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.Qon6anoa LB. a ap. P9 · 11191 

3xcnepBM8HTbl IIO ycxopeRRJO ROBOB 830T8 B fiPOTOTHIIe 
xonneKTHBaoro ycxopaTens TJVKenbi.Jt aoaoB OHHH 

0nHC8Hbl 3KCIIepRM8HTbl IIO yCKOp8HBJO ROBOB 830T8 aneKTpOHHbiMB 
xonbUaMa B cnaaa~meM MarsaT&oM none npoToTana xonneKTRBHoro ycxops
Tena, 

MeToaoM axTaBauaoaaoro asanaaa npoaaaeae&bi aaMepenas aaepraa 
H OUeHeHa BRTeHCHBHOCTb yCKOpeBBLIX BOHOB, Ha6op 3KeprRR HOHOB COCT8B
naeT- 2 Ma8/ayxn,M npa BHT8BCRBBOCTR BOROB (5+6 )• 10 11 ROHOB 38 UliKn, 

Pa6oTa Bbmonaeaa B 0Taene BOBWX MeTonoa ycKopeKBH 011 HH. 

Coo6weaae 06w .... euoro DCTIITYTA uep~~~o~x accne.11o ... a1. ,1:\yfiaa 1978 

Dolbilov G,V. et aL P9 • 11191 

Experiments on .Accel~re.tion oi Nitrogen Ions in a 
Prototype of nNR iHMvy Ion Collective Accelerator 

Experiments on acceleration of nitrogen ions by electron rings 
in a falling off magnetic field of a collective accelerator prototype 
are described, An energy and an intensity of accelerated ions have 
been measured using the activation analysis method, The ion energy 
set is 2 MeV/nuci.m at the Intensity oi (5-6) • 1011 ion/cycle, 

The investigation has been performed at the Department 
of New .Acceleration Methods, JINR. 

Communication of the Joint Institute for Nuclear Research. Dubna 1978 
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YcKopeHHe HOHOB B npOTOTHne KOJIJieKTHBHOrO yCKOpH· 

TenJI 1 1 •21 JIBJIJieTCJI 3aaepwaJOll.lHM 3TanoM ero 3anycKa. 

MarHHTHaJI CHCTeMa BMBO~a H YCKOpeHHJI npOTOTHna, 

onHcaHHaJI a pa6oTax 13 •41 • o6ecnequaaeT C)l(aTHe 3JieKTpoH

HhlX KOJieU ~0 KOHe'IHOrO pa~Hyca 2,8 CM, BMBO~ KOJieU, 

Harpy)l(eHHhlX HOHaMH, B o6nacTb nHHeB:Ho cna~aromero 
MarHHTHoro nonJI H ycKopeHHe Ha ~nHHe coneHoH~a cna

~aiDmero nonJI. BMBO~ KOJibUa H3 nnocKOCTH <}>opMHpoaaHHJI 

ocymecTBnJieTcJI 3a cqeT ~e<}>opMaUHH H nepeMemeHHJI y~ep

)I(HBaromeB: MarHHTHOH JIMhl B HanpaBJieHHH, HOpMaJibHOM K 

Me~HaHHOH nJIOCKOCTH CHCTeMM. llepeMell.leHHe MarHHTHOH 

JIMhl npOH3BO~HTCJI 3a C'leT WYHTHpOBKH O~HOH H3 nocne~O
BaTeJibHO coe~HHeHHhlX KaTyWeK nocne~HeH CTyneHH C)l(aTHJI 

H yaeJIH'IeHHJI TOKa B HeWyHTHpOBaHHOH KaTyWKe. K MOMeHTY 

BhlBO~a TOKH B nocne~HeH CTyneHH C)l(a THJI H B COJieHOH~e 

6JIH3KH K aMnJIHTY~HhlM 3Ha'leHHJIM. 

BMBO~HOH coneHoH~ co cna~aiOll.lHM noneM pacc'IHTaH 

Ha 34><l>eKTHBHOe HCnOJib30BaHHe C UeJibiO ycKopeHHJI BCeH 

~JIHHhl HaMOTKH /83 eM/. Cneuu<}>uqecKH pacnpe~eneHHaJI 
nJIOTHOCTb HaMOTKH COJieHOH~a no ~JIHHe o6ecne'IHBaeT OT

HOCHTeJibHhlH cna~ nOJIJI 25730~ CO cpe~HHM rpa~HeHTOM 
no ~nHHe 50775 3/cM /Ha ypoaHe 15 K3/. 

llapaMeTphl 3JieKTpOHHMX KOJieU B 3KCnepHMeHTaX no 

yCKOpeHHIO HOHOB 6MJIH CJie~yiOll.lHMH: 

- 'IHCJIO 3JieKTPOHOB N e = /1±0,3/ ·10 
13 

, 

- pa~HYC KOJibUa R = 3 CM, 

- Manhle pa3Mephl ce'leHHJI ar ~a z "" 0,2 70,15 CM, 

- penJITHBHCTCKHH <}>aKTOp B KOHUe 

C)l(aTHJI Y =40745. 
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3ciMlleKTHBHOCTh KOJIJieKTHBHOrO YCKOpeHHJI MHOr03a

pJI.IJ.HhiX HOHOB onpe)].eJIJieTCJI .IJ.BYMJI napaMeTpaMH: 

1/ Ha6opOM 3HeprHH Ha HYKJIOH Ha e)].HHHIJ;e )].JIHHLI 

/TeMn ycxopeHHJI/ 

LlE=k· 2ve Z 
ar +rz • - M 3B/HYKII. CM, 

A 

r.IJ.e 

ve=4,5·10·14 Ne a-
"noroHHhlii: 3JieJCTPOH", Z I A - OTHomeHHe 3apJI,tta x Maceo

BOMY 'IHCJiy •oBOB, k"' 1/4 • IC034M)IU{BeHT, onpe)].eJIJIIOIIVII 

YCJIOBBe y,ttepliC&BBJI BOHOB B ICOJIIo.l(e. 

2/ 'IBCJIOM YCICOpeBBWX BOBOB N
1 

BJIH OTHOWeBBeM 

AMNt 
Macc JCoMnoBeBT JCOJIItiUl ~'"' N • r.IJ.e my a M • uaccw my . 
3JieKTpOHa B IIpOTOHa. e 

Pac'leTbl BaKOJIJieHHJI BOHOB pa3JIB'IHOB 3apJI)].HOCTH 

)].JIJI a30Ta OCTaTO'IHOrO ra3a B cyiQeCTBYJOIQeii: MarHBTHOB 

cacTeMe a)].re3aropa npoBe.IJ.eBhl B pa6oTe 151 . Ha puc. 1,2 
npe)].CTaBJieHbl .IJ.HHaMHKa BaKOJIJieHBJI BOHOB B npouecce 

C~aTHJI 3JieKTpOHH~X KOJie.l( B pacnpe)].eJieHBe 3apJI)].HOCTH 

HOHOB B KOJIIoQaX pa3JIH'IHOB JIJIOTHOCTH npB BaKyyMe B Ka-
-7 

Mepe a.IJ.re3aTopa 1· 10 Top. H3 pacqeros cne.IJ.yeT, 'ITO 

)].JIJI HOHOB a30Ta, YCKOpJieMbiX 3JieKTpOHHLIMB KOJILQaMH 

C npBBe)].eHHbiMH BhiWe napaMeTpaMH, MO~HO npBHJITio COOT

HOWeHBe Z/ A =115. 

Cneuawaxa KOJIJieKTBBHoro ycxopeHHJI MHoro3apJI.IJ.HhiX 

BOHOB 3aK~'IaeTCJI B TOM, 'ITO KOJIB'IeCTBO B KOHe'IHaJI 

3HeprHJI YCKOpeHHLIX BOHOB JIBJIJIIOTCJI BeJIB'IBHaMB CBJI3aH

HbiMB /S~ KBHeMaTBKa 3JieKTpOBHOrO KOJIIoQa, Harpy~eHBOro 
HOHaMB, onpeJ].eJIJieTCJI CTeJieHioiO BOHHOB 3arpy3KB, xapax

TepB3yeMOB napaMerpoM ~.Ha puc.3 npHBe.IJ.eBa pac'leTHaJJ: 

3aBBCBMOCTio Ha6opa 3HeprBB BOHOB LlE OT CYMMapBOB 

MaCChi HOHOB B KOJIIoQe )].JI.I BOHOB C OTHOWeHBeM 3apJJ:.IJ.a 

K MaccosoMy 'IBCJIY Z/ A·l/5 ,ycxop.leMwx B cna.IJ.aJOIQeM 

MarHHTHOM JIOJie C 3&)].&BBWM rpa)].BeBTOM 50 3/CM. 3)].eCio 

~e npe.IJ.CTasneHhl xapaxTepsble 3Ha'leHBJI Ha6opa 3Hepraa 

l'lE JCaK WYBKUBB v e • Pacqerw noiC&3WB&IOT, 'ITO .IJ.JI.I 3JieiCT • 

POHHWX ICOJieQ, peaJJB3yeMWX B& JipOTOTBJie ICOJIJieKTBBBOrO 
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Puc. 2. Pacnpeoe/leHue 3apAOHoc•u uoHoe a3o•a e KO/IbllaX 
pa3/IU'lHOU MO•Hoc•u. 

YCICOpBTenJI, ODTBM&nloH&JI 3&rpy3JC& HOHOB COCT&BnJieT 

( = 50760, npBpOCT 3HeprBB HOHOB - -2 M3B/HYK.IIOH M. 
Pac'leTitl, altiDOJIHeHHitle no MeTOJlY, B3nOlKeBHOMY B pa-

6oTe /S/ , DOIC&3&nH, 'ITO B03M0)1(1fbl JlB& OCHOBHLIX pelKBM& 

BLIBO~a. llepBWi COOTBeTCTByeT COBDa~eHHJO aunnHTY~ 

M&rBBTHWX DOJiel nocne,llBei CTyneHB ClK&THJI B YCICOpJIJO• 

IQero coneHOBJl&. llpB :noM Jle4!opM&UBJI DOTeHUH&nLHOi JIMLI 

6 

61 I ve 

<JI,:.l z ar+as 
K=l/4 -=1/5 --=0.2 .. 0.6 

o.rn A 2 

0.06 \ l' 
0.05 o.• 

~-1 fLO 0.0) 
0.2 

O.CII 

0,1 
0.01 

0 0 
0 25 50 ?5 100 u, 

{ 

Puc. 3. 3aeucuMOC11ib Ha6opa 3Hepzuu om cmeneHu 3azpy3KU 
KO/IbllQ UOHQMU f · 

MarHHTHOrO nonJI nonHOCTLIO 3aKaH'IHBaeTCJI npH CMeiQeHBB 

KOnLUa Ha 677 CM OT Me~BaHHOB nnOCKOCTB. Bo BTOpOM 

pe>KHMe, Kor~a MarHBTHOe none coneHoB~a BLIWe nonJI 

nocne~HeB CTyneHB, KOnLUO OCTaeTCJI B llOTeHUBanLHOH 

JIMe BnnoTL ~o Toro BpeMeHB, Kor~a B pe3ynLTaTe cna~a 

TOKa B coneHOH~e DOnJI cpaBBBBaJOTCJI. llpB 3TOM KOnLUO 

OCB060>K~aeTCJI OT llOTeHUBanLHOB JIMLI TOnLKO Ha pac

CTOJIHBB 16717 CM OT Me~BaHHOH nnOCKOCTB. Hccne.D.OBaBBe 

3TBX pe>KBMOB Tpe6oBano 3KCnepHMeHTanLHOrO onpe~eneHBJI 

~Balla30Ha H3MeHeHBJI napaMeTpOB MarHBTHOB CBCTeMLI, 

onpe~enJIJOIQBX BLIBO~ 3neKTpOHHO·BOHHOrO KOnLua. 

CxeMa 3KcnepBMeHTOB npe~cTaBneHa Ha puc. 4. 3oH~ 
B3 TOHKOH npOBOnOKB /~nJI CHB>KeHBJI B03MyiQeHBH DOnJI/, 

nepeMeiQaeMLIB B~OnL OCB z , ~aBan B03MO>KHOCTL npB 

BLICa~Ke Ha Hero 3neKTpOHHOrO KOnLUa nony'laTL KaK 

3neKTpB'IeCKBe CBrHanLI, nponopUHOHanLHLie 3apJI~Y KOnLUa, 

TaK B TOpM03HOe B3ny'leHBe, perBCTpBpyeMOe CUHHTBn

nJIUHOHHLIM ~eTeKTOpOM. )J.nJI onepaTHBHOrO onpe~eneHBJI 
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Puc. 4. 3KcnepuMeH111aAbHa.R cxeMa. 
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012 

reoMeTpH'IeCKHX napaMeTpOB KOnLU& B KOHUe y'I&CTK& 

YCKOpeHHJI H& KOHUe BLIBO,D;HOrO na Tpy6Ka 6wn YCT&HOBneH 

CT&K&H CO CTeHK&MH, BLillOnHeHHLIMH H3 TOHKOrO /0,5 MM/ 
THT&Ha. ,l(HO CT&K&Ha pacnonaranOCL B KOHUe y'I&CTKa 

nBHeiHo cna.u;aJOII(ero non.11 ycKop.IIJOII(ero coneHoH.u;a Ha 

paccTOJIHHH 77 CMOT we.u;H&HHoinnocKocTH. TaKHM o6pa3oM, 

6wn o6ecne'leH onepaTHBHLii .u;ocTyn s o6nacTL ycKopeHHJI 

6e3 HapymeHHJI saKyyNa. ToHKoe .u;Ho cTaKaHa, npo3p&'IHOe 

,D;nJI BLICOK03HepreTH'IHLIX 3neKTpOHOB H Y -KBaHTOB, no-

3BOn.llnO nony'I&TL &BTOrpa~LI KOnLU& H& ~OTOlln&CTBHKe, 
YCT&HOBneHHOi H& ,D;He CT&K&H& C H&py>KHOB CTOpOHLI, BnB 

H&6nJO.u;a TL BH3yanLHO KOnLUeBoe CBe'leHBe CUHHTBnnJITOpa, 

YCT&HOBneHHOrO BMeCTO ~OTOllJIACTBHKB. 
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z 

AJIH&MHIC& ,ABJDKeHHJI KOnLU& B,D;OnL OCH Z B llOTeHUHanL

Hoi .11.we B pa3HLIX pe>KH.wax swso.u;a IIJIJDOCTpHpyeTc.ll 

puc. 5. To'IK&MH noKa3&HLI .wo.weHTLI noJisneHHJI csrHana 

TOpM03HOrO y - H3ny'leHHJI npH nepeMell(eHHH 30H,D;& B,D;OnL 

ocsz. B pe3ynLTaTe npose.u;eHHLIX H3.wepeHHi ycTaHosneHo, 

'ITO B nepBOM pe>KHMe BLIBO,D;a ,D;nJI WHpOKOrO ,D;H&ll&30H& 
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Puc. 5. ,l{uHaMuKa c>eWICeHU.R KOAbfi(J Ha Ha'«LLIbHOM 3JKJne 
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H3MeHeHHB nonB coneHoH~a. a cne~osaTenbHO, H pa3-
Mepos KOllblJ;a, OTCYTCTBOBano BllHJIHHe pe30HaHca vr =1. 

KonL:u;o ycKopBnocL s~onb ocH coneHOH~a 6e3 nonepeq
HbiX CMeiUeHHH. Bo BTOpOM pe)I(HMe, KOr~a CTapT KOllblJ;a 
B pe)I(HM YCKOpeHHJI npOHCXO~Hn Ha z = 16 CM, Ha6mo~anOCb 

snHBHHe pe3oHaHca vr =1, qTo Tpe6osano npHHBTHB ~onon
HHTenbHbiX Mep ~nB u;eHTpHpOBaHHJI KOllbUa Ha DpO~OllbHOH 
OCH. 

H3MepeHHJI DOKa3anH B03MO)I(HOCTb BbiBO~a H YCKOpeHHJI 
:meKTpOHHO-HOHHOrO KOllblJ;a B WHpOKOM ~HaDa30He npoMe
)l(yToqHbJX pe)I(HMOB C H3MeHeHHeM BenHqHHbl DOllJI H MOMeHTa 

BKmoqeHHJI WYHTHpOBKH KaTyWeK DOCne~HeH CTyDeHH 
C)l(aTHJI. 

,D.nB onpe~eneHHB napaMeTpos ycKopeHHoro HOHHoro 
nyqKa 6bln HCDOllb30BaH MeTO~ aKTHBalJ;HOHHOrO aHanH3a. 
MO)I(HO DOKa3aTb, qyo ~llJI pa60Tbl B Q)I(H~aeMOM ~ana30He 
3HeprHH HOHOB u;enecoo6pa3HO HCDOllb30B8Tb MHWeHH TOllbKO 
H3 nerKHX 3lleMeHTOB. )J.nB nonyqeHHJI pa3~enbHOH HHcllOpMa
UHH 06 3HeprHH H HHTeHCHBHOCTH YCKOpeHHWX HOHOB HC
DOllb30BanHCb O~HOBpeMeHHO TpH MHWeHH H3 pa3nHqHbJX 
MaTepHanOB 2 D, 9 !3e ; 2 C , ~aiOIUHe Ha yCKOpeHHbiX HOHaX 
a3oTa B~epHble peaKUHH c pa3nHqHbJMH noporaMH. 

OcHOBHble peaKUHH Ha Bb16paHHbiX MHWeHBX cne~yroiUHe: 
1j14N+2D-+150+n. 06pa3YIOIUHHCJI B pe3yllbT8TepeaKUHH 

H30TOD 150 HMeeT ~+ aKTHBHOCTb C 3HeprHeH D03HTpOHa 
1, 7 M 3B H nepHo~oM nonypacna~a - 2 M UH. Ilopor peaKUHH 
cocTaBnBeT 0,5 M3B/HYKAOH. 

2;14 N + 9Be-+ 1fl<'+a +n. H3oTon 
18 

F HMeeT nepHo~ nony

pacna~a 1,87 ~ H HCDYCKaeT DpH pacna~e D03HTpOH C 
3HeprHe:H 0,6 M3B. Ilopor peaKUHH - 0,8 M3B/HYKAOH. 

3/14 N+12 c-+24 Na+2P. 24 Na HMeeT B pacna~e y -nHHHIO 
c 3Hepraei 1369 K3B 11 nepao~ nonypacna~a -15 ~. llopor 

peaJCUBB - 1,4 /JI:JB/NYKAON. 
CeqeHa• 3TBX peaJCilBi s 3asaca:wocTa oT 3Hepraa 

HaneT8.10utero aoHa xopowo B3BeCTHW. .D.n• npB:wepa Ha 
puc. 6 npe,llCT8BlleHa 3aBBCBMOCTb ceqeHBJI pe&JCIJ;BB 
2 D ( 14N ,n) 15 0 OT 3HeprHB HaneT810utero BOHa &30Ta. 

H3 no60'IBWX peaJC:u;al, conyTCTBYIOlUBX ocHOBHoi,Haa-
6onee sepoJITHOH oK&3WBaeTc.tl peaJC:UB.tl Ha yrnepo~e 
12 C ( y n) 11 c . Bwxo~ 3Toi peaK:u;aa ~n.11 TOHJCoi :waweHB 
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Puc. 6. 3aeucu..wocmb ce~eHUJI peaKfiUU 2 D (14N ,n) 150 
3Hepzuu HaAe1/laK>fllezo uoHa aao111a. 

0111 

HH)I(e BbiXO~a OCHOBHOH Ha 374 DOp.tl~JCa. KpoMe TOro, nepHO~ 
nonypacna~a MB ~aHHOH peaKIJ;BB paBeH 20 MUH. ll03TOMy 
sepoBTHOe npoBsneHHe no6oqHo:H peaJCUHH He MO)I(eT cy

IUeCTBeHHO B3MeHHTb pe3yllbTaTOB OCHOBHOH peaKIJ;HH Ha 
yrnepo~e. 

TOHJCBe MBWeHH BMenH nonepeqHble pa3Mepbl -20 MM 

H pacnonaranBCb Ha BHyTpeHHeH CTOpOHe ~Ha THTaHOBOro 

uanHH~pa I puc. 4/. H3MepeHHe aJCTHBHOCTH npoH3BO~Hnocb 
C DOMOlUbiO CIJ;HHTHllllJIIJ;HOHHOrO y - cneJCTpOMeTpa. H3Mepe
HBJI C DOMOlUbiO Ge-Li-~eTeJCTOpa ~anH&HanorHqHwepe3ynb
T8Tbl. KpBcTann ~eTeJCTopa, a:weJOutBI pa3:wepw nop.tl,llJCa 
pa3Mepos MBWeHeH, pa3:WeutanCJI BHYTPB TBT&HOBOro CT&JCa
Ha BDnOTHYJO IC Hapy)I(HOI CTeHJCe HanpOTBB Bb16p&HHOB MB
WeHB.3TO ~asano B03MO)I(HOCTb Henocpe~CTBeHHO llOCne 
o6nyqeHBJI cHapy)I(JI,6e3 HapyweHBJI saJCyy:wa,nposo~BTb B3-
MepeHBJI c JCa)I(~OH MHWeHbiO He3aBBCHMO. BKna~ coce~HHX 
MHWeHe:H B3- 3a H3MeHeHBJI TenecHoro yrna oJCa3anc.tl Hecy
mecTBeHHWM.34MtleJCTBBHOCTb perHCTp81J;BB ~eTeJCTOpa 6wna 
nposepeHa s aHanorHqHwx ycnoBBJIX c noMOIUbiO JCana6posaH-

11 
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Puc. 7. Pe3yAr.•a•r.• U3MepeHUJI aK•ueHoc•u, Haeec)eHHoii 
e 2 D JWUUieHu. 
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HWX ClleKTpOMeTpaqeCKHX paAHOaKTHBHWX H30TOllOB H co
CTaBHJia An.ll y ·KBaHTOB C :mepr&eH 511 K3B ABa C nono
BHHOH npoueHTa. 

llepBwe OllWTW C o6nyqeHHeM MHWeHeH H3 l:JBe H 2D 6WJIH 

HanpaBneHw Ha H3MepeH&e nepHOAOB nonypacnaAa o6pa3yJO
IUHXc• H30TonoB 150 a 18 F An• ax HAeHT&c)axauaa. B xa
qecTBe np&Mepa Ha puc. 7 np&BeAeHw pe3yn&TaTw H3Me
peHa• aKTHBHOCTH, HaBeAeHHoi B MHWeHH &3 2 0. HexoTopoe 
oTnaqae H3MepeHHoro nep&oAa nonypacnaAa oT nepHOAa 
nonypacnaAa B30Tona 15 0, &e3Haq&Ten&ao npeBWWaJOJUee 
OWH6Ky B3MepeHHA, MO)I(HO 06'1t .. CHHTb BKJiaAOM y •H3Jiyqe
HB_. COCeAHBX MHWeHei. 

An• ou;eHJCR 3HeprRR ycxopeHHWX BOHOB a3oTa 6wno 
npoBeAeHo o6JiyqeHHe Bcex MHWeHeA npa Haanyqme.w: Baxyy
.w:e B ycTaHoBJCe /2,5 .lo-s Top/. H3.w:ep•nac& aJCTRBHOCTb 
MHWeHei 3a ape.w:• nop•AKa nep&oAa nonypacnaAa. CneKTpw 
aKTHBHOCTB npeAcTaBneHw Ha puc. 8 a 9. Ha puc. 8 npeA
cTaaneHw aKTBBHOCTb y •JIRHRR C 3Hepraei 1369 K3B 
MRWeHR H3 yrnepOAa, a TaK>Ke aKTHBHOCTb HCTOqH&Ka 6°Co, 
AaJOJUero y ·JIHHHH 1173 K3B H 1332 K3B. 

HAeHT&c)axau;H.II H30Tona 
24 Na B o6nyqeHHoi MHWeHH &3 

yrnepoAa no3BOJI.IIeT CAenaTb oueHKY 3HeprHH ycxopeHHWX 
HOHOB a3oTa, KOTopa.ll npeBwmaeT 3HeprHJO nopora peaxuaa 
1,4 M3B/HYKAOH. llpHHHMa.ll 3HepraJO HOHOB paBHoi 
1,5 M3B/HyKAOH, MO>KHO onpeAeJIHTb no 3arpy3Ke xon&ua 
HHTeHCHBHOCTb HOHOB B OAHOM Q;HKJie. Ou;eHKH HHTeHCHBHO· 
CTH HOHOB B peaKUHJIX Ha pa3HbiX MHWeHJIX COBllaAaJOT 
C XOpomei TOqHOCTbiO H paBHW /5±1/ •1011 HOHOB B UHKJie. 

,D;an&Heimae onwTbl 6biJIH HanpaaneHw Ha 6onee Ae
TaJibHOe H3MepeHHe 3HeprHH HOHOB H cpaBHeHHe pe3yJI&Ta· 
TOB C KHHeMaT&qecKOH KapTHHOH ABH>KeHH.II KOJibUa C HOHaMH. 
,lJ;JI.II :noB: u;enH 6b1JIH onpeAeJieHbl 3aBHCHMOCTH 3HeprHH 
YCKOpeHHbiX HOHOB OT 3arpy3KH KOJibQ;a. llpOBOAHJIHCb H3Me
peHH.II aKTHBHOCTH MHWeHH H3 AeiTepH.II, o6nyqeHHOH npH 
pa3naqHwx 3HaqeHH.IIX BaxyyMa. Pe3yJI&TaTw H3MepeHHi 
npeACTaBJieHW Ha puc. 10. lloJiyqeHHa.ll 3aBHCHMOCTb HHTep
npeT&pyeTCJI cneAYJOIUBM ·o6pa3oM. llpa oqeHb Manwx 3a
rpy3Kax 3JieKTpOHHOro KOJibUa BOHaMH/B8.KYYM 2• 10'8 Top/ 
OHH He YAep>KHBaJOTC_. 3JieKTpaqeCKHM llOJieM KOJibUa H He 
3axBaTWB8.10Tc• B pe>KHM ycxopeHa•. B ABana3oHe AaBneHHH 
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Puc. 10. 3aeucUMOCIIIb aKIIIU6HOCIIIU MUUleHU U3 oeumepuJI 
0111 napflUUAbHbiX oaeAeHuu zaaoe N,Ar ,Xe. 

37 5 .1 0-8 Top npoHCXO.D.HT onTHMaJILHoe ycKopeuue. llpH 

,D,aJILHeDWeM yaeJIHqeHBH qHCJia YCKOpeHHblX HOHOB COOTBeT

CTBeHHO na,D,aeT HX 3HeprH~. YMeHLWeHHe 3HeprHH HOHOB 

3HaqHTeJILHO CHJILHee BJIH~eT Ha BblXO,D, peaKIJ;HH B MHWeHH, 

ll03TOMY aKTHBHOCTb MHWeHH, HeCMOTp~ Ha yBeJIHqeHHe 

qHCJia HOHOB, na,D,aeT. H, HaKOHeu;, npH ,D,aBJieHHH B KaMepe 

9 • 1 o-S Top 3HeprH~ HOHOB CTaHOBHTC~ HIDKe noporOBOH 

,D,JI~ ,D,aHHOH peaKIJ;HH. 

TaKoe npe,D,cTaaneHHe Tpe6oaano npoaepKH, TaK KaK 

OTCYTCTBHe BblXO,D,a peaKIJ;HH B MHWeHH MO)KHO 6blJIO 06'b~C

HHTb H TeM, qTO npH HH3KOM 3HaqeHHH BaKyyMa 3a cqey 

60JiblliOro qHcJia HOHOB B KOJILIJ;e MO)KeT UpOHCXO,D,HTb 3ap~

,D,OBa~ HeHTpaJIH3aiJ;H~ H HapywaTLC~ YCJIOBHe YCTOHqHBOCTH 

.D.BYXKOMllOHeHTHOrO KOJILIJ;a ( ~< cp < 1 ). fipH 3TOM MO)KHO 
y 

He Ha6mo,D,aTL ycKopeHH~ aoo61IJ;e. 

llo,D,o6Ha~ npoaepKa 6blna npoae,D,eHa nyTeM 3arpy3KH 

KOJILIJ;a HOHaMH C ,D,pyrHM OTHOWeHHeM 3ap~,D,a K Macce. 
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C :nOB IJ;eJILIO YCKOp~JIHCb HOHbl a30Ta C ,D,06aBJieHHeM 

HOHOB Ar H Xe, y KOTOpbiX OTHOWeHH~ Z/A COOTBeTCTBeH

HO paBHbl 1/7 H 1/10. 3aBHCHMOCTH BbiXO,D,a peaKIJ;HH OT 

napu;HaJILHbiX ,D,aBJieHHH 3THX ra30B npe,D,CTaBJieHbl Ha puc.1 0. 
KaK BH.D.HO H3 pHCYHKa, noporH peaK.QHi He H3MeHHJIHCL 

H HaXO,D,~TC~ B COOTBeTCTBHH C MaCCOBbiMH qacJiaMH ,D,O· 

6aBOK. fiepecqeT 3HeprHH HOHOB H3 KHHeMaTHKB ,D,aeT BeJIH· 

qaHy 1,6 MaB/HYKAOH, a H3 peaK.QHH a3oTa Ha yrnepo,D,e 

aenaqauy 1,5±0,1 MaB/HYK.IIOH. 
H3 puc. 10 cne,D,yeT, qyo BOBbl aproHa H KceHoHa ycKo

P•JOTc• COBMeCTHO C KOJIIo.QOM. Tor,D,a, HCllOJib3YJI HMeJOIUHe· 

CJI B JCawepe MHDieHH, MOliCBO 6WJIO 6w 3aperHCTpHpOBaTio 

BWXO,D,W peaJC.QHi: 40Ar+ 2 0-+ 41Ar+p H '129 Xe+ 2 0-+ 13°Cs+n. 
41 Ar. JIBJI .. eTc• y -a3nyqaTenew c nepHO.D.OM nonypacna,D,a 

1,8 '1. )J;eHCTBHTeJI&HO, y - H3JiyqeHHe C 3HeprHei 1293 K3B, 
cooTBeTCTBYIOIUee 41 Ar , 6wno 3aperucTpHpoaaHo. OueHJCB 

HHTeHCHBHOCTB ,D,aiOT 3HaqeHHJI /2±1/ • 10 1l UOH06/flUK.II, qTo 

COOTBeTCTByeT napu;BaJILHOMY ,D,aBJieHHIO aproHa BJCaMepe 

a,D,re3aTopa. 

TaKHM o6pa3oM, B npoToTBne JCOJIJieKTBBHoro ycJCopBTe

n~ ycnewHo npowen nocne.D.HBH 3Tan HaJia.D.JCB, JCoTopbiB: 

ll03BOJIJieT C,D,eJiaTb BbiBO,D, 06 Jl)clleJCTBBHOCTB pa60Tbl YCJCO· 

pHTeJI~ .D.JI~ ycJCopeHHJI T~)KeJiblx BOHOB. Ha6op JHeprBB 

YCKOpeHHbiX BOHOB COCTaBJI~eT - 2 M3B/HYKAOH.M, llpB 

3TOM HHTeHCHBHOCTb JierJCBX HOHOB MO)KeT COCTaBJI~TL 

/5 +6j • 10 11 , T ~)KeJibiX - 2 • 10 11 B O,D,HOM 3JieJCTpOHHOM 

ICOJI&IJ;e. 

B 3aJCJIJOqeHBe aBTOpbl 6naro,D,ap~T B.C.AneKcaH,D,poaa, 

B.A.llpeB:3eH.D.oP4Ja, B.B.KoH,D,paTLeBa B A.r .cl»e,D,yHoBa 3a 

npoae,D,eHHble pacqeTbl. 
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