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CTpOI,1Ten bCTBO Me30HHblX $a6pl-1 K 1-1 APyrl-1x Cl-1nbHOTDQHblX YCKOPI-1­

Tene~ 4aCTI-14 B~COKI-1X 3Heprl-1~ OTKp~BaeT B03MOmHOCTI-1 AnA C03AaHI-1A 
4pe3Bbl4aHHo I-1HTeHCI-1BHblX 1 ....1016 -10 18 Hei:iTp/cl I-1CT04HI-1KOB Hei:1Tpo­!$ll. 

. HOB, 06pa3Y~~I-1XCR BcneACTBl-1e pa3MHOmeHI-1R B AenA~eGcA MI-1WeHI-1 no­~ I 
TOKa QaCTI-14, reHepl-1pOBaHH~x B B~coK03HepreTI-1QeCKI-1X peaK41-1AX pac­
ure nneuua /1-3/ . 3TI-1 VlC T04HI-1KI-1 MorYT I-1CnOnb 30BaT bCR B flAepHO-$1-131-1­

4eCKI-1X 3KCnepI-1MeHTaX, AnA MaTepl-1anOBeA4eCKI-1X I-1CCneAOBaHI-1K 1-1 APY­
rl-1x npV1KnaAHblx 3aAa4 ICM. 0630Pbl /2,4/ I. B parie naõopar opnâ aunon­
HeHbl 3KCnepl-1MeHTanbHble 1-13MepeHI-1R nOTOKOB Hei'1TpoHOB V1 Benl-141-1Hbl 
TennoB~AeneHI-1R B pa3nH4H~x 6nOKax npH 3HêprHRx npoToHoB AO 
1,5 r38 ICM., Hanp., '5.8/ I, «o r ooue cornac yor c a c peayns r ar aaa 
TeOpeTW-IeCKHX p ac ue r o a /3,7-10,', OAHaKo 3TI-1 3KcnepHMeHTb~ OTHOCRT­

CR K aec s sia He60nbwoi:1 HHTeHCHBHOCTI-1 nY4KoB reHepHPYIO~HX npOTO­
HOB, KorAa B MI-1WeHb He HymHo BBüAI-1Tb cHHmafO~Hi:1 ee HarpeB Tenno­

HOCHTenb 1-1 cooTBeTcTBYfO~l-1e KOHCTpYKTHBH~e 3neMeHT~, KOTop~e MO­

ryT cyue c r 8eHHO YMeHbWHTb HHTeHCH BHOCT b HeMTpouuoro .no r oka , 

K YMeHbWeHl-1fO nOTOKa Hei:1TpoHoB npl-1BoAV1T TaKme HCn0J1b30SaHHe OKI-1C­

nOB HnH Kap6HAOB B r ennoaaneruuoumx ane-ie-rr ax MHWeHI-1. 
Hawe~ 4enbfO ABnAeTCA 04eHI-1Tb, HaCKonbKO H3MeHAeTCA BWXOA 

Hei:1TpoHoB H APY rue xapa KTepHC TH KH MyJ1bTHnnH4HPYlOC.\ei:1 CHCTeMbl npl-1 

nepexoAe OT MHweHVI, H3roToBneHHoi:1 B BHAe OAHOPOAHO~O AenA~erocA 

6noKa, K MHWeHI-1, cOAepma~ei:1 m1-1AKOMeTannH4ecKI-1~ TennOHOCHTenb 

1-1 KOHCTpYKTHBH~e 3neMeHTW. 
B Ka4eCTBe KOHKpeTHoro npHMepa MW paccMoTpenH nY40K npOTQHOB 

c 3fleprHe~ 1 r3B, o6nY4alO~Hi:1 41-1nHHAPH4eCKYIO MI-1WeHb c AHaMeTpOM 

120 CM, AnHHoi:1 99 CM H Y3Koi:1 oceBoi:1 lllenblO Anl-1Hoi:1 Zo = 26 CM, KY­
Aa HanpaBnAeTCA nepBH4H~i:1 nY40K npOTOHOB

'3 7 8! 
pu aanac s B oaõo r ax ",' I. MR pac ue r o s 
CTaTHCTH4eCI<aR IMOHTe-KapnOBCKaRI . Mo,qcnb , 

pa3nH4He COCTOHT J1I-1Wb B npHMeHeHHI-1 60nee 

ITaKaA MHweHb paccMaT­

Hcnonb30BanaCb Ta me 
4TO H S pa6oTax i a,'f oi ; 

T04Horo, non rpyrtrtoaoro 

np cnc r aane uua «ouc r aur , onHCbIBa~HX nOBeAeHHe Hei:1:rpoHoB B HI-13KO­

3HepreTH4ecKoi:1 l:peaKTopHoi:1"1 oõnac r a T S. 10,5 M3B, 4TO n03BonA­
eT Y4eCTb pe30HaHCHYIO caM03KpaHHpOBKY Hei:1TpoHH~X Ce4eHI-1~/l11 *. 

BW4HcneHHA s~nonHeH~ AnR ABYX cnY4aes: AnR rOMoreHHoi:1 MHWeHI-1 
H3 06e,qHcHf-iOr-0 ypaua Inpl1Mecb H30Tona 235U COCTaBnAeT 0,3%1 
H TorAa, KorAa MHweHb HMeeT TaKoe me YCTPOi:1CTBO 1-1 COCTaB, KaK 
30Ha sOCnp0l-13BOACTBa p eak r op a Ha 6blCTPblX Hei:1TpoHax ICM. puc i 

.Ir
J * 'T04110C Tb paCtIeTOB DIlYTpHHAepHoro xacican a , COllpOBO)l(,11,alOlI-íerOCH 

n c n ap e uu e n J.1 AeneHl1eM 
/12/

eTCH n \>3601'e . 
O~UilirieUHh.ia «Ht'I'BfYT 1 

13036Y)I(,ll,eHJIOrO OCTaT04Horo anp a , oõcyxna-: 

mn\!~BWi HtC.:Jel\OBiUU~ 1 

t h~r~fH.. I:~Ti=H'A 
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0:33	 PHc.1. YCTpOHCTBO oxn~gaeMoH
 

MHweHH. UHnHH~pHqeCKHe TennOBW­

,Ll;enmOIIJ;He 3neMeHTbI, COCTOHll~He H3
 
U02 • c 06ÓnO'llKOH H3 HepJKaBeIOrn;ei-í
 
CTaJIH /85% Fe H 15% Cr / paBHO­

MepHo pacnpe,Ll;eneHW no 06~eMY MH­

weHH, rrapanneJIhHO ee OCH H Ha­

rrpaBneHHIO nY'lIKa rrpOTOHOB. Bce
 -	 : 11·
npOCTpaHCTBO MeJK,Ll;Y T133naMH 3anon­
HeHo JKH,Ll;KHM HaTpHeM. Pa3Mepw YKa­ J{t!
3aas: B MHnnHHe Tp ax . 

VI Ta6J1V1llY 1//13 / *. ANI ynpouteuua
8.1 BW411lCneHlIl~ npeAnonaranocb, 4TO 

ace wec Tb R.qepHblx KOMr:'l0HeHToB 
MlIlweHlIl paBHOMepHo pacnpeAeneHw 

no ee o6beMY. 3TO - AOCT3T04HO xopowee np1ll6nlllmeHlIle, nocKonbKY 
AlIlaMeTpw TB3nOB 1Il paccToRHlIle MemAY HlIlMlIl HeMHoro MeHbwe np06era 
He~TpoHoB. 

'I'aõ.mnra 
COCTaB MHmeHH c TerrnoHocHTeneM/ 13 / 

5I,Ll;PO KOHI~eHTpa~HH , % 5I,Ll;PO KOHI~eHTpa~HH, % 

238	 52
U 22,72 Cr 3,119
 

235 U 
23


0,06916 Na 13,82
 
56 16


Fe	 14,49 0 45,78 

Pe3ynbTaTw paC4eTOB nplllBeAeHW Ha plllc.2, 3 1Il B Ta6nllllle 2. 
~3 PlllCYHKOB BlIlAHO, 4TO nplll nepexoAe K cnomHo~ MlIlweHlIl, cOAep­

malLle~ 3Ha411lTenbHbl~ npOlleHT HeAenRlLllllXCR 3neMeHToB, npOCTpaHCTBeH­
Hwe pacnpeAeneHlIlR 60nbwlllHcTBa xapaKTeplllCTlIlK cTaHOBRTCR 60nee 
nnaBHblMlIl. KaK VI B cnY4ae OAHOPOAHO~ ypaHoBo~ MlIlweHlIl, MaKClIlMYM 
B nponorrsuux pacnpeneneuunx oacnonar-aer cn npa Z ~ Z + À. /2. 

v v 6	 o mrAe À in - CpeAHlIlVl RAepHWlIl npo er nepB1Il4HWX npOTOHOB AO Heynpyro­
ro B3alllMoAe~CT811lR / À in =: 10 CM AnR ypaHa 1Il = 30 CM AnR MlIlwe­À in	 jllHlIl C TennOHOCVlTeneM/. MaKclIlMYM B paAlIlanbHüM pacnpeAeneHlIllll 411lCna 

*MbI õ.nar-ozrapasr Il, n. KHpHnnoBY 3a 06CYJK,JJ;eHHe OTHOCHIIJ;HXCH ciona 
BonpOCOB. 

2. 

~ 15 
a 
~ 12 

9 

6 

PHc.2. PacnpegeneHHe 'lIHCna 
(n, y) -3aXBaT013 N ' 'lIHCna gene­c 
HHH Nr H BbI,lJ,enHeMoro Terrna Q 
B ~HnHH,Ll;pH'lIeCKOM cnoe Tonrn;HHOH 
~R =: 4 CM Ha paCCTOHHHH R OT 

OCH MHweHH. ----- - MHweHh H3 
oôegHeHHoro ypaHà, ----- - ox­
n~aeMaH HaTpHeM MHWeHh, 
_.-.-.- - oxnaJK,JJ;aeMaH HaTpHeM 
MilllieHh O'lleHh ôonhlliHx pa3MepoB, 
- + - - gaHHwe gnH cnyqaH, Kor­
,Ll;a H3 MHWeHH vzranen TeITJIOHÓCH­
Tenh. CTpenKoH OTMe'lleH KOHe~ 

BXO,Ll;HOrO KaHaJIa zo. 

~12	 

72 9054o

3

6

3 

~3~L	 89~20 u.	 2 '"' 
10 

1R ~') 

1 
O 48 60 

R(CM) 
~9 
~6 

~ 

~g 
PHc.3. Pacnpe,Ll;eneHHe qHCna 0'6 
(n, y) -3aXBaTOB N ' -nrcn a ne-:c 
neJ-lHH Nr H 'r'e nrronsine.rteana Q 

B cnoe TOnIIJ;HHOH ~Z = 4,5 CM 
Bgonh OCH MHWeHH. Bce 0603Ha- ~ 
qeHHH, KaK Ha pHc.2. Z(CM) 

a ax aaroa N c(R) pacnonarae r ca ua paCCTORHlIlVl R::. 3 À tr' r ae À tr ­
cpeAHVI~ TpaHcnopTHw~ npo6er H1Il3K03HepreT1Il4eCKlIlX He~TpoHoB /AnR 
ypaH08oro 6noKa 1Il MlIlweHlIl C TennOHOClIlTeneM COOTaeTCTBeHHO À =4 

tr VI 6 CM/. 
B TO me BpeMR Tenn08WAeneHlIle B ~nomHO~ MlIlweHlIl npolllcxoAlIlT 3Ha­

4V1TenbHO 60nee Hepa8HOMepHO, 4eM 8 ypaHoBoM 6nOKe. onarOAapR 
YBen1ll4eHlIl~ 1Il0H1Il3alllllOHH~X nOTepb 3Heprllllll 3apRmeHH~X 4aCTlIlll /AO­
nR TaKlIlX nOTepb Qi /Q npVl nepexOAe K MlIlweHlIl C TennOHOClIlTeneM on	 . 
Y8efl1ll4V1BaeTCR n04TlIl ar poe,", 8 pac npeneneuan Q(z) B03HlIlKaeT nlllK 
B6n1ll3V1 T04KlIl 8xOAa nep811l4HOrO npOTOHHoro nY4Ka 8 BelLleCTBO MlIl­
weHlIl Z = Zo /CM. plllc.3 1Il 4/. B lleHTpanbHo~ 4aCTlIl MlIlweHlIl, 06beM 
KOTOpO~ COCTaBnReT Bcero nlllWb 0,4% nonHoro oGbeMa MlIlweHlIl, 8~Ae­

nReTCR OKono 40% Bcero Tenna. 
3 



Taõrunra 2 
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PMc.4. OTHOCHTenpHaH P;OJIH Ten-
Cpernrae HHl'e r-p am.asre XapaKl'epHCTHKH B3 aHi'IOp;etícTBHH 

JIa,Bb~enHill~erOCH B ~eHTpanbHOH~ 2.0c pa3JIHt.IHbIMH MHllIeH5IMH nv-nca npOTOfIOB npa 3Hepnm 
qac1'H MHIIIeHH c pap;HYCOM Rs 4 CM.11 f3B /B paCt.IeTe Ha OP;HH nepBHqHW~ npOTOH; C!J r 
Q - nOJII-Iüe TenJIOBblp;eneHHe 

CTal'HCTHqeCKaH OlliH6Ka 3-5%/ I 
/CM.Ta6JI.2/. Bce 0603Ha~eHMH

t5~ 
KaK Ha pHc.2. 

XapaKTepHCTHKa 1* 11 111 
Ha Plr1C. 5 nokaaaaa cnexrpu 

------------------, 

He~TpoHoB aHYTplr1 lr1 aHe Mv,weHlr1.I)'Iacrro HeHTpoHoB, s axna-renasrx 101 

r­

~. 

, 

B (n,y)-peaKLI;HH, 86 37 54 ~, 
B TOM t.IHCne s axnave ausrx HApaMH
238 osU 86'1<-* 35 52 

tIHcno HeHTpOHOB, BbIJIeTeBUlHX H3 

MHllleHH N Bblfl 4 13 o 

3aMeHa ypaHoaoro 6nOKa Mlr1WeHb~ 

c TennOHOC~TeneM cy~ecTaeHHO 

yaenlr1~lr1aaeT Aon~ Hlr13K03HepreTlr1­
4eCKlr1X He~TpOHoa no cneKTPY, OA­
HaKO MaKClr1MYM coxpaHfl~T caoe no­
noxeuue a lr1HTepBane HeCKOnbKlr1X 

L ! t I ~~ , I : AeCRTblX M3B.! ! , ! I 

NS b1n /(N C + NB b1n ), % 5 26 O 
o·~ 

18 36 54 72 90 B o rrur-nie OT aro-u-or-o pe axr o-
Z(CM) 

pa, rAe cy~ecTaeHHwe OrpaHlr14e­
l-IHcno p;eJIeHHt'I npn r > 10, 5 l'bB 5,8 3,2 4,2 Hlr1A HaKnaAwBaeT TP~6oBaHlr1e Kplr1­
tIHcno p;eJIeHHI1 npa r S 10,5 M3B 14,5 5,2 7,2 Tlr1YHOCTlr1 Clr1CTeMbl, a 3neKTpoRAepHo~ Clr1CTeMe nYTeM CpaBHlr1TenbHO 

He6onbWlr1X lr13MeHeHlr1~ COCTaaa Mlr1WeHlr1 MO>KHO cy~ecTaeHHo lr13MeHATb 
Cpep;HHH 3HeprHH HeHTpoHoB no 

~OPMY 3HepreTlr1~eCKOro cne~Tpa He~TpoHoa, nOAaBnAA lr1nlr1, Hao6opoT,
26-rpynnoBoMY cneKTpy /M3B/: 

YClr1nlr1aaA ero oTAenbHwe Y4aCTKlr1. 
BHYTPH MHIlleHH 0,92 1,31 1,21 

BseAeHlr1e B Mlr1WeHb TennOHOClr1TenR lr1 KOHCTPYKTlr1aHbIX 3neMeHTOB 
BblJIeTeBUIHX H3 M:I1l11eHH HeHTpoHoB 0,34 0,53 

3Ha4HrenbHo, n04Tlr1 BABoe, YMeHbwaeT lr1HTeHClr1BHOCTb nOTOKa reHeplr1­
Te rrnoasmerreaae /M3B/: pyeMblx He~TpoHoa N = Nc + N aun : Ilpaana , nplr1 3TOM aoapac r ae r 4lr1C­
HOHH3a~HoHHw~ nOTepH,' Qion 322 437 445 Jl0 euner aoumx lr13 t-1lr1WeHlr1 l-1e~TpOHoa, oAHaKo 3TO - He~TpoHbl c o~eHb 

p;erreHHe Hp;ep npH r >10,5 M3B 954 532 692 11ano~ 3Heprlr1e~, He pa3MHO}/{alO~lr1eCA a 238U, n03ToMY yaenlr14eHlr1e 
AeneH.He Hp;ep npa r S 10,5 M3B 2391 859 1190 pa3Mepoa Mlr1WeHlr1 yaenlr14lr1BaeT ~lr1cno (n, y) a axearo s Nc ' HO npexru­
CYMMapHoe, Q, 3663 1828 2327 Qec/{lr1 He c xeaueae r cn Ha Benlr14lr1He cYMMapHoro aaxone He~TpoHoB N. 

B TOM qHCJIe B U;HJlHH,lJ;pe C pa,IJ;HYCOM 

R = 4 CM, Q (R ~ 4 CM) / Q, % 39 37· 40 

Pac.5. 3HepreTH'!eCKH~ crreKTpHOMEP r-Pl.mnbl* I - rvUIrneHh H3 oõerraeuaor-o yp arra , 11 - r-n'IIlleHh C TenJIOHOCHTC­
26 24 22 20 18 16 14 12 10 8 6 4 2 HeQTpoHOB. --- - HeHTpOHW BHYT­
2r-r-''''-· T~"'" f""'"""T- r.,--·r-,-r----r-'r-'~r__r__r_T-TJIeM, pa3Mepw M:I1l11eHH Te Me, ~ro 11 B cny~ae I; IIL - OqeHb 60JIb­ ~~ 10 f pH MKweHH H3 oõeAHeHHoro ypaHa. 

lIIaH MHllleHb c TenJIOHOCllTeneM. ~ I i' ;'~ .. : -+- - cneKTp BWJIeT8BillHX H3 3TOH 
1 J** 

-J*' MHllIeHK HeHTpOHOB. --- - HeHTpo­** 235 l0'l 
3.~xBaT He~ITpO![OB HlwaMH U COCTaDJIrreT OKOJlO 0,6%. Hbl BHYTPH OXJIaMp;aeMOH Ha1'pHeM 

MHweHH. ~ - cneKTp BhmeTaill ­
I(fI 

I 
U~HX M3 3TOH MillueHH HeHTpOHOB. 

_. _. _. - - HeHTpOHbl BHYTPH OXJ1aM­

J
 
r:
 

r ~ : AaeMOÜ HaTpHeM NHIIIeHH OqeHb 60JIb­
'~'I (

l
 
IIIHX pa3MepOB. 3HepreTHqeCKHe HH­


J' Jr' r-epaaner Bbl6paHbl B COOTBeTCT:BHHí 
-0-2 I~~_~ ~ J 1._C:.:/..-' L_I... L L.L--1.. I L • .I.. L 1 L.... L c 26-rpyrrnoBwM npM6nHMeHHeM
2.5'168 10-0 10" lO'" 10'3 10-2 la' t4 105 

'f(M30) rI.n.A6arHH 11 AP. ~14/. 

4 5 



N/N 
1.46±O.03 
U76±QOO 

8 2 

~ 

êD

Z 

rn-w ! 

-0.6 

L_i_,r---.J 

-Q2 0.2I I 0.6 1D 

rose 
~ 

PHc.6. YrnoBoe pacrrpegeneHHe 
HeHTpoHHoro rrOTOKa BHe MHIlleHH 
Ino OTHOIlleHHlO K HarrpaBneHHlO 
nvxxa rrepBH~HblX npor-onoa,". 
---­ - MHIlleHh H3 06eAeHHoro ypa­
Ha. ----­ - MHIlleHh c TerrnOHOCH­
TeneM. feoMeTpHíl MHIlleHH B 060HX 
crryxaax onanaxos a, YKa3aHbI CTa­
THCTH~eCKHe rrorpeIllHOCTH pac~eTa. 
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