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1. ~ccneAo8aHHe HarpeT~x /Heynpyro pacceRHH~x c npHo6peTe
HHeM 3HeprHH/ ynbTpaxonoAH~X HeHTPOH08/I/ R8nReTCR HCT04HHKOM 
HH$0pMa~HH 0 KOnH4eCT8e H AHHaMHKe aTOM08 8 npHn08epXHOCTHOM 
cnoe 8e~eCT8a TO~HHOH ~150 a. s/2/ 6~no noKa3aHo, 4TO Aame 
npH cpa8HHTenbHO ManeHbKOH nnoTHOCTH noToKa YXH ~1 cM-2c- 1 

• 

sa ~10 MHH o6ecne4H8aeTCR CTaTHCTH4eCKaR T04HOCTb, He06XOAH
MaR AnR 06HapymeHHR ~0,1 MOHOCnOR 80AOPOAOCOAepma~HX MOneKyn 
Ha no8epxHOCTH coCYA08 AnR xpaHeHHR YXH. OmHAanocb, 4TO He
CMOTPR Ha cpa8HHTenbHO HH3KY~ 7noTHOCTb noroKa YXH ~0,2 CM-2c-
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Ha HMnynbCHOM peaKTope I-16P-2 J , 6noKHPYR AeTeKTOP HarpeTbiX 
HeHTpoH08 Ha 8peMR 8CnbiWKH peaKTopa, MOmHO cy~eCT8eHHO nOAa-
8HTb $OH oT HeHTpoHo8 c 3HeprHRMH 8~we 3HeprHH YXH H 8b1AenHTb 
HMnynbCbl oT HarpeTbiX YXH H3 $OHa. 

HccneAo8aHH~ 3THx 803MOmHocreH H noC8R~eHa 3Ta pa6ora. 
2. C4eT4HK nOAOrpeTbiX HeHTPOH08 /CnH/ KOHCTPYKTH8HO O$OpM

neH 8 BHAe eMKOCTH MemAY A8YMR KOaKCHanbH~MH ~HnHHAPaMH 
¢ 18 CM H ¢ 8,5 CM, AnHHOH 65 CM. HapymH~H ~HnHHAP H3roT08neH 
H3 Hepma8e~~eH cTanH, 8HyTpeHHHH - H3 an~MHHHe8oro cn~ea AMU 
TOn~HHOH 2 MM. 3TO npOCTpaHCT80 CHMMeTpH4HO pa36H8aeTCR npo
AOnbH~MH nnaCTHHaMH Ha 6 pa8H~X 4aCTeH, nocepeAHHe KOTOP~X npo
TRHYTbl npo8ono4KH /aHOAbl/ - sono4eH~H 80nb$paM !6 30 MKM. Bee 
aHOA~ coeAHHR~TCR MemAY co6oH. C4eT4HK HanonHReTCR raso80H 
cMecb~: 3He - 2 arM, Ar- 2,5 aTM H C0 2 - 25 Topp, Pac4eTHaR 
3~et<THBHOCTb K T04e4HOMY HCT04HHKY TennoBbiX HeHTPOHOB, pac
nonomeHHOMY 8 ~eHTpe cnH, 83%. C4eT4HK pa6oraeT 8 nponop~HO
HanbHOM pemHMe C aMnnHTYAOH HMnynbca ~3 MB H nonywHpHHOH nHKa 
aMnnHTYAHOrO pacnpeAeneHHR,COCTa8nR~~eH 20% OT 3HeprHH peaK
~HH 3He (n,p)T /pHc.1/. B8HAY A080nbHO 3Ha4HTenbHOrO CTeH04-

Horo 3$$eKra HHmHHH nopor perHcT-
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pa~HH COOTBeTCTByeT 3HeprHH TPH
TOHa ~0,19 M3B, a 8epxHHH -
0,9 M3B. EcTeCTBeHHbiH $OH cnH 

PHc.l. AMnnHTYAHoe pacnpeAeneHHe_ 
HMnynbCOB OT CITH npH perHcTpa~HH 
TennOBb~ HeHTPOHOB OT HCTQqHHKa, 
pacnono~eHHoro B ~eHTpe CITH. 
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Puc.2. CxeMa 3KcnepHMeHTa. 

6ea aa~~T~ np~ Hepa6oTa~~eM· peaKTope cocTaBnReT -1 c-1, 3a~~
Ta ~3 n~CTOBOro KaAM~R TO~~HOH 1 MM ~ 6op~poBaHHOrO non~3T~
neHa Ton~~HOH 15 CM YMeHbWaeT 3TOT ~H AO 0,1 c-1, 

3. Ha peaKTope H6P-2 /p~c.2/ YXH 4epea HecKonbKO yrnoe~x no
BOPOTOB OT TpaHCnOPTHOrO HeHTPOHOBOAa /1/ nOCTYnan~ BHYTPb MeA
HOH Tpy6~ /2/ /~ 8 CM, TOn~~Ha CTeHK~ 2 MM, An~Ha 1,5 M/ 
c 3neKTponon~poeaHHOH BHYTPeHHeH cTeHKOH, YXH Heynpyro pacce~
ea~TCR /c nOAaBnR~~eH eepoRTHOCTb~ Harpeea~TCR/ Ha CTeHKaX 
TPY6~ ~nH Ha noMe~aeM~ BHYTPb Tpy6~ o6paa~ax H3 nonH3THneHa -
peKOHBepTopoe YXH /3/ H perHCTPHPY~TCR cnH /4/, HaAeT~M Ha Tpy-
6y. HMnynbC~ OT cnH 4epe3 cxeMy nponycKaHHR nocTyna~T Ha aMnnH
TYAH~H aHanHsaTop. CxeMa nponycKaHHR, CHHXpoHH3~poeaHHaR c MO
MeHTOM HMnynbca H6P-2, aanHpaeT aHan~saTop Ha epeMR 10-2 c, 
B Te4eHHe KOToporo CKOpoCTb C4eTa CnH 04eHb 6onbWaR, B~3BaH
HaR 6~CTP~MH H TennOB~MH HeHTpOHaM~. 

4. np~ pa6oTe H6P-2 /W = 2 MBT, f = 5 c-1/ HeHTpoHH~H ~H 
CnH 6e3 3a~~T~ COCTaBHn -103 c- 1 , C sa~HTOH H3 n~CTOBOrO KaA
M~R /5/ TOn~~HOH 1 MM ~H -1 ,4·102 c-1; C A06aeneHHeM K_3a~~
Te 6opHpOBaHHOro nonH3THneHa /6/ TO~~HOH 5 CM ~OH COCTaBHn 
-10 c-1, a npH Ton~HHe 6opHpoeaHHoro nonH3T~neHa e 10 CM ~H 
CHH3HnCR AO -0,25 C- 1 • npH OTKP~TOM 6apa6aHHOM WH6epe Ha HeHT
POHOBOAe YXH ~H cnH B03paCTan B 3 paaa. ~OH cnH B pa604HX 
ycnoB~RX OnpeAenRnCR npH 3aKp~TOH MeAHOH WTOpKe /7/ TOn~HHOH 
10 MKM, neperopa*HBa~~eH see ce4eHHe noABOAR~ero HeHTpoHOBOAa, 
H COCTaB~n -0,6 c-1, 

HaMepReMoe 3Ha4eHHe noToKa HarpeT~x YXH onpeAenRnocb no paa
H~~e B C4eTe CnH C OTKp~T~M H 3aKp~T~M WTOPKOH HeHTPOHOBOAOM 
COOTBeTCTBeHHO. nonHoe BpeMR ~3MepeH~H pa36HeanOCb Ha OTAenb
H~e cep~H no 200 C C nocneAY~~~M CYMMHpoBaH~eM, 4TO BMecTe 
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PHC.3, 3aBHCHMOCTb HHTeHCHBHO

CTH plTlll'Tp,Ju;mr YX!l N oT Bpe~re

HH 3ap;epJKKH OT MOMeHTL! HMIIYJibCa 

peai--Topa r. 

N 

(c-1) 

10 -------------------

60 

Pr~c. ~. 3aBHCHMOCTb HHTeHCHBHO-

CTH perHCTpau;HH N oT rrno~ap;H ~ 20 40 
peKoHaepTopa S. S (cM2 I 

C npHMeHeHHeM aMnflMTYAHOrO aHaflM3a n03BOnReT noB~CMTb AOCTOBep 
HOCTb nony4aeM~x peaynbTaToe. ~HTeHCHBHOCTb perMcTpa4MM YXH, 
HarpeT~X Ha CTeHKaX Tpy6~, COCTaB~na /0,056±0,034/ C- 1 , 
a Ha nonM3TMfleHOBOM AHCKe /Ton~. 60 MKM/, noMe~eHHOM B 4eHTpe 
CnH ~ nepeKp~Ba~~eM ace Ce4eHMe Tpy6~, /8,7+0,12/ c- 1 . 
Ha pMc.3 noKasaH pe3ynbTaT M3MepeHMR aaBMCMMOCTM MHTeHC~BHOCT~ 
perMCTpa4MM HarpeT~X HeHTPOHOB Ha nonM3TMneHOBOM AMCKe OT epe
MeHM nocne ecnbrWKM peaKTopa. Ta KOH aaeMCMMOCTM He o6HaPY*fHO, 
4TO CBMAeTenbCTBYeT o AOCTaT04HO nocToRHHOH nnoTHOCTM YXH 
Ha KOH~e HeHTPOHOBOAa 3a BpeMR Me*AY BCn~wKaMM peaKTopa . 
Ha pMc.4 noKa3aHa aaBMCMMOCTb MHTeHcMBHOCTM perMcTpa4MM Harpe
T~x YXH oT nno~aAM peKOHBepTopa - nonM3T~neHoeoro AMCKa, Ha no 
BepXHOCTM KOTOporo ~ BepORTHOCTb~ Oie/Ot~ 1 npOMCXOAMT o6paT
H~H npo4eCC /no OTHOWeHM~ K np04eccy oxna*AeHMR HeHTpOHa 
OT Tennoeoro AO YXH a KoHeepTope/ - ycKopeHMe YXH AO 3HeprMM 
TennoBbiX HeHTPOHOB. Hacbr~eHMe aaBMCMMOCTM N (S) yKa3breaeT Ha 3¢ 
~eKT HaKonneHMR YXH a Tpy6e npM ManbrX nno~aARX peKoHeepTopa, 
KOrAa nnoTHOCTb YXH yeenM4MBaeTCR e ~2,5 paaa no cpaeHeHM~ 
c nnoTHOCTb~ YXH npM 6onbWMX nno~aARX peKoHeepTopa /nornOTMTe
nR YXH/. Y4MTbiBaR 3~eKTMBHOCTb cnH' nnOTHOCTb YXH npM ManoH 
nno~aAM peKOHBepTopa COCTaBnReT /0,22±0,02/ c-1.cM-2. YcTaHOB
neHo, 4TO npM AOCTaT04HO XOPOWeH sa~MTe OT HeHTpOHOB ~OH CnH 
B npoMe*YTKe Me*AY BCn~WKaMH peaKTOpa onpeAenReTCR He HeHTpO
HaMM, noCKOflbKY aMnnMTYAHOe pacnpeAeneHMe 3TMX MMnYflbCOB 
He ~OPMMpyeT nMK e paHoHe E - 0,76 M38, a npeACTaBnReT co6oH 
AOBOflbHO paBHOMepHoe pacnpeAeneHHe C MHTeHCMBHOCTb~ perMCTpa-
4MM ~0,15 c-1 a 3HepreTM4ecKOM MHTepeane /0,15+1 ,0/ M3B. 
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PHc.5. AMnnHTYAHoe pacnpeAeneHHe HMnynbCOB oT CITH 
B ga~HTe OT HeHTpOHOB npH Hepa6oTaiD~eM peaKTOpe: a -
pa6oqee HanonHeHHe CITH: 3He - 2 aTM, C02 - 25 Topp 
H Ar - 2,5 aTM; 6 - HanonHeHHe CITH: 3He - 20 Topp, 
C02 - 25 Topp H Ar- I aTM; B - HanonHeHHe CITH: 3He -
20 Topp, Co2 - 25 Topp H Ar - 4 aTM. 

Ha p~c.5 noKa3aH aMnJ1HTYAH~H cneKTP HMnynbCOB OT CnH B 3a
~~Te: Cd /1 MM/ + 6op~poBaHHbiH nOJ1~3T~neH TOJ1~HHOH 5 CM, KOr
Aa ~3MepeHHR npoBOAHJ1HCb B na6opaTOPHOM 3AaH~~ nH$, YAaneHHOM 
OT peaKTopa Ha 1 KM. 6 o6nacT~ ~2,5 M36 BHAeH AOBOJ1bHO XOPOWO 
C$QpM~POBaHHbiA nHK C ~HTeHC~BHOCTb~ ~0,2 c- 1 B ~HTepeane 3Hep
rHA /1+5/ M3B. 

B np~H~~ne OCHOBHaR COCTaBJ1R~~aR KOMnOHeHTa KOCMH4eCKOro 
~3J1y4eH~R - M~OHHaR, OHa MO~eT C$OpM~POBaTb nHK B aMnJ1~TYAHOM 
cneKTpe CnH, nOCKOJ1bKY AJ1R M~OHOB B AOBOJ1bHO WHPOKOM A~ana30-
He 3HeprHA dE/dx ~ canst ~ cocTaenReT ~1 ,8 M3B/r. AnR Hawero 
3anonHeH~R CnH cpeAHRR 3HeprHR, OCTaBJ1ReMaR B CnH M~OHHOH 
KOMnoHeHToA, pasHa ~ 0,1 M3B npH ~HTeHcHBHOCTH ~20 c- 1 . 
Pac4eTH~A $qH OT Hano~eH~A HMnYJ1bCOB OT KOCM~4eCKOrO ~3J1y4e
H~R Ha nopRAOK MeHbWe Ha6n~AaeMoro He HeATpOHHOrO $0Ha B 3TOM 
3HepreT~4eCKOM A~ana3oHe. CKopee ecero 3TOT $oH RBnReTCR Kp~
noM OT w~poKoro nHKa c E ~ 2,5 M3B. BepoRTHo, 3TOT nHK B~3BaH 
ecTeCTBeHHOA a-aKT~BHOCTb~ CTeHOK CnH, nOCKOJ1bKY ~-- ~ 0+-4a
CT~~bl np~H~~n~aJ1bHO He MOryT OCTaB~Tb B ra3e, HanOJ1H~~eM CnH, 
3Hepr~~ ~3 M3B. 3To noATBeP~Aa~T ~3MepeH~R aMnn~TYAH~x cneKT
poe oT CnH /p~c.56 ~ 5e/ np~ pa3H~x AaeneH~Rx aproHa /HO no-
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CTORHHOM KOJ1H4ecTee 3He p = 20 Topp H Co2 p = 50 Topp/, Heo6xo
AHM~x AJ1R 3HepreTH4eCKOA Kan~6poBKH no Q = 0,76 M3B peaK~HH 
3He(n,p) T. 

nonb3YRCb AaHH~M~ ~3MepeH~A ecTecTeeHHOH a-aKTH'H7CTH /e oc
HOBHOM 226Ra ~ 21°Po/ B KOHCTPYK~HOHH~X MaTep~anax 4 , AS1R 
BHyTpeHH~X CTeHOK CnH /Hep~aBe~aR CTaJ1b H A~panb, S ~ 1 M2 / 
nony4aeM 3Ha4eHHe a-¢oHa ~0,1 c-1 e nonHoM 3HepreTH4eCKOM AHa
na3oHe 0+6 M3B. 3ToT $OH e HaweM 3HepreTH4eCKOM AHana30He, 
COOTBeTCTBY~~eM per~cTpa~~H HeATpoHa 0,2+0,9 M36, AOn~eH 6~Tb 
Bcr MHOrO Pa3 MeHbWe.Ecn~ BCe-TaK~ npHHRTb T0,4TO HaW $OH B~3BaH 
a-4aCTH~aM~, TO He06XOA~MO npeAnOJ10~HTb, 4TO HCnOJ1b30BaHH~e 
HaMH MaTep~an~ AJ1R CTeHOK CnH 3arpR3HeH~ a-aKTHBHOCTb~ 141 B -10 pa3 6onbwe, no cpaBHeHH~ C eenH4HHOH, npHBeAeHHOH B . 
npH pa3YMHOM npeAnOJ10~eHHH 0 paBHOMepHOM pacnpeAeneHHH a-aKTHB
H~X RAep no BCeMY 06beMy MaTep~ana CTeHKH 3aBHCHMOCTb TOPM03-
HOH cnoco6HocTH MaTepHana cTeHKH AJ1R a-4aCTH~ oT E npHBOAHT 
K $0PMHpoeaHH~ WHPOKoro nHKa e o6nacTH 3HeprHA -3 M3B. HanH4He 
nHKa TaK~e yKa3biBaeT Ha B03MO~HY~ noeepXHOCTHYIO J10KaJ1H3a~HIO 

a-aKTHBH~X RAep Ha BHyTpeHHHX CTeHKaX CnH. 6 np~H~Hne TaKoe 
noeepxHOCTHoe a-3arpR3HeHHe /e 10 pa3 6onbwe ecTecTBeHHoro/ 
MO~eT 6~Tb Bbi3BaHO npHMeHeHHeM a-3arpR3HeHH~X XHMH4eCKHX peaK
THBOB p(NaOH H KOH) AJ1R ypaeneHHR BHyTpeHHHX CTeHOK CnH B npo
~ecce ero C03AaHHR. K HaKonneHHIO a-aKTHBH~x aToMOB Ha noeepx
HOCTH an~M~H~R MOryT npHBeCTH H npo~eCC~ OCa~AeHHR paBHOMepHO 
paCTBopeHHbiX B MaTepHane CTe7~7 TR~eJ1biX 3J1eMeHTOB /BnJ10Tb 
AO Ra/ eo epeMR HX TpaeneH~R . Ha noeepxHOCTHYIO noKanH3a~H~ 
60 nee TR~enbiX 3neMeHTOB e npo~ecce ypaeneHHR yKa3biBaeT pe3yrfb
TaT cne~HanbHO npoBeAeHHoro peHTreH-$n~opec~eHTHoro aHanH3a 
npo6, CHHMaeMbiX C npoypaBJ1HBaeMOH an~MHHHeBOH noeepXHOCTH, 
KOTop~A noKa3an Ha see yeenH4HBa~~eecR /no Mepe TpaeneHHR/ co
Aep~aHHe 3neMeHToe oT Mn AD Cu. 3TOT aHanH3 He 6~n 4yBCTBHTe
neH K 6onee TR~en~M 3neMeHTaM ennoTb AD Ra, OAHaKO 3TOT on~T 
noKa3~Baey TOJ1bKO Ha TeHAeH~~~ K J10KaJ1H3a~HH Ha rpaH~~e TR~e

~X 3J1eMeHTOB. 0TMeT~M,3AeCb, 4TO cy~eCTBeHH~M CnOC060M nOAaB
neHHR 11He HeHTPOHHOro $OHa 11 RBJ1ReTCR AaJ1bHeAwee YS1Y4WeH~e 
aMnn~TYAHOro pa3peweH~R cnH. B HaCTOR~eA pa6oTe FWHM -20%, 
a AJ1R c4eT4~KoB THna CHM-57 cocTaenReT 5,5%, 4TO no3BOJ1HJ10 ae
yopaM pa6oT~/6/ AOCTHrHyTb MaKCHMaJ1bHOrO 3Ha4eHHR $OHa 
-/2,2±0,05/"10- 6 ~Mn/cM2C AS1R KaTOAa H3 Hep~aeeiO~eH CTanH, 
a noKp~T~e BHyTpeHHHX CTeHOK 3THX C4eT4HKOB ~n7eM $ToponnacTa 
e~e Ha nopRAOK yMeHbW~J10 3TO 3Ha4eHHe a-$OHa 7 , 

ApyrHM cnoco60M 3$$eKTHBHoro nOAaBneHHR $oHa cnH He HeAT
poHHoro npoHCXO~AeH~R RBS1ReTCR C03AaHHe cne~HaJ1bHOrO CnH, 
B KOHCTPYK~~H KOToporo npeAYCMOTpeH~ npHCTeH04H~e CJ10~ 3a~~T
H~X C4eT4HKOB, o6pa3oBaHH~X ABYMR CJ10RMH H3 npOBOJ10KH B pa6o-
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4eM 06beMe cnH. BKn~4~B 3T~ np~cTeH04H~e C4eT4~K~ B cxeMy aH
T~COBnaAeH~H C pa6o4~M 06beMOM CnH, MOmHO ~CKfl~4~Tb n~60H 
<J>OH OT 3apl'lmeHHbiX 4aCT~I..I - 6YAb TO KOCM~4eCK~e flY4~ ~fl~ ecTeCT
BeHHal'l a- ~ ~-paA~OaKT~BHOCT~ CTeHOK cnH. B 3TOM cny4ae <I>OH 
6yAeT onpeAefll'ITbCl'l TOflbKO Ka4eCTBOM 3a1Jl~Tbl OT HeHTpOHOB ~ npo
LieccaM~ pomAeH~l'l Tl'lmeflbiX 3a.pl'!meHHbiX 4aCT~I..I OT HeHTpaflbHOH 
KOMnOHeHTbl KOCM~4eCKOrO <J>OHa B pa6o4eM 06beMe CnH. npeABap~
TeflbH~e ~cn~TaH~l'l ~aroToBneHHoro HaM~ TaKoro c4eT4~Ka noKa3a
n~ Han~4~e ~CKfl~4~TeflbHO Manoro co6cTBeHHoro <J>oHa -3 ~Mn. 
B CYTK~. TaK~e AeTeKTOP.~ MoryT HaHT~ np~MeHeH~e B 3Kcnep~MeH
Tax no <I>~3~Ke HeHTp~Ho/8/ ~ B no~cKax 11r~noTeT~4ecKoro 11 xonoA
Horo c~HTe3a l'!Aep/9/. 

5. Ha ycTaHOBKe YXH peaKTopa H6P-2 B03MomHo ~3Y4eH~e npol..lec
coB HarpeBa YXH Ha BOAOPOAOCOAepmaiJl~X o6pa31..1ax. 0AHaKo npaKT~-
4ecK~ ~HTepec npeACTaBnl'I~T n~wb o6pa31..1bl c He3Ha4~TenbHbiM co
AepmaH~eM BOAOP.OAa /nOPl'IAKa HeCKOflbK~X MOHOCflOeB ~ MeHee/, 
Afll'l KOTOP~X AeTaflbH~e ~ccneAOBaH~l'l 3aTPYAHeH~ no np~4~He MaflOH 
AOCT~m~MOH nnoTHOCT~ YXH Ha H6P-2. He onpaBAan~Cb ~ HaAemA~ 
Ha 3<J><I>eKT~BHoe noAaBneH~e <J>oHa OT 6~cTp~x ~ TennoBbiX HeHTpo-

. HOB MeTOAOM 6nOK~pOBK~ AeTeKTOpa nOAOrpeTbiX HeHTPOHOB Ha BpeMJ'I 
BCn~WK~ peaKTopa H6P-2, noCKOflbKY, KaK B~l'ICH~flOCb, OCTaT04H~H 
<J>oH 3Toro AeTeKTopa ~MeeT He HeHTPOHHY~ nP~POAY· Anl'l nocTaHoB
K~ 3Kcnep~MeHTOB no ~ccneAoBaH~~ HarpeBa YXH Ha cna6oT04HbiX 
~CT04H~Kax YXH /B 4aCTHOCT~, ~ Ha H6P-2/ Heo6xoA~Mo C03AaH~e 
cne1..1~aflbHOrO Mano<J>OHOBOrO CnH, B KOHCTPYKLI~~ KOToporo 6blfla 6bl 
npeAYCMOTpeHa aKT~BHal'l 3a1Jl~Ta OT KOCM~4eCKOrO ~ ecTeCTBeHHOrO 
a-~:nty4eH~l'l. 

ABTOP~ 6naroAaPHbl A.B. PycaKOBY 3a noMOIJlb B ~3MepeH~l'IX 
~ B.H.flyiJl~KOBY 3a npol'!BJleHH~H ~HTepec K pa6oTe ~ oco6o - 3a co
AeHCTB~e, CAenaBwee npoBeAeH~e 3Toro 3Kcnep~MeHTa peanbHOCTb~. 
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