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BBe,IJ.euue 

11JyqeHne dd-peaKUHH B o6nacTH yrrb'I'paHH3KHX 3Hepru:H (- K3B) 
npe,]J;CTaBJI.KeT · 60JibliiOH HHTepec He TOJlbKO C TOqKH 3peHH.K cpH3HKH 
MaJIOHYKJIOHHblX CHCTeM (1,2) ( COCTaBHOe .K~po 4He 06JI~aeT HaHMeHbiiieH MaCCOH 
cpe~H ~B~bl MarnqeCKHX CHCTeM), HO H B nJiaHe pa3peiiieHH.K p.11~a npo6JieM, 
cymecTBYIOIUHX B ac-rpocpH3HKe (~ecpHUHT JierKHX .K~ep B faJiaKTHKe Ja 
HCKJIIOqeHHeM He [3,4]). KpoMe Toro, aKTYaJibHOCTb uccJie~OBaHHH cHJibHblX 
B3aHMO~eHCTBHH Me)l()zy JierKHMH .ll~paMH o6ycJIOBJieHa He TOJlbKO BOJMO)I(HOCTbiO 
npoaepKH cpyH~aMeHTaJibHbiX CHMMe'I'pHH (3ap.II~OBOH CHMMe'I'pHH, HJOTonnqecKOH 
HHBapnaHTHOCTH) (1,2), HO H BOJMO)I(HOCTbiO nonyqeHH.K HHcpOpMaQHH 0 BKJI~e BO 
B3aHMO~eHCTBHe o6MeHHbiX MeJOHHbiX TOKOB (5-8), 0 BeJinqHHe 3cpcpeKTa 
3KpaHupoBKH BJaHMO~eiicTBYJOIUHX .11~ep [9,10], o xapaKTepe HYKJIOH-HYKJIOHHoro 
noTeHUHaJia [1,2,7] H o MaCIIITa6e 3cpcpeKTa OneHreiiMepa- <DHJIJiunca [11,12). 

3KcnepHMeHTaJibHOe HCCJie~OBaHHe .ll~epHblX peaKQHH B o6JiaCTH 

YJib'I'paHH3KHX 3HeprHH CTOJIKHOBeHH.K (- K3B) C HCllOJlb30BaHHeM KJiaccnqecKHX 
yCKOpHTeJieH BeCbMa npo6JieMaTUqHO (13,14). 3TO o6ycJIOBJieHO TeM, qTO ceqeHH.K 

~aHHblX npoueccoa B YKaJaHHOH o6JiaCTH 3Hepru:H ( cr ~ 1 o-35 
- 1043 c~ ) H 

HHTeHCHBHOCTH nyqKOB Jap.ll)l(eHHbiX qaCTHU KpaiiHe MaJibl. 
Pnc.1, B KaqecTBe npnMepa, O'I'pa)l(aeT peaJibHYfO 3KCnepHMeHTaJibHYfO 

cnryauHIO, cymecTBYJOIU)'IO B HacTo.llluee apeMH B o6JiaCTH HJyqeHHH dd-peaKQHH. 
KaK BH~Ho, HHcpopMaUHH npaKTUqecKH OTCYTCTBYeT a HHTepecYJOme:H Hac o6JiacTH 
3HeprHH CTOJIKHOBeHH.K ~e:H-rpOHOB (- K3B). 
~ nonyqeHHH Heo6xo~HMOH HHcpopMauHH o xapaKTepncTHKax peaKUH:H 

:.~e)!'~' !!e!':0::!-!:>,1-... <r,n;pl'IMH R o6JiaCTH VJlbTPaHH3KHX 3HeprHH (- K3B) HaMH 6bm 
npeMO)I(eH HOBblH no~O~ (4,13,18,19] K peiiieHHIO ~aHHOH npo6JieMbl. 

CyTb ero JaKJIJOqaeTC.II B ucnoJib30BaHHH BbiCOKOHHTeHCHBHblX p~HaJibHO 
KOHBeprupyeMbiX HOHHbiX llOTOKOB, reHepupyeMbiX B TeqeHHe HMllJI03HH 
JlaHHepHOH llJlaJMbl ( cpopMHpOBaHHe Z-IIHffia). IJpH 3TOM HHTeHCHBHOCTb IIOTOKOB 
YCKOpeHHblX HOHOB ~OCTHraeT 1020

- 1021 (20-25) qacTHU B HMrryJibCe. 
IIepBbie 3KcnepHMeHTbi Ha CHJibHoTOqHOM ycKopuTeJie ( I = 750 KA, I - TOK 

JiaiiHepa) l1HcTHryTa CHJibHOTOqHoii 3JieK-rpOHHKH CO PAH (ToMeK) no 
HCCJie~OBaHHIO dd-peaKQHH C HCllOJib30BaHHeM ~aHHOH MeTO~HKH (14,17,26-28) 
CBH~eTeJibCTBOBaJIH 0 TOM, qTO npeMO)I(eHHblH llO~O~ JaCJIY)I(HBaeT BHHMaHHH H 
MO)I(eT 6biTb 3cpcpeKTHBHO llpHMeHeH ~Jl.ll peaJIHJaQHH nporpaMMbl HCCJie~OBaHH.K 
CHJibHbiX BJaHMo~eiicTBHH B o6JiacTH yJib'I'paHHJKHX 3Heprn:H. 

HacTO.IIIUa.ll pa6oTa llOCB.IIIUeHa HJMepeHHIO s-cpaKTopa B dd-peaKQHH 

3He + n( 2,46 M3B ), (la) 
d+d~ 

t + p + 4,03 M3B, (16) 

npH 3HeprHHX CTOJIKHOBeHH.K 1,8; 2,06; 2,27 K3B. 
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:meprHH eTonKHOBeHIDI; En - 3<lJ<iJeKTHBHOeTL perHelpaQHH HeHlpOHOB; E - epe.n:mu1 
3HepriDI eTonKHoseHIDI .n:eH:lpoHos; Nd - qHeno .n:eH'IpoHoB, na.n:ruomHx Ha MHUieHL; 

n,- DnOTHOeTb .n:eH'IpoHoB B MHllleHH; 27zr/' = 31,29Z2(p! E'(E,x')) 112 ; Nn(x) - BbiXO.D: 

HeUlpOHOB peaKQHH (la) H3 MHUieHH TOJIIQHHOH x; Nn101 - llOJIHOe qHeno 

- dE 21D'I e 4 

3aperHelpHpOBaHHbiX HeHlpOHOB; - = ---' -L - y,n:eJibHbie KyJIOHOBeKHe llOTepH 
dx E 

3HeprHH ,n:eH'IpoHOB naifHepa 3a eqeT HX eTOJIKHOBeHIDI e ,n:eHlpOHaMH MHllleHH, E -
3HepriDI .D:eHlpOHOB JlaHHepa B na6opaTOpHOH eHeTeMe, e - 3JieMeHTapHbiH 
3neKTpJ1qeeKHu 3apH,n:, L - KyJIOHOBeKHif norapH<lJM ,n:ng .n:eH:TepHesou nna3MLI, 
eOOTBeTeTBYJOIQHH yenOBIDIM HaeTOHIQero 3KenepHMeHTa (£=12,8) [30). B 
lPOPMYne (4) nepeMeHHaH HHTerpHpOBaHIDI E' (3HepriDI eTOJIKHOBeHHH ,n:eihpOHOB 
B eHeTeMe QeHlpa Mace) eOOTBeTeTBYeT 3HeprHH ,n:eiflpOHa E B na6opaTOpHOH 
eHeTeMe noene npOXO)I(.ll:eHIDI enoH MHUieHH TOJIIQHHOH x'. 

CornaeHo <iJopMYne (5), 3KenepHMeHTanLHoe 3HaqeHHe aeTPo<lJH3HqeeKoro S -
<PaKTopa B dd-peaKQHH, eooTseTeTsyromee onpe.n:eneHHoH: epe.n:Heu 3HepmH 
eTOJIKHOBeHIDI .n:eiflpOHOB E, onpe.n:enHeTeH KaK: 

Nexp 

n ' S(E) = oo oof e 2m] dx' 
Ndntcn fJ(E)dE 

0 
E'(E,x') 

0 

(6) 

r.n:e Nn exp - qHcno 3apemC1pHpOBaHHbiX HeHlpOHOB B dd-peaKQHH. 

KpoMe onpe,n:eneHIDI S--4JaKTopa, H3 aHanH3a 3KcnepHMeHTanLHLIX ,n:aHHL~ 
MO)I(eT ObiTb TaK)I(e H3BJieqeHa HH$OpMaQIDI 00 3<iJ<iJeKTHBHOH TOJIIQHHe MHllleHH i 
( .D:aHHOe flOIDITHe BBe,n:eHO HaMH B npe,n:LI.n:yiQeH pa6oTe (17]). 

YKa3aHHaH BeJIJ1qHHa onpe.n:eJIHeTcH KaK: 

Nn(l) = 0.9N~ot 
(7) 

oo T -21r17' 

Nn(l) = Ndntcn X S(E) fJ(E)dE J e , dx' 
0 0 E' (E ,x) · (8) 

r.n:e Nn([) - BLixo.n: 3aperHC1pHposaHHbiX ueH:1poHOB H3 peaKQHH (la) npH TOJIIQHHe 
MHilleHH T. 

Cne.n:yeT OTMeTHTb o,n:Ho Ba)I(HOe o6eTOHTenbeTBo. B paeqeTax Mhl nonaraeM, 
qTo KyJIOHOBCKHH c6poe 3HeprHH ,n:eHlpOHOB npH B3aHMO,n:eifeTBHH HX e MHllleHLIO 
DpOHCXO.D:HT Ha ,n:eHlpOHax MHilleHH, a He Ha 3JieKTpOHax, KaK 3TO BbiTeKaeT H3 
TeopeTJ1qeeKOH MO,n:enH TOpMO)I(eHID! ,n:eiflpOHOB JlaHHepa B OOJIHOCTbiO 
HOHH3HpyeMoH: .n:euTepHesoii nna3Me [30]. TaKoe npe,n:nono)l(eHHe 6Lmo 
npo.n:HKTOBaHo KaK pe3ynLTaTaMH 3KenepHMeHTanbHOH pa6oTLI [31 ], TaK H .n:pyrBMH 
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Mo,n:emiMH TOpMO)I(eHIDI 3apH)I(eHHbiX qaeTHQ B Dna3Me (32-33], 
eBH.D:eTenbeTBYIOIQHMH 0 np03paqHoeTH MHilleHH flO OTHOilleHHIO K 3JieKTpOHaM ,n:nH 

na,n:aiOIQHX Ha Hee ,n:eH'IpOHOB. 

3. IIOCT8HOBK8 3KCDepBMeHTa 

BblllOJIHeHHe 3KenepHMeHTa IIpOH3BO.D:HnOeb Ha eHnbHOTOqHOM HOHHOM 
HMnynLeHoM yeKopHTene [34] HC3 CO PAR (eM. pHe.2). B KaqeeTBe naifHepa 
HeiiOJib30Banaeb esepX3BYKOBaH flOJiaH QHnHH.D:pJ1qeeKaH e1pyg ra3006pa3HOrO 
.n:eifTepiDI c qJicnoM Maxa 4, <iJopMHpyeMaH 3neKlpOMarHHTHbiM KnanaHoM H 
connoM JiosanH. MHilleHL 6Lina H3rOTosneHa H3 .n:eifTepHpoBaHHoro nonH3THneHa 
( CD2), KOTopLIH HaHOeHnCH Ha Me,n:HLIH QHnHH.D:p, ycTaHasnHBaeMLIH s.n:onL ocH 
naifHepa. IlapaMelpbi MHilleHH H naifHepa npHBe,n:emi B Ta6nHue 1. 

B lPOHOBbiX Oll:biTax B KaqeCTBe MHilleHH HCllOJib30BanCH H.D:eHTJ1qHbiH 
CTep)l(eHL H3 Cu nH6o noKpbiTLIH cnoeM: CH2. MeTO.D:HKa H3MepeHIDI Maccbl H 
CKOpOCTH naHHepa, OCHOBaHHaH Ha H3MepeHHH TOKa qepe3 JlaHHep H BpeMeHH ero 
C)l(aTIDI, IIO.D:p06HO OOHeaHbi B pa6oTe (17f. 

Ta6nHna 1. YcnoBIDI npose,n:eHIDI3KenepHMeHTa 

OnLIT 1 2 3 4 5 6 7 8 9 
Jlaifm:p_ Dz Dz Dz Dz Dz Dz Dz D2 D2 
MHilleHb CD2 CD2 CD2 CD2 Cu Cu Cu Cu CH2 

,;- v~R ?, 1 2,4 2,8 3.4 3,4 2,8 2,4 2,1 2,4 ~ , ..... __ 
M,MKr 6,88 6,88 6,88 6,88 6,88 6,88 6,88 6,88 6,88! 

1 CM 2,5 2,5 2,5 2,5 2,5 2,5 2,5 2,5 2,5 
Nd, 10 1 ~ 2,07 2,07 2,07 2,07. 2,07 2,07 2,07 2,07 2,07 
n~o 10ucM . .; 8,0 8,0 8,0 8,0 8,0 8,0 8,0 8,0 8,0 
d,m,MM 32 32 32 32 32 32 32 32 32 
d,ex, MM 36 36 36 36 36 36 36 36 36 

d~oMM 5,5 5,5 5,5 5,5 5,5 5,5 5,5 5,5 5,5 I 

t,mm 0,25 0,25 0,25 0,25 0,25 0,25 0,45 0,25 0,25 
Nntn 2±2 7±2 22±8 86±25 4±3 3±2 2±2 2±2 2±2 

FWHM,% 80 c&L_ '--65 - -~- 55 65 65 80 65 

E - epe,n:HHH 3HepriDI ,n:eHlpOHOB, IIa.D:aJOIQHX Ha MHilleHb (,n:aHHOe 3HaqeHHe -
pe3yJibTaT ycpe,n:HeHIDI no BblelpenaM); M - Maeca naifHepa; 1 - ,n:nHHa naifHepa; d/0

, 

d,ex - BeylpeHHHii H Hapy)I(Hblu .D:HaMelpbi naiiHepa; d1 - ,n:HaMelp MHilleHH; t -

2 Macca nafulepa H BpeMll ero C)l(liTHll onpeJJ;eJUIJIHCb H3 HYJibMepHoro pac"!era [35], B ocHoBe 
KOTOporo JieJKHT paCCMOTpeHHe nafulepa KaK 6eCKOHe'IHO TOHKOH l{lfJIHH.lq)H"ieCKOH 
csepxnpoBo.wm:~eii: o6ono"'KH, cJKHMaromeii:cJI K ueHTPY noA JJ;eii:CTBHeM cHJI co6cTBeHHOro 
MarHHTHOro llOJIJI. 
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Pur? C'-xeMa '\KcnepHMeHTaJibHOH ycTaHOBKH: 1- CHJibHOTO'iHbiH 

HMnyJihCHbiH YCKOpHTeJib; 2 - MO,!Q'Jlb HarpyJKH YCKOpHTemi; 3 - H3MepHTeJibHall 

KaMepa; 4 - CBepX3BYKOBOC COIIJio; 5 - 6biCTPO~eHCTByiO~ 3JICKTPOMarHHTHbiH 

KJianau; 6 - ra30BbiH naiiHep; 7 - TBep~OTeJihHall MHmeHb H3 CD2; 8 - ~eTeKTOpbi 
TennoBbiX ne"TPonos; 9 - 3aiiJ.HTa H3 CBHHUa 
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Tonuuma CJIOH CD2, HaHeceHHoro Ha CTep)l(eHb H3 Cu; Nn th - 'iHCJIO HeHTPOHOB, 

3aperHCTPHPOBaHHbiX TCDJIOBhlMH ~eTCKTopaMH. 

IlpHBe.[leHHhle B Ta6rrHue 1 3Ha'leHHM FWHM: (mHpHHa Ha norryBhiCOTe 

:mepreTH'lecxoro pacnpe.r~erreHHM .r~eHTPOHOB, na.z:~aromHX Ha MHWeHb ). 

COOTBeTCTByiOT ,llaHHb!M pa6oT (28,36], B KOTOpblX npOH3BO,[IHJIOCb HCCJie.[IOBaHHe 

npouecca C)l(aTHM rraiiuepa c noMOIUh!O xpoHorpa<iJa c merresoii pa3sepTKOH 

H306pa)l(eHHM, a TaK)l(e MarHHTHbiX 30H,[IOB, ycTaHOBJICHHbiX Ha onpe.z:~erreHHbiX 

pa,liHycax OTHOCHTeJihHO OCH JiaHHepa. 

3Ha'leHHH FWHM o6ycnosrreHhl He TOJihKO HeTO'iHOCThiO onpe.r~eneHHM 

CKOpOCTH JiaHHepa ± 10%, nyTeM cpaBHCHHM 3KCnepHMCHT8JibHOro H pacqeTHOrO (B 

HYJibMepHOH MO,[IeJIH) BpeMeHH C)l(aTHM JiaHHepa, HO H pa36pOCOM ,lleHTPOHOB no 

3HeprHH, CBH3aHHbiM C B03MO)l(HbiM B03HHKHOBeHHeM HeyCTOH'iHBOCTH BHeiiiHeH 

rpaHHI.{bl B BH,lle "pH6H" C xapaKTepHOH .riJIHHOH BOJIHbl 1-2 MM. CKopOCTH C)l(aTHM 

JiaHHepa B o6rracTH "sna,[IHHbi" H "rop6a" MOryT OTJIH'laThCM Ha ::::< 1 0%, 'iTO, B CBOIO 

oqepe.rlh, npHBO.z:IHT K 20% pa36pocy .z:~eiiTPOHOB no :mepnm. 

Crre.z:~yeT TaK)l(e OTMCTHTb H TO, 'iTO npH HCH3MeHHbiX Ha'iaJibHb!X ycJIOBHMX 

pa36poc MaCChi rraiiHepa OT BbiCTPCJia K BbiCTPerry COCTaBJIHeT ::::< 10%. 

B HacToHmeii pa6oTe perHCTPaUHH HeHTPOHOB dd-cHHTe3a ocymecTBJIHrracb 

TPeMH ,[leTeKTOpaMH TCnJIOBbiX HeHTPOHOB Ha OCHOBe nponOpUHOHaJibHbiX 

cqeT'lHKOB BF 3, noMemeHHhiX s napa<iJHHOBhiH 3aMe.[IJIHTerrh. Ka)l(.z:lhiH .r~eTeKTop 

BKJIIO'iaJI B ce6H B cpe.r~HeM 10 cqeT'lHKOB BF 3 H ycTaHaBJIHBaJICH Ha paccTOHHHH -

0,9 M OT l.{eHTPa MHWeHH (eM. pHc.2). 3<lJ<iJeKTHBHOCTb perHCTPaUHH HeHTPOHOB 

H3MepHrrach c noMOII.{hiO KaJIH6posaHHoro HCTO'iHHKa 
252

Cf, noMemeHHoro BHYTPh 

H3MepHTeJibHoii KaMepbi 3 (eM. pHc.2) B ueHTP o6rracTH <iJopMHposaHHM Z-nHH'la. 

CyMMapHall 3<lJ<lJeKTHBHOCTh perHcTPaUHH HeiiTPOHOB TPeMM BF 3-.r~eTeKTopaMH 
l"' -1 n-3 

liUldi:LHJ1JtJH1 JA.l V • 

,r{rrH no.r~asrreHHM 3arpy3KH BFr.r~eTeKTopoB, o6ycrrosrreHHoii TOpM03HhiM 

H3Jiy'leHHeM, B03HHKa!Oll.{HM npH pa6oTe CHJlbHOTO'iHOrO reHepaTOpa, OHH 

OKpy)l(aJIHCb 3all.{HTOH H3 CBHHI.{a TOJIII.{HHOH 12 MM. 

HH<iJopMaUHH o 3aperHCTPHPOBaHHOM co6biTHH BKJIIO'iarra B ce6M: 

1) speMM noHBJieHHH H aMnJIHTY.IQ' cHrHarra c BF3-.r~eTeKTopos; 
2) BpeMM nOHBJICHHM CHrHaJIOB C MarHHTHbiX 30H.r\OB (KaK OCHOBHOH napaMeTP, 

xapaKTepH3yiOII.{HH ,[IHHaMHKY HMnJI03HH rraiiHepa); 

liorree no.r~po6Hall HH<lJopMal.{mi o perHcTpHpyiDmeii 3J,IeKTpoHHKe npHse.r~eHa B 

pa6oTax [17,19,27]. 

4. 06cyamenue pelyJibTaToB 

B paMKax Bhi.r\BHHYThiX npe.z:~norro)l(eHHH o B3aHMO,lleiicTBHH rraiiHepa c 

MHIIICHbiO (CM. pa3,lleJI "MeTO,[I H3MepeHHM") HaMH npoBe,lleH aHaJIH3 

3KCnepHMeHTaJibHbiX ,llaHHbiX, norry'iCHHbiX npH qeTbipex 3Ha'leHHMX cpe.z:~Heii 

3HeprHH CTOJIKHOBeHHM ,lleHTPOHOB: E,01 = 1,79; 1,8; 2,06; 2,27 K3B. 

Onpe.z:~erreHHe 3Ha'leHHH acTPo<lJH3H'lecxoro S-<l>aKTopa, cooTBeTCTBYIOIUHX 

onpe.z:~erreHHbiM 3HeprHHM CTOJIKHOBeHHM ,[leihpOHOB, npOH3BO,[IHJIOCb no <iJopMyJie 
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(6). flpu 3TOM npe.n;nonaraJIOCb, 'ITO B3aUMO)J;eHCTBUe pa.n;UaJibHO ycKopeHHbiX 
.n;eHTpOHOB naHHepa npOUCXO,!UIT C MUWeHbiO, HaxO,!VIlll;eHCR B COCTORHUU 
nonHOCTbiO UOHU30BaHHOH llna3Mbl. 

CornacHo HawHM ou:eHKaM u .D;aHHbiM pa60Tbi [37], B ycnoBHRX HacToRmero 
3KcnepHMeHTa, npu HMnnoJuu .n;eiiTepuesoro naHHepa nosepxHoCTb MuweHu 
pa3orpesaeTCR .n;o TeMneparypbl 20 - 30 3B. 

Ha puc. 3a npuse.n;eHbl pacnpe.n;eneHHR .n;eiiTpoHoB, na.n;awmux Ha MuweHb, no 
3Hepruu CTOnKHOBeHHR3

, a Ha puc. 36 - paC'IeTHOe _n;u4J4JepeHQU3JibHOe 
pacnpe.n;eneHUe BepORTHOCTU perUCTpaQUU HeHTpOHOB dd-cUHTe3a 
3KcnepuMeHTaJibHOH yCTaHOBKOH P(E .. ,), HOpMupoBaHHoe Ha e.n;uHuu:y: 

oo -2m( oo oo -2m7' 

P(E ) - f(E) J e dx' I fJ(E)dE J e dx' 
col - o E'(E,x') o o E'(E,x') , (9) 

Cpe)J;Hee 3Ha'leHue 3HepruH CTOnKHOBeHHR )J;eHTpOHOB £col' 
cpe.n;HeKBa.n;paTH'IHoe oTKnoHeHHe A E;., , cooTBeTCTBYfOIUHe pacnpe.n;eneHHIO 

P(Ecol), npuBe)J;eHbl B Ta6nHQe 2, B KOTOpOH npe.n;cTaBneHbl TaiOKe pe3ynbTaTbl 

aH3JIU3a 3KCnepUMeHT3JibHbiX .D;aHHbiX. 
Ha pHc. 4 npuse.n;eHbl Haii.n;eHHbie HaMu 3KcnepuMeHTaJibHbie 3Ha'leHUR 

acTpo!lJH3H'IecKoro S-<l>aKTopa .n;nR dd-peaKQHH no !lJopMYne (6), 
COOTBeTCTBYIOIUUe 3HeprHRM CTOnKHOBeHHR .n;eHTpOHOB 2,27; 2,06 H 1,8 K3B. Ha 
3TOM )l(e pHcyHKe npHBe.n;eHbl 3Ha'leHHR S-<t>aKTopa B dd-B3auMo.n;eiicTBHRX, 
cymecTBYfOlll;He B nHTepazype K HaCTORIUeMY BpeMeHH B UHTepBaJie 3HepruH 
CTOnKHOBeHHH 6,9-160 K3B [15,38]. KaK BH)J;HO H3 pit:c. 4, HaH)J;eHHble HaMH 

3Ha'leHHR S-<l>aKTopa B npe.n;enax cTaTHCTH'IecKHX owH6oK cornacywTcR co 
3Ha'leHHRMU .n;aHHOH BenH'IHHbl, H3MepeHHbiMU B HHTepBaJie 3Hepruii 
CTOnKHOBeHHR .n;eHTpOHOB 7-45 K3B. 

qTO KacaeTCR Ce'leHHH dd-peaKQHH, TO HaMU 6blnH BblnOnHeHbl Bbi'IHCneHHR 
.n;aHHOH BenH'IHHbl (cornaCHO !lJopMYne (2)), COOTBeTCTBYfOlll;Ue 3Ha'leHHRM 3Hepruu 

CTOnKHOBeHHR .n;eiiTpOHOB Eco1 -AE;o,, £ .. ,, £ .. , +AE;.,,. llpu 3TOM B Bbipa)l(eHue (2) 

no.n;cTaBAAnucb 3KcnepuMeHTaJibHO HaH)J;eHHble 3Ha'leHHR S-<l>aKTopa. llony'leHHbie 
TaKHM o6pa30M 3Ha'leHHR ce'leHHR dd-peaKQHH npHBe)J;eHbl Ha pHc.1. KaK su.n;Ho, B 
npe.n;enax CTaTHCTH'IeCKHX OWU60K Ha6nw)J;aeTCR COrnacHe pacqeTHbiX 3Ha'leHHH 
Ce'leHHR dd-peaKQHH (nyHKTHpHaR KpHBaR) C 3KCnepHMeHT3JibHbiMH. 

3 ~aHHOe paCnpeAeneHHe llOJI)"'eHO paCqeTifbJM nyreM B npeAUOflOlKeHHH, 'ITO OHO JIBnlleTCJI 

rayccOBCKHM, C HCllOflb30BaHHeM AHCllepCHH, COOTBeTCTBYJO~ 3HaqeHHJIM FWHM, 
npHBeAeHHbiM B Ta6nHUe 1. 
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.D;H!lJ!lJepeHQHaJibHOe pacnpe)J;eneHHe BepORTHOCTH perHCTpaQHH HeHTpOHOB no 
3HeprHu CTOnKHoBeHHR )J;eiiTpoHoB: 1,2,3,4 - Eco1 = 1,79; 1,8; 2,06; 2,27 K3B. 

(pacnpe)J;eneHue HopMupoBaHO Ha e)J;HHHQY) HoMepa Ha pHcyHKax a) u 6) 

COOTBeTCTBYfOT _n;pyr .n;pyry 
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Ta6JIHU:a 2. Pe3yJibTaThl aHaJIH3a 3KcnepHMeHTaJibHbiX ,~~;aHHbiX 

OnhiT 1 2 3 4 
3KCIIEPHMEHT 

E,K3B 1,05 1,2 1,4 1,7 
Nnexp <4 5±3 19+9 82+25 
Eco1 ,K3B 1,79 1,80 2,06 2,27 

LIE;./' K3B 0,28 0,27 0,32 0,34 

T n, 1018
cM 

2 1,40 1,42 1,96 2,42 
K 1,9·10"2 3,4·10"2 4,4·10"2 7,no·2 

S, ~·K3B ::;170 114 64 53 
.:lS,6·K3B 68 30 16 

PACqET 
Nncai 1,2 2,2 14,9 77,4 
d' dd ( Eco/ ), c~ ::;6,1·10"33 4,3·10"33 9,8·10"33 2,1·10"32 

d'dd(Eco/ + LIE;_1 ) ::;2, 7 ·1 o-32 1,8·10"32 3,9·10"32 7,4·10"32 

d' dd ( Ecol - Ll E;o/) ::;8,9·10"34 7,0·10"34 1,7·10"33 4,2·10"33 

E- cpe,~~;mui 3HepriDI CTOJIKHOBeHIDI ,~~;eii:TpOHOB naii:Hepa H MHIIIeHH; Ecol - cpe,~~;Hee 

3Ha'leHHe 3HeprHH CTOJIKHOBeHIDI ,ll;eHTpOHOB, ,ll;aiO~HX "BKJia,ll; B 3KCnepHMeHTaJihHO 

H.:SMt;pctutblii tsbJ.AVA n(..i:itpvnvn p~u.n~;~;J: (lu.}; .l( ~G~~ Gi c6merc ,.!!'!~_'!;! dd
CTOJIKHOBeHHii:, ,ll;aiO~aJl: BKJia,ll; B 3KCnepHMeHTaJihHO H3MepeHHhiH BhiXO,ll; 

3aperHCTpHposaHHhiX Heii:TpoHOB. Ll E;.1 - cpe,~~;HeKBa,ll;paTH'IHhiH 3HepreTH'leCKHii 

pa36poc ,ll;eHTpOHOB, onpe,~~;em!eMblll cpyHKU,HeH pacnpe,ll;eJieHIDI nJIOTHOCTH 

sepO.IITHOCTH perHCTpaU,HH HeHTpOHOB dd-cHHTe3a; nS - cpe,li;HeKBa,ll;pani'lHaJl: 

OIIIH6Ka onpe,~~;erreHIDI acTpOcpH3H'leCKOf0 S-cpaKTOpa; Nn exp ' Nn cal -

3KCnepHMeHTaJihHOe H pac'leTHOe ( no cpopMyJie (5)) 'IHCJia 3aperHCTpHpOBaHHhiX 

HeHTpOHOB dd-cHHTe3a; d' dd ( Eco/ ), ' d' dd ( Eco/ + AE;.I ), on dd ( Ecol - Ll E;ol ) -
pac'leTHbie 3Ha'leHIDI ce'leHIDI dd-peaKI.UfH, Bbi'IHCJieHHhie no cpopMYrre (2) c 

HcnoJib30BaHHeM 3KcnepHMeHTaJibHO Haii,~~;eHHbiX 3Ha'leHHH S-cpaKTopa H 

COOTBeTCTByiO~He 3Ha'leHIDIM 3HeprHH CTOJIKHOBeHIDI ,ll;eHTpOHOB, YKa3aHHhiM B 

CK06KaX. 

3KcnepHMeHTaJibHO nony'leHHhle 3Ha'leHIDI acTpo$IDH'lecKoro S-cpaKTopa s 

o6nacTH ynbTpaHH3KHX 3Ha'leHHH 3HeprHH CTOJIKHOBeHIDI ,~~;eii:TpOHOB 1,8 - 2,3 K3B 

CBH,ll;eTeJibCTBYIOT 0 TOM, 'ITO B npe,~~;enax yKa3aHHbiX OIIIH60K H3MepeHH.II He 

Ha6JIIO,ll;aeTC.II paCXO)J(,l(eHHe C mKH,ll;aeMbiMH 3KCTpanOJI,SIQHOHHhiMH 3Ha'leHH.IIMH 

,~~;aHHoii: seJIH'IHHbi (pe3yJihTaT 3KCTpanoJI.IIU,HH 3Ha'leHHH S-cpaKTopa H3 o6nacTH 

3HeprHH CTOJIKHOBeHIDI 7- 45 K3B B HCCJie,~~;yeMyiO o6JiaCTh 3HeprHH) • 

.[(mi nposepKH lJYBCTBHTeJibHOCTH llOJIY'leHHbiX pe3yJibTaTOB K MO,ll;eJIH 

B3aHMO,ll;eHCTBIDI JlaHHepa C MHIIIeHbiO HaMH 6hiJIH npoBe,ll;eHbl paC'leThl npou,ecca 
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TOpMO)f(eHIDI ',neHTpOHOB JiaHHepa C yqeTOM He TOJibKO HX B3aHMO,LieHCTBlf.SI C 
,neHTpOHaMH, HO If C 3JieKTpOHaMH, COrJiaCHO MO,LieJIH [30). 

B nocrre.nneM crryqae 3HaqeHue S-cpaKTopa B03pacTaeT npuMepuo ua nop».LIOK 
serruqunbi B YKa3aHHOH o6rracnt 3Hepruil CTOJIKHOBeHID!. CTOJib CHJibHOe 
yserruqeuue 3naqeuuil S-cpaKTopa He MO)f(eT 6b1Tb o6'bHCHeno KaK B03MO)f(HbiM 
HaJIHqlfeM YJKHX H,LiepHbiX pe30HaHCOB B dd-ceqeHHH (H3-3a ,LIOCTaTOquo 60JibUIOfO 
3HepreTuqecKoro pa36poca ycKopeHHbiX .neiiTpouos rrailuepa), TaK H MexaHH3MaMu 
pa3JIHqHbiX neycTOHqlfBOCTeif, .LiaiOIIIHX .LIOllOJIHHTeJibHbiH BbiXO.LI HeHTpOHOB. 
BTopoe o6cTOHTeJibCTBO npoTHBopequT pe3yJILTaTaM cponoBbiX onbiTOB. 

B 3aKJiroqeuue oTMeTHM, qyo norryqeuuble naMH pe3yJILTaTbi eme pa3 
CBH,LieTeJibCTByiOT 0 TOM, qTO HCllOJib30BaHHe npe,LIJIO)f(eHHOH HaMH MeTO,LIHKH 
HCCJie,LIOBaHID! CHJibHI.IX B3aHMO.[IeHCTBHH B o6JiaCTH YJibTpaHH3KHX 3HeprHH 
CTOJIKHOBeHID! c npHMeHenueM Z-nuuqa [13,14,18,19] HBJIHeTCH nepcneKTHBHbiM 
HanpasrreuueM, no3BOJIHIOIIIHM ocymecTBJIHTb H3yqeuue g,nepHbiX peaKQHH Me*.LIY 
JierKHMH R,npaMH B He,LIOCTYllHOH C TOqKif 3peHID! KJiaCCifqecKHX ycKOpHTeJieH 
o6JiaCTH 3HeprHH. 

ABTOpbi BI.IpR)f(aiOT ucKpeHHIOIO 6rraro.napuoCTb P.E.EaKUIT (11C3 PAH) u 
A.Toor (LLNL, CiliA) 3a norre3Hble ,nHCKyCCHH, B.cn.EopeiiKo H C.B.llln:HXTYHY 3a 
nOMOIIIb npH npoBe,D;eHHH 3KCnepHMeHTa If llO,LifOTOBKe pyKOllHCH K neqaTH. 
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TipHBe.UeHhl pe3yJibTaTbl 3KCnepHMeHTOB no H3MepeHHJO 3HaqeHHH acTpO¢H-
3HqecKOfO S-¢aKTOpa B dd-peaKUHH npH ynLTpaHH3KHX aHepllUIX CTOJIKHOBCHIDI 
.ueiiTpOHOB C HCllOJib30BaHHeM JiaHHepHOH Wla3Mbl. 

3KcnepHMeHT BblllOJIHIDIC.SI Ha CHJibHOTOqHOM ycKOpHTeJie J1HCTHTyra CHJib
HOTOqHOH aneKTpOHHKH PAH (ToMCK). 

l13MepeHHhie 3HaqeHIDI S-¢aKTopa npH aHepllUix CTOJIKHOBCHIDI .ueiiTPOHOB 
2,27; 2,06; 1,8 K3B COCTaBHJIH, COOTBeTCTBeHHO: 

Sdd =(53± 16), (64 ± 30), (114 ± 68) 6 · KaB. 
BhiqHcJieHbi ceqeHIDI dd-peaKL(HH npH yKa3aHHhiX cpe.UHHX aHepllUIX CTOJIK

HOBeHH.SI .ueiiTpOHOB c HcnoJih30BaHHeM H3MepeHHhiX 3HaqeHHii S-¢aKTopa H H3-
BeCTHoii napaMeTpH3al(HH ceqeHIDI peaKL(HH B BH.lle npOH3Be.UeHH.SI 6apbepHOfO 
MHO)((HTeJI.SI H aCTpo¢H3HqeCKOfO tPaKTOpa: 

cr;d (Ecoi = 1,8 KaB) = ( 4,3 ± 2,6) · 10-33 CM2
; 

cr;d (£col = 2,06 KaB) = (9,8 ± 4,6) · 10-33 cM2
; 

cr;d (£col = 2,27 KaB) = (2, 1 ± 0,6) · 10-32 cM2. 
Pa6oTa BhinOJIHeHa B Jla6opaTOpHH .s~.uepHbiX npo6neM OIUIH. 
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The Astrophysical S-Factor for the dd-Reaction at Ultralow Energies 

The experimental results for measurements of the astrophysical S-factor for 
dd-reaction at very low deuteron collision energies using liner plasma technique 
are presented. The experiment was fulfilled at the high current generator of the 
High-Current Electronics Institute, Tomsk, Russia. The measured values of S-fac
tor for the deuteron collision energies: 2.27, 2.06, and 1.8 ke V are: S dd = (53 ± 16), 
(64 ± 30), (114 ± 68)b ·keY, respectively. 

The corresponding dd cross sections described as a product of the barrier fac-
tor and measured astrophysical S-factor are: 

cr,;" (Ecol = 1.8 keY)= (4.3 ± 2.6). I0-33 cm2
; 

d~d (Ecoi = 2.06 keY) = (9.8 ± 4.6) · I0-33cm2
; 

cr;" (E.o, = 2.27 keY) = (2.1 ± 0.6) · I0-32 cm2
• 

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