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BBE.IlEHHE 

CHHTes H HSY4eHHe CBO~CTB ner4aHWHX RAep. oc06eHHO HSOTOnOB. 
YAaneHH~X OT nHHHH ~-cTa6HnbHOCTH, npeACTaBnROT 60nbWOH HHTepeC 
AnR YCTaHOBneHHR npHpOAW H BKnaAa paSnH4HWX KOnneKTHBHWX H HY
KnOHHWX CHn, OTBe4a~HX sa RAepHoe BsaHMOAeHCTBHe. Cy~eCTBeH
HWH nporpecc B HSY4eHHH 3THX RAep 6wn AOCTHrHYT B pesynbTaTe 
HcnonbSOBaHHR peaK~H~ C TR*enWMH HOHaMH C 3HeprHeH 
7-10 M3B/HYK?~H/I,2/. 

B pa60Tax -51 YCTaHOBneHO, 4TO C YBenH4eHHeM 3HeprHH HOHOB 
AO 20 M3B/HYKnoH Ha6noAaeTcR POCT BWXOAOB nerKHX sapR*eHHWX 4a
CTH~. 3Ta 06nacTb 3HeprH~ HHTepeCHa TeM, 4TO npH TaKHX 3HeprH
RX KonneKTHBHoe nOBeAeHHe HYKnOHOB BO BsaHMoAeHCTBYO~HX RApax 
KOHKypHpyeT C HYKnOH-HYKnOHHWMH BsaHMoAeHcTBHRMH. CneAyeT TaK
*e oTMeTHTb, 4TO BpeMR B3aHMoAeHcTBHR CTanKHBaO~HXCR RAep CTa
HOBHTCR cpa8HHMwM HnH Aa*e Kop04e BpeMeHH penaKca~HH BHyTpeH
HHX cTeneHe~ cB060AW, a 3TO 3Ha4HT, 4TO HepaBHOBeCHwe npo~eccw 
6YAYT 8HOCHTb cy~ecT8eHHwH 8KnaA B MexaHHSM peaKqHH. CKOPOCTb 
TR*enwx HOH08 CTaHOBHTCR cpaBHHMoH C TaKHMH xapaKTepHcTH4ecKH
MH 8enH4HHaMH, KaK CKOPOCTb SBYKa (E/A - 18 M3B) H CKOPOCTb 
~epMHeBcKoro ABH*eHHR (E/A - 30 M3B). nOAXOA K 3THM noporOBWM 
SHa4eHHAM MO*eT npH8eCTH K Ka4eCTBeHHO HOBWM MexaHHSMaM BsaH
MOAe~cTBHR. 

nonY4eHHwe 8 nocneAHee BpeMA B na60paTopHH RAepHWX peaKqHH 
OHftH nY4KH TR*enwx HOHOB C 3HeprHeH (20f2S) M3B/HYKnOH AaOT 
BOSMO*HOCTb npOBeCTH 3KcnepHMeHTW B 3TO~ HHTepeCHOH 06naCTH 
npOMe*YT04HWX 3HeprH~. 

B HaCTOA~eH pa60Te HSY4eHW peaK~HH 181Ta(232Th) + 
+ 11B(20 M3B/A) H 181Ta(232Th) + 20Ne(18 M3B/A). UenbO 3Kcne
pHMeHTOB R8nRnOCb HSY4eHHe HHKnOSHBHWX 3HepreTH4eCKHX, yrnoBwx 
H HSOTonHWx pacnpeAeneHHH nerKHX 3neMeHTOB, AnR perHCTpa~HH 
KOTOPWX HcnonbSOBanHCb WHPOKOAHanaSOHHWH MarHHTHWH aHanHsaTOp 
H nonynpoBoAHHKOBwe ~ExE-TeneCKonw. TaKHe 3KcnepHMeHTW AaOT 
HHTepecHyo HH~pMaqHo 0 MexaHHSMe RAepHWX BsaHMOAe~CTBHH, npH
BOAA~HX K 06pasoBaHHo nerKHx RAep, H RBnR~TCR He06xOAHMWMH npH 
Bw60pe onTHManbHWX peaKqHH AnR CHHTesa HOBWX 3KSOTH4eCKHx RAep, 
TaKHX KaK en, 10He. 13Li HAP. HHTepeCHO Ta~e oqeHHTb BOSMO*
HOCTb HcnonbSOBaHHA npOAYKTOB peaK~HH npH 3THX 3HeprHAX B Ka
4eCTBe BTOPH4HWX nY4KOB. 
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METOAHKA 3KCnEP~MEHTA 

3KcnepHMeHTW npOBOAHnHCb Ha YCKOpHTene TR*enWX HOHOB Y-400 
n~p OH~H. CXeMa YCTaHOBKH npeACTaBneHa Ha pHc.l. ny40K YCKOpeH
HWX HOHOB 6wn C~OKYCHpOBaH H, npOHAR 4epeS CHCTeMY KOnnHMaTOpOB, 
nonaAan Ha YCTaHOBneHHY~ B ~eHTpe peaK~HOHHOH KaMepW MHWeHb. 
MOHHTOpHpOBaHHe nY4Ka HOHOB npOBoAHnOCb C nOM~b~ ~HnHHApa ~a
p~AeR, a TaK*e nYTeM perHCTpa~HH ynpyro pacceRHHWX Ha MHweHH 
HOHOB nOBepXHOCTHo-6apbepHWM nonynpoBoAHHKOBWM KpeMHHeBWM Ae
TeKTOPOM, YCTaHOBneHHWM nOA yrnoM 10° K HanpaBneHH~ nY4Ka HOHOB. 
6 Ka4eCTBe MHweHeH HcnonbSOBanHCb ~onbrH HS i8iTa H 232Th Ton
~HHOH 2,5 Mr/cM2 H 4,6 Mr/cM2 COOTBeTCTBeHHO. HHKn~SHBHwe 
cneKTpw sapR*eHHWX 4aCTH~, 06pasY~~HxCR B RAepHWX peaK~HRX, HS
MePRnHCb ABYMR 6ExE-TeneCKonaMH. OAHH 6wn YCTaHOBneH B peaK
~HOHHOH KaMepe H HMen BOSMO*HOCTb nepeMe~eHHR no yrny. ApyroH 
TeneCKon pacnonaranCR B ~oKanbHoH nnOCKOCTH WHpOKOAHanaSOHHoro 
M.rHHTHoro aHanHsaTopa MCn-144/ 6/, KOTOPW~ Mor YCTaHaBnHBaTbCR 
nOA paSHWMH yrnaMH OTHOCHTenbHO HanpaBneHHR ny4Ka HOHOB. Tenec
HblH yron saXBaTa npOAYKTOB peaK~HH AnR MarHHTHoro cneKTpOMeTpa 
COCTaBnRn 1 MCP, a AnR TeneCKona B peaK~HoHHOH KaMepe - 3 MCp. 

Ka*AwH TeneCKon COCTORn H3 KpeMHHeBWX 6E-AeTeKTopa C Ton~H
HOH 4YBCTBHTenbHoro cnOR - 60 MKM H E-AeTeKTopa C 4YBCTBHTenb
HWM cnoeM - 2 MM. 

TenecHWH yron 6ExE-TeneCKona, YCTaHOBneHHoro B ~OKanbHOH 
nnOCKOCTH aHanH3aTopa, onpeAenRnCR HS cpaBHeHHR perHCTpa~HH 
ynpyro pacceRHHWX nOA yrnoM 10° HOHOB 20Ne nonynpoBoAHHKOBWM 
AeTeKTopoM-MOHHTOPOM H 6ExE-TenecKonoM MarHHTHoro aHanH3aTopa, 

"IoIweHb 

nY"IOK ----+ -----

MarHMTHblM 
aHatlH3aTOp 

PMc.l. CxeMa ~KcnepMMeHTanbHoA yCTaHOBKM. K - CMCTeMa 
KOnflMMaTopOB. Mi M M2 - MOHMTOPW /M1 - QRnMHAP ~apaAeH. 
M2 - nOBepxHocTHo-oapbepH~ nonynpoBoAHMKOB~ AeTeKToP/, 
T1 M T2 - CMCTeMa 6ExE-TeneCKonOB M3 KpeMHMeBWX nonynpo
BOAHMKOBWX geTeKTopOB, F1 - ~oKanbHaH nnOCKOCTb MarHMT
Horo aHanM3aTopa. 

2 

YCTaHOBneHHoro nOA TeM *e yrnOM. 6 aHanHsaTope perHCTpHpOBa

nHCb HOHW 20Ne C 3apRAHOCTb~ 9+ H 10+, npH4eM AonR ynpyro pac

ceRHHWX nOA yrnoM 10° HOHOB 20Ne C 3apRAHOCTb~ 9+ H 3HeprHeH 

360 M36 COCTaBnRna OKono 7%. 3HepreTH4ecKaR KanH6poBKa 6E
H E-AeTeKTopoB B peaK~HoHHOH KaMepe npOBOAHnaCb C nOM~b~ CTaH

AapTHoro HCT04HHKa a-4aCTH~ 226Ra H reHepaTopa T04HOH aMnnHTY

AW. 3~eKTHBHoCTb perHCTpa~HH onpeAenRnaCb npH cpaBHeHHH C4e

Ta nerKHX 3apR*eHHwX 4aCTH~ AaHHoH 3HeprHH 3THM TeneCKonOM 

H TeneCKonOM B MarHHTHQM aHanH3aTope, YCTaHOBneHHOM nOA TeM *e 

yrnoM, 4TO H TeneCKon B peaK~HoHHOH KaMepe. 


OnpeAeneHHe nOnQ*eHHR ~OKanbHOH nnOCKOCTH aHanH3aTopa H ee 
KanH6poBKa npOBoAHnHC~ C nOMO~b~ a-HCT04HHKa 226Ra,ycTaHoBneH
Horo Ha MeCTe MHweHH, a TaK*e no perHcTpa~HH paSHWX 3apRAHO· 
CTeH 40Ar C 3HeprHeH 270 M36 nocne npOXO*AeHHR TOHKOH yrnep~)A
HOH MHweHH (- 60 MKr/cM2). 

napaMjTgW MarHHTHoro aHanH3aTopa Hero KanH6pOBKa onHcaHW 
B pa60Te 7/. 3HeprHR 3aperHcTpHpoBaHHwx MarHHTHWM cneKTpoMeT
POM 4aCTH~ onpeAenRnaCb no ~pMyne 

E = K(8X)2 q2/A, 

rAe E - 3HeprHR 4acTH~ IM38/, 6 - 3Ha4eHHe MarHHTHoro nonR 
B 6onbWOM 3asope IT/, X - KOOPAHHaTa npHXOAa 4aCTH~W Ha ~Kanb
HY~ nnOCKOCTb IM/, q - HOHHWH 3apRA B eAHHH~ax 3apRAa 3neKTpo
Ha, A - Macca 4acTH~ la.e.M.I, K - nocToRHHWH K03~H~HeHT. 

HSMepeHHe 3HepreTH4ecKHx cneKTpOB npOAYKTOB peaK~HH, Bwne
Ta~~HX nOA yrnaMH 100 H 20°, npoBoAHnocb nYTeM H3MeHeHHR Mar
HHTHOH HanpR*eHHOCTH aHanH3aTopa, 4TO nOSBonRno perHCTpHpOBaTb 
4aCTH~W co CKOPOCTRMH AO 7.109 cM/c.

AnR yrnoB 60nbwe 400 4aCTH~W perHCTpHpOBanHCb TeneCKonOM, 
pacnono*eHHWM B peaK~HoHHOH KaMepe, npH 3TOM onpeAenRnHCb Tonb
KO 3HeprHR H sapRA 4aCTH~W, TO eCTb npOBOAHnOCb H3Y4eHHe 3ne
MeHTHoro BwxOAa. CneKTpOMeTpH4eCKaR HH~pMa~HR C AeTeKTopOB 
c06HpanaCb C nOM~b~ CHCTeMW, onHcaHHOH B pa60Te/8/. 

06pa60TKa RaHHWX npoBOAHnaCb MeTOAoM nOCTpoeHHR MaTpH~W 
HAeHTH~HKa~HH/7/. KOHe4HOH ~enb~ 06pa60TKH RBnRnOCb nonY4eHHe 
3HepreTH4eCKHX cneKTpOB HHTepecy~~ero Hac H30Tona. 

PEaYnbTAT~ HaMEPEHH~ H 06CY*AEHHE . 
3KcnepHMeHTanbHwe AaHHwe, H3MepeHHwe B HaCTOR~eH pa60Te, 

npeACTaBneHW Ha pHc.2-12. 
Ha pHc.2 H 3 nOKa3aHW 3HepreTH4eCKHe pacnpeAeneHHR H30TO

nOB renHR, HSMepeHHwe B peaK~HRX i8iTa + 116 H 181Ta + 2°Ne 
npH yrnax BwneTa 10°, 20° H 40°, a Ha pHc.4 - AnR peaK~HH 
232Th + 118 nOA yrnoM 100. H3 PHCYHKOB BHAHO, 4TO 3HepreTH4ec
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PHc.2. 3HepreTHQeCKHe cneKTp~ H30TonOB renHH. H3MepeHHhle 
B HAepHOH peaKQHH 101Ta + 11B /22Q MsB/ npH yrnax BbmeTa 
100 ,200 H 400 /cTpenKoH YKa3aH~ SHeprHH, COOTBeTCTByro~He 
QaCTHQaM, ABH~y~MCH co CKOPOCTbID nyqKa /n.c.K./, omH6KH 
oTAenbHb~ H3MepeHHH He npeBb~afOT 10%/. 
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PHc.3. 3HepreTHQeCKHe cneKTphl H30TonOB renHH. H3MepeHHhle 
B peaKQHH 1B1Ta + 20Ne /360 MsB/ npH Tex .e yrnax BbmeTa. 
'ITO H Ha pHc.2. 
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PHc.4. 3HepreTHQeCKHe CneKT
rl---~~ Phl H30TOnOB renHH. H3MepeHHhle 

10· B peaKQHH 232Th+11B /220 MsB/ 
npH yrne BbmeTa 100 •J 

10 ~ 
CD He 
m KHe cneKTp~ HMe~T WHpOKoe pac~ 10' 

npeAeneHHe H HX ~opMa CHnbHOc.i. 
3aBHCHT OT yrna B~neTa, 4TO 
YKa3~BaeT Ha npORBneHHe BKna
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Aa HeCKonbKHX KOMnOHeHT. 
OAHOH H3 OCHOBH~X KOMno-

HeHT B~xoAa H30TonOB RBnReT
CR KOMnOHeHTa co CKOPOCTRMH, 

J 
OTBe4a~~HMH CKOPOCTH HaneTa~

" 
10 ~HX HOHOB /Ha PHcyHKax 3TH no

1 no*eHHR OTMe4eH~ CTpenKaMH/. 
CneAyeT OTMeTHTb, 4TO H AnR 

~ , 
10 ~I~_-:-:-~~___------.! H30TonOB renHR 3Ta KOMnOHeHTa 

20 40 60 80 100 120 140 COCTaBnReT 3aMeTHY~ Aon~, Do

E,MaS nee 4eTKO 3Ta cnO*HaR CTPYK-
Typa cneKTpOB HaonDAaeTcR AnR 

H30TonOB nHTHR /PHc.5,6/, oepHnnHR /pHc.7,B/, yrnepoAa /pHc.9/ 
H KHcnopOAa /pHc.l0/. 

Ha PHC. 11 AaH~ 3HepreTH4eCKHe cneKTpbl H30Tona ~He, H3
MepeHH~e AnR peaK~HH 181Ta + 20Ne /360 M3B/ npH pa3nH4H~X yr
nax D~neTa OTHOCHTenbHO HanpaBneHHR nOAa~~ero nY4Ka HOHOB B na
oopaTopHoH CHCTeMe KOOPAHHaT. KaK BHAHO H3 pHCYHKa, 3HepreTH
4eCKHH cneKTp ~He AO yrnoB 500 COAep*HT HeCKonbKO KOMnOHeHT. 
nOA yrnoM 700 cneKTp TaK*e HOCHT cnO*H~H xapaKTep, a nOA yrnoM 
1200 no ~opMe HanOMHHaeT HcnapHTenbH~H. 

Ha pHC. 12 npHBeAeH~ yrnoB~e 3aBHCHMOCTH 3neMeHTH~x B~xOAOB 
Li, Be, B H C, H3MepeHH~e B peaK~HH 181Ta + 20Ne. BHAHO, 4TO 
Bce nerKHe npoAYKT~ peaK~HH HMe~T RPKO B~pa*eHHY~ HanpaBneH
HOCTb B nepeAHHe yrn~. 3HepreTH4ecKHe pacnpeAeneHHR npoAYKTOB. 
HanpHMep. H30TonOB oepHnnHR /pHc.7/ H KHcnopOAa /pHc.l0/, H3
MepeHH~e nOA nepeAHHMH yrnaMH. YKa3~Ba~T Ha oonbwoH e~xoA H30
TonOB C MaccoH. onH3KoH K Macce HaneTa~ero HOHa. 

AHanH3 3HepreTH4eCKHX cneKTpOB nOKa3~BaeT, 4TO AnR Bcex 
HeHTPoHHo-ooora~eHH~x H30TonOB 3HepreTH4ecKHe cneKTp~ nOA ne
peAHHMH yrnaMH cnaoo MeHR~TCR C 3HeprHeH npH 3Ha4eHHRX 3HeprHH 
E/A HH*e HaneTa~~HX HOHOB. 

WHpoKHe 3HepreTH4ecKHe cneKTp~. H3MepeHH~e nOA yrnaMH 100 
H 200 AnR cHapRAonoAooH~X RAep, a TaK*e Haon~AaBwHecR B peaK
~HRX H30Ton~ c Z H A B~we. 4eM B RApe HaneTa~~ero HOHa (HanpH
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PHc.5. 3HepreTHQeCKHe cneKTpM H30TonOB nHTHH, H3MepeHHMe 

B peaKUHHX 181Ta + 11B /220 M3B/ H Ta + 20Ne /360 M3B/ 

npH yrnax BbmeTa 10° H 20°, 


Mep, ~30TonOB yrnepoAa B peaK4~~ Ta + 118 Ip~c,91 C daldn ° = 10 
= 980 M6/cp) , YKa3~BaIDT Ha TO, ~TO BKnaA peaK4~H nepeAa~~ ~n~ 
06MeHa HYKnOHaM~ np~ B3a~MOAeHCTB~~ 3T~X RAep, nO-B~A~MOMY, 
RBnReTCR onpeAenRID~~M no cpaBHeH~ID C ~parMeHTa4~eH 6oM6aPA~pYID
~ero ~OHa. TaK~e np04ecc~ Ha~6onee RPKO B~pa*eH~ B6n~3~ yrna 
"rpeH3~Hrall Iyrna pa3neTa np~ KacaTenbH~X B3a~MoAelflcTB~RX/, KO
TOP~H AnR ~3y~eHH~x peaK4~H Ha Ta 6~n 6n~30K K 15°, a Ha Th 
K 20°, 0 BKnaAe peaK4wIfI nepeAa4~ B o6pa30BaH~e ~30TonOB 6ep~n
n~R Ip~c,71 ~ K~cnopOAa Ip~c,101 cB~AeTenbCTBY~T xapaKTepH~e 
~OPM~ 3HepreT~4eCK~X cneKTpOB B~XOAa 3T~X ~30TonOB B peaK4WRX 
181Ta + 118 ~ 181Ta + 20Ne. AHanor~4H~e npo4ecc~ Ha6n~AanWCb 
B RAepH~x peaK4~Rx Ha 232Th C ~OHaM~ 11B ~ 20Ne Ip~c,6,8,9 
~ Ta6n. 1/. ~aHHoe 3aKnID~eH~e He npOT~Bope4~T pe3ynbTaTaM pa6o
T~/9/ 0 BKnaAe peaK4~IfI nepeAa4~ B o6pa30BaH~e cHapRAonoAo6H~X 
npOAYKTOB CO CKOPOCTRMW, 6n~3KwM~ K CKOpOCT~ ~OHa. KOTOP~H RB
nReTCR AOM~H~PYID~~M AnR npOAYKTOB C aTOMH~M~ HOMepaM~ OT Zp 
AO Zp-3 np~ 3Hepr~RX (20-30) M3B/A, rAe Zp - aTOMH~H HOMep 
HaneTa~ero WOHa. 3TO YTBep*AeH~e OCHOBaHO TaK*e Ha AaHH~x 
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PHC. 6. 3HepreTHt:leCKHe cneKTpbl H30TonOB nHTIHI, H3MepeHHble 

B peaKUHH 232Th + 11B /220 M3B/ np" yrnax BbmeTa 100 H 200. 
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PHc.8. 3HepreTHQeCKHe CneKTp~ 
H30TOnOB 6epunnHH, H3MepeHH~e 
B peaK~HH 232Th+ 11 B /220 M3B/ 
npH yrnax B~eTa 100 H 200 . 
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PHc.9. 3HepreTHQeCKHe CneKTp~ 
H30TOnOB yrnepoAa, H3MepeHH~e 
B HAepH~ peaK~HX 181Ta + 11B 
/220 M3B/ H 232Th + 11B 
/220 M3B/ npH yrne B~eTa 100 . 
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PHc.IO. 3HepreTHQeCKHe cneKTp~ H30TonOB KHcnopoAa, H3MepeH
~e B HAepHOH peaK~HH 181Ta + 20Ne /360 M3B/npH yrnax 100 

H 200 . 
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PHc.12. YrnoB~e pacnpeAeneHHH 
nHTHH, 6epHnnHH, 60pa H yrne
pOAa', H3MepeHH~e B peaK~HH o 20 40 80 80 100 120 140 110 

181Ta + 20Ne /360 M3B/. ec.u.M-._ 

KoppenR~HOHH~X 3KcnepHMeHTOB no H3Y4eHH~ B~COK03HepreTH4eCKHX 
npOAYKTOB, 6nH3KHX K Macce CHapRAa, B COBnaAeHHH C nerKHMH 3a
pR~eHH~MH 4acTH~aMH, rAe nonY4eHa ManaR MHo~eCTBeHHOCTb B~neTa 
4acTH~/IO,12/. 

OAHaKo Ha OCHOBe nonY4eHH~x HaMH HHKn~3HBH~X AaHH~x Henb3R 
nonHOCTb~ HCin~4HTb BKnaA OT peaK~HH ~parMeHTa~HH. KaK nOKa3a

HO B pa60Tax 9,11/, AnR peaK~HH 58Ni + Ar (27 M38/A) H 

Au + 22Ne (17 M38/A) HX BKnaA AnR pa3nH4H~X H39TonoB 3neMeHToB, 

OTCTOR~HX OT CHapRAa no Z HnH A Ha ABe, TPH eAHHH~~, Mo~eT CO

CTaBnRTb OT 10 AO 30%. 
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Ta6~u~a 1. CeqeHHH o6pa30BaHHH H30TonOB Li, Be, B H C 

B HgepHhlx peaK~HHx 181Ta +20Ne /360 M3B/ H 232Th+20Ne /360 M3B/ 


do/dO 0' M6/cp
10qacTH~a 

20Ne /360 M3B/ + 181Ta 20Ne /360 M3B/ + 232Th 

5Li 174 162 
7Li 343 337 
8Li 50 73 
9Li 14 

7Be 3,8 8,2 
9Be 162 199 

10Be 156 158 

10B 128 174 
11B 383 496 
12B 89 100 
13B 33 36 

11 C 44 100 
12C 556 727 
13C 578 601 
14C 278 311 
15C 38 

OmH6KH B onpegeneHHH CeqeHHH ~ 5%. 

06paSOBaHHe 60Jlee nerKHX npOAYKTOB peaK4H~ Mo~eT 6~Tb ~a
CTH~HO 06bAcHeHo npOABneHHeM BKnaAa OT peaK4H~ pa3Bana nocne 
MaCCHBH~X nepeAa~. OCTaTOK B TaKOM cny~ae Mo~eT TaK~e HMeTb 
CKOPOCTb. 6nH3KY~ HnH HeCKonbKO HH~e CKOPOCTH CHapAAa. ~nA Ka~
Aoro npoAYKTa B6nHSH 3HeprHH, OTBe~a~~e~ CKOPOCTH nY~Ka. Ha6n~
AaeTCA APKO B~pa~eHHoe YBenH~eHHe ce~eHHA 06pa30BaHHA ~aCTH4. 
3TOT 3¢$eKT npOABnAeTCA TaK~e B cny~ae 06pa30BaHHA AAep 4He. 
AHanorH~H~e cneKTp~ 4He, H3MepeHH~e B TaKHX ~e peaK4HAX, HO 
C 60nee HH3KO~ 3HeprHe~ TR~en~x HOHOB (Ep ~ 10 M3B/A), He 06na
Aa~T TaKo~ CTPYKTypo~/l/. 

B03MO~H~ H APyrHe MexaHHSM~ peaK4H~, Aa~~HX BKnaA B 06paso
BaHHe nerKHX HSOTonOB. HanpHMep, B Tex ~e KBa3HynpyrHx H rny
60KoHeynpyrHx np04eccax npOHCXOAHT MrHOBeHH~~ paSBan CHapAAa 
B none AApa MHweHH HnH nocneAoBaTenbH~~ paSBan RApa CHapAAa 
BHe nonA RApa MHweHH. Ha caMOM Aene HMeeTCR Hano~eHHe Bcex 
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3THX npoueCCOB. B pRAe TaKHX B3aHMOAe~CTBH~ nepeAa~a HYKnOHOB 
Mo~eT conpoBo~AaTbCA B036Y*AeHHeM PAep AOHopa H aK4enTopa. 

nnaBHY~ ~OPMY yrnoB~x pacnpeAeneHH~ He, Li H Be /cM.pHc.ll, 
12/ npH 60nbwHX yrnax, Ha~HHaA C 90°, MO~HO HHTepnpeTHpOBaTb 
KaK npORBneHHe BKnaAa HcnapeHHR nerKHX ~parMeHTOB H3 COCTaBHO
ro AApa HnH H3 B036Y~AeHH~x npOAYKTOB peaK4HH nepeAa~H. 

04eHKH BenH~HH ce4eHHR 06pasoBaHHA nerKHX AAep /He - Be/, 
npOBeAeHH~e Ha OCHOBe MOAenH KaCKaAHoro HcnapeHHR Hy~noHoB 
H ~parMeHTOB npH pacnaAe Bos6Y*AeHH~X COCTaBH~X AAep/13/ B npeA
nono~eHHH peanH3yeM~x yrnOB~x MOMeHTOB AO ~ - 60, Aa~T Ha nopA
AOK MeHbWHe SHa~eHHA no cpaBHeHH~ C Ha6n~AaeM~MH B 3KcnepHMeH
Tax npH yrnax 3MHCCHH 90°-120°. 3TH 04eHKH nOKa3~Ba~T, ~TO HC
napeHHeM H3 paBHoBeCHoro COCTOAHHA COCTaBHoH CHCTeM~ Henb3A 
nonHOCTb~ 06bRCHHTb HcnYCKaHHe nerKHX RAep. 3aMeTH~H BKnaA 
B 3TH npouecc~ MorYT AaBaTb npeApaBHOBeCH~e COCTORHHR, KOTop~e 

TPYAHO oueHHTb KonH4eCTBeHHO. 
Ha6n~AaeMoe B AaHHOM 3KcnepHMeHTe YBenH~eHHe ce~eHHA 06p~30

BaHHR nerKHX RAep /He - CI 70 C?aBHeHH~ C ce~eHHRMH npH 3Hep
rHH HOHOB 8 - 10 M3B/HYKnoH 1,2 , a TaK~e AaHH~e APyrHx O?~TqB,
npoBeAeHH~x Ha ny~Kax TR~en~x HOHOB npoMe~YTo~H~X 3HeprHH 141 • 
YKa3~Ba~T Ha B03MO~HOCTb HcnonbSOBaHHA nOA06H~X peaK4HH AnA 
CHHTesa 3K30TH4eCKHx H30TonOB, a TaK~e nonY4eHHA HHTeHCHBH~X 
BTOpH4H~X ny~KOB 3THX AAep. PaCCMOTpHM nonY4eHH~e 3KcnepHMeH
TanbH~e AaHH~e C 3TOH TO~KH 3peHHA. npH HH3KHX 3HeprHAx 60M6ap' 
AHPY~~HX HOHOB AnA 04eHKH BenH4HH~ ce~eHHA 06pa30BaHHA 3K30TH
~eCKHX H30TonOB ~aCTO Hcnonb3yeTcA TaK Ha3~BaeMaA CHcTeMaTHKa 
Qgg. rAe Qgg onpeAenAeTcR H3 3HepreTH4ecKoro 6an1HGa peaK4HH 
AnA npOAYKTOB, 06pa3Y~~HXCR B OCHOBHOM COCTOAHHH 2/. 

Ha pHC. 13 npHBeAeH~ H3MepeHH~e B peaKUHRX 181Ta + 20Ne 
1360 M3B/. 181Ta + 11B /220 M3B/ H 181Ta + 22Ne /178 M3BI/ 1/ 
ce~eHHR o6pa30BaHHR H30TonOB Li H Be KaK ~YHKUHR Qgg npH yrne 
B~neTa 10°. BHAHO. 4TO HeCMOTpA Ha cnO~HOCTb np04eccOB 06
pa30BaHHR 3THX H30TonOB npH B~COKHX 3HeprHRX HOHOB 3KcnOHeH
UHanbHaA 3aBHCHMOCTb ce4eHHA OT Qgg OTpa~aeT o~y~ TeHAeHUH~ 
B~XOAOB H30TonOB AaHHoro 3neMeHTa. C YBenH~eHHeM 3HeprHH HOHOB 
AO 18 M3B/HYKnoH B~XOA H30TonOB Li H Be B03pacTaeT 60nee 4eM 
Ha 2 nopRAKa. 

CpaBHeHHe ce~eHHH 06pa30BaHHA H30TonOB nHTHA B peaKUHRX 
20Ne + 181Ta H 11B + 181Ta ICM.pHc.5, 13/ npHBOAHT K cneAY~
~HM B~BOAaM. Ce4eHHA o6pa30BaHHA nerKHX H30TonOB, He o60ra~eH
HWX HeHTpoHaMH. B peaKUHRx C HOHaMH 60p~ Ha nopRAOK B~we. 4eM 
B peaKUHRX C HOHaMH HeOHa, 4TO OTBe~aeT 60nbwoMY 3Ha~eHH~ ce
~eHHA peaKUHH nepeAa4H HeCKonbKHX HYKnOHOB no cpaBHeHH~ C ce
4eHHeM peaKUHH rny6oKoHeynpyrHx nepeAa4 B cny~ae B3aHMoAeHcT
BHA AAep HeOHa H TaHTana, npHBoAR~ero K 06pa30BaHH~ Tex ~e HSO
TonOB. 
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PHc.13. CeqeHHH 06pa30Ba
HHH H30TonOB 6epHnnHH H nH
THH B HAepHhlX peaK~HHX npH 
60M6apAHpOBKe 1B1Ta HOHaMB 
11B /220 M9~/, 20Ne 
1360 M9B/, H3MepeHH~e B AaH
HO~ pa6oTe, H 22Ne 1178 M9B/, 
3aHMCTBOBaHH~e H3 pa6oT~/I/, 
KaK ~YHK~H Q peaK~HH AnR 
9THX npoAYKTOB, o6pa30BaB
WHXCR B OCHOBHOM COCTOHHHH. 

~nA AAep 11Li cHTya~HA 
CTaHOB~TCA 06paTHoH. B peaK
~HAX C ~OHaMH 11B AAPa 11Li 
He 6~n~ 06Hapy*eH~ Ha YPOB
He ce~eHHA 0,04 M6/cp, XOTA 
Ha OCHOBaH~H CHCTeMaTHKH 

3TO ce~eHHe Aon*HO 6~TbQgg
6nH3KHM K 1 M6/cp. 3TH pe3ynbTaT~ HaxOAATCA B cornaCHH C AaH
H~MH pa60T~/16/, rAe ce~eH~e 06pa30BaHHA 11Li B peaK~HH 
232Th + 11B /89 M3B/ COCTaBnAno Ben~~HHY - 2,8.10-3 M6/cp, 
~TO 3Ha~HTenbHO HH*e npeAcKa3~BaeMoro H3 3KCTpanonA~~H no B~
XOAaM H30TonOB Li B 3TOM peaK~H~ Ha OCHOBaHHH Qgg-CHCTeMaTHKH. 

B peaK~~H C 20Ne ~3MepeHHoe ce~eHHe 06pa30BaHHR 11Li 
/0,2 M6/cp/ nOA~HHReTCA C~CTeMaT~Ke Qgg /pHc.13/. OTCYTcTBHe 
11Li B peaK~HH C 11B MO*HO 06DACHHTb 3Ha~~TenbHO MeHbWHM ce~e
HHeM peaK~HH ABoHHoro 3apRAOBoro 06MeHa HnH nOAxBaTa HeHTpoHoB 
OCTaTKOM RApa-CHapAAa: 11B + 181Ta ~ 11li + 1B1Re ~eM peaKs 73 3 75' 
~HH pa3Bana 20Ne + 1B1Ta ~ 11Li + 190Hg. nOATBep*AeHHeM 3Toro10 75 3 80 
Mo*eT cnY*HTb cpaBHeHHe ce~eHHH 06pa30BaHHR ~30TonOB yrnepoAa 
B 06eHX 3THX peaK~HAX. B cny~ae peaK~HH C HOHaMH 2°Ne ce~eHHe 
06pa30BaHHA H30TonOB yrnepoAa /do/dQ = 1490 M6/cp/ 60nbwe, ~eM 
B cny~ae peaK~~H C HOHaMH 11B /do/dQ = 980 M6/cp/. H3 3THX pac
CMOTpeHHH CneAyeT, ~TO AnR nony~eHHR HeHTpoHoH36~TO~H~X 3K30
TH~eCKHX RAep He06xoAHMO B~6HpaTb HOH~ C ~HcnOM npOTOHOB 
H HeHTpOHOB He MeHbwHM,~eM B CHHTe3HpyeMoM 3K30TH~eCKOM H30TO
ne. 

H3BecTHo, I.ITO N/I -OTHoweHHe B pacnpeAeneHH~ npOAYKTOB peaK-
~HH C AaHH~M I B03paCTaeT C yBenHl.leHHeM N/I-oTHoweHHA AAep 
MHweHH H N B~neTa~ero HOHa /npH AaHHOM 1//14-151. B npeAenax 
3KcnepHMeHTanbH~X oWH60K Ha TaKHX OTHOCHTenbHO TR*en~x MHwe
HRX, KaK 1B1Ta H 232Th, He 6~no 06Hapy*eHO ~eTKoro pOCTa 
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N/I-oTHoweHHA B pacnpeAene~HH AnA nerKHX 3neMeHTOB /Ta6n.2/ 

OT N/I-MHweHH. 
nony~eHH~e HaMH pe3ynbTaT~ CBHAeTenbcTByoT 0 POCTe ce~eHHH 

06pa30BaHHA HeKOTOp~X H30TonOB Be, B H C C POCTOM Macc~ MHWe
HH /cM.Ta6n.l, a TaK*e PHc.5,6 H 7,8/. 

Ta6~u~a 2. N/Z-oTHomeHHe B pacnpeAeneHHH nerKHX 9neMeHTOB, 
o6pa30BaBwHxcH B peaK~HX 1B1Ta + 20Ne H 232Th + 20Ne 

N/z-OTHoweHHe 

IhoTon~ 
20Ne 1360 M9BI + 1B1Ta 20Ne 1360 M9BI + 232Th 

1,26 1 ,28Li 
1,36 1 ,25Be 

B I ,21 1,20 

C I ,13 I , 1 1 

1013 paCCMOTpeHHoro B~we MO*HO CAenaTb 3aKn~~eHHe, ~TO HaH
60nee nepcneKTHBH~MH peaK~HRMH AnA nonYl.leHHR AAep 10He H 13Li 
cneAyeT C~HTaTb RAepH~e peaK~HH, peanH3yeM~e npH 60M6aPAHpOB
Ke MHweHeH H3 232Th HnH 23BU HOHaMH 20Ne H 22Ne C 3HeprHRMH 

18-20 M3B/HYKnoH. 
KOHTponbH~e on~T~, npOBeAeHH~e HaMH Ha nerKHx MHweHAX H3 yr

nepOAa H nHTHA, nOKa3anH, ~TO HaH60nee HHTeHCHBH~e nYI.IKH 6,BHe 
H 8,9Li cneAyeT o*HAaTb B peaK~HRX C HOHaMH 11B /-20 M3B/HYK
nOH/. B 3TOM cnyl.lae, npHMeHHB 60nee TonCT~e MHweHH H3 6epHnnHA 
HnH yrnepoAa /- 50 : 100 Mr/cM2/,HHTeHcHBHoCTb 6He MO*HO AO
BeCTH AO BenH~HH~, 6nH3KoH K 10- 7 OT HHTeHCHBHOCTH nepBH~Horo 

ny~Ka. 

ABTOP~ 6narOAapH~ aKaAeMHKY r.H.~nepOBY 3a npeAOCTaBneHHYO 
B03MO*HOCTb nOCTaHOBKH AaHHOH pa60T~, npo~eccopy ~.U.OraHeCAHY 
3a nOCTOAHHoe BHHMaHHe H nOAAep*KY HccneAOBaHHH. ABTOP~ 6naro
AapAT COTPYAHHKOB OTAena yCKopHTenR Y-400 3a 06ecne~eHHe pa60
T~ YCKopHTenA B HOBOM pe*HMe yCKopeHHA TR*en~x HOHOB. ABTOP~ 
C~HTaOT npHRTH~M AonrOM n06narOAapHTb 6.H.nYCT~nbHHKa H ~.A.My-
3~~KY 3a npoBeAeHHe pac~eTOB HcnapeHHR nerKHX ~parMeHTOB npH 
pacnaAe B036Y*AeHH~x cocTaBH~X AAep. 
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