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1 . BBE,QEIUIE 

Co3AaHHe M~H~x na3epos c pa6o4HM o6beMoM noPHAKa HecKonbKHx 
AeCHTKOB nHTPOB Tpe6yeT CHnbHOT04H~X HCT04HHKOB AnH npeAHOHH-

3a~HH H HaKa4KH HX aKTHBHO~ cpeA~· C npaKTH4eCKO~ T04KH 3peHHH 
nepcneKTHBH~MH HBnH~TCH na3ep~, B KOTOp~X npeAHOHH3a~HH H HH
BepcHaH 3aceneHHOCTb C03Aa~TCH OAHHM H TeM ~e HCT04HHKOM 3Hep

rHH. 0AHHM H3 B03MO~H~X nyTe~ peweHHH AaHHO~ npo6neM~ HBnHeTCH 
HCnOnb30BaHHe 3HeprHH npOAYKTOB HAePHbiX peaK~H~, nony4aeMbiX 
npH o6ny4eHHH He~TpOHH~M nOTOKOM nOAXOAH~e~ aKTHBHO~ cpeAbl na-
3epa. 

OnpeAeneHH~~ HHTepec npeACTaBnHeT B03MO~HOCTb Hcnonb30BaHHH 
nOTOKa He~TpOHOB CTa~HOHapHOrO HnH HMnynbCHOrO HAepHOrO peaK
Tapa AnH npeAHOHH3a~HH HnH npHMO~ HAePHO~ HaKa4KH aKTHBHO~ cpe

A~· K 4Hcny HAepH~x peaK~H~ MO~Ho OTHeCTH TaKHe HAePH~e peaK~HH, 
KaK 

3 T1' ~ 3,.... n 
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235

U HBmmTcH KOMnoHeHTaMH aKTHBHo~ cpeAbl 
na3epa. 3AeCb Q - CYMMapHaH KHHeTH4eCKaH 3HeprHH npOAYKTOB pe
aK~HH; a - Ce4eHHe B3aHMOAe~CTBHH TennOB~X He~TPOHOB C HAPaMH 
MHWeHH 

3 He, IO B, 6 Li H 235U; Z I , z
2 

- OCKOnKH AeneHHH 235 U. 
G~cTpbJe 3apH>:<eHH~e 4aCTH~bl, nony4eHH~e npH B3aHMOAe~CTBHH He~T

poHOB c HAPaMH aKTHBHOH cpeAbl, npeAHOHH3HPY~T HnH so36ymAa~T ee. 
,llnH AeTanbHOrO H3y4eHHH B03MO~HOCTH HCnOnb30BaHHH 3HeprHH 

6biCTPbiX 3apR~eHH~X 4aCTH~, nony4aeM~X npH B3aHMOAe~CTBHH He~T
POHHOrO noToKa c aKTHBHO~ cpeAo~ na3epa, asTopaMH/1/ sneps~e 
G~n nocTasneH MOAenbH~H 3KcnepHMeHT. B 3TO~ nHoHepcKo~ pa6oTe 
HCCneAOBanOCb BnHHHHe ny4Ka 6~CTp~X npOTOHOB Ha aKTHBHy~ cpeAy 
na3epa - C02 - N2 - He c ~enbiiJ ysenH4eHHH M~HOCTH reHepHpyeMoro 
H3ny4eHHH. B pe3ynbTaTe AOKa3aHa 3~~eKTHBHOCTb npHMeHeHHH npeA
naraeMoro npHH~Hna AnH HaKa4KH H npeA~OHH3a~HH aKTHBHO~ cpeA~ 
naaepa. "':-I ... :..::Jil. ......... ..-T~·..,. ,r~~ ..... ~ .. 
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Jla 3ep, pa6oTa~~HH no TaKOMY npHH~Hny, o6naAaeT PRAOM npeHMy
~eCTB nepeA na 3epaMH, HCnOnb3Y~HMH TpaAH~HOHHble MeTOAbl HaKa4KH · 

A HMeHHo: 

1/ He Tpe6yeTC~ HCT04HHKa 3neKTPH4eCKOH 3HeprHH, TaK KaK 

3AeCb ocy~ecTen~eTc~ np~Moe npeo6pa3oeaHHe HAepHoH 3HeprHH 
B CBeTOBy~, MHHY~ HH3K03$$eKTHBHY~ npoMemyT04HY~ CTyneHb npe
epa~eHH~ 3HeprHH nepe4HcneHH~x peaK~HH e Tennoey~ 3HeprH~,a 3a

TeM B 3neKTpH4eCKy~; 
21 oTcyTcTeyeT npo6neMa "nepeAHeH cTeHKH 11

, npHcy~a~ na3epaM, 
B KOTOpbiX npeABapHTenbHa~ HOHH3a~HR ocy~eCTBnReTCR ny4KOM YCKO
peHH~X 3neKTpOHOB HnH npOTOHOB*; 

3/ H3-3a ManOCTH B03My~eHHR HeHTPOHHOro nOTOKa pa604HM ee
~eCTBOM na3epa AOCTHraeTCR B~COKaR CTeneHb OAHOPOAHOCTH npeAHO
HH3a~HH H HaKa4Ka 6onbUJHX o6beMoB, 4TO o6ecne4HBaeT nony4eHHe 

MO~Horo na3epHoro H3ny4eHHR. 
B AaHHOH pa6oTe npHBOARTCR 3KcnepHMeHTanbH~e AaHH~e o napa

MeTpax na3epoB, B KOTOp~X HHBepcHaR 3aceneHHOCTb H n~eAHOHH3a
~HR o6ecne4HBa~TCR 3HeprHeH npOAYKTOB RAepHbiX peaK~HH · 

2. OflPEAEJlEHHE ObbH1A AKTI1DHOt1 J1A3EPHOI1 CPEAI:>I 

An~ Toro 4T06bl o~eHHTb B03MOmHoCTb OAHOPOAHOH npeAHOHH3a~HH 
H HaKa 4 KH na 3epHOH cpeA~, Heo6XOAHMO 3HaTb AnHHbl npo6erOB npo-
----·--- - -- - "' 
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nOTOKOM Tennoe~X HeHTpOHOB COOTBeTCTBYIOII\HX ~AepHbiX MHWeHeH' 
pa 3Me~eHHbiX a na3epHOH cpeAe. HeKoTopoe npeAcTaeneHHe o npo6e-

" 6 "bl/2 /-rax 3THX nPOAYKTOB MOmHO nony4HTb H3 cneAY~~eH Ta n~~ -

Ta6m1u;a I 

PeaKu;HH Tipop;yKT AKTHBHaH ,llrrHHa 
peaKIJ;HH cpep;a rrpo6era 

I aTM, 273 K CM 

n + 3ne -+ p + t p 3ne 6 

n + lOB -+ 4ne + 7Li 4ne 20Ne I ,5 

n + 235u -+ 21 + z2 z 1 ,z2 
3ne 14,5 

*4acTb aHeprHH ny4Ka ~3-3a HOHH3a~~oHH~x noTepb npH npoxom
AeH~~ cTeHK~, OTAen~~~eH na3epHy~ KaMepy OT YCKOpHTenbHOH, ne
peXOA~T B Tennoey~,4TO np~BOA~T K 6~cTpOMY ee pa3pyWeHH~. 
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3. 3KcnEP~1MEHTAJlbHbiE AAHHbiE 0 JlA3EPHOtl rEHEPA1..1~111, 
n011Y4EHHOtl nP~1 11CnOJlb30BAH~II1 3HEPrl1~1 nPOAYKTOB 
RAEPH~X PEAK1..111~ B3AI1MOAE~CTB~R TEnJlOB~X HEtlTPOHOB 
C PA311114H~HI1 BE~ECTBAMI1 

A. 235u 

s/3/ enepe~e Ha6n~AanH na3epHy~ reHepa~H~ ra3a CO npH Aae
neHHH 100 Top H TeMnepaType 77 K $parMeHTaMH AeneHHR 235 U. 
CTeHKH pa6o4ero o6beMa, COAepma~ero CO, 6~nH H3roToeneH~ H3 
OKHCH-3aKHCH ypaHa 235 U (235U3 0 8 ) - CM. PHC. 1. 11CT04HHKOM HeliT
pOHOB C 3HeprHeH 0,4 38 cnymHn HMnynbCH~H peaKTOp Ha 6~CT~~X 
HeHTpOHaX, nHKOBaR M~HOCTb KOTOporo COCTaBnHna 1QI7H CM- ·c-l. 
PerHcTpa~HR na3epHoro H3ny4eHHR eenacb Ge(Au) -AeTeKTopoM Ha 
paCCTORHHH 15 M OT CTeHOK peaKTOpa. 

PHc.l. I - p;biDap, 2- 3epKana 
nagepHoro oe3oHaTon~- 1 - n~~P~

HaH Tpy6a, 4 - 3aMe,IJ;nHTenb HefiT
pOHOB, 5 - aKTHBHblff CnOH 235U 308 , 
6 - aniDMHHHeBblfl IJ;HnHHp;p, 7 - OKHO 
EprocTepa H3 CaF2 , 8 - peaKTopHaH 
30Ha, 9,12- 3epKana, 10- p;eTeK
Top na3epHoro H3ny4eHHH, II -
,n;Ha!l>parMbi. 

11MnynbCHa~ na3epHaR reHepa~~~ AnHTenbHOCTb~ 0,05 MC H 3Hep
r~eH /1-4/ 10-4 Am HaXOAHnacb a AHana3oHe AnHH eonH 5,1-5,6 MKM. 

B / 4/ npHBOARTC~ 3KcnepHMeHTanbH~e pe3ynbTaT~ o nony4eHHH na-
3epHoH reHepa~HH e cMeCH He-Xe c noM~b~ npoAYKTOB AeneHH~ 
235 U. npHH~HnHanbHO ycTaHOBKa He OTnH4anacb OT YCTaHOBKH, OnH

CaHHOH a/3/. CMeCb He-Xe HaXOAHnacb npH AaBneHHH 200 Top. H3ny-
4eHHe perHcTpHpoaanocb yme npH KOH~eHTpa~HH Xe nop~AKa 0,5%. 
MaKCHManbHa~ M~HOCTb na3epHOrO HMnynbCa Ha6n~AanaCb npH KOH
~eHTpa~HH Xe- 5%. Ha pHc.2 npHBeAeH apeMeHHOH CABHr na3epHoro 
H3ny4eHH~ OTHOCHTenbHO HeHTPOHHoro HMnynbca. KaK BHAHO H3 pH
CYHKa, ~3ny4eHHe 3ana3A~BaeT Ha 50 MKC no OTHOWeHH~ K MaKCH
ManbHOMY nOTOKY HeHTpOHOB, 4TO CB~3aHO C epeMeHeM TepManH3a~HH 
6~CTP~X HeHTpOHOB. Jla3epHa~ reHepa~H~ npH nnOTHOCTH nOTOKa 
$parMeHTOB AeneHHR- 5 10 13cM-2. c-1 HaXOAHnacb e AHana30He AnHH 
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p PHc.2. BpeMeHHOH CABHr HM
nynbca na3epHoro H3ny~eHHH 
OTHOCHTenbHO HeHTPOHHOrO HM
nynbCa. 

sonH nopHAKa 3,5 MKM. An~Ha 

na3epHoro ~Mnynbca M~HOCTb~ 
10 BT cocTasnHna 150 MKC. As
Top~/4/ yKa3~Ba~T Ha B03MOm
HOCTb nony4eH~H Henpep~BHO~ 

~--~--~~--~--~--~~~----~- reHepa~~~. 
6G0 t (MKC) ~HTepecHaH KOHC TPYK~~H AnH 0 200 

noB~WeH~H OTAa4~ 3Hepr~~ He~T

pOHOB Ha B036ymAeH~e aKT~BHo~ cpeA~ Xe-Arl10% Xe I na3epa on~
caHa s/ 5/.AKT~BHaH cpeAa na3epa 3anonHHna weCTb KepaM~4eCK~x 
Tpy60K IAn~Ha KamAO~- 40 CMI~ BH~TfeHHHH nosepXHOCTb KOTOP~X 
6~na noKp~Ta OK~Cbi0-3aK~Cb~ 2 Sue 3 UaOs). nHTb 3epKan, pacno
nmKeHH~X Ha TOp~aX KepaM~4eCK~X Tpy6oK, tlJOpM~poBan~ XOA na3ep
HOrO ~3ny4eH~H Ha An11He BOnH~ 2,6 MKM ((5d(3/2)- 6p (1/2)]Q 
~ [5d(5/2)2 -6p(5/2)2 ] B Xe). TaK~M o6pa30M, An~Ha aKT~s~o~ cpeA~ 
COCTaBnHna 244 CM np~ Ce4eH~~ 2,54 CM, Ben~4~Ha B~XOAHO~ M~Ho
CT~ naaepHOrO ~3ny4eH~H np~ nnOTHOCT~ nOTOKa He~TpOHOB 

3,5·10 16 H·CM-2·c-1 -50 BT. 
~1cnonb3YH na3epHy~ Tpy6Ky An~HO~ 57 CM ~ IJ2, 7 CM C BHyTpeH-

a..u:.t'A nf\_ntAttn~~~~~ ~~~~'.:~~-~~~~~-=~:: 235 TT /;~ .. ';~~~::.:: ~ :!:- -:,;';"",', .:,:::-;-~-
p~/6/ pe~~cTp~posan~ reHepa~~~ na3epHoro ~3ny4eH~H B CMecHx: 
He-Ar ~ Kr-Xe c An~Ho~ sonH~ 0,8-1,2 MKM; He-Ar , He-Kr , Ar-Kr, 
He-Xe, Ar-Xe ~ Kr-Xe C An~HO~ BOJlH~ 2-10 MKM. np~ o6ny4eH~~ 
noToKOM Tennos~x He~TpoHos,p- 1Ql5H·cM-2 ·c-1 , CMec~ He -0,8%Xe 
6~na nony4eHa reHepa~~H na3epHoro ~3ny4eH~H I A = 2, 63 MKMI 
c 3Hepr~e~ 2 Am~ An~TenbHOCTb~ ~Mnynbca 0,8 MC. 

npHMaH HAepHaH HaKa4Ka Ne-N2 . na3epa on~caHa s/7 /. B 3TOM 
3Kcnep~MeHTe ~HBepc~OHHaH 3aceneHHOCTb MOneKYJlHpH~X ypOBHeH 

~ ~ 1o8 a30Ta AOCT~ranaCb 3a C4eT HAePHO~ peaK~~~ He~TpOHOB C . 
CMecb Ne-N2 HaXOA~nacb B an~M~H~esoM ~~n~HAPe An~HOH 68 eM 

lOB ~ IJ2Q5 CM, Ha BHyTpeHH~IO nosepXHOCTb KOTOpOro 6~n Han~neH . 
3aAHee 3epKano onT~4eCKoro pe3oHaTopa c paA~YCOM KP~B~3H~ 
2QQ CM ~MenD OTpama~yiO cnoCOOHOCTb 99,9%, a B~XOAHOe 3epKano -
99,5% C paA~YCOM Kp~B~3H~ 100 CM. An~Ha pe30HaTopa COCTaBnHn~ 
87 CM,~ era 3epKana 6~n~ BKneeH~ B KBap~eByiO Tpy6y, B KOTOPO~ 
pa3M~ancH aniOM~H~eB~~ ~~n~HAP· na3ep pa6oTan C~HXpOHHO C ~M
nyn~H~M peaKTOpOM Ha 6~CTp~X He~TpOHaX ~~HTeHC~BHOCTb 
-1Ql6H"CM-2·c-l, An~TenbHOCTb ~Mnynbca 12 MKcl. AasneH~e ra3a 
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B Tpy6e Bapb~posanocb OT 75 AO 375 Top. na3epHoe ~3ny4eH~e 
IMaKc~ManbHaH M~HOCTb 1 ,5 MBTI per~cTp~posanocb B A~ana30He 
8,63-9,40 MKM np~ AaBneH~~ pa6o4e~ cMec~ 150 Top, nap~~anbHoe 
AasneH~e N2 cocTaBnHno 20 MTop. 

3 B. He 

K Ha~6onee ~HTepecH~M non~TKaM npHMo~ HAepHo~ HaKa4K~ cne
AYeT oTHecT~ 3Kcnep~MeHT~ c 3He. Bee nepe4~cneHH~e s~we cnoco-
6~ HAepHOH HaKa4K~ o6naAaiOT OAH~M cy~eCTBeHH~M HeAOCTaTKOM, 
a ~MeHHO: HaKnaA~BaiOT orpaH~4eH~H Ha pa3Mep~ ~cnonb3YeMoro na-
3epHoro 06DeMa. noA06H~H HeAOCTaTOK OTCYTCTByeT np~ pa6oTe 
C ra30BO~ CMeCbiO, OAHOH ~3 KOMnoHeHT KOTOPOH HBnHIOTCH ra3~ 3 He, 
UF6 , BF3 • 3... 

B /B/ per~cTp~posanocb na3epHoe ~3ny4eH~e ra30so~ cMec~ H~-~He, 
o6ny4aeMO~ nOTOKOM He~TpOHOB - 5•J 016 H• CM - 2• C -l OT ~MnynbCHOrO 
~cT04H~Ka. 6onbwoe ce4eH~e peaK~~~ l1al o6ecne4~BaeT B~COK~H 
YAenbH~~ 3HeproBKnaA. TopMomeH~e npOAYKTOB peaK~~~ B ra3e np~
BOA~T npe~My~eCTBeHHO K o6pa30BaH~IO HeB036ymAeHH~X ~OHOB. np~ 

nepe3aPHAKe ~OHOB He+(ls) Ha aToMax Hg ceneKT~BHO Bo36ymAaeTcH 
+ H '3 H ypoBeHb nepexoAa 7p-7s ~OHa Hg . ra30BaH CMeCb g- e np~ AaB-

neH~~ 350 Top 3anonHHna o6DeM na3epHo~ Tpy6K~, ~3roToeneHHO~ 
~3 MeTann~4eCKOro ~~n~HApa An~HO~ 600 MM ~ tJ4Q MM. AnH AOCT~
meH~H Heo6XOA~Moro AaBneH~H HaC~~eHH~X napoB PTYT~ Tpy6Ka nOAO
rpesanaCb AO 450 K.Pe3oHaTop na3epa o6pa30B~Ban~ 3epKana co 
cneAYIO~~M~ K03tl>tl>~~~eHTaM~ oTpameH~H: B~XOAHoe - c R = 98% AnH 
A= 0,6328 MKM IKp~B~3Ha r = 3 Ml, 3aAHee lnnocKoel C 30nOT~M 
Han~neH~eM Ha C~TanOBOH noAnOX<Ke - C R = 100%. ~IMnynbCHaH na-
3epHaH reHepa~~H An~TenbHOCTbiO 1 MKC ~ M~HOCTbiO 10 MBT per~CT
p~posanacb ¢3Y Ha An~He BOnH~ A = 0,615 MKM. 

npHMaH HAepHaH HaKa4Ka na3epa, pa6oTa~~ero Ha cMec~ ra3oB 
3

He-Ne-02 , ocy~ecTBnHnacb B 3Kcnep~MeHTel9/. CMeCb o6ny~anacb 
ny4KOM HeHTpOHOB ~3 ~MnynbCHOrO peaKTQPa Ha 6~CTP~X He~TpOHaX 
c n~Koso~ M~HOCTbiO 2,5·10 15 H·CM-2 ·c-1 lp~c.31. Pe3oHaTop o6-
Pa30B~Ban~ 3epKana lnepeAHee 3epKano c oTpama~~eH cnoco6HoCTbiO 
R = 99%, 3aAHee- 99,5%1. CMecb 3He-Ne-02 np~ AaBneH~~ 600 Top 
3anonHHna CTeKnRHHYIO n~peKCOBY~ Tpy6y Afi~HOH 80 CM ~ IJ1 ,3 CM. 
MaKC~ManbHaR M~HOCTb reHepa~~~ Ha An~He BOnH~ 8,446 MKM Ha6n~
Aanacb np~ KOH~eHTpa~~~ K~CnOPOAa ~ HeoHa COOTBeTCTBeHHO 0,048%. 
~ 1 5% OnT~4ecKoe yc~neH~e -0,9% ocTasanocb nocToHHH~M np~ ~3-
MeH;H~~ nnOTHOCT~ HeHTPOHHOrO noTOKa C 1 0 l3 AO 2, 5 •1015 H •CM-~C-l. 
B/9/ He np~BOARTCH AaHH~e 0 M~HOCT~ ~ An~TenbHOCT~ nony4eHHoro 
na3epHoro ~3ny4eH~R. 

Bo36ymAeH~e 3He-Ar na3epa npOAYKTaM~ RAePHOH peaK~~~ l1al 
OCy~eCTBnHnOCb s/lO~JKcnep~MeHTanbHaH MeTOA~Ka H~4eM He OTn~4a
naCb oT npeA~Y~eH/9/. B onT~4ecKOM pe3oHaTope, o6pa30BaHHOM 
3epKanaM~ lnepeAHee- c R = 99% AnR A= 1,7 MKM ~ KP~B~3H~ r = 
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PHc.3. I - peaKTOpHaH soHa, 2 - Ka
Han peaKTopa, 3 - sepKana nasepHoro 
pe30HaTopa, 4 - BeHTHJlHTOpbi, 5 -
nasepHaH Tpy6a, 6 - AeTeKTop Terr
noBbiX HeHTPOHOB, 7 - KaHan BbiBOAa 
nasepHoro H3Jly~eHHH, 8 - OTKJlOHHID
~ee sepKano, 9 - PaAHa~HOHHaH sa~Ta, 

10- nHHsa, II - $HnbTp, 12- $oTo
YMHOJKHTenb. 

= 200 eM, 3aAHee - c R = 99,5%/, 
paaMe~anacb naaepHaR Tpy6a AnHHO~ 
81 eM H ~21 eM. Pa6o4ee AaBneHHe 
cMecH eapbHpoeanocb e npeAenax OT 
200 AO 700 Top, KOHUeHTPaUHR aproHa 
COCTaBnRna 10%. naaepHoe H3ny4eHHe 

HeMTPOHbl M~HOCTb~ 50 MBT H AnHTenbHOCTb~ 
-300 MKC Ha6n~AanOCb Ha AnHHe BOnH~ 1,79 MKM npH nnOTHOCTH He~T
poHHOrO noToKa 1 ,4·10 16 H·CM-2 ·c-1 H AaeneHHH cMecH 400 Top. 
Hany4eHHe perHcTpHpoeanocb npH 300 K In(As)-AeTeKTopoM. 

na aepHaR reHepa UHR Ha Xe ( 5d [ 5/2] g- 6p [ 5/2] 2 ) c AnHijO~ eonHu 
H3ny4eHHR 2,63 MKM 6~na nony4eHa npH o6ny4eHHH CMeCH He-5%Xe 
nOTOKOM He~TpOHOB /nopor perHCTpaUHH B TaKO~ CMeCH cy~eCTBeHHO 
HH>Ke, 4eM e cMecH 3 He-Ar1 10/ I Ill/. PaaMep~ naaepHo~ Tpy6KH co-

. - -CTaBnRnH ::lUX~£,:> CM ... IIpH ee OOny4eHHH nOTOKOM HelitTpOHOB C nnoT-
HOCTb~ - 6· 1 Q 16 H • CM- 2 • c-1 perHCTPHPOBanOCb naaepHOe H3ny4eHHe 
M~HOCTb~ 200 BT. 

npHMepHo TaKaR >Ke M~HOCTb 6~na nony4eHa1 12/ e naaepe Ha cMe
CH 3He-CO c Ao6aeneHHeM aaoTa ( 5% CO, 5%N2 ). HHTepec npeAcTaenReT 
CAenaHH~~ aBTOpaMH pa6oT~/ 13/ B~BOA 0 HeB03MOlKHOCTH nony4eHHR 
naaepHO~ reHepaUHH B CMeCH 3He-C0 -N o6ny4aeMO~ nOTOKOM He~T-

2 2' POHOB C nnOl'HOCTb~ -1 Q17 H • CM-2. C"l. 

AaTopaM/ 14/ /eM. TaK>Ke AHCKyccH~ o MeTOAe H3MepeHHR naaepHo~ 
reHepauHH ei1S,16/ I enepe~e YAanocb aaperHcTpHpoeaTb naaepHoe 
H3ny4eHHe e cMeCH 3He-Ne I A = 0, 628 MKM/ npH ee o6ny4eHHH noTo
KOM He~TpOHOB OT CTaUHOHapHoro peaKTOpa. noporoeoe 3Ha4eHHe 
nnOTHOCTH He~TpOHHOrO nOTOKa, npH KOTOPOM 6~na nony4eHa naaep
HaR reHepaUHR, COCTaBnRno eenH4HHY 2•JQ11 H•CM-2·c-1. 

KaK 6~no noKaaaHo e/17·18/, nepcneKTHBHO~ RBnReTCR cMecb 
3He-Cd, o6ny4aeMafl noTOKOM He~TpOHOB, H3-3a 3~eKTHBHOrO B036y>K
AeHHR BWCOKOne>Ka~HX YPOBHe~ HOHa Cdll. npH nnOTHOCTH He~TpOH
HOro noToKa 3-5· .1 014 H • CM-2 • c-1 nony4eHa naaepHaR reHepaUHR 
npH AnHHaX BOnH 0,533 H 0,537 MKM H CpaBHHTenbHO B~COKHX AaBne
HHRX/19/.Anfl C03AaHHR AaBneHHR napoe Cd naaepHaR Tpy6Ka Harpe
eanacb AO 600 K.An~-tTenbHOCTb naaepHoro HMnynbca cocTaenRna 
160 MKC. H30TOn ll6Cd BBOAHnCR B naaepHy~ Tpy6Ky C pa3MepaMH 
8Qx~3,4 cM2 B BHAe MeTannH4eCKHX wapHKOB.nopor reHepaUHH Ha6n~-

6 

9 PHc. 4. I - In (As) -Ae
TeKTop, 2 - $HJlbTp, 8 
3 - BbiXOAHOe sepKanO, 
4 - OKHO BprocTepa, 5 -
peaKTOp Ha 6bJCTpbiX 
HeilTpoHax, 6 - sono
Toe HnH aniDMHHHeBoe 
rrnocKoe sepKano, 7 - 2 
oTp~aw~ee sepKano, 
8 -He-Ne nasep MH 
IDCTHPOBKH CHCTeMbJ, 9 
3aMeMHTenb 6biCTpbiX 
HeHTPOHOB. 
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3 

AancR npH nnoTHOCTH noToKa -3· 1014 H·CM-2·c-1. Mo~HOCTb e 0-1 BT 
6~na 3aperHCTpHpOBaHa npH nnOTHOCT~ nOTOKa 5•10 14 H·CM-2·c-l. 

naaepHaR reHepauHR Ha cMeCH 3He-Ar I A= 1, 79 MKM/ 6blna nony-
4eHa e/20fc uenb~ peanHaauHH MaKCHManbHoro KnA He~rpoHHoro no
TOKa e/20/6~na npHMeHeHa cneuHanbHaR KOHCTPYKUHR naaepHO~ Tpy6-
KH /3$$eKTHBHaR AnHHa KOTOpO~ COCTaBnRna 175 CM/, o6ecne4HBa~-
~aR MHoroKpaTHoe npoxo>KAeHHe HMnynbca naaepHoro Hany4eHHR /pHc.4/. 
nocne ceMHKpaTHoro npoxo>KACHHR naaepHoro Hany4eHHR 4epea aKTHB
HY~ CMeCb naaepH~~ HMnynbC AnHTenbHOCTb~ 120 MKC H M~HOCTb~ 
1 KBT perHcTpHpoeancR In(As) -AeTeKTopoM. YKaaa~HaR M~HOC!b 6~
na nony4eHa npH nOTOKC HCHTPOHOB nnOTHOCTb~ lQ'uH·CM-~·C- 1 H 
AaeneHHH cMecH 2300 Top (Ar-0,74% ). 

AocTHrHyTaR ce~4ac M~HOCTb RBnReTCR peKOPAHO~ AnA naaepoe, 
eoa6y>KAaeM~x 3HeprHe~ npOAYKTOB RACPH~x peaKUH~. TaKo~ >Ke npHH
UHn nonHOUeHHOro HCnOnb30BaHHR HC~TpOHHOrO nOTOKa, HO B naaep
HO~ CI4CTeMe 11 reHeparop + ycHnHTenb 11

, onHcbleaeTCR e 121 I. B Ka4ecT
ee pa6o4e~ cpeA~ e He~ npHMeHRnacb cMecb 3He-5%XenpH AaaneHHH -
600 Top. npH nnoTHOCTH noToKa Tennoe~x He~TPOHOB 6·10 16 H•CM-tc-1 

BenH4HHa K03~HUHeHTa YCHneHHR AaHHO~ CMeCH AOXOAHna AO Tpex. 
B CMeCH 3He-5% CO B TOM >Ke noTOKe K03<!><!>HUHCHT YCHneHHR AOXOAHn 
AO 5. 

4. nPHHEHEHHE 3HEPrHH HAEPH~X PEAKUHO 
AnH nPEAHOHH3AUHH 3KCH~1EPHbiX nA3EPos* 

3KCHMepH~e naaepbl o6naAa~T PRAOM napaMeTpoB,KOTOpwe BbiAenR~T 
HX cpeAH ocTallbHbiX naaepoe BHAHMoro H ynbTpa<t>HoneToeoro AHana-

*3KcHMepHble naaep~ - 3To naaep~, Hcnonb3Y~~He 3HepreTH4eCKHe 
nepeXOA~ Me>KAY ABYMR TepMaMH MOneKyn, HHlKHH~ H3 KOTOp~X RBnReTCR 
oTTanKHBaTenbH~M, a eepxHH~ TepM naaepHoro nepexoAa HMeeT noTeH
UHanbH~~ MHHHMyM. HoneKyn~, cy~eCTBY~~He TOnbKO B B036y>KAeHHOM 
COCTORHHH, Ha3~Ba~TCR 3KCHMepH~MH, OTKYAa npOHCXOAHT H Ha3BaHHe 
AaHHoro Knacca naaepoe. 
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30Ha: 6onbwoe KnA- nopRAKa 10%, w~poKaR n~H~R yc~neH~R, 6onb
waR B~XOAHaR 3Hepr~R. nocneAH~e ABa napaMeTpa o6ycnasn~sa~T 
Tpe6oBaH~e K 60nbWOMy 3Ha4eH~~ nnOTHOCT~ 3Hepr~~ HaKa4K~ AflR 
C03AaH~R nnoTHOCT~ B036ymAeHH~X MOneKyn nOpRAKa 1014_ 10I5cM3. 
TaKaR s~coKaR 3Hepr~R HaKa4K~ o6ecne4~saeTcR: 

a/ M~H~M ~MnynbCOM 3fleKTP~4eCKoro pa3PRAa, 
6/ ~HTeHC~BH~M ny4KOM 6~CTp~X 3neKTpOHOB. 
Ao c~x nop He nposoA~n~cb ~ccneAoBaH~R npRMoro soa6ymAeH~R 

aKT~BHOH cpeA~ 3KC~MepHoro na3epa RAepH~M ~any4eH~eM. B HacTOR
~ee BpeMR o6CYmAaeTCR B03MOmHOCTb np~MeHeH~R HeHTpOHHOro nOTOKa 
~MnynbcHoro ~nH cTa4~0HapHoro RAepHoro peaKTopa AnR npeAsap~
TenbHOH ~OH~aa4~~ pa6o4ero o6oeMa 3KC~MepHoro naaepa/22/. AsTo
paM~ AaHHOH pa60T~ npoBeAeHa A~arHOCT~Ka nnaaM~, C03AaHHOH B no
ne ~any4eH~R c/a4~0HapHoro RAepHoro peaKTopa s naaepH~x cMecRx 3
He-Xe-NF3 ~ He-Xe-CCl4. 3Kcnep~MeHT~ nposoA~n~cb s noToKe 
Tennos~x HeHTpoHos c 10

10
- 10 14 H·CM- 2• c-1 • B peaynbTaTe 3T~x 

~ccneAOBaH~H s/22/ np~wn~ K B~BOAY, 4TO npH nnoTHOCT~ nOTOKa 
HeHTPOHOB~6onbWe 10I2H•CM-2.c-l BeflH4HHa nnoTHOCT~ ~OHOB npe
B~waeT 10

10
cM-3, a nnoTHOCTb 3neKTpoHos- 108 cM-3. TaKHe nnoT

HOCT~ noasonHnH 6~ C03AaTb 3KCHMepH~e naaep~ c pa6o4~M o6oeMOM 
B AeCRTKH fl~TPOB H 6onbWOH 4aCTOTOH cpa6aT~BaH~R. 

5. 3AKJ1104EHHE 

~ocKonbKy Hac ~HTepecosana npaKTH4ecKaR peanH3a4~R B03Mom
HOCTH HCnOflb30BaHHR 3Hepr~H npOAYKTOB RAepH~X peaK4~H AflR co-
3AaHHR HOB~x cnoco6os HaKa4KH naaepos, M~ orpaHH4~nHcb H3nome
H~eM 3Kcnep~MeHTanbH~x peaynbTaTos. Jl~6oaHaTenbHoro 4HTaTenR, 
HHTepecy~erocR TeopeTH4eCK~M~ nOHCKaMH B 3TOM HanpasneHH~, 
OTOwneM K pa6oTaM /;!3-,25/ H 063opaM/26 - 28/.3AeCb TOflbKO yKameM 
Ha npeAnaraeMy~ aBTOPOM/23/B03MOmHOCTb HCnOflb30BaH~R 3Hepr~H 
n~OAYKTOB peaK4HH pac~enneH~R ypaHa AflR A~CC04Ha4H~ MoneKyn~ 2 ~F6 c 4enb~ C03AaH~R x~M~4ecKoro naaepa, pa6oTa~~ero Ha 
cMecH 

235
UF 6 + H 2 . OH C4~TaeT nepcneKTHBH~M ~cnonbaosaH~e AaH

Horo cnoco6a AflR C03AaH~R naaepHoro ycHnHTenR H3ny4eHHR naaepa
reHepaTopa, soa6ymAaeMoro o6~4H~M cnoco6oM. HanpHMep, ecnH ny-
40K B~XOAHOro ~any4eH~R reHepaTopa c 61 eM nocne pacw~peH~R AO 
~100 CM noAaTb s npeAnaraeM~H yc~n~Tenb, ~Me~HH TaKoH me AHa
MeTp H HeCKOflbKO MeTpos AflHH~, TO 3!)l4leKT YCHneH~R paBHRflCR 6~ 
HCnOflb30BaHH~ o6~4HOro YCHflHTenR AflHHOH B HeCKOflbKO K~nOMeTpOB, 

0 AOCT~rHyT~X Ha cerOAHRWHHH AeHb 3KCnepHMeHTanbH~X peaynb
TaTaX MOmHO CYA~Tb no AaHH~M, npHBeAeHH~M B Ta6n.2, B KOTOpOH 
YKa3aH~ cnoco6~ B036YmAeHHR aKTHBHOH cpeA~ na3epos H HX napa
MeTp~. KaK BHAHO H3 Ta6nH4~, K HaCTOR~eMy BpeMeHH ~OPMHflHCb 
ABa cnoco6a soa6ymAeHHR cpeA~= a/ nyTeM BBeAeHHR pac~ennR~ero
CR se~ecTsa s cTeHKH na3epHoro o6oeMa 13-'7 I; 6/ Hcnonb30BaHHR 
raaoo6paaHoro pac~ennR~erocR s~ecTsa s Ka4ecTse AOMHHHpy~eH 
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T 

Ta6nm.~;a 2 

llapaMeTpbl na3epOB, B KOTOpbiX HHBepCHOHHaH 3aCeneHHOCTb 
Bo36yJK,IJ;eHHblX ypoBHeH o6ecnetiHBaeTCH 3HeprHeH llpOAYKTOB 
HAePHbiX peaKQHH 

Cnoco6 B036yx~eHHH, 
ITnOTHOCTb HefiTpo
HOB - P 

CocTaB, o6'beM ArrHHa BonHbi /MKM/ 
(ci-13)H AaBneHHe reHepaQHH ,AJIH
aKTHBHoii cpeAbl TeJlbHOCTb /MKC/, 

/HeHTp. CM-2 c-1 /, 
BHA peaKTOpa 

3HeprHH HMnynbca CcbmKa 
E/[l;>K/' MO~HOCTb 

n + 235u 

-1017 

HMllYJlbCHbiH 

n + 235u 

-5 ·10 15 

-3 5· 10 16 
' 

HMllYJlbCHbiH 

n + ~235u 
_ 101s _ 10 16 

HMnynbCHbiH 

HMllY.!lbCHbiH 

2 

co 
20x~J CM 

100 Top1 77 K 

He+Xe 

30x~ I, 9 eM 

200 Top 

ar .,. 1 u,;, 11.e 

240x~2,54 

700 Top 

He +(Ar,Kr,Ar+Kr, 
Ar+Xe,Kr+Xe) 

57x62,7 

3000 Top 

Ne-Nz 

68x~2,5 CM 

75+375 Top 

Hg-3He 

60x~4 CM 

350 Top 

P/BT/ 

3 

5,1+5,6 

50 

p 

3,508 

150 

E I, 5 ·10-6 

L,o 

p 50 

CM,TeKCT 

8,629;9,393 

-3 p = 1,5·10 

0,615 

I 

E w-8 

4 

/3/ 

/4/ 

/5/ 

/6/ 

/7/ 

/8/ 
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2 

n + 3He 3He-Ne-o2 
-2,5.10 15 80x¢1 ,3 CM 

HMllyJibCHhlfl 600 Top 

n + 3He 3He+Ar 

-1,4.10 16 81x¢2 CM 

HMllYJibCHbiH 200-700 Top 

n + 3H~ 3He+5%Xe 

- 6. 10 16 90x¢2,5 

HMllYJibCHbllf 2300 Top 

n + 3He 3ne+5%C0+5%N2 

-3.1016 60x¢2 ,5 

HMllYJibCHbllf 1350 Top, 150 K 

n + 3He 3He+Ne .. 1. 

- IU·- IU". 

C TaW{OHapHbiH 300 Top 

n + 3He napbl Cd 

-5.to
14 

80x¢3,4 

HMllYJibCHbiH 400 Top, 600 K 

n + 3He 3He+Ar 

-4,3.10 16 

HMllYJibCHbiH 2300 Top 

3 

8,446 

I, 79 

300 

P 5o.Jo-3 

2,63 

p 200 

5 

100 

p = 200 

0,628 

0,533, 0,537 

160 

p 0, I 

I, 79 

120 

p = 103 

4 

/9/ 

/10/ 

/II/ 

/12/ 

/14/ 

/19/ 

/20/ 

KOMnOHeHT~ aKTHBHOH cpeA~/8 - 20/.npH HCnOnb30BaHHH nocneAHero 
cnoco6a TaKOH KOMnoHeHTOH eo ecex 3KcnepHMeHTax RBnRncR raa 3He 
a co4eTaHHH co cneAYIOIJ4HMH raaaMH · A x co 
Kr ' napaMH Cd. . r ' e' ' Hg ,gNe-02' 

6
4To KacaeTCR napaMeTpoe paapa6oTaHH~x naaepoe, To 3AeCb cpaay 

*e poca~TCR a rnaaa ABe oco6eH~o~TH: 
a/ aa HCKn~4eHHeM naaepoe/8,13, 19/ see OHH reHePHPY~T Hany-

4eHHe B AHana30He HH~paKpacH~X BOnH 2,63-10 MKM; B03MO*HOCTb 

10 

C03AaHHR na3epoB C reHepa~HeH H3ny4eHHR B KOpOTKOBOnHOBOM AHana-
30He 3IleKTpoMarHHTHbiX BOilH 0,126-0,252 MKM o6cy*AaeTCR B pa6o
Te/25/; 

6/ 3a cpaBHHTeilbHO KOpOTKHH cpoK BXOAHaR MO~HCCTb Ila3epHoro 
H3Ily4eHHR noAHRilaCb c 10-2 BT /1970 r.//8/ AO 103 BT /1981 r./1

20
( 

HeCMOTpR Ha nporpeCC B 3TOM HanpaBileHHH AOCTHrHyT~e MO~HOCTH 
RBHO HeYAOBileTBOpHTeilbH~. 3TO MO*HO 06bRCHHTb TeM $aKTOM, 4TO 
B npoBeAeHHbiX AO CHX nop 3KCnepHMeHTaX HCnOilb30BanHCb TpaAH~HOH
H~e Ila3epH~e CMeCH H He BeilCR nOHCK npHH~HnHanbHO HOB~X na3epH~X 
cMeceH, cne~HanbHO npHcnoco6neHH~X a TaKOMY cnoco6y HaKa4KH. 
HaAO OTMeTHTb, 4TO nna3Ma, C03AaHHaR B~COK03HepreTH4H~MH 3apR
meHH~MH 4aCTH~aMH npH HX TOpMomeHHH, KaK 3KCnepHMeHTailbHO, TaK 
H TeopeTH4eCKH nnoxo H3y4eHa. Ha TO, 4TO TPaAH~HOHH~e na3epH~e 
CMeCH He ecerAa OnTHMailbH~ 1 yKa3~BaeT H HeyAa4a aBTOpOB pa6o
Tb/13/, n~TaBWHXCR nony4HTb reHepa~HIO Ha cMecH He+ COT"~,o6ny4ae
MOH nOTOKOM TenilOBbiX HeHTpOHOB C nilOTHOC T biO 1 017 H • CM-2. c-1. 

C APYrOH CTOPOH~, ace 3KCnepHMeHT~ npoBOAHnHCb Ha cy~eCTBy~
~HX peaKTOpax, napaMeTp~ KOTOp~X He ecerAa nOI1HOCTbiO YAOBileTeo-

PRilH ~eilRM 3KcnepHMeHTOB. 
Ha OCHOBaHHH ecero 3TOrO HaM KameTCR, 4TO 6YAY~ee na3epoB 

C HCnOI1b30BaHHeM 3HeprHH npOAYKTOB RAepH~X peaK~HH AilH HaKa4KH 

H npeAHOHH3a~HH CBR3aHo: 
- eo-nepB~X, C HCnOI1b30BaHHeM HOB~X HeTpaAH~HOHH~X na3epH~X 

cpeA, 4bR cnoco6HOCTb K 11yceoeHHI011 3HeprHH RAepH~X peaK~HH 6b1Ila 
6~ ropa3AO B~We, 4eM B HCCileAOBaHH~X AO CHX nop; 

- eo- BTOPbiX' C03AaHHt!M L.nt::t-111dJibMU j.ld.3j.ldCv I dnnDIA 1-''-"'". VfJVU 

C B~COKOH ni10THOCTbiO HeHTPOHHOrO nOTOKa, 60I1bWeH 4aCTOTOH cpa-
6aT~BaHHR H MeHbWeH AI1HTei1bHOCTbiO HMnYilbCa. 

6 3TOM CM~cne yHHKailbH~M RBnReTCR peaKTOp Ha 6~cTp~X HeATpo
HaX H6P-2 B na6opaTOPHH HeHTPOHHOH ~H3HKH OH~H. ·y KOTOporo-nnoT
HOCTb noTOKa Teni10B~X HeHTpOHOB B HMnynbce 3·10

16
H•CM-

2
.c-

1 

H npH AilHTeilbHOCTH HMnYilbCa 100 MKC 4aCTOTa cpa6aT~BaHHR co-
CTaBI1ReT 5 f~/29/. 

AeTop~ B~pamaiOT 6naroAapHOCTb aa CTHMYilHPYIO~HH HHTepec K pa-
6oTe B.H.ny~HKOBY H nnoAOTeopH~e o6cy*AeHHR B.H.XpHcToey H 

10 .A .JUep6aKOBY. 
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PyKonHcb nocTynHna 8 H3AaTenbCKH~ OTAen 
8 AeKa6pR 1983 roAa. 

HBaHOB H.U., COMOB fl.H. 18-83-822 
npHMeHeHHe 3HeprHH RAepHWX peaK~HH 
AnR npeAHOHH3a~HH H HaKa4KH aKTHBHOH cpeAW na3epoB 

PaccMaTpHBaeTcR B03MO*HOCTb Hcnonb30BaHHR noTOKa TennoBwx HeHTPOHOB 
CTa~HOHapHOrO HnH HMnynbCHOrO RAepHoro peaKTOpa AnR npeAHOHH3a~HH HnH 
npRMOH HaKa4KH aKTHBHOH cpeAW na3epa. ~OCTHrHyTWe 3KCnepHMeHTanb-
HWe pe3ynbTaTW CHCTeMaTH3HPOBaHW B Ta6nH~e, rAe yKa3aHW cnoco6w B036Y*AeHHR 
aKTHBHOH cpeAW, nnoTHOCTb nOTOKa HeHTPOHOB, pa604He o6oeMW na3epoB, napa
MeTpW na3epHoro H3ny4eHHR IAnHHa BonHw, AnHHa HMnynbca, M~HOCTb/. 0TMe4a
eTCR, 4TO nony4eHHWe M~HOCTH RBHO HeYAOBneTBOpHTenbHW /103 BT/. 3To 
o6oRCHReTcR TeM, 4TO AO CHX nop B 3KcnepHMeHTax Hcnonb30BanHCb TPaAH~HoH

Hwe na3epHWe CMeCH H He BenCR nOHCK npHH~HnHanbHO HOBWX, cne~HanbHO npHcno
co6neHHWX K TaKOMY cnoco6y HaKa4KH. 

Pa6oTa BwnonHeHa B fla6opaTopHH RAePHWX npo6neM OHRH. 

Ivanov I .Ts., Somov L.N. 18-83-822 
Application of Nuclear Reaction Energy 
to Preionization and Pumping of Laser Active Medium 

The posslbil lty of using the neutron beam flux from stationary of 
pulsed nuclear reactor for preionization or direct nuclear pumping of 
laser active medium is considered. The up-to-date experimental results 
are summarized in a table where active medium excitation methods, neutron 
flux density, laser operation volumes, laser radiation parameters (wave 
length, pulse duration, and output power) are given. It is underlined 
that the achieved powers are rather unsatisfactory (-103 W). Obviously 
it is due to the fact that the traditional laser media are used in the 
experiments as yet, and no new special media for this pumping method were 
searched for. 

The investigation has been performed at the Laboratory of Nuclear 
Problems, JINR. 
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