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Summary 

ination of the mu-capture individual channel 
sonable in certain cases to use the activa­
resent work the probability of the ( Jl. -, v p) 

89 K nuclei has been determined by this 
ents have been carried out by using the me­
ubna synchrocyclotron, the experimental ar­

cribed elsewhere/4,5/. 
re elementary Si · (160 g weight and 
ess) and anhydrous KF (400 g weight and 
ess). The reaction products ( 27Mg and 88 CI ) 
ured 'a9 the Nal ( Tl) scintillation gamma.-spec­

of . Mg was determined directly in the ir­
,at of 8 ~ Cl after the preceding radiochemical 

muons captured by K atoms in the KF 
ed in additional experiments and was found 

27 88 
interest ( Mg and CI ) are produced also 
· th 1 t' 1 · t 29

'
80 s· ons on e rea 1ve y rare 1so opes · 1 

tively. The estimates of such reaction con­
by assuming the resonance mechanism of 
takes into account the binding energies 

in intermediate nuclei. 
.ts are as. follows: 

.. 0.053 + o.o 10; 

.. 0.032 + 0.006. 

rison with other data/9/ ·it follows that for 
probability of neutron and proton emission 

ss than of only proton emission. 
of the W Jl. -.v P value when passing from 28 Si 

y be due to the increase of the Coulomb 
binding energies favourable to alpha-particle 

e data received do not contradict qualitative 
mu-capture resonance model. 
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1. BaeaeHHe 

B rrocneaHee apeMH ace 5onbrnee BHHMaHHe rrpHaneKaeT TeopHH peao-

/ 1 2/ 
HBHCHOrO MeX8HH3M8 J1. - 38XB8T8 ' , KOTopag LlBeT eLlHHyiO OCHOBY LlnH 

paCCMOTpeHHSI paanH'IHhiX 1Ipo5neM MIOOH-SILlepHOrO B38HMOiletfCTBHSio YfaBeCT­

Hbie K H8CTOSIIUeMy BpeMeHH 9KCrrepHMeHTanbHbie <jlaKThl ITOilTBep)!(Ll8IOT Bbi­

BOilbl 9TOtf TeOpHH HnH, BO BCSIKOM cnyqae, He 1IpOTHBOpe'laT HM ( CMo, Ha-
/2/ 

IIpHMep ) • • 
3Ta TeOpHSI, B '18CTHOCTH, rrpellCK83hiB8eT HeKOTOpbie o5ume 38KOHOMep­

HOCTH B HCITyCK8HHH TSI)!(enhiX 38pJI)!(eHHhiX 'IBCTHU ITpH J1. -38XBaTe. TaK, 

CITeKTp 38pSI)!(eHHhiX '18CTHU llOn)!(eH 6b!Tb rrpeHMyiUeCTBeHHO MSirKHM; HC­

rrycKaHHe 38pSI)!(eHHOfi 'I8CTHUhi, ITO-BHilHMOMy, '18CTO COIIpOBO)!(Jl8eTCSI HCITyc­

KBHHeM HetfTpOHa; C 1IpH5nH)!(eHHeM CTpyKTyphi SIIlp8-MHlli~HH K 38MKHYTOfi 

o6onO'IKe IIOnHaSI BepoSITHOCTb HCIIYCK8HHSI 38pSI)!(eHHhiX 'IBCTHU y5biBaeT 

/2/ 
H Tello 

DpennaranHCb H npyrHe MexaHH3Mhi anSI oo'hSICHeHHSI HcrrycKaHHSI aa­

/1/ 
pSI)!(eHHhiX 'IaCTHU rrpH p. -aaxaaTe (eM., HarrpHMep, o6aop ) • On-

H8KO paC'IeThl ITO TOfi HnH HHOtf MOJlenH llOBOilHnHCb llO 'IHCnOBbiX OUeHOK 

nHrnb anSI He5unbrnoro 'IHcna SIJlep H He anSI scex B03MO)!(HhiX KaHanoB Hc­

rrycKaHHSI aapSI)!(8HHhiX 'IBCTHU. HaKorrneHHe aKcrrepHMeHTanhHoro MaTepHana, 

KBK MO)!(HO H81leSITbCSI, llOn)!(HO oyneT CTHMynHpOB8Th BhiiiOnHeHHe T8KHX 

oueHoK. 
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Bo Bcex ony6nHKoBaHHbiX ao aacTosuuero BpeMeHH aKcnepHMeHTanbHbiX 

HCCJle)lOB8HHSIX HCflOJ'Ib30BaJ'IHCb Te HJ'IH HHbie MeTO)lbl perHCTp8UHH HCflYCKae­

MbiX aapsnKeHHbiX qacTHU. OaHaKd o6bi"'HO npHMeHSIBrnHecSI MeTOilbi He JlaiOT 

oueHKH flOJ'IHOft BepOSITHOCTH HcnycK8HHSI aapSI~eHHbiX qaCTHU BCJle)lCTBHe 

cyrneCTBOBaHHSI aHepreTH"'eCKOrO nopora pei'HCTpaUHH1 a HeKOTOpble H3 HHX 

( HanpHMep1 !jloTOaMyJ'IbCHOHHbie· MeTO)lbi) )la~e He no3BOJ'ISIIOT TO"'HO HlleHTH­

!jJHUHpOBaTb Sl)lpO-MHIIIeHbo 

llliSI onpeaeneHHSI flOJ'IHOft BepOSITHOCTH HCnycKaHHSI TOft HJ'IH HHOft 3apS1-

~eHHOil: qaCTHUbl uenecoo6pa3HO BOCnOJ'Ib30B8TbCSI aKTHBaUHOHHbiM MeTO)lOM1 

T.e. H)leHTH!jJHKaUHeft KOHe"'HOrO Sl)lpa flO ero pallHOaKTHBHOCTH. lleftCTBHTeJ'Ib­

H01 npH aTOM THfl HCflyllleHHOft "'aCTHUbl onpeaeneH no HCXO)lHOMy H KOHe"'HO­

MY Slllp8M ( C TOft OrOBOpKOft1 'ITO OTI1H"'HTb1 HanpHMep, HCflyCK8HHe aeftTpo­

Ha OT HCflyCKaHHSI npOTOH8 COBMeCTHO C HeftTpOHOM MO~HO TOJ'IbKO C no­

MOIIlbiO JlOflOJ'IHHTeJ'IbHbiX coo6pa~eHHft); aHe preTH"'eCKHft nopor perHCTpaUHH 

B )laHHOM cnyqae OTCYTCTByeT. 

B HaCTOSijlleft pa6oTe aTHM MeToaoM onpeaeneHbi sepoSITHOCTH peaKuHft 

28 
(p. -, vp) Ha Hapax Si H 

ao K 

2. ITocTaHosKa aKcnepHMeHTa 

2.1. MHrneHb H ycnoBHSI o6ny"'eHHSI 

MHrneHH npeacTaBJ'ISIJ'IH co6oft aneMeHTapHblft Si ( nonynposo.OHHKOBoft 

"'HCTOTbi) B BH.oe KPOIIIKH H 6esBOilHbift KF tKsanH!JJHKaUHH qna), sanaKoBaH-

Hbie B npSIMoyronbHbie 

TaBnSin 160 r ( Si 

neHOflOJ'IHCTHpOJ'IOBbie KOHTeftHepblo Bee MHIIIeHeft COC-

2 
H 400 r ( KF ) ; TOJ'IIIIHHa no ny"'KY - oKono 4 r/ eM 

2 
H 8 r/cM COOTBeTCTBeHHOo 
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06nyqeHHe npOH3BOilHJ10Cb Ha Me30HHOM KaHane CHHXp 

OHHH oTpHuaTenbHbiMH MJOOHaMH c HMnynbcoM 150 Mas/ c; 

/3/ 
B MaKCHMyMe MIOOHHbiX OCTaHOBOK COCTaBJ'ISIJ'Ia 0,002 , BJ 

paBHSIJlOCb 30 MHH B cnyqae Si H 3,0 - 3,5 qac B cny"l 

3KcnepHMeHTaJ'IbHaSI ycTaHOBKa H norHqecKaSI cxeMa, 1 

XO)lHTb "'HCJ'IO JL- -OCTaHOBOK B MlfllleHH1 6biJ'IH OnHC8Hbi paHE 

yKa3aHa npoueaypa BBe.oeHHSI Heo6XO.OHMbiX nonpaBOK .OJ'ISI llE 

aaxBaTOB MJOOHOB SiapaMH MHrneHH. KpoMe Toro, B cnyqae I 

BaTb BepOSITHOCTH flOCa,OKH MIOOHOB Ha pa3J'IH"'H:Oie aTOMbi B XH 

HeHHSIXo 3TH BepOSITHOCTH 6biJ1H onpe.oeneHbl C nOMO!IIbiO OflHCL' 

ycTaHOBKH .OJ'ISI perHCTpaUHH aneKTpOHOB OT JL -pacnaaa; Mal 

TaHOBKH 6biJ'IO BbiKJ110"1eH0 1 TaK 'ITO Ha6Jl!Oil8J'IHCb "'HCTO SKCll! 

KpHBbie pacna.oa. Ka~aaSI aKcrroHeHTa cooTBeTCTBosana rroc, 

TOT HJ'IH HHOil: 8TOMo 

Bbmo aail.oeao, 'ITO B cnyqae KF aonSI MIOOHOB1 ca.os 

KanHSI, cocTaBnSieT W ( K) = 0,54 :!:. 0,02. 3aMeTHM1 'ITO corn 

u 6 17/ • 
HOCTH 1 npe.OJ'IO~eHHOH B pa OTe 1 8Ta BeJ'IH"'HHa .OOJl~Ha c 

HJ'IH 0, 76. 

2.2. I1 3M e p e H H S1 a K T H B H 0 C T H 

AKTHBHOCTb 
27 Mg( T ~ 9,46 MHH E = 840 K8B y 

rrpo.oyKTa peaKIIHH 28 Si ( p. -, v p ) , orrpe.oenSinacb B Tex » 

H TeM ~e C8MbiM MeTO.OOM, 'ITO H 8KTHBHOCTb .OpyrHX IIpO.O 

/5/ 
T8 Ha KpeMHHH 

38 ( 
AKTHBHOCTb CJ T ~ = 37,14 MHH. E y 

ae"'Horo npoayKTa peaKUHH 
39 K (p.-, v p) , onpe.oenSinacb n 

Koro Bbi.OeneHHSI xnopa H3 o6ny"'eHHoil MHrnenH KF • llnSI 

paCTBOpSinacb B 1600 Mn 1%-Horo pacTBopa KOII , coaep~• 

JlJ'ISI xnopa,B rrpouecce paCTBopeHHSI B paCTBOp BBO.OHJ'IOCb 50 
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ex onyOJIHKOBBHHbiX l!O H8CTOSHUero BpeMeHH 9KCnepHMeHT8JibHbiX ;~ 

SIX HCITOJib30B8JIHCb Te HJIH HHbie MeTOl{bl perHCTpaUHH HCnycxae­

HHbiX qacTHU. Oauaxd OObi'IHO npHMeHSIBWHecSI MeTOllbi He JlaiOT 

BepOSITHOCTH HCITYCKaHHSI 38pSIMeHHbiX 'laCTHU BCJieJlCTBHe 

HSI SHepreTH'IeCKOI'O nopora perHCTpaUHH 0 a HeKOTOpbie H3 HHX 

cpoTOSMyJibCHOHHbie· MeTOJlbi) JlaMe He n03BOJISIIOT TO'IHO HJleHTH-

SIJlpO-MHllieRb, 

peaeneRHSI nonHOH BepoSITHOCTH HCnycKaHHSI TOH HnH HHOH 3apSI­

HUbl uenecooopa3HO BOCnonb30BaTbCSI aKTHBaUHOHHbiM MeTOJlOM, 

HKaunefi KORe'IHOI'O SIJlpa no ero paJlHOaKTHBHOCTH, neHCTBHTenb­

M THn HCnyrneRHOH 'laCTHUbl onpeJleneR no HCXOJlHOMy H KOHe'IHO­

C TOH OI'OBOpKOH1 'ITO OTnH'1HTb1 HanpHMep, HCnycKaHHe JlefiTpo­

KaHHSI npOTOH8 COBMeCTHO C HeHTpOHOM MOMHO TOnbKO C no­

nHHTenbHbiX cooopaMeRHii); saepreTH'Iecxnft nopor perHcTpaUHH 

yqae OTCyTCTByeT, 

OSIJUeH pa5oTe STHM MeTOJlOM onpeJleneRbl BepOSITHOCTH peaKUHH 
28 39 

a SIJlpax Si H K 

2, flocTaHOBKa SKCnepHMeRTa 

HllieHb H ycnoBHSI o5ny'1eHHSI 

npencTaBnSinH co5oii sneMenTapRbift Si (nonynpOBOJlHHKOBOft 

BHJle Kpowxn n 5e3BOJlHhift KF ( KBanncjlnxaunn q,qa), aanaxoBaR­

yronbRhie neHOITOJIHCTHpOJIOBb!e KORTefinepbl, Bee MHWeReft COC-

( Si ) H 400 r ( KF ) ; Tomunaa no nyqxy - oxono 4 r/cM2 

OOTBeTCTBeRHO, 

4 

... 

')lit 
,!•• 

I 
\II: 

I 
ei!I1 

')!lfl 

''l· 
'I 

05nyqeRHe npOH3BOJlHnOCb Ha Me30HHOM KaHane CHHXpOUHKnOTpOHa 

OIHB1 oTpHUaTenbRhiMH MIOOHaMH c HMnyn~:.coM 150 MaB/c; npnMec~:. nnoHoB 

/3/ 
B MaKCHMyMe MIOOHHbiX OCTaHOBOK COCTaBnSina 0,002 , BpeMSI o5ny'1eHHSI 

paBRS!nocb 30 MHH B cnyqae Si H 3,0 - 3,5 qac B cnyqee KF. 

8xcnepHMeRT8JibHaSI YCT8HOBKa H JIOI'H'IeCKaSI CXeMa
1 

n03BOJISIBlli8SI Ra-

- /4,5/ XOJlHTb 'IHCJIO p. -OCTBHOBOK B MlfllieHH 1 ObinH OnHC8Hbl paaee 
1 

TaM Me 

yKa3aHa npouenypa BBenenHH Heo5xonHMhiX nonpaBoK JlJISI nepexona K '1Hcny 

38XBaToB MIOOROB HllpBMH MHWeHH. KpoMe Toro, B cnyqae KF Hano Y'IHThi­

BaTb BepOSITHOCTH ITOC8JlKH MIOOHOB HB pa3JIH'1H0Ie 8TOMbl B XHMH'IeCKIIX C09JlH-

/6/ H9HHSIX, 8TH BepOSITHOCTH OhinH onpeneneHbl C nOMO!UbiO OnHCBHHOfi B pa5oTe 

YCTaHOBKH JlJISI perHCTpaUHH 9JI9KTpOHOB OT p. -pacnana; MarRHTHOe none yc­

TaHOBKH 5hmo BhiKnJO'IeHo, Tax 'ITo Ha6n10nanncb 'IHCTo sxcnoaeaunanbRhie 

KpHBbie pacnana, KaMaasr 9KCIIOH9HTa COOTB9TCTBOBaJia nocanxe MIOOHa Ra 

TOT HJIH HHOfi aTOM, 

Ehmo HaiiaeHo, 'ITO B cnyqae KF nonsr MIOOHOB
1 

cansrmnxcH Ha aToM 

xannsr, cocTaBnSieT W ( K) = 0,54 :!:.. 0,02. 3aMeTHM, 'ITO cornacHo 3aKOHOMep-

17/ 
HOCTH 1 npeJlJIOM9HHOH B pa5oTe 1 STa BeJIH'IHHa JlOnMHa Ob!Tb pBBHa 0,58 

HJIH 0, 76, 

2. 2, I1 3 M e p e H H S1 a K T H B H 0 C T H 

AKTHBHOCTb 
27 

Mg( T 72 = 9,46 MHH , E Y = 840 KsB), KOH9'1Horo 

nponyKTa peaxuHH 
28 Si ( p. -, 11 p ) , onpenenSinacb B Tex Me caMbiX onhiTax 

H T9M Me CaMbiM M9TOJlOM1 'ITO H aKTHBHOCTb llpyrHX IIpOJlyKTOB /L -3aXBa­
/5/ 

Tl'l Ha KpeMHHH 

AKTHBJIOCTb 
38 CI ( T 72 = 37,14 MHH 0 Ey = 2 170 K8B) 1 KO-

He'1Horo nponyxTa peaKUHH 39 K (p. -, 11 p) , onpenenSinacb nocne XHMH'Iec-

xoro BhiJleneHHSI xnopa H3 o5ny'1eHHoii MHrneJm KF 
• nnsr 8TOI'O MHUleHb 

pacTBOpSinacc B 1600 MJI 1%-Horo pacTBopa KOII , conepMamero HOCHTenc 

llJISI XJIOpa,B npouecce paCTBOpeHHH B paCTBOp BBOJlHnOCb 50 MJI KOHU9HTpHpO-

5 
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Baaaot!: UNO 8 • K ITony'leHHoMy pacTBOPY ITpH6aBnsmcH H36biToK AgN0
8 

• 

OcaaoK AgCI oTaenSincH oT oxna*aeaaoro pacTBopa ueHTPH~yrHpoBaHHeM 

H ITpoMhiBancs.: cna6biM pacTBopoM UNO 
8 

( 1:99) ao ITonaoro yaaneHHH 

HOHOB Cepe6pa. npoMb!Tblti: ocaaOK p13CTBOpHJ'ICH B 2 Mn KOHUeHTpHpOBaHHOft 

rHapooKHCH aMMOHHH, pacTBop paa6aBJ'IHJ'ICH Boaoft, H AgCI caosa oca* .. 

aancH ITpH6aBneHHeM 10 Mn KoaueaTpHpOBaaaot!: UN08 • OcaaoK ueaTpH~y­

rHpoBancH, ITepeHOCHJ'ICH Ha AHCK ~HJ'IbTPOBaJ'IbHOft 6yMarH H ITOACylliHBaJ'ICH 

. 0 
ITPH TeMITepaType 110 C. 

0ITpeaeneaHe XHMH'IeCKOrO BhlXOAa xnopa ITpOH3BOAHJ'IOCb ITO OKOH'IaHHH 

HaMepeaHA. OcaaoK AgCI aa ~HnbTpe C*HrancH, o6pa6aThisancH ropS!'IeA 

UNO 8 H pacTBopHncH B NU 
4 

OU , ITocne 'lero cepe6po oca*Aanocb 

6eaaTpHaaonoM ITpH p U = 7 a ITpHcyTcTBHH KOMITneKcoaa III • OcaaoK 

~HnbTpoBancH 'lepea cTeKnHHHhift ~HnbTP N~3, ITpOMbiBancH aoaoa, BbicymHBan­

CH ITpH TeMITepaType '110-120°C H B3BelliHBanCHo XHMH'IeCKHti: Bb!XOA COC­

TaBnHn B cpeaHeM OKOJ'IO 75%. npH 3TOM BBOAHnaCb ITOITpaBKa Ha coaep~a-

aHe Cl B BerneCTBe MHllieHH, kOTopaH AOCTHrana 13%. 

BpeMH 1 Tpe6yJOrneeCSI Ha BCe XHMH'IeCKHe OITepaUHH ITO BbiAeneHHIO XJ'IO­

pa, COCTaBJ'IHJ'IO OKOJ'IO 80 MHHo 

11aMepeaHe aKTHBHOCTH 88 Cl ITpoHaBOAHnocb aa y -ciTeKTpoMeTpe 

c KpHCTannoM Nal ( Tl) paaMepoM 70 x 70 MM, ITporpaayHpoBaaaoM c ITo-

MOllibiO HCTO'IHHKOB C H3BeCTHOt\ a6COJ'IIOTHOM aKTHBHOCTbiOo 

2.3. 4> 0 H 0 B bl e y C J1 0 B H H 

/4,5/ 
KaK H paaee 1 AJ'IH KOHTpOJ'IH ITpOH3BOAHJ'IHCb o6ny'leHHH MHllieHeft 

6e3 rpa~HTOBOrO ~HJ'IbTpa, Toeo Ha ITy'IKe HeaaTopMo~eHHbiX MIOOHOB, rae 

/3/ 
ITpHMeCb ITHOHOB COCTaBnHna 0,015 • npH 3TOM aa6nJOAanaCb HeKOTOpaH 

aKTHBaUHH MHllieHH1 HBXOAHBlliaHCSI aa ypOBHe ~OHa; H3MepeHHbiM y -CITeKTp 

B 3TOM cny'lae He coaep~an HHKaKHX yKaaaHHi1 aa OTAeJ'IbHbie J'IHHHH. TaKHM 

o6pa30M 1 KOHTpOJ'IbHbie 3KCITepHMeHTbl HCKJ'IIO'Ia!OT B03MO~HOCTb o6pa30BaHHSI 

6 

,.,. 

\f. 
l:~ 

•I 

r:i 
\:\ 

IlpOAYKTOB H3y'laeMbiX peaKUHft aa C'I~T o6mero ~OHa B 3KC 

aane. 

Boo6me roaops:~, a ycnoBHSIX aKciTepRMeHTa BoaMo~ao 

AOITOJ'IHHTeJ'IbHOrO ~oHa aa C'I~T HYKJ'IOHOB1 o6paay!OlliHXCsr ITp 

IlY'IKa MIOOHOB B ~HJ'IbTpe H MHllieHH ( B aameM cny'lae HaH61 

aea, ITO-BHAHMOMY 1 BKJ'IaA OT peaKUHH ( D , 2 p ) ) o npoae,a 

ITOKaaanH 1 'ITO yllOMSIHYTb!MH 3~~eKTaMH MO~HO npeae6pe'lbo 

3. PeaynbTaTbi H o6cy*aeaHe 

27 29,80 
K p e M a H a. C y'I~ToM o6paaoaaHHH Mg Ra Si 

peaynbT8T MO~HO aallHCaTb B BHlle: 

[ 

\V - ( 2 9Si) 
28 JL ,Vpn 

W _ ( Si) l +0,051 + 0,034 
JL ,VP . w (2 8 Si) 

JL -. v p 

W _ ~
0

Si) ] JL , Vp2n 

W ( 28 Si) _' 
p.-,vp 

8 yKaaaHHyiO norpelUHOCTb IlpHMepHO paBHbiM BKnaa BHOCHT C' 

KaSI OlUH6Ka Ollpe)leneHHH W H CHCTeM8TH'IeCK8H OlUH6Ka B 

~~eKTHBHOCTH ~OToperHCTpaUHH. 

C TO'IKH apeHHH peaoaaacaoro MexaaHaMa JL -aaxaaT 

HCITYCK8HHSI TOft HJ'IH HHOM 'laCTHUbl1 ITpH ITpO'IHX paBHbiX yCl 

AenSieTCH ee aaeprHel1 CBH3H B npoMe~yTO'IHOM Sihpe. TaK 

28 29 80 
ITpeaiTono~HTb, 'ITO aaeprHH Boa6y~AeHHH SIJlep ' ' AI 

ae oqeab CHJ'IbHO, a BepoHTHaH aaeprHH Boa6y~JleHHSI 28 AI 
181 

Hb!M 1 COCTaBnSieT OKOJ'IO 15-20 M 3B1 TO, ITpHBneKaSI .ll 
29 

Ubi, MO~HO 38KJ'IIO'IHTb1 'ITO W JL -, v P n ( Si) , ITO-BHAHMI 

ITO aenH'IHHe K WJL-: Vp ( 
28 

Si), a W JL-.vP 2-n (
80

Si) 

me W - ( 28 Si). 11HhiMH cnoBaMH, cyMMapaaH IToiTpaBKa c 
JL ,v p 

no 5% (H BPHA J'IH ITpeBocxoAHT 10%), T.e. W _ ( 28 Si)= I JL ,Vp 

7 
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nony'leHHOMY pacTBopy npn6aBIISIIICSI ns6biTOK AgN0
8 

• 

eliSIIICSI OT OXlla*aeHHOrO paCTBopa ueHTpH~yrHpOBaHHeM 

a6biM pacTaopoM HNO 
8 

( 1:99) ao nonHoro yaaneHHSI 

pOMb!Tbiil: ocaaoK paCTBOpSIIICSI B 2 Mil KOHUeHTpHpOBaHHOil: 

HHSI 1 paCTBOp pas6aBIIHIICH Boaoil:, H AgCI cHoBa oca* .. 

KoHueHTpHpoaaHHoil: HN08 • OcaaoK ueHTpH~y-

OCHIICH Ha aHCK ~HllbTpOBallbHOil: 6yMarH H noaCylliHBaliCH 

110°C. 

e XHMH'!eCKOrO BbiXOaa XIIOpa npOHSBOaHIIOCh no OKOH'!aHHH 

oK AgCI Ha ~HllhTpe C*Hrancg, o6pa6aTbiBaliCSI ropH'!eil: 

opSincH a NH 
4 
OH , nocne qero cepe6po oca*aanocb 

pH pH = 7 B npncyTcTBHH KOMnneKcoHa III • OcaaoK 

pes cTeKIIHHHhiil: ~HllhTp N93, npoMbiBancSI aoaotl:, Bhicywnaan-

o 
ype 110-120 C H BSBelliHBaliCSI. XHMH'IeCKHft BbiXOa COC-

M OKOIIO 75%. ITpH 9TOM BBOaHllaCb nonpaBKa Ha coaep*a­

ecTBe MHllieHH, KOTopag aocTnrana 13%. 

6yiOmeecg Ha ace XHMH'IeCKHe onepaunn no BbiaeneHHIO xno­

Kono 80 MHH. 

aKTHBHOCTH 88 Cl npoHSBoaHIIOCb Ha Y -cneKTpOMeTpe 

pasMepoM 70 X 70 MM 1 nporpaayHpOBaHHOM C no­

B C HSBeCTHOH a6COIIIOTHOil: aKTHBHOCTh!Oo 

bl e y C II 0 B H SI 

/4,5/ 
e , anSI KOHTpOIIH npoHSBoaHIIHCb o6ny'leHHH MHllieHefi 

~HllbTpa, T.e. Ha ny'!Ke HeSaTOpMO*eHHbiX MIOOHOB 1 rae 

/3/ 
COCTaBIISilla 0,015 • ITpH 9TOM Ha6niOaanacb HeKOTOpaSI 

H, HaxoanamaHCH aa ypoaae ~oaa; HsMepeHHbiil: y -cnexTp 

e coaep*an Hnxaxnx yxasaantl: aa oTaenhHbie IIHHHH. TaKHM 

bHbie SKCnepHMeHTbl HCKIIIO'IaiOT BOSMO*HOCTb o6paSOBaHHSI 

6 

..... 

'}( 
;;,! 
/~' 

~· :.h 
' 
\'I 
\ 

i;' 

·'{ 

npoayKTOB HsyqaeMbiX peaKUHil: Sa C'I~T o6mero ~OHa B 9KCnepHMeHTallbHOM 

sane. 

Boo6me roaopH, a ycnoBHHX aKcnepHMeHTa BOSMO*HO BoSHHKHoaeHHe 

aonOIIHHTellbHOro ~OHa Sa C'i~T HYKIIOHOB1 o6pasyiOlliHXCH npH OCTaHOBKe 

ny'!Ka MIOOHOB B ~HllbTpe H MHllieHH ( B HallieM Clly'!ae Han6onee CyllieCTBe-

HeH, no-BHaHMOMY 1 BKllaa OT peaKUHH ( n , 2 p ) ) • ITpoBeaeHHbie oueHKH 

noKaSaliH 1 'ITO ynoMHHyTbiMH 9~~eKTaMH MO*HO npeHe6pe'lbo 

3. PesynhTaTbi H o6cy*aeHHe 

27 29,80 
K p e M H H ft. C y'I~ToM o6pasoaaHHSI Mg ns Si nony'leHHbiil: 

pesyllbTaT MO*HO sanHCBTb B BHae: 

28 [ W - ( 
29

Si) W _. f 0
Si)] /l ,Vpn /l , Vp2n 

W _ ( Si) 1+0,051 +0,034 =0,056+0,008. 
ll ,vp , W (28Si) W (28Si) . -

/l -, Vp JI",Vp 

B yKaSaHHYIO norpelllHOCTb rrpHMepHO paBHbiil: BKllaa BHOCHT CT8THCTH'IeC'­

K8H OlliH6Ka orrpeaeneHHSI W H CHCTeMaTH'IeCKBH OlliH6Ka B onpeaeneHHH 

~~eKTHBHOCTH ~OTOperHCTpaUHH. 

C TO'IKH SpeHHH peSOHBHCHOrO MeXaHH3Ma /l -38XB8Ta BepoHTHOCTb 

HCnyCKBHHSI TOil: HIIH HHOil: '18CTHUbi1 rrpH npO'IHX paBHbiX YCIIOBHHX, orrpe­

aenHeTCH ee 9HeprHeil: CBHSH B npoMe*YTO'IHOM Hape. TaK KaK MO*HO 

npeanOIIO*HTb, 'ITO SHeprHH BOs6y*aeHHH Haep 
28 

•
29 

•
80AJ pa31IH'IaiOTCH 

He o'leHb CHllhHo, a aepoHTHaH aaeprHH aos6y*aeHHH 
28 AI , no aaH­

/8/ 
HbiM 1 COCTaBIIHeT OKOIIO 15-20 M 981 TO, npHBlleKaH aaHHbie Ta6nH-

29 
Ubi, MO*HO saKIIIO'IHTh, 'ITO W ll -. v P n ( Si) , no-BHaHMoMy, 6nH3KO 

no aenH'IHHe K W - ( 
28 

Si), a W 11 - vp 2 n ( 
80 Si) - aaMeTHo MeHb-/l , VP ,.- • 

me W - ( 
28 

Si). lifHbiMH CIIOBaMH, CyMMapHaH nonpaBKa COCTaBIIHeT OKO-
/l ,v p 

no 5% ( H BpSia nn npeaocxoaHT 10%), T.e. W _ ( 28 Si) = O,O(i3 + 0,010. 
ll ~p -

7 



191 
CornaeHo pa6oTe , nonHa!il Bepo!i!THoeTb nenyeKaHH!il 3ap!i!)l{eHHhiX 

( ) 
- 28 5. 

qaeTHU rnaBHbiM o6pa30M npOTOHOB npH p -3aXBaTe Ha I eoeTaBn!ileT 

0, 15 :!:_ 0,02, 113 epaBHeHH!il STHX BenH'IHH MOlKHO 3aKniO'IHTb 1 'ITO BepO!i!T-

HOeTb eOBMeeTHOrO HenyeKaHH!il npOTOHa H HeMTpoHa no KpafiHeM Mepe He 

MeHbllle BepO!i!THOeTH KaHana ( p- , lJ p ) · 3To 3aKniD'I:eHHe eornaeyeTeg 

e BenH'IHHaMH SHeprHH 

28,27 
AI (eM. Ta6nnuy). 

aKUHH 
28 Si(p -, v pn) 

eB!ii3H HeHTpoHa H npoTOHa B npoMelKYTO'fHhiX !i!ll:paX 

KaqeeTBeHHhtii BhiBOll: o 3aMeTHoti Bepo!i!THoeTH pe-

110/ 
6hlna enenaH T8K)I{e B pa6oTe 1 H3 ll:aHHhlX KO-

TOpOH enenyeT, 'ITO STa BepO!i!THOCTb eOCTaBn!ileT, no-BHll:HMOMy, OKOnO 

0,05 - 0,07. 

CnenyeT 3aMeTHTb TaK)I{e, 'ITO cyMMa Bepo!iiTHoeTeti KaHanoB ( p-, v p) 
/5/ 

H ( p- , lJ) 1 npeneTaBn!iiiDill851 npaKTH'I:eCKH BepO!iiTHOeTb 3aXB8T8 MIDOHa 

6c,a rroenenymlllero nenycKaHH!il HeiiTpOHOB, paBHa 0,33 :!:.. 0,04. 3To aHa'l:eHHe 

xopolllo cornaeyeTe£ e BenH'IHHOii 0,36 :!:.. 0,06, KoTopag MO)I{eT 6btTb rronyqe-

/11/ /4/ 
Ha H3 ll:8HHhiX (eM, ) • 

Hnpo 

--
3o AI 

29 AI 

28 AI 

27 AI 

41 Ar 

40 Ar 

39 Ar 

38 Ar 

.,. 

Ta6nnua 

3HeprHH eB£3H 1 12/ paanH'I:HhiX qaeTHU B npoMe)l{yTo'I:HhiX 

gnpax, MsB 

En 

7,00 

9,44 

7, 72 

13,07 

6,10 

9,88 

6,58 

11,84 

8 

E P 

10,49 

9,56 

8,27 

12,80 

12,52 

10,72 

10,35 

Ea 

11,85 

11,25 

10,86 

10,09 

8,20 

6,81 

6,81 

7,21 

I . 

K an H 1!:. nony'l:eHHhtii peaynbTaT, TaK )l{e KaK H B en: 
x/ 

MO)I{HO 38JTHeaTb B BHne: 

w 41 
P -, lJ P 2n ( K) 

W _ (
39 

K)(l+0,074 --------p ,!Jp ] = 0,032 ± 0, 
w - ( 39 P ,vp K) 

rne norpelliHOeTb npencTaBn!ileT co6oii nonHyiD OlliH6Ky onp' 

BO'I:Hb!H qneH B STOM Bh!pa)l{eHHH 1 ITO-BHll:HMOMy1 HeBenHK 1 

llleHHe SHe prHH eB!ii3H B npoMe)l{yTO'I:HhiX 51ll:p8X (eM, Ta6nH 

51TeTByeT HeJTyeKaHHID npOTOHOB1 lJ:a)K; COBMeeTHO C HefiTpC 

LW!il oeyllleeTBneHH!il peaKUHH ( p- , lJ p 2 n ) Tpe6yeTe!il 3 

SHeprH!il B036y)KlJ:eHH51 1 '!:eM B eny'l:ae pe8KUHH ( p- ,v p ) . 

STHX C006pa)l{eHHl!:1 Mbl He BBOll:HM T8KOH nonpaBKH. 

89 
YMeHbllleHHe W p- .v P Ha K no epaBHeHHID e a 

nH'IHHoii an£ 28 
Si 'l:aeTH'IHO MO)I{eT 6biTb o6'h£CHeHo 

noHOBeKoro 6apbepa, a '18CTH'IHO- eOOTHOllleHHeM t SHeprHH 

!iiTCTBYIDIUHM nenyCK8HHID a -'18CTHU 1 T,e. o6pa30BaHHID I 

36 84 
H S • K CO)I{aneHHID1 H30TOIT S CT86HneH1 a rrepH 

86· 
S H8CTOnbKO BenHK ( 86,7 ll:H!il) 1 'ITO IT pH CyiUeeTBYIDIUHJ! 

MIDOHHbiX ITY'IKOB COOTBeTCTBYIDillYID pall:HOaKTHBHOeTb 06Ha 

0TeyTeTBHe TeopeTH'I:eCKHX oueHOK BepO!iiTHOCTH Herry 

HnH npOTOHOB COBMeCTHO e Hel!:TpOHaMH npH p -3aXB8Te HI 

!i!ll:p8X He n03BOn!ileT1 K eo)l{aneHHID1 ITpOBeeTH KOnH'I:eeTEeH 

C BhiBOll:aMH TOH HnH HHOH MOll:enH, MO)I{HO TOnbKO OTMeTH 

Hhle H8MH pe3ynbTaTbl He npOTHBOpe'l:aT KaqeeTBeHHhiM- Bh 

HOI!: MOll:enH 38XBaTa, 

x/ BKnan oT ManopacnpoeTpaHeHHoro H30Torra 
4° K 

9 



/9/ 
aCHO pa6oTe , ITOnHaH BepoHTHOCTb HCITyCKaHHH 38pH~eHHbiX 

t 
- 2s 5 aBHbiM o6pa30M ITpOTOHOB) ITpH ~ -38XBaTe Ha i COCT8BnHeT 

• H3 cpaBHeHHH 8THx BennqnH MOJKHo 3aKnroqHTb
1 

qTo BepoHT­

ecTHoro HCITyCKaHHH ITpOTOHa H HeMTpOH8 ITO Kp8MH8M Mepe He 

IPoHTHOCTH KaHana ( ~- , v p ) • 3To GaKnroqeHne cornacyeTcH 

MH 8HeprHH CBH3H HeMTpOHa H ITpOTOHa B 11pOM8l!<YTOqHbiX HJlpaX 

L. Ta6nnuy). KaqecTBeHHhiM BbiBOJl o GaMeT HOM BepoHTHOCTH pe-

110/ 
( ~ -. v p n) 6bina CJlenaH TaK~e B pa6oTe 

1 
H3 JlaHHbiX Ko-

IYeT1 qTo 8Ta BepoHTHOCTb cocTaBnHeT1 rro-BHJlHMoMy1 oKono 

eT 3aMeTHTb TaK~e 1 qTo CyMMa BepOHTHOCTeM KaHanoB (~-,vp) 
/5/ 

1 11p8JlCTaBnHIDU{aH ITpaKTHqeCKH BepOHTHOCTb 3aXBaTa MIDOHa 

romero HCITycKaHHH HeMTpOHOB1 paBHa 0133 .:!:_ 0,04, 3To 3HaqeHHe 

hacyeTCH C BenHqHHOii 0136 .:!:_ 01061 KOTOpaH MO~eT Ob!Tb rronyqe-

/11/ ( /4/) 
IX CM, , 

Ta6nnua 

eprnn CBH3H 
1

12/ paGnHqHbiX qacTnu B rrpoMe~yToqHhiX 
HJlpax1 M8B 

En 

7,00 

9,44 

7, 72 

13107 

6,10 

9,88 

6,58 

11,84 

....,. 

8 

E P 

10,49 

9,56 

8,27 

12,80 

12152 

10,72 

10,35 

E a 

11,85 

11,25 

10,86 

10,09 

8,20 

6,81 

6,81 

7,21 

~ 

K an H tt, IlonyqeHHbiit peGynbTaT, TaK ~e KaK H B cnyqae KpeMHHH
1 x/ 

MO~HO 3allHCaTb B BHJle: 

39 ~ ,vp2n 

W _ ( K) 1+0,074 ---------[ 

W - (41 K) ] 

~ ,vp W _ (39K) 
= 0,032 ± 0,006 ' 

p. • v p 

rJle rrorpewHoCTb rrpeJlcTaBnHeT co6ott rronHyro own6Ky orrpeJleneHHH, Ilorrpa-

BOqHbiM qneH B 8TOM Bb!pa~eHHH 1 110-BHJlHMOMy1 HeBenHK
1 

T8K K8K COOTHO­

WeHHe 8HeprHM CBH3H B IlpOMe~yTOqHbiX HJlp8X ( CM, Ta6nHUY) He 6narorrpH-

HTCTByeT HCITYCK8HHID 11pOTOHOB1 Jl8~; COBMeCTHO C HeifTpoHaMH; KpOMe Toro, 

JlnH ocymecTBneHHH peaKUHH ( ~- , v p 2 n ) 
TpeoyeTCH 38MeTHO OOnblli8H 

8HeprHH B030Y~JleHHH 1 qeM B cnyqae peaKUHH ( ~-, v p ) . 
HcxoJlH H3 

8THX COOOpa~eHHit1 Mbl He BBOJlHM T8KOM 11011p8BKH, 

39 
YMeHbWeHHe W ~-, v P Ha K rro cpaaHeHHID c aHanorHqHoM Be-

nnqHHOM JlnH 
28 

Si qacTHqHo Mo~eT ObiTb OO'hHCHeHo yBenHqeHHeM Ky­

noHOBCKoro 6apbepa, 8 qacTHqHo- COOTHOWeHHeM
1

8HeprHM CBH31:1
1 

6narorrpH-

HTCTBYIDUlHM HCITYCK8HHID a -qacTHU 1 T,e, 00p830B8HHID H30TOI10B 8 ~ 
8~ 34 

H S • K co~aneHHID, H3oTorr S cTa6HneH, a rrepHOJl rronypacrra)la 
8~ 

S H8CTOnbKO BenHK (86,7 JlHH), qTo llpH cymeCTBYIDUlHX HHTeHCHBHOCTHX 

MIDOHHbiX rryqKOB COOTBeTCTByiDUlYID pa)lH08KTHBHOCTb OOHapy~HTb TpyJlHO, 

0TCyTCTBHe TeopeTHqeCKHX OUeHOK BepOHTHOCTH HCilyCK8HHH IlpOTOHOB 

HnH llpOTOHOB COBMeCTHO C HeMTpOHaMH IlpH ~ -3aXBaTe H8 HCCne)lOB8HHhlX 

HJlp8X He 1103BOnHeT, K CO~aneHHID1 IlpOBeCTH KOnHqecTEeHHOe CpaBHeHHe 

C BbiBO)laMH TOM HnH HHOM MOJlenH. Mo~HO TOnbKO OTMeTHTb
1 

qTo rronyqeH-

Hbie H8MH pe3ynbT8Tbl He IlpOTHBOpeqaT KaqecTBeHHbiM · BbiBOJl8M pe30H8HC-

HOM MOJlenH 38XB8T8, 

x/BKnaJl oT ManopacrrpocTpaHeHHoro H30Torra 4°K 
He yqHTbiB8nCH, 

9 
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