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BBELlEHIH 

B pe3ynbTaTe HanpR*eHHO~ pa60Tbl, npoBeAeHHO~ B Te4eH~e nocneAH~X 

14 neT, B DMRM (~y6Ha) ~ reM (naPMwTaAT) 6~n C~HTe3~pOBaH PHA HOB~X 

3neMeHTOB TpaHcaKT~H~AHO~ o6nacT~ nep~oA~4ecKo~ c~cTeM~/1 ,2/. 

B OCHOBY MeTOAa C~HTe3a 6~no nOnOlt<eHO "x on o nu o e " c n a a a a e CnOlt<HbIX 

HAep/ 3/. B peaK~~HX 3Toro'T~na np~ cn~AH~~ ABalt<Abl Mar~4eCK~X a a e p 208 pb 

(~n~ 2ü9Bi ) c ~OHaM~ TAmenee Ar 06pa3Y~TcA cna6oBo36Ylt<AeHH~e KOM-

naYHg-IlApa, nepexoA KOTOPblX B OCHOBHoe COCTOAH~e ocy~ecTBnAeTcA nYTeM 

HcnycKaH~R Bcero OAHoro ~n~ ABYX He~TpoHoB ~ (( -nY4e~. 

3Kcnep~MeHTanbHo YCTaHoBneHo, 4TO 13 ~30TonOB nRT~ 3neMeHTOB 

c 105 ~ Z ~ 109, C~HTe3~pOBaHHbIX B p e a x uu a IXOnOf1.HOrO" cnI1AH~H, s xn ou a a 

4eTHO-4eTH~e H~P3 260 106 ~ 264 108, o6naAalOT nOBwweHHO~ YCTO~4~BOCTblO K 

cnOHTaHHOMY AeneH~1O ~ ",cnblTblBalOT B OCHOBHOM .c <p a c n an (p~c. 1). 
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OTMeTMM, 4TO ~~~KOKanen~H~R 6apbep AeneHMH HAep c 
~ 104 npaK-


T~4eCKM paBeH Hyn~; ~X OTHOCMTenbHO 60nbWMe BpeMeHa ~MSHM
 no cnOHTaHHO-

MY AeneHM~ 06ycnOBneH~ CTpYKTYPH~M (060n04e4H~M) 6apbepoM AeneHMH, B~

COTa KOToporo, cprnaCHO paC4eTaM, COCTaBnHeT 5-7 M3B / 4 / . MO~HO nona

raTb, 4TO nOA06HaH c~Tya~M~ Aon~Ha MMeTb MeCTO M AnH HAep C Z ~ 1 10, 

4TO AaeT BOSMomHOCTb AanbHeRwero npoABM~eHMH K 60nee TH~enblM 3neMeHTaM. 

OAHaKo C POCTOM Macc~ ~ sapHAa 60M6apAMPY~~MX MOHOB ce4eHMe peaK

~MM "XOJlOAHOrO" cn~HHMH 6blCTPO y6blBaeT, M, KaK npel1CTaBnHeTCH, y~e n p a 

CMHTese 109 3neMeHTa MW nOAow~M K npeAeny 3Kcnep~MeHTahbHWX BOSMO~
HOC TeR (p",c, 2). 
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3aB~C~MOCTb ce4eH~H peaK
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ArOMHblH HOMep 

TeM He MeHee, 6~nM cAenaHW nonWTKM CMHTesa 110 ~ 111 3neMeHTOB 
o pCal<LlMHX 209 Bi (59 Co , n )267 1 1 0, 209 Bi (64 Ni, n )272 

1 1 1 B lly6He 
1'1 208 Pb (64 Ni , n) 271 110 B )laPMwTaATe. 

B 3TMX 3KcnepMMeHTax 6wnM onpe

nonCHW n~Wb BepXH~e rpaH~~W ce4eHMR Ha ypOBHe 1, 4 M 5 n6 COOTBeicTBeH-

MO 1 n6 = 10- 36 

ypaBHeHMH QBMmeHMH HAepHo~ CMCTeMW, $opMa KOTOPO~ nnaBHO MeHHeTCH B 

npo~ecce Ae00pMa~MM. B paC4eTax, n~OBeAeHHWX BnepBwe B.CBHTe~KMM/5~, 
a saTeM M ~pyr~MM aBTopaMM 

/ 6 , 8 / , 6wno nOKasaHO, 4TO npM AOCTM~eHMM 
onpe~eneHHWX sapHgoB (~JlM Macc) BsaMMoAe~cTBY~~~X Hnep AanbHeRwee MX 

YBenM4eHMe npMBO~MT K 110nonH~TenbHOMY BospaCTaHM~ nopora peaK~MM cnMH

HMH. 3TO Ka4ecTB~HHO 06bHcH~eT pesKoe YMeHbweHMe ce4eHMH 

06pasoBaHMH THmenblX KOMnaYH,q-HAep B p e a x u u a "x on on u o r o " cnMHHMH C POC

TOM ZlZ2' 
4T06w ~CKn~4MTb AaHHoe orpaHM4eHMe, r.H.OnepoBwM B 1983 r. 6wno 

npeAno~eHO McnOnbSOBaTb 60nee aCMMMeTpM4Hwe KOM6MHa~MM, AnH KOTOPWX 

3HeprMH KynoHoBcKqro BsaMMoAeRcTBMH BO BXOAHOM KaHane peaK~M~ cy~ecT

BeHHO nOH~maeTcH/9L. 

O,l:\HaKO n p e n c x a a a r e , c x o n s 34J$eKTM&eH 6YAeT 3TOT n e p e x o n j o u e u s r p y rr

HO. BapMa~MM MeTOAoB M n ap a a e r p o e p a c v e r a CMnbHO MeHH~T KapTMHY B o õ n a> 

CT~ TH~enwx HAep. TaK, Hanp~Mep, AnH peaK~MM, npMBoAH~eR K 06paspBa

HM~ KOMnaYHA-HApa c Z = 110 I n p a 06nY4eHM~ aKTMHMAHblX MMweHeR MS Th M 

U ~OHaMM Ca ~ Ar ABe ~oAen~/6,71 YKa~wBa~T Ha OTCYTCTBMe AononH~-

TenbHoro nOBwweH~H nopora cnMHHMH (E = O), B TO BpeMH KaK Tpe~bH MO
181 . xx' 

Aenb COBepweHHO MCKn~4aeT oôpasoBaHMe KOMnaYHA-Hgpa (E > 100 M3B).
x x 

B TaKoA c~Tya~~~ n~4we aHan~SMpOBaT~ BC~ cOBOKynHOCTb 3KcnepM

MeHTanbHWX AaHHWX. 
/ 101 

n.ApM6PycTepoM MS MSMepeHHblX SH,a,';l,eHMH ce4eHV1H 06paSOBaHMH 

npOAYKTOB pacnaAa KOMnaYHA-HAep paC4eTH~~ nYTeM 6wnM onpeneneHW Be

POHTHOCT~ cn~HHMH B saB~CMMO,CT~ OT HeKOT.oporo "YHMBepcanbHoro" n a p a> 

MeTpa, onpeAenHeMoro sa~HnaMM ~ MaccaMM BsaMMOAeHCTBY~~MX nAep 

napTHepOB ~. KOHe4Horo HApa. KaK BMAHO ~s pMC. 3, np~ AOCTMmeHMM onpe

AeneHHoro SHa4eH~'H a r or o n a p a ae r p a ,BepoH.THOCTb cnMHHMH ax c n o u e a u a an s r 

100 

10" 

PMC. 3. 3aBMC~MOCTb BepOHTHo
( CM2). 10'2'1\ CT~ nonHoro cn~HH~H HAep OT 

XUCD 
AHanMS nonY4eHHWX AaHHwx, paBHO KaK M paccMoTpeHMe pesynbTaToB ~e n a p a-i e r p a (<i :::1/3) /J 0/ 

rnean co\noro pnna MOAenbHWX onwTOB, npoBeAeHHWX B 06nacT~ 60nee nerl<MX 3neMeH KBaApaTw T AaHHwe onWTOB no ii:' 10-3 

tOD. npMDOA~T K saKn~4eH~~ o TOM, 4TO C POCTOM KynOHOBcKO~ 3HeprM~ "xonoAHoMY"Cn~HH"'~; 

n~QI'1MOAC~CTBMH np~ Z1 Z2> 1800 (4TO CooTBeTcTByeT 06nY4eHM~ Pb MOHaMM TpeyronbHKK~. T04KM, SBeSA04- 410
Tnm"noo Co) B03H~Ka~T CMnbHwe sanoeTW Ha o6pasoBaHMe cna60Bos6Y~AeHHO KM - APyrMe peaK~MM. npOTeKa
rn KOMnaYHA-nAPa. 

1O~l-1e c 06pa30BaHME?M "ropH4ero" 

n nocnCAH~e rOAW 6wnM paSB~TW TeopeTM4eCKMe MOAen~ AnH MaKpOCKO KOMnaYHA~HApa. 
IÕ
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HO YMeHbwoeTCR no Mepe npOAB~~eH~R B 06naCT~ TR~enwx RAep. OAHaKO AnR 

peaK4~~ l'xonO~Horo " cn~RH~R , Kor~a ryA~H ~3 napTHepOB RBnReTCR MarM4ec

K~M RAPOM (208 p b ), a KOHe4Hoe RAPO Ae<llopM~poBaHHbIM, o r p a u a u e a ae Hac

TynaeT AnR 60nee TR~enwx KOMnaYHA-Rgep, 4eM B n~6wx APyr~x KOM6~Ha4~Rx 

MI1WeHb-110H. 

3 KCTP a no n 11 P YR 3 T11 3 a BHCHMOCT~ B 06 n a c T b Z = 1 1 O, Ae n a e M 3 a Kn ~ 

4eHHe O TOM, 4TO OTXOAOT M~weH~ 208 p b Aon~eH np~BOAHTb K pe3KoMY 

YMeHbweHHD BepoRTHoCT~ 06pa30BaH~R TR~enwx KOMnaYHA~nAep. no 04eHKaM, 

npHBeneHHwM B 3ro~ pa60Te, AnR 1 lO 3neMeHTa, 06pa3Y~merOCA o peaK4~~ 

208!>b (64 Ni ,n )271 1 1 0, O~HAaeMoe ce4CHHe COCTaonReT o x o n o 4 n6, B TO 

Bp~MR KaK nepexon K 60nee aCHMMeTpH4HO~ KOM6~Ha4~~ 235 U(40 Ar,4n)271 1 10 

YMeHbwaeT 3TY Ben~4HHY AO 10- 3n6 (o peanbHoM 3t<CncpHMeHT6 3TO COOTBeT

CTBOBano 6w 06pa30BaHH~ 1 aTOMa o HeCKonbKO neT). 

HaM npe~cTaBnReTcR, oAHaKo, 4TO ~ 3TOT npor~03 TDKmo HeoAH03Ha

4eH. Ile p e x o n o r MélrH4eCKHX (~ c<!lep~4ecK~x) nn e o PIl ~I1~ Ri K Ae4JopMH

POB3HHblM RApaM l h • LJ non x e i« npHBeCT~ tC ~3MCHOH~IO COOTHoweH~R c a n 

KynoHoBcKoro OTTanK~BaH~A H RAepHOro np~TAmoH~A o HD48nbHO~ CTaA~H 

peaK4HH. C APyro~ CTOPOHW, B np04ecce cnHAH~R, DOAy~~oro K 06pa30Ba

HHD TR*enoro KOMnaYHn-RApa, MW ~MeeM AOnO c TpnHC~KTHHHAHWM~ 3neMeHTa

MH ( > 1 O4), Y Ko To P blX BblCo Ta 5 a p b e p a .tio 11 o H~ n, tC Il 1< YtC a 3 blBa n Oc b p a -

Hee. onpeAenReTCR 4en~KOM 060n04e4HO~ nonpllOKO~ K 3Hepr~~ 

Ae<llopMa4HI1 *I1AKO~ Kannl1. 3TI1MOH~ c~nbHO OTnH41l~TCn OT nAep aKT~H~AHO~ 

11, TeM 60nee, ~03KTI1HI1AHO~ 06naCT~, c KOTOPWM~ npODOA~TCR cpaBHeH~e. 

ECTeCT8eHHO, aMnn~TYAa 060n04e4HO~ nonp~DK~ (o crieAooaTenbHO, ~ 

BWCOTa 6apbepa AeneHI1R) YMeHbwaeTcn c POCTOM JHopr~~ o036Y*AeH~R 
/ 1 1 /,

RAPa 4To Aon*HO npl100AI1Tb K YMeH~WCH~~ CC40H~n 05pa30BaH~R KO

He4HWx Rnep. OnH3KO TR*enOe KOMnaYHA-nAPO OApD3YOTcn o cnO*HOM B3al1

Mone~CTBI1I1. B KoropOM HapRAY c OAH04aCT~4HWM~nOJGymQOH~n~~ 60nbWY~ 

ponb I1rpaeT KOnneKTI1BHOe ABI1*e~l1e, onpe.tlenR~NOC TpnHC<llopMa411D CI1CTeMW 

ar KOH~l1rypa41111 ABYX COnpl1KaCa~ml1XCn R~ep AO C~OpHUOCKO~. B 3TOM AB~

mCHI1I1. KOTopoe 33HI1MaeT 3Ha411TenbHoe BpeMA, He ~CKn~40HO, 4TO C~CTeMa 

Ha4HeT AeB036Y*AarbcR nYTeM 3MI1CC~11 He~TpoHoO ~ r -nY4e~ cme AO 06pa

30DaH~R paBHoBecHo~ KOH~~rypa411~ KOMnaYHA-AApa. 

B03Bpa~aRcb K Bonpocy C~HTe3a 110 3neMeHTa, OTMOT~M. 4TO c nepe-

XOAOM OT "xonoAHoro" Cnl1RHI1R K peaK411~M Tl1na II + Ar M~I nOIH1l«aeM KYn'O

IIClDCI<l1íí a p s e p , HO n o e uura e a n p u 3TOM, ~3-3a Ae<:JeKTtI MOCC, a x e o r a o B03õ 

nymAoH~A cocTaBHo~ CI1CTeMW. ~l«I1AaeMOe ce4eH~e 06pa30oaH~n nOOAYKTOB 

~cn~pOH~n KOMnaYHA,AApa 6YAeT HeBen~KO, 0AHaKO OTBOT Ha Bonpoc 

Cl rOM, 5YAeT n~ OHO a uuie n p e n e n s u a x Ce4eHI1~ p e a x u a a "x o non u o r o " CnI1R

IHln H ItilCKOnbl(O o n p a an a a u neCC~M~CT~4eCK~e npeAcKa3aH~Rll O~ MOlKeT 6blTb 

TlllnV40H n a ui s 3KCnep11MeHTaJ1bHb1M nYTeM. 

4 

Ha~60nee nepcneKT~BHO~ HaM npeACTa8nRnaCb peaK4~R 

232Th (48 Cd, xn)280:x 1 1 0• 60nbwo~ ~36wTOK HeATpOHOB B 48 Ca npH 3Hepr~~, 

COOTBeTCTBY~me~ KynoHOBCKOMY 6apbepy peaK4~~, np~BOA~T K 06pa30BaH~~ 

KOMnaYHA,RApa 280 1 1 0 c 3Hepr~A B036Y~AeH~R OKono 25 M3B. 06pa3y~~~ecR 
np~ 3TOM ~30Toaw 110 3neMeHTa 06naAa~T 3Ha4~TenbHWM ~36wTKOM HeATpoHoB 

( N"-' 178). nOCKOnbKY n e p a o n cf.. <p e c n a n a 3Ha4~TenbHO B03paCTaeT c pOCTOM 

N , BepORTHOCTb Ha6n10AeH~A cn o a r a a a o r o AeneH~R s n e p B 3TO~' 06naCT~ 

YBen~4~BaeTCR. OTMeT~M, 4TO B uenb4Ke ~ -pacnaAOB 4eTHO-4eTHWX ~30TmOB 

278 1 1 0 ~ 276 1 1 0 HaxoARTcR RApa, 4en~KoM ~cnwTwBa~m~e cnOHTaHHoe Aene

H~e. 

BMeCTe c TeM, np~ 06nY4eH~~ M~weH~ 2~2Th ~HTerpanbHWM nOTOKOM 

10 
18 ~OHOB 48 Ca np~ Tpex 3Ha4eH~RX 3Hepr~~ B A~ana30He OT 220 AO 

255 M3B MW He 3aper~CTp~pOBan~ H~ OAHoro OCKonKa 80 BpeMeHHOM ~HTep

/ 12 /.
Bane ~ 0,5 MC, 4TO COOTBeTcTByeT rpaH~4HOMY ce4eH~~ OKono 5 n6 

nonaraR, 4TO OAHO ~3 B03MO~HWX 06~RCHeH~A OTCYTCTB~A 3<ll4JeKrJ B 3TOA 

peaKU~~ CBR3aHO c ManWM BpeMeHeM ~~3H~ C~HTe3~PyeMWx R.tIep ~3-3a cTa6~

n~3~Py~~ero 3~~eKTa nOA060n04K~ N = 162 ~ pe3K~M YMeHbweH~eM T f np~ 
1131 44 8 

•N > 162 ,AanbHeAw~e 3Kcnep~MeHTW MW npOBOA~n~ c ~OHaM~ Ca. 

3Aecb 6wno 3aper~CTp~p~BaHO 25 C06WT~A cnOHTaHHoro AeneH~R RAep c 
+ 4 O= 8,6 _ 2'4 MC, ce4eH~e 06pa30BaH~R KOTOpWX 8 MaKC~MYMe <llYHK4~~T 1/ 2 

/ 12 1 B036Yl«AeH~R CO~TaBnneT OKono 8 n6 

B 3T~X 3Kcnep~MeHTax He06xoA~MO Y4~TWBaTb ~OH OT cnOHTaHHO-AenRm~X

CR npOAYKTOB peaKU~~ MHorOHYKnOHHWX nepeAa4, B 4aCTHOCT~ 242 mf 
Am 

= 13,6 MC), nep~OA nonypacnaAa KOToporo 6n~30K K Ha6n~AaeMoMY.(T 1/ 2 
HecMoTpR Ha TO, 4TO 3aB~C~MOCT~ BwxoAa coceAHero He4eTHO-He4eTHO

240mf ( .)
ro RApa - ~30Mepa l!>OPMbl Am T 112 = 0,9 MC - ~ Ha6n~AaeMo~ 

U 

aKT~BHOCT~ (T 1/ 2 ~ 9 MC) OT 3Hepr~~ ~OHOB 
44 

Ca, c~nbHO OTJ1~4a~TCn APyr 

OT n p y r a (p a c , 4) ,np~ c r o n s ManblX ce4eH~RX HeJ1b3R n o.n u o c r s o ~CKn~4~'rb 

HeKOTopwe HenpeAB~AeHHwe oc06eHHOCT~ B 3aKOHOMepHOCTRX 06pa30BaH~R 

240 mf 242 mf . 
~30MepOB Am ~ Am. TpYAHOCTH np08eAeH~R KOHTponbHWX 3K

cnep~MeHTOB CBR3aHW TaKlKe ~ c HeB03MOlKHOCTb~ Bapb~pOBaH~R ~30TonHoro 

COCTaBa M~weH~ ~ c He05xoA~MOcTb~ ~cnonb30BaH~R Ae$~U~THWX pa3AeneHHWX 

~30TonOB Ca. Mw 06paT~n~ BH~MaH~e Ha APyry~ B03MomHOCTh. 
. 44 . 

np~ 3Hepr~~ ~OHOB Ca, paBHoA 230 M3B,3Hepr~R D036Y~AeH~R C~CT~MW 

c Z = 1 10 ~ A = 276 COCTaBnReT "'" 45 M3B .. Ecn~ Ha6n~AaeMaR aKT~BHOCTb 

OTHOC~TCR K npOAYKTY, 06pa3Y~meMycR nocne ~cnapeH~R HeATpo~oB ~3 KOM

naYHA-RApa, TO nOA06HwA 3<ll4JeKT Aon~eH Ha6n~AaTbCR TaK~e 8 APyrO~ peaK

4~~: 236 U + 40 Ar , r n e a a e p r a a B036Y~AeH~R COCTaBHoí:; C~CTeMbl 27 6 
1 1 0 

40
p,nR EL ( Ar) =210 M3B r a xx e COCTaBnReT o xon o 45 M3B. 3Ta p e a x u a n 

~MeeT PRA npe~MYmeCTB, Ha~60nee cymecTBeHHoe ~3 KOTOPWX CBR3aHO c 

B03MOl«HOCTb~ ~3MeHeH~R MaCCOBoro 4~cna ~30Tona M~weH~ npaKT~4eCK~ 6e3 

~3MeHeH~R 3Hepr~~ B036Y~AeH~R KOMnaYHA~RApa. 
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P~C. 4. ée4eH~e o õ o a a o a a a a a 

240m f Am (T = 0,9 Me} ~ 
Z~Om /'	 1/ 2L Am //

aKT~aHOCT~ cnOHTaHHoro AeneH~R c--;-Y
/ -L T 12 ~ 8,6MC B peaK~~~ 

, //
232 Th + 44 Ca B 3aB~C~MOCT~ OT100= --:-r 
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L 

HI1*e on~C~BaeTCR nOCTaHOBKa on~TOB ~ np~BOARTCR AaHH~e no ~ccne

nOBaH~~ MexaH~3Ma peaK4~~, np~BOAR~~X K 06pa30BaH~~ cnOHTaHHO AenR~~X

CR RAep np~ 06nY4eH~~ 235,236,238~ Th ~oHaMI1 40 Ar. 

nOCTAHOBKA on~TOB ~ AnnAPATYPA 

2 236 u B~XOA TpaHcypaHoB~Xnp~ nepexone OT M~weH~ ~3 23 1 h K 

nAOP - npOAYKTOB peaK4~~ HenonHoro cn~RH~R gon*eH c~nbHO B03paCTaTb. 

n03TOMY 3Kcnep~MeHT~ 6~h~ nOCTaBneH~ TaK~M o6pa30M, 4T06~ np~ MaKC~

MDnbHO~ 3~~eKT~BHoCT~ per~CTpa4~~ npOAYKTOB, 06pa3y~~~xcR nocne ~cnape

HHn HC~TPOHOB ~3 KOMna~HA'RApa, pe3KO nOAaB~Tb ~OH OT cnOHTaHHoro Aene

HH" npOI\YKTOB peaK~~~ MHoroHyKnoHH~X nepeAa4,B 4aCTHOCT~, ynoMRHYT~X 

242mrPIoIIUCl nl\op I\m . KaK 6YAeT nOKa3aHo, H~*e, a r o r o MO*HO AOCT~rHYTb, 

llC'1l0DblDClllCb Hil 3tl,p-l~TenbHOM pa3n~4~~ K~HeMaT~K~ peaKl\~~ n o n u o r o ~ He

nOnHQrn cn~llH~ll o3n~MoAe~CTBY~~~X RAep. 

6 

CxeMa YCTaHOBKI1 npeACTaBne
U,mI1H,Qp \Ha Ha pl1ç.5. B~BeAeHH~~ 113 YCKO ,\ <Papa,aeR 

pl1TenbtloR KaMep~ 4 l1KnOTpOHa Y-400 
>\~ 

nY40K 110HOB 40 Ar c 3Heprl1eR E =	 \ 
o Pt~J 

= 265 M3B (ÃE/E 2%) I1Men I1M- ;' '~'i 

nynbCHY~ CTPYKTYPY c An~Tenb~oc

Tb~ I1Mnynbca 1 MC 11 4acToToR 

nOBTopeH~R 150 f4. B Ce4eHl1l1 ny

40K I1Men pa3Mep ~ 3 MM. ~ 4aCTO

ToR 2000 fl\ OH CKaHl1pOBan.MI1WeHb 

B BepTI1KanbHOM HanpaBneHl111 B npe- 4DAr 

nenax 8 MM. MI1WeHb I1Menp ~OPMY 

Konb4a Al1aMeTpOM 120 MM c wl1pl1HoR 

pa604e~ nOBepXHOCTI1 8 M~, KOTopoe 

Bpa~anOCb C~ CKOpOCTb~ 4500 060po

TOB/MI1H. B KayecTSe nOAnO*KI1 I1C

nonb30BanaCb Ti-~onbra TOn~I1~O~ 

1.3	 Mr/cM 2 , Ha KOT9PY~ HaHOCl1nCR Pl1c.5. CxeMa YCTaHOBKI1. 

236 ( - )cnoH. U 060ra~eHl1e 99,9%
30 8 

TOn~I1HoH.O,57 Mr/cM 2 • B 3Tl1X ycnOBI1RX 110H~ OT OAHoro I1Mnynbca nY4Ka 

p a c n p e n e n Rn 11 c b no no Be p x H,O CT11 ----...J_ 3 c M~. n p 11 CPe AHe ~ 11 HTe Hc 11 BHOc T11 n Y41< a 
12 

3 • 1 O / c p a B'H o Be c H a R TeMn e p a TYP a c n OR M11 We H~ He n p e BblWa n a 1 OOOo C . 

AnR nnaBHoro 113MeHeHl1R 3Heprl1~ nY4Ka nepeA MI1WeHb~ nOMe~anl1Cb CMeHH~e 

Zr -nOrnOTI1Tenl1 TaKOH *e KOHCTPYKl\I1I1, KaK 11 MI1WeHb. 

RApa oT,Qa411, Bbl.JleTalO~l1e 113 MI1WeHI1, n p o x o n un a 4epe3 Al1a~parMY 11 

nonaAanl1 Ha AI1CK-CÔOPHI1K, Bpa~a~~I1HCR CO CKOPOCT~~ 1500 OÔ/M~H 

(T06oPoTa= 40 MC). no nepl1~epl1l1 AI1CKa pacnonaranl1Cb 26 CÕOpHI1KOa RAep 

OTAa411 A~aMeTpOM 25 MM. pnR Toro, 4T06~ I1CKn~4I1Tb nOnaAaHl1e RAep BHe•nOBepXHOCTI1 C60PHI1KOB, nepeA Al1a~parMoR pacnonaranCR BTOPOH AI1CK - Mac-

Ka TaKOH *e KOHCTPYK41111, Ha KOTOpOM MOrnl1 MOHTl1pOBaTbCR nOrnOTI1Tenl1, 

113MeHR~~l1e 3Heprl1~ RAep OTAa411 Ha 3aAaHHY~ aenl14l1HY. B Ka4eCTDe CÕOPHI1

KOB l1 nornoTl1ieneH I1CnOnb30Banl1Cb MeAH~e ~Onbrl1 TOn~I1HOR OT 0,85 AO 

2,1 Mr/cM 2 • Pa36poc ~onbr nÓ TOn~I1He He npeB~~an 10%. no oõe CTOpOH~ 

AI1CKa-c60pHI1Ka Ha paCCTORHl111 2 MM OT ero nOBepXHOCTI1 pacnonaranl1Cb Tpe

KOB~e AeTéKTOp~ OCKonKOB A~neHI1R 113 nonl1Kap60HaTa. Kanl1ÔpOBKa AeTeKTO

p OB n p OBOA11 n a c b Mo HOXPo Ma T11 4 e c K11 M11 11' OHa M11 Mo, Kr 11 Xe B 3 He p r e T~ 4 e c KOM 
14/.

,(Il1ana30He OT 0,5 AO 1,1 M3B/HYKJ10H/ COAep*aHl1e Th 11 LJ B MeAHblx 

C60pHl1KaX 11 TpeK6B~x	 AeTeKTopax 113 nonl1Kap60HaTa no HaWI1M ~3MepeHI1RM 
-10

COCTaBnRno MeHee 2·10 r/r. 3T~M n ón n o c r e o I1CK.n~4anCR ~OH OT OCKon-

KOB B~Hy*~eHHoro AeneHI1R nOA Ae~CTBl1eM He~TpoHoB. B03HI1Ka~~I1X npl1 B3al1

MOAeHCTB~11 110HOB Ar c MaTepl1anaMI1 Al1a~parM, nOrnOTI1TeneH, C60PHl1KOB 

11 ri p , 

7 



~nR npenOXpaHeH~A AeTeKTopoB OT nOnaAaH~A ~OHO~ Ar, pacceAHHWX 

o	 C60pH~Ke, Ha npDTnmeH~~ 3 CM DT 30H~ c60pa AAep oTAa4~ AO AeTeKTopoB 

Bw~ep~~BanCR Manw~ 3a30p-na6~p~HT, B kOTOPOM OCKonK~ He per~cTp~poBa-

n~cb.TaK~M 06pa30M, BpeMeHHoA ~HTepBan perMcTpa4~~ C06WT~~ cnOHTaH-

Horo AeneHHA COCTaBnnn OT 2,2 MC AO 38 MC. 

4YBcTBwTenbHocTb MeTOAHKM TaKoBa, 4TO OAHD aaperHCTpHpOBaHHoe co
1 8 

6WTHe cnOHTaHHoro neneHHA npH HHTerpanbHoA Aoae 06nY4eHHA _10 HOHOB 

COOTBeTCTBOBano ce4eHH~ OKono 1 n6. 

nocne 06nY4eH~A C60PHHKH AAep OTAa4H paCTBOpnnHCb B aaOTHoA KHcno

Te. H3 paCTBopa BWAennnacb $paK4HA peAK03eMenbHWX H TpaHcnnYTOHHeBWX 

3neMeHTOB. C nOMG~b~ pacnpeAenHTenbHoA xpOMaTorpa$HH npOH3BOAHnaCb 

OCHOBHaA 04HCTKa ~paK4H~ OT, MaTepHana C60pHHKa, 3neMeHTOB Ra-Pu rpynnbl 

~ npO~YKTOB ,QeneHHA. 3aTeM MeTO{.\OM HOHHo-06MeHHoA xpOMaTorpa$HH ~ 

~cnonb30BaHHeM CMonw AMIN[X A-5 H anb$a- OKCH -H306YTHpaTa (pH=4,8) 

npO~300{.\Hnocb noaneMeHTHoe pa3AeneHHe npOAYKTOB peaK4HH c Z>94 / 15 /. 

Bce nepe4HcneHHwe onepa4HH n0300nHnH AOBeCTH CYMMapHwA K03e$H4HeHT 

04~CTK~ ~0>108 ~3 Ka~AoA $paK4HH 3neKTponH30M Ha Pt-~anbry HnH 

3neKTpOCTaTH4eCK~M pacnwneHHeM HenocpeACTBeHHO Ha nOBepXHOCTb AeTeKTO

p a HilHDCHnHCb 'rOHKHe c n o « « 10 MKr/cM 2) AnA cf- <c n e x r p o a e r p a u e c k a x . 
H3MepeH~~. 4HcToTa npenapaTa H O~COKaA 3$$eKTHBHOCTb perHCTpa4HH 

'1 i (Ali) -nonynpOBOf.\HHKOBbIX cneKTpOMeTpOB B r e o s e r p a a, 6n~3Kol';1 K '4JT, 

n03BonHna nonY4HTb BWCOKY~ 4YBCTBHTenbHOCTb np~ H3MepeHH~ cneKTpOB 

ynbTpacna6wx aKT~BHocTeA d -H3nY4eHHn (nPH ~> 5,8 M3B Ha YPOBHe 

pacnan!MecR4)/16/. nonHaA 3~$eKTHBHOCTb onWTa no onpeAeneH~~ BWXOAOB 

~ -paAHoaKTHBHWX AAep TpaHcnnYTOHHeDWX 3neMeHTOD COCTaonnna aT 20 AO 50J , 

4TO COOTBeTCTBOBano npeAenbHoMY ce4eH~~ Ha ypoDHe HeCKOnbKHX nHKo6apH. 

~ccnEnOBAH~E 3AKOHOMEPHOCTE~ 06PA30BAHHP. npO~YKTOB 

H En(Jn HOr O CnHli H101 li B P E'AKuHi1X 23 5 , 23 6 • 23 8 If + 4 O fi r 

pea K4 HH 236 U + 40 Ar (209 M3B) 6blnH H3MepeHbl n o n a u e c e v e a a a
 

06pa30BaH~R npO~YKTOB peaK4H0 MHorOHYKnOHHWX nepeAa4. ünA aToro He


nocpe{.\CTBeHHo 3a MHweHb~.pacnonaranCR MenHWA C60PHHK Ton~~HaA
 

5.5	 Mr/cM2; Bce npOAYKTW peaK4HH. BwneTa~~He H3 MHweHH non yrnaMH
 
0,


HL~ 50 nanaAan~ Ha C60PHHK H oCTaHaBn~BanHCb o H~M. nocne 06nY4eHHA
 

H 3 c 6 o P HHKa n o a n e a e HT HO BblAe n a n H.C b n p O,1\y KTbl a T li Ao F m. Htie HT ~ $ H Ka 4 HA
 

M~CCOBoro 4Hcna H30TonOB ~ AaHHWM npO~3BOA~naCb nYTeM H3MepeH~A 

Cn e I( T P o B ,,(. X ~ ~ - ~ 3 Il Y4 e H~ A Ka ~ .fIo A x HMH4 e c Ko A $ p a K4 H~ B Co a T Be T c T 

nH~ c H3BeCTHblMH xapaKTepH~THKaMH paAHoaKT~BHoro pacnaAa 06pa30BaBwHx

cn nAop.
 

8 

Pe3ynbTaTW ~3MepeH~A npeAcTa8neHw Ha p~c, 6. B~AHO. 4TO c Y8en~-

4eHHeM 4Hcna nepeAaBaeMWX HYKnOHOS
 OT ~OHa K A~PY MHweH~ ce4eHHe CHnb-

HO YMeH&waeTcR; OT 2 3 7 U AO 248 Cf
 OHÓ nanaeT nO~TH B 10 5 pa3. 

10-1 

'" U 
236U+ I.°Ar 

P HC. 6. Ce4eH~e 06pa30BaHHA npo lO-I. /-*-+, Am 

\~YKTOB peaK4~~ MHorOHYK \
 

/1' Cm
nOHHWX nepeAa4 npH 06ny-	 ,1 ~ \:o
4eHH~	 MHweH~ 2361J I: I " \ \ \~OHaM~ o. 

C1J	 10-& • \ \ 

40 Ar c 3Hepr~€A	 \209 M3B 10
 

(B~rtX = 500).
 
Q)

'nYHKT~pH~e KpHBwe - pac- :s: 
I: / t, Cf 
Q) I \4eTHwe 3aB~C~MOCT~ no Me-	 I \
~	 10-8 I \1171 U \ 

\ 
\ 

TO~Y 

ZJG	 u /, Fm 

-1 / "-100 
10 ! \ 

230 21.0 250 260 

MaCCOBOe Yl-1Cno 

60nee AeTaIlbHO ~CCn€RORanMcb 3dKOHOMCpHOCT~ 06pa30BilH~R Aonro.~-

B YUj HX Al1e P An ~ r' In B Ta Ci n " 4 e I n p HB e n e Hbl n o n HblC C C 4 e H~ n 06 p o 3 O o a H ~ R 

P Ana ~ a o r o n o S A 111 ~ C 111 np ~ o ô n Y4 eH~ ~ MOHO~ 30TonHblX MHWCHC ~ YP () Hil C 

Macco~ 235, 236 M 238 HOHaM~ 40 A r . H3 3T~X AilHHWX cnCAYCT, 4TO np~ ~3-
MeHeH~H MdCCosoro 4~cnd M~WeHH Sccro Hil 1-2 eA~H~4W 

CCqCH~e oGpCl30Ba
H~R 3T~X R~ep CHnbHO MeHneTcR; np" nepexoAe OT 238 11 I( 236 1I . np~ npo
4HX P<JSHbIX y c n o a a n x , BblXOA a n e p 2421\111 YM€HbWileTCR e 

25 P,'3. 

T,,(in~II" I.
 

PeaKUI-1R EL Ce'YeHl-ie (MI-1Kpo6apH bl I
 
(M3BI
 Am	 em 

-----"-- ~ ------"-~ 
A= 239 240 242 

\ 

240 242 
-0_-	 _ 

I.0Ar + 2J5 U 225	 0.25 10 6 

+ 2J6 U 209 200 140 5.3 8 16 
11 

+ 238U 208	 130 2.3 26 
.1 
1I. 

<) . .," 



3aBHCHMOCTb Ce4eHHR 06pa30SaHHR RAep 240 Cm OT 3HeprHH HOHOB B 

peaKUHH 23 6 U + 40 Ar npeACTasneHa Ha pHc.7. 

50 --- 
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PHc.7. 

nYHKTHpHaR KpHBaR npOBe

3HeprHH HOHOB B peaKUHH 
23 6 u + 40 Ar . 

3aBHCHMOCTb ce4eHHR 06

pa30BaHHR RAep 240 Cm OT 

8. 
i-, 
(]) 
~ 
J: 
(])

a; 0.5 
<.) 

" 
I 

1/I, 
I 
I 
I

ti 
I 

236U (L.°Ar ; +L.p) AeHa 4epe3 3KcnepHMeH

KoA Ha Ton~HHY MHweHHoro 

cnOR. 

TanbH~e T04KH c nonpas-

0.1\L ----'-------'-------"-------'-------'----' 

190 200 210 220 230 240 

~(M3BJ 

BCR COBoKynHocTb nonY4eHH~X AaHH~x, npHBeAeHH~X Ha pHc.6,7 H B 

Ta6nHue .I, XopOWO onHCbIBaeTCR, B OCHOBHblX 4epTax, B p a a x a x H3BeCTHblX 

npeACTaBneHHA o peaK4HRX HenonHoro cnHRHHR RAep U H Ar B6nH3H xy n o r 

HOBCKoro a p s e p a /18/ .õ 

3aTeM ycnoBHR on~TOB 6~nH H3MeHeH~. C60PHHK RAep OTAa4H 6~n YAa

neH OT MHweHH HaCTonbKO, 4TO Ha Hero MornH nonaCTb nHWb peaKnpOAYKT~ 

l\H;:j, a un e r a oura e H3 MHweHH B Y3KOM y r n o a o a HHTepBane O ~ BL ~ 6 0. B 

3THX rí p e n e n a x , s peaKl\HRX 236,23 8 
U + 40 Ar (206 M3B) 6blnH H3MepeHbl y r n o r 

B~e pacnpeneneHHR H30TonOB Am H Cm , 06pa3YIO~HxCR B Ka4eCTBe npOAYKTOB 

PlJOI<l\H~ n e p e n a v a 4 H 6 HYKnOHOS (pHC .8) . 

KaK H cnepOBano O*HAaTb, npH Man~x yrnax ce4eHHe peaKUHH CHnbHO 
BL ~ 

11l1DHCHT OT 8 j3<lJilJeKTHBHoCTb c õ o p a E (8 ) = ~ 6 (8)d8/~ 6 (8)d8 
L L. o o 

np~McpHO nponopl\HOHanbHa 8 L. OTMeTHM, 4TO Ha C60PHHK RAep oTAa4H, or

flllll~40HHbl~ y r n a a a O ~ 8 L ~ 4 0 
n o n an a e r nHWb o x o n o 0,5% RAep, 06pa3YIO

_3 1 

111 ~ >C Cn o MHlUe HH ( E: 8L = 5. 1 ° ). 
fi cnOAYIO~eM on~Te 6~n H3MepeH cneKTp np06eroB (3HeprH~) RAep OTAa

8 0.1111, tlblnOTnlOll\l1>C H3 MHweHH 23 LJ nOA y r n a a a 8 L ~ 4 Il n a a r o r o B Ka4eCT

lO 

PHc.8'. 3aBHCHMOCTb 3ilJ$eKTMB~ 

HOCTI-l c60pa RAep 51f'f {- 
242 Am , 240,242 OTc m' B

fel8 L B peaKUHRX:
 

23 6U ,+40 Ar (206 M3B) 

10-2 
- T.D4KH; 

2 38U +40 Ar (-206 M3B) 

- KB'a'ApaTbl
 

'KpMBaR - E(8 L )"V8~
 

5'10-3 
4P 2n 

e+ Ôo +4p 

B+3p+1n 

o+4p-2n 

o. '-'= 

2 3 4 5 6 7 8 

e~ 

se ~60pHHKa Hcnonb30BanaCb CTonKa H3 7 MeAH~X ilJonbr, KamAnn M3 KOTOp~X 

HMena Ton~HHY 0,9 Mr/cM 2 • 

PacnpeneneHHe aKTHBHOCTH 242 Am no Ton~HHe C60pHHKa npHBCneHO Ha 

pHc.9. ~3 aHanH3a pacnpeAeneHHR, npeACTaBneHHoro Ha 3TOM pHCYHKe, Mom

HO CAenaTb PRA B~BOAOB. 

I" --T~ T T~--r 

EA (%) 90 M38 

50 ' 1
 
PHc.9. 4Hcno s n e p .242 Am
 B p a a n a u>
 

H~X Y4aCTKSX KPHBOA norno 40
 t fi 
l i I 

QeHHR (B npoueHTax OT non~ I \. 
I I 

Horo KonH4ecTBa RAep, nonaB I \ 

WHX Ha C60PHHK B 3aAaHHOM
 

4 0).
 tyrnoBoM HHTepBane 0~8L~ 30 l I,: \ '~ 
~YHKTHp~aR KpHBaR - pacn- 20 I I •

!I I 

i 
~ 

p e n e n e a a e raycca c 6 = I \ 
J \ 

= 0.52 Mr/cM 2 • 3awTpHxoBaH I \ 

10 -ff \ 'i
\

'HaR 06nacTb - 30Ha OCTaHOB-
I 4:- / \t-

KH npOAYXTOB KOMnaYHA-ngep ~lOLL~J~""I' 
nocne HcnapeHHR HeATpoHoB, 

O 5 10/191 IIIoueHKa no .J.~ X (Mr/CM2) 

'\ ]] 
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1. Cp e '[\H1-1 i:1 n p o 6 e r FIAe p 2 4 2 Am , 06 p a 3 Y10U11-1 XCA B Pe a Ku 1-11-1
 

238 U (40 Ar , +3p + n)242 Am , COCTaBnAeT 4,25 Mr/CM 2 Cu • TaKoi:1 me npo

6er I-1MelOT AApa 240 Cm B peaKl.\1-11-1 238 U (40 Ar , +4p - 2n )240 Cm 3TOMY
 

3Ha4eHI-11O np06era COOTBeTcTByeT /19/ KI-1HeTI-14eCKaFl 3Heprl-1A
 
242


EL ( AI1l) ~ 9 O M3B (0,38 M3B/ HYxn • ) . 

2.	 np06eroB MomHO Onl-1CaTb $YHKl.\l-1ei:1 raycca:Pacn pe Aen 2HI-1e(x-i)	 d 
p(x)~exp - ~--;;- c n a p a a e r p o a CJ = 0,5 Mr/CM 2• 3TO 3Ha4eHI-1e 6nl-13KO K 

2 cJ	 .L ~'ITOMY, 4TO Oml-1AaeTCR AnA	 TAmenwx AAep (Z = 95-96) c 3Heprl-1ei:1
 
2 0/.
~0,4 M3B/HYKnOH B MeAI-1/ MOWHO npeAnonaraTb, 4TO nonY4eHHoe pac J 

npeAeneHl-1e npeACTaBnAeT c060~ npO$l-1nb np06erOB Anep oTAa41-1 BeCbMa Y3KO


ro ~HTepBana 3Heprl-1~ B6nl-131-1 S = 0,38 M3B/HYKnoH.
 

~e~CTBI-1TenbHO, MaKCI-1ManbHaA 3Heprl-1A Apep 242 Am ,06pa3YIOU1l-1xCA
 
238 40 36 p 242


B peaKl.\1-11-1 U + Ar - + Am n p a 3Hepr~1-1 1-10HOB EL= 206 M3B 

~ BwneTalOU1I-1X nOA yrnoM	 BL = 0°, COCTaBnAeT 92 M3B. MI-1HI-1ManbHaA 3Hep

rl-1F1, onpeAenAeMaA KynoHoBcKI-1M 6apbepoM 242 Am + 36 p B BWXOAHOM KaHane 
• 242 

peaKl.\I-1I-1, COOTBeTcTByeT (c y~eToM Ae$OpMal.\1-11-1 Am ) 3Heprl-11-1 ~ 83 M3B. 

A TaKI-1M 06pa30 M, B ycnoBI-1AX AaHHoro o n u r a a n p a 242 Am 1-1 240 Cm 06pa3YIOT

CA B p e s y n s r a r e "x o n o nu o a " n e p e na vv 4 1-1 6 HYKnOHOB COOTBeTCTBeHHO. 

3. 3Heprl-1A OTAa41-1 npOAYKTOB, 06pa3YIOU1l-1xCA nocne I-1CnapeH~A He~Tpo


H(lR 1-13 K(lMn3YH"-~Apa. COCTaonAeT 6' = 0,11 M313/HYKnoH.np06er TaKI-1X npo


AYKTOB' B MeAI-1 c Y4eTOM TOnU1I-1Hbl MI-1WeHI-1 COCTaBnneT 1,6 Mr/cM 2/ f 9/.
 

60nee nOnOBI-1HW 3TI-1X AAep 6YAeT OCTaHaOnl-1BaTbCn ao BTOPOM C60PHI-1Ke, B 

KOTOPOM BKnaA 242 A'm c o c r a nn n e r n n ur s 4% OT n o n u o r o KOnl-14eCTBa a n e p B
 
o -2
 I 

y r n o a o a I-1HTepBane 8L~ 4 (E: R = 4.10 ).
 
0)
TaKI-1M 06pa30M, orpaHI-14eHI-1n no y r n y c õ o p a n n e o OTAa~1-1 ( 8L~ 4 1-1
 

TOnU1I-1He C60pHI-1Ka (0,9 ~,6X ~ 1,8 Mr/cM2) npl-1BOAnT K nOAaBneH1-11O o u a
 ó 

2/f 2	 c" 3
Am 1-1 APyrl-1x npOnYKTOO peaKl.\1-11-1 nepeAa4 o 5.10 pa3. HHTepecHo co

nOCTaBI-1Tb napaMeTpw Hawe~ 1-1 APyrl-1x YCTaHOBOK, I-1cnOnb3yeMwx AnA CI-1HTe3a
 

r ax e nu x 3neMeHToB /Ta6nl-1l.\a 11/.
 

B OTnl-141-1e OT 3neKTpOMarHI-1THWX CI-1CTeM pa3AeneHI-1A npOAYKTOB peaK

l.\1-1 ~ (ceneKTOP CKopocTei1 I-1n~ ra30HanonHeHHwi:1 cenapaTop/21/) Hawa
 

YCTaHOOKa HeQYBCTBI-1TenbHa K MarHI-1THO~ I-1nl-1 3neKTpl-14ecKoi1 lKeCTKO

CTI-1 AAep OTAa41-1. Ee 6wcTpoAei:1cTBl-1e OrpaHI-14eHO MI-1HI-1ManbHWM BpeMeHeM 

TpaHcnopTa npoAYKTOB peaKl.\1-11-1 OT 06naCTI-1 c60pa K AeTeKTopaM OCKonKOB
 

cnOHTaHHoro AeneHI-1A ~ cOCTaonAeT - 0,5 MC. O~HaKo 3AeCb B non
t mi n
 
HOi1 Mepe I-1cnonb3yeTcA pa3nl-141-1e B KI-1HeMaTI-1Ke peaKl.\~i1 nonHoro 1-1 HenonHoro
 

max o
 
CnI-1AHI-1F1, BcneACTBl-1e 4ero B yrnOBoM I-1HTepBane AL = 4 MomHO nOAaB~Tb 

, II 

OWXOA npOAYKTOB peaKl.\~~	 MHorOHYKnOHHWX nepeAa4 o 5.10 3 pa3 (AnA yrna 
0,	 I' 

8~ax = 1,5 TI-1nl-14HOrO AnA 3neKTpOMarHI-1TH~X MeTOAOB cenapal.\l-1l-1, no

AaoneHl-1e B 4.10 pa3), COXpaHI-1B npl-1 3TOM BWCOKYIO 3<l><l>eKTI-1BHOCTb c60pa

4	 J 

Ta6nl-1l.\a TI 

nAPAMETPbl SHIP SASSY JJilHHilll 
YCTilHOBKil 

AKCEnTAHC 
nolaPMY(6q /q) 20% -100"10 100"/. 
no CKOPOCTH (6V!V) 10-/. 40% -80% 

noyrny (~""" ) 1.5" 1.5" 4" 

nnollla,Qb cõopa 
lI,Qep OTj:lil"lH 6CH2 10CH2 2CM2 

'CTEnEhb 
04Ii1CTK\o1 
OT nY"lKil 1<1

2 ld5 >10" 

OT npoj:lYKTOIl 
peaK~H HenonHoro 10" >J<il sio' 
Cf1IffiHHR 

6bK:TPOJJEVcTBIo1E S'lO~c lO-Gc lO'Jc 

nonHaR 34>~THBHOCTb 
c60pa HperHCTpal.\HH 
nP'l\YKTOB peaK~H 10-10 - 50% 

nonsoro C11HRHHll 

npOAYKTOB KOMnaYHA-AAep 1-1 O~COKYIO 3<l><l>eKTI-1BHOCTb I-1X perl-1CTpal.\1-11-1 no 

cnOHTaHHOMY AeneHI-1IO. 

HaKOHel.\, B n o c n e n u e a o rl u r e 3T0i1 c e p a a B peaKl.\1-11-1 238lJ+ 40l\r 

(206 M3B) 6wn onpeAeneH B~XOA 1-130Mepa 242 11lf Am HenocpeACTBeHHO no era 

cnOHTaHHOMY AeneHI-1IO. 

nOCKonbKY cpeAHI-1~ np06er 242~m COCTaBnAeT 4,25 Mr/cM 2 Cu 

(Pl-1c. 9), Ha AI-1CK-MaCKY 1-1 Ha AI-1CK C60pHI-1KOO AAep OTAa41-1 6~nl-1 YCTaHOB

n e uu nOrnOTI-1Tenl-1 TonUjI-1Hoi1 '" Xo = 3,55 Mr/cM 2 1-1 /!; Xc = 0,85 Mr/CM2 co

OTBeTCTBeHHO. nocne 06nY4eHI-1A onpeAenAnOCb KOnl-1~eCToO TpeKOO OT OCKon

KOB cnOHTaHHoro AeneHI-1A. KpOMe Toro, 1-13 C60pHI-1Ka AAep OTAa~1-1 paAl-1ox~

MI-14eCKI-1 s urt e n nn a c s AIII-['III-$paKl.\I-1A,1-1 no I-1HTeHCI-1BHOCTlo1 "- -nl-1HI-1I-1 c 3Heprl-1ei1 
242 , 242 

E.,( = 6 11 M3B ( [,11 ) o n o e n e.n s n o c , n o n u o e KOnl-14eCTBO n n e p Am 

HaKonneHHWX Ha C60pHI-1Ke. 

npeACTaBneHHoe Ha plo1C. 10 BpeMeHHoe pacnpeAeneHl-1e C06wTlo1i:1, nony

4eHHoe B 3TOM onwTe, XopOWO onlo1CWBaeTCA Kplo1BWMI-1 pacnaAa AOYX lo13BecTH~x 

cnOHTaHHO AenAU1~xcA 1-13ny~aTenei1 - 1-130MepOB $OpM~: 

240mf ( ) 242mf, )"
Am T 1/ 2 = 0,9 MC 1-1 Am(T = 13,6 MC . Hal-1AeHHOe 1-13 AaHHWX1/ 2 

a r o r o 3KCnepl-1MeHTa lo130MepHoe o r u ouie a a e E ,=6(242rnfAm)/6.(242Am )
1 

12	 1 :~ 



P~e. lO. BpeMeHHoe paenpeAeneH~e 

eoG~T~~ enOHTaHHoro AeneH~R B ~ 
p e a x u a n 23 8 

U + 40 AJ' (206 M3B) -- \ 240mt • 

\ ~Am[09McJ 
np a R~LlX =' 6 0 

!J ye11oB~RX MaK
100 L \( 

e~ManbHoro B~xoAa RAep Am :t 
ô Xn = 3, 55 Mr / e M. 2 ,li XC' = 0,9 Mr / eM2 • L \ 

o z \ 
-.:t 
...j tt11 

\ 

Z 
~ ~ 

\
"D 10 \ 

~ 
E i = (3.J~ 0.4)'10-4 

tt 
1 

10 20 30 40 

t [Me J 

p a BHO (3, 3 + O, 4 ) . 1 O- 4. Ha o e HOBe Aa HHbl X n O Bbl XOAY 2 4 2Am B p e a K4 1'1 1'1 
36 U2 + 40 A;, yrnoBOMY paenpeAeneHI'1D, np06ery ~ 1'130MepHOMY oTHOWeHI'1~, 

MomHO onpeAe~I'1Tb OmI'1AaeM~~ YPOBeHb $oHa OT enOHTaHHoro AeneHI'1R 24;rn 

B on~Tax no perl'1eTpal.l~1'1 paenaAa RAep 110 3neMeHTa. 3TOT YPOBeHb eOOT

BeTeTByet ee4eHI'1~ 

\ ~ I'" -30 2 -3 -2 -4 -37 26 (E,8L, R, Ei J= u ( [ )t e Co RE:.i=5,}·1O em '5']0 ·4']0 ,3,3'10 • 3'10 ern =0,3 pb , 
L 

nonY4eHHOe 3HaYeHI'1e ee4eHI'1R onpeAe11ReT npeAenb~Y~ YYBeTBI'1TenbHOeTb 

B 3Kenepl'1MeHTaX no el'1HTe3Y enOHTaHHO AenR~I'1XeR npoAYKTOB paenaAa KOM

naYHA·RAep e Z = 110 B peaKl.l1'11'1 236 U + 40 Ar . B ~aAaHHo~ reOMeTpl'11'1 OHa 

eOOTBeTeTByeT perl'1eTpal.ll'1~ OAHoro e06~TI'1R enOHTaHHoto AeneH~R 242rnf Am 
np~ 0611Y4eHI'1I'1 I'1HTerpanbHwM nOTOKOM 3.10 18 1'10HOB 40 Ar . 

OTMeTI'1M, 4TO ~ peaKl.l1'11'1 235 U + 40 Ar ee4eHI'1e 06pa30BaHI'1R 242 Am, 
Ka I( e 11 e AYe T 1'1 3 Ta 6 n 1'1 u bl I, YMe HbWa e Te R n 04 T1'1 B 2 O o a a , YTO npaKTI'14eeKI'1 
nonHoeTb~ l'1eKn~4aeT $OH OT enOHTaHHoro AeneH~R 3Toro HYKnI'1Aa. 

14 

3KcnEPMMEHT~ no nOMCKY cnOHTAHHü nEflRmMXCR npOnYKTOB 

PAcnA~A KOMnAYHn-RnEP c Z = 110 

B o~~e~ enomHoeT~ HaM~ 6~no npOBeAeHO 2 eep~~ on~TOB. B KOTOP~X 

Bapb~pOBan~eb ye11oB~R e60pa RAep OTAa4~ ~ 3Hepr~~ ~OHOB 40 Ar , 60M6ap

A~PY~~~X M~weHb 236 U 

3KenepI'1MeHTaX nepBO~ eep~~ yron e60pa RAep OTAa41'1 6~n OrpaHI'14eH 
max 0,

8 = 6 a TOn~I'1Ha nOrnOTI'1TenR 1'1 e60pHI'1Ka eoeTaBnRna 0,75 Mr/eM 2 
L 

1'1 2,1 Mr/eM 2 eOOTBeTeTBeHHO. 3Heprl'1R 1'10HOB 6~na B~6paHa paBHo~: 

E L = 212, 218 1'1 232 M3B. Pe3ynbT~T~ npeAeTaBneH~ B Ta6nl'1l.l~ m, a Bpe

MeHHoe paenpeAeneHl'1e e06~TI'1~ enOHTaHHoro AeneHI'1R nOKa3aHO ~a pl'1e. 11 

(a .b , c). Ta~ me n p a a e n e a o eYMMapHoe a p e a e u a o e p a c n p e n e n e u a e' e06b1TI'1~ 

B o n u r a x 3TO~ c e p u u (11 ,d ), KOTopoe y x a s u e a e r Ha n o a c y r c r a a e , no 

Kpa~He~ Mepe, ABYX aKTI'1BHOeTe~: KOPOTKOll(I'1By~e~ e T1/2~ 1 Me 1'1 3Ha41'1

Te11bHO 60nee AOnrOml'1BYl1\e~ e T 1/2'" 1 O Me. l(opOTKOmI'1BYlllaR aKTI'1BHOeTb 
. 24 Omf ( )c a a a a a a. e p e c n a n o a enOHTaHHO n e n aui e r o c a 1'130Mepa I\rn T 1/2 = 0,9 Me. 

lJ,e~eTBI'1TenbHO, B p e a x ua a 236u + .4 OAr RApa 
240 

Am 06pa3y~TeR e 

6011bW~M ee4eHI'1eM ( 6 ~ 0,15 M6). ll o n a r a a , 4TO 1'130MepHoe OTHOWeHl'1e A·nR 

nBYX 1'130TOnOB Arn e Maeeo~ 240 1'1 242 oeTaeTeR noeTORHH~M, MomHO np~~TI'1 

K 3aKn~4eHI'1~ o TOM, 4TO oeHOBHaR AonR e06~TI'1~ B Ha4anbHOM Y4aeTKe Bpe

MeHHO~ unc a n u (2 ~ t ~ 4 Me) BO a c e x r p e x ori u r a x oõ y c n o e n e u a enOHTaHHblM 

Ae n e H1'1 eM 2 4 O mf Arn . C YBe n 1'1 4 e H1'1 e M 3 He p r 1'1 1'1 1'1 OHOB OT 2 1 2 Ao 2 32M ~ B Bbl 

XOA 3TO~ aKTI'1BHOeTI'1 ena60 MeHReTeR. 

Ta õ n a u a 111 

40Arl 
\1HAeKc MI1WeHb E nOTOK AKcenraHC Tonllll1Ha (w/CJ041) 4l1cno rpeuoa Ce'lE'H'1e 06pa30eaH'1R Ll
 

no po.1c.ll nornOT11T. c60pHHKa 2~t~/. 4~t~38 1I.lmAm SF- '13nY'laTenR
 

IMr/cM 2 
) (M3B) _10-18 9;:'0' liXa liXc (MC) (MC) (T~1-10McJ
 

In'1Ko6apHbl I
 

!3\J 10.571 212 0.9 6° 0.75 2.1 6* (1.5) 10!35 

218 0.4 3 (I) 7t4 

232 0.55 5 111 <3 

206 1.0 4° 0.85 Q9 O.t.tO.1 11!6 

227 0.85 4° 0.85 1.4 O <2 

232Th I0.751 206 0.8 6° 0.9 1.7 1 O <2 

mUI0.62) 203 0.6 6° 0.6 1.4 <0.1 6!4 

B 3TOM BpeMeHHoM I'1HTepBane perl'1eTPl'1pyeTeR 16% OT nonHoro B~XOAa 

240mfArn. 
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236U • 4oAr 

r-
~fb OIII O 

@ 

@ 
O 

HHTepBane OT 2 AO 38 Me. 

,b ,c p e a k u a a 23 6 
U + 40 Ar 

c 3HeprMe~ HOHOB 212, 218 

PHC. 11. BpeMeHHble p a c n p en e n e a u s 

C06~TMA cnOHTaHHoro AeneHHA B 

I eB OO 
T 

O 232 M3B COOTBeTCTBeHHO (on~T~ 

© 1 cepMH); 

ffiJo , b @ L, 
11 OAr +236 LI - peaKl.\HAQ, f 

c 3HeprHeR 206 M 227 M3B COOT

d - CYMMapHoe pacnpeAeneHHe 

2:= a+ b+c; 

rn o 00 
BeTCTDeHHO (on~Tw rr cepMMt. 

YcnOBMn 3KcnepMMeHTOB npeAcTas

236 u- !.DAr neH~ B TiJ6nMl.\e m. 
li	 q , h - AaHH~e KOHTponbH~Xr	 o 

(~} r--º o, o~
~~- ~ 

onblTOB.' 

, I 

212 Th .!.°Ar .:	 .~= 
235U .'!.°Ar	 I

I (fi)
 

\ o o o ,0 I


° ~ 

I 

w ~ ~ 

t (Me) , 

AHanorM4HW~ i]HilnM3, npOBeAeHHW~ AnA AOnrO>KMBy~eR KOMnOHeHTw, ~o

Ka3WBaeT. 4TO B 3KcnepMMeHTe npH E =.212 M3B nMWb He60nbwaA 4aCTb co
1 

6 blTMA c n o H Ta HHo r o A e n e HMA (rv 2 O~ ) MO>K e T 6 blT b o THe c e Ho K P ,1 Cn a A Y 
242 mf • -.1\111 OTMeTMM r a x e e , 4TO BblXOA AOnrO>KMByuteH ilKTMBHOCTM HeCKonb

K0 y6~BaeT c YBenM4e~MeM 3HcprMM MOHOB. 

Bo BTOpoA çepMM onWTOB 6wnM Bw6pilHW 60nee >KeCTKMe	 ycnoBM~: MiJKCM
0 

MilnbHblA y r o n c ô o o a sn e p OTAa4M u n YMeHbweH AO H't;I.' = 4 M TOnU\MHa õ 

c 6 o P HMKa ,l1 o li '\ [' = o. 9 Mr 1 c M;>. B 3 KCn e p MMe HTe n p M 06 n y 4 e HMM MMWe HM 
236 18 40  206	 M3BlJ	 MHTerpanbHblM nOToKo~ 1.10 MOHOB /\1' c a i- e o r a e « E L 

6wno 3a~erMcTpMpOBiJHO 4 TpeKa OCKonKOB cnOHTdHHoro AeneHHAi MX nono~e-

HMe Ha BpeMeHHo~ WKane AiJHO Ha pMC. 11 e. nocne 06nY4eHMA M3 C60PHMKOB 

nAcp OTAa4M paQMoxMMM4CCKMM MeTOnOM 6wna BWAeneHd Am-fm ~paKl.\MA. H3 , 
cnCKTpa ~	 -M3nY4eHMA, nonY4eHHoro B Te4eHHe 10-AHeBHol:1 3Kcn03Ml.\MM 3TO

16 

r o 06 p a 3 u a. 6 bln H o n p e fi e n e Hbl MHTe Hc MBHo CTM n MHH1:1 Eoc: = 6, 11M 3 B 

(242 Cm ) H 6,29 M3B (240 Cm), no KOTOpbIM, B CBOIO o v e p e n s . un o onpeõ 

AeneHO KonH4eCTBO A~ep 242 Am , HaKonMBWMXCA B C60pHHKe 3a BpeMA 06ny
, . _ 242 fm4eHMA. OTclOAa 6~no Ol.\eHeHO 4Hcno C06~TMM cnOHTaHHoro AeneHMA Am 

( 2 4 2rnf ) 4B AaHHOM	 a x c n e o a a e a r e.. OHO OKa3anOCb paBHblM:N 11m =0, ~O,Ir 
(omMAaeMoe 3Ha4eHH,e: O, 3 ~ O, I). 

TaKHM 06pa30M, Ha6nlOAaeMwR BWXOA aKTMBHOCTH c T 1 / 2-10 MC npHMepHO 

242mf Am. Ha nopAAOK npeBOCXO~HT ~OH OT cnOHTaHHoro AeneHMA 

3aTeM 3KcnepHMeHT 6wn nOBTopeH B Tex me YC~OBMAX npM 3HeprHH 

MOHOB EL ~ 227 M3B 
x

• 3pecb nocne 06nY4eHMA (0,85'10 
1 8 

HOHOB) 

BO Bce~ BpeMeHHOM MHTepBane H3MepeHMA OT 2 AO 38 MC He 6~no 3iJperMCT

pMpOBaHO HH OAHoro C06~TMR cnOHTaHHoro AeneHMA. 

CpaBHHM Tenepb pe3ynbTaT~ on~TOB nepBoR M BTOpoR cepHM. PaCCMOT

pMM CHa4ana AaHHwe, nonY4eHH~e npM MMHHManbHoR 3HeprHH HOHOB. 

1.	 H3MeHeHHe ycnoBHR c60pa AAep OTAa4H B onWTax BTOpoA cepHM 
0,(A~ax 4 Ll.X = 0,85 Mr/cM 2 ) c o r n a c a o p a u e e n o n yu e a u u a 3iJBHCHMOCTAMc 

(pHC. 8 M 9) AOn>KHO npMBeCTM K,YMeHbweHHIO B~xOAa npOAYKTOB peaKl.\MA 

MHorOHYKnOHHWX nepeAa~ B 06nacTM Am'-fm npHMepHO B 6 pa3. 3TOT 3$$eKT 

240m r AIOXOpOWO npOABnReTCA AnA B onWTe C 60nec meCTKoA yr~oBoA 

KonnMMal.\MeR M 60nee TOHKMM C60PHMKOM OCKonKH CnOHTaHHoro AenCHHA c 

T ~ 1 MC OTCYTCTBYIOT. BMecTe c TeM, B~xOA AOnrO>KHBy~eA aKTHBHOCTH
I / 2 

YMeHbWHnCA npMMepHO BABoe. 

2. Ha OCHOBe AaHH~X, nonY4eHHWX B onWTax rr cepMM, MO>KHO pacc4H

TaTb BKnaA cnOHTaHHoro .QeneHHA 242mf flm B 3KcnepMMeHTax, npOBeAeHH~x 

npH H~ilX '" 6 0 H LI. X [' = 2, 1 Mr 1 c M;>. B Ta 6 n Mu e fi 3 TM A a HHble n p HBe Ae Hbl B 

c x o õ x a x . BMAHO, 4TO H B 3TOM cnY4ae npM EL = 212 M3B Ha6nlOAaeMoe 4Hcno 

TpeKOB OCKOnKOB cnOHTaHHoro AeneHMA B HeCKonbKO pa3 npeBocxOAMT $OH, 

06 YCn o Bn e HHbll:1 P a c n a Ao M 24 2111 r fi m. 

Ce4eHHA	 06pa30BaHMA AAep, McnWTWBalO~MX cn~HTaHHOC AenCHMe c 
40 

T1/2~10 MC npM piJ3JlH4HWX 3HiJ4eHMAX 3HeprMM MOHOD 111', npeACTaBneHW 

Ha pMC. 12. HecMoTpA Ha 60nbwMc CTaTMCTM4eCKMe oWM6KM, BMAHO, 4TO MaK-

CMManbHoe 3HiJ4eHMe ce4eHMA COOTBeTcTByeT E = 206-210 M3B; c YBenM4eL 
I 

HMeM 3HeprMM MOHOB Ha ~ 20 M3B B~XOA OCKonKOB YMeHbwaeTcn B HeCKonbKO 

pa3. 

3. npM ?HeprMM E = 210 M3B cpeAHMR np06er B MeAM npOAYKToB,06paL 
3YIOwMXCA nocne McnapeHMA HeATpoHoB M3 KOMnaYHA-Anpa c I = 110, COCTaB

nAeT OKono 1,6 Mr/cM2/19/. npO$Mnb np06erOB,	 cornaCHO gaHHwM pa60T~/20( 

x	 C l.\enblO nOBblweHHA 3$~eKTHBHOCTM c60pa AAep OTAa4M TonwHHa C60pH~Ka 

6 bln a y Be n M~ e Ha Ao 1, 3 Mr 1c M2 • 
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,I 

20 
Mo~eT 6~Tb npeACTaBneH pacnpeAene

H~eM raycca c napaMeTpOM 

6=R(~/6)\~ 0,5Mr!CM2~ 
23óU+ I,QAr

OTC~Aa cneAyeT, 4TO Ton~~Ha C60pH~

x a boXe = 0,9 Mr/cM 2 HeAOCTaT04Ha 
15 

AnR OCTaHOBK~ Bcex RAep OTAa4~ c z 
J: 

3Hepr~eH 0 = 0,1 M3B/HYKno H C. 
R	 /ti

ID
(p~c. 13a ). TorAa ~3 cpaBHeH~R I~ 

lO IB~xoAa OCKonKO~ B 3TOM 3Kcnep~MeH ~ 
Te c AaHH~M~, nonY4eHH~M~ AnR ~O I 

Q) I 
:s:nee ToncToro C60pH~Ka I:r: 

I \ )(2'
( 6 X = 2,1 Mr/cM 2-)/ MO~HO o u e a a r s	 Q) 

c fu V 
cpeAH~H np06er RAep oTAa4~ B MeA~ u 5 \ 

\2,2 Mr/cM 2, a" 1 ~ R ~ 

,I

I

, 

.. 
cneAOBaTenbHO, ~ ~x 3Hepr~~, \ 

\
0,07 ~ OR ~ 0,'6 M3B/HYKnoH. -, 

O---'---~4. Ecn~ YBen~4eH~e B~xOAa OI	 • I 

200 210 220 230 240
OCKonKOB AeneH~R CBR3aHO c Ton

~~HOH C60pH~Ka, TO ~3MeHeH~e	 3HepnU'l ~oAr (M3B) 
0 0 

y r n a 8~ax OT 4 AO 6 Mano 

MeHReT '3~~~KT~BHOCTb c60~a 

R~ep OTAa4~. TaKaA 3aKOHOMep P~C. '2. Ce4eH~e 06pa30BaH~R 

cnOHTaHHO AenR~~xcA AAep c 
236 I~O 

HOCTb Aon~Ha Ha6n~AaTbcR np~ 

nonHOM ~n~RH~~, TaK KaK B Ha TI /2 rv 10 MC B p e a x ua a U + Ar 

w~x ycnoB~Rx np~MepHO 70% npo B 3aB~C~MOCT~ OT 3Hepr~~ ~OHOB 

AYKTOB p e a x u a a (I~O Ar, xn ) no- 40 Ar. OTKp~T~e KpY~K~ ~ 4epH~e
 
0
 

n an a o r B ~HTepBan YI"JlOB 8 L ~ 4	 T04K~ - on~T~ I ~ D cep~H COOT


BeTCTBeHHO. nYHKTVopHaR Kp~BaR ~
(p~c. , 13 b ). OTMeT~M, 4TO AnR
 
paC4eT AnR peaKIl~~ c ~cnapeH~eM


peaKIlH~ HenonHoro cn~AH~A KapT~


2 2/,

Ha Q6paTHaR: c YBen~4eHHeM y r n a 8 L 

I~ HeHTPoHoB/
 

BnnOTb AO yrna rpeH3~Hra ce4eH~e
 

peaKIl~~ c~nb~o B03pacTaeT.
 

npoBeAeHHwH B~we aHan~3 3Kcnep~MeHTan~H~x AaHH~x YKa3~~eT Ha
 

cy~ecTBeHHoe pa3n~4~e B K~HeMaT~Ke peaKIl~H, npHBoAA~~X K 06pa30BaH~~
 , 
cnOHTaHHO Aen~~~xcA ~30MepoB ~ ~3nY4aTenR c ~ 10 MC. nnR nocneAT 1/ 2 
Hero ~YHKIl~R B036Y~AeH~A, yrnoBoe pacnpeAeneHHe ~ 3Hepr~R OTAa4~ 6n~3

K~ K TOMY, 4TO O~~AaeTcA AnA npOAYKTOB peaKIlH~ nonHoro cn~RH~R, npOTe

Ka~~~x c 06pa30BaH~eM KOMnaYHA~RApa. 

4A • A 
TOpM03R~eH cpeA~.X- , 2 ,rAe A, ,A 

2 
- MaCCOBble 4~cna ~OHa ~ 

- (A,+A ) 2 
2 

18 

P~c. 13. a) PaC4eTHblH n po o siru, ~-I--it	 ..np06eroB AAep B peaKI..l~~ 
s: I 1

I236 U (40 Ar, xn) 276-x 1 10. a)
~ 

3a4epHeHHaR 06nacTb COOTBeTCT
~ 

ByeT Ton~~He nornOT~TenA u 
O' 

5A,~ep OTAa4~ t:> X a= 0,9 Mr /CM 2. 

3awTp~xoBaHHaA 06naCTb COOT 2L.2
X Am 

BeTcTByeT Ton~~He C60pH~Ka 
~ 

t:>X = 0,9 Mr/cM 2 (onblTbl [] c e p a a ) z Ic	 -O 
I --,CTpenKoM nOKa3aH cpeAH~H np06er 

2 3 L. 5 s n e p 242 Am • 
RfMr/cM2) 

b ) PaC4eTHoe y r n o a o e p a c n pe r 

p'eneH~e AAep 276-x 1 1 0 (x = 4). , I 

3awTp~xOBaHHaR o6naCTb COOT II~
IBe,TCTByeT 8~ax= 4 0 (onblTbl :li /---t~2J.2Am 

D cep~~). nYHKT~pHaA Kp~BaA  iyrnoBoe pacnpeAeneH~e 

242 Am•	 af 
b) 

~ 
~ 
~ 
~ 
\O 
-O 

lO 

8[. 

KOHTPonbH~E 3KcnEPHMEHT~ 

nOCKonbKY 06pa30BaH~e HOB~X RAep CBA3aHO c npaKT~4eCK~ nonHOH
 

nepeAa4eH ~Mnynbca HaneTa~~ero ~OHa, paCCMOTp~M peaKIl~~ c B~neTOM ner


K~X 3apA~eHH~X ~acTHIl, Ha~60nee BepOATH~M~ ~3 KOTOp~X ABnA~TCA
 

cf.. - 4 a c T ~ ll'bl .
 

npol..lecc~ nOA06Horo T~na ~ccneAOBan~Cb HaM~ paKee B peaKIl~AX
 

OlxonoAHoro Ol cnHRH~R np~ 60M6aPA~~oBKe M~weHeH ~3 208 p b ~OHaM~ 40 Ar ,
 

48-50 Ti, 5 4 Cr • 55 Mn c 3Hepr~eH AO 5,~ M3B/HYKnoH/ 1/. 6~no nOKa3a

HO, 4TO BKnaA KaHanOB \ HJ, cJ. ,xn ) 11 ( HI,p ,xn ) npeHe6pem~Mo Man no
 

c p a a ue u a o c OCHOBHblM KaHanOM ( HI, xn) n p u s c e x 3Ha4eH~AX O~ X ~ 3.
 

ECTb BCe OCHOBaH~A nonaraTb, 4TO ~ np~ 06nY4eH~~ ~30TO~OB ypaHa ~OHaM~
 

.JO' ... 
O 

1.0 
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40
Ar 

c 3Hepr~eA 6 ~ 5,2 M3B/HYKno~ nOA06Ha~ CHTya4~~ TaK~e 6YAeT 
L 

•	 ~MeTb MeCTO. BMeCTe c TeM, HeKOTop~R K~HeMaT~4eCKH~ aHan~3 B03MO~HO

ro BKnaAa peaK4~H 23 6 U (40 Ar ,~ ,x~ )272-x 1 08 MO~HO npOBeCT~ Ha OCHO-

Be nonY4eHH~X pe3ynbTaTOB. 

np~ B~neTe ~ -4aCT~4, 06pa3Y~~HXCA B np~MoA pe~K4H~ ~n~ ~cnapA

~~HXC~ H3 coCTaBHoA CHCTeMbl 27 
6 

1 1 0, MeH~eTC~ 3HeprH~ ~Aep oTAa4H ~ 
YBenH4HBaeTcA HX yrnoBa~ AHcnepcH~. 3TO 06cTo~TenbcTBo Aon~HO npHBO

AHTb K 3aMeTHO 60nee CHnbHOMY H3MeHeHH~ 3~~eKTHBHoCTH c60pa ~Aep 

oTAa4H npH H3M~HeH~H Ton~HH~ C60pH~~a H yrna 8~ax OT 4
0 

AO 6
0, 

4eM 
! 

3TO HMeeT MeCTO B HaWHX H3MepeHH~X. 

He ~CKn~4eHO, HaKOHe4, 4TO Ha6n~AaeMoe cnoHTaHHoe AeneHHe 06ycnoB

4 eneHO pacnaAOM A04epHHX ~Aep c Z = 108, 106, KOTop~e o6pa3y~Tc~ B
 
2- x
 

n04Ke n o c n e n o e a r e n e u ex ~ -ja a c n an o a : 276-xll0 L 27 1 08:!:.... 268-x 1 06. 

TorAa MO~HO nonaraTb, 4TO 3TOT HYKnHA Aon~eH Ha6n~AaTbC~ TaK~e B 

p e a x u a a 232 Th (40 Ar, xn ) 272-x 1 08. n03TOMY un nOCTaBneH oTAenbHblRõ 

3KcnepHMeHT, B KOTOPOM M~weHb 232 Th (0,75 Mr/cM 2 
) 06ny4anacb HHTer

panbHblM noTOKOM HoHOB 40 Ar (0,8.10
18) 

B yc n o e a a x MaKC~ManbHoro c õ o p a 

AAe P OT fi a 4 H ( "max8 L = 60 ; Do Xc '= 1, 7 Mr 1c M2 ) • 3 Ae c b He 6 un o 3 a p e r Hc T P ~ 

pOBaHO HH OAHoro OCKonKa cnOHTaHHoro AeneH~~ B AHana30 He ~3MepeHHR 

3 MC ~ t ~ 38 MC (Ta6n~4a li, pHC. 119), 4TO COOTB~TcTByeT rpaH~4HoMY 

ce4eH~~ 06pa30BaHH~ cnOHTaHHO Aen~~Hxc~ ~Aep c ~ 10 MC Ha YPoBHeT 1 / 2 

- 2	 n6. 
PaccMoTpHM Tenepb KaHan~, CB~3aHH~e c KacKaAH~M ~cnapeHHeM HeRTpo-

HOB H3 B036Y~AeHHoro KOMn8YHA-~Apa. 

CornacHo pac4eTaM, npoBeAeHHwM B pa3nH4H~x BepcH~x cTaTHcTH4ecKoR 

MOAenH pacnaAa KOMnaYHA_~Aep/22, 231, HaH60nbWHe ce4eHH~ np~ 
E = 206-210 M3B HMe~T peaK4HH c B~neTOM 3 H 4 HeATpoHOB (npeHMy~ecT-

BeHHO 4-x HeATPoHoB). 

OAHaKO 3TH paC4eT~ 6a3HpYIDTC~ Ha KnaCC~4eCKOM MexaHH3Me 06pa30~ 

BaHH~ H pacnaAa KOMnaYHA-~Apa c B~COKHM 6apbepoM AeneH~~, 6e3 Y4eT~ 
AHHaMH4ecKHx 3anpeToB Ha cnH~HHe cnO~H~X ~Aep, BKnaAa nOA6apbepHoro 

cnH~HHR, a TaK~e Ha npeAnono~eHHH O TOM, 4TO 3M~CCH8 HeATpOHOB Ha4~Ha

eTC~	 nocne Toro, KaK CHCTeMa 'AoCTHrna paBHOBeCHoA KOH~Hrypa4H~. 

PeanbHa~ cHTya4H~ Mo~eT OTnH4aTbC~ OT 3TOA KnacCH4eCKoA KapTHH~, 

a cneAOBaTenbHO, H COOTHoweHHe BepOATHOCTeR HcnYCKarH~ pa3Horo 4Hcna 

H~ATpOHOB Mo~eT 6~Tb 3Ha4HTenbHO OTnH4H~M OT o~HAaeMoro. K co~aneH~~, 

H3-3a Manoro ce4eH~~ 4YBCTBHTenbHOCTb HaWHX 3KcnepHMeH~OB He n03BO

n~eT	 H3MepHTb $YHK4HID B036Y~AeH~~ c TaKoA T04HOCTbID, 4T06w aaMeTHTb 

pa3HH4Y B nono~eHHH MaKCHMYMOB, COOTBeTCTBYIDUIHX HcnYCKaHHID 3 HnH 4 

HeATpoHoB. 

B 3THX'ycnoBH~X 4eneco06pa3Hee BapbHpOBaTb Maccy KOMnaYHA~~Apa. 

An~ 3Toro M~ npOBenH 3KcnepHMeHT no 06nY4eHHID MHweHH H3 235 U 

20 

li 

(0,62 Mr/cM 2 ) 99.99% ~aOTonHoro 060ra~eH~~. ~HTerpanbHwA nOTDK ~OHOB 
40 18

Ar (203 M3B) B AaHHOM 3Kcnep~MeHTe 6wn 0,6.10 . ~ ~HTepBane Bp~MeH 

OT 4 MC AO 38 MC 6wno 3aper~CTp~pOBaHO 3 TpeKa OCKonKOB cnOHTaH

Ho r o ne n e H~ ~ (T a 6 n ~ 4 a m, p ~ c. I 1 h ). 3 T o Co o T Be T c T BYe T c e 4 e H~ 10 n p ~ Me p 
236

HO B~Boe H~Me Toro, 4TO Ha6n~AanOCb B 3Kcnep~MeHT8x c M~weHbID U. 

Ecn~ npeAnonoMHTb, 4TO B 060~x ~nY4aRx MW Ha6nIDAaeM pacnaA oAHoro 

~ Toro ~e HYKn~Aa (3TOMY He npOT~Bope4~T BpeMeHHoe pacnpeAeneH~e c06w
" 235 4 O . " 6 ( 2 3.)U ) 

T~~	 B p e a xu a a U + I\r), TO COOTHoweH~e Ce4eH~Lot --7:1"7,-- n p a 
6( 'I)) 

3Hepr~H B036ymAeH~R KOMnaYHA-nApa E - 40 ! 5 M~B CB~AeTenbcToyeT B 
x • 

nonb3Y peaK4~~ c B~neTOM 3 ~ 4 HeATpoHoB, np~BOAn~~x K 06paaoBaH~~ 

4eTHO-4eTHoro RApa 272 1 1 0 (N = 162). 

nOCKonbKY MaCCOBoe 4~cno nonY4eHO KOCBCHH~M cnoc060M, menaTenbHO 

ero onpeAen~Tb HeaaB~C~MWM MeTOAOM. OAH8KO B AanbHeAwcM, np~ 06cymAe

~~~ cTa6~nbHocT~ TRmen~~ RAep OTHOC~TenbHO cnOHTaHHoro AeneH~R. MW 6y

AeM nonaraTb, 4TO ero Macca paBHa A = 272. 

PAn~OAKT~BH~E COoRCTBA 

3KcnepHMeHTanbH~e AaHH~e o eBoRcTBax TpaHeaKT~H~AHWX 3ncMeHToB, 

e~HTe3HpOBaHHbIX B p e a x u a a x "x c n onu o r o " c n u n uw n , RB~nLoteb o c uo no ã p a a n a > 

THR pa3nLot4H~X TeopeT~4eeKHX no~xoAoB AnR pae4eTa eTa6~nbHoeT~ TRmcnwx 

R~ep OTHOC~TenbHO paanLot4HblX MdA ~x paA~oaKT~BHoro paenaAa/13,24,25/. 

B	 llenOM, c p~3nLot4HO~ CTeneHblO T04HOCT~ 6~na on~eaHa Bcn COBoKynHoeTb 

Lot3BeCTHWX K H~cToA~eMY BpeMeH~ AaHHWX. 

Ka~~wA MeTOA pae4eTa AaeT T8Kme onpeAeneHHwe npeAcKaaaH~n o P8A~0

aKTHBHWX cBoAcTBax He~3BeCTH~X RAep. 3Aecb, OnHaKO. KaK 6YACT nOK8a8HO 

HMme, n~RB~nHcb 60nbWLote paCXOmAeHHR. 

KaK BHQHO H3 pHe, 14. n e p a o n u cJ.. <p e c n a n a 4eTHO-4eTHbIX HaOTonOB 

1 10 aneMeHTa B 06nacTH N ~ )60 T 162 BapbHPYIOTen B npCAenax [lBYX nopnA-

KOB (OT 0,1 AO 30 MC), 4TO RBn Re T c R c n e A e T BHe M p a 3 n ~ 4 li bl X Me To Ao B pae4e

Ta Macc RAep B OCHOBHOM COCTORHHH, oc06eHHO BônH3H n0A060n04K~ N • 16~ 

rpOMa[lHOe pacxomAeH~e HMeeT MeCTO AnR enOHTaHHoro AeneH~n: ABC MOACn~ 

npef\CK83WBaIOT n~Pll~anbH~e nep~OAw T • OTnH4a~~~een ~a 12-13 nopnA
272	 " . t - 8 5 

KOB~	 AnA a n p a 110 (N ~ 162) OH~ COCTaBnRIOT 10 c ~ 10 c! 

n p e An o n a r a R, 4 T o n p ~ o 6 n Y4 e H~ H" 2 3 5,) H 2 3 6, J HOHa M~ 4 OA r I( o p o T -

KomHBY~He KOMnOHeHT~ B Ha6n1OAaBw~xCR HaM~ paenpeAeneH~RX TpeKOO oeKon
240mfKOB' cnOHTaHHoro AeneH~R eBR3aHW e pacnaAOM Am (T 1 /2 = 0,9 Me),' 

a 60nee Aonro~~By~~e c pacnaAOM OAHoro ~ Toro me HYKn~Aa. Ann ero ne-

p~oAa nonypacnaAa nonY4aeM BenH4~Hy T / 8_+5
2 Me.1 2 
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npe~~waeT npeACKa3aHHOe r.A.neaHAepOM ~ AP./131
YKa3a HHo e 3HaUeH~e 

nOpRAKOB. He ~CKn~UeHO. UTO HapRAY co cnOHTaH
AnR 272 1 1 0 np~MepHo Ha 6 

Aone CnyuaeB TaKme ~ 
H~M AeneH~eM ~TOT HyKn~A ~cn~T~BaeT B 3aMeTHo~ 

d.-pacnaA (p~c. 14). 

14. PaC4eTHwe napu~anbH~e
P~c. 

nep~oA~ d -pacnaAa (OTKP~T~e 

C~MBon~) ~ cnoHTaHHoro AeneH~R 

li 

cii 10° 

110 3n~MeHTa. o 
t: 

(4epH~e c~MBonw) ~30TonoB 

Me 

T04K~ - AaHHwe pa60T~ 11 
C 

3
r.A.neaHAepij ~ AP./131 

/241 ~ 10-5 
MKC 

- K.6eH~ra ~ AP·	 C
 

\11

TpeyronbH~f(~ 

OTKp~T~e KBaApaT~ - paC4eTw f
 
H.H.KoneCH~KOBa ~ A.r.DeMHHa.
 

KpecT~KOM nOKa3aHo 3Ha4eH He lO-H.
l

c:
 

nep~oAa nOnypacnaAa AnR N=162,
 

nonY4eH Ho e B HaCToRme~ pa60Te. 

10-151 I I I !!I I 

150 17(1 

4 ...cno He~npoHoe l NI . 

npOBepKa 3TO~ r~noTe3~ Tpe6yeT noCTaHoBK~ onWTa, Ha4eneHHoro Ha 

perHcTpau~~ ~-uacT~U HauanbHoro RApa ~ reHeTH4ecKH CB~3aHH~X c HHM~ 
~-uacTHU ~nH OCKonKOB cnOHTaHHoro AeneH~R A04epH~X RAep. nog06HaR MeTO

, 
Hcnonb30 Ba Ha TaKme AnR ~ccneAoBaH~R eoceAH~X c 272 lO 

Al-1Ka MomeT 6WTb 
BepORTHOCTl-1, RBnR~TCR eX -H3~Y4a

4eTHo-He4eTH~X RAep, KOTop~e, no Bce~ 

TenRMH. 

B~éon~ ~ 3AKn~4EH~E 

OCHOBH~e pe3ynbTaTW Hac~ORme~ pa60T~ CBOARTCR	 K cneAy~meMY. 
1. Pa3pa6oTaHa MeToAHKa, n03BonR~maR Ha OCHOBe pa3n~4l-1~ B Kl-1HeMaTH

4eCKHX xapaKTep~cT~Kax peaKU~~ nonHoro ~ HenonHoro fn~RHHR RAep HagemHo 

BWAenRTb KaHan, np~BoARmH~ K 06pa30BaHH~ KOMnaYHA-RAep. CnoHTaH 
Ho 

AenR

KOMnaYHA RAep MorYT 6~Tb 06Hapyme Hw c 4YBCTB~
~~eCR ~p6AyKT~ pacnaAa
 

ce4eHl-1~ l-1X 06pa30BaHHR Ha YPoBHe ~ 1 n6
 
TenbHOCTb~, CooTBeTCTBy~me~ 

( 10 - 36 c M2) • 
2. B pea 235,236 U ~ 40 Ar B6n~3~ KynoHo~CKoro 6apbepa c ee

K4l-1RX 
4eHl-1eM _ 10 n6 06pa3yeTcR HyKnHA, l-1CnWTWBa~m~~ cnoHTaHHoe AeneHl-1e c ne

pHOgOM nonypacnagarJO.Olc. 3aB~c~MOCTb ce4eHl-1R o6pa30 Ba HHR o r o r o HYK

22 

nHAa or 3HeprH~ ~OHOB 40 Ar , 3HeprHR oTga4~ l-1 yrnoBoe pacnpeAeneHHe 

6nl-13K~ K TOMY, 4TO omHgaeTcA AnA npOAYf(TOB peaKUHH nonHoro cn~RH~R. 

3. ~3 conOCTaBneH~A 3Kcnepl-1MeHTanbH~X 3HaueH~R ee4e~~A 06pa30Ba

HHR cnOHTBHHO	 AenRmerOCR HYKn~Aa, nonY4eHHWX B peaKU~AX 235,236U+40Ar 
Z32 40 

c pac4eTaMH H pe3ynbTaTaM~ KOHTponbHWX onwTOB Th + Ar. HaM npeA-

CTaBnAeTCR Hal-1ÔOnee aepoRTHWM OTHeCT~ Ha5n~AaeMYD aKTl-1BHOCTb K pacnaAY 

RApa c Z" 110. 

CneAyeT OTMeTl-1Tb, 4TO nep~OA nonypacnaAa 3Toro HYKn~Aa B npeAenax 

OW~60K cOBnaAaeT c AaHHwMH, nonY4eHHwM~ AnA ~3nY4aTenn, Ha6n~AaBwerOCA 

/ 1Z /B peaKUH~ 232 Th + 44 Ca B HaWHX onWTax 1986 r. 

B uenOM BCR cOBoKynHocTb npOBeAeHHWX on~Toa COHAeTcnbcTsyeT o 

B03MomHOCT~ AanbHeAwero npOABHmeHHR B 05naCTb HOBWX TpaHCaKT~Hl-1AHWX 

3ner-.eHTOS Ha OCHOBe p e a x uu "r op nv e r o " CIll-1RHl-1A c n ono- ux AACp/Z61 llMeeã 

Te c TeM, npemAe 4eM npl-1CTyn~Tb K 3TO~ pa60Te, 5wno 6w oeCbMa menaTenb

HO BocnpoH3BecT~ pe3ynbTaTbl HaWHX on~TOB no ct-IHTe3Y 110 3neMeHTa Hesa

~HCHM~M cnoco6oM. 

Mw rny6oKo 6naroAapHw aKaAeM~KY r.H.$nepoBY 3a ~Ae~, KOTopaR ner

na B OCHOBY HOBoro nOAxoga K Cl-1HTesy TRmen~x 3neMeHToo, 3a aKT~OHY~ 

nOAAepmKY l-1 nnOAOTBopH~e o6cymAeH~R Ha Bcex 3Tanax BwnOnHeHt-IR AaHHo~ 

p a õ o r uv

C4t-1TaeM CBO~M AonrOM n06naroAapHTb HaWHX TOBapHme~ no pa60Te 

B.6.KYTHepa ~ 6.H.r~Kana l-1 ~YKOBOAl-1MWA ~Ml-1 rrepCOHan YCKopl-1TenA Y-400 

aa 06ecne4eHt-Ie ~aHHwx 3KcnepHMeHToB l-1HTeHC~SH~M nY4KOM HOHOS c Tpe5ye

M~Mt-I napaMeTpaMH B Ti4eHHe An~Tenb~oro BpeMeH~ o6nY4eH~A, B.K.YTeHKosa 

~ ~.B.WHpOKoBcKoro 3a nOMO~b B npOSeAeHl-1H o6nY4eH~A, ~.C.KOpoTI<HHa, 

K.B~HAe, 3.Tperep, M.KoHcTaHT~HecKY 3a npOBeAeHHe MHor04~cneHHWX onw

T08 no paA~OX~M~4eCKOMY pa3AeneH~~ npoAYKTOB peaKu~~; K.~.Mepl(~HY, 

n.n.KynbKt-IHY, H.B.HBaHoBY 3a nposeAeHt-Ie ~aMepeH~~ peAK~X C05WT~A pa

A~oaKTHBHoro pa~naAa 06pasY~m~XCR RAep, a TaKme ~.A.Myaw4KY, 6.~.nyc

TWnbHl-1Ka H E.A.4epenaHOBa 3a paC4eT~, He06xOAt-IM~e np~ 06pa6oTKe ~ 

HHTepnpeTa4l-1H 3KCnept-lMeHTanbH~X pesYIlbTaTOB. 

npl-1HOCl-1M 6narOAapHOCTb npo$. ~.~.30ape,AoKTopaM $~3.-MaT.HaYK 

r.M.Tep-AKonbRHY, B.B.BonKOBY, KaHAl-1AaTaM $l-13.-MaT.HaYK ~.A.na3apeBY, 

C.A.KapaMRHY, A.[.~eMHHY 3a ueHHwe 3aMe4aH~A, CAeIlaHHwe B npouecce 

o6cymAeHt-IA ~ HanHeaHHR AaHHoA pa60TW. 
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Or-ane caa lO.U. H )1,p. .07-8.7-392 
3KcnepHMC1ITbl no CHIITC3Y ~.neMeHTa 110 

B penKUHH 235, 236U + 40Ar BõnH3H KynoHoBcKoro 6apbepa 
c Ce'-lellHUM _IO-35cM 2 HaÕmO,IJ,eHO o6pa30BaHHe crrOHTaHHO ,Il;enH
IlJ,HXC fi H)~e p c ne pHO,IlOM norrvpacnarra ~Kono G, O1 c. 3aBHcH
MOCTb CClICIIHH oõpa30BaHHH 3Toro H3nY1.IaTenH OT 3HeprHH 
HOIlOB 40Ar, ero 3HeprHH OT,Il;a1.IH H yrnoBoe pacrrpe,Il;eneHHe 
Õ.nH3KH K TOMY, qTO O~H,Il;aeTCH ,Il;nH rrpO,Il;YKTOB peaKUHH rronHoro 
cnHRHHH. H3 aHanH3a BceH cOBoKyrrHocTH 3KcrrepHMeHTanbHb~ 

,Il;aHHb~ rrpe,Il;CTaBnHeTcH H~H6onee BepOHTHb~ OTHecTH Ha6nw,Il;ae
M~O aKTHBHoCTb K pacrra,Il;Y H,Il;pa c aTOMHb~ HOMepOM 110. TIpo
BO,Il;HTCH cpaBHeHHe rrepHO,Il;a rronypacrra,Il;a HOBoro H3nY1.IaTenH 
c paCqeTHb~H 3HaqeHHHMH, BwrronHeHHWMH B pa3nH1.IHb~ TeopeTH
qeCKHX MO,Il;enHX. 

Pa60Ta aunorme na B JIa60paTopHH Hp;epHbIX peaKUHH OH5IH. 
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TIepeBO,Il; aBTopoB 

Oganessian Yu.Ts. et a1.	 D7-87-392 
The Experiments Performed to Synthesize E~ement I lO 

The formation of some spontaneous1y fissioning nuc1ei 
with a half-1ife of about 10 ms and a production cross 
section of abou t 10-35 cm2 has been detected near the Cou
10mb barrier in the 235,236U + 40Ar reaction. The depen
dence of the production cross section on 40Ar energy for 
this activity, its recoi1 energy and 'angu1ar distribution 
are c10se to those expected for products of the comp1ete
fusion reaction 1eading to compound nuc1eus formation. On 
the basis of an ana1ysis of a11 the avai1able experimental 
data it is conc1uded that the activity observed is rnost 
1ike1y t~ be due to the decay of the nucleus with atomic 
number 110. The ha1f-1ife of the new activity is compared 
with the va1ues c.a1culated using varidus theoretica1 mo
de1s. 

The investigation has been performed at the Laboratory 
of Nuclear Reactions, JINR. 
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