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1 BBe.r(eH1-1e, 

" )],JIJI o6nacin nenmx .llCJIJIIUHxcn 1<owiayH.u-11.n.cp m.1ccTcJI .n,QcTaToquo 6om,- _, {i • 
. . 

rnoe l(OJIH'leCTBO 3Kcncpm,IeHTllJihHLIX .ll,UHHhlX, CBH.ll.CTCJihCTBYIOIUIIX o TOM, 

qTo. npn 3Heprnn;x 60M6ap.n.npy10mnx noHon, m{ 20-30 lvbB npcnLirna10-_ 

lllllX 6ap1,ep CJillJIHllJI, c;eqeHllJI 06pa3onamrn ncnapllTCJihHhIX npo.n,yKT0B 

IlOJIHOrO CJIHJIHlIJI npaKTllqecl(ll IlCpCCTUJOT 3aBIICCTh OT. MllCChl 6m,16ap,!lll- · 

pyromero lI0Ha .. B Ka'leCTBe npuMcpa MO)l{HCJ . C0CJiclTI,CJI Ha peJyJihTaThl 

· pa6oT [1,2], n 1<0Tophlx 6hIJI nponc.n.cu .n.craJihIILiii: aHaJIUJ ccqcHnii: o6pa3o

naHHJI ucnapuTeJILHLIX npocyl<ron rr peamixinx c noHaMu 31 P, 40 Ar, 84Kr n 
100Mo,·npIIBO,!l1IllllIX l( o6pa30BaHIIIO l{oimayn.n.-JI.UJ>a -- 2~Po. BLiiIO noKa-

3aHo, 'ITO nepexo.u DO BXO.ll,H0M KaHaJle OT J>C3KO acUM11CTJJII'llIOii: I{ IlOJIHO

CTI,lO ClIMMeTplI'IHOH KOMfiIIHaUMU HC BJIUJICT Ha Il0JI0)l{CHIIC MilKCUl\lYI\IOB II 

lpopMy ll>YHKUIIii: no36y)l{,!lemm n¥napnTCJlhHLIX npo.n.yI{ToB, o6p!l3YIOIUIIXCJI. 

D. RaHaJle IlOJIH0ro CJillJIHHJI. A6c~>JIIO'.rHhIC BCJIII'lHHhl CC'lCHllii npII 3T0I\L 

yMeHhlllaIOTCJI nponopUII0HaJII,H0 Yl\lCH.6lllCHHlO IIJ>IIBC.llC1:1HOii ,!lJIHHhl DOJIHLI. 

no nxo.n,HoM Ranane pcaRUirn, 'IT<> cnn.n,cTCJILCTnycr_ o nocniJIHCTBC cpc.llllero 

yrnonoro MOMeHTa D KaHaJie m:napUTCJILHhIX npo.n.yRTOB ,!lJIJI DCCX lICCJIC.ll,0-

naHHhIX pcaRUIIH. I1ony,nrnm,1c pc3yJILTaTJ,l HMCIOT ni>oCTOC. OO'bJICi!~HH~. 

}h-Ja yMeHhlllCHIIJI_ 6apbcpa .ll,CJIClilIJI JI.ll.JHI c yncJlll'lCHHCl\[ {'r() yrnonoro 

MOMCHTa II, RaR CJIC,!lCTBIIC 3TOr<> ···-- pocTa .ll.CJIUM0CTII, OCH0lll~Oii: Ill{Jlcl,!l D 
-• . , .I 

CC'ICHIIJI o6p,faonaHIIJI ncnapnTCJlhllhlX npo.n.yRTOB 6y.u.yT _BH0CHTh napuu-

3JlhHLie B0JIHJ,I C MUJihll\1ll 3Ha'lCHllJil\1Il yrnonoro 1\101\lCHTa. f. < . C1 [3]. vh ' \ 

1\10,!lCJihHii!X pacqeTOB cJic.uycT, 'ITO .ll.JIJI 1{01\[IlllYH.ll.-.lI.lll>a 200Po DCJlll'llIHU £ J }/~:"' •. 
. •. '. , . _!t.i•.~~ 

He_ npeDhllllclCT ~30h, 'ITO CYIUCCTBCHH0 MCHhllle,. 'ICM BCJIH'lllllll. £KP, ,!lcl)l{C/' <,<\ 
.llJIJI pea~un11 c IIOHaMII <l>oc<l>opa. ITmm>MY .UOI\UIHIIJ><)n~u11c ,m1 ncpno~;-/i/S: · 

CTa,lJ,lIII J>CHI<UlllI npouccca IIOJIH0ro _CJIHJIHIIJI C o6pa3onaHIICM J{0I\IIIayu!'' - i; /:.\ .. . . . . . - .. ; ...... ~.,._~~-

1I,l1,pa 6y.n.cT npirno.ll,IITh I{. OTCYTCTDIIIO 3anncnirncTH CC'ICHHii oGpa3oBaHIIF,', ii}:\ 
lICIIapHTCJII,HhIX npo.uyRTOB ();· 1iacc··ac1IMMCTIHIII ·BO. DX0.ll,H0M Rana.rre pJ·lTi:t 
aKIJ;ll;H, 't!To II no,!lTb.ep)l{,!laeTcJI 3I<cnc1niMcnToM. · · : · '. i{/':1 
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O.umrno c11ryaunJI MomcT ll3MCHHThCJI npn ncpcxo,nc I< JI.n.pi1M c 6oJic!. ,·.\·'·t 
DhlcoI<oii .llCJIIIMocT1,10, ,nJIJI RoTopLix nonnoe cnnnnnc c o6pa3onaHncM ROM:}\'.:,~ 

nayn.n.-n.npi1 MomcT ncpccrnTL fiLITL .ll0MllHIIpymmnM wrnaJioM n 111><.iuccd:Jf, 

3D0JII0UIIII .unoiiHoii n.u.cpuoii: CHCTCI\Ihl, ,name npn MHJlhIX 31Hl'ICHIIJIX npn;: .: F) : ]' 

llCJll,HhlX r:iapaMc:rpax coy.uapcmrn. HcKOTOJlhlC o6mnc apryMcHThl D IlOJih;~,'.~i:.:1 '. \ 

Tal<Oro IIJ>C,!lII0JI0)l{CHIIJI fiLIJIH DhlCl{~l31lHLI D pafioTC [4]. Tal\URC 6LIJIO nor.::{) .. ( ~) 

RaJano, '!To HMCJOTCJI OT.UCJ1L1u,1c 3I<cncpnMeHTaJILHLIC peJynhTaThl no CQ'lc--'r. • ','.,,\:I 
\'_:.,,,,,.·1--·1, 
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HIIJIM o6pa30BaHIIJI 11cnapI1TeJII,HhlX npo.n.yRTOD, ROTOphle MOiKHO lIHTepnpe

TIIponaTI, RaR no.n:rnep)l{,!leHIIe 3Toro npe,!liloJiomeHIIJI. Ilo3TOMY HaM npe,n:

CTaDJIJIJioc1, lIHTepeCHhlM npo,n:0JI)J{IITI, lICCJie,n:oBaHIIJI 3aDIICIIMOCTII ceqemiii 

o6pa3oDaHIIJI I1cnap11TeJII,HhlX npo.uyRTOB OT Macc-acIIMMeTpIIII BO DXO,LUIOM 

RaHaJie peal(UIIII .ll:JIJI 6onee TJI)l{eJil.Ix .ueJ1JIIUIIXCJI JI,!lep, qeM 200Po. BLI6op 

.ll.JIJI lICCJle,!loBaHllJI peaKUIIii, npIIBO,!l1IIUIIX I{ o6pa30DaHlIIO ROMnayn,n:-JI,n:pa 
221 Pa, npe.ucTaDJIJIJICJI pa3yMHhlM R0MnpoMHCC0M. C o,LUioii cToponhl, ce'Ie

Hllil xn-, pxn- II axn-peaRUIIH B 3TOH o6nacTII JI,n:ep nee eme OTHOCIITeJII,H0 

BCJIIIRII, 'ITO Il03BOJIJieT nponecTII ,!lOCTaToqHo ,n:eTaJII,HJ,Ie II3MepeHIIJI q>yH

KUIIH D036y)l{,!leHIIJI ,n:JIJI OT,n:eJIJ,HhlX RaHaJIOD peaKUHII. C .n.pyrpii cropoHI,I; B 

pa6oTe [5] yRa3hlD3JI0CI, Ha D03MO)J{HOe npIICYTCTDHe aHOMaJIBII D ceqeHIIJIX 

06pa3onaHIIJI 224U npH nepexo,n:e OT peaKUHii c 110HaM11 22Ne R peal(UIIJIM c 

11onaM11 48Ca. 

2 MeTo,n;HRa H3MepeHHH H pe3yJI:6TaThl 3RcnepHMeH-

TOB 

2.1 Peam~1rn 24Mg + 197 Au 

O6nyqeHIIJI npono)J.lIJIHCL Ha UIIRJIOTpoHe Y-400 JUIP O11JH1. B 3Rcne

p11MeHTax lICITOJII,30Da~IIC~ BhlBe,n:eHHJ,Ie nyqRII 24Mg C HaqaJII,HhlMII 3Hep

rllJIMII 140, 160 tt 176 MaB. MHTCHCIIBHOCTI, ny'!Ra Ha MIIllleHII 

.u11aMeTpOM 12 MM orpaHnq11BaJ1aC1, 11 He npeBLirnana 5 x 1011 -qacr11u/ c . 

MJMeneHIIe 3Heprn11 60M6ap.u11py10m11x 110Hon c rnaroM 3-6 M3B np0Bo

.n:11noc1, C IlOMOIULlO aJIIOMIIHlieDhlX II TIITaHOBhlX norJIOTHTeJieii, pacnoJio

)I{eHHhlX Ha paCCTOJIHIIII 70 CM nepe.n: MIIllleHI,lO. 8HeprIIJI 'I3CTIIU ny'IRa 

IlOCJie npoxo)l{,!leHIIJI norJIOTIITeJiefi ll3MepJIJI3CI, nonepXHOCTH0-6ap1,epHhlM 

nonynpoDO.lllllIRODhlM .ueTeRTopoM no 3HeprHII H0HOD, pacceJIHHhlX Ha yroJI 

30° Ha TOHROH ( 250 MRr / CM2) 30JIOTOH q>0JIJ,re. M3MepeHIIJI IlOTORa lI0-

H0D, nporne)J,llllIX tiepe3 MHllleHL, npoBO,lJ,lIJIBCI, C lICilOJII,30DaHIIeM UIIJIBH

.n.pa <l>apa,n:eJI. B 3RcnepIIMeHTaX lICITOJII,30BaJiaCI, Heno,n:nIDKHaJI MlilllCHI, 

113 30JI0Ta c. TOJIIUIIHOH 415 MRr/cM2 Ha 6-MRM aJIIOMIIHHenoii IlO.ll:JIO)I{J{e. 

M11rneHI, 6LIJ1a H3rOT0DJieHa MCTO.ll:0M paCIThlJICHIIJI. TOJIIUIIHa MHIIIeHII II ee 

0.llHOpO,LUIOCTI, lIJMepJIJIBCI, MeTO.ll,OM peHTreHO-q>JIIOop11cueHTH0ro aHaJIB3a • 

Orn116Ra D onpe,n:eJieHIIII TOJIIUIIHJ,I MIIllleHII He npeDLIIIIaJia ±10%. 
OT,n:eneH11e npo.uyRT0D peaKUIIiI noJIHoro CJIIDIHIIJI OT qacrnu nyqRa n 

npo.uyRTOB peal(UlIH nepe.uaq ocymecTBJIJIJIOCI, C ITOMOIULIO 3JieRTJJOCTaTH-r ~~;;:;;'.,-:-~'~E:;1 
jJ ~1~·ifoffi'i(Jf£tit\ ~ 
i~~..liJ~ ..,_ •. . ~ .~er~~ 



'lec1<0ro cenapaTOpa BACMJIMCA [6] . .L(eTeKT1Ipy10rn;aJI clicTeMa, pacno

JiomeHHaJI B q>oKaJU,HOil: IIJIOCKOCTII cenapaTOpa, COCTOJIJia II3 .unyx nrnpo

KOanepTypHLIX npeMJinpoJieTHLIX ,n:eTeKTOpon C npeMeHHLIM pa3peIIIeHIIeM 

0,5 HC II BOCl,MIICTplIIIOBOro IIOJIYilpOBO,n:HIIKOBOro ,lleTeKTopa C pa3MepaMII 

oT,n:em.Horo cTp1Ina 10x70 MM. 8HepreTII'!ecKoe pa3peIIIeH1Ie ,n:JIJI oT,n:em,

HLIX CTplIIIOB ,lleTeKTOpa COCTaBJIJIJIO 25-30 K3B rrplI OXJia)R,n:eHIIII ,n:eTeKTopa 

,llO TeMrrepaTypLI ~ -5°C ; 8JieKTpOHHaJI anrrapaTypa ,lleTeKT1Ipy10rn;eil: CII

CTeMLI 06ecne'l1IBaJia 3an1Ic1, n naMJITI, 8BM ,n:aHHLIX 06 3Hepr1III II npeMeHII 

rrpoJieTa JI.n:pa oT,n:a'III, npeMeHH ero np1Ixo.n:a n ,n:eTeKTop, HoMepe cTplina. 

IlplI nocJie.n:y10rn;eM a-pacna.n:e JI,n:ep, 1IMnJiaHT1IponaHHLIX B ,n:eTeKTop, pe

r1IcTp1IponaJiac1, 3HeprHJI II npeMJI a-pacna,n:a. Ilo.n:po6Ho xapaKTeplICTIIKII 

cenapaTopa, · ,lleTeKT1Ipy10meil: CIICTeMLI .II '3JieKTpOHHOil: annapaTypLI onlI

caHLI n pa6owx [6, 7]. 

l1,n:eHTIIq>1IKa:r1;1IJI HYKJIII,llOB npono,n:1IJiac1, no 3Hepr1III II nep1Io,n:y a-pac

na.n:a II noJIO)ReHIIIO MaKCIIMyMa <J>YHKD:IIII B036ym,n:eHIIJI ,llJIJI Ha6JI10,n:ae

Moil: aKTIIBHOCTII. .L(JIJI KaJI1I6poBK1I ,lleTeKTopa no 3Hepr1III IICnOJII,30BaJICJI 

a-pacna.n: 1IMIIJiaHT1IponaHHLIX n ,n:eTeKTOp HYKJIII,llon 216,217Th, 215 Ac II 
210Rn, ce'leHIIJI o6pa3oBaHIIJI KOTopLix n IICCJie.n:yeMoil: peaKI[IIII 6LIJIII cyme

CTBeHHO 6om.IIIe, 'leM Ce'!eHIIJI o6pa3oBaHIIJI II30TOnon npoTaKTIIHIIJI. IlplI 

pac'!eTaX 3Hepr1III_B036ym,n:eHIIJI KOMnayH,n:-n,n:pa IICnOJII,30BaJIIICI, MaCCLI 

HYKJIII,llOB II3 pa6oTLI [8], a 3Hepr1IJI 60M6ap,n:Rpy10rn;1Ix IIOHOB C'l1ITaJiac1, 

paBHOil: IIX 3Hepr1III Ha BLIXO,lle II3 MIIIIIeH1I.8HepreT1I'lecK1Ie noTeplI IIOHOB 

n nemecTne MIIIIIeHII II.nO,llJIO)RKe Y'IIITLIBaJIIICI, no Ta6JI1II[aM [9]. 
l13MepeHIIe 3q>q>eKTIIBHOCTII cenapaTOpa npoBO,lllIJIOCI, C IICnOJIJ,30BaHIIeM 

KaJI1I6pono'!HOil: peaKI(IIII 24Mg + Ta. IlplI 3TOM 1Icnom,3onaJI1Ic1, .una no.n:

xo,n:a: cpaBHeH1Ie II3MepeHHLIX B 3KCnep1IMeHTax BLIXO,llOB JI,llep ( npo,n:yKTOB 

3TOil: peaKI[IIII) C II3BeCTHLIMII ce-qeHIIJIMII IIX o6pa3oBaHIIJI [10] II MeTO,ll He

nocpe,n:cTBeHHoro II3MepeHHJI 3q>q>eKTIIBHOCTII. Bo BTOpOM cJiy'lae nocJie 

MIIIIIeHII ycTaHaBJIIIBaJICJI aJIIOMIIHIIeBLiil: c6opHIIK C TOJirn;IIHOH 1,8 Mr/ cM2' 

KOTOpLI:ii nocJie 10-15 MIIHYTHOro o6ny'leHIIJI nepeHOCIIJICJI 6e3 HapyIIIeHIIJI 

BaKyyMa K nonynpOBO,n:HIIKOBOMy ,lleTeKTopy, pacnoJIO)ReHHOMY B MHIIIeH

HOil: KaMepe Ha paccTOJIHIIII ~ 5 CM oT MHIIIeHII. B IIHTepnaJie npeMeHn: 

nopJI,n:Ka 15 MIIHYT npono,n:RJIOCI, II3MepeHHe KplIBO:ii pacria.n:a ,llJIJI IIMnJiaH

TIIpOBaHHoil: B c6opmm aKTIIBHOCTII. AHaJIOrll'IHOe II3MepeHIIe nponO,lllI

JIOCI, II ,llJIJI aKTIIBHOCTII, IIMnJiaHTIIponaHHOil: B ,n:eTeKT1Ipy10mee ycTpOUCTBO 

nocJie cenapaTopa. CpanHeH1Ie ,n;aHHLIX ,llJIJI c6opH1IKa II ,n:eTeKT1Ipy10mero 

ycTpOHCTBa II03BOJIJIJIO onpe,n;eJIJITJ, 3q>q>eKTIIBHOCTI, cenaparurn C TO'IHO-
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cTbIO ~20%. l13McpcHHJI 3<lHl>ChTllBHOCTll npono.n:Hm1c1, n Ha'laJic ll I-.OHUC 

Kam.n:oro o6JI,Y'IC'HllJI. CpP,llHC'C' 3HH'IC'HUC' 3<l><pcKTllBHOCTll ccnapau1m ,llJIJI 

JI,llCp-npo,n;_yKTOB, o6pa3yIOllllIXCJI n Xll-H pxn-KaHaJiax pcaI-.I[lllI, n OillICIJBa

eMLIX 3KCncpIIMCHTaX 6Irno paBHO 4,6±0,9 %. IlpII pac'ICTC CC'ICHllii ,llJIJI 

o:xn-peaKI[IIii ncJIII'IIIHa ,Hpcl)CKTIIBHOCTll cC'napaUIIII y:McH1,IIIaJiac1, n ce1-11, 

pa3 B COOTBCTCTBlllI C 3KcncpIIMCHTaJII,HI,I)llI ,naHHLI)llI. IlOJI,Y'ICHHLI)llI B 

pcaKI(IIII 20NP + Au. · 

Ta6Jin:~a 1. <DyHKI[llll B036yiKJJ:CHllJI ,llJIJI XU. pxn II oxn ucnapIITC'JII,

HLIX mrnam>n, II3MCJH.'HHLIC n pcaKUllII 2'11\Ig+197 Au 

E* 
' 

Cc'IcHIIC, 11K6 

l\thB xn--KaHaJI pxn -·Kattan nxn-·KaHaJI 

411 511 Gn p3n p4n p5n pG-7n 0311 04-511 nG-711 

40.5 0.9 2.G 0.4 130 45 

44.5 O.G 1.3 115 75 

47.0 0.3 0.2 2.8 3.5 100 180 

52.0 0.2 0.6 0.03 1.2 --1.7 0.8 40 IGO 

58.0 0.2 0.13 0.2 2.5 1.4 0.1 6 IGO 3 

67.5 0.08 cm 2.1 0.5 100 14 

74.5 0.02 0.1 1.0 0.7 30 18 

81.5 0.3 0.5 20 13 

83.5 0.4 20 8 

Pc3yJI1,TaTLI 3Kcm•pHMCHTOB npllBC,llPHLI n rn6nuue I. CTaTII<'TH'ICCI-.aJI 

TO'IHOCTI, ll3MCJH'Hllii BLIXO,llOB COCTHBJIJIJia ±15% ,llJIJI ('(''l('HIIii Ha yponm· 

0,3 MK6. McKJIIO'ICHllC COCTaIJJIJIIOT TOJlbKO ,llclHHLIC ,llJIJI ('<''H'HUii ofipa30IJa

HllJI ll30Tona 216Pa . .L(JIJI :-noro HYKJill,lla CTHTllCTll'IC('KaJI TO'IHOCTb OilJH'.ll('

JICHlIJI CC'ICHllii He npcnLIIIIaJia ±40% ll orpaHll'IlIIJHJHH'b H('OOXO.ZUUIOCTI,IO 

y'leTa <l>oHa OT llHTCHCllIJHoii n:-JIIIHllll 216Tb c :mc•prneii 7.92 l\hB. llJIJI u 
IJCCX OCTaJihHLIX HYKJIH,llOIJ TO'IHO{'TI, onpc,neJIPHHJI a6coJIIOTHhIX IJP.JJII'UIH 

CC'ICHIIii lIX o6pa3oIJaHnJI OI[('Hllllcl('TCJI mnrn KHK ±40%. Ilpn ·no:11 Y'IIITLI

nacTCJI Il03MO)KHOCTI, npuc_vTCTIJHJI H('OOJiblllIIX ('H{'T(':llaTU'IP('KliX oumfioK Il 

II3MCJ>CHIIJIX TOKH nyql{a. 

2.2 Pea1m:11n 51 V + tiOEr 

8KcnepIIMCHThl npono,nIIJIIICh Ha _vcKopun•m• UNILAC n f'CM. Jlap:-mnan.T. 

BpamammaJicJI MHIIICHh H3 o6oralllPHmiro H3orona 170Er ( 96.9'/.) ooJiy'-la-
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Jiaci, nyqKOM HOHOB 51 V C HHTeHCHBHOCTI,IO 2,4x1012qacTn:n:/c . MmueHI, 

co cpe,lllleii TOJIIUHHOH 440 MKI' / cM2 6:E,ma H3roTOBJieHa MeTo,noM BaKyyMHoro 

Ham,memrn Ha TOHKyro rpaqmToByIO no,nJio}I{I{y ( 40 MKI' / cM2). l13MeHeHn:e 

3Heprn:n: 6oM6ap,nn:pyromn:x qacTn:n: npon:3BO,nn:Jioci, nepecTpoiiKoii ycKopn:

TeJIJI, a ee H3MepeHn:e ocymecTBJIJIJioci, no BpeMeHn: npoJieTa qacTHU Ha 

Bhlxo.ne ycKopn:TeJIJI. ToqHoCTI> onpe,neJieHIIJI a6coJIIOTHoro 3Haqemrn 3Hep

rn:n: n:oHoB Ha Bhlxo.ne 113 ycKop11TeJIJI cocTaBJIJIJia ±0,5 M3B. .I(mr H3Me

pemrn noTOKa llOHOB, nporne,nrn11x qepe3 MllllieHI>, HCnOJII,30BaJillCI, ,naHHhle 

o KoJIHqecTne HOHOB, ynpyropacceirnHhIX · Ha BemecTBe MHllieHH 3a BpeMJI 

ofinyqeHHJI. l13MepeHHe q11cJia pacceJIHHhlX llOHOD npODO,D;llJIOCI, .nBYMJI no

JiynpoDO,llllllKOBhlMll ,neTeKTopaMH, pacnOJIO)I{eHHhlMll no.n yrJiaMH 30° no 

OTHOllieHHIO I{ nyqKy. 

Ta6mui;a 2. <I>yHKUllll B036ym,neHHJI .nmr xn, pxn 11 axn - 11cnap11TeJil>

HhlX KaHaJIOB, ll3MepeHHhle B peaKUllll 51V + 170Er 

E*, CeqeHHe, tt6 

M3B xn-KaHaJI pxn-KaHaJI axn-KaHaJI 
4n 5n 6n 7n p3n p4n p5n p6-7u a3n a4-5n a6-7n 

40.1 169 142 36 
·44_3 65.1 1.0 211 2 869 74 
47.8 82.4 2.9 152 31 2341 824 
51.6 47.7 19.4 0.7 86 140 3047 3393 
54.3 17.0 34.5 1.4 11 211 1 2247 5207 

59.8 14.7 41.0 1.9 7 254 30 1 1226 7088 19 
63.6 0.4 23.5 6.7 0.8 0.5 219 118 2 370 9535 34 
66.4 13.6 10.7 0.9 169 145 4 297 9850 66 
71.3 1.3 7.1 1.9 39 135 20 23 5685 394 
75.1 3.5 3.4 14 133 54 5852 1204 

79.3 0.9 3.2 3 52 69 2454 1710 
87.0 0.2 1.9 2 62 1864 1828 

Ilpo.nyKThl peam::i:n:ft noJIHoro CJIIIJIHIIJI OT,D;eJIJIJillCI, OT qacTHU nyqKa H 

npo.nyKTOB peaKn:11ft nepe,naq c rroMomi,10 cerrapaTopa SHIP [11]. .I(e

TeKTHpyromaJI CllCTeMa, pacnoJIO)I{eHHaJI B <pOKaJII>HOll nJIOCKOCTH cerrapa

Topa, COCTOJIJia H3 .nBYX npeMJinpoJieTHhlX ,neTeKTOpOB II 16 -cTpHIIOBoro 

n03HUHOHHo-qyncTBHTeJII>HOro rroJiynpoBO,llHHKOBOro ,neTeKTOpa C 3Hepre

Tn:qecKHM pa3perneHn:eM 15 K3B ,D;JIJI a-qacTHU H KOOp,nn:HaTHhlM - OKOJIO 0,2 MM. 
I 

6 

J 
I 
' 

i 

~ 

J:vrn Kar:m6poaKH . ,neTeKTopa no 3HeprmI 11cnoJil>30BaJICJI a-pacna.n HM

nJiaHTn:poBaHHhlX B ,neTeKTop HYKJIH,D;OB . 207,208Ra, 215 Ac, 216•217Th, TaKme 

o6pa3yromn:xcJI B HCCJie.nyeMOll peam::i:11n:. 11,neHTll<pHKan:HJI HYRJIH,D;OB npo

BO,nHJiaCb no 3HeprHJIM n: nep110,naM a-pacna,noB, <pyHKJ::i:HJIM B036ym,neHHJI 

II no a-a-RoppeJIJIUHJIM Mem.ny MaTepn:HCRIIM II ,noqepHllMll rrpo.nyRTaMH 

a-pacna.na. Ilo,npo6Hoe OIIHCaHn:e napaMeTpOB 11 xapaRTepHCTHR ,neTeRTH

pyromeii CHCTeMhl II 3JieRTpOHHoro 060:py.noBaHIIJI ,naHO B pa6oTe [12]. 

Ilpll orrpe,neJieHHll ceqeHHll 113 3KCIIepHMeHTaJil>HO ll3MepeHHhlX BhlXO,D;OB 

n:cnOJII,30BaJIHCI, 3HaqeHHJI 3<p<peKTllBHOCTll cenapan:1111,paBHhle 33% ,D;JIJI xn 

.n: pxn-peam::i:n:ii n: 3,3% ,nJIJI axn-peam::i:11ii. 8Tll 3HaqeHHJI fihl!IB nonyqeHhl 

Ha OCHOBaHllH pacqeTOB II TeCTOBhlX 3I{CIIepn:MeHTOB. 

Pe3yJil>TaThl 3Rcrrepn:MeHTOB npe,ncTaBJieHhl B Ta6nnlle 2. CTaTHCTHqe-

CRaJI ToqHOCTI, ll3MepeHllll BhlXO,D;OB fihlJia B HaCTOJIIUllX 3I{CIIepn:MeHTaX He 

xyme ±10% .nmr ceqeHHll Iia ypoBHe 15 H6. ToqHoCTI> orrpe,neneHHJI a6co

JIIOTHhlX BeJIHqllH ceqeHllll oneHHBaeTCJI HaMll RaK ±40% 11 orrpe,n:eJIJieTCJI 

B03MO)I{HOCTI,IO He60Jil>llillX CllCTeMaTHqecRHX OllIH6oR B ll3MepeHllJIX TORa 

rryqRa 11 pacqeTax 3<p<peRTHBHOCTH cerrapan:HH. 

3 06cym.n;eHHe peayJILTaToB 

KaR yme roBOpllJIOCI>, n:eJII>IO HallIHX 3I{CIIepn:MeHTOB 6hlJIO llCCJie,noBaHlle 

BOIIpoca O cymecrBoBaHHH (11JIH OTCYTCTBHH) 3aBHCHMOCTll ceqeHllll o6pa-

30BaHHJI 11crrap11TeJII,HhlX rrpo.nyRTOB OT Macc-ac11MMeTp1111 BO BXO,llHOM Ra

HaJie peam::i:1111 ,nJIJI RoMrrayH,n-JI,nep c 6onee BhlCORo:li ,neJIHMOCTI>IO, qeM 200Po. 

IlonyqeHHhle pe3yJil>TaThl, BMeCTe C paHee H3BeCTHhlMll ,naHHhlMR ,D;JIJI peaR

UllH 40 Ar + 181Ta [13], npe,ncraBneHhl Ha p11cyHRax la,6,B. Ha p11cyHRax 

npn:Be,neHO cpaBHeHHe BeJillqHH ceqeHHll o6pa3oBaHHJI OT,neJil>HhlX H30TOIIOB 

Pa, Th 11 Ac B MaRCHMyMax 11x BhlXo,noB ,nJIJI Bcex Tpex peam::i:11:li, np11-

BO.n;JIJUHX I{ ROMrrayH,n-JI.npy 221 Pa. lfro6hl llCI{JIIQqHTI, 113 paCCMOTpeHHJI 

TPHBllaJil>HYIO 3aBHCllMOCTI, ceqeHHll OT rrp1rne,neHHOll ,D;JIHHhl BOJIHhl, ceqe

HHJI OTHOpMn:poBaHhl Ha ,Zl;JIHHY BOJIHhl BO BXO,llHOM KaHaJie peam::i:1111 
5Iy + 17°Er. 

H3 p11cyHKOB BII,llllo, qTo ,nJIJI KOMnayH,n JI.npa 221 Pa 3aBHCIIMOCTI> ce

qeHHii 11cnap11TeJil>HhlX peam::i:Hii OT Macchl 6oM6ap,nn:pyromero HoHa HMeeT 

,D;OCTaToqHo HeOfihlqHhlll xapaKTep. 0THOpMllpOBaHHhle BeJIHqllHI,I ceqeHll:li 

.nmr peam::i:II:li c 110HaM11 Mg 11 Ar xoporno coBrra,naroT, B TO BpeMJI KaK .nmr 

peam::i:IIII C HOHaMll V ceqeHHJI o6pa30BaHHJI HcnapHTeJII,HhlX npo.nyKTOB 
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qHCJIO HCnapHBlllHXCH HeiiTpoHOB 

P11c.l. MaKCHMYMhl rrorrepe1IHhlX ce1IeIIBH uc1rnpnTeJII,HhlX rrpoJlyKT:>B JlJUI 

peaKIIHH c 
24

Mg; 40 Ar H 51V_ ,[{aHHhle OTHopMnpo}!aHhl Ha JlJIHHY BOJIHhl no 

nxo,l.(HOM KaHane peaK:U:HH c V 

cymecTBeHHO MeHI,IIle ll He BIIHCnIBaIOTCJI D paMKll rrpocToii: 3aDHCHMOCTll 

a ~ 7r ,\
2 • IIpu1IeM yMeHnIIleHHe ce1Ie1IBH npaKTH'leCKll O,l.(HHaKOBO KaK ,l.(JUI 

KaHaJIOB peaKIIHH c_ llCIIapeHHeM TOJII,KO HeHTpOHOD, TaK ll ,l.(JUI KaHaJIOD C 

ucrrapeHHeM 3apJDI{eHHhlX 'laCTH:U:. Ha6JIIO,l.(aeMoe ,l.(JIJI peaK:U:llll C llOHaMH 

naHa,l.(HJI yMeHnllieHHe OTHOpMHpoBaHHhlX ce'leHHii: B 4-6 pa3 6onee 'leM 

B ,l.(Ba pa3a rrpeBhlrnaeT cpe.l.(Hne ornn6KH B H3MepeHHH ce1IeHHii:, rrpune,l.(eH

Hhle HaMH paHee. Pa3JIH'llle B 3HepreTH'leCKHX IIOTepJIX 60M6ap.l.(HpyIOI11HX 

llOHOB B BellleCTBe MHIIleHH ( IIOTepH 3HeprHH B MHllleHH COCTaBmIIOT ~2,0 M::iB 

M3B JlJIJI HOHOB Mg H ~4,0 M3B JlJUI HOHOB V) Mano no cpanHeHHIO c 

rronyrnup.nHaMH q>yHKIIHH B036y)I{.l.(eHHJI ( 10 M3B HJIH 6onee) H II03TOMY 

He MO)KeT IIODJIHJITJ, Ha OTHOIIleHHJI ce1IeHHH B MaKCHMyMaX DhlXO,l.(OB. 

Ila,l.(eHHe ce'leHHH o6pa30BaHHJI HcrrapHTeJinHhlX rrpO,l.(JKTOD D peaK:U:llll 

C llOHaMH DaHa,l.(llJI Tpy.l.(Ho CDJI3aTI, C 6apnepHhlMll cpaKTOpaMH [14]- Bo

rrepDhlX, KaK Bll,l.(HO ll3 puc.1, BeJIH'IHHa yMeHI,IIleHHJI ce1IeHHii: cna6o 3anH

CllT OT 3HeprHH 60M6ap.l.(llpyIOI11llX HOHOD. B IIlllJ)OKOii: o6mlCTll 3Hcpruii: 

B036y)I{.l.(eHHJI KOMrrayHJl JI.l.(pa OT 40 AO 80 M::iB OTHOIIleHHC cc

'ICHHH MO)KHO C'lliTaTI, IIOCTOJIHHhlM B rrpe,l.(eJiaX onrn6oK ll3MepCHHii:. Bo

DTOphlX, paC'ICTHaJI DCJlll'IHHa 3q>q>CKTHBHOro :napaMeTpa AeJIHMOCTH Xm )J)IH 

peaKIIHll 
51V + 170

Er panHa 0,734, ll rrpll TaKOM 3Ha1ICHllll napaMeTpa 

Tpy,zuio O)Kll,l.(aTI, 3Ha1IHTCJIJ,HI,IX ,l.(HHaMH'leCKllX 3arrpeTOD Ha CJIHJIHHC ll 06-

pa3onaHHC KoMnayHJl-JIJlpa [15,16]. Ilo3TOMY MO)I{Ho rrpe,l.(rronaraTn, 'ITO 
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IIOJIY'ICHHhle 3KCIIep~MeHTaJIJ,HhlC pe3yJIJ,TaThl CKopee CBH,l.(eTCJIJ,CTBYIOT 0 

cyI11eCTBOBaHHll ,l.(JIJI peaK:U:llll C TJI)KeJihlJl,m HOHaMH IIpo:u;ecCOB, KOHKypupy

IOillllX C rrpo:u:eccoM o6pa3oDaHHJI KJiaCCH'leCKOro KOMrrayHJl-JIJlpa ll II:MeIO

IllllX HerroporoBhlii: xapaKTep. CymecrnonaHH~ B o6nacTH .l.(eJUIIllHXCJI JIJlep 

He 0,l.(Horo, a HeCKOJIJ,KHX pa3Jill1IHhlX rrpouecCOB, orpaHH'IHBaIOillllX Bepo

JITHOCTI, o6pa30BaHHJI KOMrrayHJl-JI,l.(pa, He JIDHJIOCI, 6u CJIHIIlKOM 6on1,rnoii: 

HCO)Kll,l.(aHHOCTnIO. CKopee Hao6opoT, )lJIJI 3TOii: o6JiaCTH JIJlep rrpe.l.(CTaBJIJI

eTCJI He,l.(OCTaTO'IHO o6oCHODaHHhlM rrpe,l.(IIOJIO)KCHHC O 100% o6pa3oBaHHll 

KOMrrayHJl-JI.l.(pa B peaKUHJIX C TJI)KeJihlMll llOHaMH rrpu fS:fKp· J1 3KcrrepH

MCHTaJII,HOC Ha6JIIO,l.(eHHC rrpoueccOB THIIa "extra push" u "6hlCTpoe ,l.(CJIC

Hlle" [17] 06 3TOM CDH,l.(CTCJII,CTBYIOT. 

IIony'leHHhlC 3KCIICJ)llMCHTaJIJ,HhlC ,l.(aHHhlC O ce'ICHHJIX o6pa3oDaHHJI HC

rrapHTCJil,HhlX rrpo.n._yKTOD n-peaKUHJIX 24Mg+ 197 Au H 51V + 170Er JlOCTaTo'IHO 

llHTepeCHhl. 0.l.(HaKo rrpe)I{,l.(e, 'ICM ,l.(eJiaTI, Ha HX OCHODaHHll ·,l.(aJICKO HA_Y

IllllC DhlDOJlhl, HaM rrpe,l.(CTaDJUICTCJI HC06XO,l.(llMhlM IIJ)O,l.(OJI)KllTh 3KCIIepm,ICH

TaJII>HhlC llCCJIC,l.(OBaHHJI. C 3TOH TO'IKH 3peHHJI 6hlJIO 6hl DCCI>Ma llHTepe

CHO ll3MCpllTh CC'ICHHJI o6pa30BaHHJI llCIIapHTCJil>HhlX IIJ)OA_YKTOD D peaK:U:llll 
82Se+139La-221 Pa c 6JIH3KHM K CHMMCTJ)ll'IHOMY BXOJlHhlM KaHaJIOM. ,[{JUI · 

peaKIIHH 40 Ar+ 181 Ta Heo6xo.l.(HMO rrponecTH H3MepeHHJI n o6nacTH 3Hepruii: 

B036y)I{.l.(eHHJI Burne 60 M3B, JlJIJI KOTopon OHH He CJlCJiaHhl. C Ml'TOJlll'IC

cKoH TO'IKH 3peHHJI rrpH rrpoBe,UeHHH 3KCIIepHMCHTOD 6hlJIO 6hl IIOJIC3HO llC

IIOJih30BaTI> ,l.(JUI orrpe,l.(eJICHHJI rrapaMCTJ)OD ll pa601IHX xapaKTCJ)llCTHK 3KC

rrepHMeHTaJII>HhlX ycTaHoBoK Kann6poBotJHb1e peaKIIHH Ha MHIIlCHJIX H3 123Sb 

ll 165Ho, IIpHBO,l.(JIIllllC K o6pa30BaHHIO O,l.(Horo ll Toro )KC KOMIIayHJl-JIJlpa -
205 At_ '.:ho II03BOJIHT llCKJIIO'lllTI, D03MO)I{Hhle CllCTeMaTH'ICCKHC OII1H6KH D 

ll3MepeHHJIX ll cymecTBCHHO YJIJ'IIIlllTI, TO'IHOCTI, pe3yJinT<lTOD. 
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A11.upeeB A.H. 11 .up. . . 
Cel1e111rn o6pa3oBamrn 11c~iap1nenb1tblX 11po.uyKTOB · 
B peaKmrnx 24Mg + 197 Au II Sly"!" 170Er 

/ 

P7-96-22 

l13MepeHbl celfemrn o6pa30Bamrn 11po.uyKTOB 11c11ap1neJ1b11oro Ka11,uia pacmura 

)],)151 ~OMnayH.U-51.!lpa 221 Pa, 06pa3y101uerooi B peaKU1151X 110.'1110~-o C!ll151IIWI C HOlla~tH 
24Mg w 51 v. ·_ H3Mepe1i1rn 11p0Be.ue11b1, B .u11ana3011e, ,rneprnii B036y;>K.ue11m1 
OT 40 .uo 80 M'.:lli YcrnllOB.flellO, l(TQ BO_ BCeM IICCJ1e.u0Ba11110M .u11a11a~o11e '.:lllepniii 
Bo:i6y)K.ue111rn Celfemrn o6pa3oHallll5111c11ap11TeJlbllblX 11po.uyKTOH H peaKUlllfC II0IIaMII 

. . . ~ . 51 V311al111TeJlbllO ~tellbWe, lfeM B peaKUIIHX C 1101"1MII -4Mg. TT0J1y•1ellllblii pe3)'.'lbTaT. 
HaXO.!lllTCH ·B 1Ip0TIIBOpe•11111 C 061Uel1p1t1IHTblMll 11pe.UCTaBJlell11HMII O llOMllllllp0-

·, _, I • 

Bamm 11pouecca no1111oro cmrnmrn np11 '.:lBomom111 .usoii11oii }I.Uep11oii c11cTeMbl, 
06pa3ymmeiicH ,1ip11\.1a11b1x 11p11ue11b11b1x napaMeTpax coyuapemtH 11 '.:l11ep111Hx 6m1-
6ap.n.11pymm11x 1!0110B, 11peBb!Wal01UIIX 6api.ep _CJIIIHIIIIH. 

Pa6orn·sbmon11e11a BJla6oparnp1111 H.Uep11b1x peaKu11ii 11M. r.H.<t>11eposa OH51H. 

npcnpmtT 06bC
0

)11Ule1111orci_1111cT;IT)'Ta >l,'1Cp11hlX IICC,1C,'10BUllllii. .1ly611;i, 1996 

, TTepeBO.U aBTOpOB 

Andreyev A.N. et al. 
Evaporation Resid~e Cross Sections 

P7-96-22 

for the Reactions 24Mg + 197 Au and' 51 V + I70Er 

Formation.cross sections of evaporation products of 221 Pa compound nucleus 

formecL in complete fusion reactions of 24Mg a~d 51 V bombarding ions have. been 
rr{easured: The measurements were perforn1ed in the excitation energy ,:egion 
40-80 MeV. It was ascertained that, in all the investigated excitation energy region. 

e·vaporation residue formation cross s~ctions for the reaction· with 51 Y- were 

significantly· ~mailer. than those for the reaction with 2~Mg ions. The ~1btained result 
is in contradiction . with . the generally accepted notion about the dominance 
of the complete fusion process at the evolution of dinuclear system forn1ed at small 
impact parameters by bombarding ions having the energy exceeding the fusion 
b~rrier; ,._ . . . 

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