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Orauecsm IO.U. H np. 9 - 11993 

BhtBOll Tli)KenhiX nouos na ceJtTopuo-ljJOKycnpyiOWHX unKnoTpouos 

MeTOllOM nepeaapllllKH 

B pa6oTe npHBOllliTCll TeopeTH"'eCKHe 11 aKcnepnMeHTanbHbie peaynb­

T8Thl HCCnellOBSHHi! DO BblBOlly Tli)K6nhiX HOHOB MeTOllOM DepeaapllllKH 

aa UHKnoTpOHOB OYIHYI Y-200 H Y-400. PaccMaTpHsancH KaK onuoo6opoT­

Hbti!, TSK H llBYX060pOTHbli! BhlBOllbl HOHOB, YJccnellOBSHHll OOKaaanH, 'ITO 

llBYX060pOTHblll BblBOll 6onee a.p.peKTH&eH, "'eM OllH0060pOTHbli!, 3neCb llOCTII­

raeTCll ysenH"'eHHe aq,.peKTHBHOCTH BblBOllB H npOCTpSHCTBeHHOrO paaneneHHll 

Me)KllY DY"'KBMH HOHOB pa3HblX aapllllOB, 3TO 003BOnlleT OCyWeCTBHTb BblBOll 

nsyx DY"'KOB aonoa, oT nouoa Ne no nouoa Xe, ycKopeHHhiX ua Y-400, 
C &b!COKOI! a4><t>eKTHBHOCTb10, llOCTHrBIOWeil 100-40% COOTBe,TCTBeHHO, KpoMe 

Toro, HMeeTCll aoaMOlKHOCTb nnaauoro perynapoaaHHll auepr1111 BhiBeneHHhiX 

HOHOB B npenenax 35%. 

Pa6oTa Bhtnonneua B Jla6opaTopHH llllepHhiX peaKUIIII OYIHYI. 

npenpRHT 06'b6JlHH6HHOrO HHCTHTYT8 liJl6pHblX HCCnellOBSHRII, fiy6Ha 1978 

Oganessian Yu. Tz. et al. 9- 11993 

B HacTO.HIUee apeM.a: B Jia6opaTopuu .a:~epHLIX peaxuuii 

OHRH JaaepwaeTc.a: coopy)l(eHHe 'leTblpexMeTpoaoro HJo­

xpoHHoro UHKJIOTpOHa T .H)I(eJibiX HOHOB Y- 400. l.J,HKJIOTpOH 

ll03BOJI.HeT YCKOp.HTb HOHbl B WHpOKOM ~HanaJOHe OTHOWeHHH 

A/Z = 4 725 ~o 3Hepruii 35-7-1 M3B/HYK/IOH cooTBeTCTBeH­

HO. BLIBO~ ny'IKOB H3 Y-400 6y~eT ocyiiJ;eCTBJI.HTbCJI MeTo­

~oM nepe3apJI~KH HX Ha TOHKOH MHWeHH. 

Extraction of Heavy Ions from Sector Focusing 
cyclotron by the Recharge Method I METO,l! BMBO,l!A H EFO OCOEEHHOCTH 

Results of theoretical and experimental investigations on the 
extraction of heavy ion beams from the U-200 and U-400 cyclotrons 
by the recharge methods are presented, Both one-circulation and 
two-circulation extractions of ions are considered. It was shown 
that the two-circulation extraction is more effective as compared 
to the one-circulation extraction. It provides increasing in extrac­
tion efficiency coefficient and in space separation between beams 
of different charge ions. This allows one to extract two ion beams 
of Ne to Xe accelerated on the U-400 cyclotron, with the efficiency 
as high as 100-4~, respectively, Besides, there is a possibility 
to regulate smoothly the energy of ions extracted within 35%. 

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

Preprint of the Joint Institute for Nuclear Research. Dubna 1978 

MeTo~ BLIBo~a HOHOB nepeJap.a:,nxoii 6biJI npe~JIO)I(eH 

rpynnoii COTpy,nHHKOB Jia6opaTOpHH .H~epHbiX peaKUHH B 

1964 r.fl/, a B 1970 r. OH 6biJI peaJIH30BaH Ha ~BYXMeTpo­
BOM HJoxpoHHOM UHKJIOTpoHe Y-200121. CyJUHOCTb ero co­

CTOHT B TOM, 'ITO HOHbl C 3ap.a:~OM Z1, YCKOpeHHble ~0 KO­

He'IHOrO pa~uyca RK ceKTOpHoro UHKJIOTpoHa, npoxo~.a:T 
JaTeM qepeJ TOHKYIO MHWeHb, noBLIWa.a: caoii Jap.a:~ ~o Z 2 • 

IlOCJie nepe3ap.H~KH pa~HYC KpHBH3Hbl HX TpaeKTOpHH pe3KO 

yMeHbWaeTC.H. ,lJ;BH)I(eHHe HOHOB H3- Ja pa3HOCTH MarHHTHbiX 

llOJieii B "XOJIMe" H ",nOJIHHe" CTaHOBHTC.H pa~HaJibHO Heyc­

TOH'IHBbiM, H HOHbl BbiBO~.HTC.H H3 BaKyyMHOH KaMepbl yCKO­

pHTeJI.H. B JaBHCHMOCTH OT OTHOWeHHH 3ap.a:,nOB Z 1 /Z 2 , 

pa~HaJibHOrO H aJHMyTaJibHOrO llOJIO)I(eHH.H nepe3ap.H~HOH 

MHWeHH llY'IOK HOHOB MO)I(eT BbiHTH H3 KaMepbl UHKJIOTpOHa, 

COBepWHB O~HH JIH60 ~Ba H 6onee o6opOTOB B MarHHTHOM 

none ycxopuTen.a: nocne nepe3ap.a:~KH. IIpuiluunuaJibHa.a: cxeMa 

BbiBO~a HOHOB npe~CTaBJieHa Ha puc. J. 
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Puc. 1. CxeMa 61>16ooa UOH06 MemoooM nepe3ap.RoKu. -·-- -
06yxo6opoiiiHbiU 6bi600, - - - - OOHoo6opOIIIHbiU 6bi600, 
1 - nepe3ap.RoHa.R MUUieHt.. 

0,/lHOOiiOPOTHl:JH H ,llBYXOliOPOTHJJH 
BlJBO,lllJ J1YqKOB HOHOB 

IJpu CTOnKHOBeHHH HOHOB C aTOMaMH nepe3apJI~HOH MH­

WeHH OHH 6YAYT HMeTb pacnpe~eneHHe no 3apJI~aM f(~ 
OTHOCHTenbHO MaKCHManbHOrO 3tiMIIeKTHBHOrO 3apJI~a Z eff . 
Ecnu 3HeprHJI HaneTaiOUUIX HOHOB ~OCTaTO'IHO BenuKa, TO 

Zeff >> zl. XapaKTepHble pacnpe~eneHHJI no 3apJI~aM, Ha­

npHMep, ~nJI HOHOB Ne H Xe, HMeiOII(HX 3HeprHIO 

6-6,5 M3B/HYKAOH, npuBeAeHw Ha puc. 2. B~Ho, 'ITO 

ecnH ~nJI HOHOB HeOHa MaKCHManbHaJI 3tiMIIeKTHBHOCTb BbiBO~a 

cocTaanJieT - 70tfo I 1 OO'fo ~nJI 6onee nerxux/, To ~nJI xce­

HOHa OHa oxono 20tfo. O~HaKo HapJI~Y c 3apJI~OM Zerr nocne 

npOXO)I(AeHHJI DY'IKOM MHWeHH o6pa3yiOTCJI rpynnw HOHOB 

c 3apJI~aMH Z eff ±1, Zerr ±2, He cunbHO OTnB'IaiOUUieCJI 
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no HHTeHCHBHOCTH OT rpynnbl HOHOB C paBHOBeCHbiM 3apJI­

~OM /eM. puc. 2/. Ilo3TOMY ~nJI noawweHHJI 3tiMIIeKTHBHOCTH 

BbiBO~a HOHOB nepe3apJI~KOH HMeeTCJI B03MO~OCTb O~HO­

BpeMeHHOrO BblnycKa ~BYX- Tpex ny'IKOB HOHOB pa3HbiX 3a­

PJI~oa. OcHOBHaJI TPY~HOCTb peanu3a~HH BbiBo~a HecxonL­

KHX ny'IKOB CBJI3aHa C HX npOCTpaHCTBeHHbiM pa3~eneHHeM. 

B 3TOH CBJI3H B na6opaTopuu 6wnu npoae~eHw TeopeTH'Ie -

CKHe H 3KCnepHMeHTanbHble HCCne~OBaHHJI no BbiBO~Y ~BYX­

Tpex ny'IKOB nocne o~Horo ,'3/, a TaK:>Ke ~Byx o6opoTOB 

HOHOB, nporue~HX nepe3apJI~HOe YCTpOHCTBO. 
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·" If(} "" lt8 z 
Puc. 2. Pacnpeoe.AeHue uoHo6 Ne u Xe no 3ap.RoaM noc.Ae 
npOXOJICOeHU.R nepe3ap.RJICOIOfl#eU MUUieHU. 
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1. Ilpoc111paHcmaeHHoe pa30eAeHue BbiBOOUMbiX 

ny'IK06 UOH06 pa3HbiX 3UpJI006 

TeopeTH'IeCKHH aHaJIH3 BLIBO)J.a ny'IKOB HOHOB npOBO)J.HJI• 

CR Ha OCHOBe 'IHCJieHHOrO pemeHHR ypaBHeHHH )J.BIDKeHHR 

3apR>KeHHOH 'laCTHUbl B peaJILHbiX MarHHTHbiX nOJIRX UHK­

JIOTpOHOB Y- 200 H Y- 400. B BeKTopuoii tlJopMe ypaaaeHHe 

)J.BH>KeHHR HMeeT BH)J. 
d .. Ze -+ .... 

--(Am v) ~ -- [v x H ], 
dt c /1/ 

r)J.e Am, Z e - Macca H 3apR)J. HOHa COOTBeTCTBeHHO; 

·v - cKopocTL Houa; H - MarHHTHoe none; C - cKopocTL 

caeTa. YpaaaeHHe /1/ pemanocL aa 3BM a nonspaoii 

CHCTeMe KOOp)J.HHaT )J.JIR Me)J.HaHHOH nJIOCKOCTH UHKJIOTpOHa. 

)J,nR :noii nenH 6LIJia pa3pa6oTaHa nporpaMMa "STRIP" 
HcnoJIL3YIO~aR MeTO.IJ. pemeHHR Pyure- KyTTa. CocTaBJIRIO-

Y[CH] 

0 X l(lJ 200 X{cM} 

Puc. 3. Bbtaoo ny'IK06 uoHoe Ca 48 c KOHe'IHozo paouyca 
IIUKA0111poHa Y-400. - - - - - ooHoo6opomHbiU Bbteoo, 

- oeyxo6opomHbiU 6bl600, 1 - nepe3apJIOHaJI MU· 
weHb. 
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Puc. 4. 3aeucuMocmb 0111HOCU111eAbHozo 3a6poca ~r!RK 
UOH06 0111 OIIHOUieHUJI 3QpJI006 Z 1/Z 2 U Q3UMY111UAbH020 
nOAOJICeHUJI ¢ MUUieHU OAJI Y-400. ¢ ~ 1 - cepeOUHQ oo­
AUHbl; cp -~ 9 - 15°- 0111 cepeOUHbl OOAUHbl no XOOy ny'IKa; 
~cp = 1,875°; a - 6bi600HOe OKHO 0 l , 0 • 6bi600HOe 
OKHO 0 2 /puc. 3/; - - - - 6bl600 C OOHUM o6op011IOM; 
------ - 6btaoo c oeyMJI o6opo111aMu • 

I.QHe KOOp)J.HHaT (t, cp) H CKOpOCTeH (V r , V cp )B Ha'laJILHOH 

TO'IKe HHTerpHpOBaHHR COOTBeTCTBOBaJIH HX 3Ha'leHHRM Ha 

paBHOBeCHOH op6HTe pa)J.HyCa BbiBO)J.a, Bbi'IHCJIReMOH no 

MeTO)l.HKe, H3JIO)I(eHHOH B pa6oTaX 14•5 /. lliar HHTerpHpo­

BaHHR BLI6HpaJICJI nOCTORHHbiM. B )J.aHHOH pa6oTe 6LIJIH Bbl· 

llOJIHeHLI pac'leTbl neHTpaJILHbiX TpaeKTOpHH HOHOB H, Kpo­

Me TOrO, H3y'laJIOCL H3MeHeHHe pa)J.HaJILHOrO 3MHTTaHCa 
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Puc. 5. O•Hocu•eAbHoe pacc•oJIHUe L\E /R 
eeOeHHbiMU ny'IKQMU pa3HbiX 30PJI006 (Z±l~ 
cau o• Maccbl OAJI IIUKAo•poHa Y- 400. 1 -
Hbul ebleoo, 2 - oOHoo6opo•Hblrl 6bleoo. 

Mexoy e,,_ 
6 3Q6UCUMO­
Oeyxo6opoa-

J ny'IKa ! E r _= 20 --~"' M~~~ B npouecce BbiBO~a, KOTOpbiB 
aa KoHe'IHOM pa,llayce ycKopeHHJI 3a,llasancJI B BH.Ile napanne­
norpaMMa / cosoKynHOCTh 9 TO'feK/ B pa,llHanJ.HOM clla30BOM 
npocTpaHCTBe (r; r'). 

Pe3ynJ.TaTbl 'IHCneHHOrO MO,IlenapoBaHHJI BbiBO,Ila HOHOB 
nepe3apJI,IlKoi &3 uaKnoTpoaa Y-400 npe,llcTasneaw aa 
puc. 3-5. Ha puc. 3 npaBe,lleHw TpaeKTOPHH aoaos Ca48 , 
BbiBO,IlHMbiX 83 JlHKnOTpOHa Y- 400 KaK nocne O,llHOrO, 
TaKa nocne .llBYX o6opoToB. BH.IlHO, 'ITO npH,IlByxo6opoT­
HOM BbiBO,Ile BOHOB Ca 48 3a6poc ny'IKOB L\r/RK B pa­
,llHam.aoe paccTOJIHHe w:e>K,Ily ny'IKaw:a pa3HbiX 3apJI.IlOB, 
OTn&'faiOIQHXCi Ha e,llHHHilY, CyiQeCTBeHHO 6on1.me, 'feM npH 
O,llH0060pOTHOY BWBO,Ile TeX >Ke HOHOB. 3a6pOC H3Y:epJinc• 
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no pa,llHYCY, COe,llHHJIIO~eMy UeHTp llHKnOTpoHa H ueHTp 
BbiBO,IlHOrO OKHa /CM. puc. 1/. 

Ha puc. 4 npe,llcTaBneaa 3aBHCHMOCTh pa,llaan~oaoro 

3a6poca HOHOB OT OTHOIIIeHHJI 3apJI,IlOB Zl /Z 2 H a3a­
MyTanJ.HOrO nono>KeHHJI cllonLrH ¢. Tiono>KeHae cllonbrH ¢ aa 
paBHOBeCHOB op6&Te BbiBO,Ila H3MeHJinOCb OT cepe,llHHbl 
",llonaaw" (¢=1) .llO yrna, pasaoro 15° (¢ = 9), c waroM 
L\¢= 1,875°. llpH BbiBO,Ile HOHOB C O,llHHM o6opOTOM cilonb­
ra pacnonaranac~o aa rpaaaue "xonM- ,llOnaaa". llpa TaKOM 
nono>KeHHH nepe3apJI,IlHoro ycTpoicTBa .llOCTHranac~o MaK­
CHManJ.HaJI senH'IHHa 3a6poca ny'IKa. H3 puc. 4 BH.IlHO, 
'ITO npH .llBYX060pOTHOM BbiBO,Ile HMeeTCJI CHnJ.HaJI 3aBHCH­
MOCTb 3a6poca nyqKa L\r;RK KaK OT OTHOWeHHJI 3apJI­
,IlOB Z 1/Z 2, TaK H oT a3HMyTan~oaoro nono>KeHHJI nepe 3a­

pJI,IlHoro ycTpoicTsa. 3io o6ycnosnasaeT 6onee >KeCTKHe 
Tpe6oBaHHJI K TO'IHOCTH ycTaHOBKH cilonbrH, 'feM DpH 9,1lHO­
o6opOTHOM BbiBO,Ile HOHOB. 

Puc. 5 noKa3wsaeT paccTOJIHHe Me>K.IlY ueaTpanJ.HbiMH 
TpaeKTOpHJIMH BbiBO,IlHMbiX ny'IKOB pa3HbiX 3apJI,IlOB, OTnH­
'IaiO~HXCJI Ha e,llHHHilY, B 3aBHCHMOCTH OT HX MaCChi. BH,IlHO, 
'ITO paccTOJIHBe Me>K,Ily nyqKaMB npa ,llByxo6opoTHOM sw­
BO,Ile Ha nopJI,IlOK BbiWe, 'feM npH O,llH0060pOTHOM. 

3KCHEPHMEHT AJihHhiE PE3YJ1h TATM 
HO H3Y'IEHHIO ,4BYXOEOPOTHOFO BMBO,D.A HOHOB 

3KcnepaMeHTbl no .llBYX060pOTHOMY BbiBO.IlY HOHOB nepe-
3apJI,IlKoi nposo,llHnHcb aa llHKnoTpoae Y- 200. Hoaw Ni~ 
yCKOpJinHCb Ha 'feTBepTOB rapMOHHKe B/'1 HanpJI>KeHHJI • .8bi­
BO,Il BOHOB OCyiQeCTBnJinCJI C paBHOBeCHOB op6HTbl, HMeiO­
~ei cpe,llHHB pa,llHYC 74 CM. 3HeprHJI BbiBO,IlHMbiX HOHOB 
cocTaBnJina 2,14 M3B/HYKAOH. Jlacnpe,lleneaae no 3apJI,IlaM 
aoaos a3oTa nocne npoxo)l(,lleHHJI ax c :noi 3Hepraei qepe3 
TOHKYIO yrnepO,IlHyiO cilon~ory /TOniQHHOi- 40 MKZ/CM 2/ Ta­
KOBO, 'ITO o6pa3yeTCJI ,llBe rpynnbl HOHOB: N t~ H Ni~ . 

PaC'feTHble TpaeKTOpHH BbiBe,lleHHbiX HOHOB npe,D,CTaB­
neHbl aa puc. 6. A3HMyTan~oaoe nono>Keaae cllon~ora aa pa­
,llHyce BbiBO.Ila sw6paao TaK, '1To6w aoaw N 1! nona,llana 
B BbiBO,IlHOe OKHO JlHKnOTpOHa. H3MepeHHble pacnpe,lleneHHJI 
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Puc. 6. Bbreoo ny'IKoe N 14 U3 fiUKAompoHa Y- 200. 1 -
nepe3ap.ROHa.R MUIUeHb. 

HHTeHCHBHOCTeii: ny'IKOB HOHOB N;: H N;
4
7 npHBe,neHLI 

l'fa puc. 7. H3 pHcyHKa BH,nHo, 'ITO paccTOJJHHe Me)l(.l{y 

l{eHTpaMH .l{BYX ny'IKOB /no HanpaBneHHIO "C ", puc. 6/ 
cocTaBnJJeT 21 cM, 'ITO xopowo cornacyeTCJJ c pac'leTHLIM 

3Ha'leHHeM. Pa,nHanLHaJJ nonywHpHHa nl~Ka HOHOB N +11 
COCTaBHlla - 4 CM, a ny'IKa HOHOB N 14 -7 CM. Pa3HHI{a 

nonyWHpHH o6ycnOBlleHa TeM, 'ITO HOHLI N'i~ Ha nepBOM 

o6opoTe nocne npoxo)l(.l{eHHJJ ~onLrH nona.naroT B o6nacTL 

CeKTOpa C 6onLWHM pa,nHallLHLIM rpa,nHeHTOM MarHHTHOrO 

nonJJ. 3TO npHBO.l{HT K ,ne~OKYCHpOBKe ny'IKa no pa,nHycy. 

0TMeTHM, 'ITO rrpH--O.l{HO.o6opOTHOM BLIBO,ne HOHOB B.3 ii.3o~ 
XpOHHOrO I{HKllOTpOHa Y- 200 ! 2 ! pa,nHanLHaJI nonyWHpHHa 

ny'IKOB /6e3 ~OKYCHpyroll{ero KaHana/ B paii:OHe BLIBO.l{HOrO 

OKHa COCTaBnJJeT 3-4 CM. 
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Puc. 7. PaouaAbHOe pacnpeoeAeHue ny'IKOe uoHoe N ~~ u 
N +6 , ebreeoeHHbiX U3 l/UKAompoHa Y- 200. 
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PEFYJIHPOBAHHE 3HEPFHH 
B.biBE,l(EHH.biX JIY'IXOB HOHOB 

PerynHpoBaHHe 3HeprHH HOHOB npH noMOII{H nepeMell{e­

HHJJ BLIBO.l{HOH ~OllLrH BnepBLle OCyll{eCTBlleHO B na6opa­

TOPHH B 1977 r. Ha I{IDUIOTpOHe Y-200 16~)1.Hana30H OTHO· 

WeHHii: A/Z HOHOB, ycKCJpJJeMLIX Ha I{HKllOTpOHe, COCTaB­

mieT 2,875. O,nHaKo o,IJ;Jioo6opoTHLlii BLIBO,n nepe3apJJ,nKoii, 

a cne,noBaTellLHO, H perynHpOBaHHe 3HeprHH B03MO)I(HLI 

TOllLKO .l{llJI HOHOB C A/Z Z 3,8 /'U . 

Ha puc. 8 npe,ncTaBneua 3aBHCHMOCTL yrnoBoro nono­

)l(eHHJI BLIBO.l{HOH MHWeHH OT pa,nHyca BLIBO,na R, nony'leH­

HaJI nyTeM paC'IeTa TpaeKTOpHii: HOHOB. )1.nJI nepeMell{eHHJI 

BLIBO.l{HOH ~OllLrH no 3a,naHHOMY 3aKOHY -~ = f (a) 6Llll0 

BLlnOnHeHO npOCTOe ycTpOii:CTBO, KOTOpoe ynpaBllJillOCL ,l{H· 

CTaHI{HOHHO 6e3 HapyWeHHJI BaKyyMa. liLlllO ycTaHOBlleHO, 

'ITO .l{llJI 6onee TO'IHOrO COBMemeHHJI BLIBe,neHHLIX ny'IKOB 

C OCLIO HOHOnpOBO,na He06XO.l{HMO B He6onLWHX npe,nenax 

1t 
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Puc. 8. 
MUWeHU 

3aeUCUMOCIIb YZA06020 nOAOJICeHUJI a nepe3ap.ROHOU 
011 pa()uyca ebreooa R OA.R fiUKAOIIpOHa Y- 200. 

KOppeKTBpOBaTL yron nO~XO~a nyqKa K MBWeHB, BCnOnh3YX 
TOKOBLie a3BMyTanLHLie KaTyWKB :QBKnOTpOHa. 

~uana3ou sapLBposauux 3Hepruu ne)KBT B npe~enax 
35%, qTo COCTaBnXeT, HanpBM~p, ,nnx BOHOB C\~ 
76-:-112 M3B, a ,nn.11 BOHOB He~1 - 24-7-37 M3B. HuTeu­
CBBHOCTL BLIBe,neHHLIX nyqKOB BOHOB npB BapLBpOBaHBB 
3HeprBB MeHJieTCJI He3uaquTenLHO B COCTaBnXeT -20 MKA 

+3 +1 ' ,nn.11 uouos C 12 B -50 MKA ,nn.11 BOHOB He 4 . Cne,nyeT 
OTMeTBTL, qTo nepecTpoiiKa :UBKnoTpoua Y- 200 c o,nuoii 
3HeprBB Ha ,npyryro 3aHBMaeT BCero ueCKOnhKO MBHYT. 

Peanu3osauuwii ua :UBKnoTpoue Y- 200 cnoco6 swso.na 
B perynBpOBaHBJI 3HeprBB BOHOB 6y,neT BCnOnh30BaTLCJI 
Ha qeTblpeXMeTpOBOM B30XpOHHOM :QBKnOTpOHe Y- 400. 3TOT 
MeTO,n n03BOnBT BbiBO~BTh BCe yCKOpeHHWe BOHbl OCHOB­
HOro ,nBana30Ha OT BOHOB Ne ~0 BOHOB Xe B perynupoBaTL 
ux 3HeprBIO B npe,nenax 15 -7-35~. 

IIEP E3AP .R,lUIAR MHmEH.b 

TonnuiHa cno.11 yrnepo~uoii MBWeHB, nocne npoxo~euux 
KOToporo ycTauasnusaeTCJI pasuosecuoe pacnpe,neneuueuo-

12 

HOB no 3apJI,naM, ,nnJI BOHOB C 3Beprueii -10 M3B/HYKAOH 

COCTaBnJieT 40:i-'6Q MKZ/CM2 /7/. 

O:ueuKu noKa3wBaiOT, qTo B3Meueuux 3MBTTauca nyqKa 
u3- 3a MuoroKpaTuoro pacceJIHBX qacTB:U B MHweuu ue3ua­
quTenLuw. 

0THOCBTenLHble cpe,nHBe noTepB 3HeprBB qaCTB:Q B MB­
weHB TaK*e HeBenBKH, o,nuaKO OHB cy~eCTBeHHO BnBJIIOT 
Ha TeMnepaTypHbiH pe)KBM cl>onLrB, noCKOnLKy MO~OCT.b 
pacceusaeTcJI TOnLKO nyTeM B3nyqeuBJI. llpu nepe3apx,nKe 
BMnynLcuoro nyqKa, KaK noKa3wBaiOT pacqeTw /3/, ua6nro­
,naiOTCJI 3HaqHTenLHble KOne6aHBJI TeMnepaTypw MBWeHB, 
qTO JIBnXeTCX O,nHBM H3 cl>aKTOpOB, BnHJIIO~X Ha CpOK ee 
cny*6w. 

K ,npyroMy B03MO)KHOMY MexauB3MY, npuso.nx~eMy K 
pa3pyweHBIO cl>onLrB, MO)KHO OTHeCTB MexauuqecKBe uanpJI­
)Keuux, B03HBKaro~ue B cl>onLre B3- 3a ee noKanLnoro pa3o­
rpesa~/. 

OnLIT JKcnnyaTa:QBB :UBKnOTpoua Y-200 B Tan.neM­
:QBKnoTpouos JUIPa 191 noKa3LIBaeT, qTo cpoK cny*6LI MB­
weuu npu nepe 3ap.11,nKe nerKBX uouos (He -;- N e) c 3Heprueii 
~10 M3B/HYKAOH COCTaBnXeT ,neCJITKB qacoB, TX)KenLIX, 
TaKBx, KaK Kr, Xe /1 M3B/HyKAOH/, - 5 -7-10 qacos. 

Ha :UBKnoTpoue Y- 400 Kouequax 3HeprBJI ycKopeHHLIX 
nyqKos uouos Kr, Xe cocTaBBT -7 M3B/HYKAOH, qTo 
npBBe,neT K CHB)KeHBIO noTep.b 3HeprBB qaCTB:Q B MBWeHB 
npu nepe3apJI,nKe. O.nnaKo 3uaquTenLuoe ysenuqeuue uuTeu­
cusuocTB nyqKOB 3TBX BOHOB C03,naCT HanpJI)KeHHLIH pe)KBM 
pa60TLI nepe3apJI,nHOH MBWeHB. I 

~n.11 6LrcTpoii cMeHLI nospe~eHHLIX cl>onLr .nnx :uuKno­
Tpoua Y-400 pa3pa6oTaH KacceTHLiii Mexauu3M, nepeMe­
~eMLrii ABCTaH:QBOHHO no pa,nuycy B a3BMYTY B Wni03yeMLIH 
6e3 uapyweuuJI BaKyyMa :QBKnoTpoua. 

3AKJIJOqEHHE 

TeopeTuqecKue B 3KcnepuMenTanLHble uccne.nosauuJI 
BLIBo,na nyqKoB MeTo,noM nepe3apJI,nKB B3 ceKTopuo-cl>oKy­
cupyro~x :UBKnOTpOHOB Jla6opa TOPBB JI,nepHLIX peaK:QBH no­
K&3&nB WBpOKBe B03MO)KH0CTB 3TOrO MeTo,na. 

13 



llpocToTa AaHHoro cnoco6a BWBOAa coqeTaeTcB c ero 

swcoKoii 3rl>clleKTHBHOCTLIO. TaK, AJIB wapoKoro AHanaJoHa 

A/Z = 4 7 10 K03rWJHUHeHT BWBOAa COCTaBHT /100740/%. 
llpHMeHeHHe ABYX060pOTHOrO MeTOAa BWBOAa ll03BOJIHT 

llOJiyqHTL ABa npOCTpaHCTBeHHO paJAeJieHHWX nyqKa, qTo 

paCWHpHT 3KCnepHMeHTaJILHWe BOJMO)I(HOCTH yCKOpHTeJIB. 

HapBAY c rny6oKHM perynaposaHHeM 3HeprHH nyqKa 

HOHOB C llO.MOIULIO nepecTpOHKH OCHOBHWX napaMeTpOB UHK­

JIOTpOHa /MarHHTHoro noJIB ycKopHTeJIB, ~aCTOTW ycKopBro­

IUero HanpB)I(eHHB, TOKOB KOppeKTHPYIDI.UHX KaTyWeK/ Me­

TOA BWBOAa nepeJapBAKOH ll03BOJIBeT llJiaBHO BapLHpOBaTL 

3HeprHID B npeAeJiaX' 35% TOJILKO COOTBeTCTBYIOI.UHM 

HJMeHeHHeM paAHaJILHOrO H aJHMyTaJILHOrO llOJIO)I(eHHB 

nepeJapBAHOrO ycTpOHCTBa. 
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PyKonucb nocmynuAa B u30ameAbCKuu omOeA 
30 oK111116pJ1 1978 zooa. 


