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HCIIYllleHHhJX B peaK~X TJUCeJ1hlX HOHOB 

P7-86-3O6 

Ha OCHOBe npeAnono~eHHtt O CTaTHCTHqecKOM MeXaHH3Me HCilYCKaHHR 
y-KBaHTOB H COBpeMeHHblX TeopeTHqecKHX npeACTaBneHHH O BnHRHHH 
Bpa~eHHR Ha xapaKTepHCTHKH rHraHTCKoro AffilOnbHoro pe3OHaHca, 
MOAenHpyeTCR yrnoBoe pacnpeAeneHHe ~eCTKHX raMMa-KBaHTOB, HCny
~eHHblX H3 KOMilaYHA-COCTORHHH RAep, o6pa30BaHHblX B CTOnKHOBeHH
HX TR~eJlhlX HOHOB C RAPaMH. IloKasaHo, qTo BnHHHHe Bpa~eHHR Ha 
3HeprHIO rHraHTCKoro AHilOnbHOro pe3OHaHca MO•eT 6bITb 3KCnepH
MeHTMbHO o6HapYJKeHo no 3aBHCHMOCTH aHH3OTPOilHH ~eCTKHX raMMa
KBaHTOB OT HX 3HeprHH. PacqeTbl IlPOAenaHbI AnH peaK~HH 40 Ar + 
+ 159 Tb, npHBOAH~eil. K KOMnayHA-HAPY 199 Bi. 

Pa6oTa BblnonHeHa B lla6opaTopHH RAepHblX peaK~H OIDIH. 
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IlepeBOA O.C.BHHorpaAOBOH. 

Kugler A., Mikhailova T.I. P7-86-3O6 
Angular Distribution of High Energy Gamma-Quanta 
Emitted in Heavy Ion Reactions 

Angular distribution of high energy y-rays emitted from the 
compound nuclear states formed in the heavy ion collisions is 
modelled. Assumption of the statistical nature of they-ray 
emission and up-to-date theoretical models describing the influ 
ence of nuclear rotation on the characteristics of the giant 
dipole resonance (GDR) are used. It is shown that the influence 
of rotation on the energy of GDR may be found studying the ani
sotropy of high-energy y-quanta as a function of their energy. 
The calculation is made for the 40 Ar + 159Tb reaction leading 
to the 199Bi compound nucleus. 

The investigation has been performed at the Laboratory 
of Nuclear Reactions, JINR. 
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BBE,llEHHE 

C pa3BHTHeM 3KCnepHMeHTanbHOH TeXHHKH B03HHKna B03MOmHOCTb 
H3y4eHHR meCTKOH KOMnoHeHTbl y-Hany4eHHR B peaK4HRX TRmenblX HOHOB, 
B KOTOPblX OAHHM H3 OCHOBHblX KaHanoe peaK4HH RBnReTCR o6pa3oea
HHe COCTaBHoro RAPa, o6naAa~~ero 3HeprHeH B036YmAeHHR nopRAKa 
100 M3B H 6onbWHM yrnoeblM MOMeHTOM / ~ 60-ti/. 3aBHCHMOCTb HHTeH
CHBHOCTH y -_H3Jly4eHHR OT 3Hepn111 B 3TOM cny4ae np116n11meHHO on11-
Cb1BaeTCR 3KCnOHeHTOH. 

npeeblweHHe BblXOAa y -KeaHToe c 3HeprHRMl1 10 M3B < Ey < 20 M3B 
no cpaBHeH11~ C 3KCnoHeH411anbHblM, enepBble OTMe4eHHOe B 11{ 6blnO 
o6DRCHeHo e 121 KaK eoaH11Ka10U1ee 11a-aa peaoHaHcHoro xapaKTepa 
B3aHMOAeHCTBl1R 3neKTPOMarHl1THOro 11any4eHl1R C RAepHblM ee~eCTBOM, 
a 11MeHHO - 11a-3a B03Hl1KHOBeH11R r,llP B COCTaBHOM RApe. BcneA aa 
TeM npORBneH11e r,llP B peaK411RX TRmenblX 110HOB Ha6n~AanOCb 11 APYr11-
MH rpynnaM11 13

•41• B JUIP 011fll1 6bl11 npoeeAeH 3Kcnep11MeHT no Ha6n~
AeH11~ yrnoeoro pacnpeAeneH11R 11mecTKoro11 raMMa-11any4eH11R no oTHo
weHH~ K nnocKOCTl1 paaneTa OCKOnKOB BblHymAeHHoro AeneH11R B peaK-
4Hl1 156 Tb + 40 Ar. /5,/ • TaK KaK napaMeTpbl pe3oHaHca 3ae11CRT OT xa
paKTepl1CTHK RApa, Hanp11Mep, OT era ll>OPMbl 11 Maccoeoro 411cna, 11c
c11eAOBaH11e r,llP B peaK4l1RX TRmenblX 110HOB noaeonReT nony41,Q'b 11H
(j)opMa411~ o Ae~opMa41111 RAep np11 60JJbWl1X yrnoeblx MOMeHTax, a TaK
me rny6me nOHRTb MexaH113M npoTeKaHHR peaK41111~ 11HTepeCHY~ l1H~op
Ma411~ 0 peaK41111 MOmHO nony411Tb no AaHHblM 06 aHl130TpOnHl1 y-11311y-
4eHHR, KOTOpaR RBnReTCR cpeACTBOM onpeAeneHHR KaK MYnbTl1nOnbHO
CTH 113Jly4eH11R, TaK 11 COOTHOWeH11R 11HTeHC11BHOCTeH y-KeaHTOB, 11Me~
~HX pa3Hy~ npoeK4H~ MOMeHTa Ha BblAeJleHHy~ OCb. 

,ll.nR 11HTepnpeTa4111'!"nony4eHHblX AaHHblX 6blna coaAaHa cxeMa, no-
... aeoJ1R10U1aR nyTeM HecnomHblX Bb1411cneH11H nOAC411TaTb sepoRTHOCTb 

H aHH30TpOnH~ 11any4eH11R y-KeaHTOB 113 COCTaBHoro RAPa Ha onpeAe
JleHHO~ ware peaK41111, B COCTORHl111 C 3aAaHHblMl1 3Hepr11eH B036yxc,qe
HHR 11 yrJJOBblM MOMeHTOM. 

OnHCaHHe npeAJJaraeMo.ro noAXOAa 11 peay11bTaTbl pac4eToe np11eo,cun
cR H11me. 

2. CXEMA PAC4ETA 

11HTeHc11eHoCTb y-11any4eH11R, conpoeomAa10U1ero pacnaA onpeAeJJeH
Horo COCTORHHR COCTaBHoro RApa B ycnoBl1RX, KOrAa cy~eCTByeT He
CKOnbKO KaHaJlOB pacnaAa 3TOro COCTORHl1R, onp~AeJlReTCR BeJ1114HHOH 

DbUhhii~lliibill r.ucmryr I 
on~ atc.lienonnmii:1 
· 6"15flf,1~TEHA 
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dNy (Ey ) 
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/1/ 

rAe pi - aepO.ATHOCTb pacnaAa no i -oMy KaHany, HM MO>KeT 6b1Tb Ae
neHHe, HCnycKaHHe HeHTPOHa, a TatOKe aepo.ATHOCTb H3flY4eHH.A y-KBaH
TOB eo aceM·cneKTpe 3HeprHH; P; CEy)- nnoTHOCTb aepo.ATHOCTH H3-
ny4eHH.A y-KBaHTOB, HMe10t11HX 3Hepr1110 B HHTepaane Ey, Ey + dEy 
H YHOC.AIIIHX yrnoBOH MOMeHT r. ,l\n.A HaXO>KAeHH.A p; (Ey)MOlKHO aocnonb-
30BaTbC.A COOTHOWeHHeM "AeTaflbHOro 6anaHca11 ,_KOTOpoe no3BOfl.AeT 
CB.A3aTb aepO.ATHOCTb HCnycKaHH.A y ;;..keai-fra H3 COCTO.AHH.A i, HMe10111e
ro ·3Hepf11io eo36y>KAeHH.A Ei H yrnoaoH MOMeHT Ii , c ce4eHHeM o6paT
Horo npo4ecca a-T, T.e. <l>OTonorno111eHH.A a cocTO.AHHH ·r, xapaKTep11-
3yeMoM 3HeprHeH ao36Y>KAeHH.A Er = E i - Ey. 11 MOMeHTOM Ir = Ii - r: 

1 
P.r (E ) = 22 .1- 3 
y Y TT C ll 

_!!.. a-" E 2 • 
gi /2/ 

np11 6onbWHX 3HeprH.AX B036y>KAeHH.A nnoTHOCTb ypOBHeH HMeeT CTaTH
CTH4eCt<HH xapaKTep,T.e.onpeAen.AeTC.A 3HeprHeH HaA 11pacT-nHHHeH u. 
no3TOMY OTHOWeHHe nnOTHOCTeH COCTO.AHHH 3an11weTC.A B cneAYIOllleM 
BHAe: 

gr/gi = exp (-(Ui - Ur )/T), 

rAe T - .AAepHa.A TeMnepaTypa, T = /(13,15/ A) U 
/3/ B /2/ H Bb14HCfl.A.A K03¢~11411eHT, nony4aeM: 

/6/ 

r 15 2 _,, 1. 
pi = 3,975-10 E Ur. exp(-(Ui - Ur )/T)[---- ], 

. MSB• c 

/3/ 

noACTaBn.AR 

/4/ 

TeM caMblM aepO.ATHOCTb 3MHCCHH y-KBaHTOB onpeAen.AeTCR ABYMR ¢aK
TOpaMH - TeMnepaTypoH RAPa H ce4eHHeM o6paTHoro npo4ecca. Ce4e
HHe B036y>K.qeHHR rAP Ha OCHOBHOM COCTORHHH B c¢ep114eCKH-CHMMeTpH4-
HblX RApax HMeeT ¢0PMY nopeH4a: 

NZ 
a= 6-Tp(Ey, Epea) [¢,M2], /Sa/ 

, r2E2 
p = _2_ y 

"r (E2-<E 2 +r 2/4))2+r2E2 y pea Y 
/56/ 

ld3 rAe Epea = 79/A M3B, r .- WHPHHa rAP' paaHa.A npHMepHO 3-5 M38. 
B peaK4HRX T.AlKeJlblX HOHOB RAPa o6pa3ylOTCR B COCTO.AHH.AX, 0611a

Aa10t11HX 6011bWOH 3HeprneH ao36y>KAeHHR / E * - 1 00 M3B/ 11 6onbwHMH 
yrnoBblMH MOMeHTaMH /I - 60ti/. Tal(J,1e yrno~ble MOMeHTbl AOCTHraIOTC.A 
3a C4eT apa111eHHR RAPa KaK 4enoro H, CJleAOBaTenbHO, AOJllKHbl co
npoBO>KAaTbC.A ero .qe¢opMa411eH.CBOHCTBa r11raHTCKHX AHnOJlbHblX pe-
30HaHCOB /fAP/ CHJlbHO 3aBHCRT OT <l>OPMbl RAPa, TaK KaK 3TH COCTon
HH.A .ABJl.AIOTCR KOJlJleKTHBHblMH. np11MepoM 3TOro CJlYlKHT pac111enneH11e 

2 

.l 
I 
1. 

~-
r 
J 

nHKa ¢0Tonorno111eHH.A B Ae<l>OPMHPOBaHHblX .AApax, Bb13BaHHOe TeM, 4TO 
Epea pa3nH4HO All.A Kone6aHHH npOTOHOB OTHOCHTenbHO HeHTPOHOB 
BAOilb pa3Hb1X OCeH. CneAOBaTenbHO, npH Bbl4HCJleHHH BepO.ATHOCTH 
y-H3IlY4eHH.A Heo6XOAHMO Y4HTb1BaTb 3aBHCHMOCTb Ae<l>OpMa41111 nony-
4a10t11eroc.A cocTaBHoro RAPa OT ero yrnosoro MOMeHTa. 6onbw11e·3Hep
rHH B036Y>KAeHH.A AalOT B03MOlKHOCTb He Y4HTb1BaTb o6ono4eHHble no
npaBKH H socnonb30BaTbC.A MOAeflblO lK'¥.\KOH Kan1111. PaC4eTbl TaKoro 
THna npOBOAHilHCb MHOrHMH rpynnaMH / •8•9 ~ 6blno noKa3aHo, 4TO np11 
I~ Bot RAPO HMeeT aKCHaflbHYIO ¢opMy H MO>KeT npH6nH>KeHHO C4HTaTb
CR 3JlJ1HncoM C nonyoC.AMH al, a2 = al, a 3 npH ycnOBHH, 4TO MOMeHT 
HanpasneH no OCH oz. 8 MO.qenH lKHAKOH Kann11 ypaBHeHHe CHn, AeHCT
BYIOIIIHX Ha 3JleMeHT RAePHOH ~HAKOCTH, B CHCTeMe KOOPAHHaT, Bpa111a10-
111ei1C.A c yrnoBOH CKOpOCTblO O, 3anHCblaaeTC.A CJleAYIOIIIHM o6pa30M '81: 
P = gradW + p(O[O;]] = 0, /6/ 

rAe W - CYMMa KYJlOHOBCKoro noTeH411a11a H CHJl noaepXHOCTHoro Ha
T.AlKeHHR, BTOPOH 4JleH a ypaaHeHHH - 4eHTpo6e>KHble CHflbl. nycTb yr
JlOBOH MOMeHT Hanpaan~H no OCH oz .Ec1111 npOHHTerpHpOBaTb no o6ne
My 3JlJ1HnCoH.qa H Y4eCTb CBOHCTBO HeC>KHMaeMOCTH R.qepHOH MaTep1111: 

2 3 A a1.as=ro' 17/ 
rAe A - Maccoeoe 4HCJlO, ro = 1 ,25 ¢M, TO MOlKHO nOJlY4HTb cneAYIO
IIIYIO CB.A3b MelKAY yrnoBOH CKOpOCTblO epa111eHHR OH 3KC4eHTpHCHTe
TOM e: 

A l/3 .. 
2-2 . ~ ~ -2 -2 

0 a1 = .,,.-~.,...(u3 - u 1 +2•X(a3 A3 - a1 A~), 35,125 

r.qe 

ci'1 = [ (1 + e2) _l_ 1n ( ~) _ 1 ] . (1 -,e
2

)213
_ 

2e 1- e 2e2 • 

..L 1 1/3 ci'3 = [1- {1-e 2 ) ln(-±!?...)J/e2(1-e2) ; 
2e 1-e 

½ A1= [arcsine.(1-e2 ) /e - (1-e2)J/e2 ; 

2 ½ A3= 2-[1 - arcsine-(1-e ) /e]/e2; 

- 1 /~ 2 ½ ai = ai /(ro . A J, e = (1 - (a 3 /a1 ) ) . 

MoMeHT RAPa AaeTC.A ¢0PMYI10H 

· 2 A 2 l=J•0= 5 m a1 0, 

/8/ 

/9/ 
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t99Bi 
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PHc.l. HpacT-nHHHfl AJIH 
H,n;pa 199 Bi, paccqHTaHHafl 

B MO,n;enH ~HAKOH KaIIJIH 
B rrpH6nH~eHHH 3RRHITCOH

p;anbHbIX ,n;e~OpMaQHH. 
co 
m 

6 20 
UJ 

10 

1 0 40 70 I (fi ) 
--

19ClBi 

I 
co 
~ 15 

~ 

Pttc.2. 3aBHCHMOCTb 3Hep-
L-> g_ 13 

l.tJ 

rHH B036y)K,U.eHHfl rAP E~ea 
OT yrnoBoro MOMeHTa H,D;pa 
1 ,n;nfl pa3nHqHblX 3HaqeHHH 

11 

H3MeHeHHfl yrnoBoro MOMeH-

Ta H,n;pa r = O; ~l. 10 40 70 I (fi l 

a ero 3HeprHR B036Y)l{AeHHR ·onpeAeJlReTCR COOTHOWeH1-1eM: 

E = E epallj + Enos + E Kyn + U; E epal!l = ~ IO; 

noB ( 1 a a 2/3 / / E = 
2

u3+ u1- 1). 17,A ; 10 

Kyn 2 .1,/3 r,;-2 -2 . 2 E = 0,35,Z ,A ,a
3

A 3 + 2A 1a 1 - 2), U = aT. 

u npeACTaBJlReT co60H TeMnepaTYPHY~ 4aCTb 3Hepr1-11-1, m - Macca Hy
KJlOHa, Z - 3aPRA RAPa, T -RAepHaR TeMnepaTypa, a - napaMeTp nJlOT

HOCTH ypOBHeH. 3aBHCHMOCTb MHHHMaJlbHOH 3HeprHH, KOTOpOH MO)l{eT 
0611aAaTb RAPO, E- u. OT yrnosoro MOMeHTa I. T.e. 1,1pacT-J1HHHR 

AJlR RAPa 199 Bi, npeACTaBJleHa Ha PHC. 1 • 3aBHCHMOCTb E ~ea OT se111-1-
4HHbl Ae¢opMa41-11-1, onpeAeJleHHaR B np1-16J1H)l{eHHH CJly4aHHblX C))a3 /lO~ 

HMeeT cneAy~~HH BHA: 

4 

,, 

~ 

30 

....... 20 .. ~ 
9-

(Q 

_ 10 

OT 

199Bi, 1=80h 

10 14 18 E1( M3 Bl 

PHc.3. CeqeHHe ~OTOrrorno~eHHfl ,n;Hrron~HbIX raMMa-KBaH~ 
TOB fl,D;POM l99 Bi C yrnOBbIM MOMeHTOM l = 80ii AJlfl pas

nHqHbIX 3HaqeHHH BHOCHMOro yrnoBoro MOMeHTa, a TaK

~e CYMMapHoe ceqeHHe ~oTorrorno~eHHfl aT. 

E r,QP 
pea_= 

{ 

(79/ A
113 

)/a1 

(79/ A
113 

)/a3 

T = ± 1 

T = Q, 

/11 / 

rAe T - yr110BOH MOMeHT' YHOCHMblH y-KBaHTOM. Ha PHC. 2 npeACTaB-
11eHO pac~en11eH1-1e 3Hepr1-1H rAP KaK C))yHK4HR yrnosoro MOMeHTa, Ko

TOpblM 06J1aAaeT RApO. B AaHHblX pac4eTax npeAnonaraeTCR' 4TO w1-1-

p1-1Ha peaoHaHca He 3aBHCHT OT 3HefirHH B036Y)l{AeHHR, a TOJlbKO OT 
3Ha4eHHR r. l<aK 6blJ10 noKa3aHo B 101• 3aBHCHMOCTb WHPHHbl rAP OT 
3HeprHH MO)l{HO annpOKCHMHPOBaTb COOTHOWeHHeM: 

rr = 0,026(EGea.:: rO ) 2 • /12/ 

Ce4eH1-1e C))OTonorno~eHHR aanHC~BaeTCR B BHAe 

N. Z ( 
a= 2• --- p E ET ), -A • pea /13/ 

rAe p onHCblBaeTCR C))opMy11oi1 /56/, C TeM OTJ1H4HeM, 4TO E pea H r 
aaBHCRT Tenepb OT i;_ Hanp. rr . 8 AaHHOM CJ1y4ae T - yrJlOBOH Mo
MeHT, BHOCHMblH B RAPO- YHCJleHHblH KO3C))C))H4HeHT, BXOAR~HH B a, Bbl-
4HCJ1ReTCR l-13 npaBHJla CyMM C y4eTOM Toro, 4TO see TpH BeTBH 

r = + 1 ~ 0 Aa~T OAHHaKOBblH BKJlaA B CYMMY. noATBep)l{AeHHeM 3Toro 
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CJly>KaT cneKTPbl ¢0TonorJ10U1eHHR Ae¢opMHPOBaHHblX RAep. Pe3YJlbTaTbl 
pac4eTa no ¢0PMYJlaM /13/' /56/ npeACTaBJleHbl Ha PHC. 3 AJlR RApa 
199 Bi, HMe10U1ero YrilOBOH MOMeHT I = 8oii • 

noACTaBJlRR /13/, /56/ B /4/, no11y4aeM CJleAYIOUIHe Bblpa>KeHHR 
AJlR nJlOTHOCTH aepORTHOCTH HCnycKaHHR y-KBaHTOB: 

-1 15 Ey -0 2 + 1 P = 3,975-10 -exp(- )Ey u ; 
T 

o 15 ( E")E2 o p = 3.,975-10 -exp -T, y u ; /14/ 

+ 15 Ey+O 2 -1 
P = 3 1975-10 -exp(- ,)Ey u • 

T 

KaK CJleAyeT "13 ypaBHeHHH /14/' Ha1-16011ee 611aronpHRTHb1e YCJlOBHR 
C03AalOTCR AJlR 1-1cnycKaHHR y-KBaHTQB, yHOCRUIHX yrJlOBOH MOMeHT, 
np1-14eM AOJlR 1-1x TeM 6011bwe, 4eM MeHbwe TeMnepaTypa. Yrnoaoe pac-

➔ ' 
npeAeJleHHe AHnOJlbHblX y-KBaHTOB OTHOCHTeJlbHO cnHHa RAPa I 3aa1-1-
CHT OT Ir I H HMeeT cneAYIOUIHH BHA 1121: 

w±l (v)=: (1+cos2v); w0 (v)=l.sin2 v, /15/ 

rAe _v - yro11 Me>KAY Hanpaa11eH1-1eM 1 1-1 Hanpaa11eH1-1eM BblJleTa Y-KaaH
Ta. OnpeAeJlHM R1 KaK OTHOWeHHe HHTeHCHBHOCTeH y-KBaHTOB, 1-1cny
U1eHHblX B HanpaaneHHH, napa1111eJ1bHOM cnHHY ·RAPa, K 1-1cny1.11eHHblM 
B nepneHAHKYilRpHOM Hanpaa11eHHH 

W(O) RI = _..:-;.._ , rAe W(v) = ~ wr (v)Pr. 
W(90) r 

/16a/ 

Hcno11b3YR ¢opMy11y /_15/, no11y4aeM 

- + 
R - 2(P + p L 

I - (p- + p +) + 2 p'O 
/166/ 

HJlH, C y4eTOM /14/, 

R1 = 2-(eO/T u+ + e--0/T u-) 

(e 0/T + -0/T -) 2 O u + e a + a 

/16B/ 

AHa11orH4H~M o6pa30M MO>KHO onpeAeJlHTb OTHOWeHHe KOJlH4eCTBa y-KBaH
TOB, 1-1cnyU1eHH~X B Hanpaa11eHHH ny4Ka HaJleTalOUIHX 4aCTH4 K 1-1cnyU1eH
HblM B nepneHAHKYilRPHOM K HeMy Hanpas11eHHH, AllR 3TOro Heo6XOAH-
MO ycpeAHHTb pacnpeAeJleHHR /15/ no BCeM B03MOlKHblM op1-1eHTa41-1RM 
cnHHa COCTaBHoro RAPa, Y4HTblBaR TO, 4TO OH Jle>KHT B nJlOCKOCTH, · 

nepneHAHKYilRPHOH ny4Ky. 8 pe3yJlbTaTe no11y4HM 

1/R = 3 ( p+_ + P 7 + 2 · P o 
. h 2(P+ + p-) + 4.po 

/16r/ 

6 
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3. PE3YJlbTATbl 

.QaHHble <IJOPMYJl~ 6b1111-1 HCnOJlb30BaH~ AilR paC4eTa 3MHCCHH y-KBaH
TOB H HX aHH30TponHH AJlR RAPa 199 Bi npH pa3JlH4H~X 3HeprHRX B03-
6Y>KAeHHR 1-1 yrJlOBblX MOMeHTax. 

B~6op RAPa, 3Hepr1-11-1 ao36y>KAeHHR 1-1 yrnoaoro MoMeHTa cooTBeTCT
aoaa11 YCJlOBHRM 3KCnepHMeHTa 151, B KOTOPOM MHWeHb "13 159Tb 0611y4a-
11acb 1-10HaM1-1 40 Ar c 3HePrHRMH 300 M3B / E *= 156 lfaB/ 1-1 220 M3B 
/ E * = 93 M3B/. B 3Kc nep1-1MeHTe onpeAe11R11acb cpeAHRR ae111-14HHa R 1 
AJlR >KeCTKHX y-KBaHTOB, Ey 2:: 12 M3B, 3aper1-1cTp1-1poaaHHblX B ·coana
AeHHH c OCKOJlKaMH AeJleHHR. Per1-1cTpa41-1R y-KBaHTOB a coanaAeHHH 
C OCKOJlKaMH AeJleHHR no3B0JlRJla B~AeJlHTb Hanpaa11eH1-1e yr11oaoro MO
MeHTa COCTaBHoro RAPa /p1-1c.4/, a TaK>Ke C03AaBaJla 611aronpHRTH~e 
yCJlOBHR AJlR Ha6J110AeHHR y-KaaHTOB' 1-1cnyU1eHHblX AO B~.rieTa 60JlbWOro 
4HCJla HeHTpOHOB. 

lfaaeCTHO, 4TO aepoRTHOCTb BblJleTa OCKOJlKOB AeJleHHR nOA yr110M 
¢ K Hanpaa11eH1-110 cn1-1Ha RAPa 1-1MeeT pacnpeAeJ1eH1-1e raycca 1131 

· 2 2 I sin ¢ 
p - exp(--__....- ) . 

2K2 

OCKOIIOK 
ge11eHUR 

0 

1 

/ 
/ 
I 
I 
I 
t 

;1'r-1<BaHm 

/ 

ny401< 

0-KGaHm 

PHC. 4. CxeMa onpe,[\e.neHHH yrJia BbI
JieTa y -KBaHTa no OTHomeHHIO K cnH

HY .H,[\pa, 

,l\JlR AaHHOH peaK4HH npH 3HeprHH 1-10-
HOB ny4Ka 300 M3B 2K5 = 2001i2 • npH 
3Heprn1-1 220 M3B Ko = 1551'1, TaK KaK 
cpeAHHH yrnoaoH MoMeHT I - 60-801i, 
3KcnoHeHTa 6blCTp0 cnaAaeT' "' AJlR 
99% co6blTHH aeKTOP I 11e>K1-1T a KOHy
ce, o6pa3YIOUlaR KOToporo COCTaBJlReT 

yro11 1~ C OCblO' nepneHAHKYilRp-

HOH nJlOCKOCTH B~JleTa OCKOJlKOB, no-
3TOMY npeAnOJlO>KeHHe O CTporoH nep
neHAHKYJlRPHOCTH OCH AeneHHR Hanpaa-

11eHHIO yrnoaoro MOMeHTa RAPa He BHOCHT CYUleCTBeHHOH OWH6KH B_HH
TepnpeTa4HIO 3KCnepHMeHTaJlbHblX AaHHblX, 8 pe3yJ1bTaTe 3KCnepHMeHTf.l 
6b1110 no11y4eHo 3Ha4eH1-1e Rx = 2 ,:t 1 , 2 AJlR 06e1-1x 3Hepr1-1H ny4Ka. 
Ha PHC. 5' 6 npeACTaa11eHbl nJlOTHOCTH aepORTHOCTH Py "' 3Ha4eHHR 
¢YHK4HH R1 ' R;1 

AJlR ABYX CJly4aea E i = 156 M3B' Ii = 8o1i "' 
"' Ei = 93 M3B' Ii = 6o1i. 3HeprHH B036Y>KAeHHR B3RT~ paBHblMH 3Hep
rHRM B036Y>KAeHHR COCTaBHoro RAPa 8 onHCblBaeMOH peaK4HH, 3Ha4e
HHe MOMeHTa 6paJlOCb paBH~M 2/3 fer ;fer - MaKCHMaJlbH~H MOMeHT, 
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:r I 1·1 P (~•138-c 

1·1017 

p-

~ =156M38 
I,. 801'l 

01 -,..,.... I 

R 

~ 

---
I I I 

1,01 20Et(M38) 5 10 

0,5 

PHc. 5. IlnoTHOCTb Bepo.!ITHOCTH HCilYCKaHH.ll y-KBaH

TOB .ll,[IPOM 199 Bi' E * ·= 156 M3B' I = 80 t . BHH3Y: 

3aBHCHMOCTb aHH3OTPOilHH y-H3nyqeHH.ll OT 3HeprHH 
-1 . 

Ey, -- - R1 ; - - - - Rn 

AOCTHraeM~H B peaKijHH cnHRHHR. nepBblH cny4aH COOTBeTCTByeT 3Hep
rHH HOHOB Ar - 300 M3B, BTopoH - 220 M3B. Ha PHCYHKOB BHAHo, 4TO 
npH 6onbWHX 3HeprHRX B036ymAeHHR HMeeTCR y-H3ny4eHHe co BCeMH 
BO3MOmH~MH 3Ha4eHHRMH r= 0;±1- TaK KaK Epe3 AnR T = 0 CMe~eHo 
B o6naCTb 6onbWHX 3HeprnH' <l>YHKI.IHR (R1 (Ey) - 1) RBnReTCR 3HaKo
nepeMeHHOH. ,[lnR 3Heprn'1 y-KBaHTOB E > 12 M3B no <i>OpMyne /16/ Bbl

Ri, TOnbKO BMecTo P 7 (Ey) 6panocb P; 4HCnRnOCb 3Ha4eHHe 
l!OMsB 

= J P7 (Ey)dEy • 
12Ma8 

B nepBOM cny4ae nony4eHO Hi= 1 ,26, BO BTO-

poM R1 = 1,23. AnR nocTORHHoro Ei 3Ha4eHHe RyRBnReTCR cna6o soa-
pacTaID~eH <i>YHKL1HeH yrnosoro MOMeHTa. Yrnosoe pacnpeAeneHHe y

KBaHTOB OTHOCHTenbHO ny4Ka, R~1 , HMeeT TOT me xapaKTep, HO 3Ha-
4HTenbHO MeHbwe no aMnnHTYAe. 3HaR Py ' MOmHO O4eHHTb speMR mH3HH 
COCTORHHR t · f PdE - 1. 

8 

pt" I IM3B· c r1 

3.,016 

1·1016 

E•• 93M38 

I =60fl 

01 ,...--:::::::1 Ii~ I 

R 
0.15 • 1 

1 .......,._._. ............................................ _....._._._._._ __ --i 

',, __ io Er(M3B) 5 10 

0,5 

PHc.6. To JKe, qTo H na pHc.5, Ho ,[In.II E* = 93 113B, 

I = 60t. 
AnR fAP, BO3HHKWHX .B RAPe, HMeID~eM 3HeprHID soa6ymAeHHR 

100 M3B, t _ 10-18 c. 
nony4eHHbJe peaynbTaTbl AaIDT npeACTaBneHHe O xapaKTepHCTHKax 

y -KBaHTOB, HCnycKaeMblX Ha nepBOM ware peaK4HH, AO HCnycKaHHR 
nepsoro HeHTPOHa. 8 3KCnepHMeHTe me perHCTPHPYIDTCR see y-KBaH
Tbl' HCny~eHHble H3 COCTaBHoro RAPa. <l>opMyna /1 / no3BOnReT O1.1eHHTb 
COOTHOW"eHHe BblXOAOB y-KBaHTOB, Hcny~eHHblX Ha pa3HblX CTyneHRX 
peaKI.IHH. EcnH Y4HTblBaTb TOnbKO ABa KaHana AeB036ymAeHHR COCTaB
Horo RApa: 3MHCCHID y-KBaHTa H HCnycKaHHe HeHTPOHa, nony4aeM 

dN 7 P.7 
y y 

-- = 
dE Py + Pn 

BepORTHOCTb BblneTa HeHTPOHa pn HaXOAHTCR, KaK H Py , no ce4eHHID 
o6paTHOH peaKI.IHi-1 a : 

pn 
2M 

77
21i2 aT

2
e 

Bn 

T /17/ 
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Ce4eHMe nor11oiqeHMR HeHTpOHOB 6paJlOCb B npM6JlM>KeHMM 11 4epHoro Te-
11a11. A11R RAPa 199 Bi no <1>opMy11e /17 / no11y4aeM: 

Pn = 1,23-t0 21 -T2 e-Bn/_T 

np1-1 60JlbWMX 3HeprMRX B036Y>KAeHMR Py<< pn. M <1>opMy11a /1/ ceo
AMTCR K CJleAy~iqei1: 

dNT 
__L 

dE 

10 

p; (Ey) 

Pn 

·10"2 
,;~ 

~ 

a_C 
+ 

Q..._ 

:s. 
w
~ 

10·3 

10"' 

10 20E1(M3B) 

PHc.7. 3aBHCHMOCTb nnOTHOCTH BepoHTHOCTH HC
rrycKaHHH y-KBaHTOB OT HX 3HeprHH Ey AJIH HAPa 
199Bi,I = sot rrpH pa3HblX 3HeprHHX B036yX<geHHH: 
1 - E* = 156 MsB/B KOHKypeH~HH c rrepBb!M HeHT
poHoM/; 2 - E * = 1 13 MsB / c tJeTBepTb!M/, 
3 - E* = 76 M3B /c ceAbMhIM/; 4 - E* = 44 M3B 
/ c AeCHTbIM/; 5 - CYMMaPHb!H crreKTP y-KBaHToB, 
HCrry~eHHblX COCTaBHb!M HAPOM rrpH CHIDKeHHH 3Hep
rHH B036YJKAeHHH OT E * = 156 AO E * = 44 MsB. 

N -l~ 15 
3' --
C> -?. 1,oE 2 . ,. 6 t, 10 12 1i. ~6 1a Erl M:JB) 
er 

0,5 

PHc.8. 3aBHCHMOCTh OTHomeHHH KOJllftieCTBa y-KBaHTOB, 
HCrr~eHHblX B HarrpaBneHHH, napannenbHOM CITHHY HAPa, 
K HC~eHHb!M IlOA yrnoM 90° OT 3HeprHH y-xBaHTa: 
- -- - 3HeprHH B036y;K,D;eHHH COCTaBHOro flApa 
E*= 156 MsB,I = sot.-·. - • - E = 93 M3B, 
I = 801i, -- Y'lllThlBalOTCH BCe CTaTHCTH'leCKHe y
KBaHThl, HCrry~eHHhle B KOHKypeH~HH C Heil:TpOHaMH H3 
COCTaBHoro HAPa C rrepBOHatJanbHOH 3HeprHeH B036yxc
AeHHH E :I'= 156 M3B, I = 801i. 

AilR 3HeprMM CBR3M B n 6paJ1MCb 3Ha4eHMR B n = 9, 5 M3B AJlR RAeP 
C 4eTH~M 4MCJ10M Hei1TpOHOB M Bn = 8,0 M3B - C He4eTH~M. 6MJ1M noA
C4MTaHbl eepORTHOCTM 3MMCCHM y-KBaHTOB noc11e pa3JlM4Horo 4MCJla Mc
nyiqeHHblX Hei1TpoHoa AJlR c11y4a.R E * = 156 MaB, I = 8oii. no11y4eHH~e 
pe3YJlbTaTbl /pHc.7/ noKa3b1Ba~T, 4TO B o6naCTb 3HeprMi1 Ey-12 M3B 
AalOT Bt<JlaA B036Y>KAeHMR BnJlOTb AO 50 MaB, 4TO COOTBeTCTByeT 8 9~-
11eTeBWMM HeHTPOHaM. OpM OAHOM M TOM >Ke yr110BOM MOMeHTe yr110BaR 
aHH30TponMR yaemt4MBaeTCR C yMeHbWeHMeM 3HeprHM B036Y>KAeHMR 
/pMc.8/. noaTOMY CYMMapHaR aHH30TpOnMR, Y4MTMBa~iqaR Bt<JlaA y-KBaH
TOB, MCnyiqeHHblX B AHana3oHe 3HeprMH B036Y>KAeHHR OT E* = 156 M3B 
AO 3HeprMM' OCTalOlqeHCR noc11e BMJleTa nocneAHero HeHTPOHa' R.1 = 1 '56' 
T.e. 6onbwe, 4eM AJlR nepeoro wara peaK4MH, nony4eHH~i1 cyMMapH~i1 
cneKTP CTaTMCTM4eCKHX AMnOJlbH~X y-KeaHTOB, MCnyiqeHH~X AO HCnyc
KaHM.R nocne,qHero Hei1TpoHa, npaBHJlbHO oTpamaeT xapaKTep y-cneKTpa 
B 0611~CTH Ey.? 10 HaB M noKa3MBaeT, 4TO eepo.RTHOCTb HCnycKaHM.R 
y-KBqHTOB TaKMX 3HeprHi1 COCTaBH~M RAPOM paeHa BeJlH4HHe no
PRAK~ npo4eHTa npM y4eTe eos6y>KAeHH.R rAP a 3TOM R,qpe. TaK KaK 
B AaHHOM cny4ae y-KBaHT~ H3MepRJ1HCb B coana,qeHHM C OCKOJlKaMH Ae-
11eHMR, KOJlH4eCTBO waroe no Hei1TpoHaM AOJllKHO 6MTb orpaHM4eHo. 
Cne,qoeaTeJlbHO, 3Ha4eHHe R.1 All.fl y-KBaHTOB, HCnyiqeHHMX H3 COCTaB
Horo RAPa, HaXOAMTCR B HHTepea11e /1,3; 1 ,6/. norpeWHOCTM 3Kcne
PHMeHTa He no3B0Jl.RIOT onpeAeJleHHO CKa3aTb, HMe~T JlH y-KBaHTbl, 1,13-
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MepReMble B 3KCnepHMeHte, CBOHM HCT04HHKOM COCTaBHoe RAPO HnH lKe 
CBR3aHW C APYrHM MeXaHH3MOM peaK~HH. YMeHbWeHHe 3THX norpewHo
CTeH noseonHnO 6~ He TOnbKO OTBeTHTb Ha nocTaeneHHWH Bonpoc, HO 
H ynoBHTb 3HaKonepeMeHHWH xapaKTep aHH30TpOnHH. 

4. 3AKJll04EHHE 

8 AaHHOH pa6oTe H3y4anHCb xapaKTepHCTHKH H3ny4eHHR CTaTHCTH-
4eCKHX AHnonbH~X y-KBaHTOB COCTaBHWM RAPOM.noKa3aH0,4TO HX aH~-
30TpOnHR (,R-l)RBnReTCR 3HaKonepeMeHHOH tl>YHK~HeH 3HeprHH y-KeaH
Ta,a ee cpeAHee aHa4eHHe AnR Ey~12 M3B eoapacTaeT c yMeHbWeHHeM 
3HeprHH B036ymAeHHR RApa.CAenaHa o~eHKa BpeMeHH lKH3HH COCTaBHoro 
RAPa no OTHOWeHH~ K H3ny4eHH~ AHnOnbHWX KBaHTOB,AalOli\aR eenH4HHY 
nOPRAKa 10- 18 c. Co3AaHa npocTaR cxeMa pac4eTa xapaKTepHCTHK 
y-H3ny4eHHR npH 6onbWHX 3HeprHRX B ycnoBHRX, KOrAa B COCTaBHOM 
RAPe eoa6ylKAaeTcR rAP. npocToTa AaHHOH cxeM~ noseonReT eKn~4HTb 
B Hee, ecnH B 3TOM 6yAeT Heo6XOAHMOCTb, y4eT APYrHX B03MOlKHWX 
pe3oHaHCOB. 

AeTOpw 6naroAapHw I0.3.ne_HHOHlKKeBH4Y H H.1-1.MHXaHnoey aa no
·cTORHHblH HHTepec K pa6oTe. 
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