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B 3KCnepIDLeHTax, HaqaTblX B 1969 ro,1ty B IlaOopaTOpHH Sl,l{epHUX 

peaK~ll Olliill, ,ItJl/1 noJiyqeHH/1 H68TpOHOH30UTOqHhlX nerKHX Sl,l{ep 

BnepBue OlinH HCilOJlb30BaHU peaKUHH nepe,1taqn Ha T/lllt6JlhlX HOHax. 

PeayJibTaTOM 3THX paOOT /IBHJIOCb nonyqeHH8 Bcex H3B8CTHhlX K TOyY 

BpeM8HH H88TpOHOH30UTOqHUX H30TOilOB 3Jl6M8HTOB OT He ,ltO Ne H 

O,ltHHHaAUaTH HOBhlX H30TOilOB C, N ,O, F , Ne . EunH nonyqeHu 

TaKllt8 ,ItaHHue, CBH,lt8T6JlbCTBYDlllH8 0 BepO/ITHOll /l,1tepHoil HeycToilqH-

BOCTH IOHe H 13, 14 Be • 3TH paOoTu1 B KOTOphlX npHHHMaJI yqacrne 

aBTop ,ltHCC8pTa~H, npo,1teMOHCTpHpOB8JIH BUCOKYIO 3(WJ8KTHBHOCTb 

npHM6H8HH/I T/lllt6JlhlX HOHOB ,ItJl/1 nonyqeHH/1 H HsyqeHH/1 CBOllCTB 

H88TpOHOH30UTOqHhlX H30TOilOB nerKHX 3Jl8M8HTOB. 

HacTO/lllla/1 .ztHccepTaumt HanHcaHa no MarepnanaM paOor, /IBJIIID

lllHXC/1 npO,It0Jll[8HH6M 3THX HCCJie,ItoBaHHll. OHa IlOCB/ll!l8Ha 113yqemrn ' 

peaKunn MHorOHYKJIOHHUX nepe,1taq aa 22 Ne H 40At, npHBO.It/llllHX K oOpa

soBaHHD HellTpOHOH30UTOqHUX JierKHX /1,ltep H HCilOJlb30BaHHD 40A~ ,ltJl/1 

nonyqeHJt/1 HOBliX HeJtrpOHOOOora111eHHWC /1,ltep. 

~HcceprauH/1 COCTOHT H3 BB6,lt6HHII, qeTNpex rJiaB H ~aKJIDqeHHH. 

B nepBOff rnase npe,1tCTaBJ16H oosop JIHTepaTypHUX ,ItaHHUX. B 

Hen paccMOTpeHU HaHOOJiee HHTepeCHlie ~H3HqecKHe CBOllCTBa JierKHX 

/1,Itep C OOJlbilllUI H30UTKOM HellTpOHOB. IlpOBO,ltHTC/1 cpUBH8HHe pa3JIHqHux 

cnocoOoB nonyqeHH/1 raKHX /1,Itep, a TaKJKe MeTO,ltOB HX H,IteHTH~HKaUHH 

II H3Yll6HHH. 

Cpe,nH BonpoCOB I CB/13aHHUX C H3yqeHH6M HeltTPOH000oralll6HHUX 

JierKHX 8,Itep, MOltHO yKa3aTb Ha npoOJielW cy111ecTBOBaHH8 JI6rKHX 

n,nep c oqeHh OOJlbillHM H30UTKOM HellTpOHOB,TaKnx,KaK, HanpnMep, 
22He /I/ 1 BOnpoc o rpaHHUe /l,lt8pHOll YCTOHllHBOCTH nerKHX HYKJIH,ItOB, 

B03MOllHOCTb pa3JIHqH/I B npocrpaHCTBeHHOM pacnpe,Iten·emrn HellTpOHOB 

H npoTOHOB, CYlll8CTBOBaHH/I HOBNX BH,ItOB PaAHOaKTHBHOro pacna,ll;a -

.ltBYXHellTpOHHOro pacna,ll;a /l,ltOp .121, BOnpocu HYKJIOOCHHT83a B KOCMO

<pH3HKe. 
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HelirpoHOH3ClilTO'IHlie H30TOilbl JierKIDC 3JleMeHIOB IlOJIY'IWIHCh 

B l!JJ;epmnc peaKUHl1X pa3JIH'IHOro Tllll~: peaKUHllX Ha JierKHX tJaCIHUax 

MaJIHX H cpe.n;1rnx 3Heprnn, qJOIOll,IJ;epm.oc peaKIUfllX, npH CilOHTaHHOM 

H BlrnYJl(.n;eHHOM .n;eneHl'll'! TllJKeJmx a.n;ep, B peaKUUHX Ha 'iC-Me30Hax • 

Ho HaHClOJihmHn ycnex B IlOJiytJeHHH TaKUX a.n;ep CBn3aH C HCilOJlh30Ba

HlleLI pe_aKUHli Ha npOTOHax BHCOKHX 3Heprnn H Tl!lEeJIHX HOHax. B peaK

UHllX C npOIOH&m BHCOKHX 3Heprnn Bnepm,ie ClH~H nonytJeHbl II Li. 1 

14115s, 17 , 19c, 19N ' 210; H3M8p8Hbl BpeMeHa JKH3HH II Li' 27- 33 No.; 

IlOKa3aHa a.n;epHall HeCTMHJlhHOCih 10u. U 13se. Il peaKUHllX Ha Tllllte

JILIX HOHax ClblJIH IlOJIYtJeHbl HOBHe H30TOilil 18c, 20, 21 N 1 
22- 240, 

23- 25 F 25~26Ne· H3Mepeubl uaccu 211220· noKa3aua uepHM Hecra-, ' . ' 
CIHJ11,nocr1, 10He, 13114Be; H3YtJBHl1 cBolicrBa ·25 Ne (ccwnrn Ha opnrn-

HaJihHble paelOTbl MOJKHO HallIH B 0630pax 13 , 41). 
.I(Jia perHCTPa!lHH H H,IJ;BHIHipHKaUHH uep B -peaKUHllX C npoIOHa

MH HCilOJih30BaJIHCh TeJieCKOil .n;eieKIOpOB (c H3MElpeuHeM 3HeprHH 

HOHa, ero y.n;enhnon HOHH3a!lHH H BpeMeHH nponera) HJIH uacc-cenapa

rop. C no11om1,n nepBoro Meio.n;a y.n;anoch pa3.n;eJIHTh H30Ton11 ane1o1eHTOB 

BllJIOTh .n;o Ne·. 0.n;HaKO npo.n;BmiceHHe K rpaHHUe uepHOH YCTOHtJHBOCTH 

BCipeTHJIO TPYAHOCIH, o6yCJIOBJl8HHble MaJIOCThD C8tJeHHli o6pa30BaHHll 

HOBLIX a.n;ep H 3HatJHTen1,uon neperpy3Kott perHcrpHpynmen annapaiyp11 

QI tJaCTHU C MaJiblMH 2 • TipHM8H8HH8 Macc-cenapa:ropa Il03BOJIHJIO 

HCil0Jlh30Baih O'leHh IOJICTbl8 MHIII8HH, '!IO 3Ha'IHT8JlhHO IlOBLICHJIO BLIXO

JJ;bl a.n;ep, HO noKa nonyqeHbl pe3yJihTaibl JIHmh JJ;Jlll meJIO'IHLIX 3Jl8MeHIOB. 

IlCilOJlh30BaHH8 B peaKUHllX C Irot8JlblMH HOIIaMH .n;iia. H.n;8HIHipH

KaUHH Il1JK8JlblX 3apl!JK8HHLIX t1aCTHU MarHHTHOrO cnBKTPOMeipa C Ienec-. . . 

KOnOM ,IJ;8I8KIOpOB AE,E_ B BblXO_AHOM qioKyc·e no 3B()JIHJIO pa.3rpy3HTh 

.n;ereKTHpynmyn annaparypy OI ynpyro·paccellHHblX HOHOB H nOJIY'IHTh, 

Ha nepBblX 3Ianax p~eloru, pa3pemeHne,~ocraIO'IHOe .n;na pa3.n;eneHHa 
. . 

H30IOnOB C aIOMHWA HOMBPOM Z ~ IO. 
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Bo BTOpoit rnane .n;HccepTaUHH OnHcam,1 MeTOJJ;HKH, HCnOJih30BaH- · 

H!,18 npH HSM8peHHax. 3TO M8TO,IJ;HKa AE,E H KOM6HHau1m MarHHIHOro 

cneKrpoue:rpa C T8XHHKOli AE,E. Ha OCHOBe Ilp0B8,IJ;81IIIblX HCCJI8,IJ;OBa

HHtt noKaSaHa B03MOZHOCTh pa3,IJ;BJI8HHa, C nououu,n nocne.n;Hen M8IOJJ;H

KH, H3oTonoB.c uaccoBw 'IHCJIOM A B□JIOTh .n;o 40-50. TipHBOJJ;HTCll 

onHCaHHe 3Jl8KTPOHHO_ro H3MepHTeJlhHOro KOMilJl8KCa H npoue.n;yp11 06-

pacloTKH 3KCnepHM8HTaJI_hHblX .n;aHHWC. 

B M8TOJJ;HK8 AE,E npo.n;yKTbl p8aKUHll perHCTPHPOBaJIHCh TBJI8CKO

noM HS TOHKOro H TOJICToro )J;8T8KTOpoB. lOCTOHHCTBOM MBTO.n;a llBJIH8T

Cll .ero ClOJihmaa HHq:<JPlmTHBHOCTI,' T .K. perHCTPHPYDTCH Bee qac:rnuu, 

BblJI8T8BillH8 no.n; .n;aHHliM yrJioM f}- HS MHllI8HH BO BC8M JJ;Hana30He, 3Hep

rHH. K He.n;ocraTKaM OTHOCHTCH H8B03MOZHOCTh pa3,IJ;8Jl8HHH H30TOUOB 

3Jl8M8H?OB C 'Z ::> 8. KoM6HHHpoBaHHal! J.IBTOJJ;HKa CBOCIO.n;Ha OT. 3TOro 

H8,IJ;OCTatKa, HO H3M8P8HH8 JJ;HipipepeHUHaJihHblX CB'18HHli o6pasoBaHHll 

ClOJihmoro 'IHCJla IlpOJJ;yKTOB B illHpOKOM .n;nanasoHe yrJIOB H 3HeprHn 

:rpeelyer 3,IJ;8Ch sarpaTbl ClOJihmoro BP8J.18HH pa60Tbl YCKOPHieJia. TI03TOJ.IY 

3KCnepHM8Hibl npo BO)J;lfJIHCh C no11om1,n ABYX M8IOJJ;HK. Tau 
I 

r.n;e ClblJIO 

,IJ;OCiaTO'IHO pa3,IJ;8JIBHHll 3Jl8M8HIOB, HCnOJihSOBaJiaCh M8TO,IJ;HKa AE,E, 

a H30TOnHl18 pacnpe.n;eJieHHH H3MepaJIHCh B KOMClHHHpOBaHuon MBTO,IJ;HKe. 

IlunyJihCli C )J;8T8KIOpOB AE HE, B 068HX M8TOJJ;HKax, YCHJIHBa

JIHCh H nocTynwiH Ha CJJ;B08HHblll aJdllJIHIYAHLlli KOAHPOBmHK. PerHc:rpauHH 

COClblIHll ocymecIBJiaJiac1, B nauaIH llllIIJIHTy.n;Horo aHaJIH3aiopa All-4096, 

pa6oranmero B ABYXMBPHOM peJKHMe. 

C.n;B08HHL1ll KOJJ;HpoBmHK co.n;epiran JJ;Ba cneKTPOM8TpH'l8CKHX 

:rpaKta, 6JIOKH JIOrHKH H ynpaBJI8HHll, TpaKT llOHHTOpa. Oco6oe _BHID.!a

HH8 npH npo8KTHPOBaHHH H HM~Ke KOJJ;HpoBmHKa ClblJIO y.n;eJieHo ero 

c:ra6HJlhHOll H 6830WHClO'IHOll pa60I8 B T8'18HH8 JJ;J!HteJihHLIX 3KCnepHMeHIOB. 

J{Jla BblnOJIH8HHll nepBoro YCJIOBHll xapaKT8pHCTHKH Ka:r.n;oro TpaKTa 

cra6K1IH3Hp0B8JIHCh no ABYM TOqKau - nopory H ycHJieHHD. Ee2omH60'1-
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HOCTb pa60TH KO.ItHPOBIJnma o6ecnetrnBaJiaCL HeKOTOPHMH cxeMHWH pe

rueHHf!MH, TlllaTeJILHOli cuHxpoHusanuen paeloTH cneKTpoMeTpuqecKHX 

TpaKTOB"H peryJiapHo IIP,OBepMac1, no cnenuaJILHOli nporpruwe, npe.1t

JIOllt8HHOli aBTOpOM / 5/. 

XapaKTepHOe pa:ipellleHne TOHKIDC 6,E xpeMHHeBHX ,IteTeKTOpOB npH 

perHcTpanHH Tf!Jlte1rnx uoiioB ccicTaBJiaeT ,-,4%. 3Toro paspemeHHa KaK 

B MeTO,Ite AE,E ,Ta:&: H B KOMClHHHpoBaHHOtt MeTO,ItHKe 1Ie,1tocTaTot1HO ,It]lfl 

pa3,Ite11eHHfl coce.ItHHX H30TOnOB C aTOMHHMH HOMepaMH "2 ? 8 no OCH 

o.E ,ItByXMepHoro AE, (E - AE) cneKTpa. 0,1tHaiw B KOMClHHHpoBaHHOli 

MeTO,ItHKe OelJiaCTH perHCTPa!lHH coce,ItHHX H30TOnOB SHaqHTeJILHO pasHe

ceHH no oc:u (E - AE) .ItBYXMepHoro cneiTpa. PasJI1tt1He B :mepr:u:u co

ce.1tHHX HSOTOilOB noc11e npoXOJE,It8HHfl HMH MarHHTHOro cneKTpoueTpa, 

. .i Hz. i/ . onpe,1teJiaeMo e cooTHorueHHeM E = c.on~\. • • Z A , eme 60111,me 

yBe11Ht!HBaeTCfl noc11e npoxox,IteHHfl tjaQTHUa!AH ,IteTeKTOpa AE, T.K. Clo-

11ee Tf!JEeJIHli HSOTOil IlOTepaeT B HeM Cl011LWYJ) 3HeprHD. IlOKa3aHO, t!TO 

B KOMClllHffPOBaHHOli MeTO,ItHKe ~OCTmtHMO pas,1te11eHHe HSOTOnOB C uacco

BHMH t!HCJ!a!AH 40-50. 

TpeThfl rJiaBa IlOCBf!llleHa nsyqeHHIJ xapaKTepHCTHK peaKUHli nepe

,Itatrn np:u Bsam.io.1telicTBHH HOHOB 22Ne H 40A-z. c MHllleHLD HS 232 Th • 

PaHee HllMH ClH110 noKaSaHo, t!TO mkeHHO Tf!XeJIHe fl,Itpa-MHIJleHH IlOSBOJifl

DT ll011Jt!HTL HaHClOJILillHtt BUXO,It HeliTpOHOHSClHTOt!HHX HSOTOilOB / 4/. 

.IT,na npO,ItBHJiteHHa K rpaHnne f!,ItepHOli CTaelH11LHOCTH ,lt]lfl ffYKJlll,liOB C 

Z ~ 5 HOH 22Ne ocoeleHHO Y.ItOCleH. Ilpe,ItcTaBJifi]IQ HHTepec TaKilce BHJIC

HHTL nepcneKTHBhl HCn011L30BaHHfl Clo11ee Tf!JE8JIUX, yxe oelOr8.Il\eHHHX 

HeliTpOH8.l.!H' HO HOB, TaKHX KaK 40A-z. • Ewrn H3MepeHH 3RepreTHt!eCKHe 

cneKTPH, yrJIOBhle pacnpe,1teJieHHa·n cet1eRHa.oelpasoBaHHa 11erKHX 

aJieueHTOB npH 06Jiyt1eHHH 
232Th HOHal.lH 

22 Ne c 3Heprnen 174 MaB H 

HORalLH 40Ai c 3HeprHf!MH 297 H 388 MaB / 6 ,71 •. 
. XapaKTepHHe ocoeleHHOCTH aH8preu1tteCKHX cneKTPOB npo.JtYKTOB 

MOXHO BH.lle1'L Ha npHMepe cnexTpoB p,ce., K HS peaKUHH Th + A.1., 

ff 

.1 

,:~I 

npe,ItCTaBJieHHHX Ha pHc.I. CneKTpH saxBaTHBaDT B8CLMa IllHPOKHe 

HHT8PBWIH 3HeprHH, ,ItOCTHraD!llHe 200-240 MaB. CpaBH8HHe 3HepreTH

tt8CKHX cneKTpOB 3JI8MeHTOB H IDC H30TOilOB ,It]lfl yrJia, 40° no:itasano, 

tITO HX lllHPHHH 6JIH3KH. 3TO OSHaqaeT, ttT'o 60111,ruaa lllHPl!Ha cneKTpOB 

onpe,ItenaeTCfl He peSJJILTaTOM HaJIOJEeRHJl 3Hepr8THq8CKHX Cll8KTpOB 

OT,IteJILHHX H30TonoB, a ocoeleHHOCTJIMH BSaHMo,IteitCTBHfl .ItBYX f!,Itep. 

BJIHflHHe 3HeprHH HaJI8TaD!lleli ttacTHUhl Ha npoTJllEeHHOCTL H <papMy 3Hep

reTHtteCKHX cneKTPOB xopomo Bll,liHO H3 pHCYHKa. CJie,ItyeT OTM8THTL, 

ttTO HH3K03HepreTHtt8CKHe qacTH cneKTPOB npaKTHt!eCKH He 38.BHCHT OT 

aHeprnn HaJI8TaDmett qacTHUhl. Ha yrnax per:ucTpannn 35°-45° aHepre

THtI8CKHe cneKTPH npo,1tyKTOB MaJIOHYKJIOHHHX nepe,Itaq npH 3Heprnn 

40A-i 388 MaB pacna,ItaDTCa 1ia ,ItBa xoporuo pas,IteJiaD!ll~xcn MaKCHMyMa. 

061,aCHHTI, TaKon Bll,li cneKTpOB B PaMKax OelllttHllX npe,ItCTaBJieHHtt o 

peaKnHax nepe,1taq:u KaK npauoM nponecce, pas1,1rp11BaD!lleMca np:u Kaca

Ten1,no1,1 coy,1tapeHHH ,ItByx fl,Itep ,saTpy,ItHHT811bHO. 

.ILna BHf!CHeHHJl ocoeleHHOCTeli npaMUX peaKUHtt OKa3WIOCb none3HHM 

conocTaBHTb KHH8THtteCKH8 3HeprHH TIPO.ltYKTOB peaKUHH ,ItJlfl MaKCHMYMOB 

B 3HepreTHt{8CKHX cneKTpax nerKoro npo,ItyKTa C BeJIHttHHOli BHXO,ItHoro 

KYJIOHOBcKoro 6ap1,epa Be. ... t . Ha pHc. 2 TIPHBe.IteHo cpaBiieane srnx 

BeJIHttHH .1tna npoAYKTOB peaKUHH Th +A1. • BeJIHt!HHll Bc"'t H Q
111 

paccttH

THBMHCb B npe,1tnOJIOX8HHH .ltBYX qaCTHU B BHXO,ItHOM ItaHaJie (?.=I,46 ). 

.ILna MMOHJKJIOHHHX nepe,Itaq Ha yrnax,6JIHSKHX K yrny pesepq:op,ItOBCKOro 

pacceaHHfl npH KacareJibHOM CTOJIKROBeRHH,KHHeTHtieCKaa 3Heprna KOHeq

HliX npO.JtYKTOB ClJIHSKa K 3HeprHH BO BXO,ItHOM KaHWI8 Ee."'~, T.e. 

nponecc · HOCHT KBaseynpyrHli xapaKTep. C yueH1,meHneu yrna & npoHc

XO.ItHT p83KOe yuem,meHHe KHH8THtt8CKOli 3HeprHH KOHettHHX npO.JtYKTOB. 

OHa n~aeT ,ItO B8JIHtIHHH,6JIH3KOli K BHXO,ItHOMy KYJIOHOBCKOMY Clap1,epy. 

qro xe KacaeTca KHHeTHttecKoli saeprim.npo.JtYKTOB ,ItJia HH3K03HepreTH

ttecKHX MaKCHMyMOB B cneKTpax, TO OHa OKaSHBae'±ca' HecitOJl!>KO ueHi,

men BliXO,ItHOro KYJIOHOBCKOro 6ap1,epa H nJiaBHO Clla,Itaer, HO c YBe_JI_H-

qeHH8M yrna S- . . .. · 
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ENERGY IMtY I 

PHc.I. 3Heprer11t1ecKHe cneKrpli JierKllX npo.l(YKTOB H3 peaKqHH Th+A, . 
OTKpliTlle TOt!Kll OTHOCllTCll K :mepr~rn 40A, 388 1.13B, qepnue - K 3Heprllll 
297 1113B. RpHDli8 H TOtII\ll ,I(Jlll Kll.l[,I(oro yrJia perHcrpaqllll YMHOJB:eHli Ha 

K03cpcpll~8HTli, yKa3aHHli8 Ha pllCYHKe • CrpeJIKa.MH noKa3aHli 3Heprm1 _ npo
AYKTOB B JI.C.K, npH pacna,n;e CHCT8Mli Ha 2 cqiepnqecKHX ll~pa c DliCOTli 

KYJIOHODcKoro 6ap1,epa. IIyIIKTllpHall crpem:ta. ,I(Jlll E = 388 lvl3D, cnJIOlllHall -

,!(Jill E = 279 Man. 
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Puc. 2. Pa3HOCTb KllH8TlltI8CKllX 3HeprHn KOH8tIHblX npO.I(YKTOB D MaKCllMY
Ma.x 3HepreTlltl8CKllX pacnpe,I(eJieHllit H llX KYJIOHODCKllX 6aPI,ePOD ){Jill 

l/0 
pa3HliX yrJIOB BWiera Jierxoro npo,I(yKra. 3Heprnn HOHOB Ar 
B cepe,I(RH8 _wmeHH Eo=288 M3B H Eo= 379 MaB. 
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Pacqer I B KJiaCCHtI8CKOM npH6JIHllt8HllH, ,I(DllllC8Hllll Tllllt8JIOro llOHa 

B onTlltI8CKOM noreHqllaJie noKa3liBaer B03MOlltllOCTb TaKllX rpaexropnn, 

KOr,I(a no.I( ,I(8UCTDll8M ll,I(epHoro npllTllllC8Hllll yrJili OTKJIOHeHllll OKa3liBaDT

CH orpnnareJil>HliMH 181 (sa noJio:m:nreJI1>Hoe npnHHMaeTcll yrJioBoe OTKJIO

HeHne no.I( ,I(8UCTBlleM KYJIOHOBCKOrO noJIH). ECJill npe,I(nOJIOlltllTb, 

t!TO Hll3KO:mepreTHtl8CK~e MaKCllMYMli B cnexrpax ,!(Jill yrJIOD perHCT-

pa~H OT 10° ,I(O 60° B ,I(8llCTDllT8JlbHOCTll npllHB,l{Jie:m:ar npO.l(YKT&!, 

BWI8T8BlllllM IlO,I( yrJiaMll OT -10° ,I(O -60° 1 TO y,I(aeTCH CBll~atb B O.ItHY 

CllCT8MY BliCOK03HepretlltI8CKll8 H Hll3K03HepreTlltI8CKll8 MaKCllMYMli B 

3HepreTHtl8CKllX cneKTpax. TaKIDl o6pa30M, BliCOK03HepretlltI8CKll8 MaK

CHMYMli B cneKrpax npO,l(YKTOB MaJIOHYKJIOHHliX nepe,I(aq OTD8tiaDT KacareJib

HliM CTOJ!KHOD8HHllM C OTKJIOH0Hll0M D CTOpOHY IlOJIOllCllT0JlbHliX yrnon. 

HH3K03HepreTHtI8CKH8 -MaKCID.!YMli MOlltHO llHTepnpeTffPOBatb KaK OTD8tiaD

~He CTOJIKHOB8HHllM C CllJlbHliM nepeKpliTH8M H,I(0pHliX nonepXHOCTeit ll OT

KJIOH8HHeM B CTOPOHY orpnqareJibHblX yrJIOB. 

RHH8Tlltl8CKaH 3Heprna npO.l(YKTOD MHOrOHYKJIO,HHblX nepe,I(atI B M~KCll

MyMaX BliXO,I(a Be,I(eT ce6a raK xe, Ka.K 3Heprna B Hll3K03HepreTlltI8CKlfX 

Ma.KCllMyMa.X cneKTpOB MaJIOHYKJIOHHliX nepe.I(aq. B!QtllMO, ll B 3TOM c.ilyqae 

llM88T M8CTO CllJlbHOe ne peKpliTll8 nonepxHOCTell B3allMO,I(eticTByD~llX ll,I(ep 

n, COOTB8TCTB8HHO, OTKJIOH8Hll8 B CTOPOHY OTpllqaTeJibHliX yrJIOB. 

B pa.I(e cJiyt1aeB MaKCllll'.YM aHeprernt1ecKoro cneKrpa JierKOro npo.l(YKTa 

Jl8llCllT Hllllte BLIXO,I(HOrO KYJIOHOBCKOro dap1>epa. no HallieMY MH8HHD, Hall

dOJiee B8POllTHOit nplltlllHOti 3Toro MOllCHO CtillTaTb H8KOTOPYD ,Iteq:OpM8qllD 

II,I(ep B MQM8HT' pasp1,rna CllCT8Mli, npnt1eM ,Iteq:0p1.iaqna yneJilltIHBMTCll 

C YB8Jlllt10Hll8M frJia nonopora tpaeKTOPllll JierKoro npO,ItYKTa IlOCJie o0 • 

IIoJiyqeHHlie Hal.Ill ,I(aHHlie no yrJIOBID.I pacnpe,It8JI0HllllM npO.JIYKTOB 

peaxnnn nepe,I(Otlll llBJIS!JJTCll HalldOJiee IlOJIHID,IJ,!, cpe,Itll onydJillKOBaHHblX' 

.ItJill cJiyqaen Ne n A, n TllllteJiux ll.I(ep-1n!llleHefl, OxBaTUBail smi.t111TeJI1>

Hoe l/llCJIO BUXO,l\JlllX K8HaJIOB, OHif n03BOJ!llilT Ilp0CJI8,Itlltb 3BOJIDqllD 
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Pllc. 3. IlapUHaJibHhle yrJIOBhl8 pacnpe,1teJI8HHll JI8rKHX npOJtYKTOB npH 

q)HKCHpoaaHHOM 3HM8HHH Q -peB.KUHK, Q* . 3Heprua KOHOB 40 A-z. B 

cepe,!tHH8 MHlll8HK E O = 379 M3B, 

... 
E --... ca 
+ 
H 
::c -:i 
\o 

~1 

-'
0Ar (E,•J79MoV) 

--
40Ar (E,•211Mev) 

---
22Ne ( E,• 172 MtV) 

Lri 
;---.., i 
I I 

rl ~, 
~ 41 
i _. i I 

n i r~ l

1 r=J 
~ 

• 1, -12 -10 -a -& "' -2 o 2 , , , & _ a 
Ap . 

Pllc. 4. BHxOJt JierxKX npOJtYKTOB peaKUHR B 3aBHCHMOCTH OT 'IHCJia npo

TOHOB, nepe,ll;aHHUX TruI8JlhlM HOHOM • 

10 

•J; 

q)OpMhl yrJIOBhlX pacnpe,11;eJI8HHR C YB8JIH'l8HH8M 'IHCJ!a nepc,ll;aHHLOC ffYKJIO

HOB. YrJIOBhle pacnpe,1t8Jl8HHll npOJtYKTOB M8JIOHyKJIOHHl1X nepe,11;aq 
' 

HM8DT '18TKO Bhlpllll:eHHhlit MB.KCIDIYM Ha yrnax, H8CK0JlbKO M8Hbll!HX, '18M 

yroJI pe3epq,op,ll;OBCKOrO pacceaHHll np11.KaCaT8JlbHOM coy,1tapeHHH JtBYX 

a,11;ep. C YB8JIH'l8HH8M 'IHCJia nepe,ll;aHHhlX HYKJIOHOB nrnpHHa Ill!Ka B yr~ 

JIOBOM pacnpe,11;eJI8HHH B03pacraeT, a era MaKCUMYl.! CM8Il.la8TCSI B CTOpo

HY M8Hbll!HX yrJIOB. ,Ul!qxpepeunuanbHl18 C8'181IHH 1rnorOHYKJIOHHUX nepe,11;aq 

MOHOTOHHO pacTyT C YM8Hblli8HH8M yrna Bb1Jl8Ta. TaK KaK IlOJIY'l8HHl18 

H&IU 3HepreTIBJ8CKH8 cneKTphl HM8IOT dOJiblliYD npOTJDK8HHOCTb, dUJIO ue

JI8COOdpa3HW pacCMOTp8Tb 
0

qlOpMy yrJIOBhlX.pacnpe,11;eJieHHR JierKHX npo

JtYKTOB peaKUHR npH pa3JIH'IHhlX 3Hepruax B03dyi,1t8HHSI KOH8'1HhlX a,11;ep. 

Ha pHCYHKe 3 npHB8,ll;8Hhl yrJIOBH8 pacnpe,ll;eJieHHSI ,ll;JISI Ae., c.e. , K, Co. 
IlpH pa3JIH'IHhlX 3HaqeHHSIX Q peaKUHH. PacqeT npOBO,l(HJICSI B npe,ll;no

JI0l!C8HHH .ltBYX qacTHU B BhlXO,l(HOM KaH!lJie. Ilonyqenm,ie yrJIOD!l8 pacnpe

,1(8Jl8HHH dhlJIH npoaH8JIH3HpoBaHH Ha OCUOB8 M0,11;8J!H B. CTPYTI!HCKOro 19; • 

Ha PKCYHK8 4 Il0Ka38.Hhl C8'18HHH odpa30BaHJrn Jl8rKHX IlPOJtYKTOB 

B H3Y'l8HHUX peaKUHSIX, KOTOphle no 3BOJIHJIH paCC'IHTa.Tb IlOJIHhle C8'18HHH 

npsMhlX peaKuun B cucTeMax 
232Th + 22 Ne u 

2
;

2Th. + 40A"L. OHH co 

cTaBJillDT 0,8 dapHa ,l(Jia 
22 Ne c :rnnpruen 174 J.laB, I,I n 2,4 dapHa 

,l(JIH 40A~ c 3HeprHSIMH 297 H 388 M3B, '!TO ,ll;aeT CJI8JtYDillH8 B8JIH-

'IHHhl KpHTHIIeCKHX yrJIOBl1X MOM8HTOB ,l(JIH 3THX CIICT8M 71+t,., 1021\ H 

94 T\ • CTOHT IlO,ll;'lepKHYTb 3Ha'!HT8JlbHHe C8'18HHSI peaKUHit MHOro11yKJIOH

Hl1X nepe,11;a'I. 3TO OdCTOHT8JlbCTBO IlaJ!tHO Y'llil'hlBaTI, npn nepexo,11;e K 

doJiee TSIJ!{8Jlh!M l!OHa!.I, r,l(e BKJI~ OT npliMhlX p88.KUHil ,ll;OJ!JB:8H 8Ill8 do

Jiee YB8JlH'IHTbCa. 

B 3eTBepTon rJiaae ,l(HcqepTanmi 11anoJKe1m peayJILTa.Thl CloJiee 

no,11;pOdHoro (c pa3,11;eJieHH8M H30TOilOB) HCCJI8,ll;OJlaHHH peaKUHR Ha 

22Ne11 40At Ha yrne 40° ~ B peaKUHH 
232Th.+ i:'2Ne dhlJIH H3MepeHhl 

3HCpI'eT1!'18CKH8 · cneKTPll H ceqem:rn odpa30BaJIHSI OKOJIO 60 H30TOilOB 

II 



nerKHX 3Jl8U8HTOB /IOI. 3HaHH8 3THX qiaKTOpOB HeOOXOAHMO ~JIil Bl10opa 

OnTHMaJibHHX YCJIOBHli 3KcnepHMeHTa npH nonyqeHl1l1 HOBl1X HellTpOHOH3011-

TOqma: H30TOllOB. BeJil1qHHl1 ~ ... -peaKUHlt, COOTB8TCTBYD!lll18 MaKCl!My

t{&I B 3HepreTHqecKHX cneKTPax ner1mx npOAYKTOB, 011nl1 npoaH&Jll13HPO

BaHl1 B paMKax MoAeJIH CHMeHca c coaBTOpau11 /III. 

HecJ,.!OTpll Ha TO, qTQ 3Kcnepm.l8HTWlbHl18 AaJIHl18 o0HapyJKl1BaDT 

3aM8THl18 OTKJlOH8Hl1H OT npeACKasaH11li 3TOll npOCTOli MOA8JIH, oc_oOeHHO 

Ana MaJlOHYKROHHHX nepeAaq, UOA8Jlb YAOBJl8TBOpHT8JlbHO nepeAaeT 00l!ll18 

ocoOeHHOCTl1 Kl!ll8.!JaTHKH. peaKUHii MHOrOHYKJIOHHHX nep9Aaq. OHa MOJK8T 

Cll1Tb l1Cll0Jlb 30BaHa ,llJlll npe,llCKasaHHll :rnepnn IlPOAYKTOB peaKUHlt nepe

;taq, no KpallHelt 1.1epe, npH E C.m• :;:,,:,, &~..,. H per11cTpaUHH Ha ,yrnax, 
~ ~ 

0Jll13Kl1X K pesep40p;tOBCKOllY• 

B HamHX nepBl1X pueloTax np11 oelnyqeHl1!1 
232-fh HOHaMH 

15 N H 
160 

Cluna nonyqeHa 3KCilOH8HUl1aJibHM saBHCID.IOCTb ,ltl1~!p!peHUl1aJibHl1X ceqe

Hl1ll OOpasonaHHll l130TOllOB ;taHHOrO 3Jl8M8HTa OT BeRHqHHl1 ~n - :rnep

reTHqecKoro OanaHCa peaKUl1l1 ,ltJlll oelpasoBaHHll oelomc npO)zyKTOB B OCHOB

Hl1X COCTOHHHIIX. O;tHaKO y~e TOrAa Cl11RO 38.MeqeHo, qTo cornacHe C 

3TOit saBHCHMOCTI,D yxy;tlllaeTCJl C yBeJ111qeHH8M aTOMHOro HOMepa aneMeH

:ra 2 • 3KcnepHM8HTMbHl18 ;taHH11e, nonyqeHHl18 B peaKUHH C 
22 Ne, 

llOKa311BaDT 8lll8 Oonee 3aMeTHOe OTKJlOHeHHe OT 3TOll 3aIIHCHMOCTH ,ltJlll 

3Jl8M8HTOB C "Z., 6. Ha PHC.5 npe;tcTaBReHa CHcreuarnKa Anll Bl1XO,lt0B 

pa3Jll1qHl1X l130TOilOB B 3aBHCl!MOCTl1 OT aTO!rnoro HOMepa oOpaayDll!erocJI 

H30Tona. IlpJll(11e ropH30HTaJil'>Hl1e nmnrn ARR H30Tonon Li. ,Be, B 
COOTB8TCTByDT 3aBl1CHMOC:rH cl6"fci.n.,.. eft..Q\\ • ,U/IJI H30TOilOB 3Jl8M8HTOB 

C ClOJlbfill1MH 2 3KCllepID18HTWlbHl18 TOqKH YKJl8.,ltl1BaDTCJl Ha llJlaBHl18 

KPHBl18 C MaKCHMyMOM. rronyqeHHYD CHCTeMaTHKY MOXHO llCil0Jll'>30BaTI, 

,ItJlJl oueHOK ceqeHHH oelpasoBaHHJl HOBl1X H30TOilOB. 

IlpH perHcTpauHH npOAYKTOB peaKUHli, oOJiaAaD!llHX KHH8THqecKOH 

3Hepr11e1t,nnepBl18 y;taJIOCl'> nonyqHTl'> pa3A8Jl8Hl18 H30TOil0B C MaCCOBl1MH 
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Puc. 6. Jllixo.n pasn11qH11x nsoTonoB M~, AP., ~i. P !:, te. A~ 
B peaKunn 2Jqh-t 40A-i. BUXOA H3Mepen ARR sne'pr~n 'upoiyKTOB 

E" 41,7'..J, -Z.~/A (lfaB), 
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qHCJlaMH 40-50. B 3KcnepHMeHTax no o6nyqeHHD 232Th HOHWlH 40A; 

6WI~ nonyqeHU H lUSHTH~HUHpOBaHU 17 HOBblX H8UTPOHOH36UToqHWC, 

H30TOnOB M~, Ae, Si. 1 p , ~ , ce • PncyHOK 6 WIJIDCTpHpyeT 3TH 

peayJJLTaTu. CeqeHHJI o6pa30BaHHJI HOBUX H30TOnOB OKa3aJIHCL AOCTaroq

HO 60JILWHLIH, qro OTKplinO B03MOXHOCTL 6onee AST8JILHOro nayqeHHJI 

IDC JIA8pH11X CBOUCTB/I2-r4/• 

OcHOBHUe peayJJLTaTU AHccepraunH COCTOJIT B CJISA]DmeM: 

I. IloKa3aHa B03MOXHOCTL H BnepBue nonyqeHo HaAS)l(HOe paaAeJJe

Hne naoronoB - npoAJKTOB pea&un0 BMOTL Ao naoronoB K, Ca. B Mero

AHKe ,BKJIDqanmen MarunTHlill cneKTPOMeTp B KOM6HHaUHH c TSXHHKOll 

AE,E. 

2. nauepeHli aHeprernqecKne cneKrpu, yrnoBue pacnpeAeJJeHna n 

ceqemrn o6pa30BaHHJI nerKIDC 3JleM8 HTOB - npoA]KTOB peaKUHtl _lh., Ne 

n ln ... A'l. • IToKaaaHo, qro peaKunH nepeAMH uoryr nporeKarL 

KaK B qopue KBaanynpyroro, raK n rny6oKo Heynpyroro npoueccoB. 

IlayqeHU xapaKTepHCTHKH 3THX npoueccoB. 

3. nauepeHu aHeprernqecKHe cneKTpli H ceqeHna o6paaoBaHHa nao

ronoB nerKHX aneMeHTOB B peaKUHax lh+Ne H Th+ A1. Ha yrne 

40°. ITocrpoeHa cncreuarnKa ceqeHHll o6paaoBaHHa H3oronoB H npoBeAeH 

aHMH3 B8JIH4HH 3Heprna B MaKCIDAYMax 3Hepr8TH48CKHX cneKTpOB. 

ITonyqeHHUe AaHHU8 n03BOJlaDT npeACKa3UBaTL C848HHJI o6pa30BaHHJI H 

BIU 3H8prernqecKHX cneKTpOB HOBblX H8llTPOHOH36UTOqHblX H30TOnOB. 
232 40 4. ITpH oOnyqeHHH \h HOHaMH Ai BnepBU8 nonyqeHU H HA8HTH-

4JHUHPOBaHU 17 HOBblX He_RTpOHOH30UTOqHl:iJC H30TOilOB 29 , 3~1, 3I-33 Ae , 
33-36,Si. 35-38p 39,40~ 4I,42c.e. ' , , . 

0CHOBHU8 uarepHMU AHCC8PT8.UHH onyOJIHKOBaHU B paOorax 

/s-7,ro,r21 H AOJIOX8HU Ha CHUn03HJM8 no peaKQHJIM Ha TJIX8JIWC HOHax 

H MHOroqacrnqHW,l B030JXA8HHJIM (CaKJie,~paHQHa,I97I) /IS/ H xrr co

B81l!aHHH no M8PHOR cneKTpoCKOnHn H T80pHH J!Apa (.l(yOHa,I97I/141• 
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