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6eH3HH C.A. H AP· 

CTaTHCTH4eCKHH aHanH3 eepoATHOCTH AeneHHA 
AOaKTHHHAHbiX AAep B peaKI.IHH (12C, f) 

P7 · 12802 

npeACTaeneH~ pe3ynbTaT~ aHanH3a 3KcnepHMeHTanbH~x AaHH~x no ce-
4eHHAM AeneHHA H yrnoB~M pacnpeAeneHHAM OCKOnKOB AeneHHA COCTaBH~X 
AAeP, o6pa3y~HXCA npH o6ny4eHHH MHWeHeH H3 Er, Yb , Hf, W H Os 
HOHaMH 12c B HHTepeane 3HeprHH OT 6apbepa B3aHMOAeHCTBHA AO 110 M3B. 
HeTOA pac4eTa OCHOBaH Ha CTaTHCTH4eCKOM paCCMOTpeHHH npOI.IeCCa AeB03-
6Y*AeHHA COCTaBH~X AAep. B pac4eTax Y4HT~BanOCb AeneHHe COCTaBHOro 
AApa H A04epHHX AAeP nocne B~neTa HeHTPOHOB, npOTOHOB H anb~a-4aCTHI.I. 

noKa3aHo, 4TO npH onpeAeneHH~X npeAnOno*eHHAX 0 CTpyKType 6apb
epa AeneHHA H 3HepreTH4eCKOH 3aBHCHMOCTH napaMeTpOB nnoTHOCTH ypOBHeH 
YAaCTCA AOCTaT04HO Xopowo OnHCaTb BCIO COBOKynHOCTb 3KCnepHMeHTanbH~X 
AaHH~X no Ce4eHHAM AeneHHA H yrnoB~M pacnpeAeneHHAM OCKOnKOB AeneHHA 
AOaKTHHHAH~X AAep, nony4eHH~X 8 peaKI.IHH (12 C, f). 

Pa6oTa e~nonHeHa e fla6opaTopHH AAep~x peaKI.IHH OHRH. 

npenpHHT 06benHHeHHOro HHCTHTYTB HnepHblX HCCnenOBBHHA, lly6Ha )979 

Bejzin S.D. et al. P7 · 12802 

Statistical Analysis of Fission Probability for 
Preactinide Nuclei in the (12c , f) Reaction 

The results of analysis of experimental data on fission cross 
sections and angular distributions of fission fragements of compound 
nuclei produced at the bombardment of Er, Yb, Hf, W, Os targets 
by 12c ions within energy range from interaction barrier up to 110MeV 
are presented. The calculation method is based on a statistical con
sideration of preexcitation process of compound nuclei Fission of 
Compound nuclei and daughter nuclei after neutron, proton and alpha
particle emission was considered. It is shown that under definite 
hypotheses as to structure of fission barrier and energy function of 
density level parameters one could describe rather satisfactorily 
all assembly of experimental data on fission cross sections and angu
lar distributions of fission fragments of preactinide nuclei produced 
1 n the ( 12c, f) reaction. 

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

Preprint of the Joint Institute for Nuclear Research. Dubna 1979 

BBEAEHHE 

PeaK~~~ c TRmenMM~ ~oHaM~ no3BOnR~T ~3y4aTb AeneH~e so3-
6ymAeHHbiX RAeP s w~poKoi:i o6nacnt Z 2 I A. B nocneAHee speMR 
oco6bli:1 ~HTepec npoRBnReTCR K aHan~3Y 3HepreT~4ecKoi:1 3aB~

c~MOCT~ ce4eH~R AeneH~R s o6nacT~ cpeAH~x Mace RAep, AnR 
KOTOpoi:i HaKonneH 6onbWOH 3KCnep~MeHTanbHbli:1 MaTep~an /1·41. 

AHan~3 3Kcnep~MeHTanbHbtX AaHHbiX o Aen~MocT~ AOaKT~H~AHMx 
RAeP ~MeeT PRA onpeAeneHHbtX npei-1MYU\eCTB no cpasHeH~~ c I-1C
cneAOBaHJ..1eM o6nacTI-1 6onee TRmenMx RAeP I Z 

2 I A > 361, rAe Ae
neHJ..1e RBnReTCR AOMI-1HI-1PY~U\I-1M KaHanOM pacnaAa COCTaBHOrO RApa 
1-1; 8 CBR31-1 C 3TI-1M, pe3ynbTaTbl pac4eTOB Mano4yBCTBJ..1TenbHbl 
K napaMeTpaM, onpeAenR~I-1M Aeni-1TenbHY~ WI-1PI-1Hy. H3secTHo, 
4TO 8 o6naCTI-1 cpeAHI-1X Mace RAep Ha6n~AaeTCR pe3KaR 3Hepre
TJ..14eCKaR 3aBJ..1CJ..1MOCTb Ce4eHJ..1R AeneH~R, CBR3aHHaR C 6onbWOi:1 
pa3HI-1~ei:1 s seni-14!-1Hax Aeni-1TenbHoro 6apbepa 1-1 3Heprl-1i:1 cBR31-1 
HyKnOHOB. Oco6Mi:1 1-1HTepec K l-13y4eHI-1~ AeneHI-1R RAeP c Macco
BMMI-1 41-1CnaMJ..1 ·A = 170-210 o6ycnosneH TaKme B03MOmHOCTb~ 
l-1ccneAoBaHI-1R sni-1RHI-1R o6ono4e4Hb1X 3~~eKTOB Ha npo~ecc Aene- ; 
HI-1R, BBI-1AY I-1Me~erOCR B 3TOi:1 o6naCTI-1 nepeXOAa OT Ae~opMI-1-
posaHHMX RAeP K c~epl-14eCKI-1M. KpoMe Taro, s 3TI-1X RApax, 6na
roAaPR aHoManbHO 6onbwoi:1 Ae~opMa~l-11-1 RAPa s ceAnosoi:i T04Ke, 
6ni-13KOi:1 K KOH<)li.1 rypa~~-11-1 pa3pMBa, o6ono4e4Hbte 3~~eKTbt s ne
peXOAHOM COCTORHI-11-1 Cyll\eCTBeHHO ocna6neHM. 

Ha1-16onee w1-1pOKO pacnpocTpaHeHHbti:i MeTOA aHanl-13a ~yHK~I-1.::1 
B036ymAeHI-1R 8 peaK~I-1RX C TRmenMMI-1 J..10HaMJ..1 OCHOBaH Ha CTaTI-1C
TJ..14eCKOi:1 MOAenl-1, C ~epM!-1-ra30BOi:1 nnoTHOCTb~ ypOBHei:i, J..1Cnonb-
3Y~Uiei:1 mi-1AKOKanenbHMe <)ll.1rypbl paBHOBeCI-1R AnR Bpall\a~U\I-1XCR 

RAeP, nony4eHHMe s MOAenl-1 CPS 151 • BMecTe c TeM, s 6onbw~H
cTse ony6ni-1KOBaHHbtX no AaHHOi:i TeMe pa6oT J..1CCneAOBaHI-1R npo
BOA1-1ni-1Cb 8 cpaBHJ..1TenbHO y3KOM 1-1HTepsane no 3Heprl-11-1 B036ym
AeHI-1R 1-1 Z 2/ A. He scerAa AOCTaT04HO nonHo y41-1TbtBani-1Cb 
see KaHanbt, BeAYUII-1e K AeneHI-1~ J..1CXOAHOrO COCTaBHOrO AApa, 
Bni-1RHI-1e o6on04e4HbiX 3~eKTOB Ha CTpyKTypy 6apbepa AeneHI-1A 
1-1 3aBJ..1CI-1MOCTb nnoTHOCTI-1 ypoeHei:i oT 3Heprl-1~. KpoMe Toro, 
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Ofibi4HO HCCileAYlOTCA TOJlbKO Ce4eHHR AeileHHR, He aHaJ1H3HPYlOTCR 
yrJlOBble pacnpeAeJleHHR OCKOJ1KOB AeJleHHR H Ce4eHHR HCnapHTeJlb
HbiX peaKLIHi1, 

B HacToR~er::t pa6oTe npoBOAHTCR aHanr-~3 3Kcnepr-~MeHTaJ1bHbiX 
AaHHbiX no Ce4eHHRM AeileHHR H yrJlOBbiM pacnpeAeJleHHRM OCKOJ1- · 
KOB AeJleHHR COCTaBHbiX RAep, o6pa3y~HXCR npr-1 06J1y4eHHH MH
weHer:\ 113 Er , Yb, Hf , W 1-1 Os HOHaMI-1 12C a 1>1HTepsane 3Hep
rvrr::t OT 6apbepa B3aHMOAei1CTBI-1l'l AO 110 M3B 131*. 

MeTOA pac4eTa ce4eHI1i1 AeneHI-11'1 1-1 yrnoeblx pacnpeAeneHHH 
OCKOJ1KOB OCHOBaH Ha CTaTJ.1CTI14eCKOM paCCMOTpeHI111 npol.leCca 
AeB036ymAeHI1R COCTaBHbiX RAep, B paC4eTax Y411Tb1BaJ10Cb Aene
HHe COCTaBHOrO RApa 11 A04epHI1X RAep nocne BbiJleTa HeHTPOHOB, 
npoTOHOB 1-1 anb~a-4aCTI1l.l. Bb14HCJ1eHI1R npoBOA11I11>1Cb AI1R KamAo
ro napl.lr-~anbHoro ce4eHI1R o6pa3oBaHI1A cocTaBHoro RAPa c wa
roM 1 M3B no 3HeprHI1 B036ymAeHI1R. noeAnonaranocb, 4TO Kam
AbiH HeHTPOH B npOI.lecce 11CnapeHI1l'l B cpeAHeM YHOCI1T yrJlOBOH 
MOMeHT - 2fl, npoToH - 3fl , a -YaCTH lla - 10fi. Pac4eTbl 
een11cb no nooroaMMe ALICE, e KoTopylO fibln BHeceH P.RA 
H3MeHeHI1H Al,'ll, AJ1R KamAOH peaKI.lr-111 paCC411Tb1BaJ111Cb Ce4eHI1fl 
AeJ1eHI1R, yrnOBble pacnpeAeJ1eHI1l'l OCKOJ1KOB, Ce4eHI1A o6pa3o
BaHI1fl 1130TOnOB B 11Cnapi1TeJ1bHbiX KaHanax, OTHOWeHI1l'l WI1P11H 
AJ1fl KamAOH CTyneHI1 KaCKaAa (f' r /f' n , f' f /f' p , f' f /f' a ), 

METO,Q PAC4ETA 

Pac4eT nonHbiX ce4eHI1H AeneHI1fl npoBOA11I1CR no ~opMyne 

e e e 
er e m r Ci j-, 1 r T/k 

a f = e : 0 ae I;: 0 -['-r-~---r-T T/ =};n,p,a ~0 -r;r----;;----r;T-- ' 
r+._ fk+ k 
I v=n,p,a vi v= n,p,a v 

rAe ffi -411CJ10 npeAWeCTBY~I1X AeJ1eHI1lO CTyneHeH 11Cnapi1TeJ1bHOro 
KaCKaAa, COOTBeTCTBY~I1X BbiJleTy HeHTPOHOB, npOTOHOB 11 anb~a-
4aCTHI.l. 06bi4Ho e HacToR~I1X pac4eTax Y411Tbleanocb AeneHI1e noc
ne BbiJ1eTa 6-8 HeHTPOHOB 11 2 npOTOHOB /nr-160 OAHOH a-4aCTI1llbl/. 

* 3 Kcnepi1MeHTan bHble AaHHble AJlfl peaKL11111 
164

•168Er+ 12c ... t 76 • 180 w 
npr-~BeAeHbl BnepBble. 0HI1 nony4eHbl C HCnOJ1b30BaHI1eM MeTOA11KI1, 
AeTaJ1bHO 0n11caHHOH B pa6oTax/ 1,3 / , 
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11cnapHT~J1bHYlO WHP11HY AJlfl 4aCTI1l.lbl v (v = n, p, a) COCTaBHOrO 
AApa C 3Heprl1eH B036ymAeHI1l'l E 11 yrJlOBbiM MOMeHTOM f MOmHO 

3an11caTb a B11Ae 
f E-Emin(0-Bv 

f'
11

(E)=> (~ + 1)(2S
11

+1)p.
11 

f p11 (E-Emin(f)-B 11 -dw 11 (£)df, 
0 

rAe S
11 

1-1 llv - cn11H 11 npi1BeAeHHaR Macca 4aCTI1llbl v; 
a

11 
(f) . - 3HepreTI14eCKaR 3aBHCI1MOCTb Ce4eHI1H ofipaTHbiX 

peaKLIHH 3axsaTa · (n, p, a) , KOTopafl pacc411Tb1Banacb no on-
TI14eCKOH MOAeJ111 IS/ ; E min (e) - 3Hepri1R spa~eHHR Aill'l pae-
HOBeCHOH ~11rypbl e MOAei111 CPS 151 ; p 11 (E) - nnoTHOCTb 
ypOBHeH AJ1A OCTaT04HOrO RAPa nocne 11CnapeHHl'l 4aCTHI.lbl v ; 
B 

11 
- 3Hep rr-~R CBR311 HyKilOHOB 1-11111 a - 4aCTHI.lbl. 

npr-~ pac4eTe 3Heprr-~i1 B036ymAeHHl'l AI1R ecex RAeP 11CnOI1b30-
eai111Cb 3KCnepr-~MeHTai1bHble 3Ha4eHI1l'l Mace. 3Hepr11H CBR311 HyK
JlOHOB H a -4aCTHLI paCC411Tb1Bai1HCb Ha OCHOBe MaCCOBOH ~pMy
Ilbl pa60Tbl ;9/ • AJ1R AeflHTeflbHOH W11PI1Hbl 11CnOI1b30BaJ10Cb Bblpa-

meHI1e _ '") 
f E ESVL 

rr (E)- (2f +1) f Pr(E-E 8 P(f)- f)d(, 
0 

B r (f); B r (f)- 6apbep AeJ1eHI1R RAPa rAe E spCO = E min (f) + 
C yrilOBbiM MOMeHTOM f 
RAPa B ceAJ10BOH T04Ke. 

PC (E) - nflOTHOCTb ypoBHeH AeJlR~eroCfl 

Ce4eHr-~e o6pa3oBaHI1R 
fer e 

u e (E) = f ~ ou e (E) • 

COCTaBHOrO RApa paBHO 

e 
rAe napllHaflbHble ce4eHI1R o6pa3oBaHHR cocTaBHoro fiAPa ae 
pacc411Tb1Banr-~cb c 11CnOJ1b30BaHr-~eM AeHCTBHTeJ1bHOH 4aCTH onTI1-
4ecKoro noTeHLIHana VN = Vo • exp[(r0 (A\.oa + A1{'3 )-R)/d]. AnR seer:\ 
o6nacTr-~ 11ccneAyeMbiX RAeP V0 = -6 7 M3B, d = 0 , 4 ~M, r o = 
= 1,28 ~M. BeJ111411Ha KpHTI14eCKOrO yrnoeoro MOMeHTa Bbi411CJ1R-

/3/ - 1/3 t/3 At·A2 f"""Ei. 
nacb no ~opMyne fer= 0, 155 r 0 (At + A 2 ) ·-----A Y y • 

At+ 2 t 

rAe r 0 = 1,15 - 1, 17; At, A 2- Maccbl HaneTa~ero 110Ha 11 
RAPa - MI1WeHH, EL- na6opaTOpHaR 3Heprl1fl 110Ha yrnepOAa. 
Yrnosble pacnpeAeneHHR ocKOI1KOB AeneHI1R pacc411Tb1BaJ111Cb AJ1R 
KamAOH CTyneHH 11Cnapi1TeJ1bHOrO KaCKaAa H KamAOrO 3Ha4eHHfl 
yrnoeoro MOMeHTa e .2.2

8 
.2.2 8 · 

er m L 1 sm 1 L i sm i 
W(8) - }; }; (2f + 1) a (t, N . , Z.) I ( ---------) exp (- ----), 

f=o i=o r I I I o 4K~I 4K~i 
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rAe 10 - $yHK4HR 6eccenR MHHMoro apryMeHTa Hynesoro nop.AA

Ka, K~ =~Jeff· T; J err - 3$$eKTHBHbl~ MOMeHT HHep4HH AenR

UlerocR RAP a, T =..; lO(E-Br )/A- TeMnepaTypa s AenHTenbHOM Ka
Hane. 

B H3nomeHHOM e~we nOAXOAe CYllleCTBeHH~MH napaMeTpaMH RB
nR~TCR senH4HHa 6apbepa AeneHHR Br H OTHOWeHHe napaMeTpos 
nnOTHOCTH YPOBHeH B AenHTenbHOM H HCnapHTSnbHOM KaHanax 
a f /a 11 • 06~4HO B paC4eTaX npHHHMaeTCR, 4TO OTHOWeHHe 
af/a 11 M8HReTCR OT 1 AO 1,3 H He 3aBHCHT OT 3HeprHH B036ym
A8HHR H o6on0484HO~ CTpyKTyp~ RAPa, a 6apbepbl AeneHHll B~-
4HCnR~TCI1 n8: roAenH CPS c noCTORHHbiM MHO~HTfin;M' T. e. 
B f (e)= C·B t (f). BMeCTe c TeM, B pa6oTax I ' 2' 0 6~n npoBeAeH 
aHanHa 6apbepoe AeneHHR H nnoTHOCTeH yposHe~ AnR AOaKTHHHA
H~x .RAep, nony48HHbiX B peaK4HRX C nerKHMH 3ap.AmeHHbiMH 4ac
THLiaM~1, KOTOP~H noKaaan He06XOAHMOCTb y4eTa BnHRHHR o6ono-
4e4HbiX 3$$eKTOB Ha noouecc .aeneHHR. 

no aHanorHH C 3THMH pa6oTaMH M~ HCnOnb3YeM: 
a/ nony$eHoMeHonorHt~ecKy~ $opMyny AnR napaMeTpos nnoT-

HOCTi-1 YPOBHes::i a(E)=aJl+(l-exp (-0,054E)] 41. AslR KaHanos 

HcnapeHHR 4aCTH4 a =a
11

, /1W 
11 

( Z, ·A) - o6ono4e4Ha.A nonpasKa 
AnR ocTaT04Horo RAPa c pasHosecHoH Ae$opMa4He~. B KaHane 
AeneHHR a= af• 11_Wr(Z, A) - o6ono4e4Ha.A nonpaBKa B CeAnOBO~ 
KOH$Hrypa4HH, a r = O,lA. 

6/ 6apbep AeneHHR pacc4HTbiBancR no $opMyne 
CPS exp 

Br (f)= cB r (f) -/1W (Z, A)+ 11Wr (Z, A), 

rAe c- noArOH04H~H napaMeTp, 11W exp (Z, A) - 3KcnepHMeH-
TanbHOC 3Ha4eHHe 060n0484HO~ nonpaBKH AnR COCTaBHOrO RAPa 
B OCHOBHOM COCTORHHH, paBHOe pa3HOCTH 3KCnepHMeHTanbHO~ 
MaCCbl ~~ mH{lKOKanenbHO~. npeolilnonaranocb' 4TO aAAHTHBHa.A A0-
6aBKa K 6apbepy AeneHH.R 11W xp (Z, A) He 3aBHC~1T oT yrnosoro 
MOMeHTa H 3HeprHH B036ymAeHH.A, TaK KaK Ae$opMa4HR paccMaT
PHBaeMoro RAPa B C8AnOBO~ T04Ke BenHKa, B pac4eTaX /1W r(Z,A) 
nonaranacb pasHo~ Hyn~. 

AHAflH3 PE3YflbTATOB 

Ha pHc. 1 npHBeAeH.a pac4eTHaR $yHK4HR B036ymAeHHR AnR 
peaK4H;---182W+ 12C.-+ 194Hg.BHAHO, 4TO OCHOBHO~ BKnaA B Hee 
BHOCRT HCnapHTenbH~e KaHan~, B TO BpeMR KaK Ce4eHHe Aene-

I 

6,ml 

IOJ 

!0
2 

to' 

d6n 
ti5n Y...·-. ......--·, .r ........_ 

;!J.n / X, P6n f>}jn 

I . ' ·. e.s.· ,·\--', / 
. f!.tn f\/ .f',f . ,'-, 

il ,/ './ \ I I\ \ ' 
. I 1\ '1.1 '\ r I I \ I \ . 

'P,} \ I \ X \ \ 
~ ' . I \ /. \ 

/ I \\/ \\1 \ \ ., 
I )\ • \ 

1 I \\ \ \ \ ., 
I I \. \ . \ : \\ \ \ \ 

: \\ \ \ 
: ~ \ \ 

I I . 
I \ 

10" \ \ 
.50 BO 70 80 90 100 /10 /20 EL,, M3 B 

PHc.1 • Pac4eTH~e $YHK4HH so36ymAeHHR pa3nH4H~x KaHanos 
pacnaAa RAPa 194 Hg , o6pa3oBaHHoro s peaK4HH 12 C + 

182 
W. 

a R , ac H a f - Ce4eHHR peaK4HH o6pa30BaHHR COCTaBHOrO RApa 
H AeneHHR, COOTBeTCTBeHHO. e - 3KCnepHMeHTanbHble C848HHR 
AeneHHR /.3, 4/. 

HHR He npes~waeT 30% nonHero ce4eHHR. Ce4eHHe peaK4HH c Bbl
neToM 3apRmeHH~X 4aCTH4 COCTaBnReT MeHee 0,1 OT Ce4eHHR 
C HCnapeHHeM TOnbKO HeHTPOHOB. KpoMe TOro, nocne B~neTa 
npoToHa 6apbep AeneHHR B03pacTaeT npHMepHo Ha 2 MaB, a nocne 
B~neTa a -4aCTH4bl - Ha 4 M3B. no3TOMY B paC48THY~ BenH4HHY 
Ce4eHHR 'OCHOBHOH BKnaA BHOCHT AeneHHe nocne BblneTa H8~Tpo
HOB. 3TOT B~BOA Hnn~CTpHpyeTCR pHC.2 , Ha KOTOpOM npHBeAeH~ 
OTHOW8HHR AenHTenbHOH H H8HTPOHHO~ WHPHH rf I r n AnR COCTaB-
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P~c.2. 3ae~C~MOCTb rr /rn 
OT 3Hepr~~ ~OHOB 12C 
AJ1R RApa 194 Hg nocne ~c
napeH~R n =0, 1 , 2 Hei:.T po
HOB /cnnowH~e Kp~e~e/, 
npOTOHa ~ Hei:.TpOHOB /wTp~
XOBaHH~e/ ~ aJ1b~-4aCT~~~ 
~ Hei:.TpOHOB /wTp~xnyHKT~p
Hble/, 

HOro RApa 194Hg np~ ~z =0,1,2. B~AHO, 4TO OTHOWeH~R rf / r n 

pe3KO naAa~T nocne BbiJleTa 3apR*eHHbiX 4aCT~~ H 3Ha4~TeJ1bHO 
CJ1a6ee MeHR~TCR nOCJle BbiJleTa Hei:.TpOHOB. 

Pac4eTHble ~ 3Kcnep~MeHTaJ1bHble ce4eH~R AeJleH~R AaHbl Ha 
p~cyHKax 1, 3 ~ 4. JlnR RAeP 199pb ~ 180 W TaK*e noKa3aH 
BKilaA AeneH~R AO BbiJleTa nepeoro Hei:.TpoHa. 3Ha4eH~R napaMeT
poe pac4eTa, AJ1R KOTOpblx 6~110 nony4eHo Ha~ny4Wee cornac~e 
C 3Kcnep~MeHTaJ1bHbiM~ pe3yJ1bTaTaM~, np~BeAeH~ B Ta6J1. 1. 

0AHOBpeMeHHO c eyHK~HRM~ B036Y~AeH~R AeJleH~R pacc4~Tbi
BaJ1~Cb ymoeble pacnpeAeneH~R ocKOJlKOB AeJleH~R W(O)/ W(90 °). 
Ha p~c.S AaHo cpaeHeHHe pac4eTHbiX ~ 3KcnepHMeHTaJ1bHbiX 
yrnoeblx pacnpeAeneH~i:. AJlR ABYX 3Hepr~i:1 RAPa 196 Hg • B Ta6n. 2 
np~BeAeHbl BeJ1~4~Hbl Kp~T~4eCK~x . yrJ10BbiX MOMeHTOB /c KOTOP~M~ 
npoeoA~Il~Cb pac4eT~ ar ~ W(m ~ 3Kcnep~MeHianbHbiX yrno-
BbiX aH~3oTpon~i:1 ocKOJlKOB AeJleH~R W(0°)/W(90 °) ~ 3ctxl>eKniBHbiX 
MOMeHTOB ~Hep~~~ Ae11R~~XCR RAep B CeAJlOBOi:. T04Ke. noCJleA-

8 

P~c.3. eyHK~~~ B036y~~ 
AeH~R AeneH~R e peaK
~~~ ( 12 C, f). 3Kcnepw 
MeHTaJlbHble T04K~ - ~3 

pa6oTbl !.31. 

~-1 

/0 
1"PI {IJ.! ·ttl) 

/96 
HJ(~ ·10) 

10 
Ill 

Pt (fJ,-10) 
Ill 

O.r (fJj ·10) 
10 

Ill -l 
Pt{oriO J 

178 -1 

W(ff1 to J 

10 

/0-~ --r--....---.----.---.---.---.-----1 
60 70 60 90 /00 110 4, ,M3B 

H~e 6bJJ1~ nony4eHbl ~3 ycnoe~R cornacoeaH~R pac4eTHbiX ~ 3Kcne; 
p~MeHTaJlbHbiX yrilOBbiX pacnpeAeJleH~i:. OCKOJlKOB AeJleH~R. 

PaccMoTp~M nony4eHHble pe3yJ1bTaTbl 6onee AeTaJlbHO. 
A/ Kp~T~4eCK~i:1 yrnoeol:. MoMeHT 

B 3HepreT~4ecKoM xoAe ce4eH~i:1 AeJleH~R ~ccneAyeMbiX RAep, 
Ha4~HaR C 3Hepr~J:1 - 90 M3B, HaCTynaeT HaCbl~eH~e, KOTOpoe 
CBR3aHO C BKJ1~4eHHeM Kp~T~4eCKOrO yrhOBOrO MOMeHTa, T.e. fer 
CTaHOB~TCR MeHbWe emax• TaK KaK Aeil~TeJlbHaR w~p~Ha pe3KO 
3aB~C~T OT f , TO AJ1R 3Hepr~J:i > 90 M3B f cr RBJlReTCR napa
MeTpOM, Cy~eCTBeHHO BJl~R~~M Ha pe3yJ1bTaTbl pac4eTa Ce4eH~J:i. 
3Ha4~TeJ1bHO MeHbWe BJl~RH~e KPHT~4eCKOrO yrJlOBOrO MOMeHTa 
np~ 3Hepr~RX. AJ1R KOTOPbiX ecr.? e max • Ha p~c. 6 AI1R j.1J1Jl~CTpa-
~~~ np~BeAeH rpae~K 3aB~C~MOCT~ Ce4eH~R o6pa3oBaH~R COCTaB
HOrO RAPa ~ ce4eH~R AeneH~R oT yrnoeoro MOMeHTa. P~c.7a 
noKa3b1BaeT Bil~RH~e KP~T~4ecKoro yrnoeoro MOMeHTa Ha pe3ynb-
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PHc.4. Pac4eTH~e H 3KcnepHMeHTanbH~e ce4eHHR AeneHHR 
RAep 199 Pb H 180 W B 3aBHCHMOCTH OT 3HeprHH HOHOB yr
nepoAa. nyHKTHpHO~ KPHBO~ noKa3aH~ Ce4eHHR AeneHHR 
AO B~neTa He~TPOHa, 

TaT~ paC4eTa 3HepreTH4eCKO~ 3aBHCHMOCTH Ce4eHHR AeneHHR npH 
r cq 1,2) = fer ± 31'1. 

TaK KaK AnR HCCneAyeM~X RAep AeneHHe B OCHOBHOM Ha4HHaeT
CR npH 3HeprHRX HOHOB yrnepoAa, npee~wa~HX KynOHOBCKH~ 
6apbep CnHRHHR, TO Ce4eHHe o6pa30BaHHR COCTaBHoro RApa Mano-
4yBCTBHTenbHO K napaMeTpaM RAePHOro noTeH4Hana. no3TOMy, 
noA6HpaR ece napaMeTp~ pac4eTa TaK, 4T06~ xopowo onHcaTb 
3HepreTH4eCKyiO 3aBHCHMOCTb ac (E) B o6naCTH 3HeprH~ 
E L.$90 M3B, MO>KHO c T04HOCT biO ±lfl ycTaHOBHTb eenH4HHy KpHTH-
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PHc.5. Pac4eTH~e H 3KcnepHMeHTanbH~e yrnoe~e 
pacnpeAeneHHR OCKOnKOB AeneHHR AnR RAPa 196 Hg. 
- --- --- H • AnR EL = 105,7 M3B, - - - - H 0-
AnR E L = 68, 3 M38. 

4ecKoro yrnoeoro MOMeHTa. AnR ecex HccneAyeM~x RAeP npH 3Hep
rHH HOHOB 12 C, paBHO~ 110 M38, M~ nony4HnH fer = 50 ± 1 fl. 
3Ta BenH4HHa XOpOWO COrnacyeTCR C KPHTH4eCKHMH yrnoB~MH MO
MeHTaMH, npeACKaa~eae~MH e pac4eTax 6acca1111 • AHanH3 ce4e
HH~ AeneHHR TaK>Ke noKa3~BaeT, 4TO fer RBnReTCR $yHK4He~ 3Hep
rHH naAaiOIIIHX 4aCTH4. TaK, AnR RAPa 194Hg KPHTH4eCKHH yrno
eo~ MOMeHT MeHReTCR OT 471'1 AO 54fl npH H3MeHeHHH E L OT 93 
AO 125 M38. 
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Ta6mn~a 2 

3 KcnepH MeHTan bH~e 3Ha 4eHHR yrnoao~ aHH30TponHH 
OCKOnKOB Aen e HHR H nony4eHH~e B pac4eTaX 3Ha-
4eHHR o6paTHOrO 3$¢eKTH~OrO MOMeHTa H Hep~HH 

~"' ~ I~ lcr 1elt Wud, ~/*1 'tiM 
Wri1l t.cr ]~if 

JJ().j 5..50 51 177 JJQ!j 5,10 49 i74 
/02.8 540 49 176 105,6 5,30 *' 1.76 

2op5 .9M ~24 46 192 ~~t .98* 5.3.5 45 1,&5 
IB!l¥ 52l 45 183 93.6 495 4.3 t72 
8.3.8 482 42 fBj ~0 4,6t :38 1, 72 

110,5 4,89 48 1.41 fiOS 4,95 50 J'r2 
199 . ltot9 4,37 46 148 183 996 502 4 7 140 

P6 .938 4,45 45 1,4.5 Os 925 520 4/r 161 
7,10 l.i92 38 .i_~ 81.0 4.63 38 iSS 

1646 285 29 2,'12 68..3 j85 .3.3 165 

105,7 ~35 50 i61 ii05 510 50 1,25 
196 96.4 5.35 48 flG 180 106.4 488 49 f.f5 
H9 9i2 509 46 f6f w 9!i5 487 45 125 

810 480 42 185 810 445 39 i21 

6&3 J.BJ 33 2.42 720 J75 36 113 

110.5 4.96 5t 161 Jf05 457 48 i.f2 

fB* JOJ6 5!6 48 167 176 fOiO 454 46 112 

Hg 93.2 412 48 151 w !J{).6 424 43 1.08 
laB 4.711 4i 182 748 !171 37 100 
611.6 .330 2B 257 68.8 342 35 100 

110~ 552 'r9 1.6~ *' . -f (92 101.2 522 47 157 Jelf=f}/r Pt 912 493 45 1j7 
8~0 4-.46 .39 t.16 

6J.2 322. 23 3.07 

6/ napaMeTp~ nnOTHOCTH ypOBHe~ 

KaK ~ yme OTMe4anH, a 6onbWHHCTBe pa6oT o6~4HO npHHHMa~T 
OTHOWeHHe ac / av KOHCTaHTO~, aapbHpyeMO~ OT RApa K RAPY B 
npeAenax OT 1 AO 1,3. BMeCTe C TeM MOmHO OmHAaTb, 4TO 3TO 
OTHOWeHHe no-pa3HOMy 3aBHCHT OT 3HeprHH AnR c¢epH4eCKHX H 
Ae¢opMHPOBaHH~X RAep H B~XOAHT Ha CBOe aCHMnTOTH4eCKO~ 3Ha-

13 



6,lmG 

0 20 ItO 

let!' 

e 
0/1 
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P1-1c. 6. 3aeHcHMOCTbe ce4eHHi1 peaK~Hi1 aR. o6pa3oeaHHfl 

C'Ci'CTa BHoro flAP a a c 1-1 Ae!leHHft a~ OT y rnoeoro Mo

MeHTa Ailfl fiAPa 
204 Pb. CnnauHaft KpHBaft - Ailfl E L = 

= 110,5 M3B, nyHKTHpHaft- Ailfl EL = 89,4 M3B. 

4eHHe TOilbKO np~-1 BbiCOKHX 3HeprHftX eoa6y>KAeHHfl. Ha p1-1c. 76 

AaH rpa<)JHK 3aBHCHMOCTI-1 OTHOOJeHHfl 'iir / an Ailfl PftAa 3Ha4eHHH 

eenH4~1Hbl o6ono4e4Hoi1 nonpaBKH ~W(Z, A). BHAHO, 4TO, Ha4H-

Haft C ~W = -4 M3B, TOilbKO B y3KOH o6naCTI-1 3HeprHH OTHOUJeHHe 

napaMeTpOB n!lOTHOCTI-1 YPOBHei1 B AeilHTe!lbHOM 1-1 HCnapHTe!lbHOM 

KaHanax MO>KHO C4HTaTb KOHCTaHTOH, B TO >Ke BpeMft pe3y!lbTaTbl 

paC4eTOB 04eHb 4yBCTBHTe!lbH~ K 3HepreTH4eCKOMY XOAY napa-

MeTpOB n!lOTHOCTI-1 ypoeHei1 1-1 K OTHOOJeHI-110 ar / an. Ha PHC. 7e 

npHBeAeHbl pac4eTbl 3HepreTH4ect<oi1 3aBHCHMOCTH ce4eHHi1 Aene-

HHft fiAPa 176 w AJlfl Tpex 3Ha4eHHH OTHOOJeHHft ar I an • ' pae-

HbiX 1; 1 , 05 1-1 1 , 1 . BHAHO, 4TO B 3aBHCHMOCTH OT OTHOOJeHHfl 

napaMeTpOB n!lOTHOCTI-1 ypOBHeH ar / an MeHfleTCft HaKilOH 3Hep-

reTH4eCKOH 3aBHCHMOCTH ce4eHHft Ae!leHHfl. 
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PHc.7. 3HepreTH4eCKafl aaBHCHMOCTb ce4eHHi1 AeneHHfl 176w 
AJlft: a/ pa3!1H 4Hb1X 3Ha4eHHH KPHTH 4eCKOrO y rilOBOro MOMeHT a. 

Cn!lOOJHafl KPHBafl COOTBeTCTByeT £ cr 1-13 AaHHOH pa50Tbl, nyHK-

THpHafl - £cr = £cr - 3fl , WTPHXnyHKTHpHaft - £ cr = £ cr + 31J; 
1 2 

B/ pa3!1H4H~X ar/av : Cn!lOWHaft KpHBafl- ar/al/ = 1,05, 
nyHKTHpHafl - 1, 10, WTPHXnyHKTHpHafl - 1 , 00; r I pa3IlH4HbiX 

3Ha4eHHi1 Ko3<)l<IJH4HeHTa c. CnnauHafl KPHBaft c = 0,93, nyHKTHp

Hafl - 0,90, WTPHXnyHKTHpHaft - 1 ,00; 6/ 3HepreTH4eCKafl aa-

BHCHMOCTb arIa n Ailfl pa3H~X 3Ha4eHHH o6ono4e4HOH 3HeprHH 
~w. 
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KaK cneAyeT 1-13 Ta6n. 1, np1-1 AeneHI-11-1 f!Aep c ~W(Z, A) = 
-3,5 M3B Hal-1ny4wee cornac1-1e c 3Kcnepi-1MeHTOM nony4aeTCfl e 

OCHOBHOM npl-1 ar l an , paBHOM eAI-1HI-1~e, B TO BpeMfl KaK AJlfl 
nerKI-1X Ae¢opMI-1poBaHH~X f!Aep 3Ta BeJli-141-1Ha MeHfleTCfl B npeAe
nax 1,05-1,07. ToT ¢aKT, 4TO np1-1 Man~x no a6con~THOH eeni-141-1He 
~w npi-1XOAI-1TCfl iif I an 6paT b OTJ11-14H~M OT eAI-1HI-1~~. eepof!T
HO, yKa3biBaeT Ha TO, 4TO B I-1CnOJlb 30 Ba HHOH Ha'MI-1 nony¢eHOMeHO:
JlOrl-14eCKOH 3aBI-1CI-1MOCTI-1 napaMeTpa nJlOTHOCTI-1 y pOBHeH OT 3Hep
rl-11-1 1-1 eeni-141-1H~ o6ono4e4HOH nonpaBKI-1 He e nonHoH Mepe oTpa
meH~ Bee CTPYKTYPH~e OC06eHHOCTH 8 xapaKTepe H3MeHeHI-1fl nnoT
HOCTI-1 ypOBHeH npl-1 nepeXOAe OT c¢epH4eCKHX fl~ef, B OKpeCTHOCTI-1 
CBHH~a K 6onee nerKHM Ae¢opMHpOBaHH~M fiApaM 1 

I 

Bl 6apbep~ AeneHHfl 

B Ta6n. ·1 npeAcTaeneH~ 6apbep~ AeneHI-1fl Allfl Hyneeoro yrno
eoro MoMeHTa Br ( f =0), nony4eHH~e e AaHHOH pa6oTe. lKHAKO
KanenbH~H 6apbep COCTaBJlfleT OCHOBHY~ 4aCTb 3TOH BeJlH4HH~; 
napaMeTp c MeHfiJlCfl e npeAenax 15% OT 1,04 AO 0,87, npH4eM 
AJlfl 60JlbWI-1HCTBa fiAep OKa3aJlOCb, 4TO C paBHO npHMepHO 0,9 . 
Bo3MOmHO, 4TO OCHOBHOH np!-14HHOH OTJ11-14Hfl 3TOrO napaMeTpa OT 
eAHHI-1~~ fiBJlfleTCfl BBeAeHI-1e aAAHTHBHOH Ao6aBKH B 6apbep Aene-

( exp 
HHfl ~W ), KOTOpafl He 3aBHCHT Hl-1 OT yrJlOBOrO MOMeHTa, Hl-1 
OT 3HeprHH. 

Ha pHc.7r npHBeAeHa aaeHCHMOCTb ce4eHI-1H AeneHI-1fl OT eenH-
4HH~ 6apbepa AeneHHfl Br(f) np1-1 c = 0,90, 0,93 1-1 1,00. 
HaMeHeHI-1e K03¢$H~I-1eHTa c 6onee CHJlbHO cKaa~eaeTcfl e o6nacTI-1 
MaJlbiX 3HeprHH. 

B npo~ecce npoBeAeHI-1fl pac4eToB M~ n~TaJlHCb onHcaTb 3Kcne
PI-1 MeHTaJlbHble ce4eHI-1fl AeneHI-1fl, npeAnonarafl, 4TO o6or.o4e4Hafl 
nonpaeKa K 6apbepy AeneHI-1fl aaeHCHT aT yrnoeoro MOMeHTa TaK 
me, KaK 1-1 era mi-1AKOKanenbHafl cocTaBJlfiiOlllafl, T.e. B r(f) = 

CPS exp 
[Br ~f = O)+~W ) CPS 

= c · - cPS B r (f), rAe c - eapb!-1pyeMbiH napaMeTp. 
Br ( f =0) 

0Kaaanocb, 4TO a TaKoM noAXOAe 3Ha41-1TeJlbHO TPYAHee AJlfl ecex 
fiAeP eocnpoHaeeCTI-1 3~epreTH4ecKy~ aaBHCHMOCTb ce4eHHfl Aene
HI-11'1. KpoMe Taro, AJlfl fiAeP c 6onbwoH o6ono4e4HOH nonpaeKoH 
3To npHBOAI-1T K B r (f = 0) , 3Ha4HTeJlbHO npeeblwa10111eMy 6apbepbl 
XOJlOAHbiX fiAep, Hanp!-1Mep, All fl fiApa 204 Pb 3TO npe BbiWe HHe pae
HO 4 M3B. 

Ecn1-1 npeAnonomHTb, 4TO aAAI-1TH BHa fl A06aeKa K 6apbepy Aene 
HHfl C pOCTOM 3HeprHH B036ymAeHHfl 6b1CTPO y6bleaeT, TO AJlfl f!Ae p 
c I~Wexp I~ 3,5 M3B peaKo y eenH4a TCfl pac4eTHble ce4eHI-1 fl Aene
HI-1fl npH BbiCOKHX 3HeprHfi X. B 3 TOM cny 4ae AJlfl nony4eHHfl YAOB-

16 

• 

JleTBOpHTeJlbHOro COrJlaCHfl 3KCnepHMeHTaJlbHbiX 1-1 paC4eTHbiX ce-
4eHHH He06XOAHMO yMeHbWI-1Tb KpHTI-14eCKHe yrJlOBble MOMeHTbl Ha 
4-7 ~ , 4TO coeepweHHO Heo6ocHoBaHo, H np!-1BOAHT K paccorna
coeaHH~ fer AJlfl eceH o6nacT I-1 HccneAyeMbiX fiAeP. 

HaKoHe~, pac4eT Hb1SJ 3Ha4eHI-1fl B?"' B r ( f = 0) Allfl Tpex coc
TaBH~x fiAeP 204 Pl I Br = 22,1 M3B/, 192Pt I B~ = 20,4 M3B/, 
188Qsi B? = 23,0 M3BI MOmHo cpaBHHTb c H3BeCTH~MI-1 eeni-141-1-

HaMH B r , nony4eHH~MH AJlfl 3TH X .RAep e pea K~HfiX 204Pb(y,f) 11 ~/ 

Br = 22,2 M3B; 189
0s(

3He,rf1 Br = 20,2 M3B; 184 W(a,f)1141 -

Br = 24,2 M3B. Paani-14He MemAY 3THMH eenH41-1HaMH He npee~-
waeT 1,2 M3B. 

Ta KHM o6pa30M, MOmHO CAeJlaTb B~ BOA 0 TOM, 4TO Bbl6op CTpyK
Typ~ 6apbepoe AeneHH.R e Aa HH~x pac4eTax fiBJlfleTc.R AOCTaT04HO 
060CHOBaHHbiM. 

r; Yrnoeoe pacnpeAeJleH!-1e OCKOJlKOB AeJleHHfl. 

CoeMeCTHoe paccMoTpeHHe ce4eHHH AeneHl-'I .R 1-1 yrnoe~x pacnpe
AeneHI-1H ocKonKoe AeneHHfl c y4eToM ecex KaHanoe pacnaAa coc 
TaBHoro fi APa noaeonfl eT npo eecTH 6one e nocneAOBaTeJlbH~H aHanH3 
3KcnepHMeHTanbH~x AaHH~x. 

06HapymeHa HHTepecHa fl 3aKOHOMepHOCT b 8 3 HepreTH4eCKOH 3a
BHCHMOCTH BeJlH4HH~_p6paTHOrO 3¢$eKTHBHOrO MOMeHTa HHep~l-11-1 
AeJl.RUierocfl .RAPa Jefr AJlfl f!Aep c paanH 4HOH o6ono4e4 HOH 
nonpaeKoH. 0Kaaanocb,4TO y .R Aep c 6on bWOH o6ono4e4 HOH nonpae
KOH np1-1 3HeprHfiX eoa6ymAe HH .R e ceAJlO BOH T04Ke 20-30 M3B 
I EL = 60-70 M3B/ coe naAeHHe 3Kcne pHMeHTaJlbHbiX 1-1 TeopeTH4ec
KH X yrnoB~X pacnpeAeJle HHH np OHCXOAH T npH pe3KOM yBeJlH4eHHH 
OT HOWe HH.R J sph I J err I CM. Ta6n.2/, KoTopoe AOCTHraeT ee
JlH4HHbl 2, 4 - 3, 0. B TO me epeM.R AJlfl Ae¢opMHpoeaHH~x fiAeP 
188 Os , , 180 W 1-1 176 W Mbl He Ha6n~AanH nOA06HOH aaBHCHMOCTH, 
H BeJlH4HHa OCTaeanaCb npH6JlH3HTeJlbHO nOCTOfiHHOH SO BCeH HC
CJleAYeMOH o6nacTH 3HeprHH. Ha pHc.8 npHBeAeHa nony4eHHafl 

" I 2 2 3aBHCHMOCTb J sph J eff I Jsph = 5MR • ro = 1,2 ¢M/, 

2 
OT Z / A Allfl 3HeprHH E L = 110 M3B H pac4eTH~e KPHB~e no 
MOAeJlH mHAKOH KannH C pe3KHM KpaeM /15 / /WTpHXOBaHHafl/ H paa
MbiTbiM KpaeM 1161 I cnnowHafl/ , BHAHO, 4TO HaHAeHHble HaMH 3Ha-
4eHH.R Jeff He npOTHBOpe4aT paC4eTaM no mHAKOKaneJlbHOH MOAe
JlH .RAp a C pa3M~T~M KpaeM, OAHaKO B HHTepeane Z 21 A= 30-32 

- 1 Ha6JliOAaeTCfl 6onee pe3KOe yMeHbWeHHe J erf • npH 3HeprJ.1-
fiX EL=60-70 M3B nony4eHHa.R HaMH aaeHcHMOCTb J:C: aT Z 2/ A 

oKaa~eaeTc.R e111e 6onee peaKOH, TaK KaK Allfl 188 Os , 180w "" 176 w 
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30 J/ .32 .33 J~ ~ 
P~c.8. 3ae~c~MOCTb o6paTHoro 3¢¢eKT~BHoro MoMeHTa 
~Hep1.1~~ OT Z 2 / A • Pac4eTHble KP~Bble no MOAell~ lK~AK0.:1 
Kann~: - - - - - c peaK~M KpaeM 1151 , ------ c paa-
MbiTbiM KpaeM /16/ . e - pe3y1lbTaTbl AaHHOH pa60Tbl. 

J ;r} He MeHfteTCft, B TO BpeMft KaK Allfl HAeP 199
Pb , 

196 
Hg, 

194Hg ~ 192pt aHa AOCT~raeT 3Ha4eH~.:1 I CM. Ta6n. 2/, 3Ha4~Tenb
HO npesblwa~~~x pac4eTHble Aa>Ke AJlft MOAell~ >K~AK0.:1 Kann~ c pea
K~M KpaeM. 

3AKJ1104EHI-1E 

B AaHHOH pa6oTe, np~ onpeAelleHHblX npeAnono>KeH~Hx o cTpyK
Type 6apbepa AelleH~ft ~ 3HepreT~4eCKOH 3aB~C~MOCT~ napaMeT
poB nllOTHOCT~ ypoBHeH YAallOCb AOCTaT04HO xopowo on~CaTb BC~ 
COBOKynHOCTb 3KCnep~MeHTa1lbHblX ce4eH~H AelleH~ft ~ yrllOBblX 
pacnpeAelleH~H OCKOilKOB AelleH~ft AOaKT~H~AHblX f!Aep B peaKLI~~ 
( 12 C, f). Cy~eCTBeHHOe Bil~ftH~e Ha peaynbTaTbl pac4eToB aKa-

18 
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aana een~4~Ha o6ono4e4Ho.:1 3Hepr~~ ~W, e 4aCTHOCT~, Ha 
n01ly4eHHble 6apbepbl AelleH~fl, 3aMeTHO OT11~4a~~~eCft OT lK~AKO
Kanell bHblX 3Ha4eH~H ~ Hennoxo cornacy~~~ecft c 6apbepaM~ xo
IlOAHblX HAep. 

Mbl npeAnonaran~, 4TO TOilbKO lK~AKOKanellbHaft COCTaBilft~aft 
6apbepa AeneH~ft aae~cena OT yrnoeoro MOMeHTa, e To epeMH 
KaK OCTallbHaft 4aCTb, OTO>KAeCTBilfteMaft C ~W, 6panacb He 3a
B~Cft~eH OT 3Hepr~~ soa6y>KAeH~ft ~ yrnoeoro MoMeHTa. Bonpoc 
Bbl60pa CTPYKTypbl 6apbepa B036Y>KAeHHblX fiAep fiBilfteTCft 04eHb 
BalKHblM He TOilbKO AJlft ~CCileAyeMOH o6nacT~, HO ~ Allfl 6onee 
TftlKellblX fiAep, rAe COOTHOWeH~e 3T~X COCTaBilft~~~X 6yAeT MeHftTb
Cfl, ~ B npeAene Allfl ceepxTH>KellbiX HAeP lK~AKOKanenbHaft 4aCTb 
6apbepa cTpeM~TCft K HYil~. AnH ~oro, 4T06bl nepeHecT~ pac4eTbl 
B o6naCTb 6onee TftlKellblX f!Aep, He06XOA~MO y6eA~TbCft B OAH0-
3Ha4HOCT~ Bbl6paHHOro HaM~ Ha6opa napaMeTpOB. no3TOMY >Kena
TellbHO Aa1lbHe.:1wee 3Kcnep~MeHTanbHoe ~3y4eH~e npo1.1eccoe Ae
Bo36Y>KAeH~ft HAPa, BK11~4aft ~3MepeH~e ce4eH~H AeneH~ft ~ ~cna
P~TellbHblX peaKLI~H, yrllOBblX pacnpeAelleH~H ~ APYr~x xapaKTe
p~CT~K, B 6011ee W~POKOH no Z ~ A o6nacT~ COCTaBHblX f!Aep ~ 
B 6011ee W~POKOM ~HTepeane 3Hepr~H B036Y>KAeH~ft ~ yrllOBblX MO
MeHTOB. 

ABTOPbl Bblpa>Ka~T ~cKpeHH~~ np~aHaTellbHOCTb aKaAeM~Ky 
r.H.~nepoey ~ npo~eccopy IO.U.OraHeCftHY 3a CT~MYil~py~~~H ~H
Tepec K pa6oTe, l.leHHble COBeTbl ~ Kp~T~4eCK~e 3aMe4aH~fl. 
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