
C_3~ !Jtv' -
6~?9 .. 'IY 

P7 - 6798 
i 

B.C.BapatneHKOB, cJ.>.r JKeperH, A.CJ1JihHHOB, .. ' . . ' ' 

B.~.Toueea 
., ' 

CTATI1CTJ11JECI:(AH TEOPJ1H . t · 

PACilA~A ~EJIHmJ1XCH. COCTABHhiX H~EP. 
' 

B . PEAKUJ1HX C THJKEJihiMJ1 J10HAMJ1 ·) . 



JIAepHhiX HCCJieAOB8HHA 

KTyTa H.!lepHbiX :~~ccneaosa­
::~~'SIMR. 0HR H3.!l8IOTCH B CO­

IHTOB oT coo6mea:~~ll:. saKmo­
eacTBRR BOCUpOH3B9,[l9H .B 

M c6opHRKe. 

1y6nRK8UUR Qltf.flltf HM9IOT 
:ocTaamrromyro nocne.naHe 

5biTh npeacTaBneH B 3 sa-

rnHiiCKOM H3hiKaX. 
:.SI 'TOnhKO B CTpaHbi-y'laCT-

~M, onpeaenHeT TeMaTR'le­
iTH'leCKRX KaTeropRII: R3.!l8-
...,.;_ ___ , __ . 

' ,._ :,:-

Ha 

'Mbi 
aoe 

j 

P7 - 6798 

13.C.BapanieHiwa, <ll~r JKeperH, A.C.HJihHHOB, 
v--' 8.,[\.ToHees 

.. CTATHCTHqECl(AH TEOPHH 

PACOA,L\A ~ERH~HX~H COCTABHMX H}J.EP 

B PEAKI..U1HX C Tfl)l{ERMMH HOHAMH 

OheAJIBell!iwl lliC'IIn')'T 
-p:!;l!. ICClle.lOA .. 

6M6J1HOTEKA 



·, 

.·· .. 

SUMMARY 

Fission-evaporation competition of deexcitation of the 
compound nuclei produced in heavy ion reactions is considered - . 
on the basis of statistical approach.Calculations are carried 
out by th~ Monte C~lo ~ethod. Excitation functions AiY(~, 
.::l: n.) A,1'~ -~and an anergy dependence of fission cross section~ · .. 
6f (TJ are :anal;rsed. Relative (not normali~ed to t1te cross 
sections) 'rather, than absolute res~lts agree with experiment 
in· a better wa;r. In .Ver;y case a good agreement between theo-. 
retical and experimental data can be achieved b;r special fit­
ting of·pa~ameters~ however,it is hardl;r ever poss~ble to 
catch an;r qualitative objective low in a variation of these 
p&rueters when. passing from one case to another~ One can ;ret 

. state that the agreement becomes better, as a rule,. if the 
ratio-of level density parameters for fissioning and evaporat­
ing nuclei .Q-JiarL '>:_i , .moreover· this ratio is: apparent to ' 
be more close to the unit;r for heavier.nuclei. Calculation 
.results are quite sensitive to the.value a7 /an. ·rt is ver;r 
~d to.get a~atisfactor;r agreement between.tp.eory and ex­
periment-in the range of high energies for.incidant ions· 
T a: 10 MeV /aucleon~ that shows to the necessi t;r to take into 
·account some direct processes and an non-equilibrium deca;r of. 
'excited nuclei. 

CTonKiionemla ·• .1 
· a6nH3H · KynOHOBCKOro 
K o6paJOBaHHIO KOMO 
nyTeM KOHKYPHPYIDII.tH 
HHH. llocne.nuuii npon;e 
qucnaMH A >150, H: E 

' "" K 6onLWHM 3HalfeHHHM 
BepoaTHOCTH pf 

COOTBeTCTBe~HO, :~yH 
HOHaMH paCClfHTLIBan 
ucnonL30BanucL necLJ 
,l(')KeKcoua/ J/ 8" npe.nn 
nHT~nLHOH. WHpim f n 

no.nq>HOlfHLie napaMe 
·CBH3aHLI Me')K,ny C060H 
COBepweHHO HeHCHLIM, 
pa6oTe xopowee corn 
OTpa')KeHHeM CYTH ,neJ 
BLI6opa napaMeTpon. 

QenLIO uaweii pa 
KOHKYP.~HUHH npon;eccc 
3YIOII.tHXCH B peaKD;J;IH)I 
TOlfHOCTL COBpeMeHH~ 
HOCTL K_ · napLnponaHHI 
TeOpHH. B nepayro· Olf 
nLmonHeHLI ¥eTOAOM ~ 

B uaweii npe.n~o 
pacna.n B036y')K,neHHLI~ 
TapHLIX l:faC .. THIJ; H 0 
B03HHKaiOutero B pe3yJ 
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1. BeeoeHue 

CToJII<iiOaeHJiH TH:>KeJILIX HOHOB · c a.npaMH a o6naciH :meprHii 

B6JIH3H I<YJIOHOBCKOro 6apbepa C 60JibWOH BepOHTHOCTbiO npHBO,llHT 

I< o6pa3oaaHHIO I<OMnayH,IJ;- H,IJ;pa, Teparomero :meprHIO Bo36y:>K,IJ;eHHH 

nyTeM I<OHI<YPHPYIOI.QHX. Me :>KAY co6oii npouecCOB "HcnapeHHH" H ,lleJie­

HHH. IlOCJie,lliiHH npouecc CTaHOBHTCH 3aMeTHbiM ,IJ;JIH H,IJ;ep C MaCCOBbiMH 

'IHCJiaMH A> 150, H ero BI<JiaA 6LicTpo Bo3pacTaeT no Mepe nepexo,IJ;a 

I< 66JILWHM JHa'leHHHM A . . · · 
BepoHTHOCTH pa3JIH'IHLIX I<aHaJioB pacna,IJ;a I<oMnayH.n- a.nep H, 

COOTBeTCTBeHHO, ·I}JyHI<UHH. B036y:>K,IJ;eHHH ,llJIH peai<UHH C TH:>KeJibiMH 

HOHaMH pacc'IHTLIBaJIHCb · · Bo MHorH:x pa6oTax, O,IJ;Hai<o npH :noM 

HCDOJib30BEi.nHCb BeCLMa rpy6Lie annpoi<CHMaUHH /HanpHMep, I}JopMyJILI 

,D;:>Kei<coHa I 1l B npe.nnono:>KeHHH, 'ITO oTHoweHHe HchapHTeJILHoii H .ne • 

JIHT~JlbHOH WHpiiH r n I r, . He 3aBHCHT OT :meprHH B036y:>K,IJ;eHIUI/; 

no,IJ;roHO'IHLie napaMeTpLI a pa3JIH'IHLIX· pa6oTax, I<ai<. npaBHJio, He 

·cBH3aHbl Me:>K.llY co6oii. Bee 3TO npHBOAHT I< TOMY, 'ITO qacTo ocTaeica 

coaepweHHO HeHCHLIM, HBJIHeTCH JIH ,IJ;eMoHCTpHpyeMoe B 1-oii HJIH HHoii 

pa6oTe xopowee cornacHe pac'leTHLIX H 3KcnepHMeiiTaJILHLIX .naHHLIX 

OTpa:>KeHHeM CYTH ,lleJia HJIH :>Ke 3TO pe3yJILTaT BeCLMa CDe~HaJILHOrO 

BLI6opa napaMeTpOB. . . 

UeJILIO Haweii pa6oTLI HBJIHeTcH cHcTeMaTH'leci<oe paccMoTp.eHHe 

I<OHI<yp~HUHH npoueCCOB HCnapeHHH H ,lleJieHHH I<OMDayH,ll• H,llep,, o6pa ~ 
3YIOll\HXCH B peai<U~HX C TH:>KeJILIMH HOHaMH, C TeM, 'IT06LIBbiHCHHTb 

TO'IHOCTL COBpeMeHHblX CTaTHCTH'leCI<HX DO,IJ;XO,IJ;OB, HX ''IYBCTBHTeJIL• 

HOC.TL I< BapbHpOBaHHIO napaMeTpOB·,. a Tai<:>Ke . BLI,lleJIHTL DYHI<Tbl, r,lle 

TeopHH B nepayro oqepe,IJ;L .Tpe6yeT ycoaepweHCTBoBaHHH; Pacqe.TLI 

BLIDOJIHeHLI MeTO,!:\OM MoHTe-Kapno. 

B Hatiteii npe,IJ;LIAYll\eH CTaTLe /2/6biJI DO,llp06HO · paCCMOTpeH 

pacna,IJ; B036ym,IJ;eHHbiX H,IJ;ep, o6pa3YJOI.QHXCH DO,IJ; ,IJ;eHCTBHeM 3JieMeH­

TapHLIX 'laCTHU H . O'leHL. Jieri<HX HOHOB. Pacna,IJ; I<OMnayH,IJ;· H,IJ;pa, 

B03HHI<aiOll\ero B pe3yJILTaTe peai<UHH CJIHHHHH TH:>KeJIOrO HOHa C H,llpOM· 
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MHWeHLlO H, KaK npaBHJIO, xapaKTepH3YIOIQerOCH O'leHL 60JILWHM 
3Ha'leHHeM yrnoaoro MOMeHTa, o6na~aeT pH~OM cireu;H<lmqecKHX 
CBOHCTB, oco6eHHO B 06JiaCTH 3apH~OB Z > 100, HaH6onee HHTepeCHOH 
C TOtiKH 3peHHH CIIHTe3a HOBLIX 3JieMeHTOB. 

HeynpyrHM B3aHMo~eiicTBHHM Honoa c H~paMH, conpoamK~aro:. 
In;HMCH o6pa30BaHHeM H pacna~OM /HcnapeHHeM/ KOMnayH~.:;H~ep 
c MaccoaLIMH 'IHCJiaMH A__< 150, nocBHweHa Hawa pa6oni. I 31; a Hac To­
Hweii pa6oTe MLt paccMa TpHaaeM o6nacTL TH)KeJILIX KoMnayH~- H~ep 
c A·> 150. 

2.·-Mooe/lb u Memoo pac'lema 

· AHaJIH3 3KcnepHMeHTaJILHLIX ~aHHLIX no ce'leHHHM B3aHMo~eii~ 
. CTBHH TH:>KeJILIX HOHOB C H~paMH noKa3LtBaeT·, 'ITO B 06JiaCTH :meprHii 
· T < 10 ~fsB/~ylCJIOH * HeynpyrHe CTOJIKHOBeHHH. HOH + H~po C XOpo­
weff TO'IHOCTLIO OnHCLIBalOTCH B npH6JIH>KeHHH qep.Horo TeJia /eM., 
B .'laCTHOCTH, pa6oTLI I 4-61/. IlpH 3TOM ce'leHHe o6pa3oBaHHH cocTaa­
Horo H~pa ac = 77X 2 t (2l + 1) ~ r~e CYMMHpOBaHHe BLtnOJIHHeTCH- no 
BCeM yrJIOBLIM MOMeHTaM OT l = 0 ~0 

,l I 
L - .s.-max = Rill._ , 

L ler 

\. 
eCJiH 

eCJIH 

L < L max.::::;. ler ,, 

L > L , 
max ler 

r~e X -- ~JIHHa ~e6poiineac:Koii BOJIHLI B CHCTeMe n;eHTpa Mace; 
L }t.r -- _ "KPHTH'IeCKHii" yrnoaoii MOMeHT, npH KOTopoM o6pa3oBaHHe 
cocTaBHoro H~pa · cTaHOBHTCH HeBo3~W>KHLIM I 5.61 ·. TaKHM o6pa3oM, 
MLI MO>KeM C'IHTaTL, Y:TO 

I" R 
2 

(1. - VIE ) , ecnH E :::_ E 1e, , \ 
a c = . . I /1/ 

"~ 2 L!,I(2ME), ecnH E > E~e,·· 
2 . ' 1/3 J/3. .:..u .. 

3~ecL V = Z 1 Z 2 e IR,_Eler =Lle
1

1(2MR), R,J,5(A 1 .+A 2 ).JO eM. 
3Ha'leHHH L ler .. MO)KHO B3HTL H3 3KcnepHMeHTaJILHoii pa6oTLI/71. 
,Il;nH liJHKCHpoaaHHLIX Mace HOHa H H~pa-MHWeHn, M 1 H M 2,3TH 3Ha'leHHH 

. .. :*. 3~ecL H Be3~e ~anee T - KHHeTHqecKaH 3HeprHH HaJieTaro­
uiero H<iHa B na6opaTopHoii CHCTeMe :Koop,tinHaT; E = TM I M1 - cooT­
BeTCTByrottiaH · 3HeprHH B cHcTe:M:e n;eHTpa Mace; M ·- · npHBe~eHHaH 
Macca; M 1 - Macca HOHa. 
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OK.a3LIBalOTCH npaK1 
cne~yeT cpa3y >Ke n 
CMaTpHBaTL· JIHWL_ Kl 
BpeMH HBJIHeTCH, B 
TeOpHH. 

BepoHTHOCTL : 
pHTeJILHoro KacKa~a 
ncnycKaHHH ':HeiiTpoii 
Mhl BOCfiOJIL30BanHC 

" . 
. 3aBHCHMOCTL OT yrJ 
'ITO 3HeprHH BpaweH 
ero B036y>K~eHHH, I>'~ 
,!J;JIH .MOMeHTa . HHepn; 

< HCnOJIL30BaJIH . ero "· 
~ ,. '' 

m ·- Mace a nyKnoHa, 
- . . ~ 

pa~HYC COCTaBHOrO 
B ce,nJIOJ30H TO 'IKe(/~ 
TaHHLIM Ha OCHOBe )I< 

34JiiJeKTLI, o6ycnoan« 
BCJie,nCTBHe ,ne!lJopMl 
ceiitJac He paccMaTpl 

,!J;nH_ fiJIOTHOCTE 
BCeX CJiytJaHX HCITOJIJ, 
HOMY 4JepMH·ra3y: 

f 

r.ne a = a0 (A-1) ~ 
.. , n . n ··u . 

KaHHH HM. HeHTpOHa 
. . ·~. 

.nenHwerocH H,npa B 
IlpB paCCMOTpe 

BaTL, lJTO _yrn(!BOiL 
H3MeHHlOTCH nocm~ Ki 
paCC'IHTLIBaJIOCI> Me'T 
>K·eHHH 3pHKCOHa·.:CT] 
pa6oTax h. ttJI. · . .,, 

Ce'leHHe peaKI 
4JopM:yne 

* ConocTaaneHJ 
'ITO JTOT·napaMe.Tp H 
onpe~enHrowero ce'le 



rocx otieHh 6oJihlllHM 
p.H):{OM cneumlmt~eCKHX 
. Hali6onee HHTepecHoii 

APaMH, conponom~aro­
:neM/. KOMnayH~,;, x~ep 
Liapa6dni. hi; BHacTo­
>KeJihiX KOMnayH~- .H~ep 

CetieHH.HM B3aHMO~eii:­
'ITO B 06JiaCTH 3HeprHH 
!H.H HOH + x~po c xopo­
t. qep.Horo TeJia /eM., 
~ o6pa30BaHH.H COCTaB­
IaHHe BhlllOJIH.HeTC.H no 

"'' . ' 

L,; ax< L k . 
' ,::! . , ,, 

L· > L , 
max_ kr 

liCTeMe ueHTpa Mace; 
KoTopoM o6pa3oBaHne 

15.6/ · TaKHM · o6pa3oM . . ' 

l /1/ 
.E.>Ek,.· 

ls(A 1h A 113 J.J0.:.. 13 ' 
' 1: + 2 CM. 

eHTaJibHOH. · pa60Thi/7/ . 
, M 1 H M 2 , 3TH 3Hat~eHH.H 

Ka.H 3Heprnx HaJieTaro­
LT; E= nt/Ml -.cooT­
LCC; · M - npnne~eHHa.H 

; · ... 

i 
I 

I 

. . 

oKa3hiBaiOTC.H npaKTHtieCKH He 3aBHC.HIUHMH OT 3HeprHH . T _i. o~HaKo 
CJie~yeT cpa3y :>Ke no~qepKHYTh, tiTO ~aHHble pa60Thl /7/ MO:>KHO pac­
CMaTpHBaTh JIHlllh KaK opneHTHpoiiotiHhie. BeJIHtiHHa. L kr B HacToxmee 
BpeM.H .HBJIHeTCH, B CYIUHOCTH, O~HHM H3 no~rOIIOtiHhiX napaMeTpOB 

TeOpHH. 
BepOHTHOCTh ~eJieHHH KOMnayH~-n:~pa Ha Ka:>K~OH CTa~HH HCna­

pHTeJibHOrO KaCKa~a onpe~eJIHeTCH OTHOIUeHHeM napuHaJibHhiX ,IUHpHH 
ncnycKaHHH ·:HeiiTpoHa H . ,IJ;eJieHHH. f' n. I r I ,· ',IJ;JIH Bhlt{HCJxeHHH KO'I;'Oporo 
Mhl BOcn<)Jib30BaJIHCh MeTO~OM, OllHCaHHhiM B pa6o-fe/.z/. IlpH 3TOM . •'' 
3aBHCHMOCTh OT yrJIOBOrO MOMeHTa Y~HTbiBaJiaCh B npe,D;fiOJIO:>KeHHH, 
tiTO 3Heprn'JI npameHHH H,IJ;pa' E rot = ~· 2 !... ( L -i-1 )/2fue BXO,D;HT B 3lleprHIO 
ero B036ym,IJ;eHHH, peaJIII3)'10Ulerocn: B npouec'cax ,IJ;eJieliHH H ucnapeliHH. 
~JIH .MOMenTa HHepUIIH n:.D;pa uoc_Jie HcnycKaHHH. H,M neiiTP<?Ha (In }Mbl 
ncnoJih30BaJIH ero "Tnep~oTeJihHOe 3llat~enn~" [ 0 =: 0,4mr ~A 5h , r,IJ;e 
m - Mace a liYKJIOlla, r 0 = 1 ,2.10 -1.3 CM- napaMeTp, xapaKTepH3YIOIUHH 
pa.D;HYC COCTaBIIOro n:~pa * . ~JIH MOMenTa· HHepUIIH ~eJI.Hll{erocx H)J;pa 
B ce,IJ;JIOBOH TOtiKe (I sp ) HCllOJib3onaJIHCh 3llatieHHH, 6JIH3KHe K paccqn­
TaHHbiM ·Ha ocHone :>KH~Ko-KanenLHoii Mo,IJ;eJIII Is/ /no.D;po6nee eM •. §~/'. 
3cl>cPeKTbi, o6yCJIOBJleHHbie H3MeHeHHeM BeJIHtiHHbl 6apbepa ~eJieHHH 
ncne,IJ;cTBHe .D;ecl>opMaunn cl>opMhi npamaromerocn: H.D;pa c L f. 0 , Mhi 
ceii:qac He paccMaTpnnaeM. 

~nn:. nJIOTHOCTH ypon.Heii ncriaparomeroca H ~enxmerocn: n:,D;pa no 
BCeX CJiytiaHX HCllOJib30BaJIOCh Bbipa:>KeHHe, t;:OOTBeTCTBYIOD.lee HYKJIOH­

HOMY cl>epMH-ra3y: 

p 
1 

( E *) = const • exp 12 y a; E * J, 
r.D;e a = a0 (A- 1) - napaMeTp nJIOTHOCTH ypoBHeii H,D;pa nocne ucnyc-

n . n .... , . · . , ..., • · 
KaHHH HM HeHTpOHa; a I = a~ A - COOTBeTCTBYIOlllHH napaMeTp ~JIH 
,IJ;emimerocn n:,D;pa B ce.D;Jionoii TOtiKe, E* - 3HeprHa no36y:>K.D;eHH.H. 

IlpH paCCMOTpeHHH HCnapHTellhHOro KaCKa,IJ;a He06XO,IJ;HMOYtiHThl~ <") 
BaTb, tiTO .)TJIQB.OH-MOMeHl'_H_3HeprHH B036y:>K,IJ;eHHH KOMnayH,IJ;-B,IJ;pa . ( 
H3MeHHIOTCH llOCJie Ka:>K,IJ;OrO aKTa HCllYCKaHHH tiaCTHUhl. 3TO H3MelleHHe 
paCCtiHTbiBaJIOCb MeTO,IJ;OM, OCHOBaHHhiMHa KBa3HKmlCCHtieCKOM npH6JIH­
>KeHHH 3pHKCOHa-CTpyTiiHCKOrO /9/ .H no~po6Ho· OllHCaHHbiM B JiaiUHX 
pa6oTax h. zo/. · · · · · " ·. • 

Cet~enHe peil.KUIIII c HcnycKaHHeM x . qacTIIU onpe,IJ;e,nanoch no 

cl>opMyne 

* ConocTannenHe c 3KcnepHMeHTaJii.HbiMH .D;aHHhiMH n~Ka3LIBaeT, 
tiTO 3TOT. napaMe.Tp HeCKOJibK<f MeHhlUe. CQOTBeTCTB)'lOutero napaMeTpa, 
onpe,IJ;eJI.HIOD.lero cetieHHe· B3aHMOAeHCTBHH HOH + ·a,IJ;po B clJopMyJie /1/; 
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a = a 
" c 

. " rk 
P" < n r-r ) . > , 

i= 1 .T I 

a ce'leHHe ~eneHHH KaK 

a =[J..:..<n (.~k).>]a '· 
I :- ' i = J T I . c 

r~e p" ·-~ BepOHTHOCTb HCIIYCKaHHH X 'laCTHI.J;, Bbi'IHCJIHeMaH. MeTO~OM 
MOHTe ~ Kapno 6e3 y'leTa Iip_Qn;ecca ~eneHHH /3,10/; rk 6 rrapn;HaJibHaH 

WHpHHa JMHCCHH 'laCTHI.J;bl 'k .• oro THIIa. * ; r r= r1 + ~ . rk · 'IIOJIHaH 

WHpHmi pacrra~a B036y)K~eHHoro · H~pa, o6pa3yiOII.J;efoc
1
H. Ha i ·oii 

CTyiieHH HCIIapHTeJibH.Oro KaCKa~a. CHMBOJIOM <. .• )iOTMe'leHO ycpe~He· 
HHe DO BCeM HCIIapHTeJibHbiM _KaCKa~aM. flo cpaBHeHHIO. C IIPHMbiM. 

Mo~enHpoBaHHeM rrpon;ecca · ~eneHHH Ta:Koii crroco6 y'leTa ~eneHHH 
C IIOMOII.J;biO BeCOBbiX lPYHKI.J;HH 1103BOJIHeT 3Ha'IHTeJibHO .. yBeJIH'IHTb 

TO'IHOCTb Bbi'IHCJieHHH BeJIH'IHH a" H. a I OC06eHHO ~n11 CHJibHO· H 

CJia6o~eJIHII.J;HXCH KOMmiyH~- H~ep. ,[(mi Ka)K~OrO 3Ha'leHHH :meprHH 

HaJieTaiOII.J;ero HOHa pa3birpbiBaJIOCb 400·500 HCIIapHTeJibHbiX 

Kf;l-CKa~OB, 'ITO H OIIpe~eJIHeT TO'IHOCTb Bbi'IHCJieHHH. 

3. Ce'leHUJI oe/leHUJI 

B peaKI.J;HHX c o6pa30BaHHeM cna6o~eJIHII.J;HXCH KOMrrayH~-H~ep, 
r~e Ce'leHHe ~eneHHH a I COCTaBJIHeT JIHWb MaJiyiO 'laCTb IIOJIHOrO 

Ce'leHJ:IH ai
711

BeJIH'IHHa a I OKa3hiBaeTCH 3Ha'IHTeJibHO 6onee 'IYBCTBH· 

TeJibHOH K pa3JIH'IHbiM rrpe~IIOJIO)KeHHHM 0 KOHKypeHI.J;HH C rrpon;eCCOM 

HCIIapeHHH, 'leM Ce'leHHH BbiXO~a OT~eJibHbiX H30TOIIOB. Hao6opOT, ~JIH 

CHJibHO~eJI.RII.J;HXCH .R~ep a/ "' a. H H3MeHeHHH OTHOWeHHH r n lr, an . 
HaH6onee Cyii.J;eCTBeHHO CKa3biBaiOTCH Ha lPYHKI.J;HHX B036y)K~eHH.R. 

Ha puc. 1-3,. r~e rroKa3aHbi pac'leTHbie 3Ha'leHHH a 
1

_ ~nH 
pe'ai<n;Hii c HOHaMH 16 O,,xopowo BH~iiO, 'ITO B cnyqae, KOr~a a",= a0

, ' 

yMeH&WeHire napaMeTpa rrnoTHOCTH ypoBHeii yBenH'IHBaeT ce'leHHe 

. MeHee aepo.RTHoro rrpon;ecca. TaK, ~n.R cocTaBHoro H~pa ( 16 0 + 197Au), 
r~e r 71 I r, < I,,YMeHbWeHHe a 0 yMeHbWaeT 'BeJIH'IHHY a I; B. peaKI.J;HH 

16 0 + 14 I Pr' r~e r 71 I r I > 1 ; Hao6opoT - 'leM MeHbWe a 0 • TeM 6on&we 

a 
1 

. B rrpoMe)KyTO'IHOM cnyqae peaKn;HH 16 0 + 174y b , r ~e OTHoweHHe. 

* flpH Bbi'IHCJieHHHX Y'IHTbiBaJIOCb HCIIYCKaHile HeHTPOHOB, IIpOTOHOB 
u nerKHX ~~~ep 2 H , 3 H , 3 He ,4 He.ci>opMyn&I ~JIH OTHoiueHHH wupHH 
H:cnycKaHHH HeiiTpoHa II 3apH)KeHHoii. qacTHI.J;bi rrpuae~eH&I B pa6o­
re I Io/. 

6 

.r 
J 

l\' 

.. 
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lrj rrpHHH~aeT ~ 

CHMOCTH OT BeJIH'IH: 

. C'IHTaHHbie ,timl pa3JJ 

3Ha'leHHH T. 
YaeJIH'IeiiHe · c 

ce'leiiHR ~ 1 I c~~ c 
Pac'leThi rroKa3biBaJ 

aeHHbiM, qeM Gone€ 
8 I H :meprHH OT~€ 

,[(JIR cornacoBl 

cne~yeT Bbi6pa Tb a' 
llpaBaR· qacTb 

a I .. K H3MeHeHHIO: l 

60JibWHX 3HeprHRX 

ce'leHHe ~eneHHR, ~ 

HHH a c• 

BamHo oTMeTJ 

·· Cyii.J;eCTBeHHO 3aBHCI 

Bpaii.J;eHHR . .H~pa ·B 

cpaBHeHHR'CIInOWHb 

cTBYIOII.J;HX pa3JIH'IH: 

KpHBble Ha pHC. 1 J 

~JIR _.1 sp = 4, 7/0 ; CIIJI 

~THOCRTCR K 3Ha'le 

B03pacTaeT npH yBe 

BeCbMa TII.J;aTeJibHOf 

H3MeHeHHe na 
fsp O~HHaKOBblM o6p 

CTaTHCTH'IeCJ< 

HHR 3HepreTH'IeCKOi 

ce'leHHR npu. Gdm 
3aHH>i<eHHbiMH IIO c 

CB.H3aHO C BKJia~OM 
6e3· · :o6pa30BaHHR. 

OTHOnieHHH a// a0~ 
Tpe6yeT. eme ~an&HI 

B o6nacTH c. 
( 16 0 + 14 Ipr), cor: 

MO)KHO Ha~eRTbCH 

~eneHHR ·8 I , H3I 



c ·' -

,JqUCJI.!leMaH MeTO,IJ;OM . 
Io/; T l 6.napuuanLllaH 
= r

1 
+ ~ . rl.• 'TIOJIHa.!l 

l=l . 
lYIOiuerocH. ua t -oii 
.. ~ OTMeqeHO ycpe,D;He­
cpaBHeHUIO · C npHMblM 
IOC06 yqeTa ,IJ;eJieHUH 
aqureJILHO yaenuquTb 
16eHHO ,IJ;JI. CUJibHO~ U 
ro 3HaqeHUH 3Hepruu 
500 ucnapUTeJibHblX 
mit. 

~UXC.!l_KOMnayH,IJ;•.!l,IJ;ep, 

,mnyro qacTL. nonuoro 
eJibHO 6onee qyBCTBH· 
cypeuuuu c · npoueccoM 
>ronoa. Hao6opor, AJIH 
.!1 O_THOWeHUH r n I r I 
ll(UU.!IX B036ym,IJ;eHU.!l. 
maqeuux a 

1
_ ,IJ;JI.!l 

•qae, KOr,IJ;a .a~ = a o1 , 
yaenuquaaeT ceqeuue 
oro x,D;pa ( 16 0 + I97Au), 

Jiuquuy a I; B, peaKUUU 
euLwe a 0

, reM 6onLwe 
174Yb, r,IJ;e OTHOWeHUe. 

Ie HeHTpOHOB, npOTllHOB 
',IJ;JI.!l OTHOWeHH.!l WlfpUH 
1 npuae,IJ;eHLI s pa6o-

I 
i 

.. :1 
.·~ I 

' I 

. ' !-

l"n 1r
1 

npUHUMaeT 3HaqeHUH.; 60JJbWUe HJIU MeHbWUe e,IJ;UHUUbl, B 3aBH· 
CUMOCTU OT BeJIUqUHbl 3Hepruu B036ym,IJ;eHU.!l, KpUBble a/ (T) , pac­
cquTaHHbie ,tiJIH pa3JIUqHbiX 3HaqeHUH ao, nepeceKaiOTCH npu HeKOTOpOM 

3HaqeHuu T. 
YaenuqeHue oTHOWeHU.!l. a~. laon npUBO,IJ;UT K B03pacTaHUIO 

ceqeuux a 
1 

/eM. cpe,D;HIOIO qacTL puc. 1 u 2 u npaayiO qacTb puc. 3/. 
PactieTLI noKa3LIBaiOT, qro 3TOT poeT craHOBUTCH reM 6onee cymecr­
aeHHbiM, qeM 6onee pa3JIJlq'arorcx no caoeii aenuquue 6apLep ,IJ;eneuux 

B 1 u 3HepruH or,IJ;eneuux Heiirpoua Bn. . . 
,IJ;nx cornacoaaHUH reoperuqecKuxu 3Kci1epuMeHTanLHLIX ceqeuuii 

. CJI~,IJ;yeT Bbi6pa Tb a 0/ > a 
0
n • 

. llpaBa.!l· qaCTb puc. 1· 3 UJIJIIOCTpupyeT .!-IYBCTBUTeJibHOCTb ceqeHU.!l 
a

1 
K U3MeHeHUIO: BenuquHbl KPUTUqecKoro yrnoBoro MOMeHTa. llpu 

6o'riLwux 3HepruHx uaneraromero uoua yMeHLweuue L .tr .YMeHLwaeT 
ceqeuue ,IJ;eJieHU.!l, qro o6ycnOBJieHO B OC.HOBHOM y·MeHLWeHUeM ceqe • 

HHH a c. 
Bamuo orMeTuTL, tiro Benuquua a 

1 
,IJ;JI.!l cna6o,IJ;enxmuxcH H,IJ;ep 

cyiUeCTBeHHO 3aBUCUT OT TOrO, HaCKOJibKO TOqHO onpe,D;eJIHeTC.!l 3HeprU.!l 
BpaiUeHUJI . JIApa B ce,IJ;JIOBOH TOqKe. 3TO BU,IJ;IIO, B qaCTHOCTU, U3 
cpaBHeHUJI . CTIJIOWHbiX U nyHKTUpHbiX KpUBbiX Ha puc. 2 U 3, COOTBeT • 
CTBYIOIUUX pa3JIUqHbiM 3HaqeHUJIM MOMeHTa unepUUU 1 sp :CTIJIOWHbie 
i<pUBbie Ha pUC. 1 U 3 paccquTaHbl ,IJ;JIJI 1sp = 21 o, TIYHKTUpHaJI KpUBaJI ·• 
,IJ;JIJI .1 sp =4, 71

0
; cnnownLxe u nyHKTUpHaJI KpUBLie puc. 2, uao6opoT, 

OTHOCJITCJI K 3HaqeHU.!IM 1 sp = 4, 7 10 u "1 sp = 210; Ceqeuue u I 6biCTPO 
Bo3pacraeT npu yBenuqeHuu 1 511 .• Bce 3TO yKa3LiaaeT ua ueo6xo,IJ;uMo~-~b 
BeCLMa rmarenLuoro paccMorpeHUJI E1 ,0 ,. 

lf3MeHeHue napaMeTpOB a0 n • a0, ' L lrnpu pa3nuqHbiX 3HaqeHU.!IX 
1sp O,IJ;UHaKOBbiM o6pa30M BJIUHeT J!a Benuquuy ceqeHUH a I . 

· CrarucruqecKaJI reopux npaBunLHO nepe,D;aeT xapaK:rep U3MeHe • 
HUJI 3HepreruqecKoii 3aBUCHMOCTH a 

1 
(T)npu T ~ TA:r,o,IJ;HaKo pacqeTHLie 

ceqeHUJI npu 6dnLWHX 3HeprH.!IX BO BCeX CJiyqa.!IX OKa3biBaiOTC.H 
3aHumeHHbiMH no cpaBHeHJUO C 3KCnepuMeHTOM~ llo·BU,IJ;UMOMy, 3TO 
CB.!l3aHO C BKJia,IJ;OM HepaBHOBCCHbiX npoueCCOB ,IJ;eneHUJI, npOUCXO,IJ;JIIUUX 
6e3 · ·o6pa3oBaHuJI. KoMnayHA' .Hnpa, nH6o c U3MeHeHueM BenuimuLI 
OTHOWeHU.!l a01 I a0n npu 60JibWUX 3Hepruxx B036ym,IJ;eHHJI. 3TOT Bonpoc 
rpe6yeT eme ,IJ;anLueiiwero u3yqeuux. . .. · 

B o6nacru cna6o,IJ;enJimuxcJI JI,IJ;ep, no,IJ;o6HLIX cocraBHOMY JIAPY · 
( 16 0 + 14 1pr), cornacue pacqeTHbiX H 3KCnepUMeHTaJibHLIX BeJIHqHH' 
MO)f(HO Ha,IJ;e.!ITbCH ynyqWUTb nyTeM yroqHeHUH BeJIUqUHbl 6apbepOB 
,IJ;eneHu.!l B 

1 
, U3BeCTHLIX 3,IJ;eCL ceiiqac c 6onLWUMU owu6KaMu I 21 . 

7 
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.. 4. <J>yHKIJUU 6036yJtCOeHUJI 

.. -YtJeT n:P~uecca ·'f.;.nf~J_!H, .. ecTecTBeHHo,, .. yMeHLmaeT ,cetJeHHH 

peaKUHH A 1 Y ( 2 X, xn} . 1 2 Z. cllyHKUHH · ao36y)K,n;eHHH cTaHOBHTCH 

npH; 3ToM . 3HatJHTeJILHO, 6onee. y3KHMH /eM. pHc. 4/,. tJTO oco6eHHO 

3aMe.THO B CJiyqae CH-!!LHO,D;eJ_lJIU(HXC.H T.H~eJILIX .H,D;ep H .HBJI.HeTC.H 

Henocpe,n;cTBeHHLIM · oTpa)KeHHeM . ~HJILHoii I )aBHCHMOCTH OTHOWe!fHH 

I\ 1r 1 .oT. 3HeprHH ao36y)K,n;~HHH .11,n;pa E* 2 . . . .. 
3aBHCHMOCTL I!JyHKUHH B036y)K,D;eHH.H OT napaMeTpOB M(),!J,eJIHBH,D;Ha 

.. It3 pH c. · 5 ·7! B uenoM ,.pactJeTHLie H 3KcnepHMeHTaJILHLie 3HatJeHHH 

. axn MO)KHO cornacoaaTL Me)K,n;y co6oii /KaK no :H ,n;enanocL BO MHOJ:"HX 

'pa6oTax; CM., HanpHMep_ /14/j, O,D;HaKO pe3yJILTaTLI pacqe~OB OtJeHL. 

. tJYBC.TBHTeJILHLI K BLI6opy,. BeJIHtJHH a 0
/ H a~ y 6naro,n;ap.H tJeMy He 

. y,n;aeTC.H no,n;o6paTL e,D;HHLIH Ha6op napaMeTpOB ,D;JI.H BCeX paCCMOTpeH· 

HLIX peaKUHH. MO)KHO JIHWL yKa3aTL, tJTO JIYtJWee corJiaCHe C OllLITOM 

. llOJiyqaeTC.H: eCJIH llOJIQ)KHTb a~ >a~ · H BLI6paTb a~ ~0,05; npHqeM 

c yBeJIHtJeHHeM 3ap.H,n;a KOMnayH,n;·.H,n;pa OTHOWeHHe a 0 I a 0 
.... ] • . . . ·~ I. n 

. B o6nacTH 6oJILWHX 3HeprHii T. pactJeTHLie cetJeHHH axn• TaK )Ke 

KaK H CetJeHH.H a I 'J OKa3LIBaiOTC.H 3HatJHTeJILHO MeHLWHMH 3KCnepH· 

MeHTaJILHLIX! TeOpH.H, He YtJHTLIBaiOU(a.H BKJia,D; HeCTaUHOHapHLIX npo • 

uecc'oa, He OllHCLIBaeT Ha6JIIO,D;aeMLie Ha OllbiTe llOJIOrHe "XBOCTLI" 

I!JyHKUHH B036y)K,D;eHH.H. . . 

'tJTO KacaeTC.H peaKUHH C HCllYCKaHHeM 3ap.H)KeHHLIX tJaCTHU, TO 

ytJeT .npouecca ,n;eJieHH.H, llOMHMO yMeHLWeHH.H CetJeHHH 3THX peaKUHH, 

npHBO,IJ;HT K yBeJIHtJeHHIO HX OTHOCHTeJILHOrO BKJia,D;a, llOCKOJILKY .OTHO • 

WeHHe rn 1rl paCTeT C yMeHLWeHHeM 3ap.H,n;a . .H,n;pa,/21,;qyBCTBHTeJIL· 

HOCTL pactJeTHLIX xapaKTepHCTHK 3THX peaKUHH K napaMeTpaM MO,D;eJIH 

B 06IUHX tJepTaX TaKOBa. )Ke, KaK ¥ ,D;JI.H .peaKUHH C ·HcnycKaHHeM 

HeiiTpOHOB. 

5. 3aK/110\IeHue 

CpaaHeHHe c onLITOM. pe3yJILTaToB pactJeTO!'J, J:lLinOJIHeHHhiX Ha 

OCHOBe CTaTHCTHtJeCKOH TeOpHH ,n;eJieHH.H H HCnapeHH.H, llOKa3LIBaeT, • 

. tJTO B Ka)K,D;QM OT,D;eJILHOM CJiytJae cneuHaJILHbiM no,n;6opOM napaMeTpOB 

Mo,n;eJIH MO)KHO. nonytJHTL y,n;oaneTBOpHTeJihHOe cornacue 3KcnepHMeH­

niJILHLIX H TeopeTHtJeCKHX aeJIHtJHH a wupoKoii o6nacTH 3Hepruii T , 
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o.n;HaKo ,n;nH 6o,n;ee ,n;eTaJ 

TaJILHLIX ,n;aHHLIX H.eo6xo 

Hoii HHI!JopMauHeii o 3aa1 

a~. OT BeJIHtJHH·A , Z ., 
npHHHMa Tb BO BHHMaH.HI 

KaHH.H tJaCTHU. 
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yMeHbwaeT ceqeHHH 
)K,IJ;eHHH CTaHOBHTCH 
:. 4/, ,qTo oco6euuo 
X H,IJ;ep H HBnHeTCH 
:CHMOCTH . OTHOWeHHH 

MeTpOB ~o,nenH BH,IJ;Ha 
eHTanbHbie 3HaqeHHH 
,nenanoCbBO MHOrHX 

aTbi pacqe'I.:OB oqeub 
6naro,napx qeMy He 
IIH.BCeX paCCMOTpeH • 
:! cornacue c onbiTOM 
fb a 0 "'0,05; npuqeM . n 
ea 0

. /a 0 -+1. t· n 
ceqeHHH ax n'~ TaK )Ke 
MeHbWHMH 3KCnepH· 
ecTau;uouapHbiX npo­
·e nonorue "xBoCTbi" 

pH)KeHHblX qaCTHIJ;, TO 
~qeHHH 3THX peaKIJ;HH, 
a,na, llOCKOnbKY OTHO· 
J;pa/ 2/" qy~CTBHTenb • 
: napaMeTpaM Mo,nenu 
aKu;uii c ·ucnycKaHHeM 

['O!J, BblllOnHeHHbiX .Ha 
rapeHHH; n,oKa3biBaeT, . 
IO,n6opOM napaMeTpOB 
ornacue. 3KcnepuMeH­
o6nacTH 3HeprHH T. ' 

. :) 
r 

o,nuaKo ,nmi 6o,nee ,neTanbuoro H o6ocuoBauuoro auanu3a 3KcnepuMeH­
TanbHbiX ,naHHbiX He06XO,D;HMO pacnonaraTb '3uaquTenbHO 6onee no,npo6· 
HOH uuciJopMau;ueii o 3aBHC:HMOCTH napaMeTpoB nnoTHOCTH ypoBHeii a

0

1 u 
a~ OT Benuquu. A , Z , £'* .IIpu 3Hepruxx T ~ 10 MsB/iiyKnou cne,nyeT 
npHHHMaTb BO BHHMaHHe HeCTaiJ;HOHapHbJe i:Jpou;eCCbl ,neneHHH H HCnyc­

KaHHH qaCTHIJ;. 
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