo HamHX OITHTOB dun no,1;pOdHO H3yqeH nepexaa:r y:Me30HOB Ha _ 
a:row dnaropO.l{HllX ra30B, HCKJIDqaSI renHI. Tax xax BpeMSI XH3HH ,JL
Me30Ha 3HaqHrenbHO npeBHmaeT ,l{)IHTe)IbHOCTb BCeX MCXa,JtHHX nepexo
,ll;OB, TO npH Jl8JIHX KOHUeHTpauHSIX npHMeCH Z ;£-Me30H ycneBaer .llO
CTHqb K-opdHTH H, ,l{BHTenbHO npedusaa Ha Hell, 3cpql8KTHBH0 nepexBa:ru
BaeTCSl ,n;a:.ce npH oqeHb Manux KOHQeHTpauHHX aTOMOB Z (C~ rn-3). . 
IlpHB8,ll;8HHaSl KOHCTaHTa nepexsara ;i"-M830HOB (cxopOCTb nepex1aTa 
B CMSCH npH C ,. 1 H nnOTHOCTH DO,ll;OpO,l{a nH '"n! ,r,11;e n~= 41 2•1022 

npOTOHOB/CllJ - nnOTHOCTb XH,JtKOro BO,ll;Opo,n;a) nponopUl,IOHanhHa z 
(C.C.I'epmrellH H ,llp. YcpJI ,21 1 J (1969)), 

}L 
'\' :::= 8 4•109:,, c-l Az , '" : (2) 

B ornHqHe or MDOHOB nepexBar m::.Meaonos ne nadJID.llanca. Heycnex 
nepnux nonurox nadnD.n;eHHSl nepexaara nHOHOB (O.A.3alu.!H.llopora H ,11;p. 
lK3M • .!ii.., 1852 (196J); D. Bartlett et al. Phys. Rev., 
~, 1452 (1964); K. Derrick eta[. Phys.Rev. l2I, 82 (1966)) 
dun odycnoBnen pe3KHMH paan:11qHSIMZ B nepexnaTe ?--- H 9r:Meaonos, 
BHSICHHBmHMHCSl nocne ero OdHapyxeHHSl Ill. 

K naqa,r.y HamHX OITHTOB ,u;epHHI aaxsar gr:Me30HOB CBH3aHHHM BO
,l;OpO,ll;OM dun odHapyxeH, dunH H3yqenu ero xapaxrepHwe ocodeHHOCTH, 
qro nocnyXH)IO ronqxoM K C03,ll;aHHD MO,l{eHK ClOnbmHX Me30MO)IeKyn. no 
llO,ll;S)IH npH nepexo,l{e Me30Ha H3 HenpepHBHOro cneKTpa B ,l{HCXpeTHHII 
B03MOX8H aaxBaT ll630Ha Ha M630MOnexynapnyD opdHTMb, HM8DIIIYD aTOM-
HHe pa3MepH. Me30HH saxB&THBaDTCSl B CBSI3aHHH8 COCTOSlHHSl no M8X6.HH3l(Y 
sru,:emeHHSl snexTpoHa,xoropull nepexo.l{HT B cocroaHua HenpepHBHorocnex~pa. 
OpdHTa xesoHa oxaaw1aerca npH 3TOM B oxpecTHOCTH opdHTH saxe~eH-
H~ro anexrpoHa - "npHHUHn reoxerpHqecxoro no,1;06Ha anexrpOHHOII H 
ll630HHOI opdHT" • llpH 37011 BepOHTHOCTb nepexo;,;a C Me30)lO)IeKy)ISipllOA op
dHranH Ha H30JrHpOBaHHHe ypOBHH Me30&TOMOB qyBCTBHT6)IbHa K ocodeH
HOCTSIM XHMHqecxol CBSI3H arOMOB. B BO,llOpO,D;OCO,D;ep~HX coe,l{HHeHHSlX 
npOTOHOM saXBa.THBaDTCSl TO)IbKO re ITHOHH, xoropue nepBOHaqa.JibHO no
na.ita:DT Ha odmHe Me30llOnexynapHHe ypOBHH z- JI CBSl3H H 3aTeM npH 
,l{eB03dyx,D;eHHH Ke30MOnexyn nepeXO,ll;SlT Ha H30JrHp0BaHHHe ypOBHH Me30-
arOMOB. ITOCKO)IbKY e,l{HHCTB8HHHI anexrpOH aro.Ma. BO,llOpO.l{a OT.l{aH Ha 
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odpaaoBaHHe XHoqecxoll csaaH,npH nepexo,D;e nHOHa H3 HenpepHBHOro 
cnexrpa B ,JtHCKpeTHHI pl[:».esoarOll odpa30BaTbCSl He MOXeT • IIHOHH, 
KOTOpHe 3aMema:or 31IeKTpOHH a:rOMOB Z MO)IeKym,1, B odpa30BaHHH p1r: 
uesoaTOMOB H, cne,JtOBaTeJrbHO, B aaxsate ITHOHOB CBaaaHHHKH npOTOHa
lm He yqacrBYJ)T. Mo.1tenb donhmHX Meaoyonexyn npe.l{cxaaYBae:r, raKHM 
Odpa30K, qyBCTBHT8JrbHOCTb BepOSlTHOCTH 'W Sl,l!epuoro 3aXBara {j[:. 
Me30HOB CBSl3aHHHM BO,ltOpO.l{OM K 3Jr8KTpOHHOII CTpyxrype XHMHqeCKOII CBSl-
3H BO,ll;OpO.l{a (3.B.tt.pyJdlIITelll! H ,D;p. JK3M,..2!t.., 1690 (1968)). 

UenL uamHX onuros cocroana B nonutxe oduapyxHTb H uccne,11;0BaTb 
nepex1ar gr:MeaonoB B cMecax B0,1topo,1ta c .Jtpyrmm rasaMH, a raxxe 
nonurauca naHrH CBSl3b MeX,l{y BepOHTHOCTbD aaxsara W H CBOICTBaMH 
CBSI3H Z - II. 

B rnaae 1 ,JtHCCepTaI{HH OOHCHBaeTCSl nOCTaHOBKa 3KCnepHM8HTa. ,!l1Ia 
H,JteHTH~HKaUl,IH SI,JtepHOro saxaara OCTa.HOBHBmHXCSl 9'i"-ue30HOB BOAOPOAOM 
BO,ltOpO,ltOCO,JteJ)lltamHX coe,JtHH8HHR HCITOHb30BMaCb peaKUHSl nepeaapHAKH 

CJC+ p - n + :[[.0 
, CJ) 

L2t 
nporeKaDlllaSl c aepOSlTHOCTbD ~ 5o,g_ Odpa3YJ)ll!HeCl'I no pe-
aKUHH (J) ~M830HH 3a Bpellff ~10-l 6c-l paCITa,JtlU>TCSl Ha ,l{Ba (l
KBaata, HCITyCKaDll!HXCSl C yrnOM pa3Jr8Ta1 H3ll8H.IID~HllCSl OT 157 AO 180°. 
3HeprHSI XaX,l{Oro if-KBaHTa 3aKJIDqeua. B HHTepBaJie 56~ E o'-84 M3B. 
3xcnepHMel!TaJibHO dH)IO noxaaano, q70 nepesap,u;xa ocraHOBHBmHXCSI 
9r:Me30HOB npH aax.sa.Te C)IOXl!Hlm Sl,llpaMH (HCKJmqaa Sl,l!pO He3) no

,l{aBnena ,JtO ypOBHJ'I 10-4• 10-5(B.H.IlerpyXHH H .l{p. EP.!L, 327 (1967); , 
V. /. Petrukhin, Yu.D. Prokoshkin. N ucl. Phys.. ..2!t.., 414 (1964)). 
Oelpa30BaHH8 1i:°-M830HOB C BepOSlTHOCTbD w > 10-4 Ha 0,ltHH OCTaHO
BHBmHIICSl B HCCJre,l{yeMOM BO,ltOpO,ltOCO,l{epxameu BemecTBe ~.:Me30H llOlUIO, 
taXHM odpasow, npHnHcarh npoueccy (J). 

Cxe.u:a onu:ra npHBe.iteHa Ha pHc.1. 1[:ueaonu c 3HeprueA ~ 80 MaB 
or CHHxpOUHKJrO?pOHa Ott.ffif npoxo;,;HnH TPH CUHHTH)IJrSlUl,IOHHYX cqerqHKa 
C1-C3, TOpM03HmHH ~HJrbTp cp H ocraHaBnHBanHCb B MHmeHH M. Perucrpa
UHH m:':uesOHOB, odpa3YJ)lllHXCSl B MHmeHH, ocymeCTB)Iffnacb .JtBYMB qepeH
XOBCKHMH cneKTpOMerpaMH nonnoro norno~eHHSl q1 H q2• Pa.l{Haropu cnexr
poueTpOB npe.1tcraanMH coOoH napannenenune;,;u pasMepaMH 200x200xJOOw3, 
H3fOTOBneHHHe B3 BHCOXOJtaqeCTBeHHOro CTeICJia uapxH Il<F-5. Yrno-
BHe paauepu pa;,;uaropoB OTHOCHTenbHO ueHrpa omeHH cocrasnanH 58° 
B ropH30HTMbHOII Il)IOCKOCTH H 65° B BepTHKa)IbHOII. Ml!tCHMa)IbHaa reo
MeTpHqec1taSI 3cpqiexrHBHOCTb ycraHOBKH paBHHnaCL ~2o,g. )VIa MO,Jtenu
p0B8HHH ~0- COBITa,JteHHI H nepHO,JtHqeCKOfO KOHTpOnH YCTaHOBXH cqeT-
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qHKH H cneKTpOlleTpH OWJIH CHaOxe1m 3JleKTpOJIDMHHecueHTHllllH .D;HO.D;allH, 
KOTOpHe ,n;aBaJIH 0.D;HOBpelleHHHe CBeTOBHe CHrnaJIH npH sanycKe HX OT re
nepaTOpa CHrHMOB HaHOCeKyil,ltHOll .D;JIHTeJILHOCTH. 

t·l·t 
cp 

"11yyll,1 

✓{I {ii/I ' 
'ii; f; 
f,, 2 I 

If I; 
//1/f/l 

tM 

J 

PHc.I. Cxeua onHTa. 

CHrHMH OT qiorOJ11HOEurenea cnexrpouerpoB H cqerqHxa c
3 

nocrynanH 
Ha unrerpaJILHHe ~HCKpHwtHaTOpH (B pSJ,l(e onuroB - qiopimpoBaTeJIH C 
ocJXaOHrenauH na 1xo,n;e) H ,n;anee Ha .D;Be cxew coana,iteHHA, perucrpH-· 
PYD~HX COOHrHa, COOTBercrBYD~He npOXOJr,IteHHD qacrHuea cqerqHKa C3 
B COBna,JteHHH C %6CTXHll a-xBaHTOll1 3aperHCTpHpOBaHHllll 0,JtHHK H3 
cneKrpouerpoB Cc3q1 H C3q2)· PerucrpauHa 0,l{HHOqm,ix r-KBaHTOB 
Cc3q1, c3q2), oopa3YD~Hxca n lmllleHH no peaxUHH plUHaUHOHHoro 3a
x11ara gc + A~<f. .. 1 OKa3anacL BeCLMa nOJle3HOA ,n;na XOHTpOJIH cr~OHJII,
HOCTll annaparypH H onpe,n;eneHHJI lmKCHJlYlla KpHBOff OCTaHOBOK X-ue-
30HOB B wrmeHnx, r.1te nepoarHOCTL _W uana. Peaxnua (3) B1UeJ1aJ1acL 
no COBna.iteHHHll CHrHaJJOB c3qI H c3q2, COOTBeTCTBYD~HK npoxox.iteHHD 
qacruuea cqerqHxa c3 c O.ltHOBpelleHHHll cpaOaruBaHHell oOoHx cnexrpo
uerpo». 

OcHOBHW qJOHOBW npoueccou npH ,11;erexrHpOBaHHH peaxnuH (3), orpa
HHqHBaDmHM MHHHWJILHYD H3ll8pHe:uyD B8JIHqHHY BepOHTHOCTH W I HBJIH
naCL nepesapaAxa 9r:lle30HOB Ha nery Ha SJ,l(pax 1.mmeHH, xoropaa H3-

3a nnoxoro 3HeprerHqecxoro H yrnonoro paapemeHHH ycraHOBKH npaxnt
qecxH HeornHqHua npa WJIHX aneprHax .9l"~Meaonon or Hsyqae»oro Hawt 
npouecca. 0KaaaJIOCL 1 qro Bcer,11;a MOZHO no,n;oOparL raxoa peZHll paOo
TH annaparypu, npH xoropo» cxopocrH cqera • ~ueaOHOB or nepe3a
PH.ltKH Ha nery Ha SJ,l(pax MHmeHH HBJIMHCL JIHHeffHWH WHKIU(HMH TOJl~HHH 
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R q>HJILTpa, qTo c~eCTBenno ynpomaer oClpaOorxy peayJILTaTOB Haue
peHHll. 3a,n;aqa no.n;aBJieHHH qiona or nepeaapH.D;KH na Jiery cocroaJXa B 
TOM, qToOu Oes cymecrBeHHOll norepH qacrHU B uaxcwzyue KpH»on npoOe
roB !7I:ue30HOB cqiopuHpOBaTL nyqolt C MHHHMaJIL!IHM pasOpOCOM I' O npo
OerOB nHOHOB H uaKCHllaJlbHW no,l{aBJI8Hli8ll BHCOK03Hepreru1rnoll KOMno
H8HTH nyqxa nHOHOB. 

OCTMbHHe HCTOqmum qiona CBO,l{HJiiCL B OCHOBHOM K CJiyqalluon 3a
rpysxe cneKTpoueTpoB qionosuu H3nyqenHeu H aarpy3xe xecTKHMH O,l{Hnoq
HHMH J'-xBanTaua OT pa.n;HaUHOnuoro 3axsaTa npome.n;mHx cqeTqHx c3 
nHOHOB ~pa:irn MHmeHH, CTenOK KOJIJIHWTOpa H r • .n;. B l.l8JIO}d C'<OpOCTb 
cqeTa cJiyqaJ!nux c0Bna,11;e11Hil 01rna Ha nopa,n;ox BeJIHqHim 11en1>me 3~exTa 
OT peaxnuH (3) npH BenaqnHax nsuepaewx nepoaTaocrea W < IO- H 
ue saBHCeJia or R ' HBJIHHCL uesuaqHTeJILl!Olt .D;OOaBKOll K OCHOBHOMY 
qioHOBOMY npoueccy - nepe3apaA1te ua neTy ua aApax MHme,rn. 

<I>opwposa,me nyqxa ue30110B, nacTpoaxa H Ka1rnOpoBxa annapaTypu 
npOH3BO,l{HJIHCL C nouo~LD XH,llKOBO,JtOpO~HOll UHfil8HH. OOpasynmHeCH na 
BHyrpeliueR W!mena CHHXPOUHKJIOTpona uesonH c HIITIY11Lcou P"'I 75 MsB/c 
BHBO,l{HJIHCb uarHHTl!Hld nOJieM CHH.lCpOUHKJIO_Tpoua B HanpaBJiel!Hll aHaJIH3>l
PYDIJlero uarHHTa Cll-37, OTKJIOHHBmero ny'iOlt B ltOJ111HllaTOp B 3alJIHTHOH 
CTeHe ycxopaTeJia, H nona~a11u ua xu~KOBO,n;opo,11;nyn MHmeaL. Pasdpoc no 
IDLnyJILcy qacTHI.l B uecqio~uHpOBaHnou nyqxe 1:,.p/p ---..:!:(6 • 7)%, HHTen
CHBHOCTL-(2, 4. 2,6)•10 qacrHu/C. H3MeH8HH8 xapaKTepHCTHK nyqxa 
npH qJOpUHpOBaHHH KOHTpOJIHpOBaJIOCL no BH,lly KpHBUX BHXOla t'-Meso
HOB OT XH,llKOBOAOPOAHOil llHmenH N,n(R) 1 H3Uepaeirux B 3aBHCHld0CTH 
or TOJlmHHH R qJHJILTpa. HnreHCHBHOCTL BHBO,l{HllOro na MHmenL nyqxa 
yuenLmaJiaCL noc11e qiopMHpona,mn nyqxa 11a rv 30% npu Hesua'iHTeJILHOM 
H3lleHeHHll CltOpocur cqe:ra .9T~ue30HOB OT ll:ltl,ltKOBO,JtOpO.D;HOI llHmeHH 

(~ 6%). IlpH cpe,l{Heu npodere nHO!IOB B nyqxe 't~22 r•cu-2 C (yr11e
po,11;a) CltOpOCTL cqeTa ~M830HOB, 0Clyc110BJl8HHaH OCTaHOBKallH B BOAO
po,n;e gr:ue30HOB c npoOerou R~ 26 r.c1r2c,na,11;aJia B"-20 pas. Illu
puna xpHBOii BHXO.D;a Nj R) yuenLmaJiaCL npHuepuo ua 20% H B cpe,n;neu 
cocTaBJIHJia "- 21 85 r•cu-2c ,n;11a :nu,;x0Bo,n;opo,11;nolt UHmeuu. 3:ro osuaqaeT, 
qxo H3UeHeHHe HHTeHCHBHOCTH CBH3aHO C HCltJIDqeuHeM ll3 nyqxa B OCHOB
HOM xecrxoff ttounonen:ru. PasOpoc .n:uesouon no npoOery B cqiopMHpo
nanHou nyqxe r0~2,4 r•cu-2c; pacnpe~eJienHe ocTaaoBOK no nJ1oma,11;n 
MHWftHH B uaKcruzyue ltpHBOA, H3Mepennoe 3B63.D;HHM .D;el'eKTOpo11, onHCH
BaJIOCL 1tpH11oil raycca c mnpnnoa na noJiyBHCOTe "'12, 7 cu. 

rnasa IT ~nccepTanuu nocsamena onncauHD axcnepauen:ra no no11.cxy 
nepexsaTa .1r.:ueso110B B ra30B!iX cuecax J~ + Z , ue Z cyn He, 

N
2 

, Ne H Ar 111• B om,1Tax Hcno11L30Ba11ucL uHmeru nuco1toro 
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.n;aBJI8HIU!, npe.n;cTaBJilllllIIH8 cooon CTaJil,Hlie ccpepH OC!'I>eMOM 900 cu3• 
CMeCH npHrOTaBJIHBaJIHCl, ,ltOC!aBJienHeM K B0,1topo,11;y rasa 'l TIO.it H3C!HT01l:.. 
UHM .n;aBJieHH8M P "-20 anr, TaK 'lTO TIJIOTHOC'.rl, BO,D;Opo.n;a B 1.mmeHHX B 
OT,!!eJILUHX cepu.a:x H3Uepemdt OCTaBaJiac1, TIOCTO.HHl!Oti, H3MeHHJiac1, 
TIJIOTHOCTI, rasa Z • Jl;ianaso11 H3Menemm TIJIOTHOCTH B0,1topo,11;a no 
pa3JIH'lHH:U: cepHHM H3MepeiHll COCTaBJI.HJI nH~( l, 6+I3,4)"I0-2n~ ' 
B cpe,11,neM nH ~ 5,2•I0-2n~ • 

,llJIH KaJC,l{Oi CMecH, BKJID'la.H 'lHCT!lti BO,ltOpO,lt ( C=O), na nyqxe TIH
O!!OB HaxO,D;HJiaC1, 3aBHCHMOCTb N~(R, C) CKOpOCUI C'leTa nap cr
KBaHTOB OT TOJIIIIHHH R qJHJl!,Tpa. PesyJII,TaTH 0,ltHOfi H3 cepHti TaKHX 
H3MepeHHll npHBe,lteHH Ha pHC. 2. 

N11(R,C),omH.eg. 
I 

200 

H2•N2 

150 

100 

so 

01 ~ --+--~- • , • ~ 
12 1L 16 18 20 22 

R,acM-2C 

PHc. 2. KpHBHe BH~o.n;a 'ft'
Me30HOB OT ra30B08 CMeCH 

112+ N2 npH pa3JIH'lHHX KOH
uenTpaUHHX asoTa H TIJIOTHO
CTH BO,D;Opo,11;a B im:me11H nH= 
9 1 7.ro-2n~ • l{ODUeHTpaUHH 
asoTa yxa3aHH J:U!cppaMH y 
KpHBHX. IlyHKTHpHa.H KpHBa.H 
npoBe.iteHa no TOtrxau, noJiy
trennHll C BaKyyMHpOBaHHOll 
im:meH1,D. 

KpHBHe BHX0,1ta 9f:Mesonoa OT nepeaap.a:,1tKH (3) naJ/ R ·, C) 
onpe,JteJIHJIHCl, n~:reM Bll'lHTaHH.H H3 Op,!tH!IaT KpHBllX N,;} R , c) cpona OT 
nepesap.H,ltKH .9f-:u:e30HOB Ha JieTy B Be1I1eCTBe CTeHOK J,rnmeHell (OCHOBl!Oll 
BltJla,Jt B cpon) H B ra30BOll CMeCH (,B;OJI.H "- 7♦15% BHXO,lta OT BaJtyyim:po
BaHHOll 1mme11H). ,UJI.a: 1taE,1toll xonueuTpaUHH c no KPHBHM n,zCR ,O) H 

ndJ'(R ,C) onpe,1teJI.a:JIOCb yMe111,meHJ.1e o((C) BHXO,lta Jr0
-:u:esonoB H3-3a 

nepeXBaTa, pasnoe ycpe.itnennouy no KpHBHM OTnomeHHD n~~.TipH 
onpe,lteJieHHH o(.(C) Y'lHTHBaJIOCl, pa3JIH'lHOe BJIH.HHHC cpOpM!l tJ>nsoll npo
OerOB .?[:Me30JJOB na QJ.ICJia OCTaHOBOK B B0,ltOpO,lte H CldeCH 1 CBH3aHHOe 
C pa3JIH'lHell B TOpM03HHX T(!JIIIIHHax MHwenell. 

6 

~ 

r 

BepORTHOCT!,W(cJ Ji,!tepnoro saxBaTa B0,ll;OpO,ltOll OCTaHOBHBmeroca B 
cyecH H

2 
+ z 9[:.yesona csasana c yYenamenHeM ol.(C) cooTnomenHeM 

vv(cJ = fr;~5J . (4) 
0 

r.1te Ll H Ll 0 - TOpM03HHe TOJIIIIHH!l rasoBoR cMeCH H so,11;opo.1ta; 8 -
Y'lHT!lBaeT pa3JIH'lHe B acppe!tTIIBHOC:rax perHCTpaIU!H ~J.le30HOB H3-3a 
paanoro norJIOIIleHHft a-KBan:rOB B BO,ll;OpO,lte H CMeCH H2 +Z. 
reoMe:rpua onu:ra B H3MepeHHftX ocTaBaJiac1, noc:ro.a:nnou. _ 

BepoarnocT1, W(C) onpe,11;eJiaeTc11 IUYIIIHM c BepOIITHOCTLD P(C) aTOM-
nw 38XB8TOM TIHOHa BO,ltOpO,JtOM B CMeCH H a,JtepHHM 3aXBaTOM 1f:ye30-
na B p 9f=uesoaToue, sepo.a:Tnocu KOToporo-q (c), T. e. w"' p Cf· q(c) < I 
npH HaJIH'lHH nepexBaTa. HepORTHOCTl, aTOMHOro aaxBaTa P(C) paBHa 

P(c)={ 1 +S:cr1 
, 

(5) 

H -r,11;e ~- OTHOmenHe Bepo.a:TnOCTeR aTOMHOro saxBaTa !JC -ueaona ra-
sou E H 1O,ltOpO,!tOK. 3xcnepHMeHT8.Jl1,HO aTOMHWll aaxBaT lle30HOB Bra-
30BHX cuec11x H3y'laJIC.H I ,ll;ByX paOOTax (B.H.IleTpYXHH H .itp. Ht,.G, 1008 
(1967); D.I'.By,lt.HWOB H .ltP• H~,j, 830 (1967)), H3 aHaJIH3a pesyJI1,Ta
TOB ltOTOpHX CJie.n;yeT, 'lTO aTOMHHI 3aXB8T npOHCXO,ltHT C BepOHTHOCTHMH, 
nponopuuonaJILHHWI T0pK03HllK CTIOCOC!HOCT.HK aTOKOB. B namea TIOCTaHOB!te 
OTIHTa (TIJIOTHOCT!, B0,ltOpO,Jta B CKeCH B Ka:Z:,JtOll cepHH H3MepenHlt TIOCTO.Hll
na) OTnomeHHe L1 ~ paBno (I + s'c), s'"'- OTnomenHe TOpM03HIJX cno
coOaocTel atouoB 

0i· H Bo,11;opo~a, ycpe,1tHeHnoe no npoOerau uesoHOB, 
ocranaBJIHBaJllIIHXCft I CMSCH. IlpH nepBOM H3ytreHHH nepexBaTa W TIOJia
raJIH cnpaBe,ltJIHBl,ll( paBeHCTBO si- s'1 • PesyJibTaTH oC!paC!OTKH npH
Be.n;enw na pHc.3. Kax CJie,1tyeT H3 pHcyaxa, nepeXBaT gr:uesonos Ha 
TU~JIHe aTOIW CY111eCTByeT H HHTeHCHBHO npoTeJtaeT npH 1tonue11TpaIU1HX 
npHMeCH C :}O, I. llepeX.88.T Ha atoim reJIHft O,ltHHaltOB no nopa,Jtxy BeJIH'lH
HH c nepexaaTOM na ~pyrHe aTOMH. HHTeHCHBHOCTl, nepexsaTa B cuec11x 
H2 +Z npH ¢H1tCHpOBannsx anatrenaax C oKasaJiaCL B npe.n;eJiax norpem
HOCTelt H3MepeHHfi ne 3aBHC/IIIl81t OT TIJIOTHOCTH BO~opo.n;a nH H onpe,11;e
JlffJiaCb TOJILKO OTHOCHTeJibHOU xonuenTpaIU1elt T.H:Z:eJIHX atOMOB. 3a.BHCH
JlOCTb HHTeHCHBHOCTH nepexsaTa TIHOHOB TOJII,KO OT c, a ue OT nH H nz 
B OT,lteJII>HOCTH osuaqaeT, qro nepexnaT H XOH!tYPHPYDll!He C HHM .n;eB03Clj'%
.n;enHe prt~11.eaoaToua H noc.11e)U'D111Hlt a,JtepHHlt saXBaT gr:yesona· npo
TOHOM onpe,1teJiaeTCft TOJILKO CTOJIKHOBeHHftlra p'Jf;:ueaoaTO'JI.OB. J{JI.H ana
JIH3a nonytreHHHX pesyJILTaTOB HCTIOJl1,30BaJiac1, ynpOl!l8HHaff qieUOKeHOJIOrH
qecxaa cxeMa npoueccoa, no KOTOpoll s pesyn1,taTe CTOJIXHOBeHHll oOpaso-
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sasmeroca s cMeca !os6yx,D;eHHoro p'.TC~MesoaTOMa c·so,n;opo,n;oM H a1ow
MH npHMeCH Z 9f-Me30H ,n;eB036YXJtaeTCSI H sax»aTHBaeTCSI npOTOHOM 

{l(C)wr\j 

"I 1\1_ H
2

+ He 

}-t. : ;i 
o.&~ I"t-, :::~ 
0,1 ff~----+-t---
.,1 

0.4 0.8 1.2 1,6 2.0 

tO 

:::~tcH2•Ne;, 
.. -~ t 04f 

I 0.2 1 

0.2 0.4 0.6 0.11 1.0 

C 

\,1 H2•N2 H 
\! :.ii 

111\}i~ 
0.2 G.4 0.6 0.8 l0 

H2•Ar 

C 

PHc.3. BepoaTHOCTL q(c) saXBaTa .W:MesoHa B pYL:J1.eso
aTOJ1.~ npH pa3JIHqHHX OTHOCHTenLHUX KOHneHTpanHax C ,ll;JISI 

CJ1.ecea so,n;opo,1ta c Ile, N2 , Ne H Ar • 3HaqeHHSI nnoTnocra 
so,n;opo,n;a n e.n;HHHnax ro-3ni yxasaHu nH¢paim. n::- 4,2 • ro22 npOTOHOB/cJl.3 - IlJIOTHOCTI, ZH,ltKOro DO,ll;Opo-
,n;a. RpHBHe npoBe,n;em no ¢opJ1.YJie (6). 

co cKop9cTLDAp•anH+ bnzH1IH nepeXBaTusaeTca Ha aTowl,cxopocn 
nepexsaTa Ai=dni•BK1Ia;u. B saxsar He ·saBHCSlll!HX OT CTOJix~oueuaR pa
;,;nanHOHHHX nepexo,1tos o6uapyxeu ue 6un H B npHBe;,;euuoa c:ieJ1.e He 
yqHTHBaerca. B 3TOR cxeue BepOSITHOCTI, q pasua 

q t.c) - 7 + f£ C c 6) 
I< - 1+ (/\+.:Se)C ' 

r.n:e /\ = o/a H a: • b/a - OTHOCHTeJILHHe cxopocT~ nepexsaTa H 
saxsara .n-~Jl.e30HOB npOTOHaJI.H B CTOJIKHOBeHHSIX pJf-J1.esoaTOJI.OB C 
aTOWMH Z npH C = I. rronyqeHHHe MeTO)tOJI. HaHMeHI,mHX KBa,;paTOB 3Ha
qeHHSI OTHOCHTeJILHOH CKOpOCTH /\ no,n;qHHSIDTCSI JIHHeffuoA saBHCHJI.OCTH 

/\ = co, 7 :!: 0,2) Z , (7) 

8 

>,. 

I" 

\ 

) 

Us saBHCHMOCTH (7) CJie.n;yeT, q70 npH ,CTOJI!tHOBeHH/lX pst::.'Jl.e30aTOliJB 
c aTOllB.MH npHMeCH Z -nepexsaT suaqnTeJILHO 60Jiee nepoareu (oco6eu
uo npH 601ILl!rnX Z ) , qeJI. 3aXBaT 9[.:Mesoua npOTOHOM B pesynr,Ta
re CTOJIKHOBBHHR pW:Me30aTOJI.OB C BO,ll;OpO,ll;OM. 3HaqeHHff K03qxpHnHBHTa 

re is npe.n:enax norpemHOCTeit connanH c uyJieM. HepaseHCTBO /\ >> ~~ 
"" 0 CBH,ll;eTeJII,CTByer 06 orcyTCTBHH,3aMeTHOro BJIHS!Hhll CTOJIKHOBeHHA 
p:JC+ Z Ha cxopoCTL sax11aTa m!Ona npoTOHOM. 

rro saBHCHJI.OCTH (7) oneHeHa BeJIHqHHa npHBe,JteHHOA KOHCTaHTH nepe-
XBaTa g[":Jl.e30HOB 

<J[ 

- Az ~ 3•roIIz c-1 • (8) 

EcJIH npHuarr,, qro cxopocrr,- nepexsua nponopnH011aJ11,ua xsa.n:pary pa,n;H
yca MeSOaTOJl.a (r2r..rf ), TO H3 cpaBH8HHSI (2) H (8) JI.OXHO C,ll;eJiaTL 
oneHKY, no xoropoa !7r=Me30HH nepexnaTHBaDTCSI H3 COCTOSIHHA C 

n? 3. .1r:J1.e30HH nepexBaTHBaDTCSI TOJII,KO H3 B036yx,D;eHHHX cocro-
SIHHi p!J[~MesoaTOMOB ns-sa HaJ11r1q1r1a HHTeHCHBHoro a,Jtepuoro saxsara 
nporouaMH, CKOpOCTI, KOTOporo H3 OCHOBHOio 14 HH3mHX nS-cOCTO/lllHA 
BeCLJl.a BBJIHJ.ta;fc(nS) = I,I•IOIS n-3c-I. 3TO SIBJIJleTCSI npHIIHHOR KO
peuuoro pa3JIHIIHSI B nepexsaTe µ-_ H !i'l':.Me30HOB. OCHOBHHJI.H KOHKYPH
PYDll!H'JI.H C nepexBaTOU IlHOHOB nponecCaMH SIB1ISIDTCSI npOHCXO,ltSlll!He npH 
crOJIKHOBeHHllX p:!C+ H2 ,n;enos6yz,iteuHe pff:MesoaTouos sa cqer suem
Hero oxe-aqxpexTa Ha aJieKTpouax coce,n;uax arouoB H a,n;epHHA saxsar 

9[:.uesOHOB H3 ·so36yx,n;eHHHX nS-cOCTOSIHiilt sa cqer 3¢¢eKTa .Il3SI
Cuoy-Caqepa CH.A.Bethe, M Leon. Phys. Rev., , m, 636 (1962)). 
HeffTp0HOOO)t06HHA B036YJ:,Jt8HHHR p!!i~uesoaTOM, nona,n;aa BHYTPb 3JieKT
pOHHOA o6onoqxH aroMa so,n;opo,n;a, 6naro.n:apa mrapKOBCKOJI.Y aqxpexry B 
aJieKTpmqecxoM noJie nporoua~Mozer nocJie CTOJIKHO•eHHll oxasarr,ca B 
nS-cocroauHH, B KOTOpOM .9f.:Me30H HHT8HCHBHO 3aXBaTHBaerca npo

TOHOM. Rs-3a BHCOKHX CKOpocrea ,n;eB036yx,n;eHHSI H a,JtepHoro saxsara 
g;'"-Jl.e30HOB, npOHCXO~amHx npH cronKHOBeHHSIX p1,'--uesoaTOJI.OB, 
nepexsa? 9l-Jl.e30HOI JI.OJ:eT npOHCXO~HTI, JIHmL npH 60JII,mHX KOHUeHTpa
nHSIX IipHMeCH. l'a,JtHanffOHHHe nepexo,n;u ne MOryT o6pa30.BaTI, HesaBHCH
MOro OT CTOJI.ltHOBBHHA Ka.HaJia .n;eB036yx,D;eHHSI, OOCKOJII,KY HX BKJ!a,11; B 
;,;e1os6yx.n:euue CTaHOBHTCSI snaqHIIW( TOJII,KO ,D;JISI COCTOJIHHA c n~ 3, 
3aceneHHOCTH KOTOpHX MaJiu. YllaCTHe B nepexBaTe B036yx.»:8HHHX COCTO
ftHHff p!ll:Mesoa?OJIA, ,ll;JIJI KOTOpux OTCYTCTByeT 11a6JID,n;avmHACa B CJIY
qae µ::.Me30HOB sanpeT nepexnara C R-oOOJIOIIKH, o6~SICHHeT HHTeHCHB
HUA nepexBaT atouaim renHa. 
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Pe3yJJhraru nocJJe.n;yDlllero, <5oJJee .n:eraJJhHOro H3~ttemrn nepexsara H 
arou11oro 3axsara x:ue:ionos B ra:iosux cuecaxl ,JI cocraBJJ!IDT co-. 
.n:eplEaHHe rpeTbell rJJaBU .ltHCCepTaUHH. B HOBUX onuTaX: I) pacmHpeH .ltH
ana:ion Tr1:JMe11e11Tr1a Z :ia ctter BKJJD1JeHH!I cuecelt 112 + Kr Tri H2 + Xe; 
2) pacmHpen ,n:HanasoH H3Me11em1a KOHUeHTpa~lt KaK B CTOpOHY <50Jibmlr'lX, 
TaK Tri MaJJUX :iuatteHTrlll C; J) Trl3MepeHTrl!I BUTIOJIHeiiu C J,!eHhmlrlll maroM ..1 C; 
4) yse11Tr11Je11 .n;Tr1ana:io11 Tr1sue11e11H!I TIJIOTHOCTH so.n:opo.n:a ~= (0,005 + 
• O,I) n:J ; 5) Tr1syqe11 nepexsaT 11a M~11exy11y co2• 

Jl,Jia Bll,lteJienHa arou110ro :iaxsara !Jl-ue30HOB npH o<5pa<5oTKe npe,n;no-_ 
JJaraJIOCh' '!TO BeJITrl1JHHa s:1 B P(c) (5) Helrl3BeCTHa 1,1 no,n;JiellCHT onpe
.n:e11e1mD. 3aBIICTrlMOCTh sepO!ITIIOCTTrl 3axsara W(C) y,n:aJIOCh Y.ltOBJieTBOpH-
reJihHO OlllrlCaTh c llOMOlllhD ~opuyJJU -1 

W{C)=[(1+ic)(1+/1C)] , C9) 

r.n:e 11 = Ac113 1,1 A,S: - nocroa1111ue .n:11a Ka:11t.n:oro ra:ia napaueTpu. 
Jl,Jia co2 n qiopuy11e (9J C = J'l:y'n , r.11.e nco~ 1JHC110 uo11eKyJI co2 
B cu3• TI01Iy1Je1111ue B :irou CJiyttae napauerpu coo?aercTBYJlT aTOMHOMY 
:iaxaary H nepexaary aroiiauH c Z• 7,J. ~11a scex ra:ioa, Kpoue CO2,· 

56'" A ·• (IO) 

TI011yqe1111ue ueTo,n:ou 11am.te11hmHx xsa.n:paTOB 3Hattemrn A H s{;np1,1se.1tenu B 
ra<5Jimie I. B Ta<5JIHUe N - ttHCJIO sJieKrpo11oa so a11eu111ell o<5oJIOttKe aroua. 

Ta6m1ua I 

ra:i stf N 5H 5H A 
He I,84!0,09 2 I, 73 I, 72:!::o,13xx) I.84!0,09 
Ne 7,65!0,35 8 7,25 7, I !:o, 4u) 7,6s::o,J5 
Ar II,6:0,4 8 II,8 

+-
II,~0,4 

Kr I6,4:!:o, 6 I8 20.0 16,4:!:0,6 
Xe 20,4!0,7 I8 27,6 20,4:!:Q,7 

N2 6,6:o,J 5 5,5 5,8 :!:Q,JXX) 6,6:!:0,0J 
6 4 !Q 4X) 

CO2 8,8:!:I,O 5,J 5,5 ' - ' J, 7-o,'6 8,5 !o,7XX) 

Ila pHc. 4 np1rne.n:e11u :ixcnepmrn11raJihHUe .n:a1111ue .n:11a cue cell JI2 c He ,Ne 
ll Xe. )\JI!I Bcex ra:ioa, KpOlle CO2, 3HattCHl1ll s:: OllliCUBaIOTC!I Jllrlllell1101l 
3aB11Cl1J.!OCThD OT z I/J (p11c. 5) : 

s:= (7, I ! O,I)( zIIJ - I). (II) 

10 

' i 

i, 
~ 

YCJIOB11e (IO) o:inattaer, '!TO aTOJ.!Hldt :iaxBaT Tri nepexBaT Olll1CUBIUJT
CSI 0,!tHOlt Tri TOil Xe 3!lBHCl1MOCThD OT aTOMl!Oro HOMepa Z • 

W(Cl 
1~. 
:\,-i, 
·•.}: '"1-.........._ 

I \ •-....... 
J "\\ ·------ ♦--...... 
1 a .,, 

1 , \ •·--. H + He 
I '11 ::---...f 2 

10- \ ~ ~ 
• a f-

\ "' \ ''--: \ ',,~ 

-- . H2•Ne 
......_____ 

•. 
10-~ 

l 

0 0.2 04 

j 

' 

'--•~2•Xe 
0.6 08 10 12 

C 

PHc. 4. BepO!ITHOCTTrl W(C) 
!l,ltep11oro :iaxsaTa nHOHOB npo
ronaMH B CMeC!IX BO,n;opo,n;a C 
He, Ne n Xe B :iaanc11uocTn 
OT xoHnenTpannH c. Kpnsue 
npoae,n;e111,1 no (9) npn ycJio-

H 
Blill (IO) H :iuatte1111ax S0 us 
Ta<5JillUU I. 

H 
II0J1y1Je1111ue 1,13 onuTa :i11a1Je1rna S0 <5mrnx.: no BeJIHttllHe K ttllCJIY 3JieK-

Tpo11oa so BHemueR 060J101Jxe aToua - N (ncitJIDttaa co2), qro uo:a:er 

s~ 

20 

15 

10 

I 

Sf-

.)/ 
t 

//,10.1,o,21z 
I 

CO2 f /I;/ 

J
. 1/1/ 

/ 
a;,,// 
/ 

I 
I 

/ 

L z113 
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PHc.5. 3aBllCllMOCTh OTHOCll
TeJlh!IOlt sepO!ITIIOC:Tll s:: aTOM
uoro :iaxaara or armrnoro 110-

1,1epa z • Ilp!IMa_a npose,n;eua 
no ~opuyJie (II). 3,n;ech xe 
noxasaHa saBllCllMOCTh 11 = 
=O, 7 Z (7) n ~IlYIIKTllpoiy no
rpem110CTll Bee onpe,n;e11enn1,1. 
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CJIYlU!Tb ymsa1rne1• ·:a ,ltOl,llHlliPYDl!lYD pOJIL B aTO!.IHOU 3aXBaTe :rneKTpOIIOB 

BHemHeJ;t oClOJIOtIKH. 3TlUf OCl'Jj/lCHlleTCll CJiaClall 3aBHCHMOCTL s:: OT Z • 
B TaClJIHUe l 1JfHBe,1teHU Taxxe 3HatieHH/l OTHOCHTeJILHLIX TOpM03HUX cno

coCl11ocTeJ;! S , BUtIHCJiemrne no TaClJIHUaM TOpM03Hl:lX n0Tep1, (Studies in . 
penetr.ofcarged part.in matter Pub/.1133.NAS-NRCWashington.,D.C. ,1964), H 

3Hat1e1rn11 !:fH, KOTOpUe MOll:HO paCCtIHTaTJ, Ha OCHOBe noJiyt1e1111ux Hal!H) 

.itammx 11 .itaHHUX paCloT B.ll.IleTpyx11Ha 11 ,1tp., 1967 r. SBeJIHtIHHa ~x ) 

11 D.r.By.1t11m0Ba H ,1tp., 1967 r. (BeJIHtIHHll s""XXJ). S xopomo corJiacy

JOTcsi c HamHMH .itaHHllllH. BeJ111t1HHU SH ,1tJ111 ra3oB c z ? I8 (Cle3 Hco2) 
B npe,1teJiaX omHClOK H3MepeHHJ;! COBna,ltaDT C HamHMH BeJIHtIHHaMH So , 
Tor.ita xax ,J;Jill T/1%eJIUX ra30B Kr H Xe s!j 3HatiHTeJILHO MeHLme SH • 
3TO 03HatiaeT, tITO ,l(Jill ClOJILmHX Z sqxpeKTHBHOCTL 3JieKTp0HOB BHYTpeu

HHX OClOJIOtieK aTOMOB no OTHOmeuim K aTOMHOMJ 3aXBaTy HHll:e, tieM npH 

TOpMOll:eHHH. 3aXBaT UOJiexyJioJ;t CO2 notITH B 1,5 pa3a ClOJILme BeJIHtIHIIU 

5H H 3HatieHHll, npe,ltCKa3UBaeuoro HHTepnOJISIUHeJ;! no HaJlllll,I ,lta.HHUM ,ltJISI 

OCTaJibHWC ra30B. 

YcTaHOBJleHHaSI na onuTe cJiaClaSI 3aBHCHUOCTb OT Z O?HOCHTeJILHOJ;! 

cxopoCTH nepexBaTa /\ (/\,.._zllJ) oClycJIOBJieHa Teu, tITO B nepexBaTe 

ITHOHOB yqaCTBYl)T B03ClY%,!teHHUe COCTOSIHHSI ue3oaTOYa. B OTJIHtIHe OT ne-

pexBaTa µ.-:..Me30HOB, KOr,lta 3JleKTpOHaJ.IH aTOMHHX OClOJIOtieK H3-3a ua-

JIOCUl . pji'-uesoarouoB ( "'ro-IIcu) uolirno CluJio npeneClpetIL, ,1tJIS1 B03Clyx

.iteHHUX pJr:ue30aTOMOB, IlO-BH,ltHUOMY, C1Ie,ltyeT npnmwaTL BO BIIHMaHHe 

3Kpam1poBaHHe 3ap11,1ta Sl,ltpa aTOllOB 3JieKTpOuaim BHyTpemmx OClOJIOtieK. 

PaCCTOSIHl-!Sl R Mel[)ty npOTOHOJ.I H Sl,l;pOM Z , Ha KOTopux B03MOlteH nepe

XBaT H3 B03ClYJ:.lt6HHl,IX COCTOAHHI C n = J, oueHHBaewe B H,lt8aJILHOJ.1 c.ny

tiae no cpopuyJiau 3a,1;at1H Tpex ueHTpoa (JI.JI.rronouapeB. lK3NA~, 1836 
(1968)), ne ytrnTHBaD!lleil BJIHSll!Hll aTo:r.mux sJienpo110B, oxa:rnBaDTCSI ,1ta

xe ClOJILme cpe.itHWC paccToll11HJ;t Mel[)ty aTouaMR cMecn. C ,1tpyroff cTopo11u, 

pa3Mepu B03Clyx,1te1111oro J.1830aTOMa B COCTOSIHHSIX C n~J cpaBHHMH C pa3-

Mepaun sJieKTpOHHLIX 0Clo.11ot1ex arouoB, Tax t1To ue3oaTou npn nepexBaTe 

11e uozeT ClOJiee paccYaTpHBaTLCA xax xBa3HHeffTpOH. xapaxTepnuff Bli.lt 3a

BHCHl!OCTH st: 0? Z (s/;~ Z l/J) MOXHO CtIH?aTL yKa3aHll:el! Ha .B03MOll:

HOC?b onnca11n11 nepexsaTa n aTOMHoro 3aXBaTa ye3ona B ra30BUX cuec11x 

H2 +Z (ocoCleHHO B CJiytiae T/1%8.IIUX ra30B) C nOMO!llbD CTaTHCTHtieCKOff 

J.10,lt8JIH aToua. KBa,1tpaTU 3MIIHpHtI8CKH onpe,1;eJI8HHLIX Pa.itHYCOB aTOMOB 

ClJiaropo.itHLIX ra30B Ne , Ar , Kr H Xe pac:ryT c 'i!, xax ( 'i!I/J_ 
- l) (X.Il.I'auClom. CTaTHCTHtieCKaSI TeOpHll aTOMa Hee npHMBHBIIHSI. HJI, 
M, 1951). 3:ro Il03BOJI/leT C,l(eJiaTL BUBO.it, tITO BepOllTHOCTH 

aTOM!!OrO 3aXBaTa Me30!!0B H CKOpOCTH nepexBa:ra ClJiaropO,ltHlllra ra-

3aMH nponopUHOHaJlbHU reoMeTpHtieCKHM C8tI8HHSIM aTOMOB. 
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3aBHCHMOCTb OTHOCHTtlJ!bHOii CKOpOCTH nepeXBa.Ta /\ OT K011ue11Tpau1-1v 

G npm.ieCH CBSl3ana C Tell, tITO nepexBaT npOHCXO,ltHT H3 B03Clyx,D;e111mx 

COCTOSIHHii p !Ti-:-ue30aTOlla. IlOCKOJILKY XpOHOJIOrntieCKH BllCOKOB030yx,D;en

Hlle COCTOllHRSI pgr:ue30aTOMa npOXO,ltSITCSI cuatiaJia, C yBeJIH4.e11ne11 

KOHUeHTpau'lrn C BKJ!a,D; nepexBaTa H3 CQCTO/lUHil C BUCOK'IIMH 11011epa1rn 

B03Clyl[J.teHHJI pacreT, tITO npHBO,D;HT K oCle,ltHeHHD 3aCeJieJJHOCTl-l JIH31l1HX 

COCTO/ll!Hii p<Jf=ue3oa:roua (n!!; 4), :113 KOTOpllX B OCHOBl!OM nponcxo

,ll;HT 3aXBaT JIHOHa npOTOJIOM no 3cjxpeKTY )lsll-CHOy-Catiepa ( H.A. B@the, 
M.Leon. _Phys.Rev.. ill, 6'..!6 (I%2);M. Leon. Phys. Lett., 
2lll, 87 (1971)). Tax xax ce 1rn1rne nepeXBaTa .itOJIXHO paCTH c nouepou 

B03Clyl[J.tel!HSI, Cly,1teT paCTH H /\ C yBeJIHtI8HHeM KOHUeHTpal.\lll-l c. UCle.1t-

He1rne 3aceJl6HHOCTR HH3mHX COCTO/lHHil p gr:.u.e30aTOMa C pOCTOM KOH-

ueHTpaUHH C yu.e11LmaeT CKOpOCTb
0 

J1,D;ep11oro 3aXBaTa 9f_-ue30Ua npOTOIIOI.I, 

tITO TaKliCe npHBO,D;HT K B03pacTaHHD /\ C pOCTOM c. TaKHM oClpa30M, 

yBeJIHt1e11:11e KOHUeH:rpauHH aTOMOB Z B CMeCH npHBO,D;HT K pocry OTHOCH

TeJILHOil CKOpOCTH nepeXBaTa /\ =o/a cpa3y 3a CtieT .D;ByX MeXaHH3-

llOB; yBeJI:11t1enn11 t1HC1IHTeJ111 d (nepeXBara) H yue11Lme11H11 3Haue11aTe1rn 

Q (S1,1tepHoro 3aXBaTa IlROHOB npOTOHawt) R3-3a 0Cle,1t11eHHSI 3aCeJieUHO

CTH HH31l!HX COCTOSIHHff. 

IlepexBaT Ha UOJieKyJiy CO2 COCTaBJilleT npnu.epHO nOJIOBHRY OliCH,D;aeuo

ro Ha OCHOBe Rl!TepnOJI/lUHH no nonytieHHOff HaJlll 3aBRCHMOCTH (II), q:ro 

yxasuaaeT Ha B3aHMHOe 3KpaHHpOBaHHe aTOUOB B UOJieKyJie CO2 npH nepe

XBaTe. 
IlepeXBaT nHOHOB H3ytiaJIC/l TaK:m:e B ra30BOil CMecn H2 + Ar npH ,D;aB

JieHHH so,1;opo,1ta P = I aTu ( J.Pikard eta!. Lettre al. Nuovo Cimento. 
L, 957·(1971)) H B pacTBope H

2 
+ Ne (WM.Bugg@t.al. Phys.Rev., 

!2.IJ., 2142 (1972)). IloJiytieHHlle B 3TRX paCloTaX pe3yJILTaTU B npe,D;eJiaX 

norpemnocTeA H3Mepe11RJ;t corJiaCJDTCll c Hall!Hun pe3yJILTaTaMH. ncxo,1t11 

H3 3TOro, MOX!!O C)teJiaTL 3aK11Dt1e11He, tITO B mHpOKOM HHTepBaJie H3Mene

HH/l nJIOT!!OCTH BO,!tOpO,lta (5• lo-3+ I)n~ B cuec11x H2 + z npOHCXO,l.tHT 

nepexBaT, H!ITe!ICHBHOCTb KOTOporo onpe,!teJilleTC/l KOHKypeHl.\lleH npouec

COB, H,ltJlllHX B CTOJIKHOBeHH/lX p!Jf.:ue30aTOMa C arou.aMH (MOJieKyJiaJ.rn) 

npHU.8CH H BO,!tOpO,!tOM.' 

B rJiaBe lY OilHCllBaeTC/l 3KCnepHM611T no R3ytieHHD 3aXBaTa ff.:Me30-

H0B CBSl3aHHllM BO,ltOpO,ltOU B rH,ltpOOKHCllX H UH-KHCJIOTaX / 4, 51 • B Katie

CTBe .MHllleHeJ;t HcnoJIL30BaJIHCb KHCJIOTU II~o
4

, IIN03, II3PU4 , Jl~eo3 ,~Cl¾, · 
H,r03 , xncJia11 coJIL Nanco3 n rH,ltpooxacH Zr(O!f) 4, Al(OH)3• If3uepeHnS1 

BepOS!THOCTeil 3aXBaTa Wx B HCCJie,1tyewx Be~eCTBax BUITOJ!HCHll OTHOCH-

:reJibllllM ~eTO,ltOM ny:reu. cpaBHeHHSI .CKOpOCTeH CtieTa 9f:ue30HOB, 
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o6pa3Yl)~Hxca B llllmeHH X H J.mmeHH H3 rH.llpH.lla JIHTHH ( LiH ). 3Kcne
pID,!eHra11I,Hlle 3HMeHH.ft w; ,IJ;JU! HCCJie.n;oBaHHllX coe.n;HHeHHA npHBe.n;em1 ' 

. . H 
B ra61rnne 11. Tau :a:e .n;na cpaBHeHHH .n;anu o:a:H,Jlaewe 3na11eHHH Wx Bepo-
sm1ocren 3aXBara B uonexy,rax HnXOm, Bll'IHCJieHHlle no ipopuyne 

M n_z-2 
W - '-'(} 0 x- mZo+Zx+n 

(12) 

POpyYJia (12) .n;aerca MO,D;eJibD 60JihfilHX Me30MOJie.KyJI C y'leTOM 3q>q>exra 
ro:a:.n;eCTBeHHllX rpynn (3.B.KpYMJIITeffH H .n;p. lK3N>, -22, 1640 (1968); 
lK3TP, .fi2, 455 (l97J)). IIp1.rnaroe npH pac11ere 3Ha11emie a0 .n;na KHCJIO
po.n;a cociaBJIMO l,28 ! 0,15. IIo.n;aBJieHHe 3anara C:. B ra6JIHUe II, 
paBHOe l-ix/w;, CJiy:a:HT J.<epOI OTKJIOHeHH.ft 3KCnepHMeHTaJihHllX BepOHTHO
CTell OT HX 3Ha'leHHll, O:a:H,Jlaewx no MO.n;eJIH 60JibmHX Me30MOJieKyJ!. 

Ta6mina II 

Coe IIeHHe W: ... Q"t £ Kr 
H2so4 -' 0,2 4,o:o,5 )20 -J,O 
HNO ~ 0,2 6,2:!:o,7 no -1,4 
!:!.2c2d ' J:!: ~40 l 

H2Se03 0,9:to,5 J,J:!:0,4 J, 7-2,l 2,6 
H

3
Po4 1,6:!:0,4 4,o:to,5 2,5:!:o,7 2,1 

!:!.E!::!£24 2,1:!:o,5 4,a:!:0,6 2,J!o,5 J,9 
+ . 

·6,2:!:o, 7 1,1!0,2 H3B~ 5,~l,O 9,2 
A[(OH3 5, 6:!:1, o 5,o:!:o, 6 0,9:!:o,2 9,2 
Zr(OH~4 

2,6:!:0,8 2,6:!:0,J 1,2:0,4 

M3 Ta6JIHUU II cne.n;yer, 'ITO no.n;aBJieHHe 3axsaTa e npH nepexo.n;e OT 
rH,llpOOKHcen K KHCJ!OTaM B03pacTaer 6onee 'leM Ha nopn.n;OK BeJIH'IHHll. 0 
)tJia CHJlhHllX KHCJIOT H~O, HM:l3 K ~aBeJieBOH KHCJIOTll H2C204 ~uxo.n; :ii
Me30HOB OT nepe3apa.n;KH iJ) He Ha6JID.n;aeTC.ft. B ra6JIHUe II npHBe.n;eHll 
BepXHHe rpaHH'IHlle oneHKH BepOHTHOCTeff W]c 90%-HID.I ypOBHeM ,D;OCTOBepHO
CTH. Ha .ft311Ke uo.n;eJIH 60JihfilHX Me30MOJieKyJI 3TO 03Ha'laer, 'ITO 3JieKTpOH
HaR nJIOTHOCTb y npOTOHa B rpynne H-0 (HOHHOCTb CBR3H) c~eCTBeHHO 
yMenbmaeTca (yBeJIH'lHBaeTca) B pa,1ty or Zr(OH)4 .n;o 11~04• B cooTBeT
CTBHH C y611BaHHeM 3JieKTp0HHOll nJIOTHOCTH y npOTOHa npO'IHOCTb CBH3H 
nporoaa C KHCJIOpO,ltOM yueHbmaerca, 'ITO .n;OJI:EHO conpOBOX.n;aTbC.ft yaeJIH
'leHHeM CHJ!ll KHCJIOTll. 

B XHMH'leCKOll JIHTepaType npOTOHHlle KHCJIOTll HnXOm np~H.ftTO pacno
JiaraTb B pa.n;u no HX OTHOCHTeJibHOff CHJie corJiaCHO BeJIH'lHHaM pKl noxa-
3aTeJieff KOHCTaUTll ,ltHCCOUHaumt 3THX ln!CJ!OT B pa36aBJI8HHblX BO,!lllllX 

14 

paCTBOpax (P.KOTTOH, ,lllt.YHJIKHHCOH. CoBpeueaHa.ft ueopranH'leCKaa XH

wrn. q.n. ,'rlliP-, Mocx1a_ 1969, M.I{.Jl31, Jl.CeJI6Hn. Teopern11ecKaa ue
opraHHtiecitaa :nuorn. XHuirn, Mocxna, 1969). 3natieHH.ft pI{1 .n;na HCCJie,1to
BaHHllX uaMH Be~eCTB ,11;am,1 B Ta6JIHU8 II. 3l.!IlHpH'18CKH YCTaHOBJieHO, 'ITO 
KHCJIOTll 1½XOm MO:EHO pa36HTb na qerupe pa3JIH'laD~Heca no CHJie KJiaC
ca. BHYTPH Ka:a:,JtOro KJiacca KHCJIOTll npHMepno O,ll;HHaKOBll no CHJie H HMe
DT 0,B;HHaKOBllR q>OpMaJibHllJ:t 3apa.n; e =m-n • CHJia KHCJIOT pacrer no 
uepe yBeJIH'leHHH q>OpMaJibHOro 3apJI,Jta e (.n;o6aBJieHHH 'IHCJ!d nerH,llpOK
CHJlbHllX arOMOB KHCJIOpo,1ta). IIpHMepnue HHTepBaJill 3Ha'leHHR PK1 ,IJ;Jl.ft 
XHCJIOT C pa3JIH'IHUMH BeJIH'IHHaw q>OpYaJibHOro 3apJI,Jta npe.n;craBJieHll B 
ra6,rnne Ill. 

Ta6JIHUa Ill 

e 0 l 2 3 

PK1 7-II l,5-J 0-J ~-IO 

Cornacno KJiaccnq>HKaUHH, .n;annoa B ra61rnue Ill, H 3ua11enHll pK1 
(ra6JIHnaII), HCCJie.n;yeMue naw Be•ecrna cne.n;yer pacnono:a:nro B cne.n;y
D~Hff pa.n; B nop.R.n;Ke yBeJ!H'lemrn XHCJIOTHOCTH: 

Zr(OH~ , Al(OH)3,180/e=o)<NaHCO
3
,H:fq, 

(13) 
f'2SeO3 ,1S°'. (e=JJ<HNO3 , H2Sq (e=2J .. 

ConocrannenHe pH.Jta (13) c pacnoJio:a:eHHeM KHCJIOT no CHJie B nopn.n;xeyne
JIH'leHH.ft £ nOKa31i1Baer' 'ITO eCJ!H HCKJID'IHTb H3 paccvorpeHH.ft 112c204, 
o6a pn.n;a coBna.itavr. Ta:s:HM 06pa3ow, 11a6.11v.n;aerca 11er:s:aa xoppenanHsl° 
Me:a:.n;y yMeHbmeHHeM BepO.ftTHOCTH 3axBara 1r:.Me30HOB npOTOHaMH Oil-KHC
JIOT H yBeJIH'leHHeK HX CHJill. 

lllaBeJieBaH·KHCJiora H2d2o4 no BeJIH'IHHe no.n;aBJieHHR nonaAaeT B OAHY 
rpynny c cHnhHHMH HeopraHH'lecxHim XHCJIOTaMH (H25o4; I!f/03), XOT.ft no 
PKr ee CJie.n;yeT OTHeCTH K rpynne KHCJIOT C e = l. EOJibmoe 311aqe111,rn 
PK1 ,ll;JI.ft H2C204 MO:EeT 611Tb CB.ft3aHO c noAaBJieHHeK ee ,ll;HCCOUHaUHH H3-
3a c~eCTBOBaHHH B BO,ll;HllX paCTBOpax acconHaUHR, o6pa3Yl)~HXC.ft H3 MO
JieXyJI H2C204 3a C'l8T CHJibHllX BO,B;OpOAHllX CB.ft3eJ:t uex,i,;y MOJieKyJiaYH 
KHCJIOTll. 

KoppeJI.ftUH.ft pa.n;OB KHCJIOT, nOCTpOeHHHX Ha OCHOBe H3Mel!eHHJ! no,JtaB
JieHH.ft E, H BeJIH'IHHlil pK1,03Ha11aer, 'ITO BllBO,IJ; uo.n;eJIH 60JiblllHX ueso
MOJiexyJI o xapaxrepe H3Meneuna 3.11exrpOHHOll crpyxTypu CB.ft3H H-0 B pa-, 
~y Zr(OH)4• H~04 cor.11acyeTCR c npe~nOJIOXeHH.ftMH TeOpHH 3JieKTp0HHllX 
CMe~eHHR B :numn. IIpHCOe~HH8HHe K ueurpaJibHOMY arouy X 3JleKTp00TpH
uareJibHllX aTOMOB nerH,llpOKCHJlbHOro KHCJIOpo~a npHBOAHT K OTTHfHBaHIDJ 
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:rneKTpOHIIOlI nJlOTHOCTH OT ueHTpaJibHOro aTOlta Ha aTOW 11erl!,l!;pOKCHJib
HOro KHCJIOpo,11;a, qTO,B CBOD oqepe,11;b,np11BO,llllT K yueHbmeHHD 3JieKTp0HHOR 
nJIOTHOCTH y npOTOHa' (yBeJIHqeHHD HOHHOCTH CBJ13ll 11-0). 

IlOJiyqenHaJl HallH Ka'leCTBCHHaa CBJl3b MelE,ll;y no,11;aBJ1eHHeM €, ll ycH
JieHHeM Kl1CJIOTHOCTH B pa,zy Zr(OH) 4• H~04 ne HapymaeTca, eCJIH npH
HJlTb BO BHHMa11He OClHapy:m:emmn HallH n03,!l;Hee (B.H.IleTpyxHH ll .ltP• HP 1 

l.2, 626 (1974)) nepeXBaT gr.:ue30HOB OT p'Jf::.1,rnsoaTOMOB, oOpasyD
lllHXCII Ha cBasannou Bo,11;opo,1te. no nam,rn ,11;a1mw, ero l!KJia,11; B no,11;aB11e-
1me npH nepexo,1te OT rH,l!;pOOKHCeff K Cl4Jlb!IID.! KRCJIOTal! COCTO.BJII!eT ~ 8(},l:, 

TOr.ita KaK Hael.11n,11;aewn nauR aqxfleKT npeBumaeT nopa,11;ox BeJIHq11Hu. 
llaOJID.lteirne B P8.ltY OH-KHCJIOT H rl!,l!;pOOK!4Ceff xaqecTBem1oro COOTHO

me1rna uelE,ll;y HSJLeHeHHeY no,D;aBJiemrn saxnaTa f, R 11aMeHeH11eu CHJIH KH
CJIOT 8Bl1Jl0Cb OCHOBOR, Il03BOJll1Bmea npaBHJlbHO npe,!l;CKa3aTb 11 ycTaHO
Bl1Tb B nOCJle,!l;ynlllHX Hamnx onuTax (R.BHJibreJibllOBa R ,11;p. !3T~.!'i.!2, 24 
(1973); B.JI.roJJb,llaHCKHff R ,ltp. )LAIi CCCP,2l.!1, 1337 R II05 (1974)) KO
JlllqecTBeHHUe COOTHOmeHHJl ue:m:,11;y BeJIHqRHaim, xapaKTepl43YDl!lHMH saxBaT 
IlHOHOB CBil3aHHUM BO,l;OpO,ltOM, II qll43RXO-XHJ.mqecKRllH BeJJHqHHaMR, 3aBH
C81!1HMH OT CBOffCTB 3JleKTpOHHOli OClOJIOqxn aTOMa BO,!l;Opo,Jta B MOJieKyJiax. 

TaKHM oOpaaou, B aKcnepllltenTax /I-5/, pesynnaTu KOTopux cocTa
BHJJH OCHOBY ,!l;HCCepTa~H: 

l. 3xcnepHMeHTaJibHO 0Cl11apyxen nepexBaT 9r:ueso110B B cuec~x B0-
,1topo,1ta c ,1tpyrmrn rasawi ( He, Ne , Ar , Kr , Xe R N

2 
, co2). 

2. YcTa110B.11e11u oc110B11ue xapaKTepHCTHKH sToro npouecca. f!oKasano, 
'ITO: a) nepeXBaT HHTeHCl!BHO ripOHCXO,ll;HT npR K011ue11Tpau1.rnx nplUleCR 
C ~ 0,1 ; Cl) BepOHT!IOCTb nepexBaTa He saBHCl{T OT nJIOTHOC:rH BO,JtO- • 
po,11;a R onpe,11;e.11aercI1 TOJILKO KOHUeHrpa~en C np11uecn; B) nepexnar 
a:rouauu reJIHa O,ltHHaxoB no nopa,JtKY neJ1nqn11u c nepexBarou ,1tpyrn1111 
a:ro:uaun; r) OTHOCHTeJILHaa CKOpOCTb nepenara /\ CJiaOo 3aBHCH:r OT 
sapSI,!l;a z ll KOHUeHTpau1m C aTOYOB npm.1eCR (Z~/\1/3, c113); 
,11;) npHBe.1;8J!Haa KOHCTa11Ta nepeXBa:ra nHOHOB 11a ,JtBa nopa,1tKa 'BeJlHIJl{Hll 
npeBumae:r npHBe)teHHYD KOHCTaH:ry nepeXBaTa llIJOHOB; e) CKOpOCTb ne-
pexBa:ra 11a uo11exyJ1y co2 ue111>me cyMMH cKopocren nepena:ra Ha coc:ra-. 
BJlaDl!lHe ee a:row,,q:ro oOycJIOBJieHO B3aHUHUM 3Kpll.HRpOBll.HHell a:rOMOB. 

3:rH ocoOe11nocTH Kal!eCTBeHHO MOlltHO CBSI3aTb C :reu, qTO nepexBaT 
<Ji: ue30HOB npOHCXO)tHT R3 B030YJ:,lt8HIIUX COCTOSIHHff pff~uesoa:rOMOB 

B KOHKypeH~H C npoueccauH )teB03ClyX)l;eHH8 pJr::ueaoaTOMOB ll 8,ltep-
HWL aaxBaTOM Ill10HOB npo:ro11aw, H,!l;YIIIHMH B CTOJIKHOBeHHJlX p!il+ H2· 
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3. Onpe,lle11e11u OTHOCHT8JlbHUe BepOS!THOCTH a:rounoro saXBa:ra nHOHOB 
B cuecSix II2 + z ( Z cyn Ile, Ne , Ar , Kr , xi H f"2_ , co2); o:r11ocH-
:re111>naI1 (no BO,llopo.n;y) BepoJI:r11oc:rb saxBa:ra ~ KOuno11e11roR Z cue-
CH (ltcKJIDqaJI CO2) CJlaClo saBRCRT OT sapa,Jta z (~Z I/3). ,l!Jia MOJieKyJISip
noro rasa CO2 Bepoa:r11ocrb a:rou11oro saxBara 00111,me, qeu aro c1te,llye:r 
HS sa»HcHuoc:rH, ycra11011Jie1111on no oc:ra.111>11uu rasau. 

4. IT0Kasa110, q:ro o:r11ome1me nepoarHoc:ren aaxna:ra nHOHOB a:roua1m ~ 
H H H OXHOCHTeJibHaa CKOpOCTb nepexna:ra B cuecax Il2 + Z , r,lle Z - ClJia
ropO,ltHUe rasu H aaor, onie,lleJIJIDTCJl O,JtHOli H roa :m:e saBHCRMOCTbD OT 
a:rou11oro 110Mepa Z : S0 = (7,1 !: 0,1)( z I13_ l), I\ = si c113• 

5. B pa;i;y rl!,l!;pOOKl!Ceff R OH-KHCJIOT ycraHOBJieHa pesKa/1 saBRCRMOC:rb 
Me:m:,11;y no,11;aB11e11Heu nepou11ocrH W JI.1tep11oro saxnaTa 9[::,MesonoB CBJI-
sa1111uu BO)tOpO,!l;OM H yBeJIRqe~Hll CHJIU KHCJIOTU. flpe,11;c:raBJI8HH8 MO,lleJlH ClOJib
mHX uesouo11exy11 0 Ba:1rnoa pOJIH YCHJ!e!IRSI HOHHOCTH CB83H 0-JI B yueHb-
meHRH BepoarHoC:rH sana:ra W cor11acyn:rca c npe,11;c:ran11en11aM11 
:reopHH 3JieKTp0HHUX CMel!l0HHli B XHUHH. no uam1rn ,llaHHUM,,lllaBeJieBaJI KHCJIO
:ra OTHOCHTCSI K rpynne CHJILHHX KHCJlOT, ror.ita xax.no npHHJITOlt B XHMRl1 
KJlaCCHqlHKaUHH Olla 11a K~acc CJiaClee. 

Peay.111,raru, HCnOJib30Ban11ue B ,JtHccepraUHH, ,IIOKJla,JtUBaJIHCb Ha lY Mell:
.ltYHO.pO)tHOff KOl!qlepeHUHII no qlH3HKe BUCOKHX 3Hepnli H CTpyx:rype a,ltpa 
(.I(y011a, 7-II Ce HT. 1971 r .) ' Ha iou BceCOD3HOll COBel!laHHH no 3JI0UeH
:rapHllM npo~eccau B XHMHH BUCOKl!X s11eprHD, 1971 r., 11a CeCCHSIX O:r.ite-
11e1111a JI,llepHOlt ¢H3RKH AH CCCP, a raue BOmJIH B UHKJI paOo:r, on1eqeHHUX 
B 1972 ro,11;y nepBoff npeuHeff OUIDI sa 11ayqnyn paOo:ry. 

Rueparypa 
1. B.H.IIe:rpyxHH, IJ.)l.llpOKOfilKHH, B.M.CyBOpOB. JK3T~ .22, 2173 (1968). 
2. B.R.Ilerpyn11, B.M~CyBopoB. lY Me:r,;y11apo.n;HaJI xo11qiepeHUHH no 4)H3HKe 
BUCOKHX 3HeprH'1 II c:rpyxrype 8,!tpa • .I(ydHa, 7~1I CeHT. 1971, au110:raURH 
,llOKJia,11;011, .IU-5988, crp.96, .I(y011a, 1971. 
3. B.H.IleTpyxHH, B. M.CyBOpOB. llpenpHHT OHIDI ,Pl-9136, .I(yOHa, 1975. 
4. 3.B. Kpyumrell11, B.H.fle:rpyx1111, R. M.CUHpHOBa, B. M. CyBOpOB, H. A. DrJiau
,ltOB. ITpenpHHT OHHR,P12-5224, .I(y6Ha, 1970. 

5. 3.B.Kpyum:ren11, B.H.ITe:rpyxHH, R.M.C1rnpn0Ba, B.M.CyBopoB, H.A.Dr
JiaH,lloB. IY MeJE,11;y11apo.n;11aSI KOHqiepeHUHJl no ¢H3HKe BUCOKHX aneprHli H 
c:rpyxrype 8,ltpa • .I(y011a,7-Il ce11r. 1971, a1111orau11H ,llOKJJa,itoa, Jll-5988, 
crp. 93, .I(y011a, 1~71. 

PyKOnRCb nocrynRJ!a B 113,llareJILCKHR OT,11811 
9 anpe11a 1976 ro,11a. 

17 


