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B.M. CUBIU'Hit 

HCCJIEAOBAHHE PEA~HH 9 Be (t, n) 11 B 

DPH 3HEPrHH 1,10 M3B 
., 

x/ . . 
CoTpynHHKH K~ljlenpb! 9KcnepnMeHTanbHOfi ljlnanKH nonanHCKoro 

-yHnBepcnTeTa, Jfonab; nHP. 
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ae 6bUnr o6aapy>KeHbr/3/,· 

rrpn aaeprnmc 0,5 ... 1, 7 MaB ·peaoaaac:br TaK>Ke 
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TaKIIM o6pasoM, Bonpoc o cymecTBOBaHIIII pesoaaacoa B peaKUIIII 
9 Be ( t, n) 11 B II cooTBeTCTBY!OlliiiX liM cocToSIHHii cocTaBHoro Rllpa 12 B , 

rrpHBelleHHhiX i3 pa6oTe/ll, a TaK>Ke Borrpoc o MexaHII3Me. aToll: peaKUHH, oc

TaeTCR OTKpb!TbJM,_ 

.. 
.. 

: ~ .' 
\ 

' .. ··,· 

C uenb!O nony<JeHIISI )lanbHeiirueii: IIH!flopMaUHH o xapaKTepHCTHKax pac- .': 

CM8TpnBaeMOii: peaKUIIH H8MH npelliipiiHSITO HCCne)lOB8Hlle yrnOBblX p~CIIpe)le

neHIIll OT)lenbHblX rpyrrrr Heii:TpOHOB IIpll HeCKOnbKIIX ~HeprHSIX TpiiTOHOB OT 1,1 

p.o 1, 7 MaB. ITpeaaapnTenbHhie peaynbTaThi HaMepeHHii:: anSI aan6onee HHSKoii 

SHepriiH IrpHBO)lSITCSI B HaCTOSillleii: pa6oTe, 

3KcaepHMeHT 

.ToaKaR 6epHnnHeBaSI MHrneHb 6ea noano>KKH 6oM6apanpoBanacb TpHTo~ 

H8MH 1 ycK:opeHHhiMII aneKTpOCT8TH'IeCKHM reHepaTOpOM 3f-2 fla6opaTOpHH 

aeii:TpoaHoii: !flnanKH Ol1HI1, BoKpyr ~HllleHH rroa 10 yrnaMH pacrroiraranHCb Siaep

Hbie 9MynbCHH 'rOnlliHHOii: 250 MKM, Heii:TpOHhl II3 peaKUIIH naaann Ha IIOBepx

HOCTb aMynhCHII B cpeaaeM noa yrnoM _3°20•. 3MynbcH~ np~RBnRniicb aBy-: 

• TeMnepaTypHhiM MeTo)loM. HsMepeHH~ TpeKoB npoToHoB OTllS'IH 

rrpOBO)lHnHCb IIpH 900-KpaTHOM yBenH'IeHUH, 0T6npamiCb TpeKH 1 ne>Kaume B IIH-
~ ' ·. . ·_. . 

paMU)le C IIOnOBIIHHhiM yrnoM Ilpll Be plliUHe 1 paBHbiM 100 • 

Pe-::JynbTaTbi naMepem_ril. 

Ha pHC, 1. IIOK838H cneKTp Heii:TpOHOB1 HCJiyCK89MbiX IIOll yrnoM 36°•o 
. . I 

,CJieK:rp Jiony'leH fleneHHeM 'IHCna TpeKOB llpOTOHOB 0Tll8'1H Ha lliHpiiHY llH8,118-

30H8 9HeprHH 1 B KIYI'Opblii OHH 110118)lanu, II Ha COOTBeTCTBY!Olllee 3H8'1eHU.e . 

ce<JeHH.SI pacce.SIHHR ,aeii::TpoHoB aa· npoToHax • .UnR _aaepruii:: aeii::Tpoao·B. Bhrrn:e 
.· .· ." ' - . . . '--: ' 

4,2 M aB npocMoTpea o6'heM aMynbcuu npnMepao aa '50% 6onbrnuii:, <JeM · llliSI · 

OCTanbHhiX~ Becb CJieKTp HOpMHpOB8H Ha OllHH8KOBbJii:: 06'beM IIpOCMOTpa, .[lnSI 

.· aaeprHii: 6onbrne. 7 MaB TpeKu crpynnupoBaHhi c rnaroM 200 KaB, oT 2,8 ,!lO 

7 Maa - c rnaroM -100 K9B1 ·a nnR aaepruii:: MeHbrne 2,8 MaB (pacT.SIHyTa~ 
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· Tac5JII!~a 
aoaqxpi!Itlleno:B_ paaJioxeal!ll no ncmaaolia~ Jiaa_aaitpa 'yrnoa~>~x pac 

· . aeATpoaoa i!a pearn~a ·.9,_Be.(t1n)"4B. 

Ell03c5,KOB6q- - -· 
ao a .-.~~ a-3 BOI'O Bjpa ~ 

(Mall '•, -. . 

0 0,0367 -o,ooos . -o,0022 -o,0099 
±0100I6 _±0,0022 ±0,0032 _±0,003! - . 

2,I3 0,0345 -o,0068 . ·o,oo4I -o,0074 
±OiOOI6· ±0,0024 #>·003? ,±0,0038. 

. 4,46 0,0256 -o,0095 O,OI27 -o,0032 
±0100I6 '_±0,0027 _±0,0033 _±0,0038 
" -

7,30 0,06I8 0,00I4 ~.0226 0,0002 
.:!;0,0028 ±0,0042 _±0,0055 _±0,0072 -----------

9
se(t,nJ 

8 5 

• 
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+ r 12rJ Et •t.t(J M:t 
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. 3 2 1 

'~ ~ ' ~ 

2 ' .5 6 1 8 

Pnc, 1.· CneKTP aefiTpOHOB n3 peaKunn 
9
Be( t, n) 

11
8 npn sa 

1,10 f1sB noA yrnoM OL = 36°,' CTpenKn n •mcna o6o3Ha'Ial 
rpynn aefiTpoHoB n aoMepa ypoBaen Koaeqaoro SIApa. 
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• 1, 7 MaB peaonancbi TBK:>Ke 

III pe30H8HCOB B peaKUHH 

:mrii cocTaBnoro stnpa t2 B , 

1{8HH3Me. 9Toii peaKUHH1 oc-

~ 0 xapaKTepHCTHK8X pac

l~B8HHe yrnoBhiX p~cnpene

i 9HeprHSIX TpHTOHOB OT l,l 
penna nnst nan6onee nnaKoii 

1 6oM6apnnpoBanacb TpHTo

aTopoM 3f-2 fla6opaTOpHH 

yrnaMH pacnonaranncb smep-. 

peaKunn nanann aa noBepx

'MynbCHH np~SIBnSinHCb JlBY

>· ·I_IpOTOHOB OT):l8'1H 

amrcb TpeKn, nemamne B nn

M 100. 

rit 

nycKaeMbiX non yrnoM 36°:,; 

m ,OT!la'IH na mnpnny nnana

cooTBeTcTByromee 3Ha'IeHHe 

SI. aHepriiii aeiiTpoao·B Bhi!li:e 
~ ,, "· . . ' . ' 

> aa 50% 6onbmnii, '!eM· nnSJ· 

JBbiii 06'heM npOCMOTpa: llnS! 

Ili8I'OM 200 K9B1 OT 2,8 ~0 

Hbllie 2, 8 Mas ( pacTSIHyTaS! 
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· Tatlmn~a 
KOaiMH~llea:ro:a paanoze~Hfl no noniao~a~ Jlea.aa~pa lrno:aHx pacnpeAanea.alt 

· • aell:rpoao:a Ha peax~• "·Be.(t1n)" B. 

r~nna E:aoacs.Koaeq- - -· 
(f"' . 

He TpOHO:S ao a. ··~~ a-.3 a." 
. 

aoro !!jpa. ~ {OmH. fS·) (Ya:a .. 
. . 

no 0 0,0367 -o,ooo5 ·-o,0022 -0,0099 . 0,0100 ·51,6 
~0,0016 ,±0,0022 .±0,0032 ,±0,0031 ,±0,0037 .±2,2 . . 

n~ 
2,I3 0,0345 -o,0068 . 0,0041 .-o,0074. 0,0050 48,5 

,±0;0016 .±0,0024 ~0,003? ;±0,0038 . ,±0,0039. .±2,2 
'.,, 

n; . 4,46 0,0256 -o,0095 0,0127 -9,0032 -0,0004 36,0 . 
2. .±0,0016 _±0,0027 .±<> ,0033 _±0,0038 ,±0,0040 . .±2,2 .. 

. .. 
0,0618 -o,0226 n, 7,30 0,0014 0,0002 -0,0051 86,8 
±0,0028 .±0,0042 _±0,0055 ,t0,0072 .±0,0069 .±3~9 . 
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~ ~ . Et'• t,tfJ M:t6; BL•36' 
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3 2 1 0 
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2 5 6 7 8 9 En M:t6 

Pnc. 1.· CneKTp nel!Tponon ns peaKunn 
9
Be(t,n) 

11
8 npn aneprnn TpnToHoB 

1, 10 Man noA yrnoM 0 L = 36°. CTpenKn n •mcna o6osna'laroT nono>KeHHSI 
rpynn nefiTponon-n noMepa yponnen KoHeqnoro SIApa. 
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IIIKana) - C IIIiH'OM 50 K3B,. CT.penKII IlOK83biB8IOT rpyiiiibi HeiiTpOHOB
1 

COOT

BeTCTBYIOIIIUe rrepeXO.llaM Ha OT.llenbHbie ypoBHII KOHe'IHoro .H.llpa 11 8 BIInOTb 

ao · aHepriin. Bo36y)K,lleHII.H 9,28 MaB. HoMepa yKa3hiBaroT ypoBHII B nop.H.llKe, 

rrpiiBe.tieHHOM B pa6oTe/4/; 

B crreKTpe 'IeTKO BII.llHa rpyrrrra HeiiTpOHOB II3 peaKUIIII 12C (t,no )· 14N 

(nepexoa B ocHOBHoe. cocTo.Hmre). K rpynne 7 TaK.lKe rrpiiMernaHa rp·?"ml:a 

HeilTpOHOB H3 3TOH peaKUIIH, COOTBeTCTBYIOIIIa.H rrepeXo,lly B rrepBoe B036y.lK

.lleHHOe. coc~osmne 14 N •. 113--Ga 6nH3Koro pacnono.lKeHn.H ypoBHeil 11 B 

C HOMe-paMII 4 II 5, a T8K.lKe 10 II 11 3TH rpyiiiibi He pa3.1len.HIOTC.II, qiicno 

TpeKoB B OT.llenbHbiX rpynnax, ncnonb30B8HHbiX .lln.H •nocTpoeHn.H yrnoBbiX 
. . . . 

pacrrpeaeneHIIil, cocTaBnHno OT. 60 ao 300." fionHOCTbiO II3MepeHo "'20000 Tpe-
KOBo 

Ha pnc, 2 rroKa3aHhr yrnoBbre pacnpeaeneHII.H HeilTpoHoB .lln.H rpynn 

n 0 , ~ 1 , n 2 n n 6 • CnnoiiiHbre nnHnn- peay,TibT.~T noarof!KII Ha- 3BM 

3KCIIepiiMeHTanbHhiX .ll8HHhiX C IIOMOIIIbiO niiHeHHOH KOM6HH8UIIII Il.IITH IIOniiHOMOB 

ne.lKaH,llpa, .KoacpcpnuneHTbi pa3nO.lKeHn.II IIO rronnHOMaM ne.lKaH,llpa rrpnBe,lleHbi B Ta6- . 

nnue .. TaM .lKe II0~~38Hbi B OTHOCUTenbHbiX 8.1lHHHU8X IIOirHbie C8"!8HH.II JJ.n.H OT

aenbHbiX r_pyrrrr .HeilTpoHoB, rrony'IeHHhre IIHTerpnpoBaHneM yrnoBhrx pacrrpeaene-

Hnil, 

3 a K. n 10 · q e H H e 

Ha ocHoBaHnn. no~y'IeHHhrx yrnoBbiX pacnpeaeneHIIil an.H O.llHoil aHeprnn 

. naaaromiix "'aCTHU TPY.llHo caenaTb orrpeaene.HHhril BhiBO.ll o npeo6naaaromeM 

MexaHn3Me peaKunn. OaHaKo II3 cnMMeTpiin yrnoBoro pacnpeaeneHn.H rpynrrhr 

n 6 II rro'ITH cnMMeTpH"'Horo pacnpeaene.Hn.H rpynnbr n 0 MO.lKHo caenaTb 

Ka'IecTBeHHhiH. BhiBO.ll o TOM,. 'ITO _.lln.H nccneayeMoil peaKunn He ncKniO'Ie.H 6onb

IIIoil BKna,ll MeXa.HH3Ma COCT¥BHOro .II.llpa,: XOT.II pa6oTbr/2,3/. He IIOJJ.TBep

.llilnii CYIII8CTBOB8HH.II p830HaHCOB1 o6Hapy~eHHhiX 8BTOp8MH pa60Tbr/ 1/ • 

· AcnMMeTpn.H pacnpeaene.Hnil .lln.H rpynrr '·n 1 n. n 
2

. c 6onbiiinM BhiXO.llOM 

H8HTpOHOB B o6paTHOM .HarrpaBneHHH MO.lKeT. 6biTb Bbi3BaHa nepeKpbiB8HIIeM 

pe3o.HaHCHhr:x; ypoBHeil nnn T~.lKenhrM' cphiBOM. OaHaKo npoBo.ll~Tb JJ.OBOnbHO 

cno.lKHhre pac'IeThr yrl!OBhrx· pacnpeaene.HIIil B npeanono.lKeHnn oaHoro Mexa

HII3Ma peaKUIIH1 6e3 H8ll,ll8.lKHbiX rrpe,lliiOChtnOK 1 K8.lK8TC.II Heo60CHOB8HHbiM, flo-

~· 

. ' 

•. 

dtr 
d.a 

~t Tvt{ fl n2 

' 
·3 

2 

1 f- 9 11 
Be(t,_h) B 

0~ Et = .1.10 M 3() 

'! . 

6 
I 

n1 

ri ~l. 1)6 51 T 

' 
2 I I I I I I I I I I I I 

o ~ w o ~ m ~ 

·Puc, 2,' YrnoBbie pacnpeneneHI!SI HeliTpoHoB na ·peaKIIIIII 9 Be ( t,n )11E 
XOAOB B OCHOBHOe1 nepBoe, BTOpoe II WeCTOe B036y;>KA9HHble COCTOS 
II B. 
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JYIIIIbl HeiiTpOHOB 1 COOT

rHOI'O .Hllpa 
11 B . BrrnoTb 

3810T, ypoBHH B IIOp.HllKe, 

peaKUHH 12 C (t,n 0 )·HN 

:K)Ke rrpnMelllaHa rpyrrrra 

XOlly B rrepaoe B030Y)K

:o:>i<eHH.H ypoaaeii .11 B 

Ie pasllensrroTcsr. tJ ncno 

lSI IIOCTp09HH.H yrnoBbiX 

o nsMepeao .. 20000 Tpe-

.· aeiiTpoaoB lln.H rpyrrn 

oTaT IIO)lrOJ!Im aa- 8BM 

5HH8UHH II.HTH IIOnHHOMOB 

IK8Hllpa IIpHBe)leHhl B Ta6-

:onHb19 cetieHH.H lln.H oT-

eM yrnoBhiX pacrrpellene-

HHii lln.H OllHOH aaeprHH 

iBOll o npeoonallarorueM 

pacrrpe)leneHH.H rpy!I!Ibl 

,J [lo · MO)KHO' CJlenaTb 

KUHH ae.ncKnroqea .6onb

~i,I/2,3/, He IIOJlTBep

:opaMH paooTbJf 11. 

2. 'c. OOnblllHM BbiXOJlOM 

IsBaaa rrepeKpbiBaaneM 
'' ' . ~ ' . 

0 !IpOBOJlHTb JlOBOnhHO 

10)KeHHH OJlHOI'O .Mexa-

1 · aeo6ocaoaaaabiM. ITo-

~·. 

- ' 

dtr 
d.!l 

. OTH· 

e1. 

' 
3 

'2 

1 9 11 
Be(t,nJ 8 

0 Et = ,1.10 M J!J 

7. 

6 

5 

' 
3 

60 120 .0 60 120 

· PMc. 2. · YrnoBbW pacnpeAeneHMSI Heil:TpoHoB M3 ·peaKnMM 
9 Be ( t,n )11B . llnSI nepe- · 

XOAOB. B OCHOBHOe1 nepBoe1 BTOpOe M WeCTOe B036ylKAeHHble COCTbsiHU,SI SIApa 
II B. 

7 



I 
I· 

,-~·· 

ny'IeHne yrnoBbiX pacrrpeJleneHnil: Jlmn Jlpyrnx aHepruil: MO:lKeT oKa.saTbCSI 

IIOIIe3HbiM JlliSI: BbiSI?HeHHSI 9~01"'0 BOIIpOC80 

. . ' . 
ABTOpbi C'IIIT8IOT caonM IIpiiSITHbiM nonroM rro6n8ron8·piiTb n.rr. ITncape-

By 38 6on&ruyro rroMom& rrpn o6p860TKe SinepHbiX aMyn&cnii, K. Po)KHSIKOBCKoro 

38 · 8KKyp8THbieH3MepeHHSI TpeKoa, M.H. KpnaorrycTOB8 38 p8C'I~Tbi H8 3BM, 

M.B. CH30B8 38 rrpoSIBneHHoe BHIIM8HIIe K p86oTe a B.M. <l>ypM8H8 38 Y:r8cTne 

a· o6cy)KneHIIII rrony'IeHHbiX pe3yn&T8TOB. 

n .H T e p a. T y p a ",r 

1. A.K. BanbTep n:·t:!p. YKpaHHCKHii qJHanqecKnii )Kypnan, f1, 457 (1981). 

2. B.H. CepoB, E~R. ry)KOBCKHii. AioMHaH >an.epr!nr, jg,· 5_ ( 1.9~2). 
a. KHM C~IH HaM, r.M. OceTHHCKHii. ITpenpHHT OHHH, ·p 15-3965, .lly6Ha,_1968. 

4. B. c • .ll)Kenenoa, n.k. fleKep • . CxeMbi pacnat:(a pat:(H08KTHBHbiX Ht:!ep, 

H.st:!-Bo ~HayKa"", M.-n~;~ 1988, cTp. 79. 

·PyKonnc& nocTynnna B H3naTen&cKnfi oTnen 

·. 1 HJOHSJ-1970 rona. 
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