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B Tpex peaKUl!JIX: 64Zn.(290 MaB) + 68zn.-. 132 Nd, 
20 Ne (IIO MaB) + Il2Sn.-+ 132Ncl , 64zn (358 MaB) + Il2Sn .. 176 H11, 

UpOB9,U9HO 3KCTI9p:HM9HTBJI&H09 liCCJI9;D;OBa.HH9 3a.BHCIDA:OC'l'H BeJrn.'tlliffii cpe,rr;Ha! 

M!!Ollt9CTB9HHOCTI'! 'f -KBaHTOB ( Mf) OT 9Hepr>m -r-1!3Jl.Y'I9HIDi B 

,IOiarraaoHe aaepl'lll! E f = 3 + 24 MaB. 3KcnepBMeHT" npoao,11ltJlllci> Ha 

CimH-Cll~KTpOMeTpe "Ell<"/l/ !Ia BI<39)1911HOM I!Y'lK9 T!lllteJmX l'IOHOB IJ;J!RJlOT

poHa Y-300 ]HF 0~. B Ka~9CTB9 MHm9H9~ HCTI0~30BarrKCD TO~CTUe M9-

T~9CKI'!9 ~rH c o6or~eHKeM no YK32aHHHM.H30TOilaM He xy%9 96%. 

l!3M9p9HIDi f -Cll9KTpOB I!poBO,lli!JII'!CI> ilOYM>J; CI11'!11TIIJLlUllli'!OIIHHMI'! .I\9T9KTO

p8MI'! c KpncTaJIJiaMII Nal(TI) ~ I50xiOO .Jn BG{Jf'l 75x25 ""'•/2;. KaHaJI 

06pa30BaHIDi B"COKOB036~911Hl<X npo)IYRTOB peaKUHI'! Bl<ileA&nCH C IlOMOmPD 

MeToJOOOI "f -cTapTa .737. B nepaoll H TpeTMll peaKIJ;l!JIX Ha6JIIOila>IOCI> 

Me,IJ)IeHHoe yaeJII!'!eHKe <Mr> c pocToM aHepm Ef a ,IOIHila30He 3 + 

+8 MaB. Bo BTopol! peaKUHI'! Ha6.JIIQilaJICl! peaKHII poeT < Mt> n)>H naMeHe

HHH 3H9pr>m E'\" OT 3 )10 8 MaB C IlOCJI9,eyi001HM BHXOJIOM HH IlJIHTO B 06-

JiaCTI'l aHepi'IIl! Er > 8 MaB, cMoTpn p11cyaoK I. 
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PHc. I. 3Kcnepi!MeH

Tam.lnle 3a.Bl!ICRMOCTH 

BeJIII'mllli cpe,llHel! 

f' 4t!HOX9CTB9HHOCTH 

<M1'7 OT 3HeprHH f-113-

Jl.Y'ISHIDi E r' B Tpex 

peaKUl!JIX. 

l!cnycKaHI!e xecTKHX ')"-KBaHTOB c Et' = 8 + 24 MaB npHHnTo crutSH

aan c pacna.ztOM rHraHTCKHX )!lll}OJ!bBHX pesoHaHcoa (rJIP), sacenne~ B 

peaKIJ;l!JIX c Tm<eJII<MI! Ho&aM>( 3 •4/. Cornacao npe)ICTHBJieHHD MO.I!eJIEf 31 

9TH rJIP IlOCTpOeHH !Ia BHCOKOB03~~911HHX COCTOKHRHX npo)IYRTOB ~epHOJ! 

pe~, B OCHOBHOM COCTaBHHX ~ep. Peay~TaTH pac~eTa ITapaMeTpOB 

Hccrre~eMRX pe~, npoBe;n;eHHoro B paMKaX o6~errpHHHTo~ MO,n;e~ CHRH

HIDi B ~epBHX peaKIJ;l!JIX C TR>teJII<MI! HOHaMH no M9T0ili!K9 pa6oT/5f , Ilpi'!

B9J19l!H B Ta6JIII!l9, Jla pi!CyBKe 2 CX9MHTH<I9CKI'! !lOKH3aHO p8Cllp9)19JI9HK9 
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Ka.HaJIOB no Bxo,IUIHM yrJIOBHM MOMBHTaM .IVJJI pea.Killfil Zn +Zn , r.n;e xapax

TepHHe BenH~ COOTBBTCT~ yrJIOBHX MOMBHTOB IBX paCC~T8HH no 

CTa~apTHO~ MO,Il;B~?/. B nzanaaoHe BXO~ yrJIOBHX MOMBHTOB 

IBX = (IKpHT + Irp) ~OMHHHpyDT pe~ r~6oKoaeyrrpyrox rrepe~q n 
,lij)yrHe Heynpyrl::le npOIJ;BCCH, IIpHBO,wiii:{HB K 06pa30BaHHIO B Bl:lXO,llHOM Ra.Ha

JIB PBa.RUID'l .ICBJX R,II;ep C M8.CcaMH, 6JIH3R.H:im R MBCCaM HaJIBTa.KIIlBrO HOHa 

H ipij)a MHIIIBID!. A B ,IUl8.IIa30HB IBX ~ IRpllT 06pa3Y1QTC.ff COCTaBHH.e R,Iq>a 

I 32Nd, T.e. npmrcxo= cJlii!IHJie II.I(ep. 

PeaKIT)III 

zn .. zn 
Ne + Sn 

Ta6m<rra 
XapaKTepHCTHKH ~YJr peaK!lllil, Jl.llYllll!X C 06pa30BHHHeM 
cocTHBHoro II.I(pa I 32 Nd 

3aeprna B036~eHER 
COCTaBHOro R,IU>3 
E It (MaB) 

84 
68 

{Kl'MT 

' 

MaKc.yrJIOBOli MaKe. yrJIOBOil 
MOMBHT COOT. MOMBHT B peax-
gv.pa 

( 1\) = (t.) IKPHT Irp 

?6 9? 
48 6I 

PHc.2.CxaMaTx~acxoa pacnpa
.n;eJieHHe KaH8JIOB no BXO,IUrnM 

yrJIOBHM MOMBHTaM B PBaKUHH 

64zn(290 MaB) + 68zn cor
Jiacao CTrurnapTHOli MOneJI:ii/7/ 

PacqeT npo!jecca pacn~ cocTHBHHX II.I(ep I 32 Nd , rrpoBe~ell'!llll aa 
OCHOBB CTaTHCTKqBCKHX IIpB,IJ;CT~BHmft, peaHK30B8HHHX B MO~B~/5/, ITO

Ra3llBaeT, ~0 COCTa.BHH.e R,IQ?a C yrJIOB:biMJ! MOMBHTaMH I ) l:HCII = 56 I;. .n;e

JIHTCH Ha ~a OCKOJIKH. l!03TOMY B pe~ Z t1. + Z 1'\ ITpHMepHO TOJibKO 
IIOJIOBBHa COCTa.BilliX Jl,ll;Bp IIp0XO,IOfl' HcnapHTBJibHlli:t KBCRa,n ,Il;O KOim9. Kac

~ 3aRaH~aeTCH HpacT-nepexo~ - HCnyCRBHnBM cep:HE MBrKHX r-RBaH
TOB 1 JHOCffi!UiX OCT8TO'lHffi1 yrJIOBOJ.i MOMGHT. 

~ :HCIIBP,ETeJIDHHX HenTpOHOB yrJIOBOH MOMBHT, ~0~~ RMH :H3 H.n;

pa, paBOH zl\771. PacqeT ITO WOPMYJIO, npHBe~eHHoli 11 6 = IICITapHTe.m.
HliX IIPOTOHOB, .n;aeT BBJIHtm:HY 3i . Tor,rca Be.Jnr1mHa cpe.ItHero emma COC

TaBHOrO ~a, o6pa30BaHHOro IIOCJIB HCIIapeHHH ~aCTHIJ;, Onpe.n;anaeTCH BH

pali<BHHOM 
<It> = (2/3) II!CIT -2Xg -3xn , 

r.n;e Xa• X n BCTI:o xo.mrqecTBO :HCrryiilBHHHX HeiiTpoHOB :H IIpOTOHOB. 
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cpe,IUiero 8Ha'q€HID:l MHOJK8CTB9HHOCTM 3aRJIIO't!.HT9JibHOrO t -KaCKa,Il.a HMeer/6/ 
· <Mt>(Jien) = (I/2} <It> + 4. (2) 

CyMMa cpe~ 3Ha~eHHtt CITHHOB OCKarrKOB ~e~eHER onpene~STCR Be
Jm't!IDIO:iii: cpe,IUiero yrJIOBOrO MOMeHTa .D:e.JifflltBXCII COCTaBHHX ,ll,Il;ep < l,p;eJI> 

<I1) + <I2> "'(2/7) <I;n;eJI>. (3! 
Il03TOMJ CJ1MM8,pHa.FI MHOJK8CTB8HHOCTI:.. MRI'RHX t -KBa.HTOB, HCrryCR88MEIX: 
060HMH OCKOXRaMH, paBHa 

<M t>(;n;eJI) =(I/7)<I;n;eJI) + 4. (4) 
!lo;n;eTailJIIDI B rfxJPMYJIH (2), (4) 8Ha'!eHRH napaMeTpOB peaKI1JII! Zn + Z n 
118 Ta6JIIII1il, IIOJJy'!aeM <Mt')(;n;eJI) ":< 15, (Mf) (Jierr)" 18. 118 STOrO 
MOXHO C.TI;SJia.T:& BHBO,IJ;, 1!TO 3KCITSp:mv!8HTaJI:bHI:l8 B~ < M f) B 06JiaCTH 
Ef = Er)(P eOOTBeTeTByroT, B oeHOBHOM, l!enapi!T8JThHOMY Kalla.JIY. 1iJm 60JI98 
Mill'ROro r -l!3JIY'!9HRH (Er < 8 MaB) npeo6Jia;n;aeT BKJ!a;n; KallaJia ;n;eJieHRH, 
T.e. Mem,nmx 8Ha'lellllil <Mr>. 

B peaKI1JII! N e + Sn eoeTasHHe i!;n;pa npa.KTl!'!eeKI'I He ;n;e.M:reH 
(IRPIIT = 48!1.) II <M"I')(I!eii) ~ 14. !lOSTOM:f pe8KOe y:B9Jll!'!8Hl!9 3Kene
pl!M8HTaJThHOrO 8Ha'!9Hl!H <Mt> rrpn H8M9H9HIIH 3H9pi'IIII E ( B I!HT8pBaJie 
3 + IO MaB (eM. p11e. I) HeJThaH o6~HeHHTb BHmenpnse;n;eHHHM o6pa8oM, 
paeeMaTpHBM TOJThKO KaHaJI CJlHJ!HHH THllteJIHX IIOHOB. J\pyriiMI! KOHeypl!pYJO
IQIIMII KaHaJiaMII HBJIRJOTe!l peaKI1J11! rJiy6oKoHeynpyrnx nepe;n;aq. 1iJm HHX 
xapaKTepBH ~ npene~HHX MexaHR3Ma nepe.n;aqa B~OAHOro yrJioBOro MOMeH
Ta BO BHYTpeHHee ;n;B!!XeHHe nepBII'!HNX npo;n;yKTOB/71. B CJIY'!ae peaJIH8a
IJ;m:~ BXO,ItHHX yr'JIOBHX MOMeHTOB B 06JiaCTlii IBX~ Irp JI.I\PB. Ka.TJITCR IIO IIO
BepXHOeTJI ;n;pyr ;n;pyra, II eYMMa epe;n;HHX 8Haqelllli! erri!HoB o6ol!X a;n;ep pas-
Ha <Ir> + <I2> "'(2/7) Irp , . (5) 
a COOTBSTCTByxxna;i CJMMB,pHaff MHOJK.SCTBSHHOCT:& f -RBaHTOB, BHJI8T8Bnrn:x 
!18 CJia60B086y.o;n;eHBHX a;n;ep B nponeeee Ex paerra;n;a, onpe;n;eJI!IeTCH KaK 

<M1') (Kaq) =(I/7) Irp . (6) 
B c.rryqae peaJIHaanm< BXO;n;JIIIX yrJIOB!iX MOM8HTOB B 06JiaCTII 

IBX~ IKPHT .n;Ba CJmiiiiiHXCH H,lU)a. BPaii:laBJTCH Ka.K O.IUiO :u;eJioe, 'no.n;o6Ho raH
Te~, H CJMMa cpe~ 3Ha~eHHfi CITHHOB 060KX ~ep pasHa 

<Ir> + <I2>"' f(A2/Ar) IKPIIT " (7) 

1iJm eJ>MMaimo.li MHOJK8eTB9HHOeTH f -KBal!TOB, HerryeKa8M!lX 060IIMI! B036YJK
,n;eHHHMH ~aMM,no~aeM 

<Mt'> (CJIHII) =(I/2) f <Az!A1 J IKpiiT + 4 • (8) 
B nepB!iX ;n;Byx neCJie;n;yeMijX/erutnili!X A1 ,. A2 , f =2/7 11 A1 ~ 5A2 , f = I/2 eoOTBeTeTB9HH0/8 0 

Ilo rfxJPMYJiaM (6), (8) B peaKI1JII! Zn+Zn IIOJIY'!IIM <Mt'> (Ka'l)= 14, 
<M-y) (CJIHII) = 15, a B peaKI1JII! Ne+Sn sTJI sHaqeHl!H pasHH eooTBeTeT

BeHHo 9 II 16. !!OSTOMY MOlKHO e;n;eJiaTb BIJBO)\, 'ITO B9Jlii'!IIIIH <Mt> B 06-
JiaeTJI Ef = Er)(P eOOTB8TeTByroT B OeHOBHOM l!errapi!TeJibHOM:f Ka11aJIY peaK-
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J111R rum npol\eccy CJJllllaHID! HaJieTaKIJ1ero l!OHa Ne " H.DJ?8. S n. c rroCJie.llY'l

IIUIM pa3pHBOM, a B 06JJaCT>< 6oJiee Mi!I'ROro f -li3JIY'l9HJIJI (E1"< 8 MaB) 

npeo6~eT EKMan KaHana neynpyrKX nepe~a~, ~ KOToporo xapa&TepHo 

Ka:qeHHe noRa Ne no IIOBepXHOcTH SJ.IlP8. MmneiDI Sn , T.e. MeHbmHe aHB.

qeHJm <Mt) • 
3aBllc><Mocn <M1'~ oT E'!" li3Mep=cb TaKllt€ B pea= 64zn+ II2sn, 

CM. pHC. I. ~Tepee K H3y~eHHID 3TOi peaKnKK BH3BaH ~aHHHMK, II0~8H

HHMH aBTopa>U( 9/ ITp>< liCCJie~OBaHllll MaCCOBHX pacrrpe~eneH!IA rrpo~OB 
pea= Z11 + gn. CJiol<I!OCTb aHaJIOI"l!'IIIHX OI\SHOK napaMeTpOB pea= He 

nosao.IDieT rrpoa.HElJIHs:zpoaaTl:> sa:sncmocT:& < Mt) oT E-r no.uo6no TOMY, 

KaK 6HXO C,UemaHO B rrepBHX ~ ~· 0~0 MOXHO OTMeTHTl:> CXO,U

CTBO C 3aBI!Cl!MOCTbBJ (" Mt) OT OHeprllll E1' B pea= 64z11 + 68 ZO. 

113 IIpi!Be~eHHHX MH11HX CJie~ ~ OCHOBHHX BHBO~: 

I. l'laMepeHHHe 3Kcnep><MeHTa.JrbHo 3aB,l'!CHJ.IOCTR <Mt> OT 3Heprlll! Er 
He corn&C~CH C MO,UanbD BBTOpOB padOT/3,4/. 

2. Pe3KOe OTJlii'!He B IIOBe~eHI!ll 3HCIIeP><M9HTaJibHHX 3Ha'!eH!IA <Mt) 

oT E1' B p~. rrp><ao)IJlllliiX K cocTaBIWM ~paM 132 Nd c 6J!II3Kl!Mll 

9Ha~9HHHMH 3HeprHH B03~8HEH, B COBO~OCT~ C paaee Had~~eMOI 

6oJ!bmoll Pa3HII!Ieil B ~!!l\o~ax JtecTKoro '( -li3J!Y'I9HID! B KaHaJie CJIWIIIliH 

~ T9X lt9 peaKUEi' 10/ H9Jlb3H o6~CHI!Tb B paMKaX rrpe~CTaBJieH!IA 06 

iiCIIYClta.HJIH .EeCTIWX . f -KBaHTOB TOJII,R.O IIOCJI8 o6pa30Ba.Hm! COCTaBHOro 

H.DJ?8.. 
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