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OEII!Afl XAPAKTEPHCTHKA PAEOTH 

AKzyam.HOCTl, npoMeMH. B 60-x ro.nax·IIJlH li3~eHHH CIIOHTaHHOro 
.D;MeHHJI 6wm rro~eHU peay~TaTH, ROTOpHe ]Ka8HBMH Ha cymecTBOBaHHe 
MUlKHOil CTPYRTYPH 6apiiepa .D;MSHHJI SI,Il;pa. Ka'leCTBeHHoe o6~JICHeHRe 8THX 
.nammx H. B 'laCTHOCTH. rrpe,nCRa3aHHe .n;Byrop6oil 'cTPYJtTYPH 6apI>epoB .ne
~eHHJI MSP aRTHHH.n;OB 6wro C.D;e.7.laHO C IIOMOilll>ID MeTo.n;a o60RO'l8'lHOil ITOnpaB
KH, .n;orrycRaXlll1ero BwnwneHHe irnepr:HR cBJisn H aHepnm ,necpopMaUim smpa c 
~eTOM 8<p<p8RTa O60JIO'l8K. O.D;HRM HS HaH60Jiee cymecTB8HHHX pesyn1,TaTOB, 
no~eHHHX Ha OCHOBe 8TOro MSTO.D;a pap'leTHHM rryTelll, 6wra oneHRa BO3MOJK
l!Oit CTa6WII,HOCTH CBepXTJillteJ.lHX smep, HaXO~CJI B paiio11e .D;B8.1K,I(H 8aM
IUiyTHX o6onotieK 'l = II4, N = I84. TaKHM o6pasoM, 6wra BH.n;BHHYTa 
H rrpno6pe.7.la IIll'lpoKy!O IlOIIYMPHOCTI, rnnoTesa O cymecTBOBaHHH OTHOOHTS~HO 
CTa6WII,HHJC,CB8plCT.lllK8RHX MeMeHTOB (CTS). 

Eon1,moit HHTepec K aToit rnrroTese 6WI BHSBaH TeM, 'ITO~ Mep CTS 
rrpe.n;CRa8HB8Jil!CI, Ilpo.D;OJIJKII~MI,HH8 BpeMeHa J!lli8HH no OTHomeHHID K CTIOHTaH
l!OMY .D;eJieHmO, .D;allte npeBOCXO,ItliBIIll'le TISJJHO.D;H rronypacna,na TOJlllfl H ypaHa • 
CliHT88 CTS ~ RX o6Hapy,iteHHe B npHpo.ne C.D;MMH 6H .D;OCTynHOit ~ nsy
'l8HHJI 6on1,mym rpyrrny HOBHX HYl(Jlli.D;OB, 'ITO HMMO 6H oco6oe 8Ha'leHHe ,WI.fl 

pa8BHTHJI smep11on TSOpHH. 
.llJm CHHTeaa CT3 HaH6onee rrepcneKTHBHHMH npe.n;CTaMJIJOTCJI peaKUl'IH 

TIORHOro MHJIHHSI HOHOB 48Ca C T.lllKSRh!MlI SI,Il;paMH. Pemaiomee SHa'leHHe 
HMeeT BOrrpoc O TOM, y:n;acTCSI RH BSCTH XOJIO.D;HHit CHHT88, TO ecTI, no~aT:b 
Ma6o B036yJli,ll;eHHHe KOMITay~-JI.n;pa CTS, B KOTOPHX 6y,neT COXpaHSITI,CSI CTa~ 
6~snpyiomee .n;eilcTmre 88.MKHYTHX HYK7IOHHHX o6ono'leK. TaICHM o6pasoM, aa
.n;a'la CHHTesa CTS T8CHO CBSI3aHa C ,npyron rrpo6neMoit, TipHBJI8KaIDI11eil IIJlH
CT8JII,HOe BHHMaHHe B smepHoil qlll8HKe, a RM8HHO, C HCM8.D;OBaHHeM MaKpo
CKOTilN8CKHX CBOilCTB smepHoro BemecTBa, rrpoJIB1IJlllllHXCJI B M8XaHH8Me pe
aIUtim MHJIHRSI • 

Han6on1,mee 'lHMO pa6OT TIO CTS TIOCBRIIISl!O RX llOHCRy B SeMHHX o6pas
nax H B M8T8OpHTax. oTO BH3BaHO TSM, 'ITO B M~ae O6HapyxeHHSI CTS B 
npnpo.n;e CTaHeT BO3MOXHHM HS~eHHe aTOMHHX smep, HaXO.i:tmJtl,IXCJI B neHTpe 
OCTpoBa cTa6WII,HOCTH, H IlpoBO,ItliTI, HCM8.D;OBaHHSI, HM8IDIIIH8 IIPHHin!IIR8JII,HOe 
8Ha'leHRe He TORI,KO ~ M8PHOit <pH3HKH, HOH WI.II .D;PyrHX OMacTeit Hayrol • 
.llJm llOHCKOB CTS aKTyaJII,HHMH SIBMIDTCSI BOrrpoCH o60CHOBaHHOro BH6opa 06!,-

8KTOB HS~eHHJI H orrpe.n;eJieHRSI KpHTepHeB oneHKH no~eHHHX .D;aHHHX. BWit
HHM YMOBHeM SIBHROCI,_pa8BHTHe HOBHX yi1,TpatIYBCTBHTeJII,HHX MSTO.D;OB .ne
T8KTHpoBaHHSI pe.n;KHX HYl(Jlli.D;OB, cymecTB8HHO rrpeBOCXO.D;SillllDC no tIYBCTBH
TMI,HOCTH paHee H3B8CTHHe MSTO.n;H. IlpHMeHeHHe 8THX MSTO.D;OB BHXO,ItliT sa 
paMKH TIOHCKOB CTS H .naeT HHTepecHHe BO8MOJ!tHOCTH B .D;PyrHX aKTyam.HHX 
HailpaBRSHHSIX HayKH H TSXHRKH. 
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OCHOB.Ha.H UeJII, pa60Thl 3a.K1IlO'l8Jiac1, B II!)OBe.ne.mm 3Rcnepm,1eHTOB no 
cHHTesy aToMHIDC .imep CTS H no rue noHCKY B npnpo.ne. 

IlpII CllHTese CTS ll3yt!aJIHCI, pearo.nra CJilIRHIDl llOHOB 48ca. C pa8JllI'l

HHMli TIDKMb!Mli .impru.m • .u.,m onpe.n;Memm onTHMaJII,HIDC YCJIOBHH XOJIO~oro 
CllHT03a CTS ll3ytlaJIHCI, pearonm MliilllIDl HOHOB CA::=, 40 B OMacTH CHJ.II,-
HO ,D;MR!IjUXCR ROt.ffiayH,l{-M_0P C 'Z ~ IOO. 

IlpII nOHCKaX CTS B IlpIIpo.n;e paspa6aTh!BaJIHCI, M0TO~ perncTpanmr 
pe~ C06h!THH cnOHTalUIO]'O ,I\MeHHJI H Macc-cneRTpoMeTPli'I0CROH ~0HTH
<pHKanIDI CBepxT.H.lt{MUX aTOMHIDC .imep. IlpoBO~OCI, H3yt!8HHe pe~ co6u
Tlili cnOHTaromro ,Il;M0HH.ll B reOJIOI'Hll0Cro!X 06'I>eRTax ll B MeTeOprTax. 

HaY4HaR HOBH3Ha pa60Thl 

BnepBhle BlllIOJJHeHU 3RcnepHMeHThl no CmITesy B peruru;rurx nOJIHoro 
MMRHH.ll Ha IlytIRe HOHOB 

48Ca.. aTOMHIDC .imep CTS B ,D;HanasoHe ';t = l08-
II6. 

BnePBh!e ll3ytl0HH cpymcrnm B036YJK,ll;eHHJI pea.mnrli XOJIO,D;Horo CHHTesa 
TJDKeJIHX ,Il;MRIIjnXCR .imep ir nOKasaHo, '<JTO B IDIX HMeeT MeCTO o6pasOBaHHe 
CTaTHCT~ecKU paBHOB0CHOro ROMIIayH,l{-Mpa. Il0Ka3a}Ia B03MOJKHOCTI, n~e
HHR CJia60B036YJIU]:eHHIDC ROMITayH.I{-M0P IlpH 3HeprnH 60M6ap,D;Hpy!OOtIDC HOHOB 
C A ~ 40, MeHI,meii no cpaBH0HHIO C BHCOTOii Ky-JIOHOBCRoro 6apnepa. Bnep
mi:e nsMepem nonepe'<lme ce'<JeHHn p!I.ll;a peaKJJ;nii nOJIHoro CJilIRHIDl c 6oM6ap
~IJYI(lllliMH HOHaMH c A ~ 40, B0,eyI!jlIX K o6pasomiHHIO aTOMHIDC .imep c 'Z :i:o 

IOO. 06HapyxeH RaHM :ncrrapeHHn o~oro HeiiTpona ns RoMIIayim-.impa B pe
a.mnrn 

2□5 Tt (48
CQ.. , .fn. ). 06IJapyxeno, '<JTO pas~e B qx)IJM8 6apI,

epOB ,D;M01Il!Jl ROMilayH,l{-Mep C ':l. = 100-104, HM0IO!IlHX 'llICJia IICHTpoHOB B 
.n;Hfilla30He "'.= 144-154, 1!0 BJiruieT Ha BeponTHOCTI, me o6pasOBaHHR B pe-· 
a.mnrnx. c 60M6a:MHpyrolljHMU HOHaMH c A ~ 40. 

P.im IIOBHX pesyJII>TaTOB IIOJI~en B HCCJie,D;OBaHHRX !IO nOHCKY CTS B 
np:npo.ne. 

IIpe,IJ,)Io~eH H Pa3BHT IIOBhlii MeTO,D; .neTeRTHpOBaHHR H H3ytl0HHJI pe~ 
C06h!THH cnonTrurnoro ,D;MeHHJI .imep, OCIIOBallllllit Ha na6.mo,ne.mm MII0~0CTBeH
HOH 3MIICCHH neliTpoHOB. Paspa6oTaHU HeiiTpoHHh!C .n;eTeRTOPhl, ROTOphle no 
~CTBHTMI,HOCTH B I02-I03 pas npeBOCXOMT ,D;pyrHe YCTaHOBKII ,lJ,)IR none
Ka CTS, IlpaKTH'<l0CKH He YCTyIIM !IO BeponTHOCTH perncTpa.rt1rn HeiiTpoHOB. 
JI~ .neTeRTOpaM Ha OCHOBe D,D;KnX CJJ;IIHTHJIJU!TOpoB. 

Ilpe.wro~eno HOBoe ycTpoiicTBO Macc-cneRTpoMeTpa n paspa6oTaH ero 
npoeKT. 060CHOBaHU npIIHJJ;IIIIH, n03BOJUWitIIe ,Il;OCTHrHyTI, npn noncRe H ~en
TH<pliKall;IIH CTS ~CTBHTMI,HOCTH TaKoro npn6opa B 102-103 pas 60JII,meil . 
no CpaBHeHHIO C JI~MH .nelicTBYKlllHMH MaCC-CIIeRTpoMeTpaM!I. 

Ha OCHOBaHHH paSJII~ M8XaHH3MOB MHrpanmr H ROlil.(8HTJJIIPOBaHHR 
pe.n;Knx sJieMeHTOB B seMHoil Rope rrpoBe.nen Bhl6op reOJior~ecrorx 061,eRTOB 
IIOHCKa CTS. Hs~eHHe 3THX 06'I>8RTOB H TH~HUX nopo.n 38MHOli ROphl 
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II03BOJIHJIO BIIepBh!e .naTI, oueHKY IIOp!I.IJ;Ka B~HH Bepxnero npe.n;Ma pac
npocTpaHeHHOCTH CTS B seMHoli Rope (l□-13 r/r). Ilpe.IJ.)IO~eHo H Bh!IIOJIHeHO 
H3ytieHHe CIIOHTaHHoro ,n;MeHHR aTOMHIDC .imep B RaMeHHUX MeTeOpIITax, B 
pesyJinTaTe '<Jero BrrepBu·e IIOJIY'leH nop!I.ll;OR B~HH Bepxnero npe.n;Ma pac
npocTpaHeHHOCTH CTS B CoJIHe'<JHofi CHcTeMe (10-14 r/r). n Hs~eHHHX MeTe
opHTax H B rM.n;poTepMax IIOJIYOCTpDBa qMeReH_~6HapyxeHO RBJieHHe MHO~ecT
BeHHoii 3MIICClIH HeitTpoHOB, ROTOpoe He MO~eT 6h1Th o6MCH0HO H3BeCTHHMII 
HCTO'<lHHKaMH qx>Ha. Ha ocnoBaHHH r:irnoTesu o npHCYTCTBHH B YKasaHIIHX 
06'I>eRTax HOBoro IIpHpO,n;Horo IcyKJ1lI.na,_npHHa,IJ,)Ie.lKalllero CTS, CqJOPMYJIHpoBa
HH yCJIOBHR nOHCKa reOJIOrH'<J8CKHX 06'I>8RTOB C KOHU8HTpall;IIeit 3Toro Hy-KIIH
.na -~ I0-I3 r/r lI ~ro-I4 r/r C HCnOJI1>30BaHHeM, COOTB0T.CTBeHHo, 
HeilTpoHHoro .neTeKTOpa H YJII>Tpa~CTBHTeJII,HOro MaCC-C~eKTpoMeTpa. 

IlpaKTH'<l0CKaR U8HHOCTI, pa60Thl 

.llaHHUe 3KCnepHMeHTOB no CHHTesy CTS Ha IlytIKe l!OHOB 48ea, HCIIOJII,-
3YJOTCR IlpII no.nroTOBKe H npoBe.n;emm 3KCIIepHM0HTOB Ha ycKopnTeJIRX BTOpo
ro noROJieHHJI. Ha HX OCHOBe onpe.n;MR8TCR neo6XO.n;HMHM noTOK HOHOB, ,D;Ma
IOTCR BHBO,D;hl O M8TO,D;HKe 3KcnepHM0HTOB, CyllleCTB0HHUM RBJIR0TCR Bh!BO,n 0 
UMecoo6pa3HOCTH Bhl6opa 3HeprHH 6oM6ap.n;Hpyro!IlHX HOHOB, M0Hblli8H no CpaB
HeHHIO c KYJIOHOBCKHM 6ap1,epoM HJIH cJierKa npeBhllliaromeit ero • .UaHHh!e o no
nepe'<lHh!X ce'<leHHRX H (J)YIIKJJ;IIRX B036yx.neHHR peaKJJ;llli nOJIHOro CJilIRHHR, no
JI~eHHh!e B .n;HccepTall;IIH, HCITOJII,3yroTCR rrpr TeopeTH'<l8CKOM paccMOTpeHHH 
npouecca CJIHRHHR CJIOlKlillX .imep H .IJ.)IR oueHOK rrorrepe'<lHh!X ce'<lennn peaKJJ;1Ili 
CHHTe3a TJDKeJillX HyKJIH,nOB C z ~ I04. 

OueIJroI Bepxnnx rrpe,neJioB co.nep,KaHHR CTS B seMHoli Rope H B CoJIIJe'<l
noit CHCTeMe, nOJI~eHHh!e B .n;HccepTall;IIH, cymecTB8HHO orpaIJn'qHBaIOT B03-
MO~Hh!e nepHO,D;hl noJiypacna.na HaH60Jiee .no~rO~BymHX CTS H (HJIH) B8p0RT
HOCTI, lIX o6pa30BaHnR B HYKll00CHHTe3e. ,UaHHUe O RBJI0HHH MH0~8CTB8HHOH 
3MHCCHH H0HTp0HOB, o6napyxeHHOM B MeTeOpHTax H rH,npoTepMax,'HCnOJib3Y
IDTCR B 3RcrrepHMeHTax no XllMH'q8CKOMY H3BJl0'<10HHIO CITOHTaHHO .IJ;MRII1erocn 
HYK7IH.na H3 BemecTBa MeTeOpHTa A.lrJieH,l{e H H3 rH.n;poTepMMI,J!h!X paccOJIOB. 
Ha HX OCHOBaHHH ·ITp0BO.J-Vl'l'()R-'3KCITepm10HThl !IO nOHCKY reOJior~ecKRX 'o6'I>'
eKTOB; o6orameHHHX no co.nep,KaHHIO CTS. 

Cnoco6 pernc•rpall;IIH CITDHTaHHoro ,IJ;eJieHHn no MIIOX0CTB8IIHh!M Hei\TpoH
HhlM _ C06hlTHRM H HeliTpOHHHe .neTeRTOphl, paspa6oTamme .IJ.)IR ero ocymecTBJie
IInR, llCITOJII,3YJOTCR nplI onpe,nMeHHH ypaHa H TpaHcypaHOBh!X 3JI8M8IITOB, 
npH R3~eHHH xapaKTepllCTllR CITOHTaHHOro ,neJieHHR pa3JIH'qIJHX HYKJIH,D;OB, 
nplI CHHTe~rn TJDK8Jih!X aTOMHIDC R,nep, B aHMH3ax li30TOIIHOro COCTaBa o6pa3-
UOB, npl'I paspa60TKe M0TO,D;OB pernCTpall;IIH .imepHh!X npenpameHHH C 60JII,lliHM 
Bhl,D;MeIJneM 3HeprHH (pacrra.n HyKJIOHa, rrpoxo~eHHe peJIRTHBHCTCKnX '<laCTHU 
qepes BemecTBO H .np.). 

YcTpoficTBO YJII>Tpa~CTBllTMbHOro MaCc-cneRTpoMeTpa 3Ha'qHTeJII,HO 
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YBemr<rn:T 8RcnpeccHOCTb H HHqX)pMa.THBHOCTb 8RcnepnMeHTOB no noncey CT:3 
n nosBOJIBT nsyqaTb HOBHe reOJiornqecRHe o6~eRTH. Macc-cneRTpoMeTp 6y
.n;eT HMeTb npa.RTHqecRoe 3HaqeHHe ,lVLll aH8JIH30B pe,n;ronc H30TOnOB, ,lVLll 

orrpe,n;eJieHHJI IlpHl\lleceil B 'lllICTl:lX o6pasnax, ,lVLll no:amneHHJI ~CTBHTeJibHOC
TH H C0Rpa!ll0HH.II BpeMeHH aH8JIH30B B Tpa,D;IU,ij!OHHOfi MaCC-cneRTpoMeTpHH. 

Ha 3aJl!IITy: BHHOC.IITC.II CJI0JtYDIDie OCHOBHile nOJIO.llt0HHJI: 

I. BllnOJIHeHil 8RcnepnMeHTH no CHHTesy B pea.RIJ;IIJIX nOJIHOro CJIH.IIHHJI 

C HOHaMH 
48

Q:l... ,ll;OJirO.lltHByinHX ( T.t12.. ~ I qac) H30TOnOB CTS C 'Z = 
II4-II6 H H8il:Tp0HO,ll;~~THWC H30TOnOB C i = I08-II2 ( Tf.t > 
I Mc). llcCJie.n;oBaHH peaRUmI CJIH.IIHH.II HOHOB 48ea.. c MHllleHJIMR 2 Pu. 
243Am . , 246,248cm , 226Ra. , 232n1. 23Ipo_ 233V • IlOJ!Ylle-
HH BepXHne npe,n;eJiu nonepeqHHX ceqeHH:li ro-34-ro-35 ml-. 

2. IlpoBe,n;eHO nsyqeHHe peaR[(llfi nOJIHOro CJIH.IIHHJI 6oM6aMHPYKJlllHX 
HOHOB c A ~ 40 B o6JracTn CHJII,HO ,ll;eJI.IIlllHXCJI ROMilayH,n;-.fI,ll;ep: noToeHa 
aHepreTIIqecRaJI 38.BHcHMocn nonepeqHHx ceqeHHtt peaRIJ;lifi 206 Pb ( DA"(., 

:Zn,), 
207 

Pb c40 Al'C,, ,. 3 n. ) , H3MepeHH Bl:lXO,ll;li npo,n;yRTOB peaR[(llil 
CJIII.IIHII.II 

48c(l. c .fI,ll;paMH .::05re , 208 Pb , 2098i , 0@0,ll;eJieHH no-
nepe~e ceqeHHJI peaRUIIil 204 Pb + 40A't , 206p1, + 40 A~ , 
206 

Pb + 50 n B0ITTnlTUY R 06pa30Ba.HHJO HOBl:lX mnrmnroB 242 ,::: m H 
~4 ' ~-- ~-- . l(u . . 

3. IloRasaHo, qTo HMeeT MecTo rrponecc o6pasoBaHHJI CJia6oB036YJK,neH-
HHX ROMilay}UJ;-.fI,ll;ep c ~ ~ IOO npn 60M6ap.nnpOBRe MHIJieHeit TmKeJII,IMH 
HOHaMH c sHeprneil,Ha 5-7 MaB Melihmeil eyJioHOBCRoro 6apbepa. 

4. IloRasaHo, qTo pasJIWme B cpop.1e 6apbepoB .n;eJieHHJI ROMilayJm-.fI,ll;ep 
c 't. = IOO-I02, HMel!llllIX 'lllICJia HeilTpoHoB B ,n;narrasoHe N= I44-I54, 
He ~eT Ha BepOJITHOCTb RX o6pa30BaHII.II B peaRIJ;lIJIX C 6oM6ap.nnpYKJlllH!WI 
HOHaMH o A ~ 40. . 

5. Ilpe.rvroJKeH H pa3BHT HOBufi onoco6 .n;eTeRTHpoBaHII.II H H3J'll0HH.II pe,n;
ronc C06HTHH cnOHTaHHoro ,ll;eJieHHJI .fI,ll;ep, OCHOBaHlllili Ha Ha6JrIO,n;eHHH aRTOB 
MHOlKeCTBeHHoil 8MllCOlIH HeitTpoHOB. Paspa60TaHH .n;eTeRTOpli HefiTpOHOB, nos
BO~BIIIlie Ha6Jr!O,ll;aTb co6HTII.II C~OHTaHHoro ,n;eJieHIIJI B o6pas.uax BeCOM B 
H0CROJibRO ,n;ecJITROB ~OrpaMMOB Ilpll OKOpOOTH oqeTa ►- 0,002 ,n;elih-~-r. 

6. Ilpe.rvroJKeHo HOBOe ycTpoficTBO H paspa6oTaH rrpoeRT YJibTpa~cTBH
T~Horo Maco-cneRTPOMeTpa, paco'lllJTaHHoro Ha H,ll;0HTHqJH:itanffiO aTOMOB CT3 
B 06pasnax B0COM IQQ Mr C ~CTBHTeJibHOCTbID I aTOM Ha IOI4 aTOMOB 
OCHOBH. 

7. llsyqeHH pe.n;RHe C06HTH.II cnOHTaHHOro ,ll;0JI0HlI.II B reOJIOI'H'I00RlIX 
o6~0RT8X, npe.n;CTaBJIJIIallHX THilJ!llHHe nopo,n;u 30MHOH ROpli H HeROTOpHe py,n;u. 
n nOJ!YlleHa oneHRa nopsJ,ll;Ra B~'lllIHH BepXHero npe,n;eJia cpe.n;Hero co.n;ep,Ka
HIIJI CT3 B 30MHOH Rope - I□-I3 ~&!MOB Ha I'paMM (B npe,n;nOJIOX8HHH, qTo 
nepno,n; nOJiypacna,n;a CT3 paBeH IO JieT). 
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8. B o6pasuax MeTeopnTOB CapaTOB, A.rrJieime, EJiipeMOBRa n rH.np<>TepM 
no;ryocTpOBa qeJieReH 06HapyJKeHO JIBJieHHe MHO.llteCTBeHHOH 8MHCCHH HeilTpo
HOB, ROTOpoe He MO.llt0T 6HTb 06'hl!CH0HO H3~0CTlillMII llCTOqHHRaMH qic>Ha. ' 
CROpoCTb cqeTa RpaTHWC HefiTpoHHl:lX co6HTHH - 0,02 ,n;elih-~-r. o6Hapy
J!t0HHl:lX B MeTeopnTe A.rrJieime, OTBeqaeT nopsJ,ll;ey Bemrcrn:HH BepxHero npe,n;e
Jia pacrrpocTpaHeHHOCTH CT3 B CoJIHeqHoil CHCTeMe, paBHOl\zy' ro-14 rpaMMOB 
Ha rpaMM. 

Arrpo6a.rmJI pa60TH 

OCHOBHile pe3yJibTaTH pa60TH ,ll;OJIO.llt0Hli 8.BTOpoM Ha Me~yHapo,IUIOit ROH
qiepeHnIDI no qJH3HRe T.II.llteJIHX HOHOB (.IT,y6Ha, I97I), Ha EBponeficRofi ROHWe
peHnIDI no .fI,ll;epHofi wnsnRe (3Rc-aH-IlpoBaHo, ~prurrnm, !972), Ha Me.xt,nyHa
po.n;Hofi ROHWepeHnIDI no .fI,ll;epHofi @i3HRe (MroHXeH, ~PI', I973), Ha 4-il MeJK
,n;yHapo.n;Hoit ROHqiepeHnIDI no TpaHCITJIYTOHH0BHM aJieMeHTaM (Ea.n;eH-Ea,n;eH, 
~Pr, !975). Ha OHMil03IIYM0 MAI'AT3 no @i3IIRe II XlIMllll ,n;eJieHHJI (Kllmx~ ~Pr, 
I9?9), Ha Me~Hapo,n;HOM ClIMII03IIYMe no CHHTesy ll CBOHCTBaM HOBHX 8Jie
M0HTOB (.IT,y6Ha, 1980), Ha 3-it BcecorosHofi ROHWepeHnIDI no· Maoo-oneRTpo
MeTpHH (leHHHrpa,n;, I98I), Ha BTopoM pa6oqeM coBeinaHHH no npnMeHeHIIID 
pa,n;nonsoTonoB n pa,$an;n:oHHofi o6pa6oTRH B~rrpoMHlllJI~HHocTII (Iellrrunr, r.ILP, 
1982), Ha sace.n;aHHJIX KOMHTeTa no qlll3HRe TRJKeJ!liX HOHOB B ,lJ,y6He, Ha Ha
J'llHilX ceMHHapax B OIDrn (.IT,y6Ha) , I'EOXH AH CCCP {Momma) , rCH (,ll;apMmTa.n;T, 
~Pr), HHCTHTYT8 MaRoa I!naHRa (raH,I{eJib6epr, WPI'), llHCTHTyTe .fI,ll;epHOii <Im-
3HRII (Opce, ~paHUH.II), liauHOHaJibHHX ~a6opaTOPII.IIX Cl!IA B EepRJIII li OR-. 
PH,n;JKe. 

CTpyRTY]a II o6~eM wccep:rarom 

,ll;HccePTauIIJI COCTOIIT II3 BBe,n;eHHJI, qewpex rJiaB, 3a.K1II(J'q8l!H.II ll ,n;Byx 
npHJIOJKeHHil, co.n;epJKHT I9I OTpamnzy MamlIHOilllCHOro TeROTa (BRJIJOqaJI pncyH
KH), I9 Ta6Jrnn, 26 pnOyHROB H ClllIOOR JIHTepaTypH H3 288 HaHM8HOBaHHi1. 

CO,n:EP.lKAillIE PAEOTH 

Bo BBe~eHHH ,ll;aHa aHHOTauIIJI pa60TH. B HeM noRasaHa aRTYaJibHOCTb 
npo6Jrew CT3, nsJioJKeHo RpaTRoe co.n;ep,KaHHe ,n;nccepTan;n:H n npHBe,n;eHH oc,
HOBHile pesy~bTaTH, IlOJiyqeHHHe aBTOpoM. 

B nepBofi rJIB.Be paccMOTpeHH npe.n;cRa3aHHJI CBOHCTB CT3 ll 8RcnepnM8H
TaJibHile B03MO~JIOOTII CIIHTe3a H noHCRa aTOMHilX .fI,ll;ep, rrplIH8,1T,)18.llt8lllIDC HOB0-
1\zy' OCTpoBy CTa6IIJibHOCTII, 

HenpeMeHHHM YCJIOBHeM CTa6lIJibH0CTH noRa H8H3B8CTHHX T.II.llteJIHX Me
MeHTOB JIBJIJieTC.II cymecTBOBaHHe ,ll;OCTaToqHO BHCOROro noTeHUHaJibHOro 6apb
epa, npeIIJITOTBYKJ!llero .n;eJieHIIIO me aTOMHHX .fI,ll;ep. Kottnerrn1m 6apMpa .n;Me
HHJI 6asnpyeTC.II Ha OlllICaHHH 3HeprHH ,ll;eqK>PMaU!m .fI,ll;pa B paMRaX MO,ll;eJIII 
lKH,ll;ROH RaIJJIH. 0.n;HaRO aTa MO,ll;~ He MOrJia o6~CHHTb npHMepHoe 
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nocTORHCTBO 6apDepOB ~eJieHIDI B nmpoKOM ,nn:artasoHe aTOMHIDC smep aKTIIHil
~OB. Eit npoTimope'IHJIO H8JI1Il!He pe3Kl'.IX Ma.KCRMyMOB Ha KpIIBllX 38.BlICHMOCTil 

OT 'tfilCJia HSHTpOHOB nepno~OB no.nypacnMa smep no OTHOilleHmO K cnOHTaH
HOtzy ~e.JieHil!O (cM. pIIC.I). Heo6XO,nn:MOCTD nepeCMOTpa wm ycoBepneHCTBO

BaHHR l!tll~KOKaileJIDHOro OIIHCaHilR 6apDepa ~e.rreHIDI smpa CTaJia OllzylqaTDCR 
oco6eHHo OCTpo noc;re OTKpllTilR cnoHTaHHO ~eJIRlltlfXCa Il30M0poB. 

06'.bJicHemre HaMIW{aBlllRXCR RBJISHilH 6wro nOJ!y,ieHO 6.Jiaro~aPH MSTO~ 
o60JIO'l0'lHOH nonpaBKl'I, C nOMOill1>ID KOTOporo 6wro ~eHo, 'ITO o60JIO'le'l
lfile 8!plJeKTl1 CyTI1eCTByroT He TOJIDlto B ccpe~ecrurx, HO H B ~$pM1IpoBaH
lfilX smpax, H OHH OKa311BaIDT 60JIDliOe BJIHRHile Ha 6apDep ,IteJieHIDI • 

.llJm pa3BHTHR npo6ReMl1 CT3 6wro CyTI10CTBeHHl1M npe,ItcKasamre Marll'l
HOCTH npoTOHHllX H HeitTpoHHHX l!HCM 7, = II4, ft,/= 184. B UeJIOM ~e 
pa60T C noMOill1>ID MeTO~a o60RO'le'lHOH nonPaBKI'.I 611RH Blll!HCJieHbl 60JIDUIRe 
6apDepu ~eReHHR ,IJ,JIR 3Ha'lllTeJIDHOit rpynnu HyKlIH.Il;OB, pacnOJiara.IOlllHXCR OKO
RO 8TIIX Marll'l0CKI'IX 'lllCeJI H o6pa3Y)Oll.lllX, TaKHM o6pa30M, HOBllit OCTPOB 
CTa6MDHOCTH. Ilo~epKHeM, 'ITO Blll!HCJISHHlle 6apDep11 ,Ite~eHilR smep CT3 
o6yCJIOBJieHl1 'lllCTO o60JIO'le'llfilllfil acixiieKTaM!I, TaK KaK HX '1m,IIKOKaneJIDHIIB 
6ap!,ep ~eJieHIDI npaKTH'lecKH paBeH ey~ro. Pac'leTll ~aIDT BpeMeHa ,msmr 
3THX smep no OTHOillSHil!O K cnOHTaHHOtzy ~eJieHHro B ,nn:ana30H0 OT HSCKMD
Y.HX -qacoB ,Ito BpeMeH, COH3M0pIIMl1X C nepHO~OM CYil!eCTBOBaHHR CO~He'lHOH 
CHCTeMll (cM. p.rc.I). ,ll.7IJI npe,ItCKa3aHHR nORHllX BpeMeH l!OI3Hil CBepXTRllteJihlX 
smep npoBO~CD oueHKI'I BepoRTHOCTil HX ot-- n ~-pacnMa. 
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PHc.I. C.rcTeMaTHKa 
nep.ro~oB nMypacnMa 
no OTHOillSHil!O K cnoH
TaHHotzy ~e.rreHHID ll 

pesy~DTaTll pac'leTOB 
,1I,JIJI CT3. 

OueHKa onm6oK, CBR3aHHl1X c norpemHOCTDID Bll'lllCJieHHR Bucom n WoP
Mll 6apDepoB ~eJISHilR n c norpelIIHOCTDD onpe~e.rreHHR RHepuim smpa no OTHO
memno K .iteJmTeRDHofi ~egiop.rauim, noKaSUBaeT, 'ITO pac'leTHlle nep.ro~ 
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no~cnMa TsF (cM. p.rc.I) MOryT OT~aTDCR OT ~eitCTBHTe~HllX Ha 
IO•nO~KOB BMH'lllHll B 6MDillyID rum MeHDmyro CTOpoHy. Orrm6KH npe~CKa3a
HilH nepIIO,ItOB oC.-pacnMa MOryT COCTaBilTD 4-5 no~KOB BeJill'UUfil, O~Ha
KO 6~maR HeTO'lHOCTD npe~CKa3aHHit nepIIO,ItOB nOJiypacn~a CT3 He CHIDKa-

8T aKTYaJil>HOCTil s~a'lll IlX CHHTe3a ll nOHCKa B npIIpo~e. 
B psme pa60T paccMaTpHB8JIIlCD xawKTepHCTilKI'I cnOHTaHHOrO ~e.rreHIIR 

CBSPXTJDKeJillX smep. ,ll.7IJI ,IteJieHHR Ha ~a OCKO~Ka npe~CKa311B8JillCD 60RDlllRe 
3Ha'leHIDI cpe~Hero 'lllCJia MrHOBSHHhlX neitTpoHOB ( i z IO). 0MaK0 
aHa.7Ili3 ,ItaHHWC 06 Il3B8CTHl1X CilOHTaliHO ,It8JIJ'IlllllXCR smpax Il03BOM8T ,Itonyc-

TRTD, 'ITO BeJilI'lllHll ~ ,1I,JIJI CT3 MOryT 611TD He CTO~D 60~DlllRMH. HeBllCO
:rorn oueHKH i -.::: 2-4, 6:wrn no~y-qeHll ,IJ,JIR TpoitHoro ~e.rreHHR, BepoRT
HOCTb KOToporo ,IJ,}Ifl smep CT3 MOXeT OKa3aTbCfl 6MDillOfi. B_~Io60M c;ry-qae 
BH)J.eJieHile aHeprnH, npeBhllllaIOOlee 6Mee, 'leM Ha 50 MaB TO, 'ITO HaMro,Ita

eTCR y H3BeCTHIDC smep, ,ItMXHO CJIYJKHTD B Ka'leCTBe npII3HaKa cnOHTaHHoro 

~eJISHilfl CT3. 
3KcnepHM0HTl1 no no.rcey B npnpo~e l! CHHTesy CTo npOBO~HCb no 

TpeM OCHOBHHM HanpaBJieHHRM: noHCK aTOMHllX smep CT3 B ra.naKTH'leCKilX 
KOCMH'leCKHX ~y-qax, nOHCR CT3 B B0lll8CTBe CORl!8'lHOH Cl!CT0Mll (B MeTeopH

Tax H seMHIIX 06~e1tTax), a1tcnep11MeHTll no cHHTesy smep CT3 ua ny-q1tax 

TRJKeJillX ll:OHOB. 
PacCMOTpemre pac50T no rroncey CT3 B BelllSCTBe seMHOll l\Opll ll B Me-

TeOpHTax noKa3!1BaeT, 'ITO ,IJ,}Ifl TaKOro noncKa ueo6xo,nHMl1 Y~DTpaqyBCTBil
TMDlille, r116Kl'.le H yHHBepG8JIDHH0 MeTO~ o6HapyxeHHR H l!~eHTll(pllKaUlfll 

H0ll3BeCTHl1X smep. Heoc5xo~ o60CHOBaHHllfi B!160p o6~eRTOB .rsy-qeHHR ll 

onpe~eJieHHe 1tpnTep.reB oueHKH noRy-qeHHllX pesy~DTaToB. 
Pea:imirn llMHOrO C~RHilR IlOHOB 48Ca... C TR.lKS~llllfil MPaMH npe~CTaB

JIRIOT npaKTH'leCKH e,nn:HCTB0HH00 cpe~CTBO ,1I,JIJI CHHTe3a CT3. IlpoBe,IteHHe 

TaKHX 8Kcnepl!M8HTOB CBfl3aHO C npOHilRHOBeHileM B 06.JiaCTD H0ll3BeCTHl1X 
uyroIH,ll;OB, ROTOpoe OCJI0lKIUI8TCfl orpaHH'lSHHHM BpeMeHeM .rcno~b30BaHilfl yHH
Ka.JIDHOro ny-qKa HOHOB 48eo.. M Hil3Rl!M H Tpy~HO npe~c1tasyeMHM BllXO~OM 
llCKOMllX npo~TOB pea.Killin. 0TITl!M8JIDHHe yCJIOBllfl CHHT03a smep CT3 MOryT 

611TD H~eHll np.r H3y-qeHHH peruamfi no~Horo CJIHRHilfl HOHOB C z ~ 40, 
Be~X 1t aTOMHliM MpaM c 7, ~ IOO, 6apDep ~eASHilfl ROTOpllX o6yc.'IOB

ReH, rRaBHliM o6pasoM, aqxlleKTOM o60RO'l0R. 
Bo BTOP9H r~aBe OnHCaHH 8KCnepHM0HTa7IDHH0 MSTO,Itll o6uapyxeHilfl H 

H,IJ;SHTHqMKaUlfll CT3. 
Han6MDillM -qyBCTBllTeJIDHOCTD noHCKa CT3 B npnpo~HllX o6pasua.x 611-

~a ~OCTHrHyTa C noMOill1>ID HeitTpoHHhlX ~eTeRTOpoB, npe,ItHa3Ha'l0HHhlX ,1I,JIJI 

perncTpauHH pe~ co611Tllfi cnoHTaHHOrO ~0.710lillfl. Cnoco6 Ha6.Jiro.IteHilfl co-

6llTilli CilOHTaHHoro ~eReHIIfl no MHOXSCTBeHHHM HefiTpoHHHM co611THRM 6wr 
npe,IJ,JIOXSH n pe8.7IlI30BaH HaMH B Ha'la.Jie ceMH,IJ;ecRTllX ro,ItOB /1, 2,31/. 
EJraro'AaPfl 6~mofi npomrKarolllefi cnoco6HocTH HeHTpDHOB y:naeTcR ncCJie~o-
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BaTI, Ma.CCHBlille o6pasuu 6es me paspyrueIDL!l H cnen;nanbHOll nO,IU'OTOBRH. 
PerHCTpaD;llR cnoHTaHHoro ~eJieHHR HMeeT 60JII,liOe SHaqeHHe IIIJll noHCKe GT8, 
TaK KaK 3TOT B~ P~OaKTlIBHOro pacrra,n;a ~OJDKeH 6IITI, OCHOBHIIM .wm aTOM
HII.X Mep, rrpHHa,nJI8JKamID{ OCTpOBY CTa6WibHOCTH. C ~yrofi CTOpoHH, cfroH
TaHHOe ~eJieHHe HCillITIIBaeT TOJII,KQ O,nHH H3B8CTHIIil rrpupo~n 3JieMeHT -
ypaH, qTQ SHa'tflITeJII,HQ o6Jie~aeT )l;OCTIDKeHHe HHSKoro qJOHa rrpu nOHCKe 
aKTOB pacrra,n;a CT8. 

B 3KCIIepuMeHTa.x no rroucey CT8 HaMH HCnOJII,3QBaJIHCI, HefiTpoHHIIe ~e
TeKTOPII c 3He -cqeTtilIB8Mll, KOTOpIIe HeO~HOKpaTHO COBepmeHcTBOBaJIHCI, 
/6,9,ID,14,21,22 ,27/. B pesyJII,TaTe 6IIJia ~OCTHrttyTa ~CTBliTeJII,HOCTI,, 
nosBOJISIIOil18Jl o6Hapy,KHTI, CT8 npn KOHUeHTpan;llli ?:: 10- 5 r/-r1 YcTpollCT
BO ~eTeKTopa rroKasaHo Ha puc. 2. HefiTpolill, HCrryllleHlille us o6pasua, sa-
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P:IIc. 2. CxeMa. HettTpoHHoro 
~eTeKTOpa C 3811J;lITOll. 
I - o6paseu, 2 - 3 He -
cqe~, 3 - oprcTeKJio, 
4' - K8,IJ;MHll, 5 - nOJIHsTWieH, 
6 - IlJiacTuqecrorn cIJ;HHTWIJIR
TOPII, 7 - 6eTOH TOJIUlliHOll 
7 M. 

Me)I,JlWrnc1, B oprcTeKJie (HJIH rrapaqinHe) n saTeM B. TeqeHHe xapaKTepHoro 
BpeMeHH '(;' , COCTaBJimolilero H8CKOJII,KQ 'A8CHTKOB MKC, ,nu~poBanH B 
saMe)I,JllITeJie n JIH6o norJI0111anHc1, B 3 He -cqeT'tflIKaX. HJIH oprcTeRJie, JIH6o 
IIORH~anli 'AeTeKTOp. ,ILJm SHa'tflITeJII,HQll ~OJIH co6IITHll CIIOHTaHHOro 'AeJI8IDL!l 
3a rrpoMeJKYTOK BpeMeHH ~ 3,z; 
6oJiee HeilTpoHOB. BepoRTHOCTI, 
C06IITHR c IqlaTHOCT!,ID m): 

cxeMa. 'AeTeKTOpa perncTpnpoBa;ra mia rom: 
Wm perHcTpan;nH m HefiTpoHOB ( TO ecTb 

- 2, m m -J-m - t) Wm(E,v,o~J=;:E. Cy f (4-E.). P~('J,fi'J . 
hrn 

( I) 

- 2. 
8,Ii;ec1, p~ (j, <,~) - BepoRTHOCTI, ncrrycKrumH 1 HefiTpoHOB rrpn CIIOHTaH-6J HOM ~eJiemrn, xapaKTepnsyeMOM cpe'AHHM 'tf!ICJIOM j n ,nucrrepcueil 

*J B npe'AIIOJIOJKe:mm, qTo rrepno'A nOJiypacrra,n;a ncKoMoro IJYKIIH,ll;a paBeH 
109 JieT. • 
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f - BepoRTHOCT!, perHCTpan;llli O,nHHQqHoro HefiTpOHa, HCrrylll8HHOro H3 
o6pasua, Ci - 'tf!ICJIO coqeTaHHfi us i · no m . 

B ~ae 'AeTeKTOPa 1271, noKasaHHoro Ha puc. 2, c = 0,48 )I,JIR 

ueHTpaJibHOll o6JiacTn qyBCTBHTeJI!,HOrO o6~eMa. Be.JIHqliHOll ID JI. Ilpn YM8Hb
memrn qyBCTBHTeJII,HOrO o6~eMa. 'AO 0,3 JI 'AOCTHranac1, BeJ!HqHHa f = D, 73. 
Ila OCHOBHIIM napaMeTpaM 3TOT 'A8T8KT0p rrpaKTuqecKH He ycTYUaeT HefiTpOH
HIIM ~eTeKTOpaM c JKli,IJ;KIIM CIJ;HHTHJIJIRTOpOM, Ha KOTOPIIX o6WIHO 'AOCTHraeTCR 
HaliBIICll!rul BepoRTHOCTI, perHCTpaD;llli HefiTpoHOB. B TO ~e BpeMR ~eTeKTOP 
c 31-te -cqeT'llIKaMH HMeeT npenMYll!eCTBO; KOTopoe SaKJll(J'laeTCR B HHSKOM 

ypoBHe i{loHa. 
8JieKTpGHHaR cxeMa 'A8TeKTOpa BeJia noncK KpaTHIIX H8HTpGHHIIX co6II-

Tlill Bcmwn pas, KaK c .mo6oro ns 3He · -cqeT'tflIKOB nocTYITaJI HefiTpoHHIIii 
cnrHaJI. Ha6JIIO,ll;eHHe TaIWX co6IITnfi nosBoJIRJio perncTpnpoBaTb pe'ARHe aKTII 
CIIOHTaHHoro 'AM8HHR M8P C BepoHTHOCTI,ID 

(2) - 7, W5F:z:_ Wrr, (£,Y,5~) .. 
m"»2 

KOTOpaR rrpn G = 0,48 paBHa 0,24 ,wIR 
238 v li 0,6 )I,JIR 

252
Cf . B 

~ 

pesyJibTaTe nsMepem HaKailJiliBaJiac1, nHi{lopMa.UllR o pacrrpe~eJieHHn saperH-
cTpnpoBaHHIIX HeilTpOHHIIX co6IITHll no KpaTHOCTll, IIIJllqeM B STOM pacrrpe'Ae
Jiemrn OTCYTCTBOBaJIH 'AaHHIIe O 'tflICJiax co6IITlill C IqlaTHOCTI,10 DH I. Ha 
OCHOBamrn STOll HH!POPM8.Il;lll MO~O oueimBaTI, rrapaMeTpII 1 ll 5{ 'xa
paKTepH3YJOlllli8 MHOJiteCTBeHHOCT!, HefiTpoHOB CIIOHTaHHoro 'AM8HHR~ ToqHQCTI, 
TaRHX oueHOK OKaSIIBaeTCH HeBIICOKOll rrpn E. ""· 0,5 n rrpn MaJIOll CTaTnc
THKe. OHa 6IIcTpo BospacTaeT c YBe.JIHqeHneM E n 'l!HCJia saperncTpnpoBaH
HII.X co6IITHll. Ilpn £ ~ 0,7 n 'l!lICJie co6IITHll ~ 200 OTHOCHTeJII,HaR 
rrorpelliHOCTD A.'::J /':§ ~ D, I. 

BIICOKaR tryBCTBHTeJII,HOCTI, HefiTpoHHIIX 'A8T8KTOpoB 'AOCTHranac1, IIIJll 
pa6oTe B noMe111eHHRX, sallllilileHHIIX OT KOcMnqecKoro ns;ryqeHHR. Ha pnc. 3 
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Pnc. 3. 3aBHCHMOCT1, rrpe
~eJia llSMepnMOll KOHUeHTPa
unn CT8 OT ~ ~ JKnpHaR 
R:pliBaR - pacqeT )I,JlH CTaH
~apTHOrO o6pasua (Bee 
25 Kr, 20% Pb , ro-6r/r 
u ) . OcTaJII,lille KpHBIIe -

a KcrrepuMeHT an1,lille rrpe'AeJIII 
)I,JlH w , Ha , Pb, rro;ry
qeHHIIe Ha r;ry6nHe 
IIDO M B.3. 



IlOKa3aHa 3aBHCliMOCTI, OT i. BeJililllIHhl npe,n:eJibHOH o6HapyJmMO:il' ROHUeHTpa
mm CilOHTaHHO .n:eJUIIllerocSI lfYR.}II{,ll;a, KOTOpaSI 6Wia IlOJIYtreHa B H3MepeHHmc, 
BHilOJIHe~ B COJISIHOH max:Te Ha r~y6HHe IIOO MeTpOB BO,ll;Horo aKBHBaJieH
Ta(M B.a.) 61. Ha TaKOH r~6HHe IlJ)H YMOBim: npHMeHeHHSI CHCTe!'fil aHTH
COBna,n:eHHil H3 c~eT'lliKOB reilrepa--MIOJmepa qx>H MHOJKeCTBeHHHX HeilTpoHlillX 
co6HTHi1, BH3BaHHHX B3aHMo,n:eilcTBliSIMH KOC~ecKoro HSJiy'IeHHSI, npaKTITTec
Kll OTCYTCTBOBaJI. ~YBCTBHTeJibHOCTI, onpe,n:e~ac1, npo,n:OJDKHTeJibHOCTI,IO H3-
MepeHHi1 H BeJili'IliHOll qx>Ha CilOHTaHHoro ,n:eJieHHSI IlJ}liMeCH ypaHa B o6pa31¥1X• 

EMH UeJII,IO·aKcnepHMeHTOB ~eTCSI H3~eHHe 60~1:,moro 'lliMa o6pa3-
UOB, npo,n:oJDKHTeJII,HOCTI, HSMepeHHSI He MOXeT CYJ!leCTBeHHO npeBl1IllaTI, I .n:em. 
ITpe,n:~I,HaJI ~YBCTBHTe~MlOCTI, B TaKOM M~ae COOTBeTCTByeT Ha6.mo.n;eHHIO 
2-3 MHCJKeCTBeHHh!X co6HTHH B .n:em, ~TO OTBe~aeT ~ o6pasua BeCOM OKO~O 
IO Kr KOHU8HTpamm HCKOMoro lfYR.}II{,ll;a ro-13 r/r. IlJ)lieMJieMIJe yc~OBHSI no 
B8J\li'lliHe Q?()Ha 6~ nOJI~eHhl HaMII C 3antliTOll, noKaSaHHOll Ha JJliC. 2 127 • w . . 

B Ta6~ue I ,ll;aHO cpaBHeHHe xapaKTepHCTliK HeKOTOPHX ~~ Hei1-
TPOHHhlX ,n:eTeKTOPOB, npHMeHSIBIIIHXCSI npli noHCKax cw. 

Ta6~Hga I 

E 
~YBCT- Samli- . Bee, 1ioH: 'lliMO C06HTHH B .n:em 
BHT eJIIr Ta, 06paseu Kr C K:[1aTHOCTbIO m 
Hhlll 06'Ir M B. 3. ,,,, = 2 m =.3 m= 4 eM ~ 

0,65*) IO 600 - . 0 2,I04 570 0,6 

0,47*)*) 2,5 40 - 0 II,6 I 

0,47*)*) 2,5 40 BL2,03 0,5 I8,2 2,7 0,6 

0,38/I4 ,2:Ji' IO IIOO KBapu(70%) 

0,38/r4/ 
+Fe~o"<30%) rn ~0,005 ~0,005 ~ 0,005 

IO IIOO Pb IOO ~ 0,06 f 0,06 ~0,06 

0,48127/ IO I5 Pb 25 4 I,8 ~ O,I 
0,48/27/ IO I5 Fe 5,7 I ~ O,I ~o.r 

*) .I(eTeKTOP Ha OCHOBe D,ll;KOro CUHHTHJJJUITOpa C ,n:OOaBROll ra.n;MHHllSI 
/Cheifetz E. et al, Phys. Rev., 1972, vol.C6, No.4, p.1348-1351/ 

*)*) .I(eTeKTOP Ha ocHoBe 3He -c~eT'Il'IKOB 
/Fireman E.L. et al, J. lnorg. Nucl. Chem., 1979, vol.41, No.5, p.613-615/ 

Eo.nbmHe B03MO~OCTli ~ H,n:eHTH@'!Kamm: HCKOMHX CT3 MOXeT ,n:aTI, 
MaCC-cneKTpoMeTpHSI. 0.n;Ha.KO ee npHMeHemre npli nOHCKax CT3 OWIO 
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1. 

orpa~eHO BBH.ny He.n:ocTaTO~HO BHCOKOH ~YBCTBHTeJII,HOCTH ( ~ IO-II 
aTOMOB Ha aTOM). HaMli 6WIO npe.JJ.)IOX8HO ycTpOHCTBO Macc-cneKTpoMeTpa 
/ 26/, npHlil.l;lln ,n:eficTBllSI KOTOporo no3BOJISI8T ,ll;OCTHrHYTI, CYJ!leCTBeHHoro 
YMeHbmeHHSI Q?OHa sapruKeHHhlX MOJieey~ H pacceSIHHHX HOHOB OCHOBH, orpaHH
'lliBaIOII18rO ~cTBHTe.m,HoCTb B oMacTH MaccoBHX 'lliCM A ">- 250. Ha 
6ase 3TOrO ycTpollcTBa paspa60TaH npoeRT y~I,Tpa~CTBl1TMbHOrO MaCC
cneKTrMeTBa mrIA, ROTOPHH COOpYJKaeTCSI B Ja6opaTOPHH SI.n;epHHX peaKUHi1 
Olliill 28 ,3 ,32 • CxeMa Macc-cneKTpoMeTpa Jil1.IDIA (JJlic. 4) B~~aeT ~a
sepHHi1 Ma3MOU!I111 HCTO~HI'IK HOHOB, :rasoByro MH napoByro MHIU8H!,, . CHCTer.ty 
OTOOpa HOHOB, HC!Il,lTaBmHX nepesapSI.n;ey, H MHOrOcTyrremaTYJO CHCTeMY ~ 
pas.n:e.rreHHSI 1wHuB no Macce, 

i-r ._ 3•-1· 
~~~--

,~,· <J. • .L ,o,. \, l I 

';t '•, ", + '° °I 00 04 ~ ~<>~o ·~ .. , 
-□•:;: □• L-

"'""' ~] 05 ~ 
.. - .- __ \,!],:<::: I I 

1- t\Y4 "·si 
t\A3EPA 

O!iPA3EU.- _ ;!}3 

~--~ 5 . -

PHc. 4. CxeMa y~1,Tpa~cT
BHTeJibHoro Macc-cneKTpoMeT
pa .JIB,UHA. 

D I, J) 2, D 3 - .n:n:rrMbHhle 
MarHHTH, QI- Q5 - Mar

HHTHhle KBa.n;pyno~bHhle ~H311. 

HeKOTOpHe xapaRTeJ)liCTHRl1 ~asepHoro HCTO~HHKa HOHOB 6~ npoBepe
}Ihl Ha Mo.n:e~I,HOM BaJ)liaHTe, paOOT8.BllleM C ~asepoM Ha a.JIKMl1HlieBO~HTTpHe
BOM rpaHaTe B peJKHMe MO.n;y~poBallHOH ,n:o6poTHOCTH. IlIM MOTHOCTH MOm
HOCTH H3~~eHHSI 4 • I09 BT /ci/- 'lliMO HOHOB B cqiopMHpoBaHHOM ~Ke 
paBHR.lIOCb I-3 • IOU Ha HMIJY~bC ~asepa, ~TO COCTaMMO I0-4 ~aCTI, OT 
'lliMa aTOMOB o6pasua, HcnapeHHhlX B ~asepHOM qiaKe~e. IlpoHCXO.n;MO 6ec
qipaKUHOHHOe HCnapeHHe BemecTBa odpasua H HOHH3aUHSI aTOMOB. 0THOCHTeJII,
Hhlll BHXO.D: ~HOB 3aBHCe~ TORI,KO OT HX MaCCOBoro 'lliMa H 011.71 nponopun:o
HaJ.leH A - 2• OTHOCIITPJibHhle BHXO.n;H IIOHOB c sapSI.n;aMH I+, 2+, 3+ Mor~ 

ll 



6UTI, npe,llCTaBJieHU nponopu;aeil 0,5: 0,4: 0,08. 3al)ID!teHHUe MOJieKy.Jill 
HaMIQI(aJ.I.HCI, TOJII,KO B TOKe O,llH03al)/I,I{HUX .HOHOB; .HX BHXO,ll MOr 6UTI> YMem
meH cpaBH.HTMI>HO npocTUM.H cpe,nCTBa.Mli ,llO -< 5 • ro-6 OT nOJIHOro TOKa 

.HOHOB. 
_,!· 

C UMI>JO ,naJ.II>Helilllero YMemmeH.H.II qxma sap.l!lKeHHUX MOJieKy.JI .wm· aHaJ.I.H
sa .HcnOJII>3YJOTC.II .HOHU C Ha'!aJ.II,HllM 3al)/I,I{OM 3+, .HCilUTaBIIllle nepe3al)/I,I{Ky 
3+ - r+ Ha Mm!leH.H (cM. BCTaBKy Ha p_HC. 4). Bepg.lITHOCTI> nepe3al)/I,I{K.H 
0,3-0,4 ,llOCT.HraeTC.II IlP.H TOJIIilHHe Mml!eH.H 2•I□I5 CM-2 , KOTOpa.!I IIpaKT.H'leC
K.H He ~eT Ha yr'JIOBUe .H aHepreT.H'lecK.He xaprotTep.HCT.HK.H n:y'lita .HOHOB. 

. Macc-aHaJ.I.H3aTop .HOHOB COCTO.HT .H3 ~yx 'lacTeil. IIepBM -qacTI> -
axpoMaT.H'leCKM C.HCTeMa, KOTOpa.lI ,uaeT .H306p8.lKeH.He lllM.H 2 B IlJIOCKOCT.H 
Ule~ 4 (cM. p_HC. 4) WU! .HOHOB B 38,ll;aHHOM MaCCOBOM ,u;HanasoHe ( AM/M 
= □ ,05). BTopM -qacTI> npe,ucTaBJIHeT co6oil MarHHTHUH cneKTpoMeTp, cos

.llaKll1.Hit B IlJIOCKOCT.H 5 .H306p8.lKeH.He MaCCOBUX ~Hllit WU! .HOHOB, npome~ 
'!epes Ule.JII> 4. Ilp.H paspemeH.H.H M/6M ::= 500 c.HcTeMa B UMOM o6ecne
'l.HBaeT IOO% npoxoJK,IJ;eH.He .HOHOB B 38,IJ;aHHOM MaCCOBOM,u;HanasoHe .H Tpex
KaCKa,n;HYJO cenapau;aro OT .HOHOB OCHOBll 06pa3Ua C WaKTOpOM O'l.HCTK.H I06-
I07 Ha O.u;HH KaCKa,n;. ,UonOJIH.HTMI>HM cenapau;aH OCYilleCTMHeTCH no BpeMe-
Hll npOJieTa .HOHOB. 

B C.HCTeMe perncTpau;a.H, pacnOJIOXeHHOH B qx>Ka.JII,HOH IlJIOCKOCT.H 5, 
.HcnOJII>3YJ9TCH ,neTeKTOpu Ha OCHOBe M.HKpoKa~I,HllX"IlJiaCT.HH. IlP.H 3KCn03.H
IJ;ali B ro6 I!MIIYJII>COB Jiasepa BpeMH perliCTpau;a.H COCTaBJIHeT IO c. 3a Ta
Koe KOpGTKOe BpeMH co6cTBeHHUH qJOH ,lleTeKTOpa He cos,uaeT noMeXli WU! 

noliCKa Ma6ux MaCCOBb!X JiliH.HH. 
OueHKa H~Y'IJll8H tJyBCTBliTMI>HOCTli, KOTOPM MOXeT OUTI> ,llOCT.HrHyTa 

Ha TaKOM nP.HOOpe, ,uaeT B~HY ro-I4 aTOMOB Ha aTOM. BpeMR aHaJ.I.H3a . 
COCT~eT OKOJIO o~oro -qaca, pacxo,u BellleCTBa - IOO Mr. 

,U.rur aHaJmsa pesy.JII>TaTOB MHOrliX pa6oT, B KOTOpUX IlpOBO~CH noliCK 
CT8 B npnpo,ue, BO BTopoil r.JiaBe paccMOTpeHU ,upyrlie MeTO~, IIpliM8HHBlllli
ecH C 3TOH UMI>JO. JIY'!lllMe li3 HUX ycTynaJOT HeilTpOHHUM ,ueTeRTOpaM no 
tJyBCTBliTMI>HOCTli Ha ~a-Tpli nOl)/I,I{Ra Be~'l.HHU. HeKOTOpue MeTO~ MOI'YT 
6uTI> rrp_HMeHeHU .wm n,ueHTliWliRau;a.H CT8 B MY'!ae nOJiy'leH.HH o6pasuoB c 
BUCOKOH ROHU8HTpau;aeu liCKOMHX eyrora,n;oB. 

B ROHUe BTOpOH rnaBH orrn:caHU HeKOTOpue MeTO~ li ycTpoilcTBa, KOTO
pue 6~ paspa60TaHU }J)IH ,mcneP.HMeHTOB no CliHTe3~ CT8 .H li3~8Hli!O pe
aKIJ;aH no.JIHOro MliHHliH. 06Jry'ieHli8 pa,n;liOB.KTliBHHX ( 26 Ra. , 32 Th.. , 
23Ipa.. , 233u , 242pu. , 243Am , 246,248em ) li JieI'KOilJiaBK.HX 

£ rt , Po , s~ > MlillleHen npoBo~ocI> ~ no HOB 40 A"' , 48ca. 
0ri nP.H cpe,uHe.fi lIHT8HCliBHOCTli ro12-roI c-r. MOlllHOCTI>, B~MHeMM 

B MUIDeH.H, ,llOCT.HraJ.Ia IOO BT/c~. M.II o6ecne'!eH.HH IlP.H8MJieMOH TeMUepaTy
pu Mml!eHe.fi nP.HMeHffJIOCI, BO~Oe OXJiruK,JJ;eHlie • IIP.HMeH.alillCI, TaIOKe Mll1ll8Hli, 
Bp81IjaJOlllUeCH co CKOpGCTI>JO 24000 06./M.HH., op:aeHT.HpoBaHHUe no,u MaJ.IUM 
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yr.JIOM no OTHOllleH.HJO R ny-qey JIOHOB. Ilpo~Tll peaKD;aii C nepliO,llaMli nOJiy
pacna,n;a OT IOO lilKC ,llO O,llHOI'O :ro,ua pe:rliCTplipOBaJ.1.HCI,' B OCHOBHOM, no 
cnoHTaHHOMY ,ne.'IeH.HJO, a Ta.IOite no "'- -pacII8..llY. il,ueHTli(ll.liRami.lI. ocymecT-
r.JumacI> no nepuo,uy nOJiypacna,n;a, no aHepr.rn: ol-'laCT~, no saBucnMoc
TH ce'!e.Hllii peaRIJ;ait OT aHeprnu 6oM6ap,IJ;HpyrolllJIX liOHOB, cpaBH8HIIeM BUXO

,llOB B nepeRpecTHllX peaRD;aHX, XliMli'l8CK.HMll MeTO,llaMli. 
TpeTI,Jl I'JiaBa nocBHUleHa aRcnepmv1eHTHM no CliHTesy CT8 U usy-qeHli!O 

perumufl no.JIHO:ro CJllUIH.HH B oMacTli cWII>HO .JlM.IIDJHXCH ROMIIaYH.Jl-H.ll8P c 
~ ~ IOO. IlP.HMeHeH.He ny-qROB 60M6ap,n;upyroll!IIX liOHOB 

48
CCL B peaK

U.HJIX nOJIHOI'O CJI1UlHWl ,uaeT pH,ll npellMYJl1eCTB no Cpa.BHeHli!O C ,ll~ liOH8-
MU. Bo-nepBHX, 61aro,napJI 3Ha'l.HTMI>HOMY H36HTicy' HeliTpOHOB, 

4 
Ca. nos

BOM8T B Ha.HOO~meit cTeneHH IlP.H~3liTI>CH K_UeHTPY OCTpOBa CTa6RJII>HOC

Tli. Bo-BTOpHX, 6om,maJI aHeprHH CBH3li ,llBruK,Ul,I Mar.H'l8CKOrO H,llpa 
48

~ 
,uaeT BhilII'PblIII B ITOJIY'lemm Ma60B036yJK,IJ;eHHHX ROMIIaylJ,ll-H,llep. 3TO cnoco6-
CTByeT XOJIO,llHOMY CliHTesy; TO ecTI> coxpaHeH.HJO 060.JIO'le'!HHX 3!W)8RTOB, 
Bbl3HBaKil1.HX cTa6UJII>HOCTI> H,llep CT3' li IlOBHmaeT maHCH liX nimrnaH.HH B 
npouecce nepexo,ua B OCHOBHOe COCTOJIHlie sa c-qeT temllleHUJI 'l.HMa CTY
rreHeit ucnapuTe.JII>HOI'O KacKa,lla. B-TpeTI>liX,~HOHll 

4 ea: nosBOJISUlT ucrrn
TaTI> np:u CliHTese CT8 Ha.HOOJiee acUMMeTpli'lHUe ROM6.HHaUlill CTMK.HB8.10ll11IXCJI 

·H,Jlep, }J)IH KOTOpIDC B HallMemmeil cTeneHU.MOJKeT npoHBHTI>C.ff ,ueilcTB.He ,n:u-

Ha.MR'!eCROrO 6apI>epa, npeilRTCTBYJOill8I'O ~.flHID(}. 

PaC'l8THli8 BpeMeHa l!tll3Hli cBepXTJDKe.JIIDC H,llep - npO,gyKTOB peaRD;afi 
242pu + 48ca.. , 243Am + 48eo.. , 246,248cm + 48ea.. MOI'YT Ha-

XO.u;HTI>CH B ,n:uanasoHe OT O,llHOI'O -qaca ,no HeCKOJII,KliX JieT. IIoaTOMj" MII 
npoBO;IUl.J!ll ::mcrrep:mWHTH 

I 
B KOTOpUX llCRa.JilI cnOHTaHHOe ,nMeHUe lI cl

pacna., C¥aB!IHTMI,HO ,llOJirOX.HBYillliX R,.i:(ep, o6pasyroll!IIXC.ff n YJta3aHHllX peaK
Uli.lIX 20 I. 8Hepr.HH uoHOB 48ua- Ha BXO,lle B Mml!em paBHlt11'.ac1, 267 MaB 

· ~ 06.Jiyqemm cMecn .HSOTonoB 246 •248 Cm li 255 MaB nP.H oMy-qeHUir 
2 2 Pu.. :u .243 Am • IloTep:u aHeprlili B pa6o'leM CJIOe M1I1IIeHeli cocTa.BJIB.JIH 
20-25 MaB. IloMe oMy'leHHH npoBo~acI> pa,n;uoXIDi1R'leCKM nepepa6oTKa, 
paCC'l.HTaHHM Ha Bll.nM€Hlie XllMll'leCKliX a.JieMeHTOB C '1-= II4-II6 li Be
poHTHllX npo~TOB me o/..- n ~-pacna,Il;OB c 'l = 108-III. 3a BpeMlI 
perllCTpaulIB (B cp8,llHeM, 200 ,llHeil) B nOJiy-qeHlIDX wpaRU.HHX He Ha6.JIIQI(a
JIOCI> CilOHTaHH08 ~MeHlle liJIH <X.-pacna,n; Heli3BeCTH11X HYK7Ili,llOB. EWI OT
p_HuaTe.JII>HllM TaRllte pesy.JII>TaT aRcnepliMeHTa no noucey KOpGTKOUBYlilJIX 

( T4/2. "> o,r· c) cnoHTaHHO ,ne.JI.fflllllXCH npo,nyRTOB perummi 
243

Am + 
48ea.. • 

B ,upyroit cepl_fi.! aKcnepUMeHTOB /I5, r 9 •231 noHaMli 
48Ca. oMy-qaJ.IliCl, 

MHIIleHli 226RB.. , 232Th. ' 23Ipa. ' 233u C UMI>!O HaM~eHH.JI npo.u;yE-

TOB pearu.tHil c '1. = I08-II2 11 ~o-qepHHX H.Jl8P, o6pasYJOlllliXCH IlP.H ~-
:u ~ -pacna,Il;e nepBli'!HllX npo~TOB. B 3TliX aKcneP.HMeHTax He HaMIQI(a
JilICI, 1topoTKOJKHBYll!IIe ( T-th. ') I MC) cnoHTaHHO ,neJIJllltHeCH HYKIDI~ wm 

pacna,Il; ,Il;O'iepimx SI,U;ep 255 Ftn n 256Frn. 
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Bepxmre npe'Ae.m. nonepe'll!WC ce~eHHfi o~pasoBrum:R cBepxTIDKeJIHX smep, 
TIOJIY'IeHH!le B HaJIIHX 3RCTiep.nMeHTax, 'AaHH Ha JlllC. 5. PesyJibTaTH 3RClleJJll
MeHTOB no CHHTesy CT3 He Mor;m 6HTb 06MCHeHH O'AH03Ha~o. C10'AHOH 

uir ·~~-.-----,.-.-~-.-~--.--. I_J 
N~ 
~ . 
~ 

lo . r 
@: 

Kr'-

r--
,ui KT1 

mu. 

:6 
T 
.\ 
\ 6 

6\ 
•, 
_··, ............... , ........ . 

~~24'em 
~ 243Ain -mp, 

rr5 ,ir3 111'1 • m• ui1 ,as 101 109 -

T112, C 

Tue. 5. IIpe'AeJIH nonepe~
HHX ce~eIDifi o6pasoBaHIIR 
smep CT3 B 3aBHCllMOCTH OT 
neprro'Aa no~cTia'Aa MR 

~aroniii CJI1'1.fllmR C HOHaMH 
Ca. • B - pesyJinTaTH 

BepRJIH MR.Pe~ 
248cm + 48'4 (nyHRTHp-. 

HaR RPHBM TIOJI~eHa MR 
CT3 co cBoiicTBaMH 6.Jraro
po'AHoro rasa). Hann! 'AaH
HHe - roprr30HTMnHUe JIH
HIIH C YRa3aHHeM MllllleHeii, 
06JIY'Ia.Bl1IID(C.fI HOHaMn: 48 Ca.. 

CTOpOHU, HCROMHe H30TOTil:l CT3 MoryT HMeTn MHlllROM ROpoTRHe BpeMe.Ha 
.lKH3HII, HCKlTIO~aIOOllle HX peI'MCTIJain!IO B HBlllHX OIIl:lTax. 0'AHa.RO He HCRJTIO~e
HO, ~TO nonepeqHHe ce~eHII.fI COOTBeTCTBY1(111HX pe8.KIJ;llu Mel!nllle npe~eJIOB, 
YRa3aHHHX Ha PHC. 5. Borrpoc O rronepe~ ceqeIDtHX CJIY..RHHR TeCHO CB.fI-
3aH C MeXaHH3MOM 3TOH peruaurn, MHOrHe 'AeTaJlli ROTOporo OCTa.JOTC.fI IIORa 
HeBWICHeHHHMll. HeJin3.fI 6wro HCRJTIO'IDTh, ~TO BepoJITHOCTb o6pasoBaHIIJI, 
KoMIIizy:~-smep CT3 ORasl:ffiaeTC.fI Hcqesa.ICllle Ma.JIOM B CHJ.!y IlpH'IDH, He 'AO
IlYCRaIOOllIX XOJIO'AHOe CJil'l.fI.lille, ilMeBIIIHeC.fI 'AaHHlle H T80peTIIqecRHe MO'AeJIII 
He ll03BOJIHJIU ~aTn OTipe'AeJieHHoro OTBeTa Ha 3TOT BOITpoc. BMecTe C TeM, 
HeROTopue 3a.ROHOMepHOCTH,CYJ.lleCTBeHH!le MR CHHTesa CT3,MOrJIH npoJIBHThC.fI 
B npouecce ITOJIY'IeHII.fI HBll60Jiee TIDKeJIHX ~eJI.filllllXC.fI smep. IIoaToMy HaMn 

6wm BHIIOJIHeHH aRcrrepUMeHTbl, UeJih!O ROTOpllX 6WIO ns~eHHe 3a.ROIIOMep
HOCTeii H OIITHMaJinHIDC yMOBIIii peaRUUii XOJIO~Horo cnHTesa T.fllKeJIHX smep 
C Z ~ 100. 

.l{Jm IIsroeHII.fI 6wrn BH6~ peaRUilll 206 Pb c40A't , 2h. )244Fm 
n 

207Pb ( OAl't. , 311,.. )2 4,=,.,., • F.a prrc. 6 rroRasrum :mcrrepHMeHTaJin-
71,e TO~, OTBe~aIOII!lie H3MepeHHHM WYJIRUIUIM Bos6yJK,neHII.fI aTHX peaRUUfi 

17 /. OHR y:I{OBJieTBOPHTeJihHO OIIRCl:ffia.JOTC.fI pac~eTaMU' B ROTOpllX Ilp0'AIIOJia
raeTC.fI o6pasoBrum:e rrpir•MH.fIHllH smep CBHHUa n aproHa cTaTirCTUqecRH 
PaBHOBecHIDC KOMIIay~-smep ~epMil.fI. B ~arorx pac~eTax c 60JinlllOM TO~HOCThD 
onpe'AeJIReTcR 6apnep CJIU.fIHIIJI, KOTopufi oRasMc.fI PaBHHM Bu.M. = 
I62,3 MaB, IlapaMeTpirsyR 6apnep B Bl!'Ae npocToro coOTHOIDeHHJI 
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. ·1-26 
O~eHUJI rca.runifi 
2 Pb ( OA~ , 

2,n, ) - ~HEM I H 
❖ 

1 
207 Pb (4 A"t. , ~'llr 11\ ~-

.. 
:IC u 3n.. ) - KpHBM 2. I 

~-28 z KIJHBM 3 - llOJIHoe 
i1: :le/ 
=- I --: c:,., ce~eHHe pe~. 

...,, : 

t 
.s BepTHRa.linHOfi JIHHHefi 

]~30 
I CO CTpeJIKOli llORa3aH 
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EAA6, • M3.B npoBe~eHH ~epes 3Rc-
rrepHMeHTaJinHHe TO~. 
RJJllBM 3 - pac~eT. 

B = 't z ei. JH (A -f/3 Ai/3) 
~"' t: p I c.e t. + p (3) 

r'Ae 3Ha~RH II t II ll II p II OTHOC.fITC.fI, COOTBeTCTBeHHo, R JI.Il:PaM MllllleHU li 
6oM6a~pYJ(ll1ero HOHa, HaXO'AUM rrapaMeTp 're= I,404 \IM. Oco6e¥HOCThID 
qly~li B036yJK,neHH.fI, ITORa3aHl!blX Ha prrc. 6, SlllJIBeTC.fI TO,, 'ITO 3Ha~TeJih
HM ~acn TO~eR, BKJI!O'IM MaRcHMYM ce-qeHHJI pe8.KIJ;llH 2 n. , H8XO'AUTC.fl npu 
aHepr:n:u 40 A"L HIDKe KyJIOHOBCROro 6apnepa. YKa3aHHOe o6cTO.fITeJIMTBO MO
JKeT 6b1Th HCITOJin30BaHO MR XOJIOMOro CIIHTesa smep C "Z ~ IOO 
( BKJI10tIM CT3) • 

Ewru ns~elill TaJQite P,ea.KUllH CJIH.fIHII.fI IIOHOB 48CQ,, c JI,ll;paMH 205 Tt, 
20Bpb • 209& /IB, 237. C aTofi ueJihID TOJICTble MH!IleHII H3 r.e . Pb ' 
Bi. o6Jr~MliCh HOHaMH 48ca.. c Ha'la.libHOfi aHepruii E a6 = 223 224 
H 236 MaB H lI3MepMHCn HHTerpMnJllle BllXO'Al,I H30TOITOB 24{!c{ . 254Fm, 
II 252 • 255 F'n, ( ~ 3KCII.> , IIpHBe'AeHHHe B Ta6Jruue 2. AHaJIH3 'AaHHHX 
IIpOBO~C.fI B PaMRaX CTaTUCTH~ecRoro paccMOTpeHHR npouecca 'AeB036yJK,ne
HH.fI KOMIIay~-n,npa. Pac~eTHHe BeJIIr'IDHH MaRCIIMaJihHblX rronepe~ ce~e
HHll OCHOBHllX RaHMOB pea~ ( 6' ~~: ) II HHTerpa,rnHHX BHXO'AOB 
( ~ pac~.) npHBe,neHH B Ta6.7Iuue 2. l13 'AaHlillX 3TOfi Ta6.JIHUU Me.cyIOT 
BHBO'Abl o rrorrepeqHblX ce~eHII.fIX psma pearonitt ITOJIHoro MHJIHHJI. B aTHx 
3RCIIepuMeHTax B peaKUH.fIX XOJIOMOro CliHTesa BITeP13He Ha6JIIO'AaJICR RaHaJI 
HcnapeHHJI O'AHOro HellTpoHa 205 Tl c48 Ca. . 2 I t'\,. ) ' 6wra 06HapyxeHa 
IO% BHJIKa Ha aJieKTpoHHHfi 3axBaT y H30TOlla 54102. 
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Ta6Jrnua 2 

KaHaJI OMaI{C ~pact! ~3KCIT pact! M:mnem, II po .IJYKT 111K6apHx MsB P88.KUlllI MI,dapH MKdapH x M sB 

8CTTf 252Fm 0,20±0,05 In, 0,035 O,I9 
Ip 0,004 

246Cf I,3±0,2 3 n. 0,25 0,76 

°'""' O,II 

208pb 254J:m 4,2±0,8 2n. 2,I I,5 

246Cf 40,6±6,0 211, 2,I I4 

252 Fm +255F,n I, 2±0 ,2 In- 0,25 I,I 
Iol O,II 

2098i 252Fm +255Fm 0,93±0,I? In. 0,068 I,3 
Ci-fl... 0,037 

246C( 0,39±0,08 3 n. 0,034 0,32 

Y'lliTblBM corJiacn:e pactJeTHIDC II 3KCITeJ)HMeHTaJII,Hb!X ,Jl;aHIIHX ( Ta6JI.2)' 
MhI rrpllM8HllJIII 3TOT M8TO,Jl; pactJeTa MR oueHKII rronepe'!HIDC cetJeHHH peaKIJ;llH 
CllHTe3a CT3. JL;m peaKUHM 226 Ra.. c48ca. , 2n.) lI 226 Ra.. c48~ , 
3 n. ) p8.C'I8TH!le rrorrepe'!Hlle C8'!8HHR OKa.3aJIIICI, Blllile npe,n;eJIOB, YCTaHOB
JI8HHbIX 3KCil8JlHM8HTaJII,HO (cM. pIIc. 5) rrpu JIIO()b!X ,Il;OIJYCTHMWC lI3M8H8HlUIX 
napa111eTpoB pac'!eTa. Il03TOMY rrpe,n;nO'ITlITiI,HO IlP,8,Jl;IlOJIOJKeHHe, 'ITQ II30TO- , 
Illi 

271 , 272100 ne HaCJJIIO,n;aJIUCI, Ha OIIIITe 15•237, TaK Ka.K nx rrepIIO,Jl;bl 
rro.cypacna,na no OTHOilleHIIIO K CITOHTaHHOMY ',n:MeHIIIO ..::: I MC, J,fa 3TIIX pac-
'!eTOB TaIDKe CJI8,Jl;OBaJI Bb!BO,I( 0 ITOJIOJKeIDm MaRCIIMYMOB cpymni;n:it_ B036y;K,D;eHHR 
pea.KUll:it cIIHTe3a CT3 Ha IIy'!Ke 48 Ca.. . 

)iJrn pacCMOTpeHHR BOITpOCa O BJIIIRHIIB WOPMbl 6ap1,epa ,Jl;8JI8HHR KOMITa
yH,n-R,D;pa Ha nepoRTHOCTl> ero o6pa3oBaHHR B peaKUHRX c HOHaMII c A ~ 
40 Mil II3ytlamI peaRUIIII CIIHTe3a JierRIIX II30TOITOB (llffPMilH H KYJ)'IaTOBllR, 
6apMpll ,neJieHHJI KOTOpllX, ITO-BlI,I(IIMOMY' CYI!l8CTB8HHO OTJUF!aJOTCR OT Tex, 
KOTopue xa:pa.KTepHil ,IJ,JLH ll30TonoB c 'Z == IQO-I02, N c:: I52. B 
3TllX 3KCIT8iliM8HTax dwm ll,I(8HTII(illlUIIpoBaHil HOBIIe CITOHTaI!HO ,I(eJUilllK8CR 
n3oToIIII: 2 2 r=ni c T..12.. == 0,8±0,2 Mc) u 254 Ku. < T,,12. == 0,5±0,2 Mc) 
II rrOJiytieHh! rronepetJHh!e cetJeHHR peaKUII:it: 

204pb c40A"t , 211,.)242F'm 
206pb c40A~ , 4 n.)242F,n 
206Pb c50n, , 2 ,,_)254Ku 
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I 6 • I0~13 cNf' 
2 . rn-34 Cl'i 
7 • rn-33 ct? . 

IloJIYt!eHHh!e ,naHHh!e ITOKa.3IlBa.IOT, 'ITO pa3Jmlllie 6ap1,epoB ,neJieHHR KOMIIayr;;n;
R,D;ep, 06pa3yronurxcn B yKa.3aID!IlX peaKUWIX II B pearu:i;ruDC Ta6JI. 2, He OTpa
JKaeTcR Ha rrorrepe'IHllX cetJeHII.RX CJillSlHIDI. 0,nHaKO He ncKTimeHo, '!T.o Ma-

- JIM ,I(8(i)O:[Marnm B ce,ll;JIOBOH TO'!Ke ll OTCYTCTBIIe JKII,I(KOKaileJII,HOro 6ap1,epa 
,neJieHHR MOryT Bll3BaTI, pe3KOe YM8HI>IlleHHe BepoRTHOCTll o6pa30BaHHR KOM-
IIaJ'."H,n-R,D;ep CT3 c ':c- ~ II4. 

r. r r ,---T--- Pirc. 7. 3a.BncIIMOcTI, rra-

' 5 paMeTPa 6ap1,e~a 'le OT 
I \ 

rrapaMeT:pa ( Z / A )eff. __rf_o.L l 7 
0m.mOJill 0.-4. C TO'lKOii OT-

'-"r o. 
2 .;ts'\' 5 B8'la.JDT HamHM ,I(aHHh!M. 1 1s s 

OcTaJil>Hile - ,naHHh!e .npy-

:,J '\ l 
. I'llX aBTOpoB. CTpeJIKa.MII 
IIOKa.3aHil 3Ha'l8HllR rrapa-

. I MeTpa ( 'l.2 / A )eff 
,IJ,JLfl peruumfi 48ca.. c Mll-

' Ill8HIOO{ I - 226 RQ.. , 2 --i 
12 3 4 5 \' ~ 232r~ • 3 _ 238v , 
ill l1 I I r I j 4 - 48cm , 5 - 249Cf. 

30 32 34 36 38 
CZ2/Aleff 

Ha puo. 7 ITOKa3aJia KOppeJI.lllUI,ll Mel!JIY rrapaMeTpoM "le (cM. (3)) II 
- ,-,,2,/A ,.,,_ / t13A1tJ(A1" 11,) BeJill'lliHOH ( ~ )eff == 4 .,_t 'l.p, At p t +Ap , KOTO-

pan rrpe,ncTaBJr.lieT OTHOilleIDie Ky-JIOHOBCKOll OWill pacTaJIKHBaHHR H rrpOTIIBOITO
JIOlKHO HarrpaBJI8HHOll CWIIl ITOBepxHOCTHOro H~T.f!JK8IDI.II ,IJ,JLfl ,n;nyx corrpHKacruo-
lllHXC.II o<l)eplI'!ecKHx R,D;ep. KpIIBM Ha puc. 7 CJie.nyeT 1m rrpn6JIHJKeHHoro 
MaKPOCKOIDI'!ecKoro ormcamrn rrpoueoca cTOJIKHOBeHllR R,D;ep, Y'lliTHBa.ICillero 
CMII TpeHIIR B O,I(HOTeJII,HOM rrpII6.Jm1KeJ>. 0Ha IlOim3IlBaeT, 'ITO rrpn 
( 22./ A )eff , rrpeBillllanT!eM rroporoBoe 3HatJ:eHIIe, 6apI>ep CJillSlHIDI 
0Ka3IlBaeTCR Billlle Ky-JIOHOBCKOro 6ap1,epa. COOTBBTCTBY.JOOlruI pa3Hll~ ("3KCT
pa-TOJI'lOK", a ,ll;)I.II acIIMMeTpli'IHIIX KOM6:1mar~ TaIOKe "3KCTpa-3KCTPa-TOJI
'lOK") II rroporOBOe 3Ha'!emre { ';c ~/A )eff WIOXO OIIpe,I(eJU!IDTCR B 
Teopuu. IIo::iTOMY rrpH paccMoTpemm peaKUIIii CIIHTe3a CT8.ueJiecoo6pas110 
IICITOJII,30BaTI, ::lKCil8JlHM8llTaJII,Hlle ,I(aHHile puc. 7. Bll,n:Ho, 'ITO BWIOTI, .no 
( 'i.. 2. / A >e{f ~ 38 Ha~ruroc1, o6pa30BaHlle KOMIIayr;;n;-R,D;ep, rrpu-
~eM 6ap1,ep CJIIISUIIDI MaJIO OTJIII'IaJICR OT KY~OHOBCKOro 6ap1,epa ( 'Ze ~ 
I,40 qiM). MO.lKHO Ha,D;8.IITI,CJI, 'ITO ,IJ,JLfl peaKUIIii·cHHT83a CT3 Ha IIy'!Ke HOHOB 
48C4.- , ,IJ,JLfl KOTOpmc ( ZI./ A . )elf C:. 38, rrapaMeTp 'r,, COxpaHReT 

*] Swiatecki W., Nucl. Phys., 1982, vol.A376, No.2, p.275-291, 
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yimsmrnoe 3Ha'leHMe. Il03TOMY B HOBWC 3KCIIepm.18HTax ITO CllHTe3y CT3, Ha

Pfl.uY c yBeJilllleHHeM '!YBCTBHTeJibHOCTll, He06XO,nHMO o6paTllTb BHllM8.1IlI8 Ha 

IIOMCK ItopoTKOiKIIBymHX rrpo.n;yKTOB. HapH,uY C peaKu;nm.m CllHTe3a R,nep C 

'.e- ~ II4 u;eJiecoo6~3HO TlllaTeJibHOe lI3y,IeHMe pearui;ufi CJIIDIHMJl P3Cct. 
c 226Ra,_ , 232 Th , 38 v . IloMRMO Toro, 'ITO ItOMIIay~-R,npa, COOT

BeTCTByJOill,Je 3THM peaKIJ;IDIM, 6JIH3KR ITO rrapaMeTpaM 6ap1,epa ,neJiemm R y,Ke 

:irnyqeHHUM ll30TOII8M C "1:. ~ 107' ,I!',JIJl 3TllX pearui;uir IIO'lTlI HeT COMHe-

Jillli B OTCYTCTBIDI lIJIH B MMHID,la.7IbHOM 3Ha'l8H1IJI .nIIHaMM'leCKOro 6ap1,epa 'l'IJ

na 11 3RCTpa-TOJI'lOK" MJGI "aKcTpa-3RCTpa-TOJJ'!OK" • 

B '18TB8pTOil rJiaBe .nnccepTau;:im paCCMOTpeHll 3RCII8p:IIM8HT!1 IIO IIOIICity 

CT3 B rrpnpo,ne. CymecTBOBaime CT3 B rrpMpo,ne 3aBl!Cl!T OT B03MO.lKJIOCTH HX 

}fYK7IeOCHHTe3a. TaKOH HYKJ.180CHHTe3, IIO-Bl!,nRMOMY, MOr IDAeTb MeCTO B 

I'(. -rrpou;ecce, o,nnaKo cymecTByeT PR.n rpaKTopoB, cMsammx, rJiaBH11M 

o6pa30M, C ,neJIID.IOCTbIO TruKeJIWC R,nep, .nettcTBl!e ROTOPHX MO.lKeT o6yCJIOBUTI, 

O'!eHI, HM3Rllli (B rrpe,neJie - nc11epIII1Barome MMHil) BHX0.11 CT3. HH3KaJI Bepo

JlTHOCTb cymecTBOBaHMJl XOTJl 611 o.nnoro ,noJirO.lK:IIBYJllero nyKJIH.D;a rrpe,nCTaBJIJl

eT .npyroe orpamI'!eime, pe3RO YM8Hl,lllaIOI118e B03MOlKHOCTI, 06Hapy,KeJil!Jl CT3 

B BemecTBe COJIHC'lHOil CllCTeMbl. IIoaTOMY Heo6xo.mIMI1 3RcrrepHMeHT!1, pacc'!H

TaHHHe Ha 06Hapy.JK8Jil!e YJibTPaMaJIHX IWJIH'leCTB CT3 B OOJII,ll!OM '!HCJie pa3HO

odpa3HIDC rrpupo,n;HIDC 00'!,8ItTOB. 

HaMM C IIOMOillblO HeilTpoHHl,IX ,neTeitTOpoB Ob!JIO ll_3y'!8HO OOJiee COTHH 

o6p,3Il;OB, rrpe.ncTaBJifilllllUX THIIU'!Blle nopo.D;!1 38MHOH ItOpll ll HeIWTOpHe py

.IILI 33/. Bh!Clop 00'!,CKTOB IIpoBO.IIHJICJl no rrpmunmy nau60Jibllleil I'JIYOHHIIOCTlI 

rrpoHCXO.lK.ll;8llllJl, a Tartli{8 HaH60JII,lillIX IWHU8HTP8llllll 8JI8M8HTOB, KOTOphle MO

ryT OLITb aHMOraMM CT3. Jll3y'!aJillCI, pa3p83!1 MaCCllBOB, rrp:itypO'l8HlillX K 

pa3JIOM8M 38MHOH ItOJlll, xapaKTepU3YJOillllXC.!! HDJm'!HeM IIOCTOffilHOro rJJY6IIH

HOro llCTO'!HllKa py,nnoro BemecTBa. ,lI,Jm Bcex o6pa3UOB 6b!JI IIOJiy'!811 Jilllllb • 

rrpe,neJI co.neJmtamIJI CT3 :5 1-3 • rn-13 r/r. 

Ewr npoBe.nen noucr, CT3 n npnpo,n;HHX o6pa3Uax, cnococh~ rmHUeHTpn

poBaTb 8.KaCBHHSIJ; - aJieMeJJT C aTOMlill!.l HOMepoM II4 12 ' 4 ,.5 ' 7 • 1l3y'!8ll0 

OitOJIO 60 o6pa3IJ;OB, B!l60p KOTOpllX onpe,neJIJIJICJI B03MOJiaIOCTLIO corcpi!CTMJUI

::Jau;IU'l :ma.cmrnu;a. c Munepru1aMM-11ocnTeJI.HMll. Hsy'!arrnc1, TarOKe • npouwMeH

ll!le .B03rOJ!ll ItaMelllloro JIIITI,Jl II B03rOHll BHCOitoTer,mepaTyplrux rpy1.iapoJI, B 

KOTopmc It03cixrMUH8HT ooorameHMJI CBHHUa OT!lOCIIT8JibllO IICXO.IUIHX rropo,n 

COCT8.BJJJlJI IO~-I03 • Bepxnu:il npe,neJI KOHI.{8HTPaJOIH CT3 PaBllRJICJl 10-12 r/r. 

H3Y'ffiJ.18.C:& CBllHIJ;OBO-UlllIBOBa.H py.na, ll3 rrpo61:l KOTOpoil BSCOM 

800 Itr BH,neJIJlJIC.fl CBHHeu; ll (l)Jlarui;H.fl pe,nrorx MeTaJJJIOB ( H~ ' Te ' 8 i. ' 
Ct4 , C,:;( , :In. , As , ~o ) . Ilpe,neJI co.neJmtaHim CT3 COCTaBllJI 

10-13 r/r. 3ToT .JKe npe,neJI owr IIOJiy'!eH wm ~eJieso-Maprarru;eBux KOHJ<P,e

u;ui' B3JlTHX co ,T(Ha rJJYOOIWBO,UHOH u;eHTpaJII,HOH '!aCTII Tnxoro ORea.Ha 781. 
Tarore ItOHitpeu;un ll3y'!MHCI, BB:it,ny llX cnoco6HOCTll ROHUBHTpnpoBaTI, TruKe

JIHe 9JieMeHTll, IIOCTYJ}aIOilllle B rrpl!,nOHH!le CJIOlI oKeaHCKOil BO,nll 38 C'leT 

,T(SfiCTBM llO,T(BO.ll;Hl:lX BY~KaHOB II I'll',Iij)OTSJlM. 
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Ilp!IMMTllBHl:le MeTeOJlllT!l - yrJJ:IICTl:le lI HepaBHOBecHl:le XO~p:IITH -

npe,T(CTaBJI.flIOT ooo6llil HHTepec Will IIOllCKOB CT3 / 4/, TaK Ita.K OHll OTHOC.!!T

CH K HaHMeHee ,nniW)epeHI.l;llpOBa.HlillM o6pa30BaHM.!!M"COJIHe'!HOil CHCTeMH. Ha.
Mil Will :rrayqemIH 6wm BllOpaHil MeTeOJlllTll CapaTOB, .A.rr.71:eMe ll ElppeMOBita. 

llaMepeHH.!! Ha He,~TpOHHHX ,T(eTeKTOpa:x BllIIOJIHJlJillCI, B COJI.flllOH maxTe Ha rJJY-

6HHe 1100 MB.a. 9 ,lO,l2 ,l4/. Sa ,wrnTeJibHOe BpeMJI 6wro aaperncTpnpoBa

Ho 42 MHOXeCTBellll!lX HeHTJlOllllllX COO!lTH.H (cM. T8.6JI.3). CKOrCTD C'leTa. 

MH o6pasu;on MeTeOpuTa .A.rr.71:eMe COCTa.BlL7I8. OROJIO 0,02 ,nem,- Itr-1 • 

Ta6.JIHu;a. 3 

Oopaseu; Bee, E, ~ 1h!CJIO C061:lTllll C !tpaTHOCTI,10 rn 
Itr ,T(Hll \'YI= 2 n1= 3 n1=4 

CapaToB 5,2 0,22 94 4 l 0 

.A.rr.71:e~e 3,9 0,22 40 3 0 0 

.A.rr.71:e~e· 22,5 0,12 55 IO l 0 

fllipeMOBK8. II,7 0,12 106 14 l 0 
~ 

CBl!Heu; IO0 0,22 15 0 0 0 

\roH 0 0,22 200 0 0 0 

.A.rr.71:e~e I0,5 0,3 
, 

45 5 2 . l 
Ammor IO 0,3 70 0 0 • 0 

CBHHeU 150 0,3 5 0 0 0 

fuH 0 0,3 50 0 0 0 

.!Lalllllle pa3JIH'lHl:lX aBTOJlOB O co.neJl)Kill!llll ypa.ua B MeTeopuTax ll pe-

3YJII,T8.Tll H8lllllX ll3Mepe:imil Will rrpe.ncTaBHT8JibHOH npo61:l MeTeOpHTa .A.rr.71:eH.D;e 

ITOKa3HBaIOT, 'ITO CIIOHTarrnoe ,neJieime IIpllM8ClI ypaHa He BHOCHT cymecTBeH

noro ,BRJia,na. B naommaeMHe co6HTH.fl. EllJ!ll TaJOKe IIpoBe,nell!l l!3MepeIDI.fl ,I!',JIH 

rrpoBepRU n'IICitJIIO'!emI.!! 3aI'P.fl3Heimil o6pa3IJ;OB MeTeOpnTOB TpaHcypaHOBllMll 

CIIOHTaIUIO .ne.mrumMHC.fl aJieMeHTaMll. ~OH OT B38.llMO,neilCTBllll ItOCMII'leCIGIX 

MIOOHOB j"illTllBaJIC.!! B H3Mepeim.flX c nycTl:lM '!YBCTBHTeJibl!llM o6~eMOM, c O6-
pasu;~ CBHHu;a H all8.Jlora (o6paana, rrpe,ncTaBJIJIBmero cMec:r, XllMll'!ecror 

lfilCT!lX peaKTHBOB, IIO.D;06Hyro TIO COCTaBY nemecTBy ItaMelllll:lX MeTeOpllTOB). 

Yita3aHllllMll'. HCTO'lllll!taMll qx:>Ha MOlKHO Clwro Q()'!,.fICJil!Tb IIO.HBJieJme He 6oJiee 

2-3 MHO.lK8CTBeHHHX HeilTpomrux C06ll:Hil l!3 42 aaperncTpllpOBaJ!HllX Ha OII!l

Te. 

MO.lKHO npe,nnOJIOlWTb, 'ITO 9Tll co6HTll.fl B!l3BaHl:l CIIOHTa.HllllM ,neJieHMeM 

co,nep1tameroc.fl B MeTeOpHTax npnpo.n;Horo HYKJ.[:11.118., ITO-BH.IU™OMY, OTHOC.flllle

rocJI K o6JracTH CT3. IlOP.fI.nOK BeJill'lllHl:l KOHU8HTpau;Hll aToro HYKJ.[:11.11a: 

ro-14 
r/r wm MeTeopuTa AIIJie~e. IlpnHRMa.fl BO BHHMa.lllle 011eHI, Ma.Jiyro 
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CKOpGCTI, C'!eTa H B03MOJK.HOCTI, CYilleCTBOBaHHJl HeytITeH!lliX llCTOllllllKOB qio
Ha, ::JTo npe.nrroJIO.lKeH.ue CJie.nyeT paccMaTp1rnaT1, B Ka'!eCTBe pa6o'leii r:1mo
Tes11, KOTOpruI .ll;OJI.lKHa 6!1TI, IIpOBepeHa B He3aBlICllM!1X 8KCilepllMeHTax. Bru:r:u
'IHHa ro-14 r/r MOiiteT paccMaTPHBaThC.fl B IIB'!eCTBe ou;eHK11 BepXHero npe.ne
Jia pacrrpocTpaHeHHOCTll CT8 B COJIHe'!HOH CHCTCMe. 

B03MO.lKHOCTll ll3ytl8Hll.fl MHO.lKCCTBeHilliX HCllTpGHHllX C06!1'.i.'llll B MeTCOPH
TBX orpalfil'leH11, IloaTOMY rrpe,ncTaBJI.HJIO llHTepec o6Hapy,iteHHe Ta.KIDC co611-
THii B XHMH'!eCKHX cppaKI.l;H.flX 1 Bl1,ll;eJieHilliX lI3 I'eOTep.iaJII,.H1IX llCTO'!HllROB IIO
JIYOCTpOBa 1IeJieKeH (Klro-BocTO'IH!1ll Racmri1) / 211. PesyJihTaTU ll3MepeHllii 
TaKllX (fil)aKI.l;Hll: aHHOHH0-06MeHHOH CMOJil.1, '!epes KOTOpy!O rrporrycKaJiaCI, '!e
JieKeHCKa.fl Bo,na, ll oca.n1m ru,npoorurceil:, npe,ncTaBJUIBlllero MllHepaJII,JlyIO 
c'pparui;mo, CMllTYJO co 170 Kr HaCWllCHHOH CMOJil.1, IIplIBe,neHl.1 B TaMllu;e 4. 

Ta6Jillu;a 4 

06paseu; Bee, £ T, 1InCJIO C06l1THI1 C K~aTHOCTI,ID m 
Kr .ll;HH m=2 m=3 m=4 m = 5 m=6 

HacumeHHM cMoJia 9 0,27 88 31 IO 1 0 0 
Tu,npooKll Cll 6 0,38 IO 28 14 1 0 1 

" - -"- 0,4 7 23 9 3 1 0 

" -"- 0,54 6 17 6 2 1 0 

B KOHTIJOJII,HllX ll3MepeHIDIX 6wro IIOKa3aHO, 'ITO MHO.lKeCTBelllille Hei1-
TPOHHl.1e co6LITU.fl He MOryT 6LITI, 06'b.flCHeHl1 U3BeCTI-II:lMH llCTOllllllKaMII qiom, 
BKJIIO'IM CIIOHTaHHoe ,neJieHlle IlPHMeCll ypaHa II TpaHCypaHOBhlX SJieMeHTOB. 
BMeCTe C TeM, IIOJiytlCHHOe pacnpe,neJieHHe C06l1Tllil no KpaTHOCTll rro.no6HO 
TOMY, 'ITO MO.lKHO 6l1JIO O.lKll.ll;aTI, ,IJ,ruI CIIOHTaHHOro .ne.rreHll.fl 252ct . K co-, 
JK~eHHID, iaHHlle Ta6Jinu; 3 ll 4 II03BOJI.flIDT JIIBJJI, rpy6o oueHHTI, BeJUillll:Hl.1 

'Y ll fS.-y ll He .naroT B03MO.lKHOCTU ll.ll;CHTlIII/Ul\llpoBaTI, CIIOHTaHHO .neJUlII!llli
C.fl HYKJIH,I(. 

B Ta6Jillll;e 5 ,naHa xapaKTepllCTHKa pa3.JilllIHHX llHCTpyMeHTaJII,HllX MCTO
.ll;OB ITOUCKa ll :u,neHTllll/llKaIJ;lm CTS, 0 KOTOpHX coo6ma.rroc1, B JIHTepaType 1221. 
Bn,nHo, 'ITO :u.neHTllll/llKal\ll.fl CilOHTaHHO ,I(eJIJimerOC.fl HYKJill.I(a, 06HaPYJKeHHoro 
B MeTeopuTax ll B ~TepMax, CHJII,HO 3aTpy.I(HeHa ll3-3a ero Hll8KOH ROH
ueHTPal\llll ( ~ ro-14 r/r B MeTeopHTax n ro-16-ro-15 r/r B rH.nIJOTepMax). 
)J.JI.a IIOJiytieHll.fl 60Jiee BllCOKOll ROHI.l;eHTPal\llll HeOOXO,I(llMa MHOrOCTJTieH'!aTruI 
XUMll'leCKruI rrepepa60TKa ,I(0C.flTKOB M3 llCXO,I(HOro 'leJieKeHcKoro paccOJia. 
.lJ,Jta aToro TaIOKe ueJiecoo6paseH rroucK reOJiorH'!ecrorx o6'beKTOB, o6orameH
Hl1X ITO co.neplKaHll!O llCKOMOro HYKJill,I(a B IO-I00 pas ITO CpaBHeHUID C BemecT
BOM MeTeOpllTa .AJIJieH,ne. TaKOll IIOHCK c 'J:YBCTBllTeJII,HOCTI,ID , ~ rn-13 r/r 
MO.lKeT Ol1TI, Bl1IIOJIHeH C ITOMOmbID HeiiTpoHHhlX ,neTeKTOpoB Ilpll YCJIOBIDI npe,n
BapllTSJII,HOro OT6opa 06'beKTOB ll8ytieHll.fl, OCHOBaHHoro Ha a.Ha1ill8e 
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rrpe,nrrOJiaraeMh!X ITPlIIJO.I(Hl1X MeXaHH8MOB MHrpa.u;im n o6orameHllH yJihTpaMa.rrl1X 
KOJIH'!eCTB CT8 B 3eMHoi1 KOpe. ~a.JKe Ilpll 8TOM/CJI0Bllll ITOTpe6yeTCH ll3Y'!llTh 
He MeHee Tl1CH'IH reOJiorll'!ecKIIJC o6pasuoB / 33 • 

' Ta6JIHua 5 

-
MeTo,n ll$pMal\ll.H 0THOCHT. '!YB- A6COJIIDTHM 'J:YBCTBll-

CTBIITCJII,HOCTI, 1 TeJII,HOCTh, aTOMl.1 
rLr 

HeHTpoHHI1H ,I(eTeKTOp - r;t 
10-r5 3 , 1010 'Y • ., 

TpeKOBlle .neTeKTOpll M-, , M2, 10-r4 10II 

Macc-cenapaTop A 10-12 roID 
YJihTpa'J:YBCTBHTeJII,HaJ! 
CllCTeMa ll.ll;eHTHII/llKa.u;im 
'!acTnu; Ha 6aae TaH-
,neM-reHepaTopa 

A 10-II rn6 

CllHXpoTpoHHoe z· rn--8· rn9 nsJiytie HH e 

B11Jzy,K,neHH~e ,neJiemrn 
Ha rry'lK9 He TKE - 7.1-/ A -t/J ro-ID 2,107 

If 'l rn-9 2 • rn8 

llOHll8al\llOHHruI KaMepa E-,. E'2... M.,, OCKOJIKOB ,I(eJieHll.fl C - 2. 10-ID 3, rnID HellTpo.HHLIM .neTeKTOpoM M2,, v, 6y 
YJihTpa'J:YBCTBllTeJII,HHH 
MaCC-crreKTpoMeTp 
Jil1.lUfA A rn-14 106 

HaH60JII,llllle rrepcneKTllBl.1 Ilpll IIOllCKax ll ll.ll;eHTll\[lllKal\llll CT3 HMeeT 
YJihTpa'J:YBCTBllTeJII,HHH Ma.Cc-cneKTpoMeTp Jil1,lUfA (CM, Ta6JI,5). Ha HeM MOJK
HO 6y,neT CTaBllTI, 3KCilepnMeHTl1 ITO Herrocpe,ncTBeHHoii ll.ll;eHTll\[lllKal\llll CllOH
TaHHO .n9JI.flmerocJI HYKJIH.na B o6paauax, naBJie'!eHHHX XUMH'Iecror ns rn.npo
TePM ( Ta6JI. · 4) ll, B03MO.lKHO, B MeTeOpllTax, YrrpocTHTC.fl XIIMH1IeCKa.fl nepe
pa60TKa rn.npoTepM, KOTOPruI 6y.neT IlpoBO.ll;llTI,CJ! Ha MaJIOM 06'beMe £accOJia 
(HeCKOJII,KO JIHTpoB). Ha O,nllH ITOpil,nOK lleJIH'IHHH (OT IQ-l3 .ll;O IQ- 4 r/r) 
6y,neT IlOBWlleH npe,ne.rr 06Hapy,KHMOH KOHneHTpa!l;lm Ilpll IlOllCKe CT3 B OOJII,
lliOM KOJIH'IeCTBe reOJIOrll'!ecKHX o6pasuoB, B llCCJie,noBaHHe 6y.nyT BKJIID'leHH 
o6pasuu C ITOBWUeHHl1M (no Cpa.BHeHllID co cpe,nHHM )J)IB. seMHOH KOp!.1) co,nep
.lKaHlleM YPaHa, 'ITO cymecTBeHHO paCllillPHT ,nllana30H HMytiaeMHX npllpo,nHIDC 
MeXaHll3MOB KOHI.l;eHTPHIJOBaHll.fl CT3, 

21 



OCHOBI!LlE PE3YJThTAThl PAEOTLI 

I. IlraBe,l\e.Hil 3RCIIepllMeHTU ITO CHHTe3y B pearu1;1rnx IIOJIHOPO CJIH.HHHJI 
c rrona.Mlr 8ea., ,no;rro.1Kl1BYlllHX ( T-11:i. "> I -q) H30TorroB CT3 c ~ = II4-
II6 n nebpono.neqi~lTHHX n3oTorroB c '.i! = I08-II2 ( T-,,2. "> I M;). 
11cCJie,noBanu pemru;1m 48ca.. c MlllileHJIMH: 242 Pu. , 243Am , 246 ,248cm. 
226 Ro.. , 232Tk 231 Pct. , 233 U . Ilo;ry-qenu Bepxmrn rpamm;u rrorre-
pe'IHUX ce'l8Hl1ll ro-~4-ro-35 cM2• • 

2. HsMepeHU qiyinmun ·Bos6yJK,IJ;emrn pea.RU1ri1 206 Pb c40 A'C, , 2 ~ ) 
244Fm n 207Pb c40 Att , 311- )244 Fm . Ilorta.38.lIO, 'ITO U30TOII 
24,4 Fm n o6enx pearunuI:C o6pasyeTc.H B pesyJII>Ta.Te HcrrapeHH.H nefiTponoB 
H3 ROMIIa.Yl!,ll;-Mpa, H8.XO.l\IDll8rOC.H B COCTO.HHHH CT8.THCTH'l8Citoro pa.BHOB8CHJI. 
06napYJ!(eno, 'ITO cyuiecTBBHIIM 'lac TI> WYHRU!ifi B036yJK,IJ;emm, BKJIIO'lM Martcn-
MYM qiymcmm B036yJK,IJ;ennR peman,r:a 206 Pb (40 Att. , 2 n. ) , OTBelJaeT 
3neprHH 40 A't, na 5-7 M3B MemII1efi BRCOTU rtyJionoBcrtoro 6apI>epa. 3To 
,l\OJIJKHO Y'lifTllB8.TI,C.H rrpir Cl!HTe3e CT3 .lI,JI.fl peIIleHH.H 38..l\8.lJH IIOJIY'l8Hll.H ROM
rrayH.n-MBP c mrnrtofi 3Hepr:aeii Bos6yll\neHH.H. 

3. llsMe~enu BUXO.l{U rrpo,nyrtTOB peman,rii CJIH.HHHJI 48 Ca. c .H.l\P8.MH 
205re . 20 Pb . 209 8l H orr~e~eJieHU rrorrepelJHh!e C8lJ8HU.H B M8.RCHMY
M8 \llyHRUl1ll B036Yll\n8Hl!JI peaRUl{il: 0 Te ( 48 CA. • I~ ) - 5 = 
3 5 • rn-32 cri; 208 Pb (48Ca. , 2h. ) - 5 = 6 .ro-30 c~; 
209eL (48eo. . 3h. ) - 6' = 3,4 .ro-32 c~. Ha OCHOBamrn: 3THX .naH-
rru:x BUIIOJIH8H aHaJIH3 3RCII8pHMeHTOB ITO Cl!HTesy CT3 B peaI{Ull.lIX C 48Ca. 
C,neJian BUBO.l\ 0 UeJiecoo6pa3HOCTH rrpoBe,l\eHHJI 3RCIIe~eHTOB no CHHT83Y 
CT3 B peman,r:a 248cm + 48ca.. IIPH 3HeprHH HOHO.B 48CA. < 245 l,i3B. 

4. B pea.I{Ull.lIX CJIHID!lffi HOHOB 40 A't rr 50T, . IIOJirseHU HOBhle crron-
TailIIO .neJI.ffilllleCJI HSOTOIIU 242 F=1'1'1 ( T1/2. = 0,8 Mc) rr 54 Ku.. ( T•f/:t- = , 
0,5 Mc). IlOJiy-qenu oueHRll rrorrepe-qnux ce'lennn B Ma.RcHMyMax \llyHRU11ii Bos-
6J',MeHHR pearCUHfi: zo4 p1, (40A"C. , 2 ,,_ )242 Fm - 6'" = I,6. ro-33crt, 
206pb (<lOA't. , 4 n.) _ 6'= 2 • 10-34 c~, 206pb (5~Tt , 2 ,.,_)254Kt(-

6' = 7 • rn-33 ct?. C,neJiaH BUBO.l\ 0 TOM, 'ITO pa3JIH'llle B <lJopMe 6apI>epOB 
,neJieHHJI ROMIIayH,l\-Mep c 7, = I00-102, HMe!OlllllX 'l:HCJia neiiTpOHOB B ,nrra
rrasone 144-154, ne BJIHJieT na Bepo.HTHOCTI> HX oopasoBaHH.H B peman,r.HX c 
6oM6ap,nrrpyiomm,m HO.Ha.MH c A ~ 40. 

5. Ha OCHOBe COBpeMeHllliX rrpe.ncTaBJiellllil o. MexannsMe pe8.lCUlm•CJill.ll
Hll.fl CJIOJKHUX .H.l{ep BUIIOJIHen aHMll3 3RcrrepHMeHTMI,HUX ,nannux. IloJiy-qenu 
CJie.nyroUlHe BllBO.l\U: 

a) UeJiecoo6pasno rrpoBe,neHHe ,na,r1,nefiII1Hx srtcrrepHMeHTOB no cnnTesy 
CT3 B peman,r.HX 2<16 ,248cm + 4BcQ. • 244 Pu. + 50 Tl. H ,np. O,nnarto 
ne HCRJIIO'l8HO, 'ITO OTCYTCTBHe JKll,I(ROKalleJII,HOro 6ap1,epa ,neJieHll.fl H Ma.JIM 
Be.mrnrna .neqiopMal.(IIB B ce,IJ,JIOBOii TO'!Re y .H.l{ep c 'r. ~ II4 IIpRBOMT 
It 0'!8HI, MaJIOll Bepo.aTHOCTH HX o6pa30B8.Hll.H B peaRUl{.lIX CJilffiHU.fl. 
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6) Un:e.nyeT oopaTHTb ocoooe BHHMalille Ha CHHTes .H,nep c 
Il2 B peman,r.HX CJIHHHHH 4801,.. C MHIIl8HHMll 226 f2a.. , 232Th_ 
ll .np., B ROTOpillC B03MOlKHO o6pa30Ba.HH8 lJyK7Ill,I(OB C IIeIJllO,I(aMH 

- ,na < I MC. 

'Z = 108-
• 238 '{} 

IIOJIYPacrra-

6. Ilpe,nJioJKeH H pasBHT HOB~ MeTo,n ,neTeRTHpoBaHll.a H usy-qeHHR coou
THfi CIIOHTaHHOro ,neJiellll.a, OCHOBaHHUH Ha Ha.6.mo,neIDIB a.RTOD MHOJKeCTB8HHOro 
HCrryCRaIDrH HeilTpOHOB ll3 MaCCHBHUX oopasuoB. 

7. Paspa6oTanu ,neTeRTOpU HeilTpoHOB Ha case C'leT'lllROB c 3 He , 
ooecrre"lll:BaIOOtlie per:acTpaiurro HeilTpoHOB ,neJIHTeJibHoro cnertTpa c Bepo.HTHO
CThID, ,I(OCTRI'8.IOlll0ll 0,73, ll II03BOJI.RIO!Itlre .neTeRTllPOBaTI, co6HTH.H CilOHTaH
HOro ,neJieHH.a Ilpll CKOJ)OCTU ClJeTa - O,nllH a.RT ,neJieHH.H 38. 15-20 cyTOR B 
oopasuax B8COM B HeCROJII,I{O ,nec.aTKOD Rr, lJTO COOTBeTCTByeT lJYBCTBHTeJII,
HOCTH IIOHCROB CT3, OTB8'!8.IOllleil ROHUeHTpamm .ro-15 r/r. 

8. Ilpe,nJIOJKeHo ycTpoilcTDO H paspa6oTan rrpoertT YJII>Tpa-qyBCTBHTeJII,HO
ro Macc-crreRTpoMeTpa, pacc"lll:TaHHoro Ha o6Hapy,itelllle u H,neHTHWHRaUHID 
aTOMOD CT3 B o6pasuax BeCOM OR<JJIO 100 Mr c lJYBCTBHTeJII,HOCTI,ID I a.TOM 
CT3 Ha 1014 aTOMOB OCHOBU. 

9. IlpoBe,neHo llCCJie,nOBaHHe co6RTHH CIIOHTaHHoro ,neJiellll.H B reOJIOrH
'l8CRUX 00'.heRTax, rrpe,ncTaBJI.fl!OlllHX THIIH'lHUe rropo.I(tl seMHOii rtopu H HeROTO
pue py,nu, B TOM 'lllCJie MOHOMHHepaJII,nue H IIOJIH!,1HH0PMI>lille o6pa30Ballll.H. 
IloJiy'leHa oueHRa IlOP.fI.l\Ka BeJ!HlJHHU Bepxnero rrpe,neJia cpe,nHero co,nep,Kann.H 
CT3 B 38MHOil Rope - ro-13 r/r. 

IO. Ilpone,nenu 3RcrrepHMeHTH ITO IIOHCRy CIIOHTaHIIO ,I(8JI.fllll0XC.H CT3 B 
IIpllMHTllBHUX MeTeOIJllTax (CapaTOD, A.7r.JreH.l(e, J;)ppeMODRa). B oopasuax Me
TeOpllTOB OOHapy,iteHO HBJielllle MHOJKeCTB8HHOii 3MUCCHH HeiiTpoHOD, ItoTopoe' 
He MOliteT 6UTI, OO'hJICHeHO HCTO'lHHRaMH \lJOHa. CrtorcTb C'l8Ta MHOJK8CTBeH
HUX HefiTpoHHUX COOUTllil, B cpe,nHelll, 0,02 ,nem,- rtr-1, OTBe'!aeT IIOPMRY 
BeJIH'lllHU Be£xnero rrpe,neJia pacrrpocTpaneHHOCTH CT3 B COJIHe~HOll CllCTeMe, 
Pa.BHOMY ro- 4 r/r. 

AHMOrH'!HOe HBJieHHe MHOJKeCTB8HHOM 3MHCCHll HeiiTpoHOB 06Hapy,iteHO 
MR oopa3UOB, noJiy-qeHHUX D pesyRI>TaTe XHMHlJecrtofi rrepepa6oTRH rn,npo
TepM IIOJiyocTpoBa l!eJierteH (!Oro-IlocTO~HUil KacIIHii). 

II. Bucrtasana rHilOTe3a O IIpllCYTCTBHH B RaM8H.HilX MeTeOpHTax H r:im
poTepMax noBoro.rrp:apo,nHoro crroHTanHo ,neJI.fII11eroc.fl IJYK7I:ima, IIIJllHMIIBJKallle
ro CT3. Ha OCHOBamrn 3TOii rHIIOT83ll C\llOJ;MYJIHpOBaHU YCJIOBH.fl 3RcrrepHMeH
TOB ITO IIOHCRY reOJIOI'HlJeCRHX 00'.heRTOB C ROHUeHTpaiurefi CIIOHTaHHO ,I(eJI.lIIl1e
rocJI HyrtJilf,na ~ ro-13 r/r :a ?. ro-14 r/r c ucrrOJI1,soBan:aeM B Ra

-qecTBe HHCTPYMeHTa ,I(JIJI aHMHsa, COOTB8TCTBeHHO, HeilTpoHHoro ,neTeRTopa 
ll YJibTpa-qyBCTBHTeJI!,HOro MaCC-CIIeRTpoMeTpa. 

B rrpruroJKeHHU It ,I(llCCePTamm OIIHcanu 3RCIIepHMeHTll ITO orrpe,neJiemno 
rrepHo,na rro;rypacrra.na 238 V ITO OTHOIIlemno K CIIOHTaHHOMY ,neJieHllID, IIpoBe-
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;n;emrne Ha ocHoBe npe;u.naiKeHHoro HBMH cnoco6a 124 •251, n aKcne~eHTj ~ 
no H3Mepen:mo MHOJKeCTBeHHOCTH Heil:TpoHOB CTIOHTaHHoro ;n;e.rremm 2 8u l-5/, 
PaccMOTpeHU npm.mHernm' HeHTfaHHOro, ;n;eTeKTOpa npH aHamrne' npHMeceil TR
JiteJIIDC MBMBHTOB H H30TOTIOB O 8e • 14c H ;n;p. / 3l,3 I H B03MOJKHOCT1, 
npHMeHeIDUI cnoco6a perHcTparnm MHOJKBCTBeHHIDC Heil:TpqHw_co6HTHli lJ,7m 
TIOHCKa pacrra;n;a HYRJIOHa, CBH3aHHOro B aTOMHOM fl;ll;pe 129 , 

OcHOBHOe co;n;epitaHHe ;n;HCCepTarnm H3JIOJ!teHO B CJie;n;yIOmHX pa6oTax: 
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