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BBE,QEHHE 

C03AaHHe HHTeHCHBH~X ynpaBnHeM~X H TpaHcnopTa6enbH~X HCT04-
HHKOB HeHTpOHOB, HeCMOTPH Ha 3Ha4HTenbHOe KOnH4eCTBO HMe~HXCH 
pa3pa60TOK, HBnHeTCH, C T04KH apeHHH KOHKpeTHOrO HCnOnb30BaHHH 
HeHTpOHH~x noToKoe, eecbMa aKTyanbHOH aaAa4eH HaH6onee HHTeH
CHBH~e TpaHCnOpTa6enbH~e HCT04HHKH C ynpaenHeM~M B~XOAOM HeAT
poHOB B~nonHH~TCH, KaK npaeHno, B BHAe Manora6apHTH~X YCKOPHTe
neH C nnaaMeHHbiMH HCT04HHKaMH HOHOB H30TOnOB BOAOPDAa/ 1/, PeanH-
3a~HH 3$$eKTHBH~X napaMeTpOB TaKoro reHepaTOpa B 3Ha4HTenbHOH 
CTeneHH onpeAenHeTCH B03MO~HOCTHMH HCT04HHKa HOHOB. 

HccneAoBaHHH eaaHMOAeHCTBHH MO~Horo naaepHoro H3ny4eHHH 
c ee~ecTBOM noaeonHnH paapa6oTaTb 3$$eKTHBH~e naaepHo-nnaaMeH-
H~e HCT04HHKH AnH PHAa $H3HKo-TeXHH4eCKHX ycTpoAcTe/V, Cne~M$M-
Ka naaepHOrO 06pa30BaHMH nna3Mbl B MOHHOM MCT04HMKe COCTOMT B TOM, 
4TO K ManOMY 06oeMy Be~eCTBa /10-B +JQ-6 CM 3/ 3a KOpOTKOe epeMH 
/10-B+ 10-7 C/ nOABOAMTCH cpaBHMTenbHO 6onbWaH 3HeprMH/10- 2+1 ,ll~/, 
4TO n03BOnHeT 3$$eKTMBHO HarpeBaTb M npaKTM4eCKM nonHOCTb~ MOHM-
30BaTb Ha noee~XHOCTM MMWeHM crycTOK nna3M~ C Ha4anbHOH nnoT
HOCTb~ 10~+10 1 cM- 3,npM 6~CTpOM paaneTe 3TOH nna3M~ npOMCXOAMT 
LU.X.J.Ji:IHt::HI'It:: I'IJll'l ''3aKailKa'' I'IOHI'I3a~I'IOHHOrO COCTOHHHH ·4aCTH HOHHOrO 
KOMnoHeHTa, COAep~a~eH 10 14 +10 15 MOHOB paanM4HOH aapHAHOCTM. npH-
4eM 6onbWaH 4aCTb 11 3aKaneHH~X 11 MOHOB neTMT no HanpaeneHH~ HOpMa
nH K MHWeHH e TenecHoM yrne -0,4".3To noaeonHeT Hcnonb30BaTb Ta
KY~ naaepHy~ nna3MY B Ka4eCTBe MCT04HMKa HOHOB. B OTnM4He OT APY
rMX HCT04HHKOB MOHOB naaepH~H no3BOnHeT AOCTH4b Ha nopHAOK ny4wee 
npeo6pa30BaHMe nDABOAMMOH K HeMy 3HeprHM B 3HeprH~ MOHH3a~MOHHO
ro COCTOHHHH MOHOB M HX KHHeTH4eCKY~ 3HeprH~. 

BoaMO~HOCTb ycnewHoro McnonbaoeaHHH naaepHoro MOHHoro MCT04HM
Ka B Manora6apHTHOM reHepaTope HeHTPOHOB nOATBePAMnH HCCneAOBaHMH, 
npoeeAeHH~e Ha nepe~x MaKeTax reHepaTopa c HcnonbaoeaHHeM peaK
~MH D(d,n)He 31 31, PeaynbTaTOM 3TMX MccneAoeaHHA HBJ.1nocb nony4eHMe 
B~XOAa HeATpOHOB C 3HeprJ.1eA -2,5 M38 Ha ypOBHe 10 6 HeATp./MMn. 
H nOTOKa npM 4aCTOTe cneAOBaHHH HMnynbCOB 12,5 r~ -107 HeHTp./c. 
3KcnepMMeHT~ noKaaanM, 4TO 3$$eKTHBHoe npeo6paaoeaHMe naaepHoA 
3HeprMH AnH o6paaoeaHMH H Harpeea nnaaM~, eoaMo~HoCTb nony4eHMH 
cryCTKa C 6onbWMM KOnM4eCTBOM AeHTPOHOB, HanpaeneHHOCTb paaneTa 
crycTKa, npOCTOTa 3MMTTHpy~eA 4aCTM - Bee 3TM Ka4eCTBa MOHHOrO 
HCT04HHKa npH ycnoBMM 3$$eKTMBHOrO M3Bne4eHMH AeHTpOHOB t-13 nnaa
M~ M HX nocneAy~ero YCKOpeHMH AD 3HeprMM 150+200 K38 pacKp~ea~T 
nepcneKTMBY C03AaHHH MMnynbCHoro reHepaTopa HeATpOHOB /nrH/, npe
BOCXOAH~ero no CBOHM napaMeTpaM aHanorM4H~e coepeMeHH~e reHepaTo-
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PHc.l. CxeMa naaepHoro reHepaTopa 
HeHTpoHoa. I - ycxopHTenbHaH xaMe
pa, 2 - naaepHhlli H3ny~aTenb, 3 -
6nox nHTaHHH naaepa, 4 - ¢QKycH
pyro~ee YCTpOHCTBO, 5 - pa3pHAHHK, 
KOMMYTHPYID~H BhlCOKOBOnbTHhlli ycKo
PHID~H HMnynbC, 6 - HCTO~HHK ycKo
pHID~ero HanpH)I(8HHH, 8 - aaKYYMHhlH 
Hacoc, 9 - naaepHaH MHmeHb, 10 -
HeHTPOHoo6paayro~aH MHmeHb, II -
BbiCOKOBOnbTHhlli H30nHTOp, 12 - nynbT 
ynpaaneHHH JlfH. 

p~. Ha pHc.1 npeACTaaneHa npHH~HnHanbHaR cxeMa naaepHoro reHepa
Topa HeHTPOHOB. 0H COCTOHT H3 cneAy~~HX OCHOBH~X 3neMeHTOB: aa
KYYMHOH yCKOpHTenbHOH KaMepbl, naaepa, YCTpOHCTBa ~OKYCHPOBKH na
aepHoro H3ny4eHHR, HCT04HHKa YCKOpR~ero HanpRmeHHR, a TaKme 
yCTPOHCTBa CHHXPOHH3a~HH naaepHoro ~ yCKOPR~ero HMnynbCOB. 

B HacTOR~eH pa6oTe npHBOARTCR peaynbTaT~ npoBOAHM~x Ha 6aae 
nHP OHHH nocneAY~~eH paapa6oTKH H HccneAOBaHHR naaepHoro reHepa
Topa HeHTpoHoa c HcnonbaoaaHHeM peaK~HH T(d,n)He 4 • Oco6oe BHHMa
HHe 6b1no YAeneHo aonpocaM peanHaa~HH 3~~eKTHBHoro 4aCTOTHoro pe
mHMa H yeenH4eHHR pecypca, 4TO noTpe6oaano cy~ecTaeHHoro ycoaep
weHCTsoaaHHR HCT04HHKa ycKOpR~ero HanpRmeHHR, HCCneAOBaHHR Ten
noaoro pemHMa naaepHOH MHWeHH ~ aHOAHOH 4aCTH yCKOpR~~eH CHCTeM~ 
C paapaOOTKOH KOHCTPYK4HH aHOAa, d ldKm~ ~v~~dM~~ y~o~u~~ooa H~n 
~OKYCHPOBKH H CKaHHPOBaHHR naaepHoro H3ny4eHHR no nna3M006pa3y~
~eH MHWeHH. 

OnHCAHHE nA3EPHOfO fEHEPATOPA HE~TPOHOB 

CxeMa paapa6oTaHHOro MaKeTa 3KcnepHMeHTanbHoro nrH aHanorH4Ha 
npHBeAeHHOH Ha pHc.1. Hany4aTeneM HeHTpoHoa a reHepaTope ~aKTH-
4eCKH RBnReTCR YCKOpHTehbHaR KaMepa, CXeMaTH4eCKHH paape3 KOTOpOH 
npeACTasneH Ha PHC.2. CHCTeMa yCKOpR~~HX 3neKTPOAOB COCTOHT H3 
~HnHHAPH4eCKOrO KaTOAa 1 , BHyTpeHHRR nosepXHOCTb KOToporo npeA
CTaBnReT co6oH HeHTPOHoo6paay~y~ MHWeHb H3 TiT 1,6 ,CeT4aToro ~H
nHHAPH4eCKOro 3neKTPOAa 2 H ~HnHHAPH4eCKoro aHOAa, BHyTpH KOTopo
ro paaMe~eHa nnaaMoo6paay~~aR naaepHaR MHWeHb 4 H3 ZrD1, 4 • KaK 
noKaaanH MHOr04~cneHH~e 3KCnepHMeHTanbH~e HCcneAOBaHHR KOH~Hrypa-
4HH aHOAa, cy~eCTBeHHoe yny4WeHHe pa6oT~ YCKOpHTenbHOH CHCTeM~, 
oco6eHHO B 4aCTOTHOM pemHMe, 6~no AOCTHrHyTO aa C4eT aHOAHOH 
BCTaBKH H3 ABYX TOHKHX U-o6pa3H~X BOnb~paMOB~X 3neKTPOAOB 5. Hx 
HCnOnb30BaHHe 8 HeCKOnbKO pa3 yMeHbWHnO TOK ycKopeHH~X BTOPH4H~X 
3neKTpOHOB Ha naaepHy~ MHWeHb, 4TO paHee npHBOAHnO K ee paaorpe
BY H nocneAY~~e~ AeCop6~HH AeHTepHR npH TeMnepaType MHWeHH CB~We 
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PHc.Z. YcKopHTenbHaH KaMepa. 
I - KaToA, 2 - aHTHAHHaTpOHHaH 
ceTKa, 3 - aHOA, 4 - naaepHaH 
MHWeHb, 5 - BOnb!PpaMOBble U -
o6pa3Hhie npoaono~KH, 6 - onTH~e

CKHH BBOA, 7 - AHCK, aa~~aw
~H H30nHTOp, 8 - KaMepa, 9 -
noHca Poroacxoro, 10 - Kopnyc. 

300°C, KpoMe Toro, Ha6n~AaeMoe yMeHbWeHHe 3P03HH cnnowHOH MeTan
nH4eCKOH 4aCTH aHOAa H CeT04HOrO TOKa /B 1,5 paaa/ AaeT OCHOBa
HHe npeAnOnOmHTb, 4TO npH HCnOnb30BaHHH TaKOH KOHCTPYK4HH MOmeT 
npOHCXOAHTb 4aCTH4HaR peanH3a~HR OTpamaTenbHOrO pemHMa pa60Tbl 
/4aCTb 3neKTpOHOB npOXOAHT CKB03b aHOAHY~ BCTaBKY H neTHT K npo
THBOnonomHOH 4aCTH KaToAa/. HaKoHe4, Tennoaoe Hany4eHHe paaorpe
TOH AO 2000°C aHOAHOH BCTaBKH paarpymaeT MO~HOCTb, nOABOAHMY~ 
K cnnoWHOMY aHOAY BTOPH4H~MH 3neKTpOHaMH, 4TO o6ner4aeT pemHM 
ero pa60T~ C AeHTepHeBOH MHWeHb~. 04eHKa BbiAeneHHOH Ha aHOAe 
MO~HOCTH npH 4aCTOTe cneAOBaHHR HMnynbCOB 25 f4 Aana senH4HHY 
-50 BT, npH4eM OCHOBHaR 4aCTb 3TOH MO~HOCTH B~AenRnacb Ha BOnb
~paMOBOM 3neKTPOAe. B paapa6oTaHHOH KOHCTPYK4HH aHOAa HcnonbayeT
CR TaKme npHHYAHTenbHOe BOARHOe oxnamAeHHe, 4TO n03BOnReT HaAe
RTbCR Ha peanHaa~H~ Tpe6yeMoro Tennoaoro pemHMa H npH 4acToTax 
cneAOBaHHR ~10 2 f~. 

Mntlll-fnrTL DLin~naou~a Trt.IJ'nu tAnUna 1-.1~ uoi'ATnnunnhn~~\IV'Ituot":t UtAIIto-
---.----.-, --·n--···-··-· -··- - -- - - .--··---.---.,---,- ·--

HH, - Taro me nOPRAKa, 4TO H yKa3aHHaR B~We AnR aHOAa. 0AHaKO 
pa3BHTaR noaepXHOCTb KaTOAHOrO 3neKTPOAa /-100 CM 2/ H HenocpeA
CTBeHH~H KOHTaKT C KaMepoH npaKTH4eCKH He Tpe6oaanH ero npHHYAH
TenbHOrO oxnamAeHHR /npH 60nbweH 4aCTOTe cneAOBaHHR HMnynbCOB 
~100 f~ Ha KaTOAe TaKme noTpe6yeTCR BOARHOe oxnamAeHHe HeHTpOHo
o6pa3y~eH MHWeHH/. 

B nrH 6~n HCnonb30BaH npOM~wneHH~H 4aCTOTH~H naaep nTH-5 
c 3HeprHeH a HMnynbce E~0,05 Am H AnHTenbHOCTb~ HMnynbca 'n 
= 15 HC. ~OKyCHPOBKa H3ny4eHHR naaepa nHH30H C ~OKYCH~M paccTOR
HHeM -10 CM n03BOnRna nony4HTb nnOTHOCTb M~HOCTH Ha noBepXHOCTH 
MHWeHH q$7·10 9 BT/cM 2 • 

TaKHe napaMeTp~ B03AeHCTBHR naaepHoro H3ny4eHHR Ha MHWeHb H3 
ZrD1,4 Aa~T B03MOmHOCTb nony4HTb nnaaMeHH~H crycToK, coAepma~Hi1 
-5·10

13
Aei1TpOHOB 3a HMnynbC C AnHTenbHOCTb~ paaneTa AO KaTOAa 

-1 MKC, npHMeHeHHe me nij3epHOH MHWeHH H3 ZrD 1, 4 npeAn04THTenbHee 
no cpaaHeHH~ c MHWeHRMH H3 TiD 1, 4 H (C02) 

0 
, 4TO 3KcnepHMeHTanbHo 

o6HapymeHo no yaenH4eHH~ a~XOAa HeHTpoHoa. PoeT B~XOAa HeHTpoHoa, 
KaK CneAyeT H3 OC~HnnorpaMM HOHHOro TOKa, o6ycnoaneH MeHbWeH CKO
POCTb~ paaneTa nna3M~ H, COOTBeTCTBeHHO, 6onee OnTHManbH~MH ycno
BHRMH AnR H3Bne4eHHR AeHTPOHOB /yaenH4HBaeTCR AnHTenbHOCTb HM
nynbca TaKa/. 
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3$$eKT~BHaR pa6oTa nrH B peanbH~X ycnoB~RX Tpe6yeT YCKOpeH~R 
AeChpoHOB AO 3Hepr~~ 150+200 K3B. Paapa6oTaHHbl.:1 AnR reHepaTopa 
~CT04H~K ycKOPR~ero HanpRlKeH~R 6bln BblnOnHeH Ha 6aae ~MnynbCHO
ro Manora6ap~THOro TpaHC$OpMaTopa C aMnn~TYAOH ~MnynbCOB AO 
200 KB np~ TOKOBOH HarpyaKe AO 50 A. An~TenbHOCTb ycKOPR~ero 
~Mnynbca Ha ypOBHe 0,9 aMnn~TYA~ COCTaBnRna 750 He, a An~Tenb
HOCTb $pOHTa He npeBbiWana 250 HC. i-1CT04H~K MOlKeT pa6oTaTb B pe
lK~Me C 4aCTOT0.:1 cneAOBaH~R ~MnynbCOB ~100 r~. 

YcKopR~~H ~Mnynbc ~ ~OHHbiH naKeT, ~HlKeKT~pyeM~H a ycKOPRIO
~~H npoMelKyTOK, ~MeiOT orpaH~4eHHYIO An~TenbHOCTb ~ B nrH np~6n~-
3~TenbHO OA~HaKOBbl /-1 MKC/. B 3TOH CBR3~ BeCbMa BalKHOH RBnReTCR 

apeMeHHaR c~HxpoH~aa~~R naaepHoro ~ ycKopR~ero ~Mnynbcoa. B paa
pa6oTaHHOM nrH npeAYCMOTpeHo ~cnonb30BaH~e ABYX aap~aHTOB C~Hxpo
H~3a~~~ CO CTa6~nbHOCTbiO He XylKe 50 HC Ha OCHOBe 3neKTPOHHOH cxe
M~ C T~paTpOHaM~ ~ np~MeHeH~R naaepHoro B03AYWHOro pa3PRAH~Ka, 
KaK noKaaaHo Ha p~c. 1. 

AnR nepaoro Bap~aHTa C~HXpOH~3a~~~ XapaKTepH~ B03MOlKHOCTb pe
ryn~pOBK~ B W~POKOM A~ana30He OTHOC~TenbHOrO cneAOBaH~R CHHXpo
H~3~pyeMbiX ~MnynbCOB ~ 803MOlKHOCTb pa60Tbl B pelK~Me C 60nbWeH 4ac
TOTOH cneAoBaH~R ~Mnynbcoa. BTopoH aap~aHT o6ecne4~aaeT aaToMa
T~4eCKyiO KOMMyTa~~IO B~COKOBOnbTHOH ~en~ ~ AOCTaT04HO npOCT, HO 
n03BOnReT ocy~eCTBnRTb OTHOC~TenbH~H CAB~r C~HXPOH~3~pyeM~X ~M
nynbCOB n~Wb B He60nbWOM /-200 HC/ apeMeHHOM A~ana30He. 

CpoK cnylK6~ ~ CTa6~nbHOCTb pa6oT~ ~OHHoro ~CT04H~Ka nrH B 3Ha-
4~TenbHOH CTeneH~ onpeAenRIOTCR 3$$eKT~BHOCTbiO CKaH~poBaH~R naaep
Horo ~any4eH~R no nnaaMoo6paayiO~eH M~WeH~. Cne~~anbHO paapa6oTaH
HOe AnR reHepaTopa ycTpOHCTBO CKaH~poaaH~R ~, OAHOBpeMeHHO, $oKy
C~pOBK~ o6ecne4~BaeT AOCTaT04HO paBHOMepHoe nepeMe~eH~e T04K~ 
$OKyc~pOBK~ no M~WeH~ nno~aAbiO -1 CM 2.CxeMa YCTPOHCTBa CKaH~poaa
H~R ~ $OKYC~POBK~, B OCHOBe KOTOpOH nelK~T np~H~~n nepeMe~eH~R 

$OKYC~PYIO~eH n~H3bl B nnOCKOCT~, nepneHA~KynRpHOH OC~ naaepHoro 
ny4a, noKaaaHa Ha p~c.3. 

PHc.3. CKaHHpyro~ee H ~OKYCHpyro~ee 
YCTpOHCTBO llrH.I - nHH3a, 2-
orpaHHqHTBnb aMllnHTYAbl KOne6aHHH, 
3 - ynpyroe KpenneHHe, 4 - KOnb~o 

H3 MarHHTHOrO MaTepHana, 5 -
3neKTpOMarHHTblo 

HccneAOBaH~e OCHOBH~X xapaKTepMCTMK nrH npoBOAMnOCb nyTeM M3-
MepeHMR TOKOB B 3neKTPOAHOH C~CTeMe, ~MnynbCOB yCKOpRIO~ero HanpR
lKeH~R M per~cTpa~~~ HeHTPOHHOrO B~XOAa. TOKOB~e M3MepeHMR OCy~ecT
BnRnMCb ABYMR noRcaM~ PoroecKoro, KaK noKaaaHo Ha pMc.2. KoHTponb 
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PHc.4. 3aBHCHMOCTb HeHTPOHHoro 
awxoga oT 3HeprHH na3epHoro HM
nynbca a peJKHMe pa6oTbl c qacTo
TOH 25 r~. 1 - u = 150 KB, 2 -
-U = 120 KB' 3 - u =I 00 KB. 

PHc.6. 3aBHCHMOCTb HeHTpOHHOrO 
BbiXOga OT TOrr~Hbl HeHTpOH006pa-
3yro~eH MHmeHH. 
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PHc.5. 3aaHCHMOCTb HeilTpOHHoro 
llOTOKa OT YCKOPHID~ero HanpH~e
HHH /qacToTa cnegoaaHHH HMnynh
coa- 25 r~/. I -Err- 0,015 ~. 
2 -Err"' 0,01 ~. 
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yCKOPRIO~ero HanpRlKeHMR npOBOA~nCR eMKOCTHbiM Aen~TeneM C npeABap~
TenbHOH KanM6poaKoH npM noMo~~ wapoaoro pa3PRAH~Ka. Per~cTpa~~R 
M KOHTpOnb B~XOAa HeHTpOHOB ocy~eCTBnRnMCb TpeMR MeTOAMKaMM: ace
BOnHOBbiM ~nM 11AnMHHbiM 11 C4eT4MKOM, aKT~Ba~~eH 6biCTPbiM~ HeHTpOHaM~ 
MeAHOro o6paa~a /peaK~~R Cu63 (n,2n) Cu 62 I M aKTMBa~MeH TennOBbiMM 
HeHTpOHaMM MHAMeBOH Ta6neTK~ C nocneAYIO~~M M3MepeH~eM aKTMBHOCTM 
Ha ycTaHoBKe Manoro $oHa. 

OCHOBHWE PE3YnbTATW HCCnEAOBAHH~ H HCnWTAHHH nrH 

PeaynbTaT~ M3MepeHMA B~XOAa ~ noToKa HeHTpoHoa a aae~cMMOCT~ 
oT 3Hepr~~ naaepHoro ~Mnynbca ~ ycKopRIO~ero HanpRlKeHMR npeACTaa
neH~ Ha p~c.4 M 5. PMc.6 MnniOCTpMpyeT Bn~RHMe Ton~~H~ HeHTPOHO
o6pa3yiO~eA MMWeHM Ha BbiXOA HeHTpOHOB, 4TO n03BOnReT OnTMM~3Mpo
BaTb pa6oTy reHepaTopa no aenM4MHe ycKOPRIO~ero HanpRlKeH~R. CneAy
eT oTMeTMTb, 4TO nony4eHH~e AaHH~e xopowo cornacyiOTCR c peaynbTa
TaM~/S/ AnR TPaAM~MOHH~X reHepaTopoB HeHTPOHOB. 
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q, 1 "lr PHc.7. 3aBHCHMOCTb HeHTPOHHoro no
TaKa OT BpeMeHH pa60Tbl JirH. 10,. 

~ r+----...L_ 

Hcn~TaH~R nrH noKaaan~ pa6oTo
cnoco6HOCTb scex 3neMeHTOB reHepa
Topa a Te4eH~e 30 4 np~ 4aCTOTe 
cneAOBaH~R ~MnynbCOB 12,5 r~ ~ 

25 r~. Ha p~c.7 npeACTasneH rpa¢~K 
3aB~C~MOCT~ nOTOKa He~TpOHOB OT 

1, 10 30 {4 speMeH~ pa6oTbl reHepaTopa np~ cne-
AYIOUI~X napaMeTpax: EJI = 0,01 A>K, 

v = 125 KB, r- 12,5 r4, naaepHaR M~WeHb- ZrDl 4,He~TPOH006pa3yiO
UiaR M~WeHb -TiT16 . XapaKTepH~e aMnn~TYA~ TOKa ~OHOB ~ TOKa Ha 
CeT4aTbl~ 3fleKTPOA COCTaBnRn~ COOTBeTCTBeHHO 10 ~ 6 A. TOK Ae~T
POHOB 8 ~Mnynbce np~ 3TOM COCTaBnRn sen~4~Hy -3 A, a cpeAH~~ ~X 
TOK -150 MKA. CornacHo/ 5/,np~ 3Hepr~~ ycKopeH~R Ae~TpoHos-150 K3B, 
3TO COOTBeTCTByeT B~XOAY -10 10 He~Tp./c, 4TO nOATBeP>KAaeT AaHH~e 
~3MepeH~~ no aKT~Ba~~~ MeAHO~ ¢onbr~ fi~CTp~M~ He~TpOHaM~. 

AHan~a nony4eHH~x AaHH~x ~ peaynbTaToB ~cn~TaH~~. cpasHeH~e 
~x c aHanor~4H~M~ AaHH~M~ no TPaA~4~0HH~M reHepaTopaM noATBep>K
AaiOT OCHOBH~e npe~MYUieCTBa nrH, TaK~e,KaK: 

- BbiCOK~~ ~MnYflbCHbl~ BbiXOA He~TpOHOB, 
- B~COKOe npo~eHTHOe OTHOWeH~e ~OHOB Ae~Tep~R 8 nOflHOM TOKe 

~oHos /a nepsy10 o4epeAb, no cpasHeH~IO c reHepaTopaM~ c ~cKpOBbiM 
~OHHbiM ~CT04H~KOM/, 

- COaBH~TP.nhHO finnPP ~~~w~u n~~nrn~o IAnUUt""\r""rll IArTI'UILJIAU~ . .--- - - ~ -. - .. - . - ...... ·- ' 
- 803MO>KHOCTb pafioTbl C 4aCTOTO~ cneAOBaH~R ~MnynbCOB 6onee 

100 r~ /~CKpOBO~- 20+40 r~/. 
KpoMe Taro, aHan~a nony4eHHbiX peaynbTaTos noKaablsaeT, 4TO ~c

nonbaosaH~e 6onee 3¢¢eKT~BHoro naaepa /c 4acToTo~ f~100 r~ ~ 
3Hepr~e~ a ~Mnynbce 0,05+0,2 A>K, eM., Hanp~Mep,/6/ /, ysen~4eH~e 
ycKOPRIOUiero HanpR>KeH~R AO 200+300 KB, nP~MeHeH~e 6onee onT~Manb
HbiX no cocTasy naaepHo~ /Hanp~Mep, 3p6~eso~/ ~ He~TpoHoo6paayiO
Uie~ M~weHe~ c paapa6oTaHHO~ ycKOPRIOUie~ c~cTeMo~ /p~c.2/ noaso
n~T pean~aosaTb He~TPOHHbl~ BbiXOA snnoTb AD 10 11 He~Tp./c 6ea cy
UiecTseHHoro ~3MeHeH~R Tennosoro ~ BaKyyMHOrO pe>K~MOB nrH. 

B yKaaaHHO~ TPaA~~~OHHo~ cxeMe ycKopeH~R ~oHos sHewH~M 3neKT
P~4ecK~M noneM, KaK ~asecTHo, ~MeeTcR orpaH~4eH~e Ha nnoTHOCTb 
~3BneKaeMoro TOKa ~OHOB, OnpeAenReMoe aaKOHOM 11Tpex BTOpbiX 11 • 

BcneACTB~e 3TQro 8 3neKTPOAHO~ c~cTeMe nrH nnOTHOCTb TOKa He npe
s~waeT- 0,5 A/cM 2.',a nnoTHOCTb He~Tpoi-tos- 10 8 He~Tp./cM 2-c. no 
TO~ >Ke np~4~He HeB03MO>KHO ysen~4~Tb KOfl~4eCTBO YCKOpeHHbiX ~OHOB 
aa c4eT pacTa 3Hepr~~ naaepHoro ~Mnynbca. O~eHKa 3M~cc~oHHO~ cno
co6HocT~ naaepHo-nnaaMeHHoro ~cTo4H~Ka ~oHos noKaablsaeT, 4To np~ 
3Hepr~~ 0,1+1 A>K nnOTHOCTb TOKa ~OHOB Ha paCCTORH~RX 1+3 CM OT 
M~WeH~ MO>KeT COCTaBnRTb -10 +1 00 A/eM : 3Kcnep~MeHTbl, npoBeAeHHble 
paHee a MH¢H, noKaaan~ B03MO>KHOCTb nony4eH~R H3 naaepHo~ nnaaMbl 
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~HTeHc~BH~x noToKos ycKopeHHbiX ~oHoB a A~OAe c MarH~THO~ ~aonR-
4~e~ I AMH/ 171. OcHOBHbiM OT n~4~eM ycKOPRI01Jie~ C!f1C TeMbl Ha ocHose AMH 
RBnReTcR nplf1CYTCTB!f1e MarH~THoro nonR, HanpasneHHoro BAOflb oc~ 
~~n~HAPif14ecKoro KaToAa. Ero sen~4~Ha Bbl6~paeTcR TaK, 4T06bl nap
MOposcK~~ paA~YC ycKopeHHbiX lf10HOB 6bln np~MepHO paseH paCCTORH~IO 
Me>KAY naaepHo~ nnaaMo~ y aHOAa lf1 KaTOAOM. TorAa napMoposCK!f1~ 
paA~YC AflR 3neKTpOHOB 6yAeT MHOrO MeHbW!f1M ~ OH!f1 He CMOryT YCKO
p~TbCR no HanpasneHHIO K aHOAY· Ha ocHose ~cnonbaosaH~R AMH np~ 
3Hepr!f1~ naaepHoro HMnynbca::; 0, 4 A>K a 3KcnepHMeHTax AOCT~rHyTa 
nnoTHOCTb !f13BneKaeMoro ~OHHoro TaKa~ 10 A/cM 2 np~ 3Hepr~H ycKo
peHHR-150 K3B. He~TpOHHbl~ BbiXOA /peaK~~R D(d,n)He 3/ cocTaanRn 
10 7 He~Tp./~Mn. 

B HaCTORUie~ pa6oTe Ha aHanorH4HO~ CHCTeMe YCKOPRIOUI!f1X 3fleKTpo
AOB AMH pean~aosaH pe>KHM pa6oTbl c 4acToTo~ nosTopeHHR ~Mnynbcos 
25 r~. 3TO CTano 803MO>KHbiM 6narOAaPR npHMeHeHHIO paapa6oTaHHO~ 
c~cTeMbl H3 nocTORHHbiX SmCo-MarHHTOB c MaKCHManbHO~ HHAYK~He~ 
nonR- 3 Krc. C HcnonbaosaHHeM peaK~HH T(d,n)He 4 npH 3Hepr~H na
aepHoro HMnynbca 0,015 A>K nony4eH noToK He~TpoHos 10 10 He~Tp./c 
npH saKyyMHOM pe>KHMe He xy>Ke 2·10-5 Top. 3ToT peaynbTaT nOATBep
AHfl nepcneKTHBY ysenH4eHHR He~TpOHHOrO BbiXOAa H 3a C4eT ysen~4e
HHR 3HeprHH HMnynbCOB 4aCTOTHO-nep~OAH4eCK~X naaepos np~ COXpa
HeHHH ra6ap~TOB CHCTeMbl YCKOPRI01JI~X 3neKTPOAOB. 

Paapa6oTKa nrH, cnoco6Horo pa6oTaTb 8 Te4eHHe HeCKOflbKHX 4a
COB nplf1 coxpaHeHH~ BbiCOKoro BbiXOAa, noasonHna nposeCTH nepsble 
3KCnepHMeHTbl no era HCnOflb30BaHHIO AnR He~TpOHHO-aKTHBa~HOHHOrO 
aHanHaa Be1J1eCTB. B XOAe 3THX 3KcnepHMeHTOB o~eHeHa 4yscTBHTenb
HOCTb aHafl~3a C nOM01JibiO JIIM 3neMeHTOB 30nOTa ~ ypaHa, COCTaBHB
WaR sen~4HHY Ha yposHe 10-6 r/r. TaKaR 4YBCTBHTenbHOCTb cpaBHHMa 
c AOCTHraeMo~ Ha 6onee KpynHora6apHTHbiX reHepaTopax H HCT04H~Kax 
He~TPOHOB, TaKHX, KaK Hr-150, MHKPOTPOH, Sb-Be HCT04HHK. 

3AKn104EH1tiE 

Paapa60TaH H HCnbiTaH Manora6ap~THbl~ MaKeT HH3KOBOflbTHOrO re
HepaTopa He~TpOHOB C naaepHbiM ~CT04HHKOM Ae~TpOHOB, pa6oTaiOUIH~ 
no feaK~~~ T(d,NHe 4 . AocTHrHyT noToK He~TpoHos Ha yposHe 
10 1 He~Tp./C npH 4aCTOTe CfleAOBaH~R MHKpoceKYHAHbiX lf1MnyflbCOB 
25 r~/c yCKOPRIOUI~M HanpR>KeHHeM 130 KB/. Paapa6oTKa aHOAa c 3¢¢eK
T~BHO~ TennOBOH 3a1JI~TO~ ~ ycTpO~CTBa AflR CKaH~posaHHR ~ ¢OKYCH
pOBKH Hany4eHHR Ha naaepHo~ MHweH~ noasonHn~ ysen~4HTb pecypc 
nrH c 10 4 AO 10 7 ~MnynbCOB npH 4aCTOTe HX cneAOBaH~R 25 r~. Ha
Me4eHbl nyTH ysenH4eH~R He~TpOHHOrO BbiXOAa nrH AO 10 11He~Tp./c 
np~ coxpaHeH~H TpaHcnopTa6enbHbiX ra6apHTOB. HaKoHe~, noKaaaHa 
803MO>KHOCTb HCnOflb30BaH~R naaepHoro reHepaTopa He~TpOHOB AnR aK
T~Ba~HOHHOrO aHanH3a. 
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BbmOBCKHH ID.A. H ~p. 9-82-866 
Paspa6oTKa nasepHoro reHepaTopa HeHTpoHoB c Bb~o~oM I0 10 H/c 

0IIHCaH paspa6oTaHHbiH B lliiP OIDIH MaKeT Manora6apHTHoro 
reHepaTopa HeHTpOHOB c :meprHeH 14 HsB H B~o~OM I 0 10 H/ c, 
B KOTOpOM HCnonbsyeTC.H nasepHbiH HCTO'IHHK .~eHTpOHOB .,[(eHTpOHbl 
YCKOp.HnHCb ~0 I 30 KB B Te'leHHe MHKpOCeKy~HblX HMnynbCOB, cne
~YJOmHX C 'laCTOTOH ~0 25 rQ. ,[(oCTHrHyT pecypc Henpepb!BHOH 
pa60TW nasepHoro reHepaTopa HeHTPOHOB /ITrH/ ~0 30 'l. lloKasaHa 
B03MOJKHOCTb yBenH'leHH.H HeHTpOHHOro Bb!XO~a ITrH ~0 10 llH/C llpH 
COXpaHeHHH Manora6apHTHOCTH. Ha OCHOBe 3KCnepHMeHTOB no HC
nonb30BaHHID ITrH ~.H HeHTPOHHO-aKTHBaQHOHHOrO aHanHsa OQeHeHa 
'lYBCTBHTenbHOCTb onpe~eneHH.H 30nOTa H ypaHa Ha ypOBHe 
I0-6 r/r,. 

Pa6oTa BbmonHeHa B na6opaTOPHH .H~epHb~ peaKQHH OIDIH. 

npenpHHT 06~eAHHeHHOro HHCTHTYTa RAePH~X HCcneAOBaHH~. AY6Ha 1982 

Bykovsky Yu.A. et al. 
A Laser Neutron Generator for I0 10 n/s Yield 

9-82-866 

A compact neutron generator for the production of 14 HeV 
neutrons and I010 n/s yield is described. A laser ion source 
is used for production of deuterons. Deuterons are accele
rated to 130 HeV in a microsecond pulses and frequency 
of 25 Hz. The feasibility of increasing the neutron yield 
to I0 11n/s is demonstrated at the same compactness of device. 
The sensitivity of determining ·Au and U was estimated to 
- -6 
equal 10 g/g, when the laser neutron generator is used 
for neutron activation analysis. 

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

Preprint of the Joint Institute for Nuclear Research. Dubna 1982 

llepeBo~ O.C.BHHorpa~oBoH. 


