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'leHHe $parMeHTaD;HH JIBnJIIOTC.II $yHKD;HeH MHHHMallbHOH 
perHCTpHpyeMOH 3HeprHH. 

3. 3Hepze111U'l€CKU€ cneKliiPbl 

Mo)KHO CKOHCTpyHpoaaTb 3HepreTH'IeCKHe cneKTPbi.IJ.aH
Horo cl>parMeHTa, HcnycxaeMoro HJ .n.syx Jl)J.ep-HJOTonoa, 
HanpHMep 12c H 14C . 113 pa6oT /s,13/ cne.n.yeT, 'ITO aF( 

3
He) 

t60 B Jl)J.pe 12C paBHO 145±8 1132±141 M3B/c, a B Jl)J.pe 
1 156±2 M3B/c. Ycpe)J.HJIJI a F H HHTepnonHpyJI Me)K.IJ.Y 
2c H 16o , nonyqaeM JHa'leHHJI a F ( 3 He ) paaHbiMH 142 H 

150 M3B/c ,ZJ,llJI Jl)J.ep 12C H 14 C COOTBeTCTBeHHO C y'leTOM 
He6onLwoii nonpaaKH qi , paaHoii -3 M3B/c. IlpHHHMaJI 
BO BHHMaHHe COOTHOWeHHe 1121 ,HaXO)J.HM , 'ITO 3HepreTH
'IeCKHH cneKTP $parMeHTOB 3 He , nony'leHHbiX HJ JI)J.ep 
12C , 6onee MJirKHii, 'leM cneKTP Tex )Ke $parMeHTOB, no

ny'leHf:bli H3 Jl)J.ep 14C . 3TOT 34>cl>eKT 6blll JaMe'leH B pa-
6oTe 16 )J.llJI H30TOllOB - MHWeHeii l 0B H l1 B H JIBllJleTCJI 
xapaKTepHbiM H )J.llJI 6onee TJI)KellbiX $parMeHTHPYIOI:o;HX Jl)J.ep. 

HanpaaneHHe q JI)J.pa-oT.n.a'IH, ccl>opMHpoaaHHoe .n.H
$paK:o;HoHHbiM npo:u;eCCOM BJaHMO)J.eHCTBHJI nepBH'IHOH 'laCTH
D;bl C Jl)J.pOM- MHWeHbiO, onpe.n.enJleT )KeCTKOCTb 3HepreTH'Ie
CKHX cnexTpoa. HaH6onee )KeCTKHii 3HepreTH'IeCKHii cneKTP 
llOJIBllJleTCJI no.n. yrnOM, COOTBeTCTByiOI:o;HM MaKCHftYMY 
a yrnoaoM pacnpe.n.eneHHH $parMeHTOB. 3xcnepHMeHT 14 ·17/ 
yKa3biBaeT Ha )J.eHCTBHTellbHOe Cyi:o;eCTBOBaHHe TaKOH JaKo

HOMepHOCTH. 

4. ci>yHKIIUJI 6036yJICO€HUJI 

cl>yHKD;HJI B036y)K)J.eHHJI CTpOHTCJI no aHanorHH C lll06biM 
.n.syxqacTH'IHbiM npo:u;eccoM, onpe.n.en.11eMbiM noporoM pe
aK:o;HH Q IHanpHMep, c .n.eneHHeM Jl)J.epl 

-~ 
t3Ft 

at ( F 1 • T KHH • ) - e e 
T 

p(Q gg +U*) 

1151 

npH U* >- Q gg • 

at (F1, TKHH _) = 0 npH U*< -Q 
gg 1161 

CymecTBYJOI:o;He 3KcnepHMeHTanbHble .n.aHHble cooTBeTcTay
JOT OnHCaHHIO no $opMynaM 1151 H 1161. JIJ puc. J H 2 
BH)J.HO, B KaKOH nocne)J.OBaTellbHOCTH H C KaKHM BbiXO)J.OM 
)J.Oll)I{Hbl nOJIBll.IITbCJI $parMeHTbl npH H3MepeHHH $yHKD;HH 
aoJ6y)K)J.eHHJI IHanpaaneHHe - Q g g I. 

10 5. 3K30111U'lecKue .110pa. He 

Mo.n.enb K,lJ;q pacna.n.a npe.n.cxaJblaaeT cymecTaoaaHHe 
paJHoro po.n.a 3KJOTH'IeCKHX xoppenJI:o;Hii THna 2n , 2p , 

4 He , 4 He+ p H T . .n.. 3HepreTH'IeCKHii cneKTP H ce'leHHe 
o6paJoBaHHJI "KBa3H$parMeHTOB" HeTpy)J.HO npe)J.CKa3aTb 
a paMxax Qgg-t3- CHCTeMaTHKH. Mo:>KHO npe.n.cxaJaTb 
3HepreTH'IeCKHH cneKTp H Ce'leHHJI o6pa30BaHHJI eme He
H3BeCTHbiX H30TOnOB, Cpe)J.H KOTOpbiX HaH60llbWHH HHTepec 
npe.n.cTaanJieT Jl.IJ.PO lOHe. 

IloHcKy 10 He a peaK:o;HJIX MHoroHyKnOHHbiX nepe.n.aq 
nocaJimeHa pa6oTa Its/. Ce'leHHe Bbixo.n.a 10He a peax:o;HH 
15 N + 232Th paCC'IHTbiBanoCb Ha OCHOBe Q gg- CHCTeMa
THKH. B .n.pyrHX pa6oTaX no nOHCKy 10 He C''le,He BbiXO)J.a 
He paCC'IHTbiBallOCb lcM. CCblllKH B pa6oTe 1S 1. 0TpH:o;a
TellbHbiH peJynLTaT pa6oTbl Its/ He .IIBnJieTCJI y6e.n.HTenL
HbiM $aKTOM B nOllb3Y HeCTa6HllbHOCTH lOUe.JIJ-Ja Manoii 
3HeprHH CBJI3H OTHOCHTellbHO pacna.n.a C HCnyCKaHHeM 2-x 
HeiiTpOHOB (E 20 ) BellH'IHHa Ce'leHHJI o6pa30BaHH.II CTa-
6HllbHOrO Jl)J.pa 14Be I E 2n = -0,4 M3BI OTKllOHJleTCJI OT 
Q gg - t g - CHCTeMa THKH B 25 pa3. ,lJ;nJI CTa6HllbHOro Jl)J.pa 
6He I E 2ll .. -0,91 M3BI 3Ta aenH'IHHa MeHbWe npe.n.

cxaJblaaeMoH a 2 pa3a npH T = 3,05 M3B H a 4 pa3a npH 
T =9,2 M3B. HH)KHHH npe.n.en no Bblxo.n.y10He,nonyqeHHblii 
B pa6oTe /ts/ , B 8-10 pa3 MeHbWe, 'leM O:>KH)J.aeTCJI B 
Qgg - t 3 -cHCTeMaTHKe, ll03TOMY He06XO)J.HMbl HOBble 
3KCnepHMeHTbl C perHCTpa:u;Heii Ce'leHHH no BbiXO.IJ.Y lOHe 
IH 12 He I a 10 2 pa3 HH)Ke .n.ocTHrHyToro ypoauJI. 
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ABilCH'IHKOB B.B. I - ll263 
Moaenb ¢parMeHTaUHH H SlllepHbiH CKellnHHr 

DpeanaraeTCSI MOilenb HepaeuoaecHoro KBS3I!llBYX'IaCTR'IHOro pacnana 

llfiSI OfiHCSHHSI npoUeCCa ¢parMeHT8UIIII Slllep BO BCeM llH8fi830He 811epreTJI

'ICCKHX cneKTpoe ¢parMeHTOB, B TOM '!Hcne CKeiinnuroBbiX. PaccMOTpeHbi 

CfiellCTBRSI, npeiJCK838HIISI MOilefiR H MeX8H113M ¢parMeHT8UHH, llony'!eHa 

CRCTeM8THKa Ce'!eHRH KB83RilBYX'I8CTR'!HbiX npoueccoB. 

Pa6ora BbiiiOnHeHa B na6oparopRR Bb!COKRX 8HeprRH 011 HYI. 

npenpKHT 06'bCilKHeHHOrO KHCTKTyTa SlllepHblX HCCfiellOB8HHii. fiy6Ha 1978 

Avdeichikov V.V. 1 - 11263 
Fragmentation Model and Nuclear Scaling 

A model of nonequilibrium quasitwoparticle decay is suggest
ed for the description of the nuclear fragmentation process within 
the whole range of fragment energy spectra, including scaling ones. 
The consequences, predictions and mechanism of fragmentation are 
considered. A systematics for quasitwoparticle process cross sec
tions has been suggusted. 

The investigation has been performed at the Laboratory 
of High Energies, JINR. 

Preprint of the Joint Institute for Nuclear Research. Dubna 1978 

© 1978 06be!lHHeHHbliJ UHCTHTyT fl!lepHbiJC HCCRellOBBHHif Jly6HB 

/. BBEAEHHE 

B uacTO.IIIUee apeM.II a CBII3H c aonpocaMH o npHpo.D,e 

np.IIMbiX npoueCCOB H KJiaCTepHOH CTpyKType JI.D,ep B JIHTe· 

paType WHpOKO OfiCy)I{.D,aeTCJI MeXaHIJI3M B3aHMO.D,eHCTBHJI 

'laCTHU H JI.D,ep BbiCOKOH 3HeprHH C JI.D,~MH/H CHCTeMaTHKa 

npo.D,yKTOB HeynpyrHX BlaHMO.D,eHCTBBH 
1

-
3 

. 

Onpe.D,eneHHbiB ycnex a CHCTeMaTHKe ceqeHHH o6paJo· 

BaHHJI OCTaTO'IHbiX JI.D,ep /4/ nocpe.D,CTBOM annpOKCHMaUBB 

THna Py.D,CTaMa HHHUHBpOBaJI BHHMaHHe K KaCKa.D,HO"HCfia· 

pHTeJibHOH H KaCKa.D,HO"BlpbiBHOH MO.D,eJIJIM paciUenneHHH 

JierKHX JI.D,ep npH BbiCOKHX 3HeprHJIX nepBH'IHbiX 'laCTHU. 

B pB.D.e pafioT/5-7/ 6b1JIO nonyqeuo palyMuoe cooTBeTCTBHe 

H3MepeHHbiX Ce'leHHB ofipalOBaHHJI OCTaTO'IHbiX JI.D,ep C Bbl" 

'IHCJieHHbiMH no MO.D,eJIH KaCKa.D, + MHOrO'IaCTH'IHbiB pacna.D,. 

3aMe'leHHaJI aBTOpaMH pafioy/4,6/ Ka'leCTBeHHO Ba)I{HaJI pOJib 

H30TOnH'IeCKHX CnHHOB (t 3 ) JI.D,ep MHWeHeH BJI.D,ep·npo.D,yK· 

TOB B CHCTeMaTHKe afiCOJIIOTHbiX Ce'leHHH ofipa30BaHHJI 

OCTaTO'IHbiX JI.D,ep HaWJia, no MHeHHID aBTOpOB, ecTeCTBeH· 

HOe Ofi'bJICHeHHe B MO.D,eJIH KaCKa.D, + MHOrO'IaCTH'IHbiH pac

na.D,, a HMeHHO: ofipa30BaHBe OCTaTO'IHOrO .a.D,pa C MHHH" 

MaJibHbiM 3Ha'leHHeM t 3 3HepreTH'IeCKH BblrO.D,HO C TO'IKH 

3peHHJI 3HeprHH, peaJIH3yeMOH Ha CTa.D,HH MHOrO'iaCTH'IHOrO 

pacna.D,a. Ho no.D.o6HbiB auaJIHl nonHbiX ce'leHHii o6pa3oaa

HB.II JI.D,ep·OCTaTKOB He .D,aeT B03MO~HOCTH flOHJITb .D,eTaJIH 

MeXaHH3Ma BlaHMO.D,eiCTBBJI H3·3a Manoi 'IYBCTBHTeJibHO" 

CTH pacqeTHbiX Be!. IH'IHH K BblfiOpy napaMeTpOB B3aHMO • 

.D,eHCTBH.II. IloHHMaHHe KnacTepuoB: CTPYKTYPbl .II.D,pa H aoo6-

IUe CTPYKTYPHble oco6euuocTH Jl.D,ep HaXO.D..IITCJI Ja paMKaMH 

MO.D,eJIH. 
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B AaHHOH pa6oTe npeAnaraeTc~ MOAenL ~parMeHTaUHH 
jqacTL I - nerKHe ~Apa, qacTL II - T~)KeJILie ~Apa/ ~Aep 
H MeXaHH3M ~OpMHpOBaHH~ ~parMeHTOB, B TOM qHCJie 
CKeHJIHHrOBLIX, Ha OCHOBe KBa3HAByxqacTHqHoro /K,[J,ll/ 
HepaBHOBeCHOrO pacnaAa ~parMeHTHPYIOIUero BApa. 06Cy)K· 
AaeTCB COOTBeTCTBHe MOAeJIH CyiUeCTBYIOIUeH 3KcnepHMeH· 
TaJILHOB HH~OpMaUHH. IIpeAnaraeTCB Q gg -t 3 • CHCTe· 
MaTHKa AJIB OnHCaHHB nOJIHLIX ceqeHHB ~parMeHTaUHH BACp. 
AHaJIH3HPYIOTCB HeKOTOpLie CJieACTBHB MOAeJIH. 

II . CHCTEMATHKA CEfJEHHH fPPAFMEHT~HH 
IIMAIOIJ!EFO Jl,l(PA 

XeKMaH HAP· /s/ nposens HccneAOBaHHe B3aHMOAeB:cT
BHB YCKOpeHHLIX BAep 12C /'lkMii= 2,10 H 1,05 T3B/HYKAOH/ 
H 1so 1 TKMH = 2,1 F3B/HYKAoH/ c BApaMH·MsmeHBMH 

H , Be , C , Al , Cu , Ag H Pb . IIPOAYKTLI ~parMeHTaUHH 
naAaiOIUeB qacTHULI perHCTpHpOBaJIHCL nOA yrJIOM 0° B 
TenecHoM yrne 12 Mpao. 

OcHOBHLie JaKoHoMepHocTH ~parMeHTaUHH BAep 12c, H 
160 CBOABTCB K CJieAYIOIUeMy. 

1. CeqeHHe ~parMeHTaUHH<ilaKTOPH3yeTc~, arr"'aB · A 1/ 4 

T.e. ceqeHHe B3aHMO,IJ,eBCTBHB JIAep pacnaAaeTCB Ha COMHO· 

)KHTeJIH, 3aBHCJIIUHC OT CBOHCTB ~parMeHTHPYIOIUero JIApa 
( a B) H CBOHCTB BApa • MHlliCHH (A) . 

2. PacnpeAeneHHe <llparMeHTOB no npOAOJILHLIM HMnynL
caM B CHCTeMe nOKOB <ilparMeHTHPYIOIUero BApa B MO)KeT 
6LITL npeACTaBJieHO B BHAC <iiYHKUHH raycca 

2 I 2 dN/dpll =a. exp ( -PII 2all ) . /1/ 

rAe plb- npO,IJ,OJILHa~ KOMno~eHTa HMnyJILCa an =<PII > . 
3. YIUCCTByeT He6onLmos CABHr B 3HaqeH~k < p II> 

<pll > = -0.5aPI! +30,0 M3B/c. /2/ 

4. PacnpeAeneHHB /1/ no npoAOJILHLIM H nonepeqHblM 
HMnyJILCaM COBnaAaiOT H all =al , qyo COOTBCTCTByeT HJO
TponHOMy pacnaAy ~Apa B B ero CHCTeMe nOKOJI. 

4 

5. 3aBHCHMOCTL all /HnH a .l. I OT Maccosoro HoMepa 
~parMeHTa F (F f. 1 ) MO)KeT 6LITL annpOKCHMHPOBaHa B BHAe 

2 2 2 all (F,B) ... 4a 0 F(B-F)/B /3/ 

rAe ao - ~HTHpyeMaJI nepeMeHHaB. 06IUHB xapaKTep JaBH· 

CHMOCTH a II (F ,B ) ~opMyJia /3/ OnHCLIBaeT AOCTa TOqHO 
XOpOWO, Te'M He MeHee OKOJIO 50<1o ToqeK OTKJIOHBIOTCB 
Ha 2:-3 CTaHAapTHLIX OWH6KH OT ~HTHPYJOIUeB KpHBOB. 

IIapa6onHqecKaJI 3aBHCHMOCTL an (F) THna F(B-F) ecTL 
cneACTBHe cTaTHCTHqecKOH AHnoTe3LI <llew6axa- XaHra /9/, 
KaK 3TO noKa3,HO B pa6oTe 10/ . 

B pa6oTe ll/cAeJiaHa nonLITKa npoaHaJIH3HposaTL AaH
HLie /s/ no ceqeHHBM o6pa30BaHHJI JIAep-ocTaTKOB (F~B/2) 
Ha OCHOBe MOAeJIH AH~paKUHOHHOrO B036Y)KAeHHB BApa B , 
HCXOAB H3 npeAnOJIO)KeHHB, qyo a/ BAPO B • BCerAa c~epH· 
qecKoe H 6/ AHaMeTp JIApa B 

dB =dF +dF +R, 
1 2 

/4/ 

--a rAe R - Q F
1 

- paCCTOJIHHe Me)KAY "KnacTepaMH" B 

JIApe B , Q F 
1

- 3HeprHJI CBB3H ~parMeHTa F 1 B RApe B 
H a > () • HeKOTOpLIB noArOHOqHLJH napaMeTp. MoAeJIL He 

onHCLIBaeT ceqeHHB ~parMeHTaUHH Aa)Ke .IJ.JIJI F1 > B /2 , HO 
BepHO OTpa)KaeT JaBHCHMOCTL a 2 (F, B), HCXOAB H3 rHno

Te3LI ABYXTeJILHOrO pacnaAa BApa B. 
MLI npeAJiaraeM ~OpMyny AJIJI onHCaHHB HHKJII03HBHblX 

cneKTPOB o6pa30BaHHJI ~parMeHTOB (B-1 >F> 1) B JI.C. /B 
cHcTeMe noKoJI <ilparMeHTHPYIOIUero JIAPa F (It*\)""' F(Uol),.,corBt, 

PJLc."" P Is BH,IJ,e: 

da/ dQ dp JIC 

- c (z) e 

~g 
T 

tsF 
e 

2 
p 

--~ 

p e 2
°F ,f(A)F(It*l), 

/5/ 

r,IJ,e Q gg ""M B -(M Ft +M F 2) - 3HepreTsqeCKHB 6anaHC pe
aKUHH; B cnyqae HecTa6HnLHOCTH <llparMeHTa F2 M F 2 = 
= f. M It'i . B cnyqae 4!parMeHTaUHH JIAeP 1

2 C H 1
6

0 s 
KOHeqHOM COCTOBHHH MO)KeT 6LITL OT 2- X AO 4- X npOAYKTOB, 
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Ka)K~biH H3 KOTOpbiX C'IHTaeTCR o6pa3yiOI.l{HMCR B OCHOBHOM 

COCTORHHH ( Q ground- ground ) • 

BenH'IHHa t 3 F =(Z F-N F )/2 H no CMblcny COBna~aeT 
CO 3Ha'leHHeM TpeTheH npoeKI.{HH H30TOllH'IeCKOrO CllHHa 

$parMeHTa F . 

f(A) =A l/4 /6/ 

T - 34lcileKTHBHaR TeMnepa Typa Bo36y)K~eHHoro R~pa B 

<l>aKTOp C (z) RBnReTCR BHyTpeHHeH xapaKTepHCTHKOH 

!}lparMeHTHPYIOmero R~pa, F ( 1 t *! ) = F ( U *. q 2 ) xapaKTepH

lyeT MeXaHH3M B3aHMO~eHCTBHH CTanKHBaiOI.l{HXCH R~ep, 

CMhlcn F ( 1 t * 1 ) paccMOTPHM no3)Ke, anoKa nycTh F ( 1 t*' i = 
= const . 

Ha puc. 1 H 2 npHBe~eHa CHCTeMaTHKa nonHhiX ce'leHHii 

!}lparMeHTal{HH R~ep 12C H 
160 npH B3aHMO~eHCTBHH C H~pOM 

12C B COOTBeTCTBHH C !}lopMynoii: /5/. 
06pal.l{alOT Ha ce6H BHHMaHHe 3 HCKnJO'IeHHH H3 npe~na

raeMOH CHCTeMaTHKH: 
6 He , 8 n H 13 B . 3TH HCKniO'IeHHH 

CBH3aHbl He C OC06eHHOCTRMH !}lparMeHTal{HH H~ep 12C H 

160, a c aHyTpeHHHMH cuoiicTBaMH !}lparMeHTOB 6 He H s B. 
,D;eiicTBHTenhHO, o6a H~pa HeycTOH'IHBbl K pacna~y npH 

O'leHh ManbiX 3HeprHHX B036y)K~eHHR. 

6 4 
He -. He +2n +Q gg , Q gg = -0,97 /7/ 

8 7 
B -. Be + p + Q gg , Q gg = -0,137 /8/ 

AHOManHIO B llOBe~eHHH 13B MO)KHO 06'hHCHHTh TOnhKO 

no~auneHHeM KaHana MHoroqacTH'IHOro pacna~a 16 0 *. 
3Ha'leHHe k T TOnhKO B caM oM rpy6oM npH6nH)KeHHH 

I ' 2 
MO)KHO C'IHTaTh 8/ Ha OCHOBe aHanH3a ao H llpH ycnOBHH, 

'ITO R~pO B npHllinO B COCTOHHHe TepMO~HHaMH'IeCKOrO 

paBHOBeCHR c TeMnepaTypoB: T. paBHhiM cpe~Heii 3HeprHH 

CBH3H I M3B/HYK/loH/. Cornacuo Ito/ H fgf 

kTth. = 4a5 /mNI3 • /9/ 

r~e m N- Macca uyKnoua. KaK Mbl yBH~HM a ~anhHeiirneM 

6 
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H3 auanu3a F fIt*!)= F (U*, q 2), H3 3I<cnepuMeHTaJihHhiX ,LJ.aH

HhiX pa6oThi 1 Bl MO:>KHO H3BJie'lh 3Ha'leHHH T , 6JIH3I<He 

K noJiy'leHHhiM B CHCTeMaTHKe Q gg- t 3 , I}JopMyJia 151. 
CooTHorneuua kT , nony'leHHhie B pa6oTe Is/ u ,LJ.aHHoil 

pa6oTe Ha OCHOBe aHaJIH3a Q gg- t 3 -cHCTeMaTHKH, HMeiOT 

CJie,LJ.yiO~HH BH,LJ.: 

~T~~
kT16o 

kT 12c 

7,7±0,4 
0,99±o,o5 /s/, 

7,8 ±0,3 

8,2 ±0,5 I .t.. 
1511 --- = 0,90±0,07 CM. 'l'OPMYJIY . 

k '11. 6 9 ,2 ± o ,4 
0 

B 'laCTH II ,LJ.auuoil pa60Thl ll 2 / Mhi YBH,LJ.HM, 'ITO ,LJ.JIH ,LJ.pyroro 

KJiacca ,lJ.BYXKBa3H'laCTH'lHhiX npoueCCOB lpeaKUHH MHOro

HYKJIOHHhiX nepe,LJ.a'll, nO,LJ.'lHHJIIO~HXCH Q gg - t 3 - CHCTe

MaTHKe, 3Ha'leHHe T COOTBeTCTByeT TeMnepaType H,LI.pa, 

He ,lJ.OCTHrruero CTa,LJ.HH TepMO,lJ.HHaMH'leCKOrO paBHOBeCHJI. 

B auanuJe ce'leHHJI l}lparMeHTauuu na,LJ.aiOIUero JI,LJ.pa MhJ 

ucKJIJO'lHJIH F = 1 u F = B -1 , nocKoJihKY HMnynLcuoe pacnpe

,LJ.eneuue npoToHoB /s/ He Y.lJ.OBJieTBopJieT 3aBHCHMOCTH III 
H, CJie,LJ.OBaTeJihHO, He OnHChiBaeTCJI KaK npO,LJ.YKT TOJihKO 

KBa3H.lJ.BYX'laCTH'lHOrO IK)l.ql HepaBHOBeCHOrO pacna,LJ.a. 

06pa30BaHHe I}JparMeHTOB B B036y:>K,LJ.eHHOM COCTOJIHHH 

B pe3yJILTaTe K)l,q pacna,LJ.a yi<aJLIBaeT ua ueo6xo,LJ.HMOCTh 

cy~eCTBOBaHHJI I<OppenupoBaHHhiX nap, pacna,LJ.a10~HXCH 1 B 

CBOIO O'lepe,LJ.h, no I}JopMyJie 151 CO CBOHMH 3Ha'leHHJIMH 

Qgg, T H q 2 . CxeMaTH'leCKH npouecc l}lparMeuTauuu Mo

:>KeT 6h1Th npe,LJ.cTaBneu cne,LJ.yro~uM o6pa3oM I puc. 31. 

8 

Puc. 3. CxeMa Kfla3U06YX'lacmu'l
Hozo npo14ecca iftpazMeHmat~uu 
naoa10Uiezo .Ropa. 

., 

Pacna,LJ. B036y:>K,LJ.euuoro l}lparMeHTa F1 B HTore ,LJ.aeT o'leHh 

MaJihiH BKJia,lJ. B Ce'leHHe H I}JopMy cneKTpOB I}JparMeHTOB 

6onee JierKHX, HO JIBJIJieTCH HCTO'lHHI<OM pa3HOrO po,LJ.a 

3K30TH'leCKHX KoppeJIJIUHH, HanpHMep, 2n , 2p , 8
He +P , 

8 He + 2n H T .,LJ.., Ce'leHue o6pa30BaHHJI I<OTOphiX H I}JopMy 

HMnyJihCHOrO cneKTpa MO:>KHO paCC'lHTaTh no I}JopMyJie 151. 

Ill. cPPAFMEHTAaH.JI .JIJ:(EP-MHIHEHEH 

Ha puc. 4 npuBe,LJ.eHhl cneKTPhl npo,LJ.yKTOB peaKuuil, 

o6pa3YIOIUHXCJI no,LJ. yrJIOM 90° ln.c.l npu B3aHMO,LJ.eHCTBHH 

5":65 

2H 
6"•150 :'\ 

~·., ' 3H 6"=142 \ 

::~~3Ho -~>10'/, • ·('' -1~-- ~ . '" 

d +12C-tr+· 

L 3.1 roE>/a ....... 

e = 90° 

~Xlf2 
3Hox1110 
4H@'x 11200 

~' ():136 \\ ', \, :: 

• \~ '~'Ho 

Gu x 1;100 

'u x 1'5oo 
llt.; X J,;oo 
7
Bex1_,2000 ~ 

•. ''1-.• 

~"'"' ~i'"' '.1'4 G:!'~- '\ 1'-t~ r:;;.-_:/'' ~-.:.,_ '"•., ~"~ 
:: G=156.6 \"t~''lj.,__ I 1'-t" :',. ~ \'- 'ltf~i I ~'--1 ~ 

~-u '·\\ \,J~, ';'rl ~'-7Lit 
"'Yt. , "~ 
\ ''~q,~ 

"t'i 
01 0.2 0.3 0.4 0.5 0.6 1.0 P. r>61c 

Puc. 4. J:(utP¢epeHI4UallbHble uMnyAbCHble cneKIIIPbl iftpazMeH-
11106, o6pa3YIOIJ#UXCJI 6 peaKfiUU d + 12C. 
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a f 
1 ~C I Ta,KIIJI. = 3,1 T:JB/HyiUIOH/, nonyqeHHhie B 

pa6oTe /131 , B HMnyJihCHOM npe.ll.CTaaneuuu. CnnowuoH: 

:>KHpHOH JIHHHeH noKa3aHhl HMnyJihCHhie cneKTphl, noJiy'ieH-
/ I 

Hhie B pa6oTe · s, ua OCHOBaHHH d>opMyJihi /1/ H c yYeTOM 
2 2 2 

CHMMeTpHH no aF ( a.!.. ~a)· i). B pac•IeTe cneKTpa yYTeH d>aKT 

He60JihWOIO C.ll.BHra ,p j j ~ B §2 n. 3/ B HMnyJihCHOM pacnpe

.ll.eJieHHH d>parMeHTOB B CHCT!YMe llOKOH d>parMeHTHPYIOI.llero 
~..... ~ 

H.ll.pa, COOTBeTCTBYIOJ.liHH ' q.L. = 10- M3B/c 2 . Bee 3Ha-
o 's' -'ieHHH ar B3HThl H3 3KCnepuMeHTa. I ' a 03Ha'iaeT. 'ITO 

HMnyJihCHhlH cneKTp npOTOHOB He OllHChlBaeTCH <i>YHKUHeH 

raycca /1/. HuKaKOH JIOPMHpO~KH Ce'ieHHH, KpoMe YMHO-
A.. At 4 I 1 4 1 ( 4 )l(eHHH ua 'l'aKTop A 

12 16 
u A · He npo-

c. 0 a 
BO.Il.HJIOCh. 

113 pHCYHKa BH.Il.HO, 'ITO H3y'ieHHC d>parMCHTaQHH lla.ll.aiO

I.LICIO H.ll.pa .11.aer HHd>OpMaQHIO 0 HH3KOHMllY1IhCHOH 'iaCTH 

cneKTpa, a H3y'ieHHe d>parMeHTaUHH H.ll.pa- MHWeHH - 0 BCCM 

.ll.HanaJOHe HMnyJibCHOIO cneKTpa O.ll.HOIO H TOIO )I(C d>par-
1 I 

MCHTHPYIOJ.liCIO H.ll.pa. fiOCKOJihKY B pa6oTe . 13. He CTaBHJiaCh 

3a.ll.a'ia H3y'ieHHH BCero ClleKTpa d>parMeHTOB, HH3KOHM

nyJihCHaH 'iaCTh npe.ll.CTaBJieHa HellOJIHO. 

flpuMeHHTeJihHO K .ll.aHHOMY runy :JKcnepuMeHTOB ycno

BHH npe.ll.eJihHOH d>parMeHTaQHH CBO.Il.HTCH K CJie.ll.YIOLQeMy: 

1/ d>opMa HMllYJihCHOIO pacnpe.ll.eJieHHH d>parMCHTOB HC 

.ll.OJI)I(Ha 3aBHCCTh OT 3HCprHH nepBH'iHOH 'iaCTHUhi; 

2/ nepBH'iHaH 'iaC'ruqa A BXO.Il.HT KaK d>aKTOp B llOJIHOC 

Ce'ICHHC d>parMCHTaUHH H.ll.pa-MHWCHH I3 : 

a F = uB f (A) . f(A)~A1'4 /10/ 

/1 ·~ ' 
B :nou )I(C pa6oTe ' ' Mbi uccJIC.Il.OBaJiu :JHepreTuYe-

CKHC cneKTphl 1.2 •3II , 3 •4 I-Je B peaKUHH d + 12 C B HHTCp

BaJIC KHHeTH'ieCKOH 3HeprHH .ll.eHTpOHOB 1,1; 1,5; 1,9; 2,0; 

2,4; 3,1; 3,7 u 4,6 T3B/HYIUIOH, a ua nyYKC anhd>a-yacTuu

npu 3Hepruu 2,5 T:JB/HYKAOH u Hawnu, 'ITO d>opMa cneKT

poa d>parMeHTOB He MCHHeTCH. 

8JIUHHHC nepBH'iHOH 'iaCTHUhl Ha xapaKTep npoqecca 

COCTOUT B CJie.ll.YIOI.lleM: 

a/ )l;JIH HH3KOHMnyJihCHOH KOMnOHCHThl < p2 > - rr 2 
F - F 

/cpe.ll.HCC B3BeWCHHOe no CC'ieHHHM o6pa30BaHHH HeCKOJih-

10 

f 
\ 

i' J 

KHX d>parMCHTOB/;, a
0

la
9 

= 1,23±0,05 /no 1H, 2I-J, 3I-J, 
3
He u

4
He/· }' = A 11 4 I A 1· 4 

=1 19· a I a* =1 30+0 15/ no 
' (,( d ' • d d • - ' 

2 H 3H :~He u 4He/· v =1 19 , ' ' ' , . 
6/ )l;IIH BhlCOKOHMnyJihCHOH KOMnOHeHThl HMeeM: <pi> >> 

·>o~; o
0
/ad =1,27±0,13 /no 

3 He, 4 He/; ad/ap 

l 10 0 10 I 4He 617Li 7Be 9+1%e; , ± , no , , , . 

I 

,LI,IIH cpaBHCHHH npHBC.Il.eM reoMeTpuqecKHH d>aKTop A~~ :l. 
a 'd =1,58; d 1 p = 1,58; a 'p =2,50. 

lllTpHXOBOH JIUHHeH Ha puc. 4 noKa3aHO BJIHHHHC 10o/o

HOIO OTKJIOHCHHH B 3Ha'ICHHH a F 1 Ha d>opMy HMnyJihCHOIO 

cneKTpa. lf3 pHCYHKa BH.Il.HO, 'ITO HH3KOHMnyJihCHaH 'iaCTh 

ClleKTpa nepeXO.Il.HT B BhlCOKOHMnyJihCHYIOllJiaBHO, 6e3 H3JIO

MOB. BcHO, 'ITO H3y'ieHHe cneKTpOB B HH3KOHMnyJihCHOH 

'iaCTH B TaKOH nocTaHOBKe 3KCnepuMeHTa .ll.aCT Ba)I(HYIO 

HHd>opMauuiO o napaMeTpe rayccoaa pacnpe.ll.eiieHHH d>par

MCHTOB BHYTPH H.ll.pa J3 C OWH6KOH 3 7 4o/o, T .e. 0 CTpyKType 

H.ll.pa C U3BCCTHOH 3HeprueH B036Y)I(.Il.eHHH /¢aKTOp 

F ( U*' q 2) I. 
TaKHM o6pa3oM, B npe.11.eJiax 3KCnepuMeHTaJihHhiX owu-

6oK llOJIHbie CC'ieHHH d>parMeHTaQUH H.ll.ep 12C nO.Il.'iHHHlOTCH 

Qgg -t ;~ -cucTeMaTHKe, npC.Il.CTaBJieHHOH d>opMyJIOH/5/ 

H Ha puc. J, a .11.H¢d>epeHQUaJihHOe Ce'ieHHC OnHChiBaeTCH 

a 6oJihWCH caoeii Ya.CTH d>opMynou /5/ npu, F' ~! t * 1 )-,const . 

8 OTJIH'iHC OT 3KCllCpHMeHTOBI81 B pa60TC! Uli Mhl llOJIY'iHJIH 

BhiCOKOHMllYJihCHYIO KOMllOHCHTy. BKJia.ll. BhiCOKOHMnyiihCHOH 

KOMllOHCHTbl B llOJIHOe CC'iCHHe d>parMCHTaQUH B 3aBHCHMOCTH 

OT MaCChi d>parMeHTa llPC.Il.CTaBJICH Ha puc. 5. )l;IIH paC'iCTa 

BhlCOKOHMllYJihCHaH KOMnOHeHTa d>HTHpOBaJiaCh B BH.Il.C 

exp ( -p /PO ) · l1TaK, BKJia.ll. BhiCOKOHMnyJihCHOH KOMnO-

HCHThl B npC.Il.CJiaX OWH60K HC 3aBHCHT OT MaCChi d>parMeH

Ta, B TO BpCMH KaK noJIHOC CC'ieHHe at d>parMeHTaQHH 

MeHHCTCH 3Ha'iUTCJihHO, HanpUMep B 100 pa3 .ll.JIH 4He- 8 Li. 

*p +12C H3pa6oTwlt41, TKHII.=0,66T3B. 
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~ ... , l ~~- .. , 
~· 

d + 12c- fr + ···· 

L -

~r 
3.1 r3~/a.e.M. 

Het ~ 
"10 

.1 01--
Het 

-

ut uf yu 
Be~ 

.05~ 

6d Op = 1.1:!:0.1 - A
1
14 J (\·G-t3- e-~gg 

I 1 I I I I I l 

2 4 G Mfr. 

Puc. 5. OmHocumeAbHbiU 6KAaO 6bJcoKouMnyAbCHoii Ko.Mno
HeHmbl cneKmpo6 ¢paz.MeH11l06 6 3a6ucu.Mocmu om Maccbl 
¢pazMeHma, o6pa3Ytofl4ezoc.R 6 peaKIIUU d + 12C. 

3TO 03Ha'laeT, 'ITO BbiCOKOHMnynbCHa.ll KOMnOHeHTa Ce'leHH.II 

(a p 0 ) noA'IHH.IIeTC.II TOR >Ke CHCTeMa THKe K,llq npouecca 

Q gg - t 3 , c TeMH >Ke 3Ha'leHH.IIMH Q gg.:a T . 3To yKa-

3biBaeT Ha TO, 'ITO npouecc, <IJopMHPYIOIUHB HH3KOHMnynbCHYIO 

'laCTb cneKTpOB <IJparMeHTOB H BbiCOKOHMnynbCHYIO/'IfCTb 

cneKTpoa <IJparMeHTOB I CKeiinHHrOBble l!>parMeHTbi 
2 I, 

OAHH H TOT >Ke H OAHa npHpOAa 3THX <IJparMeHTOB, CB.II3aH

Ha.ll co cTpyKTypoii .IIApa, a <IJopMa HMnynbcHoro cneKTpa, 

OC06eHHO B BbiCOKOHMnynbCHOB 'laCTH, onpeAen.lleTC.II Mexa

HH3MOM B3aHMOAeBCTBH.II nepBH'IHOB 'laCTHUbl C .IIAPOM-MH

WeHbiO. 

)l.ononHHTenbHble apryMeHTbl cneAYJOT H3 aHanH3a 

puc. 6. Ha puc. 6a npeAcTaaneHa Koppen.IIUH.II Me>KAY aenH-

12 

'IHHOB a F lnony'leHHoii no AaHHbiM pa6oTbi /9/ I a JHa

'leHHeM p O napaMeTpa, l)JHTHPYIOIUero BbiCOKOHMnynbCHYIO 

KOMnoHeHTY I puc. 41: 
da 

dO dp I P »a F- exp ( - p / p 0 ) . 1111 

Ha puc. 66 - Ta >Ke KoppenJIUH.II, TOnbKO 3Ha'leHH.II 

a F B3JITbi H3 3KCnepHMeHTa/S/ AnJI 3HeprHH (jlparMeHTH

PYIOJUero JIApa 1,05 F3B/HYKAOH H Ha puc. 66- AnJI 3HepraH 

2,1 F3B/HYKAOH. B cooTBeTCTBHH c ycnoBH.IIMH npeAeJibHOB 

l)lparMeHTaUHH 1§2/ AaHHble puc. 66 H 66 MO>KHO 06'beAH

HHTb. Pe3ynbTaT npeACTaaneH Ha puc. 6z. <l>aKT cyiUeCTBo

aaHHJI KOppenJIUHH He Bbl3biBaeT COMHeHH.II, HO npH YCJIOBHH, 

'ITO JHa'leHHe ap He cneAyeT 6paTb H3 pac'leTOB no paa

HoaecHoii TepMOAHHaMH'IeCKOH MOAenH. llpHCYIUHe HMeHHO 

AaHHOMY l!>parMeHTY CBOHCTBa I3Ha'leHHe HMnynbca <l>epMH 

,HYKJIOHOB B KnacTepe BHYTPH .IIApa 12 C , BenH'IHHa a~ 

~ oD 
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0 

Q. 
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50 
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Puc. 6. KoppeAJIIIUJI MeJICOY napa.Mempa.Mu HU3KouMnyAbCHou 
~acmu cneKmpo6 ¢pazMeHmo6 aF u 6bJCOKouMnyAbCHou 
~acmu P 0 · 
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H, cne,IJ.oBa TenLHO, 3clKl>eKTHBHbiH "o6'beM B3aHMO,IJ.eH:cTBHJI" I 
COXpaHJIIDTCJI H OTpa~aiDTCJI B ~OpMe BbiCOKOHMnynLCHOH 

KOMnOHeHTbl. 3TO H eCTb HH~OpMaU,HJI 0 CBOHCTBaX KnacTepa 

F BHYTPH ao36y~,IJ.eHHoro Jl,IJ.pa, npuqeM. no- BH,IJ.HMOMY, 

3TH CBOHCTBa oqeHb cna6o 3aBHCJIT OT 3HeprHH B036y~,IJ.e
HHJI H THna B036y~,IJ.eHHOrO Jl,IJ.pa, T .K. xapaKTep OTKllOHeHHH 

a F oT 3aBHCHMOCTH Tuna F(B-F) He 3aBHCHT oT Jl,IJ.pa B . 
B TaKOM cnyqae MO~HO O~H,IJ.aTb cylll,eCTBOBaHHJI CBJI3aHHbiX 

cocTOJIHHH 3K30THqecKHX Jl,IJ.ep IHanpHMep, 
4 H , 6 H I cape

MeHaMH ~H3HH -10-~2 -:- 10-21 C. 3KcnepHMeHTallbHaJI npo

BepKa Cylll,eCTBOBaHHJI nO,IJ.06HbiX CHCTeM B03MO~Ha Ha 

OCHOBe KHHeMaTHKH KBa3H,IJ.ByxqaCTHqHoro npou,ecca. 

flo BH,IJ.Y KOppellJlll,HH 

Po •a aF +{3 

HeTpy,IJ.HO ,IJ.Ora,IJ.aTbCJI, qTO 

F ( I t * 1 ) _ e -a I t* I 

1121 

1131 

K B3aHMO,IJ.eH:cTBHIO, ~opMHpyromeMy K.D.q npou,ecc o6pa3o

BaHHJI ~parMeHTOB, MO~HO npe,IJ.'bJIBHTb cne,IJ.yiDlll,He Tpe6oaa-

HHJI: 
1. B3aHMO,IJ.eH:cTBHe ,IJ.O~Ho coxpaHHTL a,IJ.poHHLIH cocTaB 

~parMeHTHpyromero Jl,IJ.pa H nepe,IJ.a TL HAPY U * :::: Q g g H 

HMnynLC q · 
2. llpou,ecc ,IJ.O~eH HMeTb MaKCHMYM no nepe,IJ.aHHOMY 

4-uMnynLcy It* I a6nH3H 0°. 
3. cl>yHKU.HJI F (I t * I ) ,IJ.O~Ha HMeTL BH,IJ., 6nH3KHH K 

3KCnOHeHTe no nepe,IJ.aHHOMY HMnynLCY. 

4. XapaKTepHble qepTbl npou,ecca ,IJ.O~Hbl npoHBnJITLCJI 

y~e npH 3HeprHJIX nopJI,IJ.Ka HeCKOllbKHX ,IJ.eCJITKOB Mera-

3lleKTpoH-BOilbT. 
5. cl>yHKU.HJI F ( I t *I ) c yaenuqeHHeM 3HeprHH nep-

auqHoH: qacTHU.bl (kr 
0 

>> 1) ,IJ.O~Ha npu6n~aTLCJI K acuMn

ToTuqecKOMY npe,IJ.eny, onpe,IJ.enHeMoMy TOllbKO pa3MepoM 

o6naCTH B3aHMO,IJ.eHCTBHJI r O IBbiXO,IJ. ceqeHHJI Ha CKeH

nHHrl H He 3aBHCJilll,eMy OT ,IJ.eTallbHOH npHpO,IJ.bl B3aHMO

,IJ.eHCTBHJI. 

14 

llepequcneHHhle Tpe6oaaHHJI yKa3biBaiOT Ha Heo6xo,IJ.H

MOCTL npHBneqeHHJI npe,IJ.CTaBneHHH, OCHOBaHHbiX Ha,IJ.H~paK

ll,HOHHOM xapaKTepe npou,eccoa Heynpyroro B3aHMo,IJ.eH:cTBHJI 

a,IJ.pOHOB H Jl,IJ.ep C Jl,IJ.paMH, HaUpHMep ,IJ.H~paKU,HOHHOH TeOpHH 
I I v r nay6epa ' 15/ . P acqeToB AHclKl>epeHu,uanLHbiX ceqeHHH He-

ynpyroro pacceHHHJI a,IJ.poHoB Ha H,IJ.pax c B036y~,IJ.eHHeM, 

)].OCT a TOqHbiM ,IJ.llJI pacna,IJ.a Jl,IJ.ep, Mbl He HalllnH B llHTepa Type. 

.IJ,nJI KaqecTBeHHOrO aHallH3a MO~HO HCnOllb30BaTb pe3ynL

TaTbl pacqeTa ynpyroro pacceJIHHJI 

F ( I t I ) - exp ( - b I t I ) . 

IV. HEKOTOPhlE CJIE,4CTBHJI M0,4EJIH 
K,4lJ PACIIA,4A 

1. Bepo.JimHocmb KAacmepHozo cocmo.JIHUJI 

1141 

llpe,IJ.naraeMaJI MO,IJ.ellb ~parMeHTall,HH HCXO,IJ.HT H3 ~aK
Ta, qTo B OCHOBHOM COCTOJIHHH Jl,IJ.pO He KnacTepH30BaHO, 

a BepOJITHOCTb KnacTepHOH KOH~HrypaU,HH eCTb ~YHKU,HJI 

U *. HanpHMep, H3 puc. 1 cne,IJ.yeT, qTo Jl,IJ.po 12 c y~e 
UpH CaMhi X MallblX 3HaqeHHJIX U * DpOJIBllJleTCJI B BH,IJ.e KOH~H

rypall,HH a + .... a npu U* >30 M3B HMeeTCJI 6onLrnoH: 

Ha6op KnacTepHbiX KOH~Hrypall,HH, ceqeHHe BblXO,IJ.a ~par

MeHTOB e CTb ~YHKU,HJI lllHpHHbl COOTBeTCTBYIDlll,ero COCTOJI

HH.R l~aKTop c (z ) B ~opMyne 151 I. 

2. YzAoaoe pacnpeoeAeHue rjjpazMeHmoa 

Yrnoaoe pacnpe,IJ.eneHHe ~parMeHTOB H3oTponHo B cu

CTeMe nOKOJllll,erOCJI Jl,IJ.pa. fiOCKOllbKY B 3KCnepHMeHTe BCer

,IJ.a eCTb MHHHManLHaJI ,IJ.eTeKTHpyeMaJI 3HeprHJI, TO yrno

BOe pacnpe,IJ.eneHHe HMeeT MaKCHMYM B n.c. B HanpaaneHHH 

q Jl,IJ.pa- OT,IJ.aqu ,IJ.llJI ~parMeHTOB C MallblM 3HaqeHHeM 

- Q g g H 6y,IJ.eT cMelll,aTLCJI K ManblM yrnaM H yaenuquaaTL 

,IJ.Hcnepcuro no Mepe poeT a - Q gg H3- 3a yaenuqeHHJI I t * \ H 

,IJ.HcnepcHH o (! t *j ) .3KcnepHMeHTanLHO Ha6niO,IJ.aeMaJI ~opMa 
yrnoaoro pacnpe,IJ.eneHHJI u, cne,IJ.oBaTenLHO, nonHoe ce-
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