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I. BBEAEHHE 

B pa6oTe/1/ npeACTasneH~ peaynbTaT~ HccneAOBaHH~ peaK~HH 
160 Gd( 16 0, xn) 17&-x Hf npH 3HeprH~x HOHOB 16o oT 80 
AO 134 M3B. C nOMO~b~ CHCTeM~ MHOrOKp8TH~X COBnaAeHHH/2/ nony

•u!Hbl MHO>KeCTBeHHOCTH y-ny4eH <M> H WHPHH~ pacnpeAeneHH~ no 
MHO>KeCTBeHHOCTH a An~ pa3nH4H~X K8HanOB peaK~HH, COOTBeTCTBy~
~HX B~neTy OT 4 AO 8 HeHTpOHOB. 0CHOBHOH 38A84eH H8CTO~~eH 
pa60Tbl ~Bn~eTc~ np~Moe 3KcnepHMeHTanbHOe onpeAeneHHe napa
MeTpos pacnpeAeneHH~ no CnHH8M B COCT8BHOM ~APe npH pa3nH4-
HbiX 3HeprH~X HaneTa~~~X HOHOB. 0AH8KO nepeXOA OT 3KcnepHMeH
T8nbH~X 3H84eHHH MHO>KeCTBeHHOCTeH y-ny4eH K napaMeTpaM pacnpe

AeneH~~ 38CeneHHOCTeH ~AepHbiX COCTO~HHH no cn~HaM Tpe6yeT 3Ha

H~~ MeX8H~3Ma peaK~~H. 06bi4HO 3TOT nepeXOA Aena~T H8 OCHOB8HH~ 
npocTeHW~X 3Mn~pH4eCKHX npeAnOnO>KeHHH, B 6onbWHHCTBe cny4aeB 

HeAOCT8T04HO 060CHOB8HHbiX. 
B HaCTOR~eH pa6oTe AenaeTc~ nonbiTKa Hcnonb30B8Tb An~ TaKoro 

nepeXOA8 pe3ynbT8Tbl p8C4eTOB KOHKpeTHOH peaK~HH B paMK8X CTa

THCTH4eCKOH MOAenH. 

II. CPEAHHE 3HA4EHH.R CnHHOB H IUHPHHbl PAWPEAEflEHH.R 
Afl.R KOHE4HbiX CHCTEM 

An~ nony4eHH~ napaMeTpos pacnpeAeneHH~ no cnHHaM B KOHe4-
HbiX ~Apax 6yAeM HCXOAHTb H3 TOro, 4TO K8>KA0H nonoce MO>KHO 
npHnHC8Tb HeKOTOpoe CpeAHee 3H84eHHe MHO>KeCTBeHHOCTH <M>H 
Ben~4HHbl a. 3TH xapaKTepHCTHKH A8Hbl B nocneAHHX CTpOK8X 

/1/ 
Ta6n. 1-5 B pa6oTe • npeAnOnO>K~M A8nee, 4TO y-pa3p~AK8 B 
KOHe4HbiX ~Apax npOHCXOAHT CH84ana 38 C4eT K8CK8A8 CT8THCTH-
4eCKHX y-KB8HTOB, KOTOpble B cpeAHeM He yHOC~T MOMeHT8, HO 
YHOC~T 3HeprH~, T8K 4TO 3HeprH~ B036Y>KAeHH~ KOHe4HbiX ~Aep 
OK83b1BaeTC~ B o6naCTH ~pacT-nHHHH. ~anbHeHW8~ p83p~AK8 npOHC
XOAHT BAOnb HpacT-nHHHH KB8ApynOnbHbiMH nepeXOA8MH. TorAa 
An~ CpeAHero 3H84eHH~ CnHH8 COCTORHHH, C KOTOpbiX H84HH8eTCR 
y -paap~AKa, MOlKHO H8nHC8Tb cneAY~~ee Bblp8>KeHHe: 

- i 
J I ""2 [< M > i - K I) + J Ha\1 ,; 

J 
a 1 = 2a 1 , /1/ 

B KOTOpOM K -4HCnO CT8THCTH4eCKHX y -KB8HTOB; J HB\1 .- CnHH H8-
48nbHOrO Ha6n~A8eMOrO COCTO~HH~; HHAeKC i OTHOCHTC~ K onpe
AeneHHOH nonoce. 
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P-::1 3HeprHH cTaTHCTH4eCKHX nepeXOAOB. BenH4HHa K MOmeT 6b1Tb H3Me- r:::~o: 
tJ<U peHa 3KcnepHMeHTaflbHO nH60 paCC4HTaHa B paMKax AOCTaT04HO <IICI.I ~, ... ,q,q~~,~, 

I~ peanHCTH4eCKOH MOAeflH. PoP. 

:lllll :::;! biH OO>H 0 
B pa6oTax 18

•41 npeAnonaraeTCH, 4TO K =4 H He 3aBHCHT OT Po 0 H H H H I 
E- H 

THna peaK~HH, OT 3HeprHH HOHOB, OT KaHana peaK~HH. 0AHaKO H 
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AHana3oHe 15-30. B 151 eonpoc o 4Hcne cTaTHCTH4eCKHX KBaHTOB '-' rzl 
3KcnepHMeHTanbHO H3Y4ancH AflH peaK~HH c 18 oe AHana3oHe 3Hep-

"£l.l§l~ CX) ~~~ rHH 70-80 M3B. 6blflo o6HapymeHO, 4TO 4Hcno cTaTHCTH4eCKHX 
KBaHTOB KOppenHpyeT C H3MepHeMOH MHOmeCTBeHHOCTbO H MeHHeTCH 
OT 2 AO 6 npH H3MeHeHHH MHOmeCTBeHHOCTH OT 8 AO 20. Mbl 6yAeM . d a H 
HCnOnb30BaTb 3Ha4eHHH Ki,npHBeAeHHble B 3TOH pa6oTe. nony4eH- .... .... .... Hble TaKHM o6pa3oM napaMeTpbl pacnpeAeneHHH no cnHHaM AnH KamAOH :z: :z: .;: 
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nonocbl npHBeAeHbl e Ta6n.1 H 2. B 3THX me Ta6nH~ax AaHbl OTHOCH- 0 G C) ... ... ... 
TeflbHble HHTeHCHBHOCTH pi 3aceneHHH HHmHHX COCTOHHHH nonoc, 
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.1(P'h'r ~ PHc. I • Be.JIHqHHbi MaKCHI<fBJlbHoro 
160 (16 )176-X ,., MOMeHTa J(P \4 ), ITo OCH a6C~HCC 

Gd o,xn Hf OTJIOJKeH KaHBJl peaK~HH. I.UrcPPbl 45 

40 

35 

30 

25 

OKOJIO KpHBbiX - 3HeprHH HaJieTaiO
~ero HOHa B M3B. 

4n 5n Sn 7n 8n :IIP~I 
110Gd("o.xn 1'"-'Ht 

PHC, 2, BenHqHHbi MOMeHTa ~ 
J(P \4 ) A,TUI KOHeqHbiX CH<:TeM , 
npH ,JJ;aHHoil: 3HeprHH E HOHa. 
CnnomHaa H nyHKTHpHaa KpHBbie -
pesyJibTaThl pacqeTa no nporpal'f
Me GROG! ,JJ;JIH J y (P ~) H 
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/2/ 

TaK me onpeAenRIOTCR H napaMeTp~ pacnpeAeneHH~ no cnHHY AnR 
ycpeAHeHHO~ KOHe4HO~ CHCTeM~ npH KOHKpeTHO~ 3HeprHH HaneTaiO
~HX HOHOB. 3TH AaHH~e npHBeAeH~ B nocneAHHX CTpOKax B Ta6n.1 
H 2. 8 MOAenH C pe3KHM KpaeM pacnpeAeneHHe no MOMeHTaM COCTae
HOH CHCTeM~ HMeeT TpeyronbHyiO ¢QpMy. 

8 3TOM cny4ae cpeAHee 3Ha4eHHe COCTaBnReT 2/3 OT J(Pmax) HnH 

OT BenH4HH~ J(P~), KOTOpaR onpeAenReTCR KaK 3Ha4eHHe CnHHa J t 

COOTBeTCTBy~ero nonOBHHHOMy cnaAY pa~npeAeneHHR 3aCeneHHOCTeH 
COCTORHHH.Ha PHC.1 npHBeAeH~ BenH4HHY MaKCHManbHOrO MOMeHTa 
J(P';.i) AnR pa3flH4HWx 3HeprH~ HaneTa~ero HOHa.Ha PHc.2 npHBeAe
Hbl 3Ha4eH!oiR J(P\4) AI1R KOHel.fHbiX CHCTeM npH AaHHOH 3HeprHH 
~OHa, TO ecTb Bei1H4HHbl J(P \4 ) , ycpeAHeHHble no Ce4eHHRM Ha6-
niOAaeMbiX KaHanos peaKUHH. 

4 

III. PAC4ET~ OCHOBHMX XAPAKTEP~CT~K PEAKU~~ 
B PAMKAX CTAT~CT~4ECKO~ MOAEn~ 

3KcnepHMeHTanbH~e BenH4HH~ cpeAHHX MHOmeCTBeHHOCTe~ y -ne
peXOAOB no3BOnRIOT nony4HTb napaMeTpbl cnHHOBoro pacnpeAeneHHR 
a AaHHOM KaHane peaKUHH H a cocTaBHOM RApe. AocTaT04HO HaAem
HO no MHOmeCTBeHHOCTH onpeAenRIOTCR CpeAHHe 3Ha4eHHR J H nony
WHPHH~ pacnpeAeneHH~. 0AHaKO TaKOH nepeXOA OT MHOmeCTBeHHOC
Te~ y-ny4eH K pacnpeAeneHHIO no cnHHaM Tpe6yeT onpeAeneHHOro 
npeAcTaeneHHR o MexaHH3Me peaKUHH. AnR nepexoAa oT pacnpeAe
neHHR 3aCeneHHOCTeH no cnHHy B KOHe4H~X CHCTeMaX K pacnpeAe
neHHIO B COCTaBHOM RApe He06XOAHMO y4eCTb H3MeHeHHR pacnpeAene
HHR npH HCnycKaHHH KacKaAa 4aCTHU. KpoMe TOrO, npeACTaBilReT 
HHTepec AeTanbH~~ aHanH3 TaKHX xapaKTepHCTHK, KaK pacnpeAene
HHe 3aCeneHHOCTe~ COCTORHH~ no CnHHaM H 3HeprHRM B036ymAeHHR, 
cpaBHeHHe 3aceneHHOCTeH,CBR3aHH~X C HCnycKaHHeM pa3nH4H~X 4ac
THU H y-KeaHTOB, aHanH3 cneKTpoe 4aCTHU H y-KeaHTOB. YcTa
HOBneHHe OCHOBH~X 3aKOHOMepHOCTe~, npeACKa3~BaeM~X CTaTHCTH-
4eCKO~ MOAenbiO, He06XOAHMO AnR HaAemHOH HAeHTH¢HKaUHH Hecya
THCTH4eCKHX 3¢¢eKTOB, KOTOp~e MOryT npORBnRTbCR npH AOCTaT04-
HO 6onbWHX 3HeprHRX HaneTaiO~HX 4aCTHU. 

M~ nposenH pac4eT~ cTaTHCTH4eCKHX xapaKTepHCTHK peaKUHH 
180ad(18o, xn)178-x Hr no nporpaMMe GROGI2 181 AilR 

3HeprHH HaneTaiO~HX HOHOB OT 80 AO 142 M38 /na6opaTopHaR cH
CTeMa/. B nporpaMMe B~4HCnReTCR pacnpeAeneHHe aaceneHHOCTeH 
no cnHHaM H 3HeprHRM eo36ymAeHHR AnR ecex KaHanoe peaKUHH, 

··--&:··--····- --- .............................. .., ..... . 
M(;.VVAV,..p,II.-.V lo+'lr1 Fllll'-'tJ''IJ'-'....,.Io\"'•' 

"'-',..MnnoA .. .tOIJT:'SnLULIV n~UULIV ................. ,... ... ·-··. _,. ............. --·· ---
MHOmeCTBeHHOCTH y-ny4eH. 

1. PACnPEAEnEH~E no MOMEHTAM B COCTABHOM ~APE~ nonHOE 
CE4EHHE PEAKUH~ 

nn 

06CYAHM CHal.fana AHHaMHKY H3MeHeHHR pacnpeAeneHHR 3aceneHHOC
TeH RAepHbiX COCTORHHH no cnHHaM npH HcnycKaHHH nocneAOBa
TenbHOCTH 4aCTHU HnH y-KBaHTOB. 

Ha4anbHoe pacnpeAeneHHe no cnHHaM a cocTaeHOM RApe, CBR3aH
HOe C Cel.feHHeM peaKUHH, MOmeT 6~Tb paCC4HTaHO pa3nH4H~MH cno
co6aMH. 

nonHOe Ce4eHHe peaKUHH 

a R • rr1..2 ~ (2t +l)Tt. 
t 

Ha pHc.3 n~HBeAeHbl nony4eHH~e TaKHM cnoco6oM pacnpeAeneHHR 
--11. 

AnR 3HeprHH 0 80, 110 H 142 M38. B Ta6n. 3 npHBeAeH~ xapaK-
TepHCTHKH paCC4HTaHHbiX pacnpeAeneHH~ AnR pa3nH4H~X 3HePrHH. 
8 nepBOH KOnOHKe AaH~ 3Ha4eHHR MOMeHTOB f(p ), COOTBeT-

w w max 
CTBY~HX MaKCHMYMY 3aceneHHOCTeH, BO BTOpOH KOnOHKe - eenHI.fHH~ 
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Ta6nm~a 3 

XapaKTepHCTHKH pacnpeAeJieHHH nO MOMeHTaM B COCTaBHOM H~pe 

2 3 4 5 6 

E( 160) (Pmax) (Pl/2) aR aER -
J aJ 

M~B mb. mb. 

80 23 35 676 676 23,8 !0,9 

90 33 44 !060 !039 30,0 !2,2 

!02 43 54 I427 !393 35,9 !3,6 

IIO 49 59 !620 !539 38,9 I4,4 

!22 56 67 I857 !627 4!,7 !5,0 

!34 62 73 2044 !559 42,7 !5,3 

I42 66 77 2!46 !478 42,8 !5,3 

f (P~ ), COOTBeTCTBy~~~e nonoB~HHOMY cnaAy aaceneHHOCTeH. 
B TpeTbe.:i KonoHKe AaHbl nonHble ce4eH~R peaKI.I~~ aR. 

KaK OTMe4eHo e pa6oTax /3,71, ce4eH~e o6paaoeaH~R cocTaeHo
ro RApa OrpaH~4~BaeTCR KOHKVOeHU~eH n!)OI~PCC:OR ,n,PnPI-IIAA "' '"-"~'

VOKOHeynpyr~X peaKLI~H, Ce4eH~e KOTOpbiX 6biCTPO HapacTaeT C yee
n~4eH~eM MOMeHTa f. B Haw~x pac4eTax BBOA~nacb peaKaR rpaH~Lia 

B pacnpeAeneH~~ no MOMeHTaM B COCTaBHOM RAPe np~ f =65. 3TO 
3Ha4eH~e Bbl6paHO B COOTBeTCTB~~ C TeopeT~4eCK~M~ peKOMeHAa
I.I~RM~/7,S/~ np~6n~3~TenbHO cornacyeTCR c nony4eHHbiM~ 3Kcnep~MeH
TanbHbiM~ peaynbTaTaM~. B 4eTBepTorli KOnOHKe Ta6n. 3 AaHo ce4e-

P(tj 

50 

40 

30 

20 

20 

6 

t&oGd('&o. xnl'?& -x Hf 

40 

I::1(Pmax.l 
. 142 

60 80 100 t 

H~e o6pa30BaH~R COCTaBHOro RA
pa aER'orpaH~4eHHOe no MOMeH
TY een~4~HOHft.B nRTOH ~ wec
TOH KOnOHKax npeACTaeneHbl cpeA
H~e 3Ha4eH~R MOMeHTa f ~ nonyw~
p~Hbl pacnpeAeneH~H a J • 

PHc.3. Ha~aJibHhle pacnpeAeJieHHH 
~MeHTaM f B COCTaBHOM RApe. 
UJicPPbl OKOJIO KpHBbiX - 3HeprHH 
HOHOB s M3B. BepTHKaJibHaH JIHHHH 
npoBeAena npH sua~emm t max= 
=65, npHHHTOM B pac~eTaX B Ka
qeCTBe MaKCHMaJibHOrO, 

~ 

f 

2. A~HAM~KA ~3HEHEH~~ 3ACEflEHHOCTE~ nP~ ~cnYCKAH~~ 4ACT~U 

Ecn~ aaAaHo Ha4anbHOe pacnpeAeneH~e P ll (E, J) aaceneHHOCTeH 
B RAPe jl, TO MOmHO Bbi4~Cn~Tb pacnpeAeneH~e aaceneHHOCTeH B 

RAPe ll -1: - - - -
Pll_ 1 (E, J) = ; ; P ll (E,J)Rilk (E, J; E,J) /0, 

1 E 
rAe K - COpT 4aCT~LI, ~cnycKaH~e KOTOpbiX np~BOA~T K RAPY ll- 1. 
Ben~4~Ha Rllk (E, J; E, J) nponopi.I~O~anb_Ha eepoRTHOC_!~ ~cnyc-
KaH~R 4acT~I.Ibl K ~3 RAPa ll c 3Hepr~er::i E ~ cn~HOM J e RAPO 
ll-1 c 3Hepr~e.:1 E ~ en~ HOM J: _ 

_ _ J+s 1+S 
Rlli(E,J; E,J) =pi (E,J) .I .I_ Tlf (£). 

g.,\J-sl t-.\1-S\ 
3AeCb p 1(E,J) - nnOTHOCTb ypOBHeH B OCTaT04HOM RApe; S-
BHYTpeHH~H _fni1H 4aCT~I.Ibl; T tf ( £) - K03<Ml11LI~eHT npoH~LiaeMoc-
Tl1 AnR f = E -E- Bill , rAe BIll- 3Hepr~R cBR311 i -ToH 4aCT~I.Ibl 
B RAPe ll;Q- K03<MJI11.111eHT HOpM~pOBK~, paBHbiH 

Q .. .I I (R, (E,J;E,J)dE. 
I 1 .-1 

npoH~I.IaeMOCHI T !f(t) AnR KalKAOro KaHana paCC4~TbiBan~Cb no 
OnTI14eCKOH MOAen~ C napaMeTpaM~, np~BeAeHHbiM~ B Ta6n.4. 

nnoTHOCTb ypOBHeH Bb16~panacb B np116n~lKeH~I1 $epM~-raaa: 

"fu n _ 2J + !_ a -
1

/
4 

"'"'I!>. 1 :t;~ _ .~<! :t.~)_ I 
,.,.,., 24v"Faa·(v-8)574 ···r··· .. , -· 2a2 

AnR ~pacT-ni1H~I1 11Cnonb3oeanocb BblpalKeH~e 

2 
E 

1 
= (J + 1/2) I aR + 8 • 

~ 
*&c~t•o.~ni"'.'Ht 

20 80 J 

PIEI 
400 

300 

200 

100 

""Gdl•o.xni""-'Ht 

20 

On 

In 

PHc.4. PacnpeAeneHHH saceneu
HOCTeii no cnHHaM WJH paSHbiX 
ueiiTpoHHh~ Kauanos npH 3Hep
rHH HoHa 18 0 I 02 M3B. 

PHc.5. PacnpeAeJieHHH saceneu
HOCTeii no 3HeprHH B036~eHHH 
WJH paSHbiX HeHTPOH~ KaHaJIOB 
npH 3HeprHH Hona 18 0 I 02 M3B. 
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Ha KamAOM ware, TO eCTb npH nepeXOAe OT RApa ~ K RAPY 
~-1, B paC4eTaX Y4HT~BaeTCR H3MeHeHHe 3aceneHHOCT€H npH HCnyc
KaHHI-1 He TOI1bKO HeHTpOHOB, HO 1-1 y -KBaHTOB, a TaKme npOTOHOB 
1-1 a-4aCTH~. 4aCTH~~ C pa3HOH BepORTHOCTb~ HCnycKa~TCR 1-13 
pa3nH4H~X o6nacTeH ABYMepHoro pacnpeAeneHHR P ll (E, j) , 4TO MO
meT npHBOAHTb K 3aMeTHOH Ae~OpMa~HH Ha4anbHOrO pacnpeAeneHHR 
no cnHHaM, ecn~-1 ce4eHHR npo~eccoe cpaBHHM~ c nonH~M ce4eHHeM. 

Ha PHC.4 npHBeAeH~ THnH4H~e pacnpeAeneHHR 3aceneHHOCTeH 
no cnH"HciM'""ii'pH 3HeprHH t8 0 1 02 M38 AJlR pa3nH4H~X HeHTpOHH~X 
KaHanoe. Ha p1-1c. 5 AnR 3TH X me ycnoBHH npHBeAeHbl pacnpe,qeneHHR 
3aceneHHOCTeH no 3HeprHH B036ymAeHHR, 

KaK ~pae1-1no, HcnycKaHHe nepe~x HecKonbKHX HeHTpOHOB He 
npHBOAHT K Ka4ecTBeHH~M H3MeHeHHRM P(J}. B He6onbWHX npeAenax 
MeHReTCR TOnbKO eepxHRR rpaHH~a P~) , 4TO AaeT He6onbwHe H3Me
HeHHR cpeAHero 3Ha4eHHR CnHHa J.CTOnb HefionbWOe H3MeHeHHe 
e pacnpeAeneHHH 3aceneHHOcTeH B A04epHHX RApax Ha nepe~x 
3Tanax peaK~HH CBR3aHO C OTHOCHTenbHO HefionbWHM BKnaAOM B non
HOe Ce4eHHe Ce4eHHH HCnycKaHHR npOTOHOB, a-4aCTH~ 1-1 y-KBaH
TOB, Ha nocneAY~HX CTaAHRX Hafin~AaeTCR H3MeHeHHe ~OpM~ pac
npeAeneHHR P(~. KOTopoe CBR3aHo c pe3KO yeenH4HBa~~HMCR 
BKnaAOM y -pacnaAa e ce4eHHe peaK~I-1~1. Ao Tex nop, noKa 3HeprHR 
B036ymAeHHR B OCTaT04HOM RApe B~We -20 M38, Ce4eHHe peaK~HH 
onpeAenReTCR B OCHOBHOM HeHTpOHH~M pacnaAOM, He npHBOAR~HM 
K cHnbH~M Ae~opMa~HRM pacnpeAeneHHR P(J) I cTaAHR 1 I. 3Ha4HTenb
Hble H3MeHeHHR B P(J) Hafin~Aa~TCR B KaHanax peaK~HH C HCnycKa
HHeM 6onbWOrO 4HCna HeHTPOHOB, TO eCTb C Ha4anbH~MH pacnpe
AeneHHRMI-1 P(E) < 20 M3B ICTaAHR II/. B Ta6n.5 AnR KamADH 
3HeprHH l6 0 AaHb7 H3MeHeHHR cpeAHHX MOMeHTOB AnR 1 CTaAHH peaK
~HH, xapaKTepHCTHKH pacnpeAeneHHR P(E, J) AnR II cTaAHH peaK~HH. 

3. PACnPE/\EJlEHHE 3ACEJ1EHHOCTEA, nPHBO.llR~\EE 
K HCnYCKAHHn HEATPOHOB, nPOTOHOB H a-4ACTHU 

KaK yme OTMe4anocb, Ha 1 cTaAHH peaK~HH IE • > 20 M3B/ ce4e
HHe HCnycKaHHR HeHTpOHOB COCTaBnReT 90-95% nOnHoro Ce4eHHR 
peaK~I-11-1, no3TOMy pacnpeAeneHHe P n (E, J) AnR HCnycKaHHR HeHT
pOHOB npaKTH4eCKH coenaAaeT c pacnpeAeneHHeM P(E,J) POAHTenb
cKoro RApa. Pa3nH4HR Ha4HHa~T npoRBnRTbCR Ha II cTyneHH peaK~HH 
IE*< 20 M38/. THnH4HaR CHTya~HR H306pameHa Ha p1-1c,6 IE 18o = 
=1 02 M3B/. PacnpeAeneHHe P0 (J) AnR KaHana 4n npaKTH4eCKH non
HOCTb~ coenaAaeT c Ha4anbH~M 3aceneHHeM B KaHane 4n. ,llnR KaHa
na 5n Ha6n~AaeTCR He6onbwoe pa3nH4He, .a AnR KaHana 6n pa3-
nH4He ADBOnbHO 3Ha4HTenbHOe. MaKCHMYM 1-1 cpeAHee 3Ha4eHHe f 
CABHra~TCR B CTOpOHy MeHbWHX 3Ha4eHHH, TeM caM~M CABHraeTCR 
B Ty me CTOpOHy POAHTenbCKOe pacnpeAeneHHe nocneAY~~ero Ka
Hana peaK~HH. 
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PHc. 6. PacrrpeAe.rreHHH P y (J), 
P 0 (J), P(~ AJIH pa3HbiX KaHa-

rroB peaK~HH ripH 3HeprHH HOHa 
180 102 M3B, 

Ce4eHHR HcnycKaHHR npoTOHOB 
1-1 a -4aCTH~ cpaBHHM~ MemAY 
C060H no nopRAKY BenH4HH~ H 
COCTaBnR~T KamAOe MeHee 5% OT 
nonHero ce4eHHR. 

PacnpeAeneHHR AnR npOTOHOB CHCTeMaTH4eCKH CABHHYTbl B H!-13-
KOCnHHOBy~ ofinaCTb H OKa3~Ba~TCR 6onee CHMMeTpH4H~MH, 4eM 
HeHTPOHH~e. PacnpeAeneHHR AnR HCnycKaHHR a-4aCTH~, Hao6opoT, 
CABHHYTbl B BbiCOKOCnHHOBy~ o6naCTb 1-1 6onee aCHMMeTpH4H~. 

PacnpeAeneHHR no 3HeprHRM B036ymAeHHR AnR HcnycKaHHR HeHT
PDHOB, npOTOHOB H a-4aCTH~ npaKTH4eCKH He pa3nH4a~TCR, 

4. PACnPE,llEJlEHHR, nPHBO.llRmHE K HCnYCKAHH~ y-JlY4EA 

3KcnepHMeHTanbHOe H3Y4eHHe MHOmeCTBeHHOCTH y-nepeXOAOB, 
~BR3aHH~X C AHCKpeTH~MH y-nHHHRMH HnH cnnOWH~M cneKTpOM y
ny4eH, AaeT HH~OpMa~H~ 0 pacnpeAeneHHH no CnHHaM COCTORHHH, 
npHBOAR~HX K HCnycKaHH~ Y - ny4eH, 

Ha 1 CTaAHH peaK~HH y -H3ny4eHHe He KOHKypHpyeT C HeHTpOH
H~M pacnaAOM, KaK TOnbKO B03HHKaeT TaKaR KOHKypeH~HR, pacnpe
AeneHHR Py(J) MoryT cy~ecTBeHHO oTnH4aTbCR OT POAHTenbcKoro 
pacnpeAeneHHR P(J). Ha p1-1c.6 pacnpeAeneHHR P y (J, 5n) H 
P y (J, 6n) npHBeAeH~ BMeCTe C COOTBeTCTBy~~HMH pacnpeAeneHHRMH 

P 0 (J) HP(J). B KaHane 5n, rAe BKnaA B ce4eHHe OTy-H3ny4e
HHR cocTaBnReT ...25% nonHero ce4eHHR, pacnpeAeneHHe P y (J, 5n) 
cHnbHO DTnH4aeTcR OT P(J, 5n). MaKcHMYM pacnpeAeneHHR CABHHYT 
B CTOpOHy fiDnbWHX CnHHOB, H 3TO xapaKTepHO npH BCeX 3HeprHRX 
HaneTa~~HX HOHOB /CM, Ta6n,5/ AnR KaHanOB C MHHHManbH~M Hafin~
Ail~U\HMCR 4HCnOM B~neTeBWHX HeHTpOHOB, ,llnR cneAYIC~ero wara 
peaK~HH y -pacnaA RBnReTCR yme OCHOBHbiM THnOM pacnaAa H pacnpe
AeneHHe Py (J) npaKTH4eCKH coenaAaeT c P(~. 

no3TOMY nepeXOA OT H3MepReM~X pacnpeAeneHHH Py(J) K pacnpe
AeneHHRM P(~ ADnmeH coeepwaTbcR no-pa3HoMy AnR pa3H~x Ka
Hanoe C y4eTOM pac4eTOB B CTaTHCTH4eCKOH MOAenH • 
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IV. CPABHEHHE 3KCnEPHMEHTA~bH~X H TEOPETH4ECKHX PE3Y~bTATOB. 
OUEHKA MOMEHTOB A~~ COCTABHOfO ~APA 

AHanH3 AaHH~x, npHBeAeHH~x s Ta6nH~e 5, H APYrHx TeopeTH-
4eCKHx peaynbTaTos noKaa~saeT, 4TO B~4HcneHH~e cpeAHHe 3Ha4e
HH~ cnHHOB COCTO~HH~, npHBOA~~HX K HCnycKaHH~ y-ny4e~ B AaH
HOM KaHane peaK~HH, OKa3~Ba~TC~ 04eHb 4yBCTBHTenbH~MH K 3Hep
rHH HaneTa~~Hx HOHOB. HaMeHeHHe 3HeprHH 16 o Ha HeCKOnbKO M3B 
MOmeT npHBeCTH K H3Me~eHH~ ~ Ha 25-30%. no3TOMy cpasHeHHe 
B~4HCneHH~X 3Ha4eHH~ J y An~ KamAOrO KaHana peaK~HH B03MOm
HO TOnbKO C TeMH 3KCnepHMeHTanbH~MH AaHH~MH, KOTOp~e nony4eHbl 
Ha TOHKO~ MHWeHH I -1 MrlcM 21 npH ManoM paa6poce no 3HeprHH 
B ny4Ke H KOHTpone 3a 3HeprHe~ HOHOB C T04HOCTb~ 1-2 M3B, 
B TO me speM~ ycpeAHeHH~e no ce4eHH~M senH4HH~ AOCTaT04HO 
XOpOWO OnHCbiBa~T xapaKTepHCTHKH P(J) KOHe4HO~ CHCTeM~ Ha 
nepBO~ CTaAHH peaK~HH, H 3TH senH4HH~ MOmHO cpaBHHTb C 3KCne
pHMeHTanbH~MH, Ha pHc.2 npeACTasneH~ 3KcnepHMeHTanbH~e AaHH~e 
senH4HH J(P ~ ), COOTBeTCTBY~HX nOnOBHHHOMy cnaAY aaceneH
HOCTe~ B KOHe4HO~ CHCTeMe, 3AeCb me npHBeAeH~ TeopeTH4eCKHe 
pe3ynbTaT~ no COCTO~HH~M, npHBOA~~HM K y-pacnaAy - J y (P~) 
H no nonH~M aaceneHHOCT~M - J(P ~ ). BHAHO, 4TO o6e KPHB~e 
cornacy~Tc~ MemAy co6o~ H KPHBa~, onHc~sa~a~ nonH~e aaceneH
HOCTH, 6nHme K 3KCnepHMeHTanbH~M AaHH~M. 

HaH6onee ~pKo~ 4epTo~ nony4eHH~x AaHH~x ~sn~eTc~ HeaasH
CHMOCTb MaKCHManbHOrO MOMeHTa B KOHe4HO~ CHCTeMe OT 3HeprHH 
HaneTa~~Hx HOHos. An~ AaHHO~ peaK~HH senH4HHa J (P 1.4) An~ 
KOHe4HO~ CHCTeM~ COCTaBn~eT 34,5, 4TO COOTBeTCTByeT J =23 • 

TaKHM o6pa30M, nepeA Ha4anoM y-paap~AKH ~APO npH scex 
H3y4eHH~X 3HeprH~X 18 0 o6pa3yeTC~ npH 3HeprHH B036ymAeHH~ 
OKOnO 20 M3B C pacnpeAeneHHeM aaseneHHOCTe~ COCTO~HH~ no 
cnHHY, KOTOpoe xapaKTepH3yeTC~ J=23, J(P ~ ) = 34,5 H 
U(J) = 12. 0TMeTHM, 4TO 3HeprHH B036ymAeHH~ HpdCT-COCTO~HH~ 
CO cnHHOM 23 H 34 paBH~ COOTBeTCTBeHHO 5,6 H 9,6 M3B, 

O~eHKa npeAenbHOrO MOMeHTa J(P ~ ) An~ COCTaBHOro ~Apa 
no nony4eHH~M 3KcnepHMeHTanbH~M AaHH~M MomeT 6~Tb CAenaHa 
pa3nH4H~MH cnoco6aMH. npH 3TOM He06XOAHMO y4eCTb H3MeHeHHe 
cpeAHero H rpaHH4HOro J(P~) MOMeHTa s npo~ecce HcnycKaHH~ 
He~TPOHOB Ha nepso~ CTaAHH peaK~HH. EcnH npeAnonomHTb, 4TO 
npH HcnycKaHHH OAHOro He~TpoHa cpeAHee 3Ha4eHHe f pacnpeAene
HH~ MeH~eTC~ Ha 1,5 eAHHH~~. TO, O~eHHB CPeAHee 4HCnO HCny
~eHH~X He~TpOHOB, MOmHO nony4HTb J- An~ COCTaBHOrO ~Apa H 3aTeM 
J(P~ ). nony4eHH~e TaKHM o6pa3oM senH4HH~ J(P '6 ) npeA-
cTasneH~ Ha PHC,] cnnOWH~MH KpymKaMH, npeAenbH~H MOMeHT 
J(p ~ ) OKa3'bi'BaeTC~ npaKTH4eCKH He3aBHC~~HM OT 3HeprHH HOHOB 

H paBeH /48:!_2/ h. 
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PHC, 7. BeJIH"'HHbl J (P ~) AJI.fl 
COCTaBHOH CHCTeMbJ B 3aBHCHMOC
TH OT 3Hepi'HH HOHOB: • - pe-
3YJihTaTbl o6pa6oTKH s npe~no

Jio~eHHH, 'ITO K~ HeHTpOH 
YHOCHT MOMeHT J , 511 ; 0 - C 
y't{eTOM paCC"'HTaHHOI'O no npor-
paMMe GROG! H3MeHeHH.H 
napaMeTpos pacnpe~eJieHH:H: no 
CnHHY; -+- - pac'tfeTbl no OnTH
'tfeCKOH MO~eJIH; nyHKTHpHa.fl JIH
HH.fl - f max =65. 

ApyryiO o~eHKY MOmHo nony41-1Tb, 14cnonb3y~ pacC414TaHHble no 
CTaTI4CTH4eCKO~ MOAenH H3MeHeHI4~ MOMeHTOB Ha nepso~ CTaAH14 pe
aK~HH. 3TH AaHH~e COAepmaTc~ B Ta6n.5. nony4eHH~e c nOMO~biO 
nporpaMM~ GROGI2 senH4HHbl J(P Y2 ) HaHeceH~ Ha PHC. 7 cseT
n~MH KpymKaMH. npeAenbHbl~ MOMeHT MeH~eTCR OT 40 AO 62 B l-13y4eH
HOM 14HTepsane 3HeprHH. CnnOWHOH nHHHeH Ha PHC,] noKa3aHQ 3Ha-
4eH~e J(P~ ), KOTOpoe xapaKTepH3yeT paCC4HTaHHOe no OnTH4e
CKOH MOAenH pacnpeAeneHHe BO BXOAHOM KaHane. 

81:-IBO,IU:I 

1. C nOMO~biO On!ltCaHHOH B /l/ YCTaHOBKH 6~n14 143MepeHbl cpeAH14e 
MHOmeCTBeHHOCTI-1 <M> Y -nepeXOAOB H WHP14H~ pacnpeAeneH14~ no 
MHO)I(eCTBeHHOCTI4 U B KOHKpeTHbiX ycnOB14~X Ha YCKOf:HTene Y-200 
~~p OH~H An~ pa3mt4HbtX spa~aTenbH~x nonoc s ~Apax 1 2 Hf - 1118Hr 
IKaHanbt OT 4n AO 8n I. 3TI4 seni4414Hbl OTHOCI4TenbHo cna6o MeH~~T
CR npH H3MeHeH1414 3Hepr14H 16 0 14 OCTa~TC~ B npeAenax 9-15, 
3Ha4eHH~ u rpynnl4pyiOTC~ OKano seni4414H~ < M>/2. 

2. nony4eH~ npeAenbHbte 3Ha4eH14R J(P ~ ), OnHCbtBal0~14e pacnpe
AeneH14~ 3aceneHHOCTeH RAepH~X COCTORHHH no Cn14HY An~ KaHanos, 
B KOTOp~X Ha4HHaeTC~ KOHKypeH~I4R HeHTpOHHOrO 14 y-pacnaAOB.3T14 
3Ha4eHI4R paBH~ -34~ 14 npaKTH4eCKH He 3aBI4C~T OT 3Hepri4H Hane
Tat0~14X HOHOB, 

3. fipOBeAeHbl pac4eT~ pa3nH4H~X XapaKTepHCTHK peaK~1414 8 
cTaTI4CTH4eCKOH MOAenl4. Pacc4HTaHH~e napaMeTp~ pacnpeAeneHH~ 
no cnHHaM cpaBHHBa~Tc~ c 3KcnepHMeHTanbH~MI4. AeTanbHO H3Y4eHa 
AJ,1HaMHKa 143MeHeHHH pacnpeAeneHHH no cnHHaM. 

4. flony4eH~ 3Ha4eHI4~ J(P~ ) An~ COCTaBHOO CHCTeM~. 3TH 
3Ha4eHI4~ pa8Hbl I 48+2/fl npH pa3ni4"1H~x 3HeprH~x l6o amH (50 ±10)11 
8 3a8MCHM0CTH OT COOC06a o6pa60TKa, 00Ka3aHO, 4TO AflR nony4eHHR 
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CBeAeHHH 0 3aBHCHMOCTH npeAeilbHOrO 3Ha4eHHR f Tipell OT 3Hep
rHH liiQ He06XOAHMO yT04HHTb np01..1eAYPY y4eTa c6po~a MOMeHTa 
Ha nepB~X CTaAHRX peaKI..IHH. 

ABTOp~ B~pa>KaiOT 6naroAapHOCTb aKaAeMHKY r.H.c!>nepcsy aa HH
Tepec K pa6oTe, npo<)>eccopy IO.U.OraHecRHY H 10.3.neHHOH>KKeBH4Y 
aa noneaH~e o6cy>KAeHHR, A.M.Cyxosy H B.r.Cy660THHY- aa no
MO~b npH aanycKe H3MepHTei1bHOH CHCTeM~, KOI1I1eKTHBY 3KCnnya
Tai..IHH 1..1HKI10TPOHa Y-200 - aa o6ecne4eHHe 4eTKOH pa6oT~ ycKopH
TenR, B.B.Ko6eKosy H B.A.flo~eHKO aa noMO~b s H3MepeHHRX H o6-
pa6oTKe. 
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4. Simon R.S. et al. Nucl.Phys., 1977, A290, p.253." 
5. Sie S.H. et al. Phys.Rev.lett., 1981, 46, p.405. 
6. Grover G.R., Gilat J. Phys.Rev., 1967, 157, p.802. 
7. 6op 0., MoTTeilbCOH 6. CTpyKTypa ·aTOMHoro RApa. 11MHp11

, M., 
1977, T.2. 

8. Cohen S., Plasil F., Swiatecki W.J. Ann.of Phys., 1974, 
82, p.557. 
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PyKonHCb nocTynHna s H3AaTei1bCKHH OTAei1 
5.MaR 1982 roAa. 

HET RM nPOBEROB B BAWER BMBRMOTEKE? 

Bb1 MolKeTe noJJyqHTb no noqTe nepeqHc.lleHHble HHlKe KHHrH, 

eCJIH OHM He 6biJIH 38K838H~ paHee. 

Al3-11182 TPYAW IX He•AYHapDAHOro CHMn03HyMa no RAepHO~ 3neKT
pDHHKe. BapHa, 1977. 

Al7-11490 TPYAW H~AYHaPOAHOro CHM003HyMa no H36paHHWM npo6ne
MaM cTaTHCTH~ecKoR MexaHHKH. AY6Ha, 1977. 

A6-11574 C6oPHHK aHHOTaqHR XV co8~aHHR no RAepHCM cneKTpocKo
nHH H TeopHH RApa. AY6Ha, 1978. 

A3-11787 

Al3-11807 

AI ,2-12036 

A1,2-12450 

All-80-13 

ll4-80-271 

A4-80-385 

A2-81-543 

,1110,11-81-622 

AI ,2-81-728 

A17-81-758 

A1,2-82-27 

P18-82-117 

TPYAW III H~AYHapOAH~ WKOnw no HeMTpDHHOR ~3HKe. 
AnywTa, 1978. 

TpyAW III H~AYHapoAHOro coa~aHHR no nponopqHOHanb
HWM M APeM~BWM KaMepaM. ,lly6Ha, 1978. 

TPYAW VI BcecomaHoro co8e~aHHR no ycKOPHTenRM aapR
*eHHWX ~aCTMq. AY6Ha, 1978 /2 TOMa/ 

TPYAW V H~HapoAHOro ceMHHapa no npo6neMaM ~3MKM 
awcoKMx 3HeprMR. AY6Ha, 1978 

TpyAW XII H~AYHapDAHOM WKOnw MOOOAWX Y4eHWX no ~3MKe 
BWCOKMX 3HeprMM. TIPHMOPCKO, HP6, 1978. 

TPYAW VII Bcec003HOro co8e~HMR no ycKOPMTenRM 3apR
•eHHWX ~acTMq, AY6Ha, 1980 /2 TOMa/ 

TPYAW pa6~ero co8e~HHR no cHCTeMaM M MeTOAaM 
aHanHTM~eCKHX 8~HcneHM~ Ha 38M H MX npMMeHeHM~ 
8 TeopeTM~eCKOM ~3HKe, ,lly6Ha, 1979 

TPYAW He*AYHaPOAH~ KOH~peHqMH no npo6neMaM 
HeCKOnbKHX Ten 8 RAePHOM ~M3HKe. AY6Ha, 1979. 

TPYAW He•AYHaPOAHOM WKOnw no CTPYKType RApa. 
AnywTa, 1980. 

TPYAW VI He*AYHaPOAHOro C08e•aHMR no npo6neMaM K8aH
ToaoR TeopHH nonR. AnywTa, 1981 

TPYAW He*AYHaPOAHOro co8e•aHHR no npo6neMaM MaTeMaTH-
4ecKoro MOAenMpo8aHMR 8 RAepH0-~3M4eCKMX MCCneAOBa
HMRX. Ay6Ha, 1980 

TPYAW VI He*AYHapoAHOro ceMHHapa no npo6neMaM ~M3MKH 
8WCOKHX 3HeprHM. AY6Ha, 1981. 

TPYAW II He*AYHapoAHOro CHMn03HyMa no M36paHHWM 
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OeTpoa 6 ••• M AP· 
HHOMecTaeHHOCTb y-nepexoAoa a peaK~MM 
0peAeJ'IbHWI4 yr/10aot4 ~HT 

1100cl( 11 o.a)17t-•ai7-12-322 

Hcnonb30aaHw peaynbTaTw HC~MMR rBMMa-pa3PRAKM BWCOKOCOMHOawx 
COCTOAHMii, o6pa3YIIJIIIHXCA a peaK~MM llllad(110,a)1 ,e;..Hf npM 3HeprM.IIX HOHOa 
OT 80 AO 134 H38. OcHOaHaA 3aAa~a pa6oTW - ftPRMOe 3KCOBPMMBHTan.HOe onpe
AeneHMe napaMeTpoa pacnpeAeneHMA aaceneHHOCTeii AAePHWX COCTORHMii no COMHBM 
a COCTaaHOM AApe ftPM pa3nM~HWX 3HeprMRX MOHOa. Anft nepexOAa OT 3KCnePHMeH
TanbHWX 3Ha~eHMii MHO*eCTaeHHOCTeii Y-ny~eii K napaMeTpa~ MCOOnb8YDTCA pe
aynbTaTw pac~eToa KOHKpeTHOii peaK~MM a CTaTMCTM~eCKot4 HOAeJ'IM. 0ony48HW 
np8AeJ'IbHwe 3Ha~eHMA MOMeHTOa, OOMCWB~e P8CftP8AeJ'IBHMR aaceneHHOCTeii RAep
HWX COCTOAHMii no CftMHaM, AnA KaHa/108, a KOTOpwX Ha~MHaBTCA KOHKypeH~MA 
3MMCCMM HeiiTpoHOa M y-ny~eii. 

Pa6oTa awnonHeHa a na6opaTOPMM AABPHWX peaK~Mii OMRH. 

C~eHMe ~HeHHOrO MHCTMTyTa RAePHWX MCCneAOaaHMii. AyfiHB 1982 

Petrov B.F. et al. P]-82-322 
The Hu It lpll cIty of y-Transl t Ions In the React I on 110o«''o.a)17t-•ar. 
The Limiting Angular Momentum 

On the basis of the results of lnvestljatlon of y-decay of the hlgh
sp In states formed In the react I on 11004 ( 1 o,a) 116-zHr at 11 0 I on 
energies ranging from 80 to 134 MeV, the parameters of the spin distribu
tion of the population of nuclear states In a compound nucleus are deter
mined at different lon energies. To pass from the experimental values of 
the r-ray multiplicities to these distribution parameters use is made of 
the results of statistical model calculations for a concrete reaction. 
The limiting values of angular momenta are obtained describing the nuclear 
state population distributions for the channels In which the competition 
begins between neutron and y -emission. 

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

Communication of the Joint Institute for Nuclear Research. Dubna 1982 

OepeaoA aaTopoa. 


