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Summary 

Both the experimental and theoretical 
data on the production of the neutron-defi
cient isotopes 244Fm and 246 Fm in the bombard
ments of lead and bismuth isotopes with 

40
Ar 

and 37 Cl ions are presented. 
By using different lead isotopes the 

cross sections for the reactions ( 40
Ar,xn) 

at x =1,2,3 and 4 have been measured. 
It has been shown that in case a tar

get of the Pmagic" 208 Pb nucleus or its 
neighbours is bombarded with ions of mass 
~ 40, the compound nuclei formed appear 
to be weakly excited and de-excite by emit
ting 2 or 3 neutrons. 

New possibilities of synthesizing ele
ments with atomic number Z> 100 are being 
discussed in the framework of the experi
mental data obtained. 

01974 06 .. ec)uHeHHWU UHc•u•y• Jlc)epHWX UCCJiec)o60HUU J{y6Ha 

1. BBEJ{EHHE 

0.IJ.HHM 83 OCHOBHbiX MeTO,!J.OB CHHTe3a TpaucciJepMHeBbiX 

3neMeHTOB JIBllJIIOTCJI JI,IJ.epHble peaKIJ,HH, Bb13biBaCMble ycKO

peHHbiMH TJI)I(enbiMH aoHaMH. :HJaecTHO, "'TO pa3nH"'Hble 

H30T0Dbl TJI)I(CllbiX 3neMeHTOB C DOpJI,!J.KOBbiM HOMepOM 

Z'<= 102-105 6blnH nony"'CHbl B peaKIJ,HJIX, npoTeKaiOIIJ,HX 

C o6pa30BaHHCM COCTaBHOrO JI,IJ.pa DpH o6ny"'CHHH H30TODOB 

3neMeHTOB oT U .n.o Cf ycKopeHHbiMH uoHaMHII B , 12 C , 
16,18 0 8 22 Ne/1/. 

)l.anbHeii:wee npO,IJ.BH)I(eHHC 3THM MCTO,!J.OM B o6naCTb 

6onee TJI)I(CllbiX 3llCMCHTOB Z > 105 H OODbiTKH CHHTe3a 

CBCpXTJI)I(ellbiX JI,IJ.ep Z = 110-126 CBJI3aHbl C HCDOllb30Ba

HHeM 6onee T JI)I(enblx uouoa. O.n.uaKo uenblii: pJI.IJ. 3Kcnepu

MeHTOB, npoBe,IJ.eHHbiX B pa3llH"'HbiX na6opaTOpHJIX C HOHaMH 

31 p, 40 Ar , 68 Zn , 76 Ge H 84Kr, noKa ue npuaen K nono

)I(HTenbHbiM pe3ynbTaTaM. TaK, uanpaMep, sepxHJIJirpauu

ua Ce"'eHHJI o6pa30BaHHJI CDOHTaHHO ,!J.CllJIIIJ,HXCJI H30TODOB 

107 3neMeHTa a peaKD.HH 238U(31 P, xn )269-x1Q7 oKaJanacb 

B ,IJ.CCJITKH pa3 MCHbWC Ce"'eHHH o6pa30BaHHJI H3BeCTHbiX 

JI,IJ.ep 104 H 105 3llCMeHTOB, KOTOpble 6blnH nony"'CHbl B pe

aKIJ,HJIX c HOHaMH 18 0 H 22 Ne /2/, AHanora"'HaJI cHTyaU.HJI 

HMeeT MeCTO H npH CHHTe3e CBepXTJI)I(ellbiX 3neMCHTOB: 

B peaKIJ,HJIX 

248 Gn(40 Ar,xn) 288-x 114 ~~/243 Am(68·Zn,xn)3ll-x 125 /4(' 

232 Th (84 Kr 'xn) 316- x l:.l5 . 6,232 Th ( 76 _Ge ,xn) 308- x 124 /6/ 
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6blnH nony"'eHbl nHWb aepxHHe rpaHHU:bl ce"'eHHii, ne)l(all{lle 

B npeAenax oT 5.10-30 c..w2 AO 1o-3 4 c..w
2

• 

Bo3MO)I(H0, 1.fTO OTCYTCTBHe O)I(HAaeMoro 34>4JeKTa B 

3THX 3KCnepHMeHTaX MO)I(eT 6b1Tb 06bBCHeHO CBOBCTBaMH 

CHHTe3HpyeMbiX BAep. BMeCTe C TeM He HCKillO"'eHO TaK)I(e, 

1.fTO AJlB CTOJlb TB)I(eJlbiX HOHOB Cyll{eCTBYIOT onpeAeneHHble 

cllaKTOpbl, npenBTCTBYIOII{He o6pa30BaHHIO COCTaBHOrO BA· 

pa/7-10/. K co)l(aneHHI0,3KcnepHMeHTanbHble AaHHble B 3TOii 

o6naCTH BeCbMa orpaHH1.feHbl H HHTepnpeTaU:HB HX HeOA· 

H03Ha1.fHa. ll03TOMY C Haweii T01.fKH 3peHHB npAMOB OTBeT 

Ha aonpoc, o6pa3yeTCB nu KnaccuqecKoe cocTaBHOe AAPO, 

AaeT npHMeHeHHe TpaAHU:HOHHOrO MeTOAa H3MepeHHB ceqe

HHB peaKU:HH C HCnycKaHHeM COCTaBHbiM BAPOM X HeiiT

pOHOB. C fiOMOll{biO 3TOrO MeTOAa MO)I(HO H3y1.faTb TaK)I(e 

H caoiicTBa o6pa3yromerocs cocTaBHoro BApa, npe)I(Ae acero 

ero 3HeprHIO B036y)I(AeHHB E * . CeqeHHe o6pa3oBaHHB TB

)l(eJlbiX H CBepXTJI)I(eJlblX BAep B OCHOBHOM COCTOBHHH 

01.feHb CHJlbHO 3aBHCHT OT BeJlH1.fHHbl 6apbepa AeneHHB, 

KoTopas onpeAenseTcB rnaBHbiM o6pa30M o6onoqeqHbiMH 

34>4JeKTaMH. llocKOJlbKY o6ono1.fe1.fHble 34MtleKTbl paJpywaroT-
/11/ 

CB npH 60JlbWHX 3HeprHBX B036y)I(AeHHB , HCCJleAOBaHHe 

3TOrO JIBJleHHB npeACTaBJlBeTCJI Ba)I(HbiM AJlB peWeHHB npo-

6neMbl CHHTe3a HOBblX 3JleMeHTOB. ,lJ,o HaCTOBII{ero BpeMe
HH TaKHe 3KCnepHMeHTbl no HCCJleAOBaHHIO npou;ecca o6pa-

30BaHHB CHJlbHOAeJlJlll{erOCB COCTaBHOrO BApa B peaKU:HBX 

C 01.feHb TB)I(eJlbiMH HOHaMH He npOBOAHnHCb. HaH6onee 

TB)I(eJlble HYKJlHAbl 6biJlH nonyqeHbl B peaKU:HBX C HOHaMH, 

He TB)I(enee 22 Ne , a HaH6onee TB)I(enble BApa Po, KoTo

pbie 6blnH nonyqeHhl B peaKU:BBX (HI, x n ) c HoHaMH 

Ar , Kr , Xe , oTHOCBTCB K o6nacTH cna6oAensii{IIXCB. 

LJ.enbiO AaHHOB pa60Tbl BBJlBeTCB HCCJleAOBaHHe npou;ec

Ca o6pa30BaHHJI CHJlbHOAeJlBII{IIXCJI COCTaBHbiX BAep B peaK

U:HBX C HOHaMH TB)I(eJlee HeOHa. 3KcnepHMeHTbl u;enecoo6-

pa3HO 6b1Jl0 Ha1.faTb C HOHaMH MaCChi A 1- 40 a.e., KOTOpble 

MOryT 6b1Tb ycKopeHbl C AOCTaT01.fHO BbiCOKOB HHTeHCHB· 

HOCTbiO Ha U:HKJlOTpOHe na6opaTopHH BAepHbiX peaKU:BB 

OHJIH Y- 300. B MexaHH3Me B3aHMOAeiicTBHJI HOHOB 40 Ar 
C TB)I(eJlbiMH JIApaMH y)l(e MO)I(HO O)I(HAaTb 3aMeTHOrO OT· 

JlH1.fHB OT TOrO, 1.fTO HMeJlO MeCTO B peaKU:BBX C 6onee 

nerKHMH HoHaMH. B KaqecTBe o6pa3yroll{erocs cocTaBHoro 

4 

BApa CJleAyeT Bb16paTb CHJlbHOAeJlBII{eecB BApO, 6apbep 

KOTOpOrO y)l(e B 3Ha1.fHTeJlbHOB CTeneHH onpeAenseTCB o6o

Jl01.fe1.fHbiMH J4Ml>eKTaMH, KaK 3TO HMeeT MeCTO AJlB BCeX 

TpaHccllepMHeBbiX H CBepXTB)I(eJlbiX 3JleMeHTOB. 

AHanH3 aecbMa orpaHH1.feHHoro KonuqecTBaAOCTynHhlX 

KOM6HHai{HB MHWeHb - qacTHU:a npHBOAHT K Bb160py peaK

U:HH 
208 Pb ( 40 Ar , 4 n) 244 Fm ~44 Fm sanseTCB OAHHM H3 HaH-

6onee CHJlbHOAeJlBII{HXCB H3BeCTHbiX HYKJlHAOB. 3TOT HJO· 

TOn, C BepOBTHOCTbiO, 6JlH3KOB K 100'*', HCfibiTbiBaeT 

cnoHTaHHoe AeneHHe H &MeeT nepHOA nonypacnaAa 3,3 ..weeK. 
CaoiicTaa 244 Fm 6blnH ycTaHoaneHhl HypMHa H AP·, Ko

Topble CHHTe 3Hpoaanu ero B :peaKU:HH 233 U ( I 6 0,5n) 244 Fm 
c ceqeHHeM 1.10-32 c..w2/I2/. llocKonbKY npu nepexoAe 

oT 16 0 K 40 Ar ceqeHHe o6pa3oaaHHB cocTaBHoro BApa 

MOrno Cyll{eCTBeHHO yMeHbWHTbCB, He06XOAHMO 6b1Jl0 o6ec

ne"'HTb MaKCHMaJlbHO BbiCOKYIO 1.fYBCTBHTeJlbHOCTb 3KCnepH

MeHTaJlbHOB MeTOAHKH AJlB perHCTpau;HH KOpOTKO)I(HBYII{HX 

CfiOHTaHHO nenBII{HXCB BAep. 

2. IIOCTAHOBKA OllbiTOB H 3KCIIEPHMEHTAJibHA.R 
METO,IUfKA 

CxeMa ycTaHOBKH noKa3aHa Ha puc. 1. llyqoK wecTHJa

PBAHblX HOHOB 40 Ar c 3Heprueii 220 M3B H HHTeHCHB

HOCTbiO AO 10 MKA npOXOAHJl qepe3 AHacllparMbl H nonaAan 

Ha apamaiOmyrocs MHWeHb, KOTopas npeACTaansna co6oii 

OXJla)I(AaeMblB BOAOB AHCK H3 AIOpamoMHHHJI, HMeiOII{IIH BRA 
0 . 

yceqeHHOrO KOHyca C yrJlOM npH OCHOBaHHH 20 H MaK-

CHMaJlbHbiM AHaMeTpoM 250 MM. Ha 6oKoaoii noaepxHOCTH 

AHCKa MeTOAOM BaKyyMHOrO HafibiJleHHB 6b1Jl HaHeCeH CJlOB 

CBHHU:a, TOJlli{HHa KOTOpOrO B pa3JlH1.fHbiX OfibiTaX BapbHpo

BanaCb OT 2 AO 5 MZ/CM 2 .MaKCHMaJlbHaB CKOpOCTb Bpa

ll{eHHB AHCKa COCTaBJlBJla 2800 o6/MUH /1 o6opoT -

20 ..weeK/. TeMnepaTypa AHCKa B npou:ecce 3KcnepHMeH

TOB KOHTpOJlHpOBanacb cneu;HaJlbHbiMH ,na T"'HKaMH H He 

npeBbiWana 60°C. BoKpyr MHWeHH Ha paCCTOBHHH 3 MM 

6biJlH pacnOJlO)I(eHbl AH3JleKTpH1.feCKHe AeTeKTOpbl OCKOJlKOB 

AeJleHHB - nnaCTHHKH CJliOAbl C COAep)l(aHHeM ypaHa H TO· 

PHB < 10 - 7 z/z. 
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lleTeKTOpb! 

OCKOnKOB aeneHH9 

Pb -MHWeHb 

flyqoK 
llHOHOB 

40Ar 

3aiiiHT Hb!e 

8Kp8Hbl 

Puc. 1. CxeMaiiiU'leCKUU euo 3KcnepUM€HIIIaAbHOU ycmaHoe
KU OAJI pezucmpaijUU KOpOIIIKOJICU6YUIUX cnOHIIIaHHO O€AJIUIUX
CJI JIOep. 

B ,ll;aHHOM OllbiTe CJIOH CBHHD;a JIBJIJieTCJI O,li;HOBpeMeHHO 

TOJICTOH MBWeHblO, B KOTOpOH DpOBCXO,li;BT HHTerpapoBaHBe 

«)yuxuaii: B036y)f(.D;eHBJI peaxu;ai Pb( 40Ar, xn ) • a c6opua

KOM Jl,ll;ep OT,ll;aqa. IlpH 3HeprHH BOHOB 40Ar 220 M3B 
JI,ll;pa OT,ll;aqa OCTaHaBJIBBaiOTCJI Ha rny6aue OT 1 ,!1;0 

3 M2/c.M2 B HanpaaneHBB, nepneH,li;BKYJIJipHOM DJIOCKOCTB 

.D;eTeKTOpOB., 3KcnepHMeHTaJibHO 6biJIO ycTaHOBJieHO, qyo 

3«)«)eKTHBHOCTh perHCTpaD;HH OCKOJIKOB B 3THX yCJIOBBJIX 

COCTaBmieT OKOJIO 50o/o. 

KouTponh 3a pacnpe.D;eneuaeM a HHTeHCBBHOCThiO nyqxa 

aouoa ocyiD;eCTBnHncJI c noMOID;hJO cneu;aanLuoro cxaua

PYIOID;ero ycTpoicTBa, pacnoJIO)f(eHHoro nepe.D; .D;Ha«)par-

6 

MaMH. HHTerpaJibHbiH DOTOK BOHOB 
40 

Ar B K8.)f(.l{OM ODbiTe 

onpe.D;eJI.IIJICJI DO BbiXOAY B30TODOB Tep6BJI, DPOAYKTOB peax
D;BH 114, ll6 Cd ( 40Ar ,xn) Dy 3.]. Tb c DOMOID;biO 

Ge ('Li )- y - cnexTpoMeTpa. ,D;m1 :noro aa 6oxoayro noaepx

HOCTb ,li;BCKa HaKJieBBaJiaCb MBWeHb H3 Ka,li;MBJI TO~HOH 
-30 ACZ/CM 2, DJIOID;a,ll;b KOTOpOH COCTaBJIJIJia 1~ OT 06ID;eH 

DJIOID;a,li;B CBBHD;OBOH MBWeHB. 

qyBCTBBTeJibHOCTb ycTaHOBKB TaKOBa, qyo Ha6JIIO.D;eHBe 

O.D;Horo Tpexa cnoaTaauoro .D;eneuaJI ua .D;eTeKTopax B pe-

3YJILTaTe 10-qacoaoro o6nyqeuaJI nyqxoM HOHOB 40 Ar c 

BHTeHCBBHOCTbiO -5 MKA COOTBeTCTByeT ceqeHBIO o6pa30-

aaaaJI 2.10-36cM 2 • HB3KBi ypoaeHL «)oua, o6ecneqaaaroiD;Hi 

CTOJib BbiCOKYIO qyBCTBBTeJibHOCTb, 6biJI ,li;OCTBrHyT 6naro

.D;apJI DpHMeHeHBIO 3aiD;HTHbiX 3KpaHOB, npe,li;OXpaHJIIOID;HX 

.D;eTeKTOPbl OT pacceJIHHbiX aouoa, a TaK)f(e 6naro.D;apJI cne

D;BaJibHOH npou;e.D;ype OT)f(Bra H TpaBJieHBJI CJIIO,ll;bl AJIJI Ha6JIIO

,ll;eHBJI OCKOJIKOB CDOHTaHHOrO ,ll;eJieHBJI. 

3. 3KCHBPHMEHTAJihHh/E PE3YJihTAThl 
H OliCY)J(~BHHE 

B nepBOM 3KCDepBMeHTe MBWeHb B3 CBBHD;a ecTeCTBeH

HOro B30Tonuoro cocTaBa o6nyqanacb aouaM& 40 Ar npa 

CKOpOCTB BpaiD;eHBJI 2800 06/MUH. IlpB BHTerpaJibHOM DOTO

Ke 1, 1.10 17 BOHOB 6biJIO 3aperBCTpBpOBaHO 662 TpeKa 

OCKOJIKOB CDOHTaHHOrO .D;eJieHBJI. H3 BpeMeHHOrO pacnpe

,ll;eJieHBJI C06biTBH, npe,li;CTaBJieHHOrO Ha puc. 2, MO)f(BO 

onpe.D;eJIBTL nepao.D; nonypacna.D;a cnouTauuo .D;eJIJIID;erocJI 

B3JiyqaTeJIJI, KOTOpbiH paBeH 4,0±0,5 MC€K. 3TO 3HaqeaBe 

cornacyeTcJI c .D;aHHbiMB, nonyqeHHbiMB paaee .D;JIJI B3oTona 

244 Fm. IIonaraJI, qyo ua6JIIO.D;aeMbiH 3ciJ«)eKT o6ycnoaneu 

peaxu;aei 2 08pb ( 40 Ar, 4 n ) 244 Fm , MO)f(BO onpe.D;eJIBTb ee 

BbiXO,ll;, paBHbli /3,4± 0,7/1/10 14 qacTHD; • 

3aTeM ODbiT 6biJI DOBTOpeH C MBWeHbiO B3 o6oraiD;eHHO

ro B30Tona 208 Pb I co.D;ep)f(aaae 208pb - 97 ,8tfo/. Ilpa 

BHTerpaJibHOY DOTOKe 6.10 16 BOHOB 3aperBCTpBpOBaHO 

214 TpeKOB OCKOJIKOB CDOHTaHHOrO ,ll;eJieHBJI, qyo COOTBeT
CTByeT BbiXOAY peaJCD;BB 208Pb( 40Ar ,4n) 244 Fm /1,0± 

±0,2/ .1/1014qacTau;. 
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Puc. 2. Kpuea.R pacnaoa Fm, o6pa3Y10fl#ezoc.R npu o6Ay- • 
'leHuu ceUHija uoHaMu 40 Ar . 

CpaBH8BaJI pe 3YJILTa Thl .n;ayx onhiTOB, cne.n;yeT OTMe-

T8Tb paCXO)I(,ZJ;eH8e B 3Ha'leH8JIX BbiXO.D;a peaK.U88 

20Bpb ( 40 Ar, 4 n ) 244 Fm , onpe.n;eneHHhiX c MHWeHJIM8 

83 ecTeCTBeHHOB CMeC8 830TOllOB CBHH.Ua 8 o6oraiUeHHOrO 

H30Tona 20B Pb. 3ToT liJaKT np8BO.D;8T K npe.n;noJIO)I(eH810 o 

CyiUeCTBeHHOM BKJia,LJ,e peaK.U8H C 8CnapeH8eM MeHee 4 

HeiiTpOHOB 8 o6pa3o8aH8e 24t Fm. TaKHM8 peaK.U8JIM8 JIBJIJI

IDTCJI207 Pb ( 40 Ar, 3 n) 8 206pb( 40 Ar ,2n) . )J,n.H npoaep

K8 JToro npe,LJ,noJio')KeHHII 6LIJIH nocTaBJieHbl npHMble JKcne

p8MeHTbl no onpe,LJ,eJieHHID cetfeHaii peaK.U8B c acnycKaH8eM 

O,LJ,HOrO, ,LJ,BYX H Tpex HeHTpOHOB. 

llpa o6Jiy•IeHH8 MHllleHeii H3 o6oraiQeHHoro 830Tona 
2 07 Pb /c co,LJ,ep)l(aHHeM 207 Pb 83~/ HHrerpanbHblM noTo

KOM 2.1016 HOHOB -tO Ar 6blJIO 3aperHCTpHpOBaHO 111 Tpe-

8 

KOB, a B OllLITe C M8WeHbiO 83 206pb lco.n;ep)l(aH8e 206pb -

90,4~1 llp8 8HTerpaJibHOM llOTOKe 1.10 
16 

80HOB 35 TpeKOB. 

BpeMeHHOe pacnpe,ZJ;eJieH8e TpeKOB B 3T8X OllLITaX COOT-
- 244p 

BeTcTaoaano pacna.n;y m , 'ITO no3BOJIJieT npeHe6pe'lb 
B03MO)I(Hb1M BKJia,ZJ;OM 6oJiee JierK8X He83BeCTHbiX CllOHTaH
HO ,ZJ;eJIJIIQ8XCJI 830TOllOB. 

CpaBH8TeJibHO 6onLwoii BhiXO.D; peaK.U8H 206 Pb( 40 Ar, 2n ) 
ll03BOJIJieT 8CCJie,ZJ;OBaTb peaK.U810 C 8CllapeH8eM .D;BYX HeBT

pOHOB B ~yroii KOM68Ha.U88, 208 Pb + 40 Ar ... 246 Fm, r.n;e 

830Ton 
24 

Fm I T1/2 = I ,2 ceKI 8C~TblaaeT cnoHTaHHoe 
.D;eJieH8e C 8epOJITHOCTbiO OKOJIO 8% 12 , 13/. )J,JIJI per8CT

pa.U88 pacna.n;a 246 Fm cKopoCTh apaiUeH8JI .D;8CKa- M8WeH8 

6blna noH8)1(eHa .n;o 7 o6/MUH II o6opoT - 8,5 ceKI. HcnonL-

30Banacb M8WeHb 83 o6oraiUeHHoro 830Tona 208 Pb. Ha 

puc. 3 npe.n;cTaBJieHo apeMeHHoe pacnpe.n;eneH8e TpeKoB 

CllOHTaHHOrO .D;eJieH8.11, 3aper8CTp8pOBaHHhiX B 3TOM OllhiTe. 

H3 nony'leHHLIX .n;aHHhiX cne.n;yeT, 'ITO nep80.D; nonypac

na.n;a 246 Fm cocTa8JIJieT 0,9±0,3 ceK, 'ITO cornacyeTcJI 

c paHee ony6JI8KOBaHHhiM8 pe3yJILTaTaM8. BLixo.n; peaK.U88 

208pl)( 40 Ar, 2n) 246 Fm paaeH - 3.10 - 14ti80HOB. llo-

rpeWHOCTh 3TOB BeJI8'18Hhl, O.UeH8BaeMaJI <ilaKTOPOM 2, 
o6yCJIOBJieHa, rJiaBHbiM o6pa30M, Heonpe,ZJ;eJieHHOCTbiO .D;OJI8 
cnoHTaHHoro .n;eneH8JI a pacna.n;e 246 Fm. 

HHTepecHo 8Ccne.n;oaaTb peaK.U810 c 8CnapeH8eM .n;ayx 

HeiTpOHOB C 6onee JierK8M8 6oM6ap.D;8PYIOIUHM8 80HaM8, 

Hanp8Mep, 8 KOM68Ha.U88 209 Bi ( 37 Cl, 2 n) 244 Fm. HaqaJIL

Ha.H 3Hepr8JI WeCT83ap.H.D;HbiX 80HOB 3 7 Cl COCTaBJIJieT 

OKOJio 240 M3B, 'ITO 3Ha'I8TeJibHO npeablwaeT 3Hepr8IO 

80HOB, COOT8eTCT8YIOIQYIO peaK.U882 0 9Bi ( 3 7 Cl, 2 n ) . 3TO 

llp8BeJIO K He06XO.D;8MOCT8 8CllOJib30BaH8.11 norJIOT8TeJIJI 83 

aJIIOM8H8JI, KOTOphli CJIY)I(8JI TaK)I(e .D;JIJI BaKyyMHOrO pa3-

,ZJ;eJieH8JI 3Kcnep8MeHTaJibHOB KaMepbl 8 80HOllpOBO.D;a. Ka

Mepa 6LIJia HanonHeHa ren8eM I- 30 MM Hg I c .uenLIO 

oxna)I(.IJ;eH8JI nornoT8TeJIJI. HHTerpaJILHLIB noToK 80HOB 3 7 Cl 
Ha B8CMYTOBYIO M8WeHb COCTaB8JI 5.10 16 8(1HOB. libiJIO 

3aper8CTp8pOBaHO BCero 18 TpeKOB OCKOJIKOB CllOHTaHHOrO 

.D;eJieH8.11, pacnpe.n;eJieH8e KOTOpbiX ll03BOJIJIJIO OTHeCT8 8X 

K pacna.n;y 244fm . BLixo.n; peaKU88 209 Bi (37 CI, 2 n ) 244Fm 
COCTaBJIJieT 6.10 -l 6 li80HOB. 
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Puc. 3. KpuaaJI pacnaoa Fm ,o6pa3YIOU#ezocJI a peaKf#UU 

208 Pb( 40 Ar , 2n) 246 Fm. 

C,nenaua TaK)I(e nonbiTKa onpe,neneHBJI Bblxo.na peaK~BB 
e uenapeuaeM o.nuoro aeiiTpoaa. C 3TOii ~enLIO npoBe,neH 
OllbiT, B KOTOpOM peraeTpBpOBanoeb enOHTaHHOe ,neneHHe 
246 Fm , o6pa3yiO~eroeH npu o6nyqeHHH 

207 Pb uoaaMH 
.to Ar. B 3TOM onbiTe acnon:L3oBanaeL MHWeHb H3 o6ora

~euuoro H30Tona 207 Pb e eo,nep)l(aHHeM 98~, I 208 Pb -
1,3~/. IlpH BHTerpanLHOM noToKe 6.1016 BOHOB 40 Ar 
3aperBeTpBpOBaH Beero O,D;BH TpeK CDOHTaHHOrO ,neneHBJI, 

KOTOpLIB MOr 6b1Tb o6ycnoBneH peaK~BeB 

ua npaMeca 
,nnH peaK~BB 
nBWb BepXHJIJl 
HOB. 

10 

208 Pb( 40Ar ,2n) 246 
Fm 

HJoTona 208 Pb B MHWeHH. TaKBM o6pa3oM, 
2tt7 Pb ( to Ar , ln) MO>KeT 6biTb onpe,lleneua 

r· pauaua BbJXo,na, coc rasnJIIO~aH 5 .w-161/ 'ao-

Pe3yn:LTaTw 3KenepHMeHTOB no nony'leHHIO H30TonoB 
2 44Fm H 2i6 Fm B peaKIUIJIX e HoHaMH 4 0 Ar H 3 '7cl 
npe,neTaBneHw B Ta6nu~e. IlpHBe,neHw TaK)I(e 3KenepuMeH
TallbHLie BellH'IHHLI ee'leHHB peaKIUIB, eOOTBeTeTBYJOIUHX 
MaKeHMYMY c)yHK~HH B036y)I(,!J;eHHJI, a MaKe. 3Ken. . 3TH 
BenB'IHHLI O~eHHBanBeb no H3MepeHHLIM 3Ha'leHHJIM BLIXO,D;OB 
peaK~BB H3 TOneTOB MBWeHH e Henonb30BaHBeM pae'leTHLIX 
3Ha'leHBB WBpBH 4JyHK~BB B036y)I(,!J;eHBJI *, KOTOpLie Bapb
apyiOTeJI oT 8 M 3B ,nnJI pea~HB 207 Pb("' Ar, 1 n) no 
15 M3B ,nn.11 peaK~HB 208 Pb ( 40 Ar ,4n). Ilpa TaKOM eno

eo6e o~eHKH a MaKe. 3Ken. oeHOBHaJI ueonpe,neneHHOeTb 
3aKHIO'IaeTeJI B B03MO)I(HOM paeXO)I(,D;eHBH pae'leTHWX H 
peanbHLIX 4JopM 4JyHK~HB B036y)I(,!J;eHHJI. IloeKOllbKY xapaK
Tep 3aBBeBMOeTB c)opMLI c)yH~HB B036y)I(,!J;eHHJI peaK~HB 
e BenapeHBeM HeiiTpOHOB OT onpe,nenJIIOIUHX ee 4JaKTOpOB 
I3HeprHJI B036y)I(,!J;eHBJI H yrnOBOB MOMeHT eoeTaBHOrO 
JI,D;pal B3BeeTeH, 3TO paeXO)I(,!J;eHHe He MO)I(eT npBBeeTH 

K OWB6Ke B onpe,neneHBH a6eOnJOTHLIX 3Ha'leHHB a MaKe. 3Ken., 
npeBt.IWaiO~eii 4JaKTOp 2.0THOeBTen:LHaJI OWH6Ka npB eo
noeTaBneHBB a MaKe. 3Ken. pa3HH'IHLIX peaK~HB ey
~eeTBeHHO MeH:Lwe a onpe,nenJieTeJI, rnaBHLIM o6pa3oM, 
norpeWHOeTbiO B B3MepeHHLIX 3Ha'leHBJIX BLIXO,D;OB peaK~HB, 
eoeTaBHJIIO~eii - 30~. 

,l);nJI BHTepnpeTa~BH npe,neTaBneHHLIX pe3yn:LTaTOB H 
epaBHeHBJI e ,naHHLIMH, nony'leHHLIMH paHee B peaK~HJIX e 
6onee nerKHMH HOHaMB, BOeDOllb3yeMeJI MeTO,D;OM ,lJ;)I{eKeo-

v v /15/ 
Ha- CHKKenaH,na ,nnJI pae'leTa ee11eHHB x n -peaK~HH , 
KOTOpLIB y,D;OBneTBOpBTellbHO ODHeLIBaeT 60llbWOe 'IHeno 
3KenepHMeHTan:LHLIX ,naHHLIX no nony'leHHIO TJI)I(enwx JI,nep 
e Z < 106 B peaKIUIJIX e BOHaMH A I ~ 22/16 ~ Ilpe,nnonO)I(BM 
npH 3TOM, 'ITO MeXaHH3M enBJIHHJI JI,nep e~eeTBeHHO He 
MeHJieTeJI npB nepexo,ne OT OTHOeBTellbHO nerKBX 6oM6ap
,AHpy~HX uoaoB I 12c , 16 o , 22 N I K 40 Ar. 

* H3bJepeuua! HaMB 4Jyli~HJI Bo36y)l(,ll;eHHJI B peaK~HH 
207 Pb ( Ar ,3n) 44fm uaxo,nuTeJI B xopoweM eornaeuu 

e pae'leTOM. IlpB O~eHKe a MaKe. 3Ken. BeDOllb30BanHeb 
,naHHLie 0 TOpM03HOB enoeo6HOeTH HOHOB apro~a B xnopa, 
B3JITLie 83 Ta6nB~ HopeKnu414Ja H mannHHra /l41. 
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Tor~a ceqeuue peaxnuu (HI,xn) MO>KeT 6biTL npe~-
CTaBJieHO B BH~e: 

LeN 
X 

a(E)=I n [rn!<rn+rr)lil! ~(E)P L(E*). 
X i = 1 L =0 X' 

/1/ 

3~ecL E - 3HeprHJI uoua, a L- ceqeuue 'L·o~ napnHaJILHoii 
BOJIHbl, p L(E*) - BepOJITHOCTL 3MHCCHH X HeiiTpOHOB 

X' 
H3 cocTaauoro JI~pa c 3Heprueii B036y~eHHJI E* H yrno-
BLIM MOMeHTOM 'l. 

~JIJI onpe~eneHHJI aenuqHHbl xpHTuqecxoro yrnoaoro 
MOMeHTa BOCnOJIL3yeMCJI 3MnHpHqeCKHM COOTHOWeHHeM, 
UOJiyqeHHLIM H3 OnLITOB no H3MepeHHIO r:rJIOBbiX KOppeJIJIUHH 
OCKOJIKOB ~eJieHHJI npH o6JiyqeHHH 38U HOHaMH 12 C , 
16o , 20Ne 8 40 Ar /I7 /.: 

LeN oo -1 
I a L / I a L = ( 1 + 0.03A 

1 
) 

L=O L=O 
/2/ 

llapUHaJILHoe ceqeuue aL onpe~enJieTCJI awpa>KeHHeM 

2 
a L = TT }( ( 2'L + 1 );T L • /3/ 

T L - K03<llcllHnHeHT npoxo>K~eHHJI ·L - oii napnHaJILHOH BOJIHbl 
qepe3 UOTeHUHaJI 'V L( r) ~JIJI B3aHMO~eHCTBYIOUUIX JI~ep /18/ 

'V ( z z e2 
Lr).. 1 T 

r 

2 1/3 l/3 ' 
h~L~L+1) 'V r0(A 1 +AT)-r 

+ 2 p. r + 0 exp ..t /4/ 

~JIJI napaMeTpoa noTeHUHana B3JITLI cne~YIOUUie 3HaqeuuJI: 
·v0 .. -70 M3B; r 0 .. 1,25.1o-13cM, d .. 0,44.1o-13cM 1191. 
Ko3<llcllHUHeHTbl npoxo~eHHJI TL awqucJIJIIOTCJI B npH6JIH
>KeHHH nepeaepHyToii napa6oJILI /20/. 

Benuquua P x L ( E *) paccquTwBanacL no l!lopMynaM, 
UpHBe~eHHbiM B pa6oTe / 16/. 3uaqeHHJI BXO~JIUUIX B 3TH 
l!lopMyJibl napaMeTpOB 6biJIH nonyqeHbl H3 yCJIOBHJI HaHnyq· 
wero cornacHJI c 3KcnepHMeHTaJILHbiMH ~aHHbiMH ~JIJI 4lopuw 
l!lyuxnuii B036y~eHHJI peaxnuii ( 

1 
)/15,16/ 

· H ,xn . 

12 

l 

i 

' 

~JIJI pacqeTa OTHOWeHHJI napnHaJILHbiX WHpHH 3MHCCHH 
HeHTpOHa H ~eJieHHJI r /rf HCnOJIL30BaJIOCL 3MnHpHqecxoe 
COOTHOWeHHe CHKKena:~a /15/. 

Pe3yJILTaTw pacqeTOB npe~cTaaneuw ua puc. 4, a cpaa
ueuue HX C 3KCnepHMeHTaJILHbiMH ~aHHbiMH npHBe~eHO 

B Ta6nune. BeJIHquuw ceqeuuii xn -peaxnuii H cornacue ux 
C pacqeTHbiMH 3HaqeHHJIMH yKa3biBaiOT Ha TO, qTo B3aHMO
~eHCTBHe HOHOB 40 Ar c TJI>KeJILIM JI~POM c ~ocTaToquo 
60JILWOH BepOJITHOCTLIO npHBO~HT K o6pa30BaHHIO COCTaB
HOrO JI~pa. 

Gonee onpe~eneuuwii xonuqecTaeHHLiii auaJIH3 ~aHHLIX 
He npe~cTaBJIJieTCJI B03MO>KHbiM, nOCKOJILKY H3MepJieMble 
ceqeHHJI o6pa30BaHHJI CHJILHO~eJIJIUUIXCJI JI~ep B OCHOBHOM 
COCTOJIHHH COCTaBJIJIIOT 10-7 - 1 o-1 O qaCTL nOJIHOrO ceqe
HHJI CJIHJIHHJI. Heo6xo~HMOe ~JIJI Taxoro aHaJIH3a Toquoe 
onpe~eneuue ~oJIH uepa3~eJIHBWHXCJI JI~ep Tpe6yeT npoae
~eHHJI 6onee ~eTaJILHLIX OnLITOB no H3MepeHHIO 3aBHCHMO
CTH rn /r f OT 3HeprHH B036y~eHHJI H yrJIOBOrO MOMeHTa 
JI~pa. , 

H3 Ta6nunw BH~Ho, qTo 3KcnepHMeHTaJILuoe ceqeuue 
peaxnuu 208 Pb( 40 Ar,4n) 244 Fm B 10 pa3 MeHLwe pac-
qeTuoro H B 100 pa3 ueuLwe ceqeuHJI peaxnuu 

233u ( I6o,An) 245 Fm, 
xoTopoe 6blno onpe~eneuo HypMHa H J{p. B pa6oTe 1121. 
0~HaKO Ha OCHOBe H3MepeHHLIX BLIXO~OB xn -peaKUHH Ha 
TOJICTOH MHWeHH Tpy~HO OTBeTHTL Ha BOnpoc, JIBJIJIIOTCJI JIH 
OTMeqeHHble paCXO>K){eHHJI CJie~CTBHeM no,l{aBJieHHJI o6pa30· 
BaHHJI COCTaBHOrO JI~paHJIH CJie~CTBHeM BJIHJIHHJI pa3JIHqHii 
B CBOHCTBax o6pa30BaBWHXCJI COCTaBHbiX JI~ep Ha nponecc 
~eB036y>K){eHHJI. 

BMecTe c TeM, paccMaTpHBaJI oT~enLHO peaxnHIO Pb+Ar, 
MO>KHO yKa3aTL Ha HHTepeCHYIO oco6eHHOCTb: ceqeHHJI peax
UHH c acnycxauueM ~syx H Tpex ueiiTpouoa cpaBHHMbl H ~a
>Ke npeaocxo~JIT ceqeuue 4n -peaxnuu. 

3TO 06CTOJITeJILCLBO npe~CTaBJIJieTCJI BeCLMa Ba>KHbiM 
KaK C TOqKH 3peHHJI noJiyqeHHJI CJia60B036y>K){eHHbiX COCTaB
HbiX JI~ep, TaK H MeXaHH3Ma HX o6pa30BaHHJI. ll03TOMY 
HH>Ke Mbl OCTaHOBHMCJI 6onee no~po6HO Ha 3.TOM BOnpoce. 

KaK BH~HO H3 COOTHOWeHHJI /1/, BepOJITHOCTL o6pa3o
BaHHJI JI~pa B OCHOBHOM COCTOJIHHH CYIUeCTBeHHbiM o6pa30M 
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coo•ae•c•aeHHo. 
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3aBHCHT OT 3HeprHH B036y)l()(eHH.B COCTaBHOrO .B~pa. B CBOIO 

oqepe~L, MHHHManLHOe 3HaqeHHe 3HeprHH B036y)l()(eHH.B 

COCTaBHOrO .B~pa onpe~en.BeTC.B 6apLepOM B3aHMO~eHCTBH.B 
H Q -peaKD;HH: 

E~in = B int +Q, 
ZIZTe 2 

rne B. t.. I I H Q =MI +M T-MCN" Ha puc. 5 
m r(Al3+Al3) 

e I T 248 
noKa3aHa 3aBHCHMOCTL E * . ~n.B cocTaBHoro .B,D,pa Fm , m1n 
DOnyqeHHOrO B pa3nHqHLIX KOM6HHaD;H.BX MHIIIeHL- HOH. fipH 

pacqeTe E * . MaccLI .B~ep 6LinH Bl.BTLI Hl pa6oTLI Mai-
mm 1211 

epca H CB.BTen;Koro , a 3HaqeHHe napaMeTpa 34MiJeKTHB-

Horo pa,D,Hyca B3aHMO,IJ,eHCTBH.B re 6LinopaBHO 1,45.10-ltM. 
BH.IJ.HO, qTo c pocToM MaccLI 6oM6ap~Hpyromero HOHa 

3HeprH.B B036y)l()(eHH.B COCTaBHOrO .B,IJ,pa yBenHqHBaeTC.B H 

.IJ.OCTHraeT MaKCHMyMa B o6nacTH A I .. 25 H 3aTeM yMeHL

waeTC.B noqTH B.IJ.BOe B o6nacTH A I"" 40-50. 
3THM 06'L.BCH.BeTC.B XOpOWO H3BeCTHLIH 4Ja,KT, qTO B 

3KCDepHMeHTaX DO CHHTe3y T.B)I(enLIX 3neMeHTOB z,. 100-
105 C HOHaMH 12C , 14 N , 16 0 H 22Ne He Ha6nro,IJ,anHCL 

peaKD;HH C HCDYCKaHHeM Manoro qHcna HeHTpOHOB, KaK 3TO 

HMeeT MecTo B peaKD;HH 208Pb ( 40 Ar, xn). 

40 
TiocKonLKY peaKn;HH ( Ar, 2 n , 3 n) H.IJ.YT npH 3HeprH.BX 

HaneTaiOID;ero HOHa, 6nH3KHX K 6apLepy B3aHMO,IJ,eHCTBH.B, 

ceqeHHe HX qpe3BLiqaHHO qyBCTBHTenLHO K BenHqHHe 6apLe

pa. KaK BH.IJ.HO H3 puc. 4, H3MeHeHHe B int Ha 4 M3B 
MeH.BeT ceqeHHe 2n -peaKUHH B 10 pa3. Bnaronap.B 3TOMY 

o6CTO.BTenLCTBY H3 3KCDepHMeHTanLHLIX 3HaqeHHH ceqeHHH 

peaKD;HH C X~ 3 MO)I(HO ,IJ,OCTaToqHO TOqHO onpe,D,enHTL 

BenHqHHY B. t, KOTOpa.B ,IJ,aeT npe,D,CTaBneHHe 0 xapaKTepe 
In 

MeXaHH3Ma CnH.BHH.B CTOnL CnO)I(HLIX .B,IJ,ep. 

Ha puc. 6 noKa3aHo cpaBHeHHe pacqeTHOH H 3KcnepH

MeHTanLHOH 3HepreTHqeCKHX 3aBHCHMOCTeH ceqeHH.B o6pa-

30BaHH.B cocTaBHoro .B,IJ,pa B peaKUHH 
40 

Ar + 208
Pb. Teo

peTHqecKHe KpHBLie paccqHTaHLI ,IJ,n.B napaMeTpOB DOTeHn;Ha

na BlaHMO,IJ,eicTBH.B V0 =-70 M3B, r 0 = 1,25.1o-
13

cM 
H npH pa3HLIX 3HaqeHH.BX napaMeTpa .IJ.Hii>li>Y3HOCTH d = 
= 0,44.1o-ItM H d = 0,34.1o-1tM. BH.IJ.HO, qTo pacqeTHLie 

3aBHCHMOCTH XOpOWO cornacyiOTC.B C 3KCDepHMeHTanLHLIMH 
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aHeprKH •oBOB (MaB) 

Puc. 6. 3aeucuMOC111b cet~eHUJI o~a3oeaHUJI coc111aeHozo 
.110pa 248 Fm e peaKijUU 208pb + 4 Ar 0111 3Hepzuu uoHoe 
40 A r . IlyHK111UpHaJI u cnAOUIHaJI Kpueble - pe3yllb111a111bl pac
'le111oe co 3Ha'leHueM napaMe111pa d = 0,34.J0-13c:M u 
d= 0,44.J0-13c:M, coo111ee111c111eeHHO. To~f¥;- 3KcnepuMeH-
111QIIbHble oaHHble, noAy'leHHble e pa6o111e • 

3HaqeHHBMH. H3 cpasHeHHB c 3KcnepHMeHTanhHhlMH ~aH

HhlMH ~nx ceqeHHH 2n-H 3n -peaK.QHH /eM. Ta6nH.u;y/ cne~yeT 
oT~aTb npe~noqTeHHe pacqeTy c d = 0,34.10- 1't-M. 

Heo6xo~HMO OTMeTHTb, qTo sapHa.QHH Mace yqacTByJO

l.QHX B peaK.QHH B~ep Bhl3hlBalOT COOTBeTCTBylOllUie Hepery

nBpHhle H3MeHeHHB B senHqHHe Q . ll03TOMY ~llH 6nB3KBX 

KOM6HHa.QHH MHWeHb-HOH MOryT Ha6nlO~aTbCH OTKllOHeHBH 

B HeCKQllbKO M3B OT nnaBHOH 3aBBCBMOCTH E *. , B3o6pa-m•n 
)l(eRHOH Ha puc. 5, qTo TaK)I(e ~Oll)I(HO npHBeCTB K 3aMeT-

17 



HOMY pa3JI8"1810 B Ce"leH8JIX peaKU8H C X < 3. llp8MepoM MO

ryT CJiy)I(8TL peaKUH8 

209Bi ( 37 Cl , 2 n) 244 Frn 206 Pb ( 40 Ar , 2 n) 244 Frn , 

B KOTOpLIX BeJI8"18Ha E ": np8H8MaeT COOTBeTCTBeHHO mtn 
3Ha"leH8JI, paBHLie 30 8 32 M3B. H 3Kcnep8MeHTanLHLie, 

8 pac"leTHLie Ce"leH8JI peaKUHH OTJI8"laiOTCJI 6onee "leM B 

10 pa3, "'TO JIBJIJieTCJI CJieACTB8eM CTOJIL MaJIOH pa3H8ULI 

B 3Ha"leH8JIX E*. , nocKOJILKY B o6o8x cnyqaJix o6pa3yeTCJI mtn 246 OAHO 8 TO )l(e COCTaBHOe JIAPO frn. 

TaK8M o6pa3oM, BHyTpeHHJIJI caMocornacoaaHHOCTL AaH

HLIX no on8CaH810 o6pa30BaH8JI COCTaBHLIX JIAep B peaKU8JIX 

Cl + Bi 8 Ar + Rl no3BOJIJieT np8MeH8TL npeAJIO)I(eH

HLIH MeToA pac"leTa AJIJI aHan83a B03MO)I(HOCTeii nonyqeH8JI 

6onee TJI)I(enLix cocTaBHLIX JIAep. B 3TOM cnyqae o6pa3oBaH8e 

JIAep TJI)I(eJILIX 3JieMeHTOB B peaKU8JIX C X ~ 2 AOH)I(HO 

8MeTL npe8MYIUeCTBO no cpaBHeH810 C 8CnOJIL30BaBWHM8CJI 

paHee peaKU8JIM8 C 8CnycKaH8eM "leTLipex 8 nJIT8 HeiiTpo

HOB, T .K. yMeHLWeH8e "18CJia 8CnapJieMLIX HeHTpOHOB Ha 

2-3. eA8H8ULI yaeJI8"18BaeT AOniO Hepa3AenHBWHXCJI JIAep 

Ha HeCKOJILKO nopJIAKOB /CM. cllopMyny /1/ np8 fn/r f < 0, 1 /. 
Ecn8, Hanp8Men'" nocTp08TL 3aB8C8MOCTL E *. AHJI 

~a8 mtn 
COCTaBHOrO JIApa Ku , TO OHa 6yAeT 8MeTL M8H8MYM 

np8 A 1 :50. Pac"leTLI noKa3LIBaiOT, "'TO ce"leH8e o6pa3o

BaH8JI 104 3JieMeHTa B peaKU88 50 Ti + 208pb ... 256 Ku + 2n 

MO)I(eT AOCT8raTL 3Ha"leH8JI 10-31 - 10-32 c,w2,"1TO B Ae-
242 

cJITK8 8 coTH8 pa3 npeaocxoA8T ce"leH8e peaKUB8 Pu+ 

22Ne .. 260104+4n, B KOTOpOH 6LIJI BnepBLie C8HTe38pOBaH 

830TOn 260J.04. 

3AKJIJOqEHHE 

BLinOJIHeHHLie B AaHHOB pa6oTe 8CCJieAOBaH8JI yKa3LI· 

BaiOT Ha TO, "'TO. B3a8MOAeBCTB8e 80HOB C MaccoiiA1 :40-50 
C TJI)I(eJILIM JIApOM C AOCTaTO"'HO 60JILWOB sepOJITHOCTLIO 

np8BOA8T K o6pa30BaH810 COCTaBHOrO JIApa. llp8 3TOM 

3Kcnep8MeHTanLHLie AaHHLie no ce"leH8JIM o6pa3o&aH8JI 

COCTaBHOrO JIApa 8 8CnyCKaH8JI 83 Hero X HeHTpOHOBHe 

o6Hapy~BaiOT npeACKa3aHHoro B PJIAe pa6oT 3Ha"l8TenL-

18 

Horo yaen8"leH8JI 6apLepa B3a8MOAeiicTB8JI. Ben8"18HLI 6apL

epOB CJI8JIH8JI OKa3LIBaiOTCJI 6nH3K8M8 K TOMY, "'TO MO)I(HO 

O)I(HAaTL 83 aHaJI83a B3a8MOAeHCTB8H C 80HaM8 MeHLWeii 

MaCCLI. 

B pe 3ynLTaTe 3Toro M8H8ManLHax 3Hepr8JI B036y)l()l.e

HHJI COCTaBHLIX JIAep, KOTOpLie o6pa3YfOTCJI np8 CJI8JIH8H 

HOHOB Mac eLl A I .., 40-50 c T JI)I(eJILIM8 JIApaMH, oKa3LIBaeT

ex "'20-30 M3B, "'TO np8BOA8T K o6pa3oBaHHIO cna6oBo3-

6y)I(AeHHLIX COCTaBHLIX JIAep, HCnycKaiOIUHX TOJILKO ABa 

HJIH TpH HeiiTpOHa. lloCKOJILKY 2 n- H 3 n - peaKU88 8AYT np8 

3HeprHJIX, 6JIH3K8X K 6apLepy B3aHMOAeHCTB8JI, HX Ce"leHHJI 

O"leHL CHJILHO 3aBHCJIT OT BeJI8"18HLI 6apLepa 8 OT Q ·peaK

U.HH. 3To o6cTOJITenLCTBO AenaeT BLI6op Toil 8nH 8Hoii 

KOM6HHaUHH 80H - MHWeHL BeCLMa AeJI8KaTHLIM AeJIOM. 

CoaoKynHOCTL 3KcnepaMeHTanLHLIX AaHHLIX noKa3LJBaeT, 

"'TO BLIBOA 06 yMeHLWeHH8 Ce"leHHH o6pa3YIOIUerOCJI 3Jie

MeHTa c pocToM Mac eLl HOHa, KoTopLiii 6Lin CAenaH Ha oc

HOBe HCnOJIL30BaHHJI TpaAHU80HHOrO MeTOAa C8HTe3a 3ne

MeHTOB c Z > 100 B peaKU8JIX c 80HaMH A I ::; 22, cnpa

BeAnHB n8WL np8 A I< 30. C yaen8"leHHeM MaccLI HoHa 

AI MeTOA CHHTe3a TJI)I(enLix 3neMeHTOB c z ~ 104 
B peaKUHJIX, np8BOAJIIU8X K o6pa30BaHHIO cna60B036y)I(AeH

HLIX JIAep, OKa3LIBaeTCJI 3Ha"l8TeJILHO 6onee 3cllclleKT8BHLIM, 

"leM acnonL30BaBW8HCJI paHee. CneAyeT nOA"lepKHYTL, "'TO 

BMeCTO peAKHX H C8JILHO aKT8BHLIX 830Tonoa Pu , Crn , Cf 

B JTOM MeTOAe B Ka"leCTBe MHWeH8 MO)I(HO 8CnOJIL30BaTL 

H30TOnLI Pb H Bi. llp8 3TOM nonaocTLIO 8CKniO"laeTcx clloH 

CnOHTaHHOrO AeJieH8JI KaK OT COCeAHHX JIAep, TaK HOT cnoH

TaHHO AeJIJIIUHXCJI H30MepOB. 

XOTJI B On8CaHHLIX 3KCnep8MeHTaX 6wn HCCJieAOBaH 

y3KHH AHana3oH Mace A I 8 AT, "18Cno B03MO)I(HLIX KOM68Ha

uaii HOH - MHWeHL B 3TOH o6naCT8 BenHKO, "'TO OTKpLIBaeT 

B03MO)I(HOCTL nony"leH8JI 8 8CCJieAOBaH8JI CBOHCTB 60JILWOrO 

"'HCJia HeiiTpOHOAecllHU8THLIX JIAep C 100 < Z < 104 8 

140_5 N ~153. -
Ha OCHOBe 3KCnep8MeHTaJILHLIX AaHHLIX, 8CnOJIL3YJI 

BLIWeOnHcaHHLIH MeTOA pac"leTa Ce"leH8H X n -peaKU8H, 

MO)I(HO OUeHHTL B03MO)I(HOCT8 CHHTe3a 3JieMeHTOB CZ== 106-
108 H N = 152-156, KOTOpLie MoryT o6pa30BLIBaTLCJI np8 

o6nyqeHH8 M8WeHeii 83 Pb a Bi 80HaM8 Cr , Mn , Fe 
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Ou;eHKH noKa3wBaiOT, 'ITO o>K11,1J.aeMwe ceqeHHJI o6pa3oBaHHJI 

3THX HYKJIH~OB MoryT ~ocTaraTL 3aaqeaaii 10-32 

10-33 eM 2• TaKae 3KcnepHMeHTLI ~ocTynaw ~JIJI npose~eHHJI 
B HaCTOJIID;ee BpeMJI H MOryT llOJIY'IHTL ~aJILHeiiwee pa3-

BHTHe C 3anyCKOM HOBLIX YCKOpHTeJieii: TJI>KeJILIX HOHOB. 

Mo>KHO aa~eJITLCJI, 'ITO 3TOT MeTo~ 6y~eT 34xtleKTHBeH 

H npH CHHTe3e CBepXTJI>KeJILIX 3JieMeHTOB C Z '2:_110. 

ABTOPLI rny6oKO npH3HaTeJILHLI aKa~eMHKY r .H.CI»nepo

BY 3a 60JILWOe BHHMaHHe K 3THM pa6oTaM, u;eHHLie COBeTLI 

H KpHTH'IeCKHe 3aMe'laHHJI • 
Mw 6naro~apaw H.A.,ll;aaanosy, B.M.TinoTKO H M.TI.Hsa

HOBY 3a llOMOID;L B npoBe~eHHH ODLITOB, a TaK>Ke T .H.Pw-

6aKOBOB H K.H.MepKHHoii 3a 6onLwoii TPY~ no o6pa6oTKe 

~eTeKTOpOB ~eJieHHJI. 

Bwpa>KaeM 6naro~apaocTL rpynne 3KcnnyaTan;HH 310-
caHTHMeTposoro D;HKJIOTpOHa JUIP 3a llOJiy'leHHe HHTeHCHB

HLIX a cTa6anLHLIX ny'IKOB HOHOB 3 7 Cl H 40 Ar. 
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