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1. Bse.neHHe 

PeaKUHW "rOpllqero" CJIHllHHll 

£* >~ 40 M3B), npHBO.llllmHe K 
en 

')leCllTHJieTHH. l' ( npHMepHO '.llO 

ll.llep ( 3HeprHll B036yx)leHHll COCTaBHOro 

o6pa30BaHHX>: npo.nyKTOB HCnapeHHll,. OKOJIO 

cepe)lHH!l • CeMH)leCllT!lX , TO)lOB) . ; BeCbMal 

HHTeHCHBHO HCllOJ!b30BaJIHCb B . KaqeCTBe OCHOBHOrO .. MeTO)la. llOJiyqeHHll ;J; H 

H3yqeHHll CBOHCTB HOB!lX HYKJIH)lOB C Z ~ 100 ( CM' . 0030pll /1-,-4/: Hi'CC!lJIKH B 

HHX) : HaqHJiall . C cepe)lHH!l · 70-X, llOCJie OOOCHOBaHHll. MeTO)la "XOJIO.llHOro'~; 

CJ!IfllHifll' (£* , 0. 20 M3B), npOHCXO.llllll(ero llpH· B3aHMO)leHCTBHH ll.llep MH!UeHeH 

Pb; Bi If Hac;eTaX>ll(lfX HOHOB T.HieJiee Ar / 5
.-

6
/ , OCHOBH!le · HHTepeC!l 1 'B OOJiaCTH 

noJiyqeJIHll· H H3yqeJIHll o6pa30BaHHll'· TpaHcqJepMHeB!lX(HYKJIH)lOB •'cMeCTHJIHCb-· K 

peaKUifllM "XOJIO)lHOrO CHHTe3a". KaK H3BeCTHO, HCllOJ!b30BaHHe'•3THX· •peaKUHH 

no3BOJIHJio noJiyqlfTb pll.ll HOB!lX TpaHapepMHesux HYKJIH.llOB BllJIOTb> .llO 3JieMeHTa 

o6 
h-9/ . 

109 (CM. 30pll > If CC!lJ!Kif'B HHX). > 

B pe3yJibTaTe'MHOroq!fcJieHH!lX 3KCnepHMeHTOB llO'CHHTe3y TpaHCIJlepMHeB!lX 

HYKJIH.llOB noJiyqeH!l .llaHH!le o IJlYHKUHllX B036yx.neHHll (ceqeHHllX o6pa3oBaHifll,' 

BllXO)laX) HCCJie)lyeM!lX npO.llYKTOB. Ha ·; OCHOBaHiflf 3THX )laHH!lX';' a 'TaKxe: 

H3yqeHHll MO)leJibH!lX peaKUHH, 6!lJIH pa3BHT!l> 'IJleHOMeHOJIOrHqecKHe H 

llOJIY3MllHplfqecKHe ' MeTO.llll · pacqeTa ceqeHHH o6pa30BaHHll' npO.llYKTOB' 

(HI, xn) -peaKUHH B OOJiaCTH CHJibHO.lleJIHII(IfXCll ll)lep 
110

-;
11/. ~.· ,, 3TH llO.llXO.llll 

llO)lpa3yMeBaX>T, qTo . o6pa30BaHHe 1 ._KOHeqHoro llpO.llYKTa B . OOJJaCTH 

TpaHcypaHOBilX ll.llep np'oHCXO.lllfT 'qepe3 o6pa3o~~HHe' ~OCTaBHOro' H~paJn·' efQ, 
, . ' " '. 

llOCJie)lyX>ll(ee ' )leB036yx.neHHe{ 'B 'OCHOBHOM; '•riyTeM' 3MHCCHH HeHTpOHCJB:::YJii 

<r-KBaHTOB. BlliHBaHHe ' KOHeqaoro npO.llYKTa npOHCXO.iiHT ' B :;pe3yJibTan'~· 

KOHKypeHUHH ncnapHTeJibHoro npouecca · c •JleJieHHeM ila · J(~u:)loM ' 3mne · uei1oqim 

HCnapeHHll. 3MHCCifll <r-'KBaHTOB XapaKTepiia )lJIH ''KOHeqHoro ~~3Tana· 

)leB036yx.neHHll COCTaBHOro ll)lpa' 
112

/>. CeqeHH.H o6pa30BaHHll1 npO.llYKTOB' 

HCnapeHHll COCTaBJ!llX>T .. ' He60JihlllYX> . BeJIHqnHy .. 'no cpaBHeHHX> c .. ceqemieli! i 
I , ... "" ., .. ... 

o6pa30BaHHll COCTaBHOrO ll.l{pa; ll03TOMY OCHOBH!le YCHJ!Hll npn· •aHaJIH3e 

3KCnepHMeHTaJibH!lX .naHHilX, · llOJiyqeHH!lX B 3TOH 'OclJ!ll(!Tif, narrpa.B.rillJIHCb'; Ha 

COBeprneHCTBOBaHHe npe.ncTai3Jiemi:li 0 . .neilliMOCTH . B0~6yx.neHHUX npe.ne:lli:Ho 

TllxeJiux ll.nep
113

-
15t:: .liJill onpe.neneHHll 'celieHHi o6pa~oiiaillill' cocmsHoro · ll.iipa· 

HCllOJih30BaJIHCh' pa3JIHqHue · BapHaHTil cyMMHposamm '· riapunaRbHUX ;: 'BOJIH, 

nporne)llllHX qepe3 O.I{HOMepHUH no'reiluHanhHUH '6apbep: IlpH'. 3TOM '. napaMeTpll 

n6TeHUHaJia B3aHMO)leHCTBHll onpe.ne.ITll.miCb ; lf3. aHaiill3a noiJyqem1u£ . K . TOMY 

BpeMeHH 3KcnepnideaiaJihHux .llaHHux a· peaKUHlljt'c.mllliill5i-.ne.Jieiin5!115""16~":'·:: 

--,~ ••. -« ........ ""~I ,·_ t.).~-;·,,_· .• ,l,·J~-~td::l4 .. i tillwltl•.J. . 
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,llJISI npe,lleJibHO TSIXeJI11X. CHCTeM . B3aHMO,lleHCTBYIOIUHX SI,lle p B nocJie,llHee 

.necSITHJienre · 611JIH o6napyxen11 · cymecTBeHnNe noporos11e orpaHHqeJIHSI ( 3anpeT11) 

na CJIHSIHHe, . 'npHBO.llSilUHe '·K HeOOXO.llHMOCTH . HaJIHqlfSI ,llOnOJIHHTeJibllOH 

KHHeTHqecKOH ._. 3HeprHH naneTaiOIUero ·. HOHa ' ("extra-extra push energy" ) .llJISI · 

ocymecTBJieHHSI_ nOJIHOrO CJIHSIHHSI · .B3aHMO,lleHCTBYIOIUHX , SI,llep C o6pa30BaJIHeM 

/17-18/ -MOHOSI,[(Pa • ; .• · Pe3yJibTaT11 H3yqeHHSI CJIHSIHHSI CHCTeM . C pa3JIHqHOH 

MaCC-aCHMMeTpHeH '' BO BXO.llHOM : KaHaJie (B ' KOM6IiHaUHSIX,: 6JIH3KHX ' K 
86 /19-20/ 

CHMMeTpHqHNM). ·· C HCnOJib30BaHHeM HOHOB TSIJ:eJiee-. · Kr , KaqeCTBeHHO 
. ' - /zl-22f" 

BocnpOH3BO.llSITCSI npe.llCKa3aHHSIMH MaKpoc~nHqeCKHX MO,lleJieH , • ; BMeCTe C 

TeM oTKJIOHeHHSI OT OOlUHX Tell.lleHUHH 3aMeTno_npoSIBJISIIOTCSI .llJISI.aCHMMeTpHqHNX, 

.KOM6HHaUHH B3aHMO,lleHCTBYIOlUHX,SI.llep B6JIH3H noporoB11X 3Hat:ieHHH MaCIIITa6Horo 

. /2J-24/ 
napaMeTpa ,lleJIHMOCTH 

Pe3yJibTaT11_•· 3KCnepHMeHTOB. no • H3yqeHHIO . peaKUHH . CJIHHIIHSI-,lleJieJIHSI B 

aCHMMeTpHqH!JIX KOM6HHaUHSIX SI,llep TSIJ:eJiee KHCJIOpO,lla C Sl,llpaMH ypaJia H B6JIH3H 

nero /2~-:-26/·; . COBMeCTHOrO anaJIH3a . 3THX . ,llaHH11X C ,llaHH11MH, . · nonyqenH11MH B 

CHMMeTpHqH!JIX: . KOM6HHaUHSIX ;· •_;_HOKa3aJIH, qTO noporoBaSI B8JIHqHna . MaCWTa6uoro 

napaMeTpa ,lleJIHMOCTH,. onpe,lleJISIIOlUaSI·HeOOXO.llHMOCTb BKJIJOqei!HSI·.llOnOJIIIHTeJibliOH• 

3HeprHH ,llJiSI _o6pa30BaHHSI COCTaBHOrO MOHOH;lU>a, TaKOBa, qTO MOJ:HO OJ:H,llaTb 

npoSIBJieHHSI "extra:-:extra, push'.'_,-_" 3!flltl8KTOB -llpH CJIHSIHHH SI,llep · B KOM6HJJaUHSIX 

THnaNe+U If. Mg+Th. ; ·'- ; ·. ·, · 

, .. oc B · HaCTOHlUeH; pa6oTe H3yqaJIOCb. o6pa3oBaHH8 COCTaBHOro SI,llpa - 258 102~ B · 
22 236 '26 232 - - · · 

peaKUHSIX.1: _,Ne+,,, U;,_H ,.J Mg+_v,Th ,H.: ero •. nocne.nyiOlUHH;:· pacna.n no K::maJiaM 

HCnap~!lHR, He~TpOHOB, ;; npHBO.llSI~HH, ,K-; _o6pa30BaHHIO H30TOnOB 3JieMeHTa ) 02 C : 

Ma(!COB11~J:i• ,',IHCJiaMH. _252_::-254 ., ,, li3Mepe,HH11~. 3Hepr;eTHqecKH8 13aBHCHMOCTH. ceqeHHH 

CJ6pa3os,anHH _3THX, H30T~noB cpaBHHBaJOT,CSI c ,ananorH~H11MH, , nonyqenHNMH panee 

B ; ,6oJiee ~~CHMMeTpHqH!JIX, KOM6!i~aUHSIX B3aHMO,lleHCTBYIOIIlHX . H.Uep. llpoae.neno 

cp_aB,HeHHe: noJiyqeHH11X -1 ceqeiiHH ; o6pa30BaHH51 , B,. MaKCHMyMaX !IJYIIKUHH 
',, ·' 

B036yx.neHHSI 1 H ,6~pb~p~~, CJIHSIHHHp e . :'lHaJIOrlfqH!JIMH ,naHH11MH, H3BeCTHUMH no 

JI11TepaType ~ 
1 
~e3 y Jib_ ~a T11 ana;~np~ ~aHHUX no, 6apbepaM ~JIHHHHSI . COnOCTaBJISIIOTCSI 

C ._pe3yJibTaTaMH,, IIOJiyqeHHUMH B .peaKUHSIX- CJIHSIHHSI-,lleJieHHSI anaJIOrHqHUX 
· · · • • · · · • izs-26i • · · · · · · · · · · 

COCTaBHUX CHCTeM , __ . . • .. ,llaHH11e . cpaBHHBaiOTCSI C pacqeTaMH no. 
"'' .,.,.,_ .. ·,/. ·-- ... · .. , ' . - . -

cTaTHCTHqecKofl . Mo.ne-:,m, ~11 . )lJIH • .nocTHJ:eHHSI, cornacHSI pacqeTHUX , !IJYHKUHH 
; ~- ' ' ' I·,. ;, ' ' ; ' ·~ '. < • '· ' ' t ~- ,. -' " •• • ' • • • • • 

B036yx.neHHSI . C . 3KCllepHMeHTOM. B paMKaX . 3TOH MO.lleJIH paCCMOTpeHU HeKOTOp11e 
0 \ ' > T , • • > , •, '· ~ ~ '" , " " ' l 

0 

' 

Ba~HaUHH, ~ onp~,lleJI~~H ~eqe,HHSI CJIHSIHHSI SI,nep~, 

o.nnoH: H3 3~.llaq, KOTopaSI pewanacb.B nacToHmeH: pa60Te, .6una npoaepKa 

B03MOJ:HOCTeH HcnoJI~30B~~ ,KHHeMaTHqecKoro ~enapa~opa "BACHJIHCA"/z-7/ .llJISI 
. ' ' ' ' ' : :' ' "'~-. . . -' . . . ~ . ' . 

H~yqeHHSI 1IpO.llYKTOB CJIHSIHHSI SI.llep, o6pa3yiOlUHXCSI B aCHMMeTpHqHUX 

2'. 

I 
I 

KOM6HHaUHSIX C ceqeHHHMH B o6JiaCTH HaHOOap'n. · P~mee 3Ta MeTO.llHKa 

npHMeHSIJiaCb B · aiiaJIOrHqii!JIX HCCJie.llOBaHHSIX aCHMMeTpHqiiUX CHCTeM, .llJISI 

KOTOpUX xapaKTepnue ceqeiiHSI ctJpa3oBaHHSI • llflO.llYKTOB - peaKUHH HCnapeHHSI 

JieJ:aT B.' OOJiaCTH MHKpo6apu 128::-3Z/ .'· 

2. 9KcnepHMenT 

9KcnepHMe!ITU llpOBO.llHJIHCb Ha BUBe,lleHHOM nyqKe UHKJIOTpOHa Y-400. 

Jla6opaTOpHH SI.llepHUX peaKUHH OH~lf C IIOMOlUbiO 3JieKTpOCTaTHqecKoro 

cenapaTopa SI.llep OT.n;aqlf BACHJ!l!CA
127 

I. CXeMa ycTaHOBKH noKa3aHa Ha pHC. 1. 

OT.lleJieHHe npO.llYKTOB peaKUHH noJIHOrO CJIHSIHHSI OT npO.llYKTOB !jlOHOBUX peaKUHH 

H qacTHU nyqKa ocymeCTBJISieTCSI cenapHpyiOlUHM 6JIOKOM H3 Tpex. 

3JleKTpOCTaTHqecKHX .llHnOJieH. llepB11H TpHnJieT ManiHTH11X KBa.npynOJibli11X JIHH3, 

pacnOJIOJ:eHHUH nepe.n CenapHpyiOlUHM 6JIOKOM,npHHHMaeT SI,llpa OT.n;aqH B yrJIOBOM 

aKcenTaHce 10-
2 

cp , !jlOpMHpySI H3 HHX KBa311IIaPa.IUie.IlbHbU1: nyqoK. 

BTOpOH TpHnJieT, pacnOJIOJ:eHH11H II03a.llH .llHnOJiefl, o6ecneqHBaeT !jlOKYCHpOBKY 

SI,nep OT.llaqlf Ha ,lleTeKTOpax. 

QUADRUPOLE ELEITROSTATIC 
TARGETlfHEEL TRIPLET DEFLECTORS 

ABSORBER DETECTOR 

\ SYME\1 

-.. II IIIII I I I n1 

CONCRETE 
WAU.2 m 

j j 

~ j 

PHC.1. CXeMa ycTaHOBKH (BPeMSIIIPOJieTHa51' CHCTeMa He HCnOJib30BaJiaCb B 

HaCTOSilUHX'3KCnepHMeHTaX). 

2.1. nYqKH 

YCKOpeHH11e nyqKH HOHOB 
22

Ne+
3 

H 
26

Mg+
3 

BUBO.llHJIHCb H3 KaMe pH 

UHKJIOTpOHa nyTeM nepe3apSI.llKH Ha yrnepO,llHOM CTpHnnepe, !jlOKyCHpOBaJIHCb H 

TpancnopTHpoBaJIHCb K ycTaHOBKe CHCTeMOH KBa.llpyllOJibli11X . JIHH3 • 

lfHTeHCHBHOCTb nyqKa HOIIOB, npowe,llWero qepe3 MHWeHbi onpe,lleJISIJiaCb C 

3 



nOMDmbD UHRHRnpa ~apa~eR, . npHcoe~HeHHoro K HHTerpaTopy TOKa (CM. 
22 10+ 

pHc. 1) • Cpe~HRR HHTeHCHBHOCTb ny'lKa N~ B o6nyqemmx COCTaBmWa 

5·1012 c-1 • AnanorR'lHaR BenR'lHHa ~nR nytJKa 26Mg12+6una 3·10
12 

c-
1

• 

B 3aBHCHMOCTH OT Tpe6yeMoro ~ana30Ha 3HeprRH: ycKOplleMOrO HOHa Ha 

MIDJJeHH RCll0Rb30BaRCR ~ByX- R Tpex- OOOpOTHUH BUBO~ nytJKa H3 ycKOpHTenR/
33

( 

TOHKDe R3MeHeHHe 3HeprHH, B npe~enax HeCKORbKHX M3B, npOBO~HROCb C 

nOMDmbD ~ononHHTenhHOro BpamanmerocR anXJMHHHeBoro nornoTHTenR, 

pacnonaraeMoro nepe~ MHllleHbD (CM. pHc.t). 3neprHR nytJKa HOHOB 

onpe~enRnacb ,no ynpyroMy ·. paccej!HHD na TOHKOH. 3onoTOH lflonhre, 

nepRO~'leCKH ycTaHaBRHBaeMOH nepe~ MHllleHbD ~nR KOIITpORR B . XO~e 

o6ny'leHRR. PacceRHHUe no~ yrnoM 30° HOHU perHCTpHpoBanHcb 

nonynpOBO~HHKOBUM noBepXHOCTH0-6apbepHUM ~eTeKTOpOM. 311eprHR HOIIOB na 

c~pe~HHe cnoR MHllleHH onpe~enRnac~ c noMOII(hD Ta6nHU npo6er-3HeprHR 
134

-
35

' 

C yqeTOM TOpMOJ:eHHR B norROTHTene, no~ROJ:Ke MHllleHH H caMOH MHIIJeliH.-

2.2. MHIUEHJ.i 

MHllleHb H3 
236

U C OOOrall(eHReM 99, 97. H TORutHHOH 0, 3 Mr/CM
2 

6una 

R3roTosneHa nyTeM nocnolinoro naneceHHR semecTBa na nnanosy10 no~nolltKy H 

nocne~ynmero npoKanRBaHRR Ha so3~yxe ~a·npespameHRR semecTsa s oKcH~Hyn 
. . . ... 2 

lflOpMy. TOnii(RHa IIO~ROJ:KH COCTaBnRna 1,3 Mr/CM. 
232 . . .· . 

MHllleHb H3 Th C npHpO~HUM CO~epJ:aHHeM R30TOIIOB HMena TORII(HHy 0,15 
2 . . . .. . ·.· ....... ·' 

Mr/cM R 6una H3rOTosnena nyTeM 3neKTpocTaTH'leCKoro pacnuneHHR seutecTsa 
. ·' 2 

Ha anDMHHHeByD IIO~ROJ:KY TORII(HHOH 1,6 Mr/CM . 
' 1 

MHllleHH : cooTBeTCTBYXJmeli reoMeTpHH ycTaHaBnRBanHch B oTnepcTHRX 

HenpepUBHO BpaU(aXJII(erOCR ~HCKa, 'laCTOTa BpameHHR · KOTOporo 6una 

CHHXpOHH30BaHa C 'laCTOTOH MO~ynRUHH TOKa IIY'lKa HOHOB. 0TBepcTHR B 

MHllleHHOM ~HCKe 61MH C~enaHU TaKHM o6pa30M, 'lTOOU RCKRIO'lHTb nona~mme 

IIY'lKa HOHOB Ha MaTepHan ~HCKa. 

.llnR "HOpMaRH3aUHH" ROHHOro 3apR~a npo~yKTOB peaKUHH HCnapeHHR, ' 

3axnaTunaeMux B peJ:RM cenapaUHR, na paccTORHHR 8 eM aT MHllleHH no xo~y 
• 2 

ny'lKa yCTaHaBRHBanacb yrnepo~HaR lflORbra TOnutHHOH 30 MKr/CM ( CM. pHC. 1). 

2.3. PEfJ.iCTPAUH~ ITPO.llYKTOB PEAKUHJ.i 

ITpO~YKTU peaKUHR Ha BUXO~e cenapaTopa B6RBanRCb B nonynpOBO~HRKOBUe 
/ ~eTeKTOpU, R3MepRBlliRe 3HeprRR a-qaCTHU R OCKORKOB ~eneHRR 

4 

RMnRaHTHpOBaHHUX ·: pa~HDaKTRBHUX • ~ R~ep. ' Ha nepBOM ... 3Tane : >3KCnepHMeHTOB 

Hcnonb3onanacb M03aH'lHaw : c6op~a R3 7 · Kpyrnux: · r :- Si(Au) 

nonepxnocTno-6aphepnux . ~eTeKTopon •. :c o6meli ·aKTRBHoH. ,nnoma~b.IO 35;;,cM2
_: 

MaKCHMaJ:IbllliH ~HaMeTp c6opKH CO~TaBRRR 85 MM •. ; Ha BTOpOM 3T::me IipHMeHRRCR 

8-nonOCKOBliH ~eTeKTOp, H3rOTOBReHHliH 'MeTO~OM nnaHapHOH TeXHOROrRR, 

HMeXJII(HH TaKyD J:e aKTHBHYD nnoma~b H"~aMeTp 75 MM. o6e·c6opKH BO BpeMR 

pa6oTu oxna~anHcb -~o .. TeMnepaTypu 265 K. · 3neprern'lecKoe pa3pellleHRe 

~eTeKTOpOB nepBOH c6opKR ~RR a-'laCTRU C 3HeprReH 6-9 M3B,6UJ:IQ,QK~RO '35 

K3B, ~RR BTOpOH aHanorR'lHaR BeJIH'lHHa COCTaBnRna 25 • K3B. CHrHaJIU C 

' 
~eTeKTOpOB nocTynanH Ha cneKTpOMeTpH'leCKHe . TpaKTU, nO~K~IO'leHHUe. qepe3 

MYRbTiillReKCOpU K pa3~eRbHUM ~RR a-qaCTHU '. H OCKORKOB ' ~eneHHR AUIT. 

J.iHiflOpMaUHR o6 3HeprHH 'laCTHUU, BpeMeHH ee perHCTpaUHH H HOMepe-TpaKTa C 

MeTKOH "n ny'lKe"-"nne nytJKa" qepe3 Kon,Tponnep KpeliTa nocTynana na II3BM 

IBM PC/AT, pa6oTaBlliYIO B peJ:RMe on-line. .llRR noBUllleHHR' naneJ:HOCTH 

nonyqaeMOH HHiflOpMaURH npH ee OKOH'laTeJ:IbHOH o6pa60TKe OT6HpanHCb COOUTHR, 

3aperHCTpRpOBaHHUe "BHe ny'lKa", TO eCTb B nay3e Me~y HMnynhCaMH ny'lKa 

ycKOpH~eJIR. ITo~po6HO CHCTeMa perHCTpaUHH ···co6UTRH Ha BUXO~e cemipaTopa 

onHcana panee 136 1 . . . 

TftKaR CHCTeMa perHCTpaUHH no3BORRJ:Ia : BU~eRRTb KaHaJIU peaKUHH no 

XapaKTepHOH 3HeprHH a-'laCTRU HMIIJ:IaHTHpOBaHHUX pa~HOaKTHBHUX npo~yKTOB R 

HX ~oqepHHX R~ep, o6pa3yiOmHxcR B pe3ynbmTe nocm~:Uy10mero .: a-pacna~a. 
l ' I 

O~HOBpeMeHHaR perHCTpaUHR OCKORKOB ~eneHHR o6ecne'lHBana ~OnOJIHiiTeJ:IbHUe 

B03MOJ:HOCTR H~eHTHiflHKaUHH npo~yKTOB, RCnUTUBaiOII(HX CflOIITaHHOe ~eJieHHe . 

2.4. J.i.llEHTJ.i~J.iKAUH~ 11 OIIPE.llEREHJ.iE B~XO.llA ITPO.llYKTOB 

OCHOBHUe CBOHCTBa H30TOIIOB 3ReMeHTa 102 R HX ~O'lepHHX npo~yKTOB -

H30TOnOB lflepMHR, o6pa3onanHe H perHCTpaUHR KOTOp!lX OJ:H~aJIHCb B 

HCCne~OBaHHUX HaMH ~Hana30HaX 3HeprHH 

o6pa30BaHHe R30TOIIOB lflepMHR B03MOJ:HO 

. ' i /37/ 
HOHOB, npHBe~eHU B Ta6nHue 1 . 

~. ~ ' ' 
: TaKJ:e R B peaKUHRX (HI, axn) C 

BUXO~aMH, B'HeCKORbKO pa3 npeBU!UaXJutRMH·BUXO~U·peaKUHH (HI;xn), KaK 6uno 
' : ' zz 

noKa3aHO B pe3yRbTaTe paHee npose~eHHUX 3KCnepHMeHTOB c· ROHaMH Ne H 
180 B 3TOH o6nacTH R~ep B YCROBHRX nonHoro COOHpaHHH npo~yKTOB /38

-
39

/. 

O~HaKO, B ycnOBHRX KHHeMaTR'leCKOH cenapaUHH npo~yKTOB,'' 'MciJ:HO. OXH~aTb 
' .. 

cymecTBennoro (npHMepno na nopR~OK senR'llmu) · noii.as.iieHHR''suxoiia npo~yKTOB 

(HI, axn) -peaKUHH, KaK 3TO Cne~yeT H3 'pe3yRbTaTOB HallJRx': 3KCnepRMeHTOB 
/l8,40f .llRR peaKUHH TRna (HI,pxn), npHBO~RII(HX K TeM J:e H30TOnaM Fm nocne 
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.neperHCTpHpyeMhiX' /3-nepeXO)lQB. COOTBeTCTBY~mHX'::, H30TOnOB Md, TaKara 
. . 6 /26/ . ' 

TIO)laBJieHHH . He ·: )lOJIXH() Ha JllO)laTbCH . • ' 0)lHaKO ·. ' . BhiXO)lhl npOJlYKTOB · • 3TH X 

peaKUHH cymecTBeHHO HHXe aHaJIOrH'IHhiX - •pe3yJibTaTa peaKUHH (Hl,xn) B 
/41/ 

:o6JiaCTH o6pa3yiOmHXC.H TpaHctpepMHeBhiX H)lep · . • ' ' 

Ta6JIHUa'1 

• . Pa)lHoaKTHBHhle CBOHCTBa H30TOnOB H )lO'IepHHX npOJlYKTOB 3JieMeHTa 102
1371 

.~~ ~~ 

>-J;,. 

:1 (n 

·!. 

" 

; nepHOJl 3HeprH.H JIHTeHCHB-
·"' 

HyKJIHJl.·. noJiypac- cx-'lacr; I .. HOCTb 
__ ., na)la · (M3B) (%) 

';." 8,100 85 

:~ 4 102 ,· . 55 c 

: ! -', ~ ·:; ',, 8,057 15 

., 
" 

... .. 7,430 83 
250' Fm 30 M 

7,390· 17 

". 
·' I''' 

~ 53 102 .1;7 M 8,010. 100. 

. f,' 

~~~Fm .·· 2,6.M 7,530 ' 100 

8,415 75 

252io2 2,3 M 

\ 
.· .. 8,372 25 

,• .} : 

. 7, fJ70 80 
248 .. 
· "Fm . :· 36 ... c . ' .. 

' . ' 
7,830 . '20 

.: ; 
a ~/ 
.) 3KcnepHMeHTaJibHaH BeJIH'lHHa H3 • 

b) , PaC'!eTHa.H! Be~H'IHHa H3 137
1. 

6 

BeTBh ){pyme 

cx-pacna)la MOJlhl pac-

(%) na)la (%) 

90 ~ 10 (EC)a 

.. 

>90 <10 (EC) 

80 b 20 (EC) b 

15 b 85, (EC)b 

73,1 26,9 (SF) 

<1 (EC) 

>99, 

0,05 (SF) 

Ha pHC. 2 c npHBe)leHhl . npHMepU. cx-cneKTpOB B )lHana~OHe ::meprHH cx-tiaCTHU 
•· .. 2 236 .... . . . .. •. . . 

OT 7 )lO 9 M3B, noJiy'leHHhiX B peaKUHH 2 Ne+ U .npH 3HeprHH. nyqKa .124 M3B 
26 232 .... . • ........ , 

( pHC. 2a) H B peaKUHH Mg+ Th npH, 3HeprH~ 141 .M3B ·( PJ:IC· 2b) •. CneKTp H3 

peaKUHH 22Ne+236U noJiy'leH C. noMOmb~ c60pKH H3 7 )leTeKTOpOB, a cneKTp H3 
I "- .. , .. : . l 

26 232 . . 
peaKUHH Mg+ Th - c 8-noJioCKOBhiM. )leTeKTopoM •. HeKoTophle aKTHBHOCTH, 

. . ~· . . ' 256 • ·' . 
yKa3allllhle na pHCYHKaX,. He CB.H3aHhl C o6pa30BaHHeM H paCf!aJlOM 102 :~ TaK, 

JIHHH.H 7,45 M3B - pe3yJibTaT pacna)la, HaKonHBUJeHC?i B. npe)lBapHTeJibHhiX 
197 . 

o6Jiy'leHHHX Au-MHUJeHH (KaJIH6posKa cx-TpaKTOB) JlOJiroxHBymeR aKTHBHOCTH 

211Rn 211R EC 211 At EC 21lp «=7,45 ,. 6JI 7 13 _ 7 69 M B 
no ueno'!Ke n ~ . ~ . o --) • "'y eT , '· , 3 , 

Ha6JIIO)laeMhiH TOJihKO· B peaKUHH 
2~Mg+ 232

Th, H)leHTHtpHUHpomiu .. HaMH KaK 
211i a 214 a · .. · _ 136/ 

pe3yJibTaT pacna)la Rn ·-7 Po -7 Ha ,OCHOBa~HH ex-~ KOppeJIHUHH • 

llpe)lUJeCTDeHI!HKH 3TOH ueno'IKH .-
222

Ra (cx:6,56 M3B) H. 
226

Th (cx:6,23, 6,34 

M3B) - TaKxe ,na6JIIO)laJIHCh B cx-cneKTpax ... 3TH uyKJIHJlhl JlOJIXHhl o6pa30Bh!BaTbCH 
. . 232 . ' ''• 

B peaKUHHX Cph!Ba IIYKJIOHOB C .H)lpa.,-MHUJeHH. Th, KaK noKa3h!BaiOT pe3yJibTaThl 
. , , . _ 22 /43/ . 64 I 44/ 

npoBe)lellllhiX pauee 3KCnepHMeHTOB no B33;!1MO)leHCTBHIO Ne . H Kr C 

232Th. He3Ha'IHTeJibHaH tiaCTb 3THX npOJlYKTOB MOrJia TpaucnopTHpOBaTbCH 
- ' /4045/ 

cenapaTOpOM BMeCTe C npOJlYKTaMH peaKUHH·HCnapeHH.H . ' . 
" .. 1 • '. • 

IS 
(a) 

~ 10~ •(1110) I 
I 

on I -
~ s 0 
u 

0 

lS 

> L.RD 111p0 li4Po 

(b) 

0 ... 
on 

9000 

Alpha Ene1gy (Ito V) 
' . :1. "!"• 

22 236 . .., 26 232' .: .... ·~ 
~ cx-cneKTphl H3 peaKUHH Ne+ U -(a) H Mg+ Th -(b) 

. r . . . , . . ~- ) 
( CM. TIOJlpOOHOCTH B TeKCTe). .. 
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B Ta6Jimie 2 npHne.neno ". 'IHCJIO co6uTHIF c· xapaKTepnoli 3Hepmeli 

IX-qacrHU, JIH60 CllOHTaHHOro' )leJieHHSI (SF) , OTHecennoe K pacna.ny H30TOllOB 

3JieMeHTa · 102 H. HX .no'lepnHx npo.nyKTOB.' TaK KaK ~npo6erH perHcTpHpyeMux 

IX-'IaCTHu. B )leTeKTOpe (R) 'cymecrBeHHO 60Jihrue' rJiy6HHIJ HMnJiaHTaUHH 
IX 

npOJlYKTa peaKUHH HCnapeHHSI ( R . ) , BepOSITHOCTb perHCTpaUHH llOJIHOH 3HeprHH 
' ER 

·IX-'IaCTHUH .(c) npHHHMaJiaCh KaK c =· 0,5(1+R /R) ~ 0,5. 3Ta BeJIH'IHHa 
D D ER IX 

HCll0Jih30BaJiaCh npH onpe)leJieHHH BIJXO)lOB H30TOllOB 3JieMeHTa 102 C MaCCOBIJMH 

~cJiai.m · Z54 H 253 c ytieTOM HX neTBH na IX-pacna.n ( b ) . PerHcTpaUHH 
IX 

' . ' 250 ( . ) 
.noqepnero npo.nyKTa · Fm EIX = 7, 4~· M3B MewaJia ynoMHnanwaHcSI nuwe 

. 211 . 249 
aKTHBHOCTh Po; AJih$a-pacna.n .npyroro .noqepnero npo.nyKTa - Fm, neTBh 

KOTOpOrO ' He H3BeCTHa 3KCnepHMef\TaJihHO, npOSIBJJSIJJCSI B noJJy'leHHIJX 

2 ) C . - 249F IX-cneKTpax (eM. ~ . 'IHTaSI, 'ITO nech 3aperHcTpHponamum m 
'' ' ' ' 253' 

o6pa3onaJicSI n pe3yJihTaTe IX-pacna.na 102. MU onpe.neJJHJJH neTBh 1X-pacna.na 

b = ( 32,8 · ± ·a, 5),7. ,nnSI 
249

Fm no" cyMMe · ncex npone.nemmx 3KcnepHMeHTDB. 
IX. . ' 

3Ta ne.im'IHHa oKa3aJiach B 2 pa3a 6onhwe pac'leTnoro_3Ha'leHHSI, npHne.nennoro 

B :Ta6JIHUaX 1371
, H COrJJacyeTCSI C ,naHHIJMH CHCTeMaTHKH /

461 
(b =32%) H 

. /59/ · • · · IX 253 
3KcnepHMenTallhHOli ouenKoli (b ~<><40%). llpH · onpe.neJJeHHH nuxo.na 1 02 

neTBh ) era IX-pacna.na noJJaraJiach pan noli pac'!eTHOli neJIH'IHHe 1371 ( CM. 

Ta6JIHUV 1). B CJiyqae o6pa30BaHHSI 
252

102, CBOHCTBa KOTOporo I 471
, KaK H 

.noqepnero 
248

Fm, xopowo H3BeCTHU, ero nuxo.n onpe.neJJHJICSI no cyMMe co6uTHli 
252 IX. 248 IX ' 

IX-pacna.na 102 Fm H cnonTannoro .neJJeHHSI, oTnecennoro ueJJHKOM 

K SF 
252

102 ( c =1; llonyqe~aSI npH .3TOM BeTBh·. b = ( 21 1 6±4, 2) 7. no CYMMe 
D ~ , 

ncex 3KcnepHMeHTOB, B npe.nenax omH6oK y.nonJieTBOpHTeJihHO corJJacyeTcSI c 
/47/ ,. '. ., 

H3Becrnoli BeJIH'IHHOli JlJISI 3Toro HYKJIH,na- b = (26,9 ± 1,9)7.. 
SF 

2.5. 3~EKTHBHOCTb TPAHCllOPTA llPORYKTOB qEPE3 CEllAPATOP 

HcnapeHHe '!aCTHU ( HeliTpOHOB) H. B3aHMO,UeHCTBHe C aTOMaMH MHWeHH 

llpHBOJlHT K cymeCTBeHHOMY. pa36pocy B yrnaX BUJieTa, HOHHIJX 3apH,nax H no 

CKopocTSIM Koneqnux npo.nyKTOB HcnapeHHSI. cenapaTop BACHRHCA HMeeT yrJionoli 

aKcenTanc 10-
2 

cp H TpancnopTHpyeT npo.nyKTU B .nHana3one ± 107. 

OTHOCHTeJihHO HX cpeJlH~~ 3Ha'!eHHH 3HeprHH H'HOHHOrO 3apSI,na1271 . PaC'!eT H 

3KCUepHMeHTaJihHoe . onpe,neJieHHe 3qxfleKTHBHOCTH · TpaHCUOpTa npo,nyKTOB 
. ' 22 26 /40/ 

HCnapeHHSI, llOJiy'leHHIJX B peaKUHSIX C HOHaMH Ne H Mg, llOKa3UBaJJH 

'ITO 3Ta ~eJIH'IHHa B CJ!yqae o6pa30BaHHSI aTOMOB 3JieMeHTa 102 B HCCJie,nyeMUX 
!} ., ' ' ': . 

peaKUHSIX . JlOJIIHa HaXO)lHThCSI B palione HeCKOJibKHX npoueHTOB. 

./ B HaCTOSIUleli pa6oT~ 3~KTHBHOCTb Tpa~cnopTa ( c ) 
tr 

onpe,neJISIJiach 

8 

nOJJY3MnHpH'IeCKHM nyTeM. llpe)lllOJiaraJIOCh, · . 'ITO . -3Ta;. BeJJH'IHHa B, :• OCf!OBIIOM 

onpe.neJISieTCSI JlBYMSI $aKTOpaMH: a) KHHeMaTH'IeCKHM (c~in), • KOTOpUH ;3aBHCHT 

OT pa36poca.no yrJiy BUJieTaklll(HX H3 MHWeHH npOJlYKTOB HCnapeHHSI: H,yrJJOBOr;"O 

aKcenTanca na nxo.ne B cenapaTop; ;,,6) TpancnopTOM 3THX · npo.nyKTOB , qepe3 

cenapaTOp ( c ) , KOTOpUH 3aBHCHT· OT pa36pOCOB no 3HeprHH H HOHHOMY 
sep , 

3apSI,ny H COOTBeTCTBYklll(HX aKcenTaHCOB · cenapaTopa; TaKHM o6pa30M,·llOJJHaSI 

3qxfleKTHBHOCTh TpaHCnOpTa MOrJJa 6UTh npe,UCTaBJJeHa B BH,Ue: 

c ~ c c 
tr kin sep 

(1) 

BeJIH'IHHa c onpe.neJISIJJach pac'!eTHUM nyTeM 
14r'u. c yqeToM pacceSIHHSI 

kin I 
THXeJJux npo.nyKTOB na aToMax MHmeHH · 

491
, HX yrJionoro · pa36poca, 

onpe,neJIHeMoro HcnapenHeM ·neliTponon, H reoMeTpHH nxo.na npo.nyKTOB •;B 

cenapaTOp ( 3qxfleKTHBHIJH ·,UHaMeTp MHWeHH, ;-· )lHaMeTp BXO,UHOH ,UHa!flparMU -; H 

paCCTOSIHHSI Mex,ny HHMH). 

BeJJH'IHHa c onpe,neJJSIJJaCh noJJy3MnHpH'IeCKH C · HCllOJJh30BaHHeM 
sel' 

MO,UeJJhHUX peaKUHH 22Ne+natW H 26Mg+181Ta. llOJJaraJJOCh, 'ITO o6pa3yiOII(HeCSI B 

3THX peaKUHHX · ,UOJJrOJICHBYII(He npo,nyKTIJ. 
19~-~00Po H 

202
-

203 
At, y ,UOOHUe ,UJJSI 

npone,neHHSI "off line"-H3MepeHHH. IX-aKTHBHOCTH, · TpancnopTHpyiOTCSI B 

cenapaTope no.no6no H30TonaM'3JieMeHTa.102 -•npo,nyKTaM.HCCJJe.nyeMux peaKUHli 
22

Ne+ 
236

U H 
26

Mgl
32

Th. llOJIHaSI 3qxfleKTHBHOCTh . TpancnopTa B . MO,UeJihHIJX 

3KCnepHMeHTaX ( cmod) ·· onpe,neJJSIJJaCh 3KCnepHMeHTaJJhHO · --· cpaBHeHHeM 
tr 

HaKOnJJeHHOH aKTHBHOCTH, yKa3aHHIJX BUrne · npo,nyKTOB, Ha • c6opHHKe, 

ycTanaBJIHBaeMOM .nenocpe.ncTnenno 3a MHWeHhkl, H na :.neTeKTopax cenapaTopa 
1401

·• KHHeMaTH'IeCKHH $aKTOp ,UJISI MO,UeJihHIJX peaKUHH (cmod)''BIJ'IHCJJSIJJCSI •TaKHM 
kin · 

xe o6pa30M 148~ KaK H B CJJyqae peaKUHH, npHBO,USIII(HX K o6pa30BaHHIO H30TOllOB 

3JJeMeHTa 102. B HTOre 3qxfleKTHBHOCTh TpaHCllOpTa' onpe,neJJSIJiaCh .KaK " 

c 
tr 

C cmod /cmod. 
kin tr kin 

(2) 

OcnonanHeM .UJISI TaKoro · no.nxo.na B · onpe,neJieHHH 3qxfleKTHBHOCTH 

TpancnopTa qepe3 cenapaTop ( c = cmod /cmod) SIBJISIJJHCh 6JIH3KHe . 3Ha'leHHSI 
sep tr kin I 

napaMeTpOB 3apSI.UOBIJX . pacnpe.neneliHH ,UJJSI TSIXeJIUX . aTOMOB OT,Ua'IH S~/ ~ -.HX 

KHHeTH'!ecKHX 3Hepmli · H ' 3MHTTanca npo.nyKTOB · HcnapeHHSI
1 ~81 ; . o6 pa3 yK>ll(Hxcw B 

- MO)leJJhHIJX peaKUHHX, H :aTOMOB '3JieMeHTa 102. ' ,; ' 

3Kcnep~MeHTaJihHDe onpe,neJieHHe BeJIH'IHHIJ cmod npOBO)lHJIOCh MHOrOKpaTHO 
tr 1 

B Te'leHHe BCero BpeMeHH npone,neHHSI HaCTOSIII(HX 3KCnepHMeHTOB. 3TH 

H3MepeHHSI llpOBO)lHJJHCh, KaK npaBHJIO, JlO H llOCJie o6Jiy'leHHSI ~HmeHeli Th H U, 

9 



, _ __; 

KOTopue OO!l'IHO rrpo.no.rrxaJIHCh 6oJihrne cyToK. ·noJiy'IeHHOe cpe.nnee 3Ha'Iefme 
mod 

::J!fXtleKTHBHOCTH <c t r > HCIIOJib30BaJIOCb .!{JIH . orrpe,neJieHHH .. 3!fXtleKTHBIIOCTH 

TpaHcrropTa H30TOIIOB sJieMeHTa 102 ( c J a cooTBeTCTBHH c ilupaxenHeM ( 2) . 
tr · 

Cpe,nHHe 3Ha'JeHHH 3THX IIOCJie)!HHX BeJIH'IHH COCTaBJIHJIH ( 2, 3 ± 0, 5) 7. )!JIH 
' \ 22 236 26 232 
peaKUHH Ne+ U H (6,0 ± 1,0)7. .!{JIH peaKUHH Mg+ Th, H He3Ha'IHTeJibHO 

aapbHpOBaJIHCb OT OOJiy'IeHHH K OOJiy'IeHH~ .!{JIH ,naHHOH peaKUHH. 

2.6: PE3YJ!bTATI1 

. YCJIOBHH OOJiy'IeHHH H pe3yJihTaT!l'·~yMMHpOBaH!l B Ta6JIHUe 2. A6COJIKlTII!le 

rronepe'IH!le ce'IeHHH peaKUHH HCIIapeHHH 4-6 HeHTpOHOB IIpH .naHHOH 3HeprHH 

HaJieTa~l!lero HOHa 'onpe.neJieH!l HOpMHpOBaHHeM Ha6JI~.naeMux B!lXO)!OB 

COOT.BeTCTBY~lllHX. IIpo,nyKTOB Ha HHTerpaJibH!lH IIOTOK HOIIOB, rrpoUJe)tuiHX 'Iepe3 

'MHWeHb, TOJil!lHHY MHllleHH, 3!fXtleKTHBHOCTH TpaHCIIOpTa H perHCTpaUHH ( TOJibKO 

!' BHe rry'IKa") . rrpo,nyKTOB. B IIpHBe.!{eHH!lX OWH6KaX Ce'IeHHH Y'ITeH!l BKJia)!!l, 

o6yCJIOBJieHH!le CTaTHCTHKOH 3aperHCTpHpOBaHH!lX CoO!lTHH, Heonpe.neJieHHOCTHMH 

B TOJil!lHHe ·~ MHWeHH, HHTerpaJibHOM IIOTOKe H TpaHCIIOpTiiOH 3!fXtleKTHBHOCTH 

(<cm~d>). BepXHHe rpaHHU!l IIpHBO.!{HM!lX Ce'IeHHH )!JIH peaKUHH (
26

Mg,4n) 
tr 254 

COOTBeTCTBY~T O.!{HOMY 3aperHCTpHpoBaHHOMY COO!lTH~.a-pacna.na · 102. 

Ha' pHC. 3 .·rrpe.!{CTaBJieH!l : lflYHKUHH B036yx.neHHH peaKUHH HCIIapeHHH 

(4,;..6).;..HeHTpOHOB, IIOJiy'IeHH!le Ha OCHOBaHHH · IIpHBe.neHH!lX B Ta6JJHI!e · 2 

a6cOJI~TH!lX ceqeHHH o6pa30BaHHH H30TOIIOB 3JieMeHTa 102. CpaBHeHHe 3THX 

"3KCIIepHMeHTaJibH!lX" 'lflYHKUHH · B036yx.neHHH · C paC'IeTH!lMH, IIOJiy'IeHH!lMH C 

IIOMOl!lh~ CTaTHCTH'IeCKOH MO.!{eJIH /ll ~ llOKa3!1BaeT, . 'ITO llOJIOlCeHHH Ma~CHMYMOB 
"3KCIIepHMeHTaJibH!lX" lflYHKUHH B036yx.neHHH y .I!OBJieTBopHTeJib!IO COOTBeTCTBY~T 
TaKOB!lM,. ·rroJJy'IeHH!lM B pe3yJibTaTe pac'JeTa. BeJIH'IHHa Ce'IeHHH B MaKCHMyMe 

.!{JIH peaKUHH (
22

Ne, 4n) IIpHMepHO na IIOpH.I!OK HHXe pac'IeTIIOH, aHaJJOrH'IHOe 
' 26 

3aHHlCeHHe Ce'IeHHH )!JIH peaKUHH ( . l1g, 4n) COCTaBJIHeT y:xce lflaKTOp 30. JlJIH 

peaKUHH 5n IIO)!aBJieHHe Ce'IeHHH He CTOJib .npaMaTH'IHO H OUeiiHBaeTCH, 
' 22 

COOTBeTCTBeHHO, !paKTOpaMH · 2, 5 .I!JIH KOM6HHaUHH C Ne H 5 )!JIH KOM6HJiaUHH C 
26 ' ' ' 

' Mg: "JlJIH · : peaKUHH C HCIIapeHHeM 6 HeHTpOHOB Ha6n~.naeTCH BIIOJI!Ie 

y.noaJieTBOpHTeJibHoe ·· corJiacHe ::JKcnepHMeHTaJihH!lX . H pacqenmx 3Ha'IeHHH 

Ce'JeHHH \' B MaKCHMyMe lflYHKUHH B036yx.neHHH. Heo6xo.nHMO OTMeTHTb, . 'ITO 

MaKCHMaJihHDe OTJIH'IHe paC'IeTHllX 3Ha'JeHHH ceqeJIHH B MaKCHMyMaX lflYHKUHH 

B036yx.neHHH OT 3KCIIepHMeHTaJibH!lX .!{JIH BCeH . COBOKYIIHOCTH . HMe~UlHXCH . .nammx 

IO 

'j 

.J 

) 

In/ 
no.· (HI, xn) -:peaKUHHM, OUeHHBaeTCH lflaKTOpOM 3 • lloJiy'Ie!IHOe : TaKHM 

o6pa30M pacxox.neHHe C · paC'IeTOM · .!{JJH · peaKUHH . HCnapeiiHH ·' 4:.:.!) HeHTpOHOB, . . . . . . . 

HBJIHeTCH, Ha Halll,B3rJI.H)!, cyl!leCTBeHH!lM H o6cyx.naeTCH IIHlCe. 

. . Ta6JIHUa 2 

YCJJOBHH 3KCIIepHMeHTOB H pe3yJibTaT!l o6Jiy'IeHHH. 
23~U· HOHaMH 

22
Ne'H 

2~2Th~ 
,26 , ' ·:"' 258'* 

HOHaMH Mg, HpHBO)!HlllHX · K rrpo,nyKTaM HCIIapeHHH COCTaBHOro H.npa 102 

HaJie-,3nep-~ Hinerp . 

Ta~- rHH. IIOTOK 

IIlaH B HOHOB 

qac- JICK*l (x10
17 

THUa (M3B) qacT.) 

22
Ne 1112±11 0,86 

1120±1 2,78 

124±1 2, 16 

132±2 1, 46 

26
Mg 1136±21 0,49 

141±11 2,28 

146±1 

I· · +3 
148_5 

I 
1, 09 

2,08 

'' lJHCJIO COO!lTHH 

Ce'Ie,H!'ie xn-peaKUHH (n6apH) 

4n 5n 6n 

'--~ i. 

254102 253 102 249Fm 252
102(a / SF) 24BFm 

3 5 1 2 1 

6,8±4,2 12,6±5,8 3;0±1,9 

4 21 '5 15 .8'' ·,•. 13'· '.: 

__ . ' 1·: ' ---'----'- ' ! : 
2,9±1,~ 17, 1±5,2., .. v,. 7±3,4 ' 

2 16: .9/ 16 i ·7,:~ .- 14 ·•: if• 

2,0±1,5 17,9±5,7 16,6±4,9 

3 1 2 3 

4,7±2,9 3,8±1,8 I'; 

't ", 

4 ' 1 2. :·- :2· 

<2,1 9, 5±4, 7' 3;'8±2;1 
.\ 

3 6 3. 10 7 6 : ._.,, 

1,6±1,0 3,6±1,4 5,2±1,6 

3 '5 1 10• 

<0,9 3,1±1,9' 
-----·.:1:, 

6,7±2,2 
•,( ' -:.J 

3 ,, 1 9 7. ·.: .. · :,,,7 

.,I' i ' .:· . . ' . ; ! ~:, ' 
. <0,8 2,8±1,6 8,5±2;7 

• ) Cpe.nnee 3Ha'IeHHe Ha IIOJIOBHHe CJIOH Bel!leCTBa MHIUeUH 3a BpeMH 

.. . II 
,.,.·t: 

o6JiyqenHH. 
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Etab1M~Y1 ; , 

P11c.' 3; "' 3Kcrrep11MeHTaJibiiUe !JlYHKU1111 

B036yx.n.eHI1H"ipeaKUHH 11CI1ape1111H (4;_6)-
" "" '' "" 258 • 

HeHTpOHOB" 113 COCTaBHOrO HJlpa 102 
" 22 236 26 

B KOM611HaUI1HX Ne+ U - (a) 11 Mg+ 
232Th - (b). KBaJlpaTU - o6pa30BaHI1e 

254 102 (4n-KanaJJ), rrepenepHyTue Tpe

yroJJbHI1KI1 -
253

102 (Sn-KaHaJJ), KpyxKI1 -

252 102 (6n-KaHaJJ). Kp11Blle rrponeneHu 

qepe3 TO'lKI1. CTpeJJKaMI1 yKa3aHU ::mepr1111, 

'coo1-'BeTCTBYIOutl1e 6apbepy liacca
1511

. 

3. AHaJJI13 H o6cyx.n.eHHe naHH~X 

3.L CPABHHTEJibHblfi IIO.llXO.ll. 

CpaBHeHI1e 113MepeHHllX !JlYHKU11H B036yxneHI1H C aHaJJOr11'lllllMI1, 

ITOJJY'ieHHllMH, .· B 6oJJee aCI1MMeTp11'lH~X KOM611HaU11HX I 
10

'
521 

, 11p11BOJlHIUHX K 

l " •, 258 • 
COCTaBHOMY HJlpy 102 , 110Ka3aHO Ha p11C. 4. 3KcnepHMeHTaJibHlle !JlYHKU1111 

B036yxneHHsl '~p~Be)leHll B 3aB11CI1MOCTI1 OT 3Hepr1111 B036yxJleHHH COCTaBHOro 

H~pa·,: KOTopaH onpeneJJHJJach o6utJH~M o6pa3oM: 

E* 
en 

E +11+11-11*, 
em p t en 

(3) 

rne E ,_ 3Hepr11H HaJJeTaiOmero 11oHa B · CI1CTeMe uenTpa Mace 
em 

B3aHMO)leHCTBYIOUlHX H)lep; 11 H Ht - MaCCll B3ai1MO)leHCTBYIOUli1X HJlep B 
/53/ p 

OCHOBIIOM COCTOHHI1H , a B KatJeCTBe Mace~ B036yxneHHOrO COCTaBHOrO 
• /54/ 

H)lpa 11 . HCI10Jib30BaJJaCb MaKpOCKOITH'leCKaH COCTaBJIHIOUiaH ero MaCCll 
· en · 

MOXHO o6paTHTb BIIHMaHHe Ha HeKOTOpoe CMell(eHHe !JlYHKU11H B036yxneHI1H 

". 4n-peaKU11H B. CTOpOHY 60JJhWI1X 3Hepr11H B036yxneHI1H OTHOCI1TeJJbiiO 

110Ka3aHHOrO. Ha p11CYHKe rropora JlJIH 3TOH peaKU1111 C yMellbWeHI1eM 

' M~CC-~CI1MMeTp1111 ~· ( pOCTOM MaCCll HaJieTaiOII(ero 110Ha) BO BXOJlHOM KaHaJJe 

p~aKUHI1. :llJJW peaKUI1H C 11C11apeHI1eM 60JibWero 'li1CJia HeHTpOHOB 3TOT 3!fxtleKT 

He Ha6JIIOnae-fcH. 

BJII1HHI1e ' B03MOXHOro OTHOCI1TeJibHOrO H3MeHeHHH 6apbepa CJIHHHHH na 

ITOJJOXeHHe !Jl¥HKUHH B036yx.n.eHHH peaKUHH (HI,4n) 110Ka3aHO Ha 3TOM xe p11C.4, 

12 

i 

·~. 
l 
i 

rne CTpeJIKaMH )lJIH KaX)l.OH ··,• H3 · CI1CTeM yKa3aH : 6apbep ;CJIHHHHH, 

COOTBeTCTBYIOUli1H •: MaKCHMYMY "3MI111pH'ieCKOro" i. ITOTeHUHaJJa B3aHMOJleHCTB~H 

HJlep, npennoxeHIJOro liaccoi.t 1·5.1' .. H HaH6onee. qacTo . yrroTpe6JIHeMoro npH 

aHaJJH3e )laHHllX 0 CJII1HHHH ,THXeJJllX, CHCTeM. Y'lHTllBaH "110)l6apbepHOCTb:' 

4n-KaHaJia B cnyqae peaKUHH C 
160, MOXHO YTBepXJlaTb, 'IT~ HHK~Kor~ 

3aMeTHOrO orpaHH'leHHH "o6uq~~fi" 6apbep CJIHHHHH H)lep He JlOJIXeH OKa3HBaTb 

na 110JJOXeHI1e !JlYHKUI1H B036yx.n.eHI1H 4n-KaHaJJa B peaKU11HX C 6oJiee THXeJillMH 
' '!' . . :·_.: 

HOHaMH. TeM He MeHee ero 110)laBJJeHHe 110 cpaBHeHHIO C 6oJJee aCHMMeTpH'lHllMH 

KOM611HaUI1HMH 3aMeTHO H3 3TOrO p11CYHKa. 

103~~~~~~~~~~~~~~~~~~~ 
04& 
115• 

2 

:0 102 s .. 
'il 2 

~ 101 
.c 
~ 
~ 2 
.. 100 
.2 
g l 

-~ 1Q-1 

<ill 

::1 2 

'~ 10·2 
4n Sn 

I I 

2 f I I 
1 0·3 I I, 

• 4a our 4&ta 
'Y Sa ou .Sata 
• 6n oar 4ata 

x(l/10) 22Nc+236U 

26Mg+232Th 

25 35 45 55 
Excitation Energy (MeV) 

65 ,75 

P11C. 4. CpaBHeHHe !JlYHKUHH B036yxneHHH peaKUHH 
22

Ne+
236

U H, 
26

Mg+
232

Th 
' ' ' ' :' ' ' ; ' /10 52/ 

C aHaJJOrH'lHllMH, 110JJyqeHHllMI1 B 6oJJee aCHMMeTpH'lHllX KOM6HHaUHHX ' • 

3Kcnep11MeHTaJibHlle 3Ha'leHHH ceqeni1A (3HatJKH) coe)lHHeHu npJIMllMH. IIynKTHpOM 

o6o3Ha'leHu nopom HcnapeHHJI 4, s :H 6 HeiiTpoHo~ H3 ~ocTa~Horo. Jinpa 
258 • ' ,· ~ I ' , \ 

102 • CTpeJIKaMH yKa3aHa 3HeprH5! B036yX)leHH5!, COOTBeTCTBYIOII(aJl 6apbepy 

liacca
1511 

JlJIJl )laHHOH KOM611HaUHH. 

PaCCMaTpHBaJl )laJiee COOTHOWeHHe KaHaJJOB )leB036yx.n.eHHJif H BJJHJlHHe Ha 

nero MaCC-aCHMMeTpHH BO BXO)lHOM KaH~epeaKUHH, 6HJJO 11PO!Je)leHOCpaBHeHI1e 

ceqeHHH (HI, xn) -peaKUHH B MaKCHMyMaX lflYHKrUiA B036yxneHH5!. · TaKoe 
258 • ' ' ' 

cpaBHeHI1e JlJIJI 102 rrpencTaBJJeHo . B . Ta6mrue .. 3, rne rroMHMO oueHoK 

3KCIIep11MeHTaJibHllX ce'leHI1A B MaKCHMyMe:: !JlYHKUHH' B036yx.n.eHJ5!;:. 11flHBOJlHTC5! 

13 



pacqeTHUe 3HaqeHHR 3THX BenHqHH; ·TIORyqeHHUe B CTaTHCTHqecKOH MO~enH 1111 , 
_3HeprHH B036yi,lleHHR H IlpHBe~eHHUe BenHqHHU ceqeHHH, IIOpMHpOBaHIJUe · Ha 

aHanorHqHue, nonyqeHHUe B peaKIUIRX c HOHaMH 
16

0 - (;;; ). BenHqmm ; = 
160 

cri(:n:jl(2 I 2
) nne~eHa · aHanorHqHo 

1231
, qTo6u yqecTh H3MeHeHHR ·~nHHu' 'nonHu 

HaReTaiOmefi qacTiiuu (jl[) u nepe~aimoro yrnonoro MOMeHTa (I) npH nepexo~e 
u u . .. 

OT C K Mg. ilpH 3TOM TIO~pa3yMeBaROCb, qTQ Ce<-leHHe o6pa30BaHH51 

CHRhHO~enRmerocR cocranHoro R~pa onpe~enReTc5I KaK ·CJ' ~ Tr.~.Z 12
', a era 

· , . , fus 
pacna~ o6ycnonneH' TORhKO . ~eRHMOCThiO, He 3aBHCRll(eH OT YCROBHH era 

··' tJlOpMHpoBaHHR BO BXO~HOM KaHane peaKIUIH. B KaqecTBe xapaKTepHOH senHqHHhl 

yrnonoro MOMeHTa (I) Hcnonh30Banacb ero cpe~HRR nenHqmJa, onpe~enReMaH 
_.· .• . /11/ 

IlpH BblqHCReHHH ceqeHHH CRHHHHH B CTaTHCTHqeCKOH MO~eRH • 

Ta6JIHUa 3 

CpaBHel!He ceqeHHH B MaKCHMyMe tJlyHKIUIH B036yue_HHH xn-KaHana HCnapeHHH • 

B peaKUHHX, IlpHBO~Hll(HX K o6pa30BaHHIO COCTaBHOrO H~pa 258
102* 

1'-
4n. 5n 6n 

PeaKUHR 

* C)N ;E~ C]'[f-i E* C) .(/ ) E 

(M3B) (H6) . CJ'160 (M3B) (H6) 160 (M3B) (H6) . 160 

12C+246Cm 36 1000 18,4 44 300 2,92 

(41) (227) (1, 2) (49) (107) (0,71) (59) . (22) (0, 92) 

15N+243 Am .41 80 2,1 
·' 

(47) (116) (0,89) (50) (85) (1, 19) 
,, ," ' 

(59) (20) (0, 96) 

160+242Pu 39 34 1,0 45 55 1,0 

(46) (111) (1, 0) (SO) (78) (1,0) (59) (15) (1,0) 

;• 

22Ne+236u :S45 7 0,24 50 25 0,63 55 15 ( 1' 32) 

(48) (74) (0,78) (52) (64) (1,12) (59) (9,2) (0,81) 

26Mg+232Th <><47 :sl,6 0,072 :S48 9 0,32 2::56 8 (0,89) 

(49) (42) (0, 59) (52) (46) (1, 15) (60) (8, 2) co~'9·u 
- -- ---·-- --···--

* B CKo6Kax npHBe~eHu pe3yJihTa:ru pacqeToB 
1111

• 

14 

H3 3TOH Ta6JIHUU, a TaKxe pHC: 4 : BH~HO, · · qTQ pe3KDe, na~eHHe (6oJieej 

qeM ua ~na nopH~Ka seJIHqH~u) ceqeHHH · 4~-Kaua~a np~ , ~e~~xo~e • OT ~~C.· K 
26 : . . 

Mg He MoxeT , 6uTh OO'hHCHeHo . TpHsHaRhHUMH : npHqHHaMH, TaKHMH KaK 

IlOBUWeJme "o6uqnoro" 6apbepa; CJIHHHHR, yMeHbWeHHe : . ~RHI!bl BORHU na~aJOll(eH 

qaCTHUU H B03pacTaHHe > 3HeprHH' B036yi.lleHHR COCTaBHOrO R~pa '· (OTJIHqHe B 

4-7 M3B Mei.lly pacqeTHUMH H 3KCilepHMeHTaJihHUMH 3HaqeHHHMH 3HeprHH 

B036yi.lleliHH HecymecTBeHHO H OO'bHCHHeTCH ' HCXO~HbiM pa3JIHqHeM .· B r MaCcaX 

COCTaBHOrO H~pa, 6paBWHXCH ~JIH BUqHCReHHH, H HeKOTOpOM IlpOH3BOJie B 

IlOCTpOeHHH "3KCnepHMeHTaJibHUX" tJlYHKIUIH B036yx~eHHH). AHanorHqHaH 

CHTyaUHH HMeeT MeCTO .H ~JIH ceqeHHH 5n-KaHana, XOTH na~eHHe ceqeHHH.• He 

CTORb ~paMaTHqJlQ. 

Ha pHC.5 noKa3auu 3aBHCHMOCTH· yKa3aHHhiX;; ::· B Ta6JIHUe·3 

3KCilepHMeliTaRbHUX 3HaqeHHH OTHOCHTeJibHUX;IlpHBe~eHHUX ceqeJIHH B,MaKCHMyMe 
~ 258 • 

tJlYHKUHH B036yx~eHHH HCnapHTeJibHOrO KaHaJia ·~JIH ··. ·.,102 H .aJiaJIOrH~HUX 

BenHqHH ~JIH peaKUHH, . IIPHBO,!UlllUlX K ~pyrHM C_OCTaBHUM . · R~paM 1 . OT 

OTHOCHTeJibHOH npHBe~eHHOH MaCChi B3aHMO~eHCTBYIOII\HX R~ep. TaK. xe, KaK H B 

Ta6JIHUe ·3; ~aHHUe IlpHBe~~Hbl ~JIR KaHaROB.•, HCTiapeHHR • •;4-6 , HeHTpOHOB. 

3KCilepHMeHTaJibHUe · 3JiaqeJIHR .eeqeJIHH ·B351TU ... H3 opHrHHaJibiJUX.. pa6oT 

/10,46,52,55-60 I 
TaM, r~e H~OOXO~HMO, •YKa3aH!fUe; ceqeHHR ~onpaBRRJIHCb Ha 

H3BeCTHUe B HaCTORll(ee,. BpeMR. 3HaqeHHR: BepORTHOCTH pacJ]a~a 137~; .K~Jieq~qr:o 
npo~yKTa xn-peaKUHH, KOTOpUH perHCTpHp,oBa)\CR: B .. OpHrHIJaRbHOH pa6oTe: 

... 
~ 

~ s 

~ , 
;, 

~10· 

~ tt. 
-~ i 2 

,...L '" 

@ 

• ""Ct 
o 254Fm 

"10:Z: 

(i) 
5n 

~,. 
~ 

u 
...... ,IA,. .. L. 

: ~· ~ 

PHC.5. OT~OCHTeRbHU~ IlpHBe~eHHUe• 

ceqeHHR BMaKCHMYM~tJlYHKUHH Bq36yi.ll~HHH 

.~JIR KaHaJI~B HcnapeHH~;4n -(a) u (5,6)p

- (b) peaKUHH CJIH~HHH, IlPJ:f~O~HUlHX 
258 • . . 

102 (~aHHUe}q Ta6JIHI!bl 3)
1 

H ~pyr~!" 

COCTaBHUM R)lpaM '(yKa3aHf:l II~, pHCYHK~) !J.: 
_3aBHCHMOCTHlQT,OTHOCHTeJibJIOH .IlpHBe~eH

HOH_ M:;tCCUCJIHB~IO!JlJ:iXCR,R~ep-: J.!IJ.!ri.~ 

= A A /(A A ) .. B CKOOKaxnpHBe~eHIL 
,·, P T· P T n · · . · · · · ' 

1111 ' 
pacqeTnue ceqeHHR,, . .nnH6n-KaHana. 

·{ ,. ,· 

'il.' i c'. , ' : 1., . , :_ • - ,l :~ 

TaKoe npe~CTaBneHHe ~aHHUX ~RR peaKUHH "ropgqero".CRHRIIHH,yKa3UBaeT 
' · " ' ' · - . ..·' • '·-·. ~ .. .

1 
•; , . ' .,o ! , . , .t ; 

Ha TO, qTQ C yMeHbHJeH~eM Macc-aCHMMeTpHH _BO B.X?~IIOM KaH~Jie . peaKUHH 

B03l!HKaiOT ~OCTaToqJIQ CHRhHUe orpaHHqeJIHR Ha CRHRJnfe R~ep B6RH3H 6apbepa 

15 
\ 



( 4n-ianaml) ·,, 3TH orpaHI:f'1eHHll • 3aMeTH!l:r)IpH ;. 3HeprHH, · cnerKa npenwuaiOIIleii 

6apbep• ( 5n-KaHaJJ!l),•" H 0111:1 OTCYTCJ'BYDT "npw. 3Hepnm, " npeBOCXO.llllllleii 

"o6il'1H!lii": 6apbep CJJHSIHHSI ( 6n-Kananu). JlpyrHMH :·cnonaMH, orpanH'1eHHSI .llJISI 

3THX peaKUHii npoSIBJJSIDTCSI , TOJJbKO B .llOCT~noqno Y3KOM 3HepreTH'1ecKOM 

'.lll:fana3oHe 5-10 M3B, B paiione "o6!l'1Horo" 6apbepa CJJHSIHHSI SI.llep. 

i"' 1;. 

"3. 3;' OllPEJIEJIEHHE BAPhEPOB CJIH5IHH51 51JlEP i· 

r: ... HMeSI B BH.llY llOJJy'1eHH!le 'BllWe pe3yJJbTaT!l; Mil non!lTaJJHCb H3BJJe'1b 

6api,epll' CJIHSIHHSI H3 HawHX )laHH!lX ·H HeKOTOp!lX )laiiH!lX .llpyrHX aBTOpOB no 

cyMMapHOMY ce'1eHHD xn-KaHaJJOB HCnapeHHSI - La' ( E ) , OCHOB!lBaSICb na 
· __ xn em 

161 
.OpH6JIIu:eHHOM cnoco6e; npe.llJIOXeHHOM H HCnOJJb30BaBUJeMCSI panee I. 

0CHOB!lBaSICb . Ha' · a) . npH6JJHXeHHH XHJIJia-YHJJepa .llJISI onpe.lleJJeHHSI 

K03<1$HUHeHTOB npoxo:QeHHSI napuHaJJbH!lX · - BOJIH '1epe3 6apbep, 6) 

He3aBHCHMOCTH OT ·, yrJJDBOrO MOMenTa: K03<MJHUHeHTOB npoXOJK)leiiHSI, ·.B) 

ne3aBHCHMOCTH OT 3HeprHH·B036yueHHSI .lleJJHMDCTH cocTannoro SI.llpa H r) na 

3aBHCHMOCTH .iJ.eJJHMOCTH OT yrJJDBOrO MOMeHTa, onpe)leJJSieMOH · BpauteHHeM lKii.llKOH 

K~IIJIH / 621
; .. · 6!lJJo"''·nOKa3aHO; '1TO no)l6apbepHaSI H · Ha)l6apbepHaSI OOJJaCTH 

:u;-, (E1l') • ''MoryT · 6UTb · annpoKCHMHponanu JlBYMSI . 3KcnonenTaMH. T0'1Ka 
1 xn em 

nepeceqenmi 3THX 3KCnOHeHT' onpe.lleJJSieT 6apbep CJIHSIHHSI SI.llep. 

llpHMep!l TaKoro ·aHaJJH3a .llJISI' peaKUHH no)l )leHCTBHeM HOHOB 
12

C, 
16

0 H 
22 238 

Ne C U noKa3aH!l Ha QHC. 6. HCnOJJb3DBaH!l, COOTBeTCTBeHHO, )laHli!le pa6oT 
/10 59 55/ • ''i' . . 16 

' ' · · C ' KOppeKUHeii, yKa3aHHOH BllWe (.llJISI peaKUHH ( 0, Sn) B3SITO 

nOHyqeHHoe HaMH '3Ha'1eHHe BeTBH pacna.lla 
249

Fml. B Ta6JJHUe 4 )lJISI 

paccMoTp'eniu;rx p'eaKUHii npliBe.lleHo cpanneHHe nOTI)'tleHHbiX . TaKHM o6pa3oM 

6apbepos''CJIHSIHHSI C 6apbepaMH'" Sacca 
1511 

H pe3yJJbTaTaMH HeKOTOpllx .llPYrHX 

3Mriifpliti'ecKHX ' npH6JIHXeHHii 1631 , B TOM '1Hcne H c rmnyqaeM!lMH . B 

CTaTiic·fl.!qecKoii MO.lleJJH 1111 • 

HeCMOTpsl : Ha HeKOTopyn Heonpe.lleJieHHOCTb H HenOJJHOTY HMeiOIIlHXCSI )laHJI!lX 

no ct~'1eiili5IM xn::.peaKUHii if npH6JJHxenmili xapaKTep npoBe.llemroii np~ue.llypu, 

cpaBHeHHe I '' nonyqen~~~ TaKHM ' o6pa30M 3KCnepHMeHTaJJbH!lX 6apbepoB c 

"o6!l'1Hill•IH"- :/{ae.f' yKa3aHHe Ha TO, '1TCl ·npH B3aHMO)leHCTB~H HOHOB TSIJKeJJee 

KHCJJOpD.lla C Sl.llpaMH MHWeHeH B paHOHe ypaHa HMeeT MeCTO 3aMeTHOe nOB!lllleHHe 

6apbepa CJIHSIHHSI B peaKUHSIX, npoTeKaDIIlliX qepe3 CTa.llHD o6pa30BaHHll 

COCTaBHClrO Sl.llpa. llOCJJe)lHee ''o6CTOSITeJJbCTBO nD3BOJISieT HCnOJJb30BaTb 

<fl<>pMaRJi3M ·,e}(tra-push''-'Mo.lleJIH118
'
211 npH aHaJrn3e .llaHH!lX. 

16 

:•o'.---,.-....:.--,--,.~-,--~-,-~--r-......:.--,..----.--r--.--":1 

' : ' ; ~ .. •: 

'IIJ' 

I 
~ 
,; .... 

'IIJ' 

10' 

~' ~\ 60 '110 10 60 '100 1'10 uo 
Ec,.IM~VI 

PHC.6. llpHMep!l HCnOJJb30BaHHSI npH6JJHXeHHOrO MeTO)la onpe)leJJeHHSI 
. . /61/ - . .. . . 238' 
6apbepa CJIHSIHHSI · · B cnyqae peaKUHH CJIHSIHHSI pa3JJH'1HilX ·HOHOB C ' U. 

HcnoJJh30Ball!l .llaHH!le no ceqeHHSIM xn-peaKUHH ' 110
'
59

'
551 C KoppeKUHeH; 

OTMe'1eHHOH B TeKCTe. 
• j ~ l 

B Ta6JII:fUe 4 npHBe)leH!l 3Ha'1eHHSI MaCWTa6H!lX napaMeTpOB )leJJHMOCTH .llJISI 

paCCMOTpeHH!lX CHCTeM, B Ka'1eCTBe KOTOp!lX Bll6paH!l •. ·cpe~H~apll¢M~~2Koe 
3Ha'1eHHe 3<MJeKTHBHOrO napaMeTpa )leJIHMOCTH -CHCTeM!l H COCTaBHOro SI.llpa . -

x"r (k, c:d 1211 
H cpe~HereO\IeTPI:f'1ecKoe ero 3Ha'1eHHe - xg (:X' ,p.) 125

-
26<. 

m · m Bass 
/2126/ . . . . 

KaK 6!lJJO noKa3aHO paHee ' , 3TH. napaMeTpil npH o:=l/3 H p.=O, 37 )laKlT 
. '• . ... . . ' ..• :· ·: i .. . . •·. 

HaHJJY'1WHH CK3HJIHHr .llaHH!lX •. '3na'1eHHSI npHBe~E!HH!ll.( qepe3 ! xapaKTepnyn 
• c> ' • • 0 • "•I ;• '-

3HeprHn cHCTeMu (E ) ne.irHtillH · OTKJIOHeHHsi · (E ) 3Kcrniplil.!enTaJJhHLix . ' ~ . = .· 
6apbepOB (Bexp) OT 6apbepa Sacca (~Bass), 'onpe,ll;eJrneMUe KaK! extra-ext~a 
push (E = B - B ), · noKa3aH!l ·na pHc: 7 . B 3aBHCHMOCTH . ciT 

xx exp Ba.ss . 

- 3<MJeKTHBHoro napaMeTpa .lleJIHMOCTH (x ). Ha 3TOM xe pHcynKe rrpe.llc~aBJJeH!l 
: . ~-- ~ ,, '·::-.:·~f : ':"· .. ~ ;ti :·.·.:.:;:.:'>i 

COOTBeTCTBYDIIllie 3Ha'1eHHSI E , H3BJJe'1eHH!le H3 aHaJII:f3a )laHH!lX no 

CJII:fSIHHD-,l(eJJeHHD aCHMMeTpH~Hil'i CHCT~~/ 2s_:z6 /: .llJISI KOT~p~~ '-~Op~~~~~~ 
c ' '· ·-~" '' • ·.- ;.;(((: ·;, 

;t_• 
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neJIHqHHa .neJIHMOCTH xth =0, 62 H napaMeTpa HaKnona a=7 6wm 'no.JiyqeJ·m. 3TH 

seJIHqJiHIJ CBSI3aHU H3BeCTHUM/lB/ COOTHOllleHHeM: E = E a
2
(x '-x /. 

. xx ch m- th 
\. 

Ta6nHUa 4 

Bapbepu CJIHSIHHSI H 'MaCllJTa6HUe napaMeTp,u · .l{eJIHMOCTH ){Jill 

: aCHMMeTpHqHJJX KOM6HHaUHH B3aHMO~eHCTBYDlUHX ll.l{ep 

. Bapbep CJIHllHHll (M3B) MacrnTa6nufi napaM . 

PeaKUHll CChiJIKa 
/63/ /llf. /51/ ,.J 

xa'" (k, o:) xg(x',J!) 3Kcn. 
m m 8, 

11B+249Cf 55,3 55,5 55,6 58±1 0,682 0,634 64 

1zc+z36u 63,3 63,2 63,4 65+1 
0,656 0,618 10 

-0,5 

-
z3su 64+ 1 

63,2 63,1 63,2 0,653 0,615 10 

243Am 
-0,5 

65,1 64,9 65,1 66±1 0,674 0,633 65 

246Cm '65, 7 65,4 65,7 65+ 1 
0,680 0,637 10 

24Bcm 
-0,5 

65,5 65,3 65,5 65±1 0,678 0,635 10 

·.13C+244Cm 65,3 64,4 65,2 65+ 1 
0,686 0,646 c 10 

-0,5 

160+z3su 84,2 82,4 83,2 84±2 0,685 0,654 59 

242Pu 85,8 84,0 84,8 86±2 0,698 0,666 52 

y 

}80+238t.i 83,2 81,6 82,0 84±1 0,690 0,664 55. 

24.2Pu 84,8 83,1 83,5 83±2 0,704 0,676 57 

19F+z3~u 94,1 92,0 92,4 96+ 4 
0,702 0,677 55. 

-2 

zzNe+Z36u 104,2 101,4 101,7 109+3 
0,721 0,699 

H8CTOJ1U/,8Jl 
,. 

z38u 
. ' . •!,· .. -4 pa6ora 

104,0 101,2 101,5 108±2 0,719 0,697 55 
•' ". 

26M +232Th 122,4 118,1,118,6 122+4 . 0,735 0,717 
H8CTOJ1U/,8Jl 

.. g ' 
-to pa6ora 

TaKoe npe.ncTaBJieHHe noKa3usaeT; qTo .nannue, nonyqaeMue s pe3yJihTaTe 

aHaJIH3a''~eqeHHH .o6pa3o~aHHSI 'hp~.nyKTOB B (HI, xn)-peaKUHHx; He np,OTHBOpeqaT 

KapTHHe CJIHSIHHll B aCHMMeTpHqHbJX CHCTeMaX, cKna.nusaDmeficH H3 

3KCnepHMeHTOB no perHCTpaUHH OCHOBH010 KaHaJia pacna.na COCTaBJI010 ll.l{pa -

13 

.neneHHH, 6onee Toro, 

.l{OnOJIJIHTb H npO.IICHHTb 

KaK . HaM KalteTC.II, TaKHe .nanHue MoryT . cymecTBeHHO 

'20r--r~~----~--r--r--or--.--~-.--~--r--r--o 

1.5 

~1D 
UJ 

X 
X 

UJ 
-o.s 

0 

@ 

; lfi·J. / 
J l'lll 

_/I 711~11 

® /r 
xth• 0.62 

0•7 

o.st o.s 
1 0.6 0.7 0.8 

Xm~2/3X+1/3Xf(k) 

0.9 

PHC. 7. llpe.l{CTaBJieHHe nonyqeHHhiX 6apbepOB CJIH.IIHHll H3 Ta6JIHUhl 4 B 

KOOp){HHaTax "extr~~extra push" - Mo.nenH (~anonHemme, 3Ha,KH). . JlJI.II 

cpanneHHH noKa3aH~ .nauuue, ,nonyqeunue. B peaK~H.IIX ~JIHllHHH-.neneHH.II 125'-261 
' ' :- • _.,.· . . . . . ,-. . • t 13' ' •.• 

(oTKpUThle . 3HaqKH). o6o3HaqeJiu . uaneTaDmHe qacTHUhl: c H nerqe 

nepenepuyTue ~~eyronhHHKH,' '' 16~18o _: Kpy~KH:, 19F H 20'22Ne . - ~na~paTu, 
24 . . . • .· . . ' . . .•• . . ' 

Mg.. H T.IIJ:eJiee - TpeyrOJibHHKH. CnJIOllJJiall np.IIM~.II. ' (~) ~OOTBeTCTByeT 

CK3HJIHIIry,nonyqeHHOMY H3 anaJIH3a. peaKUHfi CJIHHHim-.ne~euim. ::iTa xe · np.H~'ai 
ycnoBHO noKa3aHa . nyu~THpOM (a) ){Jill . ~~yroro Macrnm6Horo na~aMe~~a. 

- ! ' ' . '/21 25-26/ ' ' - .. 
)laJibHeHrn~e no.npo6HOCTH CM. D ' H TeKCTe. 

4. AHaJIH3 B paMKaX. CTaTHCTHqeCKOA MO.l{eJIH 

Mil .l{amme · no nonuTaJIHCh npoaHaJIH3HponaTb 
1 ·J •.• '. 

noJiyqeHHhle ceqenH.IIM 

o6pa30Bal!Hll H30TOnOB 3JieMeHTa · 102 B paMKaX CTaTHCTHqecKOH MO.l{eJIH 

o6pa30samm H pacna.l{a cHJihHo.neJI.HmHX_cll .H.nep 
11i1 , . s~p~Hpy.H ee napaMeTpu. 

0T,l{eJibJlhle qepTU 3TOH MO.l{eJIH, .IIBJI.IIDlUHeC.II ycoseprneHCTBODaHH.IIMH H3BeCTH010 

¢eHOMeHOJI~rHqecKoro·~~Tona. '' 1101
, .n~T~noqHo no.npo6Ho H3JIOxen~· panee 

/14,16,24/ . 
HaMH paCCMOTpeHU JIHlllb HeKOTOpue B03MOli:HOCTH .l{OCTH1HYTb 

Jiyqrnero cor JJaCH.II C 3KCnepHMeHTOM pacqeTHhiX lflYHKUHH B036ylt){eJIIiH (HI, xn)-
• • ., 1 ' 

peaKUHH B paMKaX 3TOH MO;ieJIH·. 

CpaBHeH~'e p~cqeTiiux ceqenHfi 0' B MaKCHMyMaX lflYHKUHA . ~o36yx,neiDt.II 
xn. · 

peaKUHH, 
. . 258 . ' •. 

H){YUlHX qepe3 o6pa3osanHe cOCTasuoro H.l{pa 102 , ' c 
'! 
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aHaJIOrH'lHllMH .naHH!lMH 3KCnepHMeHTa npe.llCTaBJHIJIOCh B Ta6JJHI!e . 3 H 
. . ~ . 22 236 ' 26 '232 

o6cyX,l!aJIOCh B cpaBHeHHH HCCJie,noBaHH!lX peaKUHH · Ne+ U H Mg+ · Th C 

,naHHllMH, noJJy'leHH!lMH B 6oJJee aCHMMeTpH'lHUX KOM6HIIaUH51X. HeOOXO.llHMO eute 

pa3 OTMeTHTh BnOJIHe y.nonneTBOpHTenhuoe cornacHe pac'leToB c 

:3KCllepHMeHTaJihH!lMH .naHHllMH B peaKUHSIX C OTHOCHTeJibiiO JierKHMH HaJieTaiOutHMH 

qaCTHUaMH H B CJiyqae 6n.:..KaHaJia .llJISI HCCJie.ll~BaHH!lX KOM6HliaUHH C 
22

Ne H 

26Mg. 3TO, a TaKie npone.neHHllH BUWe aHaJIH3 ,naiOT OCHOBaHHSI noJiaraTb, 'iTO 

paCXOX,l!eHHe paC'leTOB C 3KCnepHMeHTaJibH!lMH ce'leHHSIMH .llJISI (4-5)n-KaHaJIOB, 

llOJiy'leHHDe .llJISI peaKUHH C 
22

Ne H 
26

Mg, CBSI3aHO CO BXO.llH!lM KaHaJIOM 
...; 

peaKUHH, T. e. C o6pa30BaHHeM COCTaBHOrO SI,npa. B TO Ie BpeMSI pacna.n 

COCTaBHOrO Sl.llpa nepe,naeTCSI MO.lleJibiO BnOJIHe Y.llOBJieTBOpHTeJibJIO. 

OllHCaHHe o6pa30BaHHSI COCTaBHOrO SI,npa B6JIH3H 6apbepa MO~eT 6UTb 

.llOCTHrHyTo C nOMOU(biO BapHaUHH napaMeTpOB noTeHUHaJia B3aHMO.lleHCTBHSI, 

onpe,neJISIIOU(HX 6apbep CJIHSIHHSI SI,nep. TaK, npH aHaJIH3e BepOllTJIOCTH CJ!HlliiHSI 

SI,nep B CHCTeMaX, 6JIH3KHX K CHMMeTpH'lH!lM, 6apbep xapaKTepH30BaJJCSI cpe,nHeH 

BeJIH'lHHOH E H ~e .llHCnepcHeH cr2 1191
• C nOMO~hiO TaKara ".llByMepnoro" 

. B . B 
6apbepa y.naeTCSI onHCaTb Ha6JIIO.llaeM.lle 3HepreTH'leCKHe 3aBHCHMOCTH Ce'leHHSI 

cnHSIHHSI ~ rnHpoKoM .nHana3oHe Mace· c1-anKHBaiOii(HxcSI ··H.nep 
119

-
20

•
25

-
261

. 

B .npyroM no.nxo.ne 
1241 

.nn5f onm!aHHSI .ll~HH!lX . no cetleHHllM "XOJIO.llHOro" 

cnHSIHHSI ~ep B ~ePHOH 'laCTH nOTeH~arra BapbHPOBaiTC~ napaMeTP A~Y3HO
CTH d B nareHUHa_n'e Bynca -CaKCOHa .JJ.nSI HCCJieAOilaHHb!X K0\16HHaUHH "cranuapT

~oe" MonenbH~e/ 11 I 3Ha'leHHe nl$PY3.HOCTH, n6nyqaeMoe H3 cHcTeMaTlll<H/ 
14

/ , 

COCTaBJIS!eT 0,44 ~M. YMeHbWeHHe 3TOrO napaMeTpa yBeJIH'lHBaeT B!lCOTY 

6apbepa npH O.llHOBpeMeHHOM yMeHbWeHHH era WHpHHU. 3TO npHBO.llHT K 

yBeJIH'leHHIO npOHHI.(aeMOCTH H COOTBeTCTBYJOuteMy noBUWeHHIO pacqenmro Ce'leHHll 

CJIHSIHHSI SI,nep B no.n6apbepHOH o6JiaCTH no cpaBHeHHIO C npOCT!lM yaeJIH'leHHeM 

B,llCOTll 6apbepa Ha HeKOTopyiO BeJIH'lHHY !J.B. 3TO ~e yMeHbWaeT Ce'leHHe 

CJIHSIHHSI B OKOJIO- H ua.n6apbepHOH OOJiaCTH no cpaBHeHH!O C paC'leTaMH, 
'• : ' /24/ 

.HCnOJih3YJOutHMH "cTaH.napTHOe" 3Ha'leHHe d 

. llpOBe.lleHHlle paC'leT!l noKa3aJIH, B qaCTHOCTH, 'iTO .llJISI KOM6HHaUHH 
26'. 232 

Mg+ Th 3HepreTH'lecKaSI 3aBHCHMOCTh ceqeHHSI cnHSIHHll, nonyqeunaSI c 

B +5 (M3B) H 
Bass HC:nOJib30BaHHeM d = 0, 25 ~M, 6JIH3Ka aHaJIOrH'lHOH, C £8 

cd IE ) = 2, 3 %. ' 
• B. B . ] · , 

HCnOJih3YSI 3TH H3MeHeHHSI B pac'leTe Ce'leHHSI CJ!HllHHSI SI,nep .llJISI 

HCCJ!e.llOBaHHUX KOM6HHaUHH, npH HeH3MeHHOM no.nxo.ne K paCCMOTpeHHIO pacna.na 

COCTaBHOro S!.llp~ 258 102~, B OOOHX CJIY'l~SIX '6uno nony~eHO BnOJIHe 

y.noaneTaopHTeJihHoe cornacHe pacqeTnux ~yniui!H ao36yx.neHHSI c .naHHUMH 

3KCnepHMeHTa. 
20 

B HaCTOSiutee BpeMSI 3aTpyJiHHTeJibiiO yKa3aTb KaKHe-JIH60 "~H3H'leCKHe" 
' , , ' '• ·,, , 1·_ •· .>'c; :-.,, , • , .,, ''';, ,. ,:, ,; 1 · .i 

npH'lHH!l,. onpaB.llllBaJOutHe .CTOJ!b CHJ!hHOe yMeHbWeHHe . .llH~Y3HOCTH. BMeCTe. C 

•. TeM pe3yJihT~T 6on~e o6mero ~o;xo.na 1191 
K onpe.ne~eHHJO c~'l~HHSI CJIHSIIDiSI -

\ >; • • ; • •,, "' ': ~.' • • r • > ~': 

,no6aBKa 5 M3B K .. "OO!l'iHOMY" 6apbepy CJIHSIHHSI - He npOTHBOpe'lHT 
.i ·' ,. ' . . ,, •'' . -:. 

npe.ncTaBJieHHSIM "extra-extra push" -Mo.neJIH, KaK 3TO cne.nyeT, HanpHMep, H3 

p11c. 7. BeJIH'l,~Ha ~JIYK~yaUHH. 6a~~ep~ cJIHSIHHSI Ccr /E ) 6mt3Ka ananorH'lH~M 
· : , • · : ·. . B 8 .· ·: ·· 

3Ha'leHHSIM 1 H3BJie.KaeMUM .113 3KCnepHMeHTOB 
1661 

H noJiytieHH!lM . B pe3yJihTaTe 

aHaJIH3a ~YHKUHH B036yx,neHHSI peaK~ "ropgqero" CJIHSIHHSI. ~.nep B OORaCTH 
. . 161/ 

TSIIeJIUX aKTHHH.llOB C nOMOU(biO H3BeCTHOrO KO.lla HIVAP · . 

5. 3aKJIJO'leHHe 

~poae.neHH!le HCCJie.llOBaHHSI peaKUHH 22Ne~236u H 

26
Mg+

232
Th, npHBO.llllutHX K COCTaBHOMY S!.llpy 

CJIHSIHHSI 

258102. 

SI.nep 

H era nocne.nyiOuteMy 

,neB036yx.neHHIO no KaHaJiaM HCnapeHHSI HeHTpOHOB, noKa3UBaiOT, 'iTO B!lXO.ll 

KOHe'lH!lX npo.nyKTOB B TaKHX peaKUHSIX o6yCJIOBJieH 3aMeTH!lMH .llHHaMH'leCKHMH 

3anpeTaMH, B03HHKaJOU(HMH Ha CTa.llHH o6pa30BaHHSI COCTaBHOro,. SI,npa. 3TO 
! • •·,·, ' • • I ,(j 

B!lpa~eTCSI B cymeCTBeHHOM no.naaJieHHH peaKUHH C HCnapeHHeM 4 .neHTpOHOB 

H 3aMeTHOM na,neHHH BllXO.llOB npo,nyKTOB B peaKUHSIX C HCnapeHHeM 5 

HeHTPOHOB.lJ.nSI peaKl.(HH C HcnapeHHeM? HeHTPOHOB TaKHX 3anpeToB He o6Hapy

~eHO - Bh!XOAPI llPOAYKTOB COOTBeTCTB~ o~aeMbM.3TOT pe3YnhTaT CJieAYeT 

H3 pacqeTaB H cpanuemm nonytieHHbrx nanHhrx, c auarrorH'iHhMH B oOJiee 
·-' . . ' . ' ' '· ' 258 . * 

aCHMMeTpH'lHUX KOM6HHaUHSIX, npHBO.llS!utHX K COCTaBHOMY . SI,npy 102 .• 
l ' ., • ' ' ."/, l . ' 

){aJibHeliwee paccMOTpenHe B,paMKax "extra-ex~_ra.push" ,;-:Mo.nenH H HMf:!romelicSI 

Mo.nenH. o6pa3oBaHHSI H pacna.na cocTaBH()fO SI,npa noKa3~JIH,, 'ITO na6JIJ().llaeMue 

3anpeTu na o6pa3oBaHHe npo.nyKTOB B peaKuHSIX CJIHSIHHSI Mory'f,6UTh o6nSicH_enu 

3aMeTH!lM (npHMepHO 5 M3B) nOBUWeHHeM 6apbepa, . CJIHSIHHSI SI~ep B 

HCCJ!e.llOBaHH!lX KOM6HHaUHSIX. 

lloJiy'leHH!lH BUBO.ll MOIHO paccMaTpHBaTb KaK KalJeCTBeHH!lH, Tpe6yJOutHH 
I . ' . . . ·.· 

6onee .neTaJihHoro (KOJIH'IeCTBennoro) . no.nTnepx.neHHSI.. Heo6xo.nHMOCTh 
'', '· • .. 't • ',<_: 

pacrnHpeHHSI 3HepreTHqecKoro .llHana30Ha .llJISI !f3MepeH~UX ~YHK~H~ 0B?36y~eHHSI 
_oqeBH.nHa, O.llHaKO 3TO Tpe6yeT .3HalJHTeJibHOrO. BpeMeHH ,o6JiylJeHHSI, TaK KaK 

• •• •• • < ' ·, '« -- 4- ·- •' ' 

OIH.naeMUe Ce'leHHSI B no.n6apbepHO~ H.,naJieKO Ha.n6apbepHOH OOJiaCTSIX\JieiaT B 

OOJiaCTH HeCKOJ!hKHX .HaHo6apH, )'I m.a:e. ;K()Jlli'leCTBeHHUe. npe,nCT~~JI~HHSI 0 

6apbepe CJIHSIHHSI Sl.llep B .naHHOH, OOJiaCTH MOrYT 6UTb noJiy'leHll,. HanpHME;P, npH 
22 232 

HCCJ!e.llOBaHHH peaKUHH · Ne+ . ,Th, . .llJISI , K.OTOpOR, OIH.nae"!lle ,CelJeHHSI )4-6)n 
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peaKUHH naxo.nHTCH B pafione coTeH nalio6apn 
111'~81 , a xar (k, a) · ·= o, 7074. 

' :··· . •" ~ .. ~' .. , ' ~ 
. w3neCTH!1e CBOHCTBa H30TOnOB Fm n03BOJIHKlT rrpoBeCTH H3MepeUHH . qJyHKUHH 

no36yx.nenHH xn-pe~KUHH. 6~Jiee rro.npo6no H B umpoKoM .nHarra3one · :meprHH 

. naJieTaK>utefi '!aCTHUI1, 'ITO, B CBOKl O'lepe,nb', II03BOJIHT HCIIOJih30BaTh 6oJiee 

r. conepwennHe MeTOJll1 anaJIH3a .nn~. H3BiJeqenHH rrapaMeTpon· 6aphepa c'.JiHHHHH. 

·HaKOHeU, paCCMaTpHBaH B03MOIHOCTH IIpo.nBHI8HHH K H,npaM IIOJlOOOJIO'IKH C 
. ' .' . . ' /68/ ' 

'!HCJIOM HefiTpOHOB. N = 162, KOTOp!1e no rrpe,ncKa3aHHHM Jl0JIIH!1 HM8Th 

h~Bl1W8HHYD CTa6HJihHOCTh,B HaCTO~ee BpeMR MOmHO pacC'IHTbffiaTh TOJihKO Ha 

HCIIOJih30BaHHe peaJ<UHij: "ropgqero" Crrn~JIIDI. O,nHOH H3 TaKHX peaKUHH MOieT 
22 248 ar -

. 611Th, narrpHMep, Ne+ Cm (xm (k,a) = O, 7442), B KOTopoH cne.nyeT, no 

BC8H BH,nHMOCTH, : Ha,[leHTbC51 Ha HCIIOJih30BaHHe KaHaJia HCIIapeHHH 6 

HefiTpOHOB. ITpoBepHTh 3TO IIpe,nnOJIOieHHe MOIHO 

(xar(k,a). = O, 7464) H 27Al+236
U (xar(k;a) 

m, m 
H3B8CTH!1M H30TOnaM 103 H 105 3JI8M8HTOB. 

6y.neT B peaKUHHX 
27

Al+
232

th 

= 0, 7607), IIPHBO,[\~ K 

ABT0p11 C'IHTaKlT CBOHM IIpHSITH!1M ,noJirOM no6Jiaro.napHTh 'IJI. - KOpp. AH 
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AHApeeB A.H. M AP. 
06pa30BaHMe M30TOnOB 3neMeHTa 102 B peaK4MAX 
2 2Ne + ·2 uu M 26Mg + 2 •.2Th 

HccneAoBanocb o6paJoBaHMe MJOTonoB 3neMeH· 
cnMRHMA .22 Ne + 236 U M 26 Mg + 232 Th c nOMOIIIbiO 
BACMflMCA. nony4eHH~e ~YHK4MM B036Y~AeHMA peat 
M Ce4eHMR B MaKCHMyMaX ~YHK4MK B036Y~AeHMR CJ 
nony4eHH~M paHee. B 6onee aCMMMeTpM4H~X KOM!il 
npMBOAR~MX K COCTaBHOMY AAPY 258 102*. npoBeA• 
TanbH~X AaHH~X C paC4eTaMM no CTaTMCTM4eCKOK 
noAaBneHMe KaHana McnapeHMA 4 HeiiirpoHoB s'·p, 
Bne4eHH~e !iapbep~ cnMAHMA AAep AnA aCMMMeTpM' 
HMRM MCnapMTenbH~X peaK4Miii CpaBHMBaiOTCR C aH, 
4MRX cnMRHMR-AeneHMR B paMKax "extra-extra p1 
rop~e sapMa4MM B noAXOAax K onpeAeneHMIO ce4el 
TMCTM4eCKOK MOAenM: . 

. . 

Pa!iora B~nonHeHa B na6oparopMM RAepH~X pe 
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Formation of 102-Eiement Isotopes in 22 Ne + 
and 26Mg + 232 Th Reactions 

The formation of.the isotopes 25 2102, 25
3 

ion fusion reactions of 22 Ne + 236 U and 26 Mc 
by using the kinematic~separator VASSILISSA: 
tions and the maximum production cross secti 
ones for more asymmetric reactions leading 1 
Comparison of the experimental data with thE 
was also performed. Significant suppression 
the reactions induced by Ne and Mg ions was 
riers from the neutron-evaporation-residue < 
asymmetric systems were compared with the s< 
the fusion~fission reactions; and analysed' 
cept. Some variations in the calculation of 

·sidered in the framework of the used statis1 
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