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I. ;ll./IJI pemeBllJl PJWl 8B,Ital(, CBSl88BBHX 0 Jl3I(epeBJI8l( IIOJDIHX ceqe

RBI BJtepmiX peamnnt Ra 6HCTPwr: BeitTpoHaX, IIPHBO.ItRDIBX It 06pasoB8.HBJ) 

JlSOTOIIOB C IIepHo~ou IIonypaC~ MeBee 100 BC, JI MO~axHpOB8HBB BeitT

POHHHX Jl3M8peHHl Ra YCTaHOBKaX TepuoBJtepBoro cJlHTesa He06XOAHMH re

Be~Topy HeitTpoBoB BBHoceK~ol ~TQXLBOCTJI C BHXO~OM 6axee 

10 BeitTp./BMII. TaKol reBepaTop MO&HO CO~T~, JlCII~a,yH ~KT KO~
~eKTHBHoro YCKOpeBJIS HOHOB B CH4&HOTOIIHOM sxeKTpoHHOM nyqKe (Can). 

~ecTByeT BeCKOXDKO cxeM Ko~eKTHBHoro YCKopeBJIK JlOBOB B.Can, KOTo

pye, B OCBOBaOM, paSIHIIRnTCH CIIOCo6BYH CO~ JlOBOB JI IIOSBO~ no

JJYllaU KOpOTKJle ('" IO BC) JI HHTeBCHBHHe (- IOI3) HMIIyJIl>CH JlOHOB 1/. 

O~O B03l(QBHOCTK JlCII~SOB8HJIK KO~eKTJlBHHX YCKoPJIT~el K8K JlCTOI(

HHKOB KOPOTKBX M~ BeitTpoHHHX HMIIyJIl>COB B Be06xo~oM 06~eMe ~e 
Be 	Jl3f1IeHH. 

B BaCTOamel pa60Te COO~CH peSYJII>TaTH SRCIIepBMeBTOB IIO Jl3Me

peBJID BHXO~ BelTpOBOB, oIIPe~~e~ reoMeTpHH pasxeTa, sBepreTHqeCKo

ro CIIeKTpa YCKopeHHHX HOBOB H BpeMeHHHX XapaKTepJlCTHK BelTpOHHoro HS

~eBJIS K~eKTHBBoro YCKOpJITenH ~eitTpoBoB, HCTOIIHHKOM HOBOB B KOTO
POM CJJYDT JIB.sepHall fiJIB.SMa. 

nepBHEI SKCIIepHMeHTIi Ilo KOJIJIeKTK'BHClMY YCKfPeHlm. JlOHOB JIB.s(tpBol 

JJJ:ra.8MH B c~m 6wm IIpoBe,neHH aBTOpaMJl·.pa60TH/2 • B H~CTOJDllee BpeMR 

HC~e~OBaHHa B aTOM HaUpasneHHH aKTHBHO paSB~cs!3/. HaTep(tC k Ta

xol cxeMe YCKOpeBllJl OIIpO~exaeTCH BOSMotHocT~m JlCIIO~SOB8HJIH JIB.sepHol 

IIJIaSMH B KS.qeCTBe a.H0~ s~eKTpoHHol tIyuIKK, KOTOPIiI MOmiO MHOrOltpaTHO 

DoCIIPO~SBO~T~ B ~8HHKA ~OMeHT Bpe~eHH H C OIIPe~aneHHol ~OTBOCT~m, 
liTO, B CBOn o'lepe.lU>, OII~)e~enHeT pecypc H cTa6HJIloHOO'l'~ pa60TH TaKOrO 
YCKOPHTeJIJI. 

2
B OTJIHI(JII~ OT/ ,3/, B HameM CJIy'ltae TOK H SHeprW!: .sxeKTpoBOB can 

IlpH Tol .e .It/IIITeJIl>BOCTH HMlIyJIl>ca MeH1>me B 5 - 7 pas (HMIIyJIl>CRaH MOIII

HOCT~, COOTBe1'cTBeHHo, lIeru.me B 30 - 50 pas). aTo IIOSBOnHeT cy!QecT

BeHHO YMe~WJIT~ ra6apJITH YCTaHOBKJI II CBJlSJIT~ ypo~e~ COIIyTCTBYDlllero 
peBTreBoBCKoro lIanyqeHHH. 

2. Cxeua SKCIIepHMeBTaJIl>HOI YCTaHOBKB IIPHBe~eRa Ra PKC. I. SKcIIe... 

pBMeBTH rrpoBO~C~ Ha CHJII>HOTOIIHOM s~e~TpoHBoM yc~opHTsxe co ~e~ 

2\.. 

PIIC. 	 I. exeua aKCnepHMeHT~HOI yCTa

[J 

HOBItH. I - BaItyyMHM (YCKOPJIT8JIl>HM) 


KaMepa, 2 - JIB.SepHM lIH!IIe~, 3 - Hel

TPOHo06pasyDItaR: MHIIIeHl>, 4 - BCeBOJIHo

BHI AeTeKTop, 5 - JIB.sep C CIICT8Moit q,o

KYCHpOBItIl, 6 - c~~oHHHl ~eTeK
TOp, 	 K II A - COOTBeTCTBeHHO KaTO~ 

.J 

~6 
H aHO~ a~eKTpoHHoit nymKH. 

IIlHMH IIapaMeTpaMH call: .1e = 5 - 7 ItA, E = 200 KaB, 'le = 30 BC, AHa

MeTp nyqKa a~eKTpoHOB Ra BXo~e B YCKOPJIT8JII>HYIl KaMepy "'" I cu. Il1ras

MB COS~C~ HeIIocpe~cTBeHHo sa OTBepCTHeM B 8Ho~e a~eKTpoHHol 

nymKJI IIpH q,oKYCHpOBKe HanyqeHHH JIB.sepa THIIa .1lTI'I-5 (E~ = 30 ., 

1:' ~ = 12 HC) Ha IIoBepXHocT~ MHIIIeHH JlS Tl1) (BJIH zr'D ). Ba.KyyM B yc

KopJITeJIl>Hol KaMepe no.zur;ePD~cH Ha ypoBHe 2. ro-5 Topp. .lJ,lnma Jd AJda

MeTp KaMepH sa 8HO~OM 20 CM. HHTer~HKA BIiXO~ HeitTpoBoB sa lDIIlYJII>C 

YV\ H3Mep&1ICH BCeBQXHOBHM AeTeKTopoM H nOpOrOBHM aKTHBa.QHOHHYII Me~
HHM ~eTeKTopoM. ~ reHe~ BelTpoHoB KCnOJIl>SO~C~ peaxqHH 

1) (d.,n)He3 H T(d,n) He4 , cooTBeTcTByDilHe MHlDeHH yCT8HaBJIHBaJIHC~ B 

pa3XH1IHHX TOIIKaX KaMepH (pIiC. I). IIorpemHOCT~ H8MepeHd Yn UPH6Jm

SIITeJIl>BO 50%. BpeMeHHHe xspaKTepHCTHKJI HMIIyJIl>COB HeitTpoBoB 113MepH

~C~ 	C~~OHHYII ~eTeKTopOM, COCTO~ liS IIJIaCTMaCCOBOro ~

TJIJIJUlTOpa (~ 375 MIl, -t = 175 MY) II <1131-63. IIpoBepKa pa60TOCIIoc06

HOCTII ~eTeKTopa II erc K8AK6poBKa oc~ecT~c~ C IIOMO~O JIB.60paTOp

HHX HSOTOIIHHX IICTOIIHBKOB, eCTeCTBeHHoro KOCMJII(eCKOrO lIaxyqeHHH II 

CBeTO~O~ ABI02E. ~ BeITpoHoB C sBeprllel 14 MaB ~eKTJlBHOCT~ ~e

1'eK'l'opa UPII IIbpore 200 KsB (0 Y'leToM cBeTClC06HpaHJIK II KOHBepcllomtol 

aqxpeKTIIBHocTII) COCT~ BeJtIAlI:Hy ':::t 50%. B KaqeCTBe perllcTpaTopa 

ilCIIOJIl>SO~CH oCItUJIorpatll CB-I2. BpeMeHllo(t paspemeHlle 13cero 113MepJl

1'eJILHOrO TpaK'i'a COCT8.BlIMO BeJDI1DIIHy !:I( 15 HC. IIapaueTpH 8JIeKTpoHHoro 

IJY'1K8. 11811ep&lDl:c~ C IIOMO~O eMKOCTHIiX ~eJIJI'l'~el, myHTOB 06paTHoro TO-

RaH IIOJICOB PbrOBCKoro. reHepaTOp BeitTpoHClB pa60TaJI C <laCTOTOI ~o 

1 !'n. 

3. AM Bap~j[poBaHHli ~OTHOCTII IIJIa3MHB 118.l0He 8H0~ C ~8JII>O oIIpe

.ItsxeHKJI OIITHM8JnrBOrO peDMB. yCKOpeHHH ~elIt,IIy HMIIyJIl>COM JIB.SepHOro IIS-· 

JIYIIeHHH II JlllIIYJII>COM sxeKTpoHHoro nyqKa BBO~C~ ~epmta. Be.mIuHa 
~ePDII 'Z"3 MeH&1I8.C~ B rrpe~eJl8.X 0, I - 3,0 Mltc. Ha pliC. 2 rrpe~CT8.B
~eHa 88.BJICHMOCT~ BHXO~ HelTpoBoB Yt\ HS MHIIIeHH C1>2 ,ItHBMeTpoM 

120 MM, pacIIo~oaeHHoI Ha Topn;e YCKOPKT8JII>BOI KaMepH, OT 't3 . MaKCII
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PlIo. 2. 3aBHORMOOT}' BIDCO,llP. i 
HeDTpoHOB HS MBmeHH C~2 

~ 120 MY OT ~ePEKH. 
I 

20 40 60 eo e,rpaA. 

PlIO. 3. PaCIIpe,l(eJIeHlle BHXO,llP. seitTpo-

ROB. 0 - 'l"'3 = 0,6 BC, . 

• - 1""3 = I,D MIte, • - t'3 =2,0 MItc. 

MYM sa6JI1l,IJ;aeTca B o6JraClTH sa,:o;eplleK 1;~ I MItc. Cpe,I(B:JlJl IIJIOTSooTlI HO

HOB JIaS~aO-DJIa3M9HHOrO Or,yCTKa npH STOM COCT~eT Be~ 

Z 2.10 01.-3 , trro Boero B 2 - 3 pasa 60JIblOO 1iJI(~THOCTH MOJI9KYJI 00

TaTOqaOrO rasa, a llJIOTHOCT}' aTOMOB llAa3MH - Ha I - 2 IIO~ BHme. 

ilJIOTHOCT}' HOHOB B nna3Me onpe,l(eJIRnac}' C nOMO~},D KOAxeKTopoB,yCTaHaB

.mma9MIDC B pll3JIHqaIDC TO'IK1ll KaMepli n paltoHe aHO,iUlOro oTBepCTB1i:. 

CP9.l(RJlJl IIJIOTllOCT}' aTOMOB tl nnaaM9 oIl;eHlmaJIac}' no cpe.l(HeMy llliHocl B9

~eCTBa JIasepHoi MlIlDeHll sa RMnYJIbO. Ha PlIC. 3 nOKaS8.BB. saBlIClIMOOT}' 

BHXO,llP. HeiTpoHoB sa e~ nJIo~SeITpOHo06paa~ Mllmesel, YC

TaHaBJnmaeMIDC Ha CT9HKax KaMepli no,l( pallJJ::iABHlO! yr.lfBMB 9 npll pas

JIl(qRI,[X 1"3 • BB.Ir;Ho, 'ITO OCHOBH8.FI. MaCca lIOHOB YCKOp.l!9TCa B npe,l(eJIaX 

yrJIa a z 200 II xapaKT9p pacnp9,l(eJIeHllJl no yrJIY npaKTlItteCKH He saBH

CRT OT 'l:3 . MaKCRMYM Ytl .JI,1l.!l J1J:J6oit MJallIeHR, H9saBHCBIIO OT ee 

pacnOJIOlIteHRJI (e ), H86JIKl.l(8.eTca nplii 'L3 ~ I MItC. H3MepeHRJI .l(JIHTeJIbHOC

TH HeiTpoHHoro mmyJIbca 1:H H sHepreTHtt9CKOrO paCIIpe,l(eJI9RRJI npOBO

.l(HJIHC}' .!(JIll rpynnH HOHOB, YCKOp.lmllHXCa B IIP9,l(9JIaX e ~ 200 • 

oHepr9TaqeCKHe pacnpe,l(eJIeHllJl .!(JIll paSJIHqaIDC 13 IIOJIY'leHH nyTeM 
H3MepeHllJl HeiTpoHHoro BHXO,llP. HS C1>2-Ml!ll1eHH, HaKpliB8eMol TOHKHMH 

(0,4 Mr/cM2) JIaBCaHOBlDlliI IIJIe:a:KaMll. CooTBeTCTBy-DllHe peeYJIbTaTli npHBe

) ,l(eHH sa pRC. 4. OTOT cnoco6 ,l(aeT OtteR}, npR6JIHsRTeAhHOe npe,l(CTaBJIeHlle 

o peam.HOM BHepreTHtteCROM 

cneRTpe, HO nOSBOJI.I!9T o~e
AN 

I,OL I!>Eio'I'H'.A• HaT}, ttHOJIO YCKOpeHHHX ,l(O 

SHeprn: E l > Ee ~ 200 EsBa d • 
,l(elTpoHoB a npoCJIe,l(HT}' a3Me

0,5 HeRHe RX ttHOJIa B SaBHCRMOCTlI 

OT peJltHMa YCRopeHWl (IIJIOTHOC
O,I 

Til JIasepHoit nna3Mli). He pacA 

BH,l(HO, 'ITO M8KC~HOe ttHC

.110 HOHOB j) "" C SHeprHeit o,a; 

E i > Ee COOTBeTCTBy-eT 

'tJ ~ I MItc. 06~ee ttHOJIO ,n:eITO,OI I I, 

0,5 POHOB C Ei> 200 RsB COCTaB0,5 0,5 E,.M3B 
JIJleT B9~ IIOPJ1,D;K8 1013, 

PlIc. 4. oHepreTHtteCltlle pacnpe,n:eJIeHllJl T. e. 10 - 20% OT IIOJIHOrO ttHC

YCEOpeHBHX lIOHOB npll pa~ SHatteHH- JIa HOHOB ,n:eitTepRJI B JIaSepRoit 

ax 1:3 ; a - 0,6 BC, 6 _ 1,0 MItC, nJIaBMe. KoaqxpJJIUi(eHT nepeBO,n:a 
B _ 2,0 BC. sHeprn ny'IK8 9J[eKTpoHoB B 

BReprm> IIY'Ilta HOHOB npH6JIHaH

T9Jl])HO 5%. 

4. iroplla H .l(JIHTEIJl:l)ROCTl. mmyJIbca HeiTpoHHoro lI3J.IYl:!:emm (pe~ 
T (el, n)He4) acc.tte,l(oBaJIllc}' C iIoloiOIlP>D CItHHTlIJlJI.I!UlIOHHorO .n:eteKTopa. HH
Terpa.tt:&HllII: BHXO)( HeDTposoB K()HTPO.mlpOBaJIC.Ii I1ceBOJIHOBIiII .u;$TeKTopoy :H 

nOpOI'OBWi Me,u;mw C'ieTttIlKOM. CwmTliI:JIJl'J!ItHoHlilllf ,n:eTeKTop ,II;Ji:Sl nO.l(8BJIe

HWl CHrHaJIB. OT ltpJ1Moro H pacceJtBHoro peHTl'eaOBCKOI'O lI8JIY'IeHRJI pas

y~ca BRe nOMe~eHHJl YCKopHTe~ sa CTaJIbHOI ,n:Bepl.D TO~Oit 60 eM. 

AMl:t.ImTy,na clII'H8.IIa peHTreROBCKoro lilBJJYtteIDLil Itpll STOM He ItpemlJllB..lt8. 

0,1 B. HsuepeHHaR ~anbHOCT}' MeitTpoHHoro BMnyJIl.ca B ~soRe sa

,l(eplleK 'L3 = 0.5 .;. 1,5 URC OCT8B8JIaC}' IIpiilRTHqeCKH nocToJtlmoit :I coc

TaBlIJI& BEI.lII!'IlilHY 'tH Z 30 HC (pHC. 5 a). nplI 'lJ = 1,5 + 2,5 KltC 

nplil6JIaSBTeJIbSo B 50% ...epeHKI perllcTpHpoBaJIlilCb 2 - 3 n~e.n:OB8Te~) EIHX mmyJIbca HeDTposoB 0 IIepl!!o,n:oM ~ 100 HC (pac. 5 6). OTO MOKHO 

J 
 06i>JlcE!HT}, cJIe.IlYJlltlDl 06paSOM. npll 60JI:1>l1lHX s8,Itepua.x npOllCXO,llHT sanOJI


HeRRe ,l(HO,llP. BJIeKTpoHHoit nyBI1tH nJIaSMoit, trro IIpHBO,lI;IIT K noma:.emm ero 
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PRc.5.0c~orpaMMH HMDY~COB HSHTpoHHo
HSJIY"lSmm npH pa3Jm'lHliX Sa.,l4SplItltB.X: 

I,D NRC, 6 - 2,2 NRC. 

HMIISJl.3Hca. B TaROM paJIUDIS B HaKOIIBTSJID
HoI 9NROCTH 9JISltTPOHHOro YCltOPH'r9JIll 003

peJlaltCartKomme ltoJIe6amu'l 1'[, ltaK 

CJIe~CTBae, reHepapyeTCH HSCltOJIDKO 9JISRT
poHH1iX nytmOB C nep1'[O~OM ~ 100 HC, 

1I npKBO~T R TIOHBJISHHD H9CKOJll)KBX 
lOOIYJIDCOB BSIh'POHOB (pac. 5 6). 

MaKCBMa..1I:&HJ.U!: HHTerpa.!IDHHit BHXO~ 
H9itTPOHOB B psa.KD;IIl1I T (d. ) ~)He~ RSM9

BCeOOJIHOBHM ~eTeKTopOM H C npnM9

a.KT~OBHOR MSTO~ npH 
~ I NRC, COCTaBHJI BeJI1I'IlIBY COOT

BeTcTBeHHo 2.108 a 108 H9itTp.!HMll. 
Pecypc pa60TH rSBepaTopa o~

»aeTCH pecypcoM ltaTO~ 9JI9ltTPOHHOI nym
R1I H COCTaBJIHBT Be;~~HHY nop~ 103 BM

3~. 1983. T. II. BHn. I, c. 
Ubm H.S., K..iJn H'., Reiser 11.1'. - J. Appl.fh7s ., 

- Appl.Pbi's.Lett., 1986, 

PyROTIRCb nOCTynHna B HSABTQXbcRBi OT~an 
16 C9RTH6pH 1988 ro~. 
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faHrpcKHH D.n. HAP. 
reHepaTop HaHoceKYHAHWX HMnynbcoB HeHTpoHoB Ha OCHOBe 
KonneKTHBHoro YCKopMTen~ MOHOB naaepHOM nnaaMW 

P9-88-629 

Paapa60TaH 3KCnepHMeHTanbHWH MaKeT HaHoceKYHAHoro reHepaTopa HeHTpoHoB . 
Pe*HM KonneKTHBHoro YCKopeHH~ HOHOB na3epHoH nnaaMw, 06paaoBaHHoH HMnynb
COM naaepa c 3HeprHeH 30 MA* H AnHTenbHOCTb~ 12 HC, peanH30BaH s saKYYMe 
c Hcnonb30BaHHeM ny4Ka aneKTpOHOB c aHeprHeH 200 K3B, TOKOM 5-7 KA H AnH
TenbHOCTbO 30 HC. B~xOA HeHTpoHoS aa HMnynbc B peaK~HRX D(d,n)3He H 
T(d,n)4He COCTaSHn,COOTseTCTBeHHO, senM~HHy al07 H 108 HeHTp./HMn. AnHTenb
HOCTb HMnynbca HeHTpOHos COCTaSHna BenM~HHy MeHee 30 HC. PerHcTpa~HA 6onb
woro KonH4eCTsa 110 13/ yCKopeHHWX AeHTpoHOS C 3HeprHeH 60nee 200 K3B YKaa~
saeT Ha soaMO*HOCTb 3$$eKTHSHoro KonneKTHSHoro YCKopeHHA HOHOB npM cpaSHH
TenbHO ManOH I-I rBTI M~HOCTH 3neKTpoHHOrO ny4Ka. 

Pa60Ta BwnonHeHa S na60paTopHM RAepHWX peaK~HH OHRH. 

r1penPHHT 061>elUlHeHHoro HHCTHTyTa RAepHblX HCcne.n.OBllHHft. Jly6Ha 1988 

nepeBoA O.C.BHHorpaAoBoH 

Gangrsklj Yu.P. et ale 
Nanosecond Pulse Neutron Generator Based on Collective Ion 
Accelerator 

P9-88-629 

the model of nanosecond neutron generator has been designed. The regi
me of collective acceleration of ions of laser plasma produced by laser 
pulse with 30 mJ energy and 12 ns duration was real ized In vacuum with the 
use of 200 keV electron beam 5-7 kA current, 30 ns duration. Neutron yield 
per pulse in D(d,n)3He and T(d.n)4He react Ions was =107 and 1011 neutron/pu 1
se, r6spectlvely. Duration of neutron pulse was less than 30 ns Registration 
of a great number (10 13 ) of accelerated deuterons with an energy higher' 
than 200 keV points to a possibility of effective collective ion accele
ration at a comparatively small (-1 GW) power of electron beam. 

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

Preprlnt of the Joint Institute for Nuclear Research. Dubna 1988 
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