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K pac~eTy aneKrpoBAepaoro MeToAa reaepaUIIII aeilTpoaoB 

B pa6oTe Ha OCHOB~ MOAenll BHyTPIIHAepHb!X K8CK8AOB paCCMOTpeHO 
npoxollmeaHe ~aCTIIU BbiCOKIIX aaepr11il ~epe3 AenR1ll!leCli cpeAbi. Dony~eao 
xopomee cornac11e c 3KCnepi!MeHranbHbiMII A8HHbiMII 11 pac~eTaMH APYI'IIX 

8BTOpOB, 
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Barashenkov V.S., Toneev V.D., Chigrinov S.E. 

On Calculation o~ Electronuclear Method· 
for N~utron Production 

P2 - '7694 

The previously/!/ described Monte-Carlo method used 
.for calculating the multiplication.of neutrons produced 
·by high·energy protons on heavy metal targets is modified 
'using the.more precise model of intranuclear cascades, . 
which includes the competition between fission and .evapo
ration of excited residual nuclei. The calculated results 
for lead and .uranium are in good agreement with experimen~ 
tal data. A comparison with the results obtained by other 
authors is made. The major difference from the conclusion~ 
drawn in ref./l/ lies in a 10-40% decrease both in the : 
energy release in uranium and in the average number of 
produced neutrons. 
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BBB,[fBHHB 

B pa6oTe. /l/ 6LIJI OUHCaH pa3pa6oTaHHLIH B 1964-68 rr. 
MOHTe- I<apJIOBCI<HH MeTO,ZJ;. pacqeTa I<aCI<a,ZJ;HOH JiaBHHLI qac

THn, o6pa3yroii(HXCJI B 6JIOI<aX ypaHa, CBHHna H ,D;pyrHX 

T JI>KellLlX 3JieMeHTOB UO,ZJ; ,ZJ;eHCTBHeM rryq~<a BLICOI<03HepreTH

qeci<HX HYI<JIOH(>B. 3TOT . MeTO,ZJ; U03BOJIJieT BLIUOJIHJITL 

pacqeTLI ,ZJ;JIJI 6noi<oB npai<THqeci<H mo6oii ·reoMeTpHH B o6-

mtcTH. illeprHii nepnH~HLIX qacTHn T0 OT ,HeCI<OJILKHX .D;eCJIT

I<OB . M 3B H ,ZJ;O T 0 "' 500-700 M 3B. HH>KHJIX rpaHHna onpe

',ZJ;e.riJieTCJI YCJIOBHJIMH npHMeHHMOCTH. MO,ZJ;eJIH BHYTPHJI,D;epHLIX 

I<aCI<a,ZJ;OB,_ C ~OMOJI(LIO I<OTOpoii: paccqHTLIBa~CL HeynpyrHe 

B3aHMO,ZJ;eHCTBHJI rrpOTOHOB H Heii:TpOHOB C JI,D;paMH; orpaHH

qeHHe CBepxy o6yCJIOBJieHO TeM,qTO rrpH BLiqHCJieHHJIX He 

6wnH yqTeHLI nponeccw rrHoHoo6pa3oaaHHJI. Tiocne,ZJ;Hee JIB-. 

JIJieTCJI, I<OHeqHo, cepLe3HLIM He,ZJ;OCTaTI<OM MeTO,ZJ;a. )J;pyroii:. 

cyu:tecTaeimwii He,ZJ;ocTaTOic Me,To,ZJ;a 3a:KinoqaeTcJI a TOM, 

qTo . pacqeT ,ZJ;eJieHHJI B036y>K.zieHH~X · ~,ZJ;ep, o'cTaiDII(HXCJI 
• "" . ' f. '. - ,: ~- ' . ' 

UOCJie I<aCI<a,ZJ;HOH CTa,ZJ;HH BLICOI<03HepreTHqec:tcHX Hyi<JIOH-

. JI,D;epHLIX' B3aHMO,ZJ;eHCTBHH, BLIUOJIHJIJICJI C BeCbMa 'npH6nH

)Ke:HHLIMH 3HaqeHHJIMH 6apLepoB ,ZJ;eJieHHJI, qTo 'Tai<>Ke CHH-·. 

>KaeT Ha,ZJ;e>KHOCTL pacqeTOB. . 

Bnocne,ZJ;CTBHH HaMH 6Li:na pa3pa6oi-aHa 3ilaqHTeJILHO 

6onee ToqHaJI H ,ZJ;eTaJILHaJI MO~eJIL BHYTPBJI,D;epHwx .I<aci<a

,ZJ;OB, ll03BOJIJIIOJI(aJI Cyii(eCTBeHHO UOBLICHTL TOqHOCTL pacqe

TOB pacnpOCTpa~eHHH BLICOI<03HepreTHqeci<OrO H3Jiy~eHHJI 

B ,ZJ;eJIJii:I{IIXCH cpe,D;aX II pacrrpOCTpclHHTL 3TH pacqeTLI BUJIOTL 

.D;o oqem. nwcoi<H:x 3:HeprHii T0 » 1 · T3B. CpaaHeHHIO 

llOJiyqeHHLIX TaKHM o6pa30M ,Z1;8HHLIX C 3KCrrepHMeHTOM H C 

pe3yJILTaTaMH BLiqHcneHHii ,npyrux aaTopoa 11 IiocaJIJI(eHa 

HaCTOHJI(a,i ·pa6o-ih.. . . 
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Cne:nyeT no:nqepKHYTL, 'ITO. TeopeTH'Iecxoe MO,D;eJIHpoaa

HHe npoXO:>K,I:teHHJI aLICOK03HepreTH'IeCKOrO H3Jiy'leHHJI qepe3 

,D;eJIJIII{HeCJI cpe,D;LI JIBJIJieTCJI a HaCTOJIII\ee apeMJI ao MHOrHX 

CJiyqaJIX e,D;HHCTaeHHLIM cnoco60M ,ZI;OCTaTO'IHO 6LICTpO cpaa

HHTL cao:iicTaa pa3JIH'IHLIX MYJILTHnJI~pYJOII{HX CHCTeM, 

T .K. 3KCnepHMeHTaJILHLie HCCJie,D;oaaHHJI, KaK npaaHJIO, OKa-

3LiaaroTcJI aecLMa Tpy:noeMKHMH H :na~e npu H3MepeHHJIX 

ycpe,D;HeHHLIX HHTerpaJILHLIX xa~KTepHCTHK Tpe6yroT 3Ha

'IHTeJILHOrO apeMeHH. 

MO~EJih H METO~ PACqETA 

B OCHOay pac'leTOa nOJIO~eHa KaCica,D;HaJI MO,D;eJIL Heyn

pyrHX llHOH- H HYKJIOH- JI,I(epHLIX a3aHMO,D;eHCTaH:ii C y'leTOM 

KOHicypupyiOII\HX :Me~:ny co6o:ii npo~eccoa :neneHHJI H ucna

peHHJI CHJILHO ao'36y:>K,I:teHHLIX 'ocTa TO'IHLIX JI,D;ep / 2, 3 /. llpH 

BLI'IHCJieHHJIX npHHHMaJIHCL ao aHHMaHHe pa3JIH'IHLie KaHaJILI 

Heynpyrux ·rr'_: N u N -N a3aHMo:neiicTau:ii aHyTpH JI,D;pa, ,D;JIJI 

3Hepruii nepaH'IHLIX qacTH~ T0 ~ 1 . T3B y'IHTLIBanocL 

yMeHLmeHHe nnoTHOCTH 'IHCJia aHyTpHJI,D;epHLIX HYKJIOHoa 

no Mepe pa3BHTHJI BHYTPH JI,D;pa naBHHLI xacxa,D;HLIX 11ac-
TH~ * /3/. . . 

,lJ;JIJI OllHCaHHJI pa,D;HaJILHOH 3aBHCHMOCTH llJIOTHOCTH HYK

JIOHOB a JI,D;pe MLI ucnoJIL30BaJIH noTeH~an CaxcoHa-

By:nca ./2, 4 I . . 
Pacna:n B036y:>K,I:teHHLIX ocTaTO'IHLIX JI,D;ep pacc'IHTLIBancJI 

MeTO,ZI;OM, OnHCaHHLIM B pa6oTaX /5' 6< 'ITO ll03BOJIHJIO llOJiy

'IHTL xopomee cornacue c 3KcnepuMeHTaJILHLIMH 3Ha'leHHJIMH 

6apLepoa ,D;eJieHHJI H ,ZI;OCTaTO'IHO TO'IHO yqeCTL 3aBHCHMOCTL 

OTHOWeHHJI HCnapHTeJILHOH H ,D;eJIHTeJILHOH WHpHH r n /r f OT 

3HeprHH ao36y:>K,I:teHHJI E* . u oT Maccoaoro H 3apJI,D;oaoro 

qucen pacna:naroll\erocJI JI,D;pa A 'u Z. BepoJITIIOCTL o6pa-

30BaHHJI ocxonxoa .c pa3JIH'IHLIMH 3Ha'leHHJIMH E* A 

* llpH MeHLWHX 3HeprHJIX y'leT 3TOrO 3~eKTa YCJIO~~ 
HJieT pac'leTLI, HO CJia6o CKa3LIBaeTCJI Ha HX pe3yJILTaTaX. 
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Z pacc'IHTLiaanacL, TaK ')Ke xaK H a p~6oTe II I no H3aecT

HOB CTaTHCTH'IeCKOH MO,D;eJIH «<loHra 27; nepe~O,D; ao36~-· 
,D;eHHLIX OCKOJIKOa ,D;eJieHHJI a OCHOaHOe COCTOJIHHe C HCnyc

KaHHeM HMH HeiiTpOHOa OnHCLIBaJICJI HCnapHTeJILHOH 

MO,D;eJILIO. 
0 aeJIH'IHHe OTHOCHTeJILHOrO aKJia,D;a, KOTOpLIH ,D;aiOT 

a noTOK HeiiTpOHOa a 6JIOKaX aell\eCTBa KOHKypupyroli{He 

Me:>K,I:ty co6o:ii npo~eccLI :neneHHJI H ucnapeHHJI, Mo~o 

nony'IHTL npe,D;cTaBJieHue H3 puc. 1, r:ne OT,D;eJILHO noKa3aHLI 

3HepreTH'IeCKHe cneKTpLI Tpex OCHOaHLIX KOMllOHeHT "6LICT

pLIX" HeiiTpOHOa. 
llo:npo6Hoe cpaaHe~e pac'leTHLIX ,D;aHHLIX c 3Kcnepu

MeHTOM. nOKa3LiaaeT, 'ITO HCllOJIL3yeMaJI HaMH TeopeTH'IeC

KaJI MO,D;eJIL XOpOWO . aocnpOH3aO,D;HT ace OCHOaHble qepTLI 

HeynpyrHX a3aHMO,D;eHCTau:ii aLICOK03HepreTH'IeCKHX 'laCTH~ 

c JI,D;paMH /2, 6 I. . . 
Ynpyrue a3aHMO,D;eiicTaHJI abiCOK03HepreTH'IeCKHX qac

TH~ C JI,D;paMH paCCMaTpHBaJIHCL a ,D;H4Jpa~OHHOM llpH6JIH

~eHHH, xor:na yrnoaoe pacnpe:neneHue pacceJIHHLIX qacTH~ 
MO~O annpOKCHMHpoaaTL rayccoaoii 4JyHKnMe:ii C llOJiymH

pHHOH, 3aaHCJIII\eH OT HMnyJILCa 'laCTH~LI_ H pa,D;Hyca JI,D;pa 17~ 
BeJIH'IHHa npo6era qacT~ :no ynpyroro ii.nu Heynpyroro 

JI,D;epHoro a3aHMO,D;eiicTaHJI a aell\ecl-ae onpe:neJIJIJiacL no 

ceqeHHJIM a. H a tot H3 MOHorpa4Juu /21. m . 
)J;JIJI paC'IeTa HOHH3a~OHHLIX llOTepL HCllOJIL30BaJiaCL 

4JopMy;.a illTepHxa!Mepa /8 • 9 I. llpe:nnonaranocL, 'ITO ace 

rr0 -Me3oHLI pacna:narol'cJI cpa3y ~e nocne ux o6pa3oBaHHJI; 

:nocTaTO'IHO Me,D;JieHHLiii p. -pacna,D; rr ± -:Me30HOB 1Ie Y'IHTLI

aancJI. lloTepgamue a pe3yJILTaTe HOHH3a~HOHHhlX npo~ec
COB Bcro .. cBoro 3HeprHIO rr + -Me3oHLI :nanee He. paccMaTpu

aan~cL; OCTaHOaHamHeCJI TT- ~Me30HLI C'IHTaJIHCL 3aXBa'leH-

HLIMH JI,D;pOM, pacna,D; TaKHX Jl,D;ep paCC'IHTLiaaJICJI C IIOMOII\LIO 
\.' 

KacKa,D;Ho-ucnapHTeJILHOH MO,D;eJIH. 

Hoae,D;eHue a aell\eCTBe HeiiTpoHoa c 3HeprHJIMH '1 3B ~ 
,ST.$10,5 M3B MO,D;eJIHpoaaJIOCL C nOMOII\LID MHOrorpyn

llOBOH CHCTeMLI KOHCTaHT ll.Il.A6arJIHa H ,D;p. /lO f. 
OcTanLHble :neTaJIH pac'leToB Te ~e. 'ITO H B pa6o

Tax /1,11/ . 
. Pa3pa6oTaHHLiii HaMH MeTo,D; npuMeHHM ,D;JIJI 3Hepru:ii 

nepaH'IHLIX qacTH~ oT HeCKOJILKHX :necJITKOB M3B H :no 
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0 10 20 T, M3B 
Pac. 1. Hil3xo:mepreTH'Iecxax qacTL cnexTpoa ueiiTpouoa, 
o6pa:3YIOIIUIXCR B HeynpyroM CTOllKHOBeHHH npOTOHa C JI,D;• 
poM 238U · npu 3Heprau To /a e,D;amiuax HeiimpoH/M3B • 
nepBU'lHbiU npOIIIOH/. 1 - cneKTp HeiiTpOHOB H3 B3&HMO.D;e:ii
CTBHH,. npoacxo.D;RIIUIX 6e3 .D;eneuux. 2 - cnexTp ueii:Tpouoa, 
acnYJUeHHbiX JI.D;POM pauLwe, 'leM npou3owno ero .D;eneuae. 
3 - cneKTp HeHTpOHOB ,D;e.iieHHR /HcnapeHHe H3 .B036y)l(,D;eH-
HbiX OCKOllKOB/. . . . . 

· uecxonLKHX .D;eCRTKOB T3B. /06nacTL 6onLWHX 3Hepruii: 
Tpe6yeT oco6oro paccMoTpeHHJI MexaHH3Ma B3aHMO.D;eii
CTBHR BhiCOK03HepreTH'IeCKHX 'laCTBU C &TOMHhiMH R,D;pa
MH/. 

Bee pac'leThl BhiiiOnHeHhl ua 3BM E3CM -6. 

. -~·: 

-:;c 

CPABHBHHB C OIIMTCJM H PB3YJihTATAMH 
J{PYTHX PACqBTOB 

B Ta6n. 1 H 2 c 3KcnepHMeHTOM cpaBHHBaiOTCR pac'leT
Hble ,D;aHHble no BbiXO.D;Y Heii:TpOHOB H3 6nOKOB pa3nH'IHOrO 
COCTaBa H KOHcilHrypa:uHH. . . 

XoTJI aH&nH3 ,D;&HHbiX no pacna.D;aM B036~eHHbiX R,D;ep 
noxa3hl:.:saeT, 'ITO Bbi'IHcneuax OTHoc:Hi-eni:.HbiX .· aepoxTuo
CTeii .D;eneHHR H HCnapeHHR cne,D;yeT BbiiiOnHRTb C yqeTOM 
3aBHCHMOCTH napaMeTpOB nnOTHOCTH ypOBHeii: HCnapRIOJUero
CJI H :.D;ellRIUerOCR JI,D;ep an H a f OT HX 3HeprHH B036'Y)K
,IteHHR, MaCChi H 3ap~,~ta /5,6/, OAUaKO npH H3y'leHHH pac·
npocTp&HeHHJI BbiCOK03HepreTH'Iecxoro H3ny'leHHR B ae
IUeCTBe, KOX:Aa o6pa3yroTCR R,D;p& C pa3nH'IHbiMH 3H&'IeHHJIMH 

· E*, A H Z, ·a caMil cTonxuoaeHHJI BHYTPH 6noxa npoucxo,D;RT 
npH pa3nH'IHbiX 3Ha'leHHJIX·KHHeTH'IeCKOH 3HeprHH.'IaCTBU, 
cilaxTH'Iec:Ku MO:lKHO orpaHH'IHTLC.Il.HexoTopbiM · cpe.D;HHM 3Ha
'leHHeM a= an= a f • B Ta6n. 1 H 2 pac'leTHhle .D;&HHble npu
:Be,~teHhl AUR a = A/10 M3B -l H. ,ItnR BABOe MeHbmero 
3H&,'feHHR a= A/20 M3B - 1.IIepaoe H3.·3THX 3uaqeHHii ,D;aeT 
xopowee cornacue .co aceMH H3BeCTHbiMH ceii:qac 3'xcnepu
MeHTanLHhiMH ,~taHHhiMH, Jinx 3Ha'leHHR. a = A/20 M3B-l . " .. ~ 
nonyqaeTCR 3aMeTHO xy,Itmee cornac~e c onw.ToM, xoTR 
OTllH'IHe OT. pac'leTOB C 60llbWHM 3Ha'leHHeM a He O'leHb 
BenHKO. 

Pac'leTHble BenH'IHHhl B Ta6n. 1 BeCLMa 6nH3KH K Teo-
peTH'IeCKBM. ,~taHHhiM ,~tpyrHX &BTOpOB. <; , 

liTo xacaeTcx cpaaueHHJI c ynpoiUeuuoii'Mo,~teni:.IO /I I TO 
.• . ~ • • \ l . ' 

.Itnx ypa.uoahlx 6nolcoa pe3ynLT&Thl o6eux Mo.zi,eiieii xopomo 
cornacyiOTCR Me)IC,~ty co6oii npH a= A/10 M3B -l' HO ,D;llR 
M~HLWHX 3Ha'leHHH 'IHCno 3aXBaTOB Heii:TpOHOB JI,~tpaMH N sax. 
H COOTBeTCTBeHHO 3HeprOBLI,D;eneHHe Q H BbiXO,D; Heii:Tpo
HOB N ua OABH nepBH'IHhlii npoToH oxa3biBaiDTCR MeHLWHMH, 
'leM B Mo,~tenu /1 I. ,IJ;nx 3Ha'leHHii napaMeTpoa, npHBOAJIIIUIX 
K HaHnyqmeMy cornacHIO c: 3KCnepHMeHTOM /B Ka)l(,D;OH MO~ 
.zi,enH CBOH 3Ha'leHHR/, 3TO y:MeHbWeHHe COCTaBnHeT 10-20~*. 

* Cne,~tyeT TaK)Ke OTM~THTL, 'ITO B OTnH-.:iHe oi- Mo.D;e.nH /1/ 
aenH'IHHhl N sax. , . Q H N yMeHLm~TCR npu yMeHLmeHHH 
napaMeTpa a. Kax noxa3an auanH3, 3TO pa3nH'IHe o6ycnoa
neuo He,ItOCTaTO'IHO axxypaTHOH annpOKCHM&UHeii HH3KO· 
3HepreTH'IeCKHX xapaKTepHCTHK 'laCTHu, HCnOllb30BaHHOH 
B pa6oTe /I/. 
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00 

Ta6nHna 1 

CpeAHee 'IHCno aeATpoaoa, BhineTeBWHX H3 IlHnHHAPH'IecKoii: CBHHilOBOii: H ypaaosoii: 

MHWeHeii: nnHaoA L H AHaMeTpoM D, a pac'leTe aa onHH nepsH'IHhiii: npoToH 

c aaeprHei!: T0 · 

MBmem. Pasuep T
0

, laB 
L x2l,cM 

liBCJIO HeiTpOHOB )( ~~ .. 
Balli pac11eT1) · FacqeT OIIKT ,IIJlo8BTOpOB 

207pt 30xi5 800 

• 6Ixi0,2 470 
• • 720 

16,3 (13,3) IS, 7 12) 15 + 18 I2) 

7,3!'().3 (6,5) 8,4 13) 8 t 0.4 13) 
· I3,G±o.5 (II, 7) 14,4 I3l 2) II.8 ± 0.6 13 ) 

• • 960 I7,a±o.s (16,0) 2o,2 !3) 2) I6.6 ± o.8 13 > 

• • 1470 25,!±1,0 (22,7) 32 13) 2) 26,4 ± 1.3 13 ) 

• 6Ix20,4 470 
• • 720 
• " 960 
• " 1470 

8,I±o.3 (7,4) 9,2 13) . 8,7 ± 0.4 13) 

I5,7±o.6 (13,2) !5,8 !3} 2) 13.9 ± 0.7 13> 
· 21,?±o.8 (20,1) 22 2 I3) 2) 20.3 ± I.I 13> 
31,5±!.2 (27,5) . 3s !3) 2) 31.5 ± !.6 13) 

238u 30xiO 800 

" 30xi5 • 
2a±1.1 (25,1) 26,4 12) 23; 35 12) 4) 
32,6±1.3(28,2) 28,6 12) 

u 3) 6Ixi0,2 470 
" " 720 
• " 960 

16,1±o.6(I4,2) 18.1±o.9 13 ) 
27,3-+t.1(23,4) 29.1±!.5 13 ) 
. + 

40.5±2 13) 40.~1.6(33,3) 

• • 1470 ~2,8±2. (45. 7) 56.8±2.8 13) 
'\ 

- .. -
~ =<C 

1) 
B CK06KaX yKasaHbi SHa'leHHSJ, cooTseTCTBYIOWHe napaMeTpy nnoTHOCTH ypoBH~ii 

a = A/20 MaB-1• 

2) /13/ 
llpHB91l9HHOe 3H8'19HHe CHSJTO C KpHBOfi, llOCTpOeHHOfi no TO'IKaM H3 pa60T~ o 

3) . · . . . 2asu· 1 2asu 
MHW9Hb H3 ecTeCTBeHHOA CMeCH H30TOllOB ypaHa: · = 0,72%. 

4
)llepsoe H BTOpoe 3H8'19HHSJ OTHOCSJTCSJ COOTB9TCTB9HHO K 6nOK8M C paSMepaMH 

(60 X 10) H .. (61 X 10,2) CM. 
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Puc. 2. 3aBUCUMOCTL OT napaMeTpa a HU3K03HepreTU'Iec
Koii qacTu cneKTpoB ueiiTpouoB, o6pa3}'IOUVIXci B JIAepHLIX 
peaKIUIJIX pac~enneuu.H, ucnapeHHJI u Atmeu11JI 'noA Aeii
CTBUeM npoToHoB c 3Heprueii T 0 • CmiOWBLie u · nyHKTUPHLie 
rUCTOrpaMMLI OTHOCJITCJI COOTBeTCTBeHHO K 3Ha'leHUJIM 
a= A /10 u A/20 M3B -I. ·Pe3yJILTaTLJ npuBe~eHLJ B:oT
HOCUTenLHLIX eAuHHnax.-YKa3aHLI pa3MepLI IUIJIHHApU'IeCKUX . 
6JIOKOB U cpeAHJIJI 3HepruJI . HeiiTpOHOB <T>B HHTepBane 
T ::: 0 + 10,5 M3B. 

lh puc. 2 BUAHO, 'ITO B UHTepBane .a= ( l/10_-l/20)A 
OTHOCUTeJILHO cna6y10 3aBUCBMOCTL OT ·napaMeTpa a UMeiOT 
ue Ton:bKo uunirpanLHLie, uo .u AH<W;lepeunuaJILHLie xapaK
TepucniKH noToKa qacTun B 6noKe. ., · · 

II 



' i 

1' 
1"-
1 r 

·i 
i 

L 
I 
1 
1 

• 

2 10' I I I iiiiil 
I I I I I II II I I I I II iii I 

1 

10 at 1 T M3B 
PHc. 3. CnexTp HeiiTpOHOB dN I d T, o6pa3yro~xcJI B u;H
nHH,IJ;PH'IeCKOM 6noxe 238U C pa3Me_pOM 130 X 151 CM DO,IJ; 
.IJ;eiicTBHe.M npoTOHOB c 3HeprHeii T = 800 M3B IB e.IJ;HHH· 
u;ax HeumpoH/M3B • nepau'-IH&Iil npomoH/. . _1 

HeiiTpoHLI HcnapeHHJI, Hawpac'leT I a= A/10 M3B I. 
• HeHTpOHLI HCDapeHHJI, pac'leT cl»ynBy.IJ;a H ,D;p. /12/. 

• - HeiiTpOHLI, BLineTeBWHe H3 6noKa, · HaW pac'leT. 
• • • • /HeitTpOHLI, BLineTeBWHe H3 6noKa, pac'leT cl»ynBy.IJ;a 
H ,IJ;p. 12/ 

Ha pHc. 3 OT.IJ;enLHO cpaBHHBaiOTCJI c pacqeTHLIMH ,IJ;aH
HLIMH cl»ynBy,IJ;a H .D;p: /1 2/ paCC'IHTaHHLie Ha.MH cneKTpLI 
HCnapHTenLHLIX HeiiTpOHOB, o6pa30BaBWHXCJI BHYTPH 6noxa, 
H HH3K03HepreTH'IeCKOH XOMDOHeHTLI HeiiTpOHOB, BLIWe,IJ;• 
WHX H3 MHWeHH~ B u;enoM pe3ynLTaTLI o6oHx pac'leTOB 
6nB3XH .Me)K.IJ;y co6oii, · o.IJ;HaKo nonyqenHLie HaMH cnexTpLI 
6onee )KeCTKHe, 'leM B /12/. Pacxo)K.IJ;eHHe rnaBHLIM o6pa-
30M CBJI3aHo co cnoco6oM pac'leTa HeiiTponoB, HCDYll\eHHLIX 
H3 OCKOnXOB ,IJ;eneHHJI, XOTOpLIH 6onee nocne.IJ;OBaTeneH 
B ,IJ;aHHOH pa6oTe, a TaJ()Ke pa3IDl'IHeM B HCDOnb30BaHHLIX 

12 

cHcTeMax rpynnoBLIX xoHcTaHT .MJI onHcaHHJI · noBe.IJ;eHHJI 
HH3K03HepreTH'IeCXHX 'laCTHIJ; B 6noxe. 

CpaBHeHHe pac'leTHLIX H 3KcnepHMeHTanLHLIX cneKTpoB 
HeiiTpOHOB dN/ d T d il DO.IJ; pa3nB'IHLI.MH yrna.MH X Ha· 
npaBneHHIO nyqxa nepBH'IHLIX DpOTOHOB npHBe,IJ;eHO Ha pHC.4. 

1 

8=130° 

U1 1 10 100 T,M3B 
PHc. 4. 3HepreTH'IeCKHe cnexTpLI HeiiTpoHoB no.IJ; yrnoM 
() X HanpaBneHHIO ll~Ka nepBH'IHLIX npOTOHOB C 3HeprHeii 
T 0 = 750 .· M3B, 6oM6ap.D;Hpyro~x u;HnHH.I\PH'Iecxuii 6nox 
H3 238U C pa3MepaMH 130 X 15/ CM. CnnOWHLie THCTor
paMMLI - Haw pac'leT lnpu a = A/10 M3B-1 1. nyHKTHP -
pac'leT/16/ 3xcnepuMeHTanLHLie TO'IXH, nonyqennLie qe
TLIPLMJI pa·3nH'IHLIMH MeTO,IJ;aMH, B3JITLI H3 paOOThi/12/.Bce 
.IJ;aHHLie a e.IJ;HHHu;ax HeumpoH/M3B. cmepaouaH.nepau'-IHblu 
npomoH. 

13 
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B o6nacTH T .:5 10 M3B ua6mo.u;aeTcJI xopowee cornacue 

HaWHX pac'leTOB KaK C OULITOM, TaK H C MO,IJ;eJILIO cl>ynBy,IJ;a 

H ,IJ;p. IlpH 6onLWHX 3HeprHJIX TeOpeTH'IeCKHe 3Ha'leHHJI 

/6nH3KHe . Me)K,!J;y co6oi/ OKa3LIBaiOTCJI HeCKOllLKO BlOKe 

3KCnepHMeHTanLHLIX. /IIocne,IJ;HHe, npaB.IJ;a, B 3TOB o6naCTH . . 

3HeprHi, He O'leHL TO'IHLI H, KaK OTMe'laiOT CaMH aBTOpLI, 

JIBllJIIOTCJI UOKa llHWL npe,IJ;BapHTeJILHLIMH /16/j. 
B nenoM TeopHJI H 3KcnepHMeHT .u;ocTaTO'IHO xopowo 

cornacyiOTCJI npu H3MeHeHHH BenH'IHHLI 3HeprHH ua 'leTLipe 

nopJI,u;Ka. 

3AKJIJOqEHHE 

CpaBHeHHe pa3pa6oTaHHOB HaMH MOHTe- KapnOBCKOB MO

,IJ;enH C H3BeCTHLIMH 3KCnepHMeHTanLHLIMH ,IJ;aHHLIMH H C 

paC'IeTaMH ,u;pyrHX aBTOpOB UOKa3LIBaeT, 'ITO 3Ta MO,IJ;enL 

MO:lKeT C ycneXOM HCIIOllL30BaTLCJI ,IJ;nJI paC'IeTa pa3llH'IHbiX 

3i}xlleKTOB B MHOrOKOMIIOHeHTHLIX 6noKaX H3 TJI:lKeJILIX 3ne

MeHTOB. 
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