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BBE,D,EHI-1E 

B Te4eH~e nocneAH~x HeCKOnbK~x neT Ha 3neKTpOcTaT~4eCKOM re
HepaTope na6opaTop~~ He~TPOHHO~ ¢~3~K~ 01-1RI-1 np080ARTCR ~ccneAo-
8aH~R peaK4~~ (n,a) 8 W~POKOM A~ana3oHe 3Hepr~~ He~TpOH08 
/20-50 K3B/ CO cpeAHe~ 3Hepr~e~ 30 K3B. TaK~e ~ccneAOBaH~R no3-
BOnR~T npOBCPRTb OTAenbH~e nonomeH~R CTaT~CT~4eCKO~ Teop~~ RAep
H~X peaK4~~. aHan~3~PYR napaMeTp~ pe30HaHCOB, ycpeAHeHH~e no 
6onbWOMy ~X 4~Cny, B npaKTH4eCKOM OTHOWeH~~ ~3y4eH~e peaK4~~ 
( D,a} He06XOA~MO AnR npas~nbHO~ 04eHK~ HaKonneH~R ren~R 8 KOH
CTPYK4~0HH~X MaTep~anax, ~cnonb3yeM~X B peaKTOpax. 

neps~e 3Kcnep~MCHT~ TaKoro POAa 6~n~ npo8eAeH~ 8 o6nacT~ RAep 
peAK03eMenbHbiX 3neMeHTOE C A·· 150 /I- 3/, rAe HaXOA~TCR MaKC~MYM 
S -sonH080~ ~ M~H~MYM p-8onHOBO~ He~TPOHH~X C~nOB~X ¢YHK4~~. 

,D,nR 3T~x RAep ~3MepeH~ ce4eH~R peaK4~~ ( n ,a} ~ nony4eH~ pe-
3YnbTaT~, nOATBeP*Aa~~~e OCH08H~e nonomeH~R CTaT~CT~4eCKO~ Teo
p~~ RAePH~X peaKU~~. npeACTaBnReTCR ~HTepecH~M npo8eCT~ ~ccneAO-
BaH~R peaKU~~ ( 0, 11 ) B HOBO~ o6naCT~ 3neMeHTOB, Hanp~Mep, B 
pa~OHC A- 100. I-13MepeH~R B 3TO~ 06naCT~ 6onee CnO*H~, TaK KaK 
3AeCb 3¢¢eKT COCTaBnReT HCCKOnbKO npoueHTOB OT $OHa ~ Aame B~XOA 
a-4aCT~U ~3 CCTeCTBeHH~X paA~OaKT~BH~X 3arpR3HeH~~ KOHCTPYK4~-

0HH~X MaTep~ano8 3Ha4~TenbHO 6onbwe B~XOAa a-4aCT~U ~3 ~ccneAye
MbiX peaKu~.:i. 

HacToR~aR pa6oTa nocsR~eHa ~ccneAoBaH~~ peaKu~~ (n,a) Ha 
MOn~6AeHe-95, KOTOp~~ HaXOA~TCR 8 M~H~MyMe S-sonHOBO~ ~ MaKC~My
Me P-sonHOBO~ He~TPOHH~X C~nOB~X ¢YHKU~~. 3TO n03BOnReT HaAeRTb
CR, 4TO 6YAYT BbiRCHeHbl OC06eHHOCT~ peaKU~~ ( n, a) Ha HC~TpOHaX 
C Op6~TanbH~M MOMeHTOM r =1, np~BOAR~~X K 3aceneH~~ COCTORH~~ 
c 4CTHOCTb~, npoT~sononomHo~ ~ccneAosaswe~cR paHee. 

3KCnEPI-1MEHTbl 

MeTOA~Ka 3Kcnep~MeHTOB nOAP06Ho on~caHa~ s pa6oT_?x 12·31. l-1cTo4-
H~KOM He~TPOHOB cny*~na noporosaR peaKU~R 'Li(p,n)'B& npoTOH~ 
YCKOpRn~Cb Ha 3neKTpOCTaT~4CCKOM YCKOp~Tene 31-5 na6opaTOp~~ 
He~TPOHHO~ ¢~3~K~ OHRI-1. n~T~es~e M~WeH~ np~rOTOBnRn~Cb nyTeM Ha
n~neH~R HenocpegCTBeHHO 8 BaKyyMHO~ KaMepe. 

CneKTp 3apR*eHH~x 4aCTHU, s~neTan~~x ~3 o6pa3ua, COAepma~ero 
95 Mo , , , 

• ~3MepRncR c noMo~b~ ABYXCeKu~oHHo~ nnocKo~ ~oH~3au~oHHo~ 
KaMep~ C CCTKaM~. 06pa3eU ~3 OK~C~ MOn~6AeHa COCTORn ~3 ABYX 



cnoes, I<OTOPble 6billl-1 HaHeceHbl Ha o6e cropoHbl ani0Mi-1H!-1esol1 nognoH<

KI-1, YCTaHOBJleHHO~ B KaMepe 1-1 RBJ1RIO~el1cR AllR o6e1-1x CeK41-1!1 B~COKO

BOJlbTH~M 3neKrpogoM. CHrHan~ c KonneKTopos KaMep~ ycHnHsanl-1cb 

H nogasanHcb Ha 1000-KaHallbH~R aMnnHTYAH~R aHanH3aTop. KanH6pos

Ka 3HepreTH4ecKot1 wKan~ scero cneKTPoMeTpa nposogHnacb c noMo~biO 
2~·t 238 

TOHKHX 1-1CT04HHKOB H3 CMeC!-1 U 1-1 U, i-1CilYCKaiOll\i-1X a -4ac-

Ti-14~ c 3Hepri-1RMI-1 4,18 1-1 4,76 M3B. 
' 9 ~ 'l •) 

BbiflOnHeHo rTRTb cep1-1t1 I-13MepeHI-111 ce4eH!-1R peaK41-11-1 · Mo( n .a) -zr 

Ha ABYX 06pa34aX 1-13 OKI-1Ci-1 MOJ1!-16geHa. Kamgan Cep!-1R COCTORna 1-13 

HeCKOJ1bKI-1X 4epegyl0ll\i-1XCR i-13MepeHI-1!1: 3(j)$eKT + $OH 1-1 (j)OH. 3¢$eKT + 

t ¢oH l-13~epnncn np1-1 3Hepri-1!-1 nporoHoB, npes~wa10ll\el1 nopor peaK41-1H 

'Li(p,n) Be Ha 10 K3B, TO eCTb npH Ep = 1891 K3B, a $OH- npi-1 

3HeprH!-1 npoTOHOB Ha 10 K38 H!-1me nopora, ¢OH I-1Men ABe KOMflOHeHT~: 

npaKTI-14eCKI-1 flOCTORHHYIO BO BpeMeH!-1 KOMflOHeHry, He 3aBHCRll\YIO OT 

YCKOpeHH~X flPOTOH08, o6ycnosneHHy10 ecTeCTBeHHOI1 pag!-10aKT!-1BHOCTbiO 

flPI-1Mecet1 8 o6pa34ax 1-1 KOHCTPYK41-10HH~X MaTep1-1anax i-10HH3a4!-10HHOI1 

KaMepbl, KOCMI-14eCKHM i-13J1y4eH!-1eM H APYri-1MH npH4HHaMH, H nepeMeHHYIO 

COCTaBJlRIOll\YIO, CBR3aHHYI0 1 nO-sHgHMOMY, C $OTORgepH~MI-1 peaK4HRMI-1 

Ha 06pa34ax 1-1 flOAJ10mKaX,8~3BaHH~MH y-K8aHTaMH C 3HeprHRMH 16 H 

19 M3B H3 peaK41-11-1 7 Li(p,y) 8 Be:Ha p1-1c. 1 noKa3aHbl cneKTpbi 4aCTH4 

H3 o6pa34a 1 8 cnegy!Oll\HX cny4anx: Korga o6pa3e4 o6ny4aercR Hel1T-
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9

"Mo(n.a) BMecTe c <l;JoHaMH /3¢q!eKT+<l;JoH/; 0-

cneKTp <l;JOHa ITpH 3HeprHH ITpOTOHOB HHJKe ITOpora peaKIJ;HH 
7

Li(p,n) Ha ]Q K3B; + - CITeKTp ~OHB ITpH Hepa6oTBIOll\eM 

YCKOPIITene. Ha OCRX: N- "'HCJ10 OTC"'eTOB B HIITepsane• 

250 K3B, E- 3HeprHR "!aCTHL\ s ~!3B. 

12 

H3 

l 
' 

POHaM!-1 1-1 y-KBaHTaMM, TOJl&Kg y-KsaHTaM!-1 OT yCKOPMTeJlR 1-1 npM 

Hepa6oTaiOll\eM YCKOPMTene. npocyMM!-1pOBaH~ pe3yJ1bTaT~ BCeX H3Mepe

HM~, s~nonHeHH~x Ha 3TbM o6pa34e. CneKTP ¢oHa np1-1 Hepa6oraiOll\eM 

yCKOPMTene HOPMMpOBaH /no BpeMeHM M3MepeHMI1/ K CfleKTpy, 1-13Me

peHHOMY npM o6ny4eH!-1M o6pas4a· Hel1rpoHaMM 1-1 y-KsaHTaMM. CneKTP 

(j)OHa, nonylteHHbil1 flpi-1 o6ny4eHMM o5pa3l\a y-KBaHTaMM OT YCKOPHTe

J1R, HOPMHpOBaH /no 4MCJ1y rTPOTOH08, 6oM6apgMPYIOll\MX JlMTHesyiO MM

weHb/ TaKme K cneKTpy o6ny4eHHOro HeHTPOHaMH H y-KBaHTaM!-1 

o6pa34a. CnegyeT 3aMel'MTb, 4TO np•-t 3TOM K03$<l>H4Hetn HOpMHPOBKH 

no BpeMeHH H3MepeHMH OTJ1H4aeTCR OT K03$$Ml\HeHTa HOpMMPOBKM no 

4Mcny npoToH08 8cero Ha 1,6%. KaK BMAHO H3 pMcyHKa, ¢oH npH 

B~KJ1104eHHOM YCKOPMTene COCTaBJlRJl MeHbWYIO 4aCTb nonHoro <lJOHa, 4TO 

yKa3b!BaeT Ha Heo6xop;MMOCTb M3MepeHMR (j)OHa npH pa60TaiOll\eM YCKOpM

Tene. KpoMe Toro' BHAHO r 4TO npesbiWeHMe 3¢¢eKT+$OH Hag <l>OHOM 

3aMeTHO TOJ1bKO B o6naCTH 3HeprMH flPHMepHO OT 3,25 go 6,25 M38. 

3To cor nacyeTcR c. TeM $aKTOM, 4TO 3Hepnur a -4aCTI-1l\ !.13 peaKL\HH 
95 Mo(n,a) cocrasnner 6,17 M38. M pac4eTHhlA cneKTP a-4aCTHL\, aw-

neTaiOll\MX H3 o6pa340B /c y4eTOM TOflU\MHbl cnofl Mo 0 3 , paaHoR 

2 MF/cM 2 
/, MMeeT MaKCHMYM OKOJ10 5,flr M3B H cnagaeT 60JlbWe 4'eM 

a 10 pas npM 3Heprl-1~ 3,0 M3B. B gHana3oHe 3HeprM~ 6,5 - 9,0 M::~~ 

3$¢eKT + <lJOH 3aMeTHO HMlKe, 4eM $OK. 3Ta aHOMaJlHR 6ygeT nogpo6HO 

paCCMOTpeHa B HaCTORll\eA pa6ore. npH 3HeprMRX OT 9,0 AD 12,0 M::~B, 

KaK M cnegosano omHgaT~ e HaweM cny4ae, 3¢¢eKT + <t>oH coenap;aer 

C (j)OHOM B npegenax 3KCnepMMeHTanbH~X OWH60K, 

KaK BHAHO H3 pMC, 1, npeB~WeHMe 3$(j)eKT + <lJOH Hag (j)OHOM B HH

TepeCYIOll\eH Hac o6nacTH 3HeprMH OT 3,25 AO 6,25 M3B COCTa8nfleT 

BCero OKOJ10 8%. 3Ta pa3HOCTb Yl eCTb 4HCJlO a-4aCTI-1l\ H3· HCCileAye

MOH peaKL\MH /3¢¢eKT/. 04eBMAHO·, 4TO BbtgeneHMe TaKoro Manoro 

,/no cpasHeHHIO c ¢oHoM/ 3¢$eKTa rpe6yeT onpegeneHMR c 6onbwo~ 

T04HOC TbiO (j)OHa npH 3Hepntl-1 npOTOHOB BbiWe nopora peaKllHH 
7 Li(p,n) Ha 10 K38 /pa604MH <lJOH/. no3TOMY 6biJ1H HCnpo6oaaHbl He-

CKOnbKO cnoco6o8 Bbi4HcneHHR pa6o4ero $oHa. Ha pHc. 2 npHaegeHw 

cneKTpbi 4acTHL\ M3 peaKuiAH 9 " Mo ( n, a ) 9 2 Zr , nony4eHHbte np11 geyx 

cnoco6ax onpegeneHMR ¢oHa. npocyMMMpoeaHbl see pesynbTaTbl H3Me

peHHR Ha o6pa34e 1. nepsbtR cnoco6 onpegeneHHR pa6o4ercr ¢oHa: <t>oH, 

H3MepeHHbti:1 npH 3HeprMH npoTOHOB HM>Ke nopora peaKl:lMH 7 Li ( p, n) 

Ha 10 K38 /H3MepeHH~H ¢oH/,HOPMMpOBancR Ha BpeMR M3MepeHHR 3<lJ

$eKT + $OH. Ko3<l><l>HllHeHT HOPMHPOBKH 1,030. Bropol1 cnoco6 onpeAe

neHMR pa6o4ero <lJOHa: M3MepeHHbiM (j)OH H:OPMHposancR Ha TO me 4HCfl0 

npOTOHOB, 6oM6app;HpyiOU\HX nHTHeByiO MHWeHb, 4TO M npH M3MepeHMM 

3¢¢eKT + <t>oH. Ko3<l><l>~~tUMeHT HOPMMPOBKM 1,047. Ha p~~tcyHKe noKaaaH 

.cneKTp saprt>KeHHbiX 4ac THL4; sblneraiOU\MX M3 o6pa sua 

Mo G 1 npM o6ny4eHHM MMweHH Hel1rpoHaMI-1, cneKTP nony.4eH npM 

onpegeneHMH $oHa no nepaoMy H BTopoMy cnoco6aM. Hcnonbsosanacb 

pac4eTHaR ¢opMa cneKTpa gnR o6pas4a TOJlU\HHOH 2 Mr/cM2. XOTfl 

K03¢<lJHL\i-1eHT&I HOPMMpOBKH $0HOB OTnH4aiOTCR APYF OT gpyra scero 

Ha 1,6%, BHAHO 3aMeTHoe pa3ni-14Me s cneKTpax npM 3HeprHRX go 

6 M::~B. ~ o6nacTM 3HeprMR 1,5-3,0 M3B /Ha PMCYHKe 3Ta o6nacTb 

@O'b\';,.~a.r><~hlll.~~ iU:C'~ 

wte~lll.:Ut iel.'.r.e;Iom:i1 
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~MeeT MeHbW~A MaCWTa6/ OTH;C~TeJ1bHO 8WCOKHi1 8WXOA 3apRmeHHWX 
4aCT~L·., 8epoRTHo, o6ycno8neH peaKLI~RM~, npoTeK_aiOll\~M~ np~ Bo3-
Aei1cT8~~ Hei1TpOHOB Ha nb~MeC~ nerK~X 3J1eMeHT08, TaK~X KaK Il~T~A 
~Il~ 6op, B 06pa34e ~ IIOAJ10mKe M~WeH~. 
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Pnc. 2. CrreKTp <Iat:Tnu; as peaKu;na .?5Mo(n;a) S12zr, ·nsMepeHHbiH ,. 
~a. o9pasu;e I : + H Cil,JIOIImaH KpnBaH - tiJoH orrpe,!J;en'eH ·no 
II~pBOJ1y CTIOCo6y, 2 H • IIYHKT-HpHaH KpHBaH - tPOH Oirpe,!J;eJieH ITO 
BTop~MY crrocooy. 

O~,Pa)lla.eT Ha ce6R 8H,I-1MaH~e RBHbrA. 11npo8an 11 Ha cneK.Tpax s A~ana-
3oHe ~ •. 5.:9, 0 M3B, .Han~4~e 'KOToporo ,c8~AeTenbCT8yeT o6 ow~6Ke 8 
onpeAefl$1~~~ pa6o4ero <)JoHa. CKopee. 8cero 3Ta ow~6Ka C8R3aHa c 
Te/1., ,,);Hq_ 3<)J<)JeKT + <)JOH ~3MepHeTCH np~ 3Hepr~~ npOTOHOB BbiWe no-
po'ra ~peCIKI..Ii-11-1 7 

Li(p,n), B TO BPeMR KaK <)JOH H3MefReTCR HHme :noro 
nopora.; a BbiXOA y-H3ny4eHHH 1-13 PeaKLIH~ 7 Li+P-+ Be* ... 8Be+y

0 1
->2a 

npr-1 Q_TKPbiTHH HOBoro /HeATpOHf;ioro/ KaHana pacnaAa 8 Be* naAa'eT 

CKCJ.4KOI,j_~ 3~0 AOJ1mHo,' npHeOA~Tb K TOMY f 4TO. 4aCTb pa6o4ero <)JoHa, 
C8R3i'H1,Hafl C <)JOTOfiAepHbiMH peaKI..I~HMI-1, YMeHbWHTCR no cpasHeHHIO C 
3TOA ... >K~~.KoMnoHeHTOA <)JoHa, ~3MepeHHoA AO nopora. Hanwme cKa4Ka 
8 ce4eHHH 8en'i14~HoA .1 0-20% s pai1oHe. nopora peaKLI~H 7Li(p ,n) 

8 A~ana~OHe.3HeprHi1 npOTOHOB OKOJ10 30 K38 4eTKO YCTaHOBneHO np~ 
ynpyr_Q/1 H· •. HeYI}PYroM pacce~HI-11-1 .npoT0H08 Ha 7Li. K comaneHHIO, HeT 
pa6oT,- ~-K9TOpW' C AOCTaTOHHOi1 T04HOCTbiO 6wn 6w ~3Me~eH GTOT 

CKa40J ,8.BbiXOAe peaKI..II-11-1 7 Li(p,y). no AaHHbiM, npHBeAeHHbiM'B pa6o
Te 1

4 
, ~.pai1oHe nopora swxoA ~ -Hsny4eH~H c 3Hepr~eA 19 M3B ., 

4 

'1/ 

IIOA yrnOM 130 ° 
Y 1 -~3Dy4eH~H C 

yMeHbWaeTCH npHMepHO Ha 30%, yMeHbWeH~R BWXOAa 

3HeprMei1 16 M3B He BHAHO, a np~ yrne 30° OAHa 
3KCnepHMeHTaflbHa.A T04L<a 8biXOAa YO -H3DY4eH~R pacnonomeHa np~
MepHO Ha 15% HH>Ke. Pa3DH4~e me B BWXOAe y-~sny4eH~H Ha 1% np~
BOAHT I< ow~6Ke B onpeAeneH~~ Ce4eH~Fr peaKLI~~ 9 5 Mo( n ,a) Ha 6% ADR 
~3MepeH~A Ha 1-M o6pas1..1e /rAe 3<)J<)JeKT cocTasnReT 8%, a <)JoH, sa-
8~CHll\Hi1 OT I1Y4Ka IIPOTOHOB, - 51% OT nonHOi1 8efl~4~H~ 3$<)JeKT + <)JOH/. 
Ha 2-M o6pa34e 3aBHCHMOCTb ow~6KH ce4eH~R oT 8WXOAa Y-~3ny4eH~R 

ell\e 6onbtue. 
9" 

HcnonbsyeMwe HaMH o6pa31..1W H3 °Mo0a o6ny4an~cb y-K8aHTaMH 
113 nHTHesoA MHweHH, BbrneTaJ014HMH noA yrnaMH oT 0° AO 20° • AnH 
6onee T04Horo HaxomAeH~H nonpaBKH K pa6o4eMy <)JoHy /o6ycno8neHHOi1 
pa3flH4HeM B BWXOAe y-M3DY4eH~H/ 6wn I1POAenaH cne1..1~anbHWi1 KOHT-
pODbHWi1 3KcnepMMeHT. BMecTo o6pas1..1a co cnoAMM H3 Mo0 3 Hcnonb3o
sanacb cTaHAaPTHaH aniOMMH~esaA noAnomKa, noKpwTaH menaTMHOM 8 
TOM me KODM4ecTse, KOTopoe npHMeHHnocb IAnH CBA3KH/ npM npMroTna
neHHM cnoes Mo03 . CneKTp 3ap.AmeHHWX 4aCTHI..I, swneTaiOU\HX H3 3Toi1 
noAnomKH, npHBeAeH Ha pHc. 3. OH nony4eH nyTeM BW4~TaHMH H3 
cneKTpa 3<)J<)JeKT + <)JoH cneKTpa <)JoHa, H3MepeHHoro HHme nopora peaK
I..IHH 7 Li(p,n), BHAHO, 4TO <)JOH OT nOAflOmKM C menaTHHOM 3a8HCHT OT 
3HeprHH npOTOH08, 6oM6apAMPYIOU\MX IlHTHeBYIO MHWeHb, 

N 

200 

0 u 

j . -
l H'l H ' I ' !• t t t t T + t T + + + t t + + +'+ o • •'• o o •'• o o •I 

-200 
i 

2 4 6 8 10 E 
Pnc. 3. CireKTp sapm:<eHHbiX <J:acnru;, BbLJieTai0!4HX H3 aJIIOMHHne
BOH IIO,!VIOJKKH, IIOKpbiTOH JKeJia THHOM, TipH OOJIY'I€HHH ee HeHT
poHaMH. lloJiy'!eH KaK pa3HOCTb crreKTpOB, H3Mep€HHbiX IIpH 
3BeprHH rrpOTOHOB Ha JQ K3B Bb~e H HHJKe rropora peaKu;HH 
7 Li·(p ,n) 

-
12 

5 
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AnR y4eTa nonpae~~ K pa6o4eMy ~~Hy, He06XOA~MO~ AnH onp~Ae
neH~H 4~cna a-4aCTH~ ~s peaK~H~ Mo(n,a.) , ~cnonbsoBaHa ~op
Myna 

~ N 3~.+N ~-( t1)- N f ,( t I.) 
M • -------·-=---~ 

N F( t2) - N i ( t2 ) 

N P(F) 

/1/ 'Np (a~;+-~.) 

rAe [ ~~- + N ~) ( t I) - 4Hcno sapert-lcTp~poeaHHbiX 4aCT~~ sa epeMH 
ti , KOrAa 3Hepr~H npOTOHOB Ha 10 K3B B~We nopora peaK~~H 
7Li (p,n) ~nH ~Ep= 10 K3B; N3~.- 3~~eKT; N~.- pa6o4H~ ~oH; 
Nr(t 1)- ~OH 6es ny4Ka, HOpM~pOBaHHbl~ no epeMeHH K[N 3<!J;rN:<!J) 
NF(h) - HSMepHeMbl~ ~OH sa epeMH t 2 , KOrAa ~Ep= -10 K3B; 
N1 ( t2) - ~OH 6es ny4Ka, HopM~poeaHHbl~· no epeMeHH K N F; N P (F) 

4~CnO npOTOHOB, 6oM6apA~PY~~HX n~T~esy~ M~WeHb np~ HSMepeH~H 
~<?HCI; NP ( 3$. +~. ) - 4Hcno npoTOHOB, nonae'WHX Ha nHT~eey~ MHWeHb 
np~ HsMepeHHH 3~~eKT + ~OH, 

tl>opMyna /1/ MomeT 6~Tb HcnonbsoeaHa AnH B~4HcneHHH nonpasKH 
K pa604eMy ~OHY TOnbKO B TeX A~anasOHaX 3Hepr~~ HSMepeHH~X 
cn~_KTpoe, rAe 3~eKT (N 3~) paseH Hyn~, TorAa [ N 3~:'" N<P!C tl)-
- N 1 ( ttJ HBnHeTcH KOMnoHeHTo~ pa6o4ero ~oHa, /npH tJ EP = 10 K3B/, 

• saBHCHUie.~ OT 4~Cna npOTOHOB,, 6oM6apA~PY~~~X nHTI1eBy~ MHWeHb. 
no3TOMy ~S HSMepeHH~X cneKTpOB sapHmeHH~X 4aCTHU BSHT~ AHanasOH~ 
3HeprH~, rAe HeT sKnaAa oT peaK~~H 9 5 Mo ( n, a). 3To AnH ecex cny-
4aee AHanaso~ 6,25-12,0 MsB, a AnH cny4aH an~MHHHeeoA noAnomKH 
e~e H AHanasoH 3,25-6,25 M3B. K AHanasoHy 1,50-3,25 M3B Heo6XOAH
Mo OTHOCHTbCH C OCTOPOmHOCTb~, TaK KaK npH o6ny4eHHH He~TPOHaMH 
Aame He6onbWHe npHMeC~ nerKHX 3neMeHTOB, TaKHX KaK nHTH~ HnH 
6op, MoryT sHa4HTenbHO HCKamaTb cneKTP s 3TOM AHanasoHe. CpeAHe
sseeweHHoe sHa4eH~e nonpasKH M no pesynbTaTaM, nony4eHHbiM e 
AHanasoHax 3,25-6,25 M3B H 6,25-12,0 MsB, pasHo 0,86+0,02. 3Ta 
een~4HHa nonpaBKH, KaK HaH6onee HaAemHaH, H HcnonbsyeTCH s Aanb
HeC1weM. 

4Hcno saperHcTp~poeaHH~x a-4aCTH~, Heo6XOAHMoe AnH onpeAene
HHH Ce4eH~H p~aKQ~~ ! 5Mo(n,a),A~4HCnHnOCb no ~OpMyne 

,.:.., .. ·~ t .,t N 
· I • .3 I • N-[ N . .l....r.N<J.Ct1 .N1 )-N r(t2)-t- -[ Nft3,N 2)- N r (t 2)-] ~ • M ,· /2/ 3\l}. 2 t 2 1~ 2 

\Ae(N3~:t-l'-tt>.J(ti,NI)- 4Hcno saperHCTpHpOBaHHbiX 4aCTH~ sa speMH 
t1, KOrAa ~Ep = 10 KsB, a NI- 4HCno npOTOHOB, 6oM6apAHPY~U1HX 

nHTHesy~ MHWeHb; Nr (t 2 ) - ~oH 6es ny4Ka npoToHos, HsMepeHH~~ 
sa speMH t2 ; NF(t3. N2) - HsMepHeMbiH ~oH sa speMH t 3 , KOrAa 
~Ep = -10 K3Bl a N2- 4Hcno npoToHos, nonaswHx Ha nHTHeey~ 
M~weHb; M- nonpaeKa K pa6o4eMy ~oHy. 

TaK l<aK 3'ra ¢opMy'na· Y4HTbl8aeT OAHospeMeHHO 4Hcno npOTOHOB, 
6oM6apA~PY~~HX h~THeBy~· MkWeHb /npH HsMepeHHHX 3~¢eKT + ¢OH H 
~O~a/, H epe~eH~l'Hs~~~e~k~, TO ~~4HCneHHH no HeH OKasanHCb sHa-
4HTenbHO 6one~' TO~H~MH, 4eM Haxbm~eH~e N TOnbKO npH HOPMHPODKe 
~oHa no epeMeHH ~sMepeH~~ HnH no 4Hcny npoToHos. 
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Pnc. 4. CneKTp ~aCTH~ ns peaK~HH 
95 Mo ( n, a) 9 2Zr, nsMepeHHbrii Ha 
o6onx o6pas~ax. ITpHMaH - ~oHoBaH 
llO,[VIO:>KKa . 
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CneKTP 4acT~~ ~s peaK~~~ 
95Mo ( n, a ) 92 Zr, nony4eHHbl~ npH 
HcnonbsosaHH~ ~opMyn~ /2/ H scex 
nHT~ CepHH HSMepeHHH Ha o60HX o6-
pa3~ax, noKasaH Ha pHC. 4. npHMaH 
nHH~H /e non·ynorap~¢M~4eCKOM Mac

u E u WTa6e/, npoBeAeHHaH Ha PHCYHKe, -
~OHOBaH nOAnOmKa, BePOHTHO, OT 4ac

TH~, B~neTa~U1HX H3 npHMeceH nerKHX 3neMeHTOB. npH onpeAeneHHH 
noAnomKH ~cnonbaosaHbl nepsble ceMb 3KcnepHMeHTanbHbiX To4eK e o6-
nacT~ 3HeprHH oT 1,50 AO 3,25 M3B. BHAHO, 4TO npHMaH AOBOnbHO 
XOpOWO OTpamaeT H3MeHeH~e B~XOAa sapHmeHH~X 4aCTH~ C HSMeHeHHeM 
3HeprH~. KoHTponbH~e pac4eTw c HcnonbsosaHHeM wecT~, a TaKme 
nHTH nepe~x 3Kcnep~MeHTanbH~x T04eK noKaaanH, 4TO eenH4HHa noA
nomKH ocTaeTcH e npeAenax pac4eTH~x owH60K. Aanbwe, e o6nacTb 
3HeprHH a-4aCTH~ H3 HCCneAYeMOH peaK~HH /oT 3,25 AO 6,50 M3B/, 
~oH 3KcTpanon~posaH npoAonmeHHeM ToC1 me npHMO~ nHHHH. npH 3Hep
rHHX B~We 6,5 M3B 3KCnepHMeHTanbH~e T04KH B npeAenax OWH60K coe
naAa~T c 3TOH npHMOH nHHHeC1. CneAyeT OTMeTHTb, 4TO e cny4ae onpe
AeneHHH N TOflb KO no HOPMHPOB~E7 . ~OHa I;! !'=I '-!HC,/19, I'JPQ\OHOB H.ilH TOnb
Ko no epeMeHH H3Me~e~HH "pjs5poc neprl~x no 3HeprHH To4eK sH~4H-. ~ ' ~ ' ... . 
TenbHO 6onbWe H B~411CflHTb nOAflOmKy MOm~o 6~DO 6~ CQ sHa4HTenbHO 
MeHbWeH T04HOCTb~. 

J..1cnpaeneHHbiH cneKTP a-4acT~U Hs peaK~HH 95Mo( n, a) 92 zr,no
ny4eHHbiH B peaynbTaTe Bbi4HTaHi1H ~01;ipDo0 noA.nOl!<Ki-1 1 • npHBeAeH Ha 
PHC. '5. KfHBaH Ha pHCYHKe - pacc4H,Ta,HHbli1_ cneK.TP. ao, -.4aCTH~ Hs . 
peaK~HH 9· Mo (n,a0 ) 92 Zr, KOrAa KOHe4HOe HAPO o6pasyeTCH B OCHos-' 
HOM COCTOHHHH. tf>OpMa 3TOro cneKTpa nony4eHa no MeTOAY MOHTe-Kap
no c HcnonbsoeaHHeM, 7e/H4HH npo6~r:oe a-4acTH~ ll·. ~:~on.116AeHe H 
KHCnOPOAe HS pa60Tbl S H C ,Y~~TO~. 3Hep~eTH4eCKOrO pas,peweHHH 
AeTeKTopa, p~bHo~o 200 KsB. BHAHO, 470. p~c4eTHaH KPHBaR AnH ao-
4aCTH~ xopowo /s npeA_enax 3KcnepHMe~;nanbl:lbiX owH6oK/ onHCbiBaeT 
H3MepeHH~H cneKTp. 

Ce4eHHe peaK~HH 9 5 Mo _( n, a)9 2zr 9npeAenHnOcb no <!JOpMyne 

N 
a • ---------- /3/ n 1 ·n 2 ·a•f 

rAe N - 4Hcno saperHcTpHposaHHbiX a -4aCTH~; n 1 - 4HC.IJO He~TpOHOB, 
nonaBWHX Ha 06pase~; n2 - 4HCnO aTOMOB MOnH6AeHa-95 Ha 1 CM 2 
cnoR; a - 4Hcno cnoee e KaMepe; 
a -4acT~4. 

f - 3~QeKT~BHOCTb perHCTpa~H~ 
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PHc. 5. McnpaBJieHHbiH cneKTp a -qacTHIJ; H3 peaKIJ;HH 
9

.5 Mo ( n • a) 9 2 Zr • IIOJiyqe.HHbiH BbJqHTarmeM liJOHOBOH 
ITOAITO~KH. KpHBaH pacqeTnaH. 

E 
10 

4!-1cno a -4acT1-1~ (N) nOAC41-1Tbi8anocb 8 A1-1anaaoHe 3Heprl-1i1 I-1C
npa8JleHHoro cneKTpa OT 3,25 AO 6,50 M3B. 0Ho OKa3anocb pa~H~M 
1655+187. 

4j;jcno Hei1TpoHos ( n1 ) onpeAeJlRJlOCb no aKTI-18HOCT!1 7 Be, o6pa3o-
8a8werocn 8 Jli-1T!-1esoi1 MI-1WeHI-1 s peaK~I-11-1 7 Li ( p , n ) 7 Be. c y4eTOM 

yrno8oro pacnpe,qeneHJ.1R He~TPOH08, s~neTaO~I-1X 1-13 JlHT!-1esoi1 MI-1WeHI-1, 
pa3Mepa o6pa3~a 11 ero nono}l(eHI-1R. ,[lonR Het:1TpoHo8, BbiJleTaiOU~I-1X 1-13 
MI-1WeHI-1 npl-1 113MepeHI-11-1 3~~eKT + ~OH, no OTHOWeHI-110 KO BCeM Hei1TpO
HaM, BbiJleTeBWI-1M 1-13 3TOi1 MI-1WeHH, OnpeAeJlRJlOCb C nOMO~biO nOTOKOMepa
C4eT4!-1Ka C wapOB~M nOJli-13TI-1JleH08~M 3aMeAJli-1TeJleM Al-1aMeTpOM 12,71 CM. 
4!-1CJ10 Hei1TpOHOB, nona8WJ.1X Ha o6pa3el\, OKa3aJlOCb pa8HbiM /13,4+ 
+ 1,7/·10 lZ. 41-1CJ10 8TOM08 MOJlJ.16AeHa Ha 1 CM 2 CJlOR (n

2
) AJ1R

o60J.1X o6pa3~0B paaHO /7,4+0,5/·10 18 • 41-1CJ10 cnoes(~ paBHO ABYM. 
3~~eKTI-18HOCTb perJ.1CTpa~J.111-(f) Bbi41-1CJleHa AJiR CJlOR KOHe4HOi1 TOJl-

~J.1H~ no ~OpMyJle 113~/. 0Ha OKa3aJlaCb paBHOi1 0,42+0,02. 
noACTa8118 nepe4vtCJleHHble 8eJlJ.1411Hbl B ~~PMYJlY /3/, nOJlY41-1M ceLJe

HJ.1e MccneAyeMoA peaK~I-11-1: 

8 

~ 

(

1/ 

f 
\. I ,. 
!· 
I 

j, 
~ 

;j 
' q 

. 

~ 
'\ 
I~ 
( . . 

... 

! 

'·• 

!I 
ll 

1655 
-30 2 

"'(20±4)·10 CM' 
a =- _____,..._ _________ _ 

13,4 ·10 12·7.4·10 1~- 2. 0,42 

no~p88Ka Ha 8KJlaA 4aCTJ.1~ 113 peaKl\J.1!-1 95 Mo(n,a) OT pacceRHH~X 
8 noMe~eH!-11-1 Hei1TpOH08 He 8HOCI-1JlaCb, TaK KaK I-1CnOJlb308anac~ l-10~1-1-
3a~HOHHaR KaMepa C OTHOC!-1,TeJ1bHO He60JlbWI-1MI-1 o6pa3~aMI-1 1-1 3'aKpbJ-
8aJlaCb CO 8CeX CTOpQH KpAMI-1eM TOJl~I-1HOi1 

. /2 3/ 
noKa3aHo 8 pa6oTax ' , K yMeHbWeHI-110 
C,T8eHHOi1 8eJli-141-1Hbl, , 

1 MM, 4TO npi-180AI-1J10, KaK 
3Toi1 nonpa8KI-1 AO Hecy~e· 

06CYI,[IEHHE PE3YnbTATOB 

nonHoe ycpeAHeHHOe Ce4eH!-1e <a·n,a >t peaK1..1111-1 (.n.a) Ha RAPe 95
Mo 8 o6naCTI-1 ·3Heprl-11-1 Hei1TPOH08 30 K3B MO}I(HO paccQI-1TaTb 4epe3 

CpeAH11e napaMeTp~ Hei1Tp0HH~X pe3oHaHC08, non~3Y~Cb CTaT!-1CTI-14e

CKOi1 Te0p1-1ei1 1-1 orpaHJ.141-18WI-1Cb 8KJlaAOM 8 ·.<a0 , a >t Ce4eHI-1i1 OT ·s-
1-1 P -Hei1TpoHo8. 3To pac4eTHoe ce4eH!-1e I-1HTep·ecHo cpa8HI-1Tb c nony-
4eHHoi1 HaMI-1 3KCnep!-1MeHTaJlbHOi1 8eJli-141-1HOi1. 

4To6bi onpeAeni-1Tb ce4eHI-1e oT ·s-l-j~~;rpoHo8 .<an,a >s, Mbl socno.n'b-
308aJl!-1Cb BbipameHI-1eM /7/ 1-13 pa6oTbl/3/: . . ' 

<a· > n,a s 
2 ,-- {32 .<ra en> .. 2rd( [ 1- J77 f3 e ( 1-<P({3))].:£ g(J)---· 

. J D ( J) /4/ 

rAe 

sye g(J) ____ )y, 

f3 = ( -sp- · 2( 2r + 1) vEn · Ve • E ( J ) 

i\- AJlMHa. sonHbi He~TpoHa, AeneHHaR Ha 2rr; Sye - paAI-1a~J.10HHaR 
Cl-1(108aR ~YHK~I-1R; Sf ":"Hei1TpOHHaR CI-1Jl08aR ~YHKL\J.1R P,1Jl.A 'Hei1TpOH08 
C Op6!-1TaJlbHbiM MOMeHTOM £ ,; g(J) ,.. :cTa·TJ.1CTJ.1"leCKJ.1i1 ~aKTOp ;•'E~ '-' 
3HeprMR Hei1TpoHa; Yeh? ~aKTop npoHJ.1~aeMQCTI-1 He~TpdHa~·E(J) ~ ~aK-
Top Xay3epa-<!>ew6axa ; <P(f3) - I-1HTerpan owJ.16oK;.<ra·(J)>- CPe'A-
HRR anb~a-w!-1p~Ha YP08Hei1; D(J) - CpeAHee paccTORHJ.1e MemAY ypo8-, 
HRMI-1 ,QJl.A ,QaHHOrO J; J - CnJ.1H COCTa8HOrO R,Qpa. 

96 Ha .. p1-1c. 6 npJ.18e,QeHa cxeMa a-pacna,qa YP08He~ RAP~ M~o6pa-· 
3YIO~I1XCR npJ.1 ~3ai-1MO,Qei1CT8J.1J.1 ·s- J.1 p-Hei1TpOH08 C 9 5Mo, 'Ha' KOTo-
poi1 cTpenKaMI-1 noKa3aH~ pa3peweHH~e a-nepexo,q~ Ha ypo8H~ ~d4ep~ 
Hero R,Qpa. CnnowH~MI-1 CTpenKaMJ.1 o6o3Ha4eH~ o6HapymeHH~e 'HaMJ.1 

nepeXO,Qbl Ha OCH08HOi1 ypo8eHb. npe,qnonaraeM,• 4To'<an,a>s=<an,a(zl")>, 
TaK Kat< .OCH~8HOi1 8KJla,Q 8 .<an a>s ,QaiOT pe30Ha'HCbl 'Ton'bKO 0)::\Horo ' 
cn1-1Ha J 

17 =2+, noCKOJlbKy cpeAHRR a -wl1pJ.1Ha ypo8Kei1 co CnJ.1HOM J.1 
4eTHOCTbiO 3 - < f."a ( 3+)> J.1MeeT .3Ha4eHI-1e, Ha Tpl-1 nop}:li:\Ka MeHbWE!"e, 

4eM 3Ha4eHHe .<ra (2 -1) >/a/ .3To o6ycno8JleHo TeM, '4To ·a--nepexo,qbi 
3 + -+,Q + 3an pe~eHbi, a nepexo,Qbl 3+ ~ 2+ s cpeAHeM 'Ha· 3 n'cipR-,QRa c.ria6ee. 
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Jr. Pnc. 6. CxeMa a -pacnap;a ypoBHefr 
96 Mo,o6pa3yiOII\HXCJl npH B3aHMOp;e:ii
CTBHH ·s- H p-ne:iiTpOHOB C g,SMo. 

CTpeJIKaMH noKa3aHbi pa3peweHHbie 
a -nepexo)J;bi. l" " \\ 

'\\ 
-..._;~ 

t z• 
o• 

95M<> 96Mo 92 2 , 

B pacLJeTe <an~ >s ~nR R~pa 96 Mo ~cponb308aH~ cne~y~~11e na-
paMeTpbr: <ra (21 > = /26±t81 MK3B - 113 1 8 1 111- Sy0 =ll7+41 ·1 0-4 , 
S0 = 10,4.:!::_0, 11·10-4 , D{2+)= 216 3B- 113 pa6oT /9,Hl/. ,E\nR ~aHHo
ro RAPa nony4eHo· 3HatleH11e < rT n,a ( 2+) -.. s =· I 4, 7.:!::_3, 51 MK6. 

YcpeAHeHHoe ceLJeHHe peaKQHH ( n ,a) Ha R-Ape 9 ·~Mo oT p··Hei1Tpo-
H08 <an,a "p COCTOH'!' 113 ~8YX cnaraeMbiX, .R8J1R~~11XCB Ce4eHI1RMI1 
npo~eCC08, 11AY~I1X 4epe3 o6pa308BHMe 8036ym~eHH~X COCTORHHH R~pa 

96 M(} CO CnHHaMH 11 4eTHOCTRMI1 J 77 =l- 11 J"=J-, TO eCTb <CJn '> = 
,a P 

= <:rTn,a(l-)>+,..rrn.a(:J-}>.KaK 811,ctHo 113 p11c. 6, a-nepexo,qbr c ypoBHel1 
2- M 4- 3anpe~eH~. 

Ha OCHOBBHI111 npeAnOflO>KeH11R CTBH1CTI14eCKOH Te0p1111 0 He3B811CI1-
MOCT!It cpe,QH11X npH8eAeHHbtX a -wl1pi1H ~JlR pe30HBHC08 C pa3Jli14HbiMI1 
Cm1HaMH-, TO eCTb TOf"O, 4TO <ra2 ( 2+)-., = < y17 (3}'> = <ya~ (1-)> ,nonyLJaeM 
CfleAYtO~He COOTHOWeHI1R ~JlR cpeAHI1X a-wl1pi1H nepexo~08 e OCHOB'HOe 
COCTORHHe ~OLJepHero .R,qpa92zr: 

pa ( 3) 
$:I' ( 3-)'>% --0--- < r ( 2 +) .... 

a p (2) a 
ao 

pao ( 1) 

-----
p ( 2) 
ao 

<I'll (1-)"= < r ( 2+ > ... 
(1 

151 

f"Ae np0H114aeMOCTI1 nOTeH~I1aJlbHOf"O 6apbepa a-4aCTI1)-4 I:'ao ( J) ~llR 

ABHHOf"O .AApa paCC4HTBHbl C nOMO~hJO noTeH~~-tana 11ro' l I; H COCTa8JlR-
IOT Pa0 (1)= 3,5·10-6

; Pa 0 (2) = 2,3·10-:'H P
1
, (3)= 1,3·10-6 • 

11cnOJlb3YR 3HB4eHI1e < (~ (2+j H3 pafiOTbl 18 ' , n~flY411M no $OpMyJlaM 
151' 4TO < I'rz (3 -, ... paBHO IT 5+ l Ol MK3B 11 < ra (1-)> pa8HO 140 + 
,+ 271 MK3B. - I .-

- 9 
llp11 8bi411CJleHI111 .< Vn,a "p 11CnOflb308aHbt AaHHble 113 063opa 1 1 : 

SYl =/33+111·10-.J.; S 1 = /7+2/·lO.J.; D(Z-)=/154+341 38 11 D(l-)= 
1360.:!::_801-3£. nony4111Jll1 < an,a-::; p = 18, 7.:!::_6, 51 MKfi-:-

8bt4HCJleHHOe nonHoe ycpeAHeHHOe ce4eHI1e 11ccne~yeMol1 peaK411H 
np11 3Heprl111 Hei1TpOH08 30 K3B(<an,a'> 1 =<an,a '> 5+<an,a>y)oKa3anocb 
paBHbiM 113+101 MK6. Hawe 3KcnepHMeHTanbHoe ceLJeHHe 120+41 MK6 
8 npeAenax-owH60K cornacyeTcR c 3TMM pe3ynbTaToM, 3KcTpanonl1po
saHHhlM M3 o6naCTI1 OTAeflbH~x pe3oHaHC08 I En o:r 0,04 K3B ~o 
1.14 K3BI no $OpMynaM CTaTMCTI14eCKO~ TeOpH~. 3TO C811AeTeJlbCT8yeT 
0 TOM, 4TO CTaTMCTH4eCKa.R TeOp!IIR HenJlOXO' Oni1Cbl8aeT Ce4eHMe peat<-

10 
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' u· 
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l 

1.11111 ( n "t) 8 o6nacTH R~ep c A "'1 00 np11 3HeprHHX Hei1TpOH08 
"'30 K3B. 

nony4eHHOe HaMI1 Ce~eHI1e n03BOJlReT TaKme YT04H11Tb 3a8VICI1MOCTb 
Ce4eH,M.R, peaKL\1111 ( ll ,a) OT 3Heprl1>1 HeHTpOH08 1 paCC4111TaHHOH 8 pa-
6oTe' 121 AllR OL\eHKI-1 HaKOnfleHHR renHR B KOHCTPYKL\110HH~X MaTepHa
JlaX RAepHbt~ peaKTOP<_?~, cogepma~HX MOJ1116~eH. Ce4eHI1e 14 MK6, npl1-
se~eHHoe 8 pa6oTe 1 [_, Afl.A 3Heprl111 HeHTPOHOB 30 K3B, AOflmHO 
6~Tb y8enw4eHo npHMepHo s 1,5 pa3a. 

B 3aKnta4eHI1e a8Top~ s~pama~T 6narogapHoCTb ~.M.rnegeHo8y, 
T.C.38apo8ol1, B.E.P~mo8y, A.M.Cyxo80MY 3a noMo~b 8 pa6oTe 11 
~.B.CI1308Y 3a npOR8JleHHOe 8H11MaHI1e. 
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H3naTerrbCKHH oTnen 06benHHeHHOrO HHCTHTYTa AnepHbiX HCCrrenoBaHHH 

·nonc;. D.n. ,M AP· 
YC~MtANeHHOe ce~Me PNICI4MM 9511o(n,a) 9 2zr a o«SnacTM 
3HePrMM NeATPQHOe 30 K31 

P3-82-771t 

MaMeHHO 1CIIMIANeHHOe ceteeHMe ~JeaK14MM 11511o (n ·•·> IIIZr a o«SnacTM ~prMM 
HeiTI)C)HI)e 30 uB. ltcTO'tHMICCIM IMIATPGHOB CJ111IM.NI peaKqMII 1 Ll (p, a) 1 Btl. MaMe
peHHOe C._ ...... 8 n~· OIIMISoK c:ornacyeTCII C YCIIMIAHeHHWM Ce'leHMeM A1U1 HeAT 
I)OH08 C .....,_...,. 30 DB, _.MCMHHMM no tollMYIIIIM CT8TMCTMIIfec:KoA TeopMM C MC· 
nOJIUOitBHMeM MpaMTIIICie peaottaHCoa, riOJIY'f8HtwX nptl 3HeprMIIX HeATpoHoa AO 
1,2 K38. 

Pa5oTa &MnOnHeKB • na5opaTOPMM HeATpoHHoA •MaMKM OMRM. 

CooCII&eHMe OC51.eAMHeHHOrO MHCTMTYTa JIAepHWX MCCIIeAOBaHMA • tly6KB 1982 

Popov Vu.P. et al. 
The Averaged/Cross Section of theii5Mo(n,a)92Zr 
Reaction In the 30 keV Neutron Energy 

P3-82-771t 

The averaged cross section of the 95Mo(n , a) 92 Zr reaction In the 30 keV 
neutron energy region Is ~~~easured. The 7 Lt(p,n) reaction served as neutron 
source. The measured cross section Is In agreement within errors with 
the averaged cross section for 30 keV neutrons, calculated In the 
frameWork of the statistical theory using parameters of the resonances 
obtained at neutron energies up to 1.2 keV. 

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