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BBEAEHHE 

Ao c~x nop ~ccne.QoeaH~e ~.QepHwx peaK~~A c 3M~cc~eA aap~
meHHWX 4aCT~~. rnaBHWM o6pa30M a-4aCT~~. npOBO,Q~nOCb B nH$ 
OHRH Ha HeATpOHHWX ny4Kax peaKTOpa H5P-30 c ~enwM P~AOM cTa-
6~nbHbiX ~30Tonoe ~ np~Hecno MHoro ~HTepeCHbiX .QaHHbiX o6 a -
pacna,Qe COCTaBHOro ~APjl/. Ho TaK KaK Kpyr CTa6~nbHbiX ~30TO
noe, Ha KOTOpbiX Ha6niO.Qan~Cb pea K~VIVI (n, a ) ~ ( 0, p ), ,QOBOnb HO 
orpaHV~4eH, MW o6paT~n~Cb K ~ccne.QOBaH~IO HeCTa6~nbHWX ~,Qep. 

KpoMe Toro, .Qn~ cTa6V~nbHbiX ~.Qep, KaK npae~no, 3HeprV~VI ce~3H 

HeATpOHOB H npOTOHOB 6n~3KVI(Bn~Bp), n03TOMy 3HeprVI~ npOTOHOB 
B peaK~ VI VI (n,p) Mana, Manbl VI CC4CHVI~. nepcneKTVIBHbiM~ C T04KH 
3pCHVI~ B03MOmHOCTVI V13MepeHH~ peaK~VIVI (n,p) OKa3WBaiOTC~ 

pa,Q~OaKT~BHWe HeATpOHO.QC$VI~~THble ~,Qpa, nOCKOnbKy ,Qn~ HVIX 
Bn » Bp . 

HeATpOHHWe HCCne,QOBaHVI~ Ha pa,Q~OaKTVIBHbiX ~,Qpax BC.QYTC~ 

e P~Ae na6opaTopV~A. TaK, e pa6oTax 121 . BblnOnHeHHbiX Ha ny4Ke 
TennOBbiX H pe30HaHCHbiX HeATpOHOB, ~3y4anacb peaK~~~ (n,a) 
Ha pa.QV~OaKT~BHWX ~.Qpax, e pa6oTe 131 npe.QCTaeneHw peaynbTaTw 
V13MepeH~A napaMeTpOB HeATpOHHbiX pe30HaHCOB HeCKOnbKVIX pa,Q~O

aKTHBHbiX ~,Qep. 

Hccne.Qy~ peaK~VIIO (n ,p) Ha pa.Q~oaKT~BHOM ~Afle 22 Na e o6na
CT~ 3HeprHA TennOBbiX HeATpOHOB, aBTOpw 141 o6Hapym~nH CVInbHWA 
npOTOHHbiA nepeXOA B nepBOe B036ym,QeHHOe COCTO~HHe .Q04epHero 
~.Qpa 22Ne, np~4eM 3$$eKT~BHoe ce4eH~e oKa3anocb 6onbw~M: 
a (n ,p) : /4+2/·10 4 6. An~ o6o~cHeHVI~ TaKoA een~4~Hbl ce4eHH~ 
e pa6oTe 141 6brno c.QenaHo npe.Qnono>KeH~e o Han~4H~ c~nbHOro 
pe30HaHCa C 3Hepr~eA Ha 4+4 K3B HVI>Ke 3Hepr~H CB~3H HeATpOHa 
B COCTaBHOM ~,Qpe 23Na. no3,QHee 3Ha4eHV~e Tennoeoro Ce4eHVIR 
6brno yT04HeHo 151.oHo oKaaanocb paBHbiM /30,6~2,6/·10 3 6, 6brn 
TaK>Ke HaAgeH cna6wA npOTOHHWA nepeXOA B OCHOBHOe COCTO~H~e 
go4epHero ~.Qpa 22 Ne. 0THoweHHe HHTeHc~eHocTeA npoTOHHbiX nepe
XO.QOB B OCHOBHOe VI nepeoe B036y>K,QeHHOe COCTO~Hvte OKa3anOCb 

4 -3 paBHbiM /7 1 +0 ,2/· 10 . C nOMOUlbiO vt3MepeHI-1A Ha CKaH,QVICBOM $v1nbT-
pe HeATpOHOB aeTopaMI-1 pa6oTb/ 51 6brna TaK>Ke nony4eHa eepxH~~ 
o~eHKa ce4eHI-1~ a(n,p) < 116 An~ l-130Tona 22 Na npv. 3Hep-
rv.v. HC~TpOHOB 2 K3B. 3TO n03BOnvtnO aBTOpaM npvt~TM K BbiBO,Qy, 
4TO pe30HaHC, OTB€TCTBCHHbiA 3a 6onbWYIO Benvt4HHY Tennoeoro ce-
4eHvt~, .QOn>KeH 6wTb pacnono>KeH Hvtme 1 K3B no 3Heprv.v. HeATpOHOB . 
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Pnc.2.CneKTP 3apH~eHHb~ qacTHL\, 
s;;me;aiOIJIHX H3 MHrnerrn 22Na: Ha 
OCHX: .N - qncno qac THL\, E - 3Hep
rHH '!aCTHI_\ B Mera3neKTpoH-BOnbTaX, 

22 22.. PHc. 3. Ce<IeHHH" peaKL\HH Na(n,p) Ne. 
Ha ocnx: a (n,p) - B 6aprrax, E -
3HeprHH HeATpOHOB B 3neKTpOH
BOnhTaX, KBap;paTbl COOTBeTCTBYIOT 
I cepHH H3MeperrnA, Kp~KH - 2 ce
PHH, a TpeyronbHHKH - 3 cepHH 
/eM. Ta6n.l/. ...... 
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10'1 10° ' 101 102 • E 

HeiliTpOHOB En ; N t (En) L'l.E n -- TO >Ke caMoe AJ1R TplHOHOB ~3 

peaKLI~~ 6 U~n,a)'l' ; aNa (En) , aLi(En) - 3¢c.jleKT~BHOe 
Ce4eH~e AJ1R 2Na ~ 6 Li COOTBeTCTBeHHO, a K - KOHCT8HTa, 3a-

22N 6L. " B~CRlJ.laR OT KOJ1~4eCTBa RAep a ~ 1 ~ OTHOWeH~R 4J.1CeJ1 HeJ.1T-
pOHOB, nonaBWJ.1X H8 3TJ.1 o6pa31..1W BO .BpeMR J.13MepeHJ.1H. 
8en~4J.1Ha K onpeAenRnacb HaMI-1 nyTeM HOpMJ.1pOBKJ.1 Ha ce4eHJ.1e peaK
~.~~~ B T8flJ10BOH T04Ke/CM.H~>Ke/.0TC~Aa C ~cnOJ1b30BaHJ.1eM HailiAeH-
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HW~ ~3 3KCnep~MeHTa B8J1114~H Np.Nt J.1 Ce48HIIIR aLi 1113 aT:naca 1131 

nerKO HailiTJ.1 BeJ1~411HY 3c.jlc.jleKTJ.1BHOrO Ce4eHIIIR peaKI..IIIIIII 22Na(n,p) 
B 3aB~C~MOCTIII OT 3Hepr~t~J.1 HeiliTpOHOB. 

3HepreTJ.14eCKI-1R cneKTp 3apR>KeHHbiX 4aCTIIII..I np~ aaxsaTe 22Na 
HeRTpOHOB B A~ana3oHe 3Hepr~R 0,02-0,08 38 npeACTaBJ1eH Ha 
p1-1c. 2. Ha1-16onee ~HTeHC~BHbiR n1-1K (p 1 ) cooTBeTcTsyeT npoToHaM 
c 3Hepr~eR 2,25 M38 /npoTOHHWR ppcnaA Ha nepsoe so36Y>KAeHHoe 
COCTORHJ.1e 22Ne /. 3Ha411T8J1bHO cna6ee OKa3aJ1CR pacnaA B OCHOB
HOe COCTORH~e /n~K Po npl-1 Ep= 3,47 M38/. n~H~R npltl 3Hepr~~ 
2,73 M38 np~HaAne>K~T TPIIITOHaM ~3 peaKLI~~ 6Li~,T)4He, ~AY
lJ.l8H Ha np~Mec~ J1~T~R B HaTp~eBOH M~WeH~ • 

8b1AeJ1.AR B aMnJ1~TYAHOM cneKTpe OKHO, COOTBeTCTBY~lJ.lee n~KY 
p 1 , MW nOJ1Y4~J1~. BpeM.AflpOJ18THW!Ii cne~Tp BWXO,(\a npOTOHOB, Ha 
OCHOBaHitl~ KOTOporo 6wna nOCTpOeHa 3aB~CIIIMOCTb C84eH~R peaKI..I~~ 
22 Na (n,p l) OT 3Hepr~ltl HeRTpOHOB, npJ.1Be,(\eHHa.A Ha pJ.1C. 3. <!IOH 
B 3TOM OKHe Onpe,(I8J1RJ1C.A no KOJ1J.14eCTBY OTC4eTOB N /CM. p~c.2/ 

B OKHax cneea 1-1 cnpaea oT n1-1Ka c y4eToM 3KcnoHeHI..IJ.1anbHOro cna
Aa c.jJOHa s 3aBHC~MOCTJ.1 oT 3Hepr~~~~ 4acT~LI· A6con~THa.A HOpM~posKa 

3,(\eCb OCYlJ.l8CTBJ1eHa no TennOBOMY Ce4eH~~ 3TOH peaKI..I~H - a(n,p1 )= 
= /30,6+2,6/·103 6, KoTopoe cosna,(laeT c nonHbiM ce4eH~eM no
rnolJ.leH~t~;, np~BeAeHHbiM s aTnace ce4eH~R:/29+1/·10 3611 ~13To a npe
Aenax ow~6oK ~3MepeH~R cornacyeTC.A c pe3yJ1bTaTOM, KOTOPbiH no-. 
J1y4aeTC.A, 8CJ1~ HOpMI-1pOBKy npOBeCT~ He3aB~C~MO, OCHOBWBa.ACb Ha 
4~CJ1e .A,(Iep 22Na ~ 6 Li Ha COOTBeTCTBY~lJ.l~X M~WeH.AX ~ OTHO-
C~TeJlbHWX ~HTerpaJ1bHWX HeHTpOHHWX nOTOKaX /CM. BWpa>KeHMe /1//. 
0AHaKO T04HOCTb np~ 3TOM OKa3WBaeTC.A H~>Ke. 

Ha p~c.3 np~ 3Hepr~~ E = 150 38 BJ.1AeH He~3BeCTHWR paHee 
HeATpOHHWR pe3oHaHc. CnnowHa.A Kp~ea.A Ha p~cyHKe - ce4eH~e, pac
C4~TaHHoe no c.jJOpMyJ1e 5peRTa-8HrHepa C ~CflOJ1b30BaHH8M CJ18AY~lJ.l~X 

napaMeTpos, nony4eHHbiX np~ no,(lrOHKe K 3KcnepJ.1MeHTaJ1bHbiM pe3ynb
TaTaM: Eo= 147.:!:_11 38, rg= 3,4.:!:_0,9 38 ~ rp1=90.:!:_26 38, rAe Eo, 
r~ ~ rPt - flOJ10>KeH~e, np~Be,(\eHHa.A HeHTpOHHaR ~ npOTOHHa.A W~p~
HW COOTBeTCTBeHHO. 

An.A 17 3KCnep~MSHTaJ1bHWX T04eK x 2 

CTaT~cT~4eCKHR c.jlaKTop g 6pancR paBHWM 
HaH,(\eH' paBHWM 17,5. 
4/7 /eM. H~>Ke/. Kp~sy~ 

Ce4eH~.A OKa3aJ10Cb HSB03MO>KHbiM on~caTb C flOMOlJ.lb~ pe30HaHca, 
o6ycnoeneHHoro 3axeaTOM p -HeRTpoHoe. 8 4acTHOCT~, nonwTKa on~
caTb XOA ce4eHHA CYMMOH p -pe30HaHca np~ 147 38 ~ 1/v OT s -
peaoHaHca np~BOA~T np~ En= 2 K38 K 3Ha4eHH~ ce4eHH.A a (n,p),1006, 
4TO n"poTJ.1eope4~T eepxHeR Ol..leHKe, nony4eHHoR Ke~TeKOM /5/: 
a(n,p)< 116. 

06CY~AEHHE PE3YnbTAT08 

np~-1 3aXBaTe M8AJ1SHHWX S-HeHTpOHOB pa,(I~OaKTHBHWM .AAPOM 22 Na 
I T'l2= 2,6 r, cn1-1H OCHOBHoro cocTORH~.A 177 =3+ I o6pa3yeTCR co-
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CTaBHOe RAPO npH 3HeprHH B036ymAeHHfl B~We 3HeprHH CBR3H Hei1T
pOHa I Bn = 124'16, 7 tbB 1141 I a cocTORHHRX co cnHHoM J ", 5/2 + 
HilH ']/2+. 3HepreTH4eCKHH 6anaHC ADnycKaeT H3Jly4eHHe npOTOHOB 
I Qp: = _3624,4 K3B/ H a-4aCTHLI I Qa = 1951 K3B/. 0AHaKo' BbtJleT 
a -4aciHLI MeHee eepoRTeH /e cpeAHeM cornaCHO pac4eTaM no cTa
THCTH4ecKoi1 MOAehH <ra >I <f'p > - 2 ·1 o- 3 I. 

nocKOilbKf 06HapymeHH~H HaMH pe30HaHC onpeAeilReT TenJlOBOe 
Ce4eHHe, TO COOTHOWeHHe WHPHH paenaAa no pa3H~M KaHanaM MOmHO 
onpeAeJlRTb B6JlH3H TenJlOBOH 3HeprHH, rAe CTaTHCTH4eCKaR T04-
HOCTb aHa4HTeilbHO ny4we. Ha aHanHaa aMnJlHTYAHoro cneKTpa aa
pRmeHHWX 4aCTHLI /pHc.2/ 6WJlH noJly4eHW COOTHOWe~Hfl napaMeTpOB, 
npeACTaeneHHwe e Ta6n.2. 

Ta6mm;a 2 

E /K3B/ En, /K3B/ Ea ·' /K3B/ rpo /rp1 ~~rP1 PeaK~lUI CCbiJIKa 

1241~,8 0,15.:_0,01 - /6+2/ ·10-3 «I 2 ~a(n,p) HBCT. 
pa6. 

- II - 4+4 - /1~1 ,5'/·10-3-"- /4/ -
II 1 /7 '4.:_0' 2/. 10-3 -"- /5/ 

12407 /-:5/* 2354+4 - 0,31 19 F (a ,p) /9/ 

12412 /0,15/* 2360+4 <0,03 -1 -"-
_.,_ 

-
12447 /35/* 2402+2 0,38 -"- -"-

* B CKOOKBX npep;CTBBJleHbl B0'3MOJ!\Hble 3HeprHH HeliTpOHHbiX peao
·HaHCOB, eCJlH CnpaBep;nHBO npep;nOJlOJ!\eHHe 0 TOM, 'ITO OoHapy;KeHHblll 
HeliTpOHHbill pe30HBHC COOTBeTCTByeT pe30HBHCY C Ea • 2360 K3B 
B peaK~HH 19 F (a ,p ). 

ConocTaBilRR o6HapymeHHwi1 e peaKLIHH 2
1Na(n,p) peaoHaHc 

C E0=147 38 /B WKane 3HeprHi1 B036ymAeHHFI COCTaBHoro RAPa 22 Na 
3TO COOTBeTCTByeT EaKcn~=12,4168 MaB/ C COCTORHHRMH, B036ym
AaeMWMH B peaKLIHH 19F(a ,p) B TOM me AHana30He 3HeprHH B03-
6ymAeHHR/9/ ./eM. Ta6n.2/, rAe T04HOCTb onpeAeneHHR E3 Kcn.co
CTaBnReT +/4~6/ K3B, MOmHO npeAnOJlOmHTb, 4TO 06HapymeHHWH 
Hei1Tp0HHW~ pe30HaHC COOTBeTCTByeT pe30H~HCY C &z • 2360 K3B. 
B nOilb3Y 3Toro roeopHT H cpaeHeHHe OTHOWeHHH rpo /rpl AJlfl 
pa3HWX pe30HaHCOB /Ta6n.2/. ECJlH 3TO TaK, TO, OnHpaRCb Ha 5o
nee T04HOe 3Ha4eHHe Bn, MOmHO YT04HHTb WKaJly 3HeprHi1 B036ym
AeHHfl COCTaBHoro RApa 23 Na B peaKLIHH 19 F( a ,p). 
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0AHaKo DAHO?Ha4HOCTh· TaKara CO!lOcTae,neHH.f3 eoapy)t(A~HHbtX 
COCTQRHI-1H, nony4eHHbiX, 1AJlfl ·ABYX pa3JlH4HbiX pea~J-lliiH, OKa3btBaeTCR 
noA sonpocoM, ecnH cpasHHTb cooTHoweHHe napaMeTpos peaoHaHca 
E = 2360 191 

a 

(2J +1) ~£~ao 
r-~ 230 aB /2/ 

(oTKYAa nOJly4aeTCR·, 4TO BeJlW~HHbl , raQ H · f'p1 ADn>KHbl 6btTb OA
HOro·~opRAKa)c·HaiJ!HMH ,AclHHbtMI-1 ra0 « t'p) '.H ~a 0 /rp 1 :S. 10-314( 
He 1-1CKJ1~4eHO, 4TO B CBR3H C 04eHb Ma~OI-1 Wl-1pi-1HOI-1 fao 06Hapy
>KeHHbiH "'HaM~ peaofiaHc Kpai1He cna6o t-iomeT sua'6ymAan',cR s npaKil-1-
4ecKH o6paTHoi1 peaK4HH 19 F (a , p ), KOTop'yiO H3y4an Kynepyc 1~1 
B 3TOM cny4ae peaoHaHCbl Kyriepyca, paccMOTpeHHbte BbtWe, rlO"BH-
AI-1MOMy, HHKaK He npORBJlRIOTCR B peaKLIHI-1 22Na(n.p) s' 1-iCCJle-
AOBaHHOM HaMI-1 A1-1anaaoHe 3HeprHi1 Hei1TpoHos. 

Haw1-1 peaynbTaTbt He noasonRIOT T04HO onpeAeni-1Tb'tni-1H peaoHaH
ca c E0 -~47 jB, Ho ecn1-1 conocTaB!-1Tb aKcnep!-1MeHianbHoe 3Ha4~
HI-1e rp 0 /rp1"'' 6·10-3 C pe3yJ1bTaTaMI-1_PaC4eTOB no OnTH4e.CKOH 
MOAeJl!-1/15/ OTHOWeHI-1H ycpeAHeHHbiX no MHOri-1M COCTOFIHI-1RM npOTOH
HbiX w1-1p~H <rp0 >/<fp 1 >= 0,3 AnR J"= 5/2+ 1-1 <rp~>/<f'p(•O,o1. 
AJ1R J 77 

= 7 /2+, TO 6onee BepOfiTHbiM OKa3btBaeTCR 3Ha4eHHe J 11,.7 /2+, 
KOTOpOe M~ HCnOJ1b3bBaJ11-1 npl-1 nDArOHKe CapaMeTpOB Hei1TpdHHord, 
peaoHaHca. 

3KcTpanonRI.II-1R nony4eHHoi1 HaMI-1 KpHeoR ce4eHI-1R peaKL11-1H 22 '. ' . 
Na(n ,p) AD 3HeprHi1 2 k3B AaeT 3Ha4eH!-1e anp/2 K3B/ 

= 0, To, 4TO He npoT.t-1so·pe4HT sepxHeR DlleHKe anp::; 116, nony-
4eHHoi1 B pa6oTe/5/ B 1-13MepeHHRX Ha Hei1TpOHaX, $HJ1bTpOBaHH~X 

' CKaHAHeM. ' 
HaMepeH!-1e ce4eHI-1R peaKLII-1H 

22Na(n,p) s A!-1anaaoHe aHepr1-1R 
AD 1 K3B n03BOJ1ReT nOJ1Y41-1Tb AOBOJlbHO peaJ1bHY~ Ol.leHKY pe30HaHc
HOro I-1HTerpana aaxsaTa: 

I = p 
"" dE r a (n,p) --~. 

0,5 E 
13/ 

nocKOJlbKy CJ1eAY~~I-1H pe30HaHC HaXOAHTCR, no-BI-1AHMOMy, AOCTaT04-
HO B~COKO npl-1 E0 -35 K3B /CM. Ta6n.2/, a BKJ1aA pe30HaHCOB 6~cT
po naAaeT c ysenl-14eH!-1eM Eo . no HaWI-1M OlleHKaM, I p.. 2, 5. 1 p 4 6. 
nocKonbKy s o6nacTI-1 Tennoswx Hei1TpOHOB nonHoe ce4eHHe norno~e-
Ht.1R npaKTI-14eCKI-1 cosnaAaeT c a·(n. p1), TO 1-1 3TO 3Ha4eH!-1e IP 
AOJ1>KHO coenaAaTb c nonHwM peaoHaHcH~M 1-1HTerpanoM norno~eHI-1R. 

DAHaKo npHBOAt.1MOe e aTnace ce4eHI-1R 1131 I =-16·10 4 6, 4TO .Ha
XOAHTCR B npOTI-1BOpe41-11-1 C nony4eHHWM HaMH pe3yJ1bTaTOM. 

TaK!-1M o6paaoM, s 113MepeHI-1RX peaKLII-1H '(n,p) Ha paAHOaKTHB
HOM RApe 22Na 06Ha.py>KeH nepBbli1 Hei1TpOHHbiH PE;!30HaHC, napaMeT
p~ KOToporo xopowo o6bACHRIOT 6onbwytO eenH4HHY Tennosoro ce4e
HHR. 
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B aaKmot.{eHI1e aBTOPbl Bblpa>KaiOT rny6oKyiO 6naroAapHOCTb. 1..1. Bbl

noey Itt I>.H:Oc11neHKO aa noMO~b 11 KOHCYilbTa~l11-t B pa6oTe,T.C.-3ea
pOBO~ 11 H.A.ne6eAeeySa 11aroToeneH11e MI1WeHe~, 11 T.A.Bonoxoe
cKo~ aa noMO~b s o6pa6oTKe peaynbTaToe. 
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rnep;eHOB IO.M. H p;p. 
Hccnep;oBaHHe peaKIJ;HH 22 Na(n,p )22 Ne 
npH 3HeprHHX HeHTpOHOB p;o 1000 3B 

P3-82-303 

C llOMOII(l>IO KpeMHH€BOrO llOJiynpoBOp;HHI<OBOro cneKTpOMeTpa 
3apnJKeHHbiX <IaCTHIJ; HCCJiep;oBaHa peaKIJ;HH (n, p) Ha pap;HOaKTHBHOM 
ap;pe 22Na MeTop;oM apeMe~ nponeTa HefiTpoHOB, HaMepeHHe npo
Bop;HJIOCI> B nH~ OHHH Ha peaKTope HBP-30. Hallp;eHa aaBHCHMOCTb 
3¢qleKTHBHOrO Ce<IeHHH peaKIJ;HH (n,p) OT 3HeprHH HefiTpOHOB B 
o6nacTH p;o 1000 3B. 06HapYJKeH peaoHaHc c napaMeTpaMH E0 = 
= 147..!_11 3B, r~ =3,4.!_0,9 3B, rPl = 90.!_26 3B, 3TOT peaoHaHc 
onpep;eJiaeT OOJII>WYIO BeJIH<IHHy Ce<IeHHH 3TOH peaKIJ;HH npH Tenno
BhlX 3HeprHax HeHTPOHOB. Ham peayJII>TaT noaaonaeT YTO<IHHTI> 
3HepreTH<IeCKYIO mKaJiy B03oYJKp;eHHbiX COCTOHHHH ap;pa 23Na. 

PaooTa BbrnonHeHa a flaoopaTopHH HefiTpOHHOH ~H3HKH OHHH. 

npenpHHT 06DeAHHeHHOro HHCTHTyTa AAePH~X HccneAOBaHHH. AY6Ha 1982 
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The Investigation of the 22

Na(n,p )
22 

Ne Reaction 
for a Neutron Energy up to 1000 eV 

The 22Na(n, p)
22 

Ne reaction has been investigated at 
a rteutron energy up to 1000 eV by the time-of-flight method 
at IBR-30 reactor of JINR. A neutron resonance was found 
in the reaction cross section. By fit, the parameters assigned 
to the resonance were Eo-147.!_11 eV; ~-3.4.!_0.9 eV; rp1 = 
= 90+26 eV. The presence of this resonance explains large 
values for the thermal cross section of this reaction. 

The investigation has been performed at the Laboratory 
of Neutron Physics, JINR. 
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