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1. BBEAEHHE 

B HacTOH~e~ pa6oTe paccMaTp~saeTcH 3Kcnep~MeHTanbHaH ~H$op
Ma4~H 0 B3a~MOAe~CTB~~ HAep B rny60KOHeynpyr~X CTOnKHOBeH~HX 
~ CTOnKHOBeH~HX C 4aCT~4HO~ A~CC~na4~e~ K~HeT~4eCKO~ 3Hepr~~, 
KOTopy~ AaeT ~3y4eH~e 3M~cc~~ nerK~x 3apHmeHH~x 4acT~4 /fl34/ -
npoToHos, Ae~ToHos, a -yacT~4- lnasHoe BH~MaH~e YAenHeTCH Mexa
H~3MaM o6pa30BaH~H a-4aCT~4· 

Ha p~c.l CXeMaT~4eCK~ npeACTasneH~ T~n~ CTOnKHOBeH~~ aTOMH~X 

HAeP ~ ~3BeCTH~e HaM B~A~ HAePH~X peaK4~~ AnH 3Hepr~~ ~OHOB AD 

YnPYrii!E 

KBA3111YnPYrii1E 

nPOME}KYTOYHbiE, 

HEnOnHAR 
t:lii1CCII1nAL.Ii11R 
Kii1HETii14ECKOiil 
3HEPri11111 

Yrnosoiil 
MOMEHT 

CTOnKHOBEHIIIR 

YnPYrOE PACCERHIIIE 

MAnOHYKnOHHbiE 
nEPEt:lAYIII, 
HEYnPYrOE PACCERHIIIE 

lKac 

MAnO- 111 MHOrOHYKnOHHbiE 

nEPEt:lAYIII, HEYnPYrOE 

PACCEAHIIIE 

rnY50KOHEYnPYrii1E nEPEt:lAYIII 
rnY50KOHEYnPYrii1E, 

<I>OPMIIIPYETCR 

t:lBOiiiHAR Rt:lEPHAR 
Cii!CTEMA 

lKp - - - - - - ----
5biCTPOE t:lEnEHIIIE 

COCTABHOE R.[IPO 

Tillnbl CTOnKHOBEHIIIiil MEXAHII13Mbl PEAKL.IIIIiil 

Puc. I . THnbi B3aHMop;eficTBHH H BlfAbi Hp;epHbiX peaKu;Hfi 
B CTOnKHOBeHHHX ABYX cnomHb~ Hp;ep npH 3HeprHH p;o )Q M3B 
Ha HyKnOH. -~~f~a:~,.r~ ...,,...._~·•~ : 
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10 M3B H? HYKnoH. T~n cTonKHOBeH~~ onpeAenReTcR sen~t~4HHOH axoA
Horo yrnoaoro MOMeHTa, BMA peaK4MH 3aBHCHT TaKme OT 3apRAOB Ill 
Mace cTanKMBa~~~~~KCR RAep. TaK, Hanp~t~Mep, np~t~ cTonKHOBeH~t~M ABYX 
TRmenwx RAep HeB03MomHO o6pa3oBaHHe COCTaBHoro RApa. 

npM 60JlbWHX yrJlOBWX MOMeHTaX CTOJlKHOBeHMR Ha6n~Aa~TCR ynpy
roe 111 Heynpyroe pacceRHMe, KBa3Hynpyr~t~e ManoHyKnOHHwe nepeAa4H. 
MexaHH3M B3aHf'.10geHCT,BMR flAep B 3TMX CTOflKHOBeHH.RX npHHI~MnvtaJlbHO 

He OTJ1H4aeTCR OT M6XaHH3Ma npAMWX np04eCCOB Ha nerKMX 3apRmeH
HWX 4aCTH4ax. Ka4ecTaeHHoe caoeo6paaHe aaaHMogeHCTBHR cnomHwx 
Rgep npO.RBJlReTCR B r·ny60KOHeynpyrHX CTOJ1KHOBeHHRX 7 KOTOpWe co
npOBOmAa~TC.R $OpMvtpoBaHHeM cne4H$H4eCKOrO RAepHOrO KOMnneKCa 
ABOHHOH .RAePHOH c~t~cTeMbl /AilC/. B rny6oKoHeynpyrHx cTonKHOBeHH.RX 
TeCHO nepenneTa~TC.R CTaTHCTH4eCKHe H AHHaMH4eCKHe acneKTW B33HMO

AeHCTBH.R. nnR HX TeopeTH46CKOH HHTepnpeTa4HH noTpe6oaanocb pa3-
pa6oTaTb npHH4HnMaJlbHO HOBWH nOAXOA, B OCHOBe KOTOporo nemaT KM
HeTH4eCKHe ypaBHeHM.R HeCTa4MOH3pHWX CTaTHCTM4eCKHX npo4eCCOB. 

06CYlKAaeMbiH nOAXOA K HHTepnpeTa4HH o6pa30BaHH.R Jl34 3a C4eT 
MHOrOHYKJlOHHWX nepeAa4 .RBJlReTC.R pe3yJlbTaTOM 3KCnepMMeHTaJlbHWX 

~t~ccnegosaHMH, swnonHeHHWX s Jla6opaTopMH .RAepHwx peaK4MH O~RH 
KonneKTHBOM aBTOpOB B COCTaBe: A.r.ApT~x, B.B.BonKOB, r.$.rpHA
HeB, M.rpywe4KH, B.Kap4, A.H.Me3eH4ea, B.Jl.MHxeea, ~.noMopcKH, 
r~.nonecKy, A.r.nonecKy H ony6nHKOBaHHbiX B pa6oTax11-9/. 

2. PABHOBECHWE M HEPABHOBECHWE nPOUECCW 3MHCCHH 
11ErKHX 3APR~EHHWX 4ACTHU 

Yme Ha 3ape .RAepHo-QJ~t~3H4eCKI1X MccneAoBaHHH c T.R)f(eflb1MI1 110HaMH 
6biJ10 Y~TaHOBneHO, 4TO CTOnKHOBeH~t~e ABYX RAep conpoBO)f(AaeTCR HH
TeHC11BHOH 3MHCCHeH nerKHX 3apRlKeHHWX 4aCT114, rnaBHWM o6pa30M 

a -4aCTH4 11 npoTOHOB. B Knacc~tt4ecKOH pa6oTe 5pHTTa H KBHHTO'
Ha110; BblnOJlHeHHOH 6onee ABYX AeC.RTIIIJleTHH TOMY Ha3aA, c¢opMyJ1H
poBaHW ABa OCHOBHWX MeXaHH3Ma 06pa30BaHM.R npOTOHOB Ill a-4aCTH4: 

3MHCCH.R 1113 cocTaBHoro RAPa 111 pa3san HaneTa~~ero RAPa npH KpaeeoM 
CTOJlKKOBeHHH C RAPOM-MHWeHb~. 3TI1 npeACTaBJleHHR OCTaBanHCb HeM3-

MeHHWMH Ha npOTRlKeHHH 15 neT, XOTR CJleAyeT OTMeTHTb, 4TO aa 3TH 
rOAbl 6biJ10 ony6nHKOBaKO HeMHOrO pa6oT, nOCBRIJ.IeHHbiX o6pa30BaHHIO 
1134. 

HHTepec K 3MHCCHM nerKHX 4acTM4, ocotieHHO npRMWX a-4aCT114, 
pe3Ko B03poc nocne oTKPWTMR rny6oKoHeynpyr~ttx nepeAa4 /rHn/. 

HaAeRni1Cb, 4TO H3Y4eHMe HepaaHosecHbiX 1134 noMo)f(eT paao6paTbC.R 
B MeXaHH3Me AHCC~t~na41t1111 KMHeT~4eCKOH 3HeprMM 8 rny60KOHeynpyrHX 
CTOJlKHOBeHHRX. C KOH4a ]0-x rOAOB Ha4HHaeTC.R ltiHTeHC~BHOe H3y4e
HHe npo4eCCOB 3MHCCMH fl34 C WMpOKHM ~CnOJlb3088HHeM KOppeJ1R4HOH
HWX ~3MepeHHH. 0630p 3TMX pa60T AaH B/11-151. 

B Ta6n1-14e nepe4~t~cneHbl H3BeCTHble MJlH npeAno.naraeMble MexaHH3Mbl 

o6paaoBaHHR fl34 npH 3HeprMM TRmenwx MOHOB AO 10 MaB Ha HyKnOH. 
Hx MOlKHO o6beA~t~HHTb a ABe 6onbw~t~e rpynn~:paaHoaecHwe 111 HepasHo
secHbl~ npo4eccb1. 
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Ta6nHu;a 

MexaHH3Mhi o6pasoBFHHH nerKHX sapH~eHHh~ ~aCTHIJ; 
B peaKIJ;HflX C Tfl~eJibMH HOHaMH llpH 3HeprHHX CTOJIKHOBeHHfl 
,o;o 10 M3B Ha 'HyKJIOH 

I. PaBHOBeCHbie ~acTHIJ;bi 

I. 3MHCCHfl H3 COCTaBHOro Hp;pa. 
2. 3MHCCHfl H3 B036y~p;eHHb!X llpO,!J;YKTOB peaKIJ;HH nepep;a~H H Heynpy

roro pacceHHHH. 

II. HepaBuoBeCHbie ~acTHIJ;bi 

I . PasBaJI HaJieTaiOI[\ero H,o;pa npH CTOJIKHoBeHHH c H,o;poM-MHDJeHhiO. 

2. MaccHBHbie nepe,o;a~H - HenonHoe CJIHHHHe. 
3. MHorOHYI<JIOHHbte nepe,o;a~H. 

4. BbiJieT ~acTHIJ; H3 soHbi B3aHMo,o;ei1cTBHH R,o;ep B rny6oKoHeynpyrHx 

CTOJII<HOBeHHHX. 
5. BbiJieT tiaCTHIJ; H3 30Hbi JIOI<aJibHoro Harpeaa - 30Hbi nepeKpbiTHR 

flOBepXHOCTeH CTaJIKHBaiO!l\HXCH H,D;ep /"ropRtiaH TOtii<a"/. 
6. 06pasoaaHHe t5biCTpblX tiaCTHIJ; npH rrepe,o;aqe HYI<JIOHOB sa ctieT 

CJIO~eHHH BeKTOpOB BHYTPHH,o;epHOH H rrepeHOCHOH CKOpOCTeH 

HYKJIOHa. 

~ 

K paBHOBeCHWM MW OTHOCHM 3MHCCH~ 1134 M3 B036Y~AeHHOro COCTaB-

HOro .RApa, ¢opMHPY~IJ.IerOCR np11 CJlMRHHH ABYX CJlO~HWX RAep, a TaK
lKe 1113 .RAep-npOAYKTOB rHn. npOAYKTOM MOlKeT 6~Tb H Heynpyro pac
CeRHHOe RAPO. 3TH 4aCTH4~ B~JleTaiOT M3 B036Y~AeHHWX RAep, HaXOAR
IJ.IIIIXCR B COCTORHMH TepMOAHHaMH4eCKOrO paBHOBeCHR. 3MMCCHR paBHO
BeCHWX 1134 npOMCXOAMT ylKe nocne TOrO, KaK np048CC B38HMOA8~CTBHR 
RAep 3aBepWHJ1CR. 

HepasHosecH~e 1134, HanpoT~t~B, ¢opM~t~pyiOTCR HenocpeACTBeHHO so 
BpeMR B3aHMOAeHCTBHR RAep. MexaHH3MW HX o6pa30BaHHR AO KOH4a 
eiJ.Ie He paCKp~TW, BMeCTe C TeM, MMeHHO HepaBHOBeCHWe 4aCTM4~ MO

ryT HeCTH OC06eHHO 4eHHY~ HH$OpMa4H~ 0 B38HMOAeHCTB~H RAep. 

3. 3MHCCHR HEPABHOBECH~X 11ErKHX 3APRIEHH~X 4ACTHU 
B r11YoOKOHEYnPYrHX CT011KHOBEHHRX RAEP 

KoppenR4HOHH~e aKcnep~t~MeHT~ c perHcTpa4111eH HepasHosecH~X 1134 
Ill y-KBaHTOB conpRlKeHHOrO TRlKenoro RApallB~ 1134 H OCKOnKOB Aene
HHR/l?~1134 M nerKoro ¢parMeHTa peaK4HH nepeAa4~t~ 118(conocTaaneH~t~e 
B~XOAOB 1134 11 COnp.R~eHH~X T.RlKeJl~X npOAYKTOB peaK4~H, HAeHTH$H4H
pyeMbiX MeTOAaMH paAHOXHMHM" 19: noKa3aJlH, 4TO OCHOBHOH BKJlaA 8 ce-
4eHHe o6pa3oBaHH.R HepasHosecHbiX 1134 AfiR HOHOB OT B AO Ne np~t~ 

3HeprHRX 6-8 MaB Ha HyKnoH Aa~T 11MaCCHBHble 11 nepeAa4H. B 3TVIX 
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Puc. 2. BosMO)KHbie BapuaHTbl Mexa
HusMa 11MaccuBHbiX nepep;aq: a/ peaK
QU.H Tuna cpb!Ba, 6/ peaKQH.H Tuna 
3aM~eHUfl, B/ MHOrOHyKllOHHa.H 
nepep;a'l:a 

AAPO - M11WEHb ~0Ar 

~~~no~~~o-
.. MACCI-IBHOH" 

nEPEAA4E 

Puc.3. HnnrocTpaQua pasnu
'IUR M~y peaKQUeH Tuna 
Cpb!Ba U MHOrOHYKllOHHOH 
nepep;aqei:f. 

• 
nepep;a4ax ace HYKJ10Hbl, KpoMe 4eTblpex, o6pasyi01J111X a -4aCTI11..1Y, 
nepep;aiOTC~ Rp;py-MI1WeHI1, 

KaK >Ke np(neKaiOT "Macc11aHble11 nepep;a4vt, KaKoa 11x MexaHI1sM7 
CaMI1 KOppeJ1RI..II10HHble 3Kcnepi1MeHTbl He p;aiOT onpep;eneHHOro OTaeTa 
Ha 3TOT aonpoc. Mo>KHO ce6e npep;cTaai1Tb TPI1 aapl1aHTa '~acc11aHbiX11 

nepep;a4 /p11c.Z/. B MOMeHT cTOJ1KHoaeHI1R npo11cxop;11T A11CCOI..IMai..II1R 
HaneTa10111ero R,qpa Ha a -4aCTI11..1Y 11 ocTaTOK, a -.4aCTI11..1a yneTaeT, 
a OCTaTOK saxaaTblaaeTCR RAPOM-MI1WeHbiO, .TaKa~ npo1..1eCC aHaJ10rl14eH 
peaK41111 cpblaa Ha p;e~ToHe. Aanee, HaneTaiOIJiee RAPO Mo>KeT abi611Tb a-

48CTI1LIY C noaepXHOCTI1 Rp;pa-MI1WeHI1, a ca~o OKa3aTbCR 3axaa4eH
HbiM sntM RAPOM. TaKara pop;a peaK1..11111 3aMe1J1eHI1R xopowo 11saecTHbl 
AJ1R nerK11X 6oM6apAI1PYIOIJIMX 4aCTI11..1. HaKoHel..l, MO>KHO te6e npep;cTa
ai1Tb npOI..IeCC MHOrOHyKJ10HHO~ nepep;a411, a KOTOPOM RAPY-M11WeHI1 o6o
J104Ka sa o6ono4KO~ nepe,qaiOTCR ace HYKJlOHbl HaneTa10111ero Rp;pa, sa 
11CKJ110~eHI-!eM 4eTbJpex HYKJ10HOa ls -o60J104K11, KOTOpble 11 $OpMI1PYIOT 
ablneTaiOIJIYIO a -4aCTI11..1Y· TaKa~ RAePHbiA npo1..1ecc RBJlReTcR cneuM<!>M
Ko~ asai1MOp;e~cTaMR ABYX CJlO>KHbiX RAep 11, ecTeCTBeHHO, He MOr 
Ha6J110AaTb~R B peaK1..111RX C nerK11MM 6oM6apAMPYIOIJII1MM 4aCTMI..IaMI1. 
P11c.3 11J1JliOCTpl1pyeT pasJ111411e Me>KAY peaK1..111e~ CPbiBa 11 MHOrOHYKJlQH
HO~ nepeAa4e~. B nepeo~ a-4aCTI11..1a <!>OPMI1pyeTcR M3 cna6ocaRsaH
HbiX HYKJlOHOB eepXH11X 060J104eK, BO BTOpO~ - BbiJleTaiOIJIYIO a -4aCTMI..IY 
o6pasyiOT 4eTblpe HYKJlOHa rny60KOJ1e>KaUie~ ls -o60J104KM. 

Kn104 K pacKpbiTI110 MexaHI1sMa ''MaCCI1BHbiX11 nepe,qa4, Ha Haul esr JlRA, 
p;aeT COnOCTaBJleHMe OCHOBHbiX 3KCnepi1MeHTaJ1bHbiX xapaKTepMCTI1K npR
MbiX n34 11 npOAYKTOB MHOrOHyKJlOHHbiX nepep;a4, KOTOpble o6pasyiOTCR 
B TOM >Ke 06J1y4eHI111. 3TO COnOCl;aBJ1eHI1e Bbll'lBJlReT 11X 60JlbWOe CXOp;

CTBO, yKa3biBa101J1ee Ha o6IJIHOCTb MexaHI13Ma o6pasosaHI1R. Ha pl1c.4 
npep;cTasneHbl yrnoBble pacnpep;eneHMR nerKI-IX ::meMeHTOB - npop;yKToa 
peaK1..111A, M3 ssai1MOAeACTBMR nat Ag + 40Ar /285 MsB/ /2,81. B11,qHo, 4TO 
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6uM (rpa.u) 
Puc. 4. YrnoBbie pacnpep;eneHu.!I 
npop;yKTOB peaKQUH C 2 ~ Z ~ 6 
us oonyt~eHH.!I natAg+ 40Ar 
/285 MsB/. BBepxy p;aHo OTHo
meHue cet~eHHH B nepep;HeH u 
sap;HeH nonyc«lJepax/2/, 

i '~Ho.QOI 
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f r" 8x2 
' 0 
u -2 

10 
40 60 so 

E\.JM lrpa11l 
Puc. 5. AcuMMeTpH'IHbJe t~aCTH 

yrnoBbiX pacnpep;eneHHH, npep;
CTaBneHHbiX Ha puc.4 161. 

npo11cxop;11T nnaeHoe HapacTaHI1e 1130TponM11 e yrnoBbiX pacnpep;eneHI1-
RX no Mepe yMeHbWeHMl'l aTOMHOrO HOMepa npop;yKTa peaKI..IMI1. ECJ111 Bbl
,qeJlMTb aCMMMeTpi14Hble 4aCTM yrJlOBbiX pacnpe,qeneHI1A nyTeM Bb14MTaHMR 
CMMMeTpM4HbiX 4aCTeA, AOMMHI1PYIOIJII1X nop; 60J1bWMMM yrnaMI1 BbiJleTa, 
To nony4aeTCR cn~AYIOUiaR KapTMHa /pl1c.5/. HepaeHosecHble a-4aCTI1-
I..Ibl MMeiOT T04HO Ta Koe me yr nosoe pacnpep;eneHMe, 4TO M Tl1ni14Hble 
npop;yKTbl MHOrOHyKJlOHHbiX nepep;a4. 3KCnOHeH1..111aJ1bHbl~ cna,q Ce4eHI1R 

.C yBeJ1114eH~-teM yr Jla BbiJleTa XapaKTepeH AJ1R MHOrOHYKJlOHHbiX nepep;a4. 
Oco6eHHO sne4aTnReT nop;411HeHI1e ce4eHM~ o6pasosaHI1R 11soTonos 

rehMR: 3He , 4He , 6 He TO~ >Ke Qgg -ci1CTeMaT~-tKe, KOTOpoA YAOB
JleTBOpRIOT Ce4eHI1R o6pasOBaHI1R Tl-1ni14HbiX npo,qyKTOB rny60KOHeynpy
ri-IX nepep;a4 /IHn/. Ha p11c. 6a npe,qcTaeneHa · Qgg -cl1cTeMaTMKa ,qnR 
npop;yKTOB peaK41111 nepe,qa4~-t 113 o6ny4eH~-tR nat Ag + 40Ar /285 MsB/, 
Ha p~-tc. 66 - AJ1R o6ny4eH~-tR 197 Au + 40 Ar /290 MsB/. npM nepexo,qe 
OT cepe6pa K 30JlOTY COOTHOWeHI1e B BbiXO,qe 1130TOnOB 3He 11 6He M3-
MeHReTCR Ha nopRAOK, O,qHaKO B o60HX peaKI..IHRX 3TI1 Ce4eHHR y,qos-

1 neTsopRIOT Qgg-ci1CTeMaTI1Ke. TaKaR me CHTYa4HR ~MeeT MecTo ,qnR 
6onee nerKoro 110Ha 11B /p~-tc.6s/ H ~nR 6onee TR>Kenoro M30Tona 
renMH - 8He /p~-tc.6r/. 

PasyMeeTcR, ecnH e Ka4ecTse npo,qyKTOB MHoroHyKnoHHbiX nepeAa4 
o6pa3y~TCR M30TOnbl yrnepOAa, 6opa, 6epHflJ1HR, J111TMR, Mbl Bnpase 
om~,qaTb o6pasosaHHR H H30Tonos renHR. HeTpHBManbHOCTb nony4eH
HbiX pesyJlbTaTOB COCTOHT B T~M, 4TO Ce4eHHe o6pa30BaHI1R 4He no4-
TH Ha ,qea nOPRAKa npesocxo,qi1T ce4eHHe o6pasoeaHHR n106oro ,qpyroro 
npOAYKTa IHn. Mbl npHBbiKnM K ToMy, 4To~aKCHMYM ce4eHHR MHoroHyK
noHHbiX nepeAa4 KOHI..IeHTpHpyeTCR B OKpeCTHOCTM Z 1-1 A HaJleTaiQIJiero 
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PHc. 7. CetJ:eHHH o6pasoaaHHH H30TOIIOB c 2 ~ Z ~.17 B peaKu;HH 
natAg + 40Ar /285 M3B/ KaK <l,JyHKIJ;HH tJ:HCJla rrpoTOHOB - Z H 
'IHCJla He:HTpoHOB N B H30Torre, (} = 40°. 3anHTbiMH Tpeyronb
HHKaMH 0603HatJ:eHbJ CTa6HJlbHble H30TOI!bl Ill, 

HApa. 3AeCb me Ha6niDAaeTCH c~nbHe~W~~ CAB~r BbiXOAa 8 CTOpOHY 
4He -Hgpa, KoTopoe no Z ~ A Ha~6onee yganeHo oT ~cxogHoro 
HAPa 40Ar. 

4To6~ B~HCH~Tb np~4~HY TaKO~ C~Tya~~~, none3HO cgenaTb o630p 
o6~e~ KapT~H~ B~XOAa paan~4H~X HyKn~gOB 8 ~TO~ peaK~~~ /p~c.]/. 
BnnoTb go ~Topa Ha6n~gaeTCH TpaA~~~OHHaH gnR rhy6oKoHeynpyr~x 
nepega4 TeHgeH4~H: ce4eH~H ~30TOnOB C ~aKC~ManbH~M B~XOAOM na
AaiDT, no Mepe YAaneH~H no Z oT ~CXOAHoro H~pa 40 Ar. OgHaKo nocne 
~Topa Ce4eH~H, HanpoT~B, Ha4~HaiDT B03pacTaTb C yMeHbWeH~eM aTOM
HOro HOMepa. MaKC~MYM~ B~XOAOB naAaiDT Ha ~30TOn~ C 3aMKHYT~M~ 
o6ono4KaM~ ~ nogo6ono4KaM~ - 160,, 15 N , 12c , 4rfe. 

B 4eM np~4~Ha TaKoro nogoeMa? B peaK4~Hx rny6oKoHeynpyr~x 
nepega4 npoTeKaeT ogHoepeMeHHo gsa npo4ecca: a/ ABO~HaH HgepHaH 
C~CTeMa 3BOniD~~OH~pyeT K paBHOBeCHO~ KOH~~rypaLI~~, 6/ C~CTeMa 
pacnagaeTCH Ha gsa ~parMeHTa. B Kamgbl~ gaHHbl~ MOMeHT Af!C Haxo
A~TCH 8 COCTOHH~~ 4aCT~4HOrO CTaT~CT~4eCKOrO paBHOBeC~H. Pacnag 
Af!C ecTb npo4ecc cTaT~CT~4eCK~~, nosToMy BbiXOA Toro ~n~ ~Horo 
HyKn~Aa 3aB~C~T OT nnoTHOCT~ COCTOHHI1~ gnfl COOTBeTCTBy~~e~ I<OH
~~rypa~l1~ Af!C. B ceo~ o4epegb, nnoTHOCTb cocTOHH~~ CI1CTeMbl onpe-
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MACCOBOE LflolCnO 

PHc,8. lloTeHu;HaJlbHal'I 3HeprHa ABOHHOH HAepHOH CHCTeM~ 
KaK IPYHKIJ;Ha Z H A nerKoro ilJparMeHTa ,[I.Jll'I peaKIJ;HH 
nat Ag + 40 Ar /285 M::~B/. lloTeHIJ;HaJlbHaH 3HeprHH BKJliOtJ:aeT 
MaCChi HAep, KYJlOHOBCKyiO H I~eHTpo6eJKHYIO 3Hepi'HH, 3a 
HatJ:aJlO OTC'leTa IlpHHaTa 3Hepi'HJ'I HCXOAHOH CHCTeMbl, <l,JopMa 
aAeP - cilJepH'!eciCaa 111

• 

genHeTcH ee noTeH4~anbHO~ 3Hepr~e~. Ha p~c.8 npegcTasneHa noTeH
~11anbHaH 3Hepr~H Af!C gnR peaK411~ natAg+ 40Ar KaK ~YHKL\~H Z ~ A 
o6paayiD~I1X ee ~parMeHTOB. 06paaoeaHI1e a -KnacTepHo~ KOH$11rypa
LI~11 AilC conpoeomgaeTCH 3Ha411TenbHbiM, oKono 40 MsB, noH~meH~eM 

noTeH411anb HO~ 3Hepr~l1 c~cTeMbl. 3aMeTHble ''noTeHL\11anbHble Ka pMaHbl 11 

~MeiOT MecTo TaKme, gnH 16 0, 15 N ,1 2c , 8 Be. TaK~M o6paaoM, AOM~H11-
poeaHI1e s~XOAa 4

He cpeAI1 gpyr11x npOAYKTOB MHn CBH3aHo c 3Hepre
T114ecKo~ B~rOAHOCTbiD ~OPMI1pOBaHI1H a-KnaiTepHO~ KOH~11r~pa~1111 
ARC. OnpegeneHHYIO ponb MomeT 11rpaTb 11 BbiCOKaR RAepHaH ycT0~4~
eocTb4He, KoTopaR 6ygeT aagepm11saTb ganbHe~wyiD seoniD~~ID A.slC e 
HanpasneH~~ nonHoro Ci111HH11H Hgep. 

AoMI1H11POBaH11e 4Hecpegl1 APYri1X npogyKTOB rHn HBJlHeTCH Hal16onee 
HPK11M npORBneH~eM Bni1HH~H o6ono4e4HOR CTPYKTyp~ nerK11X HAep Ha 
3BOJ1104~ID AfiC, npoTeKa~lliYID s HanpaeneH1111 nonHoro cn~HH11H Rgep. 
P11c.9 ~nniDcTp11pyeT nocneAOBaTenbH~e sTan~ 3TO~ seon10411~ AllH c~c
TeMbl natAg+ 40A/11.HepaeHoeecHble a-4aCTI1L\bl, o6pa3osaHHble aa 
C4eT pacnaAa a -KnacTepHo~ KOH~11rypa41111 ARC, MOryT 6~Tb 11Cnonb-
30saH~ Ailfl OL\eHKI1 CKOpOCTI1 3BOJ1~4~~ CI1CTeM~, ee ge~OpMal\11~, a 
TaK>Ke ~Jlfl nOJlY4eH~H 6biCTpoepa~a~~~XCH Hgep C npegeJlbHO BbiCOK~M 
Cm1HOM 1•21 . 

9 



~:::If==> 
IP¥1 IS 

Ar 

~p~ 
gre~!r, 

Ag 

~:~ 
IS 

0 La 

~
:,?!~~f..?-¥..~·~ 

IS 

•2c 
Pr 

==> 

~ 

~ 'g"dl:: 

~·~ 
8'015 

WR ==:~~::r~~-: 
15 

----- ~l-Ie 

Eu 

PHc.9. llnnrocTpa~Ha nocneAOBa
TenoHoii,- o5ono'IK'f sa o5onotiKoii, 
nepeAa'IH HYKnOHOB B CHCTeMe 
nat Ag+ 40 Ar, BeAYII\eH K cl>opMHpo
sanruo a -KnacTepnoii Koncl>Hrypa
~HH Mc/11. 

4. BK~A~ OT PACnA~ ~BO~HO~ RAEPHO~ CHCTEMM 
C a-KflACTEPOM B 06PA30BAHHE 'a-4ACTHU 
C CHMMETPH4HMM B.C.U.M. YrflOBMM PACnPE~EflEHHEM 

npo~ecc CflHRHHR Aayx cnomH~X RAep npeACTaanReT, no cy~ecTay, 
npeAeflbH~~ cny4a~ rHn, KOrAa ace HyKnOH~ HaneTa~ero RApa, o6o
fl04Ka aa o6ono4Ko~, nepeAa~TCR RApy-MHWeHH. ~aHH~e, nony4eHH~e 
AflR rHn H o6cymAaawHecR a npeA~AYII\eM naparpa~e, noKaa~aa~T, 4TO 
npH aaon~~HH a HanpaaneHHH nonHOfO CflHRHHR ~C C HeH36emHOCTb~ 
npOXOAHT 4epe3 CTaAH~ ~OpMHpoaaHHR a-KnacTepHO~ KOH~Hrypa~HH. 

3Ta KOH~Hrypa~HR ~RC ofinaAaeT noB~WeHHO~ yCT0~4HBOCTb~ finarOAa
PR rny60KOMy 11 KapMaHy11 a' noTeH~HanbHO~ 3HeprHH CHCTeM~ /pHC·. 8/ 
H e~coKo~ npo4HOCTH RApa 4He. 

B CTOflKHOBeHHRX C yrnOB~M MOMeHTOM HH>Ke KPHTH4eCKOfO (f <fKp.) 
npHTR>KeHHe MemAY RApaMH, BXOAR~HMH B ~C, npeBOCXOAHT OTTanKH
aaHHe. C~opMHpoaaawaRcR a npo~ecce aaon~~HH ARC c a·-KnacTepoM 
MomeT coeepwHTb HecKonbKO o6opoToe. KaKoea me ee AanbHe~waR 
CYAb6a7 

npH Man~X Yf110B~X M.OMeHTaX ~TOflKHOBeHHR nOTeH~HanbH~~ fiapbep, 
YAeP>KHBa~II\H~ a-4aCTH~Y Ha noeepxHOCTH conpRmeHHoro TR>Kenoro RA
pa, AOBOflbHO B~COK /pHc.lO/. MomHo AYMaTb, 4TO co epeMeHeM 
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Pnc.IO. BnHaHHe yrnosoro MOMenTa 
Ha MexaHHSM o5pasoBanHa a -qac
TH~: I - SMHCCHH HS ,Bos5~enno
ro cocTaBHoro HApa; 2 - pacnaA 
Bpall\aiDII\eHCH a-KnacTepHOH KOHcPH
rypa~HH g5{C; 3 - rny60I<OneynpyrHe 
nepeAa'IH; 4 - MHOrOHyKnonHbie Mac
CHBHble nepeAa'lH npH '18CTH'lnOH 
AHCCHll8~HH KHHeTH'leCKOH 3HeprHH 
cTonKnoBeHHH, pasBan naneTaro111ero 
RApa; f Kp.- KpHTH'leCKHH yrnoBOfi 
MoMenT, EKac.- yrnoBoii: MOMenT 
KaCaTenl>HhlX CTOnKHOBeHHii:.BHH3Y 
npeAcTaBnena cl>opMa noTen~Hana 
BSaHMOAeHCTBHII MeJK,IJ;y a -qaCTH~eii: 
H conpa~eHHh~ T~enb~ HAPOM, 
BKniD'laiDII\aR KynoHOBCKHH ., HAepHblii: 
H ~eHTpo6e~HbJii: llOTeH~Hanbi/IJ/. 

a l11p yrno~~CIIl ~o~o,.....T L11ac 

! 2 f 3 : L 20HWl 

. Q (0) ~ff(" ~~ 
/ . "' 

/d 

nOTEHUI-1An B3AI1MOJlE~CT6HR 

~lbl~l\ 

a -4aCTH~a 11 pacTBOpHTCR 11 B TRmenOM RApe H C~OpMHpyeTCR B03-
6y>KAeHHOe COCTaBHOe RAPO• 

EcnH yrnoeo~ MOMeHT 3Ha4HTeneH, KaK 3TO HMeeT MeCTO B peaK
~HRX C HOHaMH 40Ar, AflR KOTOp~X fKp;' lOOt, ~eHTpo6emH~e Cl1fl~ cy
~eCTBeHHO B03pacTa~T. noTeH~HaflbHaR RMa, B KOTOpO~ HaXOAHTCR 
a -4aCTH~a, cTaHOBHTCR MenKOH. a-KnacTepHaR ARC B aTOM cny4ae 
nerKo pacnaAaeTcR·Ha a-4aCTH~Y 11 conpRmeHHOe TRmenoe RAPO,e~e 
AO ~OpMHpOBaHHR COCTaBHOfO RApa. a -4aCTH~a B a -KnacTepHOH 
KOH~11rypa~11H ~C HaXOAHTCR B TeCHOM KOHTaKTe C B036ymAeHH~M 
conpR>KeHH~M RAPOM, H ee aHepreTH4eCKHH cneKTp npaKTH4eCKH cos
naAaeT C 3HepreTH4eCKHM cneKTpOM a -4aCTH~, HCny~eHHbiX COCTas
H~M RAPOM. PacnaA a-KnacTepH~x ARC 6yAeT yeenH4HBaTb B~XOA 
paeHosecH~X a -4aCTH~ c CI1MMeTpH4H~M B CUM yrnoBbiM pacnpeAene
HHeM. Oco6eHHO 3Ha411TeneH 3TOT BKnaA AnR CHnbHOAenR~HXCR RAep 
/RApa TpaHCypaHOB~X aneMeHTOB/. npH pacnaAe a-KnacTepHOH KOH
~Hrypa~HH ARC e~neT a-4acTH~ npeAwecTsyeT AeneHH~ H He ecTyna
eT C HHM ~ KOHKypeH~H~, KaK B cny4ae COCTaBHOrO RApa . 

3KcnepHMeHTaTOp~ yme CTOflKHYflHCb C 11 1136~TKOM11 paBHOBeCH~X 
a -4aCTH~ npH o6ny4eHHI1 TRmen~X RAep HOHaMH 40Ar. B peaK~HI1 
197 Au· +40Ar /340 MaB/ ce4eHHe o6paaoeaHHR a -4aCTH~ c CHMMeTpi14-
H~M yrnoe~M pacnpeAeneHI1eM e CUM oKaaanocb Ha ABa nopRAKa 6onb
we, 4eM cneAOBano 113 paC4eTOB Ce4eHHR 3MHCCHH a-4aCTH~ H3 co
CTaBHOrO RApa 117! B peaK~HH 232 Th+ 

40Ar /240 MaB/ aTo pa3nH4He 
AOCTHraeT Y>Ke 4 nopRAKOB: no TeopeTI14eCKHM O~eHKaM, Befli14HHa 
Ce4eHHR COCTaBnReT HeCKOflbKO MHKpo6apH, a B 3KcnepHMeHTe aape
fHCTpHpOBaHO OKOflO CTa MHnnHfiapH/24/. 

06pa30BaHHe a -4aCTI1~ C CHMMeTpH4HbiM yrnOBbiM pacnpeAeneHHeM 
3a c4eT pacnaAa a -KnacTepHOH KOH~Hrypa~HH ARC RBm'leTCR e111e OA-
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H~M CBHAeTenbCTBOM B nonb3Y TOro, 4TO npo~ecc CnH~HM~·~Aep CB~-
3aH c ¢opMHpoaaHHeM ARC H ee aaonro~HeH K paaHoaecHoH KOH$Hrypa
~HH. a -KnacTepHa~ KOH$Mrypa~H~ ARC ~an~eTc~ caoeo6pa3Hb1M npo
Me>KyT04HbiM 3TanoM nepeA nonHbiM CnH~HHeM ~Aep. 11CXOA~ H3 3TH X 

npeACTaaneHHH o npo~ecce cnH~HM~ ~Aep, perHcTpa~HID a-4aCTH~ 
B 3aAHHX yrnax, rAe AOMHHHPYIDT paBHOBeCHble a -4aCTH~bl, MO)I(HO 
HCnonb30BaTb AnR O~eHKM Ce4eHHR CnHRHHR npH CHHTe3e AaneKMX 
(Z >: 107) TpaHCypaHOBbiX aneMeHTOB, a B03MO>KHO, M CBepXT~>KenbiX 
~Aep. 

5. 06PA30BAHI1E HEPABHOBECH~X a-4ACT11U 
B nPOMEmYT04H~X CTOnKHOBEHI1RX 

Mbt 6yAeM paccMaTpHBaTb npoMe:KyT04Hbte cTonKHoaeHH~ ;nc;, Ko
TOpbte a E -npocTpaHCTBe npHMbiKaiDT K rny6oKoHeynpyrHM. B TaKHX 
CTORKHOBeHH~X noaepXHOCTH ~Aep cy~eCTBeHHO nepeKpbiBaiDTCR. RApa 
HHTeHCHBHo aaaHMOAeHCTBYIDT APYr c APYrOM, o6MeHHaa~cb 3HeprHeH 
H HYKROHaMH. 0TKROHRID~ee AeHCTBHe ~AepHOro npHT~>KeHH~ npHBOA~T 
K BblneTy llPOAYKTOB peaK~HH nepeAa4H npeHMy~eCTBeHHO nOA ManbiMH 
yrnaMH C MaKCHMYMOM BbiXOAa nOA 0°. 

O~eHKa apeMeHH B3aHMOAeHCTBH~ Rgep B nc npH BblneTe npOAYKTOB 
peaK~HH nOA 0° AaeT aenH4HHY -8-10.10- 22c ARFI MaCCbl ~p;pa 100-200, 
HaneTaiD~ero Hp;pa 40Ar H 3HeprHH OTHOCHTeRbHOro ABH>KeHHfl 4 MaB 
Ha HYKROH /pHC. 11/. no Rp;epHbiM MacwTa6aM 3TO 3Ha4HTenbHaR aenH-
4HHa. 3a 3TO BpeMR B CHCTeMe ABH)I(Y~HXCR QTHOCHTenbHO p;pyr p;pyra 
~p;ep B03MO>KHO YCTaHOBReHHe 4aCTH4HOro CTaTHCTH4eCKOrO paBHOBe
CHR. 3KcnepHMeHT llOKa3biBaeT, 4TO B nC C BbiReTOM npOAYI<TOB nop; 
0° OT RApa K ~APY MoryT nepeAaBaTbCFI AO 2-3 p;eCRTKOB HyKno-
HOB /20-23/, 

B peaK~H~x c nerKHMH 4aCTH~aMH p , d , t , a npRMble peaK~HH 
H peaKt.tHH, Bep;y~He K o6pa30BaHHID COCTaBHOro Rp;pa, pe3KO paarpa
HJ.14eHbl. npFIMble peaK~MM OllMCbiBaiDTCR ,1J;HHaMH4eCKHMH MOp;eJl~MH, pac
nap; COCTaBHOro RApa - CTaTHCTH4eCKOH TeOpHeH, 8 peaKt.tHRX MHOro
HyKnOHHbiX nepeAa4 C Tfl)l(eJlbiMH HOHaMH AHHaMHKa M CTaTHCTMKa TeCHO 
nepenneTaiDTCR. 0THOCHTeJlbHOe ABH>KeHHe ~Aep MO>KHO OnHCbiBaTb KaK 
ABH>KeHHe KRaCCH4eCKHX 4aCTH4 no TpaeKTOpHFIM, o6MeH HYKJlOHaMH 
Me>KAY RApaMH - KaK CTaTHCTH4eCKHH npo~ecc. B AHHaMH4eCKHX MOp;e
JlRX nepep;a4a HYKJlOHa paccMaTpHBaeTC~ KaK KBaHTOBOMeXaHH4eCI<HH 
nepeXOA HYKJlOHa M3 Onpep;eneHHOrO COCTO~HHR Flp;pa-AOHOpa B onpe
p;eneHHOe COCTORHHe RApa-aKt.tenTopa. Ce4eHHe peaKt.tHH onpep;en~eTCR, 
B OCHOBHOM, BeJlH4HHOH MaTpH4HOrO 3JleMeHTa nepeXOAa. 8 MHOrOHyK
nOHHbiX nepeAa4aX C TFI>KeJlbiM~ MOHaMH H3 Rp;pa B Rp;po nepeXOAMT 3Ha-
4HTeJlbHOe 4MCJ10 HYKJlOHOB. 4HCJ10 B03MO>KHbiX pacnpeAeJleHHH nepeAaH
HbiX HYKJlOHOB MelKgy pa3JlM4HbiMM COCTORHHFIMM Rgpa-aKt.tenTopa orpoM
HO. 3TO OTpalKaeTCFI Ha ¢OpMe 3HepreTH4eCKMX cneKTpOB MHOrOHYKJlOH
HbiX nepeAa4. OHM npocTMpaiDTCR Ha AeCRTKM MaB H HMeiDT nnaBHbiH 
xapaKTep.npHMeHeHHe TpaAH4MOHHbiX AHHaMM4eCKHX llOAXOAOB K OllMCa
HHID MHOrOHYKJlOHHOro nepeXOAa BCTpe4aeT orpOMHble TPYAHOCTH. 
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At.,=d/V. 'h3/4.'1T. 
d=3/41l(R,• R2)=3/41T ·1.2(A~+ A~)·10-13cM. 
d(108Ag+I.OAr),.23·10-13 cM. 

9=4MJE\/HyKn=2.76·109CM/c. 
At.,,. 8·10-22 c. 

PHc.ll. RnnwcTpa~HH K o~eHKe Bpe

MeHH B3aHMop;eli:CTBHJI Hp;ep Ag H 40 Ar 
B IlpOMeJKYTO'lHbiX CTOJIKHOBeHHHX C 

BbLJieTOM rrop; Yl'JIOM Q"t>. 

Mbl npeAJlaraeM cneAYIO~YIO MOAenb 
o6pa30BaHHR HepaBHOBeCHbiX n34 B 
npOMe>KyT04HbiX CTOJlKHOBeHMflX.AnR 
KOHKpeTHOCTM 6yp;eM 06CYlKAaTb o6-
paaoaaHHe 6biCTpbiX 111lpJ1MbiX11 a -4aC
TH~. 

1 I 11cxoA~ f13 3Ha4HTenbHoro no RgepHbiM MacwTa6aM epeMeHH 
B3aHMOgeHCTBH~ 8 llpOMe>KyT04HbiX CTORKH08eHHFIX M 803MOlKHOCTH nepe
Aa4H 6onbworo 4Hcna HYKJlOH08, cgenaeM npegnono)l(eHHe, 4TO 6btCT
pa~ a.-4aCTHt.ta ¢opMHpyeTCFI H3 4 HyKJlOH08 1s -o60J104KH HaneTaiO~e
ro Rgpa npH nocneA08aTenbHOH, o6ono4Ka aa o6on04KOH, nepega4e 
BCeX OCTanbHbiX HYKJlOH08 RAPY-MHWeHH /MaCCHBHa~ nepega4a/. 

2/ BepORTHOCTb peanH3at.tMH COCTOFIHH~ CHCTeMbl W(Ea,U) C onpe
geneHHOH KHHeTH4eCKOH 3HeprMeH a-4aCTM4bl Ea H 3HeprMeH Tenno
Boro 8036ylKgeHH~ U nponop~HOHanbHa llJlOTHOCTM COCTORHMH p(U) 
conp~lKeHHoro T~lKenor~ npop;yKTa peaKt.tHH H ¢aaoeoMy o6beMy peaK
LtMM, c8R3aHHOMY C MMilYJlbCOM a-4aCTM4bl. 3TO CTaTMCTH4eCK~J1 rM-
noTe sa 

W(Ea ,U) en Eap (U). /1/ 

An~ cpep;HMX M TRmenbiX ~Aep npM 3HeprHM 8036ymp;eHM~ 6onee 10 MaB 
llROTHOCTb COCTO~HMH 8036ylKgeHHOrO ~Apa MOlKeT 6b1Tb OllHCaHa COQT
HOWeHHeM 

p (U) c.n exp (U!T) , /2/ 

rge T- napaMeTp, MrpaiO~MH ponb TeMnepaTypbl. TorAa 

W(Ea•U) c.n Ea. exp(Utr). /3/ 

6anaHc 3HeprMM npt-~ o6paao8aHMM a -4aCTM4bl sa C4eT MHoroHyKnoH
HbiX nepega4 HMeeT cnegyiO~HH 8HA 8 CUM: 

Eo= Ea+ Qgg+o(p) + o(n)+ Ba+ U + Erot /4/ 

3Aecb: E 0 - Ha4aJlbHaR KHHeTH4ecKaR 3HeprHB; Ea- 3HeprH~ a-4ac
TH4~ 8 MOMeHT sasepWeHMFI MHOrOHYKJlOHHOrO nepexoga, nepep; BblneTOM 
a.-4aCT!-14bl c no8epxHOCTM conp~lKeHHoro RApa; Qgg = (M 1 +M:>)-(M 3+M.{" 

pa3HOCTb Mace Ha4aJlbHbiX H KOHe4HbiX Rp;ep; o(p) M o(n)- H38eCTHble 
nonpa8KH Ha HecnapeHHOCTb HYKJlOHOB, nepe~aHHbiX B Rgpo-aKt.tenTop, 
llOCKOJlbKy HYKJlOHbl nepeAaiOTC.R 8 8036YlKAeHHbte COCTORHM~ 1201; Ba-
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KYflOHOBCKaR 3Hepr~t~R CMCTeM~ a-4aCTH~a nn~C COnpRmeHHOe Rp;po; 

Erot - spalllaTenbHaR 3Hepr~t~R conpRmeHHoro Rp;pa. 4neHbl Qgg , 
0 (p) , o(n) , Ba 1-1 Eo He 3aBMCRT OT 3HeprMM a -4aCTM~bl M HX MOmHO 
o6"bep;~1HMTb B OAHH K03$<1lH~MeHT, 8 pe3yflbTaTe AflR w(Ea) nony4aeT
CR cnep;y~111ee s~pameH~t~e: 

w(Ea) <n Ea exp(-Ea:IT)exp(-Erot :IT). /51 

' Onpep;enR~IIIY~ ponb a $opM~t~posaHMM 3HepreT~t~4ecKoro cneKTpa ~t~rpaeT 
BTOpoi/i COMHOmMTeflb. 8 fTOflYilOrap~t~$MH4eCKOM npep;cTaBneHHM p;aHH~X 
OH AaeT flHHei1Hbll1 cnap; Ce4eHMR 06pa30BaHHR a -4aCTH~ C YBMH4e
HMeM 3HeprHH. HMeHHO TaKaR· $opMa cneKTpa xapaKTepHa p;nR Hepas
HosecH~x a-4aCTMq. 

"TeMnepaTypa", onpep;eneHHaR no HaKnoHy 3KcnoHeH~ManbHol1 4acn1 
3HepreTM4ecKoro cneKTpa HepasHosecH~x a--4aCTM~, oKa3anacb cy
llleCTBeHHO BbiWe, 4eM AllR pasHoBeCHbiX. 3Ta oco6e~~HOCTb 3HepreTM4e
CKMX cneKTpOB HepaBHOBeCHbiX a-yaCTI-14 Aana T01140K AllR pa3pa60TKM 
Mop;em1 noKallbHOro Harpeea (hot spot) 30Hbl nepeKpbiTI-IR nosepxHocTeili 
B3ai-!MOAel1cTBY~li\HX RAep/2 5/, 

B paMKax npeAilaraeMoili MOAenH o6pa3oBaH~t~R HepasHosecHbiX a-
4aCTM~ noB~WeHMe 11 TeMnepaTypb111 OKa3biBaeTCR 4HCTO KMHeMaT~t~4eCKMM 
3.$eKTOM. . 

_ nat 40 113 paccMoTpeH~t~R noTeH4~t~a!lbHOH 3Hepr~t~H c~t~cTeMbl Ag + Ar 
I PHC. 8! BHAHO, 4To $OpM~t~posaH~t~e a - KnacTepHoili KOH$H rypaq~t~H ,LVIC 
conpoeomAaercR B~AeneHMeM 3Ha4~t~TellbHOI1 3Hepr~t~H /-40 M38/. 5onb
wyiD 4aCTb 3TOH 3HeprMI1 nony4aeT a -yacT1-14a. 0603Ha411M 3TY 4aCTb 
Eat ,KpoMe Toro, B nC a-4aCTMqa 06IlaAaeT TaKme KMHeTI14eCKOH 
3Heprl1eH OTHOCHTellbHOro ABMmeHHR Eai. C KamAOH 113 3TMX 3HeprMH 
CBR38H 'onpeAelleHHbiH 1-!Mnynbc Pat M Pai . KoHe4HaR 3HeprHR a-
4aCTM~bl- npOAYKTa MHOrOHYKilOHHOH /MaCCHBHoA/ nepeAa4M Ea,onpe~ 

Aem1TCR cnomeH!-1eM 3TMX 1-!Mnynbcos. Ec1111 OTHOWeHI-ie Ea 1 :IE at o6o3-
Ha4MTb 4epe3 X, TO 

Ea =Eat (l+X +2yxcos.p), !6! 

-'- .... .... T -rAe ~- yron MemAY seKTopaMH Pat 11 Pat . 04HbiH pac4eT Hanpasne-
HI111 Pat 11 Pal npeACTaanReT cnomHy~ 3aAa4y,. MomHo BbiCKa3aTb PRA 
coo6pameHHH s noJlb3Y 6nH30CTH HX HanpasneHHH. CAenaeM npeAnono
meHHe 06 MX KOilll11HeapHOCTH. TorAa COOTHOWeH!-1e /6/ nony4HT BMA: 

Ea =Eat (l+X+ 2/X). 171 

Ha 3HepreTH4eCKHH cneKTp a-4aCTH4, OnHC~BaeMbiH COOTHOWeHHeM /5/, 
3TO noen11ReT cneAY~IIIHM o6pa3oM. Ec1111 3HepreTH4eCKI111 cneKTp ~t~3o-

6pameH B nonynorapH¢MM4eCKOM MaCWTa6e, TO npOH30HAeT CMellleHHe 
BCex T04eK BAOilb WKaJlbl 3Heprl1i1 Ha ¢aKTOp (l+X +2/"x). TaKoe CMe
llleHI1e npi1BeAeT K BI1A11MOMy yBeJlM4eHH~ TeMnepaTypbl, onpeAe!lReMOH 
HaKJlOHOM 3KCnOHeHq11aflbHQ.::i qaCTI1 3HepreTI14eCKOrO cneKTpa /pi1C. 12/. 
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PHc.12. H3MeHeHHe HaKnoHa sKcno
HeH~HanbHOH ~aCTH 3HepreTH~eCKOro 
cneKTpa a -~aCTH~-npop;yKTOB MHoro
HyKnOHHb!X nepep;a~, B SaBHCHMOCTH 
OT oTiwmeHH.fl E 1 /Eat•·X, I. x = 0, 
T = 2. 0; 2. X= ~, 1 ; T= 3, 9; 
3.x= O,S;T= 5,9; 4.x= 1,0; 
T = 8, 0. T - TeMnepaTypa n MsB, 

onpep;eneHHa.fl no HaKnoHy 3HepreTH
~eci<aro cneKTpa 191. 

PHc. 13. TeMnepaTypa, nony~eHHa.fl h. 
- , 4 no HaKnOHY 3KCnOHeH~HanbHOH ~ 3 

,_-2 

1 
~aCTH 3HepreTH~eCKHX cneKTpOB 
npOTOHOB, ,t~eHTOHOB H a -qaCTH~ 
B peaK~H natAg+ 40Ar =285 MsB(8! W W M ~ ~ ® ~ ~ ~ 

~H.,rPAA-

3To csoeo6pasH~~ p;onnnepoecK~H 3¢¢eKT AnR TeMnepaTyp~, CBR3aH
HbiH C MHOrOHyKnOHH~M CTaTI1CT~4eCK~M nepeXOAOM ~3 AB11mylllerOCR 
RApa. noJlb3YRCb onT~4eCKOH TepMHHOilOr~t~eA, 3TOT 3¢¢eKT MOmHO Ha-
3BaTb $110fleTOB~M CMellleH~eM. 

M~ npHBeAeM 3KcnepHMeHTanbHble AaHHble., KOTOpble yKas~sa~T Ha 
TO, 4TO 3aMeTHOrO noB~WeHHR TeMnepaTyp~ npH o6pa30BaHI1~ HepaBHO
BeCHbiX a -4aCTH~ He npoHCXOAHT. HaKnoH nHHH.::i 3IleMeHTOB a Qgg -
CHCTeMaT~t~Ke xapaKTepM3yeT TeMnepaTypy CHCTeM~. ECilH nerKMM ¢par
MeHTOM peaK~H~ MHOrOHYKflOHHbiX nepep;a4 RBilR~TCR RApa 3He, 4 He , 
6 

He, TO ·ecR 3HeprHR Tennosoro B036ymAeHI1R OKa3~BaeTCR COCpeAOT0-
4eHHOH B ConpRmeHHOM TRmellOM RApe, H TeMnepaTypa OTHOCI1TCR ~MeH
HO K 3TOMY RAPY· Ha PHC. 13 noKasaHa Befli14HHa TeMnepaTypbl, pac
C4HTaHHaR no 3KCnOHeH~HaflbHOMY cnaAY 3HepreTH4eCKHX cneKTPOB 
a.-4aCTH~,·AeiliTOHOB H npoTOHOB 113 peaK~HH natAg+ 40Ar/285 M3B/. 

BHAHO, 4TO B nepeAHHX yrnax AflR a -4aCTH4 OHa B03pacTaeT AO 
6 M38. Ha pMc.14 npeACTasneH ¢parMeHT Qgg-cHCTeMaT11KH AflR M3o
Tonoe 

4
He H 6 He, 3aperHcTpHpoeaHHbiX a TOH me peaK~HH. B11AHO, 4TO 

HaKnOH flHHHH, COeA11HRIOIIIHX Ce4eHHR o6pasoeaHMR 4He H 6 He, OCTaeTCR 
npaKTM4eCKH nOCTORHHbiM BO BCeM HHTepeane yrnoa, BKfl~4aR nepeAHHe. 
TeMnepaTypa CHCTeMbl, nony'-!eHHaR H3 3Toro HaKnoHa, pasHa 2,1 M3B, 
4TO coanap;aeT c TeMnepaTypoA cocTaBHoro RApa, onpeAeneHHoA no 
3HepreTH4eCKHM cneKTpaM npOTOHOB. 06paTMM BHI1MaHHe Ha TO, 4TO 
Qgg -CHCTeMaTHKa AllR 1130Torioe ren11R RBilReTCR YHHKaJlbHbiM11TepMo
MeTpOM11 AflR H3MepeHI1R TeMnepaTyp~ CI1CTeM~ B HepaBHOBeCHbiX npo
~eccax. 
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PHc • I 4 • <l>parMeHT Q gg -
CHCTeMaTHKH ce~eHHH 06pa, 
sosaHHH 4 He H 

6 He p;mr pas
JIH~HbJX yl'JIOB BblJieTa B pe
aK~HH 197Au+ 40Ar/292 MsB~, 
ncK 161. 

6. 05PA30BAHHE BWCOK03HEPrH4HWX a-4ACTHU 

B paMKax npeAJlO>KeHHoill MOAem1 3MHCCHH HepaeHoeecHbiX a:-4acTHI.I 
B npoMe>KyT04H~X CTOJlKHOBeHHRX non~TaeMCR HHTepnpeTMpOBaTb Mexa

,HI-13M o6pa30BaHMR B~COK03HeprM4H~X a-l.laCTI-11.1 C 3HeprMeill, npH6JlM
>Ka~~e~CR K KHHeMaTH48CKOMY npeAeJly, OnpeAeJ1R8MOMY 3aKOHaMH co
XpaHeHHR 3HeprMH, HMnyJlbCa H yrnoaoro MOMeHTa CHCTeM~. 3KcnepH
M8HT~ no H3Y48HH~ B~COK03HeprH4H~X a-4aCTHL\ OnHCaH~ a 1261Teo
peTH48CKHe MOA8J1H MX o6pa3oBaHHR - B/27/, 

BbiCOK03HeprH4Hble a-4aCTHL\bl e6m13H KHHeMcfrM4ecKoro npeAena 
MoryT o6paaoeaTbCR npH nepeAa4e ecex HYKJlOHOB HaneTa~~ero RApa, 
KpOMe HYKJlOHOB ls -o60J104KH, B cna60B036Y>KA8HHbl8 COCTORHHJ'l KO
H84HOrO RApa npH yCJlOBHH, 4TO npot~eCC nepeAa4H HYKJlOHOB He co
npOBO>KAaeTCR AHCCHnal\Heill KJ.1H8TH4eCKO~ 3HeprHH CTOJlKHOBeHHR. 4e
Tblpe HYKJlOHa ls-o60J104KI-1 Q>OpM[-1PY~T BbiCOK03Hepri-14HY~ a -4aCTHL\Y. 
HMeHHO co4eTaHHe 3TMX ABYX co6~TMill o6ecne4HBaeT MaKCMManbHY~ 
KOHL\eHTpal\H~ HCXOAHOil! KHHeTM48CKOH 3HeprHH Ha BbiJleTa~~eH a -4ac

TI-1L\8. 
Ha nepB~H B3rJ1RA, MHOfOHyKJlOHHaR nepeAa4a 1-1 cna6aR AHCCHna-

1.11-lR KHH8TH48CKOH 3HeprHH - C06~THR, HeCOBMeCTHMWe B OAHOM npo-
1.18CCe. Aeil!cTBHTenbHO, nepeAa4a 6onbworo 4Mcna HYKJlOHOB Tpe6yeT 
3Ha4HT8JlbHOro nepeKpWTMR noeepXHOCTe~ CTaJlKMBa~~MXCR RAep, 4TO 
H8J.136e>KHO B8A8T K I-1HT8HCI-1BHO~ AHCCHnat~~M KI-1H8TH48CKOH 3HeprHM 
CTOJlKHOBeHHR. 50JlbWaR 4aCTb 3TOil! 3HeprMH nepeXOAHT B TenJlOBOe 
B036Y>KA8HI-18 TR>K8JlOro RApa, H 3MHCCMR a-4aCTHL\ B6JlH3H KHHeMaTH-
48CKOro npeAeJla B 3TOM CJly4ae CTaHOBHTCR HeB03MO>KHOH. 

16 

J 

r 
d 
' 

l 
,I 

II 

2~. +232Th, 9na6'•12", Enas•17ZM-.B 

I' I, I'.'' I' I I I 
I ' I ' I t I .J 111c 

, "i:.:. , I"• . ~ 

., ~ I~ I·~ 
[\1 /~"· t);A ~L ~~ I ' 

- ' r 0. { I"• );\ t· If\ (\ {\ 
.!!. /138 

V' ~\-" 
10-61 

w-71 

w·& 

-0. (M3i!l J-0.(M3Bl 
'l'•'f'\1f ~~··'I' l'f o1l'o'l' I,,, 
am~row~~G~~~~ 

E~(Md) 

PHc.IS. 3HepreT.H~eCKHe cneKTphl 
H30TOnOB 6epHJIJIHH, 6opa H yr
Jiepop;a - npop;yKTOB MHOI'OHyK
JIOHHhlX nepep;aq, B peaK~H 
232Th+ 22Ne I! 72 MaB/ B CIJ,M. 

CTpem<:aMH yKasaHbi BhlXOp;HbJe 
KYJIOHOBCKHe 6apbephl/2SI. 

PH·c. 16. CxeMa CJIOJKeHHH BeKTo
poa BHYTPHHp;epHOH H nepeHOCHOH 
·cKopocTeil HYKJIOHOB, nepep;aaae
MhJX H3 HaJieTaiOII\el'O Hp;pa B Hp;
po-MHWeHb, Bep;yii\aH K KO~eH
Tpa~HH KHHeTHqeCKOH 3Hepl'HH 
CTOJIKHOBeHHH Ha Jiel'KOM ~par
MeHTe. 

-~- VHyKn. a RApe 

P aCCMOTpHM 3HepreTH4eCKHe cneKTPbl MHOrOHYKJlOHH~x· nepeAa4. 
npHMep TaKMX cneKTpoe AJlR peai<L\MM 232 Th +22 Ne I 172 M3BI npHse
AeH Ha pMc. 15/28! HaH6onee sepoRTHaR 3HeprHR I MaKCMMYMbl 3Hepre
TH4eCKHX cneKTpoel cooTBeTcT'eyeT BbiCOTe BbiXOAH~X KYJlOHOBCKHX 
6apbepOB - 3TO OAHa 1-13 xapaKTepH~X oco6eHHOCTe~ rHn. 3HeprHH 
HH>Ke KYJlOHOBCKOr6 6apbepa CBR3~Ba~T c Ae<PopMat~MeH ARC. npMCyT
CTBMe B cneKTpe npOAYKTOB C 3HeprHeH, cy~eCTBeHHO npeBbiWa~~eH 
B~XOAHOH KYJlOHOBCKHH 6apbep, CBHAeTeJlbCTByeT 0 B03MO>KHOCTH pea
JlH3aL\HH MHOrOHYKJlOHHbiX nepeAa4 B YCJlOBMRX cna6oH AHCCHnat~MH 
KHHeTM4eCKOH 3HeprMM CTOJlKHOBeHHR. KaK MO>KHO BMAeTb M3 pMc. 15, ' 
BbiCOK03HeprH4HaR 4aCTb cneKTpa 12C TRHeTCR BnJlOTb AD 3HeprHH 
130 M3B. 3Ta 3HeprHR COOTBeTCTByeT 10,8 M3B Ha HYKJlOH npM HCXOA-
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HOH 3HeprHH Ha HyKnoH 7,2 M3B. B~neT npOAY~TOB peaK4HH noA yr
noM 12° OSHa4aeT, 4TO npou,ecc nepeAa4H HyKnOHOB npOXOAHn B yc
nOBHHX HHTeHCHBHoro HAepHoro esaHMOAeHCTBHR. TonbKO HAepHoe 
npHTHmeHHe MOmeT B~3BaTb SHa4HTenbHOe OTKnOHeHHe TpaeKTOpHH 
npOAYKTa peaK4HH nepeAa4 B CTO~OHY Man~X yrnoe. TaKHM o6pa30M, 
MHOrOHYKnOHHaH nepeAa4a H cna6aH AHCCHna4MH KMHeTH4eCKOH 3Hep
rHH MOryT OKaSaTbCH COBMeCTHM~MH co6~T~HMH. npH4MHa 3Toro ne
mHT, Ha HaW BSrnfiA, B SHa4MTenbHbiX ¢>nYKTYa4MfiX noTepb KHHeTM4e
CKOH 3HeprHI-1 CTOnKHOBeHI-!H B peaK4HfiX MHOrOHyKnOHHbiX nepeAa4. 
3TH $nYKTya41-11-1 o6ycnoeneH~ CTaTHCTI-!4eCKI-!M xapaKTepOM np04ecca 
nepeAa4H 3HeprHI-1 1-1 HyKnOHOB. 6onbwaH AI-!Cnepci-!H 3HepreTI-!4eCKI-1X 
noTepb AenaeT BOSMOmHOH, XOTH 1>1 C BeCbMa ManoR BepOHTHOCTbiD, 
MHOrOHYKnOHH~e nepeAa41>1 6es SaMeTHOH AI-1CCHna41-11-1 KI-1HeTI-!4eCKOH 
3HeprHH CTOnKHOBeHI-!fl. 

Cy~ecTeyeT ABa HCT04HHKa e~cOKOH 3HeprHH a-4aCTH4: Q-peaK-
41-lH H KHHeTH4eCKaH 3HeprHH HaneTaiD~ero f!Apa. KaK MOmHO BI-!AeTb 
HS PHC. 8, o6paSOBaHHe a -48CTH4bl sa C4eT MHOrOHyKnOHHbiX nepe
Aa4 conpoaomAaeTcfl B~AeneHHeM 3HeprHH a HecKonbKO AeCf!TKOB M3B. r 

KHHeTH4ecKafl 3HeprHR HaneTaiD~ero HAPa np~-1 nepeAa4e HYKnOHOB 
B cna6oeos6ymAeHH~e COCTOHHHfl fiApa-MHWeHH KOH4eHTpHpyeTCfl Ha 
nerKoM npOAYKTe peaKI.\MH, ecnH npou,ecc nepeAa4H HyKnoHoa ocy~ecT
BimeTcH npH npOTHBOnonomHOM HanpaaneHHH HX BHYTPMHAepHOH H ne
peHOCHOH CKOpOCTei1 /CM. pHC. 16/. 

3aMeTHM, 4TO npH TaKOH CHTYa4HVI nepeAaBaeMbiH HyKnOH AOnbwe 
BCero HaXOAHTCfl B SOHe 110KOWKa 11

, COeAHHfiiD~ero BSaHMOAeHCTByiD
~He HApa. MomHo omHAaTb, 4TO yrnoaoi1 MOMeHT, nepeAaeaeM~i1 HAPY
MHWeHI1, B TaKHX nepeAa4aX 6yAeT He6onbWHM . .[\aHHble 3Kcri'epHMeHTOB 
no 1-!SMepeHHID MHOmeCTBeHHOCTH y-KBaHTOB B SaBHCHMOCTH OT 3Hep
rl-!1>1 a-4aCTH4~ HaXOARTCR B cornaCHH C 3THM B~BOAOM/eB/, 

7. BbiBO,Libl 

1. B rny6oKOHeynpyrHx H npoMemyT04H~x cTonKHOBeHHRX c yrno
B~M MOMeHTOM e oKpecTHOCTRX PKp. npH 3HeprHH HOHOB AO 10 M3B 
Ha HyKnoH H Macce HOHOB, He npeBbiWaiD~ei1 Macey HApa 40Ar, rnae
H~i1 BKnaA B Ce4eHHe o6paSOBaHHR HepaBHOBeCH~X a-4aCTM4 AaiDT 
MHOrOHYKnOHH~e nepeAa4M, B KOTOp~X RAPY-MHWeHH nepeAaiDTCR ace 
H~KnOHbl HaneTaiO~ero fiAPa, KpOMe 4 HyKnOHOB ls -o6on04KM. nocneA
HHe $OPMMPYIDT HepaBHOBeCHYID a-4aCTM4Y· 

40 
2. B peaK4MRX c MOHaMH Ar a ce4eHMe o6pasoaaHMR a-4acTM4 

c CMMMeTpi-14H~M a CUM yrnoe~M pacnpeAeneHMeM SHa4HTenbH~i1 BKnaA 
AaeT pacnaA a.-KnacTepHoi1 A~C, $opMHPY~~ei1cR a npo4ecce 3BOniD-
4MH 'cHCTeMbl B HanpaeneHI-!M nonHoro cnMfiHHR, HO npeAWeCTByiO~eH 
o6p'asoeaHHID COCTaBHOrO RApa . .L\nfl CMnbHOAenR~MXCfl flAep TpaHcypa
HOB~X 3neMeHTOB 3TOT MeXaHM3M 06paSOBaHMR paBHOBeCH~X a-4aCTMU, 
f!BnHeTCH AOMMHMPYIO~HM. 
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3. 8 npOMemyT04H~X CTOnKHOBeHHHX C 4aCTM4HOH AHCCHnai.\HeH 
KMH8TH4eCKOH 3HeprHH peanHsyeTCH cne4M$H4eCKMH AnR TRmen~X,HO

HOB MeXaHHSM HAepHOH peaKU,MM, npeACTaBnRIO~MH co6oi1 nocneAOBa
TenbHbiH /p6on04Ka sa o6ono4KOH/ MHOrOHyKnOHHbiH KBaHTOBb~ nepe
XOA B pasnH4H~e COCTORHHR KOHe4HOrO HApa, nOA4HHRIO~HHCR CTa
TMCTM4eCKOH SaKOHOMepHOCTH. 

4. noBbiWeHHaH TeMnepaTypa AnH HepaBHOBeCHbiX a -4acn1U,, nony-
4aeMaR M3 HaKnOHa 3KCnOHeH4ManbH~X 4aCTeH 3HepreTM4eCKMX cneKT
pOB a-4aCTM4 nOA Man~MH yrnaMH, MOmeT 6~Tb KMHeMaTM4eCKHM 3$
$eKTOM - MHOrOHYKnOHHOH 11MaCCMBHOH 11 nepeAa4eH B ycJ10BHRX Henon
HOH AHCCHna4HM KHHeTH4ecKoi1 3HeprHH CTOnKHOBeHHR. 

5. BbiCKaSbiBaeTcR npeAnonomeHHe, 4TO BbiCOK03HeprH4Hble a -4ac
THI.\bl c 3HeprHei1 a6nH3H KMHeMaTH4ecKoro npeAena MoryT 6b1Tb npo
AYKTaMH MHOrOHyKnOHHOr::i 11MaCCMBHOH 11 nepeAa4H B cna60B036ymAeHHble 
I " COCTORHMR ~OHe4HOrO flApa, npoTeKaiQ~eH B CTOnKHOBeHMRX C yrnoB~M 

MOMeHTOM B6nM3M KpMTM4eCKoro (f- fKp,), HO 6e3 AMCCHnai.\MH KMHeTM-
4eCKOH 3HeprMM. TaKHe cTOnKHOBeHMR aosMomHbl 6naroAaPH SHa4HTenb
Hoi1 aenM4MHe CT8TMCTH4eCKMX $nyKTyai.\MH noTepb KMHeTM4eCKOH 3Hep
rHM B MHOroHyKnOHH~X nepeAa4aX. 

' 
B saKnl04eHMe aaTop npMHOCMT rny6oKyiO 6naroAapHOCTb aKaAeMMKY 

r.H.$nepoey sa CTI-!MynHpyiO~MH MHTepec K HCCneAOBaHMRM MeXaHM3MOB 
o6pasoaaHMR nerKMX sapRmeHH~x 4aCTMI.\. 
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9 ceHTR6pR 1982 roAa. 

lonMOa 8.8. P7-82-661 
...... T nerKMX aap•IIIHIIX 'taCTM" a IMNIK4MIIX C T ......... MOHaMM 
M IIIIMMO,QeAcnite ..,._., 

PaCCMaTPMNeTCII ni)OC5neMe oCJpaaoaaltMII nerKMX Up.-8MHIIX 'laCTMq I peaK• 
IIMIIX C TaenWMM MOMIMM nPM :tHeprMM CTOmCHOII .... II 1/P 10 M88 Hll. H)'ICIIOH M IWTe• 
KaiOIIMe OTCIOAII lllolaG,qM 0 BlaMMOA8ACTIIIoiM Aa1JC CJ1CIIItWX lfAep. 0ptlrMtta.nloMOCn nQA• 
JCOAa COCTOMT I CGnoCTaMeHMM OCMOIHWX :tKCJ1ef)MMeHTMioHIIX xapaKTePMCTMK: 
yrnoawx pac:npeAeneHMA, C8'18HMA oCJpaaoaaaHMA M:toTono., MtepreTM'IeCIOIX c:neKT
poa nerKMX aaplllleHHWX 'laC:TMII M TMnM'IHIIX f'II)OMKTOa MHOrOH)'ICIIOHIWJC nepe,qa'l. 
,llenaeTC:.II .. BOA 0 AO"IHMP11011leM IKnaAe MMOrOH)'ICIIOHMIIX nepe,qatf I C8'1eHMe oC5pa• 
30iaHMII HepaaHOaec:HWX a-&~ac:TM&Io B 3TOM npoqec:c:e IIAP1-M...eH.. n•~CII 
ac:e HYKnoHiol HaneTaiOIIIero IIAPa, KpOMe 4 H)'KnoMOI 11-oGono'IIOI, ICIOTopwe M 
~I»>MPYIIT HepaaHOaeC:HYJII a ·'4aC:TMII1• 06plllll8eTCII IHMMaHMe Hll ...... aKnaA 
MHOrOHYKnOHHWX nepeA8'1 a C:e'leHMe o6paaoeaHM.II PIIHOieCHWX •·'IICTMII a ptNIK• 
qM.IIX C: MOHaMM 40Ar. nP8AnaraeTC:.II MOAenlo o45paaOUHMII -.c:oacoaNeprM'IHIIX • • 
'laC:TMII 3a C:'leT MHOrOH1KnOHHOro nepeXOAa I cna5oaoa6Y*A8HHMe COCT~HMII KOHI'I• 
HOro IIAPa I yc:no&M.IIX c:na6oM AMC:C:MnaqMM KMHeTM'IeC:KOA 3HeprMM CTQnKMO .. HMII. 

Pa6oTa awnonHeHa a na6opaTopMM AAepH~x peaKqMA OM~M. 

Coo&leHMe 015MAMHeHMOrO MHC:TMTYTa IIA8PHWX MC:C:IIeAOUitMAo b&ta 1982 

Volkov V.V. P7-82-661 
Emission of Light Charged Particles In Heavy lon Reactions 
and Interaction of Two Nuclei 

The problem of production of light charged particles In react.lons with 
heavy Ions for energy less than 10 MeV per nucleon Is analysed. In connection 
with the problem of the Interaction of two complex nuc:l~l. The originality 
of the approach consists In comparing the ~In experimental c:haracterlstlc:s 
of light charged particles and typical products of multlnuc:leon transfer 
reactions: angular distributions, energetic: spectra and Isotope production 
cross sections. The c:onc:lusion Is made about dominating multlnuc:leon transfer 
reactions In production of nonequlllbrium light charged particles. In this 
process a target nucleus hets all nucleons of the projectile, except of 
4 nucleons of h. shells\whlch form nonequlllbrlum a -particle. It Is empha
sized that multlnuc:leon transfer reactions with 40Ar Ions make Important 
contribution Into the production cross section of equlllbr.lum a-particles. 
The model Is proposed for a mechanism of high energy particle production. 
These are the result of multl~uc:leon transfer to low excited states of a fi
nal nucleus In collisions ~lth small dissipation of kinetic: energy. 

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