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AHHOT8UHSI 

.c 
H ayqancst npouecc o5paaoBaHHSI MeaoaTOMOB renHSI B cMecH BO.llOPO.lla c renHeM B LlHcP-

cPY3Hoaaoll K8Mepe npH .ll8BneHHH }9 8TMocciJep~ noKa38HO, 'ITO BepOSITHOCTb nepexBaTa P.-Me-

30HOB Ha renHll OT Me308TOMa BO.llOpO.lla B OCHOBHOM COCTOSIHHH HH>Ke, no MeHbWell Mepe, 

aa TpH nopSI.llKa sepoSITHOCTH nepexBaTa aa st.apa yrnepo.aa H KHcnopo.aa H ae MO>KeT cywec-

6 -I /9/ TBeaao npeBhiWaTb 10 : ceK , 'ITO cornacyeTcSI c TeopeTH'IeCKHMH oueHKaMH • B pa5oTe 

nony'IeHhl YKa3aHHSI Ha cornacHe c " Z -aaKoaoM • npH npHMoll noca.aKe Meaoaoa aa st.apa ra

aoson cMecH. 

O.A.Zaimidoroga, 1\l.M.Kulyukin, 
R.l\I.Sulyaev, A.l. Fllippov, 

V.l\1. Tsupko-Sitnikov, Yu.A.Scherbakov 

- IIELIUl\1 MESIC ATOM PRODUCTION 
IN GASEOUS MIXTURE OF 
HYDROGEN WITH HELIUM 

Abstract 

In order t~ clearify the possibility of carrying out an experiment on p.- capture in He 
3 

using small amounts of heli

um mixed with hydrogrn the process of helium mesic atom production in such a mixture has been investigated. Use was 
. 4 

made of a diffusion chamber filled with mixtures of hydrogen and He and hydrogen and He 3 with methyl alcohol as 

operating liquid; the nuclear concentrations of He
4 

and He
3 

being 4.9% and 14.3%, respectively. 

It is shown that the determination of the number of stars due to p.- capture by C, 0 and He at two different concen

trations of the latter together with the use of data on_ TT- capture in the same mixture make it possible to determine the 

probability >-.He of p. -transfer to He from the ground state of the hydrogem mesic atom. Data on TT- capture, the trans

fer of which from mesic hydrogen is possible only from high levels, allow one to find, with the accuracy of this transfer 

the probab~lity of direct hydrogen mesi~ atom production in the mixture. Besides, in the experiment with He 
3 

it was pos

sible to evaluate directly the total probability of He mesic atom production through the yield of the reaction p.-+He~m v.· 
- ' 

and the rea~ti_on- rate expected on the basis of the universal weak interaction theory. The value A
8

Jurned out to be 
- 6 -1 -- 6 -1 -

- ( 1.4 ± 3.8 ) 10 sec , i.e. it cannot be considerably larger than 10 sec in agreement with the theoretical . / 

3 
value/9/, This value is at least 10 times smaller than the transfer rate to C and 0 nuclei which may be found if one 

knows A8 e0ur experimental data are consistent with the 'Z-law' for the atomic capture probability of the mesons in 

gasesous mixt~res H- He and II- CH3 OH. 



·0TpHUaTen&Hbie Me30Hbl, TOpM03SIIUHecst B BeiUeCTBe, CpaBHHTen&HO 6b!CTPO, aa BpeMst 

-12 Ill 
10 ceK , o6paayroT c H.apaMH semecTBa csstaaHHbie MeaoaTOMHbie clicTeMbi. B 

.aanbHelimeM Me30Hbl HnH pacna.aaiOTCSl, HnH 31lXBilTb!BiliOTCSI H.apOM, llpH'IeM OTHOCHTen&Hbie 

.BepoS!THOCTH 3THX KOHKypHpyiOIUHX KllHanoB Onpe.aenstiOTCSl BpeMeHeM )I(H3HI[ Me30IIOB, HHTeH- , 

.CHBHOCTbiO HX B3aHMO.aelicTBHSI C H.apoM H C~OpOCTbiO nepexo.aa Me30ilTOMOB. B OCHOBHOe coc

TOS!t!He, BepOSlTHOCTb llpstMOli IIOCilLlKII Me30HOB Ha paanli'IHb!e H.apa, BXO.astiU!Ie B COj::TilB TOp• 

.Moastmero 13emecTna, Bbi'Incnnnac& TeopeTH'IecKH/
2 / H oKaaanac& nponopuuo_aan&uotr Z /aaKOH 

~epMH-T.ennepa/. Bceo6mero axcnepuMeHTan&noro no.aT~;~epm.aeHHH 3TOT aaKOH ae aamen, 

no Kpaliaefi Mepe, .ann HeKOTOpblX TBep.abiX Ten HMeiOTCSl aaMeTHb!e OTCTynneHHSl, TllK 'ITO ne

pOHTHOCTb npHMOli noca.aKH OKil3hlBileTCSI B pn.ae.cnyqaeB nponopUHOHilnbHOfi llpOCTO KOHUeH~ 

/3/ 
TpaUIIH H.aep 

B npHcyTCTBHH H30TOIIOB Bo.aopo.aa MO)I(eT peamt30BilTbCSI .apyroA - BTQpH'Illblfi Mexa

HH3M o6paaosaHHst M:eaoaToMoB, o6ycnosneHHbifi 'cnoco6noCTbiO Meaoso.aopo.aa~ B cHny .er.o 

gneKTpOHefiTpallb!IOCTH J rre!"KO nepe.aaeaTb Me30Hbl .apyi"HM H.apaM, TaKOe HBrreaue OT'IeTrrHBO 

14/ 151 
-MeaoaaMH B cMecnx ll2 - D2 H2- CH 3 01 'TaK H c rr -Meao-ua6nro.aanoc& KaK c IL 

. L .11/6/ . _ 17! 
naMH B 1 , C2H 4. H .ap. BepostoraocT& o6paaosanHSI MeaoaTOMOB aa C'leT nepexnaTa p.-Me-

301105 0Kil3biBaeTCS1 BeC&Ma 3Hil'IHTellbHOii: H COCTaBrrHeT, .llllllpHMep, .anSI. n.aep C H 0 llpH 

1010 -1/5/ B 
IIIIOTHOCTH mH.aKOJ"O BOLlOpo.aa ,_ CeK , OTIIH'IIIe OT p. -Me30ilTOMOB BO.aopo.aa, 

BpeMSI )I(H3HH KOTOpb!X onpe.aenHeTCSI BpeMeHeM )1(113HII MIOOHOB, fT -Me30aTOMbl B~.aOpOLtll 

6biCTp0 IIOI'H6aiOT H3-3a CHIIbHOI'O B31lHMC>.aefiCTBHS1 1T -Me30HOB C llpOTOHOM, noaToMy 

nepeXBil'l' 1T -Me30HOB MO)I(eT OCyiUeCTBnSlTbCSl T_OIIbKO C Bb!COKHX Op6HT (.n ).·4) H ero .Be-

pOSlTHOCTb B J"ll31lX .aonmaa 6b!Tb 3Hil'IHTenbHO M9Hblll9 BepOSlTHOCTH nepeXBilTil p. -M930HOB, 

B BH.ay 60n&WOI'O HHTepeca. K H3y'leHHIO peaKUIIH H llpHBneKaTen&HOC• 
3 . 

TH nepcrreKTHBbl HCIIOIIb30B8HHSl .anst 9TOii: uenH OTHOCHTen&HO Mllllb!X KOnH'IeCTB He HllMH 

6blll BbiiiOnHeH OllbiT, HM9BlllHfi uen&IO BbUICHHTb pOnb. o60HX MeXaHH3MOB o6pa30B8HHSI.. Me30-

STOMOB renHst B CMeCH H- He • B npouecce BbliiOnHeHHSl Ollb!Til /1960 r.l c.c.repwTeAa'oM 

6bin0 YKil31lHO Ha B03MOmHylO MlliiOCTb Ce'I9HHS1 nepeXO.llll Jl -Me30HOB K Si.llp&M rE!nHH, 

nocTilHOBKil OllhlTil 

B Oil biTe npHMeilstnaCb .aHcpcpy3HOHHilS1 KaMepa .anaMeTpOM 300·. MM B. Mlli"HHTHOM norie 

6000 . 3 , HlliiOnHRBlllllSlCSl CMeCbiO ecTeCTBeHHOJ"O BO.aOpOLlll. C renHeM llpH Jl8BII9HHH · 

19 aTM C MeTHIIOBbiM CIIHpTOM B. Ka'leCTBe pa6oqefi )I(H.aKOCTH, 

3 



181 /5/ YJ 3 9KCII9pHM9HTan&HhiX peayn&TaTOB • 
1 

cne.llyeT, 'ITO B .llH<iJ<lJy3HOHHOil: KaMepe, 

HaiiOnHeHHOil: IIpH ,llaBn9HHH 20 aTM BO.llOpO.llOM,_ OKOnO 10% BC9X. ~ -Me30HOB IIpH OCTaHOBKe 

ae- HcrrycKaiOT aneKTpoHa pacrra.lla, .llaBaSI aBe3.llhi HnH 6eany<~eBbie ocTaHOBKH I 'MIOOHHhie 

3B93.llhl" / 1 'ITO CBH.ll9Ten&CTByeT 0 SI,llepHOM 3aXBaTe OCTaHOBHBlll9I'OCSI M930Ha, '0pH Manoii 

KOHUeHTpauHH rrapoB MeTHnoBoro crrHpTa I ~ . 0,1% I TaKoe KOnH'IecTBO .. MIOOHHhiX 3Be3.ll" 

MO:lK9T 1 BepOSITHO, HM9Tb M9CTO TOnbKO B TOM cnyqae, KOI7.lla :a<iJ<iJeKTHBHO peanHayeTCSI BTO

pH'IHbiil: MeXaHH3M o6pa30BaHHSI _M§!§QaTOMO~ yrnepO.lla H KHCnOpO.lla. 0pH 9TOM CKOpOCTb 

. g -1/5/ . 
nepeXBaTa M!OOHOB SI.llpaMH 0 H C OKa3biBaeTCSI - 10 C9K , KOI'.lla K BO.llOpO.lly .ll06aB-

nSieTCSI renHil:, TO .llOn:lKeH OTKphiBaTbCSI HOBhiil: KaHan, KOHKYPHPYIOWHil: C nepexBaTOM M!OOHOB 

st.llpaMH 0 H C. B aToM cny<~ae .llOnSI ,.MIOOHHhiX 3B93.ll" 6y.lleT aaBHCeT& OT BepoSITHOCTH 

nepeXBaTa M!OOHOB Ha renHil: .\He H OT KOHU9HTpaUHH renHSI £ /{e 

• 06oaHa'IHM qepea Kz BepostTHOCTb o6paaoBaHHSI MeaoaToMoB ~Z (~He, ~0, ~C) 

B. peayn&TaTe nepexBaTa ~ -MeaoHoB oT MeaoaToMa BO.llOpo.lla. Tor.lla: 

Kz 
.\2. ( z 

Ae+ k Az Cz 
/1 1xl 

r.lle .\Z -BepO.!ITHOCTb. nepexBaTa ~ -Me30HOB OT M930aTOMa BO.llOpO.lla Ha H.llpO Z H 

.\e -aepoHTHOCTb pacna.lla ~-MeaoHa, OTHOCHTen&HaH BepoSITHOCTb o6paaoBaHHSI "MIOOHHhiX 

3B93.ll' B .ll8HHOil: CM9CH X - 6y.lleT HM9Tb BH.ll: 

X =PHeYHe+PeYe +·Poyo+PH(l-kKz)yH+PilKa~YHe+PH(Keye+KoYo), /2/ 

A 
I'.ll9 y z ... Z -OTHOCHTen&HaSI B9pOSITHOCTb 3aXB8Ta ~ :-Meaoaa, .P z -BepOS!THOCTb · 

>-e+'Az 
npHMOil: IIOCa.llKH H Az-cKopocT& aaxBaTa ~-=-MeaoHa. YIH.lleKc Z oaaa<~aeT cooTaeTcTBYIOWee 

H.llpO, K KOTOpOMy OTHOCHTCSI BenH'IHHa. OepBbiMH IISITbiO cnaraeMbiMH B Bbipa:lKeHHH /2/ 

MO:lKHo npeae6pe<~& Ha-aa Manoil: B.enH'IHHhi y H , YHe , £ 0 ,. H ! e • Oo.llCTaBmiSI aaTeM Kz H3 

/1 I, nony_'IHM: 

X PH 
(>-eYe +.\oYo) f 

/3/ 
.\ 8 +(.\e+Ao)£ +A Hef He 

K pOMe HCKOMOil: aenii:'IHHhl .\He B ypaBH9HHH nnoxo H3Jii9CTHhl- B9nH'IHHhl .\ 0 1 .\e H f = f 0 = f e 
/9/ 

Ha TeopeTH'IeCKHX oueaox cne.llyeT, 'ITO no nopSI.llKY BenH'IHHhi .\ e paBHO .\0 • Tor.lla, 

ecnH BOCIIOnb30B8TbCSI .llaHHhiMH . .llBYX OIIbrt'OB C pa3HOil: KOHU9HTpaUHeil: renHSI f, He H, 
, 

£He 

MO:lKHO nony'IHTb H3 /3/ H aHanOI'H'IHOro eMy Bbipa:lK911:HSI .llnst .llpyroil: KOHU9HTpaUHH renHSI 

cne.llyiOtuyiO ¢opMyny .llnH .\ : -He 

x/ . 
B BhipameHHH /1 I H & .llan&Heil:meM Mhi He y'lHThiBaeM npouecchi oopaaoBaHHSI MeaoaTOMOB 

.ll"eil:TepHSI H M930MOneKyn BO.llOpO.lla, TaK KaK B llalllHX ycnoBHSIX OHH HecywecTB9HHhlo 

4 
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X' , X'' ''1 '> X' X"(' ,, , ·) 
(yo +yj[ j/ fHe- p;' ~e+~ p~ P~' fHe~fHe, /4/ 

p, I{ X '< >p , - aHa'leHH'st X H 
H , H PH npH .llBYX K0HU9HTpaU~I51X renHSI: f'He.H' f'~·ff npH 

, 
aTOM HcKniO'laeTcn npoii3Be.lleHHe H9113BeCTHb!X ·HaM · BenH'IIIH A , A', 'H · f · 

0 c ,' · B epostTHOCTH P11 
H p ~'icTporo I"'OBOpS!tHllM TaK)Ke H9113B9CTHbl. 'O.llHS~,o, e'cnll npeHe6pe'lb BKnaaoM B ' A He 

nepexaaTa, H:aymero c BbiCOKHX op6HT, ·To PH 11 1~ MO)KHO onpeaenHTb nyTeM HWniOaeHHst 

"rrHOHHblX 3Be3Lt" npH TOpMO)KeHHH 1r -Me30HOB .B 9THX ')Ke, CM9CSIX. !aKHM 06pa30M, H3M9p11Sl 

'IHCnO "MIOOHHbiX'•H 'rrHOHHbiX 3B93Ll"' IlPH LlBYX KOHUeHTpSUIISIX [fe,MO)KHO onp~aenHTbB.epoHTHOCTb, 

nepexBaTa 

, LlHcPcPY3HOHHSSI KSMep·a 9KCilOHHpOBanaCb B ny'IK9 OTpHUST9IlbHbiX M930HOB C HS'ISilbHblM 
• ',,;_, 0 ' • ' • 

HMnynbCOM 170 MaB/c oT cHHXpOUHKnoTpOHa OvHII-1. Llnst TopMO)KeHHst M930HOB neoe.ri ·KaMe-
, ) . . ' . . ~ ' ' ' . . 

poll noMemancSI MeLtHbili ¢HnbTp. BhmH npoBe.lleHbi aae cepHH H3Mepe-HHfi c staepHbiMH KOHue~-
-~ . ·~ ', ' ,, . . . . ' ' ~ . . 4 

TpauHstMH ren11n f He =4 ,9% H f He= 14,3%. B nepBOM cnyqae 6pancst H30TOil He ,·:Bo BTopoM 

He
3 

• B Kamaofi C9PHH 'KaMepa 3KCilOH11pOBanacl, npH .llBYX 'sna·H~HHSIX' TOiliUHHbl ¢HnbTpa, 

KOTOpbi9 o6ecne'IHBSiiH MSKCHMSilbHOe 'IHCnO OCTSHOBOK B KSMepe MIOOHOB /Orrb!Tbl I H IJ / .H 

IlHOHOB /OilblTbl III H IV l. 

3 KcnepHM9HTSnbHbie pe3ynbTSTbl 

A. Pe3yilbT8Tbl OilblTOB I H n 
B 9THX OilbiTSX onpeaenst~HCb OTHOCHTenbHbie Bepo9THOCTH 38XBSTa MIOOHOB napaMH x' 

H X • nonHhlfi 06'beM nonyqeHHOI"'O aKcnepHM9HT8IlbHOr0 MaTepHana H pe3ynbTSTbl H.ll9HTHcPUKa

UHH C06biTHfi, 38p9I"'HCTpUpOBSHHbiX IlpH npOCMOTpe cPOTOI"'p8cPHfi, npHBeaeHbl B Ta6nHU9 1, 

OnbiT 

I. 0,049 

II 0,143 

Ta6nHua 1 

3KcnepuMeHTSnbHbi9 LlSHHbie Oilb!TOB I H n 

nonHoe 

'lllcno oc-

TSHOBOK 

Me30HOB 

6950 1075 

30600 5045 

qHCITO OCTSHOBOK IlO rpynnaM 

639 24 

3521 82 

Be3ny

'19Bbie 

OCTSHOB

KH 

104 

194 

Be3ny'leBbie 

OCTSHOBKH HilH 

fle 

254 

1248 

Co6b!THSI 38XBaTa MIOOHOB S!LtpSMH He Bceraa COilpOBO)KLtSIOTCSI Bbme-x:oM. BHLtHMbiX B KS

Mepe aapst)KeHHbiX qacTuu. noaToMy anst Bhiaene HHst "M IOOHHbiX 3Besa" Heo6xoaHMO Hapstay 

5 



CO 3Be3D;8MH 8HanH3HpOB8Tb H 6eany'leBb!e OCTSHOBKH. AHanH3 38Kn10'18nCH 1 BO-nepBb!X 1 B 

paan;eneHHH OCTSHOBOK /l -Me30HOB _H TT \Me3V.HOB ITO MaCCSM 11,1 BO-BTOpb!X 1 B OTCeBe cny

qaeB ll e -pacnan;a 1 KOTOpbie BhirJ:muenH ·KaK 6eanyqeBbie ocTaHoBKH1 Ho BMecTe c TeM 1 ·no 

ycnOBHHM Ha6nJOn;eHHH Henb3H .. 6binO, HCKn!O'IHT? B03MO)!{HOCTb BbineTa an~KTpOHa. TaKHe HMII

THpOBSHHb!e 6eany'leBbie OCTSHOBKH co.cpen;oTO'IeHbl1 B OC~OBHOM1 B pal\01~~ rpSHHU 'IYBCTBH·~ 

TenbHOrO CJIOILKSMepbJ. B uenHX CHH)!{eHHH !lJOHa HMIITHpOBaHHb!X 6e3ny'!eBb!X OCTSHOBOK II 
" ' • < ' r- ' ' t ~ 

o6ecne'{eHHH B03MO)!{HOCTH H3.MepeHHH MSCC 6btnll BBe)leHbl .cneJIYIOIUHe KpHTepHH . OT60pa: 

1. To'!Ka ocTaHOBKH MeaoHa .cion)!{.Ha norianaTb BHyTpb 30Hbi 'IYBCTBHTeJibHOro cnoH c 

pail:Hy.coM 100 MM. 1 BbiCOTOA 30 MM 1 OTCTostrueA Ha 20 MM OT 'JIHa KaMepb! 11 ·n;ononHHTenbHO 

OrpaHH'IeHHOI\ B paftoHe BBOD;a IIY'!Ka 'ISCTHU B KaMepy. 

2. BHllHMaH n;nii·Ha cnena OCTaHOBIIBllleAcn 'ISCTHUbl tlOJI)KH8 .6b!Tb He MeHee 50 MM. 

KpoMe Toro1 B on·h;T~ II paccM~TpHB~nocb ·.ronbKO o!{o'no nonoBHHbi nony'leHHoro MaTepHana. 

, Vf 3MepeHHe MaCChi 1Ip0113BOD;IInOCb Ha penpoeKTOpe no HMnynbCY H OCTaTO'IHOMy npo6ery • 

p SlliiYC KpiiBII3Hb! ·Cnena onpen;enst.nCSI Ilpll JIOMOIUH lll8flJIQH8 nepeMeHHOft KpiiB113Hhl. ~ Jl05HOii: 

D;JIH STOft, uenH. KpHBOft OK838JI8Cb 3BOnbBeHTa C napaMeTpOM . a =; 42 15. MM~ PeaynbT8Tb! H3Me

peHHH MSCC np9JlCT8BJieHb! Ha pHC. 1. nnaBHb!MH JIIIHIISIMH HaHeCeHbl !!JyHKUHH. pa3pellleHHH, 
'', 't . '' 

KOTOpb!e 6btnll JIOJiy'leHb! nyTeM He3aBHCHMb!X H3MepeHHI\ MSCC llOCTOBepHb!X MIOOHOB H nHOHOB. 

3HaHHe !!JyHKUHA paapellleHHSI II03BOJI!IJIO npoBeCTH pa3JieJI9HHe OCT8HOBOK nHOHOB II MIOOHOB 

no H3MepeHHbiM MaccaM. PeaynbTaTbi npHseneHbi B Ta6n11ue 2. 

On biT 

lle 

319 

II 512 

Ta6n11ua 2 

Pe3yJibT8Thl pa3D;9JI9HIISI OCTSHOBOK Me30HOB 

no MaccaM. 

l.fHCJIO MIOOHHb!X OCT8HOBOK 

3Be3Jlbi 

6 

6 

BeanyqeBbJe 

OCTSHOBKH 

27 

45 

Be3nyqeBbxe' 

OCTaHOBKH 

IIJIII /le 

8 

6 

YHCJIO nHOHHb!X OCTSHOBOK 

3B93Jlbl 

2 

10 

Be3ny'leBbie 

OCTBHOBKII 

12 

20 

0CT8Blll8SICH He50Jiblll8H JlOJISI C06biTHii: TilliS " 6e3Jiy'leBb!e OCT8HOBKH IIJIH /l e " 1 OTHeceHH8SI 

K MJOOHHbiM ocTaHOBKaM, ~6n3aHa H~JIH'IHJO B6JIH3H TO~KH ocTaHOBKH noKaJibHhiX nposanoB 'lyB

CTBHTeJibHOCTH. llnH .. p.83JleJieHHH STHX C05b!TIIii: Ha IICTIIHHbie 6e3Jiy'leBbie OCT8HOBKII II ILe-pac

naJlbl onpeneJISIJICH TeJieCHbiii: yrOJI 1 B KOTOpOM HCny.IUeHHblii: 3JI8KTpOH He MOr 5b!Tb BIIJleH, a 

38TeM y'IHTbiB8JiaC,b OTHOCHTeJibHaH BepOHTHOCTb p.e -pacnaJIOB B Jl8HHOM OnloiTe. 

SKcnepHMeHTanbHhie aHa'leHHSI. oTHOCHTenbHhiX sepoSITifOCTeil p6paaollaHHst "MJOOHHbiX 

3Be'aA" OKa3aJIHCb paBHb!MH: 

6 



. x' x" = 0,998 + o,o1s 

s. PeaynbTaTbl onbiToa III 11 IV. 

B 3TIIX onbiTax H3MepHn11Cb OTHOCIITe{l~.Hhie !3epoSITH<?c~~' ,o6paaoaaHHSI 77 -MeaoaTOMOB 

so:.aopoaa p~'.·R ~"·no cooTHOWI?HIIIO Me:lK.llY aaperllcTpllpoaaHHbiMH 6eany'ieBbiMH ocTa'aoBKSMH 

H Oi:tHOJIY'I9BI:>I¥.H 3Be3.llSMH, fiPH STOM Mbl ,.IICJI:OlliiJlll ~~ T~I'O, 'iTO CJiy'iSII 3S~~aTa niiOHOB 

renHeM ,Bcer.aa conpoBo:lKaaiOTCSI BbineTOM BllllHM011: a icaMepe aapst:lKeHH011: qacTHUbl, KaK 11 
' ' ';. ' ' ·~\ ·. •. · .. "'::. ,_(:·, ~~ .·'; ··.".,_.>/ : • ~:\: c'..J /.:_ ~ • 

paHbWe, .llJlH CHH:lK.eHHSI <iJona. HMIITHpOBSHHb!X 6eany'I9Bb!X OCTS!lOBOK Bee aaperncTpHpOBSHHbl9 
. •·• , ,· , ~ •. :;>•' ;•,-; ~··t·::H ·-:._ . :• ;_,~~. l • ; .: :".-' ·;·~- ., 

COObiTHSI OTOHpSJIHCb no ,KpHTepHIO 1 .. 0ony'leHHbl9 ,peaynbT8Tbl npiiB9.ll9Hbl B Ta6nnue 3, 
' ·- · · - · . I\.. ' '" .. , . l < • ~ • , " • 'i ·. 

OnbiT £He 

III 0,049 

IV 0,143 

Ta6nnua .S. 

3 Kcn~piiMeHTanbiibie aaHHbie OnbiTOB 

·~ f 

00JIHOe 'iiiC~O 

aaperHcTpnpo-

BSHHbiX OCTS

HOBOK 

432 

., 

52 

m II iv 

OciafioaKn; y aoaneTaopfl IOIUHe 

5 

~- \ ·. 

29 

Beany'leBbie 

OC::TSHOBK.H ··, 

71 

(: 

Beany'leBbie 

OCTSH_?BKH HJIH 

ll,e 

npn Bbl'IHCneHHH pH STH peaynbT8Tbl ObJnH 'OO'b8LlH~8Hbi .c, Ll8HHbiMH .? nHOHHbiX OCT8HOBK8X, 

nony'ieHHbiX a onbiTax I 11 II I eM, TaomiUy 2 I, a TaK:lKe obma BHeceHa nonpaBKa Ha 6eany

'IeBbie MIOOHHbl8 OCT8HOBK II, B HTOre BeJIH'iHHbl pH nony'ieHbl CJI8LlYIOIUHMH: 

H 0,71 :!::. 0,04, 

!·• 

BepostTHOCTH o6paaoaaHHH 77 -MeaoaTOMOB ren11'~ 6y LlYT c'ooTB.~TCTBeHil'<) paBHhi: 

p' = 0,13 + 0,05 
He -

H p, = 0,29.+ 0,04. 
He · - , · 

' '3 3 
B. ~biXO~- -~eaKUHH ll + He -+ H + v 

B onbiTe II , a KOTop~M KaMepa HanonuHnacb' 'cMecblo aoaopcia!:i c nerKHM H30TonoM re-
: ... 3 .... , 

111151 -He , HMeJISCb· B03MO)l{HOCTb Henocpe.llCTB8HHO OU8HHTb UOJIHYIO BepOSITHOCTb; oopa.':i'oaamr'g 

·~eaoaTOMOB renHn ( p" +. p" K ;, no ~1bi~oay peaKUHH 'll-=i: He 
3

-+ H 
3 + i/ 

ll- ···He .H· He 

11 o:~KnaaeMoti Ha ocHoaaHHH YHHBepcanhnoii. TeopHH cnai5oro · aaa'li'Moae'iicTBIIH cl{opo'cTH·: sToii 

peaK~HHilQI• ~OObiTH~· 3a~~~T~ ~;~OH~B B H/c H
3 

B KO·~~~HOM docT'bfl'HHH' 
1
MOry'T'' Ob!Tb Hll8.HTII-

. • ;: : :): • '·1 'i' _,< ~~ /, • : 1 • . •. t •. , . • ' .r , . . ·, 

¢nunpoBaHbi no BnonHe onpe.aeneHHOMY npo6ery TpHTHH. YI aMepeHHbiH. cneKTP r:rpo6eros · BTOpH'i-

HblX 'i8CTHU npeac;TaBJI8H Ha pHC, 2 1 H3 KOTOpOI'O cneayeT, 'iTO K.,HCKOMOH peaKUHH· ·aon:lKHbl 
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.•. .. 

.: 3 •; - . . ;. 
6b!Tb OTH9C9Hbl - 4 CJ1y'la51 Ha 5.10 OCTBHOBOK MIOOHOB. BenH'IHH8 ( P"+P" K" )npH 

He H He 

3TOM OK83b!B89TC51 paBHOH 0,28 + 0,14. 

06c'y*ae'H~e peaynbTaToB 

. . ''·' .. . . : . . . . . . . X , . , . 
PaccMoTpHM cHa'lana aKcnepnMenTanbHhre·aHa'leHH51 ·oTHoUieHH~!:'-=-> = 0,13 +·o 02 H 
~~ .. p. - , 

X . '. , .. ,. ... . .· X . . H 
--n = 0,14 :!: 0, 02 • H anoMHHM,. 'ITO. OTHoUienne t:. npH6riH*eHHO npeacTaBnneT oTiw-

'' PH ·"·. ' • . ,. • .. .. •!• •• • " .... .H. • 
CHT9J1bHYIO. ·Bep051THOCTb 38XBaTa .MIOOIIOB 'n.apaMH C H· 0, npHBe.aeHHYJO K O.QHH8KOBOMY 'IHCny 

M9308TOMOB BO.aopo.aa B OCHOBHOM. C~CT051HHH. ToT. cP8KT,· qTo 3Kcnepi!M9HTSTibHbl9 3Hatf9HH51 

+. npH .UBYX KOHU9HTp8UHSIX I'9J1HSI H9 OTJlll'lllJOTCSI .apyi' OT .apyi'a, CBHil9T9J1bCTByeT 0 ne-

H 
CYlll9CTB9HIIOl!: p01111 M9X8HH3M8 o6pa30B8HH5l M9308TOMOB I'9J1H51 38 C'I9T nep9XB8T8 MJOOIIOB 

H3 COCT051HH51 M9308TOMOB BO~OpOIIa. ·3TOMY Bb!BO.UY H9 UpOTHBOp9'18T T8K)K9 np51Mbl9 .aaH

Hbl9 0 B9p051THOCTH o6pa30B8HHSI Jl -M9308TOMOB I'9J1H51, 9CJ1H Cp8BHHTb 3KCn9pHM9HT8J1bHbi9 

3H8'19HHSI p, = 0,29 t 0,04 
He 

H ( P + p"·K"·) = 0,28t0,14 • OuenKa a6conJOTHol!: cKcipocTH 
He H He 

nep9XB8T8 MIOOHOB H8 I'9J1HH H3 OCHOBHOI'O COCT05lHH51 M930BO.aopo.aa nony'laeTeH nyTeM noa-
.. . ..... · · .. · x' x<' · · --

cTaHoBKri H8H.Q9HHbiX 3H8'19HHfi ---r· .H - 13 cP0.PMYJ1Y /4/: 
. PH. PH 

... ... . .. ' 6 .-1 
AH~-( 1,4 !,3,8) 10 ceK 

T.e. CKOpOCTb nepeXBaTa H8 I'9J1Hll npH .Q8BJ19HHH 19 8TM He MO)K9T cymeCTB9HHO np9Bbllll8Tb 

-1 
c~ 106 

3Ty B9J11f'IHHY nOJ193HO cpaBHHTb CO CKOpOCTbiO nepeXBaTa MJOOHOB H8 yr-nepo.a H KHCno-
.. ' ' ~ ! ,; ! ' ._ • I 

pon. nonar-ag A =A • ,\ = 0 H npHHHM851 KOHU9HTp8UHJO KHcnopona H yr-nepona 
0 ... c He 

f = 0,0006 + 0,0002, H8 OCHOB8HHH HaUl HX 3KCnepHM9HT8J1bH biX .Q8HH b!X H 
0 c 

Bbrpa~eHH51 /3/ nony'IHM: 

A c = A0 = ( 0,9 + 0,4) 1rf 
-1 

ceK 

HJ111 10 -1 
,\c= A0 =(2,6 !_1,2) 10 ceK 

B nepec'leTe K nnoTnoc:n *HIIKOI'O Bo.aopona 

22 -.3 
( N = 3,5. 10 CM ) o Yf3 Cp8BH9HII!I 

BHIIHO, 'ITO CKOpOCTH nepeXB8T8 OTJ1H'I8JOTC5l no M9Hblll9H Mepe Ha TpH nop11IIK8. YK838HII9 

Ha ana'IHT9J1bHO M9HbUI,YIO• no cpaBHeHHJO c IIPYI'HMH g,apaMH cKopocTb .nepexBaTa MJOOHOB r-e-
. /11/ 

nneM B )KH!LKOM Bo.aopoae 6brno nony'leHo TaK*e B pa6oTe ilJnci:>cl:>a • 

~hOT, Ha nepBblil B3I'J1!1Il, n.e 0'19BH.q}{bll!: peaynbT8T 6b!J1 npe.aCK838H C.C.repUIT9HHOM • 

06'b5lCH9HU9-.MaJ10H C~OpOCTH. nepeXB8T8 M!OOHOB H8 I'9J1Hll 38KJ110tf89TCSI B TOM, 'ITO M9308TOM 

r-em~.!! SIBJ1519TC51, no-BH.QHMOMy, 9llHIICTB9HHblM M9308TOMOM, y KOTOpOI'O OTCYTCTBYIOT nepe

C9tf9Hll51 HH)KHHX MOJ19KY11Slpllb!X TepMOB Jllle H JlH • noaTOMY nepeXB8T MO>KeT HOCl!Tb xa-
. . ' ' ' ' 

paKTep TOJlbKO TOHH9J1bHOI'O nepeXOII8 H IIOJ1)K9H. 6b!Tb CHJlbHO ll0II8BJ19H. TeopeTIItf9CKH9 
! • .. . • • • - 5' . -1 ' . 

_c. OU9HKH CKOpOCTII nepex~aTa MIOOHOB Ha I'9J1Hlt ( AH;' 10 ceK .anSI IIJ10THOCTII >KHIIKOI'O 

- /9/ . . . 
BOIIOpo.aa/ . COI'J18'?YIOTC51 C H8UIHM peayJ1bT8TOM. 

0TM9TIIM TBK>Ke, 'ITO 9KCnepHM9HT8J1bHbi9 Il8Hllbl9 06 OTIIOCHT9J1bllb!X Bep051THOCT!IX o6-
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p830B8HHSI 17 -Me308TOMOB BOLtOpOLlll H renHst, KllK STO BHLlHO H3 Ta61IHUbl 4, nyqwe corna

CyiDTCSI C * Z- 38KOHOM•. 

Ta6nHua 4 

B l'!pOSITHOCTH o6paaoaaHHst M eaoaTOMOB renHst 

O>~<HLtaeMoe 3Ha'IeHHe 

PH• 
p -£ 

He He 

0,049 0,18! 0,05 0,10 0,05 

0,148 0,29 + 0,04 0,26 0,14 

:3TO o6cTOSITenbCTBO MO>KHO TOIIKOB8Tb KBK yK838HHe .Ha Cllp8BGLtliHBOCTb • Z ··-aaKOHll;;. 

llpH llpstMOJi IIOC8LtKG M930HOB H HecymeCTBGHHyiO pOIIb nepeXBaTa M930HOB Ha · renHli C Bb!CO

KHX Op6HT, .Qpyroe B03MO>KHOe 06'bstCHGHHG COCTOHT B TOM, 'ITO BepOS!THOCTb II.pSIMOli IIOCaLtKH 

He 38BHCHT OT Z, a·Ha6niDLt8GMOe OTCTyiiiiGHHe 06H3aHO nepeXBaTy. nepaoe 06'bSICHGHH9 HaM 

Ka>KGTCSI 6onee pelllibHbiM, TllK KaK ~KCIIGpHMGHTalibHbie pe3ylibT8Tb! ITO o6pa30B8HH_ID Me308TO-

MOB B ra30BOI CMGCH 6e3 BOLtOpOLta, a HMeHHO B CMGCH. renHH H napOB MGTHIIOBOrO. CIIHpTa, 

H 3 1121 
IIOIIY'IeHHble HaMH llpH HCCIIGLlOBaHHH 38XBaTa 17 -Me30HOB B e , T8K>Ke CBHLlGTGTtbCTBf" 

lOT B. II01Ib3Y • Z -3aKOHa' a 3KcnepHMGHTalibHOe 3H8'IGHHG BepOSITHOCTH o6pa30BaHifSI Me308TO

MOB yrnepOLtll H KHCIIOpOLta COCTaBIIsteT 0,011 + 0,002, O>KHLtlleMast BepOSITHOCTb IIO • Z -aaKO' 

Hy' - 0,009! 0,008 • 

ABTOpb! Bbipa>KaroT rny6oKyiD 6rraroLtapHOCTb c.c .repw TeltHy. n .¢> .EpMOIIOBY H B.M .noH

TGKOpBO aa MHoroqHcneHHbie norieaHbie o6cy>~<LteHHH, a TaK>Ke A.H.ToKapcKoli H E.A.WaaHe

aoA. 38 IIOMOIUb B llpOBeLtGHHH H3MepeHHit, 
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PHc.l. CneKTpbi Mace ocTaHOBHBWHXCSI Me30HOB. 

a/ ·onbiT L/ E.n.4 = 4,9%/ 

6/ OIIbiT. II /. f 3 = 14,3%/ 
He 

nnaBHble nHHIIII - KpiiBble paapeweHHSI. 
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Pnc: 2. Vf aMepeH.Hbifi cneKTp npooeroB BTOpHqllbiX qacTHU B onbiT~ . .II-.:· .. 

I c ;'le3 = 14,3%/. CTpenKofi yKaaaH omnnaeMblit npooe~ TpHTHH 

. ·a peaKUIHI 11-+ He3 
... H
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