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KyTHep B .B. 11 ,o;p. 
UHKJ1OTp0HHble HCTO'-IHHKH THlKeJlblX HOHOB JIBP OlUUJ: 
/ CoBpeMeHHoe COCTOHHHe H rrepcneKTHBbl pa3BHTmI/ 

P7-85-362 

Om1CaHb1 LViKJIOTpOHHbJe HC TO'-IHHKH AJUI ITOJIY'-IeHHJI ITY'-IKOB 
HOHOB CTa6HJibHblX, pa,o;HoaKTHBHblX H TOKCH'IHblX H30TOl1OB, Ilpe,o;
CTaBJieHbl ,o;aHHble no Bb!XO,ll;Y' ITY'-IKOB TlllKeJlblX HOHOB H3 HCTO'IHHKOB 
,o;yroBoro THrra C KOCBeHHblM no,o;orpeBOM KaTo,o;a H OCJ.J;HJIJillJ.J;HeH 
3J1eKTPOHOB B MarHHTHOM none, 06CYlK,D;aIOTCll rrpo6JieMbl rrony'-IeHHJI 
H ycKopeHHJI HHTeHCHBHblX H BblCOKOsapJI,o;HblX ITY'-IKOB TJl)KeJlblX 
HOHOB. IlpHBO,ll;JITCH pesyJibTaTbl HCCJie,o;oBaHHH HCTO'-IHHKOB HOHOB 
HOBblX THITOB: nasepHoro H C 3J1eKTPOHHO-J.J;HKJ1OTPOHHblM pesoHaH
COM H paccMaTpHBalOTCJI rrepcrreKTHBbl HX rrpHMeHeHHH Ha J.J;HKJIO
TPOHax. 

Pa6oTa BbllIOJIHeHa B J1a6opaTOPHH JI,o;epHb!X peaKJ.J;HH mum. 

ITpenpHHT 06~e,r:utHeHHoro HHCTHTYTa R~epHNX.HCCneJ,tOBaHHA, Ay6Ha 1985 

IlepeBo,o; O.C.BHHorpa,o;oBoH 

Kutner V,B. et al, P7-85-362 
Heavy Ion Sources for the LNR JINR Cyclotrons 

The cyclotron ion sources designed for production of 
the beams of ions of stable, radioactive and toxic isotopes 
are described, Data on the yields of heavy ions from the 
arc source with an indirectly heated cathode and electron 
oscillation in the magnetic field are presented, The prob
lems of obtaining and accelerating intense highly-charged 
heavy ion beams are described, The results of investigation 
of the new types of ion sources,namely,laser and electron 
resonance sources are presented, and their future applica
tion on the cy~lotrons are reviewed, 

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

Preprint of the Joint Institute for Nuclear Research. Dubna 1985 



noc11eAHHe rOAbl 6blllH OTMe4eHbl HOBblMH ycnexaMH B pa3BHTHH 
4HKJ10TPOHHOH TeXHHKH 11•21 1-1, B 4aCTHOCTH, HCT04HHKOB MHoroaapRA
HblX HOHOB13•4!HaeecTHO, 4TO Ha PRAe 4HK110TPOHOB 1nr,eeH-11R-HeB 
(6e11br1-1R), Kap11cpya (~Pr), 6epKJ11-1 (CWA) 1-1 APYr1-1x'

5
, Ha4a111-1 yc

newHo npHMeHRTbCR HCT04HHKH HOBOro THna, B KOTOPblX HCOOllb3yeT
CR RB/leHHe 31leKTPOHHo-41-1KllOTPOHHOro pe30HaHca . AallbHeHWl-111 npo

rpecc TPaAH4HOHHOro A/lR 4HKJ10TPOHOB AYroeoro HCT04HHKa MHOroaa
PRAHblX HOHOB cnoco6CTBOBall no11y4eHH~ ycKopeHHblX ny4KOB 60llbWOH 
HHTeHCHBHOCTH paAHOaKTHBHoro H30Tona 14c 161. 

YcnewHoe 1,1 6blCTpoe pa3BHTHe HCT04HHKOB MHoroaapRAHblX HOHOB 
onpeAellReTCR HOBblMH 3aAa4aMH ~H3HKH TRmellblX HOHOB, 3TH 3aAa4H 
Tpe6y~T He TOllbKO nOBblWeHHR 3Hepr1-11-1 /AO 100 MaB/HyKllOH 1-1 Bblwe/ 

yme nony4eHHblX ny4KOB, HO 1-1 nOBblWeHHR HHTeHCHBHOCTH HOHOB 
/ > 1012 c-11 BO eceM YCKOpReMOM AHanaaoHe, a TaKme no11y4eHHR TaK 
Ha3b1BaeMblX 113K30TH4eCKHX11 ny4KOB paAHOaKTHBHblX 1-1 TOKCH4Hb1X 
1-1a0Tonoe . 

H1-1me paccMaTp1-1eaeTCR coepeMeHHOe COCTORHHe HCT04HHKOB MHoro-

3aPRAHblX HOHOB C 3THX Tpex T04eK apeHHR, a HMeHHO AHanaaoHa, 
HHTeHCHBHOCTH 1,1 aapRAa yCKOpReMblX 

TRmellblX HOHOB, a TaKme o6cymAa
~TCR TeHAeH41-11-1 AallbHeHwero pa3e1,1-
THR HCT04HHKOB HOHOB Ha 4HKJ10Tpo
Hax . 

wroBO~ 11CT04H11K 110HOB 

B nRP 011R11 a HacToR~ee speMR 

Ha 41-iKllOTPOHaX HCnOllb3yeTCR AYro
BOH HCT04HHK MHoroaapRAHblX HOHOB, 
e peay11bTaTe ycnewHoro paaBHTHR 

KOToporo 17 •81/ PHC. 1 / Ha 41,1 KllOTpo

He Y-400 no11y4eHbl HHTeHCHBHble 
ny4KH /10 12 -:-10 14c-1/ HOHOB B AHa
naaoHe Mace N 2+ .,. Kr 9+_ 113 aToro 

HCT04HHKa no11y4eHbl ny4KH BblCOK0-
3apRAHblX HOHOB raaoe, HanpHMep, 

PHc.1. ronoeKa HOHHoro HCToqHHKa 

c KaTOAHblM pacfD>UieHHeM pa6oqero 

, ;.;:- ae~E:CTf!~ ?'T· poHa Y-400. 

I "" , ..1:>siud 
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Puc. 2. OTCHOCHTeri1>Hblft . Bb1xop; •. HO HOB -
·-N; Fe·, ,Ge, Xe, H '.!,'h,Hs•,,u;yroBoro • 

~KnoTpoHHoro' HcTqttHHKa_B peJKHMe, 
onTHMHaax,i1m Ha., MaKCHMaJibHYK>. sa- · 
; ,,- I ~ . ' ' 1, \ ~ 

PH,D;HO.CTbo_ :, 
/- I 

A s+.,_ K 1'1+ , --x· ':'15+,' , , · ··: r ,, r . . H e . ' ,. C. HHTeH-
CHBHOCTblO COOTBec:reeHHO 1~5-J0 1~ 
a . 1 o 11 11 · 4 • 1 o u c :- 1 . 3neMeHTbl ; 

10
10 

.._ 6. 8 10 ;, 12 . M Z. 

HOHbl KOTOpblX, nony4eHbl. '1,1'3 HCT04HH
Ka C KaTOAHblM pacn61J1eHHeM pa6o4e: 
ro ·ee111ecTBa, H.cpaBHHTeJlbHbl~; BblXOA 

HeKOTO,PblX· HO~H~B.1:13. 1;1CT0_4HHKa, • .- . f 
_npeACTaBJleHbl e. -Ta6Jl~ 1,. 1-1· .Ha, PHC. 2 ~ 

Ha ltHK~O~POHax JUlP ycKopeHa 3Ha4HTemiHaR , 4i:ICTb HOH~B · 3JleMe~- ' 
Toe n'ep1-10AH4ecKo~ cHcTeM;,, A.W.MeHAerieeea:/Ta6n.·2/ ., ... ' .• 

· OcHoei-tbl'e pa6oTbl c 110HHblMH 1-1cT04HHKaMH · Ha 41-11<110Tp0He Y~4o'o 
C:BR3aHbl' C noJly4eHl-1.eM H yc:KopeHHeM AO: 3Heprn11 ,' 60JlbLIJHX 6 1-138/HyK-' • 
JlOH, ,ny4KOB HOHOB' pa3AeJ1eHHblX "130TonoEi 191 OT Mg AO' Ge. /Ta6n~'3/. 
3TO CBR3aHo C :i<1><1>eKTl-1BHOCTblO CHHTe3a rnlKellblX'· 311eMeHTOB e/peaK- ' 

. 41-1Rx nonHor:.o CJlHRHH.A TRlKenoro. RAPa MHweHW c .. · ycKopeHHblMH, HoHaMH 
. ' ' I. . . ·,·,, ',! ' '' . . ' ' ., - ,.... ' I 

, ., Hel1TPOHHO~o6oi"a111eHHbl~ ~30TOnOB •. , np1-1. 0611yyeHHH_ ,MHWeHH_ HOH~MH ' 
48 Ca,, 54Cr,. 5~Fe, ,G~N1, · } 6 Ge.-· . 1-1: AP/lO/: YAaeT.CR yMeHbWH.Tb' 

HeHTPOHHblHAe<l>H4HTCf1HTe3HpyeMblKR,Qep no cpaBHeHHIO c pea1<4HRMH 
no111-1oro'.CJ1HRHHR Ha' APYrnx' HOHax~. 0AHai«:i co,qeplKaHHe ,PeAKH_X 1-130.;. 
Tonoe 9,·ecTecrneHHOl1 ci-lec1-1, COCTaBnReT, OT HeCKOilbKHX npo~eHTOB 
AO A9J1ei1~ npoJeHTa ,' Hanp1-1Mep' AJlR 48 Ca - • 0' 187%. not3TOMY 3a,qa4a 
nony4eHHR 1-1HTei-ic1-1BHblX ny4Koe HOHOB 06or:a111eHHblx,1-1aoTonoe 6blna 

' pewe~'a nyTeM CoaiiaHHR''cne41-1aJ1bHblX., KOHCT,PYK4HH ,: HO.HHblX HCT04HH-
: Koa\ -.:-: \ : ' ·:: :',,>,·,,, '. · .. ·>, 1

, , , :'·.~_,"o - ,.,, ._.··,,~: .. , . ,,'· t 

" ... nocneAHHe pe3ym,TaTbl ,• pa6oT,. C HOHHbJMH . HCT04HHKc3MH Ha ,4HKJ10Tpo-· 
\ He Y-300 CBR3aHbl c. nony4eHHeM: H yc~op

1

eHHeM ny4KOB HOHOB paAHOaK-, 
.THBHoro H30Toha' 14C, a 1,TaKlKe Be ; W Li. . ,• , , ,, ; ,; , ,. ', · 

·.' ,. B ~po611eM~~ yd<opeHHR, M~o,roa.a·pR~Hbl~, ~oHoB fia/ 41-tKJlOTP_OHax • Ha1-1':, 
,6onee TPYAHOH MeTOAH4eCKOM 3aAa4eH RBJlReTCR nony4eHHe nY4KOB 
HOHOB paAHOaKTHBHblX H30TonoB ,, B 4aCTHOCTH,· yrnepciAa-14. < ' ' 

, BMeCTe c TeM peaK4HH nepeaapRAKl-1 ·~ ycKopeHHhiM1-1' 1-!0HaMH 14C' 
\ ',· • - • < ' •: I \ ' " • •' • • ,,., , ' - ' 

RBJlRIOTCR BeCbMa' nepcneKTHBHblMH,. TaK KaK MoryT.npHBOAHTb K o6~a-
30BaHH.IO i •6H,' 7 H, 9He, _ lllJie H APYrHX HYKllHAOB,. pacnono>KeHHblX' Ha 
rpaH1-14e' RAepHoii. cTa61111bHOCTH 111( · ,, · ' -

. '. KpoMe Toro, ny,4KH ycKopeHHblX ~OHO'B '~
4c RBJlRIOT.CR YHHKaJlbHblM 

iMlCTpyMeHTOM, no3BOJ1RIOLIIHM Cl'1HTe3HPOBaTb' H 1-icciieAOBaTb 'CBOHCTBa 
H30TOnoB ,TpaHc<t>epMHeBblX 3JleMeHT.oB. · HanpHM~P. peaK4HR . -
249crc14c, 3n) 26° Ku c 60llbWHM Ce4eHHeM H. H_H3KHM ¢ioHOM 

,·. ', K 06pa3oeaHHIO RAeP 104-ro 3IleMeHTa. ' ,• 
'_.'·, .'1 ; , ·.: : .. · '_ <: .' , 
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Pasp;eneHHHble, H30TOIIbl MeTaJIJIOB. VCKOPeHin,Je Ha' UHKJIOTPC>He y..;400' 
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A.n.i1 3THX 1-1 APYf'HX sa,qa4 <!>Ha1-11<'1-1 TR>Ke.iibiX 1-1oi-loe 6b1111-1 ycKopeHbl ·· 
'ny•-H<l-1, "10HOB .~4C 2+ 1-1' 14C 3+·1,13, rasopa3pR,qHoro ,,qyroeoro HCT04HHKa 
1-10Hoe, a KoTopblH a' 1<a4ecTee pa6o4ero raaa no,qaaanacb ,qeyoic1-1cb ' 

, , yrnepo,qa' 14c02\ . '. . .. , 

'· 

. _ ... T_aK KaK, J4co2 ;. F1~11ReTcR pa,q1:1oaKrnB~blM
1

• raaoM -~-. nopa,qaH1-1e, ero. 
a aTMoc<IJepy, H,eAonY,ST~Mo, 6b111a _ paspa6oTaHa sa~KHYTa~, c1-1cTeMa .. ·, . -

'no,qa41-1;,:y11ae111-1eaHHR' 1-1 pereHepa1.11-11-1 pa6o4ero 'raaa /p1-1c.3/ '1-1 npo- • · 
ee,qeHbl HCC11e,qosaHH.R ,c "4e.nbl0 onpe,qeneHHR onrnMaJlbHor_o_ pac~o,qa 
pa,q1-1oaKTHBHoro 1-130Tona. " · i • . • i ·' ' ·,' · 

' .- ,,' ' .. ' )... , 'I · ', ,., · , ,· . 1. ' ' ••· ' .,, f i 

:. B pe3yI1bTaTe1 peweHHFI B~ero' KOMnJleKca npo6J1eM 6blJ11-1 ycKOpeHbl , 
HOHb( 14c 2+ H 14c 3+ C ?HeprHFIMH 5 ,'1 , 1-1 11-, 5 tfaB/HYKJlOH, COOTBElT..:. 

, ' i ,~ ' ' ,, ' / , • • ' ' " 

,CTBeHHO; .. 
1.-':-

':,_, .. I;, . ' 

n1m . npe,qeJlbHO Hl-13°KOM ,pacxo,qe pa6o4ero _ r~aa, 1,4C02; KOTOl)bl~ './ ·, 
COCTaBl-111 0,03 1CM~/M1-1H, no11y4eHbl' BblBeAeHHble riy4Kl-1'1-10H.OB !4c 2+ 
C HHTeHCHBHOCTb,10, 9· :10 12c - 1 · H ,~4c ~-1: lei l-1HTeHc1-1'eHo'c-ii,'10 2 ·.1 ()1,2 c - 1 

npl-1 ~Heprern4eCKOM; paapeweH111-1 ·o ,8%. B 'pe3yJlbTai-e cne1.1Ha.iibHblX' 
\. • . , - . ', ( .. ·>'.: fa 
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Mep 1-1 . CTyneH4aTOH 041-1CT_Kl-1 Ha nepesapR,qHblX. <!>OJlbrax KOIJH4eCTBO' 
1-10Hoe 14N ,cocTae1-1110 ecero 111-1wb 10-1 % •. · ,. 
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PHC ~ 3. : 'CncTeMa HanycKa pa6oqero' rasa B . HOHHblH HCTO'IHHK 
w YJiaBJIHBfil!HH 14co2 Ha QHKJIOTI)OHe y.:.300. 
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nA3EPHbltl HCTO~HHK 

\. 

. HapFJ,qy \ C pase1-1rneM ,qyrosoro HCT04Hl-1Ka MHorosapR,qHblX HOHOB' . 
,{:JlflP. OHflH npoeo,qFITCFli l-1CCI1e,qoaaHl-1,IJ~'Xapa1<Tep11ci-1-1K Jla3epHOH nnaa
Mbl C L1eJ1blO 'C03,qaHHFI. Ha OCHOBe' .i,aaepa 1.11-1knoTpOHHoro l-1C,T04Hl-1Ka '.' 

. HOHOB 1121-~ CxeMa '· TaKoro l-1CT04HHKa noKa3aHa' Ha p1-1c. 4 •• KoH'.CTP
0

,YK:
rnBHOH oco6eHHOC;blO 1iaaepHoro l-1CT04HJ1Ka HOHOB AJlFI LIHKJlOTPdHa . •, 
F1BJ1~eTcF1 pacno11omeH1-1e MHweHHo~o ya.na c pa6o411M eell{ecnioM 'no oT.:. 
HOWeHHIO K 3Ml-1CCHOHHO~ ll{eJll-1 l-1CT04Hl-1Ka. B 3ae1-1c1-1MOCTl-1 OT 3Toro . 
n11a3Me'HHblH <)la.KeJl ,MO>KeT 6b1Tb HanpaeneH no,q yr.noM K MarHHT~~MY 
n61110 LIHKJlOTPOHa 111-160 B,QOJlb. CHJlOBblX Jll-1Hl-1H MarHHTHor~ nonR. OT. Bbl-
6opa Hanpae11eHHR,pacnpoci-paHeH1-1F1 nila3MeHHoro <1>aKe11aaas11c1-1~ 

I.,.,•, ', · · ·· · · - : . · 1 ·, ·,· 

3<IJ<l>eKTl-1BHOCTb 11-13BJle4eHHFI HOHOB ,.1-1 saxe,aT HX B ·npo1.1ecc ycKopeHHFI. 
PesyJlbTaTbl '. pa6oT no' no11y4e1-11-110 1-1. ycKopeH~1IO i HOHHblX 11Y4KOB 1-13 . 
nasepHblX i-1CT0.4HHKOB npe,qcTaeneHbl a, Ta6n:"4 1-1 Ha p1-1c.s.,, . 
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Puc~ 4. CxeMa QHKnOTPOHHOI'O na- HOB :meMeHTOB' OT' c go· Cr, : y'dKo-
seipHOI'O HCTO~HHKa' HOHOB .- · peHHbIX Ha QHKJIOTPOHe -y,..200 .' .. '
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ECR - HCT04HHK 
\ ' 

' , '1 ' ,_'·1 

J:lpyn1M ·nmoM HOHHblX 1,1CT04HHKOB, npeACTaB/lRIOutHX HHTepec A11R 
41,1K11o'TpOHOB JlRP '. RB11ReTCR HCT04HHK MHoroaapRAHblX .1,10HOB C 3/leKT.- . 
·poHHo.:41,1K110TpoHHblM p·eaoHaHCOM :(ECR). B HaCTORutee epeMR coeMeCTHo 
c rpynno11,,Yi.{i:isepc1,1TeTa APY)K6bl HaPOAOB 'HM.n.nyMyM6bl npoBOARTCR ! • . 

1,1cc11e,qosaHHR B03MO)KHOCTH 1,1cno11b30Ba·HHR aap1,1aHTa, TaKoro 1,1CT04Hl,1-
' Ka CO cnoeM· fopR4HX,311eKTPOHOB· (ECR - H) ~~:l-la p1,1c.6 npeACTaB..;\,. 
. 11eHa' cxeMa TaKoro HCT04HHKa ~-- UH11HHAPH4eCKHH OAHOMOAOBblH peaoHa
TOP~, hoMetqeHHblH Me)KAY no1110caMH nOCTORHHoro MarHHTa /cimoBble 
J:'IHHHl,1 nepneHAHl<Y/1.APHbl'. n110CKOCTH p1,1cyHKa/, B036y)l(Ac3eTCR Ha. MOAe, · 
'fEmOT MarHeTpOHHOfO' reHepaTopa. (J /211 =. 2375 Mr4 ,1 p = 150 s,- ) ' 
C noMOlltblO ABYX pa3HeceHHblX no' a3HMYTY. Ha 90° K,OaKCHa/lb_HblX <!>IA-:· : 
Aepoe;. ¢a3bl Ko11e6aH1,111 · B KOTOpblX TaK)Ke C,[IBHHYTbl _Ha 90 ~- BH,YTPH 
pe36HaTopa noMeuteHa n1,1peKCOBaR eaKYYMHaR KaMepa; B KOTOPYIO' 
noAaeTCR pa6o4HH raa ~ B • 1<aMepe:.np1,1 ,qae11eH1,11,1 raaa 5 · 10-5 MM DT .CT. 
B036ym,qaeTCR paapRA Bl MarHHTHOM none 3epKa/lbH011"'icoH¢1,1rypa41,11,1' 
coa,qa'eaeMOM' no1110caMH nocTORHHoro MarHHTa ~- np1,1 COOTBeTCTBYIOut.eM 
YC110BHIO 3/leKTPOHHoro ~1,11</lOTPOHHOrO 'peaciHaHca Bb16ope l<OH())Hrypa-, 
41,11,1 1,1 Be/1H4"1Hbl MarHHTHOro,no11R B pa3PRAe o6paayeTCR KOJ1b4eBoH' 
cnoii 1ropR4HX 3/leKTPOHOB iT

0
.;, 4· K3B/., C 4e11bI0 1,13e11e4eHHR HOHOB 

1,13 .. TaKoro ECR.:HCT04HHKa: Ha nnaaMY paapsi,qa · noAa~i'csi no11o)KHTe.nb:.,;, · 
HblH n6TeH41-1a11 10 KB C rlOMOut.blO e'eeAei-lHorO 'e I-lee 3/leKTpo,qa. ,[la·H
Hble O Bbl_XOAe MHoi-oaapRAHblX'. HOHOB "13 .TaKoro ECR.:.11CT04H11Ka' no11y-
4eHHble B nepBblX ,3KCnep1-1MeHTax,npeACTae11eHbl·s Ta611.5. 

3AKnl04EHHE 

" 

.. _,..:,_ 

- "-,... l J,, 

. ',[lyroBbte HCT04Hl,11{1,1> MHorciaapRAHblX HOHOB 'e HaCTORutee' e'peMR noaeo-
llRIOT B 3Ha4HTellbHOH Mepe pea111,13oeaTb -npeHMYutecTea· 4HK/10Tl)OHHO_; , , 

. ro MeTo,qa AilR 'ycKopeHHR 1,1HTeHCHBHblX ny4KOB TR)Ke/lblX HOHOB, ,OAHa.:. • _ ', 

' 

Ko'. C 'co3AaHl1eM • KpynHblX 1!130XpOHHblX' 4HK110TPOHOB yee111,141,1eaeTCR 
I AC,' HE!CK011bl<l,1X '. Kl-1/lOMeTpoe/ AllH~'a nyi-1,1 4acrn~ 'np1,1 ycKopeHHl,1 'AO 

· He4Ho11:3Heprn1,1. no3To~y 4To6bl 
·, 

CHH3"1Tb "n0Tep1,1 HHTeHCHBHOCTH, 

Ko-

. ' ' ~,•,· .··• : z ' 1 . ' ' . '1,10HHoro nrlKa, Tpe6yeTCR nOBbl":-
; ·, . - · , ' . ' ·. ·' .. ·. . · CHTb BaKyyM B 30He ycKopeHHR • 

J-}j. ·. •~, ,_, .. · .... , ·_.· -IP·-~ B', 3TOH CBR311. nepcnei<THBbl y' ee11w-
' , ~ J 4eHHR,HHTeHCHBHOCTl,1 ny4Ka HOHOB -

. • · · ·· · · · · · · •• · • ·• ' 11 Ha ~i-!K110Tp0He Y-400, MoryT · 6b1Tb .. 
',' ' . •. ' • ' . :_1!}-'':,-::,:,~:\;.:, . ' CBR3aHbl HanpHMep . C HCCileAOBa-

f ___ ,, .J.. ~ ... : ~~~~ .~ ,..,, . , ' . - ' . ' ' 
'\ ·. · , lt' .' ' ·:;\11 _ .· · HHRMH 1,1 . paapa6oTKaMH 1,1'cT04i-11,1l<oe 5---· . ~" - ... 
~-._· ..• ·_, .· <·.~.'~1.1,'·,:_,,·;.=_·_~,:.~::·'. ... ,.)ii-.·.·.- __ ~-· . . -.·_'..: HOHO'B c M~llbl¾~\ p'·a.cxo·'·AOM. ra.aa. •, ', 

. 6._ . , · : , . ',, ~ , · ·. ·. .\ ': _ P1!,~•6·~ 'CxeMa' ECR-_HCT~~~HKa co . 
, .· •' ·-' •. :; - , '•, ·.I· / · . · - CJ~OeM ropHtJHX _3JteKTpOHOB • 
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· P~c.7. ~XapaKTepHCTHKH nyqKOB, IlOJlYtI~H.HblX HS p;yroBoro~ 
nasepHoro; ECR. HCTOtIHHKOB HOHOB, H CTeneHb HOHHSa~H: 
nocne. o6p;HpKH '._ Ha, qJOJlbre . nyqKa .. HO HOB HS ·, QHKJlOTPOHa'-

'HIDKeKTOpa 'Y-400 JY-:;400H/. ' . . ' . 

I 

• • C '• •., > ,, a • ' , C • • < ' 

'} 

\ 

06cymAa.R HanpaBlleHl1.R ,pa3B11Tl1.R 11CT04Hl1KOB 110HOB All.A 411Kll0Tpo-, '·, - . ~ . - . ' - / - ' ~ ' . ' . . . " . ' -

HOB, ClleAyeT, 11CXOAl1Tb 113 KO_HKpeTHblX, 3aAa4 nolly4eH11.R . ycKopeHHblX 
ny4KOB 110Hoe •. C ·3rni::i 4ellbt0. Ha p11c. 7 ripeACTaBlleHbl xapaKTep11crn- · · 1 

.. Kl1. ny4KOB t-10HOB / OTHouieti11e . 3aP.RAa -~- Macce '. 11HTeHCl1 BHOCTb/ pa3-
hl14H.blX 3lleMeHTOB 113 AYroBoro' .na3e'pHoro' - ECR..:11CT04HHKa ·11 411Kllo-

. TPOHa-11H>KeKTOpa/Y..:40011/, 'a TaKme Al1ana30Hbl 'ycKop.ReMblX. 4acrn4_. 
All.A 411KllOTP~HOB Y~4oo Y-401JM 11 ~U-100 1131. . ' • ·' . 

/ - . < ' . ' :· ,' ' , . ' ; " . ' ' ,. ' J 

B~AHO, 4TO All.A ~ony4eHl1.R 11HTeHCl1BH~X ny4KOB 110HOB BO BCeM 
A11ana30He Mace' .OT 16 0 A0

1 
238u .· Ha 411KllOTpoHe Y-4Dot1 B HaCTOfltqee ' 

epeM.R 11CT04Hl-1KOM 110HOB_M~~eT . .RBll.RTbC.fl TOllbKO 411KilOTPOH-l1H>KeKTOP 
. Y-400. np11 3+oM Ha~6o.nee 3¢<))eKTl1BHblM 11CT04H11KOM '110HOB Afl.R y.:'.40011 
/Y-40O. B 'pt?>Kl1Me··11H>KeKTOpa/ .RBil.ReTC.R AYi-OBOH HCT04H~K, '1,13\ KOTO~ . 
poro ,B A11ana30He A/Z = 16 _.,. 20 MoryT 6b1Tb nolly4eHbl .,11HTeHCl1BHble 
ny4Kl1 /pi:-tc •. 8/. 0AHat<o a c~yi.iae 11crio~b30BaHl1.R A.Yroeoro HCTc:i4H11-

,1<a · npeAellb~oi::i 4acrn4ei::i, ycK'opReMoi::i AO· 3Hepn:111, .. 6omuiei::i • 6 M3B· 
Ha 'HyKJloH, Ha Y-400 . .RBll.ReTCR Xe". ,llll.R pacui11'peHl1.R A11ana3~Ha ye-· . 
1<op.ReMb1x Ha· 411Kll6Tp0He Y-.400 4acrn~ Heo6xoAHM 11cT04H11K !'IOHoa 

, , 

C 6omwei::i, .4eM y AYroeoro, KpaTHOCTbt0'110H113a41111·. no3TOMY ,qallb-· 
Hei::iwee paaa11rne,Y-40Q KaK CaMOCTO.RTe.r1bHOrO 411KllOTpc:iHa MO>KeT· 
6bJTb CB.R3aHo' HanpMMep, C nepcneKTl1BaM11 ECR..:;11CT04Hl1Ka.' C.neAyeT 
TaK>Ke OTMEHl1Tb, 4TO .11CT04Hl1K c'ECR-_HarpeBOM 3lleKTPOHOB MO>KeT ' 
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PHc.sl-BosMO)KHOCTH 'p;yroBbro. 
·. He TOtIHHKa HO HOB 'p;nn . n;HKJlOTpoHa._' 

Him<eKTOpa Y-400. . . . 

Th 
1 

,' . · •. . -.. 

/ 1.½~2~ 3aMeHl1Tb. 411KllOTpOH'."'11H>KeKTOp. r '· .) · .. 
/Y-40011/, a Tex cny4a.Rx, KOrAa . 
3Kcnepl1MeHTbl H~ y;.400M . He Tpe6y

,. IOT BblCOl<l1X l,1HTeHCl1BHOCTe~:. ny4KOB~ 

13._ _ _,_ __ _.__~-::----:::"=-:--;;-!:-;c--.· noH.ATHO ~ . 4TO pealll13a411.R ECR~11c-. 
· 

10 
-50. • 100 150 · 200: · 250 .T04Hl1 Ka Tpe6yeT. C03AaHl1.R Cl1CTeMbi 
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.. . . , Matta HOHOB • A. aKCl1allbHOH l-1H>KeK41111 HOHHbJX ny4KOB 
KaK \qll.R :y.:.40·0M, Tai< 11 All.A y'...400. 04ei-iK11 noKa3bJBatOT, 4To C03Aat-111e \ 
T°aKoi1 c11tTeMbJ Ha .411Klloi-poHe Y-400 no3eon11T a HecKoilbKo 'pa3 yae
n'11411Tb 11HTei-ic11BHOCTb ny4KOB 1 · ycKop.ReMbtX 1:13 AYroeoro 11cT04H11Ka 
, , , . I . . ·, ' ', , . . ,. " 
HOHOB. . ' -;. . • 

· Pe3yilbTaTbl pa6oT no: y
0

cKopeH11t0' Ha Y-:-200 ny4KOB 110Hoa 113 lla-
. 3epHoi::i nlla3Mbl noi<a3an11 np11H411·nHallbHYt0. eo3MO>KHOCTb peall113a41111 · 
na3epHoro 11cT04Hl1Ka 110Hoe: .Ha 41:tKllOTpoHe. ,llocT11rHyTa.R Ei HacToR-
111ee epeM.R J.1HTeHCl1BHOCTb n,Y4KOB HOHOB COCTaBll.ReT I 10 10c-1 np11 . 
4'3CTOTeipa6oTbl :naaepa ,1 r4 l:t All11TellbHOCTl111Mnyribca 110HHoro . •, .· . \ ··.... . . . . . . . .. . . . ' ' ' . 
ny4Ka AO 10 .MKC. no3TOMY nepcneKTHBHbJMl1, npeACTaBll.RIOTC.R AallbHei::i-

; / . . .. ' ,· •, ' . ' . ' . ' ' . . . ,. . . . ' (. ' 
w11e 3KCnep11MeHTW C lla3epHWM 11CT04Hl1KOM llerKl1X 11 .cpeAHl1X 3lleMeH~ 
Toe', c' 4ellbt0 yee111-14.eH11R All11TellbHOCTl1 11Mriyllbcoe, ny4KOB 11 n0Bb1we-

1- ,., '.' ,' ' ' '• t ' ' •• ' ' ' 

Hl1.R 3<))<))eKTl1BHOCTl11'0T6opa· 110HOB .B ny40K 113 ·nlla3MeHHoro <))aKella •. 
TaKl1M 06pa30,;;, B11AHO, 4TO AYrOBbJe 11CT04HHK11 MHOro3aP.RAHbiX .• 

110HOB .RBJlRJOTC.R OCHOBOH All.A. C03AaHH.R 411KilOTPOHHoro KOMnlleKca . \ 
JI.RP 011J111. '11 o6ecne411Bat0T .·eecb Al1ana3oH' YCKOp.ReMblX 4ilCTH~ ~- Ycnew
HOe .. pa3e11rne ·_HOBblX l:tOHHbJX 11CT04Hl1Koe, a TaKme C03Aat-i11e'-i3<))<))et<_. 
THBHOH. Cl1CTeM~I BHewHei1 l1H>Ke1<41111 B 411KJ10TpOHbl· ~6ecne4aT '~allbHei::i-
Wl1H. nporpecc' pa60T 110 YCKopeHl1IO rn>Kell~X 110HOB '. 
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