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BBeJieHHe 

B Hawux npe)lbiJIYIII,HX padoTax r 1. 21 , a _ TaK:a:e padoTe- r 3 l _ 6biJIO 

3K~nepHM9HTaJIDH0 llOKa3aHO, qTo 3aBHCHMOCTD ceqeHHA 
Cxn)-peaKUHA OT Z.o6pa3yDmerocg HJlpa B OOJiaCTH At+Fm HMeeT. 

HpKO Bbipa:a:eHHb!A CTyneHqaTb!A XapaKTep. ITpH nepeXOJie OT 
KOMnayHJI-HJiep Th+Pa_K KOMnayHJI-HJlpaM U+Np npOHCXOJlHTpe3KOe 

(Ha: JlBa-TpH llOpHJIKa B9JJHqHHbi ) YM9HDW9HHe ceqeHHA ( xn) '-KaHaJia 
peaKUHH KaK B SKcnepHMeHTax c HoHaMH 22Ne r1,2l~TaK J.r 48ca 

r3l. TaKaH HpKo Bbipa:a:eHHaH HeperynHpHOCTD B_noBeJieHHH ceqeHHA 
CTHMyJIHpOBaJia Haw HHTepec.K npOJIOJI!:eHHD HCCJI9JlOBaHHA B 3TOA 
OOJiaCTH HJiep. 

MeTOIJ.HKa 3KcnepHMeHTa 

. . B 3KcnepHM9ijTaX HCll0JID30BaJICH BbiBeJieHHb!A · nyqoK HOHOB 
20

Ne UHKJIOTpoHa Y-400 RRP ORHHco;cpeJIHea HHTeHCHBHOCTDD 
12 . ' 

.. 10 qacT./c H neprHHMH 101~107,113 H. 118 MsB .Ha· MHWeHH· 
Bpam~m~HCH MHW9HD H3 odorameHHOrO 208Pb ( CTeneHD odorameHHH 
95% ) TOJintHHOA 0. 7 Mr/C~_ObiJia H3rOTOBJI9Ha M9TOJlOM BaKyyMHoro 
HallbiJI9ijHH Ha llOJlJIO:a:Ky H3 aJIDMHHHH TOJIIII,HHOA 1. 6 Mr/c.;l;; .HJlpa 
OTJlaqu, BbiJI9T9BWHe H3 MHW9HH, OTJl9JIHJIHCD OT• HOHOB . llyq:Ka H 

llpOJlYKTOB peaKUHA;. nepeJiaq C. llOMOmDD :meKTpOCTaTHqecKoro 
cenapaTopa BACYf.Jll1:CA r4l H nocne npoxoQeHHH- JIByx. 
WHpOKOanepTypHhiX BpewmpoJieTHbiX Jl9T9KTOpoB c·TOHKHMH ( 30 + 
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40·MKr/cM2 > nneHKaMM HMnnaHTHpoBanHch ·B cdopKy .H3 ceMH 
nonynpOBO~HHKOBhlX noBepXHOCTHO-dapbepHblli ~eTeKTOpOB, r~e 

HadnD~anc~ HX · a-pacn~.. lln~ yMeHbllieHH~ ¢aHa aT 
HH3K03HepreTHqHhlX pacce~HHhlX HOHOB nepe~ .~eTeKTOpaMH 

cTaBHnach naBcaHoBa~ nneHKa ionmHHOH 150+200. MKr/cM2. 
9~KTHBHOCTh CenapaUHH ~n~. npo~yKTOB (xn)-KaHana ·peaKUHH 
H3Mep~naCb 3KCnepHMeHTanbHO C HCnonh30BaHHeM KanHdpOBOqHOH 
peaKUHH W+20~e H COCTaBn~na '(1.9±0.2)%. ll;~ npo~yKTOB 
ca,xn>-KaHana s~KTHBHOCTh cenapaUHH dhlna B 6+10 pa3 MeHbllie. 
C Hcnonh30BaHHeM oxna~eHH~ ~eTeKTopoB ~o 265 K 
sHepreTHqecKoe pa3perneHHe dhlno He xy~e 35 K9B ~n~ a-qacTHU c · 
sHeprHe2 ~ 7+9 MsB. 9neKTpoHHKa no3Bon~na nonyqaTh ~aHHhle oT 
Ka~oro ~eTeKTOpa He3aBHCHMO, perHCTpHpy~ ~nH H~pa OT~aqH 

BpeMH nponeTa H 3HeprHD, BpeMH nona~aHHH B nDOOH H3 
~eTeKTOpOB H HOMep ~eTeKTOpa, a TaK~e 9!feprmo H BpeMeHa 
nocne~yDmHX a-pacna~OB. llnH perHC!paUHH nocne~oBaTenbHhlX 
"OhlCTPhlX"· a-pacna~OB HCnonh30Banacb CHCTeMa H3 ~BYX 

KO~HpOBmHKOB_ <aMnnHTY~HO-UH(JlpOBhlX npeodpa30BaTene2 ) : nepBaH 
a-qacTHUa perHcTpHpoBanacb ocHOBHhlM AUIT H, ecnH B T·etieHwe • 

nocneJiyDmHX 200 MKC . · npoHcxo~Hn · ~pyro2 a-pacna~, TO oH 
perHcTpHpoBancH BTOPhlM AUIT. MMnynhchl oT nocne~oBaTenbHblli 

a-pacna~oB c HHTepBanoM donee 5 MKc pa3pewanHch sneKTpoHHOH 
CHCTeMOH,' a ~nH HMnynhCOB, cne~yDmHX C HHTepBanOM MeHee 1 MKC, 
npOHCXO~HnO nonHOe cyMMMpOBaHHe aMnnHTY~· llnH KanHdpOBKH 

, ~eTeKTOpOB B odnaCTH 17+18 MsB HCnOnb30BanHCb nHKH nonHero 
CYMMMPOBaHHH ~oqepHHX npo~yKTOB pacna~a HyKnH~OB 222Th, 221Ac 
H 223Pa, odpa3yDmHXCH B peaKUHHX 2~8Ph, 209Bi+20Ne. OrnHOKa 
KanHdpOBKH B 3TOH odnaCTH COCTaBnHna ~ 50 KSB. KanHdpoBKa 
~eTeKTOpOB B odnaCTH 3HeprHH 6+9·MsB rrpoBOAHnacb no npo~yKTaM 
~eaKUHH Au+20Ne H npo~yKTaM peaKUHH nepe~aq 
~1m,gPo,212m,gAt,213Rn. 3HaqeHHH sHeprH2 a~pacna~oB dpanHCh 

H3 padOThl [51 . 
9KcnepHMeHTanbHhle pe3ynbTaThl 

llileHTH(JlHKaUHH · HYKnH~oB npoBo~Hnacb MeTo~oM a-a 
KOppenHUHH. B KOppenHUHOHHhlX cneKTpax B ~Hana30He 3HeprHH 
a-pacna~a MaTepHHCKHX H~ep E<Pl=7+9 MsB H ~Hana30He 3HeprHH 
a-pacna~a ~oqepHHX g~ep ECDl=7.0+19.0 MsB BO BpeMeHHOM OKHe 
200 MKc HadnD~anHcb Koppen~UHH d-pacna~a c 3HeprHe2 
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E<P>=8470±15 KsB H ~oqepHero pacna~a c 3HeprHe2 
E<D1+D2l=18100±50 KsB. ·llepHo~ nonypacna~a ~n~ ~oqepHero 

HyKnH~a Tl/2=12~~ MKC H 3HaqeHHe 3HeprHH ~nH nHKa nonHOro 
cyMMMpOBaHHH XOpOlliO COBna~aDT C H3BeCTHhlMM 3HaqeHHHMM nepHO~a 
nonypacna~a HyKn~~a 220Th H 3HeprHe2 nonHero· cyMMMpoBaHH~ _ . 
a-pacna~oB B uenoqKe 220Th-216Ra. C,ne~yeT TaK~e ·aTMeTHTh, qTo> 
MaKCHMYM BhlXO~a ~nH .yKa3aHHhlX KOppenHUHH HaXO~HTCH npH 
sHeprHH Ec 20Nel=110±2 MsB, qTo cooTBeTcTByeT pacqeTHOMY 
3HaqeHHD MaKCHMyMa (JlyHKUHH B030y~eHHH peaKUHH C HcnapeHHeM 
qeTMpex He2TpOHOB. Mcxo~H. H3 3THX ~aHHhlX, · HadnD~ae~e · 
KOppenHUHH MO~O H~eHTH~HU~pOBaTb . KaK a-pacna~ UenoqeK 
HyKnH~OB 224u-c 220Th+216Ra). llepHo~ nonypacna~a 224u, 
paCCtiHTaHHblH ITO COOTHOilleHHIO KOnHtieCTBa KOppenHUHH 

11
B ITYtiKe" H 

"BHe nyqKa", paBeH Tv2=o. 7~gJ !'de. ¢yHKUHH B03dy~eHH~ ~na 
224u npHBe~eHa Ha pHc.1a. 
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PHc.1.¢yHKUHH B03dy~eHHH 
H30TOnOB U H Th B peaKUHH· 
208Ph+20Ne. Odo3HaqeHHH : 
,A- 4r:t, .1.- a:2n, c - a,3ri. 

a 

a-cneKTpe MO~eT cnyZHTb 

..... ..... 

B Hccne~oBaHHOM HaMH 
~Hana3oHe . . 3HeprH2 
OOMdap~JipyDmHX HOHOB cneKTp 
"OhlCTphlX" a-a KOppenHUHH_ 
npaKTHqecKH nonHOCThD 
odycnoBneH.pacna~oM H30TonoB 
221 , 222Th, 221 Ac · H , HX 

~oqepHHX npo~yKTOB .. 
llononHHTenbHaH H~eHTH(JlHKaUHH 
noTpedoBanacb TOnbKO ~n~ 

~BYX HeH3BeCTHhlX a~nHHHH C 
E<P>=8385±15 K3B·. H 
E<P>=7600±15 KsB. no nepHo~y 
nonypacna~a 

3HepreTHqeicKOMY 

. H 

cneKTPY 
~oqepHero ~~pa a-nHHHH c 
E<P>=8385±15 K9B HAeH-

THcPHUHPOBaHa HaMH ·. KaK 

nepexo~. cBH3aHH~ c 
pacn~oM HYKnH~a 221Th. 

Bo3MO~hlM od~acHeHHeM 

no~BneHH~ _ 3TOH 
3~KT cyMMMpOBaHHH 

nHHHH B 
. 3HeprHH · 
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a-nepexona ~npa 221Th c E<Pl=8150 KsB. npoijcxon~~ero Ha 
B030yxneHH~ ypoBeHb ~npa 217Ra, C 3Heprllefi KOHBepCllOHHoro 

.sneKTPOHa, B03HHKap~ero npll r-nepexone c 3Toro YPOBH~ B 
OCHOBHOe COCTO~Hlle. lln~ HyKnHnOB, llMTIRaHTllpOBaHHhlX B 
neTeKTOP•. BepO~THOCTb TaKara cyMMHpOBaHH~ COCTaBn~eT :.60%, 
qTo MO~eT npHBonllTb K no~BneHHD B . a-cneKTpe nononHll:renbHhlX 
miHHfi llRll H3MeHeHHD COOTHOWeHH~ nn~ H3BeCTHhlX [ 6, 71 . 

nn~ a-nllHHll c E<Pl=7600±15 K3~ 3HaqeHH~ 3HeprHfi noqe~HHX. 
a-pacnanoB TaKlle ~e; KaK H npH pacnane HyKnllna 22 Th. 
M3MepeHHbrfi MeTonoM a-a Koppen~UHfi nepllon nonypacnana noqepHHX 
nponyKTOB nn~ sTofi nllHllH paBeH T1/ 2=12±4 MKc. M3 ll3MepeHH~ 

BpeMeHHblli llH~epBanoB Me~y nonanaHHeM·~npa oTnaqH B .neTeKTop 
ll era nepBhlM a-pacnanoM Mhl onpenenHnH codcTBeHHhlfi nepHon 
nonypacnana nn~ a-nepexona c ECPl=7600±l5 KsB. Era 3HaqeHlle 
T1/ 2=2.4±0.9 MC B npenenax OWHOOK COBnanaeT CO 3HaqeHH~MH 

nepllona nonypacnana nn~ 222Th. ~YHKUH~ Bo36y~eHH~ 
oocy~aeMoro nepexona xopowo·coBnanaeT no BHn~ H nonoJKeHHD 
MaKcHMyMa c WYHKUHefi Bo36y~eHH~ nn~ a-nHHHH 2 2Th c sHeprHefi 
E;CPl=7980 KsB. TaKHM oopa3oM, llcxon~ ll3 npHBeneHHbrx naHHhlX, 
MO~O.llneHTllWllUHPOBaTb 3TY RHHllD KaK CB~3aHHYD C pacnanoM 
222Th Ha ypoBeHb 2+ ~npa 218Ra. OKoHqaTenbHhle pe3ynbTaThl 
KOppen~UllOHHOrO aHaRH3a 3KCnepHMeHTanbHbiX naHHhlX npencTaBneHbi 
B TaORllUe · CnenyeT OTMeTHTb, qTo nn~ ll3BeCTHbiX H30TOnOB 
nonyqeHHhle 3HaqeHll~ OTHOCHTeRbHhlX llHTeHCHBHOCTefi a-nHHllfi H 
nepHonoB nonypacnana B npenenax owHdox coBnananT c H3BecTHhl~fi1 

paHee 3HaqeHll~MH r51. , 
. ITonepeqHoe ceqeHHe odpa30BaHH~ 224u COCTaBn~eT o.e~ 

·. · · ·zo 221 222 
~0,4MK6 npH 3HeprHH E( Ne)=110~2 M3B. nn~ Th H Th 
nponyKTOB ca,3nl- H ca,2nl-KaHaJioB peaKUHfi - ll3MepeHHhle 

. 3HaqeHH~ ceqeHHfi B MaKCHMyMe BhlxonoB Ec 20Nel=112±1 M3B H 
Ec 20Nel=105±i MsB Ha TPH nop~nKa BenHqllHhl oonowe H paBHhl 
cooTBeTCTBeHHO o. ?±o. 3 MOapH H o. 5±o. 3 MOapH c pMc .. 15) • 

TaKoe pa3JIHqHe ceqeHHfi, . KaK . y~e oocyxnanocb B r 1 l , B 
3Ha1.1HTeJibHOfi Mepe odyCJIOBReHO pe3KHM yBe~H1.1eHHeM neJIHTeJibHOfi 
WHpHHhl npH nepexone OT .Th K U. 

OocyxneHHe pe3yJibTaToB 
Ha . pHc. 2 .. npHBeneHhl H3BeCTHbie K HaCTO~~eMY· BpeMeHH 

BeJIH1.1HHbi ceqeHHfi OOpa30BaHH~ HefiTpOHone!pHUHTHhlX . H30TOnOB 
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Ta6nH[(a 

HyKnHn Ea<Pl ra Tl/2 HyKnHn T1/2 
(parent) K3B " MC (daughter) MKC 

::C::C4u 8470±15 100 0.7~8:~ 220Th 12+~ -3 
222Th 7980±15 97±1 2.2±0.2 218Ra 15.6±1 

7600+15 3+1 
221Th 8470±15 37±1 1.9±0.1 217Ra 1. 7±0.1 

<8385±15) 12±1 
8150±15 57±1 
7730+15 6+1 

221Ac 7650±15 63±7 217Fr 15±2.5 
7440±15 23±4 
7380±15 11±2 
7170+15 2.4±1 

224+226u B Cxnl-KaHaJiaX peaKUHfi C OOMOapnMpyD~MH HOHaMH 
20 •22Ne (c) H 48ca ( ~ ). llaHHbie B3~Thl H3 HaCTO~~efi paOOThl, 
a TaK~e padoT r11· H C81. · OwHOKH B onpeneneHHH aocoJIDTHhlX 
3Ha1.1eHHfi Ce1.1eHllfi, no naHHbiM aBTOpOB, He npeBbiWaDT !paKTOp 2. £1:3 
rtpHBeneHHOro pMCYHKa CJienyeT, \ITO yMeHbWeHHe Ce1.1eHHfi 
00pa30BaHH~ H30TOnOB U C pOCTOM HX HefiTpOHHOrO ne!pHUHTa 
npoHcxonHT nocTaTo1.1Ho MenneHHo - npHOJIH3HTenoHo onHH nop~~oK · 
BeJIH1.1HHhl Ha nBa HefiTpoHa. ITpoBeneHHbifi HaMH aHanH3 HMen~xc~ B 
JIHTepaType naHHhlX n03BOR~eT cneJiaTb 3aKJID1.1eHHe, \ITO TaKOe 
3Ha1.1eHlle BeJIH1.1HHhl dG(xn)/dN THnH1.1HO nn~ OOJibWHHCTBa peaKUHfi 
rop~1.1ero CJIH~HH~ B oonacTH HefiTpoHone!pHUHTHhlX H3oTonoB'oT At 
no Fm. 

HaM npencTaBJI~eTc~. 1.1TO 3TOT pe3yJibTaT yKa3biBaeT Ha 
HeTpHBHaJibHbifi xagaKTe~ pa3JIHqH~ B BeJIH1.1HHaX . nonepe1.1HhlX 
ceqeHHfi peaKUHfi 2 8PbC 2Ne,5nl H 180Hrc48ca,3nl, ngHBon~x K 
nony1.1eHHD onHoro H Taro ~e nponyKTa HcnapeHH~ - 22 u. B caMoM 
nene, H3MepeHHoe B r1 l nonepe~.~Hoe ce1.1eHHe nn~ 225u B ::..20 pa;3 
npeBwaeT BenH1.1HHY, nonyqeHHYD B padoTe r 8 l . c yqeToM ~ Taro, 

- \ITO B nepBOfi peaKUHH peqo HneT 00 HcnapeHHH TI~H HefiTpOHOB H3 
B030yQeHHoro KoMnaYHn-~npa 230u*, a B cnyqae BTopoa . peaKUHH 
odpa3yJJ~eec~ KOMnayHn-~npo 228u* Hcnap~eT Ha nBa HefiTpoHa 
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M9HbW9, MO~O cnenaTb BhlBOn, qTo OTHOW9H~e Ben~q~H nonepeqHbm 
ceqeH~~ cn~~H~~ B MaKC~MYMax 

3T~X peaKU~~ . · 

,..... 10 2 

.D 

a(208pb(22Ne,5n))/G(180Hf(48ca,3 
n))~200 . PaayMeeTc~. · cnenyeT 

::t. 
06CTO~T9RbCTBO, qTo yqecTb TO ......, 

5 10 
:;; 

/ 
MaKC~MYM nonepe~Horo. ceqeH~~ 

208pbc22Ne,5nl 0.· 
Q) 

Ul 

Ill 
Ill e 
0 

peaKu~~ 

HaOn'Dnanc~ 
Ec 22Nel=120 MsB 

np~ ·sHepr~~ 

~10 -· 
E 

A 

- aaBenoMo BhlWe 
KYROHOBCKOro 6apbepa, B TO BpeM~ 
KaK B cnyqae peaKU~~ 

180Hf<48ca,3nl np~ Ec 48cal= -~ 

::E 1 0 213 224 22s 22s 2h =204 t.f::IB Ha Bemit:mHe nonepeqHoro 
Mass Number of Nucleus 

ceqeH~~ MOX9T CKa3hlBaTbC~ 

BR~~H~e KYROHOBCKOrO 6apbepa. 
P~c-2. CeqeH~~ o6paaoBaH~~. nn~ oueHK~ Ben~q~Hhl 3Toro 
~30TOnOB 224-226u B ( xn)- ¢laKTOpa MO~O BOCn 0 Rb30BaTbC~ 
KaHane peaKU~H C ~OHa~ naHH~ pa60Thl [9J, B KOTOpO~ 

20 • 22Ne < c ) ~ 48ca < A ) . ~aMepeH hl ¢lYH K u~~ Boa6yxneHn~ · 
· peaKu~~ c ~cnapeHneM 3n H 4n np~ 

60M6apn~pOBK9 172Yh liOHa~ 48ca. M3 3T~X naHHhlX cnenyeT, qTo 
nn~ peaKU~~ 180HfC 48Ca,3n) o6yCROBR9HH~ KYROHOBCKIIM 6apbepoM 
¢laKTop aanpeTa ~5. ITp~H~B ·Bo _BH~MaH~e H reoMeTp~qecK~~ 
iaKTop, Bhl3BaHHhl~ paannq~eMnnnH BORH ne-Epo~n~ nn~ 22Ne ~ 
8Ca, B KOHeqHQM cqeTe np~xon~M K aaKnDqeH~D, qTQ B peaKUHll 

180Hfc 48ca,3nl ·Ha6nDnaeTc~ cy~ecTBeHH~ HenocTaTOK B Ben~qnHe 
nonepeqHoro ceqeHn~. a nMeHHo: ceqeH~e. no Kpa~He~ Mepe, Ha 
nop~noK BennqnHhl MeHbWe Taro, KOTopoe non~o cnenoBaTb na 
"paayMHhlX" oueHoK. CnenyeT TaKxe OTMeT~Tb, qTo nn~ 

60M6apn~pyD~X HOHOB 48Ca nononH~T9RbH~ aanpeT Ha CR~~H~e, 
CB~aaHH~ c nnHaMlfqecKHM 6apbepoM, noKa He Ha6nDnanc~ [3J. 
IT03TOMY 6Nno 6hl oqeHb HHTepeCHO npononXHTb 3Kcnep~M9HThl, B 
qacTHOCTH na.Me~nTb nonepeqHoe ·ceqeHHe peaKUH~ 180Hfc 48ca,4nl · 

· c o6paaoBaH~eM 24u. · . 
ABTOphl 6naronapHN aKaneMnKY f.H.~nepoBy H npoq>eccopy 

.D.U.OraHec~HY aa nonnepZKy. HacTo~~eR· pa6oTN, a TaK~e 
x:rerrenepy aa noneaHNe n~cKyccnn. 
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